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KOHCTPYUPOBAHWE, PACYHET, UCIbITAHNSA
U HAOEXXHOCTb MALLUUH

VK 629.113-59

10. A. TOJIYBEB, kaHa. TexH. HayK

(KaMCKaH TroCyaapCTBEHHasA MHXKCHCPHO-OKOHOMMNYECCKAaA akaaCMusl,

r. HaGepexunre YeaHnr)

MaTtemMaTnyeckoe onmcaHne namMeHeHus 3a30pa B TOPMO3HOM
MeéXaHn3mMme C aBToMaTndyeCckmmMm perysimposoyHbiMm pbliHarom

MpUBOOUTCA MaTEMATUHECKoe OnucaHue W3MeHEeHUs
3a30pa B TOPMO3HOM MeXxaHu3Me BapabaHHOro Tmna rpy-
30BOr0 aBTOTPAHCMOPTHOrO CPEACTBA C MHBAPUAHTHBLIM aB-
TOMaTWNYeCKMM PerynmpoBOYHbIM PblYarom, paccmMaTpurBa-
eTCs BAUSHWE PeryimpoBKM 3a30pa, M3HOC TOPMO3HBIX Ha-
KNafoK, TemnepaTypHoe paclumnpeHme bapabaHa.

Mathematical description of a clearance change in the
drum type brake gear of lorry with invariant automatic regu-
lating lever is presented. The influence of a clearance regu-
lation, wear of brake lining, and drum'’s temperature wid-
ening is considered.

Ha rpy30BbIX aBTOMOOWJIbHBIX TPAHCIIOPTHBIX CPea-
ctBax (ATC) B 6apabaHHBIX TOPMO3HBIX MEXaHU3MaX C
KYJauKOBbIM Pa3KMMHBIM YCTPOMCTBOM peryJMpOBKa
3a30pa MexXIy HakKIagkaMu U 6apabaHOM OCYILECTBIISI-
€TCSl aBTOMaTUYECKUMU PEryJMPOBOYHBIMU phlyaramMu
(APP), xoropnie obOecrieumBalOT 3a30p B TpeOyeMOM
nuarazoHe. BeiOopka 3a3opa B mpolecce TOPMOXKEHUS
YBEJIMYMBAeT BpeMsl cpabaThIBaHUs TOPMO3HBIX Mexa-
HU3MOB, a MPU YACTHIX TOPMOKEHUSIX MOBBIIIAET CKO-
pPOCTh MafeHus OaBJAeHUs B IPUBOIE, YTO IIPUBOAMUT K
YBEJIMYEHUIO TOPMO3HOTO IyTH aBTOMOOWISI M YMEHb-
LIEHUIO CpOKa CITyKOBI KOMITpeccopa U aIrmapaToB TOP-
MO3HOI cucTeMbl. HecTaOMiIbHOCTD 3a30pa COCOOCT-
BYET YBEJIMYEHUIO PA3HOCTU TOPMO3HBIX MOMEHTOB Ha
KoJilecax OJHOTO MOCTa, YTO OTpaXkaeTcs Ha YCTONUM-
BOCTH aBTOMOOWIS IIpu TopMoxkeHun. Mcnoab3oBaHue
3JIEKTPOHHOTO YIIpaBJIeHUsI B TOPMO3HBIX CHUCTeMaX B
OIpeNeICHHON CTeTIEeHW YMEHBIIAET 3TH HEIOCTATKU,
HO TIOJIHOCTBIO JAHHYIO MPOOJIEMy He pellaer.

ITpaBuibHbBIN BeIOOp APP oGecnieunBaeT HeoOXxo-
JUMble 3HaYEHUs 3a30pa U ero cTabuibHOCTh. 3amada
BoiOOpa APP MoxeT ObITh pelleHa MmyTeM MOAEINPO-
BaHUsI M3MEHEHHSI 3a30pa C MOMOIIbI MaTeMaThye-
CKOI'0o OIMCaHUs, TIpU pa3pabOTKe KOTOPOTO JOJKHO
YUUTBIBAThCS BIUSIHUE CIeAYIOIINX (DaKTOPOB: PETYJIU-
pOBKa 3a30pa, MU3HOC TOPMO3HBIX HAKIIAJOK U TeMIIe-
paTtypHoOe pacluupeHue OapabaHa.

CrenaeM ciemytouie TOMmyueHus:

ISSN 0042-4633. BECTHUK MAIIMHOCTPOEHUA. 2009. Ne 3

P OTIPEIEJICHNH TTOTJIOIIAEMOM TOPMO3HBIM Me-
XaHU3MOM SHEPIUH 3a LUK TOPMOXKEHUST HE YIUTHI-
BaIOTCST MHEPIIMOHHBIE MACChl BPAIIIATOIIIXCS IeMEH-
TOB aBTOMOOWJISI ¥ CHJIBI COTIPOTHUBJICHUS ITBVKEHUIO,
KOTOpBIC HE3HAYUTEIIBHBI U B ONPEICICHHOM CTETIEHN
B3aNMMOKOMIICHCUPYIOT IPYT IpYTa;

HE YIMTBIBACTCS TEMIIEPaTypHOE pacIIMpeHnue TOp-
MO3HBIX KOJIOIOK, KOTOPOE BBUAY HU3KOHN TEILIONPO-
BOIHOCTH TOPMO3HBIX HAKJIAJAOK HE3HAUUTEIHHO (yC-
TaHOBJICHO 3KCIIEPUMEHTAIIBHO);

HE YYUTBIBAETCS M3HOC TOPMO3HOTO OapabaHa, KO-
TOPBI Ha TTOPSIIOK MEHBIIe M3HOCA TOPMO3HBIX Ha-
KJ1a70K.

Kpome Toro, UMeroTcs JOMyIEHYsI, CBSI3aHHBIE C BbI-
BomoM (QOpMYJI, KOTOPBIE OTPaskeHBI TIPU pPa3paboTKe
MaTeMaTUIeCKOTO OIMCAHMSI.

MareMaTndecKoe ONUCcaHWEe U3MEHEHUs 3a30pa
pa3pabaThIBaJIOCh IPUMEHUTEIBHO K TOPMO3HOMY Me-
XaHU3MY C MHBapuaHTHbIM APP (HeuyBCTBUTENbHBIM
K JaBICHUIO B TPHWBOIE, OCYIICCTBIISIOMINM PETyII-
POBKY, KaK IpPW 3KCTPEHHBIX, TAK W IPU CIYKEOHBIX
TOpPMOXeHUAX). K TakuM peryJImpoBOYHBIM pbluaramM
otHocsaTcs: Haldex AAl, Haldex S-ABA, preryar mpo-
n3BoacTBa 3A3. /s pa3pabOTKM omnucaHusl yCTaHAB-
JINBAJINCH CBS3M MEXIY 3a30paMM, MPUBEACHHBIMU K
X0oIaM IITOKa TOPMO3HOM KaMephl MPY ABYX TOCIIEI0-
BaTeJIbHBIX TOPMOXeHUAX. LleneBoit pyHKIMEH SBISI-
eTCcd MUHUMAJIBHBIN XOJ IITOKA, TIPU BBEIOOPKE KOTO-
pOro BO3HMKAET TOPMO3HOM MOMEHT.

C yyeTroM (paKTOpOB, OKA3BIBAIOIIMX BIUSHHUE Ha
3a30p, NPW HAIMYMM W3OBITOYHOTO 3a30pa 3aBUCH-
MOCTb XOIOB INTOKA (T. €. 3a30pOB, NMPUBEICHHBIX K
XOJaM IIITOKA) TIPU ABYX MTOCIIeA0BATEIHHBIX TOPMOXKE-
HUSIX VUMEET BU;

yn+1=yn+yHn+yTn_fa (1)

TI€ Y, + | — XO[ ITOKa (1 + 1)-ro TOpMOXEHHUS; y,, —
XOJI ITOKA #-TO TOPMOXEHUSI; Yy, — U3MEHEHUE X0a
IITOKA, BBI3BAHHOE M3HAIIMBAHMEM HAKJIAIOK IIPU A-M
TOPMOXEHUU; Y7, — UBMEHEHME XO/1a IUTOKA, BbI3BaH-



HOE M3MEHEHMEM TeMIlepaTyphbl OapabaHa ¢ MOMEHTa
CONPUKOCHOBEHMSI HaKIaAoK U OapabaHa IpuU #n-M
TOPMOXEHUU JO MOMEHTA CONPUKOCHOBEHUSI HaKJa-
JOK M Oapabana mpu (n + 1)-M TOopMoOxeHuwu; f —
YMEHbIIEHWE M30BITOYHOTO 3a30pa, BBIZBBAHHOE €ro
PErYJIUPOBKOM.

ITpuHATO, YTO B MOMEHT PACTOPMAXKUBAHUS TIPU H-M
TOPMOXEHUM TeMIIepaTypa TOPMO3HOTO OapabaHa paB-
Ha ero Temrieparype B MOMeHT Hadasa (n + 1)-ro Top-
MOXEHUS.

Hcxonsa u3 npuHuuna padorsl APP, umeewm:

r=1 @

rae F — xon 1mToka, Ha KOTOPOM MTPOUCXOIUT PeTyIu-
poOBKa; [ — mepeaaToyHoe oTHouieHue APP.
XoJ 1ITOKA HaXOIUTCs I10 (opMyJie

F=y,+f—C+ k—s,2. 3)

rne C — cBOOOAHBIN X0, K — oOIepexeHue BKIIIOYe-
HUS GoKupytolieil MydThl; 7 — OTUCKPETHOCTB; S, —
ciyvyaiHoe yucno, —s < s, < (1 — s) [3necp s — OoTHO-
LIIeHUe JUTMHBI yYacTKa IpaHu 3y0a, BXOMSIIETO B KOH-
TaKT MPH Tiepenaye yCuiaus, IpUBeIeHHOE K YTy T0-
BopoTa MyGThI (K YIJIOBOMY IlIary 3youaToro 3auerie-
HUSI MyQTHI), BBIpAXaeTcs B JOJSIX €IUHULIBI].

Beenenmue nokasarens s, B Gopmyny (3) BBI3BaHO
TEM, YTO B TIPOIIECCE TOPMOXEHUS TPOUCXOMSAT BBI-
KJII0UeHUe U BKIIIOUeHHe Ojokupytoieil Mmydtol. [Tpu
3TOM TIpH BKITIOUEHUN MY(PTH BO3MOXHO KaK TOYHOE
comnpspkeHre 3yObeB, TaK 1 MoIllagaHue 3yda Ha 3y0, a
TakXKe Ipyrue IMPOMEXYTOUYHbIe BapuaHThI. [lpm He-
TOYHOM COIIPSIKEHUM 3yObeB B My(Te 00pa3yeTcsl CBO-
O0onHbIi Xom. BeiOop cBOOOAHOIO X0/1a B My(pTe HOCUT
CJIyYyailHbI Xapakrep.

IMoncraBus hopmyiny (1) B hopmyiny (3), a hopmyny
(3) B paBeHCTBO (2) M BbIpa3uB 3aBUCHMMOCTb 4epes f,
MOJTYYUM:

V= C+k=8,2+ Yy, + Y,
: .

f= “

M3 BoipaxkeHuii (4) u (1) HalimeM 3aBUCUMOCTb Me-
Ky XOJaMU 1LITOKa MpU ABYX MOCJIea0BaTeIbHBIX TOP-
MOXEHUSIX U Mmapamerpamu APP:

D+ Y+ Yy )i—-D+ C—k+s,2
i
npu C— K+ 8,22 Yy + Yign + V1 (5)

Yn+17

YcaoBue BblpakeHUsI (5) OOYCIOBIEHO TeM, 4YTO
JaHHOE BbIpaxkeHHWE CIIPaBEIMBO TOJbKO MPU M30bI-
TOYHOM 3a30pe.

BBuny nuckpeTHOCTH pabOThl peryjJupyolIero Me-
xaHu3ma ¢ APP nipu perynupoBaHUM BO3MOXKHEBI Bapu-
AHTBI, TIPU KOTOPHIX "CUUTHIBAEMbIN" U3IUILIHUI 3230D
MMeEeT OoTpuliaTeJibHOe 3HaueHue. B atom ciyyae APP
IOJDKEH O0eCIieurBaTh PEryJIMPOBKY Ha yBEIUYEHUE

3a30pa, Yero B NEeWCTBUTEIBHOCTU HE IMPOUCXOIUT M3-
3a HAJIM4Us B PETyJIUpPYIOLeM MeXaHUu3Me My(DTHI CBO-
O6omHoro xoga. Ho BBUAOY TOro, 4ro mpu OTCYTCTBUU
M30BITOYHOTO 3a30pa PeryJIupoBKa He MPOU3BOAUTCS,
CBSI3b MEXIY XOIAMM IIITOKA TP IBYX MOCJIEAOBATEIb-
HBIX TOPMOXKEHUSIX JOKHA OBITH TOIMOJIHEHA YCIOBU-
eM: eciit < 0, To f= 0.
Tornma

Y+ 1=Vt Yun Tt Ym
npu C— k+ 5,2<y, + yy, t yg, (6)

HanpHeiiniasg pa3paboTKa MaTeMaTMyecKoro OIu-
CaHUs CBOJUTCS K MOCJIeI0BaTEIbHOMY PEIIeHUIO TpeX
3a/1a4, CBSI3aHHBIX C OMpeaeIeHUEM:

1) mapameTpoB APP: mepenaTouyHOro OTHOLIEHUS i,
cBobogHoro xona C, ornepexeHUs! k BKIIIOUEHUS OJI0-
KUpyoIieil MypTsl, IUCKPETHOCTD Z;

2) N3MEHEHUS XOMa 'y, IUTOKA, BBI3BAHHOTO M3HO-
COM HaKJIaIoK;

3) u3MeHeHusI Xoaa y7;, IUTOKA, BBI3BAHHOTO M3Me-
HEHUeM TeMIlepaTyphbl bapabaHa.

IlepBas 3amaua. [lepemaTouyHOE OTHOIICHHE PETy-
JINPYIOIIETO MEXaHN3Ma TIPeICTaBIIsIeT COO0M OTHOIIIE-
Hue yrja noBopoTa APP, xapakTepusymolero musobi-
TOYHEBIN 3a30p, K YTy TTOBOPOTa YEepBIYHOTO KoJjieca
IIPH PETYJIUPOBKE M30BITOYHOTO 3a30pa.

[Ipu peryanpoBKe M30BITOYHOTO 3a30pa KECTKO 3a-
KperuieHHbI noBogoK / APP (puc. 1) Bo3aeiicTByeT Ha
3y0yarylo peiky 2, KoTopas HOCpPeICTBOM MYy(pTHl J3
BpalllaeT YyepBsSYHbI Bajl 4. UepBSUHBIA Bal B CBOIO
ouepe/b IPUBOAUT BO BPALLEHUE YEPBIYHOE KOJIECO J.

Toraga nmepenaToyHoe oTHolueHue APP ompeness-
eTCsl BbIpaxkeHUEM

i=a+B=1+ a =Rzuq+R’
aR R
Rzuq

(7

rae o — yroj noBopota APP B riepuoa peryampoBku u3-
OBITOYHOTO 3a30pa, pal; f — yroj MOBOPOTa YEPBSIYHO-
ro Kojieca, pal;, R — paauyc moBojika; R, — paauyc jie-

Puc. 1. Asrtoma-
THYECKHMH peryimpo- o
BOYHBIA pbIyar
Haldex AAL:

! — mnoBomok; 2 —
3yOuarasi pelika; 3 —
Mydra  cBOGOIHOTO
xoa; 4 — YepBSIYHbIN
BaJl; 5 — 4epBSIYHOE
KOJIeCO; 6 — TMpPYXHU-
Ha; 7 — 3ybuaroe 3a-
LieTUICHUE 0JI0KM -
pyro1ieit MyhThI
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JITEILHOM OKPYXKHOCTM 3yO4YaToro 3alervieHus Myd-
THI; Uy — TIEPEAATOYHOE YMCIIO YEPBAYHOU MEpeaayn.
Perynupyloiiuii MexaHu3M He BCTymaeT B paboTy
npu nosopore APP Ha yron y, mpyu KOTOpOM ITPOMCXO-
JUT BbIOOPKA 3a30pa d Mexay 3y0uaToi peiikoi 1 no-
BOJIKOM, ompenesiioliero ceodboaHbiii xon. Torma

C=—=, @®)

e ¢ — TUIeYO PETYIMPOBOYHOrO phuara; k. — koddpdu-
LIMEHT, YYUTHIBAIOIIMIA 3a30pbl MEXIY ACTaISIMU MPUBO-
JIa, OCYILIECTBIISIIOIIETO PETYJIMPOBKY M Ae(opMarivim.

JMCKPETHOCTh PETYJUPYIOIIeTO0 MeXaHu3Ma O00y-
CJIOBJIEHA HaJIMYueM 3y04yaToro 3alerieHus] B OJJOKu-
pytouieir Mmydre. Xon IITOKA, OMPEACISIONINA TUC-
KPETHOCTDL PETYIMPYIOIIETO MeXaHW3Ma, paBeH XOIy
LLITOKA, HEOOXOAUMOMY 151 IPOBOPOTA OJIOKMPYIOLLIEH
MyTHI Ha YTOJI, paBHBII YIIIOBOMY IIIary 3y04aToro 3a-
LerjieHus1 7 6JOKUpyloleil MyQThI.

IIpu perynupoBke Bo3nelicTBE Ha My(hTy nepenaeT-
¢Sl OT KECTKO 3aKpeIlIeHHOro ImoBoaka [ yepe3 3y0Oua-
Ty10 peiiky. B aTom ciydae yron moBopora APP, ompe-
JEJISIIOIIMIA TUCKPETHOCTh PEryIUpPYIOIIero MexaHu3ma,

2nR

— z
¢ = )
n,R
MYQTBHI.
HUCKPEeTHOCTb PEryavpylolliero MexaHu3ma ornpe-

JOEIACTCA BbIPAKCHUEM

e n, YUCI0 3yObeB OJOKUpPYIOIIEH

. 27:ch
n,R '

z ®)

MydTa B perynupyloiieM MexXaHU3Me IpeaHa3Ha-
YyeHa JUIsl ero OJIOKUPOBKU BO BpeMsI XOJa IIITOKA TOP-
MO3HOI KaMepbl B 00J1aCTU yIpyrux aedopmaiuii Top-
MO3HOTro 6apabaHa M 3JIeMEHTOB MPUBOAA TOPMO3HOTO
MmexaHuzma. C MOMeHTa BKJIIOYeHUSI MYy(PTHI IpU 00-
paTHOM XoOjie MPUBOJ peryiaupoBku 3azopa APP Bcry-
naeT B padory.

Bbrnoxkupymoliasa MmydTa BKIIOYAETCS C ONepPeKeHU -
eM, T. €. IO MOMEHTa pa3beANHEeHUs HaKJIagoK U Oa-
pabana. [TapaMeTp k MOXHO OIpeaeauTh U3 KECTKO-
CTHON XapaKTepUCTUKU TOPMO3HOIO MeEXaHM3Ma
(puc. 2), MOCTPOEHHOW A0 CpeaHero AaBjJeHUS B
nHeBmocucteme (p = 0,3 MIla) npu npsiMmoMm u 00-
paTHOM XojaxX. BDKCIEepUMEHTAIbHO YCTAaHOBJIEHO,
YTO U3MEHEHHE Kk TIpU M3MEHEHUH JaBJICHUS 10 MaK-
CUMAaJIbHOTO WJIM MUHUMAaJbHOTO 3HAYEHUII He3Ha-
YUTEIbHO U cocTaBisaeT He 6osee 10 %. OmnepexeHue
BKITIOUCHUS OJIOKUPYIOIIEH My(pTH oOIpenenseTcs
Kak XOJ IITOKa OT TOYKU A 10 TouKu b: Touka A co-
OTBETCTBYET XOAY INTOKA, MPU KOTOPOM BO3HUKAET
TOPMO3HOW MOMEHT TIpU MPSIMOM XOze; ToOYKa b —
XOJy I1ITOKAa, MpU KOTOpPOM OJIoKUpylolas MydTta
BKJIIOYAETCSl MpU 0OOpaTHOM XOJe.
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Puc. 2. XKecTKOoCTHAA XapaKTepUCTHKA TOPMO3HOIO MeEXaHM3Ma
npu npsamoMm (1) u odpatrHoMm (2) xomax

Bropas 3amava. M3sMeHeHMe Xoa IITOKA, BHI3BAH-
HO€ M3HAIIMBAHWEM HAKJIAJOK IPU A-M TOPMOXEHUN,
AMEET BUIL:

Yun = IWnkyﬂ.nn Wan (10)

rae Iy, — dHepreTuyeckasi MHTEHCMBHOCTb M3HALLU-
BaHUS; Kyy i, — KOIGDOULMEHT yETbHOIO N3HOCA Ha-
KJIaAKY OT MepeMelleHUs TIPU #-M TOPMOXEHUMU, T. €.
YBEJIMYEHME XOMIa IIITOKA TOPMO3HOM KaMephl TIPU U3-
HallMBaHUM HaKJagoK Ha | MM3, MM_Z; Wgrn — pa-
060Ta CUJIbI TPEHUSI TOPMO3HOTO MeXaHU3Ma MpPU A-M
TOPMOXKEHUU.
Pabota cuiibl TpeHus1 orpeaensieTcss U3MEHeHUeM Ku-
v
HEeTHYeCKOil sHeprun tena: Wy = [ mvdv, m — Macca te-
U1
JIa; v}, vy — CKOPOCTH TeJIa COOTBETCTBEHHO B HAYAIE U
KOHLIE MYyTH.
Torna padoTa TOpMO3HOI CUJIbI, CO3AaBaeMOM Mmepe/-
HMM TOPMO3HBIM MEXaHM3MOM TIPU #-M TOPMOXEHUH, C
y4eToM IlepepacrpeaeeHus Macchl [1] nmeeT Bua:

“2n my(b+y,h)v

W =
R 2L,

do, (11)
Vln
e m, — Macca aBTOMOOWJISA; b — pacCTOsIHUE OT LIEH-
Tpa TSKECTH aBTOMOOMIIS 10 3a[JHETO MOCTa; iy — pac-
CTOSHME OT LIEHTpa TSKECTU aBTOMOOMJIA IO IOPOTH;
L, — xonecHast 6a3a aBTOMOOWIIS; v, — yAEIbHAs TOP-
MO3Has CWJIa aBTOMOOWJISL IIPU 71-M TOPMOXEHUH; V|,
Uy, — CKOPOCTH aBTOMOOWJISI B Hadajle U KOHLE TOP-
MOXEHUS IIPU 7-M TOPMOXEHUU.
IIpu mcnbITaHUAX Ha CTEHIE paboTa TOPMO3HOM CHU-
2
Iv;
2
2rium
HBIX Macc CTE€HAa; v, — HadaJbHasgd CKOPOCTb IIPU A-M
TOPMOXEHUU; Fyyy — JAMHAMUYECKUI paauyc KoJeca.

KoaddulimeHT yaeapHOro u3Hoca HaKJIaaKu oOT Te-
peMelleHus onpeaensercs no popmyse

bl A, = , Tme [ — MOMEHT MHEepLUU NHEPINOH-



ocC
n= ) (12)
kyH" Syh

H

rIe & — yroJj IoBOpoTa pa3KMMHOTO KyJiaka IMpH ToJI-
HOM U3HOCE TOPMO3HBIX HAKJIANOK, pal; Sy, /i, — IJIO-
1maab OOKOBOM ITOBEPXHOCTM M IIIMPUHA HAKJIAIOK
TOPMO3HOTO MeXaHU3Ma.

M3HOC TOPMO3HOI HaKJagKW CYLIECTBEHHO 3aBU-
CHUT OT TeMITIepaTyphl [2], cliemoBaTeIbHO, SHEPTETUYEC-
CKYIO MHTEHCUBHOCTb M3HammBauus Iy, = f(T) Mox-
HO OINpPEeASIUTh 9KCIIEPUMEHTAILHO.

Tpetba 3amavya. M3amMeHeHue Xoda 1ITOKA, BbI3BaH-
HOE U3MEHEHMEM TeMIlepaTypbl TOPMO3HOTo OapabaHa,
C MOMEHTa COIIPUKOCHOBEHUSI HAKJIAIOK U OapabaHa
Mpu #-M TOPMOXEHUHU IO MOMEHTA COMPUKOCHOBEHMS
HakJagoK U 6apabaHa 1pu (n + 1)-M TOPMOXKEHUU OIl-
penensercss BeIpaXkeHUeM

(13)

3nech L7, — U3MEHEHUE 3a30pa, BEI3BAHHOE M3MEHE-
HUEM TeMIepaTypbl 6bapabaHa, ¢ MOMEHTAa COMPUKOC-
HOBEHMSI HAKJIaJOK U OapabaHa Mpy #-M TOPMOXKEHUU
JI0 MOMEHTA CONTPUKOCHOBEHMSI TIpH (# + 1)-M TopMO-
>KEHWM; iT)\f — MEPEAATOYHOE OTHOLIEHNE TOPMO3HOTO
MeXaHU3Ma, T. €. OTHOLIEHUE U3MEHEHUsI MaKCUMaJlb-
HOTO 3a30pa K X0y 1IToKa (3a30p IO JUIMHE HaKJIaIKu
MepeMEeHHbIM, MaKCUMaJIbHbIN 3a30p MPUHUMAETCS B
CBSI3U C TeM, YTO UMEHHO /I HEro XapakTepHO Hau-
MEHblIIee MepeIaToyHOe OTHOIIEHUE, CJIeA0BaTeIbHO,
MpU TeMIlepaTypHOM paclliMpeHuHu O6apabaHa UMEHHO
B 30HE MAaKCUMaJIbHOI'O 3a30pa B MEPBYIO OYepelb TOP-
MO3Hasl HakJajakKa BOiIeT B KOHTAakT ¢ paboueil mo-
BEPXHOCTbIO TOPMO3HOTO OapabaHa):

Y1 = Lypitm-

CCt™m

. ) (14)
lenhTM

IT™ =

TI€ cTy — PACCTOSTHUE OT OCU KPEIUIEHUST KOJIOIKH 10
OCH TOPMO3HOTO (apabaHa; iy, — TepeflaToYHoe OT-
HOILIEHVE Pa3XMUMHOIO KyJakKa (rmepeMeuieHre poarKa
NMpv TOBOPOTE pazKMMHOro Kyjidaka Ha 1 pan),
MM/pan; ATy — DPacCTOSTHWE OT OCH KpEIUIeHUsl KO-
JIONKU J0 OCU POJIMKA.

M3meHeHnmne 3a30pa, BEI3BAHHOE M3MEHEHUEM TEM-
nepaTypbl 0apabaHa, onpeneaseTcss BbIpakeHUeM

15)

3necw T,, — U3BMEHEHNE TeMIIepaTypsl bapabaHa ¢ MO-
MEHTa COINPUKOCHOBEHMSI HAKJIaJOK U OapabaHa mpu
71-M TOPMOXEHUHU IO MOMEHTA COIMPUKOCHOBEHMUSI ITPU
(n + 1)-M TOpMOXEHUU; 05 — KOIDOUIIMEHT JTUHEN -
HOTO pacuIMpeHUs1 MaTepuana bapabaHa; rz — pamuyc
OapabaHa;

LTn = ATnOL6l'6.

AT, =T,— Ty 1, (16)

rne 7,, T, + | — Temmeparypsl 6apabaHa COOTBETCT-
BEHHO mpu #-M U (n + 1)-M TOPMOXKEHUSIX.

JlJ1s1 oripenenieHusI TeMIiepaTypbl bapadbaHa UCHOIb-
3yeM CJICOYIOIINE BBIPAKEHMSI:

Thy+1=T,+ Ty, — Tow

WRn .
mg C

THn -

Ton =T, t Tuy — Thton

(17)
Tn,t+l =
_ 2 Tn’ M Co— Tn’ toc(vn, D+ 2a(vn, DT, .

b

2mg Co + a(v, F
Tn,O = Tn + THn;

o= f(vn,t)-

3nech Ty, — U3MEHEHUE TeMIIepaTypbl 6apabaHa, BbI-
3BaHHOE PabOTOI CUJI TPEHMS TIPU #-M TOPMOKEHUU,
To, — V3MEHEHUE TeMmIepaTypsl 6apabaHa, BbI3BaH-
HOE OXJIaXJIeHNeM C MOMEHTa COMTPUKOCHOBEHUS MPU
n-M TOPMOKEHUU IO MOMEHTa CONTPUKOCHOBEHUS Ha-
KJIagok v OapabaHa npu (n + 1)-M TOPMOXEHUU;
mg — Macca paboueil yactu odozna 6apadbaHa, B KOTO-
poii aKKyMYJIMPYETCS OCHOBHAasl 4YacThb TEIJIOBOU
sHeprun (puc. 3); Cg — TETUIOEMKOCTb MaTepraa oa-
pabaHa; o — K03 dULMEHT Ternootaaun; T, — TeM-
rnepatypa oKpyxaroliei cpeabl; F — ruiolaab IMo-
BEPXHOCTH TEIJIOOOMEHa; ¢ — BpeMsl TeIJIOOOMEeHa;
1o, — BPEMS MEXIy ABYMS MOCIEN0BATEIbHBIMU TOP-
MOXEHUSIMU.

I'paHnyHbIe yclIOBUS ISl BhIpaxkeHuid (17):

T = f(n);
fon = f(n); (18)
U}’l,t =f(l’l, t),
T, = const.
295,48 °C
250
200
150
100
50
27,24°C

Puc. 3. Pacnpenesienne Temnepatypnl B 0o0ome Oapadana mpu
HCNBITAHMAX TOPMO3HOro MexaHu3ma mo npasuwiam Ne 13 EDK
OOH B pexunmve Tinna 1 nepen 19-M nUKJIOM TOPMOKEHHS
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IlepBbie TpU BBHIpaXKEHUSI OMIMCHIBAIOT PEXXUM IBU-
JKEHUSI aBTOMOOWIIS.

3aBUCUMOCTh MPOU3BeAcHUS KO3 UILIMEHTA TeIl-
JIOOTIAYM M TUTOIIAAM TOBEPXHOCTH TEILIOOOMEHa OT
CKOPOCTH aBTOMOOWJISI MOXET OBbITh OIpeAeieHa Kak
BKCIEPUMEHTAIbHO, TaK U PACUYETHBIM IIyTeM C MC-
MOJb30BAaHMEM M3BECTHBIX IPOrpaMM U METOIMK, B
TOM YHCJIe TIPOTpaMM IIPHIIOKEHUI K TTaKeTaM rpadu-
YECKOTO MOJIEIMPOBAHMS, PEIIAIOIINX 3aJaul aHaI1u3a
TETIONIePEIayun.

Broipaxenus (5)—(17) npeacraBisiior coO0ii MaTe-
MaTHUYECKOe ONMCcaHNe M3MEHEHMS 3a30pa C TPaHUY-
HbIMM yciaoBusMu (18), mpu 3TOM HayajbHbIE YCJIO-
BUs: y; = const, 7] = const.

Pacuern! xapakrepuctuku APP u nuameHeHus 3azo-
pa BBIMOJHEHBI MPU UCHBITAHUSIX TOPMO3HOTO MeXa-
Hr3Ma 1o npaswiam Ne 13 EDK OOH B pexume tima 1
JUISL CUCTEMBI (TOPMO3HOW ME€XaHW3M, YCTaHOBJIEHHBIN
Ha UHEPLMOHHOM CTeHJie) ¢ mapameTpamu: R = 31 Mm;
R, =16 mm; uy = 22; ¢ = 150 mm; d = 4 mm; k. = 1,5;
n,=90; k=21 mm; I = 1178 KF'Mz; Fonn = 0,505 M;
v, = 0 (m1g APP), v, = 14,72 M/c (111 u3MeHeHus 3a-
30pa); Sy = 9384 Mm% Ay = 140 Mm; ey = 157,5 v

igyn = 14,33 mm/pax; Ay = 300,26 Mv; o5 = 1072;
15 = 200 mm; mg = 33 xr; Cg = 500 Ix/xT; 5 = 200 MM;
Ty=20"°C; Iyp(T) = —3,4-10715- T4 +52-1071273 —
—1,53-1077 - 72 + 1,44- 10777, + 2,144 - 10~* (orpe-
JieJieHa 9KCIIePUMEHTAIBHO B PeXXMME MCIIBITAHUI Ha 13-
HammBaHue 1o metomuke SAE J661a); a(v)F=—1,163 X
x 107403 + 5,85 10742 + 0,3946v + 14,3; p = 3 MIla;
s = —0,25.

HavanbHble ycaoBUSI MpU OIpeaeeHUN XapaKTe-
puctuku APP: vy =42 mm, T} = 20 °C. IIpu onpe-
JleJIeHUU XapakTepuctuku APP 3HaueHue y, ckiangbl-
BaJIOCh CO 3HAYEHUEM XOJIla IIITOKA, ONPEeHeIsIOIIErO
nedopMali 3JIEMEHTOB TOPMO3HOTO MEXaHU3Ma,
paBHOTO 26 MM. DKCIepUMEHTAIbHAS XapaKTEPUCTH -
ka APP oTpaxaeT uaMeHeHHe MOJHOro XOJa IITOKa
(c yueTom gedopMalidii 31EMEHTOB TOPMO3HOTO Me-
XaHU3MA).

HavanbHble ycmoBUsS TIpU ONpeneeHUur H3MEHe-
HUI 3a30pa: y; = 9 MM (YCTaHOBJIEHO IpPU OMpeIeIie-
Huu xapakrtepuctuku APP), 71 = 20 °C.

Ha puc. 4 npeacraBieHbl xapaktepuctuku APP,
MOJTy9eHHBIE PACYeTHBIM ITyTEM M 3KCITEPUMEHTAIBHO.
HawubGosnbiiasg pa3HOCTb pPacUETHBIX W 3KCIEPUMEH-
TaJlbHbIX 3HAYEHUI1 COCTaBMIa 2 MM.

Ha puc. 5 npeacraBieHbl 3KCHEpUMMEHTAJIbHAS U
pacyeTHble 3aBUCMMOCTM U3MEHEHUs XOona IITOKa U
ero cocrtapysttonux. Ilepsbie 20 HUKIOB TOPMOXKEHUIN —
HarpeBaHue TOPMO3HOTO MexaHu3ma, 21-U umkin —
TOPMOXXEHHE TIpU TeMIlepaType TOPMO3HOTO MEeXaHU3-
Ma, OXJAXIEHHOTO A0 TeMIIepaTypbl OKpYXKalolllei
cpenbl (mMpoBepKa OTCYTCTBUSI MOATOPMAaKUBaHUST).

ISSN 0042-4633. BECTHUK MAIIMHOCTPOEHUA. 2009. Ne 3

S, MM

AN
NIV
\ §L

40 S —
30
0 10 20 30 40 n
Puc. 4. Pacuernas (I) u IkcnmepuventanbHas (2)
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Puc. 5. 3aBuCMMOCTH W3MEHEHHS XOJa INTOKA H €ro
COCTABJIAIOIIAX NMPH HMCHBITAHASAX TOPMO3HOTO MEXaHHM3Ma IO
npaBwiam Ne 13 EBDK OOH B pexume tnma 1:

1 — pacueTtHast; 2 — pacyeTHasi, 00yCJIOBJICHHAsI PeryJIMpOBaHUEM;
3 — pacueTHasi, 0OyCJIOBJIeHHAsI M3HAIIMBAaHWEM HaKIamoK; 4 —
pacyeTHasi, oGyCIOBIEHHAs TEMIIEPATYPHBIM paclIMpeHreM Oapa-
0OaHa; 5 — pacueTHasl, MpUBEIeHHAs K TEMIIepaType OKpYyXKalollen
CpeIbl; 6 — QKCINEPpUMEHTAJIbHAA

HauGosnbliiiasi pa3HOCTb PacYETHBIX UM 3KCIEPUMEH-
TaJbHBIX 3HAYEHWI XOoJa IITOKA COCTaBUIA 2 MM, YTO
CBUJETEJILCTBYET 00 YIOBIETBOPUTEIbHOU CXOAMMOCTHU
PE3YIIBTaTOoB.

[IpennoxeHHoe MaTeMaTUYECKOE OINMKMCAHKWE U3Me-
HEeHUs 3a30pa B 0apabaHHOM TOPMO3HOM MEXaHU3ME C
IMTHEBMONPUBOAOM MO3BOJISIET MPOBOAUThL pacueT APP
U palMOHAIU3UPOBATh €r0 MapaMeTphl.
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CBepXBblICOKOBAKYYMHbIW IMHENHbIA aCUHXPOHHbIN ABUraTesnb
C KaTAWMMCH POTOPOM U KOHLEHTPaTOpaMM MAarHUTHOro NOTOKa

MpencTaBneH aHanUTUHECKMN METOA, pacyeTa CBEPXBb-
COKOBAaKYYMHOIO JIMHEMHOMO aCMHXPOHHOMO ABWraTens ¢ Ka-
TALLMMCS POTOPOM U KOHLLEHTPATOPaMm MarHUTHOMO MOTOKa,
B OCHOBE KOTOPOrO NEXUT NPUHLMM aHanoroBov anmnpoKcm-
MaLWW  OPTOTPOMHbIX Cpef. DNeKTPOMAarHUTHbIA  MOMEHT
LBUraTens pacCHUTbIBAETCA Mo AnddepeHLmanbHbIM Xapak-
TEPUCTMKAM 3NEKTPOMArHWUTHOTO MoNs, NOMyYeHHbIM C y4e-
TOM KOHUrypaumm KOHLEHTPATOPOB MarHWTHOroO NOTOKa.

Analytical calculation method of ultrahigh vacuum lin-
ear induction motor with rolling rotor and magniflux con-
cetrators based on a principle of analog approximation of
orthotropic media is presented. The motor’s electromagnet-
ic torque is calculated using differential characteristics of
the electromagnetic field obtained subject to configuration
of magniflux concetrators.

MarucTtpajabHO-MOIYTbHBIE MAHUITYJISITOPBI HA OC-
HOBE JIMHEWHBIX aCMHXPOHHbIX nBurateneir (JIAI) c
KaTSAIIMMCSI pOTOPOM TTO3BOJISTIOT peaan30BaTh TPaHC-
TMOPTHBIE TOCTyMNaTebHbIE W BpallaTeIbHO-MOCTYyIIa-
TeJIbHBIE TIEpeMEIIeHNSI OOBEKTOB "3a SKpaHOM"
Pa3BETBJIEHHBIX CBEPXBBHICOKOBAKYYMHBIX TE€XHOJOTU-
yeckux 00bemMoB [1]. UCTOYHMKOM OEryIIEro 3JeKTpo-
MarHUTHOTO ToJisl (MepBUYHBINA 3J€MEHT JBMUraTes)
SIBJISIETCSI MHAYKTOP, YCTAHOBJIEHHBIM, KaK MpaBUIIO,
BHE BaKkyyMHOro ooObema. MCHOTHUTENbHBI OpraH
MaHUIyJIsITOpa (CUcTeMa KaTsIIUXCSl pOTOPOB — BTO-
PUYHBII BJIEMEHT [IBUIaTessl) PAcoyiaraeTcsl Hemo-
CPEICTBEHHO B TEXHOJOTUYECKON Cpelle KaMepbl WU B
CBSI3YIOLIEM TPAHCMOPTHOM KaHajie. bosbliioil 9KBuU-
BAJIEHTHBI pabouyuii 3a30p ABUTATENS C YYETOM TOJI-
LIIMHbI HEMAarHUTHBIX 3KPaHOB CYIIIECTBEHHO CHUXKaeT
MarHUTHOE B3aMMOJEUCTBUE TMEPBUYHOTO U BTOPUY-
HOTO KOHTYpPOB, YTO, B KOHEUYHOM CUeTe, OTpPULIATe/Ib-
HO CKa3bIBAaeTCs HAa €ro SHEPreTUYECKMX MoKa3aTessix.
B Hacrosiueil pabote paccMarpuBaeTcs dJEKTpUye-
cKasi MalllMHa, B KOTOpPOW B 30HE aKTUBHOW MOBEPX-
HOCTU pOTOpa, 0OpalleHHON K UHAYKTOPY, YCTAaHOBJIE-
Hbl aHM3O0TPOITHbIE KOHLIEHTPATOPbl MAarHUTHOTO TO-
ToKa [2].

AHajioroBassi MojeJib JABUTaTesis. AHU3OTPOITHBIN
KOHIIEHTpPaTOp MarHMTHOTO TMOTOKA MPEeACTaBIsIeT Co-
00li COBOKYITHOCTb Yepenayroluxcs ¢heppoMarHUTHBIX
IUIaCTUH (3yOLIOB), HaNpaBleHUE YeperoBaHUs KOTO-
PBIX COBINAAAET C HAIlpaBJIeHUEM YepelOBaHUs aKTHB-
HOTO CJI0S1 MHIYKTOpA.

Ha puc. 1 mpencrapieHa cxemMa CHJIOBOIO MOIYJIS
CBEPXBBICOKOBaKYYMHOTO JIAJI ¢ KaTsSiuumcst poTOpOM U
KOHIIEHTPAaTOPOM MarHUTHOTO MTOTOKA, a TAKXKEe pacyeT-
HbIE 30HbI ((PUTypHBbIE CKOOKM) U MapaMmeTpbl: 1y — I0-
JIIOCHOE JIEJIEHUE UHIYKTOPA; Ay, /|| — TOJILMHBI aK-
TUBHOTO CJIOSl U SIpMa WHAYKTOpA; #y| — TOJILMHA He-

MarHWTHOTO 3KpaHa; hy, — paboumil 3a30p; Mp3(;) —
BBICOTA MAa3a (3yOLa) Ha cpeaHel yactu 3yOLIOBOroO Je-
JICHWsT JUTSL i~ KOOPIMHATBI ¢ ;)5 M4 — BTOPOM pado-
4yuii 3a30p; R — pamuyc BHEIIHEN MOBEPXHOCTU POTOPA;
Rp— paanyc pacTOUYKM KOHLIEHTPAaTOpa MarHUTHOTO TO-
TOKa; Re, — pamuyc cpenHeil MOBEPXHOCTU aKTHBHOTO
CJI0S1 pOTOpa; ¥ — paauyC MOBEPXHOCTU KaueHMsl (Baya)
poropa; R, — pagvyc BHELIHEN MOBEPXHOCTH MarHUTO-
nposona poropa. Porop nmBurarens nepemeniaercs Mo
ocu X. Monesnb 3J1eMeHTapHOIo JBUTaTelIsl C pacyeTHHI-
MM 30HaMU TpeJcTaBiIeHa B TabulIe.

Y
Tl . /I
\
{11}
______ __ 1 = Ay
10
ey [}\ | Al
22) AAOAVAMAVANNNG
] ~ 77 7 A
o 23 S
& & y AL {23} , <
{24} o3
{25} \ ;
OF / ?\? !
Np.Z
8 / <
zZ R X
{28} {27} 4
7
6

Puc. 1. Pacuernsie 30ubI ABuratens (¢GpurypHbie CKOOKH):

[ — uHAaYyKTOp; 2 — CTEHKAa BaKyyMHOU Kamephbl (3KpaH); 3 — KOH-
LIEHTPAaTOP MarHUTHOTO TIOTOKA; 4 — aKTHUBHBIW CJIOK poTopa (Melb,
ATIOMMHMIA); 5 — MarHMTonpoBOJ poTopa (LIMXTOBAaHHAsI 3JEKTPO-
TeXHUYEeCKasi CTajlb); 6 — 3alllMTHAsT 000JI04YKa poTopa (Me/ib, aJllOMH-
HMIA); 7 — BaJl potopa; & — HaIpaBJISIOIIMe KayeHUs poTopa

PaC‘{CTHaH 30Ha :‘)HCMCHTBI Moaen
12 o, Y12 =10
11 Myl = Byir =up v =0
10 BX11> BY1l> Y105 Alom
21 Ho» Y12
22 Mo, 122 =0
23 Hx23s Ky23s 123
24 Ho> Y24 = 0
25 Ho» Y25
26 Hx26 = My = Mp Y26 = 0
27 Ho» Y27
28 Ho> Y28 = 0
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IIpu popMupoBaHUM pacUyeTHOI MOAEIU IBUraTe-
JIs HAJIOXKEHBI CJIeAYIOIINe OrpaHUYSHUS:

1) akTMBHBIN CJI0M MHAYKTOpPA MPEACTaBISIET COOOM
OECKOHEUHYIO Mo KoopAauHaTtaM X U Z JUHEUHYI0 op-
TOTPOITHYIO CPeNy C YCPEIHEHHBIMU 3JIEKTPUUESCKUMU
¥ MarHUTHBIMU XapaKTepUCTUKaMU;

2) 3a MUCTOYHUK CUHYCOMJAJIbHON Oeryiieil ajaek-
TPOMAarHUTHOM BOJIHBI TNPUHUMAETCS CTOPOHHSIS
IJIOTHOCTD Aj(),, TOKa OOMOTKU UHAYKTODA;

3) cUMMeTpUYHOE pacrpeneieHre MarHUTHOTO To-
Jisl B MPOBOASILEH 30HE pPOTOpa OTHOCUTEIbHO BEPTU-
KaJbHOM TUIOCKOCTU Y—Z, mpoxojsileil yepe3 UeHTP
ocu Bama potopa (3PPeKT MCKaxkeHUs 2JIeKTpoMmar-
HUTHOW BOJIHBI B HaOerarolleil U cOeramouieil yactsx
poTOpa He YYMThIBAETCS);

4) rpaHUYHbIE TTOBEPXHOCTU CPEeJl CUUTAIOTCS TII0C-
KomapauieJIbHbIMU 1 00pa3ylolMMu pabouuii 3a30p 1
00J1aCTh KOHLIEHTpAaTOpa MarHUTHOI'O MOTOKA B Mpe/e-
Jlax 3JIeMeHTapHOro yyactka AL, (cM. puc. 1) BTopny-
HOTro KOHTYypa.

B ¢hopMupyemoii pacueTHOM MOJAEIN ABUTATENST UC-
clieayeTcsl pacrpeieieHrue 3J1eKTPOMarHUTHOTO MOJIst
BCEX €ro o0J1acTeil C yueToOM yCpeaHEHHBIX XapaKTepu-
CTUK aHU30TpomHbIX ydyacTkoB {10} u {23} mMeromom
AHAJIOTOBOI CXEMHOH amnmpOKCUMAIMU OPTOTPOITHBIX
cpen [3, 4].

Ha puc. 2, a npeacraBaeHa cxema 3aMelleHUsT aK-
TUBHOTO MoayJisi. [TapameTpbl aKTUBHOTO MOAYJS (aK-
TUBHBIN CI0W MHAYKTOpa, yyacTok {10}):

_Jouyy .
Zg10 = 5 sh(B10/10);
P1o
jou
Zpio = B—XlOCth(Emhlo);
P1o

I =

2A
107 th(B10h10/2).
Bio

ITaccuBHBIE MOAY/IM PACYETHON CTPYKTYPHI MMEIOT
TUIIOBOM 2JIeMEHT (pUC. 2, 6) ¢ MapamMeTpaMu:

Jjop
Zy = B—X"sh(ﬁkhk);

Pk
_ Jouxy
Zpi = cth(Byhy).-
Pk
H .
3nech B; = M_Xk“/% + JjonxkyzeSe The oy = m/t,
Yk

S 1 T4 — MapaMeTpbl CKOJIbXEHUST U MOJIOCHOM 1yru
(pasmep nontoca) k-To ydyacTka.

Hns yuactka {10} 3HaueHUs ycpeaAHEHHbBIX MAarHUT-
HBIX U 3JIEKTPUUYECKUX XapaKTePUCTUK PACCUUTHIBAIOT-
cs 1o ciaenyrowuM dopmynam [1]:

abCoJII0THAsE MarHUTHAS MPOHUIIAEMOCTb IO ocH X:

wx10 = tzinpuo/(bzing + byup);
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0,5Z40  0,5Z419 Zik
O
Zp1o Zp1o
Zpy Zpy
Jlm
e, . . 0
a) 0)

Puc. 2. Anajiorosbie cxeMbl 3aMellleHHs] AKTHBHOTO MoayJs (a)
" k-r0 maccuBHOro mMonyJs (6)

abCoII0THAsT MarHUTHAasI IPOHMIIACEMOCTDb IO OCHU Y.

uy10 = (buio + bzinp)/iz1;

ylIe/IbHas 3JIEKTPUUYECKAs TPOBOAMMOCTD I10 OCH Z-:
Y10 = Yz10 = Yy10 = YFbz1kc/ 121,

rie up — abcoMoTHas MarHWTHas MPOHULIAEMOCTh
3JIEKTPOTEXHUYECKOM CTallN; 1) — MarHUTHas MOCTO-
AHHad; by — WMpuHa 3y6La; by — IIMPKYHA Na3a UH-
NIyKTOpa; ty; — JelleHue 3yOIl0OB WHIYKTODPA; Yp —
yaeabHasl 3JEKTpUIecKasi MPOBOAUMOCTD CTaJU C yue-
TOM TEMIIEpaTypHOW MOMNpPaBKU; k. — Kod(pdUuueHT
3aMOJIHEHUST (PEPPOMAarHUTHOTO 3JIEMEHTA CTajiblo;
® — 4YacToTa ToKa MHIYKTOpA.

PacrmipenenuM CUMMETPHYHYIO YacTh BTOPUYHOTO
3JIEMEHTA MO Ayre yria ¢.p (cM. puc. 1) Bmecte ¢ co-
OTBETCTBYIOIIIMMU YaCTSIMM KOHILIEHTpaTOpa MarHuT-
HOTrO IMOTOKa M MEePBUYHOIO 3JIEMEHTa Ha A1 3JIeMEH-
TapHbIX CTPYKTYp AJIMHOU AL,. BriGepeMm i-ii yyacTok,
KOTOPOMY COOTBETCTBYET KOOPAMHATA @ f(;). B coot-
BETCTBUU C TIPUHSATHIMU OTPaHUUECHUSIMU CHOpMUpYEM
CTPYKTYpPY PacueTHON MoJeau sl 3JIEeMEHTapHOIO IBU-
rarens (cMm. puc. 2). Ilo Momenu ucciaemyeM pacrpese-
JIEHHUE 3JIEKTPOMArHUTHOTO TIOJISI C TIOCJIEAYIOIINM CYyM-
MHUPOBaHHUEM TOJYIYEHHBIX MHTETPATbHBIX XapaKTepy-
CTUK C YYeTOM W3MEHSIOIINXCS 3HAYeHUI BBICOTHI
nasa (3y011a) KOHILIEHTpATopa /y3(;) ¥ mapamerpa k-ro
CKOJIBXEHUSI y4acTKa Syg;y.

Hnsa yyactka {23} (obGnacTb KOHIIEHTpaTopa Mar-
HUTHOTO TMOTOKa) 3HAYEHUST YCPETHEHHbBIX MAarHUTHBIX
7 JIEKTPUIECKUX XapaKTepUCTUK PACCUYNUTHIBAIOTCS TTO
aHAJIOTMM C MarHUTHBIMU U 3JIEKTPUYECKUMM COMPO-
TUBJICHUSIMU C YIETOM U3MEHSIOIIEICST BHICOTHI 3y0lia
KOHIIEHTpaTOopa MarHWTHOTO IOTOKAa B (YHKIIUM M3-
MEHEHUsI KOOPAMHATHI ¢ f(;). I[Ipy 9TOM mMonaraior,
YTO TapaMmeTp fy,3 AEJEHUS 3yOLIOB KOHIIEHTpaTopa
MarHMTHOTO TTOTOKA PaBeH JUIMHE AL, 371eMEHTapHOTO
ydacTka pazoueHusi. B aToM ciayyae Ha ajieMeHTapHOM
y4JacTKe BBICOTA T1a3a U BHICOTA 3yOIla KOHIIEHTpaTopa
MMPaKTUYECKN He OTIWYAIOTCS APYT OT JApyTa.

MarHutHoe CONpOTUBIICHUE Ha t7p3 IO OCH X
COCTaBJIACT. RMX([) = tZZ}/HX23(i)h23(i)ba rne b —
ILIIMpUHA AKTUBHOUW 4YaCTU KOHIIEHTPATOPA, h23(,~) —

BbICOTa Tas3a (3yOlla) Ha cpeaHeil yacTu 3yOlI0BOTO
JefeHusl  [UIsL -l KOOPAMHATBL @ p(;).  3IECh



Ry(1- COSQ._ £(j)

Hongn = - )
23(i) T~ Rysine. g’ e ¢.p = 11/ Rep;
cosarctg——+— T
Rp(1-coso_p)
l,. .
ocrp = e[l = (=09 =123 n

N — YUCJIO 2JIEMEHTAPHbIX YYaCTKOB B 30HE YyIJIa O f

YcpenHeHHas MarHUTHASI IIPOHUIIAEMOCTD JIIS DJie-
MEHTapHOIo yyacTka 30HbI {23} mo ocu X Oymer:

1 1 -1
MX23(i) — [M_ (I — &3)4 + M_ §23BJ . 3nmechb
F 0

€23 = bp3/t7r3 (b3 — lIMpPUHA Ma3a KOHLUEHTpaTopa
1- COSQ_ ;) 1- COSQ_ ;)

; B= ,
1 =053 75 1= cos@y3p £y

noroka); A=

T P23 7F(j) = %—F{l - }1 [i —0,5(1 + i23)]}; P23 =

— 1.
= (PTF[I - 0»5§23)} €23b1m23/1223, b3 — WAPK-
Ha Ma3a KOHLIEHTpaTopa MOToKa. YNPOIIEHHOE BbIpaxkKe-
HUE YCpeIHEHHOI MarHUTHOM IIPOHUILIAEMOCTH 110 ocu X
: o 1-cospysy
UL wp >> g Oyaer: Wx233) ® ;— 1—() .
Gz 1-coso g
M3 ycnoBus [Jisi MarHUTHBIX COMPOTUBIICHU Ta3a
U 3y0l11a KOHIIEHTpaTOopa MarHUTHOTO TMOTOKA o ocHu Y
RMH Y(i)RMZY(i)
Ryn vy * Ruzvi

nMeEeM: RMY(i) = rae RMI'[Y(i) =
_ haosg h 3

Hobro3b wpbzsb

YcpenHeHHasi MarHUTHasi MPOHULIAEMOCTb IS 2J1e-
MEHTApHOIO y4actka 30HbI {23} 1o ocu Y nyy3) =

s Ruzvi) =

Hyp 7 Hy
- ALl -

0,5Z40

0,5Z40 Hn
-

= pp(l — &x3)4 + po&yr3B. YHpolueHHOe BbIpaKeHHUE
YCPENHEHHON MarHWTHOU MPOHUIIAEMOCTU To ocu Y
WIS wp > pg OYIeT pyp3y ~ k(1 — €3)A4.

C y4eToM MpUBEJCHHbIX BRIPAXKEHUH U TIPY OMYILIEe-
HUHU, YTO Yz3 = 0, BOJIHOBas XapaKTepUCTHKA YCpPeI-
HEHHOI 0071aCTM KOHLIEHTpaTopa MarHUTHOIO MOTOKa

u
MMEET BULL: Br3 = 03 [3‘,23(1 — &) H—FAB + (1= &p3)%4% +
0

+ &2 Bz_1 TIe o3 = /T
23 » TIE 023 1

IIpn ycraHoBuBIIEMCSI BpalliaTe/IbHO-TIOCTYHaTe/Ib-
HOM JBIDKEHUU POTOpA MOKA3aTeNIb CKOJIBKEHMST IS i-
ro yJacTKa IPOBOISILEH MOBEPXHOCTU — BEJIMYMHA TIe-
peMeHHas 1 3aBUCUT OT IIPOCTPAHCTBEHHOI'O PacIojio-
XKeHMsI (OTHOCUTEILHO MHAYKTOpA) 3TOro yyacTKa.

IToxazaTenb CKONBXKEHUS i-TO y4acTKa poTopa BTO-
PUYHOTO 3JIeMEHTa B TOYKE, MAaKCHMMaJbHO MHpUOJIM-
JKEHHON K MHAYKTOpY, HaXomdT To (opmye: SG) =

_ Y17 V%X
Uy

, The v = 2ty f] — CKOpPOCTb Oeryleii nek-

TPOMarHUTHOM BOJIHBI MHAYKTOPA; f| — YacToTa TOKa WH-

rir+(li RC:J_rr) 8

IYKTOPa; vy x(jy = vi(1 — s)[J_rR

X sin(to, F(i))J — COCTaBJISIIOLLAsl BEKTOPA CKOPOCTU

i-ro yyactka mo ocu X. BepxHue 3HaKM OTHOCSTCS K
KOMITIOHOBKE JBUTATE/sI C BEPXHUM DPACIOJOXEHUEM
WHIYKTOpa, HUXXHUE — K KOMIIOHOBKE C HUXKHUM pac-
MTOJIOXKEeHNEM WHAYKTOpa.

DJIeKTPOMArHUTHBIA MOMEHT. Pe3ynbTupytoiuit
9JIEKTPOMATHUTHBIE MOMEHT IIPU COBOKYITHOCTH BO3-
NEWCTBUSI BCell aKTMBHOM MOBEPXHOCTU POTOpPA OIpe-

Zpi Hy Zyp,  Hos
- -

Hys Zg3 Hy, Zp4 Hys Zps H_2f
Zpy3 Zpy Zpys
} Zpy T} Zpa T} Zps T}
Ey Ey Eys Eyg
i h3 f ‘ hay has

Puc. 3. AnanoroBasg cxema 3amemenns JIAJL
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M, H-m
0,100
1
0,067
2
\ Puc. 4. Mexanuyec-
0,033 7 KHe XapaKkTepUCTHKH
1 — ¢ KoHIIeHTpaTopa-
L MM MAarHUTHOTO TTOTOKA;
-0,25 0 0,25 0,50 0,75 1,0 s 2 — 0e3 KOHIIEHTpaTopa

JeJiseTcsl anredpanyeckoim CyMMoM BCeX i-X MOMEHTOB
C YY4ETOM MPUBEACHUS 3JIEMEHTAPHBIX 3JE€KTpOMar-
HUTHBIX  yCWIMH K  LEHTPY Macc  poTopa:

M= ¥ 217(,-){1‘ + Repeos(oof 1 = 17 - 0,5)D}.
i=1

3pech F(j — 2MeMEHTapHOE JIEKTPOMArHUTHOE yCH-
ave mo ocu X i-ro yyactka poropa: F; = 0,56 %

(x] * *
* (ALp) = Rel Exg(j Hoy (s 188 Enaiys Hoy(jy — KOM-

TJIEKCHBIE TaHTeHLMAIbHBIE COCTABJSIOLIME HaMps-
JKEHHOCTU COOTBETCTBEHHO 3JIEKTPUYECKOrO0 M Mar-
HUTHOTO TIOJIeii Ha rpaHMle ydyacTka {24}, KOTopble
PacCUMTHIBAIOTCS C YYETOM IOJYYEHHBIX COOTHOIIIE-
HUI1 U peKoMeHaaLuii paboThl [4] IO aHAJIOrOBOM CXxe-
me 3amenneHus (puc. 3) JIAJ.

Ha puc. 4 npencraBieHbl MeXaHUYECKHME XapaKTe-
puctuku JIAJI ¢ katsiumcs poropoM. Bee mapaMeTpsl
paccMaTpuBaeMBIX IBUTaTesiell (BKIIIOYasl XapaKTepH-
CTUKHU 3KpaHa) UACHTUYHBI.

Takum oOpa3zom, OONBIION 5KBUBAJICHTHBII pabo-
yuii 3a30p JIA ¢ KaTAIMMCs POTOPOM C YYETOM TOJI-
IIMH 3alllMTHOrO 2KpaHa U 00OJIOYEK CYIECTBEHHO
CHUXXAeT MarHUTHOE B3aUMOJCUCTBUE TMEPBUYHOTO U
BTOPUYHOTO KOHTYPOB, UYTO OTPULIATEJIbHO OTPAXXAETCs
Ha PHepreTuyecKux nokasaressx. [IoaTomy ycraHoBKa
B CBOOOIHBIE 001acTU pabouero 3a3opa peppoOMarHuT-
HOM CTPYKTYPHI C SBHO BbIPAXXEHHBIMU aHU30TPOIHbBI-
MU CBOMCTBaMM (KOHLIEHTPAaTOP MarHUTHOTO IOTOKA)
MPUBOJUT K CYILIECTBEHHOMY YJIYUILIEHUIO COCTOSIHUS
MarHuTHOM LIETIU.

MeToa cXeMHOU annpoKCUMallMid COBMECTHO C Me-
TOAAMU YCPEIHEHUSI aHU3OTPOITHBIX CTPYKTYpP MO3BO-
JISIET TOJIYYUTb TpUeMJIeMble BbIpaxKe€HUs ISl Xapak-
TEPUCTUKU HEPAaBHOMEPHOTO pabouero 3a3opa, 3aroJ-
HEHHOTIO0 aHU30TPOMHBIM (heppOMarHETUKOM, M Ha
OCHOBaHWUM aHAJIOTOBOM MOJENU ABUTaTens: cpopmu-
pOBaTb OCHOBHbIE TTOJOXEHUST METOIUKU €r0 3JIEKTPO-
MarHMTHOTO pacyeTa.
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b. A. KAJTAIIIHMWKOB, kann. texda. HaykK (Omckuii I'TY)

JKcnepuMeHTanbHOe NccegoBaHne
4YaCTOTHbIX XapaKTepPUCTUK CUCTEMBbI
C HEOQHO3HAYHON KYCOYHO-HEeJIMHENHON

OCHOBHOI 1Ie/bI0 HCCIEI0BA-
HUIA, pe3yabTaTbl KOTOPBIX MPUBE-
JIeHbl B paborax [1—35], gBisiioch
omnpeneneHne 3PHEKTUBHOCTH pa3-
JIMYHBIX ~ JEeMIUPYIOIINX  YCT-
POMCTB, YCTaHABJIMBAEMbIX MEXIY

XapaKTepnUCTUKON NO3ULMOHHOWU CUbI

MpuBeaeHbl pe3ynbTaThbl MCCNEA0BAHMI HACTOTHBIX XapPaKTEPUCTUK CUCTEMbI C Ofl-
HOW CTeneHblo CBOOOAbI, HEOAHO3Ha4YHas KyCOYHO-HeNMHENHas XapakTepucTnka no-
3ULMOHHOW CUIbl KOTOPOW (hOPMUPYETCH NMyTeM AUCKPETHOM KOMMYyTaLMK decop-
MMPYEMOM 1 aKKyMYNMPYIOLLEN YacTe MHEBMO3MEMEHTA, OCYLLECTBISIEMOV B aM-
MIUTYAHBIX MOMOXEHWSAX 3alMLLiaeMoro obbekTa. Pusmdeckas KapTvHa Anccunaumm
SHeprim yTouHeHa aHanM3oM SHepreTudeckoro GanaHca. MpoBefeHa oLeHKa CyXoro
TPEHWS U YCTAHOBIEHO €ro BANSHWE Ha KOIDMDULIMEHT OTHOCUTENBHOMO 3aTyXaHus.

Investigation results of the frequency characteristics of a system with one de-
gree of freedom, the ambiguous piecewise non-linear characteristic of positional
force of which is formed by means of discrete commutation of deformed and po-
sitional parts of a pneumatic element being realized in amplitude positions of pro-
tected object, are presented. Physical pattern of the energy dissipation has been
specified by analysis of the energetic balance. Estimation of dry friction has been
made, and its influence upon the relative attenuation factor has been established.
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KaMepaMu ITHEBMODJEMeHTa IS
obecrnieueHusI TOMYCTUMOTO YPOBHS
YCKOPEHMI WJIM OTHOCUTEIbHBIX
TepeMeIleHNI O0BeKTa 3alllWTHI.
OcHOBHOI KpuTepuil 3pdeKTUB-
HOCTH — KO3 UIIMEHT OTHOCH-
TEJbHOTO 3aTyXaHWsl, OIpenessiv
00paboTKOIl 3amuceil CBOOOTHBIX
KoJie0aHMiA, UCIOJb3yS (OPMYJIbI
JIMHeWHoU Teopun. B paborax [2, 5,
6, 8] mokazaHo, 4YTO TIpU APOCCEITH-
pOBaHMU raza rTMOKUM TPYOOIIPOBO-
JIOM ypOBEHb AMCCHUMALUM OKa3bl-
BaeTcsl HemocTaTOYHbIM. OgHAKO B
pabote [4] oTMedeHa BbIcOKasl 3¢-
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(eKTUBHOCTb HApoccesis, padboraio-
1IETO0 TOJIbKO TIPU pasrpy3ke 3jie-
MeHTa. KOHTpOJbHBIE WMCIBITAHUS
JIpOCCENIbHBIX NeMII(pepoB, IMpUBE-
JeHHbIe B pabote [1], moka3zaau ux
HU3KYI0 3deKTUBHOCTD. 15 cuc-
TeMBbl, UMelollIel aemiipep ¢ MeM-
OpaHoii, 3HaueHue KoadduieHTa
OTHOCUTEJILHOTO 3aTyXaHMSI He yha-
Joch nonyduth Beie 0,14. B atoit
Xe paboTe JenaeTcsl BBIBOA O MaJIou
3¢ GEeKTUBHOCTU TaKuX IeMIlpepoB
Jaxe TIpU aKKyMYJIHPYIOIIEM 3JIe-
MeHTe OoJIbIIOro o0beMa. EauHCT-
BEHHOM 1IEJTBIO U3MEPEHUI TeMIIepa-
TYp Ta30B M CTEHOK SBIISIOCH OIpe-
JleJIeHUe TeMIIepaTypHOro pexuma
paboTBl IBYXKaMEpPHBIX ITHEBMO-
3JIEMEHTOB B Pa3IMUYHBIX YCIOBUSIX
[3—5, 9]. DddekTuBHOCTE ApOC-
CeJIbHBIX JeMII(hepoB U OlIeHKa OI-
TUMaJIbHBIX COOTHOIIEHWH mMapa-
METPOB JBYXKaMEPHBIX MHEBMO-
BJIEMEHTOB,  WCIOJb3YEMbIX B
MMHEeMOITOABEIIMBAHUN BaroHOB U
JIOKOMOTHMBOB, paccMaTpUBAIUCh B
paborax [8§—12].

OCHOBHBIM CIIOCOOOM YCUJICHMS
JUCCUMATUBHBIX CBOMCTB JBYyXKa-
MEPHBIX THEBMO3JIEMEHTOB C HEO/I -
HO3HAYHOU XapaKTepUCTUKOUN I10-
3ULIMOHHOM CUJIBI SIBISIETCSI UHTEH -
cuduKaluss B HMUX BHYTPEHHUX
HEeOoOpaTUMBIX MpoueccoB. B nemsx
MoJIydeHUsT HauOOoJbIIIeTo AeMIpu-
POBaHUS 3TU MPOLIECChl HEOOXOMU-
MO BBINOJIHSTL AUCKPETHO B OKpe-
CTHOCTY aMIUTUTYIHBIX MOJOXEHUI
o0bekTa 3ammThl [13, 14].

HesaBucruMo or Tuma ycTpoicT-
Ba, YCTaHABJIMBAEMOIO MEXIY 4Yac-
TSAMU ITHEBMODJIEMEHTA, ITOJyYeH-
Hble paHee OKCIepUMEHTaTbHbIC
JaHHbIE TI0 KO3(MGULIMEHTY OTHOCH -
TEJIbHOTO 3aTyXaHUSI B CUJTy OCOOCH -
HOCTe!l TNpUMEHSIEMOro MeTola He
JAIOT €ro ajeKBaTHOM OLEHKU. DTO
OOBSICHIETCS TEM, YTO OHU TOJTyye-
HBI IPU CBOOOTHOM JIBMKEHUU CHUC-
TeMbI 0e3 yyeTa HauyaJabHOro CMellle-
HUSI, BJIUSIIONIETO HA aMIUTUTYY, XO-
TS OHA HapsIy C OTHOILIEHUEM Macc
yacTeil MTHEBMOAJIEMEHTA OKa3bIBaeT
CYILIECTBEHHOE BIUSHUE Ha KO3(-
uLMeHTH JeMII(UPOBAaHUSI U Ke-
cTKoCcTU. B pesynabraTe ObLIM MOJY-
YeHBl HEKOTOphIe  ITOCTOSTHHBIE
OLIEHKM Ko3(dulineHTa arepuo-

12

JUYHOCTU, HE MO3BOJISIONIME MOC-
TOBEPHO OLIEHUTb YPOBEHb KoJieOa-
HU B peXUME BBIHYXXIEHHOTO JIBU-
KEHUS.

3aBUCMMOCTU  3KBUBAJEHTHBIX
KO3(GULMEHTOB AeMI(pUPOBAHUS
U XECTKOCTHA OT aMIUIMTYIbI KOJe-
OaHMIt yKa3bIBaIOT Ha LeJIecoobpa3-
HOCTb HAXOXIE€HWS YaCTOTHOM Xa-
DPaKTEepPUCTUKN KO3 (dUIIMEHTa OT-
HOCHUTEJIbHOTO 3aTyXaHUs B peXUMeE
BBIHY>XJIEHHOTO JBUXEHUS U HEOO-
XOIMMOCTb BbIOOpa MeToAa JMHEa-
pU3alMK, NOCKOJIbKY OH OIpeaessi-
€T BUJ BBIpaXeHU Ko3(pUuIeH-
TOB, B KOTOpbIE MOACTABJISIOTCS
3HAUEHUS, MOJIYYEHHbBIE SKCIIEpU-
MeHTalbHO. KpoMe Toro, BBUIY OT-
CYTCTBUSl €IMHCTBAa B3MJISAOB Ha
npupony AeMindupoBaHUs, BbI3bI-
Ba€MOro TepeTeKaHWeM U CMEIlU-
BaHMEM Tra3oB, ISl MIPOBEPKU MeXa-
HU3Ma JOUCCUIIALMU TEIUIOBblE U
TeMIIepaTypHbIE U3MEPEHUS CIIeay-
€T OpraHM30BaTh TakKMM OOpa3oM,
yToOBl ObOEcIreurBagach BO3MOX-
HOCTb  COCTaBJIEHUS]  ypaBHEHMUSI
9HEPreTUYecKoro OajgaHca Kojeba-
TEJIbHOW CUCTEMBI.

Takum obpazoMm, HeoOXOAUMO
MOJYYUTh SKCIIEPUMEHTAIbHbIE Yac-
TOTHBIE XapaKTEPUCTUKU JIJII CUCTe-
Mbl, HEOTHO3HAYHAs1 KyCOYHO-HEeJH-
HelHas XapaKTepUCTHUKa MO3UIIMOH-
HOI CWJIBI KOTOpOil (opmupyercs
IMTHEBMORJIEMEHTOM C JUCKPETHOM
KOMMYyTAILIMEN €ro 4yacrei, ocylie-
CTBJISIEMOM B KpallHUX MOJIOXEHUSX
00bEKTa, U CPABHUTH UX C TEOPETU-
YECKUMU, TIOJyYEeHHBIMU METOJI0M
FapMOHUYECKOW  JIMHEapu3alluu.
Kpome Toro, cieayer Takxke IIOMI-
TBEPAUTb TUMNEPOOJMUYECKUNA TUII
YaCTOTHOM XapaKTepUCTUKU KO-
(pvuMeHTa OTHOCUTEIBLHOIO 3aTy-
XaHUS U €r0 BBICOKMI YpOBEHb B
pe30oHaHce JJ1s1 CUCTEM C ITMCKpeT-
HOI KOMMYyTallMen. A Takxke ImyTeM
SKCMEPUMEHTAIIBHOMN MPOBEPKU
ypaBHEHHUSI 3HepreTuyeckoro Oa-
JlaHCa CUCTE€MbI YTOUHUTH (hU3nye-
CKY10 KapTHUHY Mpoliecca AUccUuIia-
LIMU BHEPTUMU U OTIPENeUTh BeJIU-
YUHY CUJ CYXOro TpeHus s
5JIEMEHTa C PE3WHOKOPAHON 0060-
Jnoukoil (PKO).

Crenp (puc. 1) misa auHaMude-
CKMX WCTIBITAHUI BKJIIOYAET B Ce0s

25

Puc. 1. Crenng ansg JIMHAMMYECKHX
HMCIBITAHAN CHCTEMBI C OJHOW CTENMEeHbIO
cBOOOBI c KYCOYHO-HEeJIMHEHHOii
XapaKTePUCTHKOI MO3UIHOHHOMN CHIIBI

IIPUBOI U META/UIOKOHCTPYKIIHIO! .

[IpuBOI COCTONT M3 ACHHXPOHHOTO
nBurateist 14 MmourHocThio 75 KBT ¢
yactoroir BpauieHus 500 MI/IH_I,
YHUBEPCAIBHOTO peryisitropa 15
CKOpPOCTH, peMeHHOI nepenaun /6,
KYyJaukKoBOro y3na I7 WU ToJKaTenas
18, coemMHEHHBIX MOCJEAOBATEIb-
Ho. Ha ympaBisioleM IK1Be pery-
ngTopa 15 yCTaHOBJIEH JIIEKTPO-
npuBoA, 13, MO3BOMSIOLINN TJIABHO
M3MEHSTh YacTOTy BpAIlleHUST BBI-
XOZHOTO Bajla U TEM CaMbIM yCTa-
HaBJIMBATh YaCTOTY BO3MYIIEHUS OT
0 10 20 ¢~ L. Dnekrponpusox 13 co-
CTOUT M3 JBUTraTessl MOCTOSIHHOTO
TOKa, peayKropa U My(Tbl, B KOH-
CTPYKIIUM KOTOPOI IpeaycMOTpeHa
BO3MOXHOCTb PYYHOTO M3MEHEHUS
JaCTOTHl BO3MYIIICHUS.

B MeTamioKOHCTPYKIIMIO BXOJST
pama 9u cron 12, B HarpaBJsIoLEeM
y3Jie KOTOPOTo TepeMelaeTcs Toja-
katenb /8. OCHOBHBIM 3JIEMEHTOM
KYyJJAYKOBOTO y371a /7 SIBJISIETCS 9KC-
LEeHTPUK 79, MO3BOJISIIOIINN U3MeE-
HATH BO3MYIIEHHE TI0 3aKOHY
x(9) = xg(1 — coswf), THE X[ =

! Yiness xoHcTpykumy crerma mpu-
HaJUIEXUT b. H. DutneBy u
I'. C. ABepbsiHOBY.
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=25- 1073 M — aMIUIMTYyIa; ® —
yacToTa, u3MepsieMast JaTdukom 20.

AMOPTUBUPYEMBIH OOBEKT UMU-
THUPYET HA0Op TPy30B 3, 3aKpeIuieH-
HBIX Ha 0ajKe 5 ¢ TOMOIIIBIO CTSIKEK.
B BepxHeii yactn Habopa rpy3oB U B
HWXHEN yacTu OajJKi YCTaHOBJIEHbI
ONoOpbI 2 KaueHMsI, POJIMKH KOTOPBIX
TepeMeIlaloTCs TI0 HaMPaBJISIOIINM
croiikaM pambl 9. KoHcTpykuus
oInop KayeHus obecreyrBaeT He3a-
BHCUMOE TepeMELEHNE KaxXI0W U3
HHUX B JIOOOM M3 TPeX B3aMMHOIEP-
MEeHANKYISIPHBIX HarpaBJeHU.
DTO HEOOXOAMMO MJIST YMEHBIIIEHUSI
pedopaHOro TpPEHUSI POJIUMKOB U
yCTpaHEHUsI HeXeJaTeJIbHOro Ha-
TpyXXeHus1 JATYUKOB 6, [0 cuimbl.
HcnbiTyeMblii THEBMORJIEMEHT 7 yC-
TAHOBJICH MEXIY 3TUMU JaTYMKAMMU.
ITpenycMoTpeHa TakXe BO3MOX-
HOCTb MapajUIeJbHOM  YCTAaHOBKM
TMIPABIMIECKOrO aMopTh3aTopa §.

ITapameTpbl BO3MYILEHUS, OT-
HOCUTEJIbHBIX M a0COJIIOTHBIX Mepe-
MEILEHUI U3MEPSIOTCS C TTIOMOIIIBIO
MOTEHIIMOMETPUYECKUX JaTYMKOB
22, 24, 25 tunos VYIICI n
MC-375A. JlaTuuk 24 ucnonb3yer-
cd B KayecTBE KOMAaHIHOIO JUIS
CHUCTEeMbI yMpaBJIeHUs 3JIEKTPOKIIa-
naHoM. M3mepeHus1 aOCOIIOTHBIX
YCKOPEHUI OO0BEKTa BBIMOJIHSIOTCS
akcenepoMmerpom 4 tuna HY-5C,
paboTaloluM B KOMILIEKTE C BHUO-
POM3MEPUTEIbHON  ammapaTrypoi
BU-6TH. INpogonbHbie CHITBI (BTO-
pasi Tpymra IapaMeTpoB) M3Mepsi-
IOTCSI C TIOMOIIBIO TEH30METpUYEe-
CKUX maT4nkoB 6 1 10. B xayecTBe
YCUIIUTENISI-TIpeoOpa3oBaTeiss  UC-
MOJIb30BJIM TeH30CTaHLMMU TA-5
win TOITA3-3.

[THeBMO3/IEMEHT ¢ JUCKPETHOM
KOMMYyTalMeit yacteit (puc. 2) co-
CTOUT U3 AeOPMUPYEMOi1 YacTu 3,
aKKyMyJIupyoollei yactu 16 U UM-
MyJbCHOTO  B3JIEKTpOKJanaHa 0.
B xaudecTBe OCHOBHOI'O 3JIeMEHTA HC-
TOJIB3YETCSl PE3MHOKOPAHAST 000JI0Y-
ka 4 tuna H-138, pazpaboraHnHas Ha
HIIIT "Iporpecc" (r. Omck). O06-
Uil 00beM IMHEBMOZJIEMEHTa U
Maccy raza B HeM MOXKHO YBEJUYUTh
C TIOMOIIbIO pa30OpHOro OajIoHa
(puc. 3). O06beMbl YacTeil MHEBMO-
3JIEMEHTa U3MEHSIOTCS TIepEeCTaHOB-
KOI 3JIeKTpoKiamnaHa 6 (cM. puc. 2

Moo 9 & L AW
\
{1

Puc. 3. Pa36opnbriii 6100

" 3). AKKyMyJIpyrolasi 4acThb IIpy-
COEIMHSIETCS C TIOMOIIIBIO METAJIIO-
pykaBa 12 mmmHOr 1,3 M
n guametpoM 0,05 m.

71 BRKITIOYEHHST 3JIeKTpOKITara-
Ha B cucTteMy ympasiaeHust [135],
a TaTYMKOB, YCTAHOBJIECHHBIX BHYT-
pU MHEBMO3JIEMEHTa, B CHUCTEMY
U3MEpPEHU MpPeayCMOTPEHbl Tep-
MoBBoabl 11, 14, 15, 17 (cMm. puc. 2)
u I, 7, 8§ (cM. puc. 3).

[aByieHUs B 4acTSIX MTHEBMOOAJIe-
MEHTa U3MEPSIIOTCS MOTeHLMOMET-
puYecKMMU Jatyukamu I, 13 tuna
MA-T (cm. puc. 2) u 9 (cM. puc. 3).
TeMneparypa razoB u3MepsieTcsl ¢
TMOMOUIBIO XpOMeJTb-KOTIeJeBbIX
tepmoriap 3, 9 (cMm. puc. 2) u 2 (cM.
puc. 3). Jlnst onpeneneHus TeMIie-
paTyphl XOJOIHBIX CITaeB UCIIOJIb3Y-
ercsa undposoit Tepmomerp D-206.
TeMmneparypa BHYTPEHHMX M Ha-
DPYXHBIX CTEHOK M3MepsIeTcsl ¢ 10-
MOIIBIO TIJIATUHOBBIX TEPMOMETPOB
comnmpoTuBiaeHus 7 u 10 Ttuna
HNC-545A (cm. puc. 2), 3, 4
(cm. puc. 3) u 23 (cm. puc. 1) ¢ Ho-
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MMHAJIBHBIM CONPOTUBJICHUEM
100 OMm mipu Temnieparype 0 °C. g
pETUCTPALIVN TTOKA3aHWIA TEPMOMET-
POB COMPOTUBJICHUST UCITOJIb30BAJICS
aBTomaTuueckuii Moct KCM-4. Te-
TJIOBbIE MOTOKM MEXIy razaMM Io-
JIocTell W CTEHKaMu ITHEeBMOD3Jie-
MEHTa U3MePSIOTCS naT4yuKamMu 2, &
(cM. puc. 2) u 5 (cMm. puc. 3).
Knanan coBMecTHO ¢ cucteMoi
YIpaBJIeHUS] B MOMEHTBI TOCTHKE-
HUSI HAaMOOJbIIMX 3HAYEHU I pa3HO-
CTM  XMMHUYECKUX IOTEHIMAJIOB
JOJDKEH OCYIIECTBISATh KPaTKOBpE-
MEHHOE€ COOOIlleHUe YacTel MHEeB-
MOBJIEMEHTA C LIEJIbI0 OBICTPOIo 00-
palleHus1 ee B IPOM3BOJCTBO BSH-
tporuu [13, 14]. B aToM citydyae oHO
OKa3blBaeTCsl HAMOOJBIIUM 32 IIe-
puoa KoyiebaHUil, YTO MPUBOAUT U
K HauOOJIbIIEMY PACCESIHUIO 3HEp-
MU 33 eAMHUILY BPEMEHH.
HMMITynbCHBINM  3JIEKTpOKJIanaH
(puc. 4) uMeeT 1Ba MarHUTOIIPOBOAA
1 1 6, MeXIy KOTOPHIMU PacCIIojio-
>K€H TTOJABUXKHBIN IKOPB 3 C XKeCTKO
3aKpEIUIEHHOM COJICHOMIHOM Ka-
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Puc. 4. HMnyabcHblil 31€KTPOKJIANIAH
IS KOMMYTAIMM  4acTeidl  NHEBMO-
3JIeMeHTa

TYLIKOM 5, MOMEIIEHHOM B 3a30p
MarLHuronpoBoja 6. M3ameHeHUeM
BBICOTHI yriopa 4 JOCTUTaeTcsl pe-
ryJUpoBaHUe 3a30pa 5, a ciiegoBa-
TEJIbHO, Y YCUIINSA, (PUKCUPYIOILIIE-
ro SIKOpb 3 B OTKPBITOM IIOJIOXE-
Hum [13].

s OTKpBITUS KJIallaHa CHUMa-
eTCSl HallpsLKeHHe ¢ OOMOTKU 2 U
MOJAETCI MMITYJbC B KATYIIKY J.
Axopb 3 mon meiicTBUEM 3JIEKTPO-
JIUHAMWYECKOM CHJIBI TIepeMellaeT-
CsI IO CONMPUKOCHOBEHUS C YITOPOM 4
U yAEepXUBaeTCsl B 3TOM IIOJIOXKe-
HUM DJIEKTPOMArHUTHOWN CHJIOM.
3akpbIBaeTCs KJlamaH IpPU OIHO-
BpPEMEHHOI ToJaye MMITYJbCOB Ha
0o0MOTKyY 2 M Katyiiky 3. [Tpu sTom
00MOTKa 7 HaXOAMUTCS MOJ Harps-
KeHHeM, O00ecCIeurBallIUM Mak-
CUMaJIbHOE 3HaYeHME WHAYKIUW B
3azope. JlaHHBIA  MMOYJIbCHBIA
BJIEKTPOKJIAIaH T03BOJISIET HaIeXk-
HO pa3beINHATh YACTH ITHEBMODJIC-
MEHTa JJIsI CO3JaHUsS HauOOJbIIeH
Pa3HOCTU XUMMYECKUX IMOTEHIIMA-
JIOB, a TakKxKe OBICTPO KOMMYTHUPO-
BaThb 3TU YacTH, oOecrieunBasi IpU
5TOM BBICOKHUI YpOBEHb AMCCHUIIA-
LIMY SHeprum Kojedanuii. Mcnbita-
HUS TI0KAa3aJid, 4TO IPU XOJEe SIKOPS
h=28-1073 M u wiomanu TPOXO/I-
Horo ceueHus S=491- 1074 m?
OBICTPOIEICTBME KJIallaHA COCTaB-
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nser At =20 MC U TIpu mepernane
nmapineHuit Ap ot 0 no 1 MIla ocra-
€TCS TTOCTOSTHHBIM.

Takum o06pa3oM, B auamna3oHe
yacToT KojebaHuii Af=0+5 TIn
KJ1anaH WMeeT YIOBJIETBOPUTEIb-
HbI€ TTapaMeTpbl OLICTPOACHCTBUS U
pacxoma. Brpicokasi TepMeTUYHOCTD
obecrneynBaeTcs CrelagibHbIM YII-
JIOTHEHHEM. YCTpPOMCTBO M pabora
CHCTEeMBI YIIPaBJIEHUSI PaccMOTpe-
HBI B pabore [15].

BKCHepHMeHTaJIBHOC onpeaejicHue
YACTOTHBIX XAPAKTEPHUCTHK

YacTtoTHble XapaKTepPUCTUKU
ONpeaessyii B Juarna3oHe 4acToT
Ao =3+20 ¢ . Bo BpeMsI TIpe/iBa-
PUTEJIbHBIX HWCIBITAHUN C LEIbIO
MoJIydeHUsI HanbosblIero agexra
raleHusi KojeOaHUil OCYIIECTBIISI-
JlaCh HACTPOMKa 3JIE€KTPOHHOM CUC-
TeMbl YIIpaBJIeHMUSI, 3aKJI0Uarolas-
cs B BbIOOpe MHTEpBajlia BpeMEHU
Aty, B TEUYEHHE KOTOPOrO YacTh
IMTHeBMO3JIEMEHTa COEIMHEHbI, U B
BbIOOpE MOMEHTA Hayajla KOMMyTa-
uvu. BenuumHa Af, mopbupanacek
3KCIIEpUMEHTaIbHO [15], oKOHYa-
TeJIbHO OHAa COCTaBWJIa B CPEeIHEM
70 Mmc.

Ha puc. 5 npuBeaeHa TunuyHasi
ocLuJUIoTpaMma, KoTopash TOf-
TBEpXJaeT BO3MOXHOCTb IOJy4e-
HUSI pEeryJIupyeMoro ornepexeHus u
XapakTepusyeT  OBICTPOJEHCTBUE
CUCTEMbl "TIHEBMOBJIEMEHT—OI0K
ynpapieHusi—kiamnan". Ilapamer-
pBl PETUCTPUPOBAIM Ha AUCKPET-
HBIX YacTOTaX, MHTEPBaJbl MEXIY
KOTOpPBIMU cocTaBiisin oT 50 1o
100 mc u ot 20 go 50 Mc cooTBeT-
CTBEHHO B JOPE30HAHCHOM U 3ape-
30HAHCHOM 30HaX.

Ha puc. 6 u 7 mpencraBiieHBI
9KCIIEpUMEHTAIbHbIE U TEOpEeTUYE-
ckue (1Mo MEeTOoAYy rapMOHMWYECKOM
JIMHeapu3alny) YacTOTHBIE Xapak-
TEPUCTUKU. XapaKTePUCTUKA YCKO-
peHUS B CUITy 3HAUUTEIHHOTO OTJIH-
yus ee OPMbI OT CUHYCOMIAIBHOM
CTpOMJIACh II0 MEPBOM TapMOHUKE
MoKa3aHWM JaTyrka cuibl (puc. 7, a,
KpuBas 2), oJy4yaeMoil IlyTeM pa3-
JIOKEHUS 3TOi KpuBoii B psim Dy-
pbe. DKcrnepuMeHTalbHbie (POMOBI
U IIPSIMOYTOJIbBHUKM ) YACTOTHHIE Xa-

PaKTepUCTUKH KoaddumreHTa
anepuoanyHoctu (puc. 7, 6) mo-
cTpoeHsbl 1o dopmyite [16]

\V(Aq,rel ) =

NP efoVaepon(n+1) %

Tw)ldef.o[(“ + Mq.rel)2 - Aq.rel] x

% lan.rel + Aq.rel
q.rel Aq.rel

x A/zM(Mq.rel_ N Mg.re/ - Ag.rel)

TI€ Pgero — AOCOMIOTHOE NaBJICHUE;
Vdef.O — 00BeM nedopMupyeMoit
YacTH ITHEBMO3JIEMEHTa B COCTOSI-
HUM CTaTUYEeCKOTO pPaBHOBECHSI;
w = Myero/ Myee OTHOLLIEHUE
Macc yYacTeil IMHEBMOXJIEMEHTa;
M — wmacca 00beKTa; lyprg =
= Viero/ Seff — NPUBEICHHAS ITMHA
CTOJI0A Ta3a; ® — 4YacToTa BO3MY-
HICHWST; Aq,rel = aq.rel/ ldefO am-
nryna; My pep = 1+ my i/ lgero —
CMellleHUe LIEHTpa KoJieOaHUiA.

B cootBerctBUM ¢ (hopmyinoii (1)
9KCIIEPUMEHTANIbHASI ~ YaCTOTHAas
XapakTepucTuka KoadhduumneHTa
OTHOCHUTEJILHOTO 3aTyxaHUsl (CM.
puc. 7, 6) CTpOUTCS TOJBKO IO OC-
LIWJIJIOTpaMMe  OTHOCUTEJbHOTO
rnepeMeleHus.

BxcnepuMeHTanbHbie AUYX (cMm.
puc. 7, 6) TOCTPOEHbI HEMOCPENCT-
BEHHO MO OCUMJIIOrpaMMaM OTHOCH -
TEeJIbHBIX TepeMEelIeHUId U BO3MYIIIe-

-

» (1)

T Ey T AT e |
RN |[SLam I CAOKCTIEFHMEHT @
Puc. 5. OcmminorpaMmma mpH 4acrore
o=65c
1, 9 — cOOTBETCTBEHHO aOCONIIOTHBIE U OT-
HOCHUTEJIbHBIC TepeMelieHus; 2 — TIpo-

IoJIbHAs cuiia; 3, 5 — TEIJIOBbIE ITOTOKU; 4,
7 — TeMIIepaTypbl ra3oB; 6 — NaBJIEHUS CO-
OTBETCTBEHHO B Ae(GOPMUPYEMON U aKKy-
MyJIMpylolei yactsx; /0 — KhHeMaTuue-
CKOE BO3MYLICHHUE
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DHepreTHYecKHii 0aJIaHC CHCTEMBI
C MTHEBMO3JIEMEHTOM
C IMCKPETHOH KOMMYTAalMel gacTei

Hus (CM. puC. ), a TeOpeTUIeCKHe —
mno BBIPAKEHUIO €Pgrel — x=

= 2y(Ag /(1 — M%), e n =
= w/wfr(Aq.rel); COfr(Aq.rel) = Opgr X
A/ceq(Aq.rel ) (D%at = pdef.OSeﬁ‘:

“(LgeroM) [16].

ITonBeneHHy10 K KoyieOaTeIbHOM
CHCTEME DHEPTUIO OIPEAeIISIN 10
bopmyne AEy,, = nMxomzaq.,el X

X

Aq/XO Aq.rel/XO

1,5 VA
LS e, 2 f /Qh
e g o/\ 1,0

1,0 N 1
. \z/\ 0,5 P

S |
0 5 10 50,c! 0 5 10
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Puc. 6. AUX cucteMbl ¢ KyCOYHO-HEJMHEHHOH XapaKTePUCTHKON NMO3NMIHOHHON CHIIbI
a0CoOTHBIX (@) ¥ OTHOCHUTEJILHBIX (6) mepeMeneHuii:

I — Vaoro = 13,6103 M%, = 1,2; 2 — Vprg = 5,63- 103w, p = 4,3

N

]
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Puc. 7. AUX cucremsl ¢ KyCOYHO-HEIMHEHHOH XapAKTEPHCTHKON NMO3UIMOHHONH CHJIbI:
a — abCOJIIOTHBIX YCKOPEHMI; 6 — YaCTOTHBIX XapaKTEePUMCTUK cABMra (a3 (3aBUCHMOCTHU
Iu 2) u xoadhduieHTa OTHOCUTENBHOTO 3aTyxaHus (3aBucumoctd 3 u 4); 1, 3 —

Vdef.'O =136+ 1073 M3: =12 24— VdefﬁO =563 1073 M3, n=43

AEgp, AE g, kX AT, K
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o 1] o N

0,1 TR 1 ——
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o‘fJ 3 ’ ° e 0 g

0 5 10 15 o,c! 5 10 15 o, c!

a) 0)

Puc. 8. YacToTHbIE XapAKTEPUCTHKH:

a — noaseneHHo# (3aBucuMocti 1 u 2, O u <) u paccesHHON (3aBUCMMOCTh 3, O) aHep-
I'Mii; 6 — M30BITOYHBIE TEMITEPATYPhl B YACTSX ITHEBMO3JIEMEHTA
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X SiNQg o — x (pUC. 8, a), B KOTO-
pyI0O TIOACTABJISINA DKCIIEPUMEH-
TaJbHbIE 3HAYEHUs YacTOTHl o U
caBura assl g o/ — x MEXIY OTHO-
CUTEJIbHBIMU KOJIEOAHUAMU ¢, ()
o0bekTa M Bo3MylleHueM  x(f)
(cMm. puc. 5).

OHepruto AE;, meperaBaeMylo
3a mepuo KojiebaHuii OT ra3oB yac-
TEW NHEBMOBJIEMEHTA B OKpYyXaro-
11y cpeay (CM. puc. 8, a), Haxoau-
JIU YUCJAEHHBIM MHTErPUPOBaHUEM
MOILIHOCTU, U3MepsSieMOi JaTyrKa-
MM TETJIOBOTO MOTOKA, C MOCJIEAYIO-
IIMM YMHOXEHUEM pe3yJbTaTOB Ha
TJIOLLAAb MTOBEPXHOCTU TEIJI000Me-
Ha KaXJ0W YacTU MHEBMODJIEMEHTA.

DKcnepuMeHTAJIbHOE onpeaeieHHe
CHJIBI CYXOT0 TpPEeHHs
B nHeBModjiemMenTe ¢ PKO

3HaueHus CWIbl CYXOro TpeHUs
(Tabnuua) omnpeesyii - MeTOAO0M
9HEePreTUYecKoro dajaHca s pas-
JIMYHBIX HayaJbHBIX OOBEMOB Je-
¢dopMuUpyeMOii 4YacTu ITHEBMODBJIE-
MEHTa, WCMOJIb3ysd BKCIIepUMEH-
TaJbHblE 3aBUCUMOCTH "CHJIa—
nepemelieHue” (puc. 9). Harpyxe-
HUE TTHEBMODJIEMEHTa MPOU3BOIN-
I ruaponoabeMHukom JI-3 (ycu-
e g0 30 xH, xox mo 0,46 M), yc-
TAHOBJICHHBIM MEXIY 3JIEMEHTaMU [
u nebdenkoit 21 (cm. puc. 1).

Anamms Pe3yjabTaTOB U BbIBO/bI

Ve mnpu OTHOCUTENIBHO He-
OOJILIIIOM 3HAUEHUM OTHOIIEHMUS
Macc yacTeil MHeBMoOBJieMeHTa u = 4
MOXHO TOJIyYUTh HEOOJIbIIINE 3HA-
yeHUs1 Ko3(D(PUIMEHTOB Ilepenadyu
repeMelleHU B pe30HaHCE U YCKO-
pE€HUIT B 3apE€30HAHCHON 30HE.

DKCIepUMeHTaJbHO  TOJyYeH-
Hble TUMIEPOOJMYECKNEe YAaCTOTHbIE
XapaKTepUCTUKN KO3 dULIMeHTa
OTHOCUTEJILHOTO 3aTyXaHUsl MO3BO-
JISIIOT clieflaTh BBIBOJ, O HE3aBUCH-
MOCTU KOJIMUECTBA PaCCeSIHHOM
SHEPruyd OT YaCTOThl U MpPAKTUYE-
CKUY JIMHEMHOM 3aBUCUMOCTH OT aM-
mwuTynsl. ITo dopmyne (1) HaxoasT
CYMMapHBIi KO3(pduIIMeHT arme-
PUOIUYHOCTU, KOTOPbI YYUTHIBACT
U cyxoe TpeHue. MCKIOUUTHL ero

15



Rdry9 kH Rdry» kH
6 A/F '// ra 3 ./ﬂ
1222 7 ¥ F Vv P/
4 e . o 2 NE S 1A
5 i P A,
2 4 A A7 1 4 /// /
A, S 7
0 SE A&7 0 e,
ol 2= L~ 6_L—A AN a1
BN » 4
] NAT| T2
—4 247 &
-6 -4 2 0 2 4 -6 —4 -2 0 2 4
Grel © 102, M Grel * ]02, M
a) 0)

Puc.
nepeMenieHns:

a) Vaero = 5631073 M3, pgerg = 0,48 MITa, ay = 0,01:0,06 M; 6) Vyorg = 13,6107 2,

Paero = 0,48 MITa, @ = 0,01:0,07

9. 3aBHCHMMOCTM M3MEHEHHS CHJIbI

3uavenus: cuabl Ry, H, cyxoro TpeHus npy pasimdHoii aMIUIMTYe OTHOCHTENbHBIX
nepeMeneHmit

CYXO0ro TpeHHS OT OTHOCHTEJIHHOIO

O6BeM nedopMupyeMoit

AMILTUTYAR Qg res 102 M

qactu Vyero, 1073 M3

1 2 3 4 5 6 7
5,63 66 78 117 118 128 161 —
13,6 59 65 82 81 71 106 131

BJIUSTHUE MOXHO TOJIbKO B METOJE
MeTIU TUCTepe3uca.

lI'opasno Oonbliuit caBur ¢as
BO3MYILLUEHUS X(¢) U OTHOCUTEIbHbBIX
KoOJIeOaHUM ¢, (f) (cM. puc. 7, 0),
MMEIOIINUI MEeCTO B JOPE30HAHCHOM
W PE30HAHCHOU 30Hax Ipu u = 4,
YKa3blBa€T Ha BBICOKUI YPOBEHb
IeMIpupoBaHusi, OOYCIOBICHHBIN
HE TOJIbKO WHTEHCUBHBIM TEIJIO00-
MEHOM C OKPYKAIoLUEH cpenoi, HO
U CPaBHUTEJILHO HU3KOW 4YacTOTOMI
BO3MYLLIEHUS.

B nuHamuke cuctem co cTaluo-
HapHBIMHU CBS3SIMUA aMIUIMTyAa KO-
JIebaHuii ycTaHaBIMBaeTcs npu Oa-
JlaHCe TOABeACHHOM AE,, 1 pacce-
SIHHON AFE; oHepruii. HensmeH-
HOCTb HEOJHO3HAYHOH KYCOYHO-
HEJIMHEMHON XapaKTEpUCTUKU IO-
3ULIMOHHOM CUJIbI BO BPEMEHU Ha
(pMKCUpPOBAaHHOI 4YacTOTE BO3MY-
1IEHUST SIBJISIETCS YCJIOBHEM OIpe-
JeJIeHUs 3KBUBaJIEHTHBIX KO3 du-
uueHToB. CHUCTeMbl aMOpPTH3aLIUU
CO CBS35IMM THUIA MHEBMO3JIEMEH-
TOB, B TOM YHMCJIE€ U C JUCKPETHOM
KOMMYTaIMell UX 4YacTeu, mpu yc-
JIOBUU W30TEPMUYHOCTA TEPMOAM-
HaMUWYECKUX MPOLECCOB OTHOCSATCS
K TakuM cucteMam. [Tpu 3Tom noa-
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BElleHHasl JHEPTUsl PpacxomyeTcs
TOJIbKO Ha Terionepenayy B OKpy-
JKAIOIIYI0 Cpemdy.

IIpu agpaGaTuyeckoM XapakTe-
pe ¢usznyeckasi KapTUHa MEHsIEeTCs.
B o6Omem ciayyae K amuabaruye-
CKMM mpoleccaM 100aBsieTcs Ter-
JIOOOMEH C OKpYyXKalolieil Cpemaoi.
[Tpu 1oCTaTOYHO MHTEHCUBHOM TeIl-
JIOOTHA4Ye 3HEprus, pacxomyeMmasi Ha
MOOIBEM aAMOPTU3UPYEMOM MAacCHI,
yBeJIMYEHWE BHYTPEHHEN SHEPIUu U
COBEpIIIEHNE Pa0OTHl II0 MPEOoIoIe-
HUIO CWJI aTMOC(epHOro AaBieHusl,
YMEHBIIAETCSI 1 B UBOTEPMUUECKOM
npeaene ucuesaer. Ilpu 3ToM Ha-
CTyIIa€T COCTOSIHHE YCTaHOBUBIIIE-
rocsi IBVDKEHMSI, K KOTOPOMY MpH-
MEHMMa TEOpUsI SKBUBAJICHTHOM
JIMHeapu3aluy B OOBIYHOI Tpak-
TOBKE.

Takum obOpazoMm, H30TEepMUYE-
CKUI XapakTep MpPOLECCOB, IMPOTe-
KalollMX B IBYXKaMEpPHBIX ITHEBMO-
3JIEMEHTaxX, B OOLIEM U C IMCKPET-
HOM KOMMYyTallMel, B YaCTHOCTH,
O3HayaeT B MEPBYIO OYEpeb Pacxo-
JIOBaHUE IIOABEIEHHOM DSHEPruu
TOJILKO Ha TEIUIOOTHAayy B OKpY-
JKAIOIIYylo cpedy. DTo obecrneynBa-
€TCS1 HE TOJbKO MHTEHCHUBHOCTBHIO

TeIJIO0TAAYM, a B IEPBYIO OUYepedb
BO3MOXXHOCTBIO TEIIooOMeHa (OT-
0opa) MexAy razoM aKKyMyJIupylo-
1eil yacTu MHHEBMOXJIEMEHTa B TO
BpeMs, KOrJa OHa OTKJIIOYeHa OT
JIeopMUpyeMO YaCTU.

Casur ¢a3 OTHOCUTEIBHBIX KO-
JiebaHUT aMOPTU3UPYEMOTO OOBEK-
Ta WM BO3MYIICHUS He SBIISETCS
MPU3HAKOM H30TEPMUYHOCTU IIPO-
1ecca, IOCKOJIbKY M B anuabdaTuye-
CKOM IIpOIIeCCe 3a IePUO PaCXOay-
€TCSI TaKoe XK€ KOJMYECTBO BHEp-
ruu. M1 B TOM, U B ApPYyroM ciydae
3HAUUTENbHBIN CABUT (ha3 B 10pe30-
HAHCHOM M PE30HAHCHOM 30Hax
YKa3bIBa€T TOJbKO Ha BbICOKUI
YPOBEHb IWCCUIIALIMM 3HEPIUM B
9TUX YACTOTHBIX JTMAMNa30Hax.

