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VJIK 621.923

THuswcos L. M., 0.m.H., npoghecop

Hayionanvnuii mexuiunuii ynisepcumem «XapkiecbKutl NOJIMeXHIYHUL IHCIMUMYN»
Knumenxo B.I'., acnipanm

Ilonmascevkuti HayionanvHutl mexHivnull yHieepcumem imeri IOpis Konopamioka

TEOPETUYHI JOCJII/KEHHA ®OPMYBAHHA
3AJIMIIKOBUX I'PEBIHIIIB ITPU BATATOIIPOXITHIN
CXEMI TOPHEBOI'O HIVII®PYBAHHA
3 HAXWJIOM OCI IHNIMUHAEJIA

Buseneno, wo 6 ymoeax peanizayii npoyecy ni0OCKO20 MOPYE8O20 WINiQY6aHHA 3
nonepeoHiM  HAXuIoM Oci wnuHoens 3a 0a2amonpoxioHow — cxemow  00poOKu  Ha
06p06I06ANbHITI NOBEPXHI  YMBOPIOIOMbCA  3aAUWK06]  2pebinyi. Ix npupoda e yinomy
AHANO2IYHA 3ATUMKOBUM 2PeDIHYAM, AKI Maoms micye npu 1e308itl 00pooYyi iHCmpyMeHmom 3
padiychoio epuiunol. Ane 8idoma 3anedcHicms, HANPUKIad, Npu MOYIHHI He Modice Oymu
3ACmMoco8ana 6 YboMy BUNAOKy 6HACHIOOK 0CoOaUBOCMell KIHEMAmuKu npoyecy 00poOKu.
V 36’asky i3 yum Oyau 6UKOHaAHI mMeopemuuHi OO0CHIONCEeHHS, WO O0O0380NUTU OMPUMAMU
AHATMUYHI  3AEeHCHOCMI, AKI N08’A3YI0Mb MAaKUulli napamemp 30HU KOHMAKMY pi3anibHOi
NOBEPXHI Kpyea 3 0emainio, sIK 3a1UKO8I 2pebiHyi 8 YMOBAX NIOCKO20 MOPYe8020 WNidhy8aHHs
3 NONnEpeoHIiM HAXUIOM OCi wnuroes (bazamonpoxiona cxema oopooKu).

Knrouoei cnosa: napamempu 30HU KOHMAKMY, 3AMUUWKOSI 2peOinyi, Kym HAXumy oci
wnuHoens, enubuHa waighysants, nonepeyrna nooada, oiamemp Kpyed.

IIvioicos U.H., 0.m.n., npogpeccop

Hayuonanvnoiii mexnuueckutl ynugepcumem «XapbKo8CKull NOAUMEXHUYECKUU UHCIUMYI»
Knumenxo B.I'., acnupanm

Ilonmasckutl HayuoHanvhwili mexnuyeckuu ynugepcumem umenu FOpusa Konopamioka

TEOPETHYECKHUE UCCJIEJOBAHUA ®OPMUPOBAHUA
OCTATOYHBIX 'PEBEIIIKOB ITPYU MHOI'OIIPOXOTHOM
CXEME TOPHEBOI'O IIVIM®OBAHUA
C HAKJIOHOM OCH INITUHAEJIA

ObHapysiceno, Uumo 8 YCI08UsAX peanusayuu npoyecca ni0CK020 mopyeso2o Wiupho8aHusl
¢ npeosapumenvHblM HAKIOHOM OCU WINUHOENST N0 MHO2ONPOXOOHOU cxeme 00pabomku Ha
00pabomaHHOU NoBepxXHOCMU 00pPA3VIOMCS OCMamoutvle epedewku. Mx npupooa 6 yenom
AHANO2UYHA OCMAMOYHBIM 2pebeuKam, KOmopbvle UMelom Mecmo npu ie3sutiHol oopabomxe
UHCMPYMEHMOM ¢ paouycHoll eepuunou. Ho useecmuas 3asucumocms, Hanpumep, npu
MoyeHuu, He Modxcem OblMb NPUMEHEHA 8 OAHHOM ClyYde 8 CUNY 0COOeHHOCmel KUHeMAamuKu
npoyecca obpabomku. B ceazu ¢ smum OblLiu BbINOJHEHbL MeopemudecKue Uccie008aHusl,
nO360UGUIUE NOJYUUMb AHATUMUYECKUE 3A8UCUMOCTIU, CE:A3bl8alOwUe MAKol Napamemp 30Hbl
KOHMAKmMa pexcyujell N08epXHOCmu Kpyea ¢ 0emaiblo, KaKk 0CMamoyHvle epedeuku 8 YCio8usix
NIOCKO20 MOpyego2o Waugosanus ¢ nped8apumenbHblM HAKIOHOM —OCU  WNUHOEI
(MHO2ONPOXOOHASL cCXema 0bpabomKu).

Knrwoueswvie cnoea: napamempul 30161 KOHMAKMA, OCMAMOYHbLE 2pebeKU, Y20l HAKIOHA
ocu WNuHOes, 21youna Wauposanus, nonepeyHas nooada, ouamemp Kpyad.

36ipuuk HaykoBHX mpailb. Cepis: [any3eBe MammHoOyAyBaHHs, OyaiBHULTBO. — 2 (47)" 2016. 5




UDK 621.923

Pyzhov L., DSc, Professor

National Technical University « Kharkiv Polytechnic Institute»
Klimenko V., post-graduate

Poltava National Technical Yuri Kondratyuk University

THEORETICAL STUDY OF FORMATION
OF RESIDUAL SCALLOPS AT MULTIPLE-PASS SCHEME
OF FACE GRINDING WITH SLOPE OF SPINDLE AXIS

The research deals with a special case of flat face grinding, namely processing with
preliminary slope of spindle axis. This approach makes it possible to control an important
parameter such as the contact area of cutting surface of grinding wheel with a workpiece, and
therefore the temperature in grinding area. Ultimately, this is beneficial to the quality of
machined surface of the workpiece. An important feature of the process of face grinding with
preliminary slope of spindle axis is formation of form deviation on the workpiece surface, and,
specifically, its particular form — concavity. In the context of the process of flat face grinding
with preliminary slope of spindle axis under conditions of multiple-pass scheme of processing,
this leads to the formation of the residual scallops on the machined surface. Their nature is in
whole similar to the residual scallops that take place at the edged machining using tool with
radiused cutter point. But the known dependence that describes the relationship of the height of
residual scallops with processing conditions, for example, at turning can not be applied in this
case, due to the peculiarity of kinematics of the machining process. In this connection,
theoretical research that make it possible to obtain analytical dependence connecting height of
residual scallops with conditions of multiple-pass flat face grinding with preliminary slope of
spindle axis have been carried out. In this process the role of the factors such as the angle of
preliminary slope of spindle axis, grinding depth, diameter of grinding wheel and transverse
feed has been established. Specific role of grinding depth and transverse feed in this process
has been established. The value of the former under conditions of multiple-pass processing is a
factor limiting the maximum height of residual scallops, and the value of the latter is charged
with concrete height of the scallops. In this connection, a special role that played by the ratio
of transverse feed with value of the contact width of the wheel cutting surface with the
workpiece has been established. This makes it possible in practice to assign the processing
conditions that, on the one hand, will guarantees that on the treated surface there will be no
areas unaffected with the wheel and, on the other hand, will control the height of the residual
scallops. In turn, the width of the contact area of wheel cutting surface with workpiece depends
upon the factors such as angle of preliminary slope of spindle axis, grinding depth and
diameter of wheel. That is, almost upon the same factors which determine the height of the
scallop. It can be considered as a feature of the process. On the basis of the established
features of the formation of the residual scallop and the connection of its height with cutting
depth, we recommend how to use the proposed analytical dependence in practice in order to
eliminate the possibility of errors in the calculations. The correctness of the results obtained on
the basis of analytical dependence, and comparing them with the calculations according to the
empirical formula was verified using computer geometric simulation in COMPASS software
package. The fulfilled study in whole makes it possible to improve the process of flat face
grinding and thereby expand its technological capabilities.

Keywords: parameters of contact area, residual scallops, slope angle of spindle axis,
grinding depth, cross-feed, diameter of wheel.

6 Academic Journal. Series: Industrial Machine Building, Civil Engineering. — 2 (47)" 2016.




Beryn. IlepcnekTuBHICTH TUIOCKOI cxeMH TUTipyBaHHS MIATBEPIIKYETHCS THM, IO
3HAaYHA KUTBKICTh JIeTallell y MalIMHOOYAyBaHHI Ma€ IIIOCKI moBepxHi [1 — 5] 1 miamnsrae pisHUM
BUJIaM OOpoOKM (OOaMpHE, TMOMEPEIHE, YUCTOBE 1 MpEIU3iiHe) Ha IUIOCKONUTI(YBaIbHUX
BepcTaTax. 3HauHE MICIe B LIbOMY IpOIleci 3aiiMae MmiIocke TopIeBe NUTipyBaHHS, SIKE MA€ P
mepeBar TOPIBHSHO 31 CXEMOI, KOTpa 0a3yeThCs Ha 3acTOCyBaHHI mepudepiiHux
nutipyBagbHUX KpyTiB [6 — 9]. TIpouec mimockoro TopueBoro nutiyyBaHHs, SIKHH BUKOHYETHCS
Ha BepcTaTax 3 BEPTHUKAIbHUM Ta 3 TOPU3OHTAJIBHUM PO3TAIyBaHHSAM IIMUHIEINSA, MOXe OyTH
pearnizoBaHMii SIK Ha «IIPOXi», Tak 1 3a 6araTompoxigHO cxemMoro 00poOku. Li cxemu mMarTh
0COOIMBOCTI, sIKI Tpeba BpaxOBYyBaTH MPH PO3POOJICHHI TEXHOJIOTIYHHMX ONEpariil MI0CKOTO
Ut yBaHHS.

AHai3 OCTaHHIX JKepes 0CTHiIKeHb Ta myoJikaumiii. OgHUM 3 MIIXONIB, SIKUAN
3a0e3meuye 3MEHIICHHS CTYIIEHs HarpiBy, a OTXKe, 1 Aedopmariii o0poOII0BaHOI 3ar0TOBKU NIPU
nutigyBaHH1 (0COOIMBO 31 301TBIICHUMHU TITMOMHAMH 00pOOKH) 332 paxyHOK 3MEHIICHHS TUIOIT]
KOHTAaKTy pizasibHoi oBepxHi kpyra (PIIK) 3 gerammio € monepenHiii HaXUiI OCl MIMUHACSA HA
KyT & [6 — 9]. Haxun oci mmuHzaens Ha KyT o (puc. 1) npu3BOAUTH A0 3MIHU HU3KHU MapaMeTpiB
3oHu koHTakTy PIIK 3 nmerammo, a Takox BrummBae Ha (opMOYTBOpPEHHs 00pOOIIOBATBHOT
MOBEPXHI BUPOOY.

Pucynok 1 — Cxema mjIockoro TopueBoro uuviipyBanHs
3 HAXHMJIOM OCi INIMAHeJIA:
1 — TopueBuit kpyr; 2 — neraib

Jlo mapameTpiB 30HW KOHTaKTy NPH 3aCTOCYBAaHHI TIMOMHHOI CXEMH MOXXHa BITHECTH
nosxuny W (puc. 1), moxuny nyru L i mmpuny B’ [10] (puc. 2), 3ouu konrtakry PIIK 3
JeTaJTI0, @ TAKOX BUCOTY 3aJIMIIKOBUX TpeOiHIiB H [11] Ta yBIrHyTicTh A (SK MOOJUHOKHNA
BHUITaJIOK BiAXUICHHS BiJ IJIOIUHHOCTI).

Rty redlans feaan
i ——

Pucynok 2 — Cxema (popmyBaHHS 32 THIIKOBHX I'Pe0iHIIB HA MOBEPXHI JeTaJIi:
1 — TopueBuii kpyr; 2 — neraib
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AHalti3 cxemMu TOpieBoro nuiiyBaHHsS Ha MPOXiJ (3 HAXWIOM OCI IIMUHACIS) MMOKa3aB,
10 B pa3i 0OpoOKM IIMPOKMX JAeTayel IJIONIa KOHTAKTy pizaibHOiI moBepxHi kpyra (PIIK) 3
00pOOIIOBAaHOIO JCTAIUII0O MOXKE€ MaTH JIOCTaTHbO BEJHMKI 3HA4Y€HHS, OCOOJMBO TIPH
BUKOPUCTAHHI KPYTiB BEJIMKHX PO3MIpPIB 13 CYLUIIBHUM POOOYMM IHIapoM. Y 3B’S3KY i3 UM
pO3B’si3aHHA TPOOJIEMH MOXE OyTH TOB’S3aHE 13 3aCTOCYBAaHHSAM 0araTonpoxigHOl CXeMHU
o0poOku [11] 3 momepeaniM HaxwioMm oci mmuHAens. OcoOMuBICTIO 1€l CXeMH €
BUKOPUCTAHHSI J0JIaTKOBOI MomepeyHoi moaadi Sy, . Lle € me ogHuM TeXHIYHUM MPUHOMOM,
SIKUHM JIO3BOJIMTH 1CTOTHO 3HU3UTH TutonTy KoHTakTy PIIK 3 merammto.

OauH 13 HampsMIiB YIOCKOHAJEHHS LBOTO MpOILECy JEKHUTh y IUIOUIMHI BHSBJICHHS
TEXHOJIOTIYHUX 0COOIMBOCTEH (pOpMyBaHHS Makpo- i MiKporpodisto oOpoOIoBaHOl MIOCKOT
noBepxHi neraini [11]. ¥V Hammx IOCTIKEHHSX 3aCTOCOBYBABCS YMCTO T€OMETPUYHHM IMiIXI],
TOOTO BBaXkajocs, IO TIMOMHA pi3aHHS HE BIUIMBAaE Ha (QOopMyBaHHS Npodiao aerTaii, 3
omHOrOo OOKY, 1 HE BpPaxOBYBAaBCS MOXJIMBUU BIUIMB SBUIL, OB SI3aHUX 13 TPOSBOM Jii
¢i3nyHOTO YNHHMKA (HANIPHUKIIA[, IPY>KHE BIAHOBJIEHHS 1 T.1.), 3 iHIIO0TO [12].

VY mporueci 6araronpoxigHoro nutigyBaHHS Ha 00pOOJIIOBaHIM MOBEPXHI MPU KOKHOMY
npoxonai (GopMyrOTbCcs IUISHKM 3 YBICHYTICTIO, YHACHiOK YOro Ha IUIOCKIH NOBEpXHi
YTBOPIOIOTHCS 3aJTUIIKOBI T'peOiHIll MEeBHOT BUCOTH. [Ipu mpoMy ¥ yBITHYTICTH, 1 3aJIMIIKOBI
rpebiHIll XapakTepu3yloThest mapamerpom H (puc. 2). lle MoxHaA BBaXkaTd BiIMIHHUMHU
O3HAaKaMH TaKOTO TMPOIeCy TOPIBHIHO 3 0OpoOKOI «HA mpoxia». Ha pHCYHKY KOHTYp
1uTiyBaJIbHOTO Kpyra yMOBHO MOKa3aHUK y BUTIIsAAL koja. Ciijl 3a3HaYmTH, 1110, X04a TITMOnHA
pizaHHsI Oe€3MOCepeHhO 1 HE BIUIMBAE Ha 3MiHY mapamerpa H, il poisb TpOSIBISETHCS B
0OMeXeHHI TPaHUYHUX 3Ha4eHb H. Y CTaHOBIICHO, 10 BEIUYUHY H BU3HAYAIOTH TaKi YNHHUKH,
K JiaMeTp Kpyra di, KyT Haxuiay INUHASIS ¢ 1 TomepedHa momada S,.,. 1€0peTHYHO
MOETHAHHS 1X BEJTMYHMH 3a0e31euye 3HaxX0KeHHs napameTpa H B iHTepBaii 3HadeHb 0 < H < t.
Bennuuny mnomnepeuHoi mopadi S,,, 3pyYHO BHpaXaTH B YacTKaxX LIUPUHU OOpOOIIOBAHOI
noBepxHi aetani. [Ipu oMy HEOOXiTHO 3a OCHOBY OpaTH HE BCIO MIMPHUHY B, a ii yactuny B,
SKa YTBOPIOETHCS TPH OJHOMY IMPOXOJI 3 TIUOMHOIO NUTI(QYBAaHHS f, IIO JO3BOJISIE BHECTH
BU3HAUEHICTh TpPH BUOOPI MAKCUMAIBHOTO 3HAUCHHS S,,,. K BHUIHO 3 PHCYHKA, SKIIO
BEJIMYMHA TOMEPEUHOI nojadi Oyme OUTBIIO Bij 3a3HAYCHOI BUINE YACTUHU IIUPUHU JIEeTajl
B’, 10010 S,,0,1 > B’ (puc. 2), To Bucota H Oyme MakCHMaabHOIO. Y TaKOMY BHIIAJKy MAEMO, III0
H = H,, = t. llpu iboMy XapakTepHUM € Te, 1110 Ha 00pOoOJIeHIH MOBEPXHI OYIyTh 3aJUIIATUCS
HE3aueIUIeHI KpYroM JUISIHKM ImHpuHO0 C, MO0 HEIOMyCTHMMO (SKIIO TUIBKH 1€ He
nepeadaueHo KpecIeHHsIM). BiloBiIHO A1 YCYHEHHSI TaKOTO HEIOJIKY 3HAUCHHS TOMEePEeIHOT
noja4i Mae OyTH 0OMEKEHHM IIUPUHOIO B’, TOOTO MOBHHHA IOTPUMYBATUCH YMOBA S0, < B,
Bunamok, konu S, = B’ (puc. 2), € TEOPETHYHO TpaHUYHHM. TyT, K i B MOMEPEAHBOMY
npuknani, H = H,, = t, OqHaK OUISHKHA 3 HEOOPOOJIEHOIO MOBEPXHEI0 TEOPETUYHO OYIyTh
BIZICYTHIMH. SIK BUIHO 3 PO3TJISTHYTHX PUCYHKIB, (hOpMyBaHHS 00pOOIIIOBAIbHOI MTOBEPXHI MPU
OararomnpoxigHoMy nutiyBaHHI Ma€ ACSKY CXOXICTh 3 YTBOPEHHSIM IIOPCTKOCTI TIpH 00poOITi
JI€30BUM 1HCTPYMEHTOM Y pa3i, Ko B poOOTi Oepe ydyacTb KpyroBe HepexiJHe JIe30 MEBHOTO
paniyca [12]. BigMmiHHICTH TONIITa€ B TOMY, IO SKIIO IPH TOYIHHI TO3JOBXHS IOJada
3IHCHIOETHCS Oe3MepepBHO, TO MPH 0AraToNnpoxiHOMY HUTIQYBaHHI TOPLIEBUM KPYTroM ii poJib
HIOM BHKOHYE TOIEpeYHa IMojaua, sKa BiIOyBaeThbcs MEPIOJUYHO (HAMPUKIIAA, HAa TOIBIMHUI
X1/ CTONy BepcTara).

TeopeTnyHO 3aJ€KHO BiJl BEIUYMHH TMojadi S,,, Takuil mapaMmeTp, sSK Bucota H
3QITMIIKOBUX T'PEOiHIIB HA TIOBEPXHI JIE€Tali MOXKE BH3HAYATH B OJHOMY BHIIAJKY BiIXUICHHS
dbopmH, a B IHIIOMY — HIOPCTKICTH 0OpOOKHU. Y Mipy 3MEHIIEHHS S,,, BUCOTA IpeOIHIIIB Oye
BiMMOBiqHO 3MeHImyBatucs (puc.2). Timeku mpu KyTi Haxwiy mmmagens o = 90°, komu
TOPLIEBHI Kpyr cTae nepudepiiiHuM (HampuKiIal, NP BUKOPUCTaHHI YalTKOBO-IIMIIIHAPHYHUX
KpyTiB), COpaBeiuBa KiacuyHa (opmyisa Il BU3HAYEHHS BUCOTH 3aJUIIIKOBUX T'PEOIHIIB,
HaNpUKiIal Ipy TodiHHi [12],
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Jie ¥ — paJilyc TpH BEPIIUHI Pi3Is, MM; S — TO30BXKHS Mo1a4a, Mm/00.

VY namomy Bunaaky (npu & =90”) hopmyna (1) mae Takuit BUTIISI:

’ dk 2 2
H = dk _ 4 (7) _Snun. _ dk N dk2 _Snzun. (2)

2 2

OCKUTBbKH B PO3TJISTHYTOMY TMporieci miTiyBaJbHUA KpYyr HaXWICHHH I KyTOM
3HAYCHHsI IKOTO OJM3bKe 710 HyJs, hopmyna (2) mae BeIUKI MOXUOKH, 1[0 pOOUTH ii MPAKTHYHO
HC NPUAATHOKO IJII BUKOPHUCTAHHS. I_[e BUMara€ BCTAaHOBJICHHS BaHG)KHOCTi, HpI/II[aTHO'f JJIA
NPaKTUYHOTO BUKOPUCTAHHS B YMOBaxX IUTIOCKOTO TOPIEBOTO NUTi(YBaHHS 3 HAXWJIOM OCI
IIITUHACTIA.

VY poboti [11] g 3amaga Oyna po3B’si3aHa MIISXOM KOMIT FOTEPHOTO T€OMETPUYHOTO
MOACIIOBAaHHA, IO A03BOJHUIJIIO BCTAHOBUTU eMniquHy CTCIICHCBY BaHG)KHiCTB BUCOTHU
3QJIMITKOBHX T'PEOIHIIIB BiJl yMOB 00pOOKH

H=0,003-a-S*%° . 4%, 3)

Jie ¢ — KyT HaXwWiIy OcCl IMUHJEISA BepcTarta, °; S, — MomnepeyHa moaada, MM/TIOAB. X1
dy — 30BHIIIHIN TiamMeTp HuTiQyBaIbHOTO KpyTra, MM.

BujisieHHnsi He po3B’si3aHUX paHillle YACTHH 3arajbHoil npoodJjemu. BuznaueHo, mo B
yMOBax peaiizauii mpouecy IMJIOCKOTO TOPIEBOro HuUTipyBaHHSA 3 MOMEPETHIM HaXWJIOM Oci
MINUHACIS 3a 0araTompoxigHOK CXeMOK O0OpoOKM Ha O0O0poOIOBaIbHIA  IMMOBEPXHI
YTBOPIOIOTHCS 3JUIIKOBI I'pebiHIl. YHACTII0OK 0COOIMBOCTEH KiHEMAaTHKU Ipolecy oOpoOKu
B1JIOM1 3QJIEKHOCT1 HE MOXKYTh 3aCTOCOBYBATHUCS B IIbOMY BHUIIAJIKY.

IMocTaHoBKa 3aBAaHb. Y poOOTI Oy/I0 MOCTaBICHO 3aBJaHHS OTPUMATU AHATITUYHY
3aJIeKHICTh, SIKa MOB’sI3y€e napaMmeTp H 3 HaBeleHUMH BuULe (paKTOpaMHu.

Meta nociigxkeHb — YCTAaHOBICHHS aHATITHUYHOI 3aJIeKHOCTi, KOTpa OB’ SI3yE BUCOTY
3QJIMIIKOBUX TPEOIHIIIB 3 yMOBaMH 0araTOMPOXiJHOTO TUIOCKOTO TOPIIEBOTO MUTIQyBaHHS 3
MIOTIEPEHIM HAXUJIOM OCI IIIITHH/IEISI.

OcHoBHUIT MaTepiaJn i pe3yabTaTu. [locTaBiena 3agada Oyna po3B’si3aHa HAMU IUIIXOM
TEOPETHYHUX JOCHIKEeHb. [[paBUIbHICTh OTPUMAHHUX AHATITUYHUX 3aJIKHOCTEH MEepeBIpsIN
HIIXOM KOMIT F0TEPHOI0 TEOMETPUYHOTO MOJIETIOBAaHHA [6, 7].

st mporo ckopucraemocs: pucynkom 3 (b, nus. puc. 1), sikuii siBiissie coO010 JBa €IITICH,
10 3MIIEH] OJWH BiJl OJHOTO HA BEIMYMHY MOMEPEYHOi mojadi S,,,. TyT a Ta b Oinpma i
MEHIIIa TIBBICI emirnca BiamoBigHO. TOOTO edincu B IIbOMY BHUIAAKY TEX SBISIOTH COOOIO
NpPOEKIii KiT Ha MpoQiUIbHY IUIOMMHY. 3aTeMHEHa 30Ha — 3aJHUIIKOBUI TpebiHelb, GopMyiry
JUISL PO3PAaxyHKY BUCOTH SIKOTO 1 TpeOa BUBECTH.

Jis 1hOTO CKOPUCTAEMOCS BIIOMHM TMIAXOAOM, KOTPUHA BHUKOPUCTOBYETHCS TMPH
BHUBEACHHI (OPMYJIH I PO3pPaxyHKY BHCOTH 3QJIMIIKOBOTO TPEOIHI MPH JIE30BiA 00poOII
[Ommoka! MCTOYHMK CCHUIKM He HaiiJeH.] 3a yYMOBM, KOJM BepIIMHA I1HCTPYMEHTa
(Hampukiaa, pislsl) BUKOHAHA y BUIULIAL Iyrw koyia. Ha mifcTtaBi cxemu, HaBeAeHOI Ha
PUCYHKY 3, MaeMO, 1110

H=AB=0B-0A . (4)

ITinkpecauMo, 10 HA PHUCYHKY 3 TIOKA3aHO KpalHii BHIAIOK, KOMH S, = B
[Ipn 11bOMy BHCOTa 3QJIMINIKOBUX TPEOIHINIB MaKCHMaJlbHA 1 TEOPETHYHO ITOPIBHIOE TIUOWHI
nutipyBanns H =¢t. lle nagani Oyne MaTtu BaKIMBE 3HAUYEHHS 3 TOYKU 30pYy TPaKTyBaHHS
pe3yabTaTiB po3paxyHKiB BUCOTH 3AJIUITKOBHUX I'PEOIHIIIB.
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VY dbopmymni (4) Binpizok OB siBisie cO00I0 MEHIIY MiBBICH (b) efinca, sSKa € BEIUYUHOIO
HeBiomoro. SIk BUAHO 3 pucyHka | (TpukyTHHK AOB), ii MOXXHa BHU3HAUWTH, SKIIO BiAOMi
3HAYCHHsI OUTBIIOT MIBBICI €JIIIca @ Ta KyTy HaxXuiIy o

Oszza-sinazd—Zk-sina. (5)
b
T
i i =
q Ny’
e - N
[ g '
Snon /2
Snan

Pucynok 3 — Po3paxyHkoBa cxeMa /1Jisi BABHAYEHHS
BHCOTH 32JIMIIKOBOI0 rpediHus

Binpizok OA MOXHa BHU3HAUUTH 3 NMPSAMOKYTHOTO TpukyTHUKa OAM (puc. 3). Ane s
HOT0 TpeOa BU3HAYUTH BiApizok OM, sikwii (Ha BiAMIHY Bil BigoMoro Bumanky [12]) sBise
co0o010 pajiiyc He KoJia, a eiinca B To4Ii M (BiACTaHb BijJ HOTO IEHTpa A0 i€l TOUYKH), TOOTO €
BEJIMYMHOIO 3MiHHOIO. Taka Touka 30iraeThCs 3 BEPIIMHOIO 3THIIKOBOTO TPEOIHIIS.

CxopucTaeMocs KaHOHIYHUM PiBHSHHAM edirnca [13]

2 2

XY
—+—==1,
a b

S
JIe X Ta y — KOOpAUHATUA TOYKH M. Y HamoMy BUNaAKy x = MA = ’S’"‘ ;ay=0A.

Toni 3 ypaxyBaHHSIM PiBHSAHHS (5) MaEMo, 110

s? OA*
et 5 =1
4.0 a -sin" &
abo
1 Snzan. OAZ

4.4 d*-sin*a
PO3KpUBAKOYH 1€ PIBHAHHS, OTPUMAEMO, L0

2 2 2

. d;, .
OA” =(1——=-).4* ~s1n2a:(1—$;')'7"~s1n20{.

4-a* d,

3BiaCH BUTIKAE, 1110

2 2

Slmn. dk a2 1 2 2 :
OA = (1—?)~7~sm 0{:5'1/(dk —Smm_)~smaf. (6)

Toxi piBHsHHA (4) 3 ypaxyBaHHsIM ¢opmyin (5) Ta (6) micis HECKIaIHUX MEePETBOPEHB
0CTaTOYHO OyJie MaTH BUTIIS
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H:%-[dk—-J(d,f—Sin_)J-sina. Q)

VY 3anexnocTi (7) HEBIIOMUM (DAaKTOPOM € BETMYMHA MOMEPEYHOI 1Mojavi, sika MTOBUHHA,
K OyNo cka3aHO BUILE, Y3TOJUKYBATHCA 3 IUPHUHOIO 30HU KoHTakTy PIIK 3 nerammio. Y poGori
[100mmoka! McTOYHHK CCBHIIKH He HaiijeH.] BCTAHOBJIEHO, IO 3HAYEHHS S,,, ITOBUHHE
HiAKOPATHUCS HEPIBHOCTI

S, < B/ <14,92:1°% 0% ) (8)

Ile yHEMOXIMBIIOE YTBOPEHHS Ha IMOBEpPXHI AETali IUIbHUI, AKI 3aJUINAIOTHCS HE
3aueryieH1 NuTiyBaTbHUM KPYTOM.

VY pesynbTaTi monepesHbOro aHanizy Oysio BCTaHOBIJIEHO, IO B Mipy 3pOCTaHHS Mojadi
Snon BUCOTA H Tex 30UIBIIYETHCS, a MICISA TOTO SIK JTOCSATHE TIIMOWHU OOpOOKH f, TOBMHHA
mepecTatd 3MIHIOBAaTUCS. AJsie po3paxyHKH 3a Qopmynoro (7) mnpu mogayax, sKi
nepeOiIBIIYIOTh IMUPUHY 30HH KOHTAKTY B’, MOKa3yioTh, [0 BEJIHYHHA 3ATUIIKOBUX TPEOIHIIIB
H nponosxye 30inburyBatucs. To6To Touka M, sika € MicleM MEpeTUHy eminciB (puc. 4),
HPOJIOBXKYE 3MimryBatucsi B Oik oci OO; B Mipy 3pOCTaHHS MOAa4i Yy 30HI Sy, > B’
CrmpaBa B TOMY, IIO B IbOMY BHIIQJIKy peallbHE 3HAYCHHS BUCOTH 3aJHIIKOBUX TPEOIHIIIB
(Hpear, 3aTEMHEHA 30HA) 3aIMIIAETHCA HE3MIHHUM (1 HE NOBUHHE NEpeOLIbIIYBAaTH TIIMOUHY
mtidyBaHHsA ), a PO3paxyHKOBE (/,y;) 30UIbIIyeEThCS (AMB. piBHAHHA (8)) 1 YHCENBHO
JOPIBHIOE Til TIMOTETUYHIN BEIWYWHI TIMOWMHH pI3aHHS fg, SKa BiIMOBIAA€ MOTOYHOMY
3Ha4eHHIO B’ (OCKUILKH B’ 3alIe)UTh Bij f), a oTKe, S,on.

ToOTo po3paxyHKOBE 3HAYEHHS BHCOTH BKJIIOYA€ ii peajbHE 3HAYCHHS 1 HEICHYIOUY
yacTuHy rpebints (H', 3amTpuxoBaHa 30Ha). TaKUM YHHOM, MOKHA 3aITUCATH, IO

Hpo3p. = Hpem. +H,’

Le#t migxin Oyae cripaBeIJIMBUM 1 Y BUTIAJIKy BU3HAYEHHS BUCOTH 3QJIUIITKOBOTO TPEOIHIIs
IpY TOYIHHI Pi3IeM 3 paJilyCHOIO BEPIIMHOO MPH BUKOPUCTAaHHI BEJMKUX 3HAUYEHb MOAayi.

AHami3z pucyHka4 mokasye, 1o y pas3i mnonidyBaHHS «Ha Tpoxig» Bucota H
TpaHC(HOPMYETHCS Y BIIXHIICHHS BiJI INTOIMHHOCTI (YBITHYTICTB) A = 5.

s

Pucynok 4 — JIo ocob6/imBocTel BUSHAYEHHSI BUCOTH 3aJIMIIKOBUX I'PediHIliB

Taxkum yrHOM, TIpH KOpUCTYBaHHI Gopmyioro (7) Tpeba MaTH Ha yBasi, IO B Jiarma3oHi
HOMEPEYHUX TOoAaY Sy, < B’ mapamerp H sBisie co00I0 BHCOTY 3aIMIIKOBHX T'PEOIHINB
(BoHa HE MOBHHHA TEPECBHUINYBATH TNIMOMHY OOpOOKH f), a B aiama3oHi momad S,,, > B —
YBITHYTICTB A.
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Y rtabmumi HaBeneHO ¢GparMeHT TMOPIBHUIBHMX JI@aHUX 3a PI3HAMH CIoco0amMu
BU3HAYEHHS BUCOTH 3AJIMIIKOBUX I'PEOiHIIIB HA MIOBEPXHI JeTalli.

Ta6anns 1 — IlopiBHAIBHI AaHi 32 Pi3HUMH clI0ocO0aMHU BU3HAYEHHS BHCOTH rpedinniB H

dy, MM 100 150 250 350 500
Kowmm’otepue monentoBanus Hy,,, MM 0,06 0,040 0,024 0,017 0,012
CryneneBa 3alexHICTh H,.;, MM 0,06 0,040 0,025 0,018 0,013
Amnanituyna 3anexHicrs H,, , MM 0,06 0,040 0,024 0,017 0,012

3araneHi ymoBu: = 1,5°% ¢t = 0,09 mm; S, = 30 MM/TIOZIB.X.

Ili mani cBiguaTh Mpo Te, MO AK aHamiTHYHA Gopmyina (7), Tak 1 cTeneHeBa 3aJIeKHICTh
(3) naroTh MPaKTHYHO OJHAKOBI pe3yibTaTH, sKi 30iraloThCsi 3 JAHUMU KOMII IOTEPHOTO
TEOMETPUYHOTO MOJCIIOBaHHsS. ToMy OOMIBI 3aJ€XHOCTI MarOTh MPAaBO HAa BUKOPHUCTAHHS
3aJISKHO BiJl KOHKPETHUX 0OCTAaBUH.

Crnix 3a3HayWTH, IO 3HAHHSA TAaKOrO TIapamerpa Ipolecy OOpoOKH, $K BHCOTa
3QJIMIIKOBUX TPEOIHINIB Ma€ BaXJIMBE MPAKTHYHE 3HAYEHHS MPHU PO3POOJICHHI TEXHOJOTIYHUX
orepauiid IOCKOTo TOPIEBOTO IUTIPYBaHHS Y CKJIaJi KOHKPETHOI'O TEXHOJOTIYHOTO MPOIECY
BUTOTOBJICHHs BUpoOy. MaroTh Ha yBa3i Te, 1m0 el GakT Tpeda BpaXxOBYBAaTH MPH PO3PAXYHKY
OPUITYCKIB JUIS YMCTOBOI 1 mMpernusiiiHoi crafiil nutipyBaHHA. A Le Ja€ 3MOTY TEXHOJOTY
BU3HAYUTH KiJIBKICTh TMPOXOMIB 13 TIMOMHOIO ¢ HA €Tami Mpenu3iiiHoi 0OpoOKHM 3 METOr
3a0e3meueHHs] TEXHIYHIX BUMOT KpecieHHs [10].

BuxonaH1 q0CiiKEHHS JO3BOIMIN C(HOPMYITIOBATH TaKi BACHOBKH:

1. OTpumana aHaJITUYHA 3aJEKHICTh, MIATBEPIKEHA pe3yJbTaTaMH KOMII IOTEPHOTO
TEOMETPUYHOTO MOJICTIOBAHHS, MOXXe OYTH BHUKOPHUCTaHA Ui PO3PAXyHKIB BEINYHHU
3aJIMIIKOBUX I'PEOiHIIIB, @ TAKOXK YBITHYTOCTI IJIOCKOT MOBEPXHI JIeTalli Ipu 06araTonpoxiaHoMy
MJIOCKOMY TOPIIEBOMY HUTIYBaHHI 3 HAXUIJIOM OC1 IITTHHEIS.

2. locnipkeHHsT MIATBEPAUIN MPABOMIPHICTh BUKOPHUCTAaHHS Ha MPAKTUL CTENEHEBOI
3aJIEKHOCT1, OTPUMAHOI paHillie, ajie MOPIBHSHO 3 HEI0 aHAJITUYHI 3aJIeKHOCT] CIIPaBEIUBI Y
ORI HIMPOKHX Jiarla30HaxX MMapaMeTpiB, SKI XapaKTepU3yI0Th YMOBU OOpOOKH.

3. OTpuMaHa 3aJeXHICTh I PO3pPaXyHKY BEIMYMHH 3aJMIIKOBHX TPEOIHINIB Mae
NpaKTUYHE 3HAYCHHS MPH NMPU3HAUCHHI MPUITYCKiB Ha 00pOOKY i, 0COOIMBO, IS MPELU31HHIX
cTafii nutigyBaHHS.
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VK 621.01

Tnimoxo C.M., k.m.H., Ooyenm
UInunvka A.M., cmapwuii euxiaoay
Ilonmascvkuii HayionanbHuti mexHiynuil yHigepcumem imeni FOpisi Konopamioxa

3ACTOCYBAHHSA TEOPII HOJAIBHOCTI AJIs1 AHAJII3Y
ITAPAMETPIB BIGPAIIIMHUX CUCTEM
Y NPOLIECAX ILII®YBAJBHOI OBPOBKHU

Bioomo, wo meopiro nodibnocmi 0oyinbHo GUKOPUCOBY8AMU O Y3A2ANbHEHHS OAHUX
MAmemMamuyHo20 MOOEN08AHHS PYXY 6iOpayiunoi cucmemu npoyecy winiQhy6anus npu
CMBOPEHHI Ma OO0CNIONCEHHI Napamempié NeeHo20 psldy AHALOSIYHUX BIOPAYIIHUX CUCTIEM.
Haseodeno suxopucmanns meopii nodibnocmi 015t AHANi3y Ma CMEOPeHHsl BIOPAYItIHUX cucmem
i eubopy ix napamempié HaA OCHO8I Y3A2ANIbHEHHA NONEPEeOHIX MeopemuyHux ma
eKCNepUMEHMANbHUX OOCTIONCEHb AHANOIYHUX cucmeM. 3 C08aHO, WO BUKOPUCTIAHHS Meopii
no0ibHOCMI 00360J15€ PO3POOUMU Kpumepii OJisi CMBOPeHHsL paody cucmem npeyusiinoi oopooKu
i3 3a0aHUMU NAPAMEempamu, a MmMAaKoNC GUSHAYUMU G3AEMHUL 6NIUE 3MIHU OKpPeMUX
napamempis pyxy cucmemu 8 npoyeci winighysanvnoi 0opobKu i makum YuHoOM YCMAHOBUMU
HatOinbw epexmusHi pexrcumu Wi)y8anHs 3AleNHCHO B8I0 OCHOBHUX NaApamMempis pyxy
cucmemu.

Knrouoei cnosa: meopisi nooionocmi, winighysanus, OUHAMIKA, GIOPAYILHI cUCeMU.

T'numoxo C.M., x.m.n., douenm
UInunvka A.H., cmapwuii npenodasamers
Tlonmasckuti HayuoHanvhslll mexnuyeckull ynueepcumem umenu FOpus Konopamioka

IMTPUMEHEHME TEOPUH ITIOJOBUA JJIAA AHAJIN3A
ITAPAMETPOB BUBPAHTHOHHbIX CUCTEM
B IMTPOLHECCAX IIVIM®OBAJIBHOU OBPABOTKH

Uszeecmno, umo meopuro noodobus yenecoooOpasHo UCNOIbL308amb 01 0000ueHUs
OQHHBIX MAMEMAMUYECKO20 MOOCTUPOBAHUS OBUNCEHUS BUOPAYUOHHOU CUCTEMbl Npoyecca
waugho8anuss npu coO30anUU U UCCIe008AHUU NAPAMEMPOE ONPEOENeHHO20 PA0A AHANOSUYHBIX
suopayuonnsix cucmem. Ilpusedeno ucnonvzosanue meopuu nooooOUs OJisi AHAIU3A U CO30AHUS
BUOPAYUOHHBIX CUCEM U 8b100PA UX NAPAMEMPO8 HA OCHO8e 000OUjeHUs NPed8apumenbHbIX
MeopemuyecKux U IKCNePUMEHMATbHbIX UCCIE008AHUL AHATIO2UYHBIX cucmeM. Buisicheno, umo
UCNONb308aHUE Meopul No0obUs no3eoisem paspabomams Kpumepuu Osl CO30AHUS PAOA
cucmem NpeyusUOHHOU 00pabomKu ¢ 3A0AHHBIMU NAPAMEMPAMU, d MAKdKHCe ONpeoeums
83aUMHOE GNUAHUE USMEHEHUSI OMOENIbHBIX NAPAMEMPO8 HA OBUICEHUE CUCMeMbl 8 npoyecce
wughosanvHol 0bpabomku U  MaKkum 00pazoM ycmanosumes Hauboree 3dhghexmuenvlie
pedrcuMbl WAUPDOBAHUA 8 3ABUCUMOCU O OCHOBHLIX NAPAMEMPO8 OBUIHCEHUSL CUCTIEMB.

Knrouesvie cnosa: meopus nooobus, winugosanue, OUHAMUKA, BUOPAYUOHHBLE CUCTIEMbI.
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UDC 621.01

Gnitko S., PhD, Associate Professor
Shpilka A., senior lecturer
Poltava National Technical Yuri Kondratyk University

SIMILARITY THEORY APPLICATION FOR PARAMETERS
ANALYSIS OF THE OSCILLATION SYSTEMS IN POLISHING
TREATMENT PROCESSES

As the decision of precision treatment tasks (in a that number the research of polishing
process) a mathematical design is often used the oscillation systems parameters theoretical
research and it’s influence on the processes of treatment. For verification of theoretical
calculations and mathematical design of various machines and processes there is a
requirement in the construction of experimental test benches for an experimental background
and conformities to regularity, got as a result of theoretical check.

The science of the conditions under which physical phenomena are similar. It is related
to dimensional analysis and provides the basis for physical modeling. Similarity theory
establishes similarity criteria for different physical phenomena and studies the properties of the
phenomena by means of these criteria.

Two physical phenomena, processes, or systems are similar if, at corresponding moments
of time at corresponding points in space, the values of the variable quantities that characterize
the state of one system are proportional to the corresponding quantities of the second system.
The proportionality factor for each of the quantities is called the similarity factor.

The development of research on complex physical and physicochemical processes,
including mechanical, thermal, and chemical phenomena, has been accompanied by the
development of methods of similarity theory that can be applied to these processes.
For example, similarity conditions have been established for such phenomena as the friction
and abrasion processes undergone by machine parts and the kinetics of physicochemical
transformations. Since the parameters characterizing similar phenomena are in proportion,
any dimensionless combination of the parameters will have the same numerical value for
similar phenomena. Dimensionless combinations formed from the parameters of the
phenomena under consideration are called similarity criteria. Any combination of similarity
criteria is also a similarity criterion of these physical phenomena.

The theory of similarity is widely used in various engineering industries.
During the leadthrough of experimental researches of vibrations of the system of bench-device-
instrument-detail with the certain process rate, the theory of similarity can be used for the
analysis of change influence of separate system motion parameters in the process of polishing
treatment.

The use of similarity theory is expediently for generalization of information, got at the
mathematical design of the oscillation system motion at research the analogical oscillation
systems parameters subset.

The purpose of the article is the similarity theory using for the polishing treatment
systems oscillation analysis and choice of their parameters on the basis of previous theoretical
and experimental researches of the analogical systems generalization. Using the similarity
theory allows to develop the criteria for creation the subset of the polishing treatment systems
with preset parameter, and also to define the cross-coupling of separate parameters change on
the system motion in the treatment. It’s make the prerequisite to define the most effective
polishing modes depending on the basic parameters of system motion.

Keywords: similarity theory, polishing, dynamic, vibration systems.
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Beryn. Teopist moaiOHOCTI CIIUPAETHCS HA BUCHHS TIPO PO3MIPHICTH (Pi3MUHUX BEJIMYHUH 1
CIIY’)XKHTh HAYKOBOIO OCHOBOIO MOJICTIOBAHHS SIK METONY IMi3HAHHSA 1 JOCIIKEHHS PI3HUX
00’ €KTIB; OCHOBHY POJIb Y Hill Biirpae MeTO ] aHaJIOTii, TOOTO CXOXKOCTI 00’ €KTIB 3a IEBHUMH
o3Hakamu. Di3UYHI SBUINA, MPOLIECH a00 CUCTEMH MOIiOHI, SKIIO Y MOAIOHI MOMEHTH 4acy B
MOAIOHMX TOYKaxX MPOCTOPY 3HAYEHHS 3MIHHMX BEJMYMH, IO XapaKTEPU3YIOTh CTaH OHI€l
CUCTEMH, TIPOTIOPIIifHI BIAMOBITHIM BeTUYMHAM 1HINIOT cucTeMu. KoedilieHT mpomopiiiHOCTi
JUTSL KOYKHOT 3 BEJTMYMH Ha3UBAETHCS KOS(IIIEHTOM T0110HOCTI.

Teopis moaiOHOCTI BCTaHOBIIOE KpUTepii MOMIOHOCTI Pi3HOMAHITHUX (I3UYHHMX SBUII,
0 [JO3BOJIAE 3a IX JOIOMOIOI0 BHBYATH BJIACTUBOCTI CcaMHUX SBHMIN. JSIBHI Ta HEsABHI
(GYHKLIOHATBHI 3B’ A3KH MK KPUTEPisIMHU MOIIOHOCTI, KOTP1 OTPUMYIOTh 3a JOIOMOTOI0 TEOPii
MoAIOHOCTI (TaK 3BaHI KPUTEPiaJibHI 3aJIEKHOCT1) CIPUSIIOTh PO3YMIHHIO CKJIAMHUX (PI3MUHUX
MPOIIECIB Ta JOMOMAralTh IHTEPIIPETYBATH PE3yJIbTAaTH SK EKCIEPUMEHTAIBHHUX JOCIIIKEHb,
TaK 1 pO3paxyHKiB.

3actocyBaHHA Teopil momiOHOCTI TpW aHami3l BiOpaliiiHMX cucTeM Yy Mpolecax
nuripyBaHHS JacTh 3MOTY Ha OCHOBI aHalli3y MaTeMaTHMYHOI MOJEJNI BH3HAYUTH HEOOXimgH1
3aJIeKHOCTI Mi’K OCHOBHUMH MapaMeTpaMu TEXHOJIOTIYHOI CHCTEMU /ISl 3a0€3MeUCHHSI 3aIaHUX
KpUTEpiiB 0OpOOKM 3aroTOBKHM Ta TMPHU3HAYCHHS BIAMOBIAHUX PEXUMIB poOOTH BepcTaTa i
IHCTpYMEHTY.

AHAJi3 ocTaHHIX [Kepesa J0CTHilKeHb Ta myOjikauniid. Teopis momiOHOCTI
3aCTOCOBYETBCS JUISI PO3B’s3aHHS 0araThbOX CY4acHHUX TEXHIUYHUX 3a]ad, Y TOMY YuCH H s
aHalli3y iCHYIOYMX MalIUH i MEXaHi3MiB Ta CHHTE3y HOBHX. li BUKOPUCTAHHS JOULIbHE B THX
BUIAJKaX, KOJMM JJsi TIOBHOTO OIMKCY SIBUIA HEJOCTaTHRO naHuX. Ha miacraBi Teopii
MOAIOHOCTI BUHHMKAE MOJKIIMBICTh TEPEXOAY BiJl HAsIBHOI MaTeMaTHYHOI MOACNI 10 cepii
noaioHuX (Pi3uuHuX Mojenei. s Hboro 4acTo BUKOPUCTOBYIOTh METO] KPUTEPIiB MOA10HOCTI
Ta aHajii3 po3MipHocteit [1 — 3].

BrnmB BiOpamii Ha mnapamMeTpu TEXHOJOTIYHMX IpOLECiB OOpPOOKM 3aroTOBOK Ha
MeTajopi3albHUX Bepcrarax (muridyBanbHUX, (pe3epyBaIbHUX, TOKAPHUX Ta 1H.) JOCHTH
CKJIaHUH 1 BUKJIMKAE YBary HayKOBIIB [4 — 7] Ik IpH CTBOPEHHI HOBUX BEPCTATIB 13 3aJJaHUMHU
XapaKTePUCTUKAMH, TaK 1 MPU BUOOPI Pi3aIbHOTO IHCTPYMEHTY Ta NMPH3HAYEHHI MapameTpiB
TEXHOJIOTIYHUX MPOLECiB 0OPOOKHU pi3aHHAM Ta Mpeun3iiHoi 0OpoOKu.

BunijienHsi He po3B’si3aHUX paHille YaCTHH 3arajbHOI MpoodJeMu. J[oCiPKeHHS BIUTUBY
BiOparii Ha mapamMeTpu pyxXy TEXHOJOTIYHOI CHCTEMH «BEPCTaT — pI3abHUN IHCTPYMEHT —
3aroTOBKa» B IpoIlecax Mperu3iiHoi 0OpoOky nutiyBaHHIM JACTh 3MOTY BH3HAYaTH HEOOXITHI
napaMeTpu pyxy CHUCTEeMHU Ui 3a0e3redeHHs e(eKTHBHOI OOpOOKM 3aroTOBKHM 3 HEOOX1IHOIO
akicTio. Iy y3arajibHeHHsl JaHUX, OTPUMAaHHUX 3a JOTIOMOTOI0 MaTeMaTUYHOTO MOJIECIIFOBaHHS
pyxy BiOpamiifHoi cucTtemMu uLTIGYyBaHHSA, MPU IOCTIDKCHHI TapaMmeTpiB TEBHOTO PSAy
noi0HUX BiOpaIiifHUX CUCTEM JOULUIEHUM € BUKOPUCTAHHS T€OPii MOAIOHOCTI.

IlocTanoBka 3aBaaHHs. s TEpeBIpKM JaHMX Ta 3aKOHOMIPHOCTEH, OTPUMAHUX Y
pe3yibTaTi TEOPETHMYHUX JOCIIDKEHb Mpolecy HUTipyBaHHS MaTepianiB, BUHUKAae TOTpeda B
noOy/Z0Bl HAaTYpHUX MoOJeNel Ha eKCHepUMEHTATbHUX CTeHAax. [Ipy BUKOpHCTaHHI 3HAYHOI
KUTBKOCTI IOCHIHUX 3pa3KiB 13 PI3HUMHU KUIbKICHUMH XapaKTepUCTUKaMHU (ILTi(hyBaIbHUX KPYTiB
Ta 00pOOJIIOBAaHMX JETaIel PI3HUX PO3MIpIB) JOIIBHO 3aCTOCOBYBATH Teopiro mojioHocTi. [lei
METOJ] MOJEIIOBAaHHS 3aCHOBAaHMH Ha TNepexoAl BiA 3BUYAHHMX (DI3UYHUX BEIHYUH [0
y3aralbHeHUX BEIWYMH KOMIUIEKCHOTO THITy. MeToro MOCHIKEHHSI € BUKOPHCTaHHS Teopil
NOAIOHOCTI /IS aHAN3y Ta CTBOPEHHS BiOpauliiiHMX cucteM 1 BUOOpY iX mapamerpiB Ha OCHOBI
y3arajJibHeHHS! TOMEpPEelHIX TEOPETUYHUX Ta EKCHEPUMEHTATbHUX JOCHIKEHb aHAJIOTITYHUX
CHCTEM.

OcHoBHUIT MaTepiaJ i pe3yabTaTu gocaigxenHsi. Ha mizcrasi Teopii moaiOHOCTI JIETKO
nepeiTH Bix HasABHOI Mojeni BiOpamiiiHoi cucremMu a0 cepii momioHux. CkopHucTaeMocs
METOJIOM KpUTEPIiB MOIIOHOCT, BUKOPUCTOBYIOUH MPHU ITboMY miaxoau [1 — 3].
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Hampukinan, BiOpamiiiHy cucteMy, MaTeMaTHYHa MOJECIb K01 Mae BUTIAA Gopmyi (1) —
(4), npuiimemo K Gi3UYHY MOJETb:
2

(m+2m0)j§—T+f(m+2m0)(g—Z)z —mdeﬁsingo ; (1)
2
(m+2m,); +cz+az—cz—az'=—m,e Fcosq); 2)
t
MZ+c¢ 7+ =0, 3)
IUX¢—moe(}c'cos(0—'z'sin(p)+mog esinp=M ,;—-M_ , 4)

ne y, Z, z1 Ta @ — y3arajlbHEHI KOOPAWHATHU, IO BIAMOBIJAIOTH CTEMEHSIM BUILHOCTI
CUCTEMHU;

M); — obepTanbHUil MOMEHT ABUIYHA, IIPUBEACHUI 10 IIMTUHJIEINS BEPCTATa;

m — maca BIOpaIiitHOT CUCTEMHU;

ny — HEBPIBHOBAXKECHI MaCH;

T — cuna nuis 3a6e3meyeHHs epeMiIeHHs 0 OcCl Y;

M — MOMEHT CHJI OTIOpY Ha MPHUBIAHOMY Bally;

1,, — MOMEHT iHepIii mJTihyBaIbHOTO KPyTa;

C — xoe(dilieHT )KOPCTKOCTI;

O — KOoeIIIE€HT, IKUI XapaKTepru3ye PO3CIIOBaHHS €HEPTii.

PosrasHeMo MexaHiuHy CHCTEMY, TWHAMIYHO MOAIOHY MOJEIN, mapaMeTpu pyxy KOTpoi
HEOOXiJTHO BU3HAUYUTH TPU CTBOPEHHI HaTypHOTro 00’ ekTa. LI cucrema sBisie co6010 HAaTYpHUI
00’€KT, SKUH TMPOEKTYEThCA (HAmall — HaTypa). BinmoBimHI y3araJbHEHI KOOpPAWHATH 1
napamMeTpu 000X CHCTEM IPOMOPLIlHi, a MK TOUKaMH CUCTEM ICHY€E MaTepiajibHa Mo1i0HICTh

m,/m,; = M. = CONSst.

Tyt 1 gam BeNIWYWHHU, TTO3HAYECH] THACKCAMH M 1 H, BITHOCSTHLCS BIIMOBITHO 10 MOJEN 1
HATypHW, a BEJIMYMHU, TMO3HAYEHI IHIECKCOM C, € KoedillieHTaMH NPOMOPILIHHOCTI. Y Takomy
BUIMAJIKy MIX BIATOBIAHUMH pO3MipaMH HATypu W MOJEN TOBHHHI BHUKOHYBAaTHCS Taki
CIiBB1IHOIICHHS:

(m+2myg), = (m+2mg).(m+2my),; C, = C.C,;
(mge)n = (mge)c(mge)m; D= Qu Qc ;7 Xu = XcXny

Yu=YeYw Zu=Z2c2w Wu=1I1y.

OCKUTbKH y3arajJbHEHUMHU KOOPAWHATaMHU € JIEKapTOBi, TO KOe(illieHTH MOAIOHOCTI Jyis
BCIX KOOpJMHAT TOBUHHI OyTH OJHAKOBI 3 METOI JOTPUMAHHS ITWHAMIYHOI MOJIOHOCTI MiX
MOJEJUIIO 1 HATYPOIO:

Xy = leM; Yu = lcyM; in = lc Ve

3BIJICH OJIEPKIMO
dc, ldx, I . . dx, [ .

p— H —__C

X = =Cx ¥=
H M2 2 Fm
dt, tdt, t, dt, t
1 QHAJIOTTYHUM YUHOM
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M

P,

[TimcTaBUBIIM OTpUMaHi BHpa3u B piBHIHHSA (1), oTpuMaeMo audepeHIiiaabHe PiBHIHHSI
JUI HaTypHU

(m+2mg)c(m+2mg)tl—%jé+ ﬁncm( —f—;'z'j—T =

c

= (mge)cmge(%(b]Sin¢L¢+ - (mge)c (mge{%(oj .

c

(&)

c
Jns moTpumaHHS AWHAMIYHOI TMOMIOHOCTI MDK MOJCIUII0 W HATypow HeoOXiaHe
BUKOHaHHS YMOBH @, = 1.
[lincraBuBIIM BKa3aHy YMOBY B DPiBHSHHA (5), 0J€pKUMO HEOOXiJTHE CITiBBiTHOLICHHS
MIDXK MacitadaMu
(m+ 2mg) [,

C p—

(mge)c _ mclc
£ o

L : 2 (6)

3 piBHsHB (1) — (4) MOXHA OTpUMATH B TaKUW CaMUU CIOCIO 1HII CIIBBIIHOIICHHS
MacimTaoiB:

o

(mgl)c

2
¢

2 [,
(m+ tlzfﬂg)c ¢ _ Z?ZC _cl = :

c c

(7

Ta iH.
PosnimuBmn mowienno piBHaHHSA (7) Ha C.l., OOEPKUMO CYKYIHICTh KOEQIIIEHTIB
NOIOHOCTI, SIKI YyTBOPATH OAMHUII0. BOHM HAa3MBaIOTHCS iHAMKATOPAMH MTOIIOHOCTI:

(m+2mg )Clc _a a, (mge)C _C

C.t ct Ctl Clt: C. ©
3 piBHSHHSA (8) BU3HAYAEMO KPHUTEPIi MOAIOHOCTI:
_m+2m

. a . m_,e .
| =————=idem ; II, =— =idem; II; =—*= =idem.
Ct Ct C

V Takuil caMuil ciocid MOXKEMO 3HANTH

M .
11, =—— =idem.
Ct
Bumenaseneni Tpu kputepii mogiOHOCTI MArOTh T€ caMe 3HAUEHHS JJII MOJIETIi Ta HATypH
(idem). Cxnanemo 3 HUX KOMOIHAIIO ¥ OJIEPKUMO y3araabHEHUN KpUTepii MoaiOHOCTI
I, m+2m, ol .
I, =—>=2= £— =< =idem , 9)
11, me Ct
8
SIKUH TIOB’SI3y€ Macy, CTATHYHUN MOMEHT HEBPIBHOBAXKEHUX YACTHH NUTi(pyBaIbHOTO BEepcTaTa
Ta THCTPYMEHTY, SIKI 00€pTalOThCS, KOOPJAWHATH, Yac, apaMeTpH MPYKHHUX 1 JUCHUIATHBHUX
CHIL.
VY takuii camuii crocid MOKeMO OTPUMATH ¥ 1HIII y3arajbHEHI KpuTepii momiOHOCTI, a
came:

I, =—*—~<=idem. (10)

me C t
Jlani onep kMO HOBHIA YaCTKOBHI KpUTepiil mogiOHOCTI, po3ainuBmu /1; Ha 11y,
I, m+2m, C,

I, =—=——%—=jdem. 11
O AR T (1)
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MosxHa oxaepxaTu W 1HIIT KpuTepii MOMIOHOCTI, IO OB’ SA3YIOTh PI3HI BEJIWYUHH,
HATIPUKJIA;

c, .
11, ==+ = idem. (12)

3 piBHsHB (1) — (4) Nerko MOXHA 3HANTH TaKi IHIUKATOPU MOAIOHOCTI:
(m+2m, )1 (me)s.

e Mae )
1 BIAMIOBIAHI KpUTepii moaiOHOCTI:
7, = (m+2mg) [,  idem: a4
imge;
1, = ) tom (15)

06
PozninuBim 11y Ha 1159, OTpUMaEMO TakKUi KpUTepid MoaiOHOCTI 3 ypaxyBaHHSM TOTO,
mo N,, =M, w:
3 (m +2m . )N o8

11, = Il =idem .
1 Wc (16)

bepyuu no ysaru (8) 1 (9), onepxxumo
MN,,

11, = l =idem .
12 Wc (17)

[Tpu anamnizi BiOpamiiiHuX cucTeM y mpouecax HutigyBaHHs OyaemMo 30epiraTd 3HaYeHHS
aMIUTITYAU i 4aCTOTH KOJIMBaHb. Buxozasiuu 3 uporo,
3 (m+2mg)ng 3

Il = =idem .
13 W (18)

PosrisiHeMo 111e pa3 cHiBBIAHOLIEHHS Mix MaciuTabamu (7) 3 OISy Ha Te, L0 Mg=S,
(m+2mg )c I~ S,
2 -2
tC tC

Pozainmnmo #oro Ha Sc/tc2 i OTpUMaEMO THAMKATOP MOAIOHOCTI
(m +2m ) )lC _1

S
BiamoBigauii kpuTepiit moaioHOCTI OyIe MaTh TaKUW BUTIIS:
(m +2m . ).lc ]
11, :S—‘zzdem. (19)

.
Ockinbku Oy7a0 TPUHHATO, IO MEpPEeMIlIeHHA Ui MoJeli W HaTypd HE3MiHHI,
BpaxoByroun criBBigHomeHHs (11) 1 (8), ogepxumo

11, = % =idem. (20)

AHaJIOTIYHUM YMHOM MOYKHA OTPUMATH H 1HII KpUTEpii Moa10HOCTI A1 BUBHAUECHHS a00
3aJaHHs [TapaMeTpiB Ipelu3iiHoi 00pOOKH JUIsi IEBHOT'O TEXHOJIOTTYHOTO MPOIIECY.

BucnoBku. BuxopucranHs Teopii momiOHOCTI 03BOJsIE PO3POOUTH KPHUTEPIl IS
CTBOPEHHSI PSIIy CHCTEM MPENU3iiHOT 00pOOKH 13 3aIaHUMU TTapaMeTpaMHu, a TAKOXK BU3HAYUTH
B3aEMHUH BIUIMB 3MIHH OKPEMHX ITapaMeTPiB PyXy CHUCTEMH B MPOIIECi MPEnu3iiHoi 00poOKH 1
TaKUM YMHOM BU3HAYUTH HAaHOUIbIN e(EeKTUBHI PEKUMHU LUTIQYBaHHS 3aJISKHO BiJI OCHOBHHX
napaMeTpiB PyXy CUCTEMH.
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Iypro A.I'., k.m.n., doyenm
Xapvko6cKulli HAaYUOHANbHBLU ABMOMOOUILHO-00POIICHBIU YHUBEPCUMEN

CHUHTE3 DHEPITO3®®EKTUBHBIX TPAEKTOPUM
PABOYEI'O OBOPYAOBAHUA MAHUITYJIATOPHOI'O TUITA

H36ecmno, umo 3nauumenbHoe KOIUUECmB0 COBPEMEHHBIX CIPOUMENbHBIX U OOPONCHBIX
Mawur umeem pabouee 060py0o06aHue 8 uoe MAHUNYIAMOPA — IKCKABAMOPbL, MAWUHBL OJIS
JleCOmexHu4eckux pabom, Kpanvl-maHunyasamopuvl u m.o. Ilogvluenue s¢pghexmusnocmu maxux
MAWUH C883AHO C ABMOMAMU3ayUell 8bINOIHAEMbIX UMU pabouux npoyeccos. OOHOU u3 3a0ad,
KOMOpYI0 OO0JCHA peulams Ccucmemda YNpagieHus MawuHamu ¢ pabouyum o06opyoosanuem
MAHUNYIAMOPHO20 MUNA, AGIAemcs cunme3 dppekmuenvlx mpaekmoputi  paboyezo
obopyoosanus. 1100 mpaexmopusamu 30ecb NOHUMAIOM 3AKOHbI USMEHEHUsl V2ll08 NO8OPOmda
UnU  JUHEUHbIX — NepeMewjeHuli  36eHbes  MaHunyismopa — mawiunel.  Paspabomana
@YyHKYUOHANbHAA MOOeNlb NOOCUCMEMbl CUHMe3d ONMUMANLHOU mpaekmopuu pabouezo
0b6opyoosanus. B kauecmee Kpumepusi ONMUMAIbHOCMU NPEOSIOHCEHO UCNOTb30BAMb MUHUMYM
pabomel  CUl  CONPOMUBTIEHUS, NPE00O0SIe8AeMbIX MAWUHOU NpU  BbINOJHEHUU paboyell
onepayuu. DhhexmueHocms paccmMoOmpeHHo20 nooxo0a NOOMEEPHCOEHA pPe3yIbmamamil
MOOeNUPOBAHUSIL.

Knrwuesvie cnoea: cmpoumenbHO-00PONCHAS MAWUHA, MAHURYIAMOP, MPAEKMOPUs.,
cucmema ynpasienus, s3Hepeemudeckas 3P oekmueHoCms.

T'yprko O.I'., x.m.H., Ooyenm
Xapxkiecokutl HAYIOHATLHUL ABMOMOOILILHO-00PONCHIN YHIBepCUmem

CUHTE3 EHEPTOE®EKTUBHUX TPAEKTOPINI
POBOYOI'O OBJAJHAHHA MAHIITYJATOPHOI'O TUITY

Bioomo, wo 3nauna xinbkicms cyuacnux 0yOiBeibHUX | OOPOICHIX MAWUH MAE poboue
001AOHAHHS Y 8UTIAOT MAHINYIAMOPA — eKCKA8Amopu, MAWUHU 015 JTICOMEXHIYHUX pooim,
Kpauu-mauinyiamopu mowjo. Illiosuwenna egexmuenocmi makux MawiuH NO8 A3aHO 3
asmomamu3ayielo pobouux npoyecie, wjo 6oHu euxonytoms. OOHUM i3 3a80aHb, AKi NOBUHHA
PpO38’A3y8amu cucmema Kepy8aHHs MAWUHAMU 3 poOOYUM OOJIAOHAHHAM MAHINYAAMOPHO20
muny, € cunmes e@exmusHux mpackmopit pobouozo obnaouauua. 11i0 mpackmopismu mym
PO3YMiIOMb 3aKOHU 3MIHU KYMI8 Nogopomy abo NIHIUHUX nepeMiuyeHb TaHOK MAHINyaIamopa
mawuHu. Po3pobneno ynxkyionanvry mooens niocucmemu cunmesy onmumMaibHOi mpaekmopii
pobouozo obnaouanua. Ak Kpumepiu ONMUMATLHOCMI 3ANPONOHOBAHO GUKOPUCHIOBYBAMU
MIHIMYM pobomu cuil onopy, AKi Modice 3004amu MAwuHa npu UKOHAHHI poboyoi onepayii.
Egexmuenicmo uxnadenoeo nioxooy niomeepoxtceno pe3yibmamamu MOOen08aAHHS.

Knrouoei cnoea: 6y0i6enbHO-00pONCH MAWUHA, MAHINYIAMOP, MPAEKMOPIs, cucmema
Kepy6aHHs, eHepeemuyHa eqpeKkmusHicmo.
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Gurko A., PhD, Associate Professor
Kharkiv National Automobile and Highway University

SYNTHESIS OF ENERGY EFFICIENT TRAJECTORIES
OF MANIPULATOR-LIKE WORKING EQUIPMENT

There are many construction and road machines with manipulator-like working
equipment such us excavators, forest harvesters, crane-manipulators, etc. The quality
requirements for the work performed by these machines are constantly increasing.
The complexity of the working equipment is also growing, for instance, the number of its
degrees of freedom is rising. All these factors make an operator’s work more complex as well
and require a very high qualification. Besides, the complexity of a machine leads to the fact
that the operator will not be able to realize all its abilities. Therefore, increasing the efficiency
and productivity of machines with manipulator-like working equipment is a very important
issue, the solution which is inseparably linked with improving control systems of machines’
manipulators.

A lot of work has been done over the last two decades in the field of construction and
road machinery automation. However, most of the researches focus on working equipment
tracking control. Tracking accuracy, undoubtedly, specifies the machine efficiency.
Nevertheless, evaluation of its efficiency with quality indexes, which are commonly used in
construction machinery, for instance, energy intensity, is preferable.

One of the ways to increase the machine energy efficiency is to plan working equipment
optimal trajectories. Therefore, in this paper we present a functional model of the automatic
trajectory planning system, which allows to calculate optimal working equipment trajectories
in the joint space.

The trajectory planning is based on the kinematics and dynamics models of the machine
manipulator, on the evaluation of external disturbances in the system as well as on the
information about the desired path in the Cartesian space. To determine the trajectory, the time
slice, which is needed for the tool motion along the desired path, is divided into equal intervals
that correspond to certain sections of the path. Then the optimal trajectory is calculated for
each of the path sections.

The minimization of the work of the resistance forces to be overcome by the machine at
work operation has been proposed as the optimality criterion. To minimize the optimality
criterion, optimal values of weighting factors, which prioritize the manipulator links movement,
have been determined by using the genetic algorithm. The effectiveness of the proposed
approach has been confirmed with the simulation results for the robotic excavator.

The results of the research can be extended to the case of the optimal control of industrial
robots.

Keywords: construction and road machinery, manipulator, trajectory, control system,
energy efficiency.
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BBenenue. Pa3paboTka um BHeapeHHe cucTeM aBToMartuueckoro ympasieHust (CAY)
pabouuM MpoLEccoM CTPOUTENbHBIX U JopoxHBIX MamuH (CAM) ¢ pabounm obopynoBaHreM
(PO) B BUIIe MEXaHU3MOB C OTKPBITBIMM KMHEMATUYECKMMH LEMSIMU (MaHUNYJIATOPOB) U, B
YaCTHOCTH, HKCKAaBaTOPOB SBJSIETCS OJHMM M3 HaumOojee TEepCIEeKTUBHBIX IyTed HX
coBepuieHcTBOBaHUA. [Ipum pa3paboTke TakuX CHCTEM OCHOBHOE BHUMAaHHUE YIeNseTcs
TOYHOCTH TIepeMelIeHHsI paboyero MHCTPyMEHTa (KOBIIA, BUOPOMOJIOTA U T.J.) MO 33JaHHOU
TPACKTOPUHU. DTOT IMOKA3ATENb XAPAKTEPU3yEeT KaUyeCTBO CUCTEMBI YIPAaBIEHUS U KOCBEHHO —
IIPOU3BOJUTENBHOCTh MAaIMHBI. OJTHAKO MPEANOYTUTEIbHBIM SIBJISIETCS IPOU3BEACHNUE OLIEHKH
takux CAY npu nomoiu npuHAThHIX B Teopuu C/IM nokaszareneid, HampuMep, SJHEProeMKOCTH
pabouero mporecca. Kpome ompenenenuss 3((HEeKTUBHOCTH YK€ BHEAPEHHBIX MM TOJIBKO
pa3pabOTaHHBIX CHUCTEM, IOJ00HAss OIIEHKa TMO3BOJUT CHOpPMYyIupoBaTh TPeOOBaHHS K
IIPOEKTUPYEMBIM crucTeMaM yrpasieHust CIIM.

CHmwkeHus 3HeproeMkocTu pabodero mpomecca CJIM, kpomMe Bcero mpodero,
MOXHO JOOUTBCS CHHTE30M Tpaekrtopuir PO, peanuszanus KOTOpPBIX TpeOyeT MUHUMAIIbHBIX
3aTpaTr SHEPTUH.

[lon cuHTE30M TPaeKTOPUM MOHHMMAIOT OINPEAEICHUE TAaKUX 3aKOHOB M3MEHEHMS YIJIOB
MOBOPOTa WJIM JIMHEHHBIX TNepeMelleHnd 3BeHbeB PO mpu 3aaHHBIX OTrpaHUYEHUSIX HA UX
CKOPOCTH M YCKOPEHHs, KOTOpbIe Obl 00ECIeUMsIn MPOXOXKACHUE pabouero MHCTPYMEHTA U3
HAa4aJIbHOW TOYKM B KOHEYHYIO 4YEpe3 HEKOTOPYIO IMOCIEI0BATEIbHOCTh KOHTPOJIBHBIX TOUEK
[1]. Hpu sTOoM wyacTto TpedyeTcs NOIAEPKUBATH OINPEACICHHYIO OpPUEHTALHUI0 pabodero
UHCTpyMeHTa. Hanpumep, mpu aBTOMaTHYECKOM KOTAHUU HKCKABAaTOPOM HEOOXOAMMO, YTOOBI
yroJl pe3aHusi COXpaHsUl IOCTOSSHHOE 3HAYEHUE, COOTBETCTBYIOLIEE HAMMEHbIIEH CHIIe
conpotuBieHus pezannio (30°...50°) [2].

AHaJN3 NMOCJeIHUX UCTOYHUKOB McCJIe0BaHui U myOaukaumid. [Ipu cunTese ontu-
MaJIbHBIX TPACKTOPUH MAHUMYJSATOPOB HauOoJee 4acTO MCHOIb3YeTCs] KPUTEpUH MHUHUMyMa
BPEMEHHM BBIMOJIHEHHUS] TEeXHOJoThYecko omepauuu. KomumdyectBo ke myOiauKanui,
NOCBALICHHBIX OMNPEACICHUIO TPAaeKTOPHUM, OO0eCreunBaloONIMX MHHUMYM 3aTpaT >HEPIHUH,
3HAUUTENIBHO MeHble. [Ipy 3TOM 4YacTo HCIONHUTENbHBIE MEXAaHU3Mbl PACCMATPUBAIOTCS
VIOPOIIEHHO, KaK MCTOYHMKM BpalalOIMX MOMEHTOB, U ONTHMAajbHas TpPAEKTOPHS
OTBICKMBAETCA C TOYKHM 3PEHUS MUHHMM3ALMU UHTErpaja OT CyMMbI KBaJpaTOB WJIH CYMMBI
aOCOIOTHBIX 3HAYEHUH YIPaBIAIOUIMX MOMEHTOB [3, 4]. AHaJIM3 3HEPrOEMKOCTH TPACKTOPUH,
MOJIYYCHHBIX HEKOTOPBIMH TPAIUIIMOHHBIMU METO/IaMH, BBIITOJHEH B paboTtax [5, 6]. [Ipu sTom
B KadyecTBe OOBEKTa paccMaTpUBAJICS CTIHADOPACKHIA MaHMITYISATOP, CHHTE3 TPACKTOPUI
OCYILIECTBIISJICS B ONEPALMOHHOM MPOCTPAHCTBE, & TUHAMUKON UCIIOTHUTEIBHBIX MEXaHU3MOB
npeHedperany.

B paGote [7] ommcaHbl pe3ynbTaThl SKCHEPUMEHTAIBHBIX HUCCIEAOBAHUN IO BIWSHUIO
TpaekTopuu podorta-mManunyniaropa IRB 1600 c snekTpuyecKMM NOPUBOJOM Ha 3aTpPaThl
SHEPruM, YTO MO3BOJIWJIO ONPEAEIATh palMOHAIbHBIE TPAEKTOPUH 3TOro podora. B paborax
[8, 9] mpu cuHTE3e ONTUMANBHBIX C YHEPrETUUECKON TOUYKU 3PEHMSI TPACKTOPUIN MPUMEHSETCS
METOJi TMHAMHYECKOT0 MPOrpaMMHPOBAHHSL.

PaccmarpuBanuch mpoOiieMbl TIOCTPOCHHS  ONTUMAIBHBIX — TPAGKTOpUH H  uIs
MaHUITYJISITOPOB € THAPABINYECKUM MPHUBOJIOM. B wacTHOCTH, B padoTax [10, 11] mpuBemeHbl
BapUaHThl PEIICHHs 33Ja4l CHHTE3a ONTHMAJIBHBIX IO OBICTPOJCHCTBUIO TPACKTOpUH U
YOPABJICHUS  JBM)KEHHUEM  BAOJAb JITHUX TPACKTOPUM  MAHMUMYJIATOpPAa MAUIMHBL IS
JgecoTexHuueckux pabor. B paborax [12, 13] mapamnenbHo ¢ 3agadedl IUIAHUPOBAHHUS
ONTUMAJIBFHOW MO OBICTPOJECHCTBUIO TPACKTOPHHM PACCMOTpPEHa 3ajJadya MHUHHUMM3AINU
MOMEHTOB, HEOOXOIUMBIX U OCYIIECTBIICHUS JBWKCHHUS MAHHUITYJIATOpA 3KCKaBaTtopa, MpH
3TOM YYMTHIBAJIUCh OTPAaHUYEHUS HAa CWIbl, pPa3BUBAEMbIE THUIAPONPUBOIOM, a TaKXKe Ha
CKOPOCTH M YCKOPEHUS 3BEHbEB.
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B craree [14] mpennoxen m B pabote [15] pacmpocTpaHeH Ha SKCKaBaTOPhl METOJ]
CHUHTE3a TPAEKTOPUU MAHUITYJISITOPA, CYyTh KOTOPOTO 3aKJII0YACTCS B PEIICHUH Ha KaXOM Il1are
k KBaHTOBaHUS IO BPEMEHH CIEAYIOUIEr0 HECOBMECTHOTO MATPUYHOTO YPaBHEHUSI:

HO =F, (D
e O, =[Aq} Agi..Aq']" — BexkTOp MCKOMBIX mNpupameHHii MPUCOETUHEHHBIX
KOOPJIMHAT;
H, —npsmoyronbHas (2Xn)-MaTpuua, 3J€MEHTB KOTOPOX PABHBI:
C . k-1, _ C k-1, .1
(Hk)u_l=le sina;” ; (Hk)zli_l—Zchosaj : i=1n, )
j=i Jj=i

rae /;— niuHa i-ro 3BeHa MaHUIYJISTOPA;
1 — YUCJIO CTENeHEeN CBOOOIBI MAaHUITYIIATOPA;
O — YTJIbl MEXY i-bIM 3B€HOM MaHUNYJSATOPA U TOPU3OHTAIBHON 0ChI0 Opxp:

1
aizij; i=ln. 3)
j=1
Pemiennem ypaBuenus (1) siBisieTcst peuieHue ypaBHeHus (4)
T T
(Hka"';LC)'@k:Hka’ 4)
rme A — Manblii TPOM3BOJBHBINA IMOJIOKUTEIBHBIA MapaMeTp, 00eCreunBarOIHiA

—1
s

YCTOMYMBOCTb BBIUYHCICHHUS MATPHUILBI (H 'H, +AC )

C — nuaroHanbHasl (nXn)-MaTpulla, HEHYJEBBIE SJEMEHTHI KOTOPOW 3alaloTcs IO
bopmyie
C.=v., i=Ln, (5)

i

IZie % — BecoBbIe KO (UIIMECHTHI.

BoijesieHue He pelieHHbIX paHee YacTeil o0uei mpodJjaemsbl. B padote [15] 3HaueHust
BECOBBIX KO3 UIMEHTOB ¥ B Gopmyie (5) mpeiarajaocs BbIOMPATh TakK, YTOObI BBIPOBHSATH
MaKCHUMaJbHbIC 3HAUCHUS YTIJIOBBIX YCKOpPEHUH COOTBETCTBYIOILUX 3BEHbBEB.
B 10 ke BpeMs LenecooOpa3HbIM SBJISETCS HCIOIb30BAaHUE TaKUX BECOBBIX KO3()PUIIMEHTOB,
KOTOpbIE ObI MPUBENIN K ONTUMAIBHBIM C SHEPIeTUYECKON TOUKHU 3PEHHUSI TPACKTOPHUSIM 3BEHBEB
PO CIM.

Hear u mnocraHoBka 3aaay. llenpio nanHOW paboThI, TakUM 0Opa3oM, SBISETCS
MOBBINICHUE SHEpPreTudeckol 3¢dexkTuBHOCTH padodero mporecca CJAM ¢ PO B Bume
MaHMITYJISITOPA 32 CYET YCOBEPIICHCTBOBAHUS METO/1a CHHTE3a TpaekTopuii PO.

Jlis nocTrKeHUs TOCTaBICHHOM 11eNTi HEOOXOAUMO PELIUTh CIEAYIONUE 3a0auu:

— pa3zpaboTarh GyHKIHOHATIBHYIO MOJIENb MOACUCTEMBI CUHTE3a TpaekTopuu PO;

— OIpeneNuTh KpUuTepuil sHepreTudeckoi r¢dextuBHOCcTH TpackTopun PO;

— BBIMIOJIHUTH PACUET ONTUMAJIbHBIX 3HAYEHUN 3JIEMEHTOB MaTpHUIlbl (5).

OcHoBHOI MaTepuas W pe3yabTaTbl. 3agadamu, pemaembiMu CAY PO CIM,
SIBJISTFOTCSI TUTAaHUpOBaHUE JBMXKEHUS PO ¢ ydeToM TEXHOJOTMYECKUX TpeOOBAaHMIA, a Takke
o0ecrieyeHre ATOro JBMKEHHUS C 33JaHHBIM KayeCTBOM. YTIPOILEHHAas CTPYKTypHas cxema
CAY PO CIM npusenena Ha puc. 1.

[Ton maHupoBaHMEM IYTH MOAPA3YMEBACTCS OMpPENEICHUE TPACKTOPHIl MepemMeleHus
PO B nexapToBoii (0OBIYHO MHPOBOI) CHCTEME KOOpAMHAT, a TaKXe 3aKOHBI W3MEHEHHs
JUHEHHBIX cKopocTed u yckopenwit [1]. Ilpm 3TOM HEOOXOAWMO YYUTHIBATH THIT MAIIWHBI,
BO3MOXXHOCTH €€ MaHHITYJIATOpa, OCOOCHHOCTH pabouero mpoiecca, KoHQUrypamuo padodeit
30HBI, HAJTMYKE MPENATCTBUI U mpouee. Hanpumep, B ciiydae 0JHOKOBILIOBOTO 3KCKaBaTOpa Ha
JAHHOM JTare yYUTHIBAIOTCS HAHECEHHBIC HA IU(PPOBYIO KApPTy MPOEKTHBIC MapaMeTphl 32005
U MECTO, KyJia OyZeT MPOU3BOAUTHCS BBITPY3Ka I'pyHTa (OTBAJ MJIM aBTOMOOMIIB).
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OueHnBaHne NamepeHne
lMnaHupoBaHue
paboyero i vTY — [apamMeTpoB |a—
NpoCTpaHCcTBa Y aswxkenns PO E:
(&)
v ¥ v °
OueHunBaHve CwuHTes Pacuer o
e . =] ynpaBnsiowmx
BO3MYLLIEHWN TpaeKkTopwui N N
BO3ENCTBUW

Pucynok 1 — CrpykrypHas cxema CAY PO CJIM

[InaHnpoBaHue MyTH SABJISIETCA BECbMa CIIOAKHOM OTIEIbHOM 3a1adeil (BBIYMCIUTEIbHAS
CJI0KHOCTB AJITOPUTMOB INIAHUPOBAHUS ITYTH SKCIIOHEHIIMAIBHO PACTET C YBEJIMYEHHUEM UHUCIIA
CTerneHe cBOOObl MAHUITYJIATOPA), KOTOpasl PElIaeTcsl Ha CTPATernYecKOM YPOBHE CHCTEMBI
ynpasienus PO C/IM, u ee penieHre BEIXOIUT 32 PaMKH JaHHOM paOoTBHI.

PaccmoTrpum  Gosee  moapoOHO — TOJCHCTEMY  CHHTE3a  TpaekTopuid  (puc. 2).
Bynem cunrtath, 4TO CMHTE3 MPOU3BOAUTCS MPEUIOKEHHBIM B pabote [15] MeTomom Ha ocHOBe
BeIpakeHuit (1) — (5).

Konduryparms PO B
Kenaemas ckopocts PO IIPOMEIKY TOUHBIX TOYKAX

Inan nymm L * ~ *
Onpenenenue Pacuir Aq(?) Tpaexropus q(f)
IapaveTpet P(:) y4acTkoB AL nytu L q
\ 4
-

Hauanboe | IIponecc Pacuét 3HaueHus
\IpHOIMIKEHHE Y; ONTUMHU3ALUH Y; LeJeBon (1)yHKIII/II/I

[TapameTpsr PO s

YpaBHeHUA
\ [IMHAMHKH PO

vY

OrnieHka BO3MYIICHU T

PucyHok 2 — @yHKIIHOHAIBHASA MO/IeJIb IPOLecCa CHHTE3a TPAeKTOPHH

NcxomupiMu TaHHBIMH JIJISI TTOJICUCTEMBI SIBIISIFOTCS WH(OpMALUS O PACCUUTAHHOM Ha
IpebIIyIleM yYpOBHE HMepapXuu MyTH L JIBHXKEHUS paboyero MHCTPYMEHTa B JEKapTOBOM
CHUCTEME KOOpPJIMHAT U KOHCTPYKTUBHBIX MapaMmeTpax 3BeHbeB PO. [l onpeneneHus 3aKOHOB
W3MEHEHUSI TMPHUCOCIMHEHHBIX KOOpAMHAT ¢(f) BpemeHHOM wuHTepBan [0; 7], 3a KOTOpBIH
pabounii MHCTPYMEHT IPEOA0JIEBAET BeCh MyTh L, pa3duBaeTcst Ha [ paBHBIX MPOMEKYTKOB C
maroM At = T/I. 3a poMeXyTKH BpeMeHU Afr paboyuii MHCTPYMEHT MPOXOIUT PACCTOSHHS
AL =v-At, Tae v — jKellaemMas CKOPOCTh IBMIKEHHUS paboyero WHCTPYMEHTa. 3HAYCHUE V
OTIpeeNsAeTCsl, MCXOAs W3 THUMA MAIIUHBI U BBHINOTHSAEMOrO € paboyero mporecca.
Tak, CKOpOCTh KOMaHUS TPyHTAa KOBIIIOM OJKCKaBaTopa cocraBisger v=2wm/c [16].
s kaxgoro ydactka mnytd AL pacCUMTHIBA€TCS ONTUMalibHasi TpaekTopus q(At).
CornacHo mpuHIUNY onTUMaidbHOCTH bennMana, eciu Bce ydacTku g(At) TpaekTopuu ¢(t)
ONTUMAJIbHBI, TO BCS TPACKTOPHUS ¢(f) TAKKE ONTUMAJIbHA.

Jns pacdera ONTUMANBHBIX ¢(Af) HEOOXOAMMO OINPEACITUTh ONTHUMAIbHBIC 3HAYCHUS
JIEMEHTOB ) Matpuupl (5). OTa 3amaya pelaeTcss METOJaMH HEJIMHEWHOIo Iporpam-
MUpOBaHUsA. MuHUMU3MpyeMas 1ieneBas (QYHKIUs JOJDKHA YYHTHIBATH 3aTpaThl SHEPTUU Ha
peanu3anmio TpaeKToOpuu ¢(t). Jjist 3Toro HeOOXOAUMO TaKKE UMETh MOJIEIb, OMTUCHIBAIONITYIO
nuHaMuky PO ¥ y4uTBIBAIOUIyI0 BO3MOXKHOE JICMCTBHME BHEIIHMX BO3MYIIEHUMN, Hampumep,
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BO3HUKAIOIIUX TMPH B3aHUMOJCHCTBUM pabodyero HMHCTPyMEHTa C TpPyHTOM. IlockonbKy
MpeAcKa3aTh TOYHbIC 3HAYEHHUS BO3MYILEHUM HEBO3MOXKHO, MPUXOJIUTCS HMCIOJIb30BaTh HX
OIICHKH, TOJyYEHHBIE JUOO MyTeM OO0pabOTKH CTaTUCTUYECKUX JAHHBIX, JMOO HAa OCHOBE
UH(OPMALIUU O IPUHAJICKHOCTH HEKOTOPBIM JIOBEpUTEIbHBIM HHTEpBaiam [17].
DddexkTuBHOCTL Hcnoib3oBanuss C/IM onenuBaeTcs mo psay mokasareneid. C TOYKH
3peHUsl PKOHOMUU IHEPTETUUYECKUX 3aTPaT YAOOHO MOTH30BATHCS YACTBbHON YHEPTOEMKOCTHIO

m N 3
Ny() = Z—’ , KBru/M” (6)
i=1 i

rae N;— MOILIHOCTb, pa3BUBAaEMasi MAIlIMHOW IIPU BBIIIOJIHEHUH -0 Ollepanuu, KBT;

11; — TpOU3BOUTEIBHOCTh MAIITMHBI TTPU BBITIOJIHEHUH I-OW OTIEpaIlNH, M3/‘I;

M — KOJIMYECTBO BBIIIOJIHSEMbIX ONEPALIUN.

Opnako Tekyllee 3HAYEHHE IPOU3BOAUTEIBHOCTH IIOJNYYUTh B PEXKHME PEaTbHOIO
BPEMEHM 3aTpyAHUTENbHO. [lo3TOoMy BbIpakeHue (6) HENPUTOAHO VIS HCIIOJIb30BAHUS B
kadectBe kpurepus dddextuBHoctd CAY PO. B 1O ke BpeMsi W3BECTHO, YTO MOIIHOCTH NV;
orpenensercss padboToil A; CHII CONPOTUBIICHHS, MPEOI0TIEBAEMBIX MAIIMHON MPU BBHIIOJHEHUU
i-Of OIepalyHy, HAIPUMED MPHU KOIMAHUU 3KCKAaBaTOPOM. B CBS3M ¢ 9TUM B KayeCTBE KpUTEPHUS
sHeprerudeckoit apdexruBnoctu CAY PO C/IM nenecooOpa3HO HCMONB30BaTh paboTy Aj;,
COBEpLIAEMYIO pu OCYILIECTBICHUHU pabouero mporuecca.
Torpa B cnyuae PO c BpamarensabiMu cowieHeHUsIMU CAY 10KHA ONPEneanTh TPAEKTOPUH

qi(t), MUHUMH3UPYIOLINE LIETIEBYIO (PYHKIIHIO

n 4
AZZjMid‘liTmi”’ (7
i=1 a0
rae M; — MOMEHT CHJIbI, IPUBOIAIICH i-0€ 3BE€HO B IBH)KCHHE;
I"— obnacTh JOMYyCTUMBIX 3HAYCHHUH BECOBBIX K03(hpuLineHTOB ¥ B ypaBHEeHHUH (5).
Marematnueckass monens Manumyssitopa CJAM ¢ n creneHs MA CBOOOJIBI MOXKET OBITh
MPE/ICTABIICHA B BUE CJIEIYIOUIEr0 MAaTPUYHOTO YPaBHEHHUS:

AL AL A o ~ _Oh, . .
D(q)i+C(q.q)q+G(q)+B(q)+M, zg(AApA —ApPs ) ()
rne g=[gq,] TeR" - BEKTOP IMPUCOECIUHEHHBIX KOOPAUHAT;
D(g)e R™ — cuUMMeTpUYHAs TOJOXKUTCIbHO-ONPENCIEHHAsT MaTpHlla HHEPIHU
MaHHUITYJISTOPA;

C(q,q)e R™" — marpuiia, copepskalias eHTPOOSIKHBIE U KOPHOIHCOBBI YICHBI,

G(g )€ R" — BEeKTOp CHWJI TPaBUTAIUH;

B( g )e R" — BekTop KO3 HUIIMEHTOB TPEHUS;

M, € R" — BEeKTOp CHJI © MOMEHTOB COIIPOTHUBJICHUS, JEUCTBYIOIIMX HA i-0€ 3BEHO;

L

he R" — BEeKTOp JUHEHHBIX CMEIICHWH INTOKOB THAPOIMIUHAPOB MPUBOAA COOTBETC-
TBYIOILIUX 3BE€HBEB;

A, =diag{ A,, }Je R™", A, =diag{ A, }J€ R™" — MaTpuIlpl, THarOHATBHBIMH 3JICMECH-
TaMU KOTOPBIX SIBIISIOTCS TUIOIIAIN TOPIITHEN THAPOIMIMHIPOB CO CTOPOHBI OECIITOKOBOM A 1
IIITOKOBOH B II0OJIOCTEN;

po€ R", py € R" — BeKTOPBI JaBICHUN B OJOCTIX A ¥ B T’UAPOLMIMHIPOB.

Tak kak Npu CHHTE3€ YIpPAaBJIEHUS 3HAYEHMsI BXOASIIMX B ypaBHEHHE (8) mapaMeTpoB
U3BECTHBI MPUOJIMKEHHO, TO MPUXOIUTCS MOJIb30BaThCS UX OLIEHKAMH, KOTOpbIe 0003HAYECHBI
CHUMBOJIOM «”».

Kak ormedaniock panee, 1enpl0 mojacucTeMbl cuHTe3a Tpaekropuii CAY PO CIM
SIBIIIETCS  BBIYUCIIEHHE TaKMX 3HAYEHUHW KOMIIOHEHTOB BEKTOpa IPUCOEIMHEHHBIX
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KOOPJIMHAT ¢(?), KOTOpBIe ObI 00ECTIeUnIIN IBIKEHHE Pab0ovYero MHCTPyMEHTA IO ONpenesieH-
HOMY IIyTH, YJOBJIETBOPSSI IPU 3TOM HAKJIabIBa€Mbl€ OrpaHUUYeHUs U yciioBus (7).
[IpuBeneHHbIE BBIIIE COOTHOIIEHUS OBUIM HCIOJB30BAaHbI MPU CHHTE3E€ ONTHMAIbHOM
tpaekropuu PO CIIM. B kauecTBe mpumMepa pacCMOTPEH 3KCKaBaTop ¢ 0OpaTHOIl Jiomartoii ¢
KOHCTPYKTUBHBIMU TapameTpamu PO, mpuBeneHnbiMu B Tabn. 1. Jlunammka PO wmonenu-

poBanack ypaBHeHHeM (8). OnTuMmuzamusi 3HaYE€HUW BECOBBIX KO3 duIHMeHToB %, i=1,3
MPOU3BOMIACH C IOMONIBIO FTEHETUYECKOT0 anropurma [18].

Taboauua 1 — IlapamMeTpbl MAHUTYJISITOPA IKCKABATOPA

3BeHo | Macca m;, |MomenT unepuuu | Jlnuna /;, | PaccrosHus |Yriabsl MEXAYy OCIMHU
KT I, KT-M° M a0 IIM r;, m u IIM «;, pan
Crpena 1566 14250,6 5,16 2,71 0,2566
Pykoste | 735 727,7 2,59 0,64 0,3316
Kopmr 432 224.6 1,33 0,65 0,3944

Ha puc. 3 nmpuBeneHa KpuBas, COOTBETCTBYIOIIAs TPeOyeMOl TpaeKTOpHHU 3yObEeB KOBIIIA
B JICKAPTOBOM CHUCTEME KOOPAMHAT, a TAKXKE MOJIOKEHUS MAHHUITYJISITOPA, COOTBETCTBYIOIINE
ucxonnou Op, koHeyHoN Or Toukam JBHkKeHHA PO m Touke O, CONPUKOCHOBEHMS KOBIIA C
TPYHTOM.

Ucxoanoe
TOJIOKEHHUE |

~,
Koneunoe ‘\\
TOJIOXKEHNE N
N,

Tlonoxenune npu
COIPHUKOCHOBE-
HUH C TPYHTOM

YpoBeHb rpyHTa

3anaHHas TPaeKTOpHA—"
05 ‘ ‘ 3yObeB KOBIIA
0 1 2 3 4 5 6 7

X, M

Pucynok 3 — PaccuuTanHble M0/10KeHUSI MAHUITYJISITOPA JKCKABaTOpa

OneHky U3MEHEHHs] MOMEHTOB CUJI COITPOTUBIICHHS KOTIAHUIO 0TOOpakaeT puc. 4.

<

MLa Hwm

-10
-12

-14

-16

0 8 10

Pucynok 4 — MoMeHTBI CHJI COTIPOTHBJICHUS] KOTIAHUIO
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OuyeBUHO, YTO MJIs YMEHBIICHHWS 3HA4YeHHWs I1eneBod ¢yHkuuu (7) HEOOXOIUMO
MUHUMU3HUPOBATh JBWKEHHUE CTpENbl. OJTO TakKXKe MOATBEPXKAAETCS pucC.4, KOTOPBIH
OoTOOpa)kaeT 3aBHCHUMOCTh pPaboTel A oT kodpdunueHnta % B ypaBHeHu:n (5) 1pHu
(bUKCUPOBAHHBIX 3HaUeHUsAX % = % = 0,1.

x10*

0 100 200 300 400 S'YOO 600 700 800 900 1000
2

PucyHok S — 3aBucumocTh 3HaYeHUs padoThl 0T KO3 Ppuuuenra

Kak cnenyer u3 puc. 5, yBenuueHue 3HaueHHs Koddduuuenta » cBeime 200 He
NPUBOJUT K CYIIECTBEHHOMY CHHXEHHIO pabOoThl A, T.K. 00€CNEUHUTh 3aJlaHHOE JBUKCHHE
TOJILKO 3@ CUET NepeMEeIICHHs] PYKOSTH U KOBILA HEBO3MOXHO. B TO ke BpeMsi yMEHbIICHHE
00J1acTH JTOMYCTUMBIX 3HAYCHHH KOA(D(HUIIMEHTOB ) COKpamaeT BpeMs ONTHMHU3AIUH.
3aBucumoctu A(p, %) U A(%, %) npuBeneHbl Ha puc. 6. M3 puc. 6 BHAHO, YTO 3HAYCHHUE
paboThl YMEHBIIACTCS CO CHIDKEHHEM KO3(P(PHUIIUEHTOB )5 U .

PucyHnok 6 — 3apucumocTts padoTsl 0T KO3QPUUHMEHTOB ¥:
a—A(p, 55 6 - A%, %)

AHanu3 puc. 4 — 6 O3BOJIUI HAJOKUTh CIIEAYIONINE OTPAHUYCHUSI HA 3HAYEHUST BECOBBIX
KO2(DPUITUEHTOB %, %, W:

0 < % <200; )
O<p<Il; (10)
0<nu<l; (11)

Kpome Toro, yron pe3anus KoBIoM orpanuyeH auamnazoHom 30...50°.

N3menenune 3HavueHus 1eneBoil GyHkmuu (7) B X0Jae ONTUMHU3AIMK OTOOpa)kaeT puc. 7.
Kak BMIHO M3 3TOro pucCyHKa, ONTUMaJbHOE pEIIEHUE IMOIYy4eHO 3a 51 mar (mokosieHue),
OJIHAKO YXe uepe3 15 mokoseHuil 3HaueHue IesIeBod (DYHKIIMU OJM3KO K ONTHUMAIBHOMY.
[Tonydennble 3Ha4YeHHs BeCOBBIX KodhdumuentoB pasabl % =200, % =0,01, 3% =0,01.
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CootBercTBYyIOIIEe UM 3HAaueHHE pabOThI cocTaBisieT A = 69126 JIx nporuB A = 89438 JIx
IIPY 3HAYEHUSAX BECOBBIX KOA(PPHUIIMEHTOB, MOITYYEHHBIX 110 METOIMKE U3 paboTsI [15].

[ToryueHHbIe ONTUMAaNIbHBIE 3aKOHBI U3MEHEHHUS YIJIOB MOBOPOTA CTPEIbI ¢(1), PyKOSTH
qp(t) ¥ KOBILIA () IPUBEJIEHBI HA PUC 8.
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Pucynok 7 — U3meHeHne 3Ha4eHus1 BesieBoi GyHKIUM B Iponecce ONTHMHU3ALNHA
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Pucynok 8 — 3akoHbl H3MeHeHHsI YIJIOB TOBOPOTa 3BeHbeB PO

Takum o0pa3oM, TOJYYCHHBIC TPACKTOPUH ¢(?) yIOBIETBOPSIOT 3aJaHHBIC YCIOBHS
[JIAJIKOCTH, a TaKXe SIBJISIOTCS ONTUMAJIbHBIMU C TOYKH 3PEHUSI MUHUMYyMa 3HEPreTHUYECKUX
3aTpar Ha peaju3aluio padbodero mporecca.

BeiBoabl. OcHoBHOI 11enbio CAY PO CIIM siBisieTcst MOBBIILIEHHE TPOU3BOIUTEIBHOCTH
MAaIIMHBl U CHU)KEHHE SHEPreTHYeCKHX 3aTpaT Ha BBINOJIHEHHE pabodero mporecca. 3aTpaThl
PHEPrMM B 3HAYUTEIBHOM CTENEHU 3aBUCAT OT 3aKOHOB M3MEHEHHUs (TpacKTopuil)
MPUCOETNHEHHBIX KoopauHat PO.

B pesymbraTe gaHHOrO WccienoBaHHS —paszpaboTaHa (QYHKIHMOHAIBHAsS MOJIENb
noacucrembl CAY PO CJIIM, ocymiecTBIAIOUIEH CUHTE3 TPACKTOPHM, KOTOpas MO3BOJIMIIA
BBIJICINTh ~ OCHOBHBIE  MOJTalbl  MpoIEcca CHUHTE3a  ONTHUMAIbHBIX  TPACKTOPHI
npucoenuHEHHBIX  koopauHat PO. B kadectBe kpurepus dHEprodPpQGeKTUBHOCTH
CAY PO CJIM mnpemiokeHO HCIONB30BaTh pabOTy CHIJI CONPOTHUBICHHS, MPEO0TIEBAEMBIX
MaIIuHOM TPU BBHITTOJTHEHUHU paboyei oneparuu.

VYcoBepuieHCTBOBAaH MpPEUIOKEHHBIH B pabote [15] MeTon cuHTE3a TpaeKTOpuid
PO C/JIM 3a cueT onTUMH3ALMK TapaMETPOB YPaBHEHUS JJIsl pacyeTa TPaeKTOPHUA.

Pe3ynbTarhl KOMIBIOTEPHOTO MOJICIMPOBAHUS MMOKA3BIBAIOT, YTO MPEIJIOKEHHAS] CUCTEMA
obecrieunBaet 10 23% SKOHOMUH SHEPTHH 110 CPABHEHUIO C CYIICCTBYIOIIUMHU PEIICHUSIMHU.

[IpuBeneHHble pe3yabTaTBl MOTYT OBITH PACIPOCTPAHEHBI HA CIIydail yIpaBICHUS
MPOMBIIIJIEHHBIMU POOOTaMHU.
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Kopoobko b. O., k.m.n., 0oyenm
Bipuenxo B. B., k.m.n., cmapuiuii 6uxiaoay
Ilonmascvkuii HayionanbHuti mexHiynuil yHieepcumem imeni FOpiss Konopamioxa

MOJAEJIOBAHHSA POBOY0I'O ITPOLECY
CTPIYKOBO-JIOITATEBOI'O PO3YNHO3MIIIIYBAYA

Bucsimneno pezynomamu 0ocniodcenHs pobouux npoyecie npuecomysanus 0yoisebHUX
PO3YUHIB  PIZHOI  pyXomocmi y  CMPIYKOBO-I0Namesomy pozuunosmiuiyeadi. Lllnaxom
MPUBUMIDHO20 MOOEN08aHHS NOOYO08AHO NOJISL WBUOKOCMel, AKI 8U3HAYAIOMb XAPAKMEPHI
CKAA008I npoyecy nepemiuly8anHs: MAaKpo- i MIKpO3MIULY8aHHS. YcmanoeneHo ocobausocmi
npoyecy MIKpO3MIULYBAHHA, AKI NOAA2AIOMb Y pPYCI pO3YUHY NO Cmpiuyi ma Ha KOHMypi
0ooamxkosux nonamokx. Ha ocnosi mpusumipnozo Mo0ent08aHHs NOKA3aHO PO3NOOLL 4aACHOK
PO3UUHY ma iXx mpackmopii pyxy 6 KOpnyci smiuysaya 3i CmpiuKo8o-l10namesum pooouum
OpP2AHOM 3 YPaXy8aAHHAM NApamempie i pexcumis tioco pobomu. OOTPYHMOBAHO BUKOPUCTIAHHS
AK poboYo2o opeaHa 3MIiuyeaua CMpIuKO80-10NAME8020 6ald, OCKLIbKU 3ACMOCY8AHHS
000amKOBUX NTONAMOK NEePEULKOONCAE YMBOPEHHIO «MepPmMEUX» 30H Y KOpnyci 3miuyeaua i
Cymmego nio8UWYe IHMEHCUBHICMb nepeMiuly8ants. Busnaueno payionanvhi napamempu
yacmomu 0b6epmaHus pobouo2o opeand, npu AKUX 00CA2AEMbC HAUBUWA eheKMUBHICTND 1020
pobomu 3 MOUKU 30pPY MIKPO- | MAKPOIMIULYBAHHS.

Knrouoei cnosa: 6yoisenvruti po3uur, mpueumipHe MOOeN08anHs, noje WeUoKocmel,
MpaeKkmopis 3MIULY6aAHHA, POZUUHOIMIULYEAY.

Kopoobko b. O., k.m.n., 0oyenm
Bupuenxo B. B., x.m.H., cmapwuii npenooasameis
Ilonmasckuti HayuoHanvhwili mexnuyeckuu ynugepcumem umenu FOpusa Konopamioka

MOJAEJIUPOBAHUE PABOYETI'O TIPOLHECCA
JIJEHTOYHO-JTOITACTHOI'O PACTBOPOCMECHUTEJIA

H3znoocenvr  pezynomamsl uUccied008aHus pabouyux npoyeccog npu npueomosieHuu
CMPOUMENLHBIX PACMBOPO8 PA3IUUHOLU NOOBUNCHOCMU C HOMOWDBIO NEeHMOYHO-TONACIHO20
cmecumens. Ilymem mpexmepHo2o MOOenupo8anus NOCMpPOEHbl NOJs CKOPOCMel, KOmopbie
onpeoensom  XapakmepHvle COCMAGNAIOWUEe Npoyecca nepemMeusanus: MukKpo- U
Maxkpocmewueanus. Ycemanogienvl ocobeHHOCMU npoyecca MUKPOCMEWUB8AHUs, KOMopble
COCMOoAmM 6 O0BUNCEHUU pAacmeopa Nno JeHme U HA KOHmype OONOTHUMENbHLIX JONAMOK.
OcHogbl8ascy Ha MpexMepHOM MOOEIUPOSAHUU, NOKA3AHO pacnpedelleHue Yacmuy pacmeopa u
UX MpaeKmopuy 0BUINCEHUSI 8 KOPNYce CMeCUmelis ¢ IeHMOYHO-I0NACMHBIM PAOOYUM OP2aAHOM
C yuemom napamempos u pexcumos e2o pabomvl. OOOCHOBAHO UCNONL308AHUE 8 KAYecmae
pabouezo opeana cmecumens JeHMOYHO-IONACMHO20 64Jld, NOCKOIbKY HpUMeHeHue OONOaHU-
MeNbHbIX JIONAMOK npedomepaujaenm NoseleHUue «MepmeblX» 30H 6 Kopnyce cmecumens u
CYWecmeeHHo nosvluiaem UHMEeHCUBHOCMb nepemeuwiuganus. OnpedeneHvl pPayUOHATbHbIE
napamempusl 4acmomul 8pawjeHusi paboue2o op2and, npu KOmopvlx 00CMU2aemcs HaugblCuldsl
agppexmusnocme e2o pabomvl ¢ MOYKU 3PEHUSL MUKPO- U MAKPOCMEUUBAHUS.

Knrouesvie cnosa: cmpoumenvHulii pacmeop, mpexmepHoe MOOenuposanue, noje
cKoOpocmell, mpaeKmopusi CMewueaHusl.
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TAPE-PADDLE MORTAR MIXER
WORK PROCESS MODELLING

An article presents mortar with different mobility mixing with type-paddle workbody flow
reserching results. With the help of 3d modelling, builded a speedfields, that determines
characterized componentsof mixing process: macromixing and micromixing.

Micromixing process features determined that installed in moving of mortar particles by
type surface and on extra paddles periphery. Features of macromixing process characterized
by moving a big volumes of mortar in workbody frame.

Based on 3d modelling, shown a mortar mix particles distribution and move trajectories
in mortar mixing workbody frame when moving in workbody space, considering it work
parameters and modes.

Using a type-paddle workshaft justified as a work body. Extra paddles using can prevent
appearance «dead» zones in workbody frame and significantly intencives mixing.

Theoretical and experimental results of studying building solutions preparation process
determined quality, reliable, energy-efficient, quick mixing mortar required technological
properties of equipment where available a working body.

The results of mortars mixing practical observation in the type-paddle mixers have
identified the following picture distribution speeds. Tape, rotating, transfers shares of a
solution movement, which has two components areas: along the longitudinal axis and the
direction of rotation. Paddles transfer solution particles motion in the specified areas.

Thanks to the three-dimensional modeling tools described picture distribution
components in the mixer body depends on the components physical and mechanical properties,
technological factors, mixing modes and equipment design features items. This mathematical
modeling of such a process should take into account the limitations of this problem in the space
(working volume mixer) and time.

The resulting image depending allow to analyze the trajectory of each particle inside
solution mixer and its speed at any given time.

By mixing quality criterion measure taken to minimize the number of streams at speeds
close or equal to zero. Zero speed indicates the presence of «dead» zones in the mixer housing
and lack of effectiveness of its work.

Overall, the computer simulation results show that the band-blade mixer use, namely the
use of blades in a design working body, where the «dead» zones formation, leading to the new
fields excitement velocity emergence of particles in solution and the tape excitement field
amount covering the entire the mixer volume, confirming the proposed design effectiveness.

As a research result built a three-dimensional mixer working body model and received
visualized image distribution solution components depending on its operating space.

Built models enable to conclude the mixing different modes efficiency and determine his
work rational parameters, in which the particle distribution solution will provide intensive
mixing components.

Determined rotating frequency rational parameters when maximum work efficiency by
the micromixing and macromixing point can be reached.

Keywords: mortar mix, 3d modelling, distribution, mixing, mortar mixer, tape, paddle,
working body.
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Beryn. [IpuroryBannst OyaiBeIbHUX PO3YMHIB SBIISE COOOKO CKIAAHUMN TPOIIEC, IMiJT 4ac
SIKOTO BiZIOYBAa€ThCS BIIHOCHE MEPEMIIIEHHS YacTOK, 3aBAaHTAKEHHX /10 KOPITYCY 3MillyBaya
[1, 4, 5] KOMITOHEHTIB 3 METOIO JTOCATHEHHS MAaKCUMaJIbHO MOXKJIMBOI PIBHOMIPHOCTI TIXHBOTO
PO3MOALTY IO BCOMY 00’ €My IPUTOTOBAHOTO PO3YUHY.

Onuc KapTHHU PO3MOALTY KOMIOHEHTIB Y KOPITYCl 3MilllyBaua — 3aBAaHHS, SKE 3aJICKUTh
BiJl (Pi3UKO-MEXaHIYHUX SKOCTEH KOMIIOHEHTIB, TEXHOJOTIYHHX (PAKTOPIB, PEKHUMIB poOOTH
3MillyBaya, a TaKOX KOHCTPYKTHUBHHX OCOOJIMBOCTEH eneMeHTIiB oOmamHanHs [2, 6].
[Ipu poMy MaTeMaTHYHE MOJACIIOBAHHS TAKOTO MPOIECY MOBUHHE BPAXOBYBATH OOMEKEHICTh
O3S AYBAaHUX SBUII Y TPOCTOPi (poOoumit oOcAr 3MinryBaya) Ta B 4aci.

