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MEXAHIYHA THKEHEPIA (13. 132, 133)

YK 621.89:625.032

OBIPYHTYBAHHS BUMOT' 10 MACTUWJIBbHUX MATEPIAJIIB CUCTEM
ABTOMATHYHOT'O 3MAIIIYBAHHS PEHOK

JoxTopu TexH. Hayk C. B. Ilanuenko, C. B. Boponin, M. II. Pemapuyk,
acn. b. C. Acagos

OBOCHOBAHME TPEBOBAHUI K CMA30YHBIM MATEPHAJIAM CUCTEM
ABTOMATHYECKOI'O CMA3BbIBAHUS PEJIBCOB

Joktopa texH. Hayk C. B. [lanuenko, C. B. Bopouun, H. I1. Pemapuyk,
acn. b. C. Acanos

SUBSTANTIATION OF REQUIREMENTS FOR LUBRICANTS OF AUTOMATIC
LUBRICATION SYSTEMS OF RAILS

Dr. of Techn. Sciences S. V. Panchenko, S. V. Voronin, M. P. Remarchyk,
pg. student B. S. Asadov

DOI: 10.18664/1994-7852.175.2018.127020

YV ecmammi pozensoacmucs numanus 00IPYHMYBAHHS 8UMO2 00 MACMUILHUX MAmMepianie OJis
ABMOMAMUYHO20 3MAWYBAHHS PEliOK | 2pebeHi8 KOolic pyXomozo cKaady. 3anponoHO8aHO MEXAHI3M
080ULAPOBO2O  MAUeHHs NOBEPXOHb KOHMAKMY peuku ma Koleca Npu  3acmocy8aHHi
ABMOMAMUYHO20 3MAWYBAHHSA, AKUU BION0BIOAE MAKCUMYMY (HAKMUYHOI niowi KoOHmakmy i
MIHIMYMY HANPYXCEHHs 8 KOHMAKMI, Cuiu mepms i 3HOCY peuox i epebenié xonic. Ompumano
3ANeHCHOCMI 0151 BUBHAYEHHS MIHIMAbHO OOCMAMHIX KOHYEeHMpAyil meepoux aHmu@puryiiHux
Jle2yroyux 000a8oK i NOBEPXHe80-AKMUBHUX PEUOBUH Y MACMUIbHOMY mMamepiani. Taxi 3anexcHocmi
€ 6a308umu 051 OOTPYHMYBAHHS CKAA0Y ma O6Y008U MACMUNIbHO20 MAMePIany npu 3acmocy8aHHti
ABMOMAMUYHO20 3MAUWYBAHHA pelloK 1 epebeHi@ Kolic 3 MOYKU 30py peanizayii 6 KOHmMAaxKmi
ogowaposoco maujenns. Bowu epaxosyromv HOMIHATbHY RNIOWY mMepms, MIKpO2eomMempiio
KOHMAKmMy4ux  noeepxowsb,  Gopmy ma  po3mipu  J1e2yiouux  YACMUHOK,  MOBUUHY
NONIMONEKYIAPHOLO0 SCPAHUYHO20 WAPY NOBEPXHEE0-AKMUBHUX PEYOBUH.

Knwuosi cnoea: peiika, xoneco, KOHmMakm, 3HOC, Mepms, A8MOMAMUYHE 3MAWYBAHHS,
Je2yroua 000aeKa, KOHYeHmpayis.

B cmamve paccmampusaemcs gonpoc 060crhosanus mpeboeanuii K CMA304HbIM MAMePUAIam
07151 YCMPOUCME A8MOMAMUYECKO20 CMA3bIBAHUS PElbCO8 U 2pedHell KOleC NOOBUNCHO20 COCMABA.
IIpeonoscen mexanusm OBYXCIOUHOU CMA3KU NOBEPXHOCMEU KOHMAKMA pelbca U Koaeca npu
peanuzayuy  asmomamuyecko2o cmasvlganus. Ilonyuenvl 3aeucumocmu 0na  OnpeoeneHus
MUHUMATLHO —~ OOCMAMOYHbIX  KOHYEHMPAayull  aumu@pukyuonHulX Jjae2upylomux 000asoxk u
NOBEPXHOCHO-AKMUBHBIX BEU{eCNE 8 CMA30YHOM Mamepuaie.

Knrouegvie cnoga: penvc, xoneco, KOHMAaKm, U3HOC, MpeHue, A8MOMAMUYecKas CMaskd,
Jecupyrowas 000aeKa, KOHYEHMpayusl.
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The article deals with the question of substantiation of requirements for lubricants for
automatic lubrication of rails and crests of rolling stock wheels. The mechanism of two-layer
placement of the surfaces of the contact between the rail and the wheel is proposed, with the
application of automatic lubrication, which corresponds to the maximum of the actual contact area
and the minimum stress in contact, the friction and wear of the rails and crests of the wheels. The
obtained dependences for determining the minimum of sufficient concentrations of solid antifriction
dopants and surfactants in the lubricant. Such dependencies are the basis for substantiating the
composition and structure of the lubricant when applying automatic lubrication of rails and rims of
wheels from the point of view of realization in the contact of two-layered lubrication. They take into
account the nominal area of friction, the microheometry of contacting surfaces, the shape and size
of alloying particles, the thickness of the polymolecular boundary layer of surfactants.

Key words: rail, wheel, contact, wear, friction, automatic lubrication, alloying additive,

concentration.

Beryn. Ilpu B3aemonii  peiiok 3
KOJIeCAMH PYXOMOTO CKJIaay 3ali3HHIb Y
MPUIIOBEPXHEBUX IIapax MeTaly B 30HI
KOHTaKTy  BHUHHUKAIOTh  CYTTE€BI  3MiHHI
HaAMpPYKeHHsI Ta CHJIUA TepTa. BoHu npu3Boasth
70 TMiJBUIIEHOTO 3HOCY pPEHOK 1 OaHmaxiB
kozic. Lle B mepiry 4epry cTocyerbes perok y
KpUBHX JUISHKAX KOJIii, IMIBUIKO3HOITYBAHUX
€JIEMCHTIB CTPUIOYHHMX TIEPEBOJIIB, TI'peOCHIB
koxiic. Takum 4MHOM, B yMOBax €KCIUTyaTarlil
3ali3HUIb ICHYye TpoOiema 3abe3neyeHHs
3HOCOCTIMKOCTI BKa3aHUX eneMeHTiB. [laHa
npobiema TpaguLiiiHO BUPILIYETHCS
IEKUILKOMA LUIIXaMHU, a came 3a0e3IeYeHHsIM
noTpiOHOI MILHOCTI MartepiajiB  perok 1

0aHaxKIB KOJIiC, reOMEeTPUYHUM
HaOMKEHHSAM /10 KOH(OPMHOTO KOHTaKTy
Kojeca Ta  pelkh 1  3aCTOCYBaHHSIM

3MalyBaHHs OOKOBOI TOBEpXHI pelku Ta
rpebeHiB Komic. 3 ypaxyBaHHSIM JOCATHEHb
MaTepiaJo3HaBCTBA, TEXHOJIOTiH OTpUMaHHS
pPEeHKOBUX 1 KOJICHHX CTajel, TEeXHOJOTIN
MEXaHIYHOT 00poOKHU Ta 3MIIHEHHS
MOBEpPXHEBUX IIapiB MeTajgy mepui JBa
METOJM JOCUTh TIUOOKO BHUBYEHI, Xxoua U
MaloTh TICBHI PE3epBU MIOJ0 TMOJAIBIIOTO iX
PO3BUTKY Ta 3aCTOCYBaHHS MpPH BHUPIMICHHI
BKa3aHOI MpoOJeMHu.

Haii6inpmr mepcrneKTUBHUM — METOJIOM
00poTHOM 31 3HOCOM pEHOK 1 KOJIiC, SIKUI
CHOTOJIHI aKTUBHO PO3BUBAETHCH, €
3actocyBaHHs 3MantyBanHs [1-3]. Lleit meTon
JNOCTIKYETbCS ~ Ta  BIPOBAIKYETHCS B
0aratbOX pPO3BUHYTHX KpaiHax cBiTy. Bin

pearizyerbes [UISTXOM BITPOBAKECHHS
CTAI[IOHApHUX PEWKO3MaIlyBadiB 1 HaBICHHX
rpebeHe3MaIryBayiB Pi3HOMaHITHOT

KoHCTpyKii. [Ipy ibOMy Ha CbOTO/IHI HE iCHYE
€IMHOT JOYMKHA WIOAO  JOULIBHOCTI  Ta
€(pEeKTUBHOCTI BUKOPHUCTaHHS TaKHX
3MallyBayiB y MEBHUX MICISX Ta yMmoBax, H
0COOJMBO THITy MACTHJIBHOTO MaTepialy Ta
METOAY HOro HaHEeCeHHs.

AHaJi3  OCTaHHIX  JOCJHil:KeHb i
nyoJikaniii. IcHyroul 3aJi3HUYHI CUCTEMHU
3MalryBaHHs (JiyOpukailii) MokHa TOIUTUTH
Ha JiekiabKa rpym [1, 2]:

— CUCTEMHU 3MalleHHs1 TpebeHiB, 110
BCTaHOBJIOIOTHCSI ~ HA  JIOKOMOTHMBax 1
MOTOPBaroHHUX PYXOMHX CKIIJax;

— CTalllOHApHI Ta TMEpecyBHI KOJiiiHi
TyOpUKaToOpw, IO 3MallylTh OIYHI TpaHi
TOJIOBKM peiKM B KPUBHUX 1 Ha CTPUIOYHHUX
MepeBo/Iax.

Y  cBOWO  uUepry = KOHCTPYKTHBHE
BUKOHAHHS CHCTEMH 3MallyBaHHs IOBHICTIO
3aJIeKUTh BiJl BUAY MacTUJIBHOIO Marepiany,
0 BUKOPUCTOBYETHhCS. Tak, HaNpHKIA,
CHCTEMH 3MAlllyBaHHA, SKI BCTAHOBIIOIOTHCS
Ha PYXOMHUH CKIIaJ, MOXYTh OOJIaJHYBaTHChH
¢dopcyHKaMu AN HAHECEHHS  PIAKOro,
IUTACTUYHOTO a00 TBEPAOTO MAaCTHIBHOTO
MaTepialy Ha peOopau Kojic. Y cTamioHapHUX
1 TepecyBHMX KOJIMHMX  JyOpuKaTtopax
NepEeBaXHO 3aCTOCOBYIOThCS PiJKi, HAMIBPIAKI
Ta TUTACTHMYHI MAacTWJIbHI Marepianu. Bemmka
KUTBKICTh MAaCTUJIBHUX MaTepiajiiB KOHCTPYK-
TUBHMX BUKOHAHb 3MallyBadiB CBIIYUTH TIPO
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BIICYTHICTb  y3araJlbHeHUX  BHUMOTI [0
MacCTHJIBHUX MaTepiaiB, 10 3aCTOCOBYIOThHCS.

3 iHmoro O0oky, poOOTH B Tamy3i
TpUOOTEXHIKH (HOPMYIIOIOTH TaKi T'OJIOBHI
BUMOTH  JIO  MACTWJIBHHX  MaTepiaiB:
MakcUMajbHa aJres3is IO TBEPAOi MOBEPXHI
TEepTs 1 MiHIMaIbHA KOTe3is MDK iXHIMH
MOJIEKYJApHUMU 1apamu [4, 5], Opu uboMy
JOCSTAETHCS MIHIMYM CHJI TEPTS B IIUPOKOMY
niamna3oHi HaBaHTAXXEHb. 3 METOI0
JOTPUMaHHS BKa3aHUX BUMOTI 10 0a30BHX
OJIUB 1 MacTWJI JOJAOTh MMOBEPXHEBO-AKTUBHI
PEUOBHHHU — MPUCATKU, MOJIEKYJIN SKUX MAIOTh
CJIEKTPUYHHIA AUMONIbHUI MOMEHT, BHACIIAOK
qoro (OpMyIOTh Ha TOBEPXHIX TEPTs
rpaHWYHI mapu KpucTamiyHoi OymoBu. Taki
mapu, 3a JgocaipkeHHsMu [5, 6], MawoTh
BJIACTHBOCTI PIAKUX KPHUCTAIIB, TOOTO BHCOKY
HECY4y 3/aTHICTh Y HOPMAJIbHOMY HANPSMKY
Ta HU3bKHU OMip JOTUYHOMY 3CYBY.

Crhin 3a3Ha4WTH, MO TPAHWYHI IIApH
I[TAP yrBOpIotOTbCS JuIIe Ha (GaKTUYHIN
IUIOIIMHI KOHTaKTy, TOOTO Ha 3HOIIECHHUX
(TOBeHUIPHMX)  BEepXiBKaX  MIKPOCKOMIUYHUX
BUCTYIIB TIOBEPXOHb TEPTs, SIKI MOCTIMHO
YTBOPIOIOTbCA 3@  PaxyHOK  IPYKHO-
MJACTUYHOTO KOHTaKTy, 3CyBy abo 3pi3y
MIKpOBHUCTYMIB. SIKIIO Hecyya 3JaTHICTb
TPAaHUYHOTO Mapy Oy/e MEHIIOW, HIXK AIF0UUN
KOHTAKTHUH THUCK Ha MOBEPXHI, TO TaKUi mI1ap
3pylHY€ETbCSI 1 He Oyae BUKOHYBATH CBOiX
GbyHKIIIH.

BpaxoByroun BHCOKI KOHTaKTHI Harpy-
KEHHS, 3 METOI0 3MEHIIEHHS KOHTaKTHOIO
TUCKYy B TMapl TEPTsA «KOJECO-perKay CIiJ
BUKOHATU IIl€ OJHY YMOBY, a caMme peaii3y-
BaTH JIBOIIAPOBE MAIICHHS MOBEPXOHb [7, 8].
TakuM yuHOM, BUpILIEHHS NMPoOJIeMH BUOODPY
MaCTHJIPHOTO Martepiany Ui aBTOMaTHYHHUX
peiiko- Ta rpebeHe3MallyBaviB JIEXKHUTb Y
TIJIOIIMHI peai3ailii IBOIapoBOro MaIleHHS.

Bu3znauenns MeTH Ta 3agaygi
HAOCJi/IZKeHHSI. Mertoro pobotu €
OOTpyHTYBaHHS CKJIazly Ta OymoBu

MacTUJIBHOTO MaTepialy IpH 3acTOCYBaHHI
aBTOMATUYHOTO 3MalllyBaHHS PeHOK 1 rpeOeHIB
KOJIIC 3 TOYKM 30py peaii3amii B KOHTaKTi
JBOIIAPOBOTO  MallleHHsA. BigmoBigHO 110

MOCTaBJICHOI METH OCHOBHHMHM 3aBIAHHSMU €
aHa i3 MEXaHi3My B3a€EMOJIi MaCTHUIIBHUX
MatepiaiiB pi3HOi Oy0BH 3 OBEPXHEIO TEPTH,
BIUIMBY MACTHJIBHOTO IIapy Ha KOHTAaKTHI
HaNpy>KEHHsI, TEPTSA 1 3HOC peHoK i rpedeHiB
KOJIIC PyXOMOTI'O CKJIaay.

OcHoBHa yacTHHA pocaigxeHHs. [Ipu
3aCTOCYBaHHI ~ aBTOMAaTHYHUX  3MalllyBayiB
CHJIM TEPTSI 1 3HOC Y TPHOOJIOTIYHOMY KOHTAKTI
«KOJIeco — peiika» 3ajlexarb Bl 0ararbox
¢dakropiB. OpHak SKIIO BpaxyBaTd JIUILE
BIUIMB MAaCTWJIBHOI IUIIBKM JIBOILIAPOBOi Oyn0-
BU, 3B 30K MiX ii BJACTUBOCTSAMH 1 TEPTAM 1
3HOCOM MOXKHA aHAJIITUYHO MOJATH K

o" k
lc f(t)c =5, @
h"  sJ-h

ne I — IHTEeHCUBHICTb 3HOILYBAHHS; T — IUTOMA
CHJia TepTs, ¢ — HANpYXEHHS B KOHTAaKTI;
h — ToBimHa rpanuyHoi mwiiBku [TAP (apyruii
map); Sy — (akTMYHA IUIOMA KOHTAKTY;
M Ta N — MOKa3HUKH CTymeHs; K — koedilieHT
MPOIMOPLIHHOCTI, 1[0 BPAaxOBYE BIUIMB 1HIIHUX
¢baxTopiB (BacTHUBOCTI Mmarepiais,
TEMIEPATypy, LIBUIAKICTb TEPTS TOILLO).

Sk  BigoOMO, TpU  JBOIIAPOBOMY
3MalllyBaHHI MEpIIMA map — MiUIOKKA —
pO3MOALNISAE 30BHILIIHE HABAaHTAKEHHS 34
paxyHoOK 3aIOBHEHHS BITA/IMH
MIKPOHEPIBHOCTEH MOBEPXOHb, a IPYruil 1iap
— xpucramiyauii map ITAP — copuiimae
30BHIIIHE PO3MOiIEHE HABAaHTAXEHHA, SK
300pak€HO Ha PUCYHKY.

v SKOCTI1 JETYIOYUX J00aBOK
3aCTOCOBYIOTBCS MiKpo- a00 HaHOYaCTUHKHU
MeTaniB, rpadity, aucynbdiny Momibaeny,
MPUPOJHUX MIHEPAJiB TOIIO. 3 METOH iX
crabimizanii B po3unHi 0a30BO1 OJMBH Iepen
YBEIEHHSM iX BKPHBAIOTh TOHKOK) ILTIBKOIO
Maciopo3unHHux [TAP.

Buxonsun 3 HaBemenoi iHdopmartii
MO’KHa BCTAaHOBHUTH TaKi OCHOBHI BHUMOTH [0
MAaCTUJIBHUX MaTepialliB Il aBTOMATHYHHUX
peiiko- abo rpebeHe3mMaIyBadis:

— MaCTWJIBHUH ~ Marepial ~ TOBHHEH
MICTUTH B CO0l MIKPOCKOITIYHI JIETYIOYi
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YaCTUHKHM, BKpHUTI oOonoHkamu IIAP, sxi
MalTh BHCOKY aAres3ito 70 MOBEpXHI Ta
3aMOBHIOIOTH BIIAJJMHU MiKPOHEPIBHOCTEH;

— MacCTWJIBHUM ~ Marepial  IOBHHEH
MICTUTH B OOl IOCTaTHIO KUIBKICTh MPHUCAIOK
s GopMyBaHHS Ha 3HOIIGHHX BEpXiBKax

MIKPOCKOIIYHUX BHUCTYIIB IMOBEPXOHb TEPTS
KPUCTAJIIYHOT TPAaHUYHOT IIJTIBKH;

— st 3a0e3nedeHHs  €(peKTUBHOTO
HAHECEHHS Ha TMOBEPXHIO TEePTs (HANPHKIIA,
HUIIXOM PO3MMITIOBaHHS) MaCTUIILHUN
Marepiaja MOBUHEH MaTH HEOOX1IHY B’ SA3KICHO-
TEMIIEPATypHY XapaKTEPUCTHKY.

MOJTIKPUCTAIIIYHUN 1P

Puc. ®izuyne ysBiIeHH PO ABOMIAPOBE MAICHHS TIOBEPXOHb TEPTS:
1 — noBepxHs TepTs; 2 — JIeryroUi JUCIEpCHI J00aBKH, BKpUTI 00010HKOI0 [TAP;
3 — MOHOKPHCTAIYHHUH [Iap MPUCATKU; 4 — «ITAKETH» MPHCATOK

BkazanuM BHMoOTaM BiJMOBITAIOTh PiAKi
MacCTUJIbHI MaTepiajiu, JITOBaHI YaCTUHKaMHU
rpagity abo aucynabdpigy MoinidneHy, sKi He
JUIIEe 3alOBHIOIOTH  HEPIBHOCTI, ane W
MPOSIBIISIIOTh aHTU(PPUKIIIIHI BIACTUBOCTI.

Kito4oBuM mHTaHHSIM, 3 TOYKH 30py
MO>KJIMBOCTI peamizanii JIBOILIAPOBOTO
MalleHHs 3a PUCYHKOM, € BH3HA4YCHHS
MIHIMAJIBLHO IOCTaTHLOI KOHIIEHTpaIlii
Jeryro4nx TBepaux 4actuHok 1 [TAP B 6a3oBiii
OJIMBI. Taki KOHIIEHTpaLii MTOBHHHI
BCTaHOBJIFOBATHCH 32 JIBOX YMOB:

— KOHIIEHTpaIlis JIETYIOUUX
JIpIOHOIUCIIEPCHUX YACTHHOK TOBHHHA OyTH
JOCTaTHBOIO ISt 3aIOBHEHHS BCIX
MIKpOHEpPIBHOCTEH 3 ypaxyBaHHSM IUIOLII
MOBEpPXHI, M0 3MallyeTbCs, 1 TOBLIMHU
rpannyHoro mapy ITAP, skum BKpHTI Jieryroui
YaCTUHKHY;

— koHuenrtpanis [IAP mnoBunna Oyt
JIOCTaTHBOIO JUIsL  (pOpMyBaHHS TpaHMYHHUX
IUTIBOK Ha BUIBHIM TOBEPXHI JIETYIOUUX

YaCTUHOK 1 TMOJIIKPUCTAIIYHOIO IIapy, sK
MOKa3aHO Ha PHUCYHKY, TAKOX 3 ypaXyBaHHSIM
TJIONI TTOBEPXHI, IO 3MaIIYEThCS.

Sxmo 3agatu, mo V, — 00’eM OJIHUBH, 110
HAaHOCHUTHCS Ha MOBEPXHIO TEPTS IUIOHICIO Sy
(BOHa X — HOMIHaJbHA 200 KOHTYpHA TUIOIIA)
3a OJMH IIMKJ 3MallyBaHHS, TO KOHIIEHTpAIlis
JIETYIOYMX YaCTHHOK CKJIAJIC

Y

c =\i~100% (2)
Y ,

M

ne Vg — daxtuunuit 06’em, sSkuil mOTpiOHO
3alIOBHHUTH, IO BHU3HAYAETHCS PO3MOJIIIOM i
reOMEeTPHUYHUMHU XapaKTePUCTHKAMHU
MIKpOHEPIBHOCTEH.
Konnenrpauis ~ ITAP
aHaJoriyHo BHpa3y (2) i ckiamae

BU3HA4YAETHCA

- >V )+V
qu(\/¢ Z\:/”) “£.100%, (3)

M
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ne XV, — 3aranpHHA 00’€M  JIETYIOYHX
YaCTUHOK, SIKUW 3aJeXWUTh BiJ iX (opmu Ta
po3mipiB. ToOTo Bupa3z y CKOOKax SBISIE
co0or0 3arajnbHUN 00’€M TPAaHMYHUX ILUIIBOK
ITAP Ha yacTHHKAX, SIKi 3aIIOBHIOIOTH BIIAJUHU
HEPIBHOCTEH.

Hpyra cknagosa Bupasy (3) Vi, — 00’em,
SKUW 3aiiMae moskpucTtaniyaui map ITAP —
Apyruil map Ha pUCYHKY. BiH BH3HaudaeTbCs
K

V,.=h.-S @)

nut nut H!

ne huu — TOBIIMHA MOJIKPUCTATIYHOTO IHApy
TTAP.

3anexxnocti (2) ta (3) € 6a3oBuUMH IS
OOTpYHTYBaHHSI CKJIanly Ta OynoBu
MacTUJIBHOIO MaTepialy IpH 3acTOCYBaHHI
aBTOMATHYHOTO 3MAIlyBaHHs PEHOK 1 rpeOeHiB
KOJIC 3 TOYKM 30py peanizamii B KOHTaKTi
JBOLIAPOBOTO MalleHHSI. BOHM BpaxoBylOTh
3aranbHy  (HOMIHaJbHY)  IUIOILY  TepTH,
MIKPOT€OMETPII0 KOHTAKTYIOUUX IIOBEPXOHb,
dopMy Ta po3Mipu JIETYIOUMX YAaCTHHOK,

TOBIIMHY TIOJMIMOJIEKYJISIPHOTO TPAHUYHOTO
mapy ITAP.

BucHoBKH:

1. PosrissnyTo  MexXaHi3M — MalleHHS
MIOBEPXOHb KOHTAaKTy pPEHKH Ta Koyeca IpH
3aCTOCYBaHHI aBTOMATUYHOTO 3MAllyBaHHS,
BIZIMIOBIIHO 10 SKOTO BCTAaHOBJICHO, IO
peaizalisi B KOHTaKTi ABOIIAPOBOTO MAIICHHS
J03BOJIUTH  HAOMM3UTH  (aKTH4YHY IUIOILY
KOHTAaKTy JIO0 BEIWYMHH KOHTYPHOI IUIONI, 1,
SK HaCIlIOK, 3MCHIIAThCS HANpYyXXEHHS B
KOHTAKTi, CHJI TEPTS 1 3HOC PEHOK 1 rpedeHiB
KOJIiC.

2. Otpumano 0a30Bi 3aJ€KHOCTI st
OOTIpYHTYBaHHS CKJIaay Ta OynoBu
MaCTHJIBHOTO MaTepialy IpH 3aCcTOCYBaHHI
ABTOMATUYHOTO 3MalllyBaHHS peloK 1 rpeOeHiB
KOJIC 3 TOYKH 30py peaiizamii B KOHTAKTI
JIBOIIAPOBOTO MalleHHs. BOHM BpaxoBYIOTbH
3araibHy  (HOMIHAJIbHY)  IUIOHIY  TEPTH,
MIKpPOT€OMETPil0 KOHTAKTYIOUMX MOBEPXOHb,
dbopMy Ta po3MipHM JIETYIOUMX YaCTHHOK,
TOBIIMHY TOJIMOJIEKYJISIPHOTO T'PAaHUYHOTO
mapy ITAP.
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TEIUVIOEHEPI'ETHKA (144)

UDK 629.4.01

AUTOMATED SYSTEM OF SELECTION MULTIPLE UNITS ROLLING STOCK
ROLLING STOCK FOR CONVERSION TO HYDROGEN FUEL

Doctor of techn. scienc. A. Falendysh, cand. of techn. scienc. N. Chyhyryk,
master O. Kosariev

ABTOMATHU30BAHA CUCTEMA BUBOPY MOTOPBAI'OHHOI'O PYXOMOI'O
CKUIAAY IJIA IEPEBEJEHHA HOI'O HA BOAHEBE ITAJIMBO

J-p Texn. Hayk. A. Il. @anenaum, kana. texn. Hayk H. JI. Unrupuk, marictp O. Kocapes

ABTOMATHU3NPOBAHHASA CUCTEMA BbIBOPA MOTOP-BAI'OHHOI'O
MHOABUKHOI'O COCTABA JJisA HIEPEBOJA HA BOAOPOJHOE TOIIVIMBO

J-p Texn. Hayk. A. II. ®anenapim, kana. Texd. Hayk H. /[, Yurupuk, maructp A. Kocapes

DOI: 10.18664/1994-7852.175.2018.127030

The article considers options for using hydrogen as a fuel for multiple units rolling stock in
Ukraine. An analysis was made of the rolling stock with its use in Japan and Germany. Considered
fuel-economic indicators of operation of motor-wagon rolling stock in Ukraine at the moment and
with the use of a proton-exchange membrane fuel cells on this rolling stock, the comparison and
analysis of the data. Was created model for estimating the rolling stock on hydrogen fuel and
determining the most efficient vehicles for modernization using proton exchange membrane fuel
cells. Pre-determined the necessary equipment for modernization, creating a scheme for locating
equipment on the rolling stock.

Key words: hydrogen fuel, modernization, diesel rolling stock, fuel cells, polymer exchange
membrane, fuel consumption.

YV cmammi posenamymo eapianm GUKOPUCMAHHA 600HIO 6 AKOCMI NAIU8a OJisi MOMOpP-
8a20HH020 pyxomo2o cknady 6 VYxpaiui. Ilpoeedeno amaniz pyxomozo ckaady 3 U020
sacmocysantam y HAnownii i Himeuuuni. Pozensanymo nanueHo-eKoHOMIUHI NOKASHUKU eKCNIyamayii
MOMOP-8A20HHO20 PYXOMO20 CK1a0y 6 YKpaini na OaHuii MOMEHM 3 UKOPUCMAHHAM HPOMOH-
OOMIHHUX MEMOPAHHUX NATUBHUX eNeMEHMI8 HA YbOMY PYXOMOMY CKAAOI, NPO8eOeHO NOPIGHAHHS |
ananiz ompumanux oanux. Po3pobieno mooensb oyiHKU pyxomoeo cKkiady Ha 600HEeB0OM) NAIUBI Ma
BU3HAYEHO HAUOINbUWL eqheKMUSHUL PYXOMUU CKIAO 0N MOOepHi3ayii 3 6UKOPUCIAHHAM NPOMOH-
OOMIHHUX MeMOpaHHuX naiueHux eiremenmis. Ilonepeonvo susHaueHo HeoOXiOHe 001A0HAHHA Os
MoOepHizayii, po3podiiena cxema po3miujernHs 001AOHAHHS HA PYXOMOMY CKLAOI.

Knrouoei cnosa: soonese nanugo, mooepHizayis, ouzenb-noizo, NaiuHi elemMeHmu, noiimep
0OMIHHa MeMOpaHna, sumpama naiued.

B cmamve paccmomper eapudrm ucCnolb306AaHuUs 60()0]70061 6 Kauecmee mMONIUBa OJis
MOMmMop-6acOHHO20O NOOBUNCHO20 COCMABA 8 YkpauHe. HpOS@déH AHATIU3 NOOBUINCHOCO COCMABA C
€20 nNpuUmMeHeHuem 6 Anonuu u FepMaHuu. PaCCMompeHbl MONJIUBHO-IKOHOMUYECKUe nokasameiu
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IKCHIYAMayuu MOmMop-6a20HHO20 NOOBUICHO20 COCMABA 6 YKpauHe HA OAHHLIL MOMEHM C
UCNONb308AHUEM NPOMOH-0OMEHHBIX MEMOPAHHBIX MONIUBHBIX DJIEMEHMO8 HA IMOM NOOBUICHOM
cocmaee, NpogedeHO CpABHeHUe U AHAIU3 NOJYYEHHLIX OaHHwlX. Paspabomana mooenv oyenxu
NOOBUIICHO20 COCMABA HA B000OPOOHOM MONAUGe U OnpeodeleH Haubolee d¢hhexmusHblil
NOOBUIICHOU COCMAB Ol MOOEPHU3AYUU C UCHONbIOBAHUEM NPOMOH-0OMEHHBIX MeMOPAHHbIX
MonaueHvix snemenmos. Illpedsapumenvho onpedeneHo Heobxooumoe 0060pyooearue OJis
MOOepHU3ayUU, paspabomana cxema pasmewieHus 0o6opy008anus Ha NOOBUNCHOM COCMABe.

Knrwoueevie cnosa: 6000poonoe monaugo, MOOEpHU3AYUS, OU3EIb-N0e30, MONIUBHbIE
JIeMenmyl, NOAUMEP 0OMEHHASL MeEMOPAHA, PAcX00 MONIUBA.

Formulation of the problem. Railway
transport provide about 50% of all
transportation in Ukraine [1]. Most of the
rolling stock in Ukraine is now lagging behind
the worldwide technical progress for several
decades  (operated rolling stock and
technologies of its repairing, to a greater
extent, belong to second generation, and they
are morally obsolete In Ukraine most of
science researches, in general, focused on
developing technologies, most of each aimed
on solution of the problems, related to the
extension of service life of now operated
rolling stock. Also, is being conducted
developing and production new, modern
rolling stock on Ukrainian factories, including
rolling stock for high-speed operation. As an
example, Ukrainian manufacturer "Kryukov
Rail Car Building Plant" designed and
produced electric train EKr-1, named
"Tarpan”, with a maximum allowable speed of
operating 220 km/h [2]. But at the moment,
maximum allowable speed of operating on
Ukrainian railroads is 160 km/h, the reason is
that existing railway track does not allow
operate rolling stock with higher speeds.

In view of the world trend of increasing
the speed of passenger rail transport and make
it zero emission, for Ukraine becomes relevant
the question of its own high-speed and zero
emission operations. To operate railway
rolling stock with speeds higher 200 km/h,
railway track should be built from zero (which
is corresponding to the norms of operation),
this entails a number of financial costs.
According to Private Joint Stock Company
"Ukrzaliznytsya" strategy presentation till
2021, dated September 12, 2017, Ukraine is

planning spend 5.9 billion USD of capital
investment for railway development, from
which 4 billion is for the renewal of rolling
stock [3].

One of solution could be using, on
traction rolling stock with the hybrid power
transmission, proton exchange membrane fuel
cells (PEMFC). As well, known as polymer
electrolyte membrane fuel cells (PEM). That
will  reduce fuel costs, the level of
environmental pollution and noise pollution.
From our point of view, it is the most
perspective topic for railway rolling stock
development for next 15-20 years. This topic
will be relevant until the moment when will be
created power storage which could provide
enough power for rolling stock operation,
without frequent re-charging, and at the cost-
effective price. Therefore, consideration of
using hydrogen as a fuel on multiple units
rolling stock currently is relevant and timely
objective.

Purpose and objectives of research.
The main objective of this research is the
technical and economic improvement of the
operational index of the railcar rolling stock by
modernizing it replacing the power plant
(diesel ICE) with polymer electrolyte
membrane fuel cells. To solve the set goals,
the following tasks are considered:

* Review experience of using hydrogen
as fuel on traction rolling stock in other
countries;

» Determination of the most efficient use
of hydrogen as a fuel;

* Analysis of scientific research and
testing of rolling stock with PEMFC,;
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» Consideration methods of obtaining,
transporting, storing of hydrogen and the
operation of PEMFC;

« Comparing the indicators of fuel
efficiency on the rolling stock in operation
with its modernization and the definition of its

rating;

» Development of the basic scheme of
rolling  stock  operation  during its
modernization with PEMFC.

The object of the research is:

determination of multiple units rolling stock
fuel efficiency index, when it is modernized
with replacement power plant (diesel ICE)
with PEMFC.

Overall information about using
hydrogen fuel on railway transport. Today
exists two variants for using hydrogen as a fuel
on railway transport.

- Using hydrogen as a fuel for internal
combustion engines. In this case expediently
applying hybrid power transfer circuit, when

the power point producing electricity, which
flows to batteries and then, with the help of
smart allocation system of energy, flows to
various units of rolling stock [4];

- Installation on rolling stock fuel cell,
whose  operating principle based on
electrolysis (more precisely on its reverse
process). This variant more effectively could
work with hybrid power transfer circuit (with
batteries and smart allocation system of
energy) [5, 6].

One of the first tractive rolling stock,
which powers with hydrogen fuel, built
scientists from Tokyo Railway Research
Institute  (Japan) in 2001. K. Ogawa,
T. Yamamoto, T.Yoneyama in the period
from 2001 to 2005 year tested, by that moment
first in the world, rolling stock with PEMFC.
Rolling stock weight, including auxiliary
equipment, was 35.3 tons. According to [5]
research was conducted by two schemas of
power transfer circuit (fig. 1).

1st schema
(97.5%) (97 .5%)
—
PEMEC — Invertor . Converter @
 SCATIGE SNGES SIS
2nd schema
(97,5%) (97.5%)
LPEM}‘C — Invertor [ Converter [@
Inverter @
for
bataries
|
Batteries

Fig. 1. Schemes of power transmission of a locomotive using hydrogen fuel
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First schema: PEMFC (with max output
power 120 kW) - Converter - Inverter -
Traction motors. According to the results of
tests mid index of efficiency was equal
56.3 %, and fuel consumption was 11.3 km/kg.

Second schema: PEMFC (with max
output power 120 kW) - Converter - Li-lon
batteries - Inverter - Traction motors.

If in first schema electricity flow almost
directly from PEMFC to traction motors, then
with this power transfer scheme PEMFC
charging Li-lon batteries, then it flows to
traction motors. Likewise, during tests of this
schema were used regenerative braking, down
to 5 km/h, then electro-pneumatic brakes.

According to the results of tests mid
index of efficiency was equal 75.7 %, and fuel
consumption was 16.1 km/kg [5].

In 2016 French company Alstom
represent, on “Innotrans 2016, prototype of
commuter train which runs on hydrogen fuel.
Coradia iLint designed and built on Lint 54
base, by Alstom in common with German
center of Aerospace Industry (project name
"Bethy"). Hydrogen is converting into
electrical energy in PEMFC and runs traction
motors. Hydrogen stored in 2 tanks by 90 kg
each on the roof of rolling stock. On every
rolling stock established 2 PEMFC, with
power 200 kW each. PEMFC are supplied by
Canadian manufacturer ~ "Hydrogenics",
between "Alstom"™ and "Hydrogenics" was
signed a contract according to it "Alstom" will
receive at least 200 PEMFC in next 10 years,
sum in the contract (excluding repairing and
service) amounted to 50 million euro. Drive
unit provide starting pulling force 87 kN and
power 544 kW. Other spare parts are used
similarly to the current diesel version. As
batteries installed 110 kWh Li-lon
accumulators, placed under the salon of rolling
stock. The energy recovery system is also used
on this rolling stock. At full refueling of fuel
tanks travel distance of Coradia iLint is
between 600 and 800 km, from which follows,
that fuel consumption variable 6.667 - 8.889
km/kg, with a maximum speed of movement
140 km/h. Alstom planning use hydrogen to

refuel trains from Industriepark Hochst (one of
the biggest chemical and pharmacy factory in
Europe), where hydrogen is a by-product [6,
7].

Overall information about hydrogen.
Hydrogen is the most common chemical
element in the universe. The hydrogen gas has
no taste, no color, no smell and it’s not toxic.
At certain concentrations and interaction with
the oxygen in the environment - explosive.
Has a specific heat of combustion of
120 (lower threshold) - 140 (higher threshold)
MJ/kg (for comparison, the specific heat of
combustion of natural gas=50 MJ/kg, propane-
butane =36 MJ/kg, gasoline (92) = 42-44 MJ/Kkg,
diesel = 42.7 MJ/kg) [8].

Hydrogen is produced both on an
industrial scale and on a laboratory scale. In
the industry to date, the following methods of
obtaining hydrogen have been widely used:

1. Conversion (process of processing of
gases for the purpose of changing the
composition of the initial gas mixture) of
natural gas or methane with steam at a
temperature of 800 to 1300 °C. In this way,
more than half of all hydrogen used in the
world is produced. Although this method is
currently the most popular, it still remains not
environmentally friendly. According to the
formula below, we can see that along with
hydrogen in the ratio 5, a CO is formed,
which must be disposed of, which ultimately
affects not only the ecology of the
environment, but also the cost of produced
hydrogen.

CHs+ H20 «+> CO + 3H> .

2. Transmission of water vapor over the
heated coke at a temperature of about 1000 °
C, without access to oxygen.

HO0+C - CO1T+Hz1.

3. Electrolysis of aqueous solutions of
salts, transmission of electric current:

2NaCl + 2H,0 — 2NaOH + Cla 1 + Ha 1.
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4. Catalytic oxidation of hydrocarbons
with oxygen:

2CHs4 + O2 < 2CO + 4H>.

5. Cracking and reforming are also used.

6. In 2007, a group of scientists from the
UK published their research on the production
of hydrogen in the decomposition of organic
waste. According to their calculations, when
decomposing organic waste, it is possible to
collect hydrogen of grade A. By an
approximate calculation from the organic
waste of only London, 67 to 141 tons of
hydrogen can be daily produced.

7. Production of hydrogen as a by-
product from the pharmaceutical industry [9].

The cost of produced hydrogen depends
on the method of its production and is in the
range from $ 1 to $ 7 per kilogram. It is also
very important to note that liquefied hydrogen
must be stored under special conditions.
Scientists from the USA developed special
cryogenic tanks (cylinders, tanker) for safe and
economically  profitable  storage  and
transportation of liquefied gases [10].

The next questions that arise are the
volume of liquefied gas, its weight and cost in
Ukraine. The weight of one liter of liquefied
hydrogen is 70.99 g (0.07099 kg). At the retail
price of a 40-liter gas cylinder at 500 hryvnias
(~ $ 18.88) as of the NBU exchange rate for
16-11-2017), the cost of 1 liter of hydrogen is
12.5 hryvnia (~ $ 0.472), and the cost of
1 kilogram of hydrogen is therefore 176.08
hryvnia (~ $ 6.85). In a more detailed study of
this market, it is likely that with wholesale
purchases, the price of hydrogen will be much
lower [11-13].

To store liquid hydrogen, it is necessary
to use storage with efficient thermal insulation.
For long-term storage and also when
transporting liquid hydrogen, in order to
minimize losses from evaporation, it is
recommended that it be maintained in a
supercooled state. The use of multi-layer
insulation on cryogenic equipment, in the
USA, has shown that it is one of the most
important conditions for the safe long-term
storage and transportation of liquid hydrogen

in large quantities. Tests were carried out on a
transport tank with a capacity of about
107,000 liters, with an insulation thickness of
28.757 millimeters, evaporation losses were
only 0.25 % per day, including losses from
heat influx on the supports. Currently, such
tanks, with a capacity of 96,200 liters, are
widely used for transporting liquid hydrogen
in the United States, with total losses less than
10 % of the mass of the liquid product per year
[14-17].

Consider the principle of operation and
the use of proton-exchange membrane fuel
cells, they are a type of fuel cells that are used
mainly for transport applications, as well as for
stationary and portable applications. Their
distinguishing features are lower temperature
ranges (from 50°C to 100°C), pressures and a
special proton conductive polymer electrolyte
membrane. PEMTE generate electricity and
operate on the principle of the opposite
electrolysis. They are the main candidate for
replacing the aging alkaline fuel cell
technology, which is widely used to date all
around the world.

PEMFC consists of membrane electrode
assemblies (MEAS). They represent a collected
stack of proton exchange membranes or ion-
exchange membranes, catalyst and a flat
electrode plate used in fuel cells and
electroliers. The main part of the cell is the
triple phase boundary, where the electrolyte,
catalyst and reagents are mixed and, therefore,
where the reaction takes place. It is important
to note that the membrane should not be
electrically conductive, it is necessary to
prevent mixing of reactions. Operating
temperatures, preferably, should be above
100 °C, so that the by-product - water becomes
steam, and water management becomes less
critical in the design of the cell.

Let's have a look at reactions inside fuel
cells. The hydrogen stream is fed to the anode
side of the PEMFC. On the anode side, it is
catalytically split into protons and electrons.
Hydrogen oxidation reaction at the anode
represented below:
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Hy — 2H" + 2¢e",
E'=0V dE'dT=0mVK!,

Formed protons penetrate the membrane
of the polymer electrolyte on the side of the
cathode. Electrons, in turn, move along the
external load circuit also to the cathode side,
thus creating an electric current at the outlet of
the fuel cell. Meanwhile, the flow of oxygen
flows directly to the cathode side. On the
cathode side, oxygen molecules react with
protons that have passed through the
membrane of the polymer electrolyte from the
side of the anode, and electrons coming
through the outer chain, forming water
molecules. The oxygen reduction reaction at
the cathode is shown below:

120,+2H+2e — H20

E'=1.2291 V dE'dT=-0.8456 mVK™,

Proceeding from this, the general
reaction is as follows:

H>+120, — H>0
E'=1.2291 V dE'dT=-0.8456 mVK™,

The reversible reaction is expressed in
equations and shows the reincorporation of
hydrogen protons and electrons together with
the oxygen molecule and the formation of one
water molecule. Potentials in each case are
given with respect to the standard hydrogen
electrode (fig. 2).

ELECTRIC CURRENT

FUEL INLET

AJR INLET

<=

DISPOSAL
OF AIR.
WATER
AND HEAT

4

FUEL
DISPOSAL
<=
7
ANODE

CATHODE

ELECTROLYTE

Fig. 2. Schematic diagram of the operation of a polymer electrolyte membrane fuel cell

On the basis of PEMFC, so-called
hydrogen generators of different power are
produced, from 1 kW to 4.6 MW, they have
found their application in various industries.
One of the leaders in the production of such
systems is the previously mentioned company
"Hydrogenics™ (Mississauga, Canada) [18].

Using PEMFC on traction rolling
stock in Ukraine

Comparison of fuel-economy indexes
on operated rolling stock in Ukraine.
Currently to compare different types of rolling
stock, basically use two approaches. First
directed to compare rolling stock cost of life
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cycle, and mainly used for already designed
new project or modernized rolling stock [19].
Second approach based on qualimetrics
approaches and used on early stages of
choosing type of rolling stock or type of its
modernization Main idea of this approach is in
calculation of the technical level factor or
other  criteria and comparing under
consideration types of rolling stock chosen by
criteria [20]. In our case was chosen second
approach.

To evaluate the rolling stock before and
after modernization, a criterion was proposed
that shows the cost of fuel, which is necessary
for transportation of one passenger per one
kilometer, expressed in moneyed equivalent.

BSFC -FC-EP-C .

CTp/km: AS
where BSFC -~  brake  specific  fuel

consumption, %/xen gwhy;

FC — fuel cost, uah / kg;

EP — engine power, HP (kW);

C — sauxiliary coefficient for converting
the received value into UAH / pass * km;

AS — number of seats in rolling stock.

This approach was implemented in a
subprogram on choosing the type of multiple
units rolling stock rolling stock for transferring
it to hydrogen fuel, which is included in the
overall program for assessing the quality of
rolling stock [20].

To ensure the possibility of using this
criterion speed was chosen constant and equal
60 km per hour. The following prices were
accepted for calculations: 28,67 UAH/kg for
diesel and 1,77 UAH/KWHh for electricity. [21-
22] Brake specific fuel consumption,
electricity and other needed data for
calculations were accepted according to
technical specifications of multiple units
rolling stock rolling stock [23-34]. Specific
hydrogen consumption and needed power of
PEMFC for  modernizations  accepted

according to the analysis of the “Alstom”
company reports [7, 35].

Calculations were made for multiple
units rolling stock rolling stock, which is
operated on the Ukrainian railways: DR1A,
D1, DPL1, DPL2, DTL1, DTL2, 620M,
630M, DPKr2, ER2, EPL2, ED4, ET2, ER9M,
EPLIT, ED9M. The results of calculations are
presented in table 1.

The results of comparison showed, that
the cost of fuel, when replacing the power
plant by PEMFC on diesel powered trains
decreases on about 60 %, but on trains which
runs by electricity, increase on 159.9 %.
Consequently, a cost-effective to use PEMFC
on diesel trains. When choosing a prospective
rolling stock to continue research work, taken
into account indexes of rolling stock remaining
service life. For further work chosen diesel
train DPKr2, today in Ukraine only one such a
train is operating. That means, that to place on
it PEMFC it is necessary to build new rolling
stock, with initially installed PEMFC on it
(fig. 3).

To use hydrogen power plant on the
rolling stock preliminarily needed next
equipment:

— PEMFC HD series, power 200 kW,
produced by “Hydrogenics”;

— Cryogenic fuel tanks, to storage
hydrogen under the pressure 70 MPs, with
volume 1300-1500 liters;

— Li-lon batteries ~ 220 kW;

— Bogies (TMF 59-38-4) with traction
motors.

Conclusions:

1. The experience of using hydrogen as a
fuel on a rolling stock is considered.
According to fuel-economy indexes chosen
PEMFC as a power plant. As well using
PEMFC increase number of moving parts
inside power plant, what will decline wear and
tear and will make repairing much easier
during rolling stock operation.
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2. The main methods of hydrogen
production are determined; the average cost of
liquefied hydrogen is taken equal to 120.6
UAH / kg. The fuel and economic indicators
of the operated passenger rolling stock are
compared. Comparison of cost indices for
transportation of passengers using diesel,
electric and hydrogen traction is made. It was
preliminary concluded that it is economically
feasible to use PEMTE as a power plant on
diesel trains, taking into account the wear and
tear during operation of rolling stock with
PEMFC, the diesel train DPKr2 was chosen,
after fuel cells are installed, the fuel costs will
decrease by 63.03 %.

