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MABUNLWEHHSA 3HOCOCTIVKOCTI | PO3POEKA TEXHOMONIT
BUTOTOBJIEHHA SACTNTOKOKOBAYA JTAHLKOIA TA30PO3MNOAI/IbHOIO
MEXAHISMY ABUT'YHA BHYTPILLHBLOI' O 3 OPAHHA

IIposedenuil aHaniz po6omu ma oyiHKa 3HOUWY8AHHS 3ACNOK0I08a4a AAHYH2a 2a30p03N00i/1bH020 MeXaHi3My 08uU-
2yHa 8HympiwHb020 320paHHs. 06rpyHmosaHull eubip iHwozo mamepiany, 3 Memor 3amiHu 6a308020, 0151 8BU20MOBAEHHS
3acnokoeaa JAaHYr2a 2a3opo3nodinbHo20 MmexaHizmy. BukoHawi nabopamophi docaidicenHs 3Hococmilikocmi 3anpono-
Ho8aHo20 aHmMu@pukyitinozo mamepiany 2pagpenon-20 nokazaau doyiabHicme o020 3acmocy8aHHs 8 sikocmi 3amiHu. Onu-
CaHa po3paxyHKoea Modeab 3HOWYBAHHS Mamepiasy 3acnokorwsaya ma HasedeHi pesysbmamu po3paxyHkie. IodaHi
OCHOBHI MexH0/1021YHI npoyecu 8U20Mo8/1eHHs1 NIACMUHU 3aCNOK008a4a 3 HOB020 Mamepiasny.

Karwuosi cnosa: 2a30po3nodinbHUll MexaHizM, 3aAchokoweay JAaHyioza, epagenon-20, 3Hococmilikicmby,
MmexH0/102151 BU20MOBAEHHSL.
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THE INCREASE OF WEAR RESISTANCE AND THE DEVELOPMENT OF THE TECHNOLOGY FOR
PRODUCING THE GAS-DISTRIBUTING CHAIN GUIDE OF GEAR FOR AN INTERNAL COMBUSTION ENGINE

Automobile engine was used for the analysis of construction and operation of one of primary mechanisms of an internal
combustion engine - gas-distributing. During the analysis, evaluation of wear resistance of some of its most important elements has been
done; chain damper has been defined as a critical detail. Improvement of wear resistance of this part assures impact on the provision of
exploitation period of the entire mechanism. Based on the results of the analysis, evaluation of basic types of gas-distribution mechanism
failures, including wear of the chain damper, has been done; critical parameters of this wear have been defined, which allowed proposing a
theoretical model for calculation of dominating types of wear. Basic conditions of this model have been calculated for the scheme of contact
of two cross cylinders, whose axis projections cross each other at a 90°-angle, one of the cylinders being stationary. Based on the obtained
model, given the prescribed values of load, and friction path, calculation parameters of the model of steady wear, contact pressure in harness
have been defined; the value of wear depending on friction path and coefficient of wear comparison for two adopted anti-friction materials
(basic (CKH-40 rubber) and newly-proposed (grafelon-20)) has been calculated. The results show that ‘grafelon-20’ material prevails over
the basic material almost in 5.4 times in terms of wear resistance. Based on the calculations done, a technological scheme of production of
laboratory samples for research of ‘grafelon-20’ material was tested and a technological process of production of damper plates was
proposed. It envisages three basic operations: briquetting, pressing, and pasting of the produced plate to metal base. The author has
provided a detailed description, characteristics, and some peculiarities of these operations, such as defining the temperature of heating while
pressing, duration of heating, and the value of pressure needed.

Key words: gas-distribution mechanism, chain damper, wear resistance, ‘grafelon-20’, production technology.

BcTyn. [1BUryH BHYTPILWHLOrO 3ropaHHA CKIafacTbCs 3
YOTMPBOX CWUCTEM — MAaLLEHHS, OXOJIO[XKEHHS, >KVBJIEHHA Ta
3anantoBaHHA, a TaKOX [BOX MexaHi3MiB — KPMBOLUWMHO-
LIATYHHOrO i rasopo3nofifbHOro, B SIKOMY OCHOBOK BWCTYrMae
PO3MOAiNbHUIA Bas.

Lleii Bal — YaBYHHWIA, BCTAHOBMIEHUI A Ha M’ATW OMOPHUX
WNAKaX, PO3MILLEHUX B a&THOMIHIEBOMY JIMTOMY KOPMycCi, |
06epTaeTbCs B NiWMMHUKAX KOB3aHHS, PO3TALLOBAHMX Ha FOMOBL
umningpie [1, 2]. Ha nepegHii 4acTuHi po3MnoginbHOrO Bana
KpinuTbea 3ipoyka 1. Big ocboBMX MepeMmilleHb PO3MOAITbHWA Ban
YTPUMYETLCA OMOPHUM (PIaHLIEM, YTBOPEHWM 3a PaxyHOK MPOTOYKM
nepeaHbLOT OMOPHOT WNIKK.

MpuBig po3nofinbHOro Basa 3ab6e3nevyeTbCs ABOPSAHUM
BTY/IKOBO-PO/IMKOBMM MaHLIOrOM 2 Bif NpWBIAHOI 3ipoykn 5 (puc.
1), Aka 06epTaeTbCsl KOMiHYacTUM BasioM. LM cammm faHUtOrom
MPUBOAMTLCA TakoX B Pyx 3ipoyka 4 Basa NPUBOALY MAac/sIHOIO
Hacoca. bing naHutora po3miLLyeTbCA HaniBaBTOMATUHHUIA HATSHKHUIA
npucTpin 8 3 GalwMakoM 7 Ta 3acCroKowBadeM naHutra 3, B
KOHCTPYKLUIT AKX NepefbdayeHi rymoBi Haknagku.

Y HWKHIA YacTWHI 6n0Ka LUMIHAPIB  PO3MiLLEHNI
06MexyBanbHW Naneup 6, AKUiA 3anobirae CnafaHHIO naHutora B

Puc. 1. NaHutoroBuii npueig

KapTep npu 3HATTI 3ipoukn 1 po3noginbHoro Bana. [Ans ra30p0o3MoiNbHOI0 MexaHiamy:
MpPaBWIbHOTO  B3aEMHOrN0  PO3MILLEHHS  3ipOY0OK, TOOTO  And 1 - 3ipoyKa po3noiNbHOTO Bana; 2 — NaHLor;
BUCTaBNEHHA (ha3 rasoposnoginy, nepeabdadeHi BepXHi Ta HUKHI 3 —33CMOoKOI0BAM; 4 — 3IPOUKA BaNa MACMAHOND

R B X . . . . . Hacoca; 5 — npuBifgHa 3ipoyka; 6 — 06mMexyBanbHU
yCTaHOBYI MITKW. BepxHi — po3MiLleHi Ha 3ipoyui po3nofiNbHOro NaneUp; 7 — GaLIMaK; 8 — HATSOKHMI NPUCTpiiA

Basia i Kopnyca NifgLMMNHKKIB, a HWXKHI — Ha 3ipouLi KOMiHYacToro
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Bana Ta 6/10ka LUmniHApiB.

[BopsifHWIA BTYNKOBO-POMIMKOBUIA NaHUIOT Yy ABUIYHI aBTOMOGINA BA3 BMKOHYE pofib NPUBIZHOIO OpraHy
MexaHi3My rasopo3nogifly. Ipu NocTiiHMX 3MiHax 4acTOTW 06epTaHHSI KOMiHBaNa BMHMKAalOTb KOMMBAHHS NaHOK
NaHutora, 415 3MeHLLUEeHHs AK1X nepefdayeHi 3aCroKotoBaYi — MeTasieBi KOMOAKM 3 HAHECEHOK NYMOBO HaK/TafKoHo.

