


















M o c k o b c k h h  T e x H O J i o r H H e c K i i ñ  h h c t h t y t  
^ a C H O H  H  M O J I O H H O H  n p O M b l U I J i e H H O C T H .  CCCP

^PHBOPbl A./IÍI OnPEH E/IEH H íI CBOMCTB 
M flCO nPO flyK TO B HA nOBEPXHOCTH

A.B. PopöaTOB
1̂ HCHOÍÍ (i i a P m ’ K a K  H  A p y r n e  n n a c T H H H O - B H 3 K H e  n p o -  

'¡gc  b I * x a p a K T e p H 3 y e T C S t  K O M i m e x c o M  C T p y K T y p n o - M e x a H H  — 
í¡)6  0 X  C B O H C T B ,  K  K O T O p b I M  O T H O C H T C H  B H y T p e H H H e  ( B H 3 K 0 C T b  
Mg6 (^e , Í I t 'Í Í O e  H a n p a x e H H e  c ü B H r a ,  M o z n y j i b  y n p y r o c T H ,  c h c h — 
Il6j,0  ° C T B  0  A p . )  H  B H e i U H H e  ( j l H H K O C T b ,  K O S ^ E U H e H T  B H e i l l — 

t P s h h h )  .  F I o c a e f l H H e  n p o H B J i H i o T C H  b o  B 3 a H M o a e ñ c T B H H  
^ ^ H o ^ I Í O C T *1 n p o A y K T a  c  T B e p a n i M  t é j i o m  h  H M e i O T  c y m e c T -  
Pog ° e  3 H a a e H n e  r i p a  p a c n e T e  x c e n o ß o B  k  c n y c K O B ,  A 0 3 a T O -  
CïBà i u ^ a H C n ° ^ T e p 0 B  H  n P 0 H * H a p j i a y  c o  C A B H r o B b i M H  c b o h -  

J i a n K O C T t  M O > K e T  x a p a K T e p H 3 0 s a T b  c o c T a s  h  C T e n e H b  
^ H i n j e c K o ö  o ö p a ö o T K H  n p o a y K T a .  

t>t!iB a 0 I I K o c T b  n P e A C T a B a s i e T  c o 6 o h  y c H J i n e  H o p M a / i b H o r o  o t -  
>ioö .  T Q e p a o H  n o B e p x H O C T H  o t  n p o a y x T a  h  a  e a H H H u y  s t o i i

« P x h o c t h :

P0 " ~FT~ H/m2 (1)
V ^ TpbIB a ojIJKeH npoHcxoflHTb Ha rpaHHue KOHTaxTa, T.e. 
^  HaRAre3H° HHbIM' K ° re3H0HHUñ Pa3PMB (no cjjapmy) n a- S w ni0aaeTCH y TOHKOHSMejibHeHHbix chapmen. TmaTeafaHoe 

6 e ro  no3BOHHeT onpeaeHHTb KoxanecTBO "npHJiHn- 
S qb nP°AyKTa Ha pa6oneH noBepxHOCTH MemanoK, xyT- 

^  PsaaiiHHbix öyiiKepoB HEH c^apuia H  T .a .
Cii B c3Ĉ HUHeHT BHemHerO TpeHHH ( A  ) o n p eflen aeT - 
% H a / ] 'BeTCTBHH C -aB yaJIeHHbIM 33KOHOM TpeHHH B .B . A e~

T = j h( p k + p 0 F), (2)
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r a e
ycnane KOHTaKTa, npHKaaíibiBaeMoe nepne0
napHO nOBepxHOCTH.

3aKOH TpeHHH (2) mojkho npHBecTH k ypaBHeHHK» cpP6- 
Boä npoHHOCTH, ecnn pa3AenaTb KaJKAbiä aneH Ha:

T ”  oßmaa cana TpeHHH,

Hl

T--JH(pK + p . ) - f  P < +tV (3)

rae -jUpo — CABHroBaa npoHHOCTb Ha n o'
BepXHOCTH CKOJIbJKeHHH npH OTCyTCTBHH PaßHe it
Haa,

‘'T -  HanpaHíeHae c/iBHra Ha nOBepxHOCTH ckojih^
H H a .

YpaBHeHHe (3) mojkho npHMeHHTb k hhcto noBep*0 a 
HOMy TpeHHK) H K TpeHHK) npH *,HaMa3bIBaHHH*r n p o a í  
TBepayio noBepxHOCTb. B stom cnyqae Bce aneHbi 
OTHOCHTbCa, K3K yKa3aHO, K nOBepxHOCTH CKOJÏbJKeHH  ̂ g 
33BHCHMO jieíKHT Jin OHa Ha rpaHHiie pa3ziena hhh
npoflyKTa.

/InnKOCTb h BHeixmee TpeHHe npoaBjiaiOTCH b pe3y ^
MonexynapHbix B3aHMOfleñcTBHñ Me>Kíxy npoayKTOM 0 r o 
a oñ noBepxHOCTbio /1  / .  riosTOMy n n o m a a b  AeacTBHTe 
KOHTaKTa 6y fleT  OTjiHHaTbca ot reoMeTpaaecKOÄ. 
npom e yaecT b  nocnenHioKi h BJiHHHae Ha JinnKOCTb h v 
pa3JIHHHbIX cJjaKTOpOB.

