HauionanbHui yHiBepcureT 0iopecypcis i
NPUPOJOKOPUCTYBAHHSA Y KPaiHU

dakyJbTET KOHCTPYIOBAHHA TAa AU3ANHY
HaykoBo-10CaiiHUH iHCTUTYT TE€XHIKH i TEXHOJIOTIi

XapkiBChbKHUiIl HAIOHAJIBLHUUA TEXHIYHUN YHIBEPCUTET
ciibecbKkoro rocnogapcerna im. Ilerpa Bacuiienka

dakyJbTeT MEeXaHIiKH Ta eHePreTHKHU
JIbBIBCHKOI0 HAIOHAJIBLHOT0 ATPAPHOI0 YHIBEPCUTETY

IHkeHepHO-TexXHIYHUN aKyIbTET
IoaIbCHLKOT0 AePKABHOT0 ATPAPHO-TEXHIYHOI0 YHiBEPCHUTETY

HanioHaabHUd HAYyKOBUHM HEeHTP «[HCTUTYT MexaHi3amii Ta
ejieKTpHikanii CiJibCbKOro rocrnoaapcTBa

35IPHUK TE3 JOHNOBIJIEN
75-1 BCEYKPATHCBKOI HAYKOBO-ITPAKTUYHOT
CTYJIEHTCBKOI OHJIAMH-KOH®EPEHIIIT «HAYKOBI
3JJOBYTKU CTYJJEHTIB YV JOCJIXKEHHAX TEXHIUYHUX TA
BIOEHEPTETUYHUNX CUCTEM IIPUPOJJOKOPUCTYBAHHA:
KOHCTPYIOBAHHS TA IN3AUH»

(1-2 kBiTHs 2021 poKy)
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30ipHUK TE€3 OMOBIAEH 75-1 BCEyKpaiHChKOI HayKOBO-NPAKTUYHOT
CTYJCHTCbKO1 OHyailH-KOH(epeHiii «HaykoBi 3100yTKU CTYJEHTIB Y
JTOCTIIKEHHSIX TEXHIYHUX Ta Ol0€HEPreTUYHUX CUCTEM
MPUPOJTOKOPUCTYBAHHSA: KOHCTPYIOBaHHS Ta au3aiH» (1-2 xBiTHs 2021
poky) / @akynabTeT KOHCTPYIOBaHHA Ta mgu3aiiHy HalioHansHOrO
YHIBEpPCUTETY O10pecypciB 1 MNPUPOJOKOPUCTYBaHHA YKpaiHu. — K.,
2021.-201 c.

30ipHUK TE€3 PEKOMEHJOBAHO 10 JAPYKY pIIICHHSM BYEHOI paau
(bakynbTETy KOHCTPYIOBAHHS Ta nu3aitHy HalrlioHaabHOTO YHIBEPCUTETY
OlopecypciB 1 NpuUpogoKopucTyBaHHA Ykpainu Big 23.03.2020 p.,
poTOKOJI Ne 9.

B 30ipHuKy mnpeacTaBiieHl Te3W JOMOBIAEH CTYAEHTIB, MIO
MPaIOTh HaJ MariCTepChbKUMHU 1 0akanaBpChbKUMM KBaTi(iKaIliHHUMH
pobotamu Ha Kadeapax (pakyabTeTiB KOHCTPYIOBaHHS Ta JU3aWHY 1
MexaHiko-TexHonoriunoro HYBIIl VYkpainu Ta 1HIIMX [POBIIHUX
3aKJIaJIB BHUILOI OCBITH, B SKUX PO3MVISAAIOTHCS 3aBEPILICHI eTau
pPO3pO0OK y Talmy3sx MaimuH 1 00JIalHaHHS ClIbCHKOTOCIIOAaPChKOTO
BUPOOHUIITBA, MPOMHCIIOBOTO 1 IIMBUILHOTO OYyJIBHUIITBA, MEXaHi3allii
CUILCHKOTO TOCIOIAPCTBA, TPAHCIIOPTHUX TEXHOJIOTIH 1 3aco0iB y AIIK,
OyIIBHUIITBA CIIBCBKUX TEPUTOPIM, KOHCTPYIOBaHHS 1 HaJIMHOCTI
MAIIIUH JJIs1 CLILCHKOTO0, JIICOBOTO 1 BOAHOI'O TOCTIOAAPCTB.

Penakmiiina xomeris: Pyxuno 3.B. — rosoBa, K.T.H., [IOIL;
Jlogeiikin B.C., na.1.H., mnpod.; Adtanminsang €.1., a.1.H., npod.;
[Mwmnaka C.®., na.T.H., 1npod.; bakymn €.A., K.T.H., JI0I;
bepesoBuit M.I'., k.T.H., gou.; bymrakoB B.M., #a.T.H., 1pod.;
Yayco M.I'., na.1.H.,, Tmpod.; Jlomateko K.I'., a.T.H., goI;
Apmonenko M.I'., k.T.H.,, mnpod.; SxoBenko [.A., A.T.H.,, HOIL;
Hecimomin BM., na.T.H., npod.; MapycO.A.,, K.T.H., [OI;
HoBuupkuit A.B., k.T.H., poi.; Pomacesuu }0.0.— cekperap, A.T.H.,

pod.
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OIITUMIBALIA TEOMETPHYHUX ITAPAMETPIB ITIPO®IIIO
KYJIAYKA I'OJIOBHOI'O PYXY HITTOHO-ITPOCIYHOI'O BEPCTATY

@opocmanxko I1.A., macicmp
Hayxrosuii kepienux — Cemenoscokuii O.€., K.m.H., 0oy.

Hayionanvnuii ynieepcumem biopecypcis i npupoookopucmysanus Yxpainu

Opni€0 13 OCHOBHHX 3a/ady ONTHMI3allli TEOMETPUYHHX MapaMeTpiB
npoUI0 KyJlayka € BU3HAYEHHsI KIHEMaTUYHUX Ta AUHAMIYHUX XapaKTEPUCTHUK
TOJOBHOTO pyXy MIMOHO-TIPOCiyHOro BepcTary. Ilpu KiHeMaTWyHOMY CHHTE31
3HAUEHHS 7) MIHIMAJBHOTO pajlyca KyJladyka 3aJaeTbCsi, B TOW yac K IpHU
JUHAMIYHOMY 3HAQuU€HHS 7y — CIJiJl TOMNEepPeJHhO BH3HAYNUTH, KOPUCTYIOUHCH,
3aJIEXKHO BIJl BUIY MEXaHI3MY, TIOYyCTUMUM KYTOM THUCKY, 200 3 YMOBH OITYKJIOCTI
npoduIto.

B namnii po6oti 3a ocHOBY OyB NpUHHATUN rpapiyHUN MeToa MO0YyI0BU
npoUI0 KyJlauka 3 BUKOPUCTAHHSM MPUIYLIEHb 3BOPOTHOCTI pyXy. llpunHnumnum
noOy0BHM MpodUTI0 KYyJTaYKOBOTO MEXaHI3My HaBe/leH1 Ha puc.l.

Puc. 1. IloGynoBa npodiiro Kynauka



HaBenenuit npodinp Kynauka Aa€ MOXKIMBICTh HArJISIHO MPOUTIOCTPYBATH,
aK OyJie 3MIHIOBAaTHCh IIBUJKICTh TOJIOBHOTO PyXy BepcTaTy (mepeMilieHHs
BUCIYHOTO 1HCTPYMEHTY), 3QJIS)KHO BiJ MPOQUI0 JOYTH BiJ TOYKU 4 IO TOUKH 7.
3MmiHa TpodIt0 BiJ TOYKU 7 0 TOYKH 9 J1a€ MOMKIJIMBICTh 3MIHIOBATH JUHAMIKY
XOJIOCTOTO PyXy MEXaHI3My BEpCTaTy.

YK 631.358:62

JOCJLKEHHA ITOIIKO/’KEHD TA BIZTHOBJIEHHA KOPITY CA
SAJHBOI'O MOCTA TPAKTOPA MT3-892

Anopowyx /1.B., mazicmp
Hayxoeuii kepienux — Cusonanos B.A., cm. guki.

Hayionanvnuti ynieepcumem oiopecypcie i npupoookopucmyseants Yxpainu

Komicui tpaktopu «binopyce» MT3-892 cTBOpeHi Ha OCHOBI BCEOIYHOI Ta
rMOOKOT  MOJIEpHI3allli  yHIBEpPCaJbHO-MPOMAIIHUX  CLIBCHKOTOCIIONAPCHKUX
TpaktopiB MT3-80 1 MT3-82.

BuBUeHHs TEXHIYHOTO CTaHy JAeTajied moydanu 3 kopmoycy (puc. 1),
OCKIJIbKU B1JI HROTO B 3HAUHIN Mipi 3aJ1€KUTh JTOBTOBIYHICTh POOOTH.

BusiBieHO OCHOBHI TIOIIKOJKEHHS - TOIIKOKEHHS Pi3i, 3HOC IOBEPXOHb
OTBOPIB IIiJl CTAKaHU Ta I MiAIIUITHAKH, 3HOC TTOBEPXOHb OTBOPIB I MITU(TH,
3HOC TOBEPXHI MiJ MOBOAKU. [Ipu HasSBHOCTI 37I0MIB, IKi BUXOJIATh HA TMIOBEPXHIO
OTBOPIB, KOPITYC BUOPAKOBYIOTD.

TpillvHA KOpIYyCY BIJHOBIIOEMO MEXAHI30BAHUM 3BapIOBAHHSIM YaBYHY
camo3axucHuM apotom ITAHY-11 Oe3 migirpiBy. 3BaptoBanns naporom [TAHY-11
3IMCHIOETHCS BIAKPUTOIO AYTror0, 0€3 J0JIaTKOBOTO 3aXHUCTy ra3oM abo ¢uirocoMm.
Kparmii pesynbratu 3a0e3MeuyroThCs Ha MOCTIHHOMY CTPyMi MPSIMOT TOJIIPHOCTI
IIPY 3HAYEHHSX MapaMeTpiB pexumy (11 ApoTy aiamerpom 1,2 mm): 1,,=100...140
A; U~14...18 B; V,=0,15...0,25 cm/c. ['opiHHS AyTH BiIPI3HIETHCS CTAOIBHICTIO,
pollec MPOTIKaE MPAKTUIHO Oe3 po30pu3KyBaHHS, (HOPMYBaHHS IIBIB XOPOIIIE,
0e3 miapi3iB Ta 1HIIMX 30BHIMIHIX JEe(EKTiB, y BCIX MPOCTOPOBUX IMOJIOKEHHSX.
Meran 1mBa XapaKTepU3YeEThCS HACTYITHUMH IOKa3HUKAMH  MEXaHIYHHX
BJIACTUBOCTEN: MeKa MIIHOCTI — 10 55 KFC/MMZ, MeXKa TeKy4ecTi — 10 35 KFC/MMZ,
NOJOBXKEHHSI — J0 25%. BnacTuBOCTI CHOIYK B IIJIOMYy BH3HA4YarOThCS
3BaproBaHUM 4aByHOM. [Ipu BUNIpOOyBaHH1 HA PO3TITYBAHHS 3pa3Ku PyWHYIOThCS,
SK TIPaBWJIO, IO OCHOBHOMY MeETaly.



Mamuit  miametp gpory (1..1,2 wmwm) ITAHY-11 pgae MOXIUBICTH
PEKOMEHTyBaTH BY3bKy OOpOOKY KpPOMOK. Y pe3ylbTaTi LbOr0 JOCSITaeThCs
3HAYHE 3MEHIICHHS TeIUIOBKIIA/ICHHS B JIeTallb, 3a0€3MeUyI0ThCs )KOPCTKI TePMIUHI
IUKIA B palioHI 3BaplOBAaHHS, 3BYXKYEThCS 30HA CTPYKTYPHUX NEPETBOPEHb B
ocHoBHOMY Metani. Jlnms 3BaproBanHsi apotom [IAHY-11 npupatni Oyab-ski
[JIAHTOB1 HAMiBaBTOMATH, MpPU3HAUYEH] JUIS moAadl Apoty aiamerpom 1...1,2 mwm:
A-547, A-547Y; A-285; cepii IIJI[" Ta iami B koMmIutekTi 3 Bunpsmisiaamu BC-
200; BC-300 abo 3BaprOBAIBHMMH  TIEPETBOPIOBAYAMH 3  YKOPCTKOO
XapaKTEPUCTUKOIO.

[Ipy mnomKO/KEHHI Pi3l OTBIP PO3CBEPIIOIOTh, Hapi3alOTh pi3b0y 1
BCTAHOBJIIOIOTh PEMOHTHY IMPOOKY Ha EMOKCHUIHIA CcyMilli. 3MIMIEHHS ocel
BIJIHOBJIEHUX Pi13b00BUX OTBOPIB JOMYCKA€eThCs HE Oublie sk Ha 0,25 MM Bif iX
HOMIHAQJIBHOTO PO3MIIIEHHS.

CopanpoBaHi  OTBOpM  TiJ MIJMIAINHUKA 1 CTaKaHW MiAINIUITHUKIB
pPO3TOUYIOTh, MPOBOJSATH MICIIEBE OCTANIOBAHHA 1 3HOBY pO3TOUYYIOTH JIO
HOpMaJIbHUX po3MipiB. [li yac ocTanroBaHHSA MOBEPXHs MMOBHHHA OYTH PIBHOIO,
Cpi0auCTO-01710r0 KONMBOpY. TpIIIMHU, BiAlIApyBaHHS, MOPH, PAKOBUHU, TEMHI
CMYTHU Ha MOBEPXHI MOKPUTTS HE JOMYCKAIOTHCA.

Puc. 1. Kopmryc 3aganoro mocta 50-2401015. Marepian - CY 20; maca -178,8 kr;
TBepaicTh - 170...241 HB

CknageHo kapTy aedekTallii Kopiyca 3aJHbOTO MOCTA.
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Tabmums 1 — Kopmryc 3agasoro mocta 50-2401015. Kapra nedexrartii

Crnoco6u 1
KonTtpoawoBaHi nedextu Posmipu, mm 3acobu
KOHTPOJIIO BucnoBok
; Ha3zga
,.e.‘ .
H 3
5 a3Ba a KpecyeHHsM | [JonycTumi osHAYCHHS
1 2 3 4 5 6
1 [BHoc noBepxHi WTH(TA
mi‘/{ng; ?(Iijaigzoro Croba abo Bignon:mto
nepenad (e peBi HyTI/I 20.0.4 19,98 MIKpOMETp I[BaTI/I
P LIEPERID? MK 25-2
pu ocnabieHHl
nocajku mrudra)
2 BMmsatunau, 3a00iHH,
o . B} B. -
[TomkomkeHHs pi3i B?KpnmyBaHHﬂ .SPHB Orunsan VAHOBIIO
OibIre 2-X BUTKIB HE BaTH
JTOTTYCKaIOThCSI
HYTPOMIp .
3 Sroc HO.B ePROHb 25700 25,23 1HIUKATOPHUI Biamostio-
BTYJIOK IT1/1 BAJIUKU BaTU
YIOK I HU 18-50
3HOC MOBEPXHI OTBOPH HYTPOMIp :
. : B -
4 1] CTaKkaH 16510:040 165,10 1HIMKATOPHUI IHH:BJHO
. BaTH
MIIITATTHAKA HU 160-250
3HOC MOBEPXHI OTBOPH HYTPOMIp .
. : B -
5 1] cCTaKaH 15410040 154,13 1HAUKATOPHUH IHH:BJHO
: BaTU
MIIIUITHUKA HH 100-160
3HOC MOBEPXHI OTBOPH HYTPOMIp :
o : B -
6 1] pyKaB MiBOCI 210+%9% 210,15 | 1HDUKaTOpHUI IHH:BJHO
BaTH
HU 160-250
3HOC MMOBEPXHI OTBOPH HYTPOMIp .
. : B -
7 111 IIIapUKO- 1 50+0’010_0,025 150,04 | inguKaTOpHUMA IH:;TIO
MIIUAIHUK 314 HH 100-160
3HOC MOBEPXHI OTBOPH HYTpPOMIp .
B .
8 ]I CTaKaH 1107003 110,07 | iHOUKATOPHUI IHH;BJHO
: BaTH
MIIIUITHUKA HH 100-160
, HYTPOMIp .
9 BH?C z;BefOXEI OTBISPH 190707 190,14 | iHDUKATOPHUIX BIHH;BHIO-
n H U1 BaTU
L SO TPHITEY HI 160-250




[TponoBxenus Tadbnwmmi 1

1 2 3 4 5 6
3HOC MMOBEPXHI OTBOPH
i T T HYTPOMIp ,
, : B -
10 (mepeBipsATU NPHU 20 0% -0,061 20,00 1HIMKaTOPHUI 1&;1;21}0
ocnabieHH1 MOCaaKu HU 18-50-2
mTudTa)
: HYTPOMIp :
1 ot o 5| 3525 | e P
8 yip HU 18-50-2
Cnncok BUKOPUCTAHMX JIXKepeJt:
1. BonoBuk E.JI. CnpaBouHuk 1o BoccTaHoBiieHHto aetaneil. M.: "Komoc",
1981. - 351 c.
2. Cimamenko O.. PeMonT w™mammH Ta OOJaJAHAHHS: MIAPYYHUK /

Cimamenko O.I. ta iH.; 3a pen. mpod. O.1. Cigamenka, O.A. Haymenka. K.:
Arpoocsira, 2014. — 665 c.

YK 531+62.50

PO3POBKA KOHCTPYKIII MAJIOITPUBOJJHOI CUCTEMHU
«PYXOMMUM MEPEBEPHYTUHN MASITHUK)»

3apisnuu O.10., macicmp
Hayrosuii kepienux — Pomacesuy 10.0., 0.m.H., npog.

Hayionanvruii ynisepcumem diopecypcie i npupo0okopucmysaunts Ykpainu

[TepeBepuyTHii MasTHUK (puc. 1) — 11e MaJoNpUBOHA MEXaHIYHA CHUCTEMa,
sgKa CKJIAQae€TbCd 3 NPHUBOJHOIO BI3KA, SKUW PYXAa€TbCcsl y TOPU3OHTAIBHIN
IUIOLIKMHI, Ta 3aKPIIJICHOI0 HA HhOMY BICCIO MasiTHUKA, SKUU BUIBHO 00€pTAETHCA Y
BEPTUKAJIBHIN MUIOUIMHI BITHOCHO 3eMJli. MaJIONIpUBOIHOO 11 pOOUTH TE, 10 MU HE
MOEM KEPYBaTH MOJIOKEHHSIM MasSTHUKA HAMPSIMY.

Ile kmacuyHa cuUcCTeMa, sika BUKOPUCTOBYETHCS JJIi BUMPOOYBAHHS PI3HUX
METO/IIB KEpYBaHHS Ta MIIXO/IiB, TAKOXK 11 MOKHA 3YCTPITH B MOOYTIi, HAIPUKIIA]T B
0COOMCTOMY TpaHCTOPTI (TIPOCKYTED).

IcHye nexiibka OCHOBHUX BaplaHTiB BUKOHAHHS TaKOi CUCTEMHU:




1) Bi30OK Ha KoJiecax 3 MOTOPOM Ta MASTHUKOM, SKHA Ha HBOMY
BCTAHOBJICHUM;

2)  BI30K 3 HaIpaBJIAIOYUMU, MPUBIJ 32 JOTIOMOTOIO ABUTYHA Ta maca abo
3 BUKOPUCTAHHSIM XOJ0BOI'0 I'BUHTA;

3)  BapiaHT 3 BUKOPUCTAHHSIM TIAPOLMIIIHApPA Ta IITOKA, HA KiHIIl SIKOTO
3aKpIMJICHUH MIapHIp MasTHHUKA.

my,
9
[
m, igv/ F
X

Puc. 1. IlunaMiuHa MO/IeNIb CUCTEMHU MEPEBEPHYTOIO MASITHUKA

3 TpboX BapiaHTiB Oyyi0 00paHO JAPYTHil, SIK HAMOUIBII JOIIBHUM 3 TOYKHU
30py diama3oHy pyXy MasTHUKA, OCKUTIBKU SIK B MEPIIOMY Ta TPETbOMY MAasSTHHK
MOXe pyxaTuch He Oinbie 180 rpaayciB BIIHOCHO OCl 00€pTaHHS, a Ha BI3KYy BiH
KPIMUTHCA KOHCOJIBHO 1 HE Mae 0OMEXeHb B pyci Ha 360 rpaaycis.

[licns BU3HAUEHHA BaplaHTa BHUKOHAHHS, MOTPIOHO BUOpaTH THI
CJIEKTPOJIBUTYHA, CIOCIO KepyBaHHSA, HEOOXIAHI NaTYMKW, KPITUICHHS Ta THUI
npuBoja Bi3ka. [ crpomeHHst Oyino oOpaHO TOTOBUHN By30J1, 1€ BiCh-Z B 300pi,
Bim UIIY Bepcrara, sika CKJIAAa€ThCA 3 HAIPaBIAIOYMX, Bi3Ka, fKa PyXa€ThCS
3aBJISIKA XOJIOBOMY TBHUHTY.

MasiTHuK siBisie CcOOOI0 atoMiHIEBY TpyOy KBaJpaTHOro mNpoduio 3
MPOCBEPAJICHUM OTBOPOM ITiJ BiCh, IKOIO € TBUHT MS5X70 3 TOJ0OBKOIO Mij] KITIOY.
Bick kpinuThcs Ha 1BOX pamianbHUX migmmnHukax koueHHs [SO 9002.

Bbyno obpano kpokoBuii aABuryH SY35ST36-1004A, sik OCHOBHHII MPUBOI,
Ta oOepToBuii iHKpeMeHTanbHUN eHkoaep E40S8-2000-3-T-24, mist BU3HAYSHHS
MOJIOKEHHST MasiTHUKA. JIJ1s1 JaHOTO ABUTYHA miaiOpaHo BIAMOBIAHUEN apaiiBep BL-
TB6600-V1.2. KepyBatu ycranoBkoro Oyae Arduino Nucleo nHa 06a3i
MikpokoHTposiepa STM32 F446RE. Henocraroui kpirmsieHHs Jjisi AeTaneit Oyio
pospobsieno B CAIIP SolidWorks (puc. 2) Ta BUTOTOBIEHO 3 IUIACTUKY, HUISIXOM
npyKyBaHHS Ha 3D-nipuHTEDI.



Puc. 2. 3moznenboBana yctanoBka B SolidWorks

YK 631.361

AHAJII3 KOHCTPYKIIA MPUCTPOIB JJ15 JIYIHIEHHS BOJIOCBKHX
I'OPIXIB

Kocmenxo 1.P., cmyoenm
Hayxosuii kepisnuk — Pubanxo B.M., k.m.n., ooy.

Hayionanvruti ynisepcumem 6iopecypcis i npupoookopucmyseanus Ykpainu

SAnpa BoJOCKKUX TOpiXiB 0araTi BYIJIEBOJAaMU, MiHEpaIbHUMH PEYOBHHAMH,
BiTaMiHaMH, TOMY BOHH € IIIHHUM JIIKYBaJIbHO-NIPO(PUIAKTUYHUM MPOTYKTOM.
VYkpaiHa BXOJUTH 10 MEPEIiKy OCHOBHUX BHPOOHHUKIB I[LOTO MPOIYKTY, HIOPIYHO
BOHA BUPOOJIsi€ 10 83 Trcad ToH TWioAiB [1]. OuunineHHaIM siipa BOJIOCHKOTO ropixa
3aiiMaroThCsl TiACOOHI JIOMAITHI TOCTOMAPCTBA Ta HEBEIHMKI MiAMPUEMCTBA, 00
PO3BUTOK BHUPOOHUIITBA Yy MPOMHCIOBUX MaciiTabax CTPUMYE BIIACYTHICTb
HEeoOXiHOro oOnaaHaHHsA. Po3poOka Takoro oOJialHaHHS TOB’SI3aHHS 13
npobjieMamMu TIpoliecy nepepoOKu TOopixiB: KaniOpyBaHHS, €HEPTETHUYHI BUTPATH,
3a0€3MeUeHHs IITICHOCTI sjipa ropixa («6adoukuy») [1].



Bimomuii mpucTpiii aAns JylIeHHS TOpIXiB, SKHM 3a0e3mneuye Mporec
JYIIEHHA 32 JOIOMOTOI0 IPOOUIIBLHOTO KOJIeca Ta PyXOMOro puQIIEHOro JieKa, sike
3niiicHioe KonmBaidbHI pyxu [2]. Ilpomec mymieHHsS TropixiB BiI0OyBa€eThCs
HAaCTYITHUM YHUHOM. 3aBaHTaXyBaJbHUI OYHKEp 3allOBHIOIOTh CHPOBHHOIO,
BCTaHOBIIIOIOTH BEJIMYMHY POOOUYOTro 3a30py MK IPOOHIBHUM KOJIECOM Ta JIEKOM
Ta BIAKPUBAIOTH IMHOEPHY 3acIOHKY. BMUKaOTh MPUBOJA Kojeca Ta PyXOMOTO
JieKa, AKe 3/IACHIOE KOJMUBAJIbHI PyXH 1 3a0e3meuye 1HTCHCUBHUM PyX CUPOBUHU Y
30Hy JymieHHs. [logpiOHeHuit MaTepial BUBAaHTAXYIOTh Uepe3 TOpJOBHHY, MICIS
4oro BIIIUIAIOTH sSApa BiA mkaparynu [2]. HemomaikoMm nboro mpucTporo € Te, 1o
MOTPIOHO TOIepeIHbO KaliOpyBaTH TOPIXH, a TAKOX SAKICTh BUXITHOTO MaTepialy
€ HU3BKOIO.

Bigoma MammHa g JymieHHs rpenpkux  ropixie  OJIM-994/250.
PyiiHyBaHHS MIKapaJyny ropixiB BiIOYBa€ThCA MPU KOHTAKTI MOJOTIB, IO MaKOTh
MOXJIMBICTh  3MiHIOBaTH 3a30p. llpoayktuBHicth wmammau — O=200km/TOx;
NoTYyXHICTh npuBoxy P=1,6 kBt; Bara m=360 xr [3]. Hemonikamu 1i€i MamvHu e:
HU3bKA SKICTh BHUXIJTHOTO NPOJYKTY, IOB’s3aHa 13 MOCTIHHOTO HEOOXIJIHICTIO
perysoBaHb MOJI0KEHb MOJIOTIB, 3aJI€KHO BiJl (Ppakilii ropixis.

Bigomuii cranok g poskosoBaHHsS ropixiB CKOP-180T'P [3]. Cranok
NPU3HAYEHUN JUIsI PO3KOJIOBAHHSA IIKApalyd TpeUbKuX TropixiB. Pobounm
OpraHOM CTaHKa € JiBa BaJH, Kl O00epTaloThbCd y 3yCTpiuHOMY Hampsmky. Ha
MOBEpPXHI BaliB € (IrypHI KaHaBKH, y SKI MNOTPAIUISIIOTh Tropixu. BHacmigok
3MEHIIEHHS O00’€My MIDXK BaJaMH TOpPIXM CTUCKAIOThbCA Ta BiIOYyBa€ThCA
pyliHyBaHHs ixHBOT mmIKkapamynu. QOOpoOiieHuii MaTepiall MOTparvisie Ha
po3BaHTaXyBaIbHUI JOTOK. [IpogykTuBHicTh cTanka, (=40...190 ropixiB/xB;
BeJIMYMHA Jedopmanii ropixa, 0=6 MM; pO3MIpH TOpIXiB; a,,=25...50 mm;
HOTYXHICTb IPUBOAY, P,0,y=0,5 KBT [3]. Hegonikom npuctporo € Te, mo noTpioHi
NOMNepeIHl HaJalITYBaHHS 3a30piB MDK BaJaMH, SIKI MEPIOJAMYHO 3MIHIOIOTHCS;
SAKICTh BUXIJHOTO MaTepially — HU3bka (ApoOIeHHS sapa).

BigoMuii mpucTpiil IS JIYIIEHHS TOpiXiB, pOOOYMM OpPraHOM SIKOTO € JBI
TUTUTH, OJHA 3 SAKUX pyXOoMa 1 po3MillleHa MiJ KyTOM 0 BEepTHUKaIbHOI oci [3].
3MiHy TOJOXKEHHS PyXOMOi IUTH (pobounii pyx) 3a0e3mneduye KyJIauyKOBHM
MeXaHI13M, BEIy4rid Baj SKOTO0 KIHEMAaTUYHO TMOB'sS3aHuid 13 mpuBojoM. [lomgaay
ropixiB MDK IJJacTUHaMu 3a0e3leuye KOBIIOBHM eneBaTop. PyiiHyBaHHs
HIKapalynu TopixiB BiAOyBaeTbCsd MNpPHU 3MEHLIEHHI BIJCTaHI MK PYXOMOIO 1
HEPYXOMOIO IUTACTUHAMH, MOJPIOHEHUI MaTepian NpOCUNAEThCSA y UIUIMHY, SKa
pO3MilllEHa y HIKHIM YacTUHI TUJIACTHH. 3a30p MK IUIACTUHAMU PETYIIOETHCS
HUISIXOM 3MIHH MOJIOKEHHS KyJlauKa.

[lepeBaramMmu KOHCTPYKIlli IILOTO MPUCTPOIO €: PO3MIIMICHHS TUTACTHH T
KyTOM OJIHA BIJHOCHO IHIIIOI, IO JIO3BOJISIE JYIIUTH TOPIXH, HE 3aJIEKHO BIJ
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¢pakiii, 00 BCl ropixu, HE 3aJI€KHO BIJ po3Mipy OyIyTh MaTh KOHTAKT 13 pOOOYOI0

NOBEPXHEI0; PeryjiboBaHa jAeopmallisi CTUCKY IUIOIIMHOIO 3a0e3reuye BUCOKUN

B1JICOTOK ITUTICHOCTI SiZIep TOPiXiB.

BucHoBok. AHali3 KOHCTPYKIIIH 3ac00iB JJis JIYIIEHHS BOJIOCBKHX TOPIXiB
mokaszye, 110  OJHMM 13  TEPCIEeKTHBHUX  HANpPAMKIB  CTBOpPEHHS
BHCOKOMPOAYKTUBHUX MAIIIMH LIOTO HAMPSIMKY € po3poOKa poOOYUX OprasiB, fKi
3a0e3MevyloTh PYHHYBAHHS MIKapalylmd CIOCOOOM pErylibOBAaHOTO CTHUCKAHHS
wionMHaMu. Taki MalIMHA He TOTPeOYIOTh MONEPETHBO KaaiOpyBaHHs TOPIiXiB Ta
3a0e3MeuyyloTh BHCOKY SKICTb Mpoaykuli, A0 90% HeymKOIKEHUX sIep.
[Tonepenni TEXHOJOIIYHI PO3PaxyHKH IOKa3ajlu, MpU po3Mipax IUIACTHH
300x250mM npopykTHBHICT O=195KT/TOA, TOTP1OHA MOTYKHICTD P01, =0,46KBT.

Cnucok BUKOPUCTAHMX JKepeJi:

l. Anosuu P.I1., Kymuyk [.M., Koponbuyk B.C. O6rpyHTyBaHHS TEXHOJIOTII Ta
oOnajHaHHs sl IEPEPOOKU BOJIOCHKUX TOpPiXiB. 30IpHUK HAYKOBUX Mpallb
BiHHUIIPKOTO HAI[IOHAJIBHOTO arapHOro YyHIBEpCUTETy. TeXHiIuHI HayKw,
2015. — Bum. 1(1). — C. 136-139.

2. [Tatent 137177 VYkpainu, MIIKA 23 N5/00, OGnagHanHs ajis JTyIICHHS
BosIochbkux ropixi. ['onuapyk [.B., [ToneBona FO.A., 6101. Ne19, 2019 p.

3. [lepepaboTka rpenkoro opexa. URL: https:/www.nutexim.com (xoctyn
10.03.2021)
YK 531+62.50

OIITUMIBALIA CKJIAOIHOTI'O PYXY JIAHKH POBOTA-
MAHIIIYJISATOPA

Ilynoux K.P., mazicmp
Hayxosuii kepignux — Pomacesuy 10.0. 0.m.H., npog.

Hayionanvnuii ynieepcumem oiopecypcis i npupoookopucmyeanus Ykpainu
Jauuii poOOT MaHINMyJATOP Ma€ CUCTEMY 3 JIBOX T Y TOPU30OHTAIBHIN
IUIONIMHI, OJIHE 3 SAKUX 3JIMCHIOE TMOCTIMHUN CKIaQAHUN pyx, a Japyre —

oOepTanbauil. [IpuKkiagomM Takoi CUCTEMHU MOKE BUCTYIIAaTH pPyXoMa Oropa KpaHy 3
o0epTalbHUM PyXOM Ta HOro KOHCOJIbHA CTpPijia 3 MOB3JOBXHIM pyXOM Ha puc. 1.
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Puc. 1. JIlunamiuHa MOJIENIb PyXy CUCTEMU THITY KpaH

[lepen  mOpoekTyBaHHSIM  yCTaHOBKM  OyJO0  IpoaHali30BaHO  0azy
NPECTaBICHUX HAyKOBUX TMpalb 1 MATEHTIB, a TaKOXX BHU3HAUEHO MOTpPedy B
oITUMI3aIii JaHHOI CUCTEMH.

KinpkicHuii aHami3 HayKOBO-TIPUKIAQAHUX POOIT B Taly3l poOOTOTEXHIKH,
ONTHMI3aIll Ta KEpyBaHHS PyXOM JIBOJIAHKOBHX pOOOTIB OyB MpOBEACHHUU 3a
JoTmoMoror HaykometpuuHux 6a3 ganux Google Scholar, Web of Science, Scopus
a TaKoX 3a JIONOMOrorw BeO-caiiTa maTreHTHOTO BigoMmcTBa Himewunnu 1
crierianizoBanoi 0a3u ganux "Bunaxomu (kopucHi mojeni) B Ykpaini". AnHani3
KUTBKOCTI OMmyOJIiKOBaHUX POOIT 3pobieHui s 9yacoBoro mpomikky 2012-2021
pp. (puc. 2 Ta 3).

HaykoBi poboTtu
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40000
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W Google Scholar ®WWeb of Science Scopus

Puc. 2. Jlunamika KiIbKOCTI OMyOJIIKOBaHUX HAYKOBHUX POOIT MO KIIFOUOBUM
cioBaM 3a octaHH1 10 pokiB y CBITI
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Puc. 3. Jlunamika KiTbKOCTI OMyOIIKOBaHUX MATEHTIB 3a KiacaMmu 3a ocTanHi 10
POKIB y CBITI

HactymuuMm kpokxom Oyio poekTyBaHHA KpaHy B cuctemi SolidWorks (puc.
4), a Ha puC. 5 OKa3aHa Woro 3i0paHa.
Bynu BukopucTaHi Taki OCHOBHI €JIEKTPOHHI €JIEMEHTH:
1. [Tnata Arduino Uno R3.
2. InxkpemenTtanbunii enkoaep E40S8-2000.
3. brok xxuBnenus 12v (250W).
4. lpaiiBep nBuryna TB6600 2mir.
5. Kpoxkosuii neuryn JKS7HM76-2804.
6. Kpokosnii neuryn SY35ST36-1004A.
7. Axcenepomerp MPU6050.
HeoOxinui kpimtenns mist aeraneit 6yno pozpodneno B CAITP SolidWorks
Ta BUTOTOBJICHO 3 TUIACTHKY, NUIIXOM ApyKyBaHHS 3 D-mpuHTEpi.

Puc. 4. 3monenboBana ycranoBka B SolidWorks
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Puc. 5. 316pana ycraHoBka

YK 691.88:691.714.018.8

E®EKTUBHICTH KPIIIJIEHHA CEHJIBIU-TAHEJIEN 10 EJJEMEHTIB
CTAJVIEBOI'O KAPKACY

Obeneys O.B., cmyoenmka
Hayxoesuti kepienux — @ecenxo O.A., K.m.H., cm. 8UKIL.

Hayionanvnuii ynisepcumem biopecypcis i npupoookopucmyseauns Ykpainu

Kpimnenns ceHaBiu-naHesneil 10 CTaJeBUX KOHCTPYKIlNA Kapkacy OymiBii
BUKOHYIOTh 3a JONOMOIOI0 CaMOCBEpPAJIAYMX CaMOHApPI3ylOUMX MIypymiB 13
3arapToBaHOi CTajll 3 YHIUIBHIOWYOI IMaii0oro. MoOHTaX CeHJABIY-TIaHENeH Ha
CTaJIeBl KOHCTPYKI[i BHUKOHYIOTH MICJsSI MONEPEAHBOTO CBEPAJIIHHS OTBOPIB Yy
MaHeJsIX B MICIIX KpiruteHHs [1].

EdexTuBHICT BHUKOPUCTaHHS CaMOCBEPAJISTYMX ULIYPYIIB TMOJArae Yy
3MEHIIICHHI TPYJIOMICTKOCTI Ta TPHUCKOPEHHI MOHTaXy, IO HE BHUMAarae
NOTIEPEIHBOI0 BUCBEPJUIIOBAHHS OTBOPIB Yy CEHIBIY-TIAHENSAX 1 B eJIeMEHTax
CTaJIEBUX KOHCTPYKIIN Kapkacy. OTBOpH AJig KPIIUICHHS 1 CIIOJIYYHUX €JIEMEHTIB
pPO3TAIIOBYIOTh TEPHEHIUKYJISIPHO 10 TMOBEPXHI CeHJBiU-maHene. KpinuibHi
€JIEMEHTH BUKOHYIOTh Ha BiJcTaH1 Ouibie 50 MM Bij KpaiB MaHe.
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CamocBepisiui camoHapi3yroui TBUHTH 3 Oypom Mapku Termoclip CHT 5
G19 MoxyTh 3abe3neuyBaTH Oe3Mocepe/HId MOHTaX J0 CTaJeBUX KOHCTPYKIIIH
0e3 momepenHboro  3acBepaimoBaHHA.  KpimuiaeHi  enementd  Termoclip
BUTOTOBJISIIOTH BIAMOBIIHO A0 HiMeIlbkoro cranmapty DIN7504-K i3 ByrieneBoi
crami wmapku C1022 1 MmaroTh CTiiike aHTUKOpO3iiiHe mokpurta. Camopizu
YKOMIUIEKTOBYIOTh CTaJIeBUMHU IIail0aMu 13 BYJIKAaHI30BaHUMH TPOKIATKaAMU
EPDM, 110 3a0e3neuytoTh HalliHY 130JIA1I110 B MICLIAX CBEPTIHHS [2].

Jns ctiHoBoi maHem (Hampukiana, posMipamu 6x1,2x0,18 M, TOBIIMHOIO
CTaJieBUX OOIIMBOK 6 MM, Mapka ctam S280, yTemitoBad — MIHOMOJIypeTaH), 13
ypaxyBaHHSIM MOMJIMBUX BHUIIB pyHHYBaHHS (3pi3 camopizy abo 3MHUHaHHS
MOBEPXHI OTBOPIB TOHKHUX CTaJeBUX OOIIMBOK IMaHeNi), OOJITOBE 3'eqHAHHS
CEH/IBIY-MIaHEeIl 10 KOJIOHU OYyJI0 MPUUHATO 13 KOKHOI CTOPOHU IO BUCOTI MaHeml
M0 TPU CAMOCBEPJISIYMX CAMOHAPI3yIOUMX TBUHTU J1aMeTpoM 6,3 MM; BiJCTaHb
B1J1 KpaiB naneni 10 TBUHTIB o 100 mm, BijcTanb Mik rBUHTaMH 110 500 mm.

YK 691-427.5+691.618.92

OCOBJIMBOCTI BACTOCYBAHHA KOMIIO3UTHOI APMATYPU ¥
BYJAIBHULTBI

l]epbuna 1.1O., cmyoenm
Hayxkosuii kepignuk — @ecenko O.A., K.m.H., cm. GUKIL.

Hayionanvnuii ynisepcumem biopecypcie i npupo0okopucmysaunHs Ykpainu

KoMmosutHy apMarypy BUTOTOBJSIOTH 31 CKISHUX, 0a3albTOBUX,
ByTJICIIeBUX a00 apaMigHUX BOJIOKOH, IO MPOCOYECHI TEPMOpPEAKTHBHUM abo
TEPMOTUTACTUYHUX TIOJIMEPHUM CITOIYYHUKOM. ApMmaTypy, BUTOTOBJICHY 3i
CKJISTHUX BOJIOKOH, TPHUMHSITO Ha3WBaTH CKJIOIUIACTUKOBOIO, 13 0a3albTOBUX
BOJIOKOH — 0a3aJIbTO-TJIACTUKOBY, 13 BYTJICIIEBUX BOJOKOH — BYTJIEIIACTHKOBOIO.
Jlnst 3uernieHHsT 3 OETOHOM Ha TOBEPXHI KOMIIO3UTHOI apMaTypu B TPOIECi
BUPOOHUIITBA ()OPMYIOTHCS CTIeIiaibHI pedpa a00 HAHOCUTHCS TIOKPUTTS 13 TICKY.

TexHos0r1a BUpOOHUIITBA KOMIIO3UTHOI apMaTypu nepeadayae Taki OCHOBHI
cTarnm:

- MIPOCOYEHHS HUTOK CKJIOBOJIOKHA TOTIMEPHOIO CMOJIOK;
- JOJTaHHSI CHPOBUHU BUJTY CTPUKHS;

- MoJTIMEpHU3aIlis;

- HAMOTYBaHHS 1 KPITJICHHS TPOdLITIO.
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OcHoBHMMH c(hepamu 3aCTOCYBaHHS KOMIIO3UTHOI apMaTypH € TakKi:
- apMyBaHHS GYHIAMEHTHHUX TUTUT MPU MaJIOTIOBEPXOBOMY Oy 1IBHUIITBI;
- CTPIYKOB1 QyHIAMEHTH;
- apMyBaHHSI OETOHHUX MPOMHUCIOBUX I1JIJIOT;
- apMyBaHHS BIIMOCTKH HaBKpYTH Oy/IiBIIi;
- apMyBaHHS TIOSCY MK IMOBEpXaMu OyAiBIIi;
- CIIOJIYYEHHs LETJIAHO1 KIAJIKU;
- KOMOIHYBaHHS 3 METAJIOM Y IUIUTAaX NEPEKPUTTS;
- BUKOPHUCTAHHS K MPY>KHOT B’sI31;
- apMyBaHHsI O€TOHHHMX OacelHiB;
- BUKOPHUCTAHHSA B JIOPOKHLOMY OY/1IBHHUIITBI;
- apMyBaHHsI OETOHHHX MIIMIOX1THUX JTOPIKOK.
[lepeBaramMu KOMIO3UTHOI apMAaTypH € TaKi:
- BHCOKA IMMTOMA MIITHICTb;
- KOpO3iifHa CTIHKICTB;
- HU3bKa TEIUIO- 1 €JIEKTPOIPOBIIHICTh, HE CTBOPIOE MICTKIB XOJIOAY;
- BHUCOKA TPAHCIIOPTAOEIbHICTH;
- CKOJIOTTYHICTB;
- OJIHAaKOBHI TeMIepaTypHHU KOEPIIEHT pO3MIUPEHHS 3 OETOHOM.
Cepenl OCHOBHHUX HEAOJIKIB KOMIO3UTHOI apMarypu — HEIOCTaTHS
TEPMOCTIMKICTD 1 HU3bKUIA MOAYJIb IPYKHOCTI.

YK 624.012.45

PART OF VDC SPECIALISTS IN CONSTRUCTION INDUSTRY

Lavrynovych M. V., student
Scientific superviser — Bakulina V.M., senior lecturer

National University of Life and Environmental Sciences of Ukraine

Virtual design and construction (VDC) is the management of integrated
multi-disciplinary performance models of design-construction projects, including
the product (i.e., facilities), work processes and organization of the design -
construction - operation team in order to support explicit and public business
objectives. Increasing the use of virtual design and construction (VDC) is a way to
make changes and innovations in the construction industry. The consequence of
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VDC implementation is the creation of new roles and new ways of communication
within the construction project.

The main goal for given topic is to express imagination about skills that
VDC specialists should have, what role do they play nowadays, and what will be
playing in construction projects. The overall aim of the present paper is to map
industry practitioners’ view on VDC professionals’ role. This includes mapping
their perceptions on what characteristics a VDC professional should possess, what
roles they play today and what role they should play in the future, and also to what
extent they are perceived to contribute to project success. In order to shed light on
these questions a questionnaire was sent to respondents working in varying degrees
with VDC, in one of Sweden’s largest construction companies. The results show
that there is little agreement concerning the goals of VDC within the company.
Furthermore, opinions also vary considerably with regards to what responsibilities
a VDC professional ought to take within projects, and at the same time
expectations of the characteristics of a VDC professional are high. Finally, the
results show that there is demand for higher involvement of VDC professionals as
compared to their current involvement.

Development of virtual prototypes and application of three-dimensional
technologies, such as 3D planning and information modeling of buildings (BIM)
causes changes in the work of architecture, engineering and construction(AEC).

Virtual design and construction in this topic is considered colsely with BIM-
management in a broader sense, includes new virtual technologies, as well as
modern management approaches for organization, communication and
collaboration within construction projects. The main for VDC and BIM are to
ensure the quality of design, safety during construction and management efficiency
in the form of reducing estimated costs and time for construction projects.

This improves productivity and construction quality. An important factor for
implementation is the facilitating of the information exchange experience between
project stakeholders throughout the construction process, VDC methods also
assume that the way of communication and transmission of information during and
between different stages in the construction process changes fundamentally.
Organizing and managing a variety range of project data, information and
distributed information in a complex BIM model is a big task and requires
appropriate management.

Based on the above, VDC specialists must be highly qualified in the fields of
design and construction, as well as be able to analytical work with the BIM model
and the use of its resources and information. The introduction of this methodology
and relevant specialists allows to increase the accuracy of construction, its speed
and ensure risk management in construction, which ensures a high chance of
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successful project delivery in general. A core concept in VDC is spacetime
dimensions. There are four dimensions; three space dimensions and a fourth, time.
There are additional dimensions of cost and quality, but a core is formed by these
four. The four dimensions were first understood by Vitruvi as an importance of
perspective (i.e., 3D) and time (i.e., 4D). Prior to computing, a focus was on the
fourth dimension of time. In practice, time is a focus of the critical path method.
With advances in computing, the representation of three dimensions of space has
increased. The merging of space and dividing into categories formed the
Information model, in the construction engineering field, known as building
information modeling. The combination of space and time in practice is shown by
the linear scheduling method and in close relation the 4D model. Today, the most
compelling advances in VDC are in computer vision (List of computer vision
topics), artificial intelligence, and the architecture of transmission (AoT), an
object-oriented project lifecycle management process, which acts as a counterpoint
to commissioned [oT technologies. An important application of VDC is in the
workzone. This 1s where the construction activities reside, and the workforce is a
core component. To create an educated workforce with the technical knowhow to
use the technology tools now available, VDC includes the development of
advanced vocational education topics.

Conclusion. Implementation of wvirtual design and construction and
involvement VDC specialists in the construction project allows to reduce risks on
site by detail planning all processes and, as follows, provides successful project
delivering on time, on budget, with higher quality, also increases accuracy and
quantity of communication ways between key stakeholders, provides transparency
for every process during the project.

YK 624.07

JOCJIIIKEHHA IIVIMT HEPEKPUTTA HA ITPOAABJIIOBAHHSA ITPU
HASABHOCTI OTBOPIB

Onexcenxo O.0., cmyoeHm
Haykosuti kepienux — baxynina B.M., cm. guxa.

Hayionanvruti ynisepcumem biopecypcie i npupodokopucmyeaunHs Yxpainu

MoHnosiTHI 3a11300€TOHH1 TUTUTH TEPEKPUTTSI BUCOTHUX JKUTIOBUX OyMiBENb
MalTh PIA OCOONMBOCTEH, SKI 3HAYHO BIAPI3HSAIOTH I1X BIA 30IpHHUX IUTAT
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NEPEeKPUTTS, IO 3aCTOCOBYBAJIMCH paHille B OCHOBHOMY Ha IUIaHaX MPOCTOl
KoH(irypaiii. JIo OCHOBHUX OCOOJIMBOCTEH MOHOJITHHUX IUTUT MEPEKPUTTI MOXKHA
BIJIHECTH: CKJIQJHy KOHQIryparlio B IUIaHI; HEPEryJsIpHO PpO3TaIllOBaHI OMOpHU
pi3HOTO Tmepepidy aiadgparmMu, MUJIOHH, XPECTOBI, KYTOBI, TaBPOBl KOJIOHH;
HEPETYJSIPHO PO3TAlIOBaHI OTBOPHU (PI3HOTO PO3MIpy Ta (hopmm); HEperyspHi
BKJIIOUCHHsS OaJloK; 3MiHHA TOBIIWHA IUIMTH, IO BUKJIMKAHA HEOOXIIHICTIO
MiJCUJICHHS OTIOPHUX 30H IJIUTH B pailoH1 KOJOH (KarmiTel).

BaxxnuBum ¢pakTopoM SBISIOTHCS MOKIIMBI HEPIBHOMIPHI OCaaKU OMOP
IUTUTH, OCOOJIMBO JIJIsi BEPXHIX MOBEPXIB, 10 0OYMOBJIECHI HE TaK HAaBAHTAKEHHSM
BJIACHO HAa IUIMTY TMEPEKPUTTSA, M0 PO3TISAAETbCS SK HEPIBHOMIPHUMHU
YKOPOYCHHSIMU BEPTUKAJIbHUX €JIEMEHTIB B 3arajibHii cxeMi OyaiBii.

Ha ocHOBI J0CBily pO3paxyHKy Ta MPOEKTYBAHHS MOHOJITHUX MEPEKPUTTIB,
YaCTIllIe 3a BCE 3aCTOCOBYEThCS TaKUM HAOMMKEHUW MIAXiA: BU3HAYAIOTHCS
MEPEMIIICHHSI OMOp 13 PO3paxyHKy 3arajbHOi CXeMu OyHiBiIi, a MOTIM
PO3pPaxoBYIOTh IUIUTY Ha MICIIEBE HABAaHTAKEHHS Ta HA BEIUYMHU OCAJOK, IIO
ckianarThb 15-20% ocaaku, 110 BU3HAYEHA 13 PO3TIISY 3arajibHOi CXEMHU.

HasBHicTp 0arato 4YmuCeNbHUX HEPETryJISpHUX OTBOPIB fAK MPaBUIO HE
BUKJIMKAE TPYAHOIIIB Il apMyBaHHS TUIUTH. OTBOPU 3MIHIOIOTH PO3PaXYHKOBY
CXeMy IUTUTH, a MJINTa MAaKCHMaJbHO BIAJI0 BHKOPHUCTOBYE BCi pPe3epBH HECY4Oi
3JTaTHOCTI.

Ha puc. 1 Ta puc. 2 HaBeaeH1 130M0JIsI 3TUHAIOYOTO MOMEHTY Ha JUISTHKAaX
MOHOJIITHOT TUIUTH MEPEKPUTTS O€3 OTBOPIB 1 32 HAIBHOCT1 OTBOPIB.

[To KOHTYpYy KOXKHOTO OTBOPY MPHUKJIAJeHA JIiHIMHE PIBHOMIPHO PO3TMOIiICHE
HABAHTAXKCHHA, 10 KOMIIGHCYE BUJIYyYC€HE HABAaHTAKCHHS IO TUIOHI[l TILJIUTH.
[TopiBHIOIOUM HAIPYy>KEHO NePOPMOBAHUN CTaH NUISHOK IUIUT 3 OTBOpamu 1 0e3
MO>KHA 3pOOUTH BUCHOBOK, III0 OTBOPU POOJISATH TUTUTY OUIBIII MTOAATIUBOIO.

[Ipu po3rairyBaHHI OTBOPIB B IUIMTI Ha BIJCTaHI BiJ Kpar0 OTBOPY AO TpaHi
KOJIOHM He Ouiblie 6hy B pO3paxyHOK BBOJAUTHCS KOHTYP PO3PaxyHKOBOTO
MONEPEYHOro mepepizy IUJIMTH, 110 PO3TalloBaHWNM Ha BifAcTaHi hy/2 nmo rpani
KOJIOHM, 332 BHpaxyBaHHSIM JUISHKH, [0 PO3TAlIOBaHA MIXK JBOMa MPSIMUMH,
MIPOBEICHUMH BiJ] IIEHTPY MOMEPEYHOr0 Mepepidy KOJIOHU J0 KpaiB OTBOPY (puc.
3).

Po3paxyHOK MOHOJITHOI  3ai300€TOHHOI ITUTMTH 3  BEPTUKAIBHOIO
MOMEPEYHOI0 apMAaTypOI0 Ha MPOAABIIOBAHHS IIPU HASIBHOCTI OTBOPIB B IUIUTI, 1110
po3TanioBaHi NOOIM3y 30HU MPOJAABIIOBAHHSI BUKOHYETHCS BUXOISIUN 3 YMOBHU:

F <1
+ <1
Fb,ult + st,ult Mb,ult + Msw,ult
ne F,.; — TpaHWYHE HOPMAJIbHE 3YCWUIS, IO CHPUHUMAETHCS MONEPEYHOIO

apMaTypor0 PO3paxyHKOBOTO TOMEPEYHOro Tepepildy miuTH; M., ,,, — TpPaHUYHUN
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MOMEHT, IO CIPUHAMAETHCS TOMEPEYHOI0 aPMATYPOI0 PO3PAXYHKOBOTO KOHTYPY
MOTIEPEYHOT0 TIEpepi3y MIUTH.

T T ]
3759 3.130 2,504 1.878 1252 0,626 0,015 0.015 0.626 1252 1.546

/[\A/X

Puc. 1. 3ruHaibHi MOMEHTH B IUTUTI 3 HASIBHICTIO OTBOPIB B 30H1 ITPOJIaBIIOBAHHS

1 T 1
4643 3,866 3.002 2319 1546 0173 0,016 0.016 0773 1.546 1571

NOCTORHHOE
Viorons wan pAXEHW 10 My
Eainst usuepena - (1)

Y

Do
Puc. 2. 3runansHi MOMEHTH B TUTMTI 0€3 OTBOPIB B 30H1 MTPO/IaBIFOBAHHS

['pannunuit MomeHT M, i, BU3HAYAETHCS 32 (HOPMYIIOIO
My = 0,8 - Gow - Wi, (1)
1€ (s, — 3yCUJUIA B MONEPEYHIN apMaTypl Ha OJAMHHULIIO JOBXKUHHU PO3PAXyHKOBOTO
KOHTYpPY IUTUTH MONEPEYHOro Mepepi3y IUIUTH, U0 pO3TalloBaHa PIBHOMIPHO IO
HepUMETPYy pPO3paxyHKOBOTO KOHTYpY; W, — MOMEHT ONopy KOHTYpPY MONEpeyHOi
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apMaTypu PO3PaxyHKOBOTO TIOTIEPEYHOTO TMepepidy IUIUTH, IO MPUAMAETHCS
PIBHUM MOMEHTY o1iopy W,

Y1, Y N
1\

L A -

2. f'// A A7

~L l/// A

W _‘xh % .-'/.-

- /’:,/ : ' OTREDCTHE
%/’/

]

Puc. 3. KoHTyp po3paxyHKOBOI'O ONEPEUYHOTO MEePEPi3y MIIUTH 3 OTBOPOM:
1 — KOHTYp PO3PaXyHKOBOTO MOMNEPEYHOTO NEPEPI3Y; 2 — LIEHTP Baru yKOPOUEHOTO
PO3paxyHKOBOI'O KOHTYPY

[Ipy KOHIIEHTPOBAaHOMY pPO3TalllyBaHHI IMOIMEPEYHOI apMaTypu TpaHUYHUIN
MOMEHT M, ,;,, BU3HAYAETHCS 32 (HOPMYJIOLO:
Msw,ult = 098 : (QSw,a : va,a + qswb Vsz,b):
T€ Gsa TA g p — 3yCHWILIS B TIOTIEPEUHIN apMaTypi, 0 PO3MOIICH] IO JTOBXKHUHI
KOHIIGHTpAIlli MornepeyHoi apmarypu a; ta by, W, , ta W, — MOMEHTH OIOPY
JUISTHOK PO3PaXyHKOBOI'O KOHTYPY TMOIEPEYHO1 apMaTypu JOBXHUHOIO a,; Ta b, 110
BU3HAYAIOTHCA 32 GOpMYJIaMHU:

Loy o

I/sz,a =7
2

Iswb

I/sz,b= b
2

JIe MOMEHTH 1Hepii /g, , Ta I, , BU3HA4Yar0ThCs 3a (popmMyiaMu:

— 2.
ISW,a = EaS X b ;

1 3
Isw,b = gbs

[Ipu paniansHOMY po3TallyBaHHI NOMEPEYHOI apMaTypHU TPAaHUYHUI MOMEHT
M., .;» BU3HAYA€ETHCS 32 popMyioro (1), mpuitmaroun 3HaueHHs M, piBHUM M}, 110
BU3HAYAETHCS 32 (POPMyIIOI0:

1
Wb =b><<a+§b>,
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1€ a — JOBXWHA AUISHKH KOHTYpY, IO TMEPIEeHIUKYJIApHA All MOMEHTY; b —
JOBKWHA JUISTHKH MapajiejbHa Jii MOMEHTY.

BucnoBku. HasBHICTE OTBOpiB B 30HI MPOJABIIOBAaHHS MOHOJITHOI
3a1i300€TOHHOI TUIUTH TMPHU3BOAATH 10 3MEHIICHHS 3TUHAIBHUX MOMEHTIB Ha
OMOpi TUIMTH, ajle€ TMPU IOMY 10 30UIBIIEHHS MONEPEUYHUX CHJI B MICISX 3
HAasBHICTIO OTBOPIB Ta J0 3pOCTAaHHS HAIIPYKEHD Tyy.

