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B B E A EH H E

Oahoïi H3 Ba>KHeiiiiinx 3auan coapeMCHHoro npoH3BoncTBa BBnseTCH BbinycK 
BticoKOKäHecTBeHHOH, Kom<ypeii riiocnocoÖHOH Ha BHyTpeHHeM n biicuihcm ptniKax, 
npoflyKUHH. P eu ie im e  stoh 3aąaHH b 3HaHiiTejibH0H CTeneHH onpeuenHeTCS ypoBHCM 
Haae*HOCTH cpencxB Mcxann:iannn TcxnojiornqecKHX nponeccoß npoiriBOflcxua npoayKUHii. 
B 3HaHHTejiBHOH cxeneHH 3TO OTHOCHTCH K Tsmeno narpyxceinibiM MauiHHain, 
oöecneHHBaiouiHX nepepa6oTKy ßonbiin ix  wacconoTOKOB npoayicuHH, tbkhx, xax ropno- 
aoôbiBaramne, ropno-oöoraTHTeJibHbie, MeTajuiypranecKiie, TpaucnopTHbie u apyriie. 
rioBbimeHiie TexnH'iecKoro ypoBHH paooHiix MauiHH h  ero coxpaneiiHe b xeueHiie 3aaannor<j 
liepnoaa OKcnjiyaTamin sbjihiotch aicryaji biieihmiMH 3a;ia'ia.Mii coBpeMCimoro 
MaUIHHOCTpoeHHH.

B noaaBJiHiomeM ßonbimiHCTBe tsokcjio iiarpyaœHHbix MauiHH b KauccTBe npiiBoaoB 
Hcnojib3yioTca ncpcaaTOHHbie Mexammibi, coaepiKamne 3y6liaxbie nepeuauH, CTeneHb 
coBepuiencTBa KOTopbix b 3HawreiibHOH Mepe onpeaejiaeT cToiiMocxb h DKcnnyaxamioiiHMC 
xapaKTepHCTHKH npoMbiuiBCHHoro oGopyaoBamia. Bojibuiaa nacTb Ta>Keao HarpyiKeiiHbix 
MaiiiHH, ocoSeHHO ropiibie, TpaHcnopxHue h ąp. pa6oTa¡oT npii bmcokhx narpy3Kax h b 
ycnoBHHX 3HaHHxejibHoro 3ani,uienna OKpyxfcaiomeii cpc/ua. TiiiKejibie ycjiOBiia pa6oTbi 11 
aHHaMHHecKHH, BiiSpanHOHifbiH xapaKTep narpyoKeiiHH 3xhx MauiHH cnimaiOT npom iocxb h 
BpeMH SKcnuyaxaunH 3y6liaTbix nepepax hx npHBOAOE.

OueiiKa flojiroBCHHOCTH 3y6MaToii nepe/iaun  n o  ncxojiHbiM napaMcxpaM 
SBOUbBeiiTHbix npotJiHneii 3y6beß hbbsctch npHßjiHxceHHOH h ne OTpaxiaeT Toro tjiaKTa, hto 
H3-3a ii3iioca 3y6beB cjiopMa npotlimiH cxaHOBHxca othhuhoh ot 3BOJibBeHTiioii, b pc3yubTaTe 
n ero  H3MenaioTcji Harpy30HH0-KHHeMaTHHccKHe napaM erpbi ¡coiiTaicra, KOTopbie, b cboio 
O'iepeub, H3MeH«ioT TeMn iBHamiiBaHHH h cjiopMy npocjinneii 3y6beB.

B CBB3H c 3THM, HccucuoBaHHH, HanpaBJieHHbie na  pa3pa6oTKy cpepcxn 
tiporH03iipoßanHit H3MenenHJi KaHccxBeiiiibix xapaKTepucniK 3yßuaTbix n ep caax  n 
3aBHCHM0CTH o t  BpeMCHH h x  XKCruiyaTamm, HBUHiOTca aKTyajibHbiMH h cooTBercTByiOT 
TpeßoBaHHBM HayuHO-TexHHiecKoro n p o rp ecca  coBpeMeiiHoro M aiiiH uocrpoeim a.

OcHOBHbIM pC3y;ibXaT0M BhlllOlIHCHHOÜ UHCCepTaUHOHHOH paßoxbl MB.'lileTCil 
B03M0*H0CTb nporno3HpoBaHHB ijiopMbi npotjum a 3y6a h , cooTBeTCTBeHHO, xapaKTepucTiiK 
KauecxBa paßoTbi 3y6uaTbix nepeuau  Turneuo liarpyoKcinibix MauiHH na  ocHOBe 
pa3pa6oTaHHoii xeop iin  H3HauiHBaHHn 3y6beB, 6a3Hpyiom eñca na  yxexe B3aiiMOBJiHSHHB h 
HimaMHuecKoro paBHOBecna MC/Kuy nenpepbiBHo MemuomeHCH b pe3yiibTaTe H3H0ca 
(jiopMOił p aß o x eu  noBepxuocTH 3y6i>eB h HarpysouHo-KHHeMaTHHecKHMH napaMexpaMH 
KoiiTaKTa (cuna, CKopocTb CKOBbiKemia h up .), onpeuejim om nx hx h3hoc, o t  BpeMeHii 
3KcnjiyaxanHii iiepepaxii.

OcHOBHbie nayHHbie nouo/KeiiHa, BbmociiMbie Ha 3auiHxy HHCcepTaiinn, h  hx  HOBiana 
3aK JH ouaiO TC J! b  cncpyiom cM .

noHOJKeHiie 30Hbi KOHTaKTa 3y6bCB B aßcouiOTiibix (cB«3anHbix c KopnycoM npiiBO.ua) 
u OTHOCHxejibiibix (cBa3aHHbix c BpamaioiuHMHca KonecaM«) KOopflHHaTax onpeAeimeTca 
(jiopMOÜ npotjiRii», Harpy3Koii b KOHTaKTe h nonaTjiiiBOCTbio 3y6beB. H obbim hb/mctch yneT
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H3MeHHHB0CTH (jlOpMbl Ilpocjin/W H 33BHCHM0CTH Harpy3KH OT (j)a3bl 3ancnjiciina H BpeMeHii, 
a TaKJKe onpeflCJieHHe ncpcaaTOHiioro HHcaa b flßyx napHOM 3anenacm in xepes 
pe3yjibTnpyiomyio cocTaBJisnomHX noanoH Harpy3KH b KOHTaKTupyiomnx napax 3y6beB, 
KOTopbie b oSmeM caynae H3-3a HCKaaceHHa cpopMbi upocjmaa He aeacaT na oahoh npaMofi. 
HoBbiM SBJiKeTca TaioKe itoaxoa ic annpoKCHMapHH H3nomeHHoro npocjwaa, no3Bo;iHiomnii 
crjia>KHBaTb npocjniHhHbte KpuBbie TOJibKO b 30Hax H3H0ca 3y6a h coxpanHioiuHH npeacHHC 
KOopfliiHaTbi ne 3axpoHyToii h3hocom nacTH npo(|)HJix.

ÄHHaMHHecKaa Harpy3Ka b 3auenaenHH 3y6beB onpeAejweTcn HHepuHOHHbiMH 
xapaicrepHCTHKaMH iconcc, noflarnuBOCTbio 3y6beB, acecTKOCTbio u iniepnuoHHbiMii 
xapaKTepucTHKaMH npiiBOua. H obmm Hiunterca BBeueime b AHHaMHHecKyio Moaeab 
nepeMeimoro, H3-3a HCKaaceHHH b pe3yjibxaTe H3iioca 3y6beB cjiopMbi npo(|)nneH, 
iiepepaTOMiioro HHCJia, nyreM npeacTaBaeimsi abhxcchhh ayoa b bh;ic cyMMbi abhxcciüih ero 
ocHOBamia b hccctkoh moacjih c nepeMemibiM nepeflaxoHHbiM mhcjiom h oTiiocHTejibHoro 
KoneßaTejibHoro abhżkchhh b ynpyroß Mo;iejin c MCTLipbMa CTcneuHMH cboGoam .

yUCJIbllblii H3HOC 3 y 6 b e B  B KOHTaKTUOfl 30He 3aBHCHT, b ochobhom, ot moluhocth, 
3axpaMHBacM0H na npeouojienne chji xpenna. H obhm «Bnaexoi onpeueaem ic cyMMapHoro 
H3HOCa B KOHT3KTHOH 30He B (JjyilKUHH MOIHHOCTH TpeHHB, 3aBHCJHUCH OT (J)a3bl 3apenaeHHK 
H BpeMeHH, H B (JiyHKUHH HHTeHCHBHOCTH H3HaiHHBaHHH, oGlUCH AJIX KOHTaKTHpyiOIHHX TCJI, 
c ero  pacnpenejieiineM Meacny rpymHMHca noBepxuocxHMH nponopmionajibHo nyrii 
cKo/iLxcenna. H obłim Taxace sBaseTca BBefleHHe b ypaBiieima H3H0ca cocxaBjisnomcii. 
3aBHCHUieii ot paflnajibHoro ßueHHH, hto oGccncHnao H3HauiHBanHe 3y6a b 30Hax c HyjieBbiM 
3iiaxeitHeM cKopocra cxoabaceHH«. KpoMe Toro BnepBbie ynxcHa cocTaBJiaiomas H3Hoca, 
nponopuHOnanbuaa 3iiaxeHiiio mthobchhoh TeMnepaTypbi b KOHxaKTe, hto iio3bobhjio 
ynecTb bjihhhhc 3aeaaHHa paßonHx noBepxHOCTeii 3y6beB.

Pa3pa6oTaitHaa Moaeab nponi03HpoBaHH8 xapaxrepHCTHX 3y6liaTofi nepenanH 
ocfjopMJiena b  BHfle naxera KOMnbioTepHbix Moaeaeü c ApyacecTBCHHbiM miTepcpeMcoM u 
BKJiioHaeT b cc6a KHHeMaTHHecxyio Moaeab 3aucnacm ia 3y6beB c npoH3BOJibHOH (jiopMoii 
npocjinneii, ynpyryio /UiiiaMHHecKyio wo/icab 3y6naT0H nepeaaHH, Mopem, H3noca h moacjh, 
cHHTe3npoBaHHH npocjniaeii H3HomeHHbix paßoHHX noBepxuocTeii 3y6beB. Pe3yjibTa™ 
HHcjieHHoro SKcncpuMCHTa Mo;ieanpoBaima H3noca 3y6beB 3y6Ha™x kojicc nepeuanH 
HcnbrraTCJibiioro CTeii/ia h nepeaaHH npHBoaa oahoh h3 thäcjio HarpyaceuHbix MauiHH 
noKa3ann xopoiuee coBiiaucHKe c axcnepiiMeHTanbHbiMH aannbiMH DKCiiayaraunoinioro 
ii3Hoca KaK no BenHHHHe HHTerpaabnoro H3Hoca, Tax h no (}>opMe H3iioca npocjiHaeii 3y6beB.

C yneTOM nonyneuHbix pe3yjibTaTOB pa3pa6oTaHbi peKOMen/umim no ynopa/ionemno 
KOMnaeKTapHH 3yÓHaTbix nap npiiBOAOB Maiumi npn nx xannraabHOM peMOHTe, a Taxacc 
pa3pa6oTanbi xoHCTpyxuHH ycTanoBOK j im  nporpaMMHpoBaHnoro pcwoiiTa paSoniix 
IIOBepXHOCTCii 3y6bCB.

PaGoxa Bbiiioaiiena Ha Kacjie/ipc ‘OcuoBbi npoexrapoBaHH« Maiiiim’ .UpnenKoro 
rocyuapcTBEHHoro TexHHHecscoro ynHBepcuTeTa h Ha xacjieflpe MexaHHxa PoGotob h MauiHH 
CHJie3CKoii IIonHTexHHKH b  paMKax MHoroneTiiero coTpyflHHHecTBa Meayiy 
yiiHBepcHTeTaMH. IIoAb3yacb caynacM, aBTop BbipaacaeT ray6oKyio npn3naTejibH0CTb 
3ancAyiomn.M xatpeap npoijieccopy a .t .h . fop ean x y  B.C. h  npoijieccopy a .t .h . BoiiHapoBCKii 
10. 3a nemibie yKa3amia h noMomb b  4)opMyjiHpoBaiiHH iipo6.!iCMaTHKH Hccjie/iOBanna.

)K e a ae M  T oace  bthm  n y re M  Bbipa3HTb Gaarouapnocrb ripaBacum o Oiip.Mbi „TKiaiieu 
3apyH”, KOTopofi aaHHaa paGoTa 6buia H3aana.



1. C O C T O H H H E  B CfflPO C A , n O C T A H O B K A  IJE JIH  H  3Ą flA H  H C C JIE flO B A H U ÍI

1 .1 .0 E 3 0 P  H A H A JIH 3 JIH T E P A T Y P H blX  M H H b lX  OB O U EH K E 
H 3H O C O C T O H K O C T H  3YBM ATbIX n E P E ^ A T

K THMce.no narpyMceiiHMM syGnaTWM nepeflanaM  o tiio c h tc h  npnBo;u.i Maimm, npii 
TipOeKTHpOBaHHH KOTOpbIX npCpTbHBjIHlOTCH MCCCTKHC TpeGOBaHHfl K MHHHMH3aHHH HX 
raßapnxoB , Maccw h c to h m o c th . C io aa , b nepByio c ie p e a b , o th o c h tc h  xpaHcnopTHbie 
MauiHHbi h  ropH bie MamHHbi, pa6oTaioms¡e b orpam m cim oM  npocTpaHCTBe. PeajiH3au,HH 
3THX MCCCTKHX XpcßOBaHHH npHBOAHT K 3HalIHTeJlbH0My pOCTy yUeJIbHOH CHJI0B01Í 
HarpyaceHHOCTH, a  Tpe6oBanne MaKCHMantmmiH np0H3B0AHTenbH0CTH MauiHH npHBOflHT k 
pocTy cKOpocTHbix xapaxTepucTHK npHBoaa. K arow y  cjienyeT ziooaBim, anHaMH'iecKüii 
xapaxTep BHeuiHero HarpyaceHHH h aHamiTeiiMiyio 3arpH3HenHocTb OKpyxcaiomeii cpeaw  
MejiKOflHcnepcHbiMH BemecTBaMH a6pa3HBHoro xapaicTcpa. Bee nepem tcjiennb ie  cjiaKTopi.i 
cnocoßcTByiox chhmcchhio h s a o k h o c th  MauiHH h hx npHBOAOB, ra6 ap in i,i  u Macea KOTopbix 
b OCHOBHOM oripeaeaaiOTCH napaMeTpaMii 3y64aTbix nepenau.

CoBpeMeiitibie TCHACimim paaBirniH MauiHHOCTpoeHHH ripuB oanr k em e GoiibuicMy 
yxcecTOHCHHio TpeooBaiiHft k napaMCTpaM KanecTBa nep eaan  npH hx npoeKTHpoBaHHit 
BcaeacTBHe:
• yBeanueHHfl oGieMHbix h KOHxaicTHbix HanpimceHHH npn  3HaHitTcabHoii 
HepaBHOMepHOCTH hx pacupeaeaeiiH H,
•  yBeaHueHHH ctcopocTeñ CKoabMcemiH h TeMnepaTyp BcnepcTBuc pocTa 
npOH3BOAHTeJIbHOCTH MamHH,
•  riOBblLUeHHH BCpOHTHOCTH 0TKa30B H3-3a yCJlOMCHCHHH KOHCTpyKlIHH MamHH H yBCAHHeHHH 
BKOHOMHHecKHX noTepb 3a BpcMH ycTpaiicmiH 0TKa30B (ynym enH an B biroA a),

•  paciimpenHH oGaacTH SKCimyaTamiH MamHH - arpecciiBHbie cpeflbi, BaxyyM, BiiGpamia. 
pa3AHHHbie BHflbi H3AyHeHHH, TpeSyroiiwe HOBbix rio/ixopoB k ouem ce paooTocnocoG nocTii h 
HOBbix KpHTcpHeB npefleubiibix coctohhhíí.

rioBbimeHHe AonroBCHiiocTH npiiBoaoB MamHH mbjihctch oahhm  h3 BascHeñimix 
(nap im y c  noBbimenneM  npoH3Bo;iHTenbHOCTH h  cmiMceimeM ceGecTOHMOCTii) TpeGoBanini k 
npocKTHpoBanmo MamHH, KOTopoe b 3HaHHTejibH0H CTeneHH oGecnemiBaeTCH 3a c a e r  
yBejiHHenriH pecy p ca  ocuoBiibix Aerajieii npiiBO,aa h, b nepByio oaepcub , 3a c h c t  noBbim eim s 
H3H0C0CT0HK0CTH HX KOHTaKTHbIX nOBepXHOCTeH. ü p i i  3T0M CIICAYeT HMeTb BBH/iy, 4T0 
oG ecnenem ie b u c o k o h  h 3 h o c o c to h k o c th  (ocoG chho bm ciuhx KHHeMarmiecicHx riap - 
nanpHMep 3y6uaTbix KOJiec) hcoG xoahm o He to jib k o , h to ö b i npeflOTBpaTHTb nojiOMKH H3-3a 
yMenbmemiH paG ouero ccmchhh ACTajicfi BcneflCTBiie hx  H3Hoca, ho  h  ;uih yMCHbmemin 
b h h äh h h  n3iioca  Ha napaMeTpbi KanecTBa MauiHH - ypoBenb rnyMa, T04H0CTb 
n03HUH0HHp0BailH8 po6oTOTCXHHHCCKHX CHCTeM, TOHHOCTb H3rOTOBJISeMOH HpO/iyKHHH 
(npoKaxHbie CTaHbi) h  t . a .  [17].

H ecym aa  cnocoó iiocT b  u  H3H0C0CT0HKOCTb 3y64arbix iiepe/ian npiiBoiia 
onpencJiHCTCH ypoBHeM KoncTpyKTHBiibix pemeHHH n o  oGccncHenm o oriTHMaAbHLix ycjiOBHH



paôoTbi nep cn an , KanecTBOM hx inroTO Bnenna h CTeneiibio co o tb c tc tb h h  ycjioBiiii 
3KcnjiyaTauHH pexcuMaM, npHiiaTbix npw hx npoeKTiipoBaiinn.

KoHCTpyKTHBHbie p c m e m ia  n o  o G c c n c n c n m o  hco6xo;ihmoh H e c y i ą e u  c n o c o ô n o c m u  

3y 6 b eB  ayG naT i.ix  n ep ea a n  o 6 b m n o  6 a 3 n p y io T c a  n a  B bino jineH H H  y c jio B iiii  n p e a o T B p a m e H u n  

;u sy x  o c u o B H b ix  bh/ïob noB pesK flenH H  - nojiOMOK 3y6beB  (cxaTH M ccK iix h  y c T a n o c T H b ix )  h 
K o irraK T H o ro  y c T a n o c T H o ro  B b iK pam H B am in  (n iiT T H iir)  p a ß o n n x  n o B e p x u o c T e ii .  M  cto/im 
p a c n e i a  H 3 n i6 n o i t  h k oh t3k thoh  bmhocjuibocth n o c T a T o n n o  x o p o iu o  p a a p a o o T a H b i, n p o in n n  

w n o ro J ic T H io io  a K c n j i y a r a u n o n n y io  n p o B e p K y  h bbbhiotc» ochobhhm h M eTonaM H p a c n e i a  

3 y 6 n aT i.ix  r i e p e n a n  n a  n p o n n o c i b ,  h to  n a u m o  cB o e  O T panceH ue b c r a n n a p i a x  

M o K a y n a p o a n o r o  K o M ir ro ra  n o  H o p M a n m a m iH  ISO/DIS 6336/III ( i ia ru G i ia n  BbiHOCJiHBOCTb) 

n  ISO/DIS 6336/11 (KOHTaKTnaa blihocjiiibocti.), a  T a o c e  b C T anaapT C  FOCT 21354-87, 
n cn o jib sy eM O M  b Y x p a H H e  n  n p y r a x  C T p a n a x  CHF.

M 3 H o c o c m o Ü K O c m b  o n p e n en a e T C H  xaK  c b o ííc t b o  M a T e p n a n a  osca3biBaTb

c o n p o T H B JieH iie  H 3H auiHBaH H io b o n p e n e n e H H b ix  y c n o m in x  T p e n n a .  C o o t b c t c t b c h h o , 

H 3 n a in H B a n n c  n p c n c T a B n a e T  c o 6 o n  n p o n e c c  n o c T c n c n n o r o  n 3 M c n c n n a  p a3M epoB  T e n a  n p n  

T peiiH H , n p o u n n s i io im ii ic i i  b O T n c n c n n ii c  n o B e p x n o c T H  T p e n n a  M a r e p n a n a  n  ( h jih )  e r o  

ocTaTOHHOH n e (]> o p M au n n  [15].
B 3 y 6 'ia T b ix  n e p e n a n a x  tîokcjio n a r p y a c e m ib ix  M aniHH mvieeT mccto r p a n u n n o e  

T pcH H c KaneHHH c  n p o cK ajib 3 b iB aH iieM . FlpH b t o m  o c h o b h m m  b h / io m  H 3 H aim iB an H a  «B JineT oi 

a 6 p a3 iiB H O -y c T an o c T iio e  M c x a n u n e c K o e  H 3H aun iB aH ne , a  b  c n y n a c  nacT y n n eH H H  a a c / ia m ia  - 

M O /ieK y n n p n o -M e x a n ii 'ie c K o e .

A 6 p a3 H B H O -y cT an o cT H o e  M e x a u n n e c K o c  H 3naiu iiB aH H e (b n a n b iie n in e M

H 3 n au iH B aiiH e) npH B onH T  K n o c T e n e n n o M y  H 3M enenH io  t])opM bi h  p a 3 M e p o ii r p y i n i i x c a  T en . 

H ecM O T pa n a  m ctkoctl tbkiix  p a c n p o c T p a n e i iH b ix  n o i o m i n ,  kük T p e H u e , in iia u iH B a H u e  n 

lI3H0C0CT0ÎÎK0CTb, OnpenCJICHHC HHCHCHHblX 3H3MeHHH DTHX BCjlHHHH a n »  KOIIKpeTllblX 

ycnoB H H  3 K c n n y a T au H ii n p e n c r a B n a c T  3 n a 'n iT c n b H b ie  T p y n n o c T ii .  3 to  o ô b a c u a e T c a  

cn o )K !io c T b io  4>n3H necK H x, XHM unecKHX n  M exam inecK H X  a ß n en u n , H M e io m u x  M e c ro  b 3 o n e  

KOHTaKTa T e n , h  o rpoM H biM  xonnnecT B O M  B3aHM iio B n n s io m n x  cjiaKTopoB, o n p e n e n a io m u x  

KOHCHHbiH p e 3 y n b T a T  in H a m iiB a m is .

Cno>KHocTb h 11 con n 03H an ! locTb nHcnennoH OLieiiKH npouecca u 3 i t a u i u e a n u a  

nonTßepnyuicTcn ôonbiniiM KommecTBOM nyojiiiKamiü, iiocBxmcinibix aron  TCMe. Tax, 
nanpiiMep, b paGoTC [43] npHBonHTCH öiißniiorpaiJinHecKiiii cnncox pa6oT no Texie pacneTOB 
na Tpemie h in n o c , iiacnnTbiiiaiomini 737 naHMcnoBauHn. HanGonee h c tkhh , cHcreMiibiñ 
nonxon k pa3pa6oTKe mcto/iob pacneia Ha H3noc nan /J,po3noBi,iM 10.H. b paôoTe [29].

O m ia x o  T p y n n o c T ii  n o n y n e iiH «  H H (|)opM aunn  o  H iicncH H bix  3 n a n e H iw x  

T p n 6 o n o n m e c K H x  <[>axTopoB h  h x  i i3MCHCHi ih  b KOHKpeTHOH K O UTaxTiioii 3 o n e  n e  

n o 3 B o n m o T  p c an H 3 0 B aT b  n o n x o n  A p o a n o iia  b HH>xeHepHbix p a c n e x a x  h 3h o c o c t o h k o c t h  

KOHTaK T iib ix  n o B e p x u o c T e ii .  T a x ,  H anpH M ep , b p a ô o T e  [47] nance y n iep acn acT C H , h to  

noni'O B eH H O cTb b iio b b  n p o ex T iip y e .M o ii n e p e n a n n ,  n o n B e p /x e n H o fi n e  ycT anocT H biM  

p a 3 p y in e n n a M , m oxciio  o n c in iT b  b xaKOH-TO C T e n e u n  T o n b x o  n a  o c n o B a n n n  o n b iT a  

O K cn n y aT am iH  a n a n o n i n n b i x  n e p e n a n ,  p a ß o ia io u n iM  b y c n o B u a x ,  6nH 3K iix  k t c m , b x o io p b ix  
6 y n e T  p a ô o T a T b  n p o c K T iip y c M a a .

i l p n  BceM  M H o ro o 6 p a3 H H  p a c n c T i iu x  3aBHCHM0CTefi n o  o n e u x e  h jiio c o c t o h k o c t h  

4 )pH K U H onH oro  KOHTaicra cy m ccT B y eT  cp aB H trren b H O  neM H O ro (¡lop.viyn, n o 3 B o n a io m n x  

n e n o cp cn c T B e H H O  B b in n c m iib  T o n m n n y  H 3 H o m e n n o ro  c n o a  T py iuH X ca  noB epxH O C T eii.

F le p B a a  n o n b iT K a  CB333Tb h 3 h o c  c M exaiinnecK H M H  c b o h c t b 3 m h  M a ie p u a n o B  

np iiiianne> K H T  T o n n y ,  y cT an o B iiB in eM y  m iH e n n y io  3aBHCHM ocxb O TuoineH H H  ii3 n o c a  

T p y m n x c n  n o B c p x i io c T c n  ( o 6 p a 3 e u /3 T a n o n )  h  T B ep n o c T b io  M a T e p n a n a  [ 1 1 4 ] ,  F Io 3 n n c e  X onbM
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[99], oG txchhx  H3HOC axoMapubiM B3aHMoaeííCTBHeM AByx noBepxHocTCH, npeaaojKHji 
cneayromyro 3aBHCHMOCTL Meacay h3hocom  h  napawerpaMH KOHTaKTa:

ca z h b , (1.1)

ra e  Cö - KOJiHHCcTBO H3HoiiieHHoro Maxcpnaua, npHxoa«meroc« Ha e/jHHuny nyra
CKOJIbJKeHHa,

z - BepOHTHOCTB yaanem ia aTOMa c noBepxHOCTH o6pa3ua npn BCTpene ero c
KOHTpTejIOM,

P  - Harpy3Ka,
H B  - TBepflOCTŁ.

n o  A p n aay  [91] h3hoc (0 n a  eauHKuy nyTH b <|>yHKUHH narpy3KH h  McxauHHecKux 
CBOHCTB MaTepnanoB onpeaenxeT ca 3aBiicHMocTbio:

® =  k 3o~  ’ (1.2)
s

ra e  k - K03tJ)([)HunenT nponopuHonaabHOCTH (fc=10'2...10'?), npeacTaBnxiomHH coßoii
BepoflTHOCTb OTfleneHHH Hacraubi H3noca c n a ra a  KOHTaKTa, 

us - npeaen TexynecTH.

HecoBepiuencTBo 3thx  (JiopMya ohcbhaho, Tax xax ohh He oTpaxcaioT bjihähhh 
MHo ru x  napaMeTpoB KOHtaicra Ha H3HOCOCTOHKOCTb M arepuanoB. PeanbH aa BHyrpenHaa 
CTpyKTypa Tpymnxca MaTepnanoB, CTpyicrypa hx noBepxiiocTeii, CTpyKTypHbie h <j)a30Bbie 
npeBpameuHfl, B03HHKaiomHe n p n  paöoTe aeT aneñ, b npnB eaennbix  cjiopwynax hc 
yHHTblBalOTCB.

flp03fl0BHM IO.H. pa3pa6oTaHa cpaBHHTenbHO npocraa cxeMa pacncTa H3Hoca 
noBepxHocTefi 3y6beB 3y6naTbix KOJiec, rio3Bon>iiomaa ywTbiBaTb 3HaHHTenbHoe k o b u h cctb o  
(JjaKTOpOB, BJ1HSIOIHHX lia H3HOC [26]:

h = JhS ,  (1.3)

ra e  h - TOJiuiHHa H3HomeHHoro cnox,
Ih - HHTeHCHBHOCTb H3HaiHHBaHHfl, 6e3pa3MepHaS XapaKTCpHCTHKa.

npeacTaBJisiomax co6 oh npoH3Boanyio rnyÖHHbi H3noca no nyTH ckojimkchhh, 
onpeaenaeMyio pacnenibiM nyreM, jih6 o BKcnepuMeHTanbHO,

5  - nyTb Tpeinix cKOJibxceHH».

npHMeHHTenbHO k pacHeTy H3Hoca 3y6bcs TX>Kc.no Harpy»eHHbix sySnaTbix nep eaan  
c])opMyjia (1 .3 ) npco6pa3ycTca k anay :

h ,a  =0.135 ■ I O '6 (1.4)

HHaeKCbl 1 H 2 OTHOCBTC« COOTBeTCTBeHHO K OTCTaiOmeH (HO'/KKa) H 

onepe>KaiomeH (ronoBKa) KOHTaxTHbiM nOBepxHOCTflM 3 y ö b eB ,
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-
HHTeHCHBHOCTb H3HaUIHBaHHa,

° h  - KOHTaxTHoe nanpa/KCHHe b  paccMaTpiiBaeMoii Toaxe j i h h h h  3anennenna  
P 4

Vck ■ CKopocTb CKOJib>KeHna [m /cbk] ,

v t y i ,2  - CKopocTH nepeM em enHa t o h k h  KOHTaKTa [m / cck].

«1,2 - aacTOxa BpameHHa [ou/m u h],

Í 1.2 - KOJinaecTBO 3y6aaTbix Konec, 3anennaiom HXca c paccMaTpHBaeMbiM,
T  1.2 - BpeMa paöoTbi n ep eaaa ii [aac].

H uTencH BH O C Tb lO H aiu iiB aiiH H  /;,3 aB H C iiT  o r  6 o n b in o r o  a n c n a  (j)aicropoB : 

(J)H3HHecKHX, xHMii'iccKHX u M exantiM ccK H X  cb o ííc tb  c a M o ro  M a T e p n a n a , xapaKTepHCTHK 

CMa3KH, arpeccH BH OCTH  c p e a w ,  y c n o B irii H a ip y a c e im n , T eM tiep aT y p b i, T o n o rp a ijiH H  

K O H T aK T Jipyiom ux noB epxH O C T en  h  a p .  [29], IIosTOMy T eopeT H aecK H Íí p a c a c t  s to h  
BeaHHHHbi s e c b M a  3 a rp y a H H T e a e H  h n o n y a a e r c a  yaoB neT B opH T enbH biM  to jib k o  b neK O T opbix  

c n y a a a x ,  b cbb3h c aeM  ,flpo3aoB KD.H. peKOM enayer n c n o ;ib 3 0 B a T b  SK cnepH M eirranbH O  

o n p e a e j ie H H y io  H irreH c iin n o cT B  H 3H auiH B aH na b pejK H M ax rpc iiH si, M axcH M ajibH O  6 h h 3k h m  k 

y c jio B n aM  p a ö o T b i p e a j ib H o íí  n e p e a a a n  [26],
OaHaKO p ca y jib T a ib i sK cnepuM eiiTO B n o  oucH K e h 3 h o c o c t o h k o c t h  3aK an em ib ix  

3y6n aT b ix  KOJiec o a H o r o  KJiacca (M oayab 1,5-s-4 mm), np nB eaeH H b ie A jih ch h b im  B .B  b p aöoT e  

1 4 3 ], noK a3an n  6onbuiOH p a 3 6 p o c  3H aaeiiH H  HHTencHBnocTH H 3H ainH Baniia: o t  7 ; ,= 5 .M O '10 

a o  / / ,= 3 0 0 0 '1 0 '10. ripiiMCM HHTeHCHBHOCTb H 3nam iiB aiiiiH  3y6b eB  B eaoM bix 3 y 6 a a T b ix  K oaec  

n a  n o p a a o K  6om>uie h h tc m c u b h o c th  H3HauiHBaHHa 3y6beB  B e a y m n x  k o j icc . Tai<n.M o 6 p a 3 0 \i  

M05KHO roBopw Tb o  n p excaeB p eM en n ocT H  u in p o K o ro  n p iiM e n e n n a  p a c c M o r p e n n o n  MeToanKH  
p acH cxa  3y 6 b eB  Ha H3Hoc.

B K a n e c T B e  KpnxcpnH, xoxopoMy b nepBOM npHSnmKemiH n p o n o p n n o n a jib n a  
y aen b u aa  nnxeHCHBHOCTb ii3HauiHBaHHH HyaaxoB E .A . npeaaoxcna  ncnojib30BaTb yaenbHyio 
M omnocxb, 3axpavnBaeMyio n a  npcoaojieH iic rpein isi KOHxaxTHbix noB epxnocxen [86]:

K =  f c H vCK, (1.5)

r a e  K  - KpHTepun H3noca [Bm Aui ], 
f  -  KoatjajjHuneHT TpeHHs.

A n an o rn m ib in  KpiiTepnił n p e an a ran n  KexoB X .O . n K o n an n  H .H . [37]. B an cn o  
OCHOBHblX (JiaKTOpOB, BJlHHIOmHX Ha H3H0C, KparCBbCKHH H .B. [42] BKJIIOHHJI CO MH 0}KHTe Jill,
B xoaam ne b (jjopxiyay (1 .5), hto  k o cbch h o  m o k c t  cay»HXb aoKa3aTenbCTBOM (npn  
noKa3axe:ie xpuBon ycTaaocTHoro H3H0ca r= l)  npaBOMOHHOCTH npeaaoaceH H oro x p rn e p u a  
n3Hoca. 3aBHCHMocxb o6be.\iH oro H3iioca ot  paöoxbi cun  rp e iu in  öbina T a o «  ncnonb30BaHa 
O aeiiu iepoM  n p n  pa3pa6oTKe aHepreraaecKOH T eopnn H3Hoca [16 ,96]. 1 lonoxccune o 
nponopnnoHaabHOCTii BenHaiiHbi H3H0ca paôoTe cnn  T penna a n a  pacacTa H3HOca Mainmi 
npHM cnanocb n  apyrnM H uccneaoBaTenaMH [14 ,34 ,35 ,87 ,88],

H a  6a3e xpHTepna H3Hoca (1 .5) 6bina pa3pa6oTaHa MeroanKa pacaeTa na h3hoc 3y6beB 
3y6aaTbix xonec, npoBepeHHaa aKcnepnMeHxajibno ana  ycnoBHH pa6oTbi Taaceno 
narpyxeHHbix npiiBoaoB ro p n u x  MauniH [50 ,75 ,107 ,112],

B o c H o s y  3TOH M eToanKH 6 b ia o  n o n o a c e n o  a o n y m e n n e ,  aT o K p n T ep m o H3Hoca 

K  n p on op u H O H an en  cyM M apnbin h 3HOc KOHTaKTnpyromnx T en, Tax kbk cjjaKTopbi, B n n a r o m n e
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H a H3H0C, HBJMIOTCa OÖUIHMH M X  3THX Ten. Ho nOCKOJlLKy npH OflHHaKOBOH CKOpOCTH

cxojiBÄeHHH v CK n y ra , npoxoaH M bie  to h k o i i  KOHTaxxa no 3anennaK>mHMcn npotJm nsM  

p a 3JIHHHb], CJICiJOBaTCJlbHO, p a3HblM 6 y;iCT H H3H0 C KOHTaKTHpyiOUJHX B flaHHOH TOHKe 
3y 6 tcB  3y 6 naTLix KOJiec. n p H i m o ,  m to  xpm repH ii H3H oca (cooTBeTCTBenno h  h 3h o c )  m x  
K oirraK T H pyiom ux 3y 6 beB 6 yacT  npsM O n p o n o p n n o H a jie n  yaenbHOM y ckojii>>kchh¡o:

K , + K 2 =  K

Ï L  = Ë L
K 2 û2

( 1.6 )

r a e  K¡ h  R i - xpHTepuH H3Hoca 3y6beB mecTepHH h  xojieca,

^ty l — Vfy2
* /  =

v tyl 

v t y l  -  v ty 2

’ty 2

yae.'ibfibie cxojibxceHHfl 3y6bCB mecTepHH h xo n eca ,

Vfy/ - cxopocTb nepcMeinenHH 3 0 h h  xoiiTaxra no  npoijinm o 3y6a 
uiecTepiiH,

vty2 '  cxopocTb nepc.NieinemiH 30Hbi KOHTaxTa no  npocjninio 3y6a xoneca.

n o c n e  HecnoÄHbix npeo6pa30Bannii 3HaneHHn KpirrepneB n3Hoca ana mecTepHH h 
xoneca 6ynyr HMeTb Bna:

K , = v,
1 +  -

'ly l

UV,y2

V y l

UV.>y2

(1.7)

ra e  u  - nepenaTOHHoe n u cn o  3y6naTOÜ riepeaann .

B B eaenne b  cjiopMynbi (1 .7) nepeaaTOHHoro nucna ynHTbiBaeT, b  nepBOM 
npnônmxeHHH, (JiaxT 6onbiueii nacTOTbi (JipuxiwoHHoro Harpyxcem ia noaepxHocTH 3y6a 
mecTepHH no  cpaBneHHio c noBepxHOCTbio 3y6a xoneca.

/(n n  n e p ex o a a  o t  xpiiTepueB H3Hoca x HHcneHHbiM 3HaneHnxM H3Hoca b  xonraxTHbix 
Tonxax 3y6naTbix n ep en an  ncnonb30BanHCb pe3ynbTaTbi H3MepeHHK H3Hoca b 

npoH3BOflCTBeHHbix ycnoBiistx, Ha 0CH0B3HHH xoTopbix o n p eaen an acb  BMnHpunecxaH 
(JiyHXUHa yaenbHOH h h t c h c h b h o c t h  H3namHBaHlM o t  3naneHii¡i xpHTepnn H3iioca:

k= k(K ). ( 1.8 )
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TaxoH n o ax o fl no3BonaeT nononbno  HaaeacHO paccnnTbiBaTb Ha h 3 h o c  3y6ba 
3y6naTbix nepcnan , paooTaiom nx b  ycaoBHax, anajiornHiibiM TeM, a n a  KOTopbix 6bina 
H afiaena ([lyiiKLuin (1.8).

O co6oe  MecTO b  npoöneM e H 3 h o c o c t o h k o c t h  3y6naTbix riepenan ripniiaAnencnr 
3aeaanHH) -  t o  ecTb riponeccy  B03HHKH0BeHHa h  pa3BHraa noB peam eiinn  noB epxH ocra 
TpeHHH BcaeacTBHe cxB araB aH na h  nepeH oca MaTepnana. B 3 3 b h c h m o c t h  o t  ycnoBHñ 
TpeHna 3aeaaHHC noBepxHocTeii He h o c h t  KaTacTpocJmnecKoro xapaicrepa h  MoaceT nance 
npcxpaTHTbca (« x o n o n n o e  3aeaaHHe»), h o  b  3KCTpeManbHbix ycnoB nax TpeHHa - iipit 
BbicoKOM ypoBHe TCMneparyp, Harpy30K, cKopocTen CKonbaceHHH, H annnnn arpeccHBHbix 
c p ea  n p o u ecc  3 aeaan n a  KOHTaKTnpyiomnx noBepxnocTen conpOBoacnaerca o6pa30BanHe.M 
rjiy6oK nx 6opo3a, BbipbiBOB, pncoK, HapocTOB, onaaBjienHH - « ro p an ee  3aeaaHne». B 
nocneancM  cnynae  n p o u ecc  3aeaanH a wacTO xapairrep rayeT ca  KaracTpo(|)nnecKHM 
H3HauiHBaHHeM conpancem ibix n ap  h  MoaceT npnBecTH k  nojiHOMy B u x o ay  MexaHH3Ma « 3  

CTpoji b  pe3yjibTaTe npeicpam enna OTHOCHTenbHoro a b h / k c h u b  b  KOHTaicre. «T opancc 
3aenanne»  (nanbiue - 3acnannc) HBnaexca caMbiM onacHbiM b h a o m  noBpeam eH nn 3y6beB 
3y6naTbix xonec.

B MOMeHT B03HIIKHOBCHHB 3acnaHHa o6bIMHO pe3K0 yBCJlIHIHBaCTCH K03tl)(j)HHHCHT 
Tpenna CKonbaceHHH, pacTeT reM iieparypa, aKTHBti3iipyiOTCH AnnaMiiHCCKne npoueccbi, 
noBbimacTca Bußpannoniia« h  axycTnuecKaa aKTHBHOCTb. Ha npouecc 3aenaHna 
cymecTBeiiHoe b j u i a h h c  0Ka3btnacT narpy3Ka, cxopocTu cKonbacemra h  Kanemia, 
uiepoxoBaTOCTb Koin'aKTnpyiomnx noBepxHocTeii, Maxcpnan Ten, TCMiiepaTypa, ( ])H 3 h k o - 

xtiMHHecKHe xapaKTepucTHKH cMa30HHoro MaTepnajia h  orpyncaiomen cpenbi, b h a  h 
xanecTBO npncanox k  ocHOBHOMy Macny, cnocoö CMa3biBaHna h  npyrne (jjaicropbi.

ß ,na CMa3biBaeMbix iioBepxHOCTeii o6a3arenbHbiM ycnOBiie.M b o 3 h h k ¡ i o b c h h j i  

3aenaHna aBnaeTca pa3pyiueHne paanenaiomen h x  cMa30HHon Macnanon (BecbMa t o h k o í í )  

nneuKH, noBpeacnenne KOTopon m o x c c t  nacTymiTb BcnencTBue nnacTnnccKon netjiopManim, 
H3Hoca mepoxoBaTocTeii KOinaKTnpyiomnx noBepxHocTeii nn n  BcneucTBne noTepn 
CM330HHbix c b o h c t b  Macna npii noBbimeHHbix (JjaKTnnecKHX TeMnepaTypax b  30He KOHTaKTa 
Ten, a Taxace b  pe3ynbTaTe cpa6aTbiBanna CMa3onnoro MaTepnana.

B o 3 i i h k h o b c h h i o  3 a e n a im a  c n o c o ß c T B y e T  y B e jm n e H n e  c ro p o c T H  cK o n b n ceH n a  n  

y M e n b u ie n n e  C K o p o c r a  K a n e n n a . C pocTOM  C K o p o c™  C K onbnceH na p acT eT  m o i u h o c t b  T p e n n a  

h  yM CH bLuaeTca T o n iu H H a  C M a30H H oro c n o a  s c n e n c T B u e  B b i; ;e n a io in c r o c a  b  KOHTaicre 

p a ö o n n x  T en  T e n n a  h  n o B b im e n n a  KOtrraicTHOH T eM n ep aT y p b i. y B e n n n e n n e  H arpy3K ii b 

KOHTaicre c n o c o ô c T B y c T  B03HHKH0BeHHK) 3 a n n p a  h  p a 3 p y m e n H io  KOHTaxTHbix n o B ep x H o c T e ii.

flna  pacncTOB Ha 3aenannc npennoaceHO uoBonbiio m h o t o  KpHTepneB. H anöonee 
H3BecTHbiMH cpenn HHx HBnaioTca: KpnTcpim OnMcna [89], OnMeHa-LilrpayGa [90], Tocjiepa 
[98], Bnora [92], rieTpyceBHna A.H. [73,74], KncTbaHa 31.r .  [38,39], PocnHBxepa E .r . [80], 
))p03A0Ba IO.H. [24], a Tarace nonyneHHbie una Taaceno Harpyacemibix ayönaTbix nepenan 
ropHbix MauiHH xpHTepHH KanauiHHKOBOH H.H. [36] k xpiiTcpiiñ raninncK oro A T . [12].

H anG once TeoperanecKH o6ocnoBaHHbiM k  npoiuenm nM  uinpoxyio 
3KcneptiMeHTajn>Hyio npoB epxy b naßoparapH bix  ycnoBnax aBnaeTca TeMnepaTypHbiii 
KpuTepiiH Bnoxa, ocHOBaHHbin Ha rnnoTe3e cymecTBOBamta KpnxnHecKon TeMnepaTypbi 
pa3pyuicH na MacnaHon nneHKH, xapaxTepHOH a n a  Kaacnoii KOMÖwiaunn MaTepnanoB n 
Macna. TeM nepaTypa b  Koirraicre onpeAcnacTca xax cyMMa noBepxHOCTHOH TeMnepaTypbi Ten 
to  n cp en  b x o a o m  b  KOHTaicr h  MrnoBeHHoro noBbiuieHHa TeMnepaTypbi b  KOHTaicre b 

n p o u e cc e  T penna Ten - TeM nepaTypnon BcnbiiuKH 6. TeM nepaTypa r» onpenenaeT ca 
SKcnepHMenTanbHO nnii paccHHTbiBaeTca H3 TennoBoro 6  an anca  y3na 3y6naTon nepenann . 
TeM nepaTypHaa BcnbiuiKa Ana UHnnHnpHHecKnx Ten, KaTaiunxca co  CKonbacenneM, 
naxoAHTca no  (JiopMyne E nona [9 2 ] :
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0.83 fq V CKg -     .. .  CK     | (] C))
Q ^lP lC jV ty , +  -J^2P2c2v ty2

r^ e  /  - K03(J«{)HUHeHT TpeiiHS b KOHTaicre,
q - Harpy3Ka na eaHHHuy ;uihhi.i KOHTaicra,

Ai h X2 - TciuioripoBoaHOCTH MaTepiiajioB noBepxnocTcii,
Pt h  p 2 - njiOTHOCTH MaTcpnanoB noBepxHOCTeü, 
ci u  ci - yacJibHBie xeiuiocMKOCTH M aiepnajioB, 

vtyl H viy2 '  CKopocTH nepeM em enn« 30Hbi KOHTaicra no npocJiHHKM 3y6teB,

¿H -  nonyuiHpHua repuoBCKoñ n o jio c K ii KOHTaKTa.

YcjioBHe oTcyrcTBHii sacaaiiHH upeacTasnseT c o 6oh HepaBeHCTBo:

l0 + 9 ś t s , (1.10)

ra e  t s  - cyM M apnan K pim inecK aH  T eM n ep a iy p a , n p n  KOTOpoii n p o iicxoam  3aeaamie 
noBepxHocreH.

Ha OCHOBC TCMnepaxypnoro KpiiTcpna Biioxa pa3pa6oTaH cTaiiaapT ISO/DIS 6336/IV  
ana pacHCTa Ha npeaoTBpameHHe 3aeaaHHH KOHTaKTHbix noBepxHOCTeñ ayCibCB. OanaKO npn 
Hcnoab30BaHHH TeMiicparypnoro KpHTepna B03HHKaeT Bonpoc 06 aöcoaiOTHbix 3HaaeHHax /.? 
h hx HHBapHaHTHocTH K H3MCHenHio ocHOBHbix (JiaKTopoB npn TpeHHH. CneiiHajibHbie 
HccaeaoBaHHH h aHajiH3 3KcnepnMeHTanbHbix aam ibix CBHaeTeabCTByiOT o HenocTOHHCTBe 
cyMMapHoii KpHTHHecKOH TeMnepaTypw [2 9 ] .  H  ostom  y  coBepmeHCTBOBaHHe (|>H3nnecKnx 
Moaeueii, 3aioiaabiBaeMbix b KpHTcpHH p a c id a  na 3aeaanne, npoaoaxcaeTca.

Y n e T  ancK peTH O CTH  KOHTaicra b  p eiueH H H  T eM n ep ary p H O H  a a a a q i i  no3BOJiHJi

y n iy G u T b  n o iiH M aiiH e  n p o n c c c a  3aeaaH H H  h  o S m c h h t i , n p n H H H iio cT b  o c h o b h m x  

3K cnepn .M eH T ;u ibH bix  (|)aK T0P 0B - T a x ,  n a u p u M e p , H a o c u o B a H ira  S K cn e p iiM e riT a n b u o

yCTaHOBJieHHOH, 6jIH3K0H K JIHHeilHOH, 3aBHCHM0CTH KpHTHHeCKOrO 3HaHeilHS 

T eM nepaT ypH O H  B cnbiiiiK H  05 n p H  3 a ea a n H H  o t  M aK C H M aabH oro K O H TaK Tiioro a a B n e n n a ,  

Æ p o 3 a o B  1 0 . H . npeariO /K H Ji H ecK oabK O  h h o h  -  K pH T cpH aabH H H  -  n o a x o a  k  p a c n e T y  n a  

3 a e a a i iH e  [ 2 7 ] ,  F lo c a e  n p H B c a c H n a  o x o ro  x p i r r e p u í i  k  S o a e e  H a n w a n o M y  R H ay y cao B H e  

O TcyrcTBH fl 3 a ea a n H H  m o ik c t  G u t l  n p e a c T a r m e iio  c a e a y io m H M  o 6 p a 3 0 M :

e < e s , ( l . i i )

B OBOK) o n ep eab , K p im necK oe 3naHCHnc TCMnepaTypnoil BcnbiiiiKH o n peaeaaeT ca  no 
(JiopMyae:

ra e  Cp -  K03(])4)HUHeHT, yHHTbiBaiouiHH CBOHCTBa CMa30HHoro M a c a a  ( ^ = 2 . 0  [27]), 

V50°C " KHHCMaTHt,ecK;lfl BH3K0CTŁ M ac a a  b  m m 2/ c c k  n p n  50°C, 

q  - n o r o H n a a  n a rp y 3 K a , u /m m  .
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Pe3yjibTaTbi SKcriepHMeHTajibHoro oupcaenem ia narpy3KH saeaanna, BbinojweHiibie 
aBTopoM HacToameñ anccepTanHOHiiosi paGoTbi ana ycaoBHÍi SKcnayarauHH TaiKeao 
narpy®eHiibix ropubix ManiHH, no3BOJiHJiH yTOHHHTb 3naaeHne K03(]>4)HHHeHTa cp :

* a a a  HejierupoBaHHbix Macea - cp = 1.7,

•  a n a  Macea, a e rn p o B a H H b ix  n p o T H B 0 3 aan p n b iM H  npH caaK aM H  -  cp = 2.2 [53].

3acJiyx<HBaK)T BHHMansta yroHHeHHbiH KpmepHH flpo3aoBa IO.H. ana  pacaeTa na 
3aeaaHne no npeaejibnoii Toannme CMaaonnoro ca  o a [28] u MexaHOTepMOBpeMeHiioií 
KpHTepHH 3aeaanna TKypxoBa C.H. [30].

Tew He MeHee pacaeTbi Ha 3aeaanHe ne aBaaioTca aocTaToano HaaeacHbiMH u b 
KOHCTpyKTopcKOH npaKTHKe noHTH ne npHMeHafOTca (b FOCT 21354-87 3 t o t  bhh pacacTa 
Booome He npeaycMOTpeH).

1.2. OEOCHOBAHHE UEJ1M H 3A £A H  H CCJIE/JOBAHHjl

HeaocTaTOHiiaa uaaoKiiocTb pacHenibix ouchok h3hococtohkocth, a, 
caeaoBaTeabno, h aoaroncHHOCTH 3y6beB 3y6aaTbix nepeaaa Kpo\ie cjio>khocth nponeccoB 
H3HauiHBaHHa h 3aeaaHna mowct 6biTb caeacTBHeM eme asyx  npnHHH - H3MeHeHneM 
reoMeTpnHecKHX, KHHCMaTHHecKHX h Harpy30HHbix napaMeTpoB KOHTaKTa b upouecce 
H3Hoea (xaK MOHOTOHiioro, Tan h KaTacxpo([)HiiecKoro), a TaioKe ¡miiMOEJinamicM 
pa3HHHHbIX BHaOB nOBpKKaeHHH 3y6beB.

C&aKT H3MeHeHHH ([)OpMbI KOHTaKTHpyiOiaHX nOBCpXHOCTeií B pe3yj!bT aT C  HX H3HOCa 

oneB H aeH  h  iio aT B cp '/K n acrcH  m h o f h m h  H c cae ao B aT eaaM H . JXna h h 3 u j h x  KHueMaTHHecKHX 

n a p  (n a o c K H e  n o B e p x iio c T H  h  c o n p aa c e H H e  r a n a  B aji-B 'ry jiK a) H3 M aT ep n a n o B  c 
OaHO poaH blM H  MCXaiIHHeCKHMH CBOHCTBaMH 3TH H3MCHCHHH npaKTHHeCKH H e BHSIHIOT Ha 

p e aa iM b i T p e m ia  u ro n a tm iB a H H a . Una b m c u i h x  KHHeMaTHHecKHX n a p  (KyaaHKOBbic 

M exaHH3M bi, 3 y 6 n a T b ie  n e p e a a m i  u ap.) n3M eH C H na sjiopM bi 'r p y u u ix c a  noB epxH O C Teii 

n p H B o aa T  k  cy m ecT B em ib iM  H3MCHCHHaM peacHMOB TpeH H a -  b  pe3 y ab T aT C  ii3 H o c a  M e n a io rc a  

p a a n y c b i  KpHBii3Hbi KoiiTaKTHbix noB epxH O C T eii, a, caeaoB aT C H bH O , h  n o p M a;ib iib ic  

KOHTaKTHbie n a n p aa < e H H a  u  K03([xj>Hm tenT T peH H a. M e n a to T c a ,  co oT B eT C T B enno , h  

KiiHeM aTHHecKHe n ap aM e T p b i KOHTaKTa - c K o p o c r a  K aaeH H a h  c K o a b w e n H a .

H3M enenne napaMeTpoB 3y6aaToro 3auenaeHHS npn  h3hocc 3y6beB 3a(j)HKCnpoBaa 
IO.C. CeMeHOB [81,82], BnepBbie noKa3aBUJHH, h to  b pe3yabTaTe HCKajKemia nposjHiacii 
3y6beB ropHbix aaeicrpocB epa 3 P -5 , Bbi3BaHHoro hx  h3hocom , a su m a 3auenaeHHa 
HCKpnBjiaeTca, BH3biBaa lUMeneHHe KiiHeMaxnHecKHx napaMeTpoB 3auenaeH na. K 
ananorHHiibiM BbiBoaaM n p in u ea  n  M.IO. Ehiiiko c KOJiJieraMii n o cac  a p a a ro a  reoMeipHH 
3apenjieHHH H3HomeHHbix 3y6beB 3y6naTbix Ko.nec m eBponHoro peayKTopa CTaHa H3C-730
[5].

Hi-HarameB P.M. noKa3an, h to  b pe3yabTaTe H3H0ca 3y6beB MeiiaeTca 33koh 
pacnpeaeaeH na KOHTaKTHbix HanpawemiH h  npeaao>KHa MeToaHKy , onpeaeaeHHH 
[])aKTH>ieCKHX 3HaHCHHii paaHyCOB KpHBH3HbI npO([)HJieH H, COOTneTCTRCHHO, MeToaHKy 
onpcacJicHna aeHCTBirreabHbix anaHemiśl KOHTaKTHbix nanpaacenHH [33].

B paSoTax [53,54,75] aBTopoM npHBeaenbi pe3yjibTaTbi sKcnepsiMCHTa.nbHbix 
nccaeaoBaHHH 3aeaaHHa 3yóliaTbix Konec ropHbix ManiHH, aoKa3biBaiomiix, hto b pe3yabTaTe 
H3Hoca npotjiiian 3y6beB nepecTaioT 6btTb DBOJibBeuTHbiMii, ripiiHCM HCKaaieunc npoiliii.neii 
na nopaaoK 6ojibuie TCXHo.norsiHecKHX ouih6ok H3roT0BJieima 3y6beB. MoaeanpoBaiine
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3auenjienH5i H3H0ineHHbix npotjiHaeii rpacjinHecKUM MeroaoM noKa3aao 3iiaHHTcabHoe 
BjiHHHHe H3Hoca 3y6beB n a  HarpyaoHno-KHHe.MaTHHecKHc napaMCTpbi 3anenaeH na.

M yga J.R. 3KcnepnMeHTaabno noica3aa, h to  HCKaacenne npocjiiiaefi 3aKaaeHHbix 
3y6beB M oayaa m =3 m m  b pe3yabtaT e H3Hoca 0Ka3bmaeT cym ecTBcunoe BHHHHue hu 
aiiHaMHMecKiie Harpy3KH b 3 a u en a cn a n  [105].

H a ocHOBaHHii o6caeaoB anH a 7700 3y6HaTbix Koaec (322 ropHbie MauiHHbi), 
BbinoaHeHHoro MoaaaBCKHM JI.A . Ha PyTHeHKOBCKOM MauiHHOCTponTeabHOM 3aaoae  (r. 
/ ( ohchk , YKpaiiHa) ycTaHOBaeHa lec n a ji 3aBHCHM0CTb Mcacay paaasiHiibiMii BHpaMii 
noBpeameHHH 3y6beB [51], HeTpyceBHM A .H ., npHHHMaBiuHH y n a c ra e  b aHaaH3e stoto 
CTaTHcranecKoro MaTcpnajia, BbicKa3aa runoT eay o nocaeaoBaTeabHocTH pa3BHTH5i 
noBpex<aeiiHH 3y6bca: b nanaabubiii n e p n o a  pa6oTbi 3y6naTOH nepeaaHH B03HHKaeT 
3aeaaHHe 3y6beB, npH B oaam ee k pa3BHTHio H3HOca n a  nowice 3y6a c o6pa30BaiiHeM TaK 
Ha3bmaeMoro «noanyrpeiiH a» . npH  otom b johc  n o a io ca  o6pa3yeTca hbho BbipaweHHbifi 
xpe6eT, pacrioaoiKemibiH n aoab  3y6a. P aan y c  Kpi!BH3Hbi stoto xpc6Ta yMeHbuiaeTca, hto 
ripnB oairr k pocTy KOHTaKTHbix H anpa*eH nii b O K oaonoaiociioii 30He, b pe3yabxaTC n ero  
B03HHKaeT KOHTaKTHoe BbiKpaujHBaHHC, n ep ex o aam ee  b pap ę  caynaeB b pa3pyuieHnc 
ueMeHTauHOHHoro caoa . FHnoTe3a neTpyceBHHa A .H . 6biaa tioaTBepataeua
3K cnepH M enraabno [53].

TaKHM o6pa30M moikho caeaaTb B biBoa, h to  pacneT h 3 h o c o c to h k o c th  3y6beB 
3y6aaTbix n e p ea an  n o  xapaKTepncTHKaM h c x o a h o to  HeH3HomeHHoro npoc[)HHH He mohcct 
oSecneHHTb Heo6xoflHMoi} naaewHocTH pacneTOB n nporH03HpoBaiiHa Ka'iecTBCHHbix
xapaKTepncTHK nepeaaHH n a  aaiiTcabUbiil iicpnop . / ( a a  noBbiLueima iiaaeaoiocTH pacHCTOis 
n a  H3HOC Heo6xoaHMo yanTbiBarb nenpepbiBHoe B3aHMOBanaHHe Harpy30Hiio-
KHHeMaTHHecKHX napaM erpoB KOHTaicra Ha H3iioc 3y6beB h ([jopMbi npocjinaa n o c ae  H3iioca
Ha narpy30HH0-KHiieMaTHHecKHe napaM erpw  3auenaeiiH a.

I/ea b io  AHCcepTamioHHOH paOoTbi aBaaeTca pa3pa6oTKa nayHHbix ochob 
np0TH03Hp0BaHHa KHHeTHKH TeOMeTpHHeCKHX, KHHeMaTHHeCKHX 11 aHHaMHHeCKHX 
napaMeTpoB 3anenaeH H a 3y6beB THJKeao łiarpyx;eHHbix 3y6naTbix n epeaan .

OcHOBHaa n a e a  paOoTbi 3aicaK)HaeTca b pa3pa6oTKe Teopim  H3HauiHBaHna 3y6beB, 
6a3iipyiom,eHca na  yneTe B3aHMOBHHaHHa h anHaMHHCCKoro paBiiOBecna Meacpy nenpepbiBiio 
MCHaiouicHca b pe3yabT are H3Hoca <}>opMOH pa6oneH noBepxHOCTH 3y6beB h Harpy30HH0- 
KHHeMaTHHecKHMH napaMeTpaMH KOHTaKTa (cn aa , CKopocTb CKoabaceHHa u ap .) .

/ ( a a  aocTHHccHiia nocTaBaeiiHoii u e a n  Heo6xoaiiMO peuiHTb caeayiouiH e 3aaa 'in :
•  pa3pa6oTaTb MeToariKy an aa iiran ecK o ro  npeacTaBaeHHa H3HouienHoro npo([niaa c 

yneTOM a n a a m a  3KcnepHMenTaabHbix aaHHbix aeiicTBHTeabHoii cJiopMbi npoi])HaeH 3y6beB 
n o c ae  hx H3iroca b n p o u ecce  SKcnayaTaumt,

•  pa3pa6oTaTb Teopm o 3 an en aen iia  3y6beB c ynpyroae<t>opMnpoBanm.iMn 
KBa3Hconpa)KeHHbiMH npo([)naaMH 3y6beB h co3aaTb n a  ee  ocHOBe KHHeMaTiiHecKyio Moaeah 
3auenaeH Ha, no3BoaaioiayK) onpeaeaiiT b napaMeTpbi KOHTaKTa H3HOuiennbix 3y6beB c 
yneroM  nx  noaaTaHBOCTH,

• pa3pa6oTaTb aaropHTMbi Obicrpoil cxoanMocTH a a  a HTepauHomibix MeToaoB 
onpeaeaeH iia  K oopannaT  30Hbi KOHTaKTa 3y6beB,

•  pa3pa6oTaTb anHaMHHecKyio M oaeab 3auenaeH iia 3y6beB, b KOTopoii, Kpo.Me 
AHHaMHHecKHX xapaKTepncTHK 3y6naTOH nepeaaHH h npHBoaa, mo* ho 6biao 6bi yHHTbiBaTb 
nepeM eniiocTb nepeaaTOHHoro HHcaa H3-3a' H3MeHeHiia 4>°PMŁI npotJiHaefi 3y6beis 
BcaeacTBiie hx H3HOca,

•  pa3pa6oTaTb M oaeab H3HaniHBaiiHa Ha ocHOBe pe3yabTaTOB anaaH3a ycaoBHii 
SKcnayaTauHH T aw eao Harpy>KeHHbix MauiHH, a TaioKe c yneTOM Tpi!6oao;'HHecKHX TeopHii 
cooTBeTCTByiomHM ycaoBHaM pa6oTbi HccaeayeMbix 3y6naTbix Koaec,
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•  p a 3p a 6 oT aT b M o a e a b  n p o r H 0 3 H poB aH H s aoaroBCHHOCTH 3y 6 n a x b ix  n e p e a a n  H a o c h o b c  

a H aaH 3 a  A H H aM H necicoro  p a sH O B ecm i M eacay  H enpepbiB H O  M e n a io m c H c a  tjjopM OH n p o i jm n e a  

3y 6 te B  h  H a rp y 3 0 HH0 -KHHeMaTHHecKHMH napaM eT paM H  3y 6 n ax o H  n e p e a a H H  h  CHHTe3a  Ha 

3TOH ocH OB e (¡jaKTHHCCKHX npo<|)H Jieii 3y 6 beB,

• opeHHTb e re ile n  b saanaHOCTH MoaeaH nporao3HpoBaHHS aoaroBeHHOCTH 3y6naTbix 
nep eaan  nyreM  con o cT asjien n a  c 3KcnepHMeHTaaŁHŁiMH aaHHtiMH,

•  p a 3 p a 6 o T a T b  K O M nbioT epH yio  T e x i io a o n n o  a a «  n p o rH 0 3 H p o B aH H S  SK cnayaT auH O H H bix  

xapaK TcpH C TH K  3 y 6 n a T b ix  n e p e a a n  n p H B o ao B  M aniHH,

•  pa3pa6oxaTb peKOM enaannn a n a  n p a K T H n e cK o ro  Hcnoab30BaHHS pe3yabTaT0B 
HccaeaoBaHHa.



2. TEOPETHHECKHE OCHOBbI 3AU,EnjIEHHH nEPE^AH C H3HOLL1EH-
H blM H  3Y EbflM H

H3BecTHbte reopm i 3auenacHHa onncbiBaioT, xaK npaBHao, sauenaenne 
conpsxceHHbix npocjmaeß.

C o n p H / K C H H b lM H  oß b IH H O  Ha3b lB3IOT T aK H e  IipO ljlHAH , KO TOpblC  o S e c n e n H B a io T  

n e n p e p b iB H o e  3a u e n a e H H e  n p n  3ap a iiH O M , K a K  n p a B H a o  iio c to b h h o m , 3H ancH H H  

n e p e a a T O H H o ro  n a c a a  [45, c. 19], [83,100], K c o n p a x c e m ib iM  n p o (])H a B M  o th o c k tc h , b 
n a cT H o cT H , npo< j)H aH  3y6beB n a a S o a e c  p a c n p o c r p a i ie n n o r o  b M n p c  3 B o n b B e n T H o ro  

3a u e n a e im a .  X a p a K T e p n o f i  o c o O e in io c T b io  x a ic o ro  3a u e n a e H H a  a B a a e x c a  t o ,  h to  o S in a a  

H o p M a a b  k n p o (j)su i5iM , ö y a y n s i  K a c a x e a b H o ß  k  ochobhm m  o K p y a c H o c T a M  c H e n o a sH a c iib iM ii 

U C H T p aM H , n e p e c e x a e T  a h h h io  a e n T p o B  b o a h o h  h  t o h  ace TO HKe - n o a io c e  3a u e n a e H n a  - b 
a io 6 o h  M O M e H T  B p e M e H H . C o o T B e rc T B e im o ,  a m in a  3a u e n n e m ia  a B a a e T c a  n p a m o f i a m iH e f i.

B n p o p ecce  SKcnayaTam m  3y6naTbix n ep eaan , BcaeacTBne HepaBiioMepHoro H3Hoca 
paö o n n x  noBepxHOCTCH 3y6beB, h x  npocpnan nepecTaiOT Gbixb 3BoabBeHXHbiMH h o6m aa 
HopMaab k  npoipnaaM  b expo tom  c o o tb c tc tb h h  c o ch o b h h m  3aKOiiOM 3auenaeiiH a 
nepeceKaeT aHHHio neHxpoB b pa3Hbix Tonxax (MrnoBeHHbix n e m p a x  cKopocxeß), h to  
Bbi3biBaeT HCKpHBaeHHe a h h h h  3aiienaeiiH a [5,53,54,75,81,82], HenocToaHCTBO noaoaceHna 
A niO B cim oro peiiTpa cKopocTeii npHBoawT k  TOMy, h to  3HaneHne nepeaaxonH oro  nuca  a 
cxaHOBHxca nepeMemibiM. B xo ace Bpexia cp ean ee  3HaneHHe nepeaaxonH oro  n u c aa  ocTaexca 
neiBMeHHbiM, paBHbiM oxHOiueiiHio n u c aa  3y6beB 3anenaaiom H xca 3 y6naxux  Koaec. B cBa3n 
c 3THM, a Taxace xeM, h to  neKoxopwc xapaicTepHcxHKH 3auenaeiiH a npocjmaefi c 
H3HomeHHbiMH 3y6bsiMn (HanpnMep cKopocTb CKOAbacenHa) MeHaexca He3HannTeabno, 
H3HOinennbie npocpnan moxcho Ha3Baxb Kaa3uconpnoKeHHbiMU.

B CBB3H c TeM, Hxo a n a  o n u c an n a  KBa3iiconpaaceHHbix npo(])naeii h o n p eaeaem ia  
xapaKTcpucxHK KOHTaKTa MaTeMaTHnecKHh annapaT SBoabseíiTiioro 3anenaeHHa lie  Moacer 
öbiTb npHMeHeH b n o aH oß  Mepe, B03HHKaeT neo6xoanMOCTb b pa3pa6oTKe hobwx  n o a x o ao a  
a a a  anaaH3a 3anenaeH Ha H3H0iueHHbix npoijm aefi 3y6beB [56,59,60,63,119],

B KanecTBe nepB oro 3Tana b pa6oTe paccMaTpuBaioTca ToabKO miaHHapHnecKne 
npaM 03y6bie n e p eaan n .

2.1. M ATEM  ATHHECKOE OITHCAHHE H 3 H 0 1 H E H H 0 r0  nP O O H JD l 3YEA

2.1.1. Bbi6op CHCTCMbi KOopamiaT h o n u ca iu ie  anojibBeiiTiioro npoctm an

/ [ a  a MaTeMaTimecKoro oiiH caim a npoijmabHOH KpHBOfi KBa3HConpaaceHHoro 
npoc[)naa ôb ian  Hcnoab30BaHbi noaapH aa [59] h opxoronaabH aa [56] cucTeMbi KOopaimaT. 
H a n 6 o ae e  onraM aabH oß oxa3aaacb opToroHaabHaa CHCTeMa Koopam iaT, ocbio aöcmicc 
KOTopoH HisaaeTca ocb chmmctphh  3y6a, a ocb opaHHax npoxoflHT nepe3 HanaabHyio xohkv 
On. 3BoabBeHTbi HcxoflHoro, HeH3HouieHiioro n p o ijw aa  - XO Y  (puc. 2.1).

TaKaa CHCTe.Ma K oopam iax oôecnenHBaeT B03MoacnocTb cpaBHeHHa xapaKxepsicTHK 
3auenacH Ha KBa3HConpaaceHiibix n p o tja iaeß  c hx 3HaneHiiaMH a a a  SBOAbBeimibix npotjm aeß ,
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B CBH3H c  m cm  n a  n p o t jw n e  oT M enaiO T ca c o o T B e rc T B y io m n c  t o h k h , x a p a ic re p H b ie  a n a  

3 B o ;iŁ B C n x n o ro  n p o t jm n a .

n p o ( |) i i ; iŁ  3 y 6 a  o n n c b m a e r c a  b  n p e a e n a x  n o n o B iiH b i y r n o B o r o  m a r a  3y6beB  

t - 2  TC /z:
j ih 6 o  b  4>ynKUHH a ô c m ic c b i  X ( o c h o b h o h  cnocoö):

Y = Y ( X ) ,  (2.1)

j j h 6 o  b (j)y n K n n ii p a ^ n y c a -B e K T o p a  Rk :

Y = Y ( R k ) .  (2.2)

Puc. 2.1. CiicreMa KoopaiiHaT npo<j>HJia u pacnojiojKeiuie xapaicrepHux tobck ab - nyra OKpyiHHOcra ananmi.
be - ncpcxojHaa KpuBaa, cE - aBontBeHTa, E- Bepimma 3y6a, I - npeaejibHas rpatmua H3iioca 3y6a, 
H - TCopcTimccKaa m i*nss rpaHima KOHTaiaa, P - nomoc 3aucnneHna, HF,DE - 3ohm flByx napiioro 
3auenJicnna

Kpimafl, onucbiB aiom aa npotjw nb coctoht hx Tpex conpa*eH H bix nacTeił. 
riepB as nacT b - a y r a  oKpynmocTH B n a a m i ot ccpeam ib i B naanubi n o  conpa>iceHHH c 

nepexoflHOH xpuB oñ (ab n a  p ac. 2.1) - onucbiB aerca napawerpHMecKHM ypaBiiemieM b 

(jjyHKUHH p a an y c a  okp)okhocth B naam i R¡ n  y rn a  y.
B x o p a x  ’la cx b  - n e p e x o a n a n  KpHBaa b e  - o n u c u B a c T c a  napa.MCTpn>iecKHM 

ypaBHeHueM  b  (JiyHKUHH p a a n y e a  CKpyrneHHa B epim iH bi 3y6a n c x o a n o r o  KOHTypa h  y r n a  a  

[45, c.237-240].
3 tH ABC 'iaCTH IipO([)H;iH flBJlaiOTCH OaHHaKOBblMH flJIH 3B0nbBeHTH0r0 H

KBa3HConpK3KeHHoro npoijaineil.
TpeTbH nacTb - o t  nepexonnoH  KpiiBoií no BepuiHHbi 3y6a h x b / i h c t c b ,  c o ö c t b c h h o ,  

pa6oHeü nacTbio npotjm na 3y6a, Koropan onncbisaeTca a n a  3BoabBeHTHoro (HeH3HouieHnoro 
3y6a) h  KBa3Hconpaa<eHHoro npotjm nen no pa3H0My.

3Bo:ibBenTiibiñ n p o ijm n b  o n u cb m a e T ca  riapaMCTpmiccKHM y p a B iien n eM  b  (JjyHKUHH 

3BOJibBeHTHoro y r n a  or.
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X k = - ^ ^ c o s ( y 0 - t g a  + a ) - X 0 ; (2.3)

RhYk = — —sin(y0 -  tga + a )  ; (2.4)
co sa

Rh = 0.5/nzcosa¿; (2.5)

X 0 = Rb co sy0 ; (2.6)

K 2x\g(Xh
7o = ^ I  + I  + (tg a b ~ a b ) ’ (2-7 )zz z

ra e  m - Moayab 3auenaeiiHa,
z - HHcao 3y6beB,

cc/, = 20° - CTaHaapTHbiH y roa  HcxoaHoro KOHTypa,
X - KoacJxjmuJieHT CMcuiCHKH Hcxoanoro KOHTypa,

Rb - paanyc o c h o b h o h  OKpyxcnocTH 3y6aaroro Koaeca,

Yo - yraoBaa KoopamiaTa iiaaaabiioii to h k h  3BoabBenTW,

2.1.2. OraicaHiie paSone« nacTJi npotjaiaa H3HouieiiHoro 3y6a

HH(|)opMan!iH o KoopflHHaTax H 3nouiem ioro npocjw aa mohcct 6biTb no jiy aen a  abvmh 
cnocoßaMH. riepBbiii cn o co ö  3aKJifoliacTca b HenocpeaCTBeHHOM imiepeHHH s t h x  

KoopflnnaT, jih ö o  H3MepeHHH H3Hoca 3y6a c noc;ic;iyiomnM  BbiHHcaenneM 
cooTBercTByiouuix Koop/uinaT. BTopoH cn o co ö  ripearionaraeT  n o n y ae iin e  KOopanHaT 
npocjm aa pacneTHHiM nyreM  b pe3yjn.TaTc MoaeanpoBaiiHa in iia iu n B an n a  3y6a.

B o 6o h x  cny q aax  iinijjopM anM  o KOopaHHarax npocjm aa npcacTaBjiaeT coöoii 

MH05KCCTB0 H3 N  3HalICHtIH pe3yJlbTaTOB H3MepeilHH Y =  {>'] ,)>2,’--,y¡\' } ! COOTBeTCTByiOIUHX 

MHo»ecTBy X  =  {x[,X 2 , . . . , x ,y }■ ripHHeM, b oßmeM caynae  aaeMeiiTw m hoxccctb I n  y  

noflyneHM c onpeaeaeHHOH norpeuiHOCTbio e. Toro, h to ö b i h m ctb  B03MO>KHOCTb
BbiHHCJiaTb (|)yHKiuiio (2.1) npH JII060M 3HaaeHHH apryMeHTa h  cm aanT i. B03M0)KHbie 
OTKJioiieinia, Bbi3BanHbic norpeiuHOCTaMH H3MepeHH» b n p o u cccc  3KcnepiiMeHTa, 
ncoöxoflHMO nafÍTii cooTBCTCTByromyro aniipoKCHMiipyiomyio c^ytiKunio, KOTopaa He 
n p o x o a n a a  6bi 'iepe3 SKcnepuMeHTajibHbie to h k h , ho , b t o  » e  BpeM fl, oT p ax o aa  6bi b 
MaKCHMajibHoñ CTeneHH uccaeaycM yio 3aBiiCHMOCTb.

H an6onbiiicc pacnpocTpanenne nonyaiia cnocoö  ' npeacTaBaenna 
annpoKCHMHpyiomeił (jjyuKUHH b  b h h c  b h h c h h o h  kom 6hh3uhh h o c t o h h h m x  

K03(})(j)HHHeHT0B C* H 6a3HCHBIX (¡jyHKUHÍÍ Tk-

M
Ya¡ = ^ C k Tk , 0  < i < N. (2.8)

k=0

3HaaeH!M K03(j)(J)HUHeHT0B C* onpeaeasnoTCH, nam e Bcero, H3 ycaoBnx 
MHHHMH3aUHH CyMMLI KBaflpaTOB nOFpeUlHOCTH aiHipOKCHMaUHH, B CBH3H C ae.M 3TOT MCT03 
noayMHH H33BaHHe MeToaa «HaHMeHbuiHX KBaaparoB»:
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(2.9)
/=0

y c j io B H e  MHHHMH3auHH cyM M bi KBa/ipaTOB n o rp e u iH O C T e ß  arinpo iccH M am iH  

p e a n H 3 y e T c a  npH paBH H BaH H eM  n yn io  H acrabix nporaBOflHbix o t  Q n o  K03(J)(i>im HeHTaM Ct-
3 a f la n a  annpoK C H M apH H  c b o ; ih tc j i  k  B biO opy BHfla h  K O JinH ccTsa 6 a 3 n c H b ix  (jjyHKUHÖ. 

n P H 3 to m  K puT epH H  oriT H M ajibH oro  B b i6 o p a  ocH O B bißa ioT ca  H a cpaBH eH HH  j ih 6 o  

cpeaneK B aflpaT H H U O H  m i6o  M aKCHM ajibHoft a S c o m o T iio i i  n o r p e u m o c T e i i  an rip o K C H M am n i c 

o iu h 6 k o h  n 3 M e p e n n a .  C ncaycT  t3 k > k c  noflH epK H yT b, h t o  f ljia  o n p eflC Jien iiH  KOopflHHaT t o h k h  

KOHTaKTa H e c o n p a a c e iiH b ix  npocJw jicH  b o 6 m e M  c j iy a a e  H e o öxo flH M O  3HaTb He TOflbKO 

a n n p o K C H M iip y io m y io  (j)yH K um o, h o  h  n e p B b ie  a b c  ee npoH 3B O flH bie, T a x  K ax n e p ß a x  

n p o H 3 B O fln aa  o n p e f le n a e T  nojio>KeiiHe H opM ajiH  k  n p o c jiH jn o , a  c  n o M o m b io  B T opoii 

ripoH3Bo,aHOH o n p e / ie a a c T c a  p a a n y c  K p u B in u b i n p o ij in jia  b KOHTaKTHOH t o h k c .

Hcxofl« H3 BHfla annpoKCHMHpyiomeft ({¡yuKUHH, KOTopas b  CHJiy ecTecTBeHHbix 
npHHHH He m o / k c t  3HaHHTejibH0 OTJiH'iaTbCH o t  3B0JibBenTbi, c ueubK) BbiSopa onTHManbHoro 
BHfla 6a3HCHOH (jjyH K H H ii 6bi;m  npoananH3HpoBaHbi HecKo;n.Ko b h a o b  h o j i h h o m o b  xax c  

ecTecTBeHHbiM 6a3HC0M X, Tax h  c  HopMHpoBaHHbiM 6a3HCOM Z:

B B eaem ie HopMHpoBaHHoro 6a3nca no3BOJiaeT yMeHbuniTb BJiHHime aöcoaiOTHbix 
3HaneHHH apryMeHTa Ha BeflHHHHy norpeuiHOCTH annpOKCHMapHH.

B buiH  paccM O T peH bi c j ie f ly io m n e  6a3H CH bie (jjyHKUHH:

a) KJiaecHHCCKHH cT eneH H ofi i io jih h o m  c ecTCCTBCHHbiM 6 a 3 iico M :

1; - 1 < Z < 1 . (2 . 10)

Tk = X k , Tq = 1; Tx = X \ (2 .11)

a  Taicxce r p y n n a  nojiHHOMOB c HopM HpoBaHHbiM  6a3HCOM Z: 
6 )  CTCnCHHOH

Tk = Z k , (2 . 12)

b ) H e O b iu ie ß a -1 ( n e p B a s  p e x y p p e H T H a a  (})opM yfla) [ 4 1 ,  c.769]:

rr K-tl ■
T k =  2 7

Tk + \ +T k - 1 (2.13)

r) He6biiueBa-2 (BTopaa pcKyppeHTnaa (jjopMyjia) [7]:

r  Tk+] +  0.257*_| 
Tk =  : (2.14)

a) Jle>KaHflpa:

(k  + \)Tk+] + kTk _\ 

(2 k  + l)z
(2.15)

f ljia  Bcex noflHHOMOB c HopMHpoBaHHbiM 6a3HCOM nepBbie flBe 6a3HCHbie (jjyHKUHH 
HMeiOT oflHuaKOBbiH BHfl: To=l; T/=Z.
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Bbi6op oniHMajibHoro Bapnanra BHfla 6a3HCHoñ cJiynKHHH («anee - nojiHHOMa) h  h x  

HHCJia M  (flanee - cTeneHb noflHHOMa) npon3BOflnjica Ha ocHOBe annpoiccnManHH npotj)nna 
H3HomeHHoro 3y6a Taheño Harpy»eHHoñ nepeflann c MOflyneM r n - 8  a im ,  h h c b o m  3y6beB 
Z= 16 h  MaKCHMajibHbiM H3HOCOM no opflHHaTe cHCTeMbi KoopflHHaT XO„Y ( c m . pnc. 2.1) 
Umax= 0.55 mm [119]. PeayjibxaTLi annpoKCHMauHH pa3HbiMH nonHHOMaMH npH o / i h o m  h  t o m  

»ce 3nancHHH cTenenii nonnHOMa M -4  npeflCTaBneHbi na  pHc. 2.2 ( h h c j i o  t o m c k  3aMepa 
n3Hoca N= 31, norpeuiHOCTb H3MepeHHH e=0.05 Am).

Puc. 2.2. AnnpoKCHMauHH 3KcnepH».ieHTanbHbix namibix nonHHOMaMH CTeneHM M=4 0 - TcopcTmecKiiii 
npo<j)mib, 1 - 3KcnepnMeiiTajibHbie aaHHbie, a) CTeneHHOfi nojniHOM kji accu hock un, 6) CTcnemioii 
nojiHHOM c HopMHpoBaHHbiM 5a3ncoM, b) nojinHOM Hc6bimena-1, r) noamiOM Me6biuieBa-2. 
a) nojiHHOM JlcjKaHflpa

AnajiH3 pe3yjibTaTOB annpoKCHMamîii noKa3biBaeT, h to  n o rp e u m o c ra  
annpoKCHMauHH KJiaccHHecKHM cTencHHbiM nonnnoMOM, CTeneHHbiM itojihhom om  c  

HOpMHpOBaHHbIM 6a3HC0M H flOJIHHOMOM JTC/KaHflpa npaKTHHeCKH OflHliaKOBbl H CTOJIb 
HeBejiHKH, h to  n p n  npHHHTOM Ha pHc. 2.2 MacuiTa6e H3o6paxceHHH npoiJiHna 3y6a hx 
annpoKCHMHpyiomwe (j)yHKHHH cjiHBaiOTca c H3o6pa)sceHHeM BKcnepHMeimuibHO 
nonyHeHHbix 3naHennH KoopflHHaT H3HoiueHHoro npocjmnfl, Torfla kuk nonmiOMbi HeßbiineBa 
n e  oßecneHHBaioT TpeôyeMoii to h h o c th  annpoKCiiM amw.

TaKHM o6pa30M, noJiHHOMbi HeßbimeBa Heucjiccoo6pa:nio npHMenaTb anx 
annpoKCHMauHH 3KcnepHMeHTanbHbtx flaHHbix npH HccneflonanHH n3Hoea 3y6beB nepeflan 
flanHoro KJiacca.

B CBX3H c  T eM , c T e n e H H b ie  n o n H H O M b i h no jiH H O M  J l o K a i i i i p a  n p H  c T c n e n x x  f lo  M =  10  

f la r o T  npaK T H H eC K H  o flH H aK O B bie  p e 3 y n b T a T b i  (3a hckhiohchhcm  o f l n o r o  M O M eH T a, 0  K o to p o m  

ö y flC T  cK a3 aH O  hh>kc) b f la j ib H e i iu ie M  p e 3 y j ib T a T b i o 6 p a 6 o T K H  n p u B O f l i r r c x  TOJibKO a n n  

K iia c c H H e c K o ro  C T e n e n n o r o  n o m iH O M a  c ec T ecT B eH H b iM  6 a3 H C 0 M . JXnx s t o t o  n o jiH H O M a  H a 

p u c .  2.3 n p e f lC T a B J ie n o  B im a H H e  C T en eH H  n o n n n o M a  H a  3 H a H e iw H  M aK C H M anbH bix  

n o r p e u iH O C T e í l  a n n p o K C H M a u H H  -  a ß c o jn o T H o i i  E  h cpe flH eK B aflp aT H H H O H  E q.
H 3 flnarpaMMbi cneflyeT, h to  npH c tc iic h h  M=  3 cpeflHeKBaflpaTHHecKoe OTKHOHeHHe 

Menbrne norpeuiHOCTH lO M cpenna e=0.05 a tu , oflHaKO n p n  s to m  cneflyeT ynnTbrnaTb, h to  
32% ToneK HMeiOT OTKfloneHHX, npeBbmiaioHwe norpeuiHOCTb H3MepenHH. i lp n  CTcnennx 
M =4  h  M=5 TaKHX to h c k  Bcero 3% o t  hx  o o m ero  KonnnecTBa (Ar=31 ).
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ITpH noKa3aTCJie M - 8 Ha6jiio,uaeTca Tax na3biBacMoe ñneim e, Konia n a linfiaioT 
CKa3HBaTbca BMHHCjiHTeJibHbie n o rp e iiiH o c m  O coßeim o  cHJibHO s t o  npojJBJiaeTCH npn 
3naHHTejibHOM OTJiHHHH apryMeHTa h  (fiynKUHH no a6co;noTHOMy 3iiaiieiinio. ripn  
npiiM eneH H H  î ï o j i h h o m o b  c  nopMHpoBaimbiM 6a3HCOM HBJieHuc 6neHHH He na6jiioflajiocb no 
CTenenH M - 10.

E , E q  [.«w] 

0.2- 

0.1-

M 3 4 5 6 7 g 9 10

+ £

E
e q

7 SB

-0.1-

-0.2-

- e

Puc. 2.3. Bjihbhhc creneHH nojiHHOMa M  na a6coaiOTiiy¡o E  h cpeaHeKBaapaTHMiiyio Eq norpeiuHOCTii 
annpoKCHMaiłHH

A H a n ii3  n o K a 3 a a , h t o  n p n  MHHHManbHOM (a J ia  o ó e cn e n e H H H  b o 3 m o > k h o c th  

B b iH H caeu iia  B T o p o n  npoH 3B O flH oß) 3naM cnH H  riO K a3arejiH  C T enenH  n o jn in o M a  M - 3 

B K cn ep iiM eH T ajib iib ic  3 H a H e n n a  cniaiKHBaiOTCH o n e H b  x o p o in o ,  ojjHaKO r ip u  3 to m  T e p aeT ca  

c y tn e cT B e iiH a a  n iic jio p M an to i o  KpiiBH3He npoc{>HJix. I l p n  b m c o k h x  c t c i i c h h x  nojiHHOM a 

(M =9+\0) an n p o K C H M u p y io m aH  K pnB aa  n a n n u a e T  n p o x o jiH T h  b iie n o c p e /icT B e H H o ii 

6 j i h 3 0 c t i i  o t  3 h x n c p H M eiiT a jib H b ix  t o h c k  h  n e p e c T a c T  OTpaacaTb p e a i ib i iy io  (jiop.My n p o tjw J ia  

h ,  K poM e t o t o ,  ycHJiHBaeTCB b ; ih h i ih c  pa3H0CTH nneHOB nojiH H O M a b m c o k h x  C T e n e iie ii ,  a 

TaKxce yB eiiH 'iH B aercH  p jicK  n e p c n o n H e m iH  pa3p«flH O H  c c t k h  n p o n c c c o p a  K O M nbioT epa n p n  

o n c p a i;n H X  c  n n a B a io m e f i  3an«TOH.

OnTHMajibHbiM BHflOM 6a30B0H (JiyHKUHH n p n  annpoKCHMamm H3H0iueHHbix 
npo(jjnneü cjieayeT cm iTarb cTeneHHon noJWHOM c HopMHpoBanHbiM 6a3HC0M. 3a 
MHHHMajibHoe 3 n a n e H n e  cTeneHH nojiim oM a Mm¡„ cjieayeT npnHHMaTb Taxyio CTcnenb, npn 
KOTopoii cpe/uicKBaflpaxiiHHOc OTKJioHCHHe norpeaiHOCTH annpoKCHMamm He npeB biuiaer 
norpeujHOCTb m.Mcpcmisi:

ZG™ in=][§śe  (216)

a b  KanccTBe Mai<cHMa;ibHoii CTeneHH nojiHHOMa M,IUU cjieayeT npinn iM arb  TaKyio CTenenb, 
n p n  KOTopoii 80-90%  to m c k  h m o o t  norpeiuHOCTb aniipoKCHMauHii M enbiuyio, neM 
n o rp eu iH O C T b  H3MepeHHH:

|^0 >  E \ • •••> e N\ }> E i =  |̂ /’ -  ^ai'| -  £ > (2 17)

0 < i < N u  A , = (0 .8 -0 .9 )7 /.

3a onTHMajjbHoe c n e^ y e r npHHHMan. cpe/inee 3t h x  flB yx  3nalieHHÜ (Mmin h  M nmx) c 
OKpyr;ienneM ;io uenoro  b  MeHbiuyio cropony.
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TaKHM o6pa30M, npo(bnjiŁ 3y6a oniicuB aeTca , KaK MHHHMyM, TpeMH UHCxpeTHbiMH 
MHoacecTBaMH - a y ra  oxpyKH Ocra BnauHH, aua o n u c a iw a  xoTopou AOCTaroaiio 4-5-5 Tonex; 
nepexoA naa xpHBaa, a jib  o n u c am is  KOTopoH /(ocTaToano paccnirraTb xoopaHHaTbi 5-5-10 
Touex; 3BOabBeHTHbiH (h h 6 o  H3H0ineHHbiH) npotjiwab, onTHMaabHoe h h ch o  t o  nett a aa  
onwcaHHa KOToporo onp eaeaaeT ca  h3 ycaoB na, h to 6 h  paccToaim e M oxay hhm h He öbuio 
6ojibLue mnpHHbi nojiocKH repuoBCKoro KOHTaKTa. H hcbo MacciiBOB, onHCMBaiomHX 
npotjiHJii. H3HouieHHoro 3y6a, Moacer 6biTb 6ojibuic cah h h u m , Tax xax yuacTXH H3noiueHHoro 
3y6a M oryr nepeMexcaTbCH c HeH3HomeHHbiMH ynacTxaMH. CooTBCTCTBeHHO, caeayeT 
annpoKCHMHpoBaTb OTaeabHO xaKAbiii yaacTox, t o  ecTb npHMCHHTb xycoanyio 
annpoKCHMauHio, n o cx o ah x y  annpoKCHMHpoBaTb Becb npocjinab, ocoG chho b  n p o ueccc  
MOflcaiipoBanHa H3Hoca, He npeacTaBaaeTca bo3moachmm, Tax xax annpoxcHM Hpyiomaa 
xpHBaa npw CTeneHH noaHiioM a Menbmeii oßm ero MHcaa to h c k  ripoiiaeT Mea<ay ToaxaMH, a, 
3HaaHT, 6yaeT  3aperHCTpHpoBaH h3hoc h  yaacrxoB  3y6a, ra e  oh cjuniiaecKH 6biTb He MO/xer.

2.1.3. r io a n o e  o n n c a n n e  iipoijiiuia 3y6a

JXn a  y a o ß c T B a  n o jib 3 0 B a n H a  noayueH H O H  H H tjiopM auH eii n c o 6 x o a n .M 0  BM HHcaaTb 

3H aaeH H a am ipoxcH M H poB aH H O H  cJiynxuHH a n a  n p o H 3 B o ab H b ix  3H aueH H H  a G c n n c c , 

n ax o aan jH X C H  M o x a y  aG cuH ccaM H  m h o > k c c tb  (y 3 a o B b ix  to u c k ) , o rm c b iB a io iu i ix  n p o t ja u n .  