AHaJi3 ocTaHHIX /J:Kepesa HocigxkeHb i myOaikamiii. [lomepenniMu TOCTiKSCHHSIMH
[2, 3, 6, 7] BU3HaAYeHO, IO HAMOUIBII XapaKTEPHUMHU SKICHUMHU TOKa3HUKAMH IIPOIECY
NepeMilllyBaHHS PO3YUHY € CTYIiHb, IHTEHCHBHICTh Ta EHEPrOEMHICTh IEepeMilllyBaHHS.
[Ipu 1bOoMy cHiJi BpaxoBYBaTH K KOHCTPYKTHBHI OCOOJMBOCTI 3aCTOCOBAHOTO OOJaJHAHHS,
PEXUMU i TapaMeTpu Horo podOTH, TaK 1 XapaKTEPUCTUKH PoOOYOro cepenoBuia [3].

BujisienHs1 He po3B’si3aHUX paHillle YaCTHH 3arajbHOI MpodjaeMu. Y TOM ke 9ac mpHu
MaTeMaTHYHOMY MOJETIOBAaHHI pOOOYMX TPOILECIB BUHUKAE HEOOXINHICTH MOOYIOBH
rpadgiyHUX MojeNied BU3HAUEHHS TPAEKTOpIA Ta TOJIB IIBHAKOCTEH YacTOK PO3YUHY, IO
YTBOPIOIOTHCS MIPU MEPEMIIIyBaHHI.

IlocranoBka 3aBaaHHsi. Y TpoIlleci BUKOHAHHS JOCTIKEHb HEOOXITHO PO3TISHYTH
IpolecH NMPUTOTYBaHHA OyNiBEIbHUX PO3UMHIB Pi3HOI pyXOMOCTiI y KOpmyci 3mimryBaya 3i
CTPIYKOBO-JIONATEBUM POOOYMM OPraHOM TP PI3HUX MapaMeTpax Ta PeKUMax HOro poOoTH.

OcHoBHuii MaTepian i pe3dyabratu. I[IpoBeneHuil aHami3 iCHYIOUMX KOHCTPYKLIN
po6ouuX OopraHiB 3MillIyBayiB MOKa3aB, M0 CTPIYKOBO-JIONATeBUH 3MinTyBad [4, 6] € HalOUIbII
palioHaAJIbHUM 3 TOYKH 30py 3a0e3nedeHHs e(PeKTHBHOCTI MepeMilllyBaHHS Ta MEpPEeMIlICHHS
KOMITOHEHTIB PO3YHMHY B HampsMi Buaadi. J{7s Takoi KOHCTPYKIIii MpUTaMaHHA HAsBHICTH SIK
0e3mocepeIHbO CTPIUKH, )KOPCTKO 3B’ A3aHOT 3 BAJIOM, TaK 1 IJIOCKUX JIOMATOK.

KoHcTpykiis Takoro po6o4uoro oprasa 3MinryBadya HaBeJeHa Ha puc. 1.

I /

i e
5\ N

2 1

Pucynok 1 — Cxema po6040ro opraHa cTpiuKoBo-10NaTeBOro 3MinryBava:
1 — cTpiuka; 2 — jgomatka; 3 — Bal

3

JlomaTkoBe BKJIIOYEHHSI JIONATOK JO KOHCTPYKLIi 3MillyBadya Ja€e MOKJIMBICTh
MPUCKOPUTH IIBHJKICTh MPUTOTYBAHHS TOBAPHOTO PO3YHMHY M TOJIMIIMTH HWOTO SAKICTH 3a
PaxyHOK BUKITIOYCHHS «MEPTBHUX» 30H.

Buiezazuauene 00yMOBHUJIO HEOOXI1IHICTh MIPOBEICHHS TEOPETHYHHUX Ta
EKCIIePUMEHTALHUX JIOCIIHKEHb MPOIeCY MPUTOTYBAaHHS U TPaHCIOPTYBaHHS Oy/iBETbHUX
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pO3uMHIB JuIsi 3a0e3MedeHHsl SKICHOrO, HAIIHHOTO, EHEProomaJInBOr0 Ta IIBHUIKOTO
IPUTOTYBAaHHS PO3YMHIB MOTPIOHUX TEXHOJOTTYHHMX BJIIACTHBOCTEH OOIAaTHAHHAM, /1€ HAassBHUI
TaKuil poOOUNii OpraH.

Pe3ynpraToM MNpakTHYHOTO CIIOCTEPEKEHHS IMPOLECY MPHUTrOTYBaHHS OyAiBeTbHUX
PO3YMHIB Yy CTPIYKOBO-JIOMATEBOMY 3MIITyBadl € BHU3HAUEHHS TaKOTO PO3MOJIICHHS
mBuakocTeld. CTpiuka, o0epTarouMch, Tepelae 4YacTKaM pO3YMHY pyX, KOTpUl Mae 1Ba
CKJIaIOBUX HAMpsSMU: B3JI0BXK MO3/I0BKHBOI OC1 i1 y HanpsAMKy oOepTanHs. JlonaTku nepenarwThb
yacTKaM pO34MHY PyX 3a BKa3aHMMHM HampsimMami [2, 3].

[Tpu oMy TIpoIIeC 3MINTYBAaHHS Ma€ JBI CKJIAJIOBI:

— MIKpO3MIIIIyBaHHS — MPOLEC, KUK BiIOYBaeThcsa Ipu pyci mo crpiuni / (puc. 1) Ta Ha
KOHTYp1 J0/1aTKOBUX JionaTok 2 (puc. 1). [Ipu 06epToBOMy pyci CTpIUKHK ¥ JTOMATOK Yy PO3UHMHI
HaOIIBIIUM YMHOM 3MIHIOIOTHCS IIBUIKOCTI YACTMHOK PO3YMHY HA KOHTYPax IIUX €JIEMEHTIB.
3MiHa MO MIBUIKOCTI A€ HEHYJIBOBY 00JIACTh POTOPIB, MOJIE KOTPUX BUXOAHUTH 32 007aCTh
KOHTYPIB y CTOPOHY PYXY BCi€i piinHu;

— MaKpoO3MIIIyBaHHA — TIPOLEC <«3aMiHM MICIIMU» BEIMKUX OOCSTIB pO3YMHY B
3aMKHEHOMY 00’ €Mi 3MilllyBaua B3J0BXK OCi 3MilllyBaya Ta poOOYHX MOBEPXOHB CTPIUOK.

JInst moCIiDKEHHST CIOCTEPEKEHUX OCOOJIMBOCTEH 1 JOBEJAeHHs €(EeKTHBHOCTI poOOTH
CTPIYKOBO-JIONIATEBOrO 3MilllyBaya BHUKOHAHO TPUBHUMIpPHE MOJETIIOBAaHHS 32 METOIOM
CKIHYCHHHMX ejneMeHTiB. Kpurepismu oOpaHO 4YacToTy OoOepTaHHS 3MilllyBadya Ta PYXOMICTh
pO3uUunHYy.

Otpumani rpadivfi 3a71€KHOCTI JO3BOJISIOTh 3MIMCHUTH aHAJi3 TPAEKTOPIl pyXy KOXKHOT
YaCcTKU PO3YMHY B 00’ €Mi 3MilllyBaya, a TAKOXK i1 IIBUAKOCTI B KOXKHHI MOMEHT 4acy.

3a KpUTEpii IKOCTI MEepeMIllyBaHHS NMPUHHATO MOKA3HUK MiHIMI3allii KUTBKOCTI MOTOKIB
31 IBUJKICTIO, OJM3BKOI0 200 PiBHOIO HYNbOBIH. HylboBa MBUIKICTH CBIAUYUTH PO HAasIBHICTH
«MEpPTBHX» 30H y KOPITyCl 3MilllyBaua Ta HEAOCTATHIO €()eKTUBHICTh HOTO POOOTH.

Jns moOynoBH OB INBUAKOCTEH 3aJaHi TpaHMYHI YMOBHM: HaWBaxui (4acrora
obepranHs — 20 XB', pyXOMICTb PO34MHY — 8 cM), Hailrerm (dacrora oGepranus — 60 xB™,
pyxoMicTb — 12 cM). 3a pe3ynbTaTaMu MOJCIIOBAHHS MPHU MPOMIKHUX 3HAYCHHSX MapaMeTpiB
BIJIMOBIJTHO 70 IIUX BUMOT MOXKHA CYJIUTH NMPO €PEKTUBHICTH 3MIITyBaHHSI.

I'padiuni 3a1e:kHOCTI BU3HAUEHUX TOJIB IIBUAKOCTEH 300paxkeHi Ha puc. 2 — 5.

Flow Trajecto

Pucynok 2 — Iloast mBUAKOCTelH: HaliBaxK4yi yMOBH
(pyxomicTh po3unHy — 8 cM, yacToTa odepTanHs — 20 )
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AHaIi3 BapiaHTa 3 HaWBaXYMMH yMOBaMHd (dacTora oGepranHs — 20 XB'', PYXOMICTb
po3unHy — 8 cM) (pHC. 2) MOKa3ye, MO OKpeMi YacTKU OYIIBEJIBHOTO PO3YMHY MPAKTHYHO
BCI€I0 MAcOI0 PYXalOThCS B3JIOBXK KOPITYCY 3MIlIyBaya 3 HEBEITUKUM MTPOKPYIyBaHHSIM.

[Ipu npomy map po3uMHY B MPOEKLIi CTPIYKM Nepepi3aeThCsi BUTKOM CTPIYKH Ta
HPOIITOBXYETHCS Mi/l BIUIMBOM HACTYITHOTO BHUTKA. Y LIJIOMY, Pe3y/IbTaTH MOICIIOBAHHS IPH
HaBaKYMX yMOBaX CBiYaTh MPO HEIOCTATHIO €(EKTHUBHICTH pOOOTH CTPIUYKOBO-JIOMATEBOTO
3MilllyBauya Ha MaJOpPyXOMHX PO3YMHAX Ta NPHU HU3BKIM YacToTi oOepTaHHA. 3TrigHO 3
PO3paxyHKOM, IIBUJKICTH IMEPEMILICHHS YacTOK PO3YMHY IO BChOMY O0’€My MpPaKTHYHO
onHakosa 1 cragoButh 0,08 — 0,14 m/c.

[Tpu 3miHi Hanpsimy obepTaHHs 3MmimryBada (puc. 3 a, 6) cnocTepiraloTbcs 3aBUXPEHHS
HaBKOJIO JIONIATOK, aJIe TIPH bOMY PO3MOLT MIBUIKOCTEH MPAKTUYHO HE3MiHHHH.

Velocity ) [ .
Global Coordinate™s
Flow Trajestories 1

Pucynok 3 — Ilos1ss mBUAKOCTEi, 3BOPOTHE 00epPTAHHA: HAHBaK4l YMOBH
(pyxomicTh po3unny — 8 cm, 4yacrora obepranns — 20 x™)

AHayti3 BapiaHTa 3 HailmerumMu ymoamu (puc. 4) mpu gactoti obepranns 60 xB” Ta
pyxoMocTi 12 ¢cM CBiTUWTH TIPO Te, IO y MPOIEC OOEPTaHHS CTpIiUKa MPOHHU3YE MPHUIICTIUN
00’€eM pPO34YHMHY, HEMOB MPOXOJSMYM Kpi3b HBOro. [IpH 1bOMY MIBUAKICTH YaCTOK PO3YHHY
3MIHIOETBCS JIUIIIE HABKOJIO JIOMATOK. Takuii po3moAii MBUAKOCTEH CBIIYUTH PO HEAOCTATHIO
e(eKTUBHICTh POOOTH 3MilllyBaya, aJKe MPAIOI0Th JIUIIE JIOTTATKH.

0272
0.219
0.166
0114
0.081
0.008
-0.044
-0.097 7
0140
-0.202
velocity (7 [mis]
Glohal Coordinate System
Flow Trajectaries 1

Pucynox 4 — Iloasi mBHAKOCTEH: Hailjerui yMoBu
(pyxomicTb po3unny — 12 ¢mM, yactora obepranns — 60 )

AHani3 po3moAily IIBUAKOCTEH YacTOK pO3YMHY B pa3l MOICITIOBAHHS MPOLECY
3MilITyBaHHSI 3 BAKOPHCTAHHSM IIPOMDKHHX YMOB IIPH 4acToTi oOepranms 40 xB™' Ta pyxoMmocTi
10 c™ (puc. 5 a, 6) moka3ye Taki pe3ylbTaTH: y KOXHiM Toulll 00’€My YacTKa PO3YUHY Mae
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CBOIO IIBUJKICTb, a 11 TPAEKTOPIS € CKIATHOK KPHUBOIO, 1[0 YaCTO 3MIHIOE HAMPSM CBOTO PYXy
3aJIeKHO BiJ] 3yCTpidi 31 CTPIUKOIO 3MilryBaya abo JonaTtkoro. Pi3HUILA MBUIKOCTEH y TaKOMY
Bumaaky ckiamae ig 0,08 mo 0,207 m/c. [Ipu iboMy Ha pucC. 5, 6 BUIHO, K TPAEKTOPIS YaCTKH
PO3UMHY CIPSMOBYETHCS JIONATKOIO MO TPAEKTOPISX, 1110 MEPETUHAIOTHCS.

CkragHa TpaeKTOpis pyXy 4acTOK PO3UMHY Ta Jiarpama 4acToi 3MiHH iX IIBHUIKOCTI i
qac pyxy B3J0BXK TPAEKTOPIi MOKa3ye, 10 MPH BapiaHTi 3 MPOMIKHUMHU YMOBaMH Y IPAKTUYHO
BCbOMY 00’€MOBI 3MillTyBa4a BiJIOYBA€ThCSA BITHOCHE TEPEMINICHHS YaCTOK PO3YMHY, IO €
MOKAa3HUKOM €(eKTHBHOCTI MEPEMIIIyBaHHS KOMIOHEHTIB Oy/iBEIbHOTO PO3UMHY MK CO00I0
Ta BIZICYTHOCTI «MEPTBUX>» 30H.

Takum 4MHOM, HaMKpala KapTHHA CIIOCTEPIraeThbes MPU CepellHii yacToTi obepTaHHs U
CepenHiil pyxoMocTi po3uuHy (puc. 5 a, 0), MO MATBEPIKYE €PEKTUBHICTh KOHCTPYKIIii
CTPIYKOBO-JIONIATEBOrO 3MilllyBaya Ta BU3HAYAE Jliala30H HOro poOOTH (4acToTa oOepTaHHS —
6am3bko 40 xB, pyxomicTs pozunny — 10 cm).

VY  minoMy, pe3ynbTaTH KOMIT IOTEPHOTO MOJIENIOBaHHS —CBi4aTh IMpo Te, MIO
3aCTOCYBaHHSI CTPIYKOBO-JOMATEBOrO 3MilllyBaya, a caMe BUKOPUCTAHHS JIOMATOK Yy
KOHCTPYKLIi poOoYoro opraHa, /€ MOJIHMBE YTBOPEHHS «MEPTBHX» 30H, NPHU3BOIUTH M0
BUHUKHEHHS HOBHX IOJIB 30Y/HDKEHOCTI MIBHAKOCTEH YaCTMHOK PO3UYMHY W y CyMmi 3 TOJIEM
30y/KEHOCTI BiJl CTPIUKH OXOIUIIOE BeCh 00’€M 3MIlIyBaya, M0 MiATBEPIKY€E SPEKTHBHICTH
3aMpONOHOBAHOI KOHCTPYKIIIi.

0272 e ce | Flow Simulation
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Pucynok 5 — Ilosst mBHAKOCTEH: MPOMIKHI mapaMeTpu
(pyxomicTh po3unny — 10 ¢m, yacrora odepranns — 40 )

BucHoBKH. Y pe3ynbTaTi MPOBEACHUX IOCHIIKEHb MOOYJOBAaHO TPUBUMIPHY MOJEINb
poboyoro opraHa 3milryBadya Ta OTPHMAaHO Bizyadi3oBaHi rpadiuHi 3aJ€KHOCTI PO3IMOALTY
KOMIIOHEHTIB PO3YMHY IO #oro pobouomy mpoctopy. [loOymoBaHi Mojem arOTh 3MOTY
3pOOWTH BHCHOBOK MPO €()EKTUBHICTH POOOTH 3MilTyBaya Ha PI3HHUX PEXKUMaX, a TaKOXK
BU3HAYUTH DALlIOHAJBHI TMapaMeTpu HOro poOOTH, MpPU SKUX PO3MOJUI YaCTOK PO3UHHY
3a0€31e4YnTh IHTEHCUBHIIIIE TIEPEMIITyBaHHSI KOMITOHCHTIB.
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CREATION AND RESEARCH OF MATHEMATICAL MODEL
OF CONTROLLED MECHANICAL CENTRIFUGAL
UNBALANCE VIBRATION EXCITER UVV-04

Kinematics scheme of controlled mechanical centrifugal unbalanced vibration exciter
(CMCUVE) UVV-04 is presented and examined. Within using the vector shape of defining the
motion elements of sketch model the mathematical model of CMCUVE UVV-04 was received.
Construction method of dynamic analysis of unbalance to geometric method was used which is
usually used in the theory of balancing of mechanisms. Mathematical model received in such a
way determines the mechanical action of vibration machine equipped with
CMCUVE UVV-04 on the work environment. An geometrical characteristics of unbalance of
CMCUVE UVV-04 and its invariants of unbalance was received in the form. The conclusions
were made according to those results: the UVV-04 generates vibration field angular structure
and increasing of distance between the planes of symmetry moving unbalance ratably increases
the amplitude of angular oscillation.

Keywords: controlled mechanical centrifugal unbalanced vibration exciter (CMCUVE),
movable balance, dynamic action, mathematical model, static and dynamic balanced condition,
moment unbalance, vibration field of angular structure.

Kueuniti C.M., x.m.n., douenm
Pesniuenxo A.O., cmyoenmrka
Ilonmascovkuti HayionanvHutl mexHivnull yHieepcumem imeri IOpis Konopamioka

CTBOPEHHS TA JOCJIIXKEHHS MATEMATUYHOI MOJEJII
KEPOBAHOI'O MEXAHIYHOI'O BIJUEHTPOBOI'O
JAEBAJIAHCHOTI'O 3bYI’KYBAYA KOJIMBAHb YBB-04

Haseoeno ma pozensinymo Kinemamuuuy cxemy KepO8aAHO20 MEXAHIYHO20 8IOYEHMPOBO20
odebanancnozo30yoxucysaua xoaueanv (KMBJ/3K) VBB-04. I3 3acmocysanwHim 6eKmMOpHOi
Gdopmu  6usHaueHHs  pyXy — eleMeHmie  MemoOooM  38€0eHHs  OUHAMIYHO20  aHATli3y
HE3PIBHOBAJICEHOCMI 00  2e0MEMPUUHO20, AKUL  3A36UYAll  3ACMOCOGYIOMb Y  Meopii
3DIBHOBAIICYBAHHS MEXAHI3MIB, OMPUMAHO MAMeMamuyny Mooelb, AKA 6UHa4ac ma
xapaxkmepuszye Mmexaniyny Oiro egiopayiunoi mawunu, ocrhawenoi KMB/[3K VBB-04, na
obpobniosane  cepedosuwe. Y  6i0nogionomy  6uengdi  OMPUMAHO — 2eOMEMPUYHI
Xapakxmepucmuxku ma iHEapianmu He3pi6HOB8ANCEHOCI, 32I0HO 3 AKUMU 3POOIEHO BUCHOBOK
npo me, wo¥VYBB-04 eenepye sibpayitine none Kymosoi cmpykmypu, a 30iibuieHHs 8i0CmMaHi
MIDIC NIIOCKOCHAMU CUMEMPIL pyXoMux 0ebanancie npu3eooums 00 8iON0BIOH020 3POCMAHHS
amMnaimyo Kymosux KOaueaHb.

Knrouoei cnoea: keposanuili Mexawiunuii 8i0YeHmposull  0eOAIAHCHUL30)0xCY8ay
KOIUBAHb, PYXOMUL 0eOanianc, OUHaAMIYHA Ois, MamemMamudHa Mooelb, CMAmudHa i OUHAMIYHA
3DIBHOBAINCEHOCMI, MOMEHMHAHE3PIBHOBANCEHHICMb, GIOpayiliHe noje Kymosoi CmpyKmypu.
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Introduction.Over the last thirty years by the department of theoretical mechanics of
Poltava National Technical Yuri Kondratyuk University under the direction of professor
L.I. Serdyuk made large in terms of volume scientific and research and design work connected
with the study of dynamic action on the work environment by controlled mechanical
centrifugal unbalanced vibration exciter (CMCUVE). The result of this work is highly
developed various original designs and design schemes CMCUVE which are used as a drive of
vibration machines of different technological purposes. At a certain stage of this activity a
question arose to create CMCUVE catalogue with their design schemes, which would have
been expressed dynamic and technological capabilities, advantages and some disadvantages of
any of them, indicated limits and directions of desired application.

Analysis of last sources of research and publications. General principles of creation,
construction and operation of all CMCUVE are the same and repeatedly were mentioned in
scientific sources [1, 2]. Their defining design element is movable unbalance (or more movable
unbalances), external control of which provides the ability to create vibration fields of
necessary structure and manage them. CMCUVE main features are that their application: a) lets
immediately to get rid of several significant disadvantages of traditional uncontrolled vibration
exciter; b) leads to reduction of energy consumption and cost value per unit of produced
technology production; c) provides a great resource of strength and reliability.In research
papers [3, 4], which in their essence and content are the first steps toward creating a catalog of
CMCUVE, peculiarities of dynamic action vibration exciter UVV-02 and UVV- 03
respectively are considered and detected.

Unsolved aspects of the problem. Construction scheme of CMCUVE UVV-04 differs
from vibration exciters schemes UVV-02 and UVV-03. Its main feature and difference from
vibration exciter UVV-02 [3], which is essentially a modification of it, is that in UVV-04 is
absent motionless unbalance. Of course, that mechanical effect on the work environment and
mathematical model that describes and defines this action is also different. This fact led to the
necessity of creation and study CMCUVE UVV-04 mathematical model. Additionally, this
article and its content is the next step in creating CMCUVE catalogue.

Statement of the problem. Consider in Figure 1 kinematics scheme of
CMCUVE UVV-04. In unbalance shaft 1 symmetrically relative to its longitudinal axis
are placed two geometrically and material identical controlled moving unbalance of mass m
and with eccentricity e. Each unbalance is connected with shaft 1 by two ball dowels 5
(see Fig. 2b), placed symmetrically respectively to the cross-sectional unbalance shaft, each
of which is in a hemispherical socket of unbalance 4 and has the ability to roll on the groove 6
unbalance of appropriate cut. All four of these grooves 6 made on the surface unbalance shaft.
At each and at any time the position of ball dowels 5 determine the position of both unbalances
4 relatively unbalance shaft 1. Slid fit with needed clearance of both unbalances on shaft 1
allows to move them along unbalance shaft. These moving are rigidly synchronized via motion
screw of control mechanism that is not showing Figure 1. At starting time both unbalances are
in the middle of the shaft 1 in diametrically opposite positions 4” that provides static balance of
vibration exciter. As screw grooves 6” for ball dowels 5" on the left and right sides of the shaft
have opposite direction, then while moving unbalances by motion screw of control mechanism
in opposite directions from their original positions 4’ they will simultaneously return relative of
shaft 1 in one direction at an angle €. This is to determine a time and provides state of
vibration exciter UVV-04 when moving unbalances are only in diametrically opposed to each
other regulations 4”.

An important possible modification of CMCUVE UVV-04 is vibration exciter, which
grooves 6 are parallel to the axis of the unbalance shaft 1 that simplifies the production
technology of this shaft. In this case, both unbalances 4 moved from its original position 4’
without any rotation relative to the shaft 1.
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Figure 1 — Kinematics scheme of CMCUVE UVV-04

Consider and explore the dynamics of CMCUVE UVV-04, using the vector form of
definition the motion of the objects, use the construction method of dynamic analysis of
disbalance to geometric that usually applicable in theory of balanced mechanisms [5].
Thus mathematical model determines the mechanical effect of vibration machine (device, unit)
equipped with appropriate vibration exciter on the work environment.

Basic material and results. Consider steady rotational motion debates unbalanced shaft
1, which defines the operating mode of controlled CMCUVE UVV-04. In general, the angular
velocity of the shaft is determined by variable value

W, = O+ -sinax,

work
but the peak value of the variable @) 1is less than 0,5% of average value @. Assume that the
shaft 1 rotates regularly with angular velocity

o, =0=const.

Combine Cartesian axis z with rotation axis of unbalance shaft, axis x through its center
of mass (through point O) and axis y — perpendicular to the axis x and z (see Fig. 2,a).

According to formula (15.7) [6] acceleration a, of arbitory particle M, of any of
unbalances 4 are

|

4, = EXT +@XU,,

]

d’g

% -k — vector of angular
t

where according to formulas (15.7), (15.6) and (15.5) [6] €=

. __dop -~ . . -
acceleration of the shaft /; &= 7(/) -k — its vector of angular velocity and », = @x7r. — vector

t
of linear (angular or rotational) velocity of particle M, respectively, and 7 = ix, + jy + lgzi -

the radius vector defining the position of this particle relative the coordinate basic origin; i, J

and k& — unit coordinate vector of Cartesian coordinate axes.
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Since is assumed that @, , = @=const, then d@/dt=const, d*@/dt*=0, and the

work

desired acceleration of particle M is determined only by centripetal component
d, = ox(@xT7).

By marking a mass of particle M, as m,, according to §37, p. 275 [7], we write the

inertial force @,of this particle (which in this case is the centrifugal force of inertia)
@, =—m,-d. = —m,-[@x(@xF)|= m. - [(@x7)x @] = m. - (@xF)x &= (@xm, -7 )xd.

The main vector particles forces of inertia proposed unbalance (consider moving
unbalance that in Fig. 2 is located right side) is determined according to formula (125) [7] as
the vector sum of all forces @,:

B =25, = wami-z)x@=(@ximi~z]x@.

i=1 i=1
According to formula (70) [7] center of mass of considered unbalance as any other solid
body, there is a point C, the position of which in space is defined by the radius vector

Zm
=t
m
where m — unbalance mass, then writing this formula in the form of Y m, -7 =m-7., we will
i=1

get

@

right
and (after obvious transformations taking into account relevant properties of the vector sum)

=(@xm-7)x@
éright_mw ( xc"’] )’c) 2'6"”’%"’?'"@’0)-

Taking into account, that according to the formulas (17) and (18) [7] mx. =S, and
my. =S,, where S and § - static moments of considered unbalance regarding the axis x
and y respectively (see Fig. 2,b), we will have

B, =[S, +]-S,)

right —
In brackets of last expression is a vector whose projection on axis X is equal to S, and

on axis y — S, and that in theory of balancing mechanisms [5] is called vector S of static

moment of body mass that rotating about an axis of rotation. On this account for proposed to
unbalance
S =1 S, +j-S,,

right
and its module

Sright :\/S§+Sf :\/(mxc myc =Am (xc+yc)_m \/(xc+yc)_m €,

where e = x; + y; —value, which determines the distance from the center of mass of unbalance

to the axis of rotation of the unbalance shaft, which of course is the eccentricity of the
unbalance.
Then

b =w-S

right
and

D —w-S =’ -me.

right right
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Because of the motion unbalances 4 of vibration exciter UVV-04:
¢ geometrically and materially are the same, then

— — )’ .
Sleft = Sright =me and cz)left - cz)right =W -me;
e at any given time they are diametrically opposed to each other regulations, then
Sleft = _Sright and djleft = _@right .

As mass static moment S and the main vector @ of the particles inertial forces of both
unbalances shall be determined by vector sums, in this case,

§=5, 0+ 50, =S, ~ S, =0. B=3,,

—

right right right + @left = cDright - @right =0

and

=S -’ =0.

Figure 2 — To determine the mathematical model CMCUVE UVV-04

Now the formula (3.11) [6] define the moment M 0 ((5,) of inertia force (51. of particle

M., relative to zero point
MO(@L'):Z'X@:' :;;X[(E)Xmi ;’;)Xﬁ)]

Geometrically summing-up all the values M 0 (@ ), detects the principal momentof force

1

of inertia particles proposed unbalance relative to zero point
M, (cpright )= 2M, (@i): Z(FI XD, ): Z{FI X [(E)X m; - Z)X E’]}
i=1 i=1 i=1
and (after obvious transformations taking into account relevant properties of the vector product)

MO<®right):w2 (jg,ml "Xt g _l?';mi'y,' 'Zij'
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Taking into account that according to the formula (321) [7] D m;-x,-z; =7, and
i=1

dYm -y, -z, =J,., where J _ - centrifugal moment of inertia of considered unbalance
i=1
relatively axis x and z, and J _ - its centrifugal moment of inertia relatively axis y and z,

then o
MO(CDright):a)2 (]sz _Z."]yz)

In brackets of last expression was vector who se projection on the axis X is equal J

(apparently from the recording that is mentioned projection is negative), and on the axis y —
sz; the theory of balancing mechanisms [5] it is called generalized vector jOz centrifugal
moment of inertia of body mass that is rotating, relatively axis of rotation. With all this for the

proposed unbalance

—

JOZ‘

:(j‘-]xz _;'Jyz)’

np

and its module

- 2 2
JOZW :\/(sz)z"'(-]yz)z = (Zmi'xi'zij +(zmi')’i'zij .
i=1 i=1

Then

M, (éright ) =@’ -J

OZ‘ right

This formula shows that the vector of principal moment M, (@rigm) of inertia forces (131.

—

of particles of proposed unbalance relative to zero point and generalized vector -701‘ y
right

centrifugal moment of inertia mass of the proposed unbalance relatively the rotating axis of
unbalance shaft are in a plane perpendicular to that axis.
According to the design features vibration exciter UVV-04 is easy to prove and clear that:

and M, (@[eft ): M, (Cpn'gm );

Oz\zeﬁ = JOZ\n‘gm
J 0% = 708 and M, (@kﬁ ): M, (cpright)'
As generalized vector J, of centrifugal moment of mass of inertia and vector of the

principal moment M o of inertia forces @i of particles of both unbalances are determined by

respective vector sums, in this case, after appropriate additions and legitimate necessary
changes we come to the expressions:

jOZ =lT-me£-c0s0+f-meﬁ-sin@=me£-(f-c0s0+j-sin6’); Iy, =mel’;

Moza)ZJOZ; M,=aJ, =mew’!,
o0 . . = =z
where ¢/ =—+— — linear parameter, which determines arm of couple (<Dn. it Do )

Then according to work [8] dimensionless geometric characteristics of controlled
mechanical centrifugal oscillation vibration exciter UVV-04
S =0, J =1,
and its invariants of disbalance
inl=S=0, in2=S-J,_=0,but J #0.
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It is easy to see that in this case the value J  is independent of the choice on the axis of

the shaft of center construction (zero point). Generalized centrifugal moment of inertia for such
kinematics scheme is invariant of vibration exciter unbalance.

Start of vibration exciter UVV-04 are performed in statically balanced state with
minimum moment disbalance, which is defined by initial distance ¢, between the plane of

symmetry of unbalances (see Fig. 1). After switching unbalance shaft / in to kinematics state
of steady uniform rotation with angular velocity @, , specified distance is increased by control

ork
mechanism of move able unbalance by moving them from their original position, which leads
to the increase of moment disbalance to necessary given value.

An important feature is that in a balanced state unbalances are in the middle of the shaft,
while increasing disbalance they move to the bearings, which are the pillars of the shaft 7,
which determines and optimizes its bend.

With equally-spaced location of unbalances relative bearings the value of centrifugal
moment of inertia is determined by dependence J, =S,-//2, where S, — static moment of

unbalancemass. The axis of rotation of vibration exciter UVV-04 in working conditions carries
angular oscillation movements and describe the surface in space, called the second-order cone

(Fig. 3).

Figure 3 — Surface (second-order cone) that creates rotational axis UVV-04

Conclusions. CMCUVE UVV-04 generates vibration field of angle structure. Increasing
the distance ¢ leads to increase of value J , which leads to an adequate increase of the

amplitude of angular oscillation. From Figure 3 it is clear that the amplitude of the points of
longitudinal axis of unbalance shaft is different. This can be seen as a disadvantage of UVV-04,
but that allows in the case of a technological need to use different amplitudes of oscillations for
different  intensity = of  vibration action along the axis of rotation of
the unbalance shaft. As CMCUVE UVV-04 is a modification of vibration exciter UVV-02, the
disadvantages of the last one which were identified in work [3], inherent in UV V-04.
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Kosanvuyyk P.A., k.m.n.
Hayionanvna akademis cyxonymuux giticok
imeni cemovmana Ilempa Caeatioaunoeo

JOCJIIIZKEHHA ITPOLECIB ITYCKY
HACOCHOI'O ATPEI'ATY 3 TPHIIOPIIHEBUM HACOCOM

Posenanymo pesynomamu mamemamuuno2o MOOeN08aHHI HECMAYIOHAPHUX NPOYecia y
HACOCHOMY azpeeami 3 MpunopuiHesum Oyposum Hacocom. Ilpoananizogano mooens, wjo
Micmumo  PIBHAHHA PYXY eleMeHmi8 Ccucmemu, SKI 6pPAX08YIOMb HECMAliCMb 36€0€H020
MoMeHmy  iHepyii KPUBOWUNHO-NOB3YHHO20 MEXAHI3My Hacocd, 0co6ausocmi pobomu
onepamugHoi puryilinoi My¢mu, a maxKoxic eneKmpoMacHimHi Aeuwa 8 acCUHXPOHHOMY
osucyHi. Posg’azanns oodepowcanoi cucmemu ougepenyianvHux pi6HAHb SUKOHAHO ULIAXOM
KOMN I0OMEPHO20 HUCN08020 iHmMe2pysanHs. Ak 06’ekm 0ocniodxicenb SUKOPUCMAHO HACOCHULL
azpezam 3 mpunopuiHesum 6yposum Hacocom 00Hocmopontwvoi 0ii HET-600, wo npusooumucs
8 0010 acuHXpoHHUM OeueyHom. Haeedeno peszyromamu uucnoeoi peanizayii nodoyoosauoi
MoOeii, 30Kpema, 6U3HAYeHO MOMEHM Y NPYIHCHIU NAHYI HACOCHO20 azpe2amy 3d PI3HUX 3HAYEHb
mucky piounu Ha euxudi Hacoca. OOIPYHMOBAHO PAYIOHANbHI 3HAYEHHS YACY HANOBHEHHs
UWUHHO-NHEeBMAMUYHOI Mydmu nogimpsam, Ha OCHOBI 4020 3P0DOIEHO GUCHOBKU OO0 SHUNCEHHSL
OUHAMIYHUX HABAHMANCEHb HA eleMEeHmU HACOCa Ni0 Y4ac NYCcKY.

Knrouoei cnoea: Oypinmsa, HacocHutli azpeeam, HecmMayioHApHi npoyecu, OUHAMIKA
MAWUH.

Kosanvuyk P.A., k.m.H.
Hayuonanvnas axademus cyxonymHuix 60UcK
umenu eemmana Ilempa Cazcatioaunoeo

HNCCIIEAOBAHHUE IMPOLHECCOB IIYCKA
HACOCHOI'O ATPEI'ATA C TPUIIOPITHEBBIM HACOCOM

Paccmompenvt  pesynomamer  mamemamuueckoeo MOOeIUPOBAHUS HECMAYUOHAPHBIX
npoyeccos 8 HACOCHOM azpezame ¢ MpUNopuiHesvim 0yposvim Hacocom. [lpoananuzuposano
MOOeNb, KOmopas cOO0epHCUM YPABHEHUS OBUNCEHUs. INEeMEHMO8 CUCMeMbl, YUumsléaroujue
HENnoOCMOSHCIMEO NPUBEOEHHO20 MOMEHMA UHEPYUU KPUBOWUNHO-NONIZYHHO20 MeXaHusmda
Hacoca, o0cobeHHOCMU  pabomvl  ONEpaAMUBHOU  (QPUKYUOHHOU  My@hmbel, a  makice
NEKMPOMASHUMHbIE SAGNEeHUs 8 ACUHXPOHHOM Oeuzcamene. Pewienue nonyueHHou cucmemuvl
oughghepenyuanvuvix  ypasHenmuii  GbINOIHEHO  NyMeM  KOMHbIOMEPHO20  YUCIEHHO20
unmezpupoganus. B xauecmee 0O0vexma uccie008aHull UCNOIb308aHbl HACOCHBIN azpeam ¢
MPUNOPUWHEBUM — OYPOBLIM  HACOCOM  OOHOCMOpouHez2o Oeticmeuss HBT-600, komopuwiii
npueooumcs 8 oelicmeue ACUHXPOHHbIM Oguzcamenem. [lpusoosamcs pe3yromamuvl YUCLOB01U
peanuzayuy NOCMPOEHHOU MOOenlu, 6 YACMHOCMU OnpeoeleH MOMEHN 8 YNPY2OM 38eHe
HACOCHO20 azpe2ama Npu pasiudHblX 3HAYEHUAX OAGNeHUs HCUOKOCMU HA 8blopoce Hacoca.
ObocHosanbl payuoHanbHble 3HAYEHUs 8PeMeHU HANOIHEeHUS WUHHO-NHe8MAMUYHOU My@dmbl
8030YX0M, CO€NAaHbl 8bI600bI NO CHUNCEHUIO OUHAMUYECKUX HA2PY30K HA dNeMEeHmbl HAcocd npu
nycke.

Knrwoueswvie cnoea: Oypenue, HacocHulil azpezam, HeCMayuoOHapHvle NPOYeccyl, OUHAMUKA
MAWUH.
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Kovalchuk R., PhD
Hetman Petro Sahaidachnyi National Army Academy

RESEARCH PROCESS OF STARTING
THE PUMP UNIT WITH THREE-PISTON PUMP

Work drilling piston pump is characterized by periodic changes of pressures on the
piston, which are transmitted to a central system, and periodic changes in the consolidated
moment of inertia of crank-slide mechanism. Thereby, oscillatory phenomena occur in the
pump unit during its operation, which significantly affect the workload of system elements,
fluidity and drive shaft vibration activity of the technical object as a whole. Special meaning
gets improving the methodology for the analysis of non-stationary modes of pumping units, due
to the need for high performance simultaneous circulation of drilling rigs as well as the
strength and reliability of structural elements.

The results of mathematical modeling of unsteady processes in pumping unit with three-
piston pump are considered in this paper. The model contains the elements of the equations of
motion of mechanical systems with four degrees of freedom, made under the scheme Lagrange
equations of the second kind. The equations are based on volatility consolidated moment of
inertia crank-slide mechanism pump operational features of friction clutches and
electromagnetic phenomena in the induction motor.

In general the mathematical model provides an opportunity to consider any number of
pistons pump as unilateral and bilateral actions. Solving the resulting system of differential
equations by computer numerical integration is done. Joint integration of differential equations
of motion of a mechanical system of variable structure and equations of the electromagnetic
phenomena in asynchronous motor allows a detailed analysis of the processes occurring
during start-up and steady-state mode of drilling pump.

The pump unit with three-piston pump unilateral action NBT-600 powered induction
motor is used as the object of research. The results of numerical realization of the constructed
model are given. In particular, the moment of the resilient link pump unit at different fluid
pressure in the release pump is determined. The rational measurement of time filling pneumatic
tire couplings air is justified. Conclusions to reduce dynamic loads on the elements of the pump
during start-up are done.

According to the research was established the increase in friction torque in clutch causes
growth electromagnetic torque and moment in indigenous shaft pump mechanism. Particularly
important is the filling coupling air, which significantly affects the growth points in the links
mechanism. Small points of friction in clutch in different time filling the air electromagnetic
torque and moment in indigenous shaft are not  significantly  different.
A large amplitude points is explained features of crank-slider mechanism pump.
In subsequent trials mathematical modeling of dynamic processes during operation of the pump
unit with three piston pump with account of air compensator will be scheduled.

The results of mathematical modeling can be used in computer-aided design pumping
units to ensure proper accuracy of strength and prognostication of the resource structural
elements

Keywords: drilling, pumping unit, transient processes, the dynamics of machines.
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Beryn. Jlns OypinHa HadTOra3oBUX CBEpPUIOBHH Y CYYaCHUX yMOBax IMopsa i3
JIBOTIOPIIHEBUMH HACOCAMHU YaCTIIlle TOYajd 3aCTOCOBYBATH INBUIKOXIIHI TPUIOPIIHEBI
HAacOCH OJHOCTOPOHHBLOI [ii. YTpPOBa/PKEHHS TPUIIOPIIHEBUX HACOCIB y TMPAKTUKy OypiHHS
ITIMOOKUX CBEPAJIOBHH, 0COOIMBO Ha OypOBHX YCTaHOBKAX, MPU3HAYCHHX JJIs1 OypiHHS Ha MOpi
W y BaXKOJOCTYITHMX paloHaX, OOyMOBJICHE pPSJIOM TEXHIKO-E€KCIUTyaTaliiHuX TiepeBar
MOPIBHSAHO 3 JBOMOPIIHEBUMH HacocaMH. ['0JOBHI 3 HUX (IPH OJHAKOBHX IOTY>KHOCTSAX
HACOCIB): MEHIII Maca 1 rabaputu npubiausHo y 1,4 — 1,5 pasa; yaBiui MeHIIIa HEpIBHOMIPHICTh
nojadi i TUCKy B 5 — 6 pasiB; 3MeHIICHHs 3MiHHHMX naetaneit y 1,3 — 1,4 paza i ix macu y
2 — 3 pa3u. BaxxnuBum € Takox, 10 epeKTUBHICTh BUKOPUCTAHHS 3BOPOTHOTO XOAY MOPIIHS Y
JIBOTIOPIIHEBUX HACOCAX ABOCTOPOHHBOI JIii 32 BUCOKUX THUCKIB 3HMXKYETHCS Uepe3 301IbIICHHS
IJIOMII INTOKa. YceOlyHe BHUBYCHHS JIWHAMIKA HACOCHHMX arperatiB OypoBHX YCTaHOBOK 3
NOPIIHEBUMH HAcocaMHM € HEOOXIJIHOI0 YMOBOIO IX paIliOHATBHOTO NPOEKTYBAaHHS U
e(heKTUBHOI eKCIuTyaTaIlii.

AHani3 ocTaHHIX [uKepes AociimkeHb i myOJikauniii. OcHoBu Teopii Ta OynoBa
OypOBUX TOPITHEBHX HACOCIB JIeTaJbHO BHUCBITJICHI y mpansx [2, 3], a AOCHiIKeHHS 3
KIHEMaTHKH W JTUHAMIKM MEXaHi3MiB 31 3MIHHUMH 1HEPIIHUMHU XapaKTepUCTUKAMHU, 30KpeMa
HAaCOCHHUX arperariB, omucaHi y poOorax [4 — 6, 9]. 3aranpbHa METOOJIOTIS MOJIEIIOBAHHS
EJIEKTPONPOBITHIUX CHUCTEM 3 JIOCTaTHHOIO IMOBHOTOI BHUKIaneHa y mpasx [1,7, 8].
OCKibKH KOHCTPYKIIISI HACOCHOTO arperary mependadae 3acToCyBaHHS My(QT, TO MHUTAHHS
0CcOOTMBOCTEM KOHCTPYKIIT Ta eKcIulyaTamii crerialbHuX (QPUKIIHHUX MYy()T pO3TISHYTO Y
moHorpadii [3]. [lpukmagm MaTeMaTMYHOTO MOJICTIOBAHHS TEPEXITHUX PEKUMIB POOOTH
JBOTIOPIIIHEBUX HACOCIB JBOCTOPOHHBOI [ii BHKJIAAEHO Yy cTarTsx [5, 6]. OmHak nuHamivHi
MPOLIECH MiJ Yac MyCKy TPUIOPIIHEBUX HACOCIB BUBUEHO HEIOCTATHHO.

BuaijieHHs1 He pO3B’fI3aHMX PpaHille YacTHH 3arajbHoi mnpodaemu. Y CTarTi
3aMpOMOHOBAHO aHaJI3 MPOIIECIB MyCKY TPUITOPIITHEBUX HACOCIB 13 3aCTOCYBAHHSIM METOJIUKH,
sgKa TPYHTYEThCS Ha Cy4aCHOMY IIiJIXOJAlI OO0 MaTeMaTHYHOTO MOJETIOBAHHS JWHAMIYHUX
MPOIIECIB y MOPIITHEBMX HAacocax 1 JeTadbHO OMucaHa y mpaili [6]. MojaentoBaHHSI TIpoIIECiB
MyCKy TPUIOPIIHEBUX HACOCIB € aKTyaJIbHUMH 3aBJaHHSM 3 JMHAMIKA HACOCHUX arperaris,
PO3B’SI3aHHA KOTO Ma€ BaXKJIMBE HAYKOBO-MPAKTUYHE 3HAUCHHS.

Meta po6oTH moisirae B aHali3l JAMHAMIYHHAX NPOLECIB NUIIXOM MaTeMaTHUYHOTO
MOJICITIOBAaHHS Y HACOCHOMY arperari 3 TPHUIIOPIIHEBUM OYpOBUM HAcCOCOM Ta OOTpYHTYBaHHI
pamioHAIbHUX ~EKCIUTyaTalliiHUX TMapaMeTpiB Hacoca. JlocnmipkeHHS TIPYHTYIOThCS Ha
3aCTOCYBaHHI TE€OpPii KOJMBaHb HENHIMHUX MPYKHUX CHCTEM 3 OOMEKEHHM YHCIIOM CTEIEHIB
BUIBHOCTI. PiBHSHHS pyXy MeXaHIYHOI CHCTEMH, IO BKJIIOYAIOTh E€JIEMEHTH 31 CTAIMMHU Ta
3MIHHUMH XapaKTEPUCTHUKAMHU, TOOYI0BaH1 32 CXeMOI0 piBHsIHHS JlarpaHxa Ipyroro posuy.

OcHoBHUIT MaTepiaJj i pe3yabTaTn. HacocHuit arperat mogaHo y BHIJISII MEXaHIUYHOT
CHCTEMH, IO CKJIAJAEThCS 3 ACMHXPOHHOTO IBUTYHA, IIMHHO-THEBMATUYHOI MY(TH, 1acoBOl
nepeaadi, peaykKTopa Ta MOpIIHEBOro Hacoca (puc. 1). Ha cxemi mpuifHATI MO3HAYECHHS:
Ji — 3BemeHUl MOMEHT iHEpILii pOTOpa eNEeKTPUYHOrO JABHIYHA 3 BEAYYOI0 YaCTHHOIO
IMHHO-TTHEBMAaTHYHOT My(dTH; J, — 3BEJCHUH MOMEHT 1HEpIii BEJACHOI YacCTHMHHU IIIUHHO-
MHEBMAaTUYHOT MY(TH 3 BaJOM 1 BEAY4YHMM IIKiBOM IacOBOi mepesadi; J3 — 3BEICHUI MOMEHT
1HepIli TpaHCMICIHOrO Bajga 13 IIECTIpHEID Ta BEAEHWM IIKIBOM I1acoBOi Tepejadi,
Js — 3BeleHUH MOMEHT iHEpIlil KPHBOIIMITHO-MOB3YHHOI'O MEXaHi3My Hacoca; c¢; — 3BeJeHa
JKOPCTKICTh KJIIMHOBHX TIacCiB; Vi — 3BeAeHUHN Koe(imieHT nemrmdyBaHHS TMaciB; ¢, — 3BEJACHA
KOPCTKICTh 3y0uacToi mepemadi penykTopa; Vv, — 3BeleHuil KoediumieHT aemMiyBaHHS
3yO4acToi nepenavi; My — 3BeICHUN €NEeKTPOMAarHiTHUH MOMEHT JBUTYHA; Moy — MOMEHT CHJI
OTIOpY PYXOBI, 110 Ji€ Ha KOPIHHHUM Baj HAcoca; @, (P2, P3, (4 — 3BEIACHI KYTOBI KOOPIUHATH.
[HepiiitHi Ta MPYXHO-AUCUTIATHBHI MMapaMeTPH MEXAaHIYHOI CHCTEMHU 3BOJIMMO JI0 KOPIHHOTO
BaJla Hacoca.
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Pucynok 1 — Po3paxyHkoBa cxeMa MeXaHI4HOI CHCTEMH HACOCHOTO arperary

PiBHAHHS pyXy €JIeMEHTIB arperary cKjiagaeMo 3a cxemoro piBHAHHS Jlarpamxa I pony.
3a y3arajgbHEH1 KOOPAMHATH MPUMMAEMO TaKl BETHYUHH:

9=0, =0 G=¢;5 4,=¢,, (1)
TOMl
%:a)ly d¢2 :a)27 d¢3 :a)3) d¢4 :a)47 (2)
dt dt dt dt

1€ 1, @2, W3, W4 — 3BEJICHI 10 KOPIHHOTO Baja KyTOBa IIBUAKICTh pOTOpPA €JIEKTPHYHOTO
JIBUTYHA, KyTOBa IIBHJKICTh MiBMY(TH, 3’€IHaHOI 3 BEAYYUM IIKIBOM I1aCOBOi TMepesadi,
KyTOBa IIBHJKICTh MIBHIKOXIJHOTO Baja PelyKTOpa, 3 €IHAHOTO 3 BEJACHUM IIKIBOM IacOBOT
nepeadi, Ta AiiicHa KyToBa MBUAKICTh KOPIHHOTO Bajla Hacoca.

3anucaBIid BUpPa3H JUIA KIHETHYHOI €Heprii, MOTEHILIaJbHOI €Heprii, AMCUIATHBHOI
bynkuii Penes 3 ypaxyBanHsm 3amexHocTedl (1), (2) Ta B34BIIM BiANOBIAHI ITOXIiJIHI,
migcraBuMo iX y piBHsAHHS Jlarpamxka napyroro pony. is pexxumy, Konu BiOyBaeThCs
MIPOKOB3YBaHHSI B IIMHOITHEBMATHYHIN My(Ti, OJEPKYEMO PIBHSIHHS PYXY Y BUTIISIL

dw dw

J1 dtl :MEs'_MT; Jz dtz :MT_C1(¢2_¢3)_V1(0)2—0)3);
da

s dt3 :Cl(¢2_¢3)+V1(0)2_0)3)_C2(¢3_(04)_‘/2(603_0)4); 3)
dw 19J

4 dt4 :—Ea¢j 0)42+Cz(¢3_¢4)+1/2((03—0)4)—MO’

ne M — 3BeIeHHI 10 KOPIHHOTO Bajla MOMEHT TE€PTS y IIMHHO-TTHEBMATHYHIA MY(Ti.
3BeIeHU I MOMEHT JBUTYHA 3HAXOAMMO 32 (HOPMYIIOI0

M,=M,,u, 4)

ne Mpo — niACHUI eNeKTPOMAarHiTHUI MOMEHT JIBUTYHA;

u — TiepeiaBajibHe BiTHOIICHHS MTPUBO/IA.

3a yMOBM BIJICYTHOCTI TPOKOB3YBaHHS B IIMHHO-IIHEBMATHUYHIA My(]Ti, JaHKH 3
MOMeHTaMu iHepIii J; 1 J, BUKOHYIOTh CyMICHUN pyX. PIBHSHHS pyXy CHCTEMH NPU @] = @)
OyJie MaTu BUTJISIT

O =0,; ¢ :ﬂ(t1)+¢z(t)_¢z(t1);

dw
(J1+J2)7;:ME_01(%_%)_‘/1((02_(03);
dw .
J; dt3 :Cl((”z_¢3)+V1(w2_w3)_cz(¢3_¢4)_V2(w3_w4); ©
dw 1dJ
4 dl‘4 :_Eagoi 0)42 +C2(¢3 _¢4)+V2(w3 _w4)_M0
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[Tepexia Big pexxuMy pyxy 3 MPOKOB3yBaHHSM JI0 peKUMY 0€3 HhOTO BiIOYBAETHCS, SKIIO
BUKOHYIOTBHCS TaKi YMOBHU:

w=a i ME—Jldd—(j‘SMT. (6)
[ToyaTkoB1 yMOBH 1HTErpyBaHHS PiBHIHB (2), (3) 3anumeMo y BUTIISI1
9(0)=0; ¢,(0)=0; @(0)=0; ®,(0)=0. (7)

Jlnst aucmoBoro iHTEerpyBaHHs AudepeHiiaabHuX piBHAHB (2), (3) Ta (2), (5) HeoOXiaHO
BU3HAYATH MOXIAHY QYHKIII J4 32 KOOPAMHATOIO (4 1 €MEKTPOMArHITHUNA MOMEHT IBUTYHA ME,
a JIJIsl IHTeTpyBaHHs AUQEpeHIIaTbHUX PIBHSIHD (2), (3) — eeKTpOMarHiTHUA MOMEHT JBUTYHA
Mg Ta noxiaHy QyHKIiT J; 32 KOOPAUHATOIO Q).

[Ilo6 BU3HAYUTH MOMEHT AaCHHXPOHHOTO [JBUTYHA, CKOPHCTAEMOCS PIBHSHHAM
€JIGKTPOMArHiTHOTO CTaHy MaIIuHu [4, 7]:

dr _

=7Z-U, 8
" ()
TyT
I =col(ISx,ISy,1Rx,1Ry);
n, 0 v O U, + Py, (Zy + ISyLS )_ R,
0O #n, 0 v — Py (¥, + I Ly )- Rl
Z = N U = )
v 0 n, O Do ((00 - a))(X) + IRyLR )_ Rylg,
0 v 0 7 Po (a)_ @, )(Zx + 1 Ly )_ RRIRy

ne Isy, Isy, Iy, Iry — IPOEKIIT CTPYMiB Ha KOOPAUHATHI OCi X, y (iHAeKcu S 1 R yKa3yloThb Ha
MPUHAICKHICTh BEJIMYHH JI0 CTaTOpa 1 pOTOpa BiAMOBIIHO);

U,, — aMIUIiTy1a HalIpYTU MEPeXi KUBJICHHS;

Rs, Rg — aKTUBHI OIIOPH OOMOTOK;

Lg, Ls, L,, — 1HZYKTUBHOCTI pO3CisIHHS OOMOTOK 1 poOoya iHAyKTUBHICTh IBUTYHA;

®o 1 ® — CHHXPOHHE Ta HOTOYHE 3HAYCHHS KYyTOBOI IIBUKOCTI pOTOPA;

Po — YUCIIO Tap MarHiTHUX MOJIOCIB;

o
ﬂs:as(l_ > j;
o +a,+a,

(04
ﬂR:aR(l_ . j;
o +C¥R+C¥m

aSaR
b
o, +o, +a,
Zx:(ISx+IRx)Lm; Zy :(ISy+IRy)Lm’
OpPUUOMY O, Og, O, — BEIMYHMHU, OOCpHEHI IO BIAMOBIMHUX IHAYKTHBHOCTEH PO3CISHHS.
EnexTpoMarHiTHHI MOMEHT 3HAXOIUMO 32 (HOPMYIIOI0

3
MEZEPOLm(IRxISy_IRyISx)' )

V=-

[Ipoexii cTpyMiB Ha KOOPJMHATHI OCI B MOMEHT IOYATKy MYCKY JBHUT'YHA JIOPIBHIOIOThH
HYJIeB1, TOOTO

1,,(0)=0; 1,(0)=0; 1,(0)=0; 1,(0)=0. (10)

36ipuuk HaykoBHX mpailb. Cepis: [any3eBe MammHoOyAyBaHHs, OyaiBHULTBO. — 2 (47)" 2016. 51




TpunopiiHeBuid OypoBH HAacoC BKJIIOYAE TPH MPOCTHX KPHUBOIIMUITHO-TTOB3YHHUX
MEXaHi3MH, 10 MAaloTh CHUTPHUN KOpiHHWHA Bail. [InOmMHM, MO TPOXOIATH 4Yepe3 BiCh
o0epTaHHs KOPIHHOTO Bajia M OCl MUHWOK /IS M1 € JTHAHHSA IIaTyHIB, IOBEPHYTI OJHA BITHOCHO
onHO1 Ha MeBHUH KyT. CXemMa OKpeMOro KPUBOIIUITHO-TIOB3YHHOI'O MEXaHi3My 300pa)keHa Ha
puc. 2. llenTpu mMac BIANOBIIHUX JTAHOK po3MilieHi B Toukax S, Sp 1 B. [lo3HauaeMo KyTOBY
KoOpAuHaTy JaHKu OA OKpeMO B3ATOT0 MEXaHi3My sK ¢;, Macu JJaHOK OA, AB i mopuHs — K
my, My, ms; NEHTPAIbHI MOMEHTH 1HEpIlii KPUBOIIHUIIA 1 IMAaTyHa MEXaHI3My Hacoca — 5K Jg; 1
Jso; AiHiHI po3Mmipu — sik OS=a;, AS,=a,, OA=l,, AB=1,.

3BeficHUH MOMEHT 1HEpIii MeXaHI3My Hacoca, SKUM BKIIOYAE TPU KPHUBOIIMITHO-
MOB3YHHHX MEXaHi3MH, BU3HAYUMO 32 (OpMYIIOr0 [5]

" Cleoso) ,, Hleoso)

J3B(¢):Z J31+m1a12+m2“i h tJs h +
i=1 i i
(11)
. [, sin2¢.
+m,| 1| sinp + L —=11 ,
3 1 ¢1 2\/%1
e
. 2
h, :lzz—llz(sing.)z, u =L2+6122—2a£+2a2 i {sing) h, . (12)
(cosqoi) L cos @, -1,

Pucynok 2 — Cxema KpMBOIIMITHO-NIOB3YHHOI'0 MeXaHi3My Hacoca

Kyt moBopoTy Beaydnx JaHOK KPHBOIIMITHO-IOB3YHHHX MEXaHI3MiB Hacoca o;
(i=1,2,.., n) 38’sA3aHI 3 KyTOM IIOBOPOTY (@ KOpIHHOTO Bajla TPHUIIOPIIHEBOrO0 Hacoca
OJIHOCTOPOHHBOI JIii TakK:

b=0: ¢, =¢+§ra 0 =¢+§7c.

MoMeHT onopy pyXxoBi 3HaX0AUMO 32 (OPMYJIOI0

My=> M, (13)
i=1
ne Mo; — MOMEHT OTOpY, SIKUI CTBOPIOE TUCK PIIVMHY HA i-Uil MOPIIIEHB,
M, 231@, (14)

ne P; — cuia THCKY Ha TOpPIICHb;
®; — TpUroHOMeTpUYHA (PYHKIISA KyTa IOBOPOTY KPHBOIIIHMIIA.
Jlst Hacoca OAHOCTOPOHHKBOT il P; Oy/ie BU3HAYaTUCS TAKOIO 3aJICKHICTIO!

P =—-pF, , axmo v>0; P =0, axmo v=0, (15)

ne F, — mioia monepevyHoro nepepily mopirHs,
p — TUCK PIJIMHH Ha TIOPIICHb;
V; — IIBUAKICTH TIOPIIITHS,

v =—m,l0. . (16)
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TpuronomerpudHa GyHKINS KyTa MOBOPOTY KpHBoOmHUIa ®;, Mo GIrypye B 3aJIKHOCTIX
(14), (16), mae Bursn
sin @, cos @,
2

llz — (sin@)2

1

O =sing, —

(17)

Posrnsinemo arperar, KoTpuii Bkitouae OypoBuii Hacoc Tumy HBT-600, skwuii
MPUBOAUTHECS B JiI0 €NEKTPUYHUM acHMHXpOHHMM nBUTYHOM AK3-15-41-8b. BypoBuii Hacoc
HBT-600 € TpumopiiHeBMM HAcOCOM OJHOCTOPOHHBOI [ii Ta CKJIQJa€ThCs 3 MPHUBITHOL 1
TipaBIIYHOI YacTWH, IO 3MOHTOBAaHI Ha OJAHIM pami. KyT MK NpUBIIHUMH JIaHKaMH
KPUBOIIUITHO-TIOB3YHHUX MEXaHi3MiB Hacoca cTaHoBHTH 120° (@1 =0, ¢, = @+27/3,
@3 = +371/4). Macu nanok: m; = 2800 kr, my =300 kr, m3 = 150 Kr; reoMeTpudHi poO3MipH
ma"ok: [;=0,125 ™M, a;=0,05 m, L, =1,19 M, a, =0,25 M; HEHTpaIbHI MOMEHTH IHEpPIil
KpUBOIIIMIIA Ta IIaTyHa BignmoBigHO Jg =35 KF'MZ, Jsr =95 KT-M°. [TapameTrpu aBUTryHa:
aMIUTITY/la HANpyrd Mepexi >KuBIeHHS u, =4,9 xB; aktuBHi omopu ¢a3 rs=0,38 Owm,
rr=0,318 Owm; imgykruBHOCTI poscisuus Lg=1,048-10% T, Lg=1,112-10° T; poGoua
IHAYKTUBHICTH L,, = 0,505 T'; uncno map MarHiTHUX TOJIOCIB po = 4; MOMEHT iHepIii poTopa
J1 =55 KF'MZ.

[Ticna cymicHOro iHTerpyBaHHs Au(depeHLiaTbHUX PIBHAHb PyXy MEXaHIYHOI CUCTEMHU
(2), (3) abo (2), (5) 1 piBHSHB, 11O OMUCYIOTh EJICKTPOMATHITHI SBUIA B ACHHXPOHHOMY
JBUTYHI (8), OTPUMYEMO YaCOBY 3aJISKHICTh €EKTPOMArHiTHOro MoMeHTy My (9) Ta KpyTHOTO
MOMEHTY M, B KOpIHHOMY BaJjii Hacoca

M2L-2C2(¢3_¢4)+V2(w3_w4)' (18)

a) M, H- -nm 0) M, H-wm

4x10™

2x10°

—2x10"

— 410"

K>

8><104 T T T

6x10° . 6x10°F i

4x10°F

=—

210 =

0 2 4 6 8 0 2 4 6 8
t,c t,c

Pucynok 3 — I'padiku 3mMiHu B yaci eJIeKTpoMarHiTHOro MOMeHTY JIBHUIyHa (a, ) Ta
MOMEHTY B KOPiHHOMY BaJli Hacoca (B, I')
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Ha puc. 3, a, 6 HaBeneHO dYacoBl 3aJ€KHOCTI EJIIEKTPOMAarHiTHOrO MOMEHTY B
ACMHXPOHHOMY JIBUTYHI Ta MOMEHTY B KOPiHHOMY BaJli Hacoca 3a 4yac HamOBHEHHS MYy(TH
noBITPsIM 4 ¢, MOMeHTY TepTs Yy MydTi 12 kH-M 1 Tricky Ha mopmHi Hacoca 15 MIla. Ha puc. 3,
0, 2 HaBEJICHO YacOBI1 3aJIe)KHOCTI €JIEKTPOMArHITHOTO MOMEHTY B aCHHXPOHHOMY JBHIYHI Ta
MOMEHTY B KOPIHHOMY BaJIl Hacoca 3a 4acy HaloOBHEHHS MY(TH MOBITPSM 6 C, MOMEHTY TEPTs
y my¢Ti 10 kH-m 1 THCKY Ha nopiHi Hacoca 25 MIla. OxepxaHi pe3yabTaTi BUKOPHCTOBYEMO
JUIsT OOTPpYHTYBaHHSI palllOHAJBLHUX TapaMeTpiB IMycKy Hacoca. Sk 0adymmo, 3pOCTaHHS
MOMEHTY TepTs Y My(PTi CIpUUYHHSE 30UIBIICHHS eNEKTPOMArHiTHOTO MOMEHTY Ta MOMEHTY Y
KOpPIHHOMY BaJsli MeXaHi3My Hacoca. Oco0JIMBO BaXKJIIMBUM € Yac HATOBHEHHS MY(DTH MOBITpPSIM,
0  CYTTEBO  BIUIMBAa€ Ha  3pOCTaHHS  MOMEHTIB y  JIaHKaX  MexXaHi3Mmy.
Jnis Manmux MOMEHTIB TepTs y MyQTi 3a pI3HOrO Yacy HAMOBHEHHS MYy(PTH MOBITPSIM
€JIGKTPOMArHITHUM MOMEHT Ta MOMEHT Y KOPIHHOMY BaJli CYTTEBO HE BiAPI3HAIOTHCS.

BucHoBkH. Yac po3roHy TPHIIOPIIHEBOTO OypOBOTO Hacoca Oe3MOCepeHbO 3aJICKHUTh
BiJl poOoTu onepatuBHOi PpukiiitHOi MydTu. TpuBamicTs MpoKOB3yBaHHS pOOOUUX MTOBEPXOHBb
IMHHO-TTHEBMAaTUYHOT My()TH BH3HAYAETHCS 3aKOHOM 3MIHH MOMEHTY TepTs y MyQTi, IO y
CBOIO Uepry 3aJIe)KHUTh BiJl yacy HarmoOBHEHHS My(Tu MOBITpsAM. 3HAUHA aMIUIITyJa KOJMBAaHb
MOMEHTIB TIOSICHIOETHCS OCOOJIMBOCTSIMH POOOTH KPHUBOIITUITHO-TIOB3YHHUX MEXaHI3MIB Hacoca.
VY mpoueci MOAANbIIMX JOCTIKEHb IUIAHYETHCS TNPOBECTH MaTEMAaTUYHE MOJICIIOBAHHS
JTUHAMIYHUX TPOIIECIB M1 Yac eKCIUTyaTallii HaCOCHOTO arperary 3 TPUIIOPIITHEBHUM HACOCOM 3
ypaxyBaHHSIM i1 THEBMOKOMITIEHCATOPA.
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VIIK 006.015.2

Tapacos FO.B., k.m.H., 0oyenm
Xapxkiscokuil HAYiOHANbHUL ABMOMOOINbHO-00PONCHIU YHIGEpCUmMem

BU3HAYEHHS TPAHAYHUX HOPMATHUBHHUX ITOKA3HHUKIB
I'AJIBMIBHOI JTUHAMIYHOCTI TPAHCIIOPTHHUX 3ACOBIB

3aznaueno, wo HopmMamueHi 6UMO2uU 00 2ATbMIGHUX BIACMUBOCMEN ABMOMPAHCNOPMHUX
3aco0i8 NOBUHHI PO3BUBAMUCS BIONOBIOHO 00 PO3BUMKY 6UMOZ CYChiibemed. JlosedeHo
HeoOXIOHICMb NPOSHO3YBAHHS BUMOZ CYCRIILCMBA, WO 003801UMb YOOCKOHANEAMU BIONO0GIOHI
cmanoapmu. Iloxazano, wo 6 ideanvHomy 6UNAOKY 3MIHA HOPMAMUBHUX BUMO2 MAE
8i0bysamucs be3nepepsro, CUHXPOHHO 3MIHI 8UMO2 CYCHIIbCEA.

Ilooano memoo 6u3HAYEHHs ZSPAHUYHUX NOKAZHUKIE 2ANbMIBHOI OUHAMIYHOCMI, SKI
PeNamMeHmo8aHi HOPMAMUBHUMU OOKYMeHmamu. Busnayeno, wo npu 00CAeHeHHI SpAHUYHUX
NOKA3HUKIB 2ANbMIBHOI OUHAMIYHOCMI pecypc 8i00MUX CNOCO0I8 2ANbMYBAHHA MONCHA
86adicamu BUHEPNAHUM, I NOMPIOHUNL NOULYK MA pO3POONIEHHA NPUHYUNOBO HOBUX CHOCO0I8
2abMYBAHHS | KOHCMPYKYI 2ANbMIBHO20 YNPABLIHHA A8MOMPAHCNOPMHUX 3ac00is. Ompumari
pe3yribmamu MO*Cymv OYmu peKoMeHO08aHi axieysam 01 6UKOPUCMAHHA NPU NPOEKMY8AHHI,
8UPOOHUYMEI, cepmugbikayii ma excniyamayii aemompaHcnoOpmHux 3acoois.

Knrouoei cnosa: canvmisna ounamika, 2anoMieHi GUNPOOYSAHHS, eHmpOnis, YNOGLIbHeHH s
A8MOMpPAHCNOPMHUX 3AC00I8, 2aNbMIGHUL WIAX, ADCONIOMHA NOXUOKA BUMIPIOBAHHS.

Tapacos FO.B., k.m.H., doyenm
XapvKko6cKulli HAaYUOHANbHBLU ABMOMOOUILHO-00POIICHBIU YHUBEPCUMEN

OHNPEAEJIEHUE IIPEAEJIbHBIX HOPMATHUBHbIX TMOKA3ATEJIEN
TOPMO3HOU JTMHAMHNYHOCTU TPAHCIIOPTHBIX CPE/ICTB

Ilokazano, umo  HOpmamueuvble  MpebOBAHUS K  MOPMO3HbIM  CBOUCMEAM
A8MOMPAHCNOPMHBIX  CPEOCME  OO0NHCHbL  PA3BUBAMBCS 8 COOMBEMCMEUU C  PA36UMUem
mpeboganuti  obwecmsa. Jlokazana HeOOXOOUMOCHb  NPOSHO3UPOBAHUS — MPeOOBAHULL
0bwecmea, 4mo no380aUNM COBEPUIEHCNBO8AMb coomeemcmsylowue cmanoapmeul. Tlokasaro,
Ymo 8 UOeanrbHOM Clyyde U3MeHeHue HOPMAMUBHbIX MPeOOBAHUU OOJHCHO HPOUCXOOUMDb
HenpepulHO, CUHXPOHHO U3MEHEHUI0 Mpebo8anull obwecmasa.

Ilpeocmasnen  memoO  onpeodeieHus  NpeoelbHbIX  NoKazamenel  MOPMO3HOU
OUHAMUYHOCTU, DeSNAMEHMUPYEMbIX HOPMAMUBHbIMU OoKyMenmamu. Onpedenero, umo npu
00CMUNICEHUU NPeOelbHbIX NoKasameneli MOPMO3HOU OUHAMUYHOCIIU pecypC U3BECTHbIX
CHOCOO08 MOPMOINCEHUS MONHCHO CYUMAMb UCUHEPNAHHBIM, U MPebdYIOMCs NOUCK U pa3pabomka
APUHYUNUATLHO HOBbIX CHOCOD08 MOPMONCEHU U KOHCMPYKYU MOPMO3HO20 YNPAGIEeHUs
asmompancnopmuuix cpeocms. Illonyuennvie pesyrbmamsl Mo2ym Oblmb pPeKOMEHOOBAHbL
cneyuanucmam O UCNONb306AHU NPU NPOEKMUPOBAHUU, NPOU3BOOCMEe, cepmuurayuu u
IKCHIYAMAayuu a8mompaHCnopmHulx cpeocms.

Knwouesvie cnoea: mopmosnas OuHAMUKA, MOPMO3HbIE UCHLIMAHUSA, IHMPONU,
3amedieHue asMoOmMpaAHCHOPMHBIX CPEOCME, MOPMO3HOU NYyMb, AOCONOMHASL NOSPEUHOCHb
U3MepeHus..
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UDC 006.015.2

Tarasov Yu., PhD, Associate Professor
Kharkiv National Automobile and Highway University

DETERMINATION OF LIMITING NORMATIVE
PARAMETERS OF VEHICLE BRAKE DINAMICS

Increase of requirements to vehicle braking properties is an objective and continuous
process. The formalization of these claims is carried out according to the legislation at every
stage of motor vehicle design development. At each stage the normative values brake properties
indices are assumed to be constant. At some point the normative requirements correspond to
the requirements of the society, and later — fall behind. Any design, including the design of the
brake control of motor vehicles, has a limit as for its technical capabilities. This should be
considered when planning the standard indicators of prospective legislation documents —
standards.

It should be noted that formation of braking properties of vehicles — it is a process of
interaction between producers, consumers and legislators, developing over time. This is also
true for the formation of any operational properties of vehicles.

The performance properties are evaluated by comparing their performance with specific
values adopted as the basic ones. Some indicators have GOST normalized values, for the rest —
experimentally or by means of calculation they determine the average or extreme operational
values of car-counterparts indices.

As the system of a higher level, including a subsystem «driver-vehicle-road environment»
is under development, the requirements to braking characteristics of vehicles must constantly
evolve. Here one must distinguish between the requirements of the society and the regulatory
requirements to the braking characteristics of vehicles.

Regulatory requirements to the braking characteristics of motor vehicles must be
developed in accordance with the requirements of the society development. To do this,
forecasting of the society demands is necessary that will make it possible to improve the
relevant standards.

Ideally, the change of regulatory requirements must continuously take place and be
synchronized according to the changing demands of the society. One needs to know the law of
variation of the society’s requirements, which is not known in advance, but exists objectively. It
is not possible to determine exactly the specified law, but to carry out its assessment is possible,
using a retrospective analysis of the regulatory requirements to vehicle slowing, adopted in
different years.

In this paper on example of normalization of vehicle brake properties they proposed a
method for determining the thresholds indices of brake dynamics, regulated by the normative
documents.

In this paper it is specified that when the limit values of brake dynamics are obtained, the
resource of known methods of braking can be considered exhausted, and the search and
development of new methods of braking and brake control structures of vehicles are required.

The results obtained can be recommended for use by professionals in the design,
production, certification and operation of vehicles.

Keywords: braking, braking tests, entropy, slowing of vehicles, braking distance,
absolute error of measurement.
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BBenenue. Bo3pactanme TpeOOBaHHMII K TOPMO3HBIM CBOMCTBaM aBTOTPAHCIIOPTHBIX
CPEICTB SIBISETCS OOBEKTUBHBIM M HEMPEPHIBHBIM mporeccoM. Dopmanmuzanus 3TUX
TpeOOBaHUI OCYIECTBIISIETCS 3aKOHOJATENbHO Ha KaXKIOM JTare pa3BUTUS KOHCTPYKIUI
aBTOTPAHCHOPTHBIX cpeAcTB. Ha KaxaoM »Tame HOpMaTHBHBIE 3HA4Y€HUs IMOKa3aTresei
TOPMO3HBIX CBOMCTB NPUHUMAIOTCS IOCTOSSHHBIMM. B  KakoW-TO MOMEHT BpEMEHU
HOPMATHBHBIE 3HAUEHHUS COOTBETCTBYIOT TpeOOBaHHSM OOINECTBA, a B MOCIEAYIOIIEM —
HAUMHAIOT OTcTaBaTh. JIi00as KOHCTPYKUMs, B TOM 4YHCJIE€ M KOHCTPYKLHS TOPMO3HOTO
YIOpPaBJICHUS ABTOTPAHCHOPTHBIX CPEJICTB, MMEET OrpaHUYECHHUs IO CBOUM TEXHHUYECKUM
BO3MOXKHOCTSIM. OTO HaJ0 Y4YUTHIBATh NpPU IUIAHUPOBAHMM HOPMATHBHBIX IOKa3aTesei
MEPCHEKTUBHBIX 3aKOHOJIATEIbHBIX JOKYMEHTOB — CTAHJAPTOB.

AHaJN3 MOCJeHUX UCTOYHUKOB UCCIeA0BAaHNKA U MyOauKkanuii. Bonpockl tuHaMuKu
U3MEHEHHUs TpeOOBaHMM K TOPMO3HBIM CBOWCTBaM aBTOTpaHCHOPTHBIX cpeactB (ATC)
paccMoTpeHsl B padoTax [1 — 16]. B aTux paboTax Ha OCHOBaHMH PETPOCIIEKTUBHOIO aHAIHM3a
JUHAMUYECKUX M3MEHEHHH TpeboBaHuil k 3¢ pextuBHOCTH TopMoxkeHus ATC momyueH 3aKoH
M3MEHEHHUS HOPMaTUBHOIO 3HAYCHUS 3aMeIJICHUS MPU Pa3IMYHbIX BUAax ucnbitanuil. Ciemyer
OTMETUTh, 4TO (opmupoBaHue TOpPMO3HBIX cBocTB ATC — mporecc B3aUMOACHCTBHUS
MIPOM3BOUTENCH, TOTPEOUTENICH MPOIYKIIMKA U 3aKOHOJATEJICH, pa3BUBAIOIINIICS BO BPEMEHH
[6]. OT0o cnpaBeaMBO Tak e W Ui (OPMHUPOBAHUA JIIOOBIX IKCIUTYaTAllMOHHBIX CBOMCTB
aBTomoOmie. Ilockonbky cucrema 6osiee BHICOKOTO YPOBHS, B KOTOPYIO BXOJAMT MOJCUCTEMA
«BOJHTENh — aBTOMOOWIIb — TOPO’KHAsL ~ Cpefla», pa3BUBACTCS, TO JOJDKHBI IOCTOSIHHO
pa3BHUBATHCS u TpeOOBaHUS K TOPMO3HBIM CBOMCTBaM ATC.
3nech crnenyer pa3nuyarh TpeOoBaHMS OOILIECTBA U HOPMATUBHbIE TPeOOBAHUS K TOPMO3HBIM
corictBam ATC. TpeGoBanus oOmecTBa (HOPMUPYIOTCS B PE3yJbTaTe €ro pa3BUTHSI U
pa3Butus koHCTpykuuu ATC. OmHako B yka3aHHbBIX pabotax [l — 16] Takoe pasnuuue He
YUUTHIBACTCS.

HopmaruBuble TpeOoBaHMs K TOpMO3HBIM cBoiicTBaM ATC 1OMKHBI COBEpIICH-
CTBOBaTbCsSI B COOTBETCTBHHM C pa3BUTHEM TpeOoBaHui oOmecTBa. st 3TOro HE0OXOAMMO
OPOTHO3UpOBaHME  TpeOoBaHWM  oOIIecTBa,  YTO  TO3BOJIUT  COBEPILIEHCTBOBATh
COOTBETCTBYIOIIME CcTaHAapThl. KubepHeTnueckuit moaxoa K (GOPMHPOBAHUIO TpeOyemoro
ypoBHs TopMO3HBIX cBoiicTB ATC mpenoxeH B padorax [5, 6, 13, 14].

BroineneHue He penieHHBIX paHee yacTeil o0meil mpodaembl. Kak yxe ormedanoch
paHee, CYIIECTBYIOIIME HOPMAaTUBHBIE TPeOOBaHUS K TOPMO3HBIM cBoiictBaM ATC HOIKHBI
COBEpIICHCTBOBATHCSA B COOTBETCTBUU C pa3BUTHEM TpeOOBaHUI 00IIecTBa.

B wupeanbHom cnywae [6, 17] u3MeHeHMEe HOPMATUBHBIX TpPEOOBaHUN JOJKHO
MPOUCXOIUTh HENPEPHIBHO, CHUHXPOHHO H3MEHEHHUIO0 TpeOoBaHuil olOmectBa. Jlyig 3TOro
HEO0OXOMMO 3HATh 3aKOH M3MEHEHHS TpeOOBaHUU OOIIECTBa, KOTOPHIM 3apaHee HE M3BECTEH,
HO CylIecTByeT 00BeKTHBHO. OINpeaesinTh TOUHO YKa3aHHBIH 3aKOH HEBO3MOXHO, HO CeNaTh
€ro OLICHKY MO3BOJIIET PETPOCHEKTUBHBIN aHAIW3 HOPMAaTUBHBIX TPeOOBAaHUM K 3aMEIICHUIO
aBTOMOOWJIA, MPHUHATHIX B pasHble roasl [l, 2]. OmeHka 3akoHa H3MEHEHHUs TpeOOBaHUI
oOmiecTBa uMmeet crneayroniui Bun [ 1, 2]:

Jomn =@ gll—exp(= BA)], (1)

rae @ — KodpUIMEHT CHETIIICHHUS KOJIeC C TIOPOTOi;
2
g — YcKopeHue cBoOoiHOTO naaenus, g =9,81 m/c”;

A — oTHOCHTENBHOE Bpems [ 1, 2],

_I,-T,
r 3 r 2 ’
rae /') — paccMaTpuBaeMblid T/ (TEKYyIIEe BpeMs);

A 2)
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I'; —rox, OT KOTOPOTO YCIIOBHO BEACTCS OTCUET BpeMeHH, B padotax [1, 2] 15 = 1900;

I'; — ron, or koroporo B paborax [l, 2] mpoBoaMIICS PETPOCHEKTUBHBIA aHAIU3,
I3 =2000;

B — ko3 duimeHT mponoprruoHaTbHOCTH, 3aBUCAIINN OT KAaTErOPUU TPAHCIOPTHOTO
CpelICcTBa U TUIA TOPMO3HBIX UcHbITaHui [1 — 12]; mpencTaBiser cob0i BENMYUHY, OOPAaTHYIO
IIOCTOSIHHOM BpeMeHH A, NMpH SKCIOHECHIIMAIBHOM 3aKOHE HM3MEHCHHS PacCMaTpHUBACMOM
BEJIMYUHBI,

B=—. 3)
I'padmueckas uaTepnperanus BeipakeHus (1) uMeeT B, MpeacTaBIeHHBIN Ha puc. 1.

1 A
-] X min

jxnnpe = (pg

Pucynok 1 — Ounenka TMHAMUKH U3MeHeHHsI TpeOoBaHUii 001IecTBA
k 3amMesieHn10 ATC npu TopmoxxeHun

Ha pucynke 1 3amemnenne ATC Oynet umeTs BUJT
jxnpe() = ¢g : (4)

JlaHHBII TTOKa3aTeNb SIBISETCS MPENEbHBIM MO0 CUEIUIEHUIO KoJiec ¢ goporoit. Kpusas j
min (A) IOCTHTAET aCUMIITOTHI (4) TIpU A—>co,

Uro ke KacaeTcs MOCIeAyoNel OIeHKA THHAMUKYA H3MEHEeHHs TpeOOBaHMiA 00IIecTBa K
3ameuieHnio ATC npu TopMokeHUU (OrnpenesaeHue npeaeibHbIX HOPMATUBHBIX MOKa3aTeaen
TOPMO3HOM AMHAMUYHOCTH TPAHCHOPTHBIX CPEICTB), TO BOMPOC OCTAJCsA OTKPHITHIM. Huxe
paccMOTPEH OJIMH U3 BApUAHTOB PEIICHUE ATOW 3a/a4H.

Teopernuecky MOBBIIATH HOPMATHUBHBIE TPeOOBaHUS K S(PPEKTUBHOCTH TOPMOKECHHUS
MOYKHO TIPH YCIOBUU A-»c0, HO TPHU ITOM  djy min (A) / dA—0. Ompeneneno Bpemst A%,
OIPAaHMYEHHOE jynpeo B COOTBETCTBMM C BBIpaXKCHHEM (4), NpM KOTOPOM YBEIMYMBATh
HOPMATHBHOE 3HAYCHUE 3aMEJICHUS [j,] HE MMeEeT CMbIcia TPH CYIIECTBYIOMIEM CIIOC00e
topMmoxenus. [IpeasentanreM pocra [j;] MOTyT OBITH B CIEAYIOIUX YCIOBHSL:

1. Bo3aMoxHO€E yBeTUUEHUE HOPMATUBHOTO 3aMeJIJICHUS [j,] TPH TOPMO3HBIX UCTIBITAHUSIX
CTAHOBUTCS MEHbINIE, 4YeM aOCONIOTHAs TOTPENIHOCTh wu3MepeHus 3amemneHus ATC
CYILIECTBYIOIIMMH CPEJICTBAMM;

2. I3MeHeHHne mpenenbHbIX BO3MOXKHOCTEHM TOpPMO3HBIX CcBOMCTB ATC craHOBUTCS
PaBHBIM WUJIU TPUOIIMKACTCS K HYITIO.

Bpems A* — KOHTpOIbHOE M SBIISETCS CHTHAJIOM JUI Hadajga KadeCTBEHHOTO
COBEPIIICHCTBOBAHUS CITIOCOOOB TOPMOXKEHHS U KOHCTPYKIUH TopMo3Horo yrpasieHus ATC.
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IlocranoBka 3agauu. llenpto pabotTel sBhsieTcss ynyumeHue kadectBa ATC myrem
pa3paboTKu METO/1a OTIpeIeTICHUS MPeeNIbHBIX MTOKa3aTeNeld TOPMO3HOW TUHAMUKHY.

OcHoBHO MaTepuaj H pe3yabrarbl. IS OCTHKEHUS ITOCTAaBJICHHOW L€
HEOOXOUMO PEIIUTh CIEAYIONIUE 3aJauu: ONPEACTUTh MPEACTbHBIC MOKA3aTeH TOPMO3HOM
muHaMukd ATC mo aOCOMIOTHOW TOTPEIIHOCTH WM3MEPEHHUs 3aMEIJICHUS; ONPEIeIUTh
npejesibHbIE MOKa3aTenu TOpMO3HOM quHaMuku ATC ¢ UCIOJIb30BaHUEM B KaU€CTBE KPUTEPHS
nudGepeHIABHOTO YPaBHEHHS.

Omnpenenum quddepeHuan jy i, mo ypaBHeHuto (1)

dj... =@gBexp(—BA)dA= ﬁexp —% dA . (5)

A

Iepexomst T GECKOHEYHO MaJIbIX MPHUPAIEHUI K KOHEUHBIM, TOJTYYUM

=Eexp _A a4 . (6)

ij min
A A

PaccmarpuBast Ajy nin KaK yBEIMYEHHE HOPMATHUBHOIO 3HauYeHUd [j,] mpu ouepenHom
W3MEHEHHH CTaHIapTa B MOMEHT BPEMEHH A M pacCYMTAHHOM Ha BPEMEHHOW HMHTepBal AA,
HEOOXOMMO YYHUTHIBATH TAKKE M aOCONOTHYIO MOTPEIIHOCTD [ U3MEPEHHS 3aMEIJICHUS TIPH
TopMo3HBIX HcbITaHUsIX ATC. TIpeamnonoxum, 9to abCOMOTHAs MOTPEIIHOCTh H3MEPEHUs [
3ameieHus ATC Takke U3MEHSIETCA M0 SKCIOHEHIMAIIbHOMY 3aKOHY

A

B= ﬁoe_g . )

rae [, — 3HadeHue abCOMOTHOM TTorpeInHocTr u3Mepenust sameiennst ATC npu A = 0;
Ag — IOCTOSIHHASI BpEMCHH.

HopmaruBHoe 3HaueHue 3amemieHus [j,] ATC He cinenyer NOBBILIATE HA BEIUUYUHY
Aj min B CITy4ae

A i A)SP(A+AR) . &)
[Tocne moacranoBku cooTHomeHui (6) u (7) B HepaBeHCTBO (8) BbIBEIEM 3aBUCUMOCTh

(23 A+ A4
== exp( ——)A/I Byexp(——) .
3 A % ®

[Toce mpeobpazoBaHuil TOTYIUM

By
A AR =2 A In
15 o8 (10)

A=A

NI

AL~ Ay ln Bos

o8
A2 7, . (11)
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Takum oOpazom,

g
A= . (12)

[To amamorum ¢ MosekynaspHoW ¢u3ukor [18] mIsi XapaKTepUCTUKH HAKOIIJICHHOTO
NOTEHLIMaa oka3aTesneld TOpMo3HbIX cBOMCTB ATC BBeZeM NMOHATHE SHTPONHU S TOPMO3HBIX
cBoiicTB. [luddepennnan dS ykazaHHON SHTPOIUU MOKET OBITH ONPECIICH KaK

dj..
dS — xmin R
v (13)

max

rae V. — MakCUMallbHass KOHCTPYKTHBHAsi CKOPOCTb, JIOCTUTHYTash Ha OIpPEACIIEHHOM
arane pa3zsutus ATC.

B pabore [7] ¢ ucmonb30BaHUEM CTATUYECKHUX TAHHBIX, MPUBEICHHBIX B MCCIICIOBAHUH
[19], momydyeHa 3aBUCHUMOCTb JJIi MAaKCUMaJIbHOM KOHCTPYKTHMBHON CKOPOCTH JIETKOBBIX
aBTOMOOMIIEH

V. =582[1,043—exp(—0384)] , km/d . (14)

Mexny MakCUMallbHOH CKOPOCTBIO aBTOMOOHUIS Viyuy M 3aMEIJICHUEM Jy yin CYIIECTBYET
B3aUMOCBSI3b (JI51 UJCATBHOTO CIIy4asi TOPMOKEHUS)

Vmax = jxminTmopM 4 (15)

1€ Tyopy — BPEMSA TOPMOXKEHHUSA (IIPU jy min =CONSt B TEUEHUE BCETO TOPMOKEHMS) OT
MaKCHUMAaJIbHO KOHCTPYKTUBHOU CKOPOCTH Vpqx 10 TIOTHOIN OCTAHOBKU aBTOMOOHIIS.
Bripaxkenue (13) ¢ yuerom ypaBuenuii (5) u (14) npumet Bug

exp( _A )dA
oo P A | (16)
5824, 1,043—exp(—0,384)
Beipaxkenue (13) ¢ yaerom ypaBHeHus (15) npumert Bujg
1 d_.
ds = T_J_m . (17)
mopm .]xmin

OuTponus TopMo3HbIX cBOMCTB ATC u3 ypaBHeHus (17) MokeT ObITh OnpezeneHa mnocie
€ro UHTETPUPOBAHUS

1 Jxmint Yxmin

S = . I A:ixmin — 1

‘le -In

mopm

j xmin AJ xmin

+ A.] xmin

-In 1+

mopm Jxmin .] xmin mopm .] xmin

. (18)

Jxmin

Ilepexoms oT GECKOHEYHO MaJIbIX MPHPAIIEHUH K KOHEYHBIM B ypaBHeHuU (16), momyuum

exp(~ )
4 Al (19)

AS = :
5824, 1,043-exp(—0,3824)

Torna yBeauyeHne HOPMATHBHOTO 3HAYEHUS [j,] Mo AA cocTaBuT
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A in = 98 [1 - exP[_ B( ﬂo +42 )]] -8 [1 - exP[_ B/io ]] =
= —gglexpl- B( 4, — A2 )]|+ pg exp|- BA, | =
= ¢g[exp( —BA, )—exp(—B( A, + A4, )=
=@g -exp(—BA, )[1 —exp(—BAA )].

(20)

[Tocne Bcex mpeoOpa3oBaHWI MUHUMAIBHOE 3HAYEHUE 3aMEIUICHUS j,nin ATC, Ha
KOTOpOE CJIEAYET MOBBIIIATh BEIUYUHY [j,], paBHO

. 1—exp(—BA4A)
Aj . =g - .

1)

[Ipn paBeHCTBE MM CTPEMIIEHMM K HYJIO BEIWYMHBI AS MOBBILIEHHME HOPMATHBHBIX
TpeboBanuii kK ATC mpu CymecTBYIOMMX CIIOc00ax TOPMOKEHHUS HE UMEET CMBICIIA.
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GEOMETRIC MODELING OF SPATIAL COVERINGS
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BY CHAINS OF SUCCESSIVE SUPERPOSITIONS

In this article we have studied a drafting of a chain of successive superpositions of some
pairs of points for modeling of a curve as a part of the frame of a curvilinear surface. It was
shown that a superposition of n points of the discrete analog of a given curve can be replaced
by a chain of successive superpositions. Also we have got formulas for calculating
superposition coefficients of the chain, which allow determining coordinates of unknown nodal
points of the curve without making any system of equations.
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Ilonmascvkoeo HayionanbHo20 mexHiyHo2o yrisepcumemy imeni FOpis Konopamriwoka

I'EOMETPUYHE MOJIEJIIOBAHHS ITPOCTOPOBUX
ITOKPUTTIB BY AIBEJIBHUX CIIOPY J{ _
JJAHIIIOI'AMMU ITOCIAOBHUX CYHHEPITIO3UIIIN

Ilposedeno Oocniddicents opeanizayii 1aHy2a NOCIIO0BHUX CYNEPNO3UYItl nap mo4ox
0151 MOOeN08aHHs Kpueoi JNiHii AK CcK1adoeoi kapkaca Kpueoi noeepxui. Iloxkazauo, wo
cynepno3uyis n moyox OUCKPEemHO20 AHAN02a 3A0AH0I KpUBoi Modice 6ymu 3aMiHeHa TaHYI020M
NOCIO0BHUX CYNEpno3Uuyill i3 ypaxy8aHHAM GeIUdUHU pPeKYPeHMHOI 3anexcHocmi. Busedeno
Gopmynu obuucienHs eenudun Koeghiyicnmie cynepno3uyii 1anyloea, wo 003601AI0Mb
BUZHAYAMU KOOPOUHAMU ULYKAHUX 8Y3108UX MOYOK KPUBOI De3 CKIa0anHs CUcmeMm pPiHsAHb.

Knrwowuosi cnosa: oOuckpemme ceomempuyne MOOENO8AHHS, NOGEPXHI NOKPUMMIS,
CMAMUKO-2COMEMPUYHULL  MeMmOoO,  2eOMempUYHUll  anapam  Cynepno3uyiu,  eiuyuHda
PEKYPEHMHOI 3a1eHCHOCI, KoeiyieHmu cynepnosuyii.
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Introduction. The present-day civil engineering more and more frequently applies
covering in the form of complex geometric configuration coats permitting to design unique
architectural structures due to the vast variety of shapes. The covering coats’ advantages
include, firstly, their ability to cover large spans without the intermediate supports, and
secondly, ability to cover various plan shaped structures. Calculation of these structures with
account of the materials’ physical properties, manufacture technology and installation features
require information on the object presented in the discrete form. Therefore, it seems reasonable
to perform their formation process in the discrete form since the very beginning.

Nowadays, discrete geometrical modeling is the most promising field of the applied
geometry development, which can be roughly divided into studies of continuous geometric
images discretization and structural morphology (shaping) due to discrete output data.

Surfaces of the coats, having no significant flexion moments, are formed under the
impact of their own weight (by gravity). Such surfaces can not be described by an equation.
Dead load, being uniformly distributed across the coat’s surface, strictly restricts the amount of
the surface shape modeling parameters, thus reducing the designer’s creative abilities.
Therefore, it would be expedient to design curvilinear balanced surfaces using parts of simple
surfaces, if they can be joined smoothly.

Staticogeometric method of the discrete geometrical modeling of curved lines and
surfaces [3] permits to obtain discrete curvilinear surfaces’ frames under the effect of the
external formative load and, additionally, is a simple enough and descriptive tool. Using the
staticogeometric method permits to obtain discrete curvilinear surfaces’ frames with the
arbitrary support contour.

A curved line model is easier to study than a surface model. The line model can be
transferred to the surface model, which is formed according to the same regulations, if the said
line is considered as part of the surface’s frame. The discrete surface model’s properties can be
obtained as a result of generalizing the relevant line model’s properties.

Analysis of the latest studies and publication sources. The staticogeometric method’s
mathematical apparatus is based on solving intricate systems of linear equations, thus
complicating the process of computer calculations. The present study is dedicated to the
problems of expanding the shape-generating possibilities of the staticogeometric method by
means of the mathematical numerical sequences apparatus, permitting, for instance, to avoid
making systems of linear equations at discrete images formation [4].

Publications [5, 6] present approaches to determining the discrete analogs of certain
functionalities on the basis of the geometrical apparatus of one-dimensional points set
superpositions, which also permits formation of discrete images without making and solving
intricate systems of equations. Form management of the discretely presented curves (DPC) is
performed by means of varying the superposition indexes’ values.

A dissertation thesis [7] was devoted to studying the discrete point sets’ superpositions,
where the possibility of stretched grids’ shape management on the functional addition basis was
under consideration. Articles [8 — 10] a number of the above superpositions’ properties was
proved and the conclusion was made about the prospective efficiency of the geometric
superpositions apparatus comprehensive astudy. The study [11] demonstrates that superposition
of n points can be replaced by a chain of successive superpositions.

Highlighting parts of the general problem that haven’t been solved before.
The classic method of finite differences, staticogeometric method and mathematical apparatus
of numerical sequences have their own advantages and disadvantages in terms of solving
specific practical problems. Therefore, their research, enrichment with new efficient
algorithms, studying the possibility of their compiling and expanding on this basis the output
data sets are topical.
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Further development and improvement of the above methods in general are also topical.
Using the geometric superpositions apparatus in combination with the said methods permits
significant raising the efficiency and expanding the possibilities of the continuous geometric
images discrete modeling process.

Studying the methodology of discrete geometrical modeling on the basis of geometric
superpositions apparatus, namely, studying possible variants of superpositions chains for the
purpose of deducing the analytical correlations of the determined coordinates of the arbitrary
curvilinear surface knot as a set knots’ coordinates superposition, will permit modeling discrete
frames of the curvilinear coatings’ balanced surfaces on the complex configuration support
contour as well as shape management in the interactive mode without making intricate
equations systems and, thus, significant resource saving.

Problem statement. The paper is aimed at studying one of the variants of arranging the
point pairs successive superpositions chain for the curved lines discrete modeling, since the
curved surface discrete model’s properties can just as well be obtained through generalizing of
the respected curved line’s properties.

Since one of the main principles concerning the staticogeometric fit of curve method is a
curved line’s shape management by means of changing the external shaping load distribution
type [12], it seems reasonable to take into account the load value at forming discrete curves by
means of the successive superpositions chains.

At the discrete images formation on the basis of geometric superpositions apparatus,
instead of the term “external loading value”, it would be more expedient to use the notion of
“recurrent dependence value”, which will be equal to the external loading value, because the
concentrated efforts (the loading value) in the knot points stipulate the balancing efforts in the
polygonal line’s elements.

Basic material and the results. Formula

V=R R
will be equal to the finite difference three-point dependence [12]

2y =1y Yy
therefore, the recurrent dependence value, which will be the pre-image of the external shaping
loading, for the purpose of forming the discrete analog of the quadric polynomial based on the

set knot points superpositions, can be written as follows
B=y Ry kv
where Pl is a discrete recurrent dependence value
Provided that & ; +k ,= 1,
Fo= ik -k vy,
Article [11], and article [9] have proved, that superposition of n points can be replaced

with the successive superposition chain.
Superposition 2 of the point pair / and 3 of the numerical sequence

v, = 0,2i | (1)
which is shown in Figure 1, can be presented (article [8]) as
_ 13 ;.13 2
u,=u, k2 tu (1 k, )+Pl , (2)

where u is a generalized symbol of the respected coordinate obtained as a result of the /
and 3 points superposition;
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k13 is the first of the two indexes of / and 3 points superposition for point 2;

P,Z is the recurrent dependence value, which is the analog to the discrete value of the
l

external shaping loading, applied to knot point 2.

yf’
7
b—F
Ys &
/ #
5
WA
2 s
1 > 7 /
A
p}.

Figure 1 — Discrete analog of the Y, = 0,2i° numerical sequence

as a successive superpositions chain: 1-3, 2-5, 4-7

Let’s consider the superposition of the three-points sequence (1)
1-3-5 _ L
! —k]y1+k2y3+(1 K, k2)y5. 3)

Let’s show that at a certain dependence between the indexes, superposition (3) can be
obtained as a sequence of two superpositions

_ 13 1-3 2
y, =k, yl+(1-k2 )y3+Pl. , 4)
_,2-5 2-5 4
y4—k4 y2+(]—k4 )y5+PI, . 4)
Plugging expression (4) into expression (5), we shall obtain
- 1-3 1-3 2 2-5
y4=k55{k2 y]+(]-k2 )y3+Pl. }+(1-k4 )y5+Pi4, (6)
and further
_.2-5,1-3 2.5 1-3 2-5 2-5_ 2 4
y4—k4 k2 y]+k4 (1-k2 )y3+(1—k4 )y5+(k4 P +P ) 7

where P42 Y= kj '5P2 + P4 is the recurrent dependence value
1 l

Comparing expressions (7) and (3), where the respective superposition indexes must be
equal, we can write
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e

2-5 1-3
k,=k, k,

2-5 1-3
ky=k; (]-kz )

2-5
| k3=1-k;-ky=1-k,

\

Therefore

-

2.5 1-3

k,=k, "k,
2.5 2.5 1-3°

ky=ky -k, k

( 2-5

k,+k,=k,
1-3

\kzz(k1+k2)k2

(2.5
k, =k, +k,

Y 13k
k2 =
k] +k2

\

®)

Summarizing the above said, it can be determined that under condition (8) the

superpositions pair (4) and (5) is identical to superposition (3).
Superposition of the four points in the sequence (1) is written as

1-3-5-7 _ o
! —kly]+k2y3+k3y5(1 K-k, k3)y7 . )
Therefore:
_ 13 1-3 2
y2—k2 y1+(]—k2 )y3+Pi , (10)
_,2-5 2-5 4
v, =k, y2+(1-k4 )y5+Pl. , (11)
_ 47 4-7 6
y6—k6 y4+(l—k6 )y7+Pi . (12)
Plugging expression (10) into expression (11) and (11) into (12), we shall obtain
_.2-5,1-3 2.5 1-3 2-5 2-5. 2 4
y4—k4 k2 y1+k4 (I-k2 )y3+(1-k4 )y5+(k4 PP ) (13)
_a47), 2513 2-5 1-3
y6—k6 {k4 ky y,+k, (]—k2 )y3+
2-5 2-5 2 4 4-7 6
+(1-k4 )y5+(k4 PP )}+(Z-k6 Jy,+P0 . (14)
On account of formula (14) we can write
_ 7 1-3;,2-5,4-7 2-5( 7 p1-3\,4-7
y, =KISKSA Ty (1 Kl )k6 ¥+
4.7 2.5 4.7 47( 2-5 2 4 6
+k6 (]-k4 )y5+(1-k6 )y7+|:k6 (k4 P +F )+f; :| (15)
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- B, 2-5 2 4 .
where }24 7 = k;’ 7 (k 4 B +P )+ PY is the recurrent dependence value.
l

It follows that

1-3 . 2-5 4-7
k =k, k) kg
2-5 4-7

A
bl
~
+
bl
[\S}
Il
»
N
»
N

Therefore
-3k

k] +k2

2.5 k. +k
=# (16)
k1+k2 +k3

4

-7
k6 =k1+k2 +k3

\
Summarizing the above said, let’s consider superposition of n points of the sequence (1)
for this structure of the superpositions chain

;3"“'(”'2)'” =ky +ky thy btk y +(1-k1 Ky, ) y, ., - (7)
Having performed the necessary transformations, we’ll obtain:
k1-3 — k] ,
A0y 4,
025 kj+k,

9

4(2) k] +k2 +k3

47 kptky+kg
k6(3)_k kotkotk,
TRy TRz TRy
n
k;
k(2n-2)-(2n+1)=i=l , (18)
n n+1

2k
i=]

where n is the number of the set chain’s point, which coordinates are obtained as a
superpositionof the two points coordinates: those of the set point and the one, determined as a
result of the appropriately arranged point chain’s superposition.

Let’s define the formula for calculating the recurrent dependence value in its general
form for such arrangement of a superpositions chain.

70 Academic Journal. Series: Industrial Machine Building, Civil Engineering. — 2 (47)" 2016.




47 47,25, 56 _ 47,25 ,2, 4 6

P6 —k6 P4 +Pl —k6 k4 }; +}; +Pi ;

6-9  4-7,6-9 | 8 2-5 2 4) 47 6,69 .8

P =Pk T+ P _[Oq B +B |ks +B |k +P
Therefore

2.5 25,2 4.

P =k P + P

47 _ 47,2552 4 6 _ 12-5,47p2 . 147 pd | pb
P6 _k6 (k4 P +P )+Pl _k4 k6 Pl +k6 Pl +Pi

6-9  12-5,47,6-952 , 147,6-9p4 , 1.6-9p6 . pS .
P8 _k4 k6 k8 Pi+k6 k8 Pi+k8 Pi+Pi ’

(2n-2)-(2n+1) _ & (2-2)-(2+1) 5 [ (2/-2)-(2/+1) 4
P, =1] ky; P”+ szj PT+..+
j=2 j=3
+k(2n-2)-(2n+1)P(2n-2) P
2n i i
Or:
; (2j+1) 252 2
P2(jn 2)-(2n+1) Z H (2+ )}; 2 (19)
s=2 J=5

where 7 is the number of the set superpositions chain’s point.
Therefore, for instance if n =4, according to the formula (19), we’ll obtain

2]2 2]+1)22 (2j-2)-(2j+1
P69 zH S 2n H J J )Pl-2+

S2JS :

(2j-2)- 2]+1 (2j-2)- 2]+1) 8
+Hk Hk +P =

_12-5,4-7,6-9 4-7,6-9 6-9 8
_k4 k6 k8 Pi +k6 k8 Pi +k8 Pi +Pi
If n=5, then

5

8 e 2] 2)- 2]+1) 25-2 i-2)-(2j+1) 2
SR R S | A
s=2 j=s j=2

5
6 T K\ F ) ps ypro
l l
=5
— k2-5k4-7k6-9k8-11 : k4-7k6-9k8-11 k6-9k8-11 i k;S’OII l +P
One can check, if the deduced formulas are correct, having substituted specific numerical
values, for instance, of the sequence (1).

H k 2] 2)- 2]+1 H k 2] 2)- 2]+1)

l
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Conclusions. The study has demonstrated that superposition of n points in the discrete
analog of the set curve can be replaced with the successive superpositions chain with account
of the recurrent dependence value. One of the approaches to determining an arbitrary balanced
grid knot coordinates can be studying possible variants of superpositions chains of the set
contour knot coordinates and other variants of superpositions chains structures, which will have
other dependences between the indexes.

Further studies results will permit modeling discrete frames of the balanced curvilinear
coats’ surfaces and managing their shapes in the interactive mode without making intricate
equations systems.
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REVERSE ENGINEERING OF COMPLEX SHAPED PARTS

Modern automated design of complex shaped parts using CAD/CAM/CAE software faces
the task of creating a virtual 3D-model of an existing physical object, without reference to the
source documentary producer. This work is dedicated to the practical application of reversible
designing of technology elements used in extreme downhill biking. Significant load leads to
destruction of some parts of the equipment, but replacement of a unit is economically
disadvantageous. Simulation of the idler lower pulley wheel of rear derailleur and creation of
attachment to the protective helmet are described in the paper.

The aim of the present research is practical application of the knowledge, obtained in the
classroom with computer 3D-design of complex shaped parts, using a modern technology of
reverse engineering (modeling) by means of PowerSHAPE 2015 (Delcam Ltd, UK) and
Autodesk Fusion 360 (USA) software.

The work will be presented to the international student competition Delcam 2016 and
was awarded the second prize of the International 3D Modeling Competition 2016 at Pavel
Sukhoi State Technical University of Gomel, Belarus.

Keywords: reverse engineering, hybrid modeling, Delcam, PowerSHAPE, Fusion 360,
Autodesk, 3D-print.
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Llokano A.B., cmyoenm
Ilonmascevkuti HayionanvHutl mexHivnull yHieepcumem imeri IOpis Konopamioka

PEBEPCHUBHE MOJEJIOBAHHS CKJIAJTHAX
3A ®OPMOIO JETAJIEN

Buceimneno  xio  pegepcuenoco  KOMN'IOMEpPHO20  MOOEN08AHHA  (360POMHO20
IHOICUHIPUHZY) CKIAOHUX 3a hopmoro Oemanell i3 sukopucmanusam cyyacnoeo CAD/CAM/CAE
npoepamnoco 3abezneuenuss PowerSHAPE ma Fusion 360 na npuxnadi 3y6uacmoeo Koaeca
Komnauwionu ma Kpinaenus kamepu GoPro 0o 3axucnoeo wonoma. 3’acysanocs, wo 3y6uacme
KoJleco 3pylHOo8ane 6 npoyeci ekcnayamayii, aie 3anponoHO8aHa 3aMiHa Yinoz2o 0O10Ka
EeKOHOMIYHO HeOOoYiNbHa. 3a0auy po36’s3aHO0 i3 3ACMOCYBAHHAM MEXHON02Ii pesepCusHO2o
mooenosanns 6 npoepami  PowerSHAPE. Jlyonwwue idenmuyne 3yOuacme  KoOaeco
BUKOPUCMAHO O/ BU3HAYEHHS BUXIOHUX napamempié Gopmu i posmipis. YV npoyeci
NPOEKMYB8AHHA 3ACMOCOBAHO 2ibpudHe meepoominvHe U nogepxHese mooeniosanis. Kpinienns
Kamepu 00 3aXUCHO20 WOAOMA MAE OPULTHATLHY KOHCmpYKyiio. Peeepcusnum mooeniosannam
BU3HAYEHO KPUBONIHIUHY (hOPpMY NOBEpXHI CMUKYBAHHA 00 €KMi8 ma napamempu Cnoiy4eHHs.
Ilpoexmysanns 6uKOHAHO 6 «XmapHill» mexnonoeii Autodesk Fusion 360. O6uosi demani
suecomogneno 3D-0pyKy8anHsM.

Knwuosi cnosa: pesepcusne MoO0ento8anus, 360pOMHULL  THIHCUHIpUHZ, 2iOpUOHA
mexronoeis mooenoeanus, Delcam, PowerSHAPE, Fusion 360, Autodesk, 3D-0pyxk.
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Introduction. Present day automated design of complex shaped parts using
CAD/CAM/CAE software faces the task of creating a virtual 3D-model of an existing physical
object, without reference to the source documentary producer. A component part is measured
and processed up to the manufacturing stage in the format suitable for the designer. This work
is dedicated to the practical application of reversible engineering technology for elements used
in extreme downhill biking. Significant load leads to destruction of some parts of the
equipment, but replacement of a unit is economically disadvantageous. The paper describes the
course of modeling the idler lower pulley wheel of rear derailleur, gear-change mechanism (see
Fig. 1) and designing safety helmet added equipment mount.

Figure 1 — Rear derailleur (left) and its idler lower pulley wheel (visualization)

Latest research sources and publications analysis. In the absence of engineering
drawings and in the presence of a sound or damaged part, when repair parts supply is
impossible, there occurs the necessity to apply «reverse engineering» [1,2]. This term [3] is
understood as a possibility of determining 3D parameters of a detail in the absence of the
design documentation. It is possible to take measurements of the real dimensions (which has
actually been done) or to use 3D scanner for obtaining a «point cloud» [1,2].

Problem definition. The study is aimed at the practical application of knowledge,
obtained in the academic process, on computer 3D design of complex shape parts, using the
present day reverse modeling technology by means of licensed CAD/CAM/CAE software
PowerSHAPE 2015 sold by Delcam Ltd (UK) and Fusion 360 sold by Autodesk (USA).