BHyTpeHHHe CBOücTBa MaconponyKTOB b n o c n e a HVíe^  ¡¡o 

HenpepHBHO H3yaaK)Tca /2 ,3 / ;  HccneflOBaTenbCKHX Pa 0$ i 
JIHnKOCTH H KOS^X^HIIHeHTy TpeHHH HeflOCTaTOHHO ¿ ¿ypf* 
He OTBeaaioT Ha Bonpocbi npoMbiinneHHOCTH. 3 to 2 "
BHTenbHO, TaK Kan Ha p0 h Jí/i TonbKO npH 03Me^e^"< - j p HpeBnaaeT mhoto napaMeTpoB: AuiHTenbHOCTb h ycH00e $a3‘VIÉBapHTenbHoro KOHTaKTa, MaTepaan nnacTHHbi h ee pa ~ ^ ¡ r  
TOJiixtHHa enoa chapina, CKopocTb OTpbiBa (cflB ara) 0JI0 
TenbHOCTb npHJioJKeHHH OTpbiBaioiuero yenana /2/*

B CBH3H C 3THM K npHÖOpaM HeOÖXOAHMO Hpe^ 
onpezieneHHbie TpeßoBaHHH.
10
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1 • rioKa3aHHa npHÔopoB h ojiähu  öbiTb nepsiíHUME, t .e. 
TPe6oBaTb npeABapHTejibHoñ TapupoBXH Ha xaxoM-Hn6o 

^ ohhom MaTepnaae, h BbipaacaTbca b aöcoaiGTHOö cncTe- 
eAHHHu. P aö o ra  npHÖopoB flonJKna ocHOBbmaTbca na xe-°PeTKHeCKHX nOJIOHCeHHHX.
2. PlepeA H3MepeHneM etapin npHJKHMaeTca k naacTHHe 
a ycTaHOBJieHHH KOHTaKTa. HeM öoHbme ycHHHe h BpeMa 

^^äKTa, reM aya m e  c^apui 3anoaHaeT MHxpoBbiCTynbi no- 
^Px h o c t h . B  npe/iejie etapin xoHTaxTHpyeT co Bceñ noBepx- 
^ c’rtiol n a o w a A b  xoTopoñ MoaceT 6biTb öoabine reoMeTpa- 
Cjs.Cïc°ft; flaVibHeñmee yBeanaeHae ycaana H BpeMeHH He 

^ ’ttpaai>IBai0TCfl (eCiI0 He yaHTbiBaTb 'cTapeHHe" hjih caMO- 
^  K3BonbHoe ynpoHHeHHe). H e M  öoabme bh3Koctb h
Q̂6£ieabHoe HanpajKeHne CABHra 9 l i i , TeM MeaneHaee 
U CTHraeTca 3anoaHeHne MHKpoBbiCTynoB h HHBapHaHTHOCTb 
^ aa«HHä,CTb npHÖopoB. T a K H M  oöpaaoM, ycaane h AanTeab" 
^ “ npeflBapHTenbHoro xoHTaxTa AoaacHbi MeHaTbca b

°̂k°m  flaana30He,
• Pa3Mepbi naacTHH BaaaioT b tom cvtbicae, hto sniopbi 

¿^^pMauHii npH npeziBapHTeabHOM xoHTaxTe h pa3pbiBe
^ aaacTHH pa3aHHHoii iw om aag MoryT öbiTb HeoAHHaxo- 
'Pbi50 ’ °c°6eHHO npH HapyineHHH ueabHOCTH caoa chapina. ripH-
¡n6 ' Hoa»cHbi flonycxaTb ycTaHOBxy naacTHH pa3Horo pa3- 0

S0 ̂  Pa3aHHHbiH MaTepnaa naacTHH h CTeneHb e ro  o6pa~ 
 ̂ aaaajoT Ha npoaHOCTb MoaeKyaapHbix xoHTaxTOB. 

60̂ ‘ •Q‘e parHH /1 / ,  b OTHHHHe OT c p .n . BoyneHa h f l .T e ii-  
4̂/, cHHTaeT HTO o aho MexaHHaecxoe 3auenaeHHe 

^  ^aexyaapH bix  xoht3xtob He cnocoÖHO coaaaBaTb Tpe- 
H HHnxocTb. KoreaBOHHbifi pa3pbiB npH onpeAeaeHHH 

•it0 Ct h h 'HaM33HBaHHe" npoAyxxa npn HCcaeaoBaHHH 
^BUHeHTa TpeHHH, IIO” BHAHMOMy, MOHÍHO yCTpaHHTb, 
*°As k n3Mepehhhm npn oaeHb tohxom caoe npoAyic-  
3 t OT caoíi MOHÍHO OTOHÍASCTBHTb CO CM83XOH, a A3H~ 
KaivlepeHHH HHTepnpeTHpoBaTb xax annaocTb h xoacjDt^H-  

BHeiiiHero TpeHna. TaxHM o6pa30M npuöopbi AoaacHbi 
g ilHTt> ae rxo  3aMeHHTb MaTepiiaa naacTHH.