OcummiorpaMMbl TEIIJIOBOTO
IIOTOKa B AedopMHpyeMOil 4YacTu
IMHEeBMO3JIeMeHTa (CM. puc. 5, Kpu-
Basi 5), MOJyYEeHHbIE B XOJ€ BKCIe-
PUMMEHTOB KaK C OJHOKaMEpPHBLIM
ITHEeBMO3JIEMEHTOM, TaK U C IBYXKa-
MEPHBIM C JIMCKPETHOM KOMMYTa-
LIMel ero yacteil, Aal0T CAeIYIOLIYI0
KapTUHY ralieHus KojJieOaHuid.

IIpy ucHbITAaHUSIX OZHOKAMEp-
HOIO ITHEBMOXJIEMEHTa OCLULIO-
rpaMma TeIUIOBOI MOIIHOCTU (I10-
Jo0OHas1 3aBUCHMMOCTUA 5 Ha pHUC. 5)
MPaKTUYECKN CHUMMETPUYHA OTHO-
CUTEJIbHO HyJieBoro ypoBHsi. Hamu-
Yyye CMEILEHUS U MOSIBJICHUE TI0CTO-
SIHHOI COCTaBJISIIOIIEH HEOOIbIIOro
TEIJIOBOTO IIOTOKA OOBSICHSIETCS
MOCTYIUICHMEeM TeIJIOThl, BO3HU-
Kalllell BCIEACTBE BHYTPEHHErO
tperus B PKO.

Muag xaptuHa HaOdIOOaeTCs
MpU JBYXKAMEPHOM ITHEBMODBJIC-
MEHTE C IPOCCEIbHBIM WM KJIallaH-
HBbIM AeMO(PUPYIOLIUMUA YCTPOICT-
BaMu. B 3TOM ciyyae Ha m00o0it
4acTOTe HMMEET MECTO CMeEIIEHUE,
yKa3bIBalolllee Ha HaJW4ue IMOCTO-
SHHOM COCTaBJISIOLICHA TEIIOBOTO
IOTOKAa OT ra3a K CTeHKaM ITHEBMO-
anemMeHTa. Haubombliiee cpegHee
3HaYEHME TEIJIOBOM MOIIIHOCTU Ha-
O101aeTCsl MPY UCIIBITAHUSIX ITHEB-
MO3JIEMEHTa C JUCKPETHOI KOMMY-
Tauuel ero yacteii. McuesaHoBeHue
MNOCTOSIHHOM COCTABJISIOLIEA TEM-
JIOBOI'O IIOTOKA OT rasa K CTeHKaM
IIp1 OJHOKAMEPHOM ITHEBMO3JIe-
MEHTE U IOSIBJICHUE €€ IIPpU BKIIO-
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YEeHUU IeMII(PUPYIOLIEro YCTPOMCT-
Ba C JIIOOBIM THUIIOM KOMMYTAaLUU
€r0 YacTeil yKasblBacT Ha TO, YTO
OCHOBHBIM, a B CJIy4ae M30TepMU-
YeCcKOro mnpoliecca eIMHCTBEHHBIM
MEXaHM3MOM TallleHUs KoyieOaHuit
SIBJISIETCS HeoOpaTmMas Tiepemada
TETJIOTHI B OKPYKAIOIIYIO CPENy.

IIpu omnpeneneHUM KOJIMYECTBA
paccestHHO HEPTrUU YYUTHIBAETCS
TaKKe SHEPTUsI, KOTopas ITOCTyITaeT
B ra3 aeopMHUpyeMoOii YacTH MHEB-
MO3JIEMEHTa BCIIEACTBUE PaOOTHI
CHJIBI CYXOTO TPEHUS B Marepuase
000104K1. DTO U OOBSICHSIET pa3-
HUILLY pe3yJIbTaTOB U3MEPEHMI MO -
BEIACHHOU M pacCeIHHOM SHEPrUi.

AHajlu3 B2HEpreTUYecKUx yac-
TOTHBIX XapaKTePUCTUK MOKa3all
CJIEAYIOIIIEE:

BO-TIEPBBIX, YIOBJIETBOPUTEILHOE
COBMAICHNWE  BKCIEPUMEHTAIBHBIX
3HAYECHUI MOABEACHHOW M pacCesiH-
HOI 3HEpPruM OOOCHOBBIBAET MPABO-
MEPHOCTb IOMYLIEHUST 00 U30TEPMU-
YECKOM XapakTepe IIPOLECcCOB, Ha
YTO YKa3bIBA€T TAKXKE Y HEOOJBIIIOE
3HaUEHUE CpeaHe  M30BITOYHOM
TeMIlepaTyphl (cM. puc. 9, 6);

BO-BTOPBIX, 3KCIIEPUMEHTATBHO
MOATBEPXKICHO, 4TO 3P DEKT raiie-
HUS KOJIEOAHWI MpPU MCMOJIb30Ba-
HUM JBYXKAMEPHBIX TTHEBMO?JJie-
MEHTOB C J1000K KOMMYTalMEeNd UX
YacTe B cilay4yae M30TE€PMUYHOCTHU
MPOLIECCOB OOBSICHSETCS Iepena-
Yyeill TerUIoThl OT Ta30B B OKPYXKato-
LIy1o cpeay.

YnoBieTBOpUTENbHASA  CXOAM-
MOCTb  39KCIIEPUMEHTAJIbHBIX  pe-
3yJIbTATOB C TEOPETUUYECKUMM 4Yac-
TOTHBIMM XapaKTEPUCTUKAMU TIOA-
TBEPXKIAET BO3MOXHOCTb CO3/IaHUS

YIIPYTUX 3JIEMEHTOB C TUIEpOOIU-
YeCKMM THUIIOM YaCTOTHOM 3aBUCU-
MOCTHU KO3 dulIMeHTa OTHOCUTE b~
HOTO 3aTyXaHMsl M JOCTMXKEHUSI B
pe30HaHCe BETMYUHBI, 3HAYUTEIHHO
MpeBbIIAIONIEH 3HAYEHUS B CiIydae
YIPYTroaeMIT(UPYIOIINX JIEMEHTOB
¢ HauOoJjiee OJAronpUsITHON 3aBU-
CHMOCTBIO JTaHHOTO TOKa3aTessl OT
JacTOTHl BO3MYIICHUN IO THITY
BHYTPEHHETO TPEHMSI.

CITMCOK JIMTEPATYPHI

1. Axkonsn P. A. ITHeBMaTuueckoe
MOPECCOPUBAHUE ABTOTPAHCIIOPTHBIX
cpenctB. Y. 1. JIsBoB: Buima mikona,
1979. 220 c.

2. Tanammu B. A., Jlepoapemam-
Kep A. JI. CTeHIOBbIE UCHBITAHUSI aB-
TOMOOWUJISI C MMHEBMATUYECKOM MoaBec-
KOl Ha yCTaHOBMBIIIMECS KoJiebaHus //
ABTOMOOWIbHAS ~ MPOMBIIIJIEHHOCTbD.
1963. Ne 2. C. 21—24.

3. JlopoxHbie KCIIBITAHUS ABTOMO-
OuIbHBIX MHeBMopeccop ¢ PKO /
B. A. lNayamumH, B. A. Bepemaka,
A. JI. ®dannees, B. I1. bopoann // N3B.
By30B. MammHoctpoeHue. 1978. Ne 1.
C. 94—98.

4. Ixoxanmze I'. JI., Mukenanze 1. U.
KOHCTpYKTUBHBIE OCOOEHHOCTH M pe-
3yJIbTaThl UCIIBITAHUN OTBITHOM TTHEB-
MaTU4YeCcKOi MOABECKM ABYXOCHOTO TO-
nynputiena KA3-717 // Mexanuka ma-
wnH. Towmaucu: Meunuepeba, 1969.
C. 45—58.

5. Bepemaka B. A., bopomun B. II.,
®anpnees S. JI. Pesynbrathl CTEHIOBBIX
JMIMHAMUYECKUX MCIBITAHUI TTHEBMOpeC-
COp C PEe3MHO-KOpAHOW 00O0J0uKon //
M3B. By3oB. MaiunHoctpoeHue. 1978.
Ne 3. C. 114—117.

6. Bepemaka B.A. OcobeHHocTi
JIPOCCETMPOBAHMS Ta3a B aBTOMOOUIIBHOM
nHeBMopeccope // Y3B. By30B. MaiumnHo-
ctpoeHue. 1979. Ne 9. C. 151, 152.

7. Bepemaka B. A., bBopoaun B. II.,
®anpees f. JI. PesynbraThl CTEHIOBBIX

BHHMAHHIO ABTOPOB!

cmorpute B N°1 3a 2009 r.

JMUHAMUYECKUX UCITBITAHUI TTHEBMOpEC-
COp C PE3UHOKOPAHON 000J0uKOl //
M3B. By30B. MamuHocTtpoeHue. 1978.
Ne 3. C. 114—117.

8. Ky3nemos A. B., 3asr BbB. C.
CTeHIoBbIe MCCIeA0OBaHUs AeMITpupo-
BaHus THeBMopeccop // Tpynst BHUN
BaroHoctpoeHus. 1972, Bwimm. 17.
C. 113—120.

9. Ckamun A. B. PaspaboTka u uc-
cleqoBaHEe TTHEBMAaTUYECKUX TacuTe-
JIeil KoJiebaHW IISI peCCOPHOIO ITOM-
BellIBaHUsI TJOKOMOTHUBOB: ABTOped. ...
KaH/. TexH. HayK. M.: 1976. 22 c.

10. Kupnnyankos B. T'. TepmonnHa-
MHKa M KOJieOaHUS B CUCTEME TTHEBMO-
MO/BEIIMBAHUS JIOKOMOTHBA: ABTO-
ped. ... KaHO. TexH. HayK. XapbKOB:
1974. 25 c.

11.3m0p T. II. Teopermyeckue u
9KCIMEPUMEHTATIbHBIE  UCCIEIOBAHUS
KoJIeOaHU MeXaHW4YeCKOW CHUCTEMBI,
MONOOHON 3JIEKTPOBO3y Ha ITHEBMATH-
YeCcKOM MOJBEeIIMBaHUMU: ABTOped. ...
KaHJ. TexH. Hayk. Omck: 1975. 18 c.

12. Bapsa B. U. UccnenoBanue nu-
HaMUYECKUX CBOMCTB ITHEBMATHUYECKO-
ro MoABEIIMBAHUS JOKOMOTHBA: ABTO-
ped. ... KaHO. TeXH. HayK. bBpsHck:
1981. 20 c.

13. A. ¢. 970004 CCCP: Cnocob ra-
LIEHUST MEXaHUYECKUX KOoeOaHUil 00b-
€KTa Ha JIByXKaMepHOI IMHEBMOITOIBE-
CKe M YCTPOMCTBO ISl €r0 OCYIIECTRIIe-
uus: MKW F 16 F 9/02 // F 16 F
15/03.

14. KanammukoB b. A. TepmonnHa-
MHUKA ITHEBMOPECCOPHI TMepeMeHHOM
CcTpyKTYyphl // W3B. By30B. MaiuHo-
crpoenue. 1985. Ne 3. C. 77—8l.

15. Karammukos b. A., Esnoku-
moB A. H. Biok ynpapieHus1 KOMMyTa-
LIMed TMOJIOCTed MHEBMORJIEMEHTa aBTO-
MoOwbHOM TTomBecku. Omck: 1985. 21 c.

16. Kalashnikov B. A. Non-linear
dynamics of mechanical systems con-
taining elastically-damping elements
with cavities discrete switching //
Part 1. E-Journal. Dynamics, Strength
and Wear-resistance of Machines. 2001.
V.7. P.70—88. ftp://ftp.urc.ac.ru
http://www.rk5.bmstu.ru/indexdsm.html

IIpaBHAa NOATOTOBKH PYKOIHCEH

Ha TpeTbeil CTpaHHIE O0I0IKKH.

ISSN 0042-4633. BECTHUK MAIIMHOCTPOEHUA. 2009. Ne 3

17



YK 621.822

B. A. MAKCUMOB, n-p texH. Hayk, A. B. TIAJTAITU, kaHx. TexH. HayK,

T. B. MAKCHUMOB (Kazauckuii I'TY),

E. A. HOBUKOB, kana. texx. Hayk (3A0 "HUHUTyp6okommpeccop”, . KazaHb)

PacyeT rmgpoanHaMUyYeCcKmMX YNOpHbIX
NOALUMNHUKOB C NepBOHa4YanbHO
nnockonapannenbHbIMU NOBEPXHOCTAMU

CKOJIb>XeHu s

M3noxeHa MeTOAMKA pacyHeTa yNopHbIX MOALLNMHMKOB C NePBOHAYabHO MIOCKM-
MW HENOABMXKHbBIMM MOAYLLIKAMK C UCMONb30BaHMEM Be3pa3MepHbIX XapaKTePUCTUIK,
NOMy4eHHbIX HAa OCHOBaHWUM TEPMOYMPYrorMAPOANHAMUHECKON TEOPUM CMA3KM.

A computation technique of the thrust bearings with initially flat immovable
tilting pads is stated using dimensionless characteristics obtained on the basis of
the thermal-elastic-hydrodynamic lubrication theory.

Ilnockue ymopHble IMOALLIMITHU-
KA UCIOJB3YIOTCSI B TOBOPOTHBIX
KpaHax, oIopax BepTUKaJIbHbIX Ba-
JIOB LIEMHBIX KOHBEHEPOB, peBEp-
CUBHBIX ME€XaHM3MaX C OCEBOM Ha-
IPy3KOI Ha Bajibl, B Pa3INYHbIX I1e-
PUOAUYECKU ACUCTBYIOILIMX A03U-
pYIOILIUX MeXaHU3MaX, ToJKaTessaxX
u ap. B onopax ropu3oHTaNbHBIX Ba-
JIOB C OCEBOM Harpy3koi, Harpumep
B PeAyKTOpax ¢ KOCO3yObIMU, KOHU-
YECKMMM WJIW YEPBSIYHBIMU KoJieca-
MU, OYPTUKM Ha BalaX U BKJIAJbIIIAX
TaKXe CJIeAyeT pacCMaTpuBaTh Kak
3JIEMEHTHI YIIOPHBIX MOAIIUITHUKOB
C TJIOCKOMNAapassieIbHBIMU MOBEPX-
HOCTSIMU CKOJIbXEeHUS. B akcraib-
HO-TMIOPUIHEBBIX HAcOCaX ULIUPOKO
WCITOJIb3YIOTCS YIOPHbIE MOJLIWII-
HUKM, COCTOSIIIME M3 HECKOJbKUX
CEKTOPHBIX TIOAYIIEK, pa3aeeH-
HBbIX pagvaJibHbIMKA KaHaBKaMu
[1, 2]. OHM TIPOCTHI TTO KOHCTPYK-
LIMA, UMEIOT HEOOJIbIIYI0 OCEBYIO
MPOTSKEHHOCTD.

Ha puc. 1 npencraBieHa pacyer-
Has cxema YIMOPHOIo MOMLIMITHUKA
KOCO3y0Oro KoJjieca MyJIbTUILIMKA-
TOpa MHOTOBAJIbHOIO LIEHTPOOEXK-
Horo koMmpeccopa. Paccmarpusae-
MbIIi OCEBOI (YIOPHBII) MOMIINII-
HUK SIBJISIETCS JIBYCTOPOHHUM U
CONEPXUT JIBa OJAMHAKOBBIX HEMO[-
BIDKHBIX TToAIIMMHUKA [ 1 2 1 pac-
MOJIOXKEHHBbI MeXIy HUMM Bpa-
Harolmuiicsa saeMeHT 3 (B JaHHOM
cllydyae 3y0yaToe KOJIECO), JKEeCTKO
CBsI3aHHBIN ¢ BajoM 4. OceBas cujia
(Harpy3ka) F mpujiokeHa K Bpa-
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marmiemycst anemeHty. Cymmap-
HBIl IBYCTOPOHHUII OCEBOM 3a30p
MEXIy Bpalllalollleiicss M HernoI-
BWDKHBIMU JeTasIMU — 2h,. Tlon
JEWCTBUEM OCEBOM HArpy3kud Bpa-
LIAIOIIUIACS  3JEMEHT CMellaeTcst
BIIPaBO, B PE3YJIBTATE YETO 3a30p /iy
¢ paboyeit (Harpy>KeHHOI) CTOPOHBI
CTAHOBUTCS 3HAYUTEJIbHO MEHbIIIe
3a3opa h,, ¢ Hepaboueil (Hesarpy-
>KEHHOI) CTOPOHBI, TIpUYeM /i, +
+ hyy = 2h,.

Paboyast moBepXHOCTh MOAIINII-
HUKAa COCTOUT M3 MOBEPXHOCTEN
IUIOCKMX moaylrek J. Mexnmy Io-
JyIIIKaMM pacriojiaraloTcsl paauaib-
Hble KaHAaBKU 6, a KOJIblieBasl Ka-
HaBKa 7 pa3iessieT NOOYIIKW U Y-
JIOTHSIOILMI Tosicok 9. [myOuHa Hy,
KaHAaBOK 6 U 7 JOCTaTOYHO OOJb-
1Iasi, TO3TOMY JAaBJeHUE Macjia B
HUX PaBHO €ro NaBJeHUIO py MpPU
nomavye. Ha moBepXHOCTU YILIOT-

Hy

h02 hol

10 1

<

Ry

R,

NN
\

=
8

8 Po> A—A
5\ Pop =
s

Py

ke ek T

HSIOIINX TTOSICKOB 9 pacmoIOXeHbI
npoccenu 10, mpeAacTaBisIOIIe CO-
Ooli pagualibHble KaHAaBKU C CeYye-
HUEM TIpSIMOYTOJIBHOM, KPYTJION
WIN TPEYTrOJIbHOU (DOPMBEL.

Macio ¢ jaBieHueM py U TeMIie-
paTypoil f, momaercd B Kamepy &.
OCHOBHOIi TIOTOK Macjia IO paju-
aJTbHBIM KaHaBKaM 6 TiepeTeKaeT B
KOJTBIIEBYIO KAHABKY 7, a 3aTeM JYepe3
3a30pBl A1, hyy W npoccenn [0 Ha
VIUIOTHSIIOIINX TTOsSICKaX 9 BBITEKAeT
u3 nomuunHuka. Pacxon Macia or-
paHUYMBAETCST HA CIIMBE CyMMAapHOM
TUTONIANbI0  KOJBIEBBIX  3a30pOB
2nR3hy1, 2nR3h,y W TUIOLIANBIO
XuKJepoB. [1pu aToM TemmepaTypa
Macjia B KaHaBKax 6 paBHa ero TeM-
nepaTtype %4 npu nomade. Macio,
BBITEKalolllee Yepe3 3a30pbl B I10-
IyIIKaxX ¥ 10 KaHaBKaM 6, cobupa-
eTCsI B KaHaBKe 7/, TIe TepeMel-
BaeTcsl, a TeMmIepaTypa ero ocpel-
HseTcsa. B pesynbrate TeMmeparypa
Macja B KaHaBkax 7 ¢ paboueil (Ha-
IPYXEHHOI) M Hepaboueil (HeHa-
I'PY>KEHHOH) CTOPOH CTaHOBUTCSI
PaBHOM fy U tyyp.

IToBepXHOCTHM  YIJIOTHSIOLIMX
MosickoB 9 ¢ paboueii u Hepaboueit
CTOPOH OCTalOTCS IMJIOCKUMU, a 3a-
30pbl Ay U hgy TIOCTOSIHHBIMU 110
Bcell moBepxHocTU. [lpu TeyeHuu
Macjia yepes YIUIOTHSIIOLIME MOsICKU 9
u apoccenu [0 naBieHue Macia
CHIXAeTCs OT py U 10 AABIEHUS P,
CJIuBa.

CrnenyeT OTMETUTb, 4YTO TIOA-
IIAIMTHUK — PEBEPCUBHBIM, T. €. JI0-
MycKaeT oOpaTHYIO MPOKPYTKY pPO-

Puc. 1. Pacuernas cxemMa JBYCTOPOHHETO
YIIOPHOTO
THAPOJIAHAMHYECKOr0 JeidCTBUSA

TOIAITHAKA TEPMOYNPYro-
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TOpa. DTO UCKIIIOUYAET OIIMOKY TIpU
MOHTaXXe M COKpalllaeT YMCIO 3a-
MAaCHBIX YacTeu.

CornacHO KJacCMYecKol Teo-
pUM CMa3Ku, MPU OTHOCUTEIHLHOM
CKOJIbXXEHUN TMapayljieJibHbIX IO-
BEPXHOCTEI B MPUCYTCTBUM KUIKO-
CTHM TIOCJIEOHsIsI HEe OydeT obJiamaThb
Hecyllell CIOoCOOHOCThIO, TaK Kak
JUIs1 0Opa3oBaHUs TUAPOIMHAMUYE-
ckoro 3¢ dekTa HEOOXOAUMO YCIIO-
Bue (di/dx) < 0 (ecau UCKIIOYUTH
BJIMSIHUE CIABJIMBAHMS), T. €. HATU-
Yyye reoOMeTPUIEeCKOro KJIMHa.

BosnukHOBeHMEe Hecylleil cro-
cobHocTu Takux orop dorr morwl-
TajJCcsI OOBSICHHUTH TETJIOBHIM pac-
LIMPEHUEM CMa304yHOIo MaTepuasia
B 3a3zope ('TerioBoil KIMH" WU
"a¢ppexr Porra"), a Kamepon —
U3MEHEHMEM ero Bs3KocTH ("'BsI3-
KOCTHBIN KIMH" uim "s>dpdext Ka-
mepona") [3].

Kappaii, bpoxkieii, JIBopak [4]
TEOPETUUECKA W IKCITEPUMEHTATb-
HO HWCCIIeIOBaIN SIBJICHHE "TETIIO-
Boro kimHa" min "s>¢pdexra Dorra”.
OHM YHCIIEHHO pellWIN 3amady Te-
YyeHUsT CMa30yHOro Marepuajia B
agnabaTHOM TTOCTAHOBKE C YYETOM
W3MEHEHMS €TO TIJIOTHOCTH B 3aBH-
CAMOCTH OT TeMIlepaTypel. XOTs
pacyeThl TOKa3aIv HaJum4dre He3Ha-
YUTENbHOUN HeCylleil CTOCOOHOCTH,
OTJIMYABILEHCA OT DBKCIepUMEH-
TaJbHBIX JAaHHBIX B HECKOJIEKO pas,
aBTOPbI YTBEPKAAIOT, UYTO UCTOUHU -
KOM Hecyllell CIOCOOHOCTH Tpu
OTHOCUTEJIbHOM JBMXXEHUHU IIOC-
KoImnapasuleJIbHbIX TJIACTUH SIBJISIET-
Cs TEeIJIOBOE pacIIMpeHUe CMa30uy-
HOro Martepuaysa. AHaJOTUYHBIM
SIBJISIETCS TAKXK€ BBIBOJ, aBTOPOB pa-
6otel [2]. IIpoBepka TUMOTE3bI
"BSI3KOCTHOTO KJIMHA" TIoKazana [5],
YTO MPU ydyeTe U3MEHEHUS] TeMIie-
paTypbl CMa304yHOro Marepuaia Io
TOJILLIMHE CJIOSI MEXIy Mapayljieiib-
HBIMU TJIJACTUHAMU BO3HHUKAET He
MOJIOXKUTEJIbHOE, a OTpHULIaTeJIbHOE
JOaBjieHUe, T. €. TJIACTUHBI TIPUTSI-
TMBAIOTCA OPYT K apyry. Ucciaenosa-
Hust Poouncona u Kamepona [6] mmo-
Kazaju, 4TO Hecylllas CIOCOOHOCTb
TUTOCKOIApaJUIeIbHBIX TUTACTUH 00-
pasyercsl BCJAEICTBUE TEIUIOBOM Iie-
¢opMalM HETIOABUKHOTO 3JIEMEH-
Ta. XapakKTepUCTHUKU TaKUX OIIOp

MOTYT OBITh pacCUMTaHbl TOJBKO Ha
OCHOBE  TEPMOYIIPYTOTHAPOANHA-
muueckoir (TYIJl) Teopun cmasku
[7]. Ona mpexamosaraeT pelieHue
TpeX B3aMMOCBSI3aHHBIX 331a4: THI-
pONMHAMUKU BSI3KOM KMIKOCTH,
TETUIONTPOBOIHOCTH U TEPMOYIIPY-
TOCTU OIIOPHBIX TOBEPXHOCTEN C
YUETOM TIepEMEHHOCTH OCHOBHBIX
¢GU3NYECKUX CBOUCTB CMa304HOI1
cpenbl B 3aBUCUMOCTH OT JaBJICHUS
u TeMrneparypbl. CUCTEMBI ypaBHe-
HUU W METOObl WX pPEIIeHUS IS
OITOp Pa3MYHBLIX TUIIOB IIPHUBEE-
Hbl B paborax [8, 9].

ToniuHa cMa304HOTO CJIOS TSI
IUTOCKONApa/lJIeIbHBIX  MOMYIIEK
omnpeaensieTcss Gopmynoi

g |

oy b

h=1+ G‘HV%") [T(en’ WH)_
~T(3, 7y |y,

e § = ¢/0y, y, = y/H, — 6e3pas-
MepHBIe KOOPIMHATHI 10 Harpasiie-
HUIO CKOJIEXKEHUS B TOJIIIMHE TTOMYIII-

Ki; Ol = aHpOngpen/(cpo hg); oy —
KO3 GULMEHT JTUHEWHOTO paCIlu-

peHusi  MmaTepuajla  MOAYLUKMH;
¥, = Hy/Rp0y — OTHOCHUTENbHAS
TOJIIMHA TIOAYIIKY; = Ao/ RepOn —
OTHOCUTEJIbHASI TOJILMHA CMa304-
HOTO cJiost; Rep = (R + Ry)/2, 0, —
CPEIHUI paguyc W yroj oxsaTa Mo-
IOYLUIKY; ¢, Wy, pg — TETIIOEMKOCTD,
BSI3KOCTb U TUIOTHOCTh CMa304YHOTO
MaTepuasa IpU TeMIleparype Ha
BXOLE 7.

Jns npuMepa Ha puc. 2 NpuBe-
IeHa opMa CMa30YyHOTO CIIOS IS
IMepBOHAYAJIBHO TUIOCKUX HEIO/I-
BIDKHBIX TTOAYIIEK, PAacCUMTAHHBIX
no TYIJl momenu [8]. Bumno, uto
TeMriepaTypHbie aehopMalni IT10-
IyIIeK TPUBOASIT K BO3HUKHOBE-
HUIO CYXaIOIIEerocsl B HarpaBjieHU!
CKOJIbXEHUS 3a30pa, T. €. obecrie-
YKUBaOT HEOOXOAMMOE YCJIOBUE CY-
IIECTBOBAHUS THUAPOAMHAMUIECKO-
TO peXXmMa TPEHMUSI.

YucneHHble 3HauyeHUsI Oe3pas-
MEpHBIX XapaKTepUCTUK IJIS1 €du-
HUYHOM MOAYWIKM — KO3(hQPUIr-
EHTOB Hecylleil criocobHocTu (P),
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1,00 .

N

0 0,2 0,4 0,6 0,8 (0]

Puc. 2. Popma
MepPBOHAYAIBLHO
NOAYIIKH

CMAa304YHOTO  CJIOS
IUIOCKONAPAJUICIbHOM

MaKCHUMAaJILHOI TeMIlepaTyphbl CMa-
304HOrO cnost (7. ) W TOTepb
MOIIHOCTH Ha TpeHue (N) — mpen-
cTaBJieHbI B Tabuiie. OHM 000011Ie-
HBI TI0 IBYM OIpeAeISIIONIAM Mapa-
MEeTpaMm:

1) mo mapamerpy aedopMauuu

MONYIIKU &; = \Lz %X—Nu ,

B “(b+¥YNu)
rae p — TeMnepaTypHbiii Koahbu-
LIMEHT BSA3KOCTH CMa304YHOTO Mare-
puana (I MUHEpaJIbHBIX Macel
B =0,025+0,035); Nu — wumucio
Hyccenbra; b= Ac/hy (Aes Ay —
KO3(PUIIMEHTH  TEIUIONPOBOIHO-
CTY MaTepuaja MoaylKy U CMa3oy-
HOTro MaTepuaia, s CTaIu U MU-
HepalbHbIX Macea b = 400);

2) Mo mapameTpy HeM30TepMUY-
HOCTU TE€YEHMSI CMAa30YHOIO Mare-
6BLyo(R,0,) R,

cpghdy

Kak BugHO M3 TaOmMuuUbl, OpU
U30TePMUYECKOM TEUEHUU CMa304-
Horo Marepuana (x = 0) mapamerp
& nepopmanuu OyaeT paBeH HYJIIO U
KO3(hGULMEHT HEeCYILLEei CITOCOOHO-
ct P = 0, 4TO COOTBETCTBYET KJlac-
cuyeckoil Teopum cMasku. [lpu
& = 0 ¥ HEM30TepPMUYECKOM TeUCHU U
(x = 0) BO3HUKaeT Hecylasl Crocoo-
HOCTb OINOPHI BCJIEACTBHE TEIUIOBOTO
pacliMpeHrsi CMa304YHOIo MaTepuaa
("TeroBoit knuH"). OgHAKO ee Be-
JINYMHA He3HAYMTEIbHA.

IIpu ucmoab30BaHUM CUHTETU-
YEeCKHUX Mace, IUIsl KOTOPBIX TeMITe-
paTtypHbIi KO3(OUIIUEHT BI3KOCTU
B — 0, TeyeHue OyAeT U3OBA3KUM

puana y =
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3nayenuns: 6e3pa3MepHBIX XaPaAKTEPUCTHK MPU A= 2

XapakTe- " 8
pucTrka 0 10 20 30 40 50 60
0 — 0,06050 0,05304 0,04672 0,04184 0,03804 0,03503
20 0,003343 0,02789 0,03319 0,03369 0,0327 0,03145 0,03003
- 40 0,00280 0,01639 0,02162 0,02402 0,02495 0,02502 0,02468
P 60 0,00261 0,01115 0,01565 0,01786 0,01923 0,01999 0,02030
80 0,00260 0,00849 0,01201 0,01415 0,01535 0,01620 0,01680
100 0,002668 0,00705 0,00973 0,01158 0,01283 0,01358 0,01411
0 — 0,128 0,095 0,079 0,068 0,061 0,058
20 0,101 0,079 0,067 0,060 0,054 0,049 0,046
_ 40 0,065 0,058 0,052 0,048 0,045 0,042 0,039
Imax 60 0,049 0,046 0,043 0,040 0,038 0,036 0,034
80 0,040 0,038 0,036 0,034 0,033 0,032 0,030
100 0,034 0,033 0,031 0,030 0,029 0,028 0,027
0 — 0,6416 0,5581 0,5113 0,4792 0,4552 0,4362
20 0,3174 0,3393 0,3404 0,3366 0,3315 0,3263 0,3212
_ 40 0,2274 0,2363 0,2449 0,2494 0,2516 0,2524 0,2524
N 60 0,1955 0,1889 0,1944 0,1995 0,2031 0,2057 0,2075
80 0,1829 0,1644 0,1649 0,1683 0,1716 0,1744 0,1766
100 0,1796 0,1514 0,1470 0,1479 0,1500 0,1524 0,1545

(n = const), a Temrieparypa cMazoyd-
HOro Marepuaia mnepemMeHHou. Jlis
3TOro ciyvas mnapameTp nedopma-
LMY ompeaessieTcs 1o ¢hopmysie

¥2Nu

=60, ——— .
o = 6oy (b +¥Nu)

Kak BunHO 13 Tabnulibl (CTpOKa,
roe y = 0), c pocToM napameTpa ae-
dopmauuu 3, Koahduuuent P He-
CYILLE CITOCOOHOCTU CHavajia pe3ko
BO3pacTaeT, a 3aTéM MOHOTOHHO
yObIBae€T. DTO 3HAYMUT, YTO UMEETCS
ONTMMAJIbHOE 3HAaYeHUE TTapaMeTpa
8; (AHAJIOTMYHO HAJIWYUIO OIITU-
MaJIbHOTO 3HAYEHMSI CTETIEHU KIIM-
HOBUIHOCTU CMa304YHOTO CJIOST IS
MOAyIIeK C KIMHOOOpa3yloInMy
cKocaMM U CcaMOYCTaHaBJIMBalO-
uxcs nopyiiex [8]).

B npyrux cayyasx (y = 0, 8, = 0)
ONTUMYM He HaOJI0JaeTcs: C poc-
TOM napamerpa §; koadduumeHt P
Hecylleil CrTocOOHOCTH MOHOTOHHO
BO3pacTaeT IpPU BCEX 3HAYCHUSIX
rmapameTpa y, a C pOCTOM MapameT-
pa y 3HaueHue P yMeHbIIAeTCs pu
BCEX 3HAYEHMSIX §;, YTO CBSI3aHO C
YMEHBIIEHNEM BSI3KOCTH CMa304-
HOTO MaTepuajia C pOCTOM TeMIIe-
paTyphl.

KoapduimenTtel  MakcuMaib-
HOIA TeMriepaTypsl (7. ) ¥ MOTEPh
MOIIHOCTU Ha TpeHue (N) c poc-
TOM 7y YMEHBIIIAIOTCS TIPU BCEX 3HA-
YEHUSIX §;, YTO CBSI3aHO C YMEHbLIE-
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HUEM BSI3KOCTM CMAa304YHOIO MaTe-
puana ¢ poctoMm TemmepaTrypbl. OT
mapameTpa §; nedopmMauuM OHU
MPAaKTUYECKN HE 3aBUCHT.

3HaueHust KoaPuLueHTOB P,
fax ¥ N, IpUBENEHHBIE B TAO/IMIIE,

paccyuMTaHbl OIS OTHOCHMTEJIBHOM
JIJIAHBI TIOAYIIKU A = 2chen/(R2 —
— Ry) = 2, T. e. AIMHA MTONYILIKY 1O
CpemHeMY paanycy paBHA e IIPHU-
He. [list npyrux 3HaYeHUi A Koa(d-
GULMEHT Hecylleil CMocoOHOCTU
cJIemyeT CKOPPEKTUPOBATh MO (hop-

P

myie P, =2 x; 2 KosdduimeH-

Tl 7, 1 N OT A He 3aBUCSIT.

X
PaccmoTpuM pacyeT ymopHOro
MOJLIMITHYKA B 1L1eJIoM (cM. puc. 1).
Hecyiuast crmnocoOHOCTb YIIOPHO-
rO MOAIINITHUAKA (BCEX Z MOMYIIEK C
Harpy>k€HHOI CTOPOHBI)

P=
_ g (R,0,)2 R (Ry— R)) 5
h3,

El s

IIOTEPU MOIIHOCTU HA TPCHUC B 00-
JJaCTU TTOAYIICK

N, =
_ ZH()‘DZ(RCPGHVREP(Rz*RI) N

h

s BT’

ol

MakcuUMajbHas TeMIlepaTypa cMa-
30YHOTO CJIOST B 30HE TOAYIIKHU

°C.

tmax = tO + % t_max ’

Kosdpduunentst P, N, 7.
ONpeNessatoTcss Mo Tabjauile Kak
dbynkuuu y u 3,.

Ha HeHarpyeHHOI1 CTOpOHE ITo/I-
LWIWIHUKA 3a30p hgy = (Qhy — hyp)
JOCTAaTOYHO OOJIBIIION, TTO3TOMY Te-
TJIOBBIIEJICHHS TIPU TUAPOIMHAMY -
YECKOM TPEHMHU MOXHO CUYMTATh He-
3HAYUTETLHBIMM M, CJIEIOBATEIBHO,
nedopmaliy TOBEPXHOCTEH TTOJY-
IIEK OTCYTCTBYIOT, TapamMeTp mae-
dopmaumu 3, = 0 n ko3 GULMEHT
P = 0. Torna pacuer 3TOil rpyMIIbI
MOJYIIIeK CBOAUTCS K pacuery Mo-
Tepb MOIIMHOCTH Ha TpeHWe W pac-
X0Jla CMa304YHOTO MaTtepuaia.

B nepBoM npubIMKEHUM MOTe-
PU  MOUIHOCTM BBIYMCISIIOTCS IO

dopmyne
N]‘{Tp =
— ZH0(’)2(chen)Rgp(R2 - Rl)

BT,
ho2

a pacxoJ CMa30o4yHOI'oO MaTepuajia

2

ol

Hp
mh3,pe’?
X (R} — R}), M’/c, 2)
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rae Ugp = oRgp — cpenHsist OKpyxX-
Hasl CKOPOCTb.

Bropoit unen ypaBHeHus (2)
YUMTBIBAET BJIUSIHAE LIEHTPOOEXK-
HBIX CWUJI MHEPLIMM Ha Pacxoll cMa-
304YHOr0 MaTepuaa.

OcpenHeHHas1 TeMIieparypa cMa-
30YHOTO MaTepuaa Ha CJIUBE U3 3a-
30pOB BCEX MOMAYILEK B MIEPBOM IMPU-

II
omkeHun f] =gy + —P—
I-ll-lp Py
B CPEHSISl TEMIIEPaTypa CMa304yHO-

o
b C!

I
t0+ H

ro Marepuana f; = , °C.
Bss3kocth cMa3oyHOro Marte-
puajga TIIpM 3TOil  TeMIleparype
ny = peexp[—p(r — 1)1, Ma-c.
Torma mnoTepM MOLIHOCTM Ha
TpeHHe B 3a30pe MOAYIIEeK ¢ HeHa-
TPY>XKEHHOI CTOPOHBI

Nyp =
— Zl’Ll(’)z(chen)Rgp(RZ - Rl)
ho2 ’

Br. (3)

CyMMapHbie TTOTepU MOILIHOCTU
B MOMLUMITHUKE B 1esIoM (cM. puc. 1)
CKJIaABIBAIOTCSI U3 TOTEPHh MOIIHO-
cti N, u Ny, Tiotepb N, B Kamepe
MoJBOJA Ha LMJIMHIAPUYECKOM Jac-
™ 1 notepb Ny, Ny yp B KOTbIIE-
BBIX KaHaBKax.
3HaueHus otepb N, U Ny, o1~
penensior o dopmynam (1) u (3).
B uunvHapuyeckoi yacTv To-
IIWITHUKA ¥ B KOJIBIIEBBIX KaHaBKaX
TeYeHWe CMa304YHOIro Marepuaia
npennoyaraeTcsl M30TEPMUUYECKUM
TIpU ero Temmeparype #,. Torna no-
TEPU MOIIHOCTU Ha TPeHHUE B IIH-
JUHAPUYECKON YaCTH MOIIIUITHUKA
OIpenesiorT mo dopmyie [8]
21 uO(qug B
Ny =~ BT
(R; - Ry)
ITotepu moitHocTu (BT) Ha Tpe-
HHE B KOJbLEBOU KaHaBKe C pabo-
yell (Harpy>keHHOI) CTOPOHbI

_ mpgo?(Ry+ Ry)3(Ry - Ry)

Nip = 4H ’
K

a ¢ Hepaboueil (HeHarpy>XeHHO1)

fHp 4(H +hy) '

CyMMapHbIe TTIOTEpPU MOIITHOCTU
(BT) Ha paboueit cTOpOHE MOILIMII-
HUKa COCTaBIISIIOT

No6.p = Np TNt NK.p’

a Ha Hepaboueit

N06.Hp = Nﬂp + Nt NK.Hp'

3Haga COCTAaBJIAIOIINE TTOTEPH
MOIIHOCTHU Ha TPEHUE, MOXKHO OII-
pelesuTb HEeOOXOMUMBIA  pacxon
CMAa304YHOro Marepuaja 4€pe3 Ioa-
HIUITHUK.

W3 npuHnuna aeicTBUsSl TaKOTO
MONIIMITHAKA MOXHO 3aKJIIOYUTh,
YTO OH TpedyeT OOUJIBHOTO CMa3hbiBa-
HUS, 4TOOBI 3(p(HEKTUBHO OXJIAKIATH
rpanu Toayiiek. OgHaKoO 3KCIIeph-
MEHTAJIbHO YCTaHOBJIEHO, 4TO ISt
OINOp TMAPOANHAMUYECKOTO TPEHUS
XapaKTepeH ONTHUMAaJIbHBIN KO3(-
¢GULMEHT pacxoJa CMa304YHOIo Ma-
Tepuana K, ~ 2,5+ 107> m3/(c - kBT)
[8]. Koapdbuument K, nokaseiaer,
KakKoil pacxom HeoOXOoauM sl OT-
BOJA TEIUIOThl COOTBETCTBEHHO
1 kBT nmoTeph MOILIHOCTHM Ha Tpe-
HUE; C ero MOMOIIbIO HAXOAAT pac-
XOJl CMa304HOro Marepuaia Q,, He-
00XOAMMBI JJ151 OTBOAA TEIUIOTHI OT
paboueii CTOPOHBI YIOPHOIO MOJI-
LIMIIHMKA, YTO IIO3BOJISIET MOMIEP-
XUBATh TEMIIEPATYPY 7, CMa304HO-
ro Matepuajia Ha CJIuBe U3 paboueii
yactu nommunHuka Huke 70 °C:

Qp = IO_SKpNOG.p’ MS/C;

N
= 06p °
hp =1y + Q—C , C
pPo

JAMHaMU4YeCKyI0 BSI3KOCTH CMa-
30YHOTO MaTrepuaja OIpPeIeISioT
no opmyiie

Hop = moexp[—P(rp, — 1)), Ma-c.

Pacxon, Qp CMa304YHOTO MarTe-
puaia IOKEH paBHATBCS CYyMMe
pacxolioB  yepe3  YIUIOTHSIOLIMHA
HOSICOK — QO o U UCPE3 KUKIIC-
per (kaHaBku [0, cm. puc. 1) — O,
Paccuuras sHayenue @, HaxomsT
YUCJIO U TUIOLIAAb KUKJIEPOB C pa-
O6oueit ctopoHbl. C Hepaboueii cTo-
POHBI CIeAYyeT YCTAHOBUTh TAKUE K€
KUKJIEPHI.
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Pacxox (M3/C) CMa3’o4HOro Ma-
Tepualla Yepe3 YIUIOTHSIOIINN IT0sI-
COK C 3a30pOM /A

0 B nhgl o

X [(Po —p)t 2%00602 X

x (R} = RD.

a uepes xukepbl O; = O, — O nosic-

CymMmMmapHas riolaib (Mz) KUK~
JIepoB ¢ paboyeil CTOPOHBI TOMI-

0; Po
umnHuka f= —L [———
036 2(p0_pc)

TJIOIIAAb OXHOTO XWKIepa f] = f/k,
rae kK — 4uciIo XUKIEepOB.

Pacxox (M3/c) CMa3’o4HOro Ma-
Tepuasa yepe3 YIUIOTHSIOIIU 1Mos-
COK ¢ Hepabodeil CTOPOHBI IIOI-
IIMITHUKA C 3a30pOM /) B TIEPBOM
MPUOIVKEHUUN

ﬂhgz
il s T =
HPp.II0SIC 6u01n(R4/R3)
8 [(Po—l’c) * E%powz :

X (R} = R3],
a 4EpE3 KUKIICPbL

> (D —
0; = 0,6kf; (po—pc)'
Po

TemnepaTypa cMa304yHOTO MaTe-
puaja Ha CjuBe U3 Hepaboyeil cTo-
POHBI TTOAIIUITHUKA

Mmoo= 1 + No6.Hp OC,

C.pO( Qgp.noac + Q])

a ero BSI3KOCTb
Woup = Koexp—B(hHup — %)l Ma-c.

Torza pacxox (M>/c) cMa304HO-
TO MaTepuala yepe3 YIUIOTHS IO
3a30p

mh3) %

QHDI[OHC -
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X [(Po —p)t 2% pow?X

x (R} — R)].

CYMMapHBbIli pacxol ¢ Hepabouei
CTOPOHBI QHp = QHD'HOHC + Qj, a
yepe3 OBYCTOPOHHUI  YINOPHBIA
MOALIMITHUK B 1eJdoM Qg = O +

+ QHp nwim Q06 =6" 104( Qp + QHp)
[lnomwans panualbHbIX KaHaBOK

¥ 3a30pa Ha BXone ¢ pabodeil cTo-

POHBI j?) = 2 BHy + ROy

CKOpOCTh TEUEeHHSI CMa304YHOIro
Marepuvajla B KaHaBKax Ha BXOIE C
paboueit CTOpoHbl vy = Op /s M/c.

ITockobKYy HEKOTOPBIMU BEJIM-
YUHAMM MPUXOOMUTCS TpeaABapu-
TEJTbHO 3amaBaThCs, pacyeT II0Md-
LIUITHUKA BBITIOJHSIETCS METOIOM
MOCeAOBATEbHBIX MTPUOIVKEHUI.
OnTuMalibHble pa3Mephl U XapaKTe-
PUICTUKM TIOAIIUITHUKA OIpeaess-
I0TCSI TOJIbKO Ha OCHOBAaHUM MHOTO-
BapUMAHTHBIX PAcyeTOB, YTO BECbMa
TpynoeMmko. IlostoMy paspaboraHa
nporpaMMa pacyera IOAIIMITHUKA
Ha OBM. OHa He MMeeT orpaHuye-
HUI [0 BEJIMYMHE ITapameTpa o, Ie-
opmarmu u mapamerTpa y Hem3oTep-
MUYHOCTU. HaummeHblve morper-
HOCTHU IIporpaMma JIaeT B Ipenesiax
40 < x < 120 m 10 < ;< 60.

Ha puc. 3 nnsg npumepa npuse-
JIeHa 3aBUCUMOCTb OT MUHUMAJIBHOM
TOJIIIMHBI CMa30YHOIO CJIOSI Hecy-
1IEe CIMOCOOHOCTU YMOPHOTO TMOMI-
LIMITHUKA BeIYIero Koco3yooro Ko-
Jieca BO3AYIITHOTO MYJIBTUTIIMKATOP-
HOTo LEHTPOOEKHOTO KOMITpeccopa
32BL-100/9 (Q =100 Mm3/muH,
P = 0,9 MIla). XapakTep 3aBUCH-
MOCTHU TOJIHOCTBIO COBMAmaeT ¢ Mo-
JOOHBIMUA  3aBUCHUMOCTSIMH  JIJISI
YIOPHBIX MOAIIUIHUKOB TUAPOAU-
HaMUYECKHX OIOp, MMEIOIIUX CYy-
>KallIecs: 3a30pbl B HAaMpaBJIeHUU
ckoJbxeHus [8]. MHoroneTHuit
OMNBIT 3KCIUIyaTallMd KOMIIPECCo-
pPOB yKa3aHHOTO THUIIa TTOKa3aj Ha-
JeXHYI0 paboTy pa3paboTaHHOTO
YIOPHOTO MOAUIMITHUKA.

IIpuBeneM pekoMeHIALUU IIO
BBIOOPY OCHOBHBIX IapaMeTpoB
YIOPHOTO TOIIIUITHUKA.
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Puc. 3. 3aBucumocTh Hecymeil cnocoo-
HOCTM  YNOPHOTO  MOAUIMIOHMKA  OT
TOJIIMHBI CMA304HOTO CJIOS

1. Yucno z nodywek. Tlpu yBenu-
YEeHWU Z CHUXKAETCS MaKCUMaTbHAsT
TeMIiepaTypa M yBeJUYMBAEeTCS He-
cyliast CrmocoOHOCTb MOMAIIMITHUKA.
Hcxonst u3 3TOrO, ClEAYeT PEKO-
MeHpoBath 7 = 8 + 10.

2. Inybuna Hy paduansHvix u
Koabuesvix Kanaeok. B muamazoHax
U3MEHEHMST MapaMeTpoB a) y > 8§,
8,=0+20;0)y > 22,5,=20 + 30
B) x > 35,8,= 0 + 100, c yBennue-
HueM H, Bo3pacraeT mapameTtp fe-
(opMalMM M TIOBBIIIIAETCST HECYIIast
CMOCOOHOCTh MOAIIWMHUKA. DTU
IIMaIra3oHbl  SBJSIIOTCSI  HamboJee
pacrpocTpaHeHHBIMU. B ocTanbHOIM
00J1aCTM M3MEHEHUS TTapaMeTpoB
1 §; 3aBUCMMOCTb oOpatHas. Ilpu
IepBOM pacyeTe pPeKOMEHIyeTCs
npuHsate H, = 3+ 1073 m.

3. Hlupuna By paduaavroil Ka-
Hasku npu 3adannbix Hy u z. Tlpu
MEepBOM pacyeTe cjenyeT 3aaaBaTh
By =(3+5)" 1073 m. Tocre BbITON-
HEHMS pacueTa HEOoOXOAMMO MpPOBe-
PUTb CKOPOCTb Uy TEUEHUS CMa30y-
HOI'o MaTepyajia Ha BXO/Ee B paaualib-
Hyl0 KaHaBky. OHa He MJOJIKHA
npesbliath 2 M/c. Ilpu Oonblieit
CKOPOCTU CJIEYeT YBEJUYUTD By.

4. Hlupuna xonvyesoii kanaexu 7
(cm. puc. 1). upuny (R3 — R)) Ka-
HaBKM PEKOMEHAYeTCS TIPUHSTH
paBHoi1 2 - 1073 m.

5. Ilpoghunv nonepeunoeo ceuenus
KAHAB80K MOXET OBbITb Pa3IMYHBIM U
BBIOMpAeTCs] KOHCTPYKTOPOM BMe-
cre ¢ texHoJjioroM. Ilpu 3Tom Iw10-
agb TOMEPEeYHOro CeuyeHus Ka-
HaBKW CJIOXHOUW (OpMBI HOIKHA
OBITH PaBHA IJIOLLAAM TIPSIMOYTOJIb-
HOI KaHaBKM pazMepamu H, X By
UII  padydaJ]bHOM  KaHAaBKU U

Hy x (R3 — Ry) nnd KOJIbLIEBOM Ka-
HaBKM.

6. 3azopvt ¢ paboueii hy u He-
paboueii hy, cmopon. Pacdet mpoBo-
IATCS TIPW 3amaHHBIX 3HAYCHUSIX
3azopa h,; C pabodyeil CTOPOHBI
IBYCTOPOHHEro 3aszopa 24,. Ilpu
3TOM 3a30p ¢ Hepaboueil CTOPOHEI
orpeneisieTcsl B Mpoliecce pacyera
o popmyne 2hyy = 2h, — hy. Pac-
CUMTHIBAIOTCA BCE XapaKTepucC-
TUKU ¢ paboueil u Hepabouelt cTo-
poH. XapaKTepUCTUKH TTOMIIUITHA -
Ka ¢ paboyeil CTOPOHBI HE 3aBUCST
OT T'€OMETPUYECKUX U NPYTUX Ta-
paMeTpoB Hepaboueil CTOPOHHBI.
Ecnu mosnb3oBartesiio MporpaMMbl
HEe HyXHa Hepabouas CTOpOHA,
TO peKOMeHIyeTcsl 3aiatb 2k, >
> 0,6+ 1073 M 1 pesysbTaThl pacye-
Ta Hepaboyeil CTOPOHBI HE MCITOb-
30BaTh.

XapaKTepUCTUKU Hepaboueit
CTOPOHBI 3aBUCAT OT TEOMETPUH U
pexuma paboThl paboueit CTOPOHBI
caenytoiuMm obpazom. Ha Hepabo-
Yeif CTOPOHE TOJKHBI BEITIOTHSITHCS
TOYHO TakMe ke KaHaBku 10
(cMm. puc. 1), kak u Ha paboueit cTo-
pone. [ToaTOMY 3HAYEHMS TITOIIATN
KHUKJIEPOB, TOJIyYeHHBIE TIPH pac-
yeTe pabodeil CTOPOHBI, MCITOIb3Y-
JOTCS 3aTeM TIpW pacyeTe Hepabo-
Yyeil CTOPOHBI, YTO BJIMSIET Ha pac-
X0 CMa304YHOTO MaTepuajia M ero
TEeMIIepaTypy CIMBa I Hepaboueit
CTOPOHBI.

IIpu mepBoM pacueTe 1eaeco00-
pa3HoO 3adaTh cpa3y HECKOJBbKO 3Ha-
YeHWUi A, B nipenenax (5 + 20)10_6 M
¢ warom 5-107% m. IMonyyeHHBII
IUara3oH M3MEHEHUS XapaKTepu-
CTUK TIO3BOJIIET OLEHUTh PabOTO-
CIIOCOOHOCTD TMOIIIUITHNAKA B 3aBU-
CUMOCTHU OT OCEBOIM HArpy3KH.

7. Pazmepvt xanasxku 10 (cm.
puc. 1) Ha nosepxHocmu Ko0AbUEE0O
nosacka 9. Yucino XuKaepoB 3aaeT-
cs. B pesynbrare pacueTa IOIyJaroT
3HauYeHUE TUJIOIIAAN f; OMHOTO XUK-
nepa. @opMy ITOIIEPEYHOTO CCUCHUSI
SKUKITEpa 3a1aeT KOHCTPYKTOP, UCXO-
IS U3 pe3ysIbTaToB pacueTa. Pasmepbl
KUKJIEpOB ¢ paboueil M Hepaboueit
CTOPOHBI — OJMHAKOBEI.

8. Oceeoli 3a30p hy Aisl 3a1aH-
HOM OCE€BOUM HArpy3ku JOJDKEH CO-
CTaBIATH HE MeHee 15 MKM IIpu
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TOHKOCTU (UIABTpallMM Macjia He
MeHee 16 MKM.

9. Makxcumanvhas memnepamypa
fmax CMA304HO20 Mamepuaia 6 pabo-
yeli nodywike HE JOJDKHA TPEBbI-
mats 120 °C [8].

10. Temnepamypa cmazouHoeo
Mamepuaia Ha cauge HE IOJIKHA
npeBbiuars 70 °C.

11. Temnepamypy t, cmazounoeo
mMamepuana npu nodeooe 8 YNOopHblil
noowiunHUK 4Yepe3 OIOPHBIA Mom-
LIMITHUK CJIenyeT MPUHSITh paBHOMI
TeMIepaTrype CJIuBa M3 OIIOPHOIO
MOJIIMITHUKA.
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AH W-KAH, a-p texH. Hayk (ToOMCKMiI1 MOJUTEXHUYECKUIT YHUBEPCUTET)

CuHTe3 pauuoHanbHbIX npodunen 3yobes
Konec niockmnx 3yb4yaTtbix nepepay

Ha ocHOBaHWM peLleHWs BapuaLMOHHOM 3a[laqu onpefeneHa NUHWS 3auenne-
HUS, HE M3MEHSIOLWAsACS B NMpoLecce SKCMyaTaLMn. YCTaHOBMIEHO, YTO HalAeHHas
NMHWS 3aLenneHns He OTXOAWT Lo NONoCa 3aLenneHns 1 NpeacTaBnseT cobon oy-
ry OKPY>XHOCTW. TofydeHbl onTUMalbHble Npodunn 3yobeB, COCTosLIME U3 ABYX
YHaCTKOB: BbINYK/IOrO — Ha rOfIOBKE W BOMHYTOrO — Ha HOXKe 3yba.

On the basis of solution of variation problem a line of contact being no
changed in the operational process has been determined. It was shown that the
line of contact defined does not go away from pitch point and represents an arc
of a circle. Optimal teeth profiles have been obtained. The profiles consist of con-
vex part on the point of tooth and of concave one on the tooth root.

ITocranoBka 3amaun. OCHOBHBI-
MU BHIaMM IOBEPXHOCTHOTO pa3-
pyLIeHUS 3yObeB SIBISIOTCST YCTAJIO-
CTHOE BBIKpalllUBaHME, U3HOC U 3a-
egaHue. Ha ocHoBaHMM OOJBLIOTO
Yucjia 3KCIJIyaTallMOHHBIX U 3KC-
MEepUMEHTAJIbHBIX JAaHHBIX yCTa-
HOBJIEHO, UTO 3yOuaThle Iepeaayu,
HCITIOJIb3yeMble B TOPHBIX, CETLCKO-
XO3SIMCTBEHHBIX, JOPOXHO-CTPOU-
TEJbHbIX U METAJTypruyecKux ma-
IIMHAX, KaK MPaBUJIO, BBIXOIAT U3
cTposi M3-3a M3HOca. B mpoiiecce
SKCIUTyaTallu¥ B 3yO4yaThIX 3alern-
JICHUSIX TMPOUCXOAST U3MEHEHUS
reoMeTpuueckux ¢GopM 3yObeB,

yXyAlLIaole KauecTBeHHbIE TTOKa-
3atenu. Ilpu 3TOM, Kak oTMevaloT
HeKoTopble ucciaempoBateau [1, 2],
MU3HOILLEHHBbI MpoduIbr MpUuHUMA-
eT yCTaHOBUBIIYIOCS (opmy, co-
XPaHSIIONIYIOCS B TEYEHUE BCETO Me-
pyo/a dKCIUTyaTaluy Mepeaayu.
OnHako TEOpeTUYeCKUe U DKC-
MepUMEHTaJIbHbIE  WCCeAOBaHUS
[3—5] mokazanau, 4To y4acTKU 3y0b-
€B, KOHTAaKTUPYIOUIMX B MOJIOCHOMR
30HE, He BOCIpou3BomasTcs. B pa-
6ote [6] YMCIIEHHO, METOIOM MWTe-
paluy HaiiieHa JMHMS 3alerlIeHUs
"M3HOIIEHHBIX" 3yObeB, OCOOEHHO-
CTBIO KOTOPOWl SABISIETCA TO, 4YTO
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OHa He JOXOmMUT Jo0 Tnoiwca. U3
CKa3aHHOIO CJIEAYET, UTO 3allerie-
HUe 3yObeB B IOJIOCHON 30HE TPO-
HUCXOAUT B HEOJAronpUsITHLIX YCJI0-
BUSIX.

Takum o0Opazom, 3aTpoHyTas
npobjieMa SIBASIETCSI  1IOCTaTOYHO
CJIOXXHOM U MHOTHE €€ BOIIPOCHI MO~
Ka eule He pelueHbl. Llenb gaHHOM
CTaTbU — XOTSl Obl YaCTUYHO BOC-
MOJHUTh Mpobea B paccMaTpuBae-
MOM BOIIpOCE.

YpaBHeHue 3anemieHns. JIMHAIO
3alerIeHUs TIPeACTaBUM KaK pajau-
yc-BekTop (puc. 1) u = u(a), KOoTO-
pbIii B HENOABUXKHOM CUCTEME KOOP-
nuHatT S (OXY) MoxXeT ObITh 3amucaH
B BUJE ¥ = u cosoi + u sinoyj, Tae i,
J — OpTHI OCel KOOpAMHAT.

Torna ypaBHeHUEeM IIpoGUIs 3y-
0a kxoneca / B NOABMXKHOI CUCTEME
koopnuHat S;(01X; Y}), cBg3aHHOII
C HUM, OynmeT

rn = [LlCOS((pl + OL) - RlSiIl(p]]i] +
+ [usin(e + a) + Rjcoseqlj;, (1)

rae Ry, ¢; — paauyc LEHTPOUIBI U
YIJIOBOM MapaMeTp BpallleHusl 3y0-
yaToro koseca 1.

3anuiieM ypaBHEHHE OpTa HOP-
Manau K npoduio 3yda, yIuThIBas,
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Puc. 1. K pacuery JuHMH 3anenJieHus:
1, 2 — ueHTpOUABI 3yOUaTHIX Koniec; 3 — -
HUS 3aleTUIeHUsT; P — mooc 3ateruieHust

4yTo BeKTOp u (cM. puc. 1) coBnana-
€T C HOPMAJIbIO:

ep = cos(e + a)ip +
+ sin(e; + a)j. (2)
Hanee ycaoBre COTNPSIKEHHOCTH
npopwieil 3y0beB MPENCTABUM B

BUJE CKaJSIPHOTO IPOU3BEACHMUS
JIBYX BEKTOPOB

e =0, 3)

B KOTOPOM T — KacarejbHasgd K

npoduto 3yba, onpeneasaeTcss Kak
MPOU3BOAHAS:

_drp  on
T dey dey
oy du + o da (4)
oude, oo de,’

B pesynbrate YMHOXECHUS BeK-
TOPOB B COOTBETCTBUU C (hOPMYJION
(3) u ¢ npuBAEYECHUEM BBIPAXKEHUH
(1), (2), (4) mocie HECTOXHBIX Mpe-
00pa30BaHMil IOJyYUM ypaBHEHME
3alleIUICHUsI, CBSI3bIBAlOIICe IIapa-
METPHI U, o ¥ ¢7:

du/de; = Rjcosa. ®))

YpaBHeHHEe JMHUM 3aleILUIeHus,
odecreyMBaOmeii  MHHAMAJILHYIO
NMOTepI0 SHEPTHA HA TPEHHE CKOJb-
JKeHHs. MOIIHOCTb CUJIbI TPEHUS Me-
xnay 3yobsimu P = T fuo,/(Ry cosa),
rae 77 — BpallalolINi MOMEHT Ha
Konece I; f — Ko3(pPULMEHT Tpe-
HUS CKOJBbXEHMS (TSI YIIPOIIEHMS
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3ama4yd  TPUHAT  TOCTOSTHHBIM);
®1y — YIJIOBasi CKOPOCTh B OTHOCH -
TEJIbHOM JBUKEHUMU.

Paboty cu TpeHUsI MOXXHO Haii-
THU U3 BbIPAKEHUS

t t
T u
W= pdi= 2024y (6
0 R, o cosa

B KOTOpPOM ! — TapaMETpP BPEMEHMU.
Janee, ucnonb3ysl BbIpaxkKeHUE

dr = do; /oy, (7

I1e ®; — YyIJoBasi CKOPOCTb KOJie-

ca I, mepernuiieM paBeHCTBO (6)
¢ yuetoM opmya (5) u (7):

Ly
_ _ u
w=T1/(1 5) [ don ®

rne ijp — NepesaToyHoe OTHOLIE-
HUe 3y04yaToro 3alerjeHus, MpU-
HSITO€ MOCTOSIHHBIM.

MuHMMaNnbHYI0O TIOTEPIO 3HEp-
ruu Oymetr obecrneyrBaTh Ta JIMHUS
3alleTJIeHUsI, KOTopasi, Mpex/e Bce-
ro, yIOBJETBOPSIET YpaBHEHUIO Dii-
Jepa B BapMallMOHHOM 3amgaude [7].
ITockoabky MOJbIHTETpaIbHAs
¢GyHKLUUA BhIpaxkeHUs1 (8) SIBHO He
3aBUCHUT OT ¢, TO, BBellI 0003HayUe-
uus F= u/u' v u' = du/de,, npen-
CTaBMM YpaBHeHUe Diinepa B cle-
JIyIOLIEM BUJE:

F—uF, =C. )

Pewas ypaBHeHue (9), Haxonum
MIPOMEXYTOUHBIIA Pe3yIbTaT

u= Cu', (10)

"3 KOTOPOro CICayeT:

01 = Cllnu + C2. (11)

Ecmu ¢y =0 mpmw u=1, TO
G, = 0. Kpome Toro, mo ¢usnue-
ckomy cMbicty Cp > 0.

W3 Boipaxenus (11) ¢ yderom
TIPUHATHIX YCIOBUI HAXOIUM MCKO-
MYI0 (PYHKLMIO:
01/ (12)

Kpussie cemeiicTba (rmyuka) (12)
¢ ueHTpoMm @1 = 0 u u = 1 B obuac-
T4 @ = 0 HUrIEe HE mepeceKaroTCs
1 00pa3yloT LEHTpaJbHOE II0Je.

u=2~ae

CnenoBaTenbHO, ycioBue SIkobu B
paccMaTpuBaeMOil 00JIaCTH BBITTON-
HSIeTCS.

IIpoBepsieM yciioBus JlexaHapa.
3ameyaeM, uTo GYHKUUS F TPUKIbI
IuddepeHupyeMa 1o u' u, Kpome
TOTrO, €€ BTOpas IIPOM3BOIHAsI C
yyetoM ¢dopmynsl  (10)  F =
=2C,/u*> 0.

Takum obpa3zoM, UMEIOTCS IPHU-
3HAaKM CUJIBHOTO MMHUMYMa B BBI-
JIeJIEHHOU 00J1acTH.

OO0benuHUB BhIpaxkeHust (5) u
(10), HaxoguMm YypaBHEHHUE JUHUU
3aleTICHUS:

u = CiRjcosa. (13)

ITonyyeHHas1 3aBUCMMOCTD MPEI-
CTaBJIsIeT COOOI ypaBHEHME CeMeli-
CTBa OKPY>XHOCTEU B MOJISIPHOU CUC-
TeMme KoopauHat (puc. 2). I[Ipu atom
cjenyeT MMETh B BUAY, YTO ONTH-
MAaJIbHBIMU SIBJISIIOTCSI TOJIBKO Y4acT-
KU Oyr ¢ u > 1 (Tak Kak ¢ = 0).

HecMotpst Ha To, 4TO HalieHHBIE
JIMHUU 3aleIUIEHUsI CYLLIECTBEHHO OT-
JINYAIOTCSA OT PeaibHBbIX (HE YUTEHBI
MHOTMe BaXHble (PaKTOpbl, BIMSIO-
1K€ Ha MPOLECCHI, MTPOUCXOISIIINE B
3alleTJIeHUM), MOXHO YTBepXKIaTh,
YTO y4yacTKM 3YyObeB, COIpUKAcalo-
1LIMecsl B OKPECTHOCTHU IOdI0ca 3alie-
IUIEHUsI, B TIPOLIECCE BKCIUTyaTalluu
HEe BOCIIPOU3BOISATCS (HE CTPEMATCS K
onTuUMajbHbIM). ClienoBaTeibHO, He-
BO3MOXHO CHUHTE3UPOBaTh 'U3HO-
LIeHHbIe" TTpoduIn 3yoseB, paboTaro-

Puc. 2. OnmumaibHble JIMHAA 3aUeIUIeHAs
1 — 3amomiocHast; 2 — JIOIOJIIOCHAs

Puc. 3. ®opmuposanue npoduieii 3yobes
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Puc. 4. 3y6uaTas nepenaya ¢ onTHMANIb-
HbIMH npoduiisiMEA 3y0beB

mue B nomoce. Kpome Toro, yrnomsi-
HyTOE 00CTOSITEILCTBO MOXET
CIIYXKUTb ONHOM M3 MPUYMH Hadvaia
MMUTTUHTA 2BOJIBBEHTHBIX 3yObEB B
MOJIIOCHOM 30HE [8].

Ontumaibibie npoduim 3yObeB.
PaccmoTrpuM 4yacTHBIN citydail mpu
C; = 0,1u Ry = 100. g moctpoe-
HUS Tipousieir 3y0beB BOCIOJIb3Y-
eMcsl ypaBHeHMEM (1) cOBMECTHO ¢
zapucumoctsimMu (12) u (13). Ha
puc. 3 rpaduyecku MpeacTaBiIeHbI
pe3yJIbTaThl pacyera.

g 3amoJirocHoM JIMHUM [ 3alie-
wieHus1 (cM. puc. 2) Ipocuiib 3yda co-
CTOMT M3 JIByX y4acTKOB (CM. puc. 3):
npu o > 0 u3 A—B u B—K, a nipu
oa<0—wu3 C—Du D—K. Nnda no-
MHOMIOCHON JNuHUM 2 (CM. puc. 2)
npopunu 3yObeB OyAyT CUMMET-
PUYHBIMU OTHOCUTEIBHO ocu O Y.

Ha puc. 3 moka3an nnpoduiab b—
k—d 3yba, chopMHUpOBaHHBIA U3
JIByX y4acTKoOB: yyactka B—K, co-

OTBETCTBYIOLIETO 3aTOJIOCHOW JIN-
HUU 3auerieHust, 1 D—K — gomno-
mocHoil. CUHTe3MPOBaHHBINA OITH-
MaJIbHBIM 3y0 WMEET BBINMYKJIO-
BOTHYTYI0O (opMy: TrojioBKa 3y0a
(zamITpuxoBaHa) — BbINYKJIAs, a
HOXKa — BOrHyTas. Bormpoc oTHO-
CUTEJIbHO TPUMEHEHUS YYaCTKOB
A—B n C—D mnpoduneir tpebyer
OT/IEJIbHOTO U3YyUYEHUS.

BricoTy 3yba 6e3 yueTa rmepexo/-
HOU KPUBOM MOXHO OIIPENEIUThD 10
tbopmyne h =r, — r,= CiRy.

Ha puc. 4 npeacrasneHa ogHa u3
CUHTE3UPOBAaHHbBIX Mepenay ¢ ONTH-
MaJIbHbIMU MPOUIISIMU 3yObEB C T1e-
penaToyHbIM OTHOILIEHUEM, PaBHBIM
enuHuue (i = 1). Tlpuuem cnenyer
OTMETHUTb, YTO B ITOJIIOCE COIMPUKOC-
HOBEHMSI 3yObeB HE TTPOUCXOIUT.

BrIBO O BI

1. Hanbomnee HeOnaronpusTHbIM
¢dakTopoM MpU  U3HAIIMBAHUU
3yObeB SBJSIETCSl 3allelIeHHE B
OKOJIOTIOJIIOCHOM 30HE, TaK Kak
npoduin 3yObeB B MOJIOCE HE BOC-
MPOU3BOAATCS (HE CTPEMSITCS K OI-
TUMaJIbHBIM) U CIIOCOOCTBYIOT Hau-
0oJiblIEMY MCKAXEHUIO MepeaaToy-
HOTO OTHOLLIEHMUSI.

2. JIns1 ynpouyHeHHBbIX 3yObeB 1ie-
JIeCOOOpa3HO, WCIONb3Yysl COOTBET-
CTBYIOIIYI0 MOAU(pUKALUIO Mpodu-
Jieil, OrpaHUYMUTh KOHTAKT B MOJIIOC-
HOI 30HE B MEpUOJ MPUPabOTKU.

3. OnTuManbHbIi Tpodub 3yoda
MIMeEEeT BBINYKJI0-BOTHYTYIO (hOpMY,
CJ1eJ0BATEIbHO, BOJbBEHTHBII 3y0
He SBJseTCS palMOHAIBHBIM C TOY-
KU 3peHUsI BOCIIPOU3BOAUMOCTH.
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(Koposckast I'TA um. B. A. [lertsipeBa)

COBepI.IJEHCTBOBaHVIe KOHCTPYKUNN
dBTOMAaTU4YeCKnX KIIMHOpPpeMeHHbIX

BapuaTopoB

MpuBeAeHbl CXeMa YCTPOMCTBA W pe3yNbTaTbl TEOPETUHECKNX U IKCMEPUMEH-
TaNbHbIX UCCNEfOBaHUA OMHAMUKM Pa3roHa MOTOTPAHCMOPTHBLIX CPeACTB, OCHa-
LLeHHbIX Y>XKe CyLLECTBYIOLLMM aBTOMATUYECKUM KIIMHOPEMEHHBIM BapraToOpoM U

BAapMaToOpOM HOBOW KOHCTPYKLMU.

Results of theoretical and experimental investigations of acceleration dynamics
of the motor vehicles equipped by existing automatic V-belt variable-speed gear

and that of a new design are presented.
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B TpaHcMuCcCcUM COBpEeMEHHBIX
MaJIOKyOaTypHBIX MOTOTPAHCITOPT-
HbiX cpeactB (MTC) npumeHSIOT
aBTOMaTUYECKUE KIMHOPEMEHHBIE
BapuaTopbl (AKB) c neHtpobex-
HBIM PETYyJSITOPOM Ha BeayllleM Ba-
ny [1], xapakTep u3MeHEeHMs Iepe-
JIaTOYHOTO OTHOIIEHUSI ¥ KOTOPBIX
B 3aBMCUMOCTH OT YIJIOBOI CKOPO-
CTU ® Bajia JABUTaTesIs MOKa3aH Ha
puc. 1 (3aBucumocTsh 2). 31eCh Xe
MpuBeAeHa 3aBUCUMOCTb KpYTs-
LEro MOMeHTa My 1 yriaoBOi CKO-
pPOCTH » BaJia ABUTATENIsl BHYTPEH-
Hero cropaHuss MTC.
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Puc. 1. 3aBucuMoCTH M3MeHEHHsS KpyTs-
mero MomeHTa M, WM nepegaTOYHOro

ornomenus u AKB ot yriioBoii cKkopocTh
BaJia BATATEIS

Puc. 2. Cxema npemnaraemoro AKB

Benyuuit mxkus

BenoMplil KuB

YyureiBag, yto yckopenue MTC
MpU pa3roHe OMpeAcasieTcsl KpyTsi-
LLIMM MOMEHTOM Ha BeaylleM KoJie-
ce, KOTOphbIil, B CBOIO ouepelb, 3a-
BUCUT OT KPYTSIIEro MOMEHTa Ha
BaJly ABUTATeJIsl U OT IepeaaTOYHO-
r0 OTHOIIEHMUSI TPAHCMUCCUU, TO

Puc. 3. OnbiTHBIG
oOpasen mpenJjarae-
moro AKB

1T obecriedeHrsT MaKCMMaJIbHOTO
yckopeHnst MTC tpeOyeTcsl, 4TOOBI
W3MEHEeHHe TIepeJaTOYHOTO OTHO-
IIEHUST TIPOUCXOANIO TIPU MaKCH-
MaJIbHOM KpYTSIIleM MOMEHTEe Bajia
nBurartesst. Kpome Toro, xkenareib-
HO, YTOOBI OHO COOTBETCTBOBAJIO

3aBUCUMOCTH 2, TIpEeNCTaBJICHHOM
Ha puc. 1.

OmHako B yXe CYIIECTBYIOLINX
AKB ¢ 1LIEHTpOOEeXHBIM PEeryJsiTo-
pOM TSI N”3MEHEHUSI TIePeIaTOYHOTO
OTHOIIICHUS BaJI OBUTATENIST JOJDKEH
HabupaTh JOIOJHUTEIHHYIO YIJIO-
BYIO CKOPOCTb (OT ®y 0 ®). DTO
TIPUBOAUT K TOMY, YTO, BO-TIEPBBHIX,
MOMEHT Ha BaJly IBUTATesIsT HA JaH-
HOM YYacTKe CHMXKAeTCsl, a BO-BTO-
pBIX, Ha YBEJIWYCHUE YITIOBOU CKO-
pOCTH Bajia ABUTATENST PACXOMyETCST
3HAUMUTEJIbHAs 4YacTb €ro MOIIHO-
ct. C Ipyroif CTOPOHBI, YMEHBIIIE-
HUEe JAHHOTO Juaria3oHa YIJIOBOM
CKOPOCTM, Kak IMoKa3ajiu MCCIen0-
BaHMs [1], IpUBOIMUT K MOTepe yc-
ToitunBocT pabothi AKB u, kak
CJIENCTBUE, K ellle OOJblIeMy CHU-
KEeHUIo JuHaMuKu pasroHa MTC.

Hns peiieHust 3Toll MpoOIEMBbI
npeajaraeTcst HoBasi cxeMa ycTpoli-
ctBa AKB (puc. 2), B KoTopoii, B
OTJINYME CXEMbl paHee TMpeacTaB-
snenHoro AKB, 11eHTpoOeXHBIN pe-
TYJISITOpP YCTaHABJIMBAETCSl HA BEIO-
MoM Bany [2]. B mnpemnaraecmom
AKB BpailieHMe OT KOJEHYaTOro
Basia [ nBUTATeNsl TIepefaeTcs Beay-
1eMYy LIKUBY 2, OT KOTOPOTO Yepes
peMeHb S5 JBMXKEHHUE TIepeaaeTcs
BeIOMOMY I1IKUBY 6. B mporuecce
pazroHa MTC yriaoBass CKOpOCTh
BegoMoro Bajga [0 yBeIMUMBaeTCS
BMECTE C LIEHTPOOEKHBIMU Ipy3amu 9.
B pesynbrare HeHTpOOEXKHBIE IPY3bl
9 BcenCcTBUE YBEIMUYECHUS LIEHTPO-
OCXXHBIX CHUJ TepeMellaloTcs Ha
OOJIBIIMIT pamuyc, OTXKMMas Ipu
5TOM TMPYXUHY & M mepemellas
MOABMXKHBIN aucK 7 BiaeBo. Ha Be-
OyIIeM IIKWMBE 2 B pe3yJbTaTe MoI-
KaTusl TIPYKWMHBI 4 TIONBUKHBIN

Puc. 4. Orxxumuoe yctpoiicteo AKB:

| — TIOABVMIKHBIM OUCK BEAOMOTO LIKMBA; 2 — TIPYXXKMHA, 3a1aloliasi XapakTep U3MEHEHHUsl MepeaTOuHOro OTHOLeHUsT; 3 U 6 — HampaB-
JISTIOIIME IIEHTPOOEKHBIX IPy30B; 4 — raiika KperieHus: K Bemomomy Basty AKB; 5 — 11eHTpoOeXHBIN Tpy3
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Puc. 5. 3aBucumocTm  M3MeHeHMA

CKOPOCTH v OT BpPEMEHH 7 pa3roHa s
MTC:

I — ¢ yxe cymiectByromum AKB; 2 — ¢ nipen-
naraeMbiM AKB; 3 — ¢ AKB nipu ontumu-
3a1u TIpOoUIIsT HATPABJISIIONINX IIEHTPO-
OEXHBIX TPY30B OTXKMMHOTO YCTpPOIiCTBa

Iuck 3 mepeMeliaeTcsl BIPaBo, a
peMeHb 5 mepemeliaeTcss Ha 0OJIb-
LI paguyc, 4YTO IPUBOAUT K
YMEHBIIIEHUIO TIePeIaTOYHOTO OT-
HOLLIEHMSL.

Takum 00pa3oM, 3aBUCHUMOCTH
IepPeIaTOYHOr0 OTHOLICHUS OT Yr-
JIOBOM CKOPOCTHM Bajla IBHUTATENS
HMMeeT KOCBEHHbII XapaKTep, U 3Ha-
YeHHe TepefaTOYHOTO OTHOIIECHUS

AKB ormpenensieTrcsi HEIOCPEACT-
BEHHO CKOPOCThIO ABrxKeHuss MTC,
YTO B CBOIO OYepeab MO3BOJISIET ITy-
TEeM 3allaHusl OIPEACICHHOTO TPO-
¢Gunast HampaBIISIOIIMX LIEHTPOOEXK-
HBIX TPY30B TOJYYUTh 3aKOHOMEp-
HOCTb U = f(®), YTO COOTBETCTBYET
3aBUCUMOCTU 2 Ha puc. 1.

s moaTBepKAeHUST U3T0XEH-
HOTO BBbIIlIE OBIT pa3paboTaH M MC-
NbITaH ONBITHBIA oOpaserr AKB
(puc. 3). DiaeMeHTBl OTXXMMHOIO
LIEHTPOOEXKHOI0 YCTPOICTBA, ycTa-
HaBJIMBAaeMOro Ha BEJOMBIN IIKUB
AKB, nokazaHnbl Ha puc. 4. B xone
HccleI0BaHU I pa3paboTaHHOTO
AKB 0ObuIMd IOJIy4eHBbI 3aBHUCUMO-
ctu ckopoct v MTC ot BpeMeHU ¢
ero pasrosa (puc. 5).

BriBO O BI

Wcnonb3oBaHuE ONTUMU3UPO-
BaHHOTO KPWBOJWHEHHOTO MPOH-
JISI HAIIPABJISIONINX IIEHTPOOEKHBIX
IPY30B MO3BOJISIET TTOBLICUTH AWHA-
MUKy pasroHa MTC npumepHO Ha
40+45 %. Ilpu >TOM TOSBISAETCS

BO3MOXHOCTh IIOJIyUeHUS] OITH-
MaJIbHOTO KO3 GUILIMEHTA TSATH pe-
MEHHON mepeaauyu BO BCEeM auana-
30HE PEeryJIMpOBaHUs MepeaaTOUHO-
rO OTHOIIEHMSI, YTO TIO3BOJSIET
OTKa3aTbCsl OT peryJsiTopa Mo Ha-
Ipy3Ke, KOTOpBbIi HEOOXOAUM Tpu
KCITOJIb30BaHUM  CYILECTBYIOLIETO
AKB. Kpome Toro, orcyrcTBue pe-
TyJIsiTOpa Mo Harpy3ke B 3HAUUTEb-
HOI CTEeNeHU yIpollaeT KOHCTPYK-
uuto U Hactpoiiky AKB, a takxe
obecrieunBaeT BO3MOXHOCTb MC-
MOJIb30BAaHUS OOJIErYeHHBIX 1IeH-
TPOOEXHBIX TPY30B, YTO B CBOIO
ouepenb CHMXAET M3HALIMBaHUE
HAIIPaBJISIIOIIMX U TPY30B.
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MNpeoGpa3oBaHne n3aMeHeHNN BUOPALMOHHbIX XapaKTepuUcTmK
YCTANIOCTHOMO BbIKPALUMBAHUSA NOALWMNMHMKOB KavyeHuns
B NoKa3aTenu cTteneHn M3Hoca

ﬂpeJJ,CTaBJ'IEHbI MeTOAMKM NOBbILWEeHNA HarnaaHoCTn pe-

B Hacrosieit cratbe pacCMOTPEHbI MEXaHU3MbI

TMCTPaLMKU CTENeHN NMOBPEXAEHUS NMOALLUMMHMKOB Ka4yeHus
C YCTaNOCTHbIM BbIKPALIMBAHNEM C BO3MOXHOCTbIO MUHM-
MU3aLMU OXKMOIEMOrO PUCKA UX AMArHOCTUKU.

Clearness registration techniques of the frictionless
bearings damage rate with fatigue flaking with a possi-
bility of minimization of expected risk of its diagnostics
are presented.

Hnst onpeneneHus Buga U (OPMBI CBSI3EM MEXIY
JaHHBIMU TEXHUUYECKUX HAOJIIONEHUIN IIMPOKO TpHU-
MEHSIETCSI KOPPENSIIMOHHO-PErPECCUOHHBIN  aHAIN3.
B npunoxxeHun K aKyCTMUYECKMM METOIaM KOHTPOJIS
M3HOCA OH, BUAMMO, MOXET CTaThb OCHOBHBIM MHCTpPY-
MEHTOM pellleHUs 3aJa4 IPOTHO3MPOBAHMS U TUIAHU-
pOBaHUs OIepalMii TEXHUIECKOTO OOCITYy>KUBaHMS Ha
TIPEITPUSITUSIX.

ISSN 0042-4633. BECTHUK MAIIMHOCTPOEHUA. 2009. Ne 3

npeobpa3oBaHUsl XapaKTepUCTUK BUOpPAIIMOHHBIX Me-
TOAOB OLIEHKM IAapaMeTPOB YCTAJOCTHOTO BBIKPAILIM-
BaHMS B y3J1axX TPEHUSI KauyeHUs MallUH B ITOKa3aTeu
X TIPOLIEHTHOTO U3HOCA.

OnbIT MPUMEHEHMS IHUPOKO U3BECTHBIX ITPHUOOPOB U
CUCTEM IMArHOCTMKHU MOAIIMITHUKOB KaYeHUST METOIOM
SPM [1] Ha npeanpusITUSX LEUTIOJ03HO-0YMasKHOM
MPOMBILIJIEHHOCTH, METATYPTUU U MallMHOCTPOEHMSI
Poccun (1o maHHBIM CHELIUAIMCTOB, 3aHMMAIOLLIMXCS
npruMeHeHueM TexHonoruii SPM, Hampumep IpuBe-
JIEHHBIM B paboTe [2]), MOKa3bIBaeT, YTO PEeTUCTPaLIUs
3HAYUTEIbHbBIX BEJIMYMH M3HOCA MOXET OBbITh CIIPOBO-
LMpOBaHA MHOTUMM IIPUYMHAMU: YXYIOIIEHUEM 3KC-
TUIyaTallMOHHBIX CBOMCTB CMa304YHOrO Matepuasia, rno-
BBIIIIEHHOW HArpy3koil Ha TOMIIMITHUK, BUOpauueit
MexaHu3Ma (BKJIlo4ass BUOpaLMIo OT BHELIHMX MCTOY-
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HUKOB), MIOMeXaMU MeXaHU4eCKOW MPUPOIbI, IIIyMOM
(BuOpauueit) 3ybuatoro 3aUeIIEHUsI, B TOM YHCJE CO-
CEeIHUX MEXaHM3MOB, MOMEXaMM 3JeKTPOMarHUTHOMN
IpupoAabl U APYTUMU IIPUINHAMM, BIIMAIOINMMU Ha
BO30YXJIeHUEe KOJeOaHWii Ha pPEe30HAHCHON 4YacToTe
akcesepoMerpa (IIpeobpaszoBaTesisi BUOPOYCKOPEHUSI)
W IMpUMeHsieMoro B npubopax ¢uabrpa ceiaekuuu [3].

[ToBbICUTL TIOMEXO3alIUILEHHOCTh W TOYHOCTh
CPEACTB NMArHOCTUKHU IMOAIIMITHUKOB KauyeHUsI BO3-
MOXHO, BEPOSITHO, HA OCHOBE MCIOJb30BaHUS MPUH-
LIMIIa HEOIpeneJeHHOCTU B CIy4YalHbIX CTallMOHap-
HBIX IIpolieccax C BeiBieTamu [4], T. €., HampuMep, B
pe3yabTare peructpanuu 16 +26 % mupoKOomoI0CHO-
[0 MHTErpaJibHOrO YPOBHS BBICIIMX YacCTOT BUOPOY-
CcKopeHUs (OTHOCUTEJIbHO BCeit SHEPTUU BUOPOYCKO-
peHus). DTOT crnocod ObLT MpPemokeH aBTOPOM B
1978 1. [5] B COOTBETCTBMU C paHee MPOBEAEHHBIMU
UM MCCJIENOBaHUSIMU W CPAaBHUTEJbHBIMU MCIIbITA-
HUSAMM crnelupUYecKux MpUOOPOB, pPacyeTOB Ha
OBM cootHouleHuii Bunepa—XuHUYMHA W OPyTUX
METOAMK OLIEHKHU CIEeKTpajbHOW TJIOTHOCTU aMILIv-
Tyl BMOpPOYCKOPEHMS MpPU HAJIUYUM YCTAJTOCTHOTO
HIeJyleHUsT B TTOAIMITHUKAX.

HanbHeiiliee CcoBepLIEHCTBOBAHUE YKa3aHHOTO
crmocoba MpuUBEJIO K MOJYYEHUIO psla OLEHOK KOH-
IULIAY  TIOAIINITHUKOB KadeHWs, OTJINYAIOIINXCS
YYBCTBUTEJbHOCTHIO U HEJIMHEHHOCThIO MO OTHOLIE-
HUIO K HECKOJIbKMM BHaaM M3HOca. Kpome ToTO, C
ITOMOIIBIO TTOKa3aTest Entropy m Ipyrux perucTpu-
pyeTcs TepUOAMYHOCTb MPOSIBJIEHUS TMOBPEXICHUI
[6]. MOXHO HPeanoONOXKUTh, YTO BCE ITO MO3BOJISIET
MEPENUTHU HA HOBBIM KAY€CTBEHHbIU YPOBEHb — IIPO-
THO3MpoBaHue (HAa OCHOBE LM(PPOBOro BUOPOKOH-
Tposst [7, 8]) ocTaTOUHOro pecypca MOALIUMITHUKOB
KayeHMsl U, BO3MOXHO, 3y0UaThIX KOJIEC PeIyKTOPOB
B IIpoliecce dKCIUTyaTalluy (HaIlpuMep, ¢ TTOMOIIBIO
rpedbeHyaToro (puiabTpa).

C 1enplo JajdbHEWIero paciidpeHus] KayecTBEH-
HBIX BO3MOXHOCTEI CPEeICTB BUOPAIIMOHHOTO HEpas-
PYILIAOIIEr0 KOHTPOJISI YCTAJIOCTHOTO BhIKpAllMBAHUS
B MOMIIMITHUKAX KayeHUs B 0ojiee KECTKUX YCIOBUSIX
SKCITTyaTallid pacCMOTpUM 0OoJiee amanTUBHEBIC, YeM
ero nuk-daxrop ¥, = 3,5 P,/ Jﬁt, OLICHKM Ha OCHOBa-
HMM peructpauuu 3Hauenuit Y| = 28In[ D, P,/(DyPy)] n
Y, =3,/D,P,/Dy, tne D;, Dy P, Py — COOTBETCTBEH-
HO JUCTIEPCUU U IKCTPEMYMbI BUOPOYCKOPEHUSI B MO-
MEHT KOHTPOJISI 1 ITOCIIe MPUPAOOTKH BHOBb YCTAHOB-
JIEHHBIX IIapUKOMOAIIMITHUKOB 204 (MCHoyb30BaH
Ouamna3oH  MHGOPMATMBHBIX  YacTOT  BHOpauuu
20+22050 I'm).

HcnbiTanust, yCcKOpeHHbIe 3aJaHMeM YeThlpeXKpaT-
HOTO TIPEBBIIIIEHUST TOITYCTUMOTO B OOBIYHBIX YCIOBH-
six (30 000 y paboOTBI) paCYETHOTO HATPYKEHUsI, MPO-
BeaeHbI B 1abopaTopun OO0 "budope” Ha KOHTPOJIb-
HoM creHae IIKB-72 ¢ rpynnamu M3 4eTbIpex
LIAPUKOTIOAIIMITHUKOB 204 Kaxaasi MpU MX 4acToTe

BpaiieHus 3000 MuH "~ L
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B kauecTtBe mpeoOpa3oBaTeneili BUOPOYCKOPEHUS
HCIIoNb30Banu akcenepomeTpol Ta ABC 134 HITO
"UameputenbHas TexHuka". CUTHAJIbI OCASAHUX T10-
cJie KOMMYTallUU, TIPpeayCUIeHUs, KOMIIPECCUPOBAHUS
[9] (c uenbio O6IIIETO YIYUILIEHUsI COOTHOILIEHUS CUT-
Haji/iiyM Ha 27+ 35 n1b) U KBaHTOBaHUS BCTPOEHHOM
Ha TIOCTOSIHHOM OCHOBe "3BYKOBO#1 KapToit" [10] 3amu-
ceiBaMCh B Buae (aitnoB Ha ITODBM ¢ nudpoBbiMu
"MarnutopoHamu” Sound Recorder Realtek AC97
Audio (Bpems 3amncu 60 ¢) u Adobe Audition 1.5 mpu
pexumax: mono, 16+ 32 6uT (I moCIeayIOILero pac-
yera 3HadeHuit Y}, ¥> u Y,). Kpome toro, perucrpu-
pOBaJIOCh COCTOsIHME LIM(pPOBOro peryasitopa (pe3u-
cropa) aucrnepcun curHana (Ha IIAIT) B coctaBe KoM-
IIPeCCOopOB.

B pesysnbrare ObL10 3aMKCUPOBAHO U MPOAHAIU-
3UPOBAHO YCTAJIOCTHOE IleyllieHUe (BbIKpalllBaHUE)
BHYTPEHHETo Kojiblia // U 11apuKOB Yy TPeX IMOMIIMII-
HUKOB KaueHus1. [TonyyeHHbIe faHHbIE (OKPYIJIEHHbIE
IO 3HAUEHUI LIeJIbIX YKCces ) MpeACTaBlIeHbl B TaOIMLIE,
B KOTOPO# YKa3aHbl: MECTO MoBpexneHus (I — BHYT-
peHHee KOJIblo; 2 — TeJIO KaUeHUs) U ero MaKCUMaslb-
Hasl TJTyOMHA /; CpeIHUE IO TISITH U3MEPEHUSIM 3HAaYeHMST
Yy, Y}, ¥, Ge3 nmoBpexaeHus (B UMCIUTENE) U C TIOBpe-
XKaeHueM (B 3HaMeHaTelie); OTHOLIEHUEe TUCIIepCUH I10-
BpeXJIeHUsI, SKBUBaJIeHTHOM 1o A(D; ~ h/149), k 1o-
cagouyHoMy auameTpy d = 20 MM BHYTPEHHETr0 KOJblia
nonumnuuka (lim D;/d ~ 2,9/10* [13]).

Heo6xoauMo OTMETUTb, YTO pPacCUMUTHIBATH 'Tie-
PHUOIMYHOCTH TIPOSIBIIEHUS " B CTIEKTpaxX BUOpALINU MH-
¢GopMaTUBHBIX "4acTOT MOBPEXICHMUI" KaK IJIST TOM-
IIWTTHUKOB KaueHWsT, TaK U T 3y0UaThIX KOJIEC peayK-
TOPOB (M HEKOTOPBIX APYTrrUx MexaHu3MoB [11]) yno6Ho
C TMOMOIIIBIO CHeUUATbHBIX KanbKyasiTopoB [12]. Ilpu
aToM Adobe Audition 1.5 umMeeT B cBoeM cocTaBe aHa-
JIM3aTop cIieKTpa Jid nHankKanuu AYX ¢ nuHeitHoi 1

Hg;/l;p Mecro HZBﬁi:AmeHMﬂ; Yo Y; Yy Dyd
1 1; 0,375 40/79| 0/93 | 35/93 | 1,259/10*
2 I1; 0,350 39/76 | 0/93 | 38/90| 1,175/10*
3 1; 0,383 41/80| 0/95| 40/93 | 1,285/10%
4 1; 0,298 38/81| 0/90| 35/90| 1,000/10%
5 2; 0,051 37/47| 0/55| 34/56 0,170/10*
6 20,124 42/79| 0/66 | 40/80 | 0,350/10*
7 2; 0,115 41/75] 0/60| 40/80 0,230/104
8 1; 0,240 35/80( 0/88 | 37/83 0,750/10%
9 1; 0,231 41/85] 0/89| 40/87 0,575/104
10 1; 0,301 37/87| 0/90| 35/90| 1,001/10%
11 1; 0,310 39/90| 0/91| 36/94 | 1,040/10%
12 1; 0,310 39/88| 0/90| 36/95| 1,040/10%
13 I1; 0,308 40/76| 0/90 | 37/96 | 1,034/10%
14 1; 0,311 37/82| 0/93 | 34/89 | 1,044/10*
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Jiorapu(pMrUYeCcKOii rpagalusMu 110 YyacToTe (C 1arom
okosio 1 I'r), KOTOpbIif MOXHO MCMOJB30BATh TSI UX
perucTpalii U OTOOpaxkeHUsI, HalpuMep, C BbIXOoAa
pesuctopHoro aenutensi (LIAIT) B kommpeccop, T. e.
nocJje npeoopasopaHus [ uiabdepTa, — KOHTPOIUPYET-
CS MOIYJISILIASI PHEPTUM BUOpaIim.

AHanu3 JaHHBIX TaOJULIBI TTOKAa3bIBaeT, YTO 3HAUe-
HUSA Yy U Y, U1 JaHHBIX BEJIMYMH U3HOCA (BBIKPALLIHN-
BaHUS1) MPAKTUYECKU OAUHAKOBBI, a U151 Y], UMEIOLLIEe-
ro B Hayaje WUCMHbITAHUU C YBEJIMYEHHOW HArpy3Kou
HyJIeBblE 3HAUCHUSI, ypaBHEHUE PErpeCcCUr MOXKET BhI-
JISIIETh CJIEIYIOIMM 00pa3oM:

Did =~ (291Y, — 327 Y} + 1254 Y¥7)/1012. (1)

CrangapTHOE OTKJIOHEHME 3HAYEHUIl II0 ypaBHE-
HU©O (1) OT 3KCMepUMEHTANbHBIX JaHHBIX BHIYUCIISIEM
no dopmyie ¢ = XA2/N, rie A — OTKIOHEHUE OT
JAHHBIX 9KCIIepUMeHTa, N — YMCI0 3KCIIEPUMEHTOB:

o = J748,141/1012 1 359,185/1012 + 54,756/1012 +
T 2,14/1012+0,894/1012 4 0,003/1012 +
71 0,934/1012 4 0,699/1012 + 82,724/1012 +
T 11,812/1012 1 13,763/1012+ 21,811/1012
7 120,075/1012 + 3.425/1012 /14 = 2,596/105,

yTo cocrapisieT 1,37 % oT mpeneIbHOTO COTIacHO pa-
6ote [13] 3HaueHus (T. e. IpUOIMXKEHNE BO3pacTaeT
0ojiee yeM Ha TopsaokK). Takum oOpa3oM, OTHOIIIE-
Hue D;~ h/149, BEpOsITHO, MOXHO UCITOJIB30BaTh IS
NpUOJU3UTEIbHOM OLIEHKU JOIyCTMMOIO M3HOCa
MIpU IIOCAEeAYIOIIEM SMIUPUYECKOM O0000OILIEHUN €TO
MPUMEHEHUS C YYETOM JAPYTMX KOHCTPYKLIMOHHBIX
0COOEHHOCTE! TOMIIMITHUKOB KaueHUsT U paccMar-
pUBaeMbIX MEXaHU3MOB, HATIPUMED, IPUHUMAS K UC-
Mnojib30BaHUIO Tokazarenb lim(h/149)d,/(20d,) =~

~ 2,9/ 104, e dy — TIOCAlOYHBII TUAaMETP BHYTPEH-
HETO KOJIbIIa WMCIOJIb3yeMOTO TOMIIMITHUKA. Kpome
5TOTrO BBIPAXEHMSI MOXHO MCIIOJIb30BATh U MeHee "3a-
yMHoOe" oTHolleHue h/d.

Heo0OxonuMo OTMETUTh, UTO pacyeThl XapaKTepu-
CTUK YCTaJOCTU (BbIKpalllMBaHUs) IUISI BBIOOPKM W3
MOIIIMITHUKOB Ka4eHUsI 1IeCTH Pa3HbIX TUIOPAa3MEPOB
MOKa3aJik, YTO OTKJIIOHEHUs OT paBeHcTBa 4/149 ~ D
coctapistioT He 6osee £10,4 % (rme D — mucnepcust
LIETYIIeHNST) TIpU ToBepuTeIbHOM mHTepBane 0,95.

DKkcTpanoasuus ypaBHeHUs (1) mMoKa3bIBaeT, UYTO
Ha CTeHJe U3HOC IIapUKOTOAIIMIHUKOB 204 nocTUT-
HEeT MpeNeibHO ITOMyCTUMOro 3HaueHust mpu Y; ~ 100,
YTO, BUAUMO, TIO3BOJIIET TOBOPUTH O IPUMEHNUMOCTHU
ATOM OLIEHKU IS KOHTPOJISI U3HOCA IMOIIIUITHUKOB B
MexaHu3Max ¢ 0oJjiee XXeCTKUMHU YCJIOBUSIMU Harpy-
KEeHUS.
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Heo0xonmumMo oTMETUTh, YTO TTOXO0Kasl OlieHKa Oblja
ucrojb3oBaHa B mpudbope M-1302 VEB Robotron-
MepBelektronik [14] m1s IMarHOCTUKYU BUOpPAIINIA.

Jlnist oTHOleHUS A/d TOJlyduM Clieyollee perpec-
CHOHHOE YpaBHEHUE

h/d ~ (3,7078 Y;/10% —
— 11,0943 Y2/103 + 7,9463 Y /10%)/d, )

npu lim(a/d) = 0,0144.

bonee BHMMaTenbHOE paccMOTpeHue ypaBHeHuit (1)
U (2) MOXET NPUBECTHU K KeJaHUIO BBEACHUST KOPPEeK-
TUPYIOLLIETO KO3(h(GULIMEHTa B 3aBUCMMOCTHU OT IIUPU-
Hbl U TUMNA (ILIAPUKOBbIE, POJIMKOBbIE, chepuuecKre 1
T. T.) NOAIIMITHUKOB KayeHUsl, YTO TpeOyeT MmpoBeme-
HUSI JOTOJHUTEIBLHOTO MCCJeAOBaHUsI, HarmpuMep B
MPOU3BOACTBEHHBIX YCJIOBUSIX.

IIpu nuHeliHO#! Monenn perpeccun ns Y,y + Y3 no-
JIyYUM:

h ~ —4,0895/10% + 0,0405Y, +
+ 8,2897Y,/10° — 4,0506 Y5/10%. 3)
Kpome TOro, MoXHO BOCIOJIL30BaTLCSI AIIIPOKCH -
Malueil yeTelpex 3HauyeHWi (Yy3710B: max/ oT mint))

HIDKETIpUBENEHHOM mnporpaMmoii Ha s3bike BASIC
(pacuet metomom I'aycca):

INPUT Y(1) INPUT Y(2) INPUT Y(3) INPUT Y(4) INPUT Xi(1) INPUT X1(2)
INPUT X1(3) INPUT X1(4) INPUT X2(1) INPUT X2(2) INPUT X2(3)
INPUT X2(4) INPUT X3(1) INPUT X3(2) INPUT X3(3) INPUT X3(4)
A=(Y(1)- YQ@)/(XI(1)-X1(2) C=(X2(1)- X2(2))/ (X1(1) - X1(2))
D= (X3(1)- X3(2))/ (X1(1)- X1(2)) E=(Y(2)- Y3))/(X1(2)- X1(3))
F = (X2(2) - X2(3)) / (X1(2) - X1(3)) G = (X3(2) - X3(3))/ (X1(2) - X1(3))
H=(Y(3)- Y(@)/(X1(3)-X1(4)) T=(X2(3)-X2(4))/ (X1(3) - X1(4))

7= (X3(3) - X3(4)) / (X1(3) - X1(4)) K=(A-E)/(C-F) L=(D-G)/(C-F)
M=(E-H)/(F-1) N=(G-J)/(F-I) b3=(K-M)/(L-N) b2=M-(b3)*N
bl =H-(b2) *I-(b3)*J b0=Y(4)-(bl)* XI(4)- (b2) * X2(4) - (b3) * X3(4)

REM PRINT bi PRINT b0 PRINT bl PRINT b2 PRINT b3

AHAJIOTUYHBIN pe3yNbTaT MOXHO TOJIYYMTh U TIPHU
ucnonbs3oBanuu MSO Excel, a ipu 3aMeHe nepeMeH-
HBIX: Xy = (X1)2 nX;= (X1)3 — BBISIBUTH HEJIMHEMHYIO
3aBUCUMOCTb.

