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ðî
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ë
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ò
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Êîä

Ïîâåðõíîñòü ñå÷åíèÿ
1-ãî ñåìåéñòâà 

(íà êîòîðîé ëåæèò
 êîîðäèíàòíàÿ ëèíèÿ)

Ïîâåðõíîñòü
 ñå÷åíèÿ 2-ãî
 ñåìåéñòâà

Ëèíèÿ 
ôîðìîîáðàçîâàíè

ÿ

Ïàðàìåòð ïî
 êîòîðîìó

 ïðîèçâîäèòñÿ
 ïàðàìåòðèçàöè

ÿ
1 2 3 4 5

1 Ïëîñêîñòü îñåâàÿ Ïëîñêîñòü 
òîðöåâàÿ z=zm

Ïðÿìàÿ
ïåðïåíäèêóëÿðíàÿ

ê îñè
Àïïëèêàòà zò

2 Ïëîñêîñòü îñåâàÿ
Öèëèíäðè÷åñêàÿ
ïîâåðõíîñòü ñ

ðàäèóñîì r

Ïðÿìàÿ
ïåðïåíäèêóëÿðíàÿ

ê îñè
ðàäèóñ r

3 Ïëîñêîñòü îñåâàÿ

Ïîâåðõíîñòü
âðàùåíèÿ 

ñ îáðàçóþùåé,
îïèñàííîé
ñïëàéíîì.

Îáðàçóþùàÿ ,
îïèñàííàÿ
ñïëàéíîì

Ïàðàìåòð s
__

r

4 Ïëîñêîñòü òîðöåâàÿ
Ïëîñêîñòü

îñåâàÿ
y=xtg(ϑ)

Ïðÿìàÿ
ïåðïåíäèêóëÿðíàÿ

ê îñè
Óãîë ϑ

5 Ïëîñêîñòü òîðöåâàÿ
Öèëèíäðè÷åñêàÿ
ïîâåðõíîñòü ñ

ðàäèóñîì r

Îêðóæíîñòü ñ
ðàäèóñîì r ðàäèóñ r

6 Ïëîñêîñòü íîðìàëüíàÿ

Ïîâåðõíîñòü
âðàùåíèÿ 

ñ îáðàçóþùåé
,îïèñàííîé
ñïëàéíîì.

Êðèâàÿ,
îïèñàííàÿ

 ïàðàìåòðè÷
åñêèì ñïëàéíîì

Ïàðàìåòð s
__

r

7
Öèëèíäðè÷åñêàÿ 
ïîâåðõíîñòü ñ

ðàäèóñîì r

Ïëîñêîñòü
òîðöåâàÿ z=zm

Îêðóæîñòü ñ
ðàäèóñîì r Àïïëèêàòà zò

8 Öèëèíäðè÷åñêàÿ 
ïîâåðõíîñòü

Ïëîñêîñòü
îñåâàÿ
y=xtg(ϑ)

Ïðÿìàÿ
ïàðàëëåëüíàÿîñè Óãîë ϑ

9
Ïîâåðõíîñòü âðàùåíèÿ
 ñ îáðàçóþùåé, îïèñàííîé 

ñïëàéíîì

Ïëîñêîñòü
òîðöåâàÿ z=zm

Îêðóæíîñòü ñ
ðàäèóñîì s(r,zm)

Àïïëèêàòà zò

10
Ïîâåðõíîñòü âðàùåíèÿ
 ñ îáðàçóþùåé, îïèñàííîé 

ñïëàéíîì

Ïëîñêîñòü
îñåâàÿ
y=xtg(ϑ)

Îáðàçóþùàÿ
,îïèñàííàÿ

ñïëàéíîì s(r;z)
Óãîë ϑ

Ñèñòåìû ñå÷åíèé

Ìàññà Ìàñøòàá
Èçì. Ëèñò ¹ äîêóì. Ïîäï. Äàòà

Ëèò.

Ðàçðàá.
Ïðîâ.
Ò.êîíòð. Ëèñò Ëèñòîâ

Í.êîíòð.
Óòâ.

ÂÊÐ1.15.04.05.19.7-15.03.00 ÑÕ

Ñèñòåìû ñå÷åíèéØàðàôèåâ Ð.È.
Õèñàìóòäèíîâ Ð.Ì.
Õèñàìóòäèíîâ Ð.Ì.