3 y 6 a . C OToił n e u  b io  u e j ie c o o 6 p a 3 i io  n o c a e  x y co M iio ii a n n p o x c w v ia u H H  n a i r n i  

h  HTep n  o  Ji a  u h  o h  h  y io  (jiyH xuH io , t o  ecT b  npoB ecT H  n e p c 3  y3.T0Bwe t o h x h  cooT B eT C T B yiom yio  

x p u B y io . B cB a3H  c t c m ,  h t o  o G m e e  h h c u o  y 3 a o B  H H T ep n o aau H H  c o c T a B a a eT  50-100 Tonex, 
npH M eH H Tb n o an H O M H ajib H y io  H H T ep n o aau H H ) He n p e a c T a B a a e T c a  B03M05KiibiM, T ax  x a x  a im  

T o r o ,  h t o 6 h  x p H B aa  n p o m a a  u e p e 3  b c c  y a n b i,  C TeneH b noiiH H O M a a o a a c H a  paB H aT b c a  m hcjiv  

y 3 a o B , h t o  Mo>xeT npH B ecT H  x  6 o a b u iH M  norpeu iH O C T aM  H H T ep n o aau H H  M o x a y  y3aoB biM n 

TOHKaMH.

H a u  a  y a r n  He pe3yabTaTbi b n o a o G n b ix  c a y u a a x  a a e T  npHMeHCHHC HHTepnoaauHOHHbix 
cnaaH H O B , x o r a a  Hcnoab3yeTca o f lim  b h a  n o a m io M a  ( o 6 b m n o  xyÖHuecxHH) a a a  n p o B e a e n n s  

x p H B o ii Meacay y3aaMH, h o  h h c h o  TaxHX noaHHOM OB paBHO H H cay  H H T epB aaoB  M e*ay 
y3aaM H . K o3(j)(J)H uncH Tbi 3 t h x  i io h h h o m o b  n o a o H p a io r c a  h 3  y c a o B n a  ra a a x o c T H  xpH B oii, 

u p o x o a a i a e ñ  H cpe3  y 3 e a .  C x e M a  cnaañH O B O H  H H T ep n o aau H H  n p e a c T a B a e n a  n a  p u c .  2.4.

Phc. 2.4. CxeMa crmafiHoaoíí HHTepnoaauHH
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f lw ji i j j e p e H U H Ł i ik H o e  y p a B n e im e  K y ö n n e c K o ro  c rm a ñ H a  Y ¡  H M eeT  b h a :

d AYs  

d X 4
=  0 (2.18)

CooTBeTCTBeHHO, ypaBHeitne KyßHnecKoro crniaima, oriHCLiBaromero 
HHTepnoJiHUHOHHyio (¡jyHKUHK) Ha ynacnce Meayiy y3:iOBbi.\in tohkbmh A h B (c m . puc. 2.4), 
3anHiueTCH cirenyioiHHM o6pa30M:

YS i( X )  = a i+  b , ( X -  * ,_ ,  ) + c ¡ ( X -  X ¡_ , ) 2 + d , ( X -  X ,_ ,) 3 (2.19)

r«e  a¡ , b¡, c¡, d¡ - K03<j)(j»mHeHTbi nojiH H O M a: 

i'= l,2,...,N -  HOM ep c r n ia i in a .

Ko3t¡)4>HHHeHTbi ciiaaiinoB onpeaeaaroTca h3 cjienyiomHX ycjioBHñ:
•  paBeHCTBa 3H3Hchhh cnaaiiHOB Y s ( X )  h  annpoKCHMHpyeMofi (jiyHKUHH Y „ ( X )  b  y3jiax 

(ycjioBue JIarpaHx<a):

rs¡(X¡-l )  = Ya(¡-l), Ys¡(X¡)  =  Ya¡-, (2.20)

H cnpcpbiB H O C Tb ncpB O H  h  B TopoH  npon3B O ^H i> ix  o t  ciiJiaHHOB b  y 3 ;ia x :

( * / ) = ■
f d Y o

d X

l  d X  

d 2Ys

( * / ) .

d X 2
ÍX¡).

1+1

(2.21)

(2.22)

•  3HaMCHKH nepBOH H BTOpoii IipOH3BO;iHbIX B KpaÜHHX y3J10BblX TOHKaX A 0 H A n.
B CBH3H co 3HaHHTejiBHOH norpeuiH ocTbio o n p c ae ae H í«  npon3Bo;iHbix npa 

cn n a itH O B o íí HtixepnonanHH sanana  h x  BbiHHCJieHHfl Ha aannoM  3Tane He cxantiTca. T o rn a  b 
Ka'iecxBc rpaH H H H bix  yCJiOBHÍi HCno.rib3yK>TCa ycnonna  CBo6on.iib ix  k o h h o b  ciuiaÜ H O B :

d 2 Ys  

{ dX2
(x0)-

/  O \
d 2 Ys

d X
( X N ) = 0 (2.23)

TeopexHMecKne acneKXbi pemeHHa 3anasu HinepnojiauHH ciuiañiiaMH - oiipenejiemie 
MHOXCeCTBa K03(j)(S)HUHeHT0B cnuaHHOB H BblHHCJieHHS JIHTepnOJIHHHOHHOH (¡lyHKUHH 
flocTaTOHHO x o p o u io  pa3pa6oTaiibi [22,311. H a ocHosaHHH nonyneHHbix anropHTMOB 
MynpoBbiM A.E. BbinojiHeHa h x  nporpaMMHaa KOMnbJOTepHaa p e a n m a iu ia  [52, c.96-104], 
KOTopaa h  6buia Hcnojib30BaHa b HacToameii paôoTe n.na BbiHHCJieHHa MHoacecTBa 
K03([)4*HHneHT0B cnjiaiiHOB Ks H. 3HaaeHHa HHxepnojiauHOHHofl 4>yH«HHH T.ç no 3T0My 
MHOXíecTBy h  3anaHHOH aß ciu icce  iipocJjujia X :
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X s  -  {(a l>^l»c l>^l)» (a 2 >^2>c2>^2)>•••> (a N >bN >CA'»^A')}' (2.24)

ys  = ys ( * s , * ) .  (2.25)

f l jia  pemeHHH 3anann onpen en em ia  K oopannar to h x h  KOHTaKTa HeconpjoxenHbix 
npotjiHJicH HeoSxoflHMO pacnojiaraTb Taxxce bo3m o3khoctlio b h h u c jih tb  opnunaT y npocjmjia 
B (JjyHKHHH pannyca-neK Topa R:

R = J ( x 0 + x f  + Y¡ , (2.26)

y5 =  y5 ( ^ , i ) ,  (2.27)

h to  M05KH0 cnejiaTb, HcnoJib3ya BbipaaceHHa (2.24) h  (2.25), 3aMeHHB b h h x  aôcuHCCbi X  na 
BbiHHCJieHHbie no (JiopMyjie (2.26) 3HanenHa pa/uiycoB-BexTopoB R.

K o p p e n n u n  o p n im a rb i  H H Tepno.nm nioniioii (¡lyincninr Pe3yjibTarbi npHM enennx 
nporpaMM M ynpoB a A.E. noKa33Jin, h to  ecjin opnunaTbi annpoxcHMHpOBaHHOH (jiynxuHH na 
rpaHHuax HHTepBajia 3HaHHTeJibno OTJiHHaiOTCH, t o  HMeeT MecTO 6ojibuiaa norpeuiHOCTb 
HHTepnonanHH. C nenbio  yMenbuieHHH s to h  norpeuiHOcxn n p n  BbiHHcneHHii 
HHTepnojianHOHHon (fiynxunn BHyrpn HHTepBana 6bi.no jionojiim rejibHO B seneno 
orpaHHHeHne 3Toii <|)yHKHHH no cpaBHeHHio c ee 3HaHemieM b cnynae jih h ch h o h

HHTepnojMUHH (cm. p uc . 2.4), t o  ecTb, ecjin J s  >  ( ^ , / /ne)  , t o  c /ien y er nprnum ,:

YS  -  {Yaline ) max > [Ya lin e )=  Ya ( i - \ )  +  « ( Yaline ~  Ya ( i - \ ) )  • 3naH eH ne xo st^H U H eH T a

orpaHHHeHHB HHTepnoJiflHHOHHOH (JiyHKunn a  onpeaejninocb Ha ocuoBauHH anajiH3a 
xanecTBa HHTepnojwuHH annpoKCHMnpoBaHHbix KpHBbix pa3JiHHHoro xapaicrepa h  6biJio 
npHHHTO paBHbIM 05=1.5.

f ln a  n o c jien y io m ero  o iipenejiennji rcoM crpim ecKiix xapaxTepHCTiix to h x h  xoHTaxTa 
npo(|)nneH h  bm hhchchhk  KOHTaKTHbix HanpjoxeHHH neooxornM O  xpoMe opflHHaTbi npo<()HJia 
M oxny e ro  yjnoBbiMH tohkbm h 3HaTb T ax * e  nepByio npoinB onny io  n  p a an y c  KpiiRimibi 
arinpoKCHMitpyiomeH xpHBoil.

IIpHMeHeHHe a n a  s th x  n e jieñ  ananHTHHecxoro M erona, ocHOBaHHoro na nsyxparaoM  
nH(j)(j)epeHHHpoBaHHH HHTepnojisHHOHHOH (JjyHKHHH He npencTaBJiaercH bosmoxchmm, Tax 
xax 3Ta criJiaiin-ijiyHKHHX bbjihctch  nojniHOMOM rpeTbeii cTeneHH u BbiniicjicuHe nepBOił 
np0H3B0flH0ii H, OCOÖeitHO BTOpOH, npHBOHHT K 6ojIbUIHM norpeiHHOCTAM.

B CBB3H c TeM, h to  paccMaTpHBaeMbie npo([)iinn onepHHBaiox 3y6wi chjiobm x 
3y6naTbix nep en an , onpeflCJicmie pan n y ca  xpHBH3Hbi h nepB oä npoH3B0HH0H 
HHTepnOJISHHOHHOH (j>yHXUHH 6bIJI0 BbinOJlHeHO c HCn0Jlb30B3HHeM THn0Te3bI, n03B0JlHB0jeii 
npHMeHHTb (¡lopMyny F e p n a  a n a  onpeaenenH H xoHTaxrHbix HaiipaxceiiHÜ b 3y6bax 3y6naTbix 
nepenan . Ha ochob3H hh 3 to h  rnnoTe3bi xonT axr npocjnuieii c nepeM ennoH xpHBH3iioii 
3aM eiiaerca xoHTaxTOM nay x  co n p u x acaio m n x ca  oxpyyxHOCTeñ (h h jih h h p o b ) c pannycaMU 
XpHBH3HbI IipO(t)HJ]X B XOHT3XTHOH TOHKe. llpH  3T0M CHHTaeTCB, HTO UJHpHHa nOJIOCKH 
xoHTaxTHOH flC({)opManHH peajibHbix ripo([)Hjieií h  3aMeHJHomHX h x  oxpyjxHOCTeií öy/ieT 
OHHiiaxoBa, a Taioxe npennojiaraeT ca onnuaxoBbiM h 3axon pacnpenejieHHH xoHTaxTiibix 
HanpaxceiiHH.

H a OCHOB3HHH 3THX aonymeHHii b xaneciBe conpHxacaraiaeiica oxpyoxuocTH 
npHHsra oxpjoxHOCTb, npoBeneimax nepe3 rp n  to h x h :  onua H3 xoTopwx x b jitc tc x  to h x o h
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KOHTaKTa, a flBe ap y rae  HaxoflSTCs o t  nee Ha paccToaHHH, ne m c h c c  h c m  noaynjupm ia 
repuoBCKOH nonocKH KOHTaKTa, <})0pMyna nnn b b ih h c jic h h h  Koropoß b  cayaae KOHTairra 
CTajiBHBix T e a  c K03(|)(J)HUHeHT0M riyaccona v=0.3, HM eeT bhæ [77, c.638]:

rae  F„ - HopMajiBHaa cnaa, cacHMaiomaa KOHTaKTnpyromHe Teaa,
b¡ - ÆHHHa KOHTaKTa,

E -  npHBeaenHHH Moayab ynpyrocTii,
Ri, 7?2 -  p a a i i y c t i  KpnBH3Hbi T ea  b  k o h t3 k th o h  to h k c .

2 .1 .4 . O n p e a e a e n n e  p a a n y c a  K p iiB io in .i h  n e p n o ii npoiOBOAiiofi KpiiBofi, 
oniicbiBaioLLieH npo{j)iiai> 3y6a

CxeMa onpeacacH H a p aan y ca  KpHBH3Hbi Rk h  npon3BoanoH HHTeprtoaauHOHnoii 
(|)yiiKHHH S f  n o  TpeM onopubiM  tohk3M  K (Xk, Yk), A (Xk-0.% h, Yk) h  Y>(XK+0.9b¡¡, Y¡¡) 
iipeacTaBJiena Ha pwc. 2.5. Opam iaTi.i s t h x  to h c k  onpeaeaaiO Tca in  Bbipa*cHHa (2.25).

Puc. 2.5. CxeMa onpeaejieHHS paaiiyca KpHBH3Hbi h nepBoñ npoimoflHofi annpoKCHMHpoBaHuoñ 4>yHKUHH

M epe3  c c p e a i iH U  x o p a  AK  h  KB n p o B o a a T c a  r ie p n c iia H K y a a p H b tc  k  h h m  j i h h h h  a o  
n e p e c e a e n n a  b  t o  a x e  O k ,  K O Topaa h  G y /iea  ueH T poM  k phbh3H B I e r m a n n  (JjyH K unn S f  b  t o h k c  

K, a  0T pe30K  O k K = R k  n p c a c ia B a a e T  c o G o h  h c k o m b ih  p a a n y c  k p h b h 3 h m . I l o c a e  H e c a o * H b ix  

rcoM OTpiiH ccK H X  n p e o 6 p a3 0 B a H H H  (j)opM yabi a n a  B b ia n c a e H H a  p a a n y c a  k p h b k 3 H b i Rk h  

nepBO H  n p o H 3 B o a n o ii  c n a a i iH  (jjyHKUHH Y$ m o * h o  npeacraBHTB b  c a e a y fo m c M  B n a e :

(2.28)

(

(2.29)

t s = t g ß  = - t g ( a b + ßb ) . (2.30)
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r«e

Pa =  a rc tg -
s in y  

c o s y  + Sb

Pb =  a rc tg -
s in y

c o s y -

uenTpajibHbie yr;ibi nonyxopfl Sa u Sb,

nojiyxopxibi (aK h  Kb,Sa =  0 5  t e - * , l ) 2 + ( f r - f r ) 2

Sb = 0 5 j( X K - X B)2 +(YK -Y ,,)2 \

y  = 05 k  -  (a a + a b ) - BHeuiHHH yroji TpeyrojibHHKa aKb,

a a  =  arctg  

a b  =  a rc tg
Yb

yrjibi HaKJiOHa no ;iy x o p a  k ochm K o o p a iin a T .

r ip n  BbiHHCJieHHH no  (jiopMyjie (2.29) pa^n y c  KpnBH3Hbi BbinyKJioH kphb o h  CHHTaeTCs 
nojiojKHTCJibiibiM, B orayroH  - OTpHpaTejibHbi.M. r ip n  cTpcnKC /iy r, CTani8aeMbix xop/taMH AK 
h  KB (cm. p nc . 2.5), ne  npeBbimaiomeH BbicoTy MHKpoHepoBHocTCH juw  a a n n o ro  Kjiacca 
uicpoxoBaTOCTH 3y6a, KpuBaa cHHTaaacb tijiockoh, oanaKO, h toS m  He HCKa3HTb pc3y.TbTaT 
onpeflCJicHiia KOHTaKTHbix HanpH5KeHiifł h , b t o  >kc Bpc.Ma, h to 6 b i He Bbi3BaTb nepenojtHeHHe 
pa3p«flHOH ceTKH n p o u e cc o p a  BbiHHcniiTejibHOH MauiHHbi, pa/m yc KpHBH3Hbi npHHHManca 
paBHbiM KOHenHOMy, flocTaTOHHO GojibmoMy HHCJiy,. r ip u  M oayne 3aucnneH na 6-s-16 mm 
MaKCHManbHoe 3HaneHne parw yca mo>kho npnHATb b n p e ae aa x  4-^5 m.

JJ,nx Toro, HTobbi npefljio*einibiit m c to j 6mji pa6oTOcnoco6eH npH coBnaflcmni
KOHTaKTHOH TOHKH C KOHeHHOH TOHKOH npO(j)HJla (BepiUHlia 3y6a) B flliCKpCTHOC MHO/KCCTBO 
KOopttHHaT, onHCbiBaioiUHx npotjiHJib 3y6a, BBOflHJiacb flonojiHHTejibim ([mKTHBnast TOHKa. 
3Ta TOHKa Hcnojib30Bajiacb mnbKO nnn onpcflCJicHH« pa/oiyca KpHBH3Hbi h  nepBoii 
npOH3BOflHOH.

KoopflHHaTbi 4>hkthbhoh to h k h  onpeflejiajiHCb cneflyromHM o6pa30M. Bbiaejiajiocb 
Hebojibujoe flonojiHHTCJibHoe mhojkcctbo H3 n a ra  to h ck  Kj,  npHMHKaioiHHX k BepuiHHe 
3y6a. A6cxtHcca tohkh  npHiiHMajiacb paBHOH aGcmtcce BepuiHHbi 3y6a,
yBejiHneHHOH na Ax=0.05bn- Op^miaTa {¡¡hkthbhoh tohkh  onpeflejisuiacb 
BKCTpanonupoBaiiHCM c iiomouibio nominowa JlarpaHwa [52, c.72], iiaiiaeHHoro a m  
AonojiHHTcabiioro MHoacecTBa Ks.

2.2. M ATEM  ATHHECKAfl M O flEJlb O nPEflEJIEH R H  K OO PflH HA T TOHKH 
KOHTAKTA nPO O H JIE H  H3HO IIIEH HbIX  3YEbEB

TeoMeTpHHecKH 3aaana  onpeflejieHHH KOopflHHaT to h k h  KOHTaKTa KpHBbix, 
onncbiBaioiHHX npo<j)Hjm KGHTaKTnpyioiitHX 3y6bca, cbo/ihtch k naxo>KjTeHHio tohkh  
Kacami« a s y x  >kcctkhx KpHBbix, BpautaioutHxca OTHOCHTeabHo HenoflBH5KHbix uenTpoB. 
IlpHHeM paccM orpeHHio iio;uiex<HT mnbKO KacaHHe nepB oro nopswKa, nocKOJibKy ajih 
TBepflbix Ten, KaKHMH sbjibiotch 3y6bS 3y6naTbix KOJiec, KacaHHe BToporo nopaaKa 
(|)H3HHeCKH He B03M05KH0.
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CxeMa nocTaHOBKH 3 a fla lin  0 6  o n p e a e n c H H H  K o o p a n n a T  KOinaKTHOH t o h k h  

npeflC T aB B eH a n a  p n c .  2 .6 .

Puc. 2.6. CxeMa K O H T a K T a  n p o c j i H J i e i i  H 3 H 0 w e H H b i x  3 y 6 b e B

H cxoA H biM H  n a p aM e ip a M H  /w a  o n p e / ie j i e m ta  riojio>K eiiH « t o h k h  KOHTaicra K  

s b jm io tc h :

•  n e n o f lB H x a tb ie  u e n T p t i  B p a u je im a  n p o c ju in cH  O ; h  O 2, i ia x o w a in n c c H  H a p a c c T o a i im i,  

paBHOM a a, - M etfcoceBOM y p a c c T o a iiH io  3yÔHaTOH n e p e u a n n ,

•  noflBn*H bie cHCTeMbi KoopamiaT X/O oiY i  h  X 2O02Y2,, b  KOTopbix c noMombio 

HHTepnonapHOHHbrx 4>yHKU,HH Kyi =  » ■X'l) H y52 = y .S 2 (* S 2 ’ * 2 )  onHcaHbi 

npo(j)HJiH KOHTaKTHpyioiUHX 3y6beB, a  T axxe  onpeaejiacTCH noJioxceHHe t o h k h  KOHTaicra b 

ee OTHOCHTejIbHOM UBHXeHHH,
•  n e n o a B H K H a a  CHCTeMa K o o p a w ia T  XO/Y, b  KOTopow o n p e f le a a c T c a  n o jio iK eH H e t o h k h  

KOHTaKTa B e e  a6cOJIIOTHOM flBH/KeHHH,

•  yroji noBopoia nouBH>KHOH chctcmw KOopuHnaT X/Oo/Y / - (pi, onpeaejuiiomHH 
nojiojKeHHe Beaymero npoiJiHJiH.

3ajiana c b o u h t c b  k o n p e « e ; ie H H io  caeayioiUHX n a p a x ie rp o B :

•  KOOpÄHHaT TOHKH KOHTaKTa K  B HenOUBIUKHOH CHCTCMe KOOpflHHaT XOi Y,
•  KOOpflHHaT TOHKH KOHTaKTa K  HOflBIOKHblX CHCTCMaX X/Oo/Y/ H X 2O02Y2,
• nono'/KCHHC BCAOM oro npocjmjiH, onpeaejiaeM oe y rn o M  (p2.

2.2.1. PpacjmHecKHH MeToa onpeaejiem iH  KoopaimaT KOHTaKTHoií tohkh

pcuieiiHH nocTaBJicHHOH 3anaHH BHanajie 6bin npnMeHeH Meroa 
nenocpeflCTBCHHOro rpa(j)HHCCKoro MOBCJiHpoBaiina 175]. I lp o ^ H a n  H3HOUieHHbix 3y6naTbix 
KOJiec H3roTaBJiHBajiHCb H3 TOHKOTO xcecTKoro MaTcpnajia b  MacLU'raöe 10:1 h  

M oaennpoBajica n p o u e cc  3anen:ieHHJi 3y6beB n o  cxeMe, npeacTaBjieHHOH Ha p uc . 2.6. 
rio;iO>KCHHe TOHKH KOHTaKTa OTMeHaJlOCb Ha KOHTaKTHpyioiUHX npotjw juix  h  na  
HenOflBIDKIIOH naOCKOCTH, OTHOCHTCJIbHO KOTOpOH OHH BpaiUaJIHCb.

HecMOTpa Ha HeBbicoKyio TOHHOCTb Meroua rpatjiHHecKoro MOuejinpoBaHH«, 
noJiyneHHbie pe:iyjibTaTbi uccjieuoB aim a 3ai;eiuieHHii H3noiueHHbix npocjiHueii nouTBepuHJiH 
uenecoo6pa3HOCTb npoBCUcmia uajibHciiuiHX uccaeuoBanHii.
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f lß a  npotjjHJM 1 u  2, onHcaHHbie HHTepiiojiJiLiHOHHHMH (JjyHKiiiiHMii 

B cucTeMe KoopflHHaT X/OoiYi h YS 2  = B chctcm c

K oopannaT X2O02Y2, BpamaioTca BMecre c  s th m h  cHCTeMaMii BOKpyr nenoABiixiHbix nenTpois 
Oi u  O2 , 3a([)HKCnpoBanHbix b Heno;iBH'/KHOH CHCTeMe KOopnimaT XO /Y . KpoMe to to ,

npocJiHJib 2  flon ojiH H T ejib n o  on u cb iB a eT ca  (JtyiiK m ieii YS Ï = YS 2 [ k r 2 , R2 ) (cm . tjiopM yjiy  

2 .2 6 ) .

r io iio iK eH H e B C /iym ero  3B en a  -  up ocfinn«  /  -  3a;iaerc>i b  s t o h  cu cT eM e y n io M  <p; , 

OTCHHTbiBaeMOM o t  nojiOÄHTejibHOi'o HanpaBJiCHHH o c h  O jX  b  C TopoH y e r o  y r jio B o ii  

CKopocTH CO/. r io n o H c c in ic  B ea o M o ro  iipoc})hjiji 2  OTCHHTbiBaeTCs o t  o c h  0 ¡ X  TaKsce b 

HanpaBJieHHH e r o  B p am eH iia , t o  ecT b n o  n a c o B o ii crp ejiK e.

n o 3 f l i i e e  6bUiH p a 3 p a6 o T a H b i T c o p cT H n ecK n e  o c h o b h  H ccne/ioR aiiH H  3 a u e iu ie n n 5 i 

K Ba3H C onp50K eH iibix npo tjH iJ ie ii 3y 6 b eB  3 y 6 n a T b ix  n e p e n a n ,  h t o  n o 3 B O ;in n o  C03HaTb 

M aT eM aTiiH ecłcyio  M O flenb o n p e n e j i e n i i a  t o h k h  h x  KOHTaicra h  n c n o jib 3 0 B a T b , b  c b x 3 h  c 

SoJlbUIHM  o6beM O M  BblHHCJieHHH, KOMHblOTepHbie TCXHOJIOI'HH [ 5 6 ,5 9 ] .

2.2.2. AnajiHTimecKHH MeTOfl onpefleneium  KoopflHiiaT k o h t ü ic t h o h  t o h k h

B  oCHOBy o n p e A en e iiH H  t o h k h  K acaH H « npocjiH Jieii n o n o a c e H o  H 3B ecTH oe H3 

fliic[)(})epeHUHaJibHOH reoM eT pH H  y rß e p a c a e H H e , h t o  n p H  xacaH H H  n n o c K iix  KpHBbix h x  

K acaT e jibH b ie  b  TOHKe K a c a m ia  c o B n a ^ a io r  [4 1 ,  c .5 2 0 ] .
CxeMa o n p e a e n e i iH B  K O opflH iiaT t o h k h  KOHTaKTa KBa3HConpa>KeHHbix npo(]>HJieit 

n p e flC T aB n eH a  n a  pHC. 2 .7 .

Puc. 2.7. CxeMa onpeaejieHH» KoopmwaT t o h k h  KOHTaKTa h î h o u j c i i h l i x  npo<[)njieH
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H a npocjiMJie 1 BbmenaeTCs HeKOTOpaa TOHKa A ¡(X/, Ys¡) paflHyc-BeKTop KOTopoií R A/ 

cocT aB JiacT  c o c b io  0 ¡X  yron y/¡:

R A¡ =T¡{Xoi + X l ) 2 + YSI . (2.31)

y, =  ar ct g— (2. 32)  
^ r0 /  +  X \

V] =<P\ + r i .  (2.33)

H ep eí TOHKy /!/ npoBOflHTca KacaxenbHan —  nonojK enne KOTopoií b 

noÂBHÂHOîi CHCTeMe K oopnnua'r o th o c h tc jib h o  och 0¡X¡ o n p e n cn a e rc a  yraoM  X¡ no 
3HaneHHK) nepBoii npoH3BonHoit o t  HHTepnonaiwoHHOH (j>yHKUHH (cm. (Jj. 2.30 h puc . 2.5):

A, = Æ -a rc tg (ÿ 51(X ,) ) .  (2.34)

n o  y rn y  A/ mohcho HaHTH y ro n  M e*ay KacaTenbHoii t °  -  t °  h pannycoM-seKTopOM

* A r
S\ = 7| + Aj, (2.35)

hto aaeT B03M03KHOCTb onpenenHTb nonoacem te KacaTCJibHoil t °  —  t °  b HenonBHHCHoii 

cucTeMe KoopnuHaT nepe3 y ro n  Q,:

0 1 = 5 , - y / t . (2.36)

H3 ncnTpa O2 b TOHKy A / npoBOflirrca orpe30K R2= A /0 2:

R2 = -J fau  -  R A/ cosíV i ) 2 + {R A, s in y , ) 2 , (2.37)

KOTopHH cocTaBJiacT c ocbK) O¡X  y ro n  1/ 2:

R a, s in y ,
y  2 — a rc tg   --------------. (2.38)

a co - r A, c o W l

KoOpnHHaTbl TOHKH A 2 B nonBH/KHOii CHCTeMC X2O02Y2 H3 OHCBlinitblX 3aBHCHMOCTeii 
6 y n y r paBHbi:

YS2 -  YS2 ( K r i  < R2 )

X 2 -  -JR2 -  YS2 -  X 02 I
( 2 .39 )
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O rp e 3 0 K  R 2 noB opaH H B aeT ca  B O K p y r n c H T p a  0 2 n o  coBM cm cHH H  e r o  K o n u a  c

3aT eM  0T pe30K  R 2 n oB opanuB aeT cn  b  H exoflHoe nonoa<eH H e BMCCTe c K a ca T e n b u o ii

3HaneHHH KoopnmiaT to h k h  A/,  npn KOTopbix yron T paßen nymo (xacaTenbHbie 
coBtianaioT) h onpenenmoT nonoaceHHe to h k h  K  - to h k h  Kacanna Hcconpnaceimbix 
npotjjHneii.

B cb»3h c TeM, aHanHTHHecKH peuiHTb ypaBHenne 2.44 oTHOCHTenbHO X ,  He 

npencTaßjiHeTca B03MoacHbiM, 3anana MoaceT 6 b iT b  peiuena iipuMCHenneM o ah o io  H3 
HHCneHHblX MCTO.TOB - flHXOTOMHH, XOpfl, CeKyUJHX H Zip. C HCn0nb30BaHHeM KOMnblOTepHblX
T e x H o n o r a ß  [52, c.7-40],

TaKHM o6pa30M, 3anana onpeneneunn to h k h  KOHTaicra cboähtch  k pemeum o 
TpancueneHTHOro ypaBnenn« c oahiim ncH3BCCTHbiM - X i  - BHfla:

r n e  -  TOHHOCTb p e m e H i w  y p a B n e iw a  n o  y r a y  A, K O T opyio  m o j k h o  b  nepB O M

£ ¿ = ( 0 . 0 0 0 1 + 0 .0 0 0 2 )« .

n o  n a lin e n H O M y  K o p m o  y p aB n eH H a  ( 2 .4 5 )  - X t B biH H cnm oT ca K o o p n u n a T b i t o h k h  K  b 

H enonBHacHOH h  noBopoTHbix CHCTeMax K O o p n im aT , nonoaceHHe npocjmjw 2 , o n p e n e n a e M o e  

y rn o M  <fh, a  TaK ace y r o n  3a u e n n e n H H  a a ,  o n p c n e n a e M b i i i  xaK  y r o n  M eacny  o ö m e ü  H o p M an b io  

n "-n"  k  n p o tJ w n a M  h  n e p n e H f lH x y n a p o M  k  b h h h h  ueH T poB  O 1O 2:

npo([)H neM  2  b  TOHKe A 2, n e p e 3  K O Topyto n p o B o n H T cn  K a c a T e n b u a a  t °  — t 2 , n o n o aceH H e 

K O T opon o n p e n e n a e T c a  c o o T B e rc rB y io m u M ii y rnaM H  A 2 h  &2 :

(2 .4 0 )

(2 .4 1 )

&2 -  Y i + h .  - (2 .4 2 )

t 2 ~ ^ 2 ’ K oropaa b 3 tom  nonoacenHH (Korna K onen OTpe3Ka R 2 HaxoflHTCK b to h k c  A/ ) ,  

o6o3HaHennaa KaK t y  ~  t y , cocTaBHT c  HenonBuaciioH ocbio 0 / X yro n  82:

&2 -  + y 2 ■ (2.43)

Y r o n  T Meacny K acaTenbH biM H  t °  — t °  h  t y  - t y , np jiB eneH H biM H  b TOHKy A /,

6y .neT  paB eH :

T  — 02 ~  • (2 .4 4 )

(2.45)

npn6nHa<eHHH npnuHMaTb HucneHHO paBHofi nonycTHMoii norpeuniocTH 
onpeneneHHn ncpcnaTomioro nncna HcenenycMoil nepenann:



0 6 m a s  HopMaiib k npoiJninsM n"-n", onpeA easeT  jih h h io  aeiiCTBHa nopMajibHOH c h jim  

b jancn/ienH H , a to h k b  ncpcccH cnna s to h  HopManH c ocbio 0 / X  npeflCTaBnaeT co6ofi 
nojiO/KCHHe MraoBeHHoro no jn o ca  3aueruieHHS P.

H a  ocH O B anH H  pc3yjn>TaTOB, n o jiy n e H H b ix  a n n  M H O *ecTB a 3H aneH H H  y r n a  n o B o p o r a  

B e a y m e ro  3B eH a <p\ m jn < <p\ < (pj m a x , B b in o jm a e T c a  HCCJieAOBaHne KHHeMaTHKH 

3 a u e n ; i c n n a  K B a3H C onpH w eH H bix (H 3 iio iu eH H b ix ) n p o ib u jic H .

2.2.3. HucjienHbiH mcto/i onpe/jejieHWi K oop /u inar KOHTaKTHofi tohkh

AnajiH3 pc3yjibTaTOB onpeaejienna KoopflHHaT t o h k h  Kacaunx npo(|)HJieił no 
paccMOTpeHHoii m c t o a h k c  noKa3aji, h t o  30Ha nyjieBoro 3HaHCHHB Kopna ypaBiieHHS (2.45) 
HMeeT 3HaiinTenbHyio npOT»3KeHHOCTb 11 oiipeflenenne Kopna c Tpe6yeMon ToanocTbio 
B03M0WH0 TOJibKO a jis  npo(|)HJieH, onncbiBaeMbix aHajiHTH'iecKHMH ([jyriKUUHMH, naripnMep 
SBonbBenTHbix, Toraa Kaic abb KBa3HConp5DKCHiiux iipo^iuien, onucamibix 
annpoKCHMnpyiomHMH c nocneayioiueH cruiafiHOBoii HHTepnojmuneH (¡jyiiKunxMH, Hafira 
TOMHoe peiuenne BecbMa 3aTpy.zxnHTe.nbHO. B cbb3H  c  s t h m  petueHne 3aaann pa36nBacTca Ha 
BBa 3Tana.

H a n e p B O M  3 T a n e  npo!i3B0fliiTCB i ip e /iB ap n T C jib H o e  onpeAenenHc 3 0 h b i KOHTaiaa 
KBa3nconpa)KeHHbix npo(])nneii, Tax kbk  b o t / ih m h c  o t  3BOJibBCHTHbix npozjw jieii, xxjim 

KOTOpbix TOHKa KOHTaKTa Bcer,zxa pacnonaraeTCa n a  ripxMoii, KacaTenbnoii k  o c h o b h m m  

OKpyxcHOCTBM, jiHHHB 3auen;icH iix H3nomeHHbix 3y6be& hbjijjctcx  k p h b o jih h c h h o h , tjiopMa cc 
3apanee Hen3BecxHa h  it o a jio k h t  onpe/xejicHitio.

JXnx 3 T o ro , n p n  3a/xaHHOM y r j i e  <p/, onpe/iejmiomcM n o a o K e i i n e  B e a y m e r o  3BeHa, 

BeAOM bin r ip o ( j)n n b  y c ran aB A H B ac T cx  b T a x o e  n o n o a c e n n e ,  h to 6 m  Mexyxy npozjjHJiHMH b 
H anpaB jieH H H  T e o p c T iin e c K o n  jx h h h h  3 a ix e n j ie n n s  6 b iii 3a3op E, paBHbiii 1-2% o t  M o ay jia  

3 a n e n n e n H f l  ( p n c .  2 .8).

Phc. 2.8. CxeMa npejlBapHTejibHOro onpeixejiemis nojiowemis 30Hbi KOHTaKTa H3HOUieHHbix iipo((jHjieii aySbeB
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B 3T0M  no;i03KeHHH win  Teicymero 3 n a n c in w  a ó c u n c c b i  B c a y m e r o  n p o f jw ju i  X¡ ( b  

no«BH»(HOH CHCTeMe K O op^H H aT X 1O 01Y 1)  BbiHucjifleTCfl p a flH y c -n eK T o p  R ¿

oiipcflcnaioiuH H  iTOJiO/KCHne TOMKU A/ na npocj)HJie. 3aTeM paanyc-BCKTop R A/

noBopaHHBaeTCfl OTHOCHTejiŁHO uem rpa 0 | ,  n p n  STO?.! e ro  KOHen onncbiBaeT a y ry  no 
nepeceneHHH c BeaoMbiM npotJwneM b  t o m k c  A¡ - u  A¡A2 ■ H s m c h h s  X¡ b  ripejiejiax paooHen 

Mac™ Beflym ero npot[)HJia Xmi„ <  X ¡<  Xmax, m o jk h o  HaîiTH MHHHMajibHoe aiiancin ie  au  h  h  1,1 

n y ra  u A ] A 2 .
OflHaKO 3 0 H a  M H H H M ajibH oro 3naHeHHH s to î î  a y r a  b b j i b c t c s  B e c tM a  np o T S JK en u o H , b 

CBB3H C MCM UCUCCOo6pa3HO OTpaHHMHTb e e ,  npHHHB aOliyiUCHHC, MTO HCKOMaa TOMKa 

KOHTaKTa i ia x o /u r r c f l  b  c p e ; n ie n  n a c r a  s t o h  3 o h b i  b  r ip c a e j ia x  u m p n H b i n o n o c K H  re p u o B C K o ro  

K o n r a r r a  - 2bH(cM. $ . 2.28).
Ha B T o p o M  3 T a n e  b n p c a e u a x  B bifleuciiH O H  30HH m c to / io m  æ h x o to m h h  

(r io jio B H H H o ro  J ie J ie n n a )  p e u ia e T c a  T p a n c u e H A e n ra o e  y p aB n eH H e  2.45 h  o n p e a e . 'u u o T o i  

napaM eTpbi KOHTaKTa.
TaKHM  o6pa30M, nun  peineH H H  3anann onpeflcncnHH K o o p n m ia T  KOHTaKraoñ to m k h  

n o  npenjiO/KCHHoii cxeMe h c o S x o a h m o  npeflB apH T enbH O  p em H T b  flBe BcnoM oraienbHbie 
s a a a 'iH :

•  p a3 B e cT n  npo(j> H jin  H a p accT O flH ne E,
•  HaHTH flJiHHy a y rn ,  oriHCbiBaeMon TCKymuM paflnycoM-BeKTopoM R ,  a o  ee nepeceneH ns c 

KOHTaKTHpycMbiM npo(J)H ;icM .

AjiropH TM  ou p eaejieiiH H  h o j iO/Kc h h h  BCflOMoro 3BeHa n p ii  p a 3 B o a e  n p o ÿ iu ie ii .  
CxeMa pa3BeaeHHfl npocpmieii iipeacTaBjiena n a  pnc. 2 .9. 3 anana  c b o a h tc k  k o n p cn en en m o  
no  3aaaHHOMy nojiO K ennio Be/iym ero npocjiHJW (pi nono*eHHH BenoMoro npo(J)i¡jia, 
onpcaenacM oro  yrnoM  <p?.t ripn KOTopoM paccT osnne MOKjiy npO(J)HJiBMH, nsM epenHoe no 
TeopeTunecKOH j i h h h h  3 a n en n en n a  M N ,  6yncT paBHO cd=E.

Pue. 2.9. CxeMa nojroroBKii k nepBOMy 3Tany onpeaejiennfl 3ohh KOHTaicra iohouichhmx npotpwicii 3y6teB
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A n n  T e is y m e ro  a H a n e n n a  p a n n y c a -B e K T o p a  7 ? ^  B b iH H cn n eT cn  pa3H O CTb  M e sc n y

pannycoM o c h o b h o h  o k p > 9 k h o c th  Rbi a n p o e K u n e i i  RAl Ha HanpaBjieHue orpe3Ka O/M, t o

e c 'rb  0T pe30K  S, paBeHCTBO K O T oporo  H y jiio  SBnneTCH ycnoB uc.M  n e p e c e n e m w  B enym iiM  
n po ([)!u ieM  T copeT iinecK O H  jih h h h  3 a n e n ; ie n n H

KopHeM ypaBHeHHa 2 .47 , p e u ia e M o ro  HHcneHHbiM MeTOflOM, aBnaeTcn pannyc-Beicrop 
R d  (npw 5=0 R Aj = R Cj) h , cooTBeTCTBeHHO, e ro  yrnoBan KOopnnuaTa yc], h t o  no3BonacT

BblHHCBHTb KOOp/lHHaTbl TOHKH CB HCnOBBJDKHOH CHCTeMe KOOp/UHiaT XOlY\

ITo 3 thm  KoopnmiaTaM naxonnTCH pannyc-Berrop /?c2 u ero  yroji o tu o c h tc / i łh o  och
0,X:

O n p e fle j ie m ie  n n m ib i w yru , o im c a m io H  p an n ycoM -B eicrop oM  Beno.Moro 
npo«l)HJiH. n o cn e  Toro, KaK nonBHKHbie c h c t c m w  KoopnuiiaT KBa3iiconpa«eHHŁix npocjmneii 
X iO /Y i h  A O O / ^ ,  3ad)HKCiipoBaHbi b HenoflBHWHOii CHCTeMe yrnaMH <pt h  (p2 npw HanHHHH 

3a3opa E  Meacay h h m h ,  m o jk h o  Hafnu /um iiy ayra , onHCBiBaeMoił k o h u o m  TeKymero 
pannyca-BeKTopa R, no nepeceneiiHa c KOHraKTiipycMbiM npo^wneM.

PeiuenHe 3TOH 3anann hccko/iłko  ynpomaeTcsi, cen u nyry Meacny iipo^H/WMn 
onpenenaTb no pannycy-BCKTopy BenoMoro 3Bena R2. CxeMa oiipcneneim a nnnnbi s to h  nyi n 
«wt neKOToporo npoH3BonbHoro pannyca-BCKTopa R2 npcncTaBJicna Ha puc. 2.10.

nycTb HeKOTopbin pannyc-Beicrop R2, b3 h t m h  H3 HHTepBana R2m,r<R2<R2miu, 
onpenenaeT c iicnonb30BaHHeM BbipaaceHHH 2.27 n  2.41 nonoaceHue t o h k h  A o  Ha b c / io m o m  

npo<j>nne. Y ron  Mescny o t h m  paanycoM-BCKTopo.M h ocbio O iX  6y.neT paBeH:

S  = R b i ~  r a , c ° s (a w + ę ,  + y A / ) = 0 . (2.47)

X c] = Rc[ cos(y c] +q>i)

Yc\ = Rc\ s in (rc, +<p,)
(2.48)

(2.49)

(2.50)

CooTBeTCTBeHHO, nojio/Kemie bcaom oi'o npo^nnn onpenejiHTCH yrnOM:

<Pl ~ ^c2 + Yc2 > (2.51)

a nocne pa3nBH>KKH npofjjHneii na paccTOHHHe E  btot yron yBenHHHTcn Ha ń(jh:

(2.52)

h A o  = < P r-Y 2 - (2 .53 )
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Flo y r j i y  ^ 2 a 0 o n p en ejM io T C Ji K o o p a n n a T b i t o m k h  A 0 b  HencyiBHKHOH c h c t c m c  

K O o p n u n aT  XO¡Y:

Puc. 2.10. K onpeaejieHino Anmibi ayni U  AqAh , onucaHHofi pannycoM-BeicropoM l(2

3aTeM H3 ucHTpa 0¡  b roMKy A0 npoBonnTca paniiyc-BCKTop R ¡ ,  , noiiO/KCHiie 

KOToporo b  HenoABH>KHOH CHCTeMe KoopuHiiaT onpene.naeTca yruoM X¡A , a b noABHîKHOîi 

X ,0 ,Y ,  -  y r n o M  i / m 0 :

^ o = K + y V  (2-55)

yAo
^■lAo =  arc t g— , (2.56)

V \ A 0 = * i A 0 - V i -  (2-57)

CooTBeTCTBeHHO, TOHKa Ao B nOABHVKHOH CHCTCMC X /O /Y I  OiipenejIHTC!! 
KoopniiHaTaMii:

X 1A„ = R IA„ COSIf f IAo)

^ ,An ~ R 1A0 sm[YlAfí I
(2.58)

n o  3HaneHHK) (cm. 2.25) naxonnTca opnnnaTa h pa/piyc-seKTop tomkh Bn,

naxonam eñca Ha BenymeM npo([in;ie h nepneHflHKyjiape, onymeHHOM H3 tomkh A 0 Ha ocb
0 ,x ,:

^ Iß g  = -  2Coi). (2.59)

Älßo =  ^ X IAq + i 'ł lB0 ■ (2 -6°)
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YcjioBHeM nepeceneuHfl ay™ , onucbiBacMoñ kohuom paunyca-BeKTopa R¡, c 
Be/iyiuHM npotj)HJieM bbjikctcb paBencTBO opannaT tohck  B 0 h  A q b noaBHscHoií cHcreMe 
KOopaHHaT X /O /Y i:

l^i/io ' ^Sl f lol  -  £ ’ (2 -61)

rae  £ =  (0.00005-5-0.00006)m - TpeOyeMa» t o h h o c t b  b b ih h c j ic h h h ,  

m  - Moayjib 3auenJiemw.

r ip n  HeBBinoJiueHHH ycjiOBHa 2.61 HTepauHOHHbiñ n p o u ecc  npouoJUKaerca. JX>vá 
BToro pafliiyc-BeKTop R]B(¡ noBopaHUBaerca BOKpyr u e in p a  0¡  noKa a y ra , onucbm aeM aa ero

KO im oM , n e  n e p c c c H c r c a  c f ly r o ñ ,  o n H c a u n o H  k o h u o m  p au n y ca -B C K T o p a  R2. rio J ioxceH H e 

p a a n y c a -B e K T o p a  = /? ig 0 t o h k h  n e p e c c H e n n a  3 th x  ayr  A¡ b H en o u B H au io H  h

noflBH>KHOH c u cT e M a x  K O opA im aT  o n p e a e u a e T c a  y rn aM H :

tJ R IA, + aa i ~ R 2
X, a  = árceos — ---------------- . (2.62)

A¡a co

V]At = ^iA] ~ Vi ■ (2-63)

CoOTBeTCTBeHHO, KOOp/IHIiaTbl TOHKH A] B ÜOBOpOTHOH CHCTCMG KOOpÆHHET Öy^yT
paBHBi:

X \ A x = R \ At COSV^m,;

= sin W\Ar

AHajiorHHHO, no 3HaneHHio X iA  ̂ uaxonuTca o p an n a ia  h  p aa n y c -B e ic ro p  t o h k h  B¡,

HaxonameHCH Ha BeuymcM npo^nne  h  nepneHUHKynape, onymenHOM H3 t o h k h  A ¡  Ha oca 
OjXr.

R lBt + ys \B , '

/(anee npomBOUHTca npoBepKa ycjiOBua 2.61, npn HeBbinojiHennH KOToporo 
HTepauKOHHbiñ npouecc npoaojixíaeTca. Upeuno/Kenubiii anropHTM oO.'iauacT 6bicTpoíi 
cxouHMOCTbio no ycjiOBHK) 2.61 h  npn h h c jig  HTepauHH n=5+6 3TO ycjioBHe y»e  
BbinojmaeTca, t o  ecTb TOHKa A„ a y ra  paunyca-neKTopa R 2 naxoflHTca Ha BCuyuieM npoijjujie. 
B 3TOM nojioxceHHH yron Meacay pa;wycoM R2 h  ocbio 0 |X  6yaeT paBeH:

R j a  s in  k ¡ A
X2A =  arc tg --------- -f--------- \  , (2.64)

a co IA„ C0S^-/A„

CoOTBeTCTBeHHO, ueHTpajibHbiü yron ay rn  u A qA„ 6y;ier paßen:

e ~ * 2 A 0 ~ h . A n - ( 2 .65 )



OfcoHHaTejiBHO, tic  kom aa  a n a n a  j\yrn  a n a  a a n n o r o  p a a n y c a -B e ic ro p a  R 2 GyaeT paBHa

S A0An ~ ^ 2 e - (2 .66 )

M H O SK e cT B O  fljiH H  a y r ,  B b iH H cn e H H o e  a n a  p a a n y c o B -B e ic ro p O B  M3 H H T e p B an a  

^ 2min—^ 2^J^2maxt CnjOKHT, K a K  n O K a 3 aHO  Bbltlle, W %  Bb lAeHCHHH  3 0 H bI KO H TBKTa H 3H O U ieH H b IX

npo tjm n e H .

2.3. nPE^CTABJIEHHE 3YEA B BHflE YÏÏPyrO flEOOPMHPYEMOrO OEEEKTA

Ha nonoaceHiie t o h k h  KOHTaicra b h c i to a b h > k h o h  cHCTeMe KoopannaT OKa3biBaeT 
BJiHBHHe ueawH p aa  cjiaKTopoB, oGycnoBJiennbix ynpyroił aetjiopManneH 3aeMenT0B 
3y6naToro Koaeca h npHBoaa:
• y n p y r a a  ae ijb op M a iiH H  3y 6 beB,

• ae (¡)op M au ,nx  3y 6 H aT b ix  K o a e c ,  Bb i3 b iB a io m e fi C M e ia e H H e  o c H O B a iin a  3y ö a ,

• n p o r a ô  B a a o B ,

• C M e ia e H H e  3011 K O H T a ic ra  n o a u iH n n i iK O B ,

•  aeijiopM aana K opnyca npHBoaa MauiHHbi.
B H a c T o a m e f i p a ô o x e  yH H T biB anncb  t o j i b k o  a c ^ o p M a a a a  3 y 6 b e B , B J ii ia n n e  o c T a a b iib ix  

(¡¡a icropoB  Ha nojio'/KCHHe t o h k h  K O H T arra  cH H T aao cb  HC3HaHHTCJibHbiM, h t o ,  o a n a K o , n e  

HCKjnoHaeT a a J ib n e i im e r o  coB epiaencT B O B aH H íi p a 3 p a6 o T aH H b ix  m c t o a h k  p a c a c T a  nyre.M  

y n c T a  b t h x  (j)aKTOpOB.

B o 6 iae.M c n y n a e  n e p e M e ia e H H e  3 0 h m  KOHTaicra 3y 6 beB  c a h h h h h o h  a j i h h h  b 

H a n p a B a e H H H  j i h h h h  a e ä c T B u a  y a e i ib n o i i  n o p M a a b H o ii  H a rp y 3 KH  q„  m o jk h o  n p e a cT a B H T b  b 

B i ia c  c y M M b i a B y x  c o c T a B n a io m u x :

r a e  8 v  - o ß b e M H a a  ae^ o p M am ia  3y6a b TOHKe n p H n o aceH H a c h h m ;

S h  -  KOHTaKTHaa ae<j)opMauHa (cMeiaeHiie aeHTpOB kphbh3hbi KOHTaicrapyioiaHX 
OÖbeKTOB).

rae T  - B p a ia a io ia i iH  m o m c h t ,  n p n ao x ceH H b iH  k  3 y 6 n a T O M y  Koaecy, 
bi - u iH p im a  3y6naToro B c n a a ,

Rb - AHHHa n c p n c n a i iK y r a p a ,  o n y m e H H o ro  H3 a eH T p a  BpameHHa n a  o G m y io  HopManb b 

TOHKe KOHTaKTa npoijm neH.

8  =  8y +  8/ t , (2.67)

rioroH H aa Harpy3Ka q„ onpeaenaeT ca H3 BbipaaceHHa:

T
(2 .68)

OnpeaeaeHHe nepeMemeHHa t o h k h  KOHTaicra b  pe3yabTaTe oôbCMHOH aetjiopMaaHH 
3y6a npoH3BoaHaocb, c aeabio cpaBHHTeabHoii oaeHKH, asyMH MeToaaMH - ana/iHTHHccKHM 
MeTOaOM H MeTOaOM KOHeHHbIX 3J1CMCHT0B.
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2 .3 .1 .0 n p c f le j ie i i i ie  n p o r u ñ a  3y 6 a  b  T o n n e  n p iu io a c em ifl CHJibi an aj»n rin ecK H M  m c t o /jo m

K a n  n o K a 3 a ji n p o B e a e n n b i i i  a r i a n r a ,  b j i h k h h c m  n c K a jK e n iia  npo<j)HJiH ( b  pe3yjiLTaTC  

H 3H oca 3 y 6 a )  Ha > k c c t k o c t l  3y6 b eB  m o jk h o  n p e n e ß p e n b ,  no3TO M y 6 h j i  H cn o Jib 3 0 B an  

H3BecTHbiH n p n e M  M o/icJinpoB aH H H  3 y 6 a  b  b m b c  T p a n c u e n a a jib H O H  npH 3M bi, o cH O B an n e  

KOTopoH B dH C biaacT ca  b  3 y 6 , o n e p n c i iu b i i i  BBOnbBeHTHbiMH npo(|)HJiHMH [45,104, 113].
CxeMa {J)opMHpoBaHHH MoaeJiH 3y6a npc/icTaB.nena Ha puc. 2.11.

Puc. 2 .11. CxeMa <¡)opMiipoBaHHn Moae/ni ynpyro  neijjopMnpyeMoro 3y6a a) Topnesoe ceaenne  3y6a, 
6) xopueBoe c e iem ie  Moaejm 3y6a

3y6 b TopneBOM ceneHHH (cm . puc. 2 .11a) Harpy»eH ch ;ioh  q „ ,  .aeiicTByiomen iio 
nopMajiH n ’-n"  k npo([)HjiK) b Tonne d, c opannaToii X j .  HopM anb n"-n"  cocraBjiHCT c 
OTpe3KOM d - d  yroji A, onpcflejweMbin b  (jjyuKHHH yraa iiaicnona KacaieabHofi f - f  ( to  ecTi. 

yrjia ß  ):

X = K -  ß  = K -  arctg(7j ( A ^ ) ) , (2.69)

r a e  Ÿ s ;  -  nepB as npon3BoaHaa ([íyhkuhh, onncbiBaiom eii npocj)Hjib'3y6a 
(cm . BbipajKeiiHe 2.30).

Flonepeniioe ceneHue MoaeJiH 3y6a npeacraBJiacT co6oh  paBiioóonnyio rpaneum o, 
onpeaenncMyio b cncTeMe KoopannaT XOoY cíieayiouuiMii pa3MepaMH (pnc. 2 .1 16):
• 6oabince ociiOBanne paBno miipHHe 3y6a b cpeaHeíi nacTH ero  ncpcxoflHoñ KpuBOfi:

j Y s ( X tt) + Ys ( X b)'\ 
hs ~  ss — 2I a J 2 SK (2.70)

• MeHbinee ocHOBaHHe paBHO lunpnHe 3y6a b Tonne npanoxceHH« narpy3KH qn:
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B bicoT a onpe/iejM C TC H  pa3HOCTbio a6cpncc tohkh  npu jio jK en H H  ch ;iłi h  ccmchhh ss:

ld  =  X d - X s . (2.72)

M oaejib HarpyżKena cocTaBJiKioinHMH noaHoñ noromiOH Harpy3KH q„:

h j = d d = 2 Y s ( X d ) ,  (2 .71 )

q n y = q n cos Al

*7nz = J
(2.73)

B CBH3H c nepexoflOM k  y/ieabiioñ Harpy3Ke qn neaecoo6pa3iio npniixxi. aaiiny  
TpaneueHflajibHoii Koiicoabiioii öaaKii paBHoñ exonnme.

P a 3 M e p b i h  K o o p aH n aT Ł i n o n e p e H H b ix  c e n e n H ii  6  a a  km y a o G n e e  Bbipa3HTb b  (jjyHKUHii 

KOopAHHaTbi z, OTciHTbiBaeM OH o t  TOMKU c  n e p e c e n e n H H  n p o A o a * e i iH a  ô o k o b m x  C T opon  
T p a n e u s iH :

a74)

hJ.fi
h = l T h  (2 -75)hs ~ hd 

h . - h j
hz = ^ ~ ~ z  (2.76)

B  ocH O B y M eTOfla o r ip e a e j ie n H n  n e p eM em e H H ii n o a o x c e n a  T e o p e x ia  K a c T H a b x n o  o 

t o m ,  MTO r ie p e M e m e iiH e  t o h k h  npnao/K C H H H  c u a t i  n o  H a n p aB aeH H io  e e  / j c h c t b h h  paBHO 

MaCTHOH npOH3BOHHOH OT nOTeHUHaUbHOH 3H eprH H  n o  3TOH CJIJ1C 177 C.332].
JXna nnocKOH CHcreMbi, u p e u eñ p e raa  b j i h x h h c m  n a  BeaviMniiy nepeMemeHHii oceBbix 

cn a , noTCHUHajibiiaH o n c p ra a  y n p yro ií Moflean Bbipa3HTCíi (jiopuyaon:

U  = U u3+ U cd . (2.78)

, M 2 (z )d z
rjxe U lu =  J - noTenuHanbuan DHcprHH H3rn6HOH fle<j)opMaUnH,

,  Q 2 (z )d z
U cd ~  J * — 2QA—" " ^0TeH^,,aJIbHa5, SHcprna npii cflBure.

rTpHMeHHX npaBHjio anijícJiepeHUHpoBaHHK no  napa.Mfnpy qny, HaxOAHM nepeM cm ennc 
b HanpaBjieHHH ncpnciw H K ynxpa k och CHMMeTpHH 3y6a:

$Vy -  f>Vu3 +  <W ) . ( 2 .79 )
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3 U „  M ( z ) d z  d M ( z )
m e  dy U3 =  —-------- =  J — — -------r    n p o r n o  b t o h k c  npHUOJKCHHB c h j iu ,

/j E J  q  tty

d U cd  Q ( z ) d z d Q ( z )
0[/cd =  —--------- =  J k — — -----     c / ib h i ' t o h k h  npH JioxcenH H  c n a  w .

dtfny /j GA dq„y

B ean H H H b i, BXOflHiUHe b (jio p M y iiti ( 2 .7 8 )  h  (2 .7 9 ) ,  h m c io t  c n e n y r o m u c  3H aneH H s: 

M ( z )  =  ~ q n y ( z  — / j ) +  M d  - B H yrpeHH H H  H 3rn6aio iH H H  m o m c h t  b c c h c h h h  S zS z,

, hd
M d  =  ( cl n y l S , X ) ~  =  c o n s t  -  BHyrpeHHHH m o m c h t  o t  aeilcTBHH H arpy3KH q n l ,

Q (z) — q,,y - B H yrpeH iian  n o n c p e n n a n  c n a a ,

k  - K0 3 (j>(})HHHeHT, 3aBHC5HUHH OT <])OpMbI noncpCHHOTO
c e n e H u a ,  a n a  n p a M o y ro n b H H K a Ä = 1 .2  [8 4 ,  c . 1 7 1 ] ,

E h  G - M oayJiH  y n p y ro c T H  M aT ep n a n a  3 y 6 a  cooTBeTCTBeHHo

nepBoro h  BToporo poaa,
3

-  MOMeHT HHepUHH n o n e p e H H o ro  c c h c h h h  6 aaK H  eaHHHHHOH 

an H H b i,

L / 3  _  1 f  hs -  hd
J  =  — h i  =

12 121 l,i

h y — hd
A =  \ -h z =  —   z  - n n o m aab  nonepeHH oro ceneHHa 6ajiK H .

‘ d

06o3HaHHB nep es C \  =  -
1 ̂ dQ ny ^  hd

y  h  C2 =  — —  t g y , n o cne  cooTBeTCTByiomHX
E (hs - h d y  * 2

MaTeMaTHHecKHX n p e o 6 pa30BaHHH cjjopMyjia j\nn blihhcjichm b nepeMemeHHii npw H3r n 6 e 
npHMCT b ha:

$Vuj -  Q l n f - ( 2 / , + C 2 ) 
'1

- - -  
J i  h> 4 ( /l +C 2)

/  \

,2 +  ,2 
V‘l '2 )

(2.80)

CooTBeTCTBeHHo, n e p e M e m e n H S  n p n  caBHre mo>kho BbiHHcnaTb n o  t[)opMyae:

M dlny  . l2 
c d  ( h s - h d ) G  /|

(2 .8 !)

OKOHHaxenbHO, CMemeHHe tohkh KOHTaKTa b pe3ynbTaTe oökcmhoh ae^op.M anm i 
3y6a no  hhhhh  aeäcTBua nopMajibHoil chjili 6yaer paBHo:

ôy = {8y +8ycd)COS-y. (2.82)

2.3.2. O npeaeaenne n p o r n Q a  3y6a b  T o n n e  n p H .io x ceH J ia  cnabi M eT oaoM  n o H e n u b ix  

3ae.MenT0B

MeToa KOHenHbix 3ncMcirroB othochtcx k  Bapuannoim biM  MeroaaM Teopnn 
ynpyrocTH h no3BonaeT oncHHBaxb HanpaxceHHO-ae<])0PMHPOBaHHOe cocToaHue nnocKHx h 
oôbeMHbix aaeMeHTOB KOHCxpyKLpiH [8].
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flu «  MoaejiHpoBaHHs necjiopMHpoBanHoro cocxohhhh  3y6a b nacToam eii pa6oTe 6buia 
Hcnojib30BaHa JiHueH3HOHHaa KOMnbiOTepnan xexno.xoniii PRO-M ES 4.3 (JmpMbi «PRO­
SOFT», npeflocTaBJienHax Kacjicapoii «MexaHHKa poôoTOB h MauinH» CHJie3CKoro 
TexHHnecKoro ynnBepcHxexa.

M odern. 3y6a t})opMnponajiacb nyreM  Bbipe3aHna 3y6a H3 3y6naToro Koneca AsyMS 
nnocKOCTHMH, i ip o B e n e H H b iM H  >iepe3 ccpeflm ibi c o c c a h h x  b i u i a h h  h  o c b  BpamenHH. 
riony'icHiibiH  ceKTop oxcenajica ruiocKocxbio, nepneH/piKyjiapnoii o c h  c h m m c x p h h  3y6a Ha 

paccToxHHH o t  e ro  ocHonaHHH, paBHOM npHMepHO flByM MO/iyJia.w 3auen/ieH iia, m to  Menbiue 
MHHHMajibHOH peKOMeHAyeMOii TOJimnHbi ooona sySnaToro noneca [46].

CxeMa (JjopMHpoBaHHH MOflenH 3y6a npeacTaBneua Ha pnc. 2.12.

Puc. 2.12. CxeMa (jiopMHpOBamsa MoncjiH ana  HCcaeaOBaHiia aeij>opMHpciBaHHoro cocToanna ayCa MeronoM 
kohcbhux aaeMCHTOB (54 aaeM enta, Bcero yinOB - 112, o n o p n tix  - 32)

K o iie n H b ie  3 Jie.MCHTbi (J jo p .w u p o B an n cb  nnocK OCTJM H , n p o B e /ien n b iM H  c  

o r ip e n e n e H H tiM  rnaroM rio  a j i h h c  3y6a h  nepnenflHKyjiapno o c h  CHMMeTpHH 3y6a. 
n o jiy n e H H b ie  xpanencHAanbHbic n p H 3Mbi paccei<annc¡, iu io c k o c x a m h  n ap an n en b H b iM H
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o6pa3yiomeH 3y6a, upoBejiCHHUMH nepe3 ocHOBanHH TpaneuHH, paBHOMepno paaôitTbix Ha 
rpn-HCTLipe 0Tpe3Ka.

y  Ben u n en n e  a n cu a  kohchhlix  3jieMCHTOB cnocoöcTByeT noBbiiueiiHio nocToncpnocxii 
pe3ynbTaTOB, ho ripn 3tom ycnoxcuaeTCfl bboa hcxoahoh HHtJiopMauHH, B03iiHKaK)T 
BbiHHCHHTejibHbie rp y m io c in . KaK noKa3aji onbiT ajccnnyaTauHH nporpaMMbi PRO-M ES 4.3, 
una  34)({)eKTHBHoro p em e im a  3 a/; an flanH oro KJiacca hhcjio kohchhmx 3JieMeHTOB He hojixho 
npeBbiHiaTb 1000.

O K O H H aT enbH biii B a p iia n T  M o c e a n  3 y 6 a  c o n e p x a iT  585 B o c b M H r p a m ib ix  o j ic m c h x o b  h  

HacM HTbiBaeT 896 y 3 H 0 B , 113 K o r o p b ix  128 h b j i jh o tc h  on o p H b iM H , J\ns¡ o G n e r n e n H »  K O H xpona  

3a npaBHJibHOCTbio BBOfla r p e x M e p u b ix  K o o p flH u a T  yauoB Bce 3JieM en T b i o b ijiH  p a 3 6 n T b i n a  

M eThipe rp y n n w  -  o n o p a ,  n c p c x o a n a a  nacxb, Ho>KKa 3y6a h  ro n o B K a  3y6a.
O nopub ic  y3Bbi KonenHbix sjicm chtob, C B oam ibie c o6ohom 3y6naToro KOJieca, 

3aKpen;wjincb HenoflBHíKHO. /K cctkoctb 3y6naToro BeHua M onenupoBanaci, 3;uio>kchhcm b 
3'icMeHTbi, o6pa3yiom ne ocHOBaHiie 3y6a, MaTepuana c 6o;icc bwcokhm, no  cpaBHennio c 
ocTanbHOH e ro  nacTbio, MonyaeM ynpyrocTH, MHHHManbHoe 3Ha>icHne KOToporo 
noHÓnpaiiocb TaKHM o6pa30M, hto6m  K oncóaim a 3y6a n p n  HaHMeHbiueM 3iiaHeHHH nacTOTbi 
coöcTBeuHbix KOJie6aHnii HMejni mccto b TopuOBOíi njiocKOCTH. Oömhho ana  3Toro 
AocTaTOHHO yBennHHTb MOHynb ynpyrocTH onopHbix ojicmchtob b „XBa-xpn pa3a.

PacnpeneaeiiH aH  Haipy3Ka, pa3no*eiiH aji na  cocTaBJiKK>mne (cm. 2.73) 
npHKJiaflbiBanacb b 16 yanax jihhhh xonraK ia n o  a n m ie  3y6a. Ebiao 3ano5Kcno 8 BapHaHTOB 
narpyxceHHa, cooxBCTCTByiomnx noc;ie,noBaxe;ibHOMy npHJioxœinno pacripeaeneH non 
narpy3KH no BbicoTe 3y6a. B nepBOM npHÖJiHÄeiniH Harpy3i<a no /y m n e  3y6a CHHTanacb 
paBHOMepHO pacnpefleneHHoii.

IlocKonbKy MeTon KOiieHHbix oneMeHTOB ne HBnaexcH (JjyiiKUHOHanbHbiM h 
npennajuaHCH ana  pemeHua TonbKO KOHicpeTHbix rexHHHecKHX 3a,ua>t, HccneaoBaHua 
fleijjopMupoBaHHoro cocxoaima 3y6beB tipoinsojum iicb na necKOJibKHX 3y6naTbix KOJiecax, 
BbiôpaHHbix H3 KJiacca T aheño narpy>KCHHbix 3y6HaTbix nepeaan, xapaKrepncTHKH Koxopbix 
npencTaBJicHbi b Ta6n. 2.1.

TaÖJiHpa 2.1
OcHQBHbie xapaKTepHCTHKH 3y6naTbix KOJiec ______________________

BapwaHT
3y6naToro

Koneca

Moflyjib

lAU/J

H h c jio

3y6beB

UInpHna ayónaxoro 
BeHua

[m m ]

BpamaioiHHH
MOMeHT

[KM]

1 8 16 78 1594

2 51 75 4878

3 12 11 34 3634

4 31 30 9832

B KanecTBC npuM epa, H a pnc. 1.13 h  pnc. 1.14 npen cx a iijien u  rpacjinKii 
p acn p e ae n em ia  no fljniHe 3y6a nepeMeineHHH Tonex (y3Jibi 833+848) npunojKeHHH y 
BepiuHHbt 3y6beB paBHOMepuo pacnpeflen in io  HopMajibnoH chjim c o o t b c t c t b c h h o  wm 
BapnanTOB 1 u 3 H3 t a 6 n. 2.1.
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2 — 1 1  M - 1 2 n n  b - 3 4 n n

Puc. 2.14. riepcM em eim a no o c h  Y ( m c t o ä  k o h c h i i u x  o / i c m c h t o b ,  Bap. 3 H3 raoji. 2 .1 )

Eo;iee paBHOMepHŁiH xapaierep pacnpejtejieH ua nepeMemeHHił no  /m m c  3y6a an a  
BapjiaHTa 3 oóbacnaeTCH M enm ieii fljiHHOii K onennoro 3,'ieMciiTa -  2.125 m m ,  n p n  4.875 m m  

a n a  BapnaHTa 1. ü p n  3 tom  cae/iyeT nojpiepKiivTi,, h to  nepcM em enna y  KpaeB 3y6beB 
ynHTbiBaTb He cjie.nyeT, Tax kbk b  3 th x  MecTax h m cc t m ccto  nccooTBcrcTBite n p m ia T o ii  

MoaejiH (jni3HMecKOMy cocT oaum o o6beKTa, 3ajuiionaiom ccca b tom ,. mto cocpenoToneim bie 
CHjibi, npHaoHcenHbie b y3Jiax He 3aBncaT a p y r  o t  flpyra, T o raa  xax n p n  B3anMo;(eiicTBnn 
peajibHbix oóbCKTOB OTiieiibHbie h x  n a c ra  cBa3aHbi M exmy co ßoü . B cb h 3h  c  3thm  npn 
ouenKe nepeMemeHHił, nañfleHHbix MeroaoM Konennbix oaeM enioB, ynHTbiBanncb xo/ibKO 
nepeM em eHiia b  cpeflHeií n a c ra  3y6a.
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Ebij] T ax  >kc c n e n a n  H H cneH H biii SK cnepH M eiiT  n o  o n eH K e b jih a h h a  H 3H oca  3 y 6 a  Ha 

n e j in n n n y  n e p c M e m c n n «  t o h k h  KOHTaKTa r ip u jiO /K e n n a  c m ib i.  ßjisi 3 i o r o  6biJi H c cn e n o B a ii 

3 y 6  n o  B ap n a H T y  1 (c m . T a 6 ji. 2.1) c  M aKCHM ajibHoił b c b h h h h o h  H 3H oca n p o c ^ n n a  n o p a flK a  

1 mm. P e 3 y jn .T a x H  3 K c n ep n M e n T a  n o K a 3 a n n  npaK T H necK ii n o n H o e  o T c y rc T B iie  B a n a n n a  

H 3H oca  n a  3naH C H iia  nep eM em eH H H  30H  KOHTascra b  p e3 y jib T aT e  o 6 te M H o n  /(ec jio p M au m i 3 y 6 a .

2.3.3. C p a B H iiT e j ib H a H  o a e m e a  a i ia n n T i i> ie c K o r o  M eTO fla u  M eT O fla K O iie m ib ix  

3JieM eiiT O B

C uejibio cpaiiHHTCJibHoii o h c h k h  flByx m c t o a o b  Hccjie/iOBanHJi fleiJjopMHpoBaHHoro 
cocToaHHa 3y6a no nan  hum  Ta6n. 2.1. 6bum Tarase naiuienbi nepcMcmcuna h 

ananHTHHCCKHM m c t o jt o m . B Taßji. 2.2. npHBe/jeum pe3ynbTaTbi MaKCHManbHbix 3HaHeiiHH 
nepeMemeHHH (cnna npniioaceua y Bepumiibi 3y6a).

T a G a n u a  2 .2

M a K C H M a jib H b ie  3 n a n c n n a  o 6 x > eM )tb ix  n e p e M e m e H H H  <5yv_______________________

M eTon

onpenejiennH

nepeMemeHHH

5 vy  [m m ]

BapnaHT 3y6naToro noneca  (Taon. 2 .1)

1 2 3 4

anajTHTHnecKHH 0.010 0.009 0.067 0.075

KOHeHHbIX 3JieMeHTOB 0.013 0.014 0 .078 0.090

KpoMe T oro, ;myMfl paccMOTpeHHbiMH M e io f la M H  6b ian  b m h h c j i c h l i  3HaneHHa nacTOT 
co6cTBCHHbix K O JieôaH H Ü  3y6a. I lp n  b t o m ,  n p n  npHM enem in aiianHTiiHccKoro MCTona 3y6  
paccM arpHBajica Kax KOHCOJibnaa ô a a x a  c  j i h h c h h o  pacnpe/iencHHOH M accoii. Pe3yjibTaTbi 
o n p eflc a en n a  nacTOT co6cTBenH bix K O Jie ö a u H fi npcncTaBjieHbi b  Ta6n. 2 .3 .

Taöaim a 2.3
4acT0Tbi coôcTBeHHbix Koiie6annfi/~__________________________

M e r o « / I r a ]
onpcncjiciiHB BapnaHT 3y6naToro Koneca (Ta6n. 2.1)

n e p e M e m e H H H 1 : 3 4

ananHTHHecKHH 45000 48412 25840 25042

KOH eH H bIX  aneM eH T O B 41230 4 3160 24260 23760

X apaicrep  H3MeHeHna nepeMemeHHH 5vy no  BbicoTe 3y6a nun BapnaHTa 1 h3 Ta6;i. 2.1 
npencTaBJieii n a  p n c . 2 .15.

Phc. 2.15. nepeMemeHHH Syy win BapnaiiTa 1 H3 Ta6n. 2.1: 1 - aHaiiHTimecKHÜ m ctoh, 2 - m ctoh kohchhlix  
3JICMCHT0B
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AHanH3 pe3y;ibTaT0B nepeMemeHHH to h k h  npHAoaceiiHa c h a h  k M O ^em  3y6a, 
nonyneHUbix AsyMH MeTOAaMH no3Bo;i«eT cAcnaTb cne/iy ioum e bbiboabi:

•  xapaicrep  3aBHCHMOCTH nepeMemeHHH n o  bm co tc  3y6a npaKTH'iecKH oAimaKOB 
(cm. pHC.2.15),

•  c ren e iib  coBiiaACHHC pe3yjitTaroB yBeAHHHBaeTca c yMCiibmenneM acecTKOcra 
3y6a (cm . ra6 ;i. 2.2).

/(oBonbHO 3iiaHiiTe;ibnaH pa3n n n a  pe3yjn>TaTOB onpeflcnem w  nepeMemeHHH to h k h  
npHJioacenHx ciuibi b c jic ac tb h c  oSteMHOH jie(|>opMannn 3y6a, nonyneHHbix jmyMJi MeroAa.MH 
(Ta6n. 2 .2 , B apnanx 2) Moxcex 6 i>m> oG baciicua pa3HbiMH AonymeHHHMH, hojiO/Kchhmmh b 
ocuoBy o 6 ohx  m ctoaob .

KnaccHnecKHH no/ixo /i k 3aAane o  HanpaxeeHHOM c o c to x h h h  iieKOTopofi 
paccMaTpHBaeMOH o 6jiacxn (b abhhom  cu yaae  3y6a) upeA nonaracT  anajin3 GecKonexno 
M anoro aricMCHTa s to h  oonacxH, TorAa Kax b MexoAe KOHeHHbix bjicm chtob paccMaTpHBaeTca 
coBOKynnocTb cBH3aHHbix b y3nax npocxpaiicTBenHbix sa c m c h to b  Konennbix pa3MepoB, h to  
03HanaeT n e p e x o A  o t  c h c tc m h  c GeCKOHeHHbiM hhcaom  napaMexpoB nanpaxccHiio- 
Ae([)op.MnpoBaHnoro c o c to h h h h  k ch c tcm c  c kohchiibim  hhcjiom  napaMexpoB.

B CB«3H c TeM, h to  06a  MeTOAa aBAaioxca He3aBHCHMbiMH Apyr o t  Apyra, 3a h c th h h o c  
nepeMemeHHe mox<ho npnuaT b cpeAHee 3naHCHHe AByx m ctoaob . ripn TaKOM AonymeHHH 
MaKCHMaAbiiaa cTeneiib necoBnaAeHHa pe3yjibTaTOB He npeBbimaeT 20% . C .nenyei t3k>kc 
yHHTbiBaTb t o  o6cTO«TCJibCTBO, h to  nojiiioe nepeMemeHHe aBJiaeTca cyMMoii nepeMemeHHH b 

pe3yAbTaTe oGbeMiioii h  k o h tb k th o h  Ae<}>opMaHHH 3y6a (cm. cjiopMyny 2 .67 ), npiineM  3 th  
nepeM em einia aBJiaiOTca nepeMemeHHHMH o a h o to  nopaAKa. TaKHM o6pa30M moikho 
CHHTaxb, h to  MaKCHMajibiioe necoB naA enne noAHoro nepeM emeHiia to h k h  npHAOxceHHa 

ciuibi n p n  npHMeneHHH rao 6o ro  H3 jisyx  m cto ao b  He npeBbimaeT 10% . Pe3yjibTaTbi 
onpeAeneHiia nacTOT co 6cTBeHHbix Ko;ie6anHH oK aaajioct 6 onee 6jih3kiimii (xaGii. 2.3).

CneflOBaTejibiio, o 6a MeTOAa AaioT npaKTHHeeKH OAHHaKOBbie pe3y;ib'raTbi npn 
onpeAeneHHH nepeMemeHHii b pe3ynbTaTe oSbCMiioii AcijiopManHH 3y6a.

OAHaxo MeTOA KOHeHHbix sjicm ch tob  H M e e r  p a n  cymecTBeiuibix neAOCxaxKOB: 
BbicoKaa CTOHMOCTb jiHiien3Hii, AHueii3HOHHaa npHBB3Ka k KOHKpeTHOMy nepcoHanbHOMy 
KOMnblOTCpy, CJlOXClIOCTb IIOATOTOBKH H BBOAa HHtJjOpMaUHH. B CBH3H C 3THM npn 
pa3pa6oTKe nporpaMMHOro KOMnbioxepnoro oGecnenciiHa HccjieAOBamia 3auenneiuiH 
H3HomeiiHHX npoijm jiefi 3y6beB npeAnoHTemie Gmjio OTAano aHajiHTHHecKOMy 
(KJiaccHHecKOMy) MeTOAy onpeAeneHHa nepeMemeHHH to h k h  npujioaieniiH  chjim  k 3y6y 
3y6naToro KOJieca.

2 .3 .4 .  O npeA eneH iie  k o h t 3 k t h o h  AecJiopMauHH h  H opM ajibHbix KOHTaKTHbix 
HanpHJKeiiHH

KonxaicTHaa Ae4>opManna - c6nHxceiiHe KoiiTaKTHpyiomux noBepxHOCTeii - 
onpeAeJianacb no  (jjopMynaM oG m ero cnynaa KOHTaKTa Ten c npxMtiM yrjioM mokav

TJiaBHblMH IlJlOCKOCTaMH KpHBH3HbI, B K3HeCTBe KOTOpblX npiiHHMajIHCb:
•  TopuoBaa nnocKocTb, nepneHAHKynapnaa ochm BpameHHa KOJiec,
•  oceBaa nnocxocTb, napaiu ienb iiaa  ocaM BpameHHa kojicc h  npoxoA am aa nepe3 o6m yio 

HOpMaAb K npOijlUJMM B TOHKe HX KOHTaKTa.
TaKoii noAXOA aBJiaexca Gonee o6mHM h o6ecneHHBaeT B03MOxcnocTb HCCAeAOBaHHa 

3y6beB c npoAOJibHon MOflHtjiHKanneii npocjiHJjx no  AAHiie 3y6a. B s to m  cjiynae KOHTaKraaa 
nnomaAKa npeACTaBJiaeT c o 6 oh  sn n u n c  c  noJiyoca.Mii: 6ojibm oK - a. pacnonoaceHHOH b 

HanpaBneiiHH rnaBHOH oceBoii h jio ck o c tii, n Manon - b, pacnonoxceHHoft b HanpaB.nennn 
rnaBHOH to p h o b o h  iu io c k o c th , (jiopMynw Ana KOTopbix h m cio t b h a  [76]:
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a = 6 ar 

b = d , r (2 .83 )

r  -  p aan y c  xpyroBoii KOHTaKTHOH naomamcH,
d a  H d f ,  - K 03<{)4>H m feH TH , y^IH TLIB aiO IH Iie K pH B H 3H y riO BCpX HO CTeii 

y n p y n i x  t c j i  b  3 0 H e  h x  x a c a H n a ,

F„ -  nop.Majibnaa c n aa  b  KOHTaicre,
K z  -  cyMMapHaa xpnBH3Ha KOHTaKTHpyiomHX noBepxHOCTeii,

P i  h  H2 - K03(J)(j)HUHeHTbi, xapaKTepH3yK>mJic y n p y n ie  CBOHCTBa
MaTcpnajiOB KOHTaKTnpyiomiix Tea.

CyMMapnaa KpnBH3Ha onpcneaacT ca xax cyMMa KpHBH3H KOHTaKTHpyiomHX Tea no 
hx paflnycaM  KpnBH3i[i»i b raaBHbix naocxocTax:

K r  =  K u + K 2, + K]a +  K2a = —  +  H + ------ , (2.84)
Pit Pit P\a P la

r a e  p i,=R i  h  p2,=R .2 - p a a iiy c u  xpHBH3Hbi xBa3Hconpa5xenHbix npo(|w acH  b TopuoBoii 
naocxocTH,

pia h  P2a - p a a n y c u  xpnBH3Hbi MOflHtJjHUHpoBaHHUx n o  /laHHC 3y6beB. 
3naneHH a xoatJxjwqHeHTOB v„ h  v, B biH H caaioT ca  b  (JtyHKUHH xocHnyca 

B cnoM oraTeabnoro y ra a  r.

HHcaeHHbie 3HaMcnna s th x  ko3(J)4>huhchtob, aB aaiom nxca ({iynKUneii 
saaHriTHHecKHX HHTcrpaaoB, b bbbhchm octh  o t  c o s t  aaiibi b pa6oTe [7 6 | b Ta6anHHofi 
(JiopMe. A-’1 a yaoocTBa n o caeay io u p ix  BbiHiicaeHHfi TaojiH'mbie 3HaaenHa KoscJaJnmHeHTOB 

h j% 6bian  npeo6pa30BaHbi b HHTepnoaauHomibic 4)yHxmiH i?0 = f a {c o s t )  h 

-  f , { c o s t )  c noM om bio noaHHOMOB 5*7 CTcncim c HopMHpoBamibiM 6a3iicoM.

K o3(jxJ)H uneH T bi Pi h  p 2 o n p e a e a a iO T c a  b 3 3 b h c h m o c th  o t  M o a y a e i i  n p o a o a b n o i i  

y n p y ro c T H  Ei, E 2 h  xostJxJnm H eHTO B r i y a c c o n a  V j , v 2 M aT ep n aa o B  K O H T axT H pyiom nx 

3 y 6 b eB :

Ilo  Hai'menHbiM 3HaaeHnaM noayoceii xoirraKTHOH n a o m a ax n  onpeaeaaiOTca 
iiopMaubHbie KOHiaKTHbie HanpajxeHna:

B bipaacenne a n a  onpeaeaen H a  y n p y ro ro  c6aH*eHHa 3y6beB, xax Tea aocraTOHHO 
y aaaciiiih ix  o t  30HM KoirraxTa, h m cc t Bna:

cost = P\t ~  Pla -  P it + Pla  

P\t + Pla + P2t + Pla
(2.85)

P l = 4 ~  ( / - V /2 ) 
h l

P 2 = ~ r v - V 2 )

(2 .86)
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8  3  F n _ E l + £ 2 _ J ' (2 .88)

ra e  J = f j ( co st) - 3HaaeHiie sa a n n ra a e c K o ro  HUTerpaaa, onpeaenaeM oro  TeM »ce
CnOCODOM, HTO H K03(j)f))HHHeHThI V„ l i  V,.

I I p u  K onT aicre  3 y 6 teB  c n e  M oaitfjjiimipoBaHHi.iM ii no  a n im e  3y6a n pocjan iaM H  

n ap aM eT p Ł i y n p y ro ro  KOHTaKTa onpeaenaioT ca a n a  cay n aa  KOHTaKTa a sy x  n p aM b ix  

UHaHHapoB c napajuie.TbHŁiMH o c b m h , paanycbi ocnoBaHHH KOTOpbix paBHbi paanycaM  
KpnBH3Hbi npo4)Hneñ b t o h k c  KOHTaKTa R ¡ h  R 2, a  a m in a  o6pa3yiom eH paBiia anim e 
KOHTaKTa 3y6beB h¡. B 3 to m  cnynae nnom aana K om aK ta HMeeT tjiopMy npaMoyrojibHHKa c 
aJiHHOH a= b¡ h  mnpHHOH b = 2 b H, onpeaeaaeM oii no  (jiopMynaM 2.28 h h h  2.83 (n p n  K ,a= 0 h  

K2o=0).
HopMajiBHbie KOHTaicrHbie nanpaaceHHa onpeaenatoT ca cJjopMyjie, anajionrm oM  

([lopMyne 2.87:
2F„

a H =
Jtab

(2.89)

CornacHO CTaHaapTy ISO/DIS 6336/11 BbipaateHHe a n a  on p eaeaeH n a  KOHTaicnibix 
nanpax<eHHH HMeeT HecKOJibKo Hiiyio (jiopMy:

a H -  7- M
b ¡ R

(2.90)
«P

ra e  Z M =
l - v f  1- 
 + —

f 2

R \R 2

K03(|)(j)HUHeHT, yH H T biB aiouu iii c e o i ic T B a  M a T e p n a n o a  

K O H TaK TH pyiom ux 3 y 6 b eB ,

R " v  ~ ' r  + R 2
npHBeaCHHblH p a /u ty c  KpHBH3HbI KOHTaKTHpyiOIHHX 
npo4)HJieñ.

flna  iiapyacnoro KOHTaKTa asyx nn/iHitapoB npn nepEOnananbiioM h h h c h h o m  

KacaHHH cßmiaceiine napannenbitbix uiuninapiinecKHx riOBepxHOCTefi ana caynaa, Koraa 
a=<=o, h o  anaM crpu  Tea orpaHHHeHbi, BbiHucaacTca no (jiopMyne A.H. rierpyccB iria [72], 
KOTopaa an a  CTajibHbix 3y6naTbix K oaec(v  =  V/ = v 2 u  E  = E ¡  = E 2 ) HMeeT BHa:

.  Fn{ l - V 2 ) ,
o u  =  — ln —

nEb\ ( ;
2nEbiZ]Z2

)Fn R nr¡
(2.91)

ra e  Zi h  Z2 - paccToaHHa o t  nnomaaKH KOHTaKTa no o6meií HopMaan ao  Tonex, Me*ay
KOTOpbIMH BbIHHCaaCTCa COJIH'/KCHJIC.

J \m  3BoabBeHTHbix (neH3iiouieHnbix) 3y6beB paccToaHHa z¡ u zz o6mhho nprnuiMaioT 
paBHHMH paanycaM KpHBH3iibt 3aMei¡aioinnx hx mimiHapoB [45]. Jl. M unnep [104] 
npHHHMaer b KanecTBe zi H Zz paccToanna n o  HopMajiH o t  nnomaaKH KOHTaKTa ao  och 
CHMMeTpHH 3y6a, HTO a a e r  HecKoabKO 3anna<eHHbie aiianenna koh to k th o h  aciJiopMamin.

¡Una KBa3HConpaacenHbix iipocjmneii paanycbi kphbh3hbi npoijiiuieü H3MeHa¡OTca b 
mupoKHx n p e a e a a x  h och 3aMeHH¡omiix m uiH uapoB M oryr naxoanT ca  aa>KC 3a npeaeaaMH 
Tea 3yoiiaTbix Konec. líoaxoM y paccToaHHa Zi h  Zz npHHHTbi paBHbiMH TeopcTHHecKHM 
3HäHCHHa.M paaHyCOB KpHBH311bI KOHTaKTHpyiOmHX 3y6beB. BjIHHHHC H3H0Ca Ha KOHTaKTHOe 
c ó n im e im e  ynnTbiBaeTca c  noM oujbio B xoaaum x b (jiopwyay 2.91 3HaaeHHH npHBeaeHHoro
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paflHyca KpnßH3Hi,i h  CHJibi B3aHMo;ieiícTBiis Mc/K/iy 3y6bSMH, KOToptic b  3HaMnreJibHoii 
Mepe 33BHcsrr ot CTcnenH H3HOca npotJtHJia.

2 .3 .5 . O n p e a e jie H iie  -/Kc c t k o c t h  3y6beB

)K ecTK 0CTb o/u[oii n a p b i  3y 6 b eB  o n p e / ie j ia e T c a  KaK OTHomcuHe H O pM ajibH ofi c h jii .i u  

no/m oli hx ae<j)opMauHn:

C,
8y +Sy + 8 h

(2.92)

ripu oßHOBpeMeHHOH paöoTe ÆByx nap 3y6teB c  > k c c t k o c t h m h  Cn¡ h C n¡¡ n o n n aa  
>KCCTKOCTb 3aueiuieHHH paBiia h x  cyMMe:

Cn = C„i + C„n . (2.93)

2.4. nOCTPOEHHE JIHHHH 3AUEIUIEHKH H OnPEAEJIEHHE KHHEMATHMECKHX 
XAPAKTEPHCTHK KBA3HCOnP3DKEHHbIX nPOOHJIEH 3YEbEB

2 .4 .1 . O npeaejieim e Koop/umaT K o irra im iu x  TO'ieK 6e3 yneTa y n pyrocT H  3y6beB

O n p e a c j ic H H c  K o o p /in n a T  jihhhh 3 a u ,c rijieH n a , to  ecT b  reo .M eT p H u ecK o ro  M ecT a tohck 
KOHTaKTa npocj)H JieH  3 y 6 b eB  n p o i m o / u i T c a  n o  mcto/ihkc, H3jio>KeHHOH b n .2 .2  nyreM 
n  o  c.t c /i  o  b aT c ji b h o r o  3 a /ia u n s i  y n i a  n o B o p o T a  BC/iymero n p o tjm jiK  - <ph  oTCH H TbiBaeM oro ot 
och 0]X  n o  H aco B o ii CTpe/iKC b  HanpaBjicHHH e r o  y raoB O H  CK opocTH  ft)/. Y r o ; i  <p¡ 
H3M eHHeTca b npe/ienax o t (pim¡n no cpinlax c m a ro M  A ę t. / ( a a  o n p e / i e u e n n n  iip e /ie a o B  

H3M CHeHiw y raa  (p¡ K B aanconpaiK C H H bix n p o c jw jie n  HcnoJib3yiOTca napaMerpbi 
3BOJibBeHTHOTO 3aneiuieHHn ( p n c .  2 .1 6 ) .

Puc. 2.16. CxeMa onpcae.ieims nojiojKCiiiia Beaymero npo(¡)ii.na oTHociiTeabHo o c h  OiX
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f l j i a  npoH3BOJibHOH TOHKH k  npoijiH JW , H a x o / ia iu e ñ c a  H a j ih h iiu  3 a u en n eH H H  c  

nojxapH H M H  Koop/iHnaTaMH b noB opoTH O H  cHCTeM e Rid (f yii, y r o j i  (pi o n p e a e j i s e T c a  h 3  

OHeBHflHOH 3aBHCHMOCTH:

<Pi=akj - a P - Y k i .

Rfj\
r a e  =  a rcc o s——  - sBOJibBeHTHbifi y roji t o h k h  k  Re/iyipero npoiJiHJia,

R k 1

m(z\ + z 2 )
a P -  a rcc o s—   c o s a ¿  - yroji 3auenneHHH,

m  - M o ay jib  3auenjieiiH a,
Zi h  Z2 -  HHCJia 3y6bCB 3apenjM ioiH H X ca KOJiec, 

a m - j.te'/K oceB oe p a c c ro s H H e ,

0 4 = 2 0 °  - y ro n  npo({>HJis hcxo jih o i'o KOHTypa.

H a pnc. 2.17 nana cxeMa onpeaencHHS b b o j i l b c h t i i l i x  yrjioB b  nanajie (T on tea  H), b 

noJiioce (romea P) u  b  k o h u c  3ancruiCHna (romea E) Be,uymero npocjjHJia.
SB O JibB enT H bie y r j ib i  onpeaejiB iO T C H  h x  c jicflyroiH H X  BbipaxeeHHH:

Rb\
a E \ = arccos— —  ; (2.95)

Ra I

aa  s i n o ip  — y  Ra2 -  Rb2
a m  = arctg------------------- , (2.96)

Rb\

rae Rai h  Ra2 - paflHycai Bep i H H H  3y6beB 3auenfl»iomHXca 3y6naTbix teojtec.

Phc. 2 .17. K  onpencJieHHK) BHana30Ha yraOB noBopoTa seaym ero  3aena
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CoOTBCTCTBCHHO, n o  (jiopM yjie  2.94 H axo jiH T ca  yroji n o B o p o T a  B e u y u i e r o  n p o tj ju n a  b  

K paÜH H x TOHKax p a S o n e r o  ynacTKa j i h h h h  3 a n e i iJ ie m ia  h  nojiioce P:

<Ph i = a H\ - c c p - Y Hi 

<Pp - ~ 7 p

VEX = a E\ ~ a P ~ Y e I

(2.97)

O nT H M ajibH oe 3 HaneHHe m a ra  r o M e n e m «  y r a a  n o B o p o T a  B C jjym ero npocjiHjis

onpeflejiaeTCH h 3  ycjioBiw, h t o 6 b i  paccTcumiie Mewny c o c c a h h m h  tohk3MH KOHTaicra n o  

BbicoT e 3y 6 a  6 b u io  C0 H3 M epnM 0  c nojiynm pH H O H  ruiomajiKH KOHTatcra bp  ( c m . <j).2.28 h j i h  

4>-2.83). r ip u  BbinojineH H H  3T oro  ycjiOBHH h h c ; i o  in aroB  Gyuex paBiio:

N ev =  (2.98)
bH

Ru\{\.^CCp\ ~~ OLu\) 
r/ie L H£  = --------------------------------- .UJiHHa paooHCH nacTH 3BOJibBeHTHoro npo(j)HJiH.