Tabmuis 1 — [HopiBHIHHS HANPYXEHO-Ae(OPMOBAHOTO CTAaHY MOHOJITHOI TUTUTH
3 OTBOpaMU Ta 0€3 B 30H1 MPOIABIIOBAHHS

3ycumist | Ilpu HagBHOCTI OTBOPIB be3 oTBOpiB
My -3,76 -4,64
-11,53 -7,27
Ox 18,85 +7,90
-8,59 -7,78
Oy +12,39 +8,86
™y -23,22 -20,58

[TopiBHIOIOYM HAIPYKEHO 1€POPMOBAHUI CTaH IUISHOK IUIMT 3 OTBOPAMH 1
0e3 MOkHa 3pOOUTH BUCHOBOK, II0 OTBOPU POOJIATH IUIMTY OLIBII MOJATIMBOIO.
Po3p’s3aHHA 3amauyl Npo JIOKaJIbHE MPOJABIIOBAHHSA € KIIOYOBUM, OCKIIBKU
MIPAKTUYHO 3aBXK]IM BOHO Hece B c001 1 po3B’sa3aHHs nMpobsieMu B itomy. OCHOBHI
3aX0aM, HeoOXimHl s 3a0e3leueHHsT MIIHOCTI — BCTAHOBJIEHHS I0JAaTKOBOI
nomnepeyHoi apmarypu Ta (abo) OCOOJIMBOTO BUAY 3aKjIagHUX JeTaneil, Mo
MPEACTABIIAIOTE COOOK PO3MOALIBYI CHCTEMH 1 BUTOTOBJISIOTHCS 3 NMPOKATHOTO
npoduIto.

YK 614.841

JOCJAIIXKEHHS CTIMKOCTI IPYHTIB B OCHOBI ®YHIAMEHTIB
BYAIBEJIb ITPU IIIJIBHIN 3ABY TOBI

Cmenvmax M.O., cmyoenm
Hayxosuti kepienux — baxkynin €.A., k.m.n., ooy.

Hayionanvruti ynieepcumem oiopecypcie i npupoookopucmysamnts Yxpainu

[Ipu 3BeneHHi OyAMHKIB 1 MIA3EMHUX CIOPYJ B MEXKax Cy4acHOro MiCTa
yacTillle 332 BCe HE BIAETHCS BUKOHYBATH OyAiBEIbHI POOOTH TaKMM YHMHOM, 1100
30BCIM HE BIUIMBAaTH Ha ICHYIOUY 3a0yA0BYy, IO 3HAXOAUTHCS B Oe3rocepeaHii
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ONMU3BKOCTI BiA HOBOro OyaiBHMITBA. B pesymbrari poOIT MO eKcKaBallii
KOTJIOBAHIB 1 MOJAJIBIIOTO BIAIITYBAHHS HECYYMX KOHCTPYKIIIN MIJI3EMHUX CIIOPY/T
icCHYI0U1 OYJAMHKH MOXKYTb 3a3HaBaTH HEPIBHOMIPHI OCaJIKH.

B ix criHax 3'IBISIOTBCS TPINIMHU a00 BIAOYBAIOTHCS TMOPYIICHHS
eKCIUTyaTalliifHOI TPUIATHOCTI OKPEMHUX KOHCTPYKTHUBHUX eneMeHTiB. llepen
MIPOCKTYBAIBHUKOM 3aBXKJIU CTOITh 3aBIaHHS BU3HAYCHHS raOapwTIiB Tak 3BaHOl
«30HM BIUIMBY HOBOTO OYJIBHMUIITBA» — TaKOi MAUISHKH, Ha SKIH MOXYTb
BiO0yBaTucs Oy/b-sIK1 HETaTUBHI MPOLIECH, BUKIHKAH] OyAiBEIbHUMU POOOTaMHU.

Jlns 3abe3rneueHHs O0e3MeKu 1ICHYIoUnX OyAiBeNb 1 CIOPY 3aBXJIU BUHHUKAE
HEOOX1IHICTh JIOCTOBIPHOTO TMPOTHO3Y JOJATKOBHX jedopmaliiii 1CHYIOUHUX
OyiBenb 1 CIOpyA. SIKIIO Il MpOrHO30BaH1 J0AAaTKOBI AedopMaliii CTaHOBISIThH
3arpo3y JUisi HOpMaJlbHOI €KCIulyaTalii OyJiBeslb, MPOEKTYBAJIbHUKY HEOOXITHO
pPO3pOOUTH KOMIUIEKC CHEIIaIbHUX 3aXO0JiB, 10 JI03BOJISIIOTh 3aXUCTUTH
(GyHIaMEHTH 1 OCHOBHI HECy4Yl KOHCTPYKI[li ICHYIOUMX OYJIMHKIB, a SKILIO
YHUKHYTH HETaTUBHOTO BIUIMBY HE BJA€THCS, TIOCTABUTH MUTAHHS MPO MEPETIIS
KOHIICTI{Ii HOBOT'O Oy 1IBHHUIITBA.

3anobiranHs AojgaTKoBUX Jedopmailiii He Moxke OyTH JIOCSTHYTO 03
pEeTeNbHOr0 KOHTPOJII0 HaJ ycima MpoliiecamMu Ha OyAiBEIbHOMY MaillaHuUKYy,
BEJICHHSAM TEXHIYHOIO 1 HAYKOBOT'O CyNpoBOAY OyaiBHHMIITBA. MiHIMi3alisl BILIUBY
HOBOTO OyMIBHUIITBA TaKOX MOXe OyTH 37iliCHEHa IUISXOM BUKOHAHHS
MOCUJICHHS (yHAaMEHTIB Oy/iBelb HABKOJMIIHBOI 3a0yAOBH ab0 iX HECY4ux
KOHCTPYKIIH.

JlocToBipHUM NPOTHO3 BIUIMBY HOBOTO OYAIBHUIITBA HAa HABKOJMWIIHIO
3a0yI0BY € 3aIOPYKOIO MOJAIBIIOro Oe3neyHoro OyaiBHUIITBA. Ha naHuit MOMEHT
YTBEpAWIACA CBITOBA MPAKTHKA, KOJIM HOBOMY OYyIIBHUIITBY IEpEIy€ UHUCEThHE
MOJICJIIOBAaHHSI BIUIMBY HOBOTO OY/IBHMIITBA HA HAaBKOJIMIIHIO 3a0ylIOBY, SKeE
BUKOHYETHCS 32 JOTIOMOTOO CTEIiaIbHUX MMPOTPAMHHUX KOMILUIEKCIB.

[Ipu mpoBeneHHI YHMCETBHOTO MOJEIIOBAaHHS NPOSKTYBAJILHUK ITOBHHCH
noOynyBaTH  aJeKBaTHY pPO3PaXyHKOBY CXE€My, IO BpPaxoOBY€ OCHOBHI
KOHCTPYKTHBHI OCOOJIMBOCTI SIK CaMOTO HOBOTO 00’€kTa OyIIBHHUIITBA, TaK 1
icHytouux OymiBenb 1 cnopyna. Biamosimno no JIBH B.2.1-10:2018 «OcnoBu 1
dbyHnaMmeHnTH OyIiBeib Ta CHOPYI» PO3paxyHKOBa cxema MOBHHHA BUOHMpATHUCS 3
ypaxyBaHHSAM HaWO1IbII ICTOTHUX (DaKTOPIB, IO BU3HAYAIOTH HAMPYKCHUH CTaH 1
nedopmailii OCHOBM 1 KOHCTPYKIIM CHOpPyIu (CTaTUYHOI CXEMHU CIOPYIH,
ocoONMBOCTEN 1i 3BEJEHHS, XapakTepy IPYHTOBUX HallapyBaHb, BJIACTUBOCTEU
IPYHTIB OCHOBH, MOMJIMBOCTI iX 3MiHHM B Tpoiieci OyJIBHHUIITBA 1 €KCIUTyaTarlil
cnopyau Toimo). Hopmamu pexkoMeHI0BaHO BpaxoBYBaTH IMPOCTOPOBY poOOTY
KOHCTPYKIIIH, TeOMETPUYHY 1 (Pi3UUHY HENHIHHICTh, aHI30TPONHICTh, TUIACTUYHI 1
pPEOJIOTIUHI BJIACTMBOCTI MaTepialiB 1 TpyHTIB. YucenbHE MOJECIIOBAHHS B
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3araJlbHOMYy BUNAJKy Ma€ BPaxOBYBAaTH TMOCTIJOBHICTh MPOBEAEHHS poOIT 31
3BeJCHHS 3aruOJeHOro (QyHJaMEHTY 1 TEXHOJIOTII0 BUKOHAHHS OCHOBHMX
BUPOOHUYHUX ITUKIIIB.

YucenbHe MOJEIIOBAHHS € JOCUTh TOHKHMM IIPOLIECOM, B TOBHIA Mipi
3aJexaTb BiJ JOCBITY 1H)KEHEpa-NMpPOEKTYBaJTbHUKA. [IpOEKTYBalbHUK TOBHHEH
noOyayBaTH YiTKy PO3paXxyHKOBY CXeMy, 3JaTHY OIKUCATH HANOUIBIN BaKJIMBI
0COOJMMBOCTI MeEXaHIuHOI POOOTH KOHCTPYKIIA, Ha SKI OILIHIOETHCS BIUIHB.
BaxnuBo mpaBuimpHO ~omucaTd  poOOTY  OTOPOKYBIBHMX — KOHCTPYKIIN
KOTJIOBaHYy, OCHOBHI OCOOJIMBOCTI IX B3a€MOJIi 3 HaBKOJMIIHIM IPYHTOM. Y
PO3paxyHKOBOI MOJEN TOBHHEH OyTH BIJOOpaKCHHM IMOPSIOK 3BEACHHS BCIX
KOHCTPYKIIIH, 3 JOCTaTHbOIO YACTKOIO TOYHOCTI 3a/laHl BEJIMYMHU HABAHTAXKEHb,
10 TIEPETAIOTHCS Ha OCHOBY.

J7is IpaBUIIBHOTO OMHUCY POOOTH MO KOHTAKTY «OTOpOKa KOTJIOBAH-TPYHT
B PO3paxyHKOBY MOJIEIb 3a3BUYail BBOJSTHCS CIICIiadbHI €JIEMEHTH.

Huwxue (puc. 1 Ta puc. 2) mnpeAcTaBieHl pe3ylbTaTH PO3PAXYHKIB
MOJICJIFOBAaHHS BIUIMBY HOBOTO OY/IIBHMIITBA Ha HABKOJUIIHIO 3a0yJ0BY Ha CTafil
3aBeplICHHs OYJIIBHULTBA, a caMe€ Mo3aika o0caJoK (YHIAAMEHTHOI IUIMTU
OararonoBepxoBoi Oy/1iBIl 0€3 BpaXyBaHHs 1ICHYIOYOi 3a0y/I0BU Ta 3 ypaxXyBaHHIM
HaBaHTAXXEHHS B1J] ICHYI0UOi 3a0y/I0BU Ha OCHOBY.

1 ![IEE 1! 753 2! 419 2! 086 31782 36418 41 085 45,751 50.418 56.084 54975 B4 417 Ba.08

Mnan Bepewirppr Cpes Ocama €1 €z H, E ¥

Puc. 1. Mo3aika ocagok GyHIaMEeHTHOI TUTMTH OaraTornoBepxoBoi Oy MBIl
0e3 BpaxyBaHHs ICHYIO4Oi 3a0yJ0BU
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1 J 227 2! 366 31506 3! B4E 4! 785 55.925 64.065 7204 80344 88.484 HJ 623 10476 m2e

Puc. 2. Mo3aika ocaiok (pyHIaMEHTHOI IUIUTH OaraTornoBepXoBOi OY/I1BII
3 BpaxyBaHHSM ICHYIOUO1 3a0y/10BU

Bignosimno g0 Bumor JIBH B.2.1-10:2018 «OcHoBu 1 QyHmamMeHTH
OyaiBeNnb Ta CHOPYA», BEIMYMHM OCAJOK JUIsl 0ararornoBEpPXOBHUX KapKACHUX
oyniBens 15 cm > 7,2 cM (MakcumaibHEe 3HA4YeHHS NI (QYHIAMEHTHOI TUTUTH
Oy[iBII, 1110 3BOJIUTHCS).

BucHoBkn. B pmaHumii  4Wac  4ucenbHE ~ MOJICNIIOBAHHA  IIMPOKO
BUKOPUCTOBYETHCS B 00JIACTI  TEOTEXHIYHUX  PO3PaxyHKIB, JIO3BOJISIOUU
BUPIIITYBAaTH BCE€ OUIBII IIMPOKUNA CHEKTp 3aaad. llomynspHicTh MeTomy
CKIHYCHHUX €JIEMEHTIB IOJISITa€ B IIBUJIKOCTI BHUPIIMICHHS CKJIAIHUX 3aBJaHb 1
BIJIHOCHI{ MPOCTOTI BUKOHAHHS B MOPIBHSHHI 3 aHAJITUYHUMH PO3PaXyHKaMHU 32
METOJMKAMH, BUKJIAJICHUM B HOPMAaTUBHUX JTOKYMEHTAX.

JIist messikuX 3aBlaHb, albTEPHATHBA YACEIHLHOTO MOJICIIOBAHHS aHATITHYHI
METOAM PO3PAXYHKY HENpUIATHI (HAMPUKIAI, B CHIIy HENPUIATHOCTI OKPEMHUX
OCHOBOITOJIOXKHUX MPUITYILIEHb) a00 B3araii BiJICYTHI.

3a JOMOMOTrOI0 YHCEJIIBHOTO MOJIEIIOBaHHSA, Ha OCHOBI BapiaHTHUX
pO3paxyHKiB, MOXHa BH3HAYUTH SKI 3 KOHCTPYKTHMBHUX 1 TEXHOJIOTTYHHX
napameTpiB QpyHIaMEHTIB OY/IBII, 110 MPOEKTYETHCS MAOTh HAWOUIBIITUN BIUIMB
Ha BEJTMYHMHY J0JIATKOBUX OCAJ0K Ta fedopmariiii icHyrounx OyaiBeib Ta CIIOPYI.
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VJIK 624.07

3MIHU HATIPY ) KEHO-JIE®OPMOBAHOI'O CTAHY BYIBJII IIPA
NIABUINEHHI CEUCMIYHOI JIVISHKH HA 1 BAJI

Cuixcrkosa /.M., cmyoenmka
Hayxkosuii kepienux — baxynin €.A., k.m.H., 0oy.

Hayionanvnuii ynisepcumem biopecypcis i npupoodokopucmyeauts Yxpainu

Brumus ceiicMiuHOi i1 Ha OYTIB/I1 3HAYHOIO MIpOIO 3aJIEKHUTh BIJl IPYHTOBUX
ymMoB. Hali01ap11 COpUATIMBUMU B CEHCMIYHOMY BIAHOIIEHHI BBaXKalOThCS MILHI
ckenbHI IpyHTU. CHIbHO BHBITpEHI ab0 MOpPYIIEHI TIEOJOTITYHUMH MPOLIECAMH
NOpOAM, MPOCIJaloyl TPYHTH, pPAOHM IUIMBYHIB, TIPCBKUX BHUPOOJICHb
HECHPUATIIMBI, @ 1HKOJM 1 HENPUAATHI JJIs BJIAIUTYBaHHS OCHOB CHOPYJ; B THX
BUIIAJKaX, KOJIU OYJIBHULTBO BCE K 31MCHIOETHCS B TAKUX I'€OJIOTTYHUX YMOBaX,
BIAIOTHCI 10 IMIJACWIEHHS OCHOB 1 3JIHCHIOIOTH JOJATKOBI 3aXO0IH  IIOJO0
ceiicMo3axucty cnopya. Lle mpuBoaAUTh A0 3HaAYHOTO JOPOKYaHHSI Oy 1IBHUIITBA.

CelilcMOCTIMKICTh CHOPYAM 3a0€3MeuyeThesl K BHOOPOM CIPHUATIMBOI B
CEHCMIYHOMY BIJHOIIECHHI MailaHYuKa OyIIBHUIITBA, TaK 1 PpO3POOKOI0 HAWOLIbII
palioHAIbHUX KOHCTPYKTHUBHOI 1 IJIAHYBAJbHOI CXEM CHOPYAM, CHELiaIbHUMHU
KOHCTPYKTUBHUMH 3aXOJaMH, IO MIJBUILYIOTh MIIHICTh 1 MOHOJITHICTh HECYUUX
KOHCTPYKIIiH, CTBOPIOIOTh MOYJIMBICTh PO3BUTKY B KOHCTPYKTHBHHUX €JIEMEHTAaX 1
By3JlaX IUIACTUYHUX Jedopmariiii, Mo 3HaYHO 30UIBIIYIOTH OMIp [ii CeHCMIYHUX
cwi. Benuke 3HaueHHs U1 MIABUIICHHS CEMCMOCTIMKOCTI CIOPYJ Ma€ BHCOKa
AKICTh OY/IIBEIbHUX MaTepialliB 1 poOiT.

JInst mocniKeHHsT Hanpy»KeHo-Ae(OpMOBaHOTO CTaHy OyiBJIl BUOMpPAEMO
KOJIOHU Ta JiadparMu Mepuioro moBepXy, aJPK€ B HUX BUHUKAIOTh MAKCUMAaJIbHI
3ycuJIA BiJl ceiicMiYHMX BIUIMBIB. Po3paxyHok mpoBoaumo B IIK Monomax s
JIBOX BaplaHTiB ceicMIYHOCTI: 6 Ta 7 OaiB.

PesynbraTti po3paxyHKy y BUIJISIAI €MIOp 130T0JIIB MOMEHTIB y aiadparmi
nokasasi Ha puc. 1-4.

PesynbraTti Oynu mpuiHSTI 71 IOE€THAHHS 3aBaHTAXKEHb, B KUX MPUCYTHI
CEHCMIYH1 HAaBaHTAXEHHS:

0,9911+0,96/{+0,6/I+1C1,

ne Il — mocTiitHe HaBaHTaXeHHS, /[ — TpuBaje HaBaHTaXeHHs, K — KOPOTKOYaCHE
o . 0
HaBaHTaxeHHs, C/ — celicMIYHE HaBaHTAXXEHHS 3 HANPsIMOM 10 KyTy 0.
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Jlist aHamizy Hampy)eHo-Ie(opMOBaHOTO CTaHy OYIiBII TpPOaHATIZyeEMO
3MIHYy 3yCcWib y Jladparmax y BUTIISLAL TaOnuib 1, 2, a HArJAHICTh PE3YJIbTATIiB

nobaunmMo Ha rpadikax (puc. 1, 2).

-0.30 -0.25 -0.20 -0.15 -0.00% 0040 -0.00%0 0.0030 0050 0008 015 0.0 035 030
. =D iesms | 19842 [ 18837 | isss3 [ 18570 [ 18674 | 18560 | 15566 | 18501 | 16550 | qgasg,
T 6
G584 qpsel | 1esss | d@sEd 18676 | 18571 18587 | 16s53 | 16857 | ossz [ 19940
50
b
‘5/39 5
e pu— a 16654 | 18540 | 19645 | degd@ | 16630 | 19634 | qsss0 | iem2s | 1se2t S =
3
Badpes]
TBEEE | g B5 1 1BE4T 1BE42 IBB3T 1BE32 16628 1BE24 1BE19 16
L
186686 1 [ A
Gaa| 10090 548 18544 1B836 | 18834 18827 18823 1BE18 1BB13
16635 18617
GRS 18857 | 18852 4 yppag | 1oe4d | 16640 16520 | 16626 | 18622
(k! 3 662 i

Puc. 1. [3omonst MoMeHTHUX 3yciiib MX y miadparmi OyaiBii mpu ceicMIgHOCTI 60

052 0.3 00073 00078 0.14 0.3 0.4E 056 [}
issag | 18992 18887 | 1688z | 16870 | 19874 | 18800 | 18666 | 18861 16650 | o
50
9599 1g5880 16686 16681 G676 18571 18567 18563 18557 15562 (19
a
9
16654 | 18640 | 16648 | 16643 | 18630 | 19634 | 16630 &2 q =
B24¢es
16647 | 18842 18637 18632 18628 16624 | 18812 18614
4
16641 16636 18631 18627 18623 1
16
16644 16640
(L5

Puc. 2. [3omo1s1 MOMeHTHUX 3yciiib MX y niadparmi OynaiBiii mpu cedcMigHOCTI 70
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Puc. 4. I30monst MOMEHTHUX 3ycuiib My y niagparmi OyaiBii npu cedcMIYHOCTI 70

Tabmuns 1 — Ananmi3z 3ycwiib Mx B giadparmax OyiiBii mpy 3MiHI CEHCMIYHOCTI 3 6

110 7 OaiiB

Ne KE

Mx6, Tc*Mm

(ceiicmiyHICTH 60.)

Mx7, Tc*m

(ceiticmiuHICTh 70.)

3aJIe)KHICTD

16667

-0,029

0,07

2,41

16665

0,128

0,526

4,11

16662

0,134

0,489

3,65

16653

-0,386

-0,678

1,76

16650

-0,230

-0,403

1,75

16656

-0,231

-0,469

2,03

16637

0,103

0,144

1,40

16632

0,122

0,123

1,01

16628

0,124

0,121

0,98

16606

-0,065

20,140

2,15

2
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Puc. 5. I'padik 3anexxnocti MomeHTY Mx B aiadparmax Oy/liBJii IPU CEHCMIYHOCTI
6 Ta 7 6ainiB

Tabmuns 2 — Ananis 3ycwibs My B niadparmax OyaiBii mpu 3MiHI CEHCMIYHOCTI 3 6

1o 7 6aiiB

My6, Tc*m My7, Tc*m )
Ne KE (CeﬁCh}/I]quiCTL 60) (ceﬁCLZiHHiCTL 70) SaTeRHICTS
16667 0,411 0,460 1,12
16665 0,720 2,710 3,76
16662 0,830 2,540 3,06
16653 -0,208 -0,340 1,63
16650 -0,173 -0,367 2,12
16656 -0,092 -0,193 2,10
16637 0,333 0,518 1,56
16632 0,359 0,563 1,57
16628 0,337 0,560 1,66
16606 0,034 0,082 -2,41
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22
My7 =|2.74My6
18—
16—
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3HayeHHs My7,Tc*m

0-8—

0-6—

04—

3HayeHHA My6,TCc*M

Puc. 6. I'padik 3anexxnocti MomeHTy My B miapparmax Oy/liBIii IPU CEHCMIYHOCTI
6 Ta 7 OamniB

[TpoBiBImIKM AOCHI/PKEHHS 3MIHM 3yCWJIb Ha Jiadparmi, MOKHa BCTAHOBHUTH
NpsAMOIIHINHY 3anexHicTh. Ha rpadikax MokHa MmoOyayBaTH JHIIO TpPEeHAY 1
BCTAHOBUTHU 3JICKHICTh MDK MOMEHTaMu M; Tta Mg, sika Oyae HAcCTymHOIO: st
niapparmu My7=1,93M6; My7=2,74Mye.

JlaHa 3aJIeXKHICTh BKa3y€ Ha Te, IO MPU CEHCMIYHOCTI MUISHKUA 7 OaniB y
MOPIBHSHHI 3 CeWcMiYHICTIO 6 OajdiB MOMEHTHI 3ycWuis B aiagparmax
301IbIIyIOTECS Y 1,9 — 2,8 pasu.

30



VIIK 69(075.8)
TEXHOJOT'ISI BATOTOBJIEHHS IIICOKAPTOHHUX JINCTIB

Casxko /1.0., cmyoenm
Hayxosuii kepienux — Apmonenxo M.I'., k.m.u., npogp.

Hayionanvnuii ynieepcumem biopecypcis i npupoookopucmysanus Yxpainu

JIucTy TincokapTOHY Ha CHOTOAHI OJMH 3 HAM3PYUYHIIIMX 1 HAMICIICBIINX, a
TOMYy W caMUX MOIMYJISIpHUX OOpOOHMX MaTepiaiiB. I JOCHITHUM, 1 HAYKOBUM
IUISIXOM JaBHO JIOBEJCHO, III0 CTBOPEHHS MOBITPSHOI MOMYIIKM MDK 0a3010 1
00pOOKOI0 pOOUTH 3 MPUMILIEHHS CIPaBXHINA TEPMOC, 1 JUCTH TIIICOKAPTOHY, IO
MOHTYIOTbCSI Ha OpoQuIl, MIIXOAATh IJs LbOro sK Haikpaie. ['incokapToH He
TOpUTH, JIETKO PIKEThCA 1 32 HEOOXIIHICTIO HECKJIAJHO THETbCS. BHpOOHHUIITBO
JIUCTIB TINICOKAPTOHY — II€ BUCOKOTEXHOJIOTTYHHI Ta MOBHICTIO aBTOMAaTU30BaHUN
poLec.

dopMyBay JUCTIB CKJICIOE HMKHINA 1 BEPXHIM apKylll KapTOHY 31 IUIAMOM,
mrap SIKOTO 3MalyeTbesi KieeM. Kpai HIDKHBOTO miapy oOpoOISIOThCSA IO
MPU3BOIUTL O BUHUKHEHHS IIOJIOTHA TIiMCOKapTOoHY. Pa3zom 3 mmMm dopmyBad
3a/la€ MEepUMETp MOJOTHA. Pyxawuuch MO CTpidvlll KOHBEEpA, TINCOBUU IIap
IIBUJIKO BUCHXAE J0 MIUIBHOCT1, HEOOX1HOT JJIsI JIETKOCTI mpoliecy pizaHHs. Jluctu
pPO3pi3al0ThCs 0 HEOOX1THUX PO3MIPIB HA POJIBIAaHTOBOMY KOHBeepi. Jloci cTpiuka
PYXaA€THCS TMOBUIBHO 1 JIMCTH KApTOHY BCTUTAIOTh BUCUXATH , MICIS I[HOTO MPOIEC
MPUCKOPIOETHCS. [IpUCTpiil TUMY TIBHOTHHHU PO3pi3a€ JUCTH Ha OUIBII IpiOHI, SKi
MOTIM TIEPEIalOThCS Ha MICIe po3Aadi, a TOTIM KOHCOJIbHI KOHBEEPH
PO3MOJUISIOTh TOTOBI JIUCTH TO OKpeMHuX cymiapkax. OgHe MOJIOTHO CYIIUTHCS
ONMM3BKO TOAWHH, IO MPHU3BOIUTH O YK€ Majoi MIBUIKOCTI PyXy KOHBEEPHOI
cTpiuku. [licns cymapky JUCT TIICOKAPTOHY 3HOBY MOTPAIUISE€ HA POJIbTAaHTOBHIMA
KOHBEEP /I OOPI3KHU.

OOpizanHsaAM Ha3uWBaeThcsl (OPMYBaHHS JIUCTA 3 3alMPOCKTOBAHUMU
po3Mmipamu. | ocTanHi eTam — mTadeTIOBaHHS 1 YTaKOBKa TOTOBOI MPOIYKIIIi.

Sk 1 BUIUTMBAaE 3 Ha3BU MaTepially, TIMCOKApPTOH BUPOOJSIETHCS 3 TIMCYy 1
kaptoHy. OnHak, s TOro, 1mod chopMyBaTH IUIMTY, camMoO CcO0O0, MOTPIOHO
peuoBuHa, 1O KiI€iTh. KpiM TOro, € m00aBKM, M0 MOJIMNIIYIOTh TEXHIYHI
XapaKTePUCTUKU TINMCOKapTOHY. Bci 1 CKIa0B1 MOBUHHI BIAMOBIIATH MEBHUM
BuMorawm, 1100 BuiioB axicHuii ' KJI. OcHOBHI KOMIIOHEHTH:
rinc — 85%-i mopomox;

KapTOoH — ucTH muprHowo 1180 Ha 1250 mm;
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Kkpoxmaib — 70%-i1 mHOyTBOpIOBaY;
NOJIIBIHIIAIleTaTHA eMYJIbCis (KIei).

Puc. 1. ®opmyBau JUCTIB TINICOKAPTOHY

Ha crorogHimHiii 1eHb TINCOKAPTOH € HAUMOMYJSPHIIIMM MaTeplajJoM Ha
OyaiBenbHOMY pPHHKY. ToMy HOTro BHUTOTOBJIEHHS  BBQXXA€ThCA  JIyXKe
MEPCTICKTUBHUM 1 MPUOYTKOBUM. AJie Takuii Oi3HEC MOBUHEH MaTH YiTKWU ILIaH,
o0 Oytu pentabenbHUM. ChOTOJHI HE3ANEPEUHUM JIJIEPOM IO BUTOTOBIICHHIO
TIICOKapTOHHUX JIMCTIB ONTOM € HiMmerbka kommadia Knayd. Ha ii uwactky
npunagae 6au3pko 70% ToBapiB BChOro OyAiBenbHOTO puUHKY YKpainu. ®dipma
Knayd BupoOmsie onToM HE TUIHKHM TITICOKAPTOH, ajie 1 BC1 MaTepialid, HeOOXiIH1
JUIsE pOOOTH 3 HUM: IIMAariiBKa, KieH, mpodisto, CACTEMH KPITJIeHb 1 T. 1.

I'incokaptoH — MaOyTh, OJWMH 3 HAWOLIBII YacTO BUKOPUCTOBYBAHUX
MatepiaiiB Jjisi YOPHOBOI BHYTPIIIHBOI OOpoOKHM mpumilieHb. BiH go3Boisie He
TIIBKM IIBUJKO BHUPIBHIOBAaTH CTIHHW, aji€ 1 CTBOPIOBATU IMEPErOpOIKH, MiJBICHI
CTeJll, KOJIOHH, Hillli 1 6araTo iHMMX (YHKI[IOHAJIBHI 1 IEKOPATUBHI KOHCTPYKIII].

3aBAsKM CBOIM TlepeBaraM TilICOKapTOH CBhOTOJIHI BHKOPHUCTOBYETHCS
NOBCIOAHO [UIsl OOIIMBKM CTiH, CTBOPEHHS CBOIMH pyKaMu OaraTopiBHEBHUX
CTETLOBUX KOHCTPYKIIIH, KOJIOH, MEPEropoaoK, apokK, HIII Ta 1HIIUX BapiaHTIB
Me0miB. KpiM nporo 3a nonomororo I'KJI MokHa CBOIMU pyKaMu JIETKO TPUXOBATH
KOMYHiKailii abo paedexktu mnoBepxHi. Takum uyumHOM, croxuBadamu ['KJI €
Halpi13HOMAaHITHIII Oy/iBeJIbHI KOMITaHii.
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VJIK 725

OCOBJIMBOCTI OB’EMHO-ITPOCTOPOBHUX PIIIEHD
MAJIOITOBEPXOBOI'O MOHOJIITHOI'O JOMOBY AIBHUIITBA

batioax V.B., cmydeumka
Hayxkosuii kepienux — baxynin €.A., k.m.H., 0oy.

Hayionanvnuti ynieepcumem oiopecypcie i npupoookopucmyseanus Yxpainu

binpunry 4yacTMHy O€TOHY, WLIO BHUIOTOBJSETHCS, 3aCTOCOBYIOTh MJIf
BUTOTOBJICHHA HECYYHMX 1 OrOpPOJKYIOUHMX KOHCTPYKUIA Yy HPOMHUCIOBOMY 1
nMBUIbHOMY OyaiBHULTBI (puc. 1-5). Ilpu npoMy nns HecydMX KOHCTPYKIINA Ha
nepIle MICI€ BUCYBAIOThCSI MILHICTD 1 1€()OPMATUBHICTh OETOHY, 110 € BUXITHUMU
IpU PO3paxyHKy T'€OMETPUYHUX IMapaMeTpiB KOHCTPYKIHM 1 MapaMeTpiB iXHbOTO
apMyBaHHSI.

Y cydacHoMy OyIIBHHULTBI HIMPOKO 3aCTOCOBYIOTHCS  IOINEPENHBO
HAlpy>kKeH1  3alli300€TOHHI  KOHCTPYKIIi,  $KI  JIO3BOJISIOTH  IOBHIIIE
BUKOPUCTOBYBaTM  MOTEHLIaJl  O€TOHy,  3a0e3MeYuTH  WOro  BHUCOKY
TPIIMHOCTIMKICTD 1 €PEKTUBHY POOOTY 3 apMaTypolo0. 3 MONEPEIHBO HAMPYKEHUX
€JIEMEHTIB MOHTYIOTb KOHCTPYKIII JJisi TEpPEeKPUTTS BEIMKUX IPOTrOHIB,
KOHCTPYKIii Kynoyonoai0Ho1, aXXypHOi KOH(Iryparii To1Io.

JIJist OropoIKYIOYMX KOHCTPYKIIIM HaWBAKIIMBIIIOTO 3HAYEHHS HAaO0yBalOTh
Terto(i3uyHl  BIACTUBOCTI OeToHy. JIOCATHEHHS HEOOXITHUX MIMHICHUX 1
TEII0(13UYHUX BJIACTUBOCTEH OETOHY 3a0€3MeuyeThCsl 3aCTOCYBAHHSM JIETKHUX
OCTOHIB Ha MOPHUCTHUX 3aIOBHIOBAYaX 1 MOPUCTUX OCTOHIB, MOETHAHHSAM OCTOHHUX
€JIEMEHTIB 1 €()EKTUBHUX TEIUIO130JISI[IHHUX MaTepialiB.

il

mmmmwm

Puc. 1. Kotemx 3 MOHOJIITHOTO OETOHY
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Bce 6inbimn mmpoke 3acTOCYBaHHS 3HAXOAUTh MOHOJITHE JOMOOY/TIBHHUIITBO.
Jlns 3BeleHHS HECyuMX KOHCTPYKIH OyJIWHKIB 3aCTOCOBYIOTH BHCOKOMIITHI
O0eToHu. Y MOHOJITHOMY JOMOOYIIBHMIITBI HIMPOKO 3aCTOCOBYIOTH OETOHHI
CyMillll MIABUINEHOI PYXJMBOCTI 1 JHUTI CyMilI, IO TPaHCHOPTYIOTHCS 13
3aCTOCYBaHHAM OeTOHOHAacociB. MOHOJITHE TOMOOYIIBHHUIITBO  JO3BOJISIE
3a0e3meunT, TOpST 3 HEOOXITHUMH TEXHIYHUMH BIIACTUBOCTSMH, BHCOKY
apXiTEeKTypHY BUPA3HICTh €JIEMEHTIB 1 KOHCTPYKLIN 3 OETOHY 1 3a/11300€TOHY.

JIst  apXiTEeKTYpPHO-XYJ0KHBOI BHPA3HOCTI OyAWHKIB, €JIEMEHTIB MaJoi,
naHama@THOI apXiTEKTYpPH BCe OUIBIIOTO 3HAUYCHHS HaOyBa€ TaKOXK 3aCTOCYBaHHS
OCTOHIB 3 BUKOPUCTAaHHSAM OUIMX 1 KOJIBOPOBHUX IIEMEHTIB, ClIeU(PIIHUX CIIOCOO0IB
00pOOKHM MOBEPXHI, IEKOPATUBHUX 3alIOBHIOBAYiB.

Puc. 2. O6’emMHe Oropo>KEHHSI MOHOJIITHOT OY/11BJII

JUis cropya, L0 MpaiiolTh B YMOBaxX 3aMOpOKYBaHHS 1 BiJTaBaHHS,
JIOBrOBIUHICTh BU3HAYAETHCSI, HACAMIIEPEI, MOPO30CTINKICTIO, TOOTO CTIUKICTIO 10
IIUKJIIYHOTO BILJIMBY 3HAKOIIEPEMIHHUX TEMIIEPATYD.

[lepeBaramu OeTOHY €: HU3BKMI pIBEHb BUTpPAT HAa BUTOTOBJICHHSA
KOHCTPYKIIIH Yy 3B’SI3Ky 3 3aCTOCYBaHHSM MICIIEBOi CHUPOBUHHU, MOXKJIUBICTh
BUTOTOBJIEHHS 301pHUX 1 MOHOJIITHUX KOHCTPYKI[IH Pi3HOTO BUY 1 MPHU3HAYECHHS,
MO>KJIUBICTh 3BEACHHS KOHCTPYKTUBHHMX €JIEMEHTIB 3 OETOHY 1 3 BUKOPUCTAHHSIM
cnerianbHuX Gopm (omamyOku) Oe3rnocepelHhO0 Ha OY/IBEIbHOMY MalIaH4YUKY,
MeXaHi3allisl Ta aBTOMaTH3allisl TOTYBaHHs O€TOHY 1 BAPOOHUIITBA KOHCTPYKLIH.

beTtoH mOBroBiYHMM 1 BOTHECTIMKHIH, WOro IMUIBLHICTb, MIIHICTH 1 IHIII
XapaKTEPUCTHKN MOYKHA 3MIHIOBATH B ITUPOKUX MeXKaxX 1 Ofep>KyBaTH MaTepial i3
3aJJaHUMH BJIACTUBOCTSIMH. MIIHICTh € CaMOI0 BaXKJIMBOIO BJIACTHBICTIO OETOHY.
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Sk 1 mpupoHUI KaMiHb, OETOH Kpallle OMUPAETbCA CTUCKY, YUM PO3TATY, TOMY 32
KpUTEpi MIIHOCTI NpUMHATA MeXa MIIHOCTI O€TOHY Mpu CTUCKY. Hwusbka
MIIIHICTh Ha PO3TAT YCYBAETHCS B 3aJ11300€TOHI KOJIM PO3TAT CIIpUAMAaE apMaTypa.
bnu3bKicTh KOE(DILIEHTIB TEMIIEPATypPHOTO PO3MIMPEHHS 1 MIIHE 34YeIUICHHS
3a0e3MeuyIoTh CIUJIBHY poOOTYy OETOHY 1 CTajeBOi apMaTypu B 3ai300€TOHI, SK
€IMHOTO 1UIOoro. MIIHICT OETOHY HApOCTae B pe3ynbTari (i3MKO-XIMIYHHX
IPOILECIB B3a€MOJIIi IIEMEHTY 3 BOJOIO, 1[0 HOPMAaJIbHO MPOXOAATH y TEIUIUX 1
BOJIOTHX YMOBaX.

e e
Puc

g

. _ApT(;6’eK; _

JloO6aBkM TMIIBUIIYIOTh SIKICTh O€TOHY 1 JO0Jal0Th WOMY J0JIaTKOBI
CrieriagbHl BJACTUBOCTI, 110 JTO3BOJISIE MIPUCKOPUTH TEMITH BEJICHHS OYIIBHHUIITBA,
a TaKOX 3HAYHO Woro 37emBUTH. [Ipu >kapkomy KiiMaTi HampUKIaJ YacTo
BUKOPUCTOBYIOTHCSI CIOBUIbHIOBAaYl TBepiHHA. [IpM BHUrOTOBIIEHHI MiAJIOT, IO
MIJJAI0TBCS 3aMEP3aHHIO/BIATABAaHHIO SIK, HAMPHUKIIAJ, MIJIOTH Ha BIIKPUTHUX
IJIoIIaAKax abo y MOPO3UIIbHUX KaMepax, PeKOMEHIYEThCS 3aCTOCOBYBATH (KpiM
BUKOPHUCTAHHS CIOBUIBHIOBAUIB), TIJIBKH TMOBITPO-MOTJIMHAIOYK peareHTu. Jlis
MIJBUIICHHS 3PYYHOCTI YKJIAIKH OETOHY 3aCTOCOBYIOTHCS IlacTU(dikaropu 1
cynepractudikatopu. J{ns 6eToHyBaHHS B IPYHTaX, HACHYEHUX BOJOIO, a TAKOXK
JUTst Oy IIBHUIITBA OAcEiHIB 1 PI3HOTO POAY pe3epBYyapiB 3aCTOCOBYIOTHCS T00ABKH,
110 MiABUIIYIOTH Y KUJIbKa pa3iB BOJOHEIIPOHUKHICTh OETOHY.
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Puc. 4. JIBortoBepxoBa Oy 1iBJIs

OcTaHHIM 4acoM IPOHUKJIA TEH/IEHLIS 3aCTOCOBYBATH JIEKOPAaTUBHUM OETOH
JUISL  TIPOBEICHHS pOOIT 3 JEKOpy, SKAWA Ja€ MOXIIHUBICTH CTBOPUTH
BHUCOKOXYJIOKHII MOKPUTTS. JleKkopaTUBHUII OETOH 3aCTOCOBYIOTH NIl CTBOPEHHS
BUTJISITY HATYPAJIBHOTO KAMEHIO.

Puc. 5. MonosmiTHa Oy/iBJIsI HA CXHTI
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VY sKoCTi cremiadbHUX TEPHKUX BUKOPUCTOBYIOTH IILJIAKOBI, HE(ETIHOBI 1
CKJIOTY’KH1, OTpUMaHl 3 BIAXOJIB IPOMHCIOBOCTI. B manuii 4vac HaWOLIbII
MPOCTUM 1 HAJIMHUM METOJOM YKJIaJaHHs OETOHY B omaiyOlll, € OCTOHYBaHHS 3a
JIOTIOMOTOI0 OeToHOHacocy. [Ipu 11boMy JoCsATaeThCS PIBHOMIPHICTh B YKJIaJaHHI
O€TOHY, yCYBalOThCS MPOCTOI, & caMe T'OJIOBHE, 3HAUHO 3HUKYIOTHCS BUTPATHU IO
ykiaagaHHioo OeToHy. [IpM BHKOpHCTaHHI MOHOJITHOTO OETOHY JOCATAETHCS
OpUTiHaJIbHE Ta KOM(OPTHE BUPIIICHHS 00’ €MHO-ITPOCTOPOBUX PIIICHb.

VJIK 711.1
IJIAHYBAHHS TPOMUCJI0BOI 30HU B MICTAX

Toxapes I'.C., cmyoenm
Hayxosuii kepienux — Baxynin €.4., k.m.H., ooy.

Hayionanvnuti ynieepcumem oiopecypcis i npupoookopucmyeanus Ykpainu

VYkpaina — He €iMHa JepXkKaBa, € 3aKPUBAIOTHCA MPOMUCIIOBI MIANPHEMCTBA.
BupoOHUIITBO MOCTIHHO MIrpye OJIMKYE 10 peCypCHOI 0a3n — KOPUCHUX KOMAJIMH
Yy JenieBoi poOo4oi cuiid. B €Bpomeiichbkux MicTax 3ajMIIA€ThCS HAYKOEMHA Ta
BHCOKOTEXHOJIOTIYHA MPOMUCIOBICTh. B 1iboMy minaHi KuiB He yHIKanbHE MICTO.
Ane ogHe 3 HeOaraTbox, A€ 3aKUHYTI MMPOM30HH BCE III€ 3HAXOMASTHCS TaK OJIM3BKO
110 LIEHTPY.

JleBenonepy mpocrTiiie 3a BCE 3HECTH Ta IMOOYITyBaTH BUCOTKH 3 HYJIS.
Opnak peBiTanizallis IPOM30H — HEIIPOCTUM TPOIIEC, 1110 MOTPeOye MonepeaHbOro
JOCIIIJIKEHHSI Ta aHali3y, OOrOBOpPEHHS Ta MPOEKTyBaHHA. [IpomM30oHM — 1€ He
IIPOCTO Kyla METANO0PYyXTY HaIIB3pYWHOBAHUX Ta 3aKUHYTHX OyJiBenb. Lle Takox
1CTOpIs, BAPOOHUIITBO BaXXJIMBOI'O HA TOM Yac MPOAYKTY Ta >KUTTS JOJEH, IO TYT
mpaioBagd. BoHM 3aIuIIaloThCsSd BaXKJIMBOK YacTHHOW KwueBa 1 B moaiOHHMX
MPOEKTaX HaM BapToO TMeperMaTH yCHIIIHUKN aocBia. PeBiTamizallis HEOOOB'I3KOBO
3MIHIOE IEPBUHHY (DYHKIIIIO IPOM3OHH.

Haiiuactime peaniMoBaHI TepUTOpli MEPETBOPIOTbCS HA KpPEaTHUBHI
MPOCTOPH, KaMITyCH, TeXHOMapku uu odicHi OyaiBiai. Yacom (QyHKIIOHATbHE
HAroBHEHHSI (DOPMYETHCS XAOTUYHO, Ta 1HOJI HAMPSM BITHOBJIEHHS BU3HAUYCHUUN
Harepen. Y €Bpori, HaNpUKIad, NPUAHATO CHOYATKY OOTOBOPIOBATH MOKJIMBI
BapiaHTH 3 TPOMAJICHKICTIO, @ BXKE MOTIM PO3POOISATH MPOEKT Ta Oy IyBaTH.

binbmie Tpetunn teputopii Kuepa 3aiiMaroTh MPOM30HHU, OJJHAK 3 PO3MATIOM
CPCP BoHM NepeTBOPUIIUCH Y 3aKUHYTI IMyCTKH, OCOOJIMBO y LIEHTPaNIbHIN YaCTHHI
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micta. HaitOinpim 3 Hux Ilogineceko-KypeniBcrka mixk [lomonom, O6om0HHIO Ta
[Ipiopkotro, TrHETHCS 10 MiHChKOTro MacuBy, LllynsaBceko-bepecreiicbka Mixk Oyl
B. T'aBena 1 np. Ilepemoru, ta Tenuuka. OnHak, AesKI TEpUTOPii BXKE 3apa3
MOBEPTAIOTHCA JIO JKUTTA. YKpPAiHChKI KEHCH MOKa3yloTh, IO JiepkKaBa Ta MICTO
3a3BUYall MPOCTO MPOJAE TEPUTOPIIO JIEBEIOTEPY 1 CAMOYCYBAEThHCS Bij TIpoIecy
peBiTamzaiii. B Takomy pa3i IpoMaJCbKICTh 3MYyIlEHA JHIIE HAMISTHCh, IO
3a0yTOBHUK 30epeke caMOOyTHICTb TEPUTOPII.

MOTOIMKIIETHBIN 3aBOJI MEPETBOPWIM HA I1HHOBAIIWHUN HAayKOBUH Mapk
UNIT.City Ta sxutnoBuii kommuiekc UNIT.Home

UNIT.City — mnepmuii iHHOBaliiiHMM mapk B YKkpaini. Micre, nae
CTBOPIOEThCS €KOCHCTEeMa Ta 1H(pacTpykTypa i PO3BHUTKY Oi3Hecy B cdepi
BUCOKHMX TEXHOJIOTIM Ta KpeaTMBHHUX IHIYCTpikd. TyT KOHILIEHTpauis KOMIaHIH,
CTapTamiB, CTYyAEHTIB, ()axiBLIB Ta JOCIIIHUIBKUAX JA0OPATOpId CTBOPIOE YMOBH
JUIsl TOro, 00 O13HECH B MEKax MapKy 3pOCTalM MIBULIE, HIXK 11032 HUM.

-UNIT.City 30epirae iHTeIEKTyaldbHy €MiTy B YKpaiHi. Mojoab Mae yMOBHU
Ta MO>KJIMBOCTI JUIS T1JTHOT Mpalll y MeXaX CBO€ET JICPIKABU.

-UNIT.City pa3zom 3 mapTHepamMu poOUTH BaroMuii BHECOK y po3BUTOK IT-
€KOCUCTEMHU KpaiHHU.

-UNIT.City noeHye TEXHOJOTIUHI IOCATHEHHS Ta 1HHOBALIMHUX TPOMAasH
HABKOJIO 1716l pO3BUTKY €KOHOMIKH KpaiHU Ta €BOJIIOLIIT MICT.

-UNIT.City cTBOproe HOBe 00nMuYYsi YKpaiHM, MPUBAOIIOE TYPHUCTIB Ta
HaJMXa€ yKpaiHUIB pyxatucs Boepen. Lle micue, SkuM MOYKHA TUIIATHCS.

UNIT.Home — me >xutnoBa yactuHa macmrabnoro mpoekty UNIT.City,
KU, BJIACHE, 1 TIO3UIIIOHYEThCA fAK TMEepIMid B YKpaiHl 1HHOBAIIWHUNA TMapK.
3'IBUTBHCS BIH HA MICIIl KOJUIITHROTO MOTOITMKIIETHOTO 3aBOJY, 32 aJpPECO0 BYIL
Cim'i XoxmoBux, 8. Ile IlleBuenkiBchbkuii paitioH cronwmii. [louyHy 3 KOHIIEMIIIi.
UNIT.City 3agymMaHuil K SIKUMCh «3aMOBITHUKY TSI «MOJIOJIUX Ta PO3BAKIUBUX)
¢axiBuiB IT, crapranepiB, BHHaxiJHUKIB 1 KpEaTUBHHUX JIOJAEH — OTaka
«CWJIIKOHOBA JIOJIMHA», 1€ MOXKHa OyJae 3 KOM(OPTOM XKHUTH 1 MpalioBaTH,
BIANOYMBATU 1 BUMTHCS. TyT 3alulaHOBaHa JKUTJIOBAa Ta OQiCHA HEPYXOMICTb,
IKOJIa, AUTCAIOK, MEIWNYHUN IIEHTP, MapK, CTaIioH, (iTHEC-KITyO, BEIOJAOPIKKH,
Mara3uHu, pecropanu - B mpuaiumi, 3 UNIT.City moxxHa Oyze HaBiTh HIKYIU 1 HE
BUDKIDKATH.

3aBojckki 1exu neperBopuin Ha ¢dyamapker. UNIT.Home - 1e kutioBa
yactuHa MacmtabHoro npoekty UNIT.City, sikuii, BiacHe, 1 MO3UIIOHYEThCS K
nepmuii B YKpaiHi 1HHOBAI[iMHUN mMapk. 3'IBUThCS BIH HAa MICHI KOJUUIHBOTO
MOTOILIMKJIETHOTO 3aBofy, 3a azapecoto Byld. CiMT Xoxmoux, 8. lle
[ITeBYeHKIBCHKUI PAiOH CTOJIHUIIL.
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[Tpuknagom ycmimuoi pesitamizaiii € Kyiv Food Market ma wmicii mexis
3aBoay "Apcenan". Ili yac peKOHCTPYKIIT TepUTOpli 30€peKEeHO iX MEepBICHUN
BUMIISA. B mporieci cnupaincs Ha TEXHIYHY JOKYMEHTAIIO 1 KOHCYJIbTYBAJIUCS 3
icropukaMu. Y MIJICYMKY, OyAiBis Mepexuia MiHIMaldbHI BTpy4yaHHs Ta 3i0paiia
Kpammx pecropatopiB Kuesa.

B onmHomy 3 aHrapiB miuaHyrooTh oOJjamTyBaTH KOBOPKIHT Ha 700 pobOounx
MICIIb, a B Oy/1iBJIl OYBIIOT KOMEHIaTypH — TOPTOBEIbHUN KOMIUIEKC Ta IPUBATHUN
nyOniuHui mpocTip. TakuM YMHOM MPOM30HA CTaHE MiICLIEM IMPUTATaAHHS poOoUYol
CHJIH, SIKOIO OyJia ICTOPUYHO, X04a 1 3MIHUTH CHeIiai3aliio.

BigoMi miiaHu Ha 1HIILY TEPUTOPIIO 3aBOJY, OJTHAK KOHIEMIIIi Ta MPOEKTH I1Ie
po3pobsitorbesi. Kommaniss UDP mnanye pesitanizyBatu kopmyc Ne59, kopmycom
Ned zaitmaetbes [HTepran Oya, 1HIIMKA KOPIYC MEPETBOPUTHCS Ha Oi3HEC-LIEHTP
Arsenal Plaza. B Ykpaini € npukinaau i HU30BHX iHIIIaTUB. B 1boMy BHManKy

KUTEI, TPOMAJChKI Ta KyJIbTypHI opraHizaiii o0'eIHyIOThCs, 100 30epertu ta
CTBOPHTH IIOCH ITIHHE JJI BCIX HA 3aHEN0aHI TePUTOPIi.

" KYIVFOODMARKET

Puc. 3. ®ynmapker 1
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Puc. 4. ®ynmapxker 2

VYcmix Takux MpoeKTIiB — e, KPIM yChOr0 1HIIOTO, MUTAHHS KOMYHIKALIT MK
MICBHKOIO a/IMIHICTpAIlI€l0, BJIACHUKAMH MPUMILIEHb, 1HBECTOPAMHU Ta TPOMAJIONO.
[IpakTuka MOKAa3ye, 10 KpaIlnii BapiaHT peBiTamizaiii e
O6araroyHKI1OHATBHICTh. MOXIHUBOCTI I POOOTH Ta JKUTTA, BIAMOYMHKY Ta
HaBYaHHS IPUTATYIOTh PI3HUX JHOACH.

V]IK 711.1
CYUYACHE TA KOM®OPTHE JKUTJO M. KUCBA

Toxapes I'.C., cmyoenm
Hayxosuu xkepienux — baxynina B.M., cm. guxa.

Hayionanvruii ynisepcumem biopecypcis i npupoookopucmyseauns Ykpainu

bararodynkmionansueii  kommiekc Intergal City posropHeThcsi B
[Teuepchromy parioHi cTONUII, 3a aapecoro Byn. CTtapoHaBogHUIbKA, 16-0. Sxum
xe O0yne MOK Intergal City. JluBnsuuch Ha Bi3yanmi3alli, Ha AYMKY CIaJaioTh
UTIocTpariii - mMicta MalOyTHROTO 3  HAyKOBO-(AHTACTUYHMX TBOpiB. bimi
BEPETEHOMNO10H1 OyAiBJII PI3HOI MOBEPXOBOCTI, IJIABHI JIiHII 0araTopiBHEBOTO
KaCKaJIHOTO CTHJIO0ATy — 1 BCS 1 Kpaca B OTOUEHHI1 3€JICHI.
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Puc. 1. MOK INTERGAL CITY

- Hesenonep — Iarepran-byx;

= Paiion — Ileuepcnk ;

- Lina — 1m” Bix 40000 rpa 10 105000 rpH;

- [TepeBaru — 0XOpoHa, B1IEOCMIOCTEPEIKEHHS, CUCTEMa PO3yMHUI OYyIMHOK,
M13eMHHM MapKiHT, BlacHa 1H(QpacTpyKTypa;

- Henomniku — cyciicTBO 3 KIaJ0BUIIEM, TPOOKOBA YaCTUHA MICTA, I11HA;

- Brenenns B exkcrutyaraitito — 2022 p.

MaiiGyTHIM MENIKaHISAM OOIIAIOTh BCl aTpulyTH Oi3HEC-KIacy: 3aKpUTHIMA
JUISL CTOPOHHIX BHYTPIIIHIM MpOCTIp, UIJI0J000BE BiI€OCHOCTEPEKEHH Ta
OXOpPOHY, BJacHy 1HQPACTPYKTypy, IO BKIOUae (IiTHEC-KIyO 3 OaceiHoM,
pecTopaHd, KOBOPKIHI, KiHOTeaTp. A mie — nurcaiok, mkonay, TPL[ 1 odicHumii
HeHTp. B mpuHIumi, 3 1Mp0oro KOMIUIEKCY HaBITh MOKHA OyJe 1 HE BUIKIKATH.
S0 TOBOPUTH TMPO TEXHIYHI XAPAaKTEPUCTUKU TMPOCKTy, TO I MOro
OyniBHUIITBA Oyjie BUKOPUCTaHA MOHOJITHO-KapKacHa TEXHOJIOT1sI, 30BHIIIHI CTIHU
OyaiBenb BUKIAAYyTh KEpaMIYHMMH OJOKaMHu, 3 HAaBICHOK BEHTUJIHOBAHOIO
CHUCTEMOIO (Ha MEepHIMX IMOBepXax TpaHiT, BUILIE - aTlOMiHIN). BHYTpilHI CTiHK
OOIIII0OTh, BUKIJIANAaTH 3 I1eriad. Bcl koMyHIKaili B KOMIUIEKCI OYyIyTh
ueHtpamzoBanumu. Beboro B KK Oyne moOyaoBano Ommsbko 700 kBaptup, i
BHCOTa CTEJIb B HUX CKiaae 3 M (a B JEIKHX KBapTHpax - 1 30BciM 3,3 Mm). IliHa
kBagpatHoro metpa craprye B MOK Intergal City 3 40 tuc. rpH. Buxoauts, 110
MiHIMQJIbHA CyMa 1HBECTHIII B 1€l MPOEKT CTaHOBUTH OiM3bko 1,3 MJIH TpH —
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CTUIbKHU JTOBEAETHCA 3aIIaTUTH 3a 00ISIHKY oOyayBaTu 10 2022 poKy KpUXITHY
cTynito miomero 28 kB.M. 3amoBHHKOM OyniBHuIITBAa M®K Intergal City Buctymnae
TOB «CrapoHaBoJIHUIIbKA MAPK», SIKE YKIIAJIO JOTOBIp MpaBa 3a0y/I0BU JUISHKY 3
BrnacHuKoM 3emii - ['CK «SImchkuiiy.

N
i
"

I [N

e ———

B v T

Puc. 2. KK LINDE LUXUR RESIDEN(-IES.

- lesenonep — BudHouse group;
- Paiion — Ileuepcek;
- Iina — 1M Bix 3500 $ 1o 4500 $;
- IlepeBarm — oOxOpoHa, BIJCOCIIOCTEPEIKEHHS, CHUCTEMA PO3YMHUN OYAMHOK,
M136MHHM MapKiHT, BIacHa 1H(QpacTPyKTypa, KIAaCUIHHUIN CTHIIb, IIEHTP MICTa;
- Henoniku — mina, mrym micTa;
- Beenenns B ekcmutyaranito — 202 1p.

KK Linden Luxury Residences — 3'sBUThCS 1€l OyAMHOK B CaMOMY IIEHTpI1
Kuesa, no Bynui Jlrorepancekiit, 14-B. Ile [leuepchkuii paiton cromnuiii. Brnepiie
po OYMIBHUIITBO HA MM JTIJSHIN 3ayMaJIMCs B Tl YacH, KOJIM MEPOM CTOJIHUIII OYB
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Jleonin YepHoBenbkuit - B kiHIii 2006 poky auistHKY 1o Byi. JlrorepaHcbkii, 14-B
OyB mpomanuii kommanii «lIpomiHBecTrpymn-1» s OyAiBHUIITBA Ha HBOMY
rOTEJIIO.