B 3akiioueHue paccMoTpuM Ipeobpa3oBaHue Olie-
HOK Yy+ Y, B IpoLeHTHBIE 3HAUeHUs U3HOca [ mapu-
KonommuITHUKOB 204 Ha OCHOBaHWHU CJEAYIOIINX CO-
OTHOILIEHUI U3 TaOJULIbI:

0 % = by + 37(Xp) + 0(Y}) + 34(Yy);
35% = b() + 47(Y0) + SS(YI) + 56(Y2),
55 % = by + 80(Yp) + 94(Y)) + 93(Yy);  (4)
90 % = By + 90(¥y) + 95(Y;) + 96(Ys);
T.e. [~29,472 + 5294Y, + 2,311Y; —
~ 6,596, + C, %.
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CraHgapTHOE OTKJIOHEHHWE 3HauyeHuii [ 1o ypaBHe-
HMIO (4) OT maHHbIX U3 Tabmuubl o < 1,9 %, a 1ng Y
MpH 3aMeHe TepeMEHHBIX B IIporpamMMe Y12 =Y u
Y13 = Y3 noysyyum

I(Y)) ~ 0,4361Y; + 0,0487 Y7 —
— 4,646465 Y7 /10% + C, )

T.¢. 6 < 1,7 %.

Eciu npuHSTH yclloBHE, UTO OXMIAeMbIi pPUCK
JMAarHOCTUKM Ha OCHOBaHUM ypaBHeHUi (4) u (5)
MUHUMaJieH Ojlaromapsi rapaHTUM OTCYTCTBMSI TpPU
JMarHOCTUKE 3aHUXXEHHbIX 3HaYEHWU M3HOCa, 10C-
TUTAeMOro, HalpuMep, MOCpPeaCTBOM J00aBAeHUS K
1, %, nocrossHHoro kKoapduunenta (3Hayenus) C =
5+10 %, TO C BBICOKOI CTEIEHbIO BEPOSTHOCTHU
MOXHO OyJIeT TOBOPUTh O HEMPEBBILIEHUN 3aPETUCT-
PMPOBAHHOIO MOKa3zaTeJsl M3HOca (B MPOLIEHTAX yC-
TaJIOCTHOTO BBIKpAlIMBaHUS) B MOAIIUITHUKE B MO-
MEHT U3MEPEHUMA.

Takum oOpa3om, TpeacTaBieHHbIE SKCIIEPUMEH-
TaJIbHbIE JAHHBIE CBUIETENBCTBYIOT O MOBBILLIEHWU Ha-
JISIATHOCTY PE3yJIbTaTOB, MOIY4aeMbIX MIPU TUATHOCTU-
K€ TMOJIIMIHUKOB KayeHUsl ¢ JorapudmMupoBaHueM
OTHOULIEHUI MEPBOHAYAIBHBIX TEKYIIAX BUOPALIMOH-
HBIX XapaKTepUCTHUK, TaKux Kak D, m, P;, Dy,
m , Py, Pt2 , Entropy u T. 1., a TakXXe BO3MOXHOCTU
UX MpeoOdpa3oBaHUs B MPOLIEHTHbIE 3HAUEHUS CTelle-
HU YCTaJOCTHOI'O BBbIKpalllMBaHUs (M3HOCA MO ycTa-
JIOCTHOMY lLiienylieHu1o0). IIpu 3ToM paHee U3BECTHbIE
XapaKTEepUCTUKH, HanpuMep Y, uinu SPM-M, He Te-
PSIIOT aKTYaJIbHOCTH TPU CYILIECTBEHHOM UMCJIe OTHO-
TUITHBIX Y3JIOB TPEHUS Kauy€HMUs, TaK KaK MO3BOJSIOT
Cpa3y Xe BbIAEAUTb MOMIIMITHUKU, TpeOylolre mo-
BBILIEHHOTO BHMMaHusA. Kpome TOro, oTHOIlIEHUS
TMEPBOHAYAJIbHBIX U TEKYIIMX XapaKTepUCTUK BUOpa-
LIMY MIO3BOJISIIOT UCTIOJIb30BaTh UX B IMATHOCTUKE TIPU
0oJiee KEeCTKUX peXXruMax HarpyXeHusl MOAILIMITHUKOB
KauyeHusl, JalIIUX JdOIMOJHUTEIbHYIO MOIYISIIUIO
SHEPTUU BUOPOYCKOPEHMUSI, KOTOpasl MpeBbILIaeT Mo
ocu vyactoT 32 kI'g [1], a ypaBHeHUE aJjisi IpeoOpa3o-
BaHus1 SPM-M(Y) B npouLEHTHbIE 3HAUEHUSI U3HOCA
1 MOXeET BBITJISIIETh CJIEAYIOLIMM 00pa3oM:

[=129,722 — 7,998(Y — Y;) + 0,435(Y — Yp)? —
— 4,841(Y — Y)3/103,
rac YO — OOITIOJIHUTCJ/IbHAA MOOYJIALINA SHCPIrun BI/I6—

paiuu.

B zaxmoyeHne HeOOXOOUMO 3aMETHTB, YTO IIO
ganHeiIM OO0 "MHKOTEC" [15] npu nuarHocTuke
MNPUHAMIEXHOCTU Oe(dEKTOB OIpelaeIeHHOMY 3Jie-
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MEHTY y3J1a BBISIBISIEMOCTD IOBPEXIEHUI COCTABJI-
eT nopsinka 59 +76 %, mpu 3TOM y BCeX, KTO Ipe.-
CTaBJIsIET MHGOPMALIMIO O Pe3yJIbTaTaX MCIIOJbh30Ba-
HHS Pa3INYHBIX METOIOB U CPEACTB BUOPALIMOHHOTO
KOHTPOJISI COCTOSIHMS [IeTaneil MeEXaHU3MOB, OTCYT-
CTBYIOT CBEIEHUS 00 MX CpaBHEHMH MJIU COITOCTAB-
JICHWH.
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YK 621.643

A. A. TIIIEHWIBIH, o-p texd. Hayk (CeBmaiuBTy3, I. CeBepOIBUHCK)

K Bonpocy o camoKomMneHcaumm BbiICOKOTeMNepaTypHbIX
TpyOOnpoBOAOB NpU yNpyrom 3akpenseHnu

PaccmaTpurBaloTCst BOMPOChI YNpaBeHUs npoLeccamm
B BbICOKOTEMMepaTypHbIX TPyOONPOBOAHbIX CUCTEMAX MPW
KonebaHuWax. PaccmoTpeHa perynupyemass onopa, Co3-
Jaouas bnaronpusTHoe nosie HadasbHbIX AehopMaumnn
ynpyrux snemeHToB. [peanaraetcs anroputM CHUXeHUs
BAUSHUS TEMNNOBbIX PaCLUMPEHUA Ha AMHaMUYeckue Xa-
PaKTepUCTVKM TpybOMpoBOAa, MO3BONSIOLMIA OLEHUTb
oXMnaaeMble AMHAMUYECKME NMapameTpbl B 3aBUCMMOCTM
OT MPOEKTHbIX PeLleHnit 1 obecneynTsb NpefBapUTeNbHYIO
HaCTPOWKy Onop.

The processes control problems in high-temperature
pipelines at presence of vibrations are considered. A reg-
ulated thrust, producing a profitable field of initial defor-
mations of elastic elements, has been considered. The in-
fluence lowering algorithm of thermal broadening on the
pipeline dynamic characteristics is proposed, which allows
to estimate expected dynamic parameters in the depend-
ence on the design solutions and to provide the initial tune-
up of the thrusts.

TpyOornpoBOAHBIE CUCTEMBI IIIMPOKO HUCIOIb3YIOTCS B
SHEPreTHKe, XMMUIECKOM TTPOMBIIIIEHHOCTH, MAIIMHO-
cTpoeHMU. B Hacrosiiiiee BpeMsi OCTpO CTOUT ITpodyieMa
BUOPOM3OJSILIMM 1M BUOpoaeMI(prpoBaHusI TpyOoIIpo-
BOJHBIX CUCTEM, pabOTAIOIIKUX C BHICOKOTEMIIEPATYPHBI-
MU W arpecCMBHBIMU CpelaMU, B KOTOPbIX HEIb3sl UC-
MOJIb30BaTh  TPAIMIIMOHHBIE  PEe3MHOMETAIMYECKUE
KoHCTpyKLMU. CoBpeMeHHbIe TPyOOIPOBOAbI — CJIOXK-
Hble CTaTUYECKU HeOoMpenearMble ITPOCTPAHCTBEHHbLIE
KOHCTPYKIIMH, UCTIBITHIBAIOIINE B3aMMOCBSI3aHHbIE TH/I-
poynpyrve KojebaHusi, 0O0yCIOBIMBAIOIIME TTYIbCAIUIO
TOTOKa paboueii Cpebl M TETUIOBbIe PaCIIUPEHUST, KOTO-
pble M3MEHSIOT TeXHHUYECKHE XapaKTepPUCTUKU TPyOo-
MPOBOIOB, HarPY3KM Ha OTIOPHI, a CJIEMOBATENbHO, Y MO-
JaJibHbIE TTapaMeTpbl cucTeMbl. I1oaToMy TemmepaTyp-
Hble JechopMalii HE0OXOAMMO KOMITEHCUPOBATb.

BubpocToiKOCTh TaHHBIX CUCTEM JIOJKHA MCKITIO-
yaThb pe30HaHCHbBIe KoiebaHus [1] ¥ MUHMMU3UPOBATh
HanpsbkeHusi. KoHCTpykiius TpyOONpoBOAOB U HC-
MOJIb3yeMblI B HUX MaTepuasl JOJLKHBI o0ecrieunBaTh
0e30TKa3Hyl padoTy, B TOM YMCJIE U MpPU aBaApUIHBIX
CUTyallMsIX. DTO BO MHOTOM 3aBUCUT OT XapaKTepUCTUK
TIPYMEHSIEMBIX YIIPYTHUX OTIOp M METOMIOB pacueTa BUO-
POAKTUBHOCTH TPYOOIpoBOaOB. JI0BO/IKA TOTOBBIX CHC-
TEM — OYEHb TPYAOEMKasl U JOPOTrOCTOSIIIAsT OTlepaliusl.

B mpocTtpaHCTBEHHBIX pPa3BETBAEHHBIX TPYOOIpO-
BOJIax KoJieOaHUS MPOUCXOASAT B Pa3HBIX IIOCKOCTSIX.
TTosToMy B Takux KojebaTeJbHBIX CHUCTeMax HeoO0XO-
JMUMO UCII0JIb30BaTh OMOPHI [2] ¢ aBTOHOMHO B pa3jiny-
HBIX HalpaBJIEHUSIX PEeTyJIUPyeMOi XeCTKOCTbIO, obec-
TeynBast ynpaBieHde TMHAMUYECKUMM TapameTpaMu
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cucteMbl. KOHCTpyKIIMS TaKOM LIEIbHOMETALIMYECKON
omnophl ITOKa3zaHa Ha puc. 1. Ympyromemmdupyioine
aneMeHTHl (YD) onophbl U3roTOBJIEHBI U3 IPECCOBaH-
HOM KOPPO3MOHHO-CTONKON TPOBOJIOKU. M3MeHeHue
JKECTKOCTH OIOpbl JOCTUTaeTcs aedopMuUpoBaHUEM
VYD mnyreM BBUHYMBAHWS/BHIBUHYMBAHUS PETYJIU-
pYEMBIX BTYJIOK.

O0001IeHHBIT KO(DGULIMEHT KeCTKOCTU OIOPhI B
MPOU3BOJILHOM HaIlpaBJIeHUU V(o )ONPEAENISIETCS Bbl-
paxeHueM [3]

n v—l;,cosa;
K = % (K(s)eosa, -
i=1 2 +v2-2lvcosa,;

~ Ky(9sin’a; ), (1)

rae K); u K,; — XECTKOCTH i-TO 2JIEMEHTa COOTBETCT-
BEHHO MpPU CXaTUU U CABUTe; [ U § — BbICOTA U MpeE-
BApUTEJbHBIN HATAT 2JIEMEHTA.

Ilpu 3amaHHbIX /; U 5;, monctaBuB B (opmyny (1)
3HaueHus gedopmaiu v u o ot 0 10 21 ¢ TpedyeMbIM
11IarOM, TOJIYYMM 3aBUCUMOCTh K = f(o), KOTopas xa-
pakTepu3yeT yrnpyroe noje onopsl. Ha puc. 2 noka3za-
HbI pacCUMTaHHbIE 3aBUCUMOCTHU K(o) MPU OTCYTCTBUU
npeaBapuTeIbHOTO HaTara YO (KpuBas a), TIpU paB-
HOMEpHOM HaTsire (KpuBasi 6) U1 HEpaBHOMEPHbIX Jie-
dopmanusgx (KpuBble 6 U e). IMeeTcs: BO3MOXHOCTh
pEeryJMpoBaHusi Ha Pa3IMYHYIO XKECTKOCTh B Pa3HbIX
paaudaNbHbIX HAapaBAEHUSIX, YTO HEOOXOAUMO JJIsl OT-
CTPOMKU OT PE30HAHCOB TPYOOIIPOBOMHBIX CHUCTEM C
MPOCTPAaHCTBEHHBIMU (hOpMaMM KOJIeOaHUIA.

l,i

Puc. 1. Onopa TpyGonpoBoaa ¢ peryJiMpyemMoii ’KeCTKOCTbIO
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Puc. 3. AMIUIATYZAHO-YACTOTHBIE XAPAKTEPHCTHKH TPYOONpO-
BO/Ia MPH M3MEHEHHH JKECTKOCTH OMOPDI:
1) K=0,1 MH/m; 2) K = 0,2 MH/m™; 3) K= 2 MH/m

ZKecTKoCTb OMop pacCuMThIBACTCS M3 YCIOBUS MC-
KJII0YEHHUSI pE30HAHCHBIX KojiebaHuii. MogaabHbIe Iapa-
MeTpbl TPYOOITPOBOIOB PACCUMTHIBAIOTCS IO YPABHEHUIO

([K+ k({sh)] — MM + m]){e} = 0,

rae [K + k({s})] — maTpu1Ia XK€CTKOCTH CUCTEMBI C y4e-
TOM MaTpHI XECTKOCTENW MPOMEXYTOUHBIX OIOpP; § —
MpeaBapuTeIbHBIN Hatdr; [M + m] — MaTpuila MHEpP-
LIMM CUCTEMbI C YYETOM MAaTpHUll COCPEIOTOYEHHBIX
Macc; A U ¢ — COOCTBEHHbIC 3HAUYEHUSI U BEKTOPA CUC-
TeMbl. HacTOTbl COOCTBEHHBIX KOJEOAHUN HE TOJIKHBI
COBMNaJaTh C 4YacCTOTaMU BBIHYXJEHHBIX KOJeOaHUIA,
BbI3BAaHHBIX PabOTOI MEXaHU3MOB.

s noareepxaeHus1 3(hOEKTUBHOCTA HACTPOMKM yac-
TOT COOCTBEHHBIX KOJIE€OaHUI MPOCTPAHCTBEHHBIX TPYyOO-
MPOBOIHBIX CUCTEM MPU U3MEHEHUM KECTKOCTHBIX XapaK-
TEPUCTUK OMNMOp ObUIM MPOBEACHBI SKCIEPUMEHTAIBHBIE
WUCCIENOBaHUS. AHAIU3 TMONYYEHHBIX aMIUIUTYIHO-4Yac-
TOTHBIX XapaKTepUCTUK (puc. 3) mokKaszaj, 4To C yBeJauye-
HMEM XECTKOCTH YBEJIMUMBACTCS W YACTOTA COOCTBEHHBIX
KonebaHuit, a Takke KO3(GULMEHT IeMII(UPOBAHMS.

Hacrpoiika nMHaMHUYeCKUX XapaKTepUCTUK BBICO-
KOTEMIIEPATypHBIX TPYyOOINPOBOIOB MYTEM PETYJIMPO-
BaHMSI XKECTKOCTHU OTNIOP MOXET ObITh HapylleHa BCIEI-
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CTBUE JIOMOJIHUTENBbHBIX AedopManuii YD, obycioB-
JIEHHBIX TEIUIOBBIMM CMEILIEHUSIMU KOHCTPYKIIMH.
PesynbTaThl pacyeta hopM COOCTBEHHBIX KOJIeOAHUIA
MpU 3aJaHHBIX XKECTKOCTSIX OIOp IPEeACTaBICHBI Ha
puc. 4, a. Cienyer yuuTbhiBaTh TakKe, YTO JIMHUS Ma-
pPONpPOBOJA BCIEACTBUE TEIUIOBBIX PACIIMPEHUIN U3Me-
HUTCSI U IPUMET II0JIOKEHME, TOKa3aHHOoe Ha puc. 4, 0.

IIpennaraercs caeayouinii aaropuT™ yuera aedop-
MallMii omop MpHY pacyeTe HaNpsKEeHHO-IeDOpMUpPO-
BAaHHOTO COCTOSIHUSI TpyOOomnpoBogoB. CMeIIeHUS y3-
JIOB TpyOOMNpoBOAa MOXHO TOJYYUTh U3 CUCTEMbI
ypaBHeHUi [4]:

B = aAT (X — Xy);

8ry oA (Vg — Vu);
dr; = aAN(Zx — Zy),

rne o — Ko3MQ@UIMEHT JMHEeUHOTro pacllUupeHust; X,
¥, T — KOOpPAWHAThl KOHIIOB pacCMaTpUMBaeMoOro yya-
CTKa TpyOOIIpoBOAa.

IlepemeltieHust TpyoOIIpoOBOAA, YMHOXEHHBIE Ha CO-
OTBETCTBYIOLLME XXECTKOCTHU Y3/1a, PaBHbI PEaKIMU B y3-
Je. B MmaTpuuHoii (hpopMe 3TO YCI0BUE 3aIMCHIBACTCSI BbI-
paxenuneM [K[{8} = {R} win B pazBepHyTOM BUIE: [ K| +
+ konl{8} = [R] = [konl{A}, T R — peakiusi onopsl; A —
nedopMaliuy yrpyrux 3J€MEHTOB OMNop, OOYCJIOBJIEH-
HbI€ TETIOBBIMU PACLLIMPEHUSIMU TPYOOITPOBOA.

Puc. 4. Cxembl TpyOOTIpOBOAA:
a — GOopMBI COOCTBEHHBIX KOJIeOaHMW; 6 — M3MEHEHUs MOJIel Xe-
CTKOCTH OTOp TIPH TETUTOBBIX PaCcIIMPEHUSIX TPYOOIpPoBoIa
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ITockoabKy MaTpulia KECTKOCTU OTOPHI M CUCTEMBI
B IIEJIOM 3aBHCUT OT JOCTHTHYTOTO YPOBHS AedopMa-
LIMY, TO MOJyYEHHbIE YPAaBHEHUSI MOXHO PELIUTh UTE-
pPallMOHHBIMU METOIAMM.

IIporecc MOBTOPSIETCST B COOTBETCTBUM C (HOPMY-
qoit {8}, = [K ];{ 1R} 00 TeX MOp, MOKa MepeMeILeHUs
TepecTaHyT U3MEHSThCS.

IMocite TeMIOBBIX paCIIMPEHW SITUATIC XKeCTKOCTH
oropsl (cM. puc. 4, 6) He TOJIbKO TTOMEHSIET pa3Mep I10-
Jyoceli, HO U pa3BEepHETCS] OTHOCUTEIBHO CUCTEMBI
KOOpIOWHAT cedeHUs. B pesynbraTe M3MEHSITCS MO-
JajbHblE TTapaMeTphbl CUCTEMbl, IIPU 3TOM BO3MOXKHO
YXyIIIEHNEe BUOPOAKYCTHUECKHNX XapaKTEPUCTHUK.

KoHCTpyKIIMST peryimmpyeMoil omopbl TO3BOJISIET
PELINTh M 3Ty MpoOJieMy IMyTeM CO3daHMs OJarorpu-
SITHOTO TIOJIST HAYaJbHBIX JeOpMaInii YIIPYTUX 3Je-
MeHTOB. [JIsT peanmsanuu JaHHOTO MeToHa Tpeiara-
€TCA CIEAYIOIIUIA AITOPUTM:

pPACCUYNTHIBAIOT YMCJIO M KECTKOCTH OTIOp JIUTST 0bec-
MeYeHusl 3aJaHHBbIX IMHAMMYECKMX XapaKTepUCTUK
TpyOOIpoOBOaa;

HaXOIAT TeOMETPUIECKYIO OCh TPyOOITpOBOIA B TO-
psSiYEM COCTOSIHUMU;

HaXOIAT YIIPYTHE TIOJIST OTIOP JUTSI KOMIIEHCAITUHU e~
dopmanmii Y1, o0yCa0BIIEHHBIX TEIJIOBBIMU PACIIIH -
PEHUSIMU.

Takum obpazom, npeanaraeMasi XoJoaHas pacTsK-
Ka TpybonpoBoaa CiayXuT 3(HEKTUBHBIM CPEeICTBOM
JUISI YMEHBIIEHUS] OTPULIATEIbHBIX TOCAEACTBUN TeTl-
JIOBBIX paciuupeHuii. Ucronb3ys monydeHHbIe TaHHbIE,
MOXHO BBIMIOJHUTh TIPEABAPUTEIbHYIO HACTPOMKY
OITOP, CMBICJT KOTOPO#1 3aKJTIOYAETCS] B TOM, YTOOKI ITPH-
OJIM3UTh CEYCHUE XOJIOAHOrOo TPYOOINpPOBOAA K TOUKE,
rae oH OyneT HaxoAMThCsS MpU paboueil Temmeparype.
ITocne pasorpeBa TpyOOIIpOBOA MHPUIAET B pacuyeTHOE
MMOJIOKEHME, YTO Pa3rpy3uT IPeaBapUTEIbHO Harpy-
JKeHHble oropbl. [TapaMeTpbl omophwl, a ciaegoBaTesb-
HO, U CUCTEMBI B LIEJIOM IIPUMYT pacyeTHbIE 3HAUCHUSI.
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B. lI. BAHUYMKOB, kann. texs. Hayk (UpI'VIIC, r. UpkyTcK)

YnpaBneHne rpaHU4YHbIM CJI0EM XUAKOCTU B 30/IOTHUKOBbIX
npeoGpa3oBaTensax U B NaMUHApPHbIX gpoccensx rmgponpuesoaa

Mpennaraetcs yMeHbllaTb MaccorabaputHble napamert-
pbl MMAPABAMYECKOrO WUCMOMHNTENIbHOrO MexaHn3ma (rva-
PaBMINYECKOro ApOCCens) B CUCTEMe YMNpaBieHus rMapo-
NPUBOLOM, MNCMOMb3Ys HEeMPepbIBHOE BO3AENCTBLE yIbTpa-
3ByKa Ha CTeHKM Kanunnspa C Lenblo NpefoTBpaLleHus
obnutepaunu.

It is proposed to decrease the mass-overall parameters
of a hydraulic actuating mechanism (throttling valve) in the
hydraulic gear control system by use of continuous ultra-
sonic action on the capillary wall purposely to prevent the
obliteration effect.

ITocranoBka 3amaun. Hanbosblee pacrpocTpaHe-
HYE€ B TUIPOINPUBOAAX POOOTOB, MAllIMH-AINapaToOB U
JPYrOM MEXaHWYECKOM OOOpYIOBaHUM IMOJYUYMUJ 30-
JIOTHUKOBBI ITpeoOpa3oBartelib, KOTOPBIMA IIpeICcTaBIIsI-
€T co00I OJJHO UJIM HECKOJIBKO PETYJIMPYEMbBIX TUAPAB-
JIMYECKUX COIPOTUBJICHUI, BBIMOJHEHHBIX B BUIE
JIpoccesid ¢ TIEPEMEHHBIM ceueHMeM paboyero OKHa.
30JIOTHUKOBBINM MIpeoOpa3oBaTeib B LIEISIX IIpPeodpas3o-
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BaHUSI MEXaHWYECKOTro MepeMelleHUs] B TMapaBiuye-
CKYI0 BEJMYMHY Teperajga JaBjeHuid obecrieuuBaeT
HEIpepblIBHOE H3MEHEHUE BBIXOAHOIO TUIpaBIUye-
CKOTO CUTHaJIa B 3aBUCMMOCTH OT 3HAYEHUS BXOIHOTO
MEXaHUYECKOro CUrHania.

B 30710THUKOBBIX Mpeobpa3oBaTelisix BBUILY MaJibIX
3a30pOB MEXNy KPOMKAMHU IUIYHXepa U TUIb30i BO3-
HUKaeT o0JuTepallysi, BIUSHUE KOTOPOU MPOsIBIsSEeTCS
B TOM, UYTO IOCJIE JUIMTEJILHOTO MpeObIBaHUS TLTYHKepa
B KaKOM-J1M00 (PMKCUPOBAHHOM HEMOABMXXHOM IOJIO-
KeHUUM YCWJIMSI, HEOOXOOUMbIE IIJid €ro M3MEHEHMUs,
MOTYT BO3PACTH B IECSITKU pa3 Mo CpaBHEHUIO C yIIpaB-
JISIIOIMMU BO31EHCTBUSIMU.

TuapaBiavueckue nApoccenu SBISIOTCS CaMbIMU
pacnpoCTpaHEHHBIMU 3JI€EMEHTAMU TUIPOCUCTEM aB-
TOMAaTUKU KaK HEINPEepPbIBHOTO, TaK U JUCKPETHOTO
neiictBusi. OHM y4acTBYIOT B BBIMOJIHEHUU MpaKTUye-
CKM BCEX oIlepaliuii, BKJIo4Yasl apudMeTUYecKue Aeii-
CcTBUS, (pOpMUPOBAHUE U YCWIEHUE CUTHAIOB. B cuc-
TeMax aBTOMaTUYECKOIO YIPaBJIEHUSI UX MCIOIb3YIOT
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B KauecTBe paclpeAenuTeeii U yCUuanuTeael MOIIHO-
CTH, a TaKXe 3JIEMEHTOB KOPPEKTUPYIOLIUX U yIIpaB-
JISIIOLMX YCTPOMCTB.

st mpenoTBpalleHUsT OOJUTEpaliy TUIYHXEPY 30-
JIOTHMKOBOTO TIpeoOpa3oBaTeisi MpUAaloT BpallaTelb-
Hble WM BO3BPATHO-IOCTYIATEJbHbIE OCLUUIUPYIO-
e JBMDKEHWSI OTHOCUTENIbHO TwWwib3el [1]. g
YMEHBILIEHUS BIUSHUS 00JIUTEpalli IPUMEHSIOT TaK-
K€ 3JIEKTPOHHBIN 010K, KOTOPBIM CO3[aeT OCLMILISI-
o 1ayHxepa ¢ vyactotoir 200 I'i ¢ peryaupyemoii
ammumtynori  [2]. IlpemorBpallieHne OOJMTEpaLINA
CMOCOOOM OCUWJUISIUIMU TUIYHXepa 30JO0THHUKOBOTO
npeodpa3oBarelisi BO MHOTMX CIy4asiX BIUSIET Ha TOY-
HOCTh MO3UIIMOHMPOBAHUS WCIIOJHUTEIHPHOTO MeXa-
HU3Ma TUIPOINPUBOJAA U OrpaHMUYMBAET O0JIACTb €ro
npuMeHeHusi. Kpome Toro, 3agaya yMeHbILIEHUs pa3-
Mepa CHCTeMbl aBTOHOMHOTO ITUTaHWUS THIPOIPUBOIA
MajiorabapuTHOTO poOOTa CBsA3aHA ¢ BOBHUKHOBEHUEM
obnuTepauuy B KanWISIPHOM KaHalle JIJAaMUHApHOTO
Jpoccelst.

PazpaboTka MeponpusaTUii 110 YMEHbIIEHUIO Mac-
corabapuTHBIX MapaMeTPOB TMAPABINYECKOTO MCIION-
HUTEJILHOTO MEXaHU3Ma SIBJIIeTCS aKTyaJIbHOM TSI PO-
00TOB MUHMMAJILHBIX pa3MepoB (MajlorabapuTHBIE PO-
OOTBHI, NEHCTBME KOTOPBIX COUYETAETCS IPOSBICHUEM
MYJbTUIUIMKALIMOHHOTO 3 dekTa [3]).

Ilenpro paboTel sIBUJIach pa3paboTKa crocoba, Imo-
3BOJISTIONIETO TIPEOI0JIETh OrpaHWUYCHUE TTPUMEHEHUS
JJAMMHAPHOTO APOCCEST C OUaMEeTpOM KamuJUISIPOB,
MEHbIIMM Win paBHbIM 200 MKM — MO YCJIOBUIO BO3-
HUKHOBEHUS OOJIUTEPAIINN.

IIpenoTBpamnienne o0aMTEepanul B KAMMJLISApe Jia-
MHHApHOTO npoccesia. B ycTpolicTBax aBTOMAaTUKHU
4acTo HeOoOXOAMMO MOJyYeHHE JUHEHHBIX TUAPOCO-
npotuBjaeHuil [1]. Mexny TeM JMHeliHasT 3aBUCHU-
MOCTb MEXAY TMepenagoM MaBJIeHUNM W PacXxoIoM
KMAKOCTH COXPaHSIeTCs JUILb MPU JJAMUHAPHOM Te-
YEeHUM, KOTOPOE peaau3yeTcs MpH MaJioM Ieperane
naBpieHuii. B aToM ciyyae pe3ko yMEeHbIIAIOTCS IMO-
TpebJisieMass MOLIHOCTb U PAacCXOJl KMAKOCTU B THII-
pocucTtemMe, 4TO ITO3BOJIMT NMPUMEHUTH OoJjiee KOM-
MMaKTHBbIE MCTOYHUKM MUTAHUS WIM TPOMIUTH IPU
¢ukcupoBaHHOM 00BeMe BpeMsI pabOThI TMAPOYCT-
POJVCTB.

IIpu peanusanuu JaMUHApHBIX Apocceseit mapa-
METpPbI padOYUX KUIKOCTEN U KOHCTPYKTUBHBIE pa3-
Mepbl HMJIUHAPUYECKOTO KaHaja Apocceisl omnpese-
nsitoTest hpopmynoit ['arena—I1yaseiinst, B COOTBETCTBUHA
C KOTOpPO MOXHO TOJYYUTh JIMHEWHYIO 3aBUCUMOCTD
MEXIy TepernaaoM AaBlieHUi u pacxogomM. Toraa pac-
XOJl XXMAKOCTHU 4Yepe3 JaMUHapHbIe IPOCCEInd Ompe-
nenutcs Kak 0 = ogAp, TAE oy — 0ObeMHas POBO-
JUMOCTb JIJAMUHAPHOTO ApOCCes; Ap — Tepenai J1aB-
JIEHUH.

JUist Kanuiuisipa Kpyrjiioro ceyeHus [3]

oo = nd*/(128ul), (1)
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rae d — nuaMeTp Kamwuisapa; | — IMHaMuJecKasi Bsi3-
KOCTb XWIKOCTH; / — IJIMHA Kanujuisapa.

B pab6ote [1] otmMeueHo, uto nipu d < 0,2 MM TIpU-
XOJUTCSI CUUTATHCS C SIBIeHUEM obnuTepauuu. MHrte-
pPECHO, YTO OUaMeTp Kamwuisgpa, Ipu KOTOPOM CKa-
3bIBaeTCS OOJIMTEpallvsi, COBIAJaeT C pe3yjbTaTaMu
pa6othl [4]. Kpome Toro, cornmacHo pabote [2] mpoc-
ceJib YCTOMUYMBO paboTaeT Mpu Iepernaje AaBICHUI
Ap > 0,5 MIla.

YMeHbllleHHe pa3MepOB MPOMBIIIJIEHHBIX POOOTOB
IrPy30MO0AbEeMHOCTbIO CBbIIIE 20 KI' TECHO CBSI3aHO C
pellleHMeM 3aJayd YMEHbIIEHMUSI MaccorabapuTHBIX
rmokasarejieil TUIPaBINYeCKNX MCIIOJHUTEIbHBIX Me-
XaHU3MOB. 1151 3TOro He0OXOAMMO MCIIOJb30BaTh Jia-
MMWHApHBIA Apoccesb, KOTOPbIA paboTaeT Mpu OTHO-
CUTEJbHO MaJIoOM Ilepenaae AaBieHUi. Bpiuie ObLIO
OTMEUYEHO, YTO MaJbli TIeperan NAaBJICHUN B KaIlW-
JIIPHOM KaHajie Jpoccelisi T03BOJIsIeT MPUMEHSITh
KOMITaKTHbIE UCTOUHUKY NuTaHus. [Ipuuem rpanuna
MPUMEHUMOCTHU cooTHoIueHud (1), onpeaensiemast 00-
JIUTepaleil Kamuwuisgpa, OrpaHMYMBAET MCIOIb30Ba-
HUEe B APOCCENSIX KanWISPHBIX KaHAJIOB AUaMETPOM
MeHble 200 MKM. DTO orpaHUYeHHE MOXHO MPeoao-
JIeTh, €CJIM MCIOJIb30BaTh CIOCOOBI yIpaBlIeHUSI He-
MOABVMXKHBIM TPaHUYHBIM CJIO€M KMIKOCTU [4], Ha-
MpuMep CIocod HENpPepbIBHOTO BO3JAEUCTBUS YIIbTpa-
3ByKa Ha CTE€HKW KalWUISIPHOro KaHaja Apocces
(Bo3aeiicTBME YJIbTPa3ByKa paspyllaeT OOJMTepaluio
Kanmwuisipa). AHaJTOTMYHBIA CIIOCOO MPUMEHSIETCS IS
MpeaoTBpallleHNsI 00pa30BaHUS HAKUIIM B TPyOax Ko-
TeJIbHBIX YcTaHOBOK. KpoMme Toro, aToT croco6 MOXKHO
MPUMEHSTh B 30JJOTHUKOBBIX IpeobpasoBaTesisiX st
MPeIOTBPAaIlleH!sT BO3HMKHOBEHUST OOJMTEpalMy Ka-
NUUJTSIPHBIX 1IEJIEH.

3akmouyenne. Crocod HEMpPepbIBHOTO pa3pylIeHUS
IPAaHUYHOIO CJIOSI YJIBTPAa3BYKOM IIO3BOJISIET IMPEOaO-
JIeTh OrpaHUYeHNE TTPUMEHEHMS B JIJAMUHAPHBIX IPOC-
celisiX TUAPONPUBOAA KaNMWJISIPOB C JAUAMETPOM,
MEHBIIMM WK paBHbIM 200 MKM.
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B nOMoLLLb KOHCTPYKTOPY U PACHETHUKY

VK 621.81.001.66

A. C. UBAHOB, a-p texH. Hayk, 1. A. BOPOBbBEB, M. M. EPMOJIAEB (MITY um. H. 3. baymaHna)

I'Ipep,naraeMble KOHCTPYKTUBHbI€ UCNOJIHEHUSA
LMTINHAPO-KOHNYEeCKO-UNITMHAPNYEeCKOro MoTop-peaykKtopa

B Hameii crpaHe nmpu HeOOXOAUMMOCTH B IIPUBOJIE C
6onbMM TiepegaTouHbiM unciaoM (100 +200) u manbi-
MU TabapUTHBIMU padMepaMu OOBIYHO IPUMEHSIOT
YEepBSYHBIA W HWJIMHAPO-YEPBIYHBIN MOTOP-PEayK-
Top. HemoctaTkoM Takoro MmpuBOIa SIBISIETCS] HU3KMI
KI14 (0,65+0,8). B MoTop-peayKropax COeAMHEHUE
Bajla IBUTATENSI C BXOMHBIM BAJIOM PEIyKTOpPA BBITIOJ -
HSIIOT: YIIPYro-KOMIIEHCUpyloleit MmydToii; "Ban B
Bas"; KJIMHOPEMEHHOI Iepemaueii; HUIUMHAPUIECKOM
nepenaveii. B pabdore [1] moka3zaHo, 4TO ABUTaTelb U
penykTop HauboJsee 11eJiecoo0pa3HO COEIUHSTH C MO-
MOIIBIO MUJIMHIPUYECKOU TIepeIadn.

3a pybexkoM B KaueCTBe MPUBOJIOB C OOJIBIIUMU Te-
pEeIaTOYHbIMU YMCIAMU BCE Yallle TPUMEHSIOT LIMJIUH-
JIPO-KOHUYECKO-MIMHIPUYECKIE MOTOP-PEIYKTODHI,
KoTophle, 1o maHHbIM ¢upm SEW, Bauer, Lenze u
JPYIUX, MOXXHO BBITIOJIHATH C NepeAaTOYHbBIMM YUCIa-
mu B nuana3oHe 8 +250 u ¢ KI1JI okoso 0,93, Tak Kak
B OTJIMYME OT YepBSIYHON Mepenaud B LMJIMHApUYE-
CKOM M KOHMYECKOM CTYIIEHSAX PEAYKTOPOB KOHTAKTHU-
pyloliiye MOBEPXHOCTU 3YyObeB pabOTalOT B YCIOBMSX,
KOraa ofHa JeIuTeNIbHAs OKPYKHOCTb OOKAThIBAeTCH,
a He MPOCKAab3bIBAET MO IPYroM, B PE3yJbTaTe 4Yero
TETJIOBbIIEJIEHNE B 3apyOeskHBIX MOTOP-pPEayKTopax
BTpoe MeHbllle. JIoCTaTOYHO IIJIOTHOE 3arlojHEeHHue
KopImyca 3y0uaTbIMU KOJIeCaMU TTO3BOJISIET BBITIOJIHUTD
3THU MOTOP-PEIYKTOPHI C TAOAaPUTHBIMU pa3Mepamu, He

2 17 14

...................................... 2

MPEBBILLIAIOIIUMH pa3Mepbl YePBIIYHOTO MU LIUJIMHI-
pPO-YEPBSIYHOTO MOTOP-PEAYKTOPOB, UMEIOIIMX MTOT00-
HbIe TEXHUYECKHME XapaKTePUCTUKU Ha BBIXOJE.

HunuHAPO-KOHNYECKO-IMIMHIPUUECKUI MOTOP-
penykrop B Poccuu moka He BBIITyCKaeTcsl, 4TO, MO-
BUAUMOMY, OOBSICHSIETCSI CJIO0XKHOCTbIO €ro COOpKH, a
TaKKe PEryJIMPOBKHU MOALIMITHUKOB U KOHUYECKOM Te-
penauu. 3a pybexxoM JeTaiu TaKOro MOTOP-peayKTopa
M3TOTOBJISTIOT Ha cTtaHkax ¢ YITY. DTo ympoliaeT npo-
Leaypy PEryJIupOBKHU.

Ha pucyHnke, a—¢ npeacrtaBieHbl pa3paboTaHHbIE
aBTOpPaMM CTaTbU TPU KOHCTPYKTUBHBIX UCIIOJHEHUS
LUJIUHIPO-KOHUYECKO-LIUIUHAPUYECKOTO  MOTOP-
penykTopa, mpeajaraeMble 1151 U3TOTOBJIEHUS B Ha-
el cTpaHe, obecreyrBalole A0CTaTOYHYIO MpPo-
CTOTY COOPKM U PETryJIMPOBKU U HE TpeOymolire 00s-
3aTeJIbHOI'O0 M3TOTOBJICHUS AeTaleil MOTOP-PEeAYKTO-
pa Ha ctaHkax ¢ YIIY. MoTtop-peaykTop UMeeT Tpu
CTYIIEHU: OBICTPOXOAHYI — LMUJIMHIAPUYECKHUE LlIEC-
TepHs1 [ M KOJieCcO 2; MPOMEXYTOUHYI0O — KOHHYE-
CcKue lecTepHsI 3 U KoJieCO 4; TUXOXOOHYI — Lu-
JIMHAPUYECKHUE LIeCTePHSI 5 U Kojeco 6. UToOkI 1mo-
BBICUTh  IIepPEIaTOYHOE YMCJAO  OBICTPOXOIHOM
CTYIIeHU, NEJUTEIbHBIN AUaMeTp liecTepHU [ Mak-
CUMaJIbHO yMeHblleH. IIpu aToM mis1 obecrieyeHuUs
JTOCTaTOYHOM TOJIIMHBI CTYIIMIIbI IIECTEPHU B HEW
He TIpeIyCMOTpPEH IITMTOHOYHBIM 1a3, MO3TOMY IITOH-
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Ka M3 IIMTOHOYHOTO Ta3a Bajia 7 ABUTaTessl BBIHYTA,
¥ BpallalolINii MOMEHT MepeaaeTcs COeNMHEHNUEM C
HaTsaToM. C 1LIeTIbI0 MUHUMU3AIINN JUaMeTpa BBIXOI -
HOTro KOHIIa Bajla JABUraTesiss MCIOJb30BaH acUH-
XpOHHBIN nBurareiab tuna AUP, npenHazHauyeHHBIN
IUIST BCTpAaUBaHUS B MOTOP-PEIYKTOPHI.

Konuueckas iiectepHs 3 W LHWIMHAPUYECKasH 1IeC-
TepHSI 5 M3rOTOBJIEHBI KaK OAHO 1iejoe ¢ Bajgamu. s
YMEHBIIIEHUST 0CEBOTO rabapMTHOTO pa3Mepa Baja KOHU-
YEeCKOH IIeCTepHU paTrabHO-YITOPHbBIE TTOMIINITHUKI &
YCTAHOBJIEHHI "BpacTsKKY". PeryiupoBka MoaILMITHUKOB
OCYLIECTBJISIETCSl KPYIJIOW LUIMLIEBOM Traiikoi 9.

Ha pucyHke, a ipencraBieHo KOHCTPYKTUBHOE MC-
MOJIHEHME MOTOP-pEAYyKTOpa ¢ AByMSI pa3beMaMu yac-
Teil Kopryca: ocHoBaHUsl /0w wmTa /] nBUTATENS; OC-
HoBaHUS [0 1 KpbllIKK 12 Kopmyca.

3y0Ouatble Kojieca 4 M 6 HaIlPeCCOBBIBAIOT Ha BaJIbl S
U 13 BHYTpM Kopryca peayKTopa ¢ TOMOIIbIO BUHTOB,
3aBUHYMBAaeMbIX B TopLbl BayioB [2]. Takoii crioco0
cOOpPKHM MO3BOJISIET OTKA3aThCA OT pa3beMa KopIryca o
OCSIM BaJIOB, MTEPENTH OT PACITONOKEHUS BaJlOB B IIOC-
KOCTH pa3beMa K IMPOCTPAHCTBEHHOMY PACIIOIOKEHMIO
BAJIOB U TIEPEHECTH IUIOCKOCTH pa3beMa B HEHarpy-
SKEHHYIO 30HY, YTO CYIIECTBEHHO YMEHBIIIAeT Maccy,
TaK Kak JieJaeT HEHY>XHbIM CUJIOBOI (ytaHel Koprmyca.
[Ipu 3TOM Bajbl BCTABISIOTCS 4Yepe3 PacTOYKM IO
TTOAIIMITHUKY, a KoJleca — 4Yepe3 pa3beM, 3aKphiBac-
MBI 3aTeéM KpBILIKOW /2 Kopryca M YIUIOTHSIEMBIi
repMeTU3MPYIOLIEH MpoKIaaKoi. BUHTBE KperuieHus
KPBIIIKA K OCHOBAaHMIO KOpITyca — He CUJIOBbIe. Ba-
1IecTepHio 3 coOMpaloT ¢ MOAIIMITHUKAMU & U CTaKa-
HOM /4 BHe KopItyca. DTy COOpOUYHYIO AUHUILLY TTOCIIe
YCTAaHOBKM BajJioB 5 U [3 BCTABISIIOT B KOPITYC uyepes
pa3beMm ocHoBaHus [0 m mmra 1. 3aueruieHue Ko-
HUYECKOM Tepemadyr peTyupyIoT KOMIUIEKTOM Me-
TaJJIMYECKUX MPOKIATOK MEXAY CTAKAaHOM U KOpIy-
coM. 3aTeM Ha KOHMYECKOM KOHIIe Baja-1iecTepHu 3
C TIOMOIIBIO TaliKM 3aKpeIUISIIOT 3y04yaTroe KoJieco 2.
B miiockoctn paszwema ocHoBanus /0 u muTta 11 nBu-
ratejisl TMpeArojaraeTcss HaJIWMyue IBYX KOHMYECKMX
wtGTOB TSI B3aMMHOTO IIEHTPUPOBAHUS dYacTeit
Kopryca. CTITUBAIOTCS 3TH IeTaJl BUHTAMM, obecIie-
YUBAIOLIMMU CUJIOBYIO 3aTSIKKY COCIMHEHUS.

Ha pucyHke, 6 npeicTaBieHO KOHCTPYKTUBHOE MC-
TOJIHEHWE MOTOP-PEAYKTOPa, HE MMEIOIIETO pa3bema
KOpIlyca B €ro Harpy>XeHHOU 30He.

Koneco 2 Ha Baji-11ecTepHIO 3 TakKe HalIpeCCOBBI-
BaIOT BHYTpU Kopmyca. st 3Toro y Baja-1ecTepHu 3
MpeIycMOTPEHO CKBO3HOE OTBepcTHE. B 3T0 0TBEpCcTHE
MPU MOHTaXe BCTABJISIOT IJIMHHBIA BUHT, YNUparo-
IUACSI TOJIOBKOM B TOpEL, KOHUYECKON LIECTEPHMU.
BuHT BBepTHIBaIOT B (D)aCOHHBIN AUCK (HA YepTeKe He
MOKa3aH), Topell KOTOPOro Haxk1uMaeT Ha Topell KoJeca 2.
CMellleHMe MsITHA KOHTaKTa KOHMYECKOHN mepeaauyu
peryavpyroT TpeMsl BUHTaMu 15 U TpeMsl OT>KUMHbIMU
BUHTaMM /6, mepeaBUTaIOIIMMU cTakaH /7 (pa3HOBUI-
HOCTb CTakaHa [/4) BIOJIb OCU Baja-lliecTepHu 3.

Ha pucyHke, ¢ mnpeacTaBieHO MOAY/IbLHOE UCIOJ-
HEHUEe MOTOP-peAyKTOpa.

MoTop-peayKTop COCTOUT U3 IBYX MOJYJIeil, cCoOu-
paeMbIX MO OTAEAbHOCTHU: 1) MOIYJsT BTOPOTO MpOMeE-
JKYTOYHOTO ¥ TMXOXOIHOTO BaJIOB; 2) MOMIYJISI OBICTPO-
XOJHOTO M TEPBOro MpoMeXyTOYHOro BajioB. IlepBblit
MOYJIb COOMPAIOT TaK ke, KaK IIPOBOIUTCS COOpKa Ba-
JIoB 51 13 ¢ 3ybuaTeiMu Kojiecamu 4 1 6 (CM. pUCYHOK a).
OCHOBO# BTOPOTO MOIYJISI CIYKWUT IIUT /& qBUTATEIS,
OTJMTHIA COBMECTHO C KpoHIUTeiiHOM. KpoHIiuTeiiH
“MeeT TOPU3OHTAJbHBIM pa3beM IO OCU Baja-llec-
TepHU 3. DTO ITO3BOJISIET 3y0UaToe Kojieco 2 HaIpecco-
BBIBATh HAa BajI-IIECTEPHIO 3 BHE KOPIIyca peIyKTopa.
Kpsoliika /9 xpenutcsl K KpOHIUTEHHY IBYMsI BUHTA-
Mu 20. B minockocTh pa3beMa yCTaHaBIMBAIOT JIBa KO-
Huueckux wTrudTa. PerynupoBka 3alierneHuss KOHU-
YeCKOM Mepeaaun OCyleCTBIIsIeTCs] HAOOpOM MeTallJIh-
yeckux mpokiaagok 21. LlentpupoBaHue 1uta I8
JIBUTATENsI OTHOCUTEJIBHO CaMOro Kopryca obecrneyu-
BaeTCs AByMs HUJIMHAPUYECCKUMHU IITUDTaAMU.
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Yukn cmameu
"lMpobnembl mpubono2uu — mpeHusi, UsHawueaHusi U cMa3ku"
(nod obuwel pedakuyuel akademuka Pocculickol aka0eMuu KOCMOHasmuku
u Poccutickol uHxeHepHou akademuu, 0-pa mexH. Hayk FO. H. [Jpo3dosa)

VK 621.039.534

A. B. BEBHOCOB, n-p texH. Hayk, M. A. AHTOHEHKOB, I1. A. BOKOB, 0. O. HOBOXHNJIOBA

(Huxeroponckuit I'TY um. P. E. Anekceena)

OcobeHHOCTU paGOTbI noALUNMHUNKOB CKOJIb)KeHUSA B TAXKeJlbiX
XnaKkomMmetasuimyeckmnx tTenjioHocnmTendax asaepHbIX yCTaHOBOK

MpencraBneHbl  pe3ynbTaTbl  IKCMEPUMEHTANbHbIX U
PaCcYeTHO-TEOPETUHECKNX UCCNIENOBAHMI  XapaKTEPUCTUK
MPOLECCOB M3HALWWMBAHMSA CTaNlbHbIX U YyryHHbIX MNOALWMIM-
HUKOBbIX OMOP CKOJIbXXEHWS Pa3fIVYHbIX TUMOB BEPTMKASb-
HbIX BanoB (HacoOCOB U 3aLlenneHnin), paboTalowmx B cpefe
CBWHLA, 3BTEKTUYECKUX CMABOB CBUHEL—BUCMYT U CBU-
Heu—nunTuK Npu TemnepaTtype Ao 510 °C, npun cogep>xaHnm
npyMecy TepMoamMHaMUYeckn aKTMBHOIO KMUCIIoponda B
xunakom metanne ot 10 go 10 1 Hanu4um TBepAoN dasbl OK-
CUO0B TEMNNOHOCUTENS.

Results of theoretical and experimental investigations
of characteristics of wear processes of steel and cast-iron
bearing sliding thrusts of different vertical shafts (pumps
and toothings), working in the lead, eutectic alloys «lead-
bismuth», and «lead-lithium» media at temperatures up
to 510 °C, at content of thermodynamic active oxygen im-
purity in the molten metal from 10™% up to 10° and pres-
ence of solid phase of the heat carrier’s oxides, are pre-
sented.

B 50+ 70 rr. mpo1uioro Beka ObLIM CO3JaHbI U yC-
MEIIHO 3KCIUTyaTUPOBAIUCh LIEHTPOOEKHbIE HACOCHI
B COCTaBe pPEaKTOPHBIX YCTaHOBOK CO CBMHIIOBO-
BUCMYTOBBIM TEIIJIOHOCUTEJIEM Ha OTEYeCTBEHHBIX
CepUIHBIX aTOMHBIX MOABOAHBIX JoaKax. B mocnen-
HUEe ToAbl BO30OOHOBUJICSI MHTEPEC K TEIJIOHOCUTE-
JISIM Ha OCHOBE CBMHIIA MPUMEHUTEIBLHO K peakTopam
JEeJeHUS TSDKENBIX SAep OBICTPHIMM HEHTpOHAMM, yC-
KOPUTEIbHO-YIIPaBIsIeMbIM CUCTEMaM, CHUCTeMaM
TENJI00TBOMA OT OJIaHKeTa U AMBEPTOpPA TEPMOSIIEP-
HBIX PEaKTOPOB.

B sHepreTuueckux KOHTypax yKa3aHHBIX YCTaHO-
BOK CO CBUHIIOBO-BUCMYTOBBIM M CBMHIIOBBIM TEM-
JIOHOCUTEJIMU ONHMMM M3 BaXHEUIIMX U CIEelu-
(UUHBIX eIMHUI 000PYAOBAaHUS SIBISIOTCS LUPKY-
JIIUMOHHBIE Hacochbl. bokoBass M MOHOOJIOUHAs
KOMITOHOBKA DHEPreTMYeCKUX KOHTYPOB C TSIKEJIbI-
MU KUIKUMHU MeTaJaMu 00yCIOBIMBAET UCIIOIb30-
BaHME LIMPKYJISILMOHHBIX HACOCOB IMOTPYXXHOTO TH-
na. B KOHCTpyKLIMSIX HACOCOB TAKOTO TUIA C "IJIMH-
HBIM" BajioM 00s13aTesIbHA YCTaHOBKA MOAIIMITHUKOB
CKOJIbXXKEeHUS, pabOTAOIINX B CPele TIKEIOro XKUm-
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koMeTaundeckoro TermjioHocureias (TXKMT). Coe-
nnduKka B3aUMOIEUCTBUS KOHTAKTHBHIX ITOBEPXHO-
CTell MOJIIMIHUKOB B Cpe/le CBUHIIOBOI'O U CBUHIIO-
BO-BUCMYTOBOTO TEIJIOHOCUTEJIEH ompeaesieTcss ux
(GU3UKO-XUMUYECKUMM CBOMCTBAMH, YCJIOBUSIMU
Harpy>eHus U COCTOSIHMEM ITOBEPXHOCTE TpeHMUsI.
Ilo Tuny B3aUMOAEWCTBUS KOHTAKTHBIX TOBEPXHO-
CTeil KOHCTPYKIIMM TOAIIMITHUKOB CKOJIBXEHUS CO-
[JIaCHO TPaAWLIMOHHON KjaccuduKalMu Mmoapasie-
JISIIOTCSI Ha TUAPOCTaTUYECKUE, TUAPOIMHAMUYECKIE
U TIOALIUMHUKU CYXOTO TPEeHMUSI.

I'mapocraTyeckue moAMMIHUKE. Bee akcriepuMeH-
TaJIbHBIE U YaCTh IJIABHBIX UMPKYJISLIMOHHBIX HACOCOB
IJISI TIepeKaykKy CBMHIIOBO-BUCMYTOBOIO TEILIOHOCH-
TeJIsl B PEaKTOPHBIX YCTAHOBKAX OIBITHOM M CEPUITHBIX
OTEUECTBEHHBIX AaTOMHBIX MOABOIHBIX JIOJOK HMEIN
TUIPOCTaTUYECKUE TTOAIIMITHUKY. Takue MOgIINITHN -
KM O0€CIIeUMBaIM PEXUM XKUIAKOCTHOM CMa3KM C HC-
MOJIb30BAaHUEM B Ka4yeCTBE padoyeil cpelbl XXUAKOME-
TAJUIMYECKOTO TEIUIOHOCUTENISI, ITI0JaBaeMoro jJubo 3a
cueT Hamopa COOCTBEHHOTO Hacoca, Ju0o0 croeluallb-
HBIM BCIIOMOTAaTeJIbHBIM HACOCOM M HacOCaMM BO3Bpa-
Ta TIpoTeuek TeruioHocuTessa. Ilpm sKcIuryaTanum
DHEPTreTUYECKOIo KOHTYpPa CO CBMHIIOBO-BUCMYTOBBIM
WJIN CBUHIIOBBIM TETUIOHOCHUTEJIEM B TTOCIETHUI MOTYT
MOITaaTh Pa3IMYHbIC YACTULBI: OKCUIbI TEILJIOHOCUTE-
JIs1, TIPOOYKThI Pa3pylLICHUS CTAIEH, ClydailHbIE 3a-
IpsI3HEHUSI IPYU MOHTaxe KOHTypa u ap. TBepabie yac-
TULIBI TIpUMeECE, IOoIlamasi B 3a30p MeEXOy BajJoM U
BTYJIKOM, IIPUBOJST K U3HAIIIMBAHIIO PA00OYMX ITOBEPX-
HOCTeil NMOomIIMNHUKOB. Takoii akT (puKcupoBayics
MPY CAATOYHBIX UCITBITAHUSIX INIABHOTO IIUPKYIISIIMOH-
HOIO0 Hacoca peakTOPHOM YCTAaHOBKM C 3BTEKTMKOM
CBUHELI—BUCMYT.

HccnenoBaHusi aBTOPOB MOKa3aJiv, UTO JISI UCKITIO-
yeHusi 3a0MBaHUS 3a30POB TMAPOCTATUYECKOTO TOMI-
IIUMHUKA LIJIaKaMU LejaecooOpa3HO OpraHu30BaTh
rnojayy TETUIOHOCUTEJNSI K ero IPOCCesiM yepe3 IMpu-
eMHYIO Kamepy, 00pa3oBaHHYIO0 Bpallaloleincss U He-
MMOJABMIXKHOM cTeHKaMMU. 1S ucclienoBaTeIbCKUX U MC-
nbITaTebHBIX cTeHa0B ¢ T2KMT xapakTepHBI IEepUO-
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IUYECKOe 3aloJIHEHME W IPEeHMpPOBaHUE KOHTypa C
TEIJIOHOCUTEIEM U YacTble pa3yIIOTHEHUSI KOHTYpa.
ITpu akcmyataliu TaKMx KOHTYPOB BO3MOXHO HaKO-
TUIEHUE YacTUIl MpuMeceid — 1aakoB. [1pu npeHupo-
BaHUM, KOTAAa YPOBEHb KMIKOTO MeTajljla B KOHType
CHMXKAeTcd, IIJIaKW TOIMafaloT B y3e1 MOMIIUITHUKA 1
3aIepKMBAIOTCS B IIEJISIX M Y3KMX KaHajax gaxe Ipu
nonHoMm yaajneHun T2KMT u3 Hacoca. I1pu nmocienyio-
1IIEM 3arOJIHEHUM KOHTYpa XKUIKUM METAIJIOM LIIJIaKU
MOTYT OCTaBaTbCs B JAPOCCENSIX, KaHAIaX M TOJOCTSIX
na30B TUAPOCTAaTUYECKOro moamunauka. Pabora mox-
LIIUITHUKA TIEPEXOIUT B PEKUM CYXOTO TPEeHHsI, Koraa
POJIb MATKOM CMa3KM MTPAIOT OKCUIBI TETUIOHOCUTEIIS,
HaxoJsIIrecs B IMa3ax MOAIINITHAKA, U 3aMETHOTO M3-
HaIIMBaHUS pabOYMX MOBEPXHOCTEN HE ITPOUCXOINT.
Ilpu pa3bopke CTEHIOBHIX HACOCOB HEOMTHOKPATHO
(pukcupoBasioch 3a0MBaHUE TMOJOCTEH BEPTUKAIbHBIX
1Ma30B TUAPOCTATUYECKUX TOMIIUITHUKOB IIUTAKaMU
JKEJITOTO 1IBeTa, BEPOSITHO, OKCHIAMU CBMHIIA M BHC-
myTa. [Ipy BBemeHWUM TIEPUOAMYCCKUX TEXHOJIOTHYE-
CK1X 00paboTok KoHTypa Ha cteHae DT-1 HITY ok-
CHABI U3 I1a30B MCYE3JIU, YTO OBbUIO 3a(pUMKCHPOBAHO
TIpH HOCIIEAYIOLIEH pa3dopKe, M TMOAIIMITHUK TIepelest
B pacyeTHbIM pexuM pabotsl (puc. 1). Jo npoBeaeHUs1
OCMOTpa Hacoc paboTall B cocTaBe creHaa 6osee 40 jet
¥ MCTTOJIB30BAJICS TI0 TIPSIMOMY Ha3HAuYECHUIO OTWH-IBA
Mecsgna B romy. Pexkmm paboTel Hacoca: mmomada (9B-
TeKTUKHN CBUHEI—BUCMYT) IO 103 KT/4, TemIeparypa
250+450 °C (xpatkoBpemeHHOo a0 500 °C), yacrora
BpalleHus Baa Hacoca — 1000 MuH 1.

l'uapocratuyeckve MNOAINMMHUKM, HECMOTpsI Ha
yKa3aHHble HENOCTaTKH, SIBJISIIOTCS, BEPOSTHO, ONTH-
MaJIbHBIMU, MPAKTUYECKU O€3bI3BHOCHBIMU KOHCTPYK-
LIMSIMU TIOAIIMITHUKOB CKOJbXEHHUSI, paboTaloluMu B
cpelie CBUHIIOBOTO M CBMHIIOBO-BHCMYTOBOIO TEILIO-
HOCUTEJIEN.

ITpoexThl 3HepreTudyecKux KOHTYpoB ¢ TAKMT mis
sHeprodiaokos ADC (CBbP-75/100, BPECT) B otiu-
Yyye OT KOHTYPOB aTOMHBIX IMOABOAHBIX JIOAOK UMEIOT
CYILLIECTBEHHO MEHbIIIee THAPABINYECKOE COMPOTUBIIE-
Hue [1]. BTo 00yclOBIMBaAET IIPUMEHEHUE B HUX Ha-
COCOB OCEBOI0, a He LIEHTPOOEXKHOTO UM THUAroHasb-
Horo Tuma. Hamop HacocoB 0ceBOTo THUIIA CYIIIECTBEH-
HO MEHbIIIE, YeM IIEHTPOOEKHBIX WM AUArOHAJIbHBIX,
YTO SBJISIETCS TIPOOJIEMOM ISl CO3MAaHUS THUAPOAMHA-

Puc. 1. @otorpadus ruapocTaTHIECKOr0 MOANIMITHAKA HACOCA
crenna OT-1:

a — JIpoccepylole OTBepCTUsl; 6 — paboyasi TOBepXHOCTh C Ha-
IIOPHBIMU KaME€paMUnu
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MMYECKHUX MOIUIMITHUKOB, HaIeXKHO paboTaloInX Ipu
SKCITTyaTallMOHHOM JYaIta30He YacTOT BpallleHUs Ba-
Jla HacocoB (IIpM OTCYTCTBUM B KOHTYype BCIIOMOTra-
TeJIbHbIX HaCOCOB).

I'mpponmnamudeckue mnogmunauku. IIporecc,
MPOUCXOASIIUNA B TPaAULIMOHHOM TUIPOJMHAMUYEC-
CKOM MOAIIUITHUKE, MOXHO TPENCTaBUTh CJEayl0-
KM obpasomMm. B coctosiHumM mokost Bai (uandga) 3a-
HMMaeT BO BTYJKe (MOALIMIHUKE) MOJOXEHUE, IpU
KOTOPOM €ro LIEHTpP B Cjydyae BEpTUKAJbHOM Harpys-
KM pacrnoJjiaraercss HemoCpeACTBEHHO IMOI LIEHTPOM
BTYJIKU Ha JIMHUM OeicTBUS cujiibl. B Mecte compu-
KOCHOBEHMUSI Baja C BTYJIKOW 3a30pa HET, a Ha aAua-
METPAJbHO MPOTHUBOIOJOXHON CTOPOHE O0OpasyeTcs
MakcuMaibHbIi 3a30p S = D — d (rne D u d — nua-
MEeTphl BTYJIKM W Basa). [1pu onpeaeneHHON yacToTe
BpallleHUsT MEXIY TPYLIMMUCS TOBEPXHOCTSIMU 00pa-
3yeTCs CJIOM CMAa304YHOMN Cpelibl, CMAauYMBaIOILIUNA 3TU
MOBEPXHOCTU M pa3AessioliMii UX Opyr OT Apyra.
LlenTp Bana cMmellaeTcss B CTOPOHY BpallleHUs, U Me-
Ky TIOBEPXHOCTSIMU MOALIMITHKYKA U Lan bl 00pa3y-
€TCd KIMHOBOM 3a30p CO CMAa30YHOM >KMIKOCTHIO,
WMelollell 3HAUUTEJbHYIO BSI3KOCTh. MMHUMaJbHas
TOJIIIIMHA TaKOTO CMAa304YHOTO CJIOS JAOCTAaTOYyHa IS
MepeKpbITUSI HEPOBHOCTEM MOBEPXHOCTEN U MCKIIO-
YeHMUsI UX B3aUMHOTO KacaHus. [1pu nanbHeiieM mo-
BBILIEHWM YacTOThl BpallleHUsl LIEHTP Baja IMpOoJOoJ-
JKAaeT MOJHUMATBCS, CMEIasiCh OMHOBPEMEHHO B CTO-
pOHY BpallieHus. Ban BCIUIbIBaeT B CMa30UYHOM CJiOe
noja JeMCTBMEM TUAPOJAMHAMMUYECKUX CHUJI, BO3HU-
KalolllMX B MAaclsiHOM KJWHe. ['mapoavHamMuyeckue
CUJIbl YPAaBHOBEIIMBAIOT BHEIIHIOW HArpy3ky, 1eucr-
BYIOIIYIO Ha Bajl, U OKa3blBAlOT COMPOTUBIICHUE Bpa-
meHuto Baja. Pabora, 3aTpaurBaemMasi Ha mpeojoJe-
HUE CONPOTUBJIEHUS BI3KOM XKUIAKOCTU, ITIEPEXOJUT B
TETJIOBYIO SHEPTUIO, BbIIEISIOLIYIOCS B 00beMe XU/ -
KO CMa3KHu.

TpanuiMoHHbIN TTpoLiecc paboThl TMAPOAMHAMUYE-
CKOTO MOJIIWITHUKA MTOAPa3yMeBAET JBa HEOOXOAUMBIX
YCJIOBUMS: TIOJTHO€ CMayMBaHUE TOBEPXHOCTEU Baja U
BTYJIKM CMa30YHOM >XXWIKOCTBIO; BBICOKYIO BSI3KOCTb
CMa304YHOM XUJIKOCTH.

B moammnHUKOBBIX y37aX KOHTYPOB CO CBUHILIO-
BBIM U CBUHIIOBO-BUCMYTOBBIM TEIIJIOHOCUTEIISIMU
00a 3TuX ycjaoBuUs OTCYTCTBYIOT. CTOMKOCTh cTaneil B
3TUX TEIJIOHOCUTENIIX MpU pabounx TeMIeparypax
(450 + 600 °C) obecrneunBaeT HECMAYMBAEMOCTb OKCH -
JUPOBAHHON MOBEPXHOCTH; BEJIMUMHA KPAEeBOTO yIjia
CMayMBaHUS 3TUX MMOBEPXHOCTE!l B cpelie 3allUTHOTO
raza cocrapisgeT 0 ~ 110+ 120°. EquHcTBeHHOIT Ccpe-
JIOl, KOTOopasi Moryia Obl OBITh MCIIOJb30BAaHA B Kaue-
CTBE XUIKOCTHOM CMa3KM B pacCMaTPUBAEMBIX YCIIO-
BUSX, SIBIISIETCS CaM KUJIKOMETAJIMUECKUIN TeIJI0OHO-
cuTelb. 3HaYeHMsT KO3 UIIMEHTOB BI3KOCTU CBUHIIA
U 3BTEKTUKM CBUHEL—BUCMYT HEBEJMKU U OJIU3KU
WIN MEHbIIIe 3HAYEHUN aHAJIOTUYHBIX KO3 duiueH-
TOB JJI1 BOABI TP HOPMAJIbHBIX YCIIOBUSIX.
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DpdekT HecMauMBaHUs OKCUANPOBAHHBIX TTIOBEPX-
HOCTEl Bajla U BTYJKU MCKJIIOYaeT oOpa3oBaHUE TUJI-
POAMHAMMYECKOI0 KJIMHA C MCTOJIb30BaHUEM KHUJIKOTO
MeTajula — OH BblIaBiuBaeTcs 13 3a3opa. Cuiibl Tpe-
HUS MEXIY MOBEPXHOCTBIO XUIKOTO MeTasia, UMEI0-
1€} CBOMCTBA CBOOOMHON IMMOBEPXHOCTHU, 1 OKCUANPO-
BaHHOW CTaJIbHOM MOBEPXHOCTHIO HE3HAUMTEJbHBI U
He no3BoJisitoT yaepxuBath T2KMT B 3a3ope Mexmay
BaJIOM U BTYJIKOM.

Jist yciaoBuii paOOTBl TMAPOAMHAMMYECKUX IIO[-
wunHuKoB B TAKMT pacuer mo TpaauLIMOHHBIM Me-
ToAuMKaM (IJisl YCJIIOBUM CMa3bIBaHUSI MacjaMu) Aaer
OYEHb MaJIble 3HAYEHUSI OTHOCUTEJIbHBIX U aOCONIOT-
HbIX BEJIMYMH 3230POB MEXIY BaJIOM W BTYJIKOH. DTO
OTpenesisieTcsl CYylIeCTBEHHO MaJloi BSI3KOCTbIO KW/~
KHUX METAJIJIOB IpU pabounx remmnepatypax. [Tosyuyato-
IIMECS B PE3yJIbTaTE€ PACYETOB 3HAYEHUS 3a30pOB,
paBHbIE COTBIM U M€HEe JOJSIM MUJJIMMETPA, NeJIatoT
HEBO3MOXHOU TEXHUUYECKYIO peaiu3alliio pacCUMTaH-
HBIX TOJIIMITHUKOBBIX Y3JIOB. MOXHO YTBEpXKAaThb,
YTO TEOpUU, OOOCHOBBIBAIOLIIME PaOOTy TMAPOANHAMMU -
YEeCKUX TMOJIIUITHUKOB U METOAbl UX PacyeTra, OCHO-
BaHHbIE Ha TPEITNOJOXEHUU CMauMBaHMSI MOBEPXHO-
CTE€W BaJla U BTYJKM CMA3KOW, UMEIONIEW 3HAYUTEIIb-
HYI0 BSI3KOCTb, MpPaKTUYECKM HeNpUuemMaeMbl s
XKMIKOCTEH, HE CMauyMBalOIIUX paboyre MOBEPXHOCTH
U, B YaCTHOCTHU, JUISI CBUHIIOBO-BUCMYTOBOTO U CBUH-
IIOBOTO TETUIOHOCUTEJIEH.

IMonmunauku cyxoro Tpenmsi. st paboThl B yC10-
BUSIX PEAKTOPHOrO KOHTYpa OIpaBIaHbl 3aTpaThl Ha
CO3JaHUE TUAPOCTATMYECKMX IOAIIMITHUKOB C M-
TEJTBHBIM pecypcoM. ISl SKCIepUMeHTaIbHBIX U Clia-
TOYHBIX CTEHAOB CO CBUHLIOBbIM U CBUHIIOBO-BUCMY-
TOBBIM TETUIOHOCUTENSIMU TPeOYeTCsl CO3AaHue HAco-
COB C ONTUMAaJIbHBIMU TEXHUKO-3KOHOMUYECKUMHU T10-
KazareasaMu. B MeTaulypruyecKoMm IpOV3BOACTBE
CBUHIIA U €ro CIJIaBoB (6a00UTOB U 1Ip.) TakxKe Tpedy-
10TCSI Ie1IeBbIE U MPOCThIE B UBTOTOBJICHUHU U IKCILTya-
TallMy HAcOCHKI. [/ MOAIIMITHMKOB TaKMX HACOCOB HE
00s13aTeICH pecypc B HECKOJBKO AecaTwiaeTuil. Ilpu
00s13aTeTbHBIX OCTAaHOBKAX CTEHIOB B COOTBETCTBHU C
NnporpaMMaMy UX paboT, IPU UMKIMYHOW paboTe Ha-
COCOB B ITPOU3BOJICTBE CBUHIIA JOMYCTUMA JOCTATOUHO
npocrass 4 ObICTpas 3ameHa (pa3 B ONMH-IBa Ioja)
MOIIIMITHUKOBBIX Map B OTJIMYME OT pabOThI MOMIIIKII-
HUKOB B YCJIIOBUSIX PEaKTOPHOTO KOHTYpa.

K ocobeHHOCTSIM pabOThl MOALIMITHUKOB CYXOTO
TPEeHUS B Cpelie pacrlylaBOB CBMHIIA U 9BTEKTUKU CBU-
HelL—BUCMYT MOXHO OTHECTH:

00s13aTeIbHOE HAaTMUKME OKCUIHBIX OKPBITUIH (TIIe-
HOK) Ha MOBEPXHOCTAX JeTajeil KOHCTPYKIMi, obec-
MEeYMBAIOLLIMX UX CTOMKOCTh B BBICOKOTEMITEPATyPHBIX
pacruiaBax CBUHIIA M 3BTEKTUKU CBUHEI—BUCMYT;

WHTEHCUBHBIN OTBOM XUJIKMMU MeTaJlJIaMU TEIIO-
Thl, BBIACJSIIONICHCSI B 30HE TPEHMUS MPU BHICOKUX pa-
0ouMx TeMIlepaTypax IepeKaunMBaeMbIX KUIKUX Me-
TaJIJIOB.
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Puc. 2. KoncrpykruBusie cxembl 3jiekTponacocoB HIIC-01 (a)
u HIIC-04 (6):

1 — snextpoasuraresb, 2 — mMydra; 3 — ctakaH; 4 — IMOIBOMA OX-
JIaXIaoled BOAbl; 5 — KPOHIUTEeWH; 6 — BTYJKa MOALUIMITHUKA
CKOJIbXKEeHUsI (CheMHas); 7 — IUTyLlep HAIMOPHBIM; & — maTpybokK
BcachIBaloluii; 9 — Kojeco pabouee; /0 — OTBOA OpraHU30BAHHBIX
nporeyek; /1 — Bam, /2 — 1mrynep ra3oBblif; /3 — OTBOA OXJIaX-
namoonieit Boabl; /4 — y3ell yIUIOTHeHUs Bajia; /5 — BepXHUIA Mo-
IIUITHUKOBBIN y3es

IMom pexxmMoM CYXOTo TpeHUS IIOHUMAETCS PEKUM,
IIPY KOTOPOM MEXIY TPYIIUMMUCST TTOBEPXHOCTSIMHU OT-
CYTCTBYeT XUAKasl WU TJlacTUYecKas cMaszka, cMayu-
Balollasi moBepxXHOCTU TpeHus [2]. [Ipu 3TOM BO3MOXK-
HO HaJIMYMe CyXOro CMa3bIBalolIEro BelllecTBa, HaXxo-
ISIIerocss B TBepmoil (hase, HAIpUMEpP OKCHIHBIX
IUIGHOK Ha TMOBEPXHOCTSIX METAJUIOB, a TaKXe MepUo-
ITWYEeCKOe WA TTOCTOSTHHOE OMBIBAaHME KOHTAKTHBIX
MOBEPXHOCTEN MAaJOBSI3KON KUIAKOCTbIO, HE CMayu-
BAIOLIEH MTOBEPXHOCTU U HE SABJISIOIUENCI CMA3KOM.

IIpumepoM pabOTHI MOAIIMITHMKOB CYXOro TPEHUS
gBisieTcsd pabora mnoamMnHUKOB Hacoca HIIC-01
(puc. 2, a) u HIIC-04 (puc. 2, 6) pa3padborku HI'TY.
OcHoBHble xapakTepucTuku Hacoca HIIC-04 (B co-
crase crenna OT-2 HITY): nomaua — 6+ 8 m3/u; Ha-
mop — 4+6 M. CT. X.; pabouas cpega — CBHHEII; TeM-
neparypa nepekaunBaemoir cpeapl — 350+510 °C;
gacrora BparueHust Bata — 800+ 1500 mur™ . Hacoc —
eHTPOOEXKHEBIN, TOTPYKHOTO THWIIA, ITIPEBBIIICHNE
YPOBHSI CpeAbl Hasl paboynM KojiecoM He MeHee 50 MM;
JIaBJIEHMWE Ta3a B ITOJIOCTH Hacoca 1+3 Krc/CM2 (aTa).

®ororpauu MOAIIMITHUKOBOIO y3/Ia CYXOro Tpe-
HUS 00 Hayaja paOOThl MpeACTaBlACHBI Ha puc. 3, a,
nociye 950 4 paboThl B cpelie CBMHILIA MIPY TEMIIEPATYpE
480+510 °C — Ha puc. 3, 6. Yepe3 ykazaHHOE BpeMs
BTYyJIKa Bajla MMeJIa HepaBHOMEPHBIM M3HOC KakK B pa-
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Puc. 3. ®@otorpadpuu BTyIOK Baja (a) ¥ noamMnHuKa (6)
JI0 MCTILITAHWIA W HApPYXKHOW TOBEPXHOCTH BTYJKH Baja (6)
M BHYTPEHHell MOBEPXHOCTH BTYJKH NOAMMNHHMKA (2) mocie
950 4 paGoTbI

IWaTbHOM, TaK M B OCEBOM HAaIIpaBJIeHUSAX. Makch-
MajibHOE M3MeHeHue auamerpa cocrtaBmia 0,6 MMm.
Brynka mommmIHMKa WMella BU3YaIbHO (DUKCUpYe-
MBbI€ TIOBpEXICHUS BHYTPEHHEH TTOBEPXHOCTH; MAKCH-
MajibHOe u3MeHeHue nuamerpa coctaBwio 0,3 mMm. Ha
TOBEPXHOCTSX BTYJIKW Bajla M BTYJIKW TTOAIIMITHUKA B
paboueit o6iacTy 3apUKCHUPOBAHBI KOJBIEBHIC 1Iapa-
MUHBI U 60po3abl TIYyOMHOK 10 1 MM U IIMPUHON 10
2 MM. [ToBepxHOCTH, HECMOTPST Ha SIPKO BBIPaXKeHHBIM
MpoliecC U3HAIIMBAHUS, TTOKPHITHI TUNTOTHOM OKCHUITHOMN
TUIGHKOI 4YepHOro IBeTa, CMauyuBaHWE MOBEPXHOCTHU
CBUHIIOM OTCYTCTBYET, YTO CBUAECTEIBECTBYET 00 OTCYT-
CTBUM KOPPO3UM CTaIU B CpeJe CBUHIIA.

Bo3MoxxHOI MpUYMHONA MHTEHCMBHOTO M3HAIIMBA-
HUS TTOBEPXHOCTEN MOAIINITHUKA SIBUJIOCH OTCYTCTBHE
(HempoBeaeHWE) pPEeXXMMOB OOKATKM U lieJieHarpaB-
JIEeHHOro (hOpMUPOBAHUSI OKCUIHBIX MOKPbHITUIA. Kpo-
M€ HayaJbHOTO MOMEHTa (HECKOJbKHUX NECSITKOB ya-
COB), 3aMeyaHuii K paboTre Hacoca He umenoch. Ome-
paluy Mo 3aMeHe MOAUIMITHUKOBOIO y3/1a, KOTOpbIE
He SBJISJIUCh HEOOXOAMMBIMU C TOUKU 3pEHUsT DKC-
MJlyaTalliyd Hacoca, ObUTM COBMEIIEHBI C OCTAaHOBKOM
CTeHJ1a JJIs1 KOHTPOJIsI COTJIaCHO MporpamMMe ero pabot
U OCYILECTBJIECHBI JIETKO, 0€3 KaKUX-JI1M00 3aepKeK U
3aTPyIHECHUM.

OcHOBHBIE XxapakTepucTuku Hacoca HIIC-01
(B cocrase crenna ®T-216 HITY): nomaua — 1+2 M3/q;
Hamop — 2 M. CT. X.; paboyasl cpeia: CBUHIIOBBIN Te-
ioHocuTeb ¢ TeMneparypoit 450 +500 °C — 1710 u,
9BTeKTMKAa  CBUHEU—JMUTUHA ¢  TeMmIepaTypoil
480+500 °C — 100 u; yacTtoTa BpalleHUS Baga —
800+ 1500 mun~ L. dororpaduu moBepxHOCTEI BTYJIKH
Bajla M BTYIKHM TommumnHuka Hacoca HIIC-01 mocie
WCTIBITAaHUM TIpeacTaBieHsl Ha puc. 4. Brynka Bajna
nMela IPUMEePHO paBHOMEPHBIM M3HOC ¢ MaKCHMAaJlb-
Hoit BenuunHoi 0,4 mM. Ha ee moBepxHOCTH OOHApY-
KE€H eIMHWUYHBIN AedeKT B BUAEC 3aMKHYTOM OOpO3Ibl
rnyounoit 0,2 +0,4 mM, mmpunoii okojo 0,2 MMm. Co-
CTOSTHME TIOBEPXHOCTH BTYJIKM TOMIIWIMHUKA aHAJIO-
TUYHO COCTOSTHUIO TIOBEPXHOCTHU BTYJIKM Basia.
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Bobi10ii MI3HOC MOBEPXHOCTEM NOAIIUITHUKA HACO-
ca HIIC-04 mo cpaBHEHUIO ¢ aHAJIOTMYHBIM M3HOCOM
nommMnHuka Hacoca HIIC-01 oObsicHsIeTcsT 3HaA4YU-
TEJbHBIMU CTATUYECKUMU U ITMHAMUYECKUMU Harpys-
kamu. I1pu OJM3KUX 3HAYECHMSIX TTapaMeTPOB KOHTAKTa
MMOJIIUITHUKOB M OKPYXKHBIX CKOPOCTEi Mmojgadya Haco-
ca HIIC-04 B 3 pa3a u 6oJiee mpeBbIllaia nogavyy Ha-
coca HIIC-01, a 3HayeHUsI HAIIOPOB OTIMYAIUCH B 2
pa3a u 6onee. Hacoc HIIC-04 Ha HavyajibHOM 3Tare
paboThl HE Ipollesa pexumMa OOKaTKM, U He ObLIU
copMUPOBaHBI OKCHUIHBIE MMOKPHITHS Ha IMOBEPXHO-
CTAX, pabOTAIOIINX B Cpele CBUHIIA.

PesynbTaThl pabOThl YKa3aHHBIX U IPYTMX HACOCOB,
pa3spabotanHbix B HITY, moaTBepXmarloT BO3MOXK-
HOCTb MPUMEHEHUSI TOALIMITHUKOB CYXOIro TpEeHHUs B
Hacocax UIsl TiepeKauykyd CBUHIIOBOTO, CBUHIIOBO-BUC-
MYTOBOTO Y CBHUHIIOBO-JIMTUEBOIO TEILUIOHOCHUTEJEH C
Temriepatypoii o 510 °C B sKcHepUMEHTAlbHBIX U
CIATOYHBIX CTEHIAX M YCTAaHOBKAxX CBUHIIOBOI MeTal-
JIyprUy C BpeMeHeM paboOThl 10 3aMEHbl MOAIIMITHM-
KOBBIX y3710B He MeHee 15002000 u.

I'uapocraronunamMuyeckune (1a0MPHUHTHO-BHHTO-
Bbl€) MOMIUMHUKKA. 2KMJIKOCTHOE TPEHUE MOXET ObITh
obecneyeHo npu padore B cpeae T2KMT wmcnonab3osa-
HUEM HE TOJbKO TPAAMLMOHHBIX TMIPOCTATUYECKMX
MOJIIUITHUKOB, HO U TUAPOCTATOAMHAMUYECKUX, T. €.
TypOYJIEHTHOTO peXuMa — TaK Ha3blBAEMOro TypOy-
JICHTHOT'O TPEHUSI, KOTOPOE XapaKTepu3yeTcs MpuoIm-
3UTEJIbHO KBaIpaTUYHON 3aBUCUMOCTbBIO HAMPSIKEHU I
OT CKOPOCTM U MOXET 3aMEHUTb B pacCMaTprMBacMOM
cllyyae BSI3KO€ TpeHUE NMPU MPUMEHEHUU MaJIOBSI3KMX
KUIKOCTEH.

IIpyuHuun paboThl T'MAPOCTATOAMHAMUYECKOTO
MOALIMITHMKA 3aKjoJaeTcsl B cieaytoliem. s vH-
TeHCU(PUKALMKU TypOyJeHTHOTO TPEeHUsI XUAKOCTU B
3a30p€ MEXAY CKOJB3SILIUMU OTHOCUTEIBHO APYT ApY-
ra MOBEPXHOCTSIMU Ha HUX BBIMOJHSIIOTCS NIEpUOaNYE-
CKM MOBTOpSsIIoLLIKMecs BRICTYIIBI (puc. 5). HanpaBneHue
BBICTYIIOB COCTaBJISIET OCTPBIE YIJIBI .| U Oy (C pa3iand-
HbIMU 3HAKaMHu) C HampaBieHUEM, MEepPHEeHIUKYJISp-
HBIM K CKOPOCTH U OTHOCUTEJbHOTO cKobxXeHus. [1pu
B3aUMOJENCTBUM BBICTYNIOB C IBWXKYIIEHCS XUAKO-
CTBIO JIJ151 CO3aHMSI pexKrMa TYpOYJIEHTHOTO TPEHUS He
“MeeT MPUHIUIIMAIBHOIO 3HAaYeHMsI, HAa KaKux Io-
BEPXHOCTSIX, B KAKOM KOJIMUECTBE M Kakoii (hOpMbl OHU

Puc. 4. ®@ororpadum mnoBepxHOCcTell BTYJIOK Bana (a)
nommmmanka (6) Hacoca HIIC-01 mocie ucnpiTanmii
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Puc. 5. Cxema B3aumMojeiicTBHsI MOBEPXHOCTEl C BBICTYNAMM,
NP OTHOCUTEJBHOM CKOJIbXKEHHH KOTOPbIX HCHOJIb3yeTcs
TypOYyJIeHTHOE TPeHHe Jisl MepeMenieHusl KUAKOCTH

A 5)

Puc. 6. @otorpadpuu M3HOIEHHBIX 30H MOBEPXHOCTENH BTYJKH
Basia (@) ¥ BTYJKH THAPOCTATONMHAMIYECKOTO MOTIMUNHNKA (6)
nocje 720 4 padoThI

BBIMOJIHEHBI. JIJISI MOAIIMITHUKA CKOJIBXEHHUS MPaKTH-
YyeCKUi MHTEpeC MpeACTaBsIeT KOHCTPYKIIMS, B KOTO-
pOI BBICTYIIBI BBIMOJHEHBI Ha HUJIMHIAPUYECKUX IO-
BEPXHOCTSIX, BXOISIIINX OIHA B APYTYIO, OTHA N3 KOTO-
pbIX Bpaiaercs. BbICTYIbI BBIMOJHSIOTCS B BUIE
MHOTO03aXOIHBIX ITPOTUBOIOJIOKHO HAaIlpaBJIeHHBIX
Hape3oK (KaHaBOK) CIelMaibHOro nmpoduis (Harmpu-
Mep, €CJIM Ha Bajly IpaBas Hape3Kka, TO Ha BTYJIKE —
JieBasi 1 HA00OPOT).

Crneuuanuctamu HI'TY [3] 6bu10 nipeanoxeHo uc-
MOJIb30BaTh PACCMATPUBAEMYIO KOHCTPYKIIMIO B Kade-
CTBE IMOAIIMITHMKA CKOJIbXEHUS C XKMIKOCTHON cMa3-
KO B BHIIE TIepeKauMBaeMOT0 HACOCOM BBICOKOTEMIIE-
paTypHOTO XMWIKOMETAJINYECKOro TeTJIOHOCUTEISI.
IMpuHuMn pa®oThl T'MAPOCTATOAMHAMMYECKOTO I1OJ-
IIWITHUKA TTOH00eH MPUHINITY AeCTBUAS TUIPOCTATH-
YyecKoro noamumnHuka. Ilpy cMellleHMn ocu Bajia OT-
HOCHUTEJIbHO OCH BTYJIKM MOAIIUITHUKA OAHOBPEMEHHO
C MPOTUBOMOJIOKHBIX CTOPOH IMPOMCXOAUT YMEHbIIe-
HHUE ¥ yBeIMUYEHHUE 3a30pa MEXIy BaJloM U BTYJKOM C
MPOTUBOIOJOXHO HaMpaBJICeHHbIMU Hape3KaMu. YBe-
JIMYeHWe 3a30pa BBI3BIBACT YMEHBIICHUE TUIPaBINYe-
CKOI'0 COIPOTHBJIEHUSI B HEM M 0oJiee MHTEHCUBHOE
BbITEKAHUE >KUIKOCTH, ITpoKauyuMBaeMoil Ojaromgaps
Hape3KaM Ha MOBEPXHOCTU Bajla U BTYJKHU, Yepe3 3TOT
3a3op. B pesynbTaTe naBieHMEe Ha Bajl CO CTOPOHBI
XKUIKOCTU B YBEJIMYEHHOM 3a30pe CHmXaeTcd. [lpu
YMEHBILIEHUU 3a30pa MPOUCXOAUT TPOTUBOMONIOXHBIN
Mpoliecc, TPUBOMSIINK K TOBBIIICHUIO NaBJICHUS B
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HeM. Pe3yabTaToM 3TOro 0yaeT BOSHUKHOBEHUE CUJIHI,
BO3Bpallalolleil Bajl B UCXOMHOE TOJIOXKEHUE, MPU KO-
TOPOM OCH Bajia U TOAIIMITHUKA COBMAAAIOT.

I'mnpoctaroguHamuyeckue  (1aOMPUHTHO-BUHTO-
BBI€) TMOMIIUITHUKH JIOTTACTHRIX HACOCOB MOTYT AaBaTh
JIOTIOJIHUTEIbHBIN 3(P(eKT "3anmupaHus’” nporeuex me-
peKauMBaeMoil cpefibl MO BaJly CO CTOPOHBI BBICOKOTO
JaBjieHus (TMpU COOTBETCTBYIOIEM ODOPMIEHUN KOH-
cTpykuuu). JIaOMPUHTHO-BUHTOBBIC IOMIIMITHUKU
CKOJIbXXEeHUsI TpeOyIOT 3aTpaTbl MOILHOCTU MPUBOA,
MPONOPUMOHAIBHON BeJIMUMHE MpOTeueK uyepe3 Moj-
IIATTHHK.

Ha puc. 6 ipencraBiaeHs! ¢hoTorpacdum BTYJIKHA Ba-
JIa U BTYJKU TMAPOCTATOAUHAMUUECKOTO MOIIIUITHH -
ka Hacoca HIIC-04 mocne 720 4y pabGoThl B cpene
csuH1a nipu Temneparype 480+ 510 °C. M3HOCH Bep-
IIIMH BBICTYIIOB BTYJIKHU BaJia U BTYJIKU MOAIIMITHUKA
HepaBHOMEPHbI B paAudaibHOM U OCEBOM HaIlpaBJie-
HUSX. MakcuMaibHOe M3MeHEeHNEe AUaMeTpa BTYIIKU
BaJIa U BTYJIKM TTogmumauKa coctaBuio 0,4 M. I1o-
BEPXHOCTHU BEPILIMH BBICTYIIOB BTYJIOK Bajla U IIOM-
LIIMITHUKA TIOKPBITHI HE3aMKHYTBIMU KOJbLIEBBIMU
Oopo3mamMu, apanvMHaMU TJIyOMHON M mmpuHoit 0,2
MM, YIOJl OXxBaTa MoBepxHocTeil 6opo3mamu oT 180°
1o 270°, MaKkcuMaibHbIe 3HAaYE€HUST COOTBETCTBYIOT Ce-
YyeHUsIM, OJIMXXHUM K KoJjiecy Hacoca. [ToBepxHocTu
MOKPBIThl OKCUIHOM IUIEHKOM, YepHbIC, HE CMOYECHBI
TeroHocuTesieM. TToOIIMITHUK He MPOXOAUST 00KaT-
Ky. B HavanpHBIN nIepuon padoTel Hacoca (OKOJIO Cy-
TOK) ObLIM 3a()UMKCUPOBAHbI OObIINE BEJIUYMHBI Ha-
nopa M pacxoia, yeM IMpU AajlbHellleil ero padore,
BEpOSITHO, W3-3a HaJWYMA JIAOMPUHTHO-BUHTOBOTO
MONIIMITHUKA. Jlajee pacxon Hacoca YMEHBIIWJICS
MpUMEpHO Ha 15 % 1 Ha 3TOM YpPOBHE CTaOMJIU3UPO-
Bajics. Kakux-nmmbo 3aMeyaHuii OTHOCUTEIBHO pado-
ThI Hacoca He ObLIO.

3axKkJI0O4YeHUE

IIpoBeneHHBIE WCIBITAHWS BIIEPBBIE ITOKAa3aIu
BO3MOXHOCTb PabOThl MOAIIMITHUKA CKOJbXEHHUS B
cpelie CBUHIIOBOTO, CBUHIIOBO-BUCMYTOBOTO U CBUH-
LIOBO-JINTUEBOTO TETIJIOHOCUTEJICH TP TeMIIepaTypax
o 500 °C.
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YcTaHOBKa Ang nposeneHusd
TpubonornyeckMx NCNbiTaHUN

PaccMoTpeHa yCTaHoBKa [N TPUOONOrMHECKNX UCTIbITaHNIA HOBOW KOHCTPYKLNM,
OTHOCALAACH K MaluMHaM O[HOHAMPAaBNEHHOTO OTHOCUTENIbHOTO MepeMeLLeHns 1
TPEeHWsl C KOHTaKTOM Mo obpa3ylolwer U KOSPOULMEHTOM B3aNUMHOMO NMePeKpPbITUS
Ky — 1, KOTOpas NpefHa3HayeHa Ans UCNbITaHWI Ha M3HALWWBaHWE Nap TPeHWs Nog-
LUMMHUKOBbIX Y3/10B, @ Takxe nap "AMCK—KOonoaka”“, "Ban—BaTynka". YCraHoBKa ¢ no-
MOLLIbIO CMEHHbIX MOLENMPYIOLMX HaNafoK No3BOSSeT ¢ 6ONbLION TOYHOCTHIO UMU-
TMPOBATbL YCIIOBUS KCMTyaTalMW Pa3fmMyHbIX Y3M0B TPEHWS, NCCefoBaTb MPOLEecChI
TPEeHWs 1 M3HALLIMBaHWS NO BCe 00pa3yioLien HapyKHbIX 1 BHYTPEHHNX LNMHAPW-
4eCKMX MOBEPXHOCTEN, MPOBOAUTL UCTbITAHWS NMPY CYXOM TPEHWUM, B CMA304HOW Cpe-
[le M B CMa3o4HOM cpefle C NpodykTaMuy abpasmnBHOIO M3HoCa.

New design of tribological test equipment, relating to machines of unidirec-
tional relative transfer and friction with a contact over generatrix and coefficient
of mutual overlap K+ = 1, assigned for wearing tests of tribological situations
of bearing units and of the "disk-shoe”, "shaft-bushing” pairs also, is considered.
The facility allows simulate precisely the service conditions of different friction
units with the help of replaceable modeling tunings, investigate the friction and
wear processes over all generatrix of external and internal cylindrical surfaces, and
test in the dry friction conditions, lubricating medium, and in the lubricating me-

dium with abrasive wear products.

"o

st OUeHKM TPpUOOJIOTMYECKUX
XapaKTepUCTUK T1ap TPEHHUS B CO-
BPEMEHHOM MAIlMHOCTPOEHUHN CY-
LIECTBYIOT MAaIUWHBI TPEeHUsl pas3-
nmnanbix THnos!. Hampumep, ma-
wHbl TpeHust MU-1M nu KMII-2
WUCTIONB3YIOT JJISI MOIETMPOBAHMS
(OPUKIIMOHHBIX ~ COMPSTDKEHWH €
BBICIIMMU KWHEMAaTUYECKUMM TIa-
paMu (3yOuatble KoJsieca, MOIUIMII-
HUKU KayeHus u ap.). K HemocTat-
KaM M3BECTHBIX MalllUH TPEHUS IS
WCTIBITAHWI Ha M3HAIIIMBAHNE MOX-
HO OTHECTH CJeayIolllee:

1) UCTIBITAHUSIM HA TPEHUE U U3-
HallMBaHUE MOJABEpraeTcsl He cama
JIeTanb, a CIleUMaJbHBIM oOpasell,
M3TOTOBJICHHBIM M3 TOTO XK€ Marte-
puana, 4To U JeTallb: UCTTBITYEMBbIi
o0pazel-CerMeHT MPUXUMAETCs K
BpalllalolIeMycsl KOHTPTENy-Bally;

2) o0nacTh NpUMEHEHUsI OrpaHu-
YyeHa, TaK KaK He YUYMTBIBAIOTCS pa3-
Mepbl peaibHOW JeTaiu; IMpu 3TOM
00pasell] U3rOTORJISIETCS MO/ Pa3Mephbl
CTAaHIAPTHOIO KOHTpTeNa ¢ (hUKCHU-

' Meroxsl ucrbiTanust Ha TpeHHe 1
n3Hoc: Cnpas. n3n. / JI. M. KykceHona,
B. I'. JlanteBa, A.T. Konmakos, JI. M.
PribakoBa. M.: UHTepmer MHXUHUPUHT,
2001. 152 c.
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POBaHHBIMU B 3aBUCUMOCTH OT MOJIe-
JIV MallIMHBI TPEHUS pa3Mepamu;

3) TOYHOCTb M aJeKBaTHOCTb
MMPOBEICHNS UCTIBITAHWM Ha M3HA-
IIMBAaHWE HEBBICOKU, TaK KakK W3-
BECTHBIE MAILMHBI TPEHUSI HE TO-
3BOJISIIOT MMUTHUPOBATh peajbHbIe
YCIIOBHST PabOTHI TTap TPEHUS;

4) KOHCTPYKIIUSI — CJIOXHas;

5) CTOMMOCTh MAallUHBI — BbI-
cokasl.

IIpennaraemass ycraHOBKa LISt
TPUOOIIOTTIECKIX WCITBITAHUI
(puc. 1, 2) oTHOCUTCS K MalllMHAM
TPEeHMsI, B YACTHOCTH TT0 KMHEMAaTH -
YecKOMY MpU3HAKy — K MalllMHaM
ONHOHAIPABJIEHHOTO  OTHOCHUTEJIb-
HOT'O MepeMelleHNs U TPEHUS C KOH-
TaKTOM T10 oOpasytoleii 1 Koahdu-
LIMEHTOM B3aMMHOTO TIEPEKPBITHS
Kz — 10,5 < K3 < 1). Ona mpen-
HazHayeHa IS TPUOOJIOTMYECKUX
WCIIBITAHUIT MaTepuajoB, B YaCTHO-
CTH, Ha W3HAIIMBAHUE Tap TPEHUS
"micK—Komomka”,  "Bag—BTyJKa'.
YcraHoBKa peanusyeT METOH UCIbI-
TaHWs Ha W3HallMBaHWe abpa3uBHO-
MAaCJISTHOM IPOCJIOMKOM B COOTBETCT-
Bum ¢ PJI 50-339—82. Takum obpa-
30M, PEe3YJIBTaThl UCIIBITAHUI, TTOITY-
YeHHBIE Ha YCTaHOBKE TpejiaraeMoi

KOHCTPYKLIUU, TIOJTHOCTBIO CpPaBHU-
MBI C pe3yJbTaTaMM WCCIICIOBaHMMH,
TIPOBEACHHBIX HA MAalllMHAX TPEHMUS
UHbIX MOZCJICH.

OTINYUTEIbHBIMU ~ OCOOEHHO-
CTSIMM KOHCTPYKLIMU TIpejiaraeMoii
YCTaHOBKU SIBIISIIOTCS:

HaJlM4Me CMEHHBIX MOAEIUPYIO-
LIMX HANAAO0K, MO3BOJSIOIINX WUMU-
TUPOBATh Pa3IMUHbIC peallbHbIE yC-
JIOBUST PAOOTHI TTOMIITUITHUKOBBIX Y3-
JIOB ¥ TTOIBIKHBIX COSTMHEHMIA THTIA
"BaJI—BTYyJIKa", "IMCK—KoONoaKa";

BO3MOXHOCTb HCCJIeIOBaHUS
TIPOIIECCOB TPEeHWS W W3HAIINBa-
HUSI, TIPOTEKAIOIINX IO BCeil co-
MpSTaeMoil TTOBEPXHOCTH IVIIMH/I-
pUUYeCKUX AeTaneii;

BO3MOXHOCTh H3yYe€HUS IIpO-
IIECCOB TPEHMSI, CKOJIbXEHUS M Ka-
YeHHWST W TIpoliecca M3HAIIWBAHMS
npu "cyxoMm" TpeHUU, IPY HAJTMYUU
CMa304YHOT0 MaTepuaia U B CMa304-
HOI1 cpejie ¢ MpPOayKTaMu abpa3uB-
HOTO M3HOCA.

CMeHHBIE MOIENHpYIOIIe Ha-
JagKu (cM. puc. 2, mo3. 4; puc. 3) mo-
3BOJISIIOT  TIPOBOIUTL  (pU3MUECKOe
MOJEIMPOBAHNE PA3IMUHBIX YCIIO-
BMi1 pabOTEI TIap TPEHMS "BaT—BTYJI-
Kka" (cM. puc. 2, 11o3. 5), "IMCK—KO-
Jnoaka" (cM. puc. 2, mos. 15), moa-
LIMITHUKOBBIX Y37I0B (CM. puc. 3, a, 0)
U MICCIIe0BAaTh XapaKTep U BeJINYU-
HY M3HOCA COMNpSTacMbIX JeTajeil B
YCIIOBUSIX, MAaKCHUMAaJIbHO TIpUOIM-
JKEHHBIX K peajibHbIM.

HMcnbeiTyeMblii oOpazel; — mpo-
totunl I (cM. puc. 3), yCTaHOBJIEH-
HBII Ha IINWAHAENAE J, IIoJIydaeT
BpalllcHNe OT 3JeKTpomBUTatess [

5

—=— 9

Puc. 1. Kunematnyeckas cxema yCTaHOB-
KM ISl TPHOOJOrHYEeCKMX MCIBITAHMIA:

1 — snexTponBuraTesib;, 2 — KIMHOPEMEH-
Hasg repenava; 3 — IIMNUHAEAb;, 4 — MoJe-
JIMpYIOLLasl Halaaka; 5 — UCIBITYeMbIid 00-
paselr; 6 — ToJKaTesb; 7 — OJIOK Tapesbya-
TBIX TIPYXWUH; § — TMOpIIeHb; 9 — MHANKA-
TOp 4acoBoro tumna; /0 — BUHT
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Puc. 2. YcranoBka ajisi TpuOOJIOrHYeCKMX MCIBITAHMIA:
no3. 1+10— cMm puc. I; 11 — repMeTUHas KaMepa C MOAEIUPYIOLIeH HalaaKol; 12 — MexaHW3M HaTsSKeHUs] peMHel KIMHOPEMEHHOM Te-

pemauu; 13 — WNUHACABHBIN 0510K; /4 — cuioBoit 0J10K; 15 — mapa TpeHus "mMCK—Kojoaka"

(cM. puc. 1, 2) yepe3 KIMHOpPEMEH-
Hylo Trepenady 2. Harpyska Ha Mome-
JIApYIOILIYI0 Hanmaaky 4 (cMm. puc. 2)
co3maeTcst ToJIKaTeaeM 6 yepes 6JI0K
TapeIbUaThIX TIPYKUH 7 W TTOPIIEHD
& mocpencTBoM BUHTaA 10, TiepeMe-
IIEHWE KOTOPOTO OIpenessieTcsl 110
uHauKaTopy 9 vacoBoro tuma. Be-
JIMYMHA Harpy3Kd Ha MOIEIUPYIO-
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Puc. 3. CMeHHble MoJIeTMPYIOIIHE HAJNAIKH:

a)

IIyI0 HaJAAKy 4 ompenensercs Io
MOoKa3aHMUsIM MHAMKaTopa 9, mpen-
BApUTEJbHO  MPOTApMPOBAHHOTO.
Jng 3almmMTel YCTAaHOBKU OT pas-
OpBI3TMBAEMOTO TIPU  WCITHITAHUSX
CMa304YHOTo Marepuajia MOIETMPYo-
1asl Hajmaaka 4 moMelieHa B repMe-
TUYHYIO Kamepy /1 (cM. puc. 2, pas-
pe3 A—A).
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a — C UTOJIbYAThIM MOMIIUITHUKOM; 6 — C MOMIIMITHUKOM KayeHUs; | — UCTIBITyeMblil 00-
pas3el-MpoTOTUIT; 2 — UTOJbYAThIN MOAIIMUITHUK; 3 — IIMUHAENb; 4 — TOJKaTelb; 5 — MOMI-

IIUITHUK KaYCHUA
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B 3aBrCcMMOCTI OT OCTABIEHHOM
3a7a4M Ha IIMUHAEIb 3 yCTaHABRIMBA-
eTcsl MOZeNMpYIoLIasl Halanka 4 co-
OTBETCTBYIOIIEW  KOHCTPYKIIMU: C
WTONBYATBIM ~ TIOMIIAITHUKOM 2
(cM. puc. 3, @); TOALIMITHUKOM Kaue-
HUs1 5 (CM. puc. 3, 6); ¢ mapoii TpeHUsI
"Ban—BTYyaKa" 5 (cM. puc. 2, pa3pe3
A—A) v apoii TpeHUs "IUCK—KO-
nonka" 15 (paspe3 b—Fb).

