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V3araJpHEHO METOAM Ta KpHUTepil OMIHOK 3MallyBajbHOI 3JaTHOCTI

MacTWIBHUX MaTepialiB Ha

YOTHUPUKYIIBOBIH MamuHi Tepts. JocmikeHo 3 BapiaHTH HOBITHIX METOIB BUIPOOYBaHb Ha YOTHUPHKYIBOBIH
MaIl¥HI TepTs. 3a HOBUMH METONAaMH I/l 4ac BUNIPOOYBaHb 3HaiIeHO 2 IiKH, SIKI BiAHECEHI 10 KPUTHYHOTO
HaBaHTaXEHHs Pi3HOI (i3uKo-XiMiuHOI Ipupomy — pyiiHyBaHHs (i3uuHoro ancopOuiiHoro mapy (1-# mik) ta
XiMiuHOro ajcopOuiiiHoro mapy (2-i mik). BusBieHo, 1110 HO3UTHBHE 3MIICHHS MIKiB 3aJIKUTh Bijl CTYyIEHs
OKcieTHIIrOBaHHA pinaxoBoi omii. HaiiGinbmmii edexr xiMiuHoi Moaudikanii pinakoBoi omii crocrepiraeTbest mif
yac cynbdypusauii 3,5% cipku. [Ipu npomy 3MimmeHHs 1-ro miky, NOpiBHAHO 3 HEMOIU(DIKOBAHOIO PIllAKOBOIO
omiero, BinOyBaerses Ha 1069 H, a npyroro — na 4063-4802 H.

KorouoBi ciioBa: pinakoBa onisl, TepTsi, 3HOLIYBaHHs, Cy/Ib(ypH3allis, OKCIETHIIOBAHHS, YOTHPUKYIbOBA

MallluHa TepTsl.

Cmamms nocmynuna 0o pedakyii 09.02.2012; npuiinama oo opyky 15.03.2012.

Beryn
1. Bigomi Kiibka BiZHOCHO TOYHHMX METOAIB
MOCTI/DKCHHS ~ NPOTH3aJUPHUX, MPOTH3HOCHHX  Ta

aHTHU(PUKIIHHNX BIACTUBOCTEH TBEPAUX TULT MiA dYac
MAIeHHsT MiHepaJbHUMH, POCIHHHUMH, CHHTETHYHUMHU
OJIMBaMU abo MaCTHIIbHO-0X OJIO/KYIOUHMHU
texHonoriuanMu  3acobamu (MOTC), B OCHOBY SKHX
TIOKJTJICHO TIPUHIIUITH:

1) pamioakTuBHEX iHIHKaTOpiB [12, 23, 36, 47];

2) enexTpoaHUX TOTeHIamiB [8];

3) TOUYKOBMX KOHTAKTiB IIJ 4Yac KOJMBAHHS,
obepranHst (KOB3aHH!), KOUSHHS 4d MPOTATyBaHHSA [1-7,
9-11, 13-22, 24-35, 37-46, 48,49].

Ha#0inpmn mpocTuM € METOJ TOYKOBHUX KOHTAKTIB.
3BepHEMOCS 10 BUTOKIB METOJIB TOYKOBUX KOHTAaKTIB ,
TaKk SK y PO3BUTKY I[MX METOJIB y 4Yaci HE BHECEHO
CYTTEBHUX 3MiH.

2. Jlo mepuioro moBiZOMJIEHHSI PO 3aCTOCYBaHHS
KYyJbOK BaJbHHUIbL JJIsI CTBOPEHHS YOTHPHUKYIIHOBOI
marmman tepts (HUKTM) Bignocuthes [27]. Tomanbumit
PO3BHTOK METOJl TOYKOBHX KOHTAaKTIB OTpPHMaB Yy
poborax I'.B. Bunorpajona, M.]I. Be3oopospka,
10.41. Tlomonserkoro [1-5, 13-16, 46], I.E. Bunorpagosoi
[9, 10], P.M. MartBeeBchkoro [28-31] y 1956-1962
pOKax.
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3. MonenwoBaHHs YMOB BHCOKOHABAHTA:KEHHUX
BY3JIIB TEpTS JIErKO 3IICHUTH Ha YOTUPUYKIHOBIiH
martuHi Tepts (UKMT) (puc. la) 3 BUCOKOO HaaiHICTIO
Ta TOYHICTIO, TaK SK BUKOPHCTaHHS CTaHIAPTHHX,
HOpPMaJi30BaHHUX, KaliOpOBaHMX KYJIBOK BAJIbHHIL
JIO3BOJISIE TIPOCTO pealli3yBaTH KOB3aHHA a00 KOYEHHs
IiJ1 Yac BUCOKUX Ta HAJBHCOKUX HAYAIbHUX KOHTAKTHHX
HampyxeHs [14].

Bigomo 3HauHe YMCIIO KOHCTPYKTHBHHX BapiaHTIB
YUKMT Tta mmpokoro BapilOBaHHS MNapaMeTpiB TepTs
(HaBaHTa)kKeHHs, WIBUIKICTh, TEMIIEpPaTypa, ra3oBe abo
pinke cepenoBuiie, BakyyMm) [14]. UKMT nosBonse
olepyBaTH  MaJMMH  KUIBKOCTSIMH ~ MacTHJIBHOTO
Mmarepiany [14].

