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l o. B Il l pa6oT e paccMaTpnaaeTCR aaAa'la yTo'!aenaR naqanhHWX ouenoK HM-

nynbca p * 
0 

H yrna {3* • nMeJOmal! uenbJO nony'!RTb aari6onee acjlcjleKTHBHbie 
c 

OU9HKH HMnyn bCB H yrna C yq~TOM HeOJlHOpOJlHOCTif MarHHTHOI'O llOIISl, M HOI'OKp8THOI'O 

pacceSJHHSI, HOHH38UIIOHHblX llOT9pb H Oll1H60K 1!3M epeHHSI KOOpllHHBT . 

CncTeMa ypaaneaaA nnR naxo~nennR aTnx ouenoK nonyqa e TCH nyTeM paano~e-

HHS! B p!!Jl npnpameHHR t!f3 OTJl91lbHO HB KB~JlOM HHTepBane cneJla, 3TO npHBOJlRT 

It JlOBOilbHO cnOJKH WM BbipaJKeBHl!M, p8C'l1\T KOTOpbiX B8 38,1\1\ Tpe6yeT 60nblliOI'O 

OnaaKo, ncnonbayg ManocTb nonpaaoqnoro qneaa K ocHOBHOA KOMnoneaTe M ar­

HRTHoro llOIIR B ypaBHeHRR TpaeKTOpRR, ( CM, y p aBB9HH9 ( 2), OllHCbiBBJOmee 38BHCH-

MOCTb yrna noaopoTa {3 OT AIIHHbl Jlyrn), Mbl MO~eM nepei!TH K 6onee npOCTOMy 

)lncjlcjlepeHUHBilbHOMY ypBBHeHHIO, annpOKCHMHpy!! cn.eA H MBI'HHTHOe none llOnHHOMBMH 

no cTeneH!IM S YKaaanaan aaMeaa nncjl<jJepenunanbBbiX ypaaaennl! , c onnoil cTopo-

HW, JlOCT8TO'!HO TO'!Ha, a C Jlpyrol! CTOpOHbl, ORB ll03BOill!eT p 93KO COKp8TRTb 06oeM 

Bbi'!HC119HRII RB 3BM npn COCT8Bll9HHHH CHCT9Mbl ypaBU9HUi!, H3 KOTOpb!X nonyqaJOT-

CR n an6onee acjlcjleKTHBHbJe oueHKH HMnynbca P 
0 

n yrna {3 • 

B npnBOJlHMOM nn~e BbiBOAe ypaanennA canan, neo6xoAHMbiX .o.nR nony'!eHn R 

nan6onee acjlqleKTRBHbiX ouenoK P 0 
Il l 

HS1Tbie B 

n {J, ncnonhayJOTCH ace npennono~eHHR, npn-

2o. K Ill ( ) BK llOK8381lO B npnno~eHHe 2 ,113 ypaBHeHHR flope HUa ilml TOpM03Hme ll 

cpcnr,J 

... ... 
dp e -+ p 

- - [V,fl l+ -
C P d t 

MO>I<HO llOIIY'!H'I'b Bbtpa~CHHe llllfl 11pOH3 BOJlUOH 

3 

dP 

d t 

( 1) 



~ = _ e_ [ _ H " + tg a ( H x cos {3 + H ., sin {3 ) 1 
dS P C 

( 2) 

Il l 
(anecb H nanee HC rtOnh3 Y IOTCSJ 0 603 BB'