3. A scheme for locating equipment on
rolling stock is proposed. The main technical
parameters of the equipment for installation
are determined.

4. In addition to saving fuel, the traction
rolling stock will be absolutely
environmentally friendly, because the by-
product of the PEMFC operation is water
(which can Dbe wused in itself needs),
IIpOU3BOACTBO TOILJINBa BO3MOXHO oe3
BbIOpOCa BpEOHBIX BEIIECTB B aTMocdepy.
Such a rolling stock in about 2 times quieter
than similar diesel train.

5. In subsequent work, it is necessary to
develop systems using PEMFC on a diesel
train DPKTr2, conduct rolling stock tests with
PEMFC, simulate the operation of such rolling
stock, calculate the payback period, design the
logistics of production and supply of hydrogen
to the points of refueling in the conditions of
Ukraine.
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TPAHCIIOPTHI TEXHOJIOIII (275)

YK 656.223

YJIOCKOHAJIEHHA TEXHOJIOI'TI CEPBICHOT'O OBCJIYT'OBYBAHHSA
IMACAKHUPIB HA CTAHIIII B YMOBAX HIBUJIKICHOI'O PYXY

J-p Ttexn. nayk /l. B. JlomoTbko, maricrpant €. 1O. Jledenn

COBEPHLIEHCTBOBAHUE TEXHOJIOI'MHN CEPBUCHOTI'O OBCJ1YKUBAHUA
ITACCAKHNPOB HA CTAHIIUU B YCJIOBUAX CKOPOCTHOI'O IBUKEHUA

J-p Texn. nayk /I. B. Jlomorbko, Maructpant E. 1O. Jledeab

IMPROVEMENT OF THE TECHNOLOGY OF PASSENGER SERVICE AT THE
STATION IN CONDITIONS OF HIGH-SPEED LINES

Doct. of techn. Sciences D. Lomotko, master E. Lebed’

DOI: 10.18664/1994-7852.175.2018.127041

Ilpeocmasneno OCHO6HI HANPAMKU YOOCKOHANEHHS CUCIEMU CEPBICHO20 00CY208)68aAHHS
nacaxcupis. Ilokazano eghexm 6i0 cmeopenHs peHmadenbHoi KOMNIEKCHOI MpaHCNnOpmHoi
cucmemu 00CIY208Y8AHHSA NACANCUPIE 8 YMOBAX UWIBUOKICHO20 3ANI3HUYHO20 pyX)y. Bcmanoeneno,
Wo 05 BOK3ANi6, AKI pO3MAUOBAH] HA NIHIAX WEUOKICHO20 3ANI3HUYHO20 MPAHCNOPMY, He0OXIOHO
8paxo8ysamu 000amMKOBI 8UMOSU 00 CEpPBICHO20 00CNY208Y8AHHI — OCOOIUBICMb NAAHYEANbHUX
piuieHb y KOMepYIUHUX 30HAX B60K3ali6, HAAGHICMb 1 Micye pO3ZMAULY8AHHS Cepeic—yeHmpy,
HAs8HICMb 3aC00i6 0111 HAOAHHS KOMNAEKCHUX nociaye. [[nsi eKOHOMIYHOI oyinKU egheKmusHocmi
cucmeMu CepgicH020 00CIY208Y8AHHA NACANCUPIE 3ANPONOHOBAHO CKOPUCMAMUCL MemOoO0OM
8UABNEHHS MOUKU 6e330UMKO80CMI.

Knwuogi cnoea: weuokicnuil 3ani3HUHUL MPAHCNOPM, CEPBIC NACANCUPCLKUX NEPEGe3eHb,
80K3a.1, IHhpacmpyKmypHuii KOMNIEKC, NpsAMe 3ANI3HUYHE CNOIYYEeHHS.

IIpeOcmaenenvt  OcHOBHble HANPABNEHUS  COBEPUIEHCTNBOBAHUS  CUCEMbl  CEPEUCHO20
oocnyscusanus naccaxcupos. Iloxazano a¢hghexm om cozd0anus penmabenvHoOU KOMNJIEKCHOU
MPAHCROPMHOU CUCTEMbL OOCTYHCUBAHUA NACCANACUPOB 8 YCTIOBUAX CKOPOCMHO20 HCENE3HO00POHC-
HO20 O08UdICeHUs. Ycmanoeneno, umo OJid BOK3AN08, PACNONONCEHHbIX HA JUHUAX CKOPOCHHO20
HCENEIHOOOPOIHCHO20 MPAHCNOPMA, HEODXOOUMO YUUMbBIBAMb OONOIHUMENbHble MpPebO8anUs K
CEPBUCHOMY OOCTYICUBAHUIO — OCOOEHHOCMb NIAHUPOBOUHBIX PEUleHUll 8 KOMMepHecKux 30HaX
80K3A/108, HANUYUE U pA3MeWeHUe CepBUC-YeHmpPa, Haauyuue cpeocms Oiisl OKA3AHUS KOMNJIEKCHbIX
yenye. [lna sKoHOMUYecKol OyeHKU I@eKkmusHocmu Ccucmemvl CepeUCHO20 OOCIYICUBAHUS
nAccaicupos nPeodiodHceHo B0CNONb308AMbCA MEMOOOM BblAGIEHUS MOYKU 0e3Y0bIMOYHOCU.

Kniouegvie cnoga: cxopocmmoil dicene3Ho0OpOACHbIN MPAHCHOPM, CEPEUC NACCAACUPCKUX
nepeso30K, 60K3aAl, UHPPACMPYKMYPHBLIL KOMIIEKC, NPSAMOE HCENe3HOO0OPOIHCHOE COOOUEeHe.

The main directions of improving the system of passenger service are presented. The effect of
creating a profitable complex transport system for passenger services in conditions of high-speed
railway traffic is shown. The basic directions of development of service of passenger
transportations in transport nodes are revealed - development of intelligent transport systems;
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integration of solutions in the field of uniform travel documents, increase of shipping and
bandwidth. It is established that for stations located on the lines of high-speed rail transport, it is
necessary to take into account additional requirements for service - a feature of planning solutions
in the commercial zones of stations, the availability and location of the service center, the
availability of facilities for providing comprehensive services. It is proved that the level of service
and the volume of the provided services mainly depends on the level of satisfaction of passengers,
the profitability of additional types of services and the income of commercial zones of the station.
For the economic evaluation of the efficiency of the passenger service system, it is proposed to use
an estimate of the cost of servicing 1 passenger at the station in order to identify the break-even

point.

Key words: high-speed rail transport, passenger transportation service, railway station,

infrastructure complex, through railway service.

Beryn. B ymoBax pHHKOBOI €KOHOMIKH
MOCHIIIOETBCS.  KOHKYpPEHTHa O0opoThba Mixk
pI3HUMH BUAAMH TPAHCIIOPTY 3a 3aTy4CHHS
nacaxuponotoky. Ilpu npomy BU3HauaNbHUM
YMHHUKOM Yy BHOOpPi cmoco0y mepecyBaHHs
CTa€ piBEHb SIKOCTI TPAaHCIOPTHOTO OOCIYro-
BYBaHHS HacelieHHs. BaximBa poibp B
IIJIBUIICHHI SKOCTI TAaCaKUPCHKUX IEepeBe-
36Hb 1 PIBHS KYyJIbTYpUd OOCIIyrOBYBaHHS
MacaXupiB BIABOJAMTHCA POOOTI BOK3aNIiB.
3'IBAAIOTHCA 3aII3HUYHI BOK3aiaHd, 00'€IHaHI 3
IHIIMMU TIepeBi3HUKAMH, HANpHUKIA] MOpAT 3
BOK3aJIOM  CTaHIli, M0  pO3TJISAAAETHCA,
3HAaXOAUTHCA aBTOCTAHLIIS. 3aBaHHIM
BITYU3HSHOTO MAacCaKUPCHKOTO 3aJlI3HUYHOTO
TPAHCHOPTY € HaWOUIBII MOBHE 3aJ0BOJICHHS
noTped HaceneHHs B nepeBe3eHHAX. CboroaH1
ITAT "VYxkp3anizaung" o0'eiHye HICTh perio-
HalbHUX  ¢Qurii-3ami3HUOL 1 OJM3BKO
140 iHmumx CcTpyKTypHHUX mignpuemctB. Ha
gactky [IAT "Vkp3amizuaunsa" mnpunanae
6mu3pko 38 % mnacaXXUpPChbKUX IEpEeBE3CHb B
VYkpaini. OfHiero 3 HalBaXJIMBIIIUX TpobdiieM
BEeIMKUX MICT KpaiHM € HeoOXiTHICTh
MojiepHi3alii 1 pOpMyBaHHS HOBOI CTPYKTYpHU
3aJI3HUYHOI TPAHCIIOPTHOI MEpeXki LUIIXOM
BITPOBA/KEHHSI IIIBUIKICHOTO Ta BHCOKOIIBHUI-
KICHOTO 3ali3HMYHOro pyxy. PDopmyBaHHs
MIOTIATY HA TIOCIYTH 3 MEPEBE3CHb MaCaKHUPiB
Oe3mocepelHbO  MOB’S3aHO 3 PO3BUTKOM
TpaHcnopTHo-niepecagoynux By3miB  (TIIB),
BOK3aJiB 1 3 OpraHi3ali€l0 CepBICHOIO
00CITyroByBaHHS IMacaKUPIB HA HUX.

HaiiGinpm moBHE 3a0BOJICHHS TMOTped
HACEJICHHS € OJHHUM i3 TOJIOBHHUX BUKJIMKIB, 1110

mocrae  mepen  [TAT  "VYkpzamizauns'.
He3Baxaroun Ha mocCTiiHE BIOCKOHAJIECHHS
TEXHOJIOTIT y cdepi MacaKUpChKHUX IIepeBe-
3€Hb, /U1 BEITUKUX MICT Ta O0JIACHUX LIEHTPIB
y  TPaHCIOPTHUX  BY3JaXx  BHU3HAYAETHCSA
HE/JIOCKOHANICTh  CEepBICY  MaCaKUPChKHUX
nepese3eHb. Hampukiazn, XapakTepHUM €
TPUBAJICTh  3HAXO/PKEHHS  Macaxupa Ha
Bok3aii Bix 35 no 90 xBunmH. 3a paxyHOK
Ha/IaHHS JOJATKOBUX HOCIYT Hacaxupy 3a
el Yac MOMJIMBO TIJBHUIIUTHA PIBEHb HOTO
3aJI0BOJIEHOCTI OOCITyTOBYBaHHSM, 1110 Y CBOIO
4yepry 30UTBIIMTH OOCSTH Ta PEHTAOENBHICTH
JOJaTKOBUX BHJIB IOCIYT, a TaKOX JOXiJ
KOMEpIIIMHUX 30H BOK3aiy [1].

AHami3 jpochailzkeHb 1 myOJikamii.
JlocmipKeHHs TOKa3yrTh, M0 Yac nepedyBaH-
HA mnacaxupa B TIIB Ta Ha BOk3amax y
BITYM3HSIHUX yMOBAaX MOXXE CTaHOBUTH IO
YBEpTIi 3arajbHOTO yacy nepemimeHHs [2].

HayxoBi gocnimkenHs y cdepi pyHKIio-
nyBanHs TIIB Ta Bok3amiB CBiIYUTH, IO
crcTeMa HaJaHHS CEPBICHUX TOCIYT HAa HHX
HE B TOBHOMY 00cCs31 BpaxoBye creuugiky
PUHKOBOIT €KOHOMIKH Ta YMOBH peopMyBaHHS
ramy3i [1,9]. Peanmii BiTuM3HSAHOT Tamy3i
CBIJUaTh TMPO MOXIIUBICTb BHUKOPUCTAHHS
3aKOPJIOHHOT'O JIOCBiAy Oprasizamii MIBHIKIC-
HOTO pyXy, (OpPMYyBaHHS Ta TPOEKTYBAHHS
TIIB [3], ocob6iamBO B ymMOBax B3aeMOJii 3
MICBKUM, TIPUMICBKUM, aBTOMOOITRHUM Ta
MOBITPSTHUM BUJAMHU MaCaKUPCHKOTO
tpancnopty  [5].  [IpoGrmemHi  mmTaHHS
¢byHKLIOHYBaHHS, (OPMYBaHHS 1 PO3BUTKY
cepicy Ha TIIB Ta Bok3amax cramu OLIBII
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aKTyaJIbHUMHU Y 3B’SI3KY 31 3pOCTAHHIM MEpexi
MIBUIKICHUX 3aJII3HUYHUX MepeBe3eHs [8, 10].
Hus  dopmyBaHHS  3axOMdiB  IIOJO
VHUKHEHHS HE3pYYHOCTEH NpU TepecyBaHHI
Ta 3 METOI0 CKOPOYEHHsS yacy IepeOyBaHHS
nacaxupiB Ha TIIB 1 Bok3amax 3milCHIOIOTH
YIOCKOHAJICHHS NUISAX1B PSIMYBaHHS
MacaKUPOIIOTOKIB ITiJT Yac Mepecaaku abo mpu
OUiKyBaHHI [4], MmO 103BOJSE BpPaxOBYBaTH
0COOJIMBOCTI  MYJIBTHMOJAIBHOI TEXHOJIOT1
JOCTaBKM  MAacaXUpiB 3  BUKOPUCTAHHSIM
«enuHoro»  kButka [11]. Buxomsum 3
rJI00aTbHOT METH TUTAHYBAHHS Ta Y3TOJKCHHS
PyXy TacaKUPCHKOTO TPAHCIIOPTY BUHUKAE
HEOOXiHICTh BHUKOPUCTAHHSI CY4aCHUX METO-
JiB HEYITKMX MHOXXHH I TPOTHO3YBaHHS,
MOJICTIIOBAHHS TMHAMIKA Ta OMHUCY B3a€MOJIl
nacaxupornotokis 'y  TIIB, mpakTuune
3aCTOCYBaHHA  OTPUMAaHMX  MIAXOAIB  Ha
3aJTI3HMISX € BKpail oomexeHum [6,10].
Buznayennsi MeTm Ta 3aBJaHHS
AoCHiTzKeHHsl. METO JOCHIDKEHHS € YyJI0C-

200,0
180,0
160,0
140,0
120,0
1000 194511868

KOHAJICHHSI TEXHOJIOTil Ta BU3HAYCHHS HEO00-
xigHoro piBHA cepicy Ha TIIB Ta Bok3amax.
Ile 3ampomoHOBaHO 3MIWCHUTH  IIISTXOM
BUSIBJICHHSI OCHOBHUX HANpPSAMKIB PO3BUTKY
CEepBICY MAaCaXUPCHKUX TEPEBE3CHb B YMOBAX
IIBUJIKICHOTO PYXY 3 OIIIHIOBAaHHSAM €(EeKTHB-
HOCTI CHCTEMH CEpBICHOTO OOCIyroBYBaHHS i
BH3HAYEHHSM TOYKH O€330MTKOBOCTI.

OcHoBHa YacTHHA. 006’ exToM
JOCIIIJDKEHHS 00paHO BOK3aJl, CHEIUpIKOIO
SKOTO € PO3TAllyBaHHS Ha IIBUAKICHIN JiHIT 3
00CITyroByBaHHSIM MacoBOI'0 MOTOKY
TPaH3UTHHX MacaXUpiB Ha HanpsiMKax Jlonbac
— Kwuis, KuiB — Opeca, XapkiB — JIbBiB, a
TaKOX HAsBHICTh 3HAYHOTO MOTOKY MacaXHpiB
CBOTO BIJIMIPABJICHHSA B MPSMOMY, MiCIIEBOMY
Ta  TNPUMICBKOMY  CHOJYYEHHSX  PI3HUX
HamnpsIMKiB. Po3mojin KiabKOCTI Taca)Xupis,
nac/no0a, BOK3aJIy TI0O OCHOBHHX MiCTax
Jiep’KaBy HaBeJICHO Ha puc. 1.
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Puc. 1. Po3noain KiTbKOCTI MacaKUpiB BOK3aTy CTaHI(li 110 OCHOBHUX MICTax JE€p>KaBU

Boxk3zai 3a o6csirom poOOTH 1 3arajibHOIO MICTKaMH Ta MIIIOX1THUM MOCTOM,

TUTOIICI0 BOK3aJIBHUX MPHUMIIICHb HAJICKHUThH
70 TPETHOTO KJIacy 1 sABIsiE COOOI0 KOMILIEKC
MPUMIIIEHb 1 CHOpPYyHA, TPU3HAYEHUX IS
00CITyrOBYBaHHS MacaXupiB. Y HHOI'O BXOAUTH
MPUBOK3aJIbHA  IUIONIA, OYIIBIS  BOK3ay,
MEPOH, MOCAIKOBI MIaT(HOPMHU 3 MIIIOXITHUMHU

aBTOMATHUYHI KaMEpU CXOBY Ta 1HII CIIOPY/IH.
[Mocnyru, 110 HaAIOTHCS MacakKupaM Ha
BOK3aJIl CTaHIii, TPYNyIOThCS Tak: NpoiIbHI 1
HenpodiIbHI; cienuivHi i HecrenudivHi.
[TpodimpaUMHU € MOCIYTH, K1
Oe3mocepelHbO TOB’S3aHI 3 TEPEBE3CHHSAM
MacaXupiB 3ami3HuIero. Jlo HUX ciIija BiTHECTH
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NEPEeBE3eHHS MAaCAXKUPIB; TMEPEBE3CHHS PYUHOT
nokJaxi. Jlo HempoUTbHUX MOCTYT BITHOCATH
IUIATHI ~ TOCIYTH, SKi HE TOB’si3aHi 3
MepPEeBE3CHHSIM MacaKUPIB.

CrenudiuHuMH BBaXAIOTHCSI MOCTYTH,
Kl HaNalTbCAd JIMIIE Ha 3ali3HUYHOMY
TpaHcnopTi (mpoaax i opopMIIeHHS MPOI3ZHUX
JOKYMEHTIB  JUIi  MacaXkupiB  JalieKoro,
MICIIEBOTO 1 MPUMICHKOTO CIOJIY4YeHb uepe3
KBUTKOBI Kacu BOK3aJly 3a J0MOMOI0I0 €AHHOT
aBTOMAaTH30BaHO1 CHUCTEMHU KEepyBaHHS
MacaXUPChKUMHU MIEPEBE3CHHIMHU Ha
samizauipsix Ykpainu (ACK IIIT V3)).

3 METOI0 MiJBHILIEHHS SKOCTI 00CIyro-
BYBaHHSI IMACaXHWPIB HA BOK3aJi 3aCTOCOBY-
I0TbCS TaKi BUJY IUIATHUX MOCTYT: TOHOBJICH-
HS TONIKO/DKCHUX TMPOI3HUX JIOKYMCHTIB;
MOCIYyTH  JOBiAKOBOro Owopo; 30epiraHHs
PYYHOI TIOKJIa)XKi B aBTOMAaTH30BaHUX Kamepax
cxoBy (mami AKC); orosiomieHHs mo BOK3aJlb-
HOMY TyYHOMOBIIO; HAQJAaHHS THCHMOBHX
JIOB1JIOK; TPO>KUBAHHS MACaKUPIB Y KiMHATax
Bignounsaky (KB); mpoxuBaHHS macaxupiB y
kiMHatax marepi 1 gutuan  (KMiJl);
KOPHUCTYBaHHS IUIATHUM TYyaJeTOM; BHKIIHK
Takcl Mo TeneoHy; 3apsKaHHA MOOUIbHUX
TeleQoHIB; 3HATTA peued Macaxupa, SKUN

BiICTaB BiJg Toi37a; 30epiraHHS pPy4HOI
MOKJIaX1 B KIMHATI PYYHOT IMOKJIAXI.

Ha migcTaBi CTaTHCTHYHOTO aHAII3Y
3BITHOT JIOKyMEHTaIlii BOK3aJdy BCTaHOBJICHO,
IO CEepPEeIHBOMICAYHA KIJIBKICTh MACaKUPIB,
SKI TPSAMYIOTH Yy JaJIeKOMY CIIOJyYeHHi, Ma€e
MaTeMmaTuuHe ouikyBaHHA 14454,8 mac/mic. i3
CepeTHbOKBAAPATHYHUM BiJIXUJICHHSM
1673,98 1 koedimienrom Bapiamii 11,6 %. Lle
Jla€ MiJCTaBH BBAXKATH, 1110 KOJIMBAaHHSA OOCSITiB
MepeBe3eHb MAaCAXHUPIB HE € BETUKUMU. AJie
BI/I3BHAYAETHCSA YITKMA MIHIMyM y CidHI
(11373 mac/mic.) 1 BIEBHCHHH MaKCUMYM Y
nurHi (17870 mac/mic.).

3a kpurepiem sromu y° Ilipcona
BCTaHOBJICHO, 1110 CEPEHbOMICSYHA KIJTbKICTh
MacaXHpiB  TMIJKOPIOETHCS  CTATUCTHYHOMY
posnoniny beppa 3 ¢yHKI€O MIIBHOCTI
po3moIiTy
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OyHKIIISA UIUIBHOCTI IMOBIPHOCTI
pO3MOALTY KIIBKOCTI MAacCaXUpiB  BOK3ay
CTaHIIli, Tac/Mic., HaBEeJIEHO Ha puc. 2.
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Jlis  pOTHO3YBAaHHS YacOBHX PSIIB
CEPEIHPOMICSIYHOI  KITBKOCTI  TaCaXKHPiB
BUKOPHUCTAHO AJITOPUTM MAITUHHOTO HaBYaHHS
3 ypaxyBaHHSM pPETPOCHEKTHBHHX JaHUX 1

METOA  EKCHOHEHI[IaJIbHOTO  TMOTPIHHOTO
srnmamkyBanas  (ETS)  Xomawra-Bintepca.
IIpuiiaATO, 1O  CE30HHAa  KOMIIOHEHTa

KUTBKOCT1 TTAaCaKUPIB Ma€e aAUTHUBHY MPUPOY,
OCKUTBKHU 3 3a3/1aJerifb BIJOMUM IEPiOAOM Yy
BUXIIHOMY  psIy  BHSBISIOTBCS  JIOCHTH
IMOCTIiiH1 nepioandHi BIIXWJIECHHS B
a0COJIIOTHOMY BUP@KECHHI BiJ] MAaTEMaTHYHOTO
OYiKyBaHHS.

[Tpu aguTHBHIN CE30HHOCTI KOMITIOHEHTH
PiBHS OOYHUCIICHO SIK

St=a(Xt —ct-L)+(1 —a)(St-1 + bt-1), (2)

ne t — nepio po3paxyHKy;

Xt — 3HaYECHHS BUXIJTHOTO YaCOBOTO PSIIy
B epion t;

St — mo30aBiieHe Bij CE30HHOCTI, 3IJIaHKEHE
3HAYEHHS B TEpiog t, SKE € KOMIIOHCHTOM
piBHS;

bt — TpeHI0BUIT KOMITOHEHT PSAY;

Ct — CE30HHMI KOMIIOHEHT PALY;

o — KOeQIieHT 3rJaJKyBaHHS PpiBHA,
a € (0,1);

L — noBxrHa Ce30HY B Iepiofax.

Tpennosuii KOMITOHEHT pany
OHOBJIIOETHCS 3a NPABUIIOM

bt=pB(St—St-1)+(1-B)-bt-1,  (3)

ne P — koedilieHT 3rIaKyBaHHS TPEHJA,
B € (0,1).

CezonHuit KOMITOHEHT pany
OHOBITIOETHCS 3@ BIJIMOBITHOIO (POPMYITOIO

ct =&Xt—St)+ (1 —&ct-L, (4

ne & — koe(illieHT 3rIaKyBaHHS CE30HHOCTI,
& €(0,1).

3a JOTIOMOT' 010 KoeiIlieHTiB
3rJIQJKYBAHHS PO3MOJIISETHCS Bara BIUIMBY
IIOTOYHOI'O  3HAYCHHS Ta  3[VIAKEHOTO
MOTePEAHROr0  3Ha4YeHHsS. [lpuitHsITO 1NIpH
O0OYMCIIEHH] 3rJIaKEHOTO 3HAUYEHHS, 1110 SIKIIIO
BiAMOBIIHUIA KoedirieHT Ommwkue mo 1, TO
OlTbIIIe BPAaXOBYIOTHCS BETMYUHU MTOTOYHOTO 1
HaWOIMKYMX TOTIEPETHIX 3HAYCHbD.

Ha BigmiHy Bix mpocToro i moaBiHOTO

€KCITIOHEHI[1aJIbHOTO 3rJaKyBaHHS,
MPOrHO3YBaHHS 32  JIOMIOMOTIOI0  MOJEINI
MOTPIHHOTO €KCIIOHCHIIIAJIbHOTO
3IJIaJI)KYBaHHS (ETS)  Xoumbra-Bintepca

BpPaxOBy€ UYWHHHUKHA TpPEHIA Ta CE30HHOCTI.
[IporHo3yBaHHS 3MIHCHIOETHCS 32 (DOPMYIIOIO

Ft+m = St + Abt + Ct—L+m, ()

e A — KUIBKICTh TEpioJiB, Ha SIKi BEIETHCS
MIPOTHO3yBaHHSI.

JloBipumii iHTEpBaid JUIsl TPOTHO3HOI
BEITMYHMHU KIUTBKOCTI TACaXKUPIB 0OYHUCIICHO 3
TouyHicTIO 95 %, a Koe(ILiEHT CEe30HHOCTI
nopiBHIOe 12. Pe3ynbTrath NpOrHO3YBaHHS,
mac/mic., HaBeJIeHO Ha puc. 3.

AHani3 3BITHOI JOKYMEHTallli BOK3ally
MOKa3aB, M0 Ha PiBEHb JOXIAHOCTI ICTOTHO
BIUIUBAE KUIBKICTh TMACAXHUPIB MUIBIOBUX
Kareropid.  BcraHoBneHo, 1m0  cepeaHe
CHIBBIJTHOIIEHHSI  KIJIBKOCTI ~ HAcakupiB 1
MacaKUpiB MUIBIOBUX KaTeropii ckiagae
BignosigHo 17 ta 83 %  3arambHOrO
MacaKUPOMOTOKY. JlMHaMiKy BiJIOBITHOTO
CIIBBIHOIIICHHS HABEJICHO Ha puC. 4.

3 ypaxyBaHHSIM KUIBKOCTI MiJIbTOBUX
MacaXupiB cepedHs ificHa MUTOMAa JOXiTHa
CTaBKa B MICIIEBUX JOXOAax BiJ OJHOTO
MacaXupy MJaJeKoro CIIONyYeHHsI CKIIajae
13,28 rpu/mac.  Cepennst  jilicHa mOHTOMa
JIOX1JJTHA CTaBKa B 3arajJbHUX J0XOJaX BIJ
OJHOTO TMacakupa JaJeKOro  CIOJIY4EHHS
ckimamae 174,10 rpa/mac. lunamiky mUATOMOT
JOX1IHOT CTaBKM BiJl OAHOTO IAcaKupa
JAJIEKOTO CIIOJYYCHHS HaBelIeHO Ha pHcC. S.
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Puc. 5. luramika mUTOMOI JOX1THOT CTABKH BiJI OJTHOTO MACAKUPa JAJIEKOTO CIIOTyIeHHS

3anporoHOBaHO  PO3MIMPHUTH  TIEPEITiK
IUTaTHUX HOCTYT Ta YIOCKOHAJIUTH
TEXHOJIOTII0 ~ CEPBICHOTO  OOCIYrOBYBaHHS
MacakupiB Ha BOK3alli CTaHIli B yMOBax
MIBHJIKICHOTO  PyXy IUIAXOM  CTBOPEHHS
cepBic-lIeHTpy. BinmoBizHo 10 mepeniky
nociyr [7], 1m0 IOJAaTKOBO HaJaBAaTUMYThCSI
CEepBIC-IIEHTPOM Ha  BOK3ali, BiJIHECEHO
OpOHIOBaHHS 3aJTI3HUYHUX KBHUTKIB, IPOJIAK
3aJI3HUYHUX KBUTKIB, JOCTaBKa 3ali3HUYHHUX
KBUTKIB, Tapsiyl CTpaBM B Kade, MNOCIyrd
MDKMICBKOTO Tes1e(hOHHOTO 3B’SI3KY,
MDKHApOAHUM TenepOHHUN 3B'SI30K,
OTpPUMaHHS Ta HaJICWJIaHHS (akciB, IHTEpHET-
MOCIIYTH, 3aJ TEPErOoBOPIB 3 KOMIUIEKCHUM
00CITyrOBYBaHHSIM, TYPUCTUYHI €KCKYpCiiiHi
MOCITYTH, TIEPYKAPChKi MOCITYTH, OPOHIOBAHHS
TOTeliB MO MICTY Ta 00aacTi, (OTO-NMOCIYTH,
mociayra  OaHKOMATiB,  aBialliiHI  Kacw,
KOMI'IOTEPHI MOCIYT'H, MOCIYTH KOIMiIOBaHHS,
JaMiHyBaHHS, TOCIYrd Opuragu HOCIiB Ta
1HIII TTOCITYTH.

CymapHi BUTpaTH CEpBIC-LUEHTPY 3
ypaxyBaHHSM HOJAaTKiB BCTAHOBIIEHO SIK

W =

ic[1:9]

B, <E

i = Lgox

ne Bi-Bg — BignmoBigHO BUTpaTH Ha 3apOOITHY
IJlaTy TMpaliBHUKIB, Ha CHeUiaJbHUI oAasr
MpaliBHUKIB, Ha YTPUMAaHHS IIBUIAKO3HOIIY-
BaJIBHOTO OOJIQJIHAHHS, HA OMAJICHHS IMPHUMi-
IIeHb, HAa EJIEKTPOSHEprilo, Ha YTPUMAaHHS
NPUMILIEHb CEpBIC-LIEHTPY, aMOpTH3alliiiHi
BUTpaTH, BHUTpPAaTH Ha CIIOXKUBAaHHS BOJIH,
HaKJIaJHI BUTPATH CEepBic-IIEHTPY, TPH/MiC.;

E —

- o0csAr [OXOXiB BiJ HaJaHHS

CEpBICHUX TIOCIYT 3 ypaxyBaHHSM IPOTHO3Y
KUTBKOCTI ITACa)KUPiB, TPH/MIC.

HInsaxoM po3paxyHKiB 3a Gopmynoro (6)
1 BIANOBIZHO 1O MiAXOMIB, IO BHUKIAIECHO B
podoti [7], Ha pPO3PaxXyHKOBY TPOTHO3HY
KUIBKICTh ~ MACaXHUpPIB  JIOXIJHICTh  CepBic-
ueHTpy ckiane Epx=348138,0 rpu/mic., abo
CepeqHs BapTiCTh MOCIYTHM Ha MPOTHO3HOTO 1
nacaxupa CTaHOBUTh Eqox'=24,09 rpn/mac. Sk
3a3HAUYEHO BHIIE, ICHYIOYa CepefHs [iiicHa
NUTOMA JIOX1/JHA CTaBKa B MICIIEBHX JI0XO0JaX
B1Jl OJHOIO MAaca)Xxupa JajleKoro CHOIy4YeHHS
cknanae 13,28 rpa/mac. Takum yuHOM, MOKHA
BB&)XaTH, IO 3aCTOCYBaHHS YAOCKOHAJIEHOI
TEXHOJIOT11 HaJaHHs MOCIYT MacaXxupam depes
CEPBIC-TIEHTP  JO3BOJIIE  JIOCATTH  TOYKH
0€330UTKOBOCTI Ta OTpUMATU MJIs BOK3aly
CTaHIli JOMATKOBI JOXOOW B  PO3MIpi
24,09 - 13,28 = 10,81 rpu/mac.
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BucnoBok. PiBenb CEpBICHOTO
00CITyroByBaHHSI B YMOBaxX BOK3aJly CTaHIIil
3aJISKUTH BiJl HASBHOCTI JTOJIATKOBHUX MOCTYT 3
ypaxyBaHHSIM  3pPOCTAlOYMX  BHUMOT [0
cepBicHOTrO oOciyroByBaHHs. [Ipu oMy ciifg

XapaKTepU3YIOThCA HE3HAYHOIO
HEPIBHOMIPHICTIO Maca)KUPOIOTOKIB 3a
YaCOBUMH TMEpioIaMu, TOMY II€ HEOOXiTHO
BpaxoByBaTH mTpu (PopMyBaHHI TEXHOJIOTI]
cepBicHOro o00OcayroByBaHHs. IlepcriekTuBHI

BpPaxoOBYBaTH  OCOOJIMBOCTI  IUIaHYBaJbHUX
pilleHp y KOMEpPIIMHMX 30HAaX BOK3aNiB,
HasBHICT, 1 MICIIE PO3TAIlyBaHHS CEpPBIC-

TEHJICHIIIi B PO3BUTKY TEXHOJIOTI CEPBICHOTO
00CITyroByBaHHsI TOB'SI3aHI 3 MEPEXOAOM BiJ
BOK3aJiB 10 KoMmiuiekcHux TIIB, y skux

[IEHTPY, HAsIBHICTH 3ac00iB I HaJaHHS B3aEMOJIIOTh  IIBUAKICHUN  3aTi3HUYHHIA,
KOMIUIEKCHUX  mocnyr.  [lacaxkuponoToku ABTOMOOUTbHHM 1 MICHKUN 1 TPUMICHKUI BUIN
BOK3aly, 110 JOCIIJIKYEThCA, TPAHCIIOPTY.
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HIJIBUILIEHHA EHEPTETUYHOI EOEKTUBHOCTI B CUCTEMAX HETATOBOI'O
EJIEKTPOIIOCTAYAHHSA

Kanauaatu texn. Hayk O. [I. Cynpys, O. I. Cemenenko, acuct. 0. O. CemeHneHko

MOBBIIIEHUE SHEPTETUHYECKON DY®®EKTUBHOCTHU B CUCTEMAX
HETAI'OBOTI'O 3JIEKTPOCHABXEHUA

Kanaupartel Texs. Hayk A. /I. Cynpyn, A. . Cemenenko, accuct. 0. A. Cemenenko

INCREASE OF ENERGY EFFICIENCY IN SYSTEMS WITHOUT RIGID ELECTRIC
SUPPLY

Ph.D., associate professor O. D. Suprun, Ph.D., O. I. Semenenko, assistant Y. O. Semenenko

DOI: 10.18664/1994-7852.175.2018.127046

YV cmammi supiwiyemvcsa 3a80anHA NiOGUWEHHS eHepeemUYHOI eqheKmUSHOCMI 8 cucmemax
Hems208020  €l1eKMPONOCMAYAHHS — WIIAXOM — IHMe2pY8aHHsa  Ouselb-IHepyYiliHoi  YCMAaHo8Ku
2apaHmMoBaAHO20 HCUBNIEHHS & CUCTEM) eNeKMPONOCMAYAHHS MA08UX NIOCMAHYIU.

Pospobneno cxemy oOusenv-inepyitinoi YIJK wna 6a3zi  cymiwenoi acumxpouizoeanoi
eNeKMPUYHOi MAWUHU 3 PI3HOI0 KIIbKICMIO 6UMKI6 CcmamopHux oOmomok. 3anpononosana
cucmema enekmponocmavanns BJI CL[b 3 euxopucmanHuim KOMOIHOBAHOI YCMAHOBKU 00380.ISE€
3a6e3neyumu niOBUWEHHs AKOCMI eJIleKMPUYHOT eHepeii, AKa 8UMa2acmovcs Ha WUHax dcuenents BJI
CILIb npu xonueanusax i eumuxanusax Hanpyeu na wunax PII 10 kB niocmanyii.
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3anpononosano cnocobu 3abesneuenHs AKICHO20 eNeKmpONnOCMAYaAHHs eleKmpOonpuiMayis,
3ACHOBAHI HA A0ANMUBHOMY KepYBAHHI CUCMEMOI0 NpU 3MIHI HANPY2U Mepexcego2o 8800y 00 il
3HUKkHenHs. Jlocnioocennsi nepexionux npoyecie YIJK 30ilicheno 6 npukiadoHomy naxemi
mooemosannss MATLAB & Simulink.

Kniouoei cnosa: ycmanoexka 2apanmoanoz2o OHCUGNEHHA, MA2084 NIOCMAHYIs, HemsA208e
eeKMPONOCMAYAHHS,  CYMIWEHa eleKmpUudHa MAawuHd, po3no0ilbHUll Nnpucmpii, SAKicmb
enekmpoenepelii.

B cmamve pewaemcsa 3adaua nosviuienus suHepeemuyeckou dggekmuenocmu 8 cucmeme
Hems208020 2NEKMPOCHAOICEHUs. NymeM UHMeSPUPOBanUs Ou3eib-UHEPYUOHHOU YCIMAHOBKU
2apaHmMupOBaHHO20 NUMAHUS U BeMPOIHEPLEMULECKOU YCIMAHOBKU 8 CUCIEMY JJIeKMPOCHADMCEHUs
MA208bIX NOOCMAHYULL.

Paspabomana cxema ouzenv-unepyuonnou YIK na baze coemewenHol acunxpoHu308aHHol
NEeKMPUHECKOL MAWUHBL C PA3HbIM YUCIOM BUMKO8 CMamopHuvlx odomomoxk. Ilpednoocennasn
cucmema snekmpocHabocenus BJI CLB ¢ ucnonvzosanuem KOMOUHUPOBAHHOU YCMAHOBKU
nozeonsiem obecneuums Kawecmeo HanpsiceHus, mpedyioweecs na wunax numanus BJI CLIB npu
KOeOanusax u omkatoyeHusx nanpsaxcenus na wunax PY 10 kB noocmanyuu.

IIpeonoowcensi cnocoowl obecneuenus KauecmeeHHO20 91eKMPOCHAbICEeHUs
NEeKMPONPUEMHUKOE, OCHOBAHHbIE HA AOANMUGHOM YNPAGNEHUU CUCMEMOU NpU USMEHEeHUU
HAanpsdiceHusi cemesozo 6800a 00 ee ucde3nogenus. Hccneoosanue nepexooHwvix npoyeccog YI1K
ocyujecmeneno 8 npukiaoHom naxeme mooenuposanus MATLAB & Simulink.

Knrouesvle cnoea: ycmanoska 2apaHmupo8aHHO20 NUMAHUSA, MA208ds. NOOCMAHYUS,
Hems2080€e INeKMPOCHAOICEHUE, COBMEWEHHAs DNeKMPUYeCcKas MAawuHd, pacnpeoeiumenbHoe
VCMPOUCMBO, KA4ecmeo 3J1eKmMpOIHePIUU.

The article solves the problem of increasing energy efficiency in a non-traction power supply
system by integrating a diesel-inertia plant of guaranteed power and a wind power plant into the
power supply system of traction substations. The rationale for the efficiency of the application of
diesel-inertia units on the newest block-module traction substations has been fulfilled.

A scheme of diesel-inertia UGW is developed on the basis of a combined asynchronized
electric machine with a different number of turns of stator windings. The proposed system of power
supply for VL STP using a combined installation allows, in contrast to existing ones, to ensure the
quality of voltage is required on the power supply buses of the HV SC with fluctuations and voltage
cutoffs on the RU 10 kV buses of the substation, as well as for various abnormal phenomena in the
RU 10 kV circles.

The proposed methods for providing high-quality power supply to electric receivers, based on
adaptive system control when the voltage of the network input changes before it disappears. The
introduction of this power supply system of the HV STP makes it possible to compensate the
reactive power of the load, is powered from the buses of the 10 kV substation, without the use of
high cost static reactive power compensation equipment. The research of transient processes of
UWW is carried out in the application package of modeling MATLAB & Simulink.

Key words: installation of guaranteed power supply, traction substation, and not traction
power supply, combined electric machine, switchgear, power quality.

Beryn. Cnenugika cucteMm eaekTporio- HAQIMHICTh €JEeKTPOEHEprii, fAKi He 3aBXKIU
cragaHHs npuctpoiB CLIb, XuBIEHHSA AKUX BIJIMOBIAAIOTh BHMOTaM  €JIEKTPONpUiMaviB
3a0e3neuyeTbCsl  BiJ TATOBUX  IiACTaHIIM, nepmoi kareropii [1-3]. ¥V pesymerari Ha
Oe3rocepelHbO  BIUIMBA€ HAa  AKICTH 1 koedirieHT e(EeKTUBHOCTI I HETITOBHUX
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CHOYKMBAYiB MArOTh BIUIMB BC1 PEXKHMH TSTH,
po0oTa BUIIPSMHUX arperariB eJIeKTPOpyXo-
MOTO CKJIQAy 1 BHIIPSIMHHX Ta iHBEPTOPHHX
arperaTiB MiJACTaHIIi. Y Tepiry depry mpoo-
JeMH BHMHUKAIOTH 3 KOe(Dilli€eHTOM e(eKTHB-
HOCTI Ha (izepax MOB3JA0BKHBOTO €ICKTPOIIO-
crauanHs 6(10) kB 1 nva dinepax BJI CLIb. Sk
MPaBWJIO, Yy MEPEeXi MalOTh MiCIe MOTOKHU
PEaKTUBHOI eHeprii, KUAKH 1 IpoBaJIM HAIpYy-
T'H, TPOTIKAHHSA CTPYMIB BHIIMX TapMOHIK,
nepekic (a3 1 BigXWJIEHHS YacTOTH, HECUMET-
pis ¢dopMH KpPUBOi HAmNpyrw, HECHUMETpis
Hanpyrd mo oOOPOTHIH 1 HYTbOBIH MOCIHIIOB-
HOCTSIX, TMepeKpydyBaHHS (GOPMU  KpPUBOI
Hanpyrd. Taki sSBUIIA MPHU3BOAATH 10 301Ib-
IIEHHS] BUTpAT 1 BTPAT €IEKTPUYHOI EHeprii,
pobOTH eNeKTPOoOoOIaHAHHS B PEKUMI Tepe-
BAHTAXCHHSI, 3HUKCHHS PIBHS HAIIHHOCTI.

Huwi 1151 s)xuBJIeHHS BiacHUX motpeod [3-
5] BHKOPHCTOBYIOTbCS  TpaHCHOPMATOPH
Bracuux mnotped (TBII) moryxnicTiO 10
630 kBA; JoKepena oe3repediitHoTro
xuBineHHS. Jlyis  3a0e3neueHHS HAIIHHOTO
KUBJICHHS HAMOIIbII BaKJIMBUX CIOXXUBAYIB
[4], mo wHanexare a0 0COOJIMBOI Tpymu
HAJIHOCTI 1 HE JOMYCKalOTh Y CBOEMY
€JIEKTPONOCTaYaHH1 HaBITh IepepBU
CHHYCOIH, CTYXXaTh JpKepesna Oe3nepebiiiHoro
xuBlieHHA. OTxke, 3a0€3MEUEeHHS KUBJICHHS
IUX  CHOXHUBayiB €  NPIOPUTETHUM 1
aKTyaJbHUM 3aBIaHHSIM.

AHaJi3 ocTaHHIX [JOoCHiIKeHDL i
nyoJaikanii. 3 orysay Ha IIBUJKE 3pOCTaHHS
TEeXHIYHUX 3ac00iB, 110 BUMararTh Oe3mnepe-
OIfHOTO  €JIEKTPOINOCTAYaHHs,  HEOOXIiIHO
YCYHYTH BCl HEHOJIKH, BIACTHBI CHCTEMam
0e3nepeOifiHOro  eJeKTponmocTayaHHs 31
3BHYAHUMU eJeKTpoarperaramu. st 1poro
3a OCTaHHI POKWM OynIM TPOBEIEHI BEIHKI
pOOOTH 31 CTBOPEHHS CIELiaTbHUX JIKEpe
rapaHTOBAHOTO KUBJICHHS [2-4]. Po3po0neHi i
BupobsitoTeest YIOK anrmiiicekumu ipmamu
Pelapone notyxHnictio 12 kBt; Davey Paxman
notyxkuictio 200 kBt; Petbow 100-200 xBr,
snoHchKol0 (ipmoro Densei moryxHicTiO 5-
100 xBT; nimenskoro ¢ipmoro BaUscher 100-
200 xBr, pociiicbkumu migmpuemcrBamu 10-
630 kBt [5]. Huni po3pol6iieHo 1 3acTOCOBY-

€ThCS 3HAYHA KUIBKICTh CXEM JIJIsl TIEPETBOPEH-
Hs CHeprii BiTpy Ha elekTpuuHy eHeprio [3].
VY cydgacuux BEY neperBopeHHs eHeprii BiTpy
3MIIACHIOETHCS B OCHOBHOMY TUIBKH Yy CXeMax
i3 TeHepyBaHHSIM 3MiHHOTO cTpymy [1-4].
Pexumu cminbHOi pobdotm JAIY 1 BEY 3
ACHMHXPOHI30BaHUM T'€HEPATOPOM BHMAraroTh,
110013} JI00YTOK HOMIHAJIBbHOI 4acTOTHA
o0epTaHHs BITPOABHUTYHA Ng 1 TIEPEIATOYHOTO
BIIHOIIIEHHSI MYJBTUILTIKATOpPA [ JOPIBHIOBAB
CHHXPOHHIH 9acToTti o6epranus N, CI' i, Takum
YUHOM, BiTIOBiZIaB YaCTOTI MEPEXKi.

BusnaueHHssi MeTH Ta 3aBJAaHHA
AocailzkeHHsl. MeTor  JOCHIIKEHHS €
MOJIMNIIEHHS]  eHEepPreTHYHoi  e(heKTUBHOCTI
CUCTEM  HETSITOBOTO  €JIEKTPONOCTAYaHHS
IUIIXOM  IHTETPYBaHHA  JIU3€Ib-iHEPLiHHOL
YCTaHOBKM TapaHTOBAaHOTO  JKUBIIEHHS B
CHCTEMYy CNEKTPUYHOI TATH. 3aBJaHHSIM
JOCITIDKEHHS B CTATT1 € PO3POOJICHHS JTU3EITb-
iHepmiiaoi YIK Ha 6a3i cyMilleHOT aCHHXPO-
HI30BaHO1 €JEKTPUYHOI MAIIMHU 3 PI3HOIO
KUTBKICTIO  BHTKIB ~ CTaTOPHUX  OOMOTOK;
PO3pOOJIEHHS CHUCTEMH EJIEKTPOINOCTaYaHHS
BJI CIIb 3 BuUKOpUCTaHHSIM KOMOIHOBaHOI
YCTaHOBKUY,; JOCTIIKEeHHS croco0iB
TOJIMIICHHS SIKICHOTO  €JICKTPOIOCTAaYaHHS
enekTponpuiimadis nmpuctpois CLIb.

