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COBpeMeHHhle rrO,IIXO,II;hIK palUfOHanhHOMY
OJ

MCIIOJIh30BaHMlO pecypcoB IIpM rrepBWIHOM

o6pa6oTKe rrMru;eBOrO Chlph5I
/{-p meXH. Hay" r.B.AJIEKCEEB, "aHa, mexH. Hay" E.M.BEPBOJI03

CaHKm-IJemep6YP2CKUU 2ocyaapcm8eHHbiU yHu8epcumem HU3"OmeMnepamypHblX U nU14e8blX meXHOJl02UU

A functional and parametric analysis of existing calculation models and
operational experience of cleaning and comminuting equipment used in food
industry as well as at some production facilities of meat and fish industry is
presented. The results of the analysis indicate the presence of the system
of creation and functioning of resource-saving equipment including the
development and Investigation, manufacture and designing, operation, repair
and servicing.

O~HOH H3 TeH,LJ,eIil..Ullipa3BHTIDI pblHKa nHl.QeBOH npO~K-

I.U1HSlBJUleTCHB03paCnUOUl,ee norpe6JIeHHe JIerKOH nOJIHO-

l\eHHOH nHUl,H H BbrreCHeHHe H3 pa~HOHa TIDKeJIblX npO~K-

TOBnHTaHIDI CHCnOJIb30BaHHeM He06pa60TaHHOrO nlofl.QeBO-

fO ChlphSl. ITo ~aHHhIM ArpoJ-llil1T3illTI1, nOTpe6JIeHIofe

KaprO<peJTSIB nepepa60TaHHOM B~e Ha ~rny HaCeJTeHIofHB

ro~ COCTaBJTSleT(% OT BaJIOBOrO c60pa): BO <I>paH~1of1of- 6; B

repMaHlof1of- 23; HH,n,epJTaH,LJ,ax- 25; BeJTIofK06pHTaHHH - 50 Iof

ClllA - 36,5. B HalUeH crpaHe :ITOT nOKa3aTeJTb He npeBhl-

waer 1 %, 'ITO CBH3aHOC HH3KOH3<P<peKTIofBHOCTblOnepepa-

60TKH IlHllI,eBOrO CblpbH B npOMbllUJIeHHblX YCJTOBIDIX.

ComaCHO ~aHHblM oeJTOpyccKOro Hayl.lHO- npoIof3BO~CTBeH-

HOro o6'be,lumeHIDI no npOH3Bo,nCTBy npO~KTOB nlofTaHIDI H3

KaPTO<Pem, eCJTHCpaBHHTeJIbHYIO ce6ecTolofMoCTh 1 Kr Kap-

TO<PeJTenpo~B, npHroTOBJleHHbIX B ,nOMalUHHX yCJTOBIDIX,

npHHHTh 3a 1, TO B 06l.QeCTBeHHOM nHTaHlof1ofOHa COCTaBJTjJeT

0,67, a B npoMbllUJIeHHOCTIof- 0,57, nplofl.leM B npOMbllUJTeHHO-

CTIofOHa HMeeT reH,LJ,e~ K CHIDKeHHlO.

B MaClUTa6ax orpaCJTIof3TO npHBo,nIofT K TOMY, l.JTOnepepa-

60TKa 1 MIlH T KapTO<peJIHHa KapTO<peJIenpO~KTbl 06ecne-

lJHBaeTYMeHblUeHHe nOTepb nplof xpaHeHIofH TaKoro )l(e KOJIH-

lJeCTBaHa 83 ThIC. T, BblcB060)/(,UaeT 12,5 TbIC. BaroHoB, ,naeT

B03MO)l(HOCTbKOMnJIeKCHO nepepa6aTbIBaTb cblpbe C nOJT-

HOHymJIlof3al\lofeH H pal\IofOHaJIbHbiM IofCnOJTb30BaHHeMOTXO-

~OB, a npHMeHHeMhle .um xpaHeHIDI eMKOCTH MOryT 6blTh

COKpaweHhl B 7 - 8 pa3. TeH,LJ,eH~HSIpOCTa npoIof3BO~CTBa

npO~KTOB B npOMbllUJIeHHbIX YCJTOBIofj/XHa6JTlO,naeTCHTaK-

)/(e BKpynHHOH, KOH,LJ,HTepCKOH,KpaxMaJIOnaTOl.JHOH, KOHcep-

BHOHH nHUJ,eKOH~eHTParnOH, pbl6HOH Iof~PYrHX OTpacmx nlof-

~eBOH npoMbllUJIeHHOCTH.

DPOH3BO~CTBeHHbIH npo~ecc npHrOTOBJIeHHjJ mfUl,H, KaK

H3BeCTHO, BKJIIOl.JaeT,nBe CTa,UHH: nepBHl.JHYlO 06pa6OTKY

CblpbH npH H3rOTOBJleHHH nOJIY<pa6pHKaTOB IofTenJTOBylO 06-

pa6on<y npH npHroTOBJIeHHH IlHlQH, roTOBOH Kynarpe6JIeHHlO.

AHaJIH3 OKOJIO300 B~OB KYJIHHapHOH npo~~IofH: OBOUl,HOH,

KpymHoH, pbl6HOH H MHCHOHnOKa3blBaeT, l.JTOHalof60JTblUHe

3arpaThI rpy,n,a (,no 70 %) npHXo,nHTCH Ha nepBYJO CTa,UHlO.

TOJIbKOHa pa3,lJ,eJTKYH <l>HIIeTHpoBaHHephl6bl, HanpHMep, npH-

XO~HTCSIOT 27 ,no 50 % 06Ul,eH rpy,noeMKocTH npo~ecca.

KpoMe 3KOHOMHH rpy,nOBbIX pecypcoB HOBoe nOKOJIeHHe

reXHOJTOrlofl.JeCKoroo6opy,n,oBaHHH npH3BaHO CYJ..QeCTBeHHOco-

KpaTIofTb norepH CblpbH. ITPH nepBIofl.lHOH 06pa6OTKe CblpbH

B npOMhllUJTeHHblX yCJIOBIof.lIXnorepH COCT~lOT 12- 30 %.
ITplofl.leM TaKHe pe3YJTbTaTbi ,nOCTHralOTCH TOJIbKO Ha HOBOM

060py,noBaHHIof, l.JTOnplof cpe,nHeM cpOKe 3KCnnyaTauHH Ma-

lUlofHB nlofl.QeBOHnpOMhllUJTeHHOCTIof 10- 12JTeTpeaJIIof3yeTCH

He 60JTee l.JeM Ha 5 - 10 % Bcex npe,nnpIDITIofH.