[TnanyeTnes, mo 1e 0yne 14-moBepxoBa Oy/iBiA, B IJIaH1 Haraaye OykBy V.
Bona Oyne 3 3 cekiiil, B sskux po3micTuTbes Beboro 140 xBaptup. Ilin 3emiero
po3TalryeTbcss mapkiHr Ha 250 MammHOMICI, a Teplll MOBEpXU 3alMyTh
HEXXHUTIIOBI MPUMIIICHHS, B SKUX BiakpuioThesa pectopan i CITA-uentp. [lokpisis
TyT OyJle eKCITyaTOBaHOIO, HAa Hill OpraHi3OBYIOTh JIAYH)K-30HY IJIsI MalOyTHIX
MEIIKaHIIIB (3 1HIIOro 00Ky, MpUOYIWHKOBOI TEPUTOpIi TYT, MO CYTi, HE Oy1e).
Takoxx OOIIAIOTh BUIAUIMTH IUIOLLY I JUTAYY KIMHATYy, CXOBHIIE JJisi IyO,
KIMHATy BOJI1iB.

[loTpanuTy B XUTJIOBY YacTUHY MOXHa OyJe TUIBKM Ha 3alpoIIeHHS
MEUIKAHIIIB: 3a0€3MEeUYEeHHI0 O€3MEKU TYT OOILSIOTh NPUAUIMTH I1/IBUILEHY yBary,
OpraHi3yBaBIlIM B1JICOCTIOCTEPEIKECHHS 3a MICIHSAMH 3arajJibHOr0 KOPHUCTYBaHHS Ta
3a0€e3ne4nBIIH (PI3UYHY OXOPOHY.

Jist  oOciyroByBaHHST MalOYTHIX MEIIKAHIIB IUIAHYEThCS — CIIy»k0a
KOHChEP)K-CEpBICY, M0 mpaime B pexumi 24/7. BynuHok mnoOynyroTh 3a
MOHOJIITHO-KapKaCHOIO TEXHOJIOTIEI0, BCl MOro CTIHM BHUKIALyTh 3 Leriu. s
yTemeHHs: (pacaqy BUKOPHCTOBYIOTH MiHEpalbHY BaTry, a Uig HOro oOpoOKu -
JEKOpaTUBHI MaHell. 3a3Hady, 1m0 B 00poOmi (acaay BUKOPUCTaHUW MNPUIIOM
TOPU30HTAJIFHOTO WICHYBAaHHS MO 2-3 MOBEPXH - II€ JO3BOJIAE Bi3yalbHO TPOXHU
3HM3UTU BUCOTY OyAIBIl 1 3p0oOMTH HOro HE TakUM NOTyXHUM. KpiMm Toro,
JIETKOCT1 BUTJIAY MalOyTHbOTO OyIMHKY TMOBMHHI HAaJaTH TEpPacu Ha BEPXHIX
MoBEpXax 1 BIHYAE TOKPIBIKO MpPO30pa «KOpPOHa». Bcl CTIHM 1 MIKIIOBEPXOBI
NEepPeKpuTTs OyAyTh M00pe 3BYKOI30JIbOBaHI, B OYJAMHKY BCTaHOBJISITH CHCTEMH
HEHTPAIBHOTO KOHIUIIIOHYBaHHS, JOJATKOBOI OYMCTKH TIOBITpSI Ta BOJH,
IMIBUJIKICHI Oe3lmyMHiI JiTH 1 HaBiTh CBIA BIACHUM MYHKT PE3EPBHOTO
€JIEKTPOKUBIICHHSI.

Temmo B kBapTupax 3a0e3meuynTh BIacHa KOTENbHS. Bucota crenp Tyt
ckiane 3-3,5 m. Ilepenbaueno Oinbine 40 BapiaHTIB anmapTaMEHTIB ILIOIICIO Bij 60
1o 500 xB.M. A miHa kBajapata craptye 3 $ 3,3-3,5 tuc.

Buxoauts, mo naiimenma kBaptupa B JXK Linden Luxury Residences
obifineTbest iHBecTOopy B $ 200 Tmc. Ham nmu3aifiHOM BXITHHX TPYI 1 3arajlbHUX
IpUMIIeHb 3a0yI0BHUKH MOMpPAIIOBAIM HA CJIaBy: B 00poOI1l OyyTh BUKOPHUCTAHI
TUIBKHM HaTypalbHI MaTepiaiu, a Tu3ailH-POoeKT po3po0Jsiia 3HaMeHUTa OpUTaHKa
Kemmi XomnmeH.
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YK 666.972
BU/IU TOBABOK BETOHY TA I'AJIY3b BUKOPUCTAHHA

I'yna B.B., cmyoenmka
Hayxoeuii kepisnux — baxynina B.M., cm. euxa.

Hayionanenuii ynieepcumem diopecypcis i npupoookopucmyeants Ykpainu

VY pesynbTarti nporpecy y raiy3i TEXHOJIOTT Oy/IIBHUIITBA, BUHUKIIA TOTpeda
y MJABUIIEHHI BHMOT SKOCTI, MIIIHOCTI, HaJIIMHOCTI, EKOHOMIYHOCTI Ta
JIOBrOBIYHOCTI OyA1BeIbHOI MpoayKiii. [[ns npukiany, 31aBHa MpyU BUKOPUCTAHHI
OETOHY SIK OJHOTO 3 OCHOBHHUX CKJIQJJOBUX €JIEMEHTIB OYA1BEIbHOI MPOIYKUIi Y
KamiTaJIbHOMY OYIIBHMIIBI 3aCTOCOBYBAJIMCh JOOABKHU IS MOKPALIEHHS SIKICHUX
XapaKTEPUCTHK poOOYOl cyMimil a0o K 3MIHM ii BJIACTUBOCTEH B LIMPOKOMY
Jiana3oHi. 3a3BUYail y SKOCTI TakuxX J00aBOK BUKOPHUCTOBYBAJIU MOBITPS, CLIb,
piake ckjo, cyiabhaHaTH, MOJiKapOOKCHIaTH, HadTaliH Ta 1HII OpraHiyHl Ta
HEOpPTaHIYHI €JIEMEHTH, AKl MPHUIIBUIIIYBAIM TYXKaBIHHS OCTOHY, IiJBUIIYBAIH
HOro MIIHICTh, H{IJIbHICTh, MOPO3OCTIMKICTD.

Ha paHomy erami poO3BUTKY KalliTaJbHOTO OYJIBHUITBA HAa PHUHKY
MPEACTABICHO HIMPOKHI BUOIp Cy4aCHUX XIMIYHHUX J00aBOK 3aKOPJAOHHOIO Ta
BITYM3HSIHOTO BHUPOOHUITBA, SIKI MOXYTh JISITH CAMOCTIHHO, BHUKOHYIOYH
KOHKPETHY MICII0 Ta HaJar4u poOoUid cywmimn HEOOXITHUX BJIACTUBOCTEU YU
MOKPAIIYIOUH ii XapaKTEPUCTUKH, a00 K MPAIFOBATH B KOMILIEKC1, CTBOPIOIOYH TaK
3BaHy CHUCTEMY, 1 TUM CaMUM M1IBUILYBaTH BIUIUB OJIHE OJTHOTO Y CYKYITHOCTI.

KrnacudikyroTs Taki Buau 1006aBOK:

- macTUQiKyroui 100aBKU;

- TaKl, 1[0 NPUCKOPIOIOTh UM YIOBUIBHIOIOTH TBEPAIHHS OETOHY;

- VIIUTBHIOKOYI;

- MPOTUBOMOPO3HI;

- T1pO130JTFOI0];

- MITMEHTHI.

[Tnactudikyrodi 106aBku poOJATh O€TOH OUIBII TEKYIHUM 0€3 J10/1aTKOBOTO
J0JlaBaHHS BOJW, IO JO3BOJIIE 30€perTh HOpPMATHBHE BOJO-IIEMEHTHE
CIIBBITHOIIIEHHS, 110 3a0e3Ieuye HOro XapakTepUCTHKY MIIHOCTI, Ta BOJHOYAC
PIBHOMIPHO PO3MOJILIUTH XKOPCTKY CYMIII B ONayOKy 6e3 mycToT Ta pakoBuH. Ha
PUHKY 1€ BUJ 100ABOK ICHY€ TiJ HA3BOIO CyIlep Ta TimepriacThugiKaTopiB.
Piznutsg Mi>k HuMu niosisirae y cudi Aii. Tofl, ik oCTaHH1 3HIKYIOTh KUTBKICTh BOJTU
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0e3 3meHIIeHHs MinHOCTI O6etoHy Ha 20%, TO y cynepriacTudikaTopiB Iei
MOKa3HUK He nepepuinye 10%.

BukopucranHs NpuCKOpIOBadYiB Ta CHOBLIBLHIOBAYIB TBEPJIHHS OETOHY €
JOLUIBHUM 4epe3 3MiHYy KIIMAaTHYHUX YMOB Ta MPOLIECH JIOTICTUKHU. Y XOJIOJHY
norogay OeTOHHA CyMIIll TBEpIHE Ty’Ke TMOBLIHLHO, @ HA MOPO3i IIeH TpoIlec B3arami
3YIMUHAETHCA. SIKIO HE TOAATH Y BOMY, SIKa BUKOPUCTOBYETHCS JJISl IPUTOTYBAHHS
3aMiCy, MPUCKOPIOBaY TBEPJIHHS, TO TMpaIloBaTH 3 OETOHOM TIPH MIHYCOBIi
TeMIiepatypi Oyle HEMOXXIUBO. AJIBTEPHATUBHUM BapiaHT — BHUKOPHUCTAHHS
€JIEKTPOIIPOTPIBY CYMillli, ajie BiH JOCUTb CKJIQJHUIA Ta BUTPATHUMA. YTIOBUILHEHHS
IIBUJIKOCTI JO3piBaHHS CyMiIlll HEOOXITHO TpH 1i TPaHCIOPTYBaHHI Ha BEJIMKI
BificTadl. KpimM 11pOro, CroBiIbHIOBAaYl HEOOXITHI MpH OCTOHYBaHHI MAacHBHHUX 1
NPOTSKHUX KOHCTPYKIIH ((PyHIaMEHTIB 1 MJIOT).

INapoizontorodi 100aBKK — BaXJIMBUM KOMIIOHEHT CYMIIl, OCKUIBKA O€TOH
Ty’)K€ YacTO BHUKOPHCTOBYEThCA JUIA 3aduBKU (yHAaMeHTIB. ToMy 3axmcT
N1JBaJbHUX MPUMILIEHB 1 CTIH OyiBII BiJl NPOHUKHEHHS BOOU — JYXKE BAKIIMBE
3aBiaHHs. be3 106aBok 0€TOH X04 1 MOBUILHO, aJIe BCE K MPOITYCKA€ BOJIOTY Yepes
Mikporiopu. [igpoizonsiiiiai  g00aBKM  HAAUIAIOTH  HOro  ripodoOHUMU
BJIACTUBOCTSAMHU. PaHimne y sKOCTI TiApoi30TOpy OCTOHY 3aCTOCOBYBAJIOCH PiIKe
CKJIO, OJHAaK JaHa Jo0aBKa A0BOJI BUTpaTHA — Ha 10 miTpiB OeToHYy HEOOX1AHO 1
JITP PIAKOTO CKJIA.

[lirmenTHi A00aBKU B OETOH BUKOPUCTOBYIOTHCSA IS TOBEPXHEBOTO
(dapOyBaHHsI Ta KOJIIpYBaHHS B Maci TPOTyapHO! IJIMTKH, HAJWBHUX MiJJIOT,
CTIHOBUX OJIOKIB 1 (DirypHOTO JUTTSA. BETOH BOJIO/II€ CHIIBHOIO JTy>KHOKO PEAKITIETO 1
MIBUIKO 3HEOApBIIOE 3BUYAiiHI OapBHUKH, TOMY HaJaTH WOMY MOTPIOHOTO
KOJbOPY — 3aBAaHHSA He mpocte. Takum umHOM, myisg (papOyBaHHS OCTOHHHMX
BUpPOOIB BUKOPUCTOBYIOTH OKCHAM 3aii3a 1 XpoMmy, CTiIMKI J0 JyriB 1
yibTpadioneTy.

SIK BUCHOBOK, WIMPOKHM aCOPTUMEHT MOJU(DIKYIO4Oi XIMii JO3BOJISIE
BUOpaTH TOW NPOAYKT, KU Oyae MaKCMMaJbHO BIJIMOBIIATH BHMOTaM JJIst
KOXXHOTO KOHKPETHOTO BHIIAJIKY, MiJBUIIUTH €(DEKTUBHICTh IIEMEHTHO-IIIIAHOTO
pPO34MHY, MPOJOBXKUTH EKCILIyaTailito roroBoro BupoOy. IIpore mpu poboti 3
no0aBkaMu HEOOXITHO B TOYHOCTI JOTPUMYBATUCh PEKOMEHMIAIINA Ta IHCTPYKIIIN
10 TIPOIOPINIAX, SKI BKa3aHI creriajgicraMu. Moj)kHa HE OTpHMaTH OaXaHOTO
edeKTy, SKIO JOMYCTUTH JUCHOPOINOPILII YH MOPYUIUTH MOCTIAOBHICTh
OpPUTOTYBaHHSA. Y  OyIb-IKOMY BHMIAAKy, KUIBKICTh YycCiX J100aBOK, IO
BUKOPUCTOBYIOTHCS JJIA OJTHOTO 00’€My, HE MOBMHHA nepeBuiyBatu 1,5-3% Bin
MacH I[EMEHTY.
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He3Bakaroun Ha CBill MO3UTUBHMI €(EKT, 3aCTOCYBaHHS MOAU(IKATOPIB HE
BHUKJIFOYA€  BAXIIMBICTh JOTPUMAHHS TOYHOI  TEXHOJIOTII  IPUTOTyBaHHS,
3aMINTyBaHHs 10 OJTHOPITHOCTI, YKJIAJIKH Ta BATPUMKH Oy 1IBEILHOT MaCH.

VJIK 692.4
EKCILTYATALIHI MOKPIBJII - MABYTHE JTOBKLLIS

brawyx P.1., cmyoenm
Hayxkoeuii kepisnux — baxynina B.M., cm. suxa.

Hayionanvnuti ynisepcumem 6iopecypcis i npupo0ookopucmysanus Ykpainu

3 JKMTJIOBOI KIMHAaTH ab0 odicy BUHTHM NPSMO Ha COHSYHY TaJIIBUHY,
MOKPUTY THUIIHOK POCIMHHICTIO Ha Jaxy BJIacHOr0 OyAMHKY — Mpis, peajibHa
CHOT'OJTHI.

BiacyTHicTh BUIbHOI 3eMJI1 1 1 BUCOKA I[iHA — cepio3Ha MpolIeMa BEIUKUX
MmicT. IlepeHaceneHHs 1 BeIUKa IIUIbHICTh 3a0y0BH MPHU3BOIATh /10 BEJIMYE3HUX
aBTOMOOUIBHUX 3aTOpPIB, BIACYTHOCTI MapKyBaJbHUX MICIb 1 MPOTYyJIOYHUX 30H,
30UTBLIEHHS! 3ara30BaHOCTI, MOTIPIIEHHS 1 0€3 TOro He HaWKpalloi €KOJOT14HOT
cutyauii B micti. | skmo B pailloHax HOBOOYAOB MOXHa BiApa3y IUIaHYBaTH
TPAHCIOPTHI MaricTpail 1 MyHIIIUNAIbHI HAJ3€MHI aBTOCTOSHKH, TO B CTapHX
paiioHax 11e 3pOo0UTH HEMOXKIIMBO. KpiM TOTO, OCTaHHIM YacoM CTaJI0 IOMYJISIPHUM
OYIIBHUIITBO €JITHUX 3aMKHYTHUX JKUTJIOBHX KOMIUIEKCIB 13 BOY/IOBaHO-
npuOyJOBaHUMHU TapakaMH, BXiJI B SKHX 3AIMCHIOETBCA MpsSMO 3 OyaiBii, a
MOKPIBJII BUKOPUCTOBYETHCS SK JABOPOBA 30HA (3 TpOi3gaMu, AUTIYUMHU
MaiJaHYuKaM1, 30HAMH 3€JICHUX HAaCaKEHb).

He w™moxxHa 3a0yBaT 1 MNpo TNEPCHEKTUBHE BUKOPUCTAHHS B SAKOCTI
MPOTYJIOYHHUX 30H M'SIKUX TOKpPiBeNh (0COONMBO B CcTapiii yacTuHi Micta). [1noma
TaKUX IMOKPIBEJIb BEIMYE3HA, & BUTPATH HA PEKOHCTPYKIIIO HEMOPIBHIOBAIbHI 3
OpraHizaifi€ro Takux 30H Ha 3emJji. EkcrtyaroBaHi MIIOCKI JAaxu HAOyBarOTh BCe
Oty momyJssapHicTe. OTKe, eKCIUTyartaiisi TMOKPIBII — HEOpIWHAPHUH, alie
MyApHi 1 mepeadauIuBUi MiAX1a 0 KUTIOBOro OyauHKY, odicHOi Oy/iBii, gadi.
Ile momatkoBa KOpHWICHA IUIONIA Haja OYIIBJICIO, HAa SKIH MOXKHA PO3MICTHUTH
COJISIpii, 3MMOBHI Ccaji, OIS A0BUIN MaifJlaHUYUK a00 HAaBITh TEHICHUN KOPT.

ExcrutyatoBani qaxu MOKHa PO3IIIMTH Ha JEKUTbKA THUITIB 3aJIeKHO Bif 1X
(GYHKIIOHATBFHOTO TPHU3HAYEHHS: TOKPUTTS 3 OOMEXKEHOI MOKIIUBICTIO JUIS
X0/1b0U (TpaBi€Ba 3acHIKA), MIIIOXITHE TOKPUTTS, "3eeHa" MOKPIBIIS, MOKPUTTS,
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npuaTHE Ui pyXy TPaHCHOPTY 1 OONamTyBaHHSA aBTOCTOSHOK. Jlyke "acto i
TUMK TIOKPUTTIB KOMOIHYIOThCS, HANpPHUKIA, MIMIOXiTHI JOPKKA MOXYTh
MOEIHYBAaTUCA 3 AUISTHKaMU TPaBi€BOi 3aCHIKU 1 O3€JICHEHUMHU AUISTHKaMHU, 1 Tak
JTal.

OseneHeHHs JaxiB QyKe MOMYJISIPHO B 3aXiAHUX KpaiHaX. 3'SBUIIUCS HABITH
HOBI1 Oy/liBeJIbHI TEXHOJIOT1i, CIPSMOBaH1 Ha PO3BUTOK HOBOTO BUJY CAaJ[IBHUIITBA.
Camu Ha maxax - I B JIGSIKOMY POl MiHI-TIapKH, SIKi JO3BOJISIOTH BIAMIOYUTH Ha
IpUpOJIi, HE BUXOASA4YHM 3 OyAiBmi. [CHYIOTH Ba BapiaHTH OOJAIITyBaHHS CaJliB Ha
Jaxax: Ha HOBUX OyHIBJISIX 1 Ha CTapuX, AKI YaCTEHbKO HE MPUCTOCOBAHI JIJIS
IBOT0. Y IpyroMy BUNAJKY 3aBAaHHS YCKIAIHIOETHCS; aJkKe MpU 00JIallTyBaHH1
cajy Ha Jaxy JOBOJUTHCS CTUKATHUCS 3 HACTYITHUMU IIpoOIeMaMu: BUCOKHUI pIBEHb
BOJIOTOCTI 1 3Ha4YH1 JOJATKOB1 HABAaHTAXXEHHS K B1JI TPYHTOBOTO LIapy, Tak 1 BiA
camMux pociuH. i mojermenHs KOHCTPYKIii, IpH NOTpedl, TPYHT 3aMIHIOIOTh Ha
3HAYHO JIETIHUH (Xo4a 1 AOpOruid) WTYy4YHUM cyOcTpar, sSIKMil 100pe MOTriIHHaE 1
HarpoMaJKy€e BOJIOTY.

Opranizalis  IUIOCKOTO  €KCIUIyaTOBaHOTO  J1axy €  CKJIAJHHUM
O0araTopakTOpHUM 3aBAaHHSIM, OJHE 3 BHpIIIEHb $AKOI — BUKOPHUCTAHHS
1HBEpCIHHOI MOKPiBiai. [HBEepCIiiHI MOKPIBI YCHIIIHO €KCIUTYyaTyIOThCS B KpaiHax
3axinHoi €Bponu Bxe Ouibmie 30 pokiB. I[lpucTpiii Takux MHOKpIBENb CTaB
MO>KJIMBUM TICJSI MOSIBU HAa PHUHKY BHCOKOSIKICHHX TIAPO- 1 TEIUIO130JIALIMHUX
MaTtepiajiiB HOBOTO MTOKOJIIHHSL.

Sx BiOOMO, TpaguIiiiHa KOHCTPYKLIS MOKPIBIl HE BOJOJIE TOCTATHHOIO
YKOPCTKICTIO 1 HE MOKE€ BUKOPHUCTOBYBATHUCS SIK €KCIUTYaTOBaHA, OCKUIBKH B IIbOMY
BUMAAKY TIAPOBOJAMIAHUN Mmap Oyjae CXWJIBHUH 10 CHIBHHUX MEXaHIYHHUX
HaBaHTaKeHb. [[pUHIIUIT BUKOPUCTAHHS 1HBEPCIMHOI MOKPIBIIL MOJSTAE B TOMY, IO
YTETUTIOBAY PO3MINIYETHCA MOBEPX T1IPOIZOISIIIHHOTO Iapy 1 TUM CaAMUM 3aXHINAE
HOT0 BIJ HECIPUATIMBUX YMOB (KJIIMaTUYHUX 1 MEXaHIYHUX) (puc. 1).

figpoizonAauiinHa lapuoeBka Tennocizonauin
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Puc. 1. By3on ekcrutyaroBaHoi MOKpiBJIl 3 MOKPUTTSAM « Typar SF»
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Takum YwHOM, TOKpIBII, IO MiJIATAIOTh EKCIUTyaTallii, 3aBAsKA CBOIM
(GYHKITIOHATBHUM Ta €KOJIOTTYHUM IepeBaraM Ta MOXJIMBOCTI JUIS MiAKIIOUCHHS
(daHTa31i, BIEBHEHO 3aliMal0OTh MEPIIIi MO3HUIlil y peUTuHTy. ToMy MokHa BIIEBHEHO
3asBIIATH, 110 Y HAHOIMKIOMY MallOyTHROMY BOHHU TaKH CTaHYTh HEBIJ €MHOIO
YaCTHHOIO JOBKUIISL Y BETUKOMY MICTI.

YK 69.01
BHU/IA YTEIIJIIOBAYIB ITPU TEIIVIO3BEPEXEHHI B BY AIBJIAX

boposencora A.C., cmyoenmka
Hayxoeuii kepisnux — baxynina B.M., cm. suxa.

Hayionanvhuti ynisepcumem biopecypcis i npupoookopucmyseanns Ykpainu

VY Hac yac, KOJu IIHK Ha OMaJieHHs JOCUTh BUCOKI BCE OUIbIIE aKTyalbHUM
cTae mUTaHHS eHepro30epekeHHs. OIHUM 3 HANPSMKIB €HEPro30EepexeHHs €
YTETUICHHs OyAMHKY 3 METOIO 3MCHIIICHHS CTIOKUBAaHHS CHEPTEeTHYHUX PECYPCIB Ha
HOTO ONaJICHHS.

JocBig 6aratbox KpaiH MoKasye, 10 JIMILIE KOMIUIEKCHA TEPMOMOJIEPHI3aLlis
ICHYFOYOTO JKHATIIOBOTO (hOHIY 37aTHA KapAWHAIBHO BIUIMHYTH Ha CKOPOYCHHS
CIIOKMBaHHSI eHepropecypciB. KommiekcHa k MojepHizamis OymiBimi, 3a
nigpaxyHkaMu (paxiBiliB, MOXKE€ B OCTATOYHOMY MiJACYMKY 3a0€3MEYUTH €KOHOMIIO
enepropecypciB 6mu3zpko 50 %. Mixnapoane enepreruyHe areHTCTBO (MEA)
CTBEPIKYE, 1110 KOXKEH J0Jap, IHBECTOBaHUI B eHEeproeeKTUBHICTh, 00epHEThCs 4
JI0JI. €KOHOMIi, MPUYOMY TaKHil MPOEKT IOBHICTIO OKYHHUThCS MPHUOJIM3HO 3a
gyotupu poku. Ha pumc. 1 Mm OGaunmmo mpUKIAL TPaBUIHHOTO YTEIUICHHS
30BHIIIHBOI CTIHH.

1. Ctina

1. KnefioBMIA po3uMH

3. ¥Tennwsady. MiHepanbHa BaTa

4. Arobenb-30HT chacagHuin

s Wap po3unHy, Knew

6. ApMyroya ciTka

7. lWap wrykarypku. [leKkopaTtMBHUH

Puc. 1. [Ipuknan yrernjieHHs 30BHIIIHBOT CTIHU
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Ockinpkd OUTBIIICTh JKUTIOBUX OyaAiBeNb 1 MPHUMIIIEHb 3BOJAMIHUCS IIO
HOpMaTUBaM MHHYJOTO CTOJITTA, TO KOHCTPYKIi Takux Oy/iBelb He
nepeadayaloTh HAJIEKHOTO YTEIUIGHHS, WIO0 MPU3BOAUTH JO TOrO, IO MU
BTpPA4Ya€EMO BEJIMKY KUIBKICTh TEIJIa Yepe3: J1ax, BIKHA, JBEpl, y By3Jlax 3’ €JHaHb
CTiH 3 IHIIUMHU KOHCTPYKI[iSIMHU.

Jns toro, mo0® 3MEHIIWTH Il BTpaTH, MOTPIOHO BHKOHATH YTEIJICHHS
dacaniB, TOKpPIBIlI Ta 3aMIHUTH MEHII TEIUIONPOBiAHUMHU. [[ns Toro, 100
BU3HAYUTHUCH 3 BUOOPOM yTeIUIIOBaya, MOTPIOHO MpoaHai3yBaTH K came OyIUHOK
BTpauae Terio. Bubip pileHHs 3aj1eKUTh B KOHCTPYKTHBHHUX OCOOIMBOCTEH
MaTtepialiiB, BAKOPUCTAHUX MPpU OyAIBHUITBI (pHC. 2).

Apbonimosuii ymennrweauy — JIOCUThL HOBHI Oynmarepiall BUPOOJISIOTH 3
JpiOHOT TUPCH, CTPYKKH, HApI3aHOIO COJIOMU abo odepery. B ocHOBY n0mar0Th
LHEMEHT 1 XiMiuH1 J00aBku. Lle XJopucTHIl Kanbllii, CIpYaHOKUCIUI TIMHO3EM 1
po3unHHe ckio. Ha octaHHpoMy eTami BHUpPOOHHILITBA BHPOOM OOpPOOIISAIOTH
MIHEpaIi3aTOPOM.

Ilino-nonisininxnopuonuii  ymenaweau (IIIIBX) — cknagaeTrbcs 3
MOJTIBIHIIXJIOPUTHUX CMOJI, SIKI MICIs MOopu3ailii HaOyBalOThb OCOOJUBO MIHUCTY
CTpyKTypy. Tak sik 1ei mMarepian Moxe OyTH SIK TBEPAUM, TaK 1 M SIKHUM, TO BIH €
YVHIBEpCAJIbHUM yTEIUIIOBaYeM. [CHYIOTH pI3HI BHIM YTEIUIIOBAYiB [JIS CTiH,
MOKpiBii, ¢acany, cTaTi Ta BXigHUX ABepeid, Buroropienux 3 [MTIBX. HuibHICTH
(cepenHe 3HaueHHs) AaHOro Marepiany ckianae 0,1 kutorpaMm Ha KyO14YHUI METP.

@Dioponim. B3sBIIM 32 OCHOBY BY3bKI 1 TOHKI JEPEBHI CTPYXKKH, SIKI 1€
HA3MBAaIOTh JEPEBHOIO IIEPCTIO, JOJABIIM JUIsl 3B’A3YBaHHA IIEeMEHT alo
MarHe3iMHui KOMIIOHEHT, OoTpumaemo (¢ioponiT. BiH BumyckaeTbcs y BUTIISAIL
T, Matepian 1ei He 00iThCs XIMIYHUX 1 OlOJIOTIYHMX arpeCMBHUX BILUIWBIB.
Henorano 3axumiae Big ImIyMy, a TakoX MOXE BHUKOPHCTOBYBaTHCS B
MPUMILIECHHSX, 1€ Y€ BOJIOTO.

VYTenaoBaTy 30BHIIIHI CTIHM MOKHA JIEKUIbKOMa COCO0aMU — 3CEpEIuHH,
30BHI, @ TAKOX Yy MPOMIDKKY MIXK JIBOMA IIapaMu KOHCTPYKLIMHUX MaTepiaiB (Tak
3BaH1 TPUILIAPOBI CTIHM).

Xoua Ayl KOXKHOTO KOHKPETHOTO BHMMAJKY MIiAXOIWUTh CBOS METOJMUKA,
HalOUTbII  e(EeKTUBHUM CIIOCOOOM YTEIJICHHS CTIH BBAXKAETHCS MOHTAX
TEIUIO130JIS1I11 Ha 30BHIIIHbOMY 001l (hacaay. 30BHIMIHINA CMOCIO yTEMJIEHHS CTiH
HE 3MEHIIIy€ KOPUCHY TIJIONTY MPHUMIIIEHb, @ TAKOXK 3MIIIy€ TOUYKY POCH.

VY cepenHbOMY PEKOMEHJOBaHA TOBINMHA YTEIUIOBada JJIsl TETIOi30JIAIIiT
dacaniB ckimagae 120-150 MM s yciel Ykpainw, OkpiM MiBAHS 1 3akapmnaTTs
(mepmia temmeparypHa 30Ha), 1 100 MM — g apyroi TemneparypHoi 30HU. J{7s
yTerieHHs (pacaJHUX KOHCTPYKIIHM 3a3BHYail BUKOPUCTOBYIOTH MiHEpajbHY Bary
13 cKJ10- 200 6a3aTbTOBUX BOJIOKOH, a TAKOK MIHOMOJIICTAPOIL.
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Puc. 2. Buan yTeHHIOBaIiiB

BucHoBok. Buxomsum 3 ychoro cka3aHOTO BHIIE, SIKIIO MH XOYEMO
30UTBIIUTH  TETUIOS(DEKTUBHICTh Ta 3€KOHOMHUTH Ha KOINTaX Ha OMNAJCHHS —
OyIUHOK TMOTPIOHO yTeIUTIoBaTU. TeMaoi30MSIIHHUN 1ap BUPINIYE TUTAHHS
MPOTUCTOSIHHSA XOJIOAy. BiH 3MEHIIUTh 30HY XOJIOAY, CIyKaud 3aXHCHUM
Oap’epoM, Ta 301IBIIUTH 30HY TEIUIA.

Ax OGaummo, YkpaiHa — pgajexko He mepina aepkaBa y €Bpori, sKa
CTUKHYyJIacsi 3 HEOOXITHICTIO TMiABUINEHHS €HEeproe(eKTUBHOCTI >KUTIOBHX
OynuHKIB Ta OyAiBeh COIIaIbLHOTO MPU3HAYeHHS. [[03UTUBHUM 171 HAC € Te, IO,
OCBOIOIOYM HOBI TEXHOJIOTIi, MH B)K€ MOYKEMO TIOKJIaIaTUCS HA MPAKTHYHUN JTOCBI
IHIIMX KpaiH. AKyMYJIOIOUM Pe3yJIbTaTH BXKE peasli3oBaHUX peopM 1 BIACHUX
PO3pOOOK, MU MOKEMO 3HANUTH HAWOIBII MPUMHATHI MOJAEI AJI1 KOXKHOTO PET10HY
VYkpainu, BpaxoByIOUYH HOTro 1HAUBIAYaIbHY CHEIUQIKY.

EneproeexTHBHICT, MOBHHHA CTAaTH HE IMPOCTO MPIOPUTETOM JEepiKaBH,
BOHA IMOBMHHA CTaTH JEP>KaBHOIO PEJITi€lo, TOrMOI0, aKCioMOI 1 «ijeer (ike»
OKPEMO B3STOI JIFOJIUHMU.
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VJIK 725

OB’EMHO-IIVIAHYBAJIBHE PIINEHHA BJIOKOBAHUX
AT'POITPOMUCJIOBUX BY AIBEJIb

Cenemos €.0., cmyoeum
Hayxosuii kepienux — baxynin €.A., k.m.H., 0oy.

Hayionanvnuti ynieepcumem oiopecypcis i npupoookopucmyearts Ykpainu

3 PO3BUTKOM TEXHOJIOT1M MUTaHHA €HeproedeKTUBHOCTI OY/iBENb MOCTA€E
Bce roctpime. EQexTuBHE 3acTOCYyBaHHS EHEPreTUYHHX PECypCiB, E€KOHOMIsS
KUTBKOCTI €Heprii Ta TOTpUMaHHS BUMOT OXOPOHH HaBKOJMIITHHOTO CEPEOBHINA —
11 BCE BPaXOBaHO B KOMOIHOBaHOMY arpornpoMHCIOBOMYy KomIuiekci. Ha croromui
HANOUTBIII €eKOHOMIYHO 3BOJUTH €HEProoiosoriyHi Oy/IiBii HA OCHOBI 00’ €THAHHS
TBapUHHULIBKUX (pepM Ta TEMIUYHUX cropyad. [IpuHuunu o0’eMHO-IUIaHyBalIbHOI
CTPYKTYypU HampsMy 3ajiekaTb BiJl CHUCTEMM YHHHMKIB Ta IPOLECIB, IO
BiI0yBatoThest y OyaiBmi. st ciibChKoOrocmogapchbkoi OyIiBIi, 11O MpU3HAYEHA
JUIsl yTPUMaHHS TBapWH, CHCTEMa YWHHHKIB — II€ CHCTEMa YTPUMAaHHs, TOJIBIII,
cnoci0 BUJaJIeHHs Ta OOPOOKHM THOIO TOIIO. J[J1s1 KylIbTHBALIMHUX CIIOPY — CIIOCiO
BUPOIIYBaHHS, OMAJICHHs, MPOBITPIOBAHHS, Ta OCBITIEHHS NpuMileHHs. CydacHi
KOPIBHUKHM KapJAMHAJIBHO BIJIPI3HSIOTHCS BiJl CTApUX, 1 HE TIIbKU BIOCKOHAJIEHOIO
aBTOMATHU3ALII€I0 MPOLIECY BUPOLIYBaHHS TBApUH. 3apa3 HalOUIbII 3aTpeOyBaHUM
€ OyAIBHUITBO HEBEIUKUX (EpPMEPChKUX TOCHOJAPCTB CIMEWHOTO THILY.
ArponpoMucCIoBUil €Hepro0i0JIOTIYHUN KOMILUIEKC SIBJIsIE COOOI0 BONOBEPXOBUM
KOpPIBHUK — TEIUIMII0 3 BJIAaCHUM THoecxoBuuiemM. Ha mepmomy mnoBepci
pO3TanioBaHUil KOPIBHUK MPUB 513HOF0 yTpI/IMaHHH (pHc 1).

Puc. 1. CydacHuii KOpiBHUK
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Criiiyia 111 BETUKOI poratoi XyJqo0u po3TamioBaHO B OAWH Psf. Y 3aaHii
YaCTUHI CTIAJ BIAINITOBAaHUN THOENPUUMAIbHUN KaHal TpPU3HAYCHUH IS
npuiloMy THOIO 1 mojadi Woro B (epMepchbke rHoecxoBuile. Miciie BiAMOYMHKY
JUIi  TBapWH BUKOHAaHO 3 O€TOHYy, Ma€ [IBOBIJICOTKOBMM yxuil B OiK
THOENPUIMAIBFHOTO KaHaly 1 MOKPUTO T'yMOBMM KuiuMKoM. KopmoBuil mpoizn
obmagHanuit  romiBHUIIMHA.  CIoyKuTb IS TIEpecyBaHHS  MOOIIBHOTO
KopMopo3faBada. [losiTh TBapuH 3 IHAWBIIYAJIBHUX YaIIKOBUX AaBTOTMOLIOK,
BCTAHOBJICHUX Ha OTOPOXKiI KOpMoOBOro ctoiy. OmHa aBTOmMOiNKa OOCIyroBYE
0Jipa3y ABOX KOPIB, IO CTOSTh MOPYHY.

bins rHoenpuiiMalibHOTO KaHATY PO3TAIIOBaHUM CiIyk00BHM mpoxia. 3 000X
OOKIB TPHUMIIICHHS PO3TalllOBaHI CXOAUW Ha Jpyruid mnoBepX. KopiBHUK Mae
i1COOHI MPUMIIIEHHS TSI TIEPCOHAITY.

Hpyruit moBepx mojiieHo Ha 1Bi 30HW. OJHa 30Ha BHKOPHUCTOBYETHCS SK
NpUMIIICHHS U1 iHBeHTapro. Jlpyra 30Ha BigBemeHa ISl TETUTHIN. | THTUILSA
oOramroBaHa 3a MPHUHIIMIIOM T1IPOIMIOHHOTO BUPOIIYyBaHHS pociuH (puc. 2). s
MaKCUMAaJIbHOTO OCBITJICHHS TEIUIMIS OOlIuTa MosikapooHatoM 3 OOKIB Ta Ha
naxy. OO0’ekt o0mamHaHo 010Ta30BOI0  YCTAaHOBKOI, Vy SIKIM BiOyBa€eThCs
CHAJIOBAHHS THOIO Ta BUJIIJICHHS Ta3y s

OITaJICHHS TGHJ'II/IIIi .

MeTor0 Ta 3aBIaHHIMH JAHOTO MPOEKTY € pPO3poO0Ka KOHCTPYKTUBHOTO
pIIIEHHS KOMOIHOBAaHOI CUIbCHKOTOCTOJMAPCHhKOT OyiBIII 3 E€KOHOMIYHUMHU
BUTPATaMU MAJIMBHOCHEPTETUUYHUX PECYPCIB, YTHIII3AIlll THOIO MPU OJHOYACHOMY
3a0€3MeUeHH] TEXHOJOTTYHOTO MPOIIECY BUPOIIYBaHHS POCIWH B TETUIMIII.
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VJIK 725
KOHIIEIIIA PI3HOCIIPSAIMOBAHOT'O JII®TA

Masypenko €.0., cmyoenm
Hayxosuii kepienux — bBaxynin €. 4., k.m.H., 0oy.

Hayionanvnuii ynieepcumem diopecypcis i npupoookopucmyeants Ykpainu

JlihT — HEOAMIHHUN aTPUOYT KUTIOBUX, AJAMIHICTPATUBHUX 1 KOMEPIIHHUX
OyziBenb. 3aJeXHO Bl PO3MIIIEHHS, MOXKE BapilOBaTUCS JU3aiH 1 KOHCTPYKTUBHI
OCOOIMBOCTI — 3 MAIIMHHUM BIJIUICHHSIM 1 0€3, 3 JOJaTKOBHMHU JIIOKAMHU 1
BOTHECTIMKUMHM ABepuMa abo 6e3 Hux. Oco0IMBO KOPUCHUM BiH Oyze AJis JIIoAeH 3
OOMEKEHUMH MOKIIMBOCTSIMH, SIKI HEPIIKO BEAYTh AYy>KE€ aKTUBHHM CIOCIO KUTTS,
JI0JIAI0YX BCl MOJKJIMBI MEPENOHM 1 TPYAHOLI, SKUX MU 3yCTPIYaeEMO YMMajo Ha
BYJIMIISIX Hamux MicT. OfHaK B 1HBAJIAHMX KOJSICKaX HE MOXYTh 370J1aTH, 0e3
CTOPOHHBOI JOTIOMOTH, KPYTi CXOAW B OyIUHKY, odici abo Oyab-SKOMY 1HIIOMY
npuminieHHi. KoHCTpykiiss cydacHoro nidTa TpPakTUYHO HE 3MIHIOBajacs
npoTaromM octanHix 160-Tu pokiB, 1 B JaHWI Yac BOHA fABJIsSIE COOOI0 KaOiHY, IIO
NEpPEMIIYEThCA 1O BEPTUKAIBHIM IMIaxTi 3a JOMOMOIOI0 TpOCIB 1 KaOemiB.
3BUYailHO, HE3Ba)Kal0OUM Ha BCl MOJIMIIEHHS JidTa B TUIaHi KOMGOPTHOCTI Ta
HIBUIKOCTI pyXy, TaKy KOHCTPYKIIIO HE MOKHA Ha3BaTH €(PEKTUBHOIO, a/I)K€ BOHA
JIOCUTh TpOMI3IKa, Ta ¥ HEOOXIAHICTh O4YiKyBaHHS JidTa HE Jgomae i
MPOJYKTUBHOCTI 1 MPUBAOIMBOCTI. AJle HENIOJaBHO HIMEILKUH KOHTJIOMEpaT
ThyssenKrupp npejcTaBuB HOBY pPeBOJIONiHY KoOHIeNIio midra. [i koHCTpyKIIis
JIO3BOJISIE  JIEKIIBKOM KaOlHaM pyXaTucsi HE TUIBKM BEpPTUKAIBHO, aie U
TOPU30HTAJIBHO, TPUYOMY B OJHIHM 1 Tii e JMQTOBIN 1IAXTI, B OJUH 1 TOH K€ Yyac
(puc. 1).

Kommnaniss ThyssenKrupp Ha3zBana konmeniito Multi 1 nmo3uiiionye ii sk
mepiia B CBiTI Oe3kaOenbHA MMigOMHA chcTeMa. BoHa 3acHOBaHa Ha TEXHOJIOTIT
MarHiTHOI JieBiTarlii, sika Oysa po3poodsiena kommaniero MagneMotion, 1110 BXOAUTH
JI0 CKJIaly KOHTJIOMepaTy. 3 MeIKUMU KOHCTPYKI[IHHUMU JTOMTOBHEHHSIMH CHCTEMa
midra 3a0e3MeunTh KapAMHAIBHO HOBI MOXKJIMBOCTI /Ui OyAIBHUIITBA MalOyTHIX
BUCOTHUX OyniBenb. [lpuHumun pobotm mira HacTynHui: kaOiHa midTa
3aKpITUIIOETBCS HA pEilll, fKa BUKOHYE (QYHKIIIO TPOCIB 1 YaCTKOBO MOXKE
noBeprartucs mig kyrom 90 rpaaycis.

[ToBopoTu 3a0e3nedyroTh 3MIHY HaMpsIMKy pyxy. BaHTakomiaioMHICTh
ka0iHM po3paxoBaHa Ha 630 kiorpamiB, a00 OJM3BKO BOCBMH JOPOCIHX OCIO.
OpHak B TecTax 1HXKEHEPH MOMIMIAIOTh MPOTOTUI B KPUTUYHI YMOBH, 30KpeMma,
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OIIIHIOIOTh CTIWKICTh KaOlH 10 MEXaHIYHHMX IONIKOKEeHb mpu maci B 40 TOH y
BUIBHOMY TIaJ{IHHI Ha mBUAKOCTI 160 kisloMeTpiB Ha roaunHy. KpiMm Toro, komanaa
IMITY€e BIOpallii 3 X0JI0M /10 75 CaHTUMETPIB, XapaKTEepHI1 sl BACOTHUX OY/I1BEIIb.
Koxna kabina Oyae ocHalieHa OJHUM JBUTYHOM [UJIi TOPU30OHTAIBHOTO 1
BEPTHKAIBHOTO nepecyBanHsa. Kabinu OyayTh mepecyBaTucs Mo CKIAIHIN cucTemi
[IaXT, [0 MPOHHU3YIOTh BCIO KOHCTPYKIIO OymiBii. 3a cloBaMH KOMIIaHii, IIe
3a0€e3MeYnTh MacaxXupam J0CTym 10 JidTa KoxHi 15 - 30 cexyH.

AHaJIOTIYHY TEXHOJIOTII0 BHKOPUCTOBYE TMOTAT MarneB, moOyaoBaHUN
3aBISKH CHUIBHIA poOOOTI HIMEIBKMX Ta SMOHCHKUX BYCHUX, HAa MAarHiTHIN
MiJBICI, IO MPUBOJUTHCS B PyX Ta KEPYEThCS MArHITHUMHU cuiamu. Bin y
MpoIiecl pyxy HE TOPKAEThCA TOBEpPXHI perku. OCKIIBKM MK IOTITOM 1
HAIPSIMHOIO TIOBEPXHEI0 € MPOMIXKOK, CHJIa TePTS HE JIi€, 1 €AUHOI0 TaTbMIBHOIO
CWJIOI0 € cuja aepoguHamiuHoro omopy. LlIBuakicts, siky posBuBae Marnes,
CIiBMipHa 31 MBUIKICTIO JITAKIB, IO JO3BOJISIE HOMY KOHKYPYBAaTH 3 TIOBITPSHUM
TPaHCIIOPTOM Ha BiJTHOCHO MaJHMX, K JJIs aBiaiii, BiacTarsx — 10 1000 kM.

Puc. 1. Jlibt ThyssenKrupp

KpiM TOro, OCKUIbKM po3MipH caMuX HIaxT cucteMd Multi MeHmie, HIX y
CTaHJApPTHUX JIPTOBUX IIAXT, L€ AO3BOJIUTH 301IBIINTH KOPUCHY IUIONLY OyAiBIi
Ha 25 BIJICOTKIB. 3a paXxyHOK BUKOPHUCTaHHsI JIETKMX MarepiajiB JJjs KaliH 1
IBepen, cucrema OyJie MaTH Bary, HaloJIOBUHY MEHIIE, HI)K CTaHJApTHUM J]T.
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Kowmmanist ctBepmxye, mo Oyxaias 300-meTpoBoi BucoTH Oyae imeaqbHUM
CTApTOBUM MaMJTaHYMKOM JIsI HOBOT TEXHOJIOT11.

YK 631.356.4

OBIPYHTYBAHHS ITAPAMETPIB JIABOPATOPHOI YCTAHOBKHA
JJIA JOCJIIIXKEHHS IMPOLIECY CEMAPAII KAPTOILII

Jauenxo O.0., Cmpineyw /. 1O., cmyoenmu
Hayxosuii kepisnuk — Pubanxko B.M., k.m.H., doy.

Hayionanvnuti ynisepcumem biopecypcis i npupoookopucmysanns Ykpainu

TexHonoriyHui mnpouec 30UpaHHS KapTOIUIl HE3aJIeKHO BII  THUILY
MEXaHIYHUX 3ac001B, SKi 3a0€3MeuyI0Th L€ MPOIeC, CKIATAETHCS 13 HACTYIMHHUX
orepailii: BUKOIyBaHHA, BIIOKpeMIIeHHs (cemapailis) OyJIbOOIUIONIB Bijl IPYHTY,
BIJIOKpEMJICHHSI BiJi OOTBH, BIJOKPEMJICHHS BIJ JOMIIIKIB, 3aBaHTAKCHHS
OynpOorioniB. Jlyist 30uUpanbHOi TEXHIKW, sKa 3a0e3lnedye BUKOHAHHS IHUX
oreparliii, iCHye psiJi arpOTEXHIYHUX BUMOT, Cepell IKUX € Taki, 0 OOMEXYIOTh
KUIBKICTh MOIIKOJKEHUX — A0 3% Ta periaMeHTyIOTh YACTOTY KapTOIUIl y Tapi —
80% [1].

VY 1ockoHalIeHHsSI KOHCTPYKIlT poOOYUX OpraHiB, siki 3a0€3MeUyI0Th MPOIIeC
30MpaHHs 13 BUCOKMMHU TEXHOJIOTIYHMMH TOKa3HUKAMU € aKTyaJlbHUM JI0 HUHI.
Buxnamauamu HYBill Ykpainu Oyna 3anponoHoBaHa KOHCTPYKITiS IPUCTPOTO IS
cemnapailii KapToIuil, y sSIkoMy poJjib Cenaparopa BUKOHYIOTh HWJIIHIPUYHI NPYKHUHH
[2]. Ans mociigKeHHs Tpoliecy cernaparlii 3amporoHOBaHUM POOOYMM OPTaHOM
Oyna po3poOsieHa TexHIYHA JOKyMeHTallisl (€CKi3HMM MPOEKT) JIabopaTopHOl
ycraHoBku OKbB-5.

VYcraHoBKa CKIAAAa€eThesl 13 HUOKHBOI pamu 1, cepenHboi 2, BEpXHBOI 3,
pUBOIY pobounx opraHiB 4, MexaHI3My 5 MiaHOMY cepenHboi pamu. Ha BepxHiii
pami, y KopItycax MiANIUITHUKIB BCTAHOBJICHO DS TOPU3OHTAIHHUX BaTiB 6, Ha
SKUX PyXOMO BCTAHOBJICHO ITWUTIHAPWUYHI TIPYXKUHU — cenapatopu /7. Cemaparopu
OrOpOKEHO CTIHKaMH, OJIHA 13 AKuX pyxoMma. [lin cemapaTopamu, Ha HHXKHIN pami
BCTAHOBJIEHO JIOTOK &8 s 30upanHs T1pyHTY. IlpucTtpiii Mae, Takox
3aBaHTaXyBaJIbHUM 9 Ta po3BaHTaxxyBaibHUM 10 notku. [TpuBig pobounx opranis
CKIIAJAEThCs 13 enekTpoaBuryHa 11, Bapiatopa 12 Ta psxy JaHIIOTOBUX TEpenad.
MexaHi3M TigiioMy cepeaHhOl paMu — MeXaHi3M TBUHT-TaiKa, 13 pyYHUM
MIPUBOJIOM.
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Jlns  oOrpyHTYBaHHS TEXHOJOTIYHHMX Ta KOHCTPYKTHBHHX THapaMeTpiB
Ja00paTOPHOI yYCTAaHOBKM OyJIM TPUNUHATI BUXIAHI JaHI, IO TPYHTYIOTHCS Ha
peKoMeHaIlIIX BiAnoBITHUX mkepen [1], [3].

PexomeHioBaHa yactoTa oOepTaHHs BaJia, n, 00/xB - 100...200
PexoMenoBaHa mpoayKTUBHICTb, Q, kr/c - 150
30BHINIHIN IaMeTp TTHEKa, D, M— 0,123
BHyTpimHii giaMeTp mHeka, den, wm-0,103
Cepenniit miameTp 1THEKa, D, M—0,113
Kpok rBUHTOBO1 TTOBEPXHI IITHEKA, S, M — 0,046
KyT migifoMy rBUHTOBO1 OBEPXHI IIIHEKA, O, 0_1723
Po3mipu macTa rpyHTY 13 KapTOILIEIO:

- 'mnbuna, h, M—0,22

- lIupuna, B, M—0,41

- JloBKxuHa, L, M—1,0
['yctuna 1pyHTY, Prps kr/mM° — 1200
O06’eM 1pyHTY, V, M — 0,091
O06’eM KapTOILIl Y BOPOXY, Vi, % -1...2
['ycTuna kaprormi, Pk Kr/M° — 650
Po3mipu kaprormumi:

- Topmwmnaa, min, (max) a, MM - 25 (84)
- lTupuna, min (max) b, MM — 35 (84)
- JoBxkuHa, min (max) c, MM —40 (120)
Bara kyma kapTormi, m, kr — 0,577
KoeditieHT Teptst koB3aHHS

(rpyHT 1O cTami) fo, -0,5...0,7
Kyt npupoanoro ykocy, 0o, - 50°

KoeditienTt 3anoBHEHHS
BUTKIB IITHEKA, U -0,6...0,8

VY pe3yabTaTi TEXHOJIOTIYHOIO Ta KIHEMATUYHOTO PO3PAXYHKIB OYJ0
BCTAHOBJICHO PsiJl OCHOBHHUX NapaMeTpiB J1a0OpaTOPHOI YCTAHOBKH:

[IBUAKICTH IEPEMIIIICHHS BAHTAKY, Val, M/c -0,076...0,153
[TpoIyKTUBHICTB, Q, kr/c (t/ron) - 0,39 (1,4)
[ToTpiOHa MOTYKHICTh HAa BEIy4OMY

BaJly cemnaparopa, P, kBt - 1,17

3arajgpHHM K.K.J. TPUBOJY, n, -0,7
Enexrponsuryn, 4A90L6CY 1:

HowminanbHa MOTYXHICTB, P,ow, KBT - 1,5

KyToBa mBuaKicTh, Oroms ¢’ -99

K.K.1I., Mass - 0,75
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KyToBa mBuaKIiCTh BaJliB cemaparopa,

- MinimanbHa, Omin, ¢ - 10,46
- MakcumannHa, O maxs ¢! - 20,93
[lepenaToyHe 4MCIIO MIPUBOY:

- MiniManbHe, Uwin -4,73
- MakcumannHe, U ax - 9,46
[Tepenatoune uncio BapiaTopa, Usap —1-2-3
[IepenaTouHe 4MCIO JIAHIFOTOBOT

nepeadi, U ann - 2,36
Kyt Haxuiy oceit cenapaTopis, o’ -0...25

BucHoBku. 3amponoHOBaHa ~KOHCTPYKIS — Jab0OpaTOpHOI  YCTaHOBKH
JIO3BOJISIE 'y TOBHOMY 0O0CSI31 JOCHIJDKYBaTH TMIpOLIEC cemapauii KapToIui,
HaOJIMKAOUU HOTO /10 peaIbHUX YMOB. 3a JOMOMOIOIO I[i€i YCTAaHOBKH MOXHA
BCTAHOBUTU BIUIMB Ha CeHapaiil0 Takux (HaKTOpiB: MIBUIAKICTh MEPEMIIICHHS
Marepialy; JOBXKHWHA poO0UO0i MOBEPXHI; YACTOTa KOJMBaHb PoO0OYOI MOBEPXHI; KYT
HaxXury poOouO0i MOBEPXHI.

Cnucox BUKOPUCTAHMX JAKepeJI:

1. [TerpoB I'.A. Kaprodeneybopounsie mMamunbl. - M. «MammHocTpoeHuey,
1984. -317 c.
2. bynrakos B., T'osmoBau 1., Pyxuno 3., Pubanko, B. Po3poOka HOBOIi

KOHCTPYKIlii ~ 7a0opaTOpHOI  YCTAaHOBKM I EKCIEPUMEHTAIBHOTO
JOCTIKEHHSI OYHMCHHKIB KapTOIUTHOTO BOpoXy. HaykoBuii KypHaI
«Imxenepis npupogokopuctyBants. 2020, 3(13), C. 56-61.

3. EnexrponHuii pecypc.
http://socrates.vsau.org/repository/getfile.php/25583.pdf (moctyn
10.03.2021)

YK 621.74.046

BIIJIMB JIET'YIOUUX EJIEMEHTIB HA BJIACTUBOCTI BIJINX
YABYHIB

Oxcimuyx B.M., cmyoenm
Haykosuu kepienux — [loxunenxo I'M., cm. guki.

Hayionanvruii ynieepcumem biopecypcis i npupoookopucmyeanus Ykpainu

JIisi BUTOTOBJIEHHSI JE€Tajeil, IO MpaIfoloTh B YMOBax I1HTEHCHBHOIO
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http://socrates.vsau.org/repository/getfile.php/25583.pdf

abpa3sMBHOTO 1  ymapHO-aOpa3WBHOTO  3HOIIYBAaHHS, HAWOLIBII  IIUPOKO
BUKOPHUCTOBYIOTHCSI KOMILJIEKCHOJIETOBaH1 Oull 4aByHHU. Jleryroodi ejleMeHTH B
3HAYHIN Mipl BU3HAYAIOTh TUIT KapOi/IiB 1 METaJIeBOi OCHOBH O1JIMX YaBYHIB.

OnHuM 3 OCHOBHUX JICTYIOUMX €JIEMEHTIB OLIUX YaBYHIB € XpoM.
BnactuBocti crumaBiB  cuctemu Fe-Cr-C  BU3HAYaKOTBCS JBOMA BaKIMBHUMU
OCOOJIMBOCTSMHU XpPOMY — OOMEKEHHSIM Y-00J1acTi 1 YTBOpEHHSAM KapOiaiB. Bmict
XpoMmy B Oinux yaByHax Ouibie 10% mpu3BOIUTH IO YTBOPEHHS B iX CTPYKTYpl
nepBuHHOTO KapOiny TpuroHansHoro tuny (Cr, Fe);C;. Ilpu xkpucramszanii
ayCTEHITHOI XPOMOKApO1aHOI eBTEeKTUKU KapOiaum Tumy Me;C; Ha BIOAMIHY BIJ
aeneOyputy 3 kapbOigamu tuny Me;C He yTBOpIOIOTH OesnepepBHy ¢azy, a
PO3MIIIYIOTBCS B BUIUISAI 130JIbOBAaHUX TPUTOHAIBHUX KapOiiB B ayCTEHITHIN
ocHoBl. Kap6igu Me,C; Ounbin TBepai 1 aucnepcHi Hix Me;C, mo 3abe3nedye
YyaByHaM 3 KapOigamMu MepuIoro TUITY OLIbII BUCOKY 3HOCOCTIMKICTH 1 MILHICThH B
MOPIBHSHHI 3 MEPIITHUMHU 1 JeAeOypUTHUMHU YaByHaMu. MIKpOTBEpAICTh KapOiiiB
Me;C; cranoButs 12000-15000 Mlla, mo 3Ha4HO TEPEBUIIYE MIKPOTBEPIICTH
nementuty (8000-11000 MIla). MakcumalibHy 3HOCOCTIHKICTH MalOTh OLIl
YaBYHHU, 10 MICTATH 12-24% Xpomy.