Vcjj * AnHTeabHocTb h XHHeTHxa npnaoaceHna OTpbiBaiomero 
153 Pö3anHHo BanaiOT Ha pacnpeAoaeHHe ae^opManHH h
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ycHJiHñ BHyTpH chapina. Tan, B .n .  BonoBHHCxaa /5/ n00 g 
3ana, hto  jinnicocTb MrHOBeHHoro OTpbiBa b  c p e a a e M  B ^  
pa3a 6ojibine jih iik o c t h  nocTeneHHoro OTpwBa. C koP 
TaHreHBHaabHoro CMeiueHHH npoayxTa no noBepx00^ ^  
BanaeT Ha KoacJx^HUHeHT TpeHHH, KOTopufi b  cTaTHHec
COCTOHHHH 6 0JIbUie, HeM B aHHaMHHeCKOM. B cawoMV-/ V X V/AUUU WíAUbUW I i v *-» ^uuuinu p
HT06bI CflBHHyTb HpOflyKT HyJKHO p a 3 p y m a T b  MOJieKynflP 
C 333H . n p H  f la n b H e ñ m e M  aBHJKeHHH C nOCTOHHHOñ CK V 
CTbIO KOJIHHeCTBO pa3pyineH H bIX  H BOCCTaHOBaeHHblX CB9^]vly 
6 y a e T  H a x o flH T b c a  b aHHaMHHeCKOM paBHOBecHH, n o s?  
3 í i e c b  Ha p a3 p b iB  c B S 3 e ñ  p a c x o a y e T c a  M eH bm e 9HeP 
aeM  b  H aaaa b H b iñ  MOMeHT. TaKHM o 6 p a 3 0 M , n p n 6 o p b i P °

Hbl AOnyCKaTb BapbHpOBaHHe CKOpOCTH OTpbIBa HHH 
b mnpoKOM flHana30He. eii0e

Ana onpezieaeHHa HHnKOCTH nonyHHJiH pacnpocTpaS . 
npn6opbi íiByx Tunos /5/. B nepBOM peaaH3yeTca MrHO ̂  
Hbiü OTpbiB njiacTHHbi /6/, xoraa nneno pbinara c rP̂  ^ 
ocBodoJKflaeTca o t  appeTHpa. Bo b t o p o m  — nocTene ^  

Koraa b  noaBemeHHoe k HHJKHeñ nnacTHHe BeaePK° c ^g 
croaHHOH CKopocTbic) HaHHBaeTca BOfla. 06a npE^opa „ 
AaiOT b o3 m o jk h o c t h  peaHH30BaTb Bcex nepeaHCJieHHbix 
eoBaHHH. oJOr

Ana onpeaeneHHa Koŝ xfciHUHeHTa TpeHaa chapina » 
30Banacb HaxJioHHaa noBepxHOCTb, h to  aaeT oaeHb nP^  c 
3HTejibHbie noKa3aHHa. H3BecTHbi TaKHce npafiopti* ^
noABHHCHbiM yspenneHiieM o6pa3na k nyBCTBHTenbHOMy ^  
MeHTy h CMemeHHeM njiomaaKH /1 /, 6) c aaanor
yxpenneHHeM o6pa3ua Ha BpamaioineMca .anexe /4/- eCrt> 

Pa3pa6oTaHHbiñ h nocTpoeHHbiñ npft6op no3 BOJiaeT : 0¡3
BJiHHHHe Bcex napaMeTpoB Ha nnnKOCTb. Oh c o c t  
yHHBepcanbHoro npHBoaa (pHC.l) h CMeHHoro ycTP 
ana nepeaaHH ycmiaa Ha OTpbiBaeMyK) nnacTHHy lP0 ' e# 

ripHBOa COCTOHT H3 lUIHTbl-  OCHOBaHH3 H $
CT6HKH (1 ), sneKTpoaBHraTena (2) MomHOCTbio ^po'
HHCHOM ogopoTOB 1390 b MHHyTy h peayxTopa (3)* ^
aonHceHHH BbixoaHoro Baña (4) peayxTopa cbo6o,qho^ ^ o„ 
peMemaeTca CTyneHnaTbiñ lukhb (5) a n a  H3MeHeH0í!¡BaeMyl0 
cth hhth (6 ) , KOTopaa nepeaaeT  ycnnHe Ha ° TP 
nnomaflKy. K o ra a  HHTb ( 6 )  oaeBaeTca Ha iukhb c 
12
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^HaMeTpoM, MomaflKa ( 7 )  M oxer nepeMeiuaTbca BAOJib 
chûbhoë nanejiE (8). rio  naHena (8) nepeMemaeTca neHTa, 
°TOpaa CMaTbiBaeTca c pynoHa (9 ). ripoTflrHBaeT neHTy P®3HHOBbiñ BajiHK ( 10), npaBonaMbiñ bo BpameHae aepe3 