OcHOBHA 4YaCTHHA [JOCJHiIKeHHS. Y
crUcTeMaX aBTOHOMHOIO €JIEKTPOIOCTaYyaHHS,
y SKHX SK pE3epBHE DKEPETO eNeKTPUYHOI
eHeprii BUKOPUCTOBYIOTHCS JT3eI1b-
TE€HEPATOPHI EJIEKTPOCTaHIIli, JOIIBHO MaTH
MaxOBHYHI YCTaHOBKH TapaHTOBAHOTO IKUB-
JCHHS 3 EJEKTPOMAIIMHHUMH TIE€PETBOPIOBA-
yaMHd ~ eNeKTpu4Hoi  eHeprii.  Haiibinbi
HEOE3MEYHHM  PEKUMOM  poOOTH  TaKUX
YCTQHOBOK, IO MiATBEPIUKYETbCS pe3ysbTa-
TaMU JIOCIIDKeHb [6-12], € pexum nepexomy
€JIEKTPOTIOCTAYaHHS BiJl 30BHIIIHBOI Mepexi
Ha pe3epBHE JpKepeno. Y  TIEepexiTHuX
pexxumMax — poOOTHM  1HEpLilHI  yCTaHOBKHU
TapaHTOBAHOTO YKUBJICHHS B Ps/i BUIAIKIB HE
JI03BOJISIOTh 3a0e3MneynTH HeoOX1/1H1
MOKAa3HUKHM SKOCTI €JIeKTpU4HOi eHeprii. Y
BUTIA/IKY 3aCTOCYBaHHS B cucTeMi
eIeKTPOTNpUMadiB, MEHII BHUMOTJIUBUX JI0
BIIXWJIEHHS 4aCTOTH 1 OLIBII BAMOTJIMBUX 10
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BIIXWJICHHSI HANPYTH, HAaHOUIbII eEeKTUBHUM
€ 3aCTOCyBaHHS CIOCOOY 3MIHU KUIBKOCTI
BUTKIB CTaTOPHUX 00OMOTOK. ITpu
3actrocyBanHi CEM 3 aBoma camocTitHUMU
CTaTOPHUMH OOMOTKAaMH 3 Pi3HOIO KUIBKICTIO

BUTKIB MOXHa 30UIBIIUTH dYac pPoOOOTH
CyMIIIEHOI  E€JeKTPUYHOI  MAalluHU  Bif
MaXxOBHKa Ha BEJIMYUHY At=12- 1,
MPOaHATI3yBaBIIM BCli HEIOJIKH ICHYHOUHUX
cxem xxuBieHHs (puc. 1) npuctpoir BJI CLIb.
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Puc. 1. IcHytoua cxema >KMBJICHHS] HETSATOBHUX CIIOKHBAYIB

VY BuMoOrax A0 SIKOCTI €JEeKTpOeHeprii
xuBieHHs npuctpoiB CIb ta 3B’s3ky [12]
3anporoHoBaHa cxema >xuBieHHs BJI CLIb 3
BUKOPHUCTAHHSM JHU3€b-1HEpLIHHOI KOMOIHO-
BaHoi yctaHoBkH (KVY) nHa 0azi enexTpuyHoi
MallliHU 3 JIBOMa CTaTOPHUMH OOMOTKaMu
(puc. 2). Taka cxema >xuBiIeHHS TPUCTPOiB BJI
CHb nae MOXIUBICTH MO30yTHCS PO3’€HY-
BaJIbHUX TpaHC(OpPMATOpPIB 1 pa3oM 3 TUM
301IBIIEHUX BTpAT, XapaKTepHUX IS L€l
CXEeMH, uepe3 TMOABIiHY TpaHchopMmalliio.
Opnak npu bOMY 3a0e3neyyeThest
3MEHIIEHHS BIUIMBY TAToBOi Mepexi Ha BJI
CLb Ta nokpaiieHHs: yMOB pOOOTH pesIeiHOTO
3axucty. Kpim TOro, cxema J03BOJIsIE
1M030aBUTUCST  BHCOKOBAPTICHUX  IPHCTPOIB
MONEPEYHOL KOMIIeHcarlii pEaKTUBHOI

MOTYKHOCTI Ha JIHISAX, IO >KUBJIATH PaiOHHI
CIIOKMBayl, TOMY 1110 B HOPMaJIbHOMY PEXHMI
€JIEKTpUYHA MaIllMHA T[pPALIOE€ Yy JBUTYH-
KOMITEHCATOPHOMY pPEXHUMIi, a B pEeXKHUMI aBTO-
HOMHOTI'O Ta PE3EPBHOIO EIEKTPONOCTAYaHHS —
y T€HepaTop-KOMIIEHCATOPHOMY PEXKHMI.

[Ipn BuKOpHCTaHHI TaKOi CXEMH EJIeK-
tporntocrauanHs npuctpois BJI CLIb xuBneH-
Hs TpaHC(OpPMATOPIB BIACHUX MOTPEO TOI1IIb-
Ho 3aiiicHIoBaTH Big mmH 10 kB. Ile mo3Bonse
PO3BaHTAXUTU TATOBY OOMOTKY TpaHcdopma-
TopiB. OKpiM ToOro, Harpyra Ha muHax 10 kB
OlnpIn cTabilbHA, Y TOM 4Yac K Ha IIMHAX
275kB wMarmTe Miclle BEIUKI KOJIMBAHHSI
Hampyru 4epe3 HENOCTIMHICTh  TATOBOTO
HABaHTAKCHHS.
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Puc. 2. 3anponoHoBaHa cxeMa KUBJICHHS HETSATOBUX CIIOKMBAYiB

CxeMHa peanmi3zaiiss [JaHOTO CIOCOOY
HaBeleHa Ha puc. 3 1 JOKJIATHO OINHCAaHAa B

podori  [9].  Jmsenb-imepmiiina  YIK
CKJIQMA€ThCs 3  OCHOBHOrO Jokepena |
KUBJICGHHsS, KOMYTalliiHOro amapara 2,

BUMHMKauya 3, IIMH JDKEpesla TrapaHTOBAaHOTO
KUBJIEHHA 4 3 MAKIIOYEHUMH JI0 HHX
eleKTponpuiiMadyaMu 5 BiAMOBIAATBHUX
CHOKuBayviB 1 0y(depHOi YCTAaHOBKHU y BUIJISAL
ACMHXPOHI30BaHOI ~ CHHXPOHHOI  MAIllUHU
(ACM) 6, mo MICTUTh [IBI CHMETPUYHI
CaMOCTIMHI CTaTOpHI OOMOTKM 3 pI3HOIO
KUIBKICTIO ~ BHUTKIB ~ HE3QJIEKHOI  CHCTEMHU
30y/DKeHHS 7 Ta IHEepLIMHUM MaxOBHKOM 8 Ha
BaIly 3'eqHAHUX 3a JIOTIOMOT' OO
po3'eqHyBaibHOI MydhTH 9 3 TEpBUHHHUM
IBUTYHOM  cucteMd 10  aBTOMaTM4HOTO
peryiioBaHHsT Ta KepyBaHHs. HesanexHa
cuctemMa 30y/UKeHHST 7 MICTUTh PO3TAIllOBaHUI
Ha Bamy potopa ACM 6 nmonoMikHUH
reHepatop 11, MO >XUBUTH CUJIOBY YacCTHUHY

TUPUCTOPHOTO MEPETBOPIOBaYa 4YacToTu 12,
MIJIKJIFOYEHOT0 10 OOMOTKM 30ymkeHHs 13
ACM 6. Cucrema 10 aBTOMaTUYHOTO
perynioBaHHS ~ Ta  KEpyBaHHA  MICTUTh
MepEeTBOPIOBAIbHO-KOMaHAHUN Onok 14, 110
Ma€e YOTUPH BXIiJHI KaHAlM pETyIIOBaHHS
BIAMOBIAHO 3a BEJIWYHMHOIO KOB3aHHA 15,
peakTHBHOI MOTYXHOcTi 16, Hampyru 17,
4acToTH CTpyMmMy 18 1 BuXiZHHUH KaHaml
yIPaBIiHHS TEPETBOPIOBAYEM 4YacTOTH 12,
BHKOHAHOTO 3a TMPUHIMIIOM PEryJsiTopa
MEepeTBOpIOBaya  4YacTOTH, IO  JI03BOJISIE
BUKOHATH (YKII KEepyBaHHS 1 peryiroBaHHS
ACM 6 BiAMOBITHO 10 32/IaHUX BETUYHH.
Perynarop 19 xoB3aHHs, mepmmii BXi
20 sKxoro WIAKIIOYEHMH 10 3amaTdmka 21
YaCTOTH, JPYruid BXia 26 MIAKIOYEHO 0
JaTuydka 22 KyTOBOI HIBHUAKOCTI OOepTaHHS
Baja poTopa, TpeTid BXiJg 23 MpHETHAHO 0
3amaTunka 24 KOB3aHHS, a BHUXIA uepe3
MEPpEMUKAIBHUN €JIEeMEHT 25, BUKOHAHUN Ha
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0a3i Joriugoro eixeMmenTa 11, HMIOKIIOYEHO OO
KaHaJy peryJitoBaHHs 3a BEJIMYMHOIO KOB3aHHS
15 mepeTrBoprOBaIbHO-KOMaHIHOTO Onoka 14,
BUKOHAHOTO 3a OJIOK-CXEMOIO peryjsiTopa
IIBUIKOCTI OOEpPTaHHS Bajla €IEKTPOJBUTYHA,
0 TOpPIBHIOE 3a/laHy 1 (DaKTUYHY KYTOBY
4acTOTy KOB3aHHA. Perynarop 26 peakTuBHOI
MOTY)KHOCTI, Ha Tepmuid BXix 27 SKOTO
HiAKITIOYEHO AAaTYMK 28 HANpyru, Ha JIpyrui
29 — nmarumk 30 crpymy, Ha Tperid 31 —
3a/1aTYUK 32 PEaKTUBHOI MOTYXKHOCTI, & BUXI1]
yepes MepeMUKAIbHUN €JIEMEHT 33,
BHUKOHAHMI Ha 0a3l JoriyHoro eiemenra 11,
MIJKIIOYEHO [0 KaHally peryiioBaHHS 3a

BEIMYMHOI0  PEaKTHBHOI MOTYXXHOCTI 16
MepeTBOPIOBAIbLHO-KOMaHAHOTO Osioka 14, 110
MOPIBHIOE 337aHy 1 (aKTHYHY BEIHYUHY
peakTHBHOI  MOTYXHOCTI.  Perymstop 34
Hampyru, J0 Meploro Bxoay 35 sKOro
MPUEHAHO 33JaTYUK 36 BEJIMYUHU HAIPYTH,
1o apyroro 37 — gatuuk 28 HAMpPYTH, a BUXIJ
yepes MepeMUKAIbHUN €JIEMEHT 38,

BUKOHAHOrO Ha 0a3i JIOriyHOro eiaeMeHTta 11,
MIIKIIOYCHO J0 KaHally pPeryJioBaHHS 3a
BEITMYMHOIO Hamnpyru 17 mepeTBOproBaIbHO-
KOMaHJIHOTO OJioKa 14, 110 MOpiBHIOE 3a7aHy 1
(hakTHYHY BEJIMYMHU HATIPYTH.
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Puc. 3. Cxema nusenb-inepuiitnoi YIOK Ha 6a3i cyMillieHOT eeKTpUYHOT MALTMHU 3 PI3HOIO
KUIBKICTIO BUTKIB CTATOPHUX OOMOTOK

Perymarop 34 Hampyru, oo mnepmoro
BXOJly 35 SKOro NpUEIHAHUN 3aJaT4uK 36 Be-
JMYUHU HApyTrH, 10 Apyroro 37 — naTtumk 28
Hampyrd, a BHUXIJ uepe3 MepeMUKaIbHUN
eJIEMEHT 38, BUKOHAHOI'O Ha 0Oa3l JIOTIYHOI'O
eneMeHta 11, miakiIOYeHO A0 KaHAIY
pEeryjroBaHHS 3a BEJIWYMHOK Hanpyru 17
NEepeTBOPIOBAIBHO-KOMaHAHOTO Oioka 14, mo

MOPIBHIOE 3a7aHy 1
HaTmpyTu.

Perymarop 39 wactorm, n0 nepumoro
Bxoay 40 sikoro mnpueaHaHuil 3amatyuk 21
4acTOTH, 10 Apyroro Bxoay 41 — pmatuuk 42
4acTOTH CTPyMy, 10 TpEThOro Bxoay 43
MIIKJITIOYeHUH 1aTdyuk 44 KyTOBOi IIBHIAKOCTI
o0epTaHHs Balla pOTOpa, a BHUXIA uepe3

(akTUYHy BEJIUYUHU
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MEepEMUKAIbHUI elleMeHT 45, BUKOHAHUN Ha
0a3i soriyHoro enemenrta 11, mpuemHaHo 10
KaHay PeryIioBaHHS 32 BEIHMYMHOI YaCTOTH
cTpyMy 18 mepeTBOprOBalIbHO-KOMAaHIHOTO
omoka 14, moOymoBaHWii 3a OJOK-CXEMOIO
perynaropa KyToOBOI HIBHUIKOCTI OOepTaHHA
BaJIa pOTOPA €JIEKTPUYHOT MAILLIMHH.

biiok 46 KOHTpOJIO TapaMeTpiB Mepexi
3 MIAKIIOYEHUMH 10 Tmepmioro Bxoay 47
naTyukoM 42 4acTOTH CTPyMy, 1O APYroro
Bxoay 48 — pgatuumkoM 28 HaAmpyru, 0
TpeTboro Bxoay 49 — 3agaTuukom 36 Hanpyru,
no yerBeproro Bxoay S50 — 3amaruukom 21
4acTOTH, A0 M'ATOro Bxoay 51 — matunkom 52
Hanpyrd, A0 MIOCTOTO BXOAY 52 — JaTYUKOM
53 4yactotu, a A0 nepumioro Buxoxy 54
NpUEAHAH] KEepyrodi BXOAW TEPEMUKAIBHUX
enemeHTiB 38, 45, no mpyroro Buxomay 55 —
Kepylo4di BXOAHM TICPEMUKAIBLHUX CIEMEHTIB
25, 33, 10 TpeThOro BUXOAY 56 — Kepyrouuil
BXiJ] CTaTHYHOTO BUMHKada 3 1 BXiJ pere
MycKy 57 MEepBUHHOTO ABUTYHA, MOOYIOBAHO
3a OJIOK-CXeMaMH MPHUCTPOIB aBTOMATHYHOTO
MOBTOPHOTO BKIIFOUEHHS JiHIT 3 JBOCTOPOHHIM
KUBJICHHSIM 1 OYIKYBaHHSM CHHXPOHI3MY,
TOYHOI aBTOMATUYHOI CHHXpOHI3awii, II0
3a0e3neuye BUKOHAHHS JIOTIYHHUX Omepaiii
NOPIBHSAHHS 33JaHUX MapaMeTpiB Mepexi 3
(GakTUYHUMH, KOHTpOJIb 3a 30iroM (a3
Hampyru npu cuHxpoHizauii ACM 6 3
eJeKTpoMepexero 1 1 peanizariii BUKOHAHHS
KOMaHIH Ha BMUKaHHS-BUMUKAHHS
CTaTUYHOTO BUMHKaua 3 1 MEpEeMHUKAJIbHUX
enemenTiB 25, 33, 38, 45 1 pene nycky 57, a
TaKOX KOHTpPOJb 3a 30irom (a3 Hampyru npu
cuaxponizaiiii ACM 6 3 e1eKTpoMepeKero.

[lepemuxanbHuii npuctpiii 68 0OMOTOK
cTaropa, BUKOHAHO Yy BHUIJLIAI  (QYHKIT
nmoriunoro enemeHta HE-I moBtoproBaua,
MepIIni CUIOBUHN BXiA 59 sIKOTO MiAKIIOUeHUH
0 OOMOTKHM CTaTopa 3 MEHIIOK KITBKICTIO
BUTKIB 60, gapyrumii cunoBmii BXig 61
M IKJTFOYEHUH 10 OOMOTKH CTaTOpa 3 BEIIUKOIO
KUIBKICTIO  BUTKIB 62, CHIIOBHH  BUXIJ
MIIKTIOYeHUH 0 I[IUH ~ TapaHTOBAaHOTO
CIIEKTPOKUBIICHHS 4, a JI0 KEPYYOro BXOIY
makmouennii  Buxig cxemu ABO 63. Jlo
oxHoro 13 BxoxiB cxemu ABO migxknroueHuit

BUXI1Jl TIOPOTOBOTO €JIeMeHTa 64, IpUeTHAHOTO
JI0 IIMH TapaHTOBAaHOIO EJIEKTPOKUBIICHHS 4,
0 1HIIOTO BXOAy uepe3 nemmdparop 65
H1IKJIIFOYEHUI BUXIT JIYWIBHUKA 66,
CKMAAIbHI 1 pPaxyHKOBI BXOIU  SIKOTO
M1 IKJIFOYEH]1 BIMOBITHO /10 IHBEPCHOTO 1 4epe3
cxemy 167 mpsamoro Buxomy Tpurepa 68 i
reHeparopa iMmynbciB 69, BXim Tpurepa
HigKIoueHni 10 GopmyBady immynbsciB 70,
MIJKITI0YEHOT0 10 BUXOAY AaTuuka 44 KyToBOi
IBUAKOCTI 00epTanHs Basia potopa ACM 6.

Cucrema 0e3nepeOiHHOTO  EIeKTPOIIO-
CTadaHHs IPAIIOE TAKUM YHHOM. Y HOPMAaJIb-
HOMY PEXHMI €JIEKTPOINOCTayYaHHS CTPyMO-
mpuiiMadiB 5 BiJMOBIAATFHUX CIOKHWBAYIB
3MIMCHIOETBCSA BijJl eleKTpoMepexi 1 depes
KOMYTAIlifHU{ amapar 2, CTATHYHUNA BUMHKAY
3, IMIMHUA TapaHTOBAHOTO EJEKTPOMOCTAYaHHS
4. ACM 6 ctaTopHOI0 OOMOTKOIO 3 MEHILOIO
KUTBKICTIO BHTKIB 60 uepe3 mnepeMHKaIbHUN
npuctpii 58 migkmrodeHa g0 mwmH 4
rapaHTOBAHOTO EJIEeKTPOKHUBIICHHSA, o0epTae
MaxOBHK § 1 IpaIfroe B peKUMi KOMIICHCATOPA.
Po3'ennyBanbHa Mydra 9 pos'enHaHa i
NMEepBUHHUN JBUTYH 71 3HaxoAuThCcad B
TOTOBHOCTI JI0 MYCKy. Y LbOMY pexuMi
ynpaiaiHHI ACM 6 3711HCHIOETBCS 32 3a/1aHOI0
BETMYMHOI0 KOB3aHHA Bajga poropa 1
PEaKTUBHOI MOTY>KHOCTI CTAaTOpA.

[linTpuMka 3amaHOTO KOB3aHHS Baja
poropa 3abe3medyeTbcs —peryistopom 19
KOB3aHHS, Ha mepmuid Bxig 20 sSKOro
HAJXOJWTh CUTHAN 3 3amatdnka 21 gacToTw,
Ha TpeTii Bxia 23 — 3 3aAaTynka KoB3aHHs 24,
a Ha Ipyruil BXim 22 — 3 garumka 44 KyTOBOI
IIBUAKOCTI 00epTanHs poropa. Perymsrop 19
KOB3aHHSI BU3Haya€ (aKTUYHY BEIUYMUHY 1
3HaK KOB3aHHS, MOPIBHIOE HOro 3 3a/laHOI0
BEJIMYMHOIO,  SKIIO BEJIUYMHA 1  3HAK
(akTUYHOTO KOB3aHHS BIAPI3HSETHCA  BiJ
3aJlaHOT0, TO BHUKOHYE KOPEKTYBaHHS 1
(opMye Ha BHXOJi CHUTHAJ PETyJIIOBaHHS, IO
4yepe3 BIIKPUTHN TePEMUKAIBHHUN eTeMeHT 25
HAJIXOJAWTh y KaHAJl  pEeryJIioBaHHA 3a
BEITMYMHOIO KOB3aHHS 15 mepeTBOproBaibHO-
KOMaHaHOTO OJoka 14.

PerynioBaHHs BENMYMHU  PEAKTUBHOI
MOTY>KHOCTI cratopa ACM 6, 10 BUIAETHCS B
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eJIeKTpoMepexy 1, 3HIMCHIOETBCS PeryisTo-
poMm 26 peakTHBHOI MOTYykHOCTI. Ha mepmuii
Bxin 27 perymaropa 26  peakTHBHOI
HOTYKHOCTI 3 JaTuMKa 28 Hanpyrd HaIXOAUTh
CUTHAJI, BIANOBIAHUN (QaKTHUHIN BETUYMHI
Halpyrd Ha muHax 4, Ha JOpyruil BXim 29 3
natyuka 30 cTpyMy HaAXOAWTh CHUTHAl,
BIAMOBIIHUKN (DAKTUYHINA BENIMYMHI CTPYyMY
cratropa ACM 6, na Ttperii 31 Bxim 3
3ajaTyuka 32  peakTMBHOI  IOTYXKHOCTI
HAOXOOWThL CHUIHAJ, BIAOOBIOHMHA 3amaHii
BEJIMYMHI PEaKTUBHOI MOTYXHOCTI. Perynsarop
26  peakTMBHOI  TOTY)XKHOCTI  BH3HAYae
(akTUUHY BEIMYUHY PEAKTUBHOI MOTYKHOCTI
cratropa ACM 6, mnopiBHIOE ii 3 3a/laHOIO
BEJIMYMHOI0 PEAKTUBHOI IOTY)KHOCTI, SKIIO
BeMMYMHA (DAKTUYHOT PEaKTUBHOI MOTY>KHOCTI
BIJIPI3HAETBCS BiJ 3alaHOl, TO BHUKOHYE
KOpUT'YBaHHS 1 (OpMye Ha BUXOAI CHTHAI
peryiaoBaHHs, L0  4epe3  BIIKPUTHUH
[epeMUKAIIbHUNA eleMeHT 33 HaAXOAUTh Y
KaHaJl pEryjlioBaHHA 3a BEJIMYMHOIO peak-
THBHOI TIOTY)XHOCTI 16 IepeTBOPIOBAIILHO-
KoMaHIHoro OJ10ka 14.
[TepeTBoproBanbHO-KOMaHIHUN 050K 14
NEPEeTBOPIOE BXi/IHI B KaHAIU PETYJIIOBaHHS 3a
BEJIMYMHOI0 KOB3aHHS 15 1 BeIMYMHOIO
PEaKTUBHOT MOTYXKHOCTI 16 BiANOBIAHO 3
perynaropa 19 koB3aHHs 1 perynsropa 26
PEAaKTUBHOT MOTYXHOCTI B CUTHAJIM YacTOTH
KOB3aHHsS Bajla poOTOpa, (OopMye Ha BUXOIl
TaKUi CHUTHall KepyBaHHsS IEpeTBOPIOBAYEM
gyacToTh 12, sAKuUH  BHU3HA4Ya€e  YacToTY,
aMIUTITYRy, (ha3y Hampyru Ha ioro BHXomi, a
OT’)K€ 1 CTpyMiB OOMOTKM 30ymkeHHs 13
poropa ACM 6. lle 103BOJIsiE CTBOPUTHU
o0MOTKOI0 30yKkeHHs 13 poTopa obGepranbHe
BITHOCHO HBOTO B TNOTPIOHOMY HANPSMKY
KOJIOBE TOJie 3 HEOOXITHOI 3a PEeKUMOM
po0OTH aMILTITYOI0, YacTOTO 1 (a3oro, 110
3a0e3neuyroTh 3aJjaHe KOB3aHHS Bajla poTopa 1
BEIMYMHY PEAKTUBHOI MOTYKHOCTI CTaropa
ACM 6, 0 BUIAETHCS B €IEKTPOMEPEXY 1.
[Ipy HeBiAMOBIAHOCTI CUTHANIB 3 OOKY
enekTpomepexi 1 3 curHaiom 3amardmka 21
4acTOTH 1 3aJaryuka 36 Hampyra Mpu
MOBHOMY NPUIIMHEHHI JKUBJIEHHS 3 OOKY
enekTpomepexi 1 Omoxk 46  KOHTpOIIO

napameTpiB  Mepexi (QopMye CHTHaJI Ha
Ipyromy 55 BHUXOJl Ha 3aKpUTTA IEpeMU-
KaJIbHUX eleMeHTiB 25 i 33, a Ha TpeTboMy 56
BHUXOJll HA BUMHKAHHS CTaTUYHOTO BHMHKaya
3 1 BUMHKaHHS penie MycKy 57 TEepBUHHOTO
neuryna  71.  Ilpm  BmmBI  cUTHaly
3aKpUBAETHCA NEPEMUKAIBHUN €IeMEHT 25, y
pe3yNbTaTi MNPUIMHAETHCS MOJaya CHUTHAITY
pEeryiioBaHHS B KaHal pEryJIOBaHHS 3a
BEJIMYMHOK KOB3aHHA 15 mepeTrBOprOBaIbHO-
KoMaHgHoro Omoka 14 3 perymsaropa 19
KOB3aHHS, 1 MEPEMUKAIBHUI eJIeMEHT 33, AaKui
MPUMNMHSE [0/1a4y CUTHAIy PETYJIOBaHHS B
KaHaJl PEryjlOBaHHS 3a BEJIUYMHOK pEaK-
TUBHOI TIOTY)KHOCTI 16 TmepeTBOprOBaIbHO-
KoMaHgHoro Omoka 14 3 perynaropa 26
peaKkTUBHOT HOTY>KHOCTI. OpnHoyacHO
BIJIKpUBAIOTHCSI TIEPEMUKATLHUN eleMeHT 38,
yepe3 SAKUM y KaHal peryiioBaHHSA 3a
BEJIMYMHOIO Harpyru 17 mnepeTBoproBalIbHO-
KOMaHAHoro Osioka 14 HagxoauTh cUrHal
perynioBaHHs 3 peryiastopa 34 Hampyru, i
NepeMUKaIbHAN eneMeHT 45, mo 3abe3nedye
[oJladyy CHUTHaJly pEryjlloBaHHA B KaHal
PEryNIOBaHHS 32 BEIUYMHOIO YacCTOTH CTPYMY
18 nepeTBOprOBaNbHO-KOMaHAHOTO Ooka 14.
[Ipy upomMy miAg BIJIUBOM CHUTHAIy
KepyBaHHS, SIKUM pOpMy€eTbCsl HAa TPETHOMY 56
BUXOJl OJOKOM 46 KOHTpOJIIO MapaMerpiB
Mepexi, BAMUKAEThCS CTATUYHUIA BUMMKaY 3 1
BIJIOKPEMITIOE BiJ enekTpomepexi 1 muHu 4
rapaHTOBaHOI'O €JIEKTPOINOCTaYaHHS 3
NPUEAHAHUMU JO HUX CTpyMOIIpUHMayamu 5
BIANOBIJAIbHAX  CIIOKHMBayiB, 1 OCTaHHI
oTpuMyloTh kuBJIEeHHS Bix ACM 6, sxa
NpaLIoe pPEeXUMI TeHepaTopa 3a paxyHOK
3armaceHoi KIHETHYHOI eHeprii i1HepuiiHOro
MaxoBuKa 8. Bwmukaerbcs pene mycky 57,
3/11ACHIOIOYM 3aIlyCK MEPBUHHOIO ABUryHa 71.
VY 1boMy aBTOHOMHOMY pEXHMi KepyBaHHS
ACM 6 3miHCHIOETHCS 3a 3aJaHO0 BEJIMYNHOO
Hampyrda 1 YacToTM Horo Ha mmmMHax 4
rapaHTOBAHOIO EJIEKTPOKUBIICHHS.
[linTpumMka 3a7aHOi BETMYMHHM HANPYTH
Ha IIMHAaX 4 rapaHTOBaHOIO EJEKTPOIOCTa-
yaHHs 3a0e3meuyeThesi  peryisitopom 34
Hampyrd, Ha nepwuit 35  BXig  SKOro
HAaJIXOOUTh 3 3ajJaTyuka 36 Hampyru CUTHaI,
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BIJIMOBIAHUIA 3a/laHili BEIWYMHI HANpPYTH, Ha
npyruii BXim 37 HaAXOAWTH 3 JaTdyMkKa 28
HAmpyrd CWUTHAJN, BIANOBIAHMN (DaKTUUHIN

BEJIMYMHI HaNpyru Ha HIMHAX 4
rapaHTOBAaHOIO  €JEKTpoXxuBieHHs.  llpu
3HIKEHH1 HaIpyru Ha HIMHAX 4

rapaHTOBAHOTO EJIEKTPOIIOCTAaYaHHs 3a MEXI
niana3oHy JOTTYCTUMHX 3HaYeHb
BIIKPHBA€ETHCSI  MOPOTOBHI  eneMeHT 64,
cUrHaji 3 Horo Buxoay uepe3 cxemy ABO 63
MI0/Ia€ThCS Ha Kepyrouunii BXiJ
MEPEMHUKAIBHOTO  MPUCTPOKO 58,  sKuM
BUMHKAE CTATOPHY OOMOTKY 3 MEHIIOIO
KUIBKICTIO BUTKIB 60 1 MiAKIIOYA€E CTaTOPHY
OOMOTKY 3 OUIBIIOI KIJTBKICTIO BHTKIB 62.
[Tpu upomy perynsitop 34 Hampyru MOPiBHIOE
(dakTHYHy BEIWYMHY HANPYrd 3 33JaHOI0
BEJIMYMHOIO, 1 SIKIIO BOHA BIJIPIZHAETHCSA BIJT
3aJjaHol, TO BUKOHYE KOpPHUTYBaHHS 1 (hopmye
Ha BHUXOJl CHUTHAJ PErylIOBaHHsS, IO uepe3
BIIKPUTUH TIEpEMHUKAIBbHUN  eneMeHT 38
HAIXOAUTh y KaHal  peryjloBaHHA 3a
BEJIMYMHOIO Harpyru 17 mepeTBOproBalIbHO-
KoMaHAHoro 61oka 14.

PerymioBaHHS ~ BETUYMHH  YacTOTH
HAMpYTHU CTaTopa 3I1HCHIOETHCS PETyISITOPOM
39 wyacrotu, Ha nepmuii 40 BXig SKOro 3
3amaTunka 21 YacTOTM HAIXOIUTh CHUTHA,
BIAMOBIAHMI 3aJaHii BEIWYHMHI YacTOTH, Ha
npyruii 41 BXig HaAXoAWTh 3 gaTduka 42
YacTOTH CWUTHaJ, BIANOBIAHUNA (HaKTUUHOMY
3HAYEHHIO YacTOTH Hampyrn Ha IHHAxX 4
rapaHTOBAHOTO €JIEKTPONIOCTAYaHHsI, Ha TPETIN
43 BXiA HAAXOAWTH 3 JaT4YUKa KYyTOBOI
IIBUJKOCTI oOepTaHHs potopa 44 curHai,
BIJIMOBIAHUIA (PAKTUYHUM 3HAYEHHSM KYTOBOI
MIBUIKOCTI 0O€pTaHHs BaJia poTopa.

OpnowacHo 3 patumka 44 KyToBOi
HIBUAKOCTI 00€pTaHHS Bajla pOTOpa HAIXOATh
curHaiim Ha ¢opmyBad immynbciB 70, sKi
MEPETBOPIOIOTHCS B IMITYJIBCHI TTOCITIIOBHOCTI,
nepioJ] TPOXOMKEHHS SKHUX MPOMOPIIHHUN
KyTOBIi#l mBUIKOCTI 06epTanHs Baa ACM 6 1
HaIXOIuTh Ha BXin Tpurepa 68. Ilpuxin
MEepIIoro iMmynscy 3 BuUXoAy (opmyBaua
iMmnyneciB 70 Ha Tpurep 68 BCTaHOBIIOE HOTO
B OJJMHUYHUI CTaH, BIAKPUBAEThCS cxema [ 67
1 TIYMIBHUK 66 TOYMHAE paxyBaTH KiIBKICTh

IMIyIBCIB, MO HAAXOAATH 3  BHUXOIY
reHeparopa immynbciB 69. Ilpuxim apyroro
iMnynbey 3 Buxony (opmyBauda iMmmyinsciB 70
BHKJIMKA€E TIepexia Tpurepa 68 B HYJIbOBHI
CTaH, NIpH bOMYy cxema | 67 3akpuBaeThCs 1
MPUTIMHSAETHCS 3alUC y JIYUIbHUKY 66. [lpu
3HIKEHHI KyTOBOI IIBUAKOCTI 00epTaHHs Basia
poTOpa 0 JAESIKOTO HHKHBOTO MOPOTY Owisnson,
IIpy SKOMYy Hampyra Ha 3aTtuckauax ACM 6
JOPIBHIOE FPAaHUYHO-AO0IYCTUMOMY 3HaUEHHIO,
YHCIIO, 3amucaHe B JHUYWIBHHKY 66, crae
OUIBIIE BiJ 3a4aHOrO 1 3'IBIIIETHCA CUTHAI Ha
BUXOi nemudparopa 65, SKUH HAIXOAUTH HA
cxemy ABO 63, a 3 i BuUXo1y Ha KepyrouHuil
BXiJl TepeMuKaabHOro mpuctporo 58. Tum
camuM 3a0e3neuyeTbes GOpMyBaHHS KOMaHIU
Ha CTIpaIbOBYBAaHHS MePEMUKATBHOTO
npucTporo 58, 1o 3abe3nedye MiAKIIOUEHHS
OOMOTKM cTaropa 3 OUIBIIOK KUIBKICTIO
BUTKIB 62 1 BUMHKaHHS OOMOTKHM cTaTtopa 3
MEHIIIOIO KUTBKICTIO BUTKIB 60.

[Ipu upomy perymstop 39 wyacrotu
IOCTIIHO MOPIBHIOE BIIOBIAHICTH
(akTUYHOTO 3HAYEHHS YaCTOTH Ha IIHMHAX 4
rapaHTOBaHOTO eJIEKTPOIIOCTAYaHHS 3
3aJJaHUM 1 Ha BUXOJi (OpMye TaKuil CUTHaI
KepyBaHHs, 100 Horo BenuyuHa Oyna
NpONOpIiifHA PI3HULI CUTHANIB (PaKTHUUHOI
KYTOBOI IIBUJKOCTI 0O€pTaHHs Baja poTopa 1
3aJaHili BEIWYMHI YacTOTH, 3a HEOOXiTHOCTI

KOPEKTye BHUXIJIHHUH CHUTHaJl, IO 4epe3
BIAKPUTUH  NEpEeMHUKAIbHUN  eleMeHT 45
HAaIXOIUTh y KAaHAJI PETYIIOBaHHI  3a
BEJINYUHOIO YaCTOTH CTPyMY 18

MEepPETBOPIOBATILHO-KOMaHIHOTO  Onoka 14,
[leperBOproBanbHO-KOMaHAHUN  Onok 14
MEepEeTBOPIOE  CUTHAIM 3  peryinsitopa 34
Hampyru 1 peryasropa 39 wacroTtH, w10
HaIXOASATh y KaHallM pEryJioBaHHS  3a
BEJIMYMHOIO HAmpyru 17 1 BEIMYMHOIO YacTOTH
CTpyMy 18, B CUTHaimM 4acTOTH KOB3aHHs Baja
poropa i ¢(opMye Ha BHMXOII TaKi CUTHAIH
KEpyBaHHsSI TEPETBOPIOBAYEM YacCTOTH 12,
SKUW BU3HAYA€ 4YACTOTy, aMIUIITyny, ¢azy
Hampyr Ha HOro BHXOMi, a OTXe, 1 CTPyMy
oOMoTKH 30ymkenHs 13 ACM 6.

Ile no3BOJdsiE CTBOPUTH  OOMOTKOIO
30ymkenHs 13 oOepTanbHe BIAHOCHO HBHOTO B

36ipHuk HaykoBux npaub YKpAY3T, 2018, Bun. 175



30ipHUK HAYKOBHX Npanb Y KPaiHCHKOI0 Aep:KaBHOI0 YHIBEPCUTETY 3aJi3HHYHOT0 TPAHCTIOPTY

noTpiOHOMY HampsMKy KOJIOBE TIOJE 3
HEOOX1THOIO 3a PEKUMOM poboTtu
aMIUTITY/IOI0, 4YacTOTOK 1  ¢a3or0, 110

3a0e3neuyloTh 33JaHe 3HAYCHHs Hamnpyru i
4acTOTH Ha HIMHAX rapaHTOBaHOI'O
€JIEKTPOXKUBIICHHS. 3aBISKU OCOOIMBOCTSM,
BiractuBuM ACM 6, 3amaHa CTaliCTh YaCTOTH
CTpyMy 1 Hampyrd Ha 3aTHUCKayax CcTaTropa
3a0e3MeuyeThCsl MUIIXOM BIAMOBITHOI 3MiHU
4aCTOTU CTPYMY 30yIKEHHS pOTOpa.

[Ipy BIiAMOBIZHOCTI BCIX BEIMYUH 1
BHUKOHaHHI ~ yYMOB  CHHXpOHI3amii, 110
JI03BOJISIIOTH BKJIIOUATH Ha MapajiebHy poOoTy
3 enektpomepexkero ACM 6, Omox 46
KOHTPOJIIO TapaMeTpiB MEpeki CKAacoBye Ha
TpeTbOMY 56 BHMXOJlI CUTHAJ HAa BUMHKAHHS
CTaTUYHOTO BUMHKA4a 3 1 BMHKAHHSA pele
nycky 57, Ha mepuiomy 54 BUXOJI CUTHAN Ha
BMUKaHHS [TEPEMUKATbHUX eleMeHTIB 38 i 45,
Ha Jpyromy 55 BUXOJI CHUTHAJI HA BUMHMKaHHS
nepeMuKanbHuX enementiB 25 1 33. Ilpm
CKacyBaHHI 0JIOKOM 46 KOHTPOJIIO HapaMeTpiB
HAmpyrd B Mepexi Ha TpeTboMy 56 BHUXO.I
CUTHAJIy BMHUKA€TbCS CTAaTMYHUM BUMMKay 3 i
3'emHye 3 elekTpoMepexxkero 1 muHEH 4
rapaHTOBaHOIO eJIEKTPOKUBIICHHS.
Bmukaersess pene mycky 57, NEepBUHHUHN
neurys 71 s3ynuHAerbea.  OmHOYacHO
3aKpUBAETHCS TMEPEMUKAIBHUN eneMeHT 38, y
pe3yabTaTi NPUIMHAETHCS MOJaya CUTHATY
pEeryiioBaHHS B KaHal pEryJIOBaHHS 3a
BEJIMYMHOI0 Hanpyru 17 mnepeTBOprOBalbHO-
KoMaHjgHoro Omnoka 14 3 perymaropa 34
HaIpyry, MEepeEMUKAIbHUI €leMeHT 45, saKuil
NPUTIMHSE TI0JIa4y CUTHATY PEryJIIOBaHHS B
KaHaJl PEryjliOBaHHS 32 BEJIUYMHOIO YacTOTHU
cTpyMy 18 mepeTBOprOBaIbHO-KOMAaHIHOTO
o6moka 14 3 perymaropa 39 wyacroTu,
MPUITMHEHHS HA/IXO/DKEHHS CUTHAJIIB y KaHAIN
peryJioBaHHS 3a BEIMYMHOIO Hampyru 17 i
BEJTMYMHOIO YacTOTH CTpyMyY 18
MepeTBOPIOBAIbHO-KOMaHAHOTO  Onoka 14,
CIIY>)KUTh JUIsl HHOTO KOMaHJIOI0 MepeBECHHS
kepyBaHHs ACM 6 3 pexuMy reHeparopa B
pPEeXUM KoMIleHcaTopa. TakoX BiIKpUBAETbCA
MIEPEMUKAIBHUM €JIeMEHT 25, depe3 AKuUM y
KaHaJl peryJloBaHHS 32 BEJIMYUHOKO KOB3aHHS
15 mepeTBOprOBaIBLHO-KOMaHAHOTO OJioka 14

HaIXO0aAUuThb CHUIHall PEryjiarOBaHHA 3
perymaropa 19 KoB3aHHA 1 BiJKPHUBAETHCS
NepeMUKaIbHUN eneMeHT 33, mo 3abe3neuye
nojady CHTHaldy pEryJlIOBaHHS B KaHal

pErYJIIOBaHHS 32 BEIMYMHOK PEAKTHBHOI
HOTY)XKHOCTI  [1EPETBOPIOBATIbHO-KOMAHTHOTO
o6moka 14 3 perymaropa 26 peakTHBHOI

noTyKHOCTi. TakuM 4yuHOM, cucTema Oe3re-
peOifHOrO eNEeKTPOIIOCTaYaHHsI CTPYMOIIPHii-
MadyiB BIAMOBIJATBHUX CHOXKHBAYIB IMPAIIOE Y
BUX1THOMY PEXUMI.

Po3pobiieno Marematnuny monensb [9]
JUISL TOCIIDKEHHS TIepeXIIHUX Tporeci, sKi
BUHHMKAIOTh MpPUH 3HUKHCHHI HAmpyru 3
OCHOBHOTO JDKEpeJa JKUBJICHHS, a TAKOXK IMPHU
MOSIBI MOXIJIMBHUX 30ypeHb, 1, SIK HACIiJIOK,
BIIXWJICHHS TapaMeTpiB MOKa3HHKIB SKOCTI
eJNeKTpU4HOi eHeprii. Anamiz poboru IV
BUKOHAEMO 3a pO3pOOJICHOI0 MaTeMaTHUYHOIO
mojaem o [10], BHKOPHUCTOBYIOYM DIiBHSHHSI
l'opeBa—Ilapka B cucTeMi  BiIHOCHHX
OJIMHHMIIb Y TAKOMY BHIJISIIII:

. d
Vd = Rclq +a¢d — 0Py, 2)
. d
Vq = Rslq +a¢q — 0Py, (3)
Vig =Ryl +a¢fd1 (4)
Vie = Righg +a¢kd’ (5)
. Co d .
Vi1 = Rigalas +a¢kd1’ (7)
. - d .
Viaz = Rigalaz +a¢kd2’ (8)

e Py, = Lyly + L (ifd +ig )'

¢)q = quq + Lmdlkd’ ¢kq2 = qu2'kq2 + I—mqlq'
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Po3B’s13aHHs cucTtemu au(epeHIialbHuX
PIBHSHB €JEKTPUYHOI MAIIMHHU 32 TOBHUMH
piBusHHsIME ['opeBa — Ilapka, ki mokaaeHi B

3HUKHEHHS KHUBJICHHA ABUT'YH-
reHeparopa 3 IIMH MEPEXKEBOIO BBEACHHS
BiOyBaeTbcss B MOMeHT uacy t=5c¢, wac

OCHOBY ~MaTCMaTH9IHO1 MOZCII1 VF?K, Mae 3aMyCcKy JW3eis MPU MOJICTIOBAHHI MPUHHATO
nmeBHl - TpyaHouti.  Tomy  NOCHILKEHHS t=1,5c, yac po3roHy HPHBOIHOIO JIBHMIyHA
nepexigux npouecis YIJK 3aiiicHeHO B . N
. q0 Nuom TMpU  MOACIIOBAHHI  MPUHHATO
MIPUKIIATHOMY MaKeTi MOJICJIFOBAaHHS t=25¢
MATLAB & Simulink (puc. 4). Cev
hotor spaed wm [l
L— :
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Puc. 4. locnimkyBana cxema B cepenoBuiii MATLAB & Simulink

I3 ocumnorpamu Ha puc. 5 BUAHO, IO
MepioJ  CHUHYCOiIM  BIJAMOBIJA€  YACTOTI
KUBJICHHS Ha IIMHAX TapaHTOBAaHOTO IKUB-
neuns f=50Tm. I3 ocimnorpamu Ha puc. 6
BugHO, mo mnepiogq T =0,021 Bignosimae
9JacTOTI HANpyrd Ha IIMHAX TapaHTOBAHOTO
sxuBieHHs T = 47,6 T'u.

CHHXpOHHMI T€HEepaTop MPUBOJINUTHCSA B
JiI0 BiJ MPUBOJHOTO JABHUTYHA, HA Bally SIKOTO
BCTAHOBJIGHUH  IHEPUIMHMIA  HaKONMU4yBay
eHeprii pu Nporopa = 1500 06/xB. I3
OCIWJIOTPaMH BHHO, IIO TEpioJl CHHYCOITu
T=0,02 c BignoBimae dYacToTi Hampyrd Ha
[IMHaX rapanToBaHoro skusiaeHHs T =50 I'm.

Y naHOMy JOCHI/DKEHHI, 3MIHIOIOYHU
ctpyM 30ymkenHs B pamkax 0,85-1,15
HOMIHAJIBHOTO CTpyMy 30yKEeHHS,

po3risganacs 3MiHa PEaKTUBHOI MOTYXHOCTI,
0 TCHEPYBaJIaCsl CAHXPOHHOIO MAIIHHOIO.

3 OCIIKEHHS KOMITEHCATOPHOTO
pPeKUMY CHHXPOHHOI MAaIllMHA MOYKHA CKa3aTH,
110, 3MIHFOIOYH CTPYM 30Y/DKEHHSI CHHXPOHHOT
MalliHA, MOXKHA PEryIloBaTH pPEaKTUBHY
MOTYXHICTh, IO TeHepyeTbcs Hero. [lpu
Heno30ymkeHHlT  (lis < lsgmom)  CHHXpPOHHOI
MaIIiHA CIIOCTEPIraeThCs CTHIOKUBaHHS
PEaKTUBHOI MOTY>KHOCTI 3 30BHILIHBOI MEpExi
enektpornocradanus [12-15]. Ilpu mepe3dym-
keHHI  CMHXpOHHOI MamuHU  (1:6>1s6.m0m)
CIIOCTEPITAaEThCS BiJiJTaya PEaKTHBHOI MOTYXK-
HOCTI B 3OBHIIIHIO MEPEXY EJIEKTPOIOCTa-
vangus. HaBeneni mDOCHIIUKEHHS JOBOOATH, IO
CUHXPOHHY MAaIIMHY €KOHOMIYHO 1 TEXHIYHO
JOLITFHO 3aCTOCOBYBaTH B 1HEPIIHHUX yC-
TaHOBKaX rapaHTOBAHOTO XHBIICHH (puc. 7).
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Puc. 5. Jliarpama Nyaxosuxa(t), Wporopa(t), octmmorpama U(t)

0

Puc. 6. [liarpamMu Hanpyru Ha MIWHAX:
a — MEpPEeKHOT0 BBOAY NpH 3HUKHEHHI xuBieHHs t = 5,0 C; 6 — reHepaTopa mijg yac poOOTH Bix
MaxoBHKa B Mepioj BUOITYy t = 6,5 ¢; B — MEpEKHOTO BBOAY B CTAIOMY pexuMI Ipu t =9 ¢

BucHoBkn. Ha ocHOBI BUSBIEHHX
HE/IOJNIKIB, TPUTAMAaHHUX PI3HUM pPEXUMaM
poboTtu B1JIOMUX HaTernep CHUCTEM
enexktponocradanHs npuctpois BJI CLIb, Oyna
3allpONIOHOBaHAa Ta PO3po0OJieHa CcUCTeMa
€JIEKTPONOCTaYaHHS 3 BUKOPHCTAHHAM
koMmOinoBanoi  J(IVIOK.  3ampomonoBana
CUCTEMA EJIEKTPOIIOCTayaHHs IpUCTpoiB BJI
Cllb 3 BukopuctanusMm JIIY no3Boinse, Ha

BI/IMIHY BiJl BIIOMHUX, 3a0€3MEUYUTH SIKICTh
Hampyru, M0 BHUMAaraerbcs Ha  [IMHAX
xuBnenns BJI CIHb npu konmuBaHHIX 1
BUMHUKaHHAX Hanpyrd Ha mumHax PIT 10 kB
MIJICTaHIII{, a TAKOX TPH PI3HUX AaHOMAJIBHUX
apumax y konax PIT 10 xB. Y 3anpononoBaHiii
CUCTEMI BIJICYTHIN TalbBaHIYHUN 3B’SI30K MK
Mepexero Ta muHamu xuBieHHs BJI CLIb.
OkpiM TOr0, BHUKOPHUCTAHHS JaHOI CHCTEMH
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enekTponocradanus npuctpois BJI CHb nae
MOKJIUBICTH KoMIIeHcarii pPEaKTHUBHO1
MOTY)XKHOCTI HABAaHTAXEHHSI, 10 JKUBUTHCS BiJ
muH 10 kB migcranimii, 6e3 BUKOpPUCTaHHS
BHCOKOBApTICHUX  CTaTHYHUX  YCTaHOBOK
KOMIIEHCAIl] peaKTUBHOI MOTY>KHOCTI.