3acnokotoBaYy NaHLUora ra3opo3nojinibHOro MexaHiamy BUrOTOB/EHMIA 3i cTani 10, Ha NOBEpPXHi SIKOi MeTo-
[lOM ByfKaHi3auil HaHeceHa rymosa Haknagka. Ctanb 10 (BmicT Byrneuto < 0,25 %) Mae HEBMCOKY TBEPAICTb i,
BOZHOYAC, BUCOKY MIACTUYHICTb.

"ymMOBa HaknafKa 3acrokoroBaya — OyTafieHHITPUABHMIA KayuyK (NPOAYKT CyMiCHOT nonimepu3salii yTta-
LiEHY 3 HITPWUIIOM aKpWUIOBOT KUCOTK). 3aNeXHO Bif CKnafy, kaydyk moxe 6yTu pisHux mapok: CKH-18, CKH-26,
CKH-40. HasiBHiCTb y Monekynax Kayuyky rpynu —CN- Hagae oMy nonspHi BNacTMBOCTI. Yum BuLa MONSPHICTb
maTepiany, TUM KpaLli oro mexaHiyHi Ta XiMi4Hi BaCTMBOCTI i TMM HXK4Ya MOPO3OCTIlKiCTb (40 MpvKnagy, 4ns
CKH-18 - Bif, «MmiHyc» 50 °C o «miHyc» 60 °C, ana CKH-40 — Big «MiHyc» 26 °C o0 «MiHyc» 28 °C).

Y Hawomy BMMNagKy, B SKOCTI Haknafgku AN 3aCroKOKBaya flaHLora 3acTocoByoTh kaydyk CKH-40,
AKWI BYNKaHi3ylOTb 3a AOMOMOrO0 CipKn. NYMOTEXHIYHI BUPOOM Ha OCHOBI LibOr0 KayuyyKy MOXYTb MpaLoBaTvi B
cepefoBumLLax GeH3UHY, NanuBa Ta MacTWA B iHTepBasi Temnepatyp Big «MiHyc» 30 °C go 130 °C.

[BOpsaHWIA NaHLOr rasopo3noginbHOro MexaHiaMy ABWUIyHa CKNaAaeTbCs 3 TaKMX YaCTUH: Ba/IUKIB, BTY-
NOK, POMMKIB, 30BHILLUHIX Ta BHYTPILLHIX NAacTWUH. Banuku BurotoeneHi 3i ctani 40X. 3i 36iNbLUEHHSM BMICTY BY-
rneuto Ans uiei ctani 3pocTaroTb MiLHICHI XapaKTePUCTUKM, ane 3HMXKYIOTbCA MIaCTUYHICTb Ta B A3KICTb. [apTy-
BaHHA XPOMUCTOI cTani 40X He3HauHe, OCKiNbKN BOHA CXW/bHA A0 BifnyCKHOT KPUXKOCTI, | TOMY NiCNsi BUCOKOrO
BiNYCKY, OXONOMKEHHS Ma€ OyTV LUBUAKUM, NPUYOMY, ANA HEBENMKMX AeTasiell — Y MacTUsli, a MaCUBHUX — Y BOAI.

BTynkn Ta ponukmM BUroTOBAEHI 3i cTani 45, sika € cepeaHboByrneyesoto ctanno (0,3-0,5 % C); i 3a-
CTOCOBYHOTb MiCNs HOpMasi3auil, MOKpaLLeHHsS Ta MOBEPXHEBOrO rapTyBaHHA ANA Pi3HOMaHITHWUX geTanei y 6a-
ratbOX rasly3six MaluMHOGYAyBaHHS. MapTyBaHHA CTai HE3HaYHe; KPUTUYHWIA AiaMeTp Nicns rapTyBaHHA y BOAI He
nepesuiyye 10-12 mm (ans 95 % mMapTeHcuTy).

30BHILUHI | BHYTPILIHI NNaCTUHKW NaHutora BUroToBMeHI 3i ctani 6510 — cTani 3 BUCOKMM BMICTOM BY-
rneuto (0,6-0,85 %), ska Mae NigBULLEHY MILHICTb, 3HOCOCTIMKICTb | XapaKTepu3yeTbCs NPY>XHUMW BAACTUBOC-
TamK. Ti 3aCTOCOBYIOTb MiCNA rapTyBaHHs Ta BignycKy, HopManisauii i BifjnycKy Ta NOBEPXHEBOro rapTyBaHHs, /s
[eTanei, Lo npaLoTh B YMOBaX TePTA, 3a HasiBHOCTI BUCOKUX CTaTMYHUX ab0 BiBpaLiiHUX HaBaHTaXXEHb.

Y ra3opo3nogisibHoMy MexaHi3Mi ABUIYHIB HalibifbLL 4acTO BUXOAMTb 3 flafly 3aCMOKOK0BaY NaHLora, SKui,
AK Y)Ke 3a3Hayanocs, CKagacTbCs 3 MeTaseBOi MNaCTWHM, Ha SIKY HaHeceHa METOAOM BY/KaHisalii KayyykoBa
Haknagka, L0 AOCUTL LUBWAKO 3HOLLYETLCA Mif NOCTIHOK Ai€0 HA HEl NaHoK naHutora. LLLo6 3abesneuntn Tpu-
Ba/ly [OBrOBIYHICTb Ta JOCTATHIO 3HOCOCTIMKICTb 3aCMOKOHBaYa, a Mpv LbOMY i BCbOrO rasopo3nofifbHOro Me-
XaHi3My, He06XigHO NiABULLMTM 3HOCOCTIMKICTb HalbI/bLL KPUTUYHOMO efleMeHTa — MaTepiasy HaknagKu.

MeTa gocnigpkeHHs. CTaBUTbCS 3afava NpoaHanidyBaTi poboTy 3aCMOKOKBaYa JlaHLtora ra3opo3nogisb-
HOro MexaHi3my [BUryHa BHYTPILLIHbOr0 3ropaHHA Ha NpUKNazi NerkoBoro aBToMo6ins, 3 06rpyHTyBaHHAM BUGOPY
IHLIOrO KOHCTPYKUIHOrO Matepiany Ans 3amiHM 6a30BOro, 3 METOK MifBWLLEHHS AOr0 3HOCOCTIMKOCTI, WO A0-
3BOIMTb 30iNbLUNTM B LLISIOMY pecypc poboTu mexaHiamy. Po3pobuTy Ta po3paxyBaTy napameTpy TEOPETUYHOI MO-
[eni 3HOLLYBaHHA 3aCMOKOKOBaYa NaHLtora rasoposnoginbHoro MexaHiamy. Ha ujili 0CHoBi HEOOXiAHO BMKOHATW MOpiB-
HANbHI NabopaTopHi A0CNIAYKEHHS 3HOCOCTIMKOCTI 3anponoHOBaHOIro aHTUPPUKLiHOro matepiany (rpagenoH-20) Ta
6a30B0ro, B IKOCTI AKOro Buctynae Kaydyyk CKH-40. Ak nigcyMoK [OCAiMKEHHS, 3anpOMOHYBaTN TEXHOMOTIYHY
CXeMy BUrOTOBMIEHHS NNaCTUHMW 3aCMNOKOKOBaYa NaHLra 3 HOBOro aHTUPUKLIAHOro MaTepiany.

