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AINTOPUTM PACHETA SHEPI'M KOHTAKTHOI'O
B3AUMOLENCTBUA PEXYLLEMO UHCTPYMEHTA GAPOBOW
MALLWHbI B YCNOBUAX USHALLUBAHUA C SAKPEIMJIEHHBLIM
ABPA3NBOM

Heenedogan mMexaHusm 83auMoOeticmaus npyu KOHMAKMHOM MpeHuy nogepxHocmeti 6apogoeo pesya ¢
acghanvmobemonom. Paspaboman KOMUNEKCHbIl CUCEMHBIT AN2OPUMM IMIUPUYECKO2O pACYema CUNl MPeHUs U
pabomvi paboueco opeana bapui. [lpednodxcena Memoouxa aHANU3a GIUAHUA GeTUYUHBL CUTBI MPEHUA U IHepeUl &

sasucumocmu om ya@ﬂbHOZO JIUHEUH020 UsHoca PEe3Yoes.

Knrouesvie cnosa: pesxcyuyan Kpomxa, pesey, cuia mpeHus, paboma cisivl mpeHus, 2eoMempuyeckiie napamempol
pe3ya, nepeoHss cpans pesya, yeoa pe3aHis, nyme mpeHus, yoeabHbuili U3HOC.

Beenenne

[Mpobnema aHaM3a BIUAHASA OCHOBHBIX TCOMETPHYCC-
KHX IIApaMeTpoB 0apoBOrO pe3lia Ha IPOLECC €r0 W3HA-
IMHBAHKA IPH Pa3pyIICHIHA aC(aTbTOOCTOHHBIX TOKPBITHI
B [NIABHOU CTETICHU ONPECIIACTCS BEIMMUHON U HAIPABJIC-
HHUCM KOHTAKTHBIX CHJI ITPH BSaHMOZ[efICTBHH PEXKYICTO
HHCTPYMEHTA C aDpa3MBHOM CPEIOH M B YACTHOCTH B YCIIO-

© C. H. Nonos, C. B. AHgpueHko, 2013
138

BHSX KOHTAKTa C 3aKPEILICHHBIM a0Pa3HBOM IPAKTHUECKU
HE U3y4CHA.

3TO CBA3aHO C TEM, YTO HA CETOAHAIIHUN ACHD OTCYT-
CTBYIOT IIPAKTHICCKHE ANTOPUTMBI I PACUETOB TCOMET-
PHMECKUX TTAPAMETPOB PE3LOB OAPOBBIX MAIINH, B 4aCT-
HOCTH BEJIMYHHBI H PACTIPSACTICHIA YCHIHH, ACHCTBYFOIIIX
Ha pabounif opras. Takue mapaMeTpsl pe3na Kak MIHPHHA
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H BBICOTA PEKYIIECH KPOMKH, IYTh PE3AHISL, YTOI PE3aAHUS
OKAa3BIBAFOT CYMICCTBEHHOE BJIMSHHC HAa 3()(PECKTUBHOCTH
PadOTHI PSKYIIHX HHCTPYMCHTOB H HX H3HOC [ 1-3].
[To3ToMy pemieHne 3a7a4M MO CO3TAHHMIO MATEMATH-
YECKUX IMITUPUICCKUX H PACUCTHBIX 3aBHCHMOCTEH, ITO-
3BOJBIFOIIMX OLCHAUTH BRI/ KA7KI0TO MApaMeTPpa H3HAIIHN-
BaHHUI HA IPOLIECC PA3PYIICHHUS IMOBEPXHOCTH TPCHUS B
VCIIOBHAX H3HAIIMBAHMS 0ap, SIBILICTCS aKTYAIbHOH.

JInteparypHbIii 0030p JAHHLIX

Anpuopu MOKa3sIBAKOT [ 1, 2], UTO BETHYMHA ACHCTBY-
HOIUX CUJI TPCHWA HA PE3LEC U QHCPTUA KOHTAKTHOTO B3a-
I/IMOZ[GfICTBI/DI 3dBHCHT OT KOMIIICKCA B3AUMOCBIA3aHHBIX
TAPAMETPOB — TPHOOTCXHUICCKUX, KOHCTPYKIIHOHHBIX, K-
CILTYaTAalTHOHHBIX, MATCPHAIOBETICCKHAX U AP. HpI/I 3TOM
OTPCACTUTH MPCBATUPYIOMHE (DakTop, B OONBINCH CTC-
IICHH, BJ'II/I)IIOH.[I/IfI HA SHCPIUI0 KOHTAKTA U, B KOHCTHOM
HTOTE, HA M3HOCOCTOHKOCTD PE31Ia HA CETONHSIIHAHN TCHb
MOKAa CIIEC BEChbMA 3aTPYIHUTEIBHO. Tak, MO MHCHHIO
Cmrocapenxko B.B. [5], H3MCHCHHC BSTHYHHBI H HATIPAB-
JICHUSA CHJI, ACHCTBYIOIIUX HA PE/KYIMIA HHCTPYMEHT, MO-
JKET OIPEACTATE XapaKTep BO3ICHCTBHSL, B JACTHOCTH CTe-
NICHb 3aKPCIITICHHOCTH a6paSI/IBHI>IX 3€PEH — OT KECTKO
3aKPEIICHHOTO, MOy 3aKPEIIICHHOTO 0 HE3aKPEILUICHHO-
TO, YTO B CBOIO OYCPE/Ib, BIMSCT HA CaM MPOLIECC PE3AHUS
TBEPAOTO MOKPBITHA H H3HAITUBAHUC pa6oqero opraHa —
pesua. OgHaKo, B padOTE MPUBOAUTCS TONBKO KAYCCTBCH-
HBIH aHAIH3 BIHIHHIH OTCYTCTBYCT MCTOAUKA PACUCTA
KOJTMYCCTBCHHBIX YHCICHHBIX 3HAYCHUI APAMETPOB TPH-
6ocucTeMBbl.