CneflOBaTejibiio, mar noBopoTa Beaymero npo(J)HJifl 6y a e r  paBeH:

i<f = SslZSSL  (299)
W ev

fljiH H3HouieHHbix npoc¡)HjieH 3y6beB H3-3a HcxaxceHna (jjopMBi npocjiHJiH no
cpaBHeHHK) c 3BOJibBeHTHbiM KOHTaKTHbie TOHKH Moryr pacnojiaraTbca 3a npenejiaMH 
paGoneft Macro TeoperanecKOH jihhhh 3anenjienHa. flosTOMy /mana30H n3MeHeHHH yraa <pi 
ncjiccoo6pa3HO pacumpHTb, to  ecTb yßejiHMHTb N rv Ha AN  rnaroB. Torjia, OKOHHaTejibHo, 
n i i a r m o i i  H 3M eH ennH  y r a a  B e n y m e r o  3BeH a 6 y ; ie x  paB eH :

*Pl min =<Ph\ -  ANAcp) 

•Pi max =<Pe\ + A N A ę ] '
(2.100)

C ooT B eT C T B em io , yBCJiHMiiBacTca h mhcjio maroB o n p e n e jieH H K  3HaneHHH 

n a p a M e rp o B  KOHraKTa:

^ k s p -  Nev + 2  AN . (2.101)

3HaneHHe A N  mojkho npHHiiMaTb b npenejiax ¿W =(0.l5+0.20)/VfV.
P e 3yjibTaTOM BMHiicjiiiTCJibHoro n p o u e c c a  o n p eae jieH H s K oopjiH uaT KOHTaKTHbix 

TOMeK a ({lyHKUHH y r a a  noB opoT a B e n y m e ro  3B cna ¡ i b j i x c t c h  coBOKynHOCTb m h o j k c c t b  

K=K(cpi), Ki=Ki((pi), K2=K2((pi), K a=KJ(p¡) h Kç2=K92((pi), onpenejiaioiUHX nojioxceH ue 
KO H TaKTH O H  30Hbi, b npeflnojioxíeH H H , MTo paöoT aeT  TOJibKO OflHa n a p a  3y 6 beB:

•  MHOJKeCTBO KOOpAHIiaT TOMKH KOHTaKTa B HenOflBHXCHOH CHCTeMe KOOpAHHaT (JIHHHH 
3 a iie n jie H H s ):

K = { ( ^ o . r0u x  i , y, ) , ( x 2 , Y2 ) , . . . . , ( x N k sp , r Nbp )}  ; (2 . 10 2 )
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•  MHO*eCTBO KOOpflHHaT TOMKU KOHTaKTa B nOBOpOXHOH CHCTeMe Koop/uniax, CB«3aHHOH c 
BCTiyiuHM npo(()H;ieM:

K \ -  >Y\Nhp ) } ‘. (2.103)

• Mno*ecxBO KOopÄHnar xomkh KOHxaKxa b noBopoxHoñ chcxcmc Koopium ax, cnsnaim oü c 
Be^oMbiM npocjjHneM:

K 2  =  | ( ^ 2 0 > ^ 2 0 ) > ( ^ 2 1  > 1 )>( -^22> *22 )>•■••>(^2 A ^  ’ Y2 N h p  ) ]  ; ( 2 . 1 0 4 )

•  MHO>KecTBO 3HaneHHH ynioB  3auenjieHna œ

^ a = { a o .« | .« 2 ......“ A'*,,}- (2.105)

•  MHO>KeCXBO 3H3MeHHH yiTÎOB </>2, OnpCflejIBIOlUHX nOJlO/KCHHC BCAOMOrO npO(j)HJlH:

K<p2 = \<P20’<P2\>(P22> -->(P2Niap }• (2.106)

KpoMe 3THX Muo/KccxB BbiHHCJiajiHCb napaxiexpu  KOHxaKxa npeabijxymeii h 
no cneny iom eñ  nap  3y6beB. 1 lpn  3tom  yro ji noBopoTa Benym ero 3BeHa f i s  npnuHMancst 
paBH b iM :

<P\S = <P\ + ï z \ ' (2.107)

_ 2  K
r a e  yz \ = + —  - yr/iOBOH in a r  3y6beB B caym ero 3BeHa, 3nax «-» npHHHMaexcx npii

Z' <pi«Pr h  «+» n p n  (pi>(pp.

C o o x B e x c x B e H H O  B b iM H caa jia cb  c o B O K y n H o e x b  m iiokccxb: Ks=Ks(<pis), Kis=Kis((pis). 
K2s=K2si<P2s)< KaS=Kas(fi)  «  ^cp2S~^tp2s(fis), o n p e n e n sn o m n x  n o n o w e H H e  K o i ix a ic ru o f i 30Hbi, 

b n p e a n o j io ż K e n H H ,  mxo b ; io n o jn o c H o n  3 0 iie  p a 6ox ae T  xoJibKO  n p e a b ia y m a a  n a p a  3 y6 b e B , a  b 
3a  n o j n o c H o i i  -  T O JibKo  n o c a c n y io m a î i  n ap a .

2.4.2. OripeneJieimc Koopniinar KOiiTaKTHbix tomck c yneroM ynpyroctn  3y6beB

B oGiucm c.-iynae, n p n  KOHxaxxe paccMaTpnBaeMoii napbi 3y6 bes K  Mcxeay 3y6bxMii 
cocc/iHCH napbi S  HMeex Mecxo 3a3op Ls  (pue. 2.18):

As = [(<P2 + Yz2 ) “  V2S]fy>2 * (2.108)

_ 2  K
rn e  y r 2 =  H   yraoB oii m ar 3y6beB bc,homoxo 3Bena, 3Hatc «-» npnuHM aexca n p n  (pi <cpr

~2 h «+» n p n  (pi>fp.
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B c j iH H H n a  Ls n o3Bo ;i;teT  o n p e f le n H T b  n p i i  o f lH o n a p H O M  3 a u e n a e n n H  Raicaa h 3  n a p  

3y6beB (K  h j ih  S) B O c n p n H H M a e x  H a rp y 3 K y  h  BbiHHCJiHTb H a rp y 3Ky, n e p e / ia B a e M y io  Kaacflo ii 

n a p o ñ ,  n p n  h x  co b m c ct h o h  p a 6oTe.

Phc. 2 .18. K yneTy ynpyrocra 3y6beB

Y cnoB H eM  o/o iO B pe.M enH oií p a 6 o x b i flB yx  n a p  3 y 6 b eB  B BJiaeTca paBCHCTBO H yjiio  

3 a 3 o p a  Ls. O fln a ic o , b  cbh3h c  tcm , h to  3aflana H c c n e w o B a n n a  a a n e ru ic n n H  

K B a3H conpa>K eH H bix n p o tjjH jie ii  p e m a e T c a  > tn c ;ien n b iM n  MeroflaMH, n e n e c o o 6 p a 3 H O  

cpaBH H BaTb Ls  c  j io c T a T o m to  M ajio ii BejiH 'üiH O H  £¿, onpefleJiHCM O ii n o rpen iH O C T bro  

BbIHHCJIHTeBbHOrO IipOUCCCa. Ha OCHOBaHHH HHCJieHHUX 3KCnepHM ei!TOB peKOMCH/iyeTCa

npnHHMaTb e¿=(0.00001 +0.00005)«!.
B 3aBHCHMOCTH OT COOTHOUieHHH M CKfly L.v H £¿  B03MO)KHbI CJieflyiOIflHe B apnaH T bl 

p a o o T b i n a p  3 y 6 b eB .

B a p n a n x  1 -  f lB y x  n a p n o e  3 a u e i i j i e n n e .  3 a 3 o p  Ls n a x o n n T c x  b n p e f le n a x  H H TepB æ ia 

-£¿ < Ls < £u b t o  n p e f l i io n a r a e T  nanunne oflH O B peM eH H oro KOHTaicra 3 y 6 b eB  b T o n K ax  K  n  S. 
E c n n  n p m iH T b  f lo n y m e H u e ,  h to  cocTaBJonomne n o n n o i ł  c n jib i  b  s t h x  TOHKax n eaca T  Ha 

o f lu o i i  iipaM O H , to  noJiH asi H o p M a jib n a a  c u n a  b 3 a n e n n e n H H  Fn pacnpeflejiHTca Mexcfly 
napaM H  3 y 6 b eB  n p a in o  n p o n o p n iio n a j ib H O  h x  »cctkoc thm  [4 5 ] :

rfle F„k h  F„s - c n n b i  b  KOHTaKTHbix roM K ax 3y 6 b eB  K n S, f le ü c T B y io m n e  n o  nopMann k 

nOBepXHOCTH K0HT3KTa,
C„K h CnS - ÎKeCTKOCTH nap CUflbl B KOHTaKTHblX TOMKaX 3y6beB K  H S, 

onpeflejweM bie no  (jjopMyne 2.91.

PÏ3 BbipaxeHHH 2 .108  ajih  nepB oro BapnaHTa o n p eflen aerca  CHiia, flCHCTByiomaa b 

3anen;ieHHH paccMaTpHBaeMoii napbi:

Fn -  FnK + FnS  

Fn K C nK (2 .109)

F nS C nS

(2 . 110 )

B ap iiaH T  2 - KOHTaKT HMeeT MecTo b  TOMKe KL 3a3op Ls  B b ixo f lH T  3a 

n on o> K H T C ;ib H y !0 r p a H H u y  H H T ep B an a , onpeflejunomero n e p B b iü  B ap H aH t:
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Ls > el ■

B 3tom  cnynae  L s cncnyeT cpaBHHBaTb c nojiHbiM ncpcMeiueHHCM k o h t3 k th o h  
to h k h  K :

=  &VXK + 8v2k +  ̂ h k + S ro ' (2 -1 1 1 )

rfle  S y  h 8 y  oSbeMHbie nepeMemeHHK 3y6beB, KoirraKrapyioiiura b Tonne K 
'K 1K h  onpeflCJiaeMbix no $opM yne 2.82,

- KOHTaKTHaa fle<j)opManHH napbi 3y6bCB b TOHKe K, 
K onpeflejiaeMaa no $opMyjie 2.89,

SR = k (RaX +  Rn2 ) - ynp y ran  fle(J)opMan.Hs inepoxoBaTocTen KOHTaicrHbix 
noBepxHOCTen,

Ra\ h  Ra 2  - cp e/jn cc  apn(J)MeTHHecKoe oTKnoneHHe npocjłHJiH 
mepoxoBaTOCTen noBepxHocTeił 3y6beB, co o tb c tc tb > x o ih h x  
npmiHTOMy Knaccy mepoxOBaTOCTH TeXHonorHnecKOH 
o 6p a 6oTKH,

k - K034)4)nnne}iT nponopunoHajibHOCTH, KOTopbiił mojkho 
npnuHMaTb b npeflenax jk=0.3+0.5.

ripn Ls > SK b 3aneruieHH)i HaxoflHTCH TonbKO paccMaTpHBaeMas n ap a  3y6beB, 
KOHT3KT B TOHKe S  nOJlHOCTbK) OTCyTCTByeT - F „s= 0  - H K0HT3KT liarpy>KeH nOAHOK 
HOpMajlbHOH CHJloił: F„K =Fn.

n p H  Ls <  8[; c x eM y  narpy+ceH U H  K0HT3KT3 m o jk iio  n p e a c T a B i i ib  c n e f ly jo u y iM  

o 6 p a 3 0 M . B n a n an b H b iH  m o m c h t  n a p a  K  /ic tfio p M H p y cT ca  n o  ycTpaneH H M  3 a 3 0 p a  Ls . I l p n  

s t o m  n a p a  G y n e r  n a rp y + c c i ia  c n n o K  F„k -  LsC„k, n o c n e  n e r o  nanncT C H  p a G o T a  flB yx  n a p  K  n 

S, H a rp y a ce H H b ix  c h j io h  (F„ - F„k). C n cflO B a T cn b iio  n a p b i  G y n y r  n a r p y K c i ib i  CHJiaMii:

FnK = f oK + -  Cf - - (F„ -  FoK); 
L nK  +  L nS

FnS  =  Fn ~  FnK >

(2 . 1 1 2 )

B a p n a i i T  3 - K O i r r a i c r  HMeeT MecTO b T o n n e  S . 3a3op L s  BbixoflHT 3a 
oTpunaTenbHyio rpam m y HHTepBana, onpenenHiomero nepBbiii sapna in :

Ls < -eL.

B s to m  cnynae Ls cne/iyeT cpaBHHBaTb c nonHbiM nepeMemeHHeM k o h t3 k th o h  
to h k h  5:

f>S = $Vis + ^ 2 S  + SHs + SR. ■ (2.113)

IIpH \Ls SK b 3anenneHHH HaxonHTCs to iib k o  napa S, k o h t3 k t  b paccMaTpHBaeMoil 
napc nonHOCTbK) OTcyrcTByeT h k o h t3 k t  booGiiic ne narpyjKeH: F„k=0.

ripn  |Ly| <  8k  cxeMy Harpyscemm KOHTaicra m ojkho npenctaBHTb cncnyiomHM 
o6pa30M. B HananbHbiH MOMeirr napa S  netJiopMHpyeTcs no ycrpaneiiHa 3a3opa Ls Mcnyiy 
3y6i.HMH napbi K. ripn btom  napa S  6y.neT narpyK ena c h b o h  F„j= LsCns, nocne nero



- 62 -

Ha'meTCfl p a ô c r ra  /iByx n ap  K  u S ,  HarpyxceHHbix chjioíí ( F n - F „s ).  CooTBeTCTBeHHO, n a p u  
G yayr HarpyxceHbi cunaM ii:

f lu «  nocnej!y iom iix BbrnicnenHH i;eJiecoo6pa3HO Bwnemn'L h3 Niv  3jieMenTOB 
MHO)KecTBa K ¡t„k nojryneiiHbix 3nanennH  chjx F„k noflMHoacecTBO L , coaepsKamee

TOJibKO T e 3JieMeHTbi, KOToptie cooTBeTCTByioT KOHTaicry paccMaTpiiBaeMoii napw , p,nn n e ro  
H3 MHOxcecTBa K p n cjienyeT yaajiHTb o t  nanana h  Konua cn n cx a  nyneBbie 3JieMCHTbi

CooTBeTCTBeHHO npeo6pa30B atb  MHOxcecTBO K p „s  :

rac F „ j s - nepBoe 3HaMeHne o t  Hanana, a F ,,df  - o t  K o nua cnnci<a MHOJKecTBa K p n , juix

CooTBeTCTBeHHO npco6pa3}TO TC H  h  MHO>KecTBa K O o p am iaT  t o h k h  KOHTaicra 2.101, 
2 .104 , 2 .105  h  2.106:

AnanornHno npeo6pa3yioTC« h MHOxcecTBa KOopjiHHaTHbix napaMeTpoB an« 
cocejiHHX nap 3y6beB Lj, L¡s, Lís, L p„s h flay.

2 .4 .3 . P eay jib raT i.i HHCJienHoro O K criepnM em a n o  o iip e jie n en m o  K oopn iinaT  j i h h h h  

¡a n e n n e n n s i, /Kc c t k o c t h  3yßbeB u  KoirraKTHbix H a n p s o K c n it i i

f l j i a  npaKTHHecKOH p c a jiH 3 an n H  npeflJioxceH H bix  h h c j i c h h u x  m c to . t o b  peuienH M  

3 a a a n n  o r ip e n e j i c n i i s  rcoM eT pnH ecK H X  u  KHHeMaTHHecKHx napa.M CTpoB k o h t 3 k t ü  

K Ba3H conp«>K eH H bix n p o i jn u ie n  3 y 6 b eB  c  yneTOM  h x  y n p y r n x  c b o h c t b  p a 3 p a 6 o T a n  

cooTB eTC TB yioinH H  KONin.neKC a n ro p H T M O B  h  naKCT iip m c u a n n b ix  K O M nbioT cpub ix  n p o rp a M M .

Huace npHBOjiKTCH pc3yjn>TaTbi HiicneiiHoro aKcriepuMema, Bbiiiojineniioro c 
noMombio pa3pa6oTaHHbix nporpaMM.

B KanecTBc o G b erra  HCCJieflOBann» iipm iaTa 3y6naTa« n cp eaan a , 3KcncpnMenTajibH0 
HCcnejiOBanna« b paooTC M y g a  J.R . [105]. H epcjiana ncnbiTbiBanacb rio;i narpyiK oit c

(2.114)

FnS = F n ~  FnK  >

(2 .115)

KOTopbix BbinoiiiiHCTCii ycnoBne: F„k > 0 .0 1F„.

(2.116)
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oripeiiejieim eM  H3Hoca 3y6a 3y6 'iaxoro  KOneca h H3MepeHHeM ycKopcnnii, Ha ocuoBaiiHH 
KOTOpbIX BbIHHCBS/ICH K03Cj)t})imneHT flHHaMHHHOCTH.

C uejibio coKpaincmiH /uinTC/ibiiocTH pecypcHbix HCiiLiTaiiHH, HcnbrraTejibHbrä cTeii;( 
6bin cnpoeKTHpoBaH tbkhm o6pa30M, htoöh  oílho 3y6iaT oe kojicco pa6oTajio c HerbipbMH 
UieCTCpiIHMH, KOTOpbie BXOflHJlH B HCTblpC 3aMKHyTbIX KOHTypa C HHpKyjIHpyiOmeii 
MoiHHOCTbio. HarpyaceH ue ocymecTBMJiocb 3a chct oTiiocHTeiibHoro nepeM einem oi 
KopnycoB peflYKTopoB HcnbiTaTenbHoro h 3aMbiKaiomero 6 jiokob.

X a p a K T e p H C T H K a  H cnM T biB aeM O H  n c p e ; i a l in  o n a  o / p i o r o  H3 pex<H M O B (1TII) 
3 K c n e p H M e H T a  n p H B e a e n a  b T a 6 n .  2.4.

T aßanpa 2.4
O cH O B H bie napaM C T pbi n c cjie jiyeM O H  3y6qaTO H  n e p e n a n n  [1 0 5 ] _________________

r i a p a M e r p lu e c T e p H B KOJieco

M o a y j i b ,  mm 3

H u c J i a  3 y 6 b e B 35 36

K o3tJ)(])H IIH eH T bI CM em CH H H  HCXOflHOrO K O H T ypa 0 0

^H aM O T pbi OKpyjKHOCTeñ B epniH H , mm 111 114

M o K O c e B o e  p a c c T o a i iH e ,  m m 106.5

i J j iH H a  3 y 6 a ,  m m 15 30

Y r a o B a a  c K o p o c T b  s e j i y m e r o  B a n a ,  p a d / c e x 157

y c n o B H b iH  n o K a 3 a r e j ib  H a r p y a c e n n » ,  ii/mm2 0.912

B p a m a i o m m í  m o m c h t  n a  s e /iy m e M  Bany, hm 76

T ep .M H M ecK aa  oöpaöoTKa 3 a K a jiK a  54-*-60HRC

Æ j i «  cpaB H C H H S  n p w  n p o B e j ie H H H  H u c j i e n n o r o  3 K c n e p H M e H T a  6 b u m  i tc c J ic f lO B a n w  « B a  

B a p n a H T a  <]>opMbi n p o c j m j i c i i :

•  H eH 3H om eH H bie 3y6bH , K oop/uiH aT w  npo(]>HJieit KOTOpbix n o j iy n c u b i anajiHTM'iecKH n o  

/lanubiM Ta6n. 2.4,
• H3IIOUieHHbIC 3y6b«, KOOpflHHaTbl npO({)HJieH KOTOpbix B3HTbl H3 paöoTbi [105],

B p a 6oTC [105] n p H B e^ eiib i n a ii iib ic  TOJibKO 06 H 3iroce 3 y 6 n a T o r o  KOJieca u 

OTcyrcTByiOT jaaHHbie 06 H 3H oce paôoraBUieH c  h u m  m ecTcpH H . B cbsbh  c tc m , mto 
ricpc/iaTO HHoe h h cjio  nepcaaH H  6 jih 3ko k  c a h u h u c , Obloo n p n n x x o , b nepBOM i i p h Gj ih /Kc h h h , 

HTO S13HOC 3y6bCB HICCTepHH H KOJieca OflHIiaKOB, HO nOCKOJlbKy O/lHOBpCMCHIIO C KOJieCOM 

3auen/iHBOCb neT b ip e  iu ecrep H H , t o , CHHTaa p a cn p cA C n e iin c  o 6m e ñ  narpy3K H  M exgjy  hhm h  
paBHOMepHbiM, H3HOC LuecTepHH 6bi/i npHHST paBHbiM 0.25 o t  H 3H oca KO/ieca.

H i i f j i o p M a p u a  o ( |)o p M e  H 3 H o m e H H o ro  npo (} )H Jm  i i p e a c T a B a e n a  b  p a G o r c  [105] b  BH.ae 

yBejiHHCHHoro r p a i jw H e c K o r o  n 3 o 6 p a 3 K e H H x  3 y 6 a  b  c p e /u ie M  b  M a c u r r a O e  15:1 c  

H a H eceH H b iM H  c  o n p e a e J ie H H b iM  uiaroM no HopManH k n p o t j w m o  oxpe3KaMn c y K a3aH H eM  

3na< ieH H H  H 3 H O ca . TaKHM o 6 p a 3 0 M , a a H b i  r in a w eiiH s i n 3 H o c a  b  (¡jyuK U H H  k p h b o j i h h c h h o m  

K O O p^H H aT b l -  flJIH H bl O BOJIbBeH Tbl.
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C noMom w o m cto æ h kh , onncaHiioH h h ä c  b pæyiejie 5.3 (c m . <]>-5.5), 3Ta HiuJiopMamw 

6bi/ia npeo6pa30B3Ha b  npsMoyrojjbUbie KoopÆHHaxu npotjjHJia. Pe3yjibTaTti armpoKCHMauHn 

npo(J)nji« CTeneHHbiM iio j ih h o m o m  c HopMHpoBaHHbiM 6a3HCOM cxeneHH 7 h 

cooTBeTCTByiomKe 3KcnepHMeHTajibHbie 3HaneHHa ranoca npe/icxaBJieim na pnc. 2.19.

6.0 X J  [jw .w |

6 0 X 2  ( M M  j

P m c . 2 . 1 9 .  X a p a K T e p  m n o c a  npo(¡>Hjifl 3 y 6 a  H a  ocHOBe aaHHUX p a ô O T b i  [ 4 5 ]  a )  3 y 6  L u e c ï e p H H ,  6 )  3 y 6  K O J ic c a  

■  3 K c n c p n M e H T a j i b H b i e  A a H H w e ,  —  a n n p o K C H M H p y i o m a a  K p n B a s

Ha pnc. 2.19 6yKBaMH o6o3Ha'ieHbi xapaicrepHbic tohkh 3BOHbBeHTHoro 3aucnjien!ta: 
P - nojnoc, H h E - Hanajio h kohch paGonefi n ac ra  npo^wia, F-D - 3011a cw ionapnoro 
3aneriBCHHH, 1 - ripe/ienbuaa r p a H H u a  H 3 H o c a  3 y 6 a .

Ilo  pe3yjibxaTaM pa6oTbi KHHeMaranecKOH moacjih nojiyneH bh/i jihhhh  3auen;icnnH 
ann  HeH3HouieHHbix h H3Homennbix 3y6beB:

Pnc. 2.20. JIhhus 3aueiuicmm, nocTpoenHaa c y w e T O M  y n p y r o c T H  j y ß b e t i  a) HemnomenHUií n p o ( ( ) n n b ,  

6) H 3 H O ll je H H b lB  npOl{)HJlb
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ljH({>paMH na p n ę .  2.20 o 6o3naH C H bi nopaU K O B bie H O M epa 3 a c M e irro B  M HoacecTBa K g  

K oopÄ H H aT H tix  ToneK 3aucru icH ii> [ (n e p B o fi  tohkc n p n c B o e n  n im c K c  js=0).
H3 ananH3a pHC. 2.20 cjieayeT, hto jihhha 3anenneHHs HCKaacacTca b peayabTate 

B03fleiicTBHa «Byx (JjaKTopOB - ynpyroH flecjjopMauHH 3y6beB (pac. 2.20a) h H3noca hx 

paöonHx TTOBepxHocTeií (pnę. 2.206).
npHHeM, ecjiH bjim hhc oGbcmhoh ynpyroił neijiopMamm m o*ho  cHHTaTb iioctohhho  

fleiicTByiomuM ([jaKTOpoM, to  CTeneHb bjihhhhh HCKaxeima npo([)i«ieii b pe3yjibTaTe H3Hoca 
3y6beB HeH30e5KHO pacTeT no Mepe yBejiHHemot BpeMerai SKcruiyaTanHH nepe/ia™ .

X apaicrep  snM eHeinia panwycoB KpHBH3Hbi o BbicoTe 3y6a h o bo i o h H3Hoiueiinoro 
npo(j)iineH npcacTaB acubi Ha pucyiiKe 2.21.

a )

Puc. 2.21. Xapaicrep r a M C H C H i ia  p a n n y c o s  K p i i B i o n u  b  p c a y a b r a i e  H 3 H O c a  3 y 6 b e B  u i e c r e p H H  ( a )  u K o / i e c a  ( 6 )  

1 - no H 3 H o c a ,  2 -  n o c a e  H 3 H o c a

PÍ3 p uc . 2 .2 la  cacaycT , h to  h3hoc aax<e b Maaoii CTeneHH { I /m -0 .02) OKa3MBaeT 
3HaliHTCJibHoc BaiwiiHC Ha paanycbi KpiiBH3Hbi npo(¡)HjiH. IIp u  6ojibineM in n o c e  ( / /w —0.08), 
xax  BHflHO H3 p u c . 2 .2 1 6  pan n y c  KpnBH3Hbi nance M enaer 3nax - noBepxnocTb 3y6a 
CTaHOBHTCH B o rn y io ił. B 30Hax nepexo.ua o t  Bbinyioion nacra k  BornyTofi h  nao6opoT, 
p anuye KpnBH3Hbi npnHHMaeT 3HaHeHHx, paBHbie 6ecKOHeHHocTH, t o  ecTb o6pa3yioTcn 
naocK ne ynacTKH Ha 6 o koboh  noBepxHOCTH 3y6a.

BcaencTBHc in M en cu n a  pajuiycoB KpHBH3Hbi npoitinaeii MeiiacTca npiiB enennbiñ 
pa/n iyc  KpHBH3Hbi, hto h3mchxct 3HaHenna KOHTaKraoñ nc(j)opMannH h , xa«  cjie/icTnue, 
MeHHeTCK xcecTKOCTb 3y6naTOH napbi. Kpobie Toro, Ha 3HaneHHe npHBenennofi ¿kcctkocth 
BJiHaeT H3MeHeHHe Hiicaa nap 3y6beB, Haxoaxm Hxca b ¿aneiuieHHU.

üpHM ep H3MeHeHHH xceexKOCTH C„ h  chjibi F„, nepenaBaeMoit n apo ił 3y6beB, rio 
pe3yjibTaTaM nocT p o en n s jih h h h  3ai;enjieiiHn ripencTaBJien Ha pHC. 2.22.
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Puc. 2.22. yflcnbua* wccTKOCTb napu 3y6beB C„ u HopMajibHaa cima b 3auen.nem<H F„K b cjiyHKUHM yrjia 
noBopoTa Beayuiero 3BeHa a) HeioHouieHHbiíí npocj)nJib, 6) M3K0UJCHHbiñ npo^anb

H3MeHeHne acecncocTH h paanycOB KpHBH3Hbi ¡ipocjinneñ b pe3yjibTaTe hx H3HOca 
OKa3biBaeT iienocpeacT B enuoe b/ihbhhc Ha 3Hane¡nw KOHTaKTHbix HanpjDKeHHH, hto 
nojiTBcpxyiaeTca pe3yjibTaiaMH BHHHCJieKH» n o  4>opMyjie 2 . 8 8  KOHTaKTHbix HanpaxceHHfi 
AJist paccMOTpeHHoro npHMepa 3y6naT0i\ n ep e^ a™ , npeflciaBJieHHbiMH Ha p a c . 2 .2 3  b 
4)yHKUHH BpeMeHH 3auenjreHHji napw  3y6bes.

Pnc. 2.23. KoHxaKTHbie Hanpa*eHna b (jiyuKUHH BpeMeHH aaueruiemta napbi 3y6beB 1 - neH3HOiueHHbiii 
npo(j)HJib, 2 - H3HouieHHbiíí npotjxtnb
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3a BpeMîi noBOpOTa Beaymero 3BeHa n a  o a h h  yraoB oñ rn a ra  e ro  yraoB aa cKopocTb (o¡ 
CHHTajiacb nocToanifOH. 3a H anaao OTcaexa BpeMeHH npHHHMaaca nepBbiñ aaeMem' 
MHoa<ecTBa Lf„k  (cm. Bbipa*eHHe 2 .115), Bpe.vta noBopoTa B eaym ero 3Bchb Ha yro/i Aq 
o n p e ae aa ao c b  no cjiopMyae:

A q
A l=  —  . (2.117)

coi

O h c b h ah o , h to  B pe3yjiBxaTC nenocTOHHCTBa KOHTaKTHbix HanpaacenHH n o  BbicoTe 
3y6beB, b 3na4HTe;ibH0ił CTenemi onpeaeaaeMoro HCKaxccHHCM npoijw aefl b pe3yabTaTe nx 
H3iioca, cacaycT  oxaiaaxb  no  Mepe aKcriJTyaxannn n e p eaan n  y B ean aen n a  cTenenn 
ncKa>KeHHM n p o ^H ae ii, Tax xax h3hoc b 6oab ino íí Mepe 33B hcht o r  3HaneHHH KOHTaKTHbix 
Hanpax<eHHH.

2.4.4. TeopernnecKoe oSocuoBaiuie h  p e 3 y j i b r a T b i  'incjieiiiioro 3KcnepnMenTa no 
o npeaejienm o  MrHOBenHoro nepeaaT onnoro  micjia

BbiMHCJieHiie nepeaaTOHHoro HHcaa KBa3HconpaxceHHbix npo({)HjiCH 6a3Hpyexca Ha 
HenocpeacTBeHHOM npHMeneHHH ocuoB noro  3 axon a 3anenaeH ns, «3 xoT oporo  caeayeT , hto 
nepeaaTOHHoe n n c a o  paBHO oTHotnennio OTpc3KOB, Ha KOTopbie o 6 m aa  nopM aab k 
KOHTaKTHpyiomHM npocJniaaM a c a r n  aiiH ino nenrpoB .

Bbipax<eHHH a a a  BbiHHcacuna nepeaaTOHHoro HHcaa n p n  KOiixaKxe 
KBa3HconpaaceHHbix npocjntaeñ 33bmcht ot cjiæna 3ancnacHHH - o an o n ap iio e  a n 6 o  a sy x  
napH oe, b cbh3h c TeM, hto b oôiucm cay n ae  chjibi, p acn p eaeacn u b ie  m okav  napaMH 3y6beB, 
He B ceraa  aeacaT n a  oahoh npxMOii. CxeMa onpeaeacH H a nepeaaTOHHoro nn caa  
npeacTaBaeHa n a  p nc . 2.24.

Puc. 2.24. C x e M a  o n p e a e n e m m  n e p e a a T O H H o r o  nncaa K B a a H C o n p a x c e H H U x  n p o t j n i n e i i  a )  o a n o n a p n o e  

3 a u e r u i e H n e ,  6 )  a B y x  n a p H o e  3 a u e n n e H H e
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H cxoahltm h jiaHHbiMH pna b lihhcachhx ncpcAaxoAHOro MHcua aBAaiOTca MHoacecTBa 
KOopflHHaT ah h h h  3auenAcnHa, ( L K ,  L S l ) ,  MnoacecTBa chji, aeHCTByiomnx b napax 
3y6beB(Lfn/c, L F n S )  h  MHoacecTBa yrjioB 3aueruieiiHH ( L o x ,  L a s ) -

B oflHonapnoM  3auenneHHH (Fns=0) nepeflaTOAHoe h h c a o  onpe/iejiaeTCH M3 
o'icBHAHoro B tipa*eH H a (pnc. 2 .24a):

O2 P  a cù -  (X K ~  ^ t g a ^ )u = --------= --------------------------------------- , (2 .1 1 8 )
0 \ P  X K - Y K \g a K

B AByx napHOM 3aucnAciW H 3aAana onpcACJicHna nepcaaxoH H oro ’in ca a  c b o a h t c a  k 

HaxoacflenHK) TOHKH nepeccHCHna a h h h h  a c h c t b h a  paBHOACHcxByiomeii cocraBAaiomHX  

H F<¡ nOAHOH CHALI F„ C AHHHÍÍ ueHTpOB 0 ¡ 0 2 (pHC. 2 .2 3 6 ) . To 06cT0aTe;iLCTB0, ATO CHALI 

Fk  h  F  s  naHAeiihi h 3  npcflnoAoaceHiia iiaxoïKACHiia na o a h o h  npaM oü, n e  OKa3biBacT 

3aMeTHoro BJiuaHHa Ha h x  AHCAeHHbie 3HaAenHH, Tor^a x a x  yron  MeacAy h h m h ,  

onpcACJiHioiHHH noAO'/KCHue paBiioAeiicTByioAiCH, 0Ka3LiBaeT cym ecTBciiH oe b a h a h h c  na 
nep eA aro’in o c  a h c a o  3y6naTOH nepeaaAH,

KoopAHnaTi.i t o a c k  nepcce'ienH a b c h c t c m c  XO /Y  a h h h h  a c h c t b i i h  c h a  Fk  h  Fs  c 

ocb io  0 ¡ X  6 y ;iy r  paBHbi (cAc.aycT iiMCTb b b h a v ,  a t o  Ha p n c. 2 .2 3 6  K oopfliinara YK aBnaeTca 
OTpHuaTeAbHoil):

X  pK  -  X K - Y K tg a K , YpK = 0 \I 

X  ps  = X S -  Y p s  tg ( X p s ,  Y p s  =  0; j
(2 .1 1 9 )

Y paB neim a ahhhh  zteiícTBHa cha Fk  h F<¡ mojkho naiiTH nepe3 KoopAHiiaTLi toack 

K , P k h S , P s:

X \ - X K  YX- Y K

x p k - x k  yp k - yk '

X 2 ~  X S  Y2 ~  YS
(2 . 120)

x p s ~ x s  yps ~ ys ’

ü o c a e  necAoxcHbix npeo6pa30BaHHH ypaBHeHHa 2.118  h p h b o a a tc a  k oöbiAHOMy
BHAy:

Yi = a ,  * ,+ *> , 1
(2 . 1 21 )

Yl = a lX i + b i 

Yj — ü2 X 2 + 1>2 \

m e  a x =  ——  h 02 = ---------------------   yraoBbie K03(j)t}nmHCHTbi npaMbix,
x K ~ x p k  ~ X S ~ X Ps

b \ = - a \ X p K n b 2 = - 0 2 X p s  -  HanaAbHbie opAHHaTbi.

J Ih h h h  fleñcTBHa ch a  Fk  h F§ nepecexaioTca b TOAxe A, b KOTopon npiinoacena hx  

paBHOAeHCTByiomaa. KoopAHnatbi to a k h  A onpcACAaioTca pemeHHeM CHCTeMbi 2.121:
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X A ~ ~  Y A = a \ X A + b \ -
°1  — a 2

¿9 —b\
(2 . 122)

Yroji 3aaciuiCHHs a  (yron Meamy paDHoaciicTsyiomcii h nepncHflHKyjiapoM k jih h h h  
ueHTpoß) npH flByx napHOM KOHTaKTe możkho onpejiejiHXb no coothouichhio npocKiniH cna 

F k  h  pS  Ha 0CH KOopflHHaT:

a  = arctg
Fk  sin a K + F S s in a ^  

Fk c o s  a  k + F$ c o s a 5
(2.123)

OKOimaTejibHO, nepeflaxoHHoe hhcjio  oripcnejiHxca >icpe3 K O opflH H axbi t o h k h  A u 

y ro n  0ÍH3 BbipaaceiiHa 2.121:

O l p  a a - { X A - Y Am )
0 ,P

(2.124)

HcKa>KCHHC JIHHHH 3aH enjIC H H a HCH36ejKHO CKa3WBaeTCH Ha MPHOBeHHOM 3!iaH eHH H  

n e p e f la x o H H o r o  HHCJia n p H  coxp aH C H H H  c p e / u i c r o  e r o  3iiaH C H H a, p a B H o r o  o x H o m e H H io  MHCJia 

3y6beB. X a p a K T e p  H 3M enciiH H  ncpcflaionnoro 'm e n a  b pe3yjibTaTc MCKaaccniis jih h h h  
3 a n e n : ie n ii5 i  H 3 -3 a  H 3 H o ca  n p o i j j u j ie i i  n p c n c x a B J ic H  a n a  B b iu ie  p a c c M O T p e n H o r o  n p u M e p a  

3 y 6 lia x o H  n e p e a a H H  Ha pHC. 2.25.

Phc. 2.25. MrHOBenHoe 3HaieHHe nepenaroMHoro «mena nepejiami b (JiynKijHH yrcia nOBopora Benyuiero »Bena 
I - HeioHouieHHwîi npocjmnb, 2 - H3H0iuem¡b!tí npo(J)wib

HenocTO sniCTBo n e p e /ja x o n n o r o  n u c n a  03H aH aex, mto y r n o B a a  cK opocT b B eaoM oro  

3BeHa 6y ;ie x  x a K x e  H en ocxoflH H oií, a  a r o  H e m ô e x œ o  npnBo;jHT k  n oaB n eH H io  y o o B b ix  

ycK opeH H H , B pe3yjib T aT e n e r o  H3MeHHXca h x a p a icre p  aH iiaM H H ecK oro iiarpyjKCHiia  

KOHxaicra [62].

2 .4 .5 .  T e o p eT H H e c K o e  o R o c iiO B a iin e  h  p e3 y jn .T a T b i H H C Jiem ioro  O K c n c p u M e in a  110 

o n p e a e j ie H H io  C K o p o c x e ii n e p e M e m e m iH  t o h c k  KOHTaicTa n o  n p o([m jiH M  3 y 6 b e B

CKopocTH nepeMemeiina KOHxaxxHOH t o h k h  no npoijjujwM 3y6beB onpeaenajiacb no
3Iia'ieHHHM MHO/KCCTB KOOpflHH3T KOHTaKTHbIX TOHCK LjK H L.2K (4>. 2. LI 6) ,  a  TaiOKe BpeMeHH 

n o B o p o T a  B e n y m e r o  3B en a  Ha y r a o B o f i m a r  - At (<j). 2.117). B BH/jy Marioc™ At, 
co cx a B J ia io m er o  BejiHHHHy nopajpca 0.01 ox BpeMeHH 3auenJieHHH 3 y 6 a , CKopocxb
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nepcMcmeHHfl t o h k h  KOirraKTa no npocjnuiio (na3biBaeMaa TaioKe CKOpocTbio K aaeuna) 
npHHHMajiacb paBHoił cBoeMy cpe/iHCMy 3HaMCHH!0 b  npej/e /iax  oxoro  BpeM ennoro 
HHTepBajia. CooTBeTCTBeHHO, CKopocTH KaneHHH fljia Benym ero h BeflOMoro 3y6bCB HMeiOT 
Bna:

VKli =

v k 2 í  =

A Sn
A X 2, + A Y ?  

i i
Al At

& 2i i
A x l  +  AYj 

zi
At At

(2.125)

rn c  i - nopHj(KOBbiii HOMep bjicmchtob mhojkcctb L /k  h Lzk,,
AS¡ - n y r b ,  n p o x o n u M b ii i  to h k o h  KOHTaKTa no  npotjw nio  3 y 6 a  b 

tc h c h h c  BpcMeHHoro H H T epB ana At,
AX¡ =  0.5(X,+] -  Xj_\ ) - n p i ip a in e i iH e  a G c u n c c b i,  n p i iB e a e n n o e  k í-toíí tohkc,

AY¡ =  0 .5 (^_ ] -  Yi+\) - n p u p a m e im e  o p / im ia ™ ,  n p H B c a c n n o c  k  i - t o h  tomkc.

r ip H M e p  peayjibT aT O B  H H C Jie in io ro  3 K cn ep H M en x a  n o  o n p c n c n c m n o  cK o p o cT e ii 

K a n eH iia  a jh i p a c c M O T p c u n o ro  B birne  B ap n aH T a  3y6naTO H  n e p e n a n n  n p e n c T a s a e n  Ha pHC. 

2.26.

Vk

[m / cck] H1/E2 F1/D2 F D1/F2 F. l/l 12

Puc. 2.26. CKopocTH KaneHHH no npo<j>miHM 3y6beB b (JjyHKUHH BpeMenn 3auennem w  napbi 3y6bCB 
a) HeinKoinenHbifl npo<j)nnb, 6) loHomenHbifi npocjiiuib
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n o  3IiaHeHIMM CKOpOCTCH KaHeHHfl H 1)^2 BblHHCJISeTCa KHHeMaTHHeCKHH

napaMeTp, b 3iiaHHTenbHOH CTeneHH bjihjhouuih Ha h3hoc 3y6bCR - CKopocTb CKonwKCHHa, t o  

eeTb CKOpOCTb OTHOCHTeJlbHOTO ZIBHKCHH51 3y6bCB B  TOHKC KOHTaKTa:

VCK ~ vkI ~ vk2 ■ (2.126)

Pe3yjibTaT b t H u c n e n n o r o  3 K c n e p n M e t m  n o  o n p e n e n e H H to  CKopocreH cK O J ib ^ e H u a  

fljia  p a c c M a T p H B a o M o ro  BapnaHra 3 y 6 ia T O H  n e p c n a ™  n p e n c T a B n e n  H a  pwc. 2.27.

Puc. 2.27. CKopocTb CKOJibJKeHHB b (JiyHKUim BpcMeHit sanenBCHna napbi 3y6beB a) HeH3i(0!JueHHbiii npo<j)M;ib, 
6) H3HouienHbiii npcujnuib

H3 anajiH3a pe3yjibTaTOB, npeflcraBJieHHbix na pnc. 2.26 w pnc. 2.27 cnenyer, hto

HCKaiKCHHB npO([)HJIH, BbI3BaHHbie TiecjlOpMaUHCH 3y6beB H HX H3HOCOM OKa3bIBaiO 
3HaHHTenbH0H BBHHHHe Ha H3MeHeHHe 3HaHCHMH CKOpOCTeii KaneHHS H, B  TO >Ke BpeMB, 
npaKTHHecKH He OKa3biBaiOT bjihhhhb Ha CKopocTb CKOJibSceHHfl.

2.5. BbIBOflbI

ripoB enem ibie TcopcniMecKEic nccneflOBaHna h BbiriojmeHHbiH na  hx ocHOBe aHajiH3, 
noflKpenJienubiH HHcneHHbiMH 3KcnepHMeHTBMH, no3BonaeT cnenaTb c ;ieay iom ne BbiBOflbi.

1. ycTaHOBJieno, hto 3BO.'ibBeHTHbiii npotjninb, KOTopbiH h m o o t  3y6bs 3y6naTbix 
nepe/ian nocne hx  H3T0T0BJieHHH, b npouecce SKcnnyaTaunu H3-3a neraSeaaioro H3Hoca 
HCKaacaeTCH h  nocne toto , Kax cTenenb HCKax<eHHfl npeBbicHT nonycraMyio norpeuiHOCTb, 
onpeflenaeMyio 3aj3aHHoii cTeneubro tohhocth , npotjwnb nepecTaeT coOTBeTCTBOBaTb
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H a H a n b H M M  x a p a x T c p H c r a x a M .  B h o b ł  o 6 p a 3 0 B a H H b ie  K O H T a K T H p y io m n e  npo<J)HnH n o  M epe  

O K C n j iy a T a m iH  3 y 6 n a T O H  n e p e f la n n  H e n p e p b iB H O  H 3M e iw iO T ca . C o o T B e T C T B e H n o ,  n a p a M e T p b i 

3 a u c n n e n H > i T a x  x<e n e n p e p b iB H o  H 3M eH H i0T ca , b  p c 3y a b T a T c  n e r o  H e  B b in o J in a e ic a  o a h o  h3  

T p e ö o ß a H H H  K c o n p a » e H H b iM  n p c x jin a a M  - n o cT o a H C T B O  n e p e n a T O H f io ro  HHCJia. H o  

n o c K O J ib x y  c p e f ln e e  3 H an e H H e  n e p e a a T O H n o ro  'm e n a  n e  H 3M e H se T ca , n po t[)n jiH  H 3 H o m e n H b ix  

3 y 6 b e B  M 05KH 0  y c j iO B iio  n a 3 B a T b  xB a3 H C o n p a> xe H H b iM H  n p o tjn in a M H .

2. T eo p n a  3B oabB cim ioro  3auenneHHS He npHMeHHMa k o n u can m o  
KBa3Hconpa)KeHHbix iipo4m ae¡i. Rim M aTeM aranecxoro o n n can n «  npoH3Bonbiibix npotjjunefi 
Ha ocHOBe HHCJieiiHbix m c to a o b  pa3pa6oTana MeTOAHxa, BKJHOHaiomaa xycoHHyio 
annpoKCHMauHio co  cnnaHHOBOil HHTepnojisuHeii, b KOTopyio BBenetia nonojiHHTejibnaa 
KoppeKUHS, no3B onaiom aa AOCTaTOHHO t o h h o  onncbiBaTb xpHBbie c pe3XHM H3MeHeHneM 
KpnBH3Hbi. np H  o to m  jinn onpeAeneHHa pannycoB x p ra ra n b i  h  y n ia  HaKJiona KacaTejibnon 
iicnojib3yioTca npocTbie npneMbi, 6a3iipyiom ncca Ha a h c k p c t h o m  xapaxT epe onucaHHK 
npo(j)njieH.

3. P a 3 p a 6 o T a H b i TeopeTHBCCKne o c h o b h  h  co3A aH bi cooT B eT C T B yiom ne  H H c n e n n b ic  

MeTOflbi c  H ciioJib30B aH H c.\i a jiro p in 'M O B  G biCTpon cxoflHMOCTH nim o n p e n e jieH iiH  

reoM eT ptiH ecK H X  n a p aM e T p o B  KOHTaxTa b  aßconiOTH O M  h  o t h o c h t c j i b h o m  a b h /k c h h i i  

K O H T aK T H pyiouuix  K B a 3 H c o n p a * eH H b ix  upo (|)H Jie ii.

4. XIjih o iip en en e im s cM em enna 30Hbi x o n x a x T a  b p c3yn i,T aT e  oôbeMHoii A C ij io p M a u m i 

3y6beB Bbinoniicii a n a jn i3  nejiecoo6pa3H oc™  n p n M C H C H H H  a n a j iH T H H e c K o ro  M eTO fla  u 
M e T O A a  KO H C H H b ix  3 J ieM eH T0B . H a  o cH O B e  pc3yjn»TaTOB m h c h c h h o io  a x c n e p n M C H T a  

noflTBepKAena 3(})4>eKTHBHOCTb aiiajinTioiecKoro Merona.
5. fljia  pacuHipeHHH o 6nacTn npnMCHCHna pa3pa6oTaiiHoro MCTOAa onpeAeJienne 

KoiiTaKTHoro CMenieima u KOHTaKTiibix HanpaaceHHH BbinoJiiicuo Ha ocHOBe Teopmi 
KOHTaKTHpOBaHHB Teil ABOBKOH KpHBH3HbI, HTO II03B0J1BCT HCCJICAOBaTb 3y6liaTE,le KOJieca c 
npoAOJibiioH MOAH(J)HKaHHeH 3y6beB.

6. H a  oc H O B e  T e o p im  x o H T a x T a  x B a 3 n c o n p 5 o x e H iib ix  n p o c jw A e ił p a 3 p a 6 o T a n a  

M e T O A H K a  n o c T p o c i iH a  a h h h h  3 a u e m ie H H a ,  o n p e / ie a cH H a  y r a a  3 a u e n a e n i i H  u n e p e a a T O H H o ro  

H H cn a  c  y n e T O M  y n p y r H x  c b o h c t b  x o ir r a x T H p y io iA H X  3 y6 b e B  n  T o r o  oö cT O XTC A bCT Ba, h t o  b 

3 0 H e  f lB y x  n a p n o r o  3 a u e n j ie iiH a  CHJibi, A C H C T B y ro m H C  b K o i iT a K T n p y io iH H X  n a p a x ,  b  o 6m eM  

c n y n a e  n e  j io x a T  H a  o a h o h  n p s M o i i .

7 . P a 3 p a 6 o T a H a  MCTOAHKa o n p e f le n c H n a  xHHeMaTHHecKHX riapaM C T poB  K O H Tam a 

K B a3H C onpH »eH H bix  npO(j)HJieH npH M eH H TcnbH O  k A ncxpeT H O M y x a p a x T e p y  h x  o n n c aH H » .

8 . C  p e n  b io  n p aK T H 'tccK o ii p ca jiH 3auH H  p a 3 p a6 o T aH H b ix  H H cn e im b ix  m c t o a o b  

oripcACJicHHB re o N te rp H 'ie c K H x  h KHHeMaTHHecKHX n a p a M e rp o B  x o ir r a x T a  

KBa3Hconpa)KeHHbix iip o t|)H ae H  3y 6 b eB  p a 3 p a 6 o T a n  k o m iu ic k c  n a x e r o B  r ip iiK a a /n tb ix  

x o M n b io x ep H b ix  n p o rp a M M  c  apyacecTBCH H biM  iiiiTep(])eiico.M  nnn n o n h s o B a T e a a .

9 . Pc3yai>T aT bi npoB C fleH H bix  H H cneH H bix axcnepH M eiiT O B  n o x a 3 a n H , h t o  n o c j ie  

H 3H oca 3 y 6 b e B , n p c B b im a io m e r o  A onycT H M yio  n o r p e u m o c T b  n p o c jm a a  p,na 3 a aa H iio ¡ i 

cT eneH H  t o h h o c t h  n e p e n a n n ,  h m c to t  M ecTo c a c a y io m i i e  s b a c h k h :

•  n p o tJ iH n b  3 y 6 a  H C x aaca eT C s  n o  o t h o u jc h h io  k  n c x o / u i o M y  BBOiibBeHTHOM V 

H epaB H O M ep H O  n o  BbicoTe 3 y 6 a ,

•  j iH H H S  3 a n c n a c H i ia  CTanoBHTca x p i iB o a n H e i in o i i ,  ee a a i i n a  yMeHbuiacTcs, b o 3 m o a 'h i.i  

paapbiBbi iiH H H H  3 a u e n a c H n a ,

• a a * c  c p a B H H T e a b iio  M a a b ii i h 3 h o c  Bb O b iBaeT  3i ia H iiT e a b H o e  H 3 M e n e H n e  p a p n y c o B  

X p H B H 3H b l, a n p H  ÖOJlb lUOM  H3HOCe p a f ln y c  X p H B H 3 H b I MOXCeT M C H XT b  C BO ÍI 3H ax ,

• M T H O B e H H oe  3 i ia H e i in c  n e p c a a T O H H o ro  H iic n a  cT aH O BH T ca  n e p e M e m ib iM ,  B c a e n c T B i ic  

n e r o  c a e a y c T  o j k i i a r t b  a o n o a i iH T e a b H o r o  a n n a M iiH C C K O ro  H a rp y> xe H H a  x o m a x T a ,



- 73 -

•  c p c / u ic e  3 n a n eH H e  n c p e / ia r o H i io r o  H H cna o c T a e r c a  [ io c to h h h i . im , patsiib iM  o th o u i c h h i o  

n u c e n  3 y 6 b C B  K o iiT a x T iip y io iy n x  x o n e c ;

•  acecTKO cTb 3 y 6 b e B  b  r ip o p e c c e  3 a u e n n e n n a  M e H se T c a  H e TOJibKO H 3-3a  p a 3 H o ro  'H ie n a  

n a p  3 y6 b e B ,  n a x o n a m u x c a  b x o ir ra x T e ,  h o  h  n c jie A C T B ue  n 3 M e H e n H a  k o h t 3 k t h o h  

n oA aT H H BO C T H , K O T o p o e , b  CBOK) o n e p e A t ,  oôycjiO BJ ieH O  H 3 M e n e H n e M  p a A w y c o B  K pH B H 3H b i 

ripOijlHJICH B 3 0 H e  KO HTaKTa, B b I3B aH H O rO  H3H O COM  3y6b C B ,

•  H3MeHCHHC KpHBH3HbI KOHTaXTHpyiOIAHX HOBepXHOCTeH 3 y 6 b eB  CytHeCTBCHHO BAHBCT 

n a  M rH O B enH oe 3 H aneH H e KOHTaierHbix HanpaaceHHH b  n p o u e c c e  3 a u e n n e H n a ,

•  cKopocTH nepeM em eH ua 30Hbi xoHTaxTa n o  npo<})HAaM 3y6beB 3HaHHTejii.uo MenaioTca 
b HanaAbHOH h  x o h c h h o h  tjiaaax 3auennenH a, b o x p ecrao cT ax  TeopexHHecxoro nonio  ca 
3au.enneHna 3T h  H3MenenHa HC3Ha4HTejibHbi;
•  CXOpOCTb CXOAb>XeHHa 3y 6 b eB  B XOHTaXTHOH 30HC CpaBHHTCAbHO C Jia6o 3aBHCHT OT 
CTcneHH  H3Hoca 3y6 b eB .



3. MO/JEJIHPOBAHHE BHYTPEHHHX ßHHAMHHECKHX CUJI B KOHTAKTE 
3YEbEB C H3HOIUEHHLIMH ÜPCXDHJWMH

flHHaMHnecKHH xapaxTep can , neäcT ßyiom ax b  30He xoHTaxTa 3y6beB napbi 
3yßnaTbix xonec, oxa3bmaeT cym ecTBem ioe BnaaHae n a  h h t c h c h b h o c t b  n p o p ecca  n x  

H3HaiHHBaHHa. O r n e n b H o  B3HTaa nap a  n p e n c T a B n a e r  c o 6 o h  n o n c n c T e M y  non iio ñ  CHCTeMbi 
3y6naTbix n ap , cjiopM apyiomax npeo6pa3yiounin  MexaHH3M, nacTo Ha3breaeMbiii 
penyxTopoM . B  c b o io  oncpenb , cncTCMa, cocToainaa H3 ABnraTena h  penyKTopa, o 6 l ih h o  
Ha3biBaeMaa npHBonoM, b m c c t c  c paGomiM opranoM  h  (|jopMHpyioT p a 6 o n y io  Maujniiy.

T axH M  o 6 p a 3 0 M , n p n  paccM O T penH H  n p o p e c c a  ( jto p M n p o B a n n a  B H yrpeH H H x c u n  b 

xoH T axT e 3 y 6 b eB  o r n e n M io i i  3 y 6 n aT 0 H  n e p en a H H  n eo 6 x o /H iM O  yniiTbiBaTb b b iih u h c  

n a p aM eT p o B  n p i iB o n a  n  M aiu m ib i b  u c h o m .

M c c n e n o B a n n a  n u a a M a n e c K a x  n p o u e c c o B  b  M auiH H ax h hx  n p u B o p a x  B b in o n H aro x ca  

Ha ocH O B e c n c u n a jib H O  n p o B o n n M b ix  3 x cn ep n M e H x o B . B  cb h3h  c T p y n n o c T b io  h x  n p o B c n c u n ji  

h  B b icoxoH  cTOHMOCTbK) u iH p o x o e  p a c n p o c T p aH e H H e  n o n y n H n o  x o M n b io T e p H o e  
M o n e jiH p o B a u H e , h t o  n o 3 B o n a e T  n e  TO Jibxo HCCJienoBaTb c y m e c x B y io m H e  M a u in n b i ,  h o  h  

n p o rn o 3 n p o B a T b  o x o w a e M b ie  A H H aM itnecxH e aijn jiexT bi bo  BHOBb n p o e x T H p y e M b ix  M auiH H ax.

H 3 -3 a  cn o > K H O C T H  M o n e n n p y e M b i x  a B n e H H H  B e e  m o a c h h , b  t o h  h a h  h h o h  M e p e ,  

c o n e p a c a T  o r p a m i H C H u a ,  a B i i a i o m i i c c a  c n e n c T B i ie .M  x o M n p o M H c c a  M e a c n y  M a x c i iM a n b H O  

B0 3 M 03K H0  T O H H b IM  O T p a * C H H C M  (|)H 3H H eC X H X  n pO U C C C O B  H  B0 3 M O *H O C T B M M  HX  H H C n eH H O T O  

n p e n c r a B J i e H H a ,  h t o  n a x n a n b i B a c T  c b o h  o x a e n a r o x  n a  n o c T a H O B x y  3 a / : a n  h  m c t o a b i hx  

p e m e i m a  n p n  H c c n e n o B a n H H  M a u iH H b i ,  n p i i B o n a  h u h  o r n e n b i i o f i  n e p e n a H H .

B  HacToam eñ r n a ß e  ncjiacTca ynop  TOJibxo Ha Te Bonpocbi nnaaMHKH Manían, 
xoTopbie neoGxo/iHMbi una  pe in em ia  nocTaBneHHoñ 3anana  - pa3pa6oTxe HayHHbix o c h o b  

u p o r H 0 3 n p o B a H i i a  axcnnyaT aiuionnbix  napaMeTpoB 3y6naTbix n e p e n a n .

3.1. O C H O B H b lE  IJEJIH H 3AflAHH flH H A M H M E C K O rO  H C C JIEÆ O B A H H fl 
n P H B O A A  M A LU H H bl

O c h o b h o h  u e n b io  n n H aM H H ecx o ro  H ccnenoB aiiH H  npH B o n o B  M am iiH  a B n aeT c a  

o r ip e n e j i e i i a e  c n e x r p a  n a c x o T  co6cT B eH H bix  x o n e 6 aH iiH  h  n p y r a x  napaM eT p o B  

x o n e 6 a T e n b iio i í  CHCTCMbi, a  T a x * e  o u e H x a  c T e n e im  B n n a iiH a  H a 3 t h  napa.M eT pbi o r / i e n b i ib ix  

M ace  h  OTACJibHbix C T yneH eii p e n y x r o p a .  C  n o M O iu b io  aM nnH xynH O -H acTO TH bix 
x a p ax T c p n cT H K  CHCTeMbi c  H ecxonbX H M H  C T enenaM H  c b o ó o a m  n y re M  c o n o cT a B J ie H iia  c o  

cn ex T p o M  HacTOT B biH joxneH H bix  K o n e o a n a i i  m o ík h o  y c ra n o B U T b  n a n i iH iie  h  C TeneHb 

onacHOCTH p c 3 o aa H C H b ix  a B n e iiH Íí, h t o  ii0 3 B o n aeT  HaMeTHTb nyT H  y c rp a H eH H a  

H o x e n a T e n b i ib ix  n o c n en cT B H H .
OöbiHHO 3Ta 3apaña  pem acTca Ha caMoñ p an n eñ  cTanHH npocKTHpoBanaa MauiHHbi a, 

xax npaBHno, n c n o  h c  noxoniiT  He Tonbxo no  cepiiHHoro H3TOTOBneHiia MauiHHbi, no  naixe no 
mroTOBneHHa ee  onbiTHoro o6pa3ua.

f l p y r o a  a c n b i o  a B n a e T c a  o y e H x a  B i i6 p a u H O H H O H  h  a x y c T H H e c x o í i  a x T H B H O C T u  

n p H B o n a ,  h t o  C T aB H T  3 a n a H H  o n p c n e n e m i a  n a p a M e T p o B  n n H T e n b H o  n e i i c T B y r o i u i i x  

x o n e ö a T e j i b H b i x  n p o u e c c o B  h  o u c h k i i  c T e n e m i  h x  B j i a a n a a  n a  n e n o B e x a ,  H a  o x p y a c a i o m y i o  

c p e n y  h  n a  y c T a n o c T i i y i o  n p o H H O C T b  s n e M c i iT O B  x o H C T p y x i iH H  M a u iH H b i .
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BonpocaM  umiaMHHecKoro a n a n ra a  npuBoaoB MauiHH iiocbjuhciio  M uoro pa6oT, KaK 
o 6 m ero  njiaHa, TaK u nocB sm ennbix HccaeuoBaHHJiM UHHaMHuecKHX npoueccoB  b 

KOHKpeTHbix MauiHHax [1,19,32,40,69,94,95,97,102,104,106,116,124], FloaaBHHiomee 
ßoJibuiHHCTBO paöoT nocBBiueuo flHHaMHHecKOMy anajiH3y oaHOCTyneHHaTOñ nepeuaHM. 
flHHaMH^ecKaa Mouenb napbi 3y6'iaTbix kojicc aaxce BKaioneiia b CTauaapT ISO/DIS 6336/1. 
ropa3AO MeHbiue p a 6 o i  KacaeTca a n a n im  UByxcTyneHHaxbix h MiiorocTyncHHaTbix nep eaaa  
[19,102,104,124).

IlpH pa3pa6oT«e aanaMHaecKHx Moaeaeii npnuHMaeTca ueawH paa ynpomenim:
•  3y6MaTbie Koaeca npcacTaBaaiOTCK b Bnae cocpeaoroH eniib ix  Macc,
• Baabi nam e B cero c w ra io T c a  HeBecOMbiMH, a hx hhcphhohhocti, pacnpeaeaaeTCH Mexcay 

3yÖHaTbiMH KonecaMH,
•  n e p c a a T O H iio c  h h c jio  3 y 6 a a T b ix  n e p e a a a  CHUTaexca nocToxHHbiM,
• BB3KOC COnpOTHBJieHHC CHHTaeTCB JIHÍICHHO 3aBHCBlUHM OT CKOpOCTll.

B flOBOJibHO peflKHX cuyuaax  rrpoim ouH Tcji ripiiBcaeHHe pacnpeaeaeH H bix Macc 
BaaoB h  y'lHTMBaeTCB aeM n ^n p y io m aa  cnocoônocTb noaianniniKOB u T.a.

FIpn 3TOM npaKTHHecKH B ceraa (xpoMe pa6oa [10,11,62,66,119,120,121,1221) npn 
pa3pa6oTKe M oacaefl AHnaMHHecKiix npoueccoB b KanecTBc o a iio ro  113 ochobhbix 
aotiym cuH Íi ripHHHMaeTCfl, h to  nepeaaT oaiioc  hhcjio  3y6HaToii n ep caan it o c ra  e re  ji 
nocTOBHHbiM. OfliiaKO, KaK noKa3aHO b raaB e 2, b n p o u ecce  BKcnnyaTaunu nepeuann  
npoc])hjih 3y6beB HCKaxcaioTcs, b pe3y;ibTaTe a e ro  ncpeaaroH iioe  m ucao CTaHOBHTOi 
riepeMeHHbiM b n p o u ecce  3aueruienna 3y6bCB. C aonym cnneM  o nocToaucTBe 
riepeaaTOHiioro n n cn a  mox<ho coraacnT bca npn  paccMOTpenuH MHorocTyneHHaTbix nep eaaa . 
T oraa  KaK n p n  paccMOTpeiiHn anuaM unecK oro HarpyxreiiHH KOHTaicra 3y6beB oraeabH oii 
n e p ea aa n  c H3HomcHHbiMH 3y6b»MH Taxon iio ax o a  xBJixeicx cbhuikom  ynpomeHHbiM (3a 
HCKjnoaeHHeM flHHaMuuecKoro aHaiiH3a n epeaan ii c iieH3iioiucHHbiMH 3y6bSMn).

H a u ß o aee  aacTO peiu c im c  nocTasaenH bix 3aaaa c b o a h tc x  k o n n c au n io  ubhjkchhb 
CHCTCMbl TBepabIX Tea C reOMCTpHHCCKHMH CBK3XMH H CHJIUMH COnpOTHBBeHHfl, JIHHeHHO 
3aBuc»mnMH o t  cKopocTH. Hcno;ib3yx o6m ee ypaB nennc amiaMHKH, cocTaBjisioTca 
ypaBiieuHJi JlarpaHJKa BToporo p o aa , 11a ocHOBe KOTopbix ypaBiieHiie flBuxceHns 
3anncbiB aerca b b h a c  AtuJnjiepeHUHaAbHbix ypaB ueiuiii BToporo n o p aan a , h h cb o  KOTopbix 
o n p eaeaseT ca  hhcjiom  cTeneueil CBoGoabi npunaT ou  UHnaMHHecKOH m oacjih.

np iiM cp m oacjih npiiB oaa c jxByxcTyneitHaTOH n ep eaaae ii, b 3 s th h  h3 paGoibi 
O ch h ck h  E. [124], npHBeueH 11a puc. 3.1.

Puc. 3.1. /pniaMHHccKaa M o a e j i b  npiiBoaa c aByxcTyneimaTOfi uepeaaHeñ ( i 24J
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(3.1)

M o a c j i i .  H M e e T  6 C T e n e u e n  c b o G o a b i h  A B H K e H H e  Ten, b x o ; ih iu h x  b  m o a c j i l,  

o n iic b iB a e T c a  c h c t c m o h  AH(j>(j)epeHUHajibHbix y p a B ite n u f i,  H a  o c n o B a H H H  p c3y/ ibT axoB  

p e m e n H H  K O T o p o ii  n o j iy n a r o r  A H H a M H u e c K H e  n a p a M C T p b i n p H B O fla  h , b  4 a c x H o c x n ,  3H a 'icH H H  

A O n O B H H T e A b H Ł IX  A H H aM H H EC K H X  H a rp y 3 0 K  B  KH H eM aTH H eC KO H  H e n n  MOAeJlH. C H C T C M a

AH(j)4)e p e H i;n a j]b H b ix  yp a B H e H H fi H M ee T  b h a :

1 $  i +c}( v s -\jri) + ki(\ifs -\t/ l)= Mn, 
hWi ~ c\W* ~W\) + - kx(y/s - yy) + t-xkpx(t,yx) = 0,
htyi  - cw(ty2 - V i )  + Cp\rij>i - kw(\ff2 - t y 3) + r2kp[(/.j/,) = 0,
^ 3  + (ty2 “  W2) + cp2r3y2 + kw(\f/2 - y /3) + r3kp2(t,y2) = 0,, 
U t y  a +  c 2 ( t y 4 ~ t y P )  +  c p 2r4 y 2 +  k 2 ( t y ą - t y p ) +  r4 k p 2 ( t , y 2 ) =  0 „  

I p t y p - c 2 ( t y 4 - t y p ) - k 2 ( t y 4 - t y p )  =  - M 0 ,

ra e  Is, Ip - i ip H B e A c i i i ib ic  M O M eH T b i H H e p u H H  B p a m a io m H X C K  A C T a n e ił A B H ra T e a a  u 
paGonero opraHa,

/, - MOMeHTM H H c p u H H  3y6,iaTbix Koaec (i=  1,2,3,4), 
n  - paAiiycbi ociiOBHbix OKpyrKHOCTen 3y6'iaTbix Ko;iec (i=  1,2,3,4), 

y/u \ftp, y/j - yrnoBbie KoopAHiiaTbi BpamatomHxcfl Macc,
M „  - M O M e H T  A B iD K y m n x  c h a  (/un iraT e jia ),

M o  - M O M e H T  c h j i  co r ip o T H B A e H H a  (p a 6o lie r o  o p ra n a ) ,

ki, k2, kw -  5KCCTKOCTH B3AOB,

Cl, C2, Cw - K03(j)t})HUHeilTE,I AeM n(j)H pO BaH HH , 

kpi(t.yj) - n e A H H e f iH a a  h  n e p e M e H u a a  b o  B p e M e n n  tjjyHKUHH, o n u c b iB a io m a a  

wecTKOCTb 3auenACHHH (j=  1 ,2 ), 
cPi - K03(j)(J)jm HeHT AeM ncJm poBaH H ji b 3 a u e n jie n H H ,

}) - K o o p A H H a T a ,  o n u c b iB a io m a a  a b h > k c h h c  b a o a b  a h h h h  3 a u e ru ie H H B  3 y 6 'ia T o i i  

riepcAaM H .

JXa h  o n p e A e A e u H H  c n e K T p a  > iacxoT  c o 6cT B e H H b ix  KO A e6aH H H  C H C TeM b i cocT aBJ iaeTca  

c n e n n a j ib i ia A  M O A eA b , H e  c o A e p w a m a *  A eM n ([> n pyK > m H X  s a c m c h t o b ,  h  c 3 a K p e n ;ic H H b iM  

B a n o M  p a G o n e r o  o p ra H a .

M o u e n b  n p H B O A a  m o jk c t  6biTb raKx<e  o r in c a n a  c  n o M o m b io  M C T O A a  rpacjioe  h 

C T p y K T y p H b ix  H H ceA , T e o p e T H M e cK n e  ocH O B b i h  M C T O A H Ka  n p a K T H H e c K o ro  n p H M e H e H H «  

H e n o cp e A C T B e H H O  ujm  M O A e jm p o B a H n a  n o B C A c n n a  M e x a H H n e c K H X  c h c t c m  G lij ih  

p a 3p a 6o T a iib i B o f n ia p o B C K H  K ) .  [ 1 1 7 ,1 1 8 ] .

M e T O A  rpa i[)O B  o n e H b  H a rj iK A e H  h  o c o 6c h h o  s ^ e K T U B e H  n p n  A H H aM H M ecK O M  

ananme c a o j k h b u  c h c t c m  3 y 6 'ia T b ix  n e p e A a n ,  H a n p H M e p , p e n y K T o p o s  c  p a3 B e T B n e H H b iM ii

H 0 T 0 K 3 M H  M O IUHO CTH, n j]aH e T ap H b IX , AH(])t})ep eH H H aA b H b IX  H AP-

r ip H M e p  A H H aM H H eC K O H  M O A eA H  CA O K H O T O  n p H B O A a  C H KCA O M  C TC nC H C ii CBOGOAbI 

S = 8, co cT aB A e H H O H  n o  A a H H H M  p a 6oTb i T y jw e B a  B . F .  [1 9 ]  a a h  o n p e A e A C H H K  cn c icT p a  HacTO T 

c o 6c T B e H H b ix  KO JicG a iiH H , a  T a jone  ee n o A io c H b iH  rpacf) n p e A C T aB A e H b i H a  p u c .  3.2.
H a j ih h h g  n p H K A a A H b ix  K O M n b io T e p H b K  n p o r p a M M  n o 3 B 0 A x e x  3cjx])eKTHBHo 

B 0 c ii0 A b 3 0 B a T b c a  o o o h m h  M eTO A B M H j Bb iG p aB  iia i iG o j ie e  y A o G iib ii i  c t o h k h  3 p e n m i 

nO A C O TO BKU  H C X O A H b IX  A B H H b IX  H CKOpOCTH  n O A yH eH H H  pC 3yA bTaTa.

M o m c h t u  H H e p u H H  B p am a iou uH X C H  3B eH b eB  n a iu e  B c e ro  o n p e A e A B io T c a  AO CTaTO HH o 

H aA e xcH 0  p acH C T U b iM  n y r e M ,  T o r A a  KaK  n a p a M e T p b i x <c c t k o c t h  h  A 2M n< })H p oB aH H B  G oaee
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•roniło onpeaenaiO Tca 3KcnepHMeHTantHbiM nyreM , iianpnM cp n o  MeTOflHKe, 
HCn0Jlb30B3HH0H B paÖOTC [19J.

Phc. 3.2. /IiinaMUHCCKax m oacjil npHDoaa (a) H ero  uojiiocHbiii rpat|> (6) !, - npiiBenemibic MOMeirrbi m iepum i 
3y6liaTbix kojicc, C,¿ - iipHBCaemibie wecrncocTH yiacTKOB ipancMMCCHii Meatfly ayGaarbiwH xonecaMH

TaKHM o6pa30M aHHaMHnecKoe HccjieflOBannc OT/ienbHon 3y6MaxoH ncpcnaHii 
cjienycT BbinonnaTb TOJibKO n ocne  ÄHHaMunccKoro nccnenoBaiiHH MauiHHbi b nenoM, hto 
;iacT B03MOHcnocTb onpencjiHTb /niHaMH'iecKne xapaKTepncTHKH Bcex djicmchtob n p n ao aa , 
o co ô en n o  npnM biKaromnx k HecnenyeMoii nep en an e, a  TaKxte bubbhtb  h ycTpamiTb ycnomm  
B03HHKH0BCHHH pe30HaHCHbIX XBJieHHH.

3.2. PA 3PA E O T K A  flH H A M H ^ E C K O H  M O flE JlH  3 A L (E n JIE H H il M 3H O U IEH H bIX  
n P O O H JIE H  3 Y E b E B  C  YM ETOM  IT EPEM EH H O C T H  I lE P E flA T O H H O rO  MHCJ1A

n PH pa3pa6oTKe AHHaMHHecKHX M onenen 3y6naTOH n ep en an n  b 3aBHCHMOCTH o t  
CTeneHH y n p o m en n a  (f>H3HHecKOH MO/jenn, npnuHMaioT 3a ocHOBy, nam e B cero, Monenn o t  
npocTenuieH  - c o jjh o h  CTenenbio cboGo/iw, yHHTbiBaiomyio TonbKO HHepuHOHHbie 
xapaKTepncTHKH, n o  M onenen c flByMfl, neTbipbMS n 6 onee CTencna.MH cBOÖOflbi, 
ynHTbiBaiouiHMH He TonbKO HHepuHOHHbie, ho  h y n p y rn e  xapaKTepncTHKH n ep en an n  h Bcero 
npuRO/ia [94 ,95 ,97 ,102 ,116 ,1241 . OflHaKO oôm hho b s th x  m onenax ne  yMHTbrcaeTCH 
HcnocTOHHCTBO riepenaTOMiioro HHcna, Bbi3BaHHoe n3MeHeHHeM (})opMbi npotj)HJieH 3y6beB 
H3-3a h x  H3Hoca b n p o u e cc e  3KcnnyaTauHH.

fln n  c p a B H H T e n b H o ii ouenKK bjihjm hh H 3 M e n e H H S  n e p e a a T O H H o ro  n u c n a  Ha 

f lH H aM H H e c K H e  x a p a K T e p n c T H K H  3 y 6 n a T 0 H  n e p e n a H H  6biflH  p a cc M O T p e H b i T p n  B a p n a H T a  

M O flenH p oBaH H Jt 3 y 6 n a T O H  n e p e n a n n  c  K B a3H C o np a>K e H H b iM H  n p o t jw n a M H :  M o n c n b  » e c T K o i i  

CH CTeM b i c  o / in o ii  cT c n c H b K )  C B o 6o flb i h  « B e  M o n e jiH  y n p y r o H  c n c r e M b i - c  n s y M a  h 

n e T b ip b M a  c re n e H H M H  C B o 6o«b i.

ripn 3T0M cHHTajiHci, H3BccTHbiMH cneny iom ne napaMeTpbi:
•  MOMeHTbi miepuHM Bcex 3y6naTbix Konec npHBona:

{■/„ >*̂ 2 >^3 >••• >•••■>̂ N jk >} > (3.2)

• n e p e n aT O H H b ie  n n c n a  Bcex n e p e n a n  b O K p yx te n H H  H c c n e n y e M O H  n ap b i:
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{«O’ ̂ 1J ^2 > ^3 ’' *' > > *"5 ̂ N3n »1 ’ (3.3)

•  BpamaioinHií MOMeHT n a  Bany flBHraTCJia, nanpiiM ep, ju ia  Bajía acHHxpoHHoro
3JICKTpOJIBHraTejIB C K0p0TK033MKHyTBIM pOTOpOM MOKHO HCn0JIb30BaTb 

jiH H e ap n 3 n p o B a H H y io  p a 6 o n y io  n a c T b  m o m c h t iio s í xapaKTcpHCTHKH:

Tq = u  — b(ÜQ,  (3.4)

r; ie  a w b -  K03(j)(JinnHe iiTb i j n in e a p i i3aHHH,

• BpauiawiuiiH  MOMeHT Ha Bajiy p a 6oHero o p ra n a  b o 6meM BHue 33b h c h t  o t  BpeMeHH, yrna 
noBopoTa hjih  CKopocTH, HanpuMep, u n a  Hepa3BeTBJieHHoft KHueMaTHHCCKOH uen u :

Tp — Tp¡3K — f { t , ( p f l 3K , (0fl3K) ,  (3.5)

•  n e p e jiaT O H H o e  H itc n o  HCCjienycM OH n ep ejiaH H  b  (|>ynKHHn y r n a  n o B o p o T a  B e / iy m e r o  3BeHa 

n a p b i ,  n o jiy n e H H o e  b p e 3 y jib x a T e  aH ajiH 3a 3 au enneH H H  3 t o h  n a p b i  c n o M o m b io  

KH H eM aTH 'iecK O ñ M o jie a n , p a c c M o rp e m iO H  b m a B e  2 :

u¡ =  { Wí0»«/1 ’ u i 2 , - > uj f - j s }  =  u i (<Pj ) -  (3.6)

3 .2 .1 . M ojie.’ib  » e c T K o i í  CHCTeMbi c o a h o íí  CTeneHbio CBofio/iw

C o3H aH H e M O jieim  ocH O B hiB aexcs n a  jio n y m c H H H , h t o  B ce  E p a u ia io m n e c i i  jB C H bs 

KHiieMaTHHecKOH H e n n  n p i iB o n a  M auiH H bi npeH CT aB JunoT c o G o íí T B epflb ie  T e n a  c 

c o c p e j io r o 'ie n i ib iM H  M accaM H . n p i i  3T0M  n p e ju io n a ra e rc j i ,  h t o  b c c  iic p c /ia T O 'n ib ic  M iicjia 
3yf)H aT btx n ep e/iaM  CHCTeMbi, k p o m c  HceneayeM OH nepeflaHH, « b u h io t c h  n o c T o s in ib iM H . 

P a 3 p a 6 o T K a  m o h c h h  B K jn o ia e T  b ce6 si HBa 3 T a n a  (p iic .  3.3) [10,11 9 ... 122].

Phc. 3.3. JKecTKa» aviHaMiiHecxafl Moae.ni> 3y6lia io ñ  nepeaanH a) ncxoaiibie a a im u e , 6) cxeMa Moaenu

Ha nepBOM 3 x a n e  ( p n c .  3.3a) n p o n 3 B o ;in x c H  n p u n c jic u H C  momchtob in iepunn 3Benbei! 
npiiBojta h HBH*yu;ero MOMeHTa ot 3;icKTpoflBiiraTe;iH k BejiyineMy 3Beny HCCJieflyeMoii 
nepenaxm (J0„j h Tn..j), TaKXte npiuseneime momchtob HHepuHM h MOMeHTa conpoTHB.xeuna ot 
paSonero oprana k BejiOMOMy Konecy nepeflann ( JP,j+i h Tpj+i)-

Ha BTopoM  3 T a n e  (pnc. 3.36) ([lopM iipyexcH  /K ecxK aa M O/iejib 3y6naTOH n e p e f la m i 

nyTeM npHBefleHHX MOMeHTa iiHepHHH h  npiiBeaeHHoro MOMeHTa conpoTHBiieHHs 7),„;+ í 

k  Bany B e j ty m e r o  3Bena M O jiejm  c y<-iexoM n e p e M e H H o ro  ncpejuvioMnoro n a c n a .
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U¡ =  u ¡ (A y ) .  riapa.MCTpM »ecTKOH Mo/ieim BLipa>KaioTca ’icpca napaM erpbi MOflejmpyeMOH 

nepejjaHH cneayiom iiM  o6pa30M:

A h — Aj , Tm o — Tq , J  m — J q j  +
/v '+ '

[« /(A ;)] '

■ T
» Amp

1 p. j + 1 
T] Uj (A; )

(3-7)

r .q e  77 - KoacJxJwuHeHT nojie3noro hciíctbhh 3y6HaToił nepeflaHH.
y HHTbiBaH noTepH na xpcnne b 3auenneHHii h npeneSperaa hx 3aBHCHMOCTbio o t  

K03(j)Cl)HUHCHTa KOppeKUHII, K03([>cj>HUHeHT 77 MO/KHO BblHHCJIHTb 'iepe3 K03(|l([)HHHCHT TpCHHH

/ h  Hiicjia 3y6beB n ep en an n  110 4)opMyjie [79]:

77 = 1 - 2 .3 /
' l  1 N 

—  +  —  
z ,  z2 )

(3.8)

H a  OCHOB3HHH TeO peM bî 0 6  H3MeiICHHH K H H e T H 'ie C K O ií  3HeprHH M05KH0 3 a n H C arb  
; u i ( | x | ) e P e H U H a j i b H o e  y p a B H e in ie  a b io k c h h h  3B e i i a  n p iiB e n e n i ia :

' ¿ m i k ) 2 ' -  (A/iO -  Tmp)dXm, (3.9)

KOTopoe, n o cn e  cooTBCTCTByioimix npeo6pa30BaHiiii, npmiHMaeT bh/i :

d J m ( À , , ) 2

¿A.„ J , K
(3.10)

B pe3yjibTaTe ’iiicjienH oro peu iem ia ypaBiieima (3.10), HanpiiMep mctojiom 
iiOJioBiiiiiioro iipiipaiiienH a KHHeTHHecKoü a n ep n iii [32], naxojiHTca 3Haienn5i yrjioBOÜ 
CKopocTH h  yraoB oro  ycKopem ia 3Bena ripiiBeneiiiia b ([lymcuim e ro  y rjia  noBopoTa (h iih , h to  
t o  >xe caMoe, b ([ivhkhhh y ra a  noBopoTa B e n y m e r o  3BeHa nepe/iami A,):

h t  -  Âm (A m ),

ï
A m -  , ,   ni  '

aA„,

(3.11)

C noM om bio npoucnypbi HiiTcrpupoBaHioi:

0 Â „ ( A m )
(3.12)

m o t k h o  n p e o 6 p a 3 0 B a T b  y r n o B y i o  c x o p o c T b  h  y r n o B o e  y c K o p e i m e  3 y 6 > ia T b ix  x o n e c  » e c T K o i i  

M o / le jn i  b  íjiyH K U H K ) B peM eH H :
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h  ~  ' M í )>

^ 7+1 -  ^ y + i ( 0 >
.. .. (3.13)

X j = X j ( t ) ,

^ 7+1 -  ^ 7+1 ( 0 -

n P H H cn o n t3 0 B aH H H  m a n c u H R  yraoB oro  y c K o p e m ix  m ecT ep H H  k o 3 ( [k [ )h h h c h t  

AHHaMHBecKOH H arpy3K H  j k c c t k o h  m o a c a h ,  y ^ H T h iB a io m n ii b a h h u h c  h c i i o c t o h h c t b h  

n e p e f la T O B H o ro  H H cn a , o n p e A e n a e T c a  n o  c n e f ly io m c ñ  (JiopM yjie:

Ks l =î- (3.14)

3.2 .2 .M one;n>  y n p y r o n  cHCTeMti c a b j’mîi CTenennMH cboGo/ib i

M oaejjb  c HHCjioM creneH en cbo 6oam  5= 2  6bina o6pa30BaHa nyreM  CHHTC3a jkcc tkoh  
m oacah  h  KJiaccnnecKOH m oacah  Borna [95], ycoBepuiencTBOBaHHOH MsoJiJiepoM JI. [103] h 
B hakom  A. [116], I Ip n  3T0M, b n o jiyne im on  m oacjih m o m ch th  HHepuHH 3BeHbeB npmiiiTbi 
TaKHMH »ce, Kan b  vKecTKOÜ m o a c a h ,  T or«a xai< b  KJiaccnnecKOH m oacjih o h h  coorBeTCXByioT 
MOMeHTaM HHepuHH KOHTaKTHpyiOmHX KOJieC.

B CBOK) onepeAfc, no cpaBHeHHio c j k c c tk o j ï  m o a c a m o  b  pa3pa6oT annoîi m o a c jih  

AononnHTejiLHO ynTCHbi cjieAyjonjHe cjjaicropbi [120 ,122 ,123]:
•  yn p y ra jt AecJiopManHs 3yÔLCB,
•  c u n a  H e y n p y r o r o  c o r ip o T iiB J ie n n a , a h h c h h o  3 a B H c a m a a  o t  c k o P o c t h ,

•  HopMan&HHH 6 o k o b o h  3a30p b 3aneiuieHHH ( c m . j n Ha pue. 3 .3a),
•  n e p e M e H H o e  (n 3 - 3 a  H 3 n o c a  3 y 6 b e B ) ncpcA aT O H H oe h h c a o ,

•  c n n a  TpeHHH MejKAy 3y 6bHMH.
CxeMa y n p y ro ii m o a c a h  c AByMH cieneHHMH c b o S o a m  iipeACTasjiena Ha p ue . 3.4.

Phc. 3.4 . Y np y raa  A H u a M H a e c K a s  Moaejib c m h c j i o m  c T e n e H e f t  c b o O o a u  s = 2
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Y r o j i  n o B o p o T a  3y6naToro KOJicca b a G c o ji io ra o M  abhjkchhh (b cHCTeM e KoopnHnar 
X O j Y )  MO/KHO npeacT aB H T Ł  KaK cyM M y A s y x  y rn o B  -  y n ia  n o B o p o T a  a ro ro  Koneca B M ecre  c 

noB opoT H O ii CHCTeMOH n p n  ycjioB H H  H e/;e(¡)opM npyeM O C Tn 3 y 6 tc B  ( 37a  s a g a n a  p e m e i i a  b  

îKecTKOH moacah) h OTHOCHTejiBHoro y r n a  n o B o p o T a  KOJieca b n O B o p o ra o f i  CHCTeMe, 
oG ycnoB B C H H oro  fle< j)opM aqH eH  3y 6 b eB  n o n  H a rp y 3 K o ñ :

(p¡ = X ¡ + y ¡ 

< P m = ^ M  +  7/+I
(3.15)

B  o 6 ih c m  b h a c  a ö c o j n o T i i o e  A B H ^ e im e  3 y 6 n a T b ix  k o jic c  H c c j ie /iy c M O H  n e p e n a m i  

M 05KH0 o n n c a T b  c n e n y i o m c H  c h c t c m o h  A H t^ e p e H U H a n b H M x  y p a B t ic m iH :

(3.16)
J 0 j 9 j  =  T 0 J  -  P n r j  +  F m p h j  i 1

^ p , j + \ $ j + i  ~  P n r j + \  ~  F m p h j + \  ~  Pp , j + \  J j

t a c  P„  -  H o p M a j i b H a a  c n j ia  y n p y r o c r a  M O K A y  3 y 6 b « M H ,

Fmp - CHJia TpeiiH H , 

r¡ - rnieM O  c h a m  P„, AeficTByromefi na B e n y m e e  b b c h o  m o a c a h ,  

r j+ i—rj u ¡ ((pj) - n n e n o  CHJibi P „ , AeiłcTByiomcH Ha BeAOM oe 3BeH o,

h j  - h a c h o  c h a m  T p c iiH a , ACHCTByiomeH n a  B e n y m e e  3 b c h o  m o a c j ih ,  
h¡+i=h¡u¡(<p¡) - h a c h o  c h a m  xpeiiH si, A eHCTByioiAeii Ha BeAOM oe 3 b c h o .

H o p M a n b H a «  c w n a  y n p y ro c T H  M excny 3y6bHMH c  y n e ro M  B »3K oro  c o n p o T H B Jie n n a  11 
c ii.'ia  TpeHHB o n p eA ejiH iO T ca  n o  c n e n y io n m M  (|iopM yjiaM :

P  =  e  e  C  ■ 
n  Jn z ^ j j + i  +  D j j + i ( ( P j r j  ( P j+ irj + i ) ' ,

V,CK (3.17)
^ m p  ~  fî*n  I

n i e  e j  -  K03(j)cf)HUHeHT, y H H T b iB a io u u iii  B A iia i i i ie  H o p M a jib H o r o  6 o K O B o ro

3 a 3 o p a ,

ei  = (P j rj  ~ (Pj+l rj + \  " O TH O C H TeA bH oe n e p e M e iA e H H e  3 y 6 b e B  b n a n p a B A e H H H  H o p M a jm  k  

npocj)H A H M  b TOHKC K OH TaKTa b p e 3 y A b T 3 T e  y n p y r o i i  

A e (J )o p M a u H H ,

C j j +  1 =  / c ( A y )  -  K ecT K O C T b 3 y 6 ' i a T o r o  3 a u e n n e H H S , o n p c n c n c i m a A  H a  o c H O B a im ii 

H C C A eA O B aH na 3 a u e n n e H H B  c  n o M o m b io  K iin e M a T H H ec K o ii 

m o a c a h ,

D j j + \  - K03(j)(j)HUHeHT n e y n p y r o r o  conpoTHBneHHs,

/  -  K 03(j}(j)HUHeHT TpCHHH M O K A y 3y6bH M H ,

V CK -  CKOpOCTb CKOAb>KeHHA.

_  v CK
BBeAeHHeM b (pop.wyny cham Tpemia otuouiciiha :---- r yniiTLiBaeTca CMeHa

K I
n aripaB A C H H A  c h a m  T p c u n a  n o c n e  n p o x o n c a e H i i a  n o A io c a  3 a u e n n e H H H .
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Ko3t})(J)HUHenT T p e im a  a n u  ycnoB H H  T ® K eno  H arpyB ceH H oro  KOHTaicra o n p e n e j iH e r c a  

no (J)opM yne J íp o 3 n o B a  IO.H. [29, c.31]:

4.5 ■ I 0 ~ 3 Ofj02

/  =  '

1 0  +  lg
'  HBRg

E p r R pr

v007(v,yl +vly2)°-,2v0J —/m a x ’ (3-18)

m e  o)/ - HopMaJibHoe KoirraKTHOC naBJieHne no Tepuy, [MÍIa],
HB - TBepnocTb no Bpnnc;i;iio MeHee TBepnoro H3 KonTaKTHpyiomnx 

MaTcpnanoB, [MÍIa],
Ru - cpe/u tee  aputjiMeTHnccKoe oTicnonenne npo(¡)HJiw mepoxoBaTocTH 

M enee TBcpnoro H3 KOHTaKTupyioinHX MaTepnanoB, [m ],
2 E ]E2

B  Pr -  ~1------------- - npHBeneHHbin MOflynb ynpyrocTH M aT ep n an o B , [MÍIa],1 b  i + b  2

E¡ n  E2 - M o n y jin  y n p y ro c T H  M aT ep n an o B  K o n T a K T n p y io in n x  t c j i ,  {Mila],
R\ R2

R pr =  —------—  - npuBefleHHbin p an n y c  KpnBH3Hbi KoirraKTHpyioinHX npodnu ien , [.w],
^ R\  +  /V2

v - KHHeMaTHHecKaji b jb k o c tb  Macjia n p n  TeMnepaType BCTynaiomHX b 
KOHTaKT noB epxnocTen, [m 2/cck],

V/yj h Vty2 - CKopoern nepeM em enna tohkh KOirraKTa no  npocJ>njntM 
KOHTaKTHpyiomHX 3y6bCB, \m/cck\,

V CK =  V tyl ~  V ly2 '  CKOpOCTb CKOJlb'/KeHHB, [m / cCk],

fnuu - MaKCHManbHoe 3Hanenne Koatji^nnnenTa xpcHUB pjlh naunbix 
ycjioBHH TpeHHa, npHHHMaeMoe Ha o ch o bc  oKcnepnMeHTanbHbix 
naiiHbix (oGbi'ino f m¡x=0.12).

Ko3(J)(})HnHeHT neynpyroro conpoTHBjieHHH D j^ j+ i )  onpenenaeTca no (j)opMyne:

D j J +1 ~ 2v J c j j + \  M . (3 >9)

, ,  nJ mj + 1
ra e  , " nnepnHOHHbiH MaccoBbiñ (j)aKTop 3ancnnaionm xca KOJiec,

npnBeneHHbiñ b 30Hy Koirrairra 3y6beB (no ISO/DIS 6336/1),
nxj +  mJ + \

J jrr\j -  —  - npHBeaeHHafl Macea Be/jymero 3Bena

rj  

J ¡+1
n i jy \  — —  - npHBC/iCHHaa Macea s e n o M o r o  3Bena,

0 +i
\¡/ -  6 e 3 p a3 M ep H b in  K03tj)4)HUHenT n e M iK ¡)n p o B a n n a , o 6 m h h o  

n p n iraM acM b iH  paBHbiM  y/=0.2-J-0.3 [10!].

