
rae T  -  BpeMH BaKyyM-MexamraecKoñ odpatíoTKH, mhh. -0
H a , OCHOB0 npeflJiaraeMoS MaTewiaTHHecKoii moaera otípatíaTHBaeMoro npn nocojia hcxoah«-» , 
capta npeflcTaBaaeTCH bo3M03KHHM nporH03HpoBaTB nonyHsrae npoflyKTa c 3 a^aHHHMH
TypHO-MexararaecKHMH cBoiicTBakn.
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P h c .I. JtyarpaMMH Ae^opMiipoBaran (?"-£. mnuigm h o í í TKafffl rfoTj(ji 
roBflHHiJH. .Ha h t o j i b h o c t b  BaKyyM-MexaraHecKoä odpa°
‘V : I -T=0; 2 - t =20m h h .; 3 -T  =40mhh. ;
4 - t =60m h h .; 5 - f  =9Ci m k h . ; 6 - t =I20m h h .

7 - 1 3  i&TEMAUHECKOE MOjüEMPOBAIME BUCOKOCKOPOCTIIIiX IIPOHECCOB PESAHHfl 
ÍOCTHOrO CUPM.

0GO'

B. H.HBaiuoB, B.H.JIyiUreHKO, B.A.AH.npeeHKOB, A.M.HcKannapjiH, ¡¡oí
C. B.GjiaBymeB h  A . T o m s k IvIo c k o b c k h S TexHoxorKHGCKHH HHcTHTyT 

Il MOJIOMHOË npOMHUUlGHHOCTH, UOCKBa, CCCP

B iwacHoä iipoMHiiuieHHocTH b  HacTonmee BpeMH MHorae nponeccu pesaran h b a h i o t c h  bü t ,í
CKOPOCTHKMH - HaiipiIMGp, IipOITeCCH pyÖIOI MHCOKOCTHOrO CHptH, KyTTepOBaHHH 
à cKopocTB pe3aHHH B pxme cnynaeB AocrarasT era weTpoB b cenyiiAy. 2t h BUC2KSanHol!l 
nue nnoirpocH mmgiot npKO BiipaAeHHuii a h HawiiHeck h h  h a h  HMnyjiBCHuK xapaKTep. o , ,0
padoTe ¡jaccwaTpiBaioT'CH HeitoTopue npoueccu pesaran c nosHUjiä wexamra HMny^*^ w 
HarpyKeuiiH. CTaBHTcn 3aAana uccjieAOBaTB BHeAperae KJiHHoodpa3Hiix Ten b  MaTep»"^ sf 
jiorHMGCKoro npoHcxoxffleHHH c dojitmoH cKopocTtio, T.K. THKofi npopecc c HaiiieS Tü
ran mokgt nocJiysaiTt ochoboíí ajih nocTpoeHHH MaTcwaTHMecKofx moa era pydra. a/ 
Jinn peuieran nocTaBAennofi 3anaMii paccMOTpnM ABHacerae KraHoodpa3iioro Tena ( 
coii m. h oo.aajraio^ero HanajiBHOH cKopocTtic VB b dnoepeAe, hoaojigiihoh MoxaHKM0o ( y 
cBoiicTBaira mhookocthobo cupLH h H».«flipmeñ HciMajiLHyio iuiothoctb _p0 . Pemerae 3a,ua 
Hee npoH3BOAHTL b KOopAHHaTax xyz (ocbZ nepneHAHKynapiia k iuiockocth x o y  x i ^
HUX C nOBepXHOCTHMH KAHHa (pile.I ) ■ ¿e xapTOBU KOOPAHHaTU - X W H .  CBH3B 3THX C» 
KoopAHHaT BupaiicaeTCH coothoiughhgm:

t a b Ÿ  -  nojiOBHHa yrna y sepiiMHH Kiowa. ^y
MöTpjIHeCKHG K 0 3( uJlILIJl G H T11 JÍHM6 , nOJIHOOTBK) XapaKT8pH3yiOUlHe OpTOBOHailBHyiO CHCTG 
opAHHaT Xy Z , a a h  AÛHHOM 3 an ara HMeioT b h a :

(I)
KO"

M.- sin  S' coi, S
/

(2)



I jg »
K noBepxHocTHM KJfflHa (rm oTesa HopMajïBHHX c e S S ^ Â

pfle V V V * ? . -  0
fe * ’ „ U ’ Ve : Î S 2 H ^ g ° î £ i ^ . 0 W  n0 K0W ™  ® ™ ;
â ypaBHomro0 ’ ^ n ™ 6™ 0 r a e ™ *  cpejiH onacHBaeTCH:^^HemieM flBHseraîH: t

div (’G')v _ . +  p F  = P  -^r
ïje G  J P d t-p»~ T8H3op HanpHJKeHHfi;