PiBeHp MeXaHIYHUX BJIACTUBOCTEH 1 3HOCOCTIMKOCTI YaBYHY BHU3HAYAETHCS
BMICTOM B HBOMY XpOMY 1 BYIJICHIO, ONTHMAJIbHE CIIIBBIJHOIICHHS SIKHUX
JOCSITAETHCS B IOSBTCKTUYHMX 1 €BTCKTUYHUX YaBYHaX. Y 3a€BTEKTHYHUX YaBYHAX
IpU KpUCTaji3alii yTBOPIOIOTHCS BEJIMKI TOJIKOMOAIOHI KapOimu Me,sCgq, siKi
3HUKYIOTh 3HOCOCTIMKICTh 1 0COOJIMBO MIIHICTh BUJIMBKIB.

Tomy XiMiYHHMI CKJaa 4aByHY HEOOXIJHO MiAOWpaTH, TAKUM YHHOM, 1100
BiH He OyB 3aeBTCKTHYHUM. BCTaHOBIIGHO, IO MaKCUMyMH MIIHOCTI 1
3HOCOCTIWKOCTI B XpOMOBHUX YaByHaX HE 301rar0ThCs, M0 MOSICHIOETHCS 3MIHHUM
XIMIYHUM CKJIQJIOM ayCTEHITHOI 1 XpOMOKapOIJHOI €BTEKTHKHU 1 PI3HUM BMICTOM
KapO1/1iB B 3AJIEKHOCTI B1J] CKJIaJly YaBYHY.

Byrneup mniaBullly€e TBEPAICTb YaBYHY, aj€ 3HUXKYE HOTO BIACTHUBOCTI
MILIHOCTI, OCOOJIMBO B JIMTOMY cTaHi. Pazom 3 TMM MakcCMMyM 3HOCOCTIMKOCTI
BIJIMOBI/Ia€ HAMOLIBII MIIJIbHA €BTEKTUYHA CTPYKTYpa 3 MAKCUMAIBHOIO KIJTBKICTIO
KapOiIiB.

Takum uymHOM, dakTopamu, SKi OOMEXKYIOTh BMICT XpPOMY 1 BYTJICIIO, €
YTBOPEHHSI 3a€BTEKTUYHMX KapOiliB 1 mepexia 0 eBTeKTHKH A+Mey;Ce. Ilpu
yTpuMaHHi B 4aByHax 12-20% Xpomy CIUIaBM CTalOTh 3a€BTEKTUUYHUMH TMpU
KOHIIEHTpaIlii ByrJielto noxan 3,5%, a npu 25-30% xpomy — Oubiie 2,6%.

Posmip 1 ¢opma kapOimiB TakoX ICTOTHO BIUIMBAE HAa 3HOCOCTIMKICTH
4yaByHIB. 30UIbIIEHHS PO3MIpiB  KapOiiB  MPU3BOAUTH 1O  3HUKCHHS
3HococTiiikocTi. [lpm opHakoBiif KUTBKOCTI KapOimiB YaByH 3 KapOigamu
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IUTACTUHYACTOI 1 CKeJeTononioHoi (opMU Ma€ BEIHMKY 3HOCOCTIHKICTh, HIK 3
KYJISICTUMH KapOi11aMH.

OnHak TPUCYTHICTh HAaBITh 3HAYHOI KIJIBKOCTI TBEPAUX KapOiaiB He
rapaHTye BUCOKHI OIip MaTepially 3HOIIYBAaHHS, SIKIIO METajieBa OCHOBA, B SIKIi
3aKpiruIeHi KapOin, Ma€ HU3bKY MIIHICTb.

Bunineni 3 TBepAoro po3uMHy KapOiid MOBUMHHI 30epiraTi KOHTAakT 3
MaTpULICI0 1 HE BUKPUIIYIOTbCA mpu TepTi. ONTHUMaTbHUN THUI CTPYKTypHU
METaJIeBOi OCHOBHM 3aJICKUTh Bl BEIWYMH MHUTOMOTO THCKY 1 yIapHHX
HaBaHTaXeHb. [IpM HU3BKMX NUTOMHUX THUCKaX, KOJIM XapakTep 3HOCY
HAOMIKAEThCA JI0 €po3li, MaKCHUMaJbHy 3HOCOCTIMKICTh Ma€ MapTEHCUTHA
MeTaljieBa OCHOBA, TBEPJICTh SKOi HaOMMKaeThCsl 0 TBepaocTi kapoOiaiB (10000 -
11500 MITa). [Ipu BUCOKMX MUTOMUX THUCKaxX 1 YAAPHUX HABAHTAKECHHSX JOILIbHA
ayCTEHITHA METajieBa OCHOBA.

TakuMm 4MHOM, MeTajleBa OCHOBa OIMX YaBYHIB IMOBHHHA OYTH JTIOCUTh
MILIHOIO, 1100 HE pYWHYyBaTHUCA MpPH JOJATKy HABAHTAXKEHb B MpoOLECl TepTH, 1
JIOCHUTH B'SI3KO10, 11100 KapOii1 HE BUKPUIITYBAJIKCH.

YK 621.432.3
NIABUIIEHHS HAJIMHOCTI KOJITHYATHUX BAJIIB IBUT'YHIB SIM3

Mipownuuenxo A.C., mazicmp
Hayxosuii kepienux — Cusonanos B.A., cm. 6uki.

Hayionanvruii ynisepcumem biopecypcis i npupoookopucmysanus Yxpairu

AHani3 TeXHIYHOTO CTaHy KOpOoOOK nepenad TpakTopiB XT3, Kl HAIXOIATh
Ha KamniTaJbHUN PEMOHT, MOKAa3y€, L0 OJIHIEI0 3 TOJOBHUX NPHUYMH BIIMOBHU Y
po0OOTI TIAPOCHCTEMH KOpPOOKHM IIepead € 3HOC KaHaBOK I10 IIUPHHI ITiJT
VIIUTBHIOBAJIBHI KUJIBIISI BTOPUHHOTO Bay.

[cHye TeXHONOTIYHUI MPOIEC BITHOBJICHHS KaHABOK Bally, SIKUU BKIIIOUAE B
ceOe BUTOTOBJICHHS JJOJIATKOBOI BTYJIKM 3 HACTYIHOIO 1i YCTAHOBKOIO Ha XBOCTOBY
YaCTUHY Bally 3 HAaCTyIHUM HAapi3yBaHHSM KaHABOK I KUIbLS YIIIJIbHIOBAYiB.
[Ipy 1pOMY MOBTOPHO BIJIHOBUTH Ball HEMOXJIHMBO, TaK SK 3aCTOCOBYETHCS
MPUBAPIOBAHHS BTYJKH 110 3ariylIKaM KaHaJIIB HA TOPLEBIM MOBEpXHI Baiy.

Kpim toro, icHye cioci® BITHOBIIEHHS, SIKUI TIOJIATAE B BiIpi3aHHI 3HOIICHOT
XBOCTOBOI YaCTHHM Bally, BUTOTOBJICHHI HOBOI 3 MOJAJBIIOI I YCTaHOBKOIO.
Takox 1 mpu 1IbOMY CTIOCO01 BTpAva€ThCs PEMOHTONIPUAATHICTh BaITY.
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Po3po6eno HOBHIA TPOTPECUBHUN CMOCIO BITHOBJICHHS 3HOIICHUX KAHABOK
BTOPUHHOTO BaJly, sSIKWI 1M030aBJIEHUI BUIIIEBKA3aHUX HEAOJIKIB.

CyTph 1bOro Ccroco0y MoJsira€ B HACTYMHOMY: IMPOTOYYIOTHCS MEPEMUYKHU
MDK JBOMa CYCiJTHIMM KaHaBKaMH Ha ITMOMHY KaHABOK; 3HIMaeMo ¢acku (puc. 1)
mig kytoMm 30°. [luMm ycyBaeThCss MOXIHBICTH MOSIBH PAKOBHH B HAIUIABICHOMY
mapi 1 301IBIIYETHCA MIIHICTh 3UYCTJICHHS HAIUIABJICHOTO Iapy 3 MaTepiaioMm
Baja; MPOBOAMMO HAIUIaBKy KaHaBOK B cepenoBuini CO, apotom 1,2 Hn-30XI'CA
10 TBUHTOBIH JIiHiI.

Pexxum HamnaBiieHHs npoTodeHux kaHaBok: /=180...190 A; 17=20...22 B,
gacToTa oOepTaHHsa n=4,5 XB; KpOK HaIiaBku S=2,5 MM/00; MIBUIKICTH MOJayi
enexktpoaHoro apory [,=137 wm/rox; Bumit enektpona 10..12 mm; 3MileHHS
€JIEKTPOY 3 3€HITY — 6 MM; NOJISIPHICTh — 3BOPOTHA MPU MOCTIHHOMY CTPYMI.

JIist 3an00iraHHsi BUTMHY Bally MPU HAILIABJIEHHI 3aCTOCOBYETHCS MPY>KHUMA
LEHTpP, MPOTOUYIOThCA MOBEPXHS 3 AiameTpa 54 mm 10 49,7 MM Ha gosxuni 107
MM, a TaKOX KaHaBKU J1aMEeTpOM 45'0'17_0,42 MM, MUPUHOKO 2,45 +0.06 MM;
rOuHOI0 2,55 MM; NpOTOYYIOThbCS KaHaBKHM ImupuHoo 8 + (0,2 Ha mgiamerp
44,5 0,039 MM; TIPOTOUYYETHCS MMOBEPXHS XBOCTOBOI YaCTHHHU Baily 3 aiaMmerpy 49,7
MM 110 aiamerpa 49, 4.3 MM; CBEpUIMMO OTBOPH (BIIKPUBAEMO) JIaMETPOM 8 MM
(4 1mIT.) 32 IONMOMOTOK0 KOHAYKTOpA; BUWMAIOThCS a30€CTOBI MPOOKU 3 OTBOPIB;
MPOJYBAEMO BCl KaHAJIM CTUCHEHHM IMOBITPSIM 3 HACTYIHUM IX IPOMHUBAHHSIM
JU3eJIbHUM NauBoM; 3anuinaemo npumnyck 0,045...0,05 MM 1o mMpuHI KaHABOK
MiJl YIIUIbHIOBAJIbHI KUJIbLSI HAa 3MIIHEHHS OIYHMX TOBEPXOHb 3a JIONIOMOIOKO
oOKaTHHKA.

[loyaTtok HamaBku

Kineus Hannasky

Puc. 1. Cxema miITOTOBKY Ta HAILJIaBJICHHS KaHABOK BTOPHHHOTO BaJTy
150.37.037-2 xopoOku mepeaaq
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OcHoBHUMU JieTansiMu oOKaTHUKA (puUC. 2) €: nepkaBka 1, moka 2, Bich 3,
ponuk 4, KuIblle TyYMOBE 5 1 Kuiblle KommeHcamiitne 6. IlpuctocyBaHHs
BCTAHOBITIOETHCA 1 3aKPITUTIOETHCA JIep>KaBKU 1 B pi3lieTpuMayi, a BaJl BTOPUHHUHN B
IeHTpax Bepcrata. Ha neprkaBii 3 JOMOMOTOr OcCi 3 IMIapHIPHO KPIMIATHCS JBI
moku. lIle 3'enHanHa go03Bodsie poOOYMM  POJMKAM  KOMIIOBATH  PO3MIp
00poOIIOBAaHOTO JiaMeTpy Bajia 1Mo HOro OCi Yy BePTUKAIBHIN TUTONTUHI B MEXKax +
5°. Ha koXHI! OCl MocajKeHl BUIBHO MO M'SITh POJIMKIB, POOOYl MOSICKU SIKUX
3IIACHIOIOTh JOTUYHMN (TaHTEHI[IAbHUAN) PyX BIAHOCHO JiaMEeTpajbHOI MOBEPXHI
Bajia BTOPUHHOIO 32 PaXyHOK MOIMEPEYHOI Moadl CynmnopTa BepcraTa.

Ponukyn Ha ocAX CHUASTH BUIBHO, @ MDK HUMHM BCTaHOBIIOIOTHCS T'YMOBI
KutbLis. JIJi TOYHOTO MOMaJaHHs poOOUYUX MOSCKIB POJIMKIB IO KaHABKAX, POJIUKH
MOXYTh TEPEMEIYBATUCS B MO3J0BKHBOMY HaINpsAMKY oced (ochoBUM JHOPT),
JI0JIAt0YH MPHU [IbOMY MPY’KHICTh TYMOBHUX KUIEIb 5.

Kpim mporo, ams mi€i MeTH, Ha BXiJIHIM YaCTHHI pOOOYUX MOSICKIB POJIMKIB
BUKOHYIOTbCSI (packu mmiJl KyToMm 15 °. IlepBicHe moegHaHHS POJMKIB 3 KaHABKaMH
JOCSITAETbCST 1 32 pPaxyHOK KOMIIGHCAllIMHUX Kiuenp 6. PoGoui ponuku
BUTOTOBJISIIOTHCA 31 ctalil X12M ado XBI, IIIX15, X12®, a naiikparlie 3 TBEpaux
criaBiB BK-8, BK-15.

Ilepen poOOTOO MIX PpOJUKAMU OCEH, 3aKkpilUIEHUX B JIEPKaBIIL,
BUCTABIIIETHCS PO3MIp, PIBHHI J1aMETPy Bajla BTOPUHHOTO MO 3alaJuHax KaHABOK
(49,4 Mmm). Lle nocsraeTscsi 3a JOMOMOIOIO PETYJIIOBAIBHUX OOJITIB 9, BBEPHYTHX B
JIEPIKABKH.

OCHOBHMMHM TMapamMeTpaMu peXUMY 3MIIHEHHS €: BEJIMYMHA HaTATY
poOOYOro mMOsSCKa POJMKIB MO0 IIUPUHM KaHABKW, YHUCJIO OOEpTIB Baja
BTOPUHHOTO, BEJIMUMHA MOMIEPEYHOI 1mojadi. J{Jis mominieHHs npoiecy 3MIiIHEHHS
1 3MEHIIEHHS 3HOCY IHCTPYMEHTIB 3aCTOCOBYETHCS B SIKOCTI MacTHJIa
iHaycTpianbHe Macio 20 3 BMicToM 95% 1 5% rpadiToBOro mopouiky.

JocmipkeHHst micas 3MILHEHHS MOKa3ajid, [0 IIOPCTKICTh IOBEPXOHb
KaHaBOK Bajla MiABUIIMIAcA Ha 2...3 KJach, MIKpOTBepAicTh - Ha 55...60% mo
BIIHOIIICHHIO JI0 BUXIJIHUX JaHUX, a 3HOCOCTIMKICTh OOKOBHX IOBEPXOHH KAHABOK
30uIbImMIacs B 2,5 ... 3 pasm.

OOKaTHUK J03BOJISIE POOUTH 3MIIHEHHSI O1YHUX TTOBEPXOHBb OJHOYACHO BCIX
necsaTH kKaHaBok. Lleit cmoci6 3a0e3mneuye peMOHTONPHUAATHICTh Bally, 3MEHIIYE
KUIBKICTh MEXaHIUYHUX OMNeEpalliii y MOpiBHSAHHI 3 BULIE PO3MVIIHYTUMHU CIIOCO0aMH,
M1JBUIIY€E €KCIUTyaTalliHI XapaKTEPUCTUKH 1 PECYpC BITHOBICHUX BaJliB.
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Puc. 2. OOkaTHUK 1151 3MIIIHEHHS KaHABOK BTOPUHHOTO BaJly KOPOOKH mepead

Cnucokx BUKOPHUCTAHUX JIZKEPEJI:

1. Bososuk E.JI. CripaBouHuk mo BoccTaHoBieHuro aeraner. M.: "Komoc",
1981.—-351 c.
2. Texnudeckoe oOcmykuBaHue # peMOoHT TpakTopoB T-150, T-150K

paznmuuHbix Momudukanuii ¢ auraremsmu CMJL, AM3, «oitte». Tlon
penakiuenn AWM. Cupamenko u  A.A. Haymenko. XapbKoB,
VYkparpozanuacts, 2002. — 380 c.

YK 621.432.3

MIJIBUIIIEHHS HAJIMHOCTI KOJITHYATHUX BAJIB JIBUT'YHIB SIM3

FOpuenxo H.C., macicmp
Hayxosuti kepisnux — Cusonanog B.A., cm. suka.

Hayionanvruii ynisepcumem biopecypcis i npupoookopucmyseauns Ykpainu

Koninyatuit Ban € 0a30BOI0 3HOIIYBAaHOIO JACTALIIO, SKa BHU3HAYA€E B
KIHIIEBOMY MIJICYMKY pecypc 1 BUTpAaTH HAa peMOHT ABUTYHIB. [lopsn 3 muMm Ha
BUTOTOBJICHHS KOJIHYACTOTO Baja BHTPAYAE€THhCH BEIMKAa YacTHHA CTajJeBOIO
IPOKaTy, 0 iJie Ha BUPOOHUIITBO Jau3eis. ToMy TOCTiHKSHHS 1100 ITiIBUIIICHHS
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MIITHOCTI KOJIIHYACTUX BATIB 3alMalOTh IEHTPAJIbHE MICIE B Mporpami podiT 1o
301IbIIIEHHIO HamiHOCTI Au3emB SAM3. JIns miaBUILEHHS HAJIHHOCTI KOJIIHYATHX
BaJIIB OJIHOYACHO IIPOBOJMIKMCS KOHCTPYKTOPCBbKI PO3POOKH 1 JOCHIIKCHHS
MILIHOCTI;  YJOCKOHAJIIOBajacsi TEXHOJIOTiS JUIsl 3HIDKEHHS  KOHIEHTparii
Hanpy>XeHb 1 3aJUIIKOBHX HAMpyr 1 3aCTOCOBYBAJHCS 3MIIHIOIOYl METOIH;
HOJITITYBaIUCs (JOPMOYTBOPEHHSI 3arOTOBKH, TEPMIUHA 00poOKa 1 SKICTh METay.
Bce 11e moeanyBanocs 3 miABULICHHIM TEXHIYHOTO PiBHS €KCIUTyaTallii 1 pEMOHTY.

Haramaemo, 1o kouminuari Baau gumsemB  SIM3-236 1 SM3-238
BUTOTOBJISIIOTBCA 3 MapranieBuctoi crami tuny S0I, a nmuzenis AAM3-240 - 3
XpoMoBaHaieBoi ctaimi. KopiHHI 1 MIaTyHHI IIWHAKH, a TaKOX IIMTUHKH ITiJ]
VIIUIbHIOBAJIbHI ~ MaHXETH  MIiAJAI0ThCS  MOBEPXHEBOMY  3arapTyBaHHIO 3
HarpiBaHHsM CBY.

KoHcTpykuiga komiH4acTux BamiB Ju3eniB AM3 mae psa ocoOnMBOCTEM:
3HA4YHI J[IaMETPU KOPIHHUX 1 MIATYHHUX IIWKAOK, BEJIMKE MEPEKPUTTS LHUX MIUHOK,
BIJIHOCHO BEJIUKHUH pajiyc raireniB. KpiMm Toro, mporuBaru BUTOTOBJIEHI OKPEMO
BiJl BaJjia, 110 JO3BOJIAE MOMINIIUTA (OPMYBaHHS B IITAMITyBaHHI. Y MIATYHHUX
MIMIKax € OTBOPHU-OPYN030IpHUKH, SIKI 3MEHIIYIOTh Macy Baja 1 B JESKiM Mipi
3a0e3MeuyoTh BIJIEHTPOBE OUMILNEHHS Macia, [0 HAIXOIUTh 10 MIATyHHHUX
MIIITUAITHAKIB, a TAKOX 3HIKYIOTh Macy IpOTHUBAr.

JIns Takux Jeranieid, SK KOJIHYAaCTUM Baj, SIKI MIAAAIOThCS CKJIAJHOMY
HAaaBaHTAXXEHHIO, B YMOBaX MAacOBOTO BHUPOOHUIITBA MO (HaKTOpIB, IO
BU3HAYAIOTh iX [Mpale3aTHICTb, HAa KOHCTPYKTOPCBHKI, METAJIypridHi 1
TEXHOJIOT1YHI € IOCUTh YMOBHHUM. Lle cTocyeThes B mepiry yepry 10 YHHHHKIB, 110
BU3HAYAIOTh KOHIIEHTPAIIII0 HANpPYyXEHb, 1 0 PO3POOKH METOAIB 3MIIIHEHHS
HaWOUIbIII HABAHTAXKEHUX EJIEMEHTIB.

YcyHeHHST XOJOMHOT MpaBKWM KOJIHYACTHX BajiiB. HasBHICTP 3HAYHUX
3QJIUIITKOBUX HAMPYXEHh B KOJIHYACTOMY BaJly HETATHBHO TO3HAYA€THCS Ha
HAJIHHOCTI K BJIaCHE Baja, TaK 1 CIOJIYYEHMX 3 HUM JETajeil 1 mepil 3a Bce
MIJIUAMHAKIB (BKIQAUIIIB) 1 OJOKY HUJIHIPIB. XO0JI0/HA TIpaBKa Baja B IpoIiieci
MeXaHI4YHOi O0OpOOKHM CHpHs€ BUHUKHEHHIO BEJIHMKWX 3QJIUIIKOBUX HANpPYXKEHb.
JlocmikeHHSIMHM Ha BTOMHHMX MallWHAX KOJIHYACTHX BalliB, IO IIIIJaBaIUCS
XOJIOTHOI MPABKU BIAMOBIIHO JIO BUX1HOTO TE€XHOJIOTIYHOTO MPOIIECY, 1 BaJIiB, 110
HE IIiJIIaBaJIMCSl BHIIPABJICHHIO, BCTAHOBJICHA 3HA4YyHA PI3HUIT B I1X MIIIHOCTI.
BTomHa MiIHICTh KOJIIHYACTUX BajiB (puc. 1), 110 miggaBaaucs X0JI0AHOT MPaBKH,
3HIKYeThCS Ha 30% 1 Ounpiie. Ilpu mpboMy xapakTepHO 3HAYHE PO3CIIOBAHHS
PYWHIBHUX HaNpyKeHb.
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loosiuna avnnimyoda
HABAHMANCEHD, K2C M

Hucno fg’f!:’x‘fff(ﬁ HAGUHIMUNWCEHD

Puc. 1. Bromna MiniHICTh KOIIHYACTUX BamiB 31 ctajl SOI, mominmeHnx B HOKOBII],
asne 0e3 3MILHEHHA TralTellB POJMKAMU (JI1aMeTp KOPIHHUX 1 IIATYHHUX MIHUKHOK
B1AMOBITHO 105 1 85 MM): © - IpaBJIEHUX B XOJIOJAHOMY CTaH1 IPU BUTOTOBJICHHI,
® - BUTOTOBJICHUX 0€3 X0JIOJHOT IIPaBKH

Buacnigok nporo OyB poO3poOJeHHI psA MONOXKEHb, IO JO3BOJIAIH
CTBOPUTH TEXHOJOIYHUN TMPOLUEC BUTOTOBIEHHS KOJIHYACTUX BaJiB NpH
MacOBOMY BHUPOOHUIITBI 0€3 3aCTOCYBaHHs Olepailiii nmpaBku 1 0e3 30UIbIICHHS
CYMapHHUX NPUITYCKIB HA MEXaHIYHY 0OpOOKY.

JIo 1MX MOJNIOXKEHb BINHOCATHCA: BUOIp crnocoOy Oa3yBaHHS BajiB, WLIO
3a0e3nedye iX MIHIMaJgbHY TMOBOJKY; BHOIp cmoco0y oOpoOKH, IO OOYyMOBIIOE
MIHIMAQJIbHI Halpyrd B BaJlax; MNPU3HAYCHHS MDKOIEpAIliHHUX MPHUIYCKIB Ha
MOJAJIBIITY OTEpaIliio 3 ypaxXyBaHHAM HE TUIBKM BHUAY MOAAIBIIOT 00pOoOKH, ane i
MOBOJIKY BaJla Ha TIONMEpEeHINd omepailii; BBEACHHsS oOIlepallli BUIIPABJICHHS
TEXHOJIOTIYHUX 0a3; 3MiHa crmocoOy MEepeBIPKM KPUBU3HU OCl KOPIHHUX IIMHOK
Baja (3aMiCTh MEPEBIPKU BiJ LEHTPOBHX OTBOPIB BBEACHA MEpPEBIpKa IIOA0 OCI
KpalHIX KOPIHHUX IIMHOK); 3MiHA MOCIIJOBHOCTI TEXHOJIOTIYHUX OMNEpaliil Tax,
mo0 3abe3nedyBaniacs CIIBBICHICTh KOPIHHUX IMIMAOK TMpU OOpoOIi iX mics
oTiepartii, M 9ac SKUX CTBOPIOIOTHCS HANIPY)KEHHS B BaJIax.

byno BcraHoBneHO, 10 HaBENEHI BHUINE TMOJOKEHHS HEOOX1THO
JOTPUMYBATUCSA 1 MPU TEPMIiuHIA OOpOOIll IMITAMIIOBOK BajliB B BEPTHKAIHLHOMY
nosioxkeHHl. L o0poOka 103BoMIa 3MEHIIIUTH KPUBU3HY IITAMIIOBOK.

3MEeHIIIeHHS] KOHUEHTpaIlil Halpy>KeHb B KOJIHYAacTHX Banax. Hampykenuii
CTaH KOJIHYACTOIO BaJla U3eJil BU3HAYAETHCS HE TIIBKU PO3MIPAMHU 1 JIIFOUUMH Ha
HBOTO HABAaHTA)KECHHSMH, ajieé 1 KOHIIEHTpPAL€I0 HANpyXeHb B HOTr0 €JIeMEHTaXx.
3HauHe, a B Pl BUIAJIKIB BHU3HAYAIBHUI BIUTUB KOHIICHTPATOPIB Ha 3arajibHy
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HAJIMHICTh  KOJIHYACTUX  BaJiB  BHUKIMKAIO HEOOXINHICTh yCYHYTH Il
KOHIICHTpaTOpyu abo0 3HU3WTH CTYIIHb iX BIUIMBY Ha MIIHICTh B YTOMH
KOJIIHYaCTUX BaJIiB.

Ha puc. 2, a 1 6 moka3aHi BIAMOBIHO BHXiJHA KOHCTPYKI[iS KOJIHYACTOTO
Baja 1 3MiHEHAa 3 METOI0 3MEHIICHHS KOHIICHTpAIlli Hampy>KeHb B IIATyHHHX
muiikax 1 mokax. TpilMHM BUHUKAIN B TEXHOJIOT1UHINA po3Touni aiamerpom 40
MM (pHC. 2, a) B 30H1 30iry yCTYIly BcepeanHi Opyno30ipHUKa MATYHHOT IIHIKY 3
MOTIEPEYHUM  OTBOPOM  MACIISTHOTO  KaHAlly, TOCTPUX KPOMOK  OTBOPY
Opy10301pHUKIB Ha CKOCI IIOKH 1 TEXHOJIOTIYHHUX 0a3 Ha IOKax Baja. Y 3MIHCHIN
KOHCTPYKIIii Bayia (puc. 2, 0) 11e po3TOUyBaHHS aHYJIbOBaHE, BBEJICHO 3aKPYTJICHHS
IIpU BUXOJ1 Opy/10301pHUKIB Ha MIOKY, 3MIIICHUN TEXHOJIOTIYHUN YCTYI BCEpEarH1
Opyn030ipHUKa, 3MEHIIIEHUH JllameTp Opya030ipHUKiB 3 35 10 30 MM 1 JIIKB1IOBaHI1
TEXHOJIOTIYH1 0a3u Ha miokax. Ilicias BBemeHHS 3a3HA4YEHUX 3MIH BUHUKHEHHS
TPILIMH MPUTTAHUAIIOCS.

I pivyunu

Tpiwgun

Tpiwjunu

Puc. 2. BapianTu kpuBoIIIUIa KOJIHYACTOTO Bajia 1 MiCIli BAHUKHEHHS BTOMHHUX
TPILIUH

OgauM 3 BUJIB KOHIIGHTPATOPIB HANMPYKEHb B IMIATYHHUX [IUHKaX
KOJIIHYACTHX BB € MIKPOTPIIIMHU B 3arapToBaHoi 3 HarpiBanHsm CBY 30HI,
BIJIMOBITHOT po3'eMy mTammna (puc. 3).
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Puc. 3. Mikpotpimunu B 3araptoBaniii 3 HarpiBanHsM CBY 3011 maTyHHOI
ITUHKY, BIJMIOBIIHOI pO3'eMy IITaMIia

B sxocTi ojiHi€l 3 HAOUIBIT WMOBIPHUX MPUYUH BUHUKHEHHS MIKPOTPIIUH
CIiJ 3a3HAYUTH BHUXiJ B PO3'€eM INTaMIla JIKBaliHOI, MEHII MIIHOI 1 O1IbII
3aCMIYCHOI HEMETAJIYHUMHU BKIIOUCHHSIMH YaCTUHA METajy MpH IITaMITyBaHHI
Baja. [HIIOIO MPUYMHOIO TOSIBM IMX TPIMIMH MOXE CIYXXHUTH HEOJHOPIIHA
«IUIIMHCTA» TBEPAICTh MOBEPXHI MIATYHHUX IIMHOK BHACTIIOK «CTPYMEHEBOIO»
OXOJIOJKEHHSI (OCOOJMMBO MPHU 3aCMIYEHHI OKPEMHX COIeN 1HAYKTOpa) HIMHOK
nicast HarpiBanHs CBY, 110 npu3BOIUTh O BUHUKHEHHS MICHEBUX PO3TATYIOUUX
HaIpY>KEeHb 4Yepe3 PI3HY CTPYKTYPY OKPEMHUX MIKPOIAUIHHUIL. JlaHuW Hemomik
301bITyBaBcs npu 3arapTyBanHi mmiiok CBY Ha HeoOGepTanibHOMy Bay. Hapemiri,
TPIIMHU MOXYTbh 3'SBUTHCS] BHACIIIOK BIAIYCKY OKPEMUX JIUISHOK METaly 4Yepe3
neperpiB  ix mnpu unuriyBaHHI a00 CXOIUIIOBaHHI IIMHOK 3 BKJIaJUIIaMU
NIJIIUIHUKIB B YMOBax €KCIUTyaTalli NpU HEIOCTaTHbOMY MAIleHHI, II0
MPU3BOJUTH O BUHUKHEHHS MICIIEBUX PO3TATYIOUMX HAMPYKEHb BHACIIIOK 3MIHU
CTPYKTYPH OKPEMHUX JUISTHOK.

HasiBHICTH MIKpOTPIIIMH NPU3BOAUTH 10 3HAYHOTO 3HIDKCHHS BTOMHOI
MIIHOCTI KomHYacTuX BamiB. [Ipo me cBimyaTe mocmigHi gaHi. HasBHiCTh Ha
MIATYHHUX IIHAKaX Oe(EeKTIiB y BUIIIAAl CITKM MIKPOTPIIIUH 3MEHILIYE BTOMHY
MIIHICTh KOJIIHYACTOro Baya npu BUruHi B Mmexax 40% 1 pu kpydenni 20%. Ille
OuIbIl HEOE3MEYHHMH CTalOTh MIKPOTPIIIMHM Ha INATYHHIM WAL B 30HI,
BIJIMOBITHOT pO3'eMy INTamma: KOJIM BOHHM BHUXOJATh Ha TainTeial abo B 30HY
MacCJISTHUX KaHAIIB MATYHHUX MHHOK (puc. 4, a i 0).

OnHuM 3 BaXJIMBUX HAMPSMKIB CTAJIO BIOCKOHAJICHHS (DI3SUYHHX METOJIIB
BHUSBJICHHS TpimuH. [IUKIT JOCTI THO-METOIUYHUX POOIT I03BOJIMB BCTAHOBUTH, 1110
JUIsi €(EKTUBHOTO BHSBIEHHS TPILIMH MPU MEpPEeBIplLl KOJIHYACTUX BalliB Ha
MarHiTHOMy Je(eKTOCKOIl HEOOXIIHO HacTymHe: Tepea TMepeBIpKoI Ha
MarHiTHOMY J€(EKTOCKOIl KOJIIHYaTl BaJdd 3HEKHUPIOBATH; MIATPUMYBATH
KOHIIEHTpaIlit0o pepoMarHiTHOro nmopomky B Mexax 25...30 r Ha 1 71 cycneHsii;
CHJIa HAMarHiyyluoro cTpyMmy B amrmepax noBuHHa Oytu He meHmie 10 Dy, (ze -
D, niamerp HalOUIBIIO! IIMIKK Bajia B MM).
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HaiiedextuBHimmM 3aco00M O0pOTHOM 3 MIKPOTPIIIMHAMHU € TOJIMIICHHS
SIKOCT1 METaJIy 30BHIIIHIX IIapiB 3arOTOBKH, TOMY OYJIO IPOBEJCHO JOCIIIIKCHHS 3
BU3HAUCHHsS €()EKTUBHOCTI BHMKOPHUCTaHHSA OUIBIN SKICHOI cTaji padiHOBaHOI
CHHTCTUYHUMH IIUTAKaMH, 3aMicThb cTaHjgaptHoi crtaimi 50I. B pesynbrati
3aCTOCyBaHHA  padiHOBAHOI  CTaaM  KUIBKICTh  KOJIHYACTHX  BaliB 3
MUKPOTpPEIIMHAMH TI0 PO3'€MY IITaMIIIB 3MEHINUJIACSA B 2 pa3u, a YHCIO BATIB 3
TpilIMHAMU Ha KpalKax MaclsHuUX KaHamB - B 3,5 pasu. OpHak BigHOCHA
KUIBKICTh BajliB 3 HEMETAJICBUMH BKIIOUCHHSAMH B X IHIIUX €JIEMEHTaxX JEIIO0
3pocina (Ha 4...5%).

CnMcoK BUKOPUCTAHUX JIKepeJI:

1. BosioBuk E.JI. CripaBo4HUK 10 BOCCTaHOBJIEHHIO aetaneid. — M.: "Komoc",
1981. -351 c.
2. Cimamenko O.I. Pemonr wmammH Ta oOmagHanusa: Iligpyunuk /

Cimamenko O.I. Ta in.; 3a pen. npod. O.1. Cimamenka, O.A. Haymenka. —
K.: Arpoocsira, 2014. — 665 c.

YK 624.132.3
OLIHKA E®OEKTUBHOCTI 3EMJIEPUMHUX MAILIUH

Hocauenxo M.C., cmyoenm
Hayxosi kepisnuxu — [llanenxo B.O., k.m.n., ooy.; Kopuituyk b.B., x.m.H., ooy.

Kuiscoxuii nayionanvruti yrisepcumem 6y0isHUYmMeEaA i apximexkmypu

3emiepuiiHa TEXHIKAa IIUPOKO 3aCTOCOBYEThCA Yy Ppi3HUX cdepax
KUTTETISUIBHOCTI JIIOJMHU. 3eMJICpUIHI MalllMHU BUKOHYIOTh 3€MJISIHI pOOOTH TIO
NEPEMIIIEHHIO TPYHTY TpU BUIAOOYTKY KOPUCHUX KOMNAJIWH, OyJiBHULTBI
aBTOMOOUTRHUX 1 3alli3HUX JIOPIT, TIAPOTEXHIYHHUX CIOPYA, MPOKIaTaHH1
M136MHUX KOMYHIKAIiil TOIIO.

CrporomHi mobayuTte OyibAo3ep abo eKCKaBaTOp MOXKHA HE TUIBKH Ha
OyniBHUIITBI a00 MPOMHUCIOBOMY MaIaHYWKy. Y BHCOKOPO3BUHEHHMX KpaiHax
3eMJICpUITHI MAaIlIMHKM 3aiMaloTh MPOBIAHE MICIE Cepea CaMOXiAHOI 1 MPUYIMHOT
TEXHIKHU PI3HOTO MPU3HAYEHHS.

3emiisiHi  poOOTH HanexaTh [0 HaWOLIbII TPYJOMICTKUX MPOLECIB
OyniBaunTBa. OCHOBHE 3aBJaHHS TaKOi TEXHIKM — MIATOTYBAaTH OCHOBY [IJIst
OyaiBHUIITBA (YHIAMEHTY, TOPOTH a00 IHITUX CIIOPY/I, TPOKJIACTA KOMYHIKAIii.

3emsisiHi  poOOTH MOXKJIMBO TOAUIMTA HA TPU THUIK: MIATOTOBYl (3
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https://uk.wikipedia.org/wiki/%D0%97%D0%B5%D0%BC%D0%BB%D1%8F%D0%BD%D1%96_%D1%80%D0%BE%D0%B1%D0%BE%D1%82%D0%B8
https://uk.wikipedia.org/wiki/%D0%9A%D0%BE%D1%80%D0%B8%D1%81%D0%BD%D1%96_%D0%BA%D0%BE%D0%BF%D0%B0%D0%BB%D0%B8%D0%BD%D0%B8
https://uk.wikipedia.org/wiki/%D0%91%D1%83%D0%B4%D1%96%D0%B2%D0%BD%D0%B8%D1%86%D1%82%D0%B2%D0%BE
https://uk.wikipedia.org/wiki/%D0%90%D0%B2%D1%82%D0%BE%D0%BC%D0%BE%D0%B1%D1%96%D0%BB%D1%8C%D0%BD%D0%B0_%D0%B4%D0%BE%D1%80%D0%BE%D0%B3%D0%B0
https://uk.wikipedia.org/wiki/%D0%97%D0%B0%D0%BB%D1%96%D0%B7%D0%BD%D0%B0_%D0%B4%D0%BE%D1%80%D0%BE%D0%B3%D0%B0
https://uk.wikipedia.org/wiki/%D0%93%D1%96%D0%B4%D1%80%D0%BE%D1%82%D0%B5%D1%85%D0%BD%D1%96%D1%87%D0%BD%D1%96_%D1%81%D0%BF%D0%BE%D1%80%D1%83%D0%B4%D0%B8
https://uk.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D1%83%D0%BD%D1%96%D0%BA%D0%B0%D1%86%D1%96%D1%97
https://mcet.com.ua/novi-mini-ekskavatori-vid-nimetskoyi-kompaniyi-wacker-neuson/

OyAiBENIbHOrO MailaHyiKa 3a0upaloThCs BEPXHIM IIap TIPYHTY, 3HOCSATHCS
HEIMOTPIOHI CIOPYaAM); OCHOBHI (CTBOPEHHS HACHIMIB 1 KOTJOBaHIB, PUTTA SIM);
crieliayibHi (3a0WBaHHS MaJlb Y IPYHT a00 CKEJIbHI MOPOJH, MPOKJIagaHHS TPYO,
OypiHHS CBEpJIJIOBMH). B OCHOBI ITUX MallIWH JIe)KaTh HAYKOBO-TEXHIYHI MPUHITUIIN
CTBOPEHHS HHM3bKOCHEPrOEMHUX TEXHOJOTIH 1 MAllMHU M1 PyHHYBaHHS
OPUPOJIHUX Ta INTYYHUX CEpPEeNOBUI. 3aBAaHHSAM JaHOi pPOOOTH € OIlHKa
e(EKTUBHOCTI 3E€MJICPUMHOT TEXHIKM 3 BHKOPUCTAHHSIM B SIKOCTI KPHUTEPIIO
BEJIMYMHUA BHPOOHUYOrO TMOTEHI[iaNy, IO JO03BOJIUTH OLIbII OOIPYHTOBAHO
MIPOBOJUTH TEXHIKO-€KOHOMIYHE 3ICTaBJICHHS PI3HUX BHUIIB 3pa3KiB MalllMHU, a
TaKOXX BU3HAYATH LUISIXHU BJIOCKOHAJIEHHS POOOYUX OpraHiB 3eMIIEPUHHUX MAIlIKH.

Benvunna BHpPOOHMYOro TMOTEHIIAy MOXKE BUKOPHCTOBYBATHUCS TIPU
MPOTHO3YBaHHI PIYHOTO BHUPOOJICHHS, OI[IHKAaX EHEPro€EMHOCTI, METAJIOEMHOCTI,
TEPMIHY OKYITHOCTI, €KOHOMIYHOrO €(eKTy BIPOBAIKEHHS HOBOrO 3pa3ka abo
MOJIEpHI3allli 3€eMJICpUHHOI MAallWHU, a TaKOoX HIpU BUOOpPI YMOB 1 aHaI3i
pe3ynbTaTiB BUPOOHUYMX BUIIPOOYBaHb 3€MIIEPUMHUX MAIIHH.

YK 004.421:531.1

AHAJIITHYHA KIHEMATHUKA KPUBOLIUITHO-ITIOB3YHHOI'O
MEXAHI3MY

Kpyaniti M.M., cmyoenm
Hayxosuui kepienux — Yepnuw O.M., k.m.H. 0oy.

Hayionanvnuii ynisepcumem diopecypcie i npupo0okopucmysaunHs Ykpainu

Merta pocnipkenHs. Komm’ioTepHi TeXHOJIOTIT 1 MporpamHi 3acodu €
BAKJIMBUM €JIEMEHTOM 1HXEHEPHOI AiISUIbHOCTI CydacHOro (haxiBlg 1 MOB’A3aHI 3
MpollecaMi MOJICIIIOBAHHS, TMPOCKTYBAaHHS Ta BHUKOHAHHS BEJIHMKOI KiJIBKOCTI
aHATITHYHUX O04YHCIIeHb. [lepeBaror 3acTOCyBaHHS KOMIT FOTEPHUX METOJUK TIPH
pO3B’s3aHHI 3a/1a4 KIHEMAaTHUKH 1 TUHAMIKA MEXaHi3MIB € IIBUIKICTh 1 3pYUHICTh
pO3B’si3aHHS OUIBII CKIAQTHUX 3aBlaHb, HAOMKEHUX JO0 pealbHuX ymoB. [lpu
[IbOMY MaTe€MaTH4YHi TPYAHOIII, SKI TMOB’A3aHl 13 TPaIULIMHUMU METOJAaMu
aHAMTHYHUX PO3PaxyHKiB, MOXJIMBO 3HAYHO CIPOCTHTH, BHUKOPHUCTOBYIOUH
pPO3pO0JICHI CUCTEMHU KOMIT IOTEPHOI0 MAaTeMaTUYHOTO aHami3y. Y 3B’SI3Ky 3 UM
MO>KHA BIIMITUTH BUKOPUCTAHHS TaKWX MporpamMHux cucteM sik Mathcad, Matlab,
Maple, Mathematica, a Takox cucrteMm mporpamyBaHHs Bucokoro piBHsa (Turbo
Pascal, C++, VC++, Visual Basic 1 T.H.). Pasom 3 1mmM BHKOpHCTaHHS
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IpOorpaMHUX 3ac00iB BUMara€ HOBHX 3HaHb 1 MPAKTUYHHUX HABUKIB y cdepi ix
CTBOPEHHS 1 BUKOPUCTAHHs. TOMy NMUTaHHS pO3pOOKU 1 CTBOPEHHS MPHUKIAJHUX
METOJIIB PO3PAaXyHKY Y TOMY a00 1HIIOMY IMPOTPaMHOMY CEpPEIOBHUIII BiJIOBITHO
710 KOHKPETHUX MOCTABJIEHUX YMOB Ha ChOTOJIHIIIHIN I€Hb JOCUTh aKTyaJIbHI.

Pesynbratu nocnimxenb. PO3rissHyTO anroput™ aHaIITUYHOTO JOCIIKEHHS
KIHEMAaTUYHHUX MTapaMeTpiB KPUBOLIUITHO-TIOB3YHHOTO MEXaHI3My 3 3aCTOCYBaHHSIM
nporpamHoro nakery Mathcad. HaBenenuit anroputM BUKOPHCTOBYE BiIOMUIl B
Teopli MeXaHi3MIB 1 MAaIlMH METOJ] 3aMKHEHHMX BEKTOPHHUX KOHTYPIB, SIKHI
J03BOJIIE  3aCTOCYBaTH IE€pEBarv AaHaJITUYHUX OOpaxyHKIB 3a JONOMOTOIO
BOY10OBaHMX (PYHKIIII1 MaTEMaTUYHOTO PO3B’SI3KY BEKTOPHUX PiBHAHB. [Ipu nipomy
BEKTOPH PO3MVISIAIOTHCS K  (YHKINI Yacy, IO 3py4dyHO TIPU JOCHIIKEHHI
HIBUIKOCTEH 1 NPHUCKOPEHb MEXaHI3My SK BIANOBIAHO NEPIIMX 1 JAPYTUX iX
NOXITHUX. AHAJIITUYHUI PO3B’A30K BEKTOPHHUX PIBHSHb 3aMKHEHOTO KOHTYpY 1
pIBHSHb, IO OTpUMaHl iX AU(EpPEHIIIOBaHHAM, IO3BOJISIE OTPUMATU (PYHKIT
NepeMIIeHHs, MIBUAKOCTI 1 MPUCKOPEHHS MEXaHI3My y OyIb-IKOMY IOJOKEHHI
HOro BX1JHOT JIaHKHU.

BucHoBkH. 3a 10MOMOror0 MaTeMaTHUYHOTO amapary po3B’si3aHHS CHUCTEMHU
BEKTOPHUX PpIBHSAHb [POBEACHI aHANITHYHI JOCHIIKEHHS KIHEMaTUYHHUX
napaMeTpiB  KPUBOILIUITHO-TIOB3YHHOTO  MexaHi3my. HaBenenwit  anroputm
CIpOIIy€e 1 MPHUCKOPIOE MpOolLeC OOpaxyHKIB Ta /A€ MOXKJIIHMBICTH 3aCTOCYBaTH
OTpUMaH1 JaHHI JJis MOJAIBIIOT0 JUHAMIYHOTO aHaIi3y MEXaHI3MY aHAIITUHYHUM
nuiixoM. MeTtoq Moxke OyTH 3aCTOCOBaHO, 30KpeMa, MPU BUKOHAHHI KypCOBOTO
npoekty 3 TMM.

YK 631.358:62

JOCJUIIIZKEHHA NOIIKOKEHD TA BIZTHOBJIEHHA PAM
TPAKTOPIB XT3-17221

Ienexamuu C.QO., mazicmp
Hayxosuii kepienux — Cusonanos B.A., cm. euki.

Hayionanvnuii ynisepcumem diopecypcie i npupoodoxopucmyauHs Yxpainu

OcHoBHI nedexTu neranel pamu — crpamoBaHHs (Tabn. 1), TpimmHH
IBEJIEPIB, MOMEPEYHUX OPYCIB 1 KPOHIITEHHIB, OCIa0JICHHS 3aKJICTIOK.

HasiBHiCTH ~ TpIIIMH  BW3HAYAIOTHh  30BHINIHIM  OIVISJIOM, a  TaKOX
BUKOPUCTOBYIOUM MeETOJA MarHiTHOi jAedekrockomii. TpimuHu 3aBaprorOTh
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JyTOBUM €JIEKTpOo3BapioBaHHAM. [lepen mum TpiruHy po3poOIO0Th Ha TOBIIUHY
nonuii. Ha rpaHumsgx TpIMHU CBEPIJISATH OTBOpH aiameTrpoM 8...10 MM 1
3aBapIOIOTh 11 eNeKTpoaaMu AiameTpoM 5...6 mm 2-42 YOHUMU 13/45 a6o 3-50
YOHUMMU 13/55 3 ToBCTOIO 00MAa3KOI0, BEAY4YH IIOB BiJ] IPOCBEP/JICHOTO OTBOPY.
Hamnasnenuit Metan miBa MOBUHEH BUCTYIATH HAJl OCHOBHUM METAJIOM HE OLTbIIe
aK Ha 1...2 MM.
Tabmuns 1 — Pama tpaktopa XT3-17221: mepennst 151.30.011-4 (A) 1 3anus
151.30.012-4(b). Kapra nedexrarii.

KonTtpoaroBani . Crnocobu 1 3acobu
Po3mipu, mm
nedexTu KOHTPOJTIO
JlomycTuMi B
> . .
» 3'€IHAHHI 3
Q BucHoBok
54 3a kpec- AcTaJIIMU O3Ha-
=S¢ Ha3ga Hazga
a, JICHHSIM YeHHS
g Oynu B | HOBU-
S
= eKCIUT | MU
: Bignosto-
- | TpimmaMA, 310MHA HE JIOMYCKAOThCS Orusin
— BaTU
[Tocnabnenus Bignosmto-
- HE JIOMYCKA€ThCS Orunsan
3aKJICTIOK — BaTH
BMstuam, 3a001HM,
| [TomkomxeHHs BUKPUILYBaHH, 3pUB 0 Bignosmto-
.. . . IS
pi3i OunbIe 2-X BUTKIB HE - BaTH
JIOMTYCKaIOThCS
[Tocnabnenus Bignosmto-
2 HE JIONYCKA€EThCA Ormsan
MTOCAJIKU BTYJIOK — BaTH
HyTtpo- | HU 50-
3HOC NOBEPXOHb . 100 B
. 10, Mi TYJIKU
3 | orBopi BTym0K | 6004 | 60,80 | 61,00 |, P "
.. inaukaro | [OCT |OpakyBartu
i BiCh .
pHUi 868-72

[Ipy HaAsBHOCTI TPIIMH Ha MOJUIAX, SIKI HE BUXOIATh HA CTIHKY, KpIM
3aBapIOBaHHS TPIIIMHU, BCTAHOBIIOIOTH CTAJIbHY CMYTY TOBIIMHOIO 7-8 MM, Ky
MPUBAPIOIOTh TIIBKM MO3JOBXHIMU IIBaMH. SIKIIO TPILIMHA BUXOIUTH HA CTIHKY
miBesepa, TO, KPIM 3aBaprOBaHHS camoi TPIMIMHU, HA TIOMIKO/DKEHE MICIe 3
BHYTPIIIHHOTO OOKY HEOOXITHO BCTAHOBUTH KOPOOKY 1 TPHUBAPUTH i1 TUIBKU
MO3/IOBKHIMU MIBAMH; SKIO TPIIIMHA MPOXOJIUTH 32 CEPEIUHY CTIHKU IIBENepa,
HEOOXITHO 3aMIHUTH JIOHXXEpOH. Pamy peMOHTYIOTH NpH HAsSBHOCTI HE OUIbIIE
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JBOX TPIIIMH 10 CEepeAMHU JOHXKepoHa. B pas3i medopmariii JOHXKEPOHIB iX
BUIIPABIISIIOTH 33 JIOMIOMOTOI0 TBHUHTOBHX a00 TIAPaBIIYHUX PO3MIPOK, CTIHKOK
Tomo. Po3i0paHi elleMeHTH paMH BUIIPABIAIOTH Yy XojojgHoMy crtani mig 100-
ToHHUM mnpecom [1b-002. Jlnsg BumpsiMieHHS 3 HarpiBaHHSAM JI0 TeMIIepaTypu
500...600 °C BukopucToBytOTh 20- 1 HaBiTH 40-TOHHI MPECH.

HenonuHaHICTh MOBEPXOHB MIBEIEPIB Y MICISIX KPIMJICHHS KPOHIITEHHIB HE
noBuHHa mepesumyBatu 0,5 MM, B iHmmMX Micigx — 1,5 MM, a
HENEePIEeHANKYIAPHICTh HIXKHBOI 1 BEPXHBOI MOJHIL A0 BEPTUKAIBHOI CTIHKH
mBesiepa — 1 MM 10 BCi# JJOBXKUHI 1 B MICIIAX KpIIJIEHHS nonepedynux opycis — 0,5
MM (puc. 1).

VY 3akienok, sKi ocyialiau, roJIOBKM 3HIMAIOTh PYYHUM YU MHEBMATUYHUM
3yOousiom a0o K OJIyM'stM Ta30BOTO MaibHUKA. CTapi 3aKIenKy BUAANISIOTH, a Ha 1X
MICII€ CTaBJISITH HOBI. Ilepes BCTaHOBJIEHHSAM B OTBOPU 3aKJIENKH HArpiBaroThb 0
temrnepatypu  830...900° C  (cBitino-uepBoHM# Koiip). g  KienaHHA
BUKOPHUCTOBYIOTH T'1/IpaBJliyHI Jielara.

Puc. 1. Cxema nedexti pamu Tpaktopa XT3-17221: nepennboi 151.30.011-4 (A) 1
3anuboi 151.30.012-4(b)
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[Ipu cninbHOMY pO3BEpPTaHHI OTBOPIB y CHPSIKEHHUX NETANAX 301TIbIICHHS
JlaMeTpa OKpEeMHX OTBOPIB IIiJ 3aKJICNKH JONMyCKaeTbcss A0 22 MM. Mix
CKJIEMaHUMU JIeTAISIMM 1 MiJ TOJOBKaMM 3aKJENOK MOBUHHO OyTH IIJIbHE
npuisiraids noBepxoHb (myn 0,1 MM He NOBHHEH NPOXOAWTH MIK HHUMH).
["0710BKM 3aKJIENIOK HE MOBUHHI MAaTH TPIIIMH, 3MIIIEHHS 1X BIJHOCHO OC1 CTEPIKHS
JIOTyCKaeThesl HEe Ounbie 1 MM. SIKICTh 3aKIIEMyBabHOTO 3'€IHAHHS MEPEBIPAIOThH
3a OMOMOTor0 MoJyioTka Macoro 0,25 kr. TpemTinHg a00 TepeMillieHHs 3aKJICIKU
M7 yaapaMud MOJIOTKAa He JomycKaeTbes. OCHOBHI ne(deKTu AeTaleld pamMu —
CITpaIfOBaHHs, TPIIIMHU IIBEJEPIB, IONEPEYHHX OpPYCIB 1 KPOHIITCHHIB,
ocllabJeHus 3aKJIENOK, 0CaJ0K BTYJIOK FOPU30HTAJIbHOIO IapHipa. HasBHICTh
TPIIIMH BU3HAYAIOTh 30BHIUIHMM OIJIJOM, a TaKOXX BUKOPHCTOBYIOUM METO]
MAarHiTHO1 feexTockomii

Puc. 2. Kopmryc mapnipa 151.30.018-3Ch

Ta6nuns 2 — Kopnye mapnipa 151.30.018-3Cb. Kapra nedexrarii

KoHTponboBaHi . Cnocobu 1 3acobu
Posmipu, Mmm
nehexkTn KOHTPOJIIO
E‘ Jlormyctumi B
2 3'€qHaH 3 BucuoBok
51 3a kpec-
S¢ Hazsa JeTalsIMHU HazBa | O3nauenHs
a, JIEHHSIM
2 OyJau B | HOBH-
é EKCILI. MU
1 2 3 4 5 6 7 8
- | TpimmHuU, 3M0MH HE JIONYCKAIOTHCSA Ormsan bpakyBaTtu
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[TponmoBxenHs Tabmi 2

2 3 4 5 6 7 8
Bwmsatunu, 3a001HH,
[TomkomKxeHHs BUKPUIIYBaHHsI, 3pUB N Binnosmto-
pisi Oinplie 2-X BUTKIB HE - BaTU
JIOTTYCKaIOThCSI
[TocnaGnenns Brynku
HE JIOMYCKAEThCS OTJISA]T L
IIOCAJIKH BTYJIOK OpakyBaTH
3HOC TTOBEPXOHB Hﬁpo' HUS0-100 |
OTBOPIB BTYJIOK 60+0'60+0,4 60,80 | 61,00 |. P I'OCT 868- Y
.. 1HJIAKa- OpakyBaTu
1T BICH . 72
TOPHHM
3HOC OBEPXOHb 8140-
. 212801, | Bi -
OTBinlB BTgJIOK 212705 | 212,80 | 213,1 |mpodin| " O'_H M;{;Tm
i T
ATPYOY 213101
ooy A Fe—
(OTEOPY BYX 50'°% | 50,20 | 50,30 |. P | TOCT 868- | "
JBOTO 1 TPaBOTO 1HIKa- 7 BaTH
1] TIajIelb TOPHUH
3H00T(;:0B6Bp);(;Hb H};/ITipO- HI1 50-100 BigHOBMIIO
OTBORY BY 56°% | 5620 | 5640 | P | TOCT 868 | "
JIBOTO 1 TPaBOTO 1HIMKa- 7 BaTH
1 majenb TOPHUI

1981. - 351 c.
Texanueckoe

CnMcoK BUKOPUCTAHUX JIKepeJI:
BosoBuk E.JI. CnpaBouHuk 1o BoccTaHoBieHUIo aetaneil. — M.: "Konoc",

oOcnykuBaHue u pemoHT TpakTopoB T-150, T-150K

paznmuuHblx Moaudukanui ¢ asurarensmu CMJI, M3, «Jloittcey. Ilox

penakuueun

AN. CupanieHko

VYkparpozanuacts, 2002. —380 c.
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VJIK 621.791

HKIJIJINBI PAKTOPH ITPU 3BAPIOBAHHI ITOJIIITPOIIIJIEHOBUX
TPYD

Hocauenko M.C., cmyoenm
Hayxosi kepienuxu — [llanenxo B.O., k.m.H., doy., Macniox A.A., acnip.