OCHOBHWIA po3ain

1.1. Bugwn BigMOB OKpeMuUX AeTaseidi Ta By3na B LjiioMy. [ NPUAHATOrO By3/na TepTs HalbifbLL 4acTo
(hiKCYIOTbCA HACTYNHI BiAMOBM — PO3PMB NlaHLKOra NPUMBOAY ra3opo3nofifibHOr0 MexaHiamy yepes HagMipHO Be/uKi
HaBaHTa)XXEHHS; 0OPUB 3aCMOKOKBaYa | HaTSHXKHOrO GalliMaka B pe3ynbTaTi BUAOBXKEHHS flaHLora Ta Moro HagMmip-
HOFO pagia/lbHOro 6UTTS; 3HAYHWIA 3HOC KOHTaKTHMX MOBEPXOHb 3iPOYOK, OMOPHMX MOBEPXOHb feTanei TepTs NaH-
LIKOra, 3acMoKOKBaYa Ta HaTSHXKHOMo balumaka.

HopmoBaHwi1 pecypc po60TK ra3opo3nogibHOro MexaHiamy BU3HAYaETbCA rapaHTiiHuMK 60 TuC. KM Mpo-
6iry aBTomMO006iNs, a OCKi/IbKU MaHLIOr Ta A0ro 3aCnoKOBaY, LU0 NPaLoTh B CUCTEMI LIbOr0 MeXaHi3my, € KpUTUy-
HAMW efieMeHTaMn MexaHi3My, TO X Pecypc TakoXX MOBMHEH OyTW He MeHLe uiei BennunHmn [2]. Cnig 3a3HaumTy,
L0 AesKi eNleMeHTV MexaHi3My ra3opo3noginy MaroTb 3Ha4YHO 6inbLUMIA pecypc, Tak, Hanpuknag, pecypc naHutora B
OKpeMMX TuMax ABWUIYHIB BHYTPILUHLOrO 3ropaHHs carae 100 Tuc. KM, a B AeskMX Bunagkax — 200-250 Tuc. Km,
0fiHaK po3paxyHOK Heob6XifHO BUKOHYBATM A1 HUXHbLOI rapaHTOBaHOI MeXi.

1.2. AHani3 yMmOB pob0T1 Ta BUZiB 3HOLLYBAHHS 3aCMOKOKBaYa. P0O3paxyHKOBWIA MakCMa/lbHWIA KOHTaKT-
HUIA TUCK Y 3’€HaHHI «3aCMOKOKBaY—NaHLIor» Mae ctaHoBut 1,6 MIMa [2].

LLInsix TepTa BU3HAYaEMO 3 BMpasy:

S=E,S;, (1)
ae K, — koediuieHT nepekputTs (K, = 0,094); S; — Wwinsx, SK1id NPOXOAMTb NTAHLIIOT Y KOHTaKTi 3 NNacTUHO
3aCroKoKBaYa 3a 0fjHy roAuHY i BU3HAYAETLCA 3aNEXHICTHO:

S¢ =L N, )
TyT L;— oBxuHa 3acriokotoBaua (L = 150 Mm); Ny — KinbKicTb Lknis 3a ogHy roguHy (Ny = 180 000 rog™).

MMicnst BU3HAaYEHHS OTPUMAEMO, L0 S, = 27 KM, a WAsX TepTs, BignoBigHo, S = 2,54 Km.
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Y ubOoMy By3/i TepTs, TO6TO B KOHTaKTI MK MaHLOrOM Ta 3aCMOKOKBa4yeM, CMOCTEepiraeTbCs BOAHOUAC
abpasuBHe i BTOMHe 3HOLIYBaHHSA [3], AKi BUHMKAIOTb SIK HACMILOK Al rpaHNYHOro TepTs. A6pasvmBHe 3HOLLYBAHHS
XapaKTepusyeTbCs npoLecaMmun 6esnocepeqHbOT B3aEMOAiT KOHTaKTHUX NMOBEPXOHb TePTS 3 abpasMBHUMM YaCTKaMW.
Pe3ynbTaTOM LIbOr0 3HOLLYBaHHS € iIHTEHCUBHE pYIiHYBaHHS POGOUMX NOBEPXOHb AeTanel MallyH.

BTOMHe 3HOLLYBaHHS MPeACTaBnse COGOK TWM MEXaHIYHOro 3HOLLYBaHHS BHACMiAOK BTOMHOIO PYWHY-
BaHHS Mpy GaraTopasoBoMy MOBTOPHOMY AehopMyBaHHI MiKpoo6’eMiB MaTepiasly NOBepXHEBOro wapy. Llei npo-
LIeC XapaKTepu3yeTbCA MNPUXOBAHWUM NIATEHTHUM NEPIOAOM, Mif Yac AKOro Bif0YBaeTbCA HAKOMUYEHHS MOLLKOMKEHb
BCEPEeAMHI CTPYKTYpY mMaTepiany. TUNOBUM NPeLCTaBHUKOM BTOMHOTO 3HOLUEHHS € NITTUHT, L0 BUHWKAE NPy TepTi
KOYEHHS Y Ky/IbKO- 260 POMKONIAWMNHMKaX, ONOPHO-MOBOPOTHUX BY3/ax, KaTkax, 06epTOBMX GaHAaXaX TOLLO.

BTOMHe 3HOLLYBaHHSA TaKOX BUHUKaE B pe3y/bTaTi 6aratopasoBoro niacTMYHOIO i MPYXXHOrO BUTUCHEHHS
matepiany. Lleli npouec TakoX Mae NMpUXoBaHWiA NAaTEHTHWUIA Nepiog, NPy SKOMY BUHWMKAE HAKOMWYEHHS MOLLKO-
[>xeHb BcepeauHi MeTany. OcKinbku TBepAi Tina (B T.4. MeTain) HeOAHOPIAHI, TO BTOMHI TPILLMHM NEpeBaXKHO BU-
HMKalOTb Ha FPaHULAX HEOAHOPIAHOCTEN Ae(eKTiB Ta HEAOCKOHAOCTE CTPYKTYPU KpucTasy.

Y pesynbTaTi NOBTOPHUX fili HA NOBEPXHIO TePTA BTOMHI TPILMHK 36iMbLUYIOTLCS 3a KiNbKICTHO Ta riu-
BMHOI0 | JOCTATHLO BUKOHaHHA 10°—107 LuKAiB ANA pyiiHyBaHHA MaTepiany HaBiTb 3a MaMX HaNPYXeHb.

MoBePXHA 3HOLLYBaHHS NPY BTOMHOMY PYHYBaHHI Mae BUTNAA rN60KNX AMOK 3 KPYTUMU CTiHKamu. o-
yaTKOBI CTafii pyiHYBaHHS MOXYTb BMHMKATW i PO3TallOBYBAaTUCA Ha AesKil BiACTaHI Bif NOBEPXHi KOHTaKTy
[eTanei, B 30Hi MakKCUMa/IbHUX AOTUYHMX Hanpy>KeHb.

Mpw TepTi nonimepiB NPYXHi gechopmaLii BUKIMKaKOTb YTBOPEHHS BTOMHMX TPILWWMH, SiKi MEpeBaXHO PO3-
MiLLYIOTLCA B MOMEPEYHOMY HampsMi CTOCOBHO BEKTOpPA LUBMAKOCTI KOB3aHHA. Lli TpilwmHW npr3BoaaTh 4O pyWi-
HyBaHHS (PPUKLiAHOrO By3na.