Õèñàìóòäèíîâ Ð.Ì.
Õèñàìóòäèíîâ Ð.Ì.
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Ôîðìèðîâàíèå ñèñòåìû ñå÷åíèé ïîâåðõíîñòÿìè 
âðàùåíèÿ

Äèñêðåòíîå ïðåäñòàâëåíèå ñèñòåìû ñå÷åíèé:

r1jK=rf1j + (ra1j-rf1j)K
   NK

rf1j=Sf(r1;z1j)
ra1j=Sa(r1;z1j)
K=0,1,...,NK

OK:  SK(r1;z1) èëè SK(r1;s0), SK(z1;s0) 
Íåïðåðûâíîå ïðåäñòàâëåíèå ñèñòåìû ñå÷åíèé:

j-îå ñå÷åíèå: Sj(r1;sr)
sr - íîðìèðîâàííûé ïàðàìåòð

sr ∈[0,1] → S{Sj(r1;sr)}j=0...Nj

r1j=Sj(r1;sr), j=0,1,...,Nj

→ SSr(r1;z1), èëè SSr(r1;s0), SSr(z1;s0) 

z1j

rf1j

r1jK

ra1j

OK

r1

z1

Ìàññà Ìàñøòàá
Èçì. Ëèñò ¹ äîêóì. Ïîäï. Äàòà

Ëèò.

Ðàçðàá.
Ïðîâ.
Ò.êîíòð. Ëèñò Ëèñòîâ

Í.êîíòð.
Óòâ.

ÂÊÐ1.15.04.05.19.7-15.04.00 ÑÕ
Ñõåìà ôîðìèðîâàíèÿ ñèñòåìû
 ñå÷åíèé ïîâåðõíîñòÿìè 

âðàùåíèÿ
Øàðàôèåâ Ð.È.
Õèñàìóòäèíîâ Ð.Ì.
Õèñàìóòäèíîâ Ð.Ì.

Õèñàìóòäèíîâ Ð.Ì.
Õèñàìóòäèíîâ Ð.Ì.
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r

r

1 n

n 1

1

M

r1

r1 c r1 k

Ðàñ÷åò ïàðàìåòðîâ òî÷åê ïåðåñå÷åíèÿ
    êîîðäèíàòíîé ëèíèè ñ ïîâåðõíîñòüþ ñå÷åíèÿ.

Êîîðäèíàòíàÿ ëèíèÿ: S(x2;s),S(y2;s),S(z2;s)
ïåðåõîä ê ñèñòåìå x1 ,y1 ,z1 :

x1

y1

z1

=M12

S(x2;s
___

)
S(y2;s

___

)
S(z2;s

___

)

Ïåðåñå÷åíèå ñ ïëîñêîñòüþ

r1n= n1r1 s

     n1
→min

Ïåðåñå÷åíèå ñ ïîâåðõíîñòüþ
∆r1 →min

1 1

Ìàññà Ìàñøòàá
Èçì. Ëèñò ¹ äîêóì. Ïîäï. Äàòà

Ëèò.

Ðàçðàá.
Ïðîâ.
Ò.êîíòð. Ëèñò Ëèñòîâ

Í.êîíòð.
Óòâ.

ÂÊÐ1.15.04.05.19.7-15.05.00 ÑÕ
Áëîê-ñõåìà ðàñ÷åòà ïàðàìåòðîâ
òî÷åê ïåðåñå÷åíèÿ êîîðäèíàòíîé
ëèíèè ñ ïîâåðõíîñòüþ ñå÷åíèÿ.

Øàðàôèåâ Ð.È.
Õèñàìóòäèíîâ Ð.Ì.
Õèñàìóòäèíîâ Ð.Ì.

Õèñàìóòäèíîâ Ð.Ì.
Õèñàìóòäèíîâ Ð.Ì.

- -
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Áëîê-ñõåìà ðàñ÷åòà ïàðàìåòðîâ òî÷åê ïåðåñå÷åíèÿ
    êîîðäèíàòíîé ëèíèè ñ ïîâåðõíîñòüþ ñå÷åíèÿ 

Íà÷àëî

Ââîä èñõîä-
íûõ äàííûõ

KH>0
síà÷=s max j2

sêîí=0
síà÷=0
sêîí=s max j2

s=síà÷s=s Ï
j2 mj2 Mj2=0

s=s+kH∆s

Ìàêñèìèçàöèÿ
 ∆r1,
 ðàñ÷åò smx

sêîí-smx≤εsA

C

B

Ìèíèìèçàöèÿ
 ∆r1 ,
 ðàñ÷åò smò

s=smx+kH∆s

1

2

34 5

67 8

9

10

11

12

13

äà íåò

äà 

äà 

íåò

íåò

Ìàññà Ìàñøòàá
Èçì. Ëèñò ¹ äîêóì. Ïîäï. Äàòà

Ëèò.