3Hal.JIofTeJThHaHTpy,noeMKocTb nepBIofl.lHOH 06pa60TKH H no-

replof CblPbJI nplofBo,nJITK ,nOCTaTOl.JHOBblCOKOHy,n,eJTbHOH3Hep-

roeMKocTIof nplofMeHHeMblx TeXHOJIOrH4eCKHX npo~eccoB H

annapaToB. 04eBIof,nHo HeCOOTBeTCTBHe Me~ PbIH04HbI-

MlofTeH,LJ,eHl\1of5lMIofYBeJIlofl.leHIDI norpe6JIeHHjJ nOJIY<l>a6pHKa-

TOB, 1of3rOTOBJTeHHbIXnpOMbllUJIeHHblMH MeTO,naMH, H pecyp-

coeMKHMH npOl\eCCaMH H annapaTaMH, npHMeHHeMblMH .um

nepepa60TKIof l\eJToro p5l,na npo~oB nHTaIDfjJ, oc06eHHo Ha
CTa,UIof5IXnepBIofl.JHOH06pa6OTKH.

Pecypcoc6epe)l(eHHeM C4HTaIOT cOBoKYnHocTb MeponpH-

HTIofH,CHIof)l(alOl.QHXpecypconorpe6JIeHHe npH oCyl.QeCTBJTe-

HHH reXHOJIOrlofl.leCKoro npo~ecca WIH pa60Tbi MalliHHbI nplof

3a,naHHb1X yCJIOBIDIX, n03ToMY ,WU/ nlofUl,eBblX npoH3Bo,nCTB

oc06eHHo Ba)l(Hbl CHIDKeHlofenorepb npH 06pa60TKe npo~K-

TOB nHTaHI151H YBeJII14eHIofe ,nOJTroBe4HocTH 060py,noBaHIDI.

BMecTe C TeM 3KOHOMI151MaTepHaJIbHblX cpe~CTB ,nOJT)l(Ha

npe~cMaTpIofBaTbC5I Ha Bcex 3Tanax npOl\eCCOB 11annapa-

TOB: pa3pa60TKe, 113rOTOBJIeHIofIof,3KcnJIYaTa~HI1I1 YTI1JTH3a-

~1111OTXO~OB. 3<p<peKTHBHOCTb3KcnnyaTa~H TOro HIII1 HHO-

ro npol\ecca I1JTIofannapaTa MO)l(HO o~eHIofTb CJTe~lOl.QIofM

06pa30M.

DYCTb B pe3YJTbTare HaYl.JHbIX HCCJIe,nOBaHIofHKOJIlofl.leCTBO

OTXO,nOBnl1Ul,eBoro CblpbH npH nepepa60TKe B annapaTe

CHH31ofJIOChC no,no nl• OrKoppeKTHpyeM 06'beM nepepa6a-

TbIBaeMoro ChlpbH TaKHM 06pa30M, 4T06bl (<Ha Bblxo,ne»
nOJIY41ofThO~HO 11TO )l(e KOJIlofl.leCTBOfOTOBOro npo,UyKTa A.
C 3TOH l\eJTblO MO)l(HO 3anHcaTb

A = ao (1 - no) = al (1 - n), (1)

OTKY,nacJTe~YeT, 4TO HOBblH 06'beM nepepa60TKH CblpMI on-

pe,neJIIofTCJIKaK



a,=ao(l-no)/(l-n), (2)
me ao - nepBOHa'laJIbHbIH 06'beM nepepa60TKH CblpMI;

no' n1 - OTXO,Ll,bICOOTBeTCTBeHHOHa 6a30BOM H ycoBep-

WeHCTBOBaHHOMo6opy,Ll,OBaHHH.

llpHIDITbIe ,LI,onyIll,eHlliI n03BOJHIJOT,3H<UIK03cPcPHUHeHTbI

HOpMaTHBHbIX HnH Cpe,Ll,HeCTaTHCTH'leCKHXHaKna,D,HbIX pac-

XO,Ll,OB,OueHHTb o6Ill,y1O 3cPcPeKTHBHOCTbcPYHKUHoHHpoBaHlliI

npouecca HnH annapaTa 3cne,Ll,ylOIll,HM COOTHOllIeHHeM:

:3 = {C(l-no)[ E T + E ]-~(A7 + AR + A,)}/(l- ~)+
(I+E) -I H P

+C(l- ~)(A2~ + ~A4 + A3A4~ + AJEJ + A(A7 + ~ + A,) -
P(l-no)no (3)

-[ CAt (1~~~)(~~l~)][(l+~TM -I+Ej
r,Ll,eC - CTOHMOCTb 6a30BOrO o6pa3ua o6opy,Ll,OBaHHR;

A - 06'beM nepepa6oTaHHoro CbIpbSl «Ha BbIXO,Ll,e»;

P - npOH3BO,Ll,HTelIbHOCTb6a30BOrO o6pa3Ua;

T - CpOK Cny)l(6bI 6a30BOrO o6pa3ua;

m - K03cPcPHUHeHTnOBblweHlliI cpoKa CJIY)I(6bI HOBOro

o6pa3ua;

no' n, - K03cPcPHUHeHTbi nOTepb CblpbSl COOTBeTCTBeHHO

6a30BOrO H HOBoro 06pa3uOB;

E
H

- HopMaTHBHblH K03cPcPHUHeHT3cPcPeKTHBHOCTHKanH-

TanbHbIX BnO)l(eHHH;

Ao - CTOHMOCTb 1 Kr CblpbR;

A I - K03cPcPHUHeHTnOBblweHHSI CTOHMOCTH HOBOro 06-

pa3ua;
A

2
- K03cPcPHUHeHTnonpaBKH Ha ,LI,OCTaBKYH MOHTa){(;

A
3

- K03ePcPHUHeHTCOnyTCTBYIOIll,HX KanHTaJIbHbIX BlIO-

)l(eHHii;

A4 - K03cP<PHUHeHT aMopTH3aUHoHHbiX OT'IHCneHHH;

As' A6 - K03<P<PHUHeHTbl OT'IHClIeHHH COOTBeTCTBeHHO

Ha KanHTaJIbHblH peMoHT H Tex06clIy)l(HBaHHe;