Beneacteue 3toro, uccaeaosarenu bepkosmy M. U
I'pomaxosckmit /1. T [6], TIaBHEIM 00pa3oM, CBA3BIBAFOT
BSBHMOZ[efICTBHe a6paSI/IBHI>IX qacTul ¢ MOBECPXHOCTHIO
pe31a ¢ MpoIeccaMy H3HAIINBAHMS, KOTOPBIC BOSHUKAIOT
34 CYET CHJI TPEHHsA, TP ACHCTBHH KOTOPBIX B YCIOBHAX
JUCCHITAIIMY HA ITOBEPXHOCTH MAaTEpHaia Pe3la BCE K
00pasyIOTCS M HAKAIUTMBAKOTCS MOBPEKACHI. Taxk, SIky-
608 @. 1., SIxkyooB U. ®. [7] ykaseIBarOT HA TO, YTO Pa3py-
[ICHUE MATEPHAaa MMPOUCXOAUT HMEHHO ITOCIIE TOCTIDKE-
HHUS HEKOTOPOHl KPHUTHYCCKON BEIHMYHHBI HAKOIUICHHOH
sHepruu. [laraposa O.H. u Jisopyk B. Y. co cBonmu kom-
neramu [9, 10] oTMEHAFOT, YTO 00PA30BAHKC YACTHI] H3HO-
Ca P KOHTAKTE MHCTPYMEHTA C IOPOIOH COMPOBOMKIACT-
Cs YBCIIMICHHACM HOBerHOCTHOfI OHCPIruM, KOTOpAsA HA-
MPAMYIO CBSI3aHA C IMpouUeccoM TpeHws. [Ipm 3ToMm
KOJIMYECTBO YHEPTHH, IOTIOMACMON MHUKPOOOBEMOM H3-
HAIITHBACMOI TIOBCPXHOCTH, 3aBHCUT OT JHCPIOCMKOCTH
TIPOIICCCOB, MPOTEKAOIIMX B METAJIJIC IIPH B3aUMOICHCTBHI
¢ abpasuBoM. B TOXKe BpeMs1, B UICTOUYHHKE HET YCTKHX JAH-
HBIX, KaK ¥ KAKUM 00pa30M MOKHO OLICHHUTH 3TOT BKJIAJ.
3T0, OUYEBHUIHO, CBA3AHO C TEM, UTO B 3aBHCHMOCTH OT JK-
CIUTYATAIIHOHHBIX PEKUMOB H IMMAPAMCTPOB KOHTAKTHOTO
TPEHHST, MEXaHU3M PA3PyIICHIS OBEPXHOCTH MaTEpHaa
MOKCT OBITh CYICCTBCHHO PA3JTM'THBIM.

Tak, B uccneaosanmu Anrmosa O. [1. u ero xomrer [11]
VKa3BIBACTCS, UTO MPH PabOTE 3aTYIIICHHBIMH PE3LAMHU
CHUIIBI PE3aHMS W YCHUITHE TTOIAYH BO3PACTALOT, UTO MPUBO-

JMT K 3HAYUTEJILHOMY MOBBIMICHHUIO SHEPTo3aTpar Ha pas-
pymenue mopoasl. Kpome Toro, ormeueHo, uto HanodoIee
3(1)(1)GI(TI/IBHI>IMI/I ABJLIFOTCA PE31BI C MUHAMAJIBHBIM YIJIOM
pezanms. [TosTomy, Ut 00eCIICHEHHS TOCTATOMHOM TEX-
HOJIOTHYECKOM IMPOYHOCTH PEXKYIIECH KPOMKH H H3HOCOC-
TOHKOCTH PE31I0B, OHHU IIPEAIATAFOT, YTOJI PE3AHMUSI I Pe-
JKYILEr0 MHCTPYMEHTA MPUHUMATh B Mpeaenax oT 75 1o
85°.

Jpyro# TOUKU 3peHUA N0 YBEIUUCHHIO W3HOCOCTOM-
KOCTH pe3LoB npuaepxusarorcs Benepaukos H. Y. u Mak-
xamoB K. X. [8, 12], KoTOpbIEC CUUTAIOT, YTO MOBBIILICHUE
VACNBHOH SHEPTHH Pa3pyIICHUE TIOPOIBI, ITIABHEIM 00pa-
30M, CBSI3aHO C YMCHBIIICHHEM MIUPHHBI pe31ia. [1o ux mHe-
HUFO, 3T0 OOYCIIOBICHO TEM, HTO IIPH CHIKCHUH YITIA pe-
3aHUA YMCHBIIACTCA BBICOTA KOHTAKTA r[epe/:[HefI TpaHu
pe3ua ¢ pa3pylaeMbIM MACCHBOM, H BBIXO OTACTAEMBIX
3JIEMEHTOB MOPOABI MPAKTHYCCKHU HE 3aTpyAHeH. [TosTomMy
3aTPaThl SHEPTHH HA IIPOXOAKY TBEPABIX CIIO0EB MOHIKAOT-
¢4, a Y3(PCSKTHBHOCTH MPOIICCCA PE3aHUS (PA3PYIICHHS)
niopoas! noBsimarorcs. [To muenuro Kyzuenosoii B. H. [13],
JOMHHHUPYIOMAA BEIMYNHA CYMMAPHOH CHITBI COTPOTHB-
JICHHS TPYHTA Pa3pabOTKE MPUXOTUTCA HA JTOOOBEIC MO-
BEPXHOCTH PSXKYIIHX PAOOUIX OPTaHOB 3EMICPOHHBIX Ma-
IIIVH, OTHAKO, KOJMYECTBCHHAS OLICHKA M PACUET HE IPHBE-
JeHbl. CaMbIi TOTHBIH aHATH3 (PAKTOPOB, OTMPEICTIFOIITIHA
TIPOU3BOIUTEILHOCTD PE3AHMUS TOPO/IBI IPHBEICH B Pado-
1€ [4], OMHAKO B HEM HE YUIMTBIBACTCS TAKOH BAXKHBIH (Pak-
TOP KaK CTCIICHBb 3aKPCIICHHOCTH a6paSI/IBHI>IX YAaCTHII,
KOTH OpI)H\/'I BIIHACT HA MCXaHHU3M H3HAIIIMBAHUA, YTO B KOHC-
HOM HTOTE 00YCIIABINBACT MOJTYUCHHE HEKOPPEKTHBIX pe-
3YIIBTATOB.