[ns yaapHO-BTOMHOIO 3HOLLYBaHHS XapaKTepHe MOCTyMnoBe (hopMyBaHHA penbedy | MOBislbHe HAPOCTaHHS
3Hocy. [oBepXHSs 3HOLLYBaHHSA He Ma€ IBHO BU3HAYEHOTO Penbeqy y BUTNALI PUCOK ab0 NyHOK. FK pesy/bTar cnis-
yAapiB 3pa3KiB 3 BUCOKOIO TBEPAICTHO 3rNapKyrOThCA NOYATKOBI HEPIBHOCTI | TEXHO/OTiUHI LLOPCTKOCTI Ha NOBEPXHI.

1.3. MopiBHAHHSA (Di3NKO-MexaHIYHMX BAACTMBOCT el MaTepianis rpadenoH-20 i kayuyky CKH-40. Ans
3aMiHM 6a30BOro Matepiany 3acrokotoBaya naHutora (kaydyyk CKH-40) ra3zoposnofinbHOro MexaHiamy mnpono-
HYETbLCA BUKOPUCTATK MaTepian rpadenoH-20, 0TPMMaHOro Ha OCHOBI apOMaTUYHOTO noniamigy, SKuii € CTiiKUM o
yfapiB Ta 3HOCY Mif Ai€l0 TepTs, a TakoX A0 BUCOKUX TemnepaTyp (y mexax 180-320 °C). MNopiBHANbHA XapakTe-
prcTMKa (i3nKo-MeXaHiYHMX BNAaCTMBOCTEN 3a3HaYeHMX MaTepianiB HaBefeHa B Tabn. 1 [4, 5].

Tabnmua 1
di31K0-MexaHiuHi BnacTuBocTi rpadenoHa-20 i kayuyky CKH-40
MapameTp xapaKTepucTUKu matepiany HaiimenyBaH# vatepiany
"padenoH-20 Kayyyk CKH-40

Mogynb Npy>XHocCTi Npu cTucky, MIMa 4-5 2-25
Temnepatypa KpuxkocTi, °C -80 -45

BifHOCHe BUAOBXEHHS Mpy po3pusi, % 6,6 4,5

MiuHicTb Ha po3Tar, MIMa 80-90 25-30

AHani3 i3nKo-MexaHiYHUX XapaKTePUCTUK LIUX MaTepianiB nokasas, Lo rpadenoH-20 CyTTEBO NepeBaxae
3a CBOTMU (Pi3NKO-MexaHiuYH1MKM napameTpamu kaydyk CKH-40.

1.4. MeTogmka Ta pesynbTaTun nabopaTopHUX BANPO6YBaHb. [1s nabopaTopHUX JocnifpkeHb 6yB 0bpa-
HWii MeToZ BUNPOOYBaHHS Ha 3HOLLYBAHHS 33 CXEMOIO «MEPEXPECHMX LNNIHAPIB».

KoHTaKTyBaHHs 3paskiB BifbyBanocs 3a HacTyrnHUX ymos [3]:

MPWIAHATA CXeMa KOHTaKTY ABOX MepexpecHUX LNiHAPIB, NPOeKLiT oceli AKNX NepeTUHAOTLCA Nif Ky-TOM
90°; 30BHILUHI pagiycy LMNIHAPIB Iy Ta I, Y 3aralbHOMY BUMAAKY Pi3Hi, TOOTO Iy Z Iy;

LMAIHAPY NPUTUCKAKOTLCSA OAMH [0 OAHOTO 3 NOCTiHWM HaBaHTaXKeHHAM Q = const;

nepwunii umniHap (1) — obepToBuii, 6€3 3HOCY, APYTUiA uMNiHAp (2) — HE06EPTOBUIA, 3HOLLIYETLCS;

npu A0CNIIKEHHI OTPUMYEMO eNiNnTUUHY MOLAAKY KOHTaKTy po3mipamu a Ta b, ski nepiognuHo BuMi-
PIOIOTB; SIK pe3ynbTaT BUNpo6yBaHb BifoMi ekcrniepumeHTanbHi dyHkuii a(S) Ta b(S), ge S — wnax TepTs;

3HOLLYBaHHSA U,(S) HeobepToBOro UniHApa Bif6yBacThCA 3a MOAE/IO CTA/ION0 3HOCY, i SIKWO 1 = Iy, TO
Taki pe3y/bTaTu BifnoBifar0Tb BUNaaKy KOHTaKTYBaHHS Ky/b.

BunpobyBaHHs 3AiliCHIOBaNNCA 3a TaKuUX NapameTpiB: YacToTa 06epTaHHs po6o4oro Bana N = 1440 xB™;
vioro giavetp d; = 16 MMm; fiameTp 3paska, Lo BUNPo6oBYETLCS, di; = 10 MM; 3arasibHe KOHTAKTHE HaBAHTKEHHS!
ana mogeni Q = 0,1 kr.

MMig yac BMNPO6OBYBaHb, YePe3 BM3HAYEHMI MPOMIDKOK Yacy BUMIpHOBaIN (DaKTUYHI Po3Mipy oceit enin-
TUYHOT NASIMU KOHTaKTY (2a* Ta ZB*), ae a’ Ta B — MOTOYHMI] po3mip, BigNoBiaHO. EKBiBaneHTHWIA pagiyc Kona

BM3HAETBCA 3a CriBBigHOWeHHAM: a=(a" @)%

LLnsax TepTa S ans OCnimpKyBaHMX 3pasKiB BU3HadYanu 3a popmynoto (3):
S =mld [h [T, 3)
Jil:] d — piameTp KOHTpTINA, MM; N — 4MCo 06epTiB KOHTPTINA 33 OfHY XBUAKHY; T — Yac 06epTaHHSA, XB.
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Y BunagKy, konm Gyfe Bifoma ekcrieprMeHTasbHa kpuBa a(S), 3a Liieto 3a/1eXHICTI0 MOXKHA po3paxyBaTy
napameTpy Mogesi 3HOLLYBaHHS.
Pe3ynbTaTi BUNPO6YBaHb Ha 3HOLLYBaHHS 3pa3KiB fOCNIAHOro Ta 6a30BOro mMartepianis HaBefeHi Ha puc. 2.
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Puc. 2. 3anexHicTb po3mipy NnoLLagKn KOHTaKTY Bij LUASAXY TepTa 418 JOCNiLKyBaHMUX MaTepianis

HaBefieMo HeoBXifHi CMiBBigHOLIEHHS ANA NpUIAHATOT Mogeni. MapameTp anpokcumallii B ekcnepumeH-
Ta/lbHUX KPVBMX BU3HAYaM 3a JOMOMOTOH [BOX TOUOK: (81, S1) Ta (az, Sy):

log a4
a
p=—" ©)
1
log—
S,
MapameTp M Mogeni 3HOLLYBaHHS 3HaX0AWMM 3a 3aeXHICTHO (5):
1-2f3
m=——-. (5)
2B
MapameTp Mogeni k,, Bu3Hauanu 3a dopmynoto (6):
2m+2 _ ,2m+2
(TR B — (6)
n(2m+2)[(Q/m" [§,
KOHTaKTHWI1 TUCK O y peasibHOMY CMPSHKEHHI BYB po3paxoBaHmii 3a hopmynoto (7):
o=P/F, (7
ae P — HaBaHTaxeHHs (Y CIPSKEHHI «3acnokotoBay—naHLor», P = 12,5 krc [2]); F — nnowua KoHTakTy, Mm?:
F=n, (8)
TyT I'1; — pagiyc 3paska, Mm.
Po3paxyHok 3Hocy Uy, 3aiicHioBanin 3a hopmysnoto (9):
u, =k, 0" 5. )

MapaMeTpy Mofeni 3HOLLYBaHHS, Pe3y/nbTaTh 3HOCY ANs LWnsxy TepTs S = 50 KM Ta KoedilieHT nopis-
HAHHA 3HOCY, HaBefeHi y Tabnuui 2.