Ko3(j)(})HUHeHT e j n , yM H T biB aiom iiií B Jin au H e  n o p M a n b n o r o  6oKOBoro 3 a 3 o p a  j„, 

BbiHHcnaeTCH b 3aBHCHMoeTH o t  3iia4eHH>i y n p y r o n  n e ^ o p M a n u n  3y6bC B  e,  n o  c n e n y to m n M  

y c n o B iiaM  [116]:
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eJn =

ez > 01, ecjiH 

0, cc/m  (-j n) <  ez < 0

i _i Jn1 +  — , ecjiH e z  < ( - 7 u )

(3.20)

Iloc jie  noacTaHOBKH BbipaxceHHÜ (3 .15) b ciicTeMy (3 .16), jintjiijicpeHnnajiLHuc 
ypaBHeHHÄ OTHOCHxejibHoro abh k̂chhh 3y6beB (to ecTb hx KOJießaTejibHoro ABHHceHHtf) 
npHMyr bh a :

d 2Yj

d t2 "

d 2 Y j+ 1 

d t2

1

'o  j
[T0,j Fnrj  + Fmphj  ) X j ,

P . j + 1
(PnTJ + \ T p j+ \ Fffjphj'j X7 + 1  '

(3.21)

i ^ e  Pn e j„  C j j + 1( y j T j  Y j + \ f j + \ )  +  D j j + \ ( y j T j  f  j + \ rj + \ )  ■

C jie f ly e T  3aM eTH Tb, h t o  b  c o o t b c t c t b h h  c  npH H srrbiM  b M o«e;iH  npcflC TaBjieHH eM  
ABHaceiraa 3 y 6 n a T b ix  k o j ic c ,  pcm en n e  c h c t c m l i  ypaBHemiH (3 .21 ) b o 3 m o )k h o  to j i b k o  n o c j ie  

paccMOTpeHHa hx ä b h ä c h h b  b  >KecTKoii M O flejm  h n o jiy n e H H a  ananenHH c j ie f ly io m n x  
BejIHHHH B ({lyUKUHH BpCMOHH!

u ¡= u ¡( t ) ,  

f j  — rj  (0 > 

h j = h j {  t),

c j,j+\ ~ C j j + 1(0>

X j =  X j(t), 

X j = X j { t \

^7+1 =  hj+\ (0 -

P e u ie H H e  c h c t c m m  y p aB H eH iiii (3.21) npon3B O Æ H nocb c iip u M C H en u eM  'i h c j i c k h o i o  
MCTOüa r u p a  H C T B epT oro  n o p s ; iK a  unst cH creM bi o ô m k h o b c h h m x  /n « [x j> epeH iu ia jjbH b ix  

ypaBH eH H H  n o  cxeMC c oflH ofi K oppeK U H eii n p o rH o a n p o B a H H o ro ' 3 H a n en H a  [521. 
P c3y^bT aT aM H  p e iu cH H fl h b j i jh o tc b  3 H an eH n a  yrviOBOH c x o p o cT H  * B c a y m c r o  3BeH a b

OTHOCHTejIbHOM ABHXCCHHH, Ha OCHOBaHHH HCrO BblHHCJlHJOTCH COOTBeTCTByiOIHHC 3HaHCHHB
y rao B O H  c K o p o c T H  h y r j i o B o r o  y c R o p e n n a  b a ô c o jn o T tio M  ;ib h > k c h h h :

a <pj = h  +  y  j  >

dco,

%  -  '
<Pi

dt

(3.22)
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Ko3cj)(j)HUHeHT flHHaMHHecKoîi Harpy3KH B 3at[cnjicnHn 3y6beB onpeaeJMCTca no

3.2 .3 . M ofle jib  y n p y ro ii  chctcm m  c 'leTbipbMH CTeneuHMH cboGouw

Moaeub c HHCJioM CTeneHeñ c b o 6 o u h  5=4 npeucxaHjiaeT c o 6 o h  ynpyry io  
annaMHMecKyio Moueub OAHOcryneHHaTOH n e p e a a ra  c ripHcoeunnennbiM H MaccaMH [971. 
Moaejib (puc. 3 .5) a n a jio n o n ia  e n e re  we c UBy.Ma cTeneHUMH c b o G o u m  c  t c m  o t h h h h c m ,  h t o  

npHBeacHHc m o m c h t o b  m ie p n n n  3BeHbeB KHHeMaraHecKoñ n e n n  npiiBO.ua npoHSBounTcs jio 
Mace, coceuHHX k 3y6HaTbiM KOJiecaM paccMaTpHBaeMOH iiepe/ianii, a  TaK/KC b b c u c h h b m  

Mexwy 3THMH MaccaMH h 3y6naTMMH KOJiecawii 3nanefiHH npHBeaeuHOM KpyrnjibHOH 
5KCCTK0CTH COOTBCTCTByKHUHX yUaCTKOB TpaHCMHCCHII [1 1,66].

Pmc. 3.5. y n p y ra ü  nnHaMHnecKas MoaeJih. 3y6>iaTOH nepeaaHH c mhcjiom CTcneneíí cboöojiu  s  =  4

AôcouiOTHoe UBnucenne 3BeHbeB (c yrnOM noBopoTa <p) y n p y ro ñ  M oueun c HCTbipbMsi 
CTeneHHMH CBo6oubi npeucTaBusercH, Tax * e  KaK h b y n p y ro ñ  MOueuH c UByMH C T eneim ni 
CBoSoubi, KaK cyMMa u sy x  ubhxcchkh - n ep en o c u o ro  h orHOCHTejibHoro.

r ie p C H O C H O e  U B ÎD KC H H C  dpCU CTaBU XCT  C o 6o ñ  B pa iH CH H C  n O B O p O T H b IX  CHCTeM 

K o o p u H H ä T  ayo uaT b T x  K o u e c  H a  y ro/ i A. r ia p a M e x p u  a r o r o  ubhxcchhji o n p e u e u e i ib i b /Kcctkoh

M 0UCJ1H. O T H O C H T C U bH O C  UBH3KCHHC npCUCTaBUHCT COÖOH n O BO p O T  3BCHbeB  M OflCUH  B  

n o B o p o T H O H  CHCTCM e H a y r o j i  y, o G y c u o B u c m ib iü  y n p y r o c T b io  3 y6 b C B . C o o tbctctbch h o , 
a ó c o jn o T H o e  U B H X íe m ie  au eM e H T O B  y n p y r o ñ  m o u c u h  c 5=4 moxcct 6biTb n p c u c ra B ; ie n o  

c n e n y io m c ñ  c h c t c m o h  3a B n c n M o c T e ñ :

HañucHHOMy 3HancHHio yrnoB oro  ycKopem oi Tax u<e, KaK h  b vKCCt k o h  m o u c u ii:

(3.23)
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V j - 1 = % - 1 + 7y-i>  

ę j  =  X j + y j ,

<Pj+\ =  V h i +  7y+ i. 

<Py+2  = ¿y+2  +  7y+2>

(3.24)

H3 Toro (j)aKTa, hto b 3Bcnt.a (/-/) h j  npeflcraBnaioT b acecTKoñ mo/icjih oaho  

TBcpuoe Teno, T3K5Ke KaK h 3BCHLH ( J+I )  h ( j+ 2 ),  BŁrreKaioT ABa AonojiHHTejibHux ycnoBHa:

'V  ~ h - 1’

^y+ l =  ^-y+2
(3.25)

CHcreM a amjxjjepemiHajibHbix ypaBiieiiHH, onHCbiBaioupix aßconioTHoe ABHxceHHe 
3BeHbeB y n p y ro ñ  AHHaMHnecKoñ M onean c neTbipbMa cTeneHaMH cBo6 oflbi, HMeeT 
cjienyioinHH BHfl:

J o , j - \ ÿ j - \ =  To,j-\ -  ;

J , ^y = T<P j - \ j  ~  Pn¡ri  + Fmphj>

J j+\<Pj+\ =  Pnry+I ~  ^ p V l  ~  T<Pj+ij+2 

J p,j+2<Pj+2 =  TV j +i j +2 ~  Tp,j+2  ;

(3.26)

> y - i ,

ra e
- momêht cnn ynpyrocTH c yneTOM Ba3Koro conpoTHBjieHHa Ha ynacTKC 

' KHHeMaTHHecKoñ uenH Monejw Meacny 3BeHbaMn ( j - l ) h y,
T,p _ _ - MOMeHT CHJi ynpyrocTH c yneTOM BH3Koro con p o rn B u em ia  n a  ynacTKc

1 ,J+ KHIICMaTHHCCKOñ UCniI MOACJIH MCJKAy 3BCHbXMH ( j + l ) n  (j+2),
Pn h Fmp - HopManbHaa c iu ia  h CHJia TpeHHH, onpenenaeM bie no (JjopMynaM 3.17.

MoMenThi CHJi ynpyrocTH Tm h T,„ onpenenaioTca h3 cnenyionjux
v j - i j  v y+i,y+2

Bbipa>KeHHñ:

T<Pj-\ j  = c o , j ( (Pj~] ~ <Pj) + d o j ( <P j- \  -<Pj)

y+ i.y +2 - cp,j+2Í(Pj+\ - <Pj+2)+ d p,j+2(.(Pj+\ ~ (i>j + 2)
(3.27)

r a e  CQ j , c p j +2 -  npuB eneH H bie K pyrajibH bie acecTKOcra cooTBeTCTBytoinHX ynacTKOB 
KHIICMaTHHCCKOH UCTIH MOflCJlH, 

dß j , d p j+2 - K03<j><J>HUHeHTbl BH3KOrO COnpOTHBJieHHH ynaCTKOB KHHeMaTHHeCKOH 
u e n u  MonejiH.

riocjie noncTaiioBKH BbipaaœHHH (3.24) h (3.25) b  CHCTCMy (3.26) h 
coOTBercTByiomHX npeo6pa30BaHHH OTHOCHTenbHoe ABHaeeime 3y6HaTbix Konec m o a c îih , 

oGycnoBjienHoe ynpyrocTbK) 3y6beB, MOKer 6birb npencraBueHO b  AH<juf)epeHHHaJibHOH 
(jiopMC cnenyiomHM o6pa30M:
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(3.28)

CooTBeTCTByjom ne momchtm chji ynpyrocTH c y n ero M  BS3Koro conpoTHBJieHHa Ha 

y'iacTKax KUHeMaranecKOH n en n  M onean MejKfly 3BeHbaMH ( j - l ) j  u (j+I),(j+2)  hmciot tojkc 

CMblCJI, HTO H B BbipB3KCHHH 3.27:

Ko3t])4>HUHeiiT ;(HnaMHHCCKOH Harpy3KH b  3aijenneHHH 3y6bOB moxcho  onpeaeaiiT b  no 

<J)opMyjie (3.22) n o cn e  pemcuH» c h c tc m b i (3.27) c HcnoJib30BaHHeM 3aBHCHMOCTeñ (3.21):

rip« 3TO M  c n e n y e T  o 6p aT iiT b  B H U M a H n e , hto  b  a a H H O M  c n y n a e  p a c n c T  K03(|)cj)HUHeHTa 

A H H aM H H H O C T H  n po H 3B O A H T C H  n o  M O M e H T y  H H e p n H H  B e n y m e r o  3B e n a , a  h c  r ip u B e n e n n o M y  

M O M e H T y  H H e p u H H  n o flCH C TeM b i, K aK  b  M o n e jiH  c  n B y M s  c re n e H a M H  c bo 6o;u>i
P a 3 p a 6 o T a H H b ie  T e o p e ra n e c K H e  33b h c h m o c t h  o n p e n e n e im a  BiiyrpcHHHX c n n  b 

3 an en n c H H H  3 y 6 b eB  c KBa3HConpHHceHHŁiMH npo<j)HJiHMii 3 y 6 'ja T o ii  n e p e n a n i i  n p n B o n a  

M aniH H bi p ea jiH 3 0 B aH b i c  H cnojib30B aH H eM  cooT B eT C T B yiom nx  h h c jic h h b ix  M ex o n o B  b B « n e  

naKCTa rip H to ia jiH b ix  K O M nbioxepH bix  ripo rpaM M .

3.3. PE3Y JIbTA TbI H H C JIEH H O rO  3K CIIEPH M EH TA ÜO 'OriPEflEJIEHH IO  
JJHHAM OTECKOH HAFPV3KH B 3 0 H E  KOHTAKTA 3YBbEB 3yE EA T bIX

MucjieHHbiH 3KcnepHMeHT no AHnaMHHecKOMy anajiH3y 3auenjienna H3HomeHHbix 
3y6beB 6bui npoBeneii ana  onncannoH b n .2.4.3 3y6naTOH ncpcnanH M yga J.R. [105], 
riapaMeTpbi 3 toh  nepeflanw npHBefleHH b xa6;i. 2.4. ripu  MonejinpoBainin flHHaMHHecKHX 
npoueccoB HccnenyeMOH nepenann yw rbraajm cb pe3ynbTaTbi pa6oTbi KHHeMaxiiHecKOH 
M OflenH ( c m . n.2.4).

H nepunoH H bie h  y n p y ra e  xapaicrepHCTHKH 3aMKHyroro KOHTypa onpcnenajiHCb 
npn6mi>KeHHO. 3y6naTbic KOJicca paccMaTpiiBajincb xax cnnoiuH bie UHJiHH/ipbi, / i j i h h h  BanoB 
óbUTH npHHHTbi paBHbiMH (=500 m m  npH flHaMCTpe ¿= 4 0  m m .  B c b b 3 h  c  Man o h  MomnocTbio

(3.29)

(3.30)

KOJTEC
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ÆBHraTejifl, n a  nopmioK m c iił iu c h , neM lm pK ynnpyiom aa b KoiiTypc, iinepunoHiibie 
xapaKTcpncTHKH poTopa a jid apo iiB uraT ejia  He yHHTbiBanncb. B pam aio m n e  m om chth , 
npiuioxíCHUbie K BHeuiHHM 3BenbHM M oaencii, npHHHTbi tiocTOBHHbiMH. 3naMennc 
6e3pa3MepHoro KoatjajinuneHTa aeMniJmpoBaHHS npHHSTO t//=0.28 (n o  rpacjwKy M. Eouia, 
npHBeaeniioM y b p a ß o re  [101]).

HncnenHbie 3Ha'icnna ochobhw x napaMeTpoB AHiiaMHHecKnx MoacJicfi, ocuoBaHHbic 
na aam ibix pa6oxbi [ 105], ripuneaeiibi b Ta6n. 3.1.

TaGanna 3.1
OcHQBHbie HucjieHHbie 3HaneHHB nnna.MUHecKHx Moacjieii

Tnn M oaean, h hcbo  CTeneHen cboG oali s

I'lapaMeTp y n p y raa BiecTKan

5=4 5=2 5= 1

npHBeaeHHbie B pam aiom ne MOMeHTbi: 

aBiOKymiiH 

COnpOTHBJleHHB

T0.j-i=76 hm 

T,>.]+2=77 HM

To.j=

T,,.j+i

To.j-i 

= Tp.,+2

np u n cae in ib ic  MOMenTbi n u ep im n : 

o t  aB iira ic jia  

o t  p a ô o n e r o  o p raH a  

B caym cro  3y6naToro x oaeca  

BeaoM oro 3y6HaToro Koaeca

Jo .j-i-0.0028 K3M2 

Jp,j+ i= 0 .0 0 \4  kim2 

7y= 0.0014  KZM2 

7y+/=0.0028 KZM2

Joj= Jo,j-i+ Jj 

Jp.j+i ~  / p.j 12~+Jj+!

npiiB eaenH aa »cecTKOCTb BaaoB: 

o r  aBHraxean 

ot paG onero  opraH a

co,j=41000 im/pad 

C pj+ i-41000 tun/pad

-

P e3 y jib T aT b i nccneaOBaHHH (p w c . 3.6) n p e ac T aB J ie n b i b tjiop.M e cpaBiieiiHH 
H H T e rp a jib H o ro  n ap aM C T p a  AHHaMnnecKHX x apaK T epucT H K  n e p e a a m i , - K oa ijx Jw uneH T a  

ÄHHaMHHecKOH H arpy3K H  - AJiH a p e x  p a c c M o ap eH H b ix  AHHaMHHecKHX M o a e jie ii  n p n  pa3H0ii 
CTeneHH H3HOca 3y6bC B  nccncaycMon 3y6naTon n e p eaan n , o n c iiH B a c M o ro  othouichhcm 
M aK C H M ajibH oro aHHeiÍHoro H 3H oca k Moaymo 3auenneHHH I/m):
• HeH3HouieHHbiH npocjninb (I/m=0) - puc. 3.6a,
• H3HomcHHbiH npoijwab (I/m=0.07) - puc. 3.66.



I.

II.

Puc. 3 . 6 .  H 3 M e i i c i i n c  K 0 3 < jx jn m n e H T a  A H H a M ir a e c K o R  H a r p y S K i i  b  c |) y H K U n n  u p e s i e n H  3 a u c i i J i e m i a  

a) H e n 3 H o u i e H H b i i i  n p o c j m a i ,  -  l /m = 0; 6 )  i n n o m e m i b i i i  n p o i} > i in b  -  l /m = 0.07 Km - » e c n a s  M o j te .m ,  c 
O A H O Î1 C T c n c H b i o  C B o 6 o n b i  K m  -  y n p y r a a  M o a e j i b  c  f lB y M H  c T c n e n f l M i i  C B o 6 o f l b i  K Si -  y n p y r a a  M o a e j i b  

C B e T b ip b M f l  C T C n e H B M H  C B o S o n b i

C p a B H H ie j iL H w i i  aHaJiH3 n oK a3 b iB ae T , h t o  a i iH a M u n e c K H e  m o/icjih  c  r ip iiB e / je n iicM  

M O M e H T O B  H u e p m iH  3B eH b eB  K H H e M a T H H e cK o ił u c n i i  k  3a u e n ;m io m n M C 3 K O J ie caM  c jn iK C H p y io r  

n p n  o f lH H x  h  T e x  >Ke H c x o f lH b ix  a a H H b ix  3naH iiTCJibH bie a t iH a M H M e c K n e  n a r p y 3KH  b 

3 a u e n j ie n H H  o / n to ro  n o p m y c a .  flH H aM H H e c sca s  M o ;ic ; ib  c  H CTh ipbM H  c x e n e n a M H  cnooo/ ib i, 

n o K a 3 b iB a e T  3 H aH H xe jib H O  m c h i. i i ih c  3iiaH enH Jt A iinaM H 'iecK O H  H a rp y 3 K H  b a a n c n a e in iH .

A n a n H 3  x a p a K T e p a  H3M e n e H H 5i K03 (ju|jnnneHTa .xn naM U H C C Ko fi H a rp y 3 K H  noA TB e p xcflaeT  

C fle jiaH H b ie  p a H e e  b b ib o h ł i  o  b j ih h h h h  A ctfjop .M am m  h  H 3 H o c a  3 y 6 b e B  n a  n e p c n a T O H H o e  h h c j io  

3 y 6 H a x o i i  n e p e ;ia H n , a  h m c h h o :  n p n  M a n o n  CTcrienH  n 3 n o c a  o c h o b h b im  (jiaK T op o M  b j ih h h h b  

SB J ixeTC X  y e ij jo p M a u H f l 3 y 6 b e B ,  n o  M c p e  y B e n n H e n n a  B p e M e H H  B K C iu iy a x a u m i 3 y6n aT O H  

n cp c f la H H  p acT C T  c x e n e H b  b j ih h h h h  H CKaxceH n ii npocjiHJia, B b i3 B a n H b ix  H 3H O COM  3 y6 b e B . H 3  

p u c . 3.6 c n e n y e x ,  n x o  HCKaxceH He ripocJiHJien 3 y 6 b e B  BC J iencxB H e  n x  f le t j io p M au H H  n  H 3 iio c a  

O Ka3b iBaeT  c y m e c x B c im o e  b j ih h h h c  Ha im ie n e H H e  A im a M H M e c K o ii  n a rp y 3 K H  b  3 an cn ;ie H H H .

H a n 6 o ;n > u in c  H 3 M c n e im a  kobíJ)(jiHnneHX A iiH a.M ii'iecK oii H arpy3K H  n p c r c p n c B a c T  a n a  
B ce x  MOACJicH b  H a n a n e  h  k o  u p e  a a n e r u i e m ia  (aH ajio t'H H H bic p e ay a b T aT w  n o n y n e n b i  n p n  

H cn0Jib30B aH H H  MOAeJiH B n ;iK a  A. [116]). B o c h o b h o m  H 3M eH eH ne K oacjnjHiUH enxa 

AH HaM HHecKon n a rp y 3 K H  on p e ,zx e jia ex ca , CK anK O o6pa3H bi,\i H 3M eH ciineM  » c c t k o c t h  

3 y 6 n a x o r o  3 a u e n j ie H ! ia ,  o ßyc jiO B Jiennb iM  h 3 M c h c h h c m  HHCJia n a p  3 y 6 b eB  b 3 a n e n j ie iiH H , h 

h o c h t  x a p a K T ep  oflHoro n e p n o f la  r a p M o m m e c K o ro  K O JieG anna, a M ro m x y a a  K O T o p o ro  b 
3 n a H H T e n b n o n  M cp c  3aBHCHT o x  CTeneHH  H3HOca 3 y 6 b eB .

f l j i s  K B a 3 H C o n p a *e H H b ix  r ip o c jn u id i x a p a ic re p u o  H ajiH H H e  A o n o j im r r e a b H o r o  

B 0 3 6 y n H T e a s  K o n c 6aH H H  -  n e p e M e H H o e  n e p e n a x o m io e  h h c j io ,  o G y c a a B J i iiB a io m e e  

ne p e .M e H H y io  C K o p o c T b  n e p e H O C H o ro  a b io k c h h h  (Ay b B b ip a x ic m n i 3.21). K p o x ie  T o ro ,  C M eH a

n a n p a B i ic H H S  c i i a u  ip e i iH a  b  3 0 n e  n o m o c a  3auerij ieH H ii x a K * e  h b j ih c tc h  o  a h  o i l  h 3  n p H H im  

B 0 3 6 y » ; iC H n a  K o a e 6a iiH ii.
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B x a ñ n n u e  3.2 npnBcncHbi cpaBHHTeabHbie aaHHbie M ax cH M aa ia ib ix  3HancHnn 
K03({)(¡)HUHeHTa flUiiaMHMIlOCTH RHU pa3HbIX flHHaMHMCCKHX MOnCHCH B COnOCTaBJieHHH c 

pe3yjiBTaTaMH (j)H3HHecxoro axcnepnMeHTa [1051.
TaöjiHpa 3.2

CpaBHeHHC pc3ynbTaxoB paGorbi amiaMiiaecKHX M oneaen c 3KcnepHMeHTajibHbiMH namibiMH

CTeneHb
H3HOCa
3y6bCB

I/m

MaxcHMajibHoe 3naHeHne xo3<j>(j)nnHeHTa nnHaMHHHOcra

XlnnaMHHecxaa Monenb 
c HHcaoM cxeneneii cBo6onbi ,v Pe3ynbTaTbi 

axcnepH M eim  [10515=1 5 = 2 5 = 4

0.00 1.12 1.36 1.16 1.20

0.07 3 .10 3.09 1.95 1.60

K a x  c a c / iy e x  h 3 x a 6 a .  3.2, H a n a y n m e e  c o o t b c t c t b h c  c  SK cn cp H M e H x a j ib H b iM it  

f la H H H M H  6 m j io  n o a y a e n o  i ip n  p a ö o x e  n n n a M H a e c K O H  M o n e a n  c  n e T b ip b M S  C T e ne H SM H  

C B o So f lb i,  K O T o p a a  h  G b ia a  n p H H a T a  ;u ia  i ip o B c a c n n a  n a n b H e ii i i iH X  H C c a e a o B a n H K  b  x a ie c T B e  

6 a 3 0 B o i i  a n iia M H M e c K O H  M o n e a n .

l i p a  3T0M  c n e n y e x  o G p a x u x b  B H H M anne, h t o  H a  3H aneH H e xo3<{)cj>HmieHxa 

aH H aM H H ecK oii H arpy3K H  OKa3biBaeT B JiiiaiiH e co o T iio u ie H H e  n p i iB e n e n n b ix  K p y T iiab iib ix  

»ecTK O CTeH  n p a u ia io m n x c a  3BeHbeB n p i iB o n a  h  npnBcncHHOH k  x p y ra n b H O H  ace cxxocT ii 

3 y 6 a a T o r o  3 a n c r ia c n H a ,  c y B e n u n e n n c M  K o r o p o r o  pacT y T  a M n n n x y n u  p e 3 o n a n c H b ix  nacTOT 

[1021. K p o x ie  T o r o ,  K 03(} )4 )hu ,hch t nnH aM H H nocxH  3 3 B H c h t x a x a c e  h  o t  c o o T H o m eH iia  

MOMeHTOB H IiepUHH 3BCHbeB MOfleBH. r i p n  3TOM 3HaHCHiia K03(j)(l)HUHeHTa HHHaMHHHOCTll 

M o r y r  6biT b noB onB H O  o o a in m iM H  (b  Monenn B u n x a  A. /G=3h-4). B t o  >kc B pew a 

K03(j)<[)nUHeHT K  M oxccT npH H H M aTb h  u y a e n u e  3 n a H c tm a , HTo r o B o p i i r  o  x e o p e x H n e c x o M  
OTCyrCTBHH KOHTaKTa 3y6bCB.

jD[jia n p a K T i ia c c K H x  p a c a e ro B  n a  n po H H O C T B  h  h 3 h o c  3 y 6 b e B  c n e n y e x  o r p a m n n ix b  

n p c f lc j ib i ib ic  3 H a lic H i ia  xo scJxjiH U H eH xoB  n im a M H H e c x o n  n a rp y 3 K H  n p H  c o x p a H e H H H  o ô m e ii 

K a p x iiH b i H X M e n e n H a  x x n x  k o 3 (]k [)H u h ch x o b  n o  h h h h h  3 a n e n n e n H a .  M a x c n M a n t H o e  3 H a a c n n e  

K03([)([)iiuHCHTa Ä H H aM H H H O C T H  u e j ie c o o 6 p a 3 i!o  o rp a iii iM H X b  yc J iO B n e M  n p o H H O C X H  3 y6 a a T O ii 

n c p e n a a n .  T a x ,  H a n p H M e p ,  c x a n n a p x  I S O / D 1 S  6336 p c x o M e i in y e x  M a x c i iM a n b i io c  3HaH CH iie  

K03(|d(j)nnHeHTa Kv=2 ,  a  c x a n n a p x  T O C T  21354-87 - ATV.= 1.5. M w n iM a n b H O C  3 iia > icn H e  m o * h o  

n p n n a T b  x a x  cp c / m e e  M e > x n y  H O M H iia jib H O  H a rp y jx e m ib iM  x o H T a x T O M  h  O T cy rcT B H e M  

H a r p y 3 x n  - KMUH=0.5.

3.4. B blB O flb l

AHajiH3, npoBcneinibiii n a  ocuoBe TeopexiiaecxHx pa3pa6oxox h HucneHHbix 
axcnepnMeHTOB, no3BonaeT cnenaTb cneny io inne  BbiBonw.

1. n P H paccM O TpcH H H  n p o p e c c a  cjdopM npoBaHHfl B H yrpcH H U x c n a  b  xoH T ax T e  3y6beB  

3y6naT O H  n e p e n a n n  cnenyex. y a m b iB a x b  b jih x h h c  n a p a M e x p o s  npHBona h  MauiHHbi b ueaoM. 
/[H H aM H H ecx o e  H c c a e n o B a m te  Ma in  h u h  n a e x  B03MO>XHOCTb o n e n n x b  x a p a x T e p  BHeiUHero 
co iipoT H B JiciiH B , o n p e n e n n T b  n n n a M n a e c x H e  xapax T ep n cT H X H  B cex  s jic m c h t o b  n p n e o n a ,  a 
T axace  b m b b h t b  h  y c T p a n n T b  ycnOBHH b o 3 h h k h o b c h h ;i p c 3 0 n a H c n b ix  a B a c in in .

2. Æjih aniiaMHHCCKoro a n a a in a  narpy30HHbix napaMerpOB xonTaxTa 3y6aaxon 
nepena 'ffl pa3pa6oTaHbi Maie.MaxioiecxHC Monean pa3Hon cjio>kiiocth - /XCCTxas c hhwiom 
CTenenen CBo6oflbi 5=1 h y n p y rn e  c mhcjiom CTenencfl CBo6o;jbi 5=2, n 5=4, yHiiTbiBaioiniie
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B J iu a n u e  H i ie p u H o in u . ix  n a p a M C T p o B  n p m o n a  h h3mchchhh n e p e n a x o a n o r o  ancna 
B c n e n c T B H e  H 3H O ca  p a G o a n x  n o B c p x H o c x e i i  3 y6b eB .

3. A nan io , B L in o n n e n i iu í í  Ha ocH OBe nnHaMnaecxnx mohcjich pa3H O 0 CTeneH ti 

CJ103KH0CTH, n o x a 3 a n  no B O Jib n o  3 iia aH T e jib H y io  C T cn en b  bjihhhhs H 3H oca 3y6beB  n a  
B H iiaM iiac cK y io  n a r p y 3 x y  b 3 a n e n n e H n n .  H a iiG o jib iin ie  H3MeHeHH» K03(¡)<jm nHeiiTa 

n iiH aM iiaecK O H  n a rp y 3 i< n  hmciot M ecxo  b H a a a n e  h KOHiie 3 a u e n n e H n n ,  ochobhoh n p n a i iH o n  

K O T oporo  H B JiaeTca C K aaK o o 6 p a3 H o e  H 3M eH eH ne xccctkocth 3 y 6 a a T o r o  s a u e iu ie ii i is i .  

o 6 y c jio B J ie iiH o e  C M e n o i i  a n c j i a  n a p  3 y 6 b eB  b 3 a n e [ ] j ie n n H . t-Ú M e n e im a  n n n a M n a e c x o n  

H arpy3K H  hocht x a p a x T e p  o f lH o ro  nepnona r a p M o n n a e c K o ro  x o n c 6 a n H n , a M n m iT y n a  
K O T o p o ro  b 3 H aaH T ejib H o n  M ep e  3aBHCHT o t  C T e n e m i H 3H oca 3 y 6 b eB .

4. riepeMeHHOCTb nepenaxoanoro ancna xBa3HConpa>xeHHbix npoijinneii, 
oGycaaBaHBaiomas ncpcMennocTb yraoBbix cxopocTen 3BCHbCB Monean, HBjiaeTca 
nononHHxeabHbiM cjiaxxopoM B030y>KneHHH KoaeGannü b 3anennennH, ocoßeHHo npn 
3HaaHTenbHOM ncxaaceHnn ripo^nnen 3y6beB b pe3ynbxaTe nx H3HOca.

5. Y n p y rn e  nnnaMHaecKHC M onean, yanxbiBaionuie, xpoMe nepeMCHHOxo 
n e p en ax o an o ro  a n cn a  nccnenyeM on n e p en aan , momchtbi n n c p n u n  BxonHbix h BbixonHbix 
(no  o x H o m en H K ) k stoh n ep en aae ) oxpe3KOB KHHCMaxHaecKHX n e n en  npuB ona MauiHHbi, 
SKecTKOCXb a a n e n a e n n a , nopManbHbin Gokoboh 3a3op h cw iy  xp en n a  M eacny  3y6baMH, Ta tone  
nonTB epnnno 3naanTcnbH oe, xoxa h b HecxoabKO mchbuich CTencHH, mcm b ikcctkoh 
Mo n ean , biihíihhc ncxaaceHHa n p o tj in n e ii 3y6beB n a  yBCjmaenne nnHaM Haecxon narpy3Kn b 
3anenaenH ii.

6. Ae4>0PMaunB h ouihôkii H3roTOBJieHHa n p o ^ n n e n  3y 6 b eB  0K a3biB aioT  B jm aH H e n a  
n n H a M n a e c K y io  H a rp y 3 K y  T o n b K o  n a  naaanbH O M  3 T a n e  p aG o x b i n e p e n a a n .  C y B en n a e u w eM  
BpcM eHH 3 K c n a y a x a m i( i  n c x a ix e H H e  n p o c fm a c ii 3 y 6 b e B , B cn e n c T B n e  n x  n 3 n o c a ,  0K a3biB aex 

6 o n e e  c n n b u o e  B n n a n n e  n a  n n H a M n a e c K y io  n a r p y x x y  b 3 au en n eH H H .

7 . K a x  n o x a 3 a n o  cpaBHCHHc xostJxjiHnHeHTOB n n n a M n a n o c T i i ,  n o n y a e H H b ix  c 

n o M o m b K ) p a 3 m ia K b ix  n n H a M H a e c x n x  M o n e n e n ,  c  3xcnepH M eH T anbH biM H  naHHbiM H, 
H a n 6 o n e e  n p n e M n e M o n  M o neJib io  jp ia  nccacn o B aH H H  n p o n e c c a  tjio p M n p o B am iH  B H yrpeH H H x 

y c n n n i i  b 3 a n e n n e H n a ,  b 3 H a a n T e a b n o H  CTencHH o n p e n e w n o u n ix  h 3 h o c  p a G o a n x  

n o B ep x n o c T C H  3y6bC B , xbjihctc« y n p y r a n  n n H a M n a c c x a s  M o n en b  3y 6 aax O H  n e p e n a a n  c 

acT b ipbM S  CTeneHHMH C B oG onw , y an T M B a io m aB  x p o M e  n e p e M e H H o ro  n e p c n a T o a n o r o  a n c n a  

n c c n e n y e M o n  n e p e n a a n  m o m c h ti . i  H H e p n n n  B x o n H b ix  n  B b ix o n H b ix  ( n o  o x H o iu e H n io  x  o to h  

n e p e n a a e )  OTpe3XOB X H iieM aT iiaec x iix  n e n e i i  n p i iB o n a  M au iH H b i,  m e c x x o c T b  3 a n e n n e n i in ,  

n o p M a n b H b in  G o k o b o h  3 a 3 o p  n  c n n y  T p e n n n  M eacny 3y6bH M n.
8. M a x c H M a n b H b ie  3 H a a e H H ii K034>4 )H n H e nT 0B  n n n a M n a e c x o i i  H a rp y 3 K H , H a iin e H iib ix  

c n o M o m b io  H H H a M H H e c K H x  M o n e n e n  n o n n o ib i  Gbitb o r p a m ia e H b i H3 y c n o B H i i  n p o a n o c T i i  

3 y 6 a a T o n  n e p e n a a n  n p n  c o x p a H e H i in  3 a x o H a  n x  H 3 M e H e H n a  b n p o n e c c c  3 a n c n n c H H H .



4. MATEMATHHECKAH MOflEJIb IIP0rH03HP0BAHHÍI KHHETHKH 
IIAPAMETPOB 3AI)EnJIEHHH H3HOIHEHHbIX 3yBbEB

B n p e n b in y m n x  rn a B a x  6 b in o  n o x aaaH O , hto r e o M C T p n a e c x n e ,  K H neM ariiaecK H C  h 
nHHaMHHCCKHC n a p aM e T p b i KOHTaxTa 3âBHCHT o t (jjopM bi n p o c jin n a  3y6B eB . B cboio o a e p e n b ,  

<[)opMa n p o c jm jie ii  3 y 6 b eB  o n p e n e n a e T c n  h3hocom 3 y 6 b eB  h hx n cc jio p .M an n e ii, x o T o p b ie  

3 a B n c a T  o t  n a rp y 3 o an o -K H H eM aT n aec K H X  n ap aM e T p o B  K o n ra K ra  3y6bC B . C n e n o B a T e n B H O , b 
n p o n e c c e  a x c n n y a T a i m n  cy m e c T B y e T  n e n p e p b iB H o e  B 3 a n M O B n n n H n e  cjjop.Mbi n p o i j w n e n  

3 y 6 b eB  h  n a p a M c rp o B  KOHTaxTa 3 y6beB .

B o c H O B y  M o n e n n  r ip o r H 0 3 H p o B a H u a  x H i i e r a x H  n a p a M e T p o B  3 a u e n j i e i m a  n o a o /K C u a  

p e a j i H 3 a u n a  n p m m n n a  n n H a M n a e c x o r o  p a B H O B e c u a  M « x n y  (})opMOH h  n a p a M e T p a M H  

x o H T a x r a  3 y 6 b e B  n c c n e n y e M o n  3 y 6 a a T o n  n e p e n a a n  [ 6 7 , 1 0 8 , 1 1 0 ] ,

4.1. CTPyKTyPIIAÜ CXEMA MOflEJIH IlP0riI03HP0BAHHfl KHHETHKH 
nAPAMETPOB KOHTAKTA 3yEbEB

Una H3yaciina B3anM0BnnaHna Haipy3oaiio-XHHeMaTnaecKHX napaMeTpoB xomaxTa 
n nencTBHTej'ibHoii <J>opMbi npo([)HJieii 3y6beB Ha ochobc TCopeTnaecxnx nccaenoBaunn 6bin 
pa3pa6oTaH b33hmho y B a 3 a n n b i n  Kownnexc M o n e n e n  n  naxcTbi cooTBeTCTByiouuix 
KoxinbioTepHbix nporpaMM. KoMnnexc BxmoaaeT b ce6a paccMOTpemibic Bbime:
• MeTonbi MaTeMaTnaecxoro omicamia n p o c jin n s  3y6a,
•  M eT onbi r ip e n c T a B jie H n a  3 y 6 a  b  B n n e  y n p y r o r o  o6-bexT a,

•  xnneMaTHaecxyio Monenb 3anenneHna 3y6beB c  npocjiHJiflMH npoH3Bonbnon ( j)o p M b i,

•  y n p y r y i o  n n H a M n a e c x y io  Monenb 3 y 6 a a T o n  n e p e n a a n ,

•  M o n e n b  H 3H 0ca 3 y 6 b e B  b x o iiT a x T iio n  T o a x e ,

•  M onenb CHHTe3a H3HOinenHoro npocjmnn.
P a 3 p a 6 o T a n n a a  M o n en b  n p o ra o 3 H p o B a H n a  kuhctukh n apaM C T poB  x o H T a x r a  

n p c n n a 3 H a a c n a  n n a  n p o B e n e H n a  a n c n e H H b ix  3xcncpnM C H TO B n o  n p o ra o 3 H p o B a H H io  
xaaccT B C H H bix  x a p a K T e p n c T H x  3 a n e n n e H n a  n p a M 0 3 y 6 b ix  n n n n H n p n a e c K H x  3 y 6 a a T b ix  

n e p e n a a .  n o  B B eneH H oii hcxohhoh ([lopxie n p o t j in n e n  3y 6 b eB  M o n en b  n o 3 B o n a e T  ycT anoB H T b 
([jop.My n p o c jn u ie n  3 y 6 b eB  n o  n c T e a e n n n  3 a n a n n o r o  n e p n o n a  BpcM eHH, ouchutb c T e n e n b  

H 3 M e n e n n a  n e p e n a T o a H o r o  a n c n a ,  x o n T ax T H b ix  n a n p a i x e m in ,  c x o p o c t n  cx o iib > x cH n a  n  

n p y r n x  n a p aM eT p o B  x a a e c T B a  n e p e n a a n .  TlyTeM  B apbH pO B annn  B xonnbiM H  napaM C T paM n 

mo>kho c n p o e x T n p o B a T b  3 y 6 a a T y io  n e p e n a a y  c  n a n ö o n e c  onTH M anbHbiM H  n o x a 3 a T e n sM n .

0 6 m a n  6noK-cxeMa Monenn nporH03HpoBannn (¡lopM bi npocjwnen 3 y6beB  

npencTaBneHa Ha puc. 4.1.
O cH O B iioe  H a 3 H a a e n n e  6 h o k o b  M o n e n n  c b o h h t c h  x  c jien y io m e .M y .

Bjiok nonroTOBKH ncxonHbix naHHbix npeo6pa3yeT ncxonnwe naHHbie b tj>opMax, 
cooTBexcTByiomHH BxonHbiM napaMeTpaM bccx ocTanBHbix 6jiokob.

B j i o k  K im e M a T i ia e c K o n  M o n e J in  3 a n e n n e iu iH  3 y 6 b eB  n o 3 B o n n cT  o n p e n e n n T b  

n o n o '/K c im c  x o H T ax T H o n  t o h k h  b  H e n o n B H x a io n  n  rto n B io x iib ix  ( c B jn a im b ix  c  o c b io  

CH M M eTpnn 3 y 6 a )  c n c T e M a x  x o o p n n n a T ,  m th o b c h h o c  n e p e n a x o a H o e  a n c n o ,  c x o p o c T ii  

n c p c M c m e iin n  KOHTaxTHOH T o a x ii  n o  npo([)iuiX M  3 y 6 b eB , a  T a x * e  c x o p o c T b  CKOJibVKCHini,
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HopMajibHyio CHJiy h  KoinaKTHtic nanpjOKeHHJt c yneroM  (JiaKTHHecKOH kph bh3hbi npot[)HJieH, 
h3th6 hoh h K0HT3KTH0H noflaTJiiiBOCTH 3y6beB h pacnpeaeaeH iis Harpy3KH M exiay napaMH 
3y6beB.

P u e .  4 . 1 .  B j i o K - c x c M a  M O f l e a H p o B a m i ü  khhcthkii n p o r n o a i i p o B a i i M «  n a p a M e r p o B  kohtbktîi 3 y 6 b e B  3y6'iaTtix 
nepcaaM 1 - 6;iok n o a r o r o B K H  hcxojihmx j a u n i , ix, 2 - K H i i c M a T iP ic c K a a  Moaejib a a i i c n / t e i m » ,  3 - 
Ä H i i a M K 'i e c K a a  Moacjib 3 a u e n a c n n a ,  4 - Moaejib n3Hoca 3 y 6 b c B  b KOHTaKTiioil tomkc, 5 - Moaejib 
cmrreîa miiouieHHoro »poruña

E jio k  AHiiaMHwecKoii M O f le a i i  i io ïR o a a c T  o u e H H T b  a n H a M H 'ic c K o e  n a rp y jK C H H e  

K O H TaKTa c  yM C TO M  H iie p u f iO H H b ix  h  Â H C C H n a x H B H H X  xa p a ic re p H C T H K  nepeaaaH  h  np im o/ ia , 

n c p c M c n n o r o  n c p c a a T O H H o ro  H u ca a ,  n e p e M e H H o ii H o p M a j ib H o ñ  ch j ib i h  ch b b t  T p cH iia ,  a 

TaKB<e H o p M a j it H o r o  6o K O B o ro  3a3opa.

E j i o k  î u u o c a  3 y 6 a  b K O H T aK T no fi t o m k c  onpeaeaaeT 3 H aM e n iie  n 3H oca  

KOHTaKTHpyiomHX noB epxH O C T eñ  c  yneTOM  M aK C H M aabno b o 3 m o ¡k h o to  M u c jia  cjiaKxopoB.
E j i o k  c n i iT e 3 a  i i3 H o iu e H n o r o  n p o c |> n a f l  n o  BejiH M m ie H 3H oca b  O T aejibH bix  t o m k b x  

npotJiH Jix  (jio p M n p y eT  h o b m h  n p o tjn u ib ,  c ra a w H B a a  npoi})iiJibH bic  KpHBbie TOJibKO b  30H ax 
H3HOCa H COXpaHJW B 30H aX  OTCVTCTBHK KOHTaKTa npO K H H e KOOpjIHHaTbl n e  3aTpOHyrOH 

H3HOCOM MaCTH npO(j)HJIfl.
HiiTcrpajibHbic pc3yjibTaTbi paôoTbi npeacTaBJiaioTcx nooTanno b np o u cccc  paôoTbi 

MOjreJiH b  im a c  rpa(j)HKOB cjjyiiKHHH KaMecTBemibix xapaKTepucTHK nepeaaHH. rionubiii 
KOMnneKT pe3yjibTaT0B o 6p a6oTKH HaKannuBaeTca b cncuna;ibHbix cfiañjiax b KaxcaoM 6jioKe 
KOMnbioTepHbix nporpaMM Moaenw.

O c H O B y  M O J ie iiH p oB an n> i KH H eTH KH  n 3 H a u iH B a H n a  3 y 6 b e B  cocTan.THCT iiT e p a u iio i iH b ii i  

n p o u e c c  (c m . p u e . 4 .1 ),  p e a jiH 3 0 B a H H b iîi b  K O M n b io T e p H o îi n p o r p a M M c  c  n c n o j ib 3 0 B a H H e M  

M H CJicH H b ix  M C T O JO B  p e u ie n n a  co o T B C T C T B y io iH H X  CHCTeM  a j ire ô p a iiM e c K H X  h  

a ta Jx jie p eH U H aH b H b ix  yp aB H e H H Ü :

•  n o  KOopflHHaTaM  H C X oaH bix npoejm aeß 3 y ô b e B , annpoK C H M H poB aH H bix b  b h j ic  

H enpepbiB H O H , KaK MHHHMyM a s a x c a b i  u n iH ie p e n im p y e M O H , (¡ly iiK u m i, c  n o M o m b io  

KHHeMaTHHecKOH h  jjmta.MHHecKOH M o ;ie ;ie ii o n p e j ic j ia io T c a  n ap aM e T p b i KOHTaKTa b  (¡¡y iiK nnii 

BpcMCHH 3 a  n c p n o /1  3 an crin c iiH 5 i o a n o r o  3 y 6 a  B e a y m e r o  K O Jieca HCcaeayeMOH nepeaaHH (c 

m a ro M , paBHbiM  0.01 o t  y r j i o B o r o  u i a r a  3 y 5 a  m e c T e p u ii) ,

• b  ( j iy iiK H H H  3T H X  n a p a M C T p o B  on p cjie jiae T C H  h 3HOC 3 y 6 b e B  b  K o iiT a K T H b ix  TO M Kax il 

BbIHHCJIHlOTCH H O B b ie  KO O pflH H aTb l HpO(j)HJieH,

•  no 3H3MCHHBM H3HOCa B KOHTaKTIlblX T0MK3X OCyiHCCTBJlHCTCX CHHTe3HpOBaHJie 
H 3H O ID C H H O rO  npOtflHJUI MCTOjtOM KyC O M H O ÎÎ annpO KCHM aiJ.HH  CO CnJiaiiHOBOii 
H H T e p iio j ia u H e ii n p o ij iH a e ii,

•  K o o p aH H aT b i cH H T e3 n p o B aH H o ro  n p o c jm a a  o m r r b  b b o a s t c s  b  KHiieM aTHM ecKyio h 

aH iiaM H M ccK yio  M o ac jiH  3 a u c n j ic H iia .

P lT cp a u H O H H b iH  n p o u e c c  B b in om iae T C H  a o  a o c T H îK e H H a  3 a a a H iio r o  M a x c iiM a j ib H o ro  

M iic a a  H H K H O B  H 3T iam H Ba iiH fl j nua, n p o n o p u H O H a H b u o r o  B p e M e H H  O K c n a y a T a u H H  nep eaaH H . 

C p e a i iH H  H 3H 0C  3a o a n n  î iT e p a a n o n i ib iH  u H K a  n p iiH H M a e T c a ,  K an  mhhhmym, n a  n o p a a o K
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Bw rne , tie M  n o rp e n iH O C T b  B M H H C jjH T eJ ib H o ro  u p o u e c c a  M O fle jiH p oB aH H a  3au e n jie H H H  3y6b C B  

(n o  a a m ib iM  T ecT O B b ix  H c n b ix a iiH H  Ha T C o p e ra H e c K H X  npo (j)H BH X  3T a  n o rp e n iH O C T b  p a B u a  

0.001 mm). B TOHce BpeMH, ajih o 6 e c n c 4 e n n a  6 j iH 3 K o ro  k  3 K c r iJ iy a T a n n o n n o M y  x a p a K T e p a  

H 3H au iH B aH H « , cpe ;jH H H  h3hoc 3a h h k .i i  n p H H H M a e x c a  b  npe.ne.nax 1 h -2 %  o t  M a K C H M a n b H o ro  

H 3H O ca  3a  n e p n o ; i  3 K c n n y a T a n n n .

P e a n ii3 a u H H  n p o u e c c a  M O f lc i iu p o B a n n a  k h h c t h k h  n p o rH 0 3 H p o B a i i i ia  n a p a M C T p O B  

KO H T a ic ra  3 y 6 b e B  o c y m e c T B JM e x c f l c  n o M o m b K )  p a 3 p a 6 o T a im o r o  n a K C T a  H3 m e e ™  

K O M n b iO T e p H b ix  n p o r p a M M  PI_EVPR, PI_W CID, P1_APPR, PI_PARA PI_CONT h 

IZN_PRG.
C n o M o m m o  n p o r p a M M  PI_EVPR, PI_W CID, PI_APPR h PI_PARA ocymecTBJiHCTca 

o c H O B u a a  p a S o x a  no B B o a y  h n o a ro T O B K e  hcxoaiii.ix Aamibix. ¡T ocK O J ihK y  s t o t  n p o u c c c  c 
T p y a o M  n o a n a e r c a  a j i r o p H iM im n i m ,  p aO o T a  c  n p o rp a M M a M H  o c y m e c T B J ia e T c a  b  

H H T C p aK T IIB H O M  p ejKH M e.

B nporpaMMC PI_CONT p ea jm y ex cs TOjibKO Gjiokh KHiieMaxHHCCKOH h 
flHHaMHHecKoñ MOAeJieñ ajih oflitoro amena 3auenjieHHB 3y6bCB.

B n p o r p a M M e  IZN_PRG peajnuycTca nojiHOCTbK) B ecb  anropHTM M o a e j iH p o n a iin a  

K H H e TH KH  n p o rn o 3 H p o B a H H > i x a p a K x e p H C T H K  ayO n axo ft  n e p e a a M H  b  n p o u e c e e  o K c n A y a r a m m .

4.2. BJIOK nCWOTOBKH MCXOflHblX flAHHblX

n o f l r o T O B K a  h c x o / u i m x  aa H H M X  n p o H 3 B O flH x c fl b  ; iB a  3 T a n a .

H a  nepBOM s r a i ie  bboahtcx xapaKxepucxnKH 3y 6 beB, Koop/iHHaibi hx iipoijjimeH h 
o6mHe xapaKrepHCTHKH 3y6 liaxhi.x nepeflan.

C x e M a  n o f lro T O B K H  A a iiH b ix  H a  n e p B O M  3T ane , ocym ecT BJ iae .M aa  c n o M o m b JO  H exb ip ex  

K O M n b iO T e p H b ix  n p o rp a M M ,  o 6b exn iH e H H b ix  b o ; u ih  K O M n a cK C , n p e a c T a B J ie n a  H a  p n c . 4.2.

Pac. 4.2. CxeMa n e p so ro  3Tana no/iroTOBKH h c x o a h m x  a am iu x

B H e  3aB H C H M 0 C T H  o t  i ia n a i ib H o r o  cocT O H H H a  3 y 6 b e B  3 y 6 lia x b ix  KOJiec (n 3 H O in e H H b ic  

j i h G o  H c n 3 H o m e H H b ie )  b  6 j i o k  n o f lro x o B K H  h c x o a h m x  A a in ib ix  b b o j m x o i  c ;re A y io m n e  

n a p a M e r p b i 3 y 6 n a io M  n e p e a a H H :

m  -  M O fly n b  3 a u e n a e H H 5 i ,

Z ¡  n Z ¡  -  H H cn a  3y 6bCB m e cT e p H H  h  KOJieca,

X¡ H X2 - K03(J)(j)HUHeHTbl CMCtUCHHH HCXOflHOrO KOHTypa, 
d a ¡ h  d a2 -  A na.M C T pbi oKpyxHocTeü BepuiHH mecTepHH h  noneca,

(¡a - M e K O c e B o e  p a c c x o m n ie  n e p e ^ a n H , 

b m¡n -  M H H H M a j ib H a a  H3 ;;B y x  K O H T aK T H p y ¡o u ;H X  K o jie c  H iH p H u a  3 y6 > ia T o ro  

BeHua,
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Ti - B pam aro iH H H  MOMeHT H a B an y  B e a y m e r o  3 y 6 n a T o ro  K o n e ca , 

a>i - y r/io B aH  C K o p o c n . m ecT ep H H ,

HRci h  HRc'2 -  TBepAOCTi, p a ñ o H n x  noB epxH O C T eii 3 y 6 b eB  n o  PoK B cauiy , 

ami h  a„,2 - n p eA eA b i TCKyHecTH M aT ep u a n o B  3 y 6 n a T b ix  KOAec,

Ei íi Ei - MOAyAH y r ip y r o c T ii  M aTepuaAOB 3 y 6 H a ib ix  KOAec,

Vi h  v2 - K03(j)(j)HUHeHTbi ü y a c c o H a  M aTepuaAOB k o a o c ,

R ,ü  h  R „ i -  cpeA H eapinjiM C T H B ecK oe oTKAOHeHHe n p o tjw jie i i  iuepoxoB aT O CT H  

K O H TaKTHpyiom Hx noB epxH O C T eii.

BBeACHHbie AaHiibie xpaH U T ca b crieunajibiiOM Gaokc eMKOCTbio Ha 12 TimoB 3y6naTbix 
nepeA ai.

/ ( a in ib i e  n o c T y n a iO T  b  n p o rp a M M y  PI_E V P R , K O Topaa no3B O A aeT o n p e A e jism . 
KOOpAHHaTbl 3B 0A bB eH T H 0r0 npO(J)HAH, BbIKpyJKKH H BnaAHH 3 y 6 a , a  TaK/KC OpAHIiaTbl 

3B O AbBeH TH oro n p o rjm n H  rio  BBeA eH iioM y M HoacecTBy 3H aiie n H ii a G c m rc c  (n a n p i iM e p ,  

a G c n u c c b i i i3 H o iu e H H o ro  n p o c jin jw ). K pO M e x o r o ,  n p o rp a M M a  o n p e A e J ia c x  B ce  n eo 6 x o A H M b ic  
n a p a M c x p b i SBOnbBCHXHoro 3 a ircn jicH iiH  x a «  a j i j i  B ce it n e p c A a n ir ,  x a x  h  una 3 y 6 n a x b ix  k o a c c  

n a p b i  b  x a p a K x e p H b ix  xoHKax 3 a u c ru ie H in i (cm . n .2 .1 .1 ) .  F io  T p e S o B a n m o  ri0Ab30BaxeA5i 

n p o rp a M M a  P I_ E V P R  B b rm c jia e x  m h o x < c c tb o  Cxy= {x,y} M o m n o cT b io  b 50 o / ic m c h to b  nap 
3H aM eHnií K O opA H fiax 3B0AbBCHTH0ro n p o ([ ) iu ia  b  c iicT eM e K oopAHHaT, npeA C xaB JieH H oñ n a  

p ire .  2 .1 .  H ii( |) o p M a m ia  o MHoarecTBe Cx,y n o c x y n a e T  b n p o rp a M M y  P1_W CID  una 
y n o p a A O H e iin a  A a n iib ix  o  K oopA H H aT ax npoc})iLneii H ccjieA yeM bix  3 y6beB .

U p o rp a M M a  P1_W C ID  o iJiopM A ena b BHAe 6 a 3 b i A aHH bix eMKOCTbio b 96 m h o /K c c tb  
Cx.y A n a  x p a H eH H a  K oopA H H aT n p o ijm /ie H  3 y 6 b eB . H H tjío p M aiu u o  m o>kiio b b o a h t b  c 

KAaBHaTypbi h a h  cn iiT b iB aT b H3 c n e m ia A b i io r o  6yc¡)cpuoro (J)aiijia. H M e eT ca  B03MO>Kiiocxb 

n p o c M O T p a  H H tjiopM aniiH , e e  K oppeK TiipoBK H  h  BbiAaHH Ha n c 'ia x h .  / ( ; i a  3y6bC B  c  o ta h h h m m  

o t  SB O A bBeiiT H oro npoc|)H JieM  - H 3H ouie iiH b ie  h a h  3 y 6 b a  c M O A n ^ n n u p o B a iiiib iM  npo(J)HAeM  - 

K oopA H iiaT bi npo rfiH Jia  b b o a a t c h  b  n p o rp a M M y  PI_W C ID  H cnocpeA C T B eH H o.
C noM ombio nporpaMMbi P I_A PP R  npOH3BOAHTca Bi.i6op 3y 6HaToro xoneca na 6a3bi 

AaHHbix nporpaMMbi P I_W C ID  h  annpoKCHMauna e ro  npoi{)HAa (cm. n .2 .1 .2 ), AAa ñero  
hcoG xoahm o BbinoHHHTb cjieAyiouxHe onepam m :
•  B b i6 p aT b  b h a  noAHHOM a H3 H M e io m n x c a  b  6 a 3 e  A aHH bix n p o rp a M M b i (cT en c iiH O ii c 

ecTecTBeH H biM  6a3HCOM a  noAHHOMbi c  HopMHpoBaHHbiM 6a3HC0M  -CTcneH H Oií, 

M eG bim eB a, J l e a o i m p a ) ,

•  Ha3naHHTb CTeneHb noAHHOMa - He Gonee 10, H3 ycAOBHií, htoGm cpeAiiee 
KBaApaTimecKoe ono io H ein ie  norpeniHOCTH annpoKCHManim Gbuio Metibiue norpeuiHOCXH 
H3MepenHa H3Hoca, a  a h c a o  ToneK c aGcojnoTHoü norpeum ocTbio  Meiibuieií norpeuiHOCTti 
H3MepeHiia 6m ao He MeHee 80%  ox o 6 m ero  HiicAa Toneic,

•  HAeHTHí|)HUHp0BaTb BblGpaHHblH BapH aH T, npiICBOHB eM y yCJlOBHOC TCKCTOBOe 

o6o3naAeHHe.
nporpaM M a P I_ A P P R  33 h o c h t  Bapnanx b c b o io  6a3y Aamibix (eMKOCTbio 96 

BapHaHTOB) h  oGpaGaTbraaeT ero . r ip n  oxom  onpeAeABioTcs xostjicjnmiicHTbi noAHHOMa ii 
npoH3BOAHTca BbiHHCAeiiHe opAHiiaT annpoKCHMiipyiomeH c|) y u ru m í, ee nepBbix AByx 
npOH3BOAHbIX, KpHBH3HbI H paAHyCOB KpiIBH3IIbI 3TOH (jjyHKUHH, a TaK'/KC HaXOABTCB 
3naHemiH a 6coAK)THbix norpeuiHOCTeñ annpoKCtiMauHH h  h x  cpeAHCKBaApaTHHCCKOc 
OTKAOHeHiie. Pe3yAbTaTbi oGpaGoTKH naKanjiimaioTca b  6a3e Aamibix nporpaMMbi P1_APPR 
h  MoryT GbiTb npeACTaBAeiibi b xa6.3itHHOM h a h  rpaijwHecKOM BHAe, a T arare BbiBeACHbi na 
ncxaTb. HMeexcH B03M0)KH0CTb KoppeKTHpobk h  BBeAeniibix napaMCTpoB annpoKCHMauim.

B n p o rp a M M e  PI_P A R A  nyreM  BbiGopa 3yGM aTbix k o a c c  H3 6 a3 b i A aHH bix nporpaMMbi 
P I_A PP R  cocTaBJw eTC H  m o a c a b  HCCAeAyeM oíí 3y6>iaTOH riepeA aH H , nA eHTH (|)H K auH oinibiH  

HOMep K O T opoñ n p o rp a M M a  3aH ocH T  b c b o io  6 a 3 y  AaHH bix eMKOCTbio 96 BapnaHTOB MOAC.neii. 

HanpiiM ep, ana HCCACAOBanim b a h jih h h  npoinBOAbiioií KOMnAeKxamrn nap  3 y 6 4 a T b ix  KOjiec
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H a p eM O H T H b ix  3 a B o a a x  M03KHO co c T aB H T Ł  napy, B K JiioH aiO L uyio  u ie c T e p H io  c 
H eH 3H O U ieH H tIM H  H KOJ1CCO C H 3H 0U ieH H bIM H  3 y 6 b 3 M H .

H a  BTopoM a ra ñ e  i ip o h 3 b o j ih t c h  BBOfl b G jiok  noAroTOBKH AaiiHbix AoiionnHTejibiioii 
HHtjiopMauHH, h c o G x o a h m o h  m u  paGoTbi ocTanbHbix G jio k o r  MO/rejiir (cm . rjiaBbi 2  h 3 ).

4.3. EJIOKH OnPEflEJIEHHH I'EOMETPHHECKHX, KHHEMATH4ECKHX H 
flHHAMHnECKHX nAPAMETPOB KOHTAKTA

B jio k  KHHeMaTHHecKOH MOflejm 3 au en jien n H  n p eflim n aH en  ¡xna oiipe;rejieHH>i 
reoMCTpHHCCKHX h  KHHeMaTHHecKHx napaM crpoB KOHTaicra. JXnn oG ecnenenna 
(j)yHKUHOHHpoBannx m oacjih  n a  BTOpOM 3Tane paSoTbi 6noKa ncwoTOBKH hcx o ah k ix  flamibix 
B  HHTepaKTHBHOM pe>KHMC BBOflHTCS, 06yCJI0BBeiIIILIC 33AaHHOH CTenenbio TOHHOCTH 
H3roTOBjieHHX nepeflann , 3íiaHenmt norpcnm ocT eñ  ocHOBHoro n iara  3y6beB - fpb¡ h  fpb, a 
TaKwe HOMHHajibnoc 3HaHerme HopM ajibnoro GoKOBoro 3a3opa - jn.

C /ie jiy e r oGparaTb BmiMamie Ha t o ,  h to  norpeum ocTH  ocuoB iioro  n ia ra  

n e jieco o 6p a 3HO BBOAHTb b nporpaMMy PI_CONT, Tor/ia xax bboa 3Ha>ieHH¡i f pbi h  ,fpi, b 
nporpaM M y IZN_PGR TpeG yer b b cach h h  b 3Ty nporpaMMy AonojiHHTCJibHoñ nonnporpaMMbi 
yMeiibuiCHHH norpeuiHOCTeH rio ociioBiroMy rn ary  BCJie/rcrBue in iio c a  3y6beB b t^yriKirnn 
BpcMCHH SKcnnyaTauHH.

PaGora Gnora KimeMaTiriecKon m o acjih  ocHOBbmaeTca Ha peanmanmi nonyHCHHbix 
paHee TeopeTH'iccKHX 3aBHCHMOCTeii. yKpynneimbiH anropHTM penreHH« aa/ranir B b i n i H / i H T  

cjie,nyiomHM o6pa30M:
• b  Konne paGoTbi Gnoxa nonroiOEXH H c x o f lH b ix  aariHbix ;ro iianajia paG ora Gnoxa 
KHHeMaTHHCCKOH Monean oiipc/ieancTCH niianason h  mar H 3 M e n e H H s  yrna nOBopoTa 

Be/tymero 3Bena, aTaraKe ' ihcjio  rnaroB Hiepam ioiinoro mutua (c m . n.2.4 .1),
•  m »  Kaxrfloro 3n a n e n H 5i n ia r a  HxcpaniioHHoro nnxjia H H c n e m ib iM  mctoaom onpenenaioTCs 
KOOpflIIHaTbl KOHTaKTHOH TOHKH B  H e n O f l B I I 5 K H O H  H n O f l B H X í H b l X ,  C B H 3 a H H b l X  C 

BpainaiouiHMHCH 3y6HaTbiMH KOJiecaMH, cncTeMax KoopAHHaT (cm. n .2 .2 .3 ),
• Ana xaw A oro 3 y 6 a  b (JjyHKUHH KoopjimiaT KOHTaKTHOH to h k h  no  HOMHHanbHOMy 
3HaHCHHio iiopMajibHOH cmibi b KOHraKTe onpefleA aerca nepeM einenne to h k h  ripioio/xenria 
3 T 0 Í 1  CHAbi c yacTOM h3™ 6hoh  h KOHTaKTHOH «eiJiopManHH 3y6beB (cm. n.2 .3 .1  h  n .2 .3 .4 ),
•  nyreM  conociaBJieHHH 3HaHeHHÍr nepeMemcHHH to h k h  nprnioaceHiiH nopManbHoñ cmibi c 
nepeMernemia.MH cooTBeTCTByiornHX KOHTarcTHbix tom ck cocc/u ihx  nap  3y6beB oiipcAermcTc« 
HHCJieiiHoe 3HaneHHe HopMajibHoii cmibi, /rciicTByiOLncH Ha 3y6 c  yneroM  ;rnyx napH oro 
3an en jiem is  (cm. n .2 .4 .2 ),
• n o  nojryHeHHOMy 3 iia H e H H io  H o p M a j ib n o ií  cnribi R b im icm ie rcM  xcecTKocTb n a p w  3y6beB ir 
KO H T aKT H b ic  na iipH /Kem isr (cm. n .2 .4 .3 ),
• no KOopAHHaTaM t o h k h  KOiiTaicra b eGco jiio t iio m  abhjkch h h  cnpc/rcjunoTcs MrnoBeHHbie 

3HaHemiH nepeaaTOHHoro nncna ir ynia 3anenjieHmi (c m . ri.2.4 .4),
•  no KOopflHHaTaM to h k h  KOHTaicra b OTiiociiTcnbHOM abhskchhh  BbiHHCJiaioTca 3iraHCHna 
CKopocTeii nepeM eiueHini o to ií to h k h  n o  npotjwmiM 3y6beB, a T a o c e  cKopocTb c x o J ib x e H H H  

nporjnmcH (cm. n .2 .4 .5 ).
Pc3yjn.TaTbi oGpaGoTKii HH(|)opManHH HaKaruiHBaioTca b cnennajib iib ix  (jraHJiax b ature 

ynOpaAOHCHHblX MH03KCCTB (Ha ajirOpHTMHHCCKHX H3blxax - MaCCllBOB) 3HaHeHHH 
cooTBeTCTByromHX napaMeTpoB, /rocTynHbix nna pa6oTbi A pyrnx nporpaMM.

r io  OKOHnaHHH paGoTbi Gaoxa xiiHCMaTHHecKOH MO/rejm 3aneiuicnnH pc3yjibraTbi 
p a6oTbi npeACTaBASioTca b rpac¡)HHecKOH (jiopMe (c m . ripiiMepbi na  pncyirnax  2 .19 ...2 .23  n Ha 
piicyiiKax 2 .2 5 ...2 .27 ). H m cctch  B03Mo>xnocTb BbiBona pe3y;ibTaxoR n a  nenaTb b TaGnHHHoii 
(JiopMe.
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E jio k  AHnaMimecKOH m o ac jih  3aueiu ieiiH !i iipeAHa3iiaHen a a «  onpeflejieHHA 
AiiHaMHHecKOH cocTaBjmiomeii narpy3KH b  KOHTaicre, ouenHBaeMoii no 3HaneHHio 
K03([K[)HnnenTa AHHaMHHiiocra. ^ ah  oGecneneima tjjyHKnHOHHpoBaiiHA m o a c a h  Ha BTopoM 
s r a n e  p a 6oTbi 6AOKa noArOTOBKH h c x o a h m x  AaHHbix b HHTepaKTHBHOM, pe>KHMC bboaatca  

miepnHOHHbie h  y n p y rn e  xapaKTepncTHKH 3y6naTOH nepeA ann w npHBOAa MamuHbi (cm. 
xa6n. 3.1):

Tpj+ i  - M O M e H T  co n p o T H R j ic H H a ,  n p H B e A e H H b iii k san y  3 y 6 H a T o ro  KO Aeca,

Jj u  Jj+i -  MOMeHTbi H H e p n u H  u ie c T e p H H  h  KO A eca  n c c A C A y c M O H  3y6H aTO M  n e p e a a H H ,

Jo,¡.I -  n p H B e A C H H b lH  M O M e H T  H H e p n H H  OT ABHTaTCASi AO  3y6H aTO T O  KO Aeca, 

n p e A u ie c T B y io m e ro  in ecT e p H e ,

Jp.i+2 - n p H B e A e n H b iH  m om cht H H e p n u H  o t  p a 6o n e r o  o p r a H a  k  GnuwaHiucMy k 
HccneAycMOMy 3 y 6 n a T O M y  KOJiecy,

Goj - np H B C A eu n a ji K p y r iu ib i ia it  ArecTKOCTb B anoB  npiiB O A a o t  A B nraxcA H  k in e c T c p u c  

HCCAeAyeMOH nepeA aH H ,
Cpj+t - iipHBeAemiaa KpyranbHa« /K cctk o ctr BanoB npHBOAa o t  paG onero opraHa 

Maininibi k KOAecy HCCACAyeMoii iiepeAalin.
B b n ii ic j iH T e A b iib iH  n p o n e c c  p e a m m m in  a n ro p i iT M a  p c u ie H i i s  3 a A a m i, o n u c a i iH o r o  b  

n ia B c  2, o p ra H H 3 0 B B H  c j ie A y io u iH M  o 6 p a 3 0 M .

H e 3 a B n c n M 0  o t  r u n a  m o a c j ih ,  H c n o A b 3 y e M O ii b 6a o k c  A n n a M im e c K O H  m o a c jih ,  

B H an a jie  c jjop M H p ye rC H  jK e cT K aa  A H iia M H H e c K a a  M O A eA b  h  Ha o c H O B a iiH H  3H aneH H H  

n e p c A a T O H H o ro  n u c j ia ,  n o j iy H e n i ib ix  b K H H e M a ra H e c K O H  m o a c jih ,  h  B B C A e H H b ix  

H Iie p n H O H H b IX  Xapa i<TCpH CTH K  BblHHCJIAIOTCH yT A O Bb ie  CKOpOCTH H  y iJ IO B b ie  ycKO peH H Jl 

3Be itbeB  ace cT K o ił m o a c a h  (cm . n.3.2.1).
n p H  npHMeHeiiHH nporpaMMbi P I_C O N T  n a  ocHOBaHHH nojiyneHHb]x Aainibix a aa  

JKeCTKOH MOAejIH BblHHCASeTCJI K03())(J)HmiCHT AKHaMHHHOCTH, nOCAe Mei'0 i|)OpMHpyiOTC>I ABC 
y n p y rn e  AUHaMinecKiie m oacah  3y6iiaTOH n cpcnann  co cTenciibio cboGoam 2 u 4 
(cM .n.3.2.2-3.2.3). JJna s th x  m oacach  TaKwe b m h h caa io tca  cooTBeTCTByionme 3> iaH cnnsi 

K03([)(j)HnneHT0B AHHaMHHHOCTii. Pe3yAbTaTbi BbiHHcnenHH npeACTaBAAioTca b b h a c  rpaijjHKa 
(cm. npHMep Ha p uc . 3 .6 ). Ha s to m  pa6oTa GAOKa AHHaMHHCCKon m oacah  3aKaHHHBaeTca.

ripH n p i iM e n e H H i i  n p o rp a M M b i 1ZN_PGR (jjo p M iip ye T ca  TO AbKO  O A H a  y n p y r a a  

A H H a M H H e c K a a  M O A e A b  c  HCTbipb.MA c T e n e n s M H  C B o 6oAb i. 3 iia H c m iJ i K03([icj)HnHCHTa 

A H n aM H H H O C T H  a a a  KajKAO H  t o h k h  KO HTaKTa iip c A C T a n n a io T C A  b BH A e  rpa<{>HKa K = K (t)  H 

3 a n n c b iB a io T C H  b  c n e n n a A b H b iH  (JjaiiA, TAe xpan ;iTCH  p c3 yA b T aT b i p aG o T b i K m ie M a ra H e c K o i i  

m o a c a h .  C A e A y e T  n o A H e p K r iy rb ,  h t o  b  s t o t  (jia iu i s a rm cb iB a io T c ji p c 3 y A b T a rb i p a 6oTb i B ce x  

6a o k o b  m o a c a h  i ip o r i io 3 n p o n a H i iK  n a p a M e T p o B  3 a n e iiA C H H a  n o c n e  O K O iiH am u t  K a a ta o ro  

n in c iia  H T e p a n n n  n p o n e c c a  m n a i in iB a i iH A  3 y6b eB .

4 .4 . EJTOK MOflEJIHPOBAHHil H3HOCA 3YEbEB B KOHTAKT1IOM TOHKE

E a o k  n p e A n a3 iiaH e H  a a a  onpeA CA eH H « H 3 iio ca  b t o h k c  conpHKOCHOBCHHA 3y 6 b eB  u 

e r o  p acn p e A en eH H H  Me>KAy KOHTaKTHpyioiniiM H tc a b m u .  J \n a  o G c c iie n e n H «  

(jiy iiK m io H H p o B aiu iJ i m o a c a h ,  H a BTopoM  DTanc paG oT bi G noK a noArOTOBKH h c x o a h h x  

AaHHblX B HHTepaKTHBHOM p e )K H M C  BBOAATCA CACAyKHHHe AOnOAHHTCAbHbie A aHH bie:

Fr.i u Fr.2 * AonycK Ha BeAHHHHy paAnaAbHoro Gh c h h h  KOHTaKTnpyioinnx 3y6HaTbix 
KOJiec,

tm - T e M n e p a T y p a  M ac n a  b p eA yK T ope, 

v m -  KHHCMaTHHCCKaa b h 3 k o c t i .  M ac n a  n p n  T e M n e p a ry p e  tm, 

p r is  - n p H 3i ia K  A c ra p o B a m iA  M ac n a  (  n p H  h a a h h h h  npo T H B O iia jn ip n o H  npH caA K H  b  

Macne p r i s - 1, n p n  OTcyrcTBHH - pris-Q ).
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Ha o c iiO B a iiH H  B B C A e iiH b ix  A a H i ib ix  h  H H (¡iop M anH H , H a K o r in c H H o íí n o c n e  paG ora 
6nOKOH  KHHCMaTH'ieCKOH H  AHH aM H M CC KO H  MOAejlCM  npO H 3BO AH TCH  O npeA eJieH H C  H 3H 0C a  B 

K a x m o n  TO H Ke KO H T aKT a  ajiü n a n n o r o  n n ic n a  n re p a n n H .

4.4.1. OciioBHbie (Jjaicropbi, onpenejinioinHe H3HOC b to h k c  KOHTaKTa

Monejib H3Hoea pa3pa6oTana Ha ocuoBe pe3yjibTaTOB anajiH3a ycAOBHii 
OKcnjiyaxanHH m areno HarpyareHHbix MamnH, a Taxare c yo ex o m ipHGojioruHecKiix Teoprni 
cooTBcxcTByioiHMx ycnoBitsM paGoTbi HccjienycMbix 3y6HaTbix xonec ( c m . n.1.1). B 
cooTBeTCTBHH c 3 t h m , b  ocHOBy MOAenHpoBaHHH nponecca H3HaiiiHBaiiiiJi 3y6i,CB mareno 
HarpyareHHbix ayGnaxbix nepe/ian Gm a h  rionoareHbi flBa npiimuiiiHajiMiLix AonymeHHa:
•  cyM M apH biñ  H 3H 0 C  b  KOHTaicre A Byx KOHTaicTHpyioinHx i ip o n o p n u o n a n c H  y n e n b u o f i  

m o i h h o c t h ,  3aT püH H B aeM on n a  n p c o A o n e m ic  c u j í  T p e m o i,

•  H3HOC c o n p H K a c a io m n x c í i  T en  b KOHTaKTHOH TOHKe npnM O n p o n o p n n o H a j ic i i  n y r n  
CKOnbarenHH t o h k h  KOHTaicra n o  3THM T enaM  h  o ñ p a T iio  n p o n o p n H O H a jie n  t b c p a o c t h  
KOHTaKTHOH nOBepXHOCTH.

M a x e M a T H H e c K H  s t h  i io j io a re in in  Moarno n p e a cT a B H T b  b c n e n y io m e M  BHAe:

TAC I ZI  H 1 j2  - AHIieHHblH H3HOC KOHTaKTHpyiOmHX 3 y 6 b eB  B IianpaBneHHH HOpMaAH K 

nAOinaAKe KOHTaKTa,
7 Z -  C y M M a p i l b l ñ  H 3 H 0 C  K O H T a K T H p y i O I H H X  3 y 6 b C B  B  K O H T a K T H O H  T O H K e ,  

a . i  -  K 0 3 ( | ) ( i > H n H e H T  p a c n p e A e n e i m a  H 3 H o c a  M e a r n y  K O H T a K T H p y i o i n H M i i  

I I O B e p X H O C T B M H  B  K O H T a K T H O H  T O H K e .

P Í3  B b ip aa ren H H  4.1 M o a m o  n a i m i  3naH C H H a  in n o c a  b KO HTaKTHO H  to h k c  lina K a a tn o ro  

H3 K O H T aK T H p y iO IH H X  TCA!

TAe CCu - K03(J)(j)HniieHT, yHHTbIBatOinHH BAHJHlHe HaCTOTbl BXOAa 3y6bCB B  3aitcnneH H C .

B c a c a c tb h c  t o to ,  h to  b C A H H im y  B p e M e H H  3 y 6  m e cT e p H H  b x o a h t  b n e p e n a T o n H o e  

h h c ao  p a 3  naine, ne.M 3 y 6  K o n e c a , c n e A y e x  o a n iA a T b  h e o o T B e T C T B y io iu e ro  y B e j im ie iiin i 

H 3 i io c a  3 y 6 a  iiie c T e p n n .  O n i ia K O  O K cn e p H M C H T a n b iib ic  A a m ib ic  no  o n p c n o i c m n o  oG tcm boto  
H 3 iio c a  3 y 6 b C B  o to to  n e  n oA T B cp a rA a iO T . Í I o s T O M y  b B b ip aa re iiH e  4.2 bbcach  n o n p a B O H H b ii í 

K03(|)(|)HnHeHT a u, 3 n a H e iiH e  K O T o p o ro  b n e p B O M  n p n 6A n a rcH H H  m oaiho n p n n H M a T b  p aB H b iM  

O T H on iC H H K ) o S b C M í io r o  H 3 H o c a  3 y 6 a  m e cT e p H H  k o 6b e M H O M y  H 3H O cy  3 y 6 a  KOJieca 3a 

o n p e A e A e H H b iñ  nepnoA S K c n n y a r a n H H  3 y 6 H a T o ñ  n e p e n a n n ,  p a G o T a B in e ií b  y c n o B i ia x ,  

a n a A o n iH i ib iM  y c J io n iiH M  H c c n c n y c M o ñ  n e p e n a H ii.

B COOTBeTCTBHH C npHHHTblMH A 0Iiym eH H 3M H  BejlHHHHbl Ct;¡  H /- OIlpCACJIKIOTCH 

c A eA y K Jin iiM  o 6 p a 3 0 M :

•  KoatJxJmnHeHT pacnpeAeAeHHH H3noca Mearny KOHTaKTHpyioniHMH noBepxnocTJiMH b  

KOHTaKTHOH TOHKe:

l z\ + / 2 2 =  l z

(4.1)

(4.2)

l z\  =  l z2a z l a u
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r a e

S } = 2 b H - ^
V<yl

S 2 = 2 b H f í-
vty2

_  J z\ _  S \ H R C2 _  Vty1 H R C2 r 4 3

z/ I z2 S 2 HRC\ v * , H R c , ’

n y r a  CKOJlb/KeHHH KOHTaKTHOÍÍ BOHU no  IIpO([)HJ)»M 
KOHTaKTHpyioinHX 3y6beB [43 c.388],

V CK = v t y \  ‘ v ly2  '  CKO pOCTb C KOJLI>H<e[I Î I H ,

bn - nojiyuiHpHua njioina«KH KOHTaicra (cm. <¡). 2 .28),
V ^ i h Vfv2 - CKopocTH nepeM cm enna 30Hbi KOHTaicra rio npocJiHJiaM 3y6beB 

niecrepHH h Koueca,
HRc/  h HRcj -  T BcpflocTb pa6oMnx n o B e p x n o c T eñ  KOHTaKTupyiomnx 3y6b eB , 

CyMMapHblH H3HOC KOHTaKTHpyiOlUHX 3y5beB B  KOHTaKTHOH TOHKe:

l z = iza TccB Pz

Pz = ü-vifmyPH '
(4.4)

ra e  ir - yaejibH aa h h tc h c h b h o c tb  H3HauiHBaHH£ [ M M 3/ e m ] ,

a r = a i i j )  - K03c[){|)HLiHeHT BapwauHH yaejibHOH h h tc h c h b h o c th  iniiauniB am oi, 
yMHTbiBaiouniH H3MeneHHc it b np o u ecce  aKcnjiyaTapHH, onpeflemeTCH 
OKCnepHMeHTBJlbHO,

an=aB(t) - K03 (¡x j)nnH eH T, y m iT b iB a io m n H  B j i i ia n n e  M r a o B e i in o i ł  T e M n e p a T y p b i 

KOHTatcTa 3 y6 b e B ,

Pz=Pz(t) - yacjib iiaa  MomnocTb cwi TpeHHs b KOHTaicre npH OTHOcHTcjibHOM Kanenmi 
co CKOJibHCCHneM KOHTaKTHpyiou;nx 3y6beB [e m /m i2], 

a a - K03(j)([)HUHCHT, yHHTbiBaioiUHH pacnpeflejieHHe HOpManbHbix KOHTaKTHbix 
HanpjOKeHHH n p n  kpom ohhom  KOHTaicre 3y6beB, 

fmp=fmp(t) - K03(|)(j)HUHCHT TpeHiia (cm. (jiopMyny 3 .18),
- HopMajibiibie KOHTaKTHbie HanpjDKeHua [Mila],

K d=K ^t) - KOBcfitJuimieiiT /iniiaMUHecKoii Harpy3Kn,
K u p  -  K03(J)(J)HUHeHT p acnpejne jieH H si i i a r p p K H  no a j i h h c  3y6a,

VCX=Vck( í ) ■ CKOpOCTb CKOJIbJKeHHfl,
j  -  napaMeTp (hhcjio  HTepaum l), nponopuH onajibiibin BpeMemi 3KcnjiyaTannn 

n e p ea an n ,
( -  p e a j ib H o e  n p e w a  bo bpcm chhom  H H T epB ane, cooT B eT C T B yioineM  n o B o p o T y  

u ie c re p H H  Ha o /ih h  y r a o B o ñ  m a r  [ce/c].

4 .4 .2 . B jiH H inie m i h o b c h h o h  KoirraKTHOH TeM nepaTypbi n a  in i io c  3y6beB

K o 3 ( [ x | )h h h c h t  au, y H H T b iB a io m H H  BJiHHHHe M rH O B e iiH O H  T e M n e p a T y p b i KO HTaKTa 

3 y6 b e B ,  n p i íH B T  p a B H b iM  o t h o i i j  e i im o  T e M n e p a T y p b i B c n b in iK H  b  3 0 H e  KO H T a ic ra  3 y 6 b e B  0 (c m .  

([). 1.9, n p e o 6 p a 3 0 B a H H y io  n p u M e iiH T e j ib H O  k  p a cn e T a M  CTanbHbix ayGnaTbix KO jiec) k 

K p H T H H e cK O M y  3 H a H e H H io  T e M n e p a T y p b i B c n b iu iK H  6S (4>. 1.12):
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0.453Cfm pVCKJ

(4'5)Vuv  )c SO}-

r a e  C - K o a t^ J H n n e iiT , yH H X braaiom H H  co o T H o m eH H e M axcH M anbH O n h
c p e / i i ic H  M raoBeH H O H  T e M n ep aT y p b i K O H xaxxa, n o  naH H biM  paO oxb i 

[110, c.438] peK OM eim yeTCH  npnH H M axb  C=1.5, 
f mp - K 03(|)(j)H uneH T x p e n n a  (cm . 4>opM yjiy 3.18),

q - y f le jib H a a  n a rp y 3 K a  n o  a n im e  3y6a (cm. (jio p M y jiy  2.68) [h/m],
R \/?2

R pr =  —------—  -  npH B C flciiiib ift p a f lu y e  KpnBH3Hbi KO iiTaK Titpyiom H X  np o c jjH Jien , U íj,
' A j +  K 2

50£ - RHHCMaTiiMccicaa BH3K0CTb Macna npw TCMiiepaTypc 50°C [m  /cek],

v,y/ h  v ly2 - CKopocra nepeM ememiH to h k h  KonxaKTa no npo<j)iuiHM
KOHxaKXHpyiomnx 3y6beB, [su/cen|, 

v ck = v tyl ~  v ry2 ~ cKopocxb CKOJibJKeHHB, [m / cck\,

cp - K03(j)4)imneHx, yMHXbiBaiouiHH CBoíícxBa CMa30HHoro Mac.ua:

-  fljiH HejienipoBaHHbix Macen Cp = \ . l  ( p r is = 0 ) ,

-  flji» Macen, nernpoBaHHbix npoxnB03aflnpHbiMH npncaflKaMH - 
Cp =  2.2 ( p r is =  1) [36],

4.4.3. y«ieT  KpoMOHiioro KOiiTaicra 3y6beB

OnpeflejieHHe K03{j)(})HHHeHxa a m , ynnxbiB aiom ero p aenpeflenenne  iiopMajibHbix 
KOHxaKXHbix HanpflxceHHH npn  kpom ohhom  KOHxaicre 3y6beB, ocHOBano na npiiM enem ui 
npH H unna HanojxeHHa B iujjiayopa [115]. B m uiayap  Hcno;ib30Ban n p iin n u n  Hajioxcenna npn 
iiccneflOBaHHH pacnpefle jienun  ii3rH 6aioiuero momchxb b ocHOBaHun xonco jib n o n  6anKii 
KoneHHon njnpHHbi n o  H3BecxHOMy aaxony  pacnpeflCJieHM MOMenxa ox cocpefloxoHcnHoií 
CHJlbl B  KOHCOilbHOH 6 ajIXC GCCKOHCHHOH UlHpHHbl.

ripHHUHn OCHOBaH Ha paBHOBeCHH MOMeHXOB BHCUIIIHX H BHyTpeHHHX CUJI. Cyxb 
ripiiH unna H a jio x en n a  CBOfluxcji k cjieflyiome.My: n p n  npnjio*eHHH cocpcflOTOHeanon cujibi 
Ha KOHeHHOM paccxoaHHH ox xpaa 6anKH (MCHbineM flJiHHbi aniopbi pacnpejiencHiiH MOMeHxa 
no  fljiHHC 6cck o h ch h o  unipoK oñ oajiKn) o rp e3 an n aa  nacxb sinopbi HaKjiaflbiBaercH na 
ocxaB tnyiocs nacxb am opbi, b  peayjibxaxe a e ro  nnom aflb o n io p u  o cxaerca  h o cxohhhoh .

OneBiifluo, hxo n p im u n n  naflO/KCHua m owho npHMeHHXb h b c jiy ia e  xpoMOHHoro 
KonxaKxa 3y6beB 3y6naxbix kojicc, x o rn a  xoHxa Konxaxxa naxoflirrc«  ox BepujHHbi 3y6a na 
paccxojniHH, MenbuicM noJiyinnpiiHbi nonocxn  repuoBCKoro Konxaxxa. T o  ecxb, necM oxpa na 
n enofluy io  im ip n iiy  iio jiockh KOHxaxxa nnom aflb sniopbi pacnpeae;iennH  iiopMaflbiibix 
xonxaKXHbix iianpíwcciniií flonwHa ocxaBaxbca n o cx o an n o ñ , nxo6bi ypaBHOBecHxb 
npHHOjxeHHyK) BHeunnoio HopManbHyio cuny . ÍIp n  bxom movkho Hcnonb30Baxb H3BecTHbiií 
napaOoJiHHecxHH 3axon pacnpeacjiC H ua HopManbHbix KOHxaKXHbix HanpjDKemin n p n  noHHOM 
KOHTaxxe conpHxacaiom HXca tc ji.

CxeMa onpefleneHH« HOpManbHbix HanpjDxeHHH b  x o h k c  KOHxaxxa b

HenocpeflcxBeHHOíi 6 j ih 3 o cx h  ox  BepmHHbi 3y6a c  npiiMeneHHCM íipH unnna nanoxceHua 
B u n n a p p a  npcacxaBJicHa Ha pnc. 4.3.



Puc. 4.3.CxeMa onpeneaemis HanpsjKCHHfi npn KpoMO'iHOM kohthktc 3y6beB

r iy cT t nena« TO'iKa KOHTaKTa k HaxoaHTca hü paccToanHH z , o t  BepuiHHbi 3y6a e 
(p nc . 4 .3 ). ripH'ic.M paccTOHHHe z, He npeBbuuaeT iioaoBHuy umpHHŁi ruiomauKH KOHTaKTa bu 
(cm. ij)opx:yay 2 .28). 3aKon pacnpe/ic jien iia  HopMajibHbix KOHTaKTHbix HanpjDKeHHñ no 
niHpHHC nojiHOH nonocKii KOHTaicra sBJiaeTca napaöojiü'iccKHM h  onucbiB aexca b (jjyuKUHH 
paCCTOHHHB OT TOHKH npHJlOXCeHHH BHeiHHeH CHJlbl (uCHTpa om opbl IianpH/KeHHH) 
cjieayiomHM B b ip axce nH C M  [63]:

f la a  o ripeaejiem ia  napamnBaeMOii opflHHaTbi Hanpa>KeHHH o>/z b tomkc k KpoM onnoro 
KOHTaicra n e o 6xoflHMO blim ucjihtl opannaT y nopMaabHbix H a n p jœ e H H f l «cBHcaiomeñ» 
n a c r a  nojiHOH oniopw  Ha paccToaHHH ze o t  kpomkh 3y6a:

(4.6)

(4.7)

OKOHHaxenbHO, no jiH oe 3H anei[ne HopM ajibHbix H anpa*eH H H  b KOHTaKTHoił TOHKe 
npH  HcnoaH O il u iu p H H e  ik m o c k h  KOHTaKTa 6 y aeT  paBHo:
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a Hw -  a H +  ° H z  -  a H a w

a w - \  +
2 z e

,2 (4.8)

Ko3(¡)<Í)huhciit a,„ onpcflcjiacTca TOJibKO /via  3iialieHHH paccroaHHH o t  kpom kh 3y6a 
no  TOMKU KOHTaicra, HaxoflÄiuHxc» B n p eaen ax  0 á  z , <  0 .5bu- r ip u  b H > 0 .5 bn  MaKCHManbHbie 
HopMajibHbie Hanpfl*eHHH O yayr paBUbi On-

4 .4 .4 .  Y n e r  p a f l i i a j i t n o r o  G u e n t ia  3 y 6 b e B

H3 BbipaxceHHfl 4 .4  cne/iyeT, mto b 30He n o jiio c a  3auenjieHHa 3y6beB cneziycT 
0)KHflaTb iiyjieBoe 3HaMeHHe H3HOca, Tax KaK b s to h  30He CKopocTb ckojim kchhh paBHa ny/iio. 
OziHaKO cornacH O  SKcnepHMCHTaribiibiM a a n  hi.im [5 ,53 ,54 ,81 ,82 ,75] b 30ne no jiioca  Bcer/ia 

HMeeT MecTO hbhoc , xots  h  MCHbiiieii BejiHMHHbi n o  cpaBHeHHio c  ocxajibHMMH yiacTicaMH 
3y6a. 0'ieBHflHO, mto HMeeT m ccto  flonoJiHHTejibHbiñ ijjaiCTop, b jihb io iuhh  Ha h3hoc b 
OKOJionoJiiocHOH 30He. B KâMecTBe TaKoro (J)aKT0Pa 6bijio npHHSTO OTHOCHTejibHoe 
CKOJibÄCHne 3y6beB u iecTepnn h  KOJieca b HanpaBJieHHH jih h h h  u c in p o is  H3-3a nx 
papHanbH oro ÖHenwa.

06meH3BecTHO, mto b c jicac tb h c  HeH36e>KHbix oiiihGok H3TOTOBiieHna 3y6HaTbix 
KOJiec HMeeT MecTO necoBria/iciiiie uenTpoB veiiHTejibiibix oKpyacnocTeß ayGoarbix Koaec c 
ochm h BpameiiiiH. 3T a norpeiu iiocT b  b jih h c t Ha KnneMaTHMecKyio TOMHOCTb h  oueniiBaeTca 
bchhm hhoíí aonycKae.M oro p a an an b iio ro  6h ch h h , onpepeaaeM oro  aa/iaim on TOMHOCTbio 
H3roTOBJieHna.