Takum 006pazoMm, exHAS TOYKA 3PEHUS HA IPOOIEMy
OLICHKH BIVSTHHS TPHOOTEXHHICCKIX MTAPAMETPOB PabOHX
OPTaHOB Ha IPOLIECC PA3PYIICHIUS IOBEPXHOCTH HHCTPY-
MEHTOB OTCYTCTBYET, aHAJIN3 AIPHOPH MOKA3AJ HEIOCTA-
TOYHOCTh, OGCCHCTEMHOCTD, 4 B HEKOTOPHIX ACIMCKTaX H
MIPOTHBOPESUHBOCTD TAHHBIX, UTO TPEOYET HACTOSTEIHHOTO
TIPOBE/ICHY IIC/ICHATPABIICHHBIX TATBHEHIINX HCCIICT0BA-
HUH.

Merommka npoBeIeHIs pacyeToB

[Mapamerpsr pezanmst achaabTOOCTOHA CICAYIOIINE:
pabouast CKopocTh MaIKHHbI 60 M/4ac; CKOPOCTH PE3aAHMS
(cxopocTs mepeMeeHus pe3noB) J = 3 £ 0,5 m/c, yron
Haknona 6apa 70°. Ilpu mmune 6apa L, = 2 M ITHHA TETH
L,=35.244 M. PaboTsI IPOBOIMIHCH HA OAPOBOH YCTAHOB-
Ke Ha 0aze Tpakropa MT3-82, ¢ pexxymmMm OpraHom
«¥Ypan-33» ¢ pesuamu PT1-3. Tak Kak Cpok CIIy>KOBI PE3II0B
COCTABIIACT 10 3 CMCH (70 24 4acoB paOOTHI MAIIHHEI), TO
TOCTIC KAKI0H CMCHBI HAMH OBLIH OTOOPAHBI MO 5 Pe3-
1oB. [Toce mposeacHus1 paboT Pe3Ibl OUHIIAIHCH OT IPs-
31 MATKOH METAITMUYECKOH IIETKOM, MPOMBIBAJIUCH B alle-
TOHC. 3aMEPHI MPOBOIIIACH TI0 3-M OCHOBHBIM TCOMCT-
PHUYCCKHM TapaMeTpaM PE3IOB, HEOOXOAUMBIX IS
pacuera CHI: BBICOTA M ITMPUHA PE3LA, YTOJ PE3AHMS C
MOMOIIBEO ITaHreHmpKyya LI 1-125-0, 1, ymomepa Tuma
1-2TTOCT 5378-88.
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Pesyibrarbl uec/ie10Banuii

Paccunrarh 3aTPauCHHYIO JHCPTHIO B3aMMOACHCTBIS
pe3ua 6apbl BOSMOKHO HCXOAS H3 KIACCHYCCKOTO MOHH-
MaHus PaboThI TpeHuUs. Tak mpu 3TOM CyMMapHast SHep-
rusg paboTHI pe3aHus (pa3pymeHms) achanprodeToHa [4]:

Ay = Eop -1, @

e 4,, —paboratpenus, Jx; £, —cunatperns, H; [ —
MyTh TPCHUS, M.

AHamH3 CXEMBI CHIIOBOTO B3amMonckcTeus (puc. 1)
TIOKA3BIBACT, YUTO MPH PAOOTE Pe31a Ha CTO TICPCIHIOK TPAHb
TIEPEIACTCS CHJIA JABJICHUS Pa3pylIacMOro MacCcuBa Io-

poasl F)y;, . Tloa Bo3AcHCTBUEMATONCHUIBIIABICHUSIMBO3HH-
KAFOLICHHATICPE IHCHT PAHUCHIIBITPEHNS /7, (popmupyerT-
S Pe3YIBTHPYIOMIAS HATPy3Ka Ha paboueM HHCTPYMCHTE
Fpg, , KOTOpast OTKIIOHEHA OT HOPMAJIH K PaboueH moBepx-
HOCTH Pe31ia Ha YTOJI TPEHuUsI (P . PABHONCHCTBYIOIIIYFO 3THX
cunl I MOXHO PasiIOKUTh HA COCTABILFOINKC IO OCAIM
KOOpAMHAT: /7, — CONMPOTUBICHUE PE3AHUIO TICPETHEH IT0-
BEPXHOCTBIO pe3na U F,; — COMPOTHBIICHHE TOJa'E PE31a
Ha 3a00#. COOTBETCTBEHHO, 3a00H — MOBEPXHOCTh MACCH-
Ba MOPOBI (OTACICHHON MAacChl MOPO/BI), KOTOPAs Mepe-
MEIIACTCS B IMPOLIECCE TOPHBIX PAdOT MO BHIEMKE.

Taxum 00pa3oM, CHITY TPSHUS, ACHCTBYIOMIAS HA TICPC-
JTHFOFO TPaHb PE311a MOYKHO OTIPEACITATH KAK:

Fmp:M'FNla (2)

Puc. 1. Cxema cuIoBOro B3anMOASHCTBYS Ha IIepeJHIO0 TpaHb
pesma Gapbl Ipu pe3aHuu acanbtobetoHa: 1 — TBepable
JacTHIBI abpasuBa; 2 — pe3ell;, 3 — ONTyMHas CBSI3Ka,

F,, — HOpMalbHasl COCTABILIIOMAsl WITH COIPOTUBIICHUE
Hoslavuy pesllana 3aboi, F, — KacaTelbHas COCTaBIIIONAs WK
COTIPOTHBIICHUE Pe3aHuIo MepeAHel IPaHbIo pe3lia, o — yroil
pe3aHust HHCTPYMEHTa, ¢ — yroy TpeHWs IpyHTa O cTaib

(@=25..45")[14]
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rac K — ko3 umueHT TpeHNA ac(PamsTo0CTOHA IO CTAH,
u=0,5; F), — HOpMaJIbHAS CHJIA, ACHCTBYIOIIAS TICPIICH-
JUKYJBIPHO TIepeHeH Tpanu 6apoBoro pesna, H.

