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Beryn

1. Bigomo [1-7], 1o npouecu TepTsi, 3SHOUTYBAHHS Ta
MallleHHs! TBEPIUX TUI BU3HAYAIOTHCS IapaMeTpaMu IHX
MPOIICCIB. MMHUTOMUM Ta HOPMAaJbHUM HABAHTA)KCHHSM,
KOJIMBAaHHSIM IMX MapaMeTpiB; MIBUAKICTIO KOB3aHHS,
TEMIICPATYPOIO CIPSHKEHUX ITOBEPXOHB; BHIOM (DPHKIIii-
HOT'O KOHTAaKTy; LUISIXOM TEPTsl; HASBHICTIO, PUPOJIOI0 Ta
KUIBKICTIO MAaCTHJIBHOTO CEpEIOBHINA, BaKyyMOM Ta
NPUPOJOI0  30BHIIIHBOTO  CEPEJOBUINA;  YTBOPEHHSIM
MPOMIKHUX IUTIBOK Ha MOBEPXHAX TEPTSA, TaK 3BaHOTO
TPETHOTO TiJIa, TOIIO.

JluHaMmiyHi HaBaHTOKEHHS XapaKTepHI IS HOPMaJlb-
HUX YMOB pOOOTH YIIIJIbHIOBANBHUX map. JuHamiuHa
CKJIaJIOBa HAaBAaHTA)KEHHS KOJIMBAETHCS B Mexax +5...260%
BiJl CepelHiX BEJIMYHMH, a YacTOTa HaBaHTAXEHHS — Bij
0,02 10 300 ¢ [8].

[HTEHCHBHICTh 3HOIIYBAHHS IIiJi Yac AaMILTITYIHOTO
KOJIMBAaHHSI HABAaHTA)XEHHs OJHM3bKO IEBHOTO CEPEIHHOrO
3HAUYEHHs Yy Tpoleci BHUIPOOYBaHHA MarepialiB Ha
Ja0OpATOPHUX MAIIMHAX TEPTS BUINE y TOPIBHAHHHI 3 THM
BHUIIJIKOM, KOJIM HABAaHTAXKEHHS MiITPUMYETBCS CTaJIMM Ha
piBHI cepeqHBOro 3HaueHHs [9].

[Ipuyomy 3HaiineHo, 10 30LTBIICHHS IHTEHCHBHOCTI
3HOIIYBAHHSA Yy PEXHMI IOMIPHUX HABaHTAXXCHb THM
Oijbllle, YMM [IMPIIMKA IHTEpPBaJ 3MiHM AaMIUTITYIH 1

Oibllla 4YacToTa HaBaHTaKEHHS. Tak, JOCIIJHKEHHs
BIUIMBY PEXHMMY HaBaHTa)KEHHS Ha TEPTS Ta 3HOIIYBAHHS
[ITOE, HamoBHEHOT0 JUCHEPCHUMH  MaTepiajlaMy,
nokasanu [10], 1m0 3HOUIYBaHHSA B YMOBAaX aMILIITYJHOTO
MIpUKJIaAeHHs HaBaHTakeHHs B 1,3-1,7 pa3u BuIlle, HIXkK i1
Yac CTAI[iOHAPHOTO PESKUMY HaBaHTa)keHHs [9].

2. BeranoBjieno [11, 12], mo Temmepartypa ra3sy, B
SIKOMY BiIOYBa€TbCsS TEPTsS MONIMEPIB IIPU 3BOPOTHBO-
MOCTYNaJbHOMY PYCi Ta HECTalliOHAPHOMY HaBaHTa)KEHH,
migumyBanacs Ha 8-12K y mopiBHSHHI 3 BHIAAKOM
CTAlLlilOHAPHOTO HABAHTA)KEHHs, a MiJBUIIEHHS TeMIlepa-
TypH IIOBEPXOHb TEpPTS B 3HAYHIA MIpi 3aJEeXHTh BiX

aMIUTITYIM KOJWBaHb HaBaHTaxeHHs. JlaHe sBuie
nosictoroTh  [11] Tak 3BaHUM edeKTOM mmichAmil  —
TUMYaCOBHM  3ali3HIOBAHHSIM  3MIHM  BHYTpIIIHIX

mapaMeTpiB y 3aJIeKHOCTI BiJ 30BHIMHIX. BHyTpimHi
rapamMeTpy He TUIBKU SBISIFOTHCS (DYHKIISIMUA 30BHIIIHIX,
ajie sSIBHO 3ajieXaTh 1 BiJl 4acy, OCKUIBKU ITPOJOBXKYIOTH
3MIHIOBATHCS 1 TOJi, KOJIM 30BHIIIHI ApaMeTPH BXKE CTaIi.
Kpim TOro, 3miHa TEepMIYHOTO 1 MEXaHIYHOI'O CTaHy
KOHTaKTa Iijl Yac JUHAMIYHOTO HABAHTA)KEHHS TapH TEPTS
BUKJIMKAE IPUIIBUALICHHS TPUOOXIMIUYHMX  peakiiH,
ancopOmiiHuX, qudy3idHUX Ta 6araTo HIIMX MPOIIECIB.

3. lunamiuHi HaBaHTaKeHHsI, CTBOPIOIOYM 3MiHHI
nedopmarii y KOHTakTI YIIITBHIOBAIBHHUX Tap, MOPYIIy-
I0Th PIBHOBAary I€PEHOCY 3aXUCHHUX IUIIBOK, IO 3MIHIOE
CIIIBBIHOIIIEHHS MI)XK BTOMHUM 1 aAre3iiiHUM MexaHi3Ma-
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MU 3HOLIYBaHHSI HA KOPUCTH MEPIIOro. BuBYeHHs BIUIMBY
HECTalliOHAPHUX HAaBaHTA)XEHb Ha 3HOLIYBAHHS IOJIiMep-
HUX MarepiajliB YIIUJIbHEHb KOMIIPECOpiB 0e3 MalleHHs
Ma€ BaXJIMBE 3HAYEHHS, TaK SIK y [UX YMOBaxX DPEXUMH
HABaHTa)XEHHS  BIAP3HSAIOTBCS  BiA  aMIUTITYIHOTrO,
YTPYIHEHO YTBOPEHHS IUIIBOK IEPEHOCY, a TAKOXK CYTTEBA
pONb BIUIMBY Ha 3HOLIYBAaHHSA MPUPOAN CTUCHYTOTO
cepeoBHIIa.

4.Y 3HayHiii Mipi XapakTepHCTHMKH IIOPCTKOCTI
CHPSDKEHHX TTOBEPXOHB TONIMEPHOTO 3pa3ka Ta KOHTpTLIA,
SK BHXIITHHMX, TaK 1 YTBOpPEHUX MiJl 4Yac TepTsi Ta
3HOUIYBAaHHS, TaKOX BH3HAYAIOTh IHTEHCHUBHICTH 3HOUIY-
BaHHA Ta KoediuieHT TepTs. HaiiGinbmr npoayKTHBHUM
BUSIBUBCS MAaTE€MaTUYHHH OIMC IIOPCTKOCTI IOBEPXHI
BHUKOHAHHH 3a JOMOMOTOK0 Teopil BHUIMAaIKOBOro mois [1].
Juns  ommcy  i30TPONHMX — IIOPCTKUX  MOBEPXOHb
BUKOPHCTOBYIOTh MOMEHTH  CIIEKTPJIBHOI  IIUIBHOCTI
(CII): HymHOBOTO MOPSIAKY Mp, TIOB’S3aHOTO 3 BHCOTHUM

rapamMerpoM; Jpyroro TOpsSAKY My, OB s3aHOrO 3
IPaJi€EHTOM  TOBEPXHi;  YETBEPTOrO0  MOPSAKY My,
TOB’ 13aHOTO 3 KPUBHHOKO BUCOT BEPIINH MoBepxHi [1-3].

Y [5-7] nmocmimKeHO 3aJ€XKHICTh 1HTEHCUBHOCTI

3HOUIYBAaHHS ITOJIIMEPHOTO KOMIIO3MUTHOTO MaTepiany Ha
OCHOBI TOJITETpaTOPETUIIEHY Ta BYIJIEIIEBOTO BOJIOKHA
BiJl MOMCHTIB CIIEKTPAaJIbHOI IIIILHOCTI MiJ| 9ac TEePTs IO
IIOPCTKIN 130TPOIHINA MeTajeBi MoBepXHi 0e3 MallleHHS
Ta B CEPENIOBUIII AUCTUIILOBAHOI BOIH.

Meta po6oTH monsAraga y TOMY, IOOH JTOCITIIUTH
3HOUIYBAaHHS, TEpPTs Ta 3MiHY LIOPCTKOCTI ITOBEPXOHb
KapOOIUTaCTUKIB Ha OCHOBI TEPMOTPUBKUX IOJIIMEPIB Ta
cepruyHUX 1 BOJIOKHHUCTUX AMCIEPCIHHUX MaTepiais,
OTpPUMaHHX 3a XEeMO-MexaHo-akTHBalliiHo (XMA)
TEXHOJIOTIE€I0, Ta MPOMMCIOBUX 3pa3KiB, MiJ Yac JOCIHi-
JOKEHHS Ha EKCIIEPUMEHTAILHOMY CTEHIi-KOMIpecopi Ta
KOMIIpecopax 1 JeTaHjgepax B yMOBax IPOMHUCIOBOTO
BUPOOHMLTBA, BUSBUTH INPH IHOMY BIUIMB THCKY TIa3y
(poGouoro Tina), TeMIepaTypH MOBEPXHI Ta IPHPOIH ra3y,
110 CTHCKYETHCS, Ha Il MIPOLIECH.

I. ExcnepuMeHTaJIbHA YaCTHHA

1. Marepiajau 1151 10CTiTKeHb.

VInibHIOBAIBHI MOPIIHEBI KUNBLS Ta 3pa3Kd TEPTS
Oysu Burotosieni [13-36]:

A. I3 npoMucJIOBHX BUPOOIB!

1) meTaJiB: yaByHa, crimka (6porasu) [13];

2) cneuyenux rpadirie: AO-1500 — ByrieneswHii
obmanenuit 3a 1573 K; 2I1-1000; ximanita-C (Ha OCHOBi
HadroBOro Kokcy, rpagiry, BN, M0OS,, orpumanoro 3a
CIIB-TeXHOIOTI€I0 — CYMICHOIO MPECYBAHHS Ta Biamaiy)
[14-16];

3) noaimepy: kamposona-B (mpoaykTy momimMepusatii
€-KampolakTamy IiJ yac il Jy)KHuX Kartamizatopis [17];

4) KOMIIO3UTIB HA OCHOBi TEPMOPEAKTUBHHUX CMOJI:
AMC-1 (Ha OCHOBi €MTOKCHKPEMHIHOPTaHiYHOTO 3B’ SI3yIO-
gyoro + kokc) [15, 16]; tekcromit-1II (Ha OCHOBI miapiB
0aBOBHSHOI TKaHMHUM Ta  (heHomodopMalbAeriqHOro
3B’ s13yro4oro) [17, 18];

5) rpaditopTopomiactie Ha OCHOBI MOPOILIKY ITOJIi-
terpadropermieny (IITOE) + mopoiiku HAIOBHIOBAYiB:
20% Tepmoobpobienoro HadroBoro kokcy (HK) (mare-
pian ®4K20, npecopanmuii); 20% xoxkcy HK (®4K20-1V,

ekcTpysoBanuit); 35% rpadity + 15% MoS, (ADI'M,
XONIOMHOrO Ta rapsyoro mpecyBaHHs); 20% rpadity
(ADT-80BC); 15% ckioBonokHa (P4C15) (matepian
«pysor» dipmu «likcon» CIIIA) [14-16].