YcTaHoBKa MO3BOJISIET U3MEHSITh
paboune peXUMBI TIpU OLIeHKe (MC-
CJIeMOBAaHWM) WM3HOCOCTOMKOCTH B
COOTBETCTBUU C peajbHbIMU YCJIO-
BUSIMU PaOOThI NIaphbl TPEHUS MyTeM
BapbUPOBAHUS YaCTOTHI BpallleHUS
nuHaeas 3 (M3MeHeHueM Tepeaa-
TOYHOTO OTHOIIECHUS KIMHOPEMEH-
HOIl mepenauu 2) U yCUIUS Ha TOJ-
karene 6. KnmHopeMeHHas nepena-
ya 2 TIpeIOXpaHsieT YCTAaHOBKY OT
Teperpy3Ku: B cayJae IMpeBbIIICHUS
JOITYCTUMOM HAarpy3Kd B MOIEIH-
pylouieii Hajmagke 4 (B mape Tpe-
HUSI) PEMHM IPOCKAIb3bIBAIOT IO
1mKrBaM. B yctaHOBKe mpemycMoT-
peH MexaHu3M [2 peryjimpoBaHUs
HaTsDKeHUsT peMHeil. g ynoOcTBa
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C. B. TOHYAPOB, B. A. UBAHOB, a-p texs. Hayk, C. I1. 3AXAPbBIYEB, xana. TexH. Hayk

(Texnonoruueckuii I'Y, r. XabapoBcK)

OGopynoBaHue ang NccnefoBaHMM NPOLLECCOB LLeHTPoOeXXHoro
¢dopmMupoBaHua n3gennun U3 NOIMMEpPHbIX KOMMNO3ULMOHHbIX

mMaTepuanos!

[ns n3rotoBneHws neTanen BpaLleHWs TUna BTYNOK UC-
MONb3YIOT LEHTPODEXHOE (POPMUPOBaHNE U3LENNN U3 Me-
TannoB 1 PasfNYHbIX NONMMEPHBIX MaTepuanos. MprmeHe-
HVe aHTUMDPUKLMOHHBIX MOMMMEPHBIX MHOTOKOMIMOHEHTHbIX
KOMMayHOoB TpebyeT rnyOoKMX MCCNeqoBaHWI MPOLLECCOB
nonMMepU3aLmMm1 KoMno3numn. [ng onpeaeneHns BAUSHUS
TEPMOJMHAMMNYECKMX YCIIOBUIA Ha Ka4ecTBEHHbIe MoKasaTenm
n30envn Heobxoaumo crielianbHoe obopyLoBaHuMe.

Production of the rotational parts is effected with the help
of centrifugal forming of bushing type units from the metals
and different polymer materials. The use of antifriction poly-
mer multicomponent compounds requires in-depth study of
polymerization processes of different compositions. Special
equipment is necessary for determination of influence of
thermodynamic conditions on the item’s qualitative indices.

KoMno3ullMoHHbIX MaTepuaioB (ITKM) HeoOxoauMbl
CepbEe3HBIC MCCIEIOBAHUS TIPOIIECCOB IIEHTPOOEKHOTO
¢opmupoBanust (ILIB®D). I[IpuMeHeHUEe TEXHOJIOIUU
LIEHTPOOEXXHOTO (POPMUPOBAHUS TPU HU3TOTOBJIEHUU
JeTajieil y3JI0B TPEeHUs U3 TOJHUMEPHBIX MaTepUasioB
obecrieurBaeT yMEHbIIIEHUE CYMMapHO TPYI0EMKOCTH
BCJIENCTBUE COKpAllleHUs] BPEMEHU U3TOTOBJIEHMS Jie-
TaJu ¥ KOJMYECTBA OTXOA0B NMpU (GMHULIHOK 00paboT-
K€, HeoOXOOMMYI0 TOYHOCTb. Kpome Toro, maHHBIA
MpOLIeCC JIETKO aBTOMATU3UPOBATh.

OT cocTaBa M CTPYKTYphl 2JEMEHTApHBIX CJIOEB
MaTepuaa, GoOpMUPYIOLIETO BTYJIKY, 3aBUCAIT TpHUOO-
TEXHUYECKHUEe CBOMCTBA y3/Jia, B COCTaB KOTOPOro OHa
BXOJIMT, HANpUMeEpP MOAIIMITHUKA CKOJbXEHUS WIU
KOJIbLIEBOIO YIUIOTHEHUs. K TpuOOTEeXHOJIOrMYeCKUM

Z[.T[H Ka4Y€CTBECHHOI'O U3roTOBJICHUA BTYJIOK U3 MHO-

TOKOMIIOHEHTHBIX aHTU(PUKLIMOHHBIX ITOJUMEPHBIX I PaGora BemonHena mo rpanty TOTY Ne 04/06.

[l 2 (Oxonuanue cmamou. Hauano cm. na cmp. 42)

paboThI yCTaHOBKA MOHTHPYETCS Ha
CIeLMAJIbHOM CTOJIe-paMe.

IIpenmaraemas mojie3Hast MOJIEIb
YCTAaHOBKM JJISI TPHUOOJOTrMYECKMX
MCOBITAHUN ObLIa M3rOTOBJEHA M
HCIIOJIb3YEeTCsI B JIaDOPAaTOPHBIX yC-
JIOBUSIX. Pe3ynbTaThl IPOBEIEHHBIX
Ha HEW WCIILITAHWUU MOKa3aJiid, 4TO
ee (PYHKIMOHAIbHbIE BO3MOXHOCTH
MOJHOCThIO 00ECIeYNBAIOT YCIOBUS
IPOBEACHUS WCIBbITAHUMA HAa M3Ha-
IIMBAaHKWE B COOTBETCTBUU C HOpMa-
TUBHBIMU JOKYMEHTAMU.

JlocTouHCTBA MpeajaraeMou yc-
TaHOBKH JIJISI TPUOOJIOTMYECKMX MC-
TILITAHWUIA:

1. Bo3MOXHOCTb MMHUTHUPOBATH
YCJIOBUSI IKCILJIyaTallMM y3JIOB Tpe-
HUSI, MaKCHUMAajbHO IIPUOIVDKEH-
HBI€ K PEAJIbHBIM.

2. BOo3MOXHOCTb MCCaea0BaHUS
NPOLECCOB TPEHUS U U3HALLIMBAHUS
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Mo Bcell oOpasylollieil HapyXKHbIX 1
BHYTPEHHUX LUUJIUHAPUYECKUX TO-
BEPXHOCTE.

3. YcraHOBKa MO3BOJISIET MUMU-
TUPOBATh YCJIOBUS pPabOThl IOA-
IIATTHUKOBBIX y3JIOB.

4. BO0O3MOXHOCTh HCHOJIb30BA-
HUS B HAyYHO-TIPOM3BOICTBEHHBIX
JabopaTopusIX IS U3YYEHUS MPO-
1IECCOB TPEHMSI W M3HAIUIMBAHUS
MTOMIIUITHAKOBEIX Y3JIOB WM Y3JIOB
TUIA "BaJl—BTYyJaKa".

5. Bo3MOXXHOCTh IPOBEIECHUSI 1C-
MBITAHWI B YCIIOBUSIX "cyxoro" Tpe-
HMSI, B CMA30YHOI cpefie, a TakkKe B
CMa304HOM cpeze C MPOayKTaMu ad-
pa3UBHOTO M3HOCA.

6. IlpumeHeHMe TOIOJHUTEIb-
HBIX CMEHHBIX MOACTUPYIOIINX Ha-
JIaJO0K pacluupsieT 00JacTb UCTIONb-
30BaHMSI YCTAHOBKM.

7. TlpocToTa KOHCTPYKIIUH,
5KOHOMUYHOCTb (V11 €€ U3rOTOB-
JIEHUS WCIIOJb3YIOTCSd CTaHAApT-
HbIE BJIEMEHTHI).

8. TexHuuyeckoe pelleHUe MO-
KET OBbITh peaJiM30BaHO MPOMBIIII-
JICHHBIM CIIOCOOOM B YCJIOBUSX Ce-
PUITHOIrO NPOU3BOJICTBA.

9. BO3MOXHOCTb M3TOTOBJICHUS
Y1 Ha MJIOM MPOMBILJIEHHOM Ipe[-
MPUSITUY C UCTIOJIb30BAHUEM COOCT-
BEHHBI PECYPCOB.

Takum obGpazom, mpemiaraemas
YCTAaHOBKA JUISI TPUOOJIOTMYECKUX
WUCTIBITAHUHN TO3BOJISIET MOJEIUPO-
BaTb YCJIOBUS 9KCILTyaTallud pas-
JIMYHBIX Y3JIOB TPEHUS, MaKCUMaJIb-
HO NPUOJMXKEHHBIE K PEAIbHbIM, U
HccleaoBaTh IpoTeKalole Tpu
3TOM IPOLIECChl TPEHUSI U U3HAILIU-
BaHUS.
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rnmapaMeTpaM OTHOCSTCS: KO3(h(GULUMEHT TPEeHUs, UH-
TEHCUBHOCTh U3HAIIIMBAaHUs, TyTh TpeHus. [ToBepxHO-
CTHBIM CJIOM aHTUOPUKUIMOHHOIO MaTepuaja B mape
TpeHUsl "BaJ—BTyJKa" TOJABepraeTcsl M3HAIIMBAHUIO
BCJIEZICTBYE HAIPSDKEHUI, BBI3BAHHBIX BHEIIIHUMM Ha-
rpy3KaMM 1 HaJuyueM abpa3smBHBIX YACTUIL B CMa304-
HOM MaTepuasie. BHYTpeHHSISI CTpyKTypa Marepuaia
OIpenessaeTCsl COCTABOM MOJUMEPHON KOMITO3UIIUM 1
TEPMOIMHAMUYECKUMU YCIOBUSIMU LIEHTPOOEKHOTO
JuThd [1].
LleHTpobexHast cuia HaxoguTces 1o opmyie [2]

C = mv?/r, (1)
rae m — Macca KOMIIO3UTa, HaxoIsliuerocs B ¢opme;

v — OKpYXHas CKOPOCTb, ¥ — BHYTPEHHUI pagnyc

(opMBEI.
OKpy>Hasi CKOPOCTb CBsI3aHa C YIJIOBOH CKOPOCThIO

® W YacTOTOW BpalleHUs 71 3aBUCUMOCTBIO
nn
V=or= =TI
30
mn2n
N3 dopmynsr (1) momyumm: C = WD’ rae
D=2R) — BHeWHWHA IMaMETp CJIOd KOMIIO3WTA

(puc. 1).
JlaBneHue, o0yCJIOBJIEHHOE LIECHTPOOEXKHOW CUJION,
B CJIO€ KOMIO3UTa OMNpenesisieTCsl BbIpaXkeHUeM

Ap, = C/F, ()

rone F — I1uiolagb BHYTPEHHEH MOBEPXHOCTU CJIOSI
KOMITIO3UTAa.
M3 BoIpaxeHus (2) moaydmM:

Apy = mv?/(RynD, L), (3)

rne Dy = 2R, — BHyTpeHHUI nuameTp dopmbl; L —
paboyas yiMHa GopMbl (CI10SI KOMIIO3UTA).

Macca s1eMeHTapHOTO CJI0sI OMNpPEenessieTcsl Bblpa-
XeHueM dm = p 2nrLdr, Toe p. — IUIOTHOCTb CMECH B
JAHHOM CJIO€ KOMIIO3UTAa; F — paauyc Kojbla; dr —
TOJIIIMHA DJIEMEHTAPHOIO CJI0SI KOMITO3UTA.

IlenTpobexxHast cuia, AEMCTBYIONIAsI B BJIeMEHTap-
HOM cJIoe, UMeeT BUIL:

dC = p2rrLdrv? wm dC =
= p2nrLd r(m*nyr/900). 4)

Puc. 1. Ilonepeunsiii
pa3pe3 BTYJKH
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3nech 2nrL = F— muiolanb cios KoMmrosuTa; 2nrldr —
o0beM dV 31eMeHTapHOTIO CJI0s.

W3 BeipaxeHus (4) ciaemyeT, 4TO HEHTPOOEKHAST CU-
Jla TIPOTNOPIIMOHAIbHA KBaIpaTy YacTOThI BpallleHUs U
pagnycy OKpy>KHOCTH (hOPMHUPYEMOTO CI0ST KOMITO3U-
Ta, a TAKKe 3aBUCUT OT €rO IIJIOTHOCTH.

Kpome Toro, ucxoasa usz dopmyn (2) u (3), nabie-
HHUE B BJEMEHTApHOM CJIO€ MPOMOPIIMOHAIBLHO IIEH-
TpoOEXHOU cujae M OO0pPaTHOIPOIOPLMOHAIBHO ILIO-
IIAAW KOJIbIIA:

n2n? 5)

dp, = pc—900 rdr.

IIpounTerpupoBaB BbIpaxeHue (5),
Pu 2,2
[ dp, = pcu rdr. JlaBieHue, BBI3BAHHOE 1I€H-
0 900 ,
1

MOJTYYUM:

TpOoOEXHOU CUJION HA BHEIIHE! ITOBEPXHOCTU KOMIIO-

n2n? 2 2
3uTa, Oyuer: p;, = pci-g-(-)-(—) (R5 — R{). YuursiBas yrjio-
BYIO CKOpPOCTb, MOXHO TIOJIyYUTb BbIpaXKEHUE

Py = 20p.0x(R3 — R}) = Spewy(D3 — D), tie o —
YIJI0Basi CKOPOCTHU (POPMBL.

ITpu BpaueHun GopMbl C TOMOTEHHOM CYCIIeH3U-
eil pa3HOPOAHBIX KOMIIOHEHTOB MO/ A€M CTBUEM LIEH-
TpOOEXHOM CHJIbI TPOUCXOAUT pacclOeHUE — JIMK-
BallMsl KOMIIOHEHTOB, KOTOpasi OOyCJIOBJIeHa TeM,
YTO TUIOTHOCTh CHELHUATBbHBIX HAIOJHUTEJIECH KOM-
MO3ULMK OTJuvaeTcsl (0OJblle WJIW MEHbIle) OT
TUIOTHOCTU OCHOBHOW JAWCIIEPCHOM Cpelbl — MaTpu-
1Ibl, HAIIPUMEP 3MOKCUIHOU cMoubl. [lpu yBenunye-
HUM TaKWX TEXHOJOTUYECKUX MapaMeTpPOB, KaK 4yac-
TOTa BpallleHUs], 1uaMeTp GOpMbl U ToJIIMHA (hop-
MUPYEMOIO KOJIblIa, JAaBJIE€HUE BHYTPU KOMIIO3MTa
U3MEHSIETCS OT HyJsd (Ha BHYTPEHHEH MOBEPXHOCTU
KOJIblla) 1O MAKCUMaJIbHOTO 3HaUYeHUs (Ha BHELIHEeM
MOBEPXHOCTHU KOJIbLIA).

OTHOILIEHUE YCKOPEHUS LIEeHTPOOEXKHOM CUJIBI K yC-
KOPEHUIO CWJIbI TSKECTU Ha3blBaeTcs (hakTOpoOM pas-
peneHust: /= w?r/g~ 20dn?/g~ 20 F rf[ , toe F r;i — Mo-
IubuIpoBaHHbI KpuTepuii @pyna — 6e3pazMepHast
BEJIMUMHA, TIPUMEHSIEMasi B TEOPUU TUAPOAUHAMUYEC-
CKOTro momoousl.

@akrop paszieieHus k;, ABJISETCS BAXXHOW XapakTe-
PUCTHMKOM Tpolecca IeHTpoOekHOro (hopMUPOBaHUS,
TaK Kak MpU MPOYMX PAaBHBIX YCJIOBUSIX paslessioliiee
BO3JEMCTBME BO3PACTa€T MPONOPLUMOHAIBHO IMOKa3a-
TeJ0 k. CKIOHHOCTD K PAacCIOCHUI0 KOMITO3UTHOM
cMecH onpenenseTcs (akTopoM pas3iesieHus U MpsiMo-
MPONOpUMOHAJIbHA AUAMETPY CJI0S1 U 4acCTOTe Bpallle-
Hus. [lepenan naBieHuit B peaenax TOJIIMHBI KOJIbLA
MpU OMNPEIETEHHBIX YCIOBUSX BbI3bIBAET paauasibHbIE
MepeMelLeHUs B CI0SIX KOMITO3UTa TBEPABIX TUCIIEpC-
HBIX YacTull — HamnojHutenen. [Ton aeicTBueM 1eH-
TPOCTPEMUTEIBLHON CUJIbI HAIIOJHMUTEIM C MEHbIIEH
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13 19 18 17 16 15 14

Puc. 2. Cxema aBTOMATH3aUMM CTEHAA i1 LEHTPOOEKHOro
c¢opmupoBanns n3aemmii u3 ITKM:

1 — anekTpomBuTraTelsib; 2 — KJIMHOpPEeMEeHHasl Tiepenada; 3 — Bal
WNUHAes; 4 — miaHwaitba; 5 — 3agHsa 6abka; 6 — KpbIllKa
¢opmbr; 7 — dopma; & — komnosut; 9 — craHuHa; 10 — 3aluT-
Hblii Koxyx; /1 — TOH; 12 — 6nok ynpabinenus TODHowm; 13 —
OJIOK peryJMpoBaHWs 4acTOTHI BpallleHMsl Baja TpuBoma; [4 —
nporueccop LOGO!; 15 — aHaIOroBBIi MOAYJIb JaTYMKOB TeMITepa-
Typbl; 16 — aHanoroBeiil Moayb yrnpasiaeHus TOHowm; 17 — uud-
poBoii Moaynb; /8 — mponeccopubiii Momyias LOGO! BASIC; 19 —
070K nMuTaHust; 20 — MyJabT yIpaBieHus; 21 — naTuuKy TemIiiepa-
TYpBI

TUIOTHOCTBIO TIepeMEIaTCsl K BHYTPEHHEN IOBepX-
HOCTHU U3[eJIUsl, a HAMOJHUTEIU ¢ OOJIblIei MIOTHO-
CTbI0 — K Hapy>XHOI MOBEPXHOCTH [2].

IIpouiecc paccioeHus: — nepexon OT TOMOTEHHOTO
COCTOSIHMSI CYCHEH3UU K TeTepOreHHOMY COCTOSIHUIO
MOXET ObITh 3aUKCUPOBAH B KOHEUHOI CTPYKType
[TKM. I1pu aTOM CTpyKTypa CJIO€B MaTepraia BTYJIKHA
OyZeT 3aBHUCETb KaK OT KMHeMaTUYeCKuX U (pusnue-
CKUX IMapaMeTpoB, MPOAOIKUTEIbHOCTU T (HOPMUPO-
BaHUsI, TaK U OT CKOPOCTU TOJUMEPHU3ALUMU, T. €. OT
TeMIIepaTypbl KOMIIayH/a, C YBEJIUUYEHUEM KOTOpOil Oy-
JIET YMEHbIIAThCs HayalibHasl BSI3KOCTb, HO IPU 3TOM
3HAUUTETBHO YCKOPUTCS MpPoliecC MOoJMMepU3alivu.

st onpeneseHUs BIUSTHUSI TEPMOAMHAMUYECKUX U
TEXHOJOTMYECKUX (DAKTOPOB HA KauyeCTBEHHbIE MOKa-
3aTeJIM U3IEJIUs TIPU €ro LIEeHTPOOeXkHOM (hopMUpOBa-
Hun u3 IIKM aHTUGPUKIIMOHHOIO Ha3HAYEHUS ObLT
co3maH craHok CII®-4 Ha 6a3e TOKApHOTO CTaHKa
HBK-P105 (puc. 2).

CTaHOK COCTOUT U3 CTAHWHBI CO IIMUHAETbHBIM Y3-
JIOM M 3agHeil 6aOKoii, 3alllMTHOIO Koxyxa paboueit
30HbI CTaHKa, KaopugepHOro ycTpoicTBa (TeIIOBEH-
TWISITOP) U MUKPOIPOLIECCOPHOIO OJIOKA YIIPaBICHUSI.
Koxyx BBIIOIHEH TaKMM 00pa3oM, YTO MaKCHUMAaJIbHO
obecrneuynBaeTcsl repMeTUYHOCTh paboueil 30HbL. 3aid-
HSISI CTEHKa KOXyXa OCTaeTCsl HEITOABMIKHOM, OHA CBSI-
3aHa C OTKHWIBIBAIOIIEHCS C TIOMOIIBIO IIAPHUPOB
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BepxHel yacthio. Ha HemoaBu:KHOI 3aaHeil 4acTu KO-
>KyXa CMOHTMPOBAHO YCTPOMCTBO IJIs HArpeBaHUS BO3-
Iiyxa, KOTOpOe MMEET MEeTAJUTMYECKU KOPITyC, TEILIO-
snekTtpoHarpeBatenb (TOH) momrHocthio 500 Bt u
BeHTUJISATOP. TeMIeparypa Bo3ayxa Ha BBIXOIE Harpe-
BaTesisg MoxeT gocturatb 400 °C. TemmnepaTypa pabo-
Yeil 30HBI PEryINpyeTcss MU3MEHEHUEM DJIEKTPUUECKHUX
umnyibcoB B TOHe. Temneparypa Bo3myxa Ha BBIXOJIE
U3MEPSIETCS TEPMONAPOi, CUTHAJI C KOTOPOM ITOCTyIa-
eT Ha KoHTpoJulep. TeMmeparypa 3amaeTcsl aHAJIOTO-
BBIM CHUTHAJIOM, IIOCTYITAIOIIMM C KOHTpoJIepa
LOGO! ¢pupmsl "Cumenc" (cMm. puc. 2).

YcoBepllleHCTBOBaHME MEXaHMYECKOTro MpUBOIa
3aKJII0YaeTCsl B MMPUMEHEHUM YAaCTOTHOTO BJIEKTPOH-
HOTO yrpaBjieHus1 npurareneM. CucteMa yrnpaBieHUs
BKITIOYAaeT B Ce0S YaCTOTHO-PETYIMPYEMBI TTPUBOI
Ha 3,7 xBt, npombinieHHbIn KoHTpoiep LOGO!,
KHOTIOYHBIH MyJIbT, ICTOYHWK MUTAHUS Ha 24 B, mpu-
O0opbl aekTpo3aluThl. IlpeobpazoBarenb 4YacTOThI
SV004iC5-1F-RUS-0,4 nMeeT BeKTOpHOE yIIpaBiie-
Hue 6e3 naTyvka B quarnaszoHe yactot ot 0 1o 300 I'u
U U3MEHSIET YacTOTy BpallleHMsl muHaenst To 0 go
6000 mun L.

IIpomeinieHHbiii KoHTpoiuiep LOGO! cnenuanb-
HO CKOH(UTYPUPOBAH I10J YCTAHOBKY LIEHTPOOEKHOIO
¢opMmupoBaHMsI U BKJIIOYAeT B ceOs1 0a30BbIN OJIOK,
0JIOK pacipeHus: TUGPOBLIX BXOIOB/BBIXOIOB, 0JIO-
KA paCIIMPEeHUs] aHAJIOTOBBIX BBIXOAOB M IAaTYMKOB
Temriepatypbl. KoHTposiep ynpasisieT paboToii pery-
JIMPYEeMOTO TIPUBOJA W HarpeBaTelisl, KOPPEKTUPYS pa-
0OTy YCTAaHOBKM IO 3aJaHHOI IIporpamMme M oOecIie-
YUBast PeKUMBI DOPMHUPOBAHUS TTOJTUMEPHBIX TTOKPHI-
Tuii. s yrpaBiaeHUsI CKOPOCTBIO BpallleHUsT (hOPMEI
ncnoab3ytoT moaynb LOGO! BASIC. Curnan ¢ Mmomy-
JIsl TIOCTyTaeT Ha IpeoOpa3oBaTesib 4acTOThl Kojieba-
Huit, n3MmeHss 3HadeHus ot 0 mo 100 I'm.

[lynbT ynpasneHus npeodpazoBaTeieM CylIEeCTBEH-
Ho ympolieH. Ha nepenHioo nmaHejab BbIHECEH CeMU-
CerMeHTHBIN nucruieil, kHonku ynpasiaeHus ("Ilyck" u
"Cron") u noreHuuometp. I[IpeodpazoBaTenb 4aCTOTHI
yIOpaBisieT BHEIUHUMU LGPOBBIMUA M aHAJIOTOBBIMU
curHasamu. s paGoThl B MPOMBIIUIEHHONH HHMOP-
MAallMOHHOH ceTH mpeoOpa3oBaTeib OCHALIEH WHTep-
¢eiicom RS-485. C momouipi0 KOMMYHMKALIMOHHOTO
nporokoja ModBUS-RTU moxHO moakiouats 10 32
YCTPOMCTB; ckopocTh oomMeHa — 19200 6ut/c.

IIporpamMHoe obOecrmeueHre IIOAAEPKUBAET CO-
CTaBJICHWE CXeM YIIpaBJIEHUS Ha MEePCOHATLHOM KOM-
netotepe (ITK). ITporpammMa cocTtaBiisieTcsl B BUIE CXe-
Mbl (PYHKLIMOHAJIBHBIX 0J10KOB. TTociie Toro, kak cxema
VIIpaBIeHUsS COCTaBJieHa M OTJIaXKeHa IMPOTpaMMHBIM
CHMYJISITOPOM, KOI TIPOTPaMMBI C TIOMOIIBIO Kabest
USB/PPI angantepa 3arpyxaeTcs B KOHTPOJIEP.

[TocneaoBaTeIbHOCTh COCTaBJACHUSI TTPOrPaMMBbI
TEXHOJIOTMYECKMX UCIBITAHUN LIEHTPOOEeXKHOro ¢hop-
MUPOBAHUS:

1) cocraBiaeHre HUKJIOTPpaMMbl (DOPMUPOBAHUSI T10-
kpbitus ITKM;
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2) ompeneleHUe Ha3HAYEHUII BXOIOB/BBIXOJIOB
KOHTpOJIIEPA;

3) cocTaBieHue (PYHKIIMOHAJILHOM CXeMbl yIpaBJie-
Husa pexuMmamu popmupoBanug [TKM na ITK B ipo-
rpamme LOGO! Soft Comfort;

4) 3arpyska Koja IporpaMmMbl B KOHTPOJLIED.

HccnenoBaHust MmpouEeccoB LIEHTPOOEXHOTO (hop-
MUPOBAHMS W3ICINI B 3aBUCMOCTH OT MX TEXHOJO-
TUYECKOM CJIOKHOCTH JIEJISITCS Ha CJIEeNYIOLIME 3Tallbl;

I — onHo- u aByxdasHsie MoaeabHble ITKM mpu
TTOCTOSTHHBIX YaCTOTE BPAILIEHUSI ¥ TEMITepaTyPHBIX pe-
xkumax LHb®D;

II — nByxdasubsie [IKM Ha MOCTOSIHHBIX U JWHA-
MUYECKUX PeKMMaXx;

IIT — mHorogasusie [TIKM Ha nuHamMuueckux pe-
xumax HHB®. Ontumuzanms [TKM ocyiiecTBiaseTcs
10 COCTaBy, rpadvkaM pexkMMOB, pa3MepaM 3aroTOBOK
U TpeOOBAHUSIM K U3ACTUSIM.

Otan | BkIoUYasl B cebs MCCeNOBAaHUS BIUSHMUS
TOCTOSTHHBIX TEMIIEPATYPHBIX M CKOPOCTHEIX PEXXIMOB
LIB®. B xauectBe (OpPMBI MCIOIB30BAIM BTYIKY C
BHYTPEHHUMMU pa3MmepaMu d X L = 54X 54 mm (puc. 3);
temnepatypHble pexumsl: 30, 40, 50 °C; yacToThl Bpa-
menus: n = 300, 1200, 2400 MuH ! ; BpeMs1 (popMoBa-
nust: 30, 60, 90 MuH.

Bbun uccnenoBaHbl pa3iuyHbIE KOMITO3ULIUU, B CO-
CTaB KOTOPBIX B KaueCTBE MATPHUILIbl BXOAWJIA SMTOKCH/I-
Hasg cmoma BJ1-20, a Takke pa3HbIE CMOJBL: ¢ (PTOPO-
mractomM ®-4, rpadoutom I'C-1, nucynbpumoM Moano-
neHa MoS,;, MeTaJUIM4eCKUMH TOPOIUKAMH (UyTYH M
OpoOH3a), ¢ HATlOJTHEHUEM U3PYOJIEHHBIX BOJIOKOH (CTeK-
JIOBOJIOKHO U yrjerpauToBoe BOJOKHO), C apMHUpOBa-
HUEM TKaHbIO (CTEKJIOTKaHb U XJIOMYaTOOyMaxKHast).

BTynku m3 pasaMYHBIX KOMIO3WIIMOHHBIX Mare-
pHAaJIOB TIPOIIUTM UCTIBLITAHUSI, TIPH KOTOPBIX OBIIIN OII-
pemenieHbl CIEOyIOIINe KadyeCTBEHHBIE ITOKa3aTesn:
IUTOTHOCTBb, TBEPAOCTh M IIIEPOXOBATOCTH ITOBEPXHO-
CTeii, TOYHOCTb pa3MepoB, Tpeaesbl MPOYHOCTU Ha
pacTsoKeHHe M cXaThe, a TakKKe TPUOOTeXHUYEeCKue
nokazateJm — KO3(PUIIMEeHT TpeHUs] U WHTEHCUB-
HOCTb M3HAaIlIMBaHMSI. AHAINU3 Pe3yJbTaTOB MO3BOJIMII
CKOPPEKTUPOBATh TOYHOCTb YIPaBIEHUST MO TOAIep-
JKaHUIO ONTUMAJIBHBIX TEPMOTIUHAMUYECKUX PEXKIUMOB.

IlroTHOCTE MaTepuana 3aBUCHUT OT IPUPOABI Ha-
TOJTHUTEJICH, MX KOJIMYEeCTBa, TEMIIEpaTyphl 1 KMHEMa-
THYECKMX YycjaoBuil ¢opmupoBanus [3]. Tax, miaoT-
HOCTh KOMITO3ULIMU C AUCYIb(GUAOM MOJIMOACHA, Ipa-
(utom U dToporiacToM pasaMUHBI, HECMOTPS Ha
ONMHAKOBHBIE TEPMOIMHAMUYECKIE YCIOBUS MpoIecca
usrotoBiaeHust. [Ipu aTtom Habaomaercss oblasi TeH-
JEHITUSI TTOBBIIICHNS TNIOTHOCTH C YBEJTMYEHHEM Jac-
TOTBI BpallleHUsT TIPA CHIKEHUH TPaINeHTOB TUIOTHO-
CTH W YBEJIMYCHUH TeMIIepaTypbl (DOPMHUPOBAHUS W3-
memmii (puc. 4).

HccnenoBaHus MOBEPXHOCTE MOIEIBHBIX COCTa-
BOB Ha TBEPIOCTb CBUACTEJIBCTBYIOT O Ipeobazaro-
1IEM BJIMSHUM HAITOJHUTENSI OTHOCUTEIBHO TEPMOIN-
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Puc. 3. Illnunnenshbiii y3en CIIP-4 ¢ 3aroroBKoii

p, r/cm3 T=30°C
T=30°C o
1,25 r S —— T@
40
1,00 ‘ I
T=50°C 0°C
0,75 d‘
0,50
0 500 1500 n, mua~ ! 0 500 1500 n, MuH" !
a) 0)

Puc. 4. 3aBucHMMOCTH H3MEHEHHS IJIOTHOCTH 0Opa3moB OT
4acToThl BpalieHHs Npu pa3auuHoii Temmepatrype 7 dop-
MHUPOBAHKSA IS KOMIIO3UTOB C HAIOJIHATEJISIMH:

a — rpaduTt; 6 — mucynbdua MoaubdaeHa

HaMUUYECKHUX YCJIOBUM ILIEHTPOOEXHOro (opMupoBa-
HUS U3IEIIUA.

AHanu3 TBepAOCTU O0pa3LOoB [OKA3aJ, YTO BBEIE-
HUE B COCTaB KOMIIO3UTa (hTOPOILIACTa 3HAUUTEIbHO
CHUXKAET TBEPAOCThb ITOBEPXHOCTEH BTYJIOK MO CpaBHE-
HUIO C TBEPIOCTbIO BTYJIOK, M3TOTOBJIEHHBIX MPU TeX
XK€ TePMOAMHAMUYECKUX YCIIOBMIX, TOJBKO U3 3IOK-
CUIHOM CMOJIBI: IJIsI BITOKCUIHOM cMoibl DJ1-20 TBep-
JIOCTb TIOBEpPXHOCTEl BTYJNOK coctaBuiaa 232 HB, nus
BO-20 m 20 % (o macce) droporutacta P-4 TBep-
IOCTh HAa BHYTPEHHEH M BHEIIHEW MOBEPXHOCTIX CO-
cTaBuja cOOTBEeTCTBeHHO 55+90 u 70+90 HB.

®axTop pasneneHus s 3TOT0 MOAEIbHOTO COCTa-
Ba 00yCJOBIMBAET (POPMUPOBAHUE CIOUCTOM CTPYKTY-
pol (puc. 5). Ha mepepacnpeneneHue ¢roporacra B
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Puc. 5. BHyTpeHHSsl CTPYKTYpa MOAEJbHOTO COCTaBa:
snokcuaHas cmoia B1-20 u 20 % droporuiacra ®-4; osyveH mpu
Temnepatype 40 °C u yacrorax ¢hopMupoBaHuUs (ClieBa HaIpaBo):

300, 1200, 2400 Mun"!

KOMITO3UTE ¥ U3MEHEHUE TOJIIIMHBI CJI0€B CYIICCTBEH-
HOE BJIMSTHAE OKA3bIBaIOT TeMIIepaTypa M KWHeMaTuJe-
ckue yciaoBus ¢opmupoBaHus. YucTelil (Topomiact
0o0agaeT HU3KOM Hecylleil CoCOOHOCThIO. DTO MOoMd-
TBEPAWIM U WCIBITAHUS: KOMITO3ULIUS PACCIIOUIIACD,
(¢bToporacT mepepacnpenenuiacsa K BHYTpEHHENH M
BHEIITHE# TOBEPXHOCTSIM, J3IOKCHUIHAS CMOJIa CKOH-
LIEHTPUPOBAJIACh B LIEHTpadbHOM cjioe. C yBeTMIeHN-
€M 4YacTOThl BpalieHus U ¢akTopa pasideIeHUs
(kp = 2,7; 43,4; 173,7) nporucxoouT paccaoeHrue KOM-
MO3UTa C yBEeJWYEHHEM TiepepacrpeneiacHus (GTopo-
IUTIacTa K BHEITHEH ITOBEPXHOCTH TIPU YBETMYEHUH T1a-
paMeTpoB 1 U kp. D10 1mo3BoJIsIeT (POPMUPOBATE pabo-
yylo (aHTU(PPUKIMOHHYIO) TTOBEPXHOCTh U HECYIIYIO
(apMMPOBaHHYIO) CEPALEBUHY U3AEJUSI.

Ipu BBemennu B cmomy 10 % (1o Macce) TBepOBIX
cMa3oK — KoJutougHoro rpagura I'C-1 u gucyianpuna
MonmmbaeHa MoS,, TBepIOCTb MOBEPXHOCTEN 00pa3lioB
mozesibHbIX ITKM cHukaeTcst MeHbllIe 10 CPaBHEHUIO C
oOpaszlamMy U3 YUCTON CMOJIbI: BHEIIHEN MTOBEPXHOCTU —
Ha 20 MTIla, BHytpeHHelt — Ha 50 MITa. [ToaydeHsl pe-
>KUMbI (DOPMUPOBAHUSI, MIPU KOTOPBIX CHIKEHUE TBEp-
JIOCTU TIOBEPXHOCTU MPAKTUYECKU HE MPOUCXOUT.

HMcnbiTaHus Ha MPOYHOCTD MOKa3allu cleaylolliee.
[Ipenen mpoyHOCTH Ha pacTsKeHUE MaTpUIbI (CMoJa
BJ1-20) coctapaset 31 MIla u 3aBUCUT OT TeMmepary-
pbl hopmupoBaHus. C yBelrMueHUeM TeMrepaTypbl Ha-
OJs101aeTCsl MOBBILLIEHWE TTPOYHOCTU, HO A0 OIpeesieH-
Horo Ipenena. PaspbiB mpu 3TOM NpeacTaBiisieT coboit
POBHYIO IJTAJIKYI0 TOBEPXHOCTh 6€3 BUAUMBIX BHICTYIIOB,
YTO XapaKTepHO JUISl OMHOPOJHOIO Marepuaa.

Ipu no6asnenuu 20 % droporwiacTa IPOUCXOIUT
pazynpouHeHue Matepuaia. CpelnHee IMpeaesibHOe Ha-
MpsKeHWe Ha pacTsikeHue coctabiseT 26 MIla. Pas-
PBIB TIPENCTaBsIeT COOOI CIOUCTYIO CTPYKTYpY, CO-
CTOSIIIIYIO M3 ABYX CJIoeB (hTOpoIUIacTa Mo KpasMm o0-
paslia u cJiosl CMOJIbI B LICHTpE.

Beenenne 10 % rpacdura HOBBILIAET IIPOYHOCTD,
KOTOpasl 3aBUCHUT OT CTETICHU TTepeMeIIMBaHMIsI KOMIIa-
yHIa U TemIiepaTypbl ¢opmupoBaHusi. CpenHee Ipe-
JIelIbHOe HaIpsDKeHue Ha pacTsokeHue — 38 MiIla,
MaKcUMajbHasl MPOYHOCTh M3AEIWI TPU ONTHMAIb-
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HBIX peXuMax wu3rotosiaeHust (n = 1200 wmunu !,

T=138+42°C, =30 mu) — 37,8 MIla. Pa3psiB
MpeAcTaBiIsieT cO00Il HEPOBHBIM CKOJI, B KOTOPOM MMeE-
I0TCS BBICTYIIBI.

Ho6asnenue 10 % nucynpbuna moaubdaeHa JIMM-7
(TY 48-19-133—90) npuBOAUT K HE3HAUYUTEJIHHOMY
pas3yrnpodyHeHHIo MaTepuana. CpeaHee MpeaesibHOe Ha-
npsokeHue Ha pactskeHue — 30,5 MIla. PaspriB
MpeacTaBiIsieT co00il HEPOBHBIN CKOJI C YaCTULIAMMU M-
cynbhuaa MoaubdaeHa.

Ilpyu npuMeHEeHUM apMUpYIOLIEell XJIOMYaToOy-
MaXHOM TKaHU YIIPOYHEHWS He HabJomaeTcs, Tak
KaK MPOYHOCTb TKAHW paBHA MPOYHOCTH MaTPHUIIbI
[4]. CpenHee nipenenbHOE HAMPSIXKEHWE Ha pacTsxe-
Hue — 31 MIla.

Beenenne B komnoznumio 2 % yrierpaduToBbIX BOJIO-
koH YKH-5000 moBbIlIaeT MpoYHOCTb MaTtepuana. YIi-
pOUYHEHME 3aBUCUT OT YacCTOThI BpallleHWsI U pacrosioxe-
HUsSl (OpMeHTalMUu) BOJOKOH B usnenuu. CpenHee mpe-
JISIBHOE HaIpsDKeHne Ha pacTsokenne — 45 MIla. Paspris
MpeCTaBisieT CO00i POBHBIN CKOJT ¢ MUKPOBBICTYIIAMMU.

Ilpu noGasnenun 75 % OGPOH30BOrO IMOPOIIKA Ha-
OsiromaeTcsl CHUXKEeHUE TMPpOoYHOCTU. CpeaHee Mpeaeiib-
HOe HampsbkeHMe Ha pacTsibkeHue — 21 MITa. Mecto
pa3pbiBa MpelcTaBisieT Co00il HEPOBHbIM CKOJI C YaCTU-
11aMu OPOH30BOTO MOPOIIIKA, HEMMOKPBITHIMU MaTPULIEN.

Ipwu cocrase DA-20 n 2 % pyOIEHBIX CTEKIOBOJIOKOH
PBH-10 naGmomaeTcsl CylIeCTBEHHOE YIIPOYHEHUE.
CpenHee mpeaesibHOE HaIpsDKEHWE Ha pacTsDKeHUe —
47 MITa. CteneHb YIPOYHEHUS 3aBUCUT OT YaCTOThI Bpa-
1eHus. MakcumainbHasi MPOYHOCTh HaOMIodaeTCsl Mpu
yacrtote BpauieHus 1200 mun L Pa3puiB nipeacrapisieT
CcO0OI HEPOBHBIN CKOJ, B KOTOPOM OTYETIMBO BUIHBI
TPELIMHBI, YXOsIlUe BrIyOb MaTepuala.

WcnbiTaHust nokasanu 1eiecoodpa3HOCTb apMUPO-
BaHus1 mMaTepuasioB u3 [TKM marepuanamu BOJTOKHU-
CTOM CTPYKTYPBHI.

Pa3zpaboTtaHHble paHee COCTaBbl JMThEBbIX AHTU-
G puKIOHHBIX KoMmTio3n1nii Mapkn DDJIOHT nmerot
pasjiMuHble coyeTaHus HamojHuTtenel. C ux MomMo-
L0 MOXHO MOJIYYUTh MOALIMITHUKU CKOJIbXKEHUST U
JeTanu s YIJIOTHUTENbHBIX CUCTEM TUAPOLIMIMH/I-
POB BBICOKOT'O KauecTBa.
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1. A. CEMEHOB, I'. A. PACTOPI'YEB, a-p TexH. Hayk
(Poccuiickuit yHUBEpCUTET APYKObI HAPOIOB)

AHanus nonen Hanps>XeHUn

B MOBEPXHOCTHOM CJ10€ KOMMO3ULIMOHHbIX
MaTepuanoB co chepuyeckon popmom
apMupyloLero 3epHa npu pesaHum

MopgenupoBanu Hanpsi>xKeHHO -AehOPMUPOBAHHOE COCTOSHME CTPYKTYPHO-He-
O[HOPOLHOW Cpeabl, BO3HMKaOLLEe NpY MexaHu4eckor obpaboTke KOMMO3MLUM-
OHHbIX MaTepuanoB co cdepuyeckor HhopMOr apMUpoBaHus. MccneqoBaHus
NPOBOAUM NONAPU3ALMOHHO-ONTUHECKMM METOLOM MPWU UCMONb30BaHMM CO3-
[aHHOro ns 3TUX Lenein obopyaoBaHWs M MOLENM, a TakKe MeTOAOM KOHEYHbIX
aneMeHToB. [0 3KCNepMMeHTaNbHO YCTaHOBMEHHbLIM MOMAM HAMPSXEHUA Mo-
CTPOeHbl rpachVkn 3aBMCMMOCT MaKCMMaIbHbIX KacaTeNbHbIX HaMPsXXeHUA oT

rnyOuHbI pesaHus.

The modeling of the deflected mode of structure-inhomogeneous medium,
arising at machining of composite materials with spherical form of reinforce-
ment, was accomplished. Investigations were made by polarize-optical method
at use of special model and equipment, elaborated for thereto, and with appli-
cation of the finite-element method. With the help of experimental stress fields
the dependence graphs of maximal tangential stresses upon the cutting depth

were defined.

B HacTtosiiiee BpeMs IIMPOKOE
pacrpocTpaHeHHe MOIy4aroT KOMITO-
3UIIMOHHBIE MaTepualibl Ha OCHOBE
METAJUIMYECKOW WJIA OPraHUYeCKOMn
MaTpulbl, apMUPOBaHHbIE chepuye-
CKMM HamojHuTelleM. B kauecTBe
Marepuaja HaroJHUTeNsT IpUMEHS -
I0TCSl KaK OKCHIbI, KapOuabl, O0pu-
ITbI METAJTOB, TaK M YMCTHIE METAJUTBI
1 cruiaBbl. Hampumep, mepcrekTuB-
HBbIMU SIBJISIIOTCSI KOMIO3ULIMOHHBIE
MaTepualibl, apMUPOBaHHbIE IMOJIbI-
MU chepruuyecKMMHU MOPOIIKAMU U3
OKCUJIOB aJlOMUHUSI U LIMPKOHMSI.
VYHukajabHOe couyeTaHue BbICOKOM
MPOYHOCTU C HU3KON IJIOTHOCTBIO
MpeAONpPeeaWIN IIMPOKOE pac-
MpocTpaHeHNe TaKUX MaTepuajaoB B
aBMACTPOEHUHN, MAIIMHOCTPOCHUH,
cTpouTtenbeTBe. HarmnmaBku Komrio-
3UILMOHHBIX MaTEPUAIOB Ha OCHOBE
KapOMIOB TYrOIUIaBKUX METAaJIOB,
TaKMx Kak Kapounm Bojbdpama u
IuBoJb(ppaMa, TUTaHA, BaHAAUs, B
KOTOPBIX B Ka4eCTBE CBSI3YIOIIETO
(MaTpuLbl) MCIOJb3YIOTCSl CIUIaBbI
Ha OCHOBe KoOaJibTa, HUKEJS, Ke-
Jie3a, MPENSTCTBYIOLIME BI3KOMY
paspyllieHno, o0JafaloT TaKUMU
3aMeyaTesIbHbIMU 9KCIUTyaTallOH-

HbIMU CBOMCTBAaMM, KaK BBICOKHUE
TBEPIOCTb U UBHOCOCTOMKOCTD. [le-
JIbI0 TIPUMEHEHMSI KOMIIO3MIIMOH-
HBIX HaILIAaBOK SIBJISIETCSI TIOBEPXHO-
CTHOE yIIpOYHEHNe, a TaKXe MOBbI-
LLI€HME M3HOCOCTOMKOCTU NETaleH,
MOABEPralIIMXCsl  MHTEHCUBHOMY
abpa3rMBHOMY M3HalMBaHUIO, TAKUX
Kak BaJibl (IIEMKKM KOJIEHYAThIX U Ky~
JJaYKW pacrnpeaeuTeIbHbIX BaJloB),
KJamaHbl W cemia TOJ  KJaraHbl
JBC, pexyIuii ”THCTpyMEHT, 3y04a-
Thle KOJjieca, IIHEKW 3KCTPYIEpOB,
VIUIOTHUTEIbHBIE TTOBEPXHOCTU Tla-
pPOBOI1 apMarypbl CBEpPXBbICOKMX T1a-
paMeTpoB, MaTpULbl ST IIPEeCCoBa-
HUS LIBETHBIX METAJUIOB M CILIABOB,
MOJLIMITHUKM CKOJIBXKEHUS U T. [I.
Ilpouiecc  0OpabOTKU  TaKUX
CTPYKTYPHO-HEOTHOPOIHBIX Mare-
pUaoB PEXYIIUM HMHCTPYMEHTOM
OTJIMYAETCSI OT pe3aHusl U30TPOII-
HBIX MaTepuajaoB. B oTinuue oT 06-
paboOTKM  TOJABJSIIONIEr0  4YMcia
KOHCTPYKLIMOHHBIX MaTepualioB B
JaHHOM CJIydyae IIpPOLIECC CHSTHUS
MPUITyCKa 4acTo MPOXOAUT 6e3 00-
pa3oBaHUSI CTPYXKKM M IIOXOX Ha
MpollecC IOBEPXHOCTHOTO pas3py-
LLIEHUSI, KOTOPbII U3Y4YeH B ropasio
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MEHbIIIEN CTeNeHU, YEM CTPYXKKO-
obpasoBaHue. Iloatomy mpencraB-
JISIET HAYYHBIM M NPAKTUYECKUN
WHTEPEC MCCle0BaHUE HAMPSIKEH-
HO-1e(OPMUPOBAHHOTO COCTOSTHUS
(HOC) B 4yacTHOCTM M MEXaHUKU
npolecca pa3pylieHusl TaKoro ma-
Tepuasia B LI€JIOM B 30H€, TpaHUya-
LIe ¢ peXylIUM Jie3BUeM. 3HaHMe
OCOOEHHOCTE 3TOro mporecca Mo-
JKET TTIOMOYb MTPaBUJIBHO BHIOpATh Ma-
paMeTphsl HeEOOXOIMOro 00OpyIOBa-
HUSI U OCHACTKM, Ha3HAYUTb PEXUMBI
pe3aHus1, odbecreynBarolIre Heo0X0-
IUMble TEXHUYECKHE TpeOOBaHUS,
1LIEPOXOBAaTOCTh  OOpabaThiBacMOit
TMOBEPXHOCTH, CTOMKOCTb PEXYIIE-
ro UHCTPYMEHTA.

B xauecTtBe MeTOAOB HCCIEeNOBA-
HUS ObUIM BBIOpaHbI MOJSIPU3ALIv-
OHHO-OITUYECKWUI METON U METO.
KOHEUHBIX 3JieMeHToB (MKD3). Oc-
HOBHBIM JOMNYIIEHUEM MpU Moje-
JIUPOBaHMU OBUIO PacCMOTPEHUE
rpolecca pe3aHusi B BUIE TMI0CKO-
napamnensHoro HJC.

[Mongpu3allMOHHO-ONTUYECKUIA
METOJ, OCHOBaH Ha CBOMCTBE MpO-
3payHbIX MaTepuajoB MPU BO3HUK-
HOBEHUHU HaMpsDKeHW MpuoopeTaTh
ONTUYECKYI0 aHU3O0TPOIIUIO, CTENIEHb
kotopoi 3aBucut oT HJIC u xapak-
TEPU3YETCSI TEH30POM JAUBJICKTpUYe-
cKkoit mpoHunaemocTu [1]. JaHHbIA
METOJ WCCASIOBAHUSI HaNpsDKeHU

Puc. 1. Cxema HarpyxeHuss KOMIIO3-
HIIMOHHOTO MaTepuajia:

1 — pe3enr; 2 — KOMIIO3UIIMOHHBII MaTepualt,
APMUPOBAHHBIA CHEPUISCKUMK YaCTULIAMU
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SIBISICTCSI  COBEPILIEHHBIM, YHUBEP-
CalbHBIM U OYEHb perpe3eHTaTUB-
HbIM Tipu MoaenupoaHnun HIIC co-
OpYXeHMIl M KOHCTpykuuii. Ilpu-
YeM OH HE 3aBUCHUT OT pPACUETOB,
MoJlyyaeMbIX B pe3yJibTaTe MaTema-
TUYECKOTO MOIeaupoBaHus. Teo-
peThdecKoil 0a3oil ciayxaT Teopus
nomo0us U aHaau3 pa3MepHOCTeEN,
yCTaHABJIMBAIOIINE KPUTEPUU TIO-
JO0OUST — YCJIOBUS TOXAECTBEHHOTO
MPOTEeKaHMUSI MPOLIECCOB B MOJEIU U
HaType.

IIpuHsTass cxema HarpykeHwust
(puc. 1) u uzyuenuss HIC komrosu-
LIMOHHOTO MaTepuaia, apMHpPOBAH-
HOro chepuyecKuMU YacTULAMMU,
peann3oBaHHasl B MOJSIPU3ALIMOHHO-
ONTHYECKON MOJIENH, TTO3BOJISIET T10-
JYYUTh KOJUYECTBEHHYIO OILIEHKY
MOJIS1 HAMPSKEHWH B 3epHAaX, OCTaB-
JIAST  MEX3epeHHOE IIPOCTPAHCTBO
HEU3YYEHHBIM, UTO SIBJISIETCS CJeHd-
CTBMEM HETPO3pauyHOCTHU MaTepua-
Jla CcBg3KU. JlaHHOe pJomylleHue
MPUHUMAETCSI B CBSIBU C IIPEUMY-
1LIECTBEHHO TPaHC3ePEHHBIM Xapak-
TEpOM pa3pyllieHUs] TTOA0OHbBIX Ma-
TepuajoB, YTO ITOATBEPXKIAIOT (Ho-
Torpadpui MHUKPOLIIN(OB, WLIIO-
CTPUPYIOLLIMX  pacnpocTpaHeHUe
TPEILIVH, a TAKXEe NaJbHEHIINE UC-
ciemoBaHus MKDO.

Mogenb Oblla M3rOTOBJIEHA M3
MPO3pPavHOro ONTUYECKU YYBCTBU-
TeabHOro Marepuana DJ6MTI DA
U C TIOMOII[bIO CITeIIMaTbHOTO CTeH-
Ja [2], cmpoeKTUpOBaHHOTO U W3-
TOTOBJIEHHOIO IIJISI TaHHBIX UCClIe-
JIOBaHW, Harpyxajaach CUJIaMU,
MOJOOHBIMM ACHCTBYIOIINM Ha T0-
BEPXHOCTHBI CJIOM OpUIMHAajA.
Mogenb npeacTtaBisier coboil 1ia-
CTUHY M3 CKIIEEHHBIX MEXIY CO00it
PaBHOBEJUKUX TUCKOB U B MEPBOM
NPUOIMKEHU UMUTHPYET TTOBEPX-
HOCTHBIN CJIOM Cpe3aeMoro mMare-
puajia KOMII031Ta, apMUPOBAHHOTO
chepuyecKMMU YacTUllaMU, a TaK-
JK€ TI03BOJISIET OMpPENeIUTh Xapak-
TEep paclpeiaeacHUs] HaMpsKeHUH
MpU Pa3HbIX BapMaHTax MPUIOXe-
HUS Harpy3ku, chejaTb BBIBOA O
BeJIMYMHE 00JlacTU, B KOTOPOIii
MMEET MECTO 3HAUUTEIbHOE Harpy-
JKEHME 3€PEeH.
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B mnpouecce ucciaegoBaHus Ha
MOJISIPU3ALIMOHHO-TTPOEKIIMOHHOMI
YCTAaHOBKE, TpeaHa3HAYeHHOW s
HCCIICIOBAaHMS  TTOJISIPU3ALIMOHHO-
ontuyeckuM Metomom HJIC B Mo-
Jefsax JeTtajeil MalllMH, COOpYXKe-
HU1, (U3NYECKUX Cpell, OblLIa IIpo-
BelleHa Cepusi DKCIepUMEHTOB, B
pe3yJbTaTe KOTOPbIX ObLIN ToJyve-
HBI (oTorpaMMbl MHTepdepeHII-
OHHBIX KapTUH I0JIOC IS KaXI0ro
U3 3KcnepuMeHToB (puc. 2). Kax-
nmast ¢poTorpaMma IIpeacTaBIIsieT CO-
00l KapTUHY W3OMUHUN 2Ty =
= (o] — oy = G(t) M, TOE Tmax —
MaKCUMaJbHOe KacaTeJIbHOe Ha-
NpsEKeHUe; G|, 6, — [JIaBHbIE Ha-
MPSIKEHUST; cé — onTuYeckKas ieHa
nonockl, MIla/mon.; m; — nmopsamok
MTOJIOCHI B pacCMaTpUBaeMOI TOUKeE
MOJIEJU.

BusyanbHBI1 aHanU3 XapakTepa
pacripeesieHUsT HallpsIKeHUM, KO-
JIMYECTBEHHAs OlLIEHKa YpOBHeEM

II0JIOC M BJIUAHUEC TCOMETPUYC-

CKMX TIapaMeTpoOB IalOT BO3MOX-
HOCTb COITOCTaBUTb PE3YJbTaThl U
ounenuth HJAC momenu mucKpert-
HOI Cpenbl.

[TonyyeHHbie doTOrpaMmbl MO-
3BOJISIIOT ITOCTPOUTH rparKM 3aBU-
CHMOCTH MaKCHMAaJIBHBIX KacaTellb-
HbIX HANpsDKEHUsT OT IJIyOWHBI, Ha
KOTOPOl OHM JEWMCTBYIOT B Mare-
puaje mpu pa3TMYHBIX CXeMax Ha-
rpy>keHusi. BpuiM mocTpoeHsl rpa-
¢uxu (puc. 3, a, 6) nas Tpex TUIIOB
HarpyXXeHUs: 10 KpaiHeMy psIIy
3epeH (KpuBbie /), MO ABYM Kpaii-
HUM CMEXHBIM psiiaM 3epeH (KpH-
Bble 2), MO TEPBOMY U TPEThbeMy
CBEpXy psimaM 3epeH (KpuBBIE J).
I'pacpuku cTpousin Mo ABYM ceye-
HusM: A—A u b—b. Kaxk B nepBom,
TaK M BO BTOPOM CJIydyae JIMHUS Ce-
YeHMs1 ObIa MepreHaUKYIsIpHA JIU-
HUU JeWCTBUS CUJIBI, UMUTUPYIO-
LIeW CWIIy pe3aHusl, a TaKXKe I10-
BepxHOCTH MaTepuasna. OgHako B
IepBoM ciiydae (CM. puc. 3, a) oHa

Puc. 2. ®otorpaMmpl 3KCIEPUMEHTAIBHBIX NMOJIEH M H30XPOM MPH HATPYKEHUH MOJETH
no KpaiiHemy (a), 1ByM BEPXHHM CMEXHbIM (6), MEPBOMY M TPeTheMy CBepxy (6) paaam

3epeH
[Tosoca A [Tonoca By
4 4
O0000 1

1
; L900000 4 Y,

3 _,l 3
24 A 2
1 1
0 4 8 1216 20 24 28 32X, Mm0 4 3 TT 16 20 25 28 32 % mu

a)

0)

Puc. 3. Pacnpeneienne MAKCHMAJIBHBIX KACATEJBHBIX HANPSDKeHUi B ceueHussx A—A (a)

u b—b (6):

ONTHYECKasl LieHa IOJIOCH! (PACTATMBAIOILEE HANPSDKEHHE Gf) = 258 H/cm?
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Puc.

4. Tlone u30/MHMIA PABHBIX MAKCHMAJbHBIX KACATEJbHBIX HANPSDKEHMId,

crenepupoBannbix B cpeae SolidWorks—CosmosWorks, npu npuiioxkeHnu Harpy3km K
MozeNd No KpaiiHeMy (a), JBYM BEPXHMM CMEXHbIM (6), MepBOMY W TPETbEMY CBEpPXY

(8) panam 3epen

Tmaxs H/cm? A

1000.

750

500

250

a)

0 4 8 12 162024 283236 X, mm0

171620 24 2832 36 X, Mm
0)

Puc. 5. PacnpenejieHne MAKCUMAJIbHBIX KacaTeIbHbIX HANPSDKEHUil B ceyeHusix A—A (a)
U b5—b (6) npn npujiokeHUH HATPY3KH MO KpaiiHeMy (@), IBYM BEpPXHHM CMEXHbIM (6),
NepBoOMY M TPeTbeMy cBepxy (6) psiaaM 3epeH

pacrnojarajiacb 1Mo LEHTPY AMCKa,
JIexKalllero Ha BHEIIHEM CJIOe U OT-
IeJeHHOTO OJHWM IMCKOM OT WH-
neHtopa. Bo BTopoM ke ciydae
(cM. puc. 3, 6) rpaduku CTpOUIU
JUUIS ceYeHus 1o LUEeHTPY AucKa, Ha-
XOJSILErocsl yXe Ha YIBOCHHOM
pPacCTOSIHUU OT MHAEHTOpA.

IIpy aHaMOrMYHOM TIPUIOXKE-
HUM Harpy3ku OBbUIM TIPOBEIEHBI
ucciaegopanus MK9 (puc. 4). Cpe-
JIOi1 MOJIeTMpOBaHMs ObLIO BEIOpa-
HO TIPUJIOXEHHWE COBPEMEHHOTO
nporpaMMHOro kKomruiekca Solid-
Works 2008 — CosmosWorks. Ot-
JIMYUTEIBHON OCOOEHHOCTBIO 3TO-
ro TPUJIOXEHUS SIBJSETCSI MOILII-
HbIA MaTeMaTU4YEeCKUI arrapar.
Ilpu muckpeTw3aluy W TOCTPOE-
HUM CETKU KOHEUYHBIX 3JEeMEHTOB
o0yiacTh pa3OuBaeTCsl Ha TeTpas-
pHl C TpaHSIMH, aNIPOKCHUMHUPYE-
MbIMU JIMHEWMHBIMU (JIMHEWHas 3a-
BUCHMOCTb OT KOOPAMHAT) WM Ta-
paboauuyecKumMu GYHKIIUSIMUI

KOOPAMHAT, YTO MOBBIIIAET AOCTO-
BEPHOCTb pPE3YJIbTAaTOB B CpaBHE-
HUU C TIpEeAbIAyLIEeHA CXeMOM Mpsi-
MOJIMHEMHOU TpUAHTYISILUU O0b-
exra [3].

AHaJIOrMYHBIM 00pa30M TI0 TOJTY-
YEHHBIM TOJISIM U30JIMHUI ObLIY MO-
CcTpoeHbl KpuBble [—3 (puc. 5, a, 0)
3aBUCMMOCTH MaKCHMMaJIbHbIX Kaca-
TEJIbHBIX HAIPSDKEHUW OT TJTyOMHBI
X, Ha KOTOpOi OHM HEUCTBYIOT B
MaTepuaje Mpu MOAOOHBIX CXemax
Harpy>XeHusi. 3aMeTHbIM OTJIMUYUEM
9TUX KPUBBIX OT KPUBBIX Ha pUC. 3,
a, 0 siBisieTCsl UX OO0JIbllasi CKayKo-
00pa3HOCTh, YTO OOBSICHSIETCS YIr-
TBIBAHUEM B KOHEYHO-3JIEMEHTHOM
MOJICIN pacHpeAcIeHUsT HaIlpsDKe-
HUM B MEX3EPEHHBIX MPOCIOMKAX.
CrnenyeT OTMETUTb 3HAUYUTEJIbHOE
yYMEHbIIIEHWe HaMpsKeHW Ha Ta-
KHUX ydyacTKax.

WaeHTnyHOCTh TI'paMKOB pac-
TNpeesieHUs HanpspKeHWi, Mogy-
YEeHHBbIX HE3aBUCHMMO B pe3yJibTaTe
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¢usnyeckux (IMoasspu3alMOHHO-OII-
TUYECKUX) U MaTeMaThudeckux (Ko-
HEYHO-3JIEMEHTHBIX) 3KCIIepUMEH-
TOB, MO3BOJISIET CAEAaTh CIEAYIOIINE
BBIBOJIBL:

HEe3aBUCUMO OT JIOKaJu3aluu
CUJIOBOTO  BO3IEHCTBMSI  MaKCH-
MaJIbHbI€ KacaTeJbHblE Hampsixke-
HUS HabJ0JalTCsd B KpailHeM psi-
Iy, WMUTUPYIOLIEM ITOBEPXHOCTD
Cpe3aeMoro closi;

MpU Niepexoie OT AUCKA K IUCKY,
T. €. OT "3epHa" K "3epHY" B NIyOUHY
Marepuaja, HampsoKeHUsT pe3Ko Ia-
Jal0T B OTJIMYKE OT pachpeneeHust
HampsCKeHUN 1Mo TIyOWHE B OMHO-
POIHBIX MaTepuaax;

Jlyyliee KayecTBO IMOBEPXHOCT-
HOTo cjosi OyAeT AOCTUTHYTO TIpU
nIyOWHE pe3aHusi, He TPeBbIIal0-
el BeJIMYMHY CpEeIHEero 3epHa.
IIpu 3TOM KOHIEHTpaIs MaKCH-
MaJIbHBIX ~ HAIpsDKeHWi — Oyaer
WUMETb MECTO B MOBEPXHOCTHOM
CJI0€ UMEHHO TaKOW TJIyOMHBI, YTO
00€301acuT OT BbIPHIBOB U CKOJIOB
3€peH, YXYAIIAIOIIMX KauyecTBO 00-
paboOTaHHOM MTOBEPXHOCTH.
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H. . FOCYBOB, kana. texH. Hayk (TY, r. baky, AzepOaiimxaH)
ManI/I‘-IHbIe mMmoaesin TOHHOCTU B MHOTOUHCTPYMEHTHbIX

ABYXCYTNMNOPTHbLIX HaJlaAKaX

Pa3zpaboTaHbl MaTpUYHbIE MOAENM MOrPeLlHOCT 0bpa-
DOTKM B MHOTOMHCTPYMEHTHbIX Hanagkax C y4eToM OfHO-
BPEMEHHOr0 AeMCTBINS BCEX COCTABSIOLLMX CUM Pe3aHus oT
BCEX MHCTPYMEHTOB U ynpyrux AedopMaumii TexHomormye-
CKOM CUCTEMbI MO BCEM KOOPAMHATHBIM HampaBSIEHUSIM.
[na onpeneneHns akcTpemMyma QyHKLUMMU NCKaXKeHWs pa3-
MepoB pa3paboTaH anroput™M hopMUPOBaHNUS Mons pac-
cesiHMs Pa3MepOB Ha OCHOBE MeXaHM3Ma [BYXCYNnOpTHOM
Hananku.

The matrix models of treatment accuracy in multi-tool
tunings subject to synchronous action of all cutting forces
components from all tools and elastic deformations of
processing system over all coordinate directions have been
elaborated. The forming algorithm of the field scattering
for determination the function of dimensions distortion ex-
treme has been elaborated. The algorithm is based on the
double-toolplate tuning mechanism.

MexaHusm (GopMUpOBaHUSI MOJISI pacCestHUs Mpu
JIBYXCYMNIIOPTHOI 00pabOTKe 3HAUUTEIbHO CIIOXHEE,
4yeM TpY OJHOCYMIOPTHON oOpabdoTtke [1]. TaBHBIMU
(hakTOpaMM MOSIBJCHUS MOJIeil paccesiHUsl BBITTOJIHSIEe-
MBIX Pa3MepoOB SIBISIIOTCS: KoJiebaHUsI MpUMycKa Mo
00paboTKy; HEIOCTOSHCTBO MEXaHMYECKUX CBOWCTB
3aroTOBOK B Mpelejax MapTuM; pa3dpoc XKeCTKOCTei
CTaHKOB. XapaKTePUCTUKU pacCesTHUSI 3TUX (PpaKTOPOB
3a7aHbl COOTHOLIEHUsIMU [1], KOTOpble B CBOIO Oue-
pelb ONMpeaesitoT BXOAHbIE (DaKTOPbl: KOOPAUHATHbIE
COCTaBJISIIONIME CUJI pe3aHUsI U KOMIUIEKC XapaKTepu-
CTUK TIOAATJIMBOCTU TEXHOJOTMYECKUX ITOACUCTEM
(MaTpul, TogaTIMBOCTH) [2].

YuyuThIBasi HEMPOCTONH MeXxaHWU3M (OpPMUPOBAHUS
TI0JIEN paccesiHUS BBIMTOJHSIEMbIX Pa3MEpPOB TIPU ABYX-
CYNITIOPTHOM 00pabOTKEe, pacCMOTPUMM CHayajga Mpo-
CTEHMIIMI Cy4yail — ONMO3UTHYIO Hajanky. Ilox ommo-
3UTHON HaIAAKOW TIOHUMAETCS HaJalKa, B KOTOPOW
BCE COCTABJISIOLINE CUJT PE3aHUS OTHOTO CYyNIIOpTa Ha-
MpaBJeHbl MPOTUB COOTBETCTBYIOIIMX COCTABJSIOLINX
CUJI pe3aHusl Opyroro cynnopra. Takasi Hajagka He-
PEIKO BCTPEUYAETCS Ha COBPEMEHHBIX JBYXCYMITOPTHBIX
TOKapHbIX cTaHKax ¢ YITY. Dra Hanangka oT ABYXCYII-
NOPTHOM HaJIaIKu, IIPUMEHIEMON B OCHOBHOM Ha Tpa-
JUIMOHHBIX TOKAPHO-PEBOJIBBEPHBIX U TOKAPHbBIX
MHOTOIINUWHIEABHBIX aBTOMaTaXx C  KYJIa4YKOBbIM
yIpaBieHWEeM, OTJIMYaeTcsl TeM, YTO Tojada S Mpo-
JIOJIbHOTO CYNIIOpPTa HallpaBjieHa Mo ocu X B CTOPOHY
ee Bo3pactaHus. [ToaToMy Bce COCTaBSIONINE CUJT pe-
3aHUS MPOJOJBLHOIO U TMOMNEPEYHOr0 CYMNIIOPTOB OKa-
3bIBAIOTCS HAMpPaBJICHHBIMUA ApPYr MPOTUB Jpyra.
B npuHiMne sta HajaakKa sIBIsIeTCS YaCTHBIM ClTydyaeM
JIBYXCYIIIOPTHOM HaJIaAKU JIJIsl KOHTYPHOII 00pabOTKM.
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Juist 3amaHHOM pacyeTHOM CXeMbl IIOJIydaeM OBa
BEKTOpa WCKaXCHMS  BBITIOJHSIEMBIX  pa3MepoB:
g = Alpl — Op2 g MPOJOJILHOTO CYHIIOpTa
ug, = —e02p2 + 0Pl — g MOIEPEeYHOro CYyNIopTa,
rIe e’ — MaTpula TOoJAaTIMBOCTU IJs1 moacucteM 0
("3arotoBka—imuHaeab—rarpon”); eVl =& + el u
&2 = 0 + ¢2 — 0GbeaUHEHHbIE MATPHLIBI TIOAATIHBO-
cTel (WIS ABYX TPYIMIT TEXHOJOTUYECKUX TTOACHUCTEM),
3IeCh e, e — MaTpPUIbl MOJATINBOCTENl COOTBETCT-
BeHHO mis moacucteM 1 ("peseun—uaepkaBKa—Mpo-
noiabHbIi cynmopt') u 2 ("pesen—uaepKaBKa—Iore-
peunbtii cynmopt”); P!, P2 — cuiibl qeiicTBHsI COOTBET-
cTBeHHO moacucteMm 1 u 2 Ha moacucremy 0.

Takue akTopbl, KaK pa3dpoChl KECTKOCTEN TEXHO-
JIOTUYECKOU CUCTEMBI, TPOYHOCTHBIX CBOWCTB Mare-
puasia 3aroTOBKM, OIPEESIOT MacluTad WHTepBajia
paccesiHUSI UCKaXXEHUI pa3MepoB g U . A BOT (ak-
TOp KoJjiebaHUsI MPUIYCKOB Ha CYIIMOpPTax OKa3bIBaeT
ropazno Oojiee ciaoxHoe BausiHUE. [10CKOJbKY CUIIBI
pe3aHusi Ha MPOAOJbHOM U IIOMEPEYHOM CYMITOpTax
HaIpaBJIeHbl IPYT IPOTUB ApYra, KoJaeOaHus MPUITYC-
KOB Af| U Aty MOTYT NIPUBECTU K UBMEHEHUIO OaiaHca
cun. O0beauHsISI BCEBO3MOXHbBIE BapHUAHThI PACIIONIO-
XKeHUs Tojst paccesiHus [1], chopMupoBanyi eauHYyI0
MOJIEJIb MOJISl pacCesHUSI Pa3MePOB, BBIMOJHSIEMBbIX
Nnpu paboTe MPOAOJBbHOIO CYIIOPTAa B JABYXCYIIIOPT-
HOW OMNIO3UTHOM Hajaake:

olnp! — Efnp? 1+ [anp), + fanp}, ]

eOlAtlpAﬁ eOAtngt‘
2 9

npu eOltlptl - eotzptz] <—

O\ s 5T + Oarp2
(1 + 5)[e Anpl, + EAnp? ] "

eOIAtlpiﬁ eOAtngt.
2 bl

Ag1=

npu [eOltlpt1 - eotzptz] <

—w[emt]ptl — eotzptz] + [eOlAtlpit + eOAtngt]

0la+ nl 4 o0A7 2
e AtlpAt+e Atszt<60

5 ol —fnp?,

pu

Iie ® — CyMMapHbIi pazdpoc CBOMCTB TEXHOJIOTUYE-
CKOW CUCTEMBI; #|, t, — [IyOMHA PE3aHUsI COOTBETCT-

BEHHO Ha IIPOJOJBHOM M IONEPEYHOM CYIIIOPTaXx;
D;, Dy; — BCIIOMOTATE/IbHbIE BEKTOPbI, XapakTepu-

ISSN 0042-4633. BECTHUK MAIINMHOCTPOEHMS. 2009. Ne 3



3YIOILLIME COOTBETCTBEHHO CTETICHU BIWUSHUS TTyOUHBI ¢
pe3aHMs 1 KoJiebaHUI TpUITycKa.

3mnech:
x.-1y .z X ,-1 ¥y, z
pl pl Zpl 2 2 ip2
— x -1y .z — X -1y 5z
= Pl pl Spl . 2 — P2 P2 “p2 |.
pl‘ CPJIIII y Sl yvl Yo pt CP)2(1‘2 X S2 xv2x ,
x -1y, z Xo-1 y,z
pl Pl pl P2 P2 P2

x -1 Yy .z
pl pl Zpl
Xty ¥ CoS; v
p1li PLo1 VI
— x -1 Y.z
I — pl pl 1
pA[ xPltl y CPlSl yvl y 5
¥ y
Xp1—1 Ypl Zpl
Xpil) CpiSyevy e
Z k4
Yol vy 2,
XppCpat 7V 8y vy Y
vy 'y
2 = Yol T
1N xP)%CPZt Sy vy x
Xl Vo 20
xPZCPzzt Sy Tvy 2

AHAJIOTUYHO TIOJlyyaeM MOMEb TOJs pacCesTHUs
IUTST pa3MEepOB, BHITIOTHSIEMBIX P paboTe MONepedHO-
ro cynropra (B OINIIO3UTHOU HaladKe):

oo[eoztzpt2 — eotlptl] + [eozAtngt + eOAtlpgt]

02A7 12 4 oOA7 ol
e Atsz,+e AtlpA,-
2 b

pu eoztzpt2 - Otlptl 1<—=

O V1 2p4 52 + OAf ol
(1 + 5)[e Anp2, + &Anpl ] @

02a7 12 4 o0A7 o1
eTADDPR + AP,
2 bl

AgH=

npu [eoztzpt2 - eotlpt1 1<

—old?np? = npl ]+ [Panp}, + Lanp),]

0247 192 + o0A7. p1
eV AL PR+ eCAL DA, <

pu 3

- _
Pnp? — npl,

JJ1s1 BBISIBIIEHUSI BCEr0 MHOIroo0Opa3usi MEXaHM3MOB
(opMupoBaHus MO paccesiHUS B MAaTPUIHOM MoJie-
JIK B 00l11IeM clIy4yae pacCMOTPUM €lle OJUH CIlelralb-
HBIH Ccllydyaii — COMO3UTHYIO HalaakKy. TakoBoii liene-
coo0pa3HO Ha3BaTh ABYXCYIIIIOPTHYIO HajaiKy, B KO-
TOPOI BCE COCTABJISIIOLIME CUJ Pe3aHMUsI UHCTPYMEHTOB
MPOAOJLHOTO U MOIEPEYHOro CYyIIOPTOB HAalpaBIeHBI
B OIHY CTOpOHY. ITOCKOJBKY IpPOTUBOIAEUCTBUS CUI
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pe3aHMs 3[eCh HET, MHTepPBaJ paccesHus MCKakKeHUi
MMeeT eIMHCTBEHHOE MOJIOKeHUE — CIpaBa OT Havajia
KoOopauHaT. MakCcMMyM UCKaxKeHUsT pa3Mepa TOCTUTaeT-
Cs1 IpY HAaMOOJIBIIKX MPUITYCKAaX U1 000UX CYIITIOPTOB U
MaKCUMAaJIBHBIX TTPOYHOCTY 3arOTOBKU Y TONATJIMBOCTHU
TEXHOJIOTUYECKOM CUCTEMbI, MUHUMYM — TP HAUMEHb-
WX TIPUITYCKaX 1 MUHUMAJIBHBIX TIPOYHOCTH 3aTOTOBKH
U TIOAATIMBOCTH TEXHOJIOTMUECKON CHCTEMBI.

B urtore mis mHTEpBana paccesiHUs TMOJIydyaeM BbI-
paxkeHue

Ag = ol p] + Lnp?] +
+ [emAtlpgt + eOAtzpit]. 3)

151 pazsmepoB, GOpMUPYEMBIX € TTOIIEPEYHOIO CYII-
IOpTa, IOJIydaeM:

Ag = olePhp? + fnpl] +
+ [ePAtp2, + Anpl 1. (4)

HWtak, Mbl pa3o0Opaiiv jABa MPOCTEUIIMX Cydast
JIBYXCYTIIIOPTHOI 006paboTku. Moaenu (1) u (2) onu-
CBIBAIOT IOJIST pacCesiHUSI B ONMIMO3UTHON Halaake, Ko-
IJa BCE COCTaBJISIIONIME CUJI Pe3aHusi MHCTPYMEHTOB
MPOAOJBLHOTO U MOMEPEYHOro CYMIOPTOB HANIPaBJIEHbI
HaBcTpeuy ApyT apyry. Mogaenu (3) u (4) oTHOCSTCS K
HaJlaJKaM, KOIJa BCe COCTABJISIIOLINE CUJI pe3aHusl UH-
CTPYMEHTOB MPOAOJBbHOIO U MONEPEYHOI0 CYIIOPTOB
HMMEIOT OJHO COOTBETCTBYIOIIIEEe HaIlpaBJIeHME.

INonmapnsioniee GOMbIIMHCTBO PeAIbHBIX MHOTOMH-
CTPYMEHTHBIX HaJaloK He 00JanaiT TaKOH OJHOPO.I-
HOCTbIO B HAIlpaBJE€HHOCTU CHMJI pe3aHus Mpu padboTe
cynnoproB. Hanpumep, B Hanaake, npeAcTaBlIeHHON B
pabore [1], cocTapisolIMe CA pe3aHusl 1o ocsiM Y'u Z
HamnpaBJICHbl HaBCTpe4y IPYr APYTY, a COCTaBJISIOIINE
1Mo ocy X HarpapJieHbl B OAHY CTOPOHY. DTy HaJIaaKy
MOXHO paccMaTpuBaTh B HallpaBjieHUM ocu Y ([is
MHaMeTPaIbHBIX Pa3MePOB) KaK OIIMO3UTHYIO, KOTOpasi
paccuuThiBaetcs 1o moaesam (1) u (2), a B Hanpase-
HUM ocu X (I JIMHEMHBIX pa3MEpPOB) KaK COIIO3UT-
HYIO0, KOTOpasi pacCuMThIBaeTcs mo moaeisam (3) u (4).
Takum obGpa3oM, IjisI HEOOHOPOIHBIX IO HampaBie-
HUMIO HalaJoK He CYIIEeCTBYET eIMHOI CXeMbI pacuera
mojieit paccesHusi. CxeMa pacyera TOJSI paccessHUs
orpeaesiIeTcsl OTASNBHO ISl KaKIOTO HaIlpaBIeHUSI.

OpHako, cTporo roBopsi, cbopMUPOBAHHbIE MOJE-
JIM U1 OTITO3UTHBIX M COIMO3UTHBIX HAJIaIO0K HEpu-
MEHMMBI B CJIyyae HEOTHOPOAHBIX IO HaIpaBJIEHUIO
Hanagok. IIpuyrHa 3Toro — pasHbie MeXaHU3MBbI (Pop-
MUpPOBaHUS ToJieil paccesHus. sl BbISICHEHMST pas-
JIMYUT MeXaHU3MOB (POPMUPOBAHUS MTOJIEH pacCesiHUS
BBEIEM HECKOJIbKO ompeneicHuil. Hazosem cymmopr,
KOTOpBI (popMHUpYeT paccMaTpUBaeMBblil pa3dMep, oc-
Hosubim. Torma CynIopTt, KOTOpPbIi paboTaeT B JaHHOM
HaJllagke, HO He (OpMHUPYET paccMaTpMBaeMbIil pas-
Mep, XOTS U OKa3bIBaeT Ha HEro KOCBEHHOE BO3MEHCT-
BUeE, 1IeJIeCO00pa3HO Ha3BaTh donoaHumenvhoim. Kax-
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Jas U3 COCTABJISIOIIMX CWJI pe3aHUsI OKa3bIBaeT CBOE
BJIUSIHUE HA TOYHOCTH (popmupyemoro paszmepa. Ha
BJIMSIHUE COCTABJISIIONIEH CUJIBI pe3aHusl ¢ OCHOBHOTO
CYIIIOPTa HAKJIAABIBAETCST BIMSIHIAE COOTBETCTBYIOIIEH
COCTaBJISIIONICH C momojgHUTeNbHOro cymnmopta. Ilofg
COOTBETCTBYIOLLEH 3IeCh MMOHMMAETCS COCTABJISIOLIAs,
HaITpaBJIeHHasl TI0 TOM Xe ocy KoopauHat. Ecim cocraB-
JIIOIAsi CUJIbl Pe3aHUsl C JOMOJHUTEIBLHOTO CYIIopTa
HarpapjeHa TIPOTUB COCTaBISIONIEl ¢ OCHOBHOTO CYII-
MopTa, TO MaKCUMaIbHOE MCKAKEHUE BBITOJHIEMOIO
pa3Mepa OT 3TO COCTABJSIOLIEH JOCTUTAETCs TPU MaK-
CHMAJIbHOM TIPMITYCKE Ha OCHOBHOM CYIIIIOPTE M MUHM-
MaJbHOM Ha AOMOJHUTENbHOM. Eciiu Xe coctasnsitoniast
CWJIBI PEe3aHMSI C JOTOJTHUTEILHOTO CYIITIIOpTa Harpasie-
Ha B OIHY CTOPOHY C COCTaBJISTIONIEH ¢ OCHOBHOTO CYII-
MopTa, TO MAKCUMYM MCKaXEHMSI pa3Mepa JOCTUraeTcst
MpY MaKCMMAJIbHBIX IIPUITYCKax Ha 000X cyrmoprax. B
paMKax OHOPOAHON IO HANIPABJIEHUIO CUJ Pe3aHusl Ha-
JIAIKW MeXaHU3M (hOpMUPOBAHMS MOl pacCesTHUS evH,
M TOTJa, €CTECTBEHHO, IOJyJaeTcs earHas MaTpuIHas
Monenb noneit paccesHus. [Ipumepsl — monenu (1) u
(2), (3) u (4). ITockonbKy MaTpUUYHAsI MOIEIb YYUThIBAET
BJIMSIHUE HAa TOYHOCTb UCTIOIHEHUS KaX0ro (hopMUpye-
MOT0 pa3Mepa BCEeX COCTaBIISIIOLIMX CUJT pe3aHus (0T Beex
WHCTPYMEHTOB HaJIaKH), TO [UISI HEOTHOPOMHBIX 110 Ha-
MPAaBJICHUIO CUJI HATTAIOK B KAXIOM pa3mepe (IIpu yuere
BJIMSTHUST BCEX COCTABJISIIOLIMX CUJT Pe3aHUsT) BCTpEYaroT-
cs1 00e cxeMbl (QOpMUPOBAHUS MOJIsI paccessHus. I1oato-
My MpU OMNpeesieHU TPAaHUL, MHTEPBAJIOB pPaCcCEesTHUS
pa3MepoB, KOTOPOE CBOAUTCS K IMMOMCKY MaKCUMAaJIbHOTO
¥ MWHMMAQJIBHOTO 3HAuYe€HWI HCKaXeHUll pa3MepoB, B
KaXI0M KOHKPETHOM CJIy4ae Hy>KHO MPOBOAUTb OTAEIb-
HOE UCCIIeoBaHMe Ha TIPeaIMET IOMCKa 9KCTpeMyMa T10-
JIydeHHOU (PyHKLIMMU.

15 pa3paboTKM aaroputMa IMoMcKa 3KCTpeMyma
(byHKIIMM MCKaXeHUs BBIMOJHSIEMBIX Pa3MEpoOB 3a-
(bukcupyeM OCHOBHbIE MPUHLMIIBI MexaHM3Ma (op-
MMPOBAHMS TIOJISI pacCesIHUSI pa3MepoB B IBYXCYII-
MOPTHOM HaJIaIKe:

1. BremonHsgeMbIit pasmep GoOpMUpYeTCs WHCTPY-
MEHTOM, YCTaHOBJIEHHLIM Ha OCHOBHOM CYIIIIOPTE.

2. HOHOJ’[HHTGJ’IBHBIPT CyHnIIOpT OKa3bIBACT BIUAHUC
Ha MCKa>XCHME BLINOJHACMOI'O pasMeEpa 4€pea BO3ICHi-
CTBHME Ha 3aroToBKY.

3. UckaxeHue BBIMOJHSEMOIro pa3Mepa (opMuUpy-
eTCsl CJIOXeHHeM (BEKTOPHBIM) TpeX IMepeMelleHWIA:
nepeMelleHus OACUCTeMbl OCHOBHOTO CYMIOpTa OT
JNEMCTBUS CUJT pE3aHUSI MYHCTPYMEHTOB OCHOBHOTO CYTI-
TmopTa M ABYX NepeMelleHNi MOACUCTEMbI 3aTOTOBKHU
OT JEMCTBUSI CUJI pe3aHusl UHCTPYMEHTOB OCHOBHOTIO U
JONOJIHUTEIBLHOIO cynmopToB. [lepBbie ABa mepeme-
1eHus (TepeMelieHus MOoJCUCTEMbl OCHOBHOTO CYII-
nopTa OT AEUCTBUSI CUJ pe3aHUsT MHCTPYMEHTOB OC-
HOBHOTO CyNIIOpTa M TepeMellleHUe MOACUCTEMBI 3a-
TOTOBKW OT JEWCTBUSI CUJ PE3aHUST WHCTPYMEHTOB
OCHOBHOTO CYMIOpPTa) HaNpaBjieHbl B TPOTUBOIOIOXK-
HBbIE CTOPOHBI: BEJIMYMHA OOYCJIOBJIEHHOTO UMHU MCKa-
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>KE€HUS BBITTOJTHSIEMOTO pa3Mepa OnpenessieTcsl CyMMU-
pOBaHUEM BEJWYMH ITUX UCKAXKEHUIA.

IlepemenieHre MOACKCTEMbl 3arOTOBKU OT JEMCT-
BUSI CUJI pe3aHUs UHCTPYMEHTOB JOMOJHUTEIbHOIO
CynmopTra B HamNpaBJICHUMU BBIMNOJHIEMOIo pasmepa
MOXET OBbITb JBYX BUIOB (B 3aBUCHUMOCTU OT CXEMBbI
pacnpeneneHust CUJl pe3aHus): MOJOXUTEeIbHBIM (Ha-
MPaBJIEHO B OJHY CTOPOHY C IepeMelleHUeM MOACUC-
TE€MbI 3aTOTOBKM OT BO3IEWCTBUS OCHOBHOIO CYMIIOpP-
Ta) U OTPULATEIbHBIM (HAIpPaBJEHO MPOTUB MepeMe-
IIEHUsI TIOACUCTEMBbl 3arOTOBKM OT BO3ACICTBUS
OCHOBHOTO cynnopta). I1py moaoXxuTesbHOM TepeMe-
IIEHUN ero BeJMYMHA CYMMUPYETCS C HCKaXKeHHEeM
pasMepa OT BO3IACHCTBMSI OCHOBHOIO CyMIIOpTa, T. €.
HaJlagka paboTaeT KaK COIO3UTHAs; IIpU OTpUIlaTelb-
HOM MepeMeIIeHUM ero BeJUYMHA BBIYUTAETCS M3 UC-
KaxXeHMsI pa3Mepa OT BO3IEHCTBMSI OCHOBHOTO CYII-
rmopTa, T. €. Hajaaka paboTaeT Kak OIIO3UTHas.

Takoe noHUMaHWe MexaHU3Ma (HOPMUPOBAHUS TTO-
JIeil paccesiHUsI BBIMOJHSIEMBIX pPa3MepoB B JBYXCYII-
MOPTHOW HaJlaIKe eCTECTBEHHO MPUBOAUT K (hOPMYJIH-
POBaHUIO OCHOBHBIX TOJIOXKEHUI ajaropuTrMa roucka
9KCcTpeMyMa (YHKIIMU UCKAKEHUs pa3MEpPOB:

JUIS1 IBYXCYTMITOPTHBIX HaJaJ0K, HEOAHOPOAHBIX IO
HalpaBJIeHUSIM BBIMTOJHSIEMbIX pPa3MepoB, TOHSITHUS
OIIMO3UTHOCTU U COMO3UTHOCTU HaJaJAKu MPUMEHUMO
HE K HajalKe B LIeJIOM, a K OTAeJIbHOMY HAallpaBJIeHUIO
(HampaBIeHUIO BBIMOJHSIEMOrO pa3mepa), T. €. OJHA
HajaakKa B HallpaBJIEeHUU OJHOIO BBIMOJHSIEMOTO pas-
Mepa MOXeT ObITh OMIO3UTHON, a B HAIIpaBJICHUU IpY-
TOro COMO3UTHOM;

KpUTEpUeM, MO KOTOPOMY HaJIaAKU MOXHO TPUIUC-
JIUTh K TOMY WIM MHOMY BUIY, SIBJISIETCSI HalpaBlieHUE
rnepeMeleHUs] MOJACUCTEMbI 3arOTOBKM OT BO3AEUCTBUS
CUJI pe3aHUsl NOMOJHUTEIBHOIO CYIIOPTA: COMO3UTHAS,
€CJIM HaIpaBJICHWE COBIANACT C MEPEMELICHUEM OCHOB-
HOIO CYMIIOPTA; OMIIO3UTHAS, €CIM HE COBIAIAET.

7151 ONITO3WTHON HAJIAAKW TIPUMEHSIETCS MOJIETh
(1), (2), HO TOJIBKO €€ YacTh B HAIIPABJICHUU paccMar-
puBaeMoOro pasmepa; IJjis CONO3UTHOM — mopaenb (3),
(4), TakKe TOJbKO €€ YacTb B HaIlpaBJIEeHUN paccMmar-
pHUBaeMOro pasMepa.

HTtak, ucnoyb3oBaHUEe OBYX CHEUATBLHBIX MOIEIeH
JIJIS1 OMHOPOJHBIX IO HampaBJIeHUsIM Hananok [(1), (2) —
711 onmo3uTHBIX U (3), (4) — I COMO3UTHBIX| U
MPUHLIMIIA CUCTEMATUKKM HEOTHOPOIHBIX HAJAAOK IO
HanpaBJeHMUSIM BBITOJHIEMBIX Pa3MEepOB ITO3BOJISIET
paccuuTaTh BEJIMYMHBI MOJIEH paccessTHUsl IJISI BCEro
KJ1acca IBYXCYIIIOPTHBIX Pa3BePHYTHIX HAJIAIOK.
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A. 10. KAPITAYEB, kana. ¢us.-mat. Hayk (MI'TY um. H. B. baymaHa)

UcnbiTaHnA oTpe3HbIX pe3 Ha YCTOMYNBOCTb UX NNIOCKON (popMbl
paBHOBecUs Npu HepaBHOMEpPHOM Harpese

[aH KpaTkmuin 0630p pPaboT MO YCTOMYMBOCTI MNOCKON
(hopMbl paBHOBeCUs N 1 chpe3 Npu HepaBHOMEPHOM Ha-
rpese. lNpeanoxeHa nabopatopHas yCTaHOBKa [ns CO3Aa-
HWS HEPAaBHOMEPHOTO Harpesa AMCKOBbIX Ppe3 1 nccreno-
BaHWS €ro BAUAHWS Ha MX YCTOMYMBOCTb A0 W NOCHe Ballb-
ueBaHuMs. [MonyveHHble 3KCNepUMeHTanbHble pesynbTaThl
CpaBHeHbI C PACYETHbLIMU.

An overview of works on the flat form balance stead-
iness of saws and cutters at uneven heating is given. A lab-
oratory-scale plant for providing uneven heating of disk
cutters and for investigation of heating influence on the
cutters steadiness before and after forge-rolling has been
proposed. Comparison of calculated and experimental data
has been made.

ITpumeHsiemble 1151 00pabOTKKU pe3aHMeM TUIACTUKOB
Y TJ1acTMacc, a TakXke HEeKOTOPbIX META/UIOB U CILJIaBOB
OTpe3Hble (hpe3bl MOTYT UCIBITHIBATH TeMIEPaTypPHbIi
nepenan BAOAb paauyca AUCKa, MPeICTaBISIOEr0 KOp-
IyC 3TUX UHCTPYMEHTOB. AHAJIOTMYHOE SIBJIEHUE CBOM-
CTBEHHO U JVCKOBBIM IMWJIaM, UCIOJb3yeMbIM ITpU 00-
paboTKe apeBecHbI. TOYHOCTH 0OPaOOTKHU TP 3TOM CYy-
ILIECTBEHHO 3aBUCUT OT COIPOTUBIIEHUSI MHCTPYMEHTa
roTepe YCTOMYMBOCTH €ro IJI0CKOI (DOpMbI paBHOBECHUS,
BbI3bIBAEMOI BO3HHMKHOBEHUEM CXKMMAIOLIMX TeMmIlepa-
TYPHBIX HaIlpsLKeHUH.

XapakTep pacnpeieseHusl TeMmIlepaTypbl B IMCKe
MOXET ObITh BeCbMa Pa3HOOOPAa3HBIM, TaK KaK 3aBUCUT
OT MHOTUX (haKTOpOB, B YACTHOCTU U OT TOro, YTO
9HEprus, CBSI3aHHas C pe3aHueM, Kak paBuiIo, He sSIB-
JIgeTCsl €AMHCTBEHHBIM MCTOYHMKOM TeruioThl. Ha-
MpUMEDP, CYILIECTBEHHOE BIMSIHUE MOXET OKa3aThb Tell-
JIOBasi 3Heprusi, BbI3BaHHAsl TPEHHUEM O JAMCK Harpas-
JITI0IIMX, 00pabaThbiBa€MO IOBEPXHOCTU, CTPYKKHU
u ap. Ha xapakrepe pacnpeaeneHusi TeMIiepaTypbl B
JIMCKEe MOTYT CKa3aThCsl TakXke HeCTallMOHApHOCTb
npoliecca HarpeBaHus 1 U3MEHEHME YCIOBUI KOHBEK-
TUBHOTO TeIJI000MeHa, 00YCIOBIEHHbIE MEPUOIUYHO-
CTbIO PabOTbl MHCTPYMEHTA.

IIpennoxeHHbIl B cTaThe [1] MeTOn MO3BOJISIET Ha
OCHOBE aIIPOKCUMAII KPUBOU pacpeneIeHUs TEM-
nepaTypbl CTeNEHHOW (PyHKIIMENW yCTaHABIUBATh KPU-
TUYECKOE 3HaUEHME TIepenamaa TeMIepaTyp, COOTBETCT-
BYIOIIIEE TTOTEPE YCTOMIMBOCTU MHCTPYMEHTOM, C y4e-
TOM €ro TEeOMETPUYECKHX TIapaMeTpOB M YCIOBMI
3akperuieHus. MccnenoBaHue pa3iWYHBIX BUIOB He-
pPaBHOMEpPHOTO HarpeBa JaeT BO3MOXHOCTH OIIpeie-
JIUTh NOITYCTUMBIE TEMIIEPATypHBIE PEXXUMBI KCIUTya-
TallM MUHCTPYMEHTa U 000OCHOBAaHHO BHIOpaTh 3 heK-
TUBHBIE MEpBl IS TIOBBIILIEHUSI COINPOTHBICHUS
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rnorepe yCTOMUMBOCTU B 3aBUCHMOCTH OT YCJIOBUIA €0
paboTHI.

OnHUM U3 CIOCOOOB MOBBILIEHUS] YCTONYMBOCTHU
SIBJISIETCSI BaJiblieBaHME MHCTPYMEHTA, 3aKJIloyaloliee-
cs B CO3JAHUM MPEIBApUTEIbHOITO OCTAaTOYHOIO Ha-
MPSIKEHHOTO COCTOSIHUS B AucKe. B pabore [2] mpen-
JIOXKEH METOJ pacyeTa Hamps>KeHHOTO COCTOSIHUS TIpU
BaJIbLICBAHUM MHCTPYMEHTA U €ro BJUSHUS HAa yCTOM-
YUBOCTb IIPY HEPABHOMEPHOM Harpese.

ITpoBoauBLIMECsT paHee MO paccMaTpyMBaeMOM Te-
MaTuKe MCCJIeIOBaHUs, CBSI3aHHbIE C M3YYEHUEM YC-
TOMYMBOCTU U IUMHAMUKU KPYTJIbIX TPOKOBAHHBIX TTHJI
MpU HepaBHOMEPHOM Harpese [3, 4], ObUIM OCHOBaHBHI,
Kak IMpaBujIo, Ha SMIIUPUYECKHUX 3aBUCUMOCTSIX, OTH-
CHIBAIOIIMX HaNpPsSLKeHHO-Ae(OPMUPOBAHHOE COCTOSI-
Hue nucka. Ilpoueccel Harpy:XeHust U Tociaeayrolei
pas3rpy3Ku AucKa Mpu NPOKOBKE C YYETOM KPUBOM Ae-
¢dopMUpPOBaHUS €ro MaTepuaja aBTOpaMu He UCCIIea0-
BaJIMCh. DTO HE MO3BOJISIIO YCTAHOBUTH B3aMMOCBSI3b
BO3HUKAIOILIKUX OCTATOUHBIX HAMPSDKEHU U CUJT, Jeki-
CTBYIOIIIMX Ha JUCK MPU €ro BaJiblieBaHUU (ITIPOKOBKE),
KakK 3TO caejiaHo B padote [2]. Bee 3akimoueHus 06 yc-
TOMYMBOCTU Y JWMHAMUYECKMX XapaKTePUCTUKAX T
OCHOBBIBJIMCh HA aHaJIM3€ PelleHUs] BapUallMOHHOTO
ypaBHeHus [5]. IIpu 3TOM mpoliecc MOATOTOBKU MC-
XOJIHBIX JAaHHBIX, MTPOBEAEHNE HEOOXOAUMBIX BBIKJIa-
JIOK U Tocaeayroiuii pacyer MetogoMm b. I'. 'anepku-
Ha ObLIU JOBOJBHO TPYAOEMKUMHU.

ITpenMylliecTBO IPUMEHEHUST YMCICHHBIX METOIOB
pelleHUsI CUCTEMbI IMHEapU30BaHHBIX YpaBHeHMI [1],
OIMCBIBAIOLINX TUHAMUKY AUCKA, TPOSIBISIETCSI B BbI-
COKOI CTeNeHH alropUTMHU3ALINK, B YHUBEPCATBHOCTH
U, CIeI0BaTeIbHO, OOMbIIEeH JOCTYITHOCTU U TIPOCTOTE
HX UCIIOJIb30BaHUS.

Ha npakTuke HanpsiKeHHOE COCTOSTHUE MOCJie MPo-
KOBKM (BajiblieBaHUsI) MOXHO OIpeaesiTh METOI0M
Kanakyukoro—/IaBuaeHKoBa, 3aKovaroliemMcs B Mo-
clieoBaTe/IbHOM BBIPE3Ke U3 AUCKA MUJIbI KOJIel U U3-
MepeHuu ux aedopmanuii. Mcrnoab3yioT U MeTomdbl,
OCHOBaHHbIE€ Ha UCCJIeIOBAaHUN MPOTUba LIEeHTPaJbHOM
30HBI JUCKA TPU YCTAHOBKE MUJIbI B TOPU3OHTAIHHOE
nosioxkeHue Ha Tpu onopsl [35]. [1lo nusMeHeHuIo TruHA-
MUWYECKUX XapaKTEPUCTUK UHCTPYMEHTA MOCJIe ero 00-
paboOTKM TakXke JeNaloT 3aKialoyeHue 00 OCTaTOYHBIX
HanpsikeHussX. 31ech MOXeT OBbITh T0Je3eH METOf,
MpeIIoKEHHBINA B paboTax [2, 6].

B cBsI3U ¢ 3TUM MPEACTABIISIOT UHTEPEC MTPOBEACHME
OIIBITOB I10 M3YYEHUIO YCTOMUYMBOCTU ILJIOCKON (DOPMBI
JIMCKa B YCJIOBMSIX HEPAaBHOMEPHOI'O HArpeBa 10 U Iocie
€ro BaJIbLIEBAaHMSI M CPaBHEHUE MX PE3yJIbTaToB C pac-
YeTHBIMU JaHHBIMU. J1JI 9TOro B KauecTBe 0ObEKTa HC-
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cllefoBaHMM ObUIa BhIOpaHa OTpe3Has (pe3a ¢ HapyX-
HBIM AuameTpoM D = 63 MM, BHYTpeHHUM d = 16 MM,
TojuHoi A = 0,5 MM, yuciiom 3yobeB z = 100, usro-
TOBJIEHHAsT U3 ObICTpopexyiueit ctanu POAMS. Kper-
JeHue ¢pe3bl 1 HAa 3KCIEPUMEHTAILHON YCTaHOBKE
(puc. 1, cM. 2-10 TI0JI0CY 00JI0XKKH) OCYIIECTBISLIUCH C
MOMOLLBIO 3AKMMHBIX (riaHLeB IuaMeTpoM Dy, = 24 MM.
®pesa [ mpuBOAWIACH BO BpallleHUE 3JIEKTPOIIPUBO-
IIOM W HarpeBajiach Y OCHOBAaHUS 3yObeB ra30BOI I'o-
penkoii 2. Temmiepatypa T B 30He 3yObeB M3MepsiIach
nupomMeTpoMm 3, maHHBIE KOTOPOro o0OpabaThIBAIMCh
CHeLralbHOI ImporpaMMoii, 0ToOpaXkaaruch Ha 3KpaHe
MOHUTOPA KOMIIbIOTEPA 4 B BUJIE 3aBUCUMOCTU TeMIIe-
paTyphl OT BpeMeHHU (PuC. 2, CM. 2-10 TIOJI0CY 00JI0KKH )
M 3aHOCWJIMCH B €ro IMaMsTh. Bechb Ipoliecc 3ammchl-
Bajicsl Ha UM@pPOBYyIO Buaeokamepy J5 (cM. puc. 1).
B onuchiBaeMbIX OTbITaX YIJIOBasi CKOPOCTh (ppe3bl Co-
ctaBisia 32 pam/c, B KauecTBe Harpeparesis Obljia Mc-
MoJIb30BaHa TMpodeccuoHalbHasi BbICOKOIPOU3BOIU-
TellbHas1 Tra3oBasi ropeika Bernzomatic (CIIA). g
U3MepeHMsT TeMmrepaTyp ObL1 3ajelicTBOBaH MHpa-
KpacHbiii TepmomeTp Optris Laser Sight. Ero o61actb
U3MEPEHMSI Ha TOBEPXHOCTU 00bEKTa (IUaMeTp MsITHA)
3aBUCUT OT PACCTOSIHUSI MEXY MTMPOMETPOM U OOBEK-
toM. I[1pn paccTossHuM B 62 MM THaMeTp TIATHA paBeH
1 MM. CKOpOCTb ChEMKM BMAEOKAMEPHbI COCTaBIsIa
30 xanpoB/c.