TIpu 3TOM, HOPMATLHYK COCTABILIFOLLYIO CHIIbL [,

MOYKHO JICTKO IIPSACTABHTH B BHIIC:
Fyy = Fgy -coso, 3

rae Iy, —paBHOACHCTBYIOIAA ClIa, H; ¢ —yron TpeHns
acganpTodeToHa o cTaimb, ¢ =30°.
Hcxoas u3 37010, paBHOACHCTBYIOIIYEO CHITY BBIPa3HM

B BUJIE:
Fpi = \/Fn12 +F‘512 , @

rae I, — HopMaJIbHAs COCTABILIFOIIAS HTH CONMPOTUBIIC-
HEC HOAa4H pe3naHa 3adoi, H; F, — kacaTeIbHAsI COCTaB-

JLIFOIIAS WUTH COTIPOTHBIICHUE PE3AHUIO TIEPETHEH TPAHBIO
pesua, H.
HopmanbsHas cocTaBmmomas [,

F

n

1= Fy() bhkoc 'ku kd) 'kﬁjz 'knp 'Ctg(a'*‘(P) . (5)
Kacarenpnas coctamsomas [ :

Fl:Fya-b-h-k(x-ku-kqb-kn-knp, ©)

T

rae F,, — yAENbHOE CONPOTHBICHHE PE3AHHMIO TPYHTA,
F,5=0,15MIla; b =0,013 M, 4 = 0,04 M — mUpHHA 1 TOI-
MHA cpesa, M; k, — koddduuueHt Gopmbl nepeaHei
rpamm, kg =1; k, —K03(D(DUUMCHT, YUHTHIBAXOIIUH BTHSI-
HHC YITIa pe3aHus, mpuaumaeM k, = 1,23; k, —xoadpdu-
IWCHT BIUAHHA CKOPOCTH PE3aHKsA (IPH L ., =1...10 m/c,
k,=1,01...1,7). Ilpumem k, = 1,18; — xoadpummenr,
VUUTHIBAIOIINH ITPOCTPAHCTBEHHOCTD IPOIIECCA PE3aHMA
(3aBHCHUT OT COOTHOLICHHS TOJNINWMHBI U IMIMPUHBI CPE3a),
k,, = 0,68, — x03(h(GHUUHCHT OIOKHPOBAHHOCTH PE3LA;
k,=0,57.

Taxum 00paszoM, paboTy CHITBI TPEHHS, YUHTHIBAS BCC
TIPUBECHHBIC BBIPAXKCHIS M MOACTABILLI HX B (hOPMYyIy
(1), moyuum:

Amplz VF‘nl2 +F‘512 'COS(P'M'IZ

(Fbhk ok k gk g,k poctg(p +o0)” +
= -cosp- -1, (7)
+(F,,bhk kK ke k0 )°

Bes mocne10BaTeIbHOCTS PACUETa CHIIBI TPEHHSA U 3HEP-
THH, 3aTPAIHBACMOHN HA €€ MPEOAOICHUE, CBEICHA B AJIT0-
put™ (puc. 2). B 10 e BpeMms pacueT CHJIbI TPEHHSA pe3La
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TpeOyeT TOTMOTHUTSIIHHOTO AHATH3A, UTO CBA3AaHO C HEOO-
XOTHMOCTBEO YUECTh CIICAYIOIIHE TAPAMETPBL

1. Fy0 — ynenbHOE COMPOTHBIICHAS PE3AHMIO TPYHTA, B
OCHOBHOM, 3aBHCHT OT IAPAMCTPOB IPYHTA, TAKAX KAK rpa-
HYJIOMETPHYCCKHH COCTAB, BIAYKHOCTb, IUIOTHOCTD H TEM-
neparypa. M3-3a OTCYTCTBHS JAaHHBIX B JIUTEPAType 00
VACTHHOM COTMPOTHBIICHAH ac()aTbTO0CTOHA, MOYKHO TIPH-
HATb TO, YTO OH COOTBETCTBYETF Y A1 MEP3JIBIX TPYHTOB.
70 00BACHACTCS TEM, UTO MEP3JIBIN IPYHT, KaK H ac(hars-
TOOCTOH 0012 JAFOT BEICOKAMHE 3HAMCHHIAMH MPEICTIA POU-

HOCTH TIPH C)KATHH. G, = 3,9 — 8,3 MIla 11 Mep3moro

rpyHra npu remneparype -5°C, o, = 3,5-6,2 MIla xus
ac(anpToderona mpu remmeparype 5—10 °C. [IpuanMaem
F,=0.15MIa[15];

2. lupraa uHCTpYMEHTA (ImpuHA cpe3a),b, M. [lnpu-
HA pexymnici KpoMku 0aposoro pe3na b =0,013 ;

3. Bricota paboucii uacta pe3ua (BbICOTa ¢pe3a), /1, M.
Bricora paboucii yacT pe3na (BBICOTA CPSIHCH TPAHH)
h=0,04w;

Taxum 00pa3oM, IITOMATE CPE3AHHOTO MHKPOOOHE-
Ma S=b-h=0,013-0,04 = 0,00052 m?>.

4. Koa(ppurmeHT (PopMbl NepeaHei rpanu Ky

- T PE3LOB C IIOCKOU NepeHei rpanbo kg =1 ;

- A4 Pe3UOB C BBIMYKIOH NMEpedHEH T'PaHBIO
kg =090-0,95;

- 111 PE3L0B C BBIYKJION KIMHOBUAHOM IEpEAHEH Ipa-
HbE0 K =0,85-0,90 [16];

5. Koa(duuueHT, yIUTHIBAIOIINH BIMSIHIE YIJIA PE3a-
HHA k, , OIpeaeiieTcs conacHo Tadbmuue 1 [15], roe Hik-
HUH PSS NPHHAMACTCS IS BA3KOH a0pa3HBHOM CPCIBL,
BEPXHHHU MPEACT — AL XPYIKOMH.