B°HBaecKyio napy mecTepeH ( l i )  h nanaHApaaecKHe m ec - 
6Phh, pacnoao^eHHbie C3aAa CTeHxa (1 ). ycajiae  OTpbiBa 

^PeaeaaeTCH no AecjpopManaa CMeHHofi npyacHHbi (1 2 ). f l e -  
J°PManaa npn noMomn CTpenox (13) 3anHCbiBaexca Ha 
eHTe. HeBbie HenoaBaxcHbie kohhh CTpenox 3aKpenneHbi na 

^ aBKe, KOTopaa cbo6oaho nepeMemaeTca no naay (14) . 
epeMemeHae npyacaHbi co CTpenxaMa KOMneHcapyeT bo3 - 
0jKHoe pacTaJKenae hhtb, a ycaaae OTpbiBa H3MepaeTca 

PB3HOCTH M extny KpHBbIMH OT BepXHeË H HHÄHefi CTpe-Ho
flO2”0“ CKOpOCTb HHTB 16) MOJKeT MeHBTbCa OT 1,6

Mm/ce x . ripyjKHHa noAÖapaeTca no OTpbmaiomeMy y c a -  
j Q10 * H e ® MaKcaMaJibHaa AecfjopManaa ne npeBbiinaeT 
0 "^2 m m , hto npa cooTHomeHaa nnea CTpenxa 6:1 a a eT  
^■PHHaTy BbicoToñ 60- 70 m m . H im  s a n a c a  xpaBoa b3hth 
^ oaeaHHKH ot MeaanaHCKax u in p an es . CymecTBeHHO yn - 
 ̂ cthtb npaBOfl moxho , ecn a  BOcnonb30BaTbca TeH30 MeTpa— 

3 Clc°ö ßanxoa c 3anacbio  noKa3aHaö Ha ocnannorpacjje. B 
- °M c jiy a a e  yaoÖHee noM emarb 6 a iix y  HaA OTpbiBaeMoä 
acTHHoñ, Torna Hcae3HeT HeoßxoAHMocTb yaaTbiBaTb 

cBcTaJKeHHe hhth a noTepa Ha Tpenae b 6/iOKax. T apapyeT - 
npa6op noflBeniHBaHaeM paanaaHbix rpy30B . 

y *~*a PHC.2 (a a 6) cxeM aT aaecxa noxa3aHbi ABa BapaaHTa 
^ p o ä cT B a  a n a  n e p e a a a a  y c an aa  k OTpbiBaeMoö nnacTHHe. 
^  ® C0CT02T H3 IIOABHJKHOH H HönOABHJKHOÖ njiaCTHH C Ma-  
^PaanoM ( l )  a inTOxa ( 2 ) ,  kotopmë nepeM em aeTca b 
^PTHKajibHbix HanpaBjiaiomax ( 3 ) .  TonmaHa npoayxTa 
t J ^ y  njiacTBHaMH H3MepaeTca BHAHKaTopoM aacoBoro 
CjJ a  ( 4 ) .  ChYTHaaioTca ycTpoficTBa TeM, hto b oahom 
>t ^ ae y CHJIHe Ha m-roK nepenaeT ca hhtbki (6 )  aepe3 6no- 

a B ApyroM -  HHTbK) (6) aepe3 xopoMbicno jia6o- 
t,0 °PHtix BecoB (5 ) . B H3roTOBJieHHOM npaöope b xaaecTBe 
^ bhjkhoö aacTH (noaanaa 2 ,3 ,4 )  acnonb30BaH KOHaaecKaä 

K n - 3  cacTeMbi npoc|}. M ..n . BonapoBaaa. 
yc ^°AroTOBKy o6pa3na k onuTy mojkho ocymecTBJiaTb Ha 

PoäcTBe, noxa3aHHOM Ha pac.2; oho no3 BonaeT peana3 0 —
13



B a rt Bee H eoöxoaaM bie TpeSoBam ia. OaHaKO sto Bbi3iJBae  ̂
yanaH eH ae onbiTa h3—3a  BKmoaeHHa b Hero noflroTOB0Te,Ig 
Hbix on ep anaii. FIosTOMy 6bin H3roTOBjieH BcnoMoraTeflb01̂  
npaöop, KOTOpbiä no3BOjiaeT BapnapoBaTb: y ca n a e  0 ^  
TejibHOCTb koht3KTa, TOHiiiHHy en oa  chapina, MaTepB00 _ 
pa3M ep njiacTHH. CxeMaTHHHoe H3o6paHceHHe npa6opa  
33HO Ha p n c .3 , Oh COCTOHT HS n-o6p a3H O ä CTaHHHbl ^
iXByMa nepeKJiaflHHaMH (2 ) . H a HHJKHeñ nepeana# « 116 