Ilepen onbITOM M MO €ro OKOHYaHUU TPOBOIUIICS
KOHTPOJIb TOPLIEBOTO OMeHUsT (hpe3bl C MOMOLIbIO UH-
nukaropa 6 (cM. puc. 1) vacosoro Tnma — MY 10 "Dta-
JioH". [IJIs1 3TOTO HEMOCPEACTBEHHO IIepe HadyajaoM U
KOHIIOM 3KCMEePUMEHTa MHAUKATOP KPEeHuJcs Ha KOp-
Mnyce YCTAaHOBKM TaK, YTOObl M3MEPUTEJbHBINA CTep-
>K€Hb ObLT MePHeHAMKYISIpEH K OOKOBOI MOBEPXHOCTH
JUCKa B 30HE, OTCTOSIEH Ha 2 MM OT OKPYXXHOCTHU
BIaavH 3yObeB. PazMax kosjebGaHUs CTPEIKU 32 OIUH
000poT (hpe3bl, XapaKTepU3yIOlIuii ee TOpLEeBoe Oue-
Hue, He npesbian 0,05 MM. DTO CBUAETEILCTBOBAIO
0 TOM, YTO BO (ppe3e He BOZHUKIIO OCTATOYHBIX Aedop-
Mallvii BCJeACTBUE HEPAaBHOMEPHOCTH Harpesa. B mep-
BOI1 cepuu OMNBITOB C HEBAJIbLIOBAaHHOM (hpe3oii Harpe-
BaHUE BEJIOCh (CM. pUC. 2) He TOJIBKO 10 MOMEHTA I0-
TEPU YCTOMUMBOCTH IIOCKOH (DOPMbI paBHOBECHSI, HO
u ganee. [Ipu 3TOM UCKaxkeHUsI UCXOAHOM (hOpMBbI paB-
HOBecusl mpuodOpeTasu Bce 0ojiee OTYETIMBBIA BUI
(puc. 3, a, 6, cMm. 2-10 Ttosocy 060xku). [Tocae oKoH-
yaHMsI HarpeBaHusl (ppe3a ocThiBasIa U BOCCTaHABIMBA-
Jlach ee TIepBOHavyaibHas ¢dopma.

Ha puc. 4 (cM. 2-10 TIoJ10Ccy 00JI0XKHM) U300pakeHa
pa3BepTKa MONEPEYHbIX MepeMeleHU w 3yObeB (pe-
3bI, MO3BOJISIONIAS ONPEACTUTh (POPMY TTOTEPH YCTOM-
yuBOCTU. B maHHOM ciiydyae pesa nmorepsiia yCTORUM-
BOCTb 110 BeepHOoil (popMe (0€3 y3JIOBBIX OKPYKHOCTEI)
c TpeMs Y3loBbIMH auamerpamu (n = 3). I'pacduk
CTPOWJICS Ha OCHOBAHMM KOMIIBIOTEPHOM ITOKaaApOBOM
00paboTKM BuAeOMaTeprana B IMPWIOXEHUSIX K Win-
dows (Paint, Adobe Photoshop). 1151 ymoocTtBa (puk-
caluu yria ¢ noBopota (hpe3bl rpaHU 3aXKMMHOM rai-
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Puc. 6. Cxema kpenyiennsi ¢pe3bl U pe3yibTaThl ONpPeEAEICHUS
HEPAaBHOMEPHOCTH  HAarpeBa, COOTBETCTBYIOWIeld  moTepe
ycToitunBocTH (ppe3oii miockoii ¢gopmbl paBHOBeCHS

KU OBUIM MpeaBapUTeIbHO MpOoHYyMepoBaHbl OoT 0 10 5.
Illxana TUHEHHBIX pa3MepoOB MO3BOJIMIIA ONMPEICTUTh
HWCTUHHBIE TepeMellieHrsI, HaOMI0aaBIINeCs B OIbITE K
50-11 cekyHie HarpeBaHus (pe3bl.

Jlanee sKCriepUMEHT IMPOBOAWIICS IO CJeaylolleit
cxeMe: B MOMEHT MOTepH YCTOMYMBOCTH HarpeBaHHe 1
BpaleHue (Gppes3bl MpeKpaliaiich, MMPOMETPOM U3Me-
psilach TeMmIepaTypa BAOJb pajuyca Aucka ¢pesbl OT
nepudepuu (puc. 5, cM. 2-10 TIOJ0CY OOJOXKH) A0 3a-
KUMHBIX (yiaHueB. 3HaUYeHUsI TeMIepaTryp Mpu 3TOM
3aMUChIBAIMCh Ha BUIEOKAMepy HEIMOCPEACTBEHHO C
9KpaHa MUPOMeETpa, a MoJIoXKeHue MsATHa (MeCTOMNoJO-
JKEHUE Ha JUCKE) MOACBEYMBAIOCH JIA3ePHBIM JIyYOM
MUPOMETPAa U OJHOBPEMEHHO (PUMKCHPOBAJIOCH KaMe-
poii. TakuM 00pa3oM, 9KCIIEPUMEHTAJIbHO YyCTaHABM -
BaJIOCh KPUTUYECKOE 3HAUYEHUE TeMIIEPaTypHOTO Mepe-
naga AT, °C, Boojb paguyca MojoTHa ¢ppe3bl Ipu He-
paBHOMepHOM HarpeBe. Ha puc. 6 mpencrapiieHbI
pe3yabTaThl SKCIEPUMEHTOB, MpoBedeHHbIX a0 (O)
U nocjie (@) BajiblieBaHUsI (pe3bl, KOTOPOE OCYIIECT-
BJISUIOCH C TIOMOUIBIO TPUCHOCOOIEHUS, MPEIIOKEH-
Horo B pabote [6]. OcTaTouHOE HaNPSIKEHHOE COCTOSI-
HHUE TOocJie BajblieBaHUS MPOAHATUM3UPOBAHO METO-
JIOM, U3JIOXXKEHHBIM B cTaThe [2].

B pacuerax OBUTM TIPUHSITHI CIIEAYIOIINE MEXaHNJe-
CKMe XapaKTepHCTUKM MaTepuana @pespl: MOIYIb
Onra E;=210 TTla; wmonyns  ynpo4yHEHUS
E" = 7705 MlIla; penen TekyuecT o , = 2000 MlTa;
npenea npoyHoctd oy = 3000 MIla; koadduumeHT
ITyaccona p = 0,3; TemmepaTypHblii Ko3(dUIIUEHT
pacimpenust o = 12+ 1070 1/°C.

PacmipeneneHnue temmnepaTypsl BIOJb pamgnyca ITHC-
Ka (pe3bl annpoOKCUMUPOBAJIOCh JUHEMHON 3aBUCH-

4h2

MocTbio T = MF — k)y=MF — k), rme
aD?n
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7 =2r/D (r — pagnanpHas KoopamHaTa), k = d/D,
n=12(1 — pz). 3akperieHue (Ghpe3bl TPUHUMAJIOCH B
BUJIE CKOJIB3SILLIETO 3allleMJIEHUS MO OKPYXXHOCTU pa-
JIUYCOM 7 = Dq,/2.

JJ1s1 HeBaJIbLIOBAaHHOM (hpe3bl KPUTUYECKOE 3HaUe-
HUE TEMIIEPATYPHOTO MapaMeTpa A = A*, pacCuMTaH-
HOE€ METOJOM, M3JIOXKEHHBIM B padore [1], cocTaBmio
A* = 112,5. Tlocne BajbLEBAHUS C YYETOM IapaMeT-
pOB, YKa3aHHBIX B Tabn. 3 paboTwl [6], u Ge3pasmep-
HOTO MapaMmeTpa Cuibl BanbLeBanus N, = —590 oka-
3aJ0¢h, 4To A* = 149,5.

PesynbraThl pacueTa npeacTaBieHbl Ha pUC. 6 B BU-
JIe TIPSIMBIX TMHUK [ 1 2, COOTBETCTBYIOLIMX HEPaBHO-
MEPHOMY HarpeBy HEBaJIbLIOBAHHOI (ppe3bl U TOM Ke
¢pe3nl nocie BanbleBaHus. ComocTaBaeHUE TEOPETH -
YECKHUX Pe3yJbTaToB (JIMHUM [ U 2) ¢ JaHHBIMU MpPO-
BEJIEHHbBIX OTILITOB (TOYKM) OOHAPYKMBAET YIOBJIETBO-
putenbHOe uX coBmameHne. MopMa MoTepu yCTONIM-
BOCTU (ppe3oil 10 U Tociie BajblieBaHUsI, IPU KOTOPOI
YUCJIO Y3JIOBBEIX IMAMETPOB # = 3, HaliIeHHas Teope-
TUYECKHU, COTIJacyeTcsl ¢ pe3yjbTaTOM OIlbITa, Mpei-
CTaBJICHHBIM Ha puc. 4.

Crnenyer OTMETUTb, UTO B PACCMOTPEHHBIX 3KCIIe-
pUMeHTax ObLIO MPOCEKEeHO BIUSHUE JIMIIb TeMIIe-

paTypHoro (axktopa Ha YCTOMYMBOCTh ILUIOCKOI (hop-
Mbl paBHOBecHsI OTpe3Hoi ¢pe3bl. [loaToMy mpu
OLIEHKE YCTOUYMBOCTU KOHCTPYKIIMU, SKCILUTYaTUPYIO-
LIUXCS B PEAJIbHbBIX YCIOBUSIX, LIEJIECOOOPA3HO BBOAUTD
MOMNpPaBKM, YUYUTHIBAIOIIME BAUSHUE CUJI PE3AHUS.
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Mopaenb n3HalmMBaHUS peXxyLiero
MHCTPYMEHTa Ha OCHOBe aHanusa
TPUOOOKNCINTENbHbIX MPOL,ECCOB

Paccmatpuaetca BAMAHME BHELLHEN Cpefbl Ha CTPYKTYPHble npeBpaLleHns 1
pPaboTOCNOCOOHOCTL PEXYLLEro MHCTPYMeHTa. Ha OCHOBaHMM NOMyYeHHbIX JKCre-
PUMeHTaNbHbIX AaHHbIX pa3paboTaHa Mogdenb TPUOOOKNCIUTENBHOIO M3HALWMBaA-

HUS PEXYLLEro MHCTPYMEHTa.

The environment influence upon structural conversions and on the cutter's
workability is considered. On the basis of the experimental data obtained the mod-

el of tribooxidation wear of cutter has been elaborated.

CKOIO JCMCTBUS BHEIIHEHA Cpembl
MpU pe3aHuu MeTauios |3, 4]. OoHa-
KO 3T pabOThl MOCBSIIEHbI B OCHOB-
HOM KaueCTBEHHOMY aHIMU3Y CJIE0B
M3HOCAa HA KOHTAKTHBIX TTOBEPXHO-
CTSIX MHCTPYMEHTA TIPU pE3aHUU B
pPa3JIMYHBIX CMA30YHO-OXJIaXAal0-
IIMX  TEXHOJIOTMUYECKMX  Cpedax
(COTC). Bormpocsl BIMSIHUSI BHEILI-
Heil cpelbl Ha CTPYKTYpHbIE TIpeBpa-
LLIEHUS, TTPOMCXOJISILIME B MaTepuase
WHCTPYMEHTA HA MUKPO- U CyOMUK-
pOYpOBHE TMpU pE3aHUM, OCTAlOTCS
HEIOCTaTOYHO HU3yuyeHHbIMU. WMx
pellieHKe MO3BOJIUT HAUTU MYTH TO-

BBIIIEHUS 3(PPEKTUBHOCTU IPUME-

CTONKOCTb PEXYILEro WHCTPY-
MEHTa — OJIMH M3 OCHOBHBIX (pak-
TOPOB, OMPEIETIAIONINX SKOHOMHU-
YecKMe MoKasaTesIl MeXaHWYECKOM
obpabotku. B mociegnme romgbl B
TPUOOJIOTHHN CIIOXMIOCh OOOCHO-
BaHHOE MHEHWE, YTO U3HAIIMBaHWE
WMEET B CBOEH OCHOBE IPOIIECCHI,
MpOoTeKalolMe Ha MHMKPO- U CyO-
MUKpPOYpOBHE. B mipotiecce pe3anmst
KOHTaKTHBIE OOBEMBI  PEXYIIETO
WHCTPYMEHTa  M3MEHSIIOT  CBOE
SHEPTETUYECKOE COCTOSTHHE, B HUX

WUIET MpPOLECC HAKOIJIEHUS B3HEp-
run gedopmanum [1], peammsye-
MbIi1 yepe3 UBMEHEHUE TUCTOKALIU -
OHHOM CTPYKTYpbl U MUKPOCTPYK-
Typbl, KOTOpPOE, B CBOIO OYEpPEelb,
ornpenessieT UHTEHCMBHOCTh M3Ha-
LLIMBaHUSl UHCTpYMeHTa [2].
M3BecTHO, UTO BHEIIHSSI cpelna
OKa3blBaeT 3HAUMUTEJIbHOE BIUSIHUE
Ha M3HOCOCTOMKOCTb MHCTPYMEHTA.
B Hacrosinee BpeMsi CyIIECTBEH-
Hbl€ yCHexu JOCTUTHYTHI B paspa-
00TKe BOIPOCOB (hPU3UKO-XUMUYE-
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HsiembIx ipu pedaHuu COTC u no-
BBICUTH TOYHOCTH IPOTHO3UPOBA-
HUSI UHTEHCUBHOCTU U3HALLIMBAHUS
PEXYIIETO MHCTPYMEHTA.

Ilenpro maHHOI PabOTHI SIBJISIET-
csl pa3paboTka MaTeMaTU4ecKOoM
MO TPUOOOKHUCIUTETEHOTO HM3-
HAlIMBAaHUS PEXYIIEr0o WHCTPY-
MeHTa. MHOroumucJieHHbIe pabOoThI
MOKa3aJI, YTO KOHTAKTHBIC CJIOU
pEeXYIIeTo MHCTPYMEHTA 13 JII000TO
WHCTPYMEHTAIHLHOTO maTepuasa
(ObIcTpOpexXyllast CTalb, TBEPIbIA
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CIUIaB, MUHEpaJIOKepaMurKa) B IIPO-
lecce pes3aHusT aKTMBHO B3aWMO-
JIIEHACTBYIOT C KUCJIOPOJIOM BHEIIHEH
cpenbl. CBoiCTBA MaTepuasa BIMSI-
0T Ha TJOYyOMHY IPOHUKHOBEHMS
kuciopoga (y  OBICTpopexylleit
CTaJIM OHa MaKCWMMaJibHa, Y MHUHe-
pajloKepaMUKu — MUHHUMAJIbHA),
MpUYEeM B 3aBUCHMOCTH OT IIpUMeE-
HSIEMBIX PEXUMOB OKUCIIUTEIbHBIE
MPOLIECCHI B KOHTAKTHBIX CIIOSTX MH-
CTPyMEHTa MOTYT OKa3bIBaThb Kak
MTOJIOXKUTENIbHOEe, TaK W OTPHUIIA-
TeJIbHOE BIUSTHUE.

O wm3ydeHUs] BIUSHUS BO3-
OYITHOM cpeabl Ha WM3HAIIWBaHHE
PEXYIIETO MHCTPYMEHTA TPOBOIN-
JIU pe3aHUE B CIELMATIbHON BaKy-
YMHOM KaMmepe ¢ OCTaTOYHBIM JaB-
nenueM 13,3 I1a. B kauectBe COTC
MIPUMEHSITN WHIYCTPUAIbHOE Mac-
gm0 U-12A u 5 %-Hylo BOIHYIO
SMyIbCUI0 YKpuHOJ-1. PeHTreHo-
CTPYKTYpHBIE MCCIICIOBAHMUS TIPOBO-
Iy Ha pudpakrometpe "poH-4" ¢
ucnons3oBanneM  FeKo-m3myue-
HUSA, 5JIEKTPOHHO-MUKPOCKOITYE-
ckre — Ha Mukpockonax Tesla BS
300 u YOMB-600, MUKpO30HAO-
BbIli aHAJIM3 — HA MUKpOAHaJIM3a-
tope Camebax. IIpenBapureiabHbie
WCCIIEIOBAHNS TTOKa3ali, YTO BeCh
WHTEPBAJl MPUMEHSIEMBIX CKOPOCTEI
pesaHus Mo BUAAM OTKa3a WHCTPY-
MEHTa MOXHO pa3me/iTh Ha IBa
nvanaszoHa. IlepBblil nuama3oH —
v <40 m/MuH (s = 0,3 MM/00) 1
v<60 M/mMuH (s=0,1 MM/00),
B KOTOPOM  perjlaMeHTUPYIOLMMU
SIBJISIIOTCSI TIPOLIECCHI HOPMAJIbHOTO
M3HAIIMBaHUS 3adHEel IOBEPXHO-
CTM MHCTpyMeHTa. Bropoii auamna-
30H — v > 40 M/MuH (s = 0,3 MM/00)
n v > 60 m/MuH (s = 0,1 MM/00).
B 3TOM cityyae oTka3 MHCTpYMEHTa
BbI3BaH IOTepeil (hopmMoyCcTOHUM-
BOCTU M IUJIACTUYECKUM paspyliie-
HUEM peXyIIero KIWHa WHCTPY-
MEHTa.

CTOMKOCTHBIE MCIIBITAHUST TO-
KaszaJM CJI0XKHOE BIUSHUE Cpeabl Ha
paboTOCIIOCOOHOCTh MHCTPYMEHTA
U3 ObICTpOpexyllei cranu (puc. 1).
B mepBoM nuamazoHe CKOpOCTei
pe3aHusd B BaKyyMHOW KaMmepe
CTOMKOCTh MHCTPYMEHTA ITOBBIIIA-
eTcs B 1,5 paza mo cpaBHEHMUIO C 00-
paboTKOIl Ha BO3Myxe; BO BTOPOM
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Puc. 1. 3asucummoctn croiikoctn T
HHCTPYMEHTA OT CKOPOCTH v Pe3aHus Mpu

oopadoTke Bcyxyio (1), B Bakyyme (2),
B macie U-12A (3), B Ykpunoa-1 (4):
P6M5 — cranp 45; §=0,3 MMm/00;
t=1mMm

JIAAra3oHe CKOpOCTell, HaobopoT,
yMeHblaeTesd B 1,5+2 paza. IIpume-
Henue pasnmuyHbeix COTC mosBomsier
3HAUUTEJILHO TIOBBICUTh CTOMKOCTh
ObICTpOpeXyILero nHerpymenTa. On-
HakKo cpaBHUTENBHAsS 3(PQPEKTUB-
HocTh pasznuuHbix COTC mpu pesa-
HUU C pa3HBIMU CKOPOCTSIMU pasiny-
Ha. B mepBoM IMamnasoHe ckopocTeit
pesaHuss MNpMMEHEHMEe B KayeCTBe
COTC macna U-12A 6onee addek-
TUBHO, YeM BOJHOI 3MYJbCUU YK-
puHon-1. Bo Bropom nuamnasoHe mpu
npuMeHeHnu BogHbIx COTC croii-
KOCTb MHCTPYMEHTA ITOBBIIIACTCS B
1,5—2 paza mo CpaBHEHMIO C WHC-
nonb3oBaHueM macisiHbeix COTC.

M3ydyenne teMmepaTypHBIX ITO-
JIeil B pexXylleM KJIMHE UHCTPYMEH-
Ta IMOKAa3ajJo, YTO YPOBEHb TEMIIE-
patyp, BO3HUKAIOIIUX B KOHTAKT-
HBIX O00BEMaxX WHCTPYMEHTa TIpU
pe3aHuM B Cpelie MACSTHBIX U BOJI-
Heix COTC, mpakThyeckKn OgdHa-
KoB [3]. IToaToMy TemmepaTypHBbIii
¢akTop He SIBJSIETCS B 3TOM CJlydae
pelIalIIuM IIpU CpaBHEHUU 3¢-
dextuBHoct COTC.

MexaHu3M BIUSHUSI BHEIIHEH
cpeibl Ha UBHOCOCTOMKOCTh M3yYa-
JIA TIPY MCCIENOBAHUM €€ BIUSHUS
Ha CTPYKTYPHBIE INpEBpalleHUs B
KOHTaKTHBIX CJIOSX WHCTPYMEHTA
Py pe3aHMM, TaK KaK M3BECTHO
[2, 6, 7], yTO M3HOC clemyeT pac-
CMaTpUBaTh KaK KOHEUYHBII pe3yib-
Tar, KOTOPOMY  IIPEMIIECTBYIOT

CTPYKTYPHbIC U3MEHEHUS B TTOBEPX-
HOCTHBIX U TTOATOBEPXHOCTHBIX CJIO-
SIX PEeXylleld YacTM HMHCTPYMEHTA.
CorracHO TPeXypOBHEBOM CTPYKTY-
pe TpubocucteMbl [8] wu3ydanu
CTPYKTYpHBIE M3MEHEHWSI HA MUKPO-
U cyOMUKpOypoBHsIX. C IIOMOLLBIO
PEHTIeHOCTPYKTYPHOTO aHau3a yc-
TaHOBJICHO HAJIMYME OKMCJIOB Xee3a
Ha KOHTaKTHBIX ITOBEPXHOCTSIX MHCT-
pYMEHTa TIoCjIe pe3aHusT Ha BO3IyXe,
YTO CBUAETEILCTBYET 00 WHTEHCH-
(uKamM OKMCIIEHUS] KOHTAaKTHBIX
MOBEPXHOCTE.

JlaHHBIE MUKPO30HIOBOIO aHa-
JIN3a CBUJETEbCTBYIOT O TOM, UTO B
Tpoliecce pe3aHus KUCIOPOI TPOo-
HUKaeT B TJIyOb pexXyllero KivHa
nHcTpyMmeHTa. [locime pesaHus B
KOHTAKTHBIX OOJIaCTSIX  PEXYILEero
KkiuHa Ha riryouHe 30+ 50 MKM oT pa-
0ourx TMOBEPXHOCTE HabIOIaeTCS
MOBBILLIEHHOE COMEPXKaHUE KUCIOPO-
ma. B ummdax-sramoHax, M3roroB-
JIEHHBIX 10 pe3aHusl, TMOBBIILIEHHOM
KOHIIEHTpallMM KUCIOpOoJa He Ha-
omonanock. M3aMeHeHUsT KOHILEH-
TpallMM a30oTa B PEXYylleM KIUHE
WHCTpYMEHTa He oOHapyxkeHo. Pe-
3yJbTaThl MUKPO30HAOBOTO aHAJIMU-
3a CBUIETEJbCTBYIOT 00 O0BEMHOM
HACBILIEHUN KOHTaKTHBIX 00OBbEMOB
pPeXyIlero MHCTpyMeHTa KUCJIOpO-
JIOM B Ipoliecce pe3aHusl B KUCJIO-
ponmocojaepxalieir cpene. A30T U3
BO3MYIIIHOW cpenbl He OKa3bIBaeT
3aMETHOTO BJIMSIHUSI Ha CTPYKTYp-
Hble W3MEHEHUSI B MHCTPYMEHTE
npu pe3aHuu. bonee paHHHe uc-
ciaegoBaHug [6, 7] sBomoLUU
CTPYKTYPbl M CBOMCTB KOHTaKTHBIX
MOBEPXHOCTE! MpU TPEHUU MeTall-
JIOB TOATBEPKAAIOT MPEeBAIUPYIO-
1IyI0 poJb KUCIopoaa B oOpa3oBa-
HUU BTOPUYHBIX CTPYKTYD.

M3yyeHue AMHAMUKU pPa3BUTUSI
JOVCIOKAMOHHOM CTPYKTYpHl 32
MepUoJ CTOMKOCTHY MPU PE3aHUM Ha
CKOPOCTSX, COOTBETCTBYIOIIUX TTep-
BOMY [Maria3oHy, I0Ka3ajao, 4TO
00paboTKa B BAKYYMHOM KaMepe U B
cpene pazauuHbix COTC He MeHseT
XapakTepa SBOJIIOLUU CYyOCTPYKTY-
Pl KOHTAKTHBIX CJI0€B MHCTPYMEH-
ta. Kak 1 mpu pe3aHnu Ha BO3IyXe,
TIPOMCXOIUT €€ TpaHChOopMaLUs 10
o0pa3oBaHus (pparMeHTUPOBAHHOMN
CTPYKTYPBl C  BBICOKOYIJIOBBIMU

ISSN 0042-4633. BECTHUK MAIINMHOCTPOEHMS. 2009. Ne 3



IrpaHUIIAaMU MEX3epEeHHOTO THIIa,
KOTOpasi IPUCYTCTBYEeT B KOHTAKT-
HBIX CJIOSIX MHCTPYMEHTA B TEUCHUE
BCETo Teproaa HOpMaJIbHOTO U3HA-
mmBaHus. Kak usBectHo [2], obpa-
30BaHME TAaKOW CTPYKTYPHI TTOBBIIIIA-
€T CIBWUIOBYIO YCTONYMBOCTbH JIO-
KaJIbHBIX CII0EB MHCTPYMEHTAJIBLHOTO
Marepyuansa, M ee OoOpa3oBaHME Ha-
omomaeTcsl B TIepHOa MUHUMAIBHOM
WHTEHCUBHOCTU W3HAIIIMBAHMUSI.

OpnHako MccieqoBaHMsT MoKa3a-
ym, yto pazmmyabie COTC no-pa3-
HOMY BJIMSIIOT Ha 0OOpasylollylocs
(bparMeHTUPOBAaHHYIO  CTPYKTYpPY
KOHTaKTHBIX CJIOEB HMHCTPYMEHTa
npu pe3aHuu: B cpeae maciaa M-12A
MeX3epeHHbIE TPaHUILIbI (ParMeHTOB
MMEIOT YeTKUil KOHTYp (puc. 2, a),
npu obpabotke ¢ BomHbiIMU COTC
(bparMeHTUpOBaHHAs CTPYKTypa Te-
pSIET YETKOCTh TpaHUIl — OHU CTa-
HOBSITCA pPa3MBITHIMU (puUC. 2, 0).
AHa13 MUKPOS3JIEKTPOHHBIX (DOTO-
rpa¢uii roxkasaja B pailoHe rpaHMUII
¢parMeHTOB, 00pa3yOIIUXCSI IIPpU
pe3anuu B cpene BomHbix COTC,
OOJIBIIYI0 KOHIIEHTPALIMI0 MUKPO-
TpeuuH (puc. 2, 8).

IIpy BBICOKMX CKOpPOCTSIX pe3a-
HMSI BO BCeX IPUMEHSIEMBIX Cpemax
00pazoBaHusl BLICOKOYIJIOBOI ¢hpar-
MEHTHUPOBAHHOM CTPYKTYpHI He Ha-
ostofaeTcsl. DTO CBSI3AHO C BO3AEH-
CTBHEM TeMIIepaTypHOro ¢akropa,
akTuBUpylowmero  aud@y3noHHbIIN
MEXaHU3M JBWXKEHMS TUCTOKALIMA.

B pabote usyyanacb pu3nKo-xu-
MUYECKas IPUPOAA W3HAILUUBAHUSA
yIpouHeHHOro wuHcTtpyMeHTta. Co-
[JacHo padote [9] ympoYHEHHbIH
WHCTPYMEHT TIpEeACTaBIsIeT COo0OM
M3HOCOCTOMKMIA KOMITJIEKC, Ha pabo-
TOCITIOCOOHOCTb KOTOPOIO OKa3bIBa-
0T BIIMsIHME MHOTHE (pakTophl. [1po-
BeJEHHBIMU UccenoBaHusIMU [2, 10]
YCTaHOBJIEHO pellalollee BIUsSIHUE
KOHTAKTHBIX CJIOEB OBICTPOPEXKYIIEH
OCHOBBI Ha PabOTOCIOCOOHOCTH YII-
POYHEHHOTO PEXYIIET0 MHCTPYMEH-
Ta U 3(P(HEKTUBHOCTb METOOB Tpe/-
BapUTEILHOTO YIIPOYHEHMSI.

PesynbTaThl peHTTeHOCTPYKTYP-
HOTO M 3JEKTPOHHO-MMKPOCKOIH-
YECKOTO aHAJIM30B CBUICTENIBCTBY-
IOT O TOM, YTO SHEPreTUIECKOe BO3-
JNEHUCTBUE TIpU YIPOUYHEHMH WU
HAHECEHWM TIOKPBITUI TPUBOIUT K

Puc. 2. Bmusnaue saga COTC Ha IUCIOKAIMOHHYIO CTPYKTYPY MOBEPXHOCTHOIO
CJIOS MHCTPYMEHTA:

a) U-12A (x 36+ 10%); 6) YrpuHon-1 (X 36+ 103); 6) Ykpuron-1 (x 150+ 103)

GopMUPOBaHNIO B TIPUKOHTAKTHBIX
CJIOSIX MHCTPYMEHTAJIbHON OCHOBBI
JIUCIOKALIMOHHBIX CTPYKTYp Oosee
BBICOKOTO THUIIA, YE€M XaOTUYECKU
pacripenejieHHble JHUCI0KAlIMOHHbIE
CKOIUIeHUsI, HaOJomaeMble I10cie
3aTOYKM Tiepes; yrpouHeHueM. [Ipu
pe3aHuM Ha HU3KUX U CPETHUX CKO-
POCTSIX B KOHTAKTHBIX CJIOSIX MHCT-
PYMEHTATLHOM MaTPHIIEI B TIEPUOJ
MpUpadOTKU TPOUCXOAUT 00pa3o-
BaHUe (pparMeHTUPOBAHHOMN CTPYK-
TYPHI C BEICOKOYTJIOBBIMU TPpaHUIIA-
MU MEX3epEeHHOro TUIa, KOTopasl,
Kak M TIpd pPe3aHUM STATOHHBIM
OBICTPOPEXYILIUM UHCTPYMEHTOM,
HabJogaeTcsl B TeYEHUE BCero Ie-
puola HOPMaJbHOIO M3HAIIMBA-
Husg. C MOMOILIBIO 3JEKTPOHHO-
MMKPOCKOITMYECKOTro aHajliu3a yc-
TaHOBJICHO HAJIMYME IOJIOC CKOJb-
>KE€HUSI B (ha30BbIX COCTAaBJISIOLIUX
MHCTPYMEHTAJIbHOM MaTPUIIbI.

C noBblLIEHUEM CKOPOCTU pe3a-
HUS B MHCTPYMEHTAJIbHONH OCHOBE
Ha0JII0AaeTCs JIUIb YACTUYHOE 00-
pasoBaHMe BBICOKOYIJIOBOM par-
MEHTUPOBAaHHON CTpyKTyphl. Ha
BBICOKHX CKOPOCTSIX Pe3aHusl HaH-
Hasl CTPyKTypa He oOpasyeTcs M,
Kak B cIyJyae pe3aHust HeYIIpOYHeH-
HBIM MHCTPYMEHTOM, Ha 3aBUCHMO-
ctu "dacka M3HOCA—BpeMs pe3a-
HUS" OTCYTCTBYET Y4YacTOK HOP-
MaJIbHOTO M3HAIMBaHus. B sTom
cyJyae HaOIomaeTcs miacTuyeckast
rmocagka pexyIliero KiuHa YIpod-
HEHHOTO MHCTPYMEHTA.
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MuUKpO30HAOBbBIN aHATU3 IILIU-
(oB ceueHMit B INIaBHOU cekyllleit
TIOCKOCTH M3HOLIEHHBIX PEXYILINUX
TUIaCTUMH, TIPOLLEAIIMX TpeaBapu-
TeJbHOE YIPOYHEHME, MOoKa3all, 4To
B Mpoliecce pe3aHMs] KOHTaKTHbIE
CJIOU MaTpHLIbl YIIPOUHEHHOT'O MHCT-
DYMEHTA HACBIIAIOTCSI KUCIOPOIOM.
IToBepxHOCTHBI YIIPOYHEHHBII
CJIOU MW M3HOCOCTOMKOE MOKPBITHE
3aMeJIsIeT, HO He MpeaoTBpallaeT
Mpolecchl TPUOOOKUCIEHUSI UHCT-
PYMEHTaJIbHOWM MaTpUIIbl IPU pe3a-
Huu. ITpoBedeHHBIE uCCIEAOBAHUS
MOKa3aJI1 TECHYIO MPSIMYIO CBSI3b Me-
Koy B5GQGEKTUBHOCTHIO Pa3IMYHbBIX
METOJIOB TIPENBAPUTEIBHOTO YIPOU-
HEHUS U CITOCOOHOCTBIO MOTy4aeMbIX
5TUMU METONAMHU 3allUTHBIX CJIOEB
CHIXaTb ~ WHTEHCUBHOCTb  TpUOO-
OKUCJIEHUSI B KOHTaKTHBIX CJIOSIX WH-
CTpyMEHTA MPY PE3aHUM Ha pexxrnmax
HOPMaJIbHOTO U3HALIVMBAHUS.

CpaBHMTENbHBIE  CTOMKOCTHBIC
WCIIBITAHUS B BAKYYyMHOW KaMepe U B
cpene pasnuuHbix COTC nokaszanu,
YTO BJIMSIHUE BHEILIHEW Cpelbl Ha pa-
60TOCIOCOOHOCTD YIIPOYHEHHOTO MH-
CTPyMEHTAa aHAJOTMYHO €€ BIUSHUIO
MPY MCIOJIb30BAHWUU 3TAIOHHOTO Obl-
CTPOPEXYILIEr0 HHCTpyMeHTa. [lpu
pE3aHMM Ha CKOPOCTSX MEepPBOro nua-
mazoHa Oojiee 3(PPEeKTUBHBI CPEIbI,
OrpaHUYMBAIOIINE MOCTYIJIEHUE KU-
cjopona BO3ayXa B 30HY PE3aHMS.
IIpu BBICOKMX CKOPOCTSIX HauOOJb-
11as1 CTOMKOCTb JOCTUTAETCSl B CPENeE,
00oralleHHO! KUCIOpoaoM. AHalIu3
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CPaBHUTEJIbHBIX CTOMKOCTHBIX MCITbI-
TaHUN C TIPUMEHEHWEeM Pa3TUYHbIX
COTC cBUAETEILCTBYET O YPE3BbI-
YaifHO TIEPCIIEKTUBHOM MPUMEHEHUU
VIIPOYHEHHOTO WHCTPyMEHTa U 3¢-
dexruBHbIX COTC. Takoe UcCIoabn30-
BaHWE TIO3BOJISIET YBEJIMYUTH M3HO-
COCTOMKOCTh B 6—8 pa3 o cpaBHe-
HUIO C UCIIOJIb30BAaHMEM STaJIOHHOTO
MHCTPYMEHTa U3 OBICTpOpPEXyILeit
cTanu 0e3 YyIIPOUYHEHMS IIPY pe3aHum
6e3 COTC. OnmHako mpy UCIIOJIb30-
BaHMM YIIPOYHEHHOTO WHCTPYMEHTA
3¢ ¢GEKTUBHOCTh  IIPOMBILIIEHHBIX
COTC pe3ko nanaer.

ITpencraBieHHbIE SKCIIEPUMEH-
TaJibHbl€ TaHHbIE CBUIETEJbCTBYIOT
0 TOM, YTO B TIpOLIECCE pPe3aHuUs
TIPOUCXOOUT 3BOJIIOLUSA CTPYKTYDBI
KOHTAKTHBIX CJIOEB MHCTPYMEHTa
Ha MUKpPO- U CYOMUKPOYPOBHE, KO-
TOpbIE  OKa3blBalOT  peulalollee
BJIUSTHUE HA U3HAIIIMBAHUE U pa3py-
meHue. Boicokme TeMmmepaTypbl U
OoJibllIMe JIOKAJbHbIE HArpy3Ku,
JIEUCTBYIOILIME B 30HE KOHTAKTa,
00yCJIOBIMBAIOT MEPEXO] B 0coboe
aKTUBHOE COCTOSIHME pabo4ux Mo-
BEpPXHOCTel MHCTpyMeHTa. B 3Tux
YCJIOBUSIX MPOUCXOAUT UX aKTUBHOE
B3aMMOJEHCTBME C BHELIHENH cpe-
Joii. BaxxHbIM KOMITOHEHTOM cpe-
Jbl SIBJISIETCSI KMCJIOPOJ, UMEHHO B
pe3ysibTaTe B3aMMOACUCTBUSI C HUM
U MMPOUCXOAUT OKUCTIEHNE KOHTAKT-
HBIX IMOBEPXHOCTEH MHCTPYMEHTA.

OmHOBPEMEHHO C OKUCJIEHUEM B
npoliecce pe3aHus] Ha CKOPOCTHX,
COOTBETCTBYIOLIUX MIEPBOMY JMara-
30HY, MPOUCXOIUT TpaHchopMaLus
JTHUCJIOKAIIMOHHON CTPYKTYpbl J0
obpa3oBaHug (PparMeHTOB. AKTHB-
HO€ B3aUMOJENCTBUE C KUCIOPO-
JOM TIpU pPE3aHUU CIOCOOCTBYET
OKUCJICHUIO MEXX3epEeHHbIX TPAHMUII,
UX OXPYIUMBAHUIO M BBIPBIBY JIO-
KaJbHBIX 00bEMOB MHCTPYMEHTAIb-
Horo Marepuaina. B sTux ycinoBusix
OorpaHUYeHre MOCTYIIJICHUST KUCIIO-
pona B 30HY pe3aHUsl CIIOCOOCTBYET
TTOBBILIEHUIO HU3HOCOCTOMKOCTH
uHcTpyMeHTa. IloaToMy mpumeHe-
Hue B KadyectBe COTC uHaoycTpu-
aJbHOro Macjia, OJOKHUPYIOIIEro
MHOCTyIUIEHWEe Kucjaopoda, Oojee
3 dEKTUBHO, YeM HCII0JIb30BaHUE
KHUCI0opogocoaepxKaleii  BOAHOU
COTC VYkpunon-1.
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Ilpy pe3aHuM Ha CKOPOCTSIX,
COOTBETCTBYIOILIIMX BTOPOMY IMaria-
30HY, TPOLIECCHI, MTPOTEKAIOIINE B
KOHTaKTHBIX CJIOSIX MHCTPYMEHTA,
OTpEeIeNSIOTCS B MEPBYIO OYepenb
TeMIepaTypHbIM (DaKTOPOM M, Clie-
JIOBATEeJIbHO, BBICOKOM TOIBUKHO-
CTBIO TUCTOKAIMI. DTO TPETISITCTBY-
€T 00pa30BaHMIO PAa3BUTOM THUCIOKA-
LIMOHHOM CTPYKTYphl. PermameHTH-
PYIOIIIMM B OTOM CITyJae SIBIISICTCSI
IJIACTUIECKOE Pa3pylleHrue WHCTPY-
MeHTa, OOYyCIOBJIEHHOE TMoTepei
(GOpPMOYCTOMYMBOCTU PEXyIIero
kiauHa. CornacHo paodore [11], mo-
cleaHee TIPOMCXOMUT B pe3yibraTe
Pa3BUTHS MPOLIECCOB AMHAMMUYECKOMN
PEKpPUCTAJUIM3aLUU U MUKPOIIOJI3Y-
yecTu. AHaJIU3 Pe3yJbTaTOB MpoBe-
JEHHBIX UCCJIEAOBAHUIA MOKa3all, 4YTo
HAIMYKUE  KUCJIOPOIOCOAEPXKAIIETO
CJI0S1 B pEXYILIEM KJIMHE UHCTPYMEH-
Ta 3aMeJIsieT IPOLIECChl, MPUBOIS-
1Me K rnorepe (opMoOyCTOMYMBOCTH.
ITosTOMy npuUMeHeHHe KHUCIOpOIO-
comepxammnx COTC, wunTeHCH(pU-
LUpYysl TPOLECCHl TPUOOOKUCIEHUS
KOHTaKTHBIX CJIOEB MHCTPYMEHTA,
MPUBOIUT K TMOBBILLIEHUIO €r0 U3HO-
COCTOMKOCTM Ha JAHHBIX PeXUMaXx.

71 MpOorHo3upoBaHUs U pacye-
Ta U3HOCAa HEOOXOAMMO YUUTHIBATH
HETMOCTOSIHCTBO TPUOOOKUCIUTEb-
HBIX MPOLIECCOB, MPOUCXOISIINX B
KOHTaKTHBIX CJIOSIX MHCTPYMEHTA, a
MMEHHO HEIOCTOSIHCTBO KO3(du-
uueHToB aud@ysun. BnepsBrie ya-
CTHBIEC pelleHHUs IT0JOOHOI 3amadyu
ot ganel T. H. Jlonanze [12], on-
HAKO B €ro MHTepIIpeTaliid OCHOB-
HOe BHUMaHHUe yaensioch audady-
311 aTOMOB YIJIepoa ¢ 00pa30BaHU-
€M KapOUIHBIX COeAMHEHUN XKene3a.
OH NOpemIoXWI KJIaCCUYECKYI0 MO-
nenb Aup@y3uu, HUCIOJb3YIOLIYIO
ypaBHeHMsT nu¢y3un, COCTAaBIEH-
HbIe Ha OCHOBe 3aKOHOB Duka:

q = —Doc/ox

oc/ot = Do2c Jox?, M

Ie ¢ — CKOpOCTb IUPEPY3MOHHOIO
noroka; D — koapuuueHT aud-
(dy3um; ¢ — KOHIIEHTpalLMUs Bellle-
CTBa; ¢ — BpeMs pPe3aHMsL.

Eciau pmomycTuTh, YTO IOCTYII-
JICHME BeLLeCTBa Ha TPaHMILY pas3ae-
na ¢a3 (x = 0) HeM3MeHHO BO Bpe-

MeHu (a B cilIyyae C KHUCJIOpPOIAOM
BO3IyXa MMEHHO 3TO OOCTOSITEJILCT-
BO U MIMEET MECTO), TO 'PaHUYHBIMU
yenosuamu - oynyt: (0, ©) = cy;
c(x, 0) = 0.

C y4eToM 3TUX YCJIOBHUIi1, ypaB-
HEHUe, OMpenesionee KOHIICH-
TpalLMUIO ¢ B TOUKE X B MOMEHT Bpe-
MEHHU  OyleT UMeTh BMII;

c(x, 1) =

= ool o

B ycioBusix coBpeMeHHOro pas-
BUTHUSI CPEICTB BBIYUCIUTEIbHOMN
TEXHUKHU aKTyaJIbHO Y YMECTHO pac-
CMOTpPETh IOCTaBJIEHHYIO 3a7ady B
paMKax MHOro¢akTOpPHOI, T. €. C
y4eTOM 3aBUCUMOCTH KO3(hduLm-
eHTa n1uddy3un ot psga GpakTopos.
B nepByio ouepenbr — 3TO 3aBUCU-
MOCTb OT TemIepaTypsl. B mipen-
crapineHnn Jlonamse maeTcsl SMIN-
pudeckasi ¢opmysia TaKOW 3aBUCHU-
MOCTHU B BUIIE:

D(T) = Dyexp(—Q/RT).

B oroii dopmyne yuTeH Takxke
BaXHBIM TrapaMmeTp O — DBHeEprus
akTuBaluu Au¢Gy3UOHHOTO TIPO-
mecca. C Hell CBI3BIBACTCS TTOHSITHE
pa3pBIXJICHUST  KPUCTAJUTMUECKOM
pEelIeTKH, KOTOpOe 3aKJII0YaeTcsl B
oCTabJIeHNM MEKAaTOMHBIX CBsSI3eit
U, KaK CJIeICTBUE, YBEJIUYEHUU BO3-
MOXHOCTH OTPbIBa MU MUTPALIMU aTO-
MOB OT CBOMIX MOJIOKEHUI paBHOBE-
cus. CiaenyeT OTMETUTD, YTO T dy-
3MOHHBIE TIpolecChl (B YaCTHOCTU
aTOMOB KHMCJIOpOJa) B MOBEPXHOCT-
HOM CJIO€ PEXYIIEro MHCTpyMEHTa
paHee JMOO paccMaTpUBAIMCh B
MPEATIONIOXKEHUU TOCTOSTHCTBA KO-
s puumeHta auddysun 6e3 ydera
TEMIIePaTypHOro I0Js, BOZHMKAIO-
1Iero B MaTepuaie, 1160 Mpou3Bo-
IWJICS pacyeT TeMIepaTypHOTIo I10-
Jist 63 MIPYMEHEHMUSI ero K IPOLECCy
muddysuu. Ilpu umemmxcs co-
BPEMEHHBIX CpPEICTBaX BBbIUMCIIC-
HUif (K KOTOpPbIM, B YaCTHOCTH,
cjenyeT OTHECTUM WCKYCCTBEHHBIE
HEPOHHBIE CETH) TPENOCTaBIISICT-
Ccd BO3MOXHOCTb PacCMOTPEHUS
9TOH 3a1a4M KOMILIEKCHO C YUYETOM
HEOOXOIMMOTO KOJTMYECTBA BIIUSIO-
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mux  ¢GakTopoB  (TeMIIepaTyphl,
KOHIIEHTpALMU U JaBJICHUS B 30HE
pe3aHusi, CKOpPOCTU OOpa30oBaHUS
OKCUJHBIX TIJICHOK U T. II.).

B nacroseii padore npeara-
€TCSI pacCMOTpeHHEe MaTeMaTHhue-
cKoit Monxenu 1uddy3um Kuciopo-
Ja, KOTopash YYWTHIBaeT HEITOCTO-
SIHCTBO Ko3(pduumeHTa nuddysnn.
OO1iee ypaBHEHME, OITMChIBAIOLLIEE
In(pdy3MOHHBII TPOLIECC, B 3TOM
ciyyae OyleT UMeTb BUI:

%=%(D%ﬁ). )

IIpomudpepeHIpyeM IpPaByIO
yacTh 0011ero ypaBHeHUsI audady-
3un (2):

o (px)

ox\ 0x

N3 dusnyecknx coobpakeHUit
pa3yMHO TIPEAIoIOXUTb, YTO C YBe-
JIMYEHUEM KOHLIEHTpauuu IudbyH-
JIVPYIOLLIETo BellecTBA 3HAYEHHUE KO-
s¢pdunmenta auddy3un yMeHblla-
€TCs BBUIY XMUMMYECKUX IPOLIECCOB
OKUCJIEHUS 1 (pH3UYECKOro 3arojHe-
HMS MEXY3JIOBBIX ITOJIOCTEI KpUCTAT-
Jimgeckoi perietk. C y4yeToM 3Toro
3HAUEHUE CKOPOCTH M3MEHEHUS KO-
a¢duimeHTa 1uphy3un Ha paccTosI-

HUM X OT IIOBEPXHOCTU DPEXYIIETO
MHCTPYMEHTA COCTaBUT

2
_ oD oc +Da_c'

 ox ox ox2

DO = pe@™ O
ox

rae k — mokasartesb CTeeHHU, pac-
CYMTAHHBIN TIO 3KCIEPUMEHTAIb-
HBIM ITAHHBIM, Ceiidac ero TOYHOe
3HAYEHUE YCTAHABJIMBAETCSl HA OC-
HOBe paboThl [16]; p(c) — BecoBoit
KO3 DULIMEHT, YPaBHUBAIOIINA
pa3MEpHOCTH JIEBOI U MpaBoii yac-
Teil paBeHCTBA (3) U 3aBUCSILUNA OT
KOHILIEHTpaLUK.

Ilon KoHLIEHTpaLMe Oyaem mo-
HUMaTh Oe3pa3MEpHYIO BEJIMUYMHY
MPOHUKIIIETO BELIECTBA, TPUBENCH-
HYIO B €IMHUIIC IJIMHBL. B maHHOM
caydae 3To OyIeT KOJIUYEeCTBO aTo-
MOB MPOHUKIIIETO B MaTepuan Ku-
cJ0poja, a BecoBoil KO3 GUINEHT
10 Pa3MEPHOCTU OKAXKETCSI paBHBIM
ckopoctu [p(c) = [M]/[c]. Tlocne
MHTEerpupoBaHus ypaBHeHus (3)
nonyyum: D(c) = | p(c)c(x)_kdx.

B yactHOM ciydae, Korga CKo-
pocth aupdy3un COBIATAET CO
CKOPOCTBIO IToTOKa UMD PyHAPYIO-
mero BeuiectBa (p(c) = q), mocie
MOACTAaHOBKMU B ypaBHeHUE (3) BbI-
paxkeHwus miepBoro 3akoHa duka us
cuctemsbl (1) oaydyum:

aD(e) _

_ —kOc
= = DO @)

YpaBHeHue (4) MOXHO TIPOUH-
TEerpupoOBaTh SIBHO, Pa3leUB Iepe-
MEHHBIE, TOrJa aHaJUTUYecKas 3a-
BUCUMOCTb KoahdUIMeHTa aud-
¢y3uu npuMeT BU:

cl-k
D(ce) = Doexp(—).
k-1

Jpyroii cyiiecTBeHHOIM 0COOEHHO-
CTBIO TPEIIOKEHHOW MareMaruye-
CKOM MOIENN SIBISIOTCS TPaHWYHEIC
ycioBusl. TpagMIIMOHHO CYWTaeTCs,
YyTO KOHUEHTpauus auddyHIn-
pylollero BellecTBa (KUCI0poaa)
Ha TTOBEPXHOCTH SIBJISIETCS BEJTMUM-
HOI MOCTOSTHHOW, T. €. ¢(0, ) = ¢.

C omHO# CTOPOHBI 3TO BIIOJTHE
OIIpaBIaHHO, TTOCKOJBKY KHMCIIOPOI
Ha TTOBEPXHOCTD TIOCTYITAaeT U3 aTMO-
cdepnl U ero AU Y3MOHHBIN pac-
X0l HecyllecTBeHeH. ['paduyecku
Takasg 3aBUCHMOCThL TIpelCTaBIIcHA
Ha puc. 3, a. C 1pyroi CTOpOHBI, Kak
MTOKA3bIBAIOT  3KCIEepUMEHTaIBHbIC
WCCIIeIOBaHNs, TIPOHUKHOBEHHE KH-
copoga B TIIYOb TTOBEPXHOCTHOTO
CJIOST OCYILIECTBIISIETCS IO IPYTOi CXe-
Me (puc. 3, 6). Takoii cutyanum co-
OTBETCTBYET TIOCTOSTHCTBO TTOTOKA Be-
IIeCTBa Yepe3 MMOBEPXHOCTHEBIN CITOA.
Orciona BeITEKaeT, 4yTo st AudPy-
3UM KUCITOpOAa Yepe3 ITOBEPXHOCT-
HBI CJTOM HEOOXOMMMO HaIW4ue B
HeM nedeKkToB (IbIp, TPELIMH).

Iloce BBHITTOHEHHBIX TTOACTA-
HOBOK MareMaTudeckass MOJelb
npouecca auddy3un I OO0IIero
ciyyasi OynetT UMeThb BUJL:
d2c

b

% = p(Oe L + Dee,

Dic, T) = Doexp(— RQTj [ () dx;

de
dx 0. 1

c(x, 0) =0.

= g = const, ¢(x, 1) = 0;
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Puc. 3 3aBucuMocTM KOHUEHTpPAUMH ¢
BEIECTBA OT IIyOuHbI X ero auddysmm:
a — nipu ¢ = const; 6 — nipu de¢/dx = const

ACUMINTOTUYECKOE aHATUTUYE-
CKOE€ pEelIEHUE MOXHO MOJYUYUTh,
WUCTIOBb3Ysl, HaNpUMEP, METO/bI,
usjaoxeHHble B padote [141. Tlpu
COBPEMEHHBIX METOAAaX pelIeHUs
I depeHIMaTbHbIX YPaBHEHUI C
HCIIOJb30BaHWEM  HEUpOCEeTeBOro
IIPOrpaMMUPOBaHUS KOI(PPUILIMEHT
Iuddy3un MOXHO paccMaTpuBaTh
KakK 3aBUCSIINAI OT OOJIbILIOTO YKC-
Jla BIMSIIONIMX BHEIIHUX (haKTOPOB:
D=flc, T,p, ..).

ITpoBeneHHbIE UCCIenOBAHMSI T1O-
3BOJISIFOT TMOHSITh MEXaHWU3M BIIUSIHUSI
BHEIIHEW Cpeabl Ha W3HAIMBaHUE
WHCTPYMEHTa M3 OBICTpOpPEXYILLei
cramu. Ilpu pesaHuu B pesyiabrare
B3aMOJICUCTBUS C BHEILIHEN CPEOO
B KOHTaKTHBIX CJIOSIX MHCTPyMEHTa
MPOTEKAIOT  TPUOOOKUCIUTENBHBIC
Mpouecchl. MIX BAMSIHUE OINpeaesieT
periaMeHTUpYOIIUI  BUL  OTKasa
uHcTpyMeHTa. IIpu ckopocTsix, Ha
KOTOPBIX MHCTPYMEHT BBIXOIUT M3
CTpOSI B pe3yJbTaTeé HOPMaJIbHOIO
W3HAIIMBaHUS, KMCJIOPOA BO3IyXa,
a7copOUpysICh Ha KOHTAaKTHBIX TO-
BEPXHOCTSIX IO rpaHUILIaM CyO3epeH,
paspyliaeT uX, WHTEHCU(DULUPYS
TEM CaMbIM €ro W3HallMBaHUE.
C MOBBIIIEHHEM CKOPOCTU Pe3aHus,
KOTa JOMUHUPYIOLIMMHU CTAHOBSTCS
MPOLIECCHI JIACTUUECKOTO pas3pyliie-
HUST PEXYILIEro KJMHA, HaIudue Ku-
CJIOPOAOCONEPKAIIETO €105, O0pa-
3YIOLIErocss B MHCTPYMEHTE BCJIEICT-
BME€ MEXaHOXMMUYECKOTO B3aUMO-
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MexaHu3M npouecca 3acanmBaHus WU OBaNbHbIX KPYroB

M3noxeHbl OCHOBHbIE MPUHLUMMBI 0Opa3oBaHWMs 3aca-
NEeHHOro CIos Ha MOBEPXHOCTU LWAMGOBANbHbBIX KPYroB.
PaccMoTpeHbl Teopun 0O6pa3oBaHMS COXHbBIX reTeporeH-
HbIX CMCTEM Ha OCHOBaHWW TEPMOAMHAMMUKM NMOBEPXHOCT-
HbIX SBMEHW Ha rpaHvLe pa3gena a3 U 3nekTpoHaMu
NPOBOAMMOCTM B MeTaslfle Mo KBaHTOBOW cTaTucTmke dep-
Mn—[npaka, no3BonslolLMe COo34aTb MaTeMaTUHecKylo
Mofenb 0Opa3oBaHMs 3acaneHHoro cos.

MpenoXeH HOBbLIN NMOAXOL, K Npobneme 3acanvBaHus C
Y4ETOM aTOMHO-MONEKYNAPHbIX B3aVMOLENCTBUA B MpOMe-
KYTOYHOM CJI0€ MEX[Y KOHTaKTMPYIOLMMMN NOBEPXHOCTAMM
wnmndoBanbHOro Kpyra 1 obpabatsiBaemon aetanu. Mpuse-
JleHbl Pe3ynbTaTbl TEOPETUHECKMX U IKCMEPUMEHTANbHbIX MC-
CNejOBaHMI 3acanmBaHns LUNNQOBaNbHbIX KPYroB Ha MeTar-
nnyeckon casiske. MNpeanoxeHbl MeTOAMKA N TEOPETUHECKIA
pacyeT BeNMYMHbBI 3aCaneHHoro Cflos anMasHoro Kpyra.

The basic principles of glazing layer forming on the grind-
ing wheels surface are presented. Theories of complicate het-
erogeneous systems forming based on the thermodynamics of
surface effects on the interface of phases and conduction
electrons in the metal in accordance with Fermi—Dirac statis-
tics allowing create the mathematical model of the glazing lay-
er forming are considered. A new approach to the glazing
problem subject to atomic-molecular interactions in interme-
diate layer between the contacted surfaces of grinding wheel
and a work piece is proposed. Results of theoretical and ex-
perimental investigations of glazing of grinding wheels on the
metal couplant are presented. The theoretical calculation tech-
nique of glazing layer thickness of diamond wheel is proposed.

IMotepst pexyiieil cmocoOHOCTU NUIM(GOBATBLHBIX
KPYrOB MOXET OBbITh BbI3BaHA PA3IMUYHBIMU MPUUUHAMU
[1], omHa M3 HUX — MHTEHCUBHOE 3acajrBaHue. AJiMa3-

HbIe KPYTU Ha OCHOBE METaLTMYECKUX CBSI30K P LLLJIU -
(osanum 6e3 COZXK 3acanuBaroTcs 32 HECKOJIBKO MUHYT,
MOJTHOCTBIO TEPSIsl CBOIO PaboOTOCIIOCOOHOCTH [2, 3].

OcHoBHag IpUYMHA 3acaJMBaHUsS CBsI3aHA C 3a0M-
BaHWEM MEJIKOAUCIIEPCHBIMU YaCTHIIAMM TIOp MEXIY
abpa3WBHBIMM 3¢pHAMM M CBS3KOW ¢ 0OpasoBaHMEM
CITIPECCOBAHHOTO CJIOSA, 3aKPBIBAIOIIETO BEICTYITAIOIINE
3epHa [4]. 3acajmBaHMe HayMHAaeTCsI ¢ OOpa30BaHUSI
Ha 3epHax HapocToB [5, 6]. [1pu 3ToM coenuHeHNE 00-
pasyeTcd B Tpu 3T1ama [6, 7]:

1) cOommkeHUe COeAUMHSIEMBbIX OOBEKTOB ((pusnue-
CKUI KOHTAKT);

2) aKTWBalMsg KOHTAKTHUPYIOIINX ITOBEPXHOCTEI
(oOpa3zoBaHME aKTUBHBIX LIEHTPOB);

3) o0beMHOE B3aUMOJIEIICTBUE.

B pabGotax [4, 5] oTMevaeTcsl, UTO BBICTYIbI U BIla-
IUHBI CYOMMKPOTIPOMWIIS TTOBEPXHOCTH aOpa3sUBHOTO
3epHa SIBIIAIOTCS IIEPBUYHBIMI OYaraMy 3aCaTMBaHUAS —
aJare3nMy 4acTUII MeTajljla K abpa3uBHBIM 3epHaM. CHa-
yajia MTPOMCXOINT JIOKAJTbHOE CXBaTBIBAaHWE aKTUBUPO-
BaHHOTO (HArpeToro IO BBICOKWX TeMIlepaTyp M ILia-
CTUYECKU Ae(POPMUPOBAHHOIO) METajlyla U BBICTYIIOB
cyoMukponpoduis. 3aTeM OJHOBPEMEHHO C aare3neii
MeTa/lJla K aOpa3suBHBIM 3epHaM TPOUCXOAUT aiare3usi
YacTULl MeTajlJla K MeTaJlly, HaJuMieMy Ha abpa3uB-
Hoe 3epHo. Jlajee BCIeOCTBHE anre3ny MeTaUIOM 3a-
MOJIHSIIOTCSI BIIAAWMHBI CyOMUKPOIPOoGUIIsi abpa3uBHBIX
3epeH, a 3aTeM BCS MX paboyasi TOBEPXHOCTb MOKPbI-
BaeTcsa MeTajuioM. To, 4TO aare3ust SIBJISIETCSI OCHOB-
HOI NpUYMHON 3acajvBaHUsl, OTPaXXeHO B paboTax
[2, 8, 9], ogHaKo aBTOpbI JAHHBIX PA0OT OTMEYAIOT,

[l 2 (Oxonuanue cmamou. Hauano cm. na cmp. 57)

JIEHACTBUSI C BHELIHEW Cpemou npu
pe3aHu, 3aMeISIET MPOLIECCHI, IIPU-
BOASIIME K IIOoTepe (hOpMOYCTONUM-

crtpoenue, 1979.
BOCTH, U CIIOCOOCTBYET ITOBBILIEHUIO

4. TexHOJOTHYECKHE CBOICTBA HO-
BbIXx COXK pj1st 06paboTKu pe3aHuem //
Ilox pen. M. Kiymmnaa. M.: MaimHo-

10. Kpemues JI. C., CunHonajbHu-
kKoB B. A. M3meHeHue CTpPyKTyphl U
CBOWICTB B PEXYILIC YaCTU MHCTPYMEHTOB
13 OBICTPOPEXYIIMX CTAIe B TpoLEecce
HeTipepbIBHOrO ToueHus1 // BecTHuk Ma-

pabOTOCIIOCOOHOCTY MHCTPYMEHTA.
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YTO YMCTO MEXaHWYECKMIH MOIXOJ K 3acCaIMBaHUIO
1TK(POBATBHBIX KPYTOB HE TTO3BOJISIET PACKPBITh CYIII-
HOCTb M€XaHM3Ma IaHHOTO Ipoliecca — OH MPOMCXO-
JIWT Ha rpaHulle pasaeia TBepabix daz [10, 11].

VYumnapn I'mb6c, monpoOHO MCCiemoBaBIINIT CBOii-
CTBa MOBEPXHOCTEH pa3pbiBa MEXIY Pa3IUYHBIMU Teja-
MU, BIEPBbIE MPEIOKUI pacCMaTPUBaTh MTOBEPXHOCTD
KaK CaMOCTOSITEJIbHYIO TTOJACUCTEMY, OTJIMYHYIO OT pas-
JIeIsieMbIX €10 TepMoauHamudeckux ¢as. IToBepxHocT-
HBIN CJIOM, HECMOTPS Ha OYEHb MAJIYIO TOJIILMHY, MPE/I-
CTaBIsIeT Cco0Oil, comlacHO yTBepxXaeHuI0 I1b0ca,
BIOJIHE OMpeesieHHYIo ¢asy, T. €. COCTOSIHUE BellleCcTBa
C ompedeieHHbIMU BHEPryueil, SHTPOMUEed U APYrUMU
TEPMOIVHAMUYECKUMU TOKa3aTeJsiMUA. Takoil moaxon
no3Boyim ['mb0OCy co3maTh TEOpHI0 MaKpPOCKOIMMYECKHX
TMOBEPXHOCTHBIX SIBJIGHUI Ha IpaHulile pazaena a3, 4To
OBUTO YUCTO TEPMOAMHAMUYECKUM ITOAXOJA0OM B TEPMU-
HaxX MOBEPXHOCTHOW CBOOOMHOM 3HEPruH, YIJIOB CMa-
yuBaHus U ancopouuu. [Ipu 3ToM SIBIEHWST MUKPOCKO-
MMUYECKUX TPOLIECCOB, MPOUCXOASAIINX B MOBEPXHOCT-
HOM CJIO€, OCTIMCh HE3aTPOHYTBIMM, MOCKOJBbKY IS
TEPMOIMHAMUKU OHU HECYIIECTBEHHBI.

ITpu onvcaHuM TePpMOAMHAMUYECKUX TTOBEPXHOCT-
HBIX SIBJICHUI Ha TpaHulle ABYX (ha3 32 TOBEPXHOCTHBIN
cjioit (mpomexyTouHasi paza) MpUHAT y4acTOK, TpaHu-
1IbIl KOTOPOTO HaXOAATCS MO 00€ CTOPOHBI OT JUHUU
paszaena ¢a3 Ha HEKOTOPOM pacCTOsIHUU. 3a Tipeaena-
MU 3TOr0 YyyacTKa CBOWCTBA HE OTJIMYAIOTCS OT
CBOICTB 00BeMHBIX (ha3. [TpakTuuecku BCsi TOBEPXHO-
CTHAsl 3HEPTUSI COCPENOTOUYECHA B TIOBEPXHOCTHOM CJIO€
TOJILIMHON B HECKOJIbKO aHrcTpeM [12].

TeopeTnyeck BO3MOXHBI JIBa TOmXona. YWuiapad
I'n60c npemioXuI Bce UBMEHEHUS TEPMOIUMHAMUYECKIX
MapamMeTpoB, TPOWCXOISIINE B TTOBEPXHOCTHOM CJIOE,
paccMaTpvBaTh B CpPaBHEHUM C MapaMeTpaMu OObEMHOM
(basbl OTHOCUTENBHO pa3nE/SIONIEl MOBEPXHOCTH, HE
UMerollell o0beMa WM TOMIIUHBI (METOJ, U30BITOUHBIX
BeurH ['n66ca). IIpu TakoM noaxoe IOBEpXHOCTh Xa-
pakTepu3yeTcsl W30bITOYHBIMU TEPMOAMHAMUYECKUMU
rapameTpamu, HETOCPEACTBEHHO OTPAXKAIOIIMMU MPOsIB-
JIeHWe TIOBEPXHOCTHOU 3Hepruu. OO0beMHbIe (pa3bl cuu-
TAOTCS1 OMHOPOAHBIMU BILUIOTh A0 PA3NENSIOIIEN TTOBEPX-
HocTu. 1o MeTomy u30bITOUHBIX BenuuH ['nobca sHep-
[USl CUCTEMBI paBHAa cyMMe dHepruii Gy u (G 0ObEMHbIX
(ba3 1 moBepxHOCTHOI 3Heprun [ mMd6ca .5, apnstoleics
n30bITOYHOM (puc. 1, I): G= G; + G, + 68, tae o — no-
BEPXHOCTHOE HaTsDKeHMe; S — TUIOIIaab MTOBEPXHOCTH.

ITpu TakoMm moaxoie HeT HEOOXONMMOCTU OMpeae-
JISITh TPaHUILIbI TTOBEPXHOCTHOTO cJosl. JIaHHBIM MeTon
ornepupyeT U30bITOUHBIMU TTaApaMeTpaMM, YTO YIpoIaeT
MaTeMaTU4ecKHe BbIpaXKeHUsI, HECMOTPSI Ha TO, UTO OHU
3aBUCST OT TOJIOXKEHUSI pa3aelisiiolleil TTOBEPXHOCTH.

ITo MeTony €051 KOHEYHOI TOJIIMHBI paccMaTpu-
BAa€TCS ITOBEPXHOCTHBIN CJIOM OIPEAECTCHHOTO pa3Mepa
(puc. 1, II)). ITpu 3TOM TepMOAMHAMUYECKHE TTapaMeT-
pbl BKJIIOYAlOT B ce0S KakK MOBEPXHOCTHYIO SHEPIUIO
6, Tak ¥ 9Hepruio ciost GV, UMEIOLIETO Te XK€ CBOM-

cn?

CTBa, YTO U 0ObeMHBIE (hasbl (G = 85 + G ). I'pa-
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TToBepXHOCTHBII
clion

Gy

A

G
Paznensromas \
TIOBEPXHOCTD

Puc. 1. K onpenejieHnio TepMOIHHAMHYECKHX MAapaAMETPOB:
I — mo Meromy m30bITOUHBIX BeamunH [mnb6ca; II — mo mMeromy
CJIOSI KOHEYHOW TOJILLIMHBI

HULIBI O0BEMHBIX (Da3 COBIMAAAIOT C TPaHHWIIAMM IIO-
BEPXHOCTHOTO cJ10s1. DHeprust ' mb0ca 1mo MeTomy ciost
KOHEYHOM TONINMHEI OMpPEIeaseTCd BBIpAKCHUEM
G= G|+ Gyt Gy = G+ Gy + G+, e G,
G, — osHeprus I'mb6ca coorseTcTBeHHO (a3 1 un 2 1o
TPaHUIIBI TTOBEPXHOCTHOTO CJIOST.

AHQJIOTMYHBIA MOAXOA MOXHO MPUMEHUTH K ONU-
caHUIO Tpollecca UIIM(pOBaHUSI, OOBSICHSSI MpPOIECC
3acajiMBaHus LIIMGoBaIbHOro Kpyra. Eciu B kayecTBe
dasnl 1 paccmaTpuBath 1HLTMGOBAIBHBIN KPYT, a B Ka-
yecTBe (paspl 2 — oOpabaThIBacMylo IeTallb, TO CJIOI
3acaJiMBaHus OyleT COOTBETCTBOBATH TOBEPXHOCTHOMY
cioro. O4eBUIHO, YTO 3acajvMBaHue OyAeT 3aBUCETh HE
TOJILKO OT TePMOJAMHAMUYECKHUX TTapaMeTpPOB, HO U OT
aTOMHO-MOJICKYJIIPDHBIX ~ CBsI3ei,  (hOPMUPYIOLIMX
CTPYKTYpPY B3aUMOJEHCTBYIOIIMX MaTepUajIoB.

PaBHOBecue B TeTepoOreHHbIX CHCTeMaX BO3MOXHO
TOJILKO MPU YCJIOBUM TTOJOXUTENbHOI 9Heprun ['mobca
00pa3oBaHMsI TOBEPXHOCTU. Tak KaK MOJEKYJIbI XXUIKO-
CTY WY TBEPIOTO TeJla, HaXOASIIUECS] Ha TOBEPXHOCTHU,
00namaroT 06JIbLIel SHEPTUEHT, YeM MOJIEKYJIbI, HAXOIsI -
1Iecss BHYTPY KOHAEHCUPOBAHHBIX (pa3, MOBEPXHOCT-
HyIO BHepruio OydeM paccMaTpuBaTb KaK M30bITOK
SHEPrUM, TPUXOMSIICHCS Ha eIVMHUIY ITOBEPXHOCTH.
ATOMBI I MOJIEKYJIbI TIOBEPXHOCTHOTO CJIOSI B pe3yJibTaTe
pa3phiBa CBsI3ell 00amaroT OOJIblIel ITOTEHIIMATbHOMN
SHeprueil. YBenmueHne TUIoaay OBEPXHOCTH TIPHBO-
JIUT K YBEJIMUEHUIO YMCJIa aTOMOB 1 MOJIEKYJT B CUCTEME.
Takum 00pa3om, yBeauueHUE ILIOLIAAN TTOBEPXHOCTU
0o0ycnoBIMBaeT paboTy, HEOOXOMUMYIO s pas3pbiBa
MEKMOJIEKYJIIPHBIX W MEXAaTOMHBIX CBSI3€i, ciemoBa-
TEJIBbHO, YMEHBIICHNE TUIOIIAAN MOBEPXHOCTH JOJIKHO
OCYIIECTBJISITBCSI CAMOIPOM3BOJILHO, TaK KaK COIMPOBO-
JKAAeTCsl yMeHblleHueM aHepruu ['uboca.

WN3meHeHue sHepruu I'mb6ca MOXHO BbIPa3UTh Ye-
pe3 YAEIBHYIO MOBEPXHOCTh G, I'mbdca: G = Ggs nnm
dG = d(G, s), Torna

o = (0G/ds) = G, + 5(0G,/0s). 1

Jlnst otnenbHbIX BeulecTB (0Gg/0s) = 0. D10 03Ha-
YaeT, YTO MOBEPXHOCTHOE HATSIKEHME OTHEIbHBIX Be-
LLIECTB paBHO yaeJibHOU 3Hepruu I'mbbca, T. e. G. s
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pacTtBopoB 0G;/0s # 0, MO3TOMY TOBEPXHOCTHOE HaTsl-
KeHue onpenesieTcs ypaBHeHueM (1).

IToBepxHOCTHOE HATSIKEHUE CBsS3aHO C paboToid,
pacxonyeMoli Ha pa3pbiB MEXXMOJIEKYJISIPHBIX CBSI3EH B
KOHTaKTHOW MOBEPXHOCTU Mexny dhazamu. Yem ciib-
Hee MeXMOJIEKYJISIpHbIe CBSI3U B TeJie, TeM 0O0Jblie I0-
BEPXHOCTHOE HATSIKEHUE.

B TBepaoM Tene Cuibl MEXMOJEKYISIPHBIX M MEX-
aTOMHBIX B3aMMOJICHCTBUI OOJIbIIIe, YEM CWJIbI B3aMMO-
JeCTBUS B Tese B KUIKOM cocTosiHUM. MIX pasHMiia co-
OTBETCTBYET SHTAJILIIMU TUTaBIeHUs (3aTBepaeBaHus). Co-
OTBETCTBEHHO TBEpIbIe Teja 00JanaiT OOJbIIUM IO-
BEPXHOCTHBIM HaTSDKEHMEM M OOJblIel yaeabHOM
MOBEPXHOCTHOM 3Heprueit. Kak rmpaBuio, 3HaUeHUs 3THX
rokazatesieii Ha 10+15 % OoJibliie 3HAYCHMIA STUX ITOKa3a-
TeJielt ISl XKUIKOCTH (pacruiaBa). Takumu ke, Kak y TBep-
JIOTO TeJla, 3HaYeHUSIMU XapakTepuayeTcsl Mexkda3oBoe Ha-
TSDKEHME Ha TpaHMIIe TBEPIOro Tejla ¢ ero PacrjiaBoOM.

CocTaB M CTPYKTypa TBEPHABIX IMTOBEPXHOCTEN 3aBU-
CSIT OT YCJIOBMI MX 00pa30BaHMSI U MOCJEAYIOLIel 00-
pabotku. Tak, IMOBEpXHOCTU OKCHUIOB B MOMEHT 00Opa-
30BaHMS TIPOSIBIISIIOT 00JIee BHICOKYIO XUMHUECKYIO aK-
TUBHOCTb, Y€M TIOCJI¢ BBIICPXKMBAHUS Ha BO3MyXe,
0COOEHHO TIPU BBICOKMX TEMIIepaTypax.

B pesynbraTe ancopOLuu NpoucXoauT repepacrpe-
JieJIeHue KOMIIOHEHTOB MeXAy OObeMHBIMU (hazaMu U
TMOBEPXHOCTHBIM CJI0€M, UTO BJIEUET 3a COOON U3MEHe-
HUE XUMUYECKUX MOTeHIManoB B cucteme. [loatomy
3TOT MPOLIECC MOXKXHO paccMaTpuUBaTh Kak Mepexo/l Mo-
BEPXHOCTHOM 3HEeprum B xuMmyeckylo [12]. Ca3b Me-
XAy sHeprueil ['m66ca U XMMUYECKUM MOTEHIUATIOM
UMEeT BUM: W; = (6G/6N,-)p, TN rone G — cBOOOI-

Hag sHeprus ['nbo6ca; p — maBnenue; T — TeMmepary-
pa; N; # i — 4YKCIO MOJICH BCEX KOMIIOHEHTOB CUCTe-

MbI, 32 UCKJIIOUEHUEM KOMITOHEHTA i.

Ecan KOMITIOHEHT { TIpeACTaBIeH 3apsKeHHBIMU
JacTUIIAMHU, TO IIOKa3aTesid, XapaKTEPHU3YIOUINe €ro
COCTOSTHME B CHCTEME, KPOME COCTaBa, NaBJIICHUS U
TeMIIepaTypbl, 3aBUCAT TaKXKe OT 3JEKTPUUYECKOTO MO-
ns. [ToaToMy 11T onMcaHMS TOBEICHUS 3apsSKeHHBIX
YaCTUIL B CUCTEME BBOAST BJEKTPOXUMUUYECKYIO CBO-
6onHy10 sHepruio ['n66ca G, nonHblil AuddepeHnran
KOTOPOI omnpezensieTcsl BbipakeHueM

dG = —SdT+ VdP + TdN; + FXz;0dN;, (2)
i 1

rae S — sHTponus; V' — 00beM CUCTEMBI; ¢ — 3JIEKTPU-
YEeCKUU NOTEHUKA B TOM YaCTU CUCTEMBI, TI€ HAXOOSITCS
qyacTULbl (KOMITOHEHTA i); 7; — 3apsl 4acThll (KOMIIO-
HEHT i) C y4eToM 3Haka; F — moctogHHast Dapanes.

AHAJIOTUYHO XMMUYECKOMY MOTEHIUAIY 3JIEKTPO-
XUMMYECKHUIN MOTEHIMAJ 3apsi)KeHHBIX YaCTUIL i OTpe-
HensieTcsl MPOU3BOAHOI oT G 10 YMCIy MoJieil JaHHO-
ro 3nemeHTa [13]:

0 = (55/5/\@'),,, T.N#i- 3)
W3 ypaBHenuit (2) u (3) cienyet: fi; = w; + z;Fo.

IIpu ncciaemoBaHUM SIBIEHMI Ha TpaHMIAX pasaena
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(a3 g mokasareseil —{i;, W, ¢ YKasbIBaIoOT, K KaKOi
¢aze OHM OTHOCATCS, UCTIOJIb3YSI BEPXHUI MHIEKC, Ha-
npumep 1t Gasel a: iy = p¢ + z;Fo®. Iokasarens ¢*
COOTBETCTBYET, KaK IMpaBUJIO, TIPUHSATOMY OIpeiaesie-
HUIO TIOTEHIIMaja Kak paboThl IMepeHeCeHUsT 3apsua.

DKCNEPUMEHTAIBHO MOXHO OINpEeAeanuTh paboTy
MEePEHECeHUs TOJIbKO PealbHON YacTHUIIbl (2JEKTPOHA,
HMOHA), MO3TOMY MOXHO OINPEACTUTh WIU 3JIEKTPOXU-
MUYECKUI MOTeHLUAJT, U Pa3HOCTb JIEKTPOXUMUYE-
CKMX MOTEHUMAJIOB, OTHOCSIIMXCS K da3zam o u P:
B = e = = ugl+ (P — oNgF.

I'panuna pasnena IByX pa3sHbIX MeTaJlIoB. IIpu yc-
TaHOBJICHUM PaBHOBECHUs Ha T'PaHUIIC ABYX METAIJIOB
M; u M, nIpouCcXOAUT BbIPABHUBAHUE BJIEKTPOXUMUYE-
CKUX MMOTEHUMAJIOB 3JIEKTPOHOB: e(M;) <> e(M,). Ycio-
BME paBHOBecHsi umeeT BUA: [, (M) = [i,(Mp) wmm
ne(M)) — Fo(My) = u(My) — Fo(M,), otkyra umeenm:

Aﬁfcp = o(M) = (M) = (ne(M) — pe(My))/F.

Takum 06pa3om, B yCJIOBUSIX paBHOBECUST paboTa Tie-
peHeceHMsI 3JIeKTPOHOB U3 OJHOIO MeTajlla B IPYyroi oT-
JIMYHA OT HYJISI, TIOCKOJIbKY XMMUYECKHUE IMOTEHLIMAIIbI
9JIEKTPOHA B pa3IMUHbBIX METa/IaX HEOJAUHAKOBHI.

IIpu nummdoBaHUM IIPOUCXOIUT ChEM MaTepuaja B
BUIIe MEJIbYANIIINX YaCTUIl, KOTOPbIE B CBOIO OYepenb
SIBJISTIOTCST HOCUTEJISIMU 3apsIIO0B.

IIpu aucneprupoBaHUM MOA ASHCTBHEM BHELIHUX
CWJI KOHJCHCUPOBAHHOE BEIIECTBO CHavaja npereprie-
BaeT 00beMHOe AedopMupoBaHMe (YIPYroe 1 IjacTu-
YEeCKO€) U TOJIbKO MOCJIe 3TOro MpU ONpeneIeHHOM Me-
XaHMYECKOM yCMIUM paspyliaercsi. Paboty, HeoOxo-
TUMYIO JUUISI TUCTIEPTUPOBAHUSI, MOXHO Pa3fAe]UTh Ha
JIBE COCTaBJISIIOIIME: OJJHA PacXOmyeTcsl Ha 00beMHOE
nedopmMupoBaHue Tena, Apyras Ha oOpasoBaHKE HO-
BBIX MTOBepxHocTeit [12].

PaGoTta ynpyroro u mnjaactTuieckoro aehopMupoBa-
HUSI MPOTOPUMOHANbHA 00beMy Tena: Wieq, = ki V,
rae k; — Ko3(OUIMEHT MPONOPLMOHAIBHOCTH, PaBEH
pabote 00beMHOro Ae(OpMUPOBAHUS CAUHUILIBI 00BE-
ma; V' — o0bem Tena.

Pabota o0pa3oBaHMSI HOBOW ITOBEPXHOCTU MpU
MUCTIEPTUPOBAHUU TMPOIMOPLUMOHATIbHA TPUpPALIEHUIO
noBepxHOCTU: Wy, = oAS, rie ¢ — sHeprust oopaso-
BaHUS €IUHUIIbI TOBEPXHOCTU (IMMOBEPXHOCTHOE HATsI-
KeHue); AS — mpupallieHre NOBEpXHOCTU (ILIOLIAdb
00pa3oBaBIIEICS TTOBEPXHOCTH).

ITonHasg paboTa, 3aTpaurMBaeMasi Ha JUCIIEprupoBa-
HUE, BBIpaXaeTcs ypaBHEHUEM PebGunpepa:
W= VVLle(i) + WHOB = k1V+ oAS.

Ecnu nuneitnbiit pasmep tena d, To V= d3, S = d2,
TOoraa

W= kid® + kyod? = d*(kyd + ko), (4)
rae ky — K03hGUIHUEHT NPOMOPLUOHAIBHOCTH, 3aBU-

CSIIMI OT (POPMBI YaCTHLI.
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W3 BeIpaxkeHwust (4) ciemyer, UTO TIpU OOJIBIINX pa3-
Mepax Teja (Oosblie d) MOXHO MpeHeOpeyb padboToii
o0pa3oBaHuUsI IOBEPXHOCTU, Torma: W = k1d3, T. €.
ToJIHasl paboTa TUCTIEPrMPOBAHUS OTIPENEISIeTCs] TONb-
KO paboToli yIPYroro M IUIaCTUYECKOro aechopMHUpOBa-
Hus. [Ipu Mmanbix 3HaAYeHMSIX d, cocTaBstolIuX 1-+3
MKM, IpU IUIM(POBAHUM MOXKHO IIpeHeOpeuyb paboToi
o06beMHOro AeopMuUpoBaHus, Toraa: W= k20'd2, T. €.
MojiHasl paboTa MMCIEPTUPOBAHUS OIpenessieTcs pa-
0oToli 00pa3oBaHMUsSI HOBOM ITOBEPXHOCTH, KOTOpas
pacxomyeTcsl Ha TIpeoaoIeHNe KOTe3MOHHBIX CHIL.

IToBepXHOCTB TBEPIOTO TEIA B OTJIIMUUE OT ITOBEPX-
HOCTU XKUIKOCTU B TE€UEHUE JOJTOr0 BPEMEHU MOXKET
OCTaBaThCs TAaKOH 3Ke, KaKOi OHa OblJla B MOMEHT 00-
pazoBanus. Tak, cpemHee BpeMs XKU3HU MOJIEKYJIBI BO-
JIbl Ha TOBEPXHOCTU COCTABJISIET OKOJIO 1077 c, a s
TYTOILIAaBKOTO BOJIb()paMa IIpu HOPMAaJIbHOM TeMIiepa-
Type BpeMs KU3HU aTOMOB Ha TTIOBEPXHOCTH COCTaBJISI-
et okoso 1032 c.

JJ1st mucnepCcHBIX TBEPABIX Tl YIOOHO HMCIOJIb30-
BaTh MOHATHE YAEIbHON IMMOBEPXHOCTH, KOTOPAs OIpe-
JEeJISIeTCS BhIpakeHUEM

Sy = S1,2/ Vs (5)
rae Sj, — TIUIOIIAAbL TMOBEPXHOCTU MeXay (azamu;
V; — o0beM aucrepcHoii dasbl.

Dopmyna (5) cnpaBemnBa IS CUCTEM C YacTHIIA-
MM KaK pasHbIX pa3MepoB, TaK U OAMHAKOBBIX. Toraa
JUTSL CUCTEM:

¢ KyOMYeCcKMMU YacTULIaMU ¢ pedpoM [:

Syn = S12/Vy =612/ = 6/I;
CO Cd)CpI/I‘{eCKI/IMI/I qyacTuoaMm JnuaMeTpom d:

Syn = S1.2/Vy = nd*/(1/6nd%) = 6/d.

Wnn B obwem Buae: Sy, = k/a = kD, tne k — Ko-
3¢hbuLMeHT QOopMbl YacTUll, @ — pa3Mep YacCTULIbI;
D — nucnepcHOCTb CUCTEMBI.

Ecnu yneiapHy10 MOBEPXHOCTh OTHECTM K Macce m
JucrnepcHor ¢asbl (IUCIIEPCHOM Cpelbl), TO HE00XO-
AMMO yYUTHIBATh TUIOTHOCTb p BEIIECTBA: Sy =
= S81,2/m = 8] 2/(Vyp). llpn 1pobGneHnn u usMesbye-
HUM TeJl yaeJbHash MOBEPXHOCTb JOCTUTAeT OOJbIIMX
3HaueHui. Tak, npu ApobiaeHun Tejaa oobemom 1 cm’
Ha paBHOBEJIMKHE KyObl C peOpoM 10™* M umco vac-
Tl coctaBuT 10'“, mpy 3TOM yaesabHasi MOBEPXHOCTD
Oyzet: Sy, = 6- 10* cm?/em3.

B mnpoiiecce aucneprupoBaHus BelECTB YacTUllA
MOXET MOJIYUUTD JTEKTPUUECKUI 3apsii, €CM OHA, OT-
pbIBasiCh, 3aXBaThIBAET 3apsiji C IOBEPXHOCTU MaKpOTe-
Jia. CX0XeCTh YaCTUIL U MIOHOB 110 XMMUUYECKOMY CBOM -
CTBY M BO3HUKIINI MOTEHLIMAI HAa MexX(a3HOU TpaHM-
1le TPUBOASAT K TOMY, UTO YacTULbl HEOAWHAKOBO
a7coOpOUPYIOT, MPOTUBOMOJIOXHO 3aPSKEHHBIE MOHBI U
CpeIHMIA UX 3apsi/i B CUCTEME OTJIMYEH OT HYJIS.

Yactuupbl pa3HbIX pa3MepoB 00J1agal0T HEOAUHAKO-
BbIMW XMMUYECKMMMU MOTEHIMATIaMU, YTO CO3/1AeT JIBU-
XKYIILYIO CWIy MEpeHoca BEIIECTBA OT MEIKUX YacTUll K

ISSN 0042-4633. BECTHUK MAIIMHOCTPOEHUA. 2009. Ne 3

0ojiee KpYyMHBIM. DTO BEIET K MCYC3HOBEHMIO MEJTKUX
YacTULl, YMEHBILIEHUIO CPEAHEN NUCTIEPCHOCTU (YAEJb-
HOI1 TIOBEPXHOCTH), CHIKEHUIO 3Hepruu ['nbdoca.

YCTONUYMBOCTD AUCHEPCHBIX CUCTEM U KOATYJISLIUS
HEIOCPEJCTBEHHO OTpaXaloT B3aMMOJEUCTBUE Yac-
TUL. B OCHOBE 3TUX B3aMMOAEHCTBUIA JIEXXUT COOTHO-
LIEHWE CUJI TIPUTSIKEHUS W CUJT OTTAIKMBAHUS YACTHULL.
CylllecTByeT MHEHUE O TOM, YTO MPUPOIA CUJI TIPUTS -
KeHUsI 0OyCJIOBJIEHA MeXXMOJIeKYJIsIpHbIMU BaH-gep-
BaanbcoBbiMu cuiiamMu. CuUibl K€ OTTAIKUBAHUS MEX-
Jly YaCTULIaMU MOTYT UMETh pa3jnuHylo rnpupony. OHu
3aBUCST OT AUCIIEPCHOCTU YacTUll 1 BeluecTBa [12].

IIpennoxxeHO HECKOJbKO TEeOpUid YCTOMUYMBOCTH U
KOaryJisiliui IUcCrepcHbIX cucreM. OmHako MpU3HaHKE
MOJTy4ria TOJIbKO TEOPUS, YUYUTHIBAIOLLAS JIEKTPOCTATHU -
YECKYI0 COCTaBJISIOLIYIO CHJI B3aMMOAECUCTBUS (OTTaJIKM-
BaHUE) U MOJIEKYJISIDHYIO COCTABJISIIOLIYIO (IIPUTSIKE-
Hue). B obOuiem Buge maHHas Teopus ObLia pa3padboTaHa
b. B. Hepsaruabim u JI. . Jlangay (19371941 r1r.),
MMO3IHee pa3BUTa TOJUTAHACKUME ydeHbIMU DepBeeM U
OsepOexkom. HaHHas Teopus ObUla Ha3BaHa TeopUeEl
AJIDO (depssruna—Jlangay—Peppesi—OBepOeKa).

CyIIHOCTh TEOpPUMU COCTOUT B ciedymoolueMm. Eciu
MPUHSTDb, YTO JUHEWHBINA pa3Mep YaCTULL 3HAUUTETbHO
0oJiblllE TOJILMHBI JBOMHOTO 3JEKTPUYECKOTO CJOs,
KOTOpBIi 00Opa3yercsl Ha IMOBEPXHOCTU YaCTHll, TO
B3aUMOJIEICTBME YaCTHUIl MOXHO paccMaTpuBaTh Kak
B3aMMOJENCTBUE JBYX IJIOCKMX MapasuleJIbHbIX ILia-
CTUH (MUKPOKOHJEHCATOD).

OOmiass sHeprusi B3aUMOICUCTBUS MEXAY IBYMS
TUIACTUHAMM, MPUXOASIIASACS Ha €AUMHUILY MX ILUIOLA-
oy, onpeneisercs seipaxenuem U= U, + Uy, roe U,
n Uy, — 3HEpPruM COOTBETCTBEHHO 3JIEKTPOCTaTHYe-
CKOTO OTTaJIKMBAHUS U MOJIEKYJISIDHOTO MPUTSIKEHUSI.

Kaxnayio U3 3TUX 3HEpTruil MOXHO BBIPA3UTh Kak
(YHKLIUIO OT PacCTOSIHUSI # MEXIy JacTuliaMu (Iia-
ctuHamu) (puc. 2).

DHeprus OoTTaJKUBAaHUS YACTULL OMPENEIISIETCS Bbl-
paxeHueMm

Uy(h) = 2eqex 92 e M, (6)

roe ¢z — mnoTteHumMan AudQy3HON YacTh JBONHOTO
anekTpuueckoro ciosi (IDC); x — BeauunHa, odopat-
Hast TOJILLIMHE g dy3HOM 4acTu A9C;
gy = 8,854 - 10712 Kn?/(H M) — TOCTOSIHHasI 2JIeK-
Tpuueckast (aOCoJIIOTHasl AWBJIEKTpUYecKass MPOHM-
IIAeMOCTh); &€ — OTHOCHUTENIbHASI IUBJICKTpUIecKast
MMPOHMNIIAEMOCTb.

W3 BeIpaxkeHus (6) ciaemyer, 4TO SHEPTUST OTTAIKH-
BaHUS YaCTHIl BO3pPACTAET C YMEHBIIIEHUEM PacCTOSI-
HUSA h MeXIy HAMU 110 SKCIIOHEHIIMATEHOMY 3aKOHY.

3aBUCUMOCTD SHEPTUU TPUTSIKEHUST MEXKITYy YaCTH-
Imamu, rojydeHHas ['aMakepoM, UMeeT BUI:

Un(h) = —=Arp/ 12, (7)
rae Ay = n2n* C — KoHcTaHTa [aMaKepa, yuuThIBAIOLIAs

npupony BlauMmoneicTBytolux tej (C — KOHCTaHTa, 3a-
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Puc. 2. W3MeHeHHe 3JEKTPHYECKOr0 TOTEHIHAJNA MeEXKIY

IBYMSI 3apsKeHHBIMH dacTumaMd (IWIACTHHAMH) TIpH  He
MePeKPHITHIX (@) W MEePeKPHITHIX (6) MBOWHBIX 3JIEKTPHIECKHX
CJIOSX YACTHIL

BHCSIIIAsE OT IPUPOIBLI B3aUMONEWCTBUS T€; # — YUCIIO
MOJIEKYJ1 (aTOMOB) B €IMHUILIE 00beMa YaCTUIIbI).

M3 ypaBHeHus1 (7) BUIHO, YTO DHEPIUsS IMPUTSLKE-
HUS TUTACTMH OOpPaTHO MPONOPIIMOHAIbHA KBaIpaTy
pacCcTOSTHUS MEXIy HUMH. DTO yKa3bIBaeT Ha TO, YTO
BCJICJICTBME U3MEHEHUST PACCTOSIHUS SHEPTUS TIPUTS-
KEHUS MEXIy JacTUIIaMU YMEHBIIIAeTCsl 3HAYNTEIbHO
MeIUICHHee, YeM SHEPIHs MPUTSIKEHUS MEXIy MOoJIe-
KyJlaMi (aToMaMu), KOTOpass oOpaTHO HpPOIOPLMO-
HaJlbHa PacCTOSIHUIO B 1liecTol creneHu. OTcloaa Tak-
K€ CJIelyeT, YTO YaCTHUIIbl AUCIEPCHBIX CUCTEM B3au-
MOJENUCTBYIOT Ha OOJBbIIMX PACCTOSIHUAX, YeM
MOJIEKYJIbl (aTOMBI).

ITonyuuB BbIpaxkeHUsl JJISI SHEPTUU OTTAJIKMBaHUS
Y BHEPTUU MPUTSKEHUS YaCTULL, TPOCTHIM CIOXEHUEM
HalifieM OOIIyl0 SHEepPrui0 B3aMMOAECHUCTBUS MEXITY
JBYMSI TMapajuleJIbHbIMU TIUIaCTUHAMM (4acTULIAMMU),
MPUXOASILIYIOCS Ha €AMHULLY TLIOLIAIN:

Ulh) = 2eqex 92 e M — Ao/ (12nh?).

Hns chepuyeckrx yacTULL TIPU YCJIOBUM, UTO UX pa-
JUYC ¥ 3HAYUTEJIbHO 0O0Jblle TOMIIMHBL 1/y auddys-
HOTO CJI0sI, BBIpaXKeHUE IJIsl SHEPTUY B3aUMOJEHCTBUS
Mexxay yactuuamMu umeeT Bunm: U(h) = 2808r(p§ In[1 +
+ exp(—yh)] — Ar/(12h).

Cormacuo teopun JJIPO ycTONIMBOCTH M Koary-
JISILMST AUCTIEPCHBIX CUCTEM 3aBUCST OT 3HaKa U BEJIU-
YWHBI O0IIEH MOTEHIIMAIBHON 3HEPTUM B3aMMOAECCT-
Bus yactull. [loTeHIIMambHAS SHEPTUS OTTATKUBAHUS
U,(h) c yBenmuueHWEM pACCTOSTHWS YMEHBILIAETCS IO
9KCMOHEHIIMATbHOMY 3aKOHY, a OTpULIaTeIbHAsI SHEP-
rust nputsxkeHust Uy, (h) oOpaTHO TpoNopHMOHATbHA
KBaJpaTy pacCTOSIHUSI.

Mexny 4yacTMLIAMU IIPU HEOOJBIIMX PACCTOSHUSIX
npeobjagaeT SHEPTYs MPUTSKEHUST, Ha CPeIHUX pac-
CTOSTHMSIX — DHEprus oTTalkKuBaHMs. BlauMmoneiicTBue
MMeeT MECTO Ha PaCCTOSIHUM COTEH HAHOMETPOB: DHEP-
st MoskeT coctasisitb 1072 JIk/M2 1 Gornee.

ITo Teopun NJIPO sHepruss NPUTIKEHUS MEXIY
KPYIIHOM YacTulel (I1acTUHOI) U MelKoi (cepuue-
CKOI1) 0OJIbllIe, YeM 3HEPrus IPUTSKEHUS MEXIy IBY-
Mt Menkumu vactuuamu. Teopust JAJIPO obObscHsET
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YCKOpEHME KOATyJIsIUM B DJIEKTPUIECKOM T10JIe, BBI3bI-
Barouleit acummetrputo JIDC Ha yacTUIaX, Ha KOTOPBIX
BO3HUKAET MHAYILIMPOBAHHBIN AUIIOJb, YTO OOYCIOBIIU-
BaeT HaJbHOAEMCTBHE. DTO M YCKOPSIET KOAryJsIIUIO.
YpoBeHb MOTEHLMAJIBHOIO 0apbepa IMPoHopLUOHaIeH
paauycy 4YacTMIBI. YBEJIWYCHHUE pPa3MepOB YaCTHUIIBI
MMPUBOIUT K YBEJIMYCHUIO TJTYOMHBI BTOPUYHOTO SHEp-
TreTMYeCKOro MUHUMYMa.

OaHako JaHHasi Teopusi He OOBSCHSIET MPOLECChHI
TEIUIONPOBOAHOCTY U TEPMOBJECKTPOHHON 3MUCCUMU,
TaK KaK He YUYMTHIBA€T BOJTHOBBIE CBOMCTBA 3JEKTPO-
HOB, ONpeAeNsole UX MOBeAeCHUE B pelleTKe. Yuer
BOJIHOBBIX CBOMCTB 3JIEKTPOHOB MPUBOIUT K 3aMeHe
pacnpeneneHusi MakcBeia, UCIOJIb3yeMOro B Kiac-
cUYecKoil Teopuu, Ha pacnpeneaeHue ®epmu—Jupa-
ka. CornacHo cratuctuke Pepmu—JInupaka 371eKTpo-
HbI BHYTPU MeTajlla MOTYT ABUTATbCSI CBOOOAHO, HO UX
BBIXOy M3 MeETajllla TMPENsSITCTBYeT MOTeHLMATbHBIN
Oapbep — BHYTPEHHUI NOTEHLMAT €, T. €. DJIEKTPOHBI
HaxoIITC B ITIOTEHIMAJIBHOM "SIIMKe". DTO O3HAYaeT,
YTO MOTEHLIMAJIbHAs SHEPrus 3JeKTPOHA BHE MeTaslia
Oosbllie, YeM BHYTPU MeTajljla, UTO U OOBSICHSET yC-
TOMYMBOCTh DIIEKTPOHOB B MeTajie [14].

Pa3HOCTh MOTEHILMAJBHBIX YHEPTU BJIEKTPOHOB,
HaxXOASIIUXCS B MeTa/ljle, U 3JEKTPOHOB, HE HAXOMIsI-
LIIMXCS B HEM, Ha3bIBaeTCsl pabOTOil BbIXOAA 2JIEKTPOHA
u obo3Hauaetcs1 A. YpoBeHb (wiu sHeprusi) Oepmu g

OonpeacjadaCcT KOHIOCHTpAalIruIo # CBOOOTHBIX QJICKTPOHOB

B MeTajie: n = 38—;;3 Wg/2(2me)3/2, rae 4 — MOCTOSIH-
Hag  Ilmanka; m, —  Macca  BJIEKTPOHA;
2 2/3
= _h (3_”) — sHeprusg Pepmu.
2m,\8n

YpoBau @epmu Beex TeNl, COCTABISIIOLINX CUCTEMY,
KOTOpasi HaXOAUTCS B TEPMOIMHAMUYECKOM paBHOBE-
CHM, COBMANalT, YTO PaBHO3HAYHO BBIPABHUBAHUIO
9JIEKTPOXMMUYECKUX TTOTEHIIMATIOB BCEX TeJl.

BHelrHee mosie MpUBOAMT K TaKOMY pacmpeiesie-
HUIO TOTEHIIMAJIOB, YTO BHE IMOBEPXHOCTU 3HAYEHUE
TMOTEeHIIMala yMEHbIIAETCS JUHENWHO. [ToaTomMy Ha mo-
BEPXHOCTU METaslla BO3HUKAET MOTEHIIUAIbHBIN 0apb-
ep. I3 Teopun KBaHTOBOW MEXaHUKU M3BECTHO, UTO
BJIEKTPOH MOXET IPOHUKATh CKBO3b TaKOW Oapbep
[14, 15]. YeM Gompliie BHELTHEE TOJIE, TEM YK€ CTaHO-
BUTCS Oapbep, U TeM OO0JIbIEe YMCIIO 3JIEKTPOHOB BbI-
XOIUT 13 MeTaia 3a 1 ¢. OueBMIHO, YTO ATOT MOKa-
3aTe€JIb 3aBMCUT OT YPOBHS MEPBOHAYAJIBLHOIO MOTEH-
LIMajla OTHOCUTEJIbHO HYJIEBOW SHEPIUU, T. €. OT &; — &.
ITosToMy HaliieHHOE 3KCIEPpUMEHTAILHO 3HAY€HUE
9TOro MokKasaTessl IMO3BOJIMJIO0 Obl OINpEAeUTh pa3-
HOCTb ¢; — g&). OOHAKO 3TO HEOCYLLIECTBUMO H3-3a
MeJIbYAUIIUX HEOTHOPOAHOCTEM U MPUMECEI, HAXOI -
LIMXCS Ha TOBEPXHOCTU, KOTOPbIE U3MEHSIIOT MOTEH-
LIMaJIbHbIE ITOJISI CIyYaliHbIM 00pa3oM: BOJIM3U KaxKa0-
ro KpOILIEYHOTO BBICTYNA T0Ji€ OOJIbIlIE, YEM CPEAHUIA
rpagveHT noTeHurana. PaKTUIECKU 3JIEKTPOHBI Ha-
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YMHAIOT BBIPHIBATHCS MPU 3HAYUTEIHLHO MEHbIIIEH Ha-
MPSIKEHHOCTU TIOJISI, YeM 3TO IPOMCXOIUJIO Obl TpHU
WIeaabHO TJIaAKON TTOBEPXHOCTH.

Bce anextpuyeckue cBoiicTBa MexX(a3HbIX IIOBEPX-
HOCTeH U MpolecChl, MTPOTEKAIOIINE B HUX, 00YCIIOB-
JIEHbl HAJIMYKMEM JBOMHOTO 3JEKTPUUYECKOTO CJIOSI Ha
rpaHuie pasaeia ¢a3. KoauuecTBeHHbBIE CBSI3U MEXIY
rapaMeTpaMM JTBOMHOTO 3JIEKTPUYECKOTO CJIOSI OIpe-
IeSoTcs ero cTpoeHueM. CTpoeHue TBOMHOTO CIIO0S
BIIEPBBIE OBLIO IpPEACTaBIeHO I eabMIobleM IO aHa-
JIOTMH C TUIOCKMM KOHIEHCATOPOM, COTJIACHO KOTOPO-
My Ha rpaHulie conpukacawoluuxcs (a3 3apsnbl pac-
TIOJIarafoTCs B BUAE ABYX PSIIOB PA3HOMMEHHBIX HOHOB.
TonmuHa 31eKTPUYECKOTO CJIosT OJM3Ka K aTOMHBIM
pa3Mepam, T. €. pa3MepaM COJTbBAaTHUPOBAHHBIX MOHOB.
TToTeHuMan ciost TMHEMHO CHUXKAETCS B €ro Ipeaesax
10 HyJs1 [16]. TloBepXHOCTHBII 3apsil ¢ ONpenessieTCst
MO TEOPUM IIJIOCKOTO KOHIEHcaTopa:

€0
=2 8
9= 5 (8)

rae g = 8,854 - 10712 ®/m — snexrpuueckast mocro-
STHHAST; ¢ — 3JIEKTPUYECKUI MOTEHIINAI; § — pacCcTosI-
HMe MeXITy OOKJIaJKaMM KOHIEHCATOpa.