Taéamma 1 — 3raucHuS KO3 PUIIEHTA BIITHIA YI1a
pP'{?‘IHT/Iﬂ QL

%
ron(feiam 50 | 60 | 70 | 80 | 90
Koopdmment [ 085 [ 09- | 0,93 | 1,08 | 1,23~

k,, 0,80 | 0,92 | 1,06 | 126 | 1,34

6. Koa(purmenT BIMHIS CKOPOCTH pe3anus k,, (ipu

Vs =1...10 m/c, &y =1.01...1,7). TTpumenm k, =1.18 [16];

7. KoapuimeHT, yuTHBAFOIIHN IPOCT PAHCTBCHHOCTD
MPOLIECCa PE3aHMs, KOTOPBIH 3aBUCHT OT COOTHOIICHUS
TOJIIIMHBI M INHPUHBI CPE3a knp . Tak, mpu mupuHe pesKy-

mielt kpoMka b = 10 — 15 mm, k03 umment k,,p =0,68-

0,52 [16]. TTpurnmaem k,,, = 0,68;

8. Koa(hpummerr OmokupoBaHHOCTH pe3na . [ moy-
ONOKHPOBAHHOM CXEMBI pe3anus |5, 17] ko3 drpeHT Omo-
KHPOBAHHOCTH ONPCACILICTCS COMIACHO Tadmume 2, k, =
0,65.
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Taéamma 2 — 3naucHue k03 Puimenra OI0KkupoBaH-
HOCTH B 3aBHCHMOCTH OT CII0c00a pe3aHus

3uavyeHue ko3 prameHTa

CriocoG pesant OIOKUPOBAHHOCTH

broxuposanHoe 1
TTomyGmokupoBaHHO 0,64-0,91
Cpobomoe 0,34-0.8

9. Yron TpeHusa ¢ rpyHTA IO METAILTY, HAXOASIIHUICS B
npeaenax 25—45°; g mepanoro rpyHra ¢ = 25-32°. Mep-
3IIBIH TPYHT — 3TO MHOTOKOMIIOHCHTHAI CUCTEMA, B KOTO-
PO HMEIOTCS TAKHE COCTABIFOLINES KAK TBEPJAS, KHUAKAL,
ra3oo0pas3Has (assl U ien, a achanbTOOCTOH COCTOUT H3
BSDKYIICTO MaTepHana — OMTyMa M MHHEPAJIbHBIX COCTAB-
nsrommxX. TakuMm 00pa3oM, TBepaas ¢asa — adpa3sHBHBIC
JaCTHIBI BAC(ATBTOOCTOHE, KAK H B MCP3JIOM TPYHTE, HKE-
CTKO 3aKPCILICHBL, M YTOJ TPSHHUA P 1t ac(haasTo0CTOHA
npuHEMaeM ¢ =307 ;

10. Koa(¢puupeHT TPSHUSA TPYHTA TIO CTAH 3aBHCHT,
IJIaBHBIM 00Pa30M, OT HOPMAJILHOTO JABJICHUS HA TPYHT,
XapakTepa CIOKEHHS IPYHTA (HAPYIICHHOS, HEHAPYIICH-
HOe), M. B 3aBucmMocTH OT THNa rpyHTa KO3(D(OUIHUCHT
TpeHua P Haxoaurcs B mpeaenax 0,4-0,7. [lpuHuMaeM Ko-
a¢pumnuent Tperus achansrodeToHa mo cramu L =10,5;

11. ITpoiineHHBIA MyTh, B HANIIEM CIy4AE PABEH JIIHHE
e, /,, , M. Tlpu umse Gapa 2 M, 7, = 5,244 M. Onnaxo, B
KOHTAKTe C ac(haBETOOCTOHOM HAXOAWTCS HE BCE PE3IIbL, pac-
TIONIO’KEHHBIE B 1iet. [Ipu rayOmHe pezanmsa = 1600 M,
JUTHHA [ETH, KOHTAKTHPYIOIIEH ¢ abpa3HBOM, COCTABILICT
0x0J10 3,985 M. [losTOMY IpH pacyeTe SHEPTUU HA MPEOAO0-

JICHWE CHJI TPSHHSI HEOOXOIMMO YUHTHIBATH Zu =3,985 M

(00O 55 pe3noB U3 OOIMICTO KOMMMESCTBA 72 ITYK).

Bce pesyabTars! 3aMepoB B PacueTOB 3aHECEHBI B TA0-
eI 3 1 4.

AHanmm3 pacyeTHBIX JAHHBIX TAOIHUIBI 4 TIO3BOJIIII OTI-
PEACIUTD, YTO BEMYNHBL JCHCTBYFOIIUX CHJI HA IEPETHEH
TPaHU Pe31a 3aBUCAT OT €€ ITOMATU (IMUPHHBI PEsKYIICH
KPOMKH M BBICOTHI pabodeii 4acTH pe3na), KoTopas ABIi-
€TCs IUIOIAAKOM KOHTAKTA C Pa3pylIacMbIM MACCHBOM
nopoasl. Ha HavamsHOM 3Tame pabots pesma (f = 0,5 4,
/=4,1-10° M) mepeaHsA rpaHb Pe3LUa BOCIPHHUMACT MaK-
CHMAJIbHBIC 3HAUCHIS CHITBI TPEHUS HPAOOTBIHANX IIPEOIO-
nenne (F,,=20,95H, A4, = 83.48 JIx), HO pu yBeHye-
HHUM MAIIMHHOTO BPEMCHH OApOBOH YCTAHOBKHU(f = 24 1),
COOTBETCTBEHHO W MyTH TpeHus (/ = 196,74-10° M), cuna
TPEHHA M DHEPTUsA HA HX MPEOJOJCHHE TOHIKAKTCA
(F,,=5.61H, 4,,, =22.35 J). D10 00BACHSCTCS TCM, YTO
IJIOIMAAb KOHTAKTA MEPEAHEH TPAHU PEIKYIIETO HHCTPY-
MEHTA YMEHBIIAETC.