Kuiscoxuii nayionanvruil ynisepcumem 0y0isHUYMSEA i apximexkmypu

Ha cporogni BUpoOM 3 TMOJIMEPHUX MaTrepiajliB BHUKOPHUCTOBYIOThCSA ¥
Oaratbox cdepax HaIIOTO JKUTTA 1 Talmy3siX I[POMUCIOBOCTI. AJie 0COOJIMBO
BEJIMKOIO TOIYJISIPHICTIO HaOyJM IUIACTUKOBI BOAOIPOBOJIM 3 MOJINPOMUICHY.
TexHoyoris MOHTaXy JyK€ MpPOcTa 1 JOCTyMHA Jii CaMOCTIHHOTO BUKOHAHHSI.
[leit maTepian BiAPI3HAETHCS MIIHICTIO, JOBTOBIYHICTIO. 3aBASKH HEBEJIUKIN
MIATOMIM Ba3l JIESTKO MOHTYEThCS.

besnocepeHb0 OCHOBHUM MatepiajioM Juis TpyO CTaB MOJIIPOMUIEH — IIe
MPOJYKT MOJIIMEpHU3aIlii ABOX, 3MIIIAHUX B TIEBHIM MPOMOPIIii ra3iB:

o emuneny C,H,— HallmpoCTIIMi 1 HABAaXIMBIIINI IPEACTABHUK PALY
HEHACUYECHUX BYIJIEBOJHIB 3 OJIHUM IMOJBIMHUM 3B'3KOM, Oe30apBHHI ra3 i3
CIa0KMM TPUEMHUM 3amaxoM. Tpoxu Jermmid Big MOBITPA. Y  BOjl
MaJIOpO3YUHHUH, 100pE POIYMHAETHCS B CIIUPTI Ta 1HIIUX OPTaHIYHUX CIIOTYKAX;

o nponineHy — OpraHidyHa CIIOJIyKa, HEHACHUYCHUN BYTJICBOJCHb PSIY
ankeniB ckinany CH,=CHCHj;. 3a crtangapTHux ymoB € 0e30apBHUM Tra3oM 3i
CJIa0KHUM 3aIaxoM.

B pesynpTaTi 3MminlyBaHHS TaKMX Ta3iB BHUXOASATh TPaHYIH, 3 SKHUX
eKCTPY31MHUM CITIOCOOOM BUTOTOBIISIIOTH P13HI BUPOOHU.

ITporec maiiku TpyO 3aCHOBaHWK Ha PO3IUIABJICHHS MOBEPXHI JeTanl Ha
neBHy TIMOMHY. OCHOBHUM 1HCTPYMEHTOM JUIsl 3’€IHaHHS BUKOPHUCTOBYIOTH
BIJIMOBITHE 00JIaTHAHHSA Y BUTJISII nasiibHUKAa. OCHOBOIO HOTO € TUTACTHHA, Ha SIKY
KpIIJIATBGCA 3MIHHI BTYJIKM PIi3HUX po3mipiB. Ll Hacaaku mnapHi — ojHa AJis
¢bitunra, npyra anga TpyOu. Iliguac 3’e€qHaHHA Hacagkd pO3ITPIBAIOTHCS [0
temneparypu 250 — 270 °C.

[TonimpomnizieH y 3BUYallHUX yMOBaxX HE BHUIUIAE HI SKUX 3amaxiB 1
BBAKAETHCS OJHUM 3 HAWOE3MEUHINIUX MaTepialiB IS 3J0pPOB'S JTIOJUHH. AJe
SKIIO TOJIIporiieH Harpitu a0 Temneparypu 200 °C, To npu TpUBaJIOMY BILTUBY
Takoi TeMIepaTypu, abo Mpu po3IJIaBl MaTepialy MOXYTh BHAUIATUCS TOKCHYHI
pedoBuHU. Jl0 Takux pPEYOBMH BIJHOCSTHCA: OpraHiyHi KHUCIOTH; edipu,
HEHACUYEH1 BYTJIEBOJIHI; MEPEKUCHI CIOJNYKH; arleTaabAerian 1 dopmaipaerian. Y
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BEJIMKIA KIIBKOCTI Ta MPH TPUBAJIOMY BIUIMBI Ha OPraHi3M JIOAUHH MOXYTb
MPU3BECTH JO0 3aXBOPIOBAHHS JMXAJbHUX IUISIXIB, O4Yed, BHYTPIIIHIX OpraHiB i
HaBITh MTOBEPXHI MIKIPH JIFOAUHU. 3T1THO JOCIIPKEHh BUSHUX HEOE3MEYHOO 03010
MPOAYKTIB JIECTPYKINI MOJIMPOIMUICHY I JIOJUHM € OJU3bKO JBOX TOJWH
BIMXaHHA npu HarpiBanHi 10 200 °C.

Tomy mnpu poOOTI 3 MONINPONUICHOBUMH MaTepialaMu IMOTPiOHO
JOTPUMYBATHCA TIEBHUX TMpaBui Oe3meku. [Ipw HEOOXiMHOCTI JOBrOTPUBAIIOT
pob6oTu mMOTPiOHO TOCTIiHE TMPOBITPIOBAHHS MpHUMIIIEHHS. PekomeHIyeTbes
pOOUTH TIEpEPHUBH IT1/T9ac 3BapIOBAHHS MOJIMPOIIJIEHOBUX TPYO.

YK 621.432.3

NIABUIIEHHS BTOMHOI MIIHICTI IIUOK KOJIHYATHX BAJIIB
JABUI'YHIB AM3

Jlo6ooa P.M., cmyoenm
Hayxosuii kepienux — Cusonanos B.A., cm. euki.

Hayionanvhuti ynisepcumem biopecypcis i npupoookopucmysanus Ykpainu

B pesynbTaTi AOCHIDKEHHS CTaHy JeTajedl B Mpoulecl KamiTaJIbHOIO
PEMOHTY BHSBIICHO, 110 OJHUM 3 HAHOLIbII HeOE3MEeYHUX 3a CBOIMH HACIIIJIKaMHU
KOHIIEHTPATOPIB HAIMpy>KeHb B EJIEMEHTaX KOJIIHYAaCTOro Baja MOXYTh OyTH
TPIIIMHM Ha IMUHAKAaxX BajiiB. B mporieci ekcrutyaraiii JaHuil KOHIIEHTPATOp
BUHUKAE Yepe3 HAsSBHICTh TEMIIEpaTypHUX HaIpPYyKEHb, 110 PO3BUBAIOTHCS B
MOBEPXHEBUX IIapax MIMAOK B PE3yJIbTaTi 1HTEHCHUBHOTO TEIJIOBUAUICHHS, IIO
3aBEPUIYETHhCS CXOIUTIOBaHHSAM (mpunajiom). BigHocHa KUIBKICTH MpUMIaIiB
MIATYHHUX IIMAOK 3HA4YHO OuIblle, HDK KOPIHHUX, HE3BAXKAIOUMW Ha Te, IO Ha
MIATYHHI IMHAKA HE BIUIMBA€E HECHIBBICHICTH MOCTeNEH OJOKY 1 KOPIHHUX IIHUHOK,
[0 Ma€ 3HAYEHHS JUIsl KOPIHHUX MiMMUMHUKIB. OCHOBHA NMPUYMHA BUHUKHEHHS
NpUNATIB - TOPYIICHHS CYIUIBHOCTI MAacisiHOI TUTIBKM 1 OOyMOBJICHE IIUM
MOPYIICHHST TEIIoBOoro Oamancy. Tomy paauKadbHUM 3aco00M YCYHEHHS
NpUNATIB € BIOCKOHAJICHHS TE€OMETpUYHOI (GOpMH TIOCTENeH IMaTyYHHUX
IMAIIMITHAKIB, IJABHIIEHHS SKOCTI iX BHTOTOBJIEHHS, a TaKOX IOJIMNIIICHHS
MaIeHHSI.

VY 3B's13Ky 3 EPCHEKTUBAMH MOJAIBIIOTO TiABUIIEHHS MOTYXHOCTI TU3€IIiB
SAM3-236 1 AAM3-238 npu ogHOYaCHOMY 30UIbIIEHHI pecypcy OyB NMpOBEAECHUMN
KOMIUIEKC JOAATKOBHX POOIT IO IiJBHUIICHHIO BTOMHOI MIITHOCTI KOJIHYACTHUX
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BaiiB. B pesynbrari OyB 30inblIeHHMN [MlaMETp KOPIHHUX 1 IIATYHHUX IIHHOK
BianoBigHO 3 105 1 85 MM g0 110 1 88 MM mpu HE3MIHHHUX JlaMeTpax IMocTelen
OJIOKIB ITWJIIHPIB, 110 BIAAJIOCS 3A1HCHUTH, 3aCTOCYBABIINM TOHKOCTIHHI BKJIA IUIIIL.
Pe3ynbTaT MOpIBHSAJIBHUX BUIPOOYBaHb HA MIIHICTh BiJ] YTOMU IIPU BUTHHI 1
KPyYeHHI KOJIHYaCTHX BajiB 3 IMIOYAaTKOBUMHU 1 3O01IBbIICHUMHU JlaMeTpaMu
KOPIHHUX 1 MATYHHUX MAHAOK JTO3BOJUIN 3pOOWTH BHCHOBOK, IO BKa3aHa 3MiHA
MPU3BENIO 7O IIJABUIICHHS HABaHTA)KEHb, BIAMOBIMHUX MEXI BUTPHBAIOCTI, MPHU
BUTHHI Ha 5% 1 pu kpy4yeHH1 Ha 10%.

[Ticns mpoBeneHHs psALy AOCHIHKEHb B SIKOCTI MEPCIEKTUBHOTO MaTtepiany
JUIL  KoJIHYacTuX BajiB  auseniB  AAM3-236 1 AM3-238 Oyma oOpaHa
XPOMOBAHAJI€BA CEPEIHBOBYTJICIEBA CTalb, IO MA€E XOPOIIy MPOTrapTOBYBAHICTh
IpU JOMYCTUMOMY MIHIMAJbHOMY BMICTI BYIJIELIO, a TaK0X 3Ha4yHl CTIWKICTh
IPOTHU BIAMYCKY 1 BTOMHY MIITHICTb.

bynu nmpoBeneHl TakoX BTOMHI BUIPOOYBaHHS HOpPMali30BAHHUX 1
MOJIIIIIEHNX B MOKOBI KoalHYacTuxX BamiB 13 ctajger 50I" 1 50XDA, a Takox
noJTinieHux BajiB 31 ctaii S0 micis monepenHpoi iX MeXaHIYHOI 00poOKHU. 3 1TUX
rpadikiB BUILIMBAE, III0 BTOMHA MIIHICTh TOJIMIICHUX B TOKOBIN KOJIHYACTHUX
BasiB 31 craii S0I" Ha 29% Buie, Hi’XK HOpMaJIi30BaHUX BajiB, a BTOMHA MIIHICTh
BamiB 31 ctami S0X®PA ma 14% Buime, HDXK NONmeHHX BamiB 31 cram S0T.
3MIIHEHHS HAKAaTKOI TajTeIiB MOJIMIIeHuX BamiB 31 cram S0IT migBuinye ix
BTOMHY MIIHICTh HE MeHIIe HixK Ha 15%.

MIiLHICTh KOJTIHYACTUX BaJiB MOXE OyTH 1€ OUIbII MiABUIIEHA IUIIXOM
azoTyBaHHs. Tak, mpu azoryBanHi BamiB 31 crajmi S0X®DA BTOMHA MIIHICTh
nigBuinyerbest Ha 50%. BurortomnenHs koiindactux BamB 31 ctam 40X1HBA
J03BOJISIE 1e OuTblie 30UMbIIUTA €(hEeKT Bl a30TyBaHHA. Y pa3i 3aCTOCYyBaHHS
a30TyBaHHS KOJIHYACTUX BaJIB MPHU HEJOCTATHIN MOjadi Macjia B CIOJyYCHHS
IUHOK 3 MIJMUIHUKAMH TPIIIIMHU HE BUHUKAIOTh, a MPU €KCIUTyaTallli AU3eNiB 3
KOJIIHYaTUMH BajlaMH, 3arapToBaHUMU 3 HarpiBaHHsaM CBY, IMOBIpHICTb iX MOSBU
HE BHMKJIIOYEHA, HAINPUKJIAJ, B YMOBAX YacTUX IYCKIB 1 poOOTH MHpH HU3BKIN
temriepatypi. KpiM Toro, a3oTyBaHHS MiJBHUINYE 3HOCOCTIAKICTh IIUHOK
KOJIIHYAacTOro BaJyia (B cepenupboMy Ha 22%).

CnMcoK BUKOPUCTAHUX JIKePeJI:
1. Jluzenu TpakTOpHbIE U KOMOAHHOBBIE. PYyKOBOJICTBO MO TEKYIIIEMY PEMOHTY.

M., TOCHUTH, 1982. — 104 c.

2. I'apkynos JI.H. Tpuborexnuka. — M.: Mammnoctpoenue, 1985. — 424 c.
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VJIK 004.421:531
MOJIEJTFOBAHHSI BEKTOPIB CHJI TIPOTPAMHHMM 3ACOBAMU

Ipysze O.0., cmyoenmxka
Hayxosuii kepisnux — Yepnuw O.M., x.m.H., doy.

Hayionanenuii ynieepcumem oiopecypcis i npupoookopucmyeants Ykpainu

Mera nocnipkeHHs. ['padiuHe MojentoBaHHS BEKTOPIB CHUJI € BaKJIMBOIO
YaCTHMHOIO MPOLIECY PO3B’SI3aHHS 3aJlad MEXaHIKM 1 1HIIMX rajgy3ed Haykd 1
TEXHIKH, TTOB’SI3aHUX 3 BUOOPOM CUJIOBOI CXEMU PO3PAXYHKIB.

[Iporpec cyyacHUX KOMIT IOTEPHUX TE€XHOJIOT1H 3HAYHO PO3IIMPIOE YMOBH 1
MO>KJIMBOCTI BUPILIEHHS MPo0JieM IpadiuHOro MOJIEIOBaHHS, ajleé BUMAara€e HOBUX
3HaHb 1 MPAKTUYHUX HABUKIB y c(epl CTBOPEHHA 1 BUKOPUCTAHHS MPOTPAMHHUX
3ac001B rpadiyHOrO BiTOOpaKEHHS 1HPOpMAIIii.

VY 3B’S3Ky 3 OCTaHHIMHM MDKHapOJAHUMH yTrOJAaMH IPO MPaBO BUKOPUCTAHHSA
IHTEJIEKTYalbHOI BJIACHOCTI MUTaHHS pPO3pOOKM METOAMK HpOrpaMyBaHHS 1
CTBOPEHHSI BJIACHMX BITYM3HSHUX MPUKIATHUX [POTrpaM  BIJAMOBIIHO [0
KOHKPETHHX MOCTABJIEHUX YMOB Ha CHOTOJIHIIIHIN JI€Hb JOCUTh aKTyalbHi.

OTXe CTBOPEHHS MPUKIATHUX MPOTPaM METOJIB PO3PAXYHKY y TOMYy abo
IHIIOMY IPOrPAMHOMY CEPEIOBHUILI BKpail BAKIIUBO.

Pesynbrat pochimkens. Po3risiHyTHIl anropuTM mporpamMu rpadiqHOro
MOJICJIIOBAHHSI BEKTOPIB CWJI Ha IUIOIMIMHI CTBOpPEHW Ha 0a3i CHUCTEeMHU
nmporpamyBaHHsI BUCOKOTO piBHS CH++. BXimHUMM JaHUMU MPOTpaMu, € MOYATKOBI
napamMeTpu OyIb-SKUX 3aJaHUX BEKTOPIB IJIOCKOI CHUCTeMM 30DKHUX CHJI, fK1
MOBHICTIO ONUCYIOTh 1X BEJIWYUMHY (MOAYJb) 1 TMOJOXKEHHS Ha IUIOUIUHI.
Pe3ynpTaTomM poOOTH MporpaM Miciis BBOAY MOYATKOBUX MapaMeTpiB € rpadiyHa
noOyJoBa CHJIOBOIO OaraTOKyTHMKA $IK BEKTOPHOI CYMHM 3aJaHuX CHJI 1
PIBHOJIIMHOI JaHOI CHCTEMHU CHJ B 3aJIaHIN CHCTEMI KOOpAMHATHUX oceh X, Y, ii
MOJYJISl Ta KyTa HaXWUITy.

JUis  3ampOnOHOBAaHOI METOJUKU CKIIaJaHHS alrOpuTMy MOXKYTh OyTH
BUKOPHWCTaHI 1 1HII CUCTEMHU mporpamyBaHHs BHcokoro piBHsa (VC++, Visual
Basic Tomno).

Kpim nporo, HaBe/ieHa cxema aJlfOpUTMYy MOKe OYTH 3aCTOCOBaHAa B SIKOCTI
MOYaTKOBOI'O €JIEMEHTY MO/ICTIOBAHHS OUIBII CKJIAJIHUX MPOIIECIB HABAHTAXKEHHS 1
Jii CHIT Ha peabHi 00’ €KTH.

BucHoBku. HaBenmenuit anaroputm CHopomrye 1 TMPUCKOPIOE  TIPOIIEC
oOpaxyHKIB Ta Ja€ MOXJIHMBICTh 3aCTOCYBAaTU OTPUMAaHI JaHHI JJis1 PO3B’SI3yBaHHS
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3aJa4 TEOPETHUYHOI MEXaHIKM, MEXaHIKM MaTepialiB 1 KOHCTPYKIIH, Teopil
MEXaH13MIB 1 MallIMH 13 3aCTOCYBAHHSAM €JIEMEHTIB 00UMCIIIOBAIbHOT TEXHIKHU.

YK 631.312.021.3

HNIABUINEHHA JOBI'OBIYHOCTI CTPIUVIBYHATHUX JIAIIL
KYJbTUBATOPIB METAJIOKEPAMIYHUMMU ITOKPUTTAMU

Qucyn C.0., mazicmp
Hayxrosuii kepienux — Hosuywvxuii A. B., k.m.H., oy.

Hayionanvnuti ynisepcumem biopecypcis i npupoookopucmysanns Ykpainu

B ocraHHI necATHIITTA B CUIBCBKOMY TOCHOAAPCTBI AJIA OOpPOOKH IPYHTY
BUKOPHCTOBYETHCA BEIMKA KIJIbKICTh IPYHTOOOPOOHUX 3Hapslb: KyJbTUBATOPH,
po3IyITyBayi, MOCIBHI KOMIUIEKCH, CIBJIKU Ta 1H. B SIKOCT1 poO0YMX OpraHiB B HUX
HIMPOKO 3aCTOCOBYIOTHCA CTpltyacti jan [1, 2].

CrpiayacTi Jlanu eKCIUTyaTyloThCs B YMOBAx MpPsIMOTO BIUIMBY aOpa3MBHHX
YaCTUHOK 1 TOMY 1HTEHCHMBHO 3HOUIYIOTHCS 3 BIAMNOBIJIHOI 3MIHOIO MapameTpiB:
r€OMETPUYHUX PO3MIPiB, OCHOBHHMX mapameTpiB 1 T.1. [1, 2]. 3HomIeH1 cTpiIYacTi
Jany ClUIbChKOTOCMOAAPCHKUX MAIMH 3HAYHO 3HUXKYIOTHh €(DEKTUBHICTH 1 SKICTh
IPOBEJCHUX arpapHux poOIT, iX BUKOPUCTAHHS MPU3BOAUTH A0 HEIOTPUMAHHS
BIJIMOBITHAX arpOTEXHIYHUX TEPMIHIB, 3HAYHO 3POCTAIOTh BUTpATH MajuBa (puc.

).

Puc. 1. Ctputuacti nanu KyJbTUBaTOpa

Bce nepepaxoBane B pa3u 301JIblIye BUTpPATH 1O 0OpOOII IPYHTY 1 3HAYHO
3HIDKYE  KUIBKICTh ~ OTPMMAHOi  BaJioBOi  mpoxykmii. Jlas — miaTpumku
IPYHTOOOPOOHHX 3HapsiAb B TMpale3JaTHOMY CTaHI HIANPUEMCTBA 3 BHUIIYCKY
3allaCHUX YacTUH JO CIIbCHKOTOCTIONAPCHKOI TEXHIKM BHITYCKAIOTh BEIUKY
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KUTBKICTh HOBUX CTpimdactux Jam. [Ipu mpoMy BUTpayaeThcsl 3HAYHA KIIBKICTh

J0poroi JieroBaHoi craji. Och YoMy MiABUIIEHHS 3HOCOCTIHKOCTI 1 IOBFTOBIYHOCTI

CTpLIYACTHX Jal TPYHTOOOPOOHHMX 3HApsAb € OJHIEI0 3 BAKIUBUX HAYKOBHUX 1

MPaKTUYHUX MPOOIIEM.

B npganmit wac ang  OiABMINEHHS 3HOCOCTIMKOCTI poOOYMX OpraHiB
TPYHTOOOPOOHUX MAaIMH ICHY€ KIJbKa HampsMiB, cepell SIKUX HalOLIbI
NEPCIIEKTUBHUMH € HAcTymHi [3, 4]:

- TepMiuyHa 00poOKa CTpyMaMHu BUCOKOiI YacTOTH;

- XIMIKO-TepMiuHa 00poOKa;

- HAaHECeHHS  3HOCOCTIMKMX  TOKpUTh  (HaljlaBKa,  HAMWJICHHS,
MarHiTOeJeKTPUYHE 3MIITHEHHS);

- KOMOIHOBaH1 METO/IH.

Cepen 3a3HAUE€HMX, BaXJIMBE MICIE ISl MiABUILECHHS 3HOCOCTIMKOCTI
3aiiMaloTh KepaMmiuHi Ta MeTanokepaMiuHi marepianu [1]. Kepamiuni marepianu
MalTh ICTOTHO OUIbIIy 3HOCOCTIMKICTh MO BIJHOIIEHHIO J0 TBEPAMX CILIABIB.
OnHaK OCHOBHUM iX HEJOJIIKOM € TiABHILEHa KpuxkicTh. lle, B cBow uepry,
ICTOTHO OOMEXY€ 3aCTOCYBaHHS KEpaMiyHUX MaTepialiiB Il  3MIITHEHHS
CTpUTYACTUX JIall TPYHTOOOPOOHUX 3Hapsi/ib, IO EKCIUIyaTyIOThCS B YMOBax
3HAYHUX YJAapHUX HABaHTaXX€Hb. MeTanokepaMiuHl MaTepiaid SBJISIOTH COOOIO
KOMITO3UILIIMHUI MaTepiall, SIKAW CKIAJA€EThCA 3 METaJeBOl CTaJI€BOi OCHOBU
(MaTpull) Ta BKJIOYEHUX A0 11 CKJIaay KepamMidyHMX KOMIIOHEHTIB (OKCHIIB,
KapO17iB, HITPHUIIB TOLIO).

[IpoBeneHuit aHai3 Cy4yaCHUX HAYKOBHUX IyOJIKAIlid 3 JaHOMY HaIpPSMKY
MoKa3zaB, IO B JaHUM dYac ICHye OOMeXeHa KUIbKICTh CIOCO0IB OTpUMAHHS
METaJOKEPaMIYHMX TOKPUTTIB Ha PIKYYUX TOBEPXHSIX CTPLIYACTHX Jiaml
KyJIbTHUBATOPiB. bBimbin TOro, OUIBIIICTH BIJOMHX CIOCOOIB BIIPI3HAIOTHCS
CKJIQJIHICTIO 1 BEJIMKOI BapTICTIO OOJIaJIHAHHS Ta MaTepiaiiB, a TaKoX He
3a0€3MeuyI0Th MOKJIMBICTh 3MILIHEHHS IIMPOKOT HOMEHKJIATYpU CTPLIYACTHUX JIal
pi3HOI Macu 1 KOHpiryparii.

Tomy nmochikeHHS, COpPSIMOBaHI Ha CTBOPEHHS Ha PLKYYUX TMOBEPXHIX
CTPUTYACTUX Jall METAJOKepaMIYHUX TMOKPUTTIB B JaHUN Yac aKTyaTbHUMU 1
CIPUSIIOTh BUPIMICHHIO BAXIWBOI JJII PEMOHTHOTO BHUPOOHUIITBA TPOOJIEMH
MIBUIIEHHS 3HOCOCTIMKOCTI pOOOYMX OpraHiB BITUM3HSHUX 1 3apyODhKHHX
I'PYHTOOOPOOHUX 3HAPSIb.

Cnucoxk BUKOPUCTAHUX JKepeJI:

1. Bunorpagos B. B. BoccraHoBieHue M yIPOYHEHHME CTpEIbYaTHIX Jiall
MOYBOOOPAOATHIBAIOIINX MAIIMH METAIOKEPAMUYECKUMU MaTepHaaMH.
Mononexp u XXI Bek - 2016: Marepuanst VI MexayHapoaHou
MoJtoaexkHOM HayuHoU kKoH(peperntuu. Kypck. 2016. C. 89-94.
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2. Kapa6bunsom C., HoBumpkuii A.B., Bmacoii 1. BigHoBnenns nerameir —
pyre KUTTH c.-T. TexHiku. XKypnaiu [Iponoswuis, 2013, Nel1. C. 132-136.

3. HoBunpkuit A. B., dymko A. M. XapakTtepHi aepeKkTH Ta TEXHOJIOTis
BIJTHOBJICHHSI CTPLIYACTUX JIall KyJbTUBATOPiB. 301pHUK Te3 aomnosiaeit 1
MixHapoaHOT HayKOBO-TeXHIYHOT KOH(epeHIli «KpaMaTopchki YUTaHHSD) 3
Harogu 109-i piuHuIi Big THS HAPOKEHHS MA.T.H., mpodecopa, dUjeH-
kopecniogaenta BACIHIJI, Bine-npesunenta YACI'H Kpamaposa B. C.
(1906-1987). 17-18 motoro 2015 poky. K., 2015. C. 20-21.

4. HoBunpkuit A. B., Marpomminor M. A., XmenwoBchbka C. 3. AHami3
XapakTepHUX Je(EKTIB Ta TEXHOJOTiS BIJHOBJICHHS CTPLIYACTHX Jiall
KyJIbTHBATOpiB. 30IpHMK HAyKOBUX Ipalb. BICHUK MarictpaTypu
Texniunoro HHI HYBill Vkpainu. K., 2014. Bun. 4. C. 217.

YK 631.3

AHAJII3 BJACTUBOCTEM 1 IOKA3HUKIB
PEMOHTOITPUJATHOCTI MALINH

Pyb6anka A.B., macicmp
Hayxosuii kepienux — Hosuywvxuii A.B., k.m.H., 0oy.

Hayionanvnuii ynisepcumem diopecypcie i npupo0okopucmysaunHs Ykpainu

PemoHTONpHIAaTHICT — BJIACTHBICTH 00’€KTa OYTH MPUCTOCOBAHUM [0
MIATPUMaHHS Ta BIJHOBJICHHS CTaHy, B SIKOMY BIH 3/IaTHUI BHUKOHYBAaTH MOTPIOHI
byHKIIIT 32 1oroMoror TexHiyHoro oociyroByBanHs (TO) ta pemonty [1].

Bianosinno 1o [epkaBHoro craHmapty YKpaiHM, pPEMOHTONPHIATHICTb
MOXHa OI[IHUTH 3a HACTYITHUMH TOKa3HUKaMu [1]: cepeaHiM 4yacoM BiHOBJICHHS
pare31aTHOCTI BUPOOIB; ONEPATUBHOIO TPUBATICTIO BiJIHOBJICHHS
mpare3aTHOCTI; MUTOMHMH BUTpaTaMu 4acy, Mpalli Ta KOIITIB Ha TEXHIYHE
0O0CITyroByBaHHS 1 PEMOHT; TaMMa-TIPOIICHTHUM PECYPCOM; KITBKICTIO TUTAHOBHUX
(HEeTUTaHOBHUX ), TOTOYHUX 1 KAMTAIBHUX PEMOHTIB JJIsl IEBHOTO HApOOITKy abo 3a
MIOBHUM pecypc BUPOOY.

V¥ BignmosigaocTti 3 JICTY IEC 60706-3:2008 [2] 3HaueHHS MMOKA3HUKIB JJIs
OI[IHKM PEMOHTONPUIATHOCTI MAIIMHU YU SIKOTO-HEOYIh BUPOOY OOYMOBIIOETHCS
HE TUIbKHU SKICTIO 1 MEPIOUYHICTIO BUKOHAHHSA poOiT 3 TO 1 peMoHTYy, ane i ix
EKCIUTyaTalIfHOI  TEXHOJIOTIYHICTIO, sIKa TIPOSBISIETBCS B CKOPOYCHHI
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MaTepiaJbHUX 3ac001B 1 Yacy, [0 BUTPAYAE€ThCS HA MIATOTOBKY 0 BUKOPHCTAHHS,
TO, a TakoX MOTOYHUNA PEMOHT 1 YTHIII3AIII0.

[Toka3HUKM TEXHOJOTTYHOCTI SIBJISIOTHCS BAKIMBUMH MOKa3HUKAMH SKOCTI
BUPOOIB 1 TTOBUHHI 3a/laBaTUCS B TEXHIYHUX 3aBJIaHHIX Ha iXHE MPOCKTYBAHHSI.
3HadeHHsI 3a3HAYCHUX MOKA3HUKIB BU3HAYAIOTHCS: KUTBKICTIO i 00CSITOM omepartii
TO # peMOHTY; MEpIOAUYHICTIO BUKOHAHHS OMeEpalliid; KOHTPOJEHPHUIATHICTIO;
JOCTYITHICTIO; JIErK03’ €EMHICTIO; B3a€MO3aMIHHICTIO; B1THOBIIIOEMICTIO;
yHI(IKaIi€l0 Ta CTAHIAPTU3AIIEI0 CKIaIOBUX YaCTHH BUPOOIB.

Big piBHS NOKa3HUKIB €KCIUTyaTalllMHOI TEXHOJIOTIYHOCTI 3ajieXaTh
MOKa3HUKA PEMOHTONPUIATHOCTI. Tak, TPYAOMICTKICTb YCYHEHHS BIJIMOB
BU3HAYAETHCS BIACTUBOCTSIMH JIOCTYIHOCTI 1 JIETKO3’ €MHICTIO.

JIOCTYIHICTh — MPUCTOCOBAHICTH 00’ €KTA IO 3pYYHOTO BUKOHAHHS ONepalliii
TO 1 peMOHTY 3 MIHIMQJIBHUM 00’€MOM JTOAATKOBUX POOIT (POOOTH MO BIAKPUTTIO
1 3aKpUTTIO TaHEJeW, KPUIIOK, JIOKIB, JIEMOHTaXY 1 MOHTa)Xy BCTAaHOBJIEHOTO
nopy4 OOJIaIHaHHSI, CKJIAIaJbHUX OJUHUILb 1 JeTaleil nmpu JOCTYIl JO €JIEMEHTIB
00’ekTa, MO 00CIyroByeThCs). JlOCTYMHICTh BIUIMBA€ Ha MPOJYKTUBHICTH IIpalli
IIPY BUKOHAHHI pO30UpPaIbHO - CKIAAAIbHUX POOIT 3T1IHO MOJOXKEHHS, 10 3aiiMae
pPOOITHUK.

Tak, B [3] mojgaHi NPOLIEHTHI 3aJIEKHOCTI MNPOAYKTHUBHOCTI Mpami BiJ
MOJIOKEHHS, 1O 3aiiMae poOiTHUK. 3a moBHY 100% mnpoayKTHBHICTE pOOITHHKA
npuiimMaeTbcsi poOOTa B MOBHMM 3picT. Po3risiHemo, sk Oyne 3MEHUIyBaTHCh
MPOJYKTUBHICTh pOOITHUKA BiJl 3MIHHU MOJIOKEHHS, 110 BiH 3aliMae:

- Iipu poOOTI 3ITHYBIIUCH MPOAYKTUBHICTH TMpaIlIBHUKA 3HIKAETHCS 10 S58-
98% (B 3aJ1€5KHOCTI BiJ] BaKKOCTI BUKOHAHHS PO30UPAIbHO-CKIIAaTbHUX POOIT);

- IpY BUKOHAHHI poOIT Ha KoJiHax — ckianae 50-60%;

- ipy poOOTI HABMPUCIAKU — CKiIaaae 36-37%;

- Ipy poOOTI JiexKadyu, MPOAYKTUBHICTh HaliMeHI1a — ckianae 30-40%.

XapakTepHl po0OodYl MOJIONKEHHS TMpalIBHUKIB NPH BUKOHAHHI OIepauii
TEXHIYHOT0 0OCIIYyTrOBYBAaHHS 1 pEMOHTY MalllMH NpecTaBieHi Ha puc. 1 [3].

Hoctymuicts, 3rigHo ['OCT  21623-76, OIIHIOETBCS  KOEPIIIEHTOM
JIOCTYITHOCTI:

K — T0C1-1 . (1)

A TocutThon”
ne Ty — TPYAOMICTKOCTI BUKOHAHHSI OCHOBHOI po0OOTH;

T ;on — TPYZAOMICTKOCTI BUKOHAHHS JTOJATKOBOI (JJOTIOMI>KHO1) pOOOTH.

A
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19] 4

Puc. 1. Xapaktepni poOo4i MOJ0KEHHS] BAKOHABIIIB P BUKOHAHH1 OTepariii
TEXHIYHOT'O OOCITYyTrOBYBaHHS 1 PEMOHTY MallllH

[IpoBeaemMoO OLIIHKY AOCTYMHOCTI BUKOHaHHA orepaiiid 3 TO 1 peMoHTY
pLXKy4doro anapara Kkom0aiiHa npu 30upaHHi copro (puc. 2).

Jns  nposenenHs omnepauid  TO 1 peMOHTYy piLKy4Yoro —amapary
3epHO30MpaIbHOrO0 KOoMOaliHa HeoOXiAHO 3aiHATH nosiokeHHs Ne9 (puc 1). Ilpu
BUKOHaHH1 omnepamiii, TO 1 peMoHTy piky4doro amapata KomOaiHa, OLIbII
MPOJYKTUBHUM IOJIOKEHHAM BUKOHaBIA Oyje 3a NeS (puc. 1). B nupboMmy Bumnaaky
3aTpatd dYacy Ha BUKOHaHHS omepaiii TO 1 peMoHTy OyayTh MiHIMAJIbHO
MO>KJIMBUMH TIPU 1HIIUX PIBHUX YMOBAaX.

Puc. 2. 3epHo3oupansHuii kombaitn John Deere

JIerko3MOMHICTh — NPHUAATHICTH BHUPOOY [0 3aMIHM 3 MIHIMAJIbHUMHU
3aTparaMu 4acy 1 mparli. JIeTKO3OMHICTh BU3HAYAETHCS 3aCTOCOBYBAHHIM TaKHUX
Coco0IB KpIMJIEHHS BHPOOIB, $KI MOXYTh 3MIHIOBaTHCh B €KCIUIyaTalli,
KOHCTPYKITIH pO3HATTS. JIErKO3HOMHICTh TaKOK BU3HAYAETHCS KUTBKICTIO JIETAJICH,
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0 OJTHOYACHO MOXKYTh 3MIHIOBATHUCH IS BIIKPUTTS JOCTYIYy 1O €JIEMEHTA, IO
BiZIMOBUB. B mepmioMy HaOMMKEHHI TPYAOMICTKICTH pO30HUpaIbHO-CKIaTAIBHUX
poOIT pealbHO CHPOTHO3YBATH MO BIJHONIICHHIO 1O KUIBKOCTI JeTajel 3a
IpPU3HAYCHHSIM.

[Toka3HUK eKCIUTyaTaIliiHO TEXHOJIOTTYHOCTI — JIETKO3HOMHICTh MOXE OyTH
OIIHEHUH KOE(IIIeHTOM JIETKO3HOMHOCTI:

T
_ laman
IM.JI0
ne Tpyn — OIEpaTHBHA TPYIOMICTKICTh JIEMOHTaXHO-MOHTaXHHMX POOIT

npoTOTUNY (TiJ MPOTOTHUIIOM PO3YMIETHCS O0’E€KT, MOKA3HUKH TEXHOJOTIYHOCTI

SIKOTO TIPUMAHSITI 32 BUX1/IH1), JIFO/1.-TO/I.

Heo0ximHo Takok BpaxoByBaTH BUMOTH 10 BUKOHaBIA pobiT TO 1 peMoHTY,

BIJI SIKOTO TaKOX 3aJICKUTh MPOJYKTUBHICTh OOCITYrOBYBaHHS TEXHIKHU. 3rigHO [4],

BUKOHaBIeM poOiT 3 TO 1 peMoHTY 3aco0iB € Cy0’€KT roCroJaproBaHHS, SKUI

BIJIMOBIJa€ HACTYITHUM BUMOTaM:

- Mae BiacHl ab0 OpEeHIO0BaHI 3aco0M TEXHIYHOTO OOCIYroBYBaHHS 1

PEMOHTY, 110 BiJIMOBIIal0Th YCTAHOBJICHNUM 3aKOHOJaBCTBOM BUMOTaM;

- podoru 3 TO 1 peMOHTy B3AIMCHIOE TEPCOHAT HEOOXIHOTO PIBHS
npodeciitHoi kBamiikallli BiAMOBIIHO J0 BUJIIB 3a3HAYEHUX POOIT;
- Mae BUpoOHHMYI criopyau, 3acobu TO 1 peMOoHTy, IO BiANOBIIAIOTH

BCTAHOBJICHUM 3aKOHOJIABCTBOM BHUMOTaM.
3a TnpeACTaBIEHUMHM METOAMKAMH Ta 3aJICKHOCTSIMU MOXHA OLIHUTH

MTOKa3HUKHA PEMOHTOIPUAATHOCTI.

CnucoKk BUKOPUCTAHUX JIXKEpeJI:

1. JNCTY 2860-94. HaniiinicTs TexHIKU. TepMiHM Ta BU3HAYEHHS.

2. JNCTY IEC 60706-3:2008 PemonTOnpuAaTHICTh ycTaTKyBaHHs. YacTuHa 3.
[Tepeipka, 30ip, anami3 1 noganus ganux (IEC 60706-3:2006, IDT).

3. CnpaBounuk 1o nHxeHepHou ncuxosioruu / Ilox pen. b. ®. JlomoBa. M.:
Mammnoctpoenue. 1982. — 368 c.

4. [ToctanoBa Kabinety MinictpiB Ykpainu Bia 3 nunss 2013 p. Ne 643 Kuis.
[Ipo 3arBepaxkeHHs TexHIYHOrO perjJaMeHTy 3 TEXHIYHOTO
00CJIIyTOBYBaHHSI 1 PEMOHTY KOJICHMX TPAaHCHOPTHUX 3aco0iB.
https://www.kmu.gov.ua/npas/246657121
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VJIK 621.74.046

BILIUB TEMIIEPATYPHUX JE®OPMAIII TOKAPHOI'O PI3IISI HA
TOYHICTHb OBPOBKH ITPHU TOYIHHI

llonosuu K. A., Hanusauixo JLIO., cmydenmu
Hayxkoesuii kepienuk — [loxunenxo I'.M., cm. guxa.

Hayionanvruii ynisepcumem oiopecypcis i npupoookopucmysanus Ykpainu

B nporuieci 00poOku neTaneit pizaHHAIM MeXaHi4Ha poOoTa B 3HAYHIN YacTHH1
MEPETBOPIOETHCSI B TEIJIOBY €HEPril0, BHACIIJOK YOro BiOyBaThCS HArpiBaHHs
TEXHOJOTIYHOI cucTteMu. ILle Temno po3NOAIISETHCS TMOMDK — CTPYXKKOIO,
3aroTiBKOI0, 1THCTPYMEHTOM, MOTJIMHAETHCS MAcOK BepCcTaTa, B pe3yjbTaTl yOro
BUHHKA€E 3MIHHA CUCTEMaTH4Ha MOXHOKa 00poOKu 3aroTiBok. [loxuOka 3araqbHUX
TEIUIOBUX JAedopmalliii CKIagaeTbcsi 13 TPhOX CKJIAJOBHUX: a) TEIUIOBUX
nedopmariiii  Bepcrata; 0) TemioBuX JjgedopMaliiii 3aroTiBKU; B) TEIJIOBUX
nedopmaiiiii IHCTpyMEHTY.

TeruoBi aegopmaliii B 1HCTPyMEHTaX BHUHHMKAIOTh BHACIIAOK MEPEXOAY
YaCTUHU TeIJa 13 30HU PI3aHHS B PI3AJIbHUM IHCTPYMEHT, LIO BUKJIMKA€E HOTrO
HarpiBaHHs 1 3MiHy po3MmipiB. [lpu TokapHiii 00poOLi HailOUIbIIa YacTUHA
noxXuOOK, BUKIMKAaHA TEIJIOBUMHU JedopMaiigiMu, oOyMOBJIEHA MOJOBXEHHIM
po3MipiB (puc. 1).

Puc. 1. Ternoni gedopmariii pi3is B mepioa oOpoOKu

B 30H1 pi3anHs, TOOTO O1JIs1 BEPIIMHU P13AIbHOTO IHCTPYMEHTY TeMIepaTypa
i yac oOpobku gocsirae 800-1000°C. HaiiGinbie 3pocTaHHS —TEIUIOBUX
nedopMalriii pi3isg CIOCTEepIraeThcsl B MOYATKOBUN IEPIOA, MOTIM 1HTEHCHBHICTD
3pOCTaHHS 3MEHIITYEThCs 1 uepe3 15-30 XB. HacTae CTaH TEIJIOBOI piBHOBaru (puc. 2),
B MEpioj SKOTO BIUIMB JAedopMallii pixKydoro iHCTPYMEHTY MOKHA 3BECTH [0
MIHIMYMY BIJITOBIJTHOIO MiAHAIAIKOI0 BepcTarta. [lomoBxkeHHs pi3ug &, B yMOBax
HOro TEerioBOi PIBHOBArd MpHU 3BUYAMHUX YMOBax poOoTH Moxke nocsratu 30-50
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MKM. Temneparypa o JOBXKHHI pi31sl pO3MOAUISETHCS HEPIBHOMIPHO — HaO1IbIIa
O BEpIIMHM PI3lisl, a HaliMeHIa — B XBOCTOBIM yacTuHi (puc. 3). Ilpudomy,

HarpiBaHHsl CTPUXHS pi3lsl g0 TpaHuyHuX Temneparyp (80-180°C) BinOyBaeThcs
3a 2-3 XB.

E: A T, °C
140
E.)cr ——————————————————————————————— 1 120 Y
NN 2RRY
: 40 \

ks

T |l T Tl T [Tl T o T Ne tepmonap
Puc. 2. Temnepatypni nedopmartii pizus: 1 — Puc. 3. Po3noainenus
Oe3nepepBHa 00poOKa, 2 — pi3aHHS 3 TEMIIEpaTypH IO JTOBKHUHI P31
nepepBamMu abo 00poOKa mapTii 3aroTiBOK. niciisg 20 XB. poOOTH MpU PI3HUX

NepeHIX KyTax pi3ls Ta
HACTYITHOMY PEKUMI PI3aHHS: V =
94,5 m/xB, t =2 MM, s = 0,15 MMm/00,
1 —y=-5°y=12°vy=25°.
Benuuunna temmnepatypHux Jaedopmariii  pi3ug  3a’ueXuTh B HOro
FEOMETPUYHUX  MapaMeTpiB Ta  peXUMYy  pi3aHHsA,  (DI3UKO-MEXaHIYHUX

BJIACTUBOCTEN Martepiayly, SKUi OOpoOJsS€ThCs, IUIONIl MOMEPEYHOro Mepepizy
CTPYDKHS Ta BIJIBOTY Pi3IIsl.

YK 631.358:62
BITHOBJIEHHA HIVITHEBUX BAJIIB TPAKTOPA «bEJIAPYCb-892»

Ouepemsanuu B.C., mazicmp
Hayxosuii kepienux — Cusonanos B.A., cm. 6uki.

Hayionanvruti ynieepcumem oiopecypcia i npupoookopucmysaunts Yxpainu

OcHoBHUMH JAedeKTaMU IUTILOBUX BaJiB € 3HOC OMOPHUX HIMHOK, 3HOC 1
pyiHYBaHHS IUTIIB, AedopMallis Bajia, 3HOC pi3bOOBUX IUISHOK [1-3].
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3HOC MUIOK MiJ MAPUKOMIIIMITHUKY He nepeBuirye 0,3 mm. 3HOC MIUHOK,
10 CTHOJIYYalOThCS 3 CAIbHUKAMU 1 BTyJIKamu, Moxe gocsratu 0,6...0,9 mm. Hninu
3HOIIYIOTBCS TIEPEBAXHO y BEpXHIA YacTHHI OiuyHOT moBepxHi. bauzbko 90%
nuniB Tpaktopa Mae 31oc 0,4...0,6 MM, a pemra 10% — He Oubie 1 MM.

ImikoBi BaJid, IEHTPOBAHI MO 30BHINTHHOMY JiaMETPy, 3HOIIYIOTHCS IO
FOMY JiaMeTpy 1 BIIMOBIAHO BUMAaraloTh BIJIHOBJICHHS J1aHO1 MoOBepxHi. Bamm,
IEHTPOBaHI MO OOKOBi MOBEpXHI MLUTIIIB, 3HOCY IO 30BHIIIHHOMY JlaMETpy
3a3BUYall HE MaioTh, MpOTe B mpolieci pobotu nedopmyroTses. KopoTki Bamu
3a3BH4Yail MaroTh Jedopmariiro B mexax 0,1...0,3 MM, a nedopmariiss JOBrux BaiB
(HampukJaz, miBBich) gocsrae 1...1,5 Mmm.

[Ininy BasliB 3HOIIYIOTHCS MO MIMPUHI MEepeBakHO 10 1..2 mMMm. 3HOC MO
HeHTpyouoMy aiamerpy He nepesuirye 0,1...0,2 MMm. B okpeMux Bumajgkax 3HOC
HUTIIBOBUX BaliB TPAKTOPIB JOCsATa€e HAHOUIBIIOT BeMuuHU (10 3...4 MM). MaroThb
MICIIE BHUIAJKM 3MHUHAHHS [UIHIB. 3HOC  pI3bOOBUX  JIUISHOK  BajiB
XapaKTEepHU3y€eThCs 3a3BUYAil 3MUHAHHAM BHUTKIB p13b0HM, OCOOJMBO XapaKTEPHUM
Ha KIHIIX Baja.

[Ipu BIgHOBJIEHHI MIMHOK 1 PI3bOOBUX [IISHOK PEKOMEHAYETHCS
BUOPOJIyTOBE HAIUIABJICHHS, HAIUIABJICHHS B CEPEJOBHIINI BYTJEKHUCIOIO Trasy,
HallaBka Mmig mapoM (QUIoCy, KOHTAKTHA NpUBapKa METAJEBOro wiapy,
ra3oTepMiyHe HaIMWJICHHS, eJIeKTpodeppOMarHiTHOE HapOIyBaHHs MOpoIIKamu [ 1,
3].

Enextponyroa HamiaBka PEKOMEHIYETHCS TPH BIJHOBJICHHI 3HOILIEHHUX
OlYHMX JIISHOK nuriiiB. Jlnsg BamiB 3 ApiOHMMH TUTIIAMU  3aMaJuHU MK
OCTaHHIMHM TIOBHICTIO 3arutaBistoTcs. st Toro mo6 3MeHImuTH aedopmariito Baja,
HAIUIABJISIOTh MO 4Yep3i MUK Ha JIaMeTPajbHO MPOTUIICKHUX MOTO CTOPOHAX.
Hamnasnennst Bexyth enektpomamu O3H-300, O3H-350, O3H-400 miametpom
4...5 MM, Ha 3BOPOTHIN NONSIPHOCTL, ipH cuJii cTpymy 200...250 A.

KinbueBy HamiaaBky Mo choipaji MOXKHAa 3aCTOCOBYBaTHM 1 JJi BajliB 3
BEJIUKMMHM BHCOKMMHU IIUIAIIAMH, TPOTE€ B I[bOMY BHIAAKY iX TOMEPEIHBO
o0poOmsitoTh  (00TOUYIOTH ab0  00IMparOTh  KPYMHO3EPHUCTUM  KPYrom),
3MEHIIYIOUH BUCOTY ILIIIIB 70 6...8 MM.

3araJlbHUM HEIOJIKOM BCIX CIIOCOOIB HAIIABIICHHS IUIIIIB IO Cripam 3
3aIIaBJICHUM 3aMajiiH € Te, M0 TPH oMY B 2...3 pa3u 301IbIIYETHCS BUTpaATa
€JIEKTPOJHOTO  Marepiady 1  eJEeKTPOEHEeprii, BIAMOBIAHO  MiJBUILILYETHCS
TPYJOMICTKICTh HAIIABOYHUX POOIT 1 MOAANBIIOI MEeXaHIYHOI 00poOku. IcToTHO
3pOCTalOTh TaKOX JedopMmallii geraniei i, KpiM TOro, BHaCIIOK BEJIMKOIO0 HarpiBy
MOPYIIYETHCS TepMidHA 00pOOKa MPAKTHUYHO BCIX JUISHOK JETaTI.

87



3HayHO OU7bllleé EKOHOMIYHA TO3/0BXKHS HAarulaBka OIYHUX TOBEPXOHb
NUTIIIB, TOMY CHIiJi TparHyTd 10 OUIBII I[IUPOKOTO 3aCTOCYBaHHS IIbOTO
TEXHOJIOTIYHOTO BapiaHTYy.

HamnnaBnenHss BenyTh 3 TakuM pO3PaxXyHKOM, MIO0 IHap BHUCTYIAaB Haj
noBepxHero murima Ha 1,2..2 mm. Lle mo3Bosse B mopanblioMy 3a0e3MeunTH
HOpMaJbHHMI pO3MIp Bally MO IEHTpylouoMmy miameTpy. HamnaBienuii Ban
BIJIMATIOIOTh HA BUCOKOYACTOTHIN yCTAHOBIII, IO MOJIETTIYE MEXaHIYHYy 00pOOKY.
OO0TOuyrOTH Basl pi3lieM 3 TBepAociuiaBHOIO miactuHoo T15K16 mpu yacrtoTi
ob6epranns 400 o6/xB.

Jlns BajiiB 3 BEIUKUMH IUTIIIAMUA 3aCTOCYEMO CITOCIO BIJIHOBJICHHS IILTIIIIB
KOHTAaKTHUM 3BaplOBaHHsIM 1 THCKOM. IIpu 1iboMy cmocoOi g0 BEpIIMH IIUTIIIB
KOHTaKTHHM 3BapIOBaHHSAM MPUBAPIOIOTH MPUCATOUYHUNA MaTepiai (cMyry ado JIpiT)
3 OJJHOYACHOI OCAJKOK 1 po3Aadero HUILIB No mupuHi. [lpucagnuii marepian
MOJKE TOJIaBaTUCS 3 KaceTH, IO 3HAXOJIUTHCS Ha 3BapIOBaJIbHOI MamuHi, abo
NIATOTOBJIATUCSA Yy BHIJISAAl BiAPI3KIB HEOOXITHOI JOBXHHH 3 TONEPEIHBOIO
MPUXBATKOIO iX JIO IUTIIB B OJHIM ab0 ACKUIBKOX TOYKaX (B 3aJI€KHOCTI BIJ
JTOBXUHM UTIIB). Ocaaka 1 po3aayda NUTIIIB IIPU 3BapIOBaHH1 KOMIIEHCYIOTh 3HOC 1
3a0e3MeuyIoTh MPUITYCK Ha TOAJBITY 00pOOKY.

[InieBuid Baj 3 OMpUCAAHUM MaTepiajJoM 3aKpiIUTIOIOTh B YCTAHOBOYHOMY
IPUCTOCYBAaHHI 1 MHEBMOLMJIMHAPOM MPUTHUCKAIOTH A0 3BapIOBaJIbHUX POJIMKIB.
[Ticnss BKIIOYEHHS 3BaprOBAIbHOTO CTPYMYy OJHOMY 3 PpOJIMKIB HAaJalOTh
KOJIMBAJIbHUH PyX 3a AOMOMOroto npodiibHOro Kynauka. [Ipu 301mKeHH1 pOIUKIB
BiJIOYBAETHCS OCAPKEHHS HArPITHX JI0 TEMIIepaTypH 3BapIOBAHHS JUISTHOK ILUTIIIIB,
0 KOHTAKTYIOTh 3 POJIMKAaMHU, a TIPH PO3BEACHHI POJIUKIB HA JESAKY BEJIMUYUHY -
nepemimieHds: Bajga Ha 10...15 MM 1 HarpiB HaACTyMmHUX IISHOK. TakuMm 4YHWHOM,
BiJI0YBAIOTHCS HAIUTABKA 1 OCAJKEHHS OJHOYACHO JBOX MPOTWJICKHUX ILTIIIB 1O
BCli ix pomxkuHl. IIBUAOKICTE, HAIUIAaBJICHHS JABOX INIIIB Ha ONTHUMAaJIbHUX
pexuMax cTaHoBUTH B cepeanbomy 30..50 wm/rox (B 3alexHOCTI BijJ
TUNOpo3MipiB). Ilicis HamiaBieHHs OJIHIET MAPU LUIILIB POJMKH PO3XOASTHCS 1
BaJl IOBEPTAETHCS HA BIAMOBIIHUAN KYT JJIsl HATUIABJICHHS HACTYITHOT MapH.

[Ipu HeBenMKOMY 3HOCI ILTIIIB BIIHOBUTH IX MOXHa METOJOM IJIACTUYHOTO
nedhopMyBaHHS POJMKOBUMHU PO3KATHUMHU TojoBKkamu. Croci0 3acHOBaHWMU Ha
po3dadi muTia Mo MIMPHHI, TEPEBAXKHO Yy BEPXHIM MOr0 4YacTWHI, BIABICHHSIM
ponuka. [lpu oMy BIA€TbCS KOMIIEHCYBATH 3HOC IILTIIIB HA BEIUYUHY J0 2 MM
(B 3aJI€KHOCTI BiJl IIMPUHU 1ILTILA).

IniepeMOHTHY TOJIOBKY MOHTYIOTh Ha mpeci. LllmuueBy IuIsHKY ciij
Harpieata  (700...800° C) 3a A0MOMOTOK IHAYKIIHHOI BHUCOKOYACTOTHOT
ycraHoBkH. HeoOxinHe 3ycuiuist [ po3kaTyBaHHs Onu3bko 25 tc. Ilpumyck Ha
noxaneiry 06poobky HeobximHo maBatu 0,2...0,25 M, 110 A03BOJISIE 3aCTOCYBaTH
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TOHKE HuIinedpe3epyBaHHs, OTPUMATH BHUCOKY TOYHICTH OOpPOOKH 1 HIOPCTKICTH
MOBEpXHi B Mexkax 6...7.

BigHoBienHs  pi3pOOBMX  JIISSHOK  BaliB  BEIEThCA  BIOPOJYTOBUM
HaIUTaBIICHHSM a00 KOHTAaKTHMM TMpHUBaprOBaHHSAM JpoTy. Bibpomyrosoro
HaIJIaBKy CJiJ TPOBOAUTH O€3 mojadi OXOJOKYIOUOi pIIUHU Ha Pi3hOOBY
OUISIHKY ~JieTalli, 10 HamiaBJseTbes. Lle 103BoMsie B MOanbIIoMy HTPOBOAUTH
Hapi3Ky HOBOTO pi3bOJieHHs. PimnHOI0 Tpeba 3MalryBaTH IMIMMKW 1 MUTIIM BajliB
100 YHUKHYTH X TeperpiBy 1 MOPYLICHHS 1X TepMIuyHOI 0OpOOKH.
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ELECTRON-BEAM REMELTING
(EnexTpoHHO-IpOMEHEBUH TIEpETIIIaB)

Hayionanvnuii ynisepcumem diopecypcie i npupo0okopucmysaunHs Ykpainu

bymxos M.O., cmyoeum
Hayxosuii kepisnuk — Apmanoinany €. I, 0.m.H., npog.

Electron beam melting (EBM) is a metal additive manufacturing technology
that uses an electron beam to melt layers of metal powder. First introduced in 1997
by Swedish company Arcam, EBM is ideal for manufacturing lightweight, durable
and dense end parts. The technology is primarily used within the aerospace,
medical and defense industries.

In this article is looking of the EBM production process, its benefits and
limitations, as well as the materials and areas of application of EBM technology.

Electron Beam Melting, like SLS and DMLS, belongs to the powder bed
fusion family. However, in contrast to other metal AM technologies, which use a
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laser as their heat source, EBM uses a high-power electron beam to melt layers of
metal powder. The melted layers of metal powder are then fused together to create
a metal part.

A step-by-step view:

1)The build plate is coated with a layer of metal powder.

2)As the layer is preheated, the powerful electron beam selectively melts
powder in the areas defined by the digital CAD model.

3)The next layer is then deposited and the beam melts and fuses layers
together.

4)The process is repeated until the final shape of a part is achieved. After
removing the excess powder, the metal part can then undergo post processing.

To prevent contamination and oxidation of the powder, the printing process
takes place in a vacuum environment.

The EBM process scheme is shown in fig. 1. Electron beam melting is used
in medical industry. For example, EBM can be used to produce trabecular implants
and other medical implants, customized to suit the patient’s requirements (fig. 2 a).
As far as aerospace is concerned, EBM is particularly useful for producing
aerospace components with a substantial weight reduction. GE, for example, is
already using EBM technology to 3D print turbine blades for jet engines (fig. 2 b).
Although EBM is most suited to demanding industrial applications, the technology
demonstrates the huge potential of metal additive manufacturing (fig. 2 c). EBM
offers an innovative solution to manufacturing small series, prototypes and even
support parts using 3D printing (fig. 2 d).

Filament L q

Gnid cup
Anode

Se— fe—
Focus coil .
Deflection coil = ]
e
\ =
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!
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-
- —
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Fig. 1. Scheme of electron beam melting
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C d
Fig. 2. Application of electron beam melting

YK 669.14.018.25:620.18:539.374

COKE OVEN GAS
(Koxkcosuii ra3)

Invin I.I'., cmyoenm
Hayxosuii kepienux — Apmanoinany €. I'., 0.m.n., npogh.

Hayionanvruii ynisepcumem biopecypcis i npupoookopucmyseauns Ykpainu

One of the most effective types of gaseous fuels is coke oven gas. Initially,
coke oven gas was considered a by-product that was released into the atmosphere
during coke production.

