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IHEPEBIPKA HA MIITHICTh KOHCTPYKTUBHUX EJJEMEHTIB 3HKII-60

Aemopamu nponoHyemucsa 68ecmi 00 NOGIPOUHUX eMALIOHHUX 3AC00i6 BUMIPIOBAHHA MACU HOBUL OONO-
MIDICHUTI ROGIPOYH UL NPUCMPIH — « 36AICYBANLHULN HEABMOMAMUYHUL KANIOPYSANbHUTI NPUCTPIL 3 HAUOINb-
woio epanuyeio seadicyeanns 60 m (3HKII-60)», sxuii Onsa cmeopenHs 3yCullb HABAHMAICEHHS HA GAH-
MANCONPUIIMATILHY NIAMPOPMY BUKOPUCIOBYE 2iOpagniuni domkpamu i banacmuuii éanmagic. byno po3poo-
JeHo Oekinvka eapianmie xoncmpykyii 3HKII-60, xoxcnuil i3 axux mac ceoinepesazu i 0OMediceHHs ujooo
3acmocyeanns Ha npakmuyi. B cmammi posensoaemocs pezyiomamu po3paxyHKy HA MIiYyHiCHIb OCHOBHUX
KOHCMPYKMUGHUX elleMenmie neputo2o eapianmy xoncmpyxyii 3HKII-60, axuil sukopucmosye y axkocmi 6a-
JIACMHO20 8AHMANCY BAHMANCHUI 8A20H MUNY «HANIBBAZOH», NIO KV308 K020 0YI0 NPUCHIOCOBAHO KOH-

CMPYKYIsL CaMO20 NPUCHIPOIO.

Knarwuoei cnosa: 38aixcysaivHuil HeaBMoOMaAMuUHUN Kaliopy8aibHuil NPUCMpill, 8aHMANCONPUIMATLHA
naam@opma, 6azonepeoasaibHull NPUCMPIll, 3aNi3HUYHI 6azu, 6e32upHa nogipka, KaniopysaHHs 6elUK08aH-

MAadCHUX 8a2, emAanoHi 3acobu 6WIpIO€aHHﬂ macu.

AKTYaAJIBHICTh JOCJHIIJKEeHb iCHYIOYOI mpo-
onemu. BenukoBaHTaxHI ruiaThopMHI Baru € Haii-
OiNBII TIOIIUPEHUM 3aCOOO0M BHMipIOBAJILHOI TEXHi-
KM TIpH 3JiHCHEHHI KOMEpIiHHUX TiepeBe3eHb IO
3aji3HuIi. TexXHI4YHI Ta METpOJIOTiuHi XapakTepuc-
TUKM LIMX Bar MOBUHHI BiamoBigatu Bumoram [1, 2].
IloBipka (kamiOpyBaHHs) Bar NMOBHHHA 37iMCHIOBa-
THCS BiAgnoBigHo 0 Bumor [3]. BignmoBigHo 10 mmx
BHMOT'OCHOBHUM METOZIOM MOBIPKH BETMKOBAaHTaXK-
HUX CTalliOHaApHUX TUIAT(HOPMHUX 3aJli3HUYHUX Bar €
Oe3nocepeHE HaBaHTAXKEHHS BaroBoi IuiaTdopMu
eTAIOHHUMHM THUPSIMH Kiacy M| macoro 2 T [4]. 3ara-
JIbHA Maca THp, sSKa MOTpiOHA MU MOBIpIIi, TOBUHHA
OyTu kpaTHa HaWOUTBIIINM Mexi 3BaxkyBaHHs (HM3).
Jo BaroBoi miaropMu rupi J0OCTaBSIOTLCS Baro-
MOBIPOYHUM BaroHoM. Y XoOi MOBIpKM HEOOXITHO
BUKOHaTH Oaratopa3oBe HaBaHTa)KeHHS BaroBoOi
miatpopMH, IO BUMArae TMepeMIllleHHs! BEMKUX
Mac rup.

[Ipuknagna nmpoGjema, HaA BHpIlIeHHS SKOT
cnpsiMoBaHi gocaixkenns. [Ipodiaemoro € gedinut
BaronoBipouHux Barodie (BIIB), Ounbuiicth sKux
O6ynmu ctBopeHi 3a vaciB CPCP i e mMopanbHO 3a-
cTapiiiMH. Y 3B 3Ky 3 IIUM TEPMIHU MDKITOBIpOY-
HOTO iHTepBaJly MOPYIIYIOTLCS, 10 MPU3BOJUTH 10
THMYacoBOI  3yMHHKKA  €KCIUTyaraimii  BaroBOro
oOyagHaHHA | BUPOOHWYMM TipocTosM. Lle mpu3Bo-
JUTh JI0 BEJMKHUX 30WTKIB, fIKi HECYTb NMPOMUCIIOBI
MiANPUEMCTBA B OUIKYBaHHI CBOET Yepr.

TakumM YWHOM, IS 3HAYHOTO CKOPOYCHHS
eKcIUTyaTallifHUX BUTpAT Ta 4Yacy Ha MpOBeICHHS
MOBIPKM BEJIMKOBAHTOXKHUX IJIATPOPMHMX 3ajli3-
HUYHUX Bar € aKTyajbHUM Ta €KOHOMIUHO AOLTb-
HUM pPO3pOOJIEHHS HOBOTO METOay O€3THpHOI IMo-

BipKM Ta BiJMOBIAHOT IS LOTO KOHCTPYKIT 10-
MOMDKHOTO TOBIPOYHOTO TMPHUCTPOID 0Oe3 BHUKOpU-
CTaHHS BarornoBipoOYHOIro BaroHy ta 0e3 10JaTKOBUX
(hiHaHCOBMX BUTpAT Ha MOJICPHI3AIlil0 CAMUX Bar.