PesynbraTsl THHEHHOTO H3HOCA PE3LOB (CM. Ta0I. 5,
pHucC. 3) IO NepeIHEH TPAHH U IO €€ BBICOTE MO3BOIIIH
HAM PACCUYUTATH YACIbHBIN THHCHHBIN H3HOC. YACTb-
HBII THHEHHBIN H3HOC pe31a ONPEACACTC] BEINIHHON
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Ta6amma 3 — 3aMepbl OCHOBHBIX TCOMETPHUCCKAX MTAPAMETPOB PE3LOB (CPSTHUE 3HAUCHI) ¥

Manmnuoe Bpemst | [upuna pexyieit BeicoTa paGoueit Yron pezaHus, IIpotineHHbI Iy Th
padoTsL, U KPOMKH (IITMpUHA YacTH pealia (BplcoTa oL, Tpaj pesua, [,-10°M
cpesa), b, m cpesa), i, M
~ 0,5 0,013 0,04 85 5.4
8 0,011 0,035 77 86,3
16 0,009 0,032 74 172,6
24 0,006 0,027 72 258.9

* B mabnuye npedcmaenienvl cpeonue 3Hauenus

Taosmma 4 — Pacuer neHCTBYIOMMX HATPY30K HA PE3C B PAOOTHI HA MMPCOIOICHAC CHIIBI TPSHHS MO IICPCAHCH TPaHH

Marnmnuaoe IIyts Cutbl, BO3HUKAIOIIHE TIPH B3alMOISUCTBUN pealia ¢ acpamsToSeToHOM

Ne Bpems TPEHHA HopmaibHast KacarenbHas Papnopeit- | Hopmaib- Cura PaGora cuist

i paboTsL, £, pesta, I, | cocrapmsmomas | cocrapmsmormas CTBYIOIIAA | Had CHIa, | TPEHWd, | TPeHHd, A,
MaHo- 10°M cwiel, I, H cwiel, F,,H | cuma, F,, H Fy.H F,,H Tk
4acoB

1 ~0,5 4,1 -204 43,9 484 41,9 20,95 83,48

2 8 65,58 -15,72 33,7 37,19 322 16,1 64,16

3 16 131,16 -5,78 232 23,9 20,7 10,35 41,24

4 24 196,74 -2,67 12,67 12,95 11,21 5,61 22,35

JTUHEIHOTO M3HOCA, MPUXOIMIECHCS HA CIUHHAIY PabOThHI
CHITBI TPCHHUS:

—_—, @®

rae AH ) —cpenusis BenMUHA THHEHHOTO H3HOCA pe3ua

10 mIepeHed rpanm, A ;) — CpemHAL BETMYMHA THHETH-

HOTO M3HOCA IO BBICOTS, MM (CM. Tadm. 5, puc. 3); A mp
paboTa Ha PEOTOICHHIE CUIT TPCHHUS MO TIEPSIHCH rPaHH,
JIk (Tabmuma 4).

Ananu3 MexaHu3Ma paspyuicHust 0apoBOro WHCTPY-
MEHTA MOKA3AJT, 4TO MPH pabOTE HOBBIX PE3LOB HA HX MEPe-
JTHHX TPAHSIX COCPSIOTOUCHBI BHICOKHE KOHTAKTHBIC IABIIC-
HHUA, YTO CONMPOBOXKIACTCIA 6OJ'II>IJ.II/IM CONMPOTUBJICHHCM
TPEHI MEX/y HEPA3PyIICHHBIM MACCHBOM ac(ambrode-

TOHA X HHCTPYMEHTOM M H3HOCOM PEKYILIETO HHCTPYMEH-
1a. [Tepen pe3moM 00pa3yeTcs YILIOTHCHHOS Sapo (puc. 4)
13 pa3apoOIeHHOTO ac(aabToOCTOHA, EPEMEIIAFOIICECS
IO MEPE ABIKCHUS PEIKYIIETO HHCTPYMEHTA C BBICOKOH
CKOPOCTBIO, YTO MPUBOAUT K JOMOTHUTCIBHOMY TPCHHIO
MEXKIy pe3noM U adbpazusoM. [Ipu sTom abpazuBHbIC yac-
THIIBL, MPWKAMASCH K IIEPETHEH OBEPXHOCTH PE31Ia, OCy-
MICCTBILTIOT HANOOMBIIEE CHIIOBOE BO3/ICHCTBHE HA HEC.

3TO CBSI3aHO C TEM, YTO B PE3YIBTATE W3HAIIHBAHI
TIPOMCXOAMT CKPYTIICHHE PEKYIIIX KPOMOK Pe3Lia, UTo BiIc-
YeT 3a COOOM MOBBIIIEHHUE BETHMYHHBI CHIIBI COMMPOTHUBJIC-
HUA MCPEMCIICHHIO. Brmme OPUBCACHHBIC HU3MCHCHUA
00yCIaBIHBAIOT YMCHBIICHHUE YITIA pe3aHud (¢ 85° 10 72°)
H TUTOIMAAKH KOHTAKTa pe3na ¢ adpa3swBHOM Cpemoi C
0,00052 m? 10 0,00016 M?(cMm. Tab. 3, puc. 5), mpu ITOM
PE3yabTaThl MPON3BOACTBCHHBIX HCITBITAHHH ITOKA3BIBAIOT
MOCTOSIHHOC YBCJIMUCHHE M3HOCA.