VY mnopanbIioMy BHKOPHCTAHHS KOMOi-
HOBAHOI YCTAaHOBKHM Ha OCHOBI MAalllMH 3 JIBOMa
CTATOPHHUMH OOMOTKaMH Ja€ MOKJIHBICTh

xuBieHHss BJI CIIb He TUIBKM Hampyroro
npomucioBoi yactot 50 I'm, a ¥ Hampyroro
IHIIMX YacToT y Aiamas3oHi Bix 25 mo 400 I'ir i
3a0e3neyye TralbBaHIUHY PO3B’A3KY MK
Mepexero Ta muHamu kuBieHHs BJI CLb.
Taxi piteHHst MOXKyTb OyTH KOPUCHUMU MICIS
MPOBEJICHHS  MOMAJBINUX  JOCTIDKEHb 1
po3po0iieHb, TOB’S3aHUX 3 EJIEKTPOIOCTa-
YaHHSM NPUCTPOIB xkuBieHHs CLIb.

(o peasmamsol WORSOCTE b0 IRCTIRON C6T)

Puc. 7. 3anexxHicTh peaKTUBHOI MOTYKHOCTI, TEHEPOBAHOI CHHXPOHHOIO MAIIHHOIO,
BiJI CTpyMYy 30YIKCHHS
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ITAPAMETPU HAIIII?IHOCTul POBOTU 3AJII3OBETOHHUX HIITAJI
Y PIBHUX EKCIINIYATAIOIMHUX YMOBAX

J-p TexH. Hayk . E. MapTunoB, kanauaatu texd. Hayk B. I'. Bitoas0epr, /1. O. Iloranos

IMAPAMETPBI HAJE KHOCTHU KEJIE3OBETOHHBbIX HIITAJI B PA3HBIX
IKCIINIYATAHMOHHBIX YCJIOBUAX

J-p TexH. Hayk U. J. MapTbIiHOB, KaHIMAATHI TexH. HayK B. I'. Butoanbepr, /1. A. Iloranos

PARAMETERS OF RELIABILITY OF REINFORCED CONCRETE SHAPES IN
DIFFERENT OPERATING CONDITIONS

Dr. sc. sciences I. E. Martynov, phd. tehn. V. G. Vitolberg, D. O. Potapov

DOI: 10.18664/1994-7852.175.2018.127076

Poszenanymo pobomy sanizobemonnux wnan mapox [1I-1-1 i CB-3-0 6 ymosax macicmpanvHux
3ANI3HUYD I KONl He3A2AllbHO20 KOpUCmy8auHs. Busnaueno ocnosmi excniayamayiiini ¢oakmopu, siKi
eniugaroms Ha ix pobomy 6 konii. Ha ocHogi 0anux obcmediceHHsa 3ani300emMOHHUX WNATL MAPKU
11I-1-1 ecmanosneno 3anedxcHocmi ix uxody 8 Henpuoamui. 3anponoHOBAHO 3A2aAlbHULL NIOXIO 00
npocHo3yeanus Haditinocmi pobomu 3anizobemonnux wnan mapku Cb 3-0 na ocrnosi oanux euxooy
wnan mapku 111-1-1. Ompumano npoero3ui 3anexcnocmi imogipnocmi 6e36i0M08HOI pobomu wna
Chb 3-0 3 guxopucmanuam YHI8epcaibHO20 080NAPAMEmpUUH020 po3nodiny Beuibynna. Busnaueno
ouixysani mepminu cayacou wnan Ch 3-0 6 piznux excniyamayitiHux yMo8ax.

Knrouoei cnoea: xonis, wnana, poboma, Ha0itiHicmy, 8i0MOBU, HANPYHCEHHSL.

Paccmompena paboma owcenezobemonnvix wnan mapox II-1-1 u CBh-3-0 6 ycrosusx
MA2UCMPATIbHBIX  JfCENIe3HbIX 0opoe U nymell Heobwjeeo noav3osanus. Onpedenenvl OCHOBHbLE
IKCHIIyamayuonHole ¢hakmopsl, emusAowue Ha ux pabomy 6 nymu. Ha ocnoge Oanmbix
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obcnedosanus dxnene30bemonnvix wnan mapku Ll-1-1 ycmarnosnenvl 3agucumocmu ux 6vixooa 8
Oepekmuvie. Ilpednosxceno odbwuil nOOX00 K NPOSHOZUPOBAHUN) HAOEHCHOCMU  PAOOMbL
arcenezobemonnuvix winan mapku Ch-3-0 na ocnoge danuvix 6vixooa 8 deghekmuvie wnan mapku L1I-
1-1 6 ycnosusix nymeil Heobwezo nonvsosanus. IlpednodiceHvbl NpocHO3HbIE 3ABUCUMOCTU
gepoamuocmu  Oezomkaznou pabomer wnan Cb-3-0 ¢ ucnonvzosanuem YHUBEPCATLHOSO
osyxnapamempuieckozo pacnpeoenerus Beuioyina. Onpeodenenvl npoeHo3Hbie CPOKU CLYHCObL UUNATL
Ch 3-0 6 paznuunbix 9KCHAYAMAYUOHHBIX YCIIOBUSIX.
Knrwouesovie cnosa: nyms, wnanvt, paboma, HA0e’CHOCHb, OMKA3bl, HANPANCEHUSL.

The work of reinforced concrete sleepers of brands Sh-1-1 and SB-3-0 in the conditions of
main railways and non-public roads is considered. The main operational factors influencing their
work in the way are determined. Based on the survey data of reinforced concrete sleepers of brand
Sh-1-1, which were removed from the tracks, the dependencies of their yield to defective ones were
established, and the main groups of defects and damages were determined. A general approach is
proposed for forecasting the reliability of the performance of concrete sleepers of the brand SB-3-0
on the basis of data on the yield of defective sleeper sh-1-1 in conditions of non-public roads, taking
into account the possibility of changing these parameters, which is caused by the difference in the
stressed state of sleepers of these brands. Taking into account the proposed approach, we propose
predictive dependencies of the probability of failure-free operation of sleepers SB-3-0 under
various operating conditions using the universal two-parameter Weibull distribution. On the basis
of the proposed dependences of the probability of failure-free operation, the predicted service life of
sleepers SB 3-0 is determined in various operating conditions.

Key words: railwaytrack, sleepers, functioning, reliability, failures, stresses.

Beryn. Ilpu BuBYeHHI poboTH eneMeH-
TIB BEpXHbOI OYyAOBHM KOJIi, Yy TOMY YHCII
HaOLIbII PO3MOBCIOJUKEHUX MAapoK 3aii30-
o6eronnnx mman mapok I[1-1-1 i CB-3-0, y
PI3HUX eKCIUTyaTallifHUX yMOBaxX BaKJIHBY
iH(popMaLlil0 MPOo XapakTep IiX podoTu nae
3aCTOCYBaHHs TeOpii HaAIHHOCTI.

Ax Bimomo, mmamu wmapku [I-1-1 €
OJTHUMHM 3 OCHOBHHUX THUIIB MiJPEHKOBUX OIOP
Ha MaricTpajJbHUX KOJISIX 3aJi3HULb YKpaiHu
JUIS JTJASHOK 13 O€3CTUKOBOIO KOHCTPYKIIIEIO
KOJI1 3 MPOMDKHUM PEUKOBHM CKPIIJIEHHSIM
tuny Kb. IlpomixkHe pelKoBe CKpIlJIeHHS
tunty Kb pa3om 3 psyom nepeBar Mae CyTTEBI
HEJONIKKM  (BeIWMKAa  KUIbKICTH  JIeTalleH,
HasBHICTh Pi13b00BUX 3’€JIHAHb, IO BUKJIMKAE
HEOOXIJHICTh Yy NEepiOJAUYHOMY IPOBEICHHI
pobIT 3 3aKkpilUIeHHS TallOK KIEMHHX 1
3aKIagHUX OONTIB Ta 1H.), TOMY B SKOCTI
peanbHOi aTbTepHATHBY 3apa3 Ha MaricTpaib-
HUX  KOJIAX  pO3IIUPIOETHCS  TOJIITOH
YKJTaJaHHS MIPOMIKHOTO PEMKOBOTO
ckpimenHs tumy KIIII-5 wa 3amizo0eToHHMX
mmanax tTuny Cb-3-0. 3 inmoro 6oky, 6epyqu

70 yBaru IepCleKTUBU YKJIaJaHHs 3ani3o0e-
touunx mman CB-3-0 B kol 3ami3HULB
He3arajJbHOro KOPUCTYBAHHS, [TOCTAE MUTAHHS
II0JI0 aJIeKBATHOI OLIIHKU IXHBOT'O EKCITyaTa-
LifHOTO pecypcy Ta HaailHOCTI iX poOOTH.
Tomy BcTaHOBIEHHS (PYHKINI poO3MOALTY
BipOTiTHOCTI 0€3B1IMOBHOI pOOOTH €IEMEHTIB
Komii  JTO3BOJIUTH  OTPUMATH  3HAYCHHS
napameTpa MOTOKY BiJJ]MOB, CEpEIHBOTO 4acy
0€3BIIMOBHOI pOOOTH 1 psiJl 1HIIUX, IO ACTh
3MOTYy TPOTHO3HO OLIHUTH poOOTYy IIHOTrO
eJIeMEHTa BEpXHbO1 Oy/10BU KOTii.

AHai3 OCTaHHIX I0CJHIIKeHb i myO0-
Jgikanii. Jlocmoimkenasmu psay aBTopis [1-5]
BCTaHOBJIECHI JEPEeKTH, MPHU SKUX PEMOHT 1
BUKOPHCTAHHS 3aJ11300€ TOHHUX mnain
HEMOXJIUBI:

a) MoTnepeyHui 31am ITanu 3
PO3KPUTTSIM  TpimuH Oimbme 1wmm  abo
pyliHyBaHHSI OETOHY B MICISIX 3J1aMy;

0) O3/IOBXKHI TpilIMHU B O€TOHI 3
PO3KPUTTSIM OUTbIIE 5 MM;

B) Bimkonmu  Outbme 30 %
MiIPEHKOBOI TIJIOMIAJKH;

[LIOILII
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T) TPIIMHU OUTBIIE 5 MM, IO TPOXOISATH
10 TOPLSX INIa;

1) pyiHYBaHHS OETOHY B MiApEHKOBIi
YaCTHHI;

€) KOpo3iiiHI ~ pylHYBaHHS  apMmaryp
ycepenuHi O€TOHY 3 TOSBOK Ha TOBEpPXHI
mmnaian Oypux IUisiM, CMyr a0o TMO3J0BXKHIX
TPIIIUH.

Ilix TepMiHOM  «ypaKeHHS  ILIIa»
pPO3YMIETBCA KUIBKICTh IIIMAJ, IO MAaroTh
nedexTu, mpu SKUX MOXIHBE iX BUKOPHC-
TaHHS Ticas  peMoHTy. DakTopiB, IO
BIUTMBAIOTh HA BHUXIM 1 YpaKEHHS IIIITaj
nedexkramu, Oararo. Jlo HUX HalmexaTh
BaHTa)KOHAIIPYKEHICTb, OCbOBI HaBaHTA)KEH-
HS, IIBUAKOCTI pyXy, CTaH KOJii, CTYHiHb
3aCMi4eHOCTI 6aJacTHOTO mIapy Ta s IHIIHX.

MosxHa TNpUNYCTUTH, IO YacTUHA
¢dakTopiB, IO BIUIMBAIOTH HA BHXIA 1
ypakeHHs IIMaj, 3ajekaTh Bia uacy. Uum
JIOBIIIE IITIajia JISKUTh y KOJii, THM Oiibime
MepemnajiB TeMIepaTyp BOHA BUTPUMAE, TUM
OinpIre 3a0pyqHIOBAYIB MOTPANHTH y Oanacr.
Po3nagu komii TakoX MPOrpecyroTh 3 YacoM,
BUKJIMKAIOYM 3aJIMIIKOBI jaedopmariii BCiel
KoumiiHoi pemriTku. Ha BiamiHy Bin ¢akTopiB
4acy, BIJ SIKUX 3aJI€KHTh BUXIJI 1 YpaKCHHS
mmajng, ICHYIOTh TOJOBHI  (akTop, MIO
BUKITUKAIOTh 3HOIIYBAHHS W CTapiHHS LA, —
CWIOBI (akTopu, M0 BiAOYBalOThCA BiJ
BILJIUBY PYXOMOTI'O CKJIa/ly Ha KOJIIO.

TakuMm ynMHOM, Ha 3aranbHE Ypa>kKeHHS i
BUXII 3a11300€TOHHUX IIIIaJ BIUIMBAIOTH [IBI
Ipynu: CUJIOBI (PAKTOpH (BaHTaKOHAIPYXKe-
HICTh, OCbOBI HAaBaHTAXKEHHS, MPOIMYIIEHUI
TOHHaX) 1 (akTOpW yacy, IO SIKHX HaJeXaTb
KUIBKICTh TepenajiB TeMIepaTyp, 3aCMiuyeHHs
6anacry, po3naau KoJii Ta iHIIe.

Hocmimkenusmu [8, 9, 15] BcranosieHo,
0 BIUIMB IIBUJIKOCTEW pyXy Ha BUXIA 1
YpaKEHHsI TWIMal Ha KOJNIAX He3aralbHOTO
KOPUCTYBaHHSI HEBEIMKHMIA 4Yepe3 HEBeIUKHUN
Jiama3oH  3MIHM [HUX IIBUAKOCTEH  (ZI0
40 xm/ron).

OnHUM 3 KpUTEpiiB OLIHKM Ipalne3naT-
HocTi 3amizoberonnnx mman Cb 3-0 B ymoBax
KOJIIH He3araJlbHOrO0 KOPHUCTYBaHHS, OKpIM
OIIIHKM iX XapaKTepUCTUK Ha MIIHICTh, €

HaAIHICT poOoTu. BukopucraHHs amapaty
TEOpii  HAMIWHOCTI  JIO3BOJISIE  BU3HAYUTH
TEPMIH CIOyKOM IMX Iman Yy pi3HUX
eKCIUTyaTalliiHUX  yMOBaX, IPOrHO3YBaTU
poOOTY IpH MOBTOPHOMY YKJIaJaHHI B KOJIIO.

Opnak  OesnocepefHE  BU3HAYCHHS
IMOKA3HMKIB HaIIHHOCTI, BCTAaHOBJICHHS
3QJIGKHOCTEH  BIpOTiAHOCTI  O€3BiIMOBHOI
podorn mman CBb3-0 B yMmoBax Ko
HE3araJIbHOr0  KOPUCTYBAHHS  TEOPETHYHO
HEMOXJIUBO, OCKUTBKHU noTpedye
JIOBFOCTPOKOBOTO Ta MAaCHBHOTO Harjiiay 3a
pOOOTOO mIMaN y TaKUX YMOBAaX, HAaKOIUICHHS
CTaTUCTUYHUX JaHUX MpPO BHUXIJ IIMal Yy
nedextHi. KpiM TOro, Ha CHOTOJHI MIMAJN
Cb3-0 BUKOPHCTOBYIOTHCS  TUIBKM  Ha
MaricTpajibHHUX KOJIsX.

Mnanu Tuny Cb 3-0 Binpi3HIIOTHCS Bifg
mman tuamy [I1-1 TiTbkH KOHCTPYKIIIEO
MPOMDKHOTO ~ CKPIIUIGHHS Ta  CIOCOOOM
MPUKPITUICHHS PEHOK YM TMiJIKIAJ0K — aHKep
npu mmanax Cb 3-0 Ta 3aknmagni 6oatu npu
mmanax I1-1. Hocmimxenus [7, 10, 14],
MOKa3ajy, 1[0 B YMOBaxX KOJii He3aralbHOTO
KOPHUCTYBaHHS HAMPY>KCHHS, SIKI BUHUKAIOTh Y
mmagax Cb3-0, Bume mnopiBHAHO 3
HanpyxeHHsMH y mmnaigax Mapku 1-1-1 Ha
12-16 % mo cepeaHiii BepxHiil mocreni Ta Ha
17-23 % mo cepenHiil MiIPeHKOBOT IUIOMIAIIT.
B ocHoBHOMY 1ie BiIOYBa€eThcs 3a paxyHOK
OLTBIII KOHIIEHTPOBAHOTO MPUKJIaJACHHSA
BEPTHKATBHOTO Ta TOPU30HTAIILHOTO
MOTIEPEYHOTr0 HABAaHTAKEHHSI.

HInanu tuny 1I-1-1 3acTocoByroThCs Ha
3aJ3HUISIX HE3aralbHOTO KOPHUCTYBaHHS BXKE
Oimpmie  copoka  pokiB.  HopmaruBHuit
JOKYMEHT [6] peKOMeHIye YKIamaHHS IUX
mmajx Ha [JUIIHKaX KON 3 OCHOBHUM
HaBaHTaxkeHHsM 110 300 kH Ta mpu piuHOMYy
nepese3eHHi A0 10 maH T. OnHaK B OcTaHHI
POKH y 3B’SI3KYy 3 BHCOKOIO I[IHOIO JIEPEB’ THUX
mman mmanu [11-1-1 yknamaroTbes Ha AiSH-
KaxX 3 ochoBMM HaBaHTakeHHsIM 1o 500 xH Ta
npu Oynb-SKUX oOcsrax nepese3eHsb. [Jo nporo
yacy HaKOMMYEHO 3HAYHMM CTATUCTHYHUN
MaTepiay, SIKUil TO3BOJSIE OTPUMATH JIOCTO-
BipHI 3aJ€KHOCTI BipOTiTHOCTI O€3BIIMOBHOI
poGot mmMx wmman. bepyun no yBaru
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BUIIICHABECHE, MOXIIMBO NPUITYCTUTH, IO
BUKOPHUCTAaHHS iHdoOpMaIi mpo HaAINHICTh
pob6orn mman wmapku [lI-1-1 B pi3HHX
eKCIUTyaTaI[ifHuX YMOBAaX JI0O3BOJIUTh OI[IHUTH
OCHOBHI NMOKa3HUKU HaIIHHOCTI poOOTH mImasn

turry Cb 3-0.
BusHaueHHs MeTH Ta 3aBIAaHHA
JOCTiIKeHHs. MeTo  [OCHIKEHHS €

BHU3HAUCHHS TEPMIHY CITYKOH 3aJ11300€TOHHUX
mman tuny Cb-3-0 3 ypaxyBaHHSM
0cO0IMBOCTEH iX HampyKeHO-Ae(POpPMOBAHOTO
CTaHy B PI3HUX EKCIUTyaTalliliHUX YMOBaXx.

JUIs  NOCATHEHHS TIOCTaBJICHOI METH
MOTPiOHO BUPIIIUTH TaKi 3aBAaHHS:

1. BcraHoBUTH  3aJICKHOCTI  3MiHH
IHTEHCUBHOCTI TOTOKY BiJIMOB 3alli300€TOH-
uux mmain I-1-1 B nedexTHi.

. (1UpiK)

2. OTpuMaTy 3aJIeKHOCTI BIPOTiTHOCTI
oe3BimimoBHOi  poborn mmman Cb3-0 3
BUKOPHUCTAHHSM YHIBEpCAIbHOTO JBOMAPAMET-
puuHOro posnoainy BeibOymra.

3. BuzHauutu TEpMIHU CIIy)KOM IHTIal
Cb 3-0 B pi3HHX €KCILTyaTalliiHUX YMOBax 3a
pPaxyHOK BBEACHHS B PO3PAaXyHKOBI PiBHSHHS
MONPABKOBHUX KOE(DIIiEHTIB.

OcHOBHa  4YacTHMHA  JOCJiI’KEHHS.
3aCTOCOBYIOUYH SIK TIIMOTE3y TOW abo 1HIIHI
BHJl PO3MOJLITY BipOTiIHOCTI O€3BIIMOBHOI
po0OTH, MU dYacTO Hamepes MPUITYCKAEMO
XapakTep 3MIiHH  IHTEHCHBHOCTI  IOTOKY
BiMOB. Tak Hampukiaa, Ha puc. 1 HaBeIeHO
3aJICKHICTh 3MIHM 3 YacoM I1HTCHCHBHOCTI
MOTOKY BiZIMOB IIPH BUKOPUCTAHHI PO3MOILIIB
Penes, EKCITIOHEHITIAJILHOTO, yCI4eHOTO
HOPMAaJIBHOTO 1 pIBHOMIPHOTO.

1.4 @ /@

1.2 /
1.0

0'8 /

v

04 |4
oo 1

7

/

/ |-

0 05 1.0 15 2.0 25 3.0 3.5 t(pokn)

Puc. 1. 3mMiHa IHTEHCUBHOCTI MMOTOKY BiJIMOB:
1 — excrioHeHIIaTBHUN PO3NOALT; 2 — po3noain Pemnes;
3 — yciueHHi HOpMaJIbHUM PO3MoALT; 4 — pIBHOMIPHUN pO3MOILT

AJNe  CcmocTepekeHHS 3a  POOOTOIO
3a71300€TOHHUX IIMaJ MPU PI3HUX OCHOBHUX
HaBaHTAKEHHIX MTOKA3YIOTh, 110
IHTCHCHBHICTh TOTOKY BIAMOB Yy JESKUX
BHIIAIKaX 1CTOTHO BIJIPI3HAETHCS BiI
3aJIe)KHOCT], HaBe/leHo1 Ha puc. 1.

VY 3BI3Ky 3 IIUM JOIIJIBHO 3aCTOCYBaTH
posnoxin Beitbymna [13, 16] sk rinore3y
BIpOT1HOCTI 6€3B1IMOBHOI pOOOTH.

P()=e—" | )

Xo
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7€ M i Xo — mapaMeTpu po3MOJIiIy;
t — mapamerp 4acy.
[TapameTp MOTOKY BIIMOB y IIbOMY

PO3MOALTI MOKHA OTPUMATH BUKOPHUCTOBYIOUH
CHIBBIIHOILIIEHHS:

a(t) =—P'(t), )

mo I posnoniny  BeliOymia
BHU3HAYUTH SIK

MOKHa

a(t) = M m-1g %0 3)
X

Toni, BUKOPUCTOBYIOUHN 3aJI€KHICTh MiXk
napaMeTpoM IOTOKY BiAMOB, (YHKIII€IO
posmoniny P(t) i inrencuBmicTio moTOKY

sinmos A(t):

a(t) = A(t)P(1), (4)

OTPUMAEMO 3AJICKHICTh 3MIHH 1THTCHCHBHOCTI
MIOTOKY BiJIMOB 3 4aCOM:

A= 20 _M s (5)

P@) X

TakuMm 4MHOM, BUKOPUCTAHHS PO3MOALTY
BeiiOymnna 103Bosisie OLIbII TOYHO CYAMTH PO
XapakTep poOOTH EJIIEMEHTIB KOJii B PI3HUX
YMOBaX eKCIUTyaTarii.

Buxnaneni Buiie MipKyBaHHS Oy
BHUKOPHCTaHI pu BHBUYEHHI pobotu
3anizobetonnux mman tuny [I-1-1 Ha xomisx
MOiAMPUEMCTB  YOPHOI ~ METalyprii  mpu
3HAYEHHAX OCHhOBUX HaBaHTaxeHb Bix 200 1o
450 xH/Bicp i Oinpme. Ilapamerpum M i Xo B
posnonini BeitOynina Oynu oTpuMaHi METO0M
HalMEHIIIUX KBaJpaTiB Ha MIJACTaBl JIaHUX
00CTEKEHb.

o _2int-¥in(-In P(t))- Y Intin(—In P(t))

> (Int)” (X Int)’
Inx, =m> Int-> In(—In P(t)), (6)

e Pzt) —  CTaTUCTHYHWN  TIOKa3HUK
BIpOT1JHOCTI O€3B1IMOBHOI pOOOTH,
. n(t
pity=1- " 7

N(0)’

ne N(0) — xinpkicte mman, npupaTHUX y
MOMEHT 4acy {;

N(t) — KiIbKicTh mIma, 1o BUMAILIH 3 a1y
J10 MOMEHTY 4acy t.

OTpumaHi 3Ha4eHHs HapameTpiB M 1 Xo

JUIs  AUISHOK 3 pI3HMMH  OChOBHUMH
HaBaHTAXXEHHSIMH HaBeaeHl B Ta0iI. 1.

Taomwms 1

3Ha4yeHHs napameTpiB B po3noain Beiibymnna

OcboBi HaBaHTaxxeHHs1, KH/Bich

m Xo

>450 4,72 16,82-10°
291-450 2,87 30,92-10*
251-290 1,17 330,25
<250 0,24 254,56
MarictpanbHi Kodii, Poc<230 0,95 355,27
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Tyt ke HagaHi 3HAUYEHHS IApaMeTpiB,
OTpUMAHUX  JUIsl KON  MaricTpalibHUX
3aJI3HUIL 3 OCHOBHUMH HABAaHTAXCHHAMHU 0
230 kH/Bicb mpu BIAMOBIAHMX 3HAYCHHSIX
BaHTAKOHAIPY>KEHOCTI.

Bruus IBUJIKOCTEN pyxy HE
BpaxoByBaBcs. [lapamerpu m i Xo oTpuMani Ha

A(t)

(1/pik) A @

0.7-10°

MiJCTaBl JaHUX JOCTIIKEHb, MPOBEACHUX Y
pob6orax [10, 17].

Ha puc. 2 HaBeneHi KpuBi 3alIe)KHOCTI
IHTEHCUBHOCTI IOTOKY BIIMOB BiJl 4acy JyIst
KOIMIH 3  OCHOBMMH  HaBaHTaXKEHHIMHU,
BKa3aHUMH B Tabmd. 1.

0.6-10° L
0.5-10°®

0.4-10° //
0.3-10°

3
0.2:10° / @
0.110° \\ @
0 10 20 30 40 50 t(pokn)

Puc. 2. [HTeHCUBHICTH MOTOKY BIIMOB 3a11300€TOHHUX Iumnan tumy 111-1-1:
1 — xomii mianpueMcTB YopHOi MeTanyprii Po:>450 kH/Bicb;
2 — komii mianpueMcTB 4opHoi MeTanyprii Poc=291-450 kH/Bicb;
3 — Kol mianpuemMcTB YopHOT MeTanyprii Poc=251-290 xH/Bich;
4 — xonii mignpueMcTB 4opHOI MeTanyprii Poc<250 kH/Bics;
5 — Kouii MaricTpainbHuX 3ai3HUIB Poc<230 kH/Bich

Kpim TOro, 6aratopiuti crocTepeKeHHs
3a poOOTOI0 3ali300€TOHHUX INNajl MapKu
III-1-1 B maricTpajibHUX KOJIIIX 1 B yMOBax
3aJi3HUIP ~ HE3arajJbHOTO  KOPHCTYBAaHHS
JI03BOJIMJIM OTPUMATH KUTBKICHI MOKa3HUKY (i3
M0/1aJIBIIOI0 AIPOKCHUMAILIIEI0) MIOA0 BUXOTY iX
y aedexTtHi. OTpUMaHi 3aJI€KHOCTI HAaBEICHI B
Tabi. 2 s OpsIMHX  JUITHOK — KOJIii.
3anekHOCTI KOHKPETH30BaHI IO Jiarna3oHax
OCbOBHX HABaHTAXXE€Hb, 10 BIANOBIIAIOThH
naHiil kareropii komi. CtatuctudyHa oOpoOKka
pe3ybTaTiB  CIIOCTEPEKEHh BUKOHAHA 32
3araJpHONpPUIHATOI0 MeToaukow [13, 16] 3

METOI0 BCTAaHOBJIEHHS KOE(]Ili€HTIB KOpesLii
Y BETMYMHU JOBIPUOTO 1HTEPBAITY.

OTtpumani 3HAUEHHSA Koe(illieHTIB
Kopensmii HaBeAeHI B M'STOMY CTOBIIII
1a6. 2. IXHi BenMUMHM JOCUTH HPUHHSATHI,
OJIHaK  3HAUylIICTh iX TOBHHHAa OYyTH
nepeBipeHa. [TepeBipka 3M1IACHIOETHCS
MHOXKEHHSIM OTPHMAaHOI BEJTMYMHH Ha ~/N—1,
JIe N — KIUIBKICTh CIOCTEPEKEeHb. 3HAUCHHS
r~/n—1  TOpiBHIOIOTHCS 3  TaAOIMYHOIO
BEJIMYMHOK KPUTHUYHOro 3HaueHHs [13].
TabnuuHa BeNWYMHA KPUTHYHOTO 3HAYCHHS
MpH HaJiHOCTI BUCHOBKY P=0,99 HaBenmeHa B
ChOMOMY CTOBIIII Ta0. 2.
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Ta6mmrs 2
3aJIe)KHOCTI BUXOAY Ta ypaxkeHHs 3a1i300eTonHux mrman [1-1-1
. OCBOBi Tabnuane o
Kareropis . 3HAYCHHS JoBipunii
coii | HABAHTKEHHS, 3aneKHICTD n r|rdn-1 i itrrepsan C
T/BiCh P =099
1 2 3 4 5 6 7 8

>35 y=0,577-103t* | 230,544 | 2,552 2,47 0,011

7=1,567-103t> | 230,530 | 2,486 2,47 0,009

y=0,539-103t* | 130,710 | 2,459 2,37 0,010

BHE 2533 2=1,496-10° [13]0,695] 2,409 | 2,37 0,012

<5 y=0,497-103t> | 310,464 | 2,541 2,49 0,011

7=1,424-103t> | 310,460 | 2,519 2,49 0,012

95 y=0,434.103.t> | 400,425 | 2,654 2,51 0,012

| B 7=1,049-10°3.t> | 40| 0,415 | 2,592 2,51 0,090

<5 y=0,392-103t*> |30|0,417 | 2,663 2,49 0,090

7=0,953-103.t> | 30| 0,414 | 2,643 2,49 0,010

I <5 y=0,161-10"3t> | 36|0,433| 2,561 2,50 0,010

7=0,440-10°3.t> | 36| 0,428 | 2,532 2,50 0,011
Orpumani 3HAYEHHS rvn-1 m — mnapaMerp (I)OPMYHIan BU3HAYCHUH

BUSABIIOTECA Yy BCIX BHIAAKaxX —OLIbIle METOJIOM HaHMEHIIUX KBAJPaTiB.

KPUTHYHUX 3Ha4deHb. OTXKe, JIOCIIIKyBaHi VY pesynbrari 004YHCIeHb OTPUMAHO TaKi

BEJIMYMHU KOPETIOIOTHCH.

Jlnsi  BU3HAYEHHS CTYINEHS TOYHOCTI
OTPUMaHUX 3aJeXkHOCTe Oynu oOuucieHi
3HAYEHHS JIOBIPUYOTO 1HTEPBATY 32 POPMYIIOIO

S
n
ne S — cepeTHbOKBAIPATHYHE BIAXUICHHSL.
Otpumani 3HAYEHHS JIOBIPYOTO

iHTepBaJly HaBeJeHI Yy BOCBMOMY CTOBIIII
Taba. 2. Boum cramoBaars, Bim 7 mo 14 %
cepe/iHiX 3HaYeHb napaMeTpiB Y i Z.

Koedimient K, 1m0 BpaxoBye BIUIMB
KpUBHX Ha BHUXI1J 1 ypaK€HHS 3a11300€TOHHUX
IIM1aJ1, EMIIPUYHO BU3HAYCHHUH K

K=1+TM )

ne R — paniyc kpuBoi, Mm;

3HaueHHs Bupasy (9) I8 Komi pi3HHX
KaTeropii:

- JUIs1 I03aKaTeropiftHuX KoM K =1+ 106,5 ;

84,0

- IUTst KoM mepinoi kareropii K =1+ :

63,0

- 17151 KOJIi# Apyroi kareropii K =1+

Jis  BU3HAYeHHS TEpPMIHIB  CIYKOHU
3amizobetonHux — mman  tuny — Cb 3-0
CKOPUCTAEMOCS OTPUMAHHMHU 3aJICKHOCTSIMHU
Buxofay mman tumy II-1-1 3 ypaxyBaHHsIM iX
KOPHUT'YBaHHS Ta arapaTroM Teopii HaliiHOCTI.

ITin 06e3BiAMOBHICTIO POOOTH SKOTO-
HeOy/Ib TMPUCTPOIO PO3YMIIOTH BIIACTUBICTH
LBOTO TPHUCTPOIO 30epiraTv Mpare3iaTHICTb
MPOTSTOM 33JJaHOTO IHTEPBAJy Yacy B MEBHHUX
YMOBax eKCIuTyaTarii. ImMoBipHiCTh
6€3B1IMOBHOI POOOTH — IMOBIPHICThH TOTO, 110
npucTpii  Oyae mpauroBatd  O€3BIAMOBHO
IPOTAroM HeoOXifHOro iHTepBany 4acy {j.
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P(ty) =1-F(t). (10)

ne F(t,) — dynkuis posnoxiny BumaakoBoi

BeMUMHE ), a (& — BHIIAQJKOBA TPHUBAJIICThH
yacy O€3BIZIMOBHOI pOOOTH TPUCTPOIO 10
IIOSIBH BiJIMOBH.

CratucTH4HE BH3HAYEHHS WMOBIPHOCTI
6e3BiaMoBHOI poboTH [13, 16]

_ 1 N(t)
P{t,) =1 N((c)))’ (11)

ne N(0) — xinbkicTs npuctpois, cnpaBHuX y
MMOYaTKOBUH MOMEHT Yacy t=0;

n(t,) - ximekicte mpucTpoiB, MO
BisIMOBHIIH 10 MOMeHTY 4acy fo.

Jlns 3ami300€TOHHUX — IHANT  MapKu

Cb 3-0 BiHOILLIEHHS n(to) MOKHA
N (0)
NPEJICTABUTH Y BUTJISAII
nitp)  y-T-K-K¢ (12)

N() 100

ne Y — MUTOMUI BHX1J 3a/11300€TOHHUX IITIAl,
%/MIH T;

T — mponynieHu TOHHAXK, MJIH T;

K — xoedilieHT, 110 BpaxoBYy€ KpPUBU3HY
IIISTHKH;

Kt — xoediuienT, skuii BpaxoBye THIT ILTTANH,

abo
2 3

N(0) 100 100
ne To — piuHi mepeBe3eHHsI MO AUISHIN, MIJIH
T/p.;
t — yac mepeOyBaHHs 1IMaa y KOii, p.
al -K-Ky b
100 ’

Toi

P{t) =1-bt®. (13)

BinmMoBa komii B wacTmHI poOOTH
3a11300€TOHHUX IITal BiIOYyAETHCSI B TOMY
BUMAJKY, KOJM B Komii Oyne Tpu W Oinblie
HECIIPAaBHHUX 3ai300€TOHHHMX Immagu. Toi
HMOBIpHICTb 0€3B1IMOBHOI poboTtu
3a71300€TOHHUX  IIHajd SK  CHCTEMH 3
napajenabHo 3'eJHaHUMU efeMeHTamu [13, 16],
MO’KHA BU3HAYUTH 32 (HOPMYJIOIO

Py =l--PU)*], @

ne P(t) — imoBipHicTh 0€3BIAMOBHOI POOOTH
OJIHOTO eJieMeHTa (IIITan).

3 ypaxyBaHHsM Bupa3y (13) orpumaemo

Pe(t) =[l—(1—bt3)3] (15)

Sk po3smoain iMOBIpHOCTI O€3B1AMOBHOL
po0OTH  CHUCTEMH  3alli300S€TOHHUX  IIHaJ
BUKOpHUCTAaEMO  posnonin  BeiOymra sk
HaiiOiIbI yHiBepcanbHuid [13, 16]:

—tm

P(t)=1" . (16)

[TapameTpu M 1 Xo y IIbOMY pPO3MOJLTI
BU3HAYMMO METOJOM HaWMEHIINX KBaJpaTiB.
OtpumaHi BETUYMHM M 1 Xo HaBeACHI B
Tabm. 3.

IlepeBipka rimoTe3n TMpo  XapakTep
3aKOHY PO3MOJILTY WMOBIPHOCTI 0€3BIIMOBHOI
po6oTu BUKOHaHa 3a kputepiem Konmoropoga.

Cepenniii TepmiH ciayxOu 3armizo0e-
TOHHUX IINaJ BU3HAYAETHCS 32 (POPMYJIIOL0

abo
~ (1
T= xml“(+1j, (17)
m
ne I’ (X) — TalynaboBaHAa ramma-(yHKIIis
Ennepa.
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Tabmuns 3
3HaveHHS BeauarH M 1 Xo
Kare- OcroBi | Banraxona- Yac 3anexHICTh
ropis | HaBaHTa- | MPYKEHICTh, |HepeOyBaHHS| BHXOIY b m Xo
KOJI1 | JKeHHS, T MJIH T/p. B Koii, p. mmai y
35 — 7 0,577-10°t? | 26,62.10° | 4,21 | 15,83.10°
10 12 5,73-10° | 0,95 | 3639,41
BHK 25-35 10-15 10 0,535-10°3t? | 8,09-10° | 1,31 | 12572,53
15 7 16,18-10° | 2,62 | 31,92-10*
10-15 15 3. | 3,2510° | 0,59 | 1294,37
25 15 12 0.497-10°C | c'a2 105 | 097 | 3552.78
25 - 12 0,434-103t% | 7,15-10° | 1,17 330,25
I 5-10 20 3.0 | 1,76:10° | 0,34 677,25
25 10 18 0392101 547105 | 049 | 677,25
- 30 3. | 0,69:10° | 0,12 123,80
. 25 5 24 0161101 4 50105 | 024 | 25456
Po3paxyHOK  cepeHBOTO  TEpMiHY MOJKJIMBOTO CEPEIHBOIO TEPMIHY CIYKOH K

CITy>kOM 3ami300eTOHHUX mman 7 Juis pi3HUX
YMOB eKCIUTyaTalii HaBeaeHud y Tabn. 4
(moctuit cToBmEINB). Y CHOMOMY CTOBIIIIL
HaBeJICH1 TePMiHU CIYy:KOU KOJii 10 KamiTalb-
HOTO PEMOHTY. Y BOCBMOMY — BiJIHOIICHHS

TEPMiHY CIIY’)KOM 1O KaIliTaIbHOTO PEMOHTY.
SIk BumHO 3 TaOn. 4, 3ali300€TOHHI IIITAIH
MOXYTh IepeOyBaTH B Kouii 2-3 MIKpPEMOHT-
HUX TEPMIiHiB.

Tabmuus 4

PesynbraTi po3paxyHKIB cepeTHROTO TEPMiHY CITy>KOH 3aiiz00eToHHuX mman Mapku C6-3-0

OcroBi

Kare- BanraxoHa- Tepmin ciyx0u T
ropis | TABAHTAT | L keHicTS, m Xq T.p 710 KamiTalbHOro | —
comii | o MJIH T/p. pemoHTy T, p. T
T/BICh 0
1 2 3 4 5 6 7 8
>35 - 4,21 15,83-10° 15,3 7 2,19
<10 0,95 36,39-10? 40,2 12 3,35
BHK 25-35 10-15 1,31 12,57-10° 31,8 10 3,18
>15 2,62 31,92-10* 19,3 7 2,75
<5 10-15 0,59 12,9410 51,8 15 3,45
>15 0,97 35,52-10° 39,6 12 3,30
>25 - 1,17 32,32-10? 42,6 12 3,28
I <25 5-10 0,34 3,30-102 71,0 20 3,55
>10 049 | 677102 | 62,6 18 3,48
I <5 - 0,12 1,23-102 110,4 30 3,68
5 0,24 2,54.102 86,6 24 3,61
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BucHoBkH:
1. OTpumaHi 3aJIEKHOCTI 3MIHU 1HTEH-
CUBHOCTI  TIOTOKY BIJIMOB  IiTBEPIAHIU

MPUIYIICHHS MPO T€, IO BEJIMYHMHA OCbOBHUX
HAaBaHTA)XCHb MAa€ ICTOTHUH BIUIMB Ha
XapakTep BUXOJY 3alli300€TOHHUX IIMal Y

neeKTHi.
2. 3anpomnoHOBaHO 3arajbHUN MiAXiJ 10
IIPOrHO3YBaHHS HaIIHHOCTI pobotu

3anmizoberonnux mmai tumy Cb 3-0 Ha ocHOBI
JaHux no Buxoay Ta wmman tumy [I-1-1 B
yMOBax KOJIM He3arajabHOr0 KOPHUCTYBaHHS 3
ypaxyBaHHSIM  MOXJIMBOCTI  3MIHH  ITUX
napaMmerpiB, sKi 0OyMOBIIEHI PI3HUISIMU
HAIPYKCHOTO CTaHY IIITAaJ KX THIIIB.

3.Ha ocHOBI maHuxX  OOCTEXEHHS
3amizo0eToHHMX — mman  Mapok  II-1-1
BCTaHOBJICHO 3aIeKHOCTI BUXOIYy B
HENPHUJIATHI Ta 3arajibHi YpPaKCHHsS IIITaj
nedexkTaMu 3aJeKHO B eKCIUTyaTalliiHUX
YMOB — OChOBE HAaBaHTaXEHHS, pIvHI

nepeBe3eHHs,  paniycu  KpuBuX.  Kpim
TOJIOBHUX (DakTOpiB — CHJIOBHX, BpPaxOBaHO
TaKkoX (PaKTOp Yacy 3HAXOKEHHs IIman y
KOJIii, MPUPOJIHI Ta KJIIMaTU4HI BIUIUBH Ha
HIMajgl — KUTBKICTh LHMKJIB 3aMOPOXYyBaHHS-
Bi/ITaBaHHs, KOPO31HHOTO BIUIMBY Ta iH.

4.3 ypaxyBaHHAM 3aIpOIIOHOBAHOIO
MiIX0My A0 TPOTHO3YBAaHHS  HAIIHHOCTI
podorn mman Tumy Cb3-0 B pi3HHX
eKCIUTyaTallifHUX ~ yMOBaxX 3alpOIIOHOBAHO
MPOTHO3HI 3aJeKHOCTI BiporigHOCTI Oe3Bif-
MoBHOI pob6otu mman Cb 3-0 3 BUKOpHCTaH-
HSM  YHIBEPCAIBHOTO  JIBOIAPAMETPHYHOTO
posnoniny BeiiOymna.

5. Ha ocHOBI 3ampornoHOBaHUX MPOTHO3-
HUX 3aJICKHOCTEH BipOTigHOCTI 0€3BiIIMOBHOI
poOOTH BU3HAUEHO OYiKYyBaHi TEPMIHU CITYKOU
mman Cb3-0 y pi3HMX eKkcIulyaTauiiHuX
yMoBax. MOXIIMBO TNPHUITYCTHTH, IO TEPMiH
cyOM IMX IIMaJl CKJIafae He MEHIIE IBOX
HOPMATHBHUX MIXPEMOHTHHX TEPMiHIB.
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V]IK 625.42

AOCJAIUKEHHA OITOPY KOCTWIIB 1 HTYPYIIB IIPU BACMHUKYBAHHI 3
JAEPEB’SHOI IIITAJIA, BIJHOBJIEHOI ITIOJIIMEPOM

Kana. texn. Hayk /I, A. ®@act, crapuii Bukiaagavi O. B. Kopuienko, A. A. Casin,
cayxay €. A. Xpucrenko

HCCJIEJOBAHUE CONTPOTHUBJIEHUSA KOCTBLIEX M ITYPYIIOB 11471
BBIIEPTUBAHUMU U3 JEPEBAHHOMU HIITAJIBI, BOCCTAHOBJIEHHOU
IHOJIMMEPOM

Kana. Texn. Hayk /I. A. ®@act, crapmme npenoaasarenu O. B. Kopauenko, A. A. CaBun,
caymarenab E. A. XpucreHko

RESEARCH OF RESISTANCE OF SPIKES AND SCREWS WHILE PULLING FROM
WOODEN SLEEPER RESTORED BY POLYMER

Associate professor D. A. Fast, senior lecturer O. V. Korniienko, A. A. Savin,
listener Y. A. Khrystenko

DOI: 10.18664/1994-7852.175.2018.127081

s docniodcenHs pobomu NPOMINCHUX CKpinaeHb (Kocmuaie [ wlypynie) y OOCHiOHUX
Ooepes ’saHuxX wnanax, 6i0HO6IEeHUX NONIMEPHUMU mamepianramu, 0Y10 NposedeHo 8UNnpodY8aHHs ix
Ha eucmukysauus. Ompumani pe3yromamu NiOMEEPONCYIOMb OOYILILHICIb  BUKOPUCTNAHHS
nracmmacu axpunogoi camomeeponoi ACT-T 0na 6i0HOGNIeHHS eKCHyamayitiHux 81acmueocmell
Oepes’siHuX wnai, sAKi nepedysaoms y npoyeci eKCniyamayii 8 myHeni Memponoiimeny.

Knrouoei cnoea: oepeg’sna wnana mempononimeny, KOCMUTb, WYPYH, NOAIMep, ORIp
BUCMUK)BAHHIO.

Jna uccneoosanusi pabomvl RPOMENCYMOUHBIX CKpenjienutl (Kocmulielu u uypynos) 6
ONBIMHBIX 0EPEGAHHBIX WNANAX, 80CCNAHOBNEHHBIX NOTUMEPHBIMU MAMEPUANAMU, DbLIO NPOBEOEHO
ucnvimanue ux Ha evioepeusarue. Ilonyuennvie pesynbmamsl NOOMEEPIHCOAIOM Yeaeco0OpPaA3HOCHb
UCNONBL306aAHUA  naacmmaccyl  akpunogou camomeepoeowei ACT-T ona  eoccmanognenus
IKCIIYAMAYUOHHBIX CEOUCE 0EPEBIHHBIX WNAJ, KOMOPble HAXOO0SMCS 8 Npoyecce IKCNIYamayuu 6
MOHHeNe MeMPONOIUMEHA.

Knwuesvie cnoga: oepeeannas winaia Memponoiumenda, KOCMblLIb, WYPYH, NOIUMED,
conpomusienue 8bl0epeUBAHUIO.

On the railways, the main part of wooden sleepers replaced with reinforced concrete. They
have longer service lives, provide a constant track width, are less exposed to atmospheric
influences and require lower maintenance costs. But under exploitation in underground tunnels,
where the ballast under the rail-sleepers grid is a monolithic concrete foundation, the use of
reinforced sleepers is complicated by increased rigidity of the base. Therefore, for the subway the
most effective is the construction of the track on wooden sleepers.

The main distinctive feature of the operation of wooden sleepers in the subway is that they are
drowned in the road concrete and, in this connection, replacing them with new ones is a rather
complicated and expensive operation, which requires considerable expenses for manual labor and
costs. Therefore, there is a need to restore their operational properties without removing from track
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concrete, which can be done using the use of polymer materials. To study the work of intermediate
fasteners (spikes and screws) in experienced wooden sleepers, restored with polymeric materials,
they were tested for pulling. The obtained results confirm the expediency of using acrylic self-
hardening acoustical AST-T plastic for restoration of operational properties of wooden sleepers

that are in use in the subway tunnel.