AHaJi3  ocTraHHiX [JocArHeHb. Bigoma
pociiicbka MeTo/MKa Oe3rupHOi MOBIPKH IS BEJU-
KOBaHTaKHHMX IIaTPOPMHUX BaroHHWX Bar [5], B
AKiii BaroBy TUIATPOPMY TMPOMOHYIOTh HaBaHTa-
JKyBaTh He rUpsMU abo OaslaCTHUMM Macamu, a pis-
HUMH HaBaHTaXXyBaJIbLHUMHU MeXaHi3MaMHu,
BUMIpPSIOYM HABAHTAKyBaJlbHE 3YCUILIS €TAIOHHUMHU
JIATYUKAMH Y TIPUCTPOIO, a Pe3yJIbTaTh MOPiBHIOKOTh
i3 TIOKa3aMu JaTYMKiB BaHTaXKOMPUHMAJIbHOI TUIaT-
dhopmu.

Bupano GaraTo mateHTIB Ha Pi3HI KOHCTPYKIIiT
HaBaHTaXyBaJIbHOrO mpucTtporo. Sk oauH 3
BapiaHTIiB, MPOMOHYETbCS HABAaHTA)KyBaTH BaroBy
miathopMy TiApOUWITiHAPaMHU. Y LILOMY HampsMKY
psil BiZOMUX BUPOOHWYMX (ipM BHKOHAIIM MO-
JIepHi3allif0 KOHCTPYKIil TuiaTGOpMHUX Bar, w0
BKJIFOUAE CTBOPEHHSI CHelialbHOI paMHOT OOB’s3KH i
nocusieHHs (yHIaMEHTY, L0 J03BOJISIE CTBOPUTH
YHOp AJIsl HABAHTAXyBaJIbHOIO MPUCTPOIO, BCTAHOB-
JIGHOTO Ha BaroBiid mnardopmi. Y AEsIKUX KOH-
CTPYKLisIX B OTBIp y camiii Barosiii minardopmi mpo-
MyCKa€eTbCs TPOC, SKUM 3aKpirumoeThes 3a (yHIa-
MeHT. Jlebinka, o po3MilieHa 3BepXy Ha BaroBii
matdopmi, HaTIrye TPOC, CTBOPIOIOYM HaBaHTa-
JKyBajlbHe 3yCWUId. B IHIIMX KOHCTPYKUIsIX Bar
MPOMOHYETHCS  PO3MILLYBATH CUIIOBUMIipIOBaJIbHUIA
JATYUK €TATOHHOIO MPUCTPOIO MiA BaroBOIO MJat-
(hopMOI0, 110 MOKIIMBO 3pOOUTH JaJIEKO HE 3aBIK/IH.

TakvM YMHOM, pO3MJISIHYTa BHIIE pOcCilichbka
MeTOoJIuKa Oe3rupHOl MOBIPKU Ma€ MEBHI HEOJIKH.
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IIpu cTBOpeHHI MOBIpOYHOTrO 3yCHIUIS Ha Iatdop-
My Bar BUHMKAa€ CWJIa MPOTHUAII, 110 B 3aCTOCOBYBa-
HHX YaC KOHCTPYKLISIX NPU3BOAUTH 10 HEOOXiTHOCTI
3HAYHOIO MOCHJIEHHS (PyHAaMeHTy Bar abo iCTOTHO-
ro YCKJIQJIHeHHS caMoOl MeTalleBOT KOHCTpYKIii. 3a-
3HAUYeHI KOHCTPYKIIMHI CKIIAJHOCTI TPHU3BEIN 0
TOro, 1O 3arajibHa BapTiCTh HOBUX IJIaTHOPMHHX
Bar 3Ha4YHO 3pOCTae, a Uil BKe iCHYIOUHX Bar 30BCiM
CTae HEMOXKJIMBHM 3aCTOCYBaTH BiIOMMH MeETOA
Oe3rupHoi moBipku. OpnHaK, YCKJIaAHEHHS KOH-
CTPYKIIIT caMHX Bar, sika MOBUHHA BUTPUMYBATH CH-
Jy MPOTHUAIT HABAHTaKYBalbHOMY MPUCTPOIO B Killb-
Ka JECATKIB TOHH, 10 BUHUKAIOTh 3a TPETIM 3aKo-
HoM HploTOHa, mpH3Bena 10 TOro, MO POCidChbKUi
MeToA Oe3rupHOi MOBIPKM HE 3HAWIIOB LIMPOKOrO
niompeHHs Hi B Pocii, Hi B Ykpaini. B o0rpyHTOBa-
HUX BUMNAJKax HOro MO>KHa BHKOPHUCTOBYBATH JIJIs
JiarHOCTUKM TEXHIYHOTO CTaHy YM HaJIaro/yKyBaHHs
OKpEeMHUX CKJIQJIOBUX BaroBoro TepMmiHany. OnHak,
Ha CBOTOJIHI 3aCTOCYBaHHS POCIMCHKOT METOIMKH
MpU MOBIpLI TIATPOPMHUX BArOHHUX Bar HeNpHii-
HATHO. [IpnuunHOI0 BCHOMY € BiACYTHICTH B poO3Mo-
PSIDKEHHI  MOBIpHMKA  BIiAMOBIHOT  KOHCTPYKIIiT
HABaHTa)XXyBAJILHOTO TPUCTPOIO, SKW OW CTBO-
PIOBaB HaBaHTAXXKyBaJlbHI 3yCHUJUIS Ha BaroBy IUIaT-
(hopMy, afekBaTHI peallbHUM YMOBaM eKCILTyaTallii.
Came 1i 0OCTaBMHM 3aTPUMYIOTh IIHPOKE BIPO-
BaJPKEHHS. METOJVKH Oe3rMpHOi TMOBIpKK Ha TMpak-
THILI.