Tabnuuga 2
MapameTpun Mofeni 3HOLLYBaHHS, Pe3y/ibTaTh 3HOCY Ta KOe(iLlieHT NopiBHAHHS 3HOCY

HaiimeHyBaHHSA MapameTpy MOeNi 3HOLYBaHHSA 3Hoc Uy, KoedivieHT
marepiany B m Ky, 10 MM MOPiBHAHHA 3HOCY K
Kay4uyk CKH-40 0,194 1,5450 0,2928 0,855 -
I"pacdhenoH-20 0,223 1,2395 0,0311 0,159 U,/Y,, =0,855/0,159 =5,38

AHani3 oTpuMaHunx pesy/bTaTiB MOKa3a., Lo MaTepian rpadenoH-20 3a 3HOCOCTIMKICTIO NepeBaXkae MaTe-
pian kay4yyky CKH-40 maitxe y 5,4 pasy.

1.5. TexHonoriyHa Cxema BUroTOB/IEHHS NabopaTOoOpPHMX 3pasKiB i MNaCTMHM 3aCNOKoKBaYa faHLora
3 MaTepiany rpagenoH-20. 3aroToBkM 1abopaTopHUX 3paskiB KOMMO3ULiAHMX MaTepianiB Ha OCHOBI apOMaTUYHOIO
noniamigy — rpagenioH-20, BUroTOBAANM BIAMNOBIAHO 40 PEKOMEHA0BAHOT MOCNIAOBHOCTI [6].

LLInxTy KOMMO3MLiAHOrO MaTtepiany 3acunanu B npec-popmy, NignpecoByoumn AeKifbka pasis Mif TUCKOM
30-35 MTa. MoTim Harpisain yTBOpPEeHUIA Mpec-MaTepian 3a BiACYTHOCTI TUCKY Ao TemnepaTypu 335-340 °C, Tepmo-
CTaTyrouu Npu Uil Temnepatypi 5 xB Ta 5 xB — nig Tmckom 45-50 MMa. Micns ubOro HarpiBaHHA MOBHICTIO NpU-
MUHAN, BMUKANWN BEHTUAATOP | 0X0N0MKyBanu npec-gopmy go Temnepatypu 200-220 °C, nNiATPUMYOUN TUCK
45-50 MrMa. MoTim, 3a BIACYTHOCTI TUCKY, 0X0N04KyBain npec-hopMmy Ao TemnepaTypu 70-80 °C i Buitmanun ogep-
KaHy 3aroToBky. [1icnsi BUTOTOBNEHHS 3pa3Ky NePEBIPAAN Ha MILHICTb CTUCHEHHAM 3a TOCT 33519-2015 [8].

TexHOMOriYHNIA NpoLeC BUFOTOBNEHHS NAACTMHM 3aCMOKOKBaYa CKNaAacTbCs 3 Takmx onepadii [6].
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1. BpukeTyBaHHS. OPOLWIKOBI apoMaTWyHi MofiaMigun, SIKi OAePXYKTbCA eMyNbCIiHOK MONIKOHAEH-
callieto, SIK NpaBuio, MaloTb HU3bKY HaCUMHY LWifbHicTb (0,15-0,25 r/cm?). Mpu 3aBaHTaXeHHi NOPOLLKY B Mpec-
thopmy, 3aBaHTaXyBa/lbHYy Kamepy HeobXigHO 6yno 61 pobuTy 3HA4YHO BifbLLUMX PO3MIpIB, HiX roToBWIA BMPIO, L0
[ONYCKAETbCA TiNbKN AN1s fesKUX BUAIB AeTaneil He3HaYHUX rabapuTis.

Y GiNbLIOCTI BUNaAKiB 3aCTOCOBYHOTb HM3bKY 3aBaHTaXKyBaslbHY Kamepy, B Ky 3aKnafjatoTb npec-maTepian
Y BUrNSAI OPUKETIB, L0 ofepXKaHi nonepeaHiM NpecyBaHHAM MOPOLLKY 3a KiMHATHOT TeMnepatypu. TakuM Y/MHOM,
KpiM 3MEHLLIEHHS rabapuTiB npec-thopm AOCAraeTbCA MOKPaLLeHHs YMOB NPOrpiBaHHs npec-Matepiany y gopmax 3a
paxyHOK 306i/IbLLIEHHS TeMI0NPOBIAHOCTI. MpW BUKOPUCTaHHI GPUKETIB TaKOX MOKPALLLYETHCS Ta NPUCKOPIOETLCS 3a-
BaHTA)XEHHS Npec-maTepiany y opmy, OCKiNbKM Bignagae HeOOXiAHICTb MOro po3piBHIOBaHHS, IKY 3HAYHO CKNaj-
Hillle BUKOHYBATM 3a BUCOKOI TemnepaTtypu opmu. Ipu nepeHeceHHi matepiany y BUrnagi 6puKeTy i3 cyLmibHoT
wadm y npec-hopmy, 3aBAAKN HVKYIV FirpOCKOMIYHOCTI BiH MOM/IMHAE MEHLUE BOMIOTW 3 MOBITPS, HK Yy BUNAAKY
MOPOLLIKOBOI CyMiLLii. I3 CyXOro MOpOLLKOBOro MaTepiany OTPUMYHOTb AOCTATHBO MiLHi GPUKETY LinbHICTIO 0,45 I /ov.

Mpwv BUrOTOB/EHHI BPUKETY, AKMiA 3a (HOPMOIO | po3mipamu NogibHM Ao BUpoOby, HeO6XifHO BpaxoByBaTy,
L0 /Oro po3Mipy Mpu BUMaHHI 3 opmu, 36epiraHHi, a 0C06MBO MPW HarpiBaHHI Mif Yac CyLWiHHA, 36inbluy-
H0TbCSt Ha 1,5-2 % MOpIBHAHO 3 po3MipaMun (POpMK, B SIKil BUKOHYETLCA GPMKeTYBaHHS. TOMy HeobOXigHO nepea-
6auaTy 3MeHLLUEHHs po3mipiB hopMu Ans GPUKETYBAHHS MOPIBHSHO 3 (HOPMOKO A4/ Fapsivoro npecyBaHHs, Habnu-
YKEHOI A0 KiHLEBMX PO3MipiB rOTOBOrO BMPOGY.

Mpec-hopmun Ans 6pMKeTyBaHHA HeObXiAHO BMOGMPATK 3i 3HAYHOK BMCOTOHD 3aBaHTaXXYBaslbHOI KaMepw,
L0 po3paxoBaHa Ha MOBHWN 06°€M HABaXKKW MOPOLLKY. [0[aTKOBe NpecyBaHHA MPEeCc-NopoLLKY NPy 3aBaHTaKeHHI
He PEKOMEHAYETbCS — Ha FOTOBOMY BMPOGI MpU LibOMY MOABAAIOTLCA OKPEMi CMY>XKM, LLO BiANOBIAal0Tb MeXam
MiX NigNpecoBaHO0 Ta 3HOBY NiCMNAHOK MOPLiSMY MaTepiany i L0 MOXe HeraTMBHO BM/MBATM Ha MiLHICHI Xapak-
TEPUCTUKMN BUPOOBIB Ta BUKINKATM IX HEOAHOPIAHOCTI.