Ðàçðàá.
Ïðîâ.
Ò.êîíòð. Ëèñò Ëèñòîâ

Í.êîíòð.
Óòâ.

ÂÊÐ1.15.04.05.19.7-15.06.00 ÑÕ
Áëîê-ñõåìà ðàñ÷åòà ïàðàìåòðîâ
òî÷åê ïåðåñå÷åíèÿ êîîðäèíàòíîé
ëèíèè ñ ïîâåðõíîñòüþ ñå÷åíèÿ. 

Øàðàôèåâ Ð.È.
Õèñàìóòäèíîâ Ð.Ì.
Õèñàìóòäèíîâ Ð.Ì.

Õèñàìóòäèíîâ Ð.Ì.
Õèñàìóòäèíîâ Ð.Ì.

Í×È ÊÔÓ ãð. 1171137

- -

Èí
â. 

¹
 ï

îä
ë.

Ïî
äï

. è
 ä

àò
à

Âç
àì

. è
íâ

. ¹
Èí

â. 
¹

 ä
óá

ë.
Ïî

äï
. è

 ä
àò

à
Ñï

ðà
â. 

¹
Ïå

ðâ
. ï

ðè
ìå

í.

ÂÊ
Ð1.

15.
04

.05
.19

.7-
15.

06
.00

 ÑÕ

Êîïèðîâàë Ôîðìàò A1



  S äîñòèãëà 
  ïðåäåëüíîãî
çíà÷åíèÿ. Òî÷êà 
ïåðåñå÷åíèÿ 
îòñóòñòâóåò.

Mj2=Mj2+1
s Ï

j2 mj2=smn

sêîí-smn≤εs

s=smn+kH∆s

Ìàêñèìèçàöèÿ
 ∆r1,
 ðàñ÷åò smx

sêîí-smx≤εs

B

kP>0

kP>0

Âûâîä Mj2 ,
ìàññèâà s Ï

Êîíåö

C

∆r1≤εr

S Ï
j2 mj2

s=smx+kH∆s

14

16

15

19

18

17

21

22

23

24

25

26

20

äà

íåò

äà

äà

äà

äà

íåò íåò

íåò

íåò

Ëèñò

Èçì. Ëèñò ¹ äîêóì. Ïîäï. Äàòà
ÂÊÐ1.15.04.05.19.7-15.06.00 ÑÕÈí
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Ñõåìà ðàñ÷åòà ïîãðåøíîñòè èíòåðïîëÿöèè ïðè 
îïèñàíèè ïîâåðõíîñòè ñïëàéíàìè äâóõ ïåðåìåííûõ.

Ïîñòðîåíèå "ëîêàëüíîé" êîîðäèíàòíîé ëèíèè Ëq:
ííà îòðåçêå [qi ,qi+1]:qi 0 ,qi 1 ,...,qi n .
Pi k{S(x;qi k ,Jp),S(y;qi k ,Jp),S(z;qi k ,Jp)}
k=0,...,n  

Ëq :Sq(x;q),Sq(y;q),Sq(z;q). 

Ïîñòðîåíèå  "ëîêàëüíîé" êîîðäèíàòíîé ëèíèè Ë J :
íà îòðåçêå: [Jj ,Jj+1]:Jj 0 ,Jj 1 ,...,J j m .
Pj l{S(x;qp ,Jj l),S(y;qp ,Jj l),S(z;qp ,Jj l)}
l=0,...,m  

ËJ :SJ (x;q),SJ (y;q),SJ(z;q). 

tq=S'q(x;qp) i
___

+S'q(y;qp) j
___

+S'q(z;qp)k
___

t J=S'J (x;qp) i
___

+S'J(y;qp) j
___

+S'J (z;qp)k
___

τυ

n
__   

tq

Pi+1 j+1

Pi j+1

Pi j

Pi+1 j

Pi k

Pj l

Pn
P

Ëq

Ë q

Ωi j

Ìàññà Ìàñøòàá
Èçì. Ëèñò ¹ äîêóì. Ïîäï. Äàòà

Ëèò.

Ðàçðàá.
Ïðîâ.
Ò.êîíòð. Ëèñò Ëèñòîâ

Í.êîíòð.
Óòâ.

Øàðàôèåâ Ð.È.
Õèñàìóòäèíîâ Ð.Ì.
Õèñàìóòäèíîâ Ð.Ì.

Õèñàìóòäèíîâ Ð.Ì.
Õèñàìóòäèíîâ Ð.Ì.

ÂÊÐ1.15.04.05.19.7-15.07.00 ÑÕ
Âû÷èñëåíèå ïîãðåøíîñòè èíòåðïîëÿöèè

ïðè îïèñàíèè ïîâåðõíîñòè
ñïëàéíàìè äâóõ ïåðåìåííûõ.
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Ñõåìà ðàñ÷åòà ïàðàìåòðîâ ó÷àñòêà êðèâîé

σ i ti

ti

Pi

ti+1

Pi+1

hi=si+1-si ki=
si

si+1-si
cos si=

ti ti+1

 |ti| |ti+1|
 

ti=S'(x;si)i+S'(y;si)j+S'(z;si)k ti+1=S'(x;si+1)i+S'(y;si+1)j+S'(z;si+1)k 

PiP i+1=x
si+1

si

[S'(x;s)] 2+[S'(y;s)] 2+[S'(z;s)] 2dS

S'(x,s)=
6t(t-1)(xi-xi+1)

hi
+S'(x;si)(1-4t+3t

2)-S'(x;si+1)t(2-3t),

S'(y,s)=
6t(t-1)(yi-yi+1)

hi
+S'(y;si)(1-4t+3t

2)-S'(y;si+1)t(2-3t),

S'(z,s)=
6t(t-1)(zi-zi+1)

hi
+S'(z;si)(1-4t+3t

2)-S'(z;si+1)t(2-3t),  

  ãäå t=
s-si

hi

  

z

x

y
o

Ìàññà Ìàñøòàá
Èçì. Ëèñò ¹ äîêóì. Ïîäï. Äàòà

Ëèò.

Ðàçðàá.
Ïðîâ.
Ò.êîíòð. Ëèñò Ëèñòîâ

Í.êîíòð.
Óòâ.

ÂÊÐ1.15.04.05.19.7-15.08.00 ÑÕ
Ñõåìà ðàñ÷åòà

 ïàðàìåòðîâ ó÷àñòêà 
êðèâîé

Øàðàôèåâ Ð.È.
Õèñàìóòäèíîâ Ð.Ì.
Õèñàìóòäèíîâ Ð.Ì.

Õèñàìóòäèíîâ Ð.Ì.
Õèñàìóòäèíîâ Ð.Ì.
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i
__

j
__

k
__

S'J (x;qp) S'J (y;qp) S'J (z;qp)
S'q(x;qp) S'q(y;qp) S'q(z;qp)

n
__

=

nx=S'J (y;qp)S'q(z;qp)-S'J (z;qp)S'q(y;qp)
ny=S'J (z;qp)S'q(x;qp)-S'J (x;qp)S'q(z;qp)
nz=S'J (x;qp)S'q(y;qp)-S'J (y;qp)S'q(x;qp)

r
___  

n= r
___  

p+s
n
___ 

    n
___  

 

xn=xp+s
nx

    n
___  

 
   yn=yp+s

ny

    n
___  

 
   zn=zp+s

nz

    n
___  

 
,

fc(q1 ,q1 ,s)= (x2-x2n)
2+(y2-y2n)

2+(z2-z2n)
2
→min

fo(po)=spn+bq 1(
1 

 q1
+

1
1-q1

)+bq 1 (
1 

 q1
+

1
1-q1

)+bsf

1

D s
____  

f L

+S
n

i=1
bi

1
Yi

→min

n
___

=t
___

qxt
___

q

S - ïàðàìåòð, îïðåäåëÿþùèé ïîëîæåíèå òåêóùåé 
òî÷êè íà ïðÿìîé.
Èñõîäíàÿ ïîâåðõíîñòü - Ïï 
Ñîïðÿæåííàÿ ïîâåðõíîñòü Ïä

Ìàññà Ìàñøòàá
Èçì. Ëèñò ¹ äîêóì. Ïîäï. Äàòà

Ëèò.

Ðàçðàá.
Ïðîâ.
Ò.êîíòð. Ëèñò Ëèñòîâ

Í.êîíòð.
Óòâ.

ÂÊÐ1.15.04.05.19.7-15.09.00 ÑÕ
Âû÷èñëåíèå ïîãðåøíîñòè 
èíòåðïîëÿöèè ïðè îïèñàíèè
 ïîâåðõíîñòè ñïëàéíàìè 

äâóõ ïåðåìåííûõ.

Øàðàôèåâ Ð.È.
Õèñàìóòäèíîâ Ð.Ì.
Õèñàìóòäèíîâ Ð.Ì.

Õèñàìóòäèíîâ Ð.Ì.
Õèñàìóòäèíîâ Ð.Ì.
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