ITo xkBaHTOBOI1 cTatucTke Pepmu—/dupaka sJ1eK-
TPOHBI MPOBOAMMOCTHA B MeTajlle (Iajiee Mom MeTall-
JIOM TTOHUMAETCSA METAJTMYECKUI TIPOBOTHUK) MOXKHO
paccMaTpuBaTh KaK BEIPOKACHHBIN maecanbHbI Dep-
MU-Ta3, HaXOASIIWICA B MOTEHUMAIbHOM "SIuKe" ¢
IUTOCKUM THOM. Ecim TIpUHSITB, UTO BHE He3apsKeH-
HOTO MPOBOJHMKA MOTEHLMAT 2JIEKTPUUYECKOTO MOJIst
¢ = 0, To BHYTpU MeTaiaa ¢ > 0, a "riryOnHA" MOTEeH-
LMAJILHOTO "AIIMKa" paBHA eq.

DJIeKTPOHBI TPOBOAUMOCTH 3aMOJIHSIIOT SHEPreTH-
YyecKue YpOBHU, HaUMHasl co aHa "smuka” (W= —eq)
u 10 ypoBHs Pepmu (W = —ep + p), roe p — XUMH-
YeCKUil MoTeHIMal dJeKTpoHa B MeTaie. BennunHa
(1 — eq) Ha3bIBAETCS JIIEKTPOXUMUYECKUM TTOTEHIIMA-
JIOM 3JIGKTpPOHOB B MeTajuie, a ypoBeHb depmm —
YPOBHEM 3JIEKTPOXMMMUYECKOIO MOTeHIIMAaIA.

Pabota A BbIXOIa 3/1I€KTPOHA U3 METaJlJla OTCUUThI-
Baetcd oT ypoBHd Pepmu: A = ep — p. PaccmoTpum
JIBa pa3HOPOJHBIX MeTaJUIa, OTJMYAIOIIMXCSl paboTaMu
BbIXoga (A; U Ay) U XUMUYECKUMU TOTEHIMATaMU.
ITyctb A5 < A; (puc. 3, a, 6). Y BToporo mertasuia 3/eK-
TPOHAMM 3aIOJIHEHBI 00JIee BLICOKME DHEPreTUYeCKue
ypoBHHU (cM. puc. 3, 6). CHavyana MeTaIbl HaXOaATCsI
Ha pacCTOSTHUM, BO MHOTO pa3 MPEBBIIIAIOIIEM MePUOT
KpHUcTauIMYecKuX pelnetokK. Eciau mpuBecTu MeTasuibl
B CONPUKOCHOBEHHUE, TO 3JIEKTPOHBI IMPOBOAUMOCTHU
YAaCTUYHO MEepEerayT M3 BTOPOrO MeTajlla B IEPBBIM.
[Ipy 3TOM BBIPAaBHUBAIOTCS HMX 3JIEKTPOXUMUYECKHE
MOTEHIMAJbI: TIEPBBII MeTaJlT 3apspKaeTcs OTpulia-
TEJIbHO, a BTOPOU — TOJIOXKUTENHHO. OTHOBPEMEHHO
MPOUCXOIUT OTHOCUTEIBLHOE CMEIICHWE SHepreThye-
CKUX YPOBHEH 3JIEKTPOHOB B KOHTAKTHPYIOIINX Me-
tTajuiax. B Meramre, 3apspKamolieMcss OTpUIIATENIbHO,
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Puc. 3. [ToTeHnuasbl pa3sHOPOAHBIX METAJLIOB:
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Puc. 4. Cmenienne sHepreTHYECKNX ypOBHei

BCE YPOBHU CMEIAIOTCS BBEPX, 4 B METAJIE, 3apsKaro-
IIeMCSI TMOJIOXUTENIbHO, — BHU3 (puc. 4).

B cocrossHMM paBHOBECHUS 2JIEKTPOXUMUYECKHUE 110~
TEHUUAIbI BBIPDABHUBAIOTCA: —e@| + u; = —epy + ).
PazHocThb ¢ — ¢) NOTEHLIMANIOB KOHTAKTUPYIOLIUX ME-
TaJJIOB HAa3bIBACTCS BHYTPEHHEN KOHTAKTHOUW pa3HO-
CTBIO TIOTEHIUATIOB: @] — ¢p = (U] — Wy)/e. U3MeHe-
HUE MNOTEHUHUAJIOB OT @] OO () MPOUCXOAUT BHYTPU
OYEHb TOHKOTO KOHTAKTHOTO CJIOS TOJIIIIUHOW 3.

PaccMOTprM KOHTaKTHBIM CJI0M KaK IBOMHON 3J1eK-
TPUYECKUM CI0M ToMIMHON 8. OLIeHUM BO3MOXHOE M3-
MEHEHWE KOHLIEHTPALMU HOCUTENIEH TOKA B KOHTAKTHOM
CJIo€ O CPaBHEHMIO C OCTAJIbHBIMU OObEMAMU METas-
JIOB. Pa3HOCTh MOTEHIIMATIOB IBYX KOHTAKTUPYIOLIMX 1O~
BEPXHOCTEN OMNpenessieTcsl BbIpakeHUeM

_q _oS

A(P__=_=G_SS=E5_ 9)
c Cc 80S €0

31ech MCHONb30BaHbI (opMysna CBSI3M 3apsama ¢
C MOBEPXHOCTHOM TJIOTHOCTBIO ¢ U TUIOLIAAbIO S 00-
KJIamoK, a Takke (opMysia eMKOCTH ¢ IS TLUIOCKOTO
KOHJIeHcaTopa.

U3 BbIPa)KeHI/IH (9) monyuum: o = gyAe/8 Tpu
§~3-10710 M, Ap~ 1B, c=0,03 KJI/Mz. Hnsa noimy-
YeHHUs 3apsiia TaKOU IUIOTHOCTU HEOOXOAMMO, YTOOBI
U3 OTHOTO MeTaJljla B IPYToil uepe3 eAMHUILY TUIOIIAIN
KOHTaKTa Iepeluio An = (c/e) =2 1017 M2 3JIEKTPO-
HOB. OgHAKO MPU KOHILEHTPALIMY 3JIEKTPOHOB IMPOBO-
JIVMMOCTH B MeTasuie ny =~ 10 9 M3 B KOHTAKTHOM CJlOE
€IMHUYHOM IJIOLIAAN HAXOOUTCA 11 = ngd ~ 3+ 1019 M_z,
torna An/n = 1/150. D10 O3HAUaeT, YTO MPH KOHTAKTE
IIBYX METaJUIOB B OY€Hb TOHKOM KOHTAaKTHOM CJIO€
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Puc. 5. Pentrenorpamma nosepxnoctn aamastoro kpyra ACB 125/100 MO13-100 nocne mamgosanus Teepaoro ciiiasa BKS8

MPOUCXOIUT HE3HAUUTEIbHOE U3MEHEHNE KOHIIEHTPA-
LIMM A JIEKTPOHOB [0 CPABHEHUIO C OCTAJIbHBIMU
obbeMamu MeTasioB. ClieloBaTeNIbHO, YASAbHAS DJIeK-
TpUYecKasi IPOBOIUMOCTh Y KOHTAKTa IBYX METaJJIOB U
yIeIbHOE COMPOTUBEHUE p KOHTAKTa HE OTJIMYAIOTCS
OT COOTBETCTBYIOLIMX ITOKa3aTelell cCaMUX METaJlJIOB.

Bce BBIIIEN3TOXKEHHOE PacCMaTPUBATIOCH TIPH TEMIIC-
parype T'= 0 K. MU3BecTHO, UTO 1151 3JIEKTPOHHOIO ras3a
B MeTaJlIax 3JIEKTPOXUMUIECKHI TTOTEHIINAT 3aBUCUT OT
temreparypbl p = u(7T). CinenoBareibHO, B COOTBETCTBUU
C BbIpaxeHueM (6) U ¢ — ¢y 3aBUCUT OT TeMIIepaTyphbl,
HO 3aBUcMMOCTh p(7) odeHb cmabas. YpoBeHbr Depmu
NPV HarpeBaHWM MeTala CMeIIaeTcsl OYeHb He3HaYM-
TEJIBHO, TTO3TOMY KOHTAKTHAs Pa3HOCTH ITOTEHIIMAJIOB
TPV HarpeBaHWM METAJUIOB M3MEHSIETCS He3HAUUTEITLHO.

Ha puc. 4 BUIHO, 4TO NOTEHLMANIBL Q) U (5 JIIEK-
TPUYECKUX I10JIelA BOJM3U ITOBEPXHOCTEU KOHTAKTHU-
PYIOLLIMX METAJIJIOB U BHE MeTalljla HeoAUuHaKoOBHL. Ta-
KM 00pa3oM, KpOMe BHYTPEHHEN KOHTAaKTHOM pa3-
HOCTM TIOTEHILMANOB CYIIECTBYeT WX BHEIIHSS
KOHTaKTHasl pa3HOCTh, OOYCJIOBJIEHHASI PA3HOCTHIO pa-
0OT BBIXOJA BJIEKTPOHOB M3 MeTaJjlia:

O] — 95 = —(A] — Ay/e. (10)

JaHHas pasHOCTh NOTEHLUMAIOB IS Pa3JIUMYHBIX
Mmap MeTaIOB KOJIeOIeTCsS OT JHEeCATHIX MOJeil IKOYIIs
J0 eAUHULL BOJILT U 3aBUCUT OT YUMCTOTHI U COCTOSTHUSI
IIOBEPXHOCTEN.

O4eBUIHO, YTO MPOLECC 3aCATUBAHUS UTU(DOBATb-
HBIX KPYIOB CJIEYET pacCMaTpyBaTh C YY€TOM aTOMHO-
MOJIEKYJISIPHBIX B3aUMOICUCTBUI B CJIO€ MEXIY KOH-
TaKTUPYIOLIMMHU MOBEPXHOCTIMM LUTU(MOBATBHOTO KPY-
ra u obpabaTbiBaemMoii meraau. as1 TOro 4roObl pa3o-
OpaTbcsl B IIpoliecce, HEOOXOOUMO pacCMOTPETb TpU
clydas 3acajiuBaHuUs: TpU UUIMMOBAHUM BCYXYlO, C
npumeHeHreM COXK, 31eKTpOXUMUYECKUM CIIOCOOOM.
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IlepBblii cityyaii paccMaTpUBaeTCs B JAaHHOM CTaThe —
3acaJiMBaHue ajMa3HbIX KPYroB Ha MeETaNTMYECKOM
CBsI3KE MpU LIIMGOBAHUM TBEPIBIX CIUIABOB. 3acau-
BaHWE 3aBUCHUT OT CTPYKTYPHI M COCTaBa CBI3KM IILJI-
¢oBaibHOIO Kpyra M oOpabaTbiBaeMOIro MaTepuaia,
YTO MOATBEPXKIAaeT PEHTreHorpaMma MOBEPXHOCTU aJl-
Ma3Horo kpyra (puc. 5).

AHanus TTOBEPXHOCTH aJMa3HOTO Kpyra
ACB 125/100 MO13-100 moce nutndoBaHMS TBEPIO-
ro cruiaBa BKS8 mokaszain ciepytoiiiee.

1. 3acaneHHBIN CJIOIl MMeEeT KPUCTaUIMYECKYIO
CTPYKTYpY, KOTOpasl XapaKTepH3yeTcsl OmpeeaeHHbI-
MU KPUCTAJUIMYECKUMHU TJIOCKOCTSIMH.

2. PenTtreHorpamMMa BbISIBUJIA HOBBIE XUMHYECKUE
COeMHEHUsI, KOTOpble 00pa3yloTcs B IMpoliecce LIIn-
(osanusg, Hanpumep CuO, WSi,, CoO, Al,0O3, ocTanb-
Hble OOHapyXXEHHbIE COCIUHEHUS SIBISIIOTCS DJIEMEH-
TamMu 1IM(OBaJBbHOIO Kpyra v TBepAoro cruiaBa BKS,
chopMuUpOBaBIIMECs MPU UX U3TFOTOBJICHUMN.

By omnpeneneHsl cleAyole MoKa3aTen 3aca-
qneHHoro cijos. Paccumrtamm sHeprmio ®epmu s
TBepaoro cruraa BK8 m MeTamanueckoil CBSI3KM
MOI13. Jlnsg 3TOTO CHavYayia ONpeAeIiM KOHLEHTpa-
LIMI0 CBOOOJHBLIX 93JEKTPOHOB B TBEPAOM CILIABE:

Na 1

n= Vi p, rae Na = 6,02 - 1023 monms~ ! — mocrosinnas

ABoranpo; A — aToMHasi Macca, I/MOJIb; p — TUIOTHOCTb.
CornacHO 3TOMY BBIPaKEHUIO KOHIIGHTpAIlM HEKOTO-
PBIX BJIEMEHTOB, BXOSILMX B cocTaB ciiaBa BK8, 6ynyt:

. 23
no(C) = @21-51-0— £3,45 = 17,3 102 cm™3; ng(W) =
_ 602108 0 oe a0 3 _
183.86 19,25 =6,3-10 cm 7, ny(Co)
_6,02-1028 o0 _ 0q.1022 o3
sty 8789 10w
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3acajieHHbIA AJIMa3HbIA 3acajleHHbIi AJIMa3HBIN
cjion Kpyr cJioit Kpyr

Puc. 6.

I'panuna
asmasnoro kpyra ACB 125/100 MO13-100 npn mimdoBanun
Bcyxywo cmnasa BK8 (a — x 425, 6 — x 1700)

34CaJICHHOro CJjiod Ha MNOBEPXHOCTH

C y4eToM IPOIEHTHOIO COAEPKAHMS MOJIYIUM 00-
1Iee YMCJIO CBOOOMHBIX 3I€KTPOHOB 11 crutaBa BKS:
nen(BK8) = ng(W  +  C)0,92 +  155(Co)0,08 =
=22,42-10%2 cm 3.

Torma sneprus @epmu misa cruraBa BK8 Oymer:

(6,626 - 10-34)2 (3 22,42 1028)2/3 _
2.0,91-10-30 8-3,14

= 46,65 - 10719 Jx, uto coorBeTcTBYeT 29,12 3B.

OmnpenenrM KOHLIEHTPALIMIO CBOOOMHBIX 3JIEKTPO-
HOB B CBSI3KE TN OBATBLHOTO KpyTa:
ny(Al) = 6,03+ 1022 cm3; ny(Zn) = 6,57 - 1022 cm™3;
ny(Cu) = 8,48-10%2 cm 3. Torma n,(MOI13) =
= nogAl)0,09 + ny(Zn)0,38 + ny(Cu)0,53 = 7,54 x
x 1022 cm~3.

Ouepruss ®epmu mig  cBa3ku  MOI13  Oymer

6,626 - 10-34)2 (3 7,54 - 1028)2/3 _
2-0,91-10-30 8-3,14

= 22,48 - 10719 Ik, uro coorserctByet 14,04 5B.

Hcnonb3ys BeIpaxkeHue (8) U BbIpa3suB LIMPUHY
JIBOMHOTO 2JIEKTPUYECKOTO CJI0S yepe3 MpuHy H 3a-
CaJICHHOTO CJIO$1, TTOJYYNM:

q H‘P-

B Beipaxxenuu (11) pa3HOCTh MOTEHIIMATOB KOH-
TAaKTUPYIOIINUX TTOBEPXHOCTEN HAXOMUTCS TI0 hopMyJie
(10), a ¢ yuetom sHepruu depMu pa3HOCTh TTOTEHIINA -
JIOB MIPUMET BUA: Ap = (W, — W))/e.

TakuM 00pa3oM, TUIOTHOCTh pacIipeieieHusT 3apsi-
Jia omnpenensieTcs Kak g = e(ny — ny)/S, rae S — mio-
1aab KOHTAKTa; e — 3apsifi 3JeKTPOHA; 1y U Hy — YUC-
Jla CBOOOITHBIX JIEKTPOHOB B METaJljIax.

[MoncraBuB 3HAYEHUST AQ U ¢, TIOyIUM pa3Mep 3a-

ez(nz—nl) ’

W/(BKS) =

Wy (MO13) = {

CaJIeHHOTO clos: H rae

S =1289,49 - 103 m— IUIOIIAAb KOHTAKTA ILIM(OBAJIb-
HOIO Kpyra ¢ AeTajbio mpu auamerpe Kpyra 100 mm,
IMpyuHe anMasHoro cios 10 MM U ryOuHe pe3aHus

Ivmvm; e=1,6-107Y Knu
go = 8,85+ 10712 Kn2/(H - M%) —

3apdaa SJICKTPOHaA,
QJIEKTPHUYECKAaA I10-
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crosiHHas. IlomcTaBuUB M3BECTHBIE 3HAUEHUs, MOJY-
anm: H = 31,35+ 1070 M = 31 mxm.

CorjacHO JaHHbIM, MpUBEAEHHBIM B paboTax |2,
3, 8], misg mpouecca HIM(OBaHUS TBEPIABIX CILUIABOB
BKS8 u T15K6 xkpyrom ACB 125/100 MO13-100 Ha me-
TAUIMYECKON CBI3KE MAKCUMAJIbHBIN CIIOU 3acaivuBa-
Hust cocrapisieT 30—40 mxm. Ha puc. 6 mokasaHsl rpa-
HUIIa 3aCaJIEHHOTO CJI0S1 Ha MOBEPXHOCTU ajIMa3HOTO
kpyra ACB 125/100 MO13-100 mpu uumdoBaHNT
Bcyxyto cruiaBa BKS.

Ha ocHoBaHUM TOJyYEHHBIX PE3YJbTaTOB MOXHO
paccMaTpuBaTh IBE IPYTUE MOCTABIECHHBIE 3aJaUM: 3a-
caJluBaHue LLIMMOBAILHOTO Kpyra npu UinpoBaHUU
¢ npumeHeHueM COXK u B cpeie d3JeKTpoauTa Mpu
3JIEKTPOXUMUUECKOM CIocobe I OoBaHUS.
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10. A. MUKHUITIOPUC, n-p texH. Hayk (KoBpoBckasi rocynapcTBeHHasi TEXHOJIOTrMYecKasi akageMMsi)

JKoHoMu4yeckasa 3pdekTuBHoctb nogsoaa COTC B 30HY pe3aHus

C uCIHoJb30BaHUEM TOHKOCIOMHOUN UEeHTpUudyru
pa3paboTaH TeXHOJIOTMYECKUIA ITPOLIECC MTOAaYX B 30HY
pe3aHusl CMa30YHO-OXJaXAAIolel TeXHOJIOTHUYECKOR
cpeanl (COTC) ¢ ouncTkoii ee OT MEXaHUYECKUX MTPU-
Mecel U (B 3aBUCUMOCTU OT CKOPOCTU pe3aHusl) aspa-
Huei. DTo 0cobeHHO BaXXHO TP 00pabOTKe IIyOOKUX
OTBEPCTUI, KOTAA YCIOBUS PAOOTHI PEXYIETO MHCTPY-
MEHTa yCJIOXHEHBI BCIEICTBUE IUIOXOIO OTBOAA TeIia
u cTpyXku [1—4]. CrpoeKTUpoBaH U W3TOTOBJIECH
OIBITHBIN 0Opa3el] yctaHOBKU sl ouuctku COTC —
macen M-20A. DpheKTUBHOCTh OUMCTKM IIPOBEPSLIU
MNPUMEHUTENHO K TNPOM3BOACTBY u3genuss "B" —
"KpsblllIKa", B KOTOPOM OCHOBHBIMU OIEPALIUSIMU SIB-
JISIIOTCSI TOKapHasi 00paboTka u cBepiaeHue. [TonyyeHbl
MOJOXUTENIbHbIE pe3yabTathl [1]. DKoHOMMYECKMA
3pdeKT OoT BHeApeHUs pa3pabOTaHHOM YCTAHOBKU U
texHoyiorun ounctku u 3anpaBku COTC paccunThiBa-
J1 o Metoauke [3].

IIpu pacdere romoBOil 3KOHOMHU OT YBEIWYCHUS
croiikocTH pesua (Jy p) U cBepia (B ¢p) UCHOIB30BA-
I (POPMYJIBI:

9r.p = [9p + EH( kg_o - kgo )]Hr;

9r.CB = [SCB + EH(k(CiFO - kg.% )]HF’

rae Dy, Dep — 9KOHOMMUSI B pacyeTe Ha OIHY JeTallb;
E,, — HOpMaTuBHBII KO3(PdUIIMEHT CpPaBHUTEIBHOMN
9KOHOMUYECKO! 3 (PEeKTUBHOCTHU; kg o U k¢ o — YIEITb-
Hbl€ KanuTajlbHbIE 3aTpaThl 10 CPABHUBAEMBIM Bapu-
aHTaM (0e3 TOHKOCJIOWHOW OYMCTKU U C OUYMCTKOI);
I1, — rogoBoil BhINyCK IETaM.

DKOHOMHUS B pacyeTe Ha OfHY JeTalb COCTaBJIsCT:

= p — +b .
9P CMI/IH( tJ.L[T.6.0 tLLlT.C.O ) + SE ’

SCB

— tCB

CB
]J_IT.C.O) + 9]( >

CMI/IH( t]_(]:_[l?[60

rae Cyyy — CTOMMOCTb ONHOW MMHYTBHI paOOTBl CTaH-
Ka; fy — LITy4YHOE BpeMsl; D — 3KOHOMMSI, CBsI3aH-

DKOHOMHYECKHE M0KA3aTe/IM BHEAPEHUS TOHKOCJIOMHOrO
uenrpudyrupoanus COTC B nponssoacTBo usaeans
"

" "Kppimka”
Moxeis Tonosas T
Onepauust 9KOHOMUYECKAsT p E
CTaHKa (B TOM) p
3¢ dEKTUBHOCTD, P
Csepinenne | IlomyaBromMar 2160 0,75 | 1,7
16265 HIT 6K
Touenue IMonyaBromar 1570 0,27 |3,6
165265 HIT 6K
Bropuunoe | IMoayaBromar 2765 0,51 |2,65
ucnoabs3ona- | 16265 HIT 6K
aue NM-20A
70

Hasl CO CHMXXEHHEM 3aTpaT Ha WHCTPYMEHT (pesell,
CBEPJIO).

B pacuerax ucnonb3oBany naHHbie: O — neiicTBU-
TeJIbHBbIA rogoBoil (OHA BpeMeHM pabdOThl CTaHKAa;
C, = 0,85 — xoabdunmeHT 3arpy3ku craHka. [Ipu
pacuere Oy oz U O, UCXONMIN U3 GATAHCOBOM CTOM-
MOCTH MHCTPYMEHTa M OOOpYIOBaHMS: CTAaHOK —
310031 p., cepmo — 71,32 p., pesenr — 186,02 p.

C yBeJIMYEHHEM CTOMMOCTH 000pYIOBaHUSI SKOHOMUS
Orp U Oy ¢ BO3PACTAET. DTO OOCTOATENBHCTBO MPUOOPETa-
€T OCOOEHHO OO0JIbIIIOe 3HAYEHUE, €CIIM YYeCTh, YTO BbI-
MycKaeMble B HACTOsIIIIee BpeMsl MOJyaBTOMAaThl aHaIo-
TMYHOTO Ha3HAYEHMS U pa3MepOB 3HAYMTEILHO TOPOXKeE.

PacuerHble 3HaueHust cpoka T, OKynaeMocT 10-
MOJHUTEJbHBIX KaTUTAIOBIOXEHUM, TTpeIcTaBIeHHbIE
B Ta0JIMIIE, paCCUUTAHBI 110 (popmyJie

T, = Ak/3;, tne Ak = k¢ o — kg o5 Dp — obwiast ro-
JloBasi 3KkOHOMUS. B Tabnulie Takxke NMpUBEAEHbBI 3HA-
YeHMs1 pacyeTHOro KoabbuimneHTa E, cpaBHUTETBbHOIM
3 (HEeKTUBHOCTH.

HaumMeHbluii cpok OKynaeMoCTH 3aTpaT Ha U3ro-
TOBJIEHME U MOHTaX yCTaHOBKHU mist ounctku COTC
LEHTpU(YIMPpOBAaHMEM  COCTaBJISIET T,=3 T
(E; = 0,38). DKoHOMMIO B pe3ysibTaTe BTOPUYHOIO KC-
noab3oBanust COTC mocie ee OUMCTKU ONpeAeIn 1Mo
(bopMlee 31/]-20A = C]/I-ZOAQs rae CI/I-ZOA — CTOMMOCTb
1 1 COTC; Q — pacxon COTC Ha omHo uznenue "B".

BroiBon

DKOHOMMYECKME TIOKa3aTeNId WCIOJB30BAHMS TOH-
kocnoiiHoro ueHrpudyruposanus COTC nyyie HopMma-
TUBHEIX. ['omoBas sKoHOMIYecKast 3G HEeKTUBHOCTD TIPH
n3roropiaeHM Aetanu "Kpblka" TONBKO BCIEACTBHE
BropuuHoro ucronb3oBannss COTC cocraBmna 2765 p.
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O6paboTKa MATEPUAAOB 6€3 CHATUSA CTPYXKKM

A. JI. BOPOHUOB, n-p texH. Hayk (MI'YIIN)

Teopml oCaAKMN ManonnactnuyHbiX MmaTepuaoB
B NMNAaCcTUYHbIX 000n04YKax

[Ipy M3roToBIEHUM PA3IUYHBIX U3-
JIeJIUA U3 JIOPOTOCTOSIIIIMX MaTepuaioB,
TaKMX KaK MarHueBble M HUKeJIeBble
CIUIaBBI, MOJIMOIECH U BOJIb(PpaM, TpeOy-
eTcsl mpopaboTKa MX Makpo- U MUKPO-
CTPYKTYpHI B OIpeeIeHHOM HaIpaBiie-
HUU, OCOOEHHO MPY MOJYYEHUN UCXOA-
HbIX 3arOTOBOK B BHAE CIUTKOB. [ls
MpopabOTKM CTPYKTYPhl UM TOJTYy4EHUS
TpeOyeMbIX pa3MepoB IIIMPOKO HCIIOJb-
3yeTcsl ocajika, 3aTpyaHseMass TeM, 4YTO
yKazaHHbIe MaTepuasibl, Kak IpaBuio,
SBJISIIOTCST Xpynkumu. Ha puc. 1, a no-
Ka3zaHO paspylleHue obpaslia U3 Mar-
HUeBoro cruiaBa MA3, ocaxkeHHOro Ha
40 % nipu 400 °C [1].

ITo nanHbIM paboTsl [1], 115 mpopa-
0OTKM MaJIOTUIACTUYHBIX MaTepUAJIOB B
MPOMBIIIJICHHOCTH HalllJla IIUPOKOe
NMpUMeHeHre ocaaka B TJIaCTUYHBIX
000yI0uKax paszauyHoro Buaa. Ilpume-
HeHue 000JIoueK co3faeT B MaJloruia-
CTUYHOM MaTepuajie cepleyHuKa Ha-
MpSIKEHUST  BCECTOPOHHETO  CXKaTus,
MPETSITCTBYIOIINE €ro pa3pylleHUuIo, a
TaKXe CHUKaeT HepaBHOMEPHOCTD TTa-
CTUYECKOl nedopManuu, odbecrieynBast
0oJiee OMHOPOIHYIO ITPOPAOOTKY CTPYK-
Typhl. [lockonbky aedopmaiusi Majio-
TUIACTUYHBIX MaTepUaIoB OOBIYHO TTPO-
M3BOJUTCS C HArpeBOM, TO OO0OJIOYKM
TakXe OKa3bIBAIOT TMOJOXUTETbHOE Te-

Puc. 1. O0pa3upl U3 MarHMEeBOro CILIaBa

MA3, ocaxeHHble TNpH TeMIepaType
400 °C [1]:
a — 06e3 obGonouku (ocamka 40 %); 6 —

B 0oboJiouKke U3 aypantoMuHa (ocanka 80 %)

MJIOBOE BO3/EHCTBME Ha oOpabaThiBae-
Moe usnenve. Harperbie BMecTe C me-
(opMupyeMoii 3aroToBKOI OHM COKpa-
IAIOT TeTUIoNepenayy B OKPYXKAIOIIyIo
cpefy ¥ TeM caMbIM OO0JIETJaloT ToIIep-
JKaHUe ONTUMAJIbHOM TemmepaTypbl. Om-
HOBPEMEHHO C 3TUM CO3[IAIOTCS YCIOBUS
IUTSL TIOJTyY€HHUsI BO BCeM OObeMe Majlo-
IJIACTUYHOTO Marepuaia 0ojiee OmIHO-
pOIHOTO TemrepatypHoro 1osns. Bee ato
MO3BOJISIET JOCTUYD OOJBIION nedopma-
MK 6e3 pa3pylIeHus cepIeyHrKa U3 0c-
HOBHOro Mmarepuaina. st mpumepa Ha
puc. 1, 6 moKa3aH KauyecTBEHHBbIII 0Opa-
3ell U3 MarHueBoro cruiaBa MA3, oca-
>keHHbI Ha 80 % npu 400 °C [1].

B pa6ore [1] ykazaHo, 4TO, HECMOT-
ps1 Ha CPaBHUTEJBHO LIIMPOKOE pacIpo-
CTpaHEHUE OCAKU B 000JIOUKAX B 3aBOA-
CKOW TpakTHKe, 3TOT MpPOIEeCcC U3Y4YeH
elle HeIOCTaTOYHO, a TEOpHsI ero BOOO-
e He paspaboraHa. B aToit pabote
MPYBEICHBI Pe3yIbTaThl 3HAYMTEILHOTO
qyycia 1eJieHanpaBIeHHbIX 3KCIepu-
MEHTOB, TO3BOJUBIINX BBISIBUTH PSII
MHTEPECHBIX 3aKOHOMepHocTeil. OaHa-
KO 3TU 3aKOHOMEPHOCTHU HE TOJYYUIN
CTPOTOTrO HAyYHOTO OOBSICHEHUS U Ma-
TEMaTUYeCKOTO OMMCAHUST BBUIY OTCYT-
CcTBUS B pabote [1] ocHOBaTeIbHBIX TEO-
PETUYECKUX MCCIEIOBAHUM.

B paGote [1] pekomeHmyeTcsl ompe-
JIENIATh  TUAPOCTATUYECKOe JaBJIeHUe,
coznaBaeMoe OD0OJIOYKaMU CaMbIX pa3-
HBIX TUIIOB, 110 OAHOM 1 TOM K€ U3BECT-
HO (hopMmynie paauaIbHOrO Harpsike-
HUSI UWJIMHApPA, HaXOASIIerocsl Toj
BHYTPEHHUM JaBJeHUeM. Mexay Tem
najbliie OyaeT MoKa3aHo, YTO TMIpOoCTa-
TUYECKUE TaBJIEHUsI, CO3IaBaeMbie 000-
JIOUKAMM Ppa3HbIX TUIIOB, 3HAYUTETHHO
pa3nuyaroTcs 1o BeauuyuHe. B padorte [1]
MMOJTHOCTBIO OTCYTCTBYET TeopeThdecKast
MEeTOIMKa OTpeeeHus: TpeOyeMoit ToI-
IIMHBI 000JIOYKU TOTO WJIM MHOTO THUTIA.
He paspaboranbl M MaTeMaTU4YECKUE
KPUTEpUM BBHIOOpPA KOHKPETHOTO THUIIA
obonouku. Takke OoTCyTCTBYIOT U hop-
MYJIbl, TIO3BOJISIOIINE OTNPEAETUTD CUTY,
HEOOXOMUMYIO  JUII  OCYILUECTBICHMS
OocaJKv B TOM WJIM WHOM 000JI0UKeE.
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[TosTomy B 3TOH M APYIMX CTAaThsX
Ha 9Ty Xe TeMy aBTOp IMOIbITAETCS BOC-
MOJIHUTh [aHHBI Mpodes B TEOpuUH,
TeM 0oJiee UTO MOJIyYeHHbIE Pe3yIbTaThl
MOTYT OBITh MCITOJIb30BaHbI HE TOJIBKO
npu 00paboTKe MaJOIJIaCTUYHBIX Ma-
TEPUAIOB, HO U TPU MOJYYeHUU OrMe-
TALTNYECKUX U3NETUT.

[TpuHumaem cieayolve IOMyule-
HMSE: 1) MaTepuas cuuTaeM XecTKoruia-
CTUYECKMM, a YIIPOYHEHUE YUYUTHIBAEM
CpelHel Mo ouary IUIaCTUYECKOMN Je-
(opManuy BETMYMHON HAINPSIKEHUS
TEKy4eCTU oy, 2) CUJIBl KOHTaKTHOTO
TpeHUs onpeaessieM Mo 3aKoHy 3ubenst
KaK Ty = uoy, e p — Kod3(pduuueHt
TPEHMUSI TIO0 HAIPSDKEHUI0 TEKY4YeCTH.
AHanu3 OyaemM IpPOBOAUTbL B OTHOCH-
TEJIbHBIX BEJIMYMHAX HATPSDKEHUI, OT-
HECEHHBIX K HAIPSDKEHUIO TeKy4ecTH
Oy MaTepuana cepaeyHruKa, COOTBETCT-
BYIOILIEMY TIOJy4YeHHOH MM aedopma-
uuu. s matepuana 000JIOYKM HUC-
MoJib3yeM KoahGUIMeHT

k = 650/Ccs (1)

Tlie Gy, — HANpsDKeHHEe TeKyyecTH Ma-
Teprajga OOOJIOYKU TIPU TOJYYECHHOMI
eto aedhopMaLuu.

CHavajla pacCCMOTPUM OCaIKy cep-
NeYHWKa B 00O0JI0UKe, MMOKAa3aHHYIO Ha
puc. 2.

N3 ycrnoBus moctosHCTBA 0OBeMa
cIemyerT:

d=dy [Hy/h: Q)
D= Dy [Hy/h. &)

[lnomans KOHTaKTa CEpACYHMKa C
UHCTPYMCECHTOM:

S, = nd?/4. 4)

ITomanb KOHTAaKTa OOOJIOUKM C UH-
CTPYMEHTOM:

S, = n(D?> — d?)/4. (3)

PaccmoTtpuM 06oji0uky. Bribepem
KUHEMaTUYECKU BO3MOXKHOE TOJIe CKO-
pocTeit TeueHUs] B BUIE BBbIpAKEHUIA:
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Puc. 2. Cxema ocaaku MUJIMHAPAIECKOTO
cepleYHHKA B 000JI09Ke

v, = f(2); vp=6j;+zz)g’ e z M p —

oceBasi M paaMayibHas KOOpPAMHATHI B
IWUIMHIPUIECKON CUCTeMe KOOpPIWHAT.
B 3TOM cnyyae HampsiKeHHOE COCTOSI-
HUE 000JOYKU OIpenesieTcsl 3aBUCH-
MOCTSIMM, TIOJTYYEHHBIMM TPU aHAIU3E
00BIYHOI Ocaaku B pabote [2], B cOOT-
BETCTBUU C KOTOpPHIM (hopMyJia pamu-
aJIbHBIX HaMpsKEHUH MMeeT BUJL:

Gpo =

4p
K1+ 322 = he+ 050D + G,

TI€E [, — KO3(POULMEHT TPEHUS MEXIY
WHCTPYMEHTOM M O0OJIOYKOM.

W3 rpanunaHoro ycnosus o, = 0 ipu
z=hu p = D/2 HaxonuM NPOU3BOJIb-
HYIO TIOCTOSTHHYIO
1l D)

bl

C0=—k(1 + 2°—h

C Y4ETOM KOTOpO

_ YD _p2 5
o0 = kg (5~ § ~ 7+ )

B cooTBeTCTBMM C IMOCICOIHUM pa-
BEHCTBOM [JaBJIEHHE, KOTOpOe 000104~
Ka OKa3bIBaeT Ha CEPIACYHUK, IIpU 7 = A
u p = d/2 Oyner:

Po = —kuo(D* — d)/2Dh.  (6)

OTHOCUTeNIbHAS yIeJIbHAs CUila, He-
obxonumast st 0CaiKu 000JI0UKH, B CO-
OTBETCTBUM ¢ (OpPMYJIOi n3 paboTsl [3]
onpeeNsaeTcs BhIpakKeHUueM

o (D% - d?) }

4Dh @)

qo=k[1 +

Terepb paccMOTPUM CEPOCYHVIK, JUTSI
KOTOPOTO HATMPSDKEHHOE COCTOSIHUE OITH-
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ChIBA€TCS BHIPAKEHUSIMU, TTOTYYECHHBIMU
MpY aHAIN3e OOBIYHOI OCagKu B paboTe
[2], B KOTOpBIX HATO YTOYHUTH 3HAYECHUE
MIPOU3BOJIbHOI MOCTOSIHHOH Ci:

o, = 2 gt 0,50%) + Cy;
op =1+ @~ pz+ 0507 + €.

IIpupaBHsIB BTOpOE 13 ypaBHEHUI (8)
K BbIpaxkeHu1o (6) mpu z = hu p = d/2,
HaxoAuM

C=-1- ud _ k“—o(Dz_dz)

2h 2Dh ©)

rae p — Ko3(pOUUMEHT TpeHUsT MeXay
MHCTPYMEHTOM U CEPIEYHUKOM.

Hcnonb3yst mepBoe BbIpaXKEHUE CHC-
TeMbI (8) ¢ yueroM paBeHcTBa (9), aHa-
JIOTUYHO paboTe [2] MOXHO ITOKa3aTh,
YTO OTHOCHUTEJIbHAS yAedbHasl cuia, He-
obxoaumast 1uis aeopmaliuu cepaeyHu-
Ka, OMpenessieTcsl BhIpaXeHUueM

go= 1+ 8 4 Do)

2h 2Dh (19)

IlonaHyo cuny, HeoOXOOMMYIO IS
OCallku cepieyHrKa BMecTe ¢ 000JI0Y-
KOMi, HaxomauM 1o ¢opMyIie

P =ocu(qcSec t 45)- (11)

CpenHio0 HaKOIUICHHYIO aedopMa-
LIMIO KaK U CeplAeyHMKa, TaK W JUIst
000JI0YKM HAaXOAUM IO BhIpaKeHUIO

Hy
e = ln7 . (12)
Haxkomnennyio agedopmainuio B
oracHoit Touke A (cM. puc. 2) omnpene-
JisieM 110 hopMyJie U3 paboThl [2]:

eig = (1 + 2u)e; =

Hy
=1+ 2p)ln7. (13)
C yyetom paBeHcTBa (9) MOXHO T10-
Ka3atb, 4TO popmyia u3 padboTsl [2] mist
onpeneseHus] TUAPOCTAaTUYECKOTO aB-
JIEHWSI B OMAcHON TOuke A MpU OObIY-
HOWM ocajke

5 =—0,333 — ph/d (14)

ISl cepIeyHrKa B 000JIOUKEe Ipeodpa-
3yeTcsl K BUIY:

6=—0,333 — ph/d + p,.  (15)

Yewm MeHbliIe OymeT aaredopandyeckast
BeJIMUMHA TUAPOCTATUYECKOTO maBiie-
HUSI, TeM OoJibllle OyAeT pecypc ILia-
CTUYHOCTU MaTepuaia cepAeyHHUKa.
J7s1  mocienyiolero CornocTaBieHusI

3 HEKTUBHOCTA 000J0YEK pPa3TMUHBIX
TUTIOB BBIYMCIIUM J00aBKY K TUAPOCTA-
TUYECKOMY AABJIEHMIO OOBIYHOMN Ocaj-
KU, OIpeaesieMylo BbipaxeHueM (6),
MpyU  YCJIOBHBIX 3HaueHusix k=1,
po =03, D=2,d=1, h =1, xoTopasg
cocTtaBuT p, = —0,225.

YeM Oosblie OYIET G4, TEM OONBLIE
OyneT k 1, COOTBETCTBEHHO, TEM JIydllle
OyneT 0000UKa IMPeIOXpaHsITh OCHOB-
HOW Marepuas OT padpylueHus. Takum
o0Opa3oM, 11e71ecoo0pa3HO BbIMOJHSTh
000JI04Ky U3 MaTepuaja C BbICOKUMU
MPOYHOCTHBIMM  XapaKTEPUCTUKAMMU.
Ho npu 3TOM BaxkHO MMETH B BUAY, YTO
MaTepuaa 000JOYKM MOJKEeH 00JamaTh
JIOCTaTOYHOW TUTACTUYHOCTBIO B YCJIO-
BUSIX MpoBeieHUs1 ocaaku. Hampumep,
B pabote [1] mist MpoBeAeHMST OMBITOB
Mo ocajke MarHueBoro cruiaBa MA3
(cM. puc. 1) ObLIM UCITOJB30BaHbI 000-
JIOUKW M3 HUBKOYTJIEPOAMCTOM CTalld U
nypanoMuHa. IlepBreie obnaganu 601b-
MM HamnpsDKeHUEM TEeKydecTH, 4YeM
Bropbie. OmHako ctanp mpu 400 °C
OYEHb XpYIMKa, B CBSA3U C YeM CTaJIbHbIE
000JI04KM OBICTPO pa3pylLIATUCh U OKa-
3aIMCh HEA(DHEKTUBHBIMU. A 000JIOUKHU
13 AypaJioMUHA CMOTJIM 3HAYMTEIHHO
TOBBICUTBD IJIACTUYHOCTD UCCIIENYEMOTO
MarHueBOro CruiaBa.

BaxxHo uMeTh B BUAY U TO, YTO MPU
3HAYUTEJbHON BbICOTE OOOJIOUKU WU
HeOOJbLION TONIIMHE €€ CTEHKU MOsIB-
JIIeTCsl MECTHO€ TMOIHYTpeHue, obpa-
3yloliee 3a30p MeXOy OO0OJOUKON u
CEPASCYHUKOM (CM. TIPeICTaBICHHBIN Ha
puc. 3 obpaselr U3 padoThl [1] wiu mmoka-
3aHHBIN Ha puc. 7, 6 obpasell, OcakeH-
Hblii aBTopom). [lpu sTOM JMIIaeTCs
noanopa Haubojiee onacHasi Mo paspy-
LIEHUIO BBIMYKJasl 4acThb CEpACUYHUKA,
T. €. 000JIOYKA CTAaHOBHUTCSA HedIDPeK-
TUBHOM.

Tak kxak 000y0YKa IIpeACTaBIISIET
c000IJi TIOJTyI0 3arOTOBKY, OCajJKa KOTO-
poil MoAPOOHO paccMOTpeHa B paboTe
[3], To mst mpenoTBpalleHust 06pa3oBa-
HMSI 3a30pa TOJUIMHY O0OJOUKH Cllely-
€T BBIOMpaTh C Y4YETOM pe3YyIbTaTOB
9TOM pabOTBl. YKa3aHHYIO TOJIIUHY
HY>KHO BBIOHMpPATh TAKUM 00pa3oM, 4TO-
OBl B Mpoliecce 0caaku 00004Ka CTpe-
MUJIACh YMEHBIIUTh CBOM BHYTPEHHUIA

Puc. 3. O6pa3oBanune 3a3opa npu ocajake
o0pasua M3 amoMuHueBoro cmiasa J116
B TOHKOCTEHHO#i 0000uKe [1]
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Puc. 4. Tpadmk nas BbIOOpA MHHH-
MaJIbHOTO HAPYKHOTO JmameTpa
000109Kku Dy

nuaMeTp. B aToM ciyyae cepaeyHuK Oy-
JIET PACHIMPSITh 3TOT AMAMETP MPUHYIU-
TEJIbHO, UTO Y 00ECHEeUuT MIOTHOE MpU-
JleraHre OOOJIOUKM U 3HAYUTEJTbHBIN
MOATNOop ¢ ee CTOpoHbI. JlaHHbIe paboThI
[3] O3BOMNSAIOT MPEIOXUTD TSI BEIOOpa
TpeOyeMOoro HapyXHOro auameTpa 000-
JIOUKM TpauK, MOKa3aHHBIN Ha puc. 4.

[TomMuMoO 3TOTO YBEIMYEHUE TOIIIM-
HBl O0OJIOUKM, XapaKTepu3yeMoe YBe-
JIMYEHWEM pa3HUIIBI MEXIY IThaMeTpa-
My D u d, noBbIIaeT 100aBKY K THAPO-
CTaTUYECKOMY JABJIEHUIO CEepAeYHUKA,
onpenensgemyio ¢opmynoii (6). Eciu
HeoOxoamuMasl 1obaBKa

Po =0 + 0,333 + ph/d (16)

M3BECTHA, TO U3 (OpPMYJbI (6) MOXHO
HalTH 00ecIeuYrBalOIINi €e Hapy>KHBII
IraMeTp 00O0JIOUKM:

D=—hﬂ) + (%)2+d2.

17
el (17)

[0}

IIpu peleHun KBaapaTHOIO ypaB-
HeHus 3HaK "+" mepej KOpHeM B3SIT Mo-
TOMY, YTO MpU p, = 0 AOKHO OBITH
D=d

Ilo HaiimeHHOMY nuameTpy D MOX-
HO HAaWTU U UCXOAHBIA HAPY>XHBIN aua-
METpP OO0O0JIOYKM:

D, =D, /h/H,. (18)

PaccmotpuM TipuMep, B KOTOPOM
cTaJsb 45 UCTIOJIb30BaHa BMECTO JIOPOTO-
CTOSIIIIET0 MaTepuaia MoToOMY, YTO I
Hee B pabote [4] uMeeTcs aAuarpamma
MJIACTUYHOCTH, MOKa3aHHas Ha puc. 5.
[Mpu HanMuuU TrarpaMMbl TIACTUYHO-
CTM JUISI MarHMeBOro CIUlaBa WM
BoJibhpama pacueT MPOBOIUTCS aHAJIO-
TUYHBIM 00pa3oM.

Ilpumep 1. HeoGxomumo Tpou3Be-
CTH XOJIOHYIO OCaJIKy 0e3 CMa304HOro

Marepuasia 3aroTOBKM U3 cTaiu 45 ¢ Ha-
YaJbHbIMU BbICOTON H, = 15 MM 1 nua-
MeTpoM d, = 18 MM /10 BBICOTBI # = 8 MM.
Tpebyercst mogobpath HAPYKHBIN aUa-
METp OOOJIOUKM U3 aAJTIOMUHUEBOTO
cruiaBa AB, rapaHTupylolmii npenot-
BpallleHre TPeIIMHOOOpa30BaHMSL.
Pewenue. I1o popmyine (2) Haxogum
OKOHYATEJIbHBIIA AMaMeTp CTaJbHOTO
cepaeynuka d = 24,6 mM. 3aTeM 110 BbI-
paxeHuto (12) BblUMCISIEM HAKOILIEH-
Hyto nedopmaunio e; = 0,629. [lanee ¢
YYETOM CYXOTO TPEHUs CTaJIM IO CTaIu
npuHumaeM p = 0,5 u o dopmyse (13)
omnpenessieM HaKOIUJIEHHYI0 aedopMa-
LMIO B OMAcHO# Touke e;q = 1,258. U3
IarpaMMbl TIAaCTUYHOCTM Ha puc. 5
BUMIHO, 4TO Il oO0ecreueHus 3HaYeHHUsI
AeopMaLy paspelleHust e, > ;4 Tpe-
OyeMass BeMYMHA TUIPOCTATHIECKOTO
JABJICHUST TOJDKHA YAOBIETBOPSITH Hepa-
BeHCTBY o < —0,6. Torma n3 ¢opMyJbl
(16) momydyaeM, 4TO 00OJIOYKA HOJKHA
co3faBaTh THAPOCTATUYECKOE JTaBlIeHUE
Do < —0,104. MuHMMaIBHO HEOOXOOU-
MBIl JIJIST 3TOTO TUaMETpP OIpenesieTcst
BeIpaxkeHueM (17). J1J1st TpeHus aTloMu-
HMSI 10 CTaJIU pUHUMaeM p, = 0,3. 3a-
Tem 1ipu e; = 0,629 1o KpuBOii yrpou-
HeHMs1 Ha puc. 6 HaxonuM o = 950 MI1a,
a To anmpoKCMMAalMM KPUBOW YIIPOY-
HEHUS alloMUHKEBOro cruiaBa AB [2]

o, =349 — 1631 —
— 46¢ 2% MTTa, (19)

HaxXoiuM oz, = 262 MIla, nocne uero
o ¢opmyite (1) onpenensiem k = 0,276.
C yJeToM 3TOTO CHayajia Mo BBIpaxke-
Huro (17) mna p, = —0,104 Haxogum
D = 36,6 MM, a 3ateM 110 (hopmyite (18) —
D, = 26,7 mM. [lenaeM mpoBepKy Haii-
JIEHHOTO TaMeTpa Ha oOpa3oBaHUeE 3a-
30pa MEXJy CEepIeYHUKOM U 000JI0Y-
koi. lna sroro BeruucisieM d,/D, =
= 0,674 H,/D, = 0,562. 13 puc. 4 Bua-
HO, YTO MPU STUX 3HAYEHMSIX OyaeT 00-
pPa30BBIBAThCS 3a30p, I TIPEmOTBpa-
IIEHUSI KOTOPOTO HAPYXHBIA JHaMeTp
000104KM Hamo yBennuuth. [locTreneH-
HO YBeJIMUYMBAsl 3HAYeHUWE IHUAMETpa,
HaxomuM D, = 30 MM, Opu KOTOPOM
dy/D, = 0,6 u H,/D, = 0,5. U3 puc. 4
BUIHO, YTO MPU 3TUX 3HAUYECHUSIX 3a30D
0o0pa3oBBIBaThCS He OymeT (mjisd 3araca
MOXHO MPUHSITb U HECKOJILKO OOJIblIIee
3HaueHue auameTrpa). OTMETHM, YTO
yBenmnueHne auamerpa D, c 26,7 mo
30 MM CHIZKAeT alredpandecKylo Bear-
YUHY TMIPOCTaTUYECKOTO AABICHUS P,
T. €. MPUBOJAUT K MOBBILIEHUIO 3araca
TTPOYHOCTHU CEpICYHUKA.
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Puc. 5. InarpamMma niaacTuaHocTH ctamm 45
npu Temnepatype 20 °C

o5, Mlla
1000 ]
L
800 -
/

600 [/
400 l
200

0 02 04 06 08 e

Puc. 6. KpuBas ynpounenuns cram 45

Jnst MpoBepKU MOJYYEHHBIX CUJIO-
BBIX (POPMYJT aBTOPOM OBLIU IIPOBEIECHBI
SKCITEPUMEHTHI IO OcaaKe 6e3 cMa30u-
HOro Mmarepuaina obpaslioB U3 aJlOMU-
HUEBOTO cryiaBa AB ¢ HayaIbHBIMU BbI-
coroi Hy, =15 MM u aMamMeTpom
dy, = 18 MM 10 BBEICOTEI & = 9 MM (OT-
HOCUTeNIbHAsl JIMHEeWHas aedopmanus
e=40 %). OO0O0JOYKM TOJIIMHON 3
(puc. 7, 6), 6 (puc. 7, a, 6) u 9 MM
(puc. 7, e) ObUIM U3TOTOBJIEHBI U3 MEIU
M1, kortopas mas TIOBBILIECHMS TLia-
CTUYHOCTU TIOJIBEprajiach M30TepMUUe-
ckoMy omxkury (600 °C, 3 u). OcaxeH-
Hble 00pasiibl MOKa3aHbl HA puc. 7, 6—e,
a TIOJydYeHHas] KpuBas YIPOYHEHUS
oToXCKeHHOUM Memn M1 — Ha puc. 8.
CormocTaBiieHMe pacYeTHBIX U 9KCTIEpH -
MEHTAJbHBIX AaHHBIX MPEACTABICHO B
Tabmuue. g comocTaBiaeHUsT ObLIU
TaKXe MCIOJIb30BaHbI MMPOMEXYTOUHbIE
JIaHHbIE, MOJy4YeHHBbIE Mpu A = 12 MM
(e=20 %). 3 puc. 7, 6 BUIHO, YTO
MpU TOHKON 00O0JOYKE MEXIy Heil u
cepaeuHuKoM obpazoBascs 3a3op. [Ipu
5TOM TUAPOCTATUYECKOE IaBJICHUE Ha
CEpPAECYHUK CO CTOPOHBI OOOJIOYKH
MPaKTUYECKU OTCYTCTBOBAJIO, UYTO M
OOBSICHSIET 3aBBILIEHHBIE TEOpETUYe-
CKUEe 3HAa4YeHUsI CWJIbI, KOTOphIe 3TO
JIaBJICHUE YYUTHIBAIOT (JIBe TIepBbIE
CTPOKM TaOJIULIBI).
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Puc. 7. TunmoBas 3arotoBka (a) wu3
ajoMuHMeBoro cimiiasa AB B 000J04ke
W3 OTOXCKeHHOH Memu M1 M ocakeHHbIE
obpa3upl (6—2):

D, =30 (a, 6), 24 (6) 1 36 MM (e)

o5, MIla
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150 //
100

/

50

0 02 04 06 08 e

Puc. 8. KpuBas ynpoyHeHMsI OTOXKEH-
Hoil meau M1

Ilpumep 2. Tpebyetcs MpoBeCTH pac-
YeT MepBOil CTPOKM TaOJIMIIBI M CPABHUTD
MOJIyYEHHOE TEOpeTHYEeCKoe 3HaueHue
CUJIBI OCAIIKU C DKCTIEPUMEHTATLHBIM.

Pewenue. Ilo dopmynam (2)—(5)
nocienoBateibHO HaxonuM: d = 20,1 MM,
D=26,8 mM, S,=3I8 Mm%, S, =
= 247 mm%. Jlanee mo copmyie (12)
BBIUMCIISIEM HAKOIUIEHHYIO JaedopMa-
uuio e; = 0,223, ¢ yueTrom KOTOpO# IO
anmnpoKCcCUMaLuu (19) HaXOIUM
oy = 218 MIla, a mo KpuBoOii ynpouyHe-
HUS Ha puc. 8§ — oy, = 170 MIla, nocne
yero 1o ¢opmyie (1) ompenensem
k = 0,780. 3areM no BbipaxeHusm (10)
u (7) BeluucageM g, = 1,240 u g, =
= 0,837. Ilo dopmyne (11) Haxomum
P =131 kH, c yuyeroM 4ero pacxoxuacHue
pacueTHOW P M 3KCIepUMEHTaIbHON P,
CWJI OCaZKM COCTaBIsIeT & = 12,2.

CrenyeTr yKa3aTbh, YTO 3aBBIIICHHOE
TEOpeTUYeCKOe 3HAUeHUE CHJIBI OCallKU
3arOTOBKM B TOHKOCTEHHOH 000JI0YKe
00YyCJIOBJIEHO HE TOJBKO 00pa3yIolIMM-
Csl 3a30pOM, HO U TeM, UTO Takas 000-
JIOUKa TepsieT YCTOMYMBOCTbL C 00pa3o-
BaHUEM CKJIAJKW. DTO MIPUBOIUT K 3HA-
YUTEJIBHOMY  YMEHBIIEHWIO  CHJIBI,
HEeoOXOAUMOM I OCaaKU OOOJIOUKMU.
J17151 MPpOBEPKU 3TOTO TMOJIOXKEHUS HAMU
OBbLJT BHIMOJTHEH OMBIT MO OCaIKEe TOHKO-
CTeHHOI o000JIouKH 0e3 cepleyHuKa
(puc. 9). B pesynbrare mojiyyeHO 3KC-
MepUMEeHTaTbHOE 3HAYeHNE CHJTBI OCal-
xu P, = 83 xH. IloacraBus naHHbIE U3
BTOPOM CTPOKM TaOJuLLI B (QOPMYTY
(7), monyuum g, = 1,152. Tlo Bropomy
yiaeHy ¢opmynsl (11) Haxoaum Teope-
TUYECKOE 3HAYEHUE CUJIbI OCaKU 000-
JoUKN P = o0¢Spq, =96 kH, uTo
Ha 13,5 % mpeBBIIaeT 3KCIEPUMEH-
TaJbHOE 3HAUYCHUE.

C uenblo U3y4yeHUsi 3aKOHOMEPHO-
CTel mpoliecca 0caaku B 000JI0UKe Obl-
JIM BBITIOJIHEHBI 9KCIIEpUMEHTHI [1] Kak
MO pasfesNbHON OcanKe cepAeyHuKa U
000J10YKM, TaK U MO OCalKe CHUCTEMBI,

COCTaBJIEHHOM M3 TeX Xe 3JIEMEHTOB.
J1s1 6oJiee neTaabHOM IMPOBEPKU pa3pa-
OOTaHHOM TeOpMHU IIPOBEAEM TakKXkKe
CpaBHEHME C OKCIEPUMEHTAIbHBIMU
JMaHHBIMKU U3 paboTHI [1].

Ilpumep 3. J1is1 2KCIIEPUMEHTAIb-
HBIX MCCJIEIOBAaHUI, OMMCAHHBIX B pa-
oore [1, c. 144—146], GBI UCITOIB30-
BaHbl CEepACYHMK U3 OTOXKEHHOIO
ATIOMUHMST U 000JI0YKA U3 OTOXKEH-
HOU Menu, UMEBIINE CIeaylollne Ha-
yajgbHble MapaMmeTpel: H, =22 MM;
Dy = 25 mm, d, = 15 mM. B pesynbrare
YCTAHOBJICHO, YTO MPU OCAIKe TOJBKO
cepaeyHuka P., = 35 xkH, npu ocanke
TOJIbKO 0bosiouku P, = 132 kH, a npu
ocamKke cepmeyHMKa B 000JOYKe
P, =216 xH. Bo Bcex ciyyasix ocanka
BBITIOJIHSUIACh /10 BBICOTHI /1 = 13 mMm.
CMa304HBII MaTepual He MCIOJIb30BaI-
cs1. TpeOyercss HallTM yKa3aHHBIE CHJIbI
TEOPETUUECKM U CPaBHUTH IOJydeHHbIE
3HAUEHUS C SKCMEPUMEHTATbHBIMMU.

Pewenue. 1o dopmynam (2)—(5) no-
caenoBaresibHO Haxomum: d = 19,5 mwm,
D=325 mm, S,=299 Mm%, S,=
=532 Mm% Jlanee mo dopmyne (12)
BBIYUCIISIEM HaKOTUIEHHYIO jaedopmMa-
uuio e¢; = 0,526, ¢ yyetroM KOTOpoOil 1o
KpHUBOi1 yripouHeHus Ha puc. 10, a (co-
OTBETCTBYeT KpuBoi 1 Ha puc. 5.73 B
cnpaBouHuke [5, c. 124]) Haxomum
oy = 115 MIla, a no KpuBO#i yripouHe-
HUs Ha puc. 8 — oy, = 260 MTla, nocne
yero 1o ¢opmyine (1) ompenensem
k=12,261. Ing TpeHUS LBETHBIX Me-
TaJIOB IO  CTalud  TNPUHUMAEM
pn = po = 0,3. Ing ocagku TONBKO cep-
JIeYHUKA T10 IBYM TEPBBIM WieHaM BbI-
paxenus (10) Haxooum ¢, = 1,113, no-
cJie Yero Io nepBomy uieHy hopMyJibl
(11) Bruucasiem cuny P, = 38 kH, uro
OTIMYAeTCS OT 3KCIEPUMEHTAIEHOTO
3HavyeHusT Ha & = 7,9 %. Jns ocagku
TOJIBKO 000JI0YKM 10 BhIpaxeHHIo (7)
HaxoauM ¢, = 2,532, mocje yero no
BTOpOMY ujieHy ¢opMyibl (11) Bbrumc-

ConocrapjieHne pacyeTHoi cuiibl P 0cafku 3aroToBOK M3 aJIOMMHMEBOrO ciuiaBa AB B 000.109kax
U3 0TOXKeHHOi Menu M1 c 3kcnepumenTanbHOl cuioi P, (dy = 18 mm, Hy = 15 mm, p = py = 0,3)

Dy h d D Se S, Ggc G0 P P,

e; k qc 9o 5, %

MM MM2 MIla kH
24 12 20,1 26,8 318 247 0,223 218 170 0,780 | 1,240 | 0,837 131 115 12,2
24 9 23,2 31,0 424 330 0,511 251 260 1,035 | 1,427 | 1,152 248 215 13,3
30 12 20,1 33,5 318 565 0,223 218 170 0,780 | 1,335 | 0,884 202 195 3,5
30 9 23,2 38,7 424 754 0,511 251 260 1,035 | 1,621 1,249 409 390 4,6
36 12 20,1 40,2 318 954 0,223 218 170 0,780 | 1,420 | 0,927 291 280 3,8
36 9 23,2 46,5 424 1272 0,511 251 260 1,035 | 1,795 | 1,336 618 595 3,7
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Puc. 9.
TOHKOCTEHHO#i 000,104KH U3 OTOXCKeHHo# menu M1:
Dy, =24 mm, dy = 18 MM, H, = 15 MM, & = 9 Mm

OOpa3oBanne CKIaAKd NpH  oOcajake

o5, MIla
120 /,/ 500 ] |
100 ] 400 P
80 / 300 /
60 / 200
400 02 04 06 ¢ 1000 02 04 06 08 ¢

a)

0)

Puc. 10. Kpusbie ynpounenus oroxkeHHbIx amomunus AJl1 (a) u apMko-xkene3a (6)

asgem Py = 155 kH, 4ro otnuuaercsa ot
AKCIIEPUMEHTAIBHOTO  3HAueHUs Ha
8 =14,8 %. Kak u B HallIeM OIIBITE,
3[eCh U B CJedylolleM mpumMepe 0OJb-
1asi BeJIMYMHA TEOPETUYECKOTO 3Haue-
HUSI CWibl OOyCJOBJIEHa MNOTepel yc-
TOMYMBOCTU M O0Opa3oBaHMEM Ha 000-
JIOUKE CKJIaAKW, TIOKa3aHHOW Ha
puc. 89, 6, padotsl [1, c. 145], anano-
TMYHOM HaieMy puc. 9. JInsga ocagku
cepIeyHuKa B OO0OJIOUKE, HCIOIb3Ys
nosHbie BeipaxeHus (10) u (11), Haxo-
M g, = 1,656 u cuny P =212 xH,
pacxoxneHne KOTopoii ¢ P, cocTaBisieT
5§=2,0%.

Ilpumep 4. JInga sKcrnepuMeEHTAalb-
HBIX MCCJIeJIOBAHUI, OMUCAHHBIX B pa-
oore [1, ¢ 144—146], ObUIM MCITOJIB30-
BaHbl CEPACYHMK U3 OTOXKEHHOTO
TIOMUHUST U 000JI0UKA U3 OTOXXKEHHO-
T'O apMKO-3KeJie3a, UMEBIINE CIIeAyoLIre
HayajJbHble MapameTpsl: H, = 20 MM;
D, =22 mm; dy = 12 mM. B pesynbraTe
YCTAHOBJIEHO, YTO MPU OCAIKE TOJBKO
cepaeyHuka P., = 20 xH, npu ocanke
TOJIBKO 0007104kH Py, = 187 kH, a mpn
ocagKke cepIeyHMKa B 000JOYKe
P, =245 xH. Bo Bcex ciyvasx ocanka
BBITMOJIHSIACh 10 BBICOTHI 4 = 13 MM.
CMa3ouHbIil MaTepuana He MCIOJIb30-
Bajcs. TpeOyeTcsl HalTW yKa3aHHBbIE
CUJIbI TEOPETUYECKU U CPABHUTH TTOJTY-
YeHHBIe 3HAYEHUST C IKCIIEPUMEHTATb-
HBIMM.

Pewenue. Ilo dopmynam (2)—(5)
nocienoBareIbHO HaxonuM: d = 14,9 MM,
D=273 mm; S.=174 Mm% S, =
=411 mm2 Jlanee no dopmyne (12)
BBIYMCIISIEM HaKOIUIEHHYIO jaedopma-
umio e; = 0,431, ¢ yueToM KOTOpO#i 1O
KpUBOi#l ynpouHeHust Ha puc. 10, a Ha-
xomuM o = 110 MIla, a mo xpusoi
yrpouyHeHus1 Ha puc. 10, 6 (COOTBETCT-

ByeT KpuBoil [/ Ha puc. 47 B CIIpaBOd-
Huke [6, c. 61]) — oy, = 450 MIla, no-
cie yero 1o dopmyie (1) ompenensiem
k =4,091. Ins1 cyxoro TpeHusl alroMu-
Husg 1o cTtaju npuHuMaem p = 0,3,
auis TpeHUs CTald 10 CTald —
po = 0,5. Insl ocanku TOJIBKO cepred-
HUKA TI0 IBYM TIEPBBIM WieHaM BbIpa-
xeHus (10) naxonum ¢, = 1,086, mocie
4yero no nepBomy uieHy ¢opmyibl (11)
BbuuciasieM P, = 21 kH, 4ro oTinyaet-
Cs OT BKCIEPUMEHTATBHOTO 3HAYECHUSI
Ha § = 4,8 %. 1151 ocamku TOJBKO 000-
JIOYKM MO BbIpaxeHuo (7) HaxoguMm
qo = 4,845, mocne yero mo BTOPOMY
yieHy ¢dopmynabl  (11) BbUHMCIsIEM
P, =219 xH, 4to ominyaeTcs OT 3KC-
MepUMEHTaTbHOTO 3HAYEHUS Ha
8= 14,6 %. 1ng ocanku cepaeyHUKa B
000J109Ke, UCITOTb3Ys TTOJTHBIE BhIpaXe-
Hug (10) m (11), Haxomum g, = 2,594
u cuny P = 269 xH, pacxoxmeHue Ko-
Topoui ¢ P, cocrtapisier & = 8,9 %.

Ilo pesyabratam OmbITOB B pabote
[1] cmenaH BbIBOH, YTO CyMMa CHJI pa3-
JIEJIbHOM OCAJKW C OJHOM U TOM Xe cre-
MeHBI0 AeopMalii 000IOYKY U Cepley-
HMKa MEHBIIIC CHJTBI OCaJIKM CUCTEMBI, CO-
CTaBJIEHHON U3 TeX XXe O3JIEMEHTOB.
IIpuyem, yeM ToJI1Ie CTeHKA 000JI0UKH,
TeM OoJIbllle pa3HULIA MEXIy STUMU Be-
JIMYUHAMMU.

DTU 3aKOHOMEpPHOCTU B pabdote [1]
OOBSACHSIIOTCS "POCTOM CHWJIBI TPEHUS B
CBSI3M C U3BMEHEHHWEM OTHOILIEHMS JTra-
MeTpa obpasua K ero Bbicote". Takoe
00BsICHEHWE, Ha Halll B3[JIsI, MaJoMo-
HSITHO U CIIOPHO, B TO BpeMsI KakK Ipe-
CTaBJIeHHasl BBIIIE TEOPUs ITO3BOJISIET
JIaTh OOBSICHEHUSI, apTyMEHTUPOBaH-
Hble MaTeMaTUYEeCKH.

BrireykazaHHble  3aKOHOMEPHOCTH
OOBSCHSIIOTCA ~ TpeMsi  MpPUYMHAMMU:
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1) ynenpHast cuia, HeoOxomumasl ISt
0CaJIK1 ceplIeYHNKa B 000JOUKE, TTOBBI-
1IaeTCsl IO CPaBHEHUIO C CUJION €ro OT-
NeJIbHOM OCaJKu Ha BEJIMYMHY TUAPO-
CTaTUYECKOTO HABJIEHUSI CO CTOPOHBI
000JI0UKM, KOTOPOE YBEJIWYMBACTCS C
pOCTOM €€ TOJIIMHBI [cM. (hopMyTy
(10)]; 2) ymenbHasa cuia, HeoOXomumast
JUTST OCaIK TOHKOCTEHHOI 00OJIOUKH C
CEepAEeYHUKOM, MOBBIIIAETCS 11O CpaBHe-
HMIO C CWJIOM €€ OTAENBHOI OCaiKu, TaK
Kak B TOCJIEIHEM CJyvae TMPOUCXOAUT
MoTeps YCTOMUMBOCTU OOOJIOUKU C 00-
pa3oBaHMWEM CKJIAJKU, YTO HECKOJbKO
3aTPYAHSETCS TIPU HAJTMYUU CepACUHU-
Ka; 3) ymenabHas cuiia, HeoOxoaumasi
JUTSI OCAJIKM TOJICTOCTEHHOM 000JI0YKU C
CepAeYHUKOM, MOBBILIAETCS 11O CPaBHe-
HUIO C CUJION ee OTIeNbHOIM OCaKu, TaK
Kak B TIOCJIEIHEM CJyvae TMPOUCXOAUT
YMEHbIIIEHUE e€ BHYTPEHHETO AUaMeT-
pa, TpeOyrolllee MEHBIIUX 3aTPaT dHep-
ruu [3], a Opu HaIMYUM cepAeYHMKa
9TOT OWaMeTp MPUHYIUTEIbHO YBEJU-
YUBaeTCs, TIPU 3TOM 4YeM ToJjile 000-
JIoYKa, TeM 0oJjiee SHEePreTUYeCKu BbI-
TOJHO YyMEHBbIIIEHHWE €€ BHYTPEHHETO
IaMeTpa M, COOTBETCTBEHHO, TEM
OoJipllle pa3HMIIA 3aTpaT SHEPruu Ha
€ro MPUHYAUTETbHOE YBEIUUEHUE.

BoiBOA

Pa3zpaboTtanHHas Teopus aaer oobsic-
HEHME M3BECTHBIX 3aKOHOMEPHOCTEH
npoiiecca 0cagkKy MaJIOTUTACTUYHBIX Ma-
TEpUAJIOB B TUIACTUYHBIX OOOJNIOUKAX U
MO3BOJISIET € JOCTAaTOYHOM TOYHOCTBIO
OMpeeNsITh ONTUMAJbHbBIC TapaMeTphbl
JAHHOTO Tpoliecca.
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UccnepoBaHme ko3 duumeHTa pasdbyxaHus nonmmepHbIX
MaTepuanoB NPy U3roToBreHUnN pudneHbIX NUCTOB

BaJibLueBaHNemMm

MpUBOAATCA 3KCNEpUMEHTalbHbIE VCCNefoBaHNA KO3M-
duvmeHTa pasdyxaHus nnacTMacc B 3aBUCMMOCTU OT Yumcna
000pOTOB BafIKOB U BESINYMHBI MEXBAIKOBOrO 3a30pa npw
pacyeTe U KOHCTPYMPOBaHWN nepepabaTbiBaloLMX MaLLnH,
TEXHONOMYECKOM OCHACTKN U CAMUX U3LENUI 13 NacTMacc.

Results of experimental study of swelling factor of plas-
tics in the dependence on the rollers rotation speed and the
roller space value are presented. The results obtained are
used at calculation and design of processing machines, pro-
duction tools, and plastic items themselves.

OcHOBHasl HUIIIA TIOJTMMEPHBIX U3IENI — 3TO BCEBO3MOX-
Hble POGUIbHbIE M3NEIUsI, TONTyYeHHbIe HeTTPePhIBHBIM Tpe-
0o0pa3oBaHUeM pacruiaBa MOJIUMEPHOr0 MaTepuaia B rOTOBBIM
npoaykT. OaHUM U3 Haubosiee PaclpoOCTPaHEHHBIX CITOCOOOB
nepepadoTKM MOJTUMEPOB B U3NENUS SIBJSIETCSI TIPOLIECC BaJlb-
1IeBaHUS, CYTh KOTOPOT'O COCTOMT B MHOTOKPATHOM TTPOITYCKa-
HMM MaTepuajia yepe3 3a30p MeXKIy BpalllalolIMMUICS HABCTPe-
qy IPYT APYry 00OrpeBaeMbIMU METAJUTMUECKUMHU BaJIKaMU.

M3BecTHBIE KOHCTPYKIIMY BaJKOBBIX MalllMH OCHAILIEHBI
NPEUMYLLECTBEHHO IMalKMMU LMJIMHIPUYECKMMHU BaJbLAMU
M TIpeHa3HaYeHbl ISl TpeJBapuTeSbHON TUIaCTUKALUU T10-
JIMMEPOB WJIM U3TOTOBJIEHUSI TIJIOCKMX JIMCTOB M TIJICHOK.
YuuTtbiBasi TOT akT, YTO B IPOMBIILIJIEHHOCTH PacTeT UHTeE-
pec K IpUMeHEHUIO MPOMWIIBHBIX U3IETNI, BeChMa aKTyallb-
HOH IIpecTaBIsIeTcsl pa3paboTKa BaJKOBBIX MAalllMH Ha 0a3e
pudieHbx (IMpo¢UIbHBIX) BaJlbLIOB, IMO3BOJISIIOIIMX H3r0-
TOBJISITH M3IENUSI CIOXHOTO TMpoduiasi 6e3 Mocaemyloimmux
cranuii hopmoobpazoBaHust [1].

Ha xadenpe "O6opynoBaHve HedTEXMMUUECKUX 3aBOIOB"
dummana IF'OY BIT1O Ydumckoro rocynapcTBeHHOTO HeTSIHO-
IO TEXHUUECKOTO YHUBepcuTeTa B r. Crepiauramake pazpadbora-
Ha KOHCTPYKLMSI BajbLOB IS M3TOTOBJICHMS TOJIMMEPHbIX
pudIeHBIX JUCTOB [2], KOTOpasi COOEPXXUT BaJIKU, IIPOPIIb
(bopMmyto1IMX TOBEPXHOCTEM KOTOPBIX BHIMOJHEH pUMIECHBIM —
B BUIE BBIIYKIBIX M BOTHYTBIX KPHWBBIX BTOPOro TMOpsiiKa
(puc. 1). Inst obecrnieyeHrst CTaOMIBHOTO Mpoliecca BaiblieBa-
HUSI BaJIKU HArpeBaroOTCs C TTOMOIIBIO TEPMO3JIEMEHTOB. MexX-
Iy BaJIKaMM MMEETCsI PeryIMpyeMblil 3a30p MJIsl 00eCTIeueHUsT
HEeOOXOIMMOM TOJIIMHEI TTOJTy4aeMOro pudIIeHoro MmojIoTHa.

Hzrorosnenre noarMepHbIx pudIeHbIX JUCTOB obecrie-
YUBAETCs BHIOOPOM ONTUMAJILHOM TeoMeTpun Tpoduist pop-
MyIOILIel TTOBEPXHOCTU BaJIbIIOB, KOTOpasl BBITOJHEHA pUd-
JieHo# (hopMbl B BUE NMapabOIMUYeCKUX BBICTYIOB U BIAAMH.
YKazaHHas1 KOHCTPYKLMSI BajJblOB 0OecriedyMBaeT OOJIBIIYIO
neOpMALIMOHHYIO CITOCOOHOCTh U PABHOMEPHOCTb pacrpe-
JieJIeHUsI paciulaBa noauMepa. Basblibl paboTaior ciemyro-
myM obpasom. B pesynbrare BpallieHUs TiepenHero / v 3ai-
Hero 2 BaJIKOB Pa30TPEThIi MOJIUBUHUIXJIOPU YBIEKAeTCsl B
MEXBaJIKOBOE MPOCTPAHCTBO M ToJBepraercst neopMupoBa-
Huto. Tpebdyemast ToniHa ¢GopMUPYEMOro prGIEHOro J1cTa
obecrieurBaeTcsl 3a30poM 3 MexJy BajikaMu. Beictymnbl 4 u
BHAAMHBI 5 00pa3yloT pudieHue TTOJIMMEPHOTO JIMCTA.
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JI1st yBeTMYeHUsT MHTEHCUBHOCTH 1e(OPMUPOBAHUS Ma-
Tepuaya BaJIKW BPAILAIOTCS C Pa3HBIMM OKPYXKHBIMU CKOPO-
CTSIMM, MIPU 3TOM CKOPOCTh BajiKa I, Ha KOTOPbI HaJMUMaeT
Marepuall, MeHbllle CKOPOCTH Bajika 2 Ha BEJWYMHY (PpuK-
1y (OTHOIIEHHWE OKPYKHBIX CKOpOCTEl BajKoB). TepmMoaJe-
MEHTHI 6 U 7 TipeAHa3HauYeHBbl UISI HarpeBa pabodeil yacTu
BaJIKa 0 TeMIlepaTypbl, HEOOXOMUMOM MIJIsT TTepepabOTKU UC-
ciaenyeMoro Marepuaina. st mpeaoTBpalieHus MporopaHust
9JIEKTPOU3OJISIIMOHHOTO MaTepuajia Ha ero MOBepXHOCTh Ha-
MaTbIBaeTcsl acOeCTOBOe BOJOKHO &. YBenuueHue nedopma-
LIMM MaTepualla 3aBUCUT TaKXe OT Pa3HOCTH TeMIlepaTyp
BasikoB. TeMmneparypa Bajika [ TOJKHA ObITh OOJIbILIE TeMIIe-
patypsl Banika 2 Ha 10+15 K.

Bce akcnieprMeHTaNIbHBIE UCCIIEA0BAHUS TIpoliecca Balb-
LIEBaHUS MOXHO Pa3leuTh Ha JBE TPYIIIIHI:

HCCIeNOBAaHUE PEOJOTMYECKUX XapaKTepUCTUK TOJUMe-
PpoB, KO3 duLIMeHTa pa30yXaHUs 1 COAePXKaHUS BlIaru B UC-
XOIHOM ChIPhe;

YCTAHOBJIEHWE 3aBUCUMOCTU MeXaHWYeCKON MPOYHOCTH
MOJIOTHA, €T0 MJIOTHOCTU M BOJAOCTOMKOCTU OT YCJIOBUMA Ie-
pepaboTKY TOJIMMEPOB B U3NEIIHS.

B xone aKcreprMeHTaIbHOTO U3Y4eHUS TIpoliecca Bajiblie-
BaHUSI IS TTOTydeHUsT pUIISHBIX TMCTOB UCTIOIb30BAIN HAU -
6osee pacrpocTpaHeHHBIE TEPMOIUTACTUYHBIC MaTePHAaIb:

MOJUITWIEH BBICOKOTO NaBJeHUsI (HU3KOM TUIOTHOCTH)
mapku 15802-020 (ITBI) T'OCT 16337 npuMeHSJICS KaK MO-
NEJIbHBIA YHUBEPCAIbHBIA MaTepyas, MO3BOJSIOLIMA IPO-
BECTU CPAaBHUTEJbHBIA aHAIN3 C IPYTMMU PaclpOCTPAHEH-
HBIMU TIOJIMMEPHBIMM MaTeprajaMMi U COMOCTaBUTh UX TH/I-
pOIMHAMUUYECKUE XapaKTepPUCTUKU B pPa3HbIX YCIOBUSIX
rmepepaboTKN MaTepHajioB B TOTOBBIC M3IEIINS;

TUTacTUKAT KalenbHbIN mnoJuBMHUIXIOpUAHBIN (ITBX)
mapku 0-40 TOCT 16272. Komnosunms ITBX mcmosab3osa-
Jlach B KaueCcTBe OJHOIO M3 PEKOMEHAYEeMbIX MaTepuasoB, B
HauOoJbIlel CTENEHU MPUTOJHBIX ISl U3TOTOBIEHUS pUd-
JIEHBIX JIMCTOB METOJOM BajlbLIEBaHMUSI.
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Puc. 2
K
1,6

IBJ 15802-020
1,4
443 K
473 403 K
1,2
1,0
2,0 2,5 3,0 3,5 A, MM
Puc. 3

[anee npencraBieHbl pe3yIbTaThl 3KCMIEPUMEHTaTbHBIX UC-
CJieoBaHUI 3aBUCUMOCTH KO3GpulieHTa pa30yxaHus OT Yac-
TOTHI BpaIlleHUsT BAJIKOB U BEIMYMHBI MEXBAJIKOBOTO 3a30pa.

TeueHue MoOIMMEPOB COMPOBOXAACTCSI BOSHUKHOBEHHUEM
aJacTUYecKnX aedopMalmMii B paciuiaBe, MO3TOMY B HeM
MPOSIBJISIETCS BECh KOMILUIEKC MEXaHUYECKUX pejlaKcallMOH-
HBIX SIBJIEHUI, KOTOPbIE MOTYT BbI3BaTh. U3MEHEHUE pa3Mme-
POB U3MAEJIMS 10 CPaBHEHUIO ¢ (DOPMYIOIIMM 3a30poM (pas-
OyxaHue M3MeNHs); IIepOXOBATOCTh U AaXe OyrpuUCTOCTh T0-
BEPXHOCTEI U3HEINIi; MCKaXeHHe (DOPMBI U3IEIHSI.

Penakcaiiis HaKOTUIEHHBIX B TIPOLIECCE BaJibIIeBaHUS Ha-
MPSDKEHUI BIMSIET HA KQUECTBO U3NEIUIt U TIPOSIBIISIETCSI B BUIE
pa30yxaHUs, TIPOMCXOMIIETO TOMA JeHCTBUEM HOPMAIBHBIX
HampsDKeHWH, TIepreHAUKYISIPHBIX HANpaBIeHUIO TBUXKEHUS
Macchl pacruiaBa. HopManbHble HamNpsoKeHUST BO3HUKAIOT
BCJIEZICTBUE CTPEMIIEHUST OPMEHTUPOBAHHBIX MOJIEKYJT MEpEerTH
B HeHarpspkeHHoe coctosiHue (3ddekt BaiiceHbepra) [3, 4].

[TpuMeHuTeNbHO K ITpolieccy BajblieBaHUs 1Mo Koaddu-
LIMeHTOM pa3byxaHusi K TTOHUMAaeTCsT OTHOIICHHWE TUIOIIAIN
Sis M2, MOTePeHOro ceueHMs PUGICHOrO JIMCTA K MUIOLWAIN
S, M2, (hopmyrouiero 3asopa BanbLOB, T. €. K= /S /S. [lna
HOJMMEPHBIX MaTepuaaoB KoagduuueHT K > 1, yro o0y-
CJIOBJICHO TPOLIECCaMU BbICOKO3JIACTUYECKOTO BOCCTAHOBJIE-
HUSI pacIyIaBJIeHHON MaccChl MOJMMeEpa TIPH TTPOXOXKICHUN
yepe3 (hopMyIolyI0 OCHACTKY WU (GOPMYIOILIMIA 3a30D.

Hna MBJ, 15802-020 u kommno3uuuu [TBX 0-40 onpene-
JISUTM 3aBUCUMOCTH KoddduilMeHTa pa3dyxaHUs OT 4ucia
000pOoTOB BaJIKOB. TeMmepaTypa mpolecca BajlbleBaHUs IS
INBJl naxomunach B uHTepBane 403+443 K, mia [MIBX —
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423 +453 K; yacToTa BpallleHUSI U3MEHSJIACh CTYIICHYaTO OT
15 1o 30 mun~ . MexBaakoBblit 3a30p B JAHHOW CEpUU BbI-
CTaBIsSUIM paBHBIM A = 3 mMM. [lpu mocTukeHUM 3amaHHON
TeMIlepaTyphbl BajIblIeBaHUSI YCTaHABIMBAIU TpeOyeMylo yac-
TOTY BpalleHust Baaka 2 u3 psiza 15, 20, 25, 30 mun™ L.

B MexxBanKoBbIit 3a30p (BEJIMUMHY KOTOPOTO PETYIMPOBA-
JIK ¢ TOYHOCThIO 10,2 MM) 3arpyKaiu UCCIIEAyeMbIil TIpoTpe-
TBIM TONMMMEpHBI Marepuan. [Ipou3Bogmian BasblieBaHUE
pudeHOro MoJIoTHa, U3 CPeaHEN YaCTH KOTOPOTO BhIPE3aI
obpasenr mvpuHoit 300360 mm. IToaydeHHBIH oGpa3selr mo-
CTEMEeHHO OXJIaXIAIU B CUJIMKOHOBOM OaHe (U1 peakcaluuu
HaIpsDKeHUi B Matepuaie). Onpeaensuiv miomanb S, morme-
PEYHOTO CEUEHMST OXJIKACHHOTO 00pas3lia U COOTHOCWIM C
II01aabio S GopMyIOIIET0 MEXBATKOBOTO 3a30pa.

Pe3ynbTaThl ONMBITOB NIPEACTaBIEHBI HA pUC. 2 B BUE Ipa-
¢uueckux 3aBucUMocTeil KoadduuueHta K pazdyxaHusi oT
YacTOThl # BpalllEHWsS! BAJIKOB IPU MEXBaJTKOBOM 3a30pe
A = 3 MM. AHanu3 pe3yabTaTOB MOKa3ajl yBeJndeHue Kod(d-
¢uinmenra K pasoyxanust (kaxk mist [1BJI, tak u g [1BX) B
cpemHeM Ha 5+6 % TpM BO3pacTaHWM YacTOTHI BpallleHUs
BaJIKOB ¢ 15 10 30 MuH 1. D10 0GBSICHSIETCSI poctoM (3a enu-
HUIly BPeMEHM) HaKOIUJIEHHOW B TOJMMEPHOM Marepuaie
yrpyroit aedopmMaiiu, OOYCIOBJIEHHON 3HAYWUTEIbHBIMU
CIBUTOBBIMU HAaMpSKEHUSIMU TIpU BajiblieBaHUU. Kpome To-
ro, He0OOXOAMMO OTMETHUTh, YTO C TTOBBIILIEHUEM TeMITepaTy-
pbl B npenenax paboyero auarnaszoHa 403 +453 K koHeuHoe
3HaueHre KoadduimeHTa pa3dyxaHusl Bo3pacraeT Ha 3+6 %.
Mo IIBH, 15802-020 koadduiment K = 1,32+1,45; mist KoMm-
no3uuuu [1BX 0-40 — K= 1,10+1,24.

Hapsiny ¢ yctaHOBiIeHUEM 3aBUCUMOCTU KoadbdulineHTa
pa3dyxaHus OT YACTOThI BpallleHWsI BaJIKOB OTIPEIEIsIIN TaK-
K€ BIMSIHME Ha BeJIMUYMHY K 3HaueHUsT MEXBaJIKOBOTO 3a30-
pa, KOTOPBII BapbMPOBAIM B Auamna3oHe A = 2+4 mm. B co-
OTBETCTBUM C PUC. 3 IJIST MCCIIEOBAHHBIX TIOJMMEPOB KO3(h-
¢uumreHnr K paszOyxaHus BO3pacTaeT C YMEHbIICHHUEM
MEXBAJIKOBOIO 3a30pa A, YTO OOBSICHSIETCS yBEeJUYEHUEM
PacropHOro YCUJIUSI B MEXBAJIKOBOM 3a30pe U, COOTBETCT-
BEHHO, CABUTOBBLIX jaedopMaluii B Macce pacruiaBa. Jms
kommnosuiuu [1BX kKoadduiimeHT pa3dyxaHusi UBMEHSUICS B
nuana3one K = 1,28+ 1,67 u npu CHUXKEHUU TONILUHBL pUP-
JIEHOTO JUcTa ¢ 4 10 2 MM YBEJIMYMBAJICSI B CpeaHEM Ha
25+26 %. Ina TIBJI 3Hayenue cocrapistiio K = 1,08+1,38,
BO3pacTasi ¢ yMEHbIIIEHMEM TOJNLIMHBI JIUCTa Ha 22+24 %.

Takum oOpazoM, TOJydeHHbIE Pe3yJIbTaThl MCCIIEIOBAHNS
OITHOM M3 PEOJIOTMYECKUX XapaKTePUCTHUK IToJIuMepa — KO3(-
(uneHTa pa3dyxaHus [UTsI HAMOOJIee JIETKOTOCTYITHBIX U TP~
MEHUMBIX TIOJIMMEPOB, TIO3BOJISIIOT OIPEASIUTL ONTUMAJIbHEIC
rapaMeTphbl Mpoliecca BalbLEBAaHMS C MOMyYeHUEM PUGBIEHBIX
JIUCTOB Y MOBBICUTh KAY€CTBO TOBAPHOI MPOAYKIIMU.
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OPTAHM3AUNA N DKOHOMMUKA MPON3BOACTBA

YK 343.779.001.76

M. 0. KOHOHOBA (MITY um. H. B. baymana)

K Bonpocy o ABMXYLIUX CUlaX U OpraHn3aLnoOHHbIX
KOMMYHMKALUUNAX B COBPeMEHHbIX MHHOBALMOHHbIX NpoLeccax

Takue BUIBI TPOU3BOACTBA, KaK MaTepyaIbHOE U TyXOB-
Hoe (co3maHure HOBBIX 3HaHUIA), TTOJIyYaloT PAa3HYIO OLICHKY U
WUTPAIOT COOTBETCTBYIONIYIO POJIb B OOIIIECTBE B 3aBUCUMOCTHU
OT COLIMAJIbHOM 00CTaHOBKM, NEMCTBYIOILIEH KYJIbTypHl U I10-
TpeOHOCTe JIoei, XKUBYIIMX B HEM B TaHHBIA MOMEHT. Xa-
PaKkTEepHbIM 11 MHOTHX (UI0CODCKUX, SKOHOMUYECKUX,
COLIMOJIOTMYECKUX TPAKTOBOK B 3TOM IJIaHE SIBJISIETCS TIPU-
3HaHWEe TMpoliecca CO3AaHMSI HOBBIX WUl KaK OCHOBHOTO
(bakTopa mporpecca ¥ 5KOHOMUIECKOTO MTPOIIBETAHUS OOIIIE-
ctBa. Haubosnee sipko 310 IposBIIsSieTCs] B pacCMaTpUBAeMbIX
Haykoll "3akoHax" ero pasButusi. B camom o0lleM Buje 3a-
KOHBI Pa3BUTHSI JIIOOOI CHUCTEMbI MOXHO Pa3AeuTh:

Ha 3aKOHBI, YCTAHOBJICHHBIE TI0 JOTOBOPEHHOCTU MEXITY
JIIOABMU, HapuUMep COMIAIEHMS, OOJjamaole opuande-
CKUM CTaTyCcoM;

3aKOHbBI, YCTaHABJIMBAIOIIIUE TapaHTUPOBAHHOE M3MEHE-
HHE CUCTEMBI, TaKMe KaK 3aKOHBI (PM3MKH, BIPAXKAIOIIHNE YC-
TOMYMBBIE TTOBTOPSIIOLINECS CBSI3U MEXIY SIBICHUSIMU, TTPO-
1eccaMy U COCTOSIHUSIMM Teql (3aKoHbI Iludgaropa, Apxume-
na, Helorona, Kupxroda, MeHaeneeBa u T. 1.).

Ha Hekyo yHUBepCaJIbHOCTD BCET/IA MPETCHIOBAIN U 00-
IIeCTBEHHbIE 3aKOHbI. OTHAKO C yUeTOM OCOOEHHOCTE CcTa-
HOBJIEHUSI M Pa3BUTHsI OOIIIECTBO3HAHMSI, KOTIAa Ha OOIIECTBO
MEePEHOCUIUCH 3aKOHOMEPHBIE CBSI3U M3 €CTECTBEHHO-HAyY-
HBIX ¥ TEXHUYECKUX AUCIUTIIINH, O0hEKTUBHOCTD TTOTOOHBIX
YIPOIIEHHBIX 3aKOHOB TpeOyeT MHOTMX YTOYHEHMIA: IJIsT Ka-
KHX UIMEHHO CUCTEM OHU "MEeUCTBYIOT", Ul KAKUX COOBITHUIA,
B KaKUX TEPPUTOPUATTbHO-BPEMEHHBIX Y UCTOPUICCKHUX PaM-
Kax. B pgnge ciydaeB "3aKOHBI pa3BUTHS", KOTOphIE ObUIM
MPUHSTHI OOJBITMHCTBOM Ha Bepy, B AaJibHEMIIEM MPUoOpe-
Tau OOBEKTUBHBIE CAMOCTOSITEJIbHBIE YePThl, B pe3yJbTaTe
Yero OHU He CTOJIBKO OIMUCHIBAIM CYILIECTBYIOLIYIO TEHCTBU -
TEJbHOCTb, CKOJIbKO (DOPMUPOBAIM COOCTBEHHYIO.

B 3anmauy uccienoBateneil pa3BUTHsI 0OOILECTBA, KOTOpPbIE
He BOCIPUHUMAJIM MCTOPUIO KaK CTUXMIHBIN Mpoliecc, BXO-
JIUJI0O HE TOJIBKO BBISIBJIEHUE COIIMATbHBIX CUCTEM M 3aKOHO-
MEpHOCTEeil B HUX, HO U OOHapyXeHue "pbluaroB” (ABVXKYILIMX
CUJT), C TIOMOIIBIO KOTOPBIX MOXHO OBLTO ObI KAaueCTBEHHO
BJIMSITH HA COIMAJIbHBIC TIPOIIECCHI, YITPaBIsATh UMHU. Tak, Ha-
MpUMep, COLMAIBHBIMU JIETEPMMHUCTAMU PAcCMaTpPUBAJICS
BOITPOC O "3HAYEHUU NESITETBbHOCTH JIOACH, MHIUBUIYATLHOTO
TBOPYECTBA [UIs1 KOHKPETHOTO X0/a ColMaibHOi uctopun” [1].

B maHHOM KOHTeKCTe HanboJee HaJISIMHBIM TTPEeICTaBIISI-
eTcsl CIIop, pa3BepHYBIIUiic elle B XIX Beke 1 MpoaorKaio-
LIMICSA CEeTOMHSI MEeXIY MPeACTaBUTEISIMU "MapKcuama' (Ma-
TepUAIMUCTaMU) U HEKOTOPBIMU IPYTUMU 3aMaaHbIMU HUI0-
CO(PCKO-TOUTUYECKUMU TEUEHUSIMU "UIeaIUCTUYECKOro”
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TOJIKAa, KOTOpbIe, B IIEJIOM TPHW3HABAasT B3aMMOOOYCIIOBIICH-
HOCTb SIBJICHUI AENCTBUTEIBLHOCTH, IO-Pa3HOMY IpEICTaB-
JISUTA CYIITHOCTD W 3HaUeHUE ABWXKYIIMX CHJT OOIIIECTBEHHOTO
pPa3BUTHSI.

B pamkax MapKCUCTCKOTO y4eHUsI OCHOBHBIM 3JIEMEHTOM
MMPOU3BOIUTEIBHBIX CUJI TIPU3HABAJIUCH JIIOIM, CIIOCOOHBIE K
Tpyay [2, c. 288]. CBoe ominuKe OT "TeXHOJOTMUECKUX JeTeP-
MMHUCTOB 3amana” CHeluaIucThl MapKCU3Ma-JIeHWHU3Ma
BUIEJIM B OTHOIIEHWM K POJU U MECTY IPOM3BOIUTEIbHBIX
CUJT B OOIIIECTBEHHOM pa3BUTUM. B KauecTBe WILTIOCTpalvu
JAHHOTO pa3MYMs TPUBEIEM BBIIEPXKU U3 KPUTUYECKOM
cratey nonyisspHoro B CoserckoM Coro3e XypHana "Hayka u
ku3Hb": "Tlpu3HaBas T1aBHOW CUJION OOILIECTBEHHOTO pa3BU-
THS TEXHUKY, OTIOCNbHBIE TEXHUYECKUE NOCTUXKECHUS, aTOM-
Hy10 O0MOY WMJTM PEaKTMBHYIO aBUALIMIO, Pa3TMYHbIe KOHIIETI-
LMY "TEXHOJIOTMUECKOIo IeTePMUHM3MA" B TO XK€ BPEeMsI CUM-
TalOT, YTO B OCHOBE TEXHOJOTMUYECKOIO Pa3BUTHSI OOILECTBA
JISKUT HUYEM He 00YyCJIOBJICHHAsi TBOpUYECKasl NeATETbHOCTh
TeHUAJIbHBIX OMWHOYEK, COBEPIIAIOIINX HaAyYHbIE OTKPHITHS U
TEeM CaMbIM O0OECTIeUMBAOIINX TEXHUUYECKHIA TIporpecc... Ha-
psIy C MEepeoLIeHKONM POJIM IFeHUaTbHBIX JIMYHOCTEH "TeXHO-
JIOTMYECKHE ACTEPMUHUCTHI" MOJHOCTHIO OTPULAIOT Pellaio-
11110 POJIb MAacC B MICTOPMU OOIIECTBa, M300pakast MacChl Kak
"[MacCUBHOE CTaJ0 KMBOTHBIX', OECCUIIBHBIX TpEa BCEMOTY-
e TeXHUKOM. "TeXHOIOrnuecKuii 1eTEPMUHU3M" SIBJISIETCSI,
TaKUM 00pa3oM, TIOBTOPEHUEM Pa3JIMIHBIX TaBHO OMPOBEPT-
HYTBIX MapKCU3MOM MICAIMCTUYECKUX TCOPUI, CUNUTAIOIINX
OCHOBOI OOIIIECTBEHHOIO pPa3BUTHUS HE OOBEKTHUBHBIC 3aKO-
HOMEPHOCTU MaTepUaJIbLHOTO MTPOM3BOJCTBA, a UCKIIOUUTEb-
HO pa3yM, FfeHUi UCTOPUUECKUX AesITeNeil, yYeHbIX U M300pe-
tareneit” [3, c. 44]. Bro nucanock paHee.

Ho orpaxeHne nomoOHBIX pa3InInii MOXKHO OTHICKATh U B
COBPEMEHHBIX TEOPETUYECKUX BBIKJIAAKAX, IPETEHIYIOIIMX Ha
onucaHue IeHCTBUTENILHOCTU U CLIeHApUeEB OYIyIlEero SKOHO-
MHYECKOTO YCTPOMCTBA Tocy1apcTB. B KauecTBe Mpon3BOaM-
TEJbHBIX CUJI OOIIECTBa COBPEMEHHOI HayKOil paccMaTpu-
BaeTCsl IUPOKUI CIIEKTP MHCTPYMEHTOB, B TOM 4YHCJie "MH-
HoBaluu", "MHTEJUIEKTyaJlbHas COOCTBEHHOCThL', "Kauphl',
"npodeccruoHanbHbie cooblecTsa” U "KommyHukauuu'". [Tpu-
3HaBasl CYILIECTBOBaHUE KpHU3KCa B OTEUYECTBEHHON Hayke, ee
IUTIOpIM3ALIMIO, TPYIHO HAesIThCsl, YTO 0e3 rocynapCcTBeH-
HBIX TTPOrpaMM KOMILUIEKCHOTO WCCIIEIOBAHUST Pa3BUTHS 00-
1IeCTBa B Heli OyleT BeIpaboTaHa earHAast TIO3UIIUS C HAyYHBIM
000CHOBaHMEM MCTUHHBIX IBWDKYIIUX CUJI B OOILIECTBE.

ABTOpBI UCTOPUYECKOTO MaTepuaanu3mMa pe30HHO MPU3bI-
BaJu JesiTesieit HAyKU UCXOMUTh U3 MPAKTUUECKUX HYXH 00-
1IECTBA U YeJI0BEKa, ONMpeAessisi CyTh IPOrpecca HayKu B pe-
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IIEHUU PeabHbIX 3a1a4, KOTOPbIe CTABUT Tepel Hell pa3Bu-
THE TIPOM3BOMUTENBHBIX CWJI, B TOM 4YHWCJIE pPa3BUTHE
texHuku. [To BeipaxeHuto ®. DHrenbca, MOTPEOHOCTH MPO-
M3BOJICTBA IBUTAIOT HAYKY ObICTpee, UeM IeCATOK YHUBEPCU-
teToB [3]. CTOUT OTMETUTh, YTO MOAOOHBIM ITOAXOIOM HU-
Korjga He mpeHedperany Beaylue aepxkasbl Mupa. IMeHHO
yMeJIoe CoueTaHUe YIOBIETBOPEHUS TEKYIIMX MOTPeOHOCTE
C TIPOTHO30M U KOPPEKIIMel OYIyIX TO3BOJIMIIO BIPBATHCS
BIepe/ CYIIECTBYIOIIMM TpaHCHAIIMOHATbHBIM KOPITOpaI-
sIM, a TaKKe TeM CTpaHaM, HaceJleHue KOTOPBIX CErOfHs CO-
CTaBJISIET TaK Ha3blBa€MbIi 30JI0TOI MUJUIMAPA.

Mapkcucrckas ¢uiocopus cYMTaeT, YTO pelalolnM
(bakTOopoM pa3BUTHS OOIIIECTBA SIBISIETCS CITOCOO MPOU3BOI-
CTBa, T. €. COBOKYITHOCTh ITPOU3BOANTEIbHBIX CHJI U TIPOU3-
BOACTBEHHBIX OTHOIIIEHUI, KOTOPbIE ONPEAESIOT TPUPOLY
CYIIECTBYIOIIETO OOLIECTBEHHOTO CTPOsI, B TOM YMCJIe U TUIT
COOCTBEHHOCTH Ha CpeAcTBa MpousBojacTsa. [locie pacnana
CCCP xapaxrtep IpOM3BOJICTBEHHBIX OTHOIIIEHWIA B CTpaHe
CTajl CTPEMUTENbHO MeHAThCS. [10JTHOTO OCMBICIIEHUS U3Me-
HEeHUS TTPOU3BOIUTEIBHBIX CUJI ¥ TIPOM3BOACTBEHHBIX OTHO-
IIeHUI B cCOBpeMeHHO#1 Poccuu, a Takske OCMBICIIEHUS pOJIn
HayYHO-TeXHUYECKOIO COOOIIEeCTBa, B OCOOEHHOCTA B 00-
JIACTU TIPOM3BOJCTBA "MHTEJUIEKTYaJIbHOM COOCTBEHHOCTH",
"MHHOBAIMIA", "4eIOBEYECKUX PECYPCOB", — HE MTPOUCXOIUT.
Orcioia BbITEKAaeT HEYIOBJICTBOPUTEJbHBIN YPOBEHb psiia
npeIaraeMbIX 3aKOHOMIPOEKTOB. B To ke Bpems mpsimoe v
TMOBEPXHOCTHOE KaJbKMPOBAaHME JIIOOBIX MICH W TPEmioxkKe-
HU1 B chepe X035MCTBOBaHMS, KaK HE pa3 JoKa3blBaja HC-
TOPHUSI, MOXKET CTaTh CEPbE3HBIM MPEMATCTBUEM Ha MyTH pa3-
BUTHSI IPOM3BOJCTBA, MPOU3BOAUTENbHBIX CUJI 1 9KOHOMUKHU
CTpaHBbI B 1IEJIOM.