Merta Ta OCHOBHI 3aBIaHHA XOCJIKeHb. Me-
TOIO JIOCTI/DKEHb € 3HWKEHHS eKcIulyaraliiHux
BUTpAT, MOB’S3aHUX i3 3aCTOCYBaHHSAM €TaJIOHHHX
rup IV po3psny i BaHTaxOMiqHOMHOT TEXHIKH pa3oM
3 BarornoBipOYHMM BaroHOM, i CKOPOYEHHS TEeXHO-
JIOTIYHOTO Yacy Ha TMPOBEICHHs orepaliii MoBipKH
(kaniOpyBaHHsI) BEJIMKOBAHTAXHUX 3aJTi3HUYHHUX
matGOpMHUX Bar 3a pPaxyHOK BUKOPUCTaHHS
MOOLJILHOIO AOMOMIKHOTO MOBIPOYHOrO MPUCTPOIO.

Buxaan ocHoBHoro marepiaay. Hamu nmpono-
HY€ETbCS BBECTH 10 MOBIPOYHUX €TAJOHHUX 3aco0iB
BUMIpIOBaHHS MAacd HOBMH JOMOMDKHUEN TMOBipouY-
HUU TIpUCTpiil Tix Ha3BOW: «3BaKyBaJbHUII HEaB-
TOMATUYHUI KaJiOpyBalbHUI MPUCTPil 3 HAOIIb-
moto rpanuiero 3BaxyBaHHs 60 T (3HKII-60)»,
KUK 3aMiHUTh BaromnoBipOYHHUI BaroH, YKOMILIEK-
TOBaHUM TMPSAMM TIiJ] 4ac eKCIUTyaTallii 3ali3HUYHUX
maThopMHUX Bar [6].

byno pospobieHo aekinbka BapiaHTiB [7, 8]
koHcTpykiii 3HKII-60. Ilepumii Bapiant Oyno po-
3p00JICHO TiJi BUKOPUCTAHHA Yy SKOCTI OalaCTHOIro
BaHTa)Xy OJIHOTO BAHTAXHOTO BAaroHy  THILY
«HaniBBaron» [7], 1o sBasge codoro po3dipHy MeTa-
JIeBy KOHCTPYKIIifO, B SIKy BMOHTOBAHO TiJpaBJIivHi
JIOMKpaTh Ta TEH30METPUYHI JaT4UKU, SKa MOH-
TyeTbcs MDK OallaCTOBUM BaHTaKeM 1 BaroBoOlO
m1aTpopMoOI0 TaKUM YMHOM, LIO HaBaHTaXKyBaJlbHi

3YCWIIJIS BiJl TiIpaBJIiYHUX OMKpATIB MepenarThes
BEePTHKAJIBHO Ha 3alli3HUYHI peWKW BaroBoi IuUiaT-
dbopMu, nami Ha caMy KOHCTPYKLIKO IiaTdopMH,
¢dbyHaaMeHT 1 micTUNBHY mifctaBy. KomicHi mapu
BAaHTA)XHOTO BaroHy pO3MIIIIYIOThCS 32 MEXaMH Ba-
roBoi TatdopMu Ha TiA’13HiM 1 Mk JBOMa IUIaT-
dbopMamu AiISHKaX PEHKOBOIO IMOJIOTHA TaKUM YM-
HOM, II00 HaBaHTAXXEHHS Bill KOJICHMX Tap BIi3KiB
He TiepeaBajioch Ha BaroBy ruiatgopmy (puc. 1).

PucyHnok 1 — Cxema B3aeMHOI0 po3TalllyBaHHs
CKJIaJIOBHX €JIEMEHTIB MOOUTFHOTO MepecyBHOTO
BHUMIPIOBAIIBHOTO €TAJIOHHOTO KOMIUIEKCY TIPH BH-
KOHaHHI po0iT 3 MOBipKH (KasliOpyBaHHI) T1aT-
(hopmHUX Bar

[IpyuHUMMOBY cXeMy HaBaHTaXXEHHS BaroBOl
matopMu MOJKHA MPEACTaBUTH Tak (puc. 2).