Basic materials and the results. Nowadays, complicated high-curvature parts are
prevalent as a basis for the parts design. Our choice of reverse engineering is explained by the
fact that, though one of the idler lower pulley wheels was damaged, the rear derailleur has two
identical tooth gear wheels (upper and lower ones), and the upper one (jockey) remained sound;
therefore, there was an opportunity to determine the output parameters of the object’s
dimensions and shape. It should be noted, that we had to apply both solid modeling — two
sections rotation (Fig. 2) and surface modeling — for designing curvilinear edges (Fig. 3).
For surface modeling the specific command «smart surfacer» was applied. Finally, the surface
part of the model was converted into a «solid body» and the integrated element was created by
means of «Boolean combination process» (Fig. 4).
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Figure 2 — Solid modeling by means of rotation
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Figure 3 — 3D curves contours as basis for ‘“smart’ surface modeling

Combined application of solid and surface (hybrid) modeling is one of important features
of designing with PowerSHAPE. Meanwhile, there is a possibility of Tribrid modeling,
patented concept of Delcam Ltd., if in addition to the above technologies, triangulation
elements are used in one and the same design project. Tribrid modeling is a technology,
including (according to the project designer’s needs) not only surface and solid, but Triangle
modeling additionally. Combined application of all the available modeling types
(having significant differences in their bases) in one and the same program permits to avoid
export-import operations on transferring data to unauthorized software, improves the
performance quality. The above approach permits obtaining a product’s concept by its physical
model, not only by simple cloning. A wide range of functions, such as Boolean operations,
facet video overlay, morphing and many other features permit obtaining a prototype of an
object existing in reality, performing an object editing to improve its design and technological
properties
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Figure 4 — Complete solid model

To manufacture the part, the operation of the solid element exportation into the triangle
format of STL steriolithography was performed (the specialized Delcam Exchage software was
applied). For 3D printing PLA plastic was used. The bicycle-type bearing, remained from the
damaged part, was inserted into the tooth gear wheel (Fig. 5). The results of the printed tooth
gear wheel’s exploitation demonstrated that the part’s wear was insignificant, the part
performed its function successfully.

Figure 5 — Tooth gear wheel: the original (left) and the printed part

Delcam Ltd only permits home use of PowerSHAPE-e, a free version of
PowerSHAPE-Pro, which can be used for design ideas assessment, training and research
activities. However, file exportation (for instance, for manufacturing) is prohibited except for
the «user fees». For designing the other part — safety helmet added equipment mount for a
special GoPro camera, used to record race tracking video, another software, Fusion 360, was
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used. Information for users: Fusion 360 is a project developed by Autodesk corporation, and
Delcam has been its spin-off company since 2015.

Fusion 360 is an innovative software suite by Autodesk (USA) programmed as «cloudy»
CAD/CAM/CAE instrument for engineering designing, aimed at small enterprises, engineers-
inventors, etc. Autodesk Co (the world largest CAD/CAM/CAE technologies designer)
presents Fusion 360 as a sort of a test platform, because that very approach is to be applied in
the future versions of this company’s flagship programs. In our case, the important factor,
having prompted Fusion 360 application in reverse computer modeling, was a proposal made
by the rightholders of the free software product use for students and their teachers for the
3-years term. The peculiar feature of the Fusion 360 «cloudy» structure is the possibility of
working at a project both from a powerful graphic station and from a notebook, workpad and
even smartphone, as all the «difficult» calculations, conversion operations, visualization are
performed by the «cloudy» component available through Internet.

Various variants of universal added equipment mounts found in the Internet did not suit
our particular case, because these variants used either a double-sided mounting tape or flexible
mounts which were too huge or mounted in the wrong place, namely under the safety helmet’s
brim. Besides, to obtain a fixed joint, the lower surface of the part should duplicate the helmet’s
shape, fitting it tightly.

Safety helmet has a complicated shape, and it would be reasonable to apply reverse
engineering of a 3D point cloud. The absence of such an option prompted to make use of a
simple technique, namely: a fragment of expanded polystyrene was tightly pressed to the
helmet in the place where a mount will be located. The obtained counterproof was scanned, and
the bit map image was transferred to Fusion 360 software, where the picture was calibrated
according to its real size (Fig.6). In PowerSHAPE the analogous command is absent.
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Figure 6 — Counterproof image in the process of calibration

The next stage was mount profile modeling by means of vector primitives (Fig. 7).
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Figure 7 — Mount profile modeling

After comparing the vacant space under the helmet’s brim, where a camera would be
mounted, and the camera’s dimensions, joint endpoint and the designed dimensional
specifications of the mount were determined. At the first stage a sketch («Sketch» function)
was drafted, and after the «Extrude» function had been used, a 3D part blank was obtained.
The second stage was removal of extra volume to reduce the whole mount’s weight and for
efficient use of the material. The third stage was formation of a mounting site for special
disarticulation of the GoPro camera for fixing it by means of a bolt-on junction, without a
possibility of screwing the nut (Fig. 8).
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Figure 8 — Mount model in the Fusion 360 “cloud” environment

Version design method permitted to maximally reduce the model’s weight, preserving the
sufficient hardness and torsional rigidity, which have positively effected the video record.

For the preliminary modeling results assessment, the project visualization was performed
(Fig. 9) using the «Render» module. After the full completion of the project, the model was 3D
printed (PLA plastic was used again, but this time it was colored green).
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Figure 9 — Visualization of the GoPro camera mounting onto the safety helmet

The item translated into reality, due to peculiar features of 3D printing, had a lot of extra
supporting material necessary for building the model’s fragments. After the above “support”
had been removed, the model was immediately tested under the sporting contest conditions.
The mount has presented itself well, camera records sustained video. The camera’s mounting is
simple and easy without any additional tools. Due to a specially designed mount the camera
does not stand proud of the helmet, it is compactly located under the helmet’s brim, which
provides additional protection.

The camera mount is presented in the Autodesk Fusion 360 project gallery
(https://gallery.autodesk.com/fusion360/users/VEU6L4AXRESP) and at the International
competition on students’ 3D modelling in P.Y. Sukhoy State Technical University of Gomel
(Belarus) (https://www.gstu.by), where the project was announced the winner and awarded the
second class winner’s certificate.

Conclusions. The implemented models have permitted to study practical application of
the today’s software, produced by the world leaders of CAD/CAM/CAE technologies, and to
master the reverse engineering of complex shaped parts with their further 3D printing.
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ANALYSIS OF STRESS-STRAIN STATE OF THE STEEL-CONCRETE
COMPOSITE RIBBED SLAB AS A PART OF THE SPATIAL GRID-
CABLE SUSPENDED STRUCTURE

The nature of deformation and stress distribution in steel-concrete ribbed composite slab
that is part of the space module of the steel and concrete grid-cable composite structure with
span of 30 m were investigated. The plate was made with 20 mm thick and the size in terms
1.5x1.5 m. The plate has 30 mm height and 50 mm width ribs that giving the plate additional
rigidity. Strengthening steel-concrete composite plate is provided with woven nets from steel
wire by a diameter of 0.9 mm and a cell size of 12x12 mm. Connections woven reinforcing nets
with each other is performed using embedded parts. The ribs were reinforced with rods of class
A400C diameter of 6 mm. The design is made from the fine concrete C25/30. Analysis of stress-
strain state the design was made with a numerical method. For the modeling of the physical
and mechanical properties of the materials of the plates have been reduced characteristics. The
main parameters were reduced modulus of elasticity plate and ribs.

Keywords: steel-concrete composite material, plate, modulus of elasticity, stress-strained
state.
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Ilonmascvkuii HayionanbHuti mexHiynuil yHieepcumem imeni FOpisi Konopamioxa

AHAJII3 HAIIPY)KEHO-IE®@OPMOBAHOT'O CTAHY
APMOIIEMEHTHOI PEBPUCTOI IIVIUTH, SIKA € YACTUHOIO
IMPOCTOPOBOI CTPYKTYPHO-BAHTOBOI KOHCTPYKIII

Hocniooceno xapaxmep OegopmyeanHs ma po3nooil HANPYHCEHb 8 aApMOYeMeHMHIl
pebpucmiii  naumi, AKA € YACMUHOW NPOCMOPOBO20 MOOYISL CMPYKMYPHO-8AHMOBOL
cmaneszanizobemonnoi koncmpykyii nporvomom 30 m. I[lnuma euxonana moswunoio 20 Mm i
posmipamu Ha naawi 1,5%1,5 m, mae pebpa eucomoro 30 mm i wupurnoro 50 mm, sKi HaoarmMo
naumi 000amKo80i HcOpCMKOCMI. 3MiyHeHnHs naumu 3a0e3nedeno NniemeHuMu CimKamu 3i
cmanesoeo opomy odiamempom 0,9 um i posmipom yapyuku 12x12 mm. 3’eonannsn niemenux
APMYBANbHUX — CIMOK  Midc co00I0  BUKOHAHO 3a  OONOMO20I0  3AKIAOHUX — Oemaiel.
Pebpa swcopcmrxocmi apmosano cmpusicnesoro apmamyporo xkaacy A400C diamempom 6 mm.
Koncmpyxyiio eueomoeneno 3 opionozeprucmozo o6emony mapku 300. Ananiz nanpysiceno-
oepopmosano2o cmamny O0O0CHIONCYBAHOI KOHCMPYKYIL BUKOHAHO 3d OONOMO20I0 YUCETbHO20
memooy. [na mooentosanHs @HizuKo-mMexaHivHux eiacmueocmeti mamepianie naumu 6y10
sugedeno npusederi xapaxmepucmuxu. OCHO8HUMU napamempamu OVIU NPuBeoeHi MoOoYi
APYACHOCIE NAUMU T peOP HCOPCMKOCH.

Knrouoei cnosa: cmanesanizobemon, nauma, MoOYib NPYHCHOCMI, HANPYHCEHO-
degopmosanuii cman.
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Introduction. The development of the construction industry needs to change and
implementation of the latest designs. The obligatory condition for a successful implementation
of design concepts into real sector of the construction are their researching and compliance with
today’s requirements. The design that completely satisfies these requirements is the steel and
concrete grid-cable suspended composite (SCGSC) structure this is the rod-plate system that
has the modern concept. The originality of this concept lies in combining in a structure of
various elements, the effectiveness of which is determined by the terms of their particular
location in structure. The SCGC construction consists of three structural elements: a lattice, a
top and bottom chords. As the bottom chord, use the steel-concrete composite ribbed (SCCR)
slab.

Analysis of recent sources of research and publications has shown that steel and
concrete composite is a material that were used very widely in various fields of construction
[1 — 3]. There are research papers that described the study of stress-strain state of individual
elements of the SCGC structures or small-scale samples and models with experimental and
theoretical ways [4] among a number of research papers that aimed at studying the steel and
concrete composite constructions [5 — 10].

The method of computer modeling describes in [11] to calculate steel and concrete
composite slabs. There is a calculation of the steel and concrete composite slabs with steel belt
contour in [12].

Highlight unsolved parts of the general problem. The analysis of previous works has
shown that full-size samples of the SCCR slabs for the SCGSC structure have not studied yet.
This is the reason and given the importance of the confirmation of the reinforcing efficiency of
the invention, the research of the stress-strain state of the SCCR slab is actual subject.

Formulation of the problem. Task consists in study the stress-strain state of the full-size
samples SCCR slabs using the results of previous studies and given the features structural
concept.

The main material and results. Calculation was made on the example of the
SCGSC shell with span 30 m (Fig. 1). The shell consists SCCR slabs with 20 mm thick and the
size in terms1.5x1.5 m (Fig. 2). The plate has 30 mm height and 50 mm width ribs that giving
the plate additional rigidity. Strengthening steel-concrete composite plate is provided with
woven nets from steel wire by a diameter of 0.9 mm and a cell size of 12x12 mm. Connections
woven reinforcing nets with each other is performed using embedded parts. The ribs were
reinforced with rods of class A400C diameter of 6 mm. The design is made from the fine
concrete C25/30.

Z 7

¥ 30 M )

Figure 1 — The steel and concrete grid-cable suspended composite shell:
1 —a column; 2 — a bottom chord;
3 — the steel-concrete composite ribbed (SCCR) slab; 4 — a lattice
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Figure 2 — The steel-concrete composite ribbed (SCCR) slab (a)
and the reinforcement of SCCR slab (b)

Analysis of stress-strain state of the SCCR slab has investigated with the FE method.
For this had been defined physical and mechanical properties of materials by experimental way
(Fig. 3) and the average modulus of elasticity for different parts of the SCCR slab by the
method described by E. Lysenko (Fig. 4, a). There is the boundary conditionals on Fig. 4, b.
The result of the solving is contours of stresses (Fig. 5 — Fig. 7) of the SCCR slab.
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Figure 3 — The stress-strain curve:
a) concrete C25/30; b) steel reinforcement A400C
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Figure 4 — The average modulus of elasticity for different parts of the SCCR slab (a)
and boundary conditionals (b)
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Figure 5 — The solid Von Mises stress contour, N/m?:
a) top of the SCCR slab; b) bottom of the SCCR slab;
¢) criteria levels of the stress contour

There is the Solid Von Mises Stress contour on the Fig. 5 shows that maximum stresses
have appeared in the ribs. The value of the maximum stresses in the ribs higher than stresses in
the middle of slab almost in two times 5.97 MPa /3.18 MPa=1.88. It means ribs were involved
in the joint operation together with SCCR slab.
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Figure 6 — The solid mean stress contour, N/m?:
a) top of the SCCR slab; b) bottom of the SCCR slab;
¢) criteria levels of the stress contour

There is solid mean stress contour on the Fig. 6 shows zones where compressive and
tensile stresses have appeared. The compressive and tensile stresses are approximately equal
among themselves. There are mean stresses in the ribs have changed sign from «+» at the end
to «—» at the middle point of the rib. It means the SCCR slab has been bended. There are mean
stresses in the slab have decreased from the middle to the end radially.
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Figure 7 — The solid X normal stress contour, N/m?:
a) top of the SCCR slab; b) bottom of the SCCR slab;
¢) criteria levels of the stress contour
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Figure 8 — The comparison of cracks in the experimental model (a)
and the numerical model (b)
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Figure 9 — The height of the compressed zone along the axes X
and Y of the SCCR slab
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Fig. 8 shows a comparison of cracks in the experimental model with the numerical
model. It is evident that the stress-strained state of the experimental model and the numerical
model is similar. If we trace an imaginary curve between stresses with different signs, we get
direction of cracks formed in the experimental sample. Fig. 9 shows height of the compressed
zone along the axes X or Y and obviously that it lower in the middle than at the sides.

Conclusions. The method described by E. Lysenko allows to obtain the average elastic
modulus are used for numerical modeling behavior of the SCCR slab under load. Contour of
the stresses and displacement were obtained with modeling behavior of the SCCR slab.
Analysis of stress-strain state of the SCCR slab showed similarity data with the results that
were obtained with experimental way. The stress state the SCCR slab indicates that ribs are
behavior compatibility with slab. All this data proves effectiveness of the reinforcement the
SCCR slab. It means that the SCCR slab can be designing with the FE method.
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V]IK 539.3

Hsz6aw M.IO., 0.m.1., npogheccop
Kpymosa H.A., accucmenm
Xapbkosckuti HAYUOHATbHBIN YHUGEPCUMEN CIMPOUMENLCIEA U APXUMEKNY Dbl

AHAJIN3 HANIPS’KEHHO-JE®@OPMHUPOBAHHOT'O
COCTOAHMUA HTWINHAPUYECKOU OBOJIOYKMY,
HOAKPEIIVIEHHOMU IHNITAHI'OYTAMHU

s BbINONIHEHUS ananusa HaNpsCeHHO-0edopMUpoB8aHHo20 cocmosHuUs
YUTUHOPUYECKUX 000/104eK, NOOKPENJIeHHbIX —WNAH2OYMAaMU, Obliu 835Mbl  3d  OCHOBY
YUIUHOpuYecKue MOHKOCMeHHble 00010YKU, C80000Hble om 3axkpenierus. L{ununopuueckue
0001104KU cModenuposansvl 8 npoepammuom komniexce SCAD 11.5. Komopvie Haxooamcs noo
s030elicmeuem 6HYMpeHHe20 pPasHOMepHo2o oasieHus (. CpasHeHue nposoOOUNOCh HA
O0CHOBAHUU 00010YeK, NOCMPOEHHBIX NO 0bueli meopuu 000J104eK U N0 MeMOPAHHOL Mmeopuu
obonouek. B coomeemcmeuu ¢ obweii meopueti 000J104eK 2eOMeMPULECKas HeU3MeHIeMOoCb
pacyemHoll cxemobl 00eCnedu8anIdcy 3a cuem HanI0HCeHUs C8s3ell No YCI08UAM ee CUMMempul, d
8 COOMBEMCMBULU ¢ MeMOPAHOU meopuell — ¢ NOMOWBIO HANONCEHUs C853¢ell HA 8Ce Y2llosble
nepemeweHusl 80 8cex y3nax pacuyemuou cxemuvl. B pezynbmame nookpennenus wnaneoymamu
nepeo2o u 8Mopo2o 8APUAHMOE YUTUHOPULECKUX 000104eK OblIU NOIYYEeHbl pACYemHtble CXembl
C JHCeCmKO 3aKpenieHHbIMU WUNAH2OYMAMU.

Knroueevle cnosa: manpsajiceHHo-0eqh)OpMUPOBAHHOCO COCMOSHUSA, YUTUHOPUYECKUE
000104KU, WNAH20YMbL, MOOEIUPOBAHUE 0D0NOYEK.

BBoaw M.IO., 0.m.u., npogecop
Kpymoesa H.O., acucmenm
Xapxkiscokuil HayioHanbHUll yHiGepcumem 0yO0i6HUYMBEa ma apximexmypu

AHAJII3 HAIIPY’KEHO-TE®OPMOBAHOI'O
CTAHY HWITHAPUYHOI ObOJIOHKHU,
HIAKPIIJVIEHOI HHIITAHI'OYTAMMU

Hna euxonanusa aHanizy HAnpys#ceno-0ehopmosanoco cmamy YuiiHOpuuHUx 00OO0JIOHOK,
NIOKPINIEHUX WNAH2OYMaMu, OYI0 634mo 3a OCHOBY YUNIHOPUYHI MOHKOCMIHHI 00OO0JOHKU,
BIIbHI 810 3AKPINIEHHSA, AKI 3HAXO0AMbCS NI 8NIUBOM SHYMPIUHBLO2O PIBHOMIPHO20 MUCKY (.
Huninopuuni obonouku smooenvosarno 6 npocpamuomy xomniexci SCAD 11.5. Iopisuanmns
NPOBOOUNOCS HA NIOCMABL 000NOHOK, NOOYOOBAHUX 34 3A2ANbHON Meopiclo 000NOHOK | 3d
MeMOpanHoto meopierw 00010HOK. Bionosiono 0o 3acanvnoi meopii 00010HOK 2eoMempuyHy
He3MIHHICMb PO3PAXYHKOB0I cXeMu 3a0e3neueHo 3a paxyHOK HAKIAOeHHs 36 A3Ki6 3a YyMOBAMU
cumempii, a 8i0N0BIOHO 00 MeMOPAHHOT Meopii — 3a O0NOMO20K HAKIAOEHHs 36 A3Ki68 HA 6CL
KYMOoBi nepemiujeHHs 8 YCiX 8y31aX pO3pPAXyHKo6oi cxemu. Y pezynomami niOKpinienHs
WNan2o0ymamu nepuioco i 0py2020 6apiaHmieé YuniHOPUYHUX O0OO0JIOHOK OYI0 OMPUMAHO
PO3PAXYHKOBL CXeMU 3 HCOPCMKO 3aKPINICHUMU WNAH2S0YMAMU.

Knrouoei cnosa: nanpysceno-oegopmosanuii cmaH, yuniHOpuyHi 060I0HKU, WNAH20YMU,
MOO0ento8anHs 060I0HOK.
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UDC 539.3

Izbash M., DSc, Professor
Krutova N., assistant
Kharkiv national university of construction and architecture

THE ANALYSIS OF AN INTENSE DEFORMABLE
CONDITION OF THE CYLINDRICAL SHELL
SUPPORTED WITH BULKHEADS

Cylindrical thin-walled shells, free from fixing which are under the influence of the
internal uniform pressure of q, have been taken as a basis for implementation of the analysis of
the intense deformed condition of the cylindrical shells supported with bulkheads. Modeling of
cylindrical shells was carried out in the program SCAD 11.5. Comparison was carried out on
the basis of the shells constructed according to the general theory of shells and according to
the membrane theory of shells.

The task of the analysis of the intense deformed condition of a cylindrical shell is rather
difficult both at calculation by means of theories of covers, and by means of finite-element
method (FEM). The main problem of the general theory of shells is approximate data of a
three-dimensional regional task to two-dimensional. The biggest difficulty in the momentless
theory of shells is drawing up conditions of movements interface. The main difficulties on a
solution of problems of thin-walled designs deformation are connected with the need of the
fulfilment of conditions in convergence. One of such conditions is the need of observance of a
continuity of required functions.

For creation of the structural design scheme according to the membrane theory, the
system of a general view, shell elements — finite element (FE) of 44 type was used. Geometrical
stability of the structural design scheme is provided due to imposing of communications under
the terms of its symmetry.

For creation of the structural design scheme according to the membrane theory, the
system of a general view, shell elements — FE of 44 type was used. Geometrical stability of the
structural design scheme is provided due to imposing of communications under the terms of its
symmetry, and also for compliance of work of a cylindrical shell, according to the membrane
theory, reached by means of imposing of communications on all angular movements in all
knots of the structural design scheme.

In this work the option with a discrete arrangement of reinforcements (bulkheads) for the
first and second option of shells is considered. Creation of models and researches were
conducted at the following assumptions: the centers of gravity of cross sections of bulkheads lie
in a median surface of a covering; axes of bulkheads are inextensible. For modeling of
bulkheads the elements FE of 44 type were used. Frames are placed with an equal step and at
distance of one meter from low and top edges of shells, joining of a bulkheads with a shell was
carried out rigid (restrictions on all directions of communications were imposed).
As a result of reinforcement with bulkheads of the first and second options of cylindrical shells,
structural design schemes with rigidly fixed bulkheads have been received.

As a result of the executed calculation, data on deformation and tension have been
obtained. Comparisons were carried out on radial, meridional and total movements.

Keywords: intense deformed state, cylindrical shells, bulkheads, modeling of shells.
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Benennne. B nmanHoit paboTe MpOBOIUTCS MOICIUPOBAHUE B MPOTPAMMHOM KOMILIEKCE
SCAD 11.5 uumiavHAPUYECKUX TOHKOCTEHHBIX OOOJIOYEK, MOJKPEIJICHHBIX MLIMaHIOyTaMHu.
Ha ocCHOBaHMM MOJYy4YEHHBIX pE3YJIbTATOB pacyeTra IPOBOJMUTCS AHAIN3 HANPSKEHHO-
ne(OpPMHUPOBAHHOTO COCTOSIHUA OOOJIOUEK B 3aBUCHUMOCTH OT TNPUMEHSEMOW TEOpHM IS
MOJICTUPOBAHUS 000JI0UEK.

AHa/IU3 MOC/AeHUX HCTOYHMKOB mHccHe0BaHM W mnyoOaukanuii. CoBpeMeHHas
TeOpHsi 00O0JIOYEK — 3TO OOMIMPHBIA pa3iesl MEXaHUKHA TBEPAOro AchOpMHPYEMOTO Tela,
KOTOPBII BKJIIOYAaeT B ceOsl Pl CAMOCTOSITEIBHBIX Pa3AesioB, U3yYarOIuX Pa3InYHbIC KJIACCHI
000JI04€K: OJHOCIONHBIX, MHOTOCIIOMHBIX, PEOPUCTHIX, CETYATHIX, MIATKUX U Ap. B Teopuu
000JI0YEK MPUHSTO BBIACIATH JIBa pa3IMYHBIX TUMNA: Teopuu Tuma Kupxroda — JlsBa u reopun
tuna Tumormenko — Peiiccaepa[6].

Teopun tuma Kupxropa - JlsBa NpUMEHUMBI [UIsI HMCCIEAOBAHUS HAMPSHKEHHO-
ne(OPMUPOBAHHOTO COCTOSIHUSI TOHKOCTEHHBIX OJHOCIOWHBIX 000JI0YEeK, B KOTOPBIX
KECTKOCTh Ha TOMEPEYHbIH CIBUT SBISIETCS OCCKOHEYHO OOJBIIONW, a BEKTOp JedopMmanuu
MOTIEPEYHOT0 C/IBUTa MPUHUMAETCS PaBHBIM HYIIO. JTO oaHa u3 rumnore3 Kupxroda — Jlssa,
COTJIACHO KOTOPOM CYMTAeTcs, 4YTO HOpMalbHOE K HeAeQOpPMHUPOBAHHOW CpEIUHHON
MOBEPXHOCTU BOJIOKHO 00O0JIOUKH OCTAeTCsl HOPMAJIbHBIM K HEl U mociie fedopMaiiuy, a TakxKe
HE MEHsSeT CBOeH UIMHBI [2], HO JUIs APYrHX TUIOB OOOJIOYEK STOW TEOPUH OKA3bIBAETCS
HEJOCTATOYHO.

Teopuss o6onouek Tumomenko — PeiiccHepa mnpexacraBisger co0oil ypaBHEHHE
TUTIEPOOIMYECKOTO THIA JECATOTO mopsaka. B ornmuuue ot teopun Kupxroda — JIssa, Teopus
Tumomenko — PeliccHepa He SABIsETCS yHUBEpCAIbHOU. B HEHl HE CylecTBYyeT OQHO3HAYHOIO
OyTU JJIS ONPENENICHUs >KECTKOCTH Ha IMONEPEeYHBbId CIBUT, W pa3jIUyYHbIE 3aJaud TpeOyroT
pa3MYHbIX 3HaYeHUH K03 PumeHToB nonepeunoro casura [11].

Teopun nunuHAPUYECKUX 000J0YEK B pa3HOe Bpems pazpadaTteiBaiuch B. 3. BiacoBeiM
[3], JI. Jonuenom [5], A.A. Ymauckum [14], C. H. Kanom [7] u ap.

B Teopun umnaMHIpUYECKUX OO0OJOYEK OCHOBHBIM BOIPOCOM SIBJIETCS pacyer
3aMKHYTBIX IWJIMHAPUYECKUX O0OO0JIOYEK W HE3aMKHYTBIX LWIMHIPUYECKUX 000JI0UeK,
TPaHMIBI KOTOPBIX — JIBe oOpasyromue u aBe Hampasisroniue [10]. Baxublii Bompoc-pacyeT
IWIMHAPHUYECKUX 000JI0YEK, MOAKPEIUIEHHBIX PAaBHOOTCTOALIMMHU MOMIEPEYHBIMHU peOpamu.

3ayacTyr0 TakMe 3aJa4yd  pEelIaloTCs  METOJOM  JIBOWHBIX WM OAMHAPHBIX
TPUTOHOMETPUUECKUX PsoB. IIpakTHUecKyr0 LIEHHOCTh NPEACTABIAET METOJX OAMHAPHBIX
PAIOB, TMO3BOJSIONIMI NOTYMHUTH pEUICHHE Ha JBYX KpasX OOOJOYKH MPOU3BOIbHBIM
IPaHUYHBIM YCJIOBUSAM. VICIOIB30BaHME 3TUX pPAcUETHBIX METOAMK 3aTPYAHSUIN I'POMO3AKHE
mubdepeHIManbHble  ypaBHEHHWS W MX BBICOKMM mopsanok. Jlns wux  ympoieHus
WIMHIPUYECKUE 000I0YKU CTaIN MOAPA3IEIATh: OUeHb JJIMHHBIC, JUIMHHbIE, CPEAHEN JTHHBI,
KOPOTKHE.

Jns o4eHb IUIMHHBIX W JUIMHHBIX oOosiouek B. 3. BmacoB mpemioxun Teopuro HxX
pacuera, KOTOpasi Ha3BaHa 1oJly0e3MOMEHTHOH [9].

Jlns obecriedeHust KECTKOCTH U MECTHOM YCTOWYMBOCTH LMJIMHIPUYECKUX 00O0JIOUEK MX
3a4acTyl0 MOJAKPEIUIAIOT MOMepeyHbIMH peOpamu. Pacuer Takux o0oiouek — 3aaaya BechbMa
TPOMO3JIKasi, €CJIM K HEW MOAXOAUTH C MO3ULUU TOYHOI'O YAOBIIETBOPEHUS YCIOBHM B MECTax
compsbkeHust pedep ¢ oOmmBKoH. Pazpaborana ympolleHHass METOAWKA pacueTa IMIUHIPH-
YECKHUX 000JI0Y€K, IMMOJKPETUICHHBIX PABHOCTOSAIIMMH MTONIEPEYHBIMU pedbpamu [9].

B pemenun 3amay CTpOUTENBHOW MEXaHUKH U MEXaHUKU Ae(POpPMUPYEMOTro TBEPIOTO
Tena OoJplIOe 3HA4YeHHE MPUOOpeNr YHMCICHHBIE METOJbl, OCHOBAaHHBIE HAa BapHALlMOHHBIX
nocraHoBkax. Oco0oe MecTo Cpeau HOBBIX METOJOB pEUICHHs 337ad 3aHUMaeT MeETO[
KOHEYHBIX 35ieMeHTOB (MKD). B Hacrosiee BpeMst 3TOT METO/T 3aJ105KEH B OCHOBY MOYTH BCEX
CUCTEM aBTOMATHU3MPOBAHHOTO pacyeTa KOHCTPYKLUMH BO MHOIMX OTpPACHSAX TEXHUKH:
INPOMBIIUIEHHOM M TPaXXJIaHCKOM CTpPOMUTENIBCTBE, CYAOCTPOCHUHM, aBHACTPOCHUU U T.[.
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[15, 17, 18]. Teopun u pemeHuto 3a1a4 aeGOpMUPOBAHUS KOHCTPYKIIMA METOJIOM KOHEUHBIX
AJIEMEHTOB TIOCBSIIEH LENbIA psig MOHOTpaduii u ydeOHuKoB. Cpeu HUX CIeTyeT OTMETHTh
pabotsr H.A. Andyrora [1], A.B. Ilepensmyrepa u B.M. Cnuskepa [12], O. 3enkeBuua [15],
O. Muruenna [16], P. 'annarepa [4].

B BhIlIeynoMsiHyThIX paboTax paccCMOTPEHBI BOIIPOCH pacueTa KOHCTPYKIMMA pa3IN4HbIX
TUTOB: CTEP>KHEBBIX CHUCTEM, OCECHUMMETPUYHBIX M TPEXMEPHBIX KOHCTPYKIMH, a TaKxe
OTJECNbHBIE BOMPOCHI pacyeTa TOHKOCTEHHBIX KOHCTPYKIUK (000JOYEeK W TIJIACTHH).
Monorpadust P. b. Pukapaca [13] momHOCTBIO MOCBSIIEHA MPUMEHEHHIO METOAA KOHEYHBIX
3JIEMEHTOB B PacyeTax TOHKOCTEHHBIX KOHCTPYKIHMM. IIpr 3TOM paccMOTpeH Lenblii KOMIUIEKC
npo0JieM: MOCTPOSHUSI OCHOBHBIX COOTHOIICHHN TEOpUU O0OJOYEK, BBHIBOJA BapUAIMOHHBIX
YPAaBHEHUN pPa3IUYHBIX THUIIOB, IOCTPOEHUS KOHEUYHBIX 3JIEMEHTOB, YHMCIICHHAs peaau3aius
METO0/1a KOHEUHBIX 3JIEMEHTOB U PEIICHHUE MPAKTUUYECKUX 3a/a4.

BoineieHue He penleHHbIX paHee 4acTedl o0meidl mnpodsaembl. 3amaya aHaiausa
HANPSDKEHHO-EOPMUPOBAHHOTO  COCTOSIHUST — ITWJIMHJPUYECKOM  O0ONOYKH  SIBISIETCS
JIOCTATOYHO CJIOKHOM Kak MPHU BBIYHUCICHUH C TOMOIIbIO TEOpUil 000J104€eK, TaK U C TOMOIIbIO
MKD. OcHoBHO# MTpo06IEMOIi MOMEHTHOW TEOPUH TOHKHUX 000JIOUEK SIBIISIETCS MPUOIMKEHHOE
CBEJIEHHE TPEXMEPHOU KpaeBoM 3a1aun K AByXMepHoH. Hanbosee cioxxHbIM B 0€3MOMEHTHOM
TEOpUHU 000JIOYUEK SIBJISIETCSI COCTABIICHUE YCIOBUI COTPSIKCHHSI IIEPEMEIIICHUN.

B cnydae moakpernieHuss mMONEpedyHbIMH pebpaMu  (IMAHTOyTaMH) TOHKOCTCHHBIX
[WIMHIPAYECKUX 000JI0UEK MCIIONB3YIOT YIPOIICHHBIE METOAMKU pacueTa, CYuTast 000JI0UKH
OpPTOTPOIHBIMH, PACHPENESIOT KECTKOCTh KaXJoro pedpa MO Bceil IIMpPUHE TPOJIETa,
MOJIJICPIKUBAEMOTO PEOPOM, I CYMMHPYIOT C COOTBETCTBYIOIIUMU JKECTKOCTSIMH OOOJIOYKHU B
KOJIbIIeBOM HampaBieHud. [loaxperyienHas o0oiouka B pacuere 3aMEHsIeTCsS SKBUBAJCHTHOM,
0e3 pebep. [Ipu 3TOM 3KBUBaTICHTHAs 0007104YKa 001alaeT pa3HBIMU yIIPYTUMU CBOMCTBAMHU B
MPOJOJILHOM U KOJIBIIEBOM HAINpaBiIeHUH. Takas METO/IMKa pacuyeTa MOJAKPEIJICHHBIX 000JI0UeK
npremiiemMa, eciii pebpa MocTaBIeHbl YaCTO U YUCIO UX JOCTAaTOYHO BETUKO. B 3TOM ciydae
MOTPENIHOCTh PACU€TOB OTHOCUTENBHO Hebombias. [Ipu pacuere Takux 000J10U€K UCIIOIB3YIOT
JOTIYIIIEHHE, YTO pedpa 00Iaal0T KECTKOCTSIMH TOJIBKO B OTHOIIICHUHU PACTSHKEHUS U U3rnoda B
cBoeil mockoctH. JKecTkocTsMu pebep mpu H3rude U3 IUIOCKOCTH M HpU KPYYEHHH
npeHedperaior.

OcHOBHBIE TPYAHOCTM Ha IyTH pelIeHHus 3adad JAeOPMUPOBAHUS TOHKOCTEHHBIX
KOHCTPYKIIUHA METOJIOM KOHEUYHBIX JJIEMEHTOB CBSI3aHBI C HEOOXOIWMOCTHIO BBIIOTHCHHUS
OTIpe/IeNIEHHBIX YCIOBHM cxoAuMOCTH. OJHUM U3 TaKUX YCJIOBHH SBIsSIETCS HEOOXOIMMOCTb
COOJIOZICHHSI HEMIPEPHIBHOCTH MCKOMBIX (DYHKIIMN, a MHOTJA U UX MEPBBIX MPOU3BOJHBIX Ha
TPAHUIAX CMEKHBIX 3JIEMEHTOB.

IlocranoBka 3agaHusi. 3aJaHUE€ COCTOUT B AaHAIM3€ W3MEHEHHS HaNpsHKEHHO-
ne(hOPMUPOBAHHOTO COCTOSTHUS [IJIUHAPUICCKON 000I0UYKH, MTOJKPETUICHHON ITMTAHTOyTaMU, B
3aBUCHUMOCTH OT MPHUMEHSIEMONW TEOpUM IS IOCTPOEHHUS PACUYETHBIX CXeM O0O00JIoUeK B
nporpaMMHoM komiiekce SCAD 11.5.

OcHOBHOM MaTepuajJ M pe3yiabTarTbl. [[7s BBINIOJHEHUS CpPaBHEHHUS HW3MEHEHMI
HANPSDKEHHO-1e()OPMUPOBAHHOTO COCTOSIHUSL [UJIUHAPUIECKUX O0O0JOYEK OBLTH B3STHI 3a
OCHOBY LMJIMHAPUYECKHE TOHKOCTEHHBIE O0OJOYKH, CBOOOJHBIE OT 3aKpEIICHUs, KOTOpbIE
HaXOJATCs 1OJ] BO3/IEHCTBUEM BHYTPEHHETO PABHOMEPHOTO JABJICHHUS (.

MonenupoBaHue HUIMHAPUIECKUX 000JI0UYEK MPOBOJMIOCH B MPOTPAMMHOM KOMILIEKCE
SCAD 11.5. Komiuiekc peanu3yeT KOHEUYHO-3JIEMEHTHOE MOJCIUPOBAHUE CTAaTUUYECKUX W
JTUHAMHYECKHX PACUETHBIX CXEM, MPOBEPKY YCTOWYMBOCTH, BBHIOOP HEBBITOJHBIX COYETAHUI
YCHIIUH, TOA00p apMaTyphl KeIe300€TOHHBIX KOHCTPYKIIHH, TPOBEPKY HECYIIEH CIOCOOHOCTH
CTaJIbHBIX KOHCTPYKITUH.
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Hcxonnble gaHHBIE A MOJEIMPOBAHUS IMJIMHIPHUYECKUX TOHKOCTEHHBIX OOOJIOYEK:
Moxynb ympyroctu — 3,001-10° xITa; kos¢dumment ITyaccona — 0,2; TommHA 060TOUKH —
0,16 m; paamyc cpenuHHON TOBepXHOCTH oOojouku — 1,0 m; mmHaA obomouku — 4,0 M;
BHyTpeHHee nasnenue — 10,0 klla.

CpaBHeHHE NMPOBOIMIOCH Ha OCHOBAHWU O0OJIOYEK, MOCTPOEHHBIX MO OO0IIeH TeopHuH
o0oJouek (Menkas ceTka) U o MeMOpaHHOM Teopun 00004eK (KpyrnHas ceTka) (puc. 1).

s mocTpoeHusi pacyeTHOM CXEeMbl MO TIEPBOMY BapuaHTy (puc. 1 a ) ucnosib3oBaiach
cucreMa 5 (cucTema oOIIero BUaa), 3JeMEHTHI 000109k — KOHeuHbIe eneMeHTH (KD) tuma 44,
reoMeTpuuecKas HEU3MEHSIEMOCTh PAacueTHOW cXeMbl oOecreyrBanach 3a CUET HaJIOXKEHHS
CBSI3€H 10 YCIIOBUSIM €€ CUMMETPHUHU.

JInst moCcTpoeHMsI pacyeTHOM CXEeMBblI IO BTOPOMY BapHwaHTy (puc. 1 0) ucmonb3oBajgach
cucTema o0mIero Buaa, 3MeMeHThl 00010uku — KO tumna 44, reomerpudeckas HEU3MEHSIEMOCTh
pacueTHOM cxeMbl obecredrBaiach 3a CYET HAJIOKEHUSI CBSA3EH 1O YCIOBUSM €€ CUMMETpUH, a
COOTBETCTBUE PAaOOTHI IIMIIMHAPUIECKON 000I0UKH COTTIaCHO MEMOPAaHHON TEOPUU JOCTUTIIOCH
C TMOMOIIBI0 HAJIOKEHHUS CBSI3eH HAa BCE YIJIOBBIE NEPEMEIICHUS BO BCEX Y3JIaX pacueTHOM
CXEMBI.

a) I 0)

-1'.'1‘1111":‘.",.";1:111"."“ 1 "..‘.'-

Pucynok 1 — PacueTHble cxeMbI:
a — 000J104Ka, MOCTPOEHHAs [0 MEMOPaHHOI TeOpHH 000JI0UEK;
0 — 00011049Ka, MOCTPOCHHASI IO O0IIEH TEOPHH 000JIOUYEK

3amayy 1O OMPEIENICHUI0 HAMpPSKEHHO-AEPOPMUPOBAHHOTO COCTOSIHUSI 0OO0JIOUKH,
NOJKPEIUIEHHO!N IIIaHrOyTaMH, PEIIaloT B JIBYX OCHOBHBIX BapHaHTaX: C ITOMOILIBIO 3aMEHBI
MOJAKPETUICHHOW OOOJIOYKH OJIHOPOJHON OPTOTPOIHOW OOO0JIOUKOHN (ITyTeM «pa3Ma3bIBaHUS»
YKECTKOCTEN IIINAHTOyTOB) MM C YYE€TOM AMCKPETHOIO PACIOIOXKEHUS MOAKPEITIEHUHM IyTeM
UHTETPUPOBAHUS YPABHEHUN YCTOMYMBOCTH TJAJKOH OOOJOYKM W BBIMOJHEHHUS YCIOBUM
CTBIKOBKH €€ CO IIMaHTOyTaMH.

B nanHoii paboTe paccmarpuBaeTcs BapHaHT C JAUCKPETHBIM PACHOJIOXKEHHEM
MOAKPEIUICHUH (IIMAaHTOyTOB) Ui TIEPBOTO W BTOPOro BapuaHTa obOojouek. [loctpoeHme
MOJieJIe M MCCIEN0BaHUS IMPOBOJWINCH INPHU CIEAYIOIUX JONYLIEHUSAX: LEHTPBI TAXKECTH
MOMEPEYHbIX CEYEHUH IIMAaHrOyTOB JI€KaT B CPEAMHHOM TOBEPXHOCTH OOIIMBKH; OCH
LITAHTOYTOB HEPACTSKUMBI.
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Jlns MopenupoBaHUs IIMAHTOYTOB HCHoJib30oBamnch KO tmma 44, Obuta 3amaHa
JKECTKOCTh IUIACTHHBI CO CIEAYIONMMH IapaMeTpaMu: Moxynmb ympyroctd 3,00-10°xH/M?,
koddurment Ilyaccona 0,2 M, Tommuua npuHsata 0,2 m. [llnmanroyTel pa3smemaroTcs C
pPaBHBIM IIArOM W Ha PAcCTOSHUU OJHOTO METpa OT HM)KHEr0 M BEPXHEro KpaeB 000JI0YEK,
CTBIKOBKA LIIIAHTOyTa ¢ 000JI0YKON BBINOJIHSIIACH KECTKOM (HAKJIabIBaJINCh OTPAHUYEHUS 110
BCEM HalpaBJIEHUAM CBS3E).

B pe3ynbrare CTBIKOBKM MCXOIHBIX LHMIMHIAPUYECKUX 00O0JIOUEK CO INMAHrOyTaMH ObUIN
IIOJIy4EHBl HOBBIE pPacu€THBIE CXEMBI (puUC. 2).

a) = KosmuuaecTBo 0) KoauuectBo
7 y310B — 3760, y3710B — 6960,
KOJINYECTBO KOJINYECTBO
DIIEMEHTOB — SIIEMEHTOB —
3440 6640

PucyHok 2 — PacueTHble cXxeMbl HWIMHAPUYECKHX 000/1049€K,
MOJAKPeNIeHHbIX INMAHTOyTAMH:
a — pacueTHas cxema, MoJTy4eHHass HA OCHOBaHUHU 00OJIOUKH,
MOCTPOEHHOM TT0 MEMOpaHHOH TEOpUH 000JI0UEK;
0 — pacyeTHas cxema, OJIy4eHHas HA OCHOBaHUH 000JI0YKH,
MMOCTPOSHHOM 0 00IIIeH Teopuu 000104k

PacueTr mpuBeneHHBIX MOJI€NEN MPOBOIUIICA JIUHEHHBIN: PEXKUM BBIMOJHEHUSI pacyeTa —
MOJIHBIA pacder; METOJ PEHICHUS — MYIbTU(POHTAIBHBIA; METOI ONTHMH3AIUU MaTPUIIBI
JKECTKOCTH — aBTOMATUYECKUI; TOUHOCTh pa3yiokeHust MaTpuibl — 1e-012; TOYHOCTh pelieHust
coOcTBeHHOI npobiemsl — 1e-010.

B ocHOBY pacueTa mojoeH MeToJl KOHEYHBIX JIEMEHTOB C MCIOJIb30BAHUEM B KaUeCTBE
OCHOBHBIX HEM3BECTHBIX MEPEMEIIEHU U TOBOPOTOB  Y3JIOB  pPAaCUETHOM  CXEMBI.
B cBs3u ¢ 3TUM wujeanu3anys KOHCTPYKIMHM BBHINOJHEHA B (opme, MPHUCIOCOOIEHHOM K
UCIIONIF30BAHUIO 3TOTO METO/a, a HMMEHHO: CHUCTeMa NpPEJCTaBJIeHa B BHIE Habopa Tenl
CTaHAapTHOro Tuna (000l0YKa, TIUJIaCTMHA), HA3bIBA€MbIX KOHEYHBIMU JJIEMEHTAMH H
MPUCOECIMHEHHBIX K y3J1aM.

B pesynbTare BBIMOJIHEHHBIX pacdyeToOB OBLIM MOJY4YEHBI JaHHbIE MO AedopMalusM U
HaNpsOKEHUSIM U1 000JI04eK, CMOJICIMPOBAHHBIM O 001Iei Teopun 000I0ueK U MEMOpaHHOMN
TEOPHUH, MOJKPEIUICHHBIX IITaHroyTaMu (puc. 3).

CpaBHeHHUS TMPOBOAWIUCH 1O paguaibHbIM, MEPUIUOHATIBHBIM W CYMMapHBIM
nepeMelieHusIM, a TakXke [ HampsbKeHMH Ha HIDKHMX W Ha BEPXHHUX TIpaHsX
Sx sepxs SOx muzs Sy sepxs Sy uns- PE3YIBTATHI CPABHEHH 3aHECEHBI B Ta0NuUILy 1.
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Pucynok 3 — CymmapHbie nepeMenieHust (MM):
a — 000J109Ka, CMOJICITMPOBAHHAS TI0 00T TEOPHH;
6 — 000s10UKa, CMOIETTMPOBAHHAS IO MEMOPaHHOW TEOpUU

Ta6anna 1 — CpaBHeHue pelIeHHH pacyeTHBIX cxeM 000J104eK

O6oouka, O06oouka,
Hapamer CMOJIETIMpOBaHHas | cMozenupoBaHHas | OTkioHeHus, %
P p no oOmiel Teopun | MO0 MeMOpaHHOM
TEOPUU

Hepenenienin B patuambioM | 43370 004 1,4193e-004 1,39
HaIlpaBJICHUHU, MM

Hepemernenns B meprHo- 1,9704e-003 1,9507¢-003 1,01
HAJIbHOM HaIIpaBJICHUH, MM

ﬁiMMapHHe TEpEMETHCH I, 1,9704-003 1,9507¢-003 1,01
HanpsokeHus Sy sepx , KH/M 51,69 51,18 0,98
HanpsikeHust Sy s, KH/M 40,96 40,55 1,01
HanpsokeHus Sy pepx, KH/M’ 232,86 230,53 1,01
Hanpsukenust Sy s, KH/M 211,13 209,02 0,99

BbiBoabl. [l711 MOCTPOSHHSI pAaCUETHBIX CXEM 00O0JI0UEK HCIOIB30BAJIOCH JIBE TEOPHUU:
obmas Teopus obOonouek M MemOpaHHas. B cooTBercTBHM C 00mieil Teopueld 000I0UeK
reoMeTpryuecKasi HEM3MEHSIEMOCTh PAacYeTHOH cXeMbl o0ecredyuBajach 3a CUET HAJIO0KEHUs
CBSI3€H MO YCIIOBUSM €€ CHMMETPHH, & B COOTBETCTBUM C MEMOpPaHHON TEOpPHEH — C TTIOMOIIBIO
HAJIOXKEHMSI CBSI3€ Ha BCE YIJIOBBIE IEPEMELICHMsS BO BCEX Y3JaX pPACUETHOH CXEMBI.
B pe3ynbrare mojakperieHus MIMaHroyTaMy MepBOro M BTOPOTO BapUaHTOB IMJIMHIPUYECKUX
000J10YeK OBLIM MOJyYyeHBl PACUETHBIE CXEMBI C JKECTKO 3aKpEIUIEHHBIMU IIIAHTOYyTaMHU.
[To mroram pacuera MOXHO CKa3aTh, YTO XapakTep naedopmaruii U OTOOpaKeHHUE H30IOJeH
nepemenieHui (Tabn. 3) W HanpsHKCHUH HMMEIOT OJIMHAKOBBIM XapakTep, a OTKJIOHEHHs B
MOKAa3aHUAX TMEepEeMENIeHUN (pairalbHbIX, MEPUIUOHAIBHBIX U CYMMApHBIX) M HaNpsHKEeHUH

(Sx sepxs Sx s Sy sepx> Sy uuz) Koneomores oT 0,98% 1o 1,39%.
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INDUSTRIAL UNCAPITAL UNGIRDER
FRAME STRUCTURE
FOR RESIDENTIAL BUILDINGS

Design features of uncapital ungirder frame structure of building are presented: the
component elements, the advantages and disadvantages, usage experience.

Problem of affordable housing in Ukraine, which is relevant now successfully solved by
the implementation into construction uncapital ungirder frame structure of building.
The frame consists of the smallest number of precast concrete structures sizes, which are
manufactured at plants.

The component elements of the system that have been tested in the laboratory of the
department of reinforced concrete and masonry structures and strength of materials Poltava
National Technical Yuri Kondratyuk University are presented. The examples of buildings,
which constructed on this constructive system in Poltava are provided.

Keywords: Uncapital Ungirder Frame Structure, constructive system, affordable
housing.

Ilasnixkos A.M., 0.m.H., npoghecop

Ilinuyyxk H.M., k.m.H., doyenm

I'apvkasa O.B., k.m.H., doyenm

Ilonmascevkuti HayionanvHutl mexHivnull yHieepcumem imeri IOpis Konopamioxa

IHAYCTPIAJIBHA BE3KAIIITEJIbHO-BE3BAJIKOBA
KAPKACHA KOHCTPYKTUBHA CUCTEMA
JJIA JKUTJIOBUX BY AIBEJIb

Buxnaodeno ocobrusocmi koncmpykyii 6e3xkanimenvHo-6e30a1Kk08020 Kapkaca 0y0ieii:
CKNA008i elleMeHmu, nepeeasu ma HedoaiKu, 00cei0 3acmocyeéanus. Illpobnemy 36edenHs
0ocmynHo2o Jcumiaa Ha mepumopii Vkpainu, wo € axmyaivbHO HA CbO20OHI, YCHIUHO
PO36’A3aH0 34 OONOMO20I0 6NPOBAVICEHH 6 0YOIGHUYMBO [HOYCMPIalbHOI Oe3KanimenbHo-
0e30a1K080i KOHCMPYKMUBHOT cucmeMU, KApKac AKOI CKIa0aemvcs 3 HAUMEHWOI KilbKOCHi
MUNOPO3MIpi6 30IpHUX 3aNI300€MOHHUX KOHCMPYKYIl, KOMPI 8USOMOBIAIOMbCA HA 3A6004X.
Hasedeno cknadogi enemenmu cucmemu, wjo Oy eunpobysanwi 6 aabopamopii
Kageopu  3anizobemoHHux 1 KaM’'AHUX — KOHCMPYKYill — ma  onopy  mamepianis
Ilonmascvkoeo HayionanvHo2o mexHiuno2co YyHieepcumemy imeni [Opis Konopamroka.
Haseoeno npuxnaou  0Oyoieenv, 36edeHux 3a  Yi€lo  KOHCMPYKMUBHOW — CUCMEMOIO
6 m. Ilonmasa.

Knrouoei cnosa: oOesxkanimenvHo-6e30a1Ko8uUli  KapKac, KOHCMPYKMUBHA —cucmemd,
docmynHe HCumio.
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Introduction. Modern construction industry in Ukraine is characterized by two equally
urgent problems, the first of them — providing affordable housing for the middle level of the
material layers of the population, and the second - the creation of structures of high energy
efficiency of buildings. After all, industrialists assert themselves that today the cost of housing
is on average almost 8 thousand hryvnia per square meter in buildings with common indicators
making apartments and not less than 10 thousand hryvnia — with improved, so-called building
as an elite type [1 —4].

There are many reasons for the existence of such urgent problems in the sphere of
housing for people. The main among them — still high labor intensity of the buildings
construction because of the prevailing usage of imperfect structural systems, low level of
mechanization in technological processes of construction, a small number of storeys of
residential buildings, as well as considerable consumption of materials.

Analysis of recent sources of research and publications. There are many researches in
which in one way or another as described aspects to address these problems. Nevertheless, even
a short analysis shows [5 — 11] that it is more expedient to solve them through the introduction
of new construction technologies. Among which the first attention should be given direction for
further improvement of the well-known even from 1940 the use of offers in the construction
Uncapital Ungirder Frame Structure [5 — 7] that is also supported by modern design [8 — 11].

Highlight unsolved parts of the general problem. As the analysis shows to solve the
problem, structural systems like Delta, Kazan, Arcos, SARET, Dycore, [12 — 16] can be used.
However, these constructive systems have nine floors. To solve this problem it is necessary to:
increase speed of buildings construction, realize the ability to construct housing regardless of
the climatic conditions and completely industrialized elements of the structural system.

Formulation of the problem. The improvement of the structural system KUB-2.5 in
order to increase the number of floors from nine to sixteen and ensuring full industrialization of
precast concrete structures of the system.

The main material and results. The solution of the problem of providing the population
affordable housing is possible by implementing the technology of residential buildings
construction based on the use constructive systems, among which the most preferred is
uncapital ungirder frame structure with a minimum number of prefabricated structures (Fig. 1).

Figure 1 — Schemes of uncapital ungirder frame structure in residential building:
1 — column; 2 — overcolumned slab; 3 — intercolumned slab;
4 — middle slab; 5 — diaphragm
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In its essence, this structural system is flat reinforced concrete slab directly connected to
the columns by progressive decisions of their joints. In buildings with such frames beams,
columns consoles and capitals are absent. It allows the fast transform a space for the new
designation, provides automation of heating. And because the individual elements of space
frame have a maximum of prefabrication, the use of this structural system is also one of the
ways of renewal industrial production for manufacturing of precast reinforced concrete that will
significantly save energy.

With the aim of testing the effectiveness of Uncapital Ungirder Frame Structure for the
project of the State Design Institute of Urban Planning for the first time in Poltava were
constructed buildings of affordable housing (Fig. 2, 3) and buildings for the other uses.
Practice has confirmed its significant advantages in architectural planning and design solutions
in comparison with buildings that are being built on the basis of other prototypes wall framing
and structural systems.

Interfloor overlapping used in buildings with a framework (Fig. 1) consists of three types
of precast concrete slabs: overcolumned (pos. 2), intercolumned (pos. 3) and middle (pos. 4).
The thickness of the plate — 160 mm, their size in plan, in order to unify the formwork, made
the same — 2980 x 2980 mm.

Figure 2 — Residential 16-storey building in Poltava Zhovtneva street, 60 d,
during construction and after completion

Figure 3 — A general view of beginning the construction
of 16-storey residential buildings in Poltava Bohdan Khmelnytsky street, 21
and their overall look after the completion
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Overcolumned slabs (pos. 2) are fixed (Fig. 4) by welding embedded in slab casing (pos.
4) to the reinforcement of columns (pos. 1) and the assembly formed intervals of 20 mm
between columns and slab casing and between the slabs are filled with a high-strength fine-
grained concrete. In this case, in concreted spaces keys are formed (pos. 3), concrete of which
is self-reinforced due to the work in conditions of full compression.

The vertical load-bearing elements of the frame are two-high reinforced concrete columns
with cross-section dimensions 400 x 400 mm, and partially reinforced concrete stiffening
diaphragms. Jointing of columns is compulsory due to entering the bar-lock of the bottom end
of the upper column in slot of the top end the bottom column.

The frame developed for construction of 16 storey building in areas of seismic activity up
to 9 points, fast mounted and has significant ease in the production of separate elements.

210 210
1

k~

200 | 200

Figure 4 — Schemes of connection overcolumned slab with column
1 — column; 2 — slab (bottom view); 3 — concrete;
4 — steel slab casing; 5 — mounting hole

The linear connections (concrete or metal braces) and continuous concrete stiffening
diaphragms mainly provide spatial rigidity and sustainability of the applied frame.

The internal forces in frame elements, from the external loads actions, is easy to calculate
on PC using the software complex «SCAD 11.1». On the design diagram of space frame
vertical elements are columns, horizontal discs are slabs of the overlapping. Reinforced
concrete diaphragms and vertical struts accepted as bracing.

Experimental and theoretical investigations in Poltava National Technical Yuri
Kondratyuk University have shown that efforts in the elements Uncapital Ungirder Frame
Structure can be calculated by simple engineering methods. Previously, dividing the space
frame on the plane orthogonal frames in the form of crossbars-slabs, which supported by
columns. In this case, vertical loads are perceived by columns, conventional crossbars-slabs,
and partially by stiffening diaphragms, and the horizontal — only by stiffening elements.

The designed elements had been tested in the laboratory of the department of reinforced
concrete and stone structures and strength of materials PoltNTU. Moreover, for each element,
namely: columns, slabs and staircases, some possible design schemes had been developed and
test equipment were produced. For example, for overcolumned slab was implemented design
scheme of slab not only as supported along the contour (Fig. 4.), but also as a beam — part of
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the crossbar between zero points on the envelope diagram of bending moments (for a flat
frame). Testing carried out on the effect of calculated load values. Loading carried out by
hydraulic jacks (pos. 9) with capacity 500 kN using a pumping station (pos. 13).

In columns of constructed buildings (Fig. 2) is used bar reinforcement strength class
A500 (4028 — 6(28).

Overcolumned slab in zone of tension had two meshes. One of them contains bars in both
directions 16314 A500, and the other — 12314 A500; compressed zone is reinforced wire mesh
(strength class Bp-I) 204 in both directions.

In the intercolumned slab in zone of tension had two meshes with reinforcement of
strength class A500 laid bars in both directions: on the one 16@14, on the other — 1214 in
compressed zone reinforcing mesh made of wire class Bp-I in both directions 2004. In the
middle slab in zone of tension reinforcing meshes (wire class Bp-I) were 1208 and 7@8 in both
directions each.

LR I]

+
Joint B
2980

2820
S 100

1

g\ \>l5ﬁ”‘ o J 50

° ; S T_T (
7 ~ ,V""'
5 |

2720 2720 ,80
2.3

o,

NaoN

3

Figure 5 — Stand for testing the overcolumned slab ITH 30.30.1,6-2-1:
1 —slab ITH 30.30.1,6-2—1; 2 — block ®C 24.6; 3 — block ®C 12.6; 4 — metal lining;
5 — movable support (pipe ¢ 10,5x4); 6 — fixed support (L50x5; 100x8);
7 — metal lining; 8 — traverse, channel bar Ne 30; 9 — temporary supports;
10 — strands of reinforcement ¢ 30 A-I; 11 — hydraulic jacks F=500 kN;
12 — pressure pipelines; 13 — pump station; 14 — indicators: 6IIAO — JIUCHU

Breaking of overcolumned slabs happened at total load 3.02 kPa, middle slabs — at
2.4 kPa, the intercolumned slabs — at 1.8 kPa.

As shown by researches and implementation on construction [9 — 11, 17 — 20] the frame
application Uncapital Ungirder Frame Structure allows to realize in practice their main
advantages:

1) extension part of overlapping along its perimeter gives each building unique
architectural forms, which promoting the establishment of compelling variety of the urban
landscape;

2) buildings characterized by autonomous in the architectural and planning decisions;

3) period of residential buildings construction is significantly reduced;

4) the launch of line for production of prefabricated elements is quite simple and is
carried out in the shortest time.
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Uncapital Ungirder Frame Structure has positively proved itself in the construction of
buildings in more than 30 regions of Russia [9 — 11]. The volume of its development are
annually increasing.

According to many projects and information sources [8 — 11] Table 1 shows the main
indicators Uncapital Ungirder Frame Structure in comparison with the most famous.

Table 1 — The comparison of main indicators of Uncapital Ungirder Frame Structure

Indicator Constructive systems

Monolith KIIb-135 KYb
Total mass of steel per m” 27 kg/m” 48 kg/m” 18 kg/m”
of overlapping
Total volume of concrete per m’ 0,28 m°>/m” 0,8 m>/m” 0,2 m>/m”
of overlapping
The thickness of overlapping 200 mm 160 mm 160 mm
Distance between columns 6,3x6,3 m 6x3 m 6x6 m
Architecture and planning solution free fixed free
Labor costs for the installation 21 1,1 0,7
of 1 m* overlapping people/ people/ people/
(supplying concrete by concrete pump) hour'm? hour'm? hour'm?
Installation period 6 months 3 months 3 months
of 12 floors

Conclusions. Implementation of Uncapital Ungirder Frame Structure in construction of
multi-storey buildings reduces the cost of 1m?” of almost 40% in comparison with traditional
wall buildings and frame design systems. Meanwhile the rate of buildings construction
increased by 50%, the intensity of the provision of housing increases and its ability in terms of
affordability, is greatly enhanced.

In addition, the implementation of developments, aimed at the mass manufacturing
application of Uncapital Ungirder Frame Structure in construction of buildings will help to
revive work of precast concrete plants.
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SOFTWARE FOR CALCULATING NODE CONNECTIONS
MONOLITHIC REINFORCED CONCRETE BEAMLESS
NON-CAPITAL OVERLAP WITH THE COMPOSITE
REINFORCED CONCRETE COLUMN

The article touches upon the calculation procedure issue of connection nodes between
beamless non-capital monolithic concrete slab and reinforced concrete column to provide
bearing capacity in junctions between the slab and the column during design using software

The article deals with general calculation principles of connection nodes between
beamless non-capital monolithic concrete slab and reinforced concrete column. On the basis
of the algorithm to automate the calculation computer program was created in the
programming language of Visual Basic for Applications (VBA). The language used for
developing applications designed to manipulate databases and to customize the user interface.
VBA a structured high-level programming language. In the language of VBA implemented the
general principles of object-oriented programming.
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Ilonmascevkuti HayionanvHutl mexHivnull yHieepcumem imeri IOpis Konopamioka

ITPOT'PAMHE 3ABE3IIEYEHHA UIA PO3PAXYHKY BY3JIIB
3’€EJHAHHSA MOHOJIITHOI'O 3AJII30BETOHHOT' O
BE3BAJIKOBOI'O BE3KAIIITEJIBHOI'O IIEPEKPUTT
31 CTAJIE3AJII3BOBETOHHOIO KOJIOHOIO

Posenanymo  3aeanvni  npunyunu  po3paxymky — 8y3ni8  3’€OHAHHA ~ MOHONIMHO20
3ani300emonHo2o 0e30a1Kk08020 0Oe3KanimenibHO20 NepeKpumms 3i cmane3anizooemouHo
kononoto. Haoano anecopummu asmomamusayii po3spaxyHKy 6y3ii6 3’ €OHaHHA MOHONIMHO20
0e36a1K08020 nepekpumms 3i cmane3aniz00emoHHoI0 KOJIOHOI0 HA 3Di3 NPU NPOOABII08aHHI 34
Eurocode ma 3a pospobnenoro memoouxor. Hasedeno cmpykmypno-nociuny cxemy
00CniodceHb pobomu Y316 3’ €OHAHHA, BUKOHAHO PO3PAXYHOK MOHONIMHOI Naumu Ha
npo0asnio8ants 3a 00NOMO2010 KOMN IOMeEPHOT npocpamu 3a no6y008aHuM ani2opummom.

Knwuosi cnosa: xomn’romepHi mexwonocii, mMouorimue 0e30an1Ko06e nepeKpumms,
cmane3anizobemoH, 3pi3, aneopumm, npocpamue 3a6e3neyeHHs.
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Introduction. Nowadays reinforced columns using is widely spread among natine
builders.

Developing computing and software systems that take into account the physical and
mechanical properties of concrete and steel, allow significantly facilitate the design of
reinforced concrete frame buildings. It gives opportunity to analyze the work of the building
frame in general, and its elements both taking into consideration graphs of concrete
deformation even in stress-strain state.

The article provides the calculation procedure of connection between conrcete reinforced
columns and monolithic reinforced slab. A software has been developed accorfing to the
algorithm.

Publications and recent sources analysis. Issues of the slabs desing has been discovered
by Azizov T. [8], Vatyn N. [9], Ivanov A. [14], Yagofarov H. [19], Taerve L. [6] fnd other
scientists. Connection nodes between beamless monolithic slabs and columns has been learned
by Dofman A. [12], Loleit A. [15], Storozhenk L., Nyzhnyk O. [17] and others. This issue is
also deeply investigated by foreign scientists [7, 1, 2].

Unsolved aspects of the problem statement. One of the main problems in beamless
monolithic slab and reinforced concrete column desing is providing carrying capacity is
connections between slab and column, that are the most important elements. That is why a
stress-state estimate is important in the connection nodes.

Issue formulation. During the design process a software development for calculation
procedure of connection nodes between beamless monolithic slab and reinforced concrete
column is required.

Main topic and results. A research flowchart of stess-stain state of connection nodes
between monolithic reinforced beamless non-capital overlap and reinforced column has been
created according to the analysis (Fig. 1).

Nowadays, it is important to meet the requirements of the protection of buildings from
progressive damage in the event of the destruction of local supporting structures as a result of
accidents.

Resistance against the demolition of buildings should be checked by calculation and
provided by constructive measures. Calculation of stability of frame buildings must be
performed in the most dangerous scheme of local destruction. This is the destruction of the
column or columns with walls that abut on one area of the local damage.

During the problem solving a concrete column in a two channels steel cage was
investigated. The load applied to the core and the cage. Disclosure of contact between the
concrete core and steel cage makes possible evaluating the stress-strain state of crossing
column [18]. To determine the intensity of the interaction forces of the core and the cage
gz (x,y) the next equation is used [18]

q.(x,y)5, - 6,)—(u,—u,)=0, (1)

where us, ub — moving on the brink of a contract from the vertical load in a concrete core and a
cage, made from welded channels.

ds, Ob — moving of the points on the brink of the core and the cage fron the single load:
glvy)=1  at  xy= J_ra—z", )

- 1
qx,y)=— (1)
X

in other brink points.
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Figure 1 — Flowchart of connection nodes between monolithic
reinforced beamless non-capital overlap and reinforced column
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The equation of equilibrium in the intersection of the column is the next:

99. 4 7 =0 (4)
Z
Jo, N a7, V=0 5
dy  ox - )
do, 0J7,
—4+—=4+X=0, (6)
ox  dy

where X, Y, Z — elements of the bulk power.
Tangent tensions txz, tyz are not included [18

0 au au
—| (1+2G)—== =7
> {( +26) e 7
ou 8
J (/1+2G‘au +A y+au" | 8)
ax ox dy Ox ay dy 8x _

du 0 8 d 0 du

J (A1+2G) =2+ 4| o 1 2 |11 Dl 6| Za =0

8y dy ax oz ox dy  Ox
Since the research takes into account the work of a single reinforced column and it’s
combination with a beamless non-capital monolithic slab, it’s necessary to include into the

evaluation equality conditions on the brink of connection between the column and the slab
(electis analogies mathod by Lame):

9’u 9°u

Y )

2°v

A+2G A+2G =0;
(1+26) x’ dy’ +(+ )axax
(10)
2 2 2
(l+2G)a—Z+Ga—Z+(/1+2G) o u = 0.
y 0x 0x0x

So, the problem of elasticity plane (plane strain) in the movements is solved.
This equation shows that the action of concentrated load on the concrete slab intersection of
main transverse forces arising stretching stress that is bigger than concrete tensile resistance.
Calculation of the stability of the building must be executed on a special combination of loads,
including permanent and long loads at the most dangerous scheme of local destruction.
Resistance against the progressive destruction of the building will be provided, if the next
condition will be met for each element:

F<S (11)

where F — efforts in structural elements;
S — the estimated carrying capacity.

In calculating the stability of steel buildings for the most dangerous pattern of local
destruction of estimated moments and transverse forces increase by 10 — 20%.

To solve the problems discovered in the paper, the calculation model of a building with
beamless monolithic reinforced. was additionally created. Columns step is - 6 m (Fig. 2).

For the calculations the next systems are used: Ansys, Cosmos, Robot Millennium,
Monomah and others. The most popular and reliable are Lira-Windows and SCAD
(ProductGUID=EA03D845-6 AB9-4E9E-B5CD-45B755E42C46) [10], that were used to solve
the problem (Fig. 3).

36ipuuk HaykoBHX mpailb. Cepis: [any3eBe MammHoOyAyBaHHs, OyaiBHULTBO. — 2 (47)" 2016. 107




Figure 2 — The design model of the three-story building
with beamless reinforced concrete overlap

Figure 3 — The frame calculation results in «Lira-Windows»:
a) isosurface of efforts on Mx; b) isosurface of efforts on My

The next calculation steps were introduced:

— static calculation of building according to design and resistance of materials for the 1st and
2nd groups limit state. Stiffness characteristics of materials - conventional, accepted separately
for slabs and columns;

— determing of reinforced slab by static calculation, adjusting zone of the slabs reinforcing at
maximum span moments and the principle of its continuity and symmetry in stretched areas
while preserving the estimated reinforcing over-slab zones;

— implementing of three-linear deformation diagrams for concrete and two-line diagram for
reinforcements according to [5] and regulations [11].

The design is considered as a system of frames with rigid nodes located in two mutually
perpendicular directions [16, 4].

In the monolithic structure each frame consists of columns and slaps stripe, which width
equals to the distance between the midpoints of the two spans adjacent to the appropriate
number of columns.

Problem of plates system bending was solved by finite elements method.

Efforts for calculating the upper reinforcement over the supports are determined by the
width of leaning plates (Fig. 4).

Internal efforts that are obtained from the static calculation, include torque Mxy.
Determination of the design points is done according to normative document [3].

If the My<MXx, torque calculation is similar to (x<>y).
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Figure 4 — Considering width of the leaning in determining torques

The beamles building should be calculated under loading, evenly distributed throughout
the slab or it’s part.

The load acting on the slabs may be reduced to approximately equivalent uniformly
distributed load on bending moments, transverse forces or deformations depending on the
boundary conditions used for the calculation. The actual nature of the load should be taken into
account during calculating the individual parts of buildings (for example, shear).

Buildings are calculated for strength, deformation and crack opening under the action of
static load. Dynamic analysis and calculation of endurance are performed if needed.

Strength (carrying capacity) of the frame elements is determined based on the calculation
of frames taking into account redistribution efforts.

Algorithm for determining the torque is written as (Fig. 5):

a) yes no b) yes Ano
M, > M,
A 4 A 4 A 4 A 4
My, = My +1M,,)| M., =0 M,y = M, -IM,,)| M,y = M, - My"/\M,|
M,,, = M, +IM,,) M, = M, + M,’/\M, Mo = M, - 1M, My =0

Figure 5 — Determining torques Mxy (case My > Mx):
a — bottom reinforcement (MxH , MyH); b — bottom reinforcement (MxB , MyB)

In addition, the calculation of the strength of boards should include:

—the calculation of bursting;

—calculation for scrapping a panel along or across the slab, where panel is a part of the
slab bounded by grid lines columns frame;

—calculation for simultaneous scrapping of the adjacent panels of different rows.

Calculation for scrapping a single panel is not required. Calculation for scrapping a single
transverse or longitudinal slab stripes is mandatory.

The introduced procedure for connection nodes between monolithic beamless slab and
reinforced column calculation includes two stages:

1. To check work of the connection node between monolithic reinforced beamless non-
capital slab and reinforced columns for the shear the calculation algorithm improvement has
been introduced according to the current regulations on the basis of the formula (12) [11, 13].

F<1125-R, -u, -h11+0,7u (12)
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2. Calculation of the connection node between monolithic beamess non-capital slab and
reinforced columns for the shear along the column body (according to the procedure).

To check work of the connection node for the shear under bursting it is necessary to
determine a length of the calculated perimeter using the next formula:

u,=2(a+b)+4rx-h, (13)

If the applied load is uneven, then a plate bending moment occurs, which applies in
formulas for determining the eccentricity in Y and Z:

e = M edy
’ Ved

v (14)
ez — edz

Ved

where ey and ez — eccentricity on the axis y and z;

Medy — bending moment acting on the plate in the Y-axis;

Medz - bending moment acting on the plate in the Z-axis;

Ved - the total lateral force acting on the estimated length of the perimeter.

To determine the geometric parameters of the perimeter of the bursting pyramid the next
formulas can be used:
b.=a+4-h, 5
) 1

b,=b+4-h, (15)

where a, b — geometric parameters of a reinforced column;
ho — working plate height.
Load eccentricity to the rectangular column is the following:

e, ’ e ’
hj z 16
ﬁ—1+1,8 ( ZJ ( yj . ( )

If load eccentricity is less than 1.15, the 1.15 is taken and the total lateral force acting on
the length of the critical perimeter is determoned,

V.2
vEd::B £d

ud
To determine the reinforcement coefficient the next coefficients is used:

k=1+1/@. (18)
d

The coefficient should be less or equal 2.
Reinforced coefficient is the following:

P =4/Py+ P, <002, (19)

The strength of plates without transverse reinforcement under bursting is determined:
on reinforcement (according to the proposed formula)

Vias SLI25- f  -u-hL1+0,7 0 ; (20)

VRd,c =04- 1.,

To automate the process of testing the connections between monolithic beabess non-
capital slab and reinforced columns for the bursting (according to the procedure) a software has
been developed. The software development includes steps shown on Fig. 6 — 8.

(17)

on concrete
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(Final Draft, April, 2002) Eurocode-2: Desing of Concrete Structures —
Part 1: General Rules and Rules for Building
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under bursting according to the introduced procedure
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Summary:

1. Calculation methodology of the connections includes calculation for the shear under
bursting and for the shear along the column.

2. Calculation of stress-strain state of the connections showed the convergence of
theoretical and experimental investigation within 10%.

3. The introduced engineering calculation procedure of the connection nodes between
beamless monolithic slab and reinforced concrete column including features of stress-strain
state takes into account work of monolithic reinforced slab for the shear under bursting and
calculation of the reinforcing rods for the shear along the column increasing the carrying
capacity of connections by 10%. The difference between the results of the calculation of the
existing and proposed method is 5%.

4. For the introduced connection nodes under bursting calculation procedure the
automatization of the calculation is provided within Visual Basic for Applications environment
(Fig. 9).
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Figure 9 — Software environment Visual Basic for Applications
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Ilonmascvkuii HayionanbHuti mexHiynui yHieepcumem imeni FOpisi Konopamioxa

YJIALITYBAHHSA TA PO3PAXYHOK CUCTEMHA

EJIEKTPOXIMIYHOI'O 3AXUCTY BIJ KOPO3Ii

APMATYPU 3AII3OBETOHHUX ITIEPEKPUTTIB
I3 3BIPHUX PEBPUCTUX TIJIUT

3anpononosano cucmemy ma po3paxyHOK CUCMeEMU eNeKMPOXIMIUHO020 (KamoOoH020)
3axucmy 6i0 KOpoO3ii apmamypu 3a1i300eMOHHUX NepeKpummis i3 pedpucmux nium
BIMYUZHAHO20  BUPOOHUYMEa. Enexmpoximiunuti 3axucm apmamypu nepeodoaueHo 8io
308HIUIHLO20 0dicepena NOCMIlHo20 cmpymy. Apmamypy (Kamoo) npueoHaHo 00 He2amueHo20o
nOM0OCA 0Hcepena HCUGNEHHSI CMPYMY, AHOO — 00 NO3UMUBHO20 NONIOCA 0Jcepena CMpPYMY.
3’acosano, wo 0cobaUGICMIO KOHCMPYKMUBHO2O DPIUleHHs CUCmeMu OaHO020 3aXUCMY €
BUKOPUCMAHHA NO3008ICHIX MOHMANCHUX UWIBIE MINC CYMINCHUMU NAUMAMU OJisl POIMIUEHHS
JUHIUHUX AHOOIB8, WO 00380JIAE 3HUUMU MPYOOMICMKICMb pOOIM 3 YIAUIMYBAHHS 3AXUCHL).
Po3spobneno memoo po3paxyHky enekmpoximiunoeo (KamooHo2o) 3axucmy poooyoi apmamypu.

Knrouoei cnoea: 3anizobemonna niuma, apmamypa, KamoOHUtl 3aXUCh.
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Ilonmasckuti HayuoHanvuwili mexnuyeckuu ynugepcumem umenu FOpusa Konopamioka

YCTPOMCTBO Y PACYET CUCTEMBI
EJEKTPOXUMHWYECKOM 3AIIIUTHI OT KOPPO3UUA
APMATYPBI )KEJIE3OBETOHHBIX IEPEKPBITEN
N3 CBOPHBIX PEBPUCTBIX IIVIUT

IIpeonodicena cucmema u pacuem cucmemvl NEKMPOXUMULECKOU (KAMOOHOU) 3auumul
Om KOppo3uu apmamypwvl Hene300emoHHbIX Nepekpblmuil U3 peopucmolx naum omeyecmeeH-
HO20 NpoU3600CMEd. DNeKMpPOXUMUYECKas (KamooHds) 3auuma npeoycMampusaemcs om
BHewlHe20 UCMOYHUKA NOCMOAHHO20 moKa. Apmamypa (kamod) npucoeduneHa K
ompuyamenbHOMy NOI0CY UCMOYHUKA MOKA, AHOO — K NOJOACUMENLHOM) NOAIOCY UCHOYHUKA
moxa. Buviacneno, umo 0cobeHHOCMbI0 KOHCMPYKMUBHO20 peuleHUsi Cucmembl OaHOU 3auyumol
ABNAEMCA UCNONB308AHUE NPOOOTLHLIX MOHMANCHBIX UWBO8 MEHCOY CMENHCHBIMU NAUMAMU Ol
pasmeujenus JIUHEUHbIX aHO008, YMO NO360J5lem CHU3UMb mpyoo3zampamvsl pabom no
yecmpoticmgy  3awumsl. Paspaboman memoo pacuema 31eKMpoXUMu4eckol (KamooHou)
3awumuol pabouetl apmamypbi.
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DESIGN AND CALCULATION OF ELECTROCHEMICAL
PROTECTION OF REINFORCEMENT CORROSION
FOR PREFABRICATED REINFORCED CONCRETE

OVERLAP CONSISTIN OF RIBBED PLATES

Increased incidence of corrosion damages of reinforced concrete structures requires the
introduction of advanced technologies to protect them from corrosion. One of fundamental
methods in solving this problem is electrochemical protection for reinforcement. It is the most
effective according to data foreign specialists.

The developed system of electrochemical (cathodic) protection of reinforcement in the
foreign practice adapted for use in monolithic over ground concrete structures. In these
conditions complicated questions anodes fixing to the structure. In addition, cathodic
protection systems, calculations are approximate.

The paper deals with a constructive solution and calculation systems of electrochemical
cathodic corrosion protection reinforcement prefabricated concrete overlap consisting of
ribbed plates. The electrochemical (cathodic) protection is provided by an external power
source.

Reinforcement (cathode) is connected to negative pole of power source. The anode is
connected to positive pole of power source. Working reinforcement ribs of reinforced concrete
plates should be protected as a basic element, which provides load capacity plate.

Using the longitudinal mounting joints between adjacent plates to accommodate the
linear anodes (wires) is a feature of a constructive solution of this system of protection.
The joint is released from solution to depth of laying line anode. The anode is covered with a
protective coating after fixing in the joint.

This solution allows reducing the volume of work involved with the protection device.

The calculation method of electrochemical (cathodic) protection of the working
reinforcement is designed. The problem of determining parameters of electrochemical
(cathodic) protection can be formulated as follows: find location of the anode scheme, find
electric current capacity of power source on surface of reinforcement of the protective
potential within the prescribed limits.

The main parameters for the calculation of potential the shear are: the power supply
current, the cathodic polarization of reinforcement below the concrete cover, the electric
conductivity of concrete and location of reinforcement relative to the anode.

To calculate the power source used special parameters - spreading resistance of the
anode and transfer resistance reinforcement.

An example of calculating system working cathodic protection of reinforcement in
longitudinal ribs of reinforced concrete plates. Conclusions are formulated and the use of
literary sources are listed.

Keywords: reinforced concrete plate, reinforcement, cathodic protection.
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Beryn. OcranHIM 4acoM 30UTBITYIOTHCS BUITAJIKU YPaXKeHb 3113006 TOHHUX KOHCTPYKITIi
y pe3yabTaTi BHUHUKHEHHS 1 PO3BUTKY B HHX TPOLECIB  KOpo3ii apMaTypu.
Ile BuMarae OibIN IHTEHCHBHOTO BIIPOBAKEHHS IPOTPECHBHUX TEXHOJIOTIN 3aXHCTy Bif
KOpPO3ii apMaTypH 3a1i300€TOHHUX KOHCTPYKITiH.

OnHuM 13 KapIUHAJIBLHUX METOIB y PO3B’s3aHHI ITI€l 3a7a4l € SJIEKTPOXIMIYHUN 3aXHUCT.
3a JaHWMH 3aKOPJOHHUX cremianicTiB [1] enexTpoxiMiuHuN (KaTOJHHI) 3aXUCT BH3HAHHMA
HaWO1IBII 1IEBUM METOJIOM 3aro0iraHHs KOpo3ii apMaTypH B 3a1i300€TOHHUX KOHCTPYKITISX.

B ocranni 30 pokiB 3aXMCT IIMPOKO BUKOPUCTOBYETHCS B 3aKOPAOHHIN MpakTHIi [Is
3arnmo0iraHHs Kopo3ii apMaTypH 3a1i300€TOHHUX KOHCTPYKIIii OyaiBens Ta ciopyx [2].

Cepen mepmux pO3pOOHMKIB  KAaTOAHOTO 3aXHMCTy apMaTypH  3ai300€TOHHUX
KOHCTPYKIIA Ha3uBaloTh iM’st amepukanisg Piuapma Crpardyma, sSKuil CTBOPUB OCHOBHI
CTaHJApTH 3 KaTOIHOTO 3axHucTy. Bimommii 3akopmonHuii cnemiamict bepkeneit [3]
NPEJCTaBIIsIE KaTOMHUM 3aXHUCT SK NMPAaKTUYHO €IMHUHN 3aci0 MPUIMHEHHS KOpO3il apMaTypu
3aJ11300€TOHHUX KOHCTPYKIIN y pOIIeci eKCIuTyaTarii.

AKTYaJIbHICTh  YIPOBA/DKEHHS  E€JICKTPOXIMIYHOTO 3aXHUCTy OOyMOBJIeHa HOTO
NO3UTUBHUMH XapakTepUCTUKaMU. [0 HHUX BIJHOCSATH: BUCOKY €()EKTHUBHICTH, JOCTYIHICTB,
MPOCTOTY Y BUKOPUCTAHHI, O€3MeKy /Il HABKOJHUIITHBOTO CEPEIOBHINA Ta 1H.

Jns  BITYM3HSHOT TPAKTUKK  E€JIEKTPOXIMIYHMM  3aXUCT apMaTypd  HaJI3eMHHUX
3a11300€TOHHUX KOHCTPYKIIIH, Y TOMY YHCII ¥ TEPEKPUTTIB, € HOBUM. JIJIs BIPOBAKCHHS
€JIEKTPOXIMIYHOTO 3aXMCTy HEOOXiJHI KOHCTPYKTHMBHI OIPALIOBaHHA Ta PO3PaXyHOK TaKHX
CHUCTEM TSI BITYM3HSHUX YMOB OYIIBHUIITBA M €KCILTyaTaIlii 3ai300€ TOHHMX KOHCTPYKIIIH.

AHaJi3 OCHOBHHMX JKepes JocCHilKeHb i myOmaikamiii. /s kaTogHOTO 3aXWCTy Bij
KOpo3ii apMatypu 3al1i300€TOHHUX TEPEKPUTTIB y 3aKOPJOHHINA MPaKTHUIl po3polJeHi pi3Hi
KOHCTPYKTUBHI CHUCTEeMM Ta YylamTyBaHHsS. HaBegemo Jexinbka XapakTepHHX pillIeHb
KaTOJIHOTO 3aXUCTy apMaTypH, OJU3BKUX JI0 PO3POOJICHOTO aBTOpPaMHU ITi€T CTaTTI.

3anpornoHOBaHO KATOJHHM 3aXHCT apMaTypH 3al1i300€TOHHOTO TMEPEKPHUTTS, B SIKOMY
MOPsI/T 31 CTAJIEBOIO apMAaTypPOIO BIIAIITOBYIOTHCS CIEIIaibHI KaHATW ISl PO3MIIICHHS aHO/IB
[4]. [Ticnst MOHTaXXY JIIHIMHUX aHOMAIB KaHAIH 3alIOBHIOIOTH MHOOETOHOM.

[Toni6ne pimenns 3anateHToBaHO B CIIIA, BOHO BUPI3HIETHCS JOBrOBIYHUMH JIIHIMHUMH
aHoJlaMu 3 HiI00i€BOTO ApOTY [5].

Karoguuii 3axuct apmatypu 3aai300€TOHHHX IEPEKPUTTIB 3HANIIOB BHUKOPHUCTAHHS B
OyAiBHMIITBI OaraTosipyCHUX aBTOCTOSTHOK y Yexii [6].

Crnemianictu 3 Hopgerii po3poOwim psiji CUCTEM AJI KaTOIHOTO 3aXUCTY apMaTypu IpH
PEMOHTI 3ai300€TOHHUX KOHCTPYKIiM [7]. I'myukuii mosiMepHUN aHOJ MOHTYEThCS Ha
apMaTypi 3a JOITOMOTOI0 130JIFOF0YOTO TUTACTHKOBOTO 3aTHCKAYa.

3HauHy poOOTYy 3 BUKOHAHHS aHTHKOPO31MHOTO 3aXMCTy apMaTypu Oyj0 BUKOHAHO MPH
PEKOHCTPYKINi  3ami300€TOHHOTO  MEPEXPEeCHO-PEOPUCTOr0  MOHOINITHOTO  MEPEKPHUTTS
nigzemMHoro rapaxa B M. KonymOyc (mrat Oraito), ne micis 23-X poKiB €KCITyaTailii BUsSBICHA
3HaYHa KOpo3isg pob0odoi apMaTypu MONULE TUUT 1 iX pedep [8].

YcTaHOBIEHHIO aHO/IB TMEPEyBAIO OYUIIEHHS OCTOHHOI TTOBEPXHI CTPYMEHEM BOIM ITiJT
BEJIMKMM THCKOM 3 METOIO0 BUAAJCHHA GapOu. AHoau AiameTpoM Oing 8 M, poBxuHOI0 90 M
OyJIi BUTOTOBJICHI Y BUTJISIII ITacMa 3 MiJTHUX JIPOTHHOK.

AHOIM 3aKpiIUTIOBAIM y 3aTHCKayaxX i3 IJIACTMAacH, SKi HE MPOBOJATH ENEKTPUYHHNA
cTpyM. Mix 3aTHCKauaMH W HWKHIMU TpaHSIMH pedep HaJOMIpHHUX AUBTHOK PO3TallOBYBAIH
MPOKJIAJKU TOBITUHOKO 1 CM 3 akpuiaTy.

Kpimenns 3atuckadiB 1 MPOKIAIOK 0 pedep IIUTH BHKOHYBAJIOCS 3a JOTIOMOTOO
CreliajJbHUX MITHUPIB 13 TUIACTMACH, K1 YCTAaHOBIIOBAIMCH Y 3a3/1aJIeTib 3arOTOBIEHI OTBOPH.
3HU3Y aHOIW TIOKPUBAIIU IIAPOM IOJIIMEP-PO3UHHY.

3araqbHUM HEJIOJIIKOM YIIAIITYBaHHS CHCTEM KaTOJHOTO 3aXUCTy apMaTypy B HaBEJEHUX
NpUKIAgax 3aJUIIA€ThCsl JOCUTh BHCOKAa TPYAOMICTKICTh. 3’SIBISETHCA HEOOXITHICTH
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BUKOPUCTAHHSI CTCI[iaIbHUX 3aTUCKAUiB JJIs BKJIQJIaHHs aHOJIIB, KPITUICHHsSI CaMHUX 3aTHUCKAdiB
Ha OCTOHHIH MOBEpXHI KOHCTPYKLIHN Ta iH.

[Ipu BChOMY PI3HOMAHITTI CHUCTEM KaTOJHOTO 3aXHCTy KOXKHA 3 HUX MPHUCTOCOBAHA JI0
YMOB 3aXHCTY, X04a BC1 OyAYIOThCS Ha 3arajJbHUX MPUHITUIIAX.

OmauM 13 BaXJIMBUX NPHUHIUIIB TPUA CTBOPEHHI CHCTEM KaTOIHOTO 3aXHUCTY €
3a0e3medeHHs pO3MOALTy 3aXUCHOTO MOTEHIIATYy Ha apMaTypi.

Jnst po3paxyHKy 3axMCHUX IOTEHIIATIB TPH EICKTPOXIMIYHOMY 3aXHCTI METaJeBUX
eJIEMEHTIB Bijl KOPO3ii BUKOPUCTOBYIOT Pi3Hi METOM. IX MOKIMBO PO3AIMUTH HA [Bi TPYIIH.

Jo mepmioi rpynu BiZHOCSTH METOJIH, 5K TOJATAIOTh Y 3aMiHI 3a7a4l pO3paxyHKY IO
€JIEKTPUYHOTO CTPYMY B JICIKOMY €JIEKTPUYHOMY JIaHIIOroBi [9].

Jlo 1HIIOT TpynU BITHOCSATH METOMAHM, IO TPYHTYIOTHCS Ha 3aMiHi KpaloBOi 3amavi Teopii
Nojsi B KYCKOBO-OJHOPIZIHOMY CEpPEIOBHUINl EKBIBaJICHTHOIO 33Ja4yeio I OJHOPITHOTO
cepenoBuma [10]. V nux Meromax HaONMKEHO BPaxOBYIOTHCS BJIACTHUBOCTI CEpPEOBHINA, Y
SIKOMY BUKOHYETBCS 3aXUCT.

VY crporiii mOCTaHOBII 3ajada PO3PAXYHKY EJIEKTPOXIMIYHOTO 3aXHUCTy BiJ KOpO3ii
MeTajiB, AK KpaiioBa 3ajjaua MaTeMaTH4YHOi ()i3MKH, 3alIPOMIOHOBAHA B MpAIlSIX IHIIUX aBTOPIB
[11]. Ane Takwii miaxiJ HE peali30BaHUN I PO3PAXYHKY EJIEKTPOXIMIYHOTO 3aXHCTy BiJ
KOpO3ii apMaTypH MEpeKpUTTIB i3 30ipHOTO 3a11i300€TOHY. MexaHi3M YTBOPEHHS 3aXHCHOTO
MOJISI B IIUX KOHCTPYKIIISIX € JOCUTH CTICTM(iIHIM.

BuaijieHHs1 He PO3B’A3aHUX paHillle YaCTHH 3arajbHoOi mpodJjemu. Bigomi cuctemu
€JIEKTPOXIMIYHOTO (KaTOMHOTO) 3aXHCTy HAA3E€MHUX 3alli300€TOHHUX KOHCTPYKIIIHA, IO
BUKOPUCTOBYIOTbCS, TOJOBHUM YHMHOM, Yy 3apyODKHIN NpakTuIli, HE MPUCTOCOBAHI s
BUKOPUCTAHHS B 30IpHUX 3a1i300€TOHHUX KOHCTPYKIISIX. YpaxyBaHHS X KOHCTPYKTHBHUX
pIllICHh TaKWX CHUCTEM JO3BOJIATh 3HHU3UTH TPYIAOBHTPATH HA iX KATOJHUU 3aXWHCT.
€ HeoOXiHICTh TAaKOX y pO3poOJIEHHI METOMIB PO3PaXyHKY TaKOTO 3aXHCTy 3 ypaxXyBaHHSIM
0COOIMBOCTEH BITYM3HIHUX 301pHHUX 3113006 TOHHUX KOHCTPYKIIIM.

Metoro poGotTu € po3po0JIEHHS CUCTEMH Ta METOAY PO3PaxXyHKY KaTOJHOTO 3aXUCTY
apMaTypH 3aJ1i300€TOHHUX NEPEKPHUTTIB i3 30ipHUX PeOPUCTUX TUIUT.

OcHoBHUIT MaTepiaj i pesyabTaTu. HalfOub1 JOMUIBHIM KOHCTPYKTUBHUM PIIICHHSIM
yIAIITYBaHHA €JEKTPOXIMIYHOTO 3aXHUCTy apMaTypd B MEPEeKPUTTAX 13 3ali300€TOHHUX
peOPHUCTUX TUTMT € PIIICHHS, KOJM B IMO3/J0BXKHI IIBH MK IUIMTAMHU IapajelbHO apMarypi
BKJIQJIAIOThCS JIIHIMHI aHOJIU Y BUTJISIIL, HAIIPHUKIIA]], METaJIeBOTO OpoTy (puc. 1).

Pucynok 1 — @parmMeHT Mo310B:KHbOT0 IIIBA MizK pedpamu
3aJ1i300€TOHHUX IJIMT 3 KATOAHHUM 3aXMCTOM Po00Y0i apMaTypu:
1- 3am300eToHHa MIMTAa; 2 — podoua apmaTypa; 3 — aHOJ;

4 — 3aXUCHE MOKPUTTS; 5 — MOHTaKHUH IIOB MIX IJTUTaMHU
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AHOI TIpHEIHYETHCS O TIO3MTUBHOTO TIONIOCA JDKEpella CTpyMy, a apMmarypa — J0
HEraTUBHOTO JDKepesla CTpyMy. YTBOpEHE eJIEeKTpHYHE II0JIe MK aHOJOM 1 KaToaoM
(apMaTyporo) CTBOPIOE HEOOXITHY IS 3pYIISHHS MOTEHIiATy HIUTBHICTh CTPYMY Ha apMaTypi
il ranbMye KOpo3iiiHi mpolecH Ha Hiil.

MeTo10 po3paxyHKy CTallilOHapHUX IOJIB MPH MPOEKTYBaHHI CHCTEM KaTOIHOTO 3aXHUCTY
€ YCTAHOBJIGHHS 3aJ€KHOCTI 3CyBY IIOTEHIIaJly Ha TOBEPXHI, IO 3aXHUIIAETHCS, BiJ
po3TalryBaHHS AaHOJIB TPH BIJOMHX TEOMETPUYHMX 1 EJIEKTPOXIMIYHUX TapameTpax
KOHCTPYKIIIH, a TAKOXK 3aJaHIi CUJIl CTPyMY.

VY 3aKkOpAOHHIA TPAKTHUIl I PO3PAXYHKIB KATOJHOTO 3aXHCTYy apMaTypH HaJa3€MHHUX
KOHCTPYKLIN Oinbllle BUKOPUCTOBYIOTH EMIIPUYHI 3aJI€KHOCTI, a HEOOXIIHY CHUITy 3aXHUCHOTO
CTPyMY BH3HAUYAIOTh MPOOHIUMH BKITIOYCHHSIMHU CHCTEM 3aXHCTY.

VY BITYM3HSAHIN NpakTHLl BIJCYTHI METOJMKH JUISI PO3PaXyHKIB KaTOAHOTO 3aXHUCTY
apMaTypH TaKUX KOHCTPYKIIiH.

CyuacHa MaremaTWKa JIO3BOJISIE TEPEHTH 1O pPO3pOOJIEHHS METOMIB pPO3PaXyHKY
3aXHMCHOTO TOTEHIaly, SKi 0a3yloThCA Ha CTPOTiH IMOCTAHOBIN 3adad EJIEKTPOXIMIYHOTO
3aXUCTy SIK KpaloBUX 3agau mMaremaTwuHoi (izuku. Takuil miaxix y po3B’si3aHHI MoaiOHUX
3amauy mporonye psag aBTopiB [11, 12]. Ha iX ocHOBI 3 ypaxyBaHHSIM yYMOB BHKOPHCTAHHS 1
0y710 pO3pOOIECHO METO/I, 110 MPOTIOHYETHCS.

3amaua 3BejcHaA /0 IHTErpyBaHHS PIBHSAHHA Jlammaca njsi mMOTEHINANy €JIEKTPUYHOTO
OJIst

°’U U
7+t=5=0 (1)
ox~  dy
3 FpaHI/I‘-IHI/IMI/I YMOBaMI/I, }IKi MArTh BUTJIAL
oU
(U - K— )s = ()

ne U — 3CyB 3aXHMCHOTO TOTEHINAJy BiJl 3HAYEHb CTAI[lOHAPHOTO TMOTCHIIATy METaly
apMaTypH B yMOBax eKcIutyarauii, B;

k = 6, X Y— mapaMmeTp NoJsIpu3aIlii;

6, — KATOHA MOJAPH3ALIs MeTany apMaTypu, OM-M’;

y — IATOMA EIIeKTPONPOBiHicTs GeTory mmmti, Om ™' -m™';

§ — MOBEPXHS apMATYpPH, IO 3aXHUIIAETHCS, M

1 — 30BHIIITHS HOPMaJIb J0 MTOBEPXHI S.

[ToreHnmian enekTponos npeacTaBieHuit Bupazom [13]

U=1I-xB,/4ry, 3)
e B, = an cos® z) ) Z:ﬁ_
~ r+kn p R’

R — xoopiMHaTa TOYKU pO3TALyBaHHS JIKepena CTPyMY;
I — cuna 3aXMCHOTO CTpymy, A/mor. M
P, 6 — monsipH1 KOOPIUHATH;
Q — noninom Jlexxanapa npyroro poay [14].
[Micna po3paxyHKy B3 OTpHUMaHO 3aJI€KHICTh U PO3PAXyHKY 3CYBY MOTEHLIaTy HpU
KaTOJTHOMY 3aXHUCT1 apMaTypHu
I-kz 7 r+k

Tty 0T v @
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3cyB mosspusamiitHoro moteHmiany Titbkn Ha 100 MB 3MeHmIye mBUAKICTH KOPO3il
apmarypu Ha 80 — 90%.

JIist po3paxyHKy MOTY>KHOCTI JpKepesia KHBJICHHS Ta MOro HAampyru HEOOXiTHO OIIHUTH
OITip 30BHINTHKOTO JIAHITIOTA «aHOJ] — KaTOIHA TTOBEPXHS».

Omip po3TiKaHHS JIHIKHOTO aHO/Ja KPYIJIOTO TMEepepi3y, YKIAIAEHOTO Yy MO3/I0OBXKHI IIBH
napaneiabHo poOouiil apmarypi Ha JesKiil TIMOMHI BiJl IMOBEPXHI MEPEKPUTTS, MOXe OyTH
po3paxoBaHHii 32 (HOPMYIIO0

2
_ ph ll’ll

Pyl 5)
24 drt

1e pPp — MUTOMUI eNeKTpUYHUM omip 6eTony, Om-Mm;

[ — noBKMHA aHoJ1a, M;

d — niameTp aHoja, M;

{— rnOMHA 3aKJIa/laHHs aHOJA Y TI03/J0BKHBOMY IIBi, M.

[Tepexigauii omip kKaroga (apMaTypH) 3aJeKHUTh BiJ MOJSIPU3AMINHOTO OMOPY 8, 1 TUIONTI
KaTO/HO1 TIOBEPXHI §

R =% . (6)

Po3paxyBaBim MOBHMI OImip 30BHINIHBOTO JaHIora (R — omip poO3TiKaHHS aHoAa 1
nepexiIHui omip KaToja), 3HaX0AATh HAMIPYTy Ha KJIeMax JKepelia sKUBJICHHS
V=1I-R,B. )
[ToTyxHICTh KEpera >KUBJICHHS
W=1I-V,Br. )

IMpuxkaang po3paxyHKy 3axXMcHOro crpymy. Ha pucyHky 2 HaBeneHO pO3paxyHKOBY
CXeMy CUCTEMH KaTOJHOI0 3aXUCTy poO0UO0l apMaTypu IUIUT.

Byzon A

R

PucyHnok 2 — Po3paxyHkoBa cxeMa KaTOAHOIO 3aXHCTY:
1 — 3amizobeToHHa TUIKMTA; 2 — poOoYa apMarypa; 3 — aHOI;
4 — 3aXUCHE MOKPUTTS; 5 — MOHTaKHUH IIOB MIX IJTUTaMHU
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Buxigni gani: r = 0,016 M; 6, = 4 Om-M; R = 0,05 m; = 0.00025 Om™ '™’
k=b, Xy =4x0,00025 = 0,001 ;

2 2
7=2 200167 o5
R 005
U=0.,1B.

I3 3anexnocti (1) Moxe OyTH po3paxoBaHUN HEOOXIMHUN CTPyM AJIs 3CYBY MOTEHIIIATy
Ha 0,1 B
U 0,001x0,005x2 0,005 » 0,016 +0,01

i X(1
1 2><3,14><0,00025><0,016(0,016+0,001)( 0,016 0,016+2x0,01

)=1636,

TOA1 HEOOX1THUH CTPyM
0,1
16,36
BucHOBKH. 3ampoNOHOBAHO CHUCTEMY KaTOJHOIO 3aXUCTy poOouoi apMaTypu B
peopuCcTHX 3aTi300€TOHHUX MEPEKPUTTAX, KA BPaXOBY€ KOHCTPYKTHBHI OCOOJMBOCTI TaKOTO
NEPeKpPUTTS Ta 3MEHILIye TPyAo3aTpaTd Npu Ii BiamryBaHHi. OTpUMaHO 3aJIEKHICTB,
sKa JI03BOJISIE PO3paxyBaTH PO3MOJIT 3aXHCHOTO TOTEHIIANly Ha TIOBEPXHI TOMEPEYHOTO
nepepizy apMaTypHOTO CTPUKHS, BUSBUTH BIUIMB IMApaMeTpiB, IO BXOASTH 0 3aJICKHOCTI.
Hageneno ¢hopMynu 11st po3paxyHKiB HaNpyru JpKepesa )KUBJICHHS Ta HOro MOTY>KHOCTI.

I= =0,006 A/m.
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THE ANALYTICAL CORE MODEL FORMATION
OF THE NONLINEAR PROBLEM
BOND ARMATURE WITH CONCRETE

It is proposed a nonlinear analytical model of the pivotal bond between the reinforcement
and the concrete. It is established, that at the design of this process it is important to reach the
level of engineering visibleness of the used dependences, dropping not essential features, while
at the same time to get a reasonably accurate solution. In such search authors were stopped for
the analytical model of nonlinear task of bond armature with a concrete, allowing to take into
account elastic-plastic work of concrete, and also non-linearity of contact armature with a
concrete. It is revealed that analytically the rod model of bond reinforced concrete bar is
designed by the system, consisting of four equalizations, two from which are differential
equalizations of first order. Nonlinear contact interaction of two materials is approximately
examined as mutual relative displacements of armature and concrete. It is shown that the
proposed model undoubtedly requires experimental confirmation by testing and numeral design
more high level and degrees of working out in detail.

Keywords: analytical model, bond armature with concrete, reinforced concrete
constructions, physical nonlinearity, mutual relative displacement of reinforcement and concrete.
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Hayionanonuii asiayitinuti ynieepcumem, m. Kuis

MOBYJIOBA AHAJIITUYHOI CTPH2KHEBOI MO/JIEJIT
HEJITHIHHOI 3AJTAYI 34YEILIEHHSI APMATYPU 3 BETOHOM

3anpononosano Heainiuny AHATTMUYHY CIMPUICHEBY MOOENb 3UENIeHH MIdHC apMamyporo
ma Oemonom. /[oeedeHo, wo npu MoOeno8aHHi Ybo2o Npoyecy BANXCIUB0 GULUMU HA PiBeHb
IHICEHEPHOI 8UOUMOCMI BUKOPUCTIAHUX 3ANeHCHOCMEU, 8IOKUHYBUU HeCYMMEB] O3HAKU, U Y
Mot dce 4ac ompumamu 00CUmMs moune piuenns. 3’s1coeano, wo y makomy sunaoxy, mpeoa
3YRUHUMUCA HA AHATIMUYHIU MOOeli HeNIHIUHOT 3a0ayi 34enjieHHs apmamypu 3 6emoHoM, Wo
0036071UNA  8PAXOBYBAMU  NPYHCHO-NIACMUYHY pOOOmMY OemoHy, a MAKOHC HeNiHIUHICMb
KOHmaxkmy apmamypu 3 bemonom. Buaeneno, wo ananimuuno cmpudicnesa mooens 34enjieHHs
3a1i306eMOHH020 CIMPUNCHA POPMYEMBCA CUCMEMOIO, KA CKAAOAEMbCA i3 YOMUPLOX DIBHSHD,
08a 3 AKUX € OUpepeHyiaTbHUMU PIBHAHHAMU NepuLoco NOpsOKy. 3’1co08aHo, wo maxka mooein
nompedye eKCnepuMeHmaibHo20 NiOMBEPONCEHHS ULIAXOM NPOBEOEHHs BUNPOOYBAHL i
peanizayii yuceibHo2o0 MOoO0en08aHHs 3a0ay 34ensienHs OLlbll 6UCOKO020 DI6HA ma CMyNneus
Ooemanizauyii.

Knrwuosi cnosa: ananimuuna mooensb, 3uenjieHHs apmamypu 3 0emoHoM, 3a1i300emoHHI
KOHCMPYKYii, isuuna HeliHiuHICMb, 83AEMHI BIOHOCHT 3MIWEHHS apmMamypu i OemoHn).
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Introduction. The problem of bond armature with concrete is fundamental in the
resistance of reinforced concrete constructions.

Analysis of recent sources of research and publications. In order to solve the various
problems associated with the bond armature and concrete in Ukraine and abroad conducted
extensive experimental and theoretical studies [1, 3, 4, etc], including such eminent scientists as
V.M. Bondarenko, A.B. Golyshev, A.A. Oatul, M. M. Kholmyanskii, G.N. Shorshnev,
N.I. Karpenko, V.I. Kolchunov, G.N. Sudakova, E.M. Babich, B.A. Broms, L.I. Storozhenko,
H. Goto, Y.A.Ivanchenko, V.A.Kuukosk, S.M. Mirza, Y.Haud, P.P. Nazarenko, G.Rem,
S.M. Skorobogatov and A.V. Trofimov. However, analysis of research in the field of bond
armature with concrete evidence of the ambiguity of approaches to solving this problem, and
the lack of a unified theory-based calculation method [1, 3 — 6].

A good bond-strength between any reinforcement type and concrete is one of the main
prerequisites for a reliable static function of steel-concrete constructions. The bond-strength is
affected by many factors [7]: the adhesive forces between concrete and reinforcement, the
friction forces caused by the surface inhomogeneities of the flat parts of the reinforcement, the
surface geometry (ribs, imprints and corrugations), the composition and mechanical properties
of the used concrete, its processing, curing time and also the position of the reinforcement in
the concrete.

The development of the nonlinear bond stress-slip model of fiber reinforced plastics
sheet-concrete interfaces with a simple method is represented in [8]. It should be noted work
[9] on the finite element modelling of reinforcment with bond.

Reducing the bond armature with concrete leads disclosure to excessive cracking,
reduced rigidity of and reduced bearing capacity of construction [1]. Detection of regularities
contact concrete and reinforcement is one of the most important reinforced concrete tasks
[3, 4] in the transmission of tensile forces through the armature in cracking conditions.

Identification of general problem parts unsolved before. The regularities contact
concrete and reinforcement are shown in the study of the problem pulling reinforcement bar
from the concrete block (prism), which is put in recent years by the majority of researchers in
the framework of formation estimated bond model [5].

The estimation of resistance reinforced concrete structural elements can be made in the
presence of macro-cracks [5, 6] on the basis of solving this problem. The case of one of the
central reinforcing rod deserves special attention when pulling it out of the concrete matrix and
more due to the fact that to it exactly or approximately reduced most types of reinforcement
prismatic elements of longitudinal rods system [3, 4].

Formulation of the problem. The process of connections destruction bond armature
with a concrete is a difficult sequential process at pulling up an armature bar from the concrete
matrix. It is accompanied by the presence of multistage process of a heterogeneous and
inelastic deformation, violation of adhesive bonds, emergence and development of cracks
which have different form and orientation, by the presence of changing areas of contact and
unstudied phenomena. For the correct decision of this task, it is necessary to use analytical
models, describing the interaction concrete with armature which is characterized by bond
forces [3, 4, 5].

Basic material and results. The analytical cored model of nonlinear problem of bond
armature with concrete is worked out and analyzed in this article by authors.

1. Creation of an analytical model.

Analytically rod bond reinforced concrete model is simulated by calculation scheme (fig.
1 and 4), and by the system consisting of the four equations, two of which are differential
equations (DE) of first order (the boundary value problem Cauchy).

The model examines the reinforced concrete element with a single central reinforcement.
The left end is rigidly fixed element of any movement, the right end - free.
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By reinforcing bar tensile force N,(x) is applied, the armature is pulled out of the concrete
matrix. This effort causes a displacement and deformation of concrete reinforcement bar g(x)
and concrete of reinforced concrete element €.(x) over the entire length of of the squared beam.
In the concrete matrix occurs due to force N.(x) interaction with armature in concrete beam
contact region and the relative displacements of mutual reinforcement and
concrete g,(x). The contact interaction of the two materials is approximately regarded as a
mutual relative displacement of reinforcement and concrete. The force t(x) per unit length is
acting on the direction of the current load in concrete along the entire length of contact shear,
but in an armature, — oppositely directed (Fig. 1).

The dependence of the tangential bond stress Tj,,s from mutual relative displacement of
reinforcement and concrete &,(x), characterizes the bond of material is a bi-linear in nature (Fig.
2) and is presented below:

£.(x) A,
7 | —
/] N N, (x) 4" | §
A l T A B . —— a1
/] | Len
iy ¥ L dx sl 100 mm
1=0.3 m | 4 &M
Figure 1 — The calculation scheme of the reinforced concrete element
Tbond :k.gg(x):()’é"'Ecm .[gs(x)_gc('x)]; (1)
if £ (x)=[e, (x)-e.(x)] < (x)=495- 2_ ;
Ty = 00232-E, -[e,(x) - &.(x)]+ 1866 £, (2)
if €, (1)=[e, (v)-e (x)]> €} ()= 495 Lem.
cm
where ag*(x) — the boundary relative mutual displacement of the concrete and

reinforcement, corresponding to the end point of the first section bond diagram (Fig. 2);
femm — the average tensile strength of concrete in tension, Table 1 and Norms [2];
E.,, — the average initial modulus of elasticity of concrete, Table 1 and Norms [2];
The bilinear diagram o.—¢. is shown on Fig. 3. It also describes the concrete work on this
model. The expressions for each of the sections of the diagram included in the system of
equations. It describes the deformation of concrete by next equations:

N.(x) .. N(x)
—e 2l el <09-f,
(x) E, A 4 A, /. 3)
gc X )=
ISNC(X)_IS’:}@’ l.f NC(x)>fCtm'
Ecm ’ Ac Ecm Ac

Using the equilibrium condition of the concrete and armature rods get the following two
differential equations that relate the forces in the rods and shear bond stresses (Fig. 4):
— for armature (reinforcment):
~N,+N +dN, —t-dx=0; 4)
— for concrete:
—N_+N_+dN_ +t-dx=0. )
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Figure 2 — The dependence of bond stress Figure 3 — The concrete deformation
T, On the relative mutual diagram o —
displacement ¢, "(x) in the analytical model
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Figure 4 — Working reinforcement in concrete
After appropriate algebraic transformations, we have:
— for armature (reinforcement):
dN,
= Ty 7 ©)
— for concrete:
dN
= T, )
In the equations (4) and (5), t=7,,, - 7-d,, N, — efforts in reinforcement,
N_ — efforts in concrete.
For armature Hooke's law is valid.
N
0, =E e;=e =2 =) ®)

s s Cs s E _EX'AX.

s

Thus, a nonlinear boundary value problem is received. It consists of four equations, two
of which control the first order, which is as follows:
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1
€ = -N \x);
W= Nl
N, (x) . Nc(x)go,g, .
e (x) ECT ')Ac ! (x)
¢ 18-N, (x cm . Nolx
cm'Ac _15’3‘]Ef§m’ lf Ac >f6’lm;
. * fctm
A . . . _ < — L Jetm
IV () n-d,-04-E,,-[e,(x)-e.(x)] if e,(x)<e,(x)=495 e ©)

D red, {00232 B, e, (x)-e, (x)] 41866 £}, if eg(x)>e§(x):4,95'£ﬂ

cm

() md, 04-E,,-[e,(0)-e (0] if £, (x)<e](x)= 4,95.%,

dx —{0,0232-E,,, -[e,(x)—¢.(x)]+1.866- f.,,.} if eg(x)>e*;(x):4,95-fﬂ.

cn

The boundary conditions of the problem:
N.(x=1)=0, N (x=1)=C. (10)

This problem is solved with the use of numerical methods in the application of computer
algebra package Wolfram Mathematica system.
2. Analysis of the results of the analytical model of the bond.