A7 - K03<P<PHUHeHT3Hepro3aTpaT;

As - K03cP<PHUHeHT3apa6OTHoH nnaTbl;
A

9
- K03<P<PHUHeHT3aTpaT Ha cneuo,Ll,e)l(,Ll,y.

llo COOTHoweHHIO (3) MO)I(HO BbijlBHTb nyTH nOBblweHlliI

3<p<peKTHBHOCTHnpoueccoB 06pa6oTKH npoJl.YKTOB nHTaHHSI.

qHcneHHble paC'IeTbl no npHBe,Ll,eHHbIM <popMynaM no,D,-

TBep)l(,Ll,alOT He06xo,Ll,HMOCTb CHH)I(aTb OTXO,Ll,blnpH o6pa-

60TKe npaKTHl.IeCKH nlO60ro BH,LI,anHIll,eBoro CbIpbSl H no-

BblwaTb ,LI,Onroae'lHOCTb060pY,Ll,oBaHHSI,BbrnBlIjISI onpe,Ll,eneH-

HbIe TeH,Ll,eHUHHno Mepe H3MeHeHlliI 3THX napaMeTpoB: ,LI,a){(e

npH HcnOnb30BaHHH 60lIee ,LI,OlIrOBe'lHOrO annapaTa npoHc-

XO,LI,HTCHH)I(eHHe3<P<PeKTHBHOCTH,ecnH npH peaJIH3aUHH npo-

uecca nOJIY'lalOTcR 3Ha'IHTelIbHbIe OTXO,Ll,bI,a nepepa60TKa

,LI,OporoCTOSlIll,ero CblpbSl 3cP<peKTHBHa TOlIbKO ,D,nSlMaJIOOT-

XO,Ll,HbIXnpoueccoB.

llpOBe,Ll,eHHbIH <pyHKuHOHaJIbHO-napaMeTpH'IecKHH aHa-

nH3 cyIll,ecTBylOIll,HX paC'leTHbIX MO,Ll,elIeHH OnblTa 3Kcnnya-

TaUHH O'IHCTHTenbHoro H H3MelIbtrnTenbHoro 060PY,Ll,OBaHlliI,

HCnOlIb3yeMoro B KOHcepBHoM H OBOIll,ecywHnbHoM, KpaxMa-

nOnaTOtIHOM H KOH,Ll,HTepcKOM,KpynRHOM npOH3BO,Ll,CTBaX,a

TaK)l(e Ha HeKoTopblX npe,Ll,npHSlTHSIX pbI6HOH H MSiCHOH

npoMblwneHHocTH BbISlBHlI CBSl3b OT,LI,elIbHbIX xapaKTepH-

CTHK nepepa6aTbIBaeMbix npO,Ll,yKToB nHTaHlliI C pe)I(HMa-

MH 06pa60TKH H ,LI,OnOlIHHTelIbHbIMH 3aTpaTaMH Ha 06ClIY-

)l(HBaHHe.

Pe3ynbTaTbI 3TOro aHaJIH3a CBH,LI,eTelIbCTBYIOT 0 HaJIH-

'1HH BnonHe 3aKOH'IeHHOH CHCTeMbI C03,L1,aHlliIH <pyHKUHO-

HHpoBaHHSI pecypcoc6eperalOIll,ero 06opY,Ll,OBaHlliI, BKnIO-

'1alOIll,eH B ce6S1 TpH B3aHMOCBSl3aHHbie nO,Ll,CHCTeMbl:

pa3pa60TKa H HCCne,Ll,OBaHHe;

H3rOTOBneHHe H npoeKTHpoBaHHe;

3KcnlIyaTaUHSI, peMOHT H Tex06cny)I(HBaHHe.

B COOTBeTCTBHH C napaMeTpH'IeCKHM aHaJIH30M H no-

cTpoeHHoH CTpyKrypOH CHCTeMbl MO)l(HO npe,Ll,nOlIO)l(HTb,

LJTOHMeeTCSI ClIe,Ll,YIOIll,<UI<PYHKUHOHaJIbHaSi CBR3b Me)l(,Ll,y

ee OT,LI,enbHblMH31IeMeHTaMH: HCClIe,Ll,OBaHHeMexaHHKH KOH-

TaKTa CblpbSl C pa60l.lHMH opraHaMH - HCClIe,Ll,OBaHHeTeM-

neparypHblx pe)I(HMOB B 061IacTH KOHTaKTa - pa3pa60TKa

(<popMynHpoBaHHe pa60l.leH rHnoTe3bl) npHHUHnHaJIbHOrO

peweHHSI - npOeKTHpOBaHHe 060pY,Ll,OBaHlliI (YWOB HlIH pa-

60LJHX opraHoB) - npOeKTHpOBaHHe TeXHOlIOrHH H mrOTOB-

lIeHHe onblTHoro o6pa3ua - MOHTa){( H OTlIa,D,Ka- OnbITH<UI

3KcnnyaTaUHR - peMoHT (,LI,OBO,Ll,KaY31I0B HlIH OT,LI,elIbHblX
,LI,eTaJIeH).

MWO)l(eHHOe Bblwe CBH,LI,eTelIbCTByeT 0 He06xo,Ll,HMOCTH

YTOl.IHeHHSIHeKOTOpbIX xapaKTepHCTHK MeXaHHKH BJaHMO,Ll,eH-

CTBHSIKOHTaKTHpYlOIll,HX Ten.
f.fepueM nOKa3aHO, 'ITO,LJ,njI,LI,ByxTen, npH)I(HMaeMbIX ,LI,pyr

K ,LI,pyry cHnoH P, ,LI,eHCTBYIOIll,eHB BepTHKaJIbHOM HanpaBlIe-

HHH OCH OZ, H nepBOHa'laJIbHO KOHTaKTHpylOIll,HX B TO'lKe,

napaMeTpbl 06pa3YIOIll,eHCSI nnOIll,a,D,KH HaxO,LI,SITnpH pewe-

HHH CHCTeMbl ypaBHeHHH:

(A + J.!)(8e1 Ox) + J.!V2U = o;}
(A + J.!)(8e I 8y) + J.!V2V = 0;

(A + J.!)(8e I 8z) + J.!V2W = 0,

r,Ll,eU, v, W - nepeMeIll,eHlliI TO'IeK ,LI,e<popMHpyeMoro TelIa;

e =aUj()x +a vj()y +a Wj()z - 06'beMHOe paCllIHpeHHe;