PucyHok 2 — CxeMa HaBaHTa)K€HHsI BaroBoi IJiaT-
(hopMU 3 BUKOPUCTAHHSM TiJJpaBIiyHUX IOMKPATIB i
OayiacTHOro BaHTaxKy: 1 Baroea miuatdopma;

2 — BUMIipIOBaJIbHUH NpWIIaz; 3 — rigpaBiiuHuit
JIOMKpaT; 4 — GanacTHUi BaHTax

Cnig Takok BHU3HATH, IO MEpIIUN BapiaHT
koHcTpykuii 3HKII-60 mae xOoHCTpYKTHUBHI OOMe-
JKEHHST L1070 30UIbLICHHS MaKCUMabHOIO 3yCHJISA
HaBaHTa)KeHHs Ha BEPTUKAJIbHI CTiMKUA Ta XpeOTOBY
0aJIKy Ky30BY HarliBBaroHy, sikMii 3aCTOCOBYETHLCS B
SKOCTi OajmacTHoro BaHTaxy. lle Tpoxu oOmexye
HMOro 3aCTOCYBaHHS Ha NMPAKTHIIL,IIO MOYKHA BBaX<a-
TU TIEBHMM Horo Hemojiikom. HesBaxaroum Ha 1ie,
BiH LIIJIKOM BiJI[IOBi/lac BUMOTraM TEXHIYHOTO perja-
MeHTy Ykpainu [9], sikuii po3poOieHuii Ha OCHOBI
nonoxkeHs [{upextusu 2009/23/ €C, uono HeaBTO-
MaTUYHUX TIPUJIAMIiB AJis 3BaXKyBaHHS i BUMoram [1]
B YaCTHHI M. 3.7.2, sKa CTOCY€ThCS NOMOMIKHUX MO~
BipouHUX npucTpoiB. Tomy Moxke OyTH pekOMeHI0-
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BaHO /10 BIPOBAIKEHHS.

[lepmmii Bapiant 3HKII-60 mae Taki merpo-
JIOTiYHI XapaKTepUCTHKH:

- Haii0inblia rpaHuWls 3BaXKyBaHHS Max, Kr
60000;

- HaliMeHIIIa rpaHuIs 3BaxkyBaHHS Min, kr 400;

- TpaHMLs MOXWOKH BHUMIpIOBaHHS MacH, Kr =+
15(25).

Jns BUMiproBaHHs 3ycWiib B PEXKHMMi PO3TST-
HEHHS / CTHUCHEHHS BHMKOPHCTOBYETHCS CHIIOBHIA
MICT 3 TPbOX OAJIKOBMX TEH30METPUYHHX JAaTUHKIB
mapku ZEMIC H8C xmacy Tounocri C3, C4 abo
AsM 3 HoMinansHuM HaBaHTaxeHHIM 2000xr. Tou-
HICTb BUMIPIOBaHHS MacH 3MEHILYEThCS BiAMOBIIHO
JIO 3aCTOCYBaHHsI JaTYWKIiB OiJbII BHUCOKOTO KIIACy
[10, 11].

MeraneBa KOHCTPYKIlisSi 3BaXKyBaJbHOTO HeaB-
TOMaTHYHOrO KaniOpyBaJlbHOro Tmpuiaay cCkia-
JAETHCS 3 LIECTH MOIYJIiB, 3rPYNOBaHMX MOMApPHO Y
TPH OKpeMi CeKllii, sKi pO3TalloBYIOThCS Ha pelkax
BaroBoi raThopMu Ha MiKLIEHTPOBOT BincTani 1700
MM OJIHa Bil OMHOI, IO AOPIBHIOE BiACTaHi Mix
OiYHUMH CTIMKaMH Ky30BY BaHTaXXHOTO BaroHy
BinkpuToro tumy. Jlo cknamy oaniei cexuii 3HKII-
60 Bxonuts (puc. 3):

"  HaBaHTAXXYBaJbHHI MPHUCTPIiii, IO CKIIaaa-
€TbCs i3 TPHOX TiAPaBJIIYHUX JAOMKpATIB, SKi BCTa-
HOBJIEHI Ha MepeMHuYKax 5 i 6, npuuoMy Ha OGiYHHX
nepeMUUKax 5 BCTaHOBJIEHI JBa JOMKpara 3 MaKCH-
MainbHAM 3yciuisM B 5,0 Tc (49 kH), a Ha neHTpa-
JIbHIH mepeMuyili 6 BCTAHOBJCHO TPETik JOMKpAT 3
MakcuManbHUM 3ycuiisiM B 15,0 Tc (147 kH);

= BaronepeaaBaibHUM MpUCTpid 4 — 6 sBNsE
cOo00I0 CKJIaJIOBI 3BapHi METANOKOHCTPYKIIT (mepe-
MUYKH 5 1 6 Ta 1Bi Oanku 4), siKi po3TalloBaHi More-
pPeK pelKOBOro MoJIOTHAa, MarOTh AOBXKUHY 3120 MM,
BiJIMOBIZIHO Ta0apuTHIA HIMPHWHI HAMIBBAroHy IO
OiYHMX CTiliKaX i fKi CBOIMU OMOpPaMM LIEHTPYIOThCS
i CMpaloThCsl HA OUCKM BaroBUMipIOBaJIbHUX MpPH-
CTpOIB 2;

®  BaroBUMIpIOBaIbHUI MpUCTPid 2 (YOTHPH
OMHMLI) fABJsIE cOO0K0 KOMIJIEKT 3 TPhOX €TaJloH-
HUX OaJIKOBUX JIaTYMKIB, 3aKpilyieHUX Ha mpuiima-
JILHOMY AMCKY Mif kyTroMm 120 rpaayciB oauH 10 Of-
HOTO, SIKi pO3TalloBaHi MOMapHO 3 JABOX CTOPiH MO
LEHTPY T'OJIOBKH PEWMKM 3BEpPXY Ha IUIMTAaX BaHTaXO-
NpUKRManbHOTrO MPUCTPOIO 1;