[Mpumep TIPOTHBOIIONIOXKHON TMOJUTUKU JTEMOHCTPUPYET
Kwuraii, koTopblif, He "cnuchiBag' C 3KOHOMUKHU APYTHUX
CTpaH XO3AMCTBEHHYIO U MIEOJOTHYECKyIo 6a3y, a JIMIIb 3a-
MMCTBYSl JUISI YIOBJIETBOPEHUSI CBOMX MOTPEOHOCTEN MX OT-
JieIbHbIe MEXaHU3Mbl, He TOJIbKO Pa3BUBAET CBOE BHYTPEH-
Hee yCTPOMCTBO, HO M pa3 3a pa30M JOCTUTaeT 3HAUUTEIbHBIX
MUPOBBIX ycriexoB. BriuTas B cebs1 B cepeanHe XX BeKa Uaeun
3amaJHON MapKCUCTCKON UI0coMUU 1 MOJTUTUIECKOMN 9KO-
HOMMH, 3Ta CTpaHa B UTOTe CyMesa MepeHacTPOUTD B3SIThIN
€10 Ha BOOpYXXeHHE 3aKOH HCTOPUYECKOTO Pa3BUTUS TOI
COOCTBEHHYIO KY/IbTYpy M IOA0OpaTh aaeKBaTHbIe (POpMbI
peaau3aly 3aKOHOB MCTOPUYECKOTO Pa3BUTUS B JeATEIb-
HOCTM CBOMX TrpaxnaH. [lepeBenst ¢ KUTaliCKOro "colraninim
C KUTANCKOM crielm@uKoir” — KaXablii Heporianud B OTIEb-
HOCTM — TIO CMBICJTy MBI TOJYYMM "COI03 KJIIAaHOB BOKPYT
MPECTOJIa MPEAKOB C OTTEHKAMM 1IBETa CPEAMHHOTO TOCyaap-
ctBa" [4]. TakoBa CyThb KMTAliCKOIO COLMATNM3Ma, KOTOPBIi
CYLLIECTBOBAJ 33J10JIr0 10 TOTro, Kak B EBporie nosiBujioch ca-
MO TIOHSITME coumanu3Ma. M mpuxon B cBoe BpeMs K "Map-
KCHM3MY", U COBPEMEHHBII yXOJ OT HEero, U WHasl BECTepHU-
3anusa Kurtas Bcerma CIy>KWJIM TOJIBKO COOCTBEHHBIM IIEJISIM
Kwurast, omHO# 13 KOTOPBIX OBLIO COXpaHEeHUE M pa3BUTHE Ha
6y1aro cTpaHbl "KuUTalicKoi crietuduku”.

"BectepHu3zaniusi cO3HaHMSI KUTaiilleB ObLia abCOMIOTHO
Heo0XoarMa JUTSl BOCTIPUSITUS KUTALIAMU MHOCTPaHHBIX MH-
HOBalLMH, IS BHEAPEHUSI TIEPEIOBBIX M BBICOKMX TEXHOJIO-
TMii B MPAKTUKY Xo3siicTBa. "PackpernolueHue co3HaHus"
MOJIOAEXH OT JOTM MapKcHu3Ma pellajioch IMmyteM dusnye-
CKOTO OCTaBJIEHUsI WHTEJTUTEHIIMM HOBOTO TOKOJEHUS 3a
py6exxoM. COTHHU ThICSIY KMUTAWCKMX CTYIEHTOB, O0yUYaBIINX-
cs B yHUBepcuTeTax EBporbl 1 AMepuKu, ocTaluch paboTaTh
B BEIYILIHUX TEXHOJOTMYECKUX KOMITAHUSIX U MCCJIeI0BaTe b-
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ckux HeHTpax 3anana. Tak ObuTa pellieHa 3agada MoAroTOBKY
KaJipoB [UIsI MHHOBAIIMOHHOTO TPOpBIBAa. Terneph HAvyaaoch
MaccoBoe Bo3BpaleHue kurtaiilieB B KHP. [lapamiensHo my-
TeM "pedOopM M OTKPBHITOCTU" IIIeJT TIPOLIECC 3aTATUBAHUS B
KwuTait coBpeMeHHbIX MpOoU3BOACTB. Tak Oblia pellieHa 3ana-
ya CO3JaHMsI MaTepuagbHOU 06a3bl MOJAEPHU3ALMU. YXKE B
miaH 11-it narunerku (2006—2010) 3amumcaHa 3amava nepe-
XOJIa CTpaHbl M3 CTaTyca MHIYCTPUAILHOM JAepXKaBbl B CTATYC
TEXHOJIOTMYECKOM IepKaBbl — TaKoi, Kak Amonus unu I'ep-
MaHus1. Tenepb ciaeayeT oXunaTth, 4To B rIaH 12-ii msaTuier-
ku (2011—2015 rr.) Ooynmet 3anucaHa 3agada nepesoga KHP
B CTaTyC MHHOBAIIMOHHON CBEpXAep>KaBbl, KAKUMU B KOHIIE
XX Beka obutn ub CCCP u CILIA" [4].

OTO TmoATBepxXKHaeT Ipoinenmuii B okTaope 2007 .
XVII cbe3n Kommynuctuuyeckoit maptuu Kuras. Ilo mHe-
HUIO OYEBHUAIIEB 3TOr0 "MOKa3aTeJIbHOTO MEpONpUsITHS”,
CcTpaHa IMpoBO3IJIacuia MPoaoKeHUEe Mepexona K rocyaap-
CTBY "MHHOBAIIMOHHOTO TUIA", C TEM YTOOHI "MOIIb HAYKU U
TEXHWKH MTyCTUTh Ha SKOHOMUYECKOE U COLIMAIbHOE pa3BU-
THE CTpaHbl U ee 6E30MacHOCTD".

BaxHoli Bexoil s pa3BUTUSI KUTalCKOIo OOIIECTBa,
0003HAaUYE€HHOI BJACTSIMM, CTajo (GopMUpOBaHME Y HALMU
eIVHCTBA B3IJISIIOB Ha TIPUPOAY M OOIIECTBO, Ha MCTOPUIO
ctpaHbl 1 Mupa. [1pu aTOM "cMEeHY MojesIn KMTaiCKOil 10-
JIUTUKK", "KOHUEIIHNIO HAYYHOTO Pa3BUTHS' OydeT JOIOJI-
HATb (YHIAMEHTAJIbHBII 3aKOH HMCTOPUUYECKOTO Pa3BUTHS
KUATallleB — JAOCCKO-KOH(QYLMAaHCKas OOKTpuMHA. "Xy
LI3nHbTA0 HAYas MEPeBO] COZHAHMSI MAacC Ha TPaaULIMOHHBIE
YCTOM KYJIBTYPHOTO MPEBOCXOACTBA U HALIMOHAIBHOTO BEJU-
yus ITonHeGecHoi. BBen kiroueBoe 3HaYeHHE "LIEHHOCTU U
cwibl HaroHaybHOTo [lyxa", a, TJmaBHOe, MOPaJIBHOTO IIpe-
BOCXOJICTBA TAOCCKOTO Hzeaia "coluaibHoi rapmonun”. B pe-
3yJbTaTe Che3l MPONEMOHCTPUPOBaJ, uTo KuTaii yxxe ceromHs
OJIMLICTBOPSIET COOO0I "IeiCTBYIOLIYIO MOJIE/Ib IIPOLIBETAHUS" B
MHpe, a TJIaBHOE — MMeeT 00pa3-CTpaTeruio U pecypchl s
TOro, 4to0bl peBpatuTh [logHeOecHy0 B "cTpaHy MOKOPSIIO-
1Iei TpUBJIEKaTeJIbHOCTU ", "B LIGHTP NMPUTSDKEHUSI U TIOIJIO-
IIEHUST MUPOBOI SHEPTUM TBOPUYECTBA, CO3UIaHuUs, neHer" [4].

A3uarckye TpeNcTaBlIeHUs O COLMaJIbHOM IIporpecce
npu coOI0NeHUM JI00BIX BHEIIHUX (DOpM BCerma oTadya-
JIMCh OT €BPOMNENCKUX KPUTEPUEB U UJEAIOB Pa3BUTHS UeJIO-
BeKa M oOlIecTBa. YBEPEHHOCTh KUTAMIEB B BOZMOXHOCTHU
pealM3allid HaMEUYEHHBIX TPaHIMO3HBIX IIJIAHOB, a TaKXe
JMIOCTUTHYTHIE CTPAHOM yCTeXW B TOJUTUKE M DKOHOMUKE
pacxonATcs ¢ TEOPETUUECKMMU BBIKJIAIKAMU Psifia 5 KOHOMU -
cToB. BrI3pIBaloT coMHeHUs nepcnekTuBbl pa3putuss KHP B
YCJIOBUSIX HU3KOTO MaTepUaIbHOTO 0J1aroCOCTOSIHUSI Haceie-
HUSI CTpaHbl MPU OTCYTCTBUMU BO3MOXHOCTEH rocymapcrba
VIOOBJIETBOPSITh PACTYIIUE MOTPEOGHOCTY MHOTOYMCIEHHOTO
Hapoma, a Takke B 00CTaHOBKe, KOTJa WHCTUTYT MHTEJUIEK-
TyaJIbHOI COOCTBEHHOCTM OOpeueH Ha morpanue. OauH U3
BOITPOCOB, KOTOPHI BOZHMKAET IIPU aHaIM3¢e TTPOM3BOICTBA,
B TOM YHCJIe KMTACKOrO, CBSI3aH C MOTUBALIMEH TPYASIINX-
cs. B kayecTBe mMoOyaMTENbHBIX MOTUMBOB JIIOACH K AesITeb-
HOCTH MOXHO paccMaTpuBaTh MX COOCTBEHHBIE MOTPEGHO-
CTH, a TAaKXKe BHEIIHUE CTUMYJIbI M YCIIOBUSI OCYLIECTBICHUS
COLMATbHBIX AeiicTBUi. KOHEUHBIMU OCHOBAHUSIMU 1IEJIETTO-
JlaraHusl cyObeKTa CIIyKaT pasnesisieMble UM ILIEHHOCTH [4,
c. 27, 28]. lleHHOCTHBIE OpPUMEHTALMK OIPEISISIIOT WISl CyOh-
€KTa: "ero MoCTYyIKH, XKU3HEHHBIE TIIaHbI, COITUAIbHYIO aKTHB-
HOCTb, peajau3alrio UM CBOETo MOoTeHIMaja, MOTpeOHOCTH,
BBIOOD 11ieJieli TPOSIBJICHUSI CBOEH aKTUBHOCTH, OTpPeAeIIsIIo-
IIUX BLIOOp M TUTAHMPOBAaHWE KOHKPETHOM IesATeTbHOCTH"

79



[5, c. 43]. ¥V kuTaiilieB Ha CErOMHSIIHUN I€Hb TaKOBBIMU
LIEHHOCTSIMU OOBSIBJICHBI "TIaTPUOTU3M, YYBCTBO HAIIMOHAJb-
HOTO JOCTOMHCTBA, CIPABEJIMBOCTb U OOILIECTBEHHAs! COO0-
CTBEHHOCTb Ha KJIIOUEBbIe OOBEKThI S3KOHOMUKHU" [4].

AHanmmM3 IBUKYIINX CHJI 00IIIeCTBa HEBO3MOXEH 0e3 yue-
Ta 3aKOHOB €r0 Pa3BUTHUSI, HAIIPUMep TeX, KOTOPbIE BbIpa-
xator COXPAHEHUE TEHAEHLUMWWU WM3MEHEHUN
[6, c. 180—191] B ucTopruecKOM Tporiecce:

3aKOHAa 9KOHOMUU BPEMEHU;

3aKOHA TIOBBILIEHHS TTOTPEOHOCTEN;

3aKOHA POCTa MPOU3BOAUTENLHOCTH TPY/A.

CornacHo 3aKOHY 3KOHOMWHU BPEMEHM HOJISI HEOOXOMU-
MOTO BpeMeHHU (BpeMEHM MPOCTOr0 BOCIPOMU3BOICTBA) IO
XO/ly UCTOPUYECKOTO Pa3BUTHUSI YMEHbILAETCs, a J0Js1 CBO-
GOIHOTrO BpEMEHM CTOJIb X€ 3aKOHOMEPHO YBEITMYMBAETCSI.
ITox cBOOOIHBEIM BpeMeHEM MOoapa3yMeBaeTCsT "M30BITOK CO-
IIMAJTBHOTO BPeMEHU HaJl BpeMeHEM TTPOCTOTO BOCTIPOM3BOI-
CTBa, KOTOPHIM OOILECTBO MOXET PACIIOPSIKATHCA 10 "CBOEMY
npousBoiay". [To muenuio O. JI. Kysneuosna, I1. T'. Ky3Hewo-
Ba, b. E. boibiiakoBa, cokpaiiasi (3KOHOMS) HEOOXOIMMOe
BpeMsl U yBEJMUMBas IOJI0O CBOOOMHOIO BPEMEHM, YETOBEK
"coBeplIaeT CKayoK M3 1IapCcTBa HEOOXOAMMOCTH B LIAPCTBO
cBobonbl” [6, c. 182].

Hdpyras TeHIEHLMSI COUUATBLHOIO Pa3BUTUSI — POCT KO-
JinyecTBa MOTpeOHOCTEN 0O0llecTBa. DTa 3aKOHOMEPHOCTh
MpeArnojaraeT yBeJIndyeHrne HeoOXOMUMOTO BpEMEHHM TSI UX
yooBieTBopeHus. OmHaKo B pe3yJibTaTe 3aKOHOMEPHOTO
pocTa MPOU3BOAMTEILHOCTH TPyIa MPOMCXOAUT "COKpallle-
HUe HEOOXOMMMOTO COLMAIbHOTO BPEMEHU Ha YIOBJIETBOPE-
HUE OIHOI U ToM Xe morpedbHoctu” [6, c. 186]. Takoit pocT
MPOU3BOAUTENIEHOCTH TPYIA OCYLIECTBIISIETCS B pe3yibTate:

pOCTa 3HEPTOBOOPYKEHHOCTH TPYHa;

pocTta Ko3¢pPUIIMEeHTa TT0JIe3HOr0 ASUCTBUS MAIlIH, M-
XaHU3MOB U TEXHOJOTUYECKMX TPOIIECCOB;

pocTa COLMABHOTO KO3(MGUIIMEHTa TTOJIe3HOTO JEMCT-
BUSI, OTPAXXAIOIIETO Ty YacTh BBIITYCKAEMOM TTPOAYKIINU, KO-
Topast obecreurnBaeTCs MIaTeKeCIOCOOHBIM CIIPOCOM U Jeii-
CTBUTEJILHO YIIOBJIETBOPSIET MOTPEOHOCTH.

TakuM 06pa3oM, POCT BOZMOXKHOCTEI UeJI0BeYeCTBa MIPU
YBEJIMUCHUM TIOTOKA TTOTPEOISIEMBIX PECYPCOB OCYIIIECTBIIS -
€TCsl B pe3yJibTaTe MOBbIIeHUs 3(DGOEKTUBHOCTY UX UCTIONb-
30BaHUSI 3a CYET co3maHus "HOBBIX (OoJiee 3(h(PEKTUBHBIX)
HMCTOYHUKOB MOIITHOCTH, 00Jiee COBEPIIIEHHBIX MAIIIMH U Me-
XaHU3MOB, Oosiee 3Gh(MEKTUBHBIX CUCTEM YIpaBJIEHUS, UC-
KJTIOYAIOIINX BBIMYCK MPOAYKIINH, He TTOJB3YIONIeCs TOTpe-
6uTenbCKUM cripocoM” [6, c. 235].

OueBHIHO, YTO B MEPEUMCICHHBIX CITOCOOAX MHTEHCUBHOTO
OOIIIECTBEHHOTO Pa3BUTHsI, C OMHOM CTOPOHBI, 0OCO0OE 3Haye-
HHME WMEIOT TBOPUECTBO M €T0 PEe3YJIBTAThl, KOTOPHIE MOJIKHBI
o01amath M "KoMMepuecKoi 1ieHHOCThIo". C Ipyroil CTOPOHBI,
LIeJTBIO OpraHu3aTopa JI060Tro MPOU3BOICTBA SBIISIETCS TTEPEXO
OT BHEILHUX CTUMYJIOB JIESITEIbBHOCTH K BHYTPEHHUM MOTHBAM.
B coBpemenHoli Poccuu B Mpou3BOACTBE ACHCTBYIOT KaK CTU-
MYJIBI, TaK ¥ MOTHBBI, OOHAKO COIJIACOBAHHBIX NEHCTBUI B
paMKax eIMHOTrO TrocylapcTBa He Habmomaetcst. Ha nere BbI-
XONIWT, YTO KaXIblii TpymuTcsl "Ha cBoell BojHe". B kauecTBe
TOKAa3aTeIbHOTO MPpUMepa MOXXHO TPUBECTH pacIpocTpaHeHUe
BHYTpUY CTpaHbI "dyXa KOPIIOPAaTUBHOM KyJabTyphl'. biaromapst
€My BHYTpeHHHE MOTHBbI paOOTHUKOB OKAa3bIBAIOTCS Ha CITYXK-
0e y 3aMKHYTBIX KOpPIOpaluii Wik MeJKHUX KOHTOpP, KOTOpbIe
1O CBOMM LIEHHOCTHBIM OPUEHTALIUSM MaJlo 3aBUCUMBI OT TO-
CymapcTBa U 0OIIeCTBa, MMesl COOCTBEHHBIE KPUTEPUH KAuecT-
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Ba Tpyna, IPOM3BOICTBEHHBIE OTHOILLEHUSI, IITKATy LIEHHOCTEI,
TMMHBI ¥ 3HaKW OTJINYMSI.

MortuBalysi HaNnpsIMyIo CBSI3aHa Kak C LEeNsSIMM YeIoBeKa,
Tak U ¢ ero norpedHocTsIMU. OIHAKO 3a4acTyl0 pe3yJibTaT Tpy-
JIa CTIeLINaJINCTa, LeJb eT0 AeSITeIbHOCTH U €70 MHIUBUIYaTh-
HBIE TIOTPEOHOCTH He coBManaroT. Tak, HampuMep, B Ka4eCTBe
pe3yibTara TpyAa YeIoBeKa MOTYT ITOSIBUTHLCS T¢ WJIW WUHBIE TO-
Baphl, a €ro LENbIO TIPU 3TOM OYIET SIBJSAThCS MONyIeHHUe 3a-
paborHoit muatel. O6 MHAMBMAYAJIBHBIX MOTPEOHOCTSIX, KakK
MpaBWJIO, peyb BOOOLIEe HE UIET, OHU MOAMEHSIIOTCS MOoJyye-
HHMEM 3apIuiaThl. YMesas MaHUTYJISLMS STUMH TPEMST COCTaB-
JISIIOIIMMU 00pa3yeT COBPEMEHHYIO MHIYCTPUIO "TO MOBBIIIE-
HMIO MOTHMBAllUM Y COTPYIHUKOB", KOTIa B Ka4eCTBe MOTPeO-
HOCTU-LEIA JIIOOIM TMOMMMO "3apriatel” u  "mpeMuu”
MPUBUBAIOT TAKXE TATY K "yCIEIIHOCTH", "MPOABUHYTOCTU" U
"KopriopatuBy"'. OmHaKo MPaKTUKOW NaBHO I0Ka3aHO, YTO
JIEHbTY B KQUECTBE CTUMYJIa MPOSIBJICHUST TBOPUECKUX CIIOCOD-
HOCTEi yeioBeKa UMEIOT psill OTpaHUYEHUI, a TO U BOBCE OKa-
3BIBAIOTCS HUKAK C HUM HE CBSI3aHHBIMMU.

AIIeKBaTHBIM TIOKa3aTeJIeM COLIMAJbHOTO Pa3BUTHSI CIIy-
JKUT y4eTHasl eMIMHMIIA, OTPaXKalolasi COOTHOIIEHUE IBYX CO-
CTaBJISIIOLIMX OOILEro COLMATbLHOIO BpEMEHU: BPEMEHM He-
obxogumoro 1 cBodogHoro. Mcxonst U3 3TOro MOXXHO Mpe-
MOJOXUTb, YTO POCT BO3MOXHOCTEl CaMOCTOSITEIIBHO
pacropstKaTbCsl KU3HEHHBIM BpEeMEHEM W TBOPUYECKUMU
CITOCOOHOCTSIMU SIBJISICTCS JUTS CTIELIMAJIMCTOB 00Jiee ecTecT-
BEHHOI U CWJIbHOM MOTHUBallMell, 4eM Bce ocTalibHoe. [Ipyroe
JIeJI0, KaK OLIeHMBATh 3TO CBOOOMHOE BpeMs yejloBeka, Kak
OTHENATh ero oT "HeoOxomumoro"? CeromHsi 3TOT BOIPOC
KpaiiHe akTyasieH. [[71s1 Havana cjaemyeT MOHSTh, HA YTO CO-
BPEMEHHBII YesloBeK TpaTuT "mociiepadouee” Bpemsi. B Poc-
CHM B 3TOM ILJIaHE PAacIpOCTpaHeHa CUTYallMsl, KOTJaa Tpax-
maHe paboTaioT LEJIbIMUA THSIMU: JIMOO CBEPXYpOUYHO Ha OfI-
HOIii paboTre, AMOO HA HECKOJbKMX IomnepeMeHHO. llenb
Takoil (hOpMbI 3aHITOCTH, KaK MPaBWIO, OHA — MOJyYeHHE
JOTIOJTHUTEIbHOTO oxona. Ha 4yTo TpaTsT cBoe CBOOOIHOE
BpeMsl ocTalibHble? B coBpeMeHHOM MHUpe TUIIEPTpOdOUpO-
BaHHOU cepbl YCIYT MOXHO TIPEACTaBUThL TOCYT TPYISIIE-
rocsl B Ka4eCTBe TOU XK€ pabOTHI, TOJLKO IO TOIIePKAHUIO
¥ 00CITY>KMBAaHUIO BUPTYaJIbHOIO MUpa MOoTpedHOCTeH, hop-
MMPYEMBIX UICKYCCTBEHHO M3BHE. [J1aBHBIM paboToaaTeieM B
9TOM COBPEMEHHOM OTpaciu SBISIOTCS IpoaaBUbI "ycuyr'”,
"mocyra", "ctuieit xkusHu" U "Monpl". IXx OCHOBHBIM HMHCT-
PYMEHTOM SIBJISIIOTCSI TEXHOJIOTUU TIO TIPUBJIEYEHUIO BHUMA-
HUST: MaHUTTYJISILIMS, pedieKCUBHOE yrpaBieHue. [JTaBHBIM
pecypcoM pa3BUTUSA WHIYCTPUM TIOTPEeOJICHUS CTAaHOBUTCS
0CBOOOIMBIIIEECST BpeMsI TPYASIIMXCS Macc. 3a HEro U UIET
6opnba OyKBaNbHO TOJ JIO3YHIOM "BpeMs — jaeHbru'. B pe-
3yJbTaTe HOBOI KOHKYPEHTHOI 60pbObI CBOOOIHOE BPEMS Ue-
JIOBeKa ITOIMEHSETCS BpeMEHEM IICEBIOCBOOOIHBIM B TOM
CMBICJIE, UTO YeJIOBEK, TPaTSAIIUii CBOe CBOOOIHOE BpeMsI B
6ECKOHEYHOM TTOTPeOICHUH BCEBO3MOXKHBIX YCIIYT, Ha Jielie B
OoJIbIlIell CTETIEHW CTAaHOBWTCSl TIPOM3BOOWTETIEM OJar s
BJIaAeNbLEB cephl YCIYT. YUacTue B COBPEMEHHOI TOHKE M0-
TpeOJieHusT 00opayrBaeTcsl ISl YyeoBeKa IOJaBICHUEM €ro
BOJIU, €CTECTBEHHBIX TBOPYECKMX M APYTMX CIOCOOHOCTEN,
MTOAMEHOI MHIUBUAYATbHBIX CBOMCTB TUYHOCTA YHUPUIIUPO-
BaHHBIMU 1IA0JIOHAMU M3 BUPTYAJIbHOTO MHpa "MOMIBI", He-
CITOCOOHOCTBIO YIIPABJISATH COOCTBEHHOM KM3HPBIO, a B KOHEU-
HOM UTOre — PSIAoM (PM3NYECKUX U AYXOBHBIX 3a00J1eBaHUIA.

Hanuune cBOGOIHOrO BpEMEHU 1 €ro KauecTBO XapaKTe-
PU3YIOT YPOBEHb XXU3HU, & TAKXKe OMPEeIISTIOT BO3MOXHOCTH
JaJibHeIero pa3BUTUsI 0011IecTBa U ero noacucteM. OaqHaKo
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pedb 3mech MOXET WATH HEe TOJIBKO O TBOPYECKOUl paboTe B
00J1acTM MHHOBALIMi, HAlIpUMep, B HayKe U TexHuKe. EcTb u
JIpyrve He MeHee BaXHble cepbl OesTebHOCTH, Tae Mpel-
CTaBUTEJNM HAayYHO-TEXHUUYECKOTO W JPYrux mnpocdeccuo-
HaJTBHBIX COOOILECTB KaK ABVIKYIINE CUTbI HAyYHO-TeXHUYE-
CKOTO M COLMAJIBHOTO Mporpecca MOTIu Obl MPOSIBUTH CBOU
YHUKaJIbHBIE clTIOCOOHOCTH. ParimoHanu3anusi CoOOCTBEHHOTO
BOCITIPOM3BOACTBA B BUIE BOCIUTAHUS TAJTAHTIWBBIX U 3110-
POBBIX JIeTeil, OYAYIIMX TBOPILIOB U CIELIMAIIMICTOB — HE Me-
Hee 3HauYMMas 3a1avya oOILecTBa.

[Mpu3HakaMu, MO KOTOPHIM OOIIECTBO MOXKET OlLIEHWBATh
cBoe "cBOOOIHOE BpeMst”, ero HaIuuKe U KauecTBO, SIBJISIFOTCS:

CTeTICHb OCO3HAHHOCTH CBOOOTHOTO BPEMSITIPETTPOBOXK-
NEHUST;

(opmupyeMble TyXOBHbIE LIEHHOCTH;

(OpMBI, B KOTOPBIX IIPOSIBIISIIOTCSI OTPEOHOCTU YEJIOBEKA;

CTEeTIeHb YIOBJIETBOPEHHOCTH JIIONEN;

pe3y/IbTaTUBHOCTb TPYIOBOM NESITEIbHOCTH;

YPOBEHb Pa3BUTHUSI MHTEJIEKTYalbHbIX U TYXOBHbIX CIIO-
COOHOCTE! 4JIeHOB OOIIIECTBA.

ITo BHreabcy, M3OLITOK OJAr SIBISIETCSI YCIOBUEM COLIM-
aJbHOTO nporpecca. Takum o6pazoM, BOZMOXHOCTb MOSIBJIE-
HUS y JejioBeKa "M30bITKa" CBOOOJHOTO BpeMEHU B PE3yiib-
TaTe COKpalleHUs] pabodyero BpeMEeHM, HEOOXOAMMOTO st
co3maHus TpeOyeMbIX pa3BUBAIOIIMMCS OOIIIECTBOM OJIar, sB-
JIAeTCA OMHMM M3 BeIyIIUX (haKTOPOB €ro pa3BUTHSI.

[ns obecrieyeHUsI ”THTEHCUBHOTO MHHOBAIIMOHHOTO pa3-
BUTHSI, HAIIpUMep B 00JIaCTV HayKM W TEXHUKHW, MOTHUBALIUS
YYEHBIX U WHXEHEPOB JOJDKHA ObITh OCHOBaHA Ha HayYHO-
TEXHUUYECKOM NEeSATENbHOCTH KaK 1IEHHOCTH, T. €. LIEeHHOCTHU
HAyYHOTO M TeXHWYECKOro TBOPYECKOro Ipoliecca, MMero-
1ero mpakTuyeckuit pesyiabraT. CylllecCTBOBaHUE U pa3BU-
THE TaKUX LIEHHOCTEe!l BO3MOXHO TOJBKO MPU YCIOBUU UX
OOI1IECTBEHHOTO MPU3HAHUS U BceoOleit momaepxku. [Tpu-
OOIlleHNEe K TaKUM LIEHHOCTSIM IIMPOKHMX CJIOEB OOIIecTBa
CocoOCTBYeT (DOPMHUPOBAHMIO OOILIMX LieJIeil U MHTEPECOB,
CBSI3aHHBIX C MHHOBALIMOHHBIM COLIMAJIbBHO-9KOHOMMYECKUM
pa3BUTHUEM, U MPEOAOJICHUIO KOHMPIMKTHON (DOpMbI MPOTH-
Bopeuusi uHTepecoB. OUeBUIHO, YTO JIH00asi opraHu3amus
COBPEMEHHOI HayKH U MIPOM3BOJCTBA BO3MOXHA TOJIBKO TpHU
MOCTOSTHHOM BHUMAaHUU U MOAIEPKKE CO CTOPOHBI TOCymap-
cTtBa. Peunr umer He TONMBKO O (PMHAHCOBON ITOAIIMTKE, a O
BCECTOPOHHEM MOAACPXKKE, BKIIIOUYAIOILIECH CUCTEMY MOpajib-
HOTO MOOILPEHUS.

Hecmotpst Ha 00BeKTUBHBIE MUHYCBI, KOTOPBIE BO3HUKA-
JIM B XOJIe peau3aliii TBOPYECKUX CITOCOOHOCTE! YUSHBIX B
paMKax rocygapCTBEHHBIX MPOIrpaMM, BbICOKash 3HAYMMOCTh
(buKkcupoBaHHBIX OTKPBITUI [JIs1 OYAYILEro CTpaHbl MPU3Ha-
€TCsl MHOTMMU HccliefoBareissMu. B mporpeccuBHOM MHpe
MPOUCXOIUT €XEeTHEBHOE COKpallleHWe XXU3HEHHOTO ITMKJa
WHHOBAILIMI — MepHuoa BpeMEHHU OT 3apOKACHUS UACH Y HO-
BaTopa 10 OCBOCHUS W UCITOJIB30BAHUS €T0 y IMOTPeOUTENs.
CTpeMUTEIbHOE MOPAJIbHOE YCTapeBaHUE TOBAPOB M TEXHO-
JIOTUIi TTOPOXKAAET OCTPYIO0 HEOOXOAMMOCTh B TeHEpalMu HO-
BBIX Wei 1 OTKPBITUIA: "BoHA 6a3MCHBIX ¥ TTOTOK YJTy4llIaio-
IIUX WHHOBAIIMI, HEOOXOAMMBIX JJISI CTAHOBJIEHMS TTOCTHH-
JIyCTPUAIBHOTO TEXHOJIOTUYECKOTO CIToco0a TPOU3BOMCTBA,
OCBOCHUST M PacIpOCTPAaHEHUS IIECTOTO TEXHOJOTUIECKOTO
yKJIaJa, YCHJINT BOCTPeOOBAHHOCTh HAYYHBIX M300pETeHUI 1
OTKpBITHIA" [6, ¢. 272, 273]. B 11MpoKOM Ij1aHe pa3BUTHE 00-
1IECTBA MOXET MITU B TOM M TOJbKO B TOM cllyyae, ecliv B
HEeM peaJM3yloTcsl OIpeleseHHble haeu, odecreunBaolme
pPOCT €ro Bo3MOXHOCTe#. OTCyTCTBUE UIeil CO3MaHMST HOBBIX
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HWCTOYHUKOB MOIITHOCTH, HOBBIX TEXHOJIOTUIA, HOBBIX CUCTEM
yIpaBJeHUsI, KOTOPbIE MOBHIIAIOT 3DGEKTUBHOCTh UCTIONb-
30BaHMSI MOIIHOCTE!M, UMEIOIIMXCS B YIIOTPEOJIeHUU OOIe-
CcTBa, "O3HauaeT IpeKpalleHWe WHTEHCMBHOTO POCTa BO3-
MOXHOCTEI 0011IeCTBa, TO €CTh OCTAHOBKY €T0 pa3BUTHS, 3a-
cToil M mocyieayiouyo aerpagamuio” [6, c. 189]. UmeHnHo
MO3TOMY B MUPE, C OAHOM CTOPOHBI, BCETAA 1ILJIa MOPOM He-
BUAMMAsI, HO OXeCTOoueHHasi 60phba 3a MHTEJICKTyaJIbHbIC
pecypchl pa3BUTHS, a C APYroil — aKTUBHO (hOpMUpPOBaIach
cucTeMa ux 3aiuThl [7].

locynapcTBO, pasBuBasi WHCTUTYT MHTEJIEKTYaJIbHOM
COOCTBEHHOCTH, HE TOJBKO CO3MAeT BHEIIHWE CTUMYJIbI IS
TPYASLINXCS, HO W TTOPOXKIAET Y HUX BHYTPEHHUE MOTUBBI K
Pa3BUTHUIO COOCTBEHHOI TBOPUYECKOM IeSITeIbHOCTA. DTU MO-
TUBBI OOYCJIOBIMBAIOTCSI OUIYIIEHWEeM '"'COOCTBEHHOCTH Ha
CcpencTBa MPOM3BOACTBA" yepe3 "BllafcHUe MHTEJICKTOM" |8,
c. 38]. JlomoaHUTEeIbHBIM MOTUBOM JUISI TPYISILETOCS SIBJISI-
eTcsl OOLIeCTBEHHOE TMPU3HAHUE ero Tpylda, KOTOpoe He BO
BCeX CIIy4asix, HO BCe K¢ MOXKHO JoKa3aTh (110 KpaitHeit Mepe
caMoMy cebe) IopUIMYeCKUMU JOKYMEHTAMU.

JpyruM CcpencTBOM MOTHUBALUM PAOOTHUKOB SIBJISETCS
YyBCTBO 00JiajlaHusi COOCTBEHHOCTBIO aKIIMOHEPHOTO THUTIA:
"AKIIMOHUPOBaHUE MPEANPUSITHIA, KaK MTPABUJIO YACTUYHOE,
MPUBEJIO K MTOPa3UTEIbHBIM pe3ybTaTaM. Bo-TiepBBIX, CHSI-
JIO COLMAaJIbHYI0 HaIpSLKEHHOCTh, MOPOJAMB WILIIO3UIO pa-
BEHCTBA MeXIy TpearnpuHUMaTeeM U HaeMHBIM pabOTHM-
KOM. Bo-BTOpBIX, MOCTaBUJIO B 3aBUCUMOCTb pa3Mephl J10-
Xofa pabOTHHUKA OT Pe3yJbTaTOB NEATEIbHOCTU MPEIIPH-
STUSI, a 3HAYUT, M €ro JIMYHO. B-TpeTbux, mpoOyauio
TBOPYECKMII ITOTEHIIMAJI paOOTHMKA, pabOTAIOIIETo yxKe KaK
OblI "Ha cebs1". B-ueTBepThIX, PE3KO COKPATUIIO KOJUUYECTBO
3a0aCTOBOK, MOCKOJIBKY "cOX03sieBa"-pabOTHUKHU MOJYYUIU
BO3MOXHOCTh BJIMSITh Ha PEryJIMpOBaHUE SKOHOMHUYECKUX
CMOpOB. B-MSThIX, pacuIMpUIO BO3BMOXKXHOCTH Y4acTUsl TPY-
ISIIMXCS B yIpaBIeHUU Ha IpousBoAcTBe” [8, c. 38]. damnee
aBTOp paboTHl [8] menmaer BbIBOM, UTO MOJ0OHOE "maxe yac-
TUYHOE HajaeJeHWe PabOTHUKOB COOCTBEHHOCTBIO CYMENO
YMEHBIIWUTh aHTArOHUW3M OTHOILEHUI MPUCBOEHUST U OTUY-
xneHus". TIpyu 3TOM 4eTBepTHIN M MATHINA MYHKTHI JaHHOTO
paccyXieHusl Ha MPaKTUKe OKa3aJaucCh B OONBIIMHCTBE CITy-
YyaeB aOCOJIOTHO HECOCTOSITEIbHBIMU, T. €. TON e WIITIO3M-
eil. B meiicTBUTETBHOCTH OKa3bIBaTh peajlbHOEe BIUSHUE Ha
CTIOpHBIE YIPaBAEHYECKUE PEIIeHUs Ha MIPOU3BOACTBE U X
Xe TIPUHUMATh CITOCOOHBI TOJIBKO 00JIagaTe i KOHTPOJIb-
HBIX TMTAKETOB aKIIMUA.

CoBpeMeHHBIE (OPMBI OTHOIIEHMS COOCTBEHHOCTU U
MPUCBOEHMST B HAYYHO-TEXHUYECKOI chepe CTPOSITCS C yue-
TOM PBIHOYHOTO XapakTepa 9KOHOMUYECKUX U TPakKIaHCKO-
MPaBOBBIX OTHOLIEHUN. OIUH U3 TJIaBHBIX BOIIPOCOB, KOTO-
pbIii BO3HMKAET MPU aHAJIM3¢ HBIHEUTHUX 3KOHOMUYECKUX
OTHOIIEHUN U CYIIHOCTU WHTEJJIEKTYaJIbHON COOCTBEHHO-
CTU, CIEAYyIOLINI: KaKUMU TpaBaMM OOBEKTMBHO 00JIagaeT
aBTOp MHTEJUIEKTyalbHOW coOcTBeHHOCTU? CBOOOMA yacT-
HOTO MpeaNPUHUMATEILCTBA BKIIOYaeT HOBATOPOB B COOT-
BETCTBYIOIILYI0O SKOHOMUYECKYIO TOHKY. [Ipy 3TOM Hepeako
€ro mpaBa MepeKpbIBalOTCS COOCTBEHHOCTBIO Ha ero "Mpasa
CcOOCTBeHHOCTH", TIPMHAJIeXAIIE MHBIM YYaCTHUKAM PhIH-
ka. B pesynbraTe aBTOpPbl MHTE/UIEKTYaJTbHOIO MPOAYKTa
OKa3bIBaIOTCSI HECBOOOMHBIMU B TIPUHSTUU PEIICHUH, Ka-
CaIOIINXCS X MHTEJUIEKTYaIbHOI COOCTBeHHOCTU. OHU BbI-
HYXIEHBI IeHCTBOBATh B PAaMKaXx YCJIOBUIA, TUKTYEMbIX CYOb-
eKTaMM 3KOHOMUKMU.
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Bo3MOXHOCTh cO31aBaTh U pabOTaThb C WHTEJUIEKTYalIb-
HOI COOCTBEHHOCTBIO CETOIHSI HAMPSIMYIO 3aBUCUT OT YPOB-
HS Pa3BUTHSI CPEICTB IMPOU3BOACTBA, OT KaYeCTBA KU3HU Ca-
MoOro pabOTHMKA, a TaKKe OT HAIMUUS Y HErO0 BOBMOXHOCTH
MOJYYUTDb XOpolllee 00pa3oBaHue, TPYAUTLCS Ha TOCTOMHOM
pabouem mecte. OTHOIIEHUSI COOCTBEHHOCTH B TAHHOM CJTy-
yae CTPOSTCS B TOM UYHMCJIe Ha OCHOBE JOCTYIa K COOTBETCT-
BYIOLIMM MaTepUaJIbHBIM W HEMaTepuaJibHbIM pecypcam.
Kpome Toro, npousBoauTeb MHTE/UIEKTYaIbHON COOCTBEH-
HOCTU OKa3bIBA€TCsl HAMPSIMYIO 3aBUCUMBIM OT BJIAeJIbLIEB
COOCTBEHHOCTH, TOJIb3YIOIIMXCSI MPABOM OIPENENsITh CIO-
€00 JKU3HENEeSATETbHOCTH JIIOACH. DTH COOCTBEHHUKU — CO3-
JnaTean obpa3oB XXM3HU, CUMBOJIOB ycIiexa, CTWJIEH MoBee-
HUSI W CTAaHAAPTOB TOTPEOJICHUS TPOMYKIIMM MacCOBOM
KYyJIBTYPbl — CETO/IHS 3aHUMAIOT BEPLUIMHY MUPAMUIbI MUPO-
BOI1 5KOHOMUKH [9, c. 23].

HHTennekTyanbHass COOCTBEHHOCTh CTajla CUMBOJIOM
rpsiAylieil 31oxu: "MOCTUHIYCTPUATbHOMI", "MH(GOPMALIMOH -
Hoit", "kubepHernueckoii”. OHa MpHUIlJIa HA CMEHY "Tpanu-
LIMOHHBIM" (popMaM COOCTBEHHOCTU SIKOOBI YXOJISIIIIETO B
npouioe "uHaycTpuaiabHoro” mupa. HoBoe "MHTeIEKTY-
aJbHOE" MPOU3BOJCTBO, OCHOBAHHOE HA TBOPYECKOM IMOTEH-
Lajie JIMYHOCTH, JOJDKHO TOMOYb TPEOAOJIeHUI0 KpU3Kca
"MepexoaHoro mnepuojaa” B OTHOILIEHUSIX XO3SIHCTBYIOIINX
CyOBEKTOB, a INITABHOE — IIPOJIOXUTh JaJIbHEHIINI ITyTh pa3-
BUTHUS YeJIOBeYeCKOoro obimectBa. OqHAKO, CyIs 1O CHUTya-
1M, HAOII0AAaeMOM CEroHsI B CaMbIX pa3HbIX 00JACTSIX pOC-
CUIICKOTO TIPOU3BOACTBA (HaIpUMep, Cephe3HbIe SKOHOMMU-
yecKre DPaspbiBbl KaK MEXAYy OTpaciasiMd, TaK U BHYTPHU
oTpacJieif), HUKaK/ie HOBBbIC BESTHMSI B 1IEJIOM TaK M HE pe-
WM TTpo0JieMy OTUYXIEHUsSI paOOTHUKOB OT CBOETO Tpyaa
M OT €T0 Pe3yJIbTaToB.

OpnHoli U3 KimouyeBbIX 3a1a4 Poccun Ha pybexke XX Beka
ObLUIO OOBSIBJICHO 'TOBBILIEHHWE KOHKYPEHTOCIIOCOOHOCTHU
3KOHOMUKHU Ha MUPOBOM pBIHKe". JIJIsI €T0 OCYIIECTBICHMS
CyObEeKTaMU X0351ICTBOBAHMSI pACCMaTPUBAIOTCSI HOBbIE Tpa-
Buia "UIpbl’ U HOBbIE TeXHOJIOrMU 3G (PEKTUBHOTO oOMEHa
TOBapaMu Ha pbIHKe. OCOOEHHOCTbIO COBPEMEHHOM MMPO-
BOM DKOHOMUKM SIBJISIETCSI €€ TpaHCHAIIMOHAJIbHBINA XapakK-
Tep: pacrpenejeHue BeAyIIMMU JAepXaBaMu COOCTBEHHOTO
MaTepuaIbHOTO TPOM3BOACTBA MO BceMy MUpY. [Ipu 3TOM
HEMNOCPENCTBEHHO 32 COOOM ero Biaesblibl OCTABISIIOT KOH-
TPOJIb HaJl "3HAHMUSIMU"', TIOCTEIIEHHO TPAaHCHOPMUPYSI MUPO-
BYIO 3KOHOMMKY "M3 9KOHOMHWKHU MaTepUaJbHbIX aKTUBOB B
9KOHOMUKY HeMarepualibHbIX akTuBoB" [10, c. 243]. Ilpu
3TOM MOBBIIIEHUE JOXOMHOCTU M YCTOMYMBOCTU KaK TOCY-
JNApCTBEHHOTO MPOM3BOJICTBA, TaK U OM3HECA CUJIbHbIE MUpa
CETO CBA3aJIN C pa3BUTHEM MH(MPACTPYKTYPHI CO3MaHUS, TIOMI-
JIepXXaHUsl U 3allUThl "MHTEJIEKTyaJIbHOl COOCTBEHHOCTH .
B Poccun HopMmoTBOpUecKkass paboTa B 001aCT MHTEIIICKTY -
aJbHOI cOOCTBEHHOCTHM B Hayaje XXI Beka mpuobpena mo-
BOJILHO OXKMBJICHHBIM XapakTep. DTO 0OBSICHSIOT, HATIpUMED,
TaKOM MPUYMHOM, KaK XeJaHue Poccuuy 6ecrpenaTcTBEHHO
IpoBecTH IieperoBopbl O BcryiieHMH B BTO, mockoibky
"Goprba ¢ HapylIeHUSIMH TIpaB Ha N300peTeHNs 1 TOBapHEIE
3HaKU SIBJIIETCS HEMPEMEHHBIM YCJIOBHMEM Y4acTHsI B ITOU
opraHuzaivu” 1 TpedyeT "KOOpAMHAIMK" HAllMOHAJIBHBIX 3a-
KOHOB C MEXIYHapOIHBIMU.

K apyrum ocoGeHHOCTSIM COBPEMEHHBIX PHIHOYHBIX OT-
HOILIEHWIT W KOHKYPEHTHOM OOpHOBI, MOMHUMO "YyKeCToue-
HUS" HALIMOHAJbHBIX 3aKOHOIATEIbCTB B OTHOILIEHU Y UHTEI-
JIEKTYaJTbHOM COOCTBEHHOCTH, TAKXKe OTHOCST:
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HapallliBaHUe JEHEXXHOM OLIECHKY UMYIIIECTBEHHBIX KOM-
IJIEKCOB OPraHU3alnii 3a CUeT HeMaTepUaIbHBIX aKTHBOB;

TocJieaAyIolee TOMUHUPOBAHNE B XO3SIICTBEHHBIX OTHO-
IIEHUSIX CHIEIOK C MHTEJICKTYaIbHON COOCTBEHHOCTBIO Hall
000pOTOM MaTepHaIbHBIX OOBEKTOB;

ycuiaeHue MHGOPMAIIMOHHOM COCTaBISIONIE HEMaTepy -
aJTbHBIX aKTUBOB (peKjaMbl, MU(DOB U TP.) IUISI YKPETUICHUS
COLMATbHBIX MMO3UIINN MHTEJUIEKTYaIbHONH COOCTBEHHOCTH;

WHTEJUIEKTYaIu3alrio MPOU3BOICTBEHHO-TEXHOJIOTUYE-
CKHUX TIPOILIECCOB HapsiAy ¢ MOPAJIbHOM yTpaToii cTaTyca Ma-
TEPUAIBHOTO TTPOM3BOJICTBA;

nepepacnpeneneHie (UHAHCOBBIX TMOTOKOB B TIOJb3Y
MMPOM3BOACTB Ha OCHOBE HOBBIX BBICOKOMHTEIIICKTYAJIBHBIX
TEXHOJIOIUl (HampuMep, Yepe3 HOBBIE CIIOCOOBI YIIPABICHMS
WHTEJUIEKTYAJIbHBIMU PECYpcaMH, Ha OCHOBE HOBBIX TeXHU-
YeCKHX, OpPraHM3alMOHHBIX U Tp. PelIeHUI);

YCUJIEHEe KOHKYPEHTHOH OOphOBI 32 MCKIIOYUTEIbHBIE
MpaBa Ha HOBBIE MAEM U M300peTeHMsI, YBEIMUEHHME Yucia
MpaBOHApPYILIEHUI B 3TOM 00J1aCTH;

MOHOITOJIM3allUsl TPOM3BOACTBA MHHOBAIIMOHHOM TIPO-
OYKLWU, PAaCIpOCTPaHEHUE MHTEJUICKTYaJIbHOM "PEHTHI";

pPOCT IOXOIOB HE OT peaju3allii WM OCBOSCHMSI HOBOM
MPOMYKIIUM M CEKTOPOB PBIHKA, a 3a CUET OIMEPEXKEHMST KOH-
KYPEHTOB 110 TTOKa3aTeJsIM PocTa CTOMMOCTH aKIIMi KoMIa-
HUU WIX PHIHOYHON CTOMMOCTH OM3Heca, OCHOBY KaluTajlo-
€MKOCTH KOTOPBIX BO MHOT'MX CJIy4asiX COCTAaBUT MHTEJUIEK-
TyaJibHasi COOCTBEHHOCTb.

OTMeyaeTcsl TakKe MOBBILIEHUE PEUTUHIA JTUAEPOB TeX-
HUYECKHX TPOU3BOJICTB U BbICOKOMHTEJIEKTYAJbHBIX KOM-
MaHUI He CTOJIBKO 3a CYET CTOMMOCTH MX "MHTEJUICKTYaslb-
HO# COOCTBEHHOCTH", CKOJIBKO 32 CUET BHICOKUX OIIEHOK Ka-
YyecTBa  'YEJIOBEYECKOTO  KamWTtajga' W TBOPYECKUX
CIIOCOOHOCTE! COOTBETCTBYIOIIMX KOJIIEKTUBOB, CIIOCOOHBIX
co3faBaTh MHHOBALMM HA 3TUX MPEANPUITUSIX.

Heobxomyumo ydMTBIBATH BCE 3TU TeHACHIMMU IIpU (Pop-
MMPOBaHMM U peai3alliid HayYHO-TEXHUUYECKOW MOJIUTUKU
rocynapctBa. Ha MMpOBOM pbIHKE TOCYIapCTBO MOXHO pac-
CMaTpuBaTh B KAUE€CTBE CAMOCTOSITEJIbHOTO XO35IiICTBYIOIIETO
cyOBeKTa, NEMCTBYIOIIETO MO TEM Ke CXeMaM, UTO M YaCTHBIC
koprniopaiu. M TaM, ¥ TaM posib HeMaTepUaIbHbIX aKTUBOB
BO3pacTaeT 1o Mepe Pa3BUTHSI 3aKOHOAATEIbCTBA 00 MHTEN-
JIEKTYaJIbHOI COOCTBEHHOCTH M pacIIMpeHNU chephl ee HC-
MOJIb30BaHUSI B TOPTOBJIE.

B cwry cnenudukyn HaydHOU AESITeTbHOCTH HeMaTepu-
aJTbHBIM aKTHBaM B HAyYHO-TeXHUYECKUX OpTaHM3alMsIX Ha-
YUHAIOT OTBOIUTH "ONPEICISIONIYIO POJIb", C OOHOM CTOPO-
HbI, KaK "CpeiacTBaM IPOU3BOACTBA", a ¢ Apyroii — Kak "To-
Bapy" B BHUAE WHTE/UIEKTYaJIbHOM COOCTBEHHOCTHM Ha
HayuyHble uaeu, (GyHIaMEHTaJbHble 3HAHUs, U300peTEeHUSI
yueHbIX [11]. BHOBb BO3HMKAIOIIME BUIIBI HAYyYHO-TEXHUUE-
CKUX KOMMYHUKAIIA, HATIPUMEDP Pa3IUYHble TEXHOMAPKO-
BBlE CTPYKTYphl (MHKYOATOPBI, TEXHOJOTMYECKUE TapKH,
TEXHOITOJIMCHI), HECYT B ce0€ HOBYIO UIEOJIOTUIO YIIPABICHUS
HeMmaTepuaJbHBIMU PecypcaMy uepe3 BbICTpauBaHUE CIie-
LIMAJTM3UPOBAHHBIX CETel 3HaHWIT U UHHOBaLU. OCHOBHOM
YIOp B 3THX CTPYKTYypax JejlaeTcsl Ha co3llaHhe MeXaHu3Ma
"3((EeKTUBHOTO MCHOJH30BAHUS MHTEJUIEKTYaJIbHOM COOCT-
BeHHOCTH". UTO Xe KacaeTcsl TPamTuIIMOHHBIX TOCYIapCTBeH-
HBIX HayYHBIX UHCTUTYTOB Poccuu, To, ucnbitaB Ha cebe Te-
puon 6e3BpeMeHbsI "TIePeX0IHON " S3KOHOMUKH, OOIBILIMHCTBO
U3 HUX C UMYILECTBEHHBIMM MTPaBaMU Ha UHTEJJIEKTYaIbHYIO
COOCTBEHHOCTb OKa3aJoCh B CUTyalluu Kpusuca. To xe ca-
MO€ MPOMCXOIUT U C COOCTBEHHOCTHIO MHOTHX CaMOCTOSI-
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TEJIBHBIX POCCUMCKMX M3o0petaresneii. [IprcBoeHne pe3yiib-
TaTOB YYXXOTO TpyJda OOMaHHBIM ITyTeéM, KOT/a HOYy-Xay WU
MaTeHThl HAYYHBIX OPTaHU3aLMii M YUYEHBIX (HE TOBODPS YyXe
00 UX MIesIX) UCMOJb3YIOTCS B KOMMEPUECKHX 1iesisix 0e3 Ka-
KMX-JIM0O0 Ha TO pa3pelleHnid — OIMH U3 CaMbIX pacIpocTpa-
HEHHBIX BUJIOB MPaBOHAPYLIEHUH B COBPEMEHHOM MUPE.

IMonoGHas cuTyalus 3acTaBiIsieT COBpeMEHHbIE HAyUHbBIE
OpraHu3aluy CTPEMUTLCS K CAaMOCTOSITEIbBHOCTH, TIPUOOpe-
Tasi COOTBETCTBYIOIIYIO KOMIIETEHTHOCTD M YIEJsisl Bce OO0JIb-
111e BHUMaHUsI 001aCTU MPOU3BOACTBA HAyYHO-TEXHUYECKOM
MPOAYKIIUM B KayecTBEe COOCTBEHHOr0 KOHKYPEHTOCIOCO0-
HOTO TOBapa.

Ipu sTOM HayYHO-TEeXHWYECKas MPOMYKLMWs, obyamast
JUTST GOJIBLIMHCTBA TOKyTAaTesIeil TaAKUM KauyeCTBOM, KaK HO-
BU3HA, WM OyIyuu TEXHMUYECKU CIIOXKHOM, MpHOoOpeTaeT u
psin Apyrux cneurduyeckux yept. i moTeHIIMaJbHbIX MO-
KyTaTesieii oHa OKa3bIBaeTCsl, MPEXIe BCEro, "TOBAPOM II0-
BepMsl”, TAKMUM TOBapoOM, "Ka4yeCTBO KOTOPOTO HE TOJIbKO (u-
3UYeCKA HEBO3MOXKHO TTPOBEPUTH B MOMEHT TTPUOOPETEHUS,
KaK y OOBIYHBIX TOBAPOB (a TpeOyeTcsl BpeMsI VISl BBISIBIICHUS
ATOTO KauyecTBa B Ipoliecce MCIOJb30BaHUSI TOBapa), HO U
caM MOKYyIIaTesib TOA0OHOTO ToBapa OKa3bIBaeTCs HeAO0CTa-
TOYHO KOMIETEHTEH (COOTBETCTBYIOILETO OMNbITA U OBITH HE
MOXET) JUISl aleKBaTHOM OlleHKM ero kavectna" [11].

Taxkum obpaszoM, /ISl yCIIEITHOM peanu3aliy HOBOM Ha-
YYHO-TEXHUYECKOU MPOAYKIIMU TJIABHBIM CTAaHOBUTCS JTOBE-
pue, HO He CTOJIbKO K "KauecTBY" TOBapa, CKOJIBKO K CaMOii
HayyHOW OpraHM3alliM, ee MpeacTaBuTesnsM. s 3akazunka
Ha TMEPBBIN TUIaH BBIXOIUT pemyTalusl MPpOU3BOAUTENS "TO-
Bapa JoBepus”’, KOTOpasi M OIpENeSUT B JajibHEHIIEM ero
KOHKYpeHTocrnocoOHocTh. Kpome Toro, ToproBoe umsi opra-
HU3ALUM CaMO CTAaHOBUTCSI €€ BaXXHBIM HeMaTepuabHbIM
aKTMBOM U TIpEIMETOM MapKeTuHra. Bce 3To mpuBOIUT B
IeicTBUe crieuudruIecKnii KOMMYHUKAIMOHHBIA MeXaHU3M
MeXIy 3aKa3dyuKaMu, pa3paboTYMKaMu, MeHeIKepaMu U UH-
BECTOpaMM: KOOIepalrio Ha TOBEPUU — JIUOO JTUYHOM, MPO-
BEPEHHOM Ha OMbITE, JIMOO MPUOOPETEHHOM YE€pPE3 YMEIYIO
pekinamy. OTeuecTBEHHbIE TOCYIapCTBEHHbIE HAyYHbIE Opra-
HU3aIK B OOJILIIIMHCTBE CBOEM HE MMEIOT B 3TOM TIIaHe HU-
KakuxX TPEeMMYIIeCTB. DTO CBSA3aHO U CO CJIOXUBIIMMUCS
¢dopMamMu COOCTBEHHOCTH, U CO CIIELIM(UKON NesITeIbHOCTH,
a B UTOre 3T0 0OOpayMBaeTcsl HeOJAronpUsITHBIM IOJIOXKe-
HUEM POCCUICKUX MPOU3BOAMTENEH MO OTHOILIEHUIO K 3apy-
OeXXHBIM KOHKYPEHTaM.

CoBpeMeHHBIN (popMaT SKOHOMUYECKOW NesTETbHOCTH,
B KOTOpHIi BoBjieueHa Poccusi, He TOIBKO OTKPBIBAET Iep-
CTIEKTUBBI TTIOKOPEHUS TOMOJIHUTEIbHBIX TOPTOBBIX HUIII, HO
M BJIeYeT 3a cOOOM LIeblii 11eiid HenpeackadyeMbIX 9KOHO-
MMUYECKUX W TMOJUTUYECKUX MOCIeACTBUIl. B mepByto oue-
penb 5TU HeraTMBHBIE MOMEHTBI TTPOSIBIISIIOTCST B JIOMUHHUPO-
BaHUM KOHBIOHKTYPBI, CIYyYallHOCTU CYILECTBOBAHUS U
(DYHKIIMOHMPOBAHUS "MHTEJUIEKTYalbHOM CcOOCTBEeHHOCTH"
Haj BceoOlle HeoOXOMMMBIMU IIpolieccaMyd HayYHO-TEXHU-
YecKOro TBOpYECTBa, M300peTaTesIbcTBA U MHHOBAILIMOHHOM
nesiTenibHoCTU. PaboTast B yCIOBMSIX BBICOKOTO YPOBHSI HEOIT -
peneIeHHOCTU TIOJNIyYeHUST W TIPUMEHEHMSI pe3yJIbTaTOB
TBOPUYECKOTO TPYy/a, POCCUICKHE MCCIENOoBaTeJIM U paspa-
60TYMKM (HaKTUIECKU JIUIIEHBI HaJIeXalleld oXpaHbl, a X
MpaBa HapyIIamoTCs.

M3-3a ropuanuecknx GUKIUM, CBI3aHHBIX C "MHTEJUIEK-
TyaJIbHOI COOCTBEHHOCTBIO", OLICHKA pe3y/JbTaTOB WHTEJ-
JIEKTYaJIbHOTO TBOPYECKOTO TPYAa YYEHbIX-CMEIMAINCTOB B
00J1acTH TEXHUYECKUX HayK 3aTpyaHeHa JIubo opcupyeTcs
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TeM WJIM WHBIM CIIOCOOOM B MHTepecaXx JIMILb OMHOW M3 3a-
MHTEPECOBAHHBIX CTOPOH. OTHOIIEHNE K MHTEJUIEKTYaJIbHOM
COOCTBEHHOCTH, BhIpaxkaeMoe B MpuHUMaeMbIX B Poccunm 3a-
KOHaX, MEHSUIOCh TaK 4acTo, KakK, MoXalyil, HUTIe B MUDE.
C nerkoy pyKy 3aKOHOTBOPILIEB, OTAEIbHbIE BUIBI HAYYHOTO
3HAHMS TO (POPMAIU3YIOTCS, TO TaKXe OBICTPO IMepecTaroT
"OBITh TOBApOM", UX MCKJTIOYAIOT U3 "MHTEJIIEKTYaJIbHOM CO0-
CTBEHHOCTH", HO, CaMoe TJIaBHOE, OCTaBJISIOT 6€3 OXpaHBbI.

Takum o06pa3om, Npu BHEAPEHUU TMOJUTUKU, OCHOBAH-
HOW Ha WHTEJJIEKTyaJlbHO coOCcTBeHHOCTH, B Poccum Ha
TepBHIN TIJIaH TOJKHBI BEIATH BOTIPOCHI: O KOHTPOJIE 3a 100~
POCOBECTHBIM TTOBEIEHMEM TOCYIapCTBa M OOIIECTBA IO OT-
HOIIEHUIO K TpaXaaHaM W OpraHu3alMsIM-TIpaBooOJiagare-
JISIM, O HEONYIIeHW BOPOBCTBA UIEH U pa3paboTOK, a TaK-
K€ 0 HaKa3aHWM BUHOBHBIX JIMII. DTO HAIMPSIMYIO CBSI3AHO HE
TOJIBKO C TIOIIepKaHUEM JOBEPUS U MOTHBALMEH HesaTelb-
HOCTU TpOo(eCCHOHAIBHBIX COOOIIECTB, HO M 3aTparnBacT
cepy cTpaTermuecKux MHTEPECOB 1 6€30MMacCHOCTH TOCyaap-
CTBa, HalpuMep, KOoraa pevb WAeT O pa3paboTKax IBOMHOTO
Ha3zHaYeHUs.

B coorBercTBMM ¢ KoHIleniueil HallmoHaabHOM Ge3orac-
Hoctu P®D B oCHOBe 1iesieii, a TaKKe CTpaTern4ecKux U Te-
KYIIUX 3a/a4 TOCyJapcTBa JiexkaT peau3alius 1 3alluTa ero
HallMOHAIBHBIX UHTepecOoB. OCHOBHBIE YTPO3bl HALIMOHAJb-
HoIt 6e3omacHOCTU Poccuu cBsI3aHBI ¢ HEYIOBIETBOPUTEIIb-
HBIM COCTOSIHUEM OTE€YECTBEHHOI 9KOHOMUKU. K HUM OTHe-
ceHnl [12]:

ocabieHre HayYHO-TEXHUYECKOTO U TEXHOJIOTMYECKOTO
MOTeHLIMAaJIa CTPaHblI;

COKpallleHWe UCCIeIOBaHWII Ha CTpaTeTUYECKHM BasKHBIX
HampaBJIeHUSIX HAYYHO-TEXHUYECKOTO Pa3BUTHS;

OTTOK 32 pyOeX CNernaTucTOB U MHTEJUIEKTYaIbHOM CO0-
CTBEHHOCTH.

Bce onu yrpoxator Poccun "yTpaToii mepenoBbIX MO3U-
LM B MUpe, Aerpaganyveil HayKOeMKUX MPOU3BOACTB, YCHU-
JIEHUeM BHEllIHe!l TeXHOJIOIMYECKO 3aBUCUMOCTHU U TIOJPbI-
BOM obopoHocnocobHoctu Poccun™ [12].

CornacHo KoHuenmuu, obecriedyeHUe HalMOHAJIbHOM
6e3onacHoct Poccuiickoit Denepaniviu, a Takke IOAbEM
9KOHOMUKM CTpaHbl B HACTOsIIlIee BpeMsl CBsI3aHbl C MPOBe-
JIEHWEeM 3KOHOMMYECKOTo Kypca Mo "yCUJIEHUIO TOCYIapCT-
BEHHOM TMOMIIEPXKN WHBECTULIMOHHOW M WHHOBAIIMOHHOM
aKTUBHOCTH, OKa3aHUIO peaJbHON TOoCyIapCTBEHHON TOMI-
NEPXKMU LEJEeBbIX MPOrpaMM CTPYKTYPHOM NEpeCcTpOMKU
npoMbllieHHocTH" [12].

OpmHako, ecjii y4eCTh TaKOW IMoKa3aTelb 9KOHOMUYECKO-
TO TOTeHIIMAaJIa CTPaHbI, KaK KOJIMYECTBO PETUCTPUPYEMBIX B
Hell TaTeHTOB, HeJb3sl YyTBEPXKAaTh, UTO cuTyalus B Poccun
npubamkaercsl K UcrpanieHuto. Ha MexayHapomnHO KOH-
depernuuu "MuHoBanuun PAH-2007", npoxoausiieii ¢ 7 no
9 Hos16ps1 2007 1. B ropone YepHorosoBka MOCKOBCKOI 00-
nacti, miaBa Pocmarenta bopuc CuMoHOB ckasan: "Bkiang
WHTeJUIeKTYyanbHOI coocTtBeHHOCTH B BBII cTpanbl cocTas-
Jiget Bcero 9,9 MuyumapnoB py6iieit, 94To 0 OGMIHOTO Majio
JIJISI TOCYIapCTBa C TAKOM MOIIHOM Hay4yHOM cucTemoit”. DTo
JaeT OCHOBAHME ClIEJIaTh 3aKI0YeHUE O "HU3KOM 3P PeKTUB-
HOCTH HAayYHbIX YUPEXIEHMI, B TOM YMCIIe aKaleMUUYECKOTO
CeKTopa, a TaKXKe O TOM, YTO MHHOBaLIMOHHAs cpena B Poc-
CHU TIpaKTU4ecKu orcytcTByet” [13].

HecmoTpst Ha mevanbHy0 CTaTUCTMKY, MHOTHE OTEYeCT-
BEHHbIE MCCJIEIOBaTeId CBSI3bIBAIOT TpsiAyliiee Mpeodpaxe-
Hue Poccruu MMEHHO ¢ HapalllMBaHWEM U pealu3aliueil cod-
CTBEHHOTO MHTEJUIEKTYaJIbHOTO HayYHO-TEXHUIECKOTO 1 Ha-
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YYHO-TEXHOJIOTUYECKOTO  TOTeHIMajda, HasblBas  €ro
"MHHOBALlMOHHKLIM" TIyTeM pa3Butusi. Ero ocHoBa — cucre-
MaTUYeCcKoe MCIOJb30BaHUE MPOTPECCUBHBIX 3HAHUN BO
BCeX BUIAX MPOU3BOJACTBA (B MaTeprUaIbHOM — TEXHUYECKUX
JOCTVIXEHHUIA, B JyXOBHOM — HOBBIX 3HaHUI, a TAKXe B BOC-
MPOU3BOJACTBE KAAPOB) U MX CBSI3M C COLIMAIBHBIMUA TEXHO-
JIOTHSIMU.

0060 BceM, UTO CBSI3aHHO C MHHOBALMSIMU, HamMcaHa
Macca JMTepaTypbl, HauMHasi ¢ (haHTACTUYECKUX WCTOPUIA
(dytyponoru I'epoept Yamic, UBan Edpemon u mip.), onu-
CaHMI1 KOHKPETHBIX 00pa3IoB TeXHUKN M 3aKaHYMBAsT CTpa-
TerusiMu "MHHOBALIMOHHOTO MpopkiBa”. Kpome Toro, Hab:110-
JAeTCsl CUTyallusl, KOTJa TOJbKO JICHMBBI HE BCTaBJISIET B
CBOM M3MBILUICHUS "aKTyaJbHYIO" HbIHE TEPMUHOJIOIUI0 —
"MHHOBaIMs", "MHHOBALIMOHHOE pa3BUTHE", HE BHMKAS TIpU
3TOM B ee cyTh. OIHAKO HAMOJHEHWE TaKUX MOHITUI Tpa-
BUJIBHBIM CMBICJIOM (LIEHHOCTBIO, 3HAYMMOCTBIO) U 00pa3oM
(cuMBOJIOM) caMo TI0 cebe GoJiee YeM MHHOBALIMOHHO.

TpanulIMOHHO TIO4 HWHHOBALMSMM TOAPa3yMeBaIOTCS
BHEIPEHHbIE B XO3SICTBEHHYIO NESATEIbHOCTb HOBIIECTBA.
[Tpu sTOM TTIOHMMaHMe, "M Yero" Wian "mjisg KOoro" TOJIKHO
OBITh TI0JIE3HO HOBOBBEICHUE, a TAKXKe KaK UMEHHO ero olle-
HUBaTh, OKa3bIBAETCS TTPUHIIMITUATBHBIM.

B cootBerctBUM ¢ KoHuemueil, onmuchBalOEei I1aB-
Hble MPUHIUIIBI HAMOHAIbHOM Ge3omacHocTh Poccnu, pedb
HIeT 00 OCBOCHUU M Pa3BUTHU BCEX MPOTPECCUBHBIX TEXHO-
JIOTHIA, "OCBOGHME KOTOPBIX 00ECTICUUT KOHKYPEHTOCITOCO0-
HOCTh POCCUMCKUX MPEONPUITUIA Ha MUPOBOM phiHKe". Of-
HaKO Hapsoy C 3TUM CYLIECTBYET UM aKTUBHO pPa3BUBAETCS
JIPYro# IOAX0[, COIJIACHO KOTOPOMY MHHOBALMENW MpU3HA-
eTcsl TpuObUIbHOE (peHTabeJbHOE) MCIOJb30BAHUE HOB-
LIECTB B BUIE HOBBIX TEXHOJOTUI, BUIOB MPOAYKIIMU U YC-
JIYT, OPraHU3aIllMOHHO-TEXHUYECKNX W COLMAbHO-3KOHO-
MMUYECKUX PEIIeHWI TIPOU3BOJICTBEHHOTO, (MHAHCOBOTO,
KOMMEPUYECKOTO, alMUHUCTPATUBHOTO WJIM MHOTO XapaKTe-
pa" [14, c. 160]. Uaeonorust mooipeHus MpUObIILHOCTH HH-
HOBAIIMi HallIa OTpaXKeHUe BO MHOTMX MPOEKTaX U KOHKYP-
cax, opraHu3yeMbIX B 3Toii obsactu B Poccun. Hampumep,
COTJIaCHO TIOJIOXXKEHUI0 KOHKYypca MO "MHHOBAalIMOHHO-OPH-
E€HTUPOBAHHBIM (PYHIAMEHTAJbHBIM HCCIeIOBAaHUSIM ", Opra-
HU30BaHHOTO COBMecTHO Poccuiickum dhoHaoM pyHmameH-
TaJbHBIX UcclieqoBaHuii 1 MoHIOM CcOACHCTBUSI Pa3BUTUIO
MajibiX OpM IpeAnpUsITUil B HAyYHO-TEXHUYECKOI cdepe,
"MHHOBAIIMSI CYUTAETCSI COCTOSIBILIEICSI, €C/IM OHa AOLUIA 0
pPbIHKA MPOAYKLIMM WK ycayr. Takum ob6pa3om, 1060l cy-
LIECTBEHHBI HAYYHBIM Pe3y/IbTaT, UMesI CAMOCTOSITEIbHYIO
LIEHHOCTh JIJISI HayK!, TTPUOOPETaeT PHIHOYHYIO 3HAYUMOCTh
JIMIIbL TIOCJIe TPOXOXIEHUSI MHHOBAaLIMOHHOro stama” [15].
CornacHo 3Toit Jjoruke, B Poccum BbICTpamBaeTCs OOUH U3
TUIIOB MHHOBALIMOHHOTO Tpoliecca B BUAE "MHHOBALMOHHOMN
OM3HEC-CHUCTEMBI', BKJIIOYAIOIIEH TaKWe 3KOHOMUKO-Opra-
HU3ALMOHHBIE (hOPMBI, Kak "BeHUypHas ¢upma”, "nesoBbie
aHresbl", "OU3HEeC-UHKyOaTop" U T. 1.

Mexny TeM NMOAOOHBIM MAEOJOTMYECKUiA YIIOp Ha KOM-
MepLHaIn3alio MHHOBALMIA HEPEIKO MPUBOAUT K UCKaXKe-
HUIO 1IeJIel MHHOBALlMOHHOMW AEATEJIbHOCTU TOCyIapCTBa.
DTOT acIeKT TpebyeT BHUMATEIbHOTO OTHOIIECHMS, YIUTHI-
Bas TIpoliecC Bce OOJbIIEH KOHCOMUAAIMYA ¢ MHHOBAIIMOH-
HOI IeSATEIbHOCTBIO TaKUX CrielMbuIecKux cdep, Kak BbIC-
11ee mpodeccruoHaJbHOEe 00pa3oBaHKe, HayKa U HayYHO-TeX-
HUYeckasl AesITeJIbHOCTh, IMOCKOJbKY Jil00as IMpoBoAMMAs
rocyIapCcTBOM IMOJMTHUKA B 00JIaCTU MHHOBALIUI OyJeT aBTo-
MaTUYEeCKW 3aTparuBaTh M 3TH CTPATETMYECKU BaXXHBIE OT-

84

paciu Xo3giicTBoBaHUs. BeieacTBre orpaHMYeHMsSI MEXaHU3-
Ma MOIAEPKKA MWHHOBALIMOHHOM HESATEILHOCTU OO YPOBHS
MOOLIPEHUS "TIPUOPUTETHBIX MHHOBALIMOHHBIX IIPOrpaMM U
MPOEKTOB" B COOTBETCTBUY C MEPKAHTUILHBEIMYA MHTEPECaMU
He TIPOMCXOIMT BBIXOJIa HA MHHOBAIIMOHHBIE pyOeXKH OCTallb-
HBIX TIPOU3BOJICTB, KOTOPBIE TPEOYIOT MHOM OJIaronpUsITHON
Ccpenbl WIS TBOPYECTBA Y MHBIX KpUTEPUEB "MHHOBAILMOHHO-
CTU" CBOEH IEeATETbHOCTU.

Pelienre ykazaHHbBIX 3aa4 MPEANOIAraeT He TOJIbKO CO-
OTBETCTBYIOLYIO 3aKOHOTBOPUYECKYIO IESITEIbHOCTD (AMHAMU-
Ka KOTOpOW B 3TOH 00JaCTW OKa3ajlaCh OTHIOAb HE MHHOBA-
LIMOHHOI1), a MPeXe BCEro OCMbICIEHUE CYIIHOCTH U TeOope-
TUYECKOI 0a3bl MHHOBALIMMI, a TAKXKE UX CBSI3U C TEHIEHIIMSI-
MM pa3BUTUs oOlluecTBa. B COOTBETCTBUM C COBPEMEHHBIM
XapakTepoM MUPOBO SKOHOMUKHU B CTpaHe ObUI MPOBEAECH
psia pepopM, HalleJeHHBIX Ha IpUBeAeHUE chepbl pOCCUIA-
CKOW HayKW M MPOMBILIJIEHHOCTU K BUIY, COOTBETCTBYIOLIE-
MY TIPOTPECCUCTCKUM B3IJIsiAaM Ha KOHKYPEHTHYIO OOpbOy U
TEXHOJIOTUYECKOE B3aMMOIENCTBAE CYOBEKTOB phIHKa [16].
DTUM OOBSICHSIOT TPUYMHBI KOPPEKTUPOBKU MPABOBOU OX-
paHBl O0OBEKTOB IPOMBIIIJIEHHON COOCTBEHHOCTH, a TAaKXKe
MOSIBJIEHVE HOBBIX TUIIOB OPraHU3alMM YYaCTHUKOB MPOM3-
BOJCTBA M oOMeHa MHHOBaLMsIMU. C 3TUM TakXke CBSI3aHO
pa3BUTHE B CTPAHE TEXHOIAPKOBBIX CTPYKTYpP KaK MHHOBA-
LIMOHHBIX LIEHTPOB. B HacTosiiee BpeMsi B MUpE CYIIIECTBYET
MHOXECTBO Pa3HOOOpa3HBIX (POPM TEXHOIMAPKOBBIX CTPYK-
Typ, HampuMmep, "TexHosiornyeckue mapku" B Poccuu, "uc-
cnenoBarenbckue napku”' B CLLA, "Hayunble mapku" B Be-
JIMKOOpUTAaHWM, "HaydHO-TpOMBIlIIeHHBIe mapku” B KHP.

B Poccun BBIIEISIIOT TPU OCHOBHbBIE TPYIIIBI TEXHOIMAP-
KOBBIX CTPYKTYp [15, ¢. 55—63]:

HHKY0ATOpPbI, OKa3bIBAIOIIKME Pa3HOOOPA3HYIO IOMOIIb
HOBBIM MHHOBAaLIMOHHBIM (bMpMaM, HaxXOMSIIMMCSI Ha CTa-
MY BOBHMKHOBEHUS U CTAaHOBJICHUSI,

TEXHONAPKH, ITOJl KOTOPBIMM IOAPAa3yMEBAIOTCS HAYyYHO-
TIPOU3BOJICTBEHHBIE TEPPUTOPUATBHBIE KOMILIEKCHI, MOAIEP-
KABAOLINE MAIBIE U CPETHNE MHHOBALIMOHHBIE TIPEATIPUATHS,
HaXoIAILIKECS Ha PAIMYHBIX CTAAVSIX KOMMEPUYECKOTO OCBOE-
HUS HAYYHBIX 3HAHWH, HOY-Xay U HAYKOEMKHX TEXHOJIOTU;

TEXHOMOJHMCHI (HAYKOTrpaasl), BKIIOYAIOLINE YHUBEPCUTET
WIM IpyTU€E BY3bl, HAYYHO-UCCIIEI0BATEILCKAE NHCTUTYTHI, a
TAKXKE XWIble PalOHBI, OCHALLIEHHbIE KYJIBTYPHOI U peKpea-
LIMOHHOU MHMPACTPYKTYPOK.

Hecmotpst Ha TO, YTO MepBbIE TEXHOMAPKOBBIE CTPYKTYPhI
Havanu ¢opmupoBatbest B Poccuu 6onee 20 et Hasaz, B co-
BPEMEHHBIX YCJIOBUSX MX MOXHO Ha3BaTb HOBBIM BUAOM
KOMMYHMKAILIMM MEXIY MPeNCTaBUTENsIMU HAyKu, TEXHUKU,
TEXHOJIOTUI, TOCYIapCTBOM M YAacCTHBIMM (DMHAHCOBBIMMU
crpyktypamu. ITo cBoeMmy 3aMmbICily "TexHoIapkKu' He pac-
CUMTaHbl Ha TIIOJIyYeHME HEMEIJICHHOW MaTepualibHOMU
OpUOLUIM, YTO B YCJIOBMSIX IJIMTEILHOTO mpeObiBaHUsS Poc-
CHU B COCTOSIHMM "IUKOIO phIHKA" M ee JalIbHEeHIlero pas-
BUTHS TI0 MpaBujIaM "pBIHOYHOM SKOHOMMKU'" JOJIKHO IPU-
BECTH K HOBOMY collMaJIbHOMY 3¢ dekTy. OaHaKko mokKa pea-
JU3alMs MHTEJUIEKTYaJIbHOTO TOTeHLMalla 4epe3 HOBBbIe
TEXHOIIapKOBBIE CTPYKTYPBI UAET KpaiiHe MEeUIEHHO: C OTHOM
CTOPOHBI, TTOTOMY YTO HE ymaeTcsl chopMUpoOBaTh CIIpoca Ha
WHHOBALIMOHHYIO TIPOAYKIIMIO Y BEHYYPHBIX KaAITUTAJIUCTOB
(nnm xe, HA0OOPOT, "HET MJIST HUX JOCTOMHBIX MHHOBAIIMOH-
HBIX TIPEIOXKEHUI"), C APYTroil — BBISICHSIIOTCSI HEOPaOOTKU
CcaMUX OpPraHU3aTOpPOB TEXHOIAPKOB, HEPENKO B CBSI3U C UX
HeI00POCOBECTHRIM OTHOIIIEHUEM (TaK, pabouure TUIOIAIN U
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TEPPUTOPUH "TEXHOIMAPKOB" MOTYT CIaBaThCsI B apEHAY KOMY
YTOIHO: He 110 Ha3HAYEHMIO, a JINIIb IS ITOJTYUYEeHMS PEHTHI).

YupeauTensaMu TEXHOMApKOBBIX CTPYKTYP BBICTYIAIOT,
Kak TpaBWio, TEXHUYECKNE U IpYyrue By3bl, HAy4YHO-UCCIE-
JIOBATEJLCKUE ¥ KOHCTPYKTOPCKWE MHCTUTYTHI 1 TTpOYre Ha-
VUHBIE YUYPEXIEHMS, OCYILECTBISIONEe WHHOBAIIMOHHYIO
NeITeJIbHOCTh B c(pepe McclieaoBaHuii 1 pazpaboTok. OgHa-
KO, TI0 MHEHUIO TpeNCcTaBUTeNel akaleMUIeCcKOro ceKTopa,
HOBasi UHHOBALIMOHHAs UH(MPACTPyKTypa, XOTsl U obiagaeT
MOTEHIIMAJIOM HOBBIX KOOIEPAIIMOHHBIX CBSI3€i MeEXIy Ha-
YUHBIMUA OpTaHU3alUSAMU U TIPEACTaBUTEISIMU OM3Heca, BCe
K€ He pelllaeT MmpobjieMbl pa3BUTHUSI HAYYHOTO TBOPYECTBA U
BHEIIPpEHUsI pe3yJIbTaTOB MHTEJJIEKTYaTbHOTO TPyIa B IIPOU3-
BonacTBO. COIIaCHO IEMCTBYIOLIEMY 3aKOHOIATEIbCTBY OO~
JKETHbIE OpraHU3allMM He HMMEIOT TpaBa CO3/laBaTbh MaJible
MPEANPUITUS I KOMMEpLHAIU3alui HaydyHbIX pa3pabo-
TOK, HE UMEIOT MpaBa Ha JOXOM, MOJydaeMblil OT UX peaTu-
3anuu. B Poccuu mpakTtudecku Bce, YTO MPOM3BOAUTCS Ha
G1omKeTHBIE cpencTBa, a 3To 60 % pa3paboTOK, TMPUHAIIE-
JKUT TOCYIapCTBY JUOO peryaupyeTcss UM 1o KOHTpakTy [17].

B CIIIA nono6Has cutyauust usmenunach B 1980-e rompi,
KOTJIa TTpaBa Ha MHTEJIEKTYaIbHYI0 COOCTBEHHOCTh TOCYIap-
CTBO (haKTMUECKU TIepeaio B YaCTHBIE PYKU, OCTaBUB 3a CO-
0011 mpaBoO B OCOOBIX CIIydasx 3abupaTh IMaTeHT cebe. B Ha-
CTOSILLIEE BPEMsI CUMTAETCS, UYTO [UIS1 "Pa3BUTBIX CTpaH" MOJIs
MaTeHTOB, MPUHAJIEXAIIUX KPYITHBIM TPAaHCHALIMOHATbHBIM
KopropauusiM, coctasisieT 90 % [18]. UMeHHO 03TOMY TTO-
JIUTUKA TIO YBEJIWYECHUIO IOJIM WHHOBAIMOHHO-AaKTMBHBIX
MPEANPUITUN B HAYYHBIX TOCYIAPCTBEHHBIX CTPYKTYpax
(HUU, ®OI'VII) B cnyuae ee mpoBeaeHUsI IOTpebyeT cephe3-
HOTO KOHTPOJISI 32 BO3MOXKHOCTBHIO "SKOHOMUYECKOIO" TI0-
IJIONIEHUST 3TUX TMPEANPUITUI MOHOIOJIMCTAMU MHUPOBOTO
PbIHKA TEXHOJIOTUIA.

3HauuTeNbHOE BIVSHAE HAa WHHOBAIIMOHHYIO TTOJTUTHKY
MOTYT 0Ka3aThb HE TOJBKO COOBITHS, TIPOUCXOMASIINE BHYTPU
oTpaciieil nim mMexay GupMamMu, KOHKYPUPYIOIIMMU 32 PbI-
HOK CObITa MHHOBAIMOHHOW TMPOIYKIIMU, HO U COOTBETCT-
BYIOIIME MPECTYIUIEHUS B 9TOil chepe, cUuTyalusi, CBsi3aHHast
C TJIOOAJIbHON TTOJTUTUYECKO OOCTAHOBKOM B MHpe. YXKe
odunranibHO 0003HAYAIOTCS TEHIEHIIUM, KOTOPbIE 3aCTaBJIsI-
0T TOBOPUTH He 00 MHHOBAlLIMOHHOM, a MHEPLIMOHHOM pa3-
BUTHUU OTAEJIBHBIX €ro cyobekToB. Tak, B siHBape 2008 r. Ha
oyepeaHol ceccur BceMUpHOro s3KOHOMMYECKOIo ¢hopyma
(BO®) B laBoce yxe opUIIMaTIbHO TeMOI ObLI 3asiBJICH "MM-
poBoOii rHaHCOBBIN Kpu3nc". K aToMy BpeMeHU 3KcrepTa-
mu BOO® B corpynnnuectse ¢ Citigroup, Marsh & McLennan
Companies (MMC), Swiss Re, Wharton School Risk Center
u Zurich Financial Service Ha ocHOBe ompoca 6oJiee cTa Be-
JIYIIUX 9KOHOMUCTOB, MOJUTUKOB U YUEHBIX ObLT MOATOTOB-
JeH pokian "Tno6anbHble pucku — 2008" 1o yeThlpeM OC-
HOBHBIM HaIlpaBJeHUsSIM — SKOHOMMKA, T€ONOoJUTUKA, MPO-
JIOBOJILCTBUE U collMayibHasi cpena. Cepbe3Hble AUCKYCCUU
pa3BepPHYJINCh BOKPYr HE(MTESKOHOMUKU, CBUACTEIBCTBO-
BaBIlIMe 00 M3MEHEHUU TTOJIMTUYECKOTO TTOJIOKEHUST CTpaH-
HePTEIKCIIOPTEPOB.

C Takoii ke BEpOSITHOCTbIO, CUMTAIOT aBTOPHI JOKJIAMa,
MOXET MPOU30NTHU CEPbe3HOE MaeHUEe aMEPUKAHCKOTO A0~
Jlapa ¢ BHYIIUTEJIbHBIMU TIOCJEICTBUSIMU TSI MUPOBOI (hui-
HaHCOBOM cucteMbl. [IporHo3upyembiii 5JKOHOMUCTAMU CITal
aMEpPUKAHCKOM 9KOHOMMKM MOXET cKazaTbcsl M Ha Poccuu
(B mepBylo ouepeab M3-3a €ro BO3AEHCTBUS HA CTOMMOCTH
cbipbst). M eciu Poccust BeIOepeT He MHEPLIMOHHBIN, a Ipy-
TOM IyTh, CBOEBPEMEHHBIM M 3aKOHOMEPHBIM CTaHET BOIIPOC
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0 CO3JaHWM WHBIX MEXaHMW3MOB XO3SHCTBOBaHUS B CTpaHe,
criocobax MPOMYLIMPOBAHMS W BHEAPEHUS] CITACHUTETBHBIX
"MHHOBaLMA" ISl AaJIbHEMILIEro pa3BUTUS U MX 3allUThL. [1o
9KCIEPTHBIM 3aKJIIOYEHUSIM, albTePHATUBBI MepeHacTpoiiKe
SKOHOMUKU C CHIPhEBOTO HAMpaBJIEHWs] HA MHHOBALIMOHHOE
y Hac HeT, KaK HET M COOTBETCTBYIOIIMX CMELUATUCTOB B
3TOI 00JIaCTH.

OpHaKo 3TO He 03HAYaeT, YTO B COBPEMEHHON 9KOHOMMU-
YeCKOM TeOPUU HET HapabOTOK, CITIOCOOHBIX CHU3UTh HArpy3-
Ky Ha MPUPOAY U "KM3HEBOCIIPOU3BOAAIINE" CUCTEMBI MPU
COXpaHEeHUM YCTOMYMBOIO pa3BUTHUs oOiuectBa. ¥ Poccuu
€CThb IIaHC TPeJIOXUTh CBOM MyTh BCEMY MUpY Ojaromapsi
pa3paboTKe HOBBIX cXeM (PYHKIMOHUPOBAHUSI IKOHOMUKH.

B Hacrosiiiee BpeMst Mbl XKMBEM IO HaBSI3aHHOM MCKaXKeH-
HOI CHUCTEME ITPOrPECCUBHOIO PA3BUTUSI PHIHOYHOIO XO3SMCT-
BoBaHMs. OKa3anoch, YTO BO BCEOOBEMITIONIEH crucTeMe "KyTi-
JIM-TIPOAAXKU" 4YEJIOBEK BO MHOTOM JIMILIAETCS BO3MOXXHOCTHU
coyetaTh MHTEPEC TUYHBIN 1 0011IeCTBeHHBII. CTOMMOCTh 3TO-
rO MHTEpeca B HACTOsIIEee BpeMsl M3MepsieTcs: OaHKHOTaMU, a
HE BBINOJHSIEMO (DyHKIIMe. X03giCTBOBAaHIE UAET I10 IIPUH-
LIMITY PaKOBOM KJIETKU: B3STh OOJbIIIE, YeM oTaaTh. OCHOBHOM
HEIOCTaTOK peaiu3yeMbIX MOJIEJeil mporpecca COCTOUT B MO~
YUHEHUU 1eJieil pa3BUTHS U CPEACTB UX TOCTIKEHUST BpeMEH-
HBIM, YaCTHBIM, KPaTKOCPOUYHBIM WHTEpecaMm.

CylleCTBeHHBIM JIJIS1 3/10pOBOM SKOHOMMKH, MO MHEHUIO
CIIELMAJIUCTOB, SIBJISIETCS CJICAYIOLLEE COOTHOLLIEHUE: IIPOU3BO-
TUTENBHBIC CWIIBI, BKITIOYAsl JYyXOBHOCTh UeJIOBEKa, ITOJIKHBI
onepexarb COCTaBJISIOLLYIO TPOU3BOICTBA MaTepUAIbHBIX O1ar
M YCIIyT, 3amaya KOTOPOH, B CBOIO Oouepelnb, — OIepeskeHHe
pocta HaceneHus1. biarogapsi 3ToMy CBs3b MEXIY MOKOJIEHUSI-
MU He HapyllaeTcsl, a pa3BUTHE CTAHOBUTCS YCTOMYUBBIM.

OgHMM U3 myTeil pa3BUTUS OTEYECTBEHHOI SKOHOMUKU
MOXeT CTaTh MPUMeHEeHHe HOBbIX (PMHAHCOBO-OpraHU3allu-
OHHBIX MEXaHM3MOB ISl TTOJYYEHMS CIelMMUIECKOi pu-
OblIM U (hopMUpoBaHUS cripoca. biarogapsi TUM MexaHU3-
MaM CHCTeMa CMOXeT o0OpallaTh B TOJIE3HBIM MTPOAYKT CBOIO
natonoruio (miss Poccum 310 mEeiCTBUTENBRHO 3aMaHYMBOE
npemioxenue). Kak ropopurcs, "ot yepHOil KOPOBKU, Aa Oe-
JIoe MOJIOUKO". A paboTaTth IO cxeme "pa3pyliuM Bce 0 OC-
HOBaHUS U HA MeMNesulle BhICTPOUM dKOHOMUYECKUI paii”,
HECMOTPSI Ha OMBIT HEKOTOPBIX 3apYOEXHbIX CTpaH, I Hac
oracHo. Bennka BepoSTHOCTb HUKOTIA HE TOIHSTHCS C KO-
JieH. TakuM 00pa3oM, B HOBOI MOCTPHIHOYHOW 3KOHOMUKE
JOJIKHBI OTIPEICITUTHCS:

WHBIE TeU (MMPOTPECCUBHOE Pa3BUTHE JIIONEH, TEXHOJO-
TUii, opraHu3anuili u 6mochepnl);

WHOM COCTaB IIeJIEBBIX TOKa3aTejieil CUCTEMBbI yIpaBlie-
HUST MPOU3BOJACTBOM (TI0 YPOBHIO Pa3BUTHS JIIOIAEH, TEXHO-
JIOTW, opraHu3aluii u 6uocgepsnl);

WHBbIe HMHAHCOBO-OPTaHU3ALMOHHBIE MEXaHU3MBI,

uHasg Teopusi 3¢h(eKTUBHOCTM (OCHOBaHHAsI Ha y4YeTe
MPUPOTHON KOMITOHEHTHI);

WHasl TeOpUsl PaCIIMPEHHOTO 3KOHOMMYECKOTO BOCHPO-
M3BONCTBA (HAa MeXaHMU3MaX, OOYCJIOBJICHHBIX TIEPBUYHBIM U
a0COJIIOTHBIM IIPABOM IIPUPOIBI, OOIIECTBA M YEJIOBEKa Ha
3MI0POBOE Pa3BUTHE M CBOE UCTUHHO PaCIIMPEHHOE BOCIPO-
MU3BOJCTBO);

WHasl MPUObLIL, KOTOPasi CTAHET JIMILb CPEICTBOM Pa3BU-
TUSI, HO HE CaMOIIEJIbIO.

IMonyyeHue BBIPYYKU UCKIIOYAETCS, €CIU HE JOCTUTHYTA
npyrasi 1eabp — pasButve. Ecaum ke mpaBuiibHas 1iefb J0C-
TUTHYTA, TO W NMPUOBLIbL B COOTBETCTBUU C KPUTEPUSIMU Pa3-
BUTHS JOJKHA OBITh.
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YIK 665.637:62-404.8.002.645

1. A. EFOPOB (CIT6TIBY)

Mpo6AeMbl NPOMbILLAEHHOU 3KOAOTUU

OCHOBHbI€e HanpasJieHNd NoBblIlUeHNUSA Ka4YecTBa BOOAOMA3YTHbIX

TOIMNJINBHbIX 3MyJ1bCI/II7I

MNpennaraeTcs 3hPEKTUBHBIN B IKONOTMYECKOM U pe-
cypcocbeperatolLiemM nnaHe MeToL, NMOArOTOBKW TOMNMBA, a
TakXke MCMosib30BaHMe TePMOANHAMMNYECKOro ANCNepraTo-
pa B KayecTBe YCTPOWCTBA AJ1f MOLArOTOBKM TOMSIMBO-BO3-
AywHon cMecn. OueHmBaeTcst 3hPeKTUBHOCTb MCMOSb30-
BaHWs BOLOMA3yTHbIX CMECEN B Ka4ecTBe TOMIMBa.

An effective in respect of ecology and resource saving
method of fuel treatment and use also of the thermody-
namic disperser as device for the fuel-air mixture pretreat-
ing are proposed. The efficiency of use of water-masout
fuel mixtures as the fuel is estimated.

B Hacrosiee BpeMsi OCHOBHBIM XXMIKUM KOTEIbHBIM TO-
TUINBOM B 3HEPreTuke M KOMMYHaJIbHO-OBITOBOM CEKTOpE
siBisieTcsl MasyT. IloaToMy ceromHst akTyaldbHBI BOIPOCHI
obecrieyeHusl TOJHOThHI CTOPaHUsI Ma3yTa, COKPAILEHUS ero
pacxoja ¥ CHIKEHMST BBIOPOCOB OKCHUIOB a30Ta, CepPbl, CaXU,
KOHIEHCUPOBAHHBIX apOMaTUUECKUX YIJIEBOIOPOIOB U T. .
[1]. Bce game obOpaialoT BHMMaHKEe Ha TaKOW 3(DEPEKTUB-
HBIII B 3KOJIOTMYECKOM M pecypcocOeperalolieM IjIaHe Me-
TOJ MOATOTOBKM TOIUIMBA, KaK MOJYyYeHUE BOAOTOIIMBHBIX
amyibcuii (BTD) [2, 3], koTopble 06GeceuynBaloT:

nosbiieHue pecypca JIBC [4]; yMeHbIlleHHe THIMHOCTU
3KoJIormdecky BpeaHbix BemecTB (o CO — B 1,5+ 2 pa3a,
mo NO,, — B 2+ 2,5 paza [3]); sxoHOMMIO TOTUIMBA 10 5+ 8 %
[3] (HekoTOpPBIE UCTOYHUKU TOBOPAT O 50 % SKOHOMUU TO-
Ba [4]).

B IleH3eHckoM rocygapCTBEHHOM YHMBEpPCUTETE Ha Ka-
denpe "TpaHCITOPTHO-TEXHOJIOTUYECKHE MAIIMHBI U 000pY-
noBaHue" BeleTcs paboTa Mo MOMCKY HOBBIX MOAXOIOB TOJI-
TOTOBKM KauyeCTBEHHOI paboueii cMecu. OQHUM U3 BapuaH-
TOB pelleHUs MOCTaBJIeHHON 3aJ1a4yu SIBJISIETCS TPUMEHEHME
TepMoauHaMu4ieckoro aucnepraropa (rmar. RU 2233711 C1,
7 B 05 B 7/12, 15.11.2002) B KauecTBe yCTpOICTBA ISl MO -
TOTOBKM TOIIMBHO-Bo3ayliHOM cmecu (TBC) u nmonyueHus
BTO. Janubiii aucnepratop paboTaeT Ha OCHOBE BUXPEBBIX
MPOLIECCOB U MO3BOJISIET MepeMellBaTh TOIUIMBO U BOAY B
HYXHBIX TPOTOPLMSX, a 3aTeM PaCIbUISITh MOJYYeHHYIO
SMYJIbCHIO C OMPENeIEHHOM AMCIEPCHOCThIO (M3MEHSIST Ha-
CTPOMKY IUCIIEPraTopa, MOXHO IOJIy4aTb SMYJIbCUIO JUC-
nepcHocThO OT 0,01 mo 20 MxM). 7151 paboTHI yCTPOIICTBA BO3-
JyX HeoOXonuMMmo TofaBaTh Moi nasieHueMm otT 0,2 1o 3 atm.
Jucnepratop nmo3BoJjisieT roToBuTh romoreHHyo TBC ¢ He-
OoplIMMHU 3aTpaTaMu sHepruu. 1llupoko mcnonblyeMble B
Hacrosiiee BpeMst POPCYHKHU He CITOCOOHBI TPUTOTOBUTD Ha-
CTOJILKO MeJIKOIMCTiepcHy0 U roMoreHHyo TBC, naxe uc-
MOJIb3Ysl NaBJIeHWE B TOIUIMBHBIX Maructpaisix o 200 aTtm.
CrefyeT OTMETUTb MPOCTOTY M HAAEKHOCTb KOHCTPYKLIMU
JYCIiepraTopa BCJAEACTBUE OTCYTCTBMSI MOJABMIKHBIX YacTeid,
ero HeOoJIbIIMe TabapUTHBIC pa3Mephl ¥ BBICOKYIO IIPOM3BO-
JIATEIBHOCTD B COYETAHMM C MaJIOi CeOECTOMMOCTBIO.

W3 ckazaHHOTO BBILLIE MOXHO CHIEJIaTh BBIBOM, UTO TPU-
MEHEHUE TEePMOJMHAMUUYECKOTO AMCIIepraropa B KauecTBe
ycrpoiictBa noarotoBku TBC B cucrteme nuranus JIBC Mo-
KT ObITh MEPCIIEKTUBHBIM U MO3BOJISIET T0-HOBOMY PELIUTh

[l 2 (Oxonuanue cmamou
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3a/1a4y MaKCHMaJbHOTO oboralieHus paboveil cMecH OKHC-
JIUTEJIEM, COXPaHSIsI WU YIIydIlasi IpU 3TOM AMHAMUYECKUE
¥ 9KOJIOTUYECKHE TapaMeTphbl IBUTATENSl HAapsIy CO CHUXKe-
HUEM pacxoja ToruiuBa [3].

IMo manubeiM OO0 "DHeprocbeperaolye TeXHOJIOruu" 1ie-
JIbl0 00pa0OTKM Ma3syTa SIBISETCS ITOBBILLIEHWE €ro KayecTBa U
TTOJTydeHYe TaKUX CBOMCTB Ma3yTa, KaK: YMEHBIIIEHUE BI3KOCTH;
TTOBBIILIEHNE TEKYJECTH; ITOHMKEHUE TeEMITEpaTyphl 3aCThIBAHNS,
TMOHVDKEHYE TeMITEpaTyphbl BCITBILLIKK; 00Jiee KaueCTBEHHOE pac-
TblJIEHWE U OoJiee MOJHOE CropaHKe TOIJIMBA U, KaK CJIENCTBUE,
COKpallleH1e KOJTIMYeCTBa BPEAHbIX BHIOPOCOB € OTPabOTaHHBIMU
ra3amu; IproOpeTeHNe CBOMCTB OMHOPOIHOCTH U TIOBBIIIIEHHOM
CTaOMJIBHOCTH Ma3yTa M TOTUIMBHBIX CMecel (COXpaHeHHE U3Me-
HeHHBbIX Tocsie ycraHoBkKM YKI' CBOWCTB M KauecTB MPUTOTOB-
JIEHHOTO TOIUTMBA TPH IIUTEJIBHOM XPaHEHHN).

ITepBoHaYaJIbHO BOMPOCHI MPUTOTOBJICHUSI U CXKUTAHMS
BTD paccmarpuBaiuch JMIIb B acCleKTe HaIeXKHOIO CxKUTra-
HUST OOBOTHEHHBIX TOIUIMB. OMHAKO TepBBIE XK€ JKCIEPH-
MEHTBI TIOKa3aJid, 4To Tpu cxuranuu BTD B Tomkax mapo-
BBIX KOTJIOB KPOME TIEPEYNCICHHBIX BBILIE MOJOXUTETBHBIX
a(hdekToB MMEIOTCH ellle U AOTOJHUTeNbHbIe. Tak, caxeBoe
yucio (mo 1mkane baxapaxa mpu cxXUraHuUM 3MYJIbCUM) IIPU
BCeX U30bITKAX BO3MyXa 0Ka3ajaoCch HUXKE, YeM MPU CKUTAaHUU
YUCTOTO Mas3yTa, YTO OOBSCHSETCS IONaBJICHUEM peaKIvii
KpeKMHra B XUIKOH daze B pe3ysibTaTe 3HAUUTETbHOTO OT-
BOIIa TEIUIOTHI MCIapsitolieiicss Bomoil. B pabote [6] ommcan
ONBIT CXKUTAaHUSI MYJIbTMPOBAHHOTO TOIIMBA B OJHOM M3
MPOMBIIIJIEHHBIX KOTJIOB. BBIJIO OTMEYeHO TakKe CHUXKEHUE
Ha 85+95 % xomMuecTBa caxku B yXOMASIIMX razax U yMeHb-
meHne B 2+ 3 pa3a caxeBoro umcia (mo mxkane baxapaxa).
3amemumnch npouecckl okuciaeHust SO, u SO3 BeaencTeue
BO3MOXHOCTHU CHUXXEHUST KoddduimeHTa u3dobiTKa BO3ayxa.
YiydiieHue nepeMelImBaHus YacTUIl TOTJIMBA B BO3AYXe 3a
cyeT "MUKPOB3PHIBOB" MTO3BOJIIET CHU3UTh M30BITOK BO3IyXa
0 KPUTUYECKOTO 3HAYCHUS U TaKMM OOpa3oM ITOBBICUTH
KIT[ xorna. CKXuraHue sMyabCuii TPUBOAUT K YMEHbBILIEHUIO
OKMCJIOB a30Ta B MPOIYKTaxX CropaHus, TaK KaK CHUXaeTcs
TeMmIreparypa riaMeHu. Kpome Toro, yBeinueHue yucia ak-
TUBHBIX LIEHTPOB peaklMy aKTMBU3UPYET TOpEeHHUE M, COOT-
BETCTBEHHO, CHIXKAeT KOHIIEHTPAIIMIO aTOMapHOTO KUCIIOPO-
na. B pesyibTare cHUXKaAeTCs CKOPOCTh OKMCIIeHUsT azoTa [1].