V'2= a2j()x2 + a2j()y2 + a2j()z2 - onepaTOp JIannaca;

A, J.! - K03<P<PHUHeHTbI JIaMe.

llpH 3TOM npe,Ll,nOnaraeTCSI BbInOnHeHHe cneJl.YIOIll,HX YC-

1I0BHH:

a) Ha nOBepXHOCTH ,LI,aBneHHSI npH Z = 0

'tzy = J.!(8V I 8z + 8W 18y) = 0;1
'toa = J.!(8U I 8z + 8W 18x) = o,J

T.e. OTCYTCTByeT TpeHHe nOKOSl;

6) cyMMa HOPMaJIbHblX HanpSl)l(eHHH no nOBepxHocTH

,LI,aBneHHSIpaBHa CHlIe P;
B) Ha nOBepXHOCTH ,LI,aBlIeHHSIHOPMaJIbHbIe HanpSl)l(eHHSI

0' paBHbl (0'), = (0')2;
r) ,LI,nSl TOLJeKnlIOCKOCTH XY, ne)l(aIll,HX BHe KOHTYpa ,LI,aB-

neHHSI, cr,= O.
DonbwoH 06'beM 3KcnepHMeHTaJIbHbIX HCClIe,Ll,OBaHHHCBH-

,LI,eTenbcTByeT 0 TOM, '1TO,LJ,njlpeaJIbHoro llIepOXOBaTOro Tella

,D,nSlonHcaHHR 3aKOHa paCnpe,Ll,elIeHlliI c<pepH'lecKHX cerMeH-



TOBMO.D.ellHMO)I(HOHCnOllh30BaTb CTeneHHYlO epyHKnHlO

<P(x)= n)nc = bxv, (S)
r.D.en - 'lliCllO BeplllHH, lle)l(al.l(HX BbIllie ypOBHlI x;

,; - o6l.l(ee 'lliCllO cepepWleCKHX CerMeHTOB;

b: v - KOHCTaHTbI.

PaCCMOTpHMKOHTaKT.D.ByxTell - flIMKOro H lllepOXOBaTO-

roo IIYCTb lllepOXOBaTOCTb MO.D.eJIHpyeTclI cepepH'-IeCKHMH

BbIC1)'naMH, pa3Mel.l(eHHbIMH no 3aKOHY (S). B HeHarp~eH-

HOMCOCTOlIHHHlllepOXOBaTalI nOBepXHOCTb KaCaeTCH flIM-

KOH:nOBepXHOCTH CBoeH HaH60llee BbIC1)'TIalOl.l(eH HepOB-

HOCTblO.IIOClle rrpHJIO)l(eHHlI HarpY3KH P KOHTaKTHpYlOl.l(He

Tena c6nH31ITClI Ha HeKoTopylO BellHlJHHY Mi, npH 3TOM

6Y.D.yTKOHTaKTHpOBaTb H .D.pYfHe cerMeHTbI mepOXOBaTOH:

IlOBepXHOCTH.

PeweHHe 3a.D.alJHfepua 06 ynpyroM KOHTaKTe cepepbI C

nonynpocTpaHcTBoM .D.aeTB03MO)I(HOCTb3anHcaTb epyHKUHlO

N(E - x) B BH.D.e

M(E - x) = 4rl/2 RJI2 (E - x)3/2/38
max

npH8= (l-Jl~)1 E[ +(l-Jl;)1 E2, (6)
r.D.eE; H j.t.j - MO)l.yllH ynpyroCTH Tell H K03epepHUHeHTbI I1yac-

COHa.

C yqeroM xapaKTepHCTHK paCnpe.D.elleHHlI HepOBHOCTeH b
HVH3(S)no~HM

E = [(2-J1tPc8/k)(rIRmaxb2) 112]2/(2V + I)

IlpH kv = f(v + 1)/f(v + 312), (7)
r.D.e P

c
= PIAc - KOH1)'pHoe .D.aBJleHHe.

I10CKOJIbKY.D.MIIJIOl.l(a)l.He.D.HHH'IHoro KOHTaKTaa; = (0,7Sx

xP,r8)1/3 H MHKporeOMeTpHlI mepOXOBaTOCTH nOBepXHOC-

TH HaH60llee nOllHO MO)l(eT 6WTb onHcaHa KaK
~-1 = (rb11v)IRmax,TO ycpe.D.HeHHOe .D.aBlleHHe Ha nllOl.l(a.D.Ke

MO)l(HO3aIlHCaTb B BH.D.e

p, = p~/(2V+I)[(2VI2 kJj,1/2) 18nl/2 ]2V/(2V+I). (8)

I1pe.D.nOllO)I(HB,lJTOIIlITHO KOHTaKTaKpYflIoe, nOJIY4HM BbI-

p~eHHe .D.lllI Onpe.D.elleHHlI .D.HaMeTpa

d, = (2r/VI/2)(21t1l2/).Vpc8Ik)II(2V + I) . (9)
IIonyqeHHble COOTHOllleHHlI CBH.D.eTellbCTBYlOT0 TOM, lJTO

IIpH KOHTaKTe peaJIbHbIX mepOXOBaTbIX Ten, B lJaCTHOCTH

rrpo,LIyKTamrra.HIDI H a6pa3HBHOro pa60lJero opraHa, BellWIHHa

IlHTHa KOHTaKTa 3aBHCHT OT xapaKTepa paCnpe.D.elleHHlI

HepoBHOCTeH:,T.e. OT pa3Mepa 3epHa B BbI6paHHOH eppax<I.Um.

PaCCMOTpeHHalI !:lbIllie MaTeMaTHlJeCKalI MO.D.ellb n03BO-

JUleTyCTaHOBHTb BJlHlIHHe pa3llWlHbIX YCllOBHH: KOHTaKTa B

TOMc~ae, KOr.D.aTella TaHreHL\HaJIbHO Hen0.D.BH)I(HbI. I1pH

a6pa3HBHOH:06pa6OTKe rrHl.l(eBOrO CblpblI Hap$l)l.y CHOpMaJIb-

HbIM KOHTaKTOMoCyl.l(eCTBJIHeTClI H B3aHMHoe nepeMel.l(e-

Hl1eOTHOCHTellbHO.D.pyr .D.pyra.