Varying the values efforts N, at the end of a reinforcing bar distribution graphs
were obtained of the desired functions g¢(x), €.x), Ny(x), N.(x) along the length of the rod
(Fig. 5, 6).

The initial data are presented at the Table. 1.

Table 1 — The initial data for the dependency formation of the unknown functions
with the effort at the end of the rod

The main materials characteristic Value
E, 2,04-10° MPa

Ay 7,854-10° m’

Ecn 2,7-10* MPa

A, 10” m*

d, (armature class A400C) 102 m

fem (concrete class C16/20) 1,9 MPa

The limiting factors in this case were:

— tensile strength reinforcement in tension f;;

— the average tensile strength of concrete in tension f.;,, which is determined by
the stage of the work of the concrete section of the element;

— limiting the relative displacement of the armature with respect to the concrete at the end
g lim = lesg*, in which there is a failure of reinforcement with concrete ties, according to the
adopted work depending reinforcement contact with concrete (Fig. 2);
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— ultimate tensile strain of concrete in tension &., = 10xe.;, according to the accepted
depending on the concrete deformation (Fig. 3).

It is observed a proportional increase in the length of the rod according to the current
force values of the unknown functions with increasing efforts at the end of reinforcement bar in
displayed graphs. The value of efforts N, at the input corresponds to the force in the valve
output (Fig. 5, a), which is one of the criteria for the correctness of the building model.
The effort N, in the concrete on the right side is zero (Fig. 6, a), which fully corresponds to the
initial conditions and the physical side of the problem. For values N,=0.025...0.03 MN
of stresses in the concrete exceed the tensile strength of concrete in tension 0,9-f,, a
nd concrete starts to work on the second branch of the stress-strain diagram. The tensile load
application area there is a sharp, abrupt increase N; and U; and decrease N. and U,
(begins at a distance of 0,3 m from the left edge and extends to the right edge).

a)
N, (x) MN
0.035

b)

g, (x)

0.03

0.025

0.02

0.015

0.01

0.005

Figure 5 — The distribution graph of the longitudinal effort in the armature N(x) (a)
and relative longitudinal strains in the reinforcement &,(x) (b)
along the length of the rod, depending on the efforts acting on the end:
1 — for tensile effort at the end equal to 0.01 MN; 2 — the same, equal to 0.02 MN;
3 — the same, equal to 0.025 MN; 4 — the same, equal to 0.03 MN

a) b)
N.(x) AN e (x)
0.03 0.0004 _ ) — -
0.00035 I— ; s ‘ = I ‘
0.025 |
R i S 0.0003 \ ‘
002 & e - o 4 - ‘: 0.00025
0.015 0.0002 &#— k= &h— k= &k -k ‘A\ ‘
0.00015 \
0.01 ~O— ~O— “O— O— =
T oS \ 0.0001 | R
Q — 0 0 o ¢ o+
0.005 N oo000s ko o O I O x bt |
X, m 0 'S Y (l>_ '(1)_ - x, m
0 1 ™
0 0.1 02 03 04 05 0 0.1 0.2 0.3 0.4 0.5
[ —o-1 —-—2  —A-3 —m—a | | -1 —-2 —A-3 —a—y |

Figure 6 —The distribution graph of the longitudinal effort in the concrete N.(x) (a)
and longitudinal strains in concrete £.(x) (b)
along the length of the rod, depending on the efforts acting on the end:
1 — for tensile effort at the end equal to 0.01 MN; 2 — the same, equal to 0.02 MN;
3 — the same, equal to 0.025 MN; 4 — the same, equal to 0.03 MN
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Also, the results of the calculation of the analytical models were built unknown functions
€5(x), €.(x), Ny(x), No(x) distribution graphs for different diameters of rebar from the concrete to

pull out (Fig. 7, 8). The initial data are presented at the Table 2.

Table 2 — The initial data for the dependency formation of the unknown functions
along the length of the rod for the different diameters of armature

a)

The main materials characteristic Value

E, 2,04-10° MPa

Eem 2,7-10° m*

A, 107 m?

feom (concrete class C16/20) 1,9 MPa

N 0.022 MPa

d, (armature class A400C) 21)02’ 2,1 %,’2%1062 m, 1.6:102 m)

b)

N,
0.025

0.02
0.015
0.01

0.005

(x) AN

0 0.1 0.2 0.3 0.4 0.5
| —e—1

&,[x)

0.0016
0.0012
0.0008

0.0004 | ‘
2.
}

0

0 0.1 02 0.3 04 0.5
[ —e—1

—-2 —-3 |

Figure 7 — The distribution graph of the longitudinal effort in the armature Ny(x) (a)
and relative longitudinal strains in the reinforcement &(x) (b)

along the length of the rod, depending on the diameter of armature:

1 —armature @ 10 mm; 2 — armature @ 12 mm; 3 — armature @ 16 mm

0.01

0.005

0

N_.{x}. M E..l[.t}l
0.0002 — - ~
r s - - - oo
N\ 0.00016 S——— === == < T\
0.00012
b= == =l =Sl [
0.00008 |
0.00004 |
m
0
o o1 02 03 0 0.1 0.2 0.3
‘ : —~—> —— —=2 -3 |

Figure 8 — The distribution graph of the longitudinal effort in concrete N.(x) (a)
and relative longitudinal strains in concrete in the reinforcement &.(x) (b)
along the length of the rod, depending on the diameter of armature:

1 —armature @ 10 mm; 2 — armature @ 12 mm; 3 — armature @ 16 mm
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There is a slight increase in the acting force at increasing the armature diameter
(Fig. 7, a) in the graph depending Ni(x) on the length of the rod; plots g(x), €.(x), Ny(x), No(x)
show an increase in the values of these functions while reducing the diameter of armature (Fig.
7, 8), which also corresponds to the physical picture of the phenomenon.

Conclusions. Analytical model of bond armature with concrete is a fairly accurate and
informative model. This model takes into account the elastic-plastic concrete work, as well as
the non-linearity of armature in contact with the concrete, and allows you to efforts distribution
of graphics and concrete strains and reinforcment along the length of the rod.

The proposed model is relatively simple, although it is not without drawbacks, and
therefore requires experimental confirmation by testing and implementation of numerical
simulation bond problems and a higher level of granularity.
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VARIATIONAL METOD APPLIED IN CALCULATION
OF KEY JOINT’S STRENGTH IN
THE CURRENT CONSTRUCTION SYSTEMS

The article deals with construction precast and precast with cast-in-place frame
buildings, which elements’ combined action is provided by key joints, are widely used.
The paper is devoted to the key joints, taking up considerable transverse forces. Standard
methods of their calculation are imperfect, they do not take into account all factors of influence
and cause significant underestimation of the joint’s strength. At Poltava National Technical
Yuri Kondratyuk University a calculation methodology has been developed, which, being
generic enough, takes into account the destruction’s character and a set of influence factors.
Three- and five-key joints of multi-storey building’s reinforced concrete frame’s elements have
been considered. An example is given of determining the strength of the capillary’s joint with
the column of the precast flat slab floor by means of the variational method in the concrete
plasticity theory. The obtained results are compared to the standard calculations.
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3ACTOCYBAHHS BAPIAIIIHHOT'O METOJIY
ITPU PO3PAXYHKAX MIIIHOCTI IITIOHKOBUX CTHUKIB
CYYACHUX KOHCTPYKTUBHUX CUCTEM

Bucsimneno ponv cmuxis, Kompi 6uKOpUCMOBYIOMbCA 0N 3a0e3neyenHs: CHiIbHOT
pobomu oxkpemux enemeHmis 30IpHux i 30iPHO-MOHONIMHUX KapKacHux Oyodisensb. Ocobaugy
V8a2y NPUCBAYEHO WNOHKOBUM 3 €OHAHHAM, AKI CHPULUMAIOMb 3HAYHI NONEPEeyYHi CUTU.
3’acoseano, Wo HOPMAMUBHI MEMOOUKU IX PO3PAXYHKY He OOCKOHANI, He 6paxo8yiomv 6CIX
Gdaxmopie  enauey i npuzeo0AMb 00  CYMMEBOI  HEOOOYIHKU  MIYHOCMI  CIMUKIB.
Y Ionmascvkomy HayionanvHomy mexHiyunomy yuieepcumemi imeni IOpia Konopamiwoka
PO3pOobNIeHO MemOOUKy PpO3PAXVHKY, AKA € OO0CUMb 3a2aNbHOI0: pO32NA0dE  Xapakmep
PVUHYBAHHA MA KOMNJIEKC YUHHUKIG énaugy. Poszenanymo mpu- i namuuinonkoge 3’ €OHaHHs
3ani300emoHHUX elleMeHmie Kapkacie Oazcamonosepxosux 0Oyoieenv. Haeedeno npuxnao
BU3HAYEHHS MIYHOCMI CMuKy Kanimeni 3 KOJOHOIW 30ipHO20 0e30a1K06020 nepeKpummsl
sapiayitiHum MemooomM Ha OCHO8I meopii niacmuunocmi demowny. Ompumani pesyromamu
NOPIBHAHO 3 HOPMAMUBHUMU PO3PAXYHKAMU.

Knrouosi cnosa: cmux, wnouka, MiyHicms, N1aCMUYHiCMb, 3pi3, 6EMoH.

36ipuuk HaykoBHX mpailb. Cepis: [any3eBe MammHoOyAyBaHHs, OyaiBHULTBO. — 2 (47)" 2016. 133




Introduction. Joints are important elements of the present-day construction systems (CS)
of multi-storey buildings. Hollow core slabs in them rest on girders through concrete keys,
formed by means of embedding hollow sites of the slab ends (CS Arcos). Precast and precast
with cast-in-place girders and column slabs are also connected with the column by means of
keys (CS MITEP, Saret, Kazan-XXI century, CUBE-2.5, etc.). However, such joints are used
carefully enough [1], which indicates the necessity of their further studies.

Analysis of the latest research sources and publications. Reliability and economic
feasibility of joints is determined by their design method’s quality. Currently, we have analyzed
over 50 proprietary and standard methods of defining the key joint’s bearing capacity [1 — 6].
Most of them are empiric, thus causing definite drawbacks, first of all, special character of the
data obtained.

Normally, among the factors, determining the above joint’s strength, we should
distinguish the both concrete properties f.; and f,.;; key parameters [, (depth), A (height), by
(width) and their ratio [/ h; the key profile form, the underlay’s deflection angle
(rectangular, trapezoidal and triangular keys); prestressing force o©/f.; reinforcement
Psw = Ay [ b hy ; the joint’s width £ number of keys ny [7 — 11].

Among the known methods, only standards [12, 13] are, to some extent, taking into
account most of the above factors, however, they significantly underscore the theoretic strength
when compared to the empirically obtained data.

At Poltava National Technical Yuri Kondratyuk University a design methodology has
been developed for design key joint’s strength [14], which is based on the common foundation:
the variational method in the concrete plasticity theory [15], considers their destruction type
and takes into account the whole totality of the strength determining factors. The method is
tried and tested enough, and it has demonstrated proper coincidence with the experimental data.

Singling unsolved aspects of the problem. Number of keys is one of the factors
influence the key joint’s strength, which is poorly understood. Standard norms [16] suggest
calculations for maximum three, and [17] — that for five keys. There is no consensus on the
maximum number of keys, which is introduced in the design. There is, therefore, the matter
requires further study.

The aim of the present paper is testing the method of key joint’s strength design in the
context of solving tasks to improve strength of splined joints in the precast and precast with
cast-in-place systems of multi-storey buildings.

Basic material and the results. The essence of the suggested design method lies in the
fact that basing on the assumed kinematic scheme of the single-key joints (Fig. 1), the normal
and tangent velocity jumps are determined in relation to the destruction surface, its contour is
defined. Then, the method’s functional is recorded and, proceeding from the fact that it equals
zero, the ultimate load ¢, is determined at the unknown angles ¢, £ and the speed ratio V./V, As
additional conditions, equilibrium equations are assumed. Solutions have been obtained for
single-key joints at «key» and «joint» destructions [14].

Three-key joints undergo the following destruction cases (under the condition that the
height of keys equals to the distance between them): at tj / hk < 0,3 (tj — the joint’s width): in
the case, when 0,25 <1k/hk <£0,35 — the «key» destruction (Fig. 2, a); if the condition
0,3<tj/hk<3and 0,25 <1k/hk <0,5 is fulfilled — a combined variant of «key» and «joint»
destruction occurs (Fig. 2, b — ¢) (the calculation value is assumed to be the minimal ultimate
load’s value), when tj / hk > 3 — the joint is destructed.

Five-key joints undergo the relevant destruction schemes.
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Figure 1 — Possible kinematic scheme of a single-key reinforced joint destruction:

Figure 3 illustrates examples of splined joints of column with the cap of precast flat slab
floor [18], of a precast column with a solid-cast joist, reinforced by a precast bearing [19],
precast with cast-in-place with a column CS Kazan-XXI century [20], precast columns and
girders CS MITEP [17], precast posts at precast columns formation in the RAMPA system

[21].

a — «key» destruction; b — «joint» destruction
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Figure 2 — Possible forms of three-key joints destruction

As an example, let us consider the results of calculation for a key joint of a column with
the cap of precast flat slab floor’s drop (Fig. 3) by means of the variational method based on the
concrete plasticity theory, and let’s compare them with the standard design [12] and [15].

The initial data for the calculation are the joint’s geometry: 7 = 600 mm; d = 556 mm;
beqp = 830 mm; by = 150 mm; b = 450 mm; iy = 130 mm; by = 450 mm; /[, = 30 mm and the
strength properties of the embedment concrete C16/20, for which f.;, = 11,5 MPa,
Jfeta = 1,3 MPa.

The drop-with-column joint is designed to be rigid, able to take up bending moments and
shear forces. At designs, one should take into account that the moments, acting in the joint,
cause the prestressing the embedment concrete, in our case the prestressing level is o= 8,02
MPa. The positive effect on the joint’s operation is made by the restraining influence of the
cap, heightwise of which three keys are designed.

For the considered dimensions [/ h,=30/130 = 0,25, and the joint’s relative width
makes t;/ hy =95/ 130 = 0,73, which means, that the combined «key» and «joint» destruction
variant can occur (Fig. 2, a — ¢). The minimal load value is observed in the destruction case
described in Fig. 2, b: for two keys and seam within the third.

In this case, the keys joint’s strength is determined depending on:

ﬁ:g Btga(tg2ﬁ+1)+ feat8hB . 188 1 N
m (tgax+1g ) m m | y(cos@ —ksin @)
2 2 (1gay —t;) (1)
2Bk —t +0,25(kt +1)" —(k—t R
+ 23l 025k 1) ~(k—re ) [ EAE 1
fc—td(k-i-l‘g ) (tgﬁl+tj) +6£ y(cos@ —ksin6)’
m (tgoq +1gfy) m

where 7=lk/hk; B :\/(1"‘)(/(1_)()2)/3’)(: fctd/fcd; Mm=fou—fus Kk :Vx/Vy -
the speed ratio; angles ¢, f — geometric parameters of the failure surface ABC (Fig. 1, a);
6 — load deflection angle from the vertical.
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Column’s joint with the precast cap of flat slab floor’s drop [18]

l;

Key joint of the column with girders [19]: Girder-with-column joint
1 — precast columns; 2 hollow-core slabs; CS Kazan-XXI century [20]:
3 — concrete keys; 1 — column; 2 — precast element of a girders;
4 — reinforcement cage of the solid part in 3 — hollow-core slab;
the precast with cast-in-place girders 5; 4 — longtitudinal working reinforcement
6 — joist precast bearing’s swelling; protruding bars;
7 — butt hollows of slabs 2; 5 — keys in the girders butt;
8 — restraints; 9 — keys of girders 6 — bearing reinforcement bars

of the precast with cast-in-place girders

Precast girder-column joint [17]:
1 — precast column; 2 — precast girders;
3 — key joint; 4 — reinforcement bars

Key joint of the posts into a column [21]:
1 — frames; 2 — jamb posts

Figure 3 — Key joints of separate reinforced concrete elements in multi-storey buildings

In the limit state in the upper zone of the joint (Fig. 3), according to [18], a significant
crack expansion in the two concretes contact place is observed, which can degrade the work of
the upper key. Therefore, only two keys are introduced into the design.
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The results of determining the ultimate load, which can be taken up by a two-key butt
joint, are the following: for [18] — V,=500,2 kN; for [12] — V,=214,7 kN, using the
variational method [15] — V,,=271,6 kN As it can be clearly seen, the standard methods
[12, 18] demonstrate significant (by 2,5-fold) divergence of results. The value of, obtained on
the plasticity theory, falls within the above limits and is closer to the design result [12] as such,
taking into account the specificity of considered joint’s constructive solution.

Conclusions. The suggested method of key joints strength design is illustrated on the
example of the strength design for the drop-with-column joint of the precast flat slab floor.
Compared to the standard one, the above method is more accurate due to taking into account all
factors of influence. The method is recommended for extensive application.
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Epmonenxo /. A., 0.m.n., doyenm
Twenkxo M.C., inowcenep
Ilonmascvkuii HayionanbHuti mexuiynuil ynigepcumem imeni FOpiss Konopamioxa

MIOHICTD TA JE@OPMATUBHICTbD
KIEEHUX JEPEB’IHUX BAJIOK,
APMOBAHMUX ITOJIMEPHOIO CITKOIO

Haseoeno pesynomamu excnepumenmanvHux OO0CHIONCeHb aApMOBAHUX Oepes’siHUX
00UamoO-KNIeEHUX — 32UHANbHUX — eleMeHmi8  NpAMOKYMHO20 nepepizy. Ak apmysanus
3acmoco8ano NOAIMepHY CIMKY 3a800CbKO20 6u2omoeéients. Onucano npoyec 6UHAYEHMHS
QDI3UKO-MEXAHIUHUX MA 2eOMEeMPUUHUX XAPAKMEPUCTNUK BGUXIOHUX Mamepianie, a maKoic
npoyec BuU20mMoGieHHs OO0CIIOHUX 3PA3KI8 (3 3ACMOCYBAHHAM I[HBEHMAPHO20 O0ONAOHAHHS
HAyKo80-00CIiOHUYbKOI 1abopamopii. ¥V npoyeci ekcnepumeHmanbHux 00CHI0HCEHb BUMIPAHO
Ooepopmayii  3a  MEH30MEMpPUUHOIO MemoOUKol ma nepemiujeHHs MO40K oci 3d
Gpomocpammempuunolo memooukoio. Ilpeocmaeneno epagiku po3eumKy npocunie ma
N03008IHCHIX Oehopmayil 015l cepedHbo20 nepepizy 3aNeNHCHO GI0 BelUHUHU 308HIUHBO2O
MomeHnmy. 3a pe3ynbmamamu 00CNi0HCeHb YCMAHOBNEHO, W0 86€0eHH APMYBAHHS Y BUSTIAOL
noNiMepHOL cimKu 30i1buye Hecydy 30amHICMb Ma 3HUNCYE 0ehOpMaAmMUBHICIb Oeped’ SHux
00Ujamo-KIeEHUX 32UHANbHUX e/leMeHMIs.

Knrwouosi cnoea: Oepes’sani KOHCMpYKYii, KieeHo-0owami elemMeHmu, MiyHicmb,
oegopmamusnicms, npocunu, depopmayii.

Epmonenxo /[.A., 0.m.n., doyenm
Hwenxo M.C., unocenep
Ilonmasckuil nayuonanvuwili mexnuyeckuu ynugepcumem umenu FOpusa Konopamioka

INPOYHOCTDb 1 JIE®@OPMATUBHOCTb
KJIEEHBIX TEPEBAHHBIX BAJIOK,
APMUWPOBAHHBIX ITIOJIMMEPHOU CETKOU

IIpuseoenvl  pe3yrbmamuvl — HKCHEPUMEHMANbHBIX — UCCAEO008AHULL  APMUPOBAHHBIX
0epeBAHHbBIX QOUAMO-KIEEHbIX U3UOAEMBIX DIEMEHMO8 NPAMOY20IbHO20 ceyenus. B kauecmese
ApMUPOBAHUL NPUMEHEHA NOIUMEPHASI CeMmKA 3a800CK020 u3eomosnenus. Onucano npoyecc
onpedenenus  QUIUKO-MEXAHUYECKUX U  2eOMEempUdeckKux Xapakmepucmuk UCXOOHbIX
Mamepuanos, a MAaKHce Npoyecc U32OMOBNeHUs ONbIMHLIX 00pa3yo8 ¢ NpUMeHeHuem
UHBEHMAPHO20 000PYO0BAHUSL  HAYHUHO-UCCIe008amenbCckol  aabopamopuu. B npoyecce
IKCHEPUMEHMATILHBIX ~ UCCIe008AHULL  USMEPANUCL,  Oedhopmayuy  NO  MeH30Mempuieckol
MemoouKe u nepemeujeniiss moyeK ocu no pomozpammempuieckoii memoouxe. Ilpeocmasnenvi
epaguku  pazeumus npoecudos U NPOOOJbHBIX Oehopmayuli Oas CPeoHe20 CeyeHus 8
3a8UCUMOCMU  OM  GeIUYUHbI GHewHe20 Momenma. Ilo  pesynbmamam  uccie008aHuil
YCMAHOBNIEHO, YUMo 66e0eHUe APMUPOBAHUSL 8 BUOE NOTUMEPHOU CEMKU YE8eTUUUBAen HeCyuyio
CNOCOOHOCMb U CHUdCAem 0eOopMAMUEHOCMb OePesIHHbIX KIeeHO-00WAmbIX U3UOAeMbIX
9/1EMEHmMO8.

Knroueswie cnosa: oepessnnbie KOHCMPYKYUL, 00OWAMOo-KieeHble dNeMeHMbl, NPOYHOCMb,
degopmamusrocms, npo2udwl, deghopmayuu.
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THE STRENGTH AND DEFORMABILITY
OF GLUED LAMINATED WOODEN BEAMS
WITH FABRIC REINFORCEMENT

The article presents the results of experimental studies of reinforced wooden glued
laminated bendable elements with rectangular cross section. A polymer fabric is applied as a
reinforcement. The authors describe the process of determination of physical-mechanical and
geometrical characteristics of composite materials. The process of determining relevant
characteristics of working strands in e polymer fabric is described in detail.
A photogrammetric technique is applied to establish an estimated cross-sectional area of
working strands. It is described a creating process of experimental model and equipment of the
research laboratory. Attention is paid to the process of creating of pre-stress in working
strands of polymer fabric. During the experimental studies, deformations and displacements
are measured. Deformations are measured according to tensometric method using strain-
gauge station, BHII-8. Measurement and recording of relative deformations are carried out
automatically at every startup stage.

Electro-strain gage are located in the middle section. Displacement of point of the axis is
measured according to photogrammetric method. This technique allows observing deflections
in the middle section and the displacements in supporting sections of the experimental samples
at the same time. The article presents graphs of the deflections and longitudinal strains for the
middle section depending on the magnitude of the external moment. Deflections mean vertical
displacement of the middle the most stressed section. In samples with fabric reinforcement the
amount of deflection is less than the amount of deflection in unreinforced samples at the same
level of external load. Longitudinal strains are measured at the height of the middle section.
From the above graphic, you can see that the neutral line moves to the most extended fibers of
the cross section of experimental models at the previous strained of polymer reinforcement.

Experimental researches have made possible to establish deformation features of wooden
glued laminated beams of rectangular cross section depending on the value of pre-stressing
polymer fabric reinforcement. It should be stated that polymer fabric reinforcement increases
the load carrying capacity of wooden glued laminated beams of rectangular cross section by
33% and the pre-stressing of polymer reinforcement increases carrying capacity by 20%. In
addition, it should be noted that fabric reinforcement has led to a change the position of the
neutral axis in a strained cross section of the studied bendable elements. The deflections of test
samples with fabric reinforcement are 15-20% less compared with samples without
reinforcement.

Keywords: wooden structures, glued laminated elements, strength, deformability,
deflection, deformation.
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Beryn. Bucoki Temnu i piBeHb CydacHOT0 OyIiBHUITBA BUCYBAIOTh SIKICHO HOBI BUMOTH
no OymiBenbHMX MartepiamiB 1 KOHCTpyKHid. [Ipu mpoMy 3HAYHA YyBara MPUAUISIETHCS
BUPOOHUIITBY KJICEHUX JCpPeB’STHUX KOHCTPYKIiHA. Taki KOHCTpYKIii TO psAay TEXHIKO-
€KOHOMIYHUX ITOKa3HUKIB TEPEBEPIIYIOTh METAJeBl Ta 3ai300€TOHHI: MalTh Majy Bary,
BITHOCHO BHCOKY MIIHICTh 1 OPCTKICTb NpW JOCTaTHIN HamiMHOCTI # JTOBrOBIYHOCTI.
VY Toi#l ke yac HEraTHBHI BJIACTUBOCTI JIEPEBUHU (aHI30TPOITiSl MEXAHIYHHMX BIIACTUBOCTEH,
BapTICTh SKICHOTO MHUJIOMAaTepialy, MAacHBHICTH TEpEpi3iB, MOB3YYICTh TOIIO) OOMEXYIOTh
cdepy 3acTocyBaHHS Ta MOTIPIIYIOTh MOKA3HUKU KICEHUX JEPEB’ SHUX KOHCTPYKIIIH.

Bucoka MIIHICTh 1 JKOPCTKICTh Yy TIOE€JHAaHHI 3 MaJOK Barol Ta CIPOMOXKHICTh
OTMUPATHCS BIUIMBY arpeCMBHOIO CEpPEOBHUINA POOJATH IIi KOHCTPYKIi HE3aMIHHUMH B
CUIbCHKOTOCTIOAAPChKOMY OyaiBHULTBI. KpiM TOrO, 11 BETMKONPOIHOTHUX KOHCTPYKLINH Y
BKKOJIOCTYITHUX Ta BiJJaJIEHUX BiJl MariCTpaJbHUX IIIAXIB pallOHaX 3aCTOCYBAHHS KIICEHUX
JiepeB’ SITHUX KOHCTPYKIIiM 03BOJIsiE BUKOHYBAaTH YKpyIHeHe 30upaHHs. JIerki Hecydi KieeHi
apMOBaHI KOHCTPYKLIi 3aCTOCOBYIOTHCSI B HAaWPI3HOMAHITHIIIMX Taly3sx OYHIBHHUIITBA: NPHU
3BEJICHHI BHJIOBHUIIHO-CIIOPTUBHUX, CUIBCHKOTOCTIOAPCHKUX Ta CKJIAJACHKUX OyJliBEINb,
IpOJIITHUX OyJJ0B MOCTIB 1 ecTakaj, OyaiBesb XiMIYHIX BUPOOHMULTB TOLIO. 3 iHIIOrO OOKY, Iie
BHUCYBA€ JI0 HUX BEJIbMH BHCOKI BUMOTH, OCKUTIBKH B TPOIIECI €KCIUTyaTallii MOXJIMBI BIUTMBH
nepernajiB TeMIEepaTypy Ta BOJOTOCTi, arPECUBHUX CEPEOBHIL, TOBTOPHUX KOPOTKOYACHUX 1
TPUBAJIMX HAaBaHTaXEHb. PoO3poOIeHHS 1 MOOCHIIKEHHA KJIEEHUX apMOBAHMX JIePeB’STHUX
KOHCTPYKIIA i1 OYyMiBHHUIITBA € BaXJIMBUM 3aBJaHHSAM 31 CTBOPEHHS HOBHUX BHIIB
e(eKTUBHUX HECYUYUX KOHCTPYKLINA HAa OCHOBI IEPEBHHHU.

AHai3 OCTaHHIX /Kepes [IOCHiIKeHb 1 myOjaikanmiid. Ines BUKOpUCTaHHS B
KOHCTPYKIIISIX CIUJIBHOI pOOOTH NEPEeBMHM Ta METaly 3HAWIUIA TMOJAJIbIINN PO3BUTOK B
apMOBAaHUX JIepPeB’SHUX KOHCTPYKUiAX 1 enemeHntax. Y 1921 p. A.Kmaiir (CIHA)
3aMpONOHYBaB BHKOPUCTOBYBAaTH B KOHCTPYKI[ISIX aepOIUIaHIB Ta JUPHKAOIIB HECYIHi
JIepeB’ THUH €JIEMEHT KOpoOYacToro MepeTruHy i3 3alPeCOBAHUM CTAJICBUM JAPOTOM Y TIOJIKH [1].

[e#i enemeHT MOXHa BBaXaTH MPOOOPA3OM CYYaCHHX apPMOBAaHUX JEpPEB’THUX
KOHCTPYKIiA. OmHak TPyAHOII, TIOB’SI3aHI 3 BUTOTOBIICHHSIM TaKWX KOHCTPYKIIH, 1
BIJICYTHICTh HAAIMHMX 3acO0iB 3 €IHAHHS CTAJEBOTO JAPOTY 3 JEPEBUHOI HE JO3BOJWIH
pearizyBaTH 110 IPOTO3HUILiIO.

ApMyBaTH CTaJeBUMH TpyTaMu JepeB’stHI Opymari OaJku W KOJOHM B HECYUHX
OyaiBenbHUX KOHCTPYKLIAX ymepuie 3amnpornonyBaB A. @imep (Himeuunna) B 1926 p. [1].
CraneBl TpyTKH TOBHMHHI OYylIM YKJIQJaTHCS B Ta3W KBaJIpaTHOTO TMEPETHHY 1 3aJIUBATHCS
CIeliaibHOT MACTUKOI0, CKJIAJT IKOT aBTOP HE HABOJUTh.

3acTocyBaHHS apMyBaHHS JO3BOJSE a0COMIOTHO TO-HOBOMY i OUIbII €(EeKTUBHO
BUPIITYBaTH BY3JIOB1 3’€THAHHS 1 CTUKHU JEPEB’ STHUX KOHCTPYKIIiH, IO MiIBHUINYE iX 301pHICTS,
MOJIETIITYE€ TPAHCIIOPTYBAaHHS Ta MOHTaX [2 — 7], a TaKOXK MUTAaHHS PEMOHTY ¥ PEKOHCTPYKIIii
TI0YUX MiaIpueMcTB [6, 8].

Bujaisiennsi He po3B’si3aHUX paHillle YACTHH 3arajibHoI NMPoodJieMu. 3aCTOCYBaHHS SK
apMyBaHHA JIepeB’ THUX KOHCTPYKILINH Yy BUITISAAI OKPEMHUX CTPHXKHIB MOTpeOye BUKOPUCTAHHS
CHEIIAIbHUX aHKEePYIUHX 3ac00iB a00 BUKOHAHHS JTOJATKOBUX MIATOTOBYMX TEXHOJOTTUHUX
omepalriii, 30KpeMa BUTOTOBJICHHsS Ia3iB y MiATOTOBJICHUX JEPEB sIHUX Marepiansax TOIIO.
ApMaTypHi CTPIKHI 3 MOJIMEPHHX MarepialliB HE JIOMYCKAalOTh MEPETHHIB Ta Pi3HOIO POAY
MEXaHIYHUX TIOIMIKO/DKEHb IIiJI 4Yac BUTOTOBJICHHs. lle 3HaYHO 3HIWKYE I1X MeXaHIvHI
BiacTuBOCTI. KpiM TOr0, 3a1€KHO BiJ CIOCOO0Y aHKEpPYBaHHS MOMJIMBE PO3IIAPYBAHHS TAKUX
CTPMKHIB. 3aCTOCYBAaHHS SIK apMYyIOUOTO €JIEMEHTa IOJIIMEPHOI CITKH 3 POOOYMMH HHUTKAMHU
JTO3BOJISIE TI030YTHCS HEMIOMIKIB TIOJIIMEPHUX CTPUIKHIB.
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IMocTanoBka 3aBaranHs. BukopuctaHHs apMyBaHHS 3 MOJIMEPHOTO MaTepiajly JOIaTo-
KJICEHUX JIEPeB’STHUX €JIEMEHTIB MOTpedye BHBUEHHS OCOONMBOCTEH iX poboTH mif
HaBaHTAKEHHIM. JJI 1IbOTO TTOTPIOHO PO3POOUTH METOJUKY €KCIIEPUMEHTATBHUX JAOCIIHKCHB
Hecydoi 37JaTHOCTI Ta Ae(OpMOBAHOTO CTaHy JOIIATO-KICEHUX JEpEeB’SIHUX EJIIEMEHTIB 3
apMyBaHHSM IOJIMEPHOIO CITKOIO i MPOBECTH caMi JOCIIKEHHSI.

OcHoBHuii MaTepian i pe3yabTaTu. [Iporpama ekCHepUMEHTATBHUX —JOCIIHKEHb
nepenbavae: BHBYCHHS MEXaHIYHUX BIJIACTUBOCTEH BHUXIIHMX MaTepialliB; PO3POOICHHS
KOHCTPYKLIi TOCTIAHUX 3pa3KiB; PO3TAlIyBaHHS Ta 3aKpIIJICHHS BHMIPIOBAIbHUX 3acO0iB;
BUNPOOYBAaHHS JOCTITHUX 3pa3KiB 1 aHAI3 PE3YJIbTATIB.

Mamepianu

JlJ1s1 BUTOTOBJIEHHS €KCIIEPUMEHTAIbHUX 3pa3KiB BUKOPUCTOBYBAIMCS COCHOBI JIOIIKHU 2-
ro copry, posmipamu 27,5x70x2200 MM. Moayib MpYKHOCTI JCpEBHHHM BHU3HA4YaBCS 3a
CTaHJApTHUMHM 3pa3kaMu. 3acTocoByBajmcs TeH3zomeTpu ['yrenbOeprepa (puc. 1). Benmunna
MOIYJIsl IPYXKHOCTI AepeBuHU ckiana E = 13560 I]a.
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PucyHok 1 — BusHaueHHSI MeXaHiYHUX XapPAKTEPUCTUK J€PEeBUHU:
a — BUIIPOOOBYBaHHS Ha CTUCK; O — BUSHAUCHHS MOYJIs Aedhopmartii J1epeBuHA

Sk apMyroumnii MaTepiana 3aCTOCOBAHO MOJIMEPHY CITKY 13 yapyHkamu 11x11 mm. Okpema
HUTKA CKIIQJA€ThCS 3 NBOX JOKTyTiB. Ilmomia HuTku BU3Havanacs 3a (oro3HiMkamu (puc. 2) 3
HaKJIaJJaHHSM CITOK (IJTOIIA YapyHOK BiJioMa).

a) 0) B)

Pucynok 2 — BumiproBanHs Iu1o1i nepepisy noJiiMepHoi CiTku:
a — 300paKeHHS TIepepi3y HUTKH CITKH; O, B — CITKA 13 YapyHKaMH 3 BiIOMOIO TUIOIIECIO

MexaHiuHi BIACTUBOCTI CITKH BU3HAUYAIKCH 32 PE3yJbTaTaMH BUIIPOOOBYBAHb Ha PO3THT.
3pa3ku Oynu JBOX THITIB: CMyTa CITKH 13 IIECTH POOOYMX HUTOK (puC. 3, a); OKpeMi HUTKH
(puc. 3, 6). Ilmoma mnepepizy onuiei Hutku — 0,008 cM2. [iarpamy poOotu MaTepiany
MOJTIMEPHOI CITKH HaBEJIEHO HAa PUCYHKY 3, B.
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Pucynok 3 — Jliarpama po6oTu noJiiMepHoi ciTku:
a — po3TAT (parMeHTy CITKH; O — PO3TAT HUTKH; B — Jllarpama poOOTH Ha PO3TAT

Bemuunna momynst mpykHOCTI ¢itku ckinana E = 53571 klla. MakcuManbHe MOI0BKEHHS
110 po3puBy 2,8%.

Koncmpyxyis ma mexuonoein 6ueomosnents 00CiiOHUX 3pA3Ki6.

3rigHO 3 MPUHHATOI MPOrPaMOI0 EKCIIEPUMEHTAIBHHUX JTOCIIHKEHb OYJIO BHUTOTOBIICHO
Tpu cepii qocminaux 3paskiB: JIKb — gomaro-kineena 6anka; JIKBA1 — momato-kineena Oanka,
apMoBaHa mnojimMepHo ciTkoro; JIKBA2 — nomaro-kineeHa Oanka, apMoOBaHa IOMNEPEIHBO
HaIlpy>KEHOI0 TIOJIIMEPHOI0 CITKOI. YCl JOCHiAHI 3pa3kd Majaud TrabdapuTHI Po3MIpH
2200x220x70 mm. Ilaker ckiagaBcsi 3 BOCBMHU COCHOBHMX JOIIOK 2-TO COPTY. ApMYBaHHS
MOJIIMEPHOIO CITKOIO PO3TAIIOBYBAJIOCS MiX TEPIIOI0 Ta JPYrol0 JOIIKOK BiJ HIKHBOI IpaHi
nepepisy (kinbkicts apmyBanus — 0,096 cm>).

CKJIeroBaHHsI TaKeTiB BHUKOHYBAJIOCS Ha 1HBEHTAPHOMY CTEHII y Jjabopartopii kadeapu
KOHCTPYKIIIN 3 MeTany, aepeBa Ta ractMac (puc. 4, a). Iaker 3paskiB cepii JIKb dopmyBaBcs 3a
onuH pa3. [lakern 3paskiB 3 apMyBaHHSAM (OPMYBAIUCH y JIEKiJbKa eTamiB. Tak 3pa3ku cepii
JAKBA1 BUTOTOBISUTMCH Y TaKiil MOCHTIJOBHOCTI: CKJICIOBABCS MAKET i3 CEMH JOIIOK; Y IIap KIC
Ha EMTOKCHIHOMY B’ sDKYYOMY BTOTUTIOBAJIACh MOJIIMEpPHA CITKA 1 HaKJIaganacs BOCbMa JIOIIKa.
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Pucynok 4 — Jlociani 3pa3ku mia yac CKJI€lOBaHHA:
a — cepii [1IKB; 6 — cepii JIKBA2
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3pazok IKBA2 cnoyatky BUTOTOBIISIIH 13 TIECTH JOMIOK. [10TiM BUKOHYBaJIOCH aHKEPYBaH-HS
noniMepHoi ciTku y naBa mapu po3Mipamu 2200x70 MM 1 OfHAa CTOpPOHA AHKEPYBAaHHS CKJICIO-
BaIacsi 3 Oaikoro. AHKEpYBaHHS BHKOHYBAIOCS MK Jomkamu posMipamu 330x70x27,5 mm
(puc. 5, a). Ilicns ckieroBaHHS aHKepyBaHHS (48 TOIWH) MK 3aKPITUICHHSIM TPOKJICIOBAIIUCS B
JIOIIKH 1 32 JOMIOMOTOI0 KJIMHITIB BUKOHYBAJIOCS MoTiepeHe HanpykeHHs Ha 20% (puc. 5, 0).

Pucynok 5 — BurorosJienns 3pa3kiB cepii IKBA2:
a — aHKepYBaHHS MOJIIMEPHOI CITKH; O — monepeiHe HapYKEHHS MOJIIMEPHOI CITKH

Citka ckieroBaiacst 3 JOLIKAMH EMOKCHIHUM KIJICEM, HAIIOBHEHHM IICKOM, MPOCITHUM
yepe3 cuto (1 mm). Yactka cmonu — 100, 3atBepxyBada — 12, micky — 200.

Memoouka npoeedents ekcnepumeHmanbHux 00Cai0HCeHb.

ExcniepyMeHTanbH1 TOCHIIKEHHS] apMOBAHUX JIOIIATO-KJICEHUX €JIEMEHTIB MPOBOIUIHCS
B Jsaboparopii kadeapu KOHCTPYKIiM 3 Merany, jgepeBa Ta 1actmac llonraBcbkoro
HaIllOHAJTBLHOTO TexHiYHoro yHiBepcutery imeHi IOpis Kongpatioka. BumnpoOyBanHs
BUKOHYBAIM Ha rigpaBiiyHoMy mnpeci YMM-50. 3ycumns mnepemaBaiucs depes3 IIapHIpU
(puc. 6, a).

3aBaHTakeHHs 3nidicHIoBanocs crymensmu mo  0,05+0,1 Big nepexbadyBaHOTrO
TEOPETUYHUM PO3PAaXyHKOM pyiHHiBHOro HaBaHTakeHHs N. Ha BCiX cTyneHsX BUMiprOBanucs
nedopmartii cepeTHbOTO TIepepidy Ta 3MiHa TeoMeTpii Mo3a0BkHBOI oci. Jledopmartii marepiany
BUMIPIOBAINCS TEH30METPUYHUM criocoOoM 13 3actocyBanHsM BHII-8 (puc. 6, 6). [lepemirnenns
TOYOK ITO3I0BXHBOI BiCl BUMIpIOBAIHCS (hoTOrpaMMeTpudHUM MeTozoM [10].

PucyHnoxk 6 — locainHuii 3pa3ok nig 4ac BUNPOOYBaHHS:
a— B YCTAHOBIII; O — po3TaIlyBaHHs €JIEKTPOTEH30PE3UCTOPIB; B — (DOTOrpaMMETpUYIHA MapKa
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3pazok Kb 3pyiinyBaBcs mnpu HaBantaxkeHHi B 9,6 kH-M. JIKBAl 3a paxyHok
apMyBaHHS TIOJIMEPHOIO CITKOIO OCTaTOYHO 3pYHHYBaBCsS MpH HaBaHTaKeHHI B 12,8 kH-m.
JKBA?2 3pyiinyBaBcs npu HaBaHTaxeHHi B 13,8 kH-M.

Y MomeHT pyiitHyBaHH: 3pa3ok cepii JIBK maB gyxe BUKpUBIEHY BiCh.

Ha pucynky 7 HaBegeHo rpadiku po3BUTKY MPOTHHIB CEPEIHBOTO IMEPEPi3y TOCIHITHUX
3pa3KiB yCix cepiid 3aJIe)KHO BiJl BEIMYNHU 30BHIIIHHOTO 3STHHAIIBHOTO MOMEHTY.
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Pucynok 7 — IIporunu goc/iaHux 3pa3kiB

Ha puc. 8 naBeneno rpadiku po3noaity mo30BXHIX AedopMalliil o BUCOTI cepeaHbOTO
nepepizy AOCHITHUX 3pa3KiB PI3HUX cepiil 3a7I€KHO Bil BETUYMHH 30BHIITHBOTO 3yCHIIS.
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=t Pucynok 8 — Jle¢popmaiiii mo Bucori
S G <L cepeIHbOro nepepisy 3paskis:
i e Gl 6 a— JIbK; 6 — IBKA1; B — JIBKA2
NEERBE R
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BucHoBku. ExciepuMeHTaNbHI AOCHTIHKEHHS TO3BOJMIN BCTAaHOBHTH, IIO apMyBaHHS
HOJIMEPHOIO CITKOIO TIiJIBUIIYE HeCcydy 3[aTHICTb JEpeB’SHUX JOIIATO-KJICEHHX OalloK
NPSIMOKYTHOTO Tiepepi3y Ha 33%, a momnepeaHe HanpyKEeHHs MoJIIMepHOTro apMyBaHHS Ha 20%
IiABHIIYE TOJATKOBO Hecydy 3/aTHICTH 1ie Ha 10%.

Kpim Toro, cmig BIAMITHTH, IO BBEACHHS apMyBaHHS Yy BUIJIAMI TOJIMEPHOI CITKH
MPHU3BEJIO 10 3MIHEHHS MOJIOKEHHS HEUTPAIbHOI OCi y OUIBII HAMPYXEHOMY MOMEPEYHOMY
nepepi3i JOCHiDKyBaHUX 3rHHAIBHUX €JIeMEHTIB. [IporuHu gocimigHuX 3pa3KiB 3 apMyBaHHSIM
HOJIIMEPHOIO CiTKOIO Ha 15 — 20 % MeHIi TOpiBHIHO 13 3pa3kamMu 0e3 apMyBaHHS.
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INFLUENCE OF FLY ASH AND SLAGS
OF BOILER WITH CIRCULATING FLUIDIZED BED
ON PROPERTIES OF CONCRETE

The properties of fly ash and slag of boilers with circulating fluidized bed are under
consideration. In the Donetsk region several new generations of boilers are operating,
permitting to burn the poor fossil fuels, including coal tailings. The ash and slag produced in
this case are having somewhat different properties in contrast to the conventional waste TPP.

In the study of fly ash and slag’s properties, the up-to-date methods are applied, based on
X-ray phase (XRD), DT and spectral analyses.

The question of the allocation of a large area of land for the storage of waste at thermal
power plants. It was found that in windy weather wastes soar into the air, creating a cloud of
dust and chemicals dissolved in rainwater and contaminate groundwater

The aim of the present study is to identify the influence of fly ash on the strength
properties of heavy concrete and on its resistance to water saturation and drying.

The research strength of concrete based on mathematical experiment planning

Keywords: Fly ash, ash and slag, boilers with a circulating fluidized bed, strength,

concrete.
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BIIJIMB 30/I1-BUHECEHHS TA 30/JI0OLIJIAKIB
KOTJIIB I3 HUPKYJIAIIMHUM KUIIJIAYUM IITAPOM
HA BJIACTUBOCTI BETOHY

Hocniodxceno enacmugocmi  301U-6UHECEHHs MA  30J0WNIAKOBUX MAC KOMIIE i3
YUPKYIAYTUHUM KUNIAYUM wapom. 3asnadeno, wo y [loneywvkiii obnacmi excniyamyomvcs
KIIbKaA KOMJi8 HO8020 NOKONIHHS, SKI 003801410Mb CNAII08AMU OIOHe Kam 'siHe 8Y2ilis, 8 MOMYy
yucai U 8i0xo0u 30azavents 8YeiLIsA: 30U [ WAAKU, WO VIMEOPIOIOMbC NPU YbOMY, MAONb
dewo  I[Hwi  eracmueocmi, Ha  GIOMIHY  6i0  mpaoduyiunux  6i0xodie  TEC.
Pozensanymo numanusn eudinenus 3naumoi niaowi 3emai nio CcKAady8awHs Bi0X00i6  Ha
mepumopii TEC. 3’acosano, wjo y 6impany nocody 6ioxoou 30iUMaromecs y NO8Iimps,
VMBOPIOIOYU XMAPU NULY, @ XIMIUHI CROYKU POZYUHAIOMBCA Y 00WO0BIL 600i Ma 3a0pYOHIOIOMb
IpyHmogi eoou. [locnioxcenns enacmugocmeu 301 1 3010ULIAKIE NPOGEOEHO  CYUACHUMU
Memooamu, 3acHO8aHUMU Ha penmeeHoghazosux (PDA), cnexkmpanvnux ma oughepenyitino-
mepMiyHux auanizax. Buxonano 0ocniodcenns miynocmi 6emonié Ha 0CHOGI MamemMamuiHo20
NIAHYBAHHS eKCNEPUMEHIMY.

Knrouogi cnoea: 3ona-eunecenws, 3010WNAKYU, KOMAU 13 YUPKYIAYIUHUM KUNIAYUM
wapom, MiyHicms npu CMUcKy, 6emoHu.
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Introduction: Humanity needs energy, living space, natural and artificial materials,
however, these needs, as a rule, cause wastes.

Some wastes are formed in the process of energy production, for example, at burning coal
in the heat power stations’ boilers. Up to the present moment, at heat power stations of many
world countries, coal is burnt in ordinary boilers, which efficiency is rather poor. For the latest
15 — 20 years, there have been produced boilers with a circulating fluidized bed, where coal is
being burnt for a longer time than in traditional ones, therefore coal is burnt completely. The
similar boilers have been operated in Ukraine since 2001 at one of the largest heat power
stations in Europe — Starobeshivska HPS.

Latest study sources and publications review. Ashes and slags are divided into high-
calcium (CaO> 20 % wt) and low-calcium (CaO <20 % wt). The first category contains mostly
crystalline slag, and the other one — glass and amorphous clay intrusions. High-calcium ashes
are divided into low-sulfate (S0; <5 % wt), obtained at coal and turfs burning, and sulfate (S0;>
5 % wt), obtained at burning slags [2].

There exists no unified classification of ash-slags wastes. The first classification was
made in 1953 at development of the ASTM Standard. In 1960 it was suggested to consider
ashes as a puzzolanic admixture, and in 1968 natural puzzolans and ashes were combined into
the common ASTM C 618 Standard with a generic name of “mineral admixtures” [3].

Fly ashes do not require any further processing being added to Portland cement or
concrete. It must answer the standards requirements [1].

At manufacture of heavy-weight concrete, precast and cast (solid) concrete structures, fly
ashes can replace part og sand or cement or it can be used as a separate component: active
micro-filler. Slags and ash-slags can replace sand partly or completely. At using ashes, the
properties of concrete improve. Therefore, ashes have acquired a wide application and are very
popular among manufacturers.

Fly-ashes and ash-slags are normally colored in grey or light grey, close to the cement’s
colour, and ashes and ash-slags, obtained after coal burning in boilers with a circulating
fluidized bed, possess reddish colour tinge. This colouring is determined by transformation of
ferric oxide in clay minerals at coal burning, resulting in the terracotta colour.

Products of Portland cement minerals hydration (C-S-H, hydrosilicates, ettringite, etc.) in
the cement paste are calculated by means of the stoichiometric model, suggested in J.Ronald’s
paper [5]. Another two clinker phases (aluminates and ferrites) react with water, too, and
formulate hydration products in the form of calcium hydro-aluminates and calcium hydro-
ferroaluminates. As a result of aluminate’s reaction with gypsum, ettringite is formed in cement
paste. Later it transforms into monosulfate as a result of its reaction with carbon dioxide.

The degree of clinker materials hydration with slags depends upon many factors, such as
W/C (water-cement) ratio, temperature, slag’s reactive capacity and fineness of cement
components, therefore, it is difficult to predict it. To model slag hydration with clinker minerals
it is necessary to mix cement with various amounts of slag and study it at certain age [7].

Problem statement. The assignment of the present paper is studying the properties of
fly-ashes and ash slags of boilers with a circulating fluidized bed and their influence on the
concrete strength properties.

Basic materials and results. The true density of fly-ash and ash slags was determined by
the traditional method, it equals 2,47 g/cm’. The bulk density of fly-ashes makes 800 kg/m’,
and that of ash slags — 1320 kg/m’. Analysis of the ash slags granulometric composition
answers the fineness modulus requirements: Mg = 1,1. The fly-ash granulometric composition
was studied by means of the laser particle analyzer Cilas 990 and it made 0,2 — 500um.
Fly-ashes mostly contain particles sizing less than 82 pum.

For the more detailed study of fly-ashes and ash slags properties the technology of X-ray
diffraction analysis (XRD), spectroscopy and differential thermal analysis (DTA) were used.
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Figure 1 — X-ray diffraction pattern of fly ash and ash slag

Table 1 — Chemical composition of fly-ash and ash slag of boilers
with a circulating fluidized bed at Starobeshivska HPS

Composition | ALLO3 | SiO; | SO3 K;O | CaO | TiO; | FeO |ZnO | In,03

Fly-ash 26,89 | 4895 | 7,36 | 3,90 | 5,17 | 0,81 | 6,12 | 0,04 | 0,76

Ash slag 5,03 | 16,07 | 5,32 | 1,62 | 68,64 0 3,32 0 0

As to the amount of CaO, fly-ash belongs to low-calcium (CaO <20 % wt), i.e. to acidic
ashes; as to the content of SO3; - to sulfate (S03> 5 % wt) ashes. Ash slags belong to high-
calcium (CaO> 20 % wt), i.e. to basic ashes; as to as to the content of SO;3 - to sulfate (S05;> 5
% wt) ashes.

As it is shown in Table 1, fly-ash and ash slag do not contain the unburnt coal part, thus
eliminating restrictions for their application in heavy weight concretes. The most detrimental
component is sulfur gas which can be combined with other oxides as anhydride CaSO,4 or
ferrous sulfate FeSO,4. In the both cases, sulfur compounds can induce delayed ettringite
formation, which can cause destruction of the set cement structure.

In the course of the present research the influence of fly-ash on heavy weight concretes’
water saturation and drying resistance was studied. The mathematical experiment planning
method was applied for the study. The following factors were considered variables:
X; — cement content; X, — fly-ash content, which varied from 0 to 1; X3 — content of
superplasticizer «Fluid Premia 196» based on modified polycarboxylates. The study was
performed on the test cubes with the edge length of 100 mm. To manufacture the test cubes,
small fraction granite crushed stones of 5 — 10 mm, gravel sand with the fineness modulus
M; = 1.1, mark 500 cement of Balakliya plant, Kharkov region, and fly-ash of boilers with a
circulating fluidized bed were applied. The samples were manufactured in the metal forms and
stored in the laboratory conditions for the 28 days period.

After setting, the basic samples were tested for strength at compression. The results of the
test were processed by the «STATISTICS — 10» program and are presented in Fig. 2.
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Figure 2 (continued) — Surfaces of the variable parameters influence
on strength at compression

Three series of samples, where the fly-ash part was of the maximum, minimum and
medium value, were tested for water saturation and drying resistance. The basic samples were
submerged into water for the 24 hours period, and the control ones remained stored in the
laboratory. Then the samples were drawn out of the water, dried during the 24 hours period at
the temperature of 110 °C. After 50 cycles they were tested for strength at compression.
The test results are presented in Fig. 3.

The diagrams demonstrate that with increase of the cement content the concrete strength
grows at compression, just as it was expected. However, the influence of fly-ash on the
concrete strength at compression is different. Thus, at the minimum and maximum values of
fly-ash content, the concrete strength at compression is lower, and at the medium fly-ash
content values the concrete strength at compression insufficiently grows. Obviously, at the
medium values, concrete acquires the maximum consolidation, due to which concrete strength
at compression grows.

The presence of plasticizer contributes to the concrete strength growth at compression.
With increase of the plasticizer content within the experiment, the concrete strength at
compression is ratably growing. At analyzing the common influence of the fly-ash and
plasticizer content, one can allocate the range of their best content (the medium fly-ash and
plasticizer content) which makes 1.0% of the cement weight.

The diagram shows that after testing for water saturation and drying resistance the basic
samples demonstrated reduction of strength at compression by 4,5 — 11,5%. It must be noted

that concrete acquires high density at using fly-ash, which contributes to lower water
saturation.
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Figure 3 — Comparative analysis of strength at heavy
weight concretes compression after 50 cycles of moisturizing and drying:
1 — fly-ash free samples; 2 — samples containing ash and sand 1:1;
3 — samples where sand is completely replaced with fly-ash.
Column 1 — control samples; Column 2 — basic samples

Thus, it was determined that heavy weight concrete strength reduced by 23% with sand
completely replaced with fly-ash at the age of three months. Obviously, at the above age,
microsilica suspension is still inert to the Portland cement hydration products.

Some ashes and ash slag oxides are known to react with Portland cement clinker minerals
or with their hydration products [7]. Portland cement acquires strength at setting mainly due to
calcium silicates (C3S 1 C,S) hydration. Hydration results in the formation of calcium silicate
hydrates of the C-S-H type and calcium hydroxide CH. The latter is able to react with silicon
oxide, contained in ashes and ash-slags of heat power stations, and to form low-basic calcium
silicate hydrates [5].

Thus, the more ashes and ash slags of silicon oxide are in the amorphous state, the more
low-basic calcium silicate hydrates are formed. However, the above reaction is running slowly
at ordinary temperatures, and before reaching the brand age of concrete setting, ashes and ash
slags remain in concrete as an inert filler [7]. This fact can explain reduction of concrete
strength in the diagrams.

Superplasticizer «Fluid Premia 196» helps to concrete strength increase at compression,
and its best content makes 1.0 —1.2% of the cement weight. The similar effect is described in
V. M. Malhotra’s article [4].

When sand is replaced with fly-ash of boilers with a circulating fluidized bed, heavy
weight concretes’ water saturation and drying resistance does not reduce [6]. In the course of
the experiment no cracks in the samples was found, thus testifying to the absence of the internal
stress. It is fair to assume that mineral ettringite had already been formed in the process of
concrete setting, however, this hypothesis requires further verification by the respective
research.

Conclusions. It was determined that ashes and ash slags of boilers with a circulating
fluidized bed do not contain unburnt coal particles. As to their chemical composition, it is
similar to that of clay, however, they have a high water demand. Concrete strength, when sand
is replaced with fly-ash, is reducing at the initial setting terms, though the concrete density is
growing. Concrete water resistance does not reduce with introducing of ashes and ash slags if
compared to traditional sand.
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THE INFLUENCE OF ITS OWN STRESSES
ON CONCRETE STRENGTH UNDER COMPRESSING

The results of experimental studies of the impact own stress unevenly distributed over the
cross section, for strength of brittle materials were presented. Changes in the distribution of
stresses in own cross-section caused by uneven shrinkage of concrete samples were analyzed.
The reasons for own impact stresses are unevenly distributed over the cross-sectional sample
for strength of concrete compressive were justified.

Also the effects of stress on its own strength of concrete at its moisture were considered.
Described impact on own stress compressive strength is confirmed by experimental results
obtained by other authors. Shows the distribution of stresses in its own cross section at its
water saturation and drying is not only concrete and also other porous materials.
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BIIJIMB BJIACHUX HAIIPYKEHbD
HA MIIHICTb BETOHY IIPU CTUCKY

Haseoeno pesynomamu excnepumeHmanbHux OOCHIONCEHb GNAUEY GNACHUX HANPYICEHD,
HEPIGHOMIPHO PO3N0O0IIEHUX NO nepepizy, Ha MiyHicmb Kpuxkux mamepianis. Ilpoananizosano
3MIHU PO3NOOINY GIACHUX HANPYI’CeHb Y NONepeyHoM)y nepepizi, SUKIUKAHI HePIBHOMIPHOI
ycaokorw OemoHnux 3paskie. OOIpyHMOBAHO NPUYUHU 6NJIUBY GIACHUX HANPYIHCEHD,
HEepPIGHOMIPHO DO3NOOIIEHUX NO NONEPEeyHOMY nepepizy, HaA MIYHICMb OemMOHHUX 3PAa3Kié npu
CIMUCK).

Taxoorc pozensinymo pe3yiomamu 6NAUBY 6IACHUX HANPYICEHb HA MIYHICMb OemoHy npu
toco 36on02centi. OnucaHuti 6naU6 GIACHUX HANPYICeHb HA MIYHICMb HNpU  CIMUCKY
nIOMEepOACYEMbCA Pe3YIbmMamamy. eKCHEPUMEHMATbHUX 00CNI0NCEHb, OMPUMAHUMU THUUMU
aemopamu. Haeedenuil po3noodin 61aACHUX HANPYXCeHb NO NONEPeyHoOMy nepepizy npu
6000HACUYEHHI MA GUCYUWYBAHHI CMOCYEMbCA He auwe 0emowis, a U IHWUX HOPUCUX
mamepianie.

Knrwouosi cnoea: enacni nanpyscenms, MiyHicmb OemoH), 6000HACUYEHHS OemoH),
ycaoxa, nog3yuicme.
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Introduction. The strength of the concrete varies over time and depends on the storage
conditions, moisture, drying and from their own stress caused by shrinkage, swelling, creep
during prolonged load.

The influence own structural stresses on the strength of concrete, caused by long
compression or tension continued, was investigated in many experiments. The influence
unevenly distributed over the cross-section of own stresses on the strength of concrete hasn’t
been studied, although it is advisable to consider a factor that determines the strength of
concrete.

Review of recent sources of research and publications. The strength of concrete
depends on many factors, which primarily include the composition of concrete and conditions
of its hardening [1, 2], the age of concrete [3], the temperature and moisture of the environment
[4 - 8], and therefore identify separately impact their own stress on the strength of concrete is
difficult. To identify impact of their stresses that are distributed unevenly over the cross-section
of the strength of the material, is logical to do experiments on ageless and nonporous material.
Metal can be regarded as such material. [9].

Commonly known sequence of destruction metallic (fragile) samples. Destruction
compressive samples begins with external layers, while a tensile - with internal. This sequence
can be explained by the destruction of their own stresses that appear during casting (rolling)
metal. During hardening metal samples when they are casting, cooling starts from external
layers, so their temperature lower than internal. The external layers are compressed and the
internal layers are stretched when aligning temperature. During the testing such samples by
compression stresses in their external layers and stress from external loads (one sign) will be
added, so the destruction of the sample will start with external layers. Destruction will start
from the middle of the sample when tested in tension and internal layers are overwhelmed.

To confirm the given conclusions, it is expedient to make and test samples from the field
opposite in field of sign their stress compared with the tension that arises when «natural»
cooling. So that external layers are stretched and d internal layers are compressed.

These experiments were conducted on samples of fragile (silica) aluminum. Samples with
a diameter of 30 mm and height 60 mm within the limits each party were cast of one melt.
Samples of "natural" production were cast as steel cylinders and cooled with external layers.
Other samples are spilled in the same cylindrical form with steel installed in the center of steel
tubes.

Forms were installed in the electric heating device. Before bottling duralumin forms is
heated to the melting temperature of duralumin, and the tube was served water at room
temperature. Therefore, cooling the sample passed starting from the internal layers during its
solidification. This created its own tensions field opposite in sign to the previous.

The test results confirmed previous conclusions about the impact own stress on strength:
samples with opposite "natural” field of its own tensions were stronger than samples "natural"
production on average by 20% [9], that impact own stress unevenly distributed over the cross-
section in an average of 10%.

Parts of the common problems that earlier unsolved. Bold still unsolved aspects of the
problem. The influence stress on own compressive strength of concrete and other porous
materials were remained unexplored.

Problem statement. Determining the impact unevenly distributed over the own section
stresses on strength of concrete in compression.

Main material and results. Difficulty its own experiments on the impact of stresses
caused by shrinkage, on strength of concrete consists in that the intensity and distribution of
shrinkage in cross section depends on the concrete storage conditions of samples.

Shrinkage begins and proceeds more intensively on surface of the sample and gradually
passes to the internal layers during storage samples in air-dry environment. On the surface of
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the sample occur shrinkage stretching stress during reducing its size (due to shrinkage).
They will compress the concrete in the nucleus (center) of the sample, namely they create
conditions for the appearance of cracks on the surface of the sample. At the beginning of
sample loading force compression external layers are not compressed to the load that can
compensate them own stretching tension.

The interior of the sample which is compressed own stresses to the application of external
force under load compression force will have larger (total) strain than external layers, and
therefore should determine the strength of the entire sample. However, internal part, though
overloaded, but is in the holder, which was created under loaded outer layers. As a result of this
sample as a whole has to withstand the external load more than the sample without its own
tensions.

Is well known and the effect of increasing the strength of concrete on drying (it is
confirmed by numerous experiments). Continuing analysis of the impact of shrinkage
(unevenly distributed over the section) stress we can predict possible reduction of concrete
strength in time.

In the above state of stress creep of concrete in the outer layers arises from a tensile, and
in internal - from compression. Parallel to this shrinkage is moving to the internal layers and
eventually reaches the center of the sample. During this period, the intensity of the shrinkage in
the outer layers decreased concrete has increased size due to a tensile creep his own stresses.

Internal layers (core sample) being reduced from shrinking in size, compress external
layers themselves being in stretched condition. Characteristically, this process amplifies
reduction obtained by an internal part of the creep of compressive shrinkage in the initial
period.

When you load such a sample will be overwhelmed by the force of the compression outer
layers, which are without a holder, and, of course, like the be destroyed at a lower load than the
sample without its own tensions. Based on the above it can be concluded about the possible
reduction of the strength of concrete in time. This conclusion is confirmed by the change in
time diagrams of concrete strength in Fig. 1.
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Figure 1 — Diagram of changes over time concrete strength (by S. Mironov)
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There is a temporary reduction in the strength of concrete in the experiments carried by S.
Mironov [1] out in all concretes (and natural hardening, and steaming).

After a while shrinkage of concrete attenuated, appears relaxation of its own tensile
stresses in the middle (core) sample and stress compression in external layers, that reduces
difference stress in the external and internal layers, and thus decreasing their negative impact
on strength of concrete in compression. There is a kind of "recovery" (increase) the strength
of concrete.

In Figure 1 shows the diagram changes cube compressive strength of concrete some
samples. Repeated reducing its strength can be further structural relaxation caused its own
stress [3]. This reduction can’t be based on concrete properties (size gravel, water-cement ratio,
hardening conditions, etc.) and storage conditions.

Summarizing the analysis of the impact of shrinkage stress (unevenly distributed over the
cross section) on strength concrete in compression, it can be concluded that the strength of the
concrete should first increase, then there may be a temporary decrease in strength, and then
again an increase in compressive strength. These conclusions are fully confirmed experiments
conducted by S. Mironov and others.

Diagrams would be different depending on the method of conducting experiments.
For example, if you construct diagrams by three points, the second increase concrete strength
will not happen (Fig. 1). These results were obtained in experiments of V. Sytnyk and
Y. Ivanov [2], where the strength of concrete determined in four stages (Fig. 2, Fig. 1), and not
eight as in experiments S. Mironov.
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Figure 2 — Chart changing concrete strength (1), mortar (2) and cement (3)
in time (based on the results of experiments V. Sytnyk, Yu. Ivanova)

In the water saturation of concrete samples will be shown the opposite effect. The process
begins with moistening external layers. Concrete swells (increase in size), cause the own stress
in the outer layers of compression and stretching in internal (central). When compression of the
sample overwhelmed are external layers, but they are in a holder (intrinsic) because the sample
begins with destruction of external layers, and as a result, the strength of sample will be less
than the strength of the same sample without its own tensions caused by swelling.

In such a state of stress appears in concrete creep compressed and stretched external
layers in the interior of the sample, this leads to a partial relaxation its own stresses. Reducing
own stress reduces their negative influence and strength of concrete after a temporary recession
increased.
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Further swelling the central process (internal) of the sample field creates own stresses
opposite to described previously. The emergence of the field own stress due to the fact what
concrete creep at the beginning of water saturation led to reducing the size of compressed
concrete in the outer layers and to increase its size in an internal part the sample.

Swelling of the internal layers sample (which is later on external) continues to increase its
size by stretching at the same time reduced in size outer layers. This leads to more increase the
strength of concrete.

Creep of concrete (compressed in the core section and stretched in the outer layers) and
the stress relaxation reduces own positive effect, because the strength of concrete will gradually
decrease. Depending on the technology production and storage conditions of samples reducing
the strength can occur in very different terms. Reproduced character changes compressive
strength of concrete in his water saturation confirmed by experiments of various authors [4, 5]
analyzed Z. Tsilosani [6].

Invokes the interest that describes the impact of water saturation on compressive strength
is not only concrete and other porous materials. In Figure 3 shows the results of experiments
Russellya [7]. He studied the effect moistening gypsum on its compressive strength.

As shown in Figure 3 sequence of changes in strength gypsum while water saturation by
compression coincides with the rationale described own impact stresses. Similar results were
obtained in experiments of E. Shchukin, M. Dukarevycha and others [10], who studied the
changes in strength magnesium hydroxide at saturation with water and ethyl alcohol (Fig. 4).

Ry, (MPa)

0 10 20 30
Moisture (%)

Figure 3 — Diagram of changing strength gypsum sample compression depending on
moisture (based on experiments Russellya [7])

Reasons water saturation influence on strength porous materials using experimental
results of various researchers [6] analyzed in the research Z. Tsilosani. Reasons impact were
limited mainly to adsorption and capillary compression, but such factors influence on strength
of water does not exhaust all possible cases of its action on concrete.

It is no accident in the 60 - 70s of XX century in the press there were conclusions of some
researchers (V. Gorokhov, M. Elbakidze and others) about own involvement to stress the
impact of water saturation and drying on strength of concrete in compression. It is also
necessary to note research S. Shestoperova and T. Lyubimov [11] about the impact of water
saturation and drying of concrete on his compressive strength. The authors have concluded
experiments «change strength and drying moisture samples infinitely negotiable», which
excludes the effect of additional hydration of cement.
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Figure 4 — Diagram of impact of water saturation (a)
and ethyl alcohol (b) magnesium hydroxide on its compressive strength

Similar results were obtained in experiments of K. Mileykovskoyi [12], who investigated
the «moistening effect on the strength of concrete air-dry hardening».

The influence moistening on the strength of concrete author relates with the development
of strains swelling. It is noted also that with the termination of volume decrease swelling strains
concrete strength is terminated, and prolonged water saturation strength is fully restored.

From this, we can conclude that the recovery of compressive concrete strength is own
relaxation after the stress (as discussed earlier).

It is necessary to also be noted that in experiments of various authors own physical
mechanical impact stresses on the strength of concrete is not provided, and for the final solution
of this issue required as an experimental and further theoretical research.

Conclusions. The above analysis own stresses in the concrete, unevenly distributed over
the cross section (caused by shrinkage or swelling), confirms and justifies their impact on the
strength of concrete in compression. Described distribution of own stress in cross-section while
water saturation and drying does not concern only concrete but also other porous materials.

References

1. Muponos C. A. Pacuem npounocmu 0Oemona npu nponapueaHuu u nocieoyrouem meepoenuu /
C. A. Muponos, . M. @penxenv u op. — M. : Cmpoiiuzoam, 1973. — 94 c.

Mironov S. A. Raschet prochnosti betona pri proparivanii i posleduyushchem tverdenii /
S. A. Mironov, 1. M. Frenkel i dr. — M. : Stroyizdat, 1973. — 94 s.

2. Coimnuk B. U.  Dkcnepumenmanvhvie  UCCIE008AHUS — NPOYHOCHU U 0ehOpMaAmMusHOCmu
svicokonpounvlx bemonos / B. U. Ceimnuux, FO. A. Heanos // Bwicoxonpounvie 6Gemownvl /
HUUCK I'occmposs CCCP. — K. : Byoigenvnux, 1967. — 122 c.

Sytnik V. I. Eksperimentalnye issledovaniya prochnosti i deformativnosti vysokoprochnyh betonov /
V. I. Sytnik, Yu. A. Ivanov // Vysokoprochnye betony / NIISK Gosstroya SSSR. — K. : Budivelnik,
1967. — 122 s.

3. @enxo I. A. Brusinue cmpyKmypHbiX HANpPsJICeHUl Ha U3MeHeHue NPOYHOCHU Oemona 80 epemenu /
I A. ®@enxo, A. I'. Denxo // bemon u scenezobemon ¢ Yrpaune. —2002. —Ne 3. — C. 2 — 6.

Fenko G. A. Vliyanie strukturnyh napryazheniy na izmenenie prochnosti betona vo vremeni /
G. A. Fenko, A. G. Fenko // Beton i zhelezobeton v Ukraine. — 2002. — Ne 3. — S. 2 — 6.

4. Glucklich J. Effect of Moisture Content on Strength and Strain Energy Release Rate of Cement
Mortar / J. Glucklich, U. Korin // J. Amer. Ceram. Soc. — London. — 1975. — Vol. 58. — Nell — 12. —
P.517-521.

5. Pihlajavaara S. E.  Festigkeitserhung bei  Austrocknung und Festigkeitsverminderung bei
Durchfeuchtung des Betons / S. E. Pihlajavaara // Wissenschaftliche Zeitschrift der Technischen
Universitot Dresden 17. — 1968. — S. 1572 — 1974.

160 Academic Journal. Series: Industrial Machine Building, Civil Engineering. — 2 (47)" 2016.




6. Lunocanu 3. H. Ycaoka u nonzywecms 6emona / 3. H. LJunocanu. — Tounucu: Meynuepeda, 1979. —
C. 230.

Tsilosani Z. N. Usadka i polzuchest betona / Z. N. Tsilosani. — Tbilisi: Metsniereba, 1979. — §. 230.

7. Russell J. J. Einfluss des Feuchtigkeitsgehaltes auf die Druckfestigkeit Kleiner Gipswiirfel /
J. J. Russell. — Berlin: Zement-Kalk-Gips. — 1960. — Ne 8. — P. 345.

8. Chen X. Effect of moisture content on compressive and split tensile strength of concrete / X. Chen,
W. Huang, J. Zhou // Indian Journal of Engineering and Materials Sciences. — 2012. — Vol. 19. —
P. 427 — 435.

9. @enrxo O. I'. Bnaus enacnux nanpyoicenv na miynicmo mamepianie / O. I. @enxo, I'. O. @enxo //
Pecypcrnoexonomni mamepianu, xoncmpykyii, 0yoieni ma cnopyou: 30IipHUK HAYKOBUX NpaAYb. —
Piene: HYBITI, 2013. — Bun. 25. — C. 466 — 471.

Fenko O. G. Vpliv vilasnih napruzhen na mitsnist materialiv / O. G. Fenko, G. O. Fenko //
Resursnoekonomni materiali, konstruktsiyi, budivli ta sporudi: zbirnik naukovih prats. — Rivne :
NUVGP, 2013. — Vip. 25. — 8. 466 — 471.

10. O6  aocopbyuoHnOM NOHUICEHUU NPOUYHOCHU BbICOKOOUCHEPCHLIX NOPUCIBIX  CMpYKmyp [/
E. JI. U]yxun, M. B. [yxapesuu, C. H. Konmopoeuu, I1. A. Pebunoep // {oxn. AH CCCP. — 1966. —
T.167. —Ne5.—-C.1109-1111.

Ob adsorbtsionnom ponizhenii prochnosti vysokodispersnyh poristyh struktur / E. D. Shchukin,
M. V. Dukarevich, S. 1. Kontorovich, P. A. Rebinder // Dokl. AN SSSR. — 1966. — T. 167. — Ne 5.—
S.1109-1111.

11. Hlecmonepos C. B. 3asucumocmv MeXanuueckux CGOUCME MOHOMUHEPAILHO20 B5HCYULe20
mpexKanbyueso2o anomurama om enaxchocmu oopaszyos / C. B. Illecmonepos, T. IO. Jlioboumosa //
Hoxn. AH CCCP. — 1952. —T. 86. —Ne 6. — C. 1187 — 1190.

Shestoperov  S. V. Zavisimost mehanicheskih svoystv monomineralnogo vyazhushchego
trehkaltsievogo alyuminata ot vlazhnosti obraztsov / S. V. Shestoperov, T. Yu. Lyubimova //
Dokl. AN SSSR. — 1952. - T. 86. —Ne 6. — S. 1187 — 1190.

12. Muneiixosckas K. M. Brausnue odonacwiwenus b6emona Ha e20 npoyHocms u Oegopmayuu /
K. M. Muneiikoscxas // T'uopomexnuueckoe cmpoumenvcmeo. — 1960. — Ned. — C. 28 — 34.
Mileykovskaya K. M. Vliyanie vodonasyshcheniya betona na ego prochnost i deformatsii /
K. M. Mileykovskaya // Gidrotehnicheskoe stroitelstvo. — 1960. — Ne4. — S. 28 — 34.

Fenko O.G., Krupchenko O.A., Yurko L.A.
Received 12.05.2016

36ipuuk HaykoBHX mpailb. Cepis: [any3eBe MammHoOyAyBaHHs, OyaiBHULTBO. — 2 (47)" 2016. 161




UDC 69.059.7:001.891

Nyzhnyk O., ScD, Senior Research Fellow

Dryzhyruk Yu., PhD, Associate Professor

Boyko A., student

Poltava National Technical Yuri Kondratyuk University
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This article represents a short organization and technological analysis of finalizing the
construction, using both conventional work materials and modern lightweight structures of fast
assembling. The studies are done on the basis of «L» teaching block, which is in Poltava
National Technical Yuri Kondratyuk University. Results of the study showed that it needs
reconstruction. All-inclusive organization and technological and economical comparison of
these two variants of the buildup proved that it is more advanced to carry out building works
using modern technologies, even though they need more manpower effort and are more
expensive. Nowadays we can observe a tendency to widely use fast mounting structures and it
will only become more wide-spread in the future, which will inevitably result in both
technologies and engineer construction equipment cheapening.
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Ilonmascvkuii HayionanbHuti mexuiynuil ynigepcumem imeni FOpiss Konopamioxa

OPTAHIBAIIIMHO-TEXHOJIOTTYHI JOCJIIIKEHHA
PEKOHCTPYKIII BYAIBJII 3 BUKOPUCTAHHAM
TPAIUIINHUX TA HOBITHIX TEXHOJIOI'TU

Ilooano kopomkuili 0opeaHi3ayitiHO-MexXHONI02IYHULL NOPIGHAILHULL  aHANi3 000Y008U
06’ekma 3 BUKOPUCMAHHAM MPAOUYIUHUX Mamepianie ma Cy4acHux J1e2Kux KOHCMPYKYiu
weuoko2o 38edenHs. JloCniodiceHHsT BUKOHAHO HA NPUKIAdi HABYANLHO2O Kopnycy «JI»
Ilonmascvkoeo Hayionanbho2o mexuiuno2o yHieepcumemy imeni FOpis Konopamioxa, sikuil na
OCHO8I pe3ynbmamis obcmedicenHs nompebdye pexoucmpykyii. Komnnexcne opeamnizayitino-
MmexHoN02iuHe ma eKOHOMIuHe NOpIGHAHHA 080X 6apianmieé Haobyooeu 008eno, o,
He38adcarouu Ha OilbuLy mpyooMiCMKICMb ma 8apmicms, NePCHEeKMUBHUM € 8APIAHM 36€0€eHH S
0y0ieni 3a Cy4acHumMu mMexXHON02IAMU, OCKIIbKU 6dce 3apa3 CKIAOAEMbCA MeHOeHyisi 00
WUPOKO20 3ACMOCYBAHHS KOHCIMPYKYIU WUBUOKO20 MOHMACY, Ul Y MAUOYMHbOMY iX MACO8icmb
Juwe 3pocmamume, WO HeMUHyue npuzgede 00 30eUlesleHHs MEeXHON02il ma 3acobie
Mexauizayii.

Knrwouosi cnosa: pexoncmpykyis, 36e0eHns, mpaouyiini mamepianu, 1eKi KOHCmpYKyii,
MepMOMOOePHIZaAYis.
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Preface. Nowadays reconstruction of building is becoming more and more essential. At
present there are plenty of edifices, erected at the times when low energy prices made it
possible to hasten the construction, lower the prime cost, and reduce specific consumption of
materials and manpower effort. For this reason a great body of buildings bears the signs of
extremely low degree of heat insulation which results in significant heat loss needed to
maintain necessary microclimate parameters. Again, defects are multiplying themselves during
years of exploitation which leads to early amortization of constructions.

The only way to prolong the useful life of such buildings is to reconstruct them.
This supposes thermal modernization of external protective grates, building up more floors, and
replacement of certain worn-out parts of the construction with the new ones. At the preparation
level the most important task is to choose proper organization and technological scheme, which
should be developed with account for existing building condition, the most productive
sequence of work, and materials used. At this stage it becomes possible to use such advanced
modern materials as light gauge steel framing, cast reinforced concrete and gas-concrete blocks
along with conventional materials such as brick and precast concrete. It is rational and thorough
choice of materials and method of building activity that allows not only to cheapen and
accelerate building reconstruction, but to grant its safety during whole useful life.

Survey of the latest studies and publications. The subject of the building reconstruction
technology is studied in the works of great number of scientists [1, 2]. They tend to reduce the
use of building cranes, especially if there is an existing erection [3]. The researchers also
actively work on improving light gauge steel framing by filling hollows with light concretes in
order to reinforce their firmness and strength [4]. Technology of erecting buildings with the
help of light gauge steel framing is extensively developed abroad. [6, 10, 11, 12].

Focus on the unsolved parts of the major problem. Although restoration process
nowadays implies using both conventional and latest materials, thorough comparative
organization and technological analysis of these two methods hasn’t been carried out.
Consequently, building contractors, designers and customers don’t have an opportunity to
quickly judge about costs and efficiency of the chosen method themselves. This has a negative
effect on the constructing process as a whole and prevents from introducing innovative
methods into building industry.

Problem formulation. Taking into account the fact that building sector urges to receive
intrinsic data on how efficient these two restoring methods are, a need in integral assessment of
conventional and modern ways of constructing arises.

Baseline and results. To carry out comparative analysis we chose «L» teaching block,
which is in Poltava National Technical Yuri Kondratyuk University. Inspection results have
shown that the edifice demands full and complete renovation [7, 8]. This also involves adding
another storey to the existing building (Fig. 1).

At present the «L» teaching block is represented by a two-storeyed I'-shaped building
with the measurements of 45,8x66,8 in the outer axles. The edifice has a basement storey and
an apparatus floor with an overflow section at 9,675 m.. The structural diagram of the building
is non-carcass with spine walls, foundation is in the shape of dimension stone footing, walls are
made of loam bricks, bonded by mortar and are 510mm thick, the outer face is decorated with
the ceramic wall tile. Flooring is made from the hollow core slabs of different shapes and sizes;
roofing is assembled of jointed ribbed slabs, sized 1,5x6 m. It bears against reinforced concrete
double T-rails 2b012-5 with a beam span of 12m and a step of 6 m. and is located above the
laboratory (axes B-]I). The pitch makes 7°. Roofing is soft, made from coarse-grit ruberoid;
canalization is external, unstructured.

Height from the finished floor level to the bottom of the baseplate is 8,25 along E axis
and 9,76 along B axis. The laboratory is equipped with a travelling crane with the capacity of
10 te and an overhead-track hoist with the capacity of 1 te.
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Figurel — Front elevation and overall view (a) and sectional elevation (b)
of «L» teaching block before reconstruction
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The teaching block restoration should result in building up the third floor with a
conference hall and a showroom right above the laboratory. While developing the trial design
we considered two types of buildup, executed with the help of conventional materials and
modern lightweight structures (Table 1). However, there was a common thing for both schemes
— thermal modernization of the building, which could be fulfilled by mounting ventilated face
using profiled sheeting.

Table 1 — Comparative analysis of two building reconstruction modes

Structural Defined materials and constructions
Ne member 1* variant 2-if BapiaHT
of a building (use of conventional technology) (use of modern technology)
1 | Flooring above | Existing reinforced concrete Existing reinforced concrete
the laboratory beams, prestressed concrete beams, site-cast reinforced
building units and armoured concrete flooring 15 mm thick
concrete slabs
2 | External and Ceramic brick 380mm, 510 mm Gas-concrete block 500 mm, 400
inside walls, thick; gypsum plasterboard mm thick; gypsum plasterboard
partitions
3 | Attic floor Precast floor slabs Light gauge steel framing
application
4 | Roofing Metal tile roofing resting on Metal tile roofing resting on
lightweight trusses lightweight trusses

We also planned to carry out interior decoration, which was identical for both methods.

Apart from reconstruction it was essential to make a full organization-technological
comparative analysis. This involved following steps::
¢ to analyse methods of how the buildup could be implemented, to develop flow diagrams;
¢ to analyse organization peculiarities of the building process;
¢ to calculate and contrast expenditures for both variants;
¢ to justify the most efficient method of constructing a buildup above «L» teaching block.

It should be noted that we tried to preserve the existing structural members of the

building to the uttermost. Consequently both cases expected roofing above the laboratory
to be taken down, existing reinforced-concrete double T-rails to be mounted horizontally and
the new flooring to be fixed on them. We carried out checking calculation for these rails
considering new loads.

During process engineering we paid great attention to developing flow diagrams for
blockwork using gas-conctrete blocks and assembling a floor using light gauge steel framing
(Fig. 2). The peculiarity of such blockwork is that it supposes applying of the all-round
reinforce belt, which will be able to redistribute loads while in operation. The standard
flow diagrams appeared to be non-existing, as in Ukraine such design was introduced not so
long ago.

It is also important to give a thorough consideration to the organizational peculiarities of
the construction process. Application of the conventional work materials, namely brick and pre-
cast reinforced concrete involves using of tracked lifting crane. Erecting the construction using
light gauge steel framing, on the other hand, allows to use such means of mechanization as a
mobile grout injection pump, tower hoist and trans palette. It is much more favourable to use
them, as they all are of small size and rather convenient to be used in the existing buildings.
However, erecting the building from modern work materials demands bigger amount of
technological operations and considerable costs of manual labour. More specifically, settling
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the timbering, connecting reinforced frames, establishing the all-round reinforce belt and
mounting of light gauge steel framing are all the processes that need little use of machines.
Moreover, level and standards of workers’ skills and industrial practices ought to be
substantially higher, then when constructing a building from conventional work materials.

b)

Figure 2 — Overall view (a) and light gauge steel framing flooring make-up (b)

Another important problem is expensiveness of the modern work materials and necessary
equipment together with the growth of building period. The latter is the consequence of the fact
that it takes quite a long time for the cast reinforced concrete to gain its designed strength.
Organizational peculiarities of buildup constructing methods [5] are shown on designed master
plans for the first (Fig.3) and the second (Fig.4) variants.

Values of the most critical organization-technological data appeared to be predictable.
They are shown in table 2.

Table 2 — Values received in the comparative analysis of reconstructing methods

Ne . . Values
Subject and unit of measurement ™ method > method
1 | General labour intensity, man-day 3741 4593
2 | Constructing period, day 144 134
3 | Maximum/average number of workers, person 40/27 50/34
4 | Construction budget, thousands of hrn. 9919,5 11908
5 | Overall production costs, thousands of hrn. 733,7 778,7

In order to specify given values we developed and improved construction calendar
progress charts and calculated the cost sheet with the aid of software application AKB-5. It is
natural that using conventional work materials in constructing is less labour-consuming
nowadays (by 23 %) and more profitable (by 20%), though it needs more time for
implementing (by 7% or 10 days more)

Front and sectional elevation after building restoration using modern technologies
(including thermal modernization) are illustrated on Fig.5. For the front face decoration steel
profiled sheeting was used. It was mounted along steel galvanized siding. Highly-efficient
mineral wool insulation is put directly on the external walls by means of expansion anchor
studs and glueing. Such method of finishing is up-to-date and energy-saving and is widely used
worldwide.
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Figure 4 — Project of the overall lay-out when modern lightweight structures are applied
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Figure 5 — Front (a) and sectional elevation (b) of «L» teaching block after applying
restoration using modern technologies in restoration process

Conclusion. All-inclusive organization and technological and economical comparison of
these two variants of the buildup on «L» teaching block, which is located in Poltava National
Technical University proves that at present the method of using conventional work materials is
less labour consuming, less costly and needs fewer workers on the site. However this method of
reconstructing dictates longer constructing period. Despite all above-mentioned we can claim
that erecting the building using modern technologies is more desirable and promising, as even
now we can observe a tendency to widely use fast mounting structures and it will only become
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more wide-spread in the future. Along with advancement and expansion of the technologies
their prime cost will decrease. Taking into account the fact that comparative analysis was done
for the single object, we should add more buildings to the comparison in our future studies in
order to revise received data.
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Cameoos A.M., 0.m.n., npogheccop
Cuuyapo M.A., acnupanm
HTYY «Kuesckutl nonumexuudeckuti UHCIumym»

MHOFOCJIOI?‘{HAH TEIIVIO- U THUAPO3AILIUTA
OCHOBAHNWMU N3 HABYXAIOIIUX I'PYHTOB
B I'MAPOTEPMAJIbBHbBIX YCJIOBUAX

Ilpeonosicena KoHCMPYKYuss MHOSOCAIOUHOU MeENio- U 2UOpo3awumsl OCHOBAHUL,
cocmosiwux U3 HabyxXarowux 2IUHUCMBIX 2PYHMO8 (OeHmOHUmbl, MOHMMOPUTIOHUMNDL,
KAOIUHUMbBL U CAPMAMCKUE 2IUHbL) NPU VEIANCHEHUU 8 2UOPOMEPMATbHBIX YCIIOBUSX.

Bzamule 0bpasysl u3 MOHMMOPUTLIOHUMOBLIX 2NIUH UCHBIMAHbL 8 1AO0PAMOPHBIX YCIO08USX,
u onpeoenenvl 6ce mexnuueckue xapakmepucmuxu npu yeiaxcuenuu 6ooot T=20°C u T=60°C.
Buvisicneno, umo ucmouHukom — 2UOPOMEPMANLHO20  VEIANCHEHUS  ABIAEMCS  8blCOKAS
memnepamypa, KoOmopas npocadugaemcs udepes (OYHOAMEHMbl NPOMbIUIEHHbIX neyell
(+300...+500°C noo nooowsoii gynoamenma), mennosvix acpecamos (+120...+180°C noo
nooowsou gynoamenma), meniompaccoi (+90...+96°C noo nooowsoii pynoamenma) u npu
OUMENLHOM  pedcume pabomuvl 2mMo2o0 000py008aHUsT NPOHUKAEMm HA OONbWYI0 2NYOUHYy
epyHmoso2o cnos (0o 30 m u bonee); gvlcoxkas memnepamypa Hazpesaem 2pyHmMogyio 600y 00
KUneuusl, 8 KynoaiooOpasHoMm 6ude NOOHUMAemcsi 8 6uoe napa uepe3 Kanuliliapbl cpyHma u
npocaiusaemcs 8 AKMUSHY10 301y OCHOBAHUSL COOPYIHCEHUS.

Knrwouegvie cnoea: ocneynopmuwiii uiu HcapoCmMoOUKuli Oemow, cuia cyenienus, Yo
BHYMPEHHe20 MPeHUsl, CULA HADYXaHUs, MOOYIb Oedhopmayuu, 2uOPOmMmepMalbHble YCA0BUSL.

Cameoos A.M., 0.m.n., npoghecop
Cuiyap M.O., acnipaum
HTYY «Kuiscokuti nonimexuiunuul iHCmumym»

BATATOIIIAPOBUI TEILIO- I TTIPO3AXUCT
OCHOB 3 HABYXAIOUUX IPYHTIB
Y I'TAPOTEPMAJIBHUX YMOBAX

3anpononosano kKoHcmpykyilo 6azamowiapogo2o menjo- I 2i0po3axucmy OCHO8, WO
CKa0aomscs 3 HAOYXarouux 2IUHUCIUX IPYHMIE (OeHMOHIMU, MOHMMOPULOHIMU, KAOLIHIMU |
CapmMamcyvKi 21UHU) NPU 36010MCEHHI 8 2I0POMEPMATLHUX YMOBAX.

Vzami spazku 3 mommmopunonimosux eaun eunpo6yeano 6 1abOpamopHux ymoeax i
BU3HAYEHO B6CI MEXHIUHI Xapakmepucmuku npu 36010cenni oodoro T = 20°C i T = 60°C.
3’acoseano, wo Odcepenrom 2iOpomMepMaIbHO20 36070MCEHHS € BUCOKA MmeMnepamypa, sKd
npocouyemovcs uepez @ynoamenmu npomucinosux neveti (+300...+500°C nio niooworo
¢ynoamenmy), mennosux acpecamie (+ 120...+180°C nio niooweoro ¢gynoamenmy),
menaompacu (+ 90...+96°C nio nidoweoro ¢pynoamenmy) i npu mpusaiomy pexncumi pooomu
Yb020 00IAOHAHHA NPOHUKAE HA 3HAYHY 2AUOUHY IPYHM06020 wapy (0o 30 m i binvuie); eucoka
memnepamypa Hazpieae IpyHmogy 600y 00 KUNiHHA, y KYNOAON0OIOHOMY Uil NiOHIMAEMbCS
¥ 8U2nA0i napu yepes Kaniiapu Ipyumy i npoCcouyEMvbCsl 8 AKMUEH) 30H) OCHOBU CROPYOU.

Knrwuoei cnosa: socne- abo scapompuskuii 6emon, cuia 34enjieHHs, Kym eHympiuHb020
mepmsl, Culd HabYXanHs, MoOYib deghopmayii, 2iOpomepmMaIbHi YMOBU.
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MULTILAYER HEAT- AND HYDROPROTECTION
GROUNDS OF SWELLING SOIL UNDER
HYDROTHERMAL CONDITIONS

The design of multi-layer and heat seal section bases consisting of swelling clay soil
(bentonite, montmorillonite, kaolinite clay and Sarmatian) during moistening under
hydrothermal conditions, is discussed in the article.

The samples of montmorillonite clay were tested in the laboratory. It was identified all
specifications during moistening with water under the temperatures T = 20°C and T = 60°C.
The source of the hydrothermal hydration is temperature, which seeps through the foundation
of industrial furnaces (+300...+500°C under the sole foundation), thermal units
(+120...+180°C under the sole foundation), heating duct (+90...+96°C under foundation base).
During prolonged operation of the equipment it penetrates to great depths of the soil layer (up
to 30 m or more). High temperature warms the ground water to a boiling point. As a result, in
the domed steam rises through the soil capillaries and invades «the active construction of the
base of the zone» (the active zone is the distance from the foot of the basement to the bottom of
the compressible strata NGST line).

Samples of montmorillonite clay were tested during moistening with water at
temperatures T=18...20°C and T=40...80°C (the values at T = 20°C and T = 60°C are given in
this paper). Thus, the swelling forces SF were obtained: at T = 20 °C; SF = 1,52 MPa, and at
T =60 °C; SH = 1,98MPa. It can be seen that the swelling clay force SH, moistened with water
at T = 60 °C, are higher than the swelling force, moistened with water T = 20°C, in 1,3 times.
Swelling force at T = 60°C is higher than the allowable pressure on the subsoil more than in 6
times, having a design pressure of about R = 0,32 MPa. Therefore, swelling force can deform
any construction causing destruction.

The thickness of the montmorillonite clay in natural conditions was 5,4 m, and testing
samples were taken at 3,6 m depth.

It should be noted that the swelling soils structures substrates during moistening with
cold water T = 18...20°C and especially warm water, T = 40... 80°C and more are uneven
(because of the inhomogeneity of ground, uneven wetting and drying). It is causing uneven
deformation of the foundations and structures causing destruction.

It was obtained the change of technical parameters of swelling soils in the foundations
facilities under hydrothermal conditions, which lead to the destruction of all buildings and
structures.

The design of multi-layer and heat seal section bases witch consist of a swelling clay soil
under the foundation of thermal plants or industrial furnaces, through which the high
temperature seeps is proposed.

Keywords: refractory or heat-resistant concrete, adhesive force, internal friction angle,
the force of swelling, modulus, hydrothermal conditions and humidity.
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BBenenne. @OyHaaMeHTHl TMOA TMPOMBILUICHHbIE TI€YM, TEIJIOBbIE arperatbl U
o0opynoBaHuE OOBIYHO M3TOTOBIISIOTCS W3 OTHEYIOPHOTO WM JKapOCTOiKoro OeToHa ¢
OTHEYIOPHBIMHU 3alOJIHUTEIISIMH, BBIIEpKUBatomuMu Temmneparypy no T=1380°C u Gosee Ha
CHELUATBHOM BSKYIIEM (BBICOKOTJIMHO3EMHUCTOM IeMeHTe — cToukocTh 1770°C u BbliIe;
rmHo3eMucToM IieMeHTte — 1580°C wm Brime; xunkoM crekie — 1380°C wu  Brle,
noprinanauemente — 900+-1100°C). M3BecTHO, YTO ¢ yBEIMUYEHUEM TEMIEpATypbl HarpeBa
yMmeHbIaercss moayiab jaepopmanmu E, MIla, sxapocToiikoro O€ToHa, YyBEIMYHUBACTCS
kod¢duiment ITyaccoHa |L W Mepa MOJA3y4eCTH MaTEPHAIOB O , U3 KOTOPHIX H3TOTOBJICHBI

byHIaMEHTBI TOJT TPOMBIIIICHHBIE TI€YU U TETIJIOBBIE COOPYKEHHUS.

AHa/IU3 MOCJeJHUX MCTOYHUKOB, MCCAeAOBaHUI U myOaukanuii. [IpumenuTensHo K
KApOYNMOPHBIM ~ OCTOHHBIM U JKEJIE300€TOHHBIM  KOHCTPYKIMSIM  HU3BECTHBI  pabOTHI:
B. 1. Mypamosa [8], C. B. Anekcannposckoro [1], A. ®. Munosanosa [7], K. I. HekpacoBa
[10], I'. B. Ucaxanosa [4], I". H. Macnosa [6], O. E. OnsxoBuka [5], A. Il. Cuaunsiaa [13],
B. B. ®enoposa [14], b. E. I'eiiteyna [2], . A. MortoBunbua [9] u ap.

Pa3BuTrio METONOB TeMIEpaTypHOro MOJA M TEIUIOOTAAYM OJHOPOJHBIX TEl C
MWIMHIPAYECKUMHA HUCTOYHMKAaMHU Temia mocBsameHsl pabdotel B.B. JXXykoBa [3] w
A. B. Ilyranca [11], koTopble, n3y4das MPOYHOCTh CIEIJIECHUS] PACTBOpPA C 3AMOJIHUTEIAMHU U3
OTHEYNOPHBIX MAaTE€pHaJIOB, OTMETWJM, YTO IOBBIIEHUE TemmepaTypel naxe npo 200°C
3HAYUTENIbHO BIUSET HA MPOYHOCTh MPH PACTHKEHUU 00pa3LoB U3 KAPOIMPOUHOIO pacTBOpa U
3aBUCUT OT BHJa NOPOAbl 3anonHuTenei. Hampumep, mpu 3amosiHUTENE W3 JAHUOPUTOBOTO
necka npu 200°C mpoyHOCTh Ha CUEIUICHHE yMeHbIIaercss Ha 87% MO CpaBHEHUIO C
npoyHocThio mpu 20°C.

BoineieHue He pelleHHBIX paHee 4yacTeil oOmiedd mpooOJiembl. BrienepedncieHHbIE
UCCIICIOBATENIM YCTAHOBWJIM PSII BAKHBIX OCOOEHHOCTEH TEIUIO- W MAaccolepeHoca B
KOHCTPYKIUSX, B TOM YUClIe U pyHAaMEHTax, U3rOTOBJIIEHHBIX U3 OTHEYMOPHOTO (TeMIieparypa
no 1580°C) um xapocroiikoro (temmeparypa go 1380°C) OGetoHa BO BpeMsi DKCILTyaTaIluu
MPOMBINIIEHHBIX M€Yeil U TEMI0BOro 000py10BaHUS.

Hanpumep, A.®. MuioBaHOB YCTaHOBWJI, YTO IPOYHOCTh MpPHU CKATUU U U3rude
KApOCTOMKOro OETOHA Ha BSKYIIEM MOPTIAHIUEMEHTE MPU HArpeBe U YBIAXKHEHHUH JIaxe J10
60° — 100°C cHuxaerca B TeueHue cyrok Ha 20 — 40%, a mpu IOBTOPHOM HarpeBe H
OXJIQXJCHUM OHA PE3KO IMaJIaeT.

OpHako nuanazoH TEMIEPaTypHBIX BO3ACHCTBUN, MPOXOASIINX Yepe3 TONIy (HyHIaMeHTa
MO/ TEYHBIMH COOPYKEHUSMH Ha IOBEPXHOCTh T'PYHTOBBIX OCHOBAaHMI, 3TH YYEHBIE HE
U3YYUIIM, W Kakue-TuOo MJaHHble 00 W3MEHEHWH CBOMCTB HaOyXarolMX TPYHTOB,
COCTABJISIFOIMX MAacCUB, KAK OCHOBAHHUS COOPYKEHHU IpU THAPOTEPMAIBHBIX YCIOBUSX
OTCYTCTBYIOT.

IlocranoBka 3amaum. 3ajgaya 3aKIOYACTCS B 3aALIUTE MACCHBA, COCTOSILETO W3
HAOYXamIIUX TPYHTOB, KaK OCHOBAHUS COOPYKEHHS IMPH THUAPOTEPMAIBHBIX YBIAKHEHUSIX
Bogoi T =18 —20°C u T =40 — 80°C u 60see OT pa3pylieHuUs.

MpbI poBeNM UCTIBITAHUSI HA U3MEHEHUE TEXHUYECKUX MapaMeTPOB MACCUBOB, COCTOSIIIIMX
U3 Ha0yXaronux TPyHTOB, KOTOPbIE pUBEIEHBI B Tabnuue 1.

Cuna naOyxaHus S, U3MepsIach C MOMOIIBI0 JTUHAMOMETpA TOCJIE YBIAXKHEHUS BOJIOU
T =20°C u T =60°C, koropas umena 3Haderue npu T = 20°C S, = 1,52 MIla; npu T = 60°C
S, = 1,98 MIla u Bomonaceimennu W = 18% = const (ta0m. 1).

OTH JaHHbBIE [IOKa3bIBalOT, YTO Ha0yxaHWE TIJIMHUCTBIX TPYHTOB HEMOCPEICTBEHHO
3aBUCHT OT TeMmImepaTyphl Boabl. [Ipu yB1axkHeHWH HAOyXaloMUX TPYHTOB cuia HaOyXxaHus Sy
YBEJIMYMBAETCS HACTOJIBKO, 4YTO OKOJO IIECTH pa3 IMPEBBIIIACT JONYCTUMYI BEJIWYUHY
naBieHust ot coopyxenus (mpumepHo 0,32 MIla) na ocHoBanue. IlosToMy HEoO6xomuUMO
NPUHUMATh MEphl 3alIMThl OCHOBAaHHSA M3 HaOyXalOUIMX TPYHTOB B YCJIOBUSAX YBJIa)KHEHUH,
0COOEHHO B TMJIPOTEPMAIbHBIX YCIOBHSIX.
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Tadoauna 1 — TexHnyeckHe XapaKTepUCTUKH
MOHTMOPHJIJIOHUTOBBIX IJIMH NMPH YBJIAKHEHUH

0603- | En.u3zm. TexHu4eckue XapakTepUCTUKU
Toxazaremn Have- B IPUPOJ- | NPH yBIAXKHEHUH BOJOM
e HOM T=20°C | T=60°C
COCTOSIHUU
- YIEJbHBIA BEC YaCTULIBI Vs xkH/M® 27,2 27,2 27,2
- YICTBbHBINA BEC Y xkH/M 16,8 17,2 17,6
- YIENbHBIA BEC B CYyXOM BUIE| Y4 xkH/M 13,6 13,64 13,68
- €CTECTBEHHAs BIAXKHOCTH W | monu en. 0,0806 - -
- BIQXXHOCTh HAOyXaHHUS W, | momnu en. - 0,18+0,2 0,18+0,2
- IIOPUCTOCTH n % 42 - -
- K03 HUIUEHT MOPUCTOCTH €0 - 0,72 0,96 1,16
- IpeJieN TeKy4ecTH Wi | monu exn. 0,55 - -
- IpeJieN pacKaTbIBaHUS W, IIOJIU €11. 0,16 - -
- cUJja CLEILIEHUS C MlIla 2,5 0,312 0,136
- YIOJl BHYTPEHHETO TPEHUS (0] rpan. 14° 30° 7° 127 2°30°
- MOJyJIb O0TIIeH Eo MIla 40 5,22 3,42
nedopmaruu
- K09 PHUIUEHT KECTKOCTH K kH/m - (2,0:2,4)-10% [ (2,7+3,2)-10°
MacCHBOB M3 Ha0yxaroIei
MOHTMOPHWIJIOHUTOBOM
rmHbl Tpu K=Kgby,
rae bo=1 0. M coopyxeHuii
MOJIOIIBEI; K0:2,4-104 kH/™
- IIOPOTOBOE /1ABJICHUE P.w MlIla - (0,48+0,52) | (0,68+0,76)
HaOyXaHUs
- OTHOCHUTEIBHOE CBOOOIHOE
HaOyxaHHe MpH YIJIOTHS-
FOIIIEM aBJICHUH:
-P=0MlIla; W =0,18 Egw - - (0,16+0,18) | (0,24+0,28)
-P=0,2Mlla; W =0,18 Eqw - - 0,12+0,13) | (0,14+0,16)
-P=0,6 MIla; W =0,18 Egw - - (0,06+0,07) | (0,09+0,12)
- ko3¢ punuent [lyaccona Mo - (0,28+0,32) | (0,24+0,26) | (0,20+0,22)
- ckopocTh Habyxauusa mpu P | Vg, | w/cyr - 1,010 [ (1,4<1,6)-10
=0 4
- mapameTp HaOyXaHus, c M -~ 1,0-10%  [(1,1+1,23)-10
ONUCHIBAIOIINNA TPACKTOPHIO 2
MMOBEPXHOCTHU
- KOO GUIHUEHT PUIbTPALIIH k¢ M/cyT (2,3-107) - -
- cuya HaOyxaHus Sk MlIla - (1,38+1,52) | (1,71+1,98)
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Cnenyer oTMETUTD, UTO OOlIasi BETUYMHA HaOyXaHHs 3aBUCUT HE TOJIBKO OT MOIIHOCTHU
(ToNmmMHBI) closi HAOyXalollero TpyHTa, HO W OT MPHUPOJHOW BIAKHOCTH TPYHTOB W
(ueM MEHbIIIe BIIAKHOCTh, TEM HaOyxaHuWe OOJIbIlIE TPH YBIADKHEHHH), OT HaYaIbHOU
IJIOTHOCTH Py, Te/M (BO3pacTtas MOYTH JIMHEHNHO C YBEIIMYEHUEM IUIOTHOCTH) M OT BEJIMYHHBI
BHEIIHEro (ymioTHsomero) gasinenus P, MIla, 3HaunTeIbHO YMEHBIIASICh C €70 YBEITUYCHHUEM.
3aBUCHMOCTh BEIMYMHBI OTHOCUTEIHLHOTO HAOYXAHUS &y MPU JCUCTBYIONIEM YILTOTHSIIOIIEM
naBineHun P =0 cocraBisieT cBOOOIHOE HaOyXaHHE &g (00pasibl B3sIThIC ¢ TiyonHsl H = 3,6
M): &y = 045:0,48; mpu P=05 Mlla &, =0,26+0,28; nmpu P=0,3 Mlla
&w = 0,16+0,18.

'

rae h — BBICOTa 00paslia rpyHTa MPHUPOIHOTO CJIOKEHUSI W BIAKHOCTH, 00KaTtoro 0Oe3
BO3MOXKHOCTH OOKOBOTO pacuIMpeHHs 3alaHHbIM JaBienuem P, MIla;

I’ — BbICOTa TOrO ¢ oOpasma mocie 3amMaunBanus W = 18+28% mpu TOM K¢ BHEIIHEM
nasieHuy P.

Peonornueckue QyHKIMH TON3Y4eCTH WIM OTHOCHTENbHOE HaOyXaHWe 3aBUCHUT OT

dbyHkMM yroTtHsomero aasineHus f(P) u or pynkuuu BpemeHu yAt), Toraa MOKHO 3aIllUCcaTh

£, (P.t)=f(Py(t). 2)

OYHKIMS BPeMEHH y(t)=af’ 3aBHCHT TONBKO OT BPEMEHH f U PEOTOTHYCCKHX [TapaMETPOB
o ¥ ff. DTU mapaMeTpsbl ONMPEAETSIOTCS UCTIBITAHUEM HAOyXaIolUX TPYHTOB MPH YBIAKHECHUU.
Hanpumep, mo HammMM HCCIETOBaHUSAM TOJY4YEHBbl 3HAYEHUS a WU [ TpU yBIAKHEHHUH
W =18% = const MoHTMOpWIIOHUTOBOW TiuHbl Ipu T =20°C, ymIoTHAOLIEM AaBIE€HUU
P=0, a= 38'10'4cyT'1; p= 99,46'10'2; MpU 3THX K€ YyCIoBUAX, Toibko mpu T =60°C,
o= 34-10'4cyT'1; p= 99,52.102; npu W =18% =const, P=0,2 MIla, T=20°C,
o= 31-10’4cyT'1; f= 99,66'10'2, MpuU  JTHX K€ ycloBusX, Tompko mnpu T =60°C,
o= 28-10'4cyT'1; p= 99,72-10'2; npu W =18% =const, P=0,6 MlIla, T=20°C,
a=2210"%cyr"; p=99,84-10%; npu W=18% =const, P=0,6 MIla, T=060°C,
a=1810"cyr"; #=99,92:107

Kak BumHO, TemmnepaTypa BOJbI pe3KO BIUSET Ha U3MEHEHHE PEOJOrHUYECKHUX MapaMeTpoOB
o ¥ ff ip (YHKIIHH TI0I3ydECTH TONBKO BpeMeHH y(t)=ar’.

OyHKIMa HanpspkeHud f(P) npu y(t) = 0 onmuchIBaeT U30XPOHHYIO KpUBYIO P = f(ey,) 11
MTHOBEHHOI nedopmanuu nipu ¢ = 0.

OcHoBHOM MaTepuas W pe3yiabTaTrbl. Hamm wuccienoBaHusi TMOKazaiv, 4YTO B
3aBUCHUMOCTH OT TEIUIOBOTO peXHMa PadOThl M KAauecTBA TEIUIOM3OJISIIMK TIO0J] TOJOIIBOMN
(GyHIaMEHTOB TPOMBIIUICHHBIX IEeUeld MOXET BO3HHKaTh Temmeparypa ot 100 mo 500°C,
KOTOpasi, MPOXOJIs Yepe3 TOJIIYy TPYHTOBOTO OCHOBaHHs Ha Oonburyto riayouny (o 30 M u
OoJiee), pu OecIpepBIBHOM PEXHUME pabOTHl 3THX COOPYKEHUIM MOXKET HarpeBaTh TPYHTOBYIO
BOJY JI0 KUTICHUS U PE3KO M3MEHSTH (YMEHBIIATh) MPOYHOCTHBIC MapaMeTPhI: CHUITY CHEIUICHHUS
C, MIla, u yron BHYTpeHHEro TpeHUs @, Tpaa; Monayib obmei aepopmauuu Eo, MIla, u
YBEJIMYUBATh CUJIY HaOyxaHHs Sy B ClydasiX, KOTJa OCHOBAaHUE COOPYKEHHMH COCTOUT u3
HAOYyXamIUX TIWHUCTBIX TPYHTOB. I[loaTOMy HEOOXOAMMO NPHHUMATH MEPHI 3aIUTHI
MacCHBOB KaK OCHOBAHHUH COOPYXKEHHUM, COCTOAIIMX M3 HAOYyXalolmUX TPYHTOB. Takue Mepsl
MOXHO PEKOMEHJOBAaTh B BUAE KOHCTPYKIMU U3 «MHOTOCJIOMHOM 3allMThl», TOKA3aHHOW Ha
puc.l. Jlnsg Takod KOHCTPYKLUMH MOXKHO HCIHOJb30BaTh METATYPrUYeCKUe IUIAaKH WU
KEepaM3UTOBBIN I'paBUi KpyMHOCTBIO 10+70MM.