[Iponec xop3anua y UKMT xapaxrepuszyebrcs qyxe
Manumu 00’ emamu 3HOCY (mo3utuB!), ane e He gae
MOXIIUBOCTI ~ JJOCHI/DKYBaTH TPOXYKTH 3HOUIYBaHHS
(meratus!) [14]. Ile MOXIHBO, SIKIIO HEMEPEPBHO
3MIHIOBaTH 30HY TOYKOBOT'O KOHTAKTY, IO JOCSTAETHCS
Ha JIBOKYIbOBi# Marmai Teptst (JIKMT) (puc. 16).

4. Mipoo 3Hocy € piaMeTrp AYYKH, sKa
YTBOPIOETHCS Ha JOMIMIHIX 3-X 3aKPIIUIEHUX MPUTHCOKM
KyIbKax M 4Yac oOepTaHHs TOPIMIHBOI KYJIBKH,
3aKpIIUICHOT y TATPOHi, SKa KOHTAKTYE 3 JONIIIHIMH
KyabKamMu. Mipol0 3HOCY MOXE CIYKUTH UIMpHHA
JOpIKKK 3HOCY Ha ropimmHid kyapmi [14]. 1li mipu €
YMOBHUMH, TaK SK OJIHAKOBI 3a [iaMETpoM JYy4KH
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MOXYTb BiANOBiAaTH BiAMiHHMM 00’ eMHMM 3HOCaM [35].
YMOBH, KOJIM BUHUKAE 3aiqaHHs, MOXKHA CTBOPIOBATH 3a
paxyHOK 3MiHH OyIb-KHX IapaMeTpiB  TepTs
HaBaHTaxeHus [9], Temneparypu [9,29], mBuakocti [16]
TOLIO.

Puc. 1. CxemMa 4OTHPHUKYIILOBOrO (a) Ta IBOKYIH0BOro(0)
KOHTAKTIB.

5. Iixg 4ac gocixzkeHHS] TepPTH Ta 3HOIIYBAHHS
KOUYEHHSIM JIOJIIIHI KYJIbKH BUIBHO MEPEKOUYIOTHCS IO
Yaiiii, BHYTPILIHS TOBEPXHs SKOi BUKOHaHa y (opmi
Topa abo nwriHApuYHOro crakana [3,11,17,48]. Tyt
MIpOIO 3HOIIYBaHHS € MacoOBHi 3HOC KYIIbOK, 3'siBa Ta
PpO3BUTOK MITTUHTY. [IpM KOUeHHI KyJbOK IO Halmi y
TOYKaX  TEOPETHMYHOTO  KOHTAKTYy  IIPOKOB3YBaHHS
MPaKTHYHO BiJCYTHE, BUKIIOYHO MOXXJIMBE JIMIE Malie
MIPOKOB3YBAaHHS 3a PaxyHOK NPYXHUX aedopMiid Ta
3HOCY KyJbOK [1].

YoTupuKysIb0BHA  BY30Jd  TepTd MOXKe Oyru
BUKOHAHUH Yy BUDIAIl IUIOCKOTO KOHTAaKTy TOPLIB
MOPOXHUHHUX IHTIHAPIB [5].

Cucrema HaBaHTaKEHHs MoOXe OyTH TifpaBiiyHa,
sIKa CKJIaJa€ThCsl 3 IBOX IUTYH)KEPHHX I1ap Ta 3pa3koBOr0O
MIOPIIHEBOIO0 MAaHOMETpPa, IO 3HWXKYE BTPATH Ha TEPTS
[14]. Hasplie 3HWKEHHS BTpaT Ha TEPTS B CUCTEMi
HABaHTa)XEHHS JOCATAIOTh BUKOHAHHAM 11 y BHIJISII
BaXkeJIsl 3 OMOPOI0 Ha YOTHUPHUKYJIBBHI IiapHip [46]. 3
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i€ K MeTor y poborax [20,41] Bukopucrani 3ybo-
peiiKoBa Ba)kellbHA CHCTEMa HaBaHTAXKEHHs Ta JBOPSIHA
CaMOIIEHTPYIOUa BaJIbHHMIIA.

Jus  peectpamii cuim TEpTS  BHKOPUCTOBYIOTH:
TEH30METPUYHI, €MHICHI, IHIYKITIHHI,
MAarHiTOEJIEKTPUYHI, I €30eJeKTPUYHI TepeTBOPIOBayi

[6].

Y T1abn. 1 npuBeneHi TexXHIUHI XapaKTEPUCTHUKH
MallluH TePTS.