B. I3 HoBUX po3poloK:

1) KOMIO3UTY Ha OCHOBI MOPOIIKY ApOMAaTHYHOI'O
nomaminay ¢eniton C-2 (mpoaykTa MOMKOHICHCAIT
MeraeHiIeHAiaMiHy Ta  CyMilli  JWXJIOpaHTiAPHIIB
i3o¢ranesoi (60%) i Tepedranesoi (40%) kucnor) + 20%
nmucrepcii ByrierieBoro BonokHa TI'H-2m, otpumanoro i3
rpaditoranoi 3a 2673K B cepemoBumii N, ByriemeBoi
tkanuan Y TM-8 { matepian rpadenon-20 [20-24]};

2) koMno3uTiB Ha oOcHOBI moporiky IIT®E +
HanoBHIoBaviB: 20% naucmepcii BYTJICIIEBOTO BOJIOKHA,
OTpUMAaHOro i3 kKapOoHizoBanoi 3a 1123 K B cepemoBuii
CH, rigparuemionosnoi tkanuau (I'L]), monepeasbo 06-
pobaenoi cymimmmo (NHg),HPO, + NaxB,O;-10H,0 (1:1),
(ByrneneBe BomokHo YTM-8) (matepian ¢uyoon-15/20);
12,5% mnopomky M0S; + 12,5% nucnepcii ByrieneBoro
BojokHa YTM-8 (aydon-/IM-1); 15% mopomiky KOKCY
HK + 5% ngucnepcii ByrmeneBoro BojokHa YTM-8
(bry6on-K15BB5); 15% nucrepcii ByrieneBoro BojJoKHa
YTM-8 (¢paybon-15/15); 30% amcmepcii ByriemneBoro
BojokHa YTM-8 (¢daybon-15/30); 12,8% aucmepcii
Byrienesoro BoiokHa YTM-8 + 12% nmucnepcii
rpaditoBanoro BomokHa TI'H-2m + 8% mopomky MoS;
(baybon-IMA); 12,8% nucrepcii ByriIeneBoro BOJOKHA
YTM-8 + 1,2% nucnepcii rpadiToBaHOrO BOJOKHA
TIr'H-2m + 8% mopouiky rpadity C-1 (pay6on-I'C-1);
12% nucnepcii ByrneneBoro BojokHa YTM-8 + 1,5%
mucnepcii rpaditoBanoro Bonokna TT'H-2m + 4% nopor-
Ky rpadity C-1 + 5% moporiky M0S; (¢pybon-IMI-C-1);
12,5% nucnepcii rpaditoBanoro BojokHa TI'H-2m +
12,5% mnopomiky MoS, (paydon-AM-2); 15% nucnepcii
rpaditoBanoro Bonokna TI'H-2m + 10% nopomky MoS;
(by6on-IMB); 10% mnopomiky kokca + 10% mucnepcii
ByrienieBoro Bonokna YTM-8 (dayoon-K10BB10); 5%
nopomky kokca + 15% nucnepcii ByrieneBoro BOJIOKHA
YTM-8 (py6on-K5BB15); 11,2% nucriepcii ByriaemneBoro
BoslokHa YTM-8 + 4% nucniepcii rpaghiToBaHOTO BOJOKHA
TI'H-2m, niokpuroro 12% miposyrierito (Bomokao TMII-3)
+ 4,8% mnopomky miporpadity (dpaybon-I1B-1); 15%
nqucrepcii Byrienesoro BookHa Y TM-8, mokpuroro 42%
Cu® o mMacu Bonoksa (dayGon-15M) [25-33)].

BoToKOHHI HANOBHIOBAYi, MOTIMEPHI KOMIIO3HUINIT Ta
KOMIO3UTH Oysn oTpumani 3a XMA-texHonoriero [34-36]
B J1a0OpaTOPHUX yMOBaX.

2. ExcriepuMeHTAJIbHA yCTaBa.

2.1. Ilnsi BU3HAYEHHSI MPANe3TaTHOCTI Ta 3HOIIY-
BaHHSI MaTepiajiB y peajbHUX YMOBax eKCIUTyaTallii Ta
BCTaHOBJICHHS 3aJIGKHOCTI MIiX 3HOCOCTIHKICTIO TiJ dac
CTAJIOr0 1 JMHAMIYHOTO HABAHTAXKCHHSA MONTIMEPHHUX
3pa3kiB Ta MOpIIHEBUX Kinemnpb (puc.l) BHKOpHCTaHA
eKCIiepuMeHTalbHa ycTaHoBka Ha 6asi III crymens aBto-
MaTH30BaHOIO KHCHeBoro kommpecopa 2PK-1,5/2206C
[37, 38] (crenm), skumii mpamoBaB 0e3 3MalyBaHHSI
LWWIHIPIB MpHU  CTUCKAHHI aTMOC(EpHOro  MOBITPSI.
Cepennsi MBHIAKICTH IOPIIHA jgopiBHIOBama 1,2 M/c;
«MepTBa 30Ha» Sy = 15mMm; xim mopmmHa S = 150 mm;
Mmarepian mmimiHapa — craap 30X13 (HB 3ITla;
Rag = 0,25+0,05 mxMm). ExcriepumentansHuit mopiieHs (2)
(puc. 2) maB nopoxxHucThi KOHTpIITOK (1). YV KOBHaky,
sk OyB BCTAHOBJICHHH Ha TOJIOBII  IMMIIIHAPY,
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CTBOPIOBABCS MOCTIHHUN THCK TOBITPS, SIKHI TeperaBaBcs
[0 MOPOXKHHMHI KOHTPINTOKA HAa Ty YaCTUHY 3pa3KiB, sKa
IpaloBaja Mpy MOCTiHHOMY HaBaHTa)keHHi. KOHTPIITOK y
TOJIOBIIl ITMJIIHApPAa MaB CAJbHUKOBE VIIIJIBHEHHS, SKE
PO3IUISUIIO THCK Ta3y B ILIIHIApI Ta KOBHaky. B Timi
MOPINHSA OYB BUKOHAHMI KaHAJ, 10 IKOMY I'a3 MPH TUCKY 3
MOPOXKHUHU CTHCHEHHS TIPOHHKAB Iia 3pa3kd, sKi
MIPAIIOBAJU MPH TUHAMIYHOMY HaBaHTa)KCHHI.

= 8 i
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Su=15mm ,! S5;=750 Mm S
Puc. 1. PexxumMu  HaBaHTa)XEHHs 3pa3KiB  3MIHHUM
THCKOM Y Kommpecopi ©Oe3 MameHHs: 1 — X,®=0

(p,=1,9 MIla); 2 — X,¥=—1 (p,=1 MIla); p(H)=2,8 MIla;
p(Ho) = 1,6 MIla; p(unmy) = 1,9 MIla; p(uum,) = 1,0 MITa.

2.2. TlopmHeBe  yIIiIbHEHHS  IWIiHApA, 1O
HaBaHTa)KyBAJIOCS 3MIHHUM THUCKOM IOBITPsI, CKJIAAAIOCS 3
JIBOX KiJIEllb. BEPXHBOrO MOPIIHEBOro Kijbis (3), sKe
CIpHiiMalio yBeCch Mepenaj THUCKY I Yac CTHCKaHHS
noBitpst B Il  crymeni kommpecopa,  HIKHBOTO
nopiHeBoro Kbl (10), sike BCTaHOBJIEHE ISl TOTO, 100
BUKJIIOYHTH BIUIMB Ha EKCIHEPUMEHTANbHI 3pa3Kh THCKY
rasy CyMDKHOTO CTymeHsA. Po3Mipu yIIiIbHIOBAJIHLHOTO
TOPIIHSL KUIBIPI, BCTAHOBJIICGHOTO Yy BEpXHIH YacTUHI

nopinHs, BuOpani 3riguo [37, 39]: BHyTpimHIA giamerp
dg =62 mM; 3oBHimHIA miamerp 3 =70MM; Bucota
h =12 Mmm. Mik BepXHIMH | HIKHIMU TOPIIHEBUMH Kijlb-
ISIMH B TIOPIIHEBUX KaHaBKaxX PO3MIILYBAJIUCS JOCIHIIHI
3pasku Martepiaiay (6). KOHCTpyKIist MOpIHIHSA eKCIiepu-
MEHTaIBHOrO  cTymeHs kommpecopa 2PK-1,5/2206C
MoKa3aHa Ha pHc. 2. 3pa3oK 3 MOJiIMEpPHOro Marepiaiy OyB
BUKOHAHUI CerMeHTa bHOI (hopmu (puc. 3).

2.3. locaimzkeHHsT  3HOCOCTIHKOCTI  mosTiMepHUX
3pa3KiB MPOBOJMIN B YMOBaX CTATHYHOTO HABAHTAXKECHHS
iX MOCTIHHMM THCKOM TIOBITps, SKUM IOAaBaBCS Bif
pecuBepa (BiciM 3pa3kiB) 1 JTUHAMIYHOTO HaBaHTAXKEHHS
3MIHHAM THCKOM TIOBITpsI, SIK€ CTHUCKAJIOCS IOCTITHUM
CTymeHeM KoMIpecopa (BiciM 3paskiB).

Temmneparypa pobouoi TIOBEPXHi LIITHIpa
BU3HAUallacs TepMoOIapaMu, SKi pO3MillyBajucs Ha
BimcTani ~1,5MM Big moBepxHi TepTs. OXO0I0mKEHHS
BTYIKH LWIIHAPA 3/IHCHIOBAJIOCS XOJOAHOI BOJOIO.
[IpoBeneni po3paxyHKM IOKa3ajd, IO TeMIeparypa
po06oU0i OBEpXHI IMITIHIpA MEPEBHIIYE TEMIIEPATYPY, SIKa
BH3Ha4YcHa Ha Bijgctani ~ 1,5 MM, Ha 3+0,5 K. 11 nonpaska
BpaxoByBaJacs MpY NPOBEIEHHI eKCIIEPUMEHTY.

3a manmmu [38] TemmepaTypa rasy OpH HarHiTaHHi
nopieatoBana 395-405, 407-423 ta 378-398K mus
kommpecopis 2PK-1,5/2206C, 2I'TI-1,5/220 ta 2I'TI-5/220
BIAMOBiTHO. Po3paxyHku TemmepaTtypu IWIIHAPIB IHX
KOMITpecopiB 3a Meroaom [37, 38] mokaszaiy, 110 cepeaHs
TeMmIiepaTypa OCTaHHIX cTyneHiB ckinagae 342-360 K.
Buxomsun 3 1uMX JaHUX, TeMIepaTypa IWIIHIpa
kommpecopa 2PK-1,5/220BC mnst ekcriepuMeHTiB Oyrna
BuOpana B Mexxax 318-358 K.

o871
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Puc. 2. KoHCTpyKITist HOPIIHS eKCIIEPUMEHTATIBHOTO cTymeHs kommpecopa 2PK-1,5/2206C 6e3 matieHHS:
1 — xoHTpIITOK; 2 — TiyIO Mop1Hst; 3, 10 — BepxHe 1 HIKHE NopiHeBi Kinblyt; 4, 11 — excnianaepu; 5, 12 — cnpsiMoByro4i
KUTBIL; 6 — moTiMEepHUI cerMeHTaIbHUMN 3pa30K; 7/ — cTalbHa miakianka; 8 — mrudt; 9 — mamkera.
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Puc. 3. 3pa3zok TepTs 3 MOTIMEPHOTO KOMITO3HTY.