B cinywyae OTCyTCTBHA METALUTYPTMYECKUX NUIAKOB MPU U3TOTOBJIECHHH «MHOTOCIOMHOMN
TEIUIO- W THAPO3AIUTBI» KOHCTPYKIUHA MOXHO TPUMEHSITh KEPaM3UTOBBIA TpaBHH C
COXpaHEHHEM pPa3MEPOB I'PaHyJl Ha KaXKJIOM CJIO€.
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Pucynok 1 — KoHcTpyKIMSl «<MHOTOCJIOHHOM 3aIIUTHI» OCHOBAHMS W3 HA0yXaroImux
TJIMHUCTBIX TPYHTOB N0 (pyHIaMEHTaAMM NPOMbILJICHHBIX NeYeii B
THAPOTEPMAJIbHBIX YCJIOBHUSAX YBJIAKHEHUS:

1 — dyHgamMeHThI U3 OTHEYIOPHOTO HUJTH KApPOCTOMKOTO OETOHA;

2 — BEepXHHUI1 cII0M U3 MecKa cpelHel KPYITHOCTH;

3 — cI0# U3 METAJUTYPruYeCcKuX IUIaKoB KpYMHOCTHIO 40 — 70 MM — 120 MmM;
4 — ci011 U3 METAJUTYpruYecKux nutakoB KpynHocTbio 20 — 40 mm — 100 mm;
5 — cIIo¥ 13 METAUTyPruyecKux MUIakoB KpynHocThio 10 — 20 MM — 100 Mm;
6 — cioii U3 KpynHoro necka ¢ guamerpom vyactui >0,5 mm — 100 — 190 mm;
7 — cnoii u3 HabyXaromero TIMHACTOTO TPYHTA;

8 — TUAPOU3OIIALMS U3 TOJHM UM pyOeponia — 1Ba CIIos;

9 — maumie (mojomBa) GpyHIaMEHTa, KOTOPHIN TIepeaaeT
TEIJIO0 HAa TPYHTOBOE OCHOBAHUE

W3menenne nmapameTpoB HaOyXalOUIMX TPYHTOB IMOKaXXEM Ha MPUMEPE IO MOJyYCHHBIM
9KCIIEPUMEHTAILHBIM JaHHBIM.

Ilpumep. JlonmycTuM, MaccuB Kak OCHOBAHME IOJ TEIVIOBBIMU COOPYXEHUSIMH COCTOUT M3
MOHTMOPW/UJIOHUTOBOW  Halyxaromiel TIIMHBI U TOJBEpPraercsi  T'HAPOTEPMAIbHBIM
BO3CUCTBUSAM OT MPOXOISNIEH Temreparypsl uepe3 (yHIAMEHT U3 >KapOCTOHMKOro OeToHa.
[Tox momomBo# GhyHIaMEHTa HAa TOBEPXHOCTH OCHOBAHUS M3 HAOYXaIOMIUX TPYHTOB JCHCTBYET
temneparypa T = 300°C, koTopasi HarpeBaeT Ha ONPEICICHHON TTTyOMHE TPYHTOBYIO BOIY IO
temriepatypbl T = 60+-80°C u Gonee u MPpUBOIUT K HAOYXaHUIO TPYHTOB.

TexHu4YecKkne XapakTePUCTUKH HaOyxaromed MOHTMOPHJUIOHUTOBOM TJWHBI  TIPH
TUAPOTEPMAITBHBIX YBIAKHEHUSX MPUBEACHHI B Ta0M. 1.

BriBoambI:

1. dyHaaMeHThl TPOMBIIIICHHBIX I€Yei U TEIIOBOT0 000pyI0BaHUS M3TOTABIMBAIOT U3
OTHEYIOPHOTO WJIM >KapOCTOMKOro OeTOHAa Ha CHEUUalbHBIX BSDKYIIUX M OTHEYNOPHBIX
3anonHuTensaX. OgHako u3-3a CNa0OW TEIUIOM3OJSAIMM OHU MPOMYCKAIOT Yepe3 TeJo
dbyHIaMeHTa BBICOKYIO TEMIIEpaTypy, B pe3yJIbTaTe 4ero Moj €ro MoI0IMBON U Ha OBEPXHOCTH
OCHOBaHHUsl BO3HHMKaeT Bblcokass Ttemmeparypa (100+500°C). OHa npoxoauT uepe3 CIloU
TPYHTOBOTO OCHOBaHHS Ha OonbInyto rimyouny (1o 30 M u Oosee), HarpeBasi TPYHTOBYIO BOZY
JI0 KUTIEHHs, B KYIIOJI00Opa3HOM BHJIE MOJHUMAETCS B BHUJE Mapa Yepe3 KamuULIphl TPyHTa U
IPOCAUYMBAETCS B aKTUBHYIO 30HY OCHOBAHUSI COOPY>KEHUSI.

2. B ciywae yBnakHeHusi HaOyxarolipe TPYHTBI PE3KO M3MEHSAIOT CBOM CBOMCTBAa U
HaOyxarT, yBenuuuBasi o0beM mnpumepHo 10 100%. Cuna crnemenus C  yMeHbIIaeTcs
npubim3nTeNBHO B 8 — 18 pas, a yros BHyTpeHHEro TpeHus ¢ — B 2 — 6 pas.
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3. HaGyxaromme cunbl Sy npu yBiaaxkaeHuu Bogoud T =60°C B 1,3 pa3a mpeBbImarOT
HaOyxatomue cuibl pu yBiaxkHeHnH Bojor T = 20°C. Cunsl Habyxanus npu T = 60°C Gonee
yeM B 6 pa3 Oousblie, 4eM JOMYCTHMMOE JaBJIEHUE HA TPYHTOBOE OCHOBAHME, HMEIOIIEe
npuMepHo pacuetHoe pgaBieHue R =0,32 Mlla. [losromy cunbl HaOyxXxaHUsT MOTYT
nehopMUPOBATh JIFOOBIE COOPYKEHHUS 10 Pa3pyIICHUS.

4. Tlpennoxensl 3pPeKTUBHbIE MEPBI 3aLIUTHl OCHOBAaHUN COOPY)KEHUH, COCTOAIINX U3
Ha0yXaloIluX TPYHTOB, MPH BO3MOKXHOM YBII&KHEHHH XOJOJHOW M TOps4Yed BOJOH W OT
IpOCayMBaHMUs BBICOKOM TeMIeparypbl uepe3 (yHIaMEHTHl TMPOMBINUICHHBIX Teuedl u
TEIUIOBBIX arperaTos.
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Yorceopoocoruii nayionanvhuil ynisepcumem

BU3HAYEHHS XAPAKTEPUCTUYHUX 3HAYEHD
BITPOBOI'O TUCKY B JIMIIHI I CIYHI AJIA JEB’SATU BEPIIIMH
KAPIIAT 3AKAPITATCBHKOI OBJIACTI

YV nonepeonix nopmamusnux ooxymenmax napamempu eimpy Ha eepwiunax Kapnam 3
abcomomnumu  giomimkamu  euwe 1330 m  (memeocmanyis Iliait) ne OocniodxceHo.
Ha 6a3i cnocmepesicenv 3a xnimamuynumu napamempamu y 1955 — 2005 pokax Ha
0eg’ssmu  MemeoCmaHyisax i3 3ACMOCYBAHHAM YOMUPbOX HANPAMKIE MIdC NOYAMKOBUMU
memeocmanyiamu: bepecoso — 113 m, Yoceopoo — 114,6 m, Xycm — 166 m, B. Bepesnuii —
209 m i xinyesorwo cmanyicto losepra — 2061 m 3a opmyramu eucomuux Koeghiyienmis
00UUCTIeHO 3HAYEHHS NIMHIX | 3UMOBUX XAPAKMEPUCMUYHUX BIMPOBUX MUCKIE 01 0es’simu
séepuun  Kapnam. 3anpononosano Oemanvhe 6impoge pationy8anHs 2ipCbK0o20 peioHy
3axapnamcwvkoi obnacmi.

Knrwouosi cnosa: sucomui xoeiyicnmu, HanpsamKu, cepeoHi 6imMposi MUcKuU, CcepeoHi
weuoKocmi impy.
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TIlonmasckutl HayuoHanvhslll mexnuyeckull ynueepcumem umenu FOpus Konopamioxa
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Hayuonanvnuiii ynusepcumem «JIveoeckas noiumexunuxa»
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Yoiceopoockuil nayuonanvuwill ynugepcumem

OIIPEJEJIEHUE XAPAKTEPUCTUUYECKUX 3HAYEHUI
BETPOBOI'O JABJIEHHMS B UIOJIE U AHBAPE JIUIA IEBATHU
BEPIIIMH KAPIIAT 3AKAPIIATCKOM OBJIACTH

B npeovioywux nopmamusHvlx 0oKymMenmax napamempuvl eempa na eepuiunax Kapnam c
abcomomuvimu ommemrkamu eviue 1330 m (memeocmanyus Ilnaii) ne ucciredosanvl.
Ha 6a3e nabnooenui 3a knumamudeckumu napamempamu 6 1955 — 2005 2ooax na oesamu
MemeoCmaHyusx ¢ UCHOIb308AHUEM  Yemblpex HANpasieHuil Mexcoy  Ha4aibHblMU
memeocmanyuamu.: bepecoso — 113 m, Vowceopoo — 114,6 m, Xycm — 166 m, B. Bepesuviii —
209 m u xowneunou cmanyueti I'osepra — 2061 m no ghopmynam evicomuwvix Kod2¢puyuenmos
onpeoenenvl 3HAYEeHUs AeMHUX U SUMHUX XAPAKMEPUCMUYECKUX BempOsblX O0aeNeHull O
oesamu eepuiur Kapnam. Obocnosano oemanbHoe 6empogoe paioHUposanue 20pHo20 peuond
3axapnamckou obracmu.

Kntouesvie cnosa: evicommvie kodaghduyuenmol, Hanpaenienus, cpeoHue empogule
oasneHus, cpeonue 8emposvie CKOpOCmu.
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DETERMINING OF CHARACTERISTIC VALUES
OF WIND PRESSURE IN JULY AND JANUARY
FOR 9 CARPATHIAN PEAKS OF TRANSCARPATHIAN REGION

Taking into account of the wind loading is important at planning of wind power-stations,
calculation of building constructions, at the stowage of general layouts of settlements and
others like that. The wind loading has difficult physical nature and probabilistic character, it
depends on the physical and geographical features of locality, in particular, from a
geographical height.

The previous regulations (SNIP 2.01.01.82, DBN V.1.2-2: 2006, 1SO B.1.1 NB: 2010)
parameters of wind on the tops of the Carpathian Mountains with an altitude above 1330 m
(weather station Play) were not investigated. Based on observations of climate parameters in
1955 — 2005, respectively 9 weather stations used 8 directions between the initial eight weather
stations and Playa ultimate meteorological station by the average characteristic values of wind
pressure in July and January to the highest peak of the Carpathians — Hoverla.
4 directions between the initial weather stations: Beregovo — 113 m, Uzhhorod — 114,6 m, Hust
— 166 m, V.Bereznyy — 209 m and the final station Goverla — 2061 m the altitude coefficients
and formulas, atmospheric pressure parameters and average outdoor temperatures (in January
and July) were used for calculating comparative characteristic values of summer and winter
wind pressure for 9 peaks of the Carpathians: Petros — 2020 m, Pip Ivan — 1936 m, Syvulya —
1818 m Tovsta — 1818 m, Unharyaska - 1707 m,
Tempa — 1634 m, Velykiy Verkh — 1598 m, Polonyna Rivna — 1470 m.

In summer and winter the atmospheric pressure for 9 applied tall peaks of the
Carpathians was calculated and the four factors above directions.

For calculating of characteristic values of wind pressure for 9 peaks of the Carpathians
the four areas of initial weather stations were applied: Beregovo — 113 m, Uzhhorod — 114,6
m, Hust — 166 m Velyky Bereznyj — 209 m and the ultimate transition mount Hoverla station —
2061 m and high-rise factors:

a) difference of maximal wind speed in July and January, divided by the difference of
altitudes stations 1, 2 one of four directions;

b) the difference between maximal summer and winter wind pressure divided by the
difference of summer and winter pressure stations 1, 2 one of four directions,

a) difference of maximal summer and winter wind pressure divided by the difference of
altitudes stations 1, 2 one of 4 directions.

Similar high-altitude coefficients by the maximal summer and winter wind speed and
wind pressure were determined using the 23 weather stations directions between 9 and
18 transitional stations and transient 46 stations.

Keywords: height coefficients, trends, characteristic wind pressure, maximal wind speed.
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Beryn. YpaxyBaHHS BITpPOBOTO HaBaHTa)XEHHS € BaXKJIMBUM IPU MMPOEKTYBAaHHI BITPOBUX
€JIGKTPOCTAHLIN, PO3paxyHKY KOHCTPYKI[iMi BHUCOTHUX OyiBenb 1 cHnopyd, NpU CKIaJaHHI
reHepaJIbHUX TUTAHIB HACEJIEHUX MYHKTIB TOIIO. BiTpoBe HaBaHTa)XXKEHHS Ma€ CKJIAAHY (Pi3HUHY
npUpoay M IMOBIpHICHUH XapakTep, BOHO 3aJISKUTh Bifl (Pi3UKO-reorpadiuHux ocoOIMBOCTEH
MICIIEBOCTI, 30KpemMa Bij] reorpadiqHOi BUCOTH.

AHaJi3 ocCTaHHIX /Kepes AocailkeHb i myOuikamiid. [loumnaroun 3 80-X poKiB
MHUHYJIOTO CTOpIuYsl B YKpaiHi IOCUTh aKTUBHO BEIUCS MMOBIPHICHI TOCHIPKEHHS BITPOBOTO
HaBaHTaxeHHA [11 — 16], TOIOBHUM pe3yabTaToM SIKUX € PO3pOOJICHHS HalliOHATBHUX HOPM
HaBaHTaXeHb [17], moOymoBaHMX Ha Cy4acHI HAYKOBIH OCHOBI B yB s3Il 3 €BPONEHCHKUMH
HOpMaMu €BpOKOA. Y Il HOPMH BBEICHO IMOHSTTS XapaKTEPUCTUYHOTO 3HAYEHHS BITPOBOTO
tucky W, , o JOpIBHIOE cepeAHii (CTaTU4HIN) CKIIaMOBIA THCKY BiTpy Ha BHcOTi 10 M Haj
MIOBEPXHEIO 3eMIIi, KM MOKe OYyTH NEpeBHILEHHH Yy cepeHboMY OauH pa3 3a 50 pokiB i
BU3HAYAETHCS 3T1THO 3 ICHYFOUMMHU HOPMaMH 3a KapTOI0 PaliOHYBaHHs TEPUTOPIT YKpaiHu.

XapakTepuCTUYHE 3HAUCHHS BITPOBOTO THCKY W, 004HCIIOEThCA 32 (HOPMYIIOI0

W, =061 V> (1)

ne V — BiAMOBiHA MBUJIKICT BITPY, M/C.

Ha Bigminy Bin momepemnix Hopm [18], ski BimBoawyim YKpaiHi TpU BITPOBI palioHH,
3TiJHO 3 HOPMAaTHBHUM JIOKyMEHTOM [12] Ttepuropis YKpaiHu mojijieHa Ha I'ATh BITPOBHX
paloHIB 3 BIAMOBIIHUMH XapaKTEPUCTHYHUMH 3HaYE€HHSIMH BITPOBOTO TUCKY: 1-it — 400 Ila; 2-
i — 450 ITa; 3-i1 — 500 Ia; 4-i1 — 550 ITa; 5-i1 — 600 Ila.
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Pucynok 1 — MereocTanuii Ta npomizkHi (mepexigni) crannii 3akapnarcbkoi o6aacti
3 BiIMOBITHMMHU HAIPSAMKAMM
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BujisieHHsi He po3B’si3aHMX paHillle YACTHH 3arajibHoOi npoodJemu. 3a Hopmamu [17]
TepuTopis 3akapmarchkoi 00sacTi BiHeceHa 10 1-ro i 2-ro BITPOBUX paiioOHIB, IO HE Mae
HEOOX1THOTO NMOBIPHICHOTO OOIpyHTYBaHHs. [Ipu 1boMy OiibIlia YacTHHA TEPUTOPIi 00IaCTI
NO3HAYeHA SIK TIPCHKUN pailoH, IJIs SIKOTO HABOJMTHCS OPIEHTOBHA 3aJICKHICTH BITPOBOTO
TACKY Big reorpadiuyHOoi BHCOTH, KOTPY JOMYCKAEThCS YTOYHIOBATH 3a HASBHOCTI
MeTeoposnoriyanx nanux. CtanoMm Ha modyatok XXI cromitts Oynu BiICYTHI JOCTOBIpHI JaHi
I0JI0 IETAJILHOT'O OMUCY BITPOBOTO PEXKUMY JIJISl TIPCHKOT YaCTHHH 3aKapraTchkoi 00JacTi.

3aBaaHHA po0OTH TmoNArae B pO3pOOJICHHI JETAJBbHOrO BITPOBOIO pailoOHyBaHHS
3akapnaTchkoi 00J1acTi 3 ypaxyBaHHSM TeorpadidyHuX Ta KIIMaTUYHUX OCOOJUBOCTEH IIHOTO
TipCBKOTO paiiony.

OcHoBHHIT MaTepian i pesyiabtatd. [[ns mocCiiKeHHS WMOBIPHICHHX BITPOBUX
nmapaMeTpiB BHKOPHUCTaHi: cxema 23-X HampsMKiB MK 9-ma wMereocranmismu 1 18-ma
MepexXiTHUMH CTaHIlisAMHu (puc.l.) Ta JaHI CIIOCTEPEKEHBb 3a KIIMAaTUYHUMHU IapaMeTpamu y
1955 — 2005 pokax Ha JieB’ITH METEOCTaHIIIsIX 3akapnarchkoi oosacti (Tadum. ).

Tabanuns 1 — PesynbTaTi ciocTepekeHb 3a KIIMATHYHHMH IIapaMeTPaMHu
y 1955 — 2005 pokax Ha 1eBATH MeTeOCTaHIlisIX 3akapnaTchbKoi odJacTi

[IBUAKICTE BITPY — YACETHHUK,

Bucora | \y/c, BitpoBuii THCK — 3HAMEHHUK, N Cepennst
. Atmochepunit
| ITa TeMmneparypa
iBHEM . - THCK, ['Tla : o
No Hassa PIBE cepeHi MaKCHMaJIbHi nositpst, °C
3/m | MeTeocTaHIi bantifick-|  suauenns 3HATCHHA
KOTO
Mopst

H oM |MUeHb ClYEHD | JIMIIEHD | CIYEHD | JIMIIEHD | CIYEHD |JIUIIEHD | ClYEHD
9

1 2 3 4 5 6 7 8 9 10 11
2.9 2.5

1 |beperoso 113 = = 24 20 1000,5 | 1005,0 | +20,2 | -2,7
5.1 3.8 351 244
33 3,6

2 |Yxropon 114.6 = 20126 ) 24 1000,3 | 1004,8 | +19,9 | -2,8
6,6 7.9 412 351
2.2 1,8

3 |Xyer 166 20 20 995,6 |1000,0 | +19,2 | -4.3

295 | 198 | 244 | 244

y 2,5 21
4 |B.bepesnnit |209 222l 200 25 990,5 | 995,1 | +18,1 | -4,1
3.8 2,7 244 381

. 1,5 8,7 30 20
5 |PaxiB 438 s > 9682 | 972,5 | +17.0 | -43
1,4 46,2 | 549 244
o 2.1 2.5
6 |Mixrip’s 456 S22 35 A 966,4 | 970,7 | +16,4 | -5,0
2.7 3.8 747 351
Huxni 2.4 3,9 21 20
7 500 =2 = | == | == 9620 | 966,3 | +162 | -4.6
Bopora 35 | 93 | 269 | 244 ’ B :
Huxninn 2.2 3,3 18 24
3 . |615 == | = | = | == 19505 | 954,8 | +152 | -5.8
Crynennii 2,95 6,6 198 351
7,0 8,7
9 |Ilnait 1330 40 40 867,1 | 8612 | +11,1 | -6,3

29,8 46,2 976 976
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Ilopsioox obuucnienHs MaKCuMaibHux weuokocmell 6impy i 6impooco MucKy O
oes’smu eepwun Kapnam. ]l 0OYMCICHHS MaKCHUMaJbHMX IIBHJKOCTI BITPY W BITPOBOTO
THCKY g TepeximHoi cranmii r. ['oBepma — 2061 M 3acTocoBaHO BICIM HampsIMKIB 3
MOYAaTKOBUMHU MeTeocTaHiismMu: beperoo — 113 M, Vxkropon — 114,6 m, Xycr — 166 M,
Benukuit bepesnuit — 209 M, PaxiB — 438 M, Mixrip’s — 456 M, H. Bopora — 500 m,
H.Crynennii — 615 M 1 kinneBoto mereoctaniieto [Tmait — 1330 M Ta BucotHi koedimientu. J{ms
00unCIeHHS CepeHIX BITPOBUX MmapaMeTpiB it BockMu BepmnH Kapmat: Iletpoc — 2020 M,
IMin IBan - 1936 M, CuByns — 1818 M, Tocta — 1818 ™M, VYurapscka — 1707 wm,
Temna — 1634 m, Benukuit Bepx — 1598 M, [lononuna PiBaa — 1470 M 3acTocoBaHi BHCOTHI
KOC(IIIEHTH 1 YOTUPH HANPSMKHA MK MOYaTKOBUMH MeTeocTaHUisMu: beperoso — 113 w,
Vxkropox — 114,6 M, Xyct — 166 M, Benuknit bepe3nuit — 209 M 1 KIHIIEBOIO MEpPEXiTHOIO
cranuiero T. 'oBepna — 2061 m.

Taboauus 2 — Pe3yjabTaTn 004nc/ieHb XapaKTePUCTHYHUX 3HAYEHb
MAaKCHMMAJIbLHUX JITHIX i 3MMOBHX BiTPOBHX THCKIB [JIs1 AeBATH BepuiuH Kapnar
3a YOTMPMA HANIPAMKAMHU Ta BUCOTHUMM KoediunicHTamu

UricenpHUK — JTHI, 3HAMEHHHUK — 3UMOBI
a) 3a BUCOTHH- | 0) 32 BUCOTHH- | B) 32 BUCOTHH- [IpomonoBani
MU Koed. pi3HHU-|MH Koed. pi3HH- | MU Koed. pi3HU- napameTpu
1l MaKCH- 1l MaKCH- 11l MaKCHMaJlb-
Bucora .. L.
Hax MalbHHUX  |[MaJbHMX JITHIX i| HHX JITHIX 1
No Hazpa piBHEM HIBHAKOCTCM. |~ SUMOBMX | 3MMOBHX Xapakre- | Makcu-
... | BITPY B JIMIIHI 1 [BITPOBHUX THUCKIB,|BITPOBUX THCKIB, . .
3/m | BepumH | Bantiit- | E . N . . . . PUCTHYHI | MaJbHI
CIuHIi, TIOJIJIEHOI| ITOAIIIEHOI HA | MOAIIEHOT Ha . . .
CBKOTO . . A BITPOBI [[IBUIKOCTI
Ha PI3HMIIIO [PI3HUIIFO JIITHIX 1| Pi3HHIIO a0CO- .
MODSI, M THCKH, BITpY,
a0COIIFOTHUX 3MMOBHX JIFOTHHUX BUCOT Ta e
BUCOT CT. 1, 2, | atmocdeprux | cr. 1,2, I'Tla
I'Tla THCKIB Ha CT.1,
2,TTla
1 2 3 4 5 6 7 8
L r 2061 1,397 1,397 1,397 1,397 47,85
onepa 1,86 1.86 1,86 186 | 5520
5l 5020 1,36 1,37 1,37 1,37 47,28
etpoc 1,81 1,82 1,82 182 | 5446
3| I 1936 130 132 132 152 46,13
i 1,71 1,75 1,75 174 | 52,96
le 1818 1,21 1,25 1,26 1,23 44,50
By 1,57 1,66 1,66 164 | 50,84
5|t 1818 1,21 1,25 1,26 1,23 44,50
oBera 1,57 1,66 1,66 164 | 50,84
6ly 1707 113 1,19 L19 1,15 42,98
Hrapacka 1,45 1,57 1,57 152 | 4885
- 1634 1,07 L15 L15 1,12 41,97
ema 1,38 1,51 1,51 145 | 4754
g Benukwuii 1598 LOS L13 L13 L10 41,48
Bepx 1,34 1,48 1,48 1,45 46,90
9 [MononuHa 1470 0,98 1,05 1,05 1,00 40,00
PiBHa 1,21 1,36 1,36 1,30 46,60
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Jlnst o0YKCIIeHHs] MaKCUMaJIbHUX IIBHJIKOCTEH BITPY Ta BITPOBUX THUCKIB 1 TIOPIBHSHHS
oOuncinens [1 — 10] BuKopucTani 3arajibHi GOpPMYJIM BUCOTHHX KOE(]ILi€HTIB: a) 3a pi3HULECIO
MaKCUMaJIbHUX IIBHJIKOCTCH BITPY B JIMIHI W CIYHI, TMOJUICHOI0 Ha PI3HUIIIO aOCOITIOTHUX
BUCOT cTaHlii 1, 2; 0) 3a pPI3HUIECI0 MaKCUMAadbHUX JTHIX 1 3UMOBHUX BITPOBUX THCKIB,
MOJUICHOI0 Ha PI3HMIIIO JITHIX 1 3MMOBUX aTMOC(epHHUX TUCKIB CTaHIlK 1, 2; B) 3a pi3HUIICIO
MaKCHUMAaJIbHUX JITHIX 1 3MMOBUX BITPOBUX THUCKIB, MOJIIJICHOIO HA PI3HUIIO a0COTIOTHUX BUCOT
cragmii 1, 2:

ZX :ZI +K21—2 'AHX—Z’ (2)
4AH, ,=H,—-H, , 3)

Z -7
K21—2 :ﬁ’ “4)

®)
a00 I KOHTPOJTIO

Zy=2,-Kz, -Hy x, (6)

ne Zx, Z;, Z, — mapametpu (JiTHI, 3MMOBI1) Ha cTaHIisx X, 1, 2; a came:

W, — XapakTepUCTHUYHI 3HAYCHHS BITPOBUX THCKIB y Ci4Hi 1 JinmHi, [1a;

V — 3UMOBI Ta JIiITHI MaKCUMaJbHI MIBUJIKICTI BITPY, M/C;

P 4y, — 3UMOBHH 1 JTITHIN aTMocdepHi THCKH, [1a;

K7 .2 — BUCOTHI KOe(]illieHTH BITPOBUX MapaMeTpiB MiXK METEOCTaHLiAMHU 1, 2 oHOTO 13
YOTHPHOX HAMPSIMKIB;

Hy, H;, H, — Bucotu ctanmiii X, 1, 2 Hax piBHem bantifickkoro mMops, M.

Y T1abn. 2 mnomaHo pe3ydbTaTH OOYHUCICHB JITHIX 1 3WUMOBHUX MaKCUMaJIbHHUX
XapaKTepUCTUYHUX 3HAYCHb BITPOBHX THUCKIB 3a YOTHpPMAa HANPSIMKAMHU 3 BUKOPHUCTAHHSIM
BUCOTHUX Koe(]iIieHTiB, 0OYMCIeHNX Ha 0a3l mapaMeTpiB aTrMOc(hepHHX THCKIB, CEpeIHIX
TEMIIepaTyp 30BHIIIHBOTO MOBITPS B JUMHI W CiYHI, M0 OTPUMAaHI 32 CHOCTEPEKEHHSIMH Ha
JIeB’ ITU METEOCTaHIIAX 3akapnaTchkoi oosacti B 1955 — 2005 pokax.

VY Tabn. 3 HaBemeHO pe3yNbTaTh OOYMCIICHb 3a BUCOTHUMHU KoedimieHTamu i 23-ma
HampsiIMKaMu MK 9-Ma MeTeocTaHIisiMU Ta 18-mMa mepexiJHUMHU CTaHIISIMH MaKCUMaJTbHUX
MIBUJKOCTEH BITPY Ta XapaKTEPUCTHUYHUX 3HAYEHBb BITPOBHX THUCKIB (JIITHIX 1 3UMOBHX) IS
46-TH HaceJIeHUX MyHKTIB, BEPIINH 1 IepeBaTiB 3aKapnaTchKoi 00J1acTi.

Tabaunus 3 — PesynbraT 004NC/IeHHS MAKCUMAJIbHUX WBHIKOCTEH BITPY i
MAKCHMAJbHHUX XapaKTePUCTUYHUX 3HAYECHDb BITPOBUX THUCKIB y JIMIHI i Ci4HI
JUISl TIePeXiIHUX CTaHIliid, OKpeMHUX HACeJeHNX IYHKTIB, BEPUIUH i mepeBaJiiB
3a 23-Ma HaNpsIMKaAMH, BAUCOTHUMH Koe(illicHTaMM i JaHUMH CIOCTEPeKeHb
Ha 1eB’SITH MeTeocTaHLiAX 3akapnarcbKkoi ooJacti y 1955 — 2005 pokax

Bucora MaxkcuManpHa MIBUIKICTD
Ha3Be.1vnepex1z[HI/1x Hajl Teorpadiuna | Teorpadiuma BITpY, M/C, — YUCEITLHUK,
No CTaHIIN, HACEICHNX piBHEM XapaKTEPUCTUUHE 3HAYCHHS
. i JIOBrOTA, HIUPOTAa, )
3/m MyHKTIB, BEPIIIHH, BanTiiice- . . BITpPOBOTO TUCKY, Ila, —
. rpan., MiH. | rpaf., MiH.
nepeBaiiB KOT'0 3HAMEHHHK
MODsI, M JITHI 3UMOBI
1 2 3 4 5 6 7
1 |Yom 100,0 22°18' 48°21' 23,71/340 19,61/230
2 | bBarpoBO 102,5 22°23' 48°22' 23,71/340 19,61/230
3 | Myxkauese 116,5 22°44' 48°26' 24,08/350 20,11/240
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MponosB:xkeHHs: Tadaumi 3

1 2 3 4 5 6 7
4 | Bemuxa lanane 120,0 22°53' 47°59' 24,04/350 | 20,09/240
5 | Bunorpanis 1274 23°02' 48°08' 24,09/350 | 20,2/250
6 | losre 166,0 23°16' 48°21" 24,69/370 | 20,87/270
7 |Ipmasa 141,5 23°02' 48°18' 2437/360 | 20,47/260
8 |Tlepeunn 142,0 2208 48°44' 25,71/400 | 22,84/310
9 | Bymrumo 195,8 23°19' 48°02' 20,62/240 | 20,42/250
10 | Cranssa 2035 23°00' 48°32' 23,88/350 | 20,09/240
11 | Touis 210,0 23°34' 48°00' 20,92/270 | 20,62/260
12 | benesns, Tepecsa 225,2 23°39' 48°02' 21,23/270 20,83/260
13 |Tlonsma 242,0 22°58' 48°36' 23,07/320 | 20,07/240
14 | Jliposa 250,0 23°51" 48°00' 21,75/280 | 21,17/270
15 | Bemkuii Brukis 290,9 24°00' 47°58' 22,60/310 | 21,74/290
16 |r. TnuGoka 301,1 22°04' 48°32' 28,18/480 | 25,73/400
17 | Jly6ose 363,7 23°53' 48°10' 23,74/340 | 23,23/330
18 | KoOuienpka Iosstaa 387,3 24°05' 48°03' 24,10/350 23,54/330
19 | Binbmanu 420,0 23°37' 48°20' 2541/390 | 23,60/340
20 | Bonosenp 472,9 23°12' 48°42' 2122/270 | 20,01/240
21 | Yers-YopHa 502,0 23°56' 48°19' 26,10/420 | 25,79/400
22 | Ksacu 513,0 24°09' 47°55' 30,84/590 | 21,68/290
23 |r. Cpansska 5250 22°49' 43°40' 29,56/530 | 21,01/380
24 | Borman 5250 24°21" 48°02' 30,98/590 | 21,95/290
25 | Bykosemp 550,0 22°57' 48°54' 22,14/300 | 21,20/270
26 | 1opua Fopa 565,0 23°03' 48°09' 26,86/440 | 26,86/440
(Bunorpanis)
27 | Monyxis 615,0 23°58' 48°22' 28,09/480 | 27,39/460
28 | fcins 636,6 24°22' 48°16' 32,23/630 | 24,45/360
29 |Ilepesan Imener- 790,0 22°42' 49°05' 33,39/680 | 29,21/520
Beckupg
30 |r. [panop 819,0 2220 48°59' 33,80/700 | 29,67/540
31 |Ilepesan Cepenmno- 839,0 23°09' 48°48' 28,76/500 | 28,16/480
Bepenpkuit
32 |r. Jlapsaiixa 883.0 23°45' 48°28' 34,99/740 | 29,98/540
33 |r. Xmenis 887.,0 24°67' 47°55' 35,04/750 | 30,07/550
34 | Mepesan Bumkiscokmit | 930,0 23°37' 48°42' 30,84/580 | 30,36/560
35 | epesan A6aynenpkuii | 931,0 24°26' 48°18' 35,53/770 | 31,05/590
36 | r. Makosuus 978,0 22°36' 48°39’ 36,10/790 | 32,20/630
37 |Tlepesan beckun 981,0 23°20' 48°45' 32,01/630 | 31,59/610
38 |r. Jlaxmanis 1017,0 22°57' 48°29' 35,72/780 | 34,90/740
39 |r. Mokpa 1225,0 23°55' 48°21" 38,82/920 | 37,65/860
40 | r. Bepxni Jlcopi 1237,0 24°28' 48°15' 38,80/918 | 37,50/858
41 |r. Yropceka 1294.,0 24°07' 48°16' 39,60/950 | 39,19/930
42 |r. Kyx 1361,0 23°24' 48°28' 40,18/980 | 40,57/1000
43 1. Kykymn 1539,0 24°32' 48°08' | 42,10/1081 | 44,20/1192
44 | 1. Bpatkischka 1788,0 24°11" 48°22' | 44,90/1228 | 49,70/1507
45 |r. Crir 1850,0 | 24°33'5 48°57" | 45,00/1235 | 43,41/1149
46 |r. Yopna ['opa (PaxiB) 2020,0 24°37'5 48°02',5 47,40/1370 | 54,80/1832
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3a manumu Tabauik 1, 2, 3 moOynoBaHi rpadiku 3MIHH MaKCHUMAaJIbHOI IIIBUKOCTI BITPY B
aumHI W ciyHi (puc. 1) Ta XapakTepUCTUYHOTO BITPOBOTO THUCKY B JHMMHI # ciuHi (puc. 2)
3aJIeXKHO BiJl pO3MIIIIEHHSI MeTeOCTaH il 1 BepmnH Kapnat Hax piBHem bantificbkkoro mops. Ha
rpagikax 4iTKO ITIOCTPYETHCS MPAKTUYHO JIiHIHHA 3aJI€XKHICTh IIBUAKOCTI M THUCKY BITPY BiX
reorpadiyHOT BUCOTH, MounHatouu 3 BUcotu 600 M.

]

Wrmnac, M.I'IC
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H m

Pucynok 1 — I'padik 3MiHM MakcHMAaJILHOI INBUIKOCTI BiTPY
3aJ1e5KHO Bijl po3MillleHHSI MeTeOoCTaHUil I BepmuH YKpaiHcbkux Kapnar
Haj piBHeM Bauarilicbkoro mops: 1 — nunens, 2 — ciueHb
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Pucynok 2 — I'pagik 3MiHM XapaKTePpUCTUYHOI0 BiTPOBOI0 THCKY
3aJIe5KHO Bil po3MillleHHs1 MeTeOCTaHNil i BepmuH Ykpaincbkux Kapnar
Haj piBHeM baaTrilicbkkoro Mmops: 1 — numneHs, 2 — ciueHb

BucHoBku:

1. Y npupomHoMy cepeIoBHII KIIMaTH4YHI MapaMeTpd B3a€MOIIOB’si3aHI MiX COOOIO.
Ile moBeneHo mpW 3acTOCYBaHHI y (hopMmynax po3paxyHKY XapaKTEPHCTHYHOTO 3HAYCHHS
BITPOBOTO THCKY (JIITHBOT'O, 3MIMOBOT0), MTAPaMETPIB: MBUAKOCTI BITPY, aTMOC(PEPHOTO THCKY,
TEMIIepaTyp 30BHIIIHHOTO TOBITPS B JIMIHI W CI4HI, IO OTPUMAaHI 3a CIIOCTEPEKCHHSIMH
y 1955 — 2005 pokax Ha JIeB’ITH METEOCTAHIIIsIX 3aKapraTchKoi 00IacTi.

36ipuuk HaykoBHX mpailb. Cepis: [any3eBe MammHoOyAyBaHHs, OyaiBHULTBO. — 2 (47)" 2016. 185




2. O0OuucieH1 XapaKTepUCTUYHI 3HAYCHHS] MAKCUMAJIbHUX BITPOBUX THUCKIB 3QJIKHO BiJ
BUCOTH PO3MIIlIEHHS CTaHIii Haa piBHeM banriiickkoro Mops [8] KoIMBarOThCS B MeXKax:
e mitHi: 340 I1a (Hom — 100 m) — 1370 ITa (r. 'oBepia);
e 3umoBi: 230 I1a (Hom — 100 m) — 1832 ITa (r. 'oBepia).
3. Icayroui HopMu 3a0€3MEUYIOTHCS HA TIEPEX1THUX CTAHITIAX :
e s 1-ro BiTpoBoro paiiony (400 ITa):
— mitHi: M. [Tepeunn — 142 m (400 ITa);
—3uMoBi: I. 'muboka — 301,1 M (400 Ila);
e uia 2-ro BiTpoBoro paiony (450 I1a):
— mitHi: . 'muboka — 301,1 m (480 Ila);
— 3uMoBi: ¢. JlonmyxiB — 615 m (460 I1a).
4. TakuM YUHOM, Bij BUCOTH HaJ piBHeM banrilickkoro mops 615 no 2061 m (r. ['oBep:a)
ICHYIOY1 HOPMH 3aCTOCOBYBATH HE JOILIHHO.
5. Jlns 3an0BHEHHS «OUTHX TUIIM» PEKOMEHIYETHCS OJUINTH TEPUTOPi0 3aKapHaTCchKoi
00J1aCTi 32 MAKCUMAJILHUM 3UMOBUM BITPOBHUM THCKOM Ha JIEB’ITh PaiOHIB:

1-# paiion — 250 — 400 IIa; 6-ii paiion — 600 — 800 Ila;
2-1i paiion — 400 — 450 Ia; 7-1 paiton 800 — 1000 ITa;
3-ii paiton — 450 — 500 ITa; 8- paiton — 1000 — 1300 ITa;
4-ii paiion — 500 — 550 Ila; 9-ii paiton — 1300 — 1900 ITa;

5-it pation — 550 — 600 ITa;
32 MAaKCUMaJILHUM JIITHIM BITPOBUM THCKOM Ha BIiCIM PaiiOHIB:

1-i1 paiton — 250 — 400 ITa; 5-it pation — 550 — 600 ITa;

2-i1 parion — 400 — 450 ITa; 6-i1 paiion — 600 — 800 ITa;

3-ii paiton — 450 — 500 ITa; 7-i1 paiion — 800 — 1000 ITa;

4-i1 paiion — 500 — 550 Ila; 8- paiton — 1000 — 1300 ITa.
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Oodecvka depacasna akademis 6yO0iBHUYMBA Ma apXimexmypu

METO/JIUKHN HOPMYBAHHA
CHNJIOBOI'O BIIVIMBY TEMIIEPATYPU
ATMOCO®EPHOI'O ITOBITPA

3a pesynbmamamu CcmMamMucmMuyHO20 AHANIZY MEMeOPONOIUHUX OAHUX GUSHAYEHO
PO3PAXYHKOBI napamempu memnepamypu ammocgepHo2o nogimps fAK CUN08020 GNIUBY HA
Hecyyi OyoigenvHi koucmpykyii. Po3pobneno o0ea eapianmu memoouKku HOPMYBAHHS
memMnepamypHux 6naugig: uepe3 pO3PAXyHKO8I meMnepamypu noeimps i memnepamypu
3aMUKaHHs KOHCMPYKYIli ma HA OCHOBI 0e3n0cepedHb020 GCMAHOBNIEHHS nepenaois
memnepamypu. Bukonano eapmonizayiro icmuyiouo2co nopsaoky GU3HAYEHHS PO3PAXYHKOBUX
3HAYEHb CUN0B8020 6NAUGY memnepamypu 3 €8pokodom ma ¢hopmamu NOOAHHA THUUX
KAimamuuHux Haeawmadicenv y JIBH. 3’scoeano, wo 3anpononosanuii nopsooK GUHAYEHHS
PO3PAXYHKOBUX 3HAYUEHb MEMNEPAmyPHO20 6NAUSY NPOCMIWUL 810 NOOAHUX Y YUHHUX HOPMAX |
2apMOHI308aHUll 3 (popMaAMU NOOAHHS IHUUUX AMMOCHEPHUX HABAHMAINCEHD.

Knrouoei cnoea: kiimamuuni  HABAHMADICEHHA, CUNOGUU  BNIUE  MEMNepamypu,
HOPMYBAHHA HABAHMACEHb, MEPUMOPIATIbHE PALIOHY8AHHS.
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Ooecckas 2ocyoapcmeennas akademus Cmpoumenbecmea U apxXumeKmypuol

METOAUKHN HOPMUPOBAHMUSA
CHUJIOBOTI'O BO3JEMCTBUA TEMIIEPATYPBI
ATMOC®EPHOI'O BO3J1YXA

Ilo pe3ynbmamam cmamucmuiecko2o auaiu3a Memeoporocudeckux OaHHbIX OnpeoeieHul
pacuemuvle napamempvl memnepamypsbl ammoc@eprHoeo 8030yxXa KaK CUlo8020 8030eUCmaus
Ha Hecywue cmpoumenbHvle KOHCmpykyuu. Paspabomansr 06a eapuanma memoouxu
HOPMUPOBAHUS MEMNEPAMYPHBLIX 8030€UCMBULL. Yepe3 pacuemHuvle memMnepamypvl 6030yxa u
memnepamypsbl 3aMblKAHUSL KOHCMPYKYUNL U HA OCHOBE HENnoCpeoCmB8eHHO20 HOPMUPOBAHUSL
nepenaoos memnepamypboi.

Buvinonnena ecapmonuszayus  cywecmeyioujeco  nopsaoka  onpeoeieHus  pacuemHulx
3HAUeHUll CUun08020 6030elcmsusi memnepamypsi ¢ Egpoxooom u gopmamu npedcmasienus
opyeux Kaumamudeckux Haepy3ok 6 JIBH. Bvisicneno, umo npeonodcenuvili NopsaooK
onpeoeneHuss  pacyemmuvblX — 3HAYEHUN  MeMnepamypHo20  8030elcmeus  npowe  om
npeoCmasieHHo20 8 OelcmyIoOuWUX HOPMAx U 2ApMOHU3UPOBAH C opmamu npeocmagienus
Opy2ux ammocepHwvix Hazpy30K.

Knrouesvie cnosa: xnumamuueckue Hazpy3Ku, Cuiogoe 6o3oelicmeue memnepamypbol,
HOpMUPOBaHue Hacpy30K, MeppumopuaiIbHoe pauoHuposanue.
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NORMALIZATION METHODS OF POWER IMPACT
FROM AIR TEMPERATURE

In order to simplify the work of the designer in DBN averaged some design parameters of
the power impact of air temperature on the territory of Ukraine. A simple calculation shows
that such averaging may lead to errors in the 10 — 15% of the design strength of steel under the
condition of rigid fixing. Therefore, ignoring the territorial variability of the average daily
temperature in the DBN to be considered unacceptable.

It is also clear that the current rules for determining the value of the temperature
difference did not harmonized with the rules for any other climatic loads, or with the
Eurocodes.

Based on the results of the statistical analysis of meteorological data the design
parameters of air temperature, as the force impact on the supporting constructions are
determined.

Processing of obtained results was performed using special software package which was
used to build the zoning maps and perform anti-aliasing of borders of climatic regions.

In some cases, the boundaries of territorial areas combined with the boundaries of
administrative areas, near which they were held, providing unambiguous decision on the
classification of certain localities or areas to certain areas.

We offer two options for standardization of the temperature effects.

The first variant offers to normalize force effect of air temperature on the load-bearing
constructions through design temperature and the temperature of designs closure. Itlls a
classic scheme, which is used in the SNIP and DBN. The characteristical values of the
temperature of the coldest and warmest days are determined by the zoning maps.

To implement the first option of standardization two zoning maps are used.

Second variant of methodology offers to normalize temperature changes directly. For this
approach is enough only one zoning map.

For each of these methods developed detailed calculation algorithm. First variant of
standardization of temperature effects 13 design parameters need to be calculated, and for the
second variant — only 9.

Harmonization of the existing order of definition of the estimated values of the power
effects of temperature with Eurocodes and other forms of presentation of climatic loads in DBN
are performed.

The proposed order of definition of estimated values of the impact of climatic
temperature is easier from that presented in the existing standards and harmonized with the
forms of representation of other atmospheric loads in State Building Codes.

Keywords: climatic loads, the force effect of temperature, regulation of loads, territorial
zoning.
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Beryn. 3miHM TeMriepaTypy BUKIMKAIOTH JIiHINHI Jedopmarltii Ta mepeMileHHs, a TaKoxX
JOJATKOBI HANpPYKEHHS B JKOPCTKUX CTaTUYHO HEBU3HAUYHUX CHUCTEMax. JTriJHO 3
byHIaMEHTATPHUMU TTOJIOKEHHSMH OIOPY MarepiaiiB Ta OyaiBeabHOT MexaHIkH, nedopmartii
BiJl 3MIiHM TeMIepaTypH BH3HAYAIOThCS Yepe3 KOe(IieHT JiHIHHOTO TeMIepaTypHOTO
pPO3IIMPEHHS, a TOJAATKOBI HAMPYKEHHS BiJl 3MiH TEMIIepaTypy — BIAMOBIIHO /0 3akoHy ['yka.
VY Toif e yac BelIMUYMHA TEMIEPATypHOTO Mepernay, 0 BU3HAYAETHCA 32 TIIOYMMH HOPMaMHU
MPOEKTYyBaHHS, OOTPYHTOBaHA HEJOCTATHHO Ta MOXKe OyTH YTOYHEHOIO.

AHaJmi3 ocCTaHHIX [Kepes [oCTilxkeHb 1 myOJaikamiid. Po3paxyHKoBI 3Ha4YeHHS
TEMIIEpaTypHOTO BIUTMBY Ha HeCydl OyMiBeNbHI KOHCTPYKIlI BCTAHOBIIOIOTHCSA 3a HOPMaMH
HaBaHTaXEHb [6], AKi He BPaxOBYIOTh MIHJUBICTh PO3paxyHKOBUX mapametpis [1, 2,3 ,4] mo
teputopii VYkpaimm [5] Ta HE BCTAHOBIIOIOTH 3aJICKHICTh PO3PAXYHKOBUX 3HAYCHB
TEMIIEpaTypHUX MEPenaiB BiJl CTPOKY CIY>KOM KOHCTPYKIIil, SIK Iie 3p00JIeHO B THX K€ HOpMax
[6] mst iHIIMX KITIMATHYHUX HaBaHTa)XCHB (CHIT, BITEP, OXKEIICb).

JInst MOCHIDKEHHsSI CHJIOBOTO BIUIMBY 3MiH TeMIIepaTypud aTMOC(EpHOro TMOBITpsS Ha
Hecydl OymiBenbHI KOHCTPYKII MOKHA BHUKOPHUCTAaTH CTaTUCTHYHI XapaKTEPUCTUKH
KBa3iCTAI[IOHAPHOTO BHIIAJKOBOTO TIPOLECY CEPEeAHBbOAOO0BOI TemmepaTrypud TOBITpPs Ha
TepuTopii YKpaiHu, SKi HaBe/IeH] i mpoaHaiizoBaHi B MoHorpadii [7] Ta B pobori [8].

[Ipono3uuii 11010 HOPMYBaHHSI CHJIOBOTO BILTUBY TEMIIEPAaTypH MOBITPS 3 ypaxyBaHHSAM
CTPOKY CHYKOM KOHCTPYKIIIM 1 TEPUTOPIaIbHOI MIHJIMBOCTI PO3PAXYHKOBHX ITapamMeTpiB
po3po0ieHi B ctaTTi [9]. 3amponoHoBaHa cxeMa HOPMYBAHHS BiJIIOBIJIa€ KIIACHYHOMY MiAXOTY
JBH [6] Ta EN [10], sixuii 6a3yeTbcsi Ha BU3HAUYEHHI PO3PaxyHKOBUX 3HAYCHb TEMITEPATypHUX
nepenajaiB K PIi3HUIP MDK TeMIepaTypaMd HaWXOJOAHIMIOl YM Hairerurimoi ao0u Ta
MOYAaTKOBOT TEMIIEpaTypu 3aMHKaHHS KOHCTPYKIli. Po3paxyHkoBi TemmepaTypu 100U
BIJIMOBIAOTh 3aJaHUM IepiojlaM MOBTOPIOBAHOCTiI, a iX XapaKTEepPUCTUYHI 3HAYCHHS
BCTAHOBITIOIOTHCA 33 PO3POOJICHUMH KapTaMH TEPUTOPIaTLHOTO palOHYBaHHS, IO W PO3B’A3yeE
npobieMy rapMoHi3amii 3 METOAMKOIO HOPMYBaHHS IHIIMX KIIMAaTHYHUX HaBaHTAXCHb.
Henonikom wmetoauku [9] € 3HauHa KUIBKICTh PO3PAaXyHKOBHUX TMapaMeTpiB, a TaKOX
HEOOXIJHICTh BHMKOPHUCTaHHS JIBOX KapT TEPHUTOPIaJbHOTO palOHYBaHHA YKpaiHH 3a
XapaKTepUCTUUYHUMHU 3HAUYEHHSMU TeMIlepaTypy HaWXOJOIHIIIOI Ta HalTemtimoi ao0u, 1o
YCKIIQJIHIOE HOPMH HAaBAaHTAKEHb 1 KOPUCTYBAHHS HUMU.

BujisienHnsi He po3B’si3aHUX paHillle YACTHH 3arajbHoi NpodjaeMu. Y HOPMAaTHUBHOMY
JOKYMEHTI [6] 3 METOIO CHIpOIIeHHS POOOTH MPOEKTYBAIbHUKA BUKOHAHO OCEPEIHEHHS HU3KU
PO3paxyHKOBHUX TMapaMeTpiB CHJIOBOTO BIUIMBY TeMIIEpaTypyd aTMOC(EpHOro MOBITPS MO BCiH
teputopii Ykpainu. [IpocTuil po3paxyHOK IMOKa3ye, MO 3a YMOBH YKOPCTKOTO 3aKpiIICHHS
KIHI[IB Take OCEpPEeIHEHHS MOKe TMPHU3BOAUTH 1O BUHUKHEHHA moxuOok y 10-5%
po3paxyHKoBoro omopy craigi. ToMy irHOpyBaHHS  TEpPUTOPIAIbHOI  MIHJIMBOCTI
cepeIHb01000BO1 TEMIIepaTypu MOBITPst B HOpMax [6] cii BBaXKaTH HEOMYCTUMHUM.

OdeBuaHO, MO U 104l MpaBWJIa BU3HAUYCHHS BEJIMYMHHU TEMIIEPAaTypHOTO MIepernany He
rapMOHI30BaHi HI 3 HOPMaMH BCTAaHOBJCHHSA IHIIMX KJIIMAaTHUYHUX HaBaHTaXEHb, Hi 3
€Bpokogom [10].

MeTow JociaiikeHHs1 € po3poOKa HAYKOBO OOIPYHTOBAHUX MPOIMO3UIIN 100
HOPMYBaHHS TEMIIEpaTypu aTMOC(HEPHOTO MOBITPS JIJIsl MPOEKTYBAaHHS HECY4YHX OyHiBEIbHUX
KOHCTPYKLIN Ha TepuTopii YKpaiHu.

OcHoBHUIT MaTepiaJ i pe3yjbTaTu. PO3po0iieHHS KapT TEpUTOPIAIBHOTO PailOHYBaHHS
VYkpaiHu BUKOHAHO 32 TaKUMHU 0a30BUMHU MapaMeTpaMH TeMIEepaTypu aTMOC(HEpHOro MOBITPSI:

. XapaKTepPUCTHYHE 3HAUCHHS TEMIepaTypH HAXOJOAHINIOT 100 tco;
. XapaKTepUCTHYHE 3HAYCHHS TeMIIepaTypy HAUTEIUIIIION 100U tmo;
. XapaKTEepPUCTHYHE 3HAUCHHS BiJI' EMHOTO TIEpeTaay TeMIIEpaTypu Aqp.

[HI11 pO3paxyHKOBI MapaMeTpu TEMIIEPaTypy MOKYTh BU3HAYATHUCS Yepe3 yKka3aHi 0a30Bi
napameTpu abo IpUMaTHCS €TMHUMHU JJIS BCi€l TepuTOpii YKpaiHu.
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Kaptu paitonyBaHHs po3po0JIeHI 3 BUKOPUCTAHHAM METOJHMKHU 1 MPOTpaMH, OMUCAHOI B
po6oti [11]. Ilporpama oOumciaroe TaONMUyHy (YHKIIIO MaTEeMaTHYHOTO CIIOAIBaHHS
BUTIAIKOBOTO TOJISI PAifOHOBAHOTO TapamMeTpa TEeMIIepaTypy IIISIXOM 3TIa/DKyBaHHS JaHUX Ha
BY3JIM TPSIMOKYTHOI CITKM, WICJIi YOro BH3HAYa€ HOro BepxHIO ab0 HIKHIO MEXy 3
ypaxyBaHHSIM CTaHIApTy TOJIsI Ta 3aJaHoi 3a0e3rnmeueHocTi paioHyBaHHs. JIiHIT piBHA,
MPOBEJICHI TIO0 BCTAHOBIICHIM TaKUM YHMHOM BEpXHIA (HIDKHINM) MEXi IMONs mapamerpa, €
IIyKaHUMH MEXaMH TEPUTOPIATbHUX paioHIB. Takuii aaropuTM J03BOJISIE ONTUMAILHUM
YHMHOM BHOpPATH KPOK Ipajallii TePUTOpPiaIbHUX PAlOHIB 1 BCTAHOBHUTHU iX reorpadidai Mexi i3
3aJ1aHOI0 3a0€3IeUEHICTIO, IO TapaHTy€e KEPOBaHi 3amacu TEPUTOPIaTLHOTO paliOHYBaHHS.

3 ypaxyBaHHSM 3HA4YHOI KUIBKOCTI MYHKTIB CIIOCTEPEKEHHS Ta HEBEIUKOI CepeHbOl
BiZICTaHI M)XK HUMH KOHCTAHTa 3IJIQJPKyBaHHS BHIIQJKOBOTO TIOJS HOPMOBAHOTO IMapamMeTpa
3rigHO 3 pekoMeHaamisMu [11] mpwuifHsiTa Takoro, mo aopiBHioe 30 kimomerpiB. Bincrans Bifg
MaTeMaTHYHOTO CIOIBaHHS IO BEPXHBOI (HW)KHBOI) MEXKI IIBOTO IOJIS Ta KPOKH Tpajarrii
TEPUTOPIAILHUX paloHIB oOupanmucs 3a Tabmuusmu [11] Takumm, mobd oTpuMaTtu
3a0€3MeYeHICTh TePUTOPIAIBHOTO palioHyBaHHs B Mexax Bia 0,85 mo 0,95, koTpa € 61M3bKOI0
710 3a0e31eueHOCT] pailoHyBaHHS CHITOBOT'O Ta BITPOBOTO HAaBAaHTAXXEHb Y HOpMax [6].

3 HaBeneHUX HUX4YE KapT (puc.l, 2, 3) BUAHO, IO MPUHHATI TapameTpu 3a0e3Meunin
OTPUMAaHHS JIOCUTh IUIABHUX 1 CHCTEMAaTUYHO DPO3MIIICHUX MEX TEpUTOpIaIbHUX paioHIB
(i3otepm). Y JeAKuX BHUIAIKaX MEXI TEPUTOpIaJbHUX PAMOHIB CYMINIEHI 3 MEXKaMu
aJIMIHICTPAaTUBHUX oOnacTei, moOiIM3y KX BOHU MPOXOIAMIIH, 110 3a0e3neuye OAHO3HAYHICTh
pIllIEeHHS TOJI0 BiJHECEHHs TMEBHHMX HACEJICHUX IYHKTIB YW TEPHUTOPIA A0 TUX abo0 I1HIIHMX
paifoHiB.

;l;"

Pucynok 1 — TepuropiajibHe paiiloHyBaHHA YKpaiHH 32 XapaKTEePUCTUYHUM 3HAYCHHAM
TeMIIlePaTyPH HANWXOJIOAHIIIOL 100U t
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Pucynok 2 — TepurtopianbHe paiioHyBaHHsI YKpPaiHU 32 XapaKTePUCTHYHUM 3HAYEHHAM
TeMIlepaTypH HalTenIimoi 1001 tyo

Pucynok 3 — TeputopiajibHe paiifoHyBaHHs YKpaiHU 32 XapaKTepPUCTHYHUM 3HAYEHHAM
TeMIIepaTypHOro nepenany Ao
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AHaii3 po3poOJIEHUX KapT TEPUTOPIATBHOTO paiOHYBaHHS JO3BOJISIE 3POOUTH PsJl
y3araJbHEHb Ta BHCHOBKIB INOJI0 XapakTepy TEPHUTOPIalbHOI MIHIUBOCTI PO3PAXyHKOBUX
napaMmeTpiB TeMIrepaTypu HoBiTps. 30KpeMa, 3 pUCyHKa 1 BUAHO, I110:
© a0COJIIOTHE 3HAUYEHHS TEMIIEpaTypH HalXOJIOAHIIIOI JOOU 3pOCTaE 3 MiBASHHOTO 3aX0AY
Ha MIBHIYHUN CXI1JT;

®Ha KapTli BHUIJICHO [EB’SATh TEPUTOPIAIbHUX PANOHIB 3 XapaKTEPUCTHYHHUMH
3HAYCHHSIMHU TEMIIEpaTypH HaixonomaHimoi noou Bix — 16°C Ha miBaeHHOMY Oepesi
Kpumy no — 32°C Ha niBHIYHOMY CXOA1 YKpaiHu;

® HaiiO1/IbIIa MIHJIMBICTh TeMIepaTypu nputamanHa teputopii AP Kpum, ne BumineHo
YOTHPHU TEPUTOPIaATbHI PalioHH.

3 pucyHKa 2 BUIHO, II0:

© A0COTFOTHE 3HAYCHHS TEMIIEPATYPH HAUTEIUTIIIOT 10O 3pocTae 3 MBHIYHOTO 3aX0/y Ha
MIBJACHHUH CXiJl YKpaiHu;

®Ha KapTi BUAUICHO CIM TEpUTOPIaIbHUX PAalOHIB 3 XapaKTEPUCTHUYHUMH 3HAYECHHSIMHU

nepenany temneparypu: +30°C, +31°C, +32°C, +33°C, +34°C.
3 pucyHka 3 BUIHO, II0:
© a0COTFOTHE 3HAYCHHS TIEPErMajiiB TEMIEpaTypyu 3MEHIINYEThCS 3 MIBHIYHOTO CXOIy Ha
MiBJACHHUH 3axig YKpaiHu;

®Ha KapTi BHUIUICHO ILIICTh TEPUTOPIAIBHUX PaAlOHIB 3 TAaKUMH XapaKTEPHUCTUYHUMHU
3HA4YCHHSIMU Tepenaay TeMIepaTypy IpU JITHbOMY 3aMHKaHHI KOHCTpyKIiit: —36°C,
-38°C, —40°C, —42°C, —44°C, -46°C;

® 3HAYHOIO MIHJIMBICTIO TEMIIEPATYPHOTO PEXKHUMY XapaKTepH3yeThcs Teputopis Kpumy,
Ha SIKifl pO3MIILIEHO TPU TEPUTOPiaIbHI PaliOHM 3 IIECTH ICHYIOUMX Ha KapTi.

[TopiBHsSHHS po3p00JIEHUX KapT 3 (AaKTUUHHMH 3HAYCHHSIMHU TMapaMeTpiB TEMIEpaTypHu
HOBITPSA  JUII OKPEMHUX IIYHKTIB CIIOCTEPEXKEHHS IMOKa3ano, IO BHSBICHI MOXUOKU
TEPUTOPIAILHOTO pallOHyBaHHs, OCOOJMBO HE B 3amac HAAIMHOCTI, € HE3HAYHHMH, IO
JI03BOJIsIE BUKOPHCTOBYBAaTH HABEICHI KapTH JJIs BU3HAUYCHHS XapaKTEPUCTHMYHHX 3HAYCHb
PO3paxyHKOBHUX IMapaMeTPiB TeMIIEpaTypu aTMOC(HEpPHOTO TOBITPSI.

OTtpumaHni pe3ynbTaTy JO3BOJSIIOTH C(POPMYIIOBATH JBAa BapiaHTU MOPSAKY BU3HAYCHHS
PO3paxyHKOBHUX MapaMeTpiB TEMIEPATypH aTMOC(EPHOTrO MOBITPS MPU PO3pPaxXyHKAX HECYUIHX
OyaiBeTbHUX KOHCTPYKIIIH.

[Tepmmii BapianT BimmoBizae kmacuuHi cxemi JIBH [6] Ta EN [10], sxa 6azyeTbcs Ha
BCTAHOBJICHHI IMOYAaTKOBHUX TEMIIEpATyp 3aMHUKaHHS KOHCTPYKIIIH 1 Temreparyp HalTerimoi i
HaWXOJNOAHIMOI 100M. XapakTepUCTUYHI 3HAYCHHs TEMIlepaTyp HaWXOJOHIIIOI Ta
Haifterurimoi 100M BCTAHOBIIOIOTHCS 3a KapTaMH paldOHyBaHHA 3 pHCYHKIB 1 1 2.
[TocmiTOBHICTh BU3HAYCHHSI 1HIIMX PO3PAXYHKOBUX MapaMeTpPiB BUKIIAIeHA B TaOuIl 1.

Jpyruii BapiaHT TOPSAIKY BHU3HAUEHHS PO3PAaXyHKOBHX I[apaMeTpiB TeMIIEpaTypu
atMocdepHOro MoBiTpsi 06a3yeThbcsl HAa Oe3mocepeTHbOMY BU3HAYCHHI 3a KapTOK 3 pUCYHKA 3
XapaKTEpPUCTUYHOTO 3HAUYEHHS MIHYCOBOIO Tiepemnaay TemIeparypd, IO BiAMOBigae
3aMHKaHHIO KOHCTPYKIIIH y TeIni mepio poky. [lopsmok ycTaHOBICHHS IHIIUX MapaMeTpiB
BUKIIAJICHO B TaOIUII 2.

[Ipu BukopuctanHi TabmWIl 2 TMOYATKOBI TEMIEpaTypud 3aMUKaHHS KOHCTPYKIIIH,
HEOOXIJH1 JJI BU3HAYEHHS TEMIIEPATypHUX IMepenaiiB y OyaiBisxX 31 MITYyYHUM KIIMAaToM 3a
dbopmynamu 3 tabnuii 11.1 HopM [6], MOIIBPHO MpHUIMATH OJHAKOBHUMH JJIsSi BCi€l TEPUTOPIi
VYkpainu. Ha BigMmiHy BiJl HOpPMaTHBHOTO JAOKyMEHTa [6], 1€ MpHIHATI cepeaHi Mo Tepuropii
VYkpaiHnu 3Ha4YCHHSI toy U toc, B TAOIUIN 2 3HAYCHHS oy, 1 to. BCTAHOBJIEHI B 3amac HAJAIHHOCTI 13
3a0e3neuenicTio 01n3pKko 0,85...0,90.
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Taoauus 1 — [Mopsinok HOpMYBaHHSA Yepe3 PO3PaXyHKOBI TeMIepaTypH NoBiTps
Ta TeMIepaTypu 3aMUKAHHA KOHCTPYKILii

[TapameTpu

Cnoco0Ou BU3HAYEHHS

XapaKkTepuCTUYHE 3HAUCHHS TEMIIEPaTypH
HaAWXOJIOMHINIOT JOOH 7.

3a kaproro 1

XapaKTepUCTUIHE 3HAUCHHS TEMIICPATypH
HaWTEIUIIIIol 1oOH f,.0

3a kapToto 2

I'pannyHe po3paxyHKOBE 3HAYECHHS TEMIIEPATypH Le(T) =V et (1)
HalXxonoaHImOol T00H t,(T)

3 NIEPi0I0M MOBTOPIOBAHOCTI T’

I'pannuHe po3paxyHKOBE 3HAYEHHS TEMIIEPATYpPH L (T) =V 0 s ()
HaWUTETUTIIOT 100U 1, (T) 3 Iep10AOM MTOBTOPIOBAHOCTI T

[TouaTtkoBa Temreparypa 3aMUKaHHS KOHCTPYKIIIH t,, =13, —24; 3)

B TEIUTUI MTEepio pOKy
(cepenmHs TeMIiepaTypa TeIIoro MiBpIuYsl) to,

t,, =+16°C (cepenHe)

t,, =+18°C (3abe3neu. 0,85)

[ToyaTkoBa TemmnepaTypa 3aMUKaHHS KOHCTPYKITii
B XOJIOJHUH TIEPI0JT POKY
(cepemHst TeMIiepaTypa XoJI0IHOTO MIiBPidYs) fo,

t,. =138+0,56¢,, (4)
t,, = 0°C (cepenHe)
t,, = —2°C (3a6e3neu. 0,90)

I'pannuHe po3paxyHKOBE 3HAYEHHS J0AAaTHOTO Iepenary
temneparypu 4,,,(T) (Ipu 3MMOBOMY 3aMUKaHH])
3 MEepi0JI0OM MOBTOPIOBAHOCTI T’

4,,(T)=t,(T)=t,, ()

I'pannuHe po3paxyHKOBE 3HAUEHHS BiJ'€MHOI0 Iiepenany
temmnepatrypu A,,.(T) (mpu TITHLOMY 3aMUKaHH])
3 NIEPi0I0M MOBTOPIOBAHOCTI T’

4,(T)=t,(T)-t,, (6)

ExcrutyaraniiiHe po3paxyHKOBE 3HaUECHHS 1 ()= Voo @)
TEeMITepaTypHu HAMXOJIOHIIIOT 100U Zec(7])

IUIsL YaCTKU CTPOKY CIIYXOH 7

Excnnyaraniiine po3paxyHKOBE 3HaYEHHS o T)= Y il o s (8)

TeMIepaTypy HAUTEIUTIIIOl JOOH f,,.(7)
IJIS1 YaCTKU CTPOKY CITY»KOu #

Excmutyarariiiine po3paxyHKOBe 3HAUCHHS
JOJJaTHOTO Nepenany TeMneparypu A,,.(1)
(TIpu 3UMOBOMY 3aMUKaHH1 KOHCTPYKIIIH)
IUIsL YaCTKU CTPOKY CIIYXOH 7

A4,(T)=1,,(T )=ty 9)

Excmutyarariiine po3paxyHKOBe 3HAUCHHS
B1JI'€eMHOTO TIepenaay temneparypu A..(1)
(IpH TTHHOMY 3aMHUKaHH1 KOHCTPYKIIiif)
JUISL YACTKU CTPOKY CITY»KOH 7

A(T)=t,(T)-t,,; (10)

KBazinocriiiHe po3paxyHKOBE 3HaUCHHS
nepenany temneparypu 4,

A,=45-0161, (11)
a6o A, =9°C
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Tabauus 2 — [Mopsiiok HOPMYBaHHS Yepe3 Po3PaXyHKOBI nmepenaau
TeMIepaTypH HoBiTpsi

[TapameTrpu Cnocobu BU3HAYCHHS

XapaKkTepuCTUYHE 3HAYECHHS BiJ'€MHOTO Iiepenany
TeMneparypu Ao 3a xapToro 3
(ipu MITHHOMY 3aMUKaHH1 KOHCTPYKITI)

XapaKkTepuCTUYHE 3HAUEHHS JI0IaTHOTO Tepernaty A,=11-054, (12)
Temnepatypu A,
(Ip¥ 3MMOBOMY 3aMHMKaHHI KOHCTPYKIIIi)

I'paHnyHE pO3paxyHKOBE 3HAYEHHS BiJ'€MHOTO 4,(T)=7:4, (13)
nepenany temnepatypu A,,.(T)
(IpH TITHHOMY 3aMHUKaHH1 KOHCTPYKIIiif)
3 MEepi0JI0OM MOBTOPIOBAHOCTI T’

I'pannune po3paxyHKOBE 3HAYEHHS J0JaTHOIO 4,(T)=744, (14)
nepenany teMnepatypu A, (T)
(Ip¥ 3MMOBOMY 3aMHMKaHHI KOHCTPYKIIIi)
3 Mepi0J0M MOBTOPIOBAHOCTI T

ExcnnyaraniiiHe po3paxyHKOBE 3Ha4€HHS B1Jl' €MHOTO A(1)= Ve Ao (15)
nepenany Temreparypu A..(1) ‘
MIPH JTITHHOMY 3aMHKaHH1 KOHCTPYKIIii)
IUIsL YaCTKU CTPOKY CIIYXOHU 7

Excrnyaraniiine po3paxyHKOBE 3Ha4€HHS JOJATHOIO A,(1)= Vo Aso (16)
nepenazgy TeMneparypu A.,.(1)

(TIpu 3UMOBOMY 3aMUKaHH1 KOHCTPYKIIIH)
IUIsL YaCTKU CTPOKY CIIYXOH 7

[TouaTkoBa TemnepaTypa 3aMUKaHHS] KOHCTPYKIIIH t,, =+16°C (cepenHe)

B TEIUIMH IIEPIO POK
P1OL poicy o t,,, = +18°C (3abe3neu. 0,85)
(cepemHst TeMIiepaTypa TEIUIoro MiBpivus) £y, w

[ToyaTkoBa TemmnepaTypa 3aMUKaHHS KOHCTPYKITIi t,, = 0°C (cepenHe)

B XOJOIHHUI EPIO POK
A PIOZ pOKY . t,, = —2°C (3a6e3me. 0,90)
(cepenHs TeMIiepaTypa X0J0IHOTO MiBPiuYs) fo. ¢

. [y —Q°
KBazinocriitHe po3paxyHKOBE 3HaYEHHS NIepenaay 4, =9°C
Temneparypu 4,

B 00o0x BapiaHTax BHM3HA4YEeHHS PO3PAXyHKOBUX IapaMeTpiB TEMIEPaTypHOTIO BIUIUBY
000B1 KOJIMBAaHHS TeMIIEpaTypu aTMOCHEpPHOTO TOBITPsI 3alpONOHOBAHO BpPAaxOBYBATH 3a
3MiHeHO0 Tabnuiero 11.2 Hopw [6], sIKy CITiJl BUKJIACTH B TaKil peaKiii:

) [Tpupoctu Temneparypu 6, °C
Konctpykuii OyaiBens 9 9, 9, 0,
MerTanesi 8 5 6 4
3amizo0eToHHi, 0eTOHHI, apMOKaM’ sHi 1
KaM’ siH1 3aBTOBILIKH, CM:
1o 15 8 5 6 4
Bix 15 mo 39 6 4 4 6
nonan 40 2 2 2 4
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[Ipu mpoMy HaBeneHy B TpeThOMY psaky Tadsmmi 11.1 HOpmaTuBHOrO JOKymMeHTa [6]
dopMyiy Ayl BU3HAYEHHS PO3PAaXyHKOBOI TEMIeEpaTypu IMOBITPS B XOJIOJHUH Tepioll poOKy
t,=t, —0,56, ciin 3amiHuTH Ha f, =t, —6,. JlonaTkoBuil mapamerp 6, BpaxoBYy€ peaybHI
BIIXWJICHHS TEMIIepaTypd TIOBITps y OIK TIOHWXKEHHS B CEpPeaHBbOI TeMIepaTrypu
HaANXOJOIHIIO! T00H.

[lepeBara apyroro BapiaHTa HOPMYBaHHS TEMIIEPATypHOTO BIUIMBY MOJSTAa€ B MEHIIIN
KUJIBKOCTI PO3paxyHKOBUX IapaMeTpiB 1 KapT pallOHYBaHHS, IO CIIPOIIY€E€ HOPMH Ta HOPSIO0K
KOPUCTYBaHHS HUMHU.

HenonikoM 1mporo BapiaHTa € MEHII TOYHE BH3HAYEHHS IIOYATKOBUX TEMIIEpaTyp
3aMHUKaHHsS KOHCTPYKIIH fo, 1 fy., HCOOXITHUX i1 OOYUCIICHHS TEMIIEpATypPHHUX TMEPETasiB y
OymiBisAX 31 IITY4HUM KiiMatoMm 3a ¢dopmynamu 3 Tabmumi 11.1 wHOpM [6], a Takox
KBa3IMOCTIHOTO PO3paXyHKOBOIO 3HA4EHHs TEMIIEpAaTypHOro nepenany A,, siki BCTaHOBIIEHI
€IMHUMH JUIs BCi€l Teputopii YKpaiHu.

BucHoBku:

1. BiamoBigHO 10 MPUHIIMITIB METOIy TPAHUYHHUX CTaHIB, BCTAHOBJICHO XapaKTePUCTUYHI
3HAYCHHs TapaMeTpiB TeMIEepaTypu TMOBITps (32 CEpemHIM IepiogoM MOBTOproBaHOCTI S50
POKIB), a TakOX Koe(illi€eHTH HATIHHOCTI, sIKi BPaXOBYIOTh 3aJaHHH Mepio]] MOBTOPIOBAHOCTI
TPaHUYHUX PO3PaXYHKOBHX 3HAYCHH Ta YACTKY TEPMIHY EKCIUTyaTallii, MPOTATOM SKOT MOKYTh
NEePEeBUIILYBATHCS EKCILTyaTalliifHi po3paxyHKOBI 3HAYCHHS TEMIIEPATYPHOTO BILJIUBY.

2.3a pesynpTaTaMu JOCIIJDKEHb 3allpOTIOHOBAHO W OOIPYHTOBAHO JBa BapiaHTH
HOPMYBaHHS TEMIIEpaTypHOTO BIUIMBY Ha OyaiBenbHi KOHCTpykuii. [lepmmii BapiaHT
BIJINOBI/Ia€ KJIACHYHIM CXeMi YMHHUX HOPM, sika 0a3yeTbCs Ha BCTAHOBJICHHI TEMIIEPATyp
HalTeminoi i HalXOoJIOAHINIO! JOOH 3a BIATMOBITHUMU KapTaMU PalOHYBaHHS Ta MOYATKOBUX
TEMIIepaTyp 3aMHKaHHS KOHCTPYKIIH — 32 BUSBJICHUMH 3aJICKHOCTSIMH. Y JIPyroMmy BapiaHTi
PO3paxyHKOBI 3HAuYeHHS MEPenaaiB TeMIepaTypu OOYHMCIIOIOTHCS LUISXOM MHOMXEHHS
XapaKTePUCTUYHUX 3HAYCHb Ha OOIPYHTOBaHI B pPOOOTI Koe(]iIlieHTH HATIHHOCTI, K1
BPaxOBYIOTh 33JaHU Iepioj] MOBTOPIOBAHOCTI IPAHUYHUX PO3PAXYHKOBUX 3HAUEHB 1 YACTKY
TEPMIHY  €KCIUTyaTalii, TMpOTIrOM SKOi MOXYTh TIEPEBHIIYBATHCS  EKCIUTyaTalliiHi
PO3paxyHKOBI 3HAYCHHS TEMIIEPATYPHOTO BILUIHUBY.

3. 3anpornoHOBaHO METOAMKY HOPMYBAHHS Ta BU3HAUCHHS TPAaHUYHHX, SKCTUTyaTaIliiHIX
1 KBa3iMOCTIHHUX PO3pPaxXyHKOBUX 3HAYCHb BIUIMBY TEMIIEPAaTypH aTMoc()EepHOro MOBITpS Ha
Hecydl OynmiBeNbHI KOHCTPYKIIii, sika 0a3yeTbest Ha O€3MocepeIHbOMY palOHYBaHHI MIHYCOBUX
mepenajaiB  TEMIEpaTypd Ta BU3HAUYEHHI BCIX IHIIMX MapaMeTpiB 3a BUSBICHUMH
3alIeKHOCTAMU. [l MeTommka rapMoHi3oBaHa 3 (OPMOIO TOMAHHS IHIIMX KIIMAaTHYHUX
HaBaHTAXXECHb y HOPMATHBHOMY JOKYMEHTI [6], ane Bigpi3HSAETHCS MEHIIO KUIbKICTIO
PO3paxyHKOBHX TlapaMeTpiB 1 KapT palOHYBaHHS, IO CIPOIIyE HOPMH Ta TMOPSIOK
KOPUCTYBaHHS HAMHU.
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MOJAEJIOBAHHS HECTAINIOHAPHOI'O TEMIIEPATYPHOI'O
IMOJIA 3 YPAXYBAHHAM HAABHOCTI BOJIOT'H
B BYAIBEJIbHUX MATEPIAJIAX

Ompumano yuceivbHe pIBHAHHA MENIONPOBIOHOCMI Ol CUMEMPUYHO20 HA2cpigy Mil
006IbHOI 2eomempii NpU CKAAOHUX NOYAMKOBUX [ CPAHUYHUX YMOBAX I3 3ANEHCHUMU Bi0
memnepamypu  menioQizudHUMU  81ACMUBOCMAMU.  Buxomano  po3paxymox  npozpigy
00Cni0HCYy8aH020 Mamepiany 3 Ypaxy8aHHAM Koe@iyicHmie menionpoeioHoCmi i 80J1020CHI.
Haseoeno necmayionapmne pigHaHHA MenionpogioHOCmi 3a 0ONOMO2010 CKIHYEHHUX DPI3HUYD.
3’acoeano, wo yaeieHHs 0A€ MONCIUBICINL PO3LIAHYMU KIHeMUKY meMnepamyphux npoginie
ycepeOuHti 3paska 3 QhikcogaHumu memnepamypHumu ymosamu na eparuyi. Ompumano supas
xapakmepHozo uacy Ons npoepigy 3paska 00 @ikcosanoi memnepamypu. Ilokasano, wo
XapaxkmepHuil yac 3 00CMAamuim Cmynenem moyHocmi 30i2acmucs 3 1i020 eKCnepumMeHmanrbHuM
3HauenHaAM. Po3pobneno npocpammuii xomnaexc, wjo 0036014€ NPOBOOUMU BAPIIOBAHHS
OCHOBHUX MENIODI3UUHUX NAPAMEMPIB OOCNIOHCYBAHOCO MAMeEPIAT).

Knrouogi cnosa: mamemamuune MOOeN08AHHA, MeMNEPAMYPHI NOIA, B0N02ICMb,
HecmayioHapHa menjionposioHicmy, 4ac npoepisy, OyoieenvHi mamepianu.

Tucapenxo A.H., x.¢h.-m.H., doyenm
Bununckas JI.H., k.¢h.-m.H., Ooyenm
Ooecckas 2ocyoapcmeenHas akademus CmpoumeibCcmea U apXumeKmypbol

MOJAEJIUPOBAHUE HECTAIIUOHAPHOI'O TEMIIEPATYPHOI' O
IHOJIA C YYHETOM BJIAI'OCOIEPKAHUSA
B CTPOUMTEJIBHbBIX MATEPHUAJIAX

Ilonyueno uucnennoe pewenue ypagHeHus menionpo8oOHOCMU OJisl HECUMMEMPUYHO20
Hazpesa mejl NPOU3BONbHOU 2eOMeMpUU NPU CLONCHLIX HAYANbHBIX U SPAHUYHBIX VYCI0BUAX C
3asucawuMu  om memnepamypvl meniogusuieckumu ceolicmeamu. Ilpogeeden pacuem
npozpesa UCCiedyemo20 Mamepuana ¢ y4yemom Kod(@uyuenmos menionpogooOHOCMU U
enaxchocmu. Ilpedcmasneno HecmayuonapHoe ypasHeHue menionpo8ooOHOCMU ¢ NOMOUbIO
KOHeUHbIX pasHocmel. Boiscneno, umo npedcmasienue oaem 803MONCHOCb PACCMOMpemy
KUHEMUKY mMeMnepamypuvix npoguneti 6Hympu o6pasya ¢ @QUKCUPOBAHHBIMU MeMne-
pamypHuiMu ycrosuamu Ha epanuye. llomyueHo 6vlpadicenue XapakmepHo2o 6pemeHu O0is
npoepesa obpasya 00 Hekomopol memnepamypwvl. llokazano, umo xapaxmepHoe 6peMs ¢
00CMamo4HOU CMeneHv0 MOYHOCMU CO8naAdaem ¢ e20 IKCHePUMEHMATbHbIM 3HAYEHUEM.
Paspaboman npozpammnulii Komniexkc, no360aAI0WUL NPOGOOUMb BAPLUPOBAHUE OCHOBHBIX
Menno@uU3ULecKux napamempos Ucciedyemo20 mamepuad.
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UNSTEADY TEMPERATURE FIELD SIMULATION IN VIEW
OF HUMIDITY CONTENT IN BUILDING MATERIALS

It was developed a mathematical model and assess the impact of moisture content on the
integral characteristics of the one-dimensional isotropic non-stationary temperature field in
building materials with a time constant and isotropic thermal materials. The numerical
solution of the heat equation was obtained for the symmetric heating bodies of arbitrary
geometry in complex initial and boundary conditions, depending on the thermal properties of
temperature.

To expand the field of application authors were used dimensionless parameters for
temperature, local temperature gradient, the heating time and the coordinates of the sample.

The authors carried out a calculation of the material, taking into account the warm
thermal coefficients and humidity. Using the finite-difference time-dependent heat equation it
was composed for the calculation of temperature fields of different degrees of humidity of
building materials. The calculation showed that the change in the humidity of the sample
results in a change in the relative temperature at a fixed value relative coordinates. The
increase in the relative temperature is a nonlinear function of the relative coordinates

This representation makes it possible to examine the kinetics of thermal waves inside the
sample with fixed temperature conditions at the border. The expression of the characteristic
time for warming the sample to a fixed temperature has been received. It has been shown that
the characteristic time with sufficient accuracy coincides with the experimental value. The
kinetics of warming the sample at a constant humidity has been investigated.

It was evaluated changes in temperature along the sample using a non-stationary heat
equation. We performed statistical processing of the curves of the temperature profile with time
at a fixed value of moistre. This dependence is approximated by a polynomial
of 4" degree. It has been found that the temperature in the alignment which is equidistant from
the ends of the sample with time occurs almost linearly.

Nonlinear process heating of the sample is characterized by high values of the relative
temperature gradient in the vicinity and at a distance from the border. Between these areas
there is a local maximum, the parameters of which depend on the boundary conditions
of temperature. In this study evaluated the rate of removal of the border for this maximum.

It was found that the temperature between the areas of wave propagation occurs a local
maximum relative temperature gradient. The maximum amplitude of the relative change in
temperature varies significantly with changes in the relative warm-up time.

The work was presented numerical methods that allow at the local level to investigate the
effect of moisture on building materials and temporary coordinate components of the
one-dimensional non-stationary temperature field.

The authors have developed a software environment based on the Borland C++ Builder
software package, which allows for variation in the main thermal parameters of the test
material.

Keywords: math modeling, temperature fields, humidity, unsteady heat conduction,
warm-up time, construction materials.
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Beryn. Bigomo, 1110 BIJIMB TeMITEpaTypHO-BOJIOTICHUX PEKUMIB HEOOX1THO BPaXxOBYBaTH
OpU pO3paxyHKax HAMIMHOCTI OyAiBETbHUX KOHCTPYKIIH Ta TEXHOJOTIYHHX IPOLECIB.
MiHimi3alisi TETUIOBUX BTpaT BHUMAara€ BpaxyBaHHS apXITEKTYpHOTO 1 KOHCTPYKTHBHOTO
pimeHs OymiBenb, TEIUIO3aXMCHUX BIIACTUBOCTEH OTOpPOJPKEHBb, KIIMAaTUYHMX YMOB pailoHIB
OyniBHHUIITBA [ 1] Ta MATPUMYBaHHUX MMapaMeTPiB BHYTPIITHHOTO MIKPOKJIIMATY.

AHaJi3 ocTaHHIX [TuKepesa AocjigxeHb i myOJikauniii. Y po6oti [2] BUKOHaHO aHami3
METOMIB  JOCTI/DKEHHS TEIUIOTPUBKOCTI  OTOPODKYBAJIBHUX KOHCTPYKIIM 1  OymiBenb.
[Iponiecu audysii Tenna i nepeHeceHHs! BOJIOIM HOCATh BUIIAAKOBUN XapaKTep 1 MOXKYTh OyTH
OmMHMCaHl MeToJaMu Teopii WMoBipHOCTEH. Y poboTax [3 — 5] 3ampomoHOBaHO METOIH, IO
OMHUCYIOTh HECTAIllOHAPHHWI TMEPEeHOC TeIula Ta Macu 4Yepe3 0araTomapoBi OTOPOKYBaJIbHI
KOHCTPYKIii, a TAKO’K MaTeMaTH4H1 MOJIeJli TeIJIOBOro OanaHcy OymiBIIi.

Buaisiennsi He po3B’si3aHUX paHillle YACTHH 3arajbHol NMpoodJieMH. 3arpoNOHOBaH1
MaTeMaTH4H1 MOJEJI TOCUTh MOBHO OMHUCYIOTh IPOIIECH TEIJIO- 1 BOJIOTOHAKOIMMYEHHS, OJTHAK
ICHYIOYl METOJIMKH OOJIKY BOJIOTICHOTO PEXHMY TPH PO3paxyHKY TeIuionepeaadi 4depes
OTOPOJDKEHHSI HE pO3paxoBaHi Ha JOCHIIKCHHS JIOKAIbHUX IPOLECIB TEIJIONEPEHOCY Ta
BOJIOTOHAKOMMYEHHSI B OyIIBENbHMX Marepiagax 1 KOHCTPYKIisaX. [luM Bu3HAYaeThCs
aKTyaJbHICTh NMUTaHb YMCENBHOIO PO3PaXyHKy W aHaji3y TEIUIo-Ta MacOOOMIHHHUX IPOILECIB,
10 MPOTIKAIOTh B OTOPOHKYBATBHIUX KOHCTPYKITISIX.

Meta poboTHM — MaTeMaTH4HE MOJCTIOBAHHS W OLIHIOBAHHS IHTETPAIBHOTO BIUIMBY
BMICTY BOJIOTM Ha XapaKTEPUCTHUKUA OJHOBUMIPHOTO HECTAIIOHAPHOTO 130TPOITHOTO
TEMIIEpaTypHOro Moy B Oy[iBENbHUX Marepiajax 3 130TPONHMMHU Ta MOCTIHHMMHU B daci
Ter10(13MIHUMH ITapaMeTpaMHu.

OcHoBHuii MaTepian i pe3yabTaTu. PO3BUTOK Teopii BOJOTICHOTO pPEXUMY
OTOPOJIKYBATBHUX KOHCTPYKIIM OyIMHKIB TMPHU3BIB JO HIUPOKOTO BUKOPHUCTAHHS IOHSTTS
NOTEHIIially BOJIOTOCTI, SIK€ JI03BOJIIE HE PO3MEXKOBYBATH MOTIK BOJIOTH HA 130TEPMIYHY Ta
TEPMOTPAIIEHTHY CKJIAJIOBI, TIPU IIHOMY PO3B’SI3YETHCS PIBHSHHS, aHAJOTIYHE PIBHSHHIO
TeruonpoBinHocTi [6, 7]. HemomikoM mbOro miaxoay € CKIQAHICTh EKCIIEPUMEHTAIBHOTO
BU3HAYCHHS HEOOXITHUX XapaKTEPUCTHUK MaTepialiB.

Bubip HamMM YHCIOBOrO METOAY HOCHIKEHHS TEMIIEpaTypHUX TIOJIB 3YMOBJICHHN
MO>KJIUBICTIO OTPUMAaHHS PIIICHHS PIBHSAHHS TETUIOMPOBIIHOCTI ISl HECUMETPHUYHOTO HArpiBy 1
JIOBUIbHOI T'eoMeTpii MpU CKJIAJHUX IMOYATKOBHX 1 I'PAaHMYHUX YMOBaxX i3 3aJeKHUMH BiJ
TEeMITepaTypy TEII0(13NIHUMH BIACTHBOCTIMHU.

Ha ocnoBi mporpamuoro cepenopuma Borland C++ Builder 6.0 po3pobnenwmii
MPOTrpaMHUN KOMIUIEKC 13 pO3paxyHKy MpOTpiBy IUTACTHHKUA TOBIIMHOIO b (BIACTaHb MiX
130TepMIYHUMHU  TOBepxXHsAMH 3 Temneparypoto 71 =T, k=1,2) BHOponoBx uacy fo.
[TouatkoBa Temmeparypa BHYTPINIHBOI 00JACTI TUTACTHHKU MpHIIMAaacs TaKoro, 110 JOPiBHIOE
piBHOIO 7). Marepian IUIaCTHHM XapakTepu3yBaBcs 00’ €MHOIO Baror % BOJOTICTIO @ 1
Koe(ilieHTOM TeMIepaTypoIpoBiTHOCTI a.

[Inactuna po3OuBanacs Ha  pO3PaXyHKOBI  €IEMEHTH 3a  KOOpAMHATOw X
(KoOopAMHATA HANIPSIMKY, MEPIEHAUKYIAPHOMY 10 TpaHuupb obnacti 3 7 =T7;) 1 4acoMm ft.
Jlnst po3paxyHKOBOT CITKM OyJM BBEACHI Taki mo3HaueHHs: [ = 1, ..., N, — HOMep By3Ja CITKH Y
HanpsiMKy X; j=1, ..., N, — HOMep By3Jlla CiTKH, MOB’si3aHUH 13 yacoM f; N, — YUCIIO BY3IIiB
CiTKM y HanpsMKy X; N, = ty/At — aucio By3miB CiTkH 3a 4acoM f; AX = b(N, —1)'1 — mepion
CITKM y HanpsAMKY X. [HTepBai iHTerpyBaHHS BU3HAYABCS 3 YMOBH CTIHKOCTI PI3HHUIIEBOT CXEMH
1 CTaHOBUB Af < AXZ/(Za) [8]. VY wmiif poboTi BBaxkamocs, mo At = O,4AX2/a.

Y MeroaMkax po3paxyHKy HECTalllOHApHOTO TEMIIEPaTypHO-BOJIOTICHOTO BILIUBY
Ha OyaiBeNbHI MaTepiald BUKOPHUCTOBYETHCS pIBHSHHSA, AaHAJOTIYHE PIBHAHHIO TEIUIO-
IPOBIAHOCTI U CYyHUIbHUX cepenoBull [6, 7]. IlpeacraBieHHs HECTAIl[lOHAPHOTO PiBHSHHS
TETJIOTIPOBITHOCTI 32 JIOMOMOTOI0 CKIHYEHHUX PI3HUIL [8] M03BOJISE€ 3ammcaTv BUpa3 IS
TEMIIEpaTypu B i-My BY3JIi CITKH
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,
T =TAX [AX? -2a4t +ate(T_ +T.,)] (1)
,
ne T, T, — 3Ha4yeHHs TeMIIepaTypy B MOMEHTH 4acy ¢ 1 ¢ + At BIANOBIAHO.
Take ysBIEHHS Ja€ MOXJIMBICTh PO3TJISHYTH KIHETHKY 3MIHU TEMIEpaTypu BCEpeaHHI
3pa3ka 3 (JiIKCOBaHMMHU TeMIIEPaTypHUMH YMOBAaMH Ha TPaHMUILII.
KpaiioBi yMOBH 1151 IHOTO 3aBJIaHHS MAOTh TAKUH BUTJISI;

T| =1,
T‘ i=ny = 1y s
T

3 MeTOr0 BpaxyBaHHs CHEeNH(IKH PO3MOILTY HECTAI[IOHAPHOTO TEMIIEPAaTypPHOTO TOJIS B
3pa3Ky BBEIEMO BIJIHOCHUI IHTepBal 4acy &; =t;/ty (ty — XapakTepHHl yac mporpisy [5]);
BIJIHOCHY KOOpAMHATY mo X: &; = b'IX,-; BiHOCHY Temmiepatypy &= Txi / Ti, ne Txi —
TEeMIIeparypa, sika BiANMOBiAae KoopauHaTi X; BiAHOCHA 3MiHAa KOOpIMHATH X TIPHU 3CyBI Ha
nepion ciTku mo X: A&; = b (Xi+1 — X;); BiZHOCHA 3MiHA TEMIEpaTypH IMPHU 3CYBi1 Ha MEPioa
citrku o X: A&y = (Txiy1 — Tx;)/T); NOKanbHWIA BIIHOCHHWHA TpaIi€HT TEMIIEpaTypH B
HaIlpsIMKy X: Ver = A€ | Agy; .

VYBeneHHs: 0e3p03MIpHOTO Yacy BHMarae OIIHIOBAHHS XapaKTEPHOTO 4acy MPOTPIiBY fy.
HIBuAKICTH 3MiHM BIJHOCHOI TeMIepaTypH, IO BHHHUKA€ Ha IMMOYATKOBHMX €Tarax HpOoTrpiBy,
BU3HAYAETHCS TEIUIOBOIO 1HEPIIIE0 OrOpoxi [9]

D= RbS , ()

1=0,1<i<Ny — T, .

ne Ry, — omip Terutonepenadyi; S — Koe(illieHT TEMI03aCBOEHHS MaTepialy.
Jns BenmuuuH Ry, 1 S Maemo

R, =dTdtdS/dQ=b/A, S=27Acp/T, 3)

ne T — rpanuyHe 3HaYeHHs Temuepatypu; dT, dt, dS, dQ — enemeHTapHI TeMmepaTypa,
yac 1 IUIOINA IMOBEpPXHi, uepe3 SKYy MPOXOAUThH KUIBKICTh TEIUIOTH d(Q TpH Tersionepeaayi;
A, ¢, p — KOoe(IIiEHT TEIUIONPOBIAHOCTI, 1[0 BPaXOBYE BMICT BOJIOTH, MATOMA TEILIOEMHICTh i
HIUTBHICTh MaTepiany BignoinHo. 3 dopmyn (2) 1 (3) oTpumyemMo JUIsl TEMJIOBOI iHepIii
OTOpOJIKEHHS

D=A2mt/T . 4)

INepenumemo piBHsHHS (4)
dt=t, =DT /(2r), (5)
abo
t, = (R,SYT /(27)=b>S°T /(2722). ©)

OTpuMmaHO XapakTepHUW Yac IS MPOTrpiBy N0 Temmeparypu 71 3pa3ka TOBIIUHOIO b,
BUTOTOBJICHOTO 3 Marepiany 3 KOe(illieHTOM TemIonpoBigHocTi A 1  KkoedimieHToM
TEIUIO3aCBOEHHS S.

Hamu npoBeneHa oriHka XapakTEpHOTo Yacy mporpiBy s ninoderony [10] 3 06’emHOIO
Barolo  y= 646 kr/M°>, mopuctictio p=79%, Bonorictio @=0% i koedimienTOM
Teruio3acBoeHasa S =4.,5 BT/(MZK), Koedirient TertonposigHocTi gopiBHioe A =0,14 Bt/(Mm K).
3 Bupa3sy (6) as yacy mporpiBy 3paska ToBmuHOW b = 0,2 M 10 Temnepatypu T =T, = 100°C
OTPUMAaHO  3HA4YeHHS fy =658 c. Po3paxyHKOBHH  CKCIOCPHMEHT, MPOBCACHUH  3a
meToaukoro [8], mae BenmuuuHy ty = 710 ¢, 1110 30ira€Thes 3 fy” 3 TOUHICTIO ~ 7%.

36ipuuk HaykoBHX mpailb. Cepis: [any3eBe MammHoOyAyBaHHs, OyaiBHULTBO. — 2 (47)" 2016. 201




PospaxoBana Ha mifctaBi Bupa3y (1) 3MiHa TemmepaTypu Y3IOBXK HampsMKy X 3
BIPOTiHICTIO Rz, 110 3HaxoauThes B iHTepBani (0,9995 + 0,9999), n03BoOJsSE OTPUMATH CEPIFO
KpUBHUX (puc. 1) 1 apOKCUMYETHCS IMOJIHOMOM 4-TO CTyNeHs. 30KpeMa, JJs XapaKTepHOTo
3HaYCHHS & = 1,2 crpaBeIMBe TaKe CIiBBIIHOIICHHS:

Ve, = —95,8016‘;4( +13 1,498)3( - 53,29€§ —-0,345¢, +3,311, )
ne V&, — IpajiieHT BIAHOCHOI TeMIEpaTypH &r.
9
Ve, <
A
T
A
5 \
4 N
h §
3 b,\
2
1 \\
0 - = = =N

0 0,1 0,2 0,3 0,4 0,5 0,6
=018 mw&=074 —ae=12 -eo&=1,75

Pucynok 1 — 3mina 3a yacom TemneparypHoro npodiiio oéaacti 3pa3ka
npu dikcoBaHiii (= 5% ) BoJorocri

6
Ve,

\ﬂex

Cemmm

0 0,3 0,6 0,9 1,2 1,5 1,8

N

&

——&=0,087 -5 =0,131 a—&=0,217 & =0,348 —a—& =0,478

Pucynok 2 — BiuiuB rpaHHYHIX YMOB Ha KiHETHKY NPOrpiBy odJjacTi 3pa3ka
(n151 BoJ1OTOCTi W= 5%)

202 Academic Journal. Series: Industrial Machine Building, Civil Engineering. — 2 (47)" 2016.




BupiBHIOBaHHS TeMIiepaTypu BCEpearHi 00J1acTi 3pa3ka 31 3pOCTaHHSIM & BIIOYBAETHCS 3
MPaKTUYHO JIIHIHHOIO 3IeKHICTIO A = A(&) npu GiKCOBaHOMY 3HA4YEHHI Ey, 1e A — KoedimieHT
Opy CTapIIOMY 4JICHI IOJIIHOMA, IIO anpokcumye 3anexHicTb 4 =-111 & + 242. I'padix
HaBeJleHO Npu (ikcoBaHOMY (@ = 5%) 3HaUEHHI BOJIOTOCTI.

VBeeMo Koe]illieHT 3racaHHs rpai€HTa BiIHOCHOI TeMITepaTypH y HanpsiMKy X

IB:VETO/ng, (8)

ne iHmekcu «0» 1 «X» BIAMOBIMAIOTH Kparo o00JacTi Ta MOTOYHIM Oe3po3MipHii
KOOpAMHATI & BiANOBiAHO. [T03HAYMMO K €y |, ,= Ey; BIAHOCHY KOOPIMHATY 3MEHUICHHA

Ve, B e pasiB. OTpumaHo, 10 31 30UIBLICHHSIM BIIHOCHOTO 4Yacy HpPOIPIBY BEIMYMHA &yp
3MIHIOETBCS 33 3aKOHOM £y, =0,141¢, + 0,126.

Po3paxyHku mokazanu, 110 3MiHa BOJIOTOCTI @ 3pa3ka NMPHU3BOAUTH MU (iKCOBAHOMY
3HaYeHHI & 10 3MIHM  BiAHOCHOI  Temmeparypu  A&.  30UIbIICHHS — 4acy
MIPOTPIBY CYMPOBOKYEThCSA 3pOCTaHHAM A& B cBoro uepry, mpupict A& € HEMHIHHOI0
byHKIIEO Ey.

Jns cepii kpuBux A& = A& Ex) napaMeTpuIHOT MHOKUHM & OyB BBEACHUN KOE(IIliEHT
PO3IIUPEHHS

p=L /h, 9)

ne h, L;, — BUcoTa 1 HamiBIIMpUHA KpUBOI A& = A&(&y) nns 3agaHOrO 3HAYCHHS &,
BianoBigHo. KoedimieHT po3mupeHHs 007acTi MakCMMalbHOTO 30UIBIIEHHS TeMIepaTypH,
AKUIl 0OYMOBIIEHUH 3MIHOIO BOJIOTOCTI, 30UIBLIYETHCS 3 YAacOM 3a JIHIMHUM 3aKOHOM @ =
1,007& + 1,011 3 koedirieHTOM BipOT1AHOCTI R? = 0,9904. OtpumMaHa 3alexHICTh @ = (&)
OTKCY€ TWHAMIKY MTOBEIHKA TePMOHANPYKEHUX o0nacTeil B OyiBenbHUX MaTepianax [11].

Heniuilianii mporiec mporpiBy 3pa3Ka XapaKTEPH3YEThCS MiABUIIICHUMH 3HAYCHHSIMH
rpajiieHTa BIJHOCHOI Temneparypu V &, mo0au3y (meplia rpaHUYHA 33jada) 1 Ha BUAAICHHI
(KiHIIEeBE 3HAYCHHS MIBHJIKOCTI 3MIHM TEMIIepaTypu) Bia rpaHuti (puc. 2). Mix 3a3HaueHUMH
001acTAMM ICHY€ JIOKQIbHUH MakCUMyM V &,, MapaMeTpu SKOI0 3ajJekaTb BiJ T'PaHUYHHMX
TeMITIepaTypHUX YMOB. Po3paxyHku mokasaiu, mo el MaKCUMYM BiIIaIs€ThCs BiJl TPaHUII 31
mBuakicto v, =0,092¢, +0,195.

max

BucHoBku:

1. HaBeneni 4ncioBi METOAM JTO3BOJISIOTh HA JIOKATHHOMY PiBHI JOCIIIKYBaTH BILJIUB
BOJIOTOCTI Oy/AiBETbHUX MarepiajiB Ha KOOPAMHATHY 1 3MIHHY CKJIQJ0BI OJHOBHMIPHOTO
HECTaI[iIOHAPHOTO TEMIEPATYPHOTO TTOJIS.

2. Ha ocnoBi mnporpamuHoro cepenoBuma Borland C++ Builder 6.0 po3poGnenwmii
POTPaAMHUN KOMIUIEKC, IO JO03BOJISIE TPOBOAMWTH BapilOBaHHS OCHOBHHUX TEIUIO(MI3MYHHX
napameTpiB J0CIiIKYBAaHOTO MaTepiaiy.

3. OTpuMaHuil aHATITUYHUN BHUpa3 Ui XapaKTEPHOTO 4acy MPOrpiBy 3pa3ka CIPOIIYE
Ipolenypy BBEIEHHS O€3po3MipHUX MapaMeTpiB 1 BIANOBITHO MiHIMI3YE HAKOIMUYEHHS
MOMMUJIOK TP OOYHCIICHHSIX.

4. BuszHaueHo, IO 31 3pOCTAaHHSIM Yacy MPOTPiBy BHHUKAE JIOKAJIBHUNA MaKCUMYyM
rpajieHTa BIJHOCHOI TEMIIepaTypd, TMapaMeTpyd SKOro  3ajekaTh BiJ TPaHUYHUX
TEMIIEpaTypHUX YMOB.

5. 3a oTpuMaHOI0 (POPMYIIOI0 JAOIUIBHO PO3paxyBaTH XapaKTEPHUM Yac MPOTPIBY IESTKUX
OyaiBeNbHUX MaTepiaiiB, a TAaKOX 3’SICyBaTH BIUIUB BOJIOTOCTI W TEIUIONPOBIIHOCTI Ha IO
BEJINYHHY.
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Tosapucmeo 3 0ooamkosoro eionogioanrvricmio «Ilonmasmpancoyo»

T'ax J[.0., acnipanm

Ilonmascovkuti HayionanvHull mexuivnul yHieepcumem imeri FOpis Konopamioxa

YIOPOBAI)KEHHSI IHHOBAIIIA B IHHKEHEPHOMY
OBJIA/THAHHI ’KUTJIOBUX BY IMHKIB

Ilpoananizosano eumoeu /[bH B.2.5-64:2012 « Bnympiwiniti 6000nposio ma Kauanizayis.
Yacmuna 1. Ilpoexmyeanusa. Yacmuna Il. Byoienuymeo». Ycmamnoeneno, wo He3a0086inbHO
BUKOHYEMbCA BUMO2A WOOO0 PO3MIUJEHHS CMOAKIE XOJIOOHO20 i 2apAd020 8000NOCMAYAHHS,
apmamypu  ma  GUMIDIOBANbHUX — NPUiadié  no3a  Mexcamu — Keapmup Y  CYYACHUX
bOazamonogepxosux HCUMI08UX OYOUHKAX. 3anponoHo6aHO HOGI KOHKPEMmHI IHICEeHEPHI
PileH s CAHIMAaPHO-MEXHIYHUX CUCTEM WIAXOM PO3MAULY8AHHS BIONOBIOHUX CIMOAKIB T 8)31i6
0021iKy 600U Ul menjia HA CX0008UX MAUOAHYUKAX CYYACHUX HCUMILOBUX OVOUHKISB, WO O0acChib
3M02y RIOBUWUMU HAOITHICIb CUCEM 8000NOCMAYAHHS, A MAKOMC 3A0UA0HCYBAMU MENo8y
eHepeir.

Knrouosi cnosa: scumnogi 6yOunKu; caHimapHo-mexHiuki cucmemu, CMOSKU XOA0OHOI,
2apsA40i 600U Ul ONANeHHs; 8V31U 00IKY 600U I mena.

Hoeoxamnuui B.I'., 0.m.H., npogpeccop

Ilonmasckutl nayuonanvuwili mexnuyeckuu ynugepcumem umenu FOpusa Konopamioka
Jlanoapv A.M., k.m.H., ceHepanbhbili OUPEeKmop

Obwecmeo ¢ donornumenbHol omeemcmeeHnocmoio «llonmasmpanccmpoii»

T'ax J[.A., acnupanm

Ilonmasckuil nayuonanvuwili mexuuyeckuu ynugepcumem umenu FOpusa Konopamioka

BHEJIPEHUE NHHOBAIIU B UHXKEHEPHOM
OBOPYJIOBAHMUH KNUJIBIX TOMOB

IIpoananusuposanvr mpebdosanus JIbH B.2.5-64:2012 «Buympenuuii 8000npo8oo u
kananuzayus. Yacmo 1. Ilpoexkmuposanue. Yacmo Il. Cmpoumenvcmeo». Ycmanogneno, umo
Hey0081emeopUmMenbHO  GbINOIHAEMC mpebo8aHue pasmeweHusi CMosK08 XOJN0OH020 U
20pAaYe20 8000CHADNHCEHUSA, aPMAMypPbl U USMEPUMENbHBIX NPUOOPOE 3a npedelamu Keapmup 6
COBPEMEHHBIX ~ MHO20IMANCHLIX — JiCUNLIX  Oomax.  Ilpednojicenvl  HoGble  KOHKpemHble
UHOICEHepHble — peuleHUus  CaHUMAapHO-MexXHU4ecKux  Ccucmem  HYmem  pPAcnoNONCeHUs.
COOmMBemMcmeyIowux CMosK0o8 U Y3108 yuema 600bl U Menid Ha JeCMHUYHbIX NI0WAOKAX
COBPEMEHHbIX — JCUNLIX ~ 0OMOS, 4O  NO360IUM  NOBLICUMbL  HAOEHCHOCMb  CUCNEM
8000CHAOICENUSL, A MAKIHCE IKOHOMUMb MENN08YI0 IHEPLUIO.

Kntoueevie cnosa: owcunvie ooma; CaHumMapHo-mexHudeckue CUcmembvl; CMosKU
XO0JI0OHO, 2opsauell 800bl U OMONJEHUSL; Y3/bl Yuema 600bl U menid.
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ENGINEERING EQUIPMENT OF RESIDENTIAL BUILDINGS
INNOVATION IMPLEMENTATION

Requirements of /IBH B.2.5-64:2012 «Internal water supply and sewerage» in section 1
«design» and section 2 «construction» have been analyzed. It was discovered that requirements
for placement of stanchions of cold and hot water supply, valves and measuring devices outside
apartments in modern multi-storey buildings are fulfilled unsatisfactory.

But traditional construction solutions of multi apartment system of water and heating
supplying have several significant shortcomings. Among them: the absence of heat energy
meter discourages residents of an apartment to economical expenditure of heat; installing four
water meters at all entrant points of hot and cold water in the apartment leads to the additional
construction cost and inconveniences during its exploitation; the meters are installed inside
apartment, so there is no possibility to check its readings without the permission of the
apartment owner; address shutdown of apartments from water and heat supplying in the case
of accumulation of debts is complicated.

New specific engineering solutions are outlined for sanitary technical systems. These
solutions provide placement of stanchions and metering stations for water and heat at a
stairwell of modern residential buildings. Exploitation personnel will get the opportunity to
control all necessary parameters of water supplying system: pressure and water expenditure
for each apartment of residential part of the building or premises for public use at any time of
day; quickly eliminate detected violations; carry out routine inspection of water supply in
accordance with the approved schedules; replace outdated or damaged valves, measuring
devices if its necessary.

It is suggested to set one entrant point for cold water and another one for hot water.
Aside from that one entrant point for supplying and another one for reverse pipelines of heat
supplying for multi room apartment should be installed. The hubs of water and heat meters
should be taken out to the stairway platform near each apartment. It is suggested to mount
these hubs of meters inside alcoves or special metal cases that allow taking readings of meters
without opening the doors.

Expected results of suggested assembling of water and heat supplying systems for
apartments inside residential buildings:

— controllers access to check meters readings will be improved; address disabling of
residents in case of debts accumulating for water and heat supplying will simplify;

— reliability of water supplying will increase due to prevention of possible flooding of
apartment;

— heat energy saving will be possible via shutting down heating system for a period of
owner absence from the apartment.