Y UKMT BHUKOPHUCTOBYIOTh KYJIBKU JUIsl BaJbHUIb
miamerpamu 9,52; 12,70; 19,05 cm [6,14] 3i cram 1X-
15, IX-16, XBI' Tomo (HRC 55-65;Y/ 9-\ 10) [14].
Mianazon mnapamerpiB UKMT, y skux mnpoBoasTh
BHUITPOOYBaHHS CTAHOBUTH. YKCJIO OOEPTIB HIMIHACTI N =
0,0015-30000 06./xB.; mBUaKicTh KoB3aHHA v = 0,1-5
M/c; HOpMaslbHe HaBaHTakeHHs Ha 3 Kyapku N = 20-
10000 H, Tuck Ha mo4aTKy TepTs (repIiiBCbKH KOHTAKT)
p = 1000-8000 MIla; uwac BurpoOyBaHHS Ha OIHOMY
CTyNEHI MiJl YaCc BH3HAYEHHS HAaBaHTAKEHHS 3ailaHHs
t=560c Ta mig 4Yac MAOCHI/PKEHHS Ha 3HONIYBaHHS
t=0,5-36rox., Temneparypa BunpoOyBaHp T = 293-
1073 K [4, 6, 18, 19, 22, 24-26, 28, 30-34, 38, 43-43, 49].
[opiBusinass BunpoOyBane 32 UKMT Ta mecrepHoro

crenya IAE mokasano Ha BUCOKY KOPEJISIIIIO Pe3yJIbTaTiB
[21].

I. Kpurepii omiHok 3mManyBajbHOL
3MaTHOCTI MACTHJILHUX MaTepiaJiB

AwHani3 BIacTHBOCTE MacCTWJIBHOTO Martepiaiy IIi[
Yac TepTs Ta 3HONIYBaHHS BH3HAYAIOTh BeJUYHMHU
TAKHMX XapakTepuctuk [14, 37]:

1. IpoTu3aaupHi BIACTHBOCTI.

1.1. Kputuune HaBanTaxeHHs Ha 1 (N, ;) abo 3
KylbkH (N, ) (pO3paxoByroTh i IUTOME HaBaHTaXKEHH:)
3a  3aNeXKHICTIO JliaMeTpa IUiAMH 3HOCYy O, Bin
HOpPMaJIbHOTO HaBaHTakeHHs Ha 3 Kynbku N abo Ha 1
kynmbky N;, ske mepemaetbcs uepe3 mminaens UKMT

[37].

N, H
Puc. 2. Tumnosi tpuborpamu d = f(N): 1 — po3unnu
TJIMHY, TIOJTIOpPraHOCHJIOKCAHOBI ONUBH, 2 — Ha]Ta;
MiHepaJIbHi OJIMBHU; 3 — MiHEpaIbHI OJIUBH 3 NIPUCAIKAMH,
4 — MiHepaJbHI OJNWMBH 3 BHUCOKOE()EKTUBHHMH

NIpUCAKaMH; CHHTETUYHI PiAWHM, PO3UMHH coieH; 5 —
MiHepaJIbHi OJIMBYU 3 BUCOKOE()EKTUBHUMH TOJIIMEPHUMHU
NpUCAJKaMH, HAacCH4YeHI PO3YMHH COJIEH; CHHTETHYHI
piavHH 3 BUCOKOS(EKTHMBHUMH TPHUCAIKAMH, @ — JIHIs
nmiamerpiB misMu  mpyxHoi nedopmanii 3a ['epuem



d.=f(N) [37 ta in.].
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Taoauus 1
TexHiuHI XapaKTepUCTUKH MauH tepts [2,4,7,9,10,13-15]
Mesxa 3MiH IapamMeTpiB
. LIBHIKICh MaxkcumainbsHa I'a3oBe
Mapka Tina Tepts HaBaHTa)KEHHSA . Bun tepra
ha sics. H I HIES, Temrepatypa, K cepeoBuILe
' 00./xB.
4 KynbKu . .
MT-2 aGo 75-5000 50-1200 673 KOBSQHIBL, | HOBIPA, Tl
2 ningpH KOYCHHS rasu
MT-3 | Tex came 15-3000 1-20000 523 (OBSATIA, Te K came
KOYCHHS
KOB3aHHS TC K caMe,
MT-4 TE K came 75-5000 50-3000 873 ' TITUOOKHH
KOYCHHS
BaKyyM
KOB3aHH,
MT-5 2 KyJIbKH 160-3000 1-10 573 KOB3aHHS 3 TIOBITPSI
KOYCHHSAM
4 KynbKu KOB3AMIS rasy,
MT-6 aGo 75-5000 0,0015-2000 1073 e rnGoKHii
2 NWITHIPU BaKyyM
Tunosi tpuborpamu d = f(N) a6o d; = f(N))
npuBezeHi Ha puc. 2 [37]. Sk BuaHO 3 puc. 2, kpusi 1-5 "
BIAIPI3HAIOTBCA KyToM Haxmiy npsmoi AB 1 BC, 0.50r
nosxkunoro ainsHok AB, BC, CD, HasBHICTIO TOYOK 045k
neperuny B, C, D Tomo.
d.Mm
’ /
3,0 N=687H
2,0 N - - \' \ |“
7If .
7 P
1.0 :
0.8 A by 035 1.0 1.5 20 2.5 3.0 3.5 4.0 45% x8.
0.6 2 4 T Puc. 4. Tpuborpama p= f(t) anst asiariiizoi onusu MC-
0 e 20 3a HOpMaJILHUM HaBaHTaXEHHSAM Ha 3 KylIbKH Ngp =
0 a=—=r e LT 687 H. .
1 //4////
0.3 )
; 1 1.2. 3a koedimieaTamu Teprs g0 (L), mia vac
0 7150 300300 1006 5000 200076000 N, (Wmax) Ta micns (W) 3aimanss. Tak, I MiHEpaabHOL

Puc. 3. 3anexHicts AiaMerpa IUIIMH 3HOCY KYJIbOK 3i
cram 1X-15 (d) Bix ocboBoro HaBautaxkenus (N) mpu
MaleHHi iHgycrpiansaoo onuoro MC-20 (5) ta omHO
MOIYJIbHUM KaJiEBUM DIIKAM CKJIOM 3 KiHEMaTHYHOIO
B’ si3kictio mpu 323 K B ¢Ct: 1 —20; 2 — 60; 3—100; 4 —
140; a — ninis npyxHoi Aedopmarii 3a ['epuem (UKMT;
t=1x8.;v=0,5723 m/c).