,lLn1IHCClle.D.OBaHHlIBJIHlIHHlI TaKoro nepeMel.l(eHHlI Ha na-

paMeTpbI nllow.a.D.H KOHTaKTa paCCMOTpHM rrllOCKYIO KOH-

TaKTHYIOKBa3HCTaTWlecKYIO 3a.D.alJY0 CKOllb)l(eHHH TBep.D.O-

ro Tena no rpaHHlJ,e ynpyroH: nOJIYIIJIOCKOCTH.I1pH 3TOM Ha

BCeH:IIJIOW.MH KOHTaKTa C06lllO.D.aeTClI 3aKOH TpeHHlI

't = 'to - kcr. (10)xy y
~eHCTBYlOl.l(He Ha TBep.D.oe TellO HopMallbHalI (P) H

TaHfeHL\HaJIbHalI (1) CHJIbI 06eCnelJHBalOT eMy paBHoMep-

Hoe .D.BH)I(eHHe. B CHCTeMe KOOp.D.HHaT,CB1I3aHHOH C TBep-

.D.bIMTell OM, 6y.D.YT HMeTb MeCTO Clle)l.yIOl.l(He rpaHHlJHble

YCllOBHlI:

cr = O' 't = 0 (-00 < x < -a b < x < +(0)' V =.f{x) + n'y , xy , , 'I'
'tXy = 'to - kcry (-a < x < b), (11)

r.D.ev - HOPMaJIbHalI KOMnOHeHTa CMel.l(eHHH Ha rpaHHue

(y = 0);
.f{x) - epopMa KOHTaKTHpylOl.l(ei1 rroBepxHocTH TBep.D.oro

Tella.

Ha rpaHHlJ,e yrrpyroH rrollyrrllocKocTH BbllIOllHlIeTClI

clle.D.YIOl.l(ee COOTHOllleHHe:

[nE 12(1- j.t.2)](Bv 1ax) =
+«>

= J[(O'y)y=o/(t-x)]dt-n('txy)y=o(1-2j.t.)/(2-2f.!). (12)

I1pH HaJIHt.IHH TaHreHlJ,HaJIbHOrO rrepeMel.l(eHHlI H3-3a

HecoBepllleHHoH ynpyrocTH peaJIbHbIX MaTepHaJIbHbIX Tell

rpaHHt.IHble YCllOBHlI 3a.D.alJH CTaHOBlITClI HeCHMMeTpHt.I-

HbIMH H .D.lllI pellleHHlI ypaBHeHHlI JIanllaca MeTO.D.<l>ypbe

HenpHMeHHM.

BBe.D.eMB HH)l(HeH:nOJIYIIJIOCKOCTHepYHKnHIO KOMlIJIeKCHO-

ro nepeMeHHoro Clle.D.YIOl.l(ero BH.D.a:

+«>

w(z) = U-iV = f[(O'y)y=o l(t-x)]dt.

C Yt.IeTOM npe.D.ellbHbIX 3HalJeHHH 3anHcaHHoro HHTerpaJIa

THna KOlliH rpaHHt.IHble YCllOBHH )l.JI1I Onpe.D.elleHHlI w(z)
nOJIY4HM B BH.D.e

V=O (-co<x<-a, b<x<+co); }
U + kV(l- 2j.l) 1(2 - 2j.l) = nF(x), (-a < x < b), (14)
r.D.eF(x) = 'to(1 - 2j.l)/(2 - 2j.t.) + Ej'(x)/2(1 _ j.t.2).

Onpe.D.elleHHe aHaJIHTHlJeCKOH epYHKlJ,HHw(z) B HH)I(HeH

nOllynllocKocTH - lJaCTHbIH CJIYlJaH 3MalJH fHJIb6epra- PHM-

MaHa. ~aBlleHHe Ha nllOl.l(MKe KOHTaKTa npH YCllOBHH p(x)=
= - (cr)y=o paCClJHTbIBaeM no epopMylle

p(x) = -(V)y=oht =

= -F(x) cos[ 7t{I/2 - 13)]/ ~l +[k(l - 2!l)/(2 - 2!l)]2 +

+Psin[7t{I 12 - 13)]/[ 7t(x +ay/2+P(b - X)1I2-P]+

+{ sin[7t{I 12 - 13)]/[ 1t~1 +e(l - 2!l)2/(2 - 2!l)]2 x
x(x + a)1/2+p(b - X)1I2-p} x

h

x f[F(~)(~+a)1/2+P(b-~Y/2-P I(~-x)d~,

r.D.e~ = (1/1t)arctg[k(1 - 2j.t.)/(2 - 2j.t.)].
I-h COOTHOllleHHlI (1S) clle)l.yeT, lJTO xapaKTep pacnpe.D.e-

neHHlI .D.aBlleHHlI onpe.D.eJIlIeTClI BH.D.OMepYHKlJ,HHF(x) H3 (14),
KOTopalI 3aBHCHT OT epOPMbI nOBepxHocTH TBep.D.OrOTella,

onHcbIBaeMOH 3aBHCHMOCTblO .f{x).
B paccMaTpHBaeMoM cJIY4ae a6pa3HBHOfC> B03.D.eHCTBHlIHa

npO.D.yKTbI nHTaHHlI .D.aBJleHHeno IIJIOl.l(a,nH KOHTaKTa 3aBH-

CHT OT <pOPMbI nOBepXHocTH TBep,noro Tell a, T.e. OT epOPMbI



e,ll.HHIflIHoro 3epHa Ha rmOrn;a,n:b KOHTaIcra, qTO 5IBJUleTC5Ixa-

paKTepHCTHKOH Onpe,ll.eJIeHHOH MapKH a6pa3HBa.

ITPH 3KCnepHMeHTaJIbHOH npOBepKe CepOPMYJIHpOBaHHblX

TeOpeTH'leCKHX npe,ll.CTaBJIeHHH He06xo,ll.HMO BbI5IBHTbTaKHe

3aBHCHMOCTH,ll.JI5Ipa3HbIX BH,ll.OBnHrn;eBOrO Cblpb5l.