®  BaHTaKONpUUMaNbHUI mpucTpid 1 (1Bi
Gasiku 1), o mpeacTapiisie coOO0 ABI paMHi 3BapHi
METaJIOKOHCTPYKILiT, SIKi 3aKpiTUieH] MoTnepeK peiko-
BOI'o MOJIOTHA (11 3aro0iraHHs BiAPUBY METaIOKO-
HCTPYKIi MPUCTPOIO BiJl TOJOBOK PEHMOK T 4ac
HaBaHTa)KCHHsI B HIKHINA 4acTWHI paMH B OOMEXY-
I0YMX KyTOYKax repeadavyeHa yCTaHOBKa JIBOX MPH-
TUCKHUX YIOPIB, B3aEMOAIFOYMX 3 HUIKHBOIO YacCTH-
HOIO T'OJNIOBKU PEHKH).

penscy Becod nobepsemsx

Pucynok 3 — 3HKII-60 3i cxeMoro BiITBOpEeHHS
3yCHJIb HaBaHTa)KEHHS Ha OJIHY 13 CEKIIiii BAroBOi
mwiaropmu: 1 — BaHTaKONPUIMATTLHUIA MTPUCTPI
(Bchoro 6 o1.); 2 — BArOBUMipIOBATILHHIA MTPHUCTPIi

BII-5 (Bcvoro 12 o1.); 3 — TEH30METPUYHMI TATUUK
(Bcboro 36 o11.); €IeMEHTH BaromnepenaBajIbHOroO
NpucTporo; 4 — ckinagHa Oanka (Bchoro 6 011.);

5 — GiyHa nepeMuuka (BCboro 6 on.);

6 — 1IeHTpalibHa TIepeMuyKa (BChboro 3 oJ1.)

I'inpaniune obnamnanHs 3HKII-60 ckiamaets-
csl 3 JBOX KOMILIEKTIB: PYYHUX HACOCIB, JIOMKpPATiB,
3’€¢AHYBAIBHUX NUIAHTIB 1 IIBUIKO PO3’€MHUX
3’€IHYBAIbHUX eJIeMeHTIB (My(dT 3 HaKOHEYHHKa-
Mu). OIMH KOMIUIEKT 1 OIYHMX JOMKpAaTIB 3 HACO-
coM Ne | 00’eHye LIICTh JOMKPATIB, MiJ’€IHAHUX
0 Hacoca mnapaieibHO.JIpyruii KOMIJIEKT AJis
LUEHTPaJIbHUX JOMKpaTiB 3 HacocoM Ne 2 00’eaHye
TPU JOMKpATH, TaKOX i’ €qHAHUX MapasesibHO.
Tpu cekuii 3HKII-60 omHOYacHO MOXYTH BiATBO-
pIOBaTH MaKCUMallbHe HaBaHTaXKyBajlbHE 3YCHIUIS B
60 1c (589 kH). KoxHa cekiiisi MOKe BIATBOPHOBATH
MakcumanbHe 3ycuiuit B 20 tc (196 kH). A koxeH
MOJYJIb TI0 OKPeMO MOXK€ BiATBOPIOBATH MaKCH-
ManpHe 3ycwis B 10 tc (98 xH), nmpuuomy Ha
LEHTpallbHy YacTUHY noBoauThes 73,5 kH,a Ha 6iu-
Hi yactunu no 12,25 kH (puc. 4).

Cepen koHcTpykTuBHUX enemeHTiB 3HKIT-60
caMUM BIJNOBIJAJIbHUM € BaHTa)XONpUHUManbHUM
npuctpiit 1. J[s po3paxyHKiB Ha MilIHICTb CIIOYATKY
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MOTPiIOHO 00paTH 3py4YHUII METOH, 3aCHOBAaHWN Ha
Pl CHIPOIYBaHKX MEPEeyMOB i crioco0ax MITy4HO-
IO MOJIETIIEHHS PO3PaXyHKOBOTO MPOLIECY.
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Pucynok 4 — Cxema po3nofity CyMapHOTO MaKCH-
MaJIbHOT'O HaBaHTaKyBanbHOTO 3ycuiuisa 98 kH rin-
paBIiYHUMHM JOMKpATaMH Ha Bi Oi4Hi CTIHKHK MO
12,25 kH i Ha xpeGToBy 6anky 73,5 kH B mexxax
OJTHOT'O BaHTXXONPUIMaNIbHOTO MPUCTPOIO |

Haiibinbin 3pydHuMu Uit BUPILIEHHS 3aBJaHb
MEXaHIKH SIK B METPOJIOTIYHUX JOCIIKEHHIX TaK i
B IHIIMX Trajly3sX HaYKW | TEXHIKW BUSBUIIACS METO-
JIM IMCKPETHOT Teopii JIiHIMHKUX TPOCTOpiB: MaTpHy-
HE YMCJICHHS, METO/] MOTEHILIiady, METOI rPaHUYHUX
eJIeMeHTIB i 0e3yMOBHO MeTOJ CKiIHUEHHHUX eJleMeH-
TiB (MCE). CKkiHYeHHO - eJIeMEeHTHUH aHalli3 J103BO-
Jisie B paMKaxX €IWHOTO MiJXOMy BUDILIyBaTH He
TUILKY 3aBOaHHSA CTATUKH, IUHAMIKH, a L€ ONTHMI-
3allii i KOHTAKTHOI B3a€MO/Iii KOHCTPYKIIIM.