Tpex npyncHHax (3) neJKHT yCTaHOBOHHaa m añ6 a (4) c 0C„ 
cneayeMOñ nnacTíinoa. nepeM em enae luaäöbi (4) B3i^eP^ 
eTca HHflHKaTopoM (5) h no TapnpoBOHHbiM rpacJsHKaM 
BOAHTca b ycanaa. <£>.apm ( 6 ) caaBnaBaeTca apyro#
THHOH (7 ), ee nepeMemeHHH peraCTpapyioTca HHa0KaT°^ 
18), KOTOpblä MOHCeT yCTaHaBJIHBaTbCa Ha pa3 H0 HHyK> ßblC°0 
Ty. Pa3HOCTb nOKa33HHH HHflHKaTOpOB H03B0naeT 
ToniuHHe enoa chapina h KHHeTHKe aec^opManañ. HnaCT m 
(7) npHJKHMaeTca ihtokom (9 ) , b KOTopbiü bxoziht ^
nnacTHHbi. LLJtok nepeM emaexca b oôoËMe (10) ^

4*
nepeMemaexca

mnoHKH OT BHHTa ( 11 ) , npHBO/iHM Oro bo B pam eH H e 
p o z iB H raT en eM  (12 ), a e n a io in H M  2 o6 / m h h , m ouiho0 
4 BT. n PH H eo6xo/iH M ocT H  s n e K T p o a B H ra T e n b  m o äH0  33  
MeHHTb Ha 6 o n e e  C K opocT H oñ. ^

I lo c n e a H H ñ  n p a 6 o p  m o jk h o  0 cn o n b 3 O B a T b  a n a  caM °c ^  

H TenbH bix H ccneaoB aH H H  c n e n n io  o n p e a e n e H a a  KOsdpdpß^ '$ 

T a  r i y a c c o H a  M o a y n e ä  y n p y ro c T H  h H a n 6 o n b m e ü  b03K°C 
npaKTHHeCKH H epa3pym eH H O H  CTpyK Typbi.

Ana onpeaeneHaa Kosc^anHeHTa BHeniHero TPe
,c*°iföpaapaöoTaHH h nocTpoeHbi a s a  npnöopa: a n a  CTäTĤ ® 

TpeHHa h TpeHna np0  Manbix cxopocTax h an a  a3 MeP npH ÖOflbUIHX cxopocTax. ^
riepBbiH npaöop (p ac .4) c o c t o h t  0 3  ocHOBaHHH 

( l ) ,  TenejKKa (2) h npaBoaoßl 8 h 9 ). Teneacxa 0M ̂  
neTbipe noneca Ha mapHKonoamanHHKax h MecTO a a a  
HOBKH CMeHHOH nnaCTHHbl (3) 03 p3 3 nHHHOrO MaTSP03 )̂,)
H a nnacTHHe noMemeHa KapeTKa (4 ), coeaaHeHHaa TP0̂ -  
(5) c TeHaoMeTpaaecKoii 6 amco0  ( 6 ). KapeTKH 0 3 ^ ° ® ^  
h m  c none3HOä nnom aabio 5; 10 0  20 cm2 h 
ycTaHOBKy pa3naHHoro KOHTaKTapyiomero ycann#' ¡̂ß 
aononHHTenbHoñ peracTpanaa THHymero ycanaa TeJie 14
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®6^ceH8 COÓCTBeHHblM flaTHHKOM (7 ) H npH nOMOLUH HH~ 
DepeMemaeTca co CKopocTtio o t  1,6 a o  20 m m / c ok  ot  

í6í¡IleHtiaTOro mKHBa (8)- LUkhb coeaHHeH c aneKTpoABHra- 
BT| o6 / m h h ) nepe3 peflyKTop. TaHymaa

a5eIs n p o x o flH T  a e p e 3  O TBepcTH e b  c t o h k s  ( 1 0 ) ,  HTo6bi 
iipjj ^6tíHTfa ropH30HTanbHoe npnaojKeHHe ycanaa k TeneJKKe 
o§ 0Cn°'rit,3OBaH0E[ pasaHHHbix l u k h b o b . ílpuSop o6aaaaeT 
ttQJiaTHívIOC'r:fc,K:>: Ha TeaejKKy b m g c t o  naaCTHHbi (3 ) m o jk h o  

^ htb cnoñ chapina, a xapeTKy (4 ) 3aMeHHTt> nnacTHHoñ 
t6ji0CCíle'ayeM oro MaTePHaJia> KHHeMaTHxa uepeMemeHHa l^p6iKKH aanncbiBaeTCH na lu h po k o h  neHTe, npoTarHBaeMOñ 
B ^ 0KaaBHO OT cneunaabHoro npHBoaa. TeH30MeTpHaecKaa 
ke a no3BoaaeT 3anHcaTb ycHHHe caBHra Ha ocmuinorpaM- 

0£íHaKO J=ínsi ynpoiueHHH m o jk h o  Bocnoab30BaTbCH npy- HblM aaTHEKOM.
Oh C * e M a  ycTpoñcTBa BToporo npn6opa noxasaH a Ha ph c .5.C ____ , . “
PlHffe|pw
6BaeHHOH HenoflBipKHO c