The purpose is to investigate the bearing capacity of intermediate fasteners, namely, spikes
and screws, when pulling out of the wooden sleepers of the underground, which is restored with
polymer materials. The objectives of the research are to determine the amount of effort that must be
applied to the spikes and screw to pull them out of wooden sleepers, restored with polymer
materials. Compare the results with the magnitude of effort when pulling out of a solid wooden

sleepers, as well as with previous studies.

Key words: wooden sleeper of subway, spike, screw, polymer, resistance of pulling.

Beryn. YV Benmukux Micrtax HaHOUTBII
3pyYHUN 1 €KOHOMIYHHMI BHJ MacakKUPCHKOTO
TPAHCHOPTY — IMiJI3eMHI 3aJII3HULI, HAHBAXKJIIH-
BIILIOIO TMEPEBArol0 SKUX € BENHMKa MIBUAKICTH
MePEeBE3CHHS Ta 3/IaTHICTH OCBOIOBATH MAacCOBI

MacakKUPOTIOTOKH. OueBuaHI nepeBaru
MiJ3€MHOTO  TPOMAJICHKOTO  TPAHCIOPTY
CTBOPIOIOTH nepeyMOBH TUIS fioro

0e31epepBHOTO PO3BUTKY Ta YJOCKOHAJICHHS.
Ha maricTpanbHHX AUISHKaX 3a1i3HUIb
OCHOBHY YaCTHHY JEPEB’STHUX IITaT 3aMiHEHO
3a7i300eTOHHUMH. BoHuM  MaroTh  OiibIi
TEpMIHM CiIykOu, 3a0e3neuyroTh MOCTIHHY
HIUPUHY KoJIii, MEHIIIE M Iar0ThCS
aTMOC(epHUM BIUIMBAM 1 BUMaraloTb MEHIIIUX
BUTpPAaT Ha YTpPUMaHHi. Aje B yMOBax
eKCIUTyaTallli B TYHEISIX METpOINOJIITEHY, e
OamacToM 1MiJ peHKO-IIMadbHY pELITKY €
MOHOJITHAa O€TOHHAa OCHOBA, BUKOPHUCTaHHS
3aJ11300€TOHHUX IInan YCKIIQHIOETHCS
301JIBIIEHOI0 KOPCTKICTIO OCHOBH. Tomy st
METPOTIOJIITeHY HalO1IbIl €)EeKTUBHOIO € KOH-
CTPYKIIist KOii Ha JAepeB’ssHux mmaiax [1, 2].
OcHOBHa BiAMIHHa pHca eKCIUTyaTauii
JIepeB’IHUX MIMajl y METPOIOJIITeHI — BOHHU
YTOIUIEH] B KOJIMHMIA O€TOH, 1y 3B’S3KY 3 IUM
3aMiHa 1X HOBUMH € JIOCHUTH CKJIAZHOIO ©
JIOpPOTOI0  OIEpaLli€lo, L0 BUMAara€ 3HAYHHUX
BuTpaT pyuHoi mpami ¥ komriB [3]. Tomy
HEOOXITHO BiJHOBIIIOBATH IXHI eKcCILUTyaTa-
IIiH1 BTaCTHBOCTI 0€3 BUITyUYEHHS 3 KOJIIHHOTO
OCTOHY, IO MOXKHa 3POOWTH 3a JOTOMOTOIO
BUKOPHUCTAHHS MOJIMEpHUX MarepianiB. s
JOCHIKEHHSI POOOTH MPOMIKHHUX CKPIIJICHb
(KOCTHIIIB 1 LIypyMiB) y JepeB’sHUX IIHaiax,
BIIHOBJICHUX TIOJIMEPHHMH  MaTrepiajamu,

Oyn0 TPOBEICHO
BHUCMHKYBaHHSI.

AHAJI3  OCTaHHIX JocaimkeHbL i
nyoJikaniii. B ocHOBHOMY JOCHiKEHHS
HamnpaBjIeHI  HA  YJOCKOHAJEHHSA  30HHU
MPOMDKHOTO CKpIIUICHHS, a TaKOX IOIIYK
HOBUX KOHCTPYKIIIH MiApeiKkoBoi OCHOBHU [2].
[cHytoTh criocoOu peMOHTY JepeB’sIHUX LImal
3 BWIYYEHHSAM iX 3 KoliiHOro 6erony [4], a
TAaKOX 3aXO0Ju 3 3amoOiranHs Ta O0pPOTHOM 3
THUTTSAM JEPEBUHU [5] IIpoBeneno
JOCITIJDKEHHST HECydoi 3/aTHOCTI KOCTHIIB 1
LIYpYHiB JJIs TakuX IMOJIMEPHUX MaTepiaiB,
SK eMOKCHJHA CMOJIa 3 PI3HUMH HAaroB-
HIOBa4aMU Ta PE30PLMHOBHHA po3uuH [6, 7).
Ha mincraBl mpoBeneHOro aHamizy OCTaHHIX
JIOCIIJIKEHb MOKHA 3pOOUTH BUCHOBOK, 1110 HE
Oyn0 TPOBEACHO MJOCIHIIXKEHb IIYPYIiB Ha
BUCMHUKYBAaHHS 3  J€peB’sSHOi  LIMajH,
B1JIHOBJICHO1 AKpUIIOBOIO IJIaCTMACOX0
camotBepaHoo ACT-T.

Bu3zHayeHHsi MeTH Ta 3aBJAaHHS J10-
cJIizkeHHsA. MeTol0 € JOCHIPKEHHST Hecydoi
3/1IaTHOCTI TPOMDKHHMX CKpIIJIEHb, a came
KOCTWJIIB 1 IIypyIiB, NMpH BUCMUKYBaHHI 3
JIepeB’SHOT IIMAadd METPOMOJITeHY, SKa BiJ-
HOBJICHA TOJIIMEPHUMH MaTepianaMu. 3aBaH-
HSMHU JIOCTI/DKEHh € BWU3HAYCHHS BEINYHHU
3YCHJUIA, sIKE€ HEOOXIJHO MPHKIACTH 10 KOC-
TWIS ¥ 1rypyna, o6 BUCMUKHYTH iX 3 Jepe-
B’SHOI INMANM, BIJHOBIEHOI MOJIMEPHUMHU
MaTepiajaMu; NOPIBHSIHHS OTPUMaHUX Pe3yJib-
TaTiB 3 BEJIWYMHAMU 3YCWJIb TPU BHCMHUKY-
BaHHI 3 CYLUJIBHOI IepeB’STHOT MMM, a TAKOXK
3 BUKOHAHUMH PaHiIlIe JOCITiKEHHSIMHU.

BUIIPpOOYBaHHS iX Ha
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OcHOBHAa 4YacTHHA AOCHiTxKeHHS. [[ns
JOCIIJDKEHHST pOOOTH MPOMDKHUX CKPIIJICHB
(KOoCTHIIIB 1 UIypymiB) y IOCTIAHUX JAEpeB’si-
HUX IIManax, BIJHOBIEHUX MOJIMEPHUMHU
MaTepiagamu, OyJ0 MPOBEACHO BUIIPOOYBAHHS
iX Ha BUCMHUKYBaHHS.

VY mmanax, 3aliOBHEHUX TPUKOMITOHEHT-
HOIO crioaykoro kiew EJI-20 i3 3aTBepky-
Bayem [IEIIA + IKC  (iHgeH-KymMapoHOBa
cMouia) + po3unHHHUK Ne 647, mociiKyBaiacs

500

a2

310
1 1

poboTa KOCTWJIIB 1 HIypymiB, a B INManax,
3aITIOBHEHUX TUTACTMACOIO AKPHIIOBOIO
camotBepanoto ACT-T, BumpoOyBanucs Ha
BUCMUKYBaHHS TUIBKH IIYPYIIH.

KoHCTpyKIliss KpilUleHHS MIMamd Ui
BUNPOOYBaHb KOCTWJIIB 1 HIIypymiB IOKa3aHa
Ha PHUCYHKY. JlaHa KOHCTpYKIIis HpHU3HAYCHA
JUTSL 3aKpIIUICHHS 3pa3KiB IIMHaa i3 BOUTHUMU
KOCTHJIIMH 200 BKPYYCHHMHU UIypyIaMu HpU
BHUNPOOYBaHHI iX HA BACMUKYBaHHS.

i

6)

Puc. Cxema KOHCTpYKIIIT KpIIJIEHHS IITAIN ISl BAPOOYBAaHHS KOCTHJIIB 1 LTypYIIiB HA
BUCMHKYBaHHS: a — BUIJIAJ criepeny; 0 — BUIIIsLI 300Ky; 1 — kBajgpaTHa TpyOa 50x50%2
(1=380 mm); 2 — craneBa cmyra 15%50 (1 =310 mm); 3 — metanesi ctpuxkHi @ 8 (1 =500 mm);
4 — xytuk 56x56x5 (1= 800 mm); 5 — craneBa cmyra 20x100 (1 =310 mm); 6 — 3pa3ok mmanu
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Y mpomeci  JIOCHIIKEHb  EIEMEHTIB
CKpIIJIEHHS Ha Omip NPH BUCMHUKYBaHHI 31
IIma, 3allOBHEHUX  TPUKOMIIOHEHTHOIO

cnonykoro kierwo EJ[-20 i3 3arBepmkyBadem
ITETIA + IKC + po3unnnuk  Ne 647,  Oyno
BUNPOOYBaHO 7 KOCTWJIB (CepeaHe HaBaHTa-
KEHHS Ha BUCMHMKYBaHHS ckiaio 11 xH,
MakcumanbHe — 14 kH) 1 3 mypynu (cepenne
HaBaHTAXXCHHA Ha BUCMHKYBaHHSI — 28 kH,
MakcumanbHe — 44 kH), a Takox 31 mmmai,
HAIlOBHEHHUX aKPHUJIOBOIO KOMIIO3UILi€I0, OYyii0o
BHUMPOOYBAHO TUTBKK 2 MIypynH (uIsl mIypyna,

KU OyB BCTAaBJICHHWI NMPU 3aJIMBaHHI PiKOTO
MOJIMEPHOTO DPO3YMHY, 1 A HIypymna, SKUi
Oyll0 BKpy4Y€HO Yy MPOCBEpUIEHUI OTBip

JiaMeTpoM 16 MM y 3aTBEPALIOMY
MOJIIMEpPHOMY MaTepiali, OIip BUCMUKYBAaHHIO
CKJIaB QNISIHE 50 xH). 3ycuiis

BHCMUKYBAaHHIO 3MIHIOBAJIOCS 3aJIe)KHO BIJ
CTYIMEHS TPYXJIOCTI JIEPEBUHH AN, CTYICHS
3aIOBHEHHS JIEPEBHHU MMOJIMEPOM 1 TOBIIUHU
CcaMOTO TIOJIIMEPHOTO Iapy, 4Yepe3 SKHi
MPOXOAMIN KOCTWI ¥ mypynu. Pesympratu
3BeneHi B Ta0m. 1.

Tabmuus 1

PesynbraT BUNIpoOyBaHb KOCTHIIIB 1 IIYpPYITiB HA BACMUKYBAHHS

Howmep Bun nmonimMepHoro mMarepiary MaxkcuMaibHe 3ycusuisd pu
3/l 3arOBHIOBAYA IITAJIH BUCMHKYBaHHi, KH

1 14

2 13,5

3 BunpoOyBaHHs KOCTUJIIB HA BACMHUKYBAaHHS 3 12,6

4 TPUKOMIIOHEHTHOIO crioykoro kieto EJ[-20 i3 8

5 3atBepmkyBaueM [1EITA + IKC + po3unnnuk Ne 647 10,6

6 7,5

7 11,1

1 BunpoOyBaHHS 1m1ypyniB Ha BACMUKYBaHHS 3 44

2 TPUKOMIIOHEHTHOIO crionykoro kiero EJ[-20 13 22

3 3arBeppkyBadem [TEITA + IKC + po3unanank Ne 647 17,5

1 BunpoOyBaHHS 11ypyniB Ha BACMUKYBaHHS 3 oupie 50

2 IJIACTMACOR0 aKpHiI0Bor0 caMoTBepaHO0 ACT-T Oibie 50

[TopiBHIOIOUM OTpUMaHI pPE3yJNbTaTH 3 HasgBHICTb IIAapiB MoOJiMepy, 4epe3 sKi

IaHUMH, HaBeIeHMMHM B Tabi. 2 1 3, MOXKHa
3poOUTH BUCHOBOK, IO MiABUIIEHHS CTYIEHS
TPYXJIOCTI 3HUXYE OMIp BHUCMUKYBaHHIO, a

MPOXOJATh KOCTWJII M 1Iypynu, 30UIbIIyeE iX
34YEIUICHHs, Y Pe3yNbTaTi 4Oro 30UIbLIYEThCS
3YCHJUIS JUIsi BACMHUKYBaHHSI.

Tabmurs 2

Pesynbrati BUnpoOyBaHb pu BUCMUKYBaHHI i O1YHOMY BiITUCKaHHI KOCTUIIB [6]

. . 3ycuiuis Ipu Hedopmariis repeBuHU, MM, IpU O1YHOMY
3minmrotowi BHCMHUKYBaHHI BIJITUCKaHHI IpY HaBaHTaXeHHAX*, kKH

PO3HHH kH % 1 2 3 4
be3 3milHeHHsI 8,44 100 0,24/100 | 0,33/100 0,51/100 0,69/100
Enokcuanii 28,18 355 0,16/64,5 | 0,36/109 | 0,61/119,5 -
PezopunnoBuii  6e3
HATIOBHIOBAYA 21,79 258 0,05/20,1 | 0,16/48,5 | 0,32/62,8 | 0,55/79,4
Pesopuiiositit 31 5 5g 291 | 0,07/292 | 0,17/515 | 0,34/66,8 | 051/74
HaNoOBHIOBAYEM

[Tpumitka. * ¥V 4yrcenbHHUKY MOKa3aHo jJAeGopMalliro B MUTIMETPax, Yy 3HAMECHHUKY — Y BiJICOTKaX.
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Tabmuns 3
Pesynpratu BUnpoOyBaHb py BUCMUKYBaHHI i O1YHOMY BiATHCKaHHI IIypy1iB [7]
3ycuiuis pu BUCMHUKYBaHHI, KH Cepenne 3HayeHHs
Bapiantu 3MiniHeHHS Ne miBmman 3YCHJUIS TIPH
I Il Il BUCMUKYBaHHI, KH
Hlypyrmu, 3auTi CrIOTyKaMu:
€MOKCHIHA CMOJIa + KBapIlOBe
OOpOIITHO 44 36,25 40 40
enokxcuaHa cmoua + ITH-1 44 37,5 46 40
eMOoKCUIHA cMoJIa + (heHOTI0-
dopmanbaerigna 52,5 44 51,5 49,25
KonTponbHi mypymnu 6e3
3MIIHIOIOYOTO PO3YHHY 33 31 34,75 33,25

BucnoBku. Koctuii, 1o 3a0uBaroThCA
0e3mocepeIHbO B IEPEBUHY INAIH, PYHHYIOTh
ii  BosokHa. Omip BUCMUKYBaHHIO M
BIITHCKAHHIO KOCTWJISI B HOBHUX COCHOBHX
mmnanax MpH TOMEePEAHbOMY POCBEPIIIIO-
BaHHI B HUX OTBOPIB JUIsl KOCTUJIIB J[iaMETPOM
125mm ©Ha 20-30% BumIe, HDK oOmIp
KOCTWIIB, 3a0UTHX 0€3  TONepeIHbOTO
IPOCBEPJIIOBaHHSA. Y  CEpeHbOMY  OIIip
BUCMHUKYBAaHHIO KOCTWJIA 3 HOBOI COCHOBOI
mmani cranoButh 20 kH, a 31 mmanm Oiabmn
TBepAuX nopia (nyd, 0yk) — no 35 kH. Omip
BIJITUCKAHHIO CTAHOBUTH OIU3BKO ¥4 OIMOPY
BUCMUKYBaHHIO TIpU BIATHCKaHHI J0 5 MM
(st HoBUX cocHoBuX Imuman). Illypymu, mo

3aCTOCOBYIOTBCS B SIKOCTI MPUKPIIIIIOBAYiB,
3aBJSKM TBUHTOBIM HApi3Ii YHHSITH OIIip
BUCMUKYBaHHIO B 1,5-2 pa3u CHIIbHIIIE, HIX
xoctwiti, Tooto 3040 xH mis cocHOBHX mImal
1 50-70 xH st mman OuTkln TBEPAUX TOPII.
OpHak X omip BiITUCKaHHIO MEHIIE, HIX OITip
koctuiB (50-60 % omopy ocTaHHIX).

Otpumani  pe3yibTaTd  BHUNPOOYBaHb
IIypyIiB Ha BUCMHUKYBaHHS MiATBEPIKYIOTh
JOIIBHICTh BUKOPUCTaHHS mIacTMacu
akpunoBoi  camotBepanoi  ACT-T  nmns
BIJIHOBJICHHS €KCIUTyaTallIiHUX BJIACTHUBOCTEH
JIepeB’sIHUX INMan, sKi nepeOyBaiOTh Y
npotreci eKcILTyaTanii B TyHE
METPOTIONITEHY.
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DETERMINATION OF THERMAL CONDUCTIVITY OF COMPOSITE MATERIAL
CONTAINING GLASS AND ALUMINOSILICATE MICROSPHERES FILLED WITH AIR

Dr. sc. sciences T. O. Kostiuk, associate professor K. V. Plakhotnikov

BU3HAUYEHHSA TEILIOITPOBIIHOCTI KOMITO3UIIIHHOI'O MATEPIAJLY, IO
MICTHUTBH CRUISIHI TA ATIOMOCHUJIIKATHI MIKPOKYJIbBKH, HAIIOBHEHI
IHOBITPAM

J-p Texn. Hayk T. O. Koctok, kanja. trexs. Hayk K. B. ILlnaxornikoB (XHYBA)

OINPEAEJIEHME TEIIJIOITPOBOJHOCTHU KOMITO3ULIMOHHOI'O MATEPHAJIA,
COJAEPKAIIEI'O CTEKJISAHHBIE U ATFIOMOCHUJ/INKATHBIE MUKPOC®EPBI,
HAITOJIHEHHBIE BO31YXOM

J-p texn. Hayk T. A. Koctiok, kana. texd. Hayk K. B. [lnaxoraukos (XHYCA)
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The article gives an analysis of the requirements for traditional heat-insulating materials. In
connection with the introduction of new norms on energy saving, including in the residential sector,
as well as increasing the requirements for the heat protection of buildings, the issue of the
development of essentially new thermal insulation materials that meet the requirements of the time
has become most urgent. One of these materials is liquid composite systems filled with glass and
aluminosilicate microspheres based on polymer binders.

Key words: heat-insulating materials, energy saving, thermal protection of buildings,
composite systems, glass and aluminosilicate microspheres.

YV cmammi naoano amaniz eumoz, wo 6ucysaiomvcs 00 mMpaouyitiHux menaoi30NAYIHUX
mamepianie. Y 36’a3Ky 3 6NPOBAONCEHHAM HOBUX HOPM 3 eHep2030epediceHHs, Y MOMY YUCHi i Yy
HCUMNOBOMY CEKMOpPI, A MAKONC RNIOBUWYEHHAM BUMO2 00 menao3axucmy O0yoieenb RUMAHHSL
PO3POONIeHHs came NPUHYUNOBO HOBUX MENJIOI30NAYIUHUX MAmepianie, wo 8i0n08ioarms GUMO2AM
yacy, cmano Haubinbw akmyanvHum. QOHUM 3 MAKUX Mamepianié € pioKi KOMNO3UYIUHI cucmemu,
HAano8HeHi CKIAHUMU MA ANIOMOCUTIKAMHUMU MIKpOcghepamu HaA OCHOBI NONIMEPHUX 38 A3VIOUUX.
Ooni€lo 3 NpuyuUH BUCOK020 [HmMepecy 00 PIOKOI Mennoizonayii € mpyoomMicmKiCmbs MOHMANCY
BEHMUNLOBAHUX (pacadie, a maxoxc npodrema ymenieHHs ¢pacadie cmapux OYOUHKIE, WO
nompebyromes pecmaspayii. Ane ckniadu Ha NOAIMEPHIU OCHOBI 3 YACOM NOMpedYIOMb 3MIHU,
OCKIIbKU  6CI  nolimepu «cmapiomey, a CKIA0U HA 2IiNCOBOMY 8 SIHCYUOMY He MONCHA
3acmocosysamu 306Hi. Tomy axmyanvHum 3a1UmiaEmMvcsa NUMAHHA 8 00CTIONCeHHI CKaalis, Oe 8
AKOCMI OCHOBHO20 MENNO0I30NAYIUHO20 KOMNOHEHMA 3aCMOoCco8yIomb MiKpocghepu, wo HaAnoeHeHi
NOBIMPSAM, d 8 AKOCMI 8 'A24CY4020 — yemenm. Taki cKn1aou MoxHcHa egheKmueHo 3acmoco8y8amu 5K
V BHYMPIWHIU, MAaK i 308HIUHII MeN10I3018Yii 020P00IA*CYBANLHUX KOHCMPYKYIIL.

Knrouosi cnoea: mennoizonayitini mamepianu, enepeosbepedicents, menioaxucm o0yoigeno,
KOMRO3UYTUHI cucmemu, CKIsSHI ma alioMOCUNIKAmMHI MiKpocgepu.
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B cmamve Oan  ananuz  mpebosamuli,  NpeovAGIAEMbIX K MPAOUYUOHHBIM
MenIoU30IAYUOHHBIM Mamepuaniam. B ceazu ¢ eHeOperuem HOBbIX HOPM NO IHEP2OCOEPeI’CceHUD, 8
MOM YUCie U 8 HCULOM CeKmope, a MmaxdHce nosvlueHuem mpebosaHuil K meniosauwume 30aHUl
80NPOCHl  pA3PAOOMKU UMEHHO HNPUHYUNUATLHO HOBbIX MENIOU30NAYUOHHBIX MAMeEPUanos,
omeeuarowux mpeboSaHUsM 8pemenu, cmano Haubonee axmyanrvHoiM. OOHUM U3  MAKUX
Mamepuanos AGIAIMCA HCUOKUE KOMNOSUYUOHHbIE CUCMEeMbl, HANOJIHEHHble CMEKIAHHbIMU U
AIOMOCUTUKAMHBIMU  MUKpOChepamu HA OCHO8e NOAUMEPHLIX céasyrowux. OOHOU U3 NpuduH
8bICOKO20 —UHMepeca K JCUOKOU MeNniou3onsayulu  sAeiaemcs mpyooemMKoCmy — MOHMANCA
geHmuaupyemvlx ¢acaoos, a maxdce npodrema ymenieHus Gacadog Cmapvix O00MOS,
Hyorcoarouuxcs 8 pecmaspayuu. Ho cocmasvl na nonumepHoti ocHoge co 8pemeHem nompedyem
U3MeHeHusl, NOCKOIbKY 6ce noaumepwvl "cmaperom”, a cocmagvl Ha 2uncoeom esadcyuem Helv3s
npumeHams cHapyxcu. Iloamomy axmyanouvim ocmaemcs 60Npoc 8 UCCIE008AHUU COCMABO8, 20€ 8
Kayecmee 0OCHOBHO20 MEeNIOUZONAYUOHHO20 KOMNOHEHMA NPUMEHIOM MUKPOCepbl, HANOIHEeHHble
8030YXOM, A 8 KAUeCmee Gs4CYUe20 - YyeMeHm.

Kntouegvie cnoea: mennouzonayuoHuvie Mamepuanvl, SHEP2oCOEPedceHUs, Mmenio3auuma

3aClHl/ll/7, KOMNO3UYUOHHbIE CUCNnIEMbL, CMEK/IZIHHblIE U AJIIOMOCUTIUKAMHblE Mquocqbepbl.

Introduction. Characteristic signs of
modern construction are new constructive and
technological solutions and new structural,
finishing,  waterproofing,  heat-insulating
materials. The introduction of new energy
efficiency standards, including in the
residential sector, as well as increasing the
requirements for heat protection of buildings
gave point to the issue of the development of
fundamentally new heat-insulating materials
that meet the requirements of the time.

Analysis of recent research and
publications. The main general requirements
for heat-insulating materials (HIM) and
structures, depending on the field of
application are: low average density, and for
enclosing structures of buildings - not higher
than 500 kg/m3; a low coefficient of thermal
conductivity, which should not exceed for
high-efficiency heat-insulating materials and
structures 0.09 W / m - ° C, high temperature
stability - the material and the construction of
heat insulation should not burn and sustain
combustion, smolder after removing the open
flame and must withstand the temperature
limits of their use. In addition, the material
must have a constant volume, which is
determined by the resistance of self-
compression during shrinkage and vibration
during operation, a low water absorption when
immersed in water and low hygroscopicity,

frost resistance, biostability, anti-corrosion
properties, harmlessness. Materials should not
evolve a specific smell, substances harmful to
human health and animals, as well as sub-
stances that reduce the strength of structural
elements, should be harmless both during
installation and operation, economic [1-5].

Modern insulation materials are mainly
made of foam polymers and mineral fibers [1-
4, 19, 20]. Along with undoubted merits, they
also possess many of the drawbacks mentioned
above. In the authors opinion, composition
materials, especially inorganic ones, don't have
these drawbacks[5, 21]. Appearance of glass
and aluminosilicate microspheres in the
market brings new ways for their improvement
[6, 22, 23]. The improvement should be based
on the knowledge of colloid chemistry and the
physico-chemical mechanics of disperse
systems and materials [7, 8], especially taking
into account the electro-surface properties of
the components of composites [7, 9, 10], and
also on modern methods of formulation
development [11, 12]. This will allow to
provide the required thermal characteristics of
the composites, as well as sufficient strength
and high durability (especially compared to
polymers) [13-16].

Materials and structures from them must
allow processing with cutting tools, applying
to the surface with light techniques (a sticker,
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applying in the form of stucco mixes or with
help of brushes), applying finishing layers on
them. HIM and structures from them should be
manufactured in an industrial way and meet
the requirements of existing state standards
and technical conditions.

All existing heat-insulating materials to a
greater or lesser extent do not meet in full all
indicated requirements. However, many
requirements can be met by building a rational
insulating structure. For example, to take
precautions against moisture, increase its
mechanical strength. The choice of material
and design of heat insulation should take into
account the positive and negative qualities, as
well as the real possibilities of obtaining
materials and their cost. It should be borne in
mind that the high quality of the insulating
fencing is determined by three conditions: a
properly chosen material, a rationally designed
structure and a quality performance of
installation work. Therefore, the choice of
insulation material regardless of design and,
conversely, the choice of design without
taking into account the thermal insulation
material are fundamentally irrational.

Depending on the main heat-insulating
material, heat insulating structures are divided
according to its name. Depending on the
composition of the main heat-insulating layer,
the heat-insulating structures are divided into
simple ones consisting of one basic heat-
insulating material and composite ones
consisting of several heat-insulating materials.
Depending on the geometric shape and
configuration of isolated objects, heat-
insulating  structures are divided into
structures: for flat and curved surfaces.

The introduction of new energy
efficiency standards, including in the
residential sector, as well as increasing the
requirements for heat protection of buildings,
the development of fundamentally new heat-
insulating materials that meet the requirements
of the time has become the most urgent. One
of such materials is liquid composite system
filled with glass and aluminosilicate
microspheres based on polymeric binders. One

of the reasons for the high interest in liquid
heat insulation is due to the laborious
installation of ventilated facades, as well as the
problem of the insulation of the facades of old
houses in need of restoration.

The most effective use of thin heat
insulation of liquid type is advisable to apply
for internal and external insulation of walls,
roof and floor of residential and industrial
buildings, as well as structures that are easily
installed (garages, pavilions, kiosks, etc.); for
the fire treatment of walls and ceilings on the
evacuation routes of people (elevators, common
corridors, staircases, etc.); for the protection of
the outer walls from heating by solar radiation.

Task set. Since at the present time,
including in the construction industry,
materials  consisting of the  hollow
microspheres (aluminosilicate and glass) as
their main heat-insulating component, are
gaining popularity. Such compositions can be
easily applied to any curvature of the surface
and consist of a single heat insulating material
- microspheres filled with air. The
compositions are also known based on gypsum
binder, or acrylic water-soluble polymers filled
with microspheres, used in construction for the
purpose of haet insulation of external
enclosing structures. But polymer-based
compositions  will  eventually  require
replacement, since all polymers "age,” and
compositions on a gypsum binder can not be
used externally. Therefore, the issue remains
in the study of compositions where
microspheres filled with air are used as the
main heat insulation component, and cement is
used as binding element. Such compositions
can be effectively used, both in internal and
external insulation of enclosing structures.

The main material and results. For the
studies, a composite heat-insulating material
was used, where the main components were
white  portland  cement, glass and
aluminosilicate microspheres filled with air
from 5 pum to 30 um in diameter, chemical
additives to regulate hydration processes,
rheological properties and strength, vapor
permeability (fig. 1, 2).
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a

Fig. 2. Aluminosilicate microspheres: a — in the loose state; b — with an increase of x10°

The task was set in the work, namely, to
determine the heat conductivity of the
composite material, the main component of
which are microspheres filled with air. To set
up the experiment, a plastic container was
used, on the part of the outer surface of which
a composite heat-insulating material was

applied. The second part of the outer surface
of the container remained uncoated (fig. 3, a).
The temperature on the surface was
determined using a thermal imager (fig. 3, b).
The container, in which the water, was poured
was heated to a certain temperature.

b

Fig. 3. A test container with a heat-insulating layer (a), thermal imager, general view (b)
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Let us consider the process of heat
transfer through bodies of different structures
under steady-state conditions. With a constant
or stationary thermal regime, the temperature
of the body in time remains constant. Under
given conditions, the temperature will change
only in a direction perpendicular to the plane
of the wall (fig. 4) [17, 18].

b

R A, BB E
o
o

(]

Fig. 4. Two-layered flat wall

The protective wall of the container with
hot water consists of two layers that fit tightly
to each other. The thickness of the first layer
(plastic container) — 81, the thickness of the
second layer (composite coating material) — 3.

b

a

Accordingly, their thermal conductivity
coefficients A1 and X2. Since the temperatures
of the outer surfaces of the plastic wall of the
container t; and the coating t> are known, and
the thermal contact between the surfaces is
assumed to be ideal, then the temperatures at
the points of contact are indicated by t1 and to.
Under steady-state conditions, the heat flux
density is constant and for all layers is the
same, therefore, one can record the heat flux
density for each layer:

_A
g= 5 (t,-t,), (1)

A
g="2(t,-t,), 2

s,

where 81 and & are the thickness of the plastic
layer and the coating respectively, A1 and A2
are the thermal conductivity of the plastic and
the coating respectively, t1 and t> are the
temperature on the plastic and coating surface,
respectively.

The temperature of the water poured into
the container was 78°C, the temperature on the
surface of the plastic container was 73°C, the
temperature on the surface of the heat-
insulating layer 1 mm thick was 51°C, and on
a layer 2 mm thick — 28°C (fig. 5).

c

Fig. 5. Measurement of the surface temperature with the thermal imager: a — on the surface of
the plastic container (73°C); b — on the surface of the coating with a thickness of 1 mm (51°C);
¢ — on the surface of the heat-insulating coating with a thickness of 2 mm (28°C)
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The coefficient of thermal conductivity
of the plastic, from which the container is made,
is known and is equal to A1 = 0.15 W/m - °C,
and also the wall thickness of the container is
known, it is possible to calculate the density of
the heat flux, which was 750 W/m? If a

known value of the density of the heat flux,
which is the same for all layers, it is possible
to calculate the thermal conductivity of the
heat-insulating coating for thickness of 1 mm
and thickness of 2 mm, respectively:

A, =g-8,/t,— t3/=750-0,001/22 = 0,0340B1/M-° C;
A, =g-8,/t,— ts/=750-0,002/45 = 0,0333BT/M-° C;

The results obtained of calculating the
thermal conductivity coefficient from the
surface temperature readings with the thermal
imager show a slight discrepancy in the third
sign, which confirms the reliability of the
results obtained.

Results. Thus, the heat-insulating
composite obtained on the basis of glass and
aluminosilicate  spheres, cement binder,
chemical additives has a coefficient of thermal
conductivity of 0,0340-0,0333 W/m - °C,
which corresponds to the coefficient of

thermal conductivity of the foam plastic
0,037 W/m - °C up to 0,043 W/m - °C. The
thermal  conductivity of the air is
0,026 W/m - °C. That is, the resulting heat-
insulating material based on aluminosilicate
and glass microspheres filled with air and
connected to each other in a composite heat-
insulating material with a modified cement
binder is promising from the point of view of
thermophysical characteristics and requires
further research.
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TEXHOJIOTTYHI PIINEHHA 3 OITUMI3AIII MATEPIAJIO- I TPYIOBATPAT
TP AHKEPOYCTAHOBJIIOBAJIbBHUX POBOTAX 3 BUKOPUCTAHHAM
AKPIJIOBUX KOMIIO3HUIIIN

Kanauaaru texn. nayk H. M. 3os0ToBa, B. O. Ckaspos, acuct. O. 0. Cynpyn (XHYMI)

TEXHOJIOI'MYECKHE PEHIEHUSA 11O OIITUMU3AIIUU MATEPHUAJIO- U
TPYAO3ATPAT IITPU AHKEPOYCTAHOBOYHbBIX PABOTAX C HCITOJIbB3OBAHHUEM
AKPWJIOBBIX KOMITO3UITAM

Kanauaarel Texn. Hayk H. M. 3os0oToBa, B. A. CkisipoB, accuct. O. 0. Cynpyn (XHYT'X)

TECHNOLOGICAL SOLUTIONS FOR OPTIMIZATION OF MATERIAL AND LABOR
COSTS AT THE ANKEROUS INSTALLATION WORKS WITH THE USE OF ACRYLIC
COMPOSITIONS
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Haseoeno pesynomamu 0ocniodxcenHs 6niugy OpeaHizayitiHo-mexHoN02IYHUX (hakmopié Ha
MpuUBanicmv 6CMAHOBIEHHS 8 OEMOHI XIMIYHUX AHKEPI8 3 BUKOPUCTAHHAM AKPULOBUX KOMNO3UYIU |
VMO8 BUKOHAHHA poOIm, 30Kpema 6Ubip HaUbIIbW ONMUMANTLHO20 00NAOHAHHSL.

Knrwwuosi cnoea: awnkep, Kietioguil CK1ao, aKpuiosa KOMRO3UYIS, OpeaHi3ayiiHo-
MEeXHON02IYHEe PIUEHHA, MEeXHOA02IYHI Napamempu.
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Ilpusedenvl  pesynbmamvl  UCCIEO08AHUA  GIUAHUA — OP2AHUZAYUOHHO-MEXHOIOSUYECKUX
Gaxkmopos Ha NPOOOINCUMENLHOCb YCIMAHOBKU 8 OeMOHe XUMUYECKUX AHKEPO8 C UCNOIb3068AHUEM
AKpUTIOBLIX KOMNO3UYULL U  YCIOBUll BbINOJHEHUs pabom, 6 YAcmHOCmu 6vbl0op Hauboee
ONMUMATBLHO20 0O0PYOOBAHUSL.

Knrwouesvie cnosa: ankep, Kieesoll cocmas, aKpuio8ds KOMNOUYUS, OP2AHU3AYUOHHO-
MEXHONI02UYECKOe PeleHUe, MEXHOI0SULeCKUe Napamempol.

The results of the study of the influence of organizational and technological factors on the
duration of installation in concrete of chemical anchors using acrylic compositions and the
conditions for the execution of works are given. In particular, the choice of the most optimal
equipment. In this study, two schemes for the development of a specialized flow of anchor
installation work were considered - the successive implementation of the processes of preparing the
adhesive mixture, the filling of apertures and the installation of a bolt with one link (worker) and
the parallel execution of these processes by several links. The dependence of the cost of acrylic
composition and the duration of the installation on the diameter of the anchor is established. The
connection of the optimum volume of glutinous mixture from its technological viability and anchor
parameters is revealed.

Key words: anchor, adhesive composition, acrylic composition, organizational and
technological solution, technological parameters.

Beryn. ¥V cydacHMX yMOBax OJHUM 3
HaWBaXIUBIIIUX HaIpsIMKiB HAyKOBO-
TEXHIYHOTO Tporpecy B OyaiBHHUTBI B
VYkpaiHi € BUKOPUCTaHHS €(PEKTUBHUX METO/IIB
3’eHaHHS OyIIBEIbHUX KOHCTPYKLIN K MpHU
HOBOMY OYIiBHHUIITBI, TaKk 1 NPH PEMOHTI MU
PEKOHCTPYKIT ICHYIOUMX OyAiBeNlb 1 CHOPY[

pizHoro  mpusHaueHHA. CTymiHb  3HOCY
OyaiBenb 1 CHOpPyA, IO EKCIUTYaTyIOThCA, €
BHUCOKOIO, 1 HEOOXIJHICTh KamiTaJIbHOTO
PEMOHTY, PEKOHCTPYKIII 1 MoOJAepHi3allii

BUMAara€ palioHaJbHOIO Ta  OLIAJJIMBOTO
BUKOPUCTaHHS  MarepiaiiB,  CKOpPOUYEHHS
TEpPMiHIB BUKOHAaHHSA poOIT 3a paxyHOK

3aCTOCYBaHHs HOBUX MaTepiajiB 1
MIPOTPECUBHUX METO/IIB BUPOOHHUIITBA
Oya1BeIbHO-MOHTaXXHUX POOIT.

AKTYyaJIbHICTh TEMU IOCIKEHD

BU3HAYAETHCS, 3 OJHOTO OOKYy, 00’€KTUBHOIO
noTpe0or0 MiABUIICHHS SKOCTI yJaIlTyBaHHS
KJIEHOBUX aKpUJIOBHX aHKEpPIB, a 3 1HIIOIO —
3HWKEHHSM  [OKa3HUKIB  BapTicTi  Ta
TPUBAJIOCTI AHKEPOYCTAHOBIIOBAIBHUX POOIT.

BumeBukiiagene  1a€  MOXIIHUBICTb
CTBEpKYBaTH, 110 HEOOXiJAHE pPO3pOOJIEHHS
HAayKOBO  OOIPYHTOBAaHUX  TEXHIYHUX 1
OpraHizamifHO-TEeXHOJIOTIYHUX  pIIIeHh 3
YCTaHOBJICHHSI B TIPOMUCIIOBUX 1 ITUBLIBHHX

OyaiBIsiX aHKepiB y OETOHI 3 BUKOPUCTAHHSIM
aKpPUJIOBUX KOMIIO3UIIi 3 BUCOKHM CTyIIEHEM
HAJIINHOCTI.

AHaJi3 ocTaHHIX JocaimkeHb i
nyOaikanii. Cnig 3a3HaYUTH, IO AKTyalbHI
HayKoBi mpoOjeMH B JaHOMY CETMEHTI
JOCTIPKEHb BUPIIIYBAIKMCS P03’ €IHAHO, Y
TIBOX CIIOPITHEHUX HarnpsiMKax —
MaTrepiajJo3HaBCTBl 1 TEXHOJOTIi BHKOHAHHS
poOit. Takuii miAXig HE JaBaB MOXKJIHBOCTI
BUPIIIMTH ICHYIOUl MpPOOJIEMHU KOMIUIEKCHO,
10 HETaTMBHO MO3Ha4yajocs Ha e(heKTUBHOCTI
MIPOLIECIB yJIAIITYBaHHS KJICHOBUX aHKEPIB.

[MuTaHHAM yIOCKOHAJIEHHS TEXHIYHMX 1
OpraHi3aliifHO-TEXHOJIOTIYHUX pIIIeHb IpHU
3BEJICHHI, PEMOHTI Ta PEKOHCTPYKIIii 00’ €KTiB
pI3HOTO  TpU3HAYECHHS  BEIUKY  yBary
OpUIUIEHO B poOOTaX TaKWX YYEHHUX, SK
. ®. 'onuapenko [2], M. C. 3onotoB [4, 5],
H. M. 3onotosa [3, 6, 13], B. O. Cxuspos [9],
M. 0. Uzbam [7], O.l. Meneiimoka [8],
O. 1O. Cynpys [10], JI. M. Iyrenko [11, 12].
[MuTaHHA yIOCKOHAJIIEHHS KOHCTPYKTHUBHHX 1
TEXHOJIOTIYHUX pIIIeHb MpHU YyJIAIITyBaHHI
AHKEPHUX KPIMUIEHb JOCTIHKYBAIA TaKOX
iHo3emHi aBtopu: J. Barnat [14], Ph. Grosser
[15], P.Rizzo, A.Spada, S. Degala,
G. Giambanco [16], M. Xin Fan, Lin Niu [17].
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He3Baxaroun Ha MpHIHATI B OCTaHHI
POKHM 3axO0Jd, CIpsSMOBaHI Ha 3abe3nedeHHs
HaJIHOI eKkcIuTyaTarii OymiBeNb 1 CHOPYI,
BKJIIOUAIOYU KOHCTPYKIIIT KJICHOBUX aHKEPHUX
3’€qHaHb, 0araTto 3aBAaHb IIOBUIIEHHSA IXHBOT
eKCIUTyaTaIiiHo1 HaIHHOCTI YE€KAaITh Ha CBOE
BUPIILICHHS.

Bu3znayenHss MeTM Ta 3aBJaHHS
pocaipzkeHHs. OOIpyHTyBaTH Ta BHM3HAUYUTU
OCHOBHI OpTraHi3aliiHO-TEXHOJOTIYHI PillleH-
HSl YCTAHOBJICHHSI aHKEpPIB 1 YMOB BUKOHAHHS
pobiT. 3B’SA30K MDK yMOBaMH BHKOHAHHS
aHKEPOYCTAHOBIIOBAIBHUX POOIT 1 Mapamerpa-
MU  OpraHi3aliifHO-TEXHOJIOTIYHUX  pIlleHb
BUSIBJICHUH METOJOM MAaTEeMaTUYHOTO MOJIe-
moBaHHA. [[1s1 BU3HA4YeHHS CTymeHs OOrpyH-
TOBAHOCTI TMPHHHATUX HAYKOBUX IIOJIOKEHb,
BHCHOBKIB 1 pEKOMEHAIIN MUISIXOM MPaKTHY-
HOTO BHKOPHCTaHHS B OyHiBEIbHHX, MPOEKT-
HUX, IHBECTHIIIHHUX OpraHi3aiisx MPUHHATO
METOJ eKCIIEPUMEHTAIBHUX JTOCIiKEHb.

OCHOBHA YacTHHA  JOCJiIKEeHHS.
[Mposeneni  gocmimkenus [1-5] BusBmm
TEXHOJIOT14HI 0C00JIMBOCTI KpITUICHHS
oOJasiHaHHS Ha TOJIMEPHUX KOMIO3MILISX Yy
rotoBi  (¢yHIaMeHTH, OETOHHI  MiIJIOTH,
3aJ11300€TOHH1 TUIUTU IEPEKPUTTIB.

VY naHOMy JOCHIJKEHHI pPO3IIIsAaucs
JIBl CXEMH PO3BUTKY CHEI[1a1130BaHOTO MTOTOKY
aHKEPOYCTAHOBJIIOBAJIbLHUX POOIT — MOCIIJOB-
HE BHKOHAHHS MPOIECIB TOTYBaHHS KJIEHOBOI
CyMillli, 3a[IOBHEHHSI OTBOPIB M YCTaHOBIJIEHHS
0oiTa OAHIEIO JIAHKOK (TpAIliBHUKOM) 1
napajiejgbHe BUKOHAHHS 3a3HAYEHUX IPOLECIB
nekiibkoma Jankamu [3-5]. Omeparrii 3 ynari-
TyBaHHSI OTBOpIB i/l aHKEPU BUKOHYIOTHCS 3
BUIIEPEKEHHSIM POOIT 3 YCTaHOBJIEHHS OOJTIB.

TexHos0ruH1 MapamMeTpH Mporecy aHke-
POYCTAHOBIIOBAIBHUX POOIT, IO BIUIUBAIOTH
Ha TIOKAa3HMKH MOro TPyJIOMICTKOCTI i TpHBa-
JIOCTI, e TPUBAIICTh TOTYBaHHSA 00’eMy
KJIeHOBOI cyMilni Ha 3axBaTKy W muToMa
TPUBAIICTh YCTAHOBJICHHS KJIEHOBOTO aHKepa.

TpuBanicTs roTyBaHHS KJIEHOBOI CyMmilli
Ha 3axBaTKy (l;ax¢) MOXHA BH3HAYUTH 32
hopmymoro

tsaxe = tl + t2 + t3 + t4, (1)

ne 1 — TpuBamicTh 3MilTyBaHHS CKJIaZOBHX
aKPWJIOBOT CyMillIi, XB;

t, — tpuBamicte  HaOyxaHHS
CyMillIi, XB;

t; —TpuBamicte  BBeIEHHA B
MIIIIAHOTO HAIIOBHIOBAYa, XB;

t4 —  TpUBANICTh JOCTaBKH JIO MiCIs

CTBOPEHOI

CyMiIl

yJalmTyBaHHS aHKEpa, XB.

3 aHamizy JaHoi  3aJeKHOCTI  H
TEXHOJIOTIYHUX OCOOJIMBOCTEH YCTaHOBJICHHS
aHKepHUX OO0NTIB BUILIMBae, mo 11, t3 1 14 €
BEIMYMHAMU TIOCTIHHUMHU 17151 OyJb-sIKOTO
CKJIaJy aKpujoBOi KJeHoBoi  cymimi 1
BU3HAYAIOTBCS HA OCHOBI XPOHOMETPAKHUX
criocrepexxeHb. Yac HaOyxaHHS aKpUIOBOI
KOMIIO3MIIIi  3aJIKUTh BiJl TEMIIEpaTypu
HaBKOJIMITHBOTO CepeIoBHUIIIa, TOMY
TPUBATICTh AHKEPOYCTAHOBIIOBAIBHUX POOIT
BIJIMTOBIAHO 301TbIIYETHCA.

TpuBanicts YCTaHOBJICHHS OJIHOT'O
a”Hkepa
T, +t
0O 'n
t =t +—— 2
Al S @)

e '[0 — TPUBAIICTh MIATOTOBYUX ONEparlii,
XB;

t, — TpuBamicTh 3aIOBHEHHS OTBODY
aKpUJIIOBOIO CYMIIIIIIIO, XB;

t, — TpuBayicTh yCTaHOBIEHHA B OTBIp i
BUBIPEHHS aHKEPHOTO 00JITa, XB;

N — Koe(DilieHT CyMILIEHHS pOOIT.

ITokazuuku o i t, 3MiHIOIOTECA 3a1€KHO
Bix miamerpa Gonra. Tpusamicts t. 3amexuTsb
Bij jiamMeTpa Ta rIMOMHN OTBOPY. 3HaueHHs iy,

to # tn Bu3HAawamuCs TpPH XPOHOMETPAKHHX
criocTepexxeHHsAX. [IpoBeneHi  JOCHiKEHHS
[3-5] mokasamu, 1m0 I OONTIB AiaMeTpOM
1636 MM  TpoOypeHi OTBOpPH  TOBUHHI
TIePEBUIITYBATH JlaMeTp Oosta Ha 4+6 MM, JJIst
6ontiB aiamMeTpom 4256 MM pI3HUIS MOXeE
Oytu 8+10 mM. 3aiiBe 30UTbLICHHS AlamMeTpa
OTBOPY  MNPHU3BOAWUTH A0  30UIbLICHHS
TPUBAJOCTI  3allOBHEHHA  OTBOpY,  LIO
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CIIOBUIBHIOE TEXHOJOTIYHHH TPOIIEC, 1 BEAC 10
MIEPEBUTPAT KJICHOUOTO CKIIATY.