.LI:pyroH OCHOBHOH3a,n:aqeH npH pa3pa6OTKe pecypcoc6e-

peraIOIIJ;HX MaWHH 51BJI5leTC5IaHaJIH3 paCnpe,ll.eJIeHH5I TeM-

nepaTYP B 30He KOHTaKTa pa60qero OpraHa M 06pa6aTbI-

BaeMOH nOBepXHOCTH, T.e. BbI51CHeHHemy6HHbI npOHHKHO-

BeHH51M3OTepMbI, HeranlBHO BJIM5IlOrn;eHHa nMrn;eBOe Cblpbe

(KJIeHCrepH3aI.(ID1 KpaxMaJIa == 60°C, ,ll.eHaTYpaI..\M516eJIKa ==
70°C M ,ll.p.). .LJ:,rI5IOI..\eHKMpacnpocTpaHeHM5I TaKHX H30TepM

paccMoTpMM np0I..\ecc npoHMKHOBeHH5I TeMnepaTYpHoro

nomI nepneH,ll.HKyJI5IpHO 06pa6aTbIBaeMoH nOBepxHocTH

npO,ll.YKTa, T. e. O,ll.HOMepuylO 3a,ll.aqy 0 pacnpe,ll.eJIeHHH

TenJIa B 6eCKOHeqHOM CTep)KHe. ):(.rr513Toro HaH,ll.eM epyHK-

I..\HlOT(x, t), y,ll.OBJIeTBOp5l1Orn;ylOypaBHeHHlO

a2T aT
a ax2 = at ' (16)

HaqaJIbHOMYyCJIOBHIO 1{x,O) = <p(x)H rpaHH'lHoMY yCJIOBHlO
BTOporo po,ll.a

aT q(t)

an A
HJIH npH paBHoMepHoM rermOBOM nOTOKe

~=_q(t)
ants A

Pa3,ll.eJI5ljfnepeMeHHble H BB0.LJ.5I3aMeuy 1{x,t) = U(x)j(t),
nOCJIepMa npe06pa30BllHlfH MMHrerpMpOBaHH5I nonyqMM

-too 1 [(X X')2]
T(x,t)= f r.;-:-exp - - <p(x')dx'.

-00 ,,4rcat 4at

IToCJIe,ll.Hee Bblpa)KeHHe onHCbIBaeT pacnpe,ll.eJIeHHe

TeMneparypbI CreqeHHeM BpeMeHM B 6eCKOHeqHOM CTep)KHe

OT MrHOBeHHOro TOqe'lHOrO HCTOqHHKa HHTeHCHBHOCTblO

Q = cy, ,ll.eHcTBylOrn;ero B HaqaJIbHbIH MOMeHT BpeMeHH B

HeKOTopOH TOqKe x '.
ITonyqeHHble pe3YJIbTaTbI HMeIOT npM6JIH)KeHHbIH xapaK-

Tep, nOCKOJIbKY He onHCbIBaIOT peaJIbHble pa3MepbI n5lTHa

KOHTaKTa H xapaKTep renJI006MeHa C OKp~alOrn;eH Cpe,ll.OH,

O,ll.HaKOnOKa3bIBaIOT npHHI..\HnHaJIbHYIO B03MO)KHOCTbyqeTa

pacnpOCTpaHeHM51 TermOBblx nOJIeH no BpeMeHM H my6HHe

npOHHKHOBeHM5I.

bOJIee TOqHble OI..\eHKH pacnpe,ll.eJIeHM5I TeMnepaTYpHbIX

nOJIeHMOryr 6bITb no.nyqeHbI npH peweHHH renJIOBOH3a,n:aqH

B CJIe.n.ylOrn;eH nOCTaHOBKe. PaCCMOTpHM TeMnepaTYpHoe

nOJIe, B03HHKaIOrn;ee npH 06pa60TKe npo.n.yKTa nHTaHM5I, He

nporpeBaeMoro Ha BCIO my6HHy 3a O,ll.HH pa60'lHH XO,ll..

Termo06MeH npH 3TOM CXeMaTH3HpYeTC5I CJIe.n.ylOIIJ;HM06-

Pa30M. ITo noaepXUOCTH nony6ecKOHeqHOrO TeJIa B nOJIO)KH-

TeJIbHOM HanpaBJIeHHH OCH Z ,ll.BH)KeTC5InOJIOCOBOHHCTOq-

HHK Terma WHpHHOH 2h H 6eCKOHeqHO np0T5I)KeHHbIH B,ll.OJIb

OCMy, 5IBJUllOrn;eHC5Iero OCblO CHMMeTpMM. nnOTHOCTb ren-

JIOBOrOnOTOKa no BceH nOBepXUOCTH HCTOqHHKa 6Y,ll.eMCGM-

TaTb nOCT05IHHOH. HaqaJIbHYJO TeMneparypy npo.n.yKTa ,ll.JI5I

npOCTOTbI3anHCH I..\eJIeCOO6pa3HOnpHH51TbpaBHOH uyJIlO. CH-

CTeMY KOOp,ll.HHaTCB5I)KeMC HCTO'lHHKOM Terma, TOr,ll.a MO)K-

HO CqHTaTb, 'lT0 TermOnpOBO.LJ.5Irn;Mcpe,ll.a ,ll.BH)KeTC5Ico CKO-

POCTblO npO,ll.OJIbHOHnO,ll.a'IH B OTpHI..\aTeJIbHOMHanpaBJIeHHH

OCH Z. B 3TOM cnyqae 3a,n:aqa CBO,ll.HTC5IK peweHHlO ypaBHe-

HH5ITenJIOnpOBO,ll.HOCTH

a(a2T + a2T + a2TJ + v aT = aTax2 <3);2 az2 az at
C pa3pbIBHbIMH rpaHHqHbIMH YCJIOBM5IMH

_A~TI +aTlx=O.lzl>h=O' _A~TI =q=const
oX x=O.lzl>h OX x=O,lzl<h

H HaqaJIbHbIMH YCJIOBM5IMH

Tlt=o = O. (21)
):(.rr51peWeHH5I 3TOro ypaBHeHH5I HCnOJIb30BaJIH MeTO,ll.