Lli HeogHOpigHOCTI Y BMPOGax BUHWMKaIOTh, AKLLO BUKOPWUCTOBYBATW Npec-Matepian y BUrnsagi TabneTok.
Kpim noripLueHHs 30BHILLHLOIO BUINSAY NPU 3aCTOCYBaHHI TabNeTOK 3HMXKYETLCA MILHICTb BMPOGIB, L0 0C06/1MBO
MOMITHO NPW BUrOTOB/MEHHI BMPOGIB NPOCTUX POPM: NIACTUH, LUUNIHAPIB, BTYNOK. Y LUX BUNajKax npec-marepian
HeMae MOX/IMBOCTI ANS AOCTaTHLOrO PO3TiKaHHA, TOMY rpaHuMLi PO3AiNeHHA MiXK TabneTKaMmn NOBHICTHO He 3HUKa-
H0Tb. KpiM TOro, HacMnHa WifbHICTb TabNeTOK MOPIBHAHO 3i LiNbHICTIO BPMKETIB 3HMKEHA Maiike Ha 60 %. Bce e
po6UTL HeAOLiNbHMM 3aCTOCYBaHHSA CNOCOOY MPSMOro NpecyBaHHs BUPOOGIB i3 Npec-maTtepiany y BUrNsdi TabneTok.
3a Be/MKOT MoLi i MasioT TOBLLMHM BUPO6IB, MPECc-NOPOLLOK nepes, 6prKeTyBaHHAM NOTPIOHO PETEIbHO PO3PIBHATM.

2. MpecyBaHHA. ApomaTuyHi noniamign nepef HarpiBaHHAM A0 BWCOKOT TemnepaTypu HeobXigHO pe-
TeNbHO MiACyLUYyBaTV Bif HAKONMYeHOT aTMOCHEPHOT BONOTM 3 METOHD 3amnobiraHHa TepMiYHOT AeCTPYKLIi. 3a3Buyaii
npec-matepian NigcylWwyTb Yy 6puKeToBaHOMY BUrnagi. Mpec-nopolwku i3 matepiany rpadenoH-20 MoXxHa Ha-
rpiBaTi Ha NOBITPI 4O MOPIBHAHO BMCOKMUX TEMMepaTyp, TOMY 6i/lbLl AOLIIbHO 3aCTOCOBYBATW 3BMYaiiHI CyLIN/bHI
wadu, a He CKNaAHI BaKyyMHi CyLUIapHi.

Pexxum CyLLiHHS 3HAYHO BN/MBAE Ha AKICTb BMPOGIB. Mpu nepepobLi cXuibHUX [0 KpucTanisauii noni-
MepiB, TemMnepaTypy CyLUiHHA HeOBXigHO 3HVKYBATU, OCKIbKM 3a T BUCOKMX 3Ha4YeHb BUHMKAE BMOPAAKOBAHICTb
CTPYKTYpV nonimepy, Lo NPU3BOANTL A0 30i/bLLEHHS KiHLEBOT NaMKOCTi BUPOGIB.

TemnepaTypa rapsayoro npecyBaHHs apoOMaTUYHMX NoAiamifiB BUOMPAETLCA 3 ypaXyBaHHAM €KCNEePUMEH-
Ta/IbHOT TEMMNEPaTyPHOT 3a1eXXHOCTI, fika BM/IMBaE Ha MiLHICTb BMpOGiB. Bubip umx Temnepatyp Ans nonimepis, WO
KPUCTani3ytTbCsA, BU3HAYAETLCA MOPOIOM 3HUXKEHHS B’A3KOCTI PO3MNasy, fKa 3MEHLLYETbCS 3 MiJBULLEHHAM TeM-
nepatypv Ta nonepepkeHHsAM KpucTanisauii, WBMAKICTb AKOT 3poCTae Npu 30i/bLUEHHI TeMnepaTypu. ToMy OonTu-
Ma/lbHOK TeMMepaTyporo MpecyBaHHA Ans rpadenoHa-20 npuitHaTa Temnepatypa 340 °C, 3a AKOI MOKa3HWKMK
MiLHOCTI BUpOGIB, y TOMY UMCAI i yAapHa B’ A3KICTb, AOCAraloTb MaKCUMa/IbHNX 3HAY€EHb.

BuicywweHunii 6prkeT nepeHOCATb Y GopMy, HarpiTy 4o Temnepartypu fewio Buwe 100 °C (gns Toro, o6
nonimep He MorsMHaB BOOry 3 NosiTps). BogHouac, 6pMKET HefoLiNbHO NOMILATX B )OpMy, HarpiTy 40 Makcu-
Ma/lbHOT TeMnepaTypu, OCKifbKM Mpu Takiil cxemi i hopma, i GPUKET HarpiBatoTbCA MOCAIAOBHO, WO 36iMblUyeE
3arajibHWiA Yac NporpiBaHHs. TakoX HeobXifHO BpaxyBaTu, LIO OAHOYACHE HarpiBaHHs GpuKeTy i opmu cnpusie
[0[aTKOBOMY MiACYLLYBaHHIO MonfiMepy.

OfHak, B [esKMX BUMNaAKax, 3aBaHTaXEHHs Mpec-matepiany B (opMy Mae BigbyBaTUCs 3a BUCOKOI TEM-
nepatypw. Lle BUKOHYIOTb Y BUNAAKY Manvx LUBMAKOCTEN HarpiBaHHA )OpMM, 3 METOH 3MEHLLEHHS nepiofy 3Ha-
XO[KEHHS MONiMepy Npu BUCOKMX TemnepaTypax, AKi HeraTMBHO BNAMBAKOTb Ha IKICTb BUPOGIB. [/151 BUSHAYEHHS i
po3paxyHKy yacy, HeobxigHOro Ans piBHOMIPHOrO NPOrpiBaHHsA Npec-martepiany no BCbOMY 06°€My, MOXKHa BUKO-
pVCTOBYBaTW [aHi TeMnepaTyponpoBigHOCTI NoniMepis.

AKWo npec-mMaTepian 3a TemMnepatypn T, y hopmMi BpUKETY 3 po3mipamu, Lo 36iraloThes 3 po3Mipamu
MOPOXHWUHU POPMU, 3aBaHTAXKYETLCS Y (HOPMY, HarpiTy o NeBHOI NocTiliHOT TemnepaTypy To, TO TpMBaNicTb Ha-
rpiBaHHSA LiEHTPasbHOT YaCTUHU BPUKETY A0 3aAaHOl TemnepaTypyu T+, MOXHa OLUiHUTK 3a gonomoroto opmynu (10),
AKY 3aCTOCOBYHOTb /19 N/10CKONapane/lbHOT HECKIHYEHHOT NIacTUHK:

g8
20 3 8, O )

4
Ty = —
C o a0t e[

ae Tnn — Yac NPOrpiBaHHA CepeauHMn 3paska, rof; O — TOBLMHA MAACTUHU, M; ar — KoedillieHT Temnepa-
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TYpONpoBigHoCTi, M/rog,
Mpuyomy, y Ui hopmyni:
ea :TO _Ta’i\1 em :TO _Tm' (11)
Po3paxyHKoBa TPUBaNiCTb MPOrpiBaHHA 418 NonepeaHbo BUGPaHUX napameTpis ar = 4-10™ m?/rog, To = 340 °C,
T,=230°C 1a T+ = 335 °C (siki BignoBigatoTb yMoBaM NpecyBaHHs rpagenoHa-20), HaBefeHa y Tabnuui 3.