CyMMapHbiií H3H0C b pc3yjibTaTe CKOJibJKeHHs 3y6bCB H3-3a pa/w ajibH oro Onenna h 
e ro  pacnpc/iencHHH Mcacpy KOHTaKTHpyioinHMH 3y6bHMH mo>kho h b h th  h3 BbipaxcemiH, 
aHanorHMHbiM 4.1 h  4.2:

ryie Irl H lr2 ~ JlHHCHIIblH H3H0C KOHTaKTHpyiOLVHX 3y6beB B IianpaBHCHHH HOpMajIH K 
ru io m a/iK C  KOHTaKTa,

I r -  CyM M apHblH H3H0C KOHTaKTHpyiOIHHX 3y6bCB B KOHTaKTHOÍÍ TOMKe, 

a ri -  K03(})(})HUHeHT p a c n p e / ic J ie n n H  H 3H oca M eacfly  KOHTaKTupyiomHM H

nOBepXHOCTBMH B KOHT3KTHOÜ TOMKe.

CoOTBeTCTBeHHO, 3H3MeHH5I H3HOCa B KOHTaKTHOH TOMKe flJM KaXCflOTO H3 

KOHTaKTHpyiomHX T e n  6 y a y T  paBH bi:

h \  + I r2 -  ¡ r
(4.9)

(4.10)

¡r l  =  ¡r2a r l a u
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Ko3(j)(J)HUHeHT p acnpe/ie /iC H H H  m n o c a  M o r a y  K O H TaK Tnpyiom nM H  noBepxHOCTHM H b 

KOHTaKTHoii TOHKC o .,{ o n p e n en jicT C H  laioK C , KaK h  a 7j  ( c m . ( j io p w y n y  4.3):

a  L ±  = h L ™ £ L '  (4 .1 1 )
r'  I r2 vrl HRC,

r a e  vr i h  vr2 - cKopocTH nepcMcmcHH« 30HB1 KOHTaicra no  npocjwnsiM 3y6bcB inecTepHU n 
KOJieca BCJie;iCTBne p aananbH oro  S h c h h h .

A n a n o rn H H O , KaK n  b n p e a b m y m e M  c n y n a e ,  o n p e a e n a e T c n  u  cyMMapHUH h 3 h o c  

KOHTaKTHpyiOUlHX 3 y 6 l.eB  B KOHTaKTHOH TO'IKe:

l r = i r a TPr

Pr =ocwf rm?a H ^ d K Hp v ri
(4.12)

ra e  ir - y a  en b na« HirrencHBiiocTb H3nainiiBaKH« npn CKonbaceHHH npocjmncfi 
[ m m  / e m ) ,

Pr= P M  - yaenbH as MomHocTb cnn T peinis b KOHTarre npn  OTiiocnTenbHOM 
CKonbnceHHH 3y6beB [em/MM2], 

frmp=frmp(t) '  K03(f)(J)HUHeHT TpeHHH CKOJIbJKeiIHS,
V r c K ~ V r l ' V r 2  '  CKOpOCTb CKOJlb'/KCHHH n p n  pafllianbH O M  G n e n itn .

3iia4enHH ocTaribHbix bcjihhiih , bxo/wiiuix  b (jiopMyny 4 .12 , cm . o in ic a n n e  (jiopMynbi
4.4. B CBB3H c ManbiMH 3KalicniiîiMH CKopocTeii CKOJib/KeiiHH b jihbkhc  TeM nepaTypnon 
BcnbiiuKH b 3TOM cnynae  n e  ynuTbiBanocb.

riocKonbKy TpeHue CKonb/Kcmia n p n  pam ianm oM  S n eH n n  3y6liari>ix Konec HMecT 
BO3BpaTH0-nocTynaTenbHbin xapaKTep, kod(])c|)h h h c h t  Tpeun» onpenennncn  no (jiopMynaM  

juin nanpaB naiom nx  CKonbJKeHHn [44, c .207]:

frmp -  f m +  °-04
a Hy]K d K Uß ^

HB
(4.13)

rac  f „  - MOJiCKyjiHpiian cocTaBwnoman K03<J>(j)HUHenTa Tpennn, npinuiMacMan paBHoii 
MHHHMajibHOMy 3naneHino KoocjujninnciiTa Tpcima an« nccnenyeMbix pencnMOB 
TpenHH (a n s  TBepnbix cTanbHbix noBepxuocTeii o6bilm o / ,„ = 0.08-1-0.10),

HB -  T B c p n o cT b  no Epiraennio MeHee TBepaoro H3 KOHTaKTHpyioiniix M aT ep n an o B ,

[Mnà],

CKopocTH nepe .M e ineH M «  3 0 H b i KO HTaicra  no n p o (j)n n « M  3 y 6 b e B  m e c T c p m t  h  K o n e c a  

B c n e a c T B i ie  p a n n a n b i io r o  ô i i c i i n a  o n p e n e n a iO T C n  no cp e a n e .M y  3 n a lic n H io  6h c h h h  3a BpcM H  

o a H o r o  oôopoTa 3y6naToro K on eca :
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0.5 Fr¡ cos(SCp
v „  =    c o s a ^ ,  i =  l ,2 ,  (4.14)

*i

rae Fri h Fr2 - aonycKH Ha pa/uiajihuoe 6HenHe 3y6liaxoro Benua mecxepHH u 
KOJieca, onpeflejiaeMbie no nauHOHanLHHM cxaaaapxa.M b 
3aBHCHMOCTH OT CTeneHH TOHHOCTH H3rOTOBJieHHH 3y6'iaXOH 

nepefla'iH [m ],

T, = —  h F, = —  - BpeMít ofliioro  oóopoxa uiecrepHH h KOJicca, [ce«], 
ú)| ¿ a>2

Cùi h  a>2 - y raoB aa CKOpocxb mecTepHH h  KOJieca, [pad/ceK],
Scp - cp e /iH ce  3iia iieHHe y rjia  M exm y BeicropoM p a ^ n a j ib n o ro  6 n en n H  h 

jiHHHeií ueHTpoB (ro  HaKonjieHHH 3KcnepHMeiiTajibHbix aannbix  
MOJKHO npHHHMaTb paBHblM ¿ ^ = 4 5 ° , 

a œ - yi'OJi 3auenncH}w.

4.5. BJIOK C H H T E 3 A  H 3 H O IlIE H H O rO  riP O O H JIÍI 3YEA

O K O H HaxejibH O , n o c n e  cy M M itp o B a in w  c o o x B e x c T B y io m u x  3 H a H e n n ñ  B w p ax íeH iiii 4.2 
H  4 .10 , H3HOC 3 y 6 b e B  KOHXaKTHpyiOmHX KO/ICC B KOHXaKIHOH TOMKG B H anpaB JieH H H  HOpMajIH 
K ru io m aA K e  K O nxaK xa 6 y a e x  paB eH :

/ j  =  í z\ + I r i 

h  = I z2 + I r2\

r io  HailflCHIIblM 3HaHemiJIM H3HOCa 7/ H 12 KOHXaKXHOH TOMKC k npOH3BO,5HTC5l 
KoppexxHpoBKa opflHHax npo(J)HJia (pnc. 4.4):

y\l -y\~h  eos A, 1
. f .  (4.16)

y%\ =y2 ~h  cosAzj

m e  A - y ro ji MeJKfly HopMajibio k npO([)HJiio 3y6a h nepneHflHKynspoM k och aß cu n cc .

Puc. 4.4. KoppetcxupoBKa opawHaT npo^Haa nocjie oripeaejiemia m iioca b KoirraKXHOñ tobkc
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Puc. 4.5. K onpeacjiemtio ynia X

CxeMa onpeaenenna yrna A npeacTaßnena na pnc. 4.5.

Pte p u c. 4.5 BHflHO, HTo y ro n  A on p eaen aeT ca  a n a  3auenaaK >m nxca kojicc h 3 
c j iea y io m er o  owcBHanoro Bbipaacemia:

A, =  a (a+\¡/x - y x 

h  = « û )  + V 2 - Ï 2 1  '
(4.17)

r a c  a n> - y r o j i  3 a u e n a e H H a , H a n n e u H b iii b  K m iC M araH ccK O H  M o n e a n  a a u e iu i e n n a  ( c m .

t|)opMyjiti: a n a  o aH o n ap ro ro  3anennem ia 2.46, a n a  a s y x  napH oro - 2.121 ), 
y¡ u  j 2 - yrnoBBic KOopannaTbi to h k h  KOHTaicra b  noaB H *nbix CHCTCMax K oopanH ar ( c m . 

Bhipaacenne 2.32) uiccTepHH h  Koaeca, cooTBeTCTBemto, 
y/; h y/2 - yrJibi Mexcay paanycaMH-BeicropaMH b  T onay KOHTaicra h  ;iHHneii nem poB ana 

inecTepini h  KOJieca.

Y rnbi if/i h y/j B biB H cnaeT ca  l:e p c 3  KoopannaTbi tohkh K om aicra k(Xt, Yt ) 
cjieayiomuM o6pa30M:

Yk
W\ =  arctg—  

x k

y/2 = arctg h
aa> '  X k

(4.18)

r a e  a w - m o k o c c b o c  p a c c T o a m te  3y6naTOH n e p e a a a H .

rioayMciiHoe m h o x c c t b o  h o b h x  KOopaHHaT iipotjinjia nonnoxHT o6pa6oTKe c ueabio 
h x  omicaHita annpoKCHMtipytomuMH ([¡ymamaMn.

Kax noxa3aa npoBeaennbiü aHajiH3 p a c n p ea ea e H H a  k o h tük th lix  to h ck  no n p otjju a io  

H3HouieHH bix 3 y 6 b eB , 3to  p a c n p ea e a e H H e  He HBaaeTca paBHOMepHbiM h  b 3HaHHTeabH0il 

M epe 3aBHCHT ot  CTeneHH HCKaaœHHa n p o è n a a .  3 to  n o a T B e p m a a e rc a  KaprmiOH n3MCHCHna 

C K opocreii n e p e M e iu e n n a  to h k h  K o iu a ic ra  n o  npocjtitnaM  3y6bCB ( c m . p n c . 2.26). Ha sto m  

p n c y m c e  BnaHO, hto  n o c n e  n3HO ca npo^iinefi cK op ocT ii K an em ia  3HaHHTejibHO OTjniHaioTca 

ot  c b o h x  TeopcTHHecKHX 3HaHeHHH - ecTb ynacTKH c nyaeBbiM 3itaHeiiHCM, hto  03H anacT
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MrHOBeHHyio ocTaHOBKy, h  ynacTKH c OTpnuaTenbHbiM 3HalieHHCM ck o po ct h  KaneHHK, h to  
03HanaeT /iBiOKCHiie to h k h  KOHTaKTa b  oopaTHOM HanpaBneHHH.

B K anecT B e n p H M e p a  Ha p u c .  4.6. n p eflc raB n eH a iuTpHX O Baa a n a rp a M M a  

p a c n p e a e n e m w  a 6 c u n c c  T oneK  KOHTaicra 3y6bes n a p w  3y6naTbix ko ;ic c , /ih h h b  3 a u e ru ie n H a  
K O Topw x n o K a 3 aH a  H a p w c . 2.20.

1 H F P D E

0 1 2 3 4 5 6

1 H F P D E

0 1 2 3 4 5 6
a)

6)

Puc. 4.6. fliiarpaMMbi a6cmicc ToseK K O H T aK T a  npocjjHjieft 3y6bei» mecTepHH (A',) h Ko.neca (X2) a)
H e H 3 H o u u e H H b ie ;  6) ranouieHHbie

Ututjłpbi Han arrpnxoBbiM  o6o3HaHeHHCM aScunccbi tohkh KOHTaKTa n a  pnc. 4.6 
03iiaHai0T nocnenoBaTCHbHbiH nopwKOBbifi HOMep KOHTaKTa (xaK h na  p uc . 2 .20). C n en y er 
o6paTHTb BHHMaiine, hto b nanane  3auennenH « 30Ha KOHTaKTa npaK TH H CCK H  He 
nepeM cm acTca no 3y6y Koneca, naxon«cb y  e ro  BepuiHHbi, Tor;ia KaK no  Ho>KKe 3y6a 
mecTepHH 30Ha KOHTaKTa nepeM em aeTca, ho b oSparaoM  nanpaBJicnHH. Una HCKa»ceHHbix 
H3HOCOM npotjm ncH Ha6nionaiOTca H apyiuennn HenpepbiBHOCTH 3auenneHHH n o cn e  tohck 17 
h 50, hto cooTBeTCTByeT CKanKaM na  jihhhh  aaucruiCHHS. X apaiarep TaKoro nepeM emeuHa 
OTpa*aeT TaK»ce h  rpaijiHK CKopocTeił Kanenna (cm. p nc . 2 .256). <I>aKT napyineuna  
HenpepbiBHOCTH 3anenneHiiH hbjihctch em e oahhm  nonTBcp>KncHHCM hcbosmoikhoc™  
OTHecenHH npoiJiHJieH H3HomeiiHbix 3y6beB k  conpa>KeHHbiM npo<})Hn.HM.

O nuaKo, n p n  paccMOTpeniiH npo6neMbi annpoKCHMamiH H3HouieiHioro npo<j)Hnn 
Haii6onee Ba>KHbiM HBJiaeTca to o6cTOHTejibCTBO, hto na  ynacTKax ripo(|)Hnen n o cn e  tohck 17 
h 50 OTcyrcTByeT KOHTaKT 3y6beB, a, cnenoBaienbHO, h He MO>KeT HMerb MecTO hx h3hoc. 
n p n  3tom ip in n a  3thx ynacTKOB 3HaHHTenbiio npeBbiuiaeT u in p n n y  repiiOBCKOH nonocKH 
KOHTaKTa.
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B 3 t h x  ycjiOBHSx HenocpeflCTBeHHoe npHMeHeHHe M erona annpoKCHMauHH 
npotjiHJieii, onHcaHHoro b pa3flcne 2.1, mohcct npHBecTH k 3HaMHTenbHbiM norpeiiiHOCTHM.

Kaic yace paHee OTMenanocb, annpoKCHMauHH nojiHHOMOM co CTeneHbio, MenbincM 
■mena t o m c k , npHBOAHT k  xopouieM y crnasareaH H io <j)opMbi npocjmna. H o n p n  o to m  

annpoKCHMHpyiomaa (liynKuiis n p ouaeT  MOKny TOHKaMH h  6yneT HCKaacena nacTb npoijmnH, 
Ha KOTOpOH H3HOC OTCyrCTByCT, HTO npOTHBOpeHHT (J)H3HHeCKOMy CMbICny.

Bo-BTopbix cniiaHHOBaa annpoKCHMauHa o6ecneHHBaeT npoxoHCnenne KpuBoii nepc3 
B ce  t o h k h , m to  o6ecneHHBaeT neti3MeHH0CTb MacTH npoijmnfl, He 3aTponyroH h 3 h o c o m . 

O a n a K O  ciuiaiinoB aa annpoKCHMauna n ;ioxo crnaHCHBaeT ynacTKH B o a b ih o h  npoTJOKcniiocTH.
rio3TO M y 6bi;i npuM eH eH  M ero «  KycoM Hoił annpoKCKMau.HH, KOTopaa B binon H nnacb  b 

ABa 3T ana.
H a nepBOM 3Tanc BbinonHJUica aHajiH3 MnowecTBa a6cuHcc KOHTaKTHbix to m c k  Ha 

npCAMCT BblSBJlCHIW YMaCTKOB IipO(})HnH, AHH KOTOpbIX paCCTOHHHC MCJKAy COCeflHHMH 
TOHKaMH n e  npeBbimaeT AByx KpaTHOił innpHHbi nonocKH repuoBCKoro KOHTaKTa. C neubio 
HCKJllOMeHHH pe3KHX H3MCHCHHH cJjOpMbl npO({>HJia Ha TpaHHUaX TBKHX ynaCTKOB, B  HHX 
nacTHHHO BKBiOMajiHCb h  HeH3HouieHHbie yuacTKH Ha uiHpHHy nojiocKH KOHTaKTa. Ajisi 
BbmeacHHbix ynacTKOB B binonnanacb noaHHOMnaa crnaacnBaioiuan annpoKCHMamia c 
asTOMaTHHecKHM BbifiopoM CTcncHH nojiHHOMa b  3aBHCHM0CTH o t  MHCJia to m c k  

annpOKCHMHpyeMoro ynacTKa.
H a BTOpoM  3 T a n e  b c c  yn acT K H , BKJiiOMaa n eH 3 H 0 iiie H H b ie , o O b e n m in n H C b  b  o a h o  

M H 0» ce cT B 0  H n p 0 H 3 B 0 flH jx a c b  c n n a H t io B a s  K i iT e p n o j ia u n a  n o  M e r o n y ,  o iin c a H H O M y  b  n .2 .1 . B 
p c 3 y j ib T a x e  6 b in o  n o n y n e H O  A H C K p eT iioe m h o h c c c tbo  Cx,y n a p  K o o p /u m a T  t o m c k , 

o n H C b iB a w iu e e  h o b m h  cH H T e3H poB aiiH b iH  n p o ijm n b  3 y 6 a :

Cx,y  = {(*0.70)> (*1 ■ y \ ). - .  (XN >7/V ). (XN +1.7 //+ 1 )•} ■ (4 -19)

ra e  x,v+j, y,v+; -  KOopuHHaTbi 4>h k t h b h o h  t o h k h  (cm . n .2 .1 .4).
C iieuyeT oTMCTHTb o a h o  B a a < n o e  o6cTOH'rcjibCTBO, o k o t o p o m  runa p e n b  B b im e  n p it  

p a ccM O T p en H H  u n a r p a M M L i a 6 c u n c c  to m c k  KOHTaKTa npoejmneH H3Homeinibix 3y6bea.
KaK b h a h o  H3 puc. 4 .6 6  b o 3 m o >k c h  KOHTaKT BepiHHHbi 3y6a ( t o  ecTb o /ino ii to m k h  c 

OHeHb MajibiM, 6;ia ro ;iap s 6 h h 30C t h  BepmHHbi 3y6a h  (Jjh k t h b h o h  t o m k h , pannycoM  
KpHBH3Hi>i) c  H05KK0H 3y6a KOHTaKTHpyioiuero KOJieca c k o h c m h m m , 3iiaMHTCJit,iio 6onbiuiiM 
3naMeniieM pafluyca  KpHBH3Hbi. B 3 t o m  cnynae  peuiCHHC ypaBHCHHa 2 .45 c o b m c c t h m o c t h  

KacaTejibHbix k  KpHBbiM b  TOMKe KOHTaKTa MO>KeT OTcyrcTBOBaTb.
J\.na HCKJiiOMeHHsr 3 t o h  b o 3 M O > k h o cth  h  coxpaH eim a t o m k h  KOHTaKTa b 

nenocpeACTBCHHOH 6 ; i h 3 0 c t h  o t  BepmHHbi 3y6a npennoaceH M e ro f l  noKanbHoro cK pyrucm w  
B cp u iH H b i 3y6a, cy rh  KOToporo 3aKni0Maerofl b cnenyiom cM .

H a nepBOM 3T an e H3 MHoacecTBa Cx,y B b in en aerofl i io a m h o > k c c t b o  cxy, c o c r o s m e e  113 
n ocjie flH H x n a r a  t o m c k  c  HOMepaMH: N-3, N-2, N -l, N, N + J ,  n o c n e  n e r o  b TOMKax 3 t o t o  

noflM H oacecTBa, 3a  h c k u e o m c h u c m  KpaiiHHX BMMHcnanacb K p H B H 3H a  npo<j>HJiH.

B to h k b x  N-2, N-1 pa/m yc KpHBH3Hbi o n p en en sn ca  no  (JiopMyne 2 .29  pa3flena 2.1 .4 .
CoOTBeTCTBeHHO, KpHBH3Ha npOCjHUIH B 3THX TOMKaX MOWCT 6bITb HaHACiia H3 CnenyiOIUHK 
Bbipaa<eHHH:

1
k N -  2

R N -  2 

1

k n _
K f j _  i - ■

(4.20)
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P a /w y c  KpHBH3Hbi B TOHKC N  noflMHO*ecTBa cxy, onpeflcjisjicB  n a  ocHOBe 
cjie^yiom H X .aonymeHHH:
• BBH/iy MajiocTH paflHyca icpHBH3Hbi b  t o h k c  N  no  cpaBHeHHio c pa/otycoM  k p h b h 3 h ł i  

KOHTaKTHpyiomeH noB epxH ocra e ro  m obcho  CHHTaTb paBHsiM npHBe;ienno,My pamnycy 
KpHBH3HbI B flaHHOH KOHTaKTHOH TOHKej

•  TeoperanecKH Gc c k o h c h h o  6oJibiune ( c m . (j).2.88) KOHTaKTHbie nanpjoiceniM npn  
ToneHHOM KOHTaKTe orpaHHHHBaHDTca, (b nepBOM npnöniOKenHH) npe/iejioM TCKynecTH 
MaTepna;ia a meK.

B cooTBeTCTBHH c npHHBTbiMH /to r iy m eu iM M H  KpnBH3Ha b  t o h k c  N  6 y /je T  paB H a:

rae ą - n o r o n n a a  H a rp y 3 K a  n o  flJiHHe 3y6 a .

Ha BTopoM 3Tane, npnuaB , hto b n p e ,w ia x  noÆMHOXcecTBa cXi>., KpHBii3iia H3MeHaeTca 
no  napa6oJiHHecKOMy 3aKony (nonbiTKa npHMeneiiHH m m eiiH oro  3aKona ne  ;uina vKeaacMoro 
pe3yjibTaTa), cocTaBJisercs antjKj)cpcimHajibHoe ypaBHCHne k p h b o h , npoxoxwmeH nepc3 
TO'iKH noÄMHoxcecTBa cXxy, no /io 6 n o c  ypaBHeHino H3orHyroii o c h  y n pyro fi 6ajiKH, t o  ecTb 
npeH eßperaa  npon3BojjHoñ nepB oro nop«;u<a BBH/iy ee m b jio c th  :

3Ha!fennH ico3(i)4)HUHCHTOB a! h a2 mojkho naiiTH c  n o M o m b io  H3bccthi>ix  3HalienHii 
KpHBH3HbI B TOHKBX N-l  H N  H3 CJieayjOLUHX COOTHOmCHHH:

ü o c jic  pciueHHK cncTeMbi 4.23 (jjopMyjibi ann onpeaeaeHHH k o o ( |k ] )h u h c i i to b  a ¡  h a? 
ö y a y r  HMeTb bha:

2
K  — K _ 2 + ]Z + ̂ 2^

z =  x - x N _2

(4.22)

2
k N -  1 = k N - 2 + a \ z N - l  + a 2 z N ~ ]  

2
k N  = K N - 2 + a \ ZN  + a 2 z N  

z N - \  =  X N - 1 ~ x N - 2  

Z N  ~ X N ~ X N - 2

(4.23)

a ! = z Í j ( K N -  \ -  K N - 2 ) ~ z l / - l ( K N -  K N - 2) 

ZNZN - \ ( ZN ~ z N - \ )  

z N - l ( K N ~  K n - 2 ) ~ z n ( k n - \  -  K N - 2)
(4.24)

a 2 =
Z N Z N - \ ( Z N  ~ Z N - 1)
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^ByKpaTHO HHTerpHpya nmJnjiepeHUHanbHoe ypaBHeHHe 4.22 u cHUTaa, hto b tohkc c 

z~0  KoopflHHaTbi ripocjniJM h nepBaa npoH3BOflnaa ociaioT ca HeroMeHHbiMH, nonynHM 
ypaBHeuHe npo<J)njiii 3y6a y ero BepmHHbi b npenenax nonMHoiKecTBa cxy.

. . . K N - 2  2 . a \ 3 . a 2 4
y =  y N - 2 + y N - 2 z +  ^ z + ~ ^ z + ~[^z

z = X -  X/v_2

(4.25)

n o c n e  BBeaeHHH b Bbipa>Kcmic 4.25 aS cuncc  r a  noflMHOBcecTBa cx.y h  B binucneuH M  

COOTBCTCTByiOmHX 3HaHeHllił OpflHHaT npOH3BOflHTCa OKOHHaTenbHaH KOppCKTHpOBKa 
KOOpflHIiaT MHOBCCCTBa Cx,y.

n o  noJiyncimbiM 3iiaHCHHStM  opnunaT  H 3 H o m e H H o ro  npocJmjiH BbiHHcnneTcn 
o ó b e M H H H  H 3 H o c  3 y 6 a  3 a y - T b i i i  u h k j i  H 3 H o c a  3 y 6 a  (c m . p u c .  4.L):

Vj = b,  - f - ------J— ------{X, -  x , _ , ) .  (4.26)
/= ! 1

Pe3ynbTaTbi o6pa6oTKH 3a Kancflbiii uhkji HTepau,HH naKaiuiHBaioTcn b 
cooTBeTCTByiomnx (J)arijiax KOMnbiOTepHOH uporpaMMbi IZN_PRG.

4 .6 . O C H O B H blE  n A P A M E T P b l M O^EJIH n P 0 rH 03HP0 BAHMJI KHHETHKH 
n A P A M E T P O B  n E P E flA H H

B C B33H  CO CnOJKHOCTbIO H MHOTO UHKJIHHHOCTbK) npO LieCCa M O flen H p O B aH H S  

n p o rH 0 3 H p o B a n n a  n p o u e c c a  n p o rH 0 3 n p o B a H H H  H 3n au jH B aH H fl npo(})H Jie ii a yC b e B  napa M C T p b i 

M O flen H  c n e n y c T  non6wpaTb M C T o n o M  nocnenoBaTenbHbix n p n 6nH xceH H H  n y r e M  c p a B n e H H S  

n o n y H C H H b ix  p e 3 yn b T a T O B  c 3 K cn e p H M C H T a n b H b iM H  n a n u b iM H  3 y 6 n a T b ix  n e p e n a n , 

p a 6o T a B t iiH X  b  n o a o 6n b ix  y c n o B n a x .

/ (n a  n e p B O H a n a n b H O H  H a cT p o fiK H  S j io k o b  M one/ iH  m o j k h o  n c n o n b 3 0 B a T b  c j ie a y io u n ic  

n o a x o a b i ,  o c H O B a H H b ie  H a  o n b iT e  3 K c n n y a T a u H H  K O M n b K )T e p H b ix  n p o r p a M M  M o a c j in p o B a n H J i 

n p o r H 0 3 H p o B a H M  3 K c n n y a T a i iH H  3 y 6 n a T b ix  n e p e n a n .

MaKCHManbHoe hhcjio maroB tiTepanHit pcKOMCiinycTcn npHHHMaTb b  npcncnax 
ymiir=80+120. T o m a oflHH uhkji HTcpauHH Syne-T 3KBHBajieHTen onpencnciiHOH BenHHHHe 
Hapa6oTKH MauiHHbi. n o n  napa6oTKOił o6mhho noHHMaioT napaMCTp, imiepneMbiii b 
eflHHHuax uponyKUiiH Bbipa6aTbiBaeMoii MauiHHOH, to  ecTb t o t  napaMeTp, panu KOToporo 
n3rOTOBjxeHa MauiHHa. HanpHMep, nna yronbHbix K0M6ami0B non iiapafioTKon noHHMaioT 
KonmecTBO yrna, noSbiToro MauiHiioii 3a nepnon SKcnnyaTauHH, jwn rpy30Bbix 
aBT0M06HJIcii - KOnilHCCTBO TOHHO-KHJlOMeTpOB H T. n. Mame Bcero Hapa60TKy H3MepiUOT 
BpeMeneM pa6oTH MauiHHbi. B stom  cjiynae MacnrraSHHił K03({)(j)HUHeHT um oia HTcpaumi 
6 yneT paBeH:

Mr = ~ ~ —, (4.27)
7max

r n e  Te -  B p e w a  S K c n n y a T a n H H  M au iH H b i [nac\.
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K o M iiL io x e p H o c  B peM s o flH o ro  u iiK Jia  H T c p a u im  c o c raB J in c T  n p n  H cn o n b 3 0 B a H n n  

n e p c o H a jib H o ro  K O M nbiO Tepa c  TaKTOBOH nacT O T oii 1 0 0  M e i f  n o p a n K a  7 0  c e x .  

C n en o B a T e n b H O , nuH T enbU biH  nepHoa SKcnnyaTauHH 3y6naT O H  nepenann, K O TO ptiii b 
npOH3BOACTBeHHblX yCJlOBHH MOJKCT 33HHMaTb HCCKOJlbKO JICT, BOCnpOH3BOflHTCK C nOMOIHblO 

n p o rp a M M b i r ip o m o 3 H p o B a n H H  b TCHCHne 1 .5 + 2 .5  n a c ,  hto ri03B 0JiacT  b KpaTKHe cpoK it 

oueH H T b C T eneH b bhhhhhh pa3JinH U bix  <J>aicTopoB Ha K aaccT B C in ib ie  xapaicrepH C TH K H  

n p o e tc ru p y e M O H  3y6naT O H  n e p e n a n n  h n o a o ö p a T b  n e p e n a n y  c  o n raM an b H b iM H  napaM eT paM H .

Ko3({Hl>HHHen T BapHauHH yncHbHOH h h tc h c h b h o c th  iB naiiinB aim a npH OTcyrcTBHH 
3KcnepHMenTanbHbix aaHHbix m ojkho iipmiHMaTb paBHWM Ci7 = l .

KodcJhJihhhcht  bjihhhhh HacTOTbi Bxofla 3y6bCB b 3an.enneHHe no  naK onncuna 
3KcnepnMcin'aji!>Hbix nam ib ix  moxcho npHHHMarb paBHbiM:

a u = 0.5w , (4.28)

r n e  u  - n e p en aT O H H o e  hhcjio 3y6naT O H  n e p en a H H .

n P H HajiHHHH 3KcncpHMCHTajibHbix naHHbix n o  H3Hocy 3y6beB 3y6iiaTbix nepenan , 
aiianornHUbix M oaejm pyeM oii, mojkho npHÖJinaceHHO onpenenHTb cp ennnft cy.MMapiibiii 
JiHHefiHbiH H3HOC 3a onHH uhkji HTepauHH n o  (jjopMyne:

^ 1 + ^ 2  

2  m h , j n
/zcp = o J«. ; . (4.29)

r n e  V/ h  V2 - oÔ beM H biH  K a n o e  3 y 6 b eB , cooT B eT C T B eim o, m ecT ep H H  h KOJieca 3 a  n e p n o n  

S K c n jiy a T a u u ii ,  [ m m 3], 

m  - M o n y n b  3 a u c n j ie n s ia ,  [ m m ] ,  

bi - uinpHHa 3yßHaToro BeHpa, [a<ai].

T orn a  MHHHManbHoe 3HaueHHe ynenbH oii hhtchchbhocth H3HOca ßyneT paBiio:

(4.30)
JO  h Vckc p

r n e /  - KoatjxjjHHHeHT TpeHHH,
<7h  - HopMajibHbie KOHTaKTHbie HaiipjuKeHna, [MlJa],

Vckcp - cpenH ee 3HaneHHe cKopocTH cKOJibÄCHHH, [A(/cex].

Y n e n b H a n  HHTeHCHBHocTb ro n am H B aH H fl n p n  y n e T e  bjthhhhh p a u H a n i .n o r o  G hchhä Ha 

H3HOC 3 y 6 b eB  M05KCT 6b iT b  o n p e n e j ie H a  n o  c n e n y io iu H M  (jiopM ynaM :

0211C p
ir =
r fGH^rcK

Fr2vrcK =  0.05a>i Fr , -

(4.31)

rne 0)| yrnoBaa C K opocT b luecTepHH, [p a d /c e x ] ,

F n  h Fr,2 nonycKH Ha panHajibHoe ßneHHe 3yÖHaToro BeHua mecTepHH h  noneca, [a i].
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n p H  O T c y rc T B H H  3 K c n e p n M e H T a j iŁ H b ix  n a H H b ix  06 H 3H O ce  3 y 6 b e B  n p e ;iB ap H T e :ih H o  

M05KH0 npHHflTb I 2Cp = 0 . 0 1 + 0.02  MM.

4 .7 . BblBOflŁI

O c H O B H b ie  «Tora h BbiBOflbi, nonyneHHbie n a  o c H O B e  aH ajiH 3a  p a 6oT b i n o  p a 3 p a 6 o T K e  

T e x H O J io n iH  o u e H K H  H 3M e H e H H H  n a p a M C T p o B  3 a u e n n e H H n  b n p o u e c c e  S K c n n y a T a u H H  

M a u iH H b i cB O flH T cx  K  cnenyiomeMy.
1. P a 3 p a 6 o T a H  a n ro p i iT M  h  K O M n n e K C  B 3 a n M o y B H 3 a iin b ix  K O M t ib io x e p iib ix  r ip o rp a M M ,  

p e a n H 3 y io m H X  M o a e n b  nponi03HpOBaHHa n a p a M e T p o B  3auenneHHH 3 y 6 H a T o ií  n e p e u a n t  b 

tjjynKU H H  B p e M e iiH  3 K c n n y a T a u H H .  I lp o r p a M M b i  p a S o T a io T  b H T e p a iiH O H H O M  u h k j ic  

o n p e n e n c H H K  re o M e T p iiu e c K H X ,  K H H C M a T H u e c K iix  h  n H u a M iin e c K i ix  n a p a M e T p o B  3 a u e n n e n H j i,  

B  (jiyH KU H H  KO T O pb IX  npO H 3BO A H TC H  O IipC fleU eH H e H 3H 0C a  B  T O 'IK e  KO H T aKT a  H 

cH H T e 3H p oB aH H fl H O B o ro  npotju iJia. H h c j io  H T e pa iiH O H H b ix  u h k j io b  u p o i io p u n o H a j ib n o  

H a p a ô o T K e  - n a p a M C T p y ,  H 3 M e p se M O M y  b e n u H H iia x  n p o n y K U H H ,  n p o H 3 B o n u M O H  M au iH H O H .

2. B KaHCCTBC  OCHOBHOH  MO/iejIH  H3HOCa 3 y 6 b e B  B KO H TaKTH O H  TOHKC IipHHHTO 
n o j io iK e im e  o  n p o n o p u H O H a n b H O C T H  c y M M a p i io r o  H 3H O ca  f lB y x  T en  y a e n b H o f i  m o iu h o c t h  c u n  

TpeHH H , c  n o n o m iH T e n b H b iM  B B e n e m ie M  n p H im u n a  06 n p a M O H  n p o n o p u n o H a n b H O C T H  H 3H 0ca  

K a iK f lo ro  H3 T e n  n y r a  C K o n b w e H H H  h  o ö p a T i io ü  n p o n o p u H O iia n b i io c T H  t b c p a o c t h  

n o B e p x H O C x e ii.

3 . Y n T e t io  B nH siH H e n a  h 3 h o c  M r i io B e n n o r o  3n a u cH H H  T e M n e p a T y p b i b K o iiT a ic re , a 
T aK iK e  n u iM H H e  n p o x n R 0 3 a / u ip H b ix  n p H c a n o K  b C M a 3 0 H H b ix  M a c n a x .

4. B B c u c H i ie  b  o c H O B iiy io  M o u e iib  H 3H o c a  co cxa B J is iio m c ii,  3 a B n c a iu c u  ot 

p a n n a n b H o r o  o h c iih b  3 y 6 n a T b ix  K o n e c , n o 3 B O jn u io  y n e c T b  H a 6m o n a e M b iñ  b s K c n n y a T a u u i i  

cjiaKT H 3H O ca  3 y 6 b C B  n p u  C K o p o cT H  C K o n b iK e H iis ,  p a B H o fi H yn io .

5. P a 3 p a 6 o T a iib i T c o p e T i in e c K H e  n o n o jK e m ia  0 K p o .M o n n o M  K o n x a K T c  3 y6 b C B  h  e r o  

B n H B H H H  n a  H3HOC b  3 0 H e  B e p u iH H b i 3 y 6 a  a y S n a T o r o  K o n e c a .

6 . T e o p e T H H C C K H  o Ö o c H O B a n a  M C T o n o n o ru n  cH H T e3a  n p o iJ iH n e ii H 3 H O iu e H H b ix  3 y6 b e B  

3 y 6 u a T b ix  K o n e c ,  n o 3 B o n a io m a n  3a cn e T  n p H M e H e H iia  K y c o u H O H  a n n p o K C H M a u H H  c o  

c rm aH H O B O H  H H T e p n o j iH u iie ii a n n p o K C H M H p o B a T b  T on bK O  H 3 iio iu e H H b ie  y n a c x ic u  3y 6a. 

o c T a B u a a  H e H 3 M e H H b iM H  y n a c T K H  3 y 6 a ,  H e 3 a T p o H y T b ie  h 3 h o c o m .



5. y C J I O B iW  I I P O B E f lE H H il  3 K C IIE P H M E H T O B  n o  H3HOCY 3 Y E b E B  H  
M E T O A B IH 3 M E P E H H H  H 3 H O C A

f l i m  oueH K H  CTencHH  0Tpa>KeHH3 peantH O C T H  p a 3 p a6 o T a H H o ii M o n e n b io  n p o rn o 3 n p o B a H H a  

KHHeTHKH n a p aM eT p o B  3 a u e n n e itH H  3y6i>eB t u x c u o  H a rp y w eH H b ix  3 y 6 n a T b ix  n e p e n a n  

H eo6xonH M O  n p o B ecT H  cpaB H H T enbH biił aH anH 3 (jiopM bi ripocjiujieM  3 y 6 b e B , K O Topyro o h h  

n p n o 6 p e T a K )T  b  p e 3 y n b T a T e  4>H 3H necK oro m iia iu iiB a H H n  h  cjiopM bi, K O Topaa 6 y n e T  n o n y n e n a  

b p e 3 y n b T a T e  n H c n e im o r o  3 K crie p n M e n T a  n o  M o n e n n p o B a n n io  n p o u e c c a  H 3H au]H B ain ia  n n a  
o a h h x  h  T e x  w e  ycnoB H H .

B K anecT B e n p ii.M ep a  r s w e n o  n a r p y w e n H b ix  p a 6 o n « x  m e u ih h  6 b in n  n p rn iH T u  

y rn e n o 6 b iB a io m H e  KOM SaiiHbi, p a 6 o T a io iu H e  n o n  3 eM n e ił b T H w enb ix  ro p n o - re o n o rn n e c K H X  

ycjiOBuax, n p H  3n an n T en b H O M  B H eum eM  nuH aM unecK O M  n a rp y w e H H H  u b 3arp H 3 iien H 0 H  

a6 p a3 H B H o ii n b u ib io  aTMOC(]>cpe, h t o  o 6 y c n a B jn iB a e T  3H anH T enbH yio  C T eneH b H3HOca 

p a S o n u x  noB epxH O C T eii 3 y 6 b eB  3 y 6 n a T b ix  K o n e c  npH B o n o B  3 t h x  M aniHH.

S K cnepH M C H T ajibH bie  naH H b ie  o  neiiCTBHTenbHOH i])opMC npocjiH Jieii 3 y 6 b eB  6 b u n i 

n o n y n e n b i  n n a  n s y x  B apnanT O B  y cn o B H ii p a S o T b i 3 y 6 n a T b ix  K o n ec  o n u o r o  K n a c c a :

•  j ia 6 o p a T o p H b ie  n c n b n a u H f i  n a x y p H b ix  3 y 6 n a T b ix  K o n e c  b  p e w n M e  MaKciiManbiio 
c jio p c n p o B a H H o n  H a ipy3K H ,

•  3KcnnyaTauna 3y6naTbix Konec b nopManbHbix npoH3BoncTBeHHbix ycnoBHHX.
H c n b iT a iiH a  3 y 6 n a T b ix  K o n e c  b n a 6 o p a T o p n b ix  y c n o B iin x  n o3B O Jiann  o n e n i iT b  B n iw H iie  Ha

H3HOC 3y6bC B  (JiopcHpoBaHHOH H arpy3K H  b T eneH H e cpaBH H TenbH O  M anoro B p eM enn  

B 0 3 n e iłcT B n a , T o r n a  KaK n p o n 3 B o n cT B eH H b ie  H cn b iT a iw H  no3B O Jia :in  oueH H T b b jih u h h c  

HOMHHajibHOH H arpy3K H  b  T en eH H e B c e ro  n e p n o n a  3KcnnyaTauHH M auiHHbi.

5 .1 .  H C C JIE flO B A H H E  E G H A LilH B A H H fl 3 y E b E B  B JIA E O P A T O P H blX  y C JIO B H H X

5.1.1. O d o p y n o B a n n e  n u n  n p o B eu e in m  (JiopcupoBaiiH bix n c n b n a m iH  3y6beB Ha h 3h o c

H c c n c n o B a m ia  6biJiH  B b in o n H eiib i b naEopaTopHH K aijicnpb i « T o p u b ie  M auiH H bi» 
H o n e i iK o r o  ro c y n a p c T B e H H o ro  T ex H H n e cK o ro  y iiH B epcH T eT a (Y K p a u iia )  [ 5 3 ,7 5 ] ,  O chobhoh  
n e n b io  HCCJienoBaH H ii 6 b in o  o n p e n e n e H u e  H arpy3K H  3 a en a iiH n  3y6 b eB  3 y 6 n a T b ix  K o n e c , ho 
n o c K o n b ic y  b  n p o u e c c e  iicn b rraH H H  6 b in a  n o n y n e n a  m u jio p M aiiH n  o ([jopM e n p o ijiM iid i 

H 3H O iueH H bix 3 y 6 b e B , OHa 6 b in a  H c rio iib 3 0 B a n a  jinn oueH K H  aijxjieKTHBHOCTH M o n en n  

n p o rH 0 3 iip o B a H H H  ijiopM bi npoc})HjieH 3 y 6 b eB  b n p o u e c c e  hx  H3HaimiBaHHH.

HciibiTaHtia uaTypHbix 3y6naTbix Koncc npoii3Bonnnocb na pa3pa6oTaHHOM aBTopoM 
cneuiianbHO nnn 3Toro CTeHne H JIM -2. KuHeMaxHuecKaa cxeMa crenna iipcncxaBJiena Ha puc.
5 .1 .

C t c h a  BKJiionaex b ce6a  neTbipe penyKTopa h ajicKTpouBnraTeni.. OnHocTyneHnaTbie 
penyKTopbi /  h  2 , conepw auiH e HcnbiTbiBaeMbie 3y6naTbie Koneca, BMecxe c imaHeTapHbiM 
penyirropoM  3, paSoxaiom iiM  b pewHMe MyjibTHmiHKaTopa, o6pa3yiOT 3aMKHyrbiH KOHTyp c 
UiipKynnpyiomeH MOiUHOCTbio. HpoH3BeneHHe ncpenaTonnbix HHcen penyKTopoB 1,2 u 3 
paBHO enuiiH ue, n p u  s to m  mecTepHii penyKTopoB /  h  2 jmnmoTca BenymiiMii.

BcnoMoraTeiibHbiH KOHHnecKO-UHUHHnpHnccKHH penyicrop 5  oG ecnennB aer Tpe6yeMoe 
3HaneHiie y raoB oii cxopocTH B enyiuero Bana KOHTypa. 3nerrponB H raT enb  6  npHBoniiT
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CHCTeMy B ÄBHKeHHe, 3aTpaHHBas npH 3t o m  an cp rn io , paBHyio noTepa.M a iic p n in  BHyrpH 
3aMKHyroro K onrypa.

naaHCTapHBifi peayKTOp 3 aaMtiKaex KOHTyp h BbinojinacT (jjynKHHio narpyacaTcjia, 
AJia n e ro  e ro  Kopnyc c aaKpcruiennMM b  HeM 3y6liaTi>iM b c iu jo m  B nyrpcH nero  aaueruiem «! 
HMeeT B03M0)KH0CTŁ noBopoTa c noM oiubio rHApasjinHCCKoro flOMKpaxa 4  othochtcjiłho 
uenTpaJiŁHOH och . T ax as  cxeMa noBBoasex ocymecTBHTb njiaBityio Harpy3Ky-pa3rpy3Ky 
KOHTypa npw paöoxaiom cM  /jBHraTCJie h oöecneqHTb HanpaBJieHHe noTOKa nnpK yanpy¡om eíí 
mołuhocth b KOHType b cooTBCTCTBHH c HanpaBJieHHeM BpameiiH« Bcayipiix 3yöqaTbix KOJiec.

P hc. 5.1. KHHeMaTHMecKas cxcMa HcnbiTaTejibHoro CTeHaa HJ1M-2 1 n 2 - peay iaopb i c HcnbiTbisaeMbiMM 
3y63aTbtMH KOJiccaMii, 3 - nJiaHerapHbiii pepyKTop, 4 - nupaBJiHMecxHH ÄOMxpaT, 5 - 
BcnoMoraTeJibHbiii p cn y rro p , 6 - flBiirarejib

C tc h ä  paccMHTa» Ha ncpe/iaqy  MaKCHMajibHoro 3HaHciina m o ih h o c th , niipK yjinpyioiucii b  

KOHType P c= 7 0  Kem, m o ih h o c tb  flBHraxejis cocTaBJiscx P ^ - 13 Kein.
HcnbiTaHHSM noABeprajiHCb ronbKO mumimpHHecKHe npsM 03y6bie .jyönaxbie KOJieca, 

pasMemeHHbie b pcayKTopc 1. n a p aw e rp H  nciibiTbiBaeMbix kojicc (M oayjib, HHCJia 3y6beB, 
CKOpOCTH KaqeHHB, CKOpOCTH CKOJlb/KCHHH K03(J)(J)HUHeHT ncpCKpblTHH H flp.) ÖblJlH 
nofloßpaHbi cooTBercTByiomHMH cpe;iHeii qacTH flnana30H0B napaMeTpOB, xapaxrep iib ix  an» 
TB5KCJI0 narpy/KCHHbix 3y6qaTbix îiepenaq  ropnbix  M aiunn. n p H  sto m  3y6ba 3y6qaTbix kojicc 
H3roTaBJiHBajiHCb Ha o/jiiom h  tom  x<e 33boac, h3 t o t o  * e  MaTepHaaa, n o  o a h o h  h  to h  jkc 
TexHOJioraii, HTO u 3>'6'!aTbie KOJieca, nanpaBJiscMbie Ha cßopKy npuBoaoB ropnb ix  m huihh. B 
KanecTBe K opnycoa HcnbiTaTCJibHbix peflyicropoB Hcnojib30Bajincb KOpnyca ro p n b ix  ManiHH.

XapaKTepHCTHKa ochobhbix  napaMeTpOB HcnbiTbiBaeMbix 3yßqaTbix kojicc (p e fly rro p  /  na 
puc. 5 .1 )  ripHBCACHa b TaSji. 5 .1 .

KoHcrpyKUHH HcnbiTbiBaeMbix KOJiec 6bina ana/ioniHHa KOJiecaw, HaxoflamHMca b  

SKcnayaTaHHH, Tax o h h  Hape3ajiHCb Ha Tex x e  caMbix 3aroTOBKax. C uejibio yccjisrieiiiu i 
yjjejibHoii Harpy3KH na 3y6bs HcnbiTbiBaeMbix KOJiec h o 6ccn e lieiiHX MaKCHManbHOH OTflaqu 
o t  o ä h o h  napbi KOJiec b KoncrpyKUHK) 3y6naToro Beuna G hjih BHeceHbi cjicAyiom ne 
H3MeHeHHx:
•  3y6bH BbinojiHHJiHCb y3KHMH - c AJiHHOH, paBiioft 2.5 MOAVJUI 3auenjieHH>i;
•  Ha OAHOM 3y6naT0M BeHue pa3M emanocb ABa p a n a  3y6bes (cm. puc . 5 .1 ).
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TaôjiHua 5.1
OcHOBHbie napaMcrpH ncnbiTbiBaeMOH 3y6HaTOH n e p c / i a m i _______________

FlapaM eT p u ie c T c p u s K OJieco

H c x o flU b iii  KOHTyp TOCT 13755-81 
(PN-78/M-88503)

M o a y j ib 1 2 M M

H u e s a  3 y 6 b eB 11 31
Ko3(t)ci)HUHeiiTbi cM em eH H S  i i c x o p u o r o  KOHTypa 0.55 0.30
/lliaM C T pb l OKpySíHOCTCÍÍ BCpllIHH 164,20 m m 401,94 m m

M e> K oceB oe p a c c T O s n n e 261.09 m m

C T e n e n b  t o h h o c t h  n o  TOCT 1643-81 (PN-79/M-88522) 9-9-8B
C p e a n s s  apH ([)M eTH H ecK as m e p o x o B aT o cT b 6.3 M KM

flj iH H a  3 y 6 a 32 m m 30 m m

Y r a o B a s  C K opocT b B e a y m e r o  B a s a 19.26 p a d / c e K

B pam aïoL U H H  m o m c h t  n a  B ca y m e M  B a s y 3634 hm

M a T c p i ia a  h  T e p M im e c r a s  o 6 p a 6 o T K a
cT a jib  25X2THTA 

u e M e iiT a n H s , 3aK ajiK a

58+62HRC
r i p e p e n  T eicynecT H  M a T c p n a s a  3 y 6 n a T b ix  KOJiec 1300 M ila
Moayjib y n p y ro c T H 210000 MUa
Ko3([)<l)Hij,HeHT riyaccona 0.3

T ara s  KoiicTpyKims no3BOJiseT 3a c n e r  nepecTanoBKH Koaeca bîiojii. B a s a  h p e B c p c u p o -B a -  

h h s  naiipaBJienHH B paiucnns oôecneHHTb oa h o h  n ap o n  3y6iaTbix ko;icc ’le r a p e  n c n b r r a -H i is .

C b ia 3 K a  3yo>iaTbix KOJiec ocym ecTBJisaacb OKyiiam icM  b M a c n s H y io  BaiiHy. H a s i m i e  

c n e u n a j ib H o i î  6 biCTpocbeMHoii KpbiuiKH b Kopnycax  HcnbixarejibUbix pepyicropoB oöecnem i-  

Bario j ic tkh ü  aocT yn  / i s s  ocMOTpa c o c to sh h s  3y 6 beB h ripo ioBoacTBa H 3 M e p e n H S  n x  r a n o c a .

D re n a  H JIM -2 oôopyaoB an ii3MepiiTeBbHbiMH ys/iaMH, no3BoasioiHHMH n o jiynan . 
nnc|)opMamíK) o  c jieay io m n x  napaM eTpax HccjieaycMoií 3y6HaToîi n ep eaa iH :
• Bpam aiom nH  m om cht M e h a bi.ixoahom  Bajiy BcnOMOraTesbHoro peayKTopa, t o  ecTb 

MOMCHT, nponopuHOHanbHbiii m oihhocth , pacxoaycM oii Ha TpeHue BHyrpn 3aM K iiyroro  

KOHTypa ( e c u h  npeueöpcMb n 3 M e n e i in c M  C Kopocra poTopa aaeKTpoflBuraTcas);

• B p a in a io u in f i  M O M e H T  M¡ H a  B e a y m e M  u a j iy  p e a y K T o p a  1, t o  c c t b  m o m c h t  B H y rp ii  

3 a M K H y r o r o  K o ir r y p a ;

• T e .M iie p a ry p a  N iacn a  b  p e a y K T o p c  t,„;
•  c p c a u s s  TCMncpaxypa 3y6a mecTepHH t t  (xepMonapbi KpenHJincb n en o cp eac iB en n o  k  

TopnaM 3y6beB luecxepim );
•  H3HOC b  1 0h-20 TOHKax no BbicoTe 3y6a.

H ii(| )op .M anH a  ( x p o M C  H 3 n o c a  3 y 6 a )  H e n p e p b iB H O  p e rH C x p iip o B a j ia c b  c  n o M O iy b io  

caM onum yiH cro n o T e u m io M e ip a .  I le p i io a i iM c c K H ,  no M c p c  h c o ô x o o t m o c t h , n p o n 3 B o ;n i: io c i.  

o c u H J iB o rp a < j)n p o B a H n e  B p a m a ro tn u x  m o m c h t o b , a T a race  H 3 M c p e H « e  H 3H o c a  3 y6 b e B .

XapaKTep iom ch ch iih  Bpauiaiom iix m om chtob M e u M, no pe3ynbTaxaM 
ocpHJinorpaiJrapoBaHHS noraxaH  Ha piic. 5 .1, n a  KOTopbiñ a n s  n a rn s /m o c™  Hanecena 
ocuHBJiorpaMMa, noKa3biBaiomas xapaKTep h3m chchhh MOMeirra BHeuinero conpoTHBJieHHs 
o ;iiio» H3 rop iib ix  ManiHH [2 0 ] .

Ha o c u H J in o r p a M M e  M O M e n x a  M, m o j k h o  B H aeT b  a b c  r p y n n b i  H a c x o x  e r o  H SM e n e n n a .  

B b ic o ra s  H acTO Ta h b /i s c t c h  3 y 6 u o B o f t ,  a G o n c e  m o r a s  o ö y c .n o B iie n a  t c m , h t o  p c a y x x o p b i  1-2- 
3 c o e a i iH e iib i n e n u b iM H  M yfjiTaM H. B a a r o a a p s  n a j im i in o  H e c o B i ia a e im s  o c e ii  BasoB, M a/ ioM V
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(z=5) HHcny 3y6bCB Myt})T, cjiynannoM y pacno;io>Kcnmo BCKTopoB aono;m n rc;ibKoii Harpy3Kn 
B Tpex MytjíTax Bpam arom nñ momcht BHyrpn KOHTypa HBJiaeTca riepcMcunuM.

P u c . 5 . 2 .  X a p a K T e p  H 3 M eH C H H 5! B p a m a i o i U H X  m o m c h t o b  Ha Baaax C T e i i a a  H J I M - 2  1 - B H y r p H  3 a M K n y T o r o  

K O H T y p a  ( A / j ) ,  2  -  a n e  K o r n y p a  ( A / r )  3  -  n p i i M e p  x a p a K T e p a  i i3 M C H e H i ia  m o m c h t s  B i i c i i m c r o  

c o n p o T H B a e H H B [ 2 0 ]

KaK BHfluo H3 puc. 5.2. nacroT a H3MeHejina btoto MOMenTa naxo ,w rca  b a n a iia -joHc 
MaCTOT II3MCHCHH!] BHeiUHerO MOMCHTa COnpOTHBJieHHH JIÍJH ropuwx MaUIHH, 3y6'laTLIC 
KOJieca KOTOpbix iicribiTbiBajmcb n a  c T c im c .

5 .1 .2 . n p n 6op  h  MeTOflHKa łm ic p e n n a  in n o c a  3y 6a

I l p n 6 o p ,  c x e b ia  K O T o p o ro  npeflC T aB jieH a n a  p n c .  5.3, H B JiaeTca naK Jia/n ib iM  

c n eu n a jiH 3 H p o B aH H b iM  ycTpoHCTBOM  jijih  H 3 M ep e n n a  H3HOca 3 y 6 a  b  (JjU K cnpoB an iib ix  TOMKax 

no  / y i n n e  BBonbBCHTHOPo n p o ( [w j ia  n ep eB ep c H B H b ix  3 y 6 n a T b ix  n e p e ^ a n  [53,54],

Phc. 5.3. CxeMa npaSopa ä h h  MMepemut H3Hoca a y ö b e B  a y g a a T b i x  K o j i e c

n p u H u n n  p a 6oxbi n p u ß o p a  ocuoBan na ,nByx raaBHbix noaoaceHHax:
• 6 a 3 0 H  n p i iô o p a  b  m o m c h t  H 3 M e p e H H a  a B j ia e rc a  He p a ß o r a io u iH H  n p i i  / la m io M  HcnbrraHHH 

npocjnuib 3y6a,
• H BH 5KeH ne  x o p n y c a  H 3 M e p H T C J iL H o ro  y c x p o n c T B a  o c ym e cT B J ia e T ca  n o  n y r e  o k p j o k h o c t h , 

O KBH flH CT anTH O H  O K p y a c H o c ra ,  n p o x o n a in e i i  n ep e3  T p n  t o h k h  o B o a b B e ir r n o r o  n po tjm jia  

3 y 6 a .
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n p iró o p  COCTOHT H3 flByX 'laCTCH - OCHOB3HHH I H H3MepHTe;ibH01'0 pbm ara II. Pbl'iar II 
ycTanoBJieH b ono p ax  Ha nciiTpax (xepnax) ocHOBanmt I h  m o ^ c t  noBopamiBaTbca 
OTHOCHTejibHO o ch  Ok , noaoixeHHe xoTopon Bbiöpaiio T3Khm o6pa30M, h to ô l i  ay ra  
Oxpy/XHOCTH paiu iyca  Rk  n p o x o a n a a  nepe3 Hananbuyio A, cp eam o io  K  (oCbm no noaioc  
3anenneHH«) h  xoneHHyio C to h k h  a ianB iioñ  n a c ra  3BoabBenTHoro npocjmna 3y6a.

O cH O B aiiH e r ip i iG o p a  B binojiH eH O  b Biiae paM bi c u in p H H o n , paBHOH m iip H H e  3 y 6 n a T o ro  

B eH u a , o x B aT b iB a io m e ii c  T o p n e B  3 y 6 n a T o e  x o j ie c o .  J le B a a  n a cT b  paM bi 3a(j)opM O B ana b c n e n o x  

1 BnaAHHbi 3 y 6 a ,  B binoJiH eH H w it h 3  J ie rK o n jiaB K o ro  M e T a j in m e c K o ro  c n jia B a  c m ojim m  

K03(J)(J)HHHeHT0M y c a a x n .  Ha K p o m u T e ih ie  paM bi y c T a n o n jie n b i a n a  H iia iiK a x o p a  n a c o B o ro  

T w n a  2 ,  cM em eH H b ie  k  T o p p aM  3 y 6 H a T o ro  x o a e c a ,  H 3M epnT enbH bie  naK oncB H iiK H  x o T o p w x  

O H H paioT ca n a  n o B e p x n o c T b  B e p m n n  3 y 6 b eB . K p o M e T o ro , c o c n o B a n n c M  r ip n ß o p a  I x c c c tk o  

CBH331I x p a n o B b n l  ccK T op  8 , n e i n p  K O T oporo  c o B n a a a e r  c t o h k o h  Ok- C i io m o lu m o  

npn>KHM Hbix S o j i t o b  6  o c H O B a n n e  n p n ß o p a  I ( ¡m x c n p y c T c a  o t h o c h t c j i b h o  3 y 6 n a T o ro  x o a e c a .  

PaccTOBHHC M e * a y  o n o p H o ii  noB epxH O C T bio  c j ie n x a  1 h  o n o p iib iM H  nonepxH OCTXM ii 6 o ; i t o b  6  
o n p e a c a a c T C f l  h j i h h o h  o ô in e n  H o p M a n n  n c c n e a y e .M o ro  3 y 6 n a T o ro  x o j ie c a .

Ha H 3M e p n T e j ib H O M  p b in a re  II 3a K p e iu ie H  n o a u p jo K H i ie n i ib i i i  c T o n o p  3 x p a n o B o r o  ce ic ro p a  

8, H H a n K a T o p  n a c o B o r o  a n n a  4  h  n e p e a a T O H H b in  a s y x  n a e m in  p b m a r  5 . O / m o  n a e n o  p b m a ra  5 
B o c n p in iH M a e T  y c H J in e  H 3 M e p n T e a b H o ro  H a K O H e m m x a  tmnnKaTopa 4 ; BTopoe n a e n o  n e p ca  

m y n  7 , H M e io m u M  H a  B e p im m e  c ra a b H O H  m a p n x  a n a M e r p o M  0.5 m m , co a / ia c r  n 3 M e p n T c m .n o c  

y c H H H e  b TO H Ke 3 a M e p a  H 3 H o c a  3 y6 a .

T lp n  n o B o p o T e  n 3 M cp n T C J ib n o ro  p b m a r a  B o x p y r  o c n  Ok m y n  7 , c k o jib 3 h  n o  n p o t j in m o  

3 y 6 a , B03flCHCTByeT no cp eacT B O M  p b m a r a  5 n a  im a n K a T o p  4 , x o T o p b iii p e rn c T p n p y e T  

O T K ao n eH n e  3 B o ab B eH T H o ro  n p o tjn u m  o t  a y r a  p a a n y c a  Rk- H a j im m c  x p a n o B o r o  M cxaHH3M a, 
o 6 p a 3 0 B a n n o r o  x p a n o B b iM  ccK T opoM  8 n C T onopoM  3, a a e T  B03MO*HOCTb ciiH M aT b noK a3aim >i 

n n a H K a T o p a  4  n p n  n o B T o p H b ix  H 3 M c p e H H S X  b  o a n n x  n  T ex  ace t o  w a x  n p o (|in jiH .

Pa3H 0C Tb M ex cay  noxaîaHHHMH n n a H K a T o p a  4, 3ap ern cT p n p o B aH H b iM H  n p n  oÔMepe 
n e ii3 H o in e H H o ro  3 y 6 a ,  a  3 b tc m  n p n  o 6 \ i e p e  T o r o  x<e c a M o ro  3 y 6 a  n o c a e  H c iib r ra u m i noa 
narp y 3 K O H , n p e a c T a B a a c T  c o 6 o n  m in e H U b iii h 3 h o c  b  n a n p aB J ie n H ii H o p M ajin  k  x o ir r a x T n o n  
riOBepxHOCTH b  a 'a n n o n  t o h k c  3 y 6 a .

B CBH3H c TeM, HTO MHCjio Tnnopa3MepoB 3y6naTbix Koaec, noaBepracM bix pccypcHbiM 
HCnblTailHKM C OneilKOii HX H3HOCOCTOHKOCTH, KaK ripaBH/IO, O'ICHb orpaitHHCHO, TO 
neaecoo6pa3H o H3roTaBanBaTb onncannbiH  n p n ô o p  cnen n aab iio  a n a  H3Mcpemw ii3noca 
3y6beB KOHKpcTHoro 3y6naToro Koneca.

HcxoaHbiMH napaMerpaMH a a s  npoeKTiipoBamia n p n 6opa SBamoTcs CTaHaapTHbie 
xapaxTepHCTHKH 3y6naToro x o aeca  (cm. Ta6a . 5.1), a Taioxe p aan y c  oxpyxcnocTH RK h 
KoopannaTbi Tonex A. K, 5 , Ok (cm. pnc. 5 .3). K oopannaTbi to h c k  A, K  n  B BbiancnaroTca no  
(JiopMyaaM 2.3 n  2 .4  b (j)ynKunn 3BOJibBCHTHb:x yraoB: aA=0CE (cm. (|>. 2 .93 ), aK=Otb=2011, 
a B= a n  (cm. (Ji.2.94). ü o  nanacHUbiM xoopannaTaM  c nosiom bio Bbipaixcmin 2 .29  n 2 .30 
Bbm ncaaeTca 3HaMenne p a an y c a  R k- K oopannaTbi neHTpa noBopoTa H3M epineabHoro pbm ara 
b 3TOH >xe cncTeMe x o o p an H ar (cm. p nc . 2 .5) 6y a y r  paBiibi:

x OK =  X K -  %  c o s(«6  + ß b ) I 

YoK = Y K - R KM c c b + ß b) J ‘

II o c n e  H 3roT O B aeH H a o c h o l h m x  y 3 ao B  n p n 6 o p a  n p o n 3 B o a n T c a  e r o  n a c T p o ñ x a ,  a a a  n e r o  b 

ocH O B am ie  I y c T a iia B a iiB a e T c a  c n e u H a jib i ia a  o c b , n a  x o T o p o n  npoT U B  H 3 M e p n T e a b n o ro  rn y n a  

3 a x p e n a e n  m ia n n a p im e c K n i i  c e x T o p  c p a a n y c o M , paBHMM R k- B tb k o m  n o ao ix eH H H  
H H a n x a T o p  4  y c T a n a B J iH B ae rc a  H a H y a e B o e  a e a e H n e  n p n  o 6 e c n e > ¡e n H n  3 a n a c a  x o a a  

H 3 M e p H T e a b iio ro  n iT o x a  a a a  H 3M epennH  M ax c H M a a b n o ro  3 n a 'i e n n a  H 3H oca, n o c a e  ñ e r o  o c b  

a eM O H T u p y eT c a  n  n p o n 3 B o a n T c a  o x o im a T C J ib ita a  c ß o p x a  n p n S o p a .
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/Jo  H a n a k a  pecypcHbix H c n b iT a n n i i  H a  h 3 H o c  r ip u ñ o p  y c T a H a B j iH B a c x c a  n a  im ie p a e M o e  

3 y 6 n a T o e  x o n e c o  h  B p e M e H H O  (c n o M o m b io  H e n o i< a 3 a H H t ix  H a  p u c .  5 .3  6 o k o b ł ix  b h h t o b )  

(j)H KCHpyCTCa B  T aK O M  no;iO>KCHHH, HTOÖbl H H flH KaTO p  4 n O Ka3b IBaj] B T O M KaX  A, K  H B 
3naH e H H H  H a  0 .0 1 + 0 .0 2  mm MCHbuie n y n e B b ix  (c u e ; ib io  K O M n e H c a u H H  n o c n e n y io m c r o  

noxpKaTHs c jienxa  k  3 y 6 y ) .  B  s t o m  n o n o * e H H H  x o p u b i BnanHHbi c j ic b o íI  n a c x b io  paw i.i

0CH0B3HHB 3aiCpLIBaiOTCH CBCMHBIMH 3KpaHBMH H npOH3BOflHTCH 33JIHBKa BnaflHHbl '/KHflKHM 
cnnaBOM Ha ocnoB e BHCMyxa, ojioBa, c am in a  h  ican.MHa c xeM nepaxypoñ njiaBiienMH 
100°+1 10°C. ü o c n e  ocTŁiBaHHH crinaBa 3KpaHbi ynanaioxcs u  c  noM ombio ö o n x o B  6 

npoH3BOflHTCH no«H<aTHe cJiensa  BnannHbi k uepaooHCMy npotjíHjiio 3y6a, n o cn e  nero 
cTpeiiKH HiifliiKaTopoB 2 ycTaiiaBJiHBaioTcx Ha HyneBoe neneHHe.

B 3TOM nojiOHcennn n jiH B cex  ToneK KOHxaKTa H3McpiiTe.ibHoro m yria c  3y6oM c 
HHHHKaxopa 4 CHHMaioxca h  3anncwBaioxca b xcypnaji ncnbiTannH 6a30Bbie noKa3aHHa. B 
HHCJIO 3XHX XOHCK B 06a3aXCJlbH0M IIOpXHKC flOJDKHa 6bIXb BKJHOHena KOHXpOJlbHaa XOHKa,
n ax o n aiu an cs m oxe x o h k h  B  b 30hc, n e  nonsepraeM oñ  H3Hocy. Kpoxie ro ro , n n a  Kaaqioro 
3y6naxoro  Kojieca (JwiKCHpyeTcs cm cuichhc Si, - ox KpoMKH BepuiHHbi 3y6a n o  nocjiennen  
xoHKH H3MepeHHH H3Hoca. B n a n H H a ,  b Koxopoñ iiaxoflHJica c jienox, HOMenaexcH jh o 6hm  
cnocoóoM , o 6 ecne'iHBaiou.iHM ee pacno3HaBanne n p n  nioow x pc>i<HMax HcnbixanHÜ, nocne 
nero  nptiG op neMOHTHpyexca c  ayonaxoro  KOJicca h  xpam ixcji n o  o n ep cn u o ro  npouecca 
H3MepeHHH B MeCTC, 3aiHHIHCHH0M OT MeXBHIIHeCKHX H n p y rn x  B03neHCTBHH.

O 61HHH BHn n p u ñ o p a  ;uia H3MCpcHHH H3Hoea 3y6a HcnbixaxeabHOH niecxepuH pcnyxxopa 1 
c ieH n a  14JIM-2 noKa3aH H a pnc . 5.4.

Pac. 5.4. rip aß o p  ana  n3Mepewia n3Hoca 3y6teB 3y6HaToro Koneca (m = 12.uw h z =  11)

r i o c n e  OKOHHaiiHH o n p e n e n e n H o r o ,  o S y c n o B .x cH H o ro  n p m w x o i i  M ex o n n K o ií, a x a n a  

H cn b rraH H Íi 3 y 6 n a x o H  n e p e n a n n  u p u ó o p  y c x an a B jiH B ae x c a  b n o M c n e m iy io  e n a n m iy

(O H H iq C H tiy iO  OX C nC n O B  C M B3KH  H M C X aU H H C C KH X  B Kn lO H C H H Ü ) H C IIO M O m b lO  yCXaH O BO H H blX  

o o n x o B  6  n o G iiB a io T c a  x a x o r o  h o b o h í c h i i h  n p n 6op a , h x o 6 m  c x p e n K H  H H n n K a x o p o B  2 6b i;m  n a  

H y n e B O M  n e n e im n ,  a  n o K a 3 a im a  i iH n n x a x o p a  4 , y c x a H O B n e H H o ro  b  K O H x p o j iM iy io  x o h k v , 

c o o x B e rc x B O B a n H  3 a p e rH C x p H p o B a n n b iM  6 a 3 0 B b iM  n o x a ia i i i ia M .  Fio O K O iiH a iiH H  y c x a n o B K H
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n p n 6 o p a  npOH3BOAHTCH CHHTbiBam ie h o b m x  n o K a 3 a H H Íí c  H H ^U K aT opa 4  h  n y T e w  n x  

cpaBH eH HB c  6 o 3 0 b ł im h  noKa3aHHBM H o n p e a c jm e T c a  3 i ia 'i e n n e  ii3 H o c a  /,  b c o o t b c t c t b y i o u i h x  
TOHKax 3 y 6 a :

I i = ab i ~ a i > O ś i  < n z , (5.2)

m e  a¿j¡ h  a¡ - 6a30Bi»ie h  T C K ynm e noK a3aH H H  m ia iiK a T o p a  b to m k c  c  HOMepoM i, 

tlz - HHCJIO TOHCK H3M epeiIHK H3HOCa.

M H H H M a j II lH O e  HHCJIO T O 'ieK , n p H  KO TO pO M  MOJKHO flO CTO Bep iIO  O H H CaTL  npocjnu ib  

i i3 H o m e H H o ro  3 y 6 a ,  m o> kho  n p H H H M a T b  p a B H U M  n!Mm= 10, M aK C H M a jib H o e  -  n!MaKC=20, T a x  Kan 

c  p o c T O M  n!Mmc n o B b iu ia iO T C s  T p c S o B a n n s i  k  t o h h o c t k  n o  y r n o B O M y  m a r y  x p a n o B o r o  

M cxanH 3M a.

i l p n  n c p e x o f le  k  H 3 M e p e n H io  H 3 n o c a  a p y r o r o  3 y 6 > ia T o ro  KO Jieca  n p o H 3BO,UHTCn 

B b m jiaB JieH u e  c j i e n x a  u  n p n 6o p  6 a 3 n p y e T c a  Ha h o b o m  3 y 6 n a T O M  KOJiece c  3 a jiH B K o ii B n am iiib i 
3y6 a .

n p n ß o p  p e r H c r p H p y e r  h 3HOc b ( j)ynK i(nn  k p h b o jih h c h h o h  K o o p /u m a T b i -  jyiHHbi 

BBOJibBeHTbi, KOTopaH o n p eH em icT C ji a m  n p o n3B O JibH on  t o h k h  c n e a y io m u M  o 6 p a 3 0 M :

L¡ = L e  -  AL(nz -  i) -  8 l , 0 < i < nz , (5.3)

R/, 2
m e n n m ia  3BO B bBeH T b i n a  B e p m H iie  3 y6 a ,

(P£=lgCf£ - yron pa3BepHyrocTH 3BonbBeiiTbi Ha Bepmune 3y6a,
a£  - 3BOJibBeHTHbiH yron Ha BcpmiiHe 3y6a ( c m . tji. 2.93),

2k
AL = —  R k  - m ar ricpcMcmciiHH H3MepHTejibHoro myna no npoijinmo 3y6a, 

zs
Zs - nom ioe h h c j io  3 y 6 b e B  x p a n o B o r o  ce K T op a ,

di. -  paccT O H H iie  o t  k p o m k h  B e p m n iib i 3 y 6 a  ao n o c n e m ie i i  to m k h  H 3M cpcniiH
H3HOCa.

Flo 3iiaHCHiiHM h j ih h b i  SBOJibBCHTbi o n p e n em n o T C H  y r jib i  p a3 B ep H y ro c T H  B B o n b B eirn .i <p, n 

aiiOJibBCHTHbie y r j ib i  a,:

2 Lj

a ,  =  a r c tg  (p¡
(5.4)

C x e M a  n p e o 6 p a 3 0 B a n n a  O BO JibBCHTHbix K o o p / m n a r  b  c u c T e M y  n p H M o y ro J ib n t ix  K O o p f lH H a r  

n p e n c T a B J ie n a  H a p u c  5.5.
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P a c .  5 . 5 .  C x e M a  n p e o 6 p a 3 o n a n n s  a R O J i b t i e i m i b i x  b  n p s M o y r o j i b i i b i e  K O o p a H n a T b i  H 3 H o i a e i m o r o  n p o i f n u i s  3 y 6 a

H3 puc. 5.5 cncayioT oacBiiaiibie cooTHOiueHHfl aaa BbiHHCneiiHH upa.MoyrojibHbix 
KoopanHaT npocjiHJia n3HomeHHoro 3y6a n o  3HaneHHio H3noca 3aMepeHHoro c noMomi>io 
onucaim oro npn6 opa:

Xj = R¡ cosy,- -  x 0 -  /, sin(<p,- - y0) 

y¡ = R¡ smy,- -  cos(% -  y0 )
(5.5)

rae  R¡ - Rh
c o sa ,

p a an y c -B C K x o p  t o h k h  a¡ n a  3BoabBeHTHOM  n p o t jn ia e ,

y¡ - y raoB aa KoopanHaTa paanyca-BeKTopa R¡.
OcHOBHblMH (j)aKTOpaMK, BJIHJIIOLLBIMH Ha TOHHOCTb H3MepeHHH, SBJIHIOTCB:

•  OTKaoHCHne TpaeKTopHH aBHJKeHHH H3MepHTe;ibHoro m yna  o x  HopMann k  3BoabBeirre b 

TOHKaX 113MepCHHa;
•  norpeniHOCTb 6a3npoBaHHa, oSycjiOBJieintaH MHOrOKpaTHbiMH ycraHOBicaMH npnG opa b 

o a n y  h  Ty >i<e B n aan n y  3y6beB.

Kax noKa3aaH pc3yabTaTbi aHaan3a [53], b h h h h h c  o t k j io h c h i i í i  TpaeKTopHH aBinKemta 
H3MepHTeabHoro HaKOHeHHHKa m y n a  o t  nepneH anK yaspa k 3Bo;n>BCHTHOMy npotjmmo (ri‘- n" 
Ha p nc . 5.5) Ha t o h h o c t b  H3MepeHHa H3noca cpaBHHTeabno HeBeaHKo. no rp em n o cT b  
H3MepeHHH B  3TOM CJIVMaC B  OCHOBHOM 33BHCHT OT CpeaHeft KpHBH3HbI OBO.'lbBCHTbl npOtjlll/IH
3y6a, oupcacasc.MOH h h c h o m  3y6beB aoaeca z, h  m o jk c t  6 b it l  nanaeH a no  (jjopMyae:

8 0 =  ~ % .  
n ,3

(5.6)

TaKHM o 6 p a 3 0 M , ecan a o n y c T H T b  n o rpen iH O C T b  H3McpciiH>i <50 =  3 % , r o  n p n 6 opoM

aailHOH KOHCTpyKUHH MO'/KHO H3MCp«Tb H3HOC 3yÓHaibIX KOaeC C HHCJIOM 3y6beB z S  10.
M o a y a b  3 a n e n a e n in i  n a  B e a n m n iy  n o rp cu n io cT H  npaKTHHCCKH lie  BaiiHCT, oanaK O  n p ii 

M o a y ae  M enee 3 mm B03pacTai0T TpeooB am ifl k  t o h h o c t h  in roT O B aenH s KinieMaTHHecKHX n ap  
n p n ó o p a , Tax k b k  c  yM eiib inenneM  M o a y aa  yM CHbiiiaexca h  aG cojnoTH aa BejiHHiina H 3noca, 
T o ra a  Kax n o rp e u m o c T b  H3MepeHiia npaicTHHecKH He M e n se ic a .
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riorpeuiHOCTb 6a3nposaHHsi n p n 6 o p a  onenHBaaacb Ha ocHOBe cTaTHCTHHecxoK ouch k h  
pe3y;ibTaxoB H3MepeHHił o /m o ro  h  x o ro  w e npotjiHaa (m=\2 mm, z=31) n p n  HHcae ycxanoBOK 
paBHbiM 50. ripoBcneiiHbiH aiia.'iH3 noxa3aa , 'r ro  aoBepuxeabHbie nirrepBa;ib! ¡\:va c p ea n ero  
KBaapaxHHecKoro o tk h o h c h h h  norpeuiH ocxeñ roMepeHHH b oxaejib iiu x  Toaxax nepecexaioTca 
h  c BepoaTHOCTbK) 0.99 movkho CHHxaxb noxa3aHHS miaHKaxopa npHHa/uiewaiHHMH o/inoii 
reHepanbHOH coBOKynHocxH, nnx xoTopoñ cpe/ineKBaapaxH'iecKOc oxioioHeuHe paBHO a, =  
0 .0 0 2  mm.

O K O H H axeabH O , a G c o n io x i io c  3H ancH H e n o rp e u iH o c x H  n 3 M e p e n n a  H 3 iio c a  HaxaaaHbiM 
n p H 6 o p o M  6 y a e x  p a B iia :

A l  = &^3cr( + —  / max 1 , (5.7)

r a e  lmax - MaxcHMaabHoe 3 H aaeH H c H3HOca, cjaiKcupyeMoe n p u ñ o p o M ,

Jfc= 1 .3+ 1 .5  - kod(])4)h u h c h t  BaHHHiw H eyH T enH bix  (JiaKxopoB.

5.1.3. M eToaH K a h p e3y jibxaxb i .iaO opaT opiib ix  H cnbiT aiin ií 3y6aaT bix  Ko.xec

B cooxB excxB H H  c  n o c x a B a c H H o ñ  u e i ib io  - o iie n H x b  3(])(J)eKXHBHOCTb CM a30HHbix Macea, 
j ia G o p a T o p u b ie  H cnbixaH H H  3 y 6 n a x b ix  n a x y p H b ix  x o a e c  n p o H 3 B o a H a n c b  r ip ti a s y x  p e w iiM a x :

•  pewnM  1 - onpeacaenH C  narpy3KH 3aeaaH iia,
•  pewiiM 2 - cpaBHHTcnbiiaa ouenKa H3HOcocxohkocxh.

HcnbiTbiBanHCb cneayioinnc XHnbi Macea - aBxoxpaKxopHoe AK-15, HiiaiinapoBoc U.-24, 
HHaycTpHaabHoe H-45 h  TpaHCMHCcnoHHoe aBxoMo6nabnoe Tan-15B, coaepwamee b 
KaaecxBe npoxHB03aaHpHoii npncaaKii ocepHCHHbiñ xexpanponHaeH.

Haepy3Ka 3aedaiuiH o n p e a e a a a a c b  n o c a e  o 6 k 3t k h  3 y 6 a a x b ix  x o a e c  n o  0.5 nac 6e3 
H arpy3K H  h  c  H a rp y 3 K o ii, c o o x B e x c x B y io m eH  KonxaKXHbiM H anpaw eH iiH M  o>/=300 M íla, c 
n o c a e a y io m iiM  c ry n c H a a x b iM  noB bim eH H eM  n a rp y 3 K H  a o  i ia c x y n a c H H a  3aeaaH H H . I l e p n a a  

c x e n e H b  c o o x B e x cx B O B aaa  O)/=650 M il a, H a K aw yioii u o c a e a y io in e i í  c x y n e H ii (e c a H  He 
n a c x y n a a o  3 a e a a H iia )  KOHTaKXHbie n a i ip a w e m o t  y n e a n H H B a a n c b  n a  200 M ila , a o  a o c x H w e m ta  

n p e a e a b H O H  BeaHHHHbi Cf//.woltc=2000 M ÍIa. BpeM H  p aG oxb i n a  K a w a o ü  c x y n eH H  p aB H a a o c i.
0.15 uac.

CpaeuumenbiiaR oąenKa inHococmomocmu 3y 6 b eB  3y 6 a a x b ix  x o a e c  n p n  n p H M eH e m u i 

p a 3 a n liH b ix  M a c e a  n p o n 3 B o a n a a c b  n o  M e x o a n x e , S a a n p y io m e n c a  Ha H M nxaH .nn c p e a iiH x  

ycaO B H ił a x cn a y a T a H H H  X H noBbix ro p H b ix  M auiHH. C s a o  ¡i n e a b x )  3 y 6 a a x a a  n e p c a a a a  

o O x a x b iB a a a c b  b pew iiM C  n p n p a G o T K ii, xapaxT epH O M  npHHHTOMy Ha 3 a B o a e -H 3 ro x o B H x e ae  
y ro a b H b ix  xoM GaHHOB, n o c a e  n e r o  H c n b rra in iH  n p o B o a H a n c b  c  n p c a c a b i io  aonycT H M O íí 

H a rp y 3 K o ií b t c h c h h c  6 o a e e  a a n x e a b H o r o  ( n o  cpaB H eH H fo c  nepBM M  pewHM OM ) BpeM eHH.

B bi6op npeaeabH O aonycxiiM oñ Harpy3xn ocHOBan n a  xom, nxóSbi MaxcHMajibHo 
c|)opcHpoBaxb HCHbixaHHa, h, b xow e BpeMH, noayHHTb noBpewaeHiia 3y6beB, xapaxxepHbie 
a a a  sxcnayaxauHOHHbix ycaoBHH. 3a npeaeabHO aonycTHMyx) n a rp y ax y  npiniHManca 
B pam aioiniiii m omchx B nyrpn  3aMKHyroro xonTypa TMaKC, n p n  xoxopoM xoHxaxxubie 
Hanpaw eH ua b 3y6bax 6bian  paBHbi o>/=l 850  M íla, hxo cooxBexcxByex n p e a e a y  xoHxaxxnon 
BbiHOcaHBocxH MaTepnaaoB 3y6aaxbix xoaec  ropHbrx MauiHH n p n  a n c a e  uhkjiob  A'v= 1 0 \  
n o cx o ab x y  3anac nponHocTH n p n  pacaex ax  Ha xoHxaxTHyio ripoMiiocxi, aonycxaexca  
npHHHMaTb paBHbiM eHHHHne. Pcw hm  ripnpaOoxxH npeacxaBaeH b xa6a. 5 .2  [70],
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Ta6jiHua 5.2
PeacHM npHpa6oTKH nccjieąoB annbix 3y6liaTŁix KOJiec_________

C T y n e iib ypoBeHb BpeMK p a ó o T b i,  'tac
npH pa6oT K H n arp y 3 K H CTyneHH o 6 m e e

0 xojiocT O H  x o a 0.5 0.0
1 0.20TMaKC 0.5 0.5
2 0.65TMaKC 1.0 1.5
3 0.80 TMaKC 0.5 2.0

n o c jie  npupaGoTKii HcnbrraHiw npon3BO/injinci. n p n  Harpy3Ke, paBHoił TMaK. 
¿I/iHTejibHOCTb HcnbiTaHHH pennaMeuTHpoBajiacb CKopocTbio H3HauiHBaHna 3y6bes ( c c j ih  a o  
3Toro He HacTynajio 3 aeaaim c 3y6beB). E c j ih  b TeneHue 2-J-3 n aco s h 3 h o c  3y6beB 3aMeTno nc 
yBCJiHHHBajica, ncnbiTaHHfl npexpam ajm cb .

Pc3ynbTaTbi HcnbrraHHH 3y6beB syö'iaTbix Koaec b aaöopaTopHbix ycaoB itsx  ripuBeacin.i b 

pa6oTe [53] h  nacTHHHO B p a ö o rax  [54,75].
B ripHHO>i<eHHH 1.1 h  1.2 n p H B c a e iib i pe3 y jib T aT b i ii3M epeH H H  c n o M o m w o  

H aK JiaflH oro  n p ; i 6 o p a  i n i i o c a  3 y 6 b eB  ;;i¡y x  3 y 6 n a T b ix  n e p e n a n ,  i ic i ib iT a m ib ix  b  pexcHMe 2 c 

M acjiaM H U -24 h  T an -1 5 B . 3 t h  a a n u b i e ,  iio jiy n c n iib T c  aB T opoM , He 6 b i;n t H c n o jib 3 0 B a iib i b 

p aG o T e  [53] h  p a H e e  He nyG anK O B ajiH C b.

5.2. O n P E flE B E H H E  H 3 H O C A  3Y E E EB  B n P O H 3 B O /lC T B E H H b IX  y C JIO B K tfX

5.2 .1 . M eT O flH K a  i m i e p e i u i s i  H 3 iio c a  3 y 6 b e B

H ccjieflO B aH M e H 3 n au iH B aH n a  3y6 b eB  b n p o n 3 B o a c T B e n n b ix  yc jiO B im x  nioiionaeT b c c 6 a 

c a e a y i o m u c  o c h o b h m c  o h c m c h tm :

•  y cT an o B JieH H e ycao B H H  3 K c ru iy a T a n n n  h  y p o B iia  narpyjK eH HO CTH  n p u B O a a  M auiH H bi,

•  p cn icT p am w  napaM erpa, HHTerpajibHO o ripeacnsio iiic ro  cTenenb SKCiuiyaTauiiOHHoii 
H3HOUieHHOCTH MaUIHHbl,
•  II3MCpeHHe I13HOCa,
•  anajiH3 n o j iy n e n H b ix  pe3y;ibTaTO B .

B CBH3H C TCM, HTO flJM IIpOBepKH CTeneHH COOTBCTCTBHH p a 3 p a6 o raH H O H  MOHCJIH 

n p o rH 0 3 H p o B a n i is  n a p a v ie r p o B  3 y 6 n a T b ix  n c p c a a n  B b iô p a n a  ro p H O -a o 6 b iB a io m a s  o r p a c ; ib  h ,  b 

nacTHOCTH, 3 y 6 n a T b ie  K O Jieca y ro a b U b ix  KOMÔaÜHOB, n p n  HCcaeaoBanHH i i3 iiao jH B aH iia  3y6beB  

b  tipoH 3B O X icT B einibix ycJiOBiiHX c j ie a y e T  y sH T b isaT b  cneuH cJiH Ky 3 K c n ;iy a T a u m i ro p H b ix  

MalUHH.
YcjioBHa SKcnjiyaTauHH u cTeneHb narpy>KCiiiiocTH yrojibKbix k o m Gu h h o b  na pa3Hbix 

m axTax ripHMepHo oamraKOBbi. Ec3ycnoBHO, KpenocTb y n ia  MO)KeT Gm t i , pa3Hoñ, oaiiaKO 
ecJHi KpenocTb BbicoKa, t o  yMCHbuiaeTcx cKopocTb ¡io,qann KONtGaima ( h h h  CKopocTb pe3am ui 
y ra s ) .  K ax npaBHJio KOM6aiiHbi pa6oTaioT b pe/KHMC MaKCH.\ianbHoii m o ih h o c t h , KOTopi.iii 
onpcaejiaeT ca t o jib k o  xapaicrepHCTHKoii sjicKTpoflBMraTCJia.

B KanecTBe BejniHHHbt, xapaKTCpn3yiomeii creneH b h 3 h o u ich h o c th  MauiHHbi oGbihho 
npnHHMajOT KOJiH'iecTBO y n ia  Q [m], aoGbiToro KOM6afiHOM 3a paccMaTpHBaeMbiii n c p n o a  
SKcnjiyaTamtH. 3 t o t  napaMCTp peracTpupyeT ca b nacnopTe KOMGañua h , KpoMe to to ,  ero 
M03KH0 npOKOHTpojiHpOBaTb Hepc3 cny>K6y rjiaBHoro flHcncTnepa uiaxTbi. T axoíí 
o6mcH3BCCTHHH napaMeTp, Kax BpeMH r, rp y a u o  onpeacauM  b  ycaoB iiax paooTbi ropni,ix 
NiamHH B  CBÜ3H C npaKTHHeCKH IIOJIHOH KCB03M0>KH0CTbI0 eTO TOHHOrO ynCTa, H  MOXCCT 6blTb 
BblHHCJieH TOJlbKO HpuGjlHHCeHHO:



ra e  q - MHHHMaabHaa nporoBoaHTeabnocTb y raeao6biB aiom ero  xoM naexca, b cocTaBe 
KOToporo paG oxaer yrojibHbifi KOMGauu, m/nac.

B  CBS3H c  nocTaB/ieHHOH 3aaaneH Tpe6yeTca o n p caeaH T b  pacnpeaeaeuH e H3noca no 
npocJjHJiio 3y6beB. n p n  stom  caeayeT yaHTMBaTb to  o6cToaTeabCTB0, h t o  an a  aocTyna k 

3y6naTbiM KoaecaM npiiBoaoB yroabHbix xoM6aimoB TpeGyeTca nacTHHuaa, nnGo nonnaa 
paaGopxa MauiHHbi.

K M eT oaaM  H 3 M e p e n n a  H3HOoa 3 y 6 b e B , n o 3 B o a a io m n x  peu iH T b  n o c ra B a e H H y io  a a a a n y  

m o jk h o  o r a e c T H  M e r c a «  cpaB H eH H a n p o (J)H aa  3 y 6 a  a o  h  n o c a e  h x  H3HauiHBaHHJi [8 5 ] .  K
T3KIIM MCTOaaM OTHOCBTCa:
• npHMeHeHHe SBoabBeHTOMepa,
• BbiaepaHBaHHe n p o i j m a a  c  iiomoiumo nanTorpa([)a c  nocaeayiouiHM  tjjoToipacJaipoBanncM 

b  yBeaHHCHHOM M aciuraGe,
•  H3MepeHne tobihhhh 3 y 6 a  Ha p a 3 H o n  BbicoTC c  iiomoiumo uiTaHrcii-ayfioMcpa,
• noayneuHe caenKOB BnaanHbi 3y6a c  nocaeayromuM npocMorpoM n a  npoexrcpc npn 

3HaaHTeabHOM y B e a n n e n n H .

B o  Bcex MeToaax coBMemeHHe (6a3npoBaHHe) npo^H aeii a o  H3Hoca h nocae H3HaiunBaHna 
ocymecTBaaeTca no He H3HauiHBaeMbiM yaacTxaM npotjjuaa - iiOBepxiiocTb BbicTynoB, 
BnaaHH, nepexoanaa xpHBaa h T.a.

B  KaKOH-TO M ep e k  r p y n n e  paccM O T p ein ib ix  M eToaOB m oxch o OTHecTH M cx o a  
HCKyccTBCHHbTx 6 a 3 . O anaK O  H 3-3a o r p a n n n e iiH o r o  mii c a  a 6a3 , KOTopbie m ojk h o  H a H e c ra  n a  

3 y 6 , T p y a n o  noayH H Tb H H iJiopM auH io, a o c T a r c a n y io  a a a  n a a e x c H o ro  o im c a u H a  n p o c ja ia a  
3aKaaeHHBix 3y 6 b eB  3 y 6 a a T b ix  x o a e c  r o p u b ix  M aiiiHH.

A n ajiH 3H p ya n cp cM iica en H b ie  M e r c a «  H 3M epenna H 3H 0ca, moxcho ca ea a T b  B biB oa, mhoitic 
h3 hhx hc npHMeHKMbi k H cn oab 30B an H io  b n p o im o a c T B e n H b ix  y c a o B n a x . T a x , n a n p n M cp , 
npHMCHaTb sBoabB ciiT O M cp h n an T orp a(|) MOWHO ToabKO b aa G o p a rcp H b ix  y c a o B iia x , M eroa  c  

H criojib30BaH neM  u iT a n reH -3 y 6 o M ep a  h M eT oa H cxyccT B eH hbix 6a 3  'rpcG yior b o6a3aTeabHOM  
n o p a a x e  HMCTb HHtJiopM aunio o  naaajibH btx nap aM eT pax n p o4> n aa  - H yjieB oii o 6Mep n a n  

n ap aM erp b i HCKyccTBCiiHbix 6a3 .

H a n 6 o ac c  npiieMae.MbiM .\ieroaoM  noayaenH a m nfiopM aniin o  (j)0PMe n3HouieHHbix 
npotJaiaeH  3y6beB npHMeHnreabHO k ycaoBiiaM oKcnayaTamiH yroabH bix KOMÓaiiiioB 
oxaaaaca  M eroa caenxOB n o c ae  BBeaeHHa b Hero aonoaHHTeabHbix o n ep au n ii, noBuiiiaiomHX 
TOHHOCTb H3MepeHHa H3HOCa.