Lleii MeToa MO3BOJISIE OLIIHIOBATH K HAIpyKe-
HO-Ie(pOpMOBaHUN CTaH BCi€l KOHCTPYKIil, Tak i
OoKpeMuXx ii erieMeHTIB. ToMy Hamu Oynu BHKOHaHI
PO3paxyHKH JIOCIiIXKYBaHOI KOHCTPYKILII METOI0M
CKIHUEHHHMX €JIEMEHTIB, 10 peali3yeThcs B Oarato-
uitboBoMy maketi Ansys. IIporpamMHuii kKomruiekc
Ansys matemaTuuHO ocHoBoto skoro € MCE, no-
3BOJIIE BUPINIYBATH KpaioBi 3afadi MpPaKkTUYHO Y
BCiX IHJKEHEpHUX JI0JaTKaX.

B pospaxyHkax BaHTaONPHUHMAaIbLHOTO TpPH-
cTporo 1 3 cymMapHUM MaKCHMMajbHUM HaBaHTaXKeH-
HaM 98 kH (puc. 5) Oynu mnpuiiHATI Taki BUXiJHi
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‘ ‘;t 1595 1‘ 150
P. ;’6 LxH
l-w,wm l-w,wm l—ws,wm 1—15,4%
2 2

TEZ,EUKH 132,BOKH
- T
003 015 0%7 . 168 VM5 114%m

PucyHok 5 — Cxema po3noainy 3ycuis 98 kH B
MeXKax OHOTr0 BaHTAKOMPHIMaIbHOTO MPUCTPOLO |
MK BaroBUMiproBajisHUMU npuctposimu BI1-5

Ha miacraBi npuiiHATOro MOMEpeYHOro MepeTHHy
(puc. 6)

Pucynok 6 — Po3paxyHKkoBwHii oniepedHuii me-
pepi3 BaHTaXXONPUHAMAaIBHOTO MPUCTPOIO (po3mipu
0151 3PYUHOCMI PO3PAXYHKIE 6KA3AHT 8 CAHmMuUMem-

pax): 1 —mBenep; 2 — TMCTOBUI MeTan

MaEMO HAcTYIHI PO3PaxyHKOBi 3HAUEHHs HAIIOro
KOHCTPYKTHBHOTO €IIEeMEHTY:

1,=48,6cr', F =7,51cen’, n=2
¥, =3,25¢cm, a, =2,21cm,
1,=124cen', F,=232an,
»,=6,90cm, a,=144cm.
HetiTpanpHa Bick nepepisy

2.7,513,25+23:6,9 207,515
e 2-7.51+23 38,02

MomeHT iHepIii nepepizy

=5,46 cm.

1,=2(48,6+2,21°-7,51)+(1,24+1,44* - 23) =219,5cur’.
MomeHT oropy nepepizy

219,5

* 5,46

Ha migcraBi nux BXIOHUX JaHUX MOJsS JOTHY-

HUX HaIpyKeHb B JIOCTIKYBaHI KOHCTPYKIIT BU-
[JISIAaK0Th Tak (puc. 7).

=40,2cm’.

-3.511 -1.951 -.390165 1.17 2.731
31 =1.17 .390165 1.951 3.511

PucyHnok 7 — Poznonin AoTMYHMX HANpy>KeHb B
KOHCTPYKUT
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VYV nopanemimx pospaxyHkax Ha IIK Haworo
eJIeMEeHTY MpPUKMaEMO:

maca 1 m. m. = 29,85 kr;

MoMeHT iHepuii, /= 219,50 cm®;

MOMeHT onopy, Wx = 40,20 cM3;

mapka ctani — C235.

Ha migcraBi OoTpMMaHMX pe3yNbTaTiB MOXKHA
3poOWUTH TakWi BHUCHOBOK, IO YMOBW MIITHOCTI I
JKOPCTKOCTI HAaIol MeTaneBoi KOHCTPYKIii (BaHTa-
JKOTIpUMaITbHUI TPUCTPiil) BUKOHYETbes. Po3paxy-
HKOBI 3HaY€HHsI 3HAUHO MEHIIII HOPMATHBHHUX 3TiHO

3 (mm. 5.15 CHull 1I-23-81) ta JIBH B.2.6-
198:2014. TlopiBHSIHHSA pe3yJbTaTiB HaBelleHi B
Tanuui 1.