Po3paxyHku po3momity THCKY TIO TOPUIHEBOMY
yurigeHenHro 11s 111 erynenst kommpecopa 2PK-1,5/2206C
3a MeromgoMm [37, 38] mokazanu, IO MaKCUMAaIbHUI
nepenan TUCKY Ha mopiiHeBe Kiible ckiaanae 0,7 MIla. Ha
VI cryneni komnpecopa 2111JIK-1420 3 kiHIIEBUM THCKOM
32 MIla mMakcuManbHHI Tiepernan THCKY Ha TEpIIOMY Ta
OCTaHHBOMY KUIBIIIX ckianmae BiamosimuHo 1,8 i 3,4 MIla
[38]. Buxomsuum 3 BENWYHUH [UX IMEpEHamiB THCKY,
JIOCITI/PKEHHST 3HOCOCTIMKOCTI MOPIIHEBOI'O YIIIILHEHHS B

cucremi Il crymenst kommpecopa 2PK-1,5/220B6C
MIPOBOJIMIIN B iHTEepBasIi TUCKY moBiTps 1,0-2,8 MIla.

[MopiBHsbHI BUIIPOOYBaHHS 3HOCOCTIHKOCTI
MONMIMEPHUX 3pa3KiB TepTs B YMOBaxX CTalliOHAPHOTO
HAaBaHTa)XEHHS IMPOBOJWIM B  IHTEPBaJl  NHUTOMHUX
HaBaHTaxxeHp 1-3 MITa.

2.4. Autndpukuiiini BuUnpoOdyBaHHS Ha CTeHI-
KOMIpecopi NPOBOIMIN i3 3aCTOCYBaHHSIM POTOTA0EIb-
HOTO CHMIUIEKC-CYMOBAHOI0 IUIaHy JAPYroro MOPSIKY
(ra6m. 1) [40]. ®yHKWiS BiAryKy — iHTEHCHBHICTH
3HOUIYBAaHHS TIOPIIHEBOIO YIIIIBHIOBAILHOTO EIEMEHTY
abo moJiMepHUX 3pa3KiB y;, BUXIJHI 3MiHHI — CeperHs
TeMIIepaTypa IMIiHApa CTYIEeHs! KoMIpecopa X; 1 repenaj
THCKY Ha TIOPIITHEBUH YIIUIHHIOBAIBHUN eleMeHT (Kiblie)
X,®), nmuToMe HaBaHTAKEHHS HA MOTIMEPHHMIT 3pa3oK MPH
CTaJIOMYy X,® ra 3MiIHHOMY X,@ tckax.

[opsinox peamizanii gocmigiB OyB paHIOMi30BaHHH Y
yaci 3a Tabnuiero BumaakoBux yucen [41]. docniau npu
3aJ]laHAX BEJIWYMHAX THCKY 1 CEpelHbOl TeMIlepaTypH
LWWIIHIpa TOBTOPIOBAJIM JBiYi, TOMY IO NpU 3MiHi
pPeKHUMY poOOOTH KOMIIpecopa 3’ SIBISETHCS BTOPHHHE
TIPUTIPAIIOBAaHHS, SIKE HEOOXiZHO OyI0 BpaxoBYBaTu NpH
OLiHII BenYuHU 3HOCy. I1Isax TepTs it oMHOro A0Ciay
nopieaioBaB 150 kM.

Taoauus 1
CHMILIEKC-CYMOBAHUH [TaH APYroro MopsAaKy
Martpuiis miaHyBaHHSI PoGoua matpuiis
; % X T, K P, MIla P, MIla P, MIla
' ’ (Xa) [X2"] (X [X2"]

a2 0,890 a&1190
1 +0,866 +0,5 358 2,50 1,75 = 2,35 =
- 092y - 1,23
a2 0,890 a&1190
2 —0,866 +0,5 318 2,50 1,75 = 2,35 =
- 092y - 1,23
a2 0,410 a2 0,580
3 0 -1 338 1,00 0,70 = , =
- 0,40 - 057y
a51,200 31,600
4 0 +1 338 3,00 2,10 = 2,80 =
-120g - 160 g
a8 0,580 a2 0,800
5 +0,866 -0,5 358 1,50 1,05 = 1,45 =
- 054 - 0,75g
a8 0,580 a& 0,800
6 —0,866 -0,5 318 1,50 1,05 = 1,45 =
- 054 - 0,75g
a8 0,660 a2 0,900
7 0 0 338 2,00 1,40 = | 1,9 =
- 0,77 g - 1,04
a8 0,660 a& 0,900
8 0 0 338 2,00 1,40 = | 1,9 =
- 0,77 g - 1,04
a8 0,660 aa 0,900
9 0 0 338 2,00 1,40 = , =
- 0,77 g - 1,04
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3. MeTonguka eKCHepPUMEHTAJIBHOIO 0C/iTKEeHHS
IIOPCTKOI MOBEPXHI TepTH.

[MomimMepHi 3pa3ku Ta TOPIIHEBI KiJbLSA MiCIA
TOKapHOi OOpOOKH IPHIIPALLOBYBAIM B KOMIpECOpi Ta
METajJeBOMY KOHTPTUI. MeraneBe KOHTpTIIO i3 craii
30X13 mwtidyBanm Ta TONIpYBAIM 1O CEPEIHHOrO
apu(METUYHOr0  BIIXWICHHS  NPOQUI0  MOBEPXHI
Ray = 0,25+0,05 mxM.

[podinorpamu MiKpOIIOPCTKOCTI MOBEPXOHb 3HIMAIIN
micns 300 kM NUIIXy TepTs 3a JOMOMOTror mpodisomerpa-
npodinorpada BOU «Kamubp» moneni «201» Ta mozeni
«252». Ilns opnoro Hampsmky 3HiManu 50-60 0azoBux
JIOBXKUH MOGiIorpaM Jyis MOJiMEPHOro 3pa3ka Ta MOpIIHEe-
BOro Kimblld. Jljs 130TpomHOI MOBEpXHI Mpodinorpamy
3HiMamH mig Kyrom ~45° 10 HanpsMKy KOB3aHHS. J{iIsHKY
3WOMKH ITOBEpPXHI OyaM piBHOPO3MOAUIEHI 3a CIiJOM
TepTst. CTaTHCTUYHI XapaKTEPUCTUKU PI3HUX JIISHOK MO-
BEpXHi OyJIH OJTHAKOBUMH B CTATUCTUYHOMY Bi/JIHOIICHHI.

[Ipodinorpamu  oOpodasncss 3a merogomM MHK:
3HAXOIWIN CepeHbOApU(PMETHYHE BiIXWIECHHS NpoQiiro
moBepxHi Ra, minbHicTE HymB Dy 1 IIUIBHICT
exctpeMyMiB Degr. BumipsHa Ra i pospaxyHkoBa 3a
npodimorpamamu Do (mst mozmeni «252» Dy BumipsiHa)
OyJIM CTaTUCTUYHO PiBHI.

Benukuit 06'eM BHOOpKM 1 PIBHOMIpHUEH po3mofin ii
10 TIOBEpXHI 3pa3ka 3a0e3neymsii  piBEHb BMICTY
JIOBI'OXBUJILOBUX KOMIIOHEHTIB CIIEKTPY, i, TAKMM YHHOM,
MOKA3HICTh MOMEHTIB CHEKTpajJbHOI HIIbHOCTI. ['paHuis
JIpiOHOMACIITA0OHUX MIKPOHEPIBHOCTEH y MUISHIN Mallux
JIOBXKMH XBWJIb CIIEKTPY Oyia oOMekeHa BEIMYHHOIO, SIKa
He mepeOinbinyBana y 2-3 pa3u NOXUOKY BHMipIOBaHb.
[Mapamerp mupokocmyractocti o 0yB Oumbrre 1,8, TooTO
Ti€1 BEIMYMHH, SIKA XapaKTepHa JUIsl «OLI0ro IIyMy>».

II. Pe3yabTaT T2 00rOBOpPEHHS

1. BiuB cTrajux Ta JHHAMIYHNX HABAHTAKeHDL HA
TPOIEeCH 3HOIIYBAHHSI.
1.1. MareMaTH4YHAa MOJIEJIb.

y= by + bix1 + boxs + bioxaxo + b11X12 + b22X22. (@D}

VY peanizauii CHMIUIEKC-CYMOBAHOTO IUIAHY JAPYTOro
MOPSIIKY 1 0OPOOKH EKCTIEPUMEHTABHUX JTaHUX OTPUMAaHi
ajiekBaTHi piBHAHHS (piBeHb 3Hauymiocti 1 —p = a = 0,05,
Jie p —HMOBIpHICTh NPUHHATTS HYIBOBOI rimore3n Hg
aZIeKBaTHOCTI MaTeMaTWYHOI Mofenmi, o — HMOBIpPHICTb
pU3MKY TOro, W0 mpuiiHATa rinore3a Hp Hacmpasni
HETIpaB/InBa);

1) Anst  TOPIIHEBUX — YIIUIHHIOBAIBHUX
(kizerp) (3MiHHHI THCK) i3 MaTepialiB:

a) rpadenon-20

y1 = [3,71 + 2,79X; + 2,40X,® + 2,08X1X,7]-107° (2)

[Sfﬂ = 2,457; S,°= 0,156; Fp = 15,75; Fy = 19,25];

0) ®4K20
Yy = [3,72 + 1,104X, + 1,0X,® + 0,594X,?]-10™ (3)

[S?, = 0,054; S%= 0,016; Fp = 3,38; Fy = 19,16];

B) ®uy6oH-15/20
ys = [0,857 + 0,288X; + 0,35X,®]-107"°

[Sfﬂ =0,011; S,*=0,008; Fp = 1,38; Fr = 19,25],
ne Fp — po3paxynkoBa cratucruka dimepa;

€JIEMEHTIB

(4)
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Fr — Tabnuune
dimepa;

(TeopeTHyHE) 3HAYCHHS ~ KPUTEPIIO
Sz . .
,, — AMCTIEPCis aIeKBaTHOCTI;

SOZ— JTUCTICPCist BiITBOPEHHS,

2) mis  3pa3kiB TepTs B YMOBaxX JMHAMIYHOTO
NpUKIaJaHHs  HaBaHTaXeHHs  (3MIHHMH  THCK) i3
MarepiaiiB;

a) rpageson-20
y1 = [3,8+ 2,74X; + 2,24X,@ + 2,14X X,?]- 107 (5)
[, = 1,684; %= 0,000; Fp = 18,71; Fr = 19,16];

0) ®4K20
y, = [3,61 + 1,145X,+ 1,004X,?+ 0,689X,®]-107° (6)

[SZ,=0,162; S%=0,012; Fp = 13,50; Fr = 19,16];

B) ®uy6oH-15/20

ys = [1,08 + 0,361X, + 0,471X,@]-107%°

[S?,=0,014; §2=0,012; Fp = 1,17; Fr = 19,25;

3) mis 3pa3KiB TEPTS B yMOBaX CTAlOr0 MPHKJIAJAHHS
HaBaHTa)XEHHsI (3MiHHHI THCK) i3 MaTepiais;

a) rpadenon-20

y1 = [5,53 + 4,67X; + 3,34X,Y + 3,16X,X,V]-107° (8)

[Sfﬂ = 3,211; S,°= 0,240; Fp = 13,38; Fy = 19,16];

6) ®AK20
Y2 = [4,13 + 1,125X,+ 1,152X,"+ 0,81X,?]-107 (9)

[S] =0124; §’=0,016; Fp = 7,75; Fr = 19,16];

B) ®uy6oH-15/20

ys = [1,385 + 0,478X, + 0,745X,M]-107%°

[Sfﬂ = 0,0266; S,%= 0,016; Fp = 1,66; Fr = 19,25].