Keywords: engineering equipment, sanitary technical systems, stanchions of cold, hot
water and heating, metering hubs for water and heat.
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Bceryn. HopmatuBaMt goKyMeHT [1] MICTHTh BUMOTH OO IiJIBHIIECHHS O€3IMEKH Ta
SAKOCTI  eKCIUTyaTalii Cy4aCHMX JKMTJIOBHUX  0ararormoBepXOBHX OYIMHKIB  IUISIXOM
YIOCKOHAJICHHST TTOOYJIOBU X CaHITApHO-TEXHIYHUX CHUCTEM. Y TOOYIOBI CHCTEM OMaJICHHS
0araTOKiMHAaTHHX KBAPTHUP yXKE 3aCTOCOBYIOTHCS CyYacHi iH)KEHEpHI pillleHHs, ajleé B CUCTEMax
XOJIOHOTO 1 Tapsi9oro BOJOTOCTAYaHHS TPAIWIIMHI PIMICHHS TEpeBakaroTh MOBCIOAHO. Ta,
3Ba)KalOYM Ha BHUCOKI Tapu(u Ha KOMYHQJIbHI IIOCIYTH, HEOOXIAHICTh MiJBHILEHHS SKOCTI
JKUTTSA B CYY4acCHHX KBapTHpax 1 3py4HOCTEH OOCITyroBYBaHHsI CaHITAPHO-TEXHIYHHX CHCTEM,
YIOCKOHAJIEHHS 1X TOOYZOBHU € aKTyaJbHUM 3aBJIaHHSIM.

OrJsia ocTaHHIX JxKepeJ1 J0CTilKeHb i myOJaikaniii. Anamiz myOmikaniii Ta [HTepHeT-
BUJaHb [2 — 7] moka3ye, M0 HUHI BiI0OYBA€THCS MEPEXi/l BiJl TPAAULINHUX 1H)KEHEPHUX PIIICHb
MIPU MPOEKTYBaHHI CaHITAPHO-TEXHIYHUX CUCTEM JKUTIOBUX OYJAMHKIB 10 HOBHX MIIXOIB, SK1
OiABMINYIOTH Oe3reKky O00’€KTiB 1 NOJIMIIYIOTh EKCIUTyaTalilo [HuX cucteM. IIpore
3IIACHIOETHCS 1€l mepexia HaATO MOBUIBHO 3 OIJISAY Ha Te€, IO MPOEKTYBAJIbHUKHU JKUTIA HE
3BepTalOTh yBary Ha Ti HE3PYYHOCTi, $IKI UYEKalOTh MaiOyTHiX MemKkaHiiB kBaptup. Lli
HE3PYYHOCTI MOJSATAIOTh caMe B €KCIUTyaTallii CaHITapHO-TEXHIYHMX CHCTEM, a TOYHINIe — B
00CITyroByBaHHi MpuiIaaiB 00Ky BoaX i Teruta. [Ipu 1iboMy MpPOEKTYBAIbHUKH HE 3BEPTAIOTh
yBaru Ha 4iTKO c(pOpMysIbOBaHI BUMOTH HOpM [1], a MpOMOHYIOTh TpaJMIIiiiHI PIIICHHS, SIKi €
YCTaJICHUMH 1 NePEeBIpEHUMHU MPAKTUKOIO OyIIBHUIITBA TA EKCILTyaTaIlii.

IlocTaHoBKa 3aBaHHs: MMOTPIOHO 3aMPOTIOHYBATH HOBI 1H)KEHEPHI PIIlIEHHS CaHITapHO-
TEXHIYHUX CHUCTEM CYYAaCHUX KMTIOBUX OYAMHKIB JUIS MOMIMIIEHHS SKCIUTyaTallil IUX CUCTEM
Ta 00CITyrOBYBaHHSI MPUJIAiB 00JIIKY BOJIH 1 TEIIA.

OcHoBHMIiI MaTtepiaa i pesyabtaTH. TpaguuiiiHi cmocoOu MmoOya0oBH KBapTHPHOTO
XOJIOTHOTO, TrapsAYoro BOAOIMOCTAYaHHS Ta OMAaJICHHS >KUTJIOBUX OYIMHKIB 3BOAATHCS [2, 4] 1o
BJIAINTYBAHHSA y MifgBaJi OyIWMHKY BY3JiB OONIKY BOAM 1 Terja, MPOKIAJaHHS BiJ HHUX
TOPU3OHTAILHUX MaricTpajiel BoJo- Ta TeruionocTadanHs. /o marictpaneil TemionocTaqanHs
NPUEAHYIOTHCA BEPTUKAIBHI CTOSKH, 10 MPOXOJATH Yepe3 JKUTIOBI KIMHATH KBapTHUD; CTOSKU
BOJIONOCTAYaHHS MPOXOJAThH Yepe3 CaHBY3IH (3a3BHUail JIsl OTHO- Ta ABOKIMHATHUX KBapTHP)
abo caHBY31M 1 KyXHI OKpeMo (3a3BM4ail i OaraToKiMHAaTHMX KBaptup). Ilpum 1mpomy B
0araToKiMHATHUX KBapTHUPaX YCTAHOBIIOIOTHCS YOTHPHU JIYMJIBHUKU — JIBa HA KyXHI (X0JI0AHA
I rapsya BOAa) Ta JBa y CaHBY3]i, a KBapTUPHI JIYMJIBHUKH TEMJIOBOI eHeprii B3araiai He
BCTaHOBIIOIOThCS. Taka moOynoBa 0araTOKBapTUPHUX CHUCTEM BOJO- M TEIJIONOCTauYaHHS Mae
KIJIbKA CYTTE€BUX HEJOMIKIB.

1. BigcyTHiCcTh JIUYMIIBHUKA TEIJIOBOI €HEPTii HE CTUMYJIIOE€ MENIKAHIIB KBAapPTHPHU J0
€KOHOMHOT'O BUTPAvyaHHs TEIUIa.

2. YcTaHOBJICHHS YOTHPHOX JIUMIBHUKIB BOJAM Ha BCIX BBOJAX XOJOMHOI 1 rapsvoi BOAN
y KBapTUpy MPHU3BOAUTH [0 [OOJATKOBUX 3aTpaT Ha OYyIIBHHUIITBO Ta HE3PYYHOCTEH MpH
eKCILTyaTallii.

3. YcraHoBNeHI JIYWIBHUKA 3HAXOIATHCS Yy KBapTHUPi, a TOMY HEMae€ MOMJIMBOCTI
HEepeBIPUTH 1X MOKa3aHHA 0e3 103BOJY BIaCHUKA KBAPTUPH.

4. YCKIIaTHIOEThCS apeCHEe BIAKIIOUEHHS KBAPTUPH BiJl BOJO- 1 TETUIOMOCTAYaHHs y pasi
HAKOMWYEeHHs1 OOpriB uepe3 ABI MPUUUHH: JOCTYI J0 KBApPTUPH OOMEKEHUIl; — HEMOXKIMBO
BUKOpucTtatn cuctemy «Crpyr» 3a HasBHOCTI [I-momiOHUX KOMIIEHCATOPIB JIIHIHHOTO
MIOJIOBKEHHSI IJJACTMACOBUX TPYO Ha CTOSIKAX XOJIOAHOTO i Tapsiuoro BOAOIOCTauYaHHS.

[Ilo Bumarae HopmatuBHUN TOKYMEHT [1]? «CTOsIKM XOJIOAHOT 1 Taps4y0i BOIU, IO SIKUX
NPUEAHYIOThCA CAaHITAPHO-TEXHIYHI MPUIATU MpPU NPOEKTYBaHHI HOBOTO OYAIBHMIITBA, CIIi[
pO3MIIyBaTH M03a MEXaMHU KBAapTHUP, Yy KOMYHIKAIMHMX IIaXxTax 3 YJalITyBaHHAM Ha
KO>)KHOMY TOBEpC1 JIBepel, 10 BITUUHSIOTHCS, PO3MIPU SIKUX TMOBUHHI OyTH JOCTAaTHIMH IS
MPOBEICHHS HEOOX1THUX eKCIuTyaTaliiaux pooit» [1, c.V]. «Bomopo306ipHi CTOSKH X0JIOAHOT 1
raps4oi BOAM B XKHUTIOBUX OYAMHKAX, 10 SKHX MPHETHYIOTHCS CaHITAPHO-TEXHIUHI MPHIAIH, a
TaKoOXX By3IM OO0miKy, (UIBTpH Ta 3amipHO-PETYIIOBAIIbLHY apMarypy HEOOXiIHO
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pO3TalIOBYBaTH 11032 MEXKaMH JKHTIOBUX KBapTUP, Y KOMYHIKaIliiHHX IIIaxTax 3
yIAIITyBaHHAM Ha KOXXHOMY IOBepcCi JBeped (JIIOKIB), IO BiTUUHSIOTHCS, PO3MIpU SIKHX
MOBUHHI OyTH JOCTaTHIMU JyIsi 00CTyrOBYBaHHS Ta IPOBEICHHS HEOOXITHUX EKCIUTyaTaliiHuX
pobit» [1, m. 10.8, c. 23].

Hopmu [1] oOrpyHTOBYIOTH 3a3HaueHi BHUMOTH: «lle mae MOXIMBICTH IIBUIKO
BIJIKJTIOUATH BBEICHHS BOIOIPOBONY B Oy/Ib-IKy KBapTUPY a00 iHII MPUMILICHHS, € CTajlacs
aBapisg (a HE BIAKIIOYATH CTOSK), HE3AJICXKHO BiJ MPUCYTHOCTI MEIIKAHINB y KBapTHUpi abo
NpPaliBHUKIB Y HEXHUTIOBUX NpuUMiMIeHHsAX. KpiM Toro, y excryaramiiHOro mnepcoHaty
3’ SABJSIETHCSI MOJXKJIMBICTh KOHTPOJIIOBAaTH BCl HEOOXI1/HI MapaMeTpu BOJIOMOCTAYaHHS: THUCK 1
BUTPaTy BOAM II0 KOXHIM KBapTUpi JKUTJIOBOI 4YacTUHH OynuHKY a0 mpuMilleHb
TPOMAJICHKOTO TpH3HAYCHHS Yy Oyab-sIKMi Yac 100M ¥ ONepaTHBHO YCyBaTH BUSBIICHI
MOPYIIEHHS, @ TAKOXK MPOBOAUTH MPOQPUIAKTHYHUIN OTJISIT CUCTEM BOJIOTIOCTAYaHHSI BiAMIOBITHO
JI0 3aTBeppKeHUX rpadikiB i, 32 HEOOX1THOCTI, 3aMIHATH 3acTapiily abo 3ircoBaHy apMaTypy,
BUMIpPIOBaIbHI punaau Tomo» [1, c. V, VIJ.

Yomy Bumoru JIbH He BUKOHYIOTHCS?

1. IIpoekTyBaIbHUKN OOMEXYIOTHCS HANMPOCTIIIMMU TPAJULIHHUME PIIICHHAMH, TOMY
10 Ha 1€ HE 3BEPTAlOTh YBAary KOHTPOJIIOIOUl OPTaHU MICIIEBOI BJIaJiv, a BUCHI HE MPOTMOHYIOTh
HOBUX IHXXEHEPHUX PIIIEHb — IX HIXTO HE CTaBUTh JO BiOMA.

2. ByniBenbHUKY HE MITHIMAIOTH Il TUTAHHS, TOMY 10 3a00POHEHO MOPYITYBATH ITPOCKT.

3. IlpuBaTHI 1HBECTOpPHU KUTJA 3aLIKABICHI y HOBUX PILICHHAX, ajlé BOHU HEJOCTATHbO
iHpopMOBaHi.

AJe 1i TUTaHHS 13 YaCOM MalOTh BHPIIIUTHUCS, TOMY [0 HAKOMUYYETHCS 3aHAATO Oarato
npoOjeM, KOJIM KOXHI TPH POKH BJIACHUKY KBApTUPU TOTPIOHO TMPOBECTH TIEPEBIPKY
JTYMIbHUKIB. /1 1bOTO MOTPIOHO CHOYATKy iX po3IuIoMOyBaTH, II0 MOXE BHKOHATH TUIBKU
npaiiBHUK «Bomokanamy» 3a 0)OpMIICHOIO 3asBKOIO, TIOTIM 3HSATH JIYMJIBHUKHU 3 TI1JBITHUX
TpyO 1 BiiHECTH 1X Ha MepeBipKy A0 Taboparopii «Bomokanany» (Ha Micie JIYUIBLHUKIB Tpeba
3MOHTYBATH BIATMOBIAHI BCTaBKU — BiApi3ku TpyO). [loTiM crming 3a0paTu JTiYMIIBHUKH, BCTAHO-
BUTH Ha Miciie Ta 0OpMHUTH 3asBKY Ha OIUIOMOYBaHHS, NP I[bOMY aKT MOKE€ CKJIACTU TIJIbKU
npeacTaBHUK «BomokaHamy». Y minoMy, mporeaypa MOBIpKH JIYMIHHUKIB BUMarae€ 3HauyHUX
BUTpAT 4Yacy y BJIACHUKA KBapTUPHU. TOMY MPOMOHYETHCS MEPEXOIUTH Ha OiNbII MPOTPECHUBHI
pIllIeHHs, a caM€ — BHUHOCUTHU JIYWIBHUKMA 3a MEXKI KBAPTHUPH 1 JTO3BOJUTH IpaIliBHHKaAM
«Bomokanany» npoBOAUTH NEPEBIPKH JIIUMIBHHUKIB 0€3 yyacTi BIaCHUKA KBAPTHUPH.

3arponoHOBAHO BIAIITYBATH 110 OJHOMY BBOJY XOJIOJHOI i rapsid0i BOJU Ta IO OJHOMY
BBOJIy TOJABAJbHOIO Ta 3BOPOTHOTO TPYOONPOBOIIB TEIUIONOCTaYaHHS y OaraTOKIMHATHY
KBapTHpy. By3nmu o0iiky Boau Ta By301 OOJIKY TEIUIOBOI €HEprii MmoTpiOHO BHHECTH Ha
CXOJIOBUU MalgaH4MK Oinst KO>kHOI kBapTupu. Lli By3nmu 001Ky MPOMOHYETHCS MOHTYBATH Y
Himax abo creuianbHUX MeTaneBux Imadax. JBeprsara mad o0071aTHYIOTHCS 3aCKICHUMH
BIKOHIISIMH, 1110 JTO3BOJISIE€ 3HSATU TOKA3aHHS JIYMIBHUKIB 0€3 BIAKPUTTS ABEPIAT mad 9y HIMI.
Bin By3:iB 0071iKy BOAHM 1 TeIUia TpyOH OIANEHHs, XOJIOIHOI Ta raps4oi BOAM MOTPIOHO 3aBeCTH
y KBapTUPY 1 BUKOHATH PO3BEJCHHS 1X y CHeIiaTbHUX ToPpoBaHuX TpyOax mo 3a1i300€TOHHIN
WIATI nepekputTs. Ilicas mporo moBepx MpPOKIAZICHUX TPYO BHKOHYETHCS KEpaM3HTOOETOHHA
MiATOTOBKA il MAHOYTHIO IMJTOTY TaKMM YMHOM, 100 MOBHICTIO CXOBATH TPYOH. Y Ci CTOSKH,
BiJl MiABally 0 HAWBWILIOTO MOBEPXY, HEOOXiTHO BHKOHATH HAa CXOJOBUX MaWJaHYMKAX Yy
HiaX, siKi Tpeba rnmepeadoavunT y MpOoeKTi, Ta BIAITYBAaTH PHU OyAIBHUIITBI CTiH.

[Ipu nmoniGHOMY BIAIITYBaHHI iH)XEHEpHE 00JIaJHAHHS KBapTHP HaOyBa€e TaKOTO BUTIISATY
(puc. 1, 2). Crosxu xonomuoi B1 Boam 1 1 rapsgoi T3 Boam 2 Ta crosiku omajeHHs T1
(momaBanbHuii 3) 1 T2 (3BopoTHHIT 4) PO3TAIOBYIOTH Oifisi CTIHM 5 Ha CXOJOBOMY MalIaHYHKY.
Bysnu 00iiky Boau mpuegHaHl A0 CTOSKIB 1 3HAXOIATHCA Y MeTayeBii madi 6, By30J1 00Ky
TEIUIOBOi eHeprii 3HaxoauThca y MeTaneBidt magi 7. Koxxuuil By3osm 00diKy BOIM BKIIIOYAE
KynboBUH KpaH 8, Ginbtp 9, miunmnsHuk Boau 10, 3BopoTHMi kiaman 11. Big By3nmiB 00Ky
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BOJHM TPYOM NMPOXOAATH Yepe3 CTiHY B KBAPTHPY, J€ PO3IUIAIOTHCS 32 HANPSIMKaMHU HOJaBaHHS
BOJIM HA KyXHIO, BaHHY 1 TyaneT. Bix By3na o0uiky TemioBoi eHeprii nmoaaBajibHi Ta 3BOPOTHI
TpyOU OIMaJieHHs MPOXOAATh Yepe3 CTIHY B KBAPTUPY 1 MPOKIAAIOTHCS Y MiAJI031 KBApTUPH 10
KOXKHOTO pajiiaTopa.
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Pucynok 1 — Ilian po3ranryBaHHsl TPYOONIPOBOIIB X0JI0IHOT 0, FAPSI40I0
BOJIONIOCTAYAHHS | TENJIOMOCTAYAHHS 3 By3JIaMHU 00JIiKy BOAU
B MeTaJIeBUX IIadax Ha CX0A0BOMY MAalJaHYMKY ABOKIMHATHOI KBAPTHPH:
B1 — BomompoBia rocnonapceko-nutHUiA; T1 — nmogaBansHUN TPYOOIPOBIT TEMIOHOCIS,
T2 — 3BopoTHuUit TpyOOIIpOBi TeruioHoCis; T3 — BogonpoBia rapsayoi Boau
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Pucynok 2 — Ilian po3ranryBaHHsl TPYOONIPOBOIIB X0JI0IHOT 0, TAPSI40I0
BOJIONIOCTAYAHHS | TEMJIOMOCTAYaHHS 3 By3JIaMH 00JIiKy BOAH B MeTaJIeBUX mIagax Ha
CX0/10BOMY MaiiIaHYHKY ABOX CYMi’KHUX KBapTHPp (a) Ta cxemMa By3.a 001Ky (0)
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Cuctema BOJONOCTaYaHHs OaraTokiMHaTHOI KBapTupu (puc. 1,2) mpamroe 3a
pO3rally’)KeHOI0 CXEMOI0: XOJIOAHAa Boja 31 cToska | 1 rapsya Boma 31 cTosika 2 (CTOSKA
3HAXOAAThCA OUIA CTIHM 5) HAAXOAUTh uepe3 kpad 8, ¢iumbTp 9, miumnbHuK Bogu 10 Ta
3BOpOTHMI KiamaH 11 y kBapTupHi po3noainsHi Tpyou. Tpybamu 14 Ta 15 xonoana i rapsiua
BOJIa HAAXOJUTh y KyXHIO, a Tpydbamu 12 Ta 13 — y BaHHy 1 TyasneT. By3mau 00JiKy Boau 3aKpHUTI
y MeTasneBiii magi 6 Ha CX0JJOBOMY MalJaHUUKY.

Cuctema TemonoctadyaHHs OaraTOKIMHATHOI KBaptupu (puc. 1,2) mpamroe 3a
MUPKYISAIIAHOI0 CXEMOK: TEIJIOHOCIH (Tapsdya BoAa) 13 TOJABAIbHOIO CTOsAKA 3, SIKHMA
3HAXOAUTHCS OUTSl CTIHM 5, HAAXOAUThH Yepe3 BY30Jl OOJIIKY TEIIOBOi €Heprii y mojaBajibHY
marictpaib 16 KBapTUpH, IOTIM 10 nmoaaBainbHUX TpyO 18 1 uepes pamiaropu 20 moTparuise y
3BOPOTHI TpyOH 19 Ta 3BOpOTHIO MaricTpaib 17, KOTpa MPOXOAUTh Yepes CTIHY 5, BY30J1 O0MIKY
TEIUIOBOi €Heprii, ¥ HaAXoIuTh y 3BOPOTHHH cTosk 4. By3onm o0iiky TtemaoBoi eHeprii
3aKpUTHH y MeTajeBii madi 7 Ha CXOJOBOMY MaliIaHUHKY.

Po3pobiieHo psia iHKEHEpHHUX pillleHb PO3MIIIEHHS BY3JiB OOJIIKY BOJIM 1 TEIUIOHOCIS B
MeTajeBuX Iadax Ha CX0J0BOMY MaiaHUHKYy (puc. 2 — 6).

BucHoBKkH. 3anpornoHoBaHa TOOYI0OBAa CHUCTEM BOJONOCTAYaHHS Ta TEIUIOMOCTAYaHHS
0araTokiMHATHUX KBAPTHUP KUTIOBUX OYIUHKIB JO3BOJISIE:

1) mOMMNIIUTH TOCTYN KOHTPOJEPIB Ui MEPEBIPKH MOKa3iB JIUYMIBHUKIB 1 CIIPOCTHTH
aZpeCcHE BIAKIIOUEHHS a0OHEHTA Y pa3l HaKOIMMYEHHS OOPriB 3a BOAY Ta TEIIO;

2) 3MEHIIUTH KUIBKICTh BY3JIiB O0IIKY BOJH i KUTBKICTh BOJAOIPOBIAHUX CTOSKIB;

3) MOMINIIMTH YMOBHU TMEPEBIPKHU JIIUMIBHUKIB BOJU 1 TEIJIA, OCKITLKH BOHA MOXE OyTH
BUKOHaHa 0e3 yuacTi a0OHEHTa;

4) MiIBUINATHA HAAIMHICTH BOJOMOCTAYaHHS 32 PaXyHOK BiJIBEPHEHHS MOKJIMBOTO 3aTOII-
JICHHS] KBaPTHPH IIJITXOM MPOCTOTO BiJIKIIFOUEHHS BOJIOTIOCTAYaHHS [IPH BUXO/1 3 KBAPTHUPH;

5) 3a0IIaIUTH TETUIOBY €HEPTril0 MIJISTXOM BUMKHEHHS OIAJeHHS Ha TEPioJ BIACYTHOCTI
MEIIKAHIIB KBAPTHPU MPOTATOM JEHHOI YacTHMHU J00M (MaJiHHS TeMIlepaTypu MOBITpPS B
KBapTHpi Oy/ie HE3HAYHHUM 3a PaXyYHOK 1HEPIIIHHOCTI IIPOIIECY TETUIOBTPAT).
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Pucynok 3 — Po3minienHsi oiHoro crosika Bl Tta qiunjbHUKA X0J101HOT BOH
HA CX0JI0BOMY MailIaH4YNKY B MeTaJieBiil madi (a)
Ta KpecJjeHHs (0) madu (po3mipu y mijlimerpax):
1 — kynboBuU KpaH; 2 — GIALTP; 3 — TUMIBHUK BOJIU; 4 — 3BOPOTHHIA KJIarmaH
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HA CXO0I0BOMY MaiiIaH4YUKY y MeTajeBiil madi 1s1 ABOX CyMi’KHUX KBapTHp (a)
Ta KpecJjeHHs madu (0) (po3mipu y mislimerpax):

1 — kynboBU# KpaH; 2 — GIALTP; 3 — TUMIBHUK BOJIU; 4 — 3BOPOTHHIA KJIarmaH
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Pucynok S — Po3MinieHHs CTOSIKIB i JJiYMJIbHUKIB X0JI0HOI Ta rapsivoi BOAU
HA CX00BOMY MAaHJaHYHUKY JJIfA OAHi€l KBapTHpH (a)

Ta KpecjeHHs madu (0) (po3mipu y mijlimerpax):
1 — kynboBuU# KpaH; 2 — GiALTP; 3 — TUMIBHUK BOJU; 4 — 3BOPOTHHIN KJIamaH
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PucyHnok 6 — Po3mimeHnHst cTOSIKIB i JJIYMJIBHUKIB X0JI0AHOI, Fapsi40i BOAH
i TermJI0HOCisI HA CX00BOMY MaliIaHYMKY JJIsl OIHi€l KBapTHpH (a)
Ta KpecJeHHs mwadu s TenyoHocis (0) (po3mipn y mitimerpax):
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THE SELECTION OF RESERVED STRUCTURE
AND THE CREATION OF THE FUNCTION
FOR RELIABILITY

The determining of reliability of water systems is introduced, is derived formulas for
definition the reliability of some water pipe structures and is made the comparative analysis of
reliability and topology of these structures. The engineering method of analysis the reliability
of tracing the cyclical water pipe systems is developed, which is allowed to select a structure of
network with maximum reliability, is defined the limit reliability of area of network, is
identified that areas which would increase the reliability of the structure during its
development. The method of graph—analytic formation of tracing the new circular water pipe
system was developed ed, which would given the opportunity to build a number of competitive
options for trace circular water network and choose the best for reliability.

Keywords: the reliability of the network structure, the topology, the boundary reliability
of sections.

Yeenko I.C., k.m.n., oouenm
Ycenxo /.B., cmyoenm
Ilonmascovkuti HayionanvHutl mexHivnul yHieepcumem imeri FOpis Konopamioxa

BUDBIP PE3EPBOBAHQi CTPYKTYPU
TA ITIOBYJIOBA ®YHKIIA 3A HAJAIMHICTIO

Yeeoeno eusnauenus HaoditiHocmi  800ONPOGIOHUX — Mepedc, OMPUMAHO POPpMYIU
HAOIIHOCMI 0151 OesAKUX CIMPYKMYP 8000NPOBIOHUX MepPedtc Ma BUKOHAHO NOPIBHANIbHUL AHAI3
Haoditinocmi U mononoeii yux cmpykmyp. Po3pobneno inocenepny memoouxy ananizy
HAOIIHOCMI MPAcy8anb KilbYe8Ux 8000NPOGIOHUX MePeXC, KA 00360J5€ GUOPAMU CIMPYKMYPY
Mepedici mMakcumanvHoi Haditinocmi. Busznaueno epanuyny HaOiuHicmv OLIAHKU Mepedici, d
maxooic mi OUIAHKU Mepedxci, SAKi Haubinbue niosuwysanu 6 HAJIHICMb CMPYKMypu npu ii
po3zeumky. Po3pobneno memoouxy epagoananimuynoi nooyoosu mpacyeanv HOBUX Kilblyesux
B8000NPOBIOHUX ~ Mepedc,  Kompa  oara 6  MOMCIUGICMb  CMEOPUMU  OeKIIbKA
KOHKYPEHMOCNPOMONCHUX —6APIAHMI6 MPACYB8aHb KilbYeB0i 6000NPOBIOHOI Mepedci ma
8UOpamMU HAUKPAWULL 3 HAOTUHICMIO.

Knrwouosi cnosa: wmadiumicms cmpykmyp mepedc, MONON02IsA, 2PAHUYHA HAOIUHICMb
OINAHKU.
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Introduction. Modern development of pipe line in Ukraine is moving the way of the
reconstruction and intensification of existing pipe line facilities. The status of these structures is
the considerable wear, low efficiency and high power consumption. A shortage of financial
resources required for implementation of modern technologies and equipment and its economic
exploitation, the question of resource and energy efficiency throughout the chain of water
facilities, including those in the pipe line networks. But in pipe line theory up to today is not
met modern research and not developed appropriate mathematical methods, which would allow
to conduct efficient tracing of new and rehabilitation of existing water supply systems.
Intensive development of computer technology allows you to raise these issues in a new, much
higher scientific level. On the other hand, the development and introduction into practice of
such methods can reduce the cost of water supply and save energy during operation and
enhance reliability of networks that guarantees the consumers the water.

Analysis of recent sources of research and publications. The company Haestad
Methods has developed a system WaterCAD for modeling water networks [4]. This system is
based on genetic methods, which are methods of creating and structured search for the best
solution in the water supply system and water distribution. The methods are using the theory of
natural selection and mechanisms of genetics. It has to deal with the initial set of randomly
constructed water supply and searching towards a combination which meets at least cost con-
struction of water mains, reservoirs, pumping stations. Genetic methods creates the consistent
sets of trial and the most appropriate solutions, from which then selects the best one.

The US Agency for Environmental Protection developed a program «<EPANET 2.0». This
program [5] provides the ability to run hydraulic model and model of water quality. <EPANET
2.0» fixes the flow of water in each pipe, the pressure in each node, the water pressure in each
tank and concentration of chemicals across the network during the period simulation.

The hydraulic model is used for the following tasks: changing situations on the water
supply system with the analysis of the effects of the system; assessment of crashes on
consequences on water supply facilities; identify areas of low pressure; planning of the work of
pumping plants the second upswing and so on.

The company «Polyterm» (St. Petersburg) supplies the software package ZuluHydro [6],
which is designed to calculate water systems. The ZuluHydro performs the hydraulic
calculation of water pipe network for different hydravlic work modes of pipeline water
network, determined costs and the loss of pressure in all areas. For calculation the water
pipeline network is defined diameters of pipes and the pressure in the connection point.
The system determines the pressure in points of the water pipe network in the event of
hydraulic shock. As for commutation problems, that solves of system are such as: the analysis
of outage, the switching, the searching for the nearest stop valves. In addition, the system
answers the following questions: how many customers remain without water, if is closed a
latch; or is the pressure sufficient in the point of connection of new facilities; what kind of stop
valves is used for localizing the accident.

Singling unsolved aspects of the problem. As stated in the Ukrainian Law
«On Drinking Water and Water Pipe Line», one of the principles of the state policy in the field
of drinking water supply is guaranteed drinking water to the population for drinking,
physiological, sanitary and household needs. The implementation of this principle requires the
creation of high—tech and economic systems of water supply, which is impossible without the
proper research prior to the creation of such systems. Systems of submission and distribution of
water, part of which is the water supply networks largely define the reliable and economic
operation of all the water complex structures, and therefore require studies that meet modern
requirements of customers. But the question of guaranteed economic security and water
consumers can not be addressed separately from the problem of evaluating the reliability and
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efficiency of water supply systems, construction and improvement trace which is the first step
towards the construction or reconstruction of these networks.

Setting objectives. Scientific substantiation of calculating the reliability and building the
circular of water supply systems of settlements.

Basic material and results. The question the reliability and efficiency of main water
supply systems are complex and aren't understood until now. The main reasons for this are:

1. The main water network cities usually has structural and functional redundancy, and
therefore is difficult to identify its «failure criterion». For these networks more accurate are the
property «effective functioning» when is also considered the level of failure.

2. To assessig the reliability of the basic characteristic is «denial». The fact of «failure»
of main water supply network is closely linked to the consequences of failure. So is needed to
assess the consequences of failure and then determine what constitutes a waiver of main water
network.

3. Has not developed engineering methods of calculating the reliability of water supply
network, which is the main water network cities.

4. The current rate of efficiency — the given cost — do not meet modern market conditions
of functioning of municipal services of cities.

5. Generally, the term «reliability» and «efficiency» are in contradiction. For increasing
the reliability is required additional investment funds, but there is no «optimum of reliability»,
followed by further investing virtually no increases reliability or it grows very slowly.

Everything given makes it necessary to solve the problem of optimal tracing of main
water network.

The reliability and efficiency laid at the design stage as it is known. Tracking, marked on
the plan of the city water network backbone is assumed as a first stage of design.
The structure of the future network is called the trace [1]. That structure reflects both the
topology of water network and the length of the future network, but this structure does not
have the diameters of areas yet .

The first stage is the creation of water pipe network structure with the conditions of
efficiency, reliability and optimization of this structure.

The second stage is hydraulical, technical and economical calculations that means the
transforming the structure of optimal reliability in actual backbone network tap by calculating
the optimal diameter of pipes of sections.

The study and evaluation of reliability starts with the establishment of the concept of
«denial». According to [2] — is «an event that is the subject of the loss of ability to perform the
desired function, therefore, working in violation of the facility». Failure criterion is formulated
as a «sign or set of signs of working of the facility set in the regulatory or design documents».
That should apply to the term «functional state». By definition, a «state of the object, which is
characterized by its ability to perform all the necessary functions», and it's inoperable state of
the object on which it is unable to perform at least one of the required functions.

During the calculating of the main hydraulic cycle in water network believes that water
consumers are in knots. As a result of tracing, we get the structure of network (SN), which is
the analogous of the future network (length and topology are similar), but it isn't has the
diameter of sections. The most important on this stage is to determine the reliability of SN and
to create the maximum reliability. When all components of SN are interconnected it names the
operable condition. The maximum usable state of forms creates the covering the network of
graph. In terms of probability theory of reliability of SN, R can be formulated as a probability
of failure—free operation, ie the probability of the existence of at least one covering graph:

T
r=#(UB,). (1)
=

where B; —is an event that is in existence of i graph;
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T — the number of covering graph.
Bearing in mind that the events B; are joint, the probability of sum of such events is:

R=YP(B)-¥ P(B.NB,)+..+(-1) " P(B,NB,N..NB;), 2)
i=1 i#j

where P(B,) - is the probability of the existence of graph B;;
P(Bl. NB j) — the probability of simultaneous existence of graph B;and B;.

Formula of reliability of SN as a polynomial will look like:
R=ajr’—ar” +a;72 . —a,r"™" + Tr"™, 3)

where p — the number of sectors;

n — the number of cycles ;

T — the numbers of SN;

a — the coefficient that determines the number of operable SN;

r — the reliability (probability of no—failure operation) of separate area of SN.

The biggest difficulty for building formulas (3) — is the definition of working condition
SN, in other words the factors a. To this end is developed an algorithm that uses the «depth—
first search», known from graph theory. For this is needed to renumber all areas of the structure
from 7 to p. At each step, during each embranchment of decision graph is elected the plot,
which together with other areas, which is selected at the previous stages, will create the part of
constructive substructure. In the next step, this area is added to others has already selected and
the process continues until substructure will be built. The areas are sorted in order of increasing
their numbers. This makes fully and without repetition solving the problem. [1]

It is established that during the choice for the best reliability of water supply network of
topological structure, should be used a point on the graph of function R=f{r), which is
determined of the maximum reliability ry;,. It must be chose that structure of water network,
which has a minimum value of marginal reliability r;, for a given geometric characteristics of
the structure: the number of knots m, the number of structures n, the number of plots p.

The algorithm of the definition for the working condition SN:

Step 1. Renumber all areas of SN.

Step 2. Take a copy of the SN and remove from it the last section /st with the number
Nlist. Calculate and memorize the a coefficient of substructures (SS) SN.

Step 3. Discard from substructure the last section Ist and pass to the section with the
previous number in SN to the number of rejected.

Step 4. If there is a plot pst with number Npst which is higher per unit of the number of
Nlst rejected Ist, then add pst to substructure.

Step 5. If there is no plot pst with number Npst which is higher per unit of the number of
Nlst rejected Ist, then discard Isz. Go to the section with the previous number in the substructure
relatival rejected. Calculate and remember the value coefficient of substructure. Go to step 4.

Step 6. As long as in the substructure are areas with greater numbers of the number of
added plot, then sum these sections.

Step 7. If created substructure is not coherent and covering, then go to step 3.

Step 8. Calculate and remember the values of a of given substructure.

Step 9. If not exhausted all options of the substructure, go to the step 4.

The structures of the same numerical characteristics, but with the different topology.
The structure of network (fig. 1 — 3) has the same number of: knots m = 6, sections p =8,

cycles n =3.
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3
1 7 0,743
4 6
2 8
5
R =—-12r" +48r" —65r° +30r° Fiim = 0,743
Figure 1 — The structure of the graph Ne 1 and the graph of reliability function SN Ne 1
1 4 4 0,791
3 6
2 8
)
R, =-8r" +34r" —49r° +24/° Tiim = 0,791

Figure 2 — The structure of the graph Ne 2 and the graph of reliability function SN Ne 2

0,747

R, =—15r° +56r" —72r° +32r° Tiim = 0,747
Figure 3 — The structure of the graph Ne 3 and the graph of reliability function SN Ne 3
R>R,> R, Vr

The structure of network (fig. 4-6) has the same number of:
knots m =6, sections p =7, cycles n =2.

2
0,866
5
1 4 6
3 7
R, =6r"—17r°+12r Fiim = 0,866
Figure 4 — The structure of the graph Ne 4 and the graph of reliability function SN Ne 4
3
1 6 0,842
5
2 7
4
R, =8r" =21r° +147° Fiim = 0,842

Figure 5 — The structure of the graph Ne 5 and the graph of reliability function SN Ne §
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2
1 - 0,815
1
5
7
3
R, =10r" —=25r° +167 Fiim = 0,815

Figure 6 — The structure of the graph Ne 6 and the graph of reliability function SN Ne 6

R>R,> R, Vr
Conclusions. It was established that during the choice of the best of reliability of
topological structure of pipeline network should use a point on the graph function R=f(r),
which determines the maximum reliability r;,. It has been chosen that structure of water
network, which has a minimum value of marginal reliability rj;, for a given geometric
characteristics of structure: the number of knots m, the number of sections n, the number of
cycles p.
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MATHEMATICAL MODELING OF TRANSITION HEAT
AND HYDRAULIC PROCESSES IN THE WATER TUBE
HEATING SYSTEM WITH RADIATOR THERMOSTATS

The modern building normative base Ukraine provides installation radiator thermostat
on heating devices water heating systems. In spite of the declared producers energy-efficient
effect in 10 — 20% of the annual cost of heat and comparatively not high cost, the energy saving
measure is not widely spread in Ukraine. It is related to number of peculiarities of domestic of
systems heating: use of hydraulic elevator thermal units, a small number of buildings equipped
with heat counters, the constant hydraulic regime of systems heating and district heating, etc.
This work is devoted to investigation of thermal and hydraulic regimes of tube heating systems
with thermostatic controls.

For the simulation transient thermal and hydraulic regimes of heating systems with
radiator thermostats in this paper proposed of the mathematical model. Its peculiarity is a
comprehensive consideration of various factors (both disturbing and regulating) on the thermal
and hydraulic modes of work automated heating system. This mathematical model can be used
to create computer programs and perform a variety of researches in the field automatic control
thermal mode of premises. The research results can be applied to the design and optimization
of modern control systems tempering heat.

Keywords: mathematical model, heating system, thermostatic valve.

Kymnuu B.A4., x.m.n., ooyenm
Ilonmascovkuti HayionanvHull mexuivnul yHieepcumem imeri FOpis Konopamioka

MATEMATHUYHE MOJIEJIIOBAHHS ITEPEXTTHUX
TEIVIOTI'TAPABJIIYHUX ITPOLHECIB Y BOJOTPYBHUX CUCTEMAX
OITAJIEHHA 3 PAAIATOPHUMHU TEPMOCTATAMMU

Poszensanymo ocobrusocmi ompumanus enepeozbepieaionoco eghekmy npu 3acmocy8aHHi
MEPMOCMAMUYHUX KIANAHI8 y cucmemax onaienHs 0ydisenv. Bemanoseneno, wo 0ns tloeo
30iNbUEHHA  pedcUM POOOMU MepMOCMAMIE NOGUHEH Y3200X4CY8AMUCA 3 MENio8UM ma
2lOpasniuHuUM pexcumom yciei cucmemu onanenus. Pobomy npucesueno 0ocniodicenno
Menioeux ma 2i0OpagiivHux pexicumie 6000mMpYOHUX CUCeM ONANEeHHS 3 MePMOCMAMUYHUMU
peaynsmopamu. Po3pobieno komniekcHy mamemamuuny MoOelb NepexiOHux npoyecie y
APUMIWEHHAX 3 O080MPYOHUMU BOOAHUMU CUCHEMAMU ONANEHHS 3 MepMOCmamamil, sKd
00360J18€ PO3PAX08Y8AMU MENLO8I MA 2IOPAGLIYHI PEHCUMU 8 ABMOMAMUZ0BAHUX CUCMEMAX
onanenns. Po3paxynku 6uxkonyiomvcs 3 Ypaxy8awHaM mMenioQizuyHux Xapaxmepucmux
020PO0IACYIOUUX KOHCMPYKYILU 0VOieni ma nonepeoHbo20 HAIAWMYB8AHHL MEPMOCMAMUYHO20
knanaua. Jlogedeno, wo pesyrbmamu  OOCHIOHCEHb MONCYMb  3ACMOCO8YBAMUCA Ol
NPOEKMYBAHHS 1l ONMUMIZAYTT CYUACHUX CUCMEM KePYB8AHHsL 8IONYCKOM MeNniomu.

Knrwowuosi cnosea: mamemamuuna mooenv, cucmema ONANEHHS, MEPMOCMAMUYHUL
KAana.
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Introduction. The modern normative basis [1] provides installation radiator thermostats,
heating devices for water heating systems. Thermostatic valves developed by different
manufacturers for both one- and two-pipe systems for heating. In opinion of manufacturer, this
energy-efficient measure should provide heat savings of 10 - 20% of its annual expenditure.
This is possible by limiting heat proceeds from the heating system in excess of the set
temperature value internal air.

Overview of recent sources of research and publications. There are mathematical
models of thermal modes of premises [2, 3], mathematical models of heating systems [4, 5].
There is information on design features, construction and hydraulic characteristics radiator
thermostats [6, 7]. However, little data on the dynamics of thermal and hydraulic processes that
occur during the work of these regulators in the system heating. This is not to predict work
radiator thermostats in different conditions.

Selection not solved earlier of parts the general problem. To correctly describe the
thermal hydraulic modes that occur in the heating system when using the radiator thermostat
required complex mathematical model. It should take into account the convection and radiation
heat flow in the room, transient conditions in the heating system and the work of radiator
thermostat.

Problem statement. The aim is to develop a mathematical model to study the thermal
and hydraulic modes water-pipe heating system with radiator thermostats.

Basic material and results. Transient thermal conditions of each heat capacity
multilayer outer enclosure of the building with sufficient accuracy can describe the thermal
conductivity differential equation

&I3Ki(x,r) — ﬂi 0—)2t3Ki(x,T) (1)
ar c.p, ox} ’
where 1, — temperature i-th layer, °C;
7— hourly coordinate, s;
A; — coefficient of thermal conductivity i-th construction material of wall, W/(m-°C);
¢; — heat capacity i-th layer, J/(kg-°C);
p; — density i-th layer, kg/m’;
x; — spatial coordinate i-th layer, kg/m3.
Boundary conditions at the border contact between two adjacent layers (i Ta i+1)
s 4 AMyg i
_ﬂii(gl’r):/l(iﬂ #(5”1 T) 2)
ox, 2 Xiivn) e
Boundary conditions at the inner wall surface (x = 0)
ot
- /1% (O’ T) = azla( (tB _tzk(o,r) )+ (ZII; (tR _t3K(0,r)) > (3)

where ag — convective heat transfer coefficient at the inner wall surface, W/(mZOC);
0{11; — coefficient of radiation heat transfer at the inner wall surface, W/(m2°C);
t,— temperature of internal room air, °C;

t,— medium radiation temperature of internal room air, °C.
The boundary conditions at the outer wall surface (x = J)

ot
- (5» T) =, ([31((5,1) —I ) > “4)

-1
0
where @, — heat transfer coefficient at the outer surface of the wall, W/(mZOC);

X

t,— ambient air temperature, °C.
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The difference calculating thermal conditions internal heat capacity structures of the
external is only symmetry boundary conditions. Therefore, in the center of this design is no
heat flow

2,9 (5 s20)=0 . 5)
dx,

The initial of time conditions provide a linear (stationary) temperature distribution in the
thickness walling.

To calculate the temperature on the inner surface of the small-heat capacity walling
(windows, exterior doors, etc.) write the equation of their heat balance without considering
accumulation of heat

F
K R MK
Ay FMK(tB —Tyk )+aBFMK(tR _tMK)z (tMK_t3) > (6)
RMK
ne Py, — area of small-heat capacity construction, mz;

Ry« — thermal resistance design without considering heat transfer at its inner surface,
(m**C)/W;
tyx — temperature of on the inner surface, °C.

After the reduction in the area from the equation (6) possible to determine the
temperature on the inner surface small-heat capacity construction

K R

_aBtB+aBtR+t3/RMK 7

tMK - K R ( )
ay +ay +1/R,,

To determine the temperature of the internal environment of the building, use the heat
balance equation

dt

B(7)

_ K
CyMp =a, FZ(ICT(z') B(‘r)) ZO(B SK(B(z') tsK(o,r))_

_zalla(FBK (tB(z') _tBK(é'/z,r) )_CHGinf (tB(z') _ts(r) )_ (8)

_Za]IB(FMK (th _tMK(z') )+ QBT-

where ¢, — heat capacity of air, J/(kg-°C);

m,, — mass of air or equivalent for the environment, kg;

a'zK — convective heat transfer coefficient near of heating system elements, W/(szC);
F, — heat exchange surface area of heating system, m?;

t.; — temperature of heat exchange elements surface of heating system, °C;

G, — loss of infiltrated air, kg/s;

Qpr — Domestic and technological heat flow, W.

Summation in equation (8) indicates adding heat flows from walling with different
thermophysical properties.

Heat exchange radiation occurs almost instantly, because equations of thermal balance
beam components of heat flow to the internal environment of the heated building is stationary

character
a2 ZaB 3K ( Liko.0) ) ZaB BK( Ipksia, r))

€))
_ZagFMK fy ~tyx )= 0.
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From the equation (9) can determine the medium-radiation temperature of heating
premises

R R R R
_ a, thCT + zaB F31< tsx(o,r) + zaB FBKIBK(é/Z,T) + zaB FMKtMK
- R R R R
a, Fz +zaBF3K +zaBFBK +ZaBFMK

To describe transient thermal processes in the heating system will replace its equivalent

for heat transfer of heating device. Then design scheme two-pipe of heating system takes the
form shown in Figure 1.

I

CorMer ECT
_I | R qK t
tl —_— - - — B
/| tep — —
Go T R t
(:11’[11' —F q R
— - 1
tye— —
:|| F,

Figure 1 — Calculated scheme ''water-pipe'' of heating system

In accordance with works [8, 9], possible to use the following mathematical model
"water-pipe" of heating system:

dt
om af;'” = (C1G+0(1Fl)(t2(oo) _tZ(f))

dicp, .,
cm, d’[r = ClG(tl _tz(f))_ alFl(tcp(f) - tCT(r)) (10)
dtCT( ) K R
CorMer dTT = alE(tCP(r) - tCT(f))_ Q, Fz(tcr(f) _tB(f))_ a, FZ(tCT(r) _tR)’

where ¢, — heat capacity of water, J/(kg-°C);

m, — mass of water in the heating system, kg;

t, — the coolant temperature in the return pipe of heating system, °C;

G — heat consumption in the heating system, kg/s;

o, — heat transfer coefficient between coolant and wall equivalent to the heat transfer
heating device, W/(mZOC);

F, — area of internal heat transfer surface, mz;

t., — the average temperature of the coolant in the heating system, °C;

cor — the average heat capacity of heating system elements, J/(kg-°C);

m., — mass of element of heating system, kg.

To determine the temperature in the return pipe of heating system in stationary conditions
possible to apply the formula

ok

Lyw)=ler + (t1 _tcr)f oo (a1

Let us assume that each heating device is equipped with an automatic temperature
controller direct action. Each thermostat consists of a valve and thermostatic head.
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To describe the heating system with radiator thermostats must combine of their thermal
and hydraulic mode Fig. 2. The total loss of pressure in the automated heating system will
consist of a pressure loss in thermostatic valve and pressure losses in pipes and heating devices

AP, = AP, + AP, (12)

where AP, , — loss of pressure on thermostatic valve, bar;
AP, — pressure loss in the heating system, bar.

Geo h

—

AP K Sco
TE

%

Figure 2 - Design scheme of heating system with individual thermostats

Considering that two-pipe heating system, all valves connected in parallel. Using the
method of hydraulic characteristics of equation (12) can be written as

1
AP, = —2+SCO Géo > (13)
(N, )

where N — the total number of thermostatic valves, pieces;
k, — coefficient throughput valve, (m3/h)/bar0’5;

S o — hydraulic characteristics of heating system, bar/(m*/h)*;
G, — heat consumption in the heating system, m’/h.

From the formula (13) can be heat consumption in the heating system

(14)

The relationship between the move valve stem and his throughput coefficient called
costly characteristic of the valve. There are three main types of characteristics: linear, quadratic
and equally-percentage. Each type characteristics corresponds their profiling plate valve. For
radiator thermostats are used primarily logarithmic characteristics. The coefficient throughput
valve with logarithmic characteristic can be defined by the formula

k, = (kVB )h (kv3 )l_h ) (15)

where k,, — coefficient throughput valve in open position, (m*/h)/bar*’;
k,, — that, in the closed position, (m*/h)/bar"’;

h— the relative position of the valve rod.
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The coefficient throughput valve in the open state depends on its a standard size, which is
determined by hydraulic calculation of heating system. The coefficient throughput valve in the
closed position can be taken as being equal to the standard leakage k,,, =0,0005%,, .

Hydraulic resistance of the valve is also determined by the provisions of the rod (h). The

maximum position of the rod (4, <1) given at the previous setting valve (installation). Other

max
provisions rod depending on the temperature in the room. Due to this being implemented
"negative" an inverse relationship between temperature of air indoors and heat transfer of
heaters. Excluding the friction in the valve stem headwork its provisions can describe linear
dependence form

h(z':oo) = hmax’ lf tB < tmin 5
tmax — tB :
h(T:OO) = lf tmin StB Stmax 5 (16)
max tmin
h.., =0, ift, >t .,
where £ ,_.., — rod position after transient processes;

t

valve stem reaches extreme positions, °C.
Maximum and minimum air temperature is set by turning the thermostatic valve head. To
fully open the valve in ideal conditionss, —t . =2K . In the case of this have previously

max min

t, . — 1in accordance with the maximum and minimum temperature at which the

max ’ © min

configured temperature difference decreases proportionally to limit of the stroke rod.

Another important factor is the transition process in thermostatic valve head. Thus, for
thermostats company "Danfoss" this time is 7x=12—15 minutes. Given the transition processes
in the head with thermostatic valve stem position can be described by the formula

T

h )g_; ' 17)

o =h

(T=00)

h

(T=00)

+ (h(T:O) -

The system of equations 1-17 combines thermal and hydraulic mode of heating system in
transition process and considers the work of individual thermostatic valves. The resulting
system of equations thermal-hydraulic balance can be solved if you set the appropriate initial
conditions.

Conclusions. The mathematical model for comprehensive consideration of the impact of
various factors (both disturbing and regulating) the thermal and hydraulic modes of automated
heating system with radiator thermostats. This mathematical model can be used to create
computer programs and perform various research in the field of automated control thermal
conditions premises.
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SOLAR ENERGY APPLICATION
FOR FARM ENTERPRISES
ELECTRICAL MAINTENANCE

Features of livestock houses designing for rural (farm) enterprises with observance of
sanitary standards have been described; expensiveness of the design phases, construction and
installation works and electricity generation equipment in such buildings is emphasized.
Foreign experience in solar cell batteries application has been analyzed. Advantages and
disadvantages of the renewable power sources setting up have been determined, particularly
concerning the first few years of operation. The dynamics of the energy-intensive equipment
installation at farm enterprises of Ukraine has been analyzed, a trend of implementing
innovative technologies as an autonomous, maximally independent energy supply source, has
been detected. The environmental safety of such energy supply solution and its installation
efficiency in any region is emphasized. The possibility is considered for alternative energy
supply sources application and energy supply independence of cooperated livestock houses at
farm enterprises, particularly under the conditions of persistent reduction in prices for photo-
electric modules and persistent growth of gas and electricity rates.

Keywords: livestock house, farm enterprise, natural energy sources, solar cell batteries.
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BUKOPUCTAHHS COHSIYHOI EHEPTII
IJIS1 OBCJIYTOBYBAHHSI
®EPMEPCHKHUX T'OCIIOJIAPCTB

Biomiueno  ocobnugsicmv — npoexmy8awHs — MEAPUHHUYLKUX  OY0iGeNb  CEeNAHCLKUX
(hepmepcokux) eocnooapcme 3 OOMPUMAHHAM CAHIMAPHUX BUMO2; BIO3HAYUEHO O0OPONCHEU)
emanié NpoeKmyeamus, 0YOIBeIbHO-MOHMANCHUX poOim ma MexXHIYHOI eKchiyamayii
eeKmpOyCmMano8oK y maxux 0yoienax. Ilpoananizoeano 3aKkopooHHUll 00C8I0 GUKOPUCTIAHHSL
couaunux Oamapeil. Busnaueno nepeeacu ma HeOONIKU GCMAHOBNEHHS BIOHOBNIOBANLHUX
Ooicepen enepeii, 0cobauso 6 nepuii poku euxopucmanus. Illpoananizosano OuHamixy
BCMMAHOBNIEHHS EHEeP2OEMHO20 O0ONAOHAHHA YV (hepMepCcbKux 2ocnooapcmeax 6 YKpaini,
8UABNEHO MEHOeHYII0 00 3aNPOBAONCEHHS. HOBIMHIX MEXHONO02il A8MOHOMHO20, MAKCUMATILHO
HE3aNeAHCHO20 0dcepend eHepeonocmavanus. Biomiueno ekonoeiumicms maxozo piuleHHs 3
eHepeo3abe3neuents, e@eKmusHicmos YCMAHOBIeHH O 0)0b-aKo2o peciony. Pozenamwymo
MOJCIUBICMb  3ACMOCYBAHHA — ANbMEPHAMUBHUX — Odcepel  eHepao3abe3neyeHHs U
EHep2OHe3aNeHCHOCI 8 KOONEPOBAHUX MBAPUHHUYLKUX 0Y0I61aX (pepMepcbKux 20cnodapcms,
0COOIUBO 8 YMOBAX NOCMIUHO20 3HUNCEHHS YIH HA (homoenekmpuyni Mooyl ma NOCMIHO20
nioguwenus mapughie na 2az i ceim.o.

Knrouoei cnosa: meapunnuyvka 0y0iens, @epmepcoke 20Ccnoo0apcmeo, NpupooHi
Ooicepena enepeii, COHAYHI bamapei.
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Introduction. Until quite recently, in Ukraine, solar energy was only discussed in the
academic circles, and it was considered that solar power stations construction and solar cell
batteries installation is a costly affair and low efficient in our climes. However, permanent gas
and electricity prices growing has caused the interest of common Ukrainians in the alternative
electric and energy independence sources [1].

Analysis of the latest research sources and publications. Basing upon the analysis of
space-planning and constructive decisions of small-space livestock houses, taking into account
microclimate parameters, availability of different animal species in a cooperated building for
farm enterprises of the Poltava region, the design proposals of cooperated livestock houses [2]
have been developed, where the basic performance specifications, requirements concerning
space-planning and constructive decisions of cooperated livestock houses, design proposals
with applying current technological systems are considered.

Substantiation of space-planning decisions of cooperated livestock houses is presented.
New types of houses have been suggested on the basis of the developed cooperated livestock
houses nomenclature, matrix of possibilities for cooperating and blocking small-space
cooperated livestock houses with different animal species [3]. To calculate the parameters of
production premises in a cooperated and blocked building, the algorithm for calculating the
livestock house’s total area and the production area [4] as well as a block diagram of the
calculation program have been developed [5].

Highlighting the earlier unsolved issues of the general problem. At present, many
solar power stations have been built in Ukraine, both large and small ones. Solar energy projects
are popular among the companies and investors, whose primary activity is agro-business. Farm
enterprises’ owners in the present day environment, having calculated their possible losses and
the investments’ costs, more frequently decide to install solar power stations.

The main purpose of the above stations construction is the necessity of providing the
uninterrupted service of equipment under the condition of interruptible energy supply from
electric power networks; additionally, there is a possibility of energy accumulation in the
batteries for using it at night or during the low light periods. Besides, farmers can gain profits
from selling the electric energy according to «green» tariff.

The aim of the study is to disclose the possibility of solar cell batteries application for
electrification, hot water supply and heating livestock houses of farm enterprises.

Basic material and study results. The peculiarity of livestock houses planning is
mandatory compliance with the requirements to the rural (farm) enterprises location. According
to [6], the length of sanitary protection zones from various small-space livestock houses to the
nearest residential building must make from 15 to 400 m. That means remoteness from energy
supply sources, which, in its turn, influences growing prices of the design phases, construction
and installation works and technical operation of electric plants.

The greatest advantage of the solar energy application is its availability, because even in
winter, sunlight is shining outside, thus, it can generate at least the minimal necessary amount
of energy. Additionally, solar cell batteries do possess a long term of operation, so
consequently they are perfectly repaid. If you divide the cost of solar batteries installation by
the number of years they can be operated, savings will become vivid.

An autonomous solar cell battery can generate the sufficient amount of energy to meet
the every-day needs (Fig.1). Besides, the solar cell battery provides the complete independence
of the electric power system in future. Additionally, a solar collector does not need careful
maintenance: the only thing needed is a periodic cleaning. Moreover, there is no need to pay
the electricity bills, and the invested money will be repaid within the 5 years term.

One more solar systems’ advantage is that they are easily scaled. That means, that one can
buy a small installation with a few panels, and later on one can buy some more. Therefore, if a
family budget is limited, transfer to the solar energy is quite possible, though partial.
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Figure 1 - Solar cell batteries at a private enterprise

First solar batteries able to transform solar energy into the mechanical one were
constructed in France. Late in the XIX century, at the World’s Fair in Paris, P. Muse, an
inventor, demonstrated an insolator, an apparatus focusing sun rays on the steam boiler by
means of a mirror. The boiler drove a typing machine, which typed 500 printed copies per hour.

Solar energy was also used late in the XXth century in the USA: a solar battery supplied
energy to the American satellite vehicle «Venguard».

The first industrial solar power station was constructed in the Crimea, in 1985, not far
from the town of Shcholkine. Its peak capacity made 5 MW. It equaled the capacity of the first
nuclear reactor. It has only generated 2 mln kW/hours of electricity for the 10 years period,
however, the cost of its electricity was high enough, and the station was closed in the middle
90ies. It was the very time, that analogous works were activated in the USA, where Loose
Industries Company launched an 80 MW solar-gas power station in 1989. Over the 5 years
period, only in California, there had been built several stations of the sort, with the capacity of
480 MW; the cost of one solar-gas kW/hour was brought to 7 — 8 cent against 15 cent for a
kW/hour: that is the cost o f electricity generated by an atomic power station (APS).

Nowadays, the world’s leader in using solar installations is China, where solar heat
collectors occupy 80% of the market.

In general, all the developed countries of Europe and Asia, as well as the USA, possess
the experience of using alternative sources of energy. In Japan, for instance, the total capacity
of solar power stations makes directly 3 GW. The most ecologically safe city in the world has
been constructed in Japan.

All buildings in it are using solar energy, water consumption is reduced by 30%, and
instead of public transport bicycles and electric cars are used. Gasoline service stations are
replaced with the electric car service stations.

It seemed that there was too much sunlight in Japan, and it seemed difficult to match the
Japanese. However, Germany, which is located more northward than Ukraine, has already
installed nearly 9GW of solar panels. Last year, in July, 2015, first in the German history, solar
batteries, installed throughout the country, produced the same amount of electric energy as
APS: the both generated 5.18 TW (terawatt) hours (it is proved by the calculations made at the
Fraunhofer Institute for Solar Energy Systems (ISE), Freiburg, Germany).
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In the Republic of Korea 274 MW of solar panels capacity were installed in 2008.
It can be compared with the Vladivostok TPP’s (thermal power plant) capacity in the same
year. In Italy solar power stations with the total capacity of 900 MW were only implemented
in 2009, in the USA — that of 475 MW, in Czech Republic — 411 MW, in Belgium — 292 MW,
in France — 195 MW.

Current models are so efficient that they successfully collect energy not only in our
climes, but even in Yakutia. The largest solar power station above the Arctic Circle has been
recently built there; its capacity makes 1 MW, it is also designed to operate in the conditions of
frosts up to minus 50°C. The station is expected to save nearly 5 tank wagons of diesel oil for
the population next winter; before now, only generators were used, since it was practically
impossible to install trunk transmission line at such a long distance.

The first currently known farmer, who has undertaken risks of using renewable power
sources in the Subarctic, was Artem Andronaki [7]. In his farm keeping of such animals and
birds as ostriches, reindeers, quails, goats, rabbits, various chicken breeds, turkeys, guinea
fowls, a peacock and even a sea-eagle is cooperated. All animals and birds are kept by the
farmer due to sales of meat and quail eggs, goat milk, ostrich chicken and eggs, live rabbits, as
well as at the expense of tourists.

«I’m pleased very much with the solar cell batteries operation in our north conditions!
Many people consider that they constantly need direct sunlight. But it is not so! They need
ultraviolet light, which penetrates through clouds. My solar panel produces nearly 700 W
in overcast days, and 1 kW in sunny days. Thus, the difference is small...», — the farmer
thought. The decisive factor for solar cell batteries installation has been a high cost of electric
transmission lines repair and the electricity price itself. However, installation itself requires
sufficient expenses, and it is the technology’s expensiveness is the main reason of the
alternative energy sources’ slow spreading in the agricultural sector.

In 2015 - 2016, almost 20% of farm enterprises in Ukraine are going to install a solar
power station with the capacity starting from 0.5 MW. It is proved by the data of the public
opinion poll performed by the Farmers’ and Private Land Owners Association of Ukraine.

Taking into account the number of farm enterprises, which made 39563 as of 1, July,
2015, and solar power stations’ prices, making about €1300 per 1 kW capacity, in the nearest
six months Ukrainian agrarians can buy 8.000 solar power plants with the total cost of
€5.2 bln, — experts say, mentioning, that only objects with the capacity of 0.5 MW are spoken
about. A solar power plant with the capacity of 0.5 — 1.5 MW will permit complete providing
of an average farm enterprise with electric energy.

The above forecast is proved by the dynamics of the energy- intensive equipment
installation for the latest year and a half. Thus, while before now, the only one efficient «farm»
solar power station with the capacity of 1.3 MW was working in Ukraine (in the village of
Ivanivka, Kirovograd region), at present, about 15 such stations with the capacities of 0.5 0 1.5
MW have appeared.

As a result of the last year rotating power cuts, numerous farm manufacturers suffered
losses. This year, a lack of coal is observed at thermal power plants, producing nearly 40% of
all the electricity in the country. Thus, as of 21, August, 2015, the coal reserves in
the Ukrainian TPP made less than 1.3 t, while the norm was 2.7 mln t. At present, five TPP are
on the brink of ruin, they are: Kryvorizka, Prydniprovska, Slov’yanska, Zmiyivska
and Kurakhovska thermal power plants. According to the data of Minenergovugillya, in
2015 the current monthly electric energy deficiency is estimated to be 250-300 mln kW a year.
It is covered due to imports from Russia.

Taking into consideration the region’s climate conditions, dimensions, installation, build-
up factor and regeneration technology simplification, the solar cell batteries structure is being
permanently improved. American physicists have developed a new technology, which provides
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raising the solar cell batteries’ efficiency by 30% (Fig. 2). The batteries’ efficiency is
approximately relevant to that of the new generators, having batteries driven by a mechanic
motor. Applying the technologies based on the Japanese art of kirigami permits not only
obtaining cheaper «green» energy, but just as well reducing the solar cell batteries’
manufacturing costs [8].

Figure 2 — Volume elements of the innovative technologies
for solar cell batteries manufacturing

However, what structure solar cell batteries may have, the basic technology of electric
energy collection in the livestock house remains unchanged (Fig. 3).

Figure 3 — An example of a typical network photoelectric system installation
in the livestock house:
A — generator; B — solar panel charging controller; C — accumulator;
D —inverter; E — contact box; F — consumer

Conclusions. Energy independence, provided to the farm enterprises owners by solar cell
batteries application, is getting closer to reality. More and more frequently solar cell batteries
are used as an autonomous, maximally independent energy source. Ecological safety of the
above energy supply decision is vivid, as energy is obtained from the renewable source, that is
the Sun. There are no limitations on the consumed energy amount. If the total energy consumed
was multiplied thirtyfold, even then it only would make 0.001% of the Sun’s energy reaching
the Earth.
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Experts are sure that in the nearest years the demand for solar power stations will remain,
particularly under the conditions of the photoelectric modules prices decline. According to the
studies of Fraunhofer Institute (ISE), since early 2012, the European modules have got cheaper
by 32% up to € 0.73 per 1W, and those of China got cheaper b 'y 27% up to € 0.58 per 1W.
Savings from payments for energy products, centralized energy consumption while using solar
cell batteries, are also very significant. Their application is an ideal decision in cases, when the
cost of the limits committed by the local heat and power authorities, is excessively high, and in
a number of cases it even exceeds the cost of the solar cell batteries installation.
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QUALITATIVE RELATIONSHIPS OF WATER MIGRATION
IN HIGHWAY EMBANKMENT CLAY SOILS BY THE RESULTS
OF LABORATORY AND FIELD RESEARCH

As a result of quantitative data analysis by laboratory and field experiments quantitative
patterns of water migration in compacted silty loam embankment, including the stabilized (or
final) clay soil moisture values, depending on their type (number plasticity), soil skeleton
density, embankment height and time «rest» of the subgrade before it’s operation are
established. The soil moisture changes graphs at what the loam was compacted from soil
skeleton density and stabilized soil moisture of already compacted loam after the subgrade
«rest» from soil skeleton density are plotting in the article. The empirical dependence of
compacted silty loams stabilized moisture for their multilayer consolidation is obtained.
Empirical dependence parameter corresponds to maximum molecular moisture capacity at
what it is advisable to do the subgrade clay soils multilayer consolidation for the ensuring their
long-term strength.

Keywords: water migration, compacted loam, soil skeleton density, plasticity number,
stabilized moisture, two-factor analysis, empirical dependence.
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KIJIBKICHI 3BAKOHOMIPHOCTI MITPAIIIl BOAU
B TOBIUI YIMIIHEHUX TJIMHUCTUX ITPYHTIB
JOPOKHIX HACHUIIIB 3A PE3YJIbTATAMMU
JJABOPATOPHHUX I HIOJBbOBUX JOCJIIIKEHD

3a pesyrbomamamu KilbKiCHO20 aHANI3Y OAHUX 1AOOPAMOPHO2O MA NOALOBO2O 00CNI0I8
YCMAHOBNEHO KINbKICHI 3AKOHOMIpHOCMI Micpayii 600u 6 mMoGWi YWINTbHEeHUX NUuLy8amux
CY2NIUHKIB OOPONCHLO2O HACUNY, 30KpeMd BeluyduH cmadinizosanoi (uu KiHyesoi) eonococmi
2NIUHUCMO20 TPYHMY 3ANEAHCHO 610 ix 6U0y (YuUcia niacmuyHoCmi), WilbHOCMI cKelema IpyHmy,
8UCOMU HACUNY MA 4acCy «BIONOYUHKY» 3eMISIHO20 NOJOMHA 00 NOYAMK)Y eKCNniyamayii.
TIlobyoosano epaghiku 3anexcnocmi 601020cmi IPYHMY, NPU AKIU CY2IUHOK YUWITbHIOBALU, IO
WinbHOCMI cKelema IPYHmMy ma cmaoinizo8aHol 601020CMi IPYHMY 8iice VYINbHEHUX CYeTUHKIB
nicisi «BIONOYUHKY» 3eMAAHO20 NOJOMHA 6i0 winibHocmi ckenema Ipynmy. Ompumano
EeMNIPUYHY 3ANIEAHCHICMb CMAbINI308aHOT 801020CMI NULYBAMUX CY2AUHKIG OJIsl IX NOUWAp08020
VWINbHEeHHs, napamemp Kompoi 6i0no6ioac 80,1020CMi MAKCUMANbHO20 BMICMY 38 A3aHO0I 600U,
3a AKOI OOYIIbHO BUKOHYBAMU NOWAPOBE VWINbHEHHS STUHUCIMUX TPYHMIG 011 3a0e3neyenHs ix
mpusanoi Miynocmi.

Knrwowuosi cnosa: micpayis 600u, ywjitbHeHull CYeIUHOK, WIIbHICMb CKelema IPYHMY,
Yucno naACmMuyHOCmi, Cmadinizo8ana 8oa02icmb, 080(AKMOPHULL  AHANI3, eMNIPU4HA
3aNeAHCHICMD.
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Introduction. For the reliable subgrade operation it’s necessary not only to achieve
maximum multilayer consolidation values of its soil skeleton density p; and soil strength, but
also to save them during normative time. On the embankment soils condition over time
significantly affects moisture, at what the compaction was done. That’s why for subgrade
erection it’s important long-term strength ensuring, i. e., when during normative operational
time the values of soil mechanical characteristics, obtained after compaction, have been saved
and excess soil’s deformation isn’t appear [1 — 3].

Review of recent sources of research and publications. It was established earlier by
authors [4, 5] that on moisture condition and, in accordance, on long-term strength parameters
of highway embankment clay soils significantly affects few factors, what it’s neccesary to
consider at its erection:

— clay soil type, i.e. its indicative data: liquid limit Wy; plastic limit W,; soil plasticity
number /,;

— soil skeleton densityp,; within compacted subgrade;

— soil moisture w, at what the compaction is conducting;

— compacted embankment height;

— the number of days, what compacted clay embankment «rests» after its erection, and
before the operation.

Now both in Ukraine and in the world at the highway embankments erection it is
normalized soil skeleton density, determined for each type of soil in the laboratory by Proctor
test or its modification. However, the problem is that domestic regulations prescribe optimal
parameters of compacted clay soil (maximum soil skeleton densityp; and optimum moisture
content W,,,), based on the obtained values of laboratory conditions for a particular soil type
and dynamic load characteristics without actual mechanisms characteristics [6 — 9].

When soil compacts due to high moisture, with a degree of saturation close to S, = 1,0,
then, of course, that the soil dries and held its sedimentation and therefore additional
deformations, when soil compacts due to low moisture, it will be difficult to do the compaction,
by the way, it’s a little probability of desired soil skeleton density achieving, even with the
modern mechanisms possibilities. Also national standards recommend for optimum clay soils
moisture content, at the compaction by roller, to take plastic limit W, but this parameter is not
related on how much unfree water the soil is actually containing.

The assertion that the current mechanisms by rolling can achieve maximum soil
skeleton density at moisture, lower than plastic limit, confirms Romanian and British experts
research [9 — 11].

Parts of the common problems that earlier unsolved. That’s why optimal compaction
criteria of highway embankment soils require improvement, wherefore authors [4] developed
and realized physical laboratory experiment for water migration in compacted heavy and light
silty loam relationships establishment, including the stabilized (or final) clay soil moisture
values wy, depending on their type (number plasticity), soil skeleton density, embankment
height and time «rest» of the subgrade before it’s operation.

Purpose of the research is to do the statistical analysis of compacted highway
embankment clay soil stabilized moisture w; from subgrade soil skeleton density p,
and plasticity number /,,.

Main material and results. The methodology of physical water migration modeling
by the highway embankment height through time changes research of clay loams moisture,
placed in plastic tubes and compacted at water saturation factor S, = 0,85 to soil skeleton
density p; = 1,50 — 1,65 g/cm3, changeable factors in what were: soil type — heavy and light
silty loam, tube height — from 0,45 to 2,85 m; time «rest» of the subgrade before
it’s operation, — from 60 — 180 days is in details described in [4, 5].
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The average results of determining the compacted clay soil stabilized moisture wy
by whole tube height, except it’s upper and lower links for each preset soil skeleton value:

pa= 1,50 g/em’;

pa=1,55 g/lem’;

pa=1,60 g/cm3;

Pa=1,65 g/cm3, — placed in Tab. 1 and Tab. 2.

In the last column of both tables the variation coefficient values of wj parameter is

presented, by what the soil can be accepted as homogeneous.

Table 1 — Average of final moisture w; of compacted heavy loam
(research soil Ne 1) by whole tube height

Preset soil Corresponding Preset soil ) . L
skeleton density void volume moisture w Flpal soil V?lr}atlon
0u, glc o’ ratio e (at S, = 0,85) moisture wy coefficient wy, v
1,50 0,786 0,250 0,203 0,071
1,55 0,729 0,231 0,190 0,068
1,60 0,675 0,214 0,176 0,063
1,65 0,624 0,198 0,167 0,065

Table 2 — Average of final moisture w; of compacted light loam
(research soil Ne 2) by whole tube height

Preset soil Corresponding Preset soil ) . o
skeleton density | void volume moisture w Final soil Variation
i, glc m’ ratio e (at S, = 0,85) moisture wy coefficient wy, v
1,50 0,786 0,250 0,162 0,072
1,55 0,729 0,231 0,143 0,070
1,60 0,675 0,214 0,130 0,072
1,65 0,624 0,198 0,114 0,068

By datum Tab. 1 and Tab. 2 the dependings graphs (Fig. 1 and Fig. 2) are drew:

— graph with domed markers curve — soil moisture w, at what both research soils were
compacted from soil skeleton density p, in highway embankment (plastic tube);

— graph with squarely markers curve — stabilized soil moisture wy of already compacted
loams after subgrade «rest» time from p,; within tube height.

Comparing by datum Tab. 1 and Tab. 2 the final average soil moisture values wy of
compacted loams after two months «rest» with initial moisture values w of this soil we can
state, that:

— final average soil moisture value wy of compacted loams compared with initial moisture
w, at what the clay soil was compacted, decreased for all soil skeleton density value p,; almost
for all tube height except it’s upper link, for what soil moisture approached to the value
wsa,What corresponds to degree of saturation S, = 1,0 by raising capillary moisture; soil
moisture in lower tube link decreased to w =0,10 — 0,12 and light silty loam moisture to
w = 0,08 due to evaporation of free water;

— final moisture value w; of compacted subgrade loams within experimental range
pa=1,50 - 1,65 g/cm3 decreases by dependence, close to logarithmic with soil skeleton value
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increasing, what explains by the fact that with p, increasing due to the fact of p, increasing film
thickness of unfree water something decreases and besides, the coefficient of permeability also

decreases, what reduces to moisture speed redistribution;
— stabilized soil moisture wy in all cases come to be less than soil plasticity number W,

and approach to its, so-called, maximum molecular moisture capacity w,,);
— moisture decreasing of initial w, at what the soil was compacted, within highway

embankment in practice causes to it’s additional settlement.

0,26

0,23 4

0’20 \

0,17 —a

Soil moisture w

0,14

0,11
1,50 1,55 1,60 1,65

Soil sleleton density p ;, g/cm3

Figure 1 — Plots relation of soil moisture w at what the heavy loam was compacted
from soil skeleton density p; (curve with domed markers),
and final average soil moisture w; of already compacted heavy loam from p;,
within tube height (curve with squarely markers)

0,26

0,23 1

0,20 1

0,17

0,14 \
0’11 | \T\.

1,50 1,55 1,60 1,65
Soil skeleton density p 4, g/cm3

Soil moisture w

Figure 2 — Plots relation of soil moisture w at what the light loam was compacted
from soil skeleton density p; (curve with domed markers),
and final average soil moisture wy of already compacted light loam from p;,
within tube height (curve with squarely markers)
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As a result of statistical processing by least squares method of research data Tab. 1
(and Fig. 1) it is found that the decreasing of stabilized moisture value wy of compacted heavy
silty loam (research soil Ne 1) depending on the soil skeleton density growth within the
experimental range p;= 1,50 — 1,65 g/cm3 it is most correctly to describe by logarithmic

function of the form
W, =a+blr{&J : 1)
Pao

where is pg =1 g/cm3;

empirical coefficient is: a = 0,358; b = - 0,384.

At this multiple correlation coefficient r and variation coefficient v values in
accordance is: r = 0,997; v = 0,008, what indicates about close relationship between the
experimental data and about the correctness of their approximation by the logarithmic
function.

A similar logarithmic dependence is obtained also for stabilized moisture value wy of
compacted light silty loam (research soil Ne 2).

Empirical coefficient of equation (1) is: a = 0,362; b = - 0,494.

At this multiple correlation coefficient r and variation coefficient v values in
accordance is: r = 0,998; v = 0,0115, what indicates about close relationship between the
experimental data and about the correctness of their approximation by the logarithmic
function.

The results of physical laboratory experiment related to quantitative patterns of water
migration in compacted silty loams embankment (clay soils type — its plastic index I,, soil
skeleton density pg, g/cm3, stabilized moisture of compacted clay soil wy) are presented in Tab.
3.

From it, in particular, clearly shows that an increase of its plasticity number /, at the same
soil skeleton density values p,, stabilized moisture of compacted clay soil wy increases.

Earlier [5] it was established, that: highway embankment height with layer by layer
compacted clay soil did not significantly affect on its moisture conditions; the «rest» time of
subgrade after 2 months did not significantly affect on the stabilized clay soil moisture value.
Therefore, it is advisable to perform two-factor statistical analysis of compacted clay soil
stabilized moisture depending on its soil skeleton density and plasticity index.

Table 3 — Stabilized moisture values of compacted heavy and light silty loams within tube
height for each preset soil skeleton density of subgrade

Preset soil skeleton density, Soil plasticity number, /,

P> glem’ 0,162 0,080

1,50 0,203 0.162

-0,95% 2,36%

1,55 0,190 0.143
-0,51% -0,86%

1,60 0,176 0,130
-0,58% -0,21%

1,65 0,167 0.114
2,35% -2,04%

Note: numerator — the experimental values of stabilized clay soil moisture wy; the denominator — the relative error
of this parameter, calculated by the expression (2)
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As a result of this statistical processing by least squares method of research data Tab. 3
the empirical dependence of compacted clay soil stabilized moisture wy from soil skeleton
density and its plasticity number is obtained

w, =a0+al(&]+a2~lp 2)
do

empirical coefficient is: ap = 0,531; a; = -0,279; a, = 0,570.

At this multiple correlation coefficient is r = 0,995, and Fisher's ratio test
F =106,326, what more than its table-valued F., = 4,89 at test significance p = 5% and the
degree of freedom vy =7 and v, = 5.

Statistical values indicates about close relationship between the research data and
therefore, about the logarithmic function (2) correctness. Stabilized moisture relative error
value, calculated by the expression (2), compared with its experimental values is also presented
in Tab. 3. They do not exceed 2,36%.

So, by the statistical processing analysis of laboratory experiment results, the empirical
dependence of compacted loams stabilized moisture for their multilayer consolidation
depending on soil skeleton density specified rate and plasticity number is obtained. This
parameter corresponds to maximum molecular moisture capacity at what it is advisable to do
the subgrade clay soils multilayer consolidation for their long-term strength ensuring.

Also two-factor statistical analysis of compacted clay soil embankment stabilized
moisture dependence from subgrade soil skeleton density and its plasticity number by the
results of five areas field research is done. As a result of this two-factor statistical analysis the
empirical dependence, similar to the expression (2), (received by the results of laboratory tests),
of compacted clay soil stabilized moisture from soil skeleton density and plasticity number,
empirical coefficients of what in this case is : ap = 0,490; a; = -0,238; a, = 0,440 is
obtained.

At this multiple correlation coefficient is r = 0,993, and Fisher's ratio test F = 76,73,
what more than its table-valued F,,s, = 19,25 at test significance p = 5% and the degree of
freedom v; =4 and v, =2 (at the experiments number n = 5). Statistical values indicates
about close relationship between the research data and therefore, about the logarithmic
function (2) correctness.

Conclusions. Consequently, multilayer consolidation of clay soil embankment it is
desirable to do by the moisture, that corresponds to maximum molecular moisture capacity,
accepted by the expression (2) depending on soil skeleton density specified rate and plasticity
number of this soil. The value of this moisture is lower than plastic limit, but present-day
compacted machines makes it possible to sufficiently increase the specific compaction energy
for the soil compaction at moisture less than plastic limit with a maximum soil skeleton density.

By the full-scale experiment it is approved the general form of obtained by laboratory
experiments silty loams stabilized moisture for their multilayer consolidation from subgrade
soil skeleton density and its plasticity number dependence.

For new optimal compaction criteria substantiation, which provide their long-term
strength new methodology of physical water migration modeling by the highway embankment
height through time changes research of clay loam moisture, placed in
plastic tubes and compacted at water saturation factor S, = 0,85 to soil skeleton density
pa=150 — 1,65 g/cm3 is developed and realized. Soil’s research results by author's
development were compared with values, obtained by officially accepted method.
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VIIK 625.7

Iasnwox /].0., 0.m.H., npoghecop

Llyp’axoe M.B., acnipanm

I'naoyn C.A., acnipanm

Hayionanonuu mpancnopmuuii ynisepcumem, m. Kuis

IHHOPIBHAHHA METOAIB I 3ACOBIB KOHTPOJIIO
YIIUIbHEHHS ITPYHTIB ITPM BY IIBHUI[TBI
SEMJISIHOT 'O ITIOJIOTHA

Ananiz cyuacnoi Hopmamueno-mexuiuHoi 6azu ceiouums, wo 8 YKpaini HuHI YUHHUMU €
mpu mMemoou BU3HAYEHHA MAKCUMANILHOI WIIbHOCMI TPYHMY 3eMJISIH020 NOJIOMHA, d came:
MemoO cmanoapmuoi winvHocmi, memoo Ilpokmopa, moougixosanuii memoo Ilpoxmopa.
Ycemanosneno, wo 6ionowenns noKasHUKA MakKCUMANbHOI WINLHOCMI, OMPUMAHO20 YUMU
Mmemooamu, 0ns enun cmanosums 1:1,02:1,06. OckinbKku nOKA3HUKU MAKCUMANbHOL WITbHOCTI
IpyHmy 3a mooughikosanum memooom IIpoxmopa nepegepuiyiomev aHANOIYHI NOKASHUKU 3d
CMaHOapmHum memooom winoHocmi Ha 6%, mo MOXMCHa 3pobumu GUCHOBOK NpO me, WO
3acmocyeants moougikosanozo memoody Ilpoxkmopa ma eumoe J[BH B.2.3-4 0o3601umb
docsemu Cymmego2o NiOBUWEHHs AKOCMI YWINbHEeHHs TPYHMI6 npu OyOi6HUYMSI 3eMAAHO20
NONOMHA.

Knrouosi cnosa: winvHicms, MAKCUMAIbHA WITLHICMb, MEMOO CIMAHOAPMHOT WINbHOCI,
memoo Ilpokmopa, moougixosarnuii memoo Ilpokmopa.

Iasnwk /].A., 0.m.H., npogheccop

llypvsakos M.B., acnupanm

I'naoyn C.A., acnupanm

Hayuonanvnuii mpancnopmusiu ynusepcumem, 2. Kues

CPABHEHHUE METOJ0B 1 CPEJACTB KOHTPOJIAA
YINIOTHEHUA I'PYHTOB ITPU CTPOUTEJIBCTBE
SEMJISIHOT 'O ITIOJIOTHA

Ananuz coepemennol HOPMAMUBHO-MEXHUYECKOU 0a3bl Cceudemenbcmeyem, uYmo 6
Vrkpaune cetivac oeticmsumenvuvt mpu memooa onpeoeneHus MAKCUMANbHOU NIOMHOCU
2pYHmMaA 3eMIAH020 NOAOMHA, A UMEHHO: MemoO CMAHOAPMHOU NIOMHOCMU, Memoo
Ilpokmopa, mooupuyuposannsiii memoo Ilpoxmopa. Ycmauosneno, umo oOmHoOUEHUE
nokaszamesus MAaKCUMANbHOU NIOMHOCMU, NOJAYYEHHO20 JSMUMU Memooamu, Oas 2HuH
cocmasnsem 1:1,02:1,06. [lockonvky nokaszamenu MAaKCUMANbHOU NIOMHOCMU 2PYHMA NO
Moougpuyuposannomy memody IIpokmopa npesocxooam aunaio2uyHvle noKaA3amenu no
CMAaHOapmHoOMy Mmemoody niomuocmu Ha 6%, Mo MOJHCHO cOelamsb 6bl80O O MOM, YMO
npumenerue moouguyuposanno2o memooa Ilpokmopa u mpedosanuii JJbH B.2.3-4 nozgoaium
00CMUYb CYUecmeeHHo20 NOBbIUEHUS Kauecmeda YNJIOMHEHUs. 2PYHMO8 NpUu CIMpoumeibcmee
3eMIAAH020 NOJIOMHA.

Knrouesvie cnoea: niomuocmv, MAKCUMANbHASL NIOMHOCHb, MemMoO CMAHOAPMHO20
yniomuenust, memoo I[Ipoxmopa, mooupuyuposanmwiii memoo Ilpokmopa.
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Gladun S., post-graduate

National Transport University, Kyiv

COMPARISON OF METHODS AND MEANS
FOR SOIL COMPRESSION CONTROL
AT SUBGRADE BUILDING

Loads on highways lately increased and considerably exceed design loads. It needs the
revision of valid norms and methods of subgrade soil compression control. Subgrade soil
compression control according to Ukrainian valid norm documents is realized by compression
factor value. This factor represents the ratio of factual skeleton solidity to its maximum solidity
under standard compression.

In Ukraine at present time there are in valid three methods of maximum density
determination: method of standard compression, Proctor method and modified Proctor method.
The last two methods are standardized in Change Nel to DSTU b B.2.1-12.2009.

When copying this change from the German standard DIN 18127:1997 there was
committing an error, which must be corrected.

There is realized the comparison of technical parameters, methods and means for
maximum soil density determination.

Standard compression device differs not only punch diameter, but that besides cylinder
with diameter 100 mm there are using two more cylinders with diameter 150 and 250 mm. For
better test soil compression for cylinders there are using punches with diameters twice
smaller. During blow soil fractions are moving in vertical and horizontal directions. It led to
more compact their siting. The presence of clearance promotes air moving off pores. The
difference is also in the using of shock-worker with the spring, that excludes the operator
influence at soil sample at blow moment.

There was realized density determination by Proctor method. Shock-worker with spring
was made, and there was realized the comparison of its work and standard compression device
work. There was established, that in Proctor shock-worker efficiency of weight fall up is not
observed, bar does not vibrate and run up. Cylinder from home device was used as test
cylinder. For measuring there was choosed the sample of clay with mass about three
kilograms. There are adduced results of tests, which were carried out.

There are obtained the results of maximum density with the help of different methods.
There are adduced tables and diagrams of dependences, using results of tests, which were
carried out. Ratio of maximum density, which is obtained with the help of standard
compression method, Proctor method and modified Proctor method for clays looks like 1:
1,02:1,06. That may supplement with data of comparative tests, which were fulfilled earlier.

Since maximum density by Proctor method top by 6% the density by standard method
then using of modified Proctor method and DBN B.2.3-4 demands it is possible to achieve
essential increasing of subgrade soil compression in Ukraine.

For road laboratory supply it is necessary to elaborate the equipment for modified
Proctor method realization. It is necessary to use standard compression SojuzdorNII device
parts, which is in every road laboratory.

Keywords: density, maximum density, standard compression method, Proctor method,
modified Proctor method.
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Beryn. PiBHICTH MOKPHUTTS Ta MIIHICTh JOPOKHBOTO OJSTY 3HAYHOIO MIPOIO 3ajiekKaTh
BiJI CTYNEHs YIIIJIBHEHHS I'PYHTY 3€MJISIHOTO TIOJIOTHA i IIapiB OCHOBU JOPOKHBOTO OJIATY MPH
OyIIBHHUIITBI aBTOMOOUIBbHOI noporu. HemoctaTHe yIIUTBHEHHS LHUX EJIEMEHTIB JOPOKHBOI
KOHCTPYKLIi MOXE€ NPU3BOAUTH /0 YTBOPEHHS KOJii, MpOCiaHb, 3MIlIEHb Ta TPIIIMH Ha
HOBEPXHI JOPOKHBOTO MMOKPUTTS.

OcTtaHHIM YyacoM Ha aBTOMOOUIBHUX JOporax YKpaiHu 3°sIBUJIOCS 6araTo TPaHCIIOPTHHX
3aco0iB, B SKUX (DaKTUYHI TapaMeTpH HaBaHTAXEHb HA JOPOKHIO KOHCTPYKIIIIO 3HAYHO
NEPEBUIIYIOTh PO3PAXYHKOBI HABaHTAXEHHSA, 10 NPUHAHATI B JAIIOYMX HOPMATHBHHX
JOKYMEHTaX.

3MiHa HaBaHTAXEHb Ha JOPOXKHIO KOHCTPYKIIIO MOTpedye MEeperisay HOPM 1 METOMIB
KOHTPOJTIO YIIUTBbHEHHS IPYHTY 3€MJISTHOTO TTOJIOTHA H IIapiB OCHOBHU JOPOXKHBOTO OZSTY.

AHani3 ocTaHHIX JKepeJ JocailkeHb i my0Jikaniil. KoHTponb yIIibHEHHS ITPYHTIB
semsisHOro TmosiotHa 3a girounMud B CPCP [1 —4] 1 wuHI B VYKpaiHl HOPMaTHBHHUMH
JTOKYMEHTaMH [5, 6] 3iHCHIOETHCS 32 BETMUNHOIO KOe(illieHTa YIIIIbHEHHS IPYHTY

K = y_(/” (1)

yu
V max

1€ 74 — haKTHYHA MIIIBHICTH CKEJNETa IPYHTY, r/em’;

Vimax — MAKCHMAJTbHA ITBHICT CKENIETA IPYHTY MPH CTAHAAPTHOMY YIIITbHEHHI, T/CM’.

[TopiBHIOBaTH (haKTHYHY MIUIBHICTH TPYHTY 3 MaKCHMAJbHOIO BIIEpIIE 3alpONOHYBaB
P. IIpoxTop y 1933 poui [7 — 9], sikuii BBaXkaB, 110 NPH YUIUIbHEHH] I'PYHTY 0 MAaKCUMaJIbHOT
HIUTBHOCTI BiH He Oyjae mpocimatu mij 4ac ekcruryaramii crmopyn. Kpurepiih mocraTHOCTI

yUIIJIbHEHHS HolArae B ToMmy, o BemuuuHa K, =~ 1. Hum Oyau pospoOneHi meTton
OIIHIOBAHHS Ta MpWJaj I Horo peamizaiii, BIIOMHA y BCbMY CBITI SK METOJ 1 Mpuiaj
IIpoxropa.

Y npyriii monoBuHi 40-X POKIB MHUHYJIOIO CTOJITTS Yy 3B’SI3Ky 3 MIABUIICHHSAM
BaHTAXOMITHOMHOCTI TpaHcmopTHUX 3aco0iB y CIIIA Oyno moaudikoBaHO METOX 1 HpuiIaj
[IpokTopa, 3a JAOMOMOTOI0 SKOTO CTBOPIOBAIM OUTBII KOPCTKI YMOBH YHIIJILHEHHS TPYHTY.
BiamoBigHO 3HAYEHHS MaKCUMAJIBHOI HIIJIBHOCTI CTaIX OLIBIIINMU.

Buxopucranns metona IlpokTopa 1 MmoaudikoBaHoro metona IIpokTopa, Hampukiag y
Himeuunni, Oyno nepenbaueHO HOPMATUBHUM JOKyMEHTOM [14], skuii OyB mepeBHIaHUH Y
2012 poui [15].

Bu3HaueHHs MakCHUMaJIbHOI IIIJIBHOCTI cKejera IpyHTy B kKonuimHbomy CPCP Ta HuHI B
VYkpaini 3xpiiicHoBamocs 3a HopMatuBamu [10, 11] 3a momomororo mpuiagy CTaHIapTHOTO
yurinbHeHHst (Meton CoroznopH/II), pospobnaenoro B CPCP HampukiHIi TPHUALSMTHX POKIB
MUHYJIOTO CTOJITTS LUISIXOM BHUAO3MIHM KOHCTpyKWii mnpuiany Ilpokropa. Ha nymky
Bb.C. PanoBcekoro: «H.H. iBanoB u M.Sl. Tenerun, pa3paboraBiive Ha OCHOBE METOJA
IIpoktopa crangapt mna CCCP (nepeuspanubii B 'OCT 22733-77), BHECHH, K COKAJICHHUIO,
U3MEHEHUE — TUaMeTp TPaMOOBKM NPHHSUIM PAaBHBIM BHYTPEHHEMY AMAMETPy CTakaHa. IToO
MOBJIEKJIO 3a €000l M3MEHEHUE CXEMbl HarpyKeHusi — oOpasel] HaxXxOIUTCS B YCIOBUSX
OJTHOPOJTHOTO HANpPSDKEHHOTO COCTOSIHMS 0€3 BO3MOXHOCTH CIBHUIOBOM aedopmaruun ¢
OOKOBBIM BBITIOPOM TpyHTa» [12].

VY 2011 poui MinperionOyn Ykpainu npuitasas 3miny Nel no JICTY b B.2.1-12 [16], y
K1 BKa3aHO: «Jlyist amanTaliii HalioHaJBHUX CTaHIAPTIB HA METOIW BUIIPOOYBAHHS IPYHTIB Y
Oy[IBHMLITBI 10 €BPONEHCHKUX CTaHAAPTIB y noxatky JK IIbOro craHmapry SK TOBiIKOBUH
MaTepian BUKJIQJCHO TOTOXKHUHN mepekinan Himerbkoro cranaapty DIN 18127:1997 [14], axuit
BCTaHOBIIOE MeTof [IpoKTOpa, 110 BHUKOPHCTOBYETHCA Ui BHU3HAYEHHS IIUIBHOCTI CyXOTO
TPYHTY MICJIsI YIIUTbHEHHS TIPU BU3HAYCHUX YMOBaX BUNMPOOYBAaHHS K (YHKIIIT BOJIOTOCTI». Y
BKa3aHil 3MiHI i1eThCsl TaKoK Mpo MoaudikoBanmii Metos [Ipokropa.

V Bkazaniit 3midi Nel HaBeeH1 BI OAHAKOBI TaOIHIII i PI3HUMHU HAa3BaMHU:
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Ta6mums 4.1 — Buznauenns uiiasHOCTI 3a [IpokTopom pp.

Po3mipu BunpoOyBaibHOTO Po3mipu Ta magarounii BAaHTax YMoBH
mtiaapa (pucyHok I'.4.1) yIIiIbHIOBava (pucyHok I'.4.2) BUIIPOOYBaHHS
IMamarountii Kinekicts KUIBKICTH
di,Mm | hj, MM | a, MM | s;, MM | popma | d, MM ]’lz*), MM| BaHT&X | yHapiB | ImapiB

m;”, xr | Ha map

100 120 >7.,5 11 A 50 450 4,5 25
150 125 >9,0 14 B 75 450 4,5 59
250 200 | >14,0| 20 C 125 600 15,0 98 3

Ed

)FpaHI/IqHI/HZ Bimxuir: = 0,004-h, a6o + 0,004 - m

Ta6muis .4.2 — Buznauenns MmoaudikoBaHoi mibHOCTI 3a [IpokTopom mod pp,

Po3mipu BunpoOyBaipHOTO Po3mipu Ta magarounii BAaHTax YMoBH
mutiagpa (pucyHok I'.4.1) yuiibHIOBava (pucyHok I'.4.2) BUIIPOOYBaHHS
IMamarountii|KinekicTe|KUIBKICTH,
di, MM | hj,mm | a, MM | 57, MM | opma | dr, Mm ]’lz*), MM| BaHTaX | y#apiB | ImapiB

m;”, xr | ma map

100 120 | =75 11 A 50 450 4,5 25
150 125 | 29,0 14 B 75 450 4,5 59
250 200 | >140] 20 C 125 600 15,0 98

*) I'pannunwmii Bigxwr: + 0,004-h; abo + 0,004-m

[Neprry Tabnuitto ciij 3aMiHUTH Ha Taky (Tadu. 1).

Tabauus 1 — Buznauenunsi mizibHocti 3a [IpokTopom pp,

Po3mipu BunpoOyBanbHOTO Po3mipu Ta nagarouunii BaHTax) YMoBH
nuiiaapa (pucynok .4.1) yiIiibHIOBaYa (pucyHok [7.4.2) BHUIPOOYBaHHS
IMagarounii | KinpkicTeKinbKicTh
di,MM | h;, MM | a, MM | s;, MM | popma | d MM ]’Lz*), MM| BaHT&X | yAapiB | IIapiB

E3
m;”, xr | ua nrap

100 120 | =75 11 A 50 300 4,5 25
150 125 | 29,0 14 B 75 450 4,5 22
250 200 |>140| 20 C 125 600 15,0 22

*) I'pannunwmii Bigxwr: + 0,004k, a6o + 0,004-m

TakuM uwHOM, B YKpaiHi Ha CBHOTOJHI UYMHHUMHU € TPU METOJIM BHU3ZHAYCHHS
MaKCUMaJIbHOI TIUIBHOCTI TPYHTY: METOJ CTaHAApTHOI MIiabHOCTI, MeTtonx IIpokrtopa,
moudikoBanmii meron [Ipokropa.

VY pob6oti [13] HaBOOATHCS PE3yJbTaTH MOPIBHSIHHS MaKCUMaJIbHOI IIUIBHOCTI TPYHTY,
OTpUMaHi 3a JOMOMOTOI NpPWIAAy CTaHAApTHOTO YIIUIbHEHHs, npunaxy I[Ipokropa i
MoaudikoBaHoro npuiany [Ipokropa. BusiBnserbes, Mo 3HaY€HHS MaKCUMaIbHOI HIIJTBHOCTI
3a MepIIMMHU JBOMa IMpuiagaMu 30iraioTbes, a mMoaudikoBanuil npuian [Ipokropa nae
pe3yabTaTH, 1Mo Ha 4 — 5% 3aBUIIEHI.
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Bujgisiennsi He po3B’si3aHMX PpaHillle YacTHH 3arajbHoi mnpodJemu. 3rajgaHa
BIZIMIHHICTh TPWJIAJy CTaHJAPTHOTO YHIUIbHEHHs Bix npwiany IIpokTopa He € €IHHOI0, TOMY
JIOTTUTHHO MpOaHaTi3yBaTH KOHCTPYKITIT MPUIaaiB OUTBII JETATBHO.

Binomi pe3ynpTaTy MOpiBHAHHS 3HaY€Hb MAaKCHMAJIbHOI IIIIBHOCTI 3acTapisli, OCKUIbKU
BOHU BITHOCATHCA 10 70-X pOKIB MHHYJOTO CTOMITTA. J[OIiIbHO BUKOHATH 1€ MOPIBHSIHHS 3
ypaxyBaHHSIM OCTAaHHIX SIK BITYM3HIHUX, TaK 1 3apyO01’KHUX CTaHAAPTIB.

Meta fociilskeHHsI — TIODIBHSHHS KOHCTPYKIIIA TIPWIANIB Il BHU3HAYCHHS
MaKUMaJbHOI IIIJIBHOCTI IPYHTY W OTpUMaHHX 3 iX BUKOPHUCTaHHAM pE3yJbTaTiB, a TaKOX
pO3po0JIeHHS pPEKOMEHMAINH IMIOA0 BIOCKOHAJICHHS KOHTPOJIIO VYIIUIBHEHHS TPYHTIB MpHU
3BeJICHHI 3eMJITHOT'O TIOJIOTHA.

OcHoBHUIT MaTepiaJi i pe3yJabTaTu AocCHigxKeHHsI. [[OpIBHIHHSA TEXHIYHUX MapamMeTpiB
3ac00iB Ta CrOCOOIB Uil BU3HAUEHHS MaKCHUMAaJbHOI IIIJBHOCTI CKeJeTa IPYHTY HaBEIECHO B
Tab. 2.

Ta6auns 2 — IlopiBHAHHSA TeXHIYHMX MapaMeTpiB 3aco0iB
i cmoco0iB 1y1si BUZHAYEHHSI MAKCUMAJILHOI IIIJILHOCTI CKeJleTa IPYHTY

Merton Mertopn [Ipokropa | MoaudikoBanuit
XapaxTepHcTHKa CTaHJIAPTHOTO [14] METOI
YIIUTbHEHHS IIpoktopa
[16] [15]

Bucora nuniaapa, Mmm 127.4 120 | 125 | 200 | 120 | 125 | 200
JiameTp mwtiHapa, cM 10 10 15 25 10 15 25
Maca rupi, Kr 2,5 25| 45| 15 | 45 45| 15
Bucora naginus rupi, cm 30 30 45 60 30 45 60
ToBimMHa WApy IPYHTY, AKUN 5.6 ) i ) ) i )
BKJIAJIA€THCS 32 OIMH pa3, CM
KinpkicTh mapiB IrpyHTY, IIT. 3 3 3 3 5 5 3
KinbkicTh yaapiB npu yuiiibHeHH1 40 25 | 22| 22 | 25 | 59 | og
1iapy IpyHTy, HIT.
CymapHa KUTBKICTh y/1apiB, IIT. 120 75 66 | 66 | 125 | 295 | 294
JliameTp mramima, MM 100 50 75 125 | 50 75 125
Po6ota Ha yirineaenss, MHM/M’ - 06 | 06|06 | 27|27 27

[Ipunan st craHmapTHOTO YHIUTBHEHHS TPYHTY (pHuC. 1) BiApi3HAETbCS Bia MpUiIamy
[IpokTopa (puc. 2) He TUIBKH AiaMETPOM IITAaMIIa, a i TUM, 1110, KpiM LuiiHApa giamerpom 100
MM, y nipuiafi [IpokTopa BUKOPUCTOBYIOTH 1€ ABa MUIIIHAPH aiamerpoM 150 ta 250 mm. s
KO)KHOTO  IMJIiHApAa BHKOPUCTOBYETHCS —INTAMIl, JiaMeTp SKOTrO0  YABI4I  MEHIIMH.
Sk 3ramyBasnocs BUIIE, II€ Ja€ 3MOTY Kpallle YIIUTBHUTH MPo0y IPYHTY, TOMY IO ITiJ] 4ac yAapy
YAaCTHHKU TPYHTY TEPEMINIyIOThCS HE JIMIIE Y BEPTHUKATHHOMY HANpsSIMKY, a TaKOX 1 B
TOPU30HTAILHOMY, IO MPHU3BOJIUTH A0 OLIBIN IMUIBHOTO iX B3aemopo3TtairyBaHHs. KpiMm Toro,
HASBHICTh 3230pY Ja€ 3MOTY Kpallle BUIATHTH MOBITPS 3 TIOP IPYHTY.

[lpy BUKOpHUCTaHHI TaKOro IITaMNa YAAapH TOBHHHI BHKOHYBATHUCh 32 CXEMOIO,
HaBEJCHOI0 Ha puc. 3. YIIUIbHEHHS Ma€ 3MiMCHIOBATHCS 3a 3 — 4 00epTH IITaMIia BCepearHi
MWTIHAPA, TPH I[bOMY IITaMI Ma€ PIBHOMIPHO 3MIIIYBaTUCh Ha TOBEPXHI IMapy IPYHTY.
VYUIUIBHIOIOYI YAapH IITaMIIOM ITOBUHHI 3[IIHCHIOBATUCS JJI1 KOXKHOTO IIapy 0e3 mepepBHu.
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Jpyroro roJoBHOIO BIAMIHHICTIO € BUKOPUCTAHHS yJIapHUKA 3 MPYKUHOIO (puC. 2, 0; 4).
Ile BuKIIOYaE BIUIMB omepaTopa Ha mpoOy IPyHTY B MOMEHT yaapy. Ilix yac ynapy BUHHKae
PEaKTHBHHUI MOMEHT, KOTPUI KOMIIEHCYE CHITY, 3 SIKOIO OTIepaTop THCHE Ha yIapHUK.

a) 0) B

Pucynok 1 — Ilpunan cTaHIapTHOIO yINIBHEHHS IPYHTY: a) HWJIIHAP; 0) ylapHUK

a) 0) -

| FREEATER) 1) S——
3 "k 1

Pucynok 3 — Cxema nocaigoBHocCTi Pucynok 4 — YaapHuk i3 npykuHolo 3a
BHKOHAHHS y1apiB HopMamu [14]
y ZOCTiTHOMY HUJTiHAPI

3a oTpuMaHUMHU JaHWUMH OyayloTh rpadik (puc. 5), Ha SIKOMY CYIIJIbHA JIHIA 3
MapKepaMu o3Hadae KpuBy [IpokTopa; cyiiibHa kpuBa 6e3 Mapkepa — KpUBY HACHYCHOCTI JIsI
100-BiICOTKOBOrO HACHYCHHS ychoro 00’emy mop (S,=1 mpu p,=2,71 r/em’ ); mTpuxoBa
JiHIS — 3aJeXHICTh IIUIBHOCTI CyXOl PEYOBHHHU BiJ| YMICTY BOAM TPH 3aJaHiid dYacTIli
HOBITPSHUX TOP (pg ipH 1, = 0,12).
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Pucynok 5 — I'pagik IIpoxTopa 1/ APiOHO3EPHUCTOrO IPYHTY
0e3 YaCTKHM 3epeH HaAIMIIKOBOI (opmu, siki Bin0MpawThCs 3 mpodu

lopuzoHTankHa BificTaHb Bi KpuBoi HacuueHocTi (S, = 1 mpu p, = 2,71 F/CM3) JI0 KpUBOL
[IpoxTopa Ha puC. 5 — 11e Mipa BMICTY TIOBITPS y KOXKHI# 3 TIpo0.

Inma kpuBa (pg; npu n, =0,12) moka3ye 3aJeKHICTh IIIIBHOCTI CyXOi PEYOBHMHU BiJ
yMICTYy BOAM TIpW 3aJaHiil dacTii mnoBiTpsHuX T1op n,=0,12. Ile 3Ha4YeHHs YacTo
3aCTOCOBYETBHCSI SIK KpPUTEpid SIKOCTI YIIUJIbHEHHA HpU 3eMIIIHUX pobotax [14]. I3 mporo
rpadika MOKHa TTOOAYUTH, IO HIUTHHICTH 3a MeToaoM [IpokTopa craHoBUTH pp, = 1,50 r/em®
npu Bojorocti wp, = 0,260.

3riIHO 3 OMKCAHOKI BUINE METOAUKOIO OyJI0 TPOBEICHO BU3HAYCHHS IIIILHOCTI 3a
meTosoM [IpokTopa Ta METOIOM CTaHJAPTHOTO YIIUTbHEHHS (puc. 6).

Pucynok 6 — IlopiBHsiHHSI p00OTH YAapHUKIB IPH BU3HAYEHHI INIJILHOCTI IPYHTY

VY pe3ynbTari MOPIBHSHHS BCTAHOBJIEHO, LI0 B YyAapHHKOBI mpuiany IIpokropa He
BIIYYBAETHCS BiJiIava MPHU IMaJIIHHI TUPI, IITaHTa HE BIOPYE 1 HE MCKAaKy€e Bropy.

SIK mochimHUM BHUKOPHUCTOBYBAJIM LWIIHIAP BiJ NPWIAaLy CTAaHAAPTHOTO YUIUIbHEHHS.
Jlns BuMiproBanb Oyno BifmiOpaHo mpoOy TmHH, Macor Onu3bko 3 kr. [IpoOy momepenHbo
MPOCYIIMIM Ta JOBEIH 10 BoJorocTi 8%. Ilpormec mpoBeneHHs BUMIPIOBaHHS HaBEICHO
Ha puc. 7.

[Ticns KOXHOTO BUMIPIOBaHHS YIIUTBHEHHWH 3pa30K 3BXKYBAJIM Ta 3aHOCUJIM JaHl J0

BignmoBigHOi Tabmumi. IloTriM roryBamace HoOBa mpoba 3 BojoOricTio, Oinmpmior0 Ha 2%.
BunpoOyBanHs moBToproBanucs. Pe3yabTaTi 0CHIKEHb HaBeIeH1 y Ta0auIsax 3 — 5.
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Pucynox 7 — Ilponec BU3HaAYeHHs IIJILHOCTI 32 MeToa0M [IpokTOopa

Taoauus 3 — Busnauenns BoJsorocri

Bosoricts y 3pazkax

ITokazHuku
1 2 3 4
Maca Bosioroi mpo6u 3 KOHTEHHEPOM, T 55 56 66 74
Maca cyxoi npoOu 3 KOHTEeHHEPOM, T 52 52,2 60,5 66
Maca koHTeiiHepa, r 14 14 14 14
Maca Boau B opax, r 3 3,8 5,5 8
Maca cyxoi npobu, T 38 38,2 46,5 52
BosoricTts, r/em’ 0,08 0,10 0,12 0,15
Tab6auus 4 — BusHauyeHHs WIBHOCTI IPYHTY
MoKasHuK Bounoricts y 3pa3kax
1 2 3 4
Maca Bojororo 3paska i3 HAIIHAPOM, T 4693 4843 4949 4942
Maca numnisgpa, 2862 2862 2862 2862
Maca BoJyiororo 3paska, I 1831 1981 2087 2080
006’ em muTiHIpA, oM’ 1000 1000 1000 1000
[{i1bHICTH BOJIOTOTO TPYHTY, rlem® 1,831 1,981 2,087 2,080
Tabauus 5 — BusHauyeHHs IVIBHOCTI CyXOro IPYHTY
MoKasHIKIL Bororicts y 3pazkax
1 2 3 4
Maca Bojororo 3paska i3 HAJIIHAPOM, T 1,697 1,802 1,866 1,803

3a manumu Tabi. 5 Oyno moOymoBaHo rpadik, 300pakeHHi Ha puc. 8.
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Pucynok 8 — BuznaveHnnsi minibHOCTI IpyHTY 32 MeToaoM IIpokTopa
(KpuBa 3 KPYIJIMMH MapKepaMH — IIUIbHICTh TPYHTY;
KpHUBa 3 KBaJIpaTHUMH Mapkepamu — S, = 1 nipu p; = 2,71 r/em’;
KpHBa 3 TPUKYTHUMH Mapkepamu — p, ipu n, = 0,12)

Ha 1ipoMy rpadiky Takox HaBeICHO KPHBY HacHueHoCTi (Sr= 1 mpu p, = 2,75 r/em’) s
100-BiZCOTKOBOTO HACHUYEHHS BChOrO 00’eMy mop Ta KpuBy pg npu n,=0,12, ska
MOKa3y€e 3aJeKHICTh IMUIBHOCTI CyXOi PEYOBHHHU BiJl YMICTY BOJIM TpPH 3aJaHii dYacTIl
TMOBITPAHUX TIOP 1 = 0,12. YV 1bOMy BHIAAKY HIinbHICTH 3a IIpokTOpOM pp, = 1,866 r/eM’ mpu

BosorocTti wp, = 0,120 r/em’.