Later, coke plants began to use it in order to ensure the operation of the
equipment, and at the moment coke oven gas is used as fuel in various fields of
industry and domestic gas supply.
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Coke oven gas (fig. 1 a) is a product of thermal decomposition of coal
molecules; it is obtained simultaneously with coke during the distillation of coal in
chamber furnaces (fig. 1 b). This process is carried out at a temperature of 900-
1200 °C. The amount of gas produced directly depends on the set temperature and
the duration of the cycle. During high-temperature processing, lasting 13-14 hours,
depending on the initial characteristics of coal, approximately 74-78% of solid
coke and 15-18% of gas are produced.

T

Fig. 1. Coke oven gas (a) and chamber furnaces (b)

The main consumer of coke oven gas is metallurgy; the vast majority of
coke plants are located at or near metallurgical plants. In this industry, 50-60% of
the total supply is involved in open-hearth workshops.

This fuel is also used in the ceramic and glass industries. It is used in the
form of fuel for steam boilers and at metal cutting enterprises. In many cities of
Russia, coke oven gas is used in urban gas supply.

Coke oven gas was widely used as transport fuel for automobiles and
railway transport.

Scheme is shown of coke oven gas application in blast furnace (fig. 2)

Heat -
Exchange =1

Gas after
compressing
Gas
Compressor
Crude L
gas Powder injectior

=

; h Raceway
Coke oven  Gas cleaning

Fig. 2. Scheme of coke oven gas application in blast furnace
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Approximate composition:

hydrogen H, - 50-60%;

methane CH, - 20-30%;

carbon monoxide CO - 5-7%;

carbon dioxide CO; - 2-3%;

nitrogen N, - 2 - 3.5%.

Properties:

density at a temperature of 0 © C and atmospheric pressure of 760 mm Hg:
0.45 - 0.50 kg/m’;

heat capacity: 1.35 kJ;

calorific value: 17.5 mJ / m>;

flash point: 600 - 650 °C.

Coke oven gas is a toxic and explosive substance. The concentration of
explosive substances from 6 to 30%.

YK 669.14.018.25:620.18:539.374

BLAST FURNACE (WASTE) GAS
(JlomMenHM (KOJTOIIHUKOBUIA) ra3)

Kpyaniti M.M., cmyoenm
Hayxosuii kepienux — Apmanoinany €. I'., 0.m.n., npogh.

Hayionanvnuii ynisepcumem biopecypcie i npupo0okopucmysaunHs Ykpainu

INTRODUCTION TO BLAST FURNACE.

The purpose of a blast furnace is to chemically reduce and physically
convert iron oxides into liquid iron called hot metal. This particular process is the
dominating ironmaking route for providing the raw materials for steelmaking.

The blast furnace zones are shown in fig. 1. The blast furnace main components
including following parts:

- throat: the burden surface at the top of the blast furnace;

- shaft. where the ores are heated and reduction reactions start;

- belly or bosh parallel: the short vertical section;

- bosh: the ore reduction completes, and the ores are melting down;

- hearth: where the molten materials are collected and tapped via the tap-
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Fig. 1. The blast furnace zones:
a — main components (b), auxiliary equipment (b)

The blast furnace main components are shown in fig. 2.
Top gas
Burden

Coke

Cohesive zone

Shaft zone
Active coke zone

Dead Man

Raceway ——a—. Bosh

- e e e e e = = = = = =

Fig. 2. The blast furnace main components

The blast furnace zones including following areas (fig. 3):

- primary reduction zone: the upper part of shaft, where higher valency iron
oxides are reduced. temperature ranges from 400 to 1000 °C;

- thermal reserve zone: the lower part of the shaft zone, where the temperature
1s maintained at about 1000 - 1200 °C. In this zone, reduction of wustite to metallic
iron takes place;
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- cohesive zone: extends from above bosh near the wall up to middle part of
stack in the center of the bf. The materials have reached about 1200 °C start to
soften and melt except coke particles.

Chemical reactions are shown for process of converting from hematite to
metallic iron in fig. 4.

Primary reduction zone
Thermal reserve zone

Cohesive zone

Active coke zone

Dead man =

Fig. 3. The blast furnace zones including following areas
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Fig. 4. Chemical reactions
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AGGLOMERATION
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Hayionanvnuti ynieepcumem oiopecypcie i npupoookopucmyseanus Yxpainu

Agglomeration is a method of thermal agglomeration of dusty small ores,
concentrates and metal-containing waste by sintering. The most widely used
agglomeration is the preparation of iron ore raw materials for the metallurgical
production of pig iron. The processes occurring in the sintering layer of the
mixture during agglomeration are in many respects similar to the processes of
sintering particles in the production of ceramics and in powder metallurgy.

Agglomeration is used in the roasting of iron ores and concentrates, as well
as non-ferrous metal ores and concentrates. Iron ore sinter along with pellets is
used in the production of pig iron as the main raw material.

Agglomeration as a method of agglomeration was accidentally discovered in
1887 by British researchers F. Geberlein and T. Hatington during experiments on
desulfurizing roasting of non-ferrous metals on a grate. Firing was carried out as
follows. A layer of burning pieces of coke or coal was poured onto the grate, on
which a layer of sulfide ore was then laid. From below, air was supplied from the
blower through the grill. Passing through a layer of fuel, the air provided its intense
combustion. Hot combustion products, moving on, heated the layer of ore located
above. Agglomerate production workshop and dwight and Lloyd drum type
agglomeration machine are shown in fig. 1, 2.

|\' 4 o SIS

Fig. 1. Agglofnerate production workshop, Fig. 2. Dwight and Lloyd Drum
Nurberg (Sweden), Sweden, 1926 Type Agglomeration Machine, 1891
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Scheme is shown in fig. 3 of material flows during agglomeration.
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Fig. 3. Scheme of material flows during agglomeration

Agglomerate production is shown in fig. 4 during and after sintering.

a

Fig. 4. Agglomerate production during and after sintering
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TECHNOLOGY.

The composition of the charge.

Open warehouse for mixing iron ore concentrate with lime.

The general scheme of the sintering process by the method of suction
includes the following steps.

A typical mixture used for the production of iron ore sinter consists of the
following components:

-small iron ore material, usually a concentrate;

-crushed fuel — coke (fraction 0—3 mm), content in the charge 4-6%;

-crushed limestone (fraction 0—3 mm), content up to 8—10%;

-return - substandard agglomerate from previous sintering (fraction 0-8 mm),
content 25-30%;

-iron-containing additives - blast furnace dust from blast furnaces, mill scale,
pyrite cinder of sulfuric acid production, etc. (fraction 0—3 mm), content up to 5%.

The main advantage of the agglomeration is its versatility - the sintering
process is quite successful with the use of ore materials in a wide range of sizes
(from 0 to 10 mm); some deviations from the optimum parameters are permissible
in terms of the charge moisture, solid fuel content in it, etc. The undoubted
advantage of the pellets over the sinter is their good transportability: they are little
destroyed in the course of rail or sea transportation. Thus, it is advisable to sinter
fine ore concentrate by production of pellets in the case when the ore mining plant
(with the processing plant) is located at a considerable distance from the
metallurgical plant. There is an opinion among metallurgists that agglomeration
and pellet production are not competing but complementary sintering methods.

YK 669.14.018.25:620.18:539.374

MELT BLOWING BY INERT GAS
(ITlpomyBanHHS pO3IIaBy 1HEPTHUM Ta30M)

Honeuu /[.A., cmyoenm
Hayxosuii kepienux — Apmanoinany €.1°., 0.m.H., npogh.

Hayionanvruii ynisepcumem biopecypcis i npupoookopucmysanus Ykpainu

Purging with inert gas is accompanied by a decrease in the temperature of
the metal (the gas heats up and intensively carries away heat), so purging with inert
gas is often used to regulate the temperature of the metal in the bucket.
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The operation of purging large masses of metal with inert gases in a ladle is
simpler and cheaper than vacuum treatment, so, if possible, vacuum treatment is
replaced by purging with inert gases through porous plugs in the bottom of the
ladle or through a hollow stopper.

The process of purging metal with inert gases is characterized by:

1) reduction of the content of gases in the metal;

2) intensive mixing of the melt, improvement of the conditions of the
processes of transfer to the slag of non-metallic inclusions, while the metal
composition is averaged;

3) improving the conditions of the carbon oxidation reaction;

4) lowering the temperature of the metal.

The motion scheme of gas-metal flows in the bucket when blowing metal
through porous bottom seams sufficient for reliable operation at 1550-1650 °C, as
well as thermal and chemical resistance to metal and slag. One of the plug design
options is shown in fig. 1.

The use of plugs of this design provides intensive mixing of the metal. The
method of purging metal through the porous bottom of the bucketl also gained
distribution. The bottom in operation turned out to be the bottom of conventional
refractories with porous seams (fig. 2).

In fig. 3 shows a diagram of the blowdown lance with gas protection.

Powders can also be blown through such a lance. Other methods are gaining
ground. The degree of occurrence of all of the above processes depends on the
duration of the purge and on its intensity (i.e., ultimately, on the inert gas
consumption):

1)  purging with a gas flow rate of up to 0.5 m>/t of steel is sufficient to average
the chemical composition and temperature of the metal;

2)  a purge with an intensity of up to 1.0 m’/t affects the removal of non-
metallic inclusions from the metal;

3)  for effective degassing, an inert gas flow rate of 2-3 m’/t of metal is
required.

In fig. 4 presents a diagram of a CAS installation of a complicated design
mounted in the converter shop of the Wheeling Pittsburgh Steel company (USA).
This installation provides the possibility of heating steel due to the heat of the
oxidation reaction of oxygen introduced into the metal aluminum. The installation
is named CAS-OBI1.

In those cases when it is necessary to mix the metal in the ladle under the
slag for a long time, the electrodes are lowered into the ladle lid and the bath is
heated. This eliminates the use of conventional chamotte as the refractory material
of the bucket, since prolonged contact of the liquid-moving highly basic slag with
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the chamotte lining, consisting of silica and alumina, will lead to a quick failure of
the lining. Bucket lined with basic high refractory materials.

Fig. 2. The bottom in operation turned
Fig. 1. One of the plug design options out to be the bottom of conventional
refractories with porous seams

9

Fig. 4. A diagram of a CAS installation of a
complicated design mounted in the converter shop
of the Wheeling Pittsburgh Steel company (USA).

Fig. 3. A diagram of the
blowdown lance with gas
protection
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ADVANTAGES AND DISADVANTAGES OF DIRECT IRON REDUCTION
IN COMPARISON WITH THE BLAST FURNACE PROCESS
(ITepeBaru Ta HEeAOMIKM IPSIMOTO BITHOBIICHHS 3aj1i3a Mepe]] JOMEHHUM
MIPOIIECOM)
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Hayionanvnuti ynieepcumem 6iopecypcie i npupoookopucmyseamnus Yxpainu

A general description of the process.
The blast furnace process is carried out in blast furnaces, which are
aggregates of mine type (fig. 1).

PHc 7.1 — CxXeMa J0MEHHO1
rIedi.,

1 — MLOTKa ATST BHITYCKY

"aBYHY,

2 — razoRigB e eHHS,

3 — 3ACHITHHIT arperar;

4 — ypam;

5 — IIbOTKa AJI51 BHITY CKY

LIUTAKY.

|

Fig. 1. Scheme (a) and photo (b) of the blast furnace

The process of smelting iron is continuous. From above, through the
furnace, in the blast furnace charge materials (sinter, pellets, coke, fluxes, metal
additives - welded slag, scale, scrap) are loaded. In the blast furnace loaded charge
materials as a result of the course of physical and physico-chemical processes are
gradually transformed into cast iron, slag and blast furnace gas. In the lower part of
the furnace through the tuyere blow the air (blast), heated to 1100 - 1300 °C, with
the addition of oxygen, natural gas, pulverized coal or other additives. Depending
on its volume, the blast furnace blows from 2000 m? to 10000 m? of air per minute
(2800000 m* — 14400000 m? per day). For example, a blast furnace with a volume
of 3800 m? blows air at 6500 m?/min.
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As a result of the coke burning, a gas is formed in the lower part of the
furnace, which consists of carbon monoxide CO, nitrogen N, and hydrogen H,.
Under the influence of the blown air pressure, the gas is directed upwards to the
sump. The outgoing gas stream heats the charge materials, which are lowered as
the coke burns and the charge melts, leading to the release of the volume at the
bottom of the furnace. Carbon monoxide and hydrogen are reducing agents that
recover iron from iron ore. At certain temperatures, decomposition of complex
compounds and the reduction of iron from oxides begins. This process is
completed by carbonization of the recovered iron (the formation of pig iron) and its
melting (at the horizon below the furnace shaft or at the top of the steam). The melt
accumulates in the lower part of the furnace, and goes to it the partially recovered
elements: silicon Si, manganese Mn, as well as phosphorus P, sulfur S. This melt is
cast iron, containing more than 92% Fe; 3.5-4.6% C, a certain amount of Mn, Si, P
and other elements. Cast iron and slag are periodically released from the furnace
through a special hole (flyer).

Direct iron restoration.

Direct production of iron, also direct production of iron is a relatively high-
temperature process of direct (bypassing blast furnace iron production) recovery of
iron from ores.

In the old days, the direct production of iron was carried out in humidifiers
in a humidus way. Now many metallurgists are seeking to revive and improve the
direct production of iron. There are already hundreds of proposals and patents for
various methods of direct iron production. But only a small number of them are
used in industry or are being tested for industrial scale.

All the processes of direct iron production that occur in low-power units
give not finished metal, but intermediate, which comes as a charge to blast-furnace,
open-hearth and electric furnaces.

Renewable gas is obtained by treating natural gas with steam.

Direct recovery products are metallic materials, direct recovery products are
metallic materials, direct recovery products, sponge iron, etc. By purpose, their
activity is to blend for blast furnace (70 ... 85% Fe) or steelmaking (90 ... 98% Fe)
production and initial product for the production of iron powder (99% Fe).

Advantages and disadvantages of direct iron restoration.

Direct Recovery Benefits:

No pollution.

The cost of maintaining a blast furnace.

In contrast to the blast furnace process, there is no need to use scarce
expensive fuel — coke, which requires the use of coal to be coking. Already in
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some areas there is a shortage of coal, and in the future their shortage will be even
greater.

Disadvantages of direct recovery:

Direct recovery is less popular than the blast furnace process, for example,
in 2014, the blast furnace process in the world produced 1183.451 million tonnes
of pig iron (the vast majority of which became raw materials for steel production),
and its direct (direct) recovery processes - 73.202 million tonnes. of directly
recovered iron.

Less production.
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Open-hearth furnace - is a regenerative flame furnace, a high temperature in
which (1750 ... 1800 ° C) is achieved by burning gas in the melting space. Gas and
air are heated in regenerators (fig. 1).

Furnace bed is tilted to the back wall, the bottom has a hole for the liquid
steel discharge. The hole is closed by a refractory stopper during melting. Heads
are accommodated in the ends of the furnace for the supply of heated gases and air
in melting furnace, and for combustion products removal. Depending on gas and
air flow, the heads work alternately as a burner or a smoke channel. There are two
pairs of regenerators for heating gas and air before entering the furnace which look
like cameras with lattice laying made of refractory bricks.

Regenerators work in pairs and alternately (fig. 1): when the first pair 1 and
2 heats gas and air, the second pair 8 and 9 accumulates heat output combustion
gases. When the first regenerator pair is cooled, the gas direction changes with the
help of valves 10 and 12. Gas and air enter the melting chamber through the
second regenerator pair, and combustion products heat the first pair of
regenerators.

During melting, samples of metal and slag are taken for the impurity
quantities detection. After gaining desired phosphorus quantity and carbon in
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metal, metal bath is transferred to a clean (oreless) boil. It increases with the
temperature rising and is characterized by the bubbles release on the slag surface.
During this period the metal is released from the carbon gases and nonmetallic
inclusions. When carbon content is achieved, boiling process stops, and last
melting period — deoxidation starts. Rimmed unkilled steel is deoxidized by the
ferromanganese in 3-5 minutes before diflation from the furnace.

gy s Y
——

Fig. 1. Open-hearth furnaces

Killed steel is deoxidized firstly in the furnace FeMn and FeSi, and finally in
the ladle FeSi and Al.

In alloy steel melting FeCr and FeW are introducted into the furnace after
preliminary deoxidation, FeV and FeTi are added in a ladle after the final
deoxidation, and Ni and Mo - during charge loading, as they are not oxidized in the
molten bath.

Scrap process is used in the factories without blast furnace manufacture.
Charge consists of 65-80% of steel scrap and the rest is pig iron. This process
differs from the scrap-ore process only by the methods of loading and charge
melting.

Charge loading is in the following sequence: 15 - 30% of scrap, it is covered
by the limestone and is heated for 25 - 35 minutes, and then the rest of the scrap is
loaded, again heated and iron is loaded through the top.

During charge heating the cast iron melts the first, and as a result steel scrap
starts melting faster. Cast iron pouring into an open-hearth furnace shown in fig. 2.

The efficiency of the open-hearth furnaces.

The efficiency of open-hearth furnaces is determined by their productivity
and the cost of 1 ton of smelted steel. Productivity of furnaces is measured by
removal of steel from 1 m® of hearth area in tons per day [t/(m°-day)]; hourly
productivity (t/h) and annual productivity (t/year).
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Fig. 2. Cast iron pouring into an open-hearth furnaces
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Powder materials or baked materials - composite materials made of metal
powders, their alloys and refractory compounds (carbides, nitrides, borides, etc.)
by powder metallurgy methods. They are characterized by unique set properties
that can in many cases be provided only by powder metallurgy methods, rationally
combining charge (source) components. In addition, the creation of powder
materials requires minimal material loss.

By purpose, powder materials are divided into: structural, antifrictional,
friction, electrocontact, instrumental, magnetic, porous, corrosion-resistant. There
are powdered copper alloys, solid alloys, refractory metals and the like.
Construction powder materials are made mainly of iron powder. They are used in
the production of gears, levers, cams, bushings and other machine parts. For anti-
friction materials use powders of bronze, iron alloyed with molybdenum and
boron, stainless steel and the like. They are made of bearings, which are used in
lubricating machines, in abrasive, corrosive and other environments. Some friction
materials are based on iron powders with special additives. These materials are
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used in brake systems of heavily loaded machines. Bronze-based friction materials
are used at the friction points of many transport, road and other machines.
Electrocontact powder materials that based on tungsten powder and silver, tungsten
and copper is used to made a contacts of high voltage and high-power switches and
other devices, of tool powder materials based on, for example, steel powder —
cutting tool. Magnetic powder materials are used for magnetic circuits of various
devices, relays, electromagnetic couplings; porous - for filters that purify air,
liquids, fuel, etc .; corrosion resistant - for the chemical industry.

Composite powder materials are made of non-ferrous metal powders that
form the basis (the matrix) and reinforcing components - metal oxides with the
sizes of 0.1 - 5 microns. Composite materials on aluminum basis — CAII (SAP -
sintered aluminum powder): CAII-1, CAII-2, CAII-3 containing 6-17% of A1203,
strength 6B=300-400 MPa, and plasticity is 3-8%. CAII exceeds the duralumin
strength and steel heat-resistant at the temperatures up to 500°C. Magnesium
composite is reinforced by the oxides MgO and BeO. It has oB = 280-300 MPa and
work temperature up to 400 °C. Perspective materials are materials based on nickel
oxides with thorium, hafnium, zirconium: BIY-1 (Ni + 2 % ThO2), BAY-2 (Ni +
2 % HfO2), BJI-3 (Ni+20 % Cr+2 % ThO2) with tensile strength oB=525-550
MPa, elongation 6=13-23% and ability to work at the temperature of 1000°C.
Powder composite example is shown in fig. 1.

o
i o

Flg. 1. Powder composite example

Composite materials are made of colored powders the metals that form the
basis (matrix), and dispersion-strengthening component — metal oxides (fig. 2).
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Fig. 2. Hard composite material

Powders oxides of size 0.1-5 pum effectively inhibit the movement of
dislocations in matrix and thus increase its strength. The most common composite
materials based on aluminum - SAP (sintered aluminum powder): SAP-1, SAP-2,
SAP-3 with a content of 6-17% A1,0;, with a strength of 300 - 400 MPa and a
plasticity of 3 - 8%. By the strength of the SAP exceeds duralumin and even heat-
resistant steels at temperatures up to 500 °C. Known magnesium composite,
hardened oxides of MgO and VeO having 280-300 MPa and working temperature
up to 400 ° C. Promising material of the SAP type is materials based on Nickel
with thorium, hafhium, zirconium oxides: VDU-1 (Ni+2% ThO,), VDU-2 (Ni+2%
HfO,), VD-3 (Ni+20% Cr+2% ThO,) with a strength of 525-550 MPa, plasticity
13-23%, capable of operating at temperatures up to 1000 °C.

Conclusion. Powder metallurgy is an industry that covers the production of
metal powders, their alloys and compounds, as well as non-metallic materials
(graphite, carbon black) and semi-finished products, billets or finished products.
However, the main component of such materials does not bring to melting.
Composite powder materials are used in many industries and show quite good
results compared to other alloys. In addition, the creation of powder materials
requires minimal material loss.
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Hard alloy (cemented carbide (fig. 1), hard metal)

Fig. 1. Cemented carbides

Hard alloys are obtained from the carbide powders WC, TiC, TaC with the
addition of cobalt powder. Hard alloys have high hardness (85-92 HRA) and heat
resistance (900-1000 °C). Hard alloys are used for the production of cutting tools.

Hard metal inserts are produced by pressing and sintering in a vacuum or
hydrogen atmosphere at the temperatures of 1350 - 1550 °C. During sintering,
cobalt and eutectic on its base are melted and connected to the carbides during the
following solidification at cooling.

Hard alloys.

Tools with hard metal inserts remove about 70% of the total mass of chips.

Hard metal alloys are divided into the following groups:

- tungsten;

- titanium-tungsten,

- titanium-tantalum-tungsten;

- tungstenless.

Tungsten hard alloys (fig. 2 a).
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Tungsten hard alloys (group BK- BK2, BK3, BK4 ) consist of the carbide
WC grains and Co bond.

Number after the letter K indicates the percentage of Co, the rest is the
carbide WC.

Titanium-tungsten hard alloys (fig. 2 b).

Titanium-tungsten hard alloys (group TK - T5K10, T5KI12B, TI15K6)
consist of Co bond and WC and TiC carbides.

Number after the letter T indicates the percentage of TiC, after the letter K -
Co, the rest is carbide WC.

Alloy T30K4 has the highest wear resistance and cutting speed but the
lowest bending strength (o, = 980 MPa ) among the titanium and tungsten hard
alloys.

Alloy T5KI10 has the lowest wear resistance, but the highest bending
strength (o, = 1420 MPa).

Titanium-tantalum-tungsten hard alloys (fig. 2 ¢).

Titanium-tantalum-tungsten hard alloys (group TTK - TT7K12, TT7K15).
Number after the letters TT indicates the percentage of TiC + TaC, after the letter
K - Co, the rest is carbide WC.

Strength and toughness of titanium-tantalum-tungsten hard alloys increase,
but the hardness and wear resistance decrease when the cobalt content increase.
Alloys are used for the production of the tools that work in the harsh conditions,
with the large and uneven loads at higher cobalt content. Alloys are used for the
treatment with a small load and a high speed cutting at a low cobalt content.

HARD ALLOYS APPLICATION

BK alloys are used in a tool production for the treatment of iron, nonferrous
alloys and plastics. TK alloys are tools for the steel treatment.

Tungstenless hard alloys are used for a semi-rough turning and finish turning
(unctoBa o0touka) and milling of steel and non-ferrous alloys.
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Fig. 2. Tungsten (a), titanium-tungsten
(b) and titanium-tantalum-tungsten (c)
hard alloys

Ceramics. Ceramics consist of aluminum oxide Al203(99%), activators
(MgO, ZrO2) ['®ktiverts - aktuBarop]| and filler ['filo - mamoBHroBau] (titanium
carbide TiC). The plates are made of ceramic materials by sintering or hot pressing
method at the temperatures of 1650 - 1750 °C.

Activators and filler interact with the base, activate sintering and form solid
pore-free (nonporous, porousless - 6e3mopuctuii) (91 - 94 HRA) and wear resistant
material that has heat resistance within 1100 - 1200 °C.

Ceramics are divided into:

- oxide (white) based on A1203 with the addition of magnesium oxide
(marks [IM-332, BO-13);

- mixed (black) based on A1203 (80%) and TiC (marks B-3, BOK-60) with
the addition of silicon nitrides.
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Rolling is a bulk deformation process in which the thickness of the work is
reduced by compressive forces exerted by two opposing rolls. The rolls rotate to
pull and simultaneously squeeze the work between them (fig. 1). The basic process
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shown in the figure 2 is “Flat Rolling”, used to reduce the thickness of a
rectangular cross section. A closely related process is “shape rolling”, in which a
square cross section is formed into a shape such as an I-beam.

Shape Rolling @ - ﬁ ﬁ
Flat Rolling g . P
Shape Rollin -

® Tw%Hiqh [& o V %

Fig. 1. Two High Rolling Mill Fig. 2. Flat and shape rolling

Roll

Roll configurations in rolling mills shown in the fig. 3. Production steps in
rolling shown in the fig. 4. Change in grains structure in rolling shown in the fig. 5.

Defects in rolling may be either surface or structural defects:

* Surface defects include scale and roll marks.

* Structural defects (see next figure) include:

1.Wavy edges: bending of the rolls causes the sheet to be thinner at the
edges, which tend to elongate more. Since the edges are restricted by the material
at the center, they tend to wrinkle and form wavy edges.

2. Center and edge cracks: caused by low material ductility and barreling of
the edges.

3. Alligatoring: results from inhomogeneous deformation or defects in the
original cast ingots.

Other defects may includes residual stresses (in some cases residual stresses
are desirable). Rolling defects shown in the fig. 6.
A rolling mill for hot flat rolling shown in the fig. 7.

Vf
. {{
q
v&
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d
Fig. 3. Roll configurations in rolling
mills:

a - two high rolling mill;
b - three high rolling mill;
c - four high rolling mill;

e
d — cluster rolling mill;
e - tandem rolling mill;
Slabs : \ Blooms-r' = 83”615" -;,:/:',q

“'\:\\ Pipe and tubing
\\

Fig. 4. Production steps in rolling
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Fig. 5. Change in grains structure in rolling

Wavy Edges Center cracking Edge cracking Alligatoring

Rollng cirection

Fig. 7 A rolling mill for hot flat rolling
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When receiving free forging products, the output workpiece (ingots) is
treated with repeated influence from the side of the hammer boik or the press until
the body acquires a given shape and size. Free forging is used in small-series and
individual production of forgings of different masses, including the heaviest (up to
250...300 tons). Heavier forgings are made of ingots round, square or multifaceted
cross section.

The deformation value for free forking is determined either by a relative
change in the cross section areas.

When forging highly alloyed steels containing severely destroying carbides
and eutectics, the ingot coefficient for ingots should be taken at least 10...12.

Hot processing of metals pressure significantly affects the structure of the
metal. When forging cast metal primary crystals (dendrites) are crushed and
extracted in the direction of the largest deformation. The metal acquires grainy
microstructure as a result of the flow of recrystallization processes and fiddly
macrostructure due to the location of impurities along the boundaries of deformed
grains. As a result of forging, the metal becomes more durable and plastic.
However, as a result of the formation of macrostructure metal acquires anisotropy.
Increasing the coefficient of the ingress leads to an increase in the characteristics of
metal plasticity along the fibers and their fall in the transverse direction.

In connection with the anisotropy of mechanical properties of the metal in
the development of the technological process of manufacturing parts should take
into account the direction of fibers: fibers should either bend the contour of the
part, or coincide with the direction of tension during the loading of the workpiece
and, if possible, should not be cut.

The technological process of forging can be divided into basic and auxiliary
operations.

In the development of technological operations of the production of forks,
first of all, make drawings of the fork itself on the basis of drawing the finished
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part. To this end, according to the standard, allowances, tolerances and allowances
are selected, if necessary, allowances.

Allowance - it is envisaged to exceed the size of the forcing against the
nominal sizes of the workpiece in order to obtain the necessary sizes and clean
surface after the final cutting processing.

Tolerance - the difference between the largest and smallest limit sizes of the
fork (valid deviations of sizes).

The allowance is an increase in the allowance, which simplifies the
configuration of the forcing due to the impossibility or impracticality of the
production of forcission on the contour of the part.

The weight of the forging or workpiece is determined on the basis of the
volume calculated by the size indicated in the drawing. To calculate the volume of
the forging is divided into parts that have the simplest geometric shapes. Knowing
the density of the metal, count the weight of the workpiece.

The total weight of the workpiece is obtained as the sum of the mass of the
forging and the mass of waste in the form of profitable and bottom parts of the
ingo, the bevel of the forging, the ugly metal when heating and heating the
workpiece.

The area of the cross section of the workpiece is calculated according to the
specified degree of the tic (in accordance with the specified degree of ingestion).

To match wvarious technological processes and equipment for their
effectiveness, a generalized accuracy indicator is used, which is called the
coefficient of use of the forecast metal during machining.
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Rolling is a type of processing in which the workpiece is compressed by two

rotating rolls of the rolling mill. There are the following main types of rolling:
longitudinal, transverse, transverse screw.
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During longitudinal rolling, the workpiece moves perpendicular to the axes
of the rolls, which rotate in opposite directions. Up to 90% of all rolled products
are made by longitudinal rolling (sheets, tapes, rods).

When rolling transversely, the rolls rotating around the parallel axes in one
direction rotate the workpiece, which is deformed during forced movement along
the rolls.

Transverse helical rolling is carried out by rotating in one direction of the
rolls placed at an angle to each other. This arrangement of the rolls provides the
appearance of axial force, due to which the workpiece moves along the axes of the
rolls.

The rolling roll consists of a working part 1, called a barrel, necks 2, resting
on bearings, and cross-shaped shanks (clubs) 3. The roll is moved by a coupling 4,
which connects the clubs of the shank and the spindle 5 (fig. 1).

| - 3 4 D

[
[

Fig. 1. The rolling roll

In the process of rolling the rolls are in very difficult conditions under the
action of considerable effort, with the sliding of the workpiece metal on the contact
surface of the rolls, in conditions of significant changes in the temperatures of their
working surfaces. Therefore, the rolls must have high strength and resistance to
operation. They are made of bleached cast iron, carbon and alloy steels. Rolls of
small diameter are made of cermets of the VK6, VK8 and other brands.
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One of our leading markets is the automotive castings Industry. Half of the
aluminium used in cars is made up of cast products and has been commonly used
in cars and trucks since the early 1900s.

According to a report by Ducker Worldwide, (2015) the number of
manufacturers using aluminium casting for car bodies is set to grow from 1% to
18% by 2025. The main driver for this is energy efficiency — especially for the
larger SUV, or off-road vehicles. The lightness of aluminium simply means less
fuel is required to power a lighter vehicle..

Within the Automotive Industry aluminium has been favoured due to its
excellent combination of weight and stiffness and the fact it can be converted by
several processes into products. It can be: formed into a shape, produced as film,
forged and extruded and also cast in several different shapes to manage different
volumes of production.

Aluminium is exceedingly resistant to corrosion and the bare metal can be
left outside without corroding, which is a big advantage for the Automotive
Castings Industry. We have a long history of manufacturing castings and machined
components for the Automotive Castings Industry and are therefore highly
responsive to meeting customers’ requirements within this field.

Example castings are shown in fig. 1 for the automotive industry.
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Fig. 1. Example castings for the automotive industry
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Welding is the process of joining together pieces of metal or metallic parts
by bringing them into intimate proximity and heating the place of content to a state
of fusion or plasticity

The welding structures are normally lighter than riveted or bolted structures.
The welding joints provide maximum efficiency, which is not possible in other
type of joints. The addition and alterations can be easily made in the existing
structure. A welded joint has a great strength. The welding provides very rigid
joints. The process of welding takes less time than other type of joints.

Pressure and temperature influence over iron welding are shown in fig. 1.

Above the curve ABCD is the area where the welding quality it turns out
good, and below the curve - the area where welding is no comess out or comes out
low quality.

At temperatures below the melting point of iron for welding requires both
pressure and heating (the area to the left of point D), and whe higherr temperatures
do not require pressure to perform welding (area to the right of point D - fusion
welding).

The zone of thermal influence is called a part of the main metal that is close
to the weld metal. When arc welding of low-carbon steels, the thermal impact zone
1s 6- 10 mm. At gas welding - 25 - 28 mm. When welding steels with high carbon
content or alloying elements possible formation of hardening structures and cracks.
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Fig. 1. Pressure and temperature influence over iron welding
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The vacuum suction installation includes the mold-crystallizer 2, cooled by

water, is immersed to a small depth in the crucible 1 with liquid metal (fig. 1).
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Fig. 1. The vacuum suction installation
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Suction is due to the fact that in the mold vacuum pump through a vacuum
cylinder (not shown) creates a vacuum. Under the action of air pressure on the
mirror of the melt, it constantly feeds the settling castings, as a result of which it
can be obtained dense, without shrinkage defects.

The essence of the technological process is shown in fig. 2.

Fig. 2. The stages of the vacuum suction:
a - immersion of the form in the melt; b - suction of the melt into the mold;
¢ - endurance of metal in the form; d - drain of uncured metal;
e - removal of the casting from the mold

The maximum height of the casting that can be made in this way depends on
the density of the liquid alloy and is about 1200-1400 mm for copper alloys and
about 4000 mm for aluminum.

Most often the method is used for casting blanks of bushings, inserts of plain
bearings from scarce and expensive alloys. In the manufacture of bushings or pipes
after a certain time required for curing on the wall of the mold of the alloy to a
certain thickness, remove the vacuum and pour the alloy that did not have time to
harden in the crucible.

Then lift the mold from the hardened in the form of a sleeve part of the
alloy. The quality of the outer surface of such a casting is good, the inner surface
has a developed ripple, and this will be removed only by machining.

To obtain a solid workpiece requires a longer exposure. The mold can be
filled with melt at the required speed, smoothly, without spraying, with a solid
front. The melt that filled the mold solidifies under vacuum; the gases contained in
it can be released, thus creating conditions for the production of castings without
gas shells and porosity.

Basic principles of vacuum casting

The principle of casting using vacuum suction is that the melt fills the mold
under the action of the vacuum created in its cavity, after which the solidification
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of the metal forms a casting. The rate of filling of the mold with the melt can be
adjusted by changing the difference between atmospheric pressure and pressure in
the cavity of the mold.

Vacuum casting is carried out by vacuum suction of metal into a mold
placed above the molten metal, or by vacuum suction using metastatic pressure
into a mold contained under the molten metal.

In addition, vacuum centrifugal pouring, vacuum injection molding (in a die-
casting machine with vacuum molding), free-flow jet molding in a vacuum
chamber, etc. are used. Depending on the method, the vacuum can be in the range
of40... 0.3 N/ m? (0.3-2 x 10-3 mm Hg).

In the process of vacuum casting, the filling of the mold with metal is
accompanied by the removal of gases from it, which contributes to the production
of dense, high-quality thin-walled (wall thickness up to 1 mm or less) castings. To
make thin-walled castings, pre-degassing in a ladle, vacuum chamber, etc. is used
from fast-curing materials.
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(SMAW), also known as manual metal arc welding (MMA or MMAW), flux
shielded arc welding or informally as stick welding, is a manual arc welding
process that uses a consumable electrode covered with a flux to lay the weld.

An electric current, in the form of either alternating current or direct current
from a welding power supply, is used to form an electric arc between the electrode
and the metals to be joined. The workpiece and the electrode melts forming a pool
of molten metal (weld pool) that cools to form a joint. As the weld is laid, the flux
coating of the electrode disintegrates, giving off vapors that serve as a shielding
gas and providing a layer of slag, both of which protect the weld area from
atmospheric contamination.

Because of the versatility of the process and the simplicity of its equipment
and operation, shielded metal arc welding is one of the world's first and most
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popular welding processes. It dominates other welding processes in the
maintenance and repair industry, and though flux-cored arc welding is growing in
popularity, SMAW continues to be used extensively in the construction of heavy
steel structures and in industrial fabrication. The process is used primarily to weld
iron and steels (including stainless steel) but aluminum, nickel and copper alloys
can also be welded with this method.

Schemes of shielded metal arc welding are shown in fig. 1.
(SMAW)

Electrode

=]
Power supply Coating

Arc Weld pool

Protecting
gas

Workpiece

Electrode Core Wire ——__#8

Shielded or |.£I/

Heavy Coating
Gaseou?%

BASE METAL \ ’
Molten Crater
Weld Deposited Weld Metal

Fig. 1. Schemes of shielded metal arc welding

Equipment

Shielded metal arc welding equipment typically consists of a constant
current welding power supply and an electrode, with an electrode holder, a ground
clamp, and welding cables (also known as welding leads) connecting the two.

Power supply

The power supply used in SMAW has constant current output, ensuring that
the current (and thus the heat) remains relatively constant, even if the arc distance
and voltage change. This is important because most applications of SMAW are
manual, requiring that an operator hold the torch. Maintaining a suitably steady arc
distance 1s difficult if a constant voltage power source is used instead, since it can
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cause dramatic heat variations and make welding more difficult. However, because
the current is not maintained absolutely constant, skilled welders performing
complicated welds can vary the arc length to cause minor fluctuations in the
current.

The preferred polarity of the SMAW system depends primarily upon the
electrode being used and the desired properties of the weld. Direct current with a
negatively charged electrode (DCEN) causes heat to build up on the electrode,
increasing the electrode melting rate and decreasing the depth of the weld.
Reversing the polarity so that the electrode is positively charged (DCEP) and the
workpiece is negatively charged increases the weld penetration. With alternating
current the polarity changes over 100 times per second, creating an even heat
distribution and providing a balance between electrode melting rate and
penetration.

Typically, the equipment used for SMAW consists of a step-down
transformer and for direct current models a rectifier, which converts alternating
current into direct current. Because the power normally supplied to the welding
machine is high-voltage alternating current, the welding transformer is used to
reduce the voltage and increase the current. As a result, instead of 220 V at 50 A,
for example, the power supplied by the transformer is around 17—45 V at currents
up to 600 A. A number of different types of transformers can be used to produce
this effect, including multiple coil and inverter machines, with each using a
different method to manipulate the welding current. The multiple coil type adjusts
the current by either varying the number of turns in the coil (in tap-type
transformers) or by varying the distance between the primary and secondary coils
(in movable coil or movable core transformers). Inverters, which are smaller and
thus more portable, use electronic components to change the current
characteristics.

Electrical generators and alternators are frequently used as portable welding
power supplies, but because of lower efficiency and greater costs, they are less
frequently used in industry. Maintenance also tends to be more difficult, because of
the complexities of using a combustion engine as a power source. However, in one
sense they are simpler: the use of a separate rectifier is unnecessary because they
can provide either AC or DC. However, the engine driven units are most practical
in field work where the welding often must be done out of doors and in locations
where transformer type welders are not usable because there is no power source
available to be transformed.

In some units the alternator is essentially the same as that used in portable
generating sets used to supply mains power, modified to produce a higher current
at a lower voltage but still at the 50 or 60 Hz grid frequency. In higher-quality
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units an alternator with more poles is used and supplies current at a higher
frequency, such as 400 Hz. The smaller amount of time the high-frequency
waveform spends near zero makes it much easier to strike and maintain a stable arc
than with the cheaper grid-frequency sets or grid-frequency mains-powered units.
A high output welding power supply for SMAW, GTAW, MIG, Flux-Cored, &
Gouging is shown in fig. 2 and SMAW system setup — in fig. 3.

ELECTRODE HOLDER

Fig. 2. A high
output welding
power supply

Fig. 3. SMAW system setup
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Casting is a manufacturing process in which a liquid material is usually
poured into a mold, which contains a hollow cavity of the desired shape, and then
allowed to solidify. The solidified part is also known as a casting, which is ejected
or broken out of the mold to complete the process. Casting materials are usually
metals or various time setting materials that cure after mixing two or more
components together; examples are epoxy, concrete, plaster and clay. Casting is
most often used for making complex shapes that would be otherwise difficult or
uneconomical to make by other methods. Heavy equipment like machine tool beds,
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ships' propellers, etc. can be cast easily in the required size, rather than fabricating
by joining several small pieces.

Castings are:

50% of agricultural machinery,

80% of machine tool industry,

60% of tractor industry,

35% of the automotive industry.

The weight of cast parts is from a few grams to hundreds of tons.

Wall thickness - from 2 to 500 mm.

80% of castings are made of cast iron, 15% of steel, 5% of non-ferrous
metals and alloys.

The main Agricultural Machine Castings includes tractor gear box, iron
bracket, reducer shell, belt pulley, cast iron cradle, iron support, brake drum, and
axle support, etc. (fig. 1).

Fig. 1.The main Agricultural Machine Castings
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The Agricultural Machine Castings

Cast iron brackets are usually made by ductile iron. Cast iron brackets are used on the trucks and
Cast iron brackets vehicles, so they must have good tensile strength and elongation.

The type of axle support includes front axle support, and rear axle support The material of axle support
mcludes grey 1ron, ductile iron or cast steel. Tractor axle supports are usually made by grey iron ASTM
A48 class 20, 30 and 35. Auto axle supports are usually made by ductile iron ASTM A536 60-40-18,
65-45-12, 70-50-05 and 80-60-03.

Axle supports

Gear casting 1s also called cast steel gear. It is because most of gears are made by cast steel. As for the
materials, gear castings were usually made by high carbon cast steel, and some were made by alloy
steel with some Cr, Niand Mo in order to reach high tensile strength.

Gear Castings

The main function of the gearbox is supporting the drive shafts to ensure that the distance between the
center axis and parallel, and to ensure the correct installation of gearbox components with other parts.
The materal of tractor gear box 1s usually grey cast iron. Because the grey cast iron has good
machmability, good wear resistance and vibration damping. Moreover, grey cast iron 1s cheaper.

Tractor gear boxes

Belt pulley mainly used for long-distance power transmission. Such as small diesel power output,
tractor, agricultural vehicle, and mechanical processing equipments.

Belt pulleys The production processes of belt pulley are usually included casting and forging. Large belt
pulleys are usually made by casting process. The materials are usually cast iron.
Brake drum is a part of brake system. The material of brake drums must have higher vibration
Brake drums resistance and wear resistance, so the material of brake drums is usually grey iron ASTM A48 Class

35.
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Influence of various factors on the plasticity of steel and alloys.

Influence of deformation temperature. Enhancing processes plasticity with
increasing temperature. Processes that reduce plasticity with increasing
temperature. The role of temperature in reducing the plasticity of various species.
Distribution of steel grades by change in ductility with temperature change.
Influence of deformation rate on plasticity. Deformation rate and mechanism of
plastic deformation. Relationship between velocity and homogeneity deformation.
Influence of grain grain purity on plasticity. The effect of calcium on plasticity.
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The effect of magnesium on plasticity. Influence of unit and method
smelting for plasticity. Influence of chemical composition on plasticity. Influence
hydrostatic pressure on plasticity.

Influence of plastic anisotropy properties for plasticity.

Influence of speed on deformability. Deformation heating and
deformability. Influence of grain size on deformability. Influence of the scheme
deformable state for deformability. Influence of body size and scale deformability
factor. Ways to improve stress and deformability. Influence of deformation
uniformity on deformability. Small deformation and deformability. Brewing
internal gaps.

Stresses and breaks in different types of processing metals pressure.

1.Stresses and breaks during the deposit of forgers round section

2.Stresses and breaks during the deposit of forgers square section

3.Stresses and breaks when forging processes round section

4.Voltages and breaks during rolling

5.Ways to improve the deformability of products from modern complex-
alloy steel and alloys

Methods of research using the rod method. Deposition of forgings.
Macrogrinds before and after deformation. Diametrical sections of deformed
samples. Deformation dependence rods from the degree of deformation.
Comparison of deformed samples with rods and without them. Methods for
estimating the type of stress state by deformation samples with and without rods.
Dependence of the shape of the side surface on the species tense state.
Identification of zones with the action of tensile stresses. Communication of the
species flocs with a tense state during deposition. Deposition of forgings.
Macrogrinds before and after deformation. Diametrical sections are deformed
samples.

Methods of research using the rod method. Macrogrinds before and after
deformation. Cross sections of deformed samples. Dependence of deformation of
rods from the degree of deformation. Estimation of non-uniformity of deformation
along the cross section of the sample. Detection of non-uniformity of deformation
by means of a liquation square. Methods for estimating the type of stress state on
the deformation of square workpieces. Stresses and longitudinal gaps along the
diagonals of the section of the workpiece. Stresses and gaps oriented normally to
the faces of the workpiece.
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Depending on the method of converting mechanical energy into heat, there
are cold and ultrasonic welding, as well as friction and explosion welding.

Cold welding (CSR) i1s a pressure welding with significant plastic
deformation without heating the welded parts by external heat sources. Cold
welding is one of the most rational ways to obtain a one-piece connection of plastic
metals (aluminum and its alloys, copper, lead, tin, etc.). The main advantage of
cholesterol is the lack of thermal impact on the mating workpieces.

A reliable welded joint can be obtained under the following conditions:

* simultaneous plastic deformation of welded metals;

« significant and symmetrical about the center of the connection zone of the
metal spreading in the connection plane. The spreading of the metal causes the
destruction of oxide or other films and the displacement of their fragments from
the joint zone, as well as creates conditions for the intensive movement of
dislocations with the formation of active centers on the connecting surfaces.
Symmetrical spreading of the metal is necessary for more complete removal of
films from the welding zone;

» compression of workpieces at the final stage of forming a welded joint,
which requires significant pressure in the contact area;

* cleaning of edges of connecting preparations from pollution (washing by
gasoline, alcohol and other degreasing solutions) and oxide films. The use of
abrasive tools is unacceptable, as abrasive grains cartoned into the surface of the
workpieces make it difficult to obtain a welded joint;

* preliminary preparation of the surfaces of the workpieces, which provides
the parameter of roughness Rz not more than 10 um and non-planarity of the
surfaces ns more than 0.1 mm.

Scheme of cold spot welding with free flow of metal around the punch is
shown in fig. 1.
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Fig. 1. Scheme of cold spot welding with free flow of metal around the punch

Suture welding provides connection of sheet material by a continuous seam.
There are suture welding rollers (fig. 1, a - B) and welding performed
simultaneously around the perimeter of the workpiece (Fig. 1, r, m). In roller
welding, pre-prepared workpieces are placed between the rollers, squeezed until
the full penetration of their working protrusions into the metal and give the rollers
rotation. The workpieces are moved, and they are welded. When one-sided roller
welding (fig. 1, a) workpieces and 2 are supported by the support roller 3. Their
deformation is carried out by a roller-punch 4.
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Transverse screw rolling is carried out when the rolls locate at an angle to
each other and rotates in one direction. Such arrangement of the rolls provides
axial force. Thus billet moves along the roll axes. The scheme of Transverse screw
rolling is shown in fig. 1.

Fig. 1. The scheme of Transverse screw rolling
1 — the billet; 2,3 — rolls.

Transverse screw rolling are used in the manufacture of pipes, mainly for
stitching ingots or blanks into the sleeve. At the moment of collision of metal with
rotating rollers inclined to the axis of the billet, there are forces directed along the
axis of the billet, and forces directed tangentially to its cross section. The joint
action of these forces provides rotation, retraction of the billet into the narrowing
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gap, and deformation. It is possible to manufacture piece billets (for example,
balls) and helical surfaces also.
Transverse screws rolling of pipe billets (sleeves) are shown in fig. 2.

[/
Fig. 2. Transverse screw rolling of pipe billets (sleeves)
a - scheme for creating tensile stresses in the central part blanks;
b - rolling scheme: 1 - roll; 2 - billet; 3 - idle guide roll;
4 - mandrel (piercing); 5 - sleeve; 6 - rod
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Fig. 3. Transverse screws rolled
products
a - manufacturing of balls;
b - railway carriage axles;
¢ - semi-axles of car
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According to the processing scheme, there are three main types of rolling:
longitudinal (for high-quality and shaped profiles), transverse and transverse-
helical (for rotating bodies).

During transverse rolling, the rolls rotate in one direction and their axes are
parallel, and the workpiece is deformed by them when rotating around its axis. The
method of transverse rolling is obtained, for example, gears and sprockets of chain
gears on special machines with gears (fig. 1).

Components of Transverse Rolling of Discs.

There is increasing interest to use this process for manufacture of general
axi-symmetric components. Generally such components are made on lathes. In
turning we cut shapes on axis-symmetric components and waste lot of material in
the form of chips. It is possible to roll these shapes, at least some of these without
wasting any material in chips.

In this regard the research work done by Kapoor and Juneja, Haider,
Shailendera has shown that there are immense possibilities of transverse rolling
process. They demonstrated by actually producing the components that the process
1s many times quicker as well as cheaper than turning the similar components on
lathe provided sufficient numbers of components are required.

132



Fig. 1. Scheme of transverse rolling

Figure 2 illustrates some components rolled by this process. As regards the
speed of production it may be mentioned that a component shown in Fig. 3 which
would take at least 10 to 15 minutes on a lathe if machined from a casting, can be
in 10-15 seconds by rolling the disc.

Fig. 2. Some cdmpbnents made by single  Fig. 3. A compnent that can be made by
and double transverse rolling. transverse rolling in 10-15 seconds

The range of products may be increased immensely by multiple rolling
sequence. The first rolling pass consists of rolling with a pair of angular rolls to
split the disc into two limbs of equal or unequal thickness. In the second pass the
angular limbs are rolled flat to other finished shapes or those desired for the third
and subsequent rolling pass.

Even internal shapes may be produced by rolling on to a mandrel. However,
for carrying out multiple rolling with different rolls the rolls are to be changed
which is a time consuming process besides being laborious. If number of
components are large, all the components may be rolled with first pair of rolls, then
rolls are changed and second pass is given, otherwise more than one machines are
required.
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Die forging is called metal forming method where the billet is located in the
working cavity of the special tool, plastically deformed, and cavity configuration
and sizes are taken the form. Working die cavity walls limit the treated material
flow and provide its desired geometry.

Die forging technology. Original billet is heated in the furnace, taken out
from the furnace, put to the die bottom, and pressure is created by the top die part,
so that billet takes die cavity configuration. After that die is disclosed, and forging
1s removed.

Steel, non-ferrous metals and their alloys, products for cars, tractors,
agricultural machinery, railway cars, machine tools, aircrafts are made by die
forging in series and high volume mass production.

Die consists of the lower fixed part 1 and the upper movable part 3 (fig. 1).

Fig. 1. Die forging scheme:
1 —lower die; 2 — forging; 3 — upper die; 4 — forging with fin
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Simple configuration forging 2 is produced in the dies with a joint working
cavity. Configuration working cavity die is geometrically similar to the forging
configuration, and the dimensions are larger than the forging dimensions on the
linear shrinkage value of the material that is treated. The steel linear shrinkage is
1.5%.

Open dies have a special ditch in a connector plane along the outer contour
of the working cavity. Excess billet metal is displaced into this groove, forming the
fin. The fin groove consists of a narrow bridge 1 and a shop 2 (fig. 2). Fin is
separated in special dies. Metal waste with fin is from 20 up to 25% of forging
weight.

In the closed dies metal is deformed in a closed cavity, and fin is not formed
(fig. 3). Punching provides more deformation and microstructure improving and
enables to punch badly deformed alloys in the closed dies.

w T T errrana T
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Fig. 2. Open die Fig. 3. Close die
Die forging equipment.

Die forging is provided by steam-air die hammers, crank hot die and
hydraulic die presses (fig. 4).
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| Fig. 4. Crank press
@ ~9 10 11 12 1 — table;
A oy ’
& f \1 2 —lower die;
\ 3 — press ram;
fil M ) 4 —bed plate;
F |13
| g 5 — connecting rod,
7 N 6 — brake;
7, 9 — pulley;
8 — belt;
10 — crankshaft;
11 — countershaft

12 — gear wheel;
13 — tooth gear;
14 —sleeve;

15 —upper die;
J1 — electromotor

Fig. 5. Die forging of wheel
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Welding is the process of making a seamless connection details of cars,
designs, constructions at their local or general heating, plastic reforming to install
interatomic bonding forces at the point of contact.

When welding three-phase arc two isolated one from one electrode 2 and the
welded product 1 are included in the welding circuit to different phases of three-
phase current (fig. 1).

N\

Fig. 1. Scheme of arc welding with fusible metal electrodes with using a three-
phase arc

The arc is excited between each electrode and product and electrodes and
three arcs occur simultaneously Two arcs act directly, and one arc acts indirectly
on each of electrodes and the base metal. Welding performance three-phase arc 2-3
times higher than arc welding way Slavyanov. This method is mainly used when
automatic welding of thick metal.
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Direct and alternating current are used for arc welding. DC sources are welding
generators and rectifiers - selenium, germanium and silicon. Generators direct
current is made stationary and mobile with driven by an electric motor and an
internal combustion engine (fig. 2). Transformers are used for alternating current
welding (fig. 3). Welding transformers are easier to manufacture and operate, have
low weight and lower cost, higher efficiency and significantly more durable . DC
sources for arc welding produced single- and multi-station, and AC sources -
single-post.

Fig. 3. Welding transformer
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Electrodes are made of a gaping welding wire. Welding wire can be made
of six grades of low-carbon steel, 30 - of alloy and 39 - of high-alloy steel. All
steels have a limited content of carbon, sulfur and phosphorus.

Arc welding with steel wire rods (bare electrodes) will not be used due to
unstable arc combustion and high saturation of the weld metal with oxygen and
nitrogen.

To increase the stability of arc combustion and protect the molten metal
from the effects of air on the wire apply a coating to reduce stabilizing (alkaline
compounds (alkalis) (calicilium)), slag, alloying and deoxidation of the substance.

The composition of the electrode coating.

Stabilizing substances are compounds of alkali (potassium, sodium) and
alkaline earth (calcium) metals, which are ionized in the arc more easily than
oxygen and nitrogen in the air, and improve the stability of arc combustion.

Alloying elements are chromium, manganese, tungsten, molybdenum and
others. They are introduced into the electrode coatings during welding of alloy
steels and obtaining resistant to operation surfacing.

Deoxidizing elements (Mn, Ti, Si and others) have a greater affinity for
oxygen than iron. They reduce iron from oxides, form insoluble in iron oxides of
the corresponding elements, which float in the slag.

Deoxidizers and alloying elements are introduced into the coating mainly in
the form of crushed ferroalloys.

Electrode structure is shown in fig 1. Figure 2 shows different types of
electrodes.
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Fig 1. Electrodes for electric arc welding
and cutting:
a — fusible welding electrode;
b — tubular electrode for cutting;
¢ — carborundum electrodes for cutting;
1 — metal core ;
2 — coating ;
3 — steel pipe;
4 — oxygen channel;
5 — watertight coating;
6 — carborundum (SiC) core;
C 7 — metal cladding.

©

Fi. 2. Different types of electrodes

YK 669.14.018.25:620.18:539.374

CASTING PRODUCTION BY THE LIQUID FORGING
(BurotoBneHHs1 BUJIMBKIB MUISIXOM P1JKOTO IITAMITYBaHHSI)

Hayionanvruii ynisepcumem diopecypcie i npupo0okopucmysaunts Ykpainu

Kyyv O.A., cmyoeum
Hayxosuii kepisnuk — Apmanoinany €. I., 0.m.H., npog.

Forging of liquid metal is a type of injection molding. Pour into a metal

mold a portion of the liquid foot and, lowering the metal punch (or top of the
mold), squeeze liquid melt in the cavity between it and the matrix. Figure 1 shows
scheme and stages of the liquid forging.
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Fig. 1. Scheme and stages of the liquid forging:

a — 3QJIMBaHHS MOPIIIT PIAKOTO METaIy 3 Kpu3 k05100 4 y MaTpuIio 2;
0 — 3MHUKaHHS MaTpuili 2 1 TyaHCoHa 5;
B — PO3KPUTTS IITaMIIa Ta BUIITOBXHEHHS! BUPOOY 6 3 MaTpHIll BUILITOBXyBadyeM |

Liquid metal, like any liquid, does not compress. Therefore, its compaction
1s final molding occurs during crystallization or plastic deformation after them
ending when the metal is in a semi-plastic state. Metal compression significantly
accelerates the rate of its crystallization. Unlike injection molding, the metal is
filled during metal stamping calmly, the gases come to the surface without
hindrance, and therefore there are no gas shells. Because liquid metal is poured
directly into the matrix, the gutter system is not required.

The workpieces can be made in two ways: by crystallization under pressure
and stamping with extrusion of liquid metal. In the first case, the bulk of the metal
1s not moves relative to the walls of the matrix, in the second - the liquid metal is
extruded with a punch some parts of the matrix to others. In both cases, the
casting crystallizes under high pressure. This the method of casting resembles hot
stamping of metals by pressure in closed dies. Benefits stamping of liquid metal is
similar to injection molding.

Compared with injection molding in the process ofstamping liquid metal,
which is performed under higher pressure, the metal is well compacted, better
eliminated casting defects, the structure of the metal more fine-grained and
uniform, it acquires better mechanical properties, has a higher stability of the form
that allows to make both thin-walled, and thick-walled preparations from all
foundry feet without foundries and profits. Compared with hot stamping of metals
stamping of liquid metal makes it possible to make blanks from both deformable
and non-deformable, low-plastic and fragile feet; marked by much smaller (6-8
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times) energy consumption for shaping, provides the ability to obtain deep
cavities, thin sections with large linear dimensions, increases the accuracy of
shape and size, improves the quality of the surface, allows to reduce material
costs, reduce labor intensity manufacturing, etc. Compared to other methods of
making castings, this method provides the highest mechanical properties of metal.
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Tractor construction is a branch of mechanical engineering, the enterprises
of which produce various mechanisms for application in agriculture, forestry and
water management, construction and loading and unloading works. Many different
types of tractors, self-propelled chassis, tractor and combine engines, assemblies,
units, spare parts and tractor parts are manufactured in Ukraine (fig. 1). With the
help of tractors can mechanize many different jobs; this primarily applies to
agriculture, in which increasing mechanization of labor causes an increase in
overall productivity.