Pa6oTa no c 6opy nmjiopManHH 06 H3HOce 3y6beB b  npoH3BoacTBennbix ycaoBiiax 
6mu a opraHH30BaHa caeayiomHM o6pa30M.

YroabHbie KOMoaiinbi nocae oTpaooTKii oripeaeaennoro iiopMaMH 3KcnayaTaunH 
MOKpcMOHTHoro nepnoaa a  1160 b  cayaae Bbixoaa KOMGaima H3 CTpóa nocTynaioT aaa 
KanHTaabHoro pe.Moirra na  cneanaaH3HpoBaHHbifi MauiHHOCTpoHTeabHbiii saBoa. H a  3aBoae 
nocae aacTiiHHOH paaGopxii peayxrcpa pewymeii Hacrii xoMGaiina npoii3Boanaacb 
H3roTOBaeHire caeriKOB Biiaannbi 3y6a, a  Taxxce no 3aBoacKOMy HOMepy KOMoaiina h ero 
nacnopry  ycTaHaBaiiBaaocb Mecra DKcnayaTanim h onpeaeaaaacb HapaGoTxa.

f l a n  n o a y M c in ia  c a c n x o a  Ha MHCTyio noB epxH O C Tb B iia a m ib i 3 y 6 a  b cpedtteii a a c T n  

3 y o n a i o r o  B c u p a  y c T a n a B a H B a a a c b  c n e m ia a b H a a  c aeM H aa  p a 3 6 o p n a a  c|>opMa, x y a a  3 a aH B a ac a  

ru n cO B b iH  p a cT B o p . H o c a e  3aTB epaeB aH H H  n i r i c a  h p a 3 6 o p x n  cjiopM bi n o a y a a a c a  naocxHit 
H eraTH B H biii c a e n o x  B n aa iiH b i 3 y 6 a  T o a m n H o n  6+8 m m. B  o G m a rc a b i io M  n o p a a x e  c a e n o x  

M a p x H p o B a a c a  c n e u n a n b H b iM  lum jipO M  c  u e a b i o  e r o  H aeH T H ijjuK am iH . flaa naaeacHOCTH 

H 3 ro T aB a H B a a o cb  2+3 o a H H a x o B b ix  c a e n x a .  n o a y a e n H b ie  c a e n x n  noM em aancb b n a o c x y i o  

HMCHCTyio x a c c e T y  (p a 3 M ep  x B a a p a T n o ii  aaeH X H  6b ra  t i e c x o a b x o  G o a b in e  M ax c riM a a b H o ro
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p a 3 M e p a  H e ra T H B H o ro  O T n e n a T K a ) , h  n o c n e  n a n e c e H u a  H a  n p o c jn in b H y K )  n o B e p x n o c T b  

M H i ie p a i ib H o r o  M a c n a  K a n a a n  m e i i K a  3 a n H B a j ia c b  p a c T s o p o M  m n c a .

F l o c a e  3 a T B e p a c B a H i ia  r u n c a  n a c c e r a  y c T a n a B a H B a a a c b  n a  n jio c K o m jiH ( j)O B a ;ib H b ii i  C T anoK  

h  n p o n 3 B o a H a o c b  L iijiii(|)O B aH H e r a n c o B O H  n o B ep x H O C T H  a o  n o n y H e i i H a  o a in ia K O B O ii 

m e p o x o B a T O C T H . 3aT C M  H e r a r a B u w i i  c a e n o K  o r a c n a a c a  h  n o a y a a a c a  no3H T H B H biH  c n e n o a  

3 y 6 a ,  H a K O T o p b ifl n e p e H o e n a c a  H H aeH TH ([)H K auH O H H biH  H O M ep.

T a a a a  T e x H o n o rn a  (maH(J)OBaHne c  n o a n o p o M ) o o e c n e a iiB a a a  BbtcoKoe KaaecTBo KpoMKH 
no3HTHBHoro OTireaaTKa iipocja iaa  3y6a, h t o  OKa3«BaeT n o n o a o rre n b H o e  naw aiiH e Ha n o - 
B b im e H u e  t o h h o c t h  H3MepeHHa n 3 n o c a  n p n  ripocBeaiiBaiiH H OTiieaaTKa b n p o x o a a m e M  CBeTe.

O G u i h h  B i i a  neraTHBHoro u  n o 3 H T H B H o ro  oTneaaTKOB npHBcacu n a  puc. 5 .6 .

P u c .  5 . 6 .  O m c H a T K H  i m i o u i e i m o r o  3 y 6 a  1 -  n o 3 H T i!B m > ] f i ,  2  -  H e r a n i B i i t i f i

f l a a  K a a c a o ro  T H n o p a 3 M ep a  3 y 6 a  n a  c n e u n a a b H O M  n a a m u c T e  H3 n o n n c r a p o n a  

B b in ep H H B aaca  b  M a c im a G c  2 0 :1  SB oabBeH TH biii rip o c jn iab  3 y 6 a  c  H a H e c e n n o ii  M a c ia ja G n o H  

ceTKOii o p a n n a x  c  n o cT o a iiH b iM  m a ro M  n o  a o c i m c c e  (cm . r ip n io r r y io  CHCTeMy K o o p a m ia T  n a  
p u c .  2 . 1 ) .

rio3HTHBHbiH  c n e n o K  ycT aH aB nH B anca  Ha n p e a M e r u b in  C Toa a p o e K T o p a  EFI, 

(n p o n 3 B o a c x B a  H O B oeii6 H p c K o ro  M au iM H O cT p o n T ea b n o ro  3 a B o a a , P o c c h h )  H a c T p o e n n o r o  n a  
2 0 - t h  K paT H oe y B e a n n e H a e  b  peacH M e n p o x o a a m e r o  CBeTa. Y B e n n H e in io e  H 3 o 6 p a w e H n e  

H 3 H o u ie H H o ro  n p o i jm j ia  n p o e u H p o B a a o c b  n a  naacT H K O B bin n a a m u e r  u c o B M e m a a o c b  c  
T eo p eT n ae cK H M  npoc{)naeM

B CBH3H c  t c m ,  h t o  O T cyrcT B O B aaa B03M05KHOCTI, n o a y n c H H a  H y a e B o ro  ( a o  H a n a n a  

D K c n a y a T a m in )  O T nenaT K a, 6a3H pO B anH e H 3o6paaceH H a H 3 H o m eH H o ro  npo<t>Hna 

OTHOCHTeabHO B B oabB C H T H oro o c y ia c c T B J is ia o c b  H a ocH OBe B b in o n n e H u a  ,3B yx y c ao B H fi:

•  OKBHHHCTaHTHOCTb a y r  OKpyOKHOCTCH B n a a H H  lip o e H H p y M O rO  H TCOpCTHHCCKOl'0 

u p o i j a i j i e i i ,  p a c n o a o > K C H H b ix  c a c B a  h  c n p a B a  o t  H c c a e a y e M o r o  3 y 6 a ,

•  ciiMMeTpnHHocTb h n o a o 6 n e  n ep ex o a n b ix  k p h b h x  OTHOCHTeabHO o c h  c h m m c t p h h  3y6a. 
I T o c n e  6a3HpOBaHHH in o G p a a c c m i a  n p o ra B oan aocb  H3MepeHHe o p /m u a r  n p o i j m n a

H 3 H o m e H H o ro  3 y 6 a ,  n p n  b t o m  a 6 c u n c c b i  a n a  B c e x  n p o 4 > H n e ii  a a H H o r o  T H n o p a 3 M e p a  3 y 6 a  

n p H H H M a a H C b  o an H aK O B b iM H . E a 3 H p o B a H n e  n o B T o p a a o c b  H e  M e H e e  T p e x  p a 3  ( a a a  K a a c a o r o  H3 

c a e n K O B )  h  b  a c y p n a n  H a G n io a c H H H  3 a H o e n a o c b  c p e a n e e  3 H a H e im e  H 3 M e p e n n a  o p a H H a T b i 

n p o i j w a a .  H a  o c u o B a H H H  M H o ro a H c a c H H i> ix  K O H T p o a b H b ix  H 3 M e p e iiH ii  y c T a i i o B a e u o ,  h t o  

n o rp e u iH O C T b  M e T o a a  b  a n a n a s o n e  M o a y n e i !  S a a e n n e H H a  8 + 12  .m ai c o c T a B a a e T  0 . 0 5  m m .
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5.2.2. XapaKTepucTHKH pa6o'ieił M a u im ib i  u  napaMeTpbi iiccjic/iyeMoii 3yGliaToii 
nepeaaMH

B KanecTBe 6a30B0H THJKeno Harpy>Kennoii paOoneii M am m iu 6mji npnnsrr 
yraeaoGbiBaiouiHH KOMSaiiH 2K 52 ujapoKO pacnpocTpaHeHHbiii n a  m axTax /JoHem coro 
yrojibH oro 6accefiH a H a Y K panae b  nepH oa BunoniieuH a pa6oTbi no  itccjie/iOBamno H3noca 
3y6beB 3y6liarŁix KOJiec b  npoii3BOflCTBCHHHx >'c j io b i ih x .

K o M 6 a i in  2K52 c o c t o h t  H3 Tpex ocnoBiibix y3JiOB: nonaiomeH nacTH,
oGecneHHBaiomcH nepcMCLucmic KONiGaihia no KOHBeiicpy Bnojib yroabHoro nnacTa, 
poKymcii nacTH, ocymccTBJiHtouucH c  k o m o i u m o  uraeKOBtre ncnoj]HHTejii.Hbix opranoB 
pa3pyuicnne h  norpy3Ky ynui Ha KOHBeiiep h  3JieKTpoABnraTeaa c ;iByM« BbixoflHbiMH 
KOHpaMH. O t  o /w o ro  KOHua ABnraTcjia npuBOflHTCH b  /iBimenne nonaiomaa nacTb, o t  
apyroro - peacymaa nacTb. O c h o b h o c  KOJinnecTBO OHepran (6o;iee 90%) pacxoayeTCH Ha 
pa3pyiuenne h  norpy3Ky ynw . iloDTOMy npn najibHeihueM aHanrae b j ih b h h c  npiiBo.aa 
MexaiiH3Ma nepeMemeHHH He yHHTbiBaiiocb.

K m ieM arim ecKaa cxeMa npHBOfla peM<ymeii nacTH y ro n b iio ro  K0.\(6am ia  2K52 co 
mneKOBbiMH HcnojiHHTenbHbiMH opranaMH npeacTaBJieHa Ha p uc . 5.7. 3naHCHHfl hhccji 
3y6beB 3y6naxbix kojicc  npHBeaeubi b Ta6ji. 5.3.

10 11 12
..i \ ... r

1 iii iii ¡Ti

Phc.5.7. Khhc MaiificcKas) cxeMa iipnuoaa pewyineii Mac™ KOMÓaitna 2K52 Rda - poTop aaeKrpoaBHraTeas. 
Sit - HHwmiii rniieK, Se - BepxHiii1 LUHeK, 0 - CTarop aaeKTpoflBiiraTeaa, 1-2 - ayÓMaras Myt|>Ta, 3+18 - 
3y6>iaTbie Koneca

TaOjiHpa 5.3

ri03HUHK KOJieca 
na  puc .  5.7

5 6 7 8 9 10 11 12 13 14 15 16 17 18

H h c jio  3y6beB 17 53 16 5
1

17 21 21 22 12 18 18 18 11 28

B K a n cc T B C  H c c ; ic f ly e M o ii  n e p e ; ia iin  iip iin a ra  n p a M 0 3 y 6 a a  n u n n u a p u n e c K a «  3 y 6 Liaxa;i 

n c p c A a n a  7-8 npH BO .na  n cn o n H H T C j]b t ib ix  o p r a n o B  y r o n b i io r o  K 0 M 6 a i in a  2K52 (p h c .  5.7), 
K o r o p a a  u b im c t c k  H a n S o J ie c  x n n n H H o i i  n e p e n a n e ii  npHBOflOB r o p i io n o 6 b in a io in n x  Maunin, 

K p o M e  t o t o ,  n o  c p a B H e H in o  c  n p y r i iM H  nepenanaMK k 3 t o h  n e p e n a n e  H M e e T  M ecTO  6 o ; ie c  

n e rK H H  n o c T y n  nnn n p o H 3 B o n c T B a  H 3 M e p e H n a  H 3 H o c a  3 y 6 b e B  m c t o h o m  oTnenaTKOB. 
O c H O B H b ie  x a p a K T e p n c T H K ii o t o h  n c p c f la n n  n p i iB c n e H b i b T a6 ji. 5.4.
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T a S jin u a  5 .4
riapaMeTpbi iicc;ie;iycM oii 3y6naTOH ne peflaHH

H c x o æ h m h  KOHTyp r O C T  13755-81 
(P N -78 /M -88503)

Iîâôëü m = 8 mm

Hhcjio 3y6bCB Zt= 16 Zd= 51
K03(J)(J)HUHeHT CMCmeHHH HCXOÄHOTO KOHTypa X7= 0.8 xg= 1.175
M eaioceB oe paccTOXHue a = 2 8 1.57 mm

LllHpHHa 3y6naToro Benua hi = 75 mm

TepMHHecKaa o6pa6oTKa neMeHTauHH, H R C  58..62
HoMUirajibiiaa yrjiOBaa CKopocTb mecTcpitH a) /= 53 pad/c
C/reneHb t o h h o c t h  no  F O C T  1643-81 (PN -78/M -88503) 9-8-8B
CpeflHaa apucJiMCTnMecKaa uiepoxoBaxocTb 6.3 MKM
Flpeaeji TexynecTH MaTcpnajia 3y6'iaTbix xojiec 1300 MTIa
MoAyJib ynpyrocTH 2 1 0000 M !Ia
Ko3(})4)HnHeHT n y acco H a 0.3

C ßefleH H fl o MecTe p a ß o r a  KOMÔainiOB, 3 y 6 n a T b ie  K o u e c a  7  h  8 KOTopbix 
n o flB ep ra jiH C b  ii3MepenHio, h hx napaôoTKe a aH b i b r a 6 ji. 5.5.

Taômma 5.5
CsefleHiiH o  napa6oTKe y r o j ib u b ix  KOM6 anHOB___________________________

BapuaHT
K°

K om-
6 an n

Ns
MecTO pa6oTbi

BpeMa
3Kcnuy-
aTauHH
Mecnif

H hcjio

peMOHTOBTO 
3y6u. KOJieca

Hapa6oTKa
mbic.m

KOM-
6afłna

m u e c a
z 7 z* z 7 z s

01 0287
inaxTa
lOacHoaonôaccKaa 13 0 0 457 457 457

02 0119
ni. HejuocKHHueB, 
«FlonenKyrojib» 12 1 0 358 558 358

03 1895
floôpononbCKHH 
peMOHT. MeX.3aBOfl 1 ! 0 0 377 377 377

04 006 6
uiaxTa U,enTpa;]biiaH 
«KpacHOÂOHyroub» 12 0 0 484 484 484

05 0129
ui. yxpaiiH a  
«KpacHOUOHyrojib» 12 0 0 180 180 180

0 6 2302
j3,06p0n0BbCKHH 
peMOHT. M ex. 3aBou 13 0 0 145 145 145

07 0178
ni. CraxaHOBa«Kpac- 
HoapMencKyrojib» 8 0 0 174 174 174

08 0342
uiaxTa 3acaflbKO 
«TÎOHeuKyrojib» 11 0 0 141 141 141

09 2298
lu. CTaxanoBa «K pac- 
HoapMeüCKyrojib» 9 1 1 84 284 284

10 2333
lu. y x p a iin a  
«K paciio /ionyronb» 12 0 0 346 346 346

11 2224
inaxTa Con.floHÔacc 
«Æ oiieuKyrojib» 11 2 2 231 571 571
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HapaßoTKa n a  o /ino  3y6naToc KOJieco onpeaenanacb b 3aBHCHMOCTH o t  'm en a  peMOHTOB 
ayß 'iaT oro  KOJieca:
• npn nyjieBOM HHCJie peMOHTOB Hapa6oTKa 3y6naToro KOJieca pannajiaci. napaGoxKC 
KOMÓaÜHa,
• ce/in 3y6naToe KOJieco yace n p ow ao  o/iny peMOnrayio onepaumo (hto bii/iho n o  cne/tasi 
yaaneHHa kpomok h CTenenn H3iioca 3y6a) napaooTKa npnnHManacb paBHOH cyMMe 
Hapa6oTKii /lannoro KOMÖanna h cpe/ineíí napaGoTKe KOMÖaÜHa ao riepBoro ¡canmanbuoro 
peMOHTa, KOTopaa Ha ocnoBanHii CTaracranecKHx aaHHbix CHHTariacb paBiioñ 200 mbic.m 
aoGbrroro yraa,
• npn flByx peMOHTHbix onepannax napaóoraa onpeaenanacb TaioKe, icax h b npe/ibmyinew 
cjiyuac, no c uoGaBJiciiHCM cpeaneñ HapaooTKH KOMOaiwa nocne KanuTaJibHoro peMOHTa, 
KOTopasi ripnHHManacb paBHoñ 140 mbic.m.

Pe3yjn.TaTbi n3Mepcuna Koop/iHiiaT npotJiHJien H3HOiueHHbix 3y6beB ayonaTon nepe/iaan 
peuyKTopa peacymeü nacra yrojibnoro KOMÖaiinoB 2K 52 (cm. Taon. 5.5) npiiBe/ienu b 
npHJio/Kennax 2. ln-2.11 .

5 .3 .  B blB O A W

OcHOBHbie h to i 'h  h  BbiBOftbi, noJiy'ieiiHbic n a  ocHOBe aHajiH3a pa6oTbi n o  pa3pa6oTKc 
TexHOJioi'HH nojiyneHHH HHcjiopMannn o bcjihhiihc h  x a p ax tep e  H3HOca 3y6bCB b 
jiaôopaTopiibix h  nporaB oacTB em ibix ycnoBHax, CBO/iaTca k  cncayiom cM y.
1. 06ocHOBan Bbi6op rp y n n b i Taaceno narpya<CHHbix MauiHH a n a  npoB epxn aaeK B araocra  
Mo/tenu npoi'H03HpoBaHJia H3MCHCHHa (JiopMbi npo([injie¡i 3y6beB 3y6HaTbix nepeaan  
pc3yjibTaTaM OKcnepiiMenxa h 3Kcn;iyaTaunn.
2. Pa3pa6oTan u  H3roxoB.xcH cnenna/ibHbin c t c h u  a n a  HcnbiraHHa naTypubix 3y6'iaxbix 
Koaec b pe/KHMe (j)opcnpoB annoro narpyaccHHa c MaKCHMaJibiibiM iipHOnnaceinieM k 
3KcnayaTauH0HHbiM ycaOBHaM.
3. Pa3pa6oxan  h  iiaroTOBJicn npnG op a n a  H3MepeHiia H3HOca 3y6a no a /u m e  anojibBciixbi, a 
Taioxe pa3pa6oraH a MexoaiiKa npeo6pa30BaHna nanHbix inM cpcnsia b K oopannarw  npocjnuia 
H3HomcHHoro 3y6a c hcoG xojihm oh xonnocTbio.
4. Pa3pa6oxaH a h  p c a m n o ß a n a  n a  npaxraK e T cx n o ao raa  no.xyncHna HiicjiopMaunu o (J)opMe 
npo(¡)HJieH 3y6bCB b npoH3BoacTBenHbix ycnoBHax.
5. rtoaroT O B aena 6a3a aaHHbix o aeHCTBHTejibHoii cjiopMe npo(j)HJieH 3y6beB no  pe3yjibTaxaM 
aaßopaTopH bix ncribrranHÍt 3y6naTbix ko/icc h  pa6oTbi n ep eaan  b npoH3BoacTBemibix 
ycnoBHax.



6. n P 0 r H 0 3 H P 0 B A H H E  A O J irO B E H H O C T H  3 Y E b E B  B Y E H A T b lX  K O JIE C  H  
C O n O C T A B J IE H H E  P E 3 Y J Ib T A T O B  C  3 K C IT E P H M E H T A J lb H b IM H

A A H H blM H

B cooTBeTCTBHH c noJiyneHHbiMH 3KciiepnMenTajibHi,i.Mi! pc3yjibTaTaMn ii3Hoca 
npotjiHJicii 3y6beB, nHCJiemibiii oKcnepiiMCHT 6bui nocTaBjien ann a ay x  xapaK Tcpnux 
ycjiOBHii pa6oTbi 3y6naTon n e p ea an n  - HcnwTaHna 3y6bCB n p n  (JjopcnpoBaHHOM HarpyxceHHH 

b jiaGopaToptibix ycnoBHax h SKcnnyaTamia 3y6naToii nepe/iam i b npoii3BoacTBennbix 
ycnoBHax.

H cxoaiib ie  aam ib ie  a j ih  m o a c jic ü  nporno3HpoBaHiia k ü h c t h k h  (fiopMbi Mpotjiiuieii 
3y6beB 6buiH noaroxoB Jicubi Ha ocuoBanHH nncjiopMannH o napaM eTpax 3y6naTbix n ep eaan  n 
npHBoaoB MauiHH, 3KcnepHMenTajibiibic aaHHbie o (jjopine npocjjHjien 3y6beB KOTopbix 
onHcaHbi b rnaBe 5.

6.1.METOAHKA OLJEHKH CTEIIEHH COOTBETCTBH5I PE3YHbTATOB 
MOAEJ1HPOBAHELH H3HAUIHBAHHR 3YBLEB PE3YJILTATAM 
3KCT1EPHMEHTA

C ooT B etC T B H e pe3ynbT aT O B  HH CJieH H oro S K c n e p u M e in a  h o n b i r a b ix  a a n u b i x  

o u e H H B a n o c b  Ha ocH O B e c p a B i ie in w  o 6b .eM n o ro  h  J iH H e ñ u o ro  H 3H oca  3 y 6 b eB . O neH K a 

C TencHH  3 T o ro  c o o tb c tc tb h h  n p o in B O /n u ia c b  n o  B ep o ax u o c T H  H axoxeaeH H S  onb iT H bix  

/ l a n n w x  b n p c a c a a x  im ip im b i  a o B e p H T e jib u o ro  n iix c p B a jia ,  O T cn n T b iB aeM o ro  o t  3 H a n e iin ii 

H 3H oca  3 y 6 a  n o  p e 3 y j]b ra x a M  M O /je in ip o B a in n i. K p o x ie  T o r o ,  n p m n iM a n o c b  bo bhhm bhhc 
coOTBeTCTBHe tjîopM bi n o n a  K o p p e w u n n i  h  aoB epH T ejibH O H  3 o iib i. F Ip n  s to m  Sbijih npHHHXbi 
c j i e a y io m n c  f lo r iy in c m i« :

•  pa3H0CTb 3HaneHHH H3noca MoaejiH u 3KcnepnMenTa npn oæhom h to m  me BpeMemi 
pa6oTbi nepeaann npHiiaanexoT oæ hoh rcHcpajibnoii coBOKynuocTii (nocne HCKnioneuHa 
H3 paccMoipeHHH npoMaxoB),

•  p a cn p e /jen en n e  3 th x  o tk jio h c h h h  b nepBOM npnÔJiHXcennH n o a n im a e rc a  nopMajibiioMy 
3aK ony,

•  iim p u n a  aoB cpuxcnbH oro HHTepBana nponopnnoH ajibH a norpeiim ocTH H3MepeHHX in n o ca  
- AV, AI.

HanpHM ep, n p n  ohchkc oGbCMitoro H3noca uepoHTHoexb -roro, nxo HHTepBaji 
nojiyompHHOH oAV  naxpocT  SKcnepnMeirrajibHbie aan n b ic  oiipe/iejiaercH  no (jiopMyjie [9]:

P = 2 0  -  1, (6.1)

oo ‘ 2 1 - —
r a e  0  =  —  j e  2 d t  - n o p M a jib n a a  (JjyH K niia p a c n p e a e n e H i ia ,

■v2a

a A V
t   --------- - KBaHTWib H o p M a n b H o ro  p a c n p e f le J ie in iH  (oTHOCHTCJibiiasi

a ,/  u iH pnua HiiTepBana),
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AV - norpeuiH O CTb H 3M epenH » o S te M n o ro  H3Hoca,

a  -  K03<j)<j)HUHeHT iunpm ibi noBepHTcnbnoro HHTepBajia, 

oripciiejuiCMbifi H3 ycjioBiia, mto no Kpaiineii Mepe 80% 
3KcncpiiMCHTanbHbix ToneK 6y.neT naxonHTca Biiyrpn  

HiiTepBana,

2

N  - mh cjio  3KcnepnMciiTajibHbix t o h c k  (npn Ak30 b  3HaMCHaTenb 

noAKopeHHoro Bbipax<eHHH ana oy b m c c t o  N noflCTaBJiHCTCn

(N -l) ..
Vm¡ -  o 6 i»CMHbiH h 3 h o c  n o  pe3y jibT aT aM  M onenH poB aH H «,

V e í - o6beMHbi¡í H3Hoc no  pe3y;ibTaTaM (j,H3H' ,CCK0r0 
3KcriepnMeiiTa.

J1H BbIHHCJICHM HCKOMOH «OBepHTejlbHOH BCpOHTHOCTH y ^ o S H e e  BOCnonb30BaTbCH 

cnejnyiomeH ( jio p M y n o íi, n o nyneH H O H  H a o c H O B an m i an n p o K C H M am m  T aG ju m H b ix  3 H a n c iu n i 

cjiyHKUHH H o p M a jib H o ro  p a c n p e f le jie iiH H  nonHHOMOM T p eT b eíí creneini:

O opM y/ia no3BOJi«CT BbiHHcnaxb 3na>ienna P c norpcn inocT bio  MeHee 0.7%  

(oxHOCHTejibiio TaGjiHHHbix 3HaneHHH) h cnpaBefljiHBa npn 0 .2  <  t <  3 .5 .
YpoBHCM flOBepHTem.Hoií BeponTiiocTii, CBiifleTejibCTByiomcM 06 aaeKBaTHOCTH 

MOflejinpyeMbix h peajibiibix npoucccoB mo>kho CHuraTb 3na*-icHnc P >  0.65-1-0.70.

6.2. HHCJIEHHblíí 3KCI1EPHMEHT ÜO YCJIOBH^M JlAEOPATOPHblX 
HCnbITAHHH H CPABHEHHE ETO PE3yjIbTATOB C 
3KCnEPHMEHTAJIbHbIMH flAHHblMH

F lp n  M o jie jm p o B a iiH H  jiaGoparopHbix HcnbiTaHHii p a cc M aT p H B a n n c b  ABa B apnam a 
u c rib iraH H H  n o  o a h  o h  h  t o íí  * e  n p o rp a M M e  no c AByM» copTaM H  C M aaoH iibix M acen :

•  Macno U.HJiHHnpoBoe-24,

•  Macno TpaHCMHCCHOHHoe aBTOMo6n:ibnoe Tan-15B, conepJKamee lip o ru B o ian u p u y io

H a  n e p B O M  a T a n e  B B o n n n i ic b  n c x o A H b ie  n a n H b ic  nn;r p a 6 o ™  KH H e M aT H M e cK o ii 

M o n e m i (c m . n .4 .2 ) .

'íHcnem ibic 3Ha'ieniiH b t h x  nainibix npcncTaBneHbi b  Ta6nnu.e 5 .1 . 
riorpcuiHOCTb ripocjmneH no ocnoBHOMy mary npHHHManacb paBHoii Hynio. B cbh3h c 

Manon nniiHoñ 3y6bCB n t c m  o6cToirrenbCTBOM, m t o  H3MepeiiHC H3Hoca npoii3Bonnnocb b 

cpenHeií MacTii 3y6a, K03ij)(j)HmieHT pacnpenenemiH Harpy3KH no an im e 3y6a npHHHManca 

paBHbiM Kh¡¡= 1.
H a  BTopoM 3 T a n e  a n a  oo ecn eM C H n n  p a 6oTbi y n p y r o n  flHuaMHMecKoií M o n e n n  c 

H iicnoM  C T e n eH en  c b o Go a n  5 = 4  B BonunH C b n a m ib ie ,  n p e n c x a B jie im b ie  b  T a 6 n n n c  6.1 

(c m . n.4.3).

P =  0 .0 3 2 4 2 /3 -  0 .3 0 8 9 1 2 +  0 .9 7 3 6 í -  0 .0 1 7 2 8  . (6 .2 )

n p n c a ^ K y .
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napaMCTpM nmiaMHMCCKOK MOflenn 3y6naTOH nepenann HcnwTare.ibHoro
_______________________c T e i i n a  HJIM-2______________________________

Ta6/i u ua 6.1

IlapaM crp BiicneHHoe 3naneH ne

npHBeneHHbic B pam aiom ue m o m c h t m : 

ABHHCyiUHH 

conpoTHBJieuHa

7o,y./=3634 h m  

7))J+2=9832 h m

npuBeaeHHHe m o m c h t m  HHcpmiH: 

o t  ABiiraTcna 

o t  paG onero  o p ra n a  

BeAymero 3y6 iaT o ro  Koncca 

BeaoM oro 3y6naToro KOJieca

J o .j- i=  10.0 KZM2 

Jpj+I= 6.0  k z m 2 

Jj=0.5 KZM2 

J j+ I=  2.5 KZM2

npHBc;;cnHaa ik c c t k o c t b  eanoB: 

o t  ABiiraTens 

o t  paG onero o p ra n a

Cw.j=600000 H M /p a d  

cw +;=900000 H M /p a d

HopMajibHbiii Go k o b o h  3a3op 

6e3pa3McpHbiii K03t|)(j)HHHeHT AeMmjiHpoBaHna 

KuneMaTHnecKaa BH3KOCTb Macna n p n  t= 8 (f C: 
Macno 11,-24 

Macno Tan-15B

y„=0.21 m m  

y/=0.3

46 ccm (46-10 '6 M/ceK2) 

28 ccm (28 - 10‘fl M /c e K 2)

y n p y r n e  h  H H cpunoH H bie xapaicrepHCTHKH nnnaMUMecKOH M Oflenn, npHBefleHHbie b 
x a 6 ;i .  6 .1 ,  o n p e n e n H n u c b  p a cM en ib iM  nyTeM. B p a m a io in H e  m o m c h t l i Ha B an a x  S m jih  npHHBTbi 

nOCTOHHHblMH

Ha TpeTbe.M 3Tane pnn ({lynKuiioiiupoBanHH moaciih ii3HamnBaHiia 3y6beB 

¡iccnenycM oii 3y6iaT 0ił n ep en an n  bboahjihci. noiiojiHHTenbiibie nam ib ic, npiiBeneHHbie b 

Ta6jiHi;e 6.2 (cm. n.4.6).
T a G ju m a  6 .2

O c u o B H b ie  n ap a M eT p b i M oąejiH  H aH auiM B am in a y C n a ro H  n e p e ja M H  H c n u iT a tc n b i io ro  c i e n i a  H J IM -2

IlapaMerp HcnbiTbiBaeMoe Macno

U-24 Tan-15B

PeajibHoe BpeM« ncnbiTanna nepenami Te= 4  h u c Te= 6 nać

H h c .t o  u h k jio b  HTepauHii jn u u = 20 jn u ix ~  1 2

IlpH3HaK nerHpOBaHHH Macna p r is-0 p ń s =  1
ynenbua« HHTeHCHBHOCTb ii3HaniiiBanHH, MM3/em 

c yneTOM CKonbaceHHH h  RanennH 

c yneTOM pannanbiioro 6 h c h h b

4= 0.0010 ¡.=0.0008

zr= 0.2
K034>4)HmteHT BapHailHH i7 H i. a T= 1

Ko3(j)(J)nmieHT b j ih h h h h  HacTOTbi Bxofla 3y6beB b 3auenneHne 

(u  - nepenaroMnoe nucno 3y6naTOH nepenanH)

a„=0.75((
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M3 x aô jiH U b i 6.2 c n e n y c r ,  h t o  n p n  H cribnaH H H  n e p e a a 'm  c  MacjiOM HJ.-24 
M acuiTaÖ H biH  K03c|)(|)HUHeHT uHKJia H T epauH H  (cm . $ .4 .2 7 ) paBCH /Xr=0.2 u a c .  

C a c iio B a re j ib H o , o z ih h  h h k j i  H T e p a n n n  3KBHBaneHTeH b peanbH O M  BpeM eHH 12 M HHyraM  

p a ö o T b i n e p e f la u H  n o n  H a rp y 3 K o ii. C o o t b c t c t b c h h o ,  n p n  uciib iT aiiH H  n e p e j ia n n  c  M acnoM  

T a n - 1 5 B  3TOT n o K a 3aT e jib  paB eH  f i r =  0.5 ' t a c .  B  c b b 3 h  c  npOTHBOH3HociibiM  3(¡)c|)cktom  

n p o T H B 0 3 ą m ip n o H  n p n c af lK H  y n e n b u a a  n i i r e n c i iB n o c T b  H 3 H aiiin B an n îi n p n  Linc;ienH O M  

SK cncpH M enT C  c  MacjiOM T a n - 1 5 B  6 b in a  npHHHTa Ha 20%  M eH b iu eñ . ü p o rp a M M a  HarpyKCHna 
n e p e a a H H  cooTBeTCTB O Bana p eac iiM y  2, o n n c a m io M y  b n .5 .1 .3 .

I lo c n e  OTpaöoTKH Moneneii iiporH03npoBaHHa rananiHBaHna 3y6i.eB nonynennbic 
pe3ynbTaTbi cpaBiniBaniicb c pe3ynbTaTaMH 3KcnepnMenTanbHbix HccnenoBaHnii, 
npHBeflenHbix b npunoaceHHH 1.1 h üpHno>KeHHHl.2.

n o r p e u i H O C T b  H 3 M e p e H H s  H 3H O ca H a io ia n H b iM  r ip n 6 o p o M , n i . iM H c n e jm a a  n o  $ o p M y n c  

5 .7  c  y n e r o M  M a K C H M a n b H o ro  3 H a n e n H a  H 3 H o c a  H3 n p n n o a < e H H H  1.1 n  1 .2 ,  n p H H a x a  p a B i io i i  

A 1 = 0 .0 15  m m .

/(n a  oueHKH cT enenn c o o tb c tc tb h b  pe3ynbTaT0B, nonyncHHbix n p n  HHcneHHbix 
3KcnepnMeHTax c pe3ynbTaTaMii SKcnepiiMenTOB, oinicanubiM n b rnaBe 5, ncno;ib30BajiHci, 
«Ba noKa3aTena: oG bcm hlih h3hoc 3y6a (cm. $ .4 .2 6 ) h $opM a rip o $ n n a  3y6a.

H a p uc . 6.1 npencTaBnenbi 3iianenHa o ö ieM iio ro  in iio c a  3y6beB, n o n y n cu n o ro  b 
pe3ynbTaTe HHcneHHbix 3KcnepnMeHT0B, h  cooTBeTCTByiomne 3KcnepnMenTanbHbie nam ibic. 
n PH 3TOM norpeiUHOCTb onpenencHHH o G b e M H o r o  n3Hoca, Bbim icneim aa b 3aBHCHM0CTH o t  
norpeuiHOCTH H3MepeHHa H3HOca paBHaeTca: A V = 2 m b ¡ A I = 2 - 12-30 0 .0 1 5= 10.8 m m 3 . B cbb3h 
c  npaKTHHecKH n o n H b iM  OTcyrcTBHeM H3hoca nocjie  paöorb i nep en an n  na  xonocxoM  x o n y  

(cm. Ta6n. 5 .2 ) , BpeMa x o jio c to to  x o n a  b o 6 m e e  BpeMa paooTbi nepenawH Ha Bianonanocb.

Pue. 6.1. 06i>eMHbiii H3HOC 3y6bCB HcnMTaiejibHOii nepeaaHH cîeiiaa HJ1M-2 peíynbTaTbi bhcjichhoio 
3KcnepHMenTa: 1,3 - uiccTcpua 2,4 -  xoaeco SKcneptiMeirnyibHbie nanHbie: p, o - uiecTepHs:
■  , •  -  KOJ1CCO

B o n b i n a a  f l n i r r e n b H o c T b  n c n b iT a n H H  3 y 6 H a r o ñ  n e p e n a n w  c  M a c n o M  T a n - 1 5 B  

o ô b a c H a e T c a  T e M , h t o  n p H  H C iib ira iiH H  M a c n a  14.-24 k  M O M eiiT y  O K O H H a m ia  n p i ip a ô o T K H  - 1= 2  

u a c  H a n a n c a  n p o u e c c  3 a e n a n n a ,  K O T o p b iił H 3 -3 a  cp a B H H T en b H O  b m c o k o h  bh3K OCTH  M a c n a  U -  

24 H e HOCHn n p o r p e c c H p y i o m e r o  x a p a i c r e p a ,  TeM  H e M e H e e  c K o p o c T b  H 3 iia in H B a n n H  no 
c p a B i i e i i m o  c  M a c n o M  T a n - 1 5 B  yBenum uiacb 6 o n e e ,  h c m  b  T p n  pa3a.

3 t o  c[ ) 3 k t  M O > K e T  c n y K H T b  n o n T B c p ÿ K A e H H e M  c n p a B e n n H B O C T H  B B e a e n i t a  b $ o p M y n u  

M o a e n H p o B a H H a  n p o u e c c a  m u a n j H B a n i i a  3 y 6 b C B  $ a K T o p o B ,  y i u x b i B a s o u m x  B n n a n n e  

M T H O B e H H O H  T e M t i e p a T y p b i  b K O H T a i c r e  H a  H H T e H C H B H O C T b  H 3 H o c a .

Pe3ynbTaTbi pacneTOB nOBepiiTenbHoii BepoaraocTH n o  (jiopMyne 6.2 n p n  a =  1 
npcflCTaBneiibi b Ta6n. 6 .3.
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T aS flH ita  6 .3

Pe3yjibTaTbi onpeflen en n a  n o se aiiTenbHon BepoaTHOCTH (puc. 6 .1)

CpeflHee oTHOcHTcabHaa iu n p n u a

BapnaHT HcnwTaHHH KBanpaTHoecKoe 
OTKaoHenne (mm3)

AOBepHTCJibHoro
HHTepBana

/(oBepHTenbuaa
BepOHTHOCTb

M acao  U.-24 9.10 1.18 0.757

M acao  T an-15B 3.55 3.04 0.998

Ha ocHOBaHHH 3HaneHHH AOBepHTeiibHoii R epoam ocT H , npH B efleH H tix b Ta6n. 6.3, 
MOHCHO yTBep3KflaTb c  BGpoHTirocTbio 6 o /ic c  7 5 % , HTO 3iia>ieHHa oGbCMHoro H 3iioca 3y6a, 
nonyH eH H bie b pe3yjibTaTC $H3HiiecK o ro  BKcnepHMeHTa n o  n3Ham HBaHnio 3y6beB 3y0H aroii 
n e p e f la n n  V&-, n a x o f la T c a  aoctetomho 6jih3ko ot 3HaHcmiH, n o jiy n e n n b ix  b pe3ynbTaTC 
MOAejiHpoBanna n p o u e c c a  H3HauiHBaHna 3y6beB , to  ecTb n ax o /iaT ca  b n p e n c n a x  HHTepBana:

( VH -aAV) < VMi < (VB +oAV). (6.3)

C jieaoB aT C JibH O , no H H TerpajibH O M y iioKaaaxemo - o6beMHOMy K 3H ocy  -  pe3y jibT aT bi 

nporH03HpoBanna H3Hoca 3y6beB c bmcokoh cTeneHbio BepoamocTH 6;ih3kh k pe3yabTaTa\i 
$H3HaecKoro DKcnepnMeHTa.

C pejibio oneuKH cTenemi coBnaneHna pe3yabTaT0B nporno3npoBaHna $opMbi 
H3H0UieHH0r0 IipO$HJI5I C $0PM0H npO$IIJIS B pe3yJIbTaTC $H3HHeCKOrO H3HaUJHBaHHa 
3y6beB Ha puc. 6.2 h puc. 6.3 npencTaBnenbi cooTBeTCTByioiHHe cobmcuichulic rpa$HKH 
H3HOCa 3y6bCB.

Pac. 6.2. C p a B H C H n e  n p o r H 0 3 H p o B a H H b i x  ( — ■) a  S K c n e p H M e H T a a b H b i x  ( B ) 3 H a M e H H i l  H 3 H o c a  3y6a mccTcpim -

l i = l , ( X i )  h  K o .n e c a  -  / j = / j ( X 2)  n p H  c j r o p c H p o B a n n b i x  H c n b i T a H H a x  c  M a c / iO M  T a n - 1 5 B  ..........

aoBepnTCabHbia auTcpBaa uinpnnoft 0.018 m m  (1.2 o u i h ö k h  H3MepcHHs) BpeMa HCnbrraHHH: a) 2 
vac, 6 )  3 vac, b ) 6  vac
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P u c . 6 .3 . CpaBHCHHC nporno3HpOBaHHbix (— ) h 3KcnepnMeKTajibHbix (■ )  3naaeiiiiH  H3H0ca 3y6a luecTepHH u 
KOJieca - I,=I,(X¡) h  K oacca - l2~ I^X 2) np ii (jiopcupOBaHHux H cnb ira tm xx  c  MacnoM U h jih h h p o b o c -2 4
 a o B c p i i T e j i b H b i u  H H T c p B a j i  u i H p H H o f t  0 .0 1 8  m m  (1 .2  o ib h C k i i  H 3 M e p e H H s )  B p eMn H c n b i T a i i H f i :  a) 2
vac, 6) 3 vac, b )  4 vac

Ha ocH O B anH H  3iiaH C H nñ a o B ep H T e jib n o H  B cp o sm io c T H  (T aô n . 6.4) możkho 
y T B ep * Ä aT b  c  B cposTH O C Tbio G o n c e  7 0 % , h t o  6o n b in a n  n a c x b  s iia n cH H ii n3H O ca 3 y 6 a  

(8C H -90% ), n o n y n e H H b ix  b  pe3ynbTaTe $ H 3 H H ecK o ro  3 K c n e p n M e n T a  n o  H 3H auiH B aiiH io  3 y 6 te B  

a y G 'ia x o i!  r ie p e n a o H , i ia x o n a T c n  n o c T a T o n iio  6 jih 3 K 0  o t  3H aneH H H , n o n y n e H H b ix  b p e 3 y n b T a ie  

M O flennpoB aH H * i i p o p e c c a  H3H auiHB aH H a 3 y 6 b eB  - b npeaenax H H T epB ana  lu h p h h o h ,  paB H oii 

a  = 1 .2  o t  o h i h 6k h  im r e p e i tH n  H 3H oca  t o  ecT b  n p n  n o n y u iH p n H e  / lO B c p H T e n u io ro  H H TepB ana

0.01 8 MM.
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T a ö /m u a  6 .4

PełyjibTaTbi onpegeneH H a flOBepiiTenbuoii b c p o b t h o c t h  no  ,'iannbiM pnc. 6 .2  u  pHC. 6.3

B apnaiiT  HCiibiTaimií

/(oBepHTenbHaa BepoHTiiocTb

puc. 6 .2a 

pHC. 6 .3a

pHc. 6 .26  

pHC. 6 .36

pHc. 6.2« pnc. 6.3«

M acjio HHjiHHflpoBoe 24

m ccTcpua 0.71 0.74 0.72 -

KOJICCO 0.86 0.74 0 .72 -

M acno  T A n -1 5 B

iiiecTepiia 0.88 0.77 - 0 .82

Koneco 0.93 0 .89 - 0.88

CjienoBaTejibiio, KaK no  oöbeMHOMy H3Hocy, Tan n no  n a n 6 ojiee cjioîKHOMy 
iioKa3aTejno - c o o tb c tc tb h io  $opMbi n p o $ n n e n  3y6beB - pc3y;ibTaTbi nporH03npoBanHs 
H3H0ca 3y6beB c bm cokoh CTeneiibio BcpoHTHOCTH 6jjh3kh k pe3yjibTaTaM $n3nnecK oro 
BKcnepnMeHTa h to  możkct c jijokh tb  AOKa3aTejibCTBOM cupauejumBocTH nonoacem in na 
KOTopbix nocTpoeHa Moneiib nporH03HpoBaiina k h h c th k h  xapaicrepHCTHK 3y6HaToii 
nepeflann .

6.3. H H C JIE H H blM  3K C F IE P H M E H T  n O  3 K C n n Y A T A U H 0 H H b IM  Y C JIO B H B M  
P A B O T bl 3Y E H A TO H  ITEPE/IAMH H C PA B H E H H E  ETO P E 3Y JIbT A T O B  C 
3 K C n E P H M E H T A JT b H b IM H  /(A H H b lM H

HncnenHbiH 3KcnepHMenT 6 u n  BbinonHeH Ha 6a3e npnM03y6oH h h jih h ap h h cck o h  
n ep en an n  7-8  o c h o b h o to  penyicropa ripiiBona ncnojinnTejibiibix opraHOB yi'o jibnoro  
KOMÖaÜHa 2K 52 (cm. n. 5.2 .2).

lIpeflBapHTejibHO, c ne jib to oueuKH pe30naHCHbix xapaicrepHCTHK, npoii3BOAinica 
AHHaMHHecKHH aHanii3 npHBona iiciiojniHTcnbiibix opraHOB paó o 'ieñ  Maimmi.i.

HacTOTH BbmyKAeHHbix KOJieGaiiHH, oôycnoBJieHHbie KOHCTpyKUHeñ pa6oHHx 
opraiioB  n  xapaKTepoM pa3pymeHHH y n m  HMeioT cnenyiom ufi cneicrp: 20, 24 , 37, 102 n 
4 1 3 m  [18],

O iipejiejiem ie  nacTOT coôcTBCHHbix KoneGannii iipiiBona KOMGaiiiia BbinojiHeHO Ha 
ocHOBe ripiiM encHna MCTOjia nojnociib ix  rpa$OB [118] riyreM Mo/ienupoBaiiHa npHBOjia 
MOflejiHMH c  cocpenoTOHeHHbiMH MaccaMH c  pa3HbiM hhcjiom  CTeneHeñ cboGojibi ( o t  3 no  8). 
H c c jie n o ß a itH C  npoH3BOflHJiocb c  noM ombio KOMnbioTepnbix nporpaMM, hm cioiiihxch Ha 
K a$enpe „MexaHHKa poöoTOB h MaiuHii” C h;ic3ckoíí nomiTexHUKii.

IlpHMep CTpyKTypbi oahoü h3 M oneneft npiiM emiTejibiio k KHHeMaTHHecxoH cxeMC 
KOMÖaHHa na  p uc . 5 .7. h eooTBCTCTByiomHH efi nojnociibiii rp a $  min BapnaHTa moacjih co 
CTeneHbio CBoGojibi 5=8 6bui noKa3an Ha puc. 3.2.

ilonyHeuHbiH cnetcrp nacTOT c oSc tbchhbix  KOJieGannii h  pe3yjii.TaTi,i a iia jio n in n o ro  
HCcnenoBaniia, BbinoHHeiinoro Ha K a$enpe „ropH bie  MaiuHHbi" /tp ucuK oro  
rocyaapcTB eH iioro TexiiHHecKoro yiiHBcpcHTeTa [18] c  ncnojib30BaHHeM pa3pa6oTaHnoro b 
YnpaHHCKOM 33o hhom  nojiHTexHHHecKOM HHCTHTyTC (r.XapbKOB, YnpaiiH a) /(aBbiaoBbisi
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E.A. h  C K opoflyM O B H M  E.A. M e r o n a  p a c n c T a  c o G c tb c k h m x  nacT O T p asB C T B jie iu ib ix  c i ic tc m  

[2 1 ] ,  n p e flC T am ic iiL i b r a 6 a .  6 .5 .

Pe3y jibT aT B i, npHBefleHHŁie b T a6 /i. 6 .5 .  noK a3biB aiO T a o b o j ib h o  x o p o m e e  c o B r ra /ie n n e  

cncK T poB  Mac t o t  c o 6 cTBeHH bix K o n e 6 aHHH, riojiyneioibix pa3JiHHHbiM H m c to /ib m h  

BblHHCJieHHH, 4T 0  TOBOpHT 0 6  3(¡)<t>eKTHBH0CTH npHMeHCHHX M eT O aa riOJllOCHblX rpatJjOB HJ1JI 

HHHaMHMeCKOH OHeUKH npHBOHOB MaiUHH.

Taßjinua 6.5
CneKxp BacTOT c o 6cTBenHbix K0jie6anHft npHBOaa K0M6aiina 2K52___________

H h c jio  

CTeneHeii 

CBOÖOAbl S
HacTOTbi coöcTBCHHbix Ko;ie6aHHÜ c h c t c m l i  (zif)

Meran
BbIMHCJieHHH

3 7.4 30.3 44.5

[118]

4 7.6 30.0 43.1 116.0

5 7.6 30.5 43.1 116.0 245

6 7.6 31.4 43.1 115.0 238 355

7 7.6 31.4 43.9 115.0 238 355 436

8 7.6 31.4 43.9 132.0 237 354 428 679

15 38.2 49.0 65.5 240 [21]

3 y 6 n o B aH  nacTOTa H C cjicflyeM oñ  n e p e / ia n H  p a B n a  135 s ą  h  cpaB H H TejibH O  6 jiH3Ka k  

oflHOH H3 'lacT O T  (102 zif) c n eK T p a  BbinyameHHbix K O JieôannH , mto mohcct ro B o p H T b  o 

B03M05KH0CTH p e 3 0 n a n c a  b CHCTeMe. O A H ax o  corjiacHO aMiuiHTyflHO-HacTOTHOH 

x ap aK T ep u cT H K e o m y ro M O  3aM eTH biił p e 3 0 n a n c  hm cct m ccto t o j i b k o  n p n  nacT O T ax : 9  eu . 

32 Zif u 43 ztf [18]. TaKHM  o 6 p a 3 0 M , 3H aM H xe;u .noe o tjïh h h c  3y6uoB O H  nacTO Tbi iicc.T CnycM oii 

iie p e n aH H  o t  pe30H aH C H bix 'lacT O T  n o iB O ju teT  n p n  p a3 p a6 o T K e  AHHaM HHecKoii M0fle;ui 
3 a u e n J ic H H a  H ccneA yeM O H  n e p e n a n n  (7-8 H a pHC. 5.7) H e yHHTUBaTb bjihhhhc p e 3 0 n a n c a .

H n c j ie n i ib ie  3i i a iie ¡f i i5i h c x o a h l i x  n a n n L ix ,  Heo6xoflHMbix a j is  pa6oTbi 

KHHeMaTHHecKOH M o /te n u  (c m . n.4.2), rip e n c T a B n e iib i b  TaÖ JiH ue 5.4.
riorpeuiHOCTb npo(])HJie{ł no  ocHOBHOMy m ary  npHHHMaJiaci. paBnoH Hyjno. 3y6bx 

3y6HaToro KOJieca BbmojiHeubi c npo/iojibiioii M0flH(J)HKaaHeH c pa;wyco.M KpnBH3Hbi 
/?„jD=2.34-í-7.03 .u co  crpem coił 6oHKOo6pa3HOCTH f  = 0 .2+0A m m . B cbsibh c nponojibH oii
MOflHt{)HKaUHeH 3y6bC B  H TeM OßcTOBTejIbCTBOM, HTO H3MCpCHHC H3H0C3 np0H3B0AHJ10Cb B 

c p e / j i i e ü  n a c r a  3 y 6 a , K03<jxl)HUHeHT pacripc,ne.neH H fl n a rpy3K H  no a j i h h c ’ 3 y 6 a  npH H H M ajica 

paBHbIM K / i p = \ .

f l j w  oSecneneHHB p a ó o T b i ynpyroñ AHiiawHHCCKoii M o a e n ii  n e o 6 xoniiM O  y n u T b iB a n . 

x a p a i a e p  . i í3 m c h c h íi j i  b h c i h h h x  B p a m a io m n x  m o m c h to b  (ABHXiym uH m o m c h t  

3 J ieK T p o flB n raT e jia  u  m o m c h t  c o n p o r a B j ie H M  p a 3 p y iu e H H io  y r j i a  h  cro rto rp y 3 K e  Ha 

K O H B eñep), a  T aioK e H H epuH O H H bie n ap aM e T p b i n p iiB o n a .

M o m c h t  conpoTHBJieinix H a p a 6 oH H x o p ra H a x  KOM6 a i in a  3 3 b h c h t  o t  m h o th x  

(})aKTopoB: cJiynaHHoro coneTaHH« c h j i  p e 3 a i iH s  Ha KaxcnoM  3 v 6 k c , H u c iia  ay o K o iï b  j i h h h h  

pe3aH H B , ToniU H H bi cTpyxcKH, K penocT H  y r j i a  n o  BbicoTe n jia c T a , uiHpnue 3 a x B aT a  h  a j i h h c  

jiaB b i, M exaHHHecKOH h  d j ig k tp h h c c k o h  xapaKTepHCTHK A B H raT eax , nmiaMHHCCKHX 

XapaKTepHCTHK TpaHCMHCCHH.
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Jinn aHHaMHwecKoro anaxiina npuB ona KOMÓairaa mojkho orpaHH+HTbcs th ito b o h  
(JiopMOH H3MeHeima MOMeHTa conporaB JieH na b ((jynKunii BpeMeHH npii aM nm rryaax, 
o6eciie liHBaiomnx ycToîmHByio paôoTy ojieKTpo/iDHrarcjia. TaKHe 33bhchm octh  öbijih 
nojiyqeHBi B.FyjiaeBBiM n a  o ch o b 3 h h h  oßpaöoTKH 6 o;ib iuoro  KOJumecxna ociyuiHorpaMM 
3anHCH B pam aiom ero MOMeirra Ha Bajiax iiihckob b iuaxTHbix ycjioBiiax [20]. 
KoppenapnoH H bie (jjyHKiiHH m om chtob conpOTHBneHHa HMeioT 4>°PMy cnuycoiijiLi c 
nacTOTOH, oOycjjoBjienHofi xapaKTepoM /ibidkciiim  MexaHH3Ma nepeMemenHH, Ha KOTopyio 
najiox<cna BTopaa c im y co im a  c 6 o nee  bm cokoh  nacTOToii, oôycnoBJieHHoi-i xapaKxepow 
pa3pyuicHHH ynra. MoMenTLi conpoTHBjieima n a  h h ä h c m  - 7s„ h  Ha BcpxneM - TSa amcKax, 
npHBcacHHwe k Bajiy DJicKTpo/iBHratcjia (cm. puc. 5.7), M oryr 6bixb b h h h c jich b i no 
cneAyioiHHM <|iopMyjiaM:

TS„,o = W 1 +  «h s in (2^rlH0 Ï l  + ß„ s¡n(27p2«0]j 

TSa,o =  Toe [\ +  CCe sm {lT ^u t ) \ \  +  ßßür\{2jrf2at)\ j
(6.4)

Ct>H3H4eCKHH CMblCJI H ’HiCJICHHbie 3Ha'iCHM>I nOCTOHHHblX BejlHHHH, BXOHHIHHX B
(jiopMyjibi (6.4), npinseaeiib! b  Taña. 6.6.

T a 6 ;iHua 6.6

®H3H4eCKHH CMblCJI 

riOCXOflHHOii BCailXHHbl

Bncjieimoe 3naiieHHe

H h jk h h h  uiHeK BepxHHH mHex

C p ejm ee  3naweiiHc m om chtb conpoTHBaeHHS 

OTHOCHTejibnaa aMruinxyiia nepBofi rapMOHHKH 

HacTOTa nepBoii rapMOHHKH 

OTHOCHTejibHaa a.MiuiHTyaa BTopoii rapMOHHKH 

MacxoTa BTopoñ rapMOHHKH

7'„„=400 um 

««=0.4 

//„ = 1 .7  zii 

ß„=0.25 

J 2 „=43.5 Zif

T„¿=200  hm 

a ¿= 0.5 

f i ,= 25 eif 

/3„=0.20 

f 2 „= 3 1.2 2i¡

B CBH3H c  T e M , H To 3 y 6 ijo B a 5 i n a e r o T a  H CCJie,nyeM O H  n e p e a a i H  f y . / ¡ =  1 3 5  6 o j t c c  hcm

b  T p n  p a 3 a  b b i u i c  H a H Ô O J ib m e ii l a c x o x s i  h 3 m c h c h h b  m o m c h t b  c o n p o T H B J ie n n a ,  r ip n  

p a c c M O T p e H H H  s a n e n a c H H H  n a p b i  3 y 6 b e B  m o m c h t  c o n p o T H B jie i iH H  • m o j k h o  c+ H T aT b  

nO CTOHHHblM .

B y ro jib H O M  K O M 6aH H e 2K52 npHMenaeTca 3 J ic K T p o f lB H ra T e jib  3)J,K04-2m c 
y B e jiH n e H H b iM  s n a n c u H C M  M a x e n M a j ib i io r o  B p a m a i o m e r o  M O M e m a . / ( j i b  c p c / m n x  yc jio B H H  

acecTK O CTH  c e T H  3 J ie K T p o c H a 6 » c e H H B  3TOT m om cht paB C H  TMa,x= 1050 h m  [2]. Cpe/uiee 
3 H a iie H H e  y c T o i ł i H B O r o  B p a m a i o m e r o  M O M eH Ta Ha B a a  y  o n c K T p o a B u r a x e m i  M3 ( j)o p M y n  6.4 
COOTBCTCTBCHHO paB H O :

T„„ =  T„„ +  T,„ =400+200=600 h m .



- 135 -

nocKOJibKy MaKCHManbHbiii MOMeHT aBHraTejia HaMHoro npeBbmjaeT liOMHnajibiloc 
3HaHeHHe, m o j k h o  CHHraTb McxanH'iecKyio xapaicrepHCTHKy flocTaTOHHO ż k c c t k o h  h  npn 
paccMOTpeiiHH 3 au en jien n a  napbi 3y6beB flBHKymHii m o m c h t  CHHraTb nocTOHHHbiM.

flucKpcTHbic HHepuHOHHbie napaMeTpbt BpamaiomnxcH 3BeHbeB pcayicropa npHBojia 
KOM6auHa 2K52, Haił;icim bic pacHenibiM nyreM , h  ynpyrH e xapaicrcpHCTHKH 3 j i c m c h t o b  

CHCTCMbi, HaRmcHHbic 3KcnepHMeiiTajibHO (c yncTOM rHCTepe3HCHbix ncTCJib) ripHBeacHbi b  

pa6oTe [19]. H a  o c h o b 3 h h h  3 t h x  ;iannbix  oripenejieubi napaMeTpbi jjHHaMHHecKOH MOjienn 
HccjicaycMOH nepefla+H.

HcxoflHbie ;;aH H M e A H naM im ecK OH  Mo/iejin c hhcjiom  CTeneHeił CBo6oflbi 5=4 
n p e f lc T a B J ie H b i b  T a O jiH u e  6.7 (c m . n.4.3).

Ta6jiMua 6.7

napaMeTpbi anHaMMHCCKoii MOflejiH 3y6HaToił nepeflara  7-8 yrojibHoro KOMOanna
2K52 (pHC. 5.7)

napaMeTp HHcaeHHoe 3naHeHHe

iipHBeacHHbie BpamaiomHe m o m c h t m :

aBii>i<yiniiH

COnpOTHBHeHHH

7 o j ./= 1 7 2 0  hm 

7p.;+2=5263 hm

npHBCflCHHbie MOMeHTbl HHCpUHH:

ot  BBHraTemi 

o t  pa6o>iero opraHa 

Bcziymcro 3y6naToro Koneca 

BeflOMoro 3y6naToro Koneca

Joj-i=9 .9 5  K2M2 

Jp.j+I-5.S4 K2M2 

Jj= 0 .2 1 4  KPM2 

7;+y = 0 .8 8 2  KZM2

npHBefleHHaa xcecTKOCTb BanoB: 

o t  flBHraTejiB 

o t  paOonero oprana

Co,j=594500 Hju/pad 

Cp.j+i-41 8 7 0 0  HM/pad

HopMajibHbiii 6o k o bo h  3aaop

6e3pa3MepHbm K03(}Hj)HiiHeHT jjeMniJiHpoBaHHfl

KHHeMaTHHecKan b jb ko ct b  Macaa H-45 npn t=8(fC:

j„=0.22 mm 

yt=0.3

16 ccm (46-10'6 m /cck)

3 n a M e H n e  6 e 3 p a 3 M e p H o r o  K 03(})4)H U H eH Ta jieM ri( |)H p o B aH H H , n p H B e / i e n H o e  b  T a 6 a .  6.7, 
npHHSTO Ha 0CH0B3HHH ero  3KCnepHMeHTajibHoro o n p e a e a e n H s  n p u  HCCJieaoBanHH 
y r o B b i io r o  K O M 6aiłH a 1K101, a n a j io rH H H o ro  n o  KOHCTpyiom H K O M G aiiny 2K52 [2],
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J if lx  o ß e c n e n e n i iH  (j)yH K unoH npoB aiiH H  m o a c j ih  in n a u iH B an H H  3 y 6 te B  H ccjie fly eM o ii 

3 y 6 liaT o fi n e p ca aM H  b b o ; u ij i h c í . A onoA H H T enbH bie  A aH H bie, n p H B c /ie m ib ic  b  TaÖ JiH pe 6 .8  ( c m . 

n .4 .6 ) .
C ucjiLio onpeflejieHna KoscjnjinuneHTa Bapnaunn yAeflbnon h h tchchbhoc th  

H3naiunBaHHK a r  h  K03(j)c¡)HHHeHTa BJiHBHHB 'lacTOTbi Bxofla 3y6beB b 3anciuienne a u 6bui 
BwnoJiHeH aHajiH3 3KcnepnMeHTajibHbix flamibix no n3Hocy npotjinneß 3y6beB, npHBCACHHbix 
b  npiiJioxcenmix 2 .l-i-2.11, h hx conocTasjicuHe c AanHbiMH no Hapa6oTKC KOMñaibioB, 
npHBe;;enHbix b TaÖJi. 5.5.

Taôjinua 6.8
OcHOBHbie napaMeTpbt moacjih H3iiauinBann!i 3y6HaTOH nepeflann 7-8 y ro jii.n o ro

KOM6anna 2K52 (pnc. 5.7)
ü a p a M e T p H h c a c u h o c  3 na H C H iie

M a K C H M a A b H o e  3 H a n e n n e  n a p a ß o T K H f t , « « -6 0 0 0 0 0  m

O p u c H T H p o B O H H o e  B p c M B  p a 6 o T b i n e p e p a n n  b  p ea jibH O M  

M a c n iT a 6 e  B p e M e H H
7^= 12000  Hac

H h c a o  u h k j i o b  H T e p a n H H j nu,x =  80

Í Ip H 3 H a K  A e r a p o B a iu iH  M a c n a pris=>0

y  p e n  u r n a  n iiT C H C H BH O C T b  H 3 H a u j iiB a m ia  

c  y n e T O M  c k o j ib > k c h h h  h  K a n e n n a  

c  y n e T O M  p a A n a r ib H o ro  S h c h i m

»¿=0.0010 -MwVß/M 

¡V=0.2 M M J/ ( s m

C noM om bio (jiopMyiibi 4.26 6 u jih  BbiHncneHbi ají h Ka>K/ioro oöcjieflOBanHoro 
3y6naToro KOAeca 3HanenHH oöbeM Horo n3Hoca h nocTpoenbi rpaijiHKH n x  H3MeHenna b 

4>yHKUHH HapaöoTKH, iipeA C T aB Jiciifib ie  n a  pnc. 6.4.

Pnc. 6 .4 . O ßbeM H uit H3H0C 3y 6beB 3y 6‘iaTbix K oaec b $yHKum< napaßoTKH I - m c c re p iia  V¡, 2  - ko jicco  V¡, 
3 -  cyMMapHbiñ: VS =V,+V2 • ,  p ,  ■  - BKcncpHMCirranbHbie aa n H b ie  annpoKCiiMnpyKHi»<e KpHBbie

O n b iT H b ie  3HaneHHH o G b e M iio ro  H 3 n o c a  3y6bCB 3 y 6 n a T b ix  KOJiec y ro A b iib ix  

KOMÖaHHOB 6biAH annpO K C H M H poBaH bi n o n n n o M aM H  T p e T b en  cT eneH H  h  upeA C T aB Jiem .i n a  

p n c .  6 .4  COOTBeTCTByiOmHMH KpHBblMH : 1 - unn  3y 6 b eB  m ecT cp H H  -  Vi = Vi(Q), 2  -  ajim 
3 y 6 b eB  K o n e c a  - V2= Vi(Q) n  3 - cy M M ap n b in  i iíh o c  3 y 6 a  in ecT ep H H  n  K O Jieca - Vz =  Vz(Q ).
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AHajiH3 nojiyHCHHbix pe3yjibTaT0B noKa3aJi, h t o  HMeeT M ecTo í io b o ; i i ,h o  

3HaHHTe;ibHBiH p a3 6 p o c  3KcncpiiMeHTajibHbix 3HaneHHH o6beM H oro ii3n oca  3y6bCB, 
oSycjioBJieHHŁTH flßyM« ochobhhm h  ([laKTopaMii:

•  n o rp e iu H O C T b io  MeTO.ua H 3w epeH H fl H 3H oca , h t o  rp eS y eT  cooT B C T C T B yiom ero  y B e jin n c ii iu i  

u jupH H Ł i ;iO B cpH T e;n>H oro H iiie p B a jia ,

• norpeiuHOCTbio onpe.ae.neHH» iiapaßoiKH n a  ooho 3y6naToe KOJieco.
3y6HaTbie K oneca, oTpaßoTaBume necKOJii>Knx Me*peMOHTiibix nepno;iOB, iipn  

nocTpoeiiHH rpacJniKa (pHc. 6 .4 )  6binn HCKjiioHCHbi H3 paccMOTpeHHH.

Ko3(j)(j)HUHCHT BapnanHH yaejibHoił HHTencHBHocTH H3HaiiiHBaiiHJi a r  6bm npHHHT 
IipOriOpUHOHailbHblM CKOpOCTH II3MGHCHH» CVMMapiIOI'O oßbCMHOTO H3HOCa:

a j  = Vę (Q)  

^ x ( 0 )  ’
(6.5)

dVz
r a e  K£ ( 0  = - -  - nepBax npoii3BoaHan (jiyiiKUHH Vz(Q),

d Q
^ ¿ (O ) - SHaneiiHe (jjyiiKUHH Vj;(Q) n p n ß  =  0.

Ko3c[)(J)HUHeHT b j i h h h h »  HacTOTbi B x o n a  3 y 6 b e B  B  3 a u c [u ie H H e  au 6 m j i  n p m o r r ,  b 
nepBO M  n p n ö n n Ä C iiH H , paBHbiM  o r a o i n e m n o  3naH eiiH H  oobC M H O ro H 3H oca  3 y 6 b eB  iiic c T e p iiii  
ii KOJieca:

Vi (Ô)a„ =
V2 ( ß ) '

(6.6)

r i p u  pacneTax n o  (Jiopwync 6 .6  b o  BHHMamie npiiHHMajiHCb TOJibKO Te 3y6naTbie 
riapbi, KOTopwe h m c jih  onniiaKOByio napa6oTKy n a  Kaxcnoe 3y6naToc KOJieco.

P e3 y iih T aT b i pacncT O B  n o (jiopMynaM 6.5 u  6.6 n p c n c T a B n c H b i n a  p u c .  6.5 b  n u n c  

c iu io i l i [ ib ix  jiH iiH H . Ha ocHOBaHHH n o jiy n e H H b ix  p c3 y ai/raT O B  m o » h o  c f le n a T b  b b ir o u ,  h t o  

HHTencHBHOCTb H3HaniHBaHHH b n a n a j ib i ib i i i  n e p n o f l  BKcnnyaTauHH yw en b m aeT C H , h t o  

o G b h c h h c tc »  npH pa6oT O H H biM  3(])(j)eKT0M, 3aTeM  c T a 6 n ;iH 3 iip y e T c x  h  n o c n e  o i ip c n c n c u n o r o  

n e p n o a a  c n o B a  yBCJiHHHBaeTC», h t o  m o /K c t 6 biTb o ó t a c H e n o  y cH JieH n ew  b j ih a h h h  

H C K axcennn  n p o ^ i u i e n  3 y 6 b eB  b p c 3 y jib x a x e  n x  H e p a B iio M e p iio ro  H 3H oca.

Puc. 6.5. Oripeaenemie K03(|)<j»m>icHT0B a¡ h 1 u 2 - pacneTHbie 3HaHemu¡, «7-110 , -  aiineapn3npoBanHi,ic 
3 ! i a H e iu w
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O n io iu e i iH e  oÖTjCM Horo H 3H oca 3 y o a  m ecT epH H  h  KOJieca b n p o u e c c c  S K cn n y aT am iH  

H enpepb iB H O , x o t x  h  c p a 3 H o ii cK o p o c T b io , yB ennH H B aeT ca  h o  H e ; io c T ii r a e T  3 H a+ eH iis , 

p a B H o ro  ncpcaaT O H H O M y H iic jiy  3y6>-iaTOH n e p e a a n n .

C HCJibio y iip o iH c m iK  pacHCTOB h  yHHTbiBaa npHÔJWHceHHOCTb n o jiy n e H H «  3naH enH H  

(jjy iiK U H H  oöbC M H O ro  H3HOca 3y 6 b eB  K puB bie  1 u  2 H a p u c .  6.5 6 h j i h  3aM CHeHbi OTpe3KaMH 

npHM blX, HTO nO3BOJlHJ10 BblHHCJMTb 3HaHeHHK K03(j)(J)HHHeHT0B O f  H CßeflyiOIUHM 

o 6 p a 3 0 M :

• K03^(J)HUHeHT B apiiaH H H  yAejlbHOH HHTeHCHBHOCTH H3HaiUHBaHHH CLf.

Q ^ Q n  

Q t\ Q n  

Qt2 < Q -  Qmokc

oCf = 0.6 -  0.4 

aT =  0.6;

a T = 0.6 + 0.55

Q - Q t \

Q n

Q -  Q n
Qmokc Q n

(6.7)

rae (3r/=0.28(2„IKf h  Qn=0.6%QMaKC - aßcmiccbi TO +ex n e p e n o M a  jiH H e a p n a iip o B a in io ii

tjjyuKUHH a-KQ),

K03({ic])Hn.neHT BJiHBHHH HacTOTbi B x o n a  3y6beB b 3 an en n en n c  a u:

Ô
Q ^ Q u i  

Qui < Ö -  Qu2 

Qu2 < Q i  Qmokc

a u =  1.00 +  0 .2 0 - ,
Qui

a u =  1.20 +  0 . 6 5 - ^ — ;
Qu2 -  Qui

Q — Qu2 
a u ----1.85 +  0.05 -...... ...

*¿M Q KC *¿l¡2

(6.8)

r a e  Ô u/= 0 .362*< jx< ; h  ß u 2 = 0 . 8 0 ß , , atc a 6 c u n c c b i  T o n e x  n e p e n o M a  ;in i ie a p H 3 n p o B a n n o ii

- (fjynKUHH a u(Q).

H 3  T aöiiH U bi 6.8  c J ie a y e T , h t o  n p n  M O /iejiH poB aiim i y c J io B iiñ  S K C tu iy aT a m m  3y6H aT oii 

n c p e a a i H  y ro j ib H o r o  x o .M ß a iin a  M acurraÖ H biH  K 03<|)(j>nnneirr m ix / ia  H T c p a m in  (cm . 4>.4.27) 
p a ß e n  B (JiyHKUHH n a p aß o T K H  -  fiQ = l5 Q Q  m  u  b (JiyHKUHii B peM eH ii - ¡ ir=  1 5 0  'ia c . 

C jiezioB aTCJibH O, o a i m  u h k j i  H T e p a m n i 3K B H B ajieiiTen b p e æ ib n o M  B p eM eim  1 5 0  u a c  p aö o T b i 

n e p e f la + H , 3a  K O T opoc m o > k c t 6 b rrb  ycnoBH O  a o ö b i t o  7 5 0 0  m  y  nix.
n o rp e iH H O C T b  B b iM iicn em ia  o ö b e M H o ro  H 3H oca o n p e / ie .’iHCTCx n o rp c u in o c T b io  

H3MepeHHH H3HOca Al=0.05 m m  (cm . i i . 5 .2 .1 )  - AV=2mbiAJ=2-&-15 0.05=60 m m '1 .

Jlflx o u e iiK ii  cT eneH H  c o o t b c t c t b h j i  pe3yjibTaTO B , n o n y H c n iib ix  n p i i  HHCJieHHbix 

3 K cn ep iiM eH T ax  c pe3y ;ibT aT aM H  3K cnepnM eH T O B , o n n c aH iib iM H  b m a ß e  5, n c n o J ib 3 0 B a jn ic b , 

x a x  h  n p i i  cpaB H eH H H  c  p e 3 y ;ib T a ra M ii j ia 6 o p a T o p iib ix  n c n b ira H H H , flB a  noxaaaT C JiH :

• OÖBeMHbUI H3HOC 3y6a,
•  <t>opMa npocJiHJiH 3 y 6 a .

Ha puc. 6.6 npeacTaBJieHbi 3Ha’ieHHS o6beMHoro H3Hoca 3y6beB, nojiyneiiHoro b  

pe3yjibTaTC HHCJieHHoro DKcnepiiMCHra Moae;nipoBaHna npouecca innauiHBaiiHH 3y6beB 
mecTepHH h KOJieca 3y6HaToñ iiepcaa+n yrojibHoro KOMÓaihia (cnjiouiHbie jihhhh), h 
cooTBeTCTByiomne 3KcnepnMeHTanbHbie aaiiHbie (nepeHeceHHbie c puc. 6.4).
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y  [.uw3]

Puc. 6 .6. OßteMMbifi H3H0C 3yöbCB 3y6 'iaToi“i nepeaam i KOMÔaîina 2K52 
pe3yjibTaTbi ’mcjiCHHOro aKcnepHMema: I - m e c T c p u a ,  2 - KOJieco 

3KcriepHMeHTajibHbie AauHbie: p  - u iecrepna, ■  - Kojieco

K oJiHH C CTBeim aü o u e m < a  CTeneHH  c o o tb c tc tb h ji  p c 3 y n b x ax o B  H u c iie im o ro  

3 K cn cp iiM eH T a  u  o n b iT H b ix  a a i iH b ix  o ö te M H o r o  H 3 H o ca  s y 6 a  n p o m B o n iu ia c b  n o  

BCpOHTHOCTH HaXOJKflCHHK 3XHX flaHHblX B npCACJiaX UlHpHHbl AO BCpH iejlbH O rO  H H TepB ajia, 

O T C 'ö iT biB acM oro  o t  3iiaqeH H H  o ß b e M n o r o  i n n o c a  3 y 6 a  n o  p e3 y jib x a x aM  M onejn ip o B aH H x  

(cm. n . 6 . 1 ).

B CBH3H co 3HamiTenbHbiM pa36pocoM onbiTHbix aaiiHbix K03(j)(|>HUHenx u m p ii i ib i  

n o B c p i i t e j i b i i o r o  H H x ep B an a  6bui n p m n r r  paßiibiM <2=1.4. I l p n  x a ic o ñ  i m ip m i e  m iT e p B a n a  

noB cpirrejibiiaa BepoaxHocxb n a x o /K /ic in in  b  s x o m  H H xepB ane  80%  oiibixubix a a m ib ix  p a ß n a :  

a n a  i n e c x e p n a  -  0 .72 , nna - Koneca - 0 .91.
C n e n o B a x e n b u o ,  c  B c p o a x n o c x b io  6 o iie e  72%  moxcho y x B ep x caa x b , n x o  3H aneH H « 

o ß b e M n o r o  n 3 H o c a  3 y 5 a ,  n o j iy n e in ib ie  b p e 3 y jib x a x e  n p o n 3 B o n c x B c n n b ix  n c n b ix a H i ii i  n o  

H3iiauJHBaHHio 3y6bC B  3 y 6 n a x o n  r ie p e j ia n n  y ro j ib H o r o  KOM6 a i in a ,  H axoaaxca a o c x a x o n n o  

6 jih 3 K 0  o x  3 H aH cn n H , n o n y n e n i ib ix  b p e 3 y n b x a x e  M o n c n n p o n a n iiH  n p o n e c c a  H 3H aiunB aH na 

3y6bCB n n a  a n a i i o n n n i b i x  y c n o B iif i 3 K c n n y a x a n i in .

C n e j ib io  ynexa pa36poca o n h ix H b ix  aaHHbix c p aB H n x e n b H as  o n en x a  xapaxxcpa 
1I3MCHCHXIH ijio p M b i n p o c ju n in  n p o n 3 B O /u in a c b  n yxeM  y c p e n u e H iia  SR xiiepii.M C H xajibiibix 

A au H b ix  H3Hoca npocjnuieH 3 y 6 b eB  c jje a y io u u iM  oöpa30M.
H c c n e n y e M b ie  K O M Ó añnbi 6 b u in  p a 3 ß n x b i n a  x p n  r p y n n b i  b 3aBH CH M 0cxn noK a3axe;iM  

cxeneHH 3 K c ru iy a x a n n n :

<6 -9 >*~-MQKC

r a e  <2, - napaöoxK a n a  KOMÖaiui (cm . xa6n. 5 .5),
Q mokc - MaKCHMajibiioe 3H a>ienH e H a p a 6 oxKH, n p i iH s x o e  n p n  M o a e n n p o B a n n n  ycaoBUH 

3 K c iiJ iy a x a m in  (cm . xaön. 6 .8).

B K ax<ayio  r p y n n y  B K JiiO 'ianocL  3^-5 K O M SaiinoB  x a x i w  o 6 p a 3 0 M , hxoG bi oobC M H biii 

H3HOC 3 y 6 a  3 y 6 n a x o r o  K o n e c a  b r p y n n e  o r n i i n a n c a  o x  c p e f lH c ro  H 3H oca r p y n n b i  Ha B e jiim H u y  

H e n p e B b iu ia io in y io  o i n n 6 Ky H 3 M e p e n n a  i n n o c a .  J \n a  u ie c x e p e H  n  K o n e c  n c c j ie a y e M o ii  

n e p e a a n n  K ax cao n  r p y n n b i  6 bi.no n o c x p o e n o  o ö m e e  n o n e  K o p p c n a m m  p c3 y n b x ax o B  

H3MepeHH>i H3HOca (iiO M eneH H bix  3H 3kom  p ) n  B b iH iicn eu b i K o o p a n n a x b i  a o B c p n ie J ib n o r o

HHxepBana c  K03<jxj)HmieHiOM unipiiHbi a  = 1.25 (o rp a u n n e n n o ro  xoneH H oii ;iHHHeii - .........).
Pe3ynbxaxbi o6pa6oxKH SKcnepHMenxajibHLix aaHHbix npeacxaB.nenbi Ha p uc . 6.7.
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‘  1 W n J  ,1 1 , 1 1 1 1 1 1 1 ----------1, ■ i,  i ~----------

P u c .  6,7 C p a n n e m i e  i i p o r H 0 3 H p o B a n H b i x  u  3 K c n e p i w e i i T a n b H b i x  

a n a H e m i ñ  i n n o c a  3 y 6 a  u i e c T c p m i  11 K O J ic c a  K O M Ö a i in a  2K52 
0^/3/ =0.42; OJ /3 ,=0.50; a) J3.,=0.86

------------ peayjibraTbi MOAejmpoBaHHH n p o u e c c a  t i 3 H O c a ,

..........................  K p H B a a ,  a n n p o K C i i M H p y i o i n a x  o n b i i m i c  a a i m b i e ,

..........................  r p a i i H u a  a o a e p H T e j i b H o r o  l i H T e p B a n a

B CBS3H C  SoJIbUIHM OÖBCMOM BŁlGopKH OIlblTHblX TOHeK JlOBepHTCJlbHblC HHTCpBajIbl 
CTpOHJIHCb OTHOCHTeJIbHO KpHBOH, aimpOKCHMIipyiOIUCH 3KCIiepHMeHTajIbHO OnpC/ICJlCHHblC 
atiancHHH n3itoca, otm cm chhoií Ha rpa4)HKax puc. 6 .7  nyiiK rapnoH  JHiHiieii, npoxo/iam cfi 
nocpexiHHe HHTepBana.

B T a ß jiH p e  6 .9  n p n B c a e n b i  3H aH ennB  ^ o B ep H x e jib H o ií B e p o a ra o c T H  h  y c p c jp icH K b ie  

3HaMCHHH o Ó B eM iio ro  H 3 iio c a  n o  rp y n n a M  KOMoaiiitOB.

TaÖJifma 6.9

X “

rp y n n u
KOiNi6 aÜ Ha

ßa

O G beM H biH  H3IIOC 3y6a, m m /H oBepH TCjibH aa

BepOBTHOCTbKoji eco m ecTepiw
OKcnnyaTau. M O/iejib 3K cnjiyaiau. M o ae jib m e c T e p n a Koji e c o

1 0.42 195 203 168 167 0.94 0.97
2 0.50 322 325 204 202 0.82 0.88
3 0.86 572 581 309 285 0.72 0.80
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H a  nojisi KoppenauHH OKcnepiiMciiTajibHbix 3Ha'ieHH¡i H3Hoca (puc. 6 .7 )  

iiaK/ia/íLiBajiHCb pe3yjibTaTbi MOflejiupoBaHiia H3Hoca npocjjHJis 3y6a - ciuioim iaa jih h h h , 

KOTopaa npaKTHHecKH una  Bcex BapnanTOB (xpoMe neSojibiuoH oSnacTH ajib mecTepuH na 
pnc. 6.7b) HaxoflHTCH BHyrpu ;iOBepnTe;ibnoro imTcpBana h  b  o c h o b h o m  cooTBexcTByex 
(JiopMe KpHBofi, annpoKCHMHpyiomeíí onbiTHbie sanable, o c o 6 c h h o  npti Manbix h cpe/imix 
3HaMeHiiHx ii3HOca 3y6beB.

C BCflO BaTejibiio, p e s y jib T a ™  HHCJieim oro DKcricpHMeiiTa noK a3biBaioT, h t o  x a p a icrep  

n 3 H o ca  3y 6 b eB  M oaejiH  flo cT a T o n iio  x o p o r n o  cooTBeTCTByeT x a p a ic r e p y  H 3n oca  3y6b eB  b 

3K cniiyaT ai;H H . f l j ia  B cex  r p y n n  o 6c;ic;iO BaiiH bix KOMÖaßHOB c  B ep o a x u o c T b io  0 .7 2 - 0 .9 7  

B O B cpuT ejibubiíi HHTepBaji HaxpbiBaeT n p o rH 0 3 n p y eM y io  K piiByio H3HOca 3 y 6 a  h  ec.'in  ynecTb, 
h t o  3K cnepH M eH xaJibH w e 3HaneHHS H3HOca 3y6b eB  n o j iy n e u b i b  iipoH :iB o;;cT Bcnitbix  

yCJIOBIIHX, TO MO>KHO rOBOpHTb O flOCXaTOHHOM BblCOKOM ypOBIie OTpa5KeHHB peajlbHOCTH 

iipeAJiO/K ennoH MOflejibK) n p orH 03n p oB an H a H 3Hoca 3y6bCB 3yÖHaTbix n e p e a a n  iipsiBOZioB 

TíOKejio HarpyjK eHHbix m b iiim h .

6.4. XAPAKTEP M3MEHEHHÍI KAHECTBEHHblX XAPAKTEPHCTMK 3yEHATOÍI 
riEPEflAHH B PE3yjlbTATF, M3HOCA 3yEbEB

Kax 6biJio y » e  ii0Ka3aH0 b  rjiaae  2  u rciaBe 3 , b  pe3yjibTaTe iniiaiuiiBaHiia 3y 6beB 

MeHBiOTCfl KanecTBCHHbie xapaKTcpncTHKH 3y6HaTOÍí nepeaanH . 3 t o t  ((»axT noarBepacaaeTca 
npHBeflCHiibiMH hihkc npocTpaHCTBeHHbiMH /uiarpaMMaMH, Ha Koxopwx npcacxaBJicubi 
H3MeneHHfl ocHOBHbix xapaKTepHCTHK 3y6HaTOH íiepeaaHH, Hccne^OBaHHoñ c noMouibio 
HHcjieHHoro 3KcnepHMeHTa, M o;ie;m pyiom ero npon3BOflCTBciinbie ycnoBHH 3KcruiyaTannn 
pa6oneH MauiHHbi (cm. n. 6 .3 ) .

H a  p n c . 6.8 i i  pnc, 6 .9  npeflCTaBaeH xapaxxep h 3 m c h c h h h  H3Hoca 3y6beB uiecTcpHH h  

Koneca HccjicflOBaiiHOH nepenan ii.

Pnc. 6.8. Xapaicrep H3MCHCHHA H3HOca 3y6a UiecTcpHH b ¡jjyHKUHH napaöoTKH Q



- 142 -

P u c .  6 . 9 .  X a p a K T e p  n 3 M e n e i m j i  i i S H o c a  3 y 6 a  K O J te c a  b  < ¡>yH K in iH  H a p a S o T K H  Q

P e 3 y jib T aT w  n u c n e H H b ix  3KcncpnM CHTOB, n p u B e A e n H b ie  Ha p n c y n K a x  6.2, 6.3, 6.7, 6.8 
h  6.9 n o ;iT B cp > K ja io T  cflejiaHHoe b  m a ß e  l n p e fln o J io x c cH H e , m to  b  p e 3 y jib T a T e  im oca  
i ip o c ju u ib  3 y 6 a  HCKaxcaeTCH h  3 t h  HcxaxceHHH nepaB H O M epH bi n o  B b ico x e  npo<¡>njia.

H epaB H O M epH O C Tb H 3H oca n p o (f )n jia  n p iiB O flir r  k  H e n o c T o s i tc T s y  n c p c n a T O 'in o ro  

HHCna, MTO BHflHO H3 pHC. 6.10.

P a c .  6 . 1 0 .  X a p a x r e p  l O M e n e m i a  n e p e a a T O M H o r o  H H C J ia  « ; •  =  3 . 1 9  -  r e o p e T H i e c K o e  3 H a ' i e H i i e  n e p e a a i o a H o r o  

m i  a n a



143 -

HenocTOKHCTBO rrcpc/iaTOHHoro niic/ia h ynpyrocTb 3JieMeHTOB CHcreMbi npuBO/urr k 
TOMy, HTO MCH5ICTCH XapaKTCp BHyrpeHHHX flHHaMHHeCKHX CH/1 B  KOHT3KTC 3y6bCB :iy6'iaTOÍ¡ 

nepeaaHH (pHC. 6.11).

P h c . 6 . 1 1 .  X a p a K T c p  n 3 M e H e H i m  K o a i J u j n m n e H T a  j i n H a M i m c c x o R  n a r p y j K i i

B pc3y/ibTaxe H3Hoca 3 y 6 b C B  3HaHHTejibiibie h 3 m c h c h h x  npe-repneBaioT CKopocra 
Kanemix, ocoôeHHO b  nanajie u k o h h c  3aucnnem ia, (puc. 6.12 h  puc. 6.13).

Phc. 6.12. Xapaicrep h 3m c h c h r h  C K o p o c T H  K a n e im s  sy6a m e cT e p H H
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P h c . 6.13. Xapaicrep HaMenemist CKOpocru KaMemm 3y6a K ojieca

C K o p o cT b  cKOJibiKeHHH npaK T im ecK H  He M e iw e T c s  3 a  H C K /noH em teM  3 o h  a n y x  

n a p H o r o  3 a n e n j ie i i i i5 i ,  a a  h  t o  t o j i i .k o  n p n  3H aH nxejibH 0M  H 3H oce n p o t j i i i a e i i  (puc. 6.14).

540 
450 

360
270

180 Q [mbic. m)
90

B p e M B .  t  [m c s k

speHfl, t  [ M c e i Ą

5 4 0  

4 5 0  

360 

2 7 0

180 Q [mtic. m]

ñ  -0,4

Phc. 6.14. Xapaicrep H3M€H£hhb cxopocru cKoai.)KeHnii
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B ö o j ie e  nojiH O H  M ep e  HCKa^KCHHa npo(J)HJieH  3y 6 b eB  cica3M BaK>Tcs H a h 3 M c h 6 h h h  

iio p M a jib iib ix  KOHxaKTHbix HaripHÄCHHH, T a x  icaK n p n  onpeaeacHHH r m i x  H a n p a a ie iw f t  

yH H TB iBaeTca h  i n M e n e n n s  p a a n y c o B  KpHBH3Hbi n p o ( j) i ia e ii  h  H 3M eH enne  n o p M a jib n o ñ  

H arpy3K H  (c  y n e ro M  K 03(j)t}innneH Ta HM HaM UHHOcra). Xapamrep in M C H e im a  KOnraKTHbix 
H anpaxceH H H  n p e a c T a B J ie n  H a pwc. 6.15.

Puc. 6.15. XapaKTep H3Menemia HopMajiLHbix KOHTaKTHbix HanpawcHHÍi

OflHHM  H3 o ó in c n 3 B ec T H b ix  n y T e ii no B b iu ien H H  K aaecT B eH H bix  xapaKTepHCTHK 
p a ô o T b i 3y6naT O H  n e p e a a n H  jiB jiacT ca  cH H xceH ne annaM UHCCKHX H a rp y 3 0 K  3a  c h c t  

npHM eHeHHH n p o c jju ab iiO H  MOflH(J)HKaunH n p o tjn u iH  (< |)JiaiiKnpoBaHHH). O a H a x o  n n a  

3yoM aT bix r ie p e / ia 'i  T s jx e n o  HarpyjKeHHbix, cpaB H H T ejib iio  T H X oxoaH bix  M am  m i s t o t  c n o c o G  

oxa3ancs MajioafJitfiCKTHBHbiM b cmiy c a e a y io m u x  npHHHH. H 3 -3 a  H H 3K oro 3 n aM en n a  

K03(jxj)HUHeHTa n e p e x p b iT i ia  30H a (ju ianK H poB aH na o x a3 M B aeT cs  Hacmiibxo M anon, h t o  

TexH O JiorH H ecK H  e e  o n e i ib  T pyaH O  B binojiH H Tb. KpoMe T o r o ,  a c ({ io p M a u n a  3 y 6 a  u 
peK OM C H /iyeM aa cT anflapT O M  rnyÔHHa 4>naHK H poB aH na coH 3M epH M bi c aonycxoM n a  

no rp eu iH O C T b  H 3 ro T o n a c iiH a  n p o ^ n n a  3 y 6 a , h t o  c t 3 b h t  non c o m h c h h c  ueaecoo6pa3HOCTb 
peaiiH3auHH npot|)njibnoii Mon^nxauHH.

M oaennpoB am ie  3auenaeHHS Moan4)nuHpoBanHbix npo4)Haeii noxaaano , h to  juin 
a a iiiio ro  KJiacca n ep en an  HMeeT MecTO ncGojibinoe cn io x en n e  annaMUHecxoH n a rp y 3 K n  b 

Hanane 3anenaeiiH a, o a n ax o  b 30Hax CMeHbi napHOCTH 3auenneHHà 4,-riaHKHP0BaH!ie 
npo4>Hna He OKa3biBaeT b h h sh h h  Ha ko34>4>hkhcht aHHaMHHecxoñ Harpy3xn. IIocjic 
o n p e ae n e im o ro  n e p n o a a  SKCtiayaTauHH b pe3yabTaTe H3Hoca 3y6a TexHoaorHHecxas 
M0flH4)HKauna npo4)HJia ncne3aeT h  3aMeiiseTca c c tc c tb c h h o h , Ha n o p sa o x  Sojibuieii, 
M0flH4)HKaHHefł.