BucnoBku

[lepmmii BapiaHT KOHCTPYKIIii JOTOMIXKHOTO
noBipouyHoro npuctporo 3HKII-60 Bignoimae Bu-

MOTaM TEeXHIYHOTO perjiaMeHTy Ykpaiau [9], skuii
po3pobJsieHHd Ha OCHOBI TOJIOKeHb JupekThBH
2009/23/ €C, 1momo HeaBTOMAaTHUYHUX TMPHUIIAJIiB
3Ba)KYBaHHs, a TaKOX BUMoram T. 3.7 TIOBIpOYHHX
eTaJIOHHMX 3aco6iB [1], B wacThHi m. 3.7.2 sAKka cTO-
CyeTbcsd JONOMDKHUX TOBIpOYHMX MpHUCTpoiB. Ha-
SBHICTh JEKITBKOX PI3HUX BAapiaHTIB KOHCTPYKIIiT
HOBOTO  JIOTIOMI?)KHOTO  TIOBIPOYHOTO  MPUCTPOIO
3HKII-60 36inpinye BipoOTigHICTh iX MIMPOKOTO
BIIPOBA/DKEHHSI B TMPAKTUKY 1Mo YKpaiHi 6e3rupHoi
MOBIpKM 4M KaniOpyBaHHSI BEJIMKOBAHTA)KHUX I1aT-
(hopMHUX 3aJTI3HUYHUX Bar. A BiJICYTHICTh JOAATKO-
BHX BUTpAT Ha MOJIEPHI3Allil0 BaroBUX KOMILICKCIB
pobuTh Horo mysxe NpUBaOIMBUM JIJIs1 3aCTOCYBaHHS
y Oe3rupHid MOBIpI 3aMiCTh BaromoBipOYHHUX Ba-
TOHIB.

Tabnuug 1 — ITopiBHAHHS PO3paxyHKOBUX 3HAUYSHb MEPEMILLEHD i HAMPY>KEHb 3 HOPMAaTHUBHUMHU

Tapamerp HJIC PospaxyHkoBi Micue KOHLEHTpa- Honyctume | TlopiBHSHHS i BUC-
3HAYCHHS i 3HAaYCHHS HOBOK
EkBiBaJsieHTHI rie- Kinuesi nepepizu 0,011772 < 0,69
peMilleHHs 0,011772 6aJI0YHOT KOH- 0,69 Excrutyarauis
USUM (cm) CTPYKLIT MOZKJTHBA
BeprukanbHe ne- Kinuesi nepepizu 0,011342 < 0,69
peMilleHHs 0,011342 6a0YHOT KOH- 0,69 Excrutyaratis
UY (cm) CTPYKIIiT MOYKJTMBA
[HTEeHCUBHICThL Hanpy- 70.62 < 230
KCHDb 70,62 Obnacts postamy- 230 ExcrninyaTartist
BaHHS OMop
GiHTCHC (Mﬂa) MOXXJIMBa
OcboBi HOpMaJIbHI 42,03 <230
HATIDYKEHHS 403 O6unactp posrariy- 230 Ex c,nnyaTauiﬂ
. (MIla) BaHHS OIOp MBS
ExBiBasieHTHI Hanpy»eH- 61.17 <230
HS 61,17 O6J;zi;r;ﬂp§;2;my- 230 Excrutyararis
O, (Mlla) MOXJIMBA
JloTUYHI Hanpy>KeHHS B 35,11 <140
rOPU30HTAIbHIN MUIOLIKMHI 35,11 Obnacts posrauy- 140 Ekcrutyarauis
T .. (MIla) Bauit orop MO>KJIUBA
JIOTHYHI HAMPYKEHHS Y 18,87 < 140
BEePTHUKAJIbHIN TUTOIIUHI 18,87 Obnacts posrauy- 140 Ekcrutyarattis
T,, (MIla) BaHki onop MOYKJTUBA

Bech komriekc Moxke OyTH 3MOHTOBaHWA Ha
BaHTa)KOMacakKMpchbkoMy aBTomMoOumi. Ha choromHi
3aranbHa BapTicTh npuctporo 3HKII-60 pasom 3 aB
Tomo0ineM Moxke ckiactu A0 ImiH. rpH. [Ipu upo-
MYy, 3 ypaxyBaHHSIM 3HW)KEHHs PIUYHMX eKcIulyaTa-
UiMHUX BUTPAT Yy TOPIBHSAHHI 3 BUKOPUCTAHHAM

BIIB y 12 pasiB (10 290 THc. IpH.), TEpMiH OKYIHO-
CTi BUTpAT Ha NMPOEKTYBaHHS, BUTOTOBJICHHS Ta BH-
npoOyBaHHs AOCHIHOrO 3pa3ka MoOLIbHOT J1labopa-
TOpIT A7 MOBIPKK BarOHHUX Bar ckiiajae He Oijblie
OJTHOTO POKY.
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K. ®. Bopsk, a.1.H., O. B. Apranok, k.T.H., A. M. JIumapeHko, K.T.H.

IMPOBEPKA HA ITPOYHOCTDb KOHCTPYKTHUBHBLIX JIEMEHTOB BHKY-60

Aemopamu npeonraeaemcs 66eCmu K NOGEPOUHLIM IMANOHHBIM CPEOCBAM UBMEPEeHUsl MACCbl HOB0e
6CHOMO2AMENbHOE HOBEPOUHOE YCMPOUCEO — «BeC0G0E HeAGMOMAMU4ecKoe KaiudpogoUHOe YCMPOUCMEO ¢
Haubonvuum npeoeiom e3seutusanus 60 m (BHKY-60)», komopoe 0711 60cnpousgeoenus Hazpy304HbLX YCU-
JUL HA 2PY30NPUEMHYIO NIAMDOPMY UCROAb3YEem 2UOPAGIUYecKue OOMKpamul u oamiacmusiii epy3. boiio
pazpabomano Heckobko sapuanmos koncmpykyuu BHKY-60, xadcovlii u3 komopwix umeem c6ou npeumy-
wecmea u 02PaHuyens no npuUMeHenuio Ha npakmuxe. B cmamve paccmampugatomes pe3yiemamer pacue-
ma Ha NPOYHOCHIL OCHOGHBIX KOHCMPYKMUBHBLIX DNEMEHMO0E nepeo2o eapuanma xoncmpykyuu BHKY-60,
KOMOPpbLil UCRONIb3YeNm 8 Kayecmee OaIACIHO20 2py3d 2py30680il 6A20H MUNA «NOLY8AZOHY, NOO KY308 KOMO-
P00 nPUcnocobieHa KOHCMPYKYUs camozo YCmpoucmaa.