Tabnmua 3
Po3paxyHKOBI 3Ha4eHHs1 TPMBA/IOCTI MPOrpiBaHHS NpW NPecyBaHHI NAacTUHM 3 rpadenoHa-20
TOBLLMHA NIOCKOTr0 6PUKETY, MM 6,0 10,0 20,0 25,0 30,0 40,0 50,0
TpuBanicTb NPOrpiBaHHA MIaCTUHN, TO4, 1,80 5,0 20,0 - 45,0 80,0 -

Mpu nNpecyBaHHI NAAaCTUH TPUBANICTb NPOrpiBaHHA MOXe 6YTW 3HAYHO 3MeHLLUeHa B pe3ynbTaTi Al TUCKY
Ha Mpec-maTtepian nig Yac npouecy HarpiBaHHsA. FKLIO B MOMEHT MPUKNafaHHA TUCKY, TemmepaTtypa MepesBuLLye
TemnepaTypy CKIyBaHHA MOMimMepy, Mpec-maTepian MOHONITYETLCS 3i 3HAYHUM 3MEHLLEHHAM TOBLUMHU (415 rpa-
thenoHa-20 — ypagiyi), Kpim TOro, Ans MOHONITHOrO Marepiany NiABULLYETLCA TeMnepaTyponpoBigHiCTb. Po3pa-
XYHKW NMOKa3ytoTb, WO TPpUBaNicTb NPOrpiBaHHA NnacTuHKM 3 rpadenoHa-20 go temnepatypu 300 °C, 3a BigCyTHOCTI
TUCKY, a TaKOX Mif TUCKOM, 3HMXXYETbCA GiNbLU HIXX BABIYi, NOPIBHSAHO 3i 3HAYEHHAMM, HaBeAEHUMU Y Tabnuui 3.

3pasku, WO ofepXKaHi NpecyBaHHsM, B 6araTbOX BuMagKax MaroTb CMiBBMMIPHI po3Mipu B pi3HUX Hanps-
Max. TennoobmiH npu LboMy BiabyBaeTbCA MO BCiil 30BHILLHIA MOBEPXHI Npec-MaTepiany i NPMBOAUTL A0 MPUCKO-
PEHHSI NPOrpiBaHHS MOPIBHAHO 3 NIACTUHO, SiKa Mae HECKIHUEHHI pO3MipW.

FAK y)Ke 3a3Hayanocs, TPUBANICTb HarpiBaHHA 3MEHLUYETbCS, AKLIO Mpec-maTepian BHOCATL Y (opMy 3a
HW3bKOT TemMepaTypw i NPOrpiBardThb MOro pasom 3 Heto. Mpwy HarpiBaHHi (HOpMU 3 MOCTIAHOK LIBWAKICTHO Pi3HNLSA
TemnepaTyp B LIEHTPI 3pa3ka Ta Ha oro NoBepxHi BI/I3HaHa€Tb(2:FI 3a thopmynoto (12) ans NNacTUHK:

wd
At=—o, (12)
8a;
ne At — nepenag Temnepatyp, °C; W — WBWAKICTb HarpiBaHHs opmu, °C/rof; O — TOBLUMHA NNACTUHK, M; ar

— KoediLieHT TemnepaTyponpoBigHOCTI, M2/rog.

Po3paxyHoK 3a Ljieto JopMynoto MoKasye, Lo nepenag Temnepatyp Ans LWBMAKOCTeN HarpiBaHHA 5-10 °C/xB
B A€Ki/IbKa pa3iB MeHLLUWI NOPIBHAHO 3 Nepenagom B TOMY BMNaAKy, KON GPUKET NepeHOCUTLCS Y opMy, L0 Ha-
rpita 4o MakcMmasibHOi TeMnepaTypu.

HeobXigHO BpaxyBaTu, WO Npy OAHOYACHOMY HarpiBaHHI npec-matepiany i oopmu 4o TemnepaTypu npe-
CyBaHHs, TiflbKU B LEHTPI 3paska TemnepaTypa BiACTaE Ha BE/IMUMHY, fKa PO3PaxoBYeTbCA 3a (opmynoto (12), 3a
6inbLL HarpiTUX iHWWKX LWapiB matepiany. OYeBUAHO, LLO NPU LibOMY Oy/ie 3HAYHMUM i BUrpaLll Y Yaci.

[Ons Bubopy TUCKY npecyBaHHs Py AOCNIKYBaNach 3a1eXHIiCTb NOKa3HUKIB MiLLHOCTI BUPOGIB Bifj HLOTO.
OfHakK, 3aCTOCyBaHHS NpPU NpecyBaHHI BUCOKMX TUCKIB MOXeE NPU3BECTU [0 30i/bLUEHHS BHYTPILIHIX HaNpyXeHb Y
roToBMX 3paskaxX. Bucoka B’S3KiCTb po3n/aBy apoMaTUYHUX MOMiamifiB YCKNAAHIOE pefakcalito BHYTPILLHIX Ha-
MPYXXeHb, 3HAYEHHS FKMX TUM OBifblUi, YAM BULLMIA TUCK MpPecyBaHHS. TOMY MpW MpPecyBaHHI 3pa3KiB MPOCTOl
(hopmm Ta HeBMCOKMX (f0 15 mM), TUCK Py, ctaHoBuTL 40-50 MMMa. Mpu npecyBaHHi apoMaTUYHUX Mofiamifis
TemnepaTypa, 3a SKOi NPUKIafAETbCA TUCK, BM3HAYAETLCA HMU3KOK (hakTopiB. OAHUM i3 HUX € HeObXiAHICTb Ao-
[laTKOBOro NifcyllyBaHHsA Mpec-mMaTepiany, WO HarpiBaeTbCs y npec-hopmi. Y UbOMY BUMNAAKY HarpiBaHHA [0
Temneparypu npecyBaHHs Tnp 3AIACHIOOTL 683 NPUKNafaHHA TUCKY ANS NONErweHH BUXOY BOMOMM 3 Nonimepy.
MporpiBaHHA Npec-maTepiany y hopmi 6e3 NpMKIaaaHHA TUCKY CrPUSiE TaKOX BUAAIEHHIO NETKMX NPOAYKTIB YacT-
KOBOT AeCTpYKUiT nonimepy.

BopgHouac, NpuKnafaHHs TUCKY 3a TeMnepaTypu, HUXKUOI Ty, MOKpaLLye Tensonepesaqy Bif CTIHOK (opmy i
MpW JOCArHEHHI TeMrepaTypu po3m’sirvyyBaHHS NPUBOAMTL A0 3MEHLLUEHHS TOBLUMHM 3pa3ka, L0 NPecyeTbes, 3HaYHO
MPYCKOPIOKYM /oro nporpie. Tomy BMGIp TeMnepaTypu, 3a SIKOI NPUKNaAaeTbcad TUCK A0 Mpec-maTepiasny, 3ane-
XXWTb Bifl KOHKPETHNX YMOB MepepooKu, Buay BUPOGIB, BUMOT LLOAO HWX Ta MOTpebye OKPeMOi rpyniu JOCAIAXKEHb.

TpwBanictb BUTPUMKM MifJ, TUCKOM BM3HAYAETLCA HEOOXiAHICTIO NOBHOrO MpOrpiBaHHA npec-matepiany i
4yacoMm, SKUiA 3aTpavacTbCa Ha Oro NepeTiKaHHA Ta HafaHHS KiHLEeBOT dopMu B1poOGy. Mpu nporpisi nonimepy o
Temneparypu Tn, yac (hopMyBaHHs BUPOGIB HaNbiNbLL CKNaAHOT KOHMIrypauii CTaHOBUTb He BiflbLue 5 XBUNH.