K - BSKTOp OdieMHHX CHJI;
(3)

Ö) Vr: - OÔAÏUP UU'bHMHHX CHJI
•'PaBH8HHeM Hepa3pHBHOCTH :

1 )  Ü - + d \ » ( ? v ) ,  p â v . ■

Ĉ2COina5JHHMH H rPafa*HHHMH yCJIOBHBMH.
DHB«0CTH3M0PH0n3S a ^  *T0 3 00mcm B03M y m H M f -  consi , ypasHGHHG Iiopas-

Htji

Bnr>m ‘^o^iiu jiu jnonan u T ut
ucth McffltHO 3aiiHcaTi> TaK:

«div V  = 0 ‘W * ̂  ̂ l V V -  U _Jr_y " — Q
TerPHpya (5) c yMeTOM rparoram« ycjioBH» (npHX=Xt V ^ ^ s i ' n f )  nojiynaeu 

i?̂e w V/« \Zjz- sin S"
^ B H a m  ~ CKOpOCTB KJMHa B Cp0,1(0. ^6 )

UMeioT B ^ f eKIIH cP eBU ^  ÄJIH paccMaTpHBaeMoíl 3£maHH nocjie h g k o t o p u x  npeodpa30B 

1> Q< ^  ^
7  = ?'a r  ■ M, ' H,- u

oBa-

= D  d V x  
«P' oJ-t sin s-

H,

M

u
4 | ' ^ ~

O C ? *

0
HJIH

L/ c à vtî n i m 2- = (P
, (? ~ i'jiaBHHG HanpjHteHHH,

HH H a p H C .I .

‘0

7 ¿ Y _ n

rr^ifeM

(7)

HanpaBJienHii fleücïBiiH G, h  (?2 y Kas a-

Bnn,^,ePe3 „ flaBJIOHHQ Ha nOBGpXHOCTH K JM Ha, H8pQ3 Rp - flaBJIGHHG Ha (ïraOHTG
MymeHHH. Hhto r p u p y h n e p B o e  113 yp a B H e H iii i (7) c n c n o J iL o o B a ia to u  r p a i m n u x  ye- ¡



pv  -  p *. =  < ? ■ s ^ 2 ^  ^  C X *  ~ X cp ^  ^
TnnenejiHM KoonnnHaTy tfipoHTa b o ji hh, ncnojiB3yfl 3Sk o h  coxpaH8HHH m s c c h  (pHC.2)* Q 
S o ™ B H « e M 0 H T  pasDesaewoä'cpeÄH (sawipiixoBon) onpeneJieHHoä Macen m  A
peHHH KJiHHa HMeeT oóteM

ttOBHË e, -  -  P* npH X = X K Pcp npn X = Xçp , nojiyHHM:

P h c . 2 .  O npeflB JieH H e K o o p u H H a m  $poHTa b o j i h h.

p o c j i e  BH ejipeH iiH  oôt&eM S T o r o  3JieM 0H T a c p e n H  ô y n e T  p a B 9 H :

V ' -  L- d- h- [C*«p“ y ) '  O *  ' y  ^ (I0)
» l a c e a  p a c c w a T P H B a e w o ro  ojieM O H Ta c p e n u  o n p e n e J ia e ic H  T a n :

m ’ r  ,5 > .- V

p0. L oi h (X ip-y) • sin S' = p- L-c<-W[’̂ x<ï>-y )-r(x -y )J s ih ^ jjj

( 12)
03 ( I I )  HaXOÂHM KOOpÆHHaTy ®jOHia b o j i h h:

H»
ffle b = ^ ^ ij-0píí3̂ 0Í
BejiHHiiHa b^onpeneJiHeTCH no flHHaMHHecKoi k p h b o S estaih h  önoMaTepnana h  xapaK 
MoxaHimecKne cBOHCTBa npn ÂHHaMHHecKHX Harpy3Kax. u « c i ^  **
yeiaHOBHM CBH3B MBStfly flâBJIGHHet/l Ha fipOHTe BOJIHH B03MymeHHH H uñí
diooHTe bojihh B03MymeHHH V cô . í,jih sioro npoBeji;eM C JieflyKHlJH 0 paCCyXffl0HHH.
| £ ca  tÂ  nepemSnaK sa SpeiM ¿ t t  ns coctohhhh noitoa b oocToaraie *pa H ^
P-P? <d-k , TÄ0 3> -  CKOPOCTB bojihh B03MyiU9HHH. Toma COMaCHO saKOHy cvw

KOJfflnecTBa ÆBHJKeHHH hm90m:

> p . < = H V T =CPc f - P o ) d t  H®  P c p " P o =  3>- p » - v ( I 3 )  ^cp*'
3necB Pq h P<p - COOTBOTCTB0HHO HanajiBHoe paBJieHHo h flaBJi8HH0 yuapHoro c3ica 
äh. HanajiBiioe naBJioHHe MostHO He ynHTHBaTB, t .e.npiiHHTB w0 -  U.
3annmeM 3aK0H coxpaHeifflH Macen b Bime:

p oT> = p -  (I>  -  Vgp) ( I4)
ÏÏCKjnonaeM b (14) !D n e  ïiomouibio (13) ,  nojiynuM:

P »  *  P °  +  ~̂b<  ( I 5 )
ÂaBJieHwe Ha noBepXHoem KJiHHa c yneTOM (8 ) h (15) ôyneT

Pk = W X,*- » i n « - -  p  vin'X- V k - C x k - x » )  <“ ) ^

fcSSKÏÏ! i f i
P  -  BepTHKaJiBHOH cocTaBJunomaji chji TpeHHH (cHHTaew, nro TpeHHe cpeflH fl°e

KjmHa n o S H H e i c n  i m k o h j  JyjioHa). Chjih P, h  F* supastaiOTCH nepes flaBJieHne

F2» 2 | L  4  P« d y ( !7 )
1H oc TH KJiHHa cjiejf,yiouiHMy oôpa30M:

i . ,p- d y



ÍHe L flJDiHa KJniHa ;
~  K O 3C5c&HIIH 9HT 'T'DflHWiT cnfiTTU n iia T o n u o  rr KJIHHa'.

( 17 )  onpe,nej[HiOTGH T a a : 0
BHCOTa KJIHHa.

X n  ------- ------------------------------------- ------------COnpOTHBJieHHH P ,  H P¿ :
K w P,= VK ( 2 L . - 4 ? _ E£ V s ¿ n ^ . X|t)+ ^  )

P i-V i.^ -L s l r f S - x ^ W ^ . L - - ^ .  sin*?.X¿)
w (18)
130 X K >|| ^ ¿ J . i i n Y H 4)

•si»*'Sw.-H) +■ VK (jU-l* --g^r sin* -̂ M*) (19)
ÔÖDâ u1116101̂ H8H3B8CTHHMH OCTaiOTCH CKOpOCTB H yCK0p8HH8 SBHÄGHHfl KJIH-

Horo Tejía b  cpefle. äjih h x  onpê ejienHH cocTaBHM ypaBHeHHe ä b h ä 9h h h  KJIHHa:
,jj0 m ' * P, ■+ F¿ - m- g.
& HbjSSHL ^ + ẑ- B yPaBHe™e (20) HOJiynzM flz$$epeHmiaJiBHoe ypaBHGHHe nepBoro nopan-i 

■'«iHGHHOB OTHOGHT0 JIBHO CKOPOCTH KJIHHa: 1 i  w

rnQ + v£- C¿ + m - a  = O
PK H C, = A- x* + m h  npn x* > M

c ¿ - ¿ A 1 x.i4

W 9hhr ,9-n A‘ -^r-  slr,̂ L-C-Hs+jO .
g pS3Y^?e ( 2 1 )  pemaGTCH c iiomoihbio iKWCTaHOBKH Z  - V* .

C, = 4H*+ m
C 2 = 2k\\

(21)

§p83Vffie PSmaQTCH C nOMOlUM) nOÄCTaHOBKH Z  * v* .
■ e4peHnH^T9 noJiy? ™  BHPMeHHfl onpe,nejieHHH^ c k o p o c t h  h  ycKopcHHH KJIHHa b  npopecc^ 

' l/„ = W r f n 1 - ^ ^ -H '
4 x f  + m

K ^ m Q V A x j - m  W A X .  fvftn»- + 2 m ä9 ■ Xjjlv«

•■ .. • C4 x* -m )‘.VvL*.m * - + ¿ m «gXl<7 •*”
( 22)

: Xi* e ~ c'1,x

,te6 ' ’ '

K T oÍ Ü 22̂  onpasnfljiHBH npn , a ypaBHGHHH (23) - n p H * V  > M . b  t g x  cjiy-
^PöHeöpent60 H0JKa MaJI n ° cPaBHeHHK) c CMJIaMH conpcmiBjiGHHfi P, h  P¿ , mojkho

ib'tPHHer>KT̂ 'SM H (22), (23) M05KH0 npoH3BecTH pacneT KHHGMai'HHGCKHX tgo-
pĵ io CHpj^ chjiobhx napaî GTpoB, xapaKTepHsyxjmnx npoupcc HMiiyjiBCHoS pyöKH mhcokoc-

MaTGMaTHHGCKaH MOflGJIB flaG T B03M0IKH0CTB C IipHMGHGHHGM 3BM PGfflaTB KOM-
; H Í ¡ S  S S S i á S í S S i H ^  on” 3™  oohobhhx napGMGTpOB^HGCCa

?