1.2. TlopieHWI0YN qucnepcii BixTBOpeHHsA AoCaimiB
S, sIKi OTpUMAJIH B CTEHIOBOMY EKCIIGPHMEHTi, MOXHA
3pOOUTH BHUCHOBOK, IO YINIIBHIOBAIBHI E€IEMEHTH 3
daybony-15/20 (S,2=0,008) i ®D4K20 (S,2=0,016)
MaloTh OLTBII CTa0IIbHY BiITBOPIOBAIBHY MPAlE3/IaTHICTD
nopiBHsHO 3 MaTtepianoM rpadenon-20 (S = 0,156). [
BCIX MarepiasliB [ucHepcis BIIATBOPEHHs JUIsi 3pa3KiB
TepTsl, sKi MpaIfOBaJM MPU CTAIIOMY THCKY Oinblia, Hix
TPU 3MIHHOMY THCKY 7T Matepiaiis (Tadm. 2).

Taoauus 2
BruuB 3MiHHOTO Ta CTAJIOr0 TUCKY Ha AUCTIEPCIIO
BiJITBOPEHHS IHTEHCHUBHOCTI 3HOIIYBaHHS MaTepiaiB
3pasKiB TepTs MiJ] Yac BUMPOOYBaHHS HA CTEHII
kommpecopa 2PK-1,5/2206C

(")

(10)

Tuck
Marepian 3pa3ka
p = var(X,?) | p = const(X,\)
rpagenon-20 0,090 0,240
®4K20 0,012 0,016
¢ry6ou-15/20 0,012 0,016

1.3. Y Ta6a. 3 3BeqeHi cTyneHi aIeKBaTHOCTI!

F
X, (F)=— 11
(F) F, (11)
Ta CTYIICHI HEaIeKBATHOCTI:
F
X,(F) ==~ 12
2(F) F. (12)
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piBasap (2) — (10) mns 3-x MarepiaiiB TOPIIHEBOTO
eJIeMEHTa Ta 3pa3KiB.

Sk BUmHO 3 Tabi. 3, CTYNCHI aJeKBATHOCTI PiBHAHB
(2)H10) nmns wmarepiamie cranoButh: 1,02-1,43 (mns
rpademnona-20); 1,42-5,67 (mis ©4K20); 11,60-16,45 (ast
¢bnyoon-15/20), 1m0 MiATBEpMKYE BHCOKY HaAiHICTh
pobOTH Ta BiATBOPIOBaHICTH MOBepXHi (iryoon-15/20.

1.4. Anani3 oTpuMaHuX 3aJIe5KHOCTEH 32 JOIOMOT0I0
nIBOMipHHX Tiepepi3iB (puc. 4) BKasye Ha Te, IO MPOIEC
3HOLIYBaHHS MaTepiajiB OMUCYETHCS PI3HUMH perpeciiiHu-
MU MOJIesAMHE (JUTs IEBHOTO MaTepiany BHI MaTeMaTHYHOI
MOZIeNli HE 3aNeKHTh BiJl YMOB HaBaHTaKeHHs). Jlist
Matepiaiy Ha ocHoBi [IT®E i qucnepcHoro HanoBHIOBa4Ya
— kokca (@4K20) piBHAHHS MICTATH KBaJPaTHYHHUH e(eKT
X; Bim Ttemneparypu. Jns wmatepiany I[ITOE +
kapOoHizoBaHe BoOKHO YTM-8 (thy6on-15/20) 3Hauymi
TIJIBKH JIiHIHHI eeKTH, a A MaTepiany Ha ocHOBI ATTA +
rpadiroBane BoiokHo TI'H-2m (rpadenon-20) 3Hauymum
e edext B3aemomii mepmioro mopsaky XiXp. Jns Bcix
BUAIB 3pa3kiB MarepianiB Ha ocHOBI AITA + TI'H-2m i
[ITOE + kokc I MOCTIIKEHOTO IHTEpBATy BapifOBaHHS
3MiHHHX X; 1 X7 eeKT Big TeMneparypu OLTbIINH, HiX BiJ
TUCKY |D1(X1) | > | 02(X2) |. Bunsitok cknamae 3HOUTYBaHHS
3paskiB Tepts [ITOE + kokc mpu cTajsomMy THCKY, KOJH
[b(X2) | > | by(X1)|. dust matepiany Ha ocHoBi IIT®E +
YTM-8 edekT Bix THCKY OLNBLINH, HIX BiJ TeMIepaTypH
[b(X2) | > |by(X1)|. e minTBepmKye, MmO MeXaHi3M
3HOITYBaHHS Matepiany ¢uy6oH-15/20 BigpisHseTsest Bia
IHIIIMX MaTepialiB, IO MiATBEPHKYETCSA TOCITIIKCHHAMUI
TIOBEPXOHb TEPTsl, MNPOAYKTIB 3HOIIYBaHHS 1 TIa30BH-
minenHs mpu tepti [42, 43]. 3HaiimeHo, IO IS BCIX
MaTepiajiB BIUIMB THCKY Ha 3HOIIYBaHHS 3pa3KiB TEpTS
TIPU CTAJOMY THCKY OUTBIIHMH, HXK 1pH 3MiHHOMY. Taka x
3aKOHOMIPHICTh ~ CIIOCTEpIraeThcsi Ui MaTepiaiiB 3
BYIJICIICBUMH BOJIOKHAMH 1 pI3HUMH MAaTpPHUISIMU  BiJ
TEeMIlepaTypyd, B TOH Jke wac Ui Matepiany 3
JIUCIIEPCHUMH HATOBHIOBaYaMU 1€ e(eKT MpHu 3MiHHOMY
TUCKY OLTBIINH, HIXK IPU CTAJIOMY.

1.5. Anani3 3aje)kHocTeill 3HONIyBaHHS 3pa3KiB i
TIOPLIHEBOTO YIIIIBHIOBAILHOTO EIIEMEHTY BiJl TemIiepa-
TypHu ToKa3aB (puc. 5), 110 3 MiBUIICHHIM TEMIEPATYPH
LIWIIHApPA I1HTEHCHBHICTh 3HOIIYBaHHS 3pocrtae. Jlns
HU3BKOTO THCKY, SIK 1 JUIS BHCOKOTrO, TPH HHU3BKHX

TeMmIepaTypax 1 MiBUIIEHHX THCKaX pIi3KO 3pOCTae
3aJIeKHICTh IHTEHCHMBHOCTI 3HOIIYBAaHHS BiJ TeMIlEpaTypH
TUTS Marepiany rpagenon-20: rpagenon-20>
®4K20 > hydon-15/20. Matepianu 3a qBoMa (hakTopaMu
(tmck 1 TeMmepaTypa) MOXHA MPOPAaHKyBaTd 3a
MaKCHMaJIbHUM BIUIMBOM Ha 3HOIIYBAHHS TAKUM YHHOM:
(ATTIA + TTH-2m) > (ITT®E + kokc) > (IITD®E + YTM-8).

Awnaniz piBHSHHS perpecii, sKe ONHCYe TIIpOIEC
3HOUIYBAaHHS TOPIIHEBOTO YUIUIBHEHHS 13 MaTtepiairy
®4K?20, no3Bojsie 3poOMTH BHCHOBOK, IO IHTCHCHUBHICTH
3HOUTYBaHHS TOPIIHEBOrO KUTBI 13 Marepialy Ha OCHOBI
JIMCIIEPCHOT0 HAINOBHIOBAaYa O1NIBII CYTTEBO 3MIHIOETHCS 13
3pOCTaHHAM  TeMIlepaTypu IWIIHApAa IOPIBHAHO 3
IHTEHCHBHICTIO 3HOUIYBAaHHS TOPIIHEBHX YIIIJIbHEHb 13
MaTepiaJy Ha OCHOBI BYIJICIIEBOIO  BOJIOKHHUCTOTO
HAIIOBHIOBAYa.

AwHani3 3aleXHOCTEl 3HOUIYBaHHS 3pa3KiB TepTs 1
TIOPLIHEBOTO  YIIUILHIOBAJILHOI'O EIIEMEHTY BiJl THCKY
mokazaB  (puc. 6), 1m0 IHTEHCHUBHICTH 3HOIIYBaHHS
MONMIMEPHUX 3pa3KiB TepTs B YMOBaX JIMHAMIYHOIO
HaBaHTa)XEHHs1 TmepeBuinye B 1,2 pa3u IHTEHCUBHICTbH
3HOUTYBaHHS 3pa3KiB, HABAHTA)KEHUX CTAJIM THCKOM.

2. BniiuB TMHAMIYHOT0 HABAHTAKEHHS TA MPUPOIU
ra3y Ha NpouecH 3HOIYBaHHS.

BrumB  quHAMIYHOrO HaBaHTAXKEHHS Ta TMPUPOAU
CTHCHEHOT'O T'a3y Ha 3HOIIYBAaHHS IOJiMEpPiB, HATIOBHEHHX
JIUCHIEPCHUMHM Ta BOJOKHHUCTUMM MaTepiajlaMu, JOCHi-
JUKyBaIM B KomIpecopax ©Oe3 MamieHns (taGi. 4).
BcranoBieHo, 10 IMIBUAKICTH 3HOUITYBAHHS IOPIIHEBUX
VUOIUTBHEHh 13 MaTepialy Ha OCHOBI BOJIOKHHUCTOTO
narnoBHioBava ((hy6on-20) mig yac CTUCKaHHS MOBITPSA i
CyXOro rejito BiJnoBigHo B 3 1 6 pa3 MeHIIe B OPiBHSHHI
31 MIBUKICTIO 3HOIIYBaHHs YIIIJIbHEHHS 13 MaTepialy Ha
OCHOBi mucriepcHoro HamoBHioBaua (D4K20). B aprowi
npu  ONMU3BKUX — Tepernajax  TUCKY  IiJBHIIEHHS
temrepatypu Ha 150 K B 4,3 pa3u 30inbliye MIBUIKICTH
3HOUTYBaHHS YIIUIFHIOBAJILHUX €JIEeMEHTIB i3 (uyOony-20.
[lix 4yac Teprs B CyxoMy a30Ti BBEIECHHS MOIiOJEH
nucynbdiny B koMmmosuiiro Ha ocHoOBi IIT®E ta YTM-8
(baybon-IM) edexTuBHimE (MBUAKICTH 3HOUIYBAHHS
3HIKYEThCS Y 7 pa3), HiX BBEICHHS HOro B KOMITO3HUIIIO
Ha ocHoBi IIT®E i rpadity (ADPIM). V Tomy x
cepenoBuili 3amina 5% kokcy B xommnosumii ®4K20 na