TemnepaTypa 3HATTA TUCKY | PO3NpecyBaHHsA BUPOOY HaNpUKiHLi NpecyBaHHS BU3HAYaETbCS B OCHOBHOMY
TUM, LLIO MNONIMEPHWIA BMPIO, NepLL HixXX 6yae BUNYYEHWIA 3 POpMU, HEOOXIAHO OXONOAUTI HIDKYE TeMMepaTypu CKy-
BaHHS T, B iHLIOMY BUMaAKy He3aTBepAina 3aroToBka HeMMHyde Byge nowkompkeHa. OfHak, B AeSKMX BUMagKax
TUCK MOXKHA 3HATW YM 3MEHLUMTM i 3a 6iflbLL BUCOKUX TeMMEepaTyp, NPUYOMY TaKuii PEXXNM OXOMOKEHHS CMPUSE
penakcauii Ta 3HWKEHHIO BHYTPILIHIX Hamnpy>eHb y BMP0Gi. PasoM 3 TUM, AKLO TUCK 3HIMalOTb 3a TeMmepaTypw,
BULWOT T, MiLHICTb BUPOGBY i TOUHICTb MOr0 PO3MIPIB AELLO 3HWMXKYHOTBCS, TOMY MPY NiABULLEHNX BUMOrax [0 BU-
po6iB, OXONOMKEHHS NPX NepepobLi KOMMO3WLINHOIrO MaTepiany mapku rpagenoH-20 NOBMHHO BigdyBaTMCA Mig
TUCKOM i NMpW 3HMKeHHI TemnepaTtypu go 250 °C.

[N15 3MEHLLEHHA TPMBASIOCTI LMKITY NPEecyBaHHA HEOOXIAHO LinecnpsaMOoBaHO MiABULLYBATW LUBUAKICTb 0XO-
NOLKEHHA (hOPM 3 rOTOBUM BMPOOOM. 3aCTOCYBAHHA BOAAHOTO OXOOMKEHHA [O3BO/SE 3HWMXKYBATW TEMMepaTypy
CTiHOK dhopmu 3i wBmakicTio (1100 °C/xB. Mpwn LUbOMY, HEOOXiHO BpaxoBYBaTH, LU0 LEHTPabHa YacTMHa 0C06/IMBO
MacuBHMX BUPO6IB, OXONOLKYETLCA 3HAYUHO MOBI/bHiLe. KpiM LibOro, 4OCUTD LLUBKUAKE OXONOKEHHA BUPOBIB MOXeE
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NPU3BECTU A0 MOABU 3HAYHUX BHYTPILLHIX HANPYXXeHb i IXHE 3CiJaHHs.

CK/etoBaHHS BUrOTOB/IEHOT NIACTUHKK 3 META/IEBOKD OCHOBOK BMKOHYBa/IM 3a JOMOMOIOK CreLiaibHOro
MeTaneBoro kneto «MeknaguH» [7]. TMigroToBka NOBepXHi AeTaneil Ans CKAetoBaHHA METaneBMMW KNesMu NpuH-
LMNOBO He BIAPI3HAETLCS Bif MiATOTOBKM AN1si CKNEKOBAHHS 3BUYaliHUM KeeM. MOBEPXHIO Cif NPOMUTU CAMPTOM
ab0 CyMiLLLLIO CMPTY 3 NETPONeiHUM epipom Yy cnieeigHoOLWeEHHI 1:1, NOTiM geTanb HeO6XigHO NPOCYLUMTY B TEPMO-
cTati 3a Temnepatypu 40 °C. lNMepef HaHECEHHSIM K/et0 MOBEPXHI 3MOYYHOTb Kparniero pigKoro raito, SKuil HaHo-
CATb BOMb(PPAMOBMM CTPWXKHEM. Bonbpam AoCTaTHLO TBEPAWI | A0Ope 3MOUYETLCS rasiem, yepes Le BOMbdpa-
MOBE BICTPSl NErKO NPOPUBAE OKNCHY NAIBKY Ha MeTani Ta iHWMX NoBepXHaX. OKCUAHY MNiBKY MOXHa BUAANMTU 1
iHLWVMK cnocobamum, HanpuKag: XiMiuHUM, asie 000B’I3KOBO B MPUCYTHOCTI PiAKOro ranito.

Kneii HaHOCATb HEBENMKOKD NOMATKOK 3 (NTOpONIacTy Ha AeTasb, MiAIrpiTy go Temnepatypu 35-37 °C, Ta
NPUTUPatOTb 3 MOBEPXHEHD, W06 BiH YTBOPMB KOHYC 3 iHLLUMMMW MOBEPXHAMM. [0MiMEpHY MIaCTUHKY CK/IEHThH 3
MeTa/1eBOK0 OCHOBOIO, HarpiToOl A0 Ti€l caMoi TeMmnepaTypu, i NPUTMPaoTh X 0AHa 4O Of4HOT, W06 K/ei MOBHICTHO
3arMoBHMB 3a30p MiXK geTanamu. MoTimM AeTaslb 3aTUCKAKTh Y CNeLiaibHOMY MPUCTPOT | BUTPUMYHOTb Ha MOBITPI Mpw
KiMHaTHili TemnepaTypi npoTarom 24 rogyH, abo niggatoTs TepMoo6pobui npu Temnepatypi 120-140 °C npoTtsrom
6-8 rognH. B ocTaHHLOMY BMNaAKy AeTaslb MiCasA NPUKIEIOBaHHSA 0XOM0MKYOTb A0 KIMHATHOI TEMMepaTypu.

MeTaneBuin Kneii «MeknafnH» MOXe eKCnayaTyBaTUCb TPUBASIMIA TEPMIH — A0 N’STU POKiB. LM Kneem
MO>XXHa CK/1et0BaTV Pi3Hi AeTani, SiKi NpautoroTb Y BOAI Ta MacTui.

BucHoBKM:

1. BUKOHaHWi1 aHani3 poboTuK efieMeHTa rasopo3nofifibHOr0 MexaHiaMy [ABMIyHa BHYTPILUHbLOIO 3ropaHHs
(3acnokotoBaya), KM NpaLoe B yMOBax iHTEHCUMBHOMO 3HOCY.

2. O6rpyHTOBaHMIA BMGIP HOBOro aHTUPMKLIHOrO MaTepiany 45 3amiHW 6a30BOro mMatepiany Haknaaku
3aCMOoKOKBaYa MaHLKra ra3oposnogiibHoOro MexaHiamy, 3a AKMM NPUIAHATO, WO B AKOCTI HaKMagoK AOUiIbHO 3a-
CTOCOBYBaTW Matepian rpagenoH-20.

3. 3a pesynbTaTamu 1labopaToOpHMX AOCHILKEHb 3HOCOCTIMKOCTI Ha MpWKAafi ABOX MaTepiasiB 3aCMOKo-
toBaya flaHLora rasoposnofisibHoro MexaHismy (kaydyk CKH-40 i rpacenoH-20), po3paxoBaHi X Mojeni 3Hocy Ta
BU3HAYEHUIA KOeiLiEHT NMOPIBHSAHHS 3HOCY, KM MOKa3aB 3HAYHO Kpalyuid pesy/bTaT npy BUKOPWUCTaHHI 3anpomno-
HOBaHOI0 HOBOIO MaTepiany.

4. 3anponoHoBaHa TEXHOJOTiA BUrOTOB/IEHHS MIACTUHM 3aCMOKOKBAaYa JlaHLKora rasopo3nogisibHoro Mexa-
Hi3MYy 3 BUKOPUCTaHHSM HOBOro MaTepiany rpagenoH-20.
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