Knwuesvie croea: secogoe neasmomamuyeckoe KaibpoGoyHoe YCmpoUCcmeo, epy3onpuemMuas niam-
gopma, eeconepedaiowee yCmpoucmeo, HceNe3HOOOPOICHbIE GeChl, De3eUpHas nogepka, Kanuoposka Oob-
uiecpy3HulX 6eCOG, IMAIOHHOE CPEOCNEO USMEPEHUS MACCHL.

K. Boryak, DSc, O. Aftanyuk, PhD, A. Limarenko, PhD
TESTING THE STRENGTH OF STRUCTURAL ELEMENTS VNKU-60

The authors propose to supplement the verification standard weight measuring instruments with a new
auxiliary verifier — « Non-automatic Weighing Calibration Device with maximum weighing range of 60 tons
(VNKU-60) » in which hydraulic jacks and ballast weight for applying the load forces on the load carrier are
used. Several design options of VNKU-60 have been worked out each of which has its own advantages and
limitations for using in practice. In the article the results of strength calculation of the main structural ele-
ments of the first design option of VNKU-60 are considered in which as a ballast weight a ‘gandola car’ type
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rail car is used into the body of which the construction of the device is arranged.
Keywords: non-automatic weighing calibration device, load carrier, weight-transmitting device,
weighting bridges, weightless verification, calibration of large-load scales, standard weight measuring in-

strument.

YK 519.878.5

Tomislav Koprek, Bozo Soldo, PhD, Aleksej Aniskin

vvvvv

CONTACT PROBLEM OF COMBINED FOOTING RESTING ON ELASTIC BASE

The contact problem of combined footing resting on elastic half space, or stratified elastic base has
been analyzed. Unlike simplified common assumptions and design methods of such foundation, here the
analysis was carried over a two rigid footings connected by elastic flexible foundation beam, taking into ac-
count different characteristics of individual footing parts (vigid vs. flexible) and continuity conditions at their
Jjoints, with emphasis on their mutual interaction related to underlying soil load transfer. The numerical
analysis has been performed by combined finite difference and boundary element method on the identical

quadrilateral mesh.

Keywords: combined footing, interaction, elastic half space, layered elastic medium, FEM, BEM, set-

tlemet.

Introduction.

Combined footings are common form of shal-
low foundations. A system of two rigid footings
connected by a foundation beam are often referred
as strap footing, but this term implies a special case
of combined footing loading, which is exclusively
used for compensation of highly eccentric concen-
trated loads [1], [2]. However, there are many other
situations where the combined footings consisting of
foundation beams and rigid footings are applicable,
and actually used, and they are subject of this analy-
sis in some broader sense.

Traditionally the use of the of shallow founda-
tions is principally restricted to the relatively light
structures due to limitations that are mainly related
to two main reasons: the first being restrictions re-
lated to the shallow soil properties, their intrinsic
non - homogenous nature and complex stress - strain
behavior, and the second lack of correct assessment
of foundation structure alone and soil - structure in-
teraction effects, which makes predictions of real
structure behavior unreliable and consequently can
result in their inadequate design [3].

There are many publications considering vari-
ous analytical and numerical methods and solutions
for contact problems of simple-shaped foundations
like flexible foundation beams, rigid or flexible
plates of basic shapes. Some of them are reviewed
and discussed in [4], [7] monographs [8], [9] and
more related to the presented problem [10], [12] as
well as their experimental verification [13]. But
there is a lack of those deliberated to the more spe-
cific ones such as combined foundations, due to in-

herent complexity of any thorough analysis of such
problems due to lack of accurate, i. e. closed-form
analytical solutions for any but the simplest founda-
tion shapes.

Consequently, in standard geotechnical engi-
neering literature and engineering practice combined
footings are treated on simplified way and designed
almost solely on the basis of bearing capacity analy-
sis, rather than considering influence of settlements
and soil structure interaction effects.

As an example, in case of strap footings, in cur-
rent design and construction practice the influence of
beam-soil interaction is disregarded, and such possi-
bility purposely prevented for compliance with de-
sign assumptions, and such approach is embedded in
current design codes [14].

In common engineering practice this approach
is not limited to the mentioned case, but it is widely
used in most cases of combined beams with rigid
footings on deformable bases.

Flexural rigidity of the structure can have sig-
nificant influence on distribution of load and mo-
ments transmitted to the foundation of the structure,
and the load redistribution may modify the pattern of
or mitigate settlement [15].

So for safe and rational application of combined
footing systems, better understanding their behavior,
it is necessary to provide estimation of it’s load dis-
tribution and resulting contact stresses and settle-
ments [16].

In this paper to a numerical analysis procedure
of combined footing resting on elastic base has been
presented, taking into account different characteris-
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