OpraHiyHi Ta HEOpraHiYHI DPIJUHU MOXYTH PIi3KO
BIJPI3HATHCS 38 KPUTUYHMM HaBaHTaKkeHHsAM (puc. 3)
[50]: sikmio ms iHgycTpiansHoi oiueu MC-50 (kpuBa 5)
HaBaHTaXeHHs 3aimanHs gopiBHroe N = 500H, To mus
KaJIiEBOTO PIAKOTo CKja 3 KpeMHE3eMHHM MoayineM 1 s
BenuunHa 3Haxoxuthes B Mexax 900-2775 H i 3anexurs
BiJl KiHEMaTH4YHOI B’ S3KOCTI po3uuHy ckia 3a 323 K:
N =900 H (20 ¢Cr), 1600 H (60cCrt), 2240 H (100 cCr),
2775H (140 cCr). Sk BumHO 3 pHC. 3, pE3yIbTATH
d=f(N) npencraBmsrot y  JABoJOrapuUMidHHX

OJIMBU XapaKkTepHa TpuOorpama IMoka3aHa Ha puc. 4
uo = 0,08; Umax (3a 55-94 ¢) = 0,39-0,54;
u (r=155x8.)=0,15-0,17.

1.3. 3a 3agexxHocTAMH KoedimieHTa TEpTH BiA
Yyacy BUIPOOYBaHb Ha KOYKHOMY CTYIICHI HABAaHTaKCHHS.

Pesynmprar BunpoOyBanb Ha d = f(N) p = f(r)
BU3HAYAETHCS THM, Y SKHH Yac HACTyNae 3ailaHHs. Ha
moyaTtky, B CepeluHi 4M y KiHii BumnpoOyBaub. (Y
MEepIIOMY BHIAJKY OTPUMYEMO iCTUHHHH pe3ynbTat, y
BOX OCTAHHIX BHIIAJKAX HA YHHHUK KPHTHIHOTO
HABAHTAKCHHSI HAKIIATAETHCS YaCOBO-TEMIIEPATYPHUH).

14. 3a HOPMAJbHUM HABAHTA’KEHHAM
3BaproBaHHs N3 200 N; 55.

1.5, Atopamu [50] BBeneHo y HaykoBMii 00ir
XapaKTePUCTUKH HAaBaHTAXYBAJIBHOI 3aTHOCTI
MaCTHJIBHHX MAaTepiajiB 3a 3ajJexHocTaMu Py = f(po) min

yac punpodysanb d = f(N), 1e px — THCK y KiHIII TepTs
BunpoOyBanb 3a T xB. [MIla]; po — Tuck mig yac
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naBantaxeHHs1 Ng (10 mouaTky BunpooOysans) [MIla].

XapakTtepHa 3anexHicTh py = f(po) mpuBeseHa Ha puc. 5.
P..MIa
3000, PN
2000 /,/ ) T
100 //,% 3 L,/
T
750 =4
% ~] |2
500
400
30
P.MlIIa|
200—
sl 2 SEE NS | B 5833
140 300 500 1000 2000 4000N.H

Puc. 5. 3anexHicTh KiHIIEBOIO IIMTOMOIO0 HaBAHTAKEHHS

(tmcky) Py Big HaBaHTaxenHs N Ta HayalbHOTO
MUTOMOTO HaBaHTaxeHHs (Tucky 3a ['epuem) Py mpu
BUMPOOYBaHHIX Kyabok i3 crami [IX-15 va UKMT (T =
1 xB.) s pigud. 1 — ingycrpiansaa onusa UC-20; 2 —
apianifina onmuBa MC-20; 3 — OJHOMOIYJBHE KaJi€Be
pinke ckio 3 B's3kictio 20 cCr (3a Temmepatypu 323 K);
4 — omHOMOIYJBHE KalieBe pilke CKIO 3 B's3kicTio 60
cCr (3a Temneparypu 323 K); 5 — ogHoMOmynbHE KatieBe
pinke ckio 3 B's3kicTio 100 cCr (3a Temnepatypu 323 K)
(UKMT; © = 1 x8.; v = 0,5723 m/c).