H 3 npH B eaeH H bix pe3yjibTaTOB H H ca em io ro  oxcnepH M eH Ta n o  M oaen n p oB aH m o  

n p o n e c c a  3 K cn n y a T a n n n  3y6n aT b ix  n e p e a a n  c a e a y e T , h t o  Hcxax<eHHS n p o 4 w a e H , Bbi3BaHHbie 

H3HOCOM 3y 6 b eB  OKa3biBaioT 3H3HHTe;ibHoe BjiHXHHe n a  KanecTBeHHbie xapaxTepHCTHXii 

n e p e a a n H . IlpH M eH eH H e pa3pa6oTaHHOH k o m u m o tc p h o h  TexH O Jiornn n p o n io 3 H p o B a n H a  

cocTOHHHH p a 6oHHX noBepxH O C Teii 3y6b eB  n o 3 B o a a e r  oueHHTb xan ecT B o  n p o c x r a p y e M o ii  

3y6naTOH n e p e a a n H  h  n p o ca ea H T b  b j ih b h h c  pa3JiHHHbix KOHCTpyKTHBHbix h
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T e x H o n o rn n e c K H X  M ep o n p iw T H ií n a  napaM C T pw  n e p e a a n H  n o c a e  o n p e a e a e H H o r o  n e p n o n a  

3 K cn ay aT an H H  c n e a b t o  Bbi6 o p a  HaH 6 o a e e  o n T H M a ab iib ix  xapaKTepHCTHK n e p e a a n H .

6 . 5 .  B b l B O f l b l

O c u o B H b ie  H T o rn  H B biB oab i, n o B y n eH H b ie  H a ocH OBe a H aaH 3 a  p e3 y ab T ax o B  

n p o B e a e n n H  H H caeH H bix  SKcnepuM CHTOB, M o n cn n p y io m H X  y c n o B H a  p a 6 oT bi 3 y 6 n aT b ix  

n e p e a a n ,  a n a  KOTOpbix H M eeT ca H H cjiopM auna o  CTeneHH  h  x a p a i e r e p e  H 3H oca 3y 6 te B , 

CBOflHTca k  c a e a y io m e M y .

1. Pa3pa6oTan n o a x o a  k KoannecTBCHHOH oneHKe CTeneHH OTpasKeiiHa pcaabHOCTH 
M oaeabio nporao3H poB aH na KanecTBennbix xapaicrepHCTHK ayGnaxoH nepeaanH .

2 .  B u ca e H H b iH  3K cnepH M eH T  no  np o rH 0 3 H p o B aH H io  n a p aM C T p o s  3 y 6 n a T o íí  n e p e a a n H  n p n  

M oaeaH poB aH H H  j ia G o p a T o p n i.ix  n cn b iT a n H H  n e p e a a n H  c  t|)o p c H p o B an H o íí H arpy3K 0Íi 
n o x a 3 a a :

•  u e a e e o o 6 p a 3 H O C T b  B B en eH H S  b M o a e a b  H 3H aix iH B aH H a ( p a ie r o p o B ,  y n H T b iB a io m H x  

B a n a H H e  M n iO B e im o r o  3 H a n e i iH a  x e M n e p a T y p b i  b  K O H TaK xe 3 y 6 b e B ;

•  n o  H H T erpaabH O M y n o K a 3 a T e a io  -  oGbCMHOMy H 3H oey  -  p e3 y ab T a T b i n p o rn o 3 H p o B a H H a  

H 3H 0ca  3 y 6 b e B  c  BepoaTHOCTbK) 6 o a e e  75%  6jih3kh k  pe3 y ab T aT aM  (|)H 3H necK 0ro  
S K cn ep u M eH T a ,

•  (JjopM a n p o tj)H a e H  3 y 6 b eB , n o a y n e H H a a  b p e 3 y a b T a ie  H H caeH H o ro  O K C iiep u M e in a  c 
BepoHTHOCTbio 6 o a e e ,  neM  7 0 %  H axoanTca b  n p e a e a a x  H H T epB aaa m n p iiH O H , paB H oii 

1 .2 no rp en iH O C T H  H 3M epeH H a.

3 . B hcjIchhw h  3KcnepHMeHT no  iiporno3HpoBaHHK> napaMeTpOB 3y6naxoií nepeaanH  npn  
MoaeaupOBaHHH SKcnnyaTanHOHHbix ycaoBHií p a 6oTbi 3y6naxon nepeaanH  noKa3aa:
•  n o  H H T erpaabH O M y rio K a 3 a T e a io  - o 6 beM HOM y H 3 n o c y  -  p e 3 y ab T aT b i n p o rH 0 3 n p o B a n H a  

H3iioca 3y6bC B c  BepoaTHO CTbio 6 o n e e  7 2 %  6 j ih 3 k h  k  pe3 y n b T ax aM  ( j im u n e c K o ro  
O K cnepH M eH T a,

•  4>opMa n p o tjraaeñ  3y6beB, noayneHH aa b  pe3yabTaTe nncaeH H oro SKCiiepiiMeiiTa c 
BepoaTHOCTbK) 6oaee , neM 72%  naxoaHTca b n p e ae aa x  HHTepBaaa am p rn io ñ , paBHoii 
1.25 norpeum ocTH  H3Mepenna.

4 .  P e 3 y a b T a T b i  n u c n e t n i b i x  3 K c n e p n M e n T 0 B  n o n x B e p x c a a iO T  e n p a B e a n u B O C T b  i io a o a c e i iH H , n a  

OCHOB3HHH K O T o p b ix  p a 3 p a 6 o T a H a  M o a e a b  n p o rH 0 3 H p o B a H H a  n a p a M e T p o B  3 y 6 n a T o f i  

n c p c a a n n .

5 . M o a e a b  n p o rn o 3 H p o B a H n a  KanecTBCHHbix xapaKTepHCTHK 3 y 6 n a T o íi  i i e p e a a n n  n o 3 B o aa c T  

n e p c 3  H ecK o ab K o  n a c o B  n o a y n n T b  H H tjiopM auH io o c o cT o an H H  3y 6 b eB  n e p e a a n H ,  T o r a a  Kan 

n p n  H a x y p H b ix  n c i ib iT a i in a x  a  n a  3T O ro T p e 6 yiO Tca T b ican H  n a co B  p a 6 oTbi h  3H anH T eabH bie  

(j>HHaHCOBbie 3aT paT bi.

6 .  M o a e a b  n p o r H 0 3 H p o B a H H a  n a p a M e T p o B  3 y 6 n a T 0 H  n c p c a a n n  M o x ceT  6 b i r b  p e K O M e H a o B a H a  

a n a  H c n o a b 3 0 B a H H H  b K O H C TpyK TopcK O H  n p a i a m e  n p n  n p o e K T H p o B a H H H  n e p e a a n  c  

o n T H M a n b H b iM H  x a p a K T e p n c T H  kbmh .



7. n P H K J I A ^ H L I E  A C IT E K T L I n P 0 r H 0 3 H P 0 B A H B L H  /J O J ir O B E H H O C T H  
3 Y B L E B  S Y B H A T Ł K  K O JIE C

B KanecTBc npHMcpa iicno:ib30BaiiHa pa3pa6oTaHHofi KOMnbtoTepnoii TcxHOJiormi 
nporH03HpoBaHHfl napaMeTpoB 3y6narbix nepeaan paccMOTpeH Bonpoc pauHOHanbHocTH 
c6opKn 3y6naTbix riap npn K a n n ia a b H O M  pcMOHTe peayirropoB ropnbix MauiHH. Kp o M C  Toro, 
Ha ocHOBaHHH KOHuenuHH o nepaBHOMepHOCTH H3Hoca no npo(|)na:o 3y6a pa3pa6oTanbi 
KOHCTpyKHHH h H3roTOBneHbi oiibiTHbie o6pa3Hbi ycTanoBOK ana H36npaTeabnoro 
BoccTaHOBaeHHa h3hoiuchhoh noBepxHOCTH 3y6a.

7 .1 .y n O P B A 0 4 E H H E  K O M n JIE K T A IiH H  3Y B H A TbIX  H A P n P H  K A FIH TA JIbH O M  
P E M O H T E  IT PH B O flO B  MALUMH

06m eH 3BecTno, h to  3y6naTbie nepeaanH  ropHbix MauiHH paG oraio r b ycaoBHax 
BbicoKOH aHHaMHnecKOH HarpyxceiiHOCTH n p n  3HanHTeabHOM 3arpa3neHHH OKpyacaiomcii 
cpeab i a6pa3HBHbiMH nacTHnaMH, h to  OKa3bmaeT OTpHuaTenbiioc b ;ihhh iic  Ha nx 
aoaroBenHOCTb. TeM n e  Menee ,nanpnM ep, npHMeHHTeabHO k yroabHbiM KOMSafiHa.M ao 70% 
MauiHH Bbipa6axbiBai0T rapaHTHHHbiii cpox  cnyacSbi [51]. B npaKTHKC paGorbi 
ropHoao6biBaK)m nx npeanpnaTHH ycTaHOBaeHbi onpeaejieHHbie nopMbi - h h ch o  Mecayen 
pa6oTbi h  napaOoTKa (b mjiii m aoObiToro y raa ), n ocne  n o cT im en n a  KOTopbix ro p n aa  
MarnHHa HanpaBJiaeTca n a  cncuHaaH3npoBaHHbie 3aBoaw y roabH oro  MauiHHOCTpoeuHa a aa  
KanHTaabHoro peMOHTa. Elpn Hapa6oTKe MeHbrne rapauTHHHOii ropHbie MainHHbi b peMOHT 
n e  npHHHMaioTca.

K a n H T a ab H b iti peMOHT r o p i io i i  M auiHHbi 3aK j]K )naeT ca b c a e a y ro m e M :

•  noaH aa pajOopKa Bcex ee  y3BOB (n o cn e  mohkh b ropancM  o6c3)KHpHBaioineM pacTBope),
•  p a c r ip e a e a e H u e  a e i a n c H  H a r p y n n b i  n o  HOMepaM n ep T e /K en  6c30T H 0C H T eabH 0 k 

KOHKpCTHOH MaUIHHC, H3 KOTOpOH OHH 6 bIJlH B3aTbI, B CBa3H C neM  T3K0H peMOHT Ha3bIBaeTCa 

06c3aH neH H bIM ,

•  o n e n K a  CTeneHH  n o a p e a c a c H iia  (a e^eK T H p o B aH H e) Bcex a c r a j i e f i  b c o o tb c tc tb h h  co 
e n eu H a a b iib iM H  6paK O B onnbiM H  K apraM H ,

•  peM OHT a e r a a e i ł  c  6paK O B onnbiM H  npH 3iiaK aM H , He n p e B b im a io m u M H  ao n y cT H M b ic  

n p e a e n b i ,  h , e c n n  peMOHT hc  B 03M O »eH  -  3 a M e n a  n e T a n e i i  Ha HOBbie, n o cT a B aa e M b ic  

3aB oaaM H -H 3roT O B !rreaaM H  b 3 a n a c H b ie  nacT H ,

•  c 6 o p x a  h o6KaiKa npHBoaoB n o n  H a rp y 3 K 0 ii c o ra a c H O  n p o rp a M M e  3aB oacK H X  H cnw T aH H ii.

I lo c n e  KanHTaabHoro peMOHTa ropHbie Maiumibi 0Tpa6axbiBai0T a o  nen>ipex 
MeacpeMOHTHbix nepnoaoB , n p n  3tom c KaacnbiM pcmohtom  anHTeabHOCTb MeacpeMOHTHoro 
n e p n o a a  cinracacTcn.

3y6naTbie Koaeca cocTaB aaior oaH y H3 BaxHeHŁUHX ip y n n  aeTaneH TpaiiCMHCCHH 
npHBoaoB MauiHH, nocKoabKy b ccGcctohmocth KanHTaabHoro peMOHTa ro p n b ix  MauiHH a o  
70%  cpeacTB 3aHHMaioT pacxoabi Ha upnoGpeTeHHe 3anacnbix nacTcii k rpaHCMHCCHa.M 
HcnojiHHTeubHbix opraHOB h b nepByio onepeab  3y6naTbix Koaec.

B CBH3H C TeM, HTO npH KaHHTaabHOM peMOHTe npHBoaoB MauiHH KOMUaeKTaUHH 
3y6naTbix nap  npon3BoaHxca npoH3BonbHO, B03HHKaeT Heo6xoaHMOCTb b  HccneaoBauHH
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bjihsihhh o6e3JuiHeHHOíí c6o p x n  3y6naTbix n ep eaan  Ha n x  nonroBCHHOCTb n  pa3pa6oTi<c 
peKOMeHaannn no  y n o p a ao n e m n o  cGopxn 3yonaTbix nap c nenbio  yB eanneH na cpoxa 
cayacGbi npHBoaoB MaiuHii [65].

MucaeHHbiH aKcncpiiMeiiT n o  nccaeaoB aH nio bjihhhhh nporoBonbH oii KOMnaeicrannn 
3y6naxbix n ap  n a  n x  aoaroB ennocT b npoii3B oannca c noMombio pa3pa6oTaHHon nporpaMMbi 
npom o3HpoBaHHa aoaroBenHocTH 3y6beB 3y6naTbix n ep eaan  b xpn 3Tana.

H a nepBOM 3Tane (cm. n .5 .2 ) 6b iaa  n o a y n en a  HHcjjopManns o neftcTBHTejibHon (})opMe 
npofjinaen 3y6beB. H ccneaoB anna  6b ian  Bbinoanenbi n a  6a3e napbi 3y6naTbix x o aec  ouHoii 
H3 nnaHHapnnecKHX 3y6naTbix n ep eaan  npuB oaa paGonnx opraHOB yronbHO ro xoMGanna, no 
KOTopoii HMeaocb aocTaTOHHoe KoannecTBO aaHHbix H3McpeHHH H3Hoca 3y6beB -  24 
3y6naTbix x o aeca  H3 12  oG cacaoB annbix KOMOarmoB.

B xanecTBe 6a30Boro napaM eTpa, o n p e ae aa io m e ro  CTeneHb oGbCMHOro H3noca (V 
[mm3]) 3y6a 3 y 6 n a io ro  xo aeca, 6biaa npnnaT a napaGoTKa (Q [.win m ]) - KoannecTBO y raa , 
ao 6 b rro ro  KOM6anHOM 3a MeacpeMOHTHbin nepnoa, nocxonbxy, xax yace OTMenanocb, cpox 
cayac6bi n e  b n o a n o ñ  Mepe xapaicrepn3yeT CTeneHb narpyoKeHHOCTH nepeaanH .

H a BTopoM BTane 6biaa BbinoaHeHa KOMnaeKTanna 3y6naTbix n ap , HMHTHpyioinaa 
o6e3HHneHHyio cGopxy. Bbian cocTaBaeiibi n a p u , xapaxTepH3yiomHe i!an 6 o aee  THnnniibie 
BapnaHTbi npon3BoacTBeHHbix cuTyannn:

1) m ecT epua h x o aeco  c pa3H0ii CTeneHbio H3Hoca 3y6beB,
2) HOBaa luecTepna n  x o aeco  c H3HouieHHMMH 3y6baMH,
3) mecTepHa c H3HomeHHbiMH 3y6baMH n HOBoe xoaeco .
n p n  3 tom  MaxcnMaabHbiH nanajibiibiH oG bcm hlih h3hoc 3y6a n e  npeBbiiuaa 60%  

MHiiHMaabHon T oam nnbi ue.MeHTamionuoro caoa , Torna xax n o  pexoMCHaannaM paGotbi 
[51] MaxcHMaabHbin H3Hoc 3y6beB ncMeHTHpoBaHHbix xoaec  ne  uo jdkch  npeBbiuiaTb 80%  
ToauiHHbi neM ciiTannoHHoro cao a . C o ra ac u o  nepTcaiaM nccaeayeM bix ayonaTbix xoaec 
MHHHMaabnaa Toam nHa neMCUTauHonnoro c ao a  paBHaeTca 5=0.9 mm. CaeaoBaTeabHO 
npeaeabH O ao n y craM aa  BeannnH a o6i>cMiioro H3Hoca 6yaeT  paBna 
K «o«= 0 .85[2m 55= 0 .8  0.9-2-8-75=864 ,w\t3 B cero  6biao  cocTaBaeno 12 n ap  c Hapa6oTxon b 
n p e a e a a x  o t  0 .14  mjih m a o  0 .50  mjih m y ra a  (rapaHTHÍÍHaa napaGoTxa cocTaBaaeT 0.14 
mjih m).

H a TpeTbeM 3Tane c noM ombio nporpaMMbi nporH03npoBaHiia napaMCTpoB 3y6naToii 
n e p ea an n  npon3 B o an aca  nucaeHHbiH oxcnepHMciiT M oaeanpoB aniia  axcnayaTaiiHn 
paccMaTpHBaeMon 3y6uaTOíi napw  a o  aocTna<cHiia nanG oace H3H0ineHiibiM 3y6naThiM 
xoaecoM  Hapa6oTXH, paBHofl <2*«¿«c=0.60 .win m.

XapaxTcpncTHxa xoMnaexTauHH 3y6narbix n ap  n  pe3yabTaTbi nucaeH H oro 
axcnepnM eHTa npnBeaeHbi b n p n ao x eH n ax  3.1, 3 .2  n  3.3.

B xanecTBe npiiM epa Ha puc. 7.1 n  pnc. 7.2 npeacTaBaeHbi pe3yabTaTbi 
M oaeanpoBaHiia H3HauniBaHna 3y6beB H ecxoabxnx BapnaHTOB xoMnaexTauHH 3y6naTbix nap 
H3 npHaoaceHHH 3 .1 , 3 .2  n  3.3.:

•  nepBbin BapnaHT xoMnaexTauHH (pnc. 7 .1a  - n ap aX °2 4 , p nc . 7 .16  - n ap a  Xb25),
•  B T o p o n  B a p n a H T  ( p n c .  7 . 2 a  -  n a p a  X °  1 3 ) ,

•  TpeTHH BapnaHT (pnc. 7 .26  - nap a  N°12).
Zlaa cpaBHeHna, n a  s th x  pncyH xax nyHXTHpoM naneceH bi rpacJniKH H3MeHeHiia 

o6beM Horo H3Hoca 3y6beB inecTepiiH ii x o aeca  c hobmm npoijniacM b H anaae sxcnayaT anm i 
(cm. pnc. 6 .6), a T a o c e  npiiBeaeHbi n cx oaiib ie  3iianenHa oGbCMnoro H3HOca mecTepHii - Vi„.M 
h  x o a ec a  - V2ua* n e p e a  iianaaoM  ax cnayaT annn  xaxcaoro BapnaHTa X0MnnexTau.Hn .
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Phc. 7 . 1 .  MoaeoopoBaHHe H3HaiiiHBaHHa nepaoro BapaanTa K O M n jie K T a m w  3 y 6 H a T b ix  nap 3Halicims oSbeMnoro 

n3Hoca 3y6beB b  Haiajie MoaeanpoBaHiw: a) - V / , „ „ - 1 8 8  m m 3, V jm , =  1 4 6  m m 3; 6 )  -  V /ra<= 2 3 6  m m ',
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P n c .  7 . 2 .  M o a e j i n p o B a H n e  H 3 H a i u n B a m m  B T o p o r o  ( a )  i t  T p e r b c r o  ( 6 )  B a p i i a i r r O B  K O M W ie K T a m m  3 y 6 > i a r b i x  n a p  

3 H a n e H H S  oGbeM Horo t i 3 H O c a  3 y 6 b e B  B H a a a a c  M O f lc jm p o B a H H j i :  a )  -  V,„,„=0 m m 3. V2i„^~ \46  mm . 

6 )  ■ V';,m = 2 3 6  m m 3, V;„„m- 0  m m 3

A n a jiH 3  pc3yiibT aT O B  HHCJieHHoro 3 K c n ep n M e n T a  n o  M O /icanpoB aH H io  n3H am nB aH H a 

3 y 6 i.eB  3 y 6 'i a T t ix  n a p  n p n  o 6 e 3 jiH 4 e n n o M  peM OHTe npH B o n o B  ro p H b ix  M auiHH noK a3biB aeT , 

h t o  xapaicrep H 3 M e n e n n a  oG n c .M n o ro  H 3 n o c a  npaKTHwecKH He m c h h c t c h  h  O T JinnaeT ca 

t o j i l k o  H an an b H b iM  ypoB H eM  o G te w H o r o  H 3H oca. n p n  3 t o m  n p n  c G o p x e  3y6naTO H  n a p b i c 

o a h h m  h u h  AByMH H3HOineHHbiMH KOJicca.MH n e  n o c T H ra e T c a  M aKCHM ajibHoe 3iiaH eH H e 

o S b e M H o ro  H 3H oca , x o T o p o e  6 b ia o  n o J iy n e n o  n p n  M o a e jiH p o B a n n n  3 a n e n a e m w  h o b b ix  

3 y 6 n a T b ix  x o n e c ,  h t o  M oxcex 6 b irb  o G b a c n e n o  ecT ecT B em iO H  b  p eav a b T aT C  H 3H oca 

MOUH({)HKanHeH n p o ijn u ic H  3 y 6 b e B .

4 t o  x a c a e T c a  <|) 0 P MM npoc[)H ;ie ii 3 y 6 b e B , t o  He3aBHCHMO o t  h x  n an ajib H O H  cjiop.Mbi 

(HOBbie h j ih  H 3H O iueH H H e b pa3HOH CTenenn) c o  B peM eneM  H 3iioc  C T a G n a n a H p y e ic a  u  

n p o t ln u ib  3 y 6 a  k  j i o c t h / K c h h i o  M aKCHM ajibHoii nap ao o T K H  npaK TH necK H  cooTBeTCTByeT 

npocjwaio, K O T opbiii h m c j i  6 bi M ecTO n p n  H a n a n b H o ii (jiop.Me, cooT B eT C T B yioineH  h o b b im  

(H eH 3H O ineH H biM ) 3y6b«M . H h m m h  cnoB aM H  n p o i ic x o /n iT  e cT e c T B e im a a  cia6m m au.nn  
(JiopM bi n p o i jw a a  3 y 6 a .

0 6 m e e  T p e 6 oB aH H e n p n  K O M naeicranH H  n a n n o r o  3 y 6 n a T o ro  x o a e c a  b  n a p y  m o jk h o  

B bipa3H T b c n e n y io m iiM  o 6 p a 3 0 M  -  c o n p ax c e H H o e  eM y 3 y 6 n a T o e  x o a e c o  n o a x o io  h m c t b  h 3 h o c  

M e H b in n n , neM  3 t o  K O Jieco. O r c i o n a  c a e n y e T , h t o  n o c a e  B a p n a n T a  K O M naeicranH H  n a p b i  H3



- 150 -

h o b b i x  x o a e c ,  n p ennoH T H T eabH biM H  x b j i h i o t c s  B apnaH T  xoM naexTauH H  n a p b i  H3 h o b o t o  h  

H 3 H o iu eH H o ro  KOJiec. H a n M e H e e  m cnaT ejibH b iM  m n n e r r c n  n e p B b iii B ap n aH T  K O M n jieK ra n n n  - 

c G o p x a  n a p b i  H3 k o j i c c  c  H 3H oineH H biM n 3y6bHM H. B  s t o m  c n y n a e  c a e n y e T  CTpeM H Tbca k  

MaKCHManbHOH p a 3 H H n e  H 3 iio c a  3 y 6 b e B  3 y 6 n a T b ix  KOJiec, c o c T a B n ju o in n x  n a p y .

T a x o n  n o a x o a  x  x o M n n e x T a m in  3 y 6 'i a T b ix  n a p  no3B O H H T  H a  1 5 -5 -2 0 %  n o B b ic H T b

H3HOCOCTOHXOCTb 3y6bC B  O TpeM O H TH pO BaH H O H  3 y6H aT O H  n c p c f la 'm .

7 . 2 .  Y C T A H O B K A  P B E H P A T E J I b H O T O  P E M O H T A  3 y b b E B  M E T O f l O M  

3 J I E K T P O K O H T A K T H O F O  U P H F I E K A H H i l  H 3 H O C O C T O H K H X  n O P O I U K O B

B o c c T a n o B a e i i i i c  p a 6 o T o c n o c o 6 n o c T n  p a G o n n x  n o B e p x H O c r e n  3 y 6 b e B  3 y 6 > ia T b ix  

x o n e c  3 aH H M a cT  o c o 6 o e  m c c t o  b  o G a a c ™  p eM O H T a a e T a n e n  M a u n iH  H 3 -3 a  c j io >k h o c t ii  

n p o i|)H J iH  n  B b i c o x o r o  ypo B H H  T p e 6 o B a H H H , n p e f l b i r e n a e M b i x  x  e r o  x a n e c T B y .  O n n a x o ,  

n e c M O T p a  H a  B a x o io c T b  n p o 6 j i e M b i ,  k o jih h c c t b o  p e a n b H o  n p n M c n a c M b i x  m c t o h o b  p e M o i r r a  

3 y f5 n a T b ix  k o j ic c  c p a B H H T e j ib n o  n e B e n n x o .  K  i i a n 6 o j i e e  H 3B ecT iib iM  o t h o c h t c h : m c t o j i  

p o T a m i o n H o r o  n e t j io p .M iip o B a n H a  [ 4 8 ] ,  s a e K T p o a y r o B a a  n a n a a B x a  H 3 H o c o c T o i lK o r o  c a o a  H a 

p a G o n y io  n o B e p x H O C T b  3 y 6 a  [ 6 ,1 3 , 4 9 , 7 1 ] ,  3 a M e n a  3 y 6 H a x o r o  B e n n a ,  a  T a x > x e  n p H n e x a H n e  

h 3 h o c o c t o h k h x  n o p o u i x o B  [ 2 3 ] .  H a t i o o a e e  n p e a n o H T H T e n b H b iM  H B Jiiie x ca  n o c a e n i i n n  

c n o c o G ,  T a x  x a x  o n  H e  C B in a n  c  G o n b iiiH M H  3 a rp a T a M H  s n e p r u n  n a  n n a c T H H e c x o c  

A C c jio p M H p o B a n n e  3 y 6 b C B , p a c n n a B a c n n c  3 H a M iiT c a b iio ro  o G b e M a  M a T e p n a n a ,  H a  H a p e 3 a H n e  

3 y 6 b e B  n a  h o b o m  b c h u c . f la a b i i e i i iU H M  in a r o M  n o  c u n x c e H m o  3 a x p a T  S H e p r n n  H a  n p H n e x a i n i e  

n o p o u i x o B  x  p a G o n e n  n o n c p x n o c T n  3 y 6 b e B  s m n s e T c a  n c n o j ib 3 0 B a H n e  s j ie x T p o x o H T a x T H o r o  

H a r p e B a  p a G o n e n  3 0 H b i [ 5 5 ] .

BBim y b o 3 m 05Kh o c t h  jioxajibH oro iiapam nB anH s H3HouieHHon noBepxHOCTH s t o t  

weTon no3BOJiaex oG ecneanTb inGnpaTCJibHbin peMOHT paGoacfi noBepxnocTH 3y6a, t o  ecTb 
HapamHBaTb MaTepnaa 3y6a t o j ib k o  b  Tex MecTax, rn e  HMeeT MecTO m iio c  noBepxnocTH, h t o  

c b o a h t  X MHHHMyxiy n o cn cay io in y io  o6pa6oTxy BOccTanoBjiennoH noBepxHOCTH.

7 .2 .1 . O c i i O B b i  n p o u e c c a  j n e m p o K O H r a i c i H o r o  i i p u n e n a i n i H  h 3 h o c o c t o h k i i x  noponiKOB 
( 3 K I H I )

H p e n B a p i iT e a b H b i e  s x c n e p H M e H T a a b H b ie  n c c n e n o B a n n a  M e r o n a  3 K n n ,  i i p o B e n e m ib ie  

n a  j i a G o p a T o p H o i i  y c T a H O B x e  n o  H a H e c e n m o  r o H o c o c T o n x o r o  c a o a  n a  3 y 6 b a  3 y 6 H a T o r o  

x o a e c a  c  h h c j io m  3 y 6 b e B  Z = 2 2  n  M o n y J ie M  w i= 4 m m , n o 3 B o a n a n  y c T a n o B H T b  o c n o B i ib i e  

n o a x o a b i  K H c n o jib 3 0 B a H H io  3 T o r o  M e T o a a  n p n M e H H T e n b u o  x  B o c c T a H O B J ie n in o  p a 6 o H i i x  

n o B e p x n o c T e n  3 y 6 b e B  3 y 6 H a T b ix  x o a e c .

IT pn  npH M eH ennn  M e ro n a  3 K n n  moxcho B biaennTb c n e n y io m n c  o c h o b h m c  aT anw :

•  H aH eceH iic n a  oHHineHHyio n  o6e35KnpeHHyio peM OHTnpyeM yio nosep x H o cT b  
cooTBeTCTByiom en xoM no3nnnH  h3h o co ctohkhx  n o p o u ix o B  co  cB a3yioinnM  cocTaBOM, 
oGecneHHBaiouiMM y a e p jx a H n e  KOM no3Hnnn b p aG o n en  30 iic  a o  ce  n p n n e x a im a ;

•  c o 3 a a n n e  c  n o M o m b io  3 J ie K T p o f la -o 6 x a T H H K a , H M e io in e r o  ( j io p M y  3 y 6 H a T o r o  x o a e c a  u  

H 3 r o T O B a e i in o r o  M3 6 p o H 3 b i ,  T p e G y e M b ix  3 H aH e iiH H  y a e a b H b i x  a a B a e H n i i  b  K O H xaxTH O H  3 0 H e ;

•  B K a io H e n n e  ( n p n  a a e x T p o a e ,  H e n o a B n a c n o M  o T H o c n T e a  bHO p e M O im i p y e M o n  

n o B e p x H O C T H )  C B a p o H H o ro  T o x a  3 a a a H H o i ł  cnab i n  T p e 6 y e M O M  KoannecTBe a n e p r m i  b  

HMnyabce;
•  OTxatoHeHne CBapoHHoro Toxa n o c ae  n p o n y c x an n a  3aaaHHoro n n c a a  cep n n  H3 
ycTanoBaeHHoro n n c a a  HMnynbcoB n  nepcM em enne (c  Bbiaepjxxon n o c a e  OTKaioHenna Toxa) 
a a e x rp o a a  b HOByio 3ony  KOHTaKTa Ha paccToaHiie, npeBbiinaioinee o n p eaeaen n y io  
MHHHMaabHyio BeaHHHHy;
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•  n o B T o p e irn e  n p o u c c c a  3 K F i n  a o  T ex  n o p ,  n o x a  p a ccT O sm n e  M ea<ay TO H xaM H  n p n n e x a H n a  

He 6y a y T  M e H tm e  m n p n H b i r e p n o B c x o n  n o a o c x n  xoH T axT a;

•  H a H e c e n n e  h o b o t o  c a o a  n o p o in x o B o n  KOMno3HUHH n  n o B T o p e n n e  B t m ie o n n c a im o r o  
n p o p e c c a  a o  a o c T H K e n n a  3 a a a i iH o n  n o a n o n  T o a m m ib i  c a o a ,  n a n a a B a e n H o r o  n a  

p eM O H T npyeM yio  noB epxH O C T b.

B cB a3H  c  H eynpaB aaeM O C T bio  p a c n p e a e a e n n e M  C B apoH H oro  T o x a  n p n  e r o  

pa3B eT B aeH H n b  30H e a B y x  n a p H o r o  3 a n e n a e n H a ,  M eacoceB oe p a c c T o a n n e  n a p b i  a a e x T p o a  - 

p eM O H T npyeM oe x o a e c o  a o a a c H o  6biTb T axnM , h to G m  o G e c n e n n T b  K03<{Kj)Hij.HeHT 

n e p e x p b iT n a  e = l  [57]. C n e a b io  c in o x e H n a  HepaBHOMepHOCTH H arpy3K H  n o  a a n H e  x o i iT a x r a  

m n p H H a  s a e x r p o a a  H e a o a a a i a  n p eB b im aT b  B e a n n n H y , p aB H yio  yaB oeH H O M y M o a y a io  
3 a n e n a e n n a .

Ha o ch o b c  3 th x  noaoa<xnnn 6bian  npoBeaeHbi H ccaeaosaiiH a n p o n e cc a  3 K n n  h 
pa3pa6oT ana onbiTHaa noaHOMacuiTa6naa ycTaHOBXH ana peMOHTa 3y6beB 3y6naTbix xoaec 
TOpHblX MaiHHH.

7.2.2. Texnoaorii'iecKne pesKHMbi MeToaa 3KIHI n 3aeKTpo.\iexaiii!'iccKire 
xapaicrepHCTHKH 30Hbi npuneK aH na

H a ocHOBe anaaii3a pe3yabTaTOB npeaBapnTeabnoro iiccaeaoBaiina nponecca 
saexTpoxoHTaKTHoro npnnexaHna h 3h o c o c t o h k h x  nopouixoB na pa6onyio noBepxHOCTb 
3y6bCB 3y6naTbix xoaec, Gbuin ycTaHOBJienbi ocHOBHbie napaMCTpbi TcxHonornnecKHx 
peaciiMOB [108].

B xanecTBe HanaaBOHHoro MaTepnaaa Gbian ncnoab30BaHbi nopouixn no TOCT 
21448-75, npcflHa3HaneHHbie aaa  HanaaBxn n HanbiaeHna Ha aeTaan Maiunn, paGoTaioinnx b 

ycaoBnax a6pa3HBiioro H3HauiHBaHna, xoppo3nn n Bbicoxnx TeMnepaTyp. CpaBHHTeabnon 
TexHoaorHHecxon oncHxe Gbian noaBepniyrbi nopouixn I ir -C 2 7  (y40X 28H 2C 2B M ), n f -  
CDBX6-2 (y 4 5 X 3 5 rC P ) n n r-C P 3  (XH80C3P3) c pa3M epaM H  nacTnn 0.315 - 0 .4 0 0 m m .

n p o B e a e m ib ie  n c n b iT a n n a  n o x a 3 a a n ,  h t o  b h h c t o m  B n ae  y x a3 aK H b ie  n o p o u ix n  a a a  

aaex T p o K O H T ax T H o ro  n p n n e x a H n a  He n p n r o a H b i .  C M e c n  s t h x  n o p o u ix o B  c  aceae3H biM  

n o p o u ix o M  M a p x n  n > K F K  n o x a 3 a a n  G o a c c  B b ic o x y io  en en aaeM O C T b  c  o c h o b h m m  M eT anaoM .

B a a a b H e n u ie M  O T paS oT xa  T e x H o a o rn H e c K n x  peaoiM O B  3 K n n  n p o H 3 B o a n a a c b  c 
H cn o jib 3 0 B aH n e M  6 a 3 0 B o ii x o M n o a n n n n  n o p o u ix o B  nXCrK n  n r-C 2 7  b  r ip o n o p u n n  2 :1 n p n  

o a n n a x o B O M  rp a n y ao M C T p H H cex o M  co cT aB e . X n M U H e cx iin  c o c r a B  n o p o in x a  M ap x n  n r-C 2 7  
n p n B e a e H  b  T a6a .  7.1

TaGanaa 7.1
X iimhhcckhh cocTaB nopoinxa nr~C27 ________ _________

XHMHH.aaCMeHT C Cr Si Mn Ni W Mo
MaccoBaa aoaa 3.3-4.5 25-28 1.0-2.0 0.8-1.5 1.5-2.0 0.2-0.4 0.08-0.15

JlflH  3axpenaeHna K0Mno3HUHH nopomxoB Ha BOCCTaHaBanBaeMon noBepxnocTH 3y6a 
c neabio npeaynpoxacH na ero cnoa3anna bo BpeMa nepexoaa oGxaTHnxa b Hosoe 
noaO/Kenne, HeoGxoanMO noaoGpaxb CBajyioimiH MaTepnaa, ne 0Ka3biBaiomnn Bpeanoro 
B03aencTBna na noxa3aTean xanccTBa HanaaBaaeMoro caoa. B xanecTBe CBa3yioinero Gbian 
ncnbiTanbi: rnapocnanKaT Haxpna, noanBHHnaaneTaTHaa SMyabcna, TexHHHecxnn Ba3eann n 
pacTBop xaHHiJioan b cxnnnaape.

JlyHinnMH xapaxTepncTnxaMH -  nanGoabiiien TenaocTonxocTbio n npoHHOCTbio npn 
Bbicoxon aare3HH x MCTaaanHccxon noBepxnocTH -  ooaaaaer pacTBop xanncjioan b 

cxnnnaape. HaHocnTb nopoinox caeayeT He no3>xe, h c m  nepe3 5-10 cex. nocae Hanecenna 
CBa3yiomero. Taxaa Tcxnoaorna naHeceHna nopoinxa noaHOCTbio ce6a onpaBaaaa npn  
HanaaBxe paGonnx noBepxHOCTeii 3y6beB b HenpepbiBHOM peaoiMe.
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H a n ö o n ec  BaacHbiM m o m c h to m  b  pa3pa6oTKO x c x n o n o rn n  anexTpoKOHTaxTnoro 
npnnexaH H a HBnnexca oxpaöoxxa anexTpoMexaHnnecxHX napaMCTpoB: y n e jib n o ro  nannem ot 
b  30He CBapoHHoro KOHxaxTa, c h j i l i  CBaponnoro xoxa, npononsxHxenbHoexH cB apoanoro  
HHKJia h  e ro  crpyKxypbi.

M cnbixam ts noKæsajiH, >rro nanG onee onTHMajiBHOH nenunm io jí iiopM anbuoro 
;iaBJieHHa b  30ne  xoHxaxxa sBnnexca n o ro m ta a  Harpy3xa qn= 28+ 30  ii/mm. l lp n  b x o m  

MexaHHHecKHe nanpa/KCHHX, HañaeHHbie no  cj)opMyne F ep u a  (KOiixaKT cTanb-6poH3a) 
co c T aB jiH iO T  (a /i= 2 2 0 + 2 4 0  MFla).

C u n a  CBaponnoro xoxa, H3-3a oonbiiinx  xpynHoexeii iie rio cp en ciB en n o ro  ee 
H3MepeHHH, o6binno  oucHHBaexca xocbciiho  - no  HanpsxœHHio xonocT oro  x o n a  CBapoHHoro 
'ipanc([)opMaTopa. X o p o u n ie  noxa3aTenn cxafimibiiocTir n p o n e cc a  n p u n e x an n n  h 
cncnnncMOCTii nannaBneHHoro cnoa  6binn nonyneiib i n p n  H a n p n * en n n  xon o cx o ro  xona 
xpanccj)opMaTopa [/o=3 .6+4 .0  «, nxo cooTBeTCTByeT cu n e  Toxa 1 =  18-5-S-21.0 ko npn 
m o iu h o c th  TpaHC(|)opMaTopa P=15 xea.

IlpononvKUTcnbHocxb c sa p o n n o ro  m ix n a  n  e ro  cxpyxxypa onpcncnaiO T xcnnoByio 
Harpy3xy b  so n e  npuncxaH na. fljiHTenbnocTb HarpeBa 6w na o rip eaen en a  oribiTHMM nyreM  n 
BapbnpoBanacb c noM ouibio anexxpoH noro perynaT opa BpeMeHH PB T U J-20 b  npenenax 
7=0.01+0.08 cex  (0 .5+ 4 .0  nom ibix nepHO.ua CBapoHHoro Toxa).

T ennoB aa MomnocTb 3a n e p n o n  H3MeHeHna Toxa perynnpoB anacb  cuBnroM tJia3Ki 
ynpaB Jiaiom ero c n rn a n a  na  n o n ao ira ro m n x  ancxxponax T upncT opnoro  nepexjH onaxena b  

nnana30H e 3HaneuHH 25+100% .

7.2.3. SKcnepuMenraJibuan oueuxa noKa3aTeneH npoHHOCTH iiannaBnennoro cjioh

H an ô o n ee  Ba>KHbiMH M3 noxa3axeneñ xanecxsa  HannaBnenHoro cn o a  aBnaioTca 
CTonxocTb npoTHB a6pa3HBHoro H3HaniHBaiiHa h  xoHTaxrnaa nponnocxb , xoTopbic h  6binn 
n p u n a rb i b  xanecxBe 6a30Bbix. 3 x h  noxa3aTcnn o n p en en an n cb  Ha o6pa3uax  b  (|)opMe 
n ap annenennne .ua  (10x 1 0 x 6 0  m m ) ,  Ha Manyio rpaHb (10x10  m m )  x o ro p o ro  Hanocuncji 
M e x o n o M  3K nn cnoii H3HococxoHxoro nopoiuxa. ripHncxaHHe n o p o m x a  h  e ro  ncnbiTam ic 
Ha xoHTaxTHyio nponnocxb  npoH3Bonnnncb Ha cneu n a jib n o  H3roxoBnenHbix ycraHOBxax.

KHHCMaTHHecxaa cxeMa ycTaHOBxn n n a  nannaBXH o6pa3HOB h 3 h o c o c t o h x h m h  

nopomxaM H npencxaB nena n a  p ue . 7.3.

Pue. 7 .3 . K H H e M a T H M e c K a a  c x e M a  y c T a n o B K i i  /um  n a r m a n K H  o ó p a a u o B  1- oöoiista c  06p a 3ua.Mi1, 2  - o ö p a a e u ,

3 - aneicrpon, 4 - Harpy*aTenb, 5 - pbiaar

O ö o iiM a , c o n e p a c a u ia a  10 o6pa3H O B , c n ap y jK H  n o x p b ix a  H3onaHHOHHbiM  cocraB O M . 

rio3T O M y a n e x x p o n  b  (¡)0pM e p o jn ix a ,  ycTaHOBJieHHbiii n a  H 3onnpoB aH H O M  o t  x o p n y c a  

p b in a r e  h  ripH ncaxb iií x  o ó o k m c  H a rp y o x ax en cM , MOKex H M exb a n e x x p n n e c x H H  x o H x a x x
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TOJibKO c TopuoBOH noBepxHocTbto oGpaana, n a  KOTopyio HaiieceH en oh  npuneKae.Moro 
n o p o u ix a  co CBB3yiomHM.

B pam em ie  oGohmm ocym ecxBnaexca o t  cneuH anbH oro fliicxpexiio ro  penytcropa [78] 
OTuenbiibiMH HMnynbcaMH (inncnaMn), npnneM b  tc h c h h c  npHMcpHO 50%  BpeMeHH unxna 
oöoHMa ocTaeTca hchoubh/K hoh. 3a  cnex HacxpoiÍKH nucxpexH oro  penyxxopa ero  
nepenaxoHHoe mu en o m o ä h o  H3Me¡wxb, mxo no3Bonnex ycxanaBnHBaxb neoGxouHMoc BpeMa 
ocxaHOBKH oöoÜMbi ujm  ocyinecTBjieiiiia np o u ecca  npnnexaH H a n o p o iuxa  b nuanajoH e
0.0 4 + 0 .1 2  ceK c  iuaroM  0.01 cex. 3 t h  3HaneHHa m o k h o  nponopHHonanbHO yBenHMHXb b 

2 ,3 ,4  h  8 pa3 c  noM om bio CMeHHbix iukhbob peMeHHoii n epenann , B xonam eii b npuBon 
o 6ohmbi.

PenyKxop cna6>KCH aneKTpHnecKHM kohx3ktom , BKmonaiomHM CBapoMHyio uenb 
xonbxo n o c n e  ocxaHOBKH o6ohm w. BbiKnionenne cBapoMHOÜ n e n n  npoH3BOflHTca c 
noM ombio pen e  BpeMeHH n o  h  anana a b h ä c h h «  o 6ohmm.

fluaM exp p o n u x a  anexxpona dg=30.2mm o n p enenanca  no  3HaneHHio npHBCflCHHoro 
p an n y ca  k p h b h 3hbi b n o n io ce  3auenneHHa 3y6naxoro  anexxpona (m = 8 m m , Z =23, x= 0) h 
peMOHXHpyeMOH uiecxepHH ( im= 8 m m , Z =16, x  =0.8). /liiaM exp oôohm m  n p iin ax  paBHbiM 
ô o=340mm. n p H  xaKOM 3HaneiWH D0 x opna  (cxopoHa KBanpaxa HannaBnaeMoii noBepxHocxH 
o6pa3na) npaKTunecKH He oxnnnaexca ox nyi'H OKpyamocxH.

C o n p o x H B n a e M o c x b  H 3H am H B anH io o u e n H B a n a c b  n o  M e x o n y  H cxupaH H a 
H a n n a B n e H H o ro  c n o a  a6pa3HBHOÜ n e H x o ñ , n p n /K a ro i i  k  o 6 p a 3 n y  h  n s u n c y m e ñ c a  c o  

C K opocxbK ) 0 .025  m/cbk. ripH 3X0M o n p e n e n a n o c b  3 iia n e H n e  y n e n b H o ro  H 3H oca /i:

Am

<7I)

ru e
Am -  n o x e p a  Maccbi o 6 p a 3n a  H3-3a  n c x n p a n n a ,

S  -  n y rb  a6pa3HBHoro x p e H n a .

(7 -  ynenbHbie naBneiiHa Meacny o6pa3HOM h  a6pa3HBHOH neHxoil (CT = 0 .49  Mna).

O xH O C H xenbH aa H3HococxoiiK O CX b n poxH B  a 6 p a3 H B H o ro  H 3HauiHBaHHa o n p e n e n a n a c b  

x a x  o x H o m cH H e  y n e n b H o r o  H 3H oca o 6 p a 3 y a  H3 o x o * eH H O Îi ex an h  M ap ra i 45 (n p H H a x o ro  3a 

3 x a n o H ) k  y n en b H O M y  H 3H ocy  H a n n aB n e H H o ro  o 6 p a 3 n a :

/Í45
‘o = * y -  (7-2)

3HaneHHa OTHOCHxenbHoü h 3 H O C o c x o íík o cx h  io (n p n  noBepiixenbiioH BepoaxHOcxn
0.95) B 33BHCHMOCTH OT g  — AOnH H3HOCOCTOHKOrO riOpOIJJKa n r-C 27  B e ro  KOMXI03HHHH c 
6a30BbiM nopoiUKOM ID K rK  (<J)opMHpyiomHM ({icppHTHyio Maxpmjy, xoxopaa o6ecnenH B aer 
cuenneH H e c  o c h o b h m m  MexannoM h  ynep ao H n e  nponHbix n acxnu) npencxaBneHbi Ha pnc.
7 .4 , oxxyna  cnenyeT, nxo KOMno3HUna, conep/xam aa 4 0 -50%  h s h o c o c t o h k o t o  nopou ixa  
aBnaeTca onxHManbHOH.
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‘O

Puc. 7.4. B j i i M H H e  c o c T a B a  K O M n o 3 M U H n  n o p o u i K a  H a  H 3 H o c o e r o ñ K O C T b  n a i u i a B J i e n H o r o  c j io a  

 H a r in a B i i e H H b iH  c n o f l ,  c i a j i i .  45 (52HRC)

J^ajibHeñuiee yBejinneHHe kojihmcctb3 h3hococtohkoto nopouiK a b KOMno3HUHn
npHBOÄHT K CHHaCeHHIO H3HOCOCTOHKOCTH H3-3a yMCHhUieilHa flOJIH CBÄ3KH H CHHWeHHH 
3(¡)(})eKTHBHOCTH CnCKaHHil nopOIUKOB.

H cnbiT anna H arinanneim oro cjioa Ha KOHTaKTHyio npoHHOCTb npoH3BOAHJiacb na  

ycTanoBKe, c x c M a  KOTopoñ npcACTaBJieHa Ha puc . 7.5.

P u c .  7.5. CxeMa y c x a n O B K H  ana H C n u T a m i s  o 6 p a 3 u O B  Ha K O H T a K T H y io  n p o H i i o c x b  1 - n a r p y w a T e a b ,  2 -  o n o p a  

noBopoTHan, 3 - npHBoa, 4 - oßoiiMa c o6paauaMH, 5 - oßpaaeu, 6- pomiń

FlapaM C T pbi ycTaHOBKH o r ip e a e n e n b i  h 3  y c j io b h h  M O A cn iip o B a n n a  O K O Jionom ocH oii 

30H bi KOHTaKTa TtinHHHOH ana  r o p i ib ix  M auiHH 3y6naToñ nepeflann: m=&.MM, Z, = 2 2 ,  Z ¡= 70 
npH  OKpyjKHoii C K opocTH  V=3.3 M/ceK. ß n a M C T p  po jiH K a n p i n u r r  n o  a n a n c u m o  

npH B CA CH H oro p a n n y c a  KpnBH3H bi 3 t o h  n e p e a a H H  -  ¿ = 4 5 .8  m m . Y n io B a j r c K o p o c T b  o 6 o h m m  

H3 ycjiO BHfl c o K p a ii |c n H a  AniiTCJibHOCTH H cnbiT aH H Íi h  orpariHHeHHa A H naM H H ecK ux n a rp y 3 0 K  

b 3 0 H e  KOHTaicra 6 b u ia  n p u n a T a  p a B iro ii ©=100 pa;i./ccK . CooTBeTCTBeHHO A n a M e rp  

OKpy*HOCTH pa3M em eH H H  oópa3H O B  n a  x o p u e  o 6 o h m h  paB eH  0 = 6 6 . 2  m m .

B CBS3H C T eM , HTO O KpJO K H bie CKOpOCTH TOHCK o 6 p a 3 I ( a  no A JIH H e KOHTaKTHOH AKHHH 

3aBH CBT O T HX paC C TO flllH X  OT OCH BpaU lCH H X  o 6 o H M b I, a  OKpyOKHbie CKOPOCTH B c e x  TOHCK

n o B e p x H o c T H  p o jiH K a  o A H iiaK O B bi, H M eeT  M ecT O  O T H O C H T ejibH oe cK o/ib>K C H H c b n p e A e n a x

± 1 2 % , HTO COOTBCTCTByeT CKOJILaCCIUHO 3y6beB B OKOJIOriOJHOCHOli 30He.
E m k o c t ł  o S o f iM b i n o 3 B O J]« e T  O A H O B peM eH H o H c n b iT b iB a T b  4  o 6 p a 3 i i a ,  h t o  c o K p a m a e T  

B p e m  H c n b iT a H H H  h  y x ie H b u ia e T  p a 3 6 p o c  p e 3 y j ib T a T 0 B . l I lH p H H a  pojiHKa c u e j i b i o  

o ö e c n e n e H H s  p a B H O M e p H O c ra  H a rp y 3 K H  n o  Aninie K O H TaK Ta n p n H H M a jr a c b  H a  40%  M e H b m e
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uiH pH H Łi o 6 p a 3 « a .  n p o H H O cT b  3jieMGHTOB ycT anoB K H  ri03B o;iH ;ia  c o 3 « a i b  KOHTaKTHbie 
nanpfl5KCHHH «o  3000 M ila .

O u c H K a  KOHTaKTHOH npoHHOCTH H aiu iaB JieH H oro  c n o  a  npoH 3B O «H Jiacb  C B eayroiuH M  

o 6 p a 3 0 M . C q c j ib io  cofcpam eH H H  BpeM eHH H cnw T aH H ii C03«aBanacb H a rp y 3Ka, 

o O e cn c H H B a io m a a  KOHTaKTHbie H an p a» :eH )[n  b « B a  pa3a n p e B b iu ia io m n e  « n u T e a b U b iH  n p e « e n  

BblHOCJIHBOCTH OCHOBHOrO MCTíUlJia CT/ /  m ax =  2 (7 / /  |¡m . M HHHM ajIbHO H e o 6 xO«HM Oe BpeMH 

H cnbiTaH H H  o n p e « e j i a « o c b  n o  k p h b o h  y c T a n o c r a :

KN n  ]¡m

1800co
a H lim 

. OH max
(7.3)

r « e  N H\\m - 6 a 3 0 B o e  h h c b o  « h k j io b  « n «  ocH O B H oro M eT aju ia , 

m  - n o K a 3 aT e jib  C T enenH  k p h b o h  ycT an o cT H .

KoiiTaKTHaa npoHHOCTb cw raercH  oGecneHcimoH, ecnn BpeMa HcnbiTaimił «o 
pa3pymeHHH HanaaBiiennoro cjioa t e 6y«CT 6o«ee, He\i BpeMH t o  c c n  n p n  BbinoBHeHHH 
ycjiOBiw:

= (7.4)

npHneKaHHe nopouiKOBoro cno« ocymecTBJianocb n p n  HanpjraceHHH xoaocToro xo«a 
CBapoHHoro rp a iic^ o p M a to p a  U„=4 e. IIpH b to m  3a«aBajiHCb cne«yiom H e ocHOBHbie 
napaM erpbi CBapoHHoro pe*HMa: n¡ - h h c j i o  HMnyjibcoB sa  BpcMn ocTanoBKii oôoilMbi h  kp - 
MomnocTb HMnynbca (b  %  o t  noM iinaabnoro  3 n a H e iu ia ) .

llpcaBapHTejibHbic pc3yabTaTbi ncnbiTaHnii noKa3ann, h t o  nopouiKOBaa KOMno3HUna 
ne oöecneHHBaeT aocraTOiHyio KoiiTaKTHyio npo'm oerb. Hanny« «m e pc3yjibTaTbi 6bian 
noayaeHbi n p a  Hcnoab30BaHHH npe«BapnTejibHo cneaciniwx naacTHHOK (flCFI) M3 3 t o h  

KOMH03HHHH b  pcżKHMc cncKaroia ii,-: ¿ /> = 1 0 :1 0 . Pe3yabTaTbi HcnbiTaHHH npeacTaBJieubi b 

TaOnnuc 7.2.
Ta6aHna 7.2

X a p aK T ep u cT H K a

nprnieicaeMoro
C«OH

T ep M O o6p a 6oTKa

OCHOBHOrO

M eT aa a a

Pokhm 
n p u n e K a m w  

n¡: kp
V C ocTO flH H e noBepxHOCTH 

n o c n e  HCribrranH H

n o p o u iK O B aa

KOMn03H«HH
ODKHr 5 : 7 0 0.45 T pem H H bi h  O TcaaH B aiiH e 

n a n a a B n c H H o r o  c a o a

n c n  B o « h h  c a o i ł OT/KIir 10: 50 1.91 e«H H H «H bie T pem H H bi 6e3 
OTcnaHBaHH«

n c n  B 0«H H  c a o i i yaynu iC H H C 1 0 :5 0 1.00 TpeuuHH HeT, 3 n a liH T c a b iia a  

nnacT H M ecK aa «e< J)opM a«na

n c n  B « B a  CBOH o ra< H r 10: 50 1.91 0T C «anB 3H H e O T cyrcT B yeT

P e 3 y « b T aT b i H c n b iT a m iii noK a3b iB aioT , h t o  K O M no3nunH  r a  H 3 H o co cT o iiK o ro  n o p o n iK a  

n r -C 2 7  H 5K e«e3H oro  n o p o u ix a  IUKTK m o ż k c t 3<|><j)eKTHBHO npHMeHflTbca TOJibKO « a a  

peM OHTa 3yÖ H aTLix K o a e c  h 3  HopMa>iH30BaHHbix h  y a y a m e n H ia x  c r a n  cii, t o  ecT b  n p n  

T B cp ao cT H  Menee 35HRc. f l a a  peM OHTa noBepxHocreíí 3y6beB c  6o « e e  b b ic o k o h  T B ep a o cT b io
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H eoôxoflH M o p a 3 p a 6 o x a x b  HOByio komiicohuhk) nopouiK O B c u e n b io  o6pa30B anH H  6 o j ie e  

npoMHOH MaTpHUbi, neM  (¡íeppHTnaH.

7.2.4. O n b iT n a «  ycTanoB K a a a a  pem oHTa 3yöbeB Mexonoiu 3 K IÏI I

Ha ocHOBaHHH pa3pa6oTanHOH xexnojioriiH iianeceiiHa H3HococxoHKoro cjioh h 
HCcaeflOBaHnii npoHHOCXH ero cueruienHit c ochobhhm MCxajiïïOM, 6buia CKOHcrpyHpoBana h 
H 3roTOBJieHa naxypnaa onbixHaa ycTaHOBKa YH3-2 nna H36HpaxenbHoro peMOHTa 3y6bCB 
3y6naxbix Konec, napaMerpbi Koxopoñ npuBefleubi b xa6n. 7.3.

TaQjmua 7,3
TexiiH H C C K aa xapaK TepH CTH K a y c t b h o b k h  Y H 3-2______________________

HanMeHOBaHHe napaM eipa 3iiaHenHC napaw expa

PeMOHTHpyeMbie 3y6naxbie Koneca

T a n  3y6beB npat.tbie

M oflyjib, mm 4 -  16

j^HaMerp, mm 1 6 0 - 5 0 0

npnBo/1

MomHOCTb 3JieicrpoflBHraTejiH naxT 180

YrjiOBaa CKOpocTb p o ro p a , pad/cex 1350

nepeflaTOHHoe hhcjio peMeHHOH nepcjiaxH 1 .2 ,  3, 4, 5

ücpc/iaT O 'm oe mhcjio flHCKpexHoro penyicropa 88.231 -2 8 6 .7 5 0

MaKCHMajibHbiH MOMeHT Ha BbixtyiHOM Bariy, Hm 650

3jieKTpOfl-o6KaTHHK

M oayjib , mm 4 -  16

Hhcjio 3y6beB 17, 19, 23

U lu p im a  3y6a b a o n a x  MOflyna 2

CßapoMHbiH TpaHC({>opMaxop

T hfi TK-403-Y4

M om tiocTb, xea 100

Pene  BpeMeHH PBTUI-20

raSapH Tbl yCTBHOBKH

/I,IIHHa, MM 1175

IllHpHHa, MM 725

Bbicoxa, mm 1400

FIpHHUHnHanbHaa cxeMa ycTaHOBKH fljia H36iipaxe;ibHOH HannaBKH h3hococtohkhx 
nopouiK O B na paGonyio noBepxHOCTb H3HomenHbix 3y6beB syönaxbix KOJiec npcncxaBJicHa na 
pue. 7.6.
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Puc. 7 .6 . CxeM a ycTaHOBKH yH3-2 1 - aneKTpofl-oSKaTHHK, 2 - H30JiHTop, 3 -KOHTpojlbHas k o iu is  ajicKTpojia- 
oÓKaTHHKa, 4  -  itarpy*aTc;iŁ ., 5 - pcM O im ipyeM oe KOJieco, 6 -  KOHTpojiuias Konna pe.MOiiTnpyeMoro 
KOJieca, 7- npiiBOA

r i p m o j i  ycTaHOBKH o S e c n e n H B a e T C H  o t  o jie K rp o jiB H ra rc jis  n c p e .a  p e M e H H y io  

n e p e n a n y  c o  c m c h h m m h  mKHBaMH h  jjH C K peT H bift p cflyK T op  (c m . I Ip H J io jK e H H e  4 ) .

P a S o n a a  nacTb ycTaHOBKH n p e a e ra B jiJ ie T  c o 6o ii 3aMKnyTŁiił KOHTyp H3 H eT Ł ip e x  

3y64aTbix KOJiec:
•  peMOHTHpyeMoe KOJieco,
•  3JlCKTpoa-o6KaTHHK,

•  KOHTpoBbHas Konna pcMoiiTHpycMoro KOJieca,
•  K O H T p o jib H a a  K o n n a  3 a e K x p o a a -o 6 K a T H H K a .

K o H T p o iib H b ie  KoriHH KOJiec h  3 j i e ¡c rp o  a - o  6  k a r i i  h  k h m c io t  M eH b m y io  iunpHHy 
3 y 6 li a T o r o  n e i in a ,  h o  H3roTOBJieHbi c  6 o n e e  b b ic o k o h  C T eneH bio  t o h h o c t h  n o  cpaB H eH H io c 

p eM O H T K p y cM b iM  K o n e c o M .

H c t o h h h k  TOKa n o a c o e a H H e H  k  peM O H rapyeM O M y KOJiecy h  k  m o jitip o B aH H O M y  o t  

K o p n y c a  3J ie K T p o a y -o 6KaTHHKy. ycT aH O B K a n 0 3 B 0 JiaeT  H 3M eM T b M O K O cesoe  p a c c T o a n n e  

n e p c f la n  3 a M K H y ro ro  KOHTypa b n p e a e j i a x  A n a n a 3 o n a  peM O H T npyeM bix  k o j ic c .  S n e ic rp o A -  

oGKaTHHK H M eeT B03MO>KHOCTb n e p eM e tn e H H a  B /io iib  c b o c t o  B a n a  c  n o c n e n y io m e H  « e c T K o ii  

(JjH K cauH eii H a B any .
H arpyiK enne KOHTypa npon3BOflirrca npyacHHHbiM HarpyacaTejieM, KOTopuS 

BbirioiiHaeT TaK>i<c h  cjmiKUHro H3MepHTena k h  h  e m axM 4 e c k o ii n o rp e m n o c rn  
peMOHTupyeMoro KOJieca. H3MepHTenb cnaSsceH BbiKJiioHaTejieM CBapoHiioił u c i ih  h  no 
nocTHJKeHHH b  onpeflejieHHOH t o h k c  npo<})HJis peMOHTHpyeMoro KOJieca HyneBOro 3Ha4cnna 
KHHeMaTHHecKoii norpeuiHOCTH C B apoinaa p e n a  pa3MUxaeTca n  riptineK anna He 
riponcxoflHT, CBB3KB HenponeHeHHOii KOMno3HijHH pa3pyuiaercji h  H36biT0K nopoiuKa
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ocbiriacTCH. TafcHM o6pa30M ocym ecT B nserca n36HpaTcni.nan iiannasK a MaTepnana t o j i ł k o  b 

Tex MecTax 3y6a, r a c  HMeeT MecTO h 3 h o c  npocjmna.
ÄHCKpeTHbiii pepyKTOp iiomhmo (JiopMiipoBaHHS npepbiBHCToro B pam enna u 

BKJiiOHeHHa CBapo’iiioH p e n n  n p n  ocTaHOBKe cHCTeMbi, oöccncHHBacT np ii npHHHTbix ero  
napaM eTpax neoöxoaH M yio nno rao cT b  pacnpeaeaeHHK tohck npnnaaBKH no  an im e  
3BOJibBeHTbi peMOHTHpyeMoro KOJieca.

riepenaTOMnoe h h c b o  AHCKperiioro peayKTopa i j  h  yron noBopoTa peMOHTHpyeMoro 
Koneca Mexcay ocTaiioBKaMH A(p o n p e a e ju n o T C H  no (¡lopMynaM:

Zj„=  1147 - nocTOHHHaa nncxpeTH oro peayxTopa, 
k =  {4 ,5 ,6 ,7 ,...,13}  - napaMeTp HaorpoiiKH peayKTopa.

KpHBOJiHneHHaa KoopannaTa cBaponiton tohkh, n3MepeHKaa n o  a n im e  OBonbBeuTbi 
peMOHTHpyeMoro Koneca ot ochobhoíí okpjokhocth onpeaenaeTC« h3 BbipaxceHH«:

ra e
Rb -  p a p u y c  o ch o b h o h  oKpyxaiocTH peMOHTHpyeMoro Koneca,
(pi - 3BonbBeHTHaa yrnoB aa KOopannaTa nanajibuoH  to h k h  npnnjiaBKn, 
n - nopaAKOBbiH noMep oöopoTa B eaym ero Bana aHCKperaoro peayKTopa.

H3 tjiopMyjibi (7.6) cneayeT , h to  n p n  nocTOSHHOM 3naiicHHH y n ia  A(p paccTOHHHC 
M e»ay  coccAHHMH Tonh-aMH npunnaBKH 6yaeT HepaBHOMepHbiM. O /inaxo , G aaro aap a  TOMy, 
h to  3HaHenne i¡¡ h c  sB aseT ca neabiM, t o  n o  3aBepuieHHio nojiH oro y-Toro oSopoTa KOJieca 
y raoB aa KOopanHaTa HaHanbHoii to h k h  6yaeT o n p eaeaaT b cs apoÖHon nacTbio 
nepeaaTOHHoro HHcna i j  ( to  ecTb fra c ( ij ) )  h  CTaHeT paBnoii:

aoÖHTbca npaKTHHecKH paBHOMepHoro pacnpeaeneH na to h c k  npHnaaBKH n o  a a n n e  
3BoabBeHTbi. U na  oiiTHMH3annH 3T0T0 n p o u ecca  pa3pa6oTaHbi cooTBercTByiom HC 
KOMnbioTepHbie nporpaMMbi, b ocHOBy KOTOpbix nonoxceno Tpe6oBanHe, htoGbi paccToanne 
Mexcay TOHKaMH npHnaaBKH 6biao He MenbniHM noayuiHpHHbi 30HM cneK aitiia nopouixa. 

O Suihh BHa oribiTHoii ycTaHOBKH npeacTaB aeu n a  pnc. 7.7.

2 k
A <p = —  

ld

(7.5)

rae

(7.6) ■

(P j+ i-Ç j+ A çfrac fij). (7.7)

H o a ß o p o M  n a p a M e T p a  nacT poH K H  p e a y K T o p a  h  BpeM eHH p a G o rb i y c ra n o B K H  mojkho
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Puc. 7.7. 06tnnii B H n  y c T a H O B K H  u jm  i n 6 n p a T e n i > H o r o  p e M O H T a  3 y 6 b e B  YH3-2

C npH M eH eH H eM  BbimeoiiHcamioH Tcxnonornn oneK TpoK O H TaK TH oro n p m ie K a n n a  

h 3 H o c o c to h k h x  no p o u iK O B  GbiAH B b tno jiH ciib i 3 K cn ep H M en T a jib iib ic  H ccjieao B an H H  n p o n e c c a  

BOCCTaHOBneHHH p a 6 oHHX noB epxH O C T eii 3y 6 b eB  3 y 6 n a T b ix  KOJiec p e a y K T o p a  n p n B o a a  

y r o n b H o r o  K0M6aiłHa (7/1=8 mm, Z/= 16, Z2=51).
Pe3yjibTaTbi HccjienoBam ni noaTBepaHBH npHHmmHaJibnyio B03M0>KH0CTb peMOHTa 

3y6beB 3y6naTbix Konec MeroaoM 3 K l in  Ha ycTaHOBKax r a n a  YH3-2 h  no3BOJiHJin naMernTi, 
n y m  h x  coBepineHCTBOBaHHB: - noBbuneHHC to h h o c th  noKa3aHHii H3MepHTeji« Harpy3KH, 
noBbimeuHe to h h o c th  H3McpiiTe;iH KHneMaTHHecKOH norpcuiHOCTH, MexaHH3auHH npouccca  
noaaHH nopouiKOB b  30Hy KoiiTarra 3y6beB c aaeicrpoaoM .

P c 3 y n b T a r a  n p o 6HOH H annaB K H  6b i;m  y n T e n w  r ip n  p a3 p a6 o T K e  p a G o n c r o  npocKTa 
npoM biuu icH H O H  ycTaHOBKH YH3-3, B b in o jn ie n H O ro  n o  3aKa3y M ockobcko to  
ro c y a a p c T B e H H o ro  nH C T H T yra ro p n o -x H M H 4 e c K o ro  c b ip b a .

7.3. K OH CTPY KU Hil YCTAHOBKH flJIJI PEM OHTA 3YEbEB 
K P yriH O rA E A P H T H bIX  (EOJ1EE 3 m) 3YEHATbIX KOJIEC

O a h o h  H3 o c o 6eHH0CTeii ro p H O -o 6oraT H T eab H b ix  MaiUHH, H anpH M ep  u c m c h t h l i x  

n c n e  ii ,  c y w iu ib H b ix  rp aH y a H T o p o B  h  ap., b b i ib c tc h  n puM eH eH H e b n p n B o a a x  p a 6oHHX 

opraH O B  O TKpbiTbix 3 y 6 n a T b ix  n e p e a a n  c  K oaecaM H  a n a M e rp o M  3-s-6 m , K O Topw e H3-3a 

3 a n b ia e im o c T H  O K pyncaiom eH  c p e a w  h  M anoft T B epaocT H  p a G o n e ił  noB epxH O C TH  3y 61.c n  
n o a B c p ra iO T c a  3H aHH TeabH O M y H3HauiHBaHHK> b n p o u e c c e  3 K c n ay aT au H H . K aK  npaB H Jio , 

TaK H e K o a e c a  p eaK O  n o c T a B Jia io T c a  b  3 a n ac H b ie  H a c r o ,  H 3roT O B aeH H e h x  n p o K 3 B o aH T ca  n o  

c n eu H a n b H b iM  3aK a3aM , c t o h t  OHCHb a o p o r o  h ,  K poM e t o t o ,  B b icoK a c t o h m o c t b  h x  

T paH cnopT H poB K H  k  M ecT y  M O H T a*a, o c o 6eHHo e c a n  y n e c T b , h t o  b  6oabiUHHCTBe c j iy n a c n  

TaKHe M aniH H bi 3 K cn o p rap y iO T C Ji H3 a p y rH X  crrpaH .

B CBB3H C 3TH M  B 03H H K 3eT  H e o 6 x o a H M O C T b  B O p raH H 3 aU H H  BOCCTaHOBaeHHB 

p a 6 o T o c n o c o 6 n o c T H  3 y 6 b e B  K p y n H o r a 6 a p H T iib ix  3 y 6 H a n . ix  K o a e c  H a  n p o H 3 B o a c T B e H H o ii  6 a 3 e
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peMOHTHbix nexoB ropHO-o6oraTHTejibHbrx (])a6piiK h  KOM6nnaTOB, KOTopwe oöm hho ne 
pacnojiaraiO T 3y6o(Jjpc3epnbiMH CTaHKaMH Tpe6yeMbix xapaicrepHCTHK, h to  TpeSyeT 
pa3pa6oTKH cpaBHHTejibHO npocTbix ycTpoiicTB ;y ia  o6ecne'icHHH ab h jkchhh  
o6pa6aTU B aiom ero HHCTpyMeHTa no  b b o jilb c h tiio h  rpaeKTopHH c TpeSycMoii to h h o c tm o . 
PeiueH ne b to h  3aflann bo3M oäho 3a cnex npiiM enemiH uiecTH3BeHHoro pbR aau io ro  
MCxanH3Ma n p n  cooTBeTCTByiomeM no/i6opc  ero  napaMeTpoB [58 ,61 ,64 ,68].

7 .3 .1 .  K m ie M a ru M e c K a H  c x e M a  h  o c H O B iiu e  n a p a M C T p b i  y cT aH O B K n

y cTpoiicTBO a jm  MOflejmpoBaHna 3Bo;ibBeimioH TpacKTopnn npencTaBJiaex coSofi 
inecTH3BeHiibiH xyjiHCHbiH McxaHH3M, KHHeMaTHHCCKaa cxeMa KOToporo upeacTaBJieHa Ha 
pHC. 7.8.

P h c .  7 . 8 .  C x e M a  M e x a H H j M a  a n a  BoctipoiO BoacTBa aBO.'ibBcnTHoii r p a e K T o p a a  1 -  i i o a 3 y i i ,  2 -  

3 y 6 o - o 6 p a 6 a T M B a i o w e e  ycTpoilCTBO, 3  -  u i a T y H ,  4  -  KaMeHb x y j iH C b i ,  5  - KyjiHca, 6  -  KopOMbicno, 7  - 

K o p n y c ,  8 - 3 B 0 J ib B e H T a ,  9 - H3HomeKHWfl n p o ^ iu ib

MexaHH3M BKjnoHaer b ce6a rom> noABHxcHHx 3BeHbe8, cBjmHHbix Mexmy co6oh  
njiocKHMH KHHeMaTiinecKHMH napaMH BToporo KJiacca: nojnyH, iuaiyn c
3y6oo6pa6aTbiBaiomHM ycTponcTBOM, KaMeHb Kynncbi, xyjiHcy h xopoMbicno.
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TpaeKTopHH flBHJKeHHH n o jn y iia  Kacaxcabna k  o c h o b h o h  OKpyacHOCTu 
oöpaöaTEiBaeMoro 3y6naToro KOJieca p a an y c a  R¡, c neHTpOM b  t o h k c  O. B x o h h m m  

(Be^ymHM) 3BeHOM aB Jiaerca xy iinca , b l i x o u h m m  - noH3yH, TOMKa D  KOToporo npn 
cooTBCTCTByiomeM noaßope a h h h  3BeHbCB oimcbiBacT SBoabBem-nyio Tpaejcropuio b 

CHcreMe K o o pnunar, CBX3aHHbix c icynucoH.
HacTpoHKa MexaHH3Ma rrpoHBBoanTca 3a c h c t  n3McnennH / u i h h  KopoMbicna L f„ 

pa3MepoB e, h h L¡. MaTeMaTHHecKHe 3aBHCHMOcra ana BbiHucaeima 3naacHH¡í napa.MtrrpoB 
HacTpoHKH MCxaHH3Ma, o6ccncMHBaioinHX noayacHHC 3BoabBenTiioii TpaeicropHH c Bbicoxoii 
TOBHOcTbio, npuBeaeHbi b  TaôaHqe 7.3

TaSanua 7.3
ITapaMeTpbi HacTpoHKH inexaHH3Ma ąaa BQcnpon3BoacTBa DBoabBcimmii TpaetcropHH

riapaMeTp MaTeMaxHHecKaa 3aBHCHMOCTb

/JnHHa noa3yHa Ll - J l $ - h 2 + R b V a m * Vmitt

CMemeiiHe ueHxpa noBopoTa xopoMbicaa e = 0.5 Rb

CMemeHHC mapHHpa uiaTyHa h = 0J R b sin2(0.5ft,,ax)

RniiHa xopoMbicaa ¿6 -  Rb + e

BeaHHHHbi, BxoaaiUHC b  (JiopMyabi an a  BbWHCaeHHa napaMexpoB HacTpoHKH 
MexaHH3Ma, BbiHHcaaiorca cneayiomHM o6pa30M:

L i - 2  M - a n n u a  iiiaTyiia (npHHsrra i i o c t o h h h o h  ana Bcex THnopa3MepoB xonec), 
R b= 0.5m zcosai, - p a a n y c  o c h o b h o h  o k p jo k h o c th ,

ßmax^O.SiipMu-tpmin) - aMnnHTyaa xananaa KyjlHCbl,

x2
•Pmax ~

<Pmax =

Rb J
■ 1 - MaKCHMajlbHblH yroa pa3BCpHyTOCTH 3B0:ibBCHTbI,

^min

k Rb i
- 1 ^ 0 -  M H H H M a jIb H b lii y r o a  pa3BCpHyT0 CTH 3BOnbBCHTbl,

Æmjn =  J r ¿  + [ a a  sina^u -  Rbs j - rpaiiHua paOoneH 30Hbi npo^H aa,

( m  ( z + z f )
aa  =  a rc c o s l —   cosab

V 2a co j

■ y r o a  3 a n c r ia c H n a ,

r a e  m  - M oayab 3auenaeH Ha,

Z - HHCHO 3y6beB, 

a m - M eacoceBoe p a c c ro a H H e  peMOHTHpyeMoíí nepeaanH ,

Zs - H H c n o  3y6 beB x o a e c a ,  c  KOTopbiM p a ö o T a e T  p e M O H T H p y e M o e  x o aeco , 

cla - y r o a  3 a u e n a e n H a  ( a * = 2 0 ° ) ,

Ra - p a aH y C  OKpyaCHOCTH BCpUlHH,

Rs - paanyc oxpy/KHOCTH BepiuHH conpa*eHHoro xoaeca,
Rbs - paanyc ochobhoh oxpyacHOCTH conpa/Kcmioro xoaeca.
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7 . 3 . 2 .  < X > yH K U H O H H poB aH H e y c T a n o B K H

M e x a n H 3 M  M o a e a H p o B a H H fl 3bo ji!.bch thoh  x p a e x x o p H H  p a 6 o T a e T  c a e a y io m H M  

o 6 p a 3 0 M . r ip e ;(B a p H T e i i i .H O  n p o H 3 B O flH X c a  H a cx p O H ica  e r o  n a p a M e x p o B ,  B b iH H c a e H H b ix  n o  

3aBH CH M O CT«M , n p i i B e f lc u H b i x  b x a 6 n .  7.3, n p n M e H i iT e a b n o  k  o 6 p a 6 o x x e  a y G a a x o r o  x o a e c a  

K O H xpeT H O H  n e p e a a n n .

B 3 aB H C H M O cra  o r  C T en eH H  H 3 n o c a  3y6beB 3>’6 4 ax o ro  x o a e c a  i ip n n n M a e T c s i  

T e x H o a o r n a  e r o  p eM O H T a h, e o o T B e T C T B e n n o , 3y6oo6pa6aTbiBax>niHH H H c rp y M e H T :

•  n p n  M a a o i i  C T e n eH H  H 3 H O ca  -  { j) p e 3 e p n a x  n a n  L L m n t J x m a j i b H a x  r o a o B x n ,

•  n p n  3HaaHxeabHOM H3HOce - 3JiexxpoayroBOH noayaBxoM ax n a n  naa3MenHbiH n n c x o a e x  c 
n ocaeayrom eH  o6pa6oxxofi H anaaB aeH noro cao a  (b 3aBHCHMOcxn o x  e ro  XBepaocxn) 
cj)pe3epH0H n a n  [iiantjjoBaabHoii pojtobkoh.

C x e M a  o 6 p a 6 o x x n  3 y 6 a  C B oan xcx  k  c a e a y io m iiM  o n e p a m i a M .

C noM om bio <J>pHKi(HOHHbix My4)x 3y6aaxoe x o a cc o  3 ax p en asex ca  n a  Baay, 
ycxaHOBaeHHOM co o ch o  c BanoM xyancw  h  MexaHH3MoM aeaeHHta, (M ex am m i a e a e n n a  Ha 
pnc. 7.8 h c  n o x aaan ). B npocxeiiineM  c ay aae , b xaaecxBe MexaHH3j.ia a e a e iin a  MO>xex 6brrb 
ncnoab30B ano peMOHXHpyeMoe 3y6liaxoe x o aeco , cjmxciipyeMoe a a  iipcMii o6pa6oxxn  3y6a 
xpaneuneBHaHbiM cxonopoM , BxoflaiUHM  bo B naaH H y 3 y 6 b e B . n p n  sxom My4>xbi 
G noxupyioxca xaxnM o6pa30M, hxoGbi n p n  coeaH H ennn sa n a  xyrm cbi c BaaoM 3y6aaxoro  
x o aeca  MexaHH3M a c a e m w  6bia 3a4)HKCnpoBan h  oxcoeaHHeH o t  a e r o  h , cooxbcxcxbchho, 
Baa xy an cb i tJaixcHpyexca h  oxcoeanH sexcs ox Baaa 3 y 6 a a io ro  x o a e c a  npH c o ca h h ch h h  
n o c a e a n e ro  c BaaoM MexaHH3Ma aeneHHH.

3 a  c a e x  B p a m e f i i i a  3 y 6 a a x o r o  x o a e c a  h  noBopoxa x y a n c b i  o x n o c n x e a b H o  H e r o  

n p o H 3 B o a n x c s t  y c x a H O B x a  p a 6 o 4 e i i  3 0 H b i 3 y 6 o o 6 p a 6 a x H B a x > m e r o  w a c x p y M e H x a  n a  B c p n iH H e  

3 y 6 a  y  O A H o ro  H 3 e r o  x o p u e B ,  n o c a e  a e r o  n p H  H e n o a B H X H O H  x y n n o e  (cB « 3 a H H O H  c  3 y 6 a a x b iM  

x o a e c o M )  3 y 6 o o 6 p a 6 a x b iB a i o m H H  M exaH H 3 M  n e p c M e m a e x c a  B a o a b  3 y 6 a  x o a e c a ,  n p o i m o n a  

e r o  o 6 p a 6 o x x y .  n o c a e  x o r o ,  x a x  o S p a S a x b iB a r o m n i i  H H c x p y M c u r  E b w a c x  H 3 K O H x ax x a  c  

3 y 6 o M , x y a n c a  c  3 y 6 a a x b iM  x o a e c o M  noB o p a a H B a ex cx  a a  y r o a ,  o 6 e c n c M H B a io m n i i  

n e p c M c u iC H H e  H H e x p y M e H x a  B a o a b  o B o a i .n e n x b i  a a  0 .1 ^0 .5  luapH H ti 30111.1 o 6 p a 6 o x x n  (b 
33BHCHMOCXH o x  x p e 6 y e M O H  xohhocxh), h  3 y 6 o o 6 p a 6 a n j B a i o m H H  M ex aH H 3 M  n e p c M e m a e x c i i  

b o G p ax H O M  H a n p a B a e H H H .

n o  OKOnaaHHH o6pa6oxxn  Bcero 3y6a ABHvKenne x y ancb i M enaexca Ha 
npoxuBonoaoxcH oe h  HHexpyMeHX ycxaHaBanBaerca b  H cxonnoe n o a o /x e n a e , n o c ae  a e ro  
x y a n c a  4>HxcHpyexca, a  3y6Liaxoe x oaeco  oxcoeanH sexcs o x  B aaa xy an cb i 11 coeflHHaexca c 
BajioM MexaHH3Ma aeacH Ha, xoxopbin noBopaaiiBaex x o a ec o  oxnocHxeabHO xyancb i Ha o an n  
yraoB oii m ar. 3 ax e\i 4)HKCHPyeTCH Baj| M exarom ia  a ea eH n s , a 3y6aaxoe  xoacco  
oxcoeanH xexca ox Hero, co cam isex cn  c  BaaoM xyaH cu  h  npon3B oanxca o6pa6oxxa 
o a e p e a n o ro  3y6a 3 y 6 aax o ro  xoaeca. n p o u e c c  noB xopsexca 3,0 OK on'ianon o6pa6oxxH  Bcex 
3y6beB 3 y 6 aax o ro  xo aeca.

T e x n o a o r a a  B O C C xaH O B aeH H » p a 6 o w efi noB ep x n o cra  xy5a  B x a K m e x  b c e 6 a  ;ib;i
3x a n a .

n e p B b i M  a x a n o M  p eM O H T a 3 y 6 b e B  3 y 6 a a x o r o  x o a e c a  s B a a e x c a  H a n a a B x a  ( H a n b ia e H n e )  

H 3 H o m c H H o fi n o B e p x H O C x n . n p H  3xom b x a a e c x B C  3y 6 o o 6 p a6aib iB aiom ero  y c x p o i i c x B a  

n p H M e iw e x c a  C B a p o n n b i i i  n o a y a B x o M a x  ( n a n  n a a 3 M e H H b if i  n u c x o a e x ) .  H a p a i u n B a u n c  

n o B e p x H o c x H  n p o n c x o a n x  x o a b x o  b M e c x e  n 3 H O c a  3y6a, h to  n o 3 s o a a e x  chh3hxb p a c x o a  

a o p o r o c x o a iH H X  s a e x x p o a o B  H3 H3HOCOCXOHXHX w a x e p H a a o B  ( a H 6 o  chh3hxb p a c x o a  

X B e p a o c n a a B H b ix  n o p o m x o B ) .  n o  o x o H a a H H ii  o6pa6oxxH 3y6a n o a y n a e x c H  n o B e p x H O c x b , 

6 a n 3 x a a  x  3B O H bB eH X H O biy n p o 4 > n m o .
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B T optiM  3TanoM  h b j i h c t c h  HHCTOBaa M cxaiin 'iccK aa o6pa6oT K a 3y6beB. B 
3aBHCHMOCTH OT TDCp/lOCTH nOBepXHOCTH Olla npOlOBOJlHTCa JI«6o  c|)pC3CpHOH, j ih O o  

mjiHcjjOBajiŁHOH rojiOBKaMH, ycraiiaiîjTiiBacMbiMH BMecTo HaanaBOHHoro nojryaBTOMaTa.
T oHHOCTŁ BOCfipOH3BO;iCTBa DBOJlbBCUTlIOrO lipO(¡)HJ]H 3EBHCMT OT 3IiaLlC!lHÍi

napaMeTpoB HacTpoHKH \iexaHH3Ma e  u  h (cm. Ta6ji. 7.3). O tk jio h c h h c  (j>aKTHHecKoro 

npo(J)HBK 3y6a 8  o t  o b o h łb c u tl i ,  H3Mepeniioe b lianpaBjieiiHH H opM ajiH  k  i i c h ,  m ohuio iia ih ii 
b  (jiyiiKumi y ra a  noBopoTa Kyjmcbi ß  no cjie/iyiom en (J)opMyjie:

■ + lk sin/3 - (7.8)

r a e  lk = e Í J c o s 2 ß  +  8 - c o s ö l -  PaccTO™ » e 0T o c »  noB opoT a K yancb i flo u e m p a
V v inapHHpa xaMUH (AO  n a  p n c . 7.8),

ß  = <p- 0.5(<pmax +  cpm¡n ) - T ex y m ce  3HancHHc y r a a  noB opoT a Kyancbi,
<p - y ro a  pa3BepnyTOCTH 3BonbBeHTbi ( (pm¡n <(p  <  <pmax).

riorpeuiHOCTb npocjwjifl onpeflejiserca MaKCHMajibHoii wnpiiHOH 30iibi Mexyiy flßyM« 
3B0BbBeHTaMH, BHyTpH koto polt Haxo^HTC» jieHCTBHTCJibHbiH npotjiHJib 3y6a:

f f i<r ~  ^max Ąnin • (7.9)

ßonycK  n a  n o rp e iu H O C T b  n p o t j in a a  f ¡  y cT anaB JiH B acT ca C T an /iap iaM H  ISO h 
o c H O B a m ib iM H  n a  hhx i ia n n o n a a b U b iM ii cTan/iapTa.M H  b 3aB ncnM ocT H  o t  n apaM eT p o B  

3 y o H a T o ro  K o n c c a  h  T p c ö y c M o ii to m h o c t h  H3roTOBjieHHS. Tax, c o r a a c H o  lipHJioaceHHio k 
TOOT 1643-81 i io r p e iu i io c T b  n p o c j w j i s  m o ä c t  6biT b B b iH itc a c u a  n o  4>opM yae:

/ /  = 10 - 3 [ALU] (7.10)

3 naneH H a K03(})<|wuHeHT0B k¡  h  k¡, bxoæhihhx b c j io p M y n y  (7.8), b 3aBHCHMOCTH o t 
CTCneHH TOMHOCTH H3T0 T0 BJÏCHHB 3y 6 HaTOTO KOJICCa npHBC/ICHM B Ta6a. 7.4.

Taoamia 7.4

CTeneHb t o h h o c t h k /  [m k m /m m ] k 2 [m k a i]

6 0.63 6.3
7 1.00 8.0

8 1.60 10,0

9 2.50 16.0

10 4.00 25.0

3 y 6 n a ro e  cnnTaeTCH npnroflHbiM k 3KcnayaTaunn, ecan  BbinoanaeTca ycjioBne:

f f i  ^  f f  • ( 7 - I D

7.3.3. OueHKa tohhocth B0cnp0H3B0XiCTBa sbo-ilbcutli

A H a jiH 3  n o r p e i u i i o c ™  npo<j>HJwi, H M e ro m e n  M e c T o  r ip n  (j, y ,IK ll K 0H H P ° BaHHH 

M e x a H H 3 M a , M o / i e n n p y i o m e r o  D B O ab B en T tiy K ) T p a e r r o p H i o ,  h c p a B n e H H e  s to h  n o r p e t i i n o c T H  

c  ß o riy c T H M b iM H  3H aneH H 5iM H  n p o B e j e H  H a  6a3e n p s M 0 3 y 6 n x  U H .n H H /ip n H e c K u x  kojicc
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3 y 6 n a T b ix  KOJiec c flaaM eT paM H  fle a n T C jib H o ß  O K p y n cH o cn i ¡7=1. 0 + 6 .0 m  b / in a n a a o n c  

3H aneH H H  M O flyJieñ  3 a u e n n e m M  m =204-55 m m , h t o  x a p a ic rep H O  una  SonbuiH H C TB a 

K p y n i!o r a 6 apH T H bix  3 y 6 n a T b ix  KOJiec r o p n o - o 6 o raT H T eiibH b ix  M am uH . ripn 3T0m 
MHHHMBJibHbiH p a ^ n y c  p a G o n e í l  30H bi n p o e jw jia  o n p e n e j iH J ic a  n o  npH 6nn5K enH O H  (Jiop.wyjic: 

Rnu„=0.5m(z-2).
B K anecT B c n p n M e p a  H a p u c .  7.9 n p e f lc ra B jie H b i pe3 y jib T aT b i b i > i h h c j i c h h h  no 

({lopM yaaM  (7.8) n  (7.10) u n a  T p e x  3H aneH H H  MOflynH 3aiienjieiiHH: 20, 36 n  55 m m .

a) 6 ) b )

Pnc. 7.9. riorpcuuiocTt. socnporaBOACTBa 3BonbBeHTHoro npoijmjisi a) Moayjik ra=55 m m , 6) Moayjib m =36 m m .
b) Moayat m =20 m m  f¡(¡ - aonycK na norpeniHOCTb npo<j>HJia npu 6-H,J) 7 - 7-íí cxeneim tomhocth

P c3 y jib T aT b i H u c jie iiH o ro  3K cnepH M eiiT a  ( p n c .  7.9), r i p o i i íB e n e n n o r o  b  

n p e n n o n o ^ e n H H  t o h h o t o  B binoJiiicnH si p a3M epoB  B c e x  3BeH beB  M exanH 3M a, n o K a 3 b iB a io r , 

h t o  b  a n a n a 3 0 H e  nuaM C T poB  3 y 6 n a T b ix  k o j ic c  1 . 0 = 6 . 0 ycjiO B H e ( 7 . 1 1 )  B b in o j in a c x c a  B n/ioT b 

Tío 6-ñ C T e n c n n  t o h h o c t h ,  n p n n e M  n a » e  a j í  si KOJiec c M OflyjieM  m =55 m m , a j ih  K O Topbix 3Ta 
n o rp e n iH O C T b  B B JiaeT ca H a n G o n b in eH .

H a  TOHHOCTb BO Cn p O H3BOJJCTBa 3BOJll,BCItTIIOrO npO(()HJIfl BJ1HHCT TatOKe TOHHOCTb 
BbinoiiHOHHH ocHOBHbix pa3M c p o B  M c x a H H 3Ma. Tax, ana oôecneneHHa 8-h CTeneHH tohhocth 
n o  norpeuiHOCTH npotjmna b ;iHana3onc 2.0 = 6 . 0  m  CMeineiiHe nem-pa no Bopo Ta KopoMbicjia e 
(cm. Ta6 n. 7.3) h c o 6 xo/ihmo BbinojiHHTb c  t o h h o c t h o  ± 0 . 1  m m , Torna xax CMeuiemie 

iuapHHpa uiaTyHa h  moxcho peryjiHpoBaTb c  tohhoctbk) ± 1 . 0  m m . FIpH s t om Bce 

KHHe M a TH He cK He  napbi uo jd kh h BbinojiHBTbca 6 e33a3opHbiMH.
TaKHM o6pa30M, c nOMombio npe/iao/K ennoro MexaHH3Ma b unana30H e AHaMeTpoB 

ayönaTbix KOJiec 2.0 = 6 . 0  m  m ojkho rapaiiTHpoBaTb H3roTOBJienne OBOUbBCHTHbix 3y6beB c 
ÄOCTaTOHHO BbICOKOH TOHHOCTbiO, OCOÖeKHO eCJIH yHCCTb, HTO OÔbIHHO K TaKHM 3y6naTbTM 
KonecaM npe;n>HBJ!SK)TCH TpeGoBanna n e  tohiicc 9 - h  CTeneHH tohhocth.

H a OCHOB3HHH npoB euenubix  nccjicflOBaHHH, n o  3aKa3y npoH3BoucTBcunoro 
oGbCflHHeHHH «A30T» (r.H o B ro p o a, Pocch») pa3pa6oTan 3ckh3hm h npocKT ycTanoBKH ají a 
peM oirra 3y6bCB 3y6naToro Koncca unaMCTpoM 5 m  npHBona cyiuH Jibnoro rpaH yjurropa.

7 .4 . B b lB O flb l

O c H O B iib ic  HTorn h  b b i b o u h ,  n o u y n e H H b ie  H a  o cH O B e  p a c c M O T p e iiH a  n p H m ia u H b ix  

ac n e K T O B  n p o rH 0 3 H p o B a H H K  a o J i r o B e n H o c r a  3 y 6 b e B  3 y 6 n a T b ix  k o u c c  c b o u h t c b  k  

cae/iyioineM y.
1. ripn o6e3JiHHeHHOM peMOHTe npHBO/iOR ropHbix MauiHH xapaKTep H3MeHem¡H 

oóbCMHoro H3Hoca npaKTHHecKH He MeiweTcsi h  OTjiHHaerca TOJibKo HananbHbiM ypoBHeM 
oGbCMnoro H3Hoca. npH  o to m ,  npH cöopKc 3y6naTOH napbi c o u h h m  h j ih  UByMx
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H3H0mCHHbiMH KOjiecaMii He aocTHraeTca MaKCHMajibHoe 3HaneHHe o6i>eMnoro H3Hoca, 
KOTopoe 6bino nojiyneHO npn MouejiHpoBaHHH 3aueiiJienHa hobm x 3y6naTbix Konec, h to  
MO»ceT 6 b i t ł  o 6 b a cn e n o  ecTecTBeHHOH b pe3yjiŁTaTC H3Hoca MOjiHcjjMKamieii npo^HBefi 
3y6beB.