- - i -I---1—  ---- ““
>aPüi CT0HT H3 BPauiaiouJteroca flHCKa (1 ), KapeTKH ana  P«- a HJI0 Maca ( 2 ) ,  hhth ( 3 ) ,  CTpenKH c npy>KHHoñ (4 ) ,

l \

*« oxiHoro KOHiia h neHTbi (5 )
,4 Kj3anHCH aec^opMaHHH npy>KHHbi. A hck HMeer AHaMeTp 

S u g  BP am aeT ca c OKpy>KHoñ CKopocTbio b MecTe ycT a- 
KaPeTKH 0T 0 ,2  a o  1 M /cex ot o.aHo4)a3Horo aneic-

S e M̂ 3TejIS 0 ePe3  P ^ y ^ ° P -  Hecho o6 oPotob A BaraTena ^  «HHO, MOLUHOCTB 40 BT.
£'Sl'a«6íiTPH nPH6° Pa COCTO0T H3 OAHHaKOBblX OCHOBHblX 

H no'ao6HbI B pa6oTe. 3 to no3BonaeT b33hmho 
t|Py>KlIH yaabi, HanpHMep TeH30MeTpaaecKyjo 6anicy BMecTO 

a o ro  íiaTHHKa, h , caMoe rnaBHoe, ocymecTBHTb 
^H o  B HCcaeflOBaHHax. FIocneAHee Taioae
6 To' eCJIH yHeCTb’ HTO Ha aannocTb h TpeHHe BnaaiOT ^ k¡) ílt“Ko ycnoBHa n3MepeHHa (cM.TpeSoBaHaa k n p a6o- 

00 B cocToaHae M aca h chapina, bha e ro  MexaHuae-  
j--j TexHOHorHHecKoñ o6pa6oTKa.

^0PBI onpodoBaHbi Ha Mace h c^apme, a TaKHce Ha 
/g y liOKl M aTepaane -  BOAHoñ naCTe SeHTOHHTOBoñ rn a ~  

° HH noKa3aHH pa6oTocnoco6HocTb h ynoBHeTBopa-6c, .jjyjO (JawiutuuuuuHUCTb H yflOBHeTBOpH-
j BOCnpOH3BOXÍHMOCTb pe3yHbTaTOB, COOTBeTCTBylOT

P6AbHBHaeMbIM Tpe60BaHHHM.
15
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INDUS!®*

APPARATUS FOR DETERMINING MEAT PRODUCTS QUALITIES 
ON THEIR SURFACE Gorbatov

Minced meat, like other plastic-viscous products,
i*

characterized by a  complex of structural and m echanicalaltl*»perties which include internal ones (viscosity, “-"j
shearing stress, modulus of shear, compressibility, 
external ones (adhesion, coefficient of external friot*0 æ

*»ot 87  lit#The latters are revealed in the interaction of Pr° 
face with a solid body and are of great significance 
oaloulating troughs and chutes, batohers, conveyers,etc 
with shearing properties, adhesion can character!®6 ^  
composition and degree of mechanical treatment of a Pr°

Adhesion is a force of normal tearing of a soli^ 
face from a product per unit of this surface:

'*0(
it<

iff0

Po _£o—  a/m2 ( 1) ■def'
The tearing-off should take place at the contact ^

i.e. it should be adhesive. Cohesive break of minced 
oftener observed in finely ground meat. Its thorough 
allows a determination of the quantity of a 
to the working surface of mixers, cutters, various 
for minced meat, etc.

s*»1iff
product ¿i

it* U,

%
det«rThe coefficient of external friction (_/*•) is 

according to B.Y.Deryagin's friction binomial la* / '
T O k  + Po?)» (2) oi

where "T" is the total friction foroe, "Pic" is a i°7°e 
contact applied normally to the surface.

The friction law (2) can be reduced to the equa 
shearing strength if we divide each member by F:

T  =/*( Pk + Po) =/iph 0)> afl
where To = /*pc is a shearing strength on the sli<Je

tí’h
ot

atioc

V



'4e absence of pressure; 
surface.

^  is shearing stress on the

The equation (3) may be applied to purely surface 
C * 1011 311,1 t0 tllat at Product "spreading" on the solid sur- 

’ Ih this case, all the members will refer, as is indi­
te64’ to the slide surface irregardless of whether it is on 

5eParation border or inside the product*
^lû dheslon and external friction manifest themselves as a

molecular interactions of a product and a solid sur— 
llUff ^  Tierefore» tlle actual area of the contact will 
" fronl tie geometrical area. It is, however, simpler to

!Sct lato aocount the latter and the Influence of various 
°is on adhesion and friction.

\ oIhe Internal properties of meat products have been con- 
V 0 Usly studied for the recent year3 /2,3/; research work 
lt 4 l e s i o n  and friction coefficient is insufficient /2/, 
fita°6s not answer the questions of industry. It is no sur- 
W  ’ as Po and y«- are influenced by many parameters at
>1■4te a Peri°d an! force of the preliminary contact, 

Material and its size, the mince layer thickness, the-- .a — OlhC , UUC iiL-jLIlUtJ 1 3 ^ e r  T,H1 C Kile S S y f h
0i shear or the period of applying a shearing force /2/. 