Fig. 1. Ukrainian tractor industry building
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V-shaped engine casting and build

With the increase in the number of cylinders in the engine, in-line designs
have become less convenient, and therefore they have been replaced by a V-shaped
layout. It involves the installation of cylinders with pistons in pairs, opposite each
other and at an angle. The latter is called the angle of collapse and can vary from
10 ° to 120 ° between the axes. The number of cylinders in such units is from six to
twelve, but it is always an even number. Thanks to the V-shaped layout, many
automakers have been able to experiment with the number of cylinders, increasing
their number to twenty-four, but there are no such cars in series production yet.

Depending on the magnitude of the camber angle, certain engine
characteristics are achieved. So, for example, a small angle allows you to combine
the advantages of both in-line and V-shaped motors in the motor (fig. 2).

Fig. 2. V-shaped engine casting and build

Among the advantages of V-shaped motors are: compact design; longer
engine life; efficient and dynamic work at different speeds. Among the
disadvantages: the design of such a unit is more complex because it has two
cylinder heads; high manufacturing cost; big vibrations at work; difficulties with
balancing.
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Gypsum is a sedimentary rock mainly made of gypsum mineral. It is used
for the production of gypsum binders, in addition to cements, as well as for the
manufacture of slabs for interior lining. And its products have many excellent
characters, commonly used in construction. It consists mainly of bicarbonate of
sulfur calcium (calcium sulfate) (CaSO, 2H,0). Contains CaO - 32.56%; SO; -
46.51%; H,O - 20.93%. Associated impurities: sand, limestone, sulfur iron and
others that give it a brown or reddish hue. Impurities reduce the technical
properties of gypsum. Syngony is monoclinic. Density 2.3. Hardness 1.5-2.0.
Color is white. Glitter glass. The thermal conductivity is 0.298. Solubility 2.05 g/l

Gypsum products are made from gypsum rock, which is a mineral found in
various parts of the world. Gypsum rock is mined, ground into a fine powder, and
then processed by heating to form a variety of products. Figure 1 shows gypsum
(a) and gypsum rock (b).

a
Fig. 1. Gypsum (a) and gypsum rock (b)

Types of gypsum products.

Gypsum-based products are obtained from both gypsum dough (ie a mixture
of gypsum and water) and from a mixture of gypsum, water and aggregates. In the
first case, the products are called gypsum, and in the second - gypsum concrete.
Gypsum products can be solid and hollow, reinforced and unreinforced. Gypsum
construction products include: plates and panels for partitions; sheets for wall
cladding; wall stones; acoustic products; decorative products; ventilation boxes,
etc. Gypsum concrete, small wall stones, slabs and panels for partitions, gypsum
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concrete sheets (dry plaster) and gypsum sheets were the most. One very important
property of gypsum, and therefore of drywall, is the ability to "breathe". Gypsum
absorbs excess moisture at high humidity and gives it back if the air is dry. This
property of plaster gives additional comfort to those present in the room. Figure 2
shows gypsum application as plasterboard sheets (a) and concrete panels (b),
decoration of walls (¢) and in medicine as gypsum dressings (d).

Fig. 2 Gypsum application as plasterboard sheets (a), concrete panels (b),
decoration of walls (c¢) and in medicine as gypsum dressings (d)

YK 669.14.018.25:620.18:539.374

NATURAL STONE MATERIALS
(ITpupoHi kaM'sH1 MaTepiain)

boiixo O.C., cmyoenmxa
Hayxosuii kepisnuk — Apmanoinany €. I., 0.m.H., npog.

Hayionaneruii ynieepcumem diopecypcis i npupoookopucmyeanus Yxpainu

Stone is a natural material of constraction. Building stones are obtained from
quarry be disintegration of rocks. Man has been using stones from very ancient
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times for constructing foundations, walls, pillars, lintels, beams, floors, roofs, etc.
of buildings and also for major engineering works such as weirs, dams etc.

A rock is any naturally occurring solid mass or aggregate of minerals or
mineraloid matter. It is categorized by the minerals included, its chemical
composition and the way in which it is formed. A rock is divided on igneous rocks
(fig. 1), metamorphic rocks (fig. 2), sedimentary rocks (fig. 3).

Magmatic rock, is one of the three main rock types, the others being
sedimentary and metamorphic. Igneous rock is formed through the cooling and
solidification of magma or lava. The magma can be derived from partial melts of
existing rocks in either a planet's mantle or crust. Typically, the melting is caused
by one or more of three processes: an increase in temperature, a decrease in
pressure, or a change in composition.

IGNEOUS ROCKS

GRANITE-speckled white & black
GABBRO-dark colored, evident crystals
BASALT-dark colored, fine grained
BHYOLITE-light colored, possible banding
OBSIDIAN-black, glassy
|  SCORIA-dork colored, numercus holes

Types of Igneous Rocks

Intrusive
Cooling time: thousands of years
Texture: small-to-medium grains

Extrusive
Cooling time: seconds to months
Texture: invisible or microscopic grains

g Plutonic
Cooling time: millions of years
Texture: large grains

Fig. 1. Igneous rocks (a, b) and types of igneous rocks (c)
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Metamorphic rocks arise from the transformation of existing rock types, in a
process called metamorphism, which means "change in form". The original rock
(protolith) is subjected to heat (temperatures greater than 150 to 200 °C) and
pressure (100 megapascals(1,000 bar) or more), causing profound physical or

chemical change. The protolithmay be a sedimentary, igneous, or existing
metamorphic rock.

Metamorphic Minerals

chlarita

garret

Gryaatile asbeastar ataurolite corundum

Fig. 2. Metamorphic rocks

Sedimentary rocks are types of rock that are formed by the accumulation or
deposition of small particles and subsequent cementation of mineral or organic
particles on the floor of oceans or other bodies of water at the Earth's surface.
Sedimentation is the collective name for processes that cause these particles to
settle in place.

.Lh

Fig. 3. Sedimentary rocks
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CONSTRUCTION MIXES
(byniBenbH1 cymirii)

l'anaee A.O., cmyoenm
Hayxosuii kepienux — Apmanoinany €. I'., 0.m.n., npogh.

Hayionanvnuti ynieepcumem oiopecypcis i npupoookopucmysanusa Yxpainu

Dry building mixes are powder compositions consisting of mineral or
organic binder, fillers and fillers, additives which are made in factory conditions.

Advantages of dry mixes in comparison with traditional solutions and
concretes:

-minimum of finishing technological operations for bringing dry mixes into
working condition - it is enough to close with water;

reduction by 5-7% of waste solutions as a result of batch dosing;

savings of 10-15% of cement due to the use of plasticizers and water-
retaining additives;

the stability of the composition of dry mixtures as a result of accurate dosing
of components and their effective mixing;

increase by 1.5-3 times the productivity of builders;

reduction by 10-15% of transport costs and improving the quality of work
while reducing labor intensity and technological processes. Figure 1 shows
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Fig. 1. D1fferent types of dry building mixes

Figure 2 shows different applications of dry building mixes.

Fig. 2. Different apphcatlons of dry building mixes

YK 669.14.018.25:620.18:539.374

TECHNOLOGICAL PROPERTIES OF MATERIALS
(TexHOMOT14HI BIACTUBOCTI MaTEpiaIiB)

Accighi I. A.K., cmyoenm
Hayxosuii kepienux — Apmanoinany €. I'., 0.m.H., npogh.

Hayionanvnuii ynieepcumem oiopecypcis i npupoookopucmysanus Yxpainu
Technological properties of materials are a set of physicochemical properties
of these materials due to the state, composition and structure in the process of

interaction of the substance with the technological environment, ie during their
processing.
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Machinability of the material - the ability of the material to be processed is
the main criterion of its manufacturability. There are materials with low, normal
and high machinability.

Deformability and ductility.

Ductility (deformability) is the ability of a material to perceive plastic
deformation without compromising its integrity during the process of pressure
change in the cold or hot state. This property is taken into account when rolling,
forging, drawing, stamping and other types of processing of materials. The
deformability of the workpiece during pressing, rolling, stamping, drawing, etc. is
called, respectively, pressing, rolling, stamping, stretching, etc.

The term "malleability" (English Malleability), based on the technological
basis of forging, refers more to the ability of the material to deform under
compression, it is often characterized by the ability of the material to take the form
of thin plates during forging or rolling.

Deformability and malleability do not always correlate with each other: for
example, gold and deformable and malleable metal, while lead manifests itself
only as a malleable material. Very often the term "deformability" due to similarity
1s used in relation to both concepts. When it is necessary to confirm that
deformability is used in the sense of "ductility", the term "technological
deformability" is often used as a set of deformability, deformation resistance and
other technological characteristics in a specific pressure treatment process.

Deformability indicators:

degree of deformation (relative deformation);

deformation rate;

deformation temperature.

Weldability determines the property of a material to form a one-piece
connection, the quality of which corresponds to a solid. Metallic material is
considered to be welded to the prescribed extent in this way and for this purpose, if
the appropriate welding procedure achieves the continuity of the metal, which
ensures compliance with the requirements for welded joints both in terms of their
own properties and their impact on the structure of which they are an integral part.
From this definition it follows that the weldability depends on four variables:
material, process, type of construction and its functional purpose. Weldability
indicators:
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REFRACTORY MATERIALS
(BoruerpuBki Matepiaim)

bynameywvruii A.B., cmyoenm
Hayxosuii kepienux — Apmanodinany € I'., 0.m.H., npogh.

Hayionanvnuii ynieepcumem diopecypcis i npupoookopucmyeanus Yxpainu

Refractory materials (refractories) are materials obtained on the basis of
mineral raw materials and characterized by the ability to maintain their properties
under operating conditions at high temperatures and pressure up to 30 MPa
(Density - 300 kg/sm?).

The main operational property of refractories is refractoriness, which is
estimated as the maximum temperature that a standard material sample can
withstand without being melted. Typically, refractories include materials with a
refractoriness higher than 1580 °C (the temperature of the first eutectic in the
Si0,— A1,0; system).

If the refractoriness exceeds 1750 °C, the material is considered highly
refractory. To materials of higher refractoriness classify materials with
refractoriness.

In composition, refractory materials are ceramic mixtures of refractory
oxides, silicates, carbides, nitrides, borides. Carbon (coke, graphite) is used as a
refractory material.

Refractory materials are piece goods (blocks) (fig. 1) and unformed. The
latter include welding materials, mortars, backfills and other special stuffed and
moldable masses, including those used for the production of refractory concrete
and shotcrete.

Fig. 1. Products of refractory materials

Refractory materials are used in the metallurgical, glass, sugar, engineering,
chemical industries, as well as in all other industries where work is carried out
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using blast furnaces, shaft and rotary kilns. Figure 2 shows application area of
refractory materials.

C
Fig. 2. Application of refractory materials in chemical (a), cement (b) and
metallurgical industries

YK 669.14.018.25:620.18:539.374
I'YMA

Ilyeanos A.O., cmyoenm
Hayxosuii kepienux — Apmanoinany €. I'., 0.m.H., npogh.

Hayionanvnuii ynieepcumem oiopecypcis i npupoookopucmyseanus Yxpainu

['yma — enacTuaHMil MaTepial, MO0 OTPUMYETHCS BYJIKAHI3aII€I0 KaydyKy. 3a
CTyIE€HEeM BYJIKaHI3allll TyMU MOAUISIOTHCS Ha M'siki, HamiBTBepi 1 TBepAi. [1[o6
YCYHYTH HEJONIKA 30epiraHHs KaydyKy, KaydyK IepeTBOPIOIOTh Ha TyMY.
['Hy4YKiCTh 1 €JaCTUYHICTh TYMH TIE€pPEBEpIIyE aHAJIOTIUHI BIACTHUBOCTI KaydykK.
Kpim Toro, ryma minHinie kay4yKky 1 3Ha4HO CTIHKIIII 10 BIUIUBY TEMIIEpaTypH.

Bbynosa rymu HaBenena Ha puc. 1. Ilpu HarpiBaHHi 3 cipkoro (ByJKaH13alllii)
BiI0YBa€THCS 3UIMBAHHS MOJIMEPHHUX JIAHIIOTIB 32 PaXyHOK CYJIb(iAHUX MOCTIB.
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Puc. 1. Bynosa rymu

HaiiBanuBimmM KOMIIOHEHTOM TYMHU € HaTypaJbHUN a00 CHHTETHUYHUUN
Kay4dyK, BiJi SKOTO 3ajie’kaTh OCHOBHI BJIACTHBOCTI T'yMOBOro Marepiamy. Jlms
MOJIMIICHHS BJIACTUBOCTEM TyMH [0 11 CKJIamy KpiM KaydyKy [OJAr0Th
BYJIKAH13aTOPH, 3MIIHIOBaYl, TIAaCTU(IKATOPH, OApBHUKHU, CTAOUII3aTOPH Ta 1HIII
KOMIIOHEHTH.

BynkanizaTopu (cipka, ceieH, 1HOA1 MEPOKCUIN) JOIaI0ThCs B KUIBKICTIO 1-
5%. Bhacmiok TmeBHHMX XIMIYHHMX pEakIid ByJKaHi3aTopa 3 KaydyKoM
YTBOPIOETHCS] BUCOKOETIACTHYHA TyMa.

3MilHIOBaYl — JOJAIOTh IS ITiIBHINECHHS MIITHOCTI, TBEPAOCTI 1 CTIMKOCTI
rymoBux BHpoOiB. [lmactudikatopm — CHOPHUSIIOTH PIBHOMIPHOMY PO3MOJILITY
KOMIIOHEHTIB y cyMimri. ['oJoBHa mepeBara rymu — ii edacTU4yHICTh. BoHa Moxe
PO3TATYBaTHUCS i THYTHCA, @ OTIM IpUiiMaTu oyaTkoBy Gopmy. I'yma Moxe OyTu
AK 1 M’fKa, Tak 1 TBepaa. HaTypaibHy ryMmy BUpOOJSIOTH 3 OCOOJIMBOI PIAMHU —
JaTekcy (puc. 2), SKUi OJEp>KYIOTh 13 COKY KaydyyKOBOTO JIepeBa.

Dy
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[lonan monoBuHY BUPOOJEHOI I'yMH BUTPadalOTh Ha aBTOMOOUIbHI IIHMHHU.
KpiM mmH, 13 TyMH BHUpPOOJISIIOTH B3YTTS, OJSAT, PYKaBUUKH, TPYOH, JIACTHUKH,
TEHICHI M's4l, MPOKJIAJIKKU KJIalaHiB JJIsl repMeTH3allii TpyOOmnpoBO/IiB 1 ABUTYHIB.
['yMa 3Haiinuia ayke MUpoKe 3acToCyBaHHS y mpoMucioBocTi (puc. 3). CyyacHa
TYMOBOTEXHIYHA MPOMHUCIIOBICTb BUTOTOBISAE 3 TymMH Mpubauzno 40 Tucsy

HalilMeHyBaHb BUPOOIB.

Puc. 3. 3actocyBanHs rymu

HaiiGinpmr  mommpeHa rally3b TyMOBOTO BHUPOOHMIITBA —  IIIMHHE
BUPOOHUIITBO (pHcC. 4).

Puc. 4. lluun

2/3 xay4yKy #jie Ha BUTOTOBJICHHS IIUH. BiJl AKOCTI IITMH MTOMITHO 3aJI€XKHUTh
PO3BUTOK TaKUX BaXXJIMBHUX Taldy3ed SK aBTOTPAKTOpHA IPOMUCIIOBICTD,
aBTOTPAHCIIOPT, aBiallisi, CUIbChKE TOCMOAApCTBO, OyMiBHUNITBO Ta iH. [llunHi
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3aBOJM SIBJISIIOTH COOOI0 BEJIMYE3HI MPOMHUCIOBI MIANPUEMCTBA 3 BHCOKUM
CTyIEeHEeM MeXaHi3allii 1 aBToMaTh3a1lii BUPOOHUIITBA.

YK 669.14.018.25:620.18:539.374

KUIEEBI MATEPIAJIN TA 3’°€EHAHHSA

Koyynan €.0., cmyoenm
Hayxosuui kepienux — Apmanoinany €. I'., 0.m.n., npogh.

Hayionanvnuii ynieepcumem oiopecypcis i npupoookopucmyeants Ykpainu

Knei — pedoBuHM abo cyMmimnl pedyoBHH OpraHiuHoi ab0 HEOpraHIYHOl
MPUPOAH, IO BHACTIAOK BIIACTUBHX IM CIENHU(IYHUX BIACTHBOCTEH 3a TIEBHUX
YMOB 37]aTH1 YyTBOPIOBATH MIIHI 3’ €JHAHHS PI3HOMAHITHUX MaTepialiB.

Bunu kxneiB HaBeAeHO Ha puc. 1.

Kneit MBA Knei MBA  MonuypuTan Snokcuprsii knein  PACTBOPHMBIA ME3-  HKAAKHA Me3-
“Type I [POBbIN Knen [pOBbIA Kren

Puc. 1. Bunu xieis

CkiietoBaHHsI — METOJ] CTBOPEHHS HEPO3'€MHOTO 3'€THAHHS E€JIEMEHTIB
KOHCTPYKIIM 3a A0mnoMororo kieiB. [lpolec ckieroBaHHSA I'PYHTYEThCS Ha SBUILI
aaresii — 34erUIeHHs B pe3yibTaTi (BI3MYHUX 1 XIMIYHHMX CHJI B3a€EMOJII KJIEIO 3
pI3HUMHU MaTepiajaMu 3a IEBHUX YMOB.

Ckero8aHus npo8ooUmbCs 0.

OTtpuMaHHs AeTasneil OUIbIINUX pO3MIPIB;

OTprMaHHS THYTOKJIEEHUX 3arOTOBOK;

[IpecyBanHs moApiOHEHOT AEPEBUHU;

JInuKyBaHHS IUIACTEN Ta KPAHOK;

OTpuMaHHS €JIE€MEHTIB paMHO1 KOHCTPYKIIIi;

CkrnananHs BUpOOIB;

[IpuxneroBaHHS I1€KOPATUBHUX €JIEMEHTIB.
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TexHonoriuyHuil mporiec CKJICIOBAHHS BKJIIOYA€E TaKl omepartii:

MiTOTOBJICHHS KJIEIO;

M1rOTOBJICHHS TTOBEPXOHb, 110 CKJICIOIOTh;

HAHECEHHS KJICIO;

dbopMyBaHHS MaKeTa;

3arpecyBaHHS MAKETa;

TEXHOJIOT1YHA BUTPUMKA TICJIS 3apecyBaHHS.

OcHosi meopii cknerosauHs/

Aqresiss — 34€IUICHHS TOBEPXOHb PIZHOPIAHMX MarepiamB (puc. 2). Ilpu
CKJICIOBaHHI 1I€ B3a€MOJIISl MK MaTepiaioM, SIKUM CKJICIOIOTh, TA CAMUM KIICEM;

Koresiss — 3uernieHHs (MpUTATyBaHHS) MOJICKYJ (aTOMIB, 10HIB) B piJIMHAX 1
TBepauX TuUiax. [Ipu ckiieroBaHHI L€ B3a€EMO/I1 MK YACTUHKAMH CAMOTO KJIEHO.

AyTores3is — CaMO3JUMNAHHS JIBOX HAaBEJCHUX y KOHTAaKT IMOBEPXOHb TI€l
caMOi PpPEYOBMHHM, IO MEPEHIKOIKAE 11X PO3AUICHHIO 10 MICHIO KOHTAKTY.
AyToresis ABjsie cOO0K0 OKpeMUi BUIAOK aaresii. Bci BcTaHOBJEH1 aiia aAresii
3aKOHOMIPHOCTI BJIACTUBI ayTOre3ii.

Buou cknewsanns: wMexaHiu"e, audysiiiHe, XIMIYHE, aJCcOpOIliiiHe,
eJIEKTPUYHE, EIeKTpopeaKcaliiiie

MexaHiuHa Teopis po3BuUHyTa Mak-beHoM 1 € HaWOUIBII JaBHIM
MOSICHEHHSIM TPOLIECY CKJICIOBaHHs. [[pUXUIbHUKY 1I€T TEOPli BBAXKAIOTh, 110 M1
yac CKJICIOBaHHS KJIEM NpPOHMKAE B HEPIBHOCTI HA MOBEPXHI Mareplany, SKUW
XOUyTh CKJIEITH, 1, MCIS 3aTBEPAIHHS, YTPUMY€E Horo (puc. 2 a).

Hudysiitna Teopist ckieroBanHa 3anpornoHoBana C.C. Boronpkum i
0a3yeTbcsi HAa  3MaTHOCTI  BUCOKOMOJICKYJISIPDHUX  PEYOBHH  3J1HCHIOBATH
MIKpOOpOYHIBCbKUI pyX (puc. 2 0). IlpuxunbHuku 11i€i Teopii, BBaXalTh, 110
CKJICIOBaHHS BIOYBA€ThCS 3a PaxyHOK TOTO, IO YACTHHKU Marepiany, SKHUM
XOUyTh CKIIEITH, 1 K€K B3a€EMHO MPOHUKAIOTh OAWH B IHIIUH 1 MICIS 3aTBEPAIHHS

KJICIO YTPUMYIOTBCS Pa3oM.
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Puc. 2. Mexaniune (a) Ta nudy3iiine (0) ckieroBaHHS
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Ximi4HA TEOPist CKICIOBAHHS JOBOIUTH, IO MIIHICTh CKJICIOBAHHS 3aJIC)KHUTh
Bl XIMIYHOI HPHUPOJIM MaTepialy, IO CKJICHITh, Ta Kjek. TakuMm crocoOom
BJAJIOCh TIOSICHUTH TPHPONY CKJICIOBAHHS MaTepially 3 TIOBHICTIO 3aKpUTHUMHU
nopamu (puc. 3).

=) OH H
w CH= CT ~ CH:- CH~IIBC | £y
(ljn CH:~TIBA : &+ CH, CH,e.
0O 0 .
| N R - :
ﬁ? - CH: H (R CH, OH
; -~ 9 - -~ -, “es CH
?H CH: - CH~IIBC “CH; CH,; 2
~ CH: - CH~ [IBC '

RoadiFaituafhivolgial

Puc. 3. XiMiuHE CKJIICIOBAHHSA

AncopOriiina Teopisi pospobnena H. ne bpoitHom Ta Mak-Jlapenom.
[TosicHIOE yTBOpPEHHSI MILIHOTO KJIEHOBOTO 3’€JHAHHS BHSIBICHHSM CHELM(IYHOT
MDKMOJICKYJIAPHOT  B3aeMOAil. 3B’S30K MIDK MOJIEKyJIaMH Marepiainy, o
CKJICIOIOTh, 1 KIJEH TMOSCHIOWTh Jleto cuil Bau-aep-Baanbca. YTBopeHHs
KJICHOBOTO 3’ €HAHHS MPH LIBOMY PO3IIISAAETHCS SIK OararocTagiiHui mpouec.

Enextpuuna Teopisi po3pobieHa pociickkumu BueHuMHu b.B. Jlepsrinum,
H.A. KporoBoto Ta iH., aki B 1949-1950 pp. nomiTuiam, 110 3Ha4€HH poOOTH, SIKY
BUTpPAYyalOTh Ha BIAPUB MarepiaiiB, IO CKJICKOITh, 3aJI€KUTh Bl IMIBHUIKOCTI
BIJIPUBY: UMM OLIbIIIA 115 IIBUAKICTD, TUM OUIBIIIE CI1J 3aTPATUTH POOOTH.

b.B. Jlepsarin, H.A. KpoToBa mifiuiM BUCHOBKY, IO aJare3is MOSCHIOETHCS
€JIEKTPOCTATUYHUM MPUTATAHHSAM 3apsiiiB  MOJBIMHOIO €JNEeKTPUYHOIO IIapy
(MIKpOEJIEKTPOKOHEHCATOPH ), 1110 YTBOPIOETHCS HAa MOBEPXHI MOAUTY (a3 Kien —
Martepiai, 0 CKICHI0Th. BiIOKpEMIIEHHS CKIIEEHUX MOBEPXOHb, MPU BEIMKHX
IIBUJIKOCTSX  BIJIPMBY, Harajaye coOOw TMpolec po3'€THaHHS  OOKIIAJIOK
MIKPOKOHJIEHCATOpa O HACTAHHS ra30BOr0 €JEKTPUYHOrO po3psaay (puc. 4).

Puc. 4. Enextpuune CKJICtOBaHHS
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BITUMINOUS PRODUCTS
(bitymH1 BUupoOuM)

Momomiox /[.C., cmyodenmxa
Hayxosuii kepienux — Apmanoinany €. I'., 0.m.n., npogh.

Hayionanvnuti ynieepcumem oiopecypcis i npupoookopucmysanusa Yxpainu
Bituminous products include roofing material (fig. 1 a), hydroisol (fig. 1 b),

isol (fig. 1 c), pergamin (fig. 1 d), technoelast (fig. 1 e), mastics (fig. 1 f), asphalt
concrete (fig. 1 g).

Fig. 1. Roofing material (a), hydroisol (b), isol (c¢), pergamin (d), technoelast (e),
mastics (f), asphalt concrete (g)
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Roofing material. Rolled material, which is divided by purpose into roofing
(location of the upper layer of the coating) and cladding (for the lower layer of
coating and waterproofing of building structures).

Hydroisol. Uncoated bio-resistant roll material obtained by impregnation of
asbestos paper with petroleum bitumen

Isol. Rolled material consisting of bitumen and bituminous-polymeric
binder, filler, finely ground rubber waste. Has high durability, tensile strength,
water absorption, elastic at negative temperatures. Application: Steam and
waterproofing.

Pergamin. Roll roofing material based on cardboard impregnated with
petroleum bitumen with a softening temperature of 400 °C. Application: Lining
material under roofing material and is used for vapor barrier.

Technoelast. Rolled roofing material consisting of a base impregnated with
bitumen, modified with artificial rubber. Application: Installation of roofs with a
small slope, and also for a waterproofing when the increased requirements
concerning reliability and durability are put.

Mastics. Plastic artificial mixtures of organic substances with mineral fillers
and additives. Application: Bonding of bituminous and rolled materials among
themselves and gluing them to the grounded basis.

Asphalt concrete. Artificial building material obtained as a result of curing
of compacted asphalt concrete mass, consisting of gravel, sand, mineral powder
and bitumen. Asphalt concrete is divided into: coarse-grained - the largest grain
size of aggregate up to 40 mm; fine-grained - up to 20 mm; sandy - up to 5 mm.

YK 669.14.018.25:620.18:539.374
EJIEKTPOI3OJIALIAHI MATEPIAJIU

Tlooonanxo /1.C., cmyoenm
Hayxosuii kepienux — Apmanoinany €. I'., 0.m.n., npogh.

Hayionanvruti ynieepcumem oiopecypcie i npupoookopucmysamnts Yxpainu

EnexTpoizosnauiitHi Matepianu, abo IeIEeKTPUKH — 1I€ PEYOBUHH, SIKI MAIOTh
BHCOKHi1 THTOMHiT enektpuunmii omip (10 10" Om/M) i npu HaxeceHHi Ha
CTPYMOBEIy4Yl YaCTHUHHU EJIEKTPUYHOTO OOJaJHAHHS BOHM 130JIIOI0Th, a TaKOX
PO3AUISIOTH CTPYMOBEAYY1 KU ITPOBOJIIB 1 IIHYPIB.

3a arperaTHUM CTaHOM JIENEKTPUKHU MOAUISIOTHCS Ha:
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- ra3omnoAiOHi (MOBITPS, a30T, BYTJICKUCIIUH Ta3);

- piaki (MiHepajdbHE Macliio, TpaHChOpMAaTOpHE Macio, KacTOpOBE Macio,
KpEMHIMOpTraHiuHe MacJo);

- mactonoAiOHi (Ba3eniH KoHAeHcaTopHul, 3Maszka [{IATIM-201);

- 1Bepai (emekTtpodapdop, TEKCTONIT, TETHHAKC, €OOHIT, CIIIona,
dbeHoruTacTH, aMiHOIUIACTH 1 1H);

- eJacTU4YHI B TOHKMX MIapax (IPOCOYEHUH Marip, MPOCOYEHI HUTKHU 1
TKaHWHH, TyMa, TOJIETUIICH, TOIINIPOIJICH, MOJIBIHUIXJIOPHU);

- MOPOIIKOIOAIOHI (KBapIIOBUH MICOK, OKCHJ MarHito (Mepikiias, TajabK);

- PLAKOTEKY4Yl JO 3aCTOCYBaHHS 13 3aTBEP/HKEHHSM IMICJsS 3aCTOCYBaHHS
(enekTpoi3oisiiHI (hapOu 1 JIaku, eMOKCUIHI CMOJIH, KOMIIayH/]IN ).

3a cBOIM MOXO/KEHHSIM €JIEKTPOI30JIALIIHI MaTepialii MOXHa 00’ €THATH Y
TaKl IpyIu:

- TPUPOJHI — 1€ MaTepianu, siKi 3yCTPIYarOThCS B MPHUPOAL, 1 iX MOXKHa
BUKOPHCTOBYBaTH 0O€3 3HAYHOI mepepoOkw (Kaydyk, KaHidosb, a3dect, ciroja,
KBapIIOBUH IMICOK);

- IITY4YHI Marepiaqu — I€ Takl MaTepialii, sKl Iepel] 3aCTOCYBaHHSIM
MOBUHHI MPONTH MEBHI TEXHOJIOTTYHI 00poOKu. Taki mMarepiaau MOIUISIOTHCS Ha
TIB1 TPYTIN:

- BJIaCHE IITY4YHI — II€ MarTepiajid, B SKUX OCHOBA, 3 SIKOI CKJIaIa€ThCs
MmaTepial, iCHye B mpupoi (marmip, reTHHaKC, €00HIT, enekrpodapdop, TEKCTOMIT i
1H);

- CHUHTETHYHI — II€ MaTepiaiu, siIKi CHHTE3yIOTh 3 HU3bKOMOJEKYJSPHUX
PEYOBHH, 0 HUX BIIHOCSATHCS BC1 BUAM IJIACTMAC.

3a XIMIYHUM CKJIaJIOM 130JISII1HHI MaTepiaii MOAUISIIOTHCSA Ha JIB1 TPYIIU:

- MiHEPAJIBPHOTO MOXO/KEHHS (ITICOK, CIIF0/a, Mepikiia3, TallbK, a30ecT) (puc.

1);

- opraHquoro INOXOKECHHA — 1€ MaTepiaJm, OCHOBY AKHUX CKJIIadalOTb
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Puc. 1. EnextpoizosnsiiiiHi MaTepiaau OpraHiyHOTO MOXOIKEHHS:
a - KBapIIOBUH MICOK; O - TaJbK; B - a30€CT; I' - epikiia3

Puc. 2. Enextpoizonsmiitai MmaTepianm
MIHEPAIBHOTO MOXOJKEHHS
a - TeKCTOJIIT;
0 - ryma;
B - heHOTIIACT

Jlesiki BUpOOM 3 €IEKTPOI30JIALIMHIX MaTepiaiiB HaBeJeH1 Ha puc. 3.
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YK 669.14.018.25:620.18:539.374
ITOJIMEPH

TI'aneesa A.P., cmyoenmka
Hayxosuii kepienux — Apmanodinany €.1°., 0.m.H., npogh.

Hayionanvnuii ynieepcumem biopecypcis i npupoookopucmysanus Yxpainu

[Tomimepu (Oarato, 4YacTUHA, «CKJIAAA€TbCcsl 3 0ararboX YacTUHY») IIe
IOPUPOJIHI Ta IUTYYHI CIIOIYKH, MOJIEKYJIM SIKHX CKJIAJAIOThCS 3 BEJIMKOTO YHCIa
NOBTOPIOBAHUX OJHAKOBUX a00 pI3HUX 32 OyJOBOI AaTOMHHUX YIPYIOBaHb,
3'€MHaHUX MK CO00I0 XIMIYHUMH a00 KOOPAWHAIIIMHUMH 3B'SI3KaMU B JIOBTI
JiHiHI ab0 posramyxeHi JnaHiord. CTpyKTypHI OJAMHHIN, 3 SKUX CKJIQJalOThCS
MOJIIMEPH HAa3UBAIOTHCSI MOHOMEPAMHU.

BuxinHi Matepianay Ta MOJIEKYJIa MOJIIMEPY HaBeIeH1 Ha puc. 1.

Puc. 1. Buxinni matepianu (a) Ta Mojiekyha (0) mojgiMepy

BuroToBnenns moiimMepis.

[Ipuponni mojiMepu YTBOPIOIOTHCSA B Ipoleci OIOCHHTE3y B KIITHHAX
YKUBHUX OPTaHi3MiB. 3a IOMOMOTOI0 €KCTPaKIlii, (hpakiiifHOTO OCAKEHHS W 1HIIHNX
METOJIB BOHU MOXYTh OYTH BHMJUICHI 3 POCIMHHOI 1 TBAPUHHOI CUPOBUHHU.
CuHTeTHYHI TOJIMEpPU OTPUMYIOTh TMOJIMEPHU3AIIEID 1 TOJIKOHACHCAIIIEHO.
KapOorenni mojiiMmepu 3BHYAaHO CHHTE3YIOTh IOJIMEpHU3aIliel0 MOHOMEPIB 3
onHiel ab0 JEeKiIbKOMa KpaTHUMM BYTJICIEBUMH 3B'SI3KaMH Y MOHOMEPIB, IO
MICTSITh HECTIMKI KapOOIIKIIUeCKIX yrpylnoBaHHS (HANpHUKIad, 3 HUKIONPOIAHY 1
HOTO MOXIJHUX ), TETEPOIAHITIOTOBUX TOJIIMEPU OJICPKYIOTh MOJIKOHEHCAIIIEI0, a
TaKO)X  TOJIMEpHU3alliel0  MOHOMEpIB, II0  MICTSITh  KpaTHI  3B'SI3KU
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yraepopoenementa  (Hampukian, C=0, C=N, N=C=0) abo HemimHI

reTepOIUKIIIYHI YTPYIIOBaHHS.
OO6nagHaHHA JJ11 BUTOTOBJICHHS IMOJIIMEPIB HABEJICHO Ha pHUC. 2.

Puc. 2. O0OnagHaHHs U1 BATOTOBJICHHS
MOJIIMEPIB

[IpomuciioBicTh — TOJIOBHUM  CIOXKHBAa4Y  TOJIMEPHUX  MaTepialiB.
Buxopuctanus ix y MamumHOOyAyBaHHI pOCT€ TEeMIaMH, SKI HE 3HAIOTh
npeleseHtTy B icTopli. Maiike Tpu uBEepTI BHYTPIIIHIX CaJOHIB JIETKOBUX
aBTOMOO1J1iB, aBTOOYCIB, JITaKiB, PIYKOBUX 1 MOPCHKHX CYIIB 1 MacCakKUPCHKUX
BAaroHIB BUKOHYETHCS HHMHI 3 JIEKOPATUBHUX IUIACTUKIB, CUHTETUYHHUX TUTIBOK,
TKaHWH, IITY4YHOI IKIpU. OOCIT BUMYCKY MOJIMEPIB HABEJEHO HA pUC. 3.

TypeuyunHa
19%

PO
12%

Kurtan

14% HimeyuuHa CLLA

8% 8%

Puc. 3. O6csr BummycKy mojiiMepiB y IHO3€MHHMX KpaiHax
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YK 669.14.018.25:620.18:539.374

TECHNOLOGICAL PROPERTIES OF MATERIALS (SEGREGABILITY)
(TexHoMOr14YHI BIACTUBOCTI MaTepiaiiB (PO3IIAPOBYBAHICTb))

Anopiescoka M.A., cmyoenmxka
Hayxosuii kepienux — Apmanoinany €. I'., 0.m.n., npogh.

Hayionanvnuti ynieepcumem oiopecypcis i npupoookopucmysanusa Yxpainu

Technological properties determine the ability of materials to undergo
various types of processing.

Foundry properties are characterized by the ability of metals and alloys in
the molten state to fill the cavity of the casting mould well and accurately
reproduce its contours (liquid flow),the amount of volume reduction in hardening
(shrinkage), the tendency to form cracks and pores, the tendency to absorb gases in
the melted of the state.

Stratification is the ability of plastics to adhere to change (worsen) the
homogeneity of the structure during long-term storage, transportation, compaction
and other operations. For example, in the process of vibration of mobile concrete
mixtures there is a convergence of aggregate grains, and water recedes upwards
(fig. 1). The stratification of the mortar mixture is determined by comparing the
mass of the aggregate in the lower and upper parts of the newly formed compacted
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Fig. 1. Stratification

Reduction of delamination can be achieved with the introduction of air-
repellent, plasticizing additives, as well as with the introduction of highly

dispersed mineral additives (ash, bentonite clay, metakaolin, silica gel) (fig. 2).
r

Fig. 2. Additives:
a - ash; b - bentonite clay; ¢ — metakaolin; d - silica gel
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YK 669.14.018.25:620.18:539.374

ARTIFICIAL SOURCE BUILDING MATERIALS
(IdTyuHi BuXi/HI OyaiBeJIbHI MaTepiaiu)

bonuak C.A., cmyoenmxa
Hayxosuii kepienux — Apmanoinany €. I'., 0.m.n., npogh.

Hayionanvnuti ynieepcumem oiopecypcis i npupoookopucmysanusa Yxpainu

Slag in metallurgy is a by-product or a waste from metal production, after
purification from the remains of valuable components sent to the dump. However,
in some cases, the main melting product containing the most valuable component
of the raw material is slag (fig. 1).

Fig. 1. Slag
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YK 669.14.018.25:620.18:539.374
KCHJIOJIIT

Cnicapenxo /[.B., cmyoenm
Hayxosuii kepienux — Apmanoinany €. I'., 0.m.n., npogh.

Hayionanvnuii ynieepcumem biopecypcis i npupoookopucmysanus Yxpainu

Kcunomit (Big maB.-rp. xelon — gepeBo 1 gaB.-rp. lithos — kamidb) —
CKaM'stHIJIe JIEPEeBO 3 MIHEPATIbHUM CKJIAJIOM XaJleAOoHY, SIIIMH, piamie onary. Lle
nceBioMop(o3a XanueaoHy, MU ado onaiy MO JAE€peBY. Y TBOPEHHS KCHIIONITY
J00poi SIKOCTI BiAOYBAa€ThCS 3a YMOBU TOTO, IO JEPEBUHA MICIS BiAMUpPaHHS
KOHCEPBYETHCS MIJISTXOM TMEPEKPUBAHHS OCAJOBHUMH IMOPOJIaMH a00 BYJIKAHIYHUM
nonenaoMm. [{upkymsiiss Boau cOpusie MpolecaM 3aMiHUM OpPraHIYHUX E€JIEMEHTIB
MIHEpaJIbHUMHU pPEUYOBHHAMHU. 3OBHIIIHS CTPYKTypa JACPEBUHU TMPU I[HOMY
3QJIMIIIAETHCS HE3MIHHOIO (puc. 1).

-

Puc. 1. Kcumomt

Konip kcumomity, sk mpaBuio, Cipuii a00 KOPUYHEBUH, 1HOAI TaKOX
YEPBOHUM, POXKEBHH, CBITIO-KOPUUHEBHM, >KOBTHH, PIIKO BiJl CHHBOTO 0O
dioneroBoro, B oOkpemux Bumankax 3eneHuid. [lmidyBanHs 1 momipyBaHHS
MiCUITIOITE KoJiip. HalOinemn BimoMe pojoBuine — «CkaM'sHUIHEM J1ic» (aHTIL
«Petrified Forest») moommu3y Xonbpyka B mrati Apuzona (CIHIA), ne mMoxHa
no0ayuTH CKaMm'sHIJIl CTOBOYpH JEpeB 13 poay apaykapii 3aBIOBXKKH 10 65 M 1
TOBIIMHOIO 70 3 M. JIpiOHI pojoBHMIIA € Ha BCiX KOHTHHEHTaX. B VYkpaiHi
3yctpivaerbest B Jlonbaci, mobnusy wmicta JlpyxkkiBka ([pyXKiBChbKi CKaM'sH1JI
nepeBa), a takox y llpunmnictpor'i, [loOyxxi, 3akapnarti, Kpumy, oxommisx
JIrBoBa Ta 1H. BUKOPHUCTOBYETHCS MJisi BUTOTOBJICHHS JIEKOPATUBHUX BHUPOOIB,
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piaiie — 1is BUpOOHUIITBA MPUKpPAC.

Obnacmi 3acmocy8ants KCUnoIimy

TpanuuiifHO, KCUJIONIT 3aCTOCOBYETHCS Jisi BIAIITYBaHHS O€3IIOBHUX
HEMWIAIIIX MIJOT B KUTJIOBUX, TPOMAJCHKUX 1 BHPOOHHWYUX MPUMIIICHHAX (3
CyXUM DPEXKHMOM eKCIUTyaTallii), A 3aJMBKH HAJIOT B 3ali3HUYHMX BaroHax
TONIO. 3 KCUJIOJITY MOYXHA BUTOTOBJISITH CTIHOBI OajKd, TUTUTH JJIS O3700JCHHS
30BHIIIHIX 1 BHYTPINIHIX CTiH, CTEJb, CXOIU, MIIBIKOHHS, TNIACTUHU JTSI MO3aTYHHIX
MiJIor, TaHed Jjisi OOIMMBKKM BaHHMX KIMHAT, IIOKOJIIB, BEPXIBOK KOJIOH,
KPOHIITEWHIB, paMH JJIs J3epKasl, KapTUH, a TaK caMO JJiA MaHHO, XYJOXKHIX 1
JEKOpaTUBHUX BUPOOIB Tomio (puc. 2). Kcunomit MokHa BUKOPUCTOBYBATH MJIs
MPUCTPOIO TUMapiB, 300piB, KBITKAPOK, BU3HAB, CTIHOK, I'POTIB, aIbTAHOK TOIIIO.

y

Fig. 2. [laneni 3 KCUIIOMITY

YK 669.14.018.25:620.18:539.374
OPICHTOBAHI CTPY KKOBI IIVIUTHU (OSB)

Jlonvuuk A.B., cmyoeum
Hayxosuii kepignuk — Apmanoinsany €. I'., 0.m.H., npogh.

Hayionanvnuii ynieepcumem oiopecypcis i npupoookopucmysanus Yxpainu

OpieHTOBAHO-CTPY)KKOBA IUIUTAa — OaraToimapoBuil (3-4 miapu) JUCTOBUMN
KOMIMO3UIIMHUN MaTepian, 10 CKIAJAa€ThCsl 3 JACPEBUHHOI CTPYXKKH, CKJICEHOT
PI3HUMH CMOJIaMU 3 JI0JJaBaHHSIM CUHTETUYHOT'O BOCKY 1 OOpHO1 KHCIOoTH (puc. 1).
Crpykka B Iapax IUIMTH Ma€ OPIEHTAIII0: B 30BHINIHIX — IO3/I0BXKHIO, Y
BHYTPILIHIX — MONEPEYHY.
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Puc. 1. OpienroBano-ctpyxkoBa mimta (OSB)

B 0OCHOBHOMY OpI€EHTOBAHO-CTPY>KKOB1 IIJIUTH BHUKOPUCTOBYIOTHCS JJIs
PI3HUX THUIIIB POOIT.

Bcemanoenenns nionoeu (puc. 2 a). Ilmura OSB € piBHOIO, MIITHOIO 1 CTIHKOIO
noBepxHero. [lnuTu MoOXXKHA KIAcTH Bimpa3dy Ha LEMEHTHY CTSDKKYy abo X
3aCTOCOBYBAaTM B Ja4YHUX OyIWHKAaX y BHUIVISAAI YOPHOBOI MIJUIOTH, sKa
PO3TaIIOBY€EThCS OE3MOCepeHhO HAA IPYHTOM, a0 K I yKJIagaHHS 0a30BOro
nokputTs. Jlami ocHoBy 3 OSB MOKHA MOKPUTH SIKUM 3aBTOJTHO MaTepiaioM.

3e6edennss cmin (puc. 2 6). Ilpu OymiBHUIITBI OYJUHKIB 3 OpIEHTOBAHO-
CTPY’KKOBUX IUTUT BUKOPHCTOBYIOTHCS JIMILIE IUIUTH 3 MapkKyBaHHsAM OSB-3,
IpUYOMYy TIOBEPXHIO Marepialy TMOTpiOHO TPYHTYBaTH 1 TEPMETU3YBATH.
OO60B's13k0BO MOTPIOHO BpaxoBYyBaTH, L0 MPU TAKOMY PO3KJIa/l CAMOIO KPUXKOIO
YaCTHHOIO TOKPUTTS CTAlOTh Kpai MIUTH, B 3B'SI3KY 3 UMM MPALIOBaTH 3 HUMHU
NMOTPIOHO 3 BEIMKOI OOCPEXKHICTIO, a Il 3alOBHEHHS MDK KpOMKaMH
BUKOPHCTOBYBAaTH aKpUJIOBHM repMeTrk. He MoxkHa mpomyckatu okpemi o0acTi,
3anumiaroun ix 0e3 oOpoOku, 1 nomyckatu yTBopeHHs nop. Ilotim mmuty OSB
MO’KHa OKpUTH (ap0010 a0 OyAb-SIKUM THIIUM 03700II0BATbBHUM MaTepiajioM.

Moumadsic nepezopoook (puc. 2 B). Ix Tako MOKHa BUTOTOBIATH 3 IUIAT
OSB. MapkyBaHHsI 3aJIeXUTh BiJl BOJOrOCTI B MPHUMIIIEHHI — 1I€ MOXe OyTH 1
OSB-2, i criiika g0 BBy Bosiorn OSB-3. BukopuctanHs CTIHKOTO 10 pi3HUX
poAiB PIAMH TOKPUTTS B MalOyTHbOMY JI03BOJIMTH TPOBOJUTH OOpPOOKY 3
BUKOPHUCTAHHAM JakiB, a0o (gap0 Ha BOJHIM OCHOBI — BOHU J00OpE MPOMYCKAIOTh
napHu 1 CTBOPIOIOTh ONTUMAJIbHUN MIKPOKIIIMAT.
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Puc. 2. 3acTocyBaHHS Op1€HTOBAHO-
CTPYXKOBHX TUIHT JIJII MOHTQXKY
neperopojok (a), 3BeieHHs CTiH (0) Ta
BCTaHOBJICHHS M1 JIOT (B)

YK 669.14.018.25:620.18:539.374

3ACTOCYBAHHS KOJILOPOBUX METAJIIB I CILIABIB ¥
BYJIBHUIITBI

Macnuea 1.0., cmyoenmka
Hayxosuii kepienux — Apmanoinany €. I'., 0.m.n., npogh.

Hayionanvnuii ynieepcumem oiopecypcis i npupoookopucmysanus Yxpainu

Konvoposi memanu — TexHIYHA Ha3Ba BCIX HE3QJTI3HMX MeETaJIB 1 IXHIX
criaBiB. Y OyIiBHUIITBI IIMPOKO 3aCTOCOBYIOTh, B OCHOBHOMY, CIIJIAaBU QJIFOMIHIIO,
3HQYHO MEHIIe — CIUIAaBU MiJi, IIMHKY, OJIOBA, CBUHIIIO ¥ IHIIMX KOJHOPOBUX
MmeTaiiB. [[y’ke mepcrneKTUBHO BUKOPUCTAHHS TUTAHOBUX 1 MAarHi€BUX CILIaBiB. Y
YUCTOMY BUIJISIZII KOJIBOPOB1, Y TOMY YHMCI1 KOLITOBHI (30JI0TO, Cpi0Jio), MeTalu
3aCTOCOBYIOTh IIPM pecTaBpalli NamM'siTHUKIB apXITeKTypd 1 MHCTELTBA.
Pi3HOMaHITHI KOJIbOPOBI METAJIM 1 CIUIABH 3aCTOCOBYIOTH [IJIsl 03/100JIFOBaHHS
[UBUTBHUX OYAWHKIB, JIJI1 BUTOTOBJICHHS €JIEKTpOoapMaTypu, CKOO STHUX BHUPOOIB,
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037100110BaHHS MeOJIiB, Y TBOpaX MOHYMEHTAILHOTO 1 IEKOPATUBHO-TIPUKIIATHOTO
MUCTEITBA (CKYJIBNTYpa, KapOyBaHHS), IS 3aXUCTY.

Cepen cruiaBiB  KOJbOPOBUX METaNlIB  HAMPO3MOBCIOKEHINI  CILJIAaBU
aIFOMIH110, M1, IIUHK, CBUHEIlb, TUTAH (pHC. 1)

Puc. 1. CninaBu antomidito (a),
mifi (6), muHKY (B),
CBUHLIIO (T), TUTaHy (1)

A

[Ipukiaau 3acTocyBaHHS KOJIbOPOBUX CIUIABIB HABEJEHI Ha pUC. 2.
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Puc. 2. [Ipukiianu 3actocyBaHHS
KOJIbOPOBHX CILJIaBIB

YK 669.14.018.25:620.18:539.374
APBOJIIT

Myopenxo T.B., cmyoenm
Hayxosuii kepienux — Apmanoinany €. I'., 0.m.1., npog.

Hayionanvnuii ynieepcumem oiopecypcis i npupoookopucmysanus Yxpainu

ApOomiT - pi3HOBHUJ JIETKOr0 OETOHY. ApOOJIT BUTOTOBISIOTH 3 CYMIIIII
OpraHiYHUX HAMOBHIOBAYIB POCIMHHOIO TMOXOKEHHS, [0 MICTATh LEII0I03Y
(monpiOHEHUX BIIXOAIB JE€PEBOOOPOOKH, JHOHY, CTeOET OAaBOBHHUKY, OUEPETY),
MIHEpAJIbHOTO B'SKY4YOro (3a3Buyail MOPTIAHALIEMEHTY), XIMIYHUX J00aBOK 1
BoM (puc. 1).

172



DipeeecHan wena Xumnueckne pob6asku

Puc. 1. ApGomiToBuii 6710k (a) 1 OyaoBa ap6oiTy (0)

Texnonocis  eupobHuymea. B SKOCTI  OpraHiyHOrO  3allOBHIOBaya
3aCTOCOBYEThCS MOJpiOHEHA JepeBUHA (Tpicka), OaraTTs JbOHY a00 KOHOMEIh
(kocTpobOeToH), npobiieHa pucoBa cojioMa a0o mojapiOHEH1 cTebna OaBOBHHUKY.
Jns miHepanizalii HalmoBHIOBaYa BUKOPUCTOBYIOTh CYJIb(aT aJIFOMIHIIO (XapuoBa
nob6aska E520), xmopun kanbiito (xapuoBa no6aBka ES509), HiTpar Kamblliio,
piake ckio abo 1HINI PEYOBHHH, IO OJIOKYIOTh HETATUBHY JiI0 OPraHiuHHUX
pPEUYOBHH Ha 3aTBEpIIHHSA LIEMEHTY. BupoOHMLITBO apOoJiTy 3acHOBaHE Ha
HopMmatuBHUX BuMorax ['OCT 19222-84, saxuii € Mixkaep>KaBHUM CTaHAApTOM Ha
teputopii kpain CH/I, a Takoxx ['[OCT P 54854-2011. BupoOu 3 ap6ouity B popmi
CTIHOBHUX OJIOKIB, SIK 3 OOJMIIOBaHHSM, TaK 1 0€3 HEl MOBUHHI MPOBOJAUTHCS TaKOXK
13 ypaxyBanHsM BuMor CH 549-82.

IcHye Kinbka METOMIB BHPOOHHUIITBA CTIHOBHUX OJIOKIB IS 30BHIMIHIX 1
BHYTPIIIHIX  OTOPOJKYBaJbHUX  KOHCTpyKIiH. Koxken 3 1ux MeTOmiB
BUPOOHUIITBA apOOJIITy Ma€e CBOI TEXHOJIOTTYHI ocoOiauBocTi. CTiHOBI OJIOKH, B
OCHOBHOMY, BUTOTOBJISIIOTHCSI @00 METO/I0M BiOpompecyBaHHs (BIOpOJIUTTA), abo
METOJIOM MPSMOTO TTPECYBaHHS.

TexHomnoriss nOpsSMOro NpecyBaHHS € TOPIBHAHO MOJIOJOK0 1 MEHII
BUTPATHOIO 3 TOYKH 30pYy 3aCTOCOBYBaHOTO oOnamHaHHs. [Ipsme mpecyBaHHS
nepeadavae BUTPUMKY apOOTITOBUX CyMiIlIl B opMi MPOTATOM J0 OJIHIET 100U.
OpmHak TEXHOJIOTIS Ma€ psJi HEIOMIKIB MOB'S3aHUX 3 IMPOCTOPOBOIO OPIEHTAITIEIO
TpICKH B cyMimii mig 4ac ¢GopmyBaHHS BHUPOOY, IO MOXE MNPU3BOJUTH [0
BHYTPIIIHHOTO HANIPY>KEHHSI B TOTOBOMY OJIOTI1.

Texnonoris BiOposuTTss (abo BiOpompecyBaHHs) — 1€ TpaJuiliiiHa
TEXHOJIOT1s, sika HaOya nowmupeHHs B 1960-1 poku. OCHOBHOIO MepeBaroro AaHoi
TEXHOJIOT1I € OTPUMaHHsS OJHOPIAHOI apOOJIITOBUX Machu B BUPOOI Mpu
BIJICYTHOCTI BHYTPILIHIX HampyXeHb B TOTOBOMY OJIOLI MICIS CXOIUIIOBaHHS
LEMEHTY.
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SKicTh TOTOBUX BHUPOOIB 3aJCKHUTh HE TIIBKHA BiJl METONY BUPOOHHUIITBA
0s0kiB, ane 1 Big potpuMmanHs Bumor ['OCT, mo npen'sBiasitoTbest 10 MaTepiais,
SK1 BXOJIATH JI0 CKJIaay apOOIITOBUX CYMIIIIL.

3acmocysannsi.

ApOOdIT 3aCTOCOBYIOTH JUIsi OyJIIBHHMIITBA MaJjOMOBEPXOBUX OyJiBENb /10
TPHOX MOBEPXiB KHUTIOBOTO, TOCTIOIAPCHKOTO Ta BUPOOHUYOTO IPU3HAYCHHS.

3a3BWyail 3aCTOCOBYETHCS B BUTIIAMI TOTOBUX OyAiBETBHUX OJIOKIB abo
TUTAT TS 3BEJICHHST CAMOHECYUYHX CTiH a00 BHYTPIIIHIX MEPEropoaoK OymiBenb, a
TaKOX B SKOCTI TEIJIOI30JIAIIIHHOTO 1 3BYKO130s11HHOr0 MaTepiany. bararopiuna
eKcIuTyaTalis OyJiBesib 1 CIOpYJ 3 MarepialiB Ha OPraHiuHOMY LEJUTIOJI03HOM
3alOBHIOBAYl B PI3HUX perioHax Halloi KpaiHu, a TaKOX B 3apyODKHUX KpaiHax,
MEPEKOHINBO ITiITBEP/KYE JTOBTOBIUHICTh «apOOJIiTY». 3 HBOTO BUTOTOBIISIOTH

CTIHOBI TTaHe1, OJIOKH, TUITUTH, TTIOKPUTTS JJISI CYMIIIICHUX ITOKPiBEb.

Puc. 2. BurotoBiieHHsI MaJIONIOBEpXOBUX OyiBenb (a) i
BHYTPIIIHIX EpEeropoAok Oyaisesnb (0)

[upoke mnomupeHHss HaOyjaa TEXHOJOTiss OyAIBHULTBA 3 MOHOJITHOIO
apOonuta. [lepeBaramu 11i€l TEXHOJOTIT € TTOBHA BIJCYTHICTh KJAJKH IIBIB, 1 5K
HACIJ0K, BIICYTHICTh MICTKIB XOJIOTY, @ TAKOK MOJIMBICTh 3BEJICHHSI CTiH OY/Ib-
SKOT TOBIIIUHHU 1 apXITEKTYPH.

[Ipu  oOnamTyBaHHI  30BHIIIHIX  OrOPOKYBAJIBHUX  KOHCTPYKLIN
(30BHIIIHIX CTIH OyaiBii) 3 apOoiMTa PEKOMEHAYEThCS  3aCTOCYBaHHS
TeIUIO130JIAIIHOI cymini kinaaku, Hanpukian, TKC-0,2. B npoMy BUNaaky cTiHa
3 ap0OoJIiTYy HE MaTUME MICTKIB XOJIOAY 1 YTBOPIOE KOHCTPYKIIIIO 3 OJHAKOBUM
MOKa3HUKOM Koe(illieHTa omopy Teruionepeaadi (TErUIoNpoOBIHOCTI) Ha BCIH
IUIONII CTIHHM, OCKUIBKM TEIUIONPOBIIHICTh apOOJIUTa 1 TEIUIONPOBIAHICTh CYMIMIl
TKC-0,2 mpakTU4HO 17J€HTHYHI.

174



VJIK 669.14.018.25:620.18:539.374
SIP-ITAHEJI (CEH/ABIY-TIAHEJII)

boperiko C.P., cmyoeum
Hayxosuii xepienux — Apmanoinany €. I'., 0.m.u., npog.

Hayionanvnuii ynieepcumem biopecypcis i npupoookopucmysanus Yxpainu

SIP-nanem (cenasiu-naneni) (Structural Insulated Panel) — me mapysati
MaHesi, BJIAIITOBAHI 3a THUIIOM «CEHJABIY», KOJHM IIap TEIUIOI30JIAIIHHOTO
MaTepialy 3HaXOOUThCS MDK JIBOMa OJHAKOBHUMH 3a PO3MIPOM JACPEBHUMU
mTamu (puc. 1).

MNewononwucTrpon

Ctpyktypa SIP-navenu

-
-

Puc. 1. Ctpykrypa SIP-naneneii

30BHIIIIHI IIAPU 3 OPIEHTOBAHO-CTPYKKOBOT TIUTH (OSB), rincokapToHHOTO
aucra abo daHepu.