[IpaBwibHO O0OpaHuii miametp Oypa
J03BOJISIE  CKOPOTUTH TPUBAIICTH pPoOIT 1
3a0LIaUTH BHUTPATy KICIOYOTO CKiIagy (.

Tak, nns Oonrta pgiameTpoMm 24 MM BapTo
BUKOPUCTOBYBAaTH OJWH 3 HAsSBHUX Y
KOMIUIEKT1 Tmepdoparopa OypiB JgiaMeTpom
25+30 MM 3 oziep>KaHHIM OTBOPIB JiaMeTpaMu
BIIIIOBIAHO 27+32 MM.

301IbIIEHHS llaMeTpa OTBOPY Ha 6 MM
Bee 0 30UIbIIEHHS NUTOMUX BHUTpAT
akpuioBoi cymimi Ha 85 r. SIkmo BpaxyBaTu
3MIHHY IHT€HCUBHICTh YCTaHOBJIEHHSI OOITIiB,
TO TIEPEBUTPATH AKPWIOBOI CyMIlli 3a 3MiHY
MOJK€ CKJIACTH JIeKiIbKa Kinorpamis. Lle Takox
Beie 70 30UIbIICHHS TPUBAIOCTI 3alIOBHEHHS
OTBOPIB, IO BIiAMOBIIHO 30UIBIIYE 3arajabHy
TPUBATICTh poOIT. I MHUX BHUXITHUX JaHUX
3a 3MiHY BTparta 4acy ckjiajae 82 XB.

PamioHaibHICTE TapameTpiB aHKEpOYC-
TaHOBJIIOBAIBHUX POOIT 3aJICKHUTh TAKOX BiJ
paIlioHaTbHOTO  BHKOPHCTAHHS  KJICHOBOI
cymimii [6, 9, 12-17].

Hesinnosianicts 06’ emy cymimii P ioro
TEXHOJIOTTUHIHN JKUTTE3IATHOCTI T 174
inrencusrocti pobit N, BusHauae aGo Brpary

cyminr P>Ppqy, a00 He0OXiqHICT TOBTOPHUX
muKiaiB - ii npurotryBaHHS P<Ppu. Tomy
HEOOXI1ZJHO BHM3HAYUTH palllOHATBHUN 00’eM
KJIEHOBOT CyMillli Ha 3axXBatky Ppay.

ITuTomuii 00’eM cyMiIi TS
YCTaHOBJIEHHSI OJHOTO 0oJiTa p MpH TIUOUHI
3aknaaeHHs 10 qiameTpiB cTaHOBUTh

p=7,85d(d§—d2)7, ®)

ne d. — miamerp oTBOpYy, MM;

d- niameTp 6onTa, MM;
¥ — 06’eMHa Bara cyMili, Kr/m>,

KinpkicTh OONTIB, IO BCTAaHOBIIOIOTHCS
y 3MiHY

= @

Bara cymiii, o ToTyeTbes 3a 3MiHYy,

P _cn

3M

=P

pay t
np

D, ()

ne 1, — TpuBaNiCTH 3MiHH, TOJ;

tnp — TPUBAJICTh TPUTOTYBaHHS OJHIET
mop1ii, XB.
T
ty
O0’em  pamioHanbHOT  TOpHiT  Ppay

3aJeKUTh  BiA  Jiamerpa  aHKepa i
JKUTTE3JATHOCTI KIIEHOBOT cymimi T .

Y pe3ynpTaTi aHANI3y TEXHOJIOTITYHUX
0cO0JIMBOCTEH Mpolecy MpHU IOCIIJOBHOMY
PO3BUTKY  CIICIIaTi30BAHOTO  IMOTOKY IS
OoonTiB giamerpoMm 16+36 MM pallioOHaJIBLHO
TOTYBaTH KJIEHOBY CyMill BPYYHY HOPIIEO 1O
67 kr, mna giamerpa OoaTiB  36+56 MM
BIAMOBIHO mopitiero 1121 xr, mpu mpoMmy
BUKOPHUCTOBYBATH 3MilTyBay TUILY
«Ctpomike» abo aHanoriuHuit (pucyHok). [pu
napajeabHOMYy PO3BUTKY MOTOKY CYMIHI CIiJ
rOTyBaTU TUIBKK B po3unHOMIimamii. [Topiis
CyMilli MpH IBOMY MOXE JIOPIBHIOBATH
150 xr.

[Ipu G6inpmIMx oOcsrax aHKEpPOyCTaHOB-
JIOBaJIbHUX POOIT JUIsl MPUTOTYBaHHS KieHo-
BOI cCyMill HeoOXiIHO BUKOPUCTOBYBATU
smimyBay Ty CO-46b, CPK-90, PKC-90
(pucyHok). OnTuManbHa  KUTTE3ATHICTH
KJIEI0, TpH SKii HaNMOBHINIE BHUKOPUCTO-
BYETBCS MOTYXHICTh 3MillTyBaya,

po T (7)
ty _tnp
3Bigcu
P -t -t
T = am oy tnp (8)
r-T,
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Puc. ManorabaputHe o0naqHaHHs AJIs 3MILTyBaHHS KJIEHOBOT CyMilli:
a — «Ctpomikey; 6 — CPK-90; B — PKC-90

HeoOximgni  00’eMmm  3aleXHO  BiA BuchoBku. Buxonano QopMmyBaHHS
TEXHOJIOTIYHOT  JKUTTE3IATHOCTI  aKpHIIOBOT CTPYKTYpH TEXHOJIOT1YHOTO npouecy
CyMillli BU3HAYMMO 32 (popMyIioro AQHKEPOYCTAHOBIIIOBAILHUX POOIT 1 BU3HAUCHO

OCHOBHI HOTro TEXHOJIOTIYHI  IapaMeTpH.

Pnopu =V .y, 9) AHaIIITHYHO BCTaHOBJICHA 3aJICKHICTD

TPUBAJIOCTI TOTYBaHHS aKPHUJIOBOI KOMIIO3HUIII]

1€ Propy — Bara ojiHiei mopuii, Kr; BiJ TEMIIepaTypu HaBKOJIUIIIHBOTO
V — po6oua MicTKicTb 3MilyBaya, Ii; CepeIoBUILA. Bcranosneno BILTUB

TeMIepaTypy rOTYBaHHSI aKpHJIOBOI KJIEHOBOL
CyMiIlll 1 TPUBAJIOCTI MpoOLECy, 10 3abe3neuye
MaKCUMaJbHy  IHTCHCHUBHICTb  BHUKOHAHHS

¥ — 06’eMHa Bara cymimri, Kr/m>,

a0o0 3a 3aJIEKHICTIO

T aHKEPOYCTAHOBIIIOBAJILHUX POOIT.
pmw =—p. (10) BcraHoBineHo — 3alekHICTH  BUTpAT
t, aKpHUIIOBOTO CKIIagy i TPUBAJIOCTI
YCTaHOBJIEHHS  BiJ  JlaMeTpa  aHKepa.
[TpupiBHsABIIM TipaBi i JiBl YacTHHU (Op- BusiBneHO 3B’S30K ONTUMAIBHOIO 00’€My
My (9), (10) i po3inMBIIN HAa ¥, OTPUMAEMO KJICHOBOiI cyMmimni  Big i TEXHOJOTIYHOI
KHUTTE3TATHOCTI i TapaMeTpiB aHKEPA.
VL (11)
71,
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PO3PAXYHOK HECYYOI 3JIATHOCTI 3AJII30BETOHHUX NIJIKPAHOBUX BAJIOK
P KOCOMY 3I'MHI

Kamnpa. rexu. nayk. O. B. 'apskasa, mar. b. A. Bapuisik (IToatHTY)

PACYET HECYIIEH CTIOCOBHOCTH KEJIE3OBETOHHBIX ITOJKPAHOBBIX
BAJIOK TP KOCOM U3I'MBE

Kanna. Texn. nayk. O. B. 'apbkaBasi, mar. b. A. bapbuisik (IToatHTY)

BEARING CAPACITY CALCULATION OF REINFORCED CONCRETE CRANE BEAMS
UNDER BIAXIAL BENDING

Cand. of techn. sciences O. V. Harkava, mast. B. A. Barilyak (PoltNTU)

DOI: 10.18664/1994-7852.175.2018.127166

Pospobneno memoouxy pospaxymky Hecyuoi 30ammocmi 8 HOPMANbHOMY nepepisi
KOCO3IeHYmMUX 3a1i300emOoHHUX NIOKPAHOBUX OAIOK MAaspo68020 NpPOo@hinio HA OCHOBI CHPOWEHOT
Odepopmayitinoi mooeni 3 NPAMOKYMHUM PO3NOOLIOM HANPYHCEHb )y CMUCHYMIL 30HI OemoHy.
Memoouka npononyemucs 0l pO3PAxXyHKY 0anox 3 mpaneyicnooioHow Gopmoro cmucHymoi 30Hu
Oemomy, 8paxo8ye 8Ci NOJIONCEHHS YUHHUX HOPMAMUBHUX OOKYMEHMIE i, Ha 8I0OMIHY 8i0 ICHYIOUUX,
00360J151€ BUKOHYBAMU 0OUUCTIeHHS €3 3aCMOCYB8AHHS YUCETbHUX MemOo0is.

Knwuosi cnosa: 3anizobemon, 6anka, Kocuti 32U, Hecyua 30amHicms, po3PaxyHoK.

Paspabomana memoouka pacuema nHecywei cnocoOHOCMU 8 HOPMAILHOM CeYeHUU KOCOU30-
CHYMbIX JHcene300emMOHHbIX NOOKPAHOBLIX OAOK MABPO6020 NpoGuis HA OCHOBE YNPOUEHHOU
depopmayuoHHol Mooenu ¢ NPAMOY2OIbHbIM pPACHpeOeNeHUueM HANPANCEHUU 8 CHCAMOU 30He
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bemona. Memoouxa npeonazaemcs 011 paciema 0AI0K ¢ mpaneyuesuoHol Yopmotl CHcamou 30Hvl

bemona, yuumuléaem 6ce NOI0ACEHUsL OeUCMBYIOUWUX HOPMATNUBHBIX OOKYMEHMO8 U, 8 OMIUYUe OMm

CYWecmeayIowux, N0380a5Aem 6blNOIHAMb 8bIYUCLEHUs 03 NPUMEHEHUS. YUCTEeHHBIX MeMOo008.
Knrwouesoie cnosa: sicenezo0emon, 6anka, Kocou useub, Hecyuas CHOCOOHOCHIb, pacyemn.

The method of calculating the bearing capacity in the normal section of biaxial bended
reinforced concrete T-section crane beams is developed. The problem of difficulty applying the
deformation model in the study of biaxial deformed elements is successfully solved by the
introduction of the rectangular stress distribution in a concrete compressed area and deformative
criterion of strength. Analytical formulas are derived for the determination of all unknown
parameters when calculating for biaxial bending: the neutral axis depth, the angle of inclination of
the neutral axis, and the internal bending moment. The method is proposed for calculating beams
with a trapezoidal shape of the concrete compressed area, taking into account all provisions of the
effective normative documents and, unlike the existing ones, allows performing calculations without
the use of numerical methods. The developed method of calculating provides the necessary
accuracy of the calculations and can be implemented in the form of an engineering algorithm.

Key words: reinforced concrete, beam, biaxial bending, bearing capacity, calculation.

Beryn. 3am3o0eToHH1 i IKpaHOBI
OanKku HIUPOKO 3aCTOCOBYIOTBCS y
BHPOOHUYHX OymiBIISIX 0ararprox
MPOMHUCIIOBHUX MIANPUEMCTB, Y TOMY YHCI Ha
3ATI3HULI: y BaroHHUX JIeTo,
TEIUIOBO3OPEMOHTHUX 3aBOJIAX, 30HMpaIbHUX
nexax. Take IIMpOKE BUKOPUCTaHHS IMX
KOHCTPYKLIN Yy PI3HHUX Trajly3sx rocrojaapcrsa
BUMAra€ peTeibHOro  Mmiaxoay A0  iX
npoekTyBaHHsa. Kpim Toro, 3 ormamy Ha
BUYEpNaHi MpUOIM3HI TEPMIHM EKCIUTyaTarii
BUpPOOHMYMX OyAiBeNb 1 COPYJ, 30yA0BaHUX
3a yaciB PansgHcekoro Coro3y, BHUHHKIA
HEOOXIHICTh PO3pOOJIEHHS MiACUIEHHS abo
3aMiHM iXHIX HECY4YMX KOHCTPYKIH, y ToMy
yuciai W migkpaHoBux Oanok. [lpu mpomy
BIJOMI  CepiliHI  pIIIEHHS  MiJKPaHOBUX
3a11300€eTOHHUX Oa0K B)K€ HE BIAMOBIZAIOTH
BUMOraM YHMHHUX HOPMAaTHBHHUX JIOKYMEHTIB
[1-3], a ToMy mOTpeOyIOTh YIOCKOHAIEHHS.
OTxe, MIPOEKTYBaHHS 3aJ11300€TOHHUX
MIJKpaHOBUX ~ OaloOK  HA  ChOTOJHI €
aKTyaJbHUM 3aBIaHHSM.

Bix nii xpaHOBMX HaBaHTaXEHb Y
BEPTUKAJBbHIM 1 TOPU3OHTAJBbHIA IUIOIMHAX
MIJKPaHOB1 OAaaKy 3a3HAIOTh KOCOTO 3THUHY.
OpHak 4dYepe3 HEIOCTaTHIO BUBYEHICTH 1
BEJIMKY TPYIOMICTKICTh PO3PaxyHKy Ha
TIMCHUN HaNpyXeHWH cTaH Horo TpUBaIHUl
4ac ~ CHOPOIIyB&JIM  LUIAXOM  BUKOHAHHSA

00YHCIIeHb Ha IUIOCKUI 3TMH OKPEMO y JBOX
B3a€MHO MEPIECHANKYISPHUX TUIONIHHAX.
AHaJi3 OCTaHHIX I0CJHIIKeHb i myO0-
Jikaniii. Po3po0ieHHI0O METOIB pO3paxyHKy
HEeCy4oi 3JaTHOCTI 32113006 TOHHHUX €JIEMEHTIB,
[0 3a3HalOTh KOCOTO 3TUHY, Ha OCHOBI
HeJIHIHHOT nedopmariitHoi Mojeni
npucBsiYeHo pobotu [4-8] Ta iH. 3okpema y
npausx  [7-8]  po3B’s3yroThes  3amaui
pPO3paxXyHKy KOCO3ITHYTUX €JIEMEHTIB
TaBPOBOTO MPOQLII0 HA OCHOBI BUKOPUCTAHHS
JBOJIIHIMHUX AilarpaMm aedopmyBaHHS O€TOHY
i apmarypu, ajne BHMKJIAJEeHI NpPOMO3ULii He

MIPUBEIEHI 110 piBHS 1HKEHEPHOTO
3acTOCyBaHHA. Y po0oTax 3apyOiKHUX BUCHHX
[9-12] nmpobnemMu  po3paxyHKy  Hecydoi

3IaTHOCTI KOCO3ITHYTHX 1 KOCOCTUCHYTHX
€JIEMEHTIB  BHUPIIIYIOTHCS Y  3arajibHOMY
BUTJISIII JUIS TIepepi3iB AOBLIBHOT KOHDIryparii
3 OTBOpaMHu Ta 0e3 HHX, aje TaKui MiAXiT €
CKIaJHUM JJIs MpPaKTUYHOI peamizamii, a
3alpoNOHOBAaHl  CHPOIIEHHS Yy  BUINIAMIL
rpadikiB 1 JgiarpaMm € AyXe HaOMMKEHUMH.
Takum YUHOM, icHyE 00’ €KTHBHA
HEOOXITHICTb Yy pO3pOOJEHHI  METOAUKU
pO3paxyHKy TIIKPAHOBHUX  3ai300€TOHHHUX
0aJI0K TaBpOBOro MPO(DIII0 Ha KOCUH 3T'HH, 110
3a0€31meYnTh HEOOX1THY TOYHICTh OOYHCIICHD 1
Moke OyTH  peanizoBaHa Yy  BUIJILII
IH)KEHEPHOTO AJITOPUTMY.
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Bu3znayenHsi MeTm Ta 3aBJaHHS
aocaimkeHHsi. Meroio € po3poOJjeHHS Ha
OCHOBI cIpomIeHoi nedopMaiiiHoi Momeni
METOAMKH PO3PaxyHKy Hecydoi 3aTHOCTI
KOCO3ITHYTHX 3a1i300€TOHHHUX IiJKPAHOBHX
0aJIOK y HOpMaJILHOMY TIepepi3i, 0 BPaxoBYeE
MMOBHOKD MIPOI0 BCI TIOJIOKEHHS YWHHHUX
HOPMATHBHUX JIOKYMEHTIB Ta € JIOCTaTHBO
3pYYHUM y IPAKTUIHOMY 3aCTOCYBAHHI.

OcHOBHA YacTHMHA  JOCJiIKEeHHS.
Po3B’s13yeThCs 3a/aya OTpUMaHHS
aHATITHYHUX (HOPMYJ JJII BHU3HAYCHHS BCIX
HEBIIOMUX T[apaMeTpiB TPU  PO3PaxXyHKY
HECy4oi 3JaTHOCTI B HOpPMaJIbHOMY Iepepisi
KOCO3irHyToi  3ai300€TOHHOI  MiAKPaHOBOI
OasKu TaBpOBOTO podiaro 3
TpanemienoaioHow (GopMOI CTHCHYTOI 30HHU
O0eToHy. B OCHOBY TEOpPETHYHHMX HOCIHIHKCHB
MOKJIAZICHO  TEepeayMOBHU

pO3paxyHKy 3a

HopMamu [1]. Ilpu npomy nnsi onucaHHS

poboTH  cTUCHYTOro  O€TOHY  NPUUHSATO
MPSMOKYTHUH XapakTep po3noaiTy
HampykeHb 3a puc.3.5 [1]. 3B'\I30k Mix
HalpyXEHHSIMHU i nedopmarismMmu B
TOTNEPEHBO HaIpy>KeHii apmarypi
ONHUCYETHCS  JIBOJIIHIKHOIO ~ Jiarpamor0 3
TOPU30HTANILHOIO  BEPXHBOIO TUIKOIO  0Oe3
HEOOXiTHOCTI HepeBipKU IpaHUYHOI

nedopwmartii 3a puc. 3.10 [1].

Jis po3B’si3aHHS TOCTAaBJICHOI 3amadi
BHUKOpHCTaHa po3paxyHkoBa cxema (puc. 1),
BUX1THUMHU BEJIMYUHAMU €  po3mipu
HOPMaJILHOTO nepepisy Oanku b, Defr, N Ta hesr;
IUTOIIA TOTEPEYHOr0 TMepepidy MOoNepeIHbO
HanpyXeHoi apmarypu Ap B pO3TSTHYTIl 30Hi;
xapakrepucTuku apmarypu fpd, Ep Ta Getony
fcd, Ecd, &c3,cdy €cul,cd.

Nc

Yne

Puc. 1. Po3paxyHkoBa cxema HOpMaJIbHOTO Tepepi3y i PO3paxyHKY HECY4oi 31aTHOCTI
KOCO3IrHyTO{ 3aJ11300€TOHHOT Oaliku MpH TpaneuienoAioHii Gpopmi
CTHCHYTOI 30HU OETOHY

IIpu po3paxyHKy cyMapHa Iulonia
MOTIEPEIHRO  HATPY)KeHOT apmatypu Ap B

PO3TATHYTIH 30HI1 O3S Ia€ThCS
pO3TAIIOBAHOK B TOYIll  MPUKIAJaHHA
PIBHOIIHOT 3yCUITb y JTUCKPETHO

PO3TAIIOBAHUX PO3TATHYTUX CTPUKHIAX.

HeBimoMumMu BelnWYMHAMH BBAXKAIOTHCS
BHcOTa X CTHCHYTOi 30HHM, KyT 6 Haxwmiy
HelTpanbHOi JiHII, 3HaYeHHS BHYTPILIHHOTO
3rUHATBHOTO MOMeHTY MRpdy B miomuHi
koopauHatHoi oci Y (puc. 1).
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JJis1 BUBEICHHS PO3PaXyHKOBUX (OpMYIT
BUKOPHUCTAHI 3arajibHi pIBHSHHS PIBHOBAary.
YpaxoByloun BHUKJIAQJICHI BUIIE TEPEIyMOBH,

>Z=0:N,-

ne Np, Nc — piBHOmilHI 3yCHJIb BiAMOBIIHO B
PO3TATHYTIH [IONEPEAHBO HanpyXeHii
apMatypi Ta CTUCHYTOMY O€TOHi;

d, X, Yn¢ — BigmoBimHO poGoda BHCOTa
nepepisy, BUCOTa CTHCHYTOI 30HH OETOHY Ta
KOOpJMHATA TOYKH MPUKIaaaHHs 3ycuiuist N¢ B
koopauHatHiK mionmHi XOY.

PO3PaxXyHKOBI PIBHSHHS PIBHOBaru B TUIOMIHHI
KOOpAMHATHOI oci Y MepneHAuKYISIpHOi 10
HEUTpanpHOI JiHi1, 3aMTUCaH] Y BUTIISAIL

N.=0; 1)

(d=X+yy, )~Megy =0, @

Jns  copolneHHs PpiBHAHB PIBHOBaru
CIOYaTKy OTPUMAaHI BUpA3U JUIsl BU3HAYEHHS
piBromiitnoi N¢ Ta i1 koopauHatH  YNc.
OpnepxaHi BUpa3Ww TMpH  TpaneuienoaioHin
(dbopMi cTucHYTOI 30HH OeToHY (puc. 1) MarOTh
TaKUW BUTJISIA:

f.qh
.= W—eﬁ(z/lX — hgge COS6); ©)
2sind
" 3X (24 — A?) — hyg c0sO(3X — hy cOSH) "
Ne 3(2AX —hy cosO) ’
ne 7 — Koe(illieHT, 0 NPUUMAETHCS 3a N = f pd Ap. (6)
sanexnoctamu (3.21) — (3.22) [1];

A — piBeHb IIACTHYHOCTI OETOHY, IO Ha OCHOBI MpHAHATOrO
npuiiMaeTbes 3a 3anexHoctamu (3.19), (3.20) TedopMaIiifHoro  KpHTEpio  pyiiHyBaHHS
[1]; . L BiIHOCHI  Jedopmaliii OeTOHy HaHOUIbII

0 — kyT HaxUIy HEWTPAILHOI JIiHil. CTHCHYTOTO pebpa 6K (puc. 1)

3a  ymoBu, mo jgepopmaiii & MPUITMAIOTHCS 3@ PIBHICTIO
MOTIEPEIHBO HAIPYXKEHOI apMaTypH B MOMEHT _
pYHHYBaHHS 3310BOJIbHAIOTH HEPIBHICTh gc(l) = €cuded- (7)

fp q (d - X )6‘0(1) [Ticns migcranoBku dopmyn (3), (4) Ta
E_ Sép= T, (5) (6) y piBusuaus pisHoBaru (1), (2) mpu
p TpamnenienoaioHiii  GopMi CTHCHYTOI 30HHU
oTpuMaHi GopMyIu Ui BU3HAYEHHS] BUCOTU X
ae &gl) — BimHocHi gedopmanii OeToHy CTHUCHYTOI 30HM O€TOHY Ta TPaHUYHOTO
HaOIIbIl ~ CTHCHyTOTO  pebpa  Gayku, 3HauYeHHS MOMEHTY Mrdy B  IUIONIKHI
piBHOJIMHA 3yCWJIb B apMaTypi BHU3HAYA€ThCS KoopauHaTHOI oci Y (puc. 1):
3a 3aJIeKHICTIO
_hggcosé  f,,A,sinG @
21 17 foq ANggy
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3X %A% —hZ cos® 6

Mg, =f d- 9)
Rd.Y d ’
e 3(2AX —h, cos9)
ne
d =d,sin@+d, cosé. (10)
Jins onepxanns 3anexsocti 6 = f(5), 3a yMOBa TMpO TMapalelIbHICTh IUIOMIMH il
JIONOMOTOK0 SIKOT MOYHA 00uuciutd Kyt O BHyTpitmHEoro Mprd Ta 30BHImHBOrO MEed
HaxWwiIy HEWTpaapbHOI JIiHIi, 3acTocoBaHa MOMEHTIB (pHc. 2).
1Yo
Puc. 2. PozramryBanss 30BHIIIHBOT (1) 1 BHYTPIIIHBOI (2) CHIIOBUX TUTOIIWH
y TaBPOBOMY Ie€pepi3i KOCO3IrHyToi Oanku
V cucremi koopaunar Xo0oYo oTprMaHo, do, dh — poGoui BHCOTH HOIEPEYHOrO
o nepepizy KOCO3ITHYTOi 3ali300eTOHHOI Oaiku
B HampsIMKy oceil Xo 1 Yo BIATIOBITHO;
g8 = dy — X0,c (11) _ Xog, Yo — KOOD/IMHATH TOUKH NPUK/IATAHHS
dh — yOc’ piBHOAitHOT Nc B O€TOHI CTHCHYTOI 30HHU B
' cuctemi koopauHaT XoOoYo,
ne f — KyT Haxwily 30BHIIIHBOI CHIIOBOI
TUTOIIVHY;

_ BAX(AX —3hy; c0s0) + i cos” O
- 3sin@(2AX — hy cos6)

X0,c : (12)
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Nt 3AX —2hy cosé

- . (13
Y00 =737 21X —hyy cosO (4

[Ticnsa migcranoBku Bupazis (12) 1 (13) y
Bupa3 (11) orpumaemo KBajgpaTHe pPIBHSIHHS
BIZIHOCHO cfgf, pO3B’SI3KOM SKOTO Oyze
dopmyia, mo n03Bosg€ 00UMCTIOBATH KyT
HaxuIy HEUTpanbHOT JiHi{ TUTST
TpanemienoAioHoi  ¢GopMuU  CTUCHOI  30HH
OCTOHY NpU TOBHOMY BHYEpIHaHHI MIITHOCTI

h foqA
t:db—E—tgﬁ(dh—e—ﬁ]; C=_—Pd"% |
2 2 17 Feq Nesr

Takum 49UHOM, y pe3yiabTaTi TEOpeTHY-
HUX  JOCHI/DKEHb  OTPUMAaHO  aHAJITH4HI
3anexxHocTi (8), (9), (14) mist BU3HAUEHHS BCiX
HeBigomux mapamerpiB (6, X, Mgrdy) mnpu
pO3B’sI3aHHI  3a/ady  MIIHOCTI KOCO3ITHYTHUX
0amoK TaBpOBOro MpoduIt0 IS Tparnerie-
noAi6Ho1 popmMu cTUCHYTOT 30HH OETOHY.

BucnoBkn. Po3pobiena  meroamka
PO3PaxyHKy HECyudoi 3JaTHOCTI KOCO3ITHYTHX
MIIKPAaHOBHUX OAJIOK y HOPMAIBLHOMY Iepepisi
3a CHpOLIEHOW JAedopMaliifHOI MOAEIITI0
JIO3BOJIIE ~ BHKOHYBaTH  PO3paxyHKH 3
1HKEHEPHOIO MPOCTOTOI0 Ta TMOBHOIO MipOIO
BI/IMIOBIIa€ BUMOTaM YHHHUX HOPMATUBHUX
nokymeHTiB [1-3].

0CTOHY Ha CTHCK:

ctgf=—-tgf+ [tg’s+ - (14)

Jc
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EKCHEPUMEHTAJIBHI JOCJIIIKEHHSA HECYYOI 3JIATHOCTI )
ABOITPOJIBOTHHUX HEPO3PI3HUX 3AJII3OBETOHHUX BAJIOK 3A /11
MAJIOIIUKJIOBUX ITOBTOPHUX I 3HAKO3MIHHUX HABAHTAKEHbD

Kann. texn. nayk I'. X. Macwok, acn. O. B. FOmyk,
crynentu O. A. laiigiok, C. 1. I3106ak (HYBI'II)

3KCHEPUMEHTAJIBHBIE UCCJIEJOBAHUSA HECYIIEN CIIOCOBHOCTH
ABOXITPOJIETHBIX HEPA3PE3HbBIX KEJIE3SOBETOHHBIX BAJIOK IIPHU
JEACTBUA MAJIOIIUKJIOBBIX TOBTOPHBIX Y 3HAKOIIEPEMEHHBIX
HAI'PY3O0K

Kana. texn. nayk I'. X. Maciwok, acn. A. B. lOmyk,
cryaentsl A. A. aiimiok, C. U. /I3106ax (HYBXII)

EXPERIMENTAL INVESTIGATIONS OF THE BEARING CAPACITY OF TWO-PASS’S
NON-SEPARABLE REINFORCED CONCRETE BEAMS UNDER THE INFLUENCE OF
LOW-CYCLIC REPETITIVE AND SIGN-LOADED LOADINGS

Candidate of technical sciences H. Kh. Masyuk, post-graduate students O.V. Yuschuk,
students O. A. Shaidyuk, S. |I. Dzyubak

DOI: 10.18664/1994-7852.175.2018.127172

Haseoeno pezynomamu sunpobysanv 080npoibOMHUX HEPOIIP3IHUX 3ANi300eMOHHUX OANOK 3d
Oii’ MANOYUKIOBUX NOBMOPHUX | 3HAKOZMIHHUX HABAHMANCEHD, Y AKUX BUSBILEHO 0COOIUBOCMI 3MIHU
ONOPHUX pearyitl, 32UHATLHUX MOMeHmi6 1 Oedhopmayii bemony ma apmamypu. YcmanosieHo, wo
npoyec 3MIHU 6KA3AHUX NAPAMempie cmadinizyemvcsi Ha 5-6 yuxnax HaganmaoicenHs. Pezynomamu
8UNPOOYBAHL NOKA3ANU, WO MATOYUKIOB] NOGMOPHI I 3HAKO3MIHHI HABAHMANCEHHS BNAUBAIOMb HA
Hecyuy 30amHiCmb, 3MEHULYIOYU i1 NOPIBHAHO 3 OOHO3HAYHUM CIMAMUYHUM HABAHMANCEHHSIM.

Knrwouosi cnosa: 3anizobemonni 060nponbomui 6aiKu, MAarOYUKIO8i NOBMOPHI i 3HAKO3MIHHI
HABAHMANCEHHS, HeCYud 30AmHICMb.

Ilpusedenvl pesynomamul UCNbIMAHUL OBOXNPONEMHBIX HEPAPEIHLIX AHCENe300emOHHbIX
oanok npu Oeucmeuu MAaroOyuKIO8bIX NOBMOPHBIX U 3HAKONEPEMEHHLIX HAZPY30K, 6 KOMOpblX
8bIAA6IEHbL OCOOEHHOCMU U3MEHEHUS ONOPHLIX PeaKyuli, uzeubarowux MOoMeHmos u oegopmayuti
bemona u apmamypvi. YcmanoeneHo, umo npoyecc USMEHeHUs YKA3AHHLIX Napamempos
cmaobunuzupyemcs Ha 5-6 yukiax Hazpy3ok. Pe3yremamvl UcCnblmaHuil NOKA3AAU, UYMO
MAnoOYUKIo8ble NOBMOPHbIE U 3HAKONEPEMEHHble HASPY3KU GIUAIOM HA HeCywylo CNOCOOHOCMDb,
VMEHbUAS ee NO CPABHEeHUI0 ¢ OOHO3HAYHOL CIAMUYecKol Ha2py3KOU.

Knrwouesvie cnosa: scenezobemonnvie 080Xnposemusie 0AIKU, MALOYUKIOBblE NOGMOPHbIE U
3HaKonepemeHHbvle Hazpy3Ku, Hecywds CnOCOOHOCMb.

The results of tests of the bearing capacity of two-pass’s non-separable reinforced concrete
beams under the influence of low-cyclic repetitive and sign-loaded loadings, in which features of
change of reference reactions, bending moments and deformations of concrete and reinforcement
are revealed. It is established that the process of changing these parameters is stabilized by 5-6
load cycles. The changes in the voltage of the deformed state of normal and inclined sections of
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experimental samples by the values of the indicated loads are also revealed and analyzed.Test
results showed that there has been repeated cyclic alternating loadings and impact on the carrying
capacity, reducing its straightforward compared to static loadings. The reasons of the bearing
capacity’s reducing are determined by the concrete tension of both extended and compressed zones,
as well as the formation of microcracks in concrete even at high loadings’ levels. Taking into
account the specified features of changing the stress-strain state for the above-mentioned loadings
will increase the reliability of reinforced concrete non-separable constructions during their operation.
Key words: reinforced concrete double-conductor beams, low-cycle repeated and sign-

exchange loadings, bearing capacity.

Beryn. 3anizo0eToHHI HEPO3pi3HI OanKu
JOCUTh UIMPOKO BHUKOPUCTOBYIOTHCS IPHU
3BEJICHHI pi3HUX OyAiBeINb 1 CIOpya, a came B
MOHOJITHUX TMEPEKPUTTIX 0ararornoBepXOBUX
MPOMHCIOBHX 1 TPOMAJICHKHX OyIiBelb, Y
MOHOJITHHX HNEPEKPUTTSIX MiA3eMHUX
pe3epByapiB, y MEPEKPUTTIX MAPKIHTIB s
aBToMo0OUTiB 1 T.1m. HepospizHi  Oanku
MEPEKPUTTIB BHINE BKa3aHUX OymiBelb 1
CHOpYI 3a3HalOTh Yy TMpoIleci eKciyaTamii
MaJIOIUKIOBUX TOBTOPHUX 1 3HAKO3MIHHHX
HaBaHTaXeHb, aje poboTra iX BHBYEHA
HemocTtaTHhO. Crifg 3a3HAYMTH, MO ICHYIOYA
METOJIMKA PO3PaxXyHKy HEpO3pi3HUX Oalok He
BpaxoBye€ [1i BUIE BKa3aHUX HABAHTAXKEHb 1
iX BIUIMBY Ha HeCcydy 3[aTHICTb. Buxomsuu 3
I[OTO, MTUTaHHS EKCITePUMEHTAITLHUX
JOCIIIKEHb poboTH HEPO3PI3HUX
KOHCTPYKIIIX 32 Jii MaJIOIIMKIIOBUX TTIOBTOPHUX
1 3HAaKO3MIHHUX HABAHTAXKEHb € aKTYaIbHHUM.

AHai3 oCTaHHIX a0CTiIKeHb i myO0-
Jikanii. JlocuTe 3HaYHA KIIBKICTh HAYKOBIIIB
JOCIIKYBAIM POOOTY HEPO3PI3HUX 3aji30-
O0eTOHHUX OaloK MPU OJHO3HAYHUX CTATHC-
THYHUX HaBaHTaXCHHsX. lle BUCBITICHO B
poborax  [8-17]. HocmimxkenHs  pobotu
HEPO3pPI3HUX 3aTi300eTOHHUX Oajok 3a il
MaJOIUKIOBUX  TOBTOPHHX  HABAaHTAXXEHb
BimoOpaxkeHo B poborax [1, 6]. VYV Bume
BKa3aHUX Tpausx JOCTiIKYBaIHCh Pi3HI
napameTpu pobotu HEPO3PI3HUX
3a1i300€TOHHMX OaJoK, a caMe MIIHICTh
HOPMaJIbHUX 1 MTOXMJTUX nepepizis;
nehopMaTUBHICTh 1 TPIIMHOCTIMKICTB;
MPOTHHU 1 IIMPUHA PO3KPUTTS TPILIUH Ta iH.

HocaixkeHHss &K poOOTH HEPO3PIZHUX
3aJ11300€ TOHHUX HaBaHTAKEHb B3arani
BIJICYTHI.

Merta i 3apa4i gocaigxenb. 3aBJaHHIM
CTaTTi € BU3HAYCHHS Ha OCHOBI
eKCIIEpUMEHTAIBHAX  JIOCTIPKEHb  Hecydol
3IaTHOCTI HEPO3PI3HUX JABOMPOTHLOTHUX OAJIOK
32 gii  MaJOUMKIOBHX  IMOBTOPHHX 1
3HAKO3MIHHUX HABaHTAKEHb.

OcHOBHAa YaCTHHA TeKCTYy. Y MIIIOYNX
HOPMaTHBHHX JOKYMEHTax [18, 19]
PO3paxyHOK CTaTUYHO HEBU3HAUCHHUX
3a1i300€TOHHUX KOHCTPYKIIH HE BpPaxoBYe
MEePeIiCTOPil0 1 XapaKkTep HaBaHTaXEHb. Aue
K y PpealbHMX YMOBax psjJ CTaTUYHO
HEBU3HAYECHUX KOHCTPYKIIiH, 30KpemMa
HEpO3pi3HiI OanKku, 3a3HAIOTH MAJIOIUKIOBHX
MOBTOPHUX 1 3HAKO3MIHHUX HaBaHTaXEHb
Pi3HOT IHTEHCUBHOCTI.

VY nabomnaropii kapeapu TpOMHUCIOBOTO,
[UBUTLHOTO OYHIBHUITBA Ta 1HXKEHEPHHUX
criopya Oyio TPOBENEHO EKCIePUMEHTANIbHI
JOCHIJUKeHH ~ poOOTH 1 HaIpyXeHo-
ne(pOpMOBaHOIO  CTaHy  JBONPOJILOTHUX
HEpO3pI3HUX Oalok 3a il MaJOIHKIOBUX
MOBTOPHUX 1 3HAKO3MIHHUX HaBaHTaXEHb.
banku BUTOTOBISITUCH 13 BaXKOTO OETOHY
kiacy C25/30 1 apmyBaiguch 1BOMa 3BapHUMHU
kapkacamu. Poboua apmarypa — aBa CTPHIKHI
miamerpom 12 MM kiacy A400, nomepeuna
apmatypa kmacy A240 niamerpoM 6 MM.
ApmyBaHHS OalloK TOJBIHHE CHMETpPUYHE.
Kpok momnepeyHHX CTpPHXKHIB Ha MPUOMOPHHUX
ninssakax 100 MM, a B mpomboti — 200 mMm.
Hepo3spi3Hi IBOMpOibOTHI Oalku 3 OIHAKO-
BUMH TposiboTamMu 1o 1500 mm 1 po3mipamu
nonepeynoro nepepizy 100x160 mm. Bumpo-
OyBaHHsI OaJIOK 31HCHIOBAJIOCH 32 JIOMTIOMOT OO
CHeIiaJbHOl CHJIOBOI TpaBepPCH 3 BUKOPHC-
TaHHSM TigpasiiyHoro npeca [1I-200. banku
3aBaHTAXXYBAJIMCh YOTHPMAa 30CEPEIKEHUMU
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CHJIAaMH, TIO 1Bl CUJIM B KO)KHOMY TPOJIBOTI, SIKi Ha puc. 1 Takoxx mokazaHo po3Tamry-
OPUKIAJAINCA 32 CXEMOK, II0Ka3aHOKW Ha BaHHS BUMIPIOBAJIBHUX MpPUJIANIB, Kl BHUKO-
puc. 1. KoncTpykTuBHa cxemMa BUIPOOYBaHHS PHUCTOBYBAJIHCH IPU BUIIPOOYBaHHI OaoK.

OaJIoKk HaBeJIeHA Ha puC. 2.

LF
100 00 . 40O | 600

100 1400
3000

Bicb /|
cumempil

Puc. 1. Cxema npukiaseHHs cuil 1 po3TalllyBaHHS BUMIPIOBAIbHUX IPUJIa/IiB

BepxHs nauma npeca

(dikcoBawa)
BepxHa HaBaHmaxy-
[lluHamomemp
BanbHa mpabepca
HuxHa HaBanmaxy- [lloMkpam HuxHa HaBarmaxy-
BanbHa mpabepca BancHa mpabepca
Ny w flocnidra danka
2 i Q

D [ 400 500 !600 GOUﬁl\ 500 0D |\ fLunamoMemp

OnopHa danka

HuxHs nauma npeca
{dpikcoBana)

Hepyxoma onopa

Puc. 2. Cxema BUITpOOYBaHHS IBONIPOJIBLOTHUX OAJIOK

BumnpoOyBanHs 0aok 3AiiCHIOBAIOCH TaXXEeHb, a4 TAKOX MAaJOLUUKIOBUX MOBTOPHHUX
OJTHOPA30BUM CTaTUYHUM HABAaHTAKEHHSM JI0 HaBaHTKEHb PI3HUX PIBHIB 1 MaJIOIUKIOBHUX
pYHHYBaHHS Ui BHU3HAYCHHS DIBHIB HaBaH- 3HaKO3MIHHMX  HaBaHTaXeHb.  KilbKicTh
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OUKIIB 3a aii MaJOUMKIIOBUX HABaHTAXXEHb peKHMIB HABaHTa)XCHb OaJOK HaBEACHI B
OyJ10 MPUHUHATO ACCATH 1 MICISI NECATH IUKITIB Tabm. 1. Y KOXHOMY pPEXKHMI HaBaHTaXCHb
0aJKu OBOAMINCH A0 pyhHyBaHHA. Cxemu Oy110 BUITPOOYBAHO MO TPH 3Pa3KH-OIM3HIOKH.

Tabmums 1

Cxema pexxrMiB HaBaHTAKEHHS 0AJIOK

Ulugp PexxuM HaBaHTa)KEHHS Bun
OaJIoK HABaHTAKCHHS
1 2 3
BOC-1 N Onnopasose
BOC-2 104 KOPOTKOYACHE,
BOC-3 ! CTyHiHYACTEe JO
a pyVHYBaHHS
0,8
0,6
0,4—
0,2
0
T T T 1T 1T T T 11 2
BMIIII-1 Kopotkouacse,
BMIIII-2 ; MaJIOIUKJIOBE
BMIIII-3 MMOBTOPHE
HaBaHTAKCHHS,
piBensb 0,6 3
pyHHYBaHHAM
IICJIS TECITH
LIVKIIIB
0" ] [ l [ [
1 2 3 & 5 6 71 8 9 10 nn
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[Tponoskenns tadm. 1

1 2 3
BMII3H-1 U\ Koporkouacue,
BMII3H-2 1,0 MAaJIOLIUKIIOBE
BMII3H-3 3HAKO3MIHHE

0,8— HaBaHTAXECHH,
piBens 0,6 3
0,6— - pyHHYBaHHSM
HiCJIs AECATOTO
_| LUKITY
0,3
0 | \ | \
11 f2) I3} [4) |5] |6 sl {91 ¢ 1"
03—
06— — + —
-0,8—
_1,0777,77777774L7

Y mpoueci  BumpoOyBaHHA ~ 0anok tuny 6 ITAO JIMCH 3 uinoro noainok 0,01 mm.
BUMIpIOBaUCh  jAedopmarii  OeToHy 1 3a IHAUKATOpaMH TOAWHHUKOBOTO  THUITY
apMatypu, TpPOTMHH OalloK 1 MOXKJIHBE BHU3HAUaJ M MEpEeMIllleHHd KpaiHix omop. 3a
nepeMilieHHs: KpaiHix omnop. Jedopmamii MOSIBOIO TPILIMH Yy TMpoleci BUIPOOYBaHHS
OeToHy BUMIiPIOBAJIUCH 1HAMKATOpaMH 0ajok  crocrepiraiM  Bi3yadbHO Ta  3a
TOJUHHUKOBOTO THUIY 3 I[IHOIO MOAUIOK nornomoroto  Mikpockorna MIIB-3 3 wmiHoro

0,001 MM Ha 6a3i 200 MM 1 TEH30pE3UCTOPAMHU
3 0a3zor0 50 MM, HakKJIe€EHUX JAHIIOKKAMU B
OpoJNbOTAaX, J€ BHUHUKAIM  MaKCHUMAaJbHI
JOJIaTHI 3TUHAJIBHI MOMEHTH i TEPIIOI0
CHJIOIO BiJl KpailHbOI Omopu 1 MakCHUMabHi
B1I'€MHI MOMEHTH MIiJI IIEHTPAJIHHOIO OTIOPOIO,
a TAaKOX Yy MOXMJIMX Iepepizax BiJl ONOpH IO
MICIb  NPUKIAACHHS CWJI  Ha  Oalky.
Hedopmarnii apmaTypu BHUMIpIOBAIUCH 32
JIOTIOMOTOI0  TeH30MeTpiB ['yrenOeprepa Ha
0azi 20 mm 3 1iHow momimok 0,001 MM i1
TeH30pe3ucTOopiB  Ha  0a3i 20 MM, sKi
HAKJICIOBAJIUCh HA  apMaTypHI  CTPUXKHI.
[Iporuan Ganok BUMIpIOBAIM MPOTHHOMIpaMHU

noainku 0,002 mm. Ha koXHOMY HamiBIUKII
3aBaHTaXE€Hb Ha TpaHsIX OalloK BiaMIYaiu
BHCOTY PO3BUTKY HOPMalIbHUX Nw i TOBXKUHY
noxwmx TpimuH |lw. Buxopucranus namnoi
METOAMKH TIPOBEICHHS EKCIIEPHMEHTAIbHUX
JOCHIJKeHb po0OTH Oallok 3 po3poOIeHUM
YCTaTKYBaHHSM 1 BUKOPUCTAHHSM CYy4acHUX
BUMIPIOBAJILHUX TPHJIAIIB J03BOJIUIO JIOCII-
IUTHA 32 Jii BUIIE 3a3HAYEHUX HABAHTAXCHb
peanbHUl  Hampy)keHo-Ae(popMOBaHUN CTaH
HOpPMaJbHUX 1 MOXWIMX TIepepi3iB Oanok 1
{oro 3MiHy B IIpoIieci BUMTPOOYBaHHS.
MexanizM jaepopMyBaHHS, TPILIMHO-
YTBOPEHHS Ta pyHHYBaHHS HEPO3PI3HUX OaNOK
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CYTTEBO BiJIPI3HIETHCS BiJ pobotu
OJTHOTIPOJIbOTHUX 32113006 TOHHUX 3TUHATBHUX
€JIEMEHTIB  HAaBITb MPH  OJHO3HAYHOMY

CTaTUYHOMY HaBaHTaXEHHI (IpU TEPIIOMY
HaMiBIMKI). 31 3pOCTAaHHSIM HaBaHTAXECHHS
CIIOYATKY 3'SIBIIIFOTHCS HOPMalbHI TPIIIMHU
HaJ CEpeAHBOID OMOpPOK B  30HI i
MaKCUMaJIbHOTO MOMEHTY, IOTIM y MPOJIbOTaxX
MIXK 30CEpPEeIKEHUMHU CHUJIAMH 1 B TMPOJHOTAX
3pi3y po3TArHyToi 30HU. [loxwmi TpimuHU
3'IBIJINCh TPU HABAaHTAXKCHHI, SKE B CEPe.-
HBOMY Y 2,5 pa3y IepeBUIIYE HABaHTAKEHHSI,
Ipu  SKOMY  YTBOPIOIOTBCS  HOpMAaJbHI
Tpimuuu. Bcece me  QikcyBamoch  mpu
3aBaHTa)KEHHI OaJIOK Ha |-My HaAMIBIMKII TpU
MAJIOIIMKJIOBUX TOBTOPHUX 1 3HAKO3MIHHUX
HaBaHTAXCHHSX. [Ipy MOJAIBIUX MUKIIYHHX
3aBaHTKEHHSIX 3 KOXKHUM IIKJIOM
HanpykeHo-n1ehopMoBaHUKH  cTaH  Oayok
3MmiHIOBaBca. lle  mpocnigkoByBaioch 31
3pOCTaHHsIM Jedopmaiiid i TPIHUHOYTBOPEHD
B CKCIICPUMEHTAIBPHUX  3pa3zkax. SIkimo
MTOPIBHIOBATH HanpyXeHo-1eopMoBaHU
cTaH 6aJok 3a Jii MalOIIUKIOBUX MOBTOPHUX 1
MaJIOIUKIIOBUX 3HAKO3MIHHUX HaBaHTa)KCHb,

TO TYT TaKoX € CYyTT€EBA BiIAMIHHICTb.
YTBOpeHs 1 pO3BUTOK TPIIIHMH, SIKI IEPETHHATH
NpaKTUYHO BeCh TMepepi3, Oyno  OuIbI
XapaKTePHUM 32 CBOEK) IMOSBOK 3HAYCHHSIMU
31 30UTbIIeHHSIM [UKIIB. [licist 3MiHM 3HaKa
3yCUJTb MIKPOTPIIIMHHA YTBOPIOBAIHCH
IHTeHCUBHIIIE, 3'€IHYBAIMCh MK €00010 i
YTBOPIOBAJIM MaricTpanbHi TpimuHu. Ilicis
YTBOPEHHS YMOBHOTO IUTACTUYHOIO IIapHipa
MiJi CEepeIHBOI OIOpPOK (HANPYKEHHS B
poOodiii apMarypi JOCATIH MEXI TEKy4OCTi)
Ma€ MicIle IePepOo3OIii BHYTPIIIHIX 3yCHITb 3
Pi3KUM 301JTBIICHHSM 3THHAIBHIX MOMEHTIB y
NpOJIbOTaX 3 OTPUMAHHAM MaKCUMAaIbHO
MOJKITUBOTO 3HAYEHHS 3TUHAIBHOTO MOMEHTY
HaJ cepeaHbor omopor. Ilpu goBeaeHHI
O0aloK 10 pyHHYBaHHS BOHO BiAOYBaJIOCH
BHACIIOK  JIOCSITHEHHS MeXi TEeKyd4OCTi
MPOJILOTHOI apMAaTypH.