Jlis mopiBHSHHS pPe3yNbTaTiB BHUMipioBaHb 3a Hopmamu [11, 14] Oymo moOymoBaHO

rpadik, 300pakeHuit Ha puc. 9.
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Pucynok 9 — I'padik nopiBHAHHS HIIILHOCTI IPYHTY,
OTPHMAHOI Pi3HUMH MeTOJaAMH

(KkpuBa 3 KpyriuMu MapkepaMu — metof [Ipokropa;
KpHUBa 3 pOMOIYHUMH MapKepaMH — METOJ] CTaHAaPTHOTO YIIIJIbHEHH)

Sk BuaHO i3 rpadika, minbHicTH 3a MeTomoMm IIpokTopa ckiama pp, = 1,866 r/em’ mpu
BoJjorocti wp, = 0,120 F/CM3, a NMIUIbHICTh, OTPUMaHa 32 METOJOM CTaHJIAPTHOTO YIIUTHbHEHHS,
— 1,834 /M’ npu Tidk camiit Bomorocti. Pizaums ckinanae 0,032 r/em’, a60 61H3BK0 2%.
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OcCKiTbKM MaKCHUMajlbHa IMUIBHICTH TPYHTY MEHIA 32 METOJUKOI CTaHJIapTHOTO
YIIUTBHEHHS, TO OTPUMAaeMO Oibllle 3HaYeHHS Koe(dilieHTa yIIUIbHEHHS, HDK 3a METOJOM
[IpoxTopa (Tabm. 6). Ile o3Hauae, 1110, BAKOPUCTOBYIOUM Ha TpakTuill Mmetos [IpokTopa, MokHa
JOCSATTH KPAIOro YITUIbHEHHS IPYHTIB.

Tabauus 6 — [MopiBHsAHHS 3HAYeHb KoedillieHTa yIiIbHEeHHS

daKTHYHA WITBHICTE, I/cM’  |MaKcHManbHa miTbHiCT, r/cM|  KoedimieHT yutinsHem s
1,8 1,834 0,98
1,8 1,866 0,96

Ha nacrymuomy etami Oynu TpoBeACHI MOPIBHSHHS MaKCHMAaJbHOI MIUTBHOCTI 3a
metogoMm CorozmopH/II 3rimHo 3 Hopmamu [11] Ta 3a momudikoBanmm meroaom IIpoktopa
3T11HO 3 HOpMamu [15] (Tabmn. 7).

Tabanuns 7 — [Tapamerpu BunpodyBanb moaugikosanum Meroaom Ilpokropa [15]

Po3mipu naziarodoi rupi npucTporo YMoBH

Posmipu uniszpa (puc. 1) TSl yIITBHEHHS (puc. 2) BHUIPOOYBaHHS

IMagarounii| Kinbkicts | KinpkicTs
* . .
di,MMm | hy, MM | a, MM | s;, MM | bopma | d>, MM | hy , MM | BaHTaX yaapiB mapiB
S
mj , KT Ha 11ap

100 120 | =75 11 A 50 300 4,5 25 5
150 125 | 29,0 14 B 75 450 4,5 59 5
250 200 | >140] 20 C 125 600 15,0 98 3

i I'pannune Biaxunenus: + 0,004-h; a6o + 0,004-m

Sk chigye 3 Tabn. 7, monudikoBanuii Metos [IpokTopa XapakTepU3YEThCS MOCUICHUM
HaBaHTAXXCHHSM IPYHTY Ta 30UIBIICHHSAM KIIBKOCTI IApiB 1 yaapis.
[Ipornec mpoBeneHHs BUIpOOyBaHb HaBeneHO Ha puc. 10.

Pucynok 10 — IIpouec Bu3HaYeHHsI miibHOCTI MoaudikoBanum MeToaom Ilpokropa
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PesynpTaTy BUMiproBaHb HaBeeHO y Tabauisax 8 — 10.

Taoauusa 8§ — BusHaueHHs BOJIOTOCTI

3 CP— Bosoricts y 3pa3kax
1 2 3 4 5
Maca BoJsioroi npoOu i3 KOHTEIfHEpOM, T 69 64 79 79 67
Maca cyxoi mpoOu 3 KOHTEHHEPOM, T 66 60 72 71 59
Maca koHTelHepa, T 14 14 14 14 14
Maca Boau B niopax, r 3 4 7 8 8
Maca cyxoi npobu, r 52 46 58 57 45
BosoricTts, r/em’ 0,06 0,09 0,12 0,14 0,18
Tabnaunsa 9 — BusHauyeHHS IJILHOCTI IPYHTY
MoKasHIKI Bounoricts y 3pa3kax
1 2 3 4 5
Maca BoJiororo 3paska i3 IIHAPOM, T 4641 | 4886 | 5040 | 4955 | 4951
Maca numnisgpa, 2862 2862 2862 2862 2862
Maca BoJyiororo 3paska, I 1779 2024 2178 2093 2089
006’ em muTiHIpA, oM’ 1000 1000 1000 1000 1000
HIinbHICTH BOJIOTOTO TPYHTY, /e’ 1,779 | 2,024 | 2,178 | 2,093 | 2,089
Taoauus 10 — BuzHayeHHs IIJIBHOCTI CyX0ro IPyHTY
MoKasHIKI Bounoricts y 3pa3kax
1 2 3 4 5
Maca Bojororo 3paska i3 HAJIIHAPOM, T 1,682 | 1,862 | 1,943 | 1,835 | 1,774

3a nanumu Tabnui Oyno nmoOynosano rpadik (puc. 11).
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Pucynok 11 — BuzHaueHHs1 HIiJILHOCTI IPYHTY 3a MoaudikoBaHum MeToaom IIpokTopa

(KpuBa 3 KpYTJIMMH MapKepamMH — HIUTBHICTh IPYHTY;

KpHBa 3 KBaJApaTHUMU MapkepaMu — S, = | npu p, = 2,71 F/CM3;

KpHUBa 3 TPMKYTHUMHU MapKepaMu — py pu n, = 0,12)
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Takox Ha rpadiky HaBegeHo KpuBy HacumueHocti Sr=1 npu p,=2,75 rt/em’
st 100-BiICOTKOBOTO HACHYEHHS BChOIO 00’ €My MOp Ta KpuBY pg; npu n,=0,12, mo
MOKa3y€e 3aJeKHICTh IIUIBHOCTI CyXOi PEYOBHHHU BiJ| YMICTY BOJIM TPH 3aJaHii dYacTIl
HOBITPsHUX TOp 1, = 0,12. MakcumanbHa IUTBHICTH 32 MoaudikoBaHMM MeTojoM [IpokTopa
ckiana pp, = 1,943 r/em’ npu Bosiorocti we, = 0,120 r/em’.

Jlns TOpiBHAHHS pe3yJbTaTiB BHMIpIOBaHb Oyino mnoOynoBaHo Trpadik, Ha SKOMY
300pakeHO JaHi BU3HAYECHHS IIUILHOCTI oOoMma criocobamu (puc. 12).
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Pucynok 12 — I[lopiBHsSIHHS pe3yJIbTATiB, OTPUMAHMUX Pi3HUMH MeTOIaAMH
(KpuBa 3 KpyTrauMH Mapkepamu — MojudikoBanuii metox [Ipokropa;
KpHBa 3 POMOIYHUMH MapKepaMU — METO/] CTAaHAAPTHOTO YIIUIbHCHHS)

MakcumanbHa MIIIBHICT, OTPUMaHa 3a MeToxoM HopM [11], ckmana pp, = 1,834 r/em’.

Pi3nuns cyrreBa i craHoBUTS 0,

109 r/em’.

OCKUIbKM MaKCHMajbHa HIUTHHICTh MEHINA, 332 BITYM3HSIHOIO METOJIHUKOI OTPUMAEMO
OinpIe 3HAUYEHHS KoedillieHTa YIIIIbHEHHS, HIX BUKOPHUCTOBYIOUM MOAM(DIKOBAHUN METO[

[TpoxTopa (Tabm. 11).

Taoauus 11 — [opiBHAHHSA 3HaYeHb KoedillieHTIB yIIIbHEHHS

daxTUYHA MIIBHICTE, r/em’

MaxkcuMaibHa HIBHICTE, I/CM |

KoeditieHnT yminpHeHHS

1,8

1,834

0,98

1,8

1,943

0,93

PizHuns B 3HaueHHSX KoedilieHTa ymriibHeHHs 3 Tabn. 11 cranoButs 0,05, TOOTO,
BUKOPHUCTOBYIOUH MOAM(IKOBaHUH MeToj [IpokTopa, MOXHA JOCITTH KPAIIoro YIliTbHCHHS

IPYHTY 3€MJIIHOTO IIOJIOTHA.

3HaveHHs KOe(IIIEHTIB YITIJIbHEHHS 32 TpPbOMa METOIaMH HaBeACHO B TaOuIli 12.

Taoauus 12 — IopiBHsAiHHA KoedilieHTIB yuliIbHEHHS

Merona BunpoOyBaHHS MakcumanbHa Ky, ipu pakTruHiii
[UILHICTB, r/em’ muisHOCTI 1,80 r/em’
Meroa cTaHIapTHOTO YIIITLHEHHS 1,83 0,98
Merop IIpokropa 1,86 0,97
MopaudikoBanuii metox [IpokTopa 1,94 0,92
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BucHoBku:

1.B VYkpaini [il0Th TpU METOAM BHU3HAYCHHS MAKCHMAaJbHOI ILIUIBHOCTI TPYHTY:
METOJ CTaHgapTHOi mliapHOCTI, Meton IIpokTtopa Ta MoamdikoBanuit meton IIpoktopa.
Ocranni aBa Metoau crangaptuzoBani B 3mini Ne 1 [16] mo HopmaruBHOTrO noKymenta [11].
[Tpu xomitoBaHHI TEKCTY Ii€l 3MiHU 3 HIMEILKOTO CTaHAapTy [14] Oyna gomyiieHa HETOYHICTb,
SIKY CIIiJ] BUTIPABHUTH.

2. lIpunan craHmapTHOTO YUIIJILHEHHS BiAPI3HAETHCS Bix mpuiany [IpokTtopa Tum, mo B
npunani Ilpokrtopa, kpimM 1mwiinapa niamerpoM 100 MM, BUKOPHUCTOBYIOThH II€ M HMIIHAPU
niamerpom 150 ta 250 mMm. Kpim mporo, B mpunami [IpokTopa BUKOPHUCTOBYIOTH yIapHUK 3
MPYKUHOIO, [0 BUKIIIOYAE BILIMB OTepaTopa Ha MpoOy IPYHTY B MOMEHT yapy.

3. BigHOomeHHs MakCMMajabHOI NIJIBHOCTI, OTPUMaHOI 3a JIOMOMOTOK  METOIY
CTaHJApTHOTO yuIiibHeHHs, MeToay IIpokTopa 1 MmogudikoBanoro merony [Ipokropa, 1is riuH
ctanoBuTh 1:1,02:1,06, 10 1O0MOBHIOE J1aH1 TOPIBHAILHUX BUIIPOOYBaHb 3 podotu [13].

4. OCKiIbKM MakCHUMajbHa IIUIBHICTE 3a Moau(ikoBaHMM MeronoMm IIpokropa
nepeBepllye HIUIbHICTh, OTPUMaHy 3a CTaHAAPTHUM METOJIOM, Ha 6%, TO JOCATTH CYTTEBOTO
HiABHUILIEHHS SKOCTI YIIUIPHEHHS IPYHTIB 3€MJIIHOTO MOJIOTHA MOJKHA 3aBJSKHA BUKOPHCTAHHIO
came moaudikoBaHoro metony [Ipokropa Ta BUMOT HOpM [5].

5. Jlo1iibHO BUKOHATH MEPEOCHAIIEHHS MPUIIAJIiB CTAaHAAPTHOTO YIIIJIbHEHHS, 1110 HasBHI
B JIOPOKHIX JTabopaTopisix, BIAMOBIAHO 10 BUMOT MoaudikoBaHOTo MeTony IIpokTopa.
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V]IK 625.7/.8

Iasnwox /].0., 0.m.H., npoghecop
Ulynax I.C., acnipanm
Hayionanvnuii mpancnopmmuuii ynisepcumem, m. Kuis

CITOCIB OL[IHIOBAHHS KOJIIECTIAKOCTI
JTOPOKHIX KOHCTPYKIIA

Poszensanymo cnocib oyinrosanns KoAECMIUKOCMI HENCOPCMKUX OOPONCHIX 005218, W0
NONA2AE 8 AHANI3I PO3MIPI6 I hopMu YHKU, SIKA YMEOPIOEMbCSL NPU NOBMOPHOMY OUHAMIYHOMY
HABAHMANCEHHI NOBEPXHI OOPOA’CHLO2O NOKpUMMS CHepudHuUM WMamMnom 6e3nocepeonsbo 8
NOJLOBUX YMOBAX. 3a pe3yIbmamami. eKCnePUMEeHMAalbHUX 00CII0HCEeHb HA OOCNIOHUX OLIAHKAX
BUSIBNIEHO 3ANEHCHOCMI (hopmu U eTUOUHU TYHKU 610 muny acgarbmobemony i memnepamypu
noeepxHi nokpumms. Bcmanoeneno, wo KoaiecmiuKicms OOPONXCHIX 00512168 GUHAUAEMbCS He
MinbKU 2AUOUHOIO JYHKU RNICAS GUKOHAHHSA cepii yoapis, a U 30amHICII0 OOPONCHIX 005218
gioHogII08AMU  (YOPMY NOGEPXHI NOKpumms nicis 3aKinuyeHHs eunpooysams. IlopisHsano
pe3yibmamu 8UnpoOy8aHs 3 (HaKMudHUM CMAHOM OLIAHOK 3a IX KOMIUHICMIO, WO 0a€E 3MO2y
3podouUmU  NPUNYWEHHs NpPOo MOICTUGICMb 3ACMOCY8AHHA 3ANPONOHOBAHO20 CNOCOOY Ol
OYIHIOBAHHSL KOJNIECMIUKOCMI OOPOICHLO20 NOKPUMMSA MA NPOSHO3YEBAHHS MONCIUBOCII il
BUHUKHEHHA 8 npoyeci nodanbuioi ekcniyamayii 0opoeu, 30Kpema npu npoOHOMY GKIAOAHHI
acarbvmobemony na cmaodii 1aUMYBAHHI OOPOHCHBO2O 00S2Y.

Knrwouosi crosa: nexcopcmkutl 00podxcHil 0052, MPAHCNOPMHE HABAHMANCEHHS, 2IUOUHA
JIYHKU, cepis yoapis, nazepHutl npoginoepag.

Ilasniok /[ A., 0.m.1., npogheccop
Hlynax U.C., achupanm
Hayuonanvnuiii mpancnopmmuiii ynueepcumem, 2. Kueg

CIIOCOBb OHEHKHA KOJIEECTOI?‘!KOCTI/I
JOPOKHBIX KOHCTPYKIIUU

Paccmompen  cnocob  oyenxu Koneecmouxocmu  HeMICeCmKUX OOPONCHBIX  00eHCO,
3AKIIOUAIOWULICS 8 AHATIU3E PA3MEPO8 U (POpMbL IYHKU, KOMOPas o6pazyemcsi npu nO8MOPHOM
OUHAMUYECKOM HASPYHCEHUU NOBEPXHOCTU OOPONCHO20 NOKPLIMUS CheputecKum wmamnom
HEeNnocpeoCmeeHHO 8  NONeGblX  YCl08usx. 3a  pesyibmamamu  IKCHePUMEHMATbHbIX
UCCIe008aHULl HA ONBIMHBIX YUACMKAX BbIAGNIEHbl 3A8UCUMOCTU OPMbL U 21YOUHBL IYHKU OM
muna acgarbmobemona u memnepamypvbl NOBEPXHOCMU NOKPbIMUs. YCMAanosieHo, 4mo
K0J1eeCmouUKoCmb  OOPOACHBIX 00edHCO ONpedessiemcs He MONbKO 2AYOUHOU JVHKU Nocie
BbINOJIHEHUSL cepuu YOapos, HO U CHOCOOHOCMBIO OOPOACHBIX 00€HCO BOCCMAHABIUBAMb (POPMY
NOBEPXHOCMU NOKPbIMUSA NOCTe OKonYanus ucnvimanui. Cpagneno pe3ynrbmamsi UCNbIMAHUL C
Gakmuyeckum COCMOAHUEM YY4ACMKO8 N0 UX KOJEUHOCMU, YMmO NO380sAem CcOelams
APeononodcenue 0 BO3MONCHOCMU NPUMEHEHUS NPEeONONCEeHHO20 Cnocoba Oas OYeHKU
KOJIeeCmoUKocmu  O0OPOA’CHO20 — NOKPbIMUSL U NPOSHOZUPOBAHUSL  BO3MOICHOCMU €€
B03HUKHOBEHUS 8 Npoyecce Nociedyrowell IKCniLyamayuy 0opou, 8 4acmHoCmu npu npooHOM
VKIa0bl8aHUU AChanbmobemona Ha cmaouu YCmpoucmea 00POHCHOU 00eHCObL

Knrouegwle cnosa: nesxcecmrkas 00podcHAsi 00excoq, MpancnOpmMHas HAzpy3Ka, eiyouna
JIYHKU, cepust yOapos, azepHulil npogunozpad.
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ASSESSMENT METHOD OF RESISTANCE
TO RUTTING OF ROAD CONSTRUCTION

Known methods for evaluating resistance to asphalt rutting using laboratory facilities do
not reflect the real stress-strain state road construction, as well as characteristics of the load
does not correspond to the real conditions of road. Also investigated only a layer of asphalt
pavement, which put on a metal base in a form that limits lateral deformation of the sample. In
the real world track can be formed by deformation of bases or soil subgrade.

In the article refers to the method of assessment of resistance to rutting flexible
pavements, based on analysis of the size and shape of the hole formed during repeated dynamic
load spherical surface coating stamped directly on the road in the field.

In contrast to the known analogues way to simulate the long-term effect of transport
loads on pavements in a short period of time.

Repeated stress created by the dynamic settings with falling load, such as using a unit
measuring the strength of «Universal road measuring equipment» «URME-NTU», equipped
with spherical stamp.

Installation of automated control system equipped with measurement processes allows
you to perform a series of strikes any number of different intervals. This allows you to more
fully recreate real mode of deformation of road structures exposed to traffic.

The size and shape of the hole recorded laser scanner, which consists of a beam on two
supports and measuring carriage with a set of required sensors. The main working part of the
device is a laser sensor mounted inside the measuring carriage.

The device scans and automatic recording marks in the surface coatings file. Thus, unlike
the known analogues, the frequency of recording marks much more surface coverage (through
~ I cm).

Testing method on test plots can detect shape and depth depending on the type of hole
and the surface temperature of asphalt covering. Revealed the possibility of establishing such
Jorm the rutting hole.

Found that resistance to rutting pavements determined not only by the depth of the hole
after a series of blows, but their ability to recover form the coating surface after its completion.

Comparison of test results with the actual condition of areas on rut allows you to make
assumptions about the applicability of the proposed method for assessing resistance to rutting
coatings and forecasting capabilities of its occurrence in the future period of operation of the
road. It is advisable to use the method as a component of research at trial investing asphalt.

Keywords: flexible pavement, traffic load, depth of wells, a series of shocks, laser

profilograph.
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Beryn. OcraHHIM 4YacoM y pe3ynbTaTi MOCTIMHOTO 3pOCTaHHS IHTEHCHBHOCTI pyXy 1
30UTBIIICHHS B CKJIAJ[I TPAHCIIOPTHOTO MOTOKY KIIBKOCTI BETMKOBArOBUX TPAHCIIOPTHUX 3aC00iB
npoOjemMa KOJIHHOCTI Ha aBTOMOOUIRHUX JOoporax YKpaiHu HaOysa 3arpo3jUBOTO XapakTepy

(puc. 1).

Pucynok 1 — 3aanmkoBi niiactuuni negopmaitii y BUriasiai KoJiii
Ha aBTOMOOIJIbHUX J0oporax Ykpainu: a — M-19; 6 — P-32

[TopymienHs momepeyHoi piBHOCTI acaibTOOETOHHOTO MOKPUTTSA Yy (opmi yTBOpEHHS
KOJIii CTBOpIOE HEOE3MEeuHi YMOBH JUI PyXy AaBTOMOOITIB: MiABHUIIYETHCS PH3UK BTPATH
YVOpaBIiHHSA aBTOMOOIIEM TMiJ dYac 3AIMCHEHHsS MaHEBpIB; 3acTiii BOAM B KOJII MOXeE
NPU3BOJUTU JIO aKBAIJIAHYBaHHS KOJIC aBTOMOOUIA 1, SK HACTiJOK, A0 BTPATH YIpPaBIiHHSI
aBTOMOOUIEM; Yy 3WMOBHUH Tiepiong € HeOesnmeka 3aMep3aHHS BOAM B KOJIi, a TaKOX
YCKJIQIHIOEThCS €()eKTUBHE BUJAICHHS 3 KOJIl CHIKHO-ITBOJOBUX BIAKJIAIEHB, 10 30UIBIIYyE
3UMOBY KOB3KICTh Y CMY31 Hakary Ta iH. [1].

AHaJIi3 0CTaHHIX JKepesa Joc/iaxkenb i myosikaniid. HaliGinbme mianaoTbes BILTUBY
BEJIMKOBAroBUX TPAHCTIOPTHUX 3ac001B BEpXHI mapu achaibToOETOHHOTO TOKPUTTS [2, 3].

Y Ham Yac iCHye BeJHMKa KUIBKICTh METOJMIB OIIIHIOBAaHHS  KOJIECTIHKOCTI
ac(hanbTOOCTOHHMX TIOKPHUTTIB, SKI yYMOBHO MOXHA TOJIJUTH HA Bl OCHOBHI TPYIH:
1abopaTopHi Ta MOJIHOBI.

3a KOPJAOHOM CTIMKICTh ac(anbTOOETOHIB 10 KOJIEYTBOPEHHS B JJAOOPAaTOPHUX YMOBAaxX B
OCHOBHOMY OI[IHIOIOTh 3a JIOIIOMOTOI0 METO/IB, IO MOJENIOIOTh KOJICHE HaBaHTaKEHHS:
METOJ 13 3aCTOCYBAaHHSIM YCTaHOBKHM mpuckopeHoro HaBaHTaxeHHs (FHWA Accelerated
Loading Facility — ALF); MeTo1 3 BUKOpPUCTaHHAM (PAHIYy3bKOTO MPHIIAAY sl BAIPOOYBaHHS
nokputTiB Ha koiieyrBopeHHs (French Pavement Rutting Tester — FPRT); merox i3
3aCTOCYBaHHSIM BHUIPOOYBAJIBHOI YCTAHOBKM HABAaHTAKEHHS KoJiecoM mmTaty JKopmxis
(Georgia Loaded Wheel Tester — GLWT); meTon 3 BUKOPUCTaHHSIM HIMEIBKOTO MPHUCTPOIO
kosieyrBopeHHs: (Hamburg Wheel Tracking Device — HWTD) ta inme [4 — 8].

3ramaHi METOIM TepeadayaroTh BUMIPIOBAHHS KOJIii B acanbTOOETOHHOMY 3pa3Ky MicCis
MEBHOT KITBKOCTI IPOXO/IiB KoJieca 3 MeBHUM HaBaHTaXKEHHSM. BiIMIHHOCTI MOJSATAOTh caMe B
TUIIl KoJieca, 4epe3 sIKe IMepelaeThCsl HaBaHTaXeHHs Ha 3pa3zok [9]. Tak, y ¢paHiy3pkomy
npunafi [6, 7] e mHeBMaTHUYHE KOJIECO, a B aMepPUKaHChKOMY [8] — MeTanese.

MoskHa TpPUITYCTUTH, IO PpEe3yNbTaTH KOJNIEYTBOPEHHS, OTpHMaHi 3a JOMOMOIOIO
MTHEBMATUYHOTO KOJieca, € OUTBII JOCTOBIPHUMH, OCKUTBKH OITBIIOI0 MipOI0 BigoOpakaroTh
BILJIMB KOJIeca aBTOMOO1JI Ha TIOKPUTTSI aBTOMOOUIBHOT 1oporu [9].

OctaHHIM YacoM Mo/1i0H1 YCTaHOBKHU MIMPOKO BUKOPUCTOBYIOThCA 1 B kpaiHax CH/I. Tak,
y Pocii po3po6iieHo ycTaHOBKY 11 BUIIPOOYBaHHS acaibTOOETOHY Ha KOJie€yTBOpeHHs «Y K-
1» 3 mueBMaTuuanM kojiecoM [10]. B Ykpaini npoBoaats BunpoOyBaHHs achambToOETOHY Ha
CTIAKICTh 10 HAKONMUYCHHS 3aJUIIKOBUX Jedopmalliii 3 BUKOPUCTAHHSIM YCTAaHOBKH, 110 MA€
porymMoBaHe abo HemporyMmoBaHe ctanese kojeco [11 — 13].
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Bujgisiennsi He po3B’si3aHUX paHille 4YacTHH 3arajbHoOi nmpo6Jemu. Hackinpku 0
7a0opaTOpHi YCTaHOBKM He Oynu HaOmWKeHI 1O eKCIUTyaTaliiHuX YMOB poOoTH
ac(hanbTOOCTOHY, BOHM HE B 3MO31 BiOOpa3sUTH peajbHUN HaNpyKEeHO-AehOPMOBAHHUI CTaH
JOPOXHIX KOHCTPYKI[if, TOMYy IO 4ac, MIBHUIKICTh 1 KUIBKICTh MPHUKIAACHb PO3PAXYHKOBOTO
HABaHTAKCHHsI HE BIJINOBINAIOTh (PAKTUYHUM yMOBaM poOOTH aBTOMOOUIBHOI goporu [14].
[MuTaHHs OLIHIOBaHHS KOJIECTIMKOCTI HEXOPCTKUX IOPOXKHIX OMSTIB 3 achaibTOOCTOHHUM
MOKPUTTSM y PEAIbHMX YMOBaX Ha KOHKPETHUX AUITHKAX aBTOMOOUIBHUX JOPIT Ha e 4ac
3aJMIIAETHCSA HE BUPIIICHUM.

Merta fgocJiazKeHHs TIOJSTae B TOMY, 1O JUIs MONEepeKeHHS] BAHUKHEHHS KOJIIMHOCT1 Ha
aBTOMOOUIBHHMX JIOpOrax HEOOXiJHO pO3pOOMTH CrOCiO OLIHIOBAHHS CXWJIBHOCTI pEaIbHHUX
JIOPOXKHIX OJISATIB 0 HAKOTTMYCHHS 3aJTUIITKOBUX TUIACTUYHUX AchOopMaIriii.

3 MeToI0 peainisallii MocTaBIeHOI METH MOTPIOHO PO3POOUTH MPUCTPI, SIKUM TO3BOJIUTH
y MOJIbOBUX YMOBaX CTBOPUTH HABAaHTAKEHHS Ha JOPOKHIM OJAT, a MOTIM OLIIHUTH BEIUYUHY
Ta XapakTep IIACTHYHUX JedopMalliii TOKPUTTS, 1110 BUHUKAIOTH IiJ] IIMM HAaBAaHTAKCHHSIM.

OcHoBHUIT MaTepiajg i pe3yiabTatH AociaimkeHHs. [IpobmeMy cTBOpeHHsS HaBaHTa-
JKEHHS MOYKHA PO3B’S3aTH IUISIXOM YJIABIIOBAHHS B MTOKPHUTTS KOPCTKOTO METAJIEBOTO IITAMIIA.
[ToxiO6HMI crocid HAOYB IMIMPOKOTO PO3MOBCIOPKCHHS B TPOIIECI OLIHIOBAHHS PEOJIOTIYHUX
BJIACTUBOCTEH MUTHX achanbTOOCTOHHUX cyMimieil. OCHOBHUM MOKAa3HUKOM, IO XapaKTepU3ye
CTIAKICTh JUTOr0 acdaabTOOETOHY 10 HAKONMMYEHHS IUIACTUYHUX AedopMalliii, € riamouHa
B/IABIIOBAHHS IIOCKOTO INTAMIA LHTIHAPHYHOi GopMu miomero 5,0 cM” Iy Temreparypi +
40°C. BuszHaueHHs IbOTO MOKa3HUKA 3IHCHIOETHCS B JITAOOPATOPHUX YMOBAX 3 BUKOPHCTAHHIM
creniajJbHOro JabopaTOpHOTO  ycTaTKyBaHHA [15] nuigsxoM  BHIPOOYBaHHS — 3pa3KiB
KyOomoi6H01 hopmu posmipom 7,07x7,07x7,07 cm. MeToauka mpoBeeHHS IMX BUMPOOYBaHb
y eBporneiceknx kpainax (EN 12697-20:2012 [16]) ta B Pocii (TOCT P54400-2011 [17])
(aKTUYHO HIYUM HE BIJIPI3HIETHCS.

Bimomi pmocmimkeHHS 3 YAABIIOBAaHHS B KOHCTPYKTHBHI MIApH JOPOXKHIX OJSTiIB
c(hepruyHUX MITAMITIB TiJ] TI€F0 CTATHYHOTO HABAaHTAXKEHHS B TIOJIbOBHX yMoBax [18 — 20].

[Moni6Hi BuUnpoOyBaHHA NOCUTH TPYAOMICTKi, MOTpeOylOTh 3HAYHUX 3arpaTr 4Yacy Ta
BUKOPHUCTAaHHA JiKepena HaBaHTaxeHHs. Kpim Toro, BuUmpoOyBanbHE OO0JIaJHAHHS JIOCHUTH
Baxkke Ta rpomizake. Ille OmHUM CYTTEBUM HENONIKOM CTaTHYHUX BHUIPOOYBaHb €
HEMOXJIMBICTh CTBOPCHHS ITUKIIIYHOTO HABAaHTAKEHHS HA IOPOXKHIN OJISIT, IKE HANOUIBIII TTOBHO
IMITY€E JIII0 PyXOMOT'O TPAHCIIOPTY.

Tomy IOIIIPHO BUKOPUCTOBYBATH ISl ITUX IUICH MWHAMIYHI YCTAaHOBKH 3 MaJal04urM
BaHTakeM [21], ski mo30aBneHi BUIE3rafaHuX HeMoIikiB. Cepell BITYU3HSIHOTO OOJIaTHAHHS
IIOTO THUIY ICHYE MOXJIMBICTh 3aCTOCYBaHHS BYy3Jla BHUMIPIOBAHHS MIIHOCTI YCTaHOBKH
«YABO-HTVY» [22], o6nagHaHOTO CHEPUIHUM IITAMIIOM (pHC. 2).

) R i

PucyHnok 2 — YHiBepcajibHe 10p0KHE BUMiprOBajibHe 001aqHaHHA «Y /IBO-HTY»:
a — 3araJlbHui BUTJIAA YCTAHOBKU;
0 — By30J1 BUMIPIOBaHHS MIITHOCTI, 00JIafHaHU C(HEPUIHUM IITAMIIOM
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Taka ycraHoBKa 00JiaJlHaHA aBTOMAaTU30BAaHOIO CHCTEMOIO KEPYBaHHSI BUMIipPIOBAJIbHIUMHU
mporecaMu [22], mo A03BOJISE BUKOHATH CEPil0 yAapiB Oyap-sKOi KUTBKOCTI 3 PI3HHUMHU
iHTepBagamMu 4acy. lle mae 3Mory HalOUIBII TMOBHO BIATBOPUTH PEATbHHUMA HANPYXKEHO-
neGOopMOBaHHM CTaH JOPOXKHIX KOHCTPYKIIIH MPH 11l HA HUX PYyXOMOT'O TPAHCIIOPTY.

Bennuuny Ta Xapaktep 3aJUINKOBUX TUIACTHYHHX JedopMarliidl MOKPUTTS, BUKINKaHUX
yIapHUM HaBaHTAXEHHSAM, y IOJIbOBUX YMOBaX MOXKHA OLIIHUTH 3a JOMOMOIOI0 pEHOK,
reone3nyHux npwianis [23, 10], yapTpa3sBykoBux 1 JazepHux mnpodirorpadis [23 — 28],
PYYHHX IM(PPOBUX BUMIPIOBauiB, IO JO3BOJISAIOTH BHUKOHYBAaTH CTAaTH4HI BHUMIpIOBaHHSA
MOMEPEYHOro MpoduUI0 MIIAXOM Oe3mepepBHOI peecTpallii BIAXWJIEHb JaT4YMKA, SKUH
MepeMIIy€eThbCs B3AOBXK perku [26, 29, 30].

YV HamionalbHOMY TPaHCTIOPTHOMY YHIBEPCHTETI pO3pO0JIeHO jazepHuil mpodingorpad
JUIsl CKaHYBaHHS MOBEPXHI JOPOKHBOTO MOKPHUTTS (puc. 3) [31].

Pucynok 3 — Ilpunan «Kosiemip-HTY»

[Mpunan ckiagaeThes 3 6AJIKU HA JBOX ONOpax 1 BUMIPIOBAJIBHOI KAPETKH 3 KOMILICKTOM
HEOOX1MHMX AaTyukiB. OCHOBHUM pOOOYMM €IIEMEHTOM TIPWIANy € JIa3epHUH TaT4YuK,
BCTaHOBJICHUH yCepeIrHI BUMIPIOBAIbHOI KAPETKH.

[Ipunan 3ailicHIOE CKaHYBaHHS Ta aBTOMATUYHUHN 3alKMC BIAMITOK TMOBEPXHI MOKPUTTS Y
¢aitn, sxuil 30epiraeTbes B Komm torepi. Ilpu mpoMy, Ha BiIMiHY BiJ BiIOMHX aHAJOTiB,
YacTOTa 3alUCy BIAMITOK MOBEPXHI MOKPUTTS Habararo Outbma (depe3 = 1 cm). Y pesynbrarti
BUIIPOOYBaHb OTPUMYEMO JCTATbHUN MPOQ1Ib TOBEPXHI MOKPHUTTSI.

Ha nmocmimamx ninsHkax Ha Teputopii KuiBchkoi o0OmacTi (K 3 HasBHICTIO, TaK 1
BIJICYTHICTIO 3QJIMIIKOBHX IUIACTHYHUX JedopMaiiil y BUTIAAL Kojii) OyJo NMpOBENEHO P
EKCTIICPUMEHTAIbHUX JTOCII/KEHb IIOAO0 OIIHIOBAHHS KOJIECTIMKOCTI HEXOPCTKHUX JTOPOKHIX
OJISITIB y MOJILOBUX yMOBax (puc. 4) [32].

PucyHok 4 — ExciepuMeHTaJIBHI JOCTiI:KeHHS KOJIIECTIHKOCTI TOPOKHIX OaTiB
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JlocmikeHHsT BUKOHYBAJIUCh Ha JUISIHKaX JOPIT 3 PIi3HOMAHITHUMH KOHCTPYKIISIMU
HEXOPCTKUX JIOPOXKHIX OJSTIB y pI3HI HOPHU POKY SK TPU BHUCOKHX, TaK 1 HHU3BKHX
TEMIIepaTypax Ha IMOBEpXHI MOKPUTTIB. JleTambHa cxema pO3MIIIEHHS TOCTIIHUX iISTHOK
HaBeJIeHa Ha puc. 5.

GPHC Jb
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Pucynok 5 — Po3MileHHs1 ZOCTiAHUX TiISHOK

MeromuKka TPOBEACHHS EKCIIEPUMEHTAIBHUX JOCTI/UKEHb MOJsraja y HacTyITHOMY.
3a gonomMororo JazepHoro npodinorpada pikcyBanu nonepedyHuit npodisib MOBEPXHI MOKPUTTS
10 HaBaHTakeHHs. [Ipu mpoMy Ha momepeuyHomy mpodini obupaau TOYKY IS MOAAIBIINAX
HABaHTAXEHb, Ky MO3HAYAIM HAa TOBEPXHI MOKPUTTA (PapOoro. Takok Ha MOBEPXHI MOKPHUTTS
(hapOoro (ikcyBanmm TOJIOKEHHST omop mpodimorpada 3 METOK 3a0e3MeUeHHs MOMKIUBOCTI
MTOBTOPHOT'O CKaHYBAaHHS I[bOTO K MPOMLIIO Micis 3M1HCHEHHS cepii yJapHUX HaBaHTAXKCHb.

VceranoBupmm  npunan «YJABO-HTY» Tak, mo0 cdepuunuii mramm yaapHHKa
pO3MillyBaBCA B TOYIll HAaBaHTAXEHHS, 3/IHCHIOBAIM CEPil0 yJapiB, MICHIs SIKUX HA MOKPHUTTI
3ayIMIaacs JyHka (puc. 6).

Pucynok 6 — JlyHka Ha MOKPUTTI, 1110 yTBOPHJIACS MicJs cepii yIapHUX HABAHTaKeHb
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3MiHU ToTepeyHOro MpOdII0 JTYHKH IMICIS KOXHOTO yaapy (IKCyBaJd 3a JOTIOMOTOIO
na3zepHoro mpodimorpada. Y pesynbraTi oTpuManu rpadikd 3aneKHOCTEW TIHOWHU Ta
napameTpiB MOTMEPEeYHOTO PO IO JIYHKH BiJ] KITBKOCTI yAapiB, SKi HaBeIeHO Ha puc. 7 — 11.

Y mporieci MpoBeACHHS eKCIIEPUMEHTAIBHUX JTOCIIIKEHD PO3TIISAIOCS TUTAHHS BILTUBY
TEeMITepaTypHy MOBEPXHI OKPUTTS HA PO3MIPH JTYHKHU.

Ha pminsaami  «11 (3’3m)», po3mimieHiid Ha 3’1301 aBTOMOOUIBHOI  JOPOTH
MO03 KwuiB — XapkiB — JIoBKaHChKHI, 3 OJHAKOBOI KOHCTPYKIIIEIO ITOPOXHBOTO OISATY Ta
BIZICTAHHIO MDK ToukamMu He Ourbmie 10 M Oynum BUKOHaHI TpU cepii BUNPOOyBaHb INPHU
TeMriepaTypax moBepxHi mokputtss +6 °C, +33 °C Tta +54 °C BiamosimHo. Otpumani
pe3yabTaT BUIPOOyBaHb HaBe/IEHI Ha pHcC. 7.
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Pucynok 7 — Pe3yabTaTn 10C/IiIKeHb BILIMBY TeMIIePaTypH HA PO3MIpH JTIyHKH
(cymuinpHa JIiHISA 3 MApKEPaMH — MIOYAaTKOBHUH CTaH MOBEPXHI MOKPUTTS;
CYIIUTBbHI JIIHIT 6€3 MapKepiB — MiCIII HAHECEHHS y1apiB)
npu Temreparypi mokpurts: a — +6 °C; 6 — +33 °C; B — +54 °C

3 puc. 7, a BHAHO, IO mpu Temmeparypi +6 °C JIyHKH HE YTBOPIOETHCS, TOOTO
KOJIIECTIMKICTh TOKpHUTTS 3ale3nedeHa. llpm npomy MakcumanbHa TIUOMHA JYHKU 3
MIBUIICHHSIM TEMIIEpaTypyu MOKPUTTS 301IbITyeThesl. Tak, mpu temneparypi +33 °C rinubunHa
ayHku micas 13 ypapiB craHoBuia 3,5 M, a npu temnepatypi +54 °C — 10,5 MM BiZnoBiHO.
ToOTo 1eil MeTon YyTIMBUN J0 TeMIEpaTypd TOBEPXHI MOKPHUTTS, IO /1a€ MOXKIHUBICTh
OLIIHUTH KOJIECTIMKICTh HEXKOPCTKUX TOPOXKHIX OJIATIB 3aJICKHO BiJl TEMIIEPATYPH.

VY mpormeci nmoganpIux AOCTIHKEHb HA JOCHIIHIA MIsSHIN, po3mimieHid y asopi HTY,
BUSIBUIN BILJIMB TEMIIEPATypH MOBEPXHI MOKPUTTA HE TUIbKM Ha TTUOMHY, a i Ha POpMY JIYHKH
(puc. 8).

36ipuuk HaykoBHX mpailb. Cepis: [any3eBe MammHoOyAyBaHHs, OyaiBHULTBO. — 2 (47)" 2016. 261




110 187

A

Eh——

%
S

L Taw 2

177 § =

I'nubuHa TyHKH, MM
8
Vi

I'nmubuna mynku, MM

95

iy

90 167
65 75 85 95 105 115 125 65 75 85 9

G

105 115 125

BincTans Bix kpaio mpoi3HOT YaCTHHH, CM BincTans Bix kparo mpoBHOI YaCTHHH, CM

155 ‘

150

G

145

T'niubuHa TyHKH, MM

140

135
85 95 105 115 1

N

5 135 145
BifcTaHp Bill KpaKo NPOTBHOT YaCTHHH, CM
Pucynok 8 — Pe3ybTaTu 10Ci1KeHb BIVIMBY TeMIlepaTypu Ha GopMy JIYHKH
(cyminpHa JiHISA 3 MApKEPaMH — MIOYAaTKOBHUH CTaH MOBEPXHI MOKPUTTS;
CYIUTBHI JTiHIT 6€3 MapKepiB —MiCIIsl HAHECEHHS y1apiB)
npu Temreparypi nokpurts: a — +8 °C; 6 — +30 °C; B — +39 °C

Tak, mpu TemriepaTypi moBepXxHiI MOKPUTTSA +8 °C CXWUIU JIYHKH € OUIBII TOJOTUMHU.
KpyruszHa cxuiiB 301IbIIy€eTHCS 3 MIBUIICHHSIM TeMIieparypu (puc. 8, 0, B).

3a (hopmMOIO JTYHKHM MOJKHA OILIHHUTH THUI KOJIWHOCTI, SIKUW 3aJI€KHUTh BiJl KOPCTKOCTI
OCHOBU JOpPOKHBOTO osry. Tak, Ha mocmimmii ninsHIi «K1» (puc. 9, a) 3 mOKpUTTAM Yy
BUTJISIZII TIOBEPXHEBOI OOPOOKHM MO BEpXy IIapy YOPHOro IEeOSHI0 Ta OCHOBOK HH3bKOI
MIITHOCTi, BUIIOPH HE cIIocTepiraroThes. LlbOro He MOXHa CKa3zaTH Mpo IUIHKY «I2» 3
MOKPUTTSAM Yy BHIJISAI KUIBKOX IIapiB JApiOHO3EPHUCTOrO achaabTOOETOHY Ta KOPCTKOKO
ocHOBOIO (puc. 9, 6). Ha miil nijsHuI JyHKa Ma€ MO KpasxX BUIIOPH BHACITIOK BUITMPAHHS
acdanbroberony (puc. 9, 6).

Y pesynbrari MNPOBEACHHS MOCTIDKEHb Ha JOCHIAHIN muisiHI «I1», po3MimieHii
Ha 19 kM aBTOMOO1BHOT Hoporu M-03, npu TemnepaTypi noBepxHi MOKpUTTs +38 °C TyHKH HE
cniocrepiranocs (puc. 10, a).

Jlyaka He yTBOpWJach 1 TIpH BHUOPOOYBaHHSAX Ha JHOCHiAHIN mimsHIl — «I7»,
po3mimieHiit Ha 38 kM aBTOMOO1TBEHOI Joporu M-06, pu TeMnepaTypi MOBEpXHiI MOKPUTTA +35
°C (puc. 10, 0).

Le cBimYUThH PO BUCOKY MILHICTh KOHCTPYKIIiil TOPOKHIX OJIATIB, @ TAKOXK MOSCHIOETHCS
3aCTOCYBaHHSM JUTsl OyIIBHUIITBA IIAPIB MMOKPUTTS MIeO0EHEBO-MACTUKOBHUX ac(haabTOOETOHHUX
CyMIIIEH.
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PucyHnok 9 — PesyabTaTtn fociaigkeHb Ha JiIsTHKaxX 10pir
3 PiI3HUMH KOHCTPYKIiSIMM IOPOKHiX OASATIB
(cymuinpHa JiHISA 3 MApKEPaMH — MIOYAaTKOBHUH CTaH MOBEPXHI MOKPUTTS;
CYIIUTBbHI JIIHIT 6€3 MapKepiB — MiCIIsA HAHECEHHS yIapiB):
a — 3 IOKPUTTSM y BUTJISI1 TOBEPXHEBOT 0OPOOKH Ta CIIaOKOI0 OCHOBOIO;
0 — 3 MMOKPUTTAM Y BUTJISIII KIJTBKOX IIIapiB IPIOHO3EPHUCTOTO
ac(aabTOOETOHY Ta KOPCTKOIO OCHOBOIO
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Pucynok 10 — Pe3yabTaTn 10CIiI2KeHb HA AiJIIHKAX J10pir
3 MOKPUTTHAM i3 me0eHeBO-MACTUKOBUX achajibTO0ETOHHUX cyMilei
(cymuinpHa JiHISA 3 MApKEPaMH — MIOYAaTKOBHUI CTaH MMOBEPXHI MOKPUTTS;
CYIIUTBHI JIIHIT 6€3 MapKepiB — MiCIIsA HAHECEHHS yIapiB):
a — Ha aunsgHII aBTonoporu M-03; 6 — Ha ginsHIi aBrogoporua M-06

VY mporeci eKCHepUMEHTAIbHUX JOCHI[DKeHb Oylo BHUSBICHO € OJHY LiKaBy
0COOJIMBICTh TOBEIIHKH ac(harbTOOETOHY, MOB’S3aHy 3 BIAHOBJICHHSAM (OPMH JYHKH ITIiCIIS
NPUITUHEHHS yJapiB.

L{s oco6mmBicTh Oyiia MOMiYeHa MpH JAOCTIHKEHH] BITHOBIEHHS ()OPMH JIYHKH TTPOTATOM
35 — 40 xB. Ha puc. 11, 60 mokaszano, mo Ha AiAHII «[4», TCIsT 0CTaTOYHOTO MPUITHHEHHS
yaapiB JIyHKa HE BiJHOBWJAcS, a Ha OUIAHIN «I6» 3 TakuM >K€ THUIIOM ITOKPUTTS BOHA
BigHOBMIacs Ha 60 % (puc. 11, a).

[Ipu nmpomy Ha nimsHIl «I4» crmocrepiramacs 3Ha4Ha KOJIisl Ha TTOKPUTTI, a HA JUISHIN
«I6» komist Oyna BiACYTHS.
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Pucynok 11 — PesyabTaTn 10CTiAKeHb BiTHOBJIeHHs1 GOPMH JIYHKH
micJIsl NPUNUHEHHA yaapiB
(cymuinpHa JiHISA 3 MApKEPaMH — MIOYAaTKOBHUH CTaH MOBEPXHI MOKPUTTS;
0e3 MapKepiB — IICJIsI HAHECCHHS y1apiB;
HITPUXOBA JIiHISA — BiTHOBIEHHS Yepe3 40 XB) Ha AOCTITHUX AUISHKAX: a — «16»; 6 — «14»

BucnoBku. HaBeneHi pe3ynbprati BKa3ylOTh Ha T€, 10 KOMIECTIMKICTh JOPOXKHIX OJSTIB
BU3HAYAETHCSI HE TUIBKM TIIMOMHOIO JIYHKH TIiCIISi BUKOHAHHS cepil ynapis, a ¥l iX 374aTHICTIO
BIIHOBJTIIOBaTH (OpMY TOBEPXHI TOKPHUTTS Ticis 3akiHdeHHs ynaapiB. OTxke, po3poOsieHa
METOAMKA A€ MOKJIMBICTh OLIIHUTH KOJIECTIHKICTh HE TIABKH 3a MIMOMHOIO Ta MapaMeTpaMu
JYHKH, a ¥ 32 XapaKTepOM BIIHOBJICHHS IMOBEPXHI OKPUTTS MICIIs cepii yaapis.

3aranbHi BUCHOBKH 11O POOOTI:

1. Bimomi MeToau oOIiHIOBaHHS CTIHKOCTI acdaabTOOETOHIB [0 KOJIEYTBOPEHHS 3a
JIOTIOMOT010  JTAOOpAaTOPHUX YCTAHOBOK HE B 3MO31 BiJOOpa3uTH pealbHUM Hampy>KeHO-
neopMoOBaHUN CTaH JOPOXKHIX KOHCTPYKIIIM, TOMY IO 4Yac, MIBHIKICTh 1 KIIBKICTh
NPUKJIAaHb PO3PAaXyHKOBOIO HABAHTA)KEHHS HE BIANOBiAAIOTH (PAaKTUUHUM yMOBaM pOOOTH.
Kpim Toro, mocmimxyeTbest nuiie map achaibTOOETOHHOTO TMOKPHUTTS, KWW BKJIAAAIOTh Ha
MeTajeBy OCHOBY Yy GopMy, 10 0OMeEXye monepeyHi aedopmaliii 3pa3ka. Y peaqbHUX YMOBaxX
KOJIisl MOKE YTBOPIOBATHCA 32 PaXyHOK JieopMallii OCHOBU UM IPYHTY 3€MJISTHOTO TIOJIOTHA.

2. Po3pob6eHo croci0 OmiHIOBaHHS KOJIECTIHKOCTI HEKOPCTKUX JTOPOXKHIX OJATIB, IO
HOJISITa€ B aHANi31 pO3MipiB i pOpMHU JTYHKH, KA YTBOPIOETHCS NMPH OBTOPHOMY JTUHAMIYHOMY
HABAaHTAKCHHI TIOBEPXHI JOPOXKHBOTO TOKPUTTS CHEPUYHHM INTAMIIOM O€3MOCEPEIHbO B
NOJHOBUX yMoOBax. Ha BifiMiHY Bil BIJOMUX aHAJIOTIB, CIIOCIO JO3BOJISIE MOACTIOBATH TPUBATY
JIIF0 TPAHCTIOPTHUX HAaBAHTAXKEHD HA IOPOXKHIN OJISIT 32 KOPOTKHM MPOMIXKOK Jacy.

3. Bukonano ampo06airiro 3amporoHOBAHOTO CHOCOOY OIIHIOBAHHS KOJIECTIMKOCTI Ha
JOCIIIIHUX JUISHKaX. YCTaHOBJICHO 3aJeXHOCTI (OpPMH 1 TIMOWHU JIYHKH BIJ THITY
acanbTOOCTOHY i TemIiepaTypu MOBEpXHI MOKPUTTS. BUSBICHO MOXIMBICTH YCTaHOBIICHHS
TUITY KOJIHHOCTI 32 (hOPMOIO JIYHKH.

4. JloCHipKeHO TMOBENIHKY TOPOXHIX KOHCTPYKLIN Iicias MOBTOPHHX JWHAMIYHUX
HABaHTAKCHb. BUSBICHO, IO KOJIECTIMKICTh JIOPOXKHIX OJSTIB BU3HAYAETHCA HE TIIBKHU
ITIMOMHOIO JTYHKHM TICJS BHKOHAHHS cepii yaapiB, a ¥ 3[aTHICTIO iX BiJHOBIIOBaTH (GoOpMy
MOBEPXHI MOKPUTTS MICJIA i1 3aKIHUCHHS.

5. IopiBHSHHS pe3yNbTaTiB BUNPOOYBaHb 3 (PAaKTHUYHUM CTAHOM JUISTHOK 32 KOJIHHICTIO
JIa€ 3MOTY 3pOOWUTH TPHUITYIIEHHS MPO MOXJIMBICTH 3aCTOCYBAHHS 3alpPOMOHOBAHOTO CIIOCOOY
JUIS OLIHIOBAaHHS KOJIECTIMKOCTI MOKPUTTS Ta MPOTHO3YBAHHS MOXIIMBOCTI 1I BUHUKHEHHS B
npoiieci MaOyTHHOTO TEPioy eKCIuTyaralii Jopord. JloniibHe TaK0oX 3aCTOCYBaHHS CIIOCO0Y
SIK CKJIQJIOBOI JOCHIKEHb MTPU MPOOHOMY BKJIaJaHHI ac(anbToOeTOHYy.
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STREET AND ROAD NETWORK'’S PLANNING PRINCIPLES
FOR NEEDS OF PERSONS WITH DISABILITIES

The development and improvement problem of principles and receptions of street-
travelling network planning and also facilities of their providing, that would take into account
the necessities of all users an environment, is in-process investigated, especially people with
different disability nosologies and other categories of people with limited mobility.
Distinguished basic groups of principles in relation to planning of environment. Analysed
basic principles of planning of street-travelling network for conditioning for unimpeded motion
by the community of all participants of traffic participants: functional integration, functional
differentiation, compactness, town-planning integrating, microdistricts creation, construction
of optimal street-travelling network, functional zoning, non-conflictual, modernisation,
aesthetic attractiveness, visual perception, sequentialization, design of spatial corridor,
universal design, availability, comfort, informing, unconcern, «smart adaptation», social,
social adaptation, participating in public life, labour employment.

Keywords: street and road network, people with limited mobility (PLM), transport
accessibility, mobility, transport infrastructure, design principles.

Jlumesunenko T.11., x.m.H., doyenm
leacenko B.B., acnipanm
Ilonmascvkuti HayionanvHuti mexuiynui yHieepcumem imeni FOpiss Konopamioxa

NPUHLUIIU TPOEKTYBAHHSA BYJIMYHO-ULJIAXOBOI MEPEXKI
3 YPAXYBAHHAM INIOTPEb MAJIOMOBIUVIBHUX I'PYII HACEJIEHHSA

Hocniosceno npobremy 600CKOHANEHHS NPOEKMYBAHHA MA PEKOHCMPYKYIl 8VIUYHO-
ULTIAIXOBOI MepedCl 3 BUSHAYEHHAM NPUHYUNIG | NPULIOMIB, a MAKOXMC 3aco0is8 ix 3a06e3neuenns,
SKI 8paxos8ysaiu 6 nompeou 8Cix KOpUCMy8auié HABKOIUUWHIM cepedosuyem, 0codIuso nooetl
3 PI3HUMU HO30J02IAMU THBANIOHOCMI MA [HUWUX MAlIOMOOLIbHUX Kame2opiu. Budinreno i
NPOAaHANi308aHO OCHOBHI NPUHYUNU NPOEKMYBAHHS 8YIUUHO-ULIAXO0B0T MepediCi O CIMEOPEHHs.
VMO8 0151 6e3nepeukoOH020 pPyXy HACENeHUM NYHKMOM YCIX YYACHUKIE OOPOICHLO2O DYXY:
@ynxyionanvroi inmeepayii, pyHkyionarvHoi oupepenyiayii, KomMnakmuocmi, micmooyoieHoi
iHme2posanocmi, MIKpOPAuoOHY8auHs, NOOY008U ONMUMANLHOL 8YIUUHO-ULTAXO0B0I Mepedic,
DYHKYIOHAILHO2O 30HYB8AHHA, HEKOHGAIKMHOCMI, MOOepHizayii, ecmemuunoi npusadbiusocmi,
8I3YANLHO20  CNPUUHAMMI, KOMNOSUYIIHOCMI, MOOENI08AHHS NPOCMOPOBO20  KOPUOODY,
VHIBEpCANbHO20 OU3AUHY, 00CMYNHOCMI, Kom@popmHocmi, iHghopmamusrnocmi, bGe3neuHocmi,
«PO3YMHO20 NPUCMOCYBAHHS», COYIANbHOI eghekmugHocmi, coyianvhoi adanmayii, yuacmi y
2poMaodCbKOMY HcUmmi, mpyooeoi 3auHAmocmi.

Knrouoei cnoea: synuuno-winsxosa mepesicda, MALOMOOINbHI  2PYRU  HACENEHHS,
MPAHCNOPMHA  OOCMYNHICMb, MOOLILHICb, MPAHCNOPMHA  IHOPACMPYKMYPA, NPUHYUNU
NPOEKmM)6aHHS.
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Introduction. Due to increased level of the life quality and population growth, the
number of people with limited abilities and special needs has increased as well. While the
vehicles expand dramatically on our roads and streets, the need for a special transport-
distribution system has arisen so that all the participants of the street traffic, along with groups
of population with limited mobility, will have access to existing street and road network and to
the other elements of the infrastructure. People with limited mobility (PLM) are the people,
who have difficulties with self-transportation and space-orientation, and who lack in
appropriate services and information. They consist of disabled persons, persons with temporal
loss of productivity and health, old people, pregnant women, persons with child's cart etc. They
consist of disabled persons, persons with temporal loss of productivity and health, old people,
pregnant women, persons with child's cart etc.

Increased mobility of modern world and stimulation of people to live active life have
caused a huge demand for functional transformation city streets so that the needs of the GPLM
would be taken into consideration.

Analysis of the latest sources of researches and publications. City traffic safety
is the topic of researches of O.V. Tolok, Y.O. Reitsen. M.V. Sholukh raises an issue of
rehabilitation environment of industrial city. O.V. Stelmakh emphasizes problem of parking
spots for cars in the biggest cities of Ukraine. Principles of organization of rehabilitation
centers for disabled people and other GPLM are under research of O.V.Prokopenko,
V.V. Kutsevych. I1.O. Danchak investigates the principles of ergonomic architecture
for disabled persons. Foreign scientists who explore problems of street traffic for disabled
are the following: L.-P. Grosbois (France), E. Rossman (Poland), J. Geil (Denmark) and others.

Unsolved parts of the common problems. While developing the community and
changing its appearance, communication structure becomes less effective in terms of bandwidth
lines, differentiation of movement types, and in terms of comfort for people who use it . The
main purpose of urban space is creating conditions for a safe, comfortable, accessible traffic for
all the users, including the most vulnerable people with limited mobility. Thus in the formation
of existing and new transit space based on scientific principles, methods and techniques of
urban transformation, we must consider the needs of people with special requirements, help
them to move freely in the urban environment, including street and road network. Therefore,
we must investigate needs of the people with limited mobility, identify measures to improve
development of street and road network and implement this measures.

Purpose of research — improvement and development of the new principles and methods
of designing street and road network to the needs of people with limited mobility.

Basic material and results. It was discovered the following group of principles,
architectural and planning; technical and socioeconomic while exploring and analyzing the
development of domestic and foreign scientists for the design environment (Fig.1).

The group of architectural and planning principles include: functional integration,
functional differentiation, compactness, urban integration, zoning, building optimum street and
road network, functional zoning, non-conflictual, upgradable, aesthetic appeal, visual
perception, compositionality, modeling spatial corridor [2 — 13].

The technical group refers principles: universal design, accessibility, comfort,
information, safety, «reasonable adaptation» [14 — 16].

Socio-economic group includes next principles: social efficiency principle, social
adaptation principle, principle of participation in public life, employment principle (Fig. 2).

Let's analyze each principle and a system of methods and tools in details.
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Figure 1 — Groups of street and road network design principles
for needs of people with limited mobility

The principle of functional integration is aimed at adapting existing street and road
network for persons with disabilities needs without capital construction activities and can be
implemented by:

— allocation of separate lanes;

— the speed limit on the streets and roads;

— construction and arrangement of recreational areas.

The principle of functional differentiation is based on separation of road space functional
areas and is aimed at future development of streets, roads and communities and include:

— designing the other roads that can be combined with bicycle's roads (this applies only to
people who are moved by specialized vehicles);

— designing independent routes and associated facilities street and road network that take
into account the needs of people with limited mobility.

The principle of compactness is to create conditions for people with limited mobility to
move fast and freely on town or microdistrict, which are characterized by a relatively high
density, so this will reduce the cost of construction.

36ipHuK HaykoBux npaik. Cepist: [amyseBe MamuHOOy xyBaHHst, OyaiBHAITBO. — 2 (47) 2016. 271




The principle of integration of urban planning takes into account the optimal objects
placement in the street and road network of the community and the rational distribution of
certain elements of transport infrastructure. Also determines the availability of favorable
conditions for street and road network.

The principle of zoning is based on the unity of residential buildings formations around
daily service buildings; forming of sustainable community («neighborhoods»); a safe and
comfortable environment; designing mainly pedestrian environment.

The principle of optimal street building and road network consists of a shortest
community's network design; identifying additional nodal points and links; finding an effective
solution to the problem of optimal street and road network, which would be convenient for of
people with limited mobility. In designing visual diagram showing shortest connecting
networks of roads, assesses the cost-effectiveness of building each street individually and the
entire network as a whole

The basis for the principle of functional zoning is a logical sequence «Life-work-rest» in
the design of the surrounding space that means a clear demarcation of functions and processes
in as a result of new methods of living space and transport and walking.

On the basis of the undertaken research it is proposed a principle of non-conflict that
analyzes conflicts that could arise in the interaction between traffic and pedestrian flows in
order to eliminate conflicts between different flows of people; demarcation of traffic and
pedestrian flows. This principle focuses on the maximum segmentation level of these flows.

The principle of modernization aimed at reconstruction of the existing street and road
network with current technology and full or partial reconstruction of the overall community
system to accelerate of development of community.

The principle of aesthetic appealing aims to preserve the architectural and compositional
unity of all the objects of a street and road space - lighting, landscaping, proper arrangement of
small architectural forms, check the cleanliness and serviceability of all elements of street and
road network, etc. while considering this principle in the design environment scientists from
different countries didn't take into account the features of some groups of people with limited
mobility (people with mental disabilities, the blind, people with hearing impairment), so it is
proposed to extend this principle taking into account the peculiarities of perception.

The compositional principle is based on the perception of the environment, a sense of
human in space; sensation when driving vehicles; fixing the most favorable terms to understand
such elements as scale, rhythm, contrast, nuance, symmetry and asymmetry.

The principle of spatial corridor modeling integrates with hierarchical sequence location
of certain elements of improvement. This principle allows design checking by volumetric
modeling after the test facility and allows for quality decisions control.

Principle of the universal design were developed by a group of architects headed by Ron
Maise [14]. The main ideas of the principle are: to provide even access to usage; usage
flexibility; y usage simplicit; free access to the provided information; mistakes tolerance; little
physical efforts; free space necessity, and appropriate size. Those features are provided by
means of: usage equity for all the categories of users, so that additional available special
devices do not put some visitors in a worse position; simplicity, so that an action does not
demand special knowledge, skills, or language understanding;  usage flexibility, so that the
same device could be easily operated by many groups of people; signal perception easiness by
blind, deaf people, or people with lower level of attention, mentally ill people; mistakes safety,
so that accidental, unintentional action will not create a dangerous situation somehow;
minimum effort, so that a continual usage of a device causes minimal fatigue; or single action
takes very small effort; necessary space for special devices that people use, and proper size and
zones of access for different people.
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Figure 2 - Principles, methods and designing barrier-free street and road network
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Free space and access principle means that person has an ability to move in a space
without any limitations and with maximum comfort; he/she has free access to devices and
facilities, public and private transportation; he/she have an ability to move easily by sidewalk,
use apparels without any help of other people; he/she has available parking spot, devices for
crossing the street at crosswalks.

Comfort principle includes: conditions creation for comfortable transportation through a
city; increasing number of services; minimal time waste; minimal efforts; availability for rest,
comfortable waiting, and additional service.

Safety principle is intended to protect from traumas, dangerous places; decrease risks in
the places of intersection of many directions traffic; help to deal with constraints (height,
inclination, time); eliminate possibly misunderstandable signals and effects of environment,
which increase risks

Informativeness principle helps orient in the space in a timely manner; gives precise
identification of location; decreases efforts and optimizes time of a person; provides with
continuous information while moving in traffic, no matter what the physical abilities or level of
intelligence a person has.

Principle of the reasonable adaptation means that the need of modifications and
improvements of particular special devices are properly investigated and evaluated, so that any
excessive expenses risks and enormous efforts are being eliminated. Idea: «Make changes
where it is needed, not where it is possible».

Taking into consideration United Nations convention and foreign best practices in
designing non-barrier street and road environment, it can be defined another principle -
principle of social effectiveness. This principle creates communication environment for the
people with various levels of disabilities, gives an opportunity to freely move and be among the
other people, to socialize and communicate, take part in public life, be employed and socially
protected.

Conclusions. Street and road network design needs a lots of improvements and
renovations to meet a special demands of people with limited mobility. Principles and methods
of designing street and road infrastructure that were covered in the article, need a development
of the calculation particular parameters methodology (width, inclination, speed of a stream,
time, needed to crosswalk the street, zone of observation), which will allow improve PLM
quality of life, increase their life standards, involve them in public activities, and increase a
chance of their participation in social life along with all its members.
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PO3PAXYHOK APMYBAHHA _
HE>KXOPCTKHUX JOPOKHIX KOHCTPYKIIN

Bioomo, wo 6acamoxkpamuuii yuxaiuHuil 6nauU8 0CbOBUX 3YCUNL 8I0 MPAHCHOPMHO2O
NOMOKY, AKUU PYXAEMbCA NO ABMOMOOLIbHIU 00pO3i, 30i1bUWYE HABAHMANCEHHS HA BCIHO
KOHCMPYKYIIO 00pOA#CHbO2O 00s2y. [ocnidxceno, wo Haoani ye npuzeooums 00 MAKUX
PO3NOBCIOONCEHUX ABUWY, K KOJNIUHICMb, PO3MPICKYBAHHSA 6i0 YMOMAECHOCMI, a4 MAKOINC
naacmuyni oegpopmayii wapy 3nocy. Busenieno, wjo 3amina wapy 3Hocy milbKu mumydcogo
noninwye cumyayiro, OCKiibku oegopmayii, AKi 3’A6NAI0OMbCA 8 OCHOBL 00OPONCHLO2O 00512Y,
WBUOKO NOWUPIOIOMbCA Ul HA HOBUU WAp, BUKIUKAIOYU nepedqacHull 3Hoc. Yemanoeneno, wo
aApMy8aHHs acanbmoOemorHH020 O0POAHCHLO2O NOKPUMMS 00380JAE 30IIbUWUUMU  CMPOK
CyHcOU NOKpUmMmie asmomoOiIbHUX O0opie 6Mpuyi 3a PAXYHOK CKOPOYEHHS MepMIiuH020
PO3MPICKYBAHHS | POZMPICKYBAHHS 8I0 YIMOMIEHOCMI, 8I000PANCEHUX MPIWUH MA OCIOAHHS.
Bumpamu na pemonmmui 3axoou i excniyamayitine YMPUMAHHA 6 apMO8aH020 NOKPUMMS
HUICYE, HIJIC Y HeapMOBAaHO20, 3A80AKU 30LIbUIEHHIO CMPOK)Y eKChiyamayii ma po3uupeHuio
IHMepeani6 Midxc IOHOBNIOBANLHUMU POOOMAMU.

Knrouosi cnosa: apmysanns, 6azaibmosi 6010kHa, Qiopa.

Kparowxkuna K.B., k.m.H., 0oyenm

Xumepux T.FO., k.m.H., Ooyenm

Ckpunuenxo O.B., acnupaum

Hayuonanvnoui asuayuonnwviil ynueepcumem, 2. Kues

PACYHET APMUPOBAHUA
HEXECTKHUX JOPOXHbBIX KOHCTPYKIIUHN

Hz6ecmno, umo MHO2OKPAMHOE YUKIUYECKOE GIUSHUE OCEBbIX YCUMULL OM OBUNCYUe20Cs
no  asmomoOUunbHoOl 00po2e MPAHCNOPMHO20 NOMOKA Y8eIuuusaem Hacpy3Ky HA 6CIo
KOHCMPYKYUIO 00PONCHOU 00edcobl. Hccnedosano, umo 6 nocieocmeuu 5mo npusooum K
MAaKum pacnpocmpaHeHHbIM A6IeHUIM, KAK KOJAeUHOCMb, YCMAl0CMHOoe pacmpecKusanue, da
makace naacmuyeckue oegpopmayuu cios usHoca. OnpeoeneHo, 4mo 3aMeHad Closi UHOCA
MONILKO BPEMEHHO VIyyuiaem cumyayuto, NOCKOIbKY 3apoousuiuecs oegopmayuu 6 0OCHOBAHUU
O0POJICHOU  00€dCObl  BCKOpe — PACHPOCMPAHAIOMCS U HA  HOBbIUl  CIOU,  GbI3bI6AS
npedcoespementvlilt. uzHoc. OnpeodeneHo, 4mo apmuposanue achaibmosozo O0POHICHO20
NOKpbIMUsL NO360JI5leMm VEeIUdUmb CPOK CAYHCObL NOKPLIMULL A8MOMOOUTbHBIX 00pOe 6 Mpu
pasza 3a cyem COKpawjeHusi mepmuyecko20 U yCmaioCmHo20 pacmpeckusanus, ompaiceHHbix
mpewun U O0caoku. 3ampamvl HA PEMOHMHbIE MePONPUAMUs U IKCNLYAMAYUOHHOE
cooepoicanue 'y apMupoBaHHO20 NOKPLIMUS HUdCe, YeM Yy HeapMupo8aHnoco, 01a200aps
VBEMUYEHUIO CPOKA IKCHLYAMAYUU U PACUUPEHUIO UHMEPBAN08 MeNCOY B0CCMAHOBUMETbHBIMU
pabomamu.

Knrwueswvte cnosa: apmuposanue, b6azanbmosvie 8010KHA, pubdpa.
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ESTIMATION OF REINFORCEMENT
OF NON-RIGID ROAD STRUCTURES

The effect of repeated cyclic axial forces from moving on the road traffic flow, increases
the load on the entire structure of the pavement. In consequence this leads to such common
phenomena as rutting, fatigue cracking and plastic deformation of the wear layer. Over the
years, the number of vehicles increases, which only exacerbates the problem. Replacement of
the wear layer only temporarily improves the situation, since the strain originated at the base
of the pavement soon spread to the new layer, causing premature wear.
Reinforcement of asphalt road covering allows to increase the service life of pavement of
highways three times over through reduced thermal and fatigue cracking, reflection cracking
and precipitation. Due to the lifetime extension and expansion of intervals between restoration
work costs for maintenance measures and operational maintenance have reinforced coating is
lower than that of unreinforced.

For increased strength and durability, reducing or eliminating such damage, you can use
the effect of reinforcement. Reinforcement of pavements involves the arrangement of additional
layers or introduction to the design of the reinforcing element, in particular, geonet.

Reinforcing geogrids shall perform the following functions: enhancing the strength of
asphalt pavement under tension; perception and even distribution over a greater area coverage
of the major horizontal stress is tensile.

In contrast to the unreinforced samples of asphalt concrete, which typically occurs one
big crack in reinforced samples formed small distributed cracks.

The geogrids shall meet the following requirements:

1) reinforcing geogrid must contain the free surface at least 75 % of the area of the grid,
which allows direct contact of the layers of asphalt concrete over the mesh and under it;

2) the cell size should be 2 — 2,5 times greater than the characteristic size of the particles
of mineral filler in asphalt;

3) strength of geogrid with a width of 1 m in the longitudinal and transverse directions
shall be not less than 50 kN/m.

Geonet recommended for reinforcement of monolithic layers of asphalt pavement.
Reinforcement of the monolithic layer bottom face or the top of geogrids with tensile strength
greater than the strength of the material layer is tensile in bending, increases the calculated
strength of the structure according to the third criterion of strength (tensile strength in bending
of monolithic layers), and this will reduce the thickness of the whole structure by at least 10 %.
Use of geogrids can and as tradingperiod interlayer, preventing the emergence of a «<mirrored»
surface cracks, repair (laying a new layer of asphalt. Geogrid can be laid as the old paint, and
between coats of the new coating.

Keywords: reinforcement, basalt fiber, fiber.

36ipuuk HaykoBHX mpailb. Cepis: [any3eBe MammHoOyAyBaHHs, OyaiBHULTBO. — 2 (47)" 2016. 279




Beryn. Po3p’s3anHs mpoOisieM, MOB’si3aHUX 3 IHTErparielo YKpaiHu y €BpOMerchKy
TPAHCHOPTHY CHUCTEMY, IiJBUINEHHSIM IHTEHCHBHOCTI ¥ BaHTa)XOHANPYXEHOCTI pPyXy
aBTOMOOUTIB, BHMara€ TIOJIMIIEHHS EKCIUTyaTalliiHOTO CTaHy Jopir, IX SKOCTI Ta
JIOBFOBIYHOCTI BIIMIOBITHO 70 BUMOT CY4aCHOTO PHMHKY YYaCHHUKIB pyXy, IIIO0 HEMOXXJIHBO 0e3
YIOPOBAKEHHsSI HOBITHIX MaTepiayiB 1 palliOHAIBPHUX TEXHOJOTIH yJalTyBaHHS HOBUX Ta
PEMOHTIB ICHYIOUMX aBTOMOOUIBHHX JIOPIT, SKi 3a0e3neuaTh eKOHOMIYHICTh BUKOHAHHUX POOIT,
0e31eKy i KOM(pOPTHICTh TOPOKHBOTO PYXY.

AHaJi3 ocCTaHHIX JKepea Aochil:keHb i myOJaikamiii. Y cydacHomy OyIiBHHIITBI
JIOPOXKHIN OJIAT 3 HEXKOPCTKUM MOKPUTTSAM 3aiiMa€e MPOBiAHE MicIle B yChoMy cBiTi. B Ykpaini
10 90% aBTOMOOITBHMX JOpIT BHUIIMX KAaTEropii MarloTh IMOKPHUTTA 3 acgalbTOOETOHY.
30UIBIICHHIO MIIHOCTI, 3MEHIIEHHIO Je(OPMATHBHOCTI Ta CTIHKOCTI MPOTH PI3HOTO POIY
pyHHYBaHb I[LOTO MaTepiay MPUCBAYCHO NOCTiKeHHS [1 — 4].

OnauM 3 HaOUTBI ePEeKTUBHHUX 3aXOJIIB MIATPUMAHHS TPAHCIIOPTHO-EKCIUTyaTaIliiHUX
NOKAa3HHUKIB JOPOXKHIX OJSITIB HAa JOCTAaTHbOMY pIBHI € 3aCTOCYBAaHHS  T'€OCHHTETHYHHX
MaTepiaiiB K apMYIOUHX MTPOIIAPKIB.

ApMmyrounii marepiai, SKUH 3aCTOCOBYEThCS TpU OyIiBHUITBI, PEKOHCTPYKLIi Ta
pPEeMOHTaX JOpIT, CIpuiiMae i Mepepo3noAUII€ PO3TKHI 3YCHUIUISI 1 TIOTIEpeKAE HAITUIITKOBY
TOPU30HTANIBHY Je(dopMallifo MOJOBXKEHHS MOONIM3y MiJOUIBH IIapy NpH HOro 3rHHI, IO
BUHUKAIOTh MpPH 0araToKpaTHUX KOPOTKOYACHUX BIUIMBaX KOJICHOIO HAaBaHTAXKEHHS BiA
aBTOTpAaHCHOPTY. BiH MOBHMHEH TaKoX CHpUHMATH 1 MEPEepO3NOAUIATH PO3TSNKHI HAMPYrd Ta
MOTIEPEKYBATH HAIJITUIIKOBY jAedopMmariito, sSKI BHUHUKAIOTH Y JCIKHX Tepepizax Bif
TPUBAJIOT0 TEMIIEPATYPHOTO BILIUBY [5 — §].

3acTocyBaHHS ~ T€OCHMHTETHYHMX  MarepiaidiB  SK  apMyl4uX  MPOMApKiB B
acGanpTOOCTOHHMX IIapaXx MOXIJIMBE Yy JBOX HampsMax: Io-lepiie, 30UTbIICHHS
MDKPEMOHTHUX CTPOKIB CIY)KOM apMOBAaHOTO TIOKPUTTS 1 3HIJKCHHS BHUTpAaT Ha HOTO
YTPUMAaHHS 32 PaXyHOK YMOBUIBHEHHS MPOIECIB TPILIMHOYTBOPEHHS W KOJIEYTBOPEHHS; IO-
Jpyre, 3HKEHHS BUTPAT Ha OYAIBHUIITBO apMOBAHOIO MOKPUTTS LUISIXOM JIESKOT'0 3MEHILEHHS
fioro ToBmMHU (0e3 30UIbIIEHHS MIKPEMOHTHHX CTpPOKIB ClyXO0H). TexHiKo-eKOHOMiuHi
pO3paxyHKH 1 JOCBIJ EKCILTyaTaiii apMOBAaHMX MOKPHUTTIB TOKa3ylOTh, IO ONTUMAaJIbHUM
HaNpsIMOM 3aCTOCYBAHHS € MEPILUi, X04a B JISSIKUX BUMAIKaX MOXIIUBE 3aCTOCYBAHHS IPYTOro
Hampsamy [9 — 10].

BuaijieHHs1 He pPO3B’A3aHUX paHille YAaCTHH 3arajbHoi mpooJjeMu. TakuM yYuHOM,
MOTIEPEIHIMHU JTOCIIDKEHHSAMH JOCTaTHHO OOIPYHTOBAHO MOMUJIMBOCTI: TOJIMIICHHS SKOCTI
O0iTyMy 3a paxyHOK VYBEACHHsS IMOJIMEPHUX J00ABOK; pO3POOJICHHS HOBHX CKJIAJliB
ac(hanbTOOCTOHY MUISTXOM JOJIaBaHHS Y CYMIII PI3HUX MOJIMEPHUX 1 MIHEPAIbHUX BOJIOKOH;
YIOCKOHAJICHHSI OpraHi3allii TeXHOJOTIYHOTO MPOIECYy MPHUTOTYBaHHS MaTepialiB IMOKPHUTTIB
touo. OgHAK NMpH I[bOMY BUKOPUCTAHHS 0a3ajJbTOBOJOKOHHUX MaTrepiajiiB Uis apMyBaHHS
JIOPOXKHIX KOHCTPYKIIH 3 achanToOETOHHUM IMOKPUTTAM 32 YMOB 3pOCTaHHS 1HTCHCHBHOCTI
pyXy ¥ BaHTaXOMiAHOMHOCTI TPaHCHOPTHUX 3aCO0IB MOKH 1€ 3aJUIIAETHCS HE JOCTATHBHO
JTOCJTIJDKEHUM MMUTAHHIM JTIOPOKHBOTO Oy/IIBHUIITBA.

Merta pociuigskeHHsi — OOIpYHTYBAaHHS HEOOXITHOCTI pO3POOJIECHHS palliOHAIBHOI
TEXHOJIOT11 AUCTIEPCHOTO 1 HAIIPSIMHOTO apMYBaHHS JOPOXKHIX KOHCTPYKIIIH HEXKOPCTKOTO THITY
(3 achanbTOOETOHHUM TOKPHUTTAM) JUIA MIABHILEHHS TPaHCIOPTHO-EKCILTyaTaliiHuX
MOKa3HUKIB aBTOMOOUTEHUX JOPIT B YMOBaX CTPIMKOTO PO3BUTKY TPAHCIIOPTHUX IMOTOKIB.

OcHoBHuii MaTepiaJ i pesyabTaTtn. basansTosi BonokHa (bB) 1 6e3nepepBHi 6a3anbToBI
BosiokHa (bBB), oTpumaHi muraBieHHSIM TipChKUX 0a3aJIbTOBUX TOPIJ, MalOTh BHCOKI 3HAUCHHS
XapaKTEPUCTHK MIITHOCTI, a TaKOX XiMIYHY, KOPO3iiiHy Ta TepMiuHYy CTIHKICTb 10 TepenasiB
TEMIEpaTyp 1 3HAKOMEPEMIHHUX HAaBaHTAXXEHb, alie MPU LIbOMY IIIe ¥ BIA3HAYAIOTHCSI HU3BKOIO
BapricTio [1—3]. 3aBmsku upomy, BBB 3abe3meuyioTe BHCOKI OymiBeNbHI BIACTHUBOCTI
MaTepiaixiB, BATOTOBJIEHUX Ha iX OCHOBI, a came: (piOp, CITOK 1 CYIITBHUX TOJIOTEH, HETKAHUX
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TCOTEKCTHIILHUX MaTtepialliB, apMaTypHHUX CTPIJKHIB, 3aCTOCYBaHHS SIKUX Y JOPOKHBOMY
Oy[IBHMILITBI JI03BOJI€ MiJBUILYBaTH CTIMKICTh ac(aabTOOCTOHHHUX IOKPUTTIB JI0 BIUIMBY
TPAHCHIOPTHUX HABAHTAXKEHb 1 MPUPOTHO-KIIMATHYHUX (DAKTOPIB, 30UIBIINTA MIKPEMOHTHI
CTPOKM Ta PECypCH pI3HHUX KOHCTPYKTMBHHX WIapiB, 3MEHIIUTH BapTiCTh OYAIBHULTBA 1
PEMOHTIB aBTOMOO1TBHUX JIOPIT.

Kpim TOro, mepcrneKTUBHHUM € 3acTOCyBaHHS 0a3albTOBUX BHUpPOOIB — MpoQiiiB,
KOJIECOBIIOITHUKIB, OTOPOJ/KEHb, TIOOIHTIB I TYHENIIB, CTOBITIB OCBITJICHHS 1 JTOPOXKHIX
3HAKIB, JOTKIB TOIIIO.

Jnst otpumanHss BB 3 onTuMalibHEMH BIIAaCTUBOCTAMH Oyja po3poOjieHa KOMIUIEKCHA
MaTeMaTHYHa MOJEb TMpolLecy BUPOOHWITBA W oOTpuMaHi YHi(pikoBaHi IudepeHIianbHi
PIBHSIHHS, sKi BPaXxOBYIOTh TEIIOOOMiH, TEKYYiCTh, BUTATYBAaHHS BOJIOKOH SIK JIO BIIPUBY
€JIEMEHTAPHUX HUTOK, TaK 1 MCIs iX BipUBY (MIEPBUHHE Ta BTOPHHHE BUTATYBAHHS).

Pimennst BiamoBimHMX JOU(EpeHIIAIBHUX PIBHSAHb JO3BOJIMJIO OTPUMATH  Taki
PO3PaxyHKOBI PIBHSHHSI.

Jnst BusHaueHHs Temneparypu bB y Oynp-sikoMy JokampHOMY Tiepepisi (x) B
0e3p03MIpHOMY BUTIISAII 3aIIPOTIOHOBAHO TaKy 3aJICKHICTh:

1 _
t,—t(x ALY A e f— — L= _
V(x)=f—():exp —~27m| . — |=—— Re?| — W—U(x)zj\/;(x)dx . (1)
I, =1, Cpy Q) pov, Too 0
ne Re — cepeHe 3HAYeHHS TpaHulll MiniHOCTI BB,
Rez — % ; (2)
VZ
W — TepmonuHaMiuHa poGoTa aaresii,
— W
W=—;
U 3)

W — pobota kore3ii;

U — moyaTKoBa MIBUIKICTE;

1) — B’SI3KICTh;

F — cuna B3aemoii, mo 0O0yMOBIIIOE MTOYATOK AedopMartii;
T — eMHICTh KaTIOHHOTO OOMIHY;

Ux)=9, )= 1),
Ui o )
vy gl g e Ve Pl
L ) pzo /12 ) VZ pl) CU

IHIEKC «2» — Ta3; «o» — 0a3aJIbTOB1 BOIOKHA;, «0» — MOYAaTKOBE 3HAYEHHS.
U ( x ) — BUIKICTh BUTATYBAHHS,

r( x )— paniyc bB Ha ninsHI BUTATYBaHHS;
L — noBxWHA IJISTHKA BUTATYBAHHS;

Q = zr,,U ,— Butpara mMatepiany Ha BB;
We — mBUAKICTH Ta30BOTO MOTOKY;

ty — TeMIIepaTypa ra30BOro MOTOKY;

t(x) — remnepatrypa bB;

C — TEII0EMHICTB;

 — UIUIBHICTb;

V — B’ A3KICTB;

A — TETUIONPOBI THICT.
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PiBHSIHHS HEpO3PUBHOCTI Ma€ BUTIISIT
ri(x)U(x)=1.

Po3paxyHOK MIBUAKOCTI BUTATYBAHHS BEIETHCS MOIHTEPBAIBLHO

1)

— il =0 k)(1

U= )=v0 ) (kj+
i=0.1.2,........ (k-1).

F o s ®)

2! k

Jlns mouatkoBoi ainstaku U (0 ) = 1;

U'0)=>———=1=—=1, (6)
Jle O — MOBEPXHEBUI HATSAT.
Hanami npuiimaeTbcsi Tpu BU3HAYCHHI 5( iZ—l) 3HAYCHHS 17( ]l(;) 3 pO3paxyHKy
MOTIEPETHHOTO 1HTEPBATTY

m_lzl):é o L

3 Mor Uy 5[?(’}};(ZJ )
k k

Zr mi(éj v )

3
1,328 ( L — (i) =1(i
= — R |W-U|— U? —|,
(1) (o o(2)
e F — O-() 'L’ ReO:pOUOt
Moo U, Ty
ANTOpUTM PO3paxyHKY TaKU:
1-11 nuko:
- — 1YY= —(1)—= —(1
r=1;t\x)=t| —|,n=n—;U =U| —|; 9
() (,Jn ”(kJ [kj ©)
2-1 IUKI:
(10)
3-1 UK
(11)
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VY pesynbrari Oynu orpumani BB 3 onTtuMansHUMH po3mipamMu — pyOJICHI Ha BiIPI3KHU
noBXkUHOI015 — 30 MM 1 miameTpom 13 — 18 MKM, sIKi TPUAHATI A7 JOCHTIJKEHb TUCTIEPCHOTO
apmyBaHHS acanbToOCTOHY 1 Ha3BaHi 0OazanbpToBOKO (idporo (b®D), mo npumarHa s
JHCTIepcHOro (00’eMHOr0) apMyBaHHs acgaibTOOCTOHIB pi3HUX THMIB. bD mpu perenbHOMY
nepeMilyBaHH1 PIBHOMIPHO PO3IMOAUISIETHCS B CYMIIIll IO BCbOMY 00CSTY B PI3HUX HaNpsSMKax
TaKUM YHHOM, 1110 B KOXKHOMY KyO14HOMY CaHTUMETpi achanbToOeTOHY 3HaXoaAuThes Bia 20 10
30 mtyk B®, mo cyrTeBo 301IbIIy€E HOTO MIITHICTH HA 3THH, CTHCK, yIap Ta TPINIUHOCTINKICTD,
0COOJIMBO 0 YTBOPEHHS BiTOOPaXEHUX TPIILKH.

3aranbHuid Bursig b® HaBeneHuid Ha puc. 1, apMoBaHOro 3pa3ka — Ha puc. 2.

Pucynok 1 — bazaabsToBa ¢idpa Pucynok 2 — JlucnepcHe (06’emMHe)
J0BKUHOI0 15 — 30 MM apMyBaHHSI ac(ajJbTO0ETOHY
i fiameTpoM B0JI0KOH 13 — 18 MKM

BusnaueHHs 3an€XHOCTI MIIIHOCTI HAa PO3TAT MPHU 3THHI Tapsdoro APiOHO3EPHUCTOTO
achanbTo0eTOHY THITY «A» Bil TOBXKWHM (PiOpU HaBEIEHO HA PUCYHKY 3.

£
&L

_ul". il |

_ — =

i3 i i bl 2% i

PucyHnok 3 — 3anexHicTh MiIHOCTI Ha PO3TAT NPH 3rHHI acPaabTO0CTOHY THIIY «A»,
apMOBaHOIo 0a3aJbTOBOIO (PidOpoOIO:
1 (cyuinbHa niHig) — 6a3anbToBa Gidpa TOBKUHOIO 24 MM;
2 (myHKTHpHA diHIA) — 12 MM; 3 (IUTpUX-TTyHKTUPHA JIiHIA) — 30 MM

3 pe3yabTaTiB OCHIIKEHh BUIHO, MO JJs apMyBaHHA ac(asbToOOETOHY HaWOIIBIIT
npunatia b® nomxkuHOO 24 MM. Ymict b® noBxkuHOIO 24 MM MOBHHEH OYyTH B MeXax
2-3% Big Barm MiHEPATbHUX CKJIQJ0BHX (mIeO€HI0, TICKY, MIHEPAJIBHOTO IOPOIIKY).
[Ipu TakoMy apMyBaHHI MIIHICTb Ha PO3TAT NHpU 3TUHI 30UIbIIyeThCS B 1,8 —2,5 pasu,
MIIHICTh Ha CTHCK — Ha 37-40% 1 MOXJIMBE TIIBHUINCHHS TPIIIMHOCTIMKOCTI Yy
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2,0-2,5 pa3uw, mO M03BOJUTH TOMEPEIKYBATH YTBOPEHHS KOJIMHOCTI Ha TOKPUTTI Ta
3011BIIYBAaTH CTPOKH EKCIUTyaTalii aBTOMOOITBHUX JIOPIT.

b® wmoxe Oyt 3acTocoBaHa TpH TNPHUTOTYBaHHI TapsSYuX 1 XOJOJHHX THITIB
acanpTo0eTOHIB. MOXIMBa TEXHOJOTis aoxaBaHHS b® sk 10 MiHEPaJBbHOIO MOPOILIKY
(po3ninmpHA), TaK 1 OE3MOCEPENHBO A0 MiHEPAIBHOI YaCTHHU CyMillli (CyMIiCHOT) HE BIUTMBAE HA
¢i3uKO-MeXaHiIuHI TOKa3HUKH ac(hanbTOOETOHY.

[IpuroryBanus rapsuoro achanbToOETOHY 3AIHCHIOETECS TIpH Temmeparypi 140 — 150°C,
xosaoaHoro — npu 95 — 1000C. Yac 3minryBaHHs raps4ux i XOJOJHUX CyMilIeil 3a po3AiIbHOIO
TexHoJIoTiero ckianae 14 — 15 xB, 3a cymicHoro — 10 — 12 xB.

VBenenuss b® nominmrye ¢izuko-MexaHiuHi BIACTUBOCTI XOJIOAHUX ac(hanbTOOSTOHHUX
CyMIIIIeH, TTONepeKy€e iX 37IeKyBaHICTh; TaKi CyMIiIlll MarOTh MiABUIIEHY MIIHICTh Ha CTHUCK
(Ha 70-80% Oinbiie, HDK ETAJIOHHI XOJOAHI ac(aabTOOETOHHI CyMimi). 3HAYCHHS
Koe(irieHTa BOIOCTIHKOCTI 3HAXOAUTHCS B MEKaX HOPMHU 3aBJSIKA TOMY, IIIO TPU 3MIITyBaHHI
¢iOpu 3 OITYyMOM YTBOPIOIOTHCSI TPaHWYHI IIApH, SKI MEPEHIKOHKAIOTh BiIIaPYBaHHIO
OITyMHOT0 B’ sDKY4YOTO 3 ITIOBEPXHI BOJIOKOH 1 TPOHMKHEHHIO BOJIU ITiJT 9Yac €KCIUTyaTallii.

Le mae MOXJIHMBICTD 3aCTOCYBAaHHS XOJIONHUX ac(albTOOCTOHHHUX CyMillleH, TUCTIEPCHO-
apMOBaHUX 06a3aIbTOBOIO ¢bi6poro TUTSt aBapiiHOTO PEMOHTY JIOpIr,
SIKMH TIPOBOAUTHCS B CKJIAIHUX MOTOJHUX YMOBAX — 32 MOHIKEHOI TEMIEepaTypH 1 MiJBUILEHO]
BOJIOTOCTI, JIJIs1 3a0e31medeHHs 6e3nmepebiitHOro 1 0e3MeYHOr0 pyxXy TPAHCIIOPTY MPOTITOM POKY.

ExonomiuHa epeKTHBHICTH BUKOPUCTAHHSA JMCIEPCHO-apMOBAHUX 0a3aibTOBOIO (iOporo
ac(hanbTOOCTOHIB PI3HUX THUIIIB BUHUKAE 33 PaXyHOK 30UIBIICHHS CTPOKY CIIYKOHM TOPOXKHIX
OJISITiB, MOKJIMBOTO 3MEHIIEHHS TOBLIMHU BEPXHBOTO IIAPY, a TAKOXX 3HIDKCHHS BUTpAT Ha
PEMOHT 1 eKCIUTyaTaliiiHe yTpuMaHHsI TOPir.

OxpiM aucrepcHOro apmyBaHHS ac(haabToOeTOHHOI cyMmimi 06a3anbToBOIO (iOpOIO, B
JIOPOKHFOMY OYIIBHHUIITBI 3aCTOCOBYETHCS HAIPSIMHE apMyBaHHS JOPOXKHBOT KOHCTPYKIIIT
CITKaMH ¥ CYIIIIbBHUMU TOJIOTHAMHU.

ApMyBaHHS pI3HUX IIapiB JOPOXKHIX KOHCTPYKIIM (3eMJIsiHE TIOJIOTHO, OCHOBA,
HOKPUTTS) 0a3aJbTOBOJIOKOHHUMH TPOLIApKaMHU Y BUTJISAL CITOK 1 MOJIOTEH MPU3BOAMUTH 0
MIJBUIICHHS EKCIUTyaTaIliiHOl HaIIMHOCTI, CTIMKOCTI Ta TOBrOBIYHOCTI JOpPIT, 3MEHIICHHS
BUTPAT TPAIULIHHUX JTOPOKHBO-OYAIBEIbHUX MaTepiajiB, 00’ €MiB 3eMIITHUX POOIT, eHepro- i
TPAaHCIIOPTHUX BHTPAT. ba3anbTOBOJOKOHHI MPOIIAPKH BUKOHYIOTH (YHKINI TepepruBaHHS
TPILUH, PO3AUIEHHS mapiB, GinbTpaii, ApeHaxa ta rigpodap’epa.

3aranpHuid BUTIISA 0a3aIbTOBUX CITOK HABEACHO HA PUCYHKY 4.

Pucynok 4 — 3araabHunii BUrIs 0a3aJbTOBHX CITOK
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Sk BugHO 3 pHcC. 4, CITKa — I1€ TIIIOCKA KOPCTKA CTPYKTypa 3 PIBHOMIPHO pO3TAallIOBAHUMH
OTBOpaMH 3MIHHMX a00 MOCTIHHMX pO3MIpiB, IO YTBOPIOIOTHCS 3 JBOX cucrteM bBB,
HAKJIaJICHUX OJHAa Ha OJHY 1 CKpIIJIEHUX TPEThOI0 CHCTEMOIO BOJIOKOH, MPOCOUYEHUX
MOJIIMEPHOIO KOMITO3HUIIIEI0 HA OCHOBI OITYMYy.

Cy1ipHe TIOJIOTHO — I1€ TIOCKA CTPYKTYPA, SKa CKIIAIA€ThCA 13 CYNUIBHO MEPETUIETEHUX
y MO30BXHBOMY 1 IonepeyHomy Hanpsimkax BbB.

HopoxHi citku 13 BBB MaroTh psig mepeBar: BUTOTOBIICHI 3 TPUPOTHOI CHUPOBUHHU,
BUTPUMYIOTh BUCOKI HABAHTAXCHHS Ta HE BUTATYIOTHCS IMiJT JIEI0 HABAHTAXKEHb, MAIOTh BUCOKY
XIMIYHY CTIHKICTh 1 JIOBIOBIYHICTH B €KCIUIyaTaiii, BUTPUMYIOTh BHCOKI W HH3bKI
TeMIeparypu, BapTicTb y 2,5-3 pa3su HWK4Ya, HDK mojiMepHux. IlopiBHAHO 3i
CKJIOBOJIOKOHHMMH, TaKi CITKH HE PYHHYIOTBCS IIiJl €0 JTY)KHUX CEPEIOBHUII, MAIOTh OLIBII
BUCOKY MIIIHICTb Ta B I[IJIOMY € CyMiCHUMH 3 ac(hanbTo0eTOHOM (CyOCTpaToMm).

CyMICHICTIO € BIMOBIIHICTh MK (DI3UMYHUMH 1 XIMIYHUMHU XapaKTEPUCTUKAMH HOBOTO i
icHytoyoro wmatepiany. HeBiamOBigHICTh BHMKIMKAa€ PO3BUTOK BHYTPIIIHIX HAmpyr, sKi
HEraTUBHO BIUIMBAIOTh Ha BCI CKJIAJ0BI KOMITO3MIIi, a came: cyOCTpar, KOHTaKTHY 00J1acTh 1
HOBMU Marepiaj. 3Ha4yHi BHYTPILIHI HANPYTu CIPHUSIOTh YTBOPEHHIO TPILIUH BiJ PO3TSKHHUX
HaIpyT, 3HWKEHHIO HECYUOl 3/TaTHOCTI, pO3IIapyBaHHIO 1 pyWHYBaHHIO MaTepiay.

Jns nopoxHbOro OynmiBHULTBA Oynu po3poOneHi OaszanbToBi citku Mapku [ICh-J]
(monmoTHO cityacTe 0Oa3anbTOBE JOPOKHE), mMojoTHO Mapku HIIB-550K (momoTHO cyminbHe
TKaHe (HUTKOMPOIIMBHE) 0a3albTOBE MOPOKHE) ISl OCOOIMBO CKIAIHHUX TE€OJIOTIYHUX YMOB
(OGomotucTi MicIs, 3CyBHI MIISHKH, JJIS BJIAIITYBaHHs Tiapoizonsmii Ha moctax) Tta ['TIB-J]
(MOJIOTHO CyLIJIbHE TOJIKONMPOOMBHE (HETKaHe) O0azajlbTOBE MOPOXKHE) JUIS YKIAJAaHHS B
3eMJIsTHE TI0JI0THO. OCHOBHI TE€XHIYHI XapaKTEPUCTUKHU CITOK 1 TIOJIOTEH HAa OCHOBI 0a3aIbTOBUX
BOJIOKOH HaBeIeHO B Ta0muIx 1, 2.

Taoauus 1 — TexHiuHi xapakTepucTUKu 623a1bTOBUX NMPOLIAPKIB

HaiimeHnyBaHHS OKa3HUKIB TexHiuHI XapaKTepUCTUKU
Citka I[ICB-/1
Po3puBHEe HaBaHTa)KEHHS HE MEHIIIE, KT

— I10 IIUPHHI 120

— 110 JTOBXXUHI 120
[LlinbHicTs, rp/™M° 250F 10
[TomoBxeHHS I Ti€F0 HaBaHTAXEHHA, % 1-1,5

[TpocoueHHs crienialbHUM CKJIaIoM 3a0e31medye MiABUIIEHHS i1 MIITHOCTI 1 )KOPCTKOCTI
IMTomoruo HITB-550 K

POBpI/IBHe HaBaHTaXCHHA HC MCHIIC, KT’

— I10 IIUPHHI 600

— I10 JTOBXXUHI 600
[LlinbHicTs, rp/™M° 550t 10
[TomoBxeHHS i Ti€F0 HaBaHTAXEHHA, % 12 -17

ITonotno I'TIB-J1

POSpI/IBHe HaBaHTa>XCHHSA HE MCHIIIC, KI'

— 10 HMIUPHHI 50

— I10 JOBXXUHI 40
[linbHicTh, Tp/M (120-130)% 10
ITpocoveHHs A MiABUIICHHS )KOPCTKOCTI [MonimepHi KOMITO3UIIIT
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Tabanns 2 — @izuKko-MexaHi4Hi BJ1aCTHBOCTI 02a3a/1bTOBOJIOKOHHUX NPOLIAPKIB

Bun BupoOy
HaiimenyBaHHS MOKa3HUKIB -
TKaHi HETKaHe
; ; CYLJIbHE
CITKH CyLiJIbHE
HOIOTHO MIOJIOTHO
[upuna, m 2-4 25-4 2-35
Po3mip yapyHOK, M, HE MEHILIE 25%25 - -
I'panuusg MirtHOCTI IpH po3puBi, KH/M,
HE MEHIIE:
B3JI0BK BOJIOKOH 50,0 30,0 4,0
MOTEPEK BOJIOKOH 40,0 25,0 3,5
['panuig MIITHOCTI IpH poO3TATYBaHHI, KH/M, 300,0 400,0 -
HE MCHIIE
YMoBHU# Moaynb aedopmartii (IpyKHOCTI), 70,0 50,0 100-130
MlIla
[ToB3y4icTh, %/ ToaMH 0,1 0,2 4
3aNUIITKK MacH MiCIIs Kill’ ATIHHS TIPOTSATOM
3-X rOAVH, BIIICOTOK BiJ BUXIIHOI:
y Boai (H,O) 99,9 99,9 100,0
y cipuaniit kucioti (0,5H,SOy) 97,5 98.0 100,0
y inkomy Hatpy (0,5 NaOH) 92,0 95,0 98,0
(2 NaOH) 70,0 75,0 96,0
BumnpoOyBaHHs B KaMepi IITYYHOTO KiIiMaTy | Butpumye 0e3 30BHIIIHIX 3MiH, HE TaMA€ThCS,
npotsiroM 600 roauH HE KPUXKHI
Temneparypa ruasiesns, °C, He MEHIIE 1200 1200 1200

Haii6iapIm BaXXJIMBUMH XapaKTEPUCTUKAMH 0a3aIbTOBUX TMPOIIAPKIB IS JOPOKHBOTO
OyAiBHMILITBA € MILHICTh Ha PO3PHB, BITHOCHE IOJOBXKEHHS, MOB3Yy4icTh. [loB3ydicTIO €
3QJIKHICTh BITHOCHOTO TIOAOBXKEHHS Marepiaay TiJ [1€l0 TOCTIHHOTO HaBaHTAKCHHS
BiJ yacy, MpU BEIMKOMY 3HA4Y€HHI SKOI TOBrOTpHBAJiC HABITh HE3HAUHE HABAHTAXXCHHS MOXKE
MPU3BECTH JI0 PO3PUBY MPOIIAPKY.

Po3puBHE HaBaHTaXXEHHS CITKM 1 MOJIOTHA, BUTPUMAHOTO B JIY)KHOMY Ta KHUCIOTHOMY
po3uuHi, ckinangae 80 ta 70% Bix BUXiAHOT, 110 BABIYI OLIBIINE, HIXK 32 €BPOCTAaHIAPTAMH, 3T1IHO
3 KOTPUMH IIsl BeTn4rHa oBUHHA O0yTH 40% BiJl BUXITHOI.

Bennunna Moaysst IpY»KHOCTI CITKM HE HIDKYA BiJl MOIYJISI IPYKHOCTI achaabToOETOHY.

Po3mip oTBOpiB BHOpaHHMH JOCTaTHIM s B3aEMONPOHHMKAHHA MartepiaiiB 1
3a0e3neYeHHS 3USTIICHHS MIXK IIIapaMu.

Bynu po3poOieni BuMoru o npuiaunanHs (aaresii) 6a3aabTOBOJIOKOHHUX MaTepiajiB 10
B’SDKYYOro, 10 BHUKOPHUCTOBYIOTHCA SK OCHOBa (IIATPYHTYBAaHHS) TIPH 3aCTOCYBaHHI
IPOIIAPKIB Y BEPXHIX IIapax JOPOKHBOTO OJATY.

BunpoOyBaHHSI BUKOHYBAJIWCH 13 CTpiYKaMU IMHUPUHOIO 5 CM, JOBXHHOKO 15 cM Ha
3pa3kax ac(hanbTobeToHy aiameTpoM 7 cM. AAresiro BH3HAYAIM 33 BEJIWYMHOIO CHIIU BiIPUBY
PYYHUM JMHAMOMETPOM 32 pO3pO0JIEHOI0 METOIMKOI0. Pe3ynbraTtu HaBeaeHo B TalI. 3.

VYknananus 0a3aJbTOBOJIOKOHHUX IPOIIAPKIB BUKOHYETHCS HA BCIO IIUPHUHY MPOI3HOI
YaCTUHU a00 JIOKAJIbHO Ha TPILIIUHY IIJISTXOM PO3KOUYYBAHHS CMYT Ha IIUPHUHY TPILIUHU MOBEPX
OiATPYHTYBaHHS 3  OiTyMy 9M  KaTiOHOAKTUBHOI  OITYyMHOi  eMyJbCii  TOBIIMHOIO
0,8 — 1,1 /M.
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VY 3B’S13Ky 3 THM, 1110 ICHYIOTh Pi3HI BUAM TPIIIKUH 32 CBOEIO MUPHUHOIO Ta KOHPITYpaIli€ro,
NEPEeKPHUTTS iX MOBUHHO BUKOHYBATHUCSI CMyraMH pi3HOT IIMPUHH BiMOBIIHO 0 BUMOT TalII. 4.

VY nmopoxHto koHCTpykIito citky [ICB-JI ykimamaroTh MK OCHOBOIO 31 IeOCeHIO U
achanbTo0eTOHHUM TOKPUTTAM, oJ0THO HITB-550K — Mix mimanuM i meGeHeBUM IIapamu,
nosiotHO ['TIB-/] — y BepxHto yacTuHy (poOoumii map) 3eMISTHOTO TOJIOTHA.

PucyHnok S — 3acTocyBaHHs 10POKHbOL Pucynok 6 — YkpinieHHst Hacumis
citku I1CB-/I npu OyniBHMUTBI A0pir A0poxHBOK CciTKOI0 [1CHh-/{

Anresiro 6a3a1bTOBOJIOKOHHUX MaTEPialiB JI0 IIapy B’ SKYy4OTO HaBE/IeHA B TaOIuII 3.

Ta6auusa 3 — Aaresisi 6a3aJ1bTOBOJIOKOHHUX MaTepiatiB 10 mapy B’ s12Ky4oro

Marepian po3nuBy Anresisa, H/cm, He MeH1Ie

ciTKa MOJIOTHO TKaHE
bitym pinkwmit 14,0 17,0
birym mapxu BH/I 90/130 12,0 16,0
Karionna 6iTymMHa eMyIbCist 50,0 35,0

Taoauus 4 — lllupuHa nepekpuTTs TPilIMH 6232IbTOBOJTOKOHHUMH CMYTaMHu

Tunu icHyIOUnX TPIIUH [[upuna cMmyru
OauHOYHI, YiTKO BU3HAYCHI BIIKPUTI TTO30BXKHI Ta 25 cMm

MOTNIEPEYHI TPIITUHU IIHUPUHOIO 10 3 MM (mo 12,5 cm 3 060X CTOpiH)
besnepepBHi M0310BXKH1 00 MTONIEPEUHI TPIITUHA 50 cm

IIMPUHOIO O1IbINE 3 MM 3 pO3TATYKEHHSAM a00 BIIKpHTI. | (110 25 ¢M 3 000X CTOpiH)
Po3TpickyBaHHS y BUTJISAII TOHKHX JIIHIHN 13 CITKOIO

TPIIMH
CuIIBHO pO3TaTy’KEHi MO3/I0BXKHI Ta nonepeuHi Tpimuau | 70 — 80 cM
mMpHUHOIO O1biie S MM. CiTKa TpIiluH 13 1piOHUMH (o 35 — 40 cm 3 060X CTOpiH)

OTBOpPAaMH, SIBHO BIIKPHTI

[Ipu po3xpinieHHI IIApiB JOPOKHBOI KOHCTPYKIIl apMyBaHHSIM 3 OJHOYACHUM
HOJIMNIIEHHSIM YMOB JPEHYBaHHs MpPOIIAPOK YKJIAJA€ThCS HAa BCIO IIMPUHY 13 3arMHOM Ha
BUILEPO3TALIOBAHUN 111ap.
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[ToBepxHsA, Ha Ky YKJIAQHAaeTbcs 0a3aJbTOBOJIOKOHHUM IPOMIApPOK, ITOBHHHA OyTH
YHCTOI0, CyXO0, CHpO(UIbOBAaHOIO W YIIUIbHEHOI. BifcumanHs mebeHeBoro mapy Ha
VKJIAJICHUH TIPOMIAPOK BHUKOHYIOTH CIIOCOOOM «BiJ cebe» 3 MiHIMaIbHUM 3ai3]I0M
TEXHOJIOTIYHOTO TPAHCIIOPTY Ha BiJIKPUTE MOJIOTHO.

BucHoBku:

1. HaBemeHo OCHOBHiI eTanmu BUKOPUCTAHHS 0a3ajIbTOBOJOKOHHHMX MaTrepiaiiB Mais
JTUCIIEPCHOTO 1 HAMpSMHOTO apMyBaHHS JOPOKHIX KOHCTPYKIIH 3 acdajaroOeTOHHUM
HOKPUTTSIM JUIS TOJNINIIEHHS Oe3neku i KOM(OTHOCTI pyxy aBTOMOOITBHUX IepeBE3eHb B
yYMOBaX MOCTIMHOTO 3POCTaHHS IHTCHCUBHOCTI i BAHTAKOITI TMOMHOCTI TPAHCTIOPTHUX 3aC001B.

2. Marepianu Ha OCHOBiI 0a3aJbTOBMX BOJIOKOH YHACHIZOK CBOiX XapaKTEPHCTUK 1
BapTOCT1 3HAXOSTh MIUPOKE 3aCTOCYBAHHS B IOPOKHBOMY OYIiBHUIITBI.

3. Buxopucranus marepiaiiB i3 BbB 103Boisie CyTT€BO MiIBUIIMTH SIKICTh, (Hi3UKO-
MEXaHIYHl ¥ eKCIUTyaTalliifHl XapaKTePUCTUKH TOPOKHIX KOHCTPYKIIIM, CTPOKH EKCILTyaTarlii
ac(anbTOOCTOHHHUX MMOKPHUTTIB.
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VIIK 625.7

Yanoscvkuu B.C., acnipanm
Hayionanonuu mpancnopmuuii ynisepcumem, m. Kuis

YAOCKOHAJIEHHSI METOAIB TA 3ACOBIB OHIHIOBAHHA
KOJIIMHOCTI JOPO’KHIX IIOKPUTTIB

Busnaueno, wo ona pemenvhoco amanizy ma nputiHAmMms NPAGUIbHO20 PIUEHHS o000
NpU3HAYeHHs 3aX00i8 3 YCYHeHHs NPUYUH KONIEYMBOpeHHs HeoOXiOHe OemanbHe OYIHIOB8AHHSL
KOJIUHOCMI, sIKe Nosieae 6 00CaiodcenHi nonepeunoi kongicypayii kouii. 3’acoearno, wo 8ioomi
BIMYUZHAHI MA 3AKOPOOHHI MemOOUKU OYIHIOBAHHA KOJNIUHOCMI YACMKOBO PO3KPUBAIOMDb
NUMAHHSA KOJIIEYMEOPEHHS, NPU YbOMY NpOYecC 8USHAYEHHS napamempie Koaii € mpyoomMicmKum
i manoingpopmamusnum. Poszenanymo npoyec cmeopenHs cneyiaricmamu 1abopamopii
asmomobinenux oopie i aepoopomie Hayionanonoco mpancnopmuoeo yuieepcumemy 0ioyoi
Mmooeni npunady O0as OYIHIO8AHHS KOMIUHOCMI 3 BUKOPUCMAHHAM JA3€PHOCO0 OamyuKd.
Bcemanoeneno, wo pospobaenuti npunad 0ae MONCIUGICIb GUSHAYAMU He JUUe MAKCUMATLHY
2NUOUHY KoL, a Ul ompumyeamu OaHi 01 0emalbHO20 aHani3y il nonepeunoi KoHgizypayii.
Ilpu yvomy npug’azka nonepeunoco npoghinto 0o penepa 00360.A€ OMPUMYBAMU He MIilbKU
Gdaxmuuni 0ani npo KOMUHICMb Y MOMEHM BUMIPIOBAHHA, a4 U cnocmepieamu 3a OUHAMIKONO
nonepeuno2o npo@inio 6 npoyeci excnayamayii agmomoOiibHux oopie.

Knrouoei cnosa: oOopooicne noxpumms, KOMUHICMb, 2AUOUHA KOJIL, MPAHCNOPMHO-
eKCHIyamayitini NOKA3HUKU OOPOACHLO20 NOKPUMMAL.