Taomma 5 — M3mepeHne THHCHHOTO H3HOCA TI0 TICPSIHCH TPaHH Pe3lia | MO BRICOTES (CM. pHC. 3)

Marmirroe

IIyte JIuHelHBI U3HOC 110 TIepeTHEN T'paHu, JIMHeMHBI YV nenbHBIA YV nembHBIH
BpeMs TPEHUS AH,, x107% M HM3HOC pe3lia JIMHEHHBIA JIMHEHHBIA
paboTsl, 4 pestia, I | = ~ o~ - - o BBICO_’I;G, H3HOC Pe3NATI0 | M3HOC Pesiia
10° — N h <+ A AH;, x107, M repeHen IO BEICOTE,
UM e e e e e aHU, MM/ 1K MM/ JBK
= |8 |5 |§ |& P 2 2
] ] ] ] ]
) ) ) ) )
Q Q Q Q Q
~0,5 4.1 0,13 0,42 0,89 1,06 1,18 0,5 0,0088 0,0061
8 65,58 0,29 0,81 1,2 1,52 2 487 0,0182 0,0761
16 131,16 0,77 1,43 2,18 2.89 3,53 8 0,0524 0,1950
24 196,74 0,88 2,03 32 4,03 7,00 13 0,1535 0,5830
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Puc. 3. Dropsl H3H0CA HCCTIELYEMBIX PE3IIOB: |:| — U3HOIIeHHSIH MeTamt, A — nuHelHbIH H3HOC 110 IIepeAHeH PPaHi, MM;

AH , — nuHEHHBIHA H3HOC [0 BLICOTE Pe3lid, MM

Puc. 4. Cxema paspyienns acaibToOeToHa OapoBbIM
PEKYIIUM HHCTPYMEHTOM: N — yeunus, JeficTBYIoIHe Ha
HEPEIHIOI IPaHb:

1 — yIJIOTHEHHOE 71po; 2 — OUTYyMHAs CBsI3Ka; 3 — abpasUBHbIE
qacTulibl; 4 — pabouas yacTh pesna

30HA HIHOCH NMCPCAHNX

/ [noBepxHocreil peslos

Puc. 5. Xapaxtep uzHoca nepejHel rpaHu pe3LoB

PasMeps! YIUIOTHCHHOTO Spa CHIKAKOTCA, CIICI0BA-
TEJIBHO, 3TO HE TPeOyeT OONbIIMX 3HAYCHUH YCHIHH pesa-
HHSL, TOCKOJIBKY BBIXO OTACTIACMBIX JICMCHTOB (pa3apod-
JICHHOTO a0pasuBa) U3 MPSIPe3IOBOH 30HBI HE OyIeT 3aT-
pyoHeH. Bech 00peM pa3pyIICHHOTO MACCHBA MOPOIBI HE
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OyaeT BBIXOAUTH HA MOBEPXHOCTD, a MOMAACT OOpPATHO B
00pa30BaHHYI0 PC3UAMH BBICMKY.

Amnanm3 3aBUCHMOCTEH CHITBI TpeHms (KpuBast 1) u pa-
00TsI (KpuBad 2) I NepeaHeH rpaHu (pUc. 6) MOKA3BIBACT,
YTO CHIDKCHHE CHII M pabOTHI 00YCIOBICHO YMCHBIICHH-
€M IUIOIIAIN NEPEAHEH TPAHU PE3LA, KOHTAKTHPYIOLICH C
abpa3uBHOW MAacCOH, BCICACTBHE 3aTYILUICHUS PEXKYIIHX
KPOMOK H H3HOCA PEXKYIIECTO HHCTPYMEHTA. B ToKe Bpemst
VACTBbHBII THHEHHBIN H3HOC pe3na (kpusad 3, 4) ¢ yBenu-
YCHHEM BPEMCHH PadOThI OaAPOBOI MANIMHBI BO3PACTACT.

BriBoan1

PaspaboTaH aaroput™M pacuera CHJ, MO3BOJIFOIIHI
TPAaBUJIBHO BBIITOJTHUTH PACUCT CHJI HA r[epe/:[HefI TOBCPX-
HOCTH 0apOBOTO PE31A H ONPEACITIUTH PAOOTY CHII TPCHHS.
[pu pacuere CUI TPEHHS H SHCPTHA HA HX MPCOIOICHHE
HAMH YIUTBIBATUCH TCOMETPHYCCKHE TAPAMETPHI HHCTPY-
MCEHTA (MIAPHHA U BBICOTA PEKYILETO HHCTPYMEHTA, YTOI
pe3anus).

AHanw3 MOJTyYCHHBIX PACUCTHBIX M IPA(UICCKUX JaH-
HBIX TIOKA3AJ

- MAKCHMAJIbHBIH HU3HOCPCKYIIUX HHCTPYMCHTOB 3a-
PETHCTPHPOBAH IO MEPESIHCH TPAHH PE3LOB, YTO CBA3aHO
C YMCHBIICHHEM IMHUPHUHBI pexymicii KpoMk (b = 0,013 M
mpu £~ 0,5 M/1 10 b = 0,006 M nipu ¢ = 24 M/4) 1 BBICOTHOTO
pasmepa pesua (7, = 94,5 mm ipm £ ~ 0,5 M/4 10 2, = 82 Mm
pH £ = 24 M/11). DTO MPUBOAWT K CHIKCHHIO CHLIL, ICHCTBY-
rorux Ha pesel. C YBSIHICHHCM BPEMCHH paboTHI 0apo-
BOW MAIIMHBL, 2 COOTBETCTBEHHO, ITYTH TPEHHU, 3a(hUKCH-
POBaHA MOTEPS MACCHL, TCOMETPHUCCKUX PA3MEPOB Pe3lia,
YMCHBIICHHUE 3aTPaT SHSPTHH A1 Pa3padoTKu acamsTo-
OcTOHA, B pe3yIbTaTe CHIDKCHHUI 00BbeMa pa3padarbiBae-
MOTO PE310M abpa3uBa, UTO, B CBOK OUCPEIb, HE o0ecte-
YHBACT TPEOYEMYIO MPOM3BOIUTEIBHOCTh PE3aHHA II0
CPABHCHHUIO C HOBBIM HHCTPYMEHTOM. IIpH 3TOM yaems-
HBII H3HOC Pe310B OyACT MOCTCIICHHO BO3PACTATh.
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Puc. 6. XapaxTep U3MCHEHHUS CHIIBI TPEHHS U SHEPTHH HA WX TIPEOJOJICHHE B 3aBUCHMOCTH OT MAaIlIHHHOTO BpeMeHH paboThl 6apoBoro
pesuia B acdanbTo0eToHe: H3MEHEHHE CHIThI TpeHHs (KpuBas 1), paboThl cHiIbl TpeHUs (KpUBas 2) U YASIbHOTO JTHHEHHOro H3HOCA
peslia 1o nepeHel rpaHu (KpuBas 3) U yIeIbHOIO TMHEHHOTo H3HOCA peslia 1o BhicoTe (KpuBas 4) B 3aBUCHMOCTH OT MAIITHHHOTO