[TopiBHIOIOYM HECy4y 3HaTHICTH BHIIPO-
O0oByBaHUX OaJOK ITiJl €0 BUIIE 3a3HAYCHUX
HABaHTaXCHb, CIIiJ] 3a3HAYMTH, IO € CYTTEBA
pi3HMIL.  3HAYEHHS  HECY4Oi  3JaTHOCTI
eKCIIePUMEHTAJIbHUX 3Pa3KiB MiJ TI€I0 PIZHUX
BU/IiB HABAaHTAXXEHb HaBeJleH1 B Ta0. 2.

Tabmums 2
CepenHi 3HaUeHHS BUMTPOOYBAHUX OaIOK
Bennunna cuny, | 3HaueHHS 3TMHAIBHUX MOMEHTIB MPH
HIdpp TIpH K pyHHYBaHHI Peskim
BiZI0yBaJIOChH . .
Oanox N M nponpoTHI, M Ha cepenHii 3aBAHTAKCHHS
pyiiHyBaHHs, F, .
<H kHwM onopi, kHm

1. BOC 325 10,4 14,4 OHO3HAYHE CTaTUYHE
JI0 pyMHYBaHHS

2. BMIII 30,0 9,64 13,3 Kopotkouache
MAJIOIIUKIIOBE
MOBTOPHE, MICHs
JIECATH LUKIIB 10
pyVHYBaHHS

3. BMII3H 27,5 8,84 12,2 Koporkouacue
MAaJIOIIUKIIOBE
3HAKO3MIHHE,
pYHHYBaHHS MiCIIA
10-t1 UUKIIiB
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BucHoBkn. Ha ocHOBI mpoBeneHuX MAJIOIMKJIOBUX 3HAKO3MiHUX — Ha 16 %, mo
CKCIIEPUMEHTAIBHUX JIOCIIPKEHb BHSBJICHO, HEOOXIZTHO BpaxOBYBaTH IPU PO3paxyHKax
[0 MAJIONMKJIOBI TOBTOPHI HAaBAHTAXCHHS 3TMHAJILHUX €JIEMEHTIB, SIKi 3a3HAIOTh TaKHX
3MEHIIYIOTh HECydy 3JaTHICTh Ha 8 %, a mpu HaBaHTa)KEHb.
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V]IK 624.016

HNPEJJOKEHUS 11O YCWIEHHWIO HOBPEKIEHHBIX KUPITMYHBIX
KOHCTPYKIIMU

Kanaunatel Texn. Hayk O. B. Kuuaesa (XHYT'X),
C. H. Crapoay6os, A. B. YouiiBoBk (XHYCA)

MPOIO3HUIII OO0 NIJICUJIEHHSA MOIKOKEHUX HETJISAHAX
KOHCTPYKIIN

Kangunaru texn. Hayk O. B. Kiuaesa (XHYMI),
C. M. Crapoay6os, A. B. YouniiBosk (XHYBA)

PROPOSALS FOR STRENGTHENING DAMAGED BRICK CONSTRUCTIONS
PhD. tehn. science O. V. Kichaeva, S. N. Starodubov, A. V.Ubiyvovk

DOI: 10.18664/1994-7852.175.2018.127174

B cmamve uznooicenvt pezynomamol IKCNEPUMEHMATLHBIX UCCIE008AHUL NOBPENCOEHHBIX
MpewuHamu KUpNUYHbIX CMOoa008, YCUNEHHBIX JICeNe300emMOHHbIMU 000UMAMU C apMUPOBAHUEM 8
gude  NpoOCeyHo-8blMAdNCHO20  aucma.  lIlonHocmblo  u310dCeHa  NOCIe008AMeENbHOCHb
MEeXHONI02UYUEeCK020 npoyecca ycuieHus koucmpykyuu. llokazano, umo Hecywas cnocooHocmb
MAaxou KOMNIEKCHOU KOHCMPYKYUU 6blule NePpEOHAYANbHOU KOHCMPYKYUU KUPNUYHO20 CmoNba 6
1,4 paza, nazpyska mpewurnoobpazosanus maxkou koncmpykyuu eéviute 6 1,07 pasa.

Kniouegvie cnosa: kupnuunwiti cmond, stcene3obemonnas 060tuma, npoceyHo-6blmMA}CHOU JUCT.

YV cmammi eukiadeno pesynrbmamu  eKCNEPUMEHMATLHUX OOCTIONCEHb NOUWKOONCEHUX
MPIWUHAMU YE2TIAHUX CIMOBNIB, NIOCUNIEHUX 3A1i300eMOHHUMU 00OUMAMU 3 APMYBAHHAM ) GUSTAOL
npoCiuHo-6umMsdICHo20 nucma. I[lognicmio 6ukiadenHo nociioo8HICMb MEXHON02IYHO20 NpoYecy
niocunenns. Ilokazano, wo Hecyua 30amHiCMb MAKOi KOMNIEKCHOI KOHCMPYKYii euwye 6i0
nouYamKko8oi KOHCMpYKyii yeenanoco cmosena 6 1,4 pasy, HasanmadsicenHs MpiyuHOYmMeopeHHs
maxkoi koncmpykyii euwe 6 1,07 pa3zy.

Knrouoei cnoea: yeananuti cmosn, 3aniz00emonna 000uma, nPoCciuHo-8UMANCHUL TUCH.

In the process of exploitation of a brick construction by virtue of different reasons there are
cracks of different kind, however, after strengthening of constructions, they can be exploited
further. The most effective and widespread method of strengthening of existent stone constructions
is taking them in a hoop. Posts and piers with cracks, celled in a hoop, restore the bearing strength
fully. Hoops can be next kinds: steel, reinforce-concrete, reinforced solution, from composition
materials, like carbon fiber canvases, ribbons and nets, brick and armobrick.

With the purpose of partial renewal of bearing strength of the damaged by the main cracks
brick posts their reinforcement by reinforce-concrete hoop is offered. Re-enforcement is executed as
an expanded metal, and piling of concrete solution was produced by guniting. The sequence of
technological process of strengthening of brick constructions is fully expounded.

It is shown that bearing strength of such complex construction is 1,4 times higher than
primary construction of brick post, loading of cracking of such construction is 1,07 times higher. At
this strengthening reinforce-concrete re-enforcement works only, and a brick kernel only performs
the duty of filling, although loading is passed through a kernel.

Keywords: brick post, reinforce-concrete hoop, expanded metal.
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BBeaenue. B mpouecce skcruryaranuu
KOHCTPYKLUU U3 KUPIHYA B CHIY Pa3IUYHBIX
IIPpUYUH BO3HHUKAIOT TPCUIWMHBI Pa3JINYIHOI0
BUJIa, OJJHAKO IOCJIE YCHUJICHUS KOHCTPYKIUIT
OHM MOTYyT O3KCIUlyaTHpoBaThcs panee [1].

Haubonee  s>pdekTuBHBIM W IHPOKO
pacrpoCTpaHEHHBIM  CIIOCOOOM  YCHUJICHHUS
CYIIECTBYIOIIMX  KAMEHHBIX  KOHCTPYKIIMA

SBIIICTCS B3SATHE WX B 00oiimy. B o0oiime
KUpNMYHas Kiajgka Oyner paborath B
YCIIOBUSIX BCECTOPOHHETO C)KaTus, a TaKKe
HEBO3MOXXHOCTH €€ IOIEepevyHOro paciiupe-
Hus. CToiObl M TPOCTEHKU C TPEIIMHAMH,
3aKJIIOYEHHbIE B 000MMY, MOJHOCTBIO BOCCTa-
HAaBJIMBAIOT CBOIO HECYIIyIO crocoOHOCTh. K
ToMy e Haubomnee 3(pQPeKTUBHON sBigETCS
paborta TOW  0O0OWMBI, Ha  KOTOPYIO
IpeJyCMOTpEHa Iepeaya Harpy3ku (B ciiydae
ecnmu  00oiiMa OrpaHMYeHa BEPXHUMH U
HIDKHUMHU KOHCTPYKLUSIMM), TOIrJla OHa He
TOJIBKO CAEPKHUBAET MONEPEYHOE PACUIUPEHNE
KJIaJIKM, HO U BOCIPUHUMAET YacTh HAarpy3KH,
pasrpyXxasi yCUJIMBaeMbIi 3JIEMEHT.

AHAIN3 NOCJEAHUX HCCIeJ0BAHMI H
nyoaukanui.  OOoiimMbl  MOryr  OBITh
CIICAYIOIINX BHUJIOB:

1) crampHas [2];

2) xene3zoberonnas [3];

3) apmupoBaHHas pactBopHas [3];

4) ¥3 KOMIO3UIIMOHHBIX MAaTEPUANIOB —
YTJICTIIIACTUKOBBIE XOJICTHI, JIEHTHI U CETKH [4];

5) KUpIUYHBIE M apMOKHpNUYHBIE [5].
KaMeHHYI0 KOHCTPYKLMIO 3aKJIIOYalOT B
000iiMy W3 KHMpHHua TOJIIMHOM %4 Kupnuua
(Ha pedOpo), a B LIBHI 110 IEPUMETPY yCUIIHBA-
€MOM KOHCTPYKIIMHM BBOJHUTCS 3aMKHYTas
apMarypa, KOTopasi BOCHPUHHUMAET CITy4aiHbIe
MOTIEpPEYHbIE PACTATHBAIOIINE YCUIIHUS.

Henocratrkamu  oGoiim  TumoB  1-3
SBIISIIOTCSL  BBICOKAst TPYIAOEMKOCTb, HU3Kas
YCTOMYMBOCTh K  BIUSHHUIO  arpecCUBHON
cpeabl; HM3Kas OrHecToMkocTb. HemocraTku
oboiiM Tuma 4 — HH3Kas YCTOMYUBOCTH K
BBICOKUM TeMIlepaTypaM; TEXHOJIOTHYecKas
CIIO)KHOCTB, BBICOKast CTOMMOCTb. (OOOHMBI
tina 1 U 5 3HAYUTENHHO MEHSIOT TeOMETPHUI0
KOHCTPYKIIUU B CTOPOHY €€ yBEIHUYECHHUS.

Omnpenesienne meJqd W 3aJa4M
uccaenopanusa. C  IETBI0  YAaCTHYHOTO
BOCCTAQHOBJICHHS ~ HECYIIEH  CIIOCOOHOCTH
MOBPEXKJCHHBIX ~ TPEUIMHAMHU  KUPIUYHBIX

CTOJIOOB TPEUIOKEHO HMX YCHIJICHHE B BHJIE
APMHUPOBAHHOMW  KEJIE300€TOHHOW  0OOWMBEI.
ApMupOBaHUE BBINOJIHEHO B BHJE MPOCEUHO-
BBITSDKHOTO JIUCTa, a YKJIaJka OETOHHOTO
pacTBopa MPOU3BOIMIACH TOPKPETHPOBAHUEM.

[IpoceyHO-BBITSKHON JIUCT UMEET Pl
IIPEUMYILECTB IEPe]l apMaTypHON CETKOM:

1) TEeXHOJIOTHUs U3TOTOBJICHHUS POCEUHO-
BBITSDKHOTO JIUCTa OOECIeYrBaeT 3aJaHHYIO
BEJIMYHUHY XapaKTEPUCTUK KECTKOCTH;

2) 32 CyUET CBOCH TEOMETPUYCCKON
dbopMbl  peamusyercs IPGEKT  CUEMICHUS
000iIMBI  C  CYyLIECTBYIOIIEH KHUPHIUYHOMN
KOHCTPYKLHUEH;

3) kene300eToHHAs 000iMa yCHIICHHUS
MOBBIIIAET KOPPO3HOHHYIO U OTHEBYIO YCTOM-
YUBOCTb JJAHHON KOMIUIEKCHOW KOHCTPYKIUH.

Hens m 3amauun. llensro skcrnepuMeH-
TAJIBHBIX HCCIIEJOBAHUHN SIBIISIETCS YCTaHOB-
JIeHWE HecyIlel CIIOCOOHOCTH MOBPEXKIEHHBIX
KUPIHYHBIX CTOJIOOB TMIOCIE WX YCHUJICHHUS
0eTOHHOM 000MMOI C MPOCEUHO-BHITSKHBIM
JFCTOM.

OcHoBHAast  4YacTb  HCCJICAOBAHMA.
Kupnuunsie cron6el Cr-4, C1-6 u C1-7 umenu
cienytomue nospexaeHus: Cr-4 — maruc-

TpaJbHBIE TPEUIMHBI C JBYX MPOTHBOMOIOXK-
HBIX CTOPOH CTOJ0a HIMPUHON PACKPBITUS
2...3 MM, ckox BepxHero yria croiba. Ct-6 —
MarucTpaibHbIe TPEIIUHBI MIHPUHON
packpeiTus 7...8 MM IO BCEM CTOpOHaM (T. €.
oOpazern; (hakTHYECKH pPACKOJOT Ha 4 YacTu),
TPEIIUHBI 10 KHPIUYY JOCTUTAIOT 6 MM,
HMEET MECTO CKOJI Kupnuya Ha 2-3 psaa
(cBepxy). Ct-7 — MarucTpalibHbIE TPEITUHBI
IIUPUHON PaCKpBITUSA A0 2 MM C 4 CTOpOH,
MMEETCSI CKOJI OJIHOTO W3 YIJIOB (CHHU3Y)
(puc. 1). Ceuenune ctomooB 380 x 380 mm,
BeIcoTa 1,1 M.

WcneiTbiBacMbIe 00pas31ibl —
noBpexaeHabie ctonoel Ct-4, C1-6 u C1-7 —
ObUITM  YCHJICHBI B COOTBETCTBHH  CO
CJIEIYIOLIEN TEXHOJIOIMYECKON MPOLIEAYPOH.
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Puc. 1. IToBpexaennsie kupnuyusie ctonaos Ct-4, C1-6 u C1-7

1. Packpoii npoceyHO-BBITSHKHOIO JIUCTA
0 pa3Mepy M BbICOTe cToj0a. bwul mpuHAT
JUCT U3 4YepHoW cranu npousBojactBa EC ¢
pazmepamu stuediku 30 X 23 MM, TepEeMBIUKH

I

Tttt mlmllmrluulnnlu‘ e e Py T A
oem 1 T 3 4 5 ) 7 a0 * 10 1

2,5 MM, TONIIMHA JdHCTAa 2 MM, CBOOOmHAs
wiomaas 78 % (puc. 2). Pacnonoxenue siueex
ObUIO TPHUHSTO TOINEpPEK BEPTUKAIBHOM OCH
crosnoa.

Puc. 2. Vcnionb3yeMblii B SKCTIEPUMEHTE MPOCEYHO-BBITSKHOM JIUCT:
a — oOmIuii BUI; 6 — OCHOBHBIE T€OMETPHUECKHUE XapaKTePUCTUKU

2. Kpenesk mpoCeYHO-BBITSHKHBIX JINCTOB
METaJNIMYECKUMH CaMOAHKEP YIOIIUMHUCS
pactiopasiMu  Gontamu o 'OCT 28778-90
JauHOM 85 MM u quamerpom 8 mMm. Ha xonue
0oJTa 1Mo TailKy YCTaHABJIMBAJINCH KYy30BHBIC

maiioer quamerpom 30 mm o FOCT 6958-78.
BonTel ycTaHaBiIMBAIUCh B JBa psga IO
CTOpPOHE KHPIHUYHOTO CTONOAa C  I1aroMm
npumepHo 350 MM (puc. 3).
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Puc. 3. Kpemnuienue mpocedHo-BBITSHIKHOTO JINCTA K CTOI0aM

3. TopkperupoBanue. CoctaB pacTBopa —
LIEMEHT : 11e0eHb : Boja — 2:4:6. [Ipumensercs
me0enp ¢ppakauu 5—10 MM, nuacTupukaTop B
no3upoBke 40 rp Ha 10 kxr nemeHTa, a Takxke
¢$ubpa momumponuIIeHoBas B 103upoBke 0,6 Kr
Ha 1 M° 1iemenTa; mopTIaHeMenT Mapku 1]

[-500. IIpumensiemoe oOopymoBaHue: O€TO-
HoMmemanka Ha 160 1, pacTBOpOHarHeTareib
oobemoM 901 M KoMmmpeccop Ha 7 aTMm.
Tonumua TOpkpera cocraBuia = 50 MM
(puc. 4), oOuuit BU CTOJIOOB MOCTE MPOIEAY-
PBI TOPKPETUPOBAHMS IPEACTABIECH Ha pUC. 5.

135

480

135

120

480

Puc. 4. Tlonepeunoe ceueHne yCIEHHOTO cTon0a: 1 — cioit pactBopa; 2 — paCliOpHbIE OOJTHI;
3 — yCUIIMBaeMbIil KHPIUYHBIN CTOJIO; 4 — THYTBII IPOCEYHO-BBITSXKHON JIUCT
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Puc. 5. 3aropkrperupoBanusie kupnuanbie cToiosr Ct-4, Ct-6, C1-7

Kupnuunsle cTOJIOMKY UCHBITHIBAIUCH B
cnenytomeM Bo3pacre: Ct-7 — 34 gus, Cr-4 —
37 nueit, C1-6 — 42 nHA. DKCIIEpUMEHTABHBIC
UCCIIEIOBAaHMsI KUPIUYHBIX CTOJOOB TOCHE
ycuJeHHs ObLIN TPOBENICHBI B HCIIBITATEILHON
nabopatopun Kadeapsl Kene300eTOHHBIX U
KaAMEHHBIX  KOHCTPYKIMH  XapbKOBCKOIO
HaIMOHAJILHOTO YHUBEPCUTETa CTPOUTEIbCTBA
U apXHUTEKTYypHl B ceHTs10pe 2017 roza.

a 3]

HcnblTanus POBOJWINCH Ha
TUIpaBIMYEcKOM Ipecce MoIIHOCThi0 500 T
(puc. 6). ObOpa3sLbl B Npecc yCTaHABINUBAIUCH
TakKuM 00pa3oM, yTOOBI UX BEPTHKAJIbHAS OCh
COBIIaJIajia C OChIO MPUJIOKEHHUS HATPY3KH TPU
LIEHTPAJIbHOM COKaTHH. Harpyska
npuKiaapBasiace cryneHsmu  1no 10,0 T,
¢bukcupoBasach paspyllarolias Harpyska u
Harpyska TpeuMHO0Opa30BaHHUs.

B

Puc. 6. ®oto ycuneHHbIX cTONOUKOB Tiepen ucnbitanusimu: a — Cr-4; 6 — Ct-6; B — C1-7

N3mepenust aedopmamnuii  mpou3BOAM-
JTUCh 70 paspylieHust obpasua, MpH ITOM
OTpPEEISIOCh CpeIHee 3HAYeHHE IO JIBYM
WHJIMKATOpaM, YCTAHOBJIEHHBIM C JIBYX CTOPOH

oOpasma. Ycuime Bo3pacTaio paBHOMEPHO; BO
BpeMsl CHSTHS OTCYETOB 1O Tpudopam
Harpy3ka MOJJCpKUBajJach Ha IOCTOSHHOM
YpOBHE.

36ipunk HaykoBux npaub YkpAY3T, 2018, Bun. 175



30ipHUK HAYKOBHX Npanb Y KPaiHCHKOI0 Aep:KaBHOI0 YHIBEPCUTETY 3aJi3HHYHOT0 TPAHCTIOPTY

I'paduku 3aBUCUMOCTH OTHOCHUTEIBHBIX
nedopmarii - OT  CTYNEHEW  HarpyXCHHs
«& — N/Ny» ycuiieHHBIX cT0J00B MOKa3aHbl HA
puc. 7.

[To pe3ynpTaTam SKCHEpUMEHTa MOXKHO
KOHCTaTUpOBaTh, YTO HCIOJIb30BaHUE CETYATO-
JUCIIEPCHOTO apMUPOBAHMS YMEHBIIAET IPO-
nonbHBIE aedopManuu ~ B 1,5 pasza, a mome-
peuHblE — YBEIMYMBAIOTCS TOXE = B 1,5 pa3za.
Hecymas CIOCOOHOCTH yKe TaKou
KOMIUIEKCHOW KOHCTPYKLIMM BBILLE IE€PBOHA-

YaJTbHONW KOHCTPYKIIMHM KUPIUYHOTO CTONOA B
1,4 pasa, Harpy3ka TPEUIMHOOOpPA30BaHUS
BO3pocia He3HauuTeabHo — B 1,07 pasa.

Crnenyer OTMETUTH, YTO MpPH JAHHOM
YCWJICHHH PabOTaeT TOJBKO JKEIe300€TOHHOE
apMUpPOBaHKE, a KUPIUYHOE SIIPO BBIMOIHIET
(GYHKIMIO TOJBKO 3aIlOJHEHUS, XOTs Harpy3ka
nepenaeTcs uepes sapo.

Pazpymienne  KHUPOUYHBIX ~ CTOJOOB,
YCWJICHHBIX CETYaTO-JAUCIIEPCHBIM apMHpPO-
BaHMEM, IMOKa3aHbI Ha puc. 8.

-~
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-0,001 -0,0008 -0,0006 -0,0004 -0,0002 0

0,0002 10,0004 0,0006 0,0008 0,001

OTHOCUTeNbHbIE gedopMmanmnm &

Puc. 7. I'paduku 3aBUCIMOCTH OTHOCHUTENBHBIX JIeopMaluii OT CTyNeHel
HarpyxeHus «& — N/Ny» 17151 yCHIICHHBIX CTOJIO0B

B

Puc. 8. Pe3ynbraThl HCIIBITAHUI CTOIOOB, YCHICHHBIX CETYATO-AUCIIEPCHBIM apMUPOBAHHEM:
a—Cr4;6-Cr-6;B—Cr-7
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BrIiBOADLI:

1. [IpemioxkeHo yCHIICHHE TOBPEKICH-
HOTO KUPIUYHOTO CTOJI0A C UCIOJIB30BAHUEM
JKeJIe300eTOHHOM  00OMMBI  C  CeT4aro-
JUCTIEPCHBIM aPMHUPOBAHUEM.

2. Hecymasi CcrocoOHOCTh TaKOH KOM-
IUIEKCHOH KOHCTPYKIIMHM BBIIIE IEpBOHA-
YaTbHOW KOHCTPYKIIMM KUPIUYHOTO CTONOA B
1,4 pasa, Harpy3ka TPEIIMHOOOpPA30BaHUS
Bo3pocia B 1,07 pa3za.
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YK 624.014

OCOBJIMBOCTI PO3PAXYHKY ITPOJIbOTHUX KOHCTPYKIIN 3 MEP®OPOBAHUX
EJIEMEHTIB 3A CKUIAJJHOT'O HAIIPY’ KEHO-JE®OPMOBAHOI'O CTAHY

Kanauaatu texu. Hayk B. B. Pomaniok, B. B. CynpyHiok

OCOBEHHOCTH PACYETA MTPOJIETHBIX KOHCTPYKIIUM U3
IHEP®OPUPOBAHHBIX 9JIEMEHTOB ITPHU CJIOXKHOM HAIIPAKEHHO-
JE®OPMHUPOBAHHOM COCTOAHUHU

Kangunarel Texd. Hayk B. B. Pomanwk, B. B. CynpyHwok

PECULIARITIES OF CALCULATION OF SPAN CONSTRUCTIONS FROM
PERFORATED ELEMENTS AT A COMPLEX STRESS-DEFORMED CONDITION

Cand. tech. V. V. Romaniuk, V. V. Supruniuk

DOI: 10.18664/1994-7852.175.2018.127177

IIpeocmasneno Oesxi pe3yiomamu 81ACHUX MEOPEMUYHUX 00CNI0NCeHb HeCyHoi 30amHoCmi
NPONLOMHUX NEPPOPOSAHUX KOHCMPYKYIU 3G SPAHUYHUMU CIMAHAMU NEPUOT 2pYnuy, a came cmale-
801" NonepeoHbO HANPYICEHOI apKu 3 8ePXHIM NOACOM 3 nephoposano2o 080mMaA8pa ma NPOOHY
nokpumms Z-nodibnozo npoghinto ma 3anponoHo8aHo Gopmyau 0ns 0OUUCIEHHS HANPYHCEHb Y
XapaxkmepHux nepepizax eiemMeHmie KOHCMpYKYitl, sIKi 00360/1810Mb MOYHIULe 8PAX08Y8AMU 3MIHY
HAanpys#ceHo-0eqpopmosano20 cmary 8 nephoposanux elemMeHmax NOPIiHIHO 3 ICHYI0HU0I0 MEMOOUKOIO.

Knwuogi cnosa. necyua 3zoammicms, HanpysiceHo-oeghopmosanuti cmaw, nepghoposanuii
efleMenm, apka, npozin.

Ilpeocmasnensvt Hekomopwvie pe3ynbmamvl COOCMEEHHbIX MeOPeMmUYecKux Uccie008aHull
Hecyujell CnocoOHOCMU NPOIEMHBIX NEPPHOPUPOBAHHBIX KOHCMPYKYULL NO NPEOENbHbIM COCHOSHUAM
nepeoll epynnvl, a UMEHHO CMANbHOU NPeod8apumenbHO HANPANCEHHOU ApKU C 8EPXHUM NOACOM U3
nepgopuposanno2o 08ymaspa U Npo2OHA NOKpbIMusi Z-00pa3zHo20 CeYeHus U NnpeonodtCeHsl
Gopmynvl Ona BbINUCTEHUs HANPANCEHUL 8 XAPAKMEPHLIX CEeYeHUAX IIeMEeHmMO8 KOHCMPYKYUL,
KOmopbule no360.ai0m 001ee MOYHO YUUMbIBAMb UBMEHEHUe HANPINCEHHO-0ePOpMUPOBAHHO20
COCMOANUSL 8 NEPHOPUPOBAHHBIX INEMEHMAX NO CPABHEHUIO C CYUWecmeyIoujelt MemoouKou.

Knwoueswvie cnosa: necywas cnocobHocmv, HANPAICEHHO-0ePOPMUPOBAHHOE COCMOSHUE,
nepgopuposanbill IneMeHm, apKd, NPOSOH.

Some results of their own theoretical studies of the carrying capacity of span perforated
structures on the limiting states of the first group, namely the steel pre-stressed arch with the upper
belt of the perforated twine and the Z-section cross-section run, are presented. The formulas for
calculating the stresses in the characteristic sections of the structural elements are proposed, which
allow more accurately to take into account the change in the stress-strain state in the perforated
elements with the joint action of the bending moment, the transverse and longitudinal forces for the
upper belt of the arch, and also with the bending curve for the Z- sections with a slope of the roof
from 0 to 25°. The results of calculating the stresses according to the reduced formulas, the results
of numerical studies in the program complex "Lira" and the results of the experimental studies have
fairly exact convergence, which makes it possible to draw a conclusion on the possibility of
applying the proposed method for determining stresses in practice.

Key words: bearing capacity, strain-strain state, perforated element, arch, run.
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Beryn. AKTyanbHICTh HaBeICHUX HIDKYE

pe3yibTaTiB TEOPETUYHHX JIOCITIJKEHb
neppOpOBaHMUX EIEMEHTIB 1 KOHCTPYKIIIH Ha iX
OCHOBI OOTPYHTOBYETBHCS TUPOKUM

BUKOPUCTaHHAM y OydIiBHUITBI CTaJeBHX
KOHCTPYKIIA, Yy TOMY YHCI IIOCKHUX
KOHCTPYKLIN TOKPUTTA. BUCYHYTI Ha CbOTO/IHI
BHMOTH 710 3a0e3medeHHsT HeoOXiqHOT Hecyduol
3MATHOCTI ~ KOHCTPYKLIA 32 OZHOYACHOTO
3HWKCHHS 1X Macu € TiJACTaBOK IS
YIIOCKOHAJICHHS ICHYIOUHX 1 CTBOPEHHS HOBUX
KOHCTPYKTUBHUX (OpPM, BUBYCHHS X NIHCHOI
pobOTH 1 pO3pOOJICHHS BIAMOBITHUX METOIUK

PO3PaXyHKY.
AHaJi3 ocraHHIX JocaimKeHL i
nyOJTiKanin. Po3paxyHoxk TpaAMIIIHHUX

€JIEMEHTIB KOHCTPYKII Ha TPOCTi BHITAJKU
HanpykeHo-1e(hopMOBaHOTO CTaHy HE
BUKIIMKAE OCOOJIMBUX YCKJIAIHEHb, a OT
po3paxyHoK rmepdopoBaHUX MpodiliB Mae
HU3KY OCOOJIMBOCTEH 1 € JOCUThH CKJIQJHUM,
0CcOOMMBO 3a CyMIiCHOI [ii 3THHAJIBHOTO
MOMEHTY, TONEPEYHO] Ta MO3/I0BXHBOI CHJI, a
TaKOXX 3a Jii 3TMHAJIBHOTO MOMEHTY Yy JIBOX
IUIOIIKMHAX, TOOTO 3a KOCOTO 3THHY. MeToauka
po3paxyHKy TmeppOpOBaHHUX €JIEMEHTIB 3a
npyXHOI poOOTH HaBeleHA B HOpMax
npoektyBaHHs [1, c. 115] 1 mepenbauae ix
pPO3paxyHOK SIK 3BHYAHHHUX OaJlOK, IO
nocialieHi oTBopamMH. Alle BOHAa IpHJAaTHA
IUIsL pO3PaxyHKY JIMIIE 3THHABHUX €JIEMEHTIB
1 He BpaxoBye J0JATKOBI nedopmarii, sKi
BUHUKAIOTh y CTHCHYTO-3TMHAIbHUX
eJIEMEHTaX, SKUMHM € BEpXHI MOSCH apokK, a
TAaKO’)K HE BpaxOBYE HAsBHICTH 3THHAIBHUX
MOMEHTIB y JBOX IUIOIIMHAX Y KOHCTPYKIIISIX
MIPOrOHIB, IO PO3MIIIEHI HAa BEPXHIX MOsCax
KPOKBSIHMX KOHCTPYKIIH, sKi Haivacrimie
MaroTh yxun y mexax 0...25% V' pesymsrati

BUHUKHEHHS CKJIaJTHOTO Harnpy>KeHo-
nepOpMOBAaHOIO  CTaHy B  IONEPEUYHUX
mepepizax TaKMX €JEMEHTIB  BHHUKAIOTh

JOJJaTKOBl HAMpy>KEHHS 1 TOMY BHUHHKaE

HEOOXIIHICTE MPOBEJICHHS MO JAITBIITIX
JOCTIKEHB Y IILOMY HAIIPSIMKY.

Bu3naueHHss MeTH Ta 3aBJaHHA
JOCTiKEeHHS. Mertoro MIPOBEICHHS

IIOCIIIKEHD €:

1) po3po0JICHHST METOIUKH PO3pPaxyHKy
nephopoBaHUX E€JIEMEHTIB BEPXHIX TMOSCIB
neppopoBaHUX apok 3a  JaedopMalliiHOI0
PO3PaxXyHKOBOIO  CXEMOIO, fKa BpaxoOBYe
peayibHi yMOBH 1X pOOOTH 1 JI0OJIaTKOBI
HampyXXeHHsl, sIKI BUHUKAIOTh y X Iepepizax
3a  paxyHok aedopmamii  ¢dopmu, 110
YTBOPIOETHCS 3a i 30BHIIIHHOTO
HaBaHTAXCHHS;

2) pO3pOOJICHHSI METOIUKH PO3PaXYHKY
nepopoBaHUX  MPOTOHIB  MOKPUTTS  Z-
noAiOHOTO MPodiITt0, SIKI BUKOPUCTOBYIOTHCS B
MOKPIBIISIX 3 YXWJIOM BiJ 0° mo 25° 3a mii
3TUHAJIBHOTO MOMEHTY Y JABOX IUJIOLIMHAX,
TOOTO 32 KOCOTO 3TUHY.

OCHOBHHMMH 3aBJaHHSIMH JOCIIKEHHS €
BU3HAYCHHSI EKCIICHTPUCUTETY MPHUKIIATAHHS
MO3/I0BKHBOT CHUJIM Y BEPXHbOMY TOSICI apKH;
oOrpyHTyBaHHs (opMyn s BU3HAYCHHS
HampyXeHb Yy BEPXHBOMY TIOSICI apKu 3
ypaxyBaHHSAM nedopmartiitnoi CXEMU;
BU3HAUEHHS TOJIOKEHHS HEHTpaiabHOi oOci
MPOTOHY 3a KOCOTO 3THHY; OOTPYHTYBaHHS
dbopMyn ans  BHU3HAYEHHS HAINpPYXKEHb Y
XapaKTepHUX TOUYKAX TOMEPEYHOTO Nepepizy
IIPOTOHY 3@ KOCOT'O 3TUHY.

OcHoBHa YacTHHA AOCTiIXKeHHA. Sk
JOCTIAHI KOHCTPYKIIii Oyl TpUHHATI [Bivl
CTaTUYHO HEBU3HAYHA apKa IMPOJIBOTOM 9 M
(puc. 1) 1 nepdopoBanuii nporin Z-noaioHOro
npodiato mpoasotoM 6 M (puc. 2). Apka
CKJIaJa€ThCS 3 JBOCXHMIIOTO BEPXHBOIO MOsica,
€JIEMEHTH SKOI0 JKOPCTKO 3 €AHaHl Yy
rpebeHeBOMY BY3JI1, 3aTSKKHU JUI CIPUHHSATTS
3YCUJUISL PO3TOPY, PO3MIPKU TSI MOMKITHUBOCTI
3MIACHEHHS  NEpepo3NoJily  BHYTPILIHIX
3yCWJIb TI0 JIOBXXKMHI BEPXHBOTO TIOsica Ta
MiBICKH, SKa TMpU3HAYEHA ISl TiATPUMaHHS
3aTsDKKM  BiJ TPOBHCAHHA IiJ dYac TpaHC-
MOPTYBaHHS Ta MOHTAXY apKd B MPOEKTHE
MOJIOKEHHSI. EJIeMEeHT BepXHBOTrO Iosica Ha
IUISHKaX MDK OMOpPHUM 1 rpeOeHeBUM
BY3JIaMU SIBJIIE COOOI0 HEpO3pi3HUi mepdo-
pPOBaHMM CTPHXKEHb TOCTIHHOI MKOPCTKOCTI.
VYXxun BepxHbOro mnosica npuitHatuii 1=0,5 i
XapakTepu3yerbcsi Kytom a. llepdopoBanuit
NpPOriH BHKOHAHMM Ha OCHOBI IPOKATHOTO
mBenepa 3a JJCTY 3436-96.
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fi

=i

Puc. 1. Cxema apku:
1 — enemMeHTH BEpXHBOTO TOsiCa 3 NEPHOPOBAHOTO JBOTABPA MMOCTIIHOT JKOPCTKOCTI;
2 —3aTshKKa; 3 — posmipka; 4 — miaBicka
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Puc. 2. ®parment nporony Z-nojiioHOro npo@iito
BpaxoBytoun  HasgBHICTb  MPOTHHY eJleMeHTa 3a JedopMalliifiHoro cxeMoro [2] mae
BEPXHBOTO TOsICa apKH, PO3PaXyHKOBA MO/JIENb BUTJISI, 300pakeHui Ha puc. 3.
nephopoBaHOro CTHCHYTO-3TMHAJIBHOTO

Bicer A mosgoE#Heoro sycHmA M

OedopmaliFHa Bick NDACY apHM

Puc. 3. Po3paxyHkoBa Moienb mep(hopoBaHOTO CTHCHYTO-3THHAIIBHOTO eJIEMEHTa
3a pedopMariiiiHoo cxemoro
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Ha Oynp-sikiii quistHI Tosica MiX TOY-
KaMU MPHUKJIAJIAHHS 30CEPEHKEHUX CHII, TOOTO
Ha AUISHLI, B Mexax sKoi 3HadeHHs N, He-
3MiHHE, TPUUMAIOYd YMOBY, IO €JIEMEHTH
apku (HamiBIiosicn) 1eGopMyrOThCS PIBHOMIpP-
HO TO BCI JOBXMHI MK TOYKAaMH 3aKpin-
JICHHSI 1X Yy IJIOIINHI apKH, MaKCHMAIbHUN eKC-
[EHTPUCUTET MPUKIIAIAHHS TI03/JOBKHBOT CHITH

_Nc

X1

ey = | cosa, (1)

I€ €y — MaKCUMaJbHUH EKCICHTPUCUTET
MPUKJIAIaHHs TO3/I0BXKHBOI CHJIM Ha Oy/Ib-

MEOMETPKWHHE BiCh NOACY 3pKM

mosca MDK TOYKaAMU
HHOIO  30BHIUIHBOTO

SKIN JUTSTHIT
OpUKIaJaHHsS 10
HaBaHTaXeHHs (puc. 4);

y1x1. — MaKCUMAJIbHHHA MICIEBUN TPOTHH
CTUCHYTO-3TMHAJIbHOI'O €JIEMEHTA;

C — MOBXHMHA JUISHKU MOsica MK TOYKaMU
MIPUKJIaIaHHs 30CEePEeIKEHUX CHIl, a00 JTOBXKHU-
Ha JUISHKA CTPYKHS, Y MEKax sIKO1 3HaYCHHS
no3710BKHBO1 cri Ny He3MiHHe (SK TpaBuIIo,
JUTSl KOHCTPYKITIH TMTOKPUTTS — 1€ BIACTaHb MIXK
IIPOroHaMu abo MIMPUHA IUIUT OKPUTTS);

| — onoBkumHa moscy MK TouKamu
3aKpirIeHHs HOro B IUIOMIMHI apKU.

AdedopmoBaHa BiCk NOACY 3pKK

BickAil N0z A0E+RHEDM O 3 Y CHANA

Puc. 4. Jlepopmaniiiina cxema HamiBapKku

BpaxoByroun, mo KpuBoIiHiHA Gopma
nedopmariii Ha Oyap-sAKii JUISHII HamiBIIOsICa
apku (puc. 4) 6im3bKa 10 TPUKYTHOI, OCKIJIBKU
HaHOUTbIINI MIPOTHH 3HaXOAUTHCS
MOCepeHl, a B MICUAX MPHUKIATAHHSA
HABaHTAXXCHHS JIOPIBHIOE HYIIO, Ta 3 YMOBH
NOMIOHOCTI  TPUKYTHHMKIB ~ €KCIIEHTPUCUTET
MPUKIAJAaHHS TO30BXHBOTO 3YCHIIIS  JUIS
Oy/b-KOTO Mepepizy AUISHKH HamiBHosca

_ 2e ¢,

exi - c (2)

Ie Cj — MeHIIa 3 BIACTaHEH Big TOYKHU
MPUKJIaIaHHsT HaBAaHTXKEHHS 10 Tepepisy, y
SKOMY HEOOXITHO BU3HAYUTH €KCIICHTPUCHUTET
MIPUKJIaIaHHS TT03I0BKHBOTO 3YCHILIS.

ToMmy 3 ypaxyBaHHSIM JedopMariiiHoi
CXEMH TUISL CTHCHYTO-3TMHAJIBHOTO
neppopoBaHoro einemMeHra Qopmynu IS
OOYMCIIEHHSI HANpyXeHb Yy pO3PaXyHKOBHX
TOUKax rnepepizy mnosica (touku 1, 2, 31 4 Ha
puc. 3) MarOTh BUTJISA
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N

01,3~
’ 21
X

(M Xi + inexi)l_I + in + Qxibzl <

— (M xi = Nxi€xi )d + N i + Quibye <R

yYec

T2A, 4l

(- ©)

024
’ 21,

[Iporonu MoOKpUTTS y CKIIaji MOKPIBII 3
MIEBHUM YXWJIOM IPAIIOI0Th B YMOBaX KOCOTO
sruny [3]. KocuM Ha3uBaioTh Takuil BUJ
3TUHY, 3@ SIKOTO IUIOLIMHA [ii 3TUHAIBHOIO
MOMEHTY B JIaHOMY IIONEPEYHOMY Nepepisi
eJIeMeHTa He 301raeThCs 3 KOJHOKO 3 TOJIOBHUX
HEHTPAIBHUX OCeH 1HepIil bOTOo mepepizy.

Ha nminsnakax 1 1 2 (puc. 5) nepdopona-
HOTO TPOTOHY BUHHKATHME KOCHUH TOmeped-
HUW 3TUH, OCKUIBKM Ha IMX JUISHKAX TMpHU-

y/c

J

T2A. 4l

CYTHI SIK 3TMHaJbHUHA MOMEHT, TaK 1 IIOIe-
peyHa cuiia, NpUYOMYy Ha AUIsHLI | monepeyHa
cujia € HalOUIbIIOI0 Ha BCHOMY IPOJBOTI
KOHCTPYKIIi, a 3rMHAIbHUI MOMEHT HalMEH-
M. J{ns ginsHKE 2 cuTyaris oemo iHma —
morepedHa Cujia 3MEHINYEThCS 3a OJHOYAC-
HOTO 30UTBIICHHS 3TUHAIBLHOIO MOMEHTY. Ha
OUISHII 3 Mae Miclle YUCTHH KOCHH 3rHH,
OCKIUJTBKM TIOTIEpeYHa CHJia JOPIBHIOE HYIIIO, a
3TUHAIBHUA  MOMEHT €  MaKCHUMAaJIbHUM.

Puc. 5. Po3paxyHkoBa cxema IporoHy

VY momepeyHux mepepizax eleMeHTa Ha
nustakax 1 1 2 BIZHOCHO oOcl Z BHHHKAC
3THHAJILHUIT MOMEHT MZ = le, SIKUA i€ B

roJIoBHIH muomuHi YX, 1 momepedHa cuia
Qy =—F;. Y monepeunomy nepepisi BinHoc-
HO OCi Y BWHHKAIOTh 3TMHAJIBHHA MOMEHT
My

peuna cuna Q, =—F,. IloBHuil 3ruHanbEHUNI

= F2X B TOJIOBHIN IuIouHl ZX 1 molle-

MOMEHT PO3TJISIIA€ThCSA SIK TOETHAHHS JIBOX
MPSIMUAX 3THHIB

M=M7+M;

1 Ha KOKHIHM 3 UX OUISTHOK i€ B IUIOIIMHI, SKa
He 301raeTbcs 3 KOHOIO 3 TOJIOBHUX IUIOMIMH
nepepisy.

Crinparouuch Ha MPUHIUI HE3aJIEKHOCTI
nii cuj, TOBHI HOpMalbHI HamNpyXeHHS B
Oyab-sKiii  TOYIll TONEPEYHOro  Iepepizy
€JIeMEHTa JIOPIBHIOIOTH CyMi HaNpy>KeHb BiJ

(4)

okpemoi 1ii momentie M, i M y
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=0y, +oy, =HM,/1,)y£(M,/1,)z,
®)

ne Y 1 Z — KoopAWHATH TOYKH Iepepisy, e
O0YHCITIOIOTh HAIIPY>KEHHS.

Ha puc. 6, a HaBellIeHO emopu HOPMaJlb-

mepepizi  gimsakn 2 mepdopoBaHOTO
Z-noxgibHoro mnpodumo (muB. puC. D) Big
okpemoi nii 3ruHanbHuX MomeHtiB M, i

M y- Emopy o BiJl CyMiCHOI Jlii MOMEHTIB

M, i |\/|y 300pak€eHO B aKCOHOMETpIii Ha

i puc. 6, 0.
HUX HalpyXeHb Oy, 1 O)yy B HONEPETHOMY
Z M M
Wy W
Emropa O )
v \ i
M- '
i \
M . =
Wy v
Emopa G,

Puc. 6. HopmanbHi HanpyXeHHs B Tiepepi3i meppopoBaHOTO MPOTOHY:

a—3ani M s 1 M v 0 — 3a CyMICHOT i 3THHATBHUX MOMEHTIB

Momentr M
0B s3aHui 3 Horo cknagosumu M, i M y

M=M;+M7;
M, =M cose; (6)
My =Msine,

IloBHUIT 3rUHAIBHUN

3aAJICKHOCTAMU

e O/ — KyT MDK Bicclo Y 1 IUIOIIMHOIO Jii
MIOBHOTO MOMEHTY (pHC. 7).

Kyr Haxuny cunoBoi
TOJIOBHOI OC1 1HepIii mepepizy

IJIOINMMHHU 10

wa=ﬂMy/MzL @)

IlonosxeHHsT IUIOIIMHKA [Oii  MOBHOTO
MOMEHTY BCTAHOBIIIOETHCS 3 YpaxXyBaHHIM
TOTO, 1110 1151 TIJIONIMHA MTPOXOAUTH Yepe3 EHTP
BarM IMepepidy 1 JBa KBaJIpaHTH, y SKHX
o0uIBa MOMEHTH |\/|Z i M y BHUKIHKAIOTH

Halpy>KeHHsI  OAHOTO  3HaKy.
HaIMpyXeHHsI 32 KOCOTO 3TUHY

Hopmainbhi
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coSa ZSina
o=+M| 2 + (8)
I, Iy
y UEHTpi Barm TIONMEPEYHOTO Mepepizy

JOPIBHIOIOTh HYJIO, y YOMY MOXKHA JIETKO

I
a>0

[Tnomuna mii
MOMeHTY M- y
z x/ :

4

IImommna mii
MOMeHTY M,y

MEPEeKOHATUCH, MiACTaBUBIIM y (Gopmyry (8)
snauenns Y =0 1 Z=0 (10610 KOOpAMHATH

LeHTpa Baru mnepepizy). OTxe, 3a KOCOTO
3TUHY HEWTpajbHa BiCh HMPOXOAUTHME dYepe3
LIEHTP Baru MonepeyHoro mnepepisy.