HCTOqHHKOB, 3anHCbIBM Bblp~eHHe reMneparypHoro nOJI51

OT3JIeMeHTapHoro HCTOqHHKa CJIe.n.yIOrn;HM06pa30M:

2 dy'dz'dt'dT= q x
cy[4rca(t - t'))3/2

( {
X2+(y_y')2+[Z-Z'+V(t-t'))2}]x exp ------------ -

4a(t - t')

2qdy'dz'dt' a
--------x

cy[41ta(t - t'))3/2 A

x j exp{- _(x_+_x_')_2_+_(y_-_y_')_2_+_[_Z_-_z_'+_v(_t_-_t_')]_2._ !!- X'}dx'
o 4a( t - t') A·

B OTJIHqHe OT H3BeCTHoro peWeHH5I, r,ll.e KOHeqHOe

KOJIHqeCTBO TenJIa Q, MrHOBeHHO BbI,ll.eJI5IlOrn;erOC5I B

6eCKOHeqHO MaJIOM o6neMe, C03,ll.aeT B Ha'laJIbHbIH MOMeHT

6eCKOHeqHO60JIbwyIO reMnepaIYPY, nOCJIe.n.ueenpHBe,ll.eHHOe

Bblp~eHHe onHCbIBaeT np0I..\eCC BbIpaBHHBaHM51TeMnepaTY-

pbl OT 6eCKOHeqHO MaJIOro KOJIH'IeCTBa Terma. YqHTbIBM,

qTO no npHH5ITOH cxeMe HCTOqHHK51BJU1eTC5I6eCKOHequo npo-

T5I)KeHHbIM no OCH y, HHTerpHpOBaHHe no y' ,ll.0JI)KH0 6bITb

BbInOJIHeHO B npe,ll.eJIax OT -00 ,ll.0 +00.
lllMpHHa nOJIOCbl onpe,ll.eJIHT npe,ll.eJIbI HHTerpHpOBaHM5I no

Z', KOTopble paBHbl COOTBeTCTBeHHO-h H +h. B 06rn;eM cny-

qae ,ll.eHCTBH5IHCTOqHHKa B TeqeHHe HeKoTOporo BpeMeHH t
HHTerpHpOBaHHe no t' ,ll.OJI)KHO6blTb BbInOJIHeHO B npe,ll.eJIax

OT 0 ,ll.0 t. C yqeTOM Toro, qTO npH WJIHepOBaHMHTeMnepa-

TYpHoe nOJIe B reqeHHe ,ll.OJIeHceKYH.D.blCTaHOBHTC5ICTaI..\HO-

HapHbIM, BepXUHM npe,ll.eJIOM no t' Ha,ll.OCqHTaTb 00. TaKHM

06pa30M, peweHHe 3a,ll.aqH MO)KHO 3anHcaTb B CJIe,ll.YlOrn;eM
BH,ll.e:

T( ) hfdz,oofdy,oof 2qdt'
x,z = -h -00 0 cy[4rca(t-t')t2 x

( {
X2 +(y- y')2 +[z- Z' + v(t -t')f}

x exp ------------ -
4a(t-t')

_!!. }exp{- _(x_-_X_')_2+_(_y y_')_2+_[_z_-_z'_+_v_(t_-_t'_)]2__ ~ x' h,).(23)
A 0 4a(t-t') ,.... r

ITpe06pa30BaB TIO Bblp~eHHe H BbInOJIHHB HHTerpHpOBa-

HHe no BpeMeHH H KOOp,ll.HHaTey', 3anHlueM pe3YJIbTaT qe-



PaJAeIl 2. m1U4EBbIE TEXH0J10nUIl

pe3 MO,UHlIlHQHpoBaHHYIO <PYHl<IJ,HIOBecceml BToporo po,Ua

H)'JIeBoro nOpAAKa

):VUI aHaJlH3a H npaKTlfllecKoro HCnOJIb30BaHHR nOJI)"-IeH-

HOro Bblp(l)l{eHHR QeneC006pa3HO npe,UCTaBHTb ero B BH,Ue

epYHKQIDtOT6e3pa3MepHblx KpHTepHeB.

0603HalfHM 6e3pa3MepHble KOMllJIeKCbI Tlma KpHTepHR

I1eKne cne.uyIOr.u.HM06pa30M: (25)

v(z - z') =~; vz = z; vx = X; vh = H.
2a 2a 2a 2a

I10,UCTaBHB3TH 0603HalfeHHR B Bblp(l)l{eHHe (24), nOJI)"-IHM

,lVuI npaKIwlecKOro HCnOnb30BaHHR nOJI)"-IeHHoro pellIeHHH

He06xo,UHMO,UonOnHHTenbHO npe06pa30BaTb ero TaK, lfT06bl

OHO OTBelfaJIO HaJlO)l(eHHbIM Ha nepeMeHHbIe rpaHHlfHbIM

ycnoBHHM. BbmOJIHHB TaKHe npe06pa30BaHH.II, non)"-IHM pe-

rneHHe 3a,UalfH, y,UOBJIeTBOpHIOr.u.eeycnoBHIO TenJlo06MeHa

no,UHCTOlfHHKOM

1 [Z+H ~
Q= H f exp(-~)Ko(vX2+~2)d~-

1- _/3_ f Q(Z)dZ Z-H

2Hrc -H

-/3 zy exp(/3X -~) fexP(-/3X)Ko (JX2 +~ 2 )dX~ }
Z-H X

r,Ue ~ - 6e3pa3MepHbIH KOMnJIeKC, xapaKTepH3ylOr.u.HH

HHTeHCHBHOCTbTenJIo06MeHa.

~ = (2aa)/(A v).
tIHcneHHbIe OQeHKHxapaKTepa npoHl1KHOBeHHR «onaCHblX»

H30TepM B my6b npo,UyKTa CBH3aHbi C pe3YJlbTaTaMH pellIe-

HHH np04HocTHOH 3a,UalfH H MOryT 6bITb nOJI)"-IeHbl nOCJle

3KcnepHMeHTaJlbHOrO nO,UTBep)I()J.eHH.IIMo,UeJIeH.