Ha puc. 5 npuBeneHa 3ai1exHICTh KiHIIEBOT'O THUCKY
BiJl OCEOBOI'0 HaBaHTa)XKE€HHs (HAYaJbHOTO TUCKY B MiCIIi
KOHTAKTY) Jj1s iHgycTpianpHoi onuBu MC-20 (kpusa 1),
apianiitroi omueu MC-20 (kpuBa 2) Ta OJHOMOAYJIBHOTO
KaJi€eBOrO PIZKOTO CKJa 3 B'S3KICTIO 3a TEMIIEpaTypu
323K: 20 cCr (xkpuBa 3), 60 cCr (xpuBa 4) i 100 cCr
(xpuBa 5). I3 puc. 5 BumHO, IO MiHEpalbHi OJHBH
BUTPUMYIOTh HaudanbHuid THck 2600-2700 MIla, pinke
ckito 3100 MITa, 3700 MITa i 4200 MIla (mis cumikaTiB
3 B's3kicTio 3a Temmeparypu 323 K — 20, 60 i 100 cCr
BiAMOBiAHO). J[0 KPUTHYHUX YMOB 3 IIiJABUINEHHIM
HABAaHTAXKCHHA IMTOMI THCKH 30UIBIIYIOThCS 32
OIMHAKOBUM 3aKOHOM 1 JJIs1 MiHEpPaJIbHUX OJIUB, 1 JUIS
PIZKOro CKia.

3a  Jlicropum [27]  kpurepii  mpumATHOCTI
MaCTWJIHUX MaTepiaiiB rnpu BunpoOyBaHHsx Ha UKMT
c(hOopMyITbOBAaHUI TaK: MACTHWJIO ITOBHHHE BUTPUMYBATH
MMOYATKOBUI cTaTHUHUi THCK Pg> 2000 MIla, xinueBui
TUCK  (IiCIs  KPUTHYHOTO HABAHTAXKCHHS) IMOBUHEH
ycranutucs B Mexax P> 150 MI1a.

3 MiIBUIIEHHSM B’ I3KOCTI HeCy4a 37aTHICTh PIAKOTro

CKJIa HiI[BI/IIJ_IyGTI)CH i KPpUTHYHEC HaBaHTa>XCHHs
3MiIJ_[y€TI)CH B CTOPOHY BUCOKHX THCKIB.
3 HiI[BI/IIJ_IEHHHM HaBaHTa>XCHHs a0 MEBHOI

BEIUYMHHU, KA BIIACTUBA IS KOXKHOTO MACTHIBHOTO
MaTtepiaiy, BiJOyBa€ThCsl pi3Ke 3MEHIICHHS KiHIEBOT'O
TucKy. Ilpu 1bOMY BeMMYMHA IIepenaay THUCKY IS
MiHepalbHHUX OJMB HabaraTo Ginbria (Big P, = 1200-1400
MIlIa mo 300-320 MIla; mami go 150-190 MIla), Hix mis
pimkoro ckma (Bim P, = 1520-2900 MIla mo 900-1250
MIla; i pmami migBumgyersess go 1510-1840 MIla).
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XapakTep 3MiHM 3HAY€HHS IBOTO TUCKY IUISl PIJKOTO
ckJia i MiHepanpHuX onuB pisHuit. Kpusi 3, 4, 5 (puc. 5)
Mmichasi KPUTUYHOTO HABaHTaKEHHS 3HAXOIATHCS Y
BY3bKOMY iHTepBauli. Lle roBoputh 1po Te, 110 MpH TEpTi
B IPUCYTHOCTI pIAKOro CKJIa MiClsi KPUTHYHHUX
HaBaHTa)XKEHb Ha IOBEPXHI METally YTBOPIOETHCS IUTIBKa
OJIMTHAKOBOI IIPUPOJIH.

2. ITpoTU3HOCHI BJIACTUBOCTI.

2.1. 3a y3arajJbHeHUM NOKa3HHMKOM 3HOINYBaHHS
(Y3II), skuii BU3HAYAETBCS 32  peE3yIbTaTaMH

JIOCITIJPKEHHS] KPUTUYHOT'O HaBaHTAXKEHHsI 3a (DOPMYJIOI0
[9, 26, 42]:

_gljgNidb %_ ;2 ?vdw g
y1_{3:|: di. g Vgnydyr "a,
n1+1
aN;dj, O
ae ¥——— — 100yTOK HOPMAJbHOrO HABAHTAKEHHS
é dir i}
Ha |-CTyNeHi Ta, BiJMOBIJHO, BiJHOIICHHS diaMeTpa
wiaMA - 3Hocy Oj; 70 miaMeTrpa  IUTAMH  IPYXKHOL
nedopmariii 3a I'epuem dir;
Ny dy, 9 . N
——=7 — cepenHii apupMeTHuHHN HOOYTOK
é”zdvr o
HOPMaJbHOTO  HABaHTQXEHHS Ha  V-CTyIeHI  Ta,

BIJMOBiHO, JiaMeTpa IUIIMH 3HOCY Oy; 10 giamerpa
wiAMHA TpyxHOi Jedopmarii 3a Tepuem dye mim vac
HaBaHTaxeHHs Burie 3100 H.

U

0,5
0,4{—
0.3 586 K
0.2 AR 521K
O’I_F%};OM
273 I %l | 4%3 l 5%3 I
373 T.K
Puc. 6. Tepmorpuborpama, sika OTpuMaHa IIijJ dYac
nocmimkens  mepdroprnomiedipy ITED-240 (ockoBe

naBantaxkeHHs: 980 H, uwncno o0eprTiB BepXHBOI KYJIbKH
100 06./xB., NIBUAKICTh MiJABUIICHHS TEMIIEPATypH —
5-6 K/x8.)

2.2. 3a giameTpoM MJASIMHM 3HOLIYBaHHSI WA 4ac
noBrorpuBasioro BunpodyBanusi Binm 0,5 mo 36 rom.
Npy BiZHOCHO Majmx HaBaHTaxeHHsx (Bimx N =20 no
500 H) i, BiAmoBiAHO, HEBHCOKHX TemrepaTypax (293-
393 K).