TEeMIlepaTypax, CIOCTEPIracThCs  CITIBBITHOIIEHHS IO BookHO YTM-8 (pny6on-K15YB5) 3HmKye HIBHAKICTH
3aJIe)KHOCTI 3HOIIYBAaHHS MaTepiajliB BiJ TeMIlepaTypH: 3HOUTYBaHHS y 8,6 pas.
®4K20 > rpadenon-20 > ¢ayoon-15/20. Tlpu BHCOKHX
Taduns 3
Cryneni agexBatHocTi [1(F)] Ta HeanekBaTHOCTI piBHAHB (2) — (10)
HopmHeBnﬁ ) 3pasok
. YIIiTbHIOBATbHUN
Marepiaz (A €JIeMEHT : @ : W
p= Var(X2(3)) p= Var(xz ) p= ConSt(Xz )
& 1,22 1,02 1,43
rpagenon-20 (P
Ea(F) 0,82 0,98 0,70
5,67 1,42 2,47
DAK20 =0
&AF) 0,18 0,71 0,40
13,95 16,45 11,60
(y6on-15/20 =0
&AF) 0,07 0,06 0,09

1055



I'.0. Cipenxko, B.II. Ceigepchbkuii, JI.M. Contuc, 1.1. Hoikos, B.I1. 3axapenko

TK

348
[
338

a
328
318
T.K
348
338 0

328

318
T.K
348

338

AU
328 \?’\ \,Xl‘;\\@{e \
318 \& \Q\\\\\N‘

AN

W45 20 25 p Mia
Puc. 4. JIinii piBHOI iHTEHCHBHOCTI 3HOIIYBAaHHS KIIBIIA
MOPITHEBOrO YIIIJIbHEHHs (CYIUIbHI JiHiT), 3pa3KiB TepTs
(kpuckoBaHi IiHii) 3 Matepianis rpadenon-20 (a), P4K20
(6) i ¢nybon-15/20 (B) B 3aMeKHOCTI Bil CEPEAHBOrO
IHIUKATOPHOTO THCKY (CYIiIbHI JiHii), cramoro (moBri
KPUCKOBaHI JiHii) i 3MiHHOTO (KOPOTKi KPHCKOBaHi JIiHii)
THCKY Ha 3pa3Kd TEPTs 1 TeMIIepaTypH TOBEPXHi ITiHAPa
I crymens xommpecopa 2PK-1,5/2206C (na miHisx
pIBHHX 3HAa4YeHb TIOKa3aHi BEJIMYMHH IHTEHCHBHOCTI
3HOIITYBaHHS).

HIBMAKICTH 3HOIIYBaHHS CAJBLHUKOBHX YIIUIBHEHb V
CTYIEHS i3 MaTepiany 3 BOJOKHUCTUM HaIllOBHIOBAauYeM, SIKi
MPaIfOIOTh B a30THO-BOJHEBOMY CEPEIOBUI, 3MEHIIY-
€Tbcsi Yy 2,4 pa3u mpH 30UIBIIEHHI Tepernajy THCKY B
TOPIBHSHHI 31 IIBHIKICTIO 3HOIIYBaHHS VIIUIBHEHb 13
MaTepialy 3 AWCIEPCHUM HAIOBHIOBAYeM, SIKUH IPaIIoe
Ha MEHIII HaBaHTa)keHOMY Iroli |1V cTymeHs koMIpecopa
2111JIK-1420.

TakuM 4MHOM, B yMOBaX HECTalliOHAPHOI'O HaBaHTa-
JKCHHSA 1 PI3HHUX Ta30BHX CEPEIOBHUINAX Marepiald 3
BOJIOKHHCTAMM HAITOBHIOBAYaMHM O1JIBII 3HOCOCTIHKI, HIXK 3
JUCIIEPCHUMH, TIPHUOMY BEJIMYHHA €(PEKTY 3aJeXKHUTh Bif
MIPUPOIH TA30BOTO CEPEOBUIIA.

3. BB mpupoau HANOBHIOBAa4YiB MOJiMEpPHUX
KOMIO3UTIB HAa TepTsl YUIILHIOBAJILHUX €JeMEHTIB B
YMOBaxX TUHAMIYHUX HABAHTAKEHb.

Po3risiHeMoO BILIMB HaloOBHIOBAaYiB HA TEPTsS HOpIIHE-
BHX KiJIellb B yMOBaX HECTAlliOHAPHOI'O HABAHTAYKEHHSI.
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Puc. 5. 3anexHicTh 1HTEHCUBHOCTI 3HOIIYBaHHS 3pa3KiB
TepTs mpu cranomy (a) i 3minHOMY (0) THCKaX i cepeqHix
nepernajgax THCKY Ta3y Ha MOPUIHEBHH YIIUTbHIOBAIHHUM
enemeHT (B) i3 matepianiB rpademnon-20 (CyiinabHi JTiHii),
®4K20 (xpuckoBani iHii), ¢uy6on-15/20 (Tpux-
KPUCKOBaHi  JiHIT) Big  TemmepaTypu  IMTiHApA!
1-1MlIla; 2—-2 MIla.

KoeimieHT TepTs MOPIIHEBOrO KiJblsl L BU3HAYAEMO
4yepe3 MUTTEBY CHIIYy paiaibHOro (HOPMaabHOTrO) THUCKY
KUIBIII Ha J3epKajo MIIiHIpa p’ 3 GopMyiu:

F& = ¢, (13)
Jie L — KOeiIliEHT TepTs.
3 BpaxyBaHHAM JaHuUX poOoTH [37] MHUTTEBY CHIY
TepTsI HOPITHEBOTO KibIA F'ry; 3HAXOOMIH 32 hopMyII0RO:

- P
F$ =ms-Dh.(p.- p,)-
ToE (14)

- %m(DZ- d?)(p,- p,)+pDh, py],

ne D — giamerp tingpa;
h, — BrCcOTa MOPIIHEBOTO KiNBIIS;
U — KOeIIi€HT TEPTS KiJbIIA IO TOPIIO KAHABKH;
d; — BHYTpilIHI/ JgiaMeTp BTYIKA 1 IOPIIHEBOTO
KIJIBLI,
Py—THCK IPYKHHHU 110 30BHIIIHBOMY JiaMeTPy KiJbIis.
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Taonuusa 4

HIBHAKICTH 3HOITYBaHHS TEPMOTPUBKHX IOJIMEPIB, HATOBHEHNX CHEPUIHUMH Ta BOJIOKHUCTUMH AUCTIEPCHUMHU
MaTepiajgamy, i 4ac BUPOOYBaHb y MOPITHEBUX KOMIIPECOpax Ta JeTaHjaepax 0e3 MameHHst BUCOKOTO TUCKY

= = Poboui mapamerpu

= = S .

15} E = =

= 2 2 & THCK ra3y, MIla 2

= | s : : :

o X = A J =

®R Q E > _ h =)

z g E = 8 To K V., | mrm/rox. 2

£ 8 o 3 £ o m/c e

2 g g & = Pe | Pu | APmax g

R 3 5 g g

= i = 3 ~

1 2 3 4 5 6 7 8 9 10 11

Kommpecop 2PK-1,5/2206C (HBO «JIenHIIximmam», m. Cankt-IleTepoypr)
S PO ®4K20 200 7 20 18,4 393 1,2 1,30 1150
IV Ic)xi moBiTps | rpadenon-20 200 7 20 18,4 393 1,2 0,68 2200
A by6on-15/20 200 7 20 18,4 393 1,2 0,19 8330
Komnpecop CI-1,6/2,0 (M. Cankr-IleTepoypr)
AO-1500 2450 - 7,5 6,0 373 1,2 0,17 8000
A®I-80BC 1065 - 75 6,0 373 1,2 0,12 11000
| po— Byrne- | 2I1-1000 7903 - 75 6,0 373 1,2 0,10 14000
I Ic)xi kuciuit | ®4K20 6550 - 7,5 6,0 373 1,2 0,08 17000
A ras | AGIM 1650 | - | 75| 60 | 373 | 1,2 | 007 | 21000
AMC-1 4162 - 7,5 6,0 373 1,2 0,06 23000
by6on-15/20 1020 — 7,5 6,0 373 1,2 0,02 70000
Kommpecop T G3S,-100/150 (FOpxoBennkuii cnupr3asoa, Binaunbska 06.1.)

TopuueHs ;P?;;;H ®4AC15 4000 | - | 80| 70 | 373 | 19 (a) 4000
[T cximus ras bny6on-15/20 3766 - 8,0 7,0 373 19 0,17 12000
Komnpecop 2IIJIK-1420 (BO «A301», M. HOBOMOCKOBCBK)

IITok | @4K20 2830 | 27 | 64 - 379 | 42 0,43 4000
IV cximmst C}}j[MiI.H ¢by6on-15/20 2830 | 2,7 6,4 - 379 4,2 0,04 40000

IItox a30To-
V exi BozHeBa | (ury6on-15/20 2830 | 64 | 15,0 - 409 4,2 0,18 7000
exiaus cymim
asoro- | ©®4K20 (B) 15 32 26 381 4,2 (B) -
\l}l"lzﬁe‘“’ somaesa | Texcromir-III B | 15 | 32 | 26 | 381 | 42 () -
e cymimt | ¢ay6on-15/20 2830 15 32 26 381 4,2 0,18 7000
Kommpecop 6I'M16-140/200 (BO «JIentexra3», M. Cankt-IleTepoypr)

[Mopiens — ¢bmydon-15/20 1200 - 19 - 381 4 0,23 4000
VI eximng ®4K20 250 - 19 - 381 4 (a) 250
Kommpecop 2I'M4-1,3/12-250 (BO «JIenTpaHcras», M. Cankt-IleTepoypr)

¢bmydon-15/20 2030 1 3 - 373 | 1,88 0,05 20000
(yurinsHOBaIbHI

IMopuieHs | mpupoa- | KiJIblis)

| eximms Huil ra3 | texcromit-111 2030 1 3 — 373 1,88 0,12 4000
(HampaBisroUi
KIJIBIIST)
¢bmydon-15/20 2030 3 58 - 343 | 1,88 0,04 20000
(yurinsHOBaIbHI

IMopuieHs | Tpupoa- | KiJiblis)

IT exipns Huil ra3 | texcromit-111 2030 3 5,8 — 343 1,88 0,07 4000
(HampaBisroUi
KIJIBIIST)
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ITponoxenHs tadm. 4