OCHOBHOH QenblO npOBO,UHMbIX HCCJIe,UoBaHHHHBJIHeTCH

pellIeHHe np06neMbI C03,UaHHHHa)"-IHbIX OCHOBpaQHOHaJlb-

Horo HCnOJIb30BaHHR peCypcOB npH nepBHlfHOH 06pa60TKe

nHr.u.eBoro CbIpMI. ,lVuI ,UoCTl1)I(eHHH:3TOHQeJIH He06xo,UHMO

pellIHTb cJIe.uyIOI.J.I.j1e3a,UalfH:

• Ha 6a3e CHCTeMHOrO aHaJIH3a yrolfHHTb CTPYKTYPY CHC-

reMbI c03,UaHHRa6pa3HBHOro 060py,UOBaHHR H C<POPMYJIHPo-

BaTb nocne,UoBaTeJIbHOCTb np06JIeM HCCJIe,UoBaHHR;

• MeTo,UaMH MexaHHKH TBep,Uoro TeJla H3)"-IHTb npoQecc

KOHTaKTa nHr.u.eBoro CbIpb.ll C a6pa3HBHbIMH pa60lfHMH opra-

HaMH;

• MeTo,UaMH TellJIo<pH3HKH C HCnOJlb30BaHHeM pellIeHHH,

nOJI)"-IeHHbIX npH aHaJIH3e ycnoBHH MeXaHHlfecKOro KOHTaKTa,

paccMOTpeTb npoQecc <PoPMHpOBaHHRTeMnepaTYPHbIX nOJIeH

B 30He 06pa60TKH nHr.u.eBoro CbIpb5l.;

• peKOMeH,UaQHH,nOJI)"-IeHHbIe npH peweHHH npolfHOCTHOH

H TenJIOBOH 3a,Ualf, peaJIH30BaTb B BH,Ue B3aHMoYB.II3aHHoro

napKa pecypcoc6eperalOr.u.ero 060py,UOBaHHH;

• pa3pa60TaTb MeTo,UHKy onTHMH3aQHH CHCTeM~

c03,UaHHH 060py,UOBaHHH a6pa3HBHoro B03,UeHcTBHH ,UnH

06pa60TKH nHr.u.eBoro CblpbR CYlfeTOM pecypcoc6epe)l(eHHH.

B paMKax pellIeHHH npOlfHOCTHOH 3a,Ua4H npe,UnoJIaraeTCH

npoBe,UeHHe HCCJle,UoBaHHH)J.JI.IIpa3nlfllHbIX BH,UOBnHr.u.eBoro

CblpbH C Hcnonb30BaHHeM pa3Hblx BH,UOB a6pa3HBHbIX

nOKpblTHH no Bbl.llBJIeHHlO3aKOHOMepHOCTeHBJIHHHHRepOPMbI

e,UHHH4Horo 3epHa Hero <PH3HKo-MexaHHlfecKHX xapaKTe-

pHCTHK Ha nnor.u.a,UbKOHTaKTa pa60lfero opraHa H 06pa6aTbI-

BaeMoro nHr.u.eBoro Cblpb.ll.

C 3TOH QenblO npe,UnOJIaraeTCH HCCJle,UOBaHHenpo<pHJ10-

rpaMM nOBepxHOCTeH 06pa60TaHHOrO nHr.u.eBoro CbIpbH no

H3BeCTHbiM MeTo,UHKaM ,UJl.ll onpe,UeJIeHH.II napaMeTpoB

onopHOH nOBepXHOCTH h,V H yrolfHeHHR <PYHKQHHF(x).
Ha OCHOBaHHH pellIeHHH npolfHocTHOH 3a,UalfH npe,UnoJIa-

raeTC.II C nOMor.u.blO pa3pa60TaHHOH TennOBOH Mo,UeJIH npo-

Qecca KOHTaKTa pa60lfero opraHa H nHr.u.eBoro CbIpbH npoBe-

CTHlfHCJIeHHbIH 3KcnepHMeHT )J.JI.IIyrolfHeHHR BJIHHHH.IIorpa-

HH4eHHOCTH nHTHa KOHTaKTa Ha nOJlYlfeHHbie aHaJIHTlflleC-

KHe pellIeHHH. CKOppeKTHpOBaHHble pellIeHHR npe,Unonara-

eTCH npOBepHTb 3KcnepHMeHTaJIbHO npH a6pa3HBHOH

06pa60TKe Mo,UenbHoro nHr.u.eBoro Cblpb.ll, HanpHMep PbI6bI.

ITOJIY4eHHbIH xapaKTep pacnpe,UeJIeHH.II «onaCHbIX»

H30TepM npe,UnonaraeTC.II Hcnonb30BaTb ,UJI.IIYTOlfHeHHH

pe)l(flMOB pa60TbI 060py,UOBaHH.II)J.JIRnepBlfllHOH 06pa6OTKH

nHr.u.eBoro Cblpb.ll, nOCJIe lfero Ha OCHOBamm ,Uopa60TaHHOH

QeJIeBOH<PYHKQHHnpoBeCTH oQeHKy 3<P<PeKTHBHOCTHpa60TbI

06opy.noBaHHHcTOlfKH3peHHRpaQHOHaJIbHoroHcnOJlb3OBaHHR

pecypCOB (Tpy,UOBbIX, 3HepreTlflleCKHX H CbIpbeB!,IX).

TaKHM 06pa30M,)J.JIR pellIeHHR nOCTaBJIeHHOH np06JIeMbI

He06xo,UHMO pellIHTb CJIe.uyIOr.u.He3a,UalfH:

no,UrOTOBHTb 6a3Y ,UaHH~IX )J.JIRMo,UeJlbHOrO BH,Ua nj1I.J.I.e-

Boro CblpbR H MeTO,UHKHHX 06pa60TKH;

HCCJIe,UOBaTbpa3Hble BH,UbInHr.u.eBoro CblpbH C nonylfeHH-

eM npo<pHJIOrpaMM H HX aHaJIH30M, 06pa60TaTb nOJI)"-IeHHble

,UaHHble, oTKOppeKTHpOBaTb pellIeHHR np04HOCTHOH 3a,UalfH;

npOBeCTH4HcneHHbIH 3KCnepHMeHT no BbIHCHeHHIOBJIH.IIHHH

orpaHH4eHHOCTH nHTHa KOHTaKTaHa aHaJIHTHlfeCKHe pellIeHHH

TennOBoH 3a,Ua4H, oTKoppeKTHpoBaTb aHaJIHTHlfeCKHe

peweHHH CJIa60paTopHOH 3KcnepHMeHTaJIbHOH npOBepKOH;

ocyr.u.eCTBHTb KOppeKTHpoBKy pe)l(flMOB pa60TbI TeXHOnO-

rH4eCKOro 060py,UOBaHHR, oQeHHTb 3<p<peKTHBHOCTbpa60Tbi

060py,LlOBaHHH B 3THX pe)l(l1Max, nOCTpOHTb Mo,UeJIH pecyp-

coc6eperalOr.u.era 060py,UOBaHH.II H pa3pa60TaTb era npHH-

QHnHaJIbHble KOHcTpyKTHBHble CXeMbI.