Yanosckuu B.C., acnupanm
Hayuonanvnuii mpancnopmuswiu ynusepcumem, 2. Kues

YCOBEPHIEHCTBOBAHHE METOAUK U CPEJCTB OHEHKH
KOJIEMHOCTHU JOPOXHbBIX IIOKPBITUU

H3zeecmno, umo 011 MwamenvbHO20 AHAAU3A U NPUHAMUAL NPABUILHO2O PEUEHUs O
HA3HAYeHUU MepOnpusmuii Nno YCMPAHEHUl0 NPUYUH  KOLeeoOpa3o8anusi HeobXxoouma
0emanvHas OyeHKa KOJNeuHOCmY, KOMopas 3aKiouaemcs 6 UCCIe008aHUU NONepeyHoll
KOH@ueypayuu Koaeu. Ycmanosneno, umo u3eecmuvle OmeuecmeeHHvle U 3apybedcHule
MEmOOUKU OYeHKU KONeUHOCMU YACMUYHO PACKPLIBAION 6ONPOCHI KOJ1eeobpa30eanus, npu
9MOM — Npoyecc — ONpeoeleHuUss  Napamempos  Koieu  A6ISemcs — mpyooeMKum U
manoungopmamusuvim. Paccmompen npoyecc coz0anus cneyuarucmamu  a1abopamopuu
A8MOMOOUNLHBIX 00po2 U  adpoopomos Hayuonanebnoco mpancnopmmuoeo yHueepcumema
Oelicmegyloweli Mooeau npubopa Oas OYeHKU KOAeUHOCMU C UCHONb308AHUEM JIA3EPHO20
oamyuxa. Ycmanoenieno, umo paszpabomanHvlii npubop oaem 803MONCHOCMb ONpeoenims He
MONLKO MAKCUMANbHYIO 2TYOUHY Koleu, HO U NOIYy4ams OaHHvle 0 0emalbHO20 AHAIU3A ee
nonepeunoi kongueypayuu. Ilpu 5mom npussiska nonepeyHoz2o npouisa K penepy no3eoisem
nonyuames He MONbLKO (akmuueckue OaHHvle O KOJNEeUHOCMU 8 MOMEHM U3MePEeHUs, HO U
HAbA00amv 3a OUHAMUKOU NONepeuH020 NPOPUJIsL 8 npoyecce IKCNILYAmayuu asmomoOUIbHbIX
odopoe.

Knwuesvie cnosa: ooposicrnoe nokpvimue, KOIEUHOCMb, 21YOUHA KOAeU, MPAHCHOPMHO-
IKCHIYAMAYUOHHbIE NOKA3AMENU OOPOHCHO20 NOKPBIMUAL.
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UDC 625.7

Chapovskyi V., post-graduate
National Transport University, Kyiv

IMPROVING THE METHODS AND TOOLS
FOR EVALUATION OF RUTTING PAVEMENT

For a thorough analysis and make correct decisions about actions to quickly eliminate
the causes rutting requires a detailed assessment, which is to investigate transverse
configuration rut.

In Ukraine using 2-meter rail for assessing rutting. It defines only one parameter — the
maximum depth rut. Famous foreign rutting evaluation tools can be divided into two groups.
The first group includes tools as a rectilinear rail length of 6 feet. Measurements performing by
ruler or Rut Wedge, thus determining the maximum rut depth. The second group includes
various profilometers such as: «Transverse Profile Beam», «MLS profiler» and others. With
profilometers can get more detailed transverse profile, but for the functioning the majority of
profilometers requires additional tools are arranged on the car-laboratory.

The search for more information about rut parameters led to the creation the new tools
for rutting evaluation by specialists Laboratory of roads and airfields National Transport
University. The first version was the two-meter wooden measuring rail on the piers. Defining
the parameters of rut enforced through a variety of measurement probes. Wind load of traffic
have caused measurement error and turning the device.

After much tests design of the device been improved and as a result has developed a
working model of the device for assessing rutting. The main element of the device is accurate
laser sensor mounted in the measuring carriage. Also in the measuring carriage are other
necessary sensors, control which performs embedded computer. The device is equipped with a
rechargeable battery, which provides independent measurement of more than 100 transverse
profiles. These measurements are recorded on the SD card. Data processing measurement
performed on the computer with the software Microsoft Excel. In the operation of the device
defined features of his work, conducted its improvement and, as a result, the method of
evaluation of rutting using a new the device.

A device to determine the profile of the chosen sites length of 2 m with points at 1 cm. At
the beginning and end points of the profile is performed binding to constant rapper using
leveling.

Thus the device makes it possible to determine not only the maximum depth, but also get
data for detailed analysis transverse configuration rut. A linking of transverse profile to the
rapper can get not only the actual data rutting at the time of measurement, but also to observe
the dynamics of transvers profile in service of highways.

Keywords: pavement, rut, rut depth, transport and maintenance indexes of pavement
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Beryn. Komist € ogauM 3 HalOUIBII MOMIMPEHUX ACPEKTIB MOKPUTTS. AHAJI3 JaHUX
JOCIIJKeHb, MPOBEICHUX 3a KOPAOHOM, IIOKa3ye, IO YTBOPEHHS KOJIIHHOCTI HaJAMIpPHOI
rOuHM cTaHoBUTH Bill 20 10 35% yciX MPUYMH 3HMKCHHS TPAHCIIOPTHO-EKCILTyaTaliiHuX
SKOCTEH aBTOMOOUTBHUX AOpir. JleTanbHa OI[iHKA KOMIHHOCTI 103BOJUTh BUKOHATH PETEIbHUN
aHaJli3 Ta MPUIHATH MIPaBUIIbHE PIIICHHS 100 MPU3HAYEHHS 3aX0/11B JUIs IIBUKOTO YCYHEHHS
NPUYMH BUHUKHEHHS I[LOTO JIe(EKTY.

Ha croromni B VYkpaiHi s OIiHIOBaHHS KOJIIMHOCTI BHUKOPHUCTOBYIOTH JBOMETPOBY
peiiky [12], 3a 10moMororo Kol BU3HAYAIOTh JIUILE OJHH MapaMeTp — MaKCUMaJbHy TIHOUHY
komii. [Ipu BuMIpIOBaHHI 1032 yBarow 3aJIMINAETHCS TMOINEpevYHa KOHIrypaiis Kodjii, ska €
HEOOXIJTHOIO Ul BCTAaHOBJICHHS NPUYMH KOJNi€yTBOpeHHs. HeoOximHiCTh OLiHIOBaHHS
nonepevHoi KoHdiryparii koiii 00yMOBHIa BAKOHAHHS IIUX JOCIIIKEHb.

AHaJi3 ocTaHHIX JxKepes Aocail:keHb i myOaikauniii. Huni BuMoru no crany gopir
3arajJbHOTO KOPUCTYBaHHS Ha CTalii eKCIUTyaramii perjJaMeHTOBaHI HOPMaTHBHHM
JoKymeHToMm [1].

[Io crocyerhcs rpaHUYHUX AedopMalliii, TO B HOpMaTUBHOMY JNOKYMEHTI [1] Bka3zaHo:
«3.1.1 TlokputTTs MpoOi3HOI YAaCTUHU HE TOBHHHO MAaTH OCiJaHb, BUOOIH, HAIIJIMBIB UM 1HIINX
nedopMariiif, o yTPyAHIOIOTh PyX TPAHCHOPTHUX 3ac001B». ['0OIOBHUM HEIOJIKOM IIMX HOPM
€ BIJICYTHICTh BUMOT JIO TAKOTO MOKA3HHUKA, SIK KOJIIHHICTh 1 METOJMKA OT0 BU3HAYCHHSI.

VY HOpMax [2] Texx HeMae KOHKPETHOI METOJIMKM BU3HAYCHHS KoJiiiHOCTI. CKa3aHO JiHIIe
npo Te, IO MepecyBHA JIabopaTopis MOBMHHA MaTH JEpeB’siHI peiiku JoBXkHHOKO 1 1 2 M Ta
JHIWKY 3 MUTIMETPOBUMH TOAUTKAMH JIJIs BU3HAYCHHS TIIMOWHU KOJIIH.

VY HopmatuBHOMY 1OKyMeHTI [3], yBenenomy B Pociiicekiii Dexnepanii Ha 3aMiHy HOpM
[2], HaBemena cmpomieHa wmeroauka. fK ykazaHo B HopMax [4], CHpOIIEHUH METOn
BUKOPHUCTOBYIOTh JIJIsi TIOTIEPEIHBOTO OIIHIOBAHHS XapaKTepy YTBOPEHHS KOJii, BUSBICHHS
TIISHOK, SIKI MOTPeOYIOTh YCYHEHHS KOJIi, NMPU3HAUCHHS BHUAY pOOIT 1 BHU3HAYEHHS iX
OpieHTOBHHX 00cAariB. Meroauka 0a3yeTbcs Ha BUKOPUCTaHHI JBOMETPOBOI peMKH Ta
BUMIPIOBAJILHOTO T1yma (puc. 1).
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Pucynok 1 — YkopoueHa peiika Ta BUMipIOBaJbHUH 1IyNl
JJIsl OIHIOBAHHS CTaHy NONepe4YHol piBHOCTI (Ko1il)

3a BIZICYTHOCTI BHIIOPIiB PEWKY BCTAHOBIIIOIOTH Ha MPOi3HY YAaCTUHY TAaKUM YHMHOM, 1100
MepeKpPUBATH BUMIpIOBaHy Koumito [3].

Haii6inpm geransHuM JKepenoM iHGopMarlii Ipo KOMiHHICTh € peKoMeH Al [4], B sSIKuX
yKa3aHo, M0 pOOOTH 3 BHUMIPIOBaHHS KOJIHHOCTI MPOBOAATH y TEIUIMKA TEpioJ POKy 3a
BIZICYTHOCTI BOAM Ha TMOBEpxHI jgoporu. Jlns TuiaHyBaHHS poOIT Ha HACTYHNHHMH piK
BUMIPIOBAHHSI TIPOBOJASATHCS B OCIHHIM TIE€pIOA TICIS 3HIKCHHS TEMIIEpaTypu TOBITPS Ha
BiIKpuTiii MicueBocTi 10 +15°C ynenb. BumiproBaHHS Ciifg 3aBepIIUTA 10 TOTO,  SIK
CepenHbO1I000Ba TeMIiepaTypa MmoBiTps crane Hk4oro 3a 0° C.
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JIns  JeTtambHOTO — OIIHIOBAHHSA — MMapaMEeTpiB  KOJIEYTBOPEHHS  PEKOMEHIYEThCS
BUKOPUCTOBYBaTH CIHOCI0O BHUMIPIOBAaHHS BEPTUKAJBHUX BIAMITOK 13 3aCTOCYBaHHSIM
YKOPOUYEHOT peHKH 1 TIAKIaJaIbHUX cTakaHiB (puc. 2) [4].
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Pucynok 2 — CxemMa BUMipIOBaHHSI IapaMeTpPiB KOl
3a METOMKOK BEPTUKAJIBLHUX BiIMITOK

3a METOIMKOI0 HEOOX1THO BUMIPIOBATH BEJIMYMHY HAHOUIBIIOTO O 1 IBOX HAWMEHITUX O
1 83 mpocsirtiB (puc. 2). Ilpu o0podui pe3ynbTaTiB po3paxoBYIOTh TTUOWHY KOJii BiAHOCHO
MIPaBOTO Ta JIIBOTO BUIIOPIB K PI3HUINO O — O Ta O — O3 BIAMOBIIHO.

AHani3yloud METOOWKH, HaBeleHi B poOotri [4], cmig BiA3HAYUTH iX 3HAYHY
TPYIOMICTKICTh, BIJICYTHICTP MOXJIMBOCTI OTPHMMaHHs damn Kojii. Bukiukae cymHIB 1
HEOOXIJHICTh TAaKUX TPYIOMICTKHX pPOOIT, pe3yiabTaTh SKHX Hi B METOJAMII PO3pPaxyHKy Ta
MIPOTHO3YBAaHHS KOJIIEYTBOPEHHSI Ha HEXOPCTKUX JTOPOXKHIX oasrax [5], HI B peKOMEHIAITIsAX
I110/10 YCYHEHHsI KOJIiif Ha aBTOMOOUIBHUX JJOporax [6] He BUKOPHCTOBYIOTHCS.

VY GinopychkoMy cTaHAapTi [7] HaBeneH BUMOTH 710 1€(PEKTIiB MOKPHUTTIB PI3HUX THIIIB, Y
TOMY YHMCJII BUMOTHU JI0 KOMiiHOCTI. ['paHMYHO AomycTUMa ruOMHA KOJii 3aJIeXKHO BiJ| piBHSA
BUMOT JUIsl TIOKPUTTIB KamiTadbHOTO 1 IOJETMIEHOro THUMIB — 3 —5 cM, s TOKPUTTIB
nepexifHoro tuny — 5 — 8 cM. CTOCOBHO METO[IB, 332 SKMMH IPOBOJUTH BHUMIPIOBAHHS
KOJIIHHOCTI, B HOpMax [7] HIYOro HEe CKa3aHo.

VY pobGoti [8] Bka3zaHO, 1110 BUPIBHIOBAHHIO MIUISITAIOTh AUISTHKH, K1 HE 3a0BOJILHSIOTH
BUMOTH TPAaHUYHOTO CTaHy 3a PIBHICTIO MOBEPXHI Ta 32 TPAHUYHO JOMYCTHUMOIO TTTHOMHOIO
kouii (Tadm. 1).

Taboauus 1 — lllkaja ouiHIOBaHHS CTaHY JOPOKHBOTO OASATY 32 IITHOMHOKO KOJIil

TexHiuHa KaTeropis 10poru ['pannuHO HOMycTHMa IMMOMHA KOJIiT, MM
I 25
11 30
111 40
V-V 50

BiamoBigao 10 HOpM [8], AINSHKH JTOPOXKHBOTO OJATY 3 TIAUOMHOIO KOJii, OLTBIION HIX
TPAaHUYHO JOMYCTHMI 3HAUEHHS, HaJeXaTh OO0 HEOEe3MeuHUX sl PyXy aBTOMOOLTIB i
BUMAararTh HETAWHOTO MPOBEJACHHS POOIT 3 YCYHEHHS KOJii Ta MiJACHICHHS KOHCTPYKIII{
BIJIMOBITHO 10 BUMOT HOpMAaTWBHOTO nokymeHta [13]. IHdopmarito mpo meronu Ta 3acoodw,
SKUMU HEOOX1THO TIPOBOUTH BUMIPIOBAHHS KOJIHHOCTI, TYT HE HAaBEJEHO.

3ynuHUMOCST Ha BiJOMHX 3aco0ax 1 MeEToJax OIIHIOBaHHS KONIWHOCTi, SIKi
3aCTOCOBYIOTBCS 32 KOPIOHOM.
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Y poboti [11] nHaBemeno indopmanito npo mpmian «Transverse Profile Beam»
(Gayika 711 BUBHAYEHHS NONIEPEeYHOTro npodiio), po3podienuii komnanie;o ROMDAS y Hogiii
3emannii y 2006 pomi (puc. 3). Bin ckimagaeTbest 3 0anku MOBXKUHOIO 3,6 M 1 MOTOpHU30BaHOT
Kaperku. Kaperka pyxae KoJeco MOMEpeK IMOKPUTTS, a il ONTHYHI JAaTYUKU (PIKCYIOTh
KOJIMBaHHS KoJieca MO BepTUKaIl 3 TO4HICTIO (0,2 MM Ta 1O TOpHU30HTAI 3 TOYHICTIO 3 MM.
BaxnmBa ocobnuBicTe poOoTH Mpmiagy — morpeda y B3aeMonii 3 KOMITIOTEpOM IijJ 4ac
BUMIPIOBaHHS, 1110 € CYTTEBUM HEIOJIIKOM, TOMY 1[0 aBTOHOMHICTh POOOTH 3aJICKUTH Y MEPITy
4yepry BiJ KoM torepa. JloCTaTHbO BUCOKA TOUHICTh ONTUYHUX JATUYMKIB Y IbOMY BUIAJIKY HE
rapaHTye TOYHICTh MOOYM0BU Mpodiiaro, 60 M Yac pyxy KoJjieca Mo MOBEPXHI MOKPUTTS 1032
yBaror 3HaXOMATHCS TPIIMHU 1 HeBenHki BHOOIHH. PoOota [9] poskpuBae ¥ iHIII acmekTu
eKCIuTyaTallii mpuiamny.

Pucynok 3 — «Transverse Profile Beam»
(0aska 1J1s1 BUBHAYEHHSI ONEPeYHOoro nmpogino)

[nmmit npunan «MLS profiler», po3poOka sikoro posmouanacs noHaj 20 pokiB TOMy B
mrtari Texac (CIHA) [10], mpamroe moniono no «Transverse Profile Beam». BinminnicTio €
py4HE MepecyBaHHs KapeTKU 3 KOJECOM MO MOKPUTTIO B3JOBXK OANKHU, sIKE BUKOHYE OIEpaTop.
BuwmiproBaHHs 3MiHM y BHCOTI 1O BIJHONICHHIO JO 0a30BOi IUIOMMHU U KOXKHOI
TOPU3OHTAILHOI ~ KOOPJAWMHATH  3IIMCHIOETBCS 32  JOTIOMOTOK  JIIHIMHOTO  3MIHHOTO
nudepentiifHoro tpancpopmaropa (puc. 4). Cucrema HiAKIIOYAETHCSA 10 KOMIT I0TEpa, SKUA
30epirae BUMIpSHI KOOpPAWHATH TOMEpEeYHOro mpodimo. ABTOHOMHICTH pobotu «MLS
profiler» 3a1eKUTh BiJl KOMIT I0TEPA, 1 TOMY BiH Ma€ OOMEXEHHS y BUKOPUCTaHHI.

Pucynox 4 — Ilpunag «<MLS profiler»
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VY 1eHTpl TpaHCHMOPTHHX AOCTipKeHb Texacbkoro yHiBepcutery B Octini [10] mms
BHU3HAUEHHS MAaKCUMaJIbHOI TTHOWHU KOJMIl B MEPIITy Yepry BUKOPHCTAHO PEHKY JOBKHUHOIO 6
¢dbyTiB (mpubmm3Ho 1,83 M) 3 KIMHOBUM IPOMIPHUKOM (pHUC. 5), a TaKOXK MPUIIAJ 3 JIA3EPHUM
nanexomipom Leica (puc. 6), sIKUil mepeMillyeTbCs ONIEpaTOPOM Y30BK MPSIMOJIIHIHHOT GaJIKH.
Indopmariss aBTomMaTH4HO 3amucyeTbess B Tabmuio Excel uepe3 Bluetooth-3’ennannas 3
KoMIT 1orepoM. OIMH Takuii oTNepeyHHid MPodisib MOKE MICTUTH 10 27 BUMIPIOBaHb, TPUIOMY
Ha KOkKHE HeoOXimHo mpuOmm3Ho 4 cexyHnu [10]. MoxkHa BIAMITUTH, [0 BHCOKA TOYHICTh
IOTO METOJIy BUMIPIOBaHb IMOBHICTIO HIBETIOETHCS TPYAOMICTKICTIO Ta 3aTpaTaMu dacy Ha
BUMIpPIOBaHHSI.

PucyHok 6 — BumiproBaHHs KoJIiiiHOCTI 3 BUKOPHCTAHHAM J1a3epHoi cuctemu Leica

BunisienHss He po3B’sA3aHMX paHillle YacTHH 3arajbHoi mpodaemu. Ha croronHi B
VYkpaiHi 17s OLiHIOBaHHS KOJIIMHOCTI BUKOPHUCTOBYETHCS 2-METpPOBa peiKa, 3a JOMOMOTOI0
SIKOi BU3HAYA€THCS JIUILIE OJUH MapaMeTp — MakcUMalbHa TauouHa kodii. [Ipu BuMiproBaHHI He
BpPaxoOBY€ThCS TorepedHa KoHpiryparis KoJjii, ska € HeoOX1THOIO ISl BCTAHOBJICHHS NMPUYUH
KomeyrBopeHHs. CydacHi 3aKOpAOHHI METOAM YaCTKOBO PO3B’SI3yIOTh 1€ 3aBJAHHS, MPOTE
MarOTh HEJOJIKH: HEOOX1IHICTh MOCTIHHOTO 3B A3KY 3 KOMIT I0T€POM; CKJIQJHICTh KOHCTPYKIIIT
MpUIaaiB; HEIOCTOBIPHICTh BiOOpPaXEHHS PE3yNbTaTiB; TPYJAOMICTKICTh IPOBEICHHS
BUMIPIOBaHb.

IlocTanoBka 3aBaaHHsl. MeTO0 JOCHIDKEHHS € BIOCKOHAJCHHS OIIHIOBaHHS
KOJIIMHOCTI JOPOKHIX TOKPUTTIB 3a PaxyHOK pO3pOOJIEHHS HOBOTO 3aco0y BHU3HAYCHHS
KOJIIHOCTI Ta METOJAMKHU POOOTH 3 HHM.
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OcHoBHUIT MaTepian i pesyiabratu. [lomyk cmoco6iB oTpuMaHHS OUTBII JETaTbHOI
iHpopMmamii Tpo mapamMeTpu KoJii MpPHUBIB O CTBOPEHHS cremiamictamu JadopaTtopii
aBTOMOOUTBHMX JOpir 1 aepojpomiB HarioHanbHOTO TPAHCIOPTHOTO  YHIBEPCUTETY
JIBOMETPOBOI JIepeB’STHOi BHUMIPIOBAIbHOT pPEHKW Uil BHU3HAYCHHS IapaMeTpiB KoJii 3a
JIOTIOMOT'0F0 0araTbOX BUMIPIOBIBHUX IIYIIIB (pUC. 7).

Pucynok 7 — BumiproBaJsibHa peiika 3 6ararbMa BUMIPIOBAJILHUMHM Iy IAMU

BumiproBasibHa peiika mana 11 mymiB, siki po3TamoByBaiucs Ha Biactani 20 ¢cM OJUH Bij
OJIHOTO B3JIOBX PEHKM Ta Majd MUIIMETPOBY INKalTy 3arajibHOl0 aoBXHHOIWO 300 mwm.
BuMiproBaHHs KONIHHOCTI BUKOHYBAaJM LUIAXOM QoTrorpadyBaHHsS pEeWKH 3 OIMYLICHUMHU
[IyIaM, PO3MIIIEHOI y MiCIll BIAMOBITHOTO TomepeyHoro mpodimto (auB. puc. 7). Ilicms
MIPOBEICHHS BUMIPIOBaHb Ha JTOCIIAHIN AUISHIN BUKOHYBajtach 0OpoOKa pe3ynabTaTiB MUIIXOM
po3mudpyBaHHs 3HIMKIB. [[pakTH4HI BUMIpH 3a TOTTIOMOTOI0 BUMIiPIOBAJILHOT PEHKH TTOKa3aJId,
mo ii Jlerka 1 HecTiika KOHCTPYKIS MiJAa€ThCs BIUIMBY BITPY Ta MPODKIPKAIOYOTO MOPYY
TPAHCIIOPTY, IO TyXe BIUIMBAE HA PE3y/IbTaTH BUMipPIOBaHHS.

VY nopanplux MOIIyKax JepeB’siHy pelKy 3aMiHMIM Ha allloMiHieBY Oanky, ska mana 10
ITYITB Ta BCTAHOBJIIOBAJIACh 0€3MOCepeHRO Ha MOKPUTTS (PHC. 8 )

Pucynoxk 8 — BumipoBajibHa 00’e€MHa ajiloMiHieBa fajika

VY mojmampmmMx MOMIyKax crnocoOy oTpuMaHHS OueIn jaeTanbHOi iH(OpMamii mpo
napamerpu koiii Bomogumupom IlaBmiokom Ta Biktopom IlaBmatokom Oyrno po3pobiieHO
MOJIeNIb MPHUJIAAY JUIsl OLIHIOBAaHHS KOJIHHOCTI 3 BUKOPUCTAHHSM JIa3€pHOTO AATUYHMKA, SKHA
JI03BOJISI€ BUBHAYUTH NMPOPLIb JOBKUHOIO 2 M 3 KPOKOM BUMipIoBaHb uepe3 1 cm (puc. 9).

J—
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Pucynok 9 — Koncrpykuisi npuJiaay 1Jiss BUMiproBaHHs KOJIiifHOCTI:
1 — Ganka; 2 — BUMipIOBaJIbHA KapeTKa; 3 — MeX1 BUMIPIOBAHHS; 4 — PETYIIOI0Yl OTIOPH;
5 — pyuKH 7151 IEpeMIIIeHHS OaKu; 6 — pydKka JuIs IEpEeMIIeHHS KapeTKH;
7 — naTuuK HaxXWiIy (IHKJITHOMETp); 8 — a3epHHUM JaTuuK
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OCHOBHMM BUMIPIOBAIFHUM €JIEMEHTOM MPHJIANy € pyXoMa BHUMIpIOBajbHa KapeTKa 3
Ja3epHUM JaTdukoM (puc. 10)

Pucynok 10 — BumiproBaiibHa kapeTka npuJany (BUIJIsIA 3BepXy i 3HU3Y)

JlazepHuil naTUMK NpHUIAAY POBOAUTH BUMIPIOBAHHS BiICTaHi 10 MOBEPXHI TOPOKHBOTO
MOKPUTTS B MEXaxX OOpaHOTO IMOMEepedyHoro mpodiato. Y Todkax MovyaTKy 1 KiHIS Tpodiiro
BUKOHYEThCS IPUB’ I3Ka JI0 OCTIHOTO pernepa 3a I0moMoroo Hisemipa (puc. 11).

Pucynok 11 - IlpukJjan 3aKkpinieHHs nocTiiiHoro pemnepa

3aranpHUI BUTIIA] IPOLIECY BUMIPIOBAHHS HaBeJleHO Ha puc. 12.

Pucynok 12 — 3arajnbHuii BUTJISA IPOLeCY BUMipIOBaAHHS
Ta NPUB’A3KH 10 MOCTiliHOrO penepa
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Pe3ynpraTi BHMIpIOBaHB 3allUCYIOThCA Ha (IICII-HAKONWYyBad, YCTAHOBICHHH Yy
BUMIpIOBaJIbHY KapeTKy. OOpoOKka X pe3ynbTaTiB BUKOHYETHCS 32 JOIIOMOTOI0 ITPOrPaMHOTO
3abe3neueHHss Microsoft Excel. IIpukiman monepeunoro mpoduto, modyaoBaHOTO 3a JaHUMH
BUMIipIOBaHb, HaBeJIeHO Ha puc. 13
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Pucynok 13 — ITonepeunuii npogijb mpoizHOI YaCTHHHM MPABOi CMYI'M HAKATY
Ha aBTOMOOUIBHI# 10po3i M-12 (km 213+970)

Y mporeci ekcrutyaTarii TOpuiaay BH3HAYANUCh OCOOMMBOCTI HMOro pobOTH Ta
MIPOBOJIAIIOCS HOTO BIOCKOHAICHHS. Y Ppe3yiabTaTl JOCHIKEHb OyJ0 pO3pOO0JICHO METOAHMKY
OIIHIOBAHHS KOJIMHOCTI. 3TiIHO 3 HEI0 MepIl 3a BCE HEOOXiMHO OOpaTH AOCHIIHY IIISHKY.
BiamiTku monepednoro mpodiiaro Ciii BU3HAYATH yepe3 KoxkHI 6 M goBxuHM nisHkd. [lepen
BHUMIPIOBAHHSM MOKPUTTS MOTPIOHO PETENLHO OYUCTHTH BiA MUY ¥ Opyny, mob Oylio 4iTKo
BUIHO MEXi MOKPUTTS Ta 0004yuH. J[7s1 MPOBEACHHS BUMIPIOBAaHHS MPHJIAJ YCTAHOBIIOETHCS
Ha/l 30BHIIIHBOI0 CMYTOI HAKaTy IOMEpPEK OCi JOPOT'M TaKUM YHMHOM, 1100 HOro Mmo4yaTok
3HAXOJUBCS Ol KpailoBOi PO3MITKH a00 KPOMKH TMOKPUTTSA (y pasi BIJCYTHOCTI KpanoBO1
po3mitkn). HeoOXiHO MO3HAYMTH MICIsl BCTAHOBJICHHS OMNOpP MPHJIAAY Ta MeXi (IOYaTok i
KiHEIb) CKaHyBaHHs, HaBiBIIH iX (apOoto (puc. 14).

Pucynok 14 — Ilpukjaajn no3HayeHHs1 Miclisi BCTAHOBJIEHHS ONOP MPUWJIALY

[licns mpoBeneHHS  BUMIPIOBAaHHS HEOOXITHO BHKOHATH  HIBEIIOBAHHS  MEX
(moyaTKy 1 KiHIIS) MOMEePEeYHOro PO iIFo 3 TPHUB’ A3KOI0 10 TIOCTIMHOTO pernepa, Mo € OJHUM 3
OCHOBHUX IYHKTIB METOAWKH, SIKa IO3BOJISI€ OTPUMYBATH HE TUTbKH (aKTUYHI JaHi TMpo
KOJIIHHICTh Y MOMEHT BUMIPIOBAHHS, a ¥ CIIOCTEPIraTH 3a TMHAMIKOIO MTONIEPEUYHOTO MPOQIIIO B
npolieci eKCIuTyaralii aBTOMOOLIBHUX JIOPIT.
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BucHoBkuU. Y pe3ynbTaTi aHaNI3y CydacHHX 3acO0iB BU3HAYEHHS KOJIMHOCTI TIOPOKHIX
HOKPUTTIB OyJIM BCTAHOBJIEH] iX HEIOJIKU: HEOOX1IHICTh MOCTIHOTO 3B A3KY 3 KOMII I0TEPOM;
CKJIQJHICTh ~ KOHCTPYKIII  TPWJIAiB;, HEIOCTOBIPHICTh  BIIOOpaKEHHS  pe3yJIbTaTiB;
TPYAOMICTKICTh MPOBEACHHS BUMIipIOBaHb. [ iX yCyHEHHs BHHUKJIA MoTpeda y CTBOPEHHI
HOBUX 3aco0iB OIIHIOBaHHS KOJIIMHOCTI. Bymo po3poOneHo mpwian y BHUTIIAII PEUKH 3
OaraTbMa BUMIPIOBAJLHUMU IIyHaMH. Y TMPOIeCi BUSBICHHS HEIOJIKIB IMiJl 9ac eKCIuTyaTaii
npuiaa 6araropa3zoBO BIOCKOHATIOBABCA. Y Pe3ysIbTaTi KOHCTPYKIliS OyJia TOBHICTIO 3MiHEHA,
1 Ha IIbOMY eTami po3poO0JIEHO Ii0Yy MOJENb NMpUiiaay, 0 SBIsIE COO00 OANKy 3 PyXOMOIO
Kapetkoro. [lpunman mae MOXIMBICT, BHU3HAYaTH HE JIMIIE MaKCUMallbHY TIIIMOWHY, a U
OTPUMYBATH JaHi Ui AETAIBHOTO aHaNi3y MonepevyHoi KoHpirypamii Koii.
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CYYACHI HAITPAMU BJOCKOHAJIEHHSA
CUCTEM IPUTOTYBAHHA TA OYUILIEHHA
BYPOBHUX PO3YHHIB

Buxonano ozna0 cyuacnux KOHCMpYKyii ycmamkye8auHs 05l NPU2OMYEAHHS U OYUUEHHS]
0ypo6o20  po3uuHy, WO  chnpusmume  8uOOpY  HAUOLILWL  NPUUHAMHO20  8apianma
KOMNIIEKMYI04020 00IA0HAHHA NPU OCHAWEHHI HOBUX MA ICHYIOUUX YUPKYIAYIUHUX CUCmeM
byposux ycmanogok. OnucaHo Ccy4acHuil cmam ma MONCIUBI HANPAMU B0OCKOHATIEHHS]
YUPKYIAYTUHUX cucmeM. Busnaueno nepcnekmugni nanpamu: 6104He 8UKOHAHHS YUPKYAAYIUHOT
cucmemu, eudip i onmumizayiss KOHCMpyKyii 3miuiysaya. Pozensnymo maki 6asuchi eapianmu
smiwyeauis: 1) ciopaeniuni 3miulyeéadi (3anponoHOBaAHO 3ACMOCYBAHHA 0A2amMOCMEOIbHO20
conua, wo 30ibULYE YuCio Petinonvoca (Re) 8 poboui 30HI);
2) sucokoegexmusni ronamesi miwanrku muny «Turbotron» (3anpononosano ix mMooeno8aHHs
3a 00noMmo2o10 npoepamuoco komnaexcy SolidWorks Flow Simulation i eapianm mooeprizayii);
3) cmamuuni 3miwysaui (6cmanogéneno, wo yucio Re 6 3omni | = 10 d 3naxooumucs 6 medncax
10°-10).

Knrwuosi cnosa: yupkynayiiina cucmema, 0yposuil po3duH, peceHepayis, 2i0pasiivHull
smiwtysau, nonamesi miwiaiku muny « Turbotron», cmamuunuil 3miutysad.

beneyxuii B.C., 0.m.n., npogeccop
Tkauenxo H.B., accucmenm
Ilonmasckuil nayuonanvhuii mexnuyeckuu ynueepcumem umenu FOpusa Konopamioka

COBPEMEHHBIE HAITPABJIEHUSA YCOBEPILIEHCTBOBAHUA
CUCTEM NPUT'OTOBJEHUA 1 OYUCTKH
BYPOBBIX PACTBOPOB

Buinonnen 0630p cospemennvlx KOHCMPYKYull 000py008anuss Ol NPUSOMOGIeHUs U
ouucmku 6yposoco pacmeopa, umo 6yoem cnocobcmeosams 6blOOPY Hauboliee NPUeMIeMo20
sapuanma KoMnjieKmynwe2o 000py008aHus Npu OCHAWEHUU HOBbIX U CYUIeCMBYIOUUX
YUPKYTIAYUOHHBIX cucmem 0ypoeblx ycmanogok. Onucanvl co8pemMeHHoe CcOCmosiHue U
B03MOJCHbIE HANPABNEHUS COBEPUIEHCMBOBAHUS YUPKYIAYUOHHBIX  cucmeM. Onpedenenvl
nepcnekmueHvle HAnpasieHus: OJl0YHOe UCNONHeHUe YUPKVIAYUOHHOU Ccucmemsl, blOop U
onmumusayus KOHCMpYKyuu cmecumens. Paccmompenv: maxue 6azogvle  6apuanmul
cmecumenetl: 1) eudpasnuueckue cmecumenu (NpeoioHCeHO NPUMEHEeHUe MHO20CMBOIbHO20
conna, umo ygeauuugaem uucio Peuinonvoca (Re) 6 paboueil 30ne); 2) gvicoxoaghghexmugnoie
aonacmuvie mewanrku muna «Turbotron» (npednodceno ux Mooeruposanue ¢ NOMOUbIO
npocpammuozo komniexca SolidWorks Flow Simulation u eapuanm mooepruzayuu);
3) cmamuueckue cmecumenu (ycmanosnero, umo uucio Re 6 3one | = 10 d naxooumcs 6
npedenax 10°—107).

Knrouesvie cnosa: uyuprynayuonnas cucmema, 0yYpo8oll pacmeop, pecenepayus,
eUOpasIUdecKull cmecumenv, Jaonacmueie Mewianrku muna «Turbotron», cmamuueckut
cmecumens.
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Poltava National Technical Yuri Kondratyuk University

MODERN TRENDS OF IMPROVEMENT
OF PREPARATION AND CLEANING MUD

Flushing the well — one of the most important processes in the drilling, which includes
various technological operations: preparation of drilling mud, quality cleaning (regeneration),
adjustment of process parameters, properties.

Successful, high-quality and trouble-free construction of wells is primarily determined by
the perfection of the washing and applied with the equipment.

During the period 1990 — 2015 years was circulating upgrading of modern equipment,
providing technical and solution of environmental problems in cleaning wells. Its quality and
reliability grow, as a result of stronger tendency to purchase cheaper products Drilling
Company domestic production.

The purpose of the work — a review of contemporary designs equipment for preparation
and cleaning of mud, which will contribute to the selection of the most appropriate option kit at
the hardware equipment of new and existing circulation drilling rigs systems. The information
on the current state and possible ways to improve the circulation systems and their components
for the equipment, when equipping new rigs and upgrading old ones. Perspective directions:
block execution of the circulation system, the selection and optimization of the design of the
mixer.

Consider these basic options mixers:

1) Hydraulic mixers. Substantial efficiency can be achieved with a significant increase in
the Reynolds number of the working mixing zone, it is possible in the transition from a compact
jet to dispersion. Therefore, a promising direction for further improvement of the system of
preparation of drilling fluid is to develop hydro ejector mixer with multicore nozzle.

2) High-efficiency impellers type «Turbotron». Proposed their modeling using the
software package SolidWorks Flow Simulation (simulation of the flow of liquids and gases) and
version upgrades.

3) Static mixers. A static mixer is a precision engineered device for the continuous mixing
of fluid materials. The energy needed for mixing comes from a loss in pressure as fluids flow
through the static mixer. One design of static mixer is the plate-type mixer and another
common device type consists of mixer elements contained in a cylindrical (tube) or squared
housing. Typical construction materials for static mixer components included stainless steel,
polypropylene, Teflon, PVDF, PVC, CPVC and polyacetal. The calculated data of Reynolds
number Re are within 10°~10°, correspond with foreign research and respond «fully developed
turbulence», which provides high efficiency homogenization and rapid dissolution of the
reagents, which determines the quality of the mud.

It can be assumed that with the information presented in this work, drilling companies
will have an opportunity to choose the most acceptable variant circulation system and standard
equipment to them at the snap of new rigs and upgrade existing ones.

Keywords: circulating system, mud, regeneration, hydraulic mixer, paddle mixers such as
«Turbotron», static mixer, SolidWorks Flow Simulation, Reynolds number «fully developed
turbulence».
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Beryn. IIpomuBaHHS CBEpIJIOBUHM — 1€ OJUH 3 HAWOUIbII BaKJIIMBUX TEXHOJIOTTYHUX
npolieciB y OypiHHI, 110 BKJIIOYAE Pi3HI TEXHOJOTIUHI oneparii:

— IPUrOTYyBaHHS OypOBOTO PO3UMHY;

— SIKICHE OYMIIICHHS (pereHepartis);

— pETyJIIOBaHHS TEXHOJIOTTYHUX IMapaMeTpiB, BIacTuBocTel [1].

VYcmimnHe, skicHe Ta Oe3aBapiiiHe OyIIBHHULTBO CBEp/UIOBHH y TEpUIy Yepry
BHU3HAUAETHCS JIOCKOHAIICTIO TMpOILIECY TPOMHUBAHHSA 1 3aCTOCOBYBAHOTO TIpU LIbOMY
YCTaTKyBaHHS.

AHaJi3 TEXHIKO-€KOHOMIYHHUX TMOKa3HHUKIB MIATBEP/KYE TOH (DaKT, IO HABITh 3 BUKO-
PUCTaHHSM BHCOKOE()EKTUBHOTO OypOBOrO YCTaTKyBaHHS IIi TOKAa3HWKH HE 3aBXKIU €
BUCOKMMH. 3aCTOCYBAHHS CY4YacHOTO OypOBOro YCTaTKyBaHHSI IO3BOJISiI€E JOCATTH MAaKCH-
MAJIBHUX TEXHIKO-CKOHOMIYHHMX IOKA3HUKIB TUTBKU TPU BHCOKUX TEXHOJOTIYHHX BIJIACTH-
BOCTSIX OYpPOBHX PO3YHHIB, 1110 3a0€3MeUy€ThCS BIOCKOHAIGHHSIM TEXHOJIOT1T TPOMHBAHHS.

VY3aragbHeHHS CBITOBOT'O JJOCBIJy CIIPHsI€ OCHALICHHIO BITYM3HAHUX OYpOBHX YCTAaHOBOK
BHUCOKOE(EKTUBHUM YyCTAaTKyBaHHSM JJI MPUTOTYBAaHHS PO3UMHY Ta HOro 0ararocTyneHeBOro
OYUILEHHS HAa CYyYaCHOMY PIBHI.

AHaTI3 oCcTaHHIX JuKepes H0ciaKeHb i myoaikaniii. locmimkeHHI0 ycTaTKyBaHHS Ta
IPOIIECIB MPUTOTYBaHHS OypOBHX PO3UMHIB 1 MOB’SA3aHUX 3 HUMHU SIBUIL NPUAUISUIA YyBary
Oararo BITUM3HSAHMX Ta 3apyObKHUX iHKeHepiB 1 BueHux. Cepenm Hux A.l Bynartos,
FO.M. Ilpocenkos, ILII. Makapenko, B.I. Mimenko, A.B. KopryHos, B.M. Minbireiiy,
C. baymrapren (C. Baumgarten), [1.0. Po6eptcon (J.O. Robertson), T.E. Annen (T.E. Allen),
I1.0. IMamxert (P.O. Padgett). Pesymbraté iX nochijkeHb OMyOJiKOBaHI B psii crareil i
y3arajbHIOBAIBHUX MOHOTpadiii, y SKUX PpO3TJIASHYTI OCHOBHI TNHTAHHS TPUTOTYBAaHHSA |
perenepariii OypoBux po3uuHis [1 — 13].

Bugisiennsi He  po3B’si3aHMX  paHilmle  YAaCcTMH  3arajibHoOi  mpodJeMH.
OuHnIIeHHIO 1 MPHUTOTYBaHHIO OYPOBHX pO3YMHIB NPUAUISIOTH OCOOJIMBY yBary, OCKIJIBKH
BUOypEeHa MOpoJa, 10 HATXOIUTh y OYpOBUH pO3UYMH, HETATUBHO BIIMBAE€ Ha MOTO0 OCHOBHI
TEXHOJIOTIYHI BIIACTUBOCTI, @ OTXKE, 1 Ha TEXHIKO-€KOHOMIYHI TTOKa3HUKU OypiHHS CBEpIJIOBHUH,
30KpeMa Ha BapTICTh CBEPJIOBUHHM 4Yepe3 IIBUIKICTh MPOXOJKH, TiApPaBIiKy, 00 eMHu
po30aBiaeHHA I MIATPUMKH TYCTHHHM, KOE(IIieHT TepTst OypHJIBHOTO IHCTPYMEHTA,
nudepeHIiaibHl MPUXBATH, BTPATy IUPKYIALIl, CATbHUKOYTBOPCHHS Ha KOMITAHOBII HHU3Y
OoypunbHoi kosonn (KHBK), 3H0c OypoBoro ycrarkyBanHs i iHCTpyMeHTa Tomio. Kpim Toro,
MIPU HAKOIMYCHHI IIJIaMy B OYpOBif MPOMUBAIBHIN PIAMHI ICTOTHO 3HWXKYETHC i1 TIUHIZyIO4a
3IaTHICTH, 10 MPUBOIUTH /10 3MiHH CTPYKTYpPH TOBCTOI IMyXKO1 KIipKM Ha CTIHKAaX CBEPIJIOBHHU
B 30Hax (¢iapTpamii (s KipKka cTae OUIBIN MyXKOK 1 MPOHUKHO). 3a paxyHOK ITiIBHUIICHHS
TYCTHHH TPOMHUBAIILHOI PIIMHM, & 3HAYUTH 1 CyMapHOi Bard CTOBMa OypOBOTO PO3YUHY Y
CBEp/UIOBHHI 3HAYHO 3pOCTAa€ BIPOTiAHICTH WOTo MOTJIMHAHHA. BUTpaTW Ha OUMINEHHS Ta
MPUTOTYBaHHS OypOBOTO PO3UMHY, a TAKOXK PO3B’A3aHHS MPoOJIeM, OB’ SI3aHUX 3 MiIBUILIEHUM
yMmicToM TBepoi (ha3u, CKIagaroTh 3HAUHY YaCTHHY 3arajlbHUX BUTPAT HA OypiHHS CBEPAJIOBUH
[2].

Yce 116 mpUBOAWTH 0 3HIKEHHS HAMIMHOCTI OONaaHAHHS, 3MEHIICHHS IIBUIKOCTI
OypiHHSI Ta EKOHOMIYHHX BTparT.

Merta po0oTM — aHami3 Cy4acHUX KOHCTPYKILIA yCTaTKyBaHHS AJsl NPUTOTYBaHHA M
OUYMIIIEHHS OypOBOTO PO3UYMHY, IO CIPHUATHME BHOOPY HAMOUIBII TPHIHATHOTO BapiaHTa
KOMILIEKTYIOUOTO OOJIaIHAHHS TPU OCHAICHHI HOBUX Ta ICHYIOUMX HUPKYISALIHHUX CHCTEM
OypOBHUX YCTaHOBOK.

OcHoBHMIi MaTepiaa i pe3yjabTaTH. TexHOJOriYHE YCTaTKyBaHHS MJIi IPOMHBAHHS
CBEP/UJIOBUHM TPEJCTABIIEHE PSAIAOM B3a€EMOIIOB’SI3aHUX CHCTEM: IPUTOTYBaHHS N 0OpoOKH
OypoBOTrO pO34UMHY, pereHeparii, OYMIICHHS WOro Bix nuiaMmy i razy, uupkyismii. Koxna
cUcTeMa MICTUTH PsJl OJIOKIB 200 JEKUJIbKA OJTMHUIID YCTAaTKYBaHHSI.
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Bnoune suxonanmnsa yupkynauiunoi cucmemu. ChoroqHi Bce OUTBIIOTO TOUIHPEHHS
HaOyBatoTh 1upkymsnivHi  cuctemu (L[C), ckmameHi 3 JIaHOK, IO BHITYCKalOThCS
MIPOMHMCIIOBICTIO Y BUTJISII OJIOKIB.

Cxema monTaxy L[C 3 roTOBHX OJIOKIB MPUCKOPIOE 1 3CIIEBIIOE MOHTAX 1 CIpHsE
PO3B’SI3aHHIO TIPOOJIEMH OXOPOHHM HABKOJHUIIHHOTO CEPEOBUINA TMPHU OypiHHI CBEP/JIOBHH.
Broku 3aBOJCHKOrO BHUTOTOBJICHHS JIO3BOJISIFOTH MOBHICTIO BIIMOBHUTHCS BiJl CTBOPEHHS
aM0apiB 1 ’K0JI000BHX CHCTEM Y IPYHTI.

OcHoOBHa TEHJICHIIIS B YOCKOHAJICHHI OJIOKIB TOJIsiTae B 30UIbIICHHI 00’ €My pe3epByapa
o 80 M i Ginblie Ta CTBOPEHHI TEIUTO130JIA111i ¥ YKPUTTIB Ha BCiX OJOKaX, MPU3HAUYCHUX IS
OypiHHS B 3MMOBHX yMOBax [1].

Ha puc. 1 HaBeneHo a1 MPUKIIATy OAWH 3 BapiaHTIB OJIOYHOI MUPKYIAIIAHOT CHCTEMH,
mo Bumnyckaerbcsi TOB «Kowmmanis «TexHomexcepBic». BiH MICTUTH OJOK OYHINEHHS,
MPOMIDKHY 1 MPUUMAaJIbHY €MHOCTI, OJIOK MPUTOTYBaHHS OYpOBUX PO3YHMHIB. Biok ouumieHHs
3abe3meuenuit gerazaropom «Kackam-40», BiOpocutom CBI1JIM, CHTOTIAPOIMKIOHHUM
cenapatopowm, nearpudyroro OI'I-50.

Pucynok 1 — Hupkyasimiiina cucrema TOB «Komnanisi «TexnomexcepBic»

Yoockonanenns cucmemu npucomyeanms 0ypo6o2o po3uuHy niob6opom ephexmusHoco
3miwysaua

Tiopaeniuni smiwysayi. Ilpu po3BinyBaisHOMY OypiHHI HAQTOBHUX 1 Ta30BUX CBEPAJIOBUH
B YMOBaX aBTOHOMHOI'O PO3TallyBaHHs OypOBUX BEJIHMKE 3HAYCHHS Ma€ T1APaBIIYHUN CIOCIO
NPUTOTYBAaHHS TJIMHUCTUX MPOMHUBAJIBHUX PIIUH, NPHU SKOMY JJs PYWHYBaHHS YacTHHH
TBepaoi (a3u BHUKOPHUCTOBYETHCS TIABKM KIHETHYHA eHeprisi cTpymeHns. Ilpuctpoi s
TiAPaBIIYHOTO CHOCO0Y TPHUTOTYBaHHS TIWHUCTUX TMPOMHUBAIBHUX PIAWH OTPUMAIA Ha3BY
TiIpaBIiYHMX 3MilIyBadiB abo rigpomimanox [1].

[NapaBniuHi 3MilIyBadi €KEKTOPHOTO THNY (T1iAPOBOPOHKH) BUKOPHUCTOBYIOTHCS JUIS
IPUTOTYBAaHHS NPOMHUBAIBHOI PiAMHU 3 TIMHONOpomKy. Lle — mpuctpiii Ge3nepepBHOI nii.
Ha cboroHi Hail0uIbIIIE pO3MOBCIOHKEHHS Mae TipaBiaidHa mimanka ['CM.

SIKICTh TIMHHMCTOI TMPOMHUBAIBHOI PIAWHHU, MPUTOTOBAHOI B TiAPOBOPOHKAX, IOCUTH
Hu3bka. He3Baxaroun Ha TOHKE MJIMBO, YACTUHKHU TNIMHOMOPOIIKY B MPOLIEC MepeMilllyBaHHS 3
BOJIOIO MOBUHHI IPONTH MOJAJIBIIE JUCTIEPryBaHHs [2].

IcroTHe MigBUIIEeHHS €()EKTHBHOCTI MOXKE OyTH OCSATHYTO MPHU 3HAYHOMY 301TBIICHHI
yrcna PeifHonbaca B po6odiid 30H1 3MIlTyBaHHS, 1110 MOXJIMBO TPU MEPEXOAl BiJ KOMIAKTHOTO
CTpYMEHS J0 AucneproBaHoro. ToMy nepcrneKTUBHUM HAMpsSMOM MOJANbIIOT0 BIOCKOHATIECHHS
CHUCTEMH TIPUTOTYBaHHS OypOBOrO pO3YMHY €, Ha Hally JIyMKYy, pPO3pOOJIeHHS
TIPOEKEKTOPHOTO 3MilllyBauya 3 JUCIIEPrOBaHUM CTPyMEHEM (0aratocTBOJIBHE COILIO).
3ayBa)xuMo, 10 OJJHUM 3 BU3HAUAIBHHUX MTapaMeTpiB mpoliecy € uucio Bebepa [6].

304 Academic Journal. Series: Industrial Machine Building, Civil Engineering. — 2 (47)" 2016.




Pucynok 2 — I'inpounk/JI0OHHUI 3MilTyBay

BiTun3HsHI miANprHeMCTBa OCBOIOIOTH BUPOOHUIITBO TiAPOIMKIOHHOTO 3MilllyBada (pHC.
2) 3 TOABIMHMM LMKJIOHHMM TPHUHIMIIOM [ii, 110 3a0e3reuye SKICHIIIEe IepeMillyBaHHS
JOMIIIOK 70 OypoBoro po3unHy. [lepeBaramu Takoro 3MimryBaya €:

— BUKOPHUCTAHHS MOJBIMHOIO IUKJIOHHOTO MPHUHIMITY 103BOJISIE 3/IMCHIOBATU IIBHJIKE
JOJJaBaHHA CYXHMX MaTepiamiB y OypOBHHM pO3YMH 1 TrapaHTye peTelbHE 3MOYYBaHHS W
MepeMilTyBaHHs CyXOT0 MaTepiany mepe mojaavyeio Horo B akTUBHUN OypOBUN PO3YHH;

— IPUPOAHE 3aBUXPIOBAHHS, 110 JOCATAETHCS MPU poOOTI 3MilTyBaya, T03BOJISIE JOCATTH
edeKkTy caMOOUnIIeHHS] BOPOHKH [9].

Bucoxoegpexmueni  nonamesi  miwanku. ChOTOAHI 3alpOTOHOBAHO 1 TMpAIIOE B
MIPOMHMCIIOBOCTI PsiJi KOHCTPYKI[IM JIOMAaTeBUX MilIaJIOK. BumMoraMm BHCOKOEHEPTreTHYHOTO i
BOJIHOYAC TOMOTCHHOTO IMOJSl TiAPOJMHAMIYHMX BIUIMBIB Ha OypoBHMI pPO3YHMH BiANOBiAaE
KOHCTPYKIlI TpH-, YOTHUPH-, I ATHIMIEIEPHOI Mimanku Ttumy «Turbotron» (puc. 3, a).
Ontumizanisa i KOHCTPYKLII MOXIIMBA LUIAXOM BHOOPY ONTHMAJIBHHX PO3MIpPIB OKPEMHX
iMITeniepiB Ta BiACTaHeH MDK HHUMH. /{71 OrO JOUUIBHO BHKOPHUCTATH MOJICTIOBAHHS 3a
nornomororo mporpamHoro komiuiekcy SolidWorks Flow Simulation [14], mo 103BOIUTH
BUKOHATH TIOPIBHSUIBHUM aHa3 TOJIB IMBHAKOCTeW pinmuHu (1 yucen Re) y poOouiit 30H1
MiIIadKKd ¥ oOpaTu HaiOimbII JOUUIBHY iX KoHirypamito. Ha puc. 3, 6 HaBenmeHo moie
IIBUJKOCTEH TIIPOCYMIII MpHU TepeMinTyBaHHI OypoBOro po3unmHy B Mmimainii «Turbotron»,
oJiepaHe 3a JoMoMorow nporpamHoro komiuiekcy SolidWorks Flow Simulation. Ha puc. 4
MOKa3aHO KPUBY 3MIHU KOJIOBOI IIBHUJKOCTI OypOBOrO pPO3YMHY B POOOYiil 30HI MIITAJIKK
«Turbotron».

B.C. Binenpkuii Ta FO.C. Minryk 3anmporoHyBajid BAOCKOHAJIICHHS] KOHCTPYKITT MIITaIKH
tuny «Turbotron», 30Kkpema 107aTKOBO BCTAHOBJIEHO OOEPTOBI BEPTHKAIbHI IJIACTUHH 8,
JKOPCTKO 3’€/IHaH1 31 CTPIKHSAMM 9, sIKI BCTaBJE€HI B OTBOPH KpimwibHUX Bymok 10, 1o
KOPCTKO KPIIUIATBCSA IO CTIHKM Kopmycy. DikcaTopu 3a0e3MeuyloTh CTAIUN KYT BIIXWUIICHHS
obeproBux TutacTuH 8. Y pobOodomy pexumi (ikcaTopamu 3a0e3MeuyloTh OJHAKOBHH KyT
BIIXWJICHHS JlaMeTpajbHO po3TalmioBaHuX IiacTuH [15]. Take BIOCKOHAJNIEHHS J03BOJISIE
BHUPIBHATH €MIOPY MIBUAKOCTEH 1O pOOOUOMY MPOCTOPY MIMIAIKH, IO MiABUIINYE e()EKTUBHICTh
il BUKOPUCTAHHSI JIJIsl TOMOT€Hi3aIlii T1IpoCyMilIeH.
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Pucynok 3 — JlonateBa mimaJsika «Turbotron»:
a) po3pi3: 1 — xopmyc; 2 — Kpullka; 3 — BBiAHUI MaTpyOoK; 4 — BUBITHUI MaTpyOOK;
5 — mpuBia; 6 — BEpTUKAIILHUIA 00EpTOBHIA BaJT; 7 — JomaTeBi poOoUi Opranu;
8 — 00eproBi mnactuny; 9 — crprxHi; 10 — kpimuibHi Bymky; 11 — ¢dikcatopu;
0) TIoJIe MBUAKOCTEH T1POCYMIIIl TPH IMepeMiNlyBaHHI OypOBOTO PO3UMHY
B Mimanii «Turbotron», ogepskane 3a JOMOMOTO0 MPOTPAMHOTO KOMILIEKCY
SolidWorks Flow Simulation

7 EYSISYSSEy S S E——— S R —

o

Pucynok 4 — KpuBa 3MiHM K0JI0BOI IIBUAKOCTi O0YPOBOIo po34uHy
B po6ouiii 30Hi Mmimaaku «Turbotron»

Cmamuuni 3miwyeaui. KpiM TOTO, NMEpPCHIEKTUBHUMH MJisi BUKOPHCTAHHS B CHUCTEMI
MPUTOTYBaHHA OypOBOTO PO3YMHY € CTaTH4HI (HEpyXOoMi) 3MillyBadl CEpEeJOBHIN, Kl
KOHCTPYKTHUBHO SIBJITIFOTH COOOIO0 BCTaBKY Pi3HOI KOHCTPYKIi y TpyOi, MO SIKid TOJAETHCS
nmynbna OypoBOro po3dyuHy. MiKcepu BIAPI3HSAIOTHCS OJMH BiJ OJHOTO 3a KOHQIrypariero,
JTOBXKHUHOIO, JlaMeTpoM 1  JO3BOJNSIOTH  3MINIyBaTH  BEIMKUH  CHOEKTp JABO- U
0araTOKOMITOHEHTHHUX MaTepiaiiB Pi3HOI B SI3KOCTI, TYCTUHH, XIMIYHOT TPUPOIH 1 TPAKTUIHOTO
npusHaueHHns [16] (puc. 5).
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PucyHnok S — BapianTi KOHCTpYKIIii CTATHYHOI0 3MilIyBaya:
a — WOP>KOBUM 3MIIITyBay; 6 — 3MIITyBad «Tpy0a i3 CHCTEMOIO PO3MOIIIBHUX IPATOK»;
6 — 3MilllyBay «Tpy0a 3 TBUHTOBOIO BCTABKOIO»;
2 — 3MimmyBau «rpy6a 3i BeraBkoro hiTRAN®»

3aBgaHHS CTATUYHOTO MiKcepa — TOMOTCHI3yBaTH MaTepiay, BHUPIBHATH TPATIEHT
B’SI3KOCTi, HE JOMYCTUTHU IOMNAJaHHS B CyMIIll TIOBITPSHUX BKIIIOUEHBb, CYTTEBO IiIBUIIUTH
TypOyJIEeHTHICTh TOTOKY. JlochipkeHHsT pOOOTH Ta ONTHUMI3aIlisl KOHCTPYKIl CTaTUYHUX
3MIITyBaviB, SIK 1 Y BUMAJAKY 3 JIOMIATEBUMH MillIaJIKaMH, MOKJIMBI IIISIXOM MOJETIOBAHHS 32
nornoMoror mporpamaoro komruiekcy SolidWorks Flow Simulation.

Pesynbrat (hi3MUHOrO MOJENIOBaHHS CTaTUYHUX 3MillyBadiB [16] mokaszano y Tab. 1.
[Tpumyckasnocs, 1o BTpaTH €HEPTii Ha TePTS PIAUHUA 00 CTIHKH BiACYTHI (1/1€abHO TJIaJeHbKUI
TpyOOmpoOBin).
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Taoauus 1 — [MopiBHsiHHS epeKTHUBHOCTI MepeMinryBaHHS
3a I0NIOMOI 010 CTATHYHHUX 3MilllyBaviB

Po6oua nomxuna | [aponunamiyamii | Po3paxyHkoBe yncio Re
Komer . 3minryBayda L ormip Ha AUISHIT L B po0ouiii 30H1
aniIT E Z[I:: BiJI BHYTPIIIHKOTO | TIEPEMIITyBaHHS, CTaTUYHOTI'O MIKCepa
y niameTpa IIa - -~
V. V.
TpyOOIpoBOTY cep cep
EII\ZII)L}II;(])B]ZI:IIH 16,5D 5633 47826135 | 447727,00
PosnonineHa rpaTka 54800
(iepdropoBaii cK) >7.5D (L=7D) 1459362,74 | 1428828,38
E:fa‘z(‘;""a 8D 2078 296475,66 | 26594131
gﬁgiﬁ?@y‘g:f(}‘;ﬁ“a 6,5D (35 ig D) 39649139 | 36595704

OTpumaHi po3paxyHKOBI JaH1 yucia Re 3HaXOMIThCS B MEXKax 105—107, 1o 30iraeTec 3
HaBeIeHUMH y poOoTi [17] mnst pi3HUX KOHCTPYKLINH CTaTUYHUX 3MimryBadiB. Takuil piBeHb
TypOymi3amii TiApOCYMilIl BIJMOBiJIa€ TaK 3BaHId «pPO3BHHEHINH TYypOYJIEHTHOCTI», sKa
3a0e3mneuye BUCOKY €(EKTHBHICTh TOMOTEHI3aIlll Ta IMIBUJIKE PO3UYMHEHHS PEareHTiB — TOOTO
MIPOIIECH, K1 JECTEPMIHYIOTh SKICTh OYpOBOTO PO3UUHY.

BucHoBku:

1. 3a mepiox 1990 — 2015 pp. Bm6ynoc;1 NEePEeOCHAIICHHS IUPKYIALIMHUX CUCTEM cydac-
HUM YCTaTKyBaHHsM, L0 3a0e3ledye PO3B’s3aHHs TEXHOJIOITYHHX I €KOIOrIYHUX MpobIeM y
ranysi IPOMMBAHHS CBEpIOBHMH. MOro sKicTh Ta HailHICTH 3pOCTAIOTh, SIK HACIZOK —
3MILHIOETHCS TEHACHIIIS 3aKyIiBIII OYpOBUMH KOMITAHISIMH JI€IIEBIINX BUPOOIB BITUM3HSIHOTO
BUpoOHMITBA. KpiM IIHOBUX MHTaHb, JUIsi OypOBHUX KOMMAHI THUM CaMHUM PO3B’SI3YETHCS 1
npobiema 3aracHUX YacTHH, CepBiCY Ta KBalli(ikaiii 00CIyroByoyoro nepcoHay.

2. HaBeneno iHgopMalliro mo/10 Cy4acCHOTO CTaHy 1 MOXKJIMBUX HAIPSAMIB YIOCKOHAICHHS
MUPKYISAIIHHAX CUCTEM Ta X KOMILIEKTYIOUOTO YCTaTKYBaHHS MIPH OCHAIICHHI HOBUX OYypOBUX
YCTaHOBOK 1 MOJIepHi3aIlii icHyrounx. Bu3HaueHO mepCcreKTUBHI HanpsiMu: OJI0YHE BUKOHAHHS
UPKYIALIRHOT cucTeMH, BUOIp 1 ONTUMI3aIlisl KOHCTPYKIIIT 3MillTyBaya.

3. 3anporioHoBaHO 06a3MCHI BapiaHTH 3MIIITYBaviB 1 MEPCIEKTUBH iX MOJIEpHI3aIlii:

a) rigpaBiiyHi 3MmimyBadi. IcroTHe HiABHIEHHS €()EKTUBHOCTI MOXe OyTH HOCSATHYTO
MIpU 3HAYHOMY 301IbIIIeHH] Yucia PeliHonbaca B poOoUiid 30H1 3MIITyBaHHS, 1110 MOXJIMBO TIPH
nepexoAl BiJl KOMIAKTHOTO CTPYMEHs 1O JAHMCIEPrOBaHOTO, SKUH YTBOPIOETHCS TPU
BUKOPHUCTAaHHI 0araTOCTBOJILHOTO COILIA;

0) BHCOKOepEeKTHBHI JjomareBi wMimanku Tuny «Turbotron». 3ampomoHoBaHO iX
MOJICITIOBAHHS 3a JOMOMOTO0 mporpamMuoro komruiekcy SolidWorks Flow Simulation i BapiadT
MOJepHi3alii — O0JAaTKOBO BCTAHOBJIEHO OO0EpPTOBI BEpTHUKANbHI IUIACTMHU. Take
BJIOCKOHAJICHHS JIO3BOJISIE BUPIBHATH €MIOPY IIBHAKOCTEH MO poOOYOMY TPOCTOPY MIIIAJIKH,
10 TiABUIIYE e(DEKTUBHICTH 11 BUKOPUCTAHHS JJIsi TOMOTEH13allii TiApoCcyMIiIIei;

B) cTaTW4Hi 3MmimryBadi. OTpuMaHi po3paxyHKOBI JaHi 4uciia Re, skl 3HaXOmAThCS B
MeXKax 105—107, KOPECTIOHAYIOTh 13 3aKOPAOHHUMH JOCTIPKEHHSMH 1 BiANOBIIAIOTH
«PO3BHHEHIH TypOYyJEHTHOCTI», IO 3a0e3rnedye BHUCOKY e(EeKTHBHICTh TOMOTEHi3allii Ta
IIBUJKE PO3YMHEHHS pEareHTiB, SIKi BU3HAYAIOTh SKICTh OYpOBOTO PO3UMHY.

Mo>kHa IPHUITYCTUTH, IO 3aB/ISIKU HABENIECHIN B 111l poOOTI biHGOpMaIlii, OypoBi KOMITaHi1
3MOXXYTh BHOOpaTH HaWOIbII MPUHHATHUM BapiaHT LMUPKYJALINHOI CHUCTEMH Ta KOMILIEK-
TYIOUOTO yCTaTKyBaHHS IIPU OCHAIIIEHHI HOBUX OYPOBHUX YCTAHOBOK 1 MOJEPHIi3allii iICHYIOUHX.
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TECHNOLOGY DESCENT IN ONE STEP
INTERMEDIATE COLUMN, WEIGHT OF WHICH
EXCEEDS LOAD CAPACITY OF DRILLING RIGS

Decrease quantity of sections of the casing saves time and money in the process of
fastening of the well. The need to use the sectional descent columns caused by a not sufficient
capacity drilling rigs, mainly. In addition, casings domestic and imported can not withstand the
loads created by the weight of its own huge casing. In general, to address the issue of
development reduce the quantity of sections descent columns are developing in two directions:
increasing the carrying capacity of drilling rigs, the creation of special jacks for running
casing, increasing buoyancy force acting on the column in the wash liquid. The first way
allows for the descent into the well casing heavy and has only one limitation on unscrews loads
in threaded connections. In applying of welded columns is limiting the tensile stresses along
the pipe. The second way is more technically difficult and needs of additional equipment casing
and introduces additional limitations. The first method shutter casing at one time is limited and
the real unscrew load. In the second method sectional casing shutter is reduced by 30 — 60%.

Keywords: drilling column, borehole, drilling fluid, centralizer.

Conostiog B.B., 0.m.H., npoghecop

Muxatinosecvka O.B., K.m.uH., Ooyenm

Epmaxosa I.A., k.m.H., doyenm

Ilonmascovkuti HayionanvHull mexuivnul yHieepcumem imeri FOpis Konopamioxa

TEXHOJIOI'IA CIIYCKY B OJIUH ITPUIOM
ITPOMI’KHHUX KOJIOH, BAI'A AKHX IIEPEBHIIY€
BAHTAKOHNIIUOMHICTD BYPOBUX YCTAHOBOK

Po3zenanymo cnocib cnycky npomisicHux KoaoH, Kompuil 0038015€ NOO0NAMU 0OMEHCEHHSL
3a 8AHMANCONIOUOMHOCMIO OYPOBUX YCMAHOBOK 3d PAXYHOK NEPeHeceHMs 6acu KONOHU, KA
CNYCKAEMbCA HA  3AYeMeHMOB8AHY KOIOHY AK Ha QyHoamenm. 30Kpema, po3podieHo
MEeXHON02I10, KOIU KOMCHA 000amKO8a 6az2a KOJNOHU Npu ii HAPOWYBAHHI eK8i8anleHMHA
000amKO8UM CUNAM Mepms, AKI GUHUKAIOMb HA HapowjeHil Oiianyi. Taka mexHono2is CnycKy
He 3anedxcumy 8i0 8AHMANCONIOUOMHOCMI OYPOBOI YCMAHOBKU, He CIMBOPIOE HABAHMANCEHb HA
OCHOBY 8€dC, a MAKONC 000AMKOBUX PO3MANCHUX HABAHMAICEHb ) KOJOHI Npu 30i1bUleHH] ii
006dcunU. Jlosedeno, wo AKWO Maxka ymoea BUKOHYEMbCA, MO B6CI 8i00MI 0OMedHCeHHs O
CNYCKY NPOMINCHUX KOJIOH OYOb-KOI 008MHCUHU 6 OOUH NPULOM 3HIMAOmMsvcsa. Aemopamu
BCMAHOBIEHO 642y 00CAOHOI KOJIOHU, WO CNYCKAEMbCA, KOMpPA pO3NOOLIAEMbCA HA paHiule
8CMAHOBIEHY | 3a1eMeHmOBaHy KOJOH).

Knrwuoei cnosa: xonona, ceeponosuna, 6Oyposuti po3uuH, YyeHmpamop.
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Introduction. Reducing sectional casing makes saving time and resources in the
mounting welles. The need for launching a sectional columns caused mainly insufficient
carrying capacity drilling rigs. In addition, used casings domestic and imported sometimes can
not withstand loads generated by its own weight long casing.

Today technology known descent of heavy casing using hydraulic jacks that are installed
on the orifice. However, with only solved part of the problem because it does not limit removed
the maximum allowable length for the string buoyancy load.

Analysis of recent research and publications of sources. In economically developed
countries, deep drilling is the use of drilling rigs, heavy-duty, allowing lower heavy columns at
once. For example, well Ne 1 Rozhers Bertha (USA) lowered 426-millimeter casing weight of
6580 kN at a depth of 4202 m [1].

In case of excess weight carrying capacity of columns using special mobile equipment, is
equipped with powerful hydraulic jacks with a large swing its load-bearing supports.
With this facility in the well Nel Medoip (USA) was successfully lowered at once
508-millimeter casing length 3800 m and weighing in air kN 9500 [2]. Limit the depth and
weight of the column that descends on this equipment are determined buoyancy load threaded
connections.

In our country developed and applied methods of launching heavy casing through
facilitation mainly due to increased pushing power. There are a number of technologies descent
heavy casing afloat.

The simplest of these is the descent casing replacing drilling mud in it for simplified
partial emptying of liquid. However, in this case the recovery of circulation of drilling fluid is a
violation of hydrostatic balance well. In the annulus drilling fluid density decreases, and the
presence productive horizons, the conditions of formation fluid inflow and passing it to the
surface, and therefore water gas oil manifestation conditions and related complications. With
this inevitably linked infringement stability of the borehole walls.

Given the fact that the weight of the column increases the weight pour fluid volume,
while moving up the resistance added (10 — 15% for vertical wells). There are difficulties
undermining the column at the time of build-up another pipe. Leaving the carrying capacity of
the drilling rig, necessary after the circulation again empty column to the values previously
achieved using a compressor and tubing down [3].

Valid values emptying the descent of columns not full fill limited by fourfold safety
factor pipes to jam. These limitations do not allow you to lower the heavy columns below
the load in one step.

Bold still unsolved aspects of the problem. To reduce the weight of the column offered
to hook the device to create additional friction forces when lowering the string into the hole [4].
Friction is governed by backfilling sand or other granular material that fills
the annular space between the casing that goes down and the cylinder. Sand is poured into
the open top of the cylinder funnel and poured at the lower end of the range through narrow
openings. Speed is regulated by eruptions of sand compressed air. At the top of the cylinder is
provided hydraulically operated telescopic possible to reduce the cross section annular space, if
the rate of descent of the column increases.

Creating a considerable friction forces provides the necessary downforce [5].

At its compliance with the weight of the column adaptation must be considerable length,
which is difficult to achieve.

Significant reduction of sectional casing made laboratory equipment and technology
mounting holes State Research Institute of drilling technology. So spent downhill
340-millimeter intermediate column to a depth of 4600 meters in three sections instead of five
for the project. Summarized and analyzed the existing methods of facilitating casing during
their descent into the well and cementing options. Custom-designed technologies descent
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columns, whose implementation is promising but technically challenging and has some
limitations [6, 7]. These technologies include «pontoon» method of launching heavy casing and
down the column by increasing the density of the fluid in the annulus.

Setting objectives. In general, the development on reducing sectional descent columns
developed in two directions:

- Increasing capacity drilling rigs, creating special jacks for launching casing;

- Increasing the buoyancy force acting on a column of drilling fluid.

The first way allows you to perform difficult descent into the well casing and has only
one restriction on buoyancy load in threaded connections. When using welded columns - is
stretching the limit stress on the pipe.

The second way is technically complex and requires additional equipment casing, which
introduces additional restrictions.

The first method shutter casing in one step is a real buoyancy and limited loads. In the
second method sectional shutter casing is reduced by 30 — 60%.

Basic research and results. We suggested another way of lowering intermediate
columns, which can overcome the limit load capacity drilling rigs by transferring the weight of
the column that descends on cemented column as the foundation.

This approach to the task in one step downhill intermediate columns whose weight
exceeds capacity drilling rigs, there are no restrictions on carrying capacity as drilling rigs and
for buoyancy loads. Thus, the weight of the column hook may be only some portion of its
actual weight.

The implementation of such technology can be implemented by various technical means.

The essence of the technology is that each extra weight of the column in its capacity
equivalent to additional friction forces that arise in the area of extension. This technology does
not depend on descent-duty drilling rig, does not create pressures on the basis of the towers, as
well as additional tensile stress in the column by increasing its length.
If this condition is met, all the known limitations for the descent intermediate columns of any
length in one step removed.

In this approach, the weight of the casing, which descends allocated to previously
established and cemented column buoyancy action moves down under load clog previously
installed larger diameter columns. Changes diagrams of tensile stresses in the column.

Consider the technology of launching heavy casing on the example of a hypothetical
well.

In the well to a depth of 6800 meters must pull a column diameter of 245 mm with wall
thickness of 12 mm group Strength M, whose weight in the air 4760 kN. The column consists
of a casing OTTMI1 normal diameter couplings, acceptable load 3870 kN tensile and
limit weighing thrilled 4350 kN. The descent is carried out drilling machine with capacity
of 2000 kN installed in a borehole 324-millimeter casing at a depth of 3600 m.

Descent 245-millimeter column weighing 700 kN in the air performed by standard
technology in depth, such as 1000 m.

Further down is performed on hard elastic centralizer (Fig. 1), each of which calculations
show that the gap in columns with diameters of 245 and 324 mm is able to keep the weight of
12 — 16 kN with a coefficient of friction «metal — metal» 0.17.

Centrators setting while building columns, the rest can relieve the weight on 324-mm
column.

To make it possible disruption columns with wedges set telescopic connection of
245-mm column with the progress of up to 0.5 m. The weight of the column in the telescope
must be zero or less than the estimated depth, that column has quite hang on centralizers.
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Figure 1 — Centralizer discharge pipe for the columns in the well:
1 — a spring element; 2 — guides cover; 3 — screw; 4 — grooves; 5 — performances; 6 — trim [6].

You can not install a telescopic pipe connection and use string tension for removal of
wedges due to its extension. This will only lengthen the part of the column, the weight of which
is on the hook, and the lower part will be unloaded at centralizers.

When you exit the clog 245-millimeter column of 324-millimeter trunk in the open
weight 245-millimeter column to increase the value of the column that hangs on centralizers.
Centrators not work in the trunk with a nominal diameter of 295 mm.

Increasing the column with the installation center tors can compensate for the weight of
the column in the open barrel length of 3200 m and left hook column weight, easy to operate,
of 200 — 300 kN.

It should be noted that the actual depth of the descent of the 245-millimeter column is
buoyancy exercise in the open trunk from the 324-millimeter column.

In the case under consideration we can pull in one step 245-mm column weight
of 6390 kN in the air (3870 kN clog from the 324-millimeter columns plus 2,520 kN to
324-mm column) length 9100 m.

In addition, due to the strength eject drilling fluid density of 1200 kg/m’ length of the
column can be increased by 15,28%. If you use a pipe steel grades P-110 in the open trunk, the
weight of the column, launched at once drilling rigs carrying capacity of 2000 kN, 8710 kN can
be up in the air, the equivalent of 12,443 meters.

In the Kola ultradeep wells could pull the 245-mm column at once to a depth of
14,344 meters drilling fluid with a density of 1200 kg/m”.

A necessary and sufficient condition for launching columns at once resistance is the
borehole during descent.

Conclusions. This method allows lower hard casing into the well in one step. Limit the
weight of the column is independent of duty rigs. Weight buoyancy columns limited load in
threaded connections of the column, which is in the open trunk, plus the weight of the column
to the bottom launched earlier column.

The benefits of lowering casing in one step include: no need to use permissible tool that
restricts its weight weight section; no need to equip the column docking devices and the use of
disconnectors; reduce wear columns in docking areas, where it reaches the highest value;
alignment of columns create normal conditions for cementing; change diagram buoyancy loads
in the column; favorable conditions to ensure the tightness of the column; no need for tension
columns; shortening the mounting hole. A major shortcoming is the lack of opportunities
«walking» column. A necessary condition for success is preparedness mounting hole to shutter
columns.
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The problems of test process of wellhead and preventer equipment during the
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material into the gap to hermetization ability of self-sealing packer and quality test of
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taking into account operational factors were determined. Comparison of the research results of
hermetization ability cuff in the quantitative simulation and experimental study was done.
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AHAJII3 TEPMETU3AIIIMHOI 3IATHOCTI 'YMOBUX YIILJIbHEHD
BUITPOBYBAJIBHUX ITAKEPIB
Y PAMKAX CAE-CUCTEM

Posenanymo npobremamuxy npoyecy eunpobysamHs yCmMego2o ma NPOMUBUKUOHO20
001a0HAHHA NI0 4acC CHOPYONCEHHA MA Ni03eMHO20 PeMOHm) Cc6epIoNosuH.  Budineno
HAABHICMb MHOJMCUHU KOHCMPYKYIU NaKepie 01 NnpoeeoeHHs GUNPOOYBAHHA ma iX HeOONiKU.
Buseneno eascnugicmev 8y3na ywjinibHeHHs nakepa 6 po3pi3i 2epMemu3ayitiHoi 30amHocmi
YCMEB020 BUNPODOYBATILHO20 NaKepa ma AKOCMI NPOB8edeHHs. npoyecy 8UNPoOY8aHHs 8 YiNOM).
Ilpogedeno  awnaniz  aimepamypuux Odicepen I nyonikayiu y cghepi  0ocaioxHceHHs
eepmemu3ayitinoi 30amHocmi c8epONI08UHHUX nakepie. Buceimneno emanu ma pezynvmamu
KOMN 10MepHOo20 MOOent08aHHs Hanpys#ceno-0eqhropmosanozo cmawuy 2YMOB0iI
CAMOYUWINbHIOBANLHOT MAHMCEMU 3 YPAXYBAHHAM eKCNLyamayitiHux ¢axkmopis.

Knrwowuosi cnosa: ycmesuii eunpodyeanvhuii nakep, camoywilbHIO8AIbHA MAaHdicema,
KOMN 1omepHe MOOeNt08AHNS, HANPYIHCEHO-0eqh)OPMOBAHULI CIAH.
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Introduction. During the construction and repair of underground oil and gas wells
wellhead and preventer equipment must to be a subject to hydraulic test for checking the
hermetization ability:

— To establish at the well;

— After each mounting at the well;

— After repairs (replacing preventer rams, replacing cylinder rod seal of ram preventer, etc.);

— Before opening productive horizon;

— Periodically in accordance with the requirements of drilling company or the company (in
accordance with the requirements of API R 53 at intervals of not more than three weeks) [1].

When drilling it is often necessary to test the preventers in the case of open borehole.
Creating an excess pressure in the well during test may lead to fluid absorption by the wells,
and sometimes even to hydraulic fracturing. In this case it is not possible to comply with
regulated requirements totest of mounted preventers.

Today to separate the borehole from the wellhead and preventer equipment during their
test down hole packers are used. To test it should be used packer, with ease of operation and
high hermetization ability. Such requirements today are corresponded to packer on the basis of
self-sealing cuffs. To achieve hermetizationit isn’t necessary for external forces because
the rubber seal of packers in the basis of self-sealing cuffs automatically trigger when
the appearance of excess pressure of the test fluid in packer space.

The modern market of equipment for the construction or operation of oil and gas wells is
characterized by a variety of packer design on the basis cuffs. The most successful design
is the UHF test packer type manufactured by special rescue service «LIKVO» of
PJSC «Ukrgasvydobuvannya» (Fig. 1) [2].

Figure 1 — Wellhead packer UHF 168x50:
1 — case; 2 — bearing sleeve; 3 — self-sealing cuff; 4 — retainer; 5 — selector

The main element of test packer construction is seal assembly on the basis of self-sealing
cuff. This structural element determines hermetization of the borehole separation, and therefore
the quality of the whole process of test wellhead and preventer equipment.
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Given the importance of seal assembly in the system of the entire packer, a special place
is development of its rational design. Today, there is no scientific and methodological basis for
designing self-sealing cuffs. Some recommendations make it impossible to implement the
system design principle, not take into account a number of factors that occur during operation
of packers.

In connection with the above, a number of outstanding scientific and technical problems
that require mandatory solution through additional research are appeared.

Analysis of recent publications. Currently, there are a large number of scientific papers
about research of packer hermetization ability based on cylindrical cuffs [3].
The principle of this type of seal packers consists in application of additional axial external
force for packer removal and imposes appropriate restrictions on the use of analytical
dependences in developing self-sealing cuffs of wellhead test packers.

In the works [4, 5] the constructive design of test packer on the basis of self-sealing cuff
with some practical recommendations to improve hermetization during the test wellhead and
preventer equipment is highlighted. In [4] short information about rational cuff tension is given.
In [5] recommendations on the radial clearance between the seal assembly retainer and casing
pipe wall are given. In [4, 5] there are no experimental or theoretical confirmation of these
recommendations.

Given the absence of clearly defined criteria to ensure the hermetization of rubber
self-sealing cuffs of down hole packers, a critical analysis of scientific papers on research
of self-sealing cuffs structures was conducted in the field of general engineering.
The principle of the operation of self-sealing cuffs of down hole packers are absolutely the
same principle of the cuffs used for locking the working fluid in movable and immovable joints
of various hydraulic and pneumatic systems units or devices.

In the scientific work [6] the dependence of previous contact pressures of self-sealing
cuffs on the value of pretension is highlighted. Work [7] presents a scheme of distribution of
specific contact pressures on the conjugate cuff surface "outer lip - cylinder". Analytical
equation for determining the contact pressures that occur in the process of hydraulic device
work on contact sealing surfaces is derived. The authors of [8] classified the factors that
determine hermetization of hydraulic cylinders.

Revealing still unsolved aspects of the problem. The results of the works [4 — 8] in
theoretical and experimental studies of rubber self-sealing cuffs in the field of general
machinery can’t fully be used for research of hermetization ability and design of wellhead cuffs
for test packers because of a completely different configuration of the latter.
Proof of this is relevant study [9], indicating that the performance and value of stresses that
occur during operation essentially primarily depend on the size, shape, material and operating
temperature of the seal. Comparing the above configuration components of self-sealing cuffs of
wellhead test packers and cuffs of general machinery, it can be argued that, apart from the
principle of work, they have nothing in common.

In these scientific works there are no studies on the effect of deformation and strength
characteristics of self-sealing cuffs such as pressure modulus or shear modulus on the seal.
Practice has shown that soft and pliable material with a lower shear modulus, faster, easier and
with less energy fills irregularities and hollows of seal surface. Seal surface of well can be
represented as corrosive caverns, mud, clay crust of varying thickness and so on.
This dramatically increases the extrusion of the material, which also has significant
disadvantages (Fig. 2).

Rubber extrusion in irrational radial gap between the seal retainer and casing pipe leads
first to a significant extrusion of the material as a result of tensile strength and of redistribution
of operate contact pressures on the conjugate surface in the direction of reducing to zero, and
then to depressurization due to violation of hermetization conditions. A solid material with
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greater shear modulus leads to reduce of cuff flexibility. Lack of cuff flexibility has a negative
impact during the initial test pressure when installing a packer into casing pipe with significant
out-of-roundness on fit completeness of the operation cuff surface to seal surface of casing
pipe. This greatly affects the sea land should be taken into account.

The analysis of research in this area shows that today there is no information on research
of rubber self-sealing cuffs of wellhead test packers in terms of comprehensive action of power,
geometrical parameters and material properties on the latest. There is no systematic distribution
base of unit contact pressures under conditions of different levels of the stress state of the seal
element at different values of the test pressure, radial clearance and tension.

Summarizing the above information, the authors decided to conduct hermetization ability
of seal assemblies of self-sealing packers, taking into account a number of the most influential
factors.

The aim of the work. The research was aimed to: identify the stress-strain state of seal
assembly cuff in the test conditions for evaluating hermetization ability with the purpose of
fundamentalization of development-constructing works with self-sealing cuffs of wellhead test
packers.

Basic material and results. The priority is the study of experimental researches on
specimens of cuffs of well-head test packers in conditions close to real.

Given the relatively high cost of experimental researches taking into account all factors
and possible technical and design parameters of the cuff, search for alternative methods was
conducted. An alternative method was analytical and numerical methods.

b)

Figure 2 — Results of seal material extrusion:
a — deformation of the cuff support after raising packer from the well;
b — destruction of the packer cuff support due to rubber extrusion

36ipHuK HaykoBux npaik. Cepist: [amyseBe MamuHOOy xyBaHHst, OyaiBHAITBO. — 2 (47) 2016. 319




For more complex structures and boundary conditions many numerical (computer)
methods of solving problems are used that allow approximately describe nonlinear geometric
forms and methods of application of an external load. A system with a large number of
equations, whose solution requires significant computational power, is created for obtaining
results with small precision. However, the development of modern computers is not an
obstacle.

One method of computer simulation is the finite element method. It is based on replacing
the freeform studying area by finite elements with simpler configuration and known properties
that are interconnected in the assemblies. Parameters in any internal point are found with the
known values of the field at the model borders (boundary conditions) point. Today this method
is the most common because of the universality of approach [10].

The problem of the strain and stress patterns with different geometric dimensions and
material properties, contact interactions of diverse bodies depending on the applied loads and
conditions of interaction with contacting bodies are well solved using the finite element method
in CAE-system.

Finite element method was selected to study stress-strain state of the cuffs and according
of hermetization ability.

Computer simulation was performed as follows:

— Building a geometric model of seal assemblies;

— Choice of behavior for seal material;

— Splitting cuffs on finite elements;

— Definition of boundary conditions and loads during operation of wellhead test packer;

— Research to obtain relevant diagrams of strain and stress state.

In terms of the first and most critical stages for proper construction of finite-element
model is the choice of seal material behavior model. That is necessary to determine the physical
model of deformation and a number of physical parameters inherent in the existing model. The
physical characteristics and the relationship between stress and deformation of rubber are set by
hyperelastic models.

To represent the physics behavior of the material was selected Mooney — Rivlin model
used to describe the behavior of low-compressible rubber during stretching and compression
and is based on the expression of strain energy density for functions, which allows accounting
up to nine parameters in the form of combinations of strain tensor invariants, whose values
were established experimentally.

Finite element mesh was created after building geometric models (Fig. 3 a) and the
appropriate boundary conditions on the kinematics of seal assemblies during the action of the
test pressure were set (Fig. 3, B).

To simulate the cuff was following dimensions: inner diameter d is 81 mm; outside
diameter Dy — 149.1 mm; height h - 70 mm. The inner diameter of 168-millimeter test casing
pipe is 147, 1mm.

The task of simulation within the CAE-system was to obtain the maximum equivalent
stress (von Mises) and analysis of their distribution through the cuff body under load. Knowing
the distribution of the maximum equivalent stress is very important in terms of research of
extrusion process of cuffs in the test of wellhead equipment in radial clearance between the cuff
support and the inner wall of the casing pipe d.

Practical experience shows that extrusion is the cause of destruction of the cuff support
and packer depressurization during operation.

Simulation was performed on the basis of the most influential factors: the shear modulus
of the material oy, (obtained experimentally), the value of the test pressure P, the value of the
radial clearance d between seal assembly support and the inner wall of the casing pipe and cuff
tension A.
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Fig. 4 shows an intermediate result of simulation in the form of diagrams of stress-strain
state of the cuff indicating the restrictions.

The research result is related graphic dependences. One of them is shown in Figure 5.

Obtained dependencies were compared with experimental results. The discrepancy
between the results of computer simulation and experimental study was 8%.

Identified simulation results made it possible to rationalize them in improving wellhead
test packer and implement it into production.

a

Dr

D

Figure 3 — Preparatory stages of finite element simulation:
a — creating finite element mesh; b — setting the boundary conditions
(d — inner cuff diameter; Dt — inner pipe diameter;
Dwm — outer cuff diameter; h — cuff height)

Research of advanced cuffs has been conducted considering similar impacts. Fig. 6 shows
intermediate simulation results in the form of diagrams of stress-strain state of the cuff
indicating the restrictions.

Improvement of stress-strain state is obvious after comparing the results of the study. Fig.
6 shows that the area of the radial clearance is no longer the stress raiser. This was achieved
due to the increasing the height of the cuff support and the angle of inclination in contact point
with packer support.

Research make it possible to argue that numerical simulation is an effective research tool
and creates rational design of seal assemblies of down hole test packers.
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Figure 4 — Distribution of equivalent stress
(von Mises) under the following conditions:
A =2 mm; d=1mm, oy, = 2.47 MPa; P = 30 MPa
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Figure 5 — Dependence of maximum equivalent stress G
on the tension A of self-sealing cuff
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Figure 6 — Distribution of equivalent stress
(von Mises) under the following conditions:
A =2mm; 6 =1 mm; o4, = 2.47 MPa; P = 30 MPa

Conclusions. Computer simulation of the stress-strain state of self-sealing cuffs of
wellhead test packer has allowed concluding the next.

The most dangerous zone of stress concentration is lower zone of the cuff support at the
border with radial clearance.

The intensity of increasing maximum equivalent stress increases with radial gap of 4 mm
and above.

The angle of inclination of the support cuff and the angle of inclination in contact point
with packer support are essential.

Material elasticity and the value of material extrusion material in the gap increase with
decreasing shear modulus. The simulation showed that rational shear modulus can be
considered value o, = 2.47 MPa.

Significant influence on stress distribution is the value of the cuff tension. Rational
tension with minimum required values of contact pressures is the range of 3 - 4 mm.

The research results of improved form of self-sealing cuff showed a significant
decreasing stress in the area of stress raiser - radial gap.
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IN NITRATE SYSTEMS IN FORMATION OF OXIDE
OF CONSTRUCTIONAL MATERIALS ON THEIR BASIS

Using the complex of physico-chemical methods the studied the nature and special
features of chemical interaction, thermal transformations (25 — 1000 °C) of structural
components in a model system of neodymium and potassium nitrates — systems of nitrates of
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BUKOPUCTAHHS 3AKOHOMIPHOCTEM
KOMILIEKCOYTBOPEHHS P3E Y HITPATHUX CUCTEMAX
TP ®OPMYBAHHI OKCUJHUX KOHCTPYKIIMHUX MATEPIAJIIB
HA IX OCHOBI

I3 3acmocysanHsm KoMNAeKCY (DI3UKO-XIMIYHUX MemoOdi8 GUBYEHO Npupooy U
ocobnusocmi ximiunoi 63aemoo0ii, mennosux nepemeopensv (25 — 1000°C) cmpykmypHux
KOMNOHEHMI8 y MOOENbHIU CUcmeMi Himpamieé Heooumy [ Kauilo — CUCMmeM Himpamis
piOKicHO3emenbHUXx enemenmie ma enemenmis IA epynu nepioOouynoi cucmemu, amMOHii0, wWo
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OCHOBI  KOHCMPYKYIUHUX Mamepianié pi3HO20 NPUBHAYEHHS 13 3A0aHUM KOMIIEKCOM
CMPYKMYPHO-YYMAUGUX Xapakmepucmuk. Buseneno nusky ocodorusocmetl i 3aKOHOMIpHOCMeLl
y ix cyKynHiil nogeoinyi.
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Statement of the problem. Considerable attention that now is being paid to the study of
nanoscale materials, primarily, is due to significant differences of their properties from
the properties of bulk materials of the same composition and is the result of detection by them
of quantronix effects.

For obtaining the nanosized inorganic materials on oxides of transition and rare earth
elements, the most promising is the use of methods of «soft chemistry» based on synthesis from
aqueous or non-aqueous solutions at relatively low temperatures. Their key advantages are: the
possibility of obtaining products with controlled composition and micromorphology,
efficiency, environmental acceptance and so on. Unfortunately, the vast majority of the
currently known studies does not make it possible to formulate general principles for creation
of nanomaterials possessing the assigned composition, micro and mesostructure, functional
characteristics. The main reason for this is that the mechanism of nanoparticles formation in
these conditions is rather complex from physico-chemical point of view and may include
parallel processes of hydration (solvation), association, complexation, formation and
transformation of heterophases, laws of which are poorly understood. In this regard, one
of the main challenges in the development of reproducible methods for the directed synthesis of
nanodispersed materials using approaches of «soft chemistry» is a detailed study of
mechanisms and dynamics of processes taking place during formation of nanoparticles.
Such fundamental study envisages a systematic study of the composition and micromorphology
of intermediate compounds, that in most cases determine the microstructure and structure-
sensitive characteristics of the final polifunctional nanomaterials.

Modern REE oxides-containing polifunctional materials are extremely diverse.
A common uniting point for all of them is the structure. Transition metals in structure
of complex oxides coordinate oxygen poledra of different configurations. The structure
of substances is formed by various combinations between polyhedra, which in different
combinations can be united by vertices, edges, faces. In cavities formed by fragments
of polyhedra rows the larger cations of alkali, alkaline earth, rare-earth elements are placed.
Many properties of complex oxides depend not only on their composition and structure but also
on defect structure that purposefully allows to influence their target parameters.

Analysis of major studies and publications which initiate the problem solution.
At present, the search of new methods and complex technologies for the synthesis of special,
functional REE oxide-containing materials with a liquid multi-component nitrate systems
[1 — 15] is being carried out. Such technological schemes are based on the production of fine
powder materials by chemical homogenization of initial components in joint selection of
products from the liquid phase by sequential or joint deposition followed by heat treatment in
the form of their hydroxides or other insoluble compounds; the use of a thermolysis method of
a solvent, ionic and molecular coordination precursors; replacement of a solvent; a spray
drying; cryochemical crystallization, sol-gel processes, etc. The synthesis of nanocrystalline
materials is a complex scientific and technological problem.

The information about the condition and possible ways of improvement of creation
technologies of REE oxide-containing polifunctional materials is available [16]. The existing
requirements to their stability and reproducibility properties initiated our study.

The results of these studies become particularly relevant when using such
multicomponent REE-containing zirconate and molybdate, as a stable and sustainable over time
immobilizer, liquid radioactive waste and the study of the processes of their absorption,
adsorption in similar frame matrices.

Problem formulation and solution methods. The aim of this work is a basic research of
cooperative processes proceeding upon obtaining the oxide rare earth-containing functional
materials using nitrates of elements of various electronic structure and finding the possible
methods of influence on liquid-phase and solid-phase systems based on thermal activation of
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reagents for reproducing their structure-sensitive characteristics. In the work to assess the
management of these processes and to obtain materials with the desired properties as model it
was studied the system KNO; — Nd(NO;); — H,O, components of which specify the technical
characteristics of the synthesis product or modify its physical properties. The choice for studies
of neodymium nitrate (as representative of the rare earth elements of cerium subgroup) is
determined by existing statistical data about the most probable changes in composition or
structure of the compounds created by neodymium while passing from lanthanum to lutetium
in a natural number. The choice of values for the temperature section 50°C for studying the
solubility isotherms of the system is determined by instability of hexahydrate of neodymium
nitrate and start point of its melting in crystalization water at 68°C, above which it is in a liquid
highly viscous metastable condition.

To solve this problem, our research were focused on:

— solid analytical literature review of the available scientific information on the subject of
the work;

— the choice of methods and means of physico-chemical studies of a model system;

— mastering the methods and techniques of preparation and conduct of the experiment;

— experimental study of chemical interaction of components, heterogeneous equilibria in
water-salt system KNO3 — Nd(NO3)3 — H20 (50°C) with the application of complex physico-
chemical methods;

— building the isothermal solubility chart system. Determination of concentration limits
of original compounds crystallization and identified of complex salts in the system;

— identification of optimal growth conditions and performing the synthesis of
coordinating neodymium nitrates and potassium examination of their properties and
confirmation of identity;

— thermographic study of solid phases produced in the system of neodymium nitrate and
potassium from solutions, solutions-melts, melts;

— clarification the nature and peculiarities of sequential thermal transitions in the rare
earth-containing nitrate multicomponent systems in different aggregate states during the heat
treatment;

— using the acquired knowledge to justify the preparatory processes in the production of
REE-containing functional materials for various purposes, development of possible ways to
control them.

To clarify the nature of chemical interactions and phases equilibria in water-salt system
of the studied nitrates (precursors of multicomponent oxide functional materials) in full
concentration ratios in a temperature range of solutions existence the method of solubility,
described in [17, 18], was used.

The method allows tofind the limits of self-development, to which in specific conditions
in equilibrium state the isolated system of this composition aims.

The transformations nature of solid phases, crystallizing in the investigated ternary
system was studied using the method of thermal analysis on derivatograph Q — 1500 D,
the developed thermoanalytical complex, as well as methods of elemental and X-ray analysis.

The experimental part. In this work as source salts there were used hydrated and
anhydrous nitrates of these elements of the brand «p.f.a.», additionally purified by
recrystallization.

Heterogeneous equilibria in aqueous system of nitrate salts was studied isothermally at
50 °C in dry air thermostat , with continuous mixing using the mixing electromagnetic multi-
device. The equilibrium of phases was established within 1 — 2 days. Sampling of liquid and
solid phases of the investigated mixtures for preventing crystallization and maximum
separation of mother mix were carried out by a special samplers in the same isothermal
conditions using the forvacuum pump.
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The chemical analysis of liquid and solid phases, the «leftovers», were tested on the
content of Nd’* ions, they were determined trigonometrically; ions K+ were calculated
according to the difference concerning the total content of nitrates in dry residue.
The obtained experimental data from the studied system for individual ions were calculated
according to their salt content, generalized, summarized in table 1 and according to the
correspondent principles were applied to the solubility chart (Fig. 1).

Table 1 — Data of phase equilibria study
in the system KNO;—- Nd(NO;);— H0 at 50 ’'c

Points of Saturated solution Composition of
composi- | Composition, wt. % Properties «leftovers», Solid
tion wt. % phases’
KNO; |Nd(NO3);| d-10° n KNO; | Nd(NO:3);
Kr/M°

1 2 3 4 5 6 7 8
1A 44,88 0,00 1,223 1,3748 100,00 0,00 A
2 40,12 8,67 1,391 1,3862 97,93 1,25 Also
3 35,21 20,31 1,514 1,4014 95,68 1,72 «-»
4 28,46 38,81 1,602 1,4406 94,51 3,22 «-»
5 26,80 48,65 1,858 1,4659 94,03 4,36 «-»
6 - 91,54 5,56 «-»
7 | 74,51 2307 |A+G
8 (D 27,26 51,82 2,092 1,4781 37,95 52,73 | Also
9 J 33,84 56,49 |G
10 24,08 53,28 2,064 1,4764 34,07 57,16 | Also
11 ) 34,58 57,29 &-»
12 \E 21,34 54,91 2,068 1,4791 31,95 60,97 |G+H
13 | 29,82 6546 |H
14 17,03 57,09 1,960 1,4772 30,12 66,91 | Also
15 13,94 61,08 1,969 1,4778 29,23 66,65 | «-»
16 ) 29,61 67,07 &-»
17 LF 11,49 63,31 2,124 1,4822 15,17 70,18 |H+B
18 | 8,01 70,76 | Also
19 4,44 66,02 1,964 1,4726 1,76 7249 | B
20 C 0,00 66,16 1,974 1,4667 0,00 7528 | «-»

%

"A — KNOj3; B — Nd(NOs)3-6H>0; G — K>[Nd(NO3)s(H>0):]; H — K3[Nd>(NO3)o]-H>O

Graphical display of composition of solid phases formed in the system was carried out
according to Schreinemakers [17, 18]. Their identity was confirmed by chemical, X-ray phase,
thermal and other methods of analysis.

The study of mutual behavior of structural components in a liquid phase and phase of
equilibria in the system of potassium nitrate - neodymium nitrate - water, the building of its
solubility isotherms allow to determine the concentration boundaries of separation into the solid
phase of potassium coordinating neodymium nitrates. The obtained data allowed to make the
choice of optimal conditions of separation of complex nitrates and carry out their synthesis by
isothermal evaporation of the solvent. In slightly supersaturated mother mixture isometric
crystals of binary potassium nitrates were obtained. The habitus of crystals
K>[Nd(NO3)s(H,0),] (Fig. 2, a), K3[Nd»(NO3)o/-H,O (Fig. 2, b) is determined by the
composition of compounds, the nature and content of their constituent cations, conditions of
crystallization and is their diagnostic sign.
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The chemical analysis of the synthesized compounds confirms the mass ratio of elements
in the above formulas. The conducted x-ray phase analysis of samples indicates that the
compounds are characterized by individual set, position and intensity of lines in the diffraction
charts (see Fig. 3) and it confirms their individuality. Thermographic examination of initial
nitrates KNO;, Nd(NO3);-6H,0; solid phases formed in the system of neodymium nitrates and
potassium; synthesized potassium coordinating nitrates of REE were conducted on the
developed thermoanalytical complex for differential thermal analysis and on derivatograph of
F. Paulik, I. Paulik, L. Erdei Q — 1500 D system.

The used tools made it possible to investigate physical and chemical transformations in
the resulting compounds under the influence of heat and confirmed their indentity.

100m.<NO3
G -K2[Nd{NO3)s(Hz0)z]
80 H -K3[Nd2(NO3)s) Hz0
2 60
-';I
E A
401
20
HO 1§ 70 %0 80 =c 0 100
{d(NOz)3-6H:0

Hd(NO3)3, wt. %

Figure 1 — Solubility system isotherm KNO; — Nd(NO3); — H»0 at 50 °C

a) b)
Figure 2 — Microphotoes of crystals
a) K2[Nd(NOs)s(H20);]; b) K3[Nd>(NO3)o]-H>0
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Figure 3 — A stroke X-ray chart of initial salts of nitrates
a) potassium, d) neodymium and identified coordination compounds

b) K2[Nd(NO3)s(Hz0):], ¢) K3[Ndx(NO3)o]-H,O

The results of the research. By physical and chemical methods in water-salt system of
neodymium nitrates and potassium at 50°C between structural components there were found the
exchange interactions with the formation of 2 new anionic coordination compounds.
The number, composition, concentration limits of crystallization phases coexisting in the
system, the nature of their solubility were studied. The phase diagram of solubility was built.
Concentration limits of saturated solutions from which the complex nitrates appear coincide
with compositions of nonvariant points of solubility isotherms. All possible types of
compounds were found. They are all synthesized in a single crystal form. The systematic study
of some of their properties was carried out.

In the studied water-salt systems with the increase of the activation energy of heating the
complexometric ability of Ln increases. Competing processes of substitution of H,O molecules
on NOs-group in presence of Ln’* create conditions for formation of corresponding high
symmetric complexes. The different ways of their spatial packing with other structural
elements in the crystallization process leads to separation from a liquid phase of anionic
coordination compounds of definite composition and structure. The processes of complex
formation are affected by the nature of the central atom-complexformer , directed effect on the
solutions structure of available singly charged cations (e.g., K"), the concentration and
character of thermal motion of structural elements. A significant effect of the temperature
factors, the need for some activation energy for such transformations and their staging were
found. The found peculiarities of the aggregate behavior of structural elements in the studied
system indicate that the leaky competing reactions are strong technological factors significantly
affecting the changes of the lanthanides structural forms activity.

The authors have also studied thermography of the solid phases formed in the system of
neodymium nitrates and potassium to explain some regularities that occur in the studied
processes of synthesis of oxide rare earth-containing functional materials, as well as for
comparison characteristics that confirms the identity of the received new coordination
compounds. The given information of KNO® behavior is based on references data [19 — 22];
NA(NO»)3-6H,0 (Fig. 4), Kx[Nd(NOs)5(H»0),], K3[Nd»(NOs)oH>O]-H»O -on data from our own
studies (Fig. 5, tables 2, 3).

Thermal decomposition of Nd(NO3);-6H,0 is of a complex character (Fig. 4).
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Figure 4 — Derivatograph Nd(NO3)3:6H,0

The obtained results are consistent with the data given in a work [23].
At 74°C Nd(NOs);-6H,O it melts in crystallization water (start melting point is 68°C).
In temperature range of 74 — 224°C conversions happen in viscous liquid metastable phase, due
to instability of its crystallohydrate forms. The peaks on the curves DTA, DTG
with extremes 154, 224°C correspond to end effects that overlap and are linked with
dehydration of a sample according to the scheme:

Nd(NO,),-6H,0—¥2C 5 Nd(NO,),-5,5H,0—22YC 3 Nd(NO,),-1,5H,0—27"C 35 Nd(NO,),

Anhydrous neodymium nitrate exists in the temperature interval 277 - 295°C.
This is indicated by the dominance of relations Nd — ONO; in the melt crystallohydrate forms
of neodymium nitrate in spectroscopic studies [24] and clear stoichiometry and composition of
complex oxynitrates formed at later stages of decomposition. The fact of existence of Nd(NO3)3
simplifies elemental analysis of studied samples and allows to do analytical determinations
according to dry residue. In [23] on the base of data from chemical, thermal analyses the
scheme of further decomposition of Nd(NOs)3 is proposed

4Nd(NO,), —225C 5 Nd,0(NO,),, +2NO, +%02 (330 °C),
Nd,O(NO,),,—22"C s4Nd ONO, +6NO, + 1%02 (356, 365 °C),
10NdONO, —22€_5 Nd, 0,,(NO;), +6NO, + 1%02 (450 °C).

According to our data, Nd,O; is formed above 515°C. Thermal transformations identified
in water-salt system of potassium coordination compounds of neodymium (representative of
the cerium subgroup) and terby (representative of yttrium subgroup) [25] were studied up to
1000°C and shown in (Fig. 5).

The temperature values of the identified effects, their character and nature are
systematized and summarized in tables 2, 3. The obtained data allow the identification of
phases. A number of characteristics and laws was found. Their justification from the positions
of competing processes is being done.

Based on the characteristics of obtaining process of oxide REE-containing functional
materials there is an interest to limits of concentration ratios of components to which in phase
diagrams the crystallization fields of initial nitrates of rare-earth elements, coordination
compounds and their mixtures correspond.

36ipuuk HaykoBHX mpailb. Cepis: [any3eBe MammHoOyAyBaHHs, OyaiBHULTBO. — 2 (47)" 2016. 331




The results of thermal transformations studies of new solid phases found in the model
system (see Fig. 5, tables 2, 3) indicate the different nature of the processes of transformation
of compounds of rare-earth elements of cerium and yttrium groups, low and high - temperature
of compounds forms of «light lanthanides». Thermograms of elements compounds in the first
subgroup are characterized by the formation of anhydrous nitrates. Among compounds with the
same name and outer sphere cation the nitrates with a high content of lanthanotus are more heat
resistant.

Table 2 — Temperature representatives transformations
of the coordinating group of REE nitrates

o
s E |leg | &, |53
5 8 E |28B 22 |®EE 2
Compounds s > . SE S £E8|ETE o
N A > & S > 8
cerium subgroup,
K>[Ln(NO3)5(H>O),] La—-Nd 95,111 95 219 314 | values for coord.

compounds Nd
cerium subgroup,
K3[Lny(NOs3)9]-H,O La—-Sm 126 - - 347 | values for coord.
compounds Nd
yttrium subgroup,

K[Ln(NO3)4(H,O),] |Y,Gd-Lu| 138,172 | 138 — — values for coord.
compounds Yb

Table 3 — The composition of thermolysis products (air, 980 °C) of
coordination nitrates REE, Y and potassium according to the XRD

Compounds Representatives Composition of transfer
products
Kz[Ln(NO3)5(H20)2] La — Nd KLHOQ , Ll’l203
K3 [an(N03)9] 'H20 La—Sm Ln203
K[Ln(NO»)4(H,0),] Y, Gd — Lu Ln,0;

The fact of existence of polymorphism in crystals of composition K[Ln(NO3)s(H,0);]
(Ln — La — Nd) was found. This phenomenon can be explained by the fact that in crystals the
disorder occurs due to implementation availability of several distinctive orientations of ions
NOs'. This kind of disorder is possible due to symmetry of flat NOs™ -ligand, the way of
coordinating them by central atom (Ln* 5, -complexing agents), as well as the method of
packing complexes into spatial structure.

The temperature properties of yttrium subgroup compounds are characterized by the
absence of stable anhydrous forms of nitrates, low melting temperatures, dehydration from the
molten state, the formation of Ln,O3 (980°C). The composition of thermal conversion products
(about 980°C) compounds of cerium subgroup depends on the composition of initial nitrates,
the degree of volatility of oxides of corresponding alkali metals. In products of thermolysis the
compounds K,[Ln(NO3)s(H,0),], except oxides KO, contain also their dioxolanthanides
KLI’IOz.
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Analysis of the research results with the study of model systems and system analysis of
information obtained from scientific publications on the topic of this paper evidents that a
positive feature of the use of these REE-containing nitrate systems compared to other soluble
systems of chlorides, oxalates is in that, that competing ion exchange interaction leads to easy
formation of a whole class of anionic coordination compounds Ln** with oxygen atoms
(electron donors) NOs™-groups (ligands) of the entire natural range of rare earth elements with
all cations of alkali metals, and still stable both in solutions and melts. This allows to carry out
technological transformations with a low energy cost (due to low activation energy of the
processes of complexation Ln®* with planar small NO;5-groups). Complex compounds are
fusible, little aggressive, elements of cerium subgroup are non-volatile. It allows to work at
lower temperatures, the temperature range of stability of complex particles increases.

Conclusions:

The results of the study indicate that processes of obtaining REE oxide-containing
structural and functional materials for various purposes using nitrates with various elements of
electronic structure by chemical mixing the initial components in joint selection of products
from the liquid phase by sequential or joint deposition followed by heat treatment happen stage
by stage through the formation of several intermediate phases. Their structure, content and
behaviour, in each case, require systematic empirical knowledge about their joint behavior in
full concentration ratios in a given temperature interval.

The differences in the behavior of structural components in systems lanthanides of
cerium and yttrium subgroups, the nature of interaction, stages, characteristics and regularities
of flow were found.

New knowledges are the basis for:

— search of ways of increasing the activity of Ln-forms;

— clarification of the nature of serial thermal transformations of nitrate REE containing
multicomponent systems of different aggregate states in the course of their thermal treatment;
conditions of formation and existence, properties of intermediate phases; influencing factors;
possible methods of control;

— for creation of modern, perfect low-cost technologies for the synthesis of constructional
various purposes materials with reproducible properties.
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