2.3. 3a aGCOTIOTHUM MOKA3HUKOM 3HOUIYBAHHS:

Ad; = d;, —d; [mm],

qu BiI[HOCHI/IM ITOKa3HUMKOM 3HOIIYBaHHS:

Sdi - di3 B dir
d

Ir

3. TepmoTpudonoriuHi BJIacTHBOCTI.

3.1. 3a tepmorpudorpamoro 3anexsocti p = f(T)
[13, 29-40] mix uwac HaBantaxkenus 20-2000H mpwu
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BigHOCHO HM3bKKX mBHAKOCTAX (N = 20-100 06./xB.).

Taoauus 2
Pe3ynpTaTi BU3HAUCHHS HABAaHTAXXYBaJIbHOI 31aTHOCTI pifkux onue Ha YKMT 3a TppoMa HOBITHIMU METOZAMH
BUTIIPOOYBaHHS
Ne Meron 1 Merop 2 Meron 3
n/n Pinuna (MacTHio) Not, S H w% | N2 [ st | v | Ns | su | v
H H H
1 | Hagrenosa omisa 1412 | 1224 | 867 | 767 | 623 | 813 | 1843 | 1662 | 9,02
Vitorex-334
2 PinakoBa omist 1338 102,4 7,66 711 90,5 | 12,73 | 1447 | 1189 | 8,22
3 Pinaxoa onist

okcieTnspoBana (6 MoJb
OKcieTHsIeHy Ha 1 MOJIb
orii) [Pinokc-6]

4 PimaxoBa omist
okcierunboBana (12 Morb
oKcieTHsIeHy Ha 1 MOJib
orii) [Pinokc-12]

5 PimaxoBa omist
okcierunboBana (20 Mob
oKcieTHsIeHy Ha 1 MOJib
orii) [Pinokc-20]

6 PimaxoBa omist
OKCIE€THIILOBaHA
eTHIICHIIaMiHOM
[kaTioHHMIT xup]

7 PimaxoBa omist
OKCleTHIILOBaHa Ta 1912 102,0 5,34 1128 | 165,8 | 14,71 | 2002 353 17,65
rigposana [XKupunokc-C]
8 PimaxoBa omist
cynbhypuszoBana (3,5% 6140 369 6,0 1780 | 132,8 | 7,46 | 5510 | 630 11,43
cynbbypy)

VY tabn. 2. Nijj — cepe/iHe apuMeTHyHe i-miKa, j-METOIUKH; S — cepeiHe KBaapaTuuHe Biaxuinenns [H]; y — koedimieHt

1591 81,1 5,09 952 24,7 2,59 | 1673 | 96,8 5,79

1762 72,9 4,14 978 37,5 384 | 1847 | 86,1 4,66

1892 62,5 330 | 1042 | 106,1 | 10,19 | 1968 | 76,4 3,88

2479 135,8 5,49 799 | 1229 | 1539 | 2360 | 254 | 10,76

Bapiarrii [%0]

353 T,K
343
333
323
313
303
293
283 r T, TOZL.
273 : : : : :

0 05 1 15 2 25
Puc. 7. BanexHicts koedirienta tepts (a) Ta Temnepartypu (6) Bix yacy BUnpoOyBaHs:
pinkoro ckna (1), punmaoBoi omii (2), minepansHoi omueu MC-20 (3) mpu
ocboBomy HaBaHTaxeHHI 30 H (BuOpaHi MACTUITBHI PiJIMHH 3 B' AI3KICTIO OJJHOTO
MOPSAIKY, aJie PI3HUM CTYIICHEM MOJSPHOCTI).

0,10

0,06
0,02
0

t, romo.

purHOBOI Kucnotu (2), apiamiitroi ommeu MC-20(3)
XapaktepHa TepMoTpuborpama mepdropromiedipy IoKa3aHi Ha puc. 7.
[NE®-240 nokasaHi Ha puc. 6.
3.2. 3a 3anexunocrsmu p= f(r, T). XapakrepHi
KpUBI Takux BuIpOOyBaHb i piakoro ckia (1),
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II. ExcnepuMeHTaIbHA YaCTHHA

HaBaHTa)xyBaJIbHY 37aTHICTh MacTHJ BU3HA4YaJd Ha
YKMT (xyspku 3i crami [IX-15, niamerpom 12,7 Mm) 3a
3 HOBITHIMH METOJaMu BUNPOOYBAaHHS: 3a JOMOMOTOI0
TEH30METPUYHOI CHUCTEMH Ta TEH30[aBaya Ha JICHTI
HOTeHIiOMeTpa (iKCyBany KPUTHYHI HaBaHTaKeHHA Njj
ta Nj, ne nepma mudpa ingexca (1 abo 2) —Homep miKy,
a gpyra mudpa immekcy j=1-3 — HOoMep Meromy.
[Nepmmii mik BiZHOCWIM JO TPOLECY HOPYLIEHHS
MACTHJIBHOI 37aTHOCTI IDIIBKA Ha TMOBEPXHI MeTaly, a
Ipyruit mk — 10 mporecy 3ainanHs (CXOIUIEHHS OKPEeMUX
JIITSTHOK MiKpOHEpiBHOCTEH JIOKAJBHI
MiKpO3BapIOBaHHs), & came:

1. TIpu No = 200 H xynbku mpuIpanboByBaid S5 XB.
Jlami  HaBaHTaXeHHS  MiJBHIIYBaJlH  IOBUIBHUM
JoAaBaHHAM Kyibok 3i cram 1IX-15 niamerpom 12,7 mm
(maca 1 kynpku 8,33£0,02 1) y cTakaH BaXkessl MPOTIATOM
(5+0,25) xB. 3a apyruM mmikoM (iKCyBand KpUTHUYHE
HaBaHTaxkeHHs 3aimanust Npp [H], 3Baxyroum crakan 3
KYJIbKaMH TicJIst 3YTUHKH MaIlliHH.

2. TloynHatoun 3 HaBaHTKEHHS Ha 3 KYJIbKH
No=200H mBuakuM noJaBaHHAM KYJIbOK Yy CTakaH
Baxkesst 3a (4015) ¢ gocsrany mepuioro mKy KPUTHYHOT'O
HaBaHTaXeHHS Nio (3yNMHSIM MaNIMHY i 3Ba)KyBaiu
CTaKaH 3 KyJIbKaMH).

3. 3a wmeromom 2
HaBaHtaxkeHHs Ni3. s uporo 3ymuasimun UKMT 0Oe3
po300py By3Jia TePTs i 3HATTS HABAHTAXKCHHS HA BaXKUIb
No=200H. 3Baxyroun cTakaH 3 KyJbKaMH, TOOTO
BH3HAYMBINK HaBaHTaxeHHA Ha Bick UKMT, 3HOBY
MOBEPTAI Bary Ha MallMHY 1 TPUBOAWIU ii O PYXY.
[IBuakuM  30UIBIICHHSIM  HaBaHTAXXEHHs, JONAI0YU
KyJAbKH y cTakaH Baxens 3a (2+0,15) xB., BH3HAYaIH

BU3Ha4YaJIu KPUTHUYHE

IpYTUi MK HaBaHTaXKEHH 3ainaHHsg No3: MCs 3yITHHKH
MAIIIMHHU 3BaXKyBaJIA CTaKaH 3 KyJbKaMHu.

IIpoBoaunnu 5  pIBHOTOYHHX  JOCIIIIB
PO3paxOBYBAIU YUCIIOBI CTATHCTHYHI XapaKTEPUCTHKH.

Ta

II1. Pe3ysbTaTi T2 00rOBOpPEeHHS

Pesynpratn cratMcTHYHOI OOpOOKHM BU3HAYEHHS
HABaHTAXXYBAJIBHOI ~ 3/aTHOCTI  HA(TEHOBOI  OJIIMBHU
Vitorex-334, pimakoBoi omii Ta ii XiMiuHHX MoaubiKarii
Ha YKMT 3a 3-Ma HOBITHIMH METOAaMH BUIIPOOYBaHb
MacTui 3BeeH] B Tabn. 2. Sk BuaHO 3 Tabi. 2, MeToau
BUIPOOYBaHb 3HAYHO BIUIMBAIOTh Ha  pe3yJbTaTH
BH3HAYEHOI HAaBaHTa)KyBaJILHOI 3/1aTHOCTI MaCTHII.

Sk BUAHO 3 TabJI. 2, HeMOIU(iKOBaHA PillaKOBa OJIis
NEBHOID MIpOI0  YCTYIae 3a  HaBaHTAKYBAIHHOIO
3aTHICTIO HA()TCHOBI# OJIMBI, ayie 1i OKCICTHUIIIOBAHHS B
Mexax 6-20 Mosb okcieTrieny Ha 1 Moib onii (pimokc-6,
pimokc-12, pimokc-20 (yTBOPIOETHCS CYMIII eCTEepiB-
COIlEpUIiB,  CKIAmHUX  TIOMITNIIKOJIEBHX  €TepiB)),
OKCIeTHJIIOBaHHS 3 riApyBaHHAM  (kupuHOKC-C
(YTBOPIOIOTBCS HACHYEHI KHCIOTH, Tiinepuad)) abo ii
cynppypuzanis 1,5-20% S npuBoauTh 0 3HAYHOTO
MiJBUIICHHSA HaBaHTaXYBaJIBbHOI 3MaTHOCTI PIMaKoOBOI
onii, mpH UBOMY 13 3POCTAHHSAM KUIBKOCTI MOJb
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OKCIeTHJICHY HaBaHTa)XyBaJbHa 3JaTHICTb 3POCTaE.
OKCieTHITIOBaHHS 3 TiZPYBaHHSIM HPUBOAUTH JI0 TIEBHOTO
3pOCTaHHs HaBaHTaKYBAJILHOI 3IaTHOCTI PilakoBoOi oii,
a OKCICTWJIIOBAaHHS €TWIEHIIaMiHOM TPHUBOAUTH 10
3HAYHOTO  3POCTaHHA  KPUTHYHMX  HABaHTAKEHb

(yTBOpEHHS aMifliB MHUPHHX KHUCIOT), mpu boMy A N21

spoctae B 1,31-156 pa3u, AN2z — y 1,20-1,41 pa3
MIOPiBHSHO 3 HEMO/I(PIKOBAHOIO OJIIEIO.