ITnomuma il MOBHOTO
MoMeHTy M

I

\

Y

Puc. 7. Kyt Haxuiny miomuHH Jii MTOBHOTO MOMEHTY M

Jia Z-noaibHoro npoduiro MOoI0KEHHS
roJOBHUX ocedl iHepuii Y 1 Z He OynyTtsb
BEPTUKAJIBHAM 1 TOPU3OHTAJIHHUM. BoHHK
OyayTb TMOBEpHYTI Ha JESIKUM KyT, IO
3YMOBJICHO HECHUMETPHYHICTIO IOTIEPEYHOTO
nepepizy KoHcTpykuii. Hanmpuknan, mia Z-
moAIOHOTO nephopoBaHOTO MIPOTOHY,
BUTOTOBJICHOTO 3 BHXIJHOTO IPOKATHOTO
mBenepa Ne 22V/JICTY 3436-96, neit kyr
ckinagatume 14° (puc. 8) 1 3a KyTa Haxuiy
KoHCTpyKuii 0° miomuHa Aii 3rUHAIBHOIO
MOMEHTY He OyJie mapajesbHOI0 IOJOBHIN oci
iHepuii Y, TOOTO BHMHMKAaTUME KOCHUH 3THH.

[IpuuoMy MOBHE 30BHILIHE HaBaHTakeHHs F
CHPUUMATUMETHCS JIUIIE CTIHKOIO MPOTOHY 1y
BEpXHBOMY TOsICl TephopoBaHOro MpodiTro
BUHUKATHUME KPYTHUH MOMEHT Bif  Ail
ropu3oHTaIBHOI cKnanoBoi F, (mus. puc. 5),

SKUWA cripuuuHse aedopMariito KOHCTPYKIIi 3
11 TUTOIIUHM.

Ha BigmiHy Bim mnpsiMOTO 3THHY, 3a
KOCOTO 3THHY HeWTpanbHa BICh (HYIHOBA
JmiHIA) He Oyae NepHeHAUKYISIPHOI 10
TUIOUIMHY il 3TMHAJIBHOTO MOMEHTY, a Oyne
MOBEpHYTa HaA TEBHUW KyT BIO OCI, sKa
MePIeHIUKYIApHA 10 TJIOIIMHU i
3TMHAJILBHOTO MOMEHTY, J0 OCi, BITHOCHO SIKOi
MOMEHT 1HEepIIii Ma€ MiHIMaJbHE 3HAYEeHHS.

HopmanbHi HanpyKeHHS B KOXKHIN TOYII
MOTIEpEeYHOro mepepizy mnepdopoBaHOro Z-
Mo/11I0HOTO MPOTOHY 3a KOCOTO 3TUHY, fK 1Y
BUIAJKY MPSMOTO 3TUHY, IPSIMO MPOMOPITIHHI
BIJICTaHI BIJ Ii€1 TOYKH JO HEUTPaIHHOI OCI.
Tobto HaOIbIIl  HampyXeHHs,  fKi
BHHHUKAIOTh Y TOYKaX IOIEPEYHOTO IMepepily,
HaWOUIBII BiJIaIeH] Bl HEUTpaIbHOTI OCi.

BusHaueHHs MNOJOKEHHS HEUTPAIBHOI
oci HeoOXIiaHe I 3HAXOKCHHS HeOe3eUHUX
TOUOK Tepepidy (IUB. pHcC. §) 1 MOAAIBIIOTO
PO3paxyHKY Ha MIIHICTb.
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Cumnosa
TUTOTITMHA

[ mommua mii
IIOBHOT'O
3THHAKYO0T0
MOMEHTY

Heitrpansna
BiChH

CunoBa
TUIONIIMHA

Cuora
TUTONHHA

Omax o~

Heitrpansna
BiChH

[Lnonuua mii
IIOBHOTO
3IrHHAK4O01ro

MOMCHTY

Omin

Culopa
[UIOMHA

HeiitpansHa
BICh

HeilitpansHa
BiCB

TTnmonmuaa mii
IIOBHOI'O
3TUHAIOIOTO
MOMEHTY

Puc. 8. Hebe3neuni Touku nepopoBaHOro enemMeHTa Ajs pi3HUX KyTiB HaXUITy:

a—0°0-10°B—15°1-25°
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Jnst po3paxyHKy nephopoBaHUX —elie-
MEHTIB B YMOBaX KOCOT'O 3TMHY MPOMOHYETHCS
B3STH 32 OCHOBY ICHYIOUY METOIUKY pO3pa-
XYHKY 3TMHaJIbHUX NEpPPOPOBAHUX €IIEMEHTIB

[1, c. 115] i BM3HAYaTH HANPYKEHHS B pO3pa-
XYHKOBHUX Iepepizax 0icTalieBoro eiaeMeHTa 3
HECUMETPUYHUMH TI0 BUCOTI mosicamu (puc. 9)
Ha 1-i 1 3-1 guisHKaX 3a GopMyIaMu:

Mzhy Qup1 @ My
Touka 1 Osupl = + * <Ryre!rn: 9)
v l, 2Wepmae W, 7
M,d; Qsy2a My R
TOUKa 2 Osyp2 = At =4 +— < uZe ; (10)
I, 2\NSUp,min Wy Yu?n
M;h, Qinﬂ a M y
TouKa 3 Oinf3 = + * <Ryre!7n; (11)
e IZ 2Winf,max Wy y
M.d Qura M R
Touka 4 Cinf = 242 inf Y < u’c ’ (12)
4 IZ 2Winf,min Wy Yu?n
ne M, =Mcosa; M y = Msina — 3ruHanbHi Ry, R, PO3paxyHKOBiI OMOPH  CTasi

MOMEHTH BIANOBIAHO B INIOIIMHI Ta 3
IUIOIIMHY i1 30BHIIIHLOI'0 HABAHTAXKECHHS;

hl; dl; h2; d2 — BiACTaHl BiJ TOJIOBHHUX
ocedl iHepuii A0 TOYKH, IO PO3TIIATAETHCS;
| , — MoMeHT iHeplii y BiAMOBiAHOMY mepepisi;

WSUp,max ’ WSUp,min ’ Winf,max ’ Winf,min
MaKCUMaJlbHI Ta MiHIMaJlbHi MOMEHTH OIIOpiB
nepepi3iB BEPXHbOTO 1 HUYKHBOTO TOSICIB;

BIJIMOBIAHO 32 MEXEI TEKYy4OCTi 1 MexXero
MIITHOCTI;

VerYy — KOe(IieHTH BIANOBIOHO YMOB
po0OTH 1 HAIIITHOCTI;

Qsupts Qsyp2’ Qinr1s Qing2 BIATIOBIHI
MOMEepeYHi  3yCWUIs, SKI  CIPUHAMAIOTHCS
TaBPOBMMH  TOSCaMH 1  BHU3HAYAIOTHCSA

MPOMOPLIHHO  1X  JKOPCTKOCTSIM,  TOOTO
MPUEMAIOTHCS KOE(ILIEHTH PO3MOILTY:

JUTsl BEPXHBOTO TMOsICa Agyy = ; (13)
ISUp + Iinf
IS HIOKHBOTO T0sica QA = 1- Asyp s (14)
ne lgy,; 1,y — MOMEHTH iHepLi Iepepi3iB BEPXHBOTO I HUKHBOTO MOSICIB.
[Tonepeuni cuiam B moscax
QSUpl = aSUle; QSUpZ = aSUpQZ; (15)

Qinr1 =i Qi | Qupz = @i Qo

ne Qp; Q, — nonepeuni 3ycums B epepisi.
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1.1

1.2

Puc. 9. Cxema ninsHKU IpOrony 3 nephopoBaHOI0 CTIHKOIO

J71s BU3HAUEHHS HANPY>KEHb Ha JUISHII 2 BUKOPUCTOBYETHCS popmyna

o= 0,87\/0-22 —o,0y+ 0'5 +32'22y <Ry7e, (16)

M Z hl n QSLLDla

I, 2W
CIPsIMOBAaHI NapayeabHO MO3/I0BXKHIN 0C1 KOHCTPYKIIT;

oy, =M, /\Ny — T€ caMe, CIIPSIMOBaH1 MEePIEeHIUKYISPHO JI0 MO310BXKHBOI 0CI KOHCTPYKILIT;

_9S

T =
i IZtW

— HOpPMaJbHI HANpYXXEHHS B CEpeAMHHIA IUIOMIMHI CTIHKH,

pi(S] O'Z =
SUp,max

— IOTUYHI HAaPY>KEHHs B TOULl CTIHKM KOHCTPYKIIi{, 110 PO3TJISAIAETHCA.

Po3paxyHOk Ha MIIHICTE PO3Pi3HUX OaOK 2-TO 1 3-T0 KJIaciB MPOMOHYETHCS BUKOHYBATH 3a
bopmynamu:

My Qsyna M,y

ToYKa 1 01 = + T <Ryre/!7n; a7
Ay 2Woymax  CyWy 7
M,d; Qspea M

TOUKa 2 o, =—211 4 P +—2 < Ryve ! 7n, (18)

Cxd; 2WSUp,min - CyWy

ne Cy; Cy, S — koedilienTH, SKi MPUAMAIOTHCS 32 HOPMAaMH IPOEKTyBaHHs [1].
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OxpiM TEOpEeTHYHHUX JOCHIUKeHb IS pe3yabTaTi IBOrO HANPYXEHHS IO BHCOTI
3a3HAYEHUX KOHCTPYKIIH Oyau mpoBeAcHi nepepizy 30UIbIITYIOTHCS a00 K 3MEHIIYIOThCS
YHUCIIOBI  JOCH/DKEHHS Yy  MPOTPaMHOMY 3aJIe)KHO  BIA  TOrO, JI¢  3HAXOAUTHCSA
komruiekci  "Jlipa", a TakoXX KOMIUIEKCHI po3paxyHKOBa  TO4YKa  Iepepisy — Yy
eKCTIEpUMEHTANIbHI JTOCT/KECHHS Ha 3pa3Kax y pO3TATHYTIH YW  CTHCHYTIH  30Hi. Jlns
HATypaJbHYy BEJIHYMHY, pE3yJIbTaTH SIKUX nepopoBaHUX EIIEMEHTIB, IO MPAIOITh B
MalTh JOCUTh TOYHY 30DKHICTh, IO A€ yMOBaX KOCOTO 3THMHY, 3alpONOHOBAHO
MOJJIMBICTh ~ 3pOOMTH  BHUCHOBOK  IPO dbopMynu Ui BU3HAYCHHS HANPYXEHb Y
MOJKJIMBICTh 3aCTOCYBaHHS 3alpOIIOHOBAHHUX XapaKTepHUX TOUYKAX Mepepi3iB eIEeMEHTIB 3
MeToauKk 1 QopMyn s BH3HAYCHHS oTBOpamMH 1 0€3 HHUX I pPO3paxyHKy 3
Hanpy>keHo-1e(OpMOBAHOTO CTaHy Ha ypaxyBaHHAM 1 0€3 ypaxyBaHHS MpPYKHO-
MPaKTHIII. IUIACTUYHUX nedopmariii. [Tomanemioro

BucHoBku. 3actocyBanHs aedopmartiii- JOCIIJUKEHHSI TIOTPeOYIOTh THTaHHS BTPaTH
HOI CXeMH Ui  CTHCHYTO-3TMHAJIBHOTO MICIIEBOI  CTIMKOCTI  IIOSICIB 1  CTIHOK
neppopoBaHOTO eJIeMEeHTa JI03BOJISIE neppopoBaHUX EJIEMEHTIB, OCKIJIbKHA came
BpPaxOBYBaTH JIOJIATKOBI HANpPYXCHHS B HOTO yepe3 Hei BimOyBaeTbcs BTpara HeCydol
mepepizax 3a paxyHOK JEsSKOTro 30UIbIICHHS 3IaTHOCTI €JIEMEHTIB y MIJIOMY 3a pI3HHX
a00 3MCHIICHHS 3THHAJIBLHOIO MOMEHTY. Y BHUJIIB HAIIPYKEHO-IE(OPMOBAHOTO CTaHY.
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YK 691.3:620.197.6

I'TAPATANIA HOPTTAHAUEMEHTY B IPUCYTHOCTI JOBABKH
BUCOKOJUCIHEPCHOI KPEUIHU

Kana. texn. nayk O. C. bop3sik, acn. C. M. Uenypua

I'MAPATAINUA IIOPTJAHAUEMEHTA B IPUCYTCTBUU JOBABKH
BBICOKOINUCIIEPCHOI'O MEJIA

Kana. texn. nayk O. C. bop3sik, acn. C. H. Yenyphas

HYDRATION OF PORTLAND CEMENT WITH THE ADDITION OF HIGHLY
DISPERSED CHALK

PhD techn. O. S. Borziak, pg. S. M. Chepurna

DOI: 10.18664/1994-7852.175.2018.127256

Y pobomi Oocniodceno eniue 0006asKku 8UCOKOOUCNEPCHOI Kpellou Ha npoyecu 2iopamayii
nopmaanoyemenmy.  Moocausicmov — npomikanua — peakyil  63a€Emo0ii  NIOMBEPOIHCYEMbCSL
mepmMoOuUHaAMiYHUMY — po3paxyHkamu. Po3paxoeano Kinvkicms KapOoHamy — Kaivyiro, o
BUKOPUCMOBYEMbCA Ol CMBOPEHHS NPeOCMABIEeHUX CHONYK 3 YPAXYS8AHHAM MIHEPANbHO20 CKAAOY
yemenmy, cmynens 2iopamayii KliHKepHUx MiHepanie, cmyneHs 3ac80€HH 2IiNCy.

Kniwwuosi  cnosa:  sucokooucnepcua — Kpetioa, 2iopokapooaniominam  Kaiwyio,
nopmianoyemMeHm, mepmMoOUHAMIYHI PO3PAXYHKU.

B pabome wuccneoosano enusnue 000asKU BbICOKOOUCNEPCHO20 Meld HA NpoYeccyl
auopamayuu  nopmianoyemenma. Bozmooxcnocms  npomexkanusi  peakyuii  83auMOOeUCmeus.
nOOMeEepHCOaemest mepmMoOuHamuieckumu pacuemamu. Paccuumano ronuvecmeo rapboonama
Kanbyus, UCNONb3YEeMO20 Ol CO30AHUSL NPEeOCMABIEeHHbIX COCOUHEHULl C YYemoM MUHePAlbHO20
cOCmasa yemenma, CmeneHu 2uOpamayuu KIuHKEPHulX MUHepailos, CMmeneHu YCe0enus 2unca.

Knrouesvle  cnosa:  vlcokooucnepchvili  Men,  2UOPOKAPOOATIOMUHAM — KATbYUs,
HOPMAAHOYEMEHM, MEPMOOUHAMULECKUE PACUEMbL.

The effect of the addition of highly disperse chalk on the hydration processes of Portland
cement has been studied. The possibility of interaction reactions is confirmed by thermodynamic
calculations. Calculated the amount of calcium carbonate used to create the presented compounds,
taking into account the mineral composition of cement, the degree of hydration of clinker minerals,
the degree of assimilation of gypsum.

Key words: highly dispersed chalk, calcium hydrogen carbonate, Portland cement,
thermodynamic calculations.

Beryn. OnHuM 13 IpiOPUTETHUX Hampsi- TpUBAJIOro Imepiofy. ToMy OCTaHHIM dYacom
MiB PO3BUTKY Cy4aCHOTO Marepiajlo3HaBCTBA € BEIMKAa YyBara TMPUAUISETbCI BHUPOOHULITBY
po3po0JIeHHST HOBHX THIIB IIEMEHTIB 1 Ha iX HOBUX KOMITO3MITIMHUX B SDKYYUX, SIKI MAlOTh
OCHOBI  OeToHIB, w0 3abe3neuyBaTuMyTh noJinmeHi (pi3uKo-MexXaHiuH1 XapaKTepUCTUKU
BHCOKI  eKCIUTyaTalliifHi Ta TEXHOJIOTIYHI (MIITHICTH Ha CTHUCK 1 BUTHH,
BJIACTUBOCTI KOHCTPYKIIIH IIPOTATOM BOJOHENPOHHUKHICTh,  XIMiYHa  CTIHKICTb,
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MOpPO3OCTIHKICT ~ TOIIO, M0 30LIBIIYIOTH
MOKa3HUKA JIOBT'OBIYHOCTI KOHCTPYKIIii
OyIMHKIB 1 CHOPY/), HU3bKY E€HEPrOEMHICTH 1

Npyd  BUPOOHHUITBI  SIKUX  BUPIIIYIOTHCS
MUTaHHS OXOPOHU HABKOJIUIITHHOTO
CepeIoBUIIA.

BuxopucTtansas 106aBoK pi3HOTO CKIany
J03BOJISIE  3HU3UTHU KUIBKICTh KJIIHKEPHOTO
LEMEHTY, MiJBUIIUTH INIIBHICT CTPYKTYPH 1,
IK HACHOiJOK, MIIHICTh, JOBIOBIYHICTH 1
CTIHMKICTB 0eToHIB B arpecUBHOMY
cepenoBHUIlll. Y SIKOCTI MPUPOJHHX J00aBOK
JOCUTh YacTO BUKOPHCTOBYIOTh KapOOHATHI
MOpO/H, MpoTe B YKpaiHi BUKOPUCTOBYETHCS
MPAKTUYHO TUTBKH BaIHSAK-YEpEalTHUK, a
Taka KapOOHATHA IMMOPOJa, K Kpeiaa, B3araii
HE BUKOPUCTOBYETHCS. BUKOpUCTaHHSA Kpenau
YCKJIaJHEHE 11 OCHOBHUMH BJIACTUBOCTSMM:
MIJBUIICHOI0  JIMIKICTIO,  T1APOQUIBHICTIO,
BHCOKOKD TIMTOMOIO ToBepxHew. OpHak
IOCUTh 00’€MHI 3amach KpeWau 3 BUCOKHM
BMICTOM KapOOHATy Kallbllilo, KU 31aTHUM
Opatu  ydacTb y  CTPYKTYPOYTBOpPEHHI
[IEMEHTHOTO0 KOMIIO3UTa 1 OETOHYy, a TaKOoX
cilabka IleMeHTaIls 4YaCTUHOK 3 BHCOKOIO
MMUTOMOIO MOBEPXHEIO CTBOPIOIOTH
MEePEelyMOBH JUISS BHKOPUCTAHHS MEJICHOI
Kpeiau B SIKOCT1 3allOBHIOBAYiB JJisi OETOHHHUX
cymitieit 1 0eToHiB.

AHauni3 xocaikens i myoaikaunii. [Ipu
BBEJIEHHI [0 CcKjlaxy OeToHy KapOOHaTHHX
MIKpOHAMOBHIOBAYiB MIX IUMH YaCTHHKAMHU
Ta  NPOAYKTAMH rigpatamii  LEMEHTY
BiOyBaeThCs  B3aemomis. Llg  B3aemogmis
PO3TIIAIAETECS PI3HUMH HAYKOBHMH IITKOJIAMU
HeoJHO3HAYHO. 3a pobortoro [1] kapOonaTHi
HAINOBHIOBa4Yl OOYMOBIIIOIOTh ~ €IiTaKCiaJbHE
3pOLIEHHS, HaANOIbII IHTEHCUBHE B pasi
HAsiBHOCT1 XIMIYHOI CIIOPIJTHEHOCTI SIK IO
KaTiOHY, TakK 1 1Mo aHioHy. ExcrepuMeHTaabHO
BCTAHOBJIEHO, M0 MIIHICTh Ha BIIPUB
LIEMEHTHOTO KaMEHIO HaliMeHIIIa 3
KBapIOBUMHU TIICKaMH, a HaWOlIpIma 3
kapOoHaTHUMH Topogamu. Y poboti [2]
dbopMyBaHHS ~ MII[HOT  KOHTAaKTHOI  30HU
MOSICHIOETBHCSI CAMOYIIUTBHEHHSIM 32 pPaxyHOK
XIMIYHOI ~ B3aeMofii MK  KapOOHaTHUM
3alOBHIOBaYEeM 1 MPOAYKTaMHU  TigpaTarii

nemeHTy. KoHTakTHa 30Ha — 1€ CaMOCTIHHUN
€JIeMEHT CTPYKTypu O€TOHY, SIKHH Biairpae
ICTOTHY pOJb Yy MiABHINEHHI MIITHOCTI,
BOJIOHETIPOHUKHOCTI, MOPO30CTIMKOCTI,
XIMIYHOI cTiiikocTi 6eToHy. ToMy € HeoOXi-
HICTh PO3TJISHYTH IMPOIECH, IO BiIOYBAIOTHCS
Ha KOHTAaKTI MIKpOHANOBHIOBaYa — BHCOKO-
JTUCTIEPCHOT KPEeWIU — 1 HEMEHTHOT'O KaMEHIO.
OCHOBY MIIIHOCTI IIEMEHTHOTO KaMEHIO
[3] CTaHOBIISITh €JICKTPOreTePOreHH1
KOHTAaKTH, [0 BUHUKAIOTh MK KPUCTAJIaMU 3
MTO3UTUBHO 3apsIKEHUMU MTOBEPXHSAMU
TIAPOKCUAY  KaJBIiO,  TiIPOATIOMIHATIB,
rigpodepuTiB, a TaKOX TIAPOCUIIKATIB, IO
MarOTh HETATUBHUI NTOBEPXHEBUM 3apsil.
[cHyIOTH pi3HI CIOCOOM MiABUIICHHS
BMICTY €JICKTPOT€TePOTeHHUX KOHTAKTIB Y

JTUCTIEPCHUX  CHUCTeMax:  Iepe3apsiKaHHsS
JTUCTICPCHUX YaCTUHOK CHCTEMU 3a
JIOIIOMOT OO0 IMOCTIHHOTO EJICKTPUYIHOTO
CTpyMy, IMIiJBUINEHHS TOHKOCTI IOMEIY
B'SDKYYOrO 3 Horo MO AAIbIITHM

nepe3apsDKaHHsAM, BBEJCHHS B LIEMEHTHO-
MiaHi  CyMilll MOPOUIKIB 3  TO3UTUBHO
3aps/DKEHUMH TUCTIEPCHUMHU YacTUHKaMu [4,
5]. HaiiGuibm [OCTYNHUM 3 IepepaxoBaHUX
CHOCO0IB  CTBOPEHHS €JIEKTPOreTePOreHHUX
KOHTAKTIB y ILIEMEHTHO-MIIAHUX CyMillax €
BBEJICHHS B 111 CyMIIIl TO3UTUBHO 3apsKEHUX
MiHEpaJIbHUX YAaCTMHOK BHUCOKOTO CTYIIEHS
JUCTIEPCHOCTI.

[Ipouecu  TBepAiHHS  MiHEpaTbHUX
B'SDKyYUX Yy MPHUCYTHOCTI  MIHEpPAIbHUX
n006aBOK OOYMOBJIEHI OJJHOYACHO 1 rifparo- i
CTPYKTypOyTBOpeHHsM. Lle moB'si3aHO 3 THM,
10 TEMITM TBEPAIHHS Pi3HUX (a3 KIIHKEPHOTO
BSDKYYOro Ta iX B3a€EMOJii 3 YaCTHHKaAMH
700aBOK iICTOTHO BiJPI3HSIOTHCA.

Kpeiina — e peuoBuHa 31 3MIIMIAHUMH
CTPYKTYPHUMH 3B’Si3KaMH, OCHOBHAa YacTHHA
sKoi mpencrasieHa Ha 95-98 % kapOonaTom
KaJIBIII0 1 HE3HAYHOIO KIIBKICTIO TIIMHHUCTHX
JIOMIIIIOK.

[Ipn rigpaTamii  adrOMOYTBOPIOIOUUX
kimiHkepHux MiHepanmiB C3A 1 C4AF B
MIPUCYTHOCTI KapOoHaTy KaJIbI110
BifOyBaeThcss  3MiHAa  (pa3oBOro  ckiamy
HOBOYTBOpPEHb, IO BeAe A0 3MiHU (i3UKO-
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MEXaHIYHUX BJIACTUBOCTEH
KOMITO3HTIB [6, 7].

Byno BcTaHOBIEHO, IO YTBOPEHHS
riapokapOoaIfOMiHATY KaJbI[il0 Ha IOBEPXHI
KapOOHATHUX HaIOBHIOBAYiB cupusie
iHTeHcu(dikamii  mporecy  TBEpAIHHS 34
paxyHOK QITFOMOBMICHHX KIITHKEPHUX
MiHEpaJiB, TIpd ILOMY 3  ITOBEPXHECIO
KapOOHATHUX 3€pPEH YTBOPIOETHCS MIIHUN
KpUCTQJIIYHUI ~ KOHIJIOMEpaT 3  IeKcaro-
HAJIBHUMH KPHCTAJIaMH TiIpoKapOoamoMiHaTy
KaunbIito [2, 8, 9].

VY mporeci rigparaiii KapOOHAT KaJIBIIIO
BCTyMa€ B XIMIUHy  B3aeMOJII0 3
AITFOMOYTBOPIOIOYHMH KIIIHKEpHUMU
minepanamu C3A 1 C4AF 3 yTBOpeHHSIM
KyOigyHOTO TiIpoaNOMiHATy KaJIbIIIIO
3Ca0OxAl203x6H20 1 KOMIUIEKCHOI CIIOIYKH
rinpakap6oamominaty  kaipmiro  (I'KAK)
C3AxCaCO3x11H20 3a ymoBH, 110 Kpeiaa
npencrasiena 3epHamu d<42 mxwm [8-10]. [Tpu
OUIBLI KPYIMHUX 3€pHaX KapOOHATy KalbLilo
YTBOPIOETHCSI HEBENMKA KIJIBKICTh KyOi4HOTO
CsAHs [11].

I'inpoxapOoanmtomiHaTu KaJIbLII10
3pOCTalOThCSI MK COOOK 1 IOBEpPXHEIO
KapOOHaTy KaJbIiI0 B MIUIBHUA KPUCTATIYHUI
KOHTJIOMEpAaT, MOXYTh CIYKUTH «3apOJKaMu
KpUCTali3alii» 1 TapHOW  EMiTaKCUYHOI0
HiJAKIAKOI0 JUIsl YTBOPEHHS HOBHMX CIOJYK
[12].

OEMCHTHUX

3a maHuMU pi3HUX aBTOpiB [8, 9] mpu
rigparaii C3S 1 C2S B npucyTHOCTI KapOoHa-
Ty Kalbllil0 YTBOPIOETbCS HE3HAYHA YaCTHHA
ckoyTuty (6Ca0xSi102xCaCO3xnH20).

Y mpucyTHOCTI KapOOHaTy KalbLio
CIIOCTEpITa€ThCs ~ TNMPHUCKOPEHHS  TpOIeCy
rijpaTarnii KJIiHKepHUX YaCTHHOK IIEMEHTHOTO
KOMIIO3UTa, TMpU  LBOMY  30LIBIIYETHCS
BOJIOIIEMEHTHE BIJHOIIEHHS B CHCTEMI Ta
B11I0YBaETHCS BlIBEIEHHS MIPOJTYKTIB
PO3UMHEHHS 3 30HM peaklii 70 MOBEPXHOCTI
JaCTUHOK Kpewau [11].

Y cucremi C3AxCaCO3x11H20 -
C3AxCa(OH)2x11H20, xpim T'KAK [13],
BUSBWJIM yTBOPEHHS HEMEPEPBHOTO  PSIY
TBEPIUX  PO3YMHIB, a  camMe  CTiHKo
1IEHTUDIKYIOTHCS CIIOJTYKH

3Ca0xAl203%0,25CaC0O3x0,75Ca(OH)2x12H20,
1 BII3HAYCHO  MOXJIMBICTH  YTBOPCHHS
C3Ax3CaCO3%(30+32)H20.

MomnorigpakapOoamtoMiHaT 1 TeKcaro-
HaJbHI TiIPOATIOMIHATH KaJbIIF0 BHUSBIIS-
I0TbCS B CTPYKTYpl LIEMEHTHOTO KaMEHIO 1
OeTOHy, IO JOBTMH 4Yac TBEPAUIM TpU
HOpMaJbHUX yMoBax. [lpu mpomnaproBaHHI
MO>KJIMBE PO3KIIaZaHHs
MOHOT1JIpakapOoaIfOMiHATY  KajblliF0  Ha
C3AHs 1 CaCOz. VY renenoniOHii cki1amoBii
LIEMEHTHOT'0 KaMEHIO, 1110 3aTBEPAiB, MOKIHBE
yTBOpEHHS (a3 JOCHTH CKJIAIHOTO CKJIamy, a
came TOMACUTY
{Cas[Si(OH)s]*x12H20} x(SO4)*(COs3) [2].

Y KOHTaKTHi# 30H1 KapOOHATY KaJbLIiO 3
riipaTHUMH  ¢a3aMud LEMEHTHOrO0 KaMEHIO
YTBOPIOETHCS TEpexigHa 30Ha 3 JIPIOHHX
KpUCTaJiB JOBUIBPHOI Opi€eHTalii, y Mexax
SKUX YTBOPIOETbCS TBEPAUNH PpO3UYMH 31
CKJIaJIOM, IO Oe3repepBHO 3MIHIOEThCS [8, 9,
14].

[Ipu 3amimryBaHHI HEMEHTHOI cymimii 3
KapOOHAaTOM  KalbIiF0  MOJEKYJId  BOJHU
MOCTYIIOBO aKTHBYIOTH TIOBEPXHEBI IIapu
CaCOs i cnpustots audysii ionis Ca?*, OH’,
CO® B cTpyKTYypi Kpeitau. Y pe3ynbTaTi Hboro
Ipolecy Ha Mi3HIX TepMiHAaX TBEPAIHHSA
IIEMEHTY YTBOPIOIOTHCA 130MOPGHI 3B’ SI3KH
Mk Ca(OH), 1 CaCOs, mo 3MilHIOE
CTPYKTYPOYTBOPIOIOYI  3B’S3KM B  CHCTEMI
«IIEMEHT — HarloOBHIOBaY — Bojay [15].

[linBumeny  MIIHICTH IIEMEHTHOT'O
KaMEHI0 B IPUCYTHOCTI KapOOHATy KaJbIlil0
nmokaszanu 3pa3ku He Tubku 3 C3A, 1o
MOB’A3aHO 3 YTBOPEHHSM TifpokapOoato-
MIHATy KajbIlito, ane i 3 Cs3S, mo, Ha TyMKY
E. P. [linyca [16], moB’s3aHO 3 KpHCTajo-
ximMigHOIO B3aemoxicro CaCOs 1 C3S, a Takox 3
YTBOPEHHSIM  BEJIHMKOI KUTBKOCTI 3pPOCTKIB

KpHUCTAaJIB riipaTHUX HOBOYTBOPEHB
BHACTIZIOK 1X XIMIYHOi CIOpiJHEHOCTI Ta
OJIM3BKOCTI napaMmeTpiB KpUCTAIIYHUX
permitok. [llapm kampllifo Ha TOBEPXHI

3alOBHIOBaYa YIIUIBHIOIOTE 1 3MIIHIOIOTH
KOHTAKTH1 30HU B’ SKYUOTO.

O.T. Onbrincekuii 'y cBoix mpausx [6]
3a3HayaB, IO 3€pHa KapOOHATy KaJbIIiI0
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MalOTh BOJOBIJICMOKTYBAJbHY CIIPOMOKHICTb,
3a0MpalTh BOAY 3 IIEMEHTHOTO TIiCTa, Y
pe3ynbTari 40ro [IEMCHTHE TICTO
VIIUTBHIOETHCS HA KOHTAKTI 3 3a[IOBHIOBAYEM.

Hani, saxi orpumana 3. M. JlapionoBa
[17], moka3amu, MmO LEMEHTHHH KaMiHb 3
KapOOHATOM KaJbII0 Pa3oM 3 KPUCTATIYHUM
riApoKapOOAIIOMIHATOM  KaJbIIF0  MICTHTh

3HaYHYy  KUIBKICTH  TesIenofiOHOT  MacH,
HAWOUIBII  LIJIbHI  HAKONWYEHHS  SIKUX
CIIOCTEPIratoThes HaBKOJIO OCTaTOYHHUX

KJIIIHKEPHUX 3€peH, 1 TigpokapOodepuTH Ha
KOHTAKTI 3 KapOOHATOM KaJIbIIiIO.

Pesynpratu aHayi3zy
KOMITO3HUIIIH 3 Kpeiiioro, OTpUMaHi
H. O. Konanima, JI. A. AnikanoBoro  [18],
MOKa3aJIi TOBHY BIJICYTHICTh MOPTIAHINUTY 1
MOSIBY HOBHUX  CIIONYK  TiApokapOoOHAaTiB
KajapLito U aJIIOMIHIIO, KpiM  TOTO,
TOHKOJMCIIEPCHUI  KapOOHAaT  Kajbllilo B
[EMEHTHUX KOMIIO3HIIISIX BHCTYIAE B PO
rapHOi OCHOBHM JUIsl KpHCTai3alii CIOJIYK.

JlocmiKeHHs, pOBE/IEH]
M. L. CtpenkoBum, M. C. 3010TOBHM,
T. B. XKuakosoro [19], cBimuarh, 0 1IeMEHTHI
KOMIO3ULIi, J0 CKJIagy SKHUX BXOAATH
KapOOHaTH Jy)KHUX MeTaliB 1 KapOoHary
KaJIbIlil0, YTBOPIOIOTh KOMIUIEKCHI CHOJIYKH —
riipokapOoHaTH, IO CHpUS€E MiJBULICHHIO
MOpO30CTiiikocTi  Ta  cynb(haTocTiiiKoCTI
OeToHy.

IIpuckopeHHs mpolecy Tigpararii ajiTy
B IIPUCYTHOCTI BUCOKOJMCIEPCHOI Kpewau, Ha
Hallly AYMKY, IIOB’SI3aHO 3 THM, 110 JOAATKOBI
LEHTPU KpUCTali3allii CIPUSIOTh BIJIBEICHHIO

OEMCHTHHUX

NEpPBUHHUX TiApaTiB 32 MeXi IUIBKA
HOBOYTBOPEHb 1 KpHUCTai3amii MOPTIAHIAUTY
Ca(OH) 3 mnepeHacuueHOro po3YMHY Ha
MOBEPXHIO 3€peH KaiubluTy. llpm 1pomy
3HWXKYETHCS IIIJIBHICTD TUTIBOK HOBOYTBOPEHb,
o BeAe 10 30UIbIICHHS MIBUAKOCTI audysii
BOJM JI0 TIOBEPXHI 3€peH aJiTy 1, K HACTIJIOK,
70 TMIABUINCHHS CTYMEHS MOro TixpaTarti.
Kpeiina BcTynmae y B3aeMofil0 3 allOMOYT-
BOPIOIOUUMH  (a3aMH  MOPTIAHIICMEHTY
KIIHKEpY 1 Mae€ MiABHUIICHY aJcopOLiiiHy
3MaTHICTh. Y PE3yJbTaTi Ha IMOBEPXHI 3epeH
KaJIBIIUTy MOXXYTh OYTH TPHUCYTHI CHOJIYKH
TUITY T1ApoKapOoaTOMiHATIB KaibLito [2, 6, 7].

Meta Ta 3aBAaHHA 10CTiIKeHb. MeTa
JOCIIJKCHh — BU3HAUCHHS BIUIMBY J100aBKU
BHCOKOJMCIIEPCHOI ~ KpeHIau Ha  MpolecH
rigpaTanii NOpTIaHALIEMEHTY.

3aBiaHHs JOCHIKEHh — 32 JOMOMOTOK0
TEPMOJIMHAMIYHUX PO3PaxXyHKIB BCTaHOBHUTHU
BIPOTIMHICT  TPOTIKAHHSA  peakUid MK
MiHepallaMd TMOPTIAHALIEMEHTY 1 J100aBKOIO

BHCOKOJMCIIEPCHOI ~ KpeHIW;  po3paxyBaTh
JOMYCTUMY KIJIBKICTB no0aBku
BHCOKOJIMCIIEPCHOI ~ KPEeWIH,  BpPaxOBYIOYH
MiHepalbHUHN CKJIa/l MOPTIAHIEMEHTY.
OcHoBHa YacTHHA JOCTIIKEHb.
ImMoBipHI peakuii B cHCTeMi KJIIHKEpHi

MiHepaJli — KapOOHATHI MIHEpaJlbHI J00aBKH,
NPOAYKTAMH SIKMX MOXXYTb OYTH KpUCTaJi4Hi
¢dazu, ki 30UIBIIYIOTH CyMapHH 00’em
TBepaoi a3u 3a paxyHOK  XIMIYHOTO
3B’SI3yBaHHs 3HAYHOI KUIBKOCTI BOJH, 1
XapaKTepU3yIOThCS 3HAKOM «+» IIOBEPXHEBOIO
3apsny [3]:

- rigpatanii C34 B IPUCYTHOCTI KaJbli€BUX cojieil 3 yrBopeHHsM AFM-das:
1) CsA + CaS04-2H20 + 10H20 = C3A -CaS04-12H20;

2) Cs3A +0,5CaCOs+ 12H20 = C3A-0,5CaCO0s-12H20;

3) Cs3A + CaCOs + 11H20 = C3A -CaCOs3-11H:0;

- rigpatanii C34 B IPUCYTHOCTI KaJblI1€BUX coJjeil 3 yrBopeHHsM AFt-das:
4) CsA +3CaS042H20 + 26H20 = C3A -3CaS04-32H20;

5) CsA +3CaCOs3 + 32H.0 = C3A-3CaC03-32H:0.

MoOXIIUBICTh TPOTIKaHHA HABEACHUX
XIMIYHUX pEaKIiii BU3HAYA€THCS BEIMUYHUHOIO
ix BinpHOI eHeprii ['i60ca.

Binbna enepris ['160ca peakuiil BUTIISA LY
aA + bB=cC+dD, ne A, B, C, D — peuoBunm,
1o O0epyTh y4acTh y peakiii (ioun), @, b, ¢, d —
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ixHi  crexioMeTpu4Hi  Koe]illieHTH, 3a

pobototo [14], nopiBHIOE

AG = cAGc + dAGp - (aAG4 + bAG3), (1)

ne AGy, AGp, AGc, AGp — BilbHa eHepris
I'i66ca yrBopenns pedoBuH (ioniB) A, B, C, D
3 €JIEMEHTIB.

Binbna enepris ['160ca HaBeIeHUX peakiliid CKiIaiae:

1) AG = —7778,5 — (-3382,3) — (~1797,8) — 10x(~237,2) = —226,4 kJIK/MOJTE;

2) AG = -7336 —(~3382,3) — 0,5%(~1129,2) — 12x(~237,2) = —542,7 kJI/MOB;

3) AG = -7337,5 —(-3382,3) — (-1129,2) — 11x(-237,2) = —216,8 kJ]x/Moxb;

4) AG = —15205,9 — (—3382,3) — 3x(~1798,7) — 26x(~237,2) = =—260,3 kJIK/MOJTE;
5) AG = —14567,7 —(~3382,3) — 3x(~1129,2) — 32x(~237,2) = =—206,44 xJI/MOJTb.

BinbHa enepris ['i66ca yTBOpeHHS pedo-
BHUH, 110 OepyTh y4yacTh y TiApaTaiii Mmopt-
JAHIEMEHTY 3 KapOOHAaTHUMH J100aBKaMH 13
€JIEMEHTIB, IpHitHATa 32 poboTamu [20, 21].

OCKITbKH B IIEMEHTI MICTHUTLCS TiIIC,
KapOoOHaTBMiCHa J00aBKa HE BCTYyNae B
peakiro 3 C3A 1 C4AF 10 TuX mip, MOKH Tinc
HE 3B'SDKETHCS Y BAKKOPO3UMHHUHN TiIPOCYIIb-
doamoMiHaT KanbIifo. Peakiiss MOXIHUBA,
SKIIO TMIiCHsi YTBOPEHHS Tiapocyibgoalto-
MiHaty KaibIiito 3amumaioTbess C3A 1 C4AF,
1110 HE IIpopearyBayiu 3 Cynb(ar-ioHaMu.

Jlisi BU3HAUEHHS KUTBKOCTI KapOOHATy
Kalpllif0o, [0  BHUKOPUCTOBYETHCS IS
CTBOPEHHSI TPEJCTABICHUX CIOJYK, MOXKHA
BUKOPHUCTATH (pOpMYITy, IO 3alpPOIOHOBAHA Y
pob6orti [19].

IIpu mnpoBeneHHI pO3paxyHKIB Oyiu
MPUMHATI TaKl YMOBHI JIITEPHI TO3HAYECHHS:

X — CTymiHb TiJpartamii KIiHKEepHUX
MiHepaniB (X1 - C3A, X2 - C4AF, x3 - C3S, x4 -
C2S) 10 po3paxyHKOBOTO TEPMIHY TBEP IIHHS;

X5— CTYIIHb 3aCBOEHHS TIIICY;

Z — CHIBBIJHOIIEHHS MOJSIPHOT MacH
KOMIIOHEHTIB;

Y — KOe(]ili€eHT, 110 BPaXxOBY€E 3HIKEHHS
KUTBKOCTI KpUCTaJIYHOI a3y, 10 IMpescTaB-
neHa TpboMma cnonykamu (y1 - 3CaOxAl20s,
y2 - 3CaOxFez0s3; y3 - Ca(OH)2);

K — MiHepaOTiYHUI CKIIa/ [IEMEHTY.

7= 90 g4, 2)
3Ca0Ox Al,O,
2= 00 g, 3)
3CaO x Fe,0,
2= €0 -y g, (4)
Ca(OH),
2= 3CaOx Al O, 157 (5)
Caso, xH,0
2= 3Ca0 x Fe,0, ~0.76; (6)
3Ca0 x Al,O, x Fe,0,
2e= 3Ca0Ox Al O, -191: )
Caso, xH,0
=S8Ny 55, (®)
3Ca0 x S0,
o= SAOH): 43 (©)
2Ca0 x S0,

KinpkicTh KOMITOHEHTIB KIIHKEPY, IO
3MaTHI  3B’A3yBaTM  KapOOHAT  Kaiblilo,
PO3paxoBYIOTh TaK:

3Ca0%xAl,03= y1X(x12:13Ca0%xAl,03+x2223Ca0x Al203%Fe203-x524CaS04x2H20); (10)
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3Ca0OxFe203= y2x( x2253Ca0*xAl203xFe203-x526CaS04 x2H20); (11)

Ca(OH)2= y3x( x3273Ca0%Si02+x4282Ca0%Si02). (12)

BincoTok kapOOHATY KAJIBIIIIO Y CKJIA/ll IEMEHTHOTO KAMEHIO CTAHOBHUTH

CaCOs3=y121(x13Ca0xAl,03+x2223Ca0*x Al,03%Fe203- x524CaS04x2H20)+

+y2Z2(x2253Ca0*xAl203xFe203- x526CaS04x2H20)+ y323%(x3273Ca0*Si102+

+ x4282Ca0xSi0y).

Koedirientu y1 i y2, X5 HOpiBHIOIOTH 1,
y3=0,3, ToMy [0 BHCOKOAMCIIEpPCHA Kpeiina
Mae po3mip 3epeH meHiie 10 MM, koedirieHT
Z — BenuuMHA nocTiifHa. CTymiHp Tigparamii y

- s ITLT 1-400

(13)

i 28 nmi6 cranosuth X1=0,84; x2=0,74;
x3=0,69; x4=0,11.

[lincTaBuBmm 3HaYeHHS y ¢opMmyny
(13), orpumyemo:

CaC03=1x%0,37(0,84%6,2+0,74x0,3x13,8-1x1,57x0,3)+1x0,3(0,74%0,76x13,8-
-1x1,91%0,3)+0,3%1,35(0,69%0,32x60,7+0,11x0,48%16,5)=15,8; (14)

- g I 1-500 H

CaCO3=1x0,37(0,84%6,0+0,74x0,3x12,5-1x1,57x0,3)+1x0,3(0,74x0,76x12,5-
-1x1,91%0,3)+0,3%1,35(0,69%0,32x63,7+0,11x0,48x14,8)=10,7. (15)

IIponec B3aemozii kapOoHATy Kajlbliio 3
NpPOAYKTaMM Tifgparauii BiJOYBa€eTbCcsl Ha
MOBEPXHI 3€pPEeH KaJlbLUTY, TOMY KUIBKICTb
no0aBKM KapOOHATy Kajblil0 B CTPYKTYpl
O0eToHy Mae OyTH Oiblle, HIXK PO3paxyHKOBa
KUTBKICTb. IIpn LBOMY KUTBKICTh
HOBOYTBOpEHb Yy  IEMEHTHOMY  KaMeHi
301BIIYEThCSI HA BEINUYHMHY, IO BiAMOBITAE
KUTBKOCTI 3B’ S3aHOTO KapOOHATY KaJbIIiIO.

BucHoBku. 3a TeopeTUYHMMHU TNepeay-
MOBaMH, TpHU TiapaTarii aJrOMOBMICHUX
kimiHkepHux MiHepamiB C3A 1 C4AF B
MIPUCYTHOCTI KapOOHATy KaJbliilo BigOyBa-
€TbCS 3MiHA (Pa30BOr0 CKJIaTy HOBOYTBODEHB,
SK1 TPEJICTaBJICHI TipOoafOMIHATOM KaJbIiI0
3Ca0OxAl203x6H20 1 KOMILJIEKCHOIO
CIIOJIYKOIO  TiJ[pakapOOaTIOMiHATY — KaJbIIiIO0
(I'KAK) C3AxCaCOs3x11H20.

VY pe3ynbTati aHaNli3y XiIMIYHUX peaKiii
i BenmmumH ix BimeHOI eHeprii [160ca AG
BCTAQHOBJIEHO: Y MPUCYTHOCTI MiHEpaIbHUX
N00aBOK MOXKIUBI Bcl peakuii rigpararii
TPUKAJIbLIIEBOTO aNOMIHATy C3A 3
YTBOPEHHSAM KPHUCTAJIOTIAPATIB T1ApoCynbdo-,
rizpokapOoantoMiHatiB Kanplito — AFmM Ta
AFt-¢ba3; BenmuunHa BinbHOI eHeprii ['i66ca AG
peakiiit npunanae Ha 1 monb C34, i BenmmunHa
JUTS. OTHAKOBUX YMOB XapaKTepU3Ye IMepeBary
HaBEeIEHUX peaklii; peakiii B3aemonii C34 3
KapOOHaTOM Kanbllito 3 yTBOpeHHsSM AFm Tta
AFt-pa3 3a HasBHOCTI pearyiuux KOMIIO-
HEHTIB € TEPMOJIMHAMIYHO HE3BOPOTHUMH.

OCKUIBKH B ILIEMEHTI MICTHUTBCA TIiIIC,
KapOOHaTBMICHa J100aBKa HE BCTYyNae B
peakito 3 C3A 1 C4AF 10 THX mip, MOKH Timc
HE 3B'SKETHCS y BAKKOPO3UYMHHUI
rizpocyiabdoanoMiHaT Kanbllito. Po3paxoBaHo
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KUTBKICTh KapOoHaTy KaJIbIIifo, 110 rizparamii KJIIHKEPHUX MiHepaiB, CTYyMEHs
BUKOPHUCTOBYETHCS JUIst CTBOpPEHHS 3acBoeHHs rincy. Jmsa TIL [-400 ximbkicTh
MPEICTABICHUX CIOJIYK 3  YpaxyBaHHSIM KapOOHAaTHUX JIOMIIIOK CTaHOBUTH 15,8 %,
MIHEpaJbHOTO CKJAJy IIEMEHTY, CTYICHS most I 1-500 H — 10,7 %.
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