2 .  He3aBHCHMO o t  h x  HanajibHOH cjjopMbi npoiJmjieH 3 y 6 b eB  (HOBbie h jih  H 3 H 0iuenH bic  

b  p a 3 H o ii C T e n e n n )  c o  BpeM eHeM  H3HOC C Ta6H JiH 3H pyeTca h  n p o ijw jib  3 y 6 a  k a o c T u a c e n H io  

M aK CH M ajibH on H a p a 6 oTKH npaKTHHecKH eooT B eT C T B yer npo<j>H.mo, K O Topbni HM eu 6 bi MecTO 

n p n  H aH ajibH o ił p o p is ie ,  cooTBeTCTByiom teH hobbim (H eH 3H om eH H biM ) 3y 6 bSM . Hhbimh 
cnoB aM H  n p o H c x o a H T  CTa6HJiH3auHH (JiopM bi npocJiHJia 3 y 6 a .

3. O 6m c c  T p e6oBaHHe n p n  K O M naerran nn  a a iiH o r o  3y6H aT oro  K on cca  b n a p y  m owho 
Bbipa3HTb cn ea y io m H M  o6 p a 3 0 M  - conpsDKCHnoe eM y 3 y 6 n a T o e  K o n ec o  uo jd k h o  HMeTb H 3iioc  
MeubHiHH, neM  s t o  K o n eco . O r c io f la  c j ie /iy e r , h to  n o c n e  B a p n a in a  KOMniieKTauHH nap bi H3 

HOBbix KOJiec, npeanoHTHTenbHbiM H hbjihiotcm BapnaHT KOMnneKrauHH n ap b i H3 h o b o to  h 
H 3H oineH H oro KOJiec. H aH M eH ee »ejiaTejibH biM  H B jjaeica  B apnanT  KOM naeKTaunu -  c 6o p x a  

n a p b i H3 K on ec  c  H3HouieiiiibiM H 3y6b«M H. B sto m  c n y n a e  c j ic a y c T  crpe.MHTbca k 
MaKCHMajibHoii p a 3 in m e  H 3H oca 3y6h eB  3y6n aT b ix  KOJiec, cocTaBjiHiom HX n a p y .

4. Pa3pa6oTaHHbifi n o a x o a  k KOMnjieicrauHH 3y6naTbix nap  iio3bojiht n a  15=20%  
noBbicHTb H3HOcocroHKOCTb 3y6beB OTpeMOHTHpoBaHHoii 3y6naTOH ncpcflann .

5. P a 3 p a 6 o T a H a  h 3K cnepH M eiiT ajibH O  n p o B e p e H a  T e x n o jio r n s i  pcM O H Ta H3HOineHHbix 

noB epxH O C T eii 3 y 6 b eB  3 y 6 n a T b ix  kojicc mcto/iom  3JieKTpoKOHTaKTHoro npH ncKaHHH
H3HOCOCTOHKHX nOpOUIKOB.

6. 3K cnepH M eiiT ajib iio  uoK a3ano , h to  BbicoK onpoHiibie noponiK H  hojdkiim 
HCri0JIb30BaTbCH B  K0Mn03HUHH C MeHee npOHHblMH, 6jIH3KHMH n o  CBOHCTBaM K  OCHOBIIOMy 
MCTajuiy, c  n e jib io  cJiopMiipoBaHHii b n p o u e c c e  npHneKaiiHH MaTpHiibi, yaep/K H B aiouicii 
nacTHUbi npoHHHX nopouiKOB h oG ecncH H Baiom eii c p e n n e m ie  c  ochobhm m  MeTamioM. B 
HacTHocTH, (jieppiiTiiasi M aTpim a Ha 6a3e >Kejie3Hbix nopouiKOB mohcct npH M enaTbca to jibko  
a n a  3y6beB  H3 yjiyH uieH iibix cranCH .

7 .  P a 3 p a 6 o T a H a , H3TOTOBJieHa h 3K cnepiiM CH TajibH O  n p O B e p e n a  KOHcrpyKUHa 

n o n H O M a cu iT a 6 n o H  y cT anoB K ii o n a  peM OHTa 3y6bCB 3 y 6 n a T b ix  K o n e c  ro p H b ix  M auiHH.

8 . P a 3 p a 6 o T a H a  KHHeM aTHHecKaa c x eM a  h  n o a o G p a iib i  n a p aM eT p b i 3B eiibeB  M exaHH3M a, 

o 6 ecneH H B aiom H X  .u b h jk c h h c  K paH H eii t o h k h  B b ix o a H o ro  3BCHa n o  S B O iiL B eim io ii 

TpaeKTOpHH.
9 .  P a 3 p a 6 o T a H a  M ero aH K a o n p e a e n e H iiH  norpen iH O C T H  BOcnpoH3BOflCTBa 

3BOJibBenTHOii T p ae ic ro p H H  n p o iJw jiH  3 y 6 a  3 y 6 n a T o ro  KOJieca c  yncTOM  t o h h o c t h  H acrpoH K H  

M exaH H 3M a.
10. r ip e a n o K e H H a J i M CT oanK a n o a S o p a  n a p aM eT p o B  M exaH H 3M a no3B O JiaeT  p a 3 p a6 o T a T b  

K o n cT p y K iiH io  ycTaHOBKH o n a  n o J iy n e H iw  aao jib B eH T H o ro  npo(J>HJM 3 y 6 b eB  3 y 6 n a T b ix  K o aec  

U H aM erpoM  2 = 6  m B iu io T b  no  8-oii CTeneHH t o h h o c t h  n o  n o r p e u m o c ™  n p o tjm ji j i  n a  

npoH 3BOflCTB eH H oii 6 a 3 e  peM OHTHbix u e x o B  ro p H O -o 6 o raT H T ejibH b ix  npeunpH jiTH H .



8. OCHOBHblE B tlB O flb l n O  PABOTE

H a  o c h o b e h h h  aH aiiH 3a  A H T epaT ypH bix  h  3K cnepH M eH T anbH bix  ; ia n n b ix  ycT aiioB neH O , 

h t o  3B 0JibB eH TH biił n p o i jw n b ,  K O Topbiii HM eioT 3y6bH  3 y 6 n a T b ix  n e p e a a H  n o c n e  h x  

H 3roT O B aeH H S, b  n p o u e c c e  s icc n n y a T a u H H  H 3-3a HeH36e>K H oro H 3H oca H C K aacaeTca h  n o c n e  

t o t o ,  KaK C T eneH b H C K aw eH M  npeBM CHT u o n y c T H M y io  n o rp eu iH O C T b , o n p e n e jw e M y io  

3 a A a n n o ii  C T e n e iib io  t o h h o c t h ,  n p o t jm n b  n e p e c T a e T  cooTBeTCTBOBaTb H ananbH biM  

xapaK T cpH C TH K aM . BHOBb o 6 p a3 0 B 3 H H b ic  K B a3 n c o n p aa< en H b ie  npocjiHAH h  n a p aM e T p b i h x  

3 a u e n j ie H H a  n o  M ep e  3 K c n n y aT au H H  3 y 6 liaTOH n e p e f la n n  H enpepb iB H O  h 3 m c h 5 H o tc a , n 

p e 3 y jib T a T e  n e r o  T e o p n a  O BonbBeHTHOro 3 a u e n n e iiH A  H e m to k c t  Sb iT b  npH M eH H M a b  n o a n o M  

o 6beM C  /w si o r iH c a n n a  3y6naT O H  n e p e n a n n  c  H3HouieHHbiM H 3y6b«M H .

1. f l n a  M aT eM aT H H ecK oro o n u c a n n a  p a 6 oHHX n o B e p x H o c T e ił 3 y 6 b e B  c  iipoH3BOJibHOH 
<|)opMOH npo<j)HJiCH n a  ocH O B e HHCjieHHbix MeTOflOB p a 3 p a 6 o T a H a  K O M iib io ie p n aa  

T e x H o a o r H H , B W iio H aio m a a  K ycoH H yio  annpoK C H M anH io  c o  cnnaiiH O B O H  H u r e p n o n a u n e i ł ,  b 

K O T opyio  B B e u e n a  A o n o jiH H T e jib iia a  K o p p e K n n a , no3B O JM iom aH  uocraT O H H O  t o h h o  

OnHCblBaTb KpHBbie C pe3KHM  H3MeHCHHeM KpHBH3HbI. H pH  3T0M  JIJIH o n p e f le n e H H «  p a n n y c o B  

KpHBH3Hbi h  y r / i a  HaKAOHa icacaTenbH O H  iip e n n o w e H b i n p o c T b ie  n p u c M b i, 6 a 3 i ip y io m n e c a  n a  

AHCKpcTHOM x a p a K T e p e  o r m c a n n a  np o cJw n eH .

2. P a 3 p a 6 o T a H b i TeopcTHHCCKHe ocHOBbi h  c o an a H b i H a 6 a 3 e  anropH T M O B  6 biCTpoii 

c x o a h m o c t h  n e o 6 xoflH M bie  H H cjieH H bie M eT oubi, otjiopM B eH H bie b  b h n e  cooT B C T C T B yiom iw  

KOMHbIOTepHbIX TeXHOJ10THH, AAH OnpCACJlCHHH reOMeTpHHeCKHX H KHHeMaTHHeCKHX 

n a p a M e rp o B  KOHTaKTa b  a S c o n io r a o M  H OTHOCHTejibHOM a b h s k c h h h  KOHTaKTiipyioiHHX 

K Ba3HconpK>KeHHbix n p o ^ H J ic i i  c  yneTO M  y n p y n t x  c b o h c t b  3 a u e n ; ia io iu H x c H  3 y 6 b e B  h  t o t o  

oGcTOHTeabCTBa, h t o  b 3 0 H e  A B yx n a p n o r o  3 a u en n eH H H  c h a b i ,  a e iłcT B y io iU H e  b  n a p a x  3 y 6 b eB , 

b o 6 m eM  c n y n a e  H e H eacaT H a o a h o h  npaM O H .

H a  OCHOBaHHH pe3yAbTaTOB npOBCAeHHbIX HHCAeHHbRC 3KCnepHM eHTOB yCTaHOBACHO, 

h t o  n o c n e  H 3HOca 3 y 6 b e B , n p e B b im a io n je r o  a o n y c T H M y io  n o rp eu iH O C T b  npo tJiH A a ajih  
3 a f la n n o H  t o h h o c t h  H3roTOBACHH;i n e p e n a H U , H M eioT MecTO c A e A y io m n e  K BJieH ua:

•  npocJiHAb 3 y 6 a  HC KajK aercfl n o  o t h o u ic h h io  k H cxouH O M y 3BOAbBCHTHOMy 

HepaBHOM epHO n o  B b icoT e 3 y 6 a ,

•  a h h h h  3 a u en n eH H H  craHOBHTCJi k p h b o a h h c h h o h , e e  a a h h h  y M en b U ia c T c a , B03M0)KHbi 

p a3 p b iB b i a h h h h  3 au en n e H H K ,

•  MTHOBeHHoe 3H ancH H e n ep efla T O H H o ro  n u c n a  C T anoB H T ca nepeM eH H M M , h t o  B b i3b iB aer 

A onoA H H T eA bH oe AHHaM HHecKoc Harpy>K eH H e KOHTaicra,

•  c p eA H e e  3 H aneH H e n e p en a T O H H o ro  H H cna o c r a e T c a  n o c T o a m ib iM , paBHbiM  OTHomeHHK) 

H u c e n  3 y 6 b e B  KOKTaKTHpyioiUHX KOAec,

• BbI3B3HH0e HepaBHOMepHbIM H3HOCOM H3MeHeHHe KpHBH3HbI KOHTaKTHpyiOLUHX 
noBepxHOCTen 3y6beB cymecTBCHiio b jih h c t  na MmoBeHHoe 3HaHeiiHC KOHTaKTHbix 
Hanpa*eHHH h  KOHTaKTHyio nonaTAHEocTb b npouecce 3auenneHHH,
•  »ecTKocTb 3y6beB b  npouecce 3anenACHna MenacTca He t o a b k o  H3-3a pa3Horo HHCJia 
nap 3y6beB, iiaxoAHUiHxca b  k o h t a k t c , h o  h  BCAcflCTBHe H3MeHeHH>i KOHTaKTHOii 
nOAaTAHBOCTH,
•  C K opocT H  n e p eM e m e H H S  30H bi KOHTaKTa n o  npo<j)HASM 3 y 6 b e B  3H aH H T e:ibno  m c h h io t c s  

b H anaAbHOH h  k o h c h h o h  4>a3ax 3auerincH H A , b O K p ec ra o c T w c  T e o p c T u n e c K o ro  n o n io c a  

3 a u e n A e H H s  3 t h  H 3 M e n e n n H  H e3H aH H T eA bH bi,
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•  CKOpOCTb CKOJIL/KCHHH 3y6l.CB B  KOHTaKTHOH 30H e CpaBHHTenbHO C J i a 6 o  33BHCHT O T  

crrencHH H 3H oca 3y6b eB .
3 . Jlna H ccnenoB anH H  n p o ije c c a  (j)opM iipoBaHHa BuyTpeHHHX ycH jm ii b 3 a n e n n en H a , b 

3HaHHTeAbHoił CTeneHH onpenenaFOiHHX h 3 h o c  p a G o n n x  n o B e p x n o c r e H  3y6b eB , 
TeopeTHHecKH o 6 o c n o B a n  anropHTM h  p a a p a G o ia n a  y n p y r a a  AHHaMHHecKaa m oacjh . 

3y6naTOH n e p e n a n n  c  neTbipb.MH creneHHM H c b o 6 o a ł i ,  yHHTbiBaiom aa KpoMC n e p e M en n o r o  
n epenaT O M noro n n cn a  ncene;iyeM O H  nepenaHH m o m ch tm  HHepnHH b x o a h m x  h  b m x o a h i.ix  (n o  

O T uonien H io  k 3T0H n e p e f la n e )  OTpc3KOB KHHeMaTHHecKHx p e n e n  npuB O jia MauiHHbi, 

KecTKOCTb 3 a u c r i; ic n iia , c h a b i BA3KOro conpoTHBJieHHS, HopMaAbiibiH G o k o b o h  3a 3 0 p  h  CHAy 

TpeHHH Me>KAy 3y6bHMH.

H a  ocHOBaHHH pe3ynbTaTOB H ucneH H bix OKCriepHMenTOB ycTaH O BAeno, hto na  
H3M eHeHne KostJnjnniHeHTa AHiiaMHHCCKOH Harpy3KH noMHMO cm c h m  n n c n a  n a p  b 

3auenneH H H  0Ka3biBaeT b a h s h h c  o6ycAOBAeHHoe H3HOCOM 3y6bCB nepeM eH H oe  

nepeuaT O H H oe h h cao  3y6naTOH n e p e n a n n . 3 th  H3MeHCHna hocht x a p a ic rep  o n u o r o  n e p n o p a  

rapMOHHHCCKoro K on eG an n a, aMUAHTyna KOToporo b  3HaHHTenbHO¡í M epe 33b h c h t  ot 
CTeneHH H 3 iio ca  3y6b eB .

¿(e(j)opM anna h  o iiih o k h  H3TOTOBneHHa iip ocjin jic ii 3y6b eB  OKa3biBaK>T BA H anne na  

AHHaMHHCCKyio H arpy3K y t o abk o  n a  HananbHOM ST anc p a6oT b i n ep ep a n H . C  yBeAHHCHHCM 
BpcMCHH 3K c:iA yaT am iH  HCKaaceHMe npo([)HAcii 3y6bCB, bca cactbh c  h x  H 3H oca, OKaauBacT  

6 o n e e  CHAbHoe BAiiaiiHC n a  AHnaMHHecKyio n a ip y 3 K y  b 3anenAeHHH
4 . MOJKHO CHHTaTb AOKa3aHHbIM, h to :

•  reoMeTpHHecKHC h KHHCMaTHHecKHC n ap aM erpbi KOHTaKTa on p eA eA a io T ca  (jiopMOH 

npO(j)HAeH B TOHKe HX KOHTaKTa,

•  4)0 PMa npocjiHAa saBHCHT o t  napaM eTpoB K o n r a r r a , on p eA en aiom H X  CTeneHb H 3iioca  3 y 6 a  

B KOHTaKTHOH TOHKe,

•  napaM eT pbi KOHTaicra h  4>opMa npo4>HACH, B3aHMHO BAiiaa a  p y r  Ha A p y r a , HaxOAHTca b 
AHHaMHnecKOM paBHOBecHH, KOTopoe h  on p eA en a eT  H3MenenHC 4>opMbi n p o4)H n en  b o  BpeMa 

3K cnA yaxauH H  3y6naTOH n e p e n a n n .
5 . H a  ocHOBaHHH aH anH 3a SKcnepiiMeHTaAbHMx flaHHbix n o  H 3H ocy  3 y 6 b eB  3 y 6 n a rb ix  

KOAec paS oH H X  M auiHH h  c  y>ieTOM T p n 6 onorHHCCKHX T c o p iii i ,  cooTBeTCTB yiom H X  ycAOBiiaM  

S K c n n y aT a u H H , p a 3 p a 6 o T a H a  M Oflenb o n p e a e n e H H a  H3HOca 3 y 6 a  b  k o h t 3 k t h o h  t o h k c  c 

yneTO M  KpOM OHHoro KOHTaKTa y  e r o  Bepm nH bi.
T e o p e r a n e c K H  o6ocH O B ana M eT o n o n o ra a  cHHTe3a npo4)H A eii H 3H ouienH bix 3y6beB  

3 y 6 n a T b ix  K on ec , no3B O A aiom aa CHHTe3HpOB3Tb H3H0iueHHbiH npo4>HAb 3 y 6 a , 
annpoK CH M H pya t o a b k o  H 3H ouienH bie ynacTKH 3 y 6 a , ocraB A aa HeH3MeHHbiMH ynacTKH 3 y 6 a , 

He 3aT p oH yrb ie  h 3 h o c o m . M o n e n b  H3HauiHBaHHa ocH O Bana Ha c n e n y io m H x  o c h o bh m x  

noA O w eH H ax:

•  cyM M apH bin h 3 h oc  b KOHTaKTHOH TOHKe A B yx conpH K acaiom H X ca T en np on op u H O H an en  

yflCAbHOH MOIUHOCTH CHA TpCHHH, C yHeTOM npHHHHIia erÓ pacnpCACACHHH 

nponopuH O H anbH O  nyTH CKOABJKCHHa h  o 6 p a r a o  n p on op n H O H an b u o  TBepaocTH  

nOBepXHOCTCH,

•  H3HOC n p o n o p m iO H a n c H  n p eB b im eH H io  M ru o B eH H o ro  3 n a H eH n a  T e M n ep a T y p b i b KOHTaKTe 

OTHOCHTenbiio cooT B C T C T B yio inero  K pH TH H ecK oro 3 n a H eH n a ,

•  n a  B enH H H iiy  ro n o ca  OKa3biBaeT B n n aH H e C K onbaceH ne n p o 4 w n e H  3y6bC B  B c n e n c rB n e  

p a a H a n b H o r o  S u c u n a  3 y 6 n a T b ix  k o a c c .
6 . C o 3 n a n a  K O M nbiO T cpnaa T e x H o n o rn a ,  p e a n H 3 y io m a a  n p u H n u n  n e n p e p b iB H o ro  

B33HMOBAHaHHa n ap a M e T p o B  KOHTaicra h  4)opM bi npo4)HACH 3 y 6 b e B , h t o  n o 3 B o n acT  

n p o rH 0 3 H p o B 3 T b  K anecT B eH H bie x ap arrep H C T H K H  3y6naTO H  n e p e n a n n  b 4>ynKHHH BpcMeHH 

S K c n n y aT a n H H .
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7. H a  o c h o b ü h h h  jia6opaTopHMx HcnbiTaHHH naTypiibix 3yÖHaTbix k o a c c  c  noMombio 
cn en n a n b iio ro  naKnaAHOro npHGopa nonyneH a HHiJjopMauHfl o  xapaicrepe H3HOca npocjiiuieii 
3y6beB b  poKiiMe (¡lopcupoßaHMOro HarpyxceHHH. KpoMe r o r o ,  3KcnepHMeHxaAbHbiMn 
MeToaaMH no jiyneita  HHijjopManna o xapaicrepe iraMeiieiiHH ([lop.Mbi iipocj)njieii 3y6beB 
3y6naTbix Konec npHBOAOB p a ö o 'in x  MauiHH b  npoH3BOACTBCHHbix ycAOBHAX.

8 .  P a 3 p a 6 o T a n  n o / ix o j i  k  h h c a c h h o h  o p e n K e  CTeneHH  O T paxceH H a  peanbH O CTH  

pa3pa6oT aH H O H  m o a c a m o  n p o n iO B H p o B a n iw  KaHCCTBCimbix xapaicrepH C T H K  3 y Ö H a x o ii 

n e p en a H H .

9 .  H u c A e H H b ii i  3 K c n e p H M e H T  n o  n p o rH 0 3 n p o B a iiH io  n a p a M e T p o B  3 y 6 n a T O H  n e p e n a n n  

n p n  MOACAHpoBaiiHH A a ß o p a x o p H b ix  H cnb iraH H Ö  n e p e n a n n  c ((lO pcupoB aH H oü  H arpy3K O ii 

noKa3aA:
•  ueA eeo o 6 p a3 H O C T b  b b cackuh  b moacjib HaiiauinBanHH ijiaKTopoB, ynHTbiBaiomHX bjihbhhc 
M rH O B eH H oro 3HaHeHHK T e M n e p a T y p n o ił  B cnbiuiK H  b  KOHTaicre 3 y 6 b eB ;

• n o  H H T e rp a n b H O M y  noKa3aTeAio - oöbeMHOMy H 3 H o c y  - pe3yjibTarbi i ip o rn o jH p o B a H H A  

H3Hoca 3 y 6 b e B  c  BepoaTHOCTbio Gonee 7 5 %  6 a h 3 k h  k  pc3yAbTaTaM (j)H3HliecKoro  

SKcnepnMeHTa,

• (JiopM a npo4>H A eii 3 y 6 b e B , n o n y H e H iia a  b p e3yA bT aT e H H c n e H H o ro  OKcnepHMCHTa c  

B eposT H O C T bio  G o n e e , h cm  7 0 %  naxoA H T csi b n p e n e n a x  H iiT epB ajia  m n p n iiO H , p a B H o f i 1.2 

n o rp e u n io c T H  H 3M epenn5i H 3 n o c a  3y6bCB.

10 . H n cA eu H b iH  3 K cn ep n M eH T  n o  n p o rH 0 3 n p o B a H H io  napaM C T poB  3y6naT O H  n c p c n a n n  

n p n  M OA ennpoBaH H H  3 K C iu iy aT au n o H H b ix  y c n o B H H  paG oT bi 3y6naTO H  n e p e n a m i n o K a a a n :

• no  HHTeipaAbHOMy noKa3aTeAio - oßbeM HOM y H3nocy - pe3ynbTaTM nporno3HpoBaHii)i 

H3Hoca 3 y 6 b e B  c  B e p o sm io c T M O  G ojiee  7 2 %  6 a h 3 k h  k  pe3yAbxaTaM <|)H3HHccKoro 

3 K c n e p n M e H T a ,

• (J iopM a  npo (| )H A e ii 3 y 6 b e B ,  n o n y n e H H a a  b p e 3 yA b T aT e  H H c n e H H o ro  3 K c n e p n M e i iT a  c 

BepO ATHO CTb lO  GoACC, A C M  7 2 %  HaXO flHTCH  B n p C A C A a X  U H T C p B aA a  m n p H H O H , paB H O H  1.25 

n o rp e u iH O C T H  lO M e p e H n a .

1 1 . M o a e A b  n p o rn o 3 n p o B a H H H  K an e c T B e H H b ix  xapaicrepH C T H K  s y G n a T o i l  r ic p c A a 'iH  

ri03B0AiICT l ic p c 3  HCCKOAbKO HaCOB nOAyHHTb HH(j)OpMaUHK) 0 COCTOAHHH 3 y 6 b e B  nepeA aM H, 

r o r n a  x a x  n p n  H aT ypH bix  H c n b iT a m n ix  a a s  a r o r o  rpcGyiOTCH t m c h h h  n a c o B  paG oT bi u 

3naH H T eA bH bie (J n in a n c o B b ie  3 a rp a T b i.
12. npaKTHHCCKoe npHMCHenne TexH onornn KOMnbioTepHoro nporH03HpoBaHHa 

napaMeTpoB 3y6HaToü ncpcAaHH, n a  o c h o b c  npeAAoxceHHon Teopm i 3aneriACHHH 
KBa3iiconpA)KeHHbix npoijiHjieii 3y6beB h  p e a n r o a u H H  neKOTopbix e c  n on oH ce H H H  b 

npoH3BOACTBeiiHbix ycAOBiwx npHBenn k  cnenyioinHM pe3yAbxaTaM:
• H a  o c u o B e  p e 3 y A b ra T O B  H H c n e m ib ix  3 K C iie p H M e iiT O B  p a 3 p a 6 o T a n a  t c x h o j i o i h b  

y n o p H A O H e H H s  K O M n A e ic ra u H H  3 y 6 n a T b ix  n a p  n p n  c 6 o p x e  n p u B O A O B  p a G o n n x  M a u iH H  h ü  

p e M O H T H b ix  n p e A n p H A T H H X , n o 3 B O A a io m a a  H a  1 5 = 2 0 %  n o ß b ic H T b  h 3h o c o c t o i i k o c t i> 3 y6 b e B  

O T pe M O H T H pO BaH H O H  3 y 6 H a T 0 H  nep eA aM H ,

•  p a 3 p a ß o T a n a  T e x n o A o n w  peM O H T a H 3 H 0 in e H H b ix  n o B e p x H O C T e H  3 y 6 b e B  3 y 6 n a T b ix  K O Jiec 

M eTOAOM  s n c K T p o K O H T a K T H o ro  n p H n e K a H H H  H3HOCOCTOHKHX n o p o u iK O B ; p a 3 p a ö o T a H a ,  

H 3 ro T O B A e H a  h  3 K c n e p H M e H T a A b H 0  n p o ß e p e H a  KOH CTpyK LiHa n o n H O M a c u iT a 6 H O H  ycT aiiO B K H  

a a a  H 3 6 H p a T C A b iio ro  p eM O H T a 3 y 6 b C B  s y Ö H a T b ix  K o n e c  p a G o n i i x  M au iH H ,

•  n a  6 a 3 e  c n e n n a A b i io  c o 3 A a iiH o ro  u ie c T H 3 B e n n o ro  C T e p x a ie B o ro  M ex a m i3 M a  p a 3 p a 6 o T a H a  

KOHcrpyKUHA ycTaiiO BK H, no3B O A A iom aa n o n y n H T b  n p n  peM OHTe 3 y 6 b e B  s b o a l b c i i t h l i h  

n p o tjn in b  a a h  3 y 5 n a T b ix  K o n e c  A H aM eTpoM  2 = 6  m B n n o T b  a o  8 - o i i  C T eneiiH  t o h h o c t h  n o  

n o rp eu iH O C T H  npoiJiH A « H a npoH3BOACTBeiiHOH 6 a 3 e  peM OHTHbix n e x o B  ropH O - 

o ö o raT H T eA b H b ix  npeA npiiH T H Ü .
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I I P H J I O T K E H ł i f l

n P H JIC O K E H H E  1.1

Pe3yjn.T;iTi»i M3Mepenna n3Hoca 3y6a (ctchä HJ1M-2)
3 y 6 n a T a a  n e p e a a ' i a : m = 12a(m Z;= 11 z2=31 x/= 

ö —261.09 mm 4,, =  164.20 .u m

0.55 *2=0.30 
4,2=401.94 m m

C epita 3KcnepnMenTa: N° 6EI.U .24 ( ¿4 = 0  m m )
H3HOC, H3MepeHHMH no  HOpMajIH K 3BOJlbBGHTG, MM

itmtna 1,5Mac 2.0‘iac
TOMKH

3a.viepa
DBOJlbBCHTbl

MM

(cTyneub 2 
npiipaßOTKit)

(KOHeu
npitpaßoTKH)

2.5 Mac. 3.0 Mac. 4.0 Mac.

LUecTcpHfl
0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
1 0.531 0.025 0.055 0.080 0.100 0.120
2 1.731 0.090 0.130 0.165 0.190 0.230
3 2.931 0.100 0.150 0.150 0.205 0.260
4 4.131 0.070 0.110 0.155 0.180 0.270
5 5.331 0.045 0.075 0.100 0.170 0.240
6 6.531 0.025 0.055 0.120 0.135 0.250
7 7.731 0.015 0.040 0.065 0.130 0.240
8 8.931 0.020 0.050 0.105 0.115 0.210
9 10.131 0.025 0.060 0.065 0.120 0.220

10 11.331 0.035 0.070 0.095 0.130 0.225
11 12.531 0.045 0.090 0.095 0.135 0.220
12 13.731 0.055 0.095 0.125 0.155 0.240
13 14.931 0.065 0.100 0.140 0.170 0.210
14 16.131 0.075 0.095 0.145 0.155 0.230
15 17.331 0.070 0.110 0.130 0.150 0.190
16 18.531 0.060 0.100 0.110 0.130 0.160
17 19.731 0.050 0.080 0.085 0.120 0.130
18 20.931 0.030 0.070 0.080 0.100 0.115
19 22.131 0.040 0.055 0.065 0.080 0.120
20 23.331 0.060 0.060 0.060 0.090 0.125

KOJieco
0 4.299 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0

1 6.949 0 . 0 0 0 0 . 0 0 0 0.010 0.020 0.020
2 9.599 0.050 0.070 0.100 0.160 0.160
3 12.249 0.060 0.110 0.125 0.220 0.220
4 14.899 0.030 0.060 0.090 0.170 0.170
5 17.549 0.010 0.030 0.050 0.180 0.160
6 20.199 0.010 0.020 0.040 0.100 0.100
7 22.849 0.015 0.030 0.045 0.090 0.090
8 25.499 0.020 0.040 0.050 0.095 0.095
9 28.149 0.030 0.050 0.060 0.070 0.080
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nPHJICöKEHHE 1.2

Pc3y3ŁTaTbi H3MepenHH H 3noca 3y6a (creH fl HJIM-2)
3y6'iaTaa nepe^ana: m-

a=
= 12 m m  z i=  11 Z2=31 */=0.55 *2=0.30 
261.09 m m  4,/= 164.20 m m  4,2=401.94 m m

C ep H a 3 K c n e p H M e n T a : N°7A2.TAn-15B (5L=0.25 m m )
H3HOC, H3MepelIHbtfl no HOpMajIH K 3BOJILBCHTC, MM

Ko ftnH ita 2 .0  Mac.
TOMKH

3aM epa
3B0JlbBCHTbl

MM
(KOHeu,

npHpaßoTKH)
3.9 Mac. 4 .5  Mac. 6 .0  Mac.

iuecTepHH
0 0.281 0.005 0.010 0.015 0.050
1 1.481 0.030 0.055 0.100 0.130
2 2.681 0.045 0.065 0.125 0.160
3 3.881 0.035 0.060 0.090 0.125
4 5.081 0.025 0.050 0.080 0.140
5 6.281 0.020 0.035 0.050 0.080
6 7.481 0.015 0.020 0.060 0.100
7 8.681 0.020 0.030 0.035 0.065
8 9.881 0.025 0.040 0.070 0.070
9 11.081 0.015 0.050 0.065 0.080

10 12.281 0.025 0.055 0.075 0.130
11 13.481 0.015 0.035 0.110 0.100
12 14.681 0.020 0.050 0.075 0.120
13 15.881 0.025 0.055 0.090 0.130
14 17.081 0.045 0.060 0.075 0.110
15 18.281 0.025 0.045 0.070 0.100
16 19.481 0.025 0.030 0.080 0.080
17 20.681 0.015 0.035 0.055 0.055
18 21.881 0.020 0.030 0.040 0.050
19 23.081 0.010 0.020 0.025 0.035

KOJieco

0 4.049 0.000 0.000 0.000 0.000
1 6.699 0.000 0.000 0.005 0.010
2 9.349 0.005 0.030 0.065 • 0.090
3 11.999 0.020 0.060 0.120 0.150
4 14.649 0.015 0.070 0.070 0.120
5 17.299 0.010 0.015 0.060 0.080
6 19.949 0.010 0.020 0.030 0.045
7 22.599 0.015 0.025 0.055 0.060
8 25.249 0.020 0.030 0.040 0.045
9 27.899 0.010 0.015 0.020 0.025
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FIPH JIO T K E H H E  2.1

KoopKHHaTŁi nr 0(j)HJieH n3HomeHHbix 3y6beB [mm]
3y6naTas nepenana: m=$MM  z,=16 Z2=51 */=0.8 X2=1.175 

a=281.57 a m  d„i=  152.78 m m  4,2=438.79 m m
Ycjiobhh 3KcnjiyaTanHH: Bapuanm JÍ901-287

M înecxepHK (zi) KOJieco (z2)
TOHKH 3aMepa X Y X y

0 2.00 8.86 13.50 9.31
1 2.50 8.69 14.00 9.03
2 3.00 8.44 14.50 8.91
3 3.50 8.24 15.00 8.71
4 4.00 8.14 15.50 8.51
5 4.50 7.94 16.00 8.28
6 5.00 7.81 16.50 8.05
7 5.50 7.66 17.00 7.78
8 6.00 7.51 17.50 7.58
9 6.50 7.36 18.00 7.38

10 7.00 7.20 18.50 7.18
11 7.50 7.02 19.00 7.00
12 8.00 6.84 19.50 6.76
13 8.50 6.64 20.00 6.56
14 9.00 6.40 20.50 6.33
15 9.50 6.20 21.00 6.16
16 10.00 5.95 21.50 5.96
17 10.50 5.71 22.00 5.76
18 11.00 5.46 22.50 5.53
19 11.50 5.19 23.00 5.31
20 12.00 4.87 23.50 5.03
21 12.50 4.68 24.00 4.91
22 13.00 4.40 24.50 4.58
23 13.50 4.10 25.00 4.38
24 14.00 3.83 25.50 4.13
25 14.50 3.54 26.00 3.86
26 15.00 3.24 26.50 3.53
27 15.50 2.89 27.00 3.28
28 16.00 2.54 27.50 3.03
29 16.50 2.15 27.75 2.93
30 16.71 2.03 28.00 2.73
31 16.92 1.84
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nP H JIO )K E H H E  2.2

K o o p f lH iia T b i n c OC[)HJ1CH H3HOIUeHHŁIX 3 y6 b C B  [mm]

3y6HaTaa nepe/iana: m=S mm  z / = 16  z2= 5 1  x j= 0 .8  x 2= 1 .175

a = 2 8 1 . 5 7 A a i  d „ i - 1 5 2 .7 8  mm  4 „ 2 = 4 3 8 . 7 9  .iw!

y cn o B H fl D K c n a y a T a u H H : Bapuanm A'°02-1 1 9

mecrepna (zi) K o jie c o  ( z 2)

T04KH 3aMepa X Y X Y
0 2.00 8.86 13.50 9.35
1 2.50 8.63 14.00 9.12
2 3.00 8.43 14.50 8.90
3 3.50 8.31 15.00 8.71
4 4.00 8.13 15.50 8.47
5 4.50 7.96 16.00 8.28
6 5.00 7.78 16.50 8.06
7 5.50 7.61 17.00 7.83
8 6.00 7.45 17.50 7.67
9 6.50 7.28 18.00 7.43

10 7.00 7.13 18.50 7.26
11 7.50 6.97 19.00 7.07
12 8.00 6.81 19.50 6.88
13 8.50 6.60 20.00 6.66
14 9.00 6.36 20.50 6.48
15 9.50 6.15 21.00 6.28
16 10.00 5.90 21.50 6.06
17 10.50 5.68 22.00 5.84
18 11.00 5.41 22.50 5.61
19 11.50 5.15 23.00 5.39
20 12.00 4.88 23.50 5.16
21 12.50 4.63 24.00 4.95
22 13.00 4.36 24.50 4.70
23 13.50 4.06 25.00 4.46
24 14.00 3.81 25.50 4.20
25 14.50 3.46 26.00 3.91
26 15.00 3.20 26.50 3.61
27 15.50 2.85 27.00 3.36
28 16.00 2.50 27.50 3.12
29 16.50 2.11 27.75 2.94
30 16.71 1.93 28.00 2.73
31 16.92 1.75
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riPHJIOÄEHME 2.3

K oop flH u axb i np o())ii;ich H3Hom eHHbix 3y6b eB  [mm ]
3y6naTaa ncpcpana: ; n = 8 mm z /= 1 6  z2= 5 l  x¡=0 .8  x2= 1.175  

a = 2 8  1.57 mm d„i= 152 .78  mm 4„2= 4 3 8 .7 9
YcjiOBHa 3KcnjiyaTau.nn: Bapuanm 7V203-1895

mecTcpHH (z /) K o n c co  (z2)
TOHK1I 3aMcpa X Y X Y

0 2.00 8.90 13.50 9.38
1 2.50 8.66 14.00 9.19
2 3.00 8.47 14.50 8.98
3 3.50 8.35 15.00 8.77
4 4.00 8.27 15.50 8.48
5 4.50 8.11 16.00 8.27
6 5.00 7.96 16.50 8.10
7 5.50 7.85 17.00 7.88
8 6.00 7.70 17.50 7.65
9 6.50 7.50 18.00 7.47

10 7.00 7.33 18.50 7.25
11 7.50 7.20 19.00 7.03
12 8.00 6.97 19.50 6.82
13 8.50 6.80 20.00 6.65
14 9.00 6.60 20.50 6.42
15 9.50 6.35 21.00 6.20
16 10.00 6.15 21.50 6.00
17 10.50 5.85 22.00 5.78
18 11.00 5.60 22.50 5.53
19 11.50 5.40 23.00 5.35
20 12.00 5.15 23.50 5.11
21 12.50 4.85 24.00 4.88
22 13.00 4.61 24.50 4.67
23 13.50 4.31 25.00 4.46
24 14.00 3.99 25.50 4.19
25 14.50 3.70 26.00 3.93
26 15.00 3.38 26.50 3.64
27 15.50 3.08 27.00 3.40
28 16.00 2.73 27.50 3.10
29 16.50 2.35 27.75 2.92
30 16.71 2.15 28.00 2.80
31 16.92 2.05
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nPHJICOKEHHE 2.4

KoopxiHiiaTM np 0(j)HJICM H3HOmeHHŁIX 3y6bCB [mm]

3y6'iaTafl n e p e n a n a : m=&MM zi=  16 Z2=51 x ¡= 0.8 *2=1.175 
a = 2 8 1 .5 7 mm  4 a/= I 5 2 .7 8 mm  ć/„2=438.79,iu i

Y cnoB H H  a K c n jiy a ia m iH : Bapuawn jV?04-66
JÍ2 u iecT cp n a  (zi) KOJieco (z2)

TOHKH 3 a M e p a X Y X Y
0 2 .0 0 8 .8 6 1 3 .5 0 9 .3 4
1 2 .5 0 8 .6 6 1 4 .00 9.11
2 3 .0 0 8 .4 4 1 4 .5 0 8 .88
3 3 .5 0 8 .13 1 5 .0 0 8 .73
4 4 .0 0 8.01 1 5 .50 8 .5 0
5 4 .5 0 7 .8 6 16 .0 0 8 .28
6 5 .0 0 7 .7 3 1 6 .50 8 .05
7 5 .5 0 7 .5 8 1 7 .0 0 7 .8 3
8 6 .0 0 7 .4 3 1 7 .5 0 7 .61
9 6 .5 0 7 .2 8 18 .00 7 .3 8

10 7 .0 0 7 .1 2 18 .5 0 7 .1 6
11 7 .5 0 6 .93 1 9 .0 0 6 .9 6
12 8 .0 0 6 .7 6 1 9 .5 0 6 .7 5
13 8 .5 0 6 .5 4 2 0 .0 0 6 .5 4
14 9 .0 0 6 .3 6 2 0 .5 0 6 .31
15 9 .5 0 6 .1 4 2 1 .0 0 6 .1 3
16 1 0 .0 0 5 .8 9 2 1 .5 0 5 .8 8
17 1 0 .5 0 5 .6 4 2 2 .0 0 5 .6 9
18 1 1 .0 0 5 .3 9 2 2 .5 0 5 .4 9
19 1 1 .5 0 5 .1 3 2 3 .0 0 5 .2 6
2 0 1 2 .0 0 4 .8 4 2 3 .5 0 5 .0 4
21 1 2 .5 0 4 .6 4 2 4 .0 0 4 .81
2 2 1 3 .0 0 4 .3 2 2 4 .5 0 4 .61
2 3 1 3 .5 0 4 .0 3 2 5 .0 0 4 .3 4
2 4 1 4 .0 0 3 .7 3 2 5 .5 0 4 .1 3
25 1 4 .5 0 3 .4 4 2 6 .0 0 3 .8 8
2 6 1 5 .0 0 3 .1 6 2 6 .5 0 3 .5 6
2 7 1 5 .5 0 2 .8 4 2 7 .0 0 3 .23
2 8 1 6 .0 0 2 .51 2 7 .5 0 2 .9 3

2 9 1 6 .5 0 2 .1 0 2 7 .7 5 2 .7 8
3 0 16.71 1.93 2 8 .0 0 2 .6 4

31 1 6 .9 2 1 .76
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nPHJIOÄEHHE 2.5

Koop;umaxhi n r OCjjHJieH H3HOIUeHHMX 3y6beB [m m \
3y6naTafl[ n ep eaan a : m = 8 m m  z i= 16 Z2=51 * /= 0 .8  .*2=1.175 

¿7=281.57 m m  d tt]—\ 52.78 m m  ¿„2= 438 .79  m m

YcnoBHH 3KcnnyaTauHH: Bapuanm Ns05 -1 2 9
Ns m ecrcpiiH  (zi) KOJieco f e )

TOHKH 3aMepa X Y X y
0 2 .5 0 8 .8 0 15 .5 0 8 .5 5
1 3 .0 0 8 .6 7 16 .00 8 .3 5
2 3 .5 0 8 .5 9 1 6 .50 8 .1 4
3 4 .0 0 8 .45 1 7 .00 7 .9 4
4 4 .5 0 8 .2 9 1 7 .50 7 .7 2
5 5 .0 0 8 .1 6 1 8 .0 0 7 .4 9
6 5 .5 0 7 .9 9 1 8 .5 0 7 .2 9
7 6 .0 0 7 .8 3 1 9 .0 0 7 .1 0
8 6 .5 0 7 .6 9 1 9 .50 6 .8 7
9 7 .0 0 7 .5 6 2 0 .0 0 6 .6 7

10 7 .5 0 7 .3 8 2 0 .5 0 6 .4 8
11 8 .0 0 7 .1 9 2 1 .0 0 6 .2 4
12 8 .5 0 7 .01 2 1 .5 0 6 .0 2
13 9 .0 0 6 .7 9 2 2 .0 0 5 .8 4
14 9 .5 0 6 .5 6 2 2 .5 0 5 .6 5
15 1 0 .0 0 6 .3 4 2 3 .0 0 5 .3 8
16 1 0 .5 0 6 .0 8 2 3 .5 0 5 .1 9
17 1 1 .0 0 5 .8 4 2 4 .0 0 4 .9 6
18 11 .5 0 5 .5 5 2 4 .5 0 4 .7 2
19 12 .0 0 5 .2 8 2 5 .0 0 4 .4 8
2 0 1 2 .5 0 4 .9 9 2 5 .5 0 4 .2 4
21 1 3 .0 0 4 .7 2 2 6 .0 0 3 .9 5
2 2 1 3 .5 0 4 .4 4 2 6 .5 0 3 .71
23 1 4 .0 0 4 .1 2 2 7 .0 0 3 .3 9
2 4 1 4 .5 0 3 .8 0 2 7 .5 0 3 .1 2
2 5 1 5 .0 0 3 .4 9 2 7 .7 5 2 .9 7
2 6 1 5 .5 0 3 .1 3 2 8 .0 0 2 .8 2
2 7 1 6 .0 0 2 .7 9
2 8 1 6 .5 0 2 .4 4
2 9 16.71 2 .3 2
3 0 1 6 .9 2 2 .1 5
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riPH JIO >K EH H E 2.6

K oopA Hna™  np 0(j)HJieił H 3 H o m cH H b ix  3 y 6 b e B  [mm]

3 y 6 n a T a a  n e p e a a n a : m =8 mm zi=  16 Z2=51 x /= 0.8 *2=1-175 
a - 2 & \ . 5 l M M  da/= 15 2 .7 8 mm  4 a2= 438.79

y c j io B H S  3 K c n j iy a T a n H H : Bapuaum 7v5?06-2302
N° in e c T e p iia  (zi) K o j ie c o  f o )

T O M K H 3 a M e p a X Y X Y
0 3 .0 0 8 .7 2 15 .0 0 8 .8 0
1 3 .5 0 8 .57 15 .5 0 8 .5 8
2 4 .0 0 8 .4 0 1 6 .00 8 .33
3 4 .5 0 8 .2 7 1 6 .5 0 8 .18
4 5 .0 0 8 .1 2 17 .0 0 7 .9 5
5 5 .5 0 8 .0 0 17 .5 0 7 .7 0
6 6 .0 0 7 .8 8 18 .00 7 .5 0
7 6 .5 0 7 .7 0 18 .50 7 .31
8 7 .0 0 7 .5 5 1 9 .00 7 .0 8
9 7 . 5 0 7 .3 5 19 .5 0 6 .8 7

10 8 .0 0 7 .1 9 2 0 .0 0 6 .6 8
11 8 .5 0 6 .95 2 0 .5 0 6 .48
12 9 .0 0 6 .7 5 2 1 .0 0 6 .25
13 9 .5 0 6 .5 0 2 1 .5 0 6 .07
14 1 0 .0 0 6 .3 0 2 2 .0 0 5 .83
15 1 0 .5 0 6 .0 7 2 2 .5 0 5 .6 5
16 1 1 .0 0 5 .8 0 2 3 .0 0 5 .3 8
17 1 1 .5 0 5 .5 5 2 3 .5 0 5 .1 5
18 1 2 .0 0 5 .2 7 2 4 .0 0 4 .9 5
19 1 2 .5 0 4 .9 7 2 4 .5 0 4 .7 0
2 0 1 3 .0 0 4.71 2 5 .0 0 4 .4 9
21 1 3 .5 0 4 .3 9 2 5 .5 0 4 .2 0
2 2 1 4 .0 0 4 .1 4 2 6 .0 0 3 .9 7
2 3 1 4 .5 0 3 .8 4 2 6 .5 0 3 .7 0
2 4 1 5 .0 0 3 .4 9 2 7 .0 0 3 .45
2 5 1 5 .5 0 3 .1 6 2 7 .5 0 3 .15
2 6 1 6 .0 0 2 .8 6 2 7 .7 5 3 .0 0
2 7 1 6 .5 0 2 .4 6 2 8 .0 0 2 .8 5
2 8 16.71 2 .3 4
2 9 1 6 .92 2 .1 4
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nPHJICM EHHE 2.7

KoopAHnaTbi ne otJjHpeH K3HOniCHHbix 3y6beB [mai]
3 y 6 liaTaa nepepana: m = & M M  z /=  16 Z2=51 x j —0 .8  *2=1.175 

a = 2 8 1 .57 mm d ai~  152.78 mm  4 02= 438 .79  mm

Y cjiobhh aK cnjiyaranH n: Bapuanm N°0 7-178
Ni> mecTepiiH (z ,) KOJieco f e )

t o h k h  3aMepa X Y X Y
0 2 .5 0 8 .8 0 1 5 .00 8 .8 0
1 3 .0 0 8 .6 8 1 5 .5 0 8 .5 7
2 3 .5 0 8 .5 0 1 6 .0 0 8 .37
3 4 .0 0 8 .4 0 16 .5 0 8 .1 3
4 4 .5 0 8 .25 17 .0 0 7 .9 7
5 5 .0 0 8 .1 2 1 7 .5 0 7 .7 3
6 5 .5 0 7 .9 7 1 8 .0 0 7 .4 8
7 6 .0 0 7 .8 0 1 8 .5 0 7 .3 3
8 6 .5 0 7 .7 0 1 9 .0 0 7 .1 3
9 7 .0 0 7 .5 5 1 9 .5 0 6 .9 0

10 7 .5 0 7 .3 8 2 0 .0 0 6 .6 7
11 8 .0 0 7 .1 8 2 0 .5 0 6 .5 0
12 8 .5 0 7 .0 0 2 1 .0 0 6 .2 7
13 9 .0 0 6 .8 0 2 1 .5 0 6 .0 5
14 9 .5 0 6 .5 8 2 2 .0 0 5 .8 6
15 1 0 .0 0 6 .3 3 2 2 .5 0 5 .61
16 1 0 .5 0 6 .1 0 2 3 .0 0 5 .3 6
17 1 1 .0 0 5 .8 0 2 3 .5 0 5 .1 3
18 1 1 .5 0 5 .53 2 4 .0 0 4 .9 5
19 1 2 .0 0 5 .2 8 2 4 .5 0 4 .7 0
2 0 1 2 .5 0 4 .9 8 2 5 .0 0 4 .4 7
21 1 3 .0 0 4 .6 8 2 5 .5 0 4 .2 2
2 2 1 3 .5 0 4 .4 0 2 6 .0 0 3 .9 0
23 1 4 .0 0 4 .1 3 2 6 .5 0 3 .6 5
2 4 1 4 .5 0 3 .8 0 2 7 .0 0 3 .3 0
2 5 1 5 .0 0 3 .5 3 2 7 . 5 0 3 .0 5
2 6 1 5 .5 0 3 .1 3 2 7 .7 5 2 .9 0
2 7 1 6 .0 0 2 .8 3 2 8 .0 0 2 .7 5
2 8 1 6 .5 0 2 .4 3
2 9 16.71 2 .2 7
3 0 1 6 .9 2 2 .0 5
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nPHJTOJKEHHE 2.8

K o o p f lH H a T Ł i np 0(|)H/ieH H3HOLUCHHLIX 3 y 6 b e B  [mm]

3 y 6 M a T a a  n e p e f la n a : m=8 a« (  zi= 16  z2= 5 1  a;,= 0 . 8  x2= 1 .1 7 5

< 3 = 2 8 1 .5 7  mm d „ i - 1 5 2 .7 8  mm  4 „ 2 = 4 3 8 . 7 9  mm

Yc jioB H H  3 K c n a y a T a u H n : Bapuamn A ? 0 8 - 3 4 2

Ko m e c T e p iiK  (zi) K o j ie c o  (z2)
TO HKH  3 a M e p a X Y X Y

0 2 .5 0 8 .8 0 1 5 .0 0 8 .8 0
1 3 .0 0 8 .6 0 15 .5 0 8 .6 0
2 3 .5 0 8 .4 8 1 6 .0 0 8 .4 0
3 4 .0 0 8 .33 1 6 .5 0 8 .2 0
4 4 .5 0 8.21 17 .00 8 .0 0
5 5 .0 0 8 .0 8 17 .50 7 .7 7
6 5 .5 0 7 .9 3 1 8 .00 7 .5 4
7 6 .0 0 7 .7 8 1 8 .50 7 .3 4
8 6 .5 0 7 .6 5 1 9 .00 7 .1 4
9 7 .0 0 7 .4 8 1 9 .5 0 6 .9 2

10 7 .5 0 7 .2 8 2 0 .0 0 6 .7 2
11 8 .0 0 7 .1 3 2 0 .5 0 6 .5 2
12 8 .5 0 6 .9 3 2 1 .0 0 6 .3 2
13 9 .0 0 6 .7 5 2 1 .5 0 6 .1 0
14 9 .5 0 6 .5 0 2 2 .0 0 5 .8 7
15 1 0 .0 0 6 .2 5 2 2 .5 0 5 .6 2
16 1 0 .5 0 6 .0 0 2 3 .0 0 5 .4 0
17 1 1 . 0 0 5 .7 5 2 3 .5 0 5 .1 7
18 1 1 .5 0 5 .4 8 2 4 .0 0 4 .9 5
19 1 2 .0 0 5 .2 0 2 4 .5 0 4 .7 2
2 0 1 2 .5 0 4 .9 5 2 5 .0 0 4 .4 7
21 1 3 .0 0 4 .6 8 2 5 .5 0 4 .2 5
2 2 1 3 .5 0 4 .4 0 2 6 .0 0 3 .9 5
2 3 1 4 .00 4 .1 3 2 6 .5 0 3 .65
2 4 1 4 .5 0 3 .8 5 2 7 .0 0 3 .4 2
2 5 1 5 .0 0 3 .4 8 2 7 .5 0 3 .1 7
2 6 1 5 .5 0 3 .1 3 2 7 .7 5 3 .0 3
2 7 1 6 .0 0 2 .75 2 8 .0 0 2 .8 2

2 8 1 6 .5 0 2 .3 8
2 9 16.71 2 .2 4

3 0 1 6 .9 2 2 .0 5
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nPHJTOJKEHHE 2.9

K oopflioaTw  np otjjHjieił H3HOiueHHbix 3y6beB [amí]
3 y 6 iiaTaa r ie p e /m a : m = & M M  z i=  16 Z2=51 x /= 0 .8  *2= 1.175  

û = 2 8 1 .57 mm  d„i=  152.78 mm  4 <12= 438.79  a ia í

Y c j i o b h h  3K cnaya'rannn: Bapuaiim 7V&09-2298
N° luecT epna (z/) Ko/ieco (z2)

tomkh 3aMepa X Y X y
0 2 .0 0 8 .8 6 1 3 .5 0 9 .3 1
1 2 .5 0 8.73 1 4 .0 0 9 .1 3
2 3 .0 0 8 .5 8 1 4 .50 9 .0 1
3 3 .5 0 8 .4 6 1 5 .0 0 8 .7 8
4 4 . 0 0 8 .3 6 1 5 .5 0 8.61
5 4 . 5 0 8 .21 1 6 .0 0 8 .33
6 5 .0 0 8 .0 4 1 6 .5 0 8 .13
7 5 .5 0 7 .8 8 1 7 .00 7 .9 3
8 6 .0 0 7 .7 4 1 7 .5 0 7 .6 8
9 6 .5 0 7 .5 9 18 .0 0 7 .4 8

10 7 .0 0 7 .41 1 8 .5 0 7 .3 0
11 7 .5 0 7 .2 6 1 9 .0 0 7 .0 8
12 8 .0 0 7 .0 6 1 9 .5 0 6 .8 5
13 8 .5 0 6 .8 6 2 0 .0 0 6 .6 8
14 9 .0 0 6 .6 6 2 0 .5 0 6 .4 6
15 9 .5 0 6 .4 3 2 1 .0 0 6.31
16 1 0 .0 0 6 .1 6 2 1 .5 0 6 .0 6
17 1 0 .5 0 5 .9 6 2 2 .0 0 5 .8 3
18 1 1 .0 0 5 .6 6 2 2 .5 0 5 .6 3
19 1 1 .5 0 5.41 2 3 .0 0 5 .4 3
2 0 1 2 .0 0 5 .1 3 2 3 . 5 0 5 .21
21 1 2 .5 0 4 .8 3 2 4 .0 0 4 .9 6
2 2 1 3 .0 0 4 .5 3 2 4 .5 0 4 .71
2 3 1 3 .5 0 4 .2 6 2 5 .0 0 4 .4 8
2 4 1 4 .0 0 3 .9 3 2 5 .5 0 4 .2 3
2 5 1 4 .5 0 3 .6 6 2 6 .0 0 3 .9 8
2 6 1 5 .0 0 3 .3 6 2 6 .5 0 3.71
2 7 1 5 .5 0 3 .03 2 7 . 0 0 3 .3 6
2 8 16 .0 0 2 .6 8 2 7 .5 0 3 .1 6
2 9 1 6 .5 0 2 .3 3 2 7 .7 5 3 .01
3 0 16.71 2 .21 2 8 .0 0 2 .81
31 1 6 .92 2 .0 3
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riPHJIO>KEHHE 2.10

KoopflHuaTbi rip otjmjien H3HouieHHbix 3y6bCB [m m ]
3 y 6 n a T a a  n c p e fla n a : w i=8alm  z /=  16 z2= 5 I *y=0.8 x2= l . I 7 5  

a = 2 8 1.57 m m  d a/ — 152.78 m m  ć/„2= 4 3 8 .7 9  m m

Y cjiobhh 3KcnjiyaTanHn: B a p u a n m  N °  10-2333
Ns uiecTepHH (z i) KOJICCO (z?)

TOHKH 3aM epa X Y X Y
0 2 .0 0 8 .8 6 13 .50 9 .3 0
1 2 .5 0 8 .6 9 1 4 .00 9 .0 7
2 3 .0 0 8 .5 6 14 .5 0 8.87
3 3 .5 0 8 .4 4 1 5 .0 0 8 .67
4 4 .0 0 8.31 1 5 .50 8 .5 0
5 4 .5 0 8 .1 6 1 6 .00 8 .3 0
6 5 .0 0 8.01 16 .5 0 8 .1 0
7 5 .5 0 7 .91 17 .0 0 7 .9 5
8 6 .0 0 7 .7 6 1 7 .5 0 7 .7 5
9 6 .5 0 7 .61 18 .00 7 .4 6

10 7 .0 0 7 .4 1 1 8 .50 7 .2 9
11 7 .5 0 7 .2 4 1 9 .00 7 .0 9
12 8 .0 0 7 .0 6 19 .50 6 .8 9
13 8 .5 0 6 .8 9 2 0 .0 0 6.71
14 9 .0 0 6 .6 6 2 0 .5 0 6.51
15 9 .5 0 6 .4 4 2 1 .0 0 6.31
16 1 0 .0 0 6.21 2 1 .5 0 6 .05
17 1 0 .5 0 5 .9 6 2 2 .0 0 5 .8 5
18 1 1 .0 0 5.71 2 2 .5 0 5 .6 5
19 1 1 .5 0 5.41 2 3 .0 0 5 .4 2
2 0 1 2 .0 0 5 .1 6 2 3 .5 0 5 .1 5
21 1 2 .5 0 4 .8 9 2 4 .0 0 4 .9 4

2 2 1 3 .0 0 4.61 2 4 .5 0 4 .71

2 3 1 3 .5 0 4.31 2 5 .0 0 4 .4 6
2 4 14 .0 0 4 .01 2 5 .5 0 4 .1 7

2 5 1 4 .5 0 3 .7 6 2 6 .0 0 3 .9 2
2 6 1 5 .0 0 3 .4 4 2 6 .5 0 3 .6 2

2 7 1 5 .5 0 3 .0 9 2 7 .0 0 3 .3 2

2 8 1 6 .0 0 2 .6 9 2 7 .5 0 3 .0 5

2 9 1 6 .5 0 2 .2 4 2 7 .7 5 2 .8 7

3 0 16 .71 2 .0 9 2 8 .0 0 2 .6 7

31 1 6 .92 1 .89
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n P M J 1 0 )K E H H E  2.11

Koop;inna™ nro<j)HJien H3HomcHHbix 3y6beB [mm]

3y6naTaa nepenana: m = % M M  Z/ = 16 z2=51 xi=0.S  * 2 = 1 .175 
a=281.57.«.w d ai~  152.78 mm  4„2=438.79 mm

Y cjiobhs 3KcnjiyaTauHn: Bapuanm N° 11 -2224
mecTepna (zi) Koneco (z2)

TonKH3aMepa X Y X Y
0 2.00 8.87 13.50 9.31
1 2.50 8.64 14.00 9.08
2 3.00 8.37 14.50 8.88
3 3.50 8.17 15.00 8.71
4 4.00 7.99 15.50 8.48
5 4.50 7.82 16.00 8.23
6 5.00 7.72 16.50 8.01
7 5.50 7.57 17.00 7.78
8 6.00 7.42 17.50 7.58
9 6.50 7.24 18.00 7.36
10 7.00 7.07 18.50 7.16
11 7.50 6.89 19.00 6.98
12 8.00 6.72 19.50 6.76
13 8.50 6.52 20.00 6.56
14 9.00 6.29 20.50 6.31
15 9.50 6.09 21.00 6.11
16 10.00 5.87 21.50 5.91
17 10.50 5.64 22.00 5.68
18 1 1 .0 0 5.39 22.50 5.48
19 11.50 5.09 23.00 5.23
20 12.00 4.79 23.50 4.98
21 12.50 4.54 24.00 4.81
22 13.00 4.27 24.50 4.58
23 13.50 4.01 25.00 4.33
24 14.00 3.71 25.50 4.08
25 14.50 3.41 26.00 3.83
26 15.00 3.11 26.50 3.53
27 15.50 2.82 27.00 3.28
28 16.00 2.47 27.50 2.88
29 16.50 2.07 27.75 2.70
30 16.71 1.89 28.00 2.56
31 16.92 1.76
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nPHJ10)KEHHE 3.1
06e3JinqeH H aa KOMnjieKTapHH 3y6iaT bix  nap .

BapnaH T 1. 3y6bH  u te c m e p n u  u K oneca u3H 0iuenbi
K o M n n e K T a n n a  n a p b i  

3 y 6 H a T b ix  K O Jiec

P e 3 y j ib T a T b i M O /ie i in p o B a n n a :

o6bCMllbIH H3HOC B (j>yiIKll,HH napa6oTKH  
Vo1 h Vo2 H3HOC n ap b i h o b m x  3 y 6 u a T i,ix  K oaec

K oM nacKTauHH K a24  

u iecT eD H s - V1 
paöoM an MauiHHa JVaOl7 8  

H apañoTK a 0 .1 7 4  m j i h  m

OÖbeMHbTH H3HOC 188xŁW J 

K o a e c o - V2 

p a G ou aa  M auiHHa .N °0 3 4 2  
n a p a G o n c a  0 .1 4 1  m j i h  m

800 - 

700 - 

600 

500 - 
400 

300 

200 

100

V lM M i)

............................................................................................... \ y S L

V l  ^ 2  /

Q  [M U  m \

oGbeMHblH H3HOC 1 4 6  M M
I ■ 1 * 1 ■ 1 1 I

0 0.1 0.2 0.3 0.4 0.5 0.6

Rnn -T ...........................................................................................
K oM n acK T au n a X “2 5  

luecT eoH H  - V1 
paG ou an  M auiH iia N s 0 3 4 2  

H apaöoTK a 0 .1 4 1  m j i h  r n  

OGbeMHblH H3HOC 21 6 MM* 
K o a e c o  - V2 

p aG ou aa  M auiHHa JV201 7 8  
nap añoT K a 0 .1 7 4  m j i h  m  

o6beM H blñ  H3HOC 1 8 2  MM3

700 • 

600 - 

500 • 

400 - 

300 - 

200 - 

100 -

r C s l

C *_'—
 ̂ Ç) [mjih mj

0.1 0.2 0.3 0.4 0.5 0.6

800 -i

700 - 
600 - 

500 - 

400 - 

300 - 

200 - 

100 -

K o M n a e icra m M  ,N»28 
m e c T e n iia  -  V1 

p a G o u a a  M auiHHa N ° 2 3 3 3  

H apaßoTK a 0 .3 4 6  m j i h  m  

OÖbeMHblH H3HOC 3 0 5  MM3 
K o a e c o - V2 

p a G on a»  M auiHHa X s 0 3 4 2  

HapaGoTKa 0 .1 4 1  m j i h  m

^ 2  V1 /

Q  [ win m]
OÔbeMHblH H3HOC 146 MM3

0.1 0.2 0.3 0.4 0.5 0.6

K oM n acK T am w  N°29 
iu ecT eo H a  - V1 

p aG ou aa  M auiHHa N°0342 
HapaGoTKa 0.141 mjih m  
oGbe.MHblii H3HOC 236 MM3 

K o a e c o  -  V2 
p aG on aa  MauiHHa N°2333 
HapaGoTKa 0.346 m jih  m  

oGbe.MHblH H3HOC 206 mm 3

800

700

600

r K î ................................................................................
/

500

400

300

200

100
' i (  j  7ft\

3 0.1 0.2 0.3 0.4 0.5 0.6

IIpH M eaanH e. XapaKTepHCTHKM paGouHX mhiiihh cm. Taña.5.4
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m 'JU Jitm tH M h 3.2
06e3JinneH H afl KOMnjieKTamui 3y6naTbix nap .

B apnaH T 2. 3y6bH  u ie c m e p n u  n o e u e ,  3y6bH K oneca  u3nouieH bi
KoM njieK Tanna napbi 

3y6naT bix KOJiec
Pe3yjibTaTbi MOACiinpoBanHH:

oG beM H blH  H3HOC B (JiyHKipiH H apa6oT K H  

Vo1 h Vo2 H3HQC n a p b i  HOBbix 3 y 6 u a T b ix  K o n ec

KoMrmcKTamM X“ 15 
iiiecTcnTiii - V1 

pa6oHas Mauwua N°0 
HapaGoTKa 0 m j i h  m
oGbeMHblH H3HOC 0 MM3 400

K o aec o  - V2 300
paGouas MauiHHa N°0066 200
napa6oTKa 0.484 m j i h  m  100
o6beMHblii H3HOC 308 m m 3

KoMnueKTaiiHfl Ka 17 
lIieCTCDHH - V1

paGouaa MauiHHa X°0 
H ap a6 o T K a  0 m j i h  m

o6beMHbIH 113HOC 0 MU3 
KOJieco - V2 

paGouax MauiHHa X°23 0 2 200
HapaGoTKa 0 . \45 M r t u m  100
oGbeMHblH 113HOC 169 m m 3

800

700
600

500

400

300

KoMnueicTauHs jY" 13 
u iecT epH U  -  V1 

p a G o n a a  M au iH iia  N°0 
H apaG oT K a 0 m j i h  m

o6beM H bIH  H3HOC 0 M M 3 

K o a e c o  - V2 

p a G o u a a  M au iH iia  Xs0342 
H ap a6 o T K a  0.141 m j i h  m

o6beM H bIH  H3HOC 146 M M 3

KoMiineKTanHH _N°27 
m e c T e n n a  -  V1 

paGouaa MauiHHa XsO 
HapaGoTKa 0 m j i h  m

o6beMHbIH H3HOC 0 M M 3 

KOJieco - V2 
pa6ouan MauiHHa N°2333 
HapaGoTKa 0.346 m j i h  m

o6beMHblH H3HOC 206 m m 3

800 

700 

600 - 

500 - 

400

J

300 -

200  -

—TJpromi 
0.5 0.6

npH M euaH iie . XapaicrepHCTHKH pa6oH H x MauiHH cm . T a6 n .5 .4
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06c3JiHHCHHaa KOMnJieicraijHfl 3y6narb ix  nap.
B apnaH T 1. 3 y 6 b n  m e c m e p n u  u3HouieHbi, 3y6bX  K oneca  n o eb ie

n P H JIC D K E H H E  3.3

KoM nneK Tapna napbi 
3y6naT bix KOJiec

P e 3 y a b T a T b i M O A ejiH pO B anna: 
06beMHb!H H3HOC B (JiyHKHHH HapaGoTKH 

Vol h  Vo2 H3HOC napbi hobbix 3 y 6 'ia r ia x  KOJiec

KoM nneKTanna N°12 
mecTepHa - V1 

pa6ouaa MauiHHa Xs0342 
Hapa6oTKa 0.141 m jih  m
OGbeMHblH H3HOC 236 m m 3 

KOJieco - V2 
paGouaa MauiHHa N°0 
HapaGoTKa 0 m jih  m
o 6b e M H b lil  H3HOC 0 MM3

800 

700 
600 
500 
400 - 
300 
200 

1 00  -

K o M a n e K T a u n a  Xs26 
m e c T e p H a  -  V1 

p a G o n a a  M a u iH H a  Are2333 
H a p a G o T K a  0.346 m jih  m
o G b e M H b lH  H 3H 0 C  305 m m 3 

K o n e c o - V2 
p a G o n a a  M a u iH H a  N°0 
H a p a G o T K a  0 m jih m
o 6b e M H b IH  H3H O C 0 MM3

KoMnueKTaiiHa N° 16 
m e c T e p H a  -  V1 

p a 6o u a a  M a u iH H a  N°2302 
H a p a G o T K a  0.145 m jih  m
o 6ie M H b lH  H3H O C 1 8 1 MM3 

K o a e c o - V2 
p a G o u a a  M a u iH i ia  JfeO 
H a p a G o T K a  0 .win m
O G b eM H b lH  H3H O C 0  m m 3

800
700
600
500
400
300
200

100

K o M r u ie K T a u n a  We 14 
m e c T e p H a  - V1 

p a 6o u a a  M a u iH H a  N2OO66 
H a p a 6o T K a  0.484 m jih  m
o G b e M H b lH  H 3 H 0 C  607 m m 3 

K O J ie c o - V2 
p a 6o u a a  M a u iH i ia  N°0 
Hapa6oTKa 0 m jih  m
0 6 b C M H B IH  H3HOC 0 MM3

-v

flpHMeHaHHe. XapairrepHCTHKH p aG o u n x  MauiHH cm . Ta6u.5.4
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ÆHCKPETHLIH PE^YKTO P
KoiicxpyKHHH h npHiimin paöoTbi [78]

ripiiHnnriHajiMiaa cxeMa flHCKpcTHoro peayirropa npeflcraBJieHa Ha 
HuacenpHBeueHHOM pncyHKe.

r iP H J IO JK E H H E  4

Ha BHyTpeHHHÍí 3y6naT biH  a h c k  ( 1 )  H acaiK ena H apyaŒ aa 3 y6q aT aa  o6oÜMa ( 2 ) ,  TaK 

h t o  n p n  BpameHHH o h h  M oryr  c b o Go a h o  ckobe>3h t l  u h j ih h u p h h c c k h m h  íiO BepxiiocTaM H  

BMCTynoB c b o h x  3 y 6 b e B  o t h o c h t c jil h o  npyr u p y r a . Bo B iiau n u b i Meacay 3y6bAMH A n ex a  

BCTaBAeHbi BKuaflbiuiH ( 3 ) ,  C TpeM am weca non a c h c t b h c m  npyxciiH (4 )  b l iü t h  H3 c b o h x  rHe3A.

I i a p y j K H o i í  o 6 o H M e  c o o 6 m a e ic a  KO Jie6aTe ;ibH oe  ;iBn>K enne o t  rc H e p a T o p a  

KO JieöaH H H , B xa n e c T B e  K o r o p o r o  m ożk ct cjiyjKH T , H a n p H M e p , 3 K C u e H T p iiK 0 B b iií büji (6 )  c 

n o j n y H O M  (5) -  K y n u c i ib i i i  M e xa H H 3 M , j ih 6 o  a p y r o ñ  M e x a H H H e c K H H  h  a h  3 j!e ic rp oM a rH H T H b iH  

B iiö p a T o p .

n p H  BpameHHH BKCucHTpHKOBoro bojia ( 6 )  noji3yH  (5 )  c o o ß m a e T  napyaciiO H  o 6 oíím c  

(2 )  BOBpaTHO BpaniaTCAbHoe A B im en H e . ü p H  n o B o p o T e  oGo h m m  npoTHB n a c o B o ñ  crpejiK H  ec  

3 y 6 , n a x o A a m u ñ c a  b  3 a n e n ; ie n n n  c noflnpyacHHeHHbiM BKJia/ibiiiicM (3), rioB opaunB aeT  ah ck  

( 1 )  b  to m  ace H anpaBaeH H H .

ITpH n o B o p o T e  o ö o h m m  n o  a a c o B o n  CTpenKC a h c k  ocT aeT ca  nenoABHÄHbiM  

(G n a ro fla p a  MOMeHTy conpoT U B JieH iia , KOTopbiñ n a c ió  co3A acT ca  cn em ia jib H O  a n a  3to h  

p e a n ) .  riooTO M y b  k o iiu c  bto to  oñp aT H oro  x o a a  oGohm li b  3 a u e im e H n e  c  e e  3y6oM  b x o a h t  

c a ea y io m H H  BK aaabiiueM  3 Btcnaabiiu 7. O p n  noBTopHOM n o B o p o T e  o ó o h m m  npoTHB a a co B o fl  

crpeAKH BMecTe c  n e ft  noB opan H B acT ca  h  a h c k  Ha y r o a ,  cooTBeTCTBytom iiH  aM iuiH T yac  
reH ep a T o p a  KOJieóaHiiñ.
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JJflX HOpMajIbHOH paÖOTbl ÄHCKpeTHOrO pCAyKTOpa HCOÖXOflHMO oCeCriCMHTI, 
cooTBeTCTByiomee co o rao n ieH u e  e ro  napaMeTpoB.

LUar 3y6beB a n e x a  t¡ öbrrb ö o a b u ie  m ara 3y6beB oöohm m  t2 na B en n a im y  CMemeima 
(MHHHMaJibHoro nepeMemeHHa) e:

e =  t , - t 2 - (I)

U la r  3y6beB  a n e x a  h m ar 3y6beB o ö o h m li onpeaensioTC H  anaM erpoM  noBepxnocTU  
HX COnpjDKeHHB D, MHCJIOM BKJiaflbllllCH Z/, HHCBOM 3y6beB OÖOHMbl Z2 H COOTBCTCTBeilHO 
paBHbi:

(2 )

Tora a B e a H H H H a  c M e m e H H a  S yn cT  p a B i i a :

e = 7rof^ f -  (3)

f l a a  oöeeneH CH H B n o o n e p e a i io r o  3 a u e n n en H a  B xaaab im eH  aM iW HTyaa xoacöaH H ii 
oöoH M bi Ha noBepxHOCTH conpajK enH fl a o a x o ia  öbiTb He M eH biue BeaHHHHbi C M cm em ia. 

T o r n a  c p e n n e e  3 H a a e n n e  nepeaaT O H H oro HHcna a n c x p e T H o r o  p e n y x T o p a  ö y n c T  paBHo:

‘ = f = j ß ;  w

B e a H H H H a  a v n a H T y n b i  r e H e p a T o p a  K o a e ö a H H H  o ö e c n e H H B a i o m a a  T p e ö y e M o e  

3 H a a e H H e  n e p e n a T O H H o r o  H H c a a  o n p e a e a s c T c a  H 3 c a e a y r o m e r o  B b i p a x c c n n a :

e = £ - p . (5)

B nacTHOM c a y n a e , Korna z 2 - z ¡  =  1 , n ep cn aro a n o e HHcao aH cxperH oro penyxTopa  

öyn eT  paBHO npoH3 B eaem no HHcaa 3yöbCB aw cxa h oöoiiMbi:

i  = z , z 2 . (6)

TaKHM oöpa30M , niiCKpcTHbiii peflyKTop no3B oaaeT  noayHHTb ncpcflaTOHHoe HHcao 

ÖOablHOH BeaHHHHbl.



AHHOTAU.HH

Ha ocHOBe ana/una xapaicrepa aKcnayaTanHonnoro n3noca 3y6ben 3y6naxbix nepcran 
T5DKCBO H a rp y x c e H H b ix  ManiHH ycTaHOBJieHo:
• HcxaxceHMH npo(¡Hira 3y6a HcpaBHOMepHbi no ero bmcotc h 3Ta HcpaBHOMepuocTb 

3HaHHTejibH0, oojice neiu na nopraoK, npeBbimaeT ;ionyci<n na norpeuiHOCTb 
H3roTOBaenHS npotjnira,

• B 30He xeopexiinecKoro noaioca 3aucnJicHHH, HecMOxp» na paBeHCTBO nynio CKOpoexii 
CKOJibJKeHua íiMeer MecTO 3HaHHTejibHbiñ h3hoc,

•  b nponecce OKCiinyaxauHH nep era 'w  mnencHBnocTb n3HainnBaHna 3y6beB He ocxacTca 
nOCTOHHHOH,

•  OTHOiucHïie oßbeMiioro n3Hoca ayöa iuccTcpHH k oóteMHOMy n3Hocy 3y6a Kojicca hc 
paBHo nepcflaTOHHOMy HHCJiy 3y6’iaxoií neperann .

XI,0Ka3aH0, m o  oueiixa nonroBCHHOCXH 3y6Haxoií neperaHH no hcxo/oimm 
napaMexpaM 3Bo;ibBeHTHbix npofjntnefí 3y6bCB ra raex ca  npiiómi'/KCHHoii h  ne oxpaa<aex to j o 
(jjaKTa, h io  H3-3a n3Hoea 3y6beB (Jíopxia npoc|>nra cxaHOBHxc». oxjihhhoh o t  OBoraBeHXHoii, b 
pe3yjibTaTe Hero H3MeHjnoxca Harpy30HH0-KHHeMaTHHecKHe napaMCTpbi KonxaKxa, Koxopbie, 
b CBOK) onepenb, imteiwrox xeMn iDHaiüíiBaHua h (jiopMy npotjmjieíi 3y6beB.

Pa3pa6oxanbi xeopexiniecKne ochobm, oGociioBan anropHXM n co3nana 
KHHeMaxnHecKaa Monerib 3aneruiemi« syöbCB, xoxopaa no3BOJiaex onpeneaiixb nojio>KeHne 
KOHXaKXHOH XOHKH B HenOflBHJKHOH H nOflBH)KIIbIX (CBH3aHHbIX C OCbK) CHMMexpHH 3y6a) 
cncxeMax Koopnmiax, nepe/iaxonnoc HHcno, CKopoexn Kanenna, CKopoexb CKOJiMKeim«, 
HopMaJibiiyio cnjiy h  KOHxaKXHbte HanpaxceHHH c yncxOM <})aKTHHecKOH KpHBH3iibi npo([)MJicfi, 
H3Xh6hoh h KOHxaKXHOii nonaxjiHBOCXH 3y6beB n pacnpeneneHHH narpy3KH Mexmy napa.vm 
3y6beB.

n o K a 3 a n o ,  h x o  HCKaa<eHHe n p o ^ n j i e n  3 y6 b e B , B b i3 B a n H o e  n x  n e ^ o p M a n H e i í  h  

H3HO CO M  B n e p u o / i s K c n n y a x a n H H ,  B B iia e x  n a  t ro p m y  b iih h ii  3 a u e ru ie iiH B ,  x o x o p a a  113 

npH M O JIH H eH H O H  CXaHO BHXCH  KpHBOJIHHCHHOH. ü p H  3XO M  CHH xcaexea  n po flO J ixcn xe jib H ocxb  

3 au en jieH H H . H c K a łK e u n e  j ih i ih h  3 a u c n n e H n a  B b i3b iBaex  H 3 M e H e n n e  M rH O B C H H o ro  3 H a n e H n a  

n e p e n a x o H H o r o  H H c r a  3 y 6 > ia x o n  n e p e n a n i i  n p i i  c o x p a H e H H H  e r o  cp e / m e ro ,  p a B n o ro  

xcopcxH'iccKOMy, 3HaneHHfl.
TeopexHHecKH oGocuoBana n paípaGoxana nnnaMH4ecKaa Morara c nexbipbM» 

cxeneHBMH cboöoäm , xoxopaa no3Boraex oueHuxb nmiaMiniccKoe Harpy»enne Konxaxxa e 
ynexoM HHepuHOHHbix h nuccunaxuBHbix xapaKxepiicxHK neperann h npimo/ia, 
nepeMennoro nepcraxonnoro nuera, chji xpcHua, a xaioxe HopManbHoro öoxoBoro 3a3opa.

^OKa3aHO, nxo necjjopMannH h oluhökh raroxoBJieHHH npotjwJieH 3y6beB OKa3biBaiox 
BJiHHHHe Ha nnnaMHHecKyK) narpy3KV xojibKo Ha HanajibiioM 3xane paöoxbi neperann. C 
yBejiHHeiiHCM BpcMCHH 3KcnjiyaxauHH HCKajxeHHe npocfnuieii 3y6beB, BcneflCTBHC hx H3Hoea, 
OKa3biBaex öojiee CHJibHoe B/iHHHHe Ha AHHaMimecKyio Harpy3xy b 3auenjiennH.

P a 3 p a 6 o x a H a  m o r a r a  H 3H aim iB aH iia  paöoH H X  n o B e p x H o c x e ñ  3 y 6 b eB  H a 6 a 3 e  y n e x a  

ycjiOBHH 3 K c n n y a x a n n n  ManjHH h c o o x B e x c x B y io m u x  x p n G o n o n iH ecK H X  x eo p H H . r i p n  3xom 
yH H X biB ajiocb BnHHHiie H a h3hoc p a n n a r a H o r o  6hchhh 3 y 6 n a x b ix  KOJiec u M n io B e H u o ñ  

x e M n e p a x y p b i  b  K O H xaicie.
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Pa3pa6oTana xoMnbioxepnaa xcxHoaornst iiporiioanpoBaumi xapaxxepucxHx 
3yÖHaTOH nepeaaHH, oxpajxaioiaaa anHaMH'iccxoe paBHOBecHe Mesxay (j)opMOH npocf)n;ieñ 
3y6beB h napaMeTpaMii hx xoiixaxxa. TexHO.'ionni ocj)opM:iena b b h rc  naxexa xoMnbioxepiibix 
Monejie» c npyxcecTBeuHbiM HuxepcjieiicoM h Bxjnonaex b ceö s KHiieMaximecxyio Mo;ie;ib 
3aucnnenHH 3y6beB c  ripoH3BOJib!ioii (jjopMOH npocjinaeii, ynpyryio aHiiaMHHecxyio woacni. 
3y6naTOH nepcaann, Mone.'ib irjuaiiiHBamia paöonnx noBepxHocxcii 3y6bCB h moucjib 
CHiiTe3npoBanim H3HoiucHHoro npo<J)HHH 3y6a.

Pe3yjibTaTbi H H cn e im o ro  o xcn cp u M C u xa  n o  H 3H auiH Baiiiiio 3y6bCB npii 
M oncJiHpoBaiïHH ycnoBH H  n a ö o p a T o p u b ix  HcnbixaHHÜ 3y6>iaxbix K onec c  t)>opcnpoBaHH0H  

naipy3K O H , a  x a io x e  npH M on cn iip oB ain iH  npon3BoacxBeHHbix y c a o B iiii  p a ö o x b i 3yÖ4axbix 
x o a e c  p a ö o H e ii M ainm ib i n o x a 3 a a H  x o p o m e e  c o B n a a en H c  c  axcnepH M euxanbiibiM H  aaim b iM ii 
H 3H oca 3 y 6 b eB  x a x  n o  bcjihhiihc o 6 i.e M tio r o  H 3iioca , x a x  h n o  (J)opMe H 3H0ca npo<j>nJieH 
3 yöb eB .

n p H M e n e n n e  pa3paöoxaH H O H  x e o p m i n p orH 03n p oB an H a xapaK xepncxH K  a y fia a x u x  

n e p e a a n  no3B oaH aH  p a 3 p a ö o x a x b  pcK O M enaam m  n o  p a u H o n a a b iio ñ  xoM n aexxau H ii 

3 y 6 a a x b ix  n a p  n p n  o6 e3 jn iH en n o M  peMOHxe n p iiB o a o B  p a ö o a n x  Mauimi. Ha o c n o ß e  
n o a o x c c n n a  o nepaB H O M epnocxH  in n o c a  npo([)n;iH 3 y 6 a  p a 3 p a 6 o x a n b i K oncxpyxuH H  11 
co3aaH b i onbiX H bie ycxaH O B xn ;\:m n 3 6 n p a x c a b iio r o  B o cc x a n o B a e n n a  p a ö o a n x  n o B e p x n o c x c ii  
3y ö b eB  3 y 6 n a x b ix  x o j ie c  paöoMHX M aiuim .

C o 3 a a im a H  na ocHOBe x e o p e x n lie cK n x  p a 3 p a 6 o x o x  x o M n w o x c p n a a  x e x n o a o m a  

n p orH 0 3 H p o B a n n a  p a ö o a n x  x a p a x x c p u c x n x  3 y 6 a a x b ix  n e p e a a n  b (¡ ly u x n iin  BpeMeiiH hx 
3 K c n a y a r a u n n  M 05xex öb ixb  p e x o M en a o B a n a  x a x  HHCipyMeHx ripn npoexxnpoB aH H H  

3 y ß a a x b ix  n e p e a a n  n p u B o a o B  paöoHHX M a u w n  c  onxiiM aabHbiM H napaMexpaMH.



PROGNOSTICATION OF THE LONGEVITY OF HEAVILY-LOADED 
GEAR TRANSMISSIONS BY MEANS OF MODELLING OF WEAR 

GEAR TEETH

SUMMARY

Based on the analysis o f a character of the wear gear teeth of the heavily loaded 
machines the follow ing conclusions were done:
• distortions o f tooth profile are non-uniform on its height and this non-uniformity 

considerably (more than on an order) exceeds tolerances on an error o f manufacture of the 
profile,

• in zone of the theoretical pole o f the engagement, despite of equality to zero o f the sliding 
velocity the considerable wear takes place,

•  in the process o f exploitation o f the transmission the intensity o f wear process o f teeth is 
not constant,

•  ratio o f the volumetric wear of the pinion tooth to a volumetric wear o f the wheel is not 
equal to gear ratio.

It is proved, that the estimation of longevity of tooth transmission according to their 
evolvent profile parameters is approximate and it doesn’t reflect the fact that due to wear 
teeth, the profile’s form is becoming different from the evolvent. As a result, loaded and 
kinematic parameters o f contact are changed and in its turn the tempo of wear changes and the 
form o f teeth profile.

Theoretical fundamentals are developed, the algorithm is based and the kinematics 
model o f teeth engagement is created. This model allows to determine: - the position of a 
contact point in a fixed and mobile systems of coordinates, the rolling velocities and sliding 
velocity, the instant gear ratio, the normal load and normal contact stress. All these parameters 
were determined having taken into consideration the real curvature of profiles, the flexible 
and contact pliability, the distribution o f loading between pairs o f teeth.

It is shown, that the distortions of teeth profiles, caused by their deformation and wear, 
influence the engagement line, which is becoming curvilinear. Thus, the time o f engagement 
is reduced. The distortion o f engagement line causes the change o f the instant gear ratio, 
preserving its average equal theoretical value.

The elastic dynamic model with 4-degree of liberty theoretically is based and its 
computer realization is created. This model allows to estimate the dynamic load o f contact 
taking into consideration inertial and dissipative characteristics of transmission and drive, 
instant gear ratio, forces o f friction and normal lateral clearance.

It is proved, that the deformation and errors o f manufacture of teeth profile influence 
the dynamic loading only at the initial stage of transmission work. The distortion of teeth 
profile caused by its wear influence more the dynamic loading in engagement with the 
increasing o f time exploitation.

The model o f wear of working teeth surface is worked out. This model takes into 
consideration the conditions of machines exploitation, corresponding tribological theories, 
eccentricity o f  pitch circumference of the gear wheels and the instant temperature in contact.
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The model o f prognostication of teeth gear characteristics is determined it takes into 
account the continuous influence o f profile form on the contact parameters and the influence 
the parameters o f contact on the profile form. The model is done in form of a packet of 
computer programmes with amicable interface and includes the kinematic model o f teeth 
engagement with any form of profiles, the elastic dynamic model, the model o f teeth wear and 
the model of synthesis o f wear tooth profile.

The results o f the numerical experiments of wear teeth modeling in the process of 
laboratory tests with load forced and production conditions showed a good coincidence with 
the experimental data o f  wear teeth as for their volumetric wear as for to their form profiles.

The applying o f the worked out theory of the prognostication of teeth gear 
characteristics allowed to make recommendations as for rational composition of teeth pairs in 
the process o f  repairing of working machines drives. Based on the statement of non­
uniformity o f tooth wear new constructions were worked out and experimental installations 
arc created for selected restoration o f teeth surface o f working machines wheels.

The computer technology created on the base o f the suggested theory may be 
recommended as an instrument while designing o f teeth gear of working machines drives.



PROGNOZOWANIE TRWAŁOŚCI PRZEKŁADNI ZĘBATYCH 
DUŻYCH MOCY NA PODSTAWIE MODELOWANIA ZUŻYCIA 

ZĘBÓW

STRESZCZENIE

Na podstawie analizy charakteru zużycia eksploatacyjnego zębów kól zębatych silnie 
obciążonych napędów maszyn stwierdzono, że:
-  rozkład odchyłek profili zębów jest nie tylko nierównomierny na wysokości zęba, ale 

odchyłki te są często o rząd wielkości większe niż dopuszczalne błędy wykonawcze 
zębów,

-  w  strefie biegunowej zazębienia, mimo zerowej prędkości poślizgu, występuje często 
znaczne zużycie zęba,

-  podczas eksploatacji przekładni zębatych intensywność zużycia powierzchni roboczych 
zębów jest zmienna w czasie,

-  stosunek objętościowego zużycia zębnika do objętościowego zużycia współpracującego z 
nim koła zębatego nie odpowiada wartości przełożenia pary kól.

Wykazano, że ocena trwałości przekładni zębatych na podstawie początkowych 
parametrów ewolwentowych zarysów zębów ma charakter przybliżony, gdyż nic uwzględnia 
tego, że na skutek zużycia powierzchni roboczych profil zębów odbiega od profilu 
cwolwentowego a zarazem parametry kinematyczne i dynamiczne współpracy zmieniają się 
z narastającym czasem eksploatacji.

W pracy utworzono model kinematyczny zazębienia oraz sformułowano algorytm 
obliczeń, który umożliwia określenie położenia punktu styku zębów, wartości chwilowego 
przełożenia, prędkości toczenia i poślizgu, wartości siły międzyzębnej oraz wartości naprężeń 
kontaktowych. Uwzględniane są rzeczywiste krzywizny w  strefie styku, podatność zębów  
oraz rozkład obciążeń między zębami analizowanej pary kół.

Wykazano, że odchyłki zarysu zębów wywołane ich odkształceniami i zużyciem  
wpływają na postać odcinka przypora, który w wyniku zużycia 7. prostoliniowego przechodzi 
w  krzywoliniowy, ulegając jednocześnie skróceniu. Odchyłki odcinka przypora powodują 
zmianę chw ilow ego przełożenia pary kół przy wartości średniej równej przełożeniu 
teoretycznemu przekładni.

Sformułowano model dynamiczny o czterech stopniach swobody, który umożliwia 
ocenę obciążenia dynamicznego w strefie styku zębów z uwzględnieniem parametrów 
bezwładności i tłumienia układu napędowego, chwilowego przełożenia, sił tarcia oraz 
wielkości luzu międzyzębnego.

Wykazano w  pracy, że odkształcenia sprężyste i błędy wykonawcze uzębień wykazują 
wpływ na obciążenia dynamiczne zębów tylko w początkowym okresie eksploatacji. W toku 
dalszej eksploatacji przekładni silniejszy wpływ wykazuje nierównomicmość zużycia zębów.

Zaproponowany model zużycia kół zębatych, bazujący na teoriach trybologicznych, 
uwzględnia w pływ bicia promieniowego uzębień i chwilowej temperatury w strefie styku na 
intensywność zużycia powierzchni roboczych zębów.
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Opracowano metodę prognozowania charakterystyk przekładni zębatych w  toku 
eksploatacji uwzględniającą dynamiczne wzajemne oddziaływanie między zarysem zębów i 
parametrami kontaktu zębów oraz parametrami kontaktu i zarysem zębów.

Metoda prognozowania ujęta jest w formie programu komputerowego z przyjaznym 
dla użytkownika interfejsem. Obejmuje ona model kinematyczny zazębienia zębów o 
dowolnych profilach, model dynamiczny przekładni zębatej, model procesu zużycia 
powierzchni roboczych zębów oraz metodę syntezy zarysu zużytego zęba.

Wyniki eksperymentów numerycznych wykazały dobrą zgodność z wynikami badań 
doświadczalnych kół zębatych przekładni napędowych dużej mocy. Zgodność dotyczy formy 
zużycia profili zębów oraz wielkości objętościowego zużycia powierzchni roboczych zębów.

Zastosowanie opracowanej metody prognozowania charakterystyk przekładni 
zębatych pozwoliło na sformułowanie zaleceń odnośnie do optymalnego kompletowania par 
kól zębatych przy wykonywaniu remontów przekładni.

Opracowano dwie konstrukcje oraz wykonano doświadczalne stanowisko, na którym 
przeprowadzono badania procesu selektywnej regeneracji powierzchni roboczych kól 
zębatych z  uwzględnieniem nierównomiernego zużycia zębów.

Metoda prognozowania zużycia kół zębatych może znaleźć zastosowanie jako 
narzędzie optymalizacji parametrów przekładni na etapie ich projektowania.