B sKoCTI BHYTPINIHBOTO TEIUIOI30JSALINHOTO IIapy BUKOPUCTOBYIOTH
MIHOIUIACTH:

- MHOMOJIICTUPOJT;

- yperaHoBa TmiHa (MPOAYKT TMepepoOKH KapOaMIHOBOI  KHCIIOTH
(H,NCOOH));

- (enondopmanpaerigHUN MHOMIACT (MIEPEBAKHO B OTOPOKYBATHHUX
MaHeNsx);

- MiHEpajbHa BaTa.

bazoBi po3mipu T, mm: goxuHa 2500, 2800; mmpuna 625, 1250;

- roBmmHa 110, 120, 170, 200, 220, 270;

- minonoictupoay 100-250 1 OSB 10-12.

OcHoBHe 3actocyBaHHs SIP-maneneii — 1e OyAIBHUITBO NPHUBATHUX
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OyauHkiB (puc. 2), TpoMaAcCbkux OyZiBedab, 0araTOKBapTHUPHUX IKUTJIOBUX
OYJIMHKIB 10 TaK 3BaHIN "KaHAJChKIA TEXHOJIOT1l MIBUAKO MOHTOBAHOTO >KHUTJA".
AJne KpiM BUKOPHUCTAHHS CEHABIY-TIAaHEJIeH SIK OCHOBHOTO OY/IIBEILHOTO MaTepiaity
B TexHoJorii SIP, BoHM (maHesi) Tak camMoO IIUPOKO 3aCTOCOBYIOTHCS 1 IHIIKX
BUJaxX OyIBHUIITBA JJIsl BUPIIICHHS IIMPOKOTO KOJIa 3aBJaHb.

s

] . - JF.'.FT-.--"-*“ = [T

Puc. 2. bynunok 3 SIP-naneneit

YK 669.14.018.25:620.18:539.374

LVL (JIBJ)-bPYC
(Laminated Veneer Lumber — nucToBmii mapyBaTuii muioMarepian)

Kywenxo O.C., cmyoenm
Hayxosuii kepisnuk — Apmanoinany €. I., 0.m.H., npog.

Hayionanvruii ynisepcumem biopecypcis i npupoookopucmyseauns Ykpainu

JIBJI-6pyc, 6pyc LVL, Opyc 3 kieenoro mmony (Big anri. Laminated
Veneer Lumber — «mumiomatepiaid 3 JUCTKOBOTO INIMOHY») — KOHCTPYKLIMHMIA
MaTepiajl, BHUIOTOBJICHHM 3a TEXHOJOTIEI CKJICIOBAaHHS JIEKUIBKOX IapiB
JYIIEHOTO MIMOHY XBOWHUX TOPiJa (COCHA, sUTMHA, MOJAPUHA) TOBITUHOK OJIU3BKO 3
MM. € OJHUM 3 THIMIB KJICEHHX JEpeB'SHUX KOHCTPYKIHA (puc. 1). Bomnokna
JIEPEBUHM CYMDKHHUX IIap1B PO3TAIIOBYIOTHCS IMapajeabHo, 1o BijapizHse JIBJI Bix
dbanepu. Bunyckaerbest y BUTIISAL OpyciB (0ajiok) 1 AT IIMPOKOTO PO3MIPHOTO
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psany. Jlerko oOpoOisieThes 1 B Tpoieci BUPOOHUITBA, 1 HAa OyAiBEILHOMY
MalJaHYUKY.

3aBAsKU CBOIM OJTHOPiAHOI CTpYyKTYpi Opyc JIBJI Mae BHCOKY MILHICTh MPHU
TOPU30HTAJIBPHOMY HABaHTAaXEHHI. B cHily 4Ooro OCHOBHE 3acTOCyBaHHs Opyca
JIBJI — e Hecy4i enemMeHTH kapkaca. HaiOinbm nomynsapHe Bukopuctanus JIBJI
K KOHBKOBUX 0aJIOK, KPOKB, 0aJIOK MIKITIOBEPXOBHUX MEPEKPUTTIB. Takox, 3aBISAKH
TOMY, IO JOBXHHA OaJKH TEXHOJIOTIYHO HEe oOMmexeHa, JIBJI BUKOpHUCTOBY€eThCS
JUTSI CTBOPEHHSI BEJTMKUX MPOJHOTIB (24-36 M). 3aCTOCOBYETHCS 711 KOHCTPYKITIH B
arpecMBHHUX CepeoBUIIaX (CUIbCHKOTOCMOAAPChKI OymiBii, CKIaad XIMIYHO
aKTUBHUX €JIEMEHTIB) 1 B MPUMINICHHSAX 3 MiJBUIICHOIO BOJIOTICTIO (OaceiHn),
OCKIJIBKH BOJIOZIE OUIBIIOIO CTIMKICTIO, HIXK MacuB JiepeBuHU. banku 1 mmutu JIBJI
TaK0X MO’KHa BUKOPUCTOBYBATH B CUCTEMax CHJIOBOI OMaTyOKH.

HoBiTHi MeToan oOpoOKH AEPEBUHU KapAWHAIBHO 3MiHIOIOTH BIACTHBOCTI
IIOTO MaTepialy i, OULIBII TOTO, JO3BOJSIOTH CTBOPIOBATH Ha WMOTO OCHOBI
OPOAYKTH 3 TPUHIUIOBO HOBUMH MOHTQXHHMH Ta EKCIUTyaTallliHUMHU
xapaktepuctukamMu. CaMe 0 TaKMX BUCOKOTEXHOJIOTTYHUX PO3POOOK BITHOCUTHCS
JIBJI, mpoaykT AepeBo0OpOoOHOI MPOMUCIOBOCTI, IO MpecTaBisie cobor Opyc,
JIOTIIKH 1 OaJIKu.

JIBJI BUTOTOBJIEHMH HUISXOM CKJICIOBAHHS IIAPIB IIMOHY 3 MapalielbHUM
po3TanryBaHHSIM BOJIOKOH, IO HA/Ia€ MaTepialy BUCOKI XapaKTEPUCTHKH.

Sk OyniBenbHMil Matepian JIBJI Bosiozie yHIKaIbHUMH BiacTUBOCTSIMHU. Ha
BIIMIHY BiJ] 3BUYAaHUX MUJIOMATEpialliB, BIH 3JaTHUM 30epiratv TOYHI JIiHINHI
pO3MipH HE3aJeKHO BiJl CE30HHUX KOJMBAaHb BOJIOTOCTI 1 Temmeparypu. JIBJI ne
nedopMyeThCa 1 HE JKOJOOUTHCS BiJI BOTKOCTI, Ma€ MiHIMaJdbHI TMOKa3HUKU
OPUPOJIHOI YCYIIKH. 3a MMM XapaKTEepUCTUKAMU KOHKYPEHIII0 HOMYy MIr Ou
CKJacTH Xiba mo kieeHui Opyc, mpote MinHicTh JIBJI Buie, HIX y KJI€€HOTO
Opyca, BHacaiaok yoro 6anku JIBJI cratoTh He3aMiHHI PU BUTOTOBJIEHHI HECYUUX
OTIOp 1 MEPEKPUTIN BEITUKOI TOBXKUHHU.

[Tpuknanu 3acrocyBanns JIBJI-Opycy HaBeneHi Ha puc. 1.
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T

Puc. 2. [lpukmnanu 3actocyBanns JIBJI-6pycy

YK 669.14.018.25:620.18:539.374

MDF-ITAHEJII (MIDDLE DENSITY FIBREBOARD)
(Cepenne uriabHe BOJIOKHUCTE TIOKPUTTS)

Cyeonsika O.B., cmyoenmxa
Hayxosuii kepisnuk — Apmanoinany €. I, 0.m.H., npog.

Hayionanvruii ynieepcumem diopecypcis i npupoookopucmyeanus Yxpainu

MIA® (MDF-medium-density fiberboard) nepeBoBOJOKHHMCTAa TUIATA
CepeNHbOI NIITBHOCTI — II€ TUINTA, SIKa POOUTHCA 3 JIy>Ke MPIOHOI JepeBHOI TUPCH.
BonokHuCTI TMIUTH OMHOPIAHOI TOBIIMHU BUPOOJSIOTHCS 3 MPU3HAYEHOTO Ha
BUpPYOKYy Jicy 1 BiaxomiB (0Opi3KiB) JepeBOOOpPOOKH, SIKI TMEPEMETIOI0Th [0
HEBEJIMKNX KYOWKIB (UIICiB), MiAAar0Th 00poOI Maporo TiJi BUCOKUM THUCKOM I,
Ha/Jali, MOAalTh Ha 00epToBi aucku nedidpepa (Tepounoi mamuHH). Bech

OpOTEePTUH MaTepiayl BiApa3y IMOCTYNMae Ha MPOCYUIyBaHHSA 1 MOAAbIIe

\

ckiieroBaHHs (puc. 1).

Puc. 1. Ilpuxiianun MDF-nanenei
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Xapaxmepucmuxu naum M1 O.

VY cknani He menmie 90% 3aiiMaroTh THUpPCA, PEIITa MPUIIAJAE HA PEUYOBUHH,
0 CKPIIUTIOIOTh 1 3amo0iraloTh THUTTIO. Mea MIIHOCTI IUIUTH JIEKUTh B
niama3oni 17-23 MIla. Jlomyckaetbess no 10% Bosoru, ame He MeHie 3%.
L{impHICTD - BaXXIMBUH MOKA3HUK, Bijl IKOTO 3aJICKUTHh MIIHICTh MAaHEII. 3a3BUyai
3HaxoauThcs B Mexkax Bim 600 mo 850 kr Ha kyOomeTp. MoxkHa mepeBipUTH,
HACKIJIBKM 3asBJICHI IMMOKAa3HUKH BIJNOBIIAIOTH JIMCHOCTI, SKIIO € MOXKJIHUBICTH
3BaKUTH TUIUTY, @ IOTIM OTPUMaHy Macy MOTpiOHO PO3ALIUTH Ha 00’ €M.

Bonoroctilikictb Moke OyTH pi3HOIO. ICHYIOTH 3BHYaiiHI TUJIMTH 1 Ti, IO
MaloTh TMIJBUILIEHY CTIAKICTh [0 BIUIMBY BOJIOTH 3a PaxyHOK J0OJIaBaHHS
CHelIaJbHUX KOMIIOHEHTIB TMpU BUTOTOBIEHHI. JIJis J0MaHHS BOTHECTIMKOCTI
BUKOPHUCTOBYIOTh J00aBKM — aHTUmipeHH. Ha cragii BUpOOHHMIITBA CHPOBHHY
00poOIIAIOTh, MO0 TOTOBI BHPOOHM CTadM CTIMKMMH 10 OIOJIOTIYHHX BIUIMBIB —
rpubkiB 1 maicHIBU. MA®D MoXxyTh BiApi3HATHCS 10 (aKTypi, IU3aifiHy BUPOOIB,
3a0apBJICHHSM 1 1HIIUM CIOXKMBYUM XapakTtepucTtukam. [Ipu BuOopi maneneit B
nepiry 4yepry MnoTpiOHO 3BepTaTH yBary Ha ix MIUIbHICTH. [lpukiam 1exy mo
BupoOHUNTBY MJI® ruut HaBeneHo Ha puc. 2.

Puc. 2. Ilex no ]-?,I/Ip06HI/IHTBy MA® nut
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YK 669.14.018.25:620.18:539.374
®IBPOJIIT

IIpokonuyx H JI., cmyoenm
Hayxosuii kepienux — Apmanoinany €. I'., 0.m.n., npogh.

Hayionanvnuii ynieepcumem biopecypcis i npupoookopucmysanus Yxpainu

®di6posiT — 11e OyaiBeNIbHUN IUIMTHHM Martepiall, SIKUH BUTOTOBJISIOTH 3
IIEMEHTY, BOJIM, HEOPraHIYHOi B'SKY4Oi PEUOBMHU Ta JEPEBHOI CTPY>KKH
(BOJIOKOH) JIOBKMHOIO BijJ miBMeTpa 1 Oublie. JlepeBHE BOJIOKHO OTPUMYIOTh Ha
cHeliajJbHUX BEpCTaTax y BHUIJISAAl TOHKUX 1 BY3bKHX CTPIUYOK 3 JOIOMOTOIO SKUX
JOCSITAIOTBCS BUCOKI XapaKTEPUCTUKU IMPU BUTHHI 1 CTUCKY. [lepeBH1 cTpiuku
MPOCOYYIOTh PO3YMHOM PIJKOTO CKJIa a00 XJIOPUCTOTrO Kaibllito. OTpuMany
CUPOBHHY MIPECYIOTH Y (hopMax, cymiaTh 1 OTPUMYIOTh TUIUTH, TaK 3BaHi (PiOpOTITH

(puc. 1).

60 % apepecHOM
INepCcTH

R %

_ 34 % mopriaaHIIeMeHTA 3 .'.,Li. 350
; (ceporo HJIH De10ro) . =

Puc. 1. Cxnag ¢iGposiToBUM TIUTH

®i6posiToBl OyAMHKN MOXHa OyayBaTH MPU JOCUTh HU3bKUX TeMIlepaTypax
noBITps. BHCOKI TOKa3HWUKM TEMIIOI30MAIIT JTaHOTO MaTepialy J03BOJSIOTH
3MEHIIIUTA BUTPATH Ha OE3MepepBHUN TPOrpiB OCTOHY, a TaKOX 3IIHCHIOBATH
3aJIMBKY OE€TOHY Ha LIJIUK OBEpX OY/1BIIl B 3MMOBHUH NEPIO/I.

[lmuta 3 @QiOpomita BIAPI3HAETHCA MPEKPACHUMH 3BYKOI30JSLIAHUMHU
BIacTUBOCTAMU. Hanpukinaa, 3 BuKopucTaHHAM (iOpoiiiTa B KOHCTPYHOBaHHI
mijuior GaxiBIll ICTOTHO MiABUIIYIOTh PIBEHH IMTyMOI30JISIIii. 3aBASKH YHIKAIHHUM
BJIACTHBOCTSAM IUIMTH 3 (iOposliTa MOKHAa 3aCTOCOBYBAaTH SIK OCHOBY ISt
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MJJIOTOBUX TMOKPUTTIB BiJ IUIMTKH 10 JIIHOJIEYMY, TaK K TOKPUTTS He Oyze
CKPUIITH, THUTH 1 HE 3pyHHYETHCS 1111 BIUTABOM BOJIOTOCTI.
Buau ¢i0posiTiB HaBeaeH1 Ha puC. 2.

Puc. 2. Buau ¢i6poiTis:

a — 3BUYaiHUI; O — aKyCTUYHUMN; B — KOMIIO3UTHHI; T — BUCOKOT MIIIHOCTI

Jlo ocHoBHUX mepeBar (iOposiita MOKHA BIHECTH:

- I1JIBUIIICHUH PIBEHh BOTHECTIHKOCTI;

- BHUCOKHI PIBEHb BOJIOTOCTIMKOCTI CydacHHX (hiOpOJIITOBUX TUIUT;

- MABHUIIIEHA CTIMKICTB 10 010JOTIYHUX arcHTIB;

- HU3BKUN PIBEHb TEIJIONPOBITHOCTI;

- BHCOKI MOKa3HUKH 3BYKO130JIs111i;

- TpuBaJIUii nepion ekcrutyaraiii (50 - 60 pokiB);

- JIETKICTh OOPOOKH.

Di6pomiT JIeTKO pi3aT, 0OPOOIATH. Y HBOTO BIAMIHHO 3a0MBaIOTHCS IBSIXU,
MOr0 MOYKHA IITYKaTyPUTH.
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YK 669.14.018.25:620.18:539.374
3ACTOCYBAHHA YABYHIB Y BY AIBHUIITBI

Uoncy FOanvxyans, cmyoenm
Hayxosuii kepienux — Apmanoinany €. I'., 0.m.n., npogh.

Hayionanvnuii ynieepcumem biopecypcis i npupoookopucmyeanus Yxpainu

Icmopia. Kwutaiiiii Oynau mNepIIMMH, XTO BUKOPUCTOBYBaB 4YaBYH Y
Oy/IIBHUIITB1, BUKOPUCTOBYIOYH MOT'0 1HKOJIM JIJII CTOBITIB MTIOBHOPO3MIPHUX Iaro.
[loyatok Takoro BUKOpHCTaHHS 4YaByHy B Kurai npunagae npubnuszHo Ha 7
CTOJIITTSI, XO4a CIIOCOOM BUILIABKU I[OI'O METaly KUTAMIl BUHAUIILIY 111€ Ha 371ami
5-6 cr. 1o H. e. Ha MOMEHT mouYaTKy BHUKOpPUCTaHHS 4YaBYHY Yy OyAIBHHUIITBI
KUTAUISIMU €BPOTIEMCHKI METATYPTH JIHIIIE OYUHAIN 3HAHOMCTBO 3 LIMM METAJIOM,
HOTO0 BIIACTUBOCTSIMH M cIocOOaMM MOT0 BUPOOHMIITBA.

Bigomuii B €Bpomi mnpubIM3HO 3 8 CTOMITTS YaBYyH JIO IIOYATKY
BUKOPHCTAHHSA WMOro y OyAIBHUUTBI CTOJITTSMU BUKOPHCTOBYBABCS Ui JIUTTS
JWIIe BITHOCHO HEBEITUKUX TMPEAMETIB — YaBYHHOTO MOCYIY, TapMmaT, OTOpPOX,
OantocTpas, oOJagHAHHA I KaMiHIB, XYJOKHBOTO JHMTBa TOIIO, 1, 3BICHO,
OCHOBHHMM BHJIOM BHKOPHUCTaHHS YaByHy Oyiia mepepoOka HOro Ha KOBKE 3aji3o,
TOOTO — BUKOPHUCTAHHS HOT0 K MPOMIXKHOT'O HAMIBIPOIYKTY y JABOCTYIIEHEBOMY
mpoiieci BUPOOHMIITBA KOBKOro 3amiza (cam 4aByH oOpoOii KyBaHHSM He
MiJITaBaBCs Yepe3 CBOIO JAMKICTB).

Po3KBIT BUKOpHCTaHHS YaBYHY B poJii OyiBEIbHOTO Marepiaidy MpHUIaB Ha
nepion Mk 1790 1 cepenunoro 1840-x pokiB, KOJIM MOCTYMOBO MOYaB MOCTYNATUCS
MICLIEM KOBKOMY 3alli3y, SIK€ B CBOIO UEPry MOCTYIUIIOCS MICLIEM CTalll B OCTaHHIN
yBepTi 19 cTomTTS.

OpanM 3 HaWmepmuX MPHUKIAIIB BUKOPUCTAHHS YaBYHY SIK CTPYKTYpHOTO
MaTepiaiy s BUTOTOBJICHHsSI HECYYMX OyAiBEJIbHUX KOHCTPYKLINA OyJiM 4aByHHI
KOJIOHU JJIs1 KaMiHy 1 BUTSDKHOI TpyOM Ha KyXHI AJKO0OAacChbKOrO MOHACTHUPS Y
[Mopryranii y 1750 poui.

YaByHn y OynmiBHULTBI Ta apXiTeKTypl, SIK OyZiBelIbHMI Martepial
BUKOPHUCTOBYETHCSA I BUTOTOBJICHHS BiAMOBIJAIBHUX HECYYHMX KOHCTPYKITIH
(xosioHU, OaNKK, KapKacu, HeCy4l CTIHU, HECYUl YACTHUHM MEPEKPUThH TOIIO), TaK 1
HE BIAMNOBIAAIBHUX JPYTOPAHUX KOHCTPYKIIA 1 MajquxX apXITeKTypHUX (opm
(ampTakok, (POHTAHIB TOIIO) Ta JJIA CYTO NEKOPATUBHUX (TIEpuiia, TPaTH, OTOPOXKI,
JIEKOpAaTUBHI  O3/100JIEHHS TOMIO) 1 CYMDKHUX OyJIBETbHUX MaTepiajiB
(TpyborpoBo1iB, TPyOOIIPOBIIHOT apMaTypH, 6atapei To1o).
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[lepion BHUKOpPHCTaHHS 4YaByHY sIK OydiBENIbHOTO MaTepialy MpuUIajae B
ocHOBHOMY Ha 1779-1880 poku, mi3Hime BiH OyB 3aMIHEHUH SKICHIIITUMU
OyJIBEeIbHUMH MaTepialaMd — CII0YaTKy 3BapHUM 3ai1130M (KOBKHM 3ai1i30M),
MOTIM CTaJUTI0 1 B 6araTboX cdepax BUKOPUCTAHHS HOTO BXKE JABHO € MUTAHHAM
icTopii.

Xoua yaByH y OyJiBHUIITBI BUKOPHUCTOBYBABCS B 0araThOX KpaiHax, JIUIIE B
nesikux 3 HUX (bpuranis, CHIA, @paniis Ta B IeAKUX TXHIX KOJIOHISX, HATPUKIA]
B ABcTpanii) BiH HaOyB B Il cdepi 0COONMBO MIMPOKOrO 1 PI3HOMAHITHOTO
3acTocyBaHHsA. ToOTO BiH OYyB PO3IMOBCIOUKEHUNA Yy KpaiHax, 1€ o0O0cCsATu
MIPOMUCJIOBOTO BHUPOOHUIITBA 3ajli3a (Y BHUIJIAJII YaBYHY) JOCSTIIA BUCOKOTO PIBHS
JI0 BUHAWJICHHS CITIOCO01B BUPOOHUIITBA CTAII.

YaByH BUKOPHCTOBYBABCS Yy MOCTOOYAyBaHH1, KOHCTPYIOBaHH1 IIUBLIBHUX 1
IPOMHCIOBUX OyJiBeJIb Ta NpPH CHOPYIKEHHI I1HIIMX OO0'€KTIB. 3 YaByHY
BUTOTOBJIIIOTh €JIEMEHTH OYJIBEIbHUX KOHCTPYKUIA, B TOMY YHMCII M Takux
BIIMOBIJAIBHUX, $K OINOPHI YacCTUHU 3ai300€TOHHUX Oanok, ¢epM, TyHeml
METPOTIOIITEHY, OallIMaKy MiJ] KOJIOHHU TOIIIO.

YK 669.14.018.25:620.18:539.374

TEMPER BRITTLENESS OF STEEL
(BiagmyckHa KpUXKICTh CTali)

Aoamuyx J[.1O., cmyoenmxa
Hayxosuii kepienux — Apmanoinany €. I'., 0.m.n., npogh.

Hayionanvruti ynisepcumem biopecypcis i npupoookopucmyseauns Ykpainu

Steel tempering is a heat treatment operation that consists of heating
hardened steels to temperatures not exceeding the temperature of austenite
formation (A.;), keeping them at these temperatures to convert the hardening
martensite into more equilibrium structures and subsequent cooling.

Unlike the decomposition products of supercooled austenite (sorbitol,
troostite), which have a lamellar form of cementite, the decomposition products of
martensite during heating (sorbitol tempering, tempering tempering) have a
granular form of cementite, so other things being equal, they are characterized by
greater toughness and limit of endurance in the conditions of destruction from
fatigue.
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By the main parameter of the mode of vacation, that determines a structure,
and thus, properties are permanent and application of vacation, there is a
temperature. After a temperature, heating distinguish such types of vacation:

low temperature (subzero) vacation that is conducted in the interval of
temperatures 150 - 250 °C for the receipt of structure of martensite vacation and
partial removal of quenching of internal tensions. After low temperature vacation
viscidity of steel some rises without noticeable reduction to hardness (58.63 HRC
for steel with carbon content from 0,6 - 1,3%. It is used for a cutting, measuring
instrument, stamps of cold deformation, bearing of woobling, wares after a hard-
facing

medium-temperature (medium) tempering is carried out in the temperature
range 350 - 450 °C to eliminate hardening stresses and the formation of the
tempering structure of the tempering, which has high elasticity, endurance,
relaxation resistance and hardness in the range of 40-50 HRC. It is used for
springs, springs, hot stamping dies.

YK 669.14.018.25:620.18:539.374

POLYMERIC MATERIALS
(ITonimepHi MaTepiann)

bonoap JI.B., cmyoenm
Hayxosuii kepienux — Apmanoinany €. I'., 0.m.n., npogh.

Hayionanvnuii ynisepcumem biopecypcis i npupoookopucmysanus Yxpairu

Polymers are a kind of chemical compounds with high molecular weight
(from several thousand to many millions), the molecules of which
(macromolecules) consist of a large number of repeating groups (monomer units).
Atoms that are part of macromolecules are connected to each other by the forces of
principal or coordination valences. The term "polymer" was introduced into
science by 1. Berzelius in 1833 to denote a special type of isomerism in which
substances (polymers) having the same composition have different molecular
weights, such as ethylene and butylene, oxygen and ozone.

Natural polymers are formed in the process of biosynthesis in the cells of
living organisms (starch, cellulose, proteins, nucleic acids) (fig 1, a).

Synthetic polymers are numerous plastics, fibers. They play a role in
various industries, agriculture, transport, communications (fig. 1, b).
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Fig. 1. Natural (starch) (a) and synthetic (b) polymers

Application. Polyethylene is made of various: jars, buckets, barrels, cans and
more. Example: Device for automatic feeding of grain in the feeder on poultry
farms. Polyethylene pipes were better when pumping milk. At present, large dairy
farms use metal pipes. Polyethylene is used in construction, mechanical
engineering, automotive, shipbuilding and other industries.

Polyethylene can be used to make household items, sanitation and care items
that require sterilization, toys, knife handles, brushes, double-walled containers for
hot and cold drinks and much more (fig. 2).

YK 669.14.018.25:620.18:539.374

PAINTS
(dapbm)

Muxaiinuwun J1.0O., cmyoenm
Hayxosuii kepisnuk — Apmanoinany €. I, 0.m.H., npog.

Hayionanvruii ynisepcumem biopecypcis i npupoookopucmyseauns Ykpainu

Paint is a suspension of pigments or a mixture thereof with fillers in oil,
drying oil, emulsion, latex or other film-forming substance, which forms after
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drying an opaque colored homogeneous film. Previously, this term was applied
mainly to compositions based on drying oils and drying oils.

The properties of paints, given the variety of film formers used, are quite
different. They are used to protect surfaces and products used in a variety of
conditions, but unlike enamels form a coating with less decorative.

Paint types following: oil paints, acrylic paints, enamels, water emulsion
paints.

Oil paints are a number of paints and varnishes, which are suspensions of
inorganic pigments and fillers in drying vegetable oils or drying oils, sometimes
with the addition of auxiliary substances (fig. 1, a).

Acrylic paints - water-dispersed paints based on polyacrylates, as well as
their copolymers as film-forming agents. Used in construction for indoor and
outdoor use and in painting (fig. 1, b).

Enamel paints — varnished materials, which are stocked up on the basis of an
organic retailer of clean and varnished fabrics and base, sold in addition to special
products. The enamel paint is designated for the seizure of the upper surfaces (fig.
1 c¢). Water emulsion is a water-based dyeing finishing material. The material is
widely distributed among consumers due to its affordable cost and good
performance. The paint consists of water-soluble polymers, pigment and various
additives that help improve the functions of the paint in different directions (fig. 1,

Fig. 1. Paint types:
a — oil paints; b — water emulsion; ¢ — enamel paints; d — acrylic paints
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YK 669.14.018.25:620.18:539.374

CHEMICAL HEAT TREATMENT (CYANIDATION)
(Ximiko-Tepmiuna oOpooOka (LlianyBanHs))

Honouu O.0., cmydenmxa
Hayxosuii kepienux — Apmanoinany €. I'., 0.m.n., npogh.

Hayionanvnuii ynisepcumem biopecypcis i npupoodokopucmyeauts Yxpainu

Chemical-thermal treatment is a process of chemical and thermal action on
the surface layer of steel in order to improve it. Due to it hardness of steel surface,
1ts wear resistance, corrosion resistance and other is increased. Chemical-thermal
treatment has found wide application in mechanical engineering, as it is the most
effective method of strengthening steel parts and increasing their working life.

Chemical-thermal treatment consists in diffusion saturation of surface
layers of steel products with various elements to change structure and properties.

This type of treatment is based on diffusion (penetration) into the atomic
crystal lattice of iron of atoms of other chemical elements when heating steel
articles in a medium rich on these elements.

Cyanation. Cyanation is a type of chemical-thermal treatment in which the
surface of a part 1s saturated simultaneously with carbon and nitrogen atoms. After
cyanation, the metal surface becomes solid, wear resistant and corrosion resistant.
The carburizer is cyanide salts. At high temperatures, cyanide salts disintegrate to
form atomic carbon and nitrogen. They are harmful, have a melting point of 550 —
650 °C. Neutral salts (NaCl, BaCl) are added thereto to raise the melting point and
reduce the adverse evaporation. Small parts from structural steel are to be
cyanized.

Since cyanation is the simultaneous saturation of the metal with carbon and
nitrogen, it can be seen as a combination of cementation and nitriding. At high
temperature, the cyanation process approaches cementation, and at low
temperature, it approaches nitriding. By changing the temperature, the ratio
between carbon saturation and nitrogen can be adjusted.

Figure 1 shows heating types of parts. Figure 2 shows loading of parts in
furnace for cyanation.
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Fig. 2. Loading of parts in furnace for cyanation

Y1K620.669.22
AHAJII3 MEXAHI3MIB IIOJAY JEPEBOOBPOBHHUX BEPCTATIB

Cimionenko C., mazicmp
Hayxosuii kepienux — Cemernoscokuti O.€., K.m.H., 00y.

Hayionanvnuii ynieepcumem oiopecypcis i npupoookopucmysanus Yxpainu

OnHiel0 3 OCHOBHMX OCOOJIMBOCTEH JIepeBOOOPOOHMX BEpCTATIB, IO
3a0e3MeuyloTh ~ OTPUMAHHS  CKJIAJHO-NPO(MUIBHUX  IUIOCKUX  BHUpPOOIB, €
JUCKpPETHICTh pyXxy moxaad. [lpuBin pyxy mnonaau 3a0e3nedyeThes, SK IMPABUIIO,
XparoBUM MEXaH13MOM, 1110 Ma€ 3HAUYHY KUIbKICTh HEJIOJIKIB.
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[lo-mepmie, meil MexaHi3M Mae JOCHUTh CKJIaay KOHCTpyKuUioo. Bin
CKJIaJIa€ThCsl 3 0aratbox JETaJIeH, K1 Yepe3 CKIaAHOCTI NpodiIo TOCUTh CKIaaH1
y BUTOTOBJICHHI, 30KpeMa METaI000pOoOIIi.

Jlunamika poOOTH ILOTO MEXaHI3MY Mepeadadae yapHi HaBaHTaKEHHS, 1110
CIpPUYHMHSIE HOTO HU3BKUI pecypc poOOTH 1 BUMAarae BUKOPUCTAHHSA 3HOCOCTIMKHX
MaTepialiB Ta CIelladbHUX TEXHOJIOT1 3MIITHEHHS.

e onuH 13 OCHOBHUX HEOJIKIB XpAalOBIUX MEXaHI3MIB — 11€ 3HaYH1 IITyMOBI1
XapaKTePUCTHKHU, SKI MOXYTh HaBITh MEPEBUIIYBATH yJIapH TOJOBHOTO PYXY,
BUCIKaHHS JIeTaJICH.

Puc. 1 KoHcTpykiiii XxpanoBux MexaHi3miB

B Hamiii poOOTI NpPONOHYETHCS BUKOPUCTAHHS MEXaHI3My IMOJad, LI
3a0be3reuye AUCKPETHICTh IMOJayl HUIIXOM TOCTIMHOTO oOOepTaHHsS BajliB 3
CEeKTOpaMH, BHUTOTOBJIEHMMH 3 TeTHHakcy (puc. 2). CrymiHb B3a€MHOTO
MEPEKPUTTS CEKTOPIB BU3HAUAE BETUUYUHY MO1aul.

Puc. 2. Cxema ceKTOpHOTO MeXaHI3My 10/1a4
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VJIK 631.3

AHAJII3 TEXHIYHOI'O CTARY IIIIAIIUITHUKOBUX BY3J1IB
JTACKOBHUX BOPIH JIO MUTAHHS IX JIATHOCTHUKH

Cemxo A. B., macicmp
Hayxosuii kepienux — bucmpuii O.M., cm. suxa.

Hayionanvruii ynisepcumem biopecypcis i npupoookopucmyseanus Ykpainu

Ha migcraBi npoBeAEHOrO aHali3y TEXHIYHUX XapaKTEPUCTUK PO3IIIHYTUX
MoOJieJIeld JUCKOBUX OOpPIH BITYM3HSHHUX 1 3apyO1KHUX BHPOOHMKIB OTpHMaH1 JaHi
PO TUITM BUKOPUCTOBYBAHUX MiAIIMITHUKIB (Ta0I. 1).

Tabnuig 1 — Tunu miAMKUIHUKIB, K1 3aCTOCOBYIOTHCS B MIITUITHUKOBUX BYy3JTaX
JMCKOBHUX OOpIH

Cepis,
No Tun mammnHuKa BupoOuuk Mapka,
(KUTBKITB), TIT.
S ITAT «XapIl» b/IM
o fa P f‘KO - AT "CK® Vkpaina" BJIT-10, (20)
r'yJIbOBaHUN KOHIYHHMA
pety . 000 «TEXHOIIOJIICy BJIII
POTHKOBHH KUHN DiscoverXS, XM,
) JIBoXpsiHU KOiIl‘{HI/II/I TTAT «XaplT» BT
POJTMKOBHIA
3 JIBOpsiAHUI KYJIbKOBHI AT "CK® VYkpaina" b1
4 I[BopsmHI:Iﬁ paz[ianLHvo— AMAZONE Catros,
YIOPHUM KYJIbKOBUI (80)
: : 800 NT.
5 OnHopsiIHUM paaiaIbHUN Wishek (58)

Bukopucranass TOro 4ud IHIIOTO THUMY MIAIIUMHAKA BHU3HAYAETHCS
KOHCTPYKTUBHUMH OCOOJIMBOCTSIMH JUCKOBOT OOpOoHU. T MiITUITHUKA BU3HAYAE
pPO3MIp 1 KOHCTPYKIIIIO MiJITUITHUKOBOTO BY3J1a, ajie JJIsl MiAMUITHAKOBUX BY3JIIB
€NVHUM 3QIUIIAETHCA TPUHIMI PoOOTH, SKWUW TOJATaE B Tepeaadi KpyTHOTO
MOMEHTY pOOOYMM OpraHam JUCKOBOI OOPOHHU.

Haiibinibi  4acTo 3acTOCOBYETHCS THN MIAIMIMIHUKA — OJHOPSIHUUN
peryab0BaHUN KOHIYHUN POJTUKOBUM MIIIUIHUK TUITY 7212.
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Tak sk MIMUIHUK PErydbOBAaHUM, TO TPH CKIAJAAHHI MiIIIMITHUKOBOTO
By3Jla PEryJIoe€ThCAd OChOBHUH 3a30p MiAmuMnHuKa. HomiHambHUN OChOBUN 3a30p
nigmunanka 0,06 MM, monyctTumMuii ocboBoi 3a3op 0,17 mMm [1, 4, 6].

JIJist 3MallleHHs MAMUIHAKIB BUKOPUCTOBYETHCS TUTACTUYHUNA MaCTHIIbHHUM
Matepian — JiTos-24. OCHOBHI XapaKTePUCTUKH JIITON-24: KiHEMaTHYHA B'S3KICTh
npu Temmeparypi 0 °C cranoBuTs 430-530 MM*/ ¢, a ipu Temmeparypi 20 °C Bix
110 1o 130 Mm* / ¢; MPOTH3aIMpPHi BIACTHBOCTI XapaKTEPH3YIOThCS BEINYHHAMH
P.=700-800 H i P=1580-1600 H; Temmnepatypa 3actocyBanus Bia miayc 40 °C o
moc 120 °C [3, 5].

EdexTuBHEe BUKOpHUCTAaHHS JAMCKOBHX OOpIH 1 CBO€YacHa MIJATOTOBKA iX JI0
MOJIbOBUX POOIT Oe3mocepeIHhO MOB'sI3aHa 3 iX TEXHIYHUM CTaHOM. Y 3B'S3KYy 3
MM BEJIHMKE 3HA4YeHHS Ha0yBa€ MOXIIMBICTh IIBHJIKO 1 SKICHO MPOBOJUTH
JIarHOCTUKY CUIbCHKOIOCIOJIAPChKUX MAIIUH, 30KpeMa JHCKOBUX OOpiH, fAKI
BUKOPHUCTOBYIOTHCS 1711 OOPOOITKY IPYHTY.

JIIarHOCTUKY CUIbCHKOTOCIOIAPChKUX MAIllMH, 30KpeMa JHCKOBUX OOpiH,
BUKOHY€E MEXaHI3aTOp MpH Bi3yaldbHOMY OIJIsiAl. TeXHIUHUN CTaH MiTIIUITHUKIB
JUCKOBUX OOpIH BHU3HAYAETHCA MO IIYyMYy, OCbOBOrO JIIODTY, PIBHOMIPHOCTI
oOepTaHHs, TOOTO Cy0'€KTHBHO, 1 3aJIEKUTh BiJ KBamidikaili MexaHizatopa. [Ipu
aHajizl 0araTboX JIITEpAaTypHUX JKEpPET HE BUSBJICHO IHIIMX CIOCOOIB 1 METOJIUK
JUISL JIaTHOCTUKY MiAMUITHUKIB JUCKOBUX OOPiH.

JUist peryitoBaHHA OCbOBOIO JIIOPTY MIAMIMITHUKIB HEOOXIAHO MPOBOAUTH
pO30MpaHHs MIAIMIMITHUKOBUX BY3JIB, a 1I€ B CBOIO YEpPry BUMAarae po3OHUpaHHs
JIMCKOBOT OOPOHH.

Tomy po3poOka crocoOy IarHOCTUKH ITiIIIAITHAKIB JUCKOBOI OOpOHH,
SKUA JO3BOJIUTHL OI[IHIOBATH TEXHIYHMN CTaH MIAMIUWNHHUKIB, HE BIAIOYHCH 10
HEOOTPYHTOBAHOTO PO30MPAHHS MiAMIUITHUKOBUX BY3JIIB, € aKTYaJIbHOIO.

JI1arHOCTUKY TE€XHIYHOTO CTaHy HiAIIMITHUKIB TUCKOBOI OOpPOHU HEOOX1AHO
MIPOBOJIUTH 3a MapaMeTpaMy BHXITHUX MPOIIECIB, TaK SK BU3HAYEHHS TEXHIYHOTO
CTaHy 3a TMapaMmeTrpamMu poOOYHX MPOIECIB HE MPEACTABISIETHCA MOXKIUBUAM, a
JIarHOCTHUKA 13 3aCTOCYBAaHHSIM CTPYKTYPHHX IapaMeTpiB BUMarae po3OupaHHs
BY3JiB.

CepenHs KUIbKICTh MIJIIMITHAKOBUX BY3JIIB B Cy4YaCHUX TUCKOBUX OOpOHAx
ctaHOBUTh Omu3pko 40-50. HasBHICTh OOpiH B  CLIBCHKOTOCIOAAPCHKUX
nignpuemcTBax KipoBorpaacekoi obsacti Ha noyatok 2020 poky craHoBuia 665
onuHUIlh [3]. KuUIbKICTh MIAMIMITHUKOBUX BY3JIIB B MaciTabax 00JacTi CTAHOBUTH
omm3bko 26600-33250. ToMy po3poOka METOAY M1arHOCTUKW TEXHIYHOTO CTaHy
IIITAITHAKIB TUCKOBUX OOPIH Ma€ TaKOX IMPaKTHYHE 3HAYCHHS.

CnucoKk BUKOPUCTAHUX JIXKePeJI:
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l. beitzenpman P.JI. Tlogmunanku kayenusi. CrnpaBounuk / P.JI. beizensman,
b.B. pmkun, JL.A. Ilepenb. — W3n. 6-e, mepepad. m pgom. — M.:
Mammnoctpoenue, 1975. — 572 c.

2. ['oprounie, cma304yHblE MaTepuajbl: OJHIUKIONEAUYECKUI  TOJKOBBIM
cioBapb-cripaBouHuK / o pea. B. M. lllkonsHukoBa. — M.: M3naTenbckuit
neHtp «Texundopm» Mexaynaponnoit Axamemuu WudopmaTuzanumy,

2007.—-736 c.

3. HasiBHICTP TEXHIKM B CLIBCKOTOCHOAAPCHKHUX mMianpuemctBax. 28.02.2012
/EnexTponnuii pecypc. — Pexxum noctymy: http://petrostat.gks.ru/public/

4, [Tepens JI. 4. llogmmnHuku kayeHuss: Pacyer, NOPOEKTUPOBAHUE U
o0cnyxkuBanue omnop: CnpaBounuk / JI. . Ilepenb. — M.:

Mammnnoctpoenue, 1983. — 543 c.

5. Cmazounble MaTepuasibl. AHTUQPUKUMOHHBIE M  MNPOTUBOM3HOCHBIE
cBoiictBa. Meroabl ucnbiTanuii: CopaBounuk / P. M. Marseesckuii, B. JI.
Jlamxu, 1. A. bysHoBckui u 1p. - M.: MammnocTtpoenue, 1989. — 224 c.

6. @wraroB A. A. IlopmmnHukyn kadeHus: Pacuer, npoexkTnpoBaHue Hu
oOcnyxxuBanue omop: CrnpaBounuk / A.A. ®@unatos, JI.A. [lepens. — 2-e
u3.; epepad. u pomn. — M.: Mammnoctpoenue, 1992. - 608 c.

V]IK 677.017.8
BUKOPUCTAHHS KOHOILISTHOI TPOTYKIIIi

Pybaunka A. B., macicmp
Hayxrosuii kepienux — Menvnuk B.1., x.e.H., Ooy.

Hayionanvruii ynisepcumem diopecypcie i npupo0okopucmysaunts Ykpainu

B exkoOyaiBHMLTBI BHKOPHCTOBYIOTH MaTeplajJd Ha OCHOBI HPUPOIHUX
KOMIIOHEHTIB, a TaKOX CUPOBHUHY, 1110 HE BUJAUISIE TOKCUYHUX pedyoBHUH. Lle Moxe
OyTu JepeBuHA, cojloMa, KOHOILII, 6aMOyK, yTpaMOOBaHa 3eMJisi, [PUOHUHN Milemiit
TOIILIO.

KoHomti € mepcrneKTHBHUM €KOJIOTIYHUM  OyJIBEJIBHHUM  MatrepiaioM,
OCK1JIbKHU 3a PIK JAFOTh PUPICT POCIUHHOT Macu O11bII K SO-pidHUi J1iC, aKTUBHO
MOTJIMHAIOYN BYTJICKUCIIHIM Ta3.

VY 60-1i poku Ha TepuTopii YKpaiHu KOHOIUIIMU Oyio 3acamxeHo 100 Tuc.
ra. 3roJloM KUIBKICTh HACQPKeHb IOYaJia CTPIMKO MajaTH dYepe3 akIeHT Ha
HApKOTHYHIN CKIa10Bii KoHOMENb. CaMe TOM1 y CBITI yXBAJIUIIM Psii HOPMATUBHUX
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JIOKYMEHTIB, 0 0OMeXyBaiu ab0 ¥ reTh 3a00pOHSIM BUPOIIYBAHHS KOHOTIEIb.
[le €auna kouseniiss OOH npo HapkotuuHi 3acodbu 1961 poky, Konseniiist mpo
TICUXOTPOITHI peuoBUHH 1971 poky ToIIIO.

3a ganumu [TyXiBCBKOTO 1HCTUTYTY JIyO STHUX KYJIbTYp, Y APYTid MOJOBUHI
XX CTONITTS YKPATHChKI CENEKI[IOHEPH TEPIIUMH B CBITI BUBEJIU COPTU KOHOTIEIb,
IO MPaKTUYHO He Maiu HapkoTu4HOi ckianoBoi (TI'K). Li coptu mu 1 Ha3uBaeMo
Tenep MPOMHUCIOBUMH.

Jlo 2012 poxy yMOBH BHpPOIIYBaHHsS MPOMHUCIOBHX KOHONENIb B YKpaiHi
Oynu ONHMMHU 3 HaWcyBopimmuxX y cBITI. IlnanTamii moTpiOHO OyJIO OXOPOHSTH,
yepes3 1Mo BUPOOHHMITBO 3a0pokdasio Ha 30 %. BHacmigok 11-0r0 MOCIBHI ILIOIII
M1J] 3a3HaYEHOI0 KYJIbTYpOI0 B YKpaiHi 3meHmuiucs a0 270 ra. Ta B cepnni 2012
poky KabMmiH yxBajauB MOCTaHOBY, sIKa CIIPOITyBaia YMOBH BUPOITyBaHHSA. TOX y
2016 polii KOHOTLTI CisiTM BXKE Ha Maibke S TUC. ra 1 11 udpa MoCTYIMOBO 3POCTAE.

AOu BUpOUIYBaTH IPOMHMCIIOBI KOHOIUIl YKpAiHIIM HEOOXI1HO MaTH
JIUEH31I0 Ta CISTH TUIBKU T1 COPTHU, K1 BHECEH1 0 Jlep» aBHOTO peecTpy COpPTIB
VYkpainu. Croroani B Ykpaini 12 copTiB NOCIBHUX KOHOTIEb.

[IpomuciioBI KOHOIUII — 1€ COPT 13 HAJA3BUYAHO HHU3BKUM BMICTOM
terparigpokanadinony (nami — TI'K). BignoBigHo mo KpumiHanbHOro KoJEKCy
YkpaiHu, TpOMHUCIIOBI KOHOIUII HE € HApKOTUYHUM 3acO00M Ta JO3BOJICHI IS
BUpPOIIYBaHHS 1 BHKOpucTaHHs, amxe BmicT TI'K y wux — go 0,08 %. s
MOPIBHSIHHS: Y OUIBIIOCTI KpaiH €Bponu MakcuMaiabHO Ao3Bojiennit BMicT TT'K —
0,2 %.

bynunox, 30ynoBanuii 31 100 kybomeTpiB OE€TOHY, TUIBKK 32 BUTOTOBJICHHS
camoro 6erony Bukumae B armochepy 10 20 TorH CO,. CTUIbKH X, 0 TPUKIAIY,
CTAaHOBUTHMYTh BHUKHUIU BiJ JIeTKOBOro aBTo 3a 100 THCAY KiTOMETpiB MpoOiry.
HaTtomicTe 0iuH rekTap KOHOIEb Y Mepioj POCTY MOXKE MOTIUHATH 3 aTMOchepu
10 10 Torn COs.

Exkosoriune, uu «3eneHe», OYIIBHUIITBO BiJ CTAaHAAPTHOTO MPOIECY
OyJIBHUIITBA BiPi3HSAE€ 3HAYHO MEHIIA KUIBKICTh BIIXOJIB IMijJ 4ac BUPOOHMIITBA
OyamarepiaiiB, a TaKOXX MEHINE CIOXKHWBAHHS EHEPrii MpoTAroM OyiBHUIITBA,
eKCIUTyaTarlii, PeMOHTY 1 3HECEHHS.

3 2014 poky 3’aBIA€TbCA BCE OUIbIIE YKPAiHCBKUX €KOOYIBEIbHUX
komraniii. Life House Building, manmpuknazn, cmemiamizyerbcsi Ha OyauHKax 13
COJIOM sTHUX TaHeJiel Ha OCHOBI JiepeB’HOro Kapkaca. Neoacre Oyaye OyJIMHKH 3
TEIUIOI30JIAIIIEI0 Ta TEPMETUYHOI OOOJOHKOIO, IO BHUPOOJSIOTH EHEPrito 3a
nonoMororo cons;tuHux mnaneneil. Crapran Passiv Dom nepenbadae cTBOpeHHS
MOJIYJIBHOTO, TIOBHICTIO aBTOHOMHOTO BiJI €JIEKTPOEHEprii Ta Tra3ornoCTa4aHHsS
KUTIIA.
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3 2015 poky B VYkpaini mpamoe kommanis Hempire, sika BUTOTOBIISE
€KOJIOTYHUI OyaiBeNbHUI MaTepial Ha OCHOBI 3EpEB'SHIIMX YacTHUH cTeben
MPOMUCIIOBUX (TEXHIYHUX) KOHOMEIb, IO OJEPXKYIOTh MiJ Yac MEePBUHHOI
06po6ku (puc. 1). Ii 3acHoBHuk Cepriii KoBanenkos yneBHeHHMii, 10 Moja Ha
«3eneHl» OyIWHKM 3 POKaMH JIHIIE TMOUIMPIOBATUMEThCS YKpaiHowo (puc. 2).
TakoX MPaKTUK CTBEPKYE, MO iX KOMMAaHiSA HE €quHA, M0 Oyaye eKOJOTIdHI
OyauHKYU B YKpaiHi.

BuxopuctoByBanuii kommanieto Hempire exomarepian Hempire-mix €
3aMiHHUKOM OeToHy ((oro 3). ByniBenbHuil MaTepiall Ha OCHOBI TEXHIYHHUX
KOHOTIEJIb MOBTOPIOE OyAb-sKy (OpMy Ta IIBUAKO BUCHXA€E, a OMaTyOKy MOXHa

3HIMATH BXKE 32 IM1B FOJAMHHU MICIIA YKIaJaHHs MaTepiay.
' P e 1= oy

L S pabais A
Puc. 1. ®oTo 3a€peB'sIHINNX YACTUHU CTEOEN TPOMUCTOBUX (TEXHIYHMX) KOHOIENb

nicysi IEPBUHHOI 0OPOOKH

KocTpuiis npomMHUCIIOBUX KOHOMNENb, $KYy paHille BBaXKald BIIXOAOM
BUPOOHUIITBA TKAaHUH 1 KaHATIB, MOXE CIYryBaTH IIHHOIO OyJIBEJIbHOIO
CHUPOBHHOIO Ta allbTEPHATUBOIO 3BUUHUM YTEIUTIOBAYaM, SIK OT MiHEpalbHa BaTa i
M1HOIIACT.

KonomnsiHi  Marepiaii ~ IMIMPOKO  BUKOPUCTOBYIOTBCS 1 JIETKOIO
MIPOMUCJIOBICTIO, HAMMPUKIIa/, 332 BUPOOHUIITBA B3YTTs, OCKUIBKA BU3HAHI €IMHUMU
y CBITI IPHUPOJHUMHU MaTepiajlaMH, sIKlI JIKYIOTh T'PHOKOBI 3aXBOPIOBaHHS HIT.
CTBOpeHUl crieniaJbHU aCOPTUMEHT KOHOIUITHUX TEKCTHJIBHUX MaTepiaiiB Jyis
BEpXy, MIIKIAAKH, JEKOpPY, PO3pOOJIeHI CHOPTHBHI, TaHIIOBAJIbHI, HapOJHI,
MOBCSIKJICHHI JIIHIT B3YTTA. TOMYy ChOTOJIHI MOKHAa BIEBHEHO CTBEP/KYBAaTH, IO
OJHUM 13 (HaKTOPIB 3MIITHEHHS 3J0POB’S JIIOJUHU € BUKOPUCTAHHS HATypajJbHUX
(KOHOIUISTHUX, JUISTHUX, OaBOBHSIHMUX, IIOBKOBHMX, BOBHSHHMX, 0aMOYKOBHUX TOIIIO)
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€KOJIOTIYHO YUCTUX TEKCTWJIHBHUX MaTepiajiB JyIsl TOMUTTS OJATY Ta O3J00JICHHS
1HTEp €PY KUTIOBUX 1 TPOMAJICHKUX MPUMIIICHb.

Puc. 2. ®oTo ekoOyAMHKY 3 KOHOMEINb (Ha IEPETHbOMY TUIAHI)

Bupobu 3 TeXHIYHMX KOHONEIh € MPAKTHYHO B KOXXKHOMY JIOMI: BIiJ
3BUYHOTrO Kjouus o nanepy. Jlo 60 % KOHOIISHUX BOJOKOH BUKOPHUCTOBYETHCS
y TIAMepOBO-1IEIIOIO3HIM TPOMUCTOBOCTI. HaciHHS X aKTHMBHO 3aCTOCOBYIOThH Y
XapyoBIid MMPOMHCIIOBOCTI, OJ1I0 — Y KOCMETOJIOTTi.

YK 681.6

JATYUKU ABTOMATUYHOI'O BUPIBHIOBAHHSA CTOJIA 3D
INPUHTEPA

Hocauenxo M.C., cmyoenm
Hayxosi kepienuxu — lllanenxo B.O., k.m.H., doy.; Macniox A.A., acnip.

Kuiscokuii nayionanvhuil yHigkepcumem 0y0ianuymea i apximexmypu
IIBuaki TeMnu po3BUTKY TeXHOOT1i 3D-apyKy Ha ChOTO/IHI HE MEPECTAIOTh
BpaxaTH. J[aHHa TEXHOJIOTIs 3aCHOBaHA HA CTBOPEHHI 00'€MHOTO 1 JETaIi30BaHOTO

BUpOOYy 31 3amaHor0 rpadiuHor0 (GopMoro, B pe3ysbTaTi MNEPETBOPEHHS
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TPUBUMIPHOTO TpadiuHOTO 300pa’keHHs B peasbHui (Pi3nuyauii 00'ekt. 3D-Bupid
bopMyeTbCS METOAOM IMOIIAPOBOTO «HAPOIIYBaHHS» MOHOJITHOIO 00'€eKTy a0o
CTBOPEHHS OKPEMHX JieTaliel 301pHOro 00'eKTYy.

[Ipuniun poOOTHM 0a3yeThCs 3a TEXHOJOTIEID MOJCIIOBAHHS METOJ0M
HaraBiaeHHs: a6o Fused Deposition Modeling (FDM) — s TexHonoris, T0CUTH
npocta. Came Tomy 95% Bcix HacTinbHUX 3D mpuHTepiB BUKOpUCTOBYIOTH FDM.
[Tnactuk, Takuit sk PLA a6o ABS, y ¢popMi HUTKH TIOJTA€THCSA B EKCTPYACP, CEPIIC
npuHTEpa. Y eKCTpyAepl IIACTUKOBA HUTKA PO3IrPIBAETHCS 1 IEPEXOAUTD Y PILAKUI
cTaH. MexaHiuHI YaCTMHU NpHHTEpa ClHiAyloTh komanaam 3 (aitiny GCODE 1
NEPEHOCITh EKCTPYJAep B TOTPIOHE TOJOXKEHHS CTPOrO 3a BKa3aHUMHU
KoopauHatamMu. Komu exctpynep Jaocsirae 3ajjaHy IMO3UINIO, MJIACTUK BUXOIUTH 3
rapsyoro COIula, MPUKICIOETHCA JO0 CTONy MpUHTepa abo MOIMEpenIHbOTO CIIO
IUTACTHKY.

JUtst ipaBUIIBHOTO APYKYBAaHHS MEPIIOro IIApy IJIACTUKY MOTPiOHO, 100
EKCTPYyJEp 1 CTIJ MpUHTEpa Oyau BIAMOBIIHUM YHHOM BiJKaniOpoBaHi. OIHUM 3
croco0IB aBTOMATUYHOI KaJdiOpOBKM CTOJa NPUHTEPA € 3aCTOCYBaHHS JaTyMKa
BLTouch. JlaTunk >KOpPCTKOBCTAHOBIIOETHCSA3 €KCTPYAEPOM 1 3aMIiHIOE KIHIICBUI
BuMHKad oci Z. llyn sikum gatuuk (ikCye BIACTaHb A0 CTONY OMYCKAETHCS TUIBKU
IpU MapKyBaHHI B BHUXIJHE MOJOXEHHS Ta MPU BUKOHAHI MPOLIECY aBTOMATUYHOI
KaTOpoBKU. TakuM 4YMHOM, WiA4ac JAPYKy, LIYIl JaT4yuKa HE TOPKAETHCS
JPYKOBAHOI MOJIEI.

Jlo nepeBar Bukopuctanus narurka BLTouch moxHa BiiHeCTH: mo-niepiie —
HE3aJIe)KHO BiJ 3MIHU KOH]Iryparlii podbodoro cToily, Mpyu BUKOHAHI KOMAaHAH B
BHXIJIHE TIOJIO’KCHHS COILJIO 3aBXIU Oyje Ha OJIHIM 1 Tiil JKe BiJICTaHl BiJ TOBEPXHIi
CTOJa; MO-Apyre — caM IMpolec KaJlOpOBKH MPOBOAUTHCS Yy aBTOMATUYHOMY
pexkumi. [Ipu 11boMy MOKHA 301TBIIMTH KUIBKICTh MPOO JaTyuka, iX TOYHICTH Ta
BUKOHYBATH 1110 TIPOIEAYPY MOBHICTIO y aBTOMAaTUYHOMY PEXHUMI, Mepesl KOKHUM
JPYKOM MOJENI; TO-TpeTe — Miayac APYKY MOJieNll BpaxOBYBaTH HEPIBHOCTI
poO0oUOi MOBEpPXHI Ha SKY JPYKYEThC MOJenb. lle mo3Bossie miag 4ac ApyKy
MEPINOro Mapy IIACTHKY OTPUMYBATH PIBHOMIPHHI MIap 3a7aHO1 BUCOTH.

JIo HemosiKiB MOXHa BIIHECTH JOBOJII CKJIAJHUHN Mpoliec HaJlallTyBaHHS
JATYMKA TIOPIBHSIHO 13 3BUYATHUM MPOIECOM KamiOpoBku cToiry. Takoxx moTpiOHa
kanmiopoBka camoro garurka BLTouch, mo 3aiiMmae neBHuii yac.

B 6inbmocti BunaakiB Bukopuctanusg gatuuky BLTouch nonermrye mpouec
KaJIIOPOBKM MIPH 3MIHUA KOHPIryparii pobouoro croiy.
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