Cynbdypusariist pinakoBoi onii B Mexax 1,5-20% S
MPUBOIUTH 10 3POCTAHHS HABAHTAKYBAJIBHOI 37aTHOCTI,

Hampukiaan npu Bmicti cipku 3,5%: Ni» 3pocrae 3

711 H 10 1780 H, N21 —3 1338 H 10 6140 H, N2z — 3
1447 H 10 5510 H.

BucHoBkn

1. VYzarampHeHi MeroaM Ta KpuUTepil OIIHOK
3MallyBaJbHOI 3/IaTHOCTI MACTWJIPHHX MaTepialiB Ha
YOTUPUKY/IbOBIH MalIvHi TEPTS.

2. JlocmimkeHo 3 BapiaHTH HOBITHIX METOIIB
BUIIPOOYBaHb Ha YOTHPUKYJIHOBII MalIuHi TEpPTsL.

3. Ha npuxnani HahTEHOBOI OJIUBH, PIaKOBOI OJIii
Ta T XiMiuHuxX Moaudikamid IMoka3aHo, IO 3a
BU3HAYEHHSM 1-TO TiKy KPUTHYHOIO HAaBaHTaKEHHS
Koe(illieHT Bapiallil pe3ysbTaTiB KOJIMBAETHCS B MEXKax
2,59-15,39 % 3a 2-M MeromOoM BUNPOOYBaHb, 2-TO IiKa
HaBaHTa)XeHHs 3ainands — 3,30-8,67 % 3a 1-M meromom
BUIIPOOYBaHb Ta 2-TO MiKa HABAaHTA)XEHHs 3aigaHHI —
3,88-17,65 % 3a 3-M MeTo0M BHIIPOOYBaHb.

4. CryniHb OKCIETHJIIOBaHHS  pINIAKOBOi  OJii
MPUBOAUTH JI0 MO3UTUBHOIO 3MIIEHHS MEpIIOro IiKa
KPUTUYHOTO HABaHTa)XEHHS, BHSBJIEHOTO 3a 2-M

MeTosioM BUnpoOyBaHb, Ha 241 H (6 Monb okcieTHneHy
Ha 1 monp omii), 267 H (12 mons), 331 H (20 momns);

OKCIeTHJIIOBaHHs 3 TigpyBaHHsM — Ha 417H, a
OKCIETHJIFOBaHHsI eTHiIeHAIaMiHOM — yiuie Ha 88 H.
5. CrymiHp  OKCIETHJIIOBaHHs  pilmakoBoi ol

NPUBOAXUTH O ITO3UTUBHOTIO 3MILEHHS APYroro Imika
HaBaHTa)XEHHsS 3aiJaHHs, BHSBJIEHOro 3a 1-M Meromom
BunpoOysanb, Ha 253 H (6 Monb okcietuneny Ha 1 Monb
omi), 324H (12 wmomp), 554H (20 m™oib);
OKCIETHJIFOBaHHS 3 TiJpyBaHHIM Ha 574H, a
OKCieTHJIFOBaHHS eTHieHaiaMinoM —Ha 1141 H.

6. CrymiHp OKCIETHJIIOBaHHs piNakoBoi ol
NPUBOAUTH O ITO3UTUBHOIO 3MILEHHS APYroro Imika
HaBaHTa)XKEHHS 3aiJJaHHs, BHUSBJICHOTO 32 3-M METOJOM
BunpoOyBanb, Ha 226 H (6 Monb okcietuneny Ha 1 Monb
omii), 400H (12 wmoms), 521H (20 wmomb);
OKCIETHJIFOBaHHS 3 TiJpyBaHHIM Ha 555H, a
OKCIeTHJIFOBaHHs eTHieHaiaMinoM —Ha 913 H.

7. HaiiGinpmit  edexkt ximiuHOi Moambikamii
pinmakoBol OJii CHOCTepiraeThes Mif Yac Cyabpypu3ariii
3,5% S. mosutuBHE 3MinieHHS 1-T0 IMiKa KPUTHYHOTO
HABaHTa)XEHHS  BUSIBICHO 3a  JIPYTHM  METOJOM
BunpoOyBanb, Ha 1069 H; 2-ro mika HaBaHTa)KeHHS
3aimaHHs BHsABJIEHO 3a 1-M MerTomoM BHMIpOOYBaHb, Ha
4802H Ta 4063H BusBneHo 3a 3-M METOOOM
BUIIPOOYBAHb.
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New Procedure of the I nvestigation of Chemically M odified Rape Oil in
L ubrication of Solid States on the Four-Ball Friction M achine
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Methods and criterions of estimation of lubricating capacity of lubricants on the four-ball friction machine
have been generdized. The three variants of newest methods of investigation on the four-ball friction machine
have been studied. Using the newest methods, were found 2 peaks which relate to critical loading of different
character — destruction of physical adsorptive layer (first peak) and chemical adsorptive layer (second peak). It
has been determined that positive displacement of peaks depends on the modulus of oxyethylation of rape oil.
The maximum effect occur under the sulfurization when using 3,5% S. The displacement of first peak in
comparison with unmodified rape oil proceeds on 1069 N and of second — 4063-4802 N.

Key words: rape ail, friction, wear, sulfurization, oxyethylation, four-ball friction machine.
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