1 2 3 4 5 6 7 8 9 10 11
bry6on-15/20 2030 | 58 | 11,8 - 353 | 1,88 0,05 20000
(yurinsHOBaIbHI
KiJIBIIsT)
Topmens | mprpoz- YaByH (6) . 150 58 | 11,8 - 353 | 1,88 (a) 150
Il cxipng | Huii ra3 (yurisHroBaHi
KiJTBIIsT)
tekctomiT-111 2030 | 58 | 11,8 - 353 | 1,88 0,13 3000
(HampaBisOUi
KiJIBIIST)
¢bmydon-15/20 2030 | 11,8 | 23,0 - 363 | 1,88 0,11 8000
(yurinsHOBaIbHI
KiJTIBIIsT)
Topmens | mpupoa- YaByH (6) . 50 11,8 | 23,0 - 363 | 1,88 (a) 50
IV cximust | Huil ra3 (}.’HHHLH}OB&HBHI
KiJTIBIIsT)
TekctomiT-111 2030 | 11,8 | 23,0 - 363 | 1,88 0,09 3000
(HampaBisTOUi
KiJIBIIsT)
Kommnpecop 2'M4-1,3/12-250 (BO «¥Ypaarpancras», M. €EkaTepunoypr)
Topiiens bny6on-/IM-1 2778 2778
1 exims (1) bnydon-IMA 2778 | 1,15 | 3,7 - 393 3,7 (a) 2778
I exiaus (1) — ¢bnyoon-IMb 2778 | 3,7 7,2 - 253 3,7 (a) 2778
. ¢y6on-I'C-1 2778 2778
1 exima(l) | ™7 | pny6on-IMI-C-1 | 2778 | 7,2 | 130 | - 348 | 37 (a) 2778
IV exinms(1) dny6on-K15BB5 | 2778 | 13 | 24,0 — 373 | 37 (a) 2778
¢bmydon-15/15 3533 <0,5 10000
TopiueHs bry6on-15/20 3533 <0,5 10000
I exiaus (1) ¢y6on-15/30 3533 | 1,15 | 3,7 - 393 3,7 <0,5 10000
IT cximus (1) | mpupon- | ¢paydon-15/20 3533 3,7 7,2 — 253 3,7 <0,5 10000
I exinua(l) | Huitrasz | ¢uydon-IIB 3533 | 7,2 | 130 - 348 3,7 <0,5 10000
IV cxinus(1) ¢bnyoon-K5BB15 3533 13 | 24,0 - 373 3,7 <0,5 10000
¢ny6on-K10BB10 | 3533 <0,5 10000
¢byoon-K15BB5 3533 <0,5 10000
[opmens
I eximns npupor- ¢bmy6on-15M 3200 | 1,15 | 3,7 - 393 3,7 0,002 | >25000
1T cximst i 1 ¢bmydon-15M 3200 | 3,7 7,2 - 253 3,7 0,002 | >25000
1T eximus ¢yoon-15M 3200 7,2 13,0 — 348 3,7 0,002 >25000
IIT cximus ®4K20 (6) 2700 | 7,2 | 130 — 348 3,7 (a) 2700
[Nopmens
IIT cximus crmx (0) 330 7,2 13,0 - 348 3,7 (a) 330
11T cximus yaByH (0) 150 7,2 13,0 - 348 3,7 (a) 150
IV exigmn | "D dny6on-15M 3200 | 13 | 240| - 373 | 37 | 0002 |>25000
IV exims | M| ©4K20 (6) 2700 | 13 | 240 | - 373 | 37 (a) 2700
1V cxigug crmxk (0) 300 13 24,0 - 373 3,7 (a) 300
IV cximns yaByH (0) 50 13 | 24,0 — 373 3,7 (a) 50
Komnpecop 4M10-40/70 (TestieBuii 3aBoa, M. Opendypr)
cyxuit | $ny6on-IM 8000 3,5 7 - 333 39 0,06 >20000
R/OIC’E;I;’; ot | AGIM 24 | 35 | 7 — | 423 | 39 (a) 24
(T,=200K) | ®4K20 6 3,5 7 - 433 3,9 (a) 6
Herangep ACJ 82/180 (3aBox cuHTeTHYHUX peuoBuH, M. HoBouepkachk)
bnydon-IMA 1500 7,0 0,6 - 143 11 0,8 >2500
ADI'M (xomosne 150 7,0 0,6 - 143 1,1 (a) 150
[opuiens | moBiTps npecysaHs)
A®I'M (rapsiue 300 7,0 0,6 - 143 1,1 (a) 300
TpecyBaHHs)
A®I-80-BC 150 7,0 0,6 — 143 1,1 (a) 150
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ITponoxenus tadm. 4

1 2 | 3 | 4 | 5 ] 6] 7 [ 8] 9 ] 10 | 1
Kommpecop 3I'TI-12/35 (3aBoa cunteTnyHUX peuoBuH, M. HoBouepkachbk)
| Po— cvxuii bnydon-IMA 600 1,2 35 - 373 3,0 0,63 4000
i Exi ii‘m A®TM 700 | 1,2 | 35 - 373 | 30 (a) 700
A A®T-80BC 250 | 12 | 35| - | 373 | 30 (a) 250
Kommpecop nis ctuckanus nopitps (KoMoiHaT Xap4yoBUX KOHIEHTPATIB, M. [[HiNPoneTpoBCHK)
[Mopens Bojiore | ¢my6on-15/20 1500 0,1 1,1 - 368 3.0 0,208 15000
II cximus MOBITPSL | PYJIOH 300 0,1 1,1 - 368 3,0 (a) 300
MoBiTpsiHo-rinpaBaiunmii komnpecop (KoMgiHAT XapuyoBHX KOHUEHTPATIB, M. [[HiNPoNeTPOBCHK)
TopIICHE Bojsiore | (ury6oun-15/20 600 0,1 0,8 - 433 - 0,146 6000
P MOBITPSL | PYJIOH 200 0,1 0,8 — 433 — (a) 200
Kommpecop 4M40-680/22-320 (BO «A301», M. PiBHe)
¢bmydon-15/20 21300 | 45 9,0 - 348 4,5 0,0043 | 40000
(yurinsHOBaIbHI
KiJIBIIsT)
Iltox asoro- | KamposoH-B (0) 10000 | 4,5 9,0 - 348 45 (a) 10000
I exi Bonuesa | (YIIUTBHIOBAIbHI
XA CyMIll | KiJIbIIs)
Texcromit-111 21300 | 45 9,0 — 348 45 0,027 6400
(mpoTHekcTpy3iiiHi
KiJIBIIsT)
IItox a30To-
) BoxueBa | (uyoon-15/20 6536 | 9,0 | 165 - 388 4,5 0,015 8000
I cximns cymim
Hupkyasiaiinuii komnpecop 2I'M16-20/42-60CM2 (M. Cankt-IleTepOypr)
Iltox — ¢bmy6on-15/20 6500 3.0 4,0 - 353 31 0,15 19800
A D4K20 8000 | 3,0 4,0 - 353 31 0,33 9000
Kommpecop 3I'TI-5/220 (BO «JIentexras», m. Cankr-IleTepoypr)
Hopuerts, | —cyxut | ;o ir-c 800 | - | - 10 | 393 | 2 032 | 5800
V cxians a3oT
AOT'M 442 7 22 144 378 2 2,53 740
[Nopiresn CyXHi D4K20 803 7 22 14,4 378 2 1,88 1000
VI cxinusa a30T ¢byoon-JIM-2 784 7 22 14,4 378 2 0,37 5000
¢byoon-K15BB5 803 7 22 14,4 378 2 0,22 8400
Kommpecop 3C2CI'TI-6/30 (BHAI «I eniiiTexHika», M. MockBa)
d4K20 683 0,7 1,6 1,0 418 3 0,72 2000
(yurinsHOBaIbHI
KiJTIBIIsT)
®4K20 683 0,7 1,6 1,0 418 3 0,39 4200
(HampaBisroUi
[opmens CYXU# | KiJbIs)
11T eximus rejxiu ¢ry6on-15/20 915 0,7 1,6 1,0 418 3 0,27 6000
(yurinsHOBaIBHI
KiJIBIIST)
¢bry6on-15/20 915 0,7 1,6 1,0 418 3 0,22 7400
(HampaBisroUi
KIJIBIIS)
Kommpecop 2PB-3/220 (BO «A301», M. HOBOMOCKOBCHK)
TopuueHs (Ij:;’f:e_ diry6on-15/20 1294 | 1,2 | 58 | 58 | 523 | 2 0,23 | 20000
IIT cximms e — ®4K20 400 1,2 58 58 523 2 (a) 400
TopuueHs (Ij:;’f:e_ diry6on-15/20 1294 | 58 | 70 | 55 | 373 | 2 0,054 | 9000
IV cxians e — ®4K20 400 58 7,0 55 373 2 (a) 400

(a) — moBHmii pecypc poboru; (6) — mpu moBHOMY 3MarlyBaHHi; (B) — HepoGorosaaTHuil; (1) Ha KOXKHOMY CXiIui JOCTiKeHi BCi
MaTepiayiy, 0 IpHBEACHI B KOJOHII 3; HU(PH B KOIOHKaX 5-9 BigHOCATHCS 10 mapameTpiB cxiauiB; muepu B kononkax 10-11
BiJTHOCSITBCS IO IEBHOT'O CXIIIS JUISl BCIX MarepiaiiB.
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Puc. 6. Britus cranoro (3pa3ku; CyIiibHi JIiHii) i 3MiHHOTO
(3pasku; KpHUCKOBaHi JiHIl) THCKIB, CEpPEIHBOrO Mepenamsy
IHIUKATOPHOTO THUCKY (IOpIIHEBE YIIUILHEHHS; IITPHUX-
KPUCKOBaHi  JiHII) Ha IHTGHCHBHICTh 3HOLIYBAaHHS
noiMepHoro Matepiainy: a — rpagenon-20; 6 — ®4K20; B —
¢Giy6ou-15/20 (1 — Temneparypa 318 K; 2 — 358 K; 3 —
338 K).

[pwuiiasto [37], 1m0 THCK ra3y Ha KiJibIle 31 CTOPOHH
HWIIHApPA 1 MO TOPIIO KUIBI Majae Big p; IO Pz 3a
niHiHAM 3aK0HOM (pHC. 7a).

[MpuiiMatoun THUCKM Tiepeq  KUIbLSAMH  PiBHUMH
BIJIMOBITHO THCKAM IiJ KUIBISIMH 1 CYMYIOUH CHJIIUA TEPTS
UIA  BCIX Z KiJelb, 3HAWIeMO CHIIy TEepPTS BCHOTO
MOPIITHEBOTO YIIiIbHEHHS

F¢=4 F¢ = mg%DhK(pu - p)-

(15)
- %m(D2 - d?)(p, - p,)*2zpDh, py],

JIe Py — MUTTEBHUU TUCK Y LIMITIHIDI;

P« — KiHIIEBE TUTOME HABAHTAXKEHHS.

Mepumit i Tperiit unenu piBusanus (15) Bu3HAYAIOTH
CHIIM TepTs, sKi BHUKIMKAaHI BIAMOBIAHO THUCKOM razy i
NPY)XHOIO CHJIOI0 TIPYXMHH. JIpyruii dieH BHOCHUTH
TIONPaBKY Ha TEPTS KUIBI 00 CTIHKY KaHABKH 1 MA€ CMHCI
y TOMY BUIIaJIKY, SIKIIO KUIBIE 32 KOXXHUM XOJIOM ITOPIIHS
KOB3a€ MO CTiHIII B pajaialbHOMy HampsMKy, 110 OyBae

TIJIBKH TIPH HENPaBWIBHIA TeoMeTpuyHiil ¢popmi LutiHapa
B pe3yNbTaTi 3HOLIYBaHHS METAJIEBUMH KUIBIAMHU. Y
Bunaaky rpagiTtoBux a00  IUIACTMACOBHX  KiJlelb
3HOUIYBaHHS IMIIHApA M 4ac eKCIUTyaTalii MpakTU4HO
BiZicyTHE. BpaxoByroun 1ie i BuKITouaroun 3 piBHsHHA (15)
JIPYTHHA 4IlleH, SKWH Mae CIIBMHOXHHUK g JpPYyroro
MOPSIKY, OTPUMAEMO:
FTp = rrpDhK[( pu - pK)/2+ Zpy] " (16)
Sk BumHo 3 piBHaHHS (16), MuTTEBa cHiIa TepTs
3aJIKUTh TIJIBKU BiJl MOBHOTO TMepenany TUCKY (py— Px) 1
HE 3aJeXHUTh B PpO3MOAUTY THUCKY 32 KUIBISIMH.
OueBUIHO, IO CEpeAHsl CHia TepTs BChOTO IHKIY
BU3HAYAETHCS CEPEAHIM IepenajoM THCKY 3a LUKI 1 JJIs
JIBOX XOIIIB ITUKITY 2S; TOPiBHIOE:
_ 1 25
F., === mDh. g(p, - p)/2+2p,]dS .(17)
2S5 o
BpaxoByroud, 110 THCK y HWIIHIAPI € QYHKINE XOIy
pu=F(S) 1 p«=f(S) [37], micas inTerpyBaHHS BHpa3y
(17) orpumaemo:

F, =npDh[(P, - P,)/2+,] =
:A(ﬁu- EK)+B’

e [_)u, [_)K — cepeHi IHAMKATOPHI TUCKHU Y IFUTIHAPI 1 3a

(18)

TIOPIIHEM.