Ilpu cxuraHuv BOAOMA3YTHBIX TOIJIMBHBIX 3MYJIbCUI
(BTD) nocTturaercsi CyLIECTBEHHBIH 3KOHOMMYECKMI 3(-
dexr, noseiienue KII[ Ha 3+5 % M CHUXEHUE DMUCCUU
3arpssHsommx BemlectB (CO, caxu, OKMCIOB a30Ta, OeH3a-
MUpeHa U IPYTUX KaHIEPOTEHHBIX MOJUIIMKINIECKUX apo-
MaTUYeCKUX YIJIeBOAOPOIOB) B aTMOC(hepy.

KaBuTanmonHast o6paboTKa BoJoMa3yTHOM 3MYJILCUU C 10-
OaBJIeHHEM KaJIbLUsI Mepel ee MOCAeAYIOIIUM CKUTaHUeM MOo-
3BOJISIET YMEHBIIUTb B JBIMOBBIX I'a3aX KOHIIEHTPALIMIO OKH-
CJIOB a30Ta B 2+ 5 pa3, CEpHUCTOro aHTUApKUIA B 2+ 3 pa3a, OK-
cupa yriaepona B 2+ 2,5 paza. [Ipoucxoasit rimydokue CTpyKTyp-
Hble M3MEHEHUsSI B MOJIEKYJSIDHOM COCTaBe YIJIEBOAOPO/IOB,
CTeTeHb AMCIIEPCHOCTHU YacTH1I achaybTeHOB, KApOEHOB U Kap-
OOMIOB MOBbIIAECTCSI A0 2+3 MKM. JUTMHHBIE MOJIEKYJISIPHBIC
1LIeTIV TTPe0OpPa30OBBIBAIOTCS B JIETKUE YITIEBOMOPOIHbIE PaIrKa-
JIBI TA30BBIX, IUCTWIISTHBIX TOIUIMBHBIX (ppakiiuii [6].

HauGonpimit aKoHOMUYecKuii 3(phexT 1 oMHOBpPEeMEH-
HOE CHUXXEHME Tra30BbIX BHIOPOCOB oOecrieunBaeT jo0aBie-
Hue B TOnBo 10+ 15 % Bombl, a HAMOOMBIIMI SKOJIOTHYE-
cKuil 2¢deKT B YaCcTU YTWIM3aLUM 3arpsi3HEHHBIX OpraHu-
YeCKMMU TPOIYKTaMU BOJ peasiu3yeTcsl TPy YPOBHE BOMHOM
daser 1o 50 %.

O6ecrnieunBaeTCss BOBMOXHOCTh CKUTaHUS HEKOHIUIIM-
OHHBIX BHICOKOBSI3KMX U OOBOJHEHHBIX Ma3yToB. B kauecTBe
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BOMHOI (Da3pl MOXHO WCITONb30BaTh 3arpsi3HEHHBIE IIPO-
MBIILIEHHBIE CTOKU npennpusituil. [Ipu conepxaHuu BOABI B
amynbcuu 6oiee 20 % 1o 06beMy KaueCcTBEHHbIE TT0Ka3aTen
npolecca TOPeHUs CHUXKAIOTCS M0 CPABHEHUIO C TOPeHUEM
grcToro ToruBa. OqHAKO €CIU YYecTb, UTO MPOIlecC Cropa-
Husg BTD poctaTouHo cTabuieH npu 00Jiee BHICOKOM COIEep-
sxaHuu Bombl (10 40 + 50 %) B 3aBUCHMOCTH OT BHIa TOTUTHBA,
OTKPBIBAETCS BO3MOXHOCTb YHUUYTOXEHUS (OTHEBOTO 00€3-
BPEXUBAHUS) XUIKUX CTOKOB MPOU3BOJCTBA.

[Ipu 5TOM CTOKM, Jaxe €Clii OHU HE COIEPXKaT TOPIOYMX
BEIIECTB, MOXHO MCITOJIB30BaTh B KAYeCTBE BOAHOM (ha3wl B
Ma3yTHBIX OMYJIbCUAX W CXKUTaTh MX, CTaBs OCHOBHOI 3aja-
yeil UIMEHHO MX YHUYTOXEHUE, a He TeIulo(pu3ndecKue ma-
paMeTphl Ipolecca.

Wcnonb3oBaHre roMOreHM3MPOBAHHOM BOTHO-Ma3yTHOM
CMECH TO3BOJISIET MOBLICUTH KOAMDGMUIIMEHT CXUTAaHUS TOII-
JINBA, CAKOHOMMTh Ma3yT W YMEHBIIUTh BpeAHbIE BHIOPOCHI
NO, n COy B atMocepy Npy UX CKUTAaHUU. DTO MOXKHO
OOBSICHUTD CIIEOYIOIIUM OOCTOsITeIbCTBOM. [locTymast B ro-
peJIKy, Ma3syT pachbuisseTcs (opcyHKoit. IuCrepcHOCTh
(pa3Mep karmesb) Maszyta cocrapisier ropsiaka 0,1+ 1 Mmm. Ec-
JIM B TaKOM Karule TOTJIMBA HAXOSATCsI Oojiee MeJIKUe Karliu
BOIBI (IMCIIEPCHOCTBIO OKOJIO 1 MKM), TO MpU HarpeBaHUU
OHU BCKHUIAIOT ¢ OOpa3oBaHHWEM BOMASIHOTO Mapa, KOTOPbIi
paspbiBaeT Karjio Ma3yTa. B pesynbraTe MOBBIIIAETCSI JUC-
MEePCHOCTH MTOIaBa€MOTO B TOPEJIKY TOTUIUBA, T. €. YBEJIUIU-
BaeTCsl MOBEPXHOCTh KOHTAKTa TOILIMBA C BO3MAYXOM, YJIyu-
1IAeTCsl KaYeCTBO TOIJIMBOBOZAYIIHOM CMECH.

JIJIg yCHelrHoro MpoBeIeHUs MapTEHOBCKOM TIJIaBKU He-
JIOCTaTOYHO MOaTh B MeUb ONpene/ieHHOe KOJTUUECTBO TEILIo-
ThbI, HEOOXOIMMO, YTOOBI TeMIiepaTtypa (akeja MpU CropaHuK
TOIUIMBA OBUTA JOCTATOYHO BBICOKOU. B BRICOKOTEMITEpaTyp-
HOI 30HE TOIOYHOM KaMmephl Karulsd SMYJIbCUU B3pbIBACTCS, 1
MPOMCXOAMT BTOPUYHOE AMCIIepripoBaHue Toruivea [4]. B pe-
3yJIbTaTe TAKMX MUKPOB3PHIBOB B TOIKE BO3HUKAIOT OYaru Typ-
OYJICHTHBIX TYJIbCALIMA, ¥ YBEIMIMBACTCS YKMCIO 3JIeMEHTap-
HBIX KareJib TOTUIMBA, O1aromapst yemy (akes yBeIMuruBaeTcs B
o0beMe U OoJiee PaBHOMEPHO 3arloJTHSIET TOMOYHYIO Kamepy,
YTO TIPUBOIUT K BHIPABHUBAHMIO TEMIIEPATYPHOTO ITOJIST TOITKK
C YMEHBIIIEHUEM JIOKAJbHBIX MaKCHUMAaJbHBIX TeMIlepaTtyp U
VBEJIMYCHUEM CPEIHE TeMIlepaTypbl B TOIKE; ITOBBIICHUIO
CBETUMOCTH (hakesa OGaaroaapsi yBeIMYSHUIO MOBEPXHOCTH U3-
JIYJeHUST; CYIIIECTBEHHOMY CHIKEHMIO HeI0XOora TOTUIMBA; TTO-
3BOJISIET CHU3WTh KOJIMUECTBO BIYBAGMOTO BO3MyXa M yMEHb-
IIUTh CBSI3aHHBIE C HUM TETJIONOTEPH.

OmHOBpeMeHHO B (hakesie TPOUCXOAIT KaTaJTUTUYEeCKUe
peakiyy, BeAyllre K YMEHBIICHUIO BPEIHBIX Ta30BbIX BbI-
OpocoB. BO3MOXHOCTb CHMKEHHUSI KOJMYECTBA BIYyBaeMOIO
Bozayxa npu cxuraHuu BTD BecbMa BaxkHa, MOCKOJbKY
KITJI xoTenbHOTO arperara rnpy yMeHblIeHUU KO3 hUIIeH-
Ta n30bITKa Bo3ayxa Ha 0,1 % yBenmumBaetcs Ha 1 %. Bpems
npeObIBaHUS Kareslb B peaKIIMOHHOM 00beMe TOTIKU BO3pac-
TaeT U3-3a YMIMHEHUS] UX TPaeKTOpUM B Tpoliecce TypOy-
JICHTHOTO TIepeMEIlMBAaHUSI, YBEJIMYMBACTCS yaeabHas peak-
LIMOHHAsI MOBEPXHOCTh Kamejb ToruiBa. CKOpOCTh cropa-
HUSl TOTUIMBA B BHUAE MEJKUX Kamedb YBeJIWYMBaeTCsl U
COIPOBOKIAETCS BbIACIEHUEM MEHbILIETO KOJIMYECTBA TBEP-
JIBIX TIPOAYKTOB, YeM y KPYIHBIX Kareslb Ma3yTa, pa3pylia-
I0TCS CMOJIUCTO-ac(haNbTEeHOBbIE CTPYKTYDHI.

dake ropsiero SMyJIbrMpoOBaHHOTO TOIJIMBA B TOIOY-
HOM TMPOCTPAHCTBE COKpalllaeTcsl B 00beMe, CTAaHOBUTCS
Npo3pauyHbIM. Temreparypa yXOOSIIMX T'a30B YMEHbIIIAETCs
110 CpaBHEHUIO ¢ 00e€3BOKEHHBIM Ma3yToM Ha 30+ 35 °C. U3z-
MEHEHUs TTapaMeTpoB Tpollecca TOPSHUS U COCTaBa yXOMIs-
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Pa3paboTka BbiNnapHOro annapata HenpepbIBHO-LUKINYECKOro

OencTBus

PaszpaboTaH BbiNapHOW annapaTt HernpepbIBHO-LMKINYe-
CKOTO  AENCTBMS [Ons  MOMYYeHUst KOHUEHTPUPOBAHHbIX
(DPYKTOBbIX 1 OBOLLHbIX MiOpe. PaCCMOTPEHbI ero KOHCTPYK-
UMs ¥ NpUHLMN paboThl.

An evaporative apparatus of the continuous-cyclical ac-
tion for obtaining of concentrated fruit and vegetable pu-
ree has been elaborated. Its design and principle of oper-
ation have been considered.

st moydeHust mopeodpa3HbiX GPYKTOBBIX M OBOILIHBIX
KOHILIEHTPATOB (TTOBUJIO, JKEMBI, KETUYITbI, TTACTHI U T. II1.),
HCTOJIb3yeMbIX B KAUeCTBE HAUMHOK TP MPOU3BOJACTBE MyU-

HBIX, KOHAUTEPCKUX W IPYTUX U3Neauil (TMPOXKOB, BaTpy-
1lIeK, CJIOeK, MacTUbl, 3edupa U T. 1I.), pazpadoTaHa ABYX-
cTaauiiHasl TEXHOJIOTUSI MPOU3BOACTBA KOHLIEHTPUPOBAHHBIX
(pyKTOBBIX U OBOLIHBIX miope [1].

IMpoBeneHHble uccaenoBaHus [2] MO3BOIMIM pa3pabo-
TaTh KOHCTPYKLMIO BBIMTAPHOTO anmnapaTa HelmpepbIBHO-1IUK-
JIMYECKOTO NEMCTBUS IS TOJIYYeHUS] KOHLIEHTPUPOBAHHBIX
(PYKTOBBIX M OBOIIHBIX Tope (PUCYHOK a, 6, CM. Ha 3-11 T10-
JI0ce OOJIOKKM), KOTOPBIA TIPeACTaBIsIeT cO00il BepTUKAJIb-
HBII ABYTEJIbHBIN HWIMHAPOKOHUYECKUU KOPITYC [ C IIMJIMH-
IPUYECKON HAKOIUTEIbHOM KamMepou 2 B HMXHEH 4YacTu.
Kamepa 2 coemuHsieTcss TpyOOIIpOBOJaMM, HMEIOLIUMU

2 (Okonuanue cmamou

LIIHX Ta30B CBUACTEIBCTBYIOT O TTOBBILLIEHUH 3(()EKTUBHOCTH
WCIOJIb30BaHMSI TOTLJIMBA.

Bonnast ¢aza BTD MoxXeT ObITh YACTUYHO AUCCOLIUUPO-
BaHa B XOJIe OKMCJIEHUs TOIUIMBA B TIPEAIIaMeHHBIX MPOLIEC-
cax. 3areM, 0 Mepe TOBBILIEHHST TeMIIepaTyphl B (aze ak-
TUBHOTO CTOPaHUSI, PeaKLIUs JUCCOLMAIN BOIbI YCKOPSIET-
cs1, U30BITOK OOpa3ylolMXCsS MPU 3TOM aTOMOB BOJAOpOIA
obicTpo AubdyHIUpPYeT B 00JaCTh ¢ U30BITKOM KHCIOPO.A,
I1ie UX peakilysi KOMIeHCHUPYET 3aTpaThl SHEPTUU Ha IMCCO-
LIMAIMIO BOMIBI. YUacTue B peakiluy TOPEHUS TOMOJIHUTENb-
HOTO KOJIMYECTBA BOIOPOIA MPUBOIUT K YBEIMUECHUIO KO-
YyecTBa TMPOAYKTOB CropaHusi. MoJeKynbl BOAbI YCKOPSIOT
OKUCJIUTEIbHbIE pPeaKlM, U BCIEACTBME BO3HUKHOBEHMS
noJsipHoro a¢dexra cylecTBEHHO YayulliaeTcss OpueHTaIusI
YaCTUI] aKTUBHBIX PaIMKaJIOB TOILIMBA.

T'oMoreHn3MpoBaHHAasE BOJAOMAa3yTHasi CMECh MMeEeT 3a-
METHO MEHBIIIYIO BSI3KOCTb 10 CPAaBHEHMIO C YUCTHIM Masy-
TOM, TI0O3TOMY oOOJieryaeTcsl mpoliecc Mepekayku TOTUIMBA.
IIpu temneparypax Bbiie 80 °C BSI3KOCTh BOJHO-Ma3yTHOM
SMYJIbCHHM C BJAXHOCTBIO 6 % Majio OTIIMYAETCS OT SMYIbCUU
¢ BiIaxHocThlo 40 %. Takke cienyeT OTMETUTD PSI TIPEUMY-
1IeCTB TTPUMEHEHMSI XUIKOTO TOIUIMBA B IIAXTHBIX TeYax:
yIOOCTBO U JIETKOCTh PeryJIMPOBaHMS Ipoliecca 00XKuUra; yr-
pOlLIEHUE TEXHOJIOTUM; YIYUIlIEHUE YCIOBUM Tpyaa 00CTyKu-
BaloIIero MepcoHalla; CHUXXEHHEe MTPOU3BOACTBEHHBIX 3aTpPar;
noydeHue 00jiee YMCTOro M KauyeCTBEeHHOTo IIpoaykTa [7].

Eue onHUM BaxXHBIM (paKTOpOM, XapaKTepU3YIOIIMM HC-
nonb3oBaHue BT, sBnseTcst mosbiieHUEe 3P(PEKTUBHOCTH
M JOJTOBEYHOCTH TOIOYHOro obGopymoBaHus. Ilo HekoTo-
pPBIM JaHHBIM, U3-3a 3arpsi3HEHUsT MOBEPXHOCTEN HarpeBa
KOTJIOB CaXUCTBIMM M KOKCOBBIMU YaCTUIIAMM TI€PEPaCXO]l
TOIJIMBA MOXeT ImpeBbicuTh 30+35 %. Ilpu cxuranuun
OMYJIbCUU YACTh Karlesib I0JIETAET JO MOBEPXHOCTE Harpepa
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. Hauano cm. na cmp. §6)

1 B3PBIBAETCA HA HUX, YTO CIIOCOOCTBYET HE TOJILKO TPEIOT-
BpAILIEHUIO OTJIOXEHUI, HO U OUYMCTKE BTUX ITOBEPXHOCTEH
OT CTapbIX CAXXUCTBHIX 00pa3oBaHuii [6].
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1IJTI030BBIC 3aTBOPHI 3 ¢ HECKOJBKMMU (Ha PUCYHKE C Ye-
THIPBMSI) PAIUAIBHO PACITONIOXKEHHBIMU BBITTADHBIMU KaMe-
pamu 4.

B BepxHell s1IUNTUYECKOM KpbllKe 9 (CM. pUCYHOK 6)
Kopiryca I o ee ocu pacmoJIoXeHa IuTalollas Tpyoka ¢ pac-
MBUTATEIbHOM (hopcyHKOM /7 ISt BBOAA UCXOIHOTO TTPOIYK-
ta. Ha kpoiiike 9 umerorces aBa natpyoka /0 s coenuHeHus
C BaKyyM-HacOCOM ISl OTCACbIBAHMS UCIIapsSieMbIX U3 IIOpe
BoIgHBIX ITapoB. Hax pacneuiutensHoOM opcynkoit 11 ycra-
HOBJIEH KOHYCOOOpa3HbIii cernapaTtop 2 Juisl ylaBiuBaHUS
MeJTbYaMIINX KaIelb MTPOAYKTa, YHOCUMBIX BOJISTHBIMM TTapa-
MM, OTCachblBaéMbIMU BaKyyM-HacocoM uepe3 natpyoku 10.

Mexnay craHkaMu 6 U 8 Kopriyca / yCTaHOBJIEHA JIECHTOYHAST
CIUpaJb 7, KOTOpasi CIIOCOOCTBYET BUHTOOOPa3HOMY IBVLKEHUIO
TETIOHOCUTEJISI, HAarpeBaloIIero BHYTPEHHIOI CTEHKY O.

[ns obecrieueHrs HOPMAJIbHOTO CTEKaHUsI BHU3 TUIEHKU
Imope 10 BePTUKAJIBHOI CTEHKE 6 MO NeWCTBUEM CUJIBI TSI-
KECTM HEeoOXOAMMO, YTOOBI TeMrepaTypa IUIEHKU T10 Mepe
CTEKaHMs BHU3 MOBBIIIATIACh. DTO OOYCJIOBJIEHO TeM, YTO
MJIEHKa Iope, CTeKalollasi o HarpeToil CTeHKe 6, B pe3yJib-
TaTe UCMApeHUs M3 HErO BOASHBIX IMTAPOB UMEET TCHACHIINIO
K YBEJIMUEHUIO COAEPXKAHUS CYyXUX BELIECTB, a Clea0BaTe b-
HO, UMeeT 6oJiee BHICOKYIO BSIBKOCTh M MEHBIIYIO TEKYUECTh.
st obecrieyeHus1 XOpolllei TeKydecT MpoayKTa ObUIO opra-
HM30BaHO BUHTOOOPA3HOE JBWXEHUE TETDIOHOCUTEIS, TTOCTE-
MEHHO HAarpeBalolllero CHU3Y BBEPX BHYTPEHHIOIO CTEHKY 6
Kopnyca [, 6marogapsi KOHCTPYKILIMY JIEHTOYHOM CIiMpaiu 7.
B HuKHEl yacTy IWIMHAPUYECKOM HAKOMUTEIbHOM KaMephl 2
YCTaHOBJIEH TTaTPyOOK 5 TS BBOJA TOPSIYETO TETUIOHOCUTEIISI
B IIPOCTPAHCTBO MEXIy CTeHKaMM 6 u & kopnyca I. Otpabo-
TaHHBIN TETUIOHOCUTENb YAAISIETCS M3 MPOCTPAHCTBA MEXIY
CTEHKaMM uepe3 Mnarpyook 13.

BHyTpeHHMIT 00b€M HAKOMUTEILHOI KaMephl 2, a Cliefo-
BaTeJIbHO, U 00bEM HAXOISIIErocsl B Heil mpoaykTa (Iope)
JOJKeH OBITh MEHBIIIe 00beMa BBITTAPHBIX Kamep 4 Ha Bel-
YUHY 00beMa MapoBOro MpoCcTpaHCTBa B nociaenHux. Kamepa 4
TIpeacTaBiIsgeT COO0M ABYTENbHBIM HUIUHAPUIECKUIA KOPITYC,
BHYTPU KOTOPOTO yCTaHOBJIEHa KOMOMHMPOBAHHAS JIOMACT-
Has Mewanka 22. Mexny cteHkamu 15 u 17 kamepsl 4 ycra-
HOBJIEHA JICHTOYHAs CIpajb 16, KOTopas criocoocTByeT 60-
J1ee 3(p(HEeKTUBHOMY MCIIOIH30BAHUIO SHEPTUM TETTIOHOCHUTE -
JIsl 32 CYET BUHTOOOpa3HOIo ABMXKeHUs (pUCYHOK, 0, ). Ha
BepxHel Kpblllike /8 KaMepbl 4 uMeeTcst maTpyook 19 mis co-
eIMHEHUsI ¢ BAaKyyM-HacocoM U maTpyook 20 mist coeauHe-
HUsI ¢ TPyOOIPOBOIOM CO ILIUTFO30BbIM 3aTBOPOM J.

Meianka 22 (CM. pUCYHOK, &) TIpeICTaBJIsIeT COO0i1 ABYX-
PSITHYIO JIOTIACTHYIO MellaiKy ¢ BajioM. BHeurHue (Hapyx-
HbI€) U BHYTpeHHUE (pacIiojiokeHHbIe OJIKe K OCH) JIoIa-
CTH MMEIOT MPOTUBOIOJIOXHYI0 HaBUBKY. [IpruemM nonactu
M30THYTHI IO BUHTOBOM JIMHWUM, MX HUXKHSISI YACTh BBITTOTHE-
Ha SIKOpeoOpa3Hoii, a Hapy>KHbIEe Kpasi KacaloTcsl MOBEPXHO-
CTU BHYTpEHHEM CTeHKU 5 Kamepsl 4. B HMXXHell yacTu Ka-
Mepbl 4 UMeeTCsl BBITPY304HbIN maTpyook ¢ kpaHoM 23. Tlox
SIKOPHOM YaCThIO MeLIaNKK 22 CHU3Y MPUKPETUIEHBI 1BE BUH-
TOOOpa3HbIEe HAMPABISIONINE, KOTOPHIC BXOMISIT B BHITPY30U-
HBII MaTpyOOK, IJIs MHTEHCU(MUKALIMKU TTPOLIECCOB BBHITPY3KU
KOHIIEHTPMPOBAHHOTIO TMOpe U3 KaMmephl 4.

Yuciao paanaabHO PacHoJOXEHHBIX BBIIIAPHBIX Kamep 4
MOXET OBITh Pa3JINYHBIM U ONPEAESSIETCS CBOMCTBAaMU 0Opa-
06aTbIBaeMOro (OPyKTOBOI'O WX OBOIIIHOrO Iope. Pabora ka-
Mep 4 ¥ IIUTI030BBIX 3aTBOPOB 3 CHHXPOHM3MpPOBaHa ¢ pabo-
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Tolt Kopryca I st obecrnieueHUs] IUKINIHO-HETPEPLIBHOTO
pexuma paboThl ammapara: roTOBOe IMIope BBITpYXkKaeTcs 13
TepBOI KaMephl 4; ouepeaHast TOPIIUS IIope 3arpykaeTcs BO
BTOPYIO KaMepy 4 U3 HaAKOMUTEJIbHOM KaMephl 2; B TpeTbell 1
YeTBepTOil KaMepax 4 UIyT pa3Hble CTAJAMM Ipollecca BhITa-
pUBaHUSI.

PaccMmoTpuM paboTy BbITIapHOTO armapara.

BkirouaeTcs mpuBOJ BaKyyM-Hacoca, COEIWHEHHOTO ¢
narpyokamu /0, u BHyTpu Kopmyca I co3maercs 3agaHHOE
paspsikeHue. OQHOBPEMEHHO Yepe3 MaTpyooK 5 B HIKHIOIO
YyacTh Kopryca I B MPOCTPAHCTBO MEXIY CTeHKaMU 6 U & T10-
JaeTcsl TEIUIOHOCUTEJIb C 3aJJaHHOU TeMmnepaTypoii. biaroma-
ps IGHTOYHOM CIIMpanu 7, yCTAHOBJIEHHON MeXIy CTeHKaMU
6 1 8 TEIJIOHOCUTENIIO MPUAAETCS BUHTOOOpA3HOE IBUXKE-
HHUe, 4TO CITOCOOCTBYET OoJiee 3(pPeKTUBHOMY MCITOJIH30Ba-
HUIO €ro SHEPTUM U TUIABHOMY TOBBILIEHUIO TeMIIEPATYPhI
CTeHKU 6 cHU3y BBepxX. OTpabOTaHHBIN TEIJIOHOCUTEb ya-
JIsIeTCs yepes3 maTpyoox 13.

3areM B KopIyc / yepe3 MUTAloly0 TPYOKY ¢ pacrbLIN-
TeTbHOM hopcyHKo# 1 TIon naBieHUueM MoJaeTCsl UCXOMHBIM
MPOIYKT C 3aJaHHOI TeMIlepaTypoil (CM. pUCYHOK, 6). [Tocie
BBIXOJIA IMTIOPE0OPa3HOIT MAacChl U3 PACTIBIIUTEIBHOM (DOPCYH-
ku 1B Kopiyc I MpOUMCXOIUT MTHOBEHHOE MCTIapeHue Baru
B pe3ysbTaTe pe3KOoro Iepernana aaBjieHus. Vcmapsemble u3
MIope BOJSIHbIE Mapbl yAAISIOTCS U3 Kopryca I yepe3 mar-
pyoku 10, coequHeHHbIe ¢ BaKyyM-HacocoM. s yiaBiuBa-
HUS MeJIbYaiIliMX Kameab IPOLYKTa, YHOCUMBIX C UCIapse-
MBIMU BOISTHBIMM TIapaMu 4epe3 matpyoku [0, peaHa3Ha-
yeH KOHYycooOpa3HbIii cemapaTop /2. YacTuibl NpomyKra
coOupaloTcs Ha ero MOBePXHOCTH, YKPYITHSIOTCS U 3aTeM Ta-
JIAIOT BHU3 Ha MOBEPXHOCTb CTEHKHU 6.

MenkoaucrnepcHbIe Kariu Mope, 10CTUTasi TOBEPXHOCTH
CTEHKU 6, OcelaloT Ha Heli ¢ 00pa3oBaHMEM TIEHKU MPOIYyK-
Ta, KOTOpas MOCTENEeHHO CTEKAeT BHU3 IO I€WCTBUEM CHUJIbI
TsKecTu. HarpeB cTeHKU 6 CIOCOOCTBYET YMEHBIICHUIO BSI3-
KOCTHU TIJIEHKU MPOAYKTa U OOJIbIIEH €ro TeKy4yecTH.

3aTeM BKJIIOYAeTCs MPUBOJ BaKyyM-Hacoca, COeNMHEH-
HoOTO ¢ raTpyokom /0, u B BITTApHOI1 Kamepe 4 co3maercs 3a-
JIaHHOe pa3pspkeHue. [TpudeM BenMuMHA paspsokeHUs B Ka-
Mepe 4 ToJKHA MOoIIepKUBAThCsT 00JIbIIEH, YeM B KopItyce 1.
BDTO0 HeoOXomuMo ISl oOecreyeHusl CTaOMILHOTO IIepeme-
LLIEHUS TIpeABapUTEILHO YBAPEHHOTO MIOPe U3 HAKOMUTEb-
HOIM KaMepbl 2 yepe3 LIUTI030BbIi 3aTBOpP 3 B COOTBETCTBYIO-
1IIyI0 BbINapHyto Kamepy 4. OmMHOBPEeMEHHO B MaTpyooK /4,
KOTOPBIN COETUHSIETCS ¢ TIPOCTPAHCTBOM MEXIY CTEHKaMU
15 v 17, nogaetcs TEMJIOHOCUTENb C 3aJlaHHON TeMIepaTy-
poit. Biaromaps neHTOUHOM crupanud 16, yCTaHOBJIEHHOM
MeXIy CTeHKaMu 15U 17, TETIIOHOCUTEIO COOOLIAeTCSI BUH -
TOOOpa3HOe NBUXEHUE, KOTOpoe crocoOcTByeT Oojee a¢-
(hbeKTUBHOMY MCIOIB30BAHUIO €TO IHEPTUU U TIJIABHOMY I10-
BBIIICHUIO TeMIIepaTyphl cTeHKH [5 cHm3y BBepx. OTpabo-
TaHHBII TEIMJIOHOCUTENb yaauseTrcs uepe3 mnaTpyobok 21.
OnHOBpEMEHHO BKJIIOUAeTCsl TIPUBOJ KOMOWHUPOBAHHOM
JoractHoil Mewanku 22. [Ipu DOCTUXKEHUN MPOAYKTOM 3a-
JTAHHOTO 00beMa B HAKOMUTEJIBHOW KaMepe 2 OTKPBIBAeTCS
COOTBETCTBYIOIIMIA IIUTIO30BBIN 3aTBOP 3, M MIOPE 3a CUET Ie-
pernaza JAaBJeHUS TIepeMellaeTCsl B COOTBETCTBYIOIIYIO BbI-
napHylo kamepy 4 yepe3 narpy6ok 20. ITocine 3arpy3ku mop-
1IMY TIPOJIyKTa B Kamepy 3aTBOP 3 3aKPbIBACTCSI.

B kxamepe 4 yacTp Biaru, coiepkallasicsl B IMopeoopas-
HOM TIpoayKTe, BbinapuBaeTrcsi. OCHOBHOE Ha3HAYeHME BbI-
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napHoi KaMephl 4 — IOBeleHME IMI0PeoOpPa3HOro MpoayKTa
JI0 3aJaHHOI KOHEUHON BIAXHOCTH IyTEM HUCIApEHUs U3-
OBITOYHOM BJIary MPU 3aJaHHBIX Pa3psKeHUU U TeMIlepaTy-
pe. TTponoKUTEIbHOCTh M TEMITepaTypa BbIMApUBAaHUS MO~
OUpAIOTCST B 3aBUCMMOCTH OT BHJIA TUTOJOB U CTETIEHU UX 3pe-
soctu. I1py 5TOM MHTEHCUBHOCTD BbITAPUBAHUS PEryIMPYETCSI
YacTOTOM BpallleHMs Bajla MEIIaJKu 22, a TeMiepaTypa BbI-
napyuBaHUs — TEMIIEPaTypoOil U PacXoIOM TEIJIOHOCUTEJS,
oIaBaeMoro uepes marpyoox /4. UcnapsieMble BOOSTHEIC T1a-
DBl yIaJII0TCs U3 KaMmephl 4 uepe3 natpyook 19.

TI'otoBoe oBOIIIHOE MM (DPYKTOBOE MIOPE MPU JOCTIKE-
HUU 33JaHHOM BJIAXXHOCTM BBITPYKAIOT U3 KaMephl 4 uepe3
BBITPY30YHBII MAaTpyOOK TMpH OTKPBIBAHWUM KpaHa 23, mpu
3TOM JB€ Bpalllalolrecsl BHHTOOOpa3Hble HampaBiisionme 28
Melajiku 22 MHTEHCUDUUUPYIOT BHITPY3KY KOHIIEHTPHPO-
BaHHOTO Miope. 3aTeM LMK paboTHl allllapara ITOBTOPSIETCS
Ha cJieAlyIollei BbIMTapHOi Kamepe 4 U T. 1.

Hcnonb3oBaHue MpeJIOKEHHOTO BBIIAPHOIO alapara
HEINPEePhIBHO-IIUKINYECKOTO ACMCTBUS IJIsI TTONYYeHUsI KOH-
LIEHTPUPOBAHHBIX (DPYKTOBBIX U OBOILHBIX ITIOPE TTO3BOJISICT:
MHTEHCUMULIMPOBATh MPOIIECC BBIMAPUBAHUS 3a CYET KparT-
KOBPEMEHHOTO €r0 MPOTeKAaHUs 3a JIBe CTaIUM; MOBLICUTh

KavecTBO IMope Ojaromapsi MEJIKOIUCIIEPCHOMY €TO PacIIbl-
JIEHUIO C TIOC/IEAYIONIMM BbIMIapUBAaHWEM U MCIIOJIb30BAHUIO
MSITKUX TEXHOJIOTMYECKUX PEKMMOB YBapUBaHUS TIPU TIOHU -
JKEHHBIX TeMIlepaTypax KUIEHMsI BCJENCTBHE MPUMEHEHUs
BaKyyMa; MOBBICUTH MMPOU3BOAUTEILHOCTD 3a CYET Tepexoaa
Ha UUKJIMYHO-HENPEPBIBHBIN PEXUM PabOTHI.
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POTOPHbIN HACOC HOBON KOHCTPYKLMU

B pazinuHbIX OTpacissx MPOMBIIUIEHHOCTH JUTS TTepeMelie-
HUS XKUAKUX Cpell MPUMEHSIOT CaMble pa3HOOOpa3HbIe KOH-
CTPYKIIMM POTOPHBIX MAIlIMH, CPEAU KOTOPBIX OOJIbILIOE pac-
MPOCTPAaHEHKE TMOJYYUIM POTOPHBIE HAacochl. B Takux Ha-
cocax pabouue OpraHbl, COBEpILAOILINE TOJIBKO BpalllaTeJIbHOEe
NBIDKEHUE WJIM BpalllaTeJIbHOE BMECTEe C BO3BPATHO-MOCTYyMA-
TEJBHBIM IBIDKEHUEM, TIEPEMEIIIAIOT XUAKYIO CPEIy B pe3yib-
TaTe MepuoOINYECKOro U3MEHEHUsI o0beMa 3aroHIEMbIX €10
Kamep Uiu WIMHIpoB. HecoMHEHHBIM JOCTOMHCTBOM POTOP-
HBIX HaCOCOB TOJIbKO C BpalllaTeJIbHBIMU PA0OYMMU OpraHaMU,
K KOTOPBIM OTHOCSITCSI, HAlIpUMEP, BUHTOBBIE, KOJIOBPATHBIE,
JJAOMPUHTHBIE, MJIACTUHYATHIE U 1IECTEPEHHbIE HACOCHI, SIBIIS-
€TCSI OTCYTCTBUE B HUX JIETAJICH C BO3BPATHO-TIOCTYATEIbHBIM
nBrkeHrneM. Ocoboe MECTO Cpelir HacOCOB 3TOTO TUIA 3aHMU-
MarOT POTOPHBIE HACOCHI, COCTOSIIIUE U3 ABYX KUHEMATUUECKA
CBSI3aHHBIX MEXIY CO00i1 pOTOPOB.

Cyl11ecTBYIOT pa3inyHble KOHCTPYKIIMK POTOPHBIX HACO-
COB C KWHEMATUYECKU CBSI3aHHBIMU MEXIy COOOi BEAyIIUM
U BEIOMBIM POTOpPaMU, CPeAu KOTOPBIX U3BECTHBI LIUPOKO
pacnpoCcTpaHEHHbIE IECTEPEHHBIE HACOCHI U IPYTHUE POTOP-
Hble MallWHBl (CMOTPU, HAINpUMep, 3asiBKU Ha MaTeHT
2005127444/06 n 2003109950/06).

Cyl1iecTBEeHHBIM HEI0CTaTKOM M3BECTHBIX POTOPHBIX Ha-
COCOB, BKJIIOYAIOIIMX B ce0sl BEAYIIUI U BEIOMbBII POTOPHI,
SIBJISIETCSI CJIOXKHOCTb WX KOHCTPYKIMii. PoTtopwel u compsi-
JKEHHbIE C HUMU 3JIEMEHTBI KOPIyca UMEIOT TeOMETPUYECKU
CJIOXHBIE TIpouiin pabouyMX IOBEPXHOCTEH, TpeOytolre
BBICOKOW TOYHOCTU M3TOTOBJEHUSI U PUMEHEHUS TIPU 3TOM
CHENUATIBHOTO O0OPYIOBAaHUS W HECTAaHAAPTHOTO WHCTPY-
MEHTa, K TOMY € 3a4acTyl0 POTOPbI ObIBAIOT CBSI3aHbI MEXIY
€000 CUHXpOHU3UPYIOIIMMU 1IECTEPHSIMMU.
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IIpennaraemoe TeXHMYECKOE pellieHKe (3asBKAa HA TTATEHT
2007122093/06) mMo3BOJSAET CYLIECTBEHHO YITPOCTUTH KOHCT-
PYKLIMHM U3BECTHBIX POTOPHBIX MAILIMH, COAEPXKAIIUX KUHE-
MaTUYECKU CBsS3aHHBIE MEXIy COOOM BEemyIMil M BeIOMBIA
poropel. Ha puc. 1 uszobpaxeHa KOHCTPYKTUBHAs cXema
MpeIaraeMoro poTOpHOro Hacoca.

PotopHBlii HACOC coAePKUT KOpNYC / C TOPLEBO KPhILII-
KO 2, B KOTOPOM MMEIOTCSI CMEILIEHHbIE OTHOCUTEILHO APYT
Jpyra IBe LWIMHIpUYeckre pactouku 3 u 4. B pactouke 3
pa3MelleH BEIOMbBIi pOTOp 5, BHIITOJIHEHHBIN B BUIE AUCKA,
Ha TOplLie KOTOPOrO MMEIOTCS IUaMeTpajibHble mMasbl o.
B 51011 e yacTu KopIyca HaXOIsITCSI IPUMBIKAIOIINE K pac-
TOYKe 3 OKHO BCAachlBaHMSI 7 U OKHO HarHeTaHusl & U COOT-
BETCTBEHHO OTBEpCTUS BIyCKHOE 9 U BhImycKHOe [0 ig pa-
Ooueit cpennl. B pactouke 4 pasMeleH Beayliuii potop 11,
BBITTOJTHEHHBI B BUIE AUCKA, HA TOPIIE KOTOPOTO IO OKPYK-
HOCTH KECTKO 3aKpeIUIeHbI Mayblibl /2, KOTOphIC, OJHAKO,
MOTYT MepeMelaThcsl B AMaMeTPaIbHBIX Ta3aXx 6 BEIOMOTO
potopa 5. IIpu aToM ocu pactouyek 3 U 4 U COOTBETCTBEHHO
OCH BEIOMOI'0 U BeAylIero poTopoB S 1 11 cMeleHbl OTHO-
CHUTEJIBHO APYT ApYyra Ha BEJIMYMHY, PABHYIO TTOJIOBUHE JMa-
MeTpa OKPYXXHOCTHU PacIOJIOXKEHUST TablieB /2 Ha BeAylleM
potope 1. KoHCTpYKTUBHO Beayiluii potop [/ BHIMOJHEH B
Buje (pyaHLa IpUBOJHOTO Bajia 13 Hacoca.

Hacoc pa6otaert cienytonmm oopaszom. [IpuBomHOI Ba
13 BMecTe ¢ BeoyliuM poTopoM [ Hacoca moJjydyaloT Bpa-
IIeHWE OT JABUTATeNsl, HAaIpUMep, B YKasaHHOM Ha puc. 1
HanpapieHuu. [lpu aTOoM, BBUOY 3alielieHUs najbleB 12
Bemyliero poropa // ¢ muamMeTpalbHBIMU Ta3aMu 6 BelO-
MOTrO poTopa J5, MOCIEeIHUI TakXKe IOoJiydaeT BpalllcHuEe B
TOM X€ HaIlpaBJIeHUH, HO C yMEHBIIIEHHOM B 2 pa3a yrJIOBO
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Puc. 1

ckopocTblo. I1pu BpalneHuu potopoB Su /1 manbusl 12 me-
peMelaTcsT BAOJIb AUAaMeTPaJbHBIX Ma30B 6, CKOJb3s B
HaIpaBJIeHUsIX KaK K LEHTPY BEAOMOIo poTopa 5, Tak U OT
ero 1LeHTpa, B pe3yJbTaTe Yero B MOJOCTSIX B, o6pa3oBaH-
HBIX Pa0OYMMU TTOBEPXHOCTSIMU MaJblieB /2 U AMaMeTpaib-
HBIX Ma30B 6, CO3MAIOTCI IepeMeHHBIe 00beMbl paboueii
cpenbl. Korma Bemyiuuii porop 71 BpaliaeTcsl B yKa3aHHOM
Ha puc. | HampaBjieHUM, B 00JIaCTM OKHa BcCachlBaHUS 7
MPOUCXOIUT yBEJIMYEHUE, a B 00JACTH OKHA HarHeTaHWS
8 — ymeHbIIeHUe o0beMa 1osioct B. Takum o6pa3oM, pa-
Oouas cpena OyeT BcachlBaThCsl Yepe3 BITYyCKHOE OTBEpCTHUE
9 ¥ HarHeTaThCsl Yepe3 BhIITyCKHOe oTBepcTre /0. B ciyyae
K€ BpallleHMsI TPUBOIHOTO Bajia 13 B NPOTUBOIIOJIOXHOM
HaIpaBJieHUU pabouasi cpega OyaeT Hao0OpPOT BCAChIBATHCS
yepes oTBepcTue /0 M HarHeTaThesl yepe3 orBepcTue 9. Ec-
JI1 e pabouylo cpeay MoaaTh Moj AaBJIeHUeM B OTHO U3 OT-
BepcTuit 9 unu 10, To potopsl S U 13 NpuayT BO BpallleHUE,
M HacoC B 3TOM ciiydae OymeT BBITIOJHSATH (YHKIIWIO ITBU-
raTens.

Wcxons v3 3amaHHOM YacTOTHI BpallleHUsI BEMYIIETO PO-
TOpa U OCHOBHBIX ITapaMeTPOB HOBOI KOHCTPYKIIMM POTOP-
Horo Hacoca (cM. puc. 1), ero MPOU3BOAUTEILHOCTb MOXKET
OBITH OIpee/ieHa MO CIeAYyIoNIei hopMyIie

0= (20~ doal7)) %,
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Puc. 2

rne Q — MPOU3BOAUTEIbHOCTb, CMS/MI/IH; D — nnametp ok-
PYXXHOCTH PACMOJIOXeHH sl MajiblieB, CM; d — AUaMeTp Majib-
11a, CM; i — YUCJIO TMaJbleB; # — YacTOTa BpallleHUsT BELy-
11Iero poTopa, MI/IH_I; h — BbICOTa Majbla, cM; kK — Ko3g-
¢duimeHT ToTeph B Hacoce, 3aBUCSIIMIA OT CBOWCTBa
nepeMeniaeMoil cpeibl U OT 3a30pOB MeXIy pabouyuMu Io-
BEPXHOCTSIMM BEYILIETO M BEIOMOTO POTOPOB (OnpeaesieTcs
9KCIEPUMEHTATbHBIM IyTEM).

IIpemnaraeMoe TeXHMYECKOE pelIeHUE MO3BOJISIET CYIle-
CTBEHHO YITPOCTUTH KOHCTPYKIINIO M3BECTHBIX POTOPHBIX Ha-
COCOB OJiarogapsi TOMy, 4YTO B HEM Bce pabouue IMOBEPXHOCTHU
000UuX POTOPOB M KOPITyca MPEACTABIISIIOT U3 ce0s1 OOBIUHBIC
LWJIMHIPHI U TIJIOCKOCTH, M TI03TOMY OCHOBHBIE JIeTaau Ha-
coca SIBJISIIOTCS BeCbMa TEXHOJIOTUMHBIMU B U3TOTOBJICHUU.
Biarogapst aToMy MpeuMyIeCTBY MPenioKeHHbI POTOPHBII
Hacoc OTBevyaeT TPeOOBAHUSM TEXHOJIOTUYHOCTU KOHCTPYK-
uu. [loaroMy MOXHO 06€3 OCOOBIX 3aTpyIHEHUI M3TOTOB-
JISITh  pas3jIMyHbIe TUIIOPa3Mepbl 3TOrO Hacoca, MCIOJIb3Ys
MpY 3TOM YHHMBepcaJbHble 000pyIOBaHUE U MHCTPYMEHT.

HcnbiTaHusl OefCTBYIOIIET0 MakeTa POTOPHOTrO Hacoca
HOBOM KOHCTPYKLMHU ITOKA3ajd €ro Oe3yIlpeyHylo paboTo-
CIIOCOOHOCTD, a TAaKXKe ero HaIeXXHYI0 padoTy Jaxe B caydyae
HaJIu4yus B pabodeil cpene MHOPOIHEIX Tejl. Ha puc. 2 npen-
craBjieHa ¢ororpadus MakeTa 3TOro Hacoca v ero OCHOBHBIX
nerajeil — BEOyIIEro U BeJOMOTO POTOPOB, KOTOpash SIBJsSI-
eTcsl yOeouTeJIbHOI JeMOHCTpalMell IMPOCTOThl U OPUTHU-
HaJIbHOCTU TEXHUYECKOTO pelleHus.
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P. C. [NIOTHUKOB, kauxa. texH. Hayk (I'TY, r. SIpocnapib)
Mpouecc pa3pesaHusa u3genum Konbueson ¢popmbl

N3 KOMMNO3NLUNOHHDbLIX MaTepUnUasioB Ha JIEHTY

Bonpoc yTuiauzanuu oTCayXKUBIIMX
CBOI BeK aBTOMOOWJIbHBIX MOKPbILIEK B
HacToslliee BpeMsi OUYeHb aKTyaJeH
B Poccuiickoit  ®enmepaunu. MeHee
00BbEMHBIMM, HO TaKXe TpeOyIOLIMMU
YTUJIU3ALIUY, SIBJISIIOTCS] pa3jInyHbIe pe-
3UHO-TEXHUYECKUE U TIOJIMMEPHbIE U3-
nenusi. [Ipy 9TOM mMepBOHAYaJIbHO TI0-
KPBILIKY ¥ IpYyTve U3aeanusi HeoOXxomu-
MO pa3pe3aTb Ha TPUTOIHbIE IS
nepepaboTKM YacTH.

IToKpBIIKKM COCTOSIT U3 PE3UHBI,
KOpJa U MeTaJUIM4ecKoil oCHOBBI. Bce
3TU COCTABJISIOIIME HAXOASAT CaMoe
IIUPOKOE TPUMEHEHHME TIPpU BTOpUY-
HOIl mepepaborke. OmHako s 3¢-
¢GeKTUBHOI mepepadOTKM IMOKPHIIIKHI
Heo0X0AUMO M3MeJNbunuTh. OmHOI U3
HauboJjiee CIOXHBIX 3amay SIBJISIETCS
U3MeJbYeHUe  TOKpHIIeK, Ccoaep-
KallMX METaVIOKOPAHbIE HUTU He
TOJILKO B Opekepe, HO U KapKace [1—4].
TTockonbKy NMpakTUYeCKU BCE U3BECT-
HbI€ B IPOMBIIUICHHOCTA ITIPOLIECCHI
U3MeTbYeHUs TTOKPHIIIEK Mpernoiara-
0T MX pa3pe3aHue Ha 4acTh Ha Ha-
YyaJbHBIX CTaaUsIX, TO TMpeaiaraemas
TEXHOJIOTUSI (PUCYHOK) TMPENCTaBIsIeT-
Csl aKTyaJIbHOM.

Pa3speszanue wu3menust KoJbLEBOM
(opMbl (MOKPHBIIIKK) OCYIIECTBIISIETCS
C TIOMOIIBIO JUCKOBOTO HOXa U OIOp-
HOTO pPOJIMKA C KOJBLEBOW BBIEMKOM.
Camo pe3aHue IPOUCXOAUT B MOMEHT,
KOTJa B BbIEMKY POJIMKA YaCTUYHO 3a-
XOIUT Jie3BMe Hoxa. M3nmenne B 30HY
pe3a IoJaeTcd HOXOM W POJIMKOM 3a
CUET 3aXKMMa W3IEJIUS MEXIY HUMU.
Ilogaya wu3menuss OCYIIECTBISETCS CO
CTOPOHBI OIIOPHOIO POJIMKA MO YIJIOM
K IUIOCKOCTH, OPTOIOHAJIBbHOM OCSIM
BpallleHUSI JUCKOBOTO HOXAa M OMOPHO-
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ro poauka [5]. Ilpouecc pesaHust npo-
HUCXOAUT CJIEAYIOIMM 00pa3oM: HOX
BXOAWT B MaTepuasl MOKPHIIIKKA U pa3-
JIBUTAET €r0 GOKOBLIMU MOBEPXHOCTSIMU
ne3Busi. B pesynbraTe pe3aMHOBBIE CIOU
U KOPIHBbIE HUTU TIOCJIEI0BATEIbLHO
pa3phIBalOTCSl B 30HE pe3aHus (B 30HE
OCTpHsI JIe3BUsI HOXa) IO MOJHOTO pac-
cevyeHus MaTepuana.

PaccMoTpuMm, Kak OCyLIECTBIISIETCS
npouecc paspe3aHusi. Mizgenue Kojb-
1eBoii (popMBI, B YaCTHOCTU KapKac-
HO-OpeKepHO-IIPOTEKTOPLINA  OpacieT
MOKPBIIKKA (ITIOBEPXHOCTU KOTOPOTO
SIBJISIIOTCSL  TOTIOJIOTMYECKUMU K T10-
BEPXHOCTH TOpA), TOJBOIUTCS TIO Ha-
MpaBjieHUI0 A U HajJeBaeTCs BHYTPEH-
HEW 4YaCTbl0 Ha OMOPHBIA POJMK MOMI
YIJIOM o K TIJIOCKOCTHU, OPTOTOHAIBHOM
OCSIM BpallleHUsT HoxXa u posuka. [lo-
Jladya U pa3pe3aHue U3AeIus OCylecT-
BJISIFOTCSI 32 CUET KOHTAKTa HOXa U po-
JIUKa, TIPU 3TOM HOX MMeEeT TPUBOI,
a POJIMK YCTAHOBJIEH C BO3MOXXHOCTBIO
BpalleHusi. M3menue nogaercsd U Ha-
JIeBAaeTCs Ha POJUK BPYYHYIO B pabo-
YyeM TOJIOKEHUHU HOXa U poJIKKa, T. €.
B MOMEHT UX KoHTakTa. Ilocie Toro,
KaK Kpail u3aeiusl OKaXeTcs HeIlo-
CpPEICTBEHHO B 30HE pe3aHus (B 30HE
KOHTaKTa pojivKa ¥ HOXa), BKJII0YaeT-
Cd MPUBOJA HOXAa U IMPOUCXOAUT MOoAa-
ya U3eJIUSI B 30HY pe3aHus U ero pas-
pe3anue. [TockosbKy pa3pe3aHue ocy-
IECTBJISIETCS MO/l YTJIOM K TIJIOCKOCTH,
OPTOTrOHAJILHOI OCHU BpallleHWsT U3Je-
TV, U3JeJIne pa3pe3acTcs Mo CIupa-
M 10 KoHula. B pesymbprate ob6pasy-
eTcd CcIMpajeBUAHas JIeHTa, IJIMHA
U LIMPUHA KOTOPOW 3aBUCAT OT yrja
nomBoAa WM3ACAUS K POJIMKY: TIpH
OONBIINX yTJIaX IIOoJydaeTcst Ooiiee
LIMPOKass M MeHee IMHHAS JIeHTa,
IIPU MEHbIIUX yIjiaXx — MeHee IIUpO-
Kasi, Ho OoJiee MIMHHAas. 3a cUeT TOoTo,
YTO TOJIIIMHA PEXYUIEro Je3BUs HoXa
GoJbllie IMPUHBI BEIEMKU B POJIMKE,
obecrnieuynBaeTcs BpallleHUWE poJiuKa
(B pe3yJibTaTe ero KOHTAaKTa ¢ HOXOM)
n (uKcauus Hepa3pe3aHHBIX 3JIEMEH-
TOB apMHUPOBAHHOTO KapKacHO-0pe-
KEpHO-TMPOTEeKTOPHOTro OpacieTa B pe-
3yJbTaTe 3aKnuMa pa3pe3aeMoro Mate-

puasia MeXIy MOBEPXHOCTSIMU, obpa-
3YIOLIUUMUA  PEXYLYI0 KPOMKY, WU
BXOAHBIMU (BHELIHMMHU) YaCTSIMU BBI-
eMKHU B POJIMKE.

IIpennaraemslii criocod obecrieyrBa-
€T TTOJIHOE pa3pe3aHue BCero KapKacHo-
OGpeKepHO-TIPOTEKTOPHOTO OpacieTa 3a
ONMH ero noasoa. B pesynabraTe 3HaUU-
TeJILHO YIPOLIAETCsT MPOLECC pe3aHust
M TIOBBIIIAETCSI €ro MPOU3BOAUTEb-
HocTb. KpomMe Toro, cyliecTBeHHO yII-
polaercs mpolecc pa3pe3aHus U3fe-
JIVSI Ha JICHTHI C 3aJJaHHBIMM 1M PUHOMN
U JUIMHOW, TIOCKOJNBKY W3MEHEHUE
pasMepoB  JIEHTbl  obecreynBaeTcst
TOJILKO U3MEHEHUEM YIJIa MOABOAA U3-
nenusi K 30oHe pesaHus. [Ipu Takom
criocobe paspe3aHuss He TpebOyeTcs
pa3BeeHNe HOXa W OMTOPHOTO POJTMKa
IUIsSl YCTAaHOBKU OovepenHoro Opacnera
MOKPBIIIKYA U ero Mojayvd B 30HY pe-
3aHMSI, TaKXKe MCKIoYaeTcsl HeoOXo-
IUMOCTh TI€PBOHAYAIBLHOTO TIPOJAaB-
nuBaHUS (MMpope3aHus) u3neaus. DTo
CYILIECTBEHHO YIpolllaeT crnocod u mo-
BBILIIAET €T0 MPOU3BOAUTEILHOCTD.
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BbictaBka "KWUM-3kcno—2008"

C 14 1o 16 okts6pst 2008 r. Ha Tepputopun LIBK "Dkc-
MOLIEHTP" MPOXOAMJIa MsTasi MEXAyHapoaHash BbICTaBKa W3-
MEPUTEIBHOTO 000PYIOBAaHUS U TEXHOJIOTUI, OpraHU30BaH-
Hass OO0 "®op-Bkcno” npu nopaepxkke PeaepalbHOro
areHTCTBA IO TEXHNYECKOMY PETYJIMPOBAHUIO M METPOJIOTHH,
DenepaabHOTO areHTCTBA IO HAyKe M MHHOBALIMSIM U COZICH-
ctBun LIBK "Okcnouentp”. Benyilne KoMIaHUM IMpeacTa-
BWJIM Ha BBICTaBKE JIy4ylllMe pa3pabOTKM B 00JAaCTU KOH-
TPOJbHO-U3MEPUTELHOTO NMPUOOPOCTPOCHUS, a TAKXKE CUC-
TEM IOCTPOEHUSI M OpraHM3alMy IPOLIECCOB KOHTPOJIS,
n3MepeHuii 1 ACY B OCHOBHBIX OTPAC/ISIX MPOMBILIJIEHHO-
CTH, B TOM YHCJIe B MAIlITMHOCTPOCHUH.

B axcno3uiiiy OB MpeACcTaBIeHBI CISAYIONINEe TeMaTH -
YeCcKHe pas3iesibl: CpeACTBa U3MePeHUs PU3UIECKUX BeJIMINH
M TEXHOJIOTUYECKUX TTapaMeTPOB, U3MEPUTEIbHbIE TTPUOOPHI
M CpeacTBa aBTOMaTM3allMM, 3TAaJOHHOE OOOpyIOBaHUE,
MpUOOPHI U CUCTEMBI PAIUALIMOHHOTO U3MEPEHUsI, BECOBOE
00opyIOBaHUE W YCIYyTU 110 U3MEPEHHUIO0 U TECTUPOBAHUIO.
B craTbe mpuBeneHO KpaTKOE OMUCAHNE HEKOTOPBIX 3KCITO-
HaTOB ¥ MPEIJIOXKEHUI MPeATPUITUI-pa3pabOTIYNKOB.

Crenuau3upoBaHHoe NpeanpusATHe " DHePronpoMaBTOMAa-
THKa" (r. MOCKBa) MPEITOXWIO MOTPEOUTEISIM MPUOOPHI 1
000py10BaHME COOCTBEHHOTO U 3apy0e>KHOr0 MPOM3BOJCTBA.

Hugposoii uzmepumens RLC nnst u3aMepeHUs] CONPOTUB-
JIEHWSI TTOCTOSTHHOTO TOKa, KOMIUIEKCHOTO COTNPOTUBJICHUS
MepeMEeHHOT0 TOKa, EMKOCTU, WHAYKTUBHOCTHU, TAHTEHCA yT-
J1a moTepsb, azosoro capura. [lorpeiHocts npudopa 0,2 %,
yacTtoTa TecT-curHaua a0 1 MI'u. MynbTUILIArOBBIN pexXuM
TecTpoBaHus A0 30 1IaroB ¢ NepecTpauBaeMbIMU TIpeesia-
MM JJIs1 IOITyCKOBOTO KOHTpOJisi. MI3MepuTesib OCHAILIEH BbI-
cokokoHTpacTHbIM KK-aucrieeM pazmepom 320 x 240 mm
C MOJCBETKOM.

nexmpousmepumenvrvie eammmemp-kaewu mood. APPA
A18 Plus nist uamepenusi: mourHoct 10 600 kBTt u koabdu-
LIMEHTa MOIIHOCTU; MOCTOSIHHOTO M MEePEeMEHHOro ToKa J0
600 A; MOCTOSIHHOTO U TiepeMeHHOro HanpstkeHust 1o 1000 B;
YacTOThbl; TAPMOHUYECKUX MCKaXKeHWIi; TeMrepaTypbl; CO-
npotuBiieHust 10 20 KOM. ITpnbop Takke OCYIIECTBIISIET pe-
JKAM YTIPABJICHHUSI U PETHUCTPAIN TTUKOBBIX (MaKCHMAaJTbHBIX
¥ MUHUMAaJIbHBIX) 3HAYEHWI TOKA U HAIPSDKEHUsI, OCHAIIEH
XKK-nucrieem ¢ moncBeTKoM, MeeT MPOTUBOYIApHbBIN KOp-
nyc. PexxuMbl u3MepeHuit 1 BBIKJIIOUEHUST OTIPENESIIOTCS aB-
TOMAaTUUYECKHU.

Hzmepumens daenrenus mod. ALH-100 nnst HeNIpepbIBHOTO
M3MepeHUsl TIpeieJIbHbIX 3HAUeHU M30BITOUHOTO JTaBJIeHUS
BO3IyXa, MPUPOAHBIX U APYIMX Tra30B, NpeoOpa3oBaHUs B
CTaHAAPTHBIM TOKOBBIM curHad 4+20 MA M curHaaIu3aluu
MpU JTOCTYDKEHUU 3aJaHHOTO 3HavyeHus. MaMmepurenb mpu-
MEHSIETCSl B KauecTBe HAIlOpOMEeTpa M TATOHANoOpoMeTpa B
cHCTeMaxX aBTOMATUMKM 3alUTHBIX Ta30BbIX KOTJIOB M rope-
JIOK, B KayecTBe IpeoOpa3oBaresieil MaBJIeHUSI B KOHTYypax
pPEeryJIMpoOBaHUsI MOIIIHOCTH U pa3peXKeHUsI, a TAKXKe JJIsT KOH-
TPOJIST ¥ PETYIMPOBAHUS PA3TUIHBIX TEXHOJOTUYECKUX MPO-
neccoB. Kiacc TouHoctu ipubopa 2,5, muTaloniee HarpswKe-
Hue 12+27 B nocrossHHOro Toka. Ero rabaputHeie pasMepsl
100 X 91 x 31 MM, macca 0,2 kr.

3A0 "HIIO Temnokom" (r. Cankr-IIeTepOypr) nmokasano
Ha BBICTaBKE Pa3UIHbBIC CPEICTBA TSI aBTOMATU3UPOBAHHO-
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¢ SKCIIOLEHTP

ro yJyera Terula M rasa, aBTOMaTU3WPOBAHHBIE CUCTEMBI JIJIST
KOTEJIbHBIX YCTAHOBOK M MIPOMBIILIEHHbIE KOHTPOJUIEPHI.

Botuucaumens mood. BKT-2 nns mpeoOpa3oBaHUs BBIXOM-
HBIX CHUTHAJOB WM3MEPUTENIbHBIX TPUOOPOB TeMIIepaTyphl,
JIaBJIeHUs] M pacxoja ra3a B IMOKa3aHUsl, MPUBEIEHHbIE K
CTaHAAPTHBLIM YCJIOBUSIM, TIPU KOHTPOJIE U y4yeTe MoTpedie-
HUSI MIPUPOMHOTO raza B Pa3HbIX OTPACISIX MPOMBIIIJIEHHO-
CcTU. BuIUMCIUTEb COAEPXKUT: TPU KaHaia I U3MEPEHUS
TeMITepaTyphl; BOCEMb — TOKa; TpU — 4YacToThl. OH UMeeT
(byHKIIMIO pa3pellieHus WK 3alIpeTa U3MepeHMS MapaMeTpOB
rasa, a Takxe pexXuM paboThbl "OrpaHUYMTENIb", UCIOJIb3Ye-
MBIl [UTSI YIIpaBJI€HUST UCTIOJTHUTEIbHBIM MEXaHU3MOM PeTy-
JIATOpA C 1IeJIbIo MOMIepKaHUs pacxojia rasa, He MpeBbIIalo-
1LIero 3aJaHHOTO MOPOrOBOTO 3HAYeHUs. ApXHMBHasi MHGOP-
Mamus 1o uHrepdeiicam RS232, RS486 u Contronics MoxkeT
OBbITH TIepeaHa Ha BHEIIHUE YCTPOMCTBA: MPUHTEP, MOIEM,
HakonuTenbHbI TyaeT uau [1K. PaGoTtaer BbrumciauTenb
nopu TeMmepaType okpyxaroieir cpeabl —33++85 °C. On
TakKe o0ecreunBaeT MUTaHue 1aTYMKOB TeMIEePaTyphl U Bbl-
XOMHBIX Ilenei Tuma "3aMKHYTO—Pa3OMKHYTO", HaTYMKOB
pacxona u oobema. [lutaHue BelYMCANTENST — OT CETH Tepe-
MEHHOro ToKa Hamnpstkenuem 220 B.

DnexmpomacHumusie npeobpazoeameny pacxooda cepuu
ITPOM nns npeobpa3oBaHUsI 0ObEMHOIO pacxona U oobema
5JIEKTPOTIPOBOIHBIX XXUIKOCTEN B TIOKAa3aHUs WX 3HAYCHUIA,
JUUIST PETUCTPALIMU U TIPEACTABICHUSI pe3yJIbTaTOB U3MEPEHUI
Ha BHEILIHMX YCTPONCTBAX — TETUIOBBLIUMCIUTENSIX, PETYIIsI-
TOpax, yCTPOMCTBAX LEHTPATM30BAHHOTO KOHTPOJISI M APYTUX
BTOPUYHBIX pubopax. [IpeodpazoBarenn peKOMEHIOBaHbI K
MPUMEHEHUI0 Ha OOBEKTaX TEIUIOOHEPTeTUYECKOTO KOM-
IJIeKCca W TIPOMBIIUIEHHBIX TTPEIPUSITHSIIX.

000 "UncTutyT MHGOPMAIMOHHBIX AATYMKOB W TEXHO-
Jioruii" IeMOHCTPUPOBAJ Ha BBICTABKE CBOM Pa3pabOTKH.

Aemomamusuposannyro cucmemy 045 6eCKOHMAaKmMHo20 Aa-
3ePH020 KOHMPOAsS 2eOMeMmpPUYecKUx napamempos eHeuwHel u
eHympeHnHell pe3vObl mpyo, 3amkosvix mygm u m. n. Cucrema
obecrieuynBaeT: 00pabOTKY MaHHBIX; BbIIA4y pe3yJbTaTOB
(B TOM umCIIe, CpaBHEHUE C 3TAJIOHOM); (POPMUPOBAHUE CUT-
HaJIOB O TOMHOCTH B TIpeNesax A0Iycka; hOpMUPOBaHUE CUT-
HajoB 00 aBapuu U nepenady ux B ACY c 1Lieblo OCTaHOBKU
obopynoBaHusi. MmMeeTcs BO3MOXHOCTh IE€PEHACTPONKHU
CHUCTEMBI JIJIST KOHTPOJIS TTapaMeTpoB pe3bObl. [1porpaMMHoe
obecrieyeHre MO3BOJISIET TTPOBOAUTH KOHTPOJIb B aBTOMATH -
YECKOM DPEXHMeE, PETUCTpalunio, o0paboTKy, OToOpakeHue,
JIOKYMEHTUPOBAHHUE U COXpaHEHME PEe3yJIbTaTOB C Mepeaadcit
HX 10 KOMITBIOTEPHOM CeTH MO COTTaCOBAaHHOMY ITPOTOKOIY.

Yemanoexy 0as konmpoas eeomempuu naockux 06sekmos,
MTO3BOJISTIONIYIO MACHTU(MUIIMPOBATE U U3MEPSTh TEOMETPH-
yecKMe rapamMeTphl MPO3pauyHbIX M HEMTPO3PaYHbIX OOBEKTOB,
TaKuUX Kak KoJjblla, TJIACTUHBI CJIOXHOW (hOpMBbI U Apyrue
TUTocKre 31eMeHThl padmepoM 50 X 50 X 10 mm. PaGora yc-
TaHOBKM OCHOBaHa Ha TEHEBOM MeToze u3Mmepenus. Mcrou-
HUK PacCeSTHHOTO OCBEIIEeHUST MOIACBEYMBAECT TPAHUILy 00b-
eKTa JUIs IMPOBOI KaMephbl BEHICOKOTO Pa3pellieHus ¢ ycTa-
HOBJIEHHBIM Ha HeW TeJeUeHTPUUYECKUM OOBEKTHUBOM,
MO3BOJISIIOIIM M30aBUThCS OT MCKaxkeHUid. M3o00paxkeHue
o0bekTa 00padaThIBae€TCsl C IMOMOIIBIO CIELMATbHOIO MPO-
IPaMMHOTO KOMILIEKCa, KOTOPBIi MO3BOJIsSIET pa3OUTh M30-
OpakeHHe Ha TPOCThie TEOMETPUUECKUE SIIEMEHTHI M U3Me-
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PUTH PACCTOSTHUE MEXAY IMapajieIbHIMM TPaHSIMU, YTJIbI
MEXIy TpaHSIMU U PaauyChl CKPYIJIEHUS YIJIOB, TMaMeTPhI
OTBEPCTUII Y KOOPAMHATHI UX LIEHTPOB, OMPENeUTh B3aM-
HOE€ DPAcTOIOXEHHUE DJIEMEHTOB, PACCTOSIHUE MEXIy ABYMSI
3aJaHHBIMM TTOJIb30BaTeieM TouKaMu. KOHTpoIb OCyIecTB-
JIIeTCs TyTeM CPaBHEHUSI TeOMETPUYECKUX MTapaMeTpoB IMO-
JIY4EHHOTO M300pakeHUusI ¢ paboOYMM YEPTEKOM WIIM C Tab-
JIMLIeH TomycKoB. JlomycTUMBble aOCOTIOTHBIE 3HAYEHUST T10-
TPEIIHOCTE! MPU U3MEPEeHUN: JIMHEMHBIX pa3MepoB He OoJjiee
0,01 mMM; yrioB mMexay rpaHsIMM (MIpU JUIMHE TpaHeil He Me-
Hee 5 MM) He 6osee 0,1°. [TuTarolee HaNpsLKEHUE YCTAHOB-
ku 220 B, norpe6Gnsiemast momiHocTh 1 kKBT. Ee rabaputHbie
pasMepsr 200 X 250 X 320 mM, Macca 7 KT.

000 "Monutopunr" (r. Cankr-IIerepOypr) mokasano
CBOM HOBBIE pa3pabOTKMU.

Tlopmamueneill  anasuzamop-cueHaiu3amop 63pbvleoonac-
Hocmu mod. ACB-1 nns omnpeleiaeHUs] JTOB3PHIBOOMACHBIX
KOHIIEHTpalMil TOPIOYMX Tra30B, MAPOB TOPIOYMX Ta30B KU/l -
KOCTeIl M UX COBOKYITHOCTH B BO3JyXe W IOJAaYM CHUTHAJIOB
MpU TIPEBBIIEHUM W3MEPEHHBIX 3HAYEHWM OTHOCHUTEIBHO
YCTAHOBJIEHHBIX MOPOTOBBIX 3HAUEHMIA TSI TIPOM3BOICTBEH-
HBIX TIOMEIIeHU, OTKPBITHIX MPOCTPAHCTB M 3aMKHYTBIX
00beMoB. [Tpubop TEPMOXMMUYECKOTO MPUHIIMIIA AEHCTBUS;
HE HyXOaeTcsl B MepeKaJuOpoBKe MPU KOHTPOJIE OOBEKTOB,
3ara30BaHHBIX pa3HbIMHU B3PBIBOOITACHBIMU Ta3aMu. omyc-
TUMasi OCHOBHAas NpUBEIEHHAsI MOrpeltHocTh £8 %. Bpems
nporpesa He 6ojiee 2 MUH, cpabaTbIBaHUS CUTHAIU3AIUU HE
6onee 15 c¢. JlomycTuMasi IMOTrpelIHOCTb CpabaThIBAHUS I10-
poroBoro yctpoiicTsa cocrapisieT 0,2 TOIMyCTUMON OCHOBHOM
NMPUBEIEHHON MOrpelIHOCTU. BpeMsi HenmpepbIBHOI paboThI:
OT 2yIeMeHTOB nuTtaHus Tnna LR6 — 30 4; oT IoIHOCTHIO 3a-
PSKEHHBIX aKKyMYJISITOPHBIX Oatapeek Turna AA — 15 u. 'a-
OGapuTHble pa3mepbl aHanuzaTopa 185 % 59 X 38 mm, macca
380 r. PekoMeHI0OBaH K MPUMEHEHUIO Ha O0BEKTaX Ta30BbIX
M aBTOMOOWJIbHBIX XO3SIUCTB, MPEANPUITUSIX MO MPOU3BOI-
CTBY JIAaKOB M KpacokK, a Takxke Ha ckiagax ['CM.

Ilepenocuoti nopmamueHnotii anasuzamop moo. JACT-1 nns
M3MEPEHMsT MacCOBOM KOHIIEHTPALMU THUTM B OKPYXKAlOLEM
BO3IyXe U B paboyeil 30He. [1puHIMIT AeCTBUS aHaIM3aTopa —
PanIMOU30TONHbINA, OCHOBAH Ha M3MEPEHUU KOJIMYecTBa Oe-
Ta-4aCTULL, ITPOXOAAIIMNX YEPE3 OJUHOUYHBIN AaHATUTUYECKUIA
GuIBTp ¢ ocaxkmeHHOM MbUTbI0. Pe3ynbTaThl M3MEpEeHUI Tie-
penatotcsa Ha [1K B ananorosoii (popme min mo nHTepdeicy
RS 232. Bayrpennss namsate pudopa go 1000 pesynabraToB
uaMepeHuil. JlnamnazoH M3MEpeHU MacCOBOM KOHIIEHTpa-
n it 0,1+ 100 Mr/M3 ¢ OMYCTUMOM TOTPELIHOCTBIO
120 %. HoMuHanbHBIN pacxon oTOMpaeMoil MpoOkl Bo3ayxa
15+20 /1M3/MI/IH, BpeMst ot6opa 1, 3, 6 u 30 muH. [Iutanue
aHaJIN3aTopa OCYIIECTBISIETCS OT BCTPOCHHOTO aKKyMYJISITO-
pa Wi OT CeTHM MNEPEMEHHOro ToKa HampspkeHneM 220 B,
noTpebisieMast MOITHOCTD 25 KBT. Ero rabaputHbie pa3Mepsl
320 % 140 x 280 MM, Macca 9 Kr. AHaJIM3aTOP PEKOMEHI0-
BaH K MPUMEHEHUIO Ha MPENNPUSITUSIX MO MPOU3BOACTBY
LIEeMEHTa, B YrOJbHBIX IIaXTaX, METAJUTypTruy, MeTaai0006-
paboTke u ap.

Komnanns Fluke Networks (CIITA) nmemoHCTpupoBaia
pasnuyHbIe CrelMabHble MOHTAXXHbIE MHCTPYMEHTHI:

uncmpymenm Cable Stripper nnst ynaneHuUst U30JISLUKN C
Kpyrjioro kabesst nuameTpoM 2+ 12,5 MM, OCHalllEH peryiu-
PYEMBIM TI0 TIIyOMHE pe3aHUsT HOXOM JIJIST CHATHUST U30JISIIAN
U TPEXCAHTUMETPOBON JIMHENKOW;

npecc-Kaeuwjy — KOMITAKTHBIA PYYHOW MHCTPYMEHT I
OBICTPOIT ¥ HAZIEXKHOM YCTAHOBKU MOAYJBHBIX pa3beMoB. Ha-
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JINYME HECKOJIbKUX PabouMx OpraHOB ITO3BOJISIET OIPECCO-
BBIBAaTh pasiiM4Hble padbeMbl. Kielmy cHaGXeHBI MPUCITO-
cobJieHreM JJIsl CHATUSI BepXHe U301 ¢ Kabelss U ero
pe3ku. MHCTpyMeHT NpUHAMIEXUT K cepuu Mpodeccuo-
HaJIbHOTO MHCTPYMEHTA /IS MOHTaXa TeJeKOMMYHUKALIM-
OHHBIX CUCTEM, UTO rapaHTUPYET HAEKHOCTb, TOJTUIl CPOK
CITy>KOBI 1 yIOOCTBO B paboTe;

KabeavbHblll mecmep MicroMopperTM (yMelamoluics Ha
JJAOHW) TO3BOJISIET MPOBEPUTH LIEJIOCTHOCTb IPOBOAKM.
TecTep UMeeT TOHAbHBIN TeHEPATOP, KOTOPI MPU UCTIOJb-
30BaHUM MHIYKTUBHOTO 1IyMa WK J00ro Apyroro aHajuio-
TOBOTO JATYMKa TTO3BOJISIET HAXOAUTh CKPBIThIE B CTEHAX Ka-
6emu u T. 1. [TprbGop MO3BOJISIET TPOBEPUTH HATMYWE WU OT-
CYTCTBHE 9KpaHMPOBaHUS Kabesl, KOH(PUTypalrio pa3aeaku
Ha COOTBETCTBME CTaHAApTaM, a TakKKe UIECHTUDUIIMPOBATD
00pbIB, KOPOTKOE 3aMbIKaHUE, MepeKpelluBaHue WIU pac-
LIeTUIeHUe Tap, TeHepupyeT TOHOBBIM CUTHAJ IS TTOMCKA
CKPBITOI MPOBOIKM.

Kovmamus 3AO "IIpudop PY" (r. MockBa) — mocTaB-
1MWK TPOMBIIIJIEHHBIX MPUOOPOB BEAYIIUX 3apyOeXKHBIX
MPOU3BOAUTENECH, MPEMIOXUIA [JIsI POCCUUCKOIO pbIHKA
cienylouue mpuodopshl.

Cmayuonapuuii meepdomep mod. TH-500 nnst onpenene-
HUST TBEPAOCTH TT0 POKBeUTy LIBETHBIX M YEPHBIX METAJIJIOB:
TBEPABIX CIJIAaBOB, YIJIEPOJUCTBIX M JETUPOBAHHBIX CTaJed,
gyyryHa. TBepaoMep MOXeT ObITh YKOMITJIEKTOBAH: IIapUKO-
BBIM MHIEHTOPOM AMaMeTpoM 1,6 MM; KOHMYECKUM ajaMa3-
HBIM UHIEHTOPOM ¢ yriaoM 120° u V-00pa3Hoii HaKoBaJibHEH
muametpoM 60 mMm. JIuamazoH wuamepeHuit 20-+80 HRA,
20+100 HRB, 20+80 HRC. I'abapuTtHbIe pa3Mepsl Ipubopa
720 x 225 x 790 mMm, macca 100 kr.

Llughposoti usmepumenv wepoxosamocmu mod. TP-110 no
JIBYM napaMmeTpaM Ra 1 Rz ¢ Mbe3031eKTPUUECKUM TaTYUKOM
n KK-nucrieem ¢ moacBeTkoid. [Tutanue mpudopa ocymiecT-
BJISIETCS OT JINTUI-UOHHOMN OaTapeiiKu ¢ BO3MOXKHOCTBIO IO/~
3apsiiKu BO Bpemsi paboTel. Macca usmepurens 200 T.

Yaempazeykoeoti yugposoii moawgurnomep moo. TT-100 —
MOJIHOCThIO CaMOKAJIMOPYIOIINICSI BICOKOTOUHBIN MPUOOD,
U3MEPSIIOLINI TOJIIWHY U3EUI U3 METAJJIOB U UX CILJIABOB
(B TOM umcie LIMHKA, Xeje3a, CTajyd, allOMAHUS U T. I1.),
IJIACTMACChl, KepaMWKH, CTEKJIa ¥ IPYTUX MaTepyuajoB TOJI-
mmHoit 1o 300 mMm. [Ipubop ocHamen XKK-gucrieem u BbI-
MOJTHSIET (PYHKUMU TIaMSITH, OTIpeieIeHrsI CKOPOCTH 3ByKa B
HccaenyeMbIX MaTepualiaXx, paboTaeT B IIMPOKOM TeMIiepa-
TypHOM auanaszoHe g0 +60 °C. 'abapuTHbie pa3Mephbl TOJ-
mmHoMepa 130 X 70 X 25 MMm.

Ludghposoii uzmepumens mod. TV-110 nns usmepeHust Ko-
JIebaHNii CKOPOCTH, YCKOPEHUS, CMEIIeHHUsI y3JI0B U Mexa-
Hu3MoB. IIpubop umeer (pyHKLIMN CaMOAUATHOCTUKU U BbI-
BOJla pe3y/JbTaToOB M3MepeHuit Ha medatb. KK-gucruieit u
MOAKJIIOYEHHBII yepe3 pa3beM Mpeodpa3oBaTesb Ae1atoT pa-
00Ty ¢ 3TUM NIpUOOpPOM OYeHb ymoOHo#. Ero raGaputHbie
pasmepsnl 270 X 90 X 45 mM. [TorpemHocTs n3MepeHuii +5 %.

Komnanns Sodick (SImonus) npeioxuia morpeouTens M
HAHOCTAHKU W TEXHOJIOTMM JJIS1 3JIEKTPOMCKPOBOM M MeXa-
HUYECKO 0OpaboTKU.

Jlunetinwiii namuocHwill euokuil npouzeodcmeenuvii HAHO-
Modyav VetraNANO-100 ¢ cyOHaHOMETPOBBIMU JIMHEMKAMU
obpaTHOi1 cBsi3u ¢ pazpeiieHueM 0,07 HM. Moaynb cocTouT
un3 kepamuku Finexlera (R), crieliagbHBIX CBEPXMOMEHTHBIX
OeccepIeYHMKOBBIX JTMHEMHBIX JBUraTesaeil 1isi U3rOTOBJIE-
HUST GHOPM MUKPOONTUYECKMX M HAHOONTUYECKUX YCT-
POICTB, TaKMX KaK AM(PAKIIMOHHBIE PEIIeTKU, CBETOBOIHbBIE
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TUIACTUHBI, chepruueckre U HechepruecKue JTMH3bI, PelleT-
K1 MUKpOJMH3. CTaHOK MOXKET BBITIOJTHATD OTEpaliuy 11~
¢oBaHMs, TOueHUs, MUKpodpe3epoBaHUusl U AoBoaKu. OH
OCHalleH KepaMUYEeCKUMU a3pOCTaTUUECKUMU HaTpaBJIsio-
MMM 1o ocsiM X, Y u Z (nipenen xona no ocsim 100, 100
u 55 mMm). Hanpasastronue no ocsim A, Cu R nepemeniaroTcs
C TIOMOIIBIO a3POCTATUYECKUX TOAIIUITHUKOB (X0 HaIpaB-
JIAIOIIMX He OrpaHUYeH). MakcuMalibHasi CKOPOCTh TOIavYu
mo ocsim X, Yu Z — 3000 mm/mMuH. YacToTa BpallleHUS: TI0
oc A — 10 mun !, 1o ocu C (MHzeKcMpoBaHue) — 25 MuH |,
o ocut R — o 1000 mun~ !, Yacrora BpatueHus! WTHHIEsS!
50 1 120 Toic. MuH .

Cmanok Sodick AE05, o cioBaM pa3pabOTUMKOB, CaMbIi
TOYHBIN B MUpPE 3JIEKTPOUCKPOBOM CTAHOK IJIST MUKPOOOpa-
OGOTKM TBEPABIX MaTepyajoB U TMPOIIMBKU OTBEPCTUI AMa-
MeTpoM 2,9 MkM. CTaHOK MOJTHOKEPAMUYECKU C COOCTBEH -
HBIM TMAPOTEPMOCTATUPOBAHUEM KOJIOHHBI, OCHAIIEH MUK-
pockornoM ¢ CCD-Busneokamepoit. Pazamepsl pabouero croja
ctanka 70 %70 MM, BHYTpeHHME pa3Mmepbl BaHHBI 306 X
X 116 X 38 MM, mpeaensl xona mo ocsiM X, Yu Z — 50, 50 u
25 MM, gyacToTa BpalueHus mmuHaeas S50 TeiC. MHH !, Mak-
cuMalibHasi Macca oOpabaTeiBaeMoil 3aroToBku 2 Kr. I'abGa-
PUTHBIE pa3Mephl ctaHka 1560 X 1570 x 1500 mm, macca 800 Kr.

YaempanpeyuzuonHulii 6bicOKOCKOPOCMHOU 8epMUKAAbHYLU
obpabamsisarowuil yeump Sodick AZ150 nns numdoBaHwMs,
TOYEHMs, MUKpOo(dpe3epoBaHUs U JOBOIKU C HAHOMETPOBO
TOYHOCTBIO JieTajieil Manbix ¢opMm. HaHocTaHOK 000pymoBaH
CHCTEMOI KOMITIEHCAllM peaKTUBHBIX cuil. JItoboe pabouee
nepeMeleHue mo ocsiM X 1 Y COIpOBOXIAETCSI KOMIIEHCH-

PYIOLIMM TIepeMellieHeM 6aJlaHCMPOB B TIPOTUBOIOJIOXKHOM
HarpaBJIeHUHU, YTO TOJHOCTBIO TaCUT BCE€ PEaKTUBHBIC Ha-
Ipy3KM, BO3HUKAlOLIKME B Xofe nepemelleHuil. [IpuBoabl no
ocsiM X, Yu Z v mpuBOIbl KOMIIEHCAaTOPOB — CIBOCHHbBIE JIM-
HeliHbIe OeccepaeUYHUKOBBIE cepBompuBonbl. lllmmHmens —
a’poCcTaTMIeCKUe TTOMIIUITHUKYI, TIPUBOM, IITTMHACIST — TTHEB-
MOTYpOMHa, yacTtoTa BpailieHus wnuHaenst 120 Toic. MI/IH_I,
npenensl xoAa 1mo ocsim X, Yu Z— 150, 150 u 100 mMm, mak-
cuMasibHas Macca oopabarbiBaeMoil 3arotoBku 5 Kr. MHCT-
DPYMEHT Ha CTaHKe KPEMMTCS TePMO3aXKMMHBIM TaTPOHOM,
YUCJI0O MHCTPYMEHTOB B MarasuHe 15 mmit.

Yavmpanpeuyusuonnuiil aunetinbLil 20eKMpPoOUCKPOBOL NPOBO-
A04Ho-8bipesnol cmanok Sodick EXC 1000L nist KOHTYPHOIO
9JIEKTPOMCKPOBOTO pe3aHusl AeTajeill I MMKPOIITAMIIOB
WOV CBEPXMAJIbIX B3JEMEHTOB MJIS1 CIelUaTbHBIX JAeTajei.
IMpuBoaLI CTaHKA — CHelMalbHbIE CABOCHHBIC JTUHEWHBIC
OeccepneyHUKOBbIe cepBonpuBoabl. Pabounii cron nepeme-
LIAETCs MO 3aKPBITBIM a3pPOCTATUYECKUM HaIpPaBIsSIIOLIUM C
MPaKTUYECKU HYJEBBbIM COMPOTUBIeHUEM. KOHCTpyKIIMS
CcTaHKa TTOJIHOKepaMuyvecKass Ha TpaHUTHOW ctaHuHe. [pe-
nenbl xona o ocsim X, Yu Z — 100, 120 u 100 mm. Makcu-
MaJIbHBI yTOJl KOHYCHOTO pe3aHusi +6°. MakcuMaiabHast
Macca obpabarbiBaeMoii 3aroroBku 10 Kr.

BricTaBKy moceTus10 00J1b1110€ YHUCIO CHELUAIMCTOB. bbI-
JIU OpraHW30BaHbI CEMUHAPBI-NPE3eHTAMU (HUPM, ydacT-
BYIOIIIMX B BBICTaBKe.

A. H UBAHOB, ua.-xkopp. AIIK

O06o3peHUue 3apyOeXHbIX N3pgaHnn

Werkstatt + Betrieb. 2008. Nr. 8

Blittler C. [IIBeiiliapckoe cTaHKOCTpoeHue, ¢. 6, 8, 9, u. 4.

[TokazaHo, 4YTO HaubOJBLIMI O0BEM MPOAAXK 3a PyOEKOM
npuxoautcs Ha I'epmanuio (23 %), 3arem uayt CIITA u Uranus
(6 %), Kuraii u ®panuus (5 %). Ha nomo Poccun nmpuxonurcest
Bcero 2 %. B to xe Bpemsi, HaunHast ¢ 2000 r., HabIOmaETCsI
3HAUMTEJILHOE YBEJIMUEHHME IKCIIOPTa CTAHKOB B CTPaHbl A3UU U
aHAJIOTUYHOE yMeHbIleHue aKkcropTa B CIIA.

HNucTpymenTanbHbie IATPOHBL, C. 42, 43, un. 2.

MHcTpyMeHTanbHbIe MAaTPOHBI ¢ 3aKMMHOM 11aHTOil Pow-
Rgrip dpupmbl Rego-Fix npenHazHauyeHbl 111 3aKpeIIeHUS pe-
KYIIMX WHCTPYMEHTOB MPU BBICOKOCKOPOCTHOI 00paboTKe Ha
MHoOTOlIeJIeBbIX cTaHKax ¢ YITY.

Beyer P. Illnudosanbhbie Kpyru, c. 46—48, wi. 4.

AnmasHble nngoBaibHble Kpyru Ceramet hupmbl Meister
Abrasives nmeroT ruopunHyto ¢Bsi3ky hDD, koTopas obecrnieun-
BaeT OOJIbIIOE yCUJTME YIePXKaHUST aIMa3HBIX 3€peH u 3 dheKT
caMo3araynBaHMs UG OBaIBHOTO Kpyra. HoBble Kpyru mpem-
Ha3HaueHbl Uit UUTMGOBaHUS TBEPIBIX CIUIABOB U KEPaMUKH.
JaHbl peKOMEHAALMK MO0 TPUMEHEHUIO 3TUX KPYTOB.

IIporpamMmHuoe obGecrieueHue, c. 52, wi. 2.

Hogas Bepcus I10 tool-kit Professional ¢pupmer MTS AG ¢
MHTETPUPOBAHHON CUCTEMON OOBEMHON BU3YAIU3ALUMU, [€-
MOHCTpPUMpPOBaBILIAasICs Ha MexXayHapomaHoil BeicTaBke GrindTec
2008, mo3BoJIsIET BBIMOJHATD A€TalbHOE 00BEMHOE MOJCINPO-
BaHMe LLTMGOBAHUS U TIPOBEPSATSD MPOLiecC NUTM(OBaHUs HA OT-
CYTCTBUE KOJUIU3UM.

Pexymee macino, c. 53, ui. 1.
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®upma Motorex AG mpemyiaraeT yHUBEpCAIBHOE peXyllee
macio Ortho NF-X mist 06paboTKM MpakTHMUeCcK! BCEX MeTas-
JIMYECKUX KOHCTPYKLIMOHHBIX MaTepuanoB. HoBoe Macio oTBe-
yaeT TpeOOBAHUSIM BBICOKOW MPOU3BOAMTENILHOCTU: MOBBILIE-
HMEe PEeXUMOB PE3aHUsl U JUIUTEJIbHASI CTOMKOCTb PEXYIIEeTo UH-
CTpyMEHTA.

Pacrounas rosioska, c. 64, w. 1.

Pacrtounas ronoBka Multi Head ¢pupmbr Swiss Tools Systems
obecrieunBaeT 00pabOTKY OTBEpCTUil OUAMETPOM OT 3 10
320 mm. YacroTa BpateHunst rooBku 10 16 000 mua ™ L.

BoicokonpousBoauTebHbie CBepia, ¢. 65, wi. 1.

®upwma Dixi Polytool npemnaraer ceépia Dixi 1146 nuamer-
pom ot 0,8 1o 10 MM Cc ABYMSI BHYTPEHHUMM KaHaJIaMM IS
noasoga COXK B 30Hy pe3anus. Cneuuduyeckas reoMeTpusi
BEPILNHBI 00ECIEYNBAET BHICOKOCKOPOCTHOE CBEPJICHME CTATK
U YyTyHa.

Werkstatt + Betrieb. 2008. Nr. 9

HoBble MeTamioo0pabaThIBAIOIIME CTAHKU W PEXYIIUE MH-
CTPYMEHTHI, ¢. 26—38, wi. 12.

OnuchIBalOTCA KCTIOHATHI BHICTABKU 110 METAIO00paboT-
ke, mpoxonusiiei B LLITyTrapre, B 4rciie KOTOPBIX MHOTOLIENIEBOM
craHok RotaSwing (RS) 80K mns1 onHoBpeMeHHOI 006pabOTKU 110
MSITA OCSIM, YeTBIPEXIUMUHACAbHBIA ctaHOK WBM 2-800.4 mist
[JIyOOKOro  CBepJIeHUsI, IMPOBOJIOYHO-BBIPE3HOM  CTaHOK
PA20 nns1 00pabOTKM IITAMIIOB M MaTpULl U KPYIoULIH(O-
BaJIbHBIA CcTaHOK S22 miast o6pabOTKM AeTajieil JIMHOW OT
650 1o 1100 MM.

Damm H. HenocpencTBeHHbII IPUBOJ B CTaHKaX, C. 46, 48.
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HenocpencTBeHHblit NMpUBOL C MPUMEHEHHUEM JIMHEHHBIX
JBUTATEJIe} TTO3BOJISIET ONITUMU3MPOBATh KOHDUTYpAIIMIO CTaH-
KOB Oaromapsi COYETAaHWIO JAMHAMWYECKMX XapaKTePUCTHK
(GospbIIMe YCKOPEHUS M CKOPOCTh XOJIOCTOTO X0/Ia) U IOJITOBEY -
Hoctu. [IpuBoI pekoMeHayeTcs Mpu 00padboTKe ¢ OOJIBILON 10-
Jieit BcromoraTenbHoro BpeMenu. [IpuBeneHsl npuMepbl CTaH-
KOB C HEMOCPENCTBEHHBIM MTPUBOIOM B CHCTEMaX MOJAUU.

MpmuorouneneBbie ctanku simoHckoit dupmsr OKK, c. 50—53,
wi. 4.

OrnucaHbl TPeNMYIIIeCTBa CTAHKOB (PMPMBI: MAaCCUBHOCTD U
KECTKOCTh, 0OecrieunBaeMasl BHIMOJTHEHUEM CTAaHUHBI, CTOJIA U
CTOEK U3 MOJIMMEPOETOHA; BBICOKME TUHAMUYHOCTD U CTaOWJIb-
HOCTb OJarogapsi MCIOJIb30BAHUIO TMHHBIX POJIMKOBBIX Ha-
MPAaBJSIONINX U 1IAPUKO-BUHTOBBIX TAp JJIsI TIepeMEeLeHUsT y3-
JIOB, YCTPOWCTBA KOHTPOJISI TEMITePATypPhl IIITTUHIEIIS, TIOIIITI-
HUKOB M BUHTOBBIX TTap, KOMITEHCAIIUY TeTUTOBBIX AedhopMalinii
u np. IlpuBeneHsl KpaTKUE TEXHUYECKUE XapaKTePUCTUKU
CTaHKOB.

Klingauf W. Tokapnsie ctanku ¢ YITY, c. 54—57, un. 6.

OnuceiBaetcst onbIT ¢pupmbl Thomas Markl o ucrnosbs3zo-
BaHMIO OBYX TOKapHbIX cTtaHKoB ¢ UITY cdupmbr Mori Seiki.
Cranok mozn. NL2500SY/700 ¢ npoTHBOMOMOXHBIM LIMTMHIE-
JIeM, YCTPOWCTBOM IS aBTOMAaTUYECKOW 3arpy3Ku TPYTKOB U
noptasiom LG10 obecrieunBaeT KOMIUIEKCHYIO aBTOMaTUue-
CKYI0 00pabOTKy KOPITyCHBIX I€Tajleil U3 JIETUPOBAHHOTO ajio-
muHueBoro craba. CraHok mon. NL2500Y/1250 ¢ oceio ¥,
3aqHel 6a0KOi U peBOJIbBEPHOI TOJOBKOW MMEET BCTPOCHHBIN
3JIEKTPOJBUTATENh TIPUBOJA [UTSI BPAIIAIOIIMXCS PEXYIIUX WH-
CTPYMEHTOB.

Damm H. fdnoHckue craHku, c. 58, 60, 62, 64, w. 7.

Onucana koHuenuus ¢upmbl Okuma Europe, 3akiiouaro-
1Iasicsl B BBIMMYCKE CTAHKOB U1 00pabOTKM KPYMHBIX KOPITyC-
HBIX AeTajeil u3 yyryHa (CTaHWHBI, CYNIOPTHI, CTOJIBI) U Tpe-
LIM3MOHHBIX MHOTOLICJIEBBIX CTAHKOB JIJ11 0OPaObOTKHU C KECTKM-
MM IOMyCKaMu Ha pa3Mepbl M (OpMy, Y3IIbl IUIS KOTOPBIX,
BKJTIOYAst IPUBOIBI M AATIYMKY CUCTEM YIIPaBICHUsI, MU3TOTOBIISI-
I0TCS Ha CTaHKax (pUpMBL.

XOHHMHroBaJIbHbIE CTAaHKU, C. 65, mi. 1.

®upma Pemamo-Honing Phosa SA (IlIBeituapust) npemia-
raeT XOHWHTOBaJIbHbIE CTAHKU C aJIMa3HBIMU XOHAMU JJIsI 00-
pabOTKU CKBO3HBIX OTBepCTUii quameTpoM oT 0,6 1o 70 MM 1
TIyXAX OTBEPCTUN AMamMeTpoM OT 1,5 MM C TOYHOCTBHIO
0,001 mM.

O030p MHOTOLIENIEBBIX CTAHKOB, C. 66, 67, 74, 76, 77, wi. 7.

PaccmatpuBaroTcss HOBbIE MHOTOLIENIEBBIE CTaHKHA, B TOM
yyciae yHuBepcaibHblii ctaHok UBZ HP ¢upmbl Handtmann
A-Punkt Automation, KOTOpbIii TpeIHa3HAYAETCS IJIsI BHICOKO-
CKOPOCTHOI 00pabOTKM I10 TISATH ocsiM. B HacTosiiiee Bpems aBa
TaKUX CTaHKa 3aKa3aHbl POCCUUCKON aBMAITMOHHON KOpIIopa-
mueit Mul'. TopuzoHTalbHBINM MHOrouejneBoit craHok H.Plus-
300 ¢pupmbl Matsuura Machinery mist o00paOOTKM AeTaneit aua-
meTpoM a0 530 MM M BbicOTOil 10 760 MM mepeMelIaeTCs IO
ocsim X, Y, Z coorBerctBeHHO Ha 500, 560, 500 MM co ckopo-
CThIO X0JIOCTOTO Xoma 60 M/MUH M CpeoHUM YyCKOpeHueM lg.
MHoroneneBoii craHok Mini Mill 2 ¢pupmer Haas Automation
Europe umeeT MHCTpyMEHTaIbHbBIA MarasuH 6apabaHHOIO TUIA
€MKOCThIO 10 20 MHCTPYMEHTOB. [ OpHM3OHTaJIbHBI CTAaHOK
MAG]1 ¢upmsl Makino Europe nns o6paboTKu IO MSITH OCSIM
aJTIOMUHUEBBIX AeTallell QuaMeTpoM M JuinHou 1o 1500 MM u
maccoit 1o 1300 KT 1 aBUallMOHHOM TTPOMBITIUIEHHOCTA MMe-
€T aBTOMaTUYEeCKUI1 MHCTPYMEHTAJIbHBIN MarasuH Ha 120 uHcT-
PYMEHTOB.

Damm H. BuptyanbHbie TokapHble ctaHku ¢ UITY, c. 78—80,
. 3.
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OnuckiBaeTcsl MPUMEHEHUE TOKapHO-(Ppe3epHOro ILeHTpa
G160, ocuaménnoro creuvanbibiM [10 u TFT-monutopom
IUIST MOZIEJTMPOBAHUST HE TOJBKO TIporiecca 00pabOTKN OTIEb-
HBIX JIeTajieil, HO U pabouyeil 30HbI BUPTYyaJIbHOTO MeETayiope-
Xyliero craika. [Tono6Hoe MozieMpoBaHUe MO3BOJISIET COKpa-
TUThb BpeMsl MOATOTOBKM Ipou3BoactBa a0 80 %. B kauecTBe
rnpuMepa TPUBOAUTCS MOAETUPOBAHUE MHOTOLIMMHIEIBHOTO
TOKapHOTO aBTOMAra.

Werkstatt + Betrieb. 2008. Nr. 7/8

MpHoroueseBoii cTaHoK, c¢. 14, 15, n. 2.

Ormmcan mHoro1eneBoit cranok Mikron HPM 800U dupmbr
Agie Charmilles Management, obecrieunBaoImnii 00paboTKy IO
IIATH OCaM JeTaneil nuamerpoM a0 800, BeicoToii 1o 600 1 -
Hoit 1o 100 mMm.

Hobohm M. PactouHsle peslibl, ¢. 28—31, ui. 5.

OnucaHbl pacTOYHBIE pe3lbl Supermini ¢ CynmepHUTPUIHBIM
nokpeiTueM ¢upmbl Paul Horn, o61amaroliue BbICOKOI CTOM-
KOCTBhIO U OOeCIeunBalole IIepoXoBaToCTh 00paboTaHHOM
TIOBEPXHOCTH OTBepcTUsl ¢ mapameTpoM Rz = 0,08+0,14 MxM.
Braronapsi BbICOKOI CTORKOCTM MHCTPYMEHTa MOXHO oOpaba-
ThiBaTh OT 5000 mo 12 000 metaneii.

Gies K. Paspéptka, c. 32—34, ui. 4.

C nomoipio paszséprok CircoTec RX ¢upmbr Urma AG
Werkzeugfabrik mMoxHO 00pabaThiBaTh MJIWHHBIE OTBEPCTUS
nrameTpoM oT 12 mo 88 mm ¢ mosreMm morycka H7, K6 nnu J6 u
1IEPOXOBATOCThI0 0OPabOTaAHHOI MOBepXHOCTH Ra = 1,6.

Grosspietsch J. Pa3éptku, c. 35, ni. 4.

®dupma Komet Dihart AG Precision Tools nmpennaraer pas-
BEPTKM AuaMeTpoM OT 46 1o 140 MM, OCHallleHHBIE TUIACTMHAMU
¢ ABYyMS pexXyluiMMu kpoMmkamu. Kaxknias riactiHa v ma3 B KOp-
ITyCe COOTBETCTBEHHO MAapKUPYIOTCSI, YTO O0JIerdaeT paboTy u ra-
paHTHUPYET COXpaHEHHEe TOYHOCTH TIPM TepecTaHOBKE TTACTHH.

Cselle T. et. al. [TokpbITHE HOBOro MOKOJIeHUs, ¢. 37—41,
ui. 6.

ITokpeiTue TripleCoating nj1s peXXylyux MHCTPYMEHTOB, Ha-
HocuMoe MetonoM PVD, BKio4yaeT Tpy Ba’kHBIX KOMITOHEHTA:
Ti, Cr, Al. IIpuBogsATCS COCTaB U TEXHOJIOTUS HAHECEHMS MO-
KPBITUS U 3aBUCHMOCTD €T0 (PU3MKO-MeXaHNIeCKMX CBOWCTB OT
cocraga.

Hagenlocher O. IIlnudoBanbHbIi cTaHOK, ¢. 106, 108, 110,
Wi 4.

Ha mexnynaponHoii BeicTaBke AMB ¢pupma Emag nemon-
CTpYpoOBaja BepTUKAJIbHBIN 1IIMGOBaIbHbIM cTaHOK VTC
315 DS mnsa ogHOBpeMeHHOU 00paboTKM IO YETHIPEM OCSIM Ba-
JIOB, BPAIAIOIINXCSI OTHOCUTELHO BepTUKAIBbHOU ocu. CTaHOK
MMeEeT Ba HE3aBUCUMO TMepeMEeLaloNIUXCsl MONEPEYHBbIX CyI-
nopra ¢ 1M¢oBaJbHbIMU 6aOKaMMU.

Hosbie nuindoBanbHble Kpyru, c. 122, 124, un. 3.

IInudoansubie kpyru u3 KHB ¢ kepamuyeckumu cBs3ka-
mu V31 u V24 pupmer Hermes Schleifkdrper paboraioT ¢ He-
3HAYUTESLHBIMU CUJIAMU pe3aHUs TPU HU3KOM TOTpeOIeHUN
TOKa M HU3KOU TeMmIiepaType B 30He 00pabOTKU.

Krause T. KpyriomwibHble craHku, ¢. 130—132, wi. 6.

YHUBepcalbHbIe BBICOKOIIPOU3BOIUTEIbHBIE KPYTJIOMUIIb-
Heie ctaHkM Rasacut XXL ¢oupmbl RSA Entgrat-und Trenn-Sys-
teme mpenHa3HAYeHbI VISl Pe3KK TPYO M CIUIOLIHBIX 3arOTOBOK
nuametrpoM ot 20 1o 170 MM, HacTpamBalOTCSI HA PE3Ky Pa3Iny-
HBIX MaTepPUAJIOB U 3aTOTOBOK Pa3HOTO MPpoduJIst, BKIIOYas KO-
BaHbIE 3arOTOBKHU.

I. C. [IOTAIIOBA

Ilo eonpocam noayueHus mamepuanog u3 3apyoelcHvixX icyp-

nanoé obpawamecs k I. C. Ilomanosoii no men./paxcy:

(495) 611 21 37, e-mail: stankoinform@mail.ru, ee6-caim:
www.stankoinform.ru
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