V *  thls connection, the apparatus should be laid certain

1116 apparatus readings should be primary, i.e. one 
demand preliminary calibration on some standard 

V t s » »ad should be expressed in the absolute system of¡V ’itov Tjie apparatus should operate an the basis of theoretioal

2.
fl
lo,j

Prior to measuring, minced meat is pressed against
thel to provide a oontact. The more the force and „„ 

t °°atact, the better mince filling of surface ■micro- 
be maximum, minced meat contacts the whole area, which 

* foioe eater than the geometrical one; a further increase 
8114 time does not count (if we do not oonsider

.Ntv J?* spontaneous strengthening). The greater the vis-^ “vunianeous sxrengtnening;. The greater tl 
0l,6r tii 811,1 tie Shearing stress G /Z/, the

llag of microlugs and invariance of the apparatus



vie*
„off

readings. Thus, the preliminary contact force and time 
should vary within a wide range.

3. Plates size is of importance from the point of 
that strain epures at the preliminary contact and tearing'0 
may not be similar for plates of different areas, esp®®**1̂  
at disturbing the integrity of a mince layer. The apP8*0 
should permit the establishing of plates of various s100'

4. The plates material and a degree of its treat®eipC“"exert an effect on the strength of molecular contacts. ^ 
ryagin B.V. /I/, unlike Bouden F.P. and Taybor D. A / ,  
that mechanical engagement only, without molecular coat*ctS'

tear***cannot bring about friction and adhesion. A cohesive
off, when determining adhesion, and product "spreading") 
studying the friction coefficient, can be, probably, eli i5 
nated by measuring with a very thin layer of the product' ^  
layer may be identified with grease and the results of 0 ̂  
surements be interpreted as adhesion and the coeffioieIlt ^  
external friction. Thus, the apparatus should make it V°aSi 
to easily replaoe plate material.

lC®id5. The time and kinetics of applying a tearing for®® 
feet the distribution of strains and forces inside ^
meat differently. Thus, Volovinskaya V.P. /5/ showed that 
adhesion of Instantaneous tearing—off averaged 2.9  ̂,
as much as compared to the adhesion of gradual tearing'0 
The rate of product tangential shearing over the surfa®e ^  
fluences the coefficient of friction which, in its 
condition, is greater than in its dynamic condition
to shear a product, one should break molecular links# 
further shearing at a constant speed the number 
recovered links will be in dynamical equilibrium, 
less energy is spent here to break the links, than

at 
ti»e>

-off
3 * 
st8*

id

tbeTf  *
----------, .

initial moment. Thus, apparatus should allow varying 
of tearing-off or shearing within a wide range.

To determine adhesion, two kinds of apparatus
er
•off

ployed /5/. In the first an instantaneous plate 
ocours /6/, when the lever arm with the load is rele®8® ^  » 
the catch. In the second this tearing-off is gradual,

QXe



ïaU
°0HstSUSPended t0 the l0Wer Plate is filled with water at a taent ant sPeed* Both kinds do not satisfy all the require- 

5 Numerated.
■ . T° ^termine the coefficient of friction of minced meat, 

dined plane was used; it gave very approximate data.
îl3tlhIll0WiaS apparatus 8X6 also toown: a) with movable 

the
îok* 8 /:l/5 b) with similar fixing of the sample 

disk A/.
rpv

.'Ow 8 apparatus designed and built allows to take into ac
v tt' ■■

with stand 
to the

effect of all the parameters on adhesion. It con-
a Shiversal drive (Figure 1) and a changeable de- 

0 transfer a foroe onto the plate to be torn (Figure 2).
(l)) 6 drive consists of a baseplate and a supporting wall
(3).’ ^  electromotor (2) (20 wt, 1390 r.p.m.) and a reducer 

11 the extension of an outlet shaft (4) of the reducer
^ (5) freely moves "to ciiange tiie rate oi a

which transfers a force onto the teared area. When 
A a ^ ad (I * * * * 6 *) is Placed on a pulley of a big diameter, the 
1)61 (B'i CaQ tra;vrel sd-03̂  the main panel (8). Along the pa- 

draw a taPS m0VeS Whi°h iS reeled from a roll (9).The tape 
of a rubber roller (10), which rotates by a bevel

ty, A 8ears (11) and by spur gears placed behind the wall
Sheailll£ force is determined by changeable spring (12) 

^3), j ^ 8 strain is recorded cm the t£?>e by means of pointers 
5 8ttl 6 left stationary ends or the pointers are fixed on 
«1 p *hlch TTiOVOe: ■Praalrf awa« n .««.a.«. /1 u \ mi_> -0i tie Wî oh mores freely over a groove (14). The travelling 
"f the +frins wltl1 tbe Pointers compensates a possible stretch 

ead» and a tearing-off foroe is measured by theI ~r “ voa.Aiia-uj.1 luruB j.3 measurea Dy
^ 0:lhte:cis 6 tet»een the curves from the upper and the lower
^  sPri" The thread (6) rate may vary from 1.6 to 20 mm/sec. 