ExcriepuMenTaabHO BCTaHOBIEHO [37], M0 3aex-
HICTh KIHETHMYHOI 1 CTaTWYHOI CWJI TEpTS MOPIIHEBUX
Kijeup i3 IpadiTiB BiJ TUCKY Mae JIHIHHMH Xapakrtep i
HE3aJISKHO BiJl KIJIBKOCTI KiJIElb i BEIMYUHH THCKY, SKUH
BCTaHOBJIIOEThCS MK KIJIBIISIMH, CIOCTEPIraeThesl CTaje
30UIBIICHHST CHJIM TEPTS Ha OJAWHHIO Ieperaay TUCKY
rasy:

DF.

tgy :ESP = const (19)
s, ==z 4

= i
£ 8 a

s h

- 1 O E—-
520

7, A

o e

Puc. 7. Emopu  ThCcKy Tasy 3a BHCOTOK  KUIBIS:

a—p=1, 6 —B<1; 6 - p>1.
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ExcriepumenTanbHi 3Ha4eHHS KYTOBHX KOE(ili€HTIB
npssMUX tQy BiIpI3HSIOTBCS BiJ pO3paxyHKOBUX A 3a
dopmyioro (18):

npDh,
2

Beenemo nonpaBounuii koedirient B y pisasaus (18):

F, =mpDh{[b(P, - P)]/2+7p,}. (21)
Ha puc. 7 moka3aHi cxeMu CuI, SIKi JiIOTh Ha KiJIbIIC B
pamianbHOMY  HampsMKy (32  BHKIIOUEHHSM  CHJIH
TPY)KHOCTI KiJIBIlS, [IO MPYKUHUTH — eKcnanzepa). [lmomri
f* 1 f'" gBastroTs COOOIO HOpPMajbHI CHIIH, SKi JHIOTH Ha
OIMHUINIO TOBXHHHU MOBepxHi Tepts Kinmbig (uf’ i uf’’ —
CHJIH TEPTH, IKi BUKJIMKAHI HUMH). SIKIIO HEe BpaXOBYBaTH
CHJIM TIPYXKHOCTi, TO CHJIa TEePTS U1 BChOTO KUNBIA 3a
CXEMOIO g JIOPiBHIOE!

F.¢ =npDf ¢=npDh (p,- p,)/2, (2
a CHJIM TEPTS 3a CXEMaMH 0, 6 MalOTh BUTJIS;
F.&=npDf = npDh.b (p,- p,)/2. (23)
MoskHa 3amnmcaTy.
fe=h(p,- p,)/2;
f«=bh, (p,- p,)/2,

=A£tgy =A3tgy. (20)

3BIIKHU:
f«_ tgy
b=—= —_—
f¢_ npDh, ()
2

MIPUIOMY Prax = 2 1 IpH 3MIHHOMY THCKY [ Oinblia, Hix
npu cranoMy. lleli koedillieHT XapakTepu3ye BILIHB
MPOTUTHUCKY B KOHTAKTI IMOPIIHEBOTO KUIBI 3 POOOUYOI0
TIOBEPXHEIO IIWIIHIPA Ha BEJIMYUHY CHIH TepTsi. OCKUIbKH
CHJIa TepTs YUIJIbHEHHS MPOIOpIiifHa KoeilieHTy f, To 3
Horo 30UMbIIEHHSM BOHa Oyle 3pocTaTd. 3HAIOYM
BENUYMHY KoedilieHTa 1 po3noAia mepemnaiiB TUCKY Ha
OKpEMHUX eJIEMEHTaX THUCKY, MOXXHa BHU3HAYUTH Mil0¥i Ha
HUX (aKTUYHI IMTOMI HAaBaHTaKEHHSI.

3 nmpuBeOeHMX Ha pHC. 6 3aJeKHOCTEH MOXKHA
BU3HAYUTH UTOME HaBAHTAKEHHS, 3 SIKUM YIIILHIOIOYU U
eneMeHT (TOpIITHEBE KiJiblle) MPUTHCKYETHCS 0 PoOOUOl
TOBEpXHI BTYNIKW ImiHApa. JIs 1poro mpu meBHOMY
mepenaji THCKY HEOOXiHO IIPOBECTH JIHII0 pPIiBHOL
IHTCHCUBHOCTI 3HOIIYBaHHS, MapajielibHy Bici abcuuc, a0
MIEpETUHY 3 JIIHIE0, SKa BIIHOCUTHCS JI0 3HOIIYBAaHHS i
Yac JUHAMIYHOrO HaBaHTaxeHHs (puc.6B). TwHCK, sKkuit
BIJMIOBiIa€  TOYIll TEPETHHY, € TIHCHUM THCKOM
TIOPIIHEBOTO KiJIbIs Ha CTIHKY LMJIIHIpa. 3HAIOUU THUCK Ha
J3epKaJIo IWIIHApa 1 mepeman TUCKY Ha Kb, MOXHA
BU3HAUUTH KoedilieHT [ sSK BiJHOIIEHHS IOABIHHOrO
MTUTOMOT0 HABAaHTA)KEHHSI HA 3pa3Ku TEPTS, SKi MPALIOIOTh
B YMOBax JMHAMIYHOIO HaBaHTaXEHHs, A0 Iepenany
THCKYy Ha VIIUIbHIOBAJIBHUM €JIEMEHT 3a OJHAKOBOI
IHTEHCHBHOCTI 3HOIIYBaHHSI.

3a J0MOMOTO0 eKCIepUMEHTANIbHNX JaHuX (puc. 6B)
MOXXHa BU3HAUUTU (PaKTHUYHE HABAHTAXKECHHS HA TIOPIIHEBE
YIIUTFHIOBAJIbHE KiJIbLIE Ta pO3paxyBaTH BEIHYHHY [ 3a
[37]. s mopriHeBUX yIiibHeHb i3 MaTepianis AO-1500,
rpadenon-20, ®4K20, ¢nyoon-15/20 3HaiineHo, 10
koedirient B gopisaroe 0,32+0,03; 1,45+0,05; 1,51+0,03;
1,12+0,02 BigmoBigHo. Sk BHUOHO 3 LMUX HAHUX, I

rpaditiB B <1, ans nonimepHux MmarepiaiiB > 1, TodTo
MOMIMEpHI  MaTepiajd, Kpalle HPUCTOCOBYIOUHCH [0
reoMeTpil IFUTIHAPa, IIBHINIE MPUIATAI0Th 10 MOBEPXHI
TEpTsl, MO0 YTIPYAHIOE TEYil0 Ta3y MO KOHTAaKTHHX
mmapuHax mosepxHi. 3amina B IIT®E nucnepchHoro
HamoBHIOBaua — Kokca (D4K20) Ha BOJOKHUCTHHA
(bry6on-15/20) puBOAUTD 10 3MEHIIEHHS B (3MEHIIEHHS
CHJIM TEPTS YUIIJbHEHHs). 3HAYHUI BHECOK Yy BENUUYHHY [3
BHOCHUTH TPHPOAA MaTpHii Kinbls. Tak, s MaTepiaiiB 3
BYIJICLICBUMHU BOJIOKHAMH TIEpeXiJ Bi M’ SKOI MaTpHIli
(IT®E)—pay6on-15/20 mo tBepmoi (AITA)—rpadenon-20
MIPUBOIUTH 110 30UTBIICHHS [3 1, BiIIOBITHO, O 3POCTAHHS
CHJI TEpPTS YIIIbHEHHS.

TakuM uMHOM, DPIi3HI 3a MNPUPOAOID Ta (HOPMOIO
YaCTHMHOK HAIOBHIOBAYi 1 MAaTpHIli YWHATH BIUIMB Ha
PO3IIOAINT THUCKY BEJIMYMH MUTOMUX HABAHTAKEHb Ta CHII
TEpTsI Ha YIIUIGHIOBAJIBHI €IEMEHTH NIPU HECTAI[lOHAPHOMY
HaBaHTa)KEHHI.

4. TocxinKeHHsI HIOPCTKOCTi MOBEPXOHD.

JlocmipKkeHo pO3MOALT BUCOT BEpIIMH Ta KPHUBUH
TIOBEPXOHb 3pa3KiB MOTIMEPHUX MaTepialiB IIPU CTAIOMY i
3MIHHOMY HaBaHTa&)XEHHI B  CTYIIEHI  KOMIIpecopa
2PK-1,5/220 BC Bucokoro Tucky, 6e3 MalieHHs HUTiHAPa,
KOJIM YTBOPEHHsS TIEPEHECEHHX IIapiB Ha IOBEPXHI
KOHTPTia yTpyaHeHo (puc. 8).

Y pom warepiagiB 3pa3KiB Ta YIIUIEHIOBATBHOTO
KiJIblli BUKOPUCTOBYBAJM KOMIIO3MTH Ha OCHOBI apoma-
THuHOrOo momiaminy ¢eninon C-2 +20% rpadiroBanoro
BookHa TI'H-2m, IIT®E +20% HahTOBOrO KOKCY,
[T®E + 20% kapOonizoBaHoro BojokHa Y TM-8.

MikporeomeTpist po0O4Oi TMOBEpPXHI  3pa3KiB 1
TIOPUIHEBUX Kijelb, HABAHTAKEHUX CTaJIUM 1 3MIHHUM
THUCKOM, y TIpOIIECi TepTs 3a3Hae pisHuUX 3MiH (puc. 8).
JlociimKeHHs! po3IOily cepelHbOl KPUBUHH MTOBEPXOHb Y
BEpILIMHAX MIKPOHEPIBHOCTEW Ta BUCOT BEPIIMH IT0KA3aJo,
mo micng 200rox. poborm KomIpecopa Uil BCiX
MaTepiajJiB KPUBUHHM 3MIiHIOIOTHCSI OUIBILIOI0 MIpOI0 TpH
3MIHHOMY THCKY, HDK Tpu crajgomy. [lpu upomy
MaKCHMaJIbHI 3MIHH CIOCTEPIraloThCs TNPH 3MIHHOMY
TUCKY Uil Kommo3uty Ha ocHOBI IIT®E + 20% kokcy,
TOTIM /1715t KoMNIo3uTy Ha ocHOBI AITA + 20% TTH-2m iy
5-6 paziB menmi 3minm mis komnosury I[ITOE +20%
YTM-8. Tlpu cranoMy THCKYy MaKCUMallbHi 3MiHH
CHOCTEpIraroThes Ui KoMIo3uTy Ha ocHoBi AITA + 20%
TI'H-2m, notim IIT®E + kokc 1 y 3-8 pasiB meHmn s
[ITOE + 20% YTM-8. Bce 1e no3Boisie mepeadaduTu
MEHIIY Ta30IIUIBHICTE MO POOOYii MOBEPXHI YIIIBHIO-
BaJIbHUX €JIeMEHTIB 3 MatepianiB Ha ocHoBi AIIA +20%
TI'H-2m, ITT®E + 20% kokcy, Hix [ITOE + 20% YTM-8.
Pazom 3 THM 1711 BCiX €JIEMEHTIB 1 MaTepialliB XapaKTepHa
3aKOHOMIPHICTh. CEpe[HI KPUBHHU IIOBEPXHI y BEpIIUHI
MIKpPOHEPIBHOCTEH B MPOIIEC] TEPTS 3MEHIIYIOThCS.