BpeMeHH paboThl OapoBoro pesia

- CHJIA TPEHHUS 3aBHCHT OT TCOMETPHUCCKUX ITAPaMeET-
POB pesra (IIHPHHBI B BBICOTHI PadOYCH 4aCTH MHCTPY-
MEHTA, YIJIa PE3aHus, 3aJHETO YITA), YACIHHOTO COIpO-
THBJICHAA ac(PaTbTOOCTOHA PE3aHmI0 Fyo, (PopMBI Tepe-
JTHEH TPaHH, CXEMBI PE3aHMSL, CKOPOCTH PE3aHHU, TOLIA KaK
padoTa CHIIBI TPEHHS 3aBHCHUT OT IPOMACHHOTO IYTH TPE-
HUS pe3na, (hOpMbI TPASKTOPHH W BEIHYHHBI CHIBI Tpe-
HHS,

- MAKCHMAJTbHbIC 3HAYEHU CHIIbI TpeHus (16-21 H) u
PpadoTHI Ha KX mpeoaoacHHUE (65—84 J) TOCTHTAIOTCA Ha
HAYATBHOM JTare padoTsl 0apOBBIX pe3nos (f ~ 0,5—8 ma-
IIMHO-9aCOB PadOThI 0APOBOIT MATIIHMHEL), 3 MUHUMAJIBHBIC
(F,,=4-6H, 4,, = 16-22 JIx) — COOTBSICTBYOT IPSACTb-
HO HM3HOILICHHOMY PEXYIIEMY HHCTPYMEHTY (24-32 ma-
IIIHO-9aCa PA0OTHI).

- mocie paboThl pe3na B ac()arbToOCTOHE B MPEACTaX
nytd TpeHus 200x10° M 3aHKCHPOBAH MAKCHMATBHBIN
JUHCHHBI W3HOC MHCTPYMEHTA IO MEPEAHEH rpaHu (o
BBICOTE A chp = 15 MM (=16 %) oT BCCH MIHHBI pe3na
95 MM, MO MIHUPHHE PEKYIUEH KPOMKH A /7 tep 4,51 MM
(=35 %) oT mmMpHHBI PeKyHICH KPOMKH 13 MM).

Taxum 00pa3oM, CHIIBI TPCHHS, 00PA3YIOMIMECS B Pe-
3YJIBTaTE B3AUMOACHCTBHS ADPa3HBHBIX YACTHUI C pabo4H-
MH HOBEPXHOCTSIMH 0apOBOTO PE31a, PUBOIAT K pacces-
HUFO (TUCCHIAIIMH) YHCPTHH, ITO MPOSBILICTCA B 00Pa30-
BaHWH TCIUIA HA KOHTAKTE pesel — abpasueHast cpeaa. K
TOMY K€, 3TO IIPHBOIUT K PA3PYIICHHIO PEKYIIETO HHCT-
PYMEHTA, T. €. K €TO H3HOCY. SHAHWC BETMYMHBI SHEPTHH HA
MPEOJONICHUE CHI TPEHMS JAaeT HAM BO3MOXKHOCTB ITPO-
THO3HPOBATH, HA KAKOM 3Tare PadoTHI Pe:KYIICTo 0apoBo-
T0 OpTaHa MPOU30HIECT 3HAUUTEIHHOE PA3PYIICHHC TIOBEP-
XHOCTH pe3lia, T. €. CHIKCHHUC ITPOU3BOJUTEIFHOCTH €TO
padoTHI M3-32 YMCHBIICHUS PAOOTHI CHI TPEHHUS, TECOMET-
PHHCCKUX Pa3MEPOB HHCTPYMCHTA B 00bEMa pa3padaThi-
BacMOTO0 ac(pambTOOCTOHA.

Hcxoas u3 BRIIICH3I0KEHHOTO, CIIOCOO0M TOBBIIICHHUS
CpoKa CIyObI 0apPOBBIX PE3LOB ABIACTCI APMHUPOBAHHC
pabouynX MOBEPXHOCTCH H3HOCOCTOHKHM MATCPHAJIOM.
Pesynbrarel 310# padoThl OyIyT MCIOIB30BAHBI HAMH B
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Honor C.M., Auapieako C.B. Asroput™ po3paxyHKy eHeprii KOHTAKTHOT B3a€MOTil PizKyI0T0 iHCTPYMeEHTY 0apoBoi

JlocnioxceHuti MexaHism 63aemo0il npu KOHMAKMHOMY mepmi N08epXoHb 6apo8oeo pisys 3 acganrbmobemoHoM.
Pospobnenuii KoMNAeKCHUT CUCEMHUTI AN2OPUMM MemOOUKYU eMUIpUYHO20 PO3PAXYHKY CUN mepms | pobomu
poboyozo opeany bapu. Ilposedenuti aHani3 3MIHY GeUYUHY CUL Mepms 1l eHepeil @ 3aNeNCHOCHI 810 NUMOMO20
JiHITHO20 3HOCY pisyie.

Knrouosi cnosa: pisanvna kpomxa, piseys, cuna mepms, poboma cuiy mepms, 2eOMempuyHi napamempu pizys,

Popov S., Andrienko S. Algorithm for calculating the energy of contact interaction of the operating tool of the bar
machine in conditions of wear with a fixed abrasive

The mechanism of interaction at contact friction of the surfaces of the bar cutter with asphalt is studied. A
complex system algorithm for empirical calculating of the friction forces and work of the operating tool of the bar
machine is designed. Analysis method of the influence of the value friction force and energy in depending of the
specific linear wear of cutters is proposed.

Key words: the cutting edge, cutter, the friction force, the work of the friction force, geometrical parameters of the
cutter, the front face of the tool, the cutting angle, the friction distance, the specific wear.
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