^  is ohosen by a tearing force and its critical
4ras°8a not ex°eed 10-12 mm which at the ratio of point- 

t :1 Sives an ordinate 60-70 mm high. To record the
0 “'“dsi/8 °f medical syringes were taken. It is possible

by ie^I'ab;ijr s f ^ U f y  the drive by using a tensometrio bar
lt °°rding the readings on the oscillograph. In this

8 »ore convenient to move the bar over the plate

V 6 0
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to be torn; then, the necessity of considering thread
and losses through friction in block is eliminated.
ratus is calibrated by suspending different loads. ^

Figure 2 (a and b) shows schematically two variant® ^ ey 
the device to transfer a force onto the teared plate. ^
consist of movable and stationary plates with mate
and of a rod (2) which travels in vertical guides (3)> a
thickness of a product between the plates is measured y,
dial indicator (4). The devices differ in the fact t*ia ^  
one of them a force is transferred to the rod through 
(5) by a thread (6), and in the other - by a thread 
through the beam of a laboratory balance (5). In dhe - ggt<r
built, as a movable part (positions 2,3,4) a tapered P 
meter KH-3 of Prof. Volarovitch*s system is used. de

A sample may be prepared for the experiment on the ^  
vice shown in Fig. 2; it satisfies all the requirements ^
ever, it makes the experiment longer due to preliminary
rations necessary. There was, therefore, made an aux ¡^¡i'
device which allows varying a force and contact tim®>Theness of a mince layer, material and size of plates. ^ 
vice is shown schematically in Figure 3. It consists oJ.0gS' 
II -frame (1) with two cross-beams (2). On the lower 
beam a set washer (4) with the plate under study T® „ if

three springs (3). The washer (4) shift is determine 4yeit®1
an indicator (5) and by calibration graphs it is c (?) 
to foroes. Minoed meat (6) is pressed by another plat® 
the shifts of which are registered by an indicator (s 
oan be mounted at any height. The difference of the 
dicators readings allows Judging of the minoe layer (9/j
and strain kinetics. The plate (7) is pressed by a 
into which a plate pin protrudes. The rod is moved 
casing (10) along a key by a serew (ll) driven by ah 
motor (12) (2 r.p.m, 4 wt). If necessary, the eie°ir

el<>0V*6 
,t of

may be replaced by a higher-speed one. 
The latter devioe may be used for independent yes

gâtions to determine Poisson's coefficient of shear 
and the highest viscosity of a practically unbroken

24



^  determine the coefficient of external friction, two 
Status were designed and built: for static friction and 
'Velocity friction and for high-velocity friction.

(l) Tlle iirst apparatus (Figure 4) consists of a baseplate 
»i ’ a truck (2) and drives (8) and (9). The truck has four 

8 with tal1 hearings and a plaoe to mount a changeable 
 ̂^  made of different materials. On the plaoe there is 

t^^tage (4) connected by means of a wire rope (5) with a 
So o°getric bar (6). Carriages effective area is 5, 10 and

_ A t  ’ tlxey allow 'various contact forces. For additional re- 
f ifttion of a pulling effort the truck has a sender (7) and 

fn\ Ven with the speed of 1.6-20 mm/seo. by a step pulleyby
At means of a thread. The pulley is connected with

motor (20 wt, 1390 r.p.m) through a reducer.-  — — j wMi v/ wgu a xc uu
^  thread extends through a hole in a stand .'Ida

an 
The

(10) to
the horizontal applying of a foroe to the carriage 

Kt V&rious Pulleys are used. This apparatus is convertible: 
°f t*ie Plate (3), onto the carriage may be placed a 

V - “ “  layer, and the carriage (4) may be replaced by ao *"!A j. made of the material to be studied. The kinematics of the 
'̂ ly*86 travel ls recorded on a wide tape which moves verti- 

ft0m a special drive. The tensometric bar permits re- 
k. 8 a shearing force on the oscillogram, but to simplify

^®cheme secon^ apparatus is presented schemati­
s e  j figure 5. It consists of a rotating disk (1), a car- 
Htt & 0:r minced meat or meat (2), a thread (3), a pointer 
0 f6ooEpi>ihg (4) fixed stationary at one end and a pe ( 5 '  

IP^tea*4 spring strain. The disk is 0.4 m in i  ?r, it 
# a8e a Peripheral speed (in the plaoe where the car-

Stalled) 0.2-1.0 m/seo from a single-phase
6 *ot0tm°tor through a reducer. The number of rotations of 

is variable, its capacity is 40 wt.
411 the +i,( ^hree apparatus have the same main members and

'§• to ^  111 °Peration; this permits interchanging joints 
WhatUSe a tensometric bar instead of a Bpring sender) 

■ts most important, it allows suo Von in researoh

may make use of a spring sender.

V 6 I
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work. The latter is of importance, if consider that adkeSooD®1and friction are effected not only by the measuring ^
tions (see requirements to the apparatus), but also W  , 
condition of meat and mince, by the kind of their meek 
and technological treatment.

The apparatus are tested on meat and mince and oB 
material - water paste of bentonitic clay /3/. They

ndel
reve«

satisfactory working capacity and reproducibility of 
and satisfy all the requirements.

res')'Its

It
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