HlopcTKicTh TMOBEpXHI  YIIUTBHIOBAIBHUX KiJIelb Y
mpoleci  podOTH KOMITpECOpa 3MEHIIYEThCS OLIBIION0
MIpOIO, HIXK 3pa3KiB TepTs, HABAHTAXKEHUX SIK CTAINM, TaK i
3MIHHUM THCKOM, IO MOXKHa ITOSICHUTH OLIbII MOBHUM
BUBEJICHHSIM IIPO/IYKTIB 3HOUIYBAHHSI 13 30HH TEPTS KiJIbLI,
HIXK 3pa3KiB.

Bespo3mipHa KpHWBHHA YIIUIBHIOBAJBHHX KUTCIh 1
3paskiB 3 komnosury [ITOE + 20% YTM-8 i ATIA + 20%
TI'H-2m micas 200 rox. poOOTH KOMIIpecopa 3MEHIIMIACS
y 1,3-15 ta 6,5-75 pasu BIiINOBIZHO KOMITO3UTAM.
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Puc. 8. llinbHicTs HMOBIpHOCTEH BUCOT BEPIIHH MOBEPXHi (a, 6, B) Ta cepenHs KpUBHHA IOBEPXHi y BEPIINHI
MiKpOHepiBHOCTEH (I) YIIIJIBHEHOrO KiJIbIs, HABAHTAXKEHOro 3MiHHKM THCKOM (1, 2, 5, 6, 9, 10) Ta 3pa3ka, HaBaHTa)KEHOT'O
cramum tckoM (3, 4, 7, 8, 11, 12) no (1, 3,5, 7, 9, 11) i micia 200 rox. tepts (2, 4, 6, 8, 10, 12) B kommpecopi
2PK-1,5/220 BC nio crani 30X13,V =1,2m/c; T = 338 K; P = 2,8 MIla (xisbis); P = 3 MIla (3pa3ku) 1pu CTHCKaHHI
BOJIOTOT"0 TIOBITPsI; MaTepiaay KUl i 3pa3kiB: 1-4 — [ITOE + 20% YTM-8; 5-8 — ATIA + 20% TI'H-2m; 9-12 —
[ITOE + 20% kokcy.

IpamieHT MOBEpXHI €NEMEHTIB 3 KOMIIO3MTY Ha OCHOBI
I[ITOE + 20% YTM-8 smenmmuscs y 2,5-4, a AIIA + 20%
TI'H-2m y 8-8,5 pasis.

TakuM 4ywmHOM, poOoua TIOBEPXHS YIIUIBHEHb 3
kommo3uty IITOE +20% VYTM-8 BHachigok Oinbmioi
€JTIACTUYHOCTI MOJNIMEPHOI MAaTpulll B Tporeci podoTH
KOMITpecopa BHCOKOTO THUCKY (OPMYETbCS 3 MiKpOHEpiB-
HOCTEH 3 MaJlOl0 KPHBUHOIO, MIUIKUM KPOKOM i MalluM
I'paJiEHTOM ITOBEPXHi NOPIBHSIHO 3 BUXiTHOIO MOBEPXHEIO.

Tomy yIIibHEHHS 3 LBOTO Marepianxy CHPOMOXKHI
o0JsiraTH  MIKPOHEPIBHOCTI  KOHTPTiNa, 3a0e3medyroun
BHUCOKY  Ta3omlijibHicTh.  [loBepxHi  TepTss  craib-
KapOOIIaCTUK, OTPUMAHOro 3a XMA-TEXHOJIOTIENO,
CHJIbHO aHi30TPOIHI 1 HaBITh NMPU TPUBAIOMY KOB3aHI He
JIOCATAETHCSI PIBHOBAroBa MIOPCTKICTh, IO, BiAMOBIAHO,
BIUIMBA€E Ha IHTEHCUBHICThH 3HOIIYBAHHSI.

Tak, s TOpUEBUX YIIUIBHEHb 1 OMOPHOI BaJBHUII
IHTEHCUBHICTh 3HOIIYBAHHS MOCTIHHO 3HIKYEThCS (HABITH

micas 12960 km (14400rtom.) i 25920 km (7200 rox.)
KOB3aHHs BimnoBiaHo) (puc. 9).

TakuM YHHOM, y HATYPHHX TOPIIEBUX VIIiTbHEHHSIX
pIiBHOBaroBa IHTCHCHBHICTh 3HoIIyBaHHS ¢ryooHa-20
(i, BimnoBimHO, piBHOBAaroBa MIOPCTKICTh ITOBEPXHi
MONMIIMEPHOTO  3pa3ka Ta METaleBOr0 KOHTpTINA) He
JIOCSITAETHCS. TIPU TOBTOTPUBAJIOMY KOB3aHHI B XiMi4HO-
aKTHBHOMY CEpE/IOBUILL.

AHanoriyHo, Ui YIIUIGHIOBAJILHUX KiJlElb, BUTOTOB-
nenux 3 Marepiany Gpuyoon-15/20 (na Biaminy Bix ®4K20
i rpademon-20), npu BUMpoOyBaHHI B KOMIpecopax 0e3
MalleHHsl B Qi3MYHO-aKTUBHOMY cepenoBuili Tex 3a 700-
40000 ron. HE IOCATAETHCS PIBHOBAroBa I1HTEHCUBHICTH
sHomyBanus (i, BiAMOBiZHO, piBHOBaroBa IMIOPCTKICTh
MOBEPXHi MOJIMEPHOr0 3pa3ka Ta METaleBOr0 KOHTPTIJA)
(puc. 10), mio miaATBEpKYE OCOOIUBHUIA MEXaHi3M TEpTS Ta
3HOLIYBaHHS MatepiaimiB ¢uyOooH Ha ocHoBi I[IT®E i
BYTJICIIEBUX BOJIOKOH.
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BucHoBkn

[IpoBimHa ponp y sIBUINAX BIUIMBY CTalIMX Ta AWHA-
MIYHHUX HaBaHTKEHb Ha MPOILECH 3HOIIYBAaHHS, TEPTS Ta
3MiHYy PO3IOMITY BUCOT BEPIIUH Ta CEPENHbOI KPUBUHU Y
BEpILIMHAX MIKPOHEPIBHOCTEI IOBEPXOHb TEPMOTPHBKUX
MONIMEpiB, HANOBHEHHX C(HEPUYHUMH Ta BOJOKHHUCTUMHU
JIUCIIEPCHUMH Martepialamu, IIijJ] 4ac BHUIPOOYBaHb Yy
KOMITpecopax 0e3 MallleHHS BUCOKOI'O THCKY HaJISKUTB:
TeOMETPHUYHIN (hopMi HANOBHIOBAYA IOJIMEPHHUX KOMIIO-
3WTIB, TPUPOJI Ta30BOI0 CEPENOBHINA, THUCKY Ta3dy Ta
TEMIIepaTypi HOBEPXHI CIPSHKEHUX Tap TEPTSL.

Puc. 9. 3anexHicTh  IMIBHIAKOCTI  3HOIIYBaHHS  KiJIEIh
TOPLIEBUX  YIIUIBHEHb 3  Marepialy Ha  OCHOBI
I[ITOE + 20% BB YTM-8 (1, 3) i IITOE +15% BB
YTM-8 (2) Bim uacy BunpoOyBaHb B TOPIIEBOMY
yurigeHeHHi TC-152 (1, 2) Ta omopHi#t BaTbHHUIN MilIATKH
amapatiB. 1—crenn (mucrunboBana Boma, P =3 Mlla;
V =11w/c; T=310+5K; cram 10X17H13M3T); 2-—
LITI030Ba KamMepa peakropa OKHCHEHHS N-KCUIIONY
(poboue cepemoBuIlle — BOAA, PO3YMH i Mapa OITOBOL
KHCJIOTH; N-KCWJION, 3amuKaroua piaumHa — 40%-Buii
BOJHUMH pO3UnH TIIIEPUHY;, P =0,5-3,5MIla;
V =1,0m/c; T =333-383 K; crans 10X17H13M3T); 3—
kpuctamizatop YHT-110 (poGoue cepemoBuiie —
CYCNEH3is CHUpOro JuMeTHiaTepedTasary B METaHON;
3amukarouya piguHa — 40%-Buii  BOAHWI  pO3YMH
rminepuny, P =0,5MIla; V =0,25wm/c; T = 313-373K;
crans 12X18H10T).

Puc. 10. 3anexHicts LIBHIKOCTI 3HOIIYBaHHSA
YIIJTBHIOBATBHUX Kijelb KapOorumactukis ®4K20 (1),
rpadenon-20 (2), ¢aybon-15/20 (3-6) Bim yacy
BUMpoOyBaHbL B KoMmmpecopax 0e3 wmamienns: 1-3—
2PK-1,5/220BC  (Bomore moBitps; Py =22 MIla);
4 -3C2CITI-6/30 (cyxmit remiit, Py=1,6Mlla); 5-—
TG3S,-100/150 (Bonoruii Byrnexkucnui 1a3; Py= 8 MIla);

6—-4M40-680 22-320 (a30THOBOAHEBA  CYyMIIII,
Py = 9 MIla); 7 — y3aranpHeHa KpHUBa.
Cipenxo I'O. — 1OKTOp TEXHIYHMX HaykK, mpodecop,

3aBiyBay Kadeapu HEOpraHivyHOI Ta (hi3UYHOT XiMii;
Ceidepcokuii B.II. — xaHmunaT TEXHIYHUX HAYK, JOLEHT
Kadenpy 3HOCOCTIHKOCTI Ta HaIMHOCTI MAIIIVH;
ConmucJ/IM. — TpOBIAHWEI  IHXKEHep
HEOpraHiyHOI Ta (i3MYHOT XiMii;

Hogikoe I.I. — TOKTOp TEXHIYHUX HayK, KOHCYJIbTaHT 3AT
«bappeHc»;

3axapenxo B.II. — NOKTOp TEXHIYHUX HAYK, TEXHIYHHH
nupekxtop 3AT «bappeHc».
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I nfluence of Constant and Dynamic L oads on the Processes of Wear, Friction

and Change of Roughness Surfaces of Polymer Composites
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57, Shevchenko Str., Ivano-Frankivsk, 76025, Ukraine
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9, Nevsky Sr.; JSC "Barrens’, Saint Petersburg, Russian Federation

It has been shown and analyzed the phenomenon influence of constant and dynamic loads on the processes of
wear, friction and change alocation of heights of peaks and average curvature in the peaks of microirregularities
surfaces of thermo-lasting polymers, filled with spherical and fibrous dispersed materials, during tests in the
compressors without |ubrication of high pressure. Leading role in these phenomenathere are: geometric form filler of
polymer composites, the nature of the gas medium, the pressure of gas and temperature of surface of conjugated pairs
of friction.

Key words: polymer, coke, carbon fiber, composite, samples of friction, sealing rings, piston, cylinder,
roughness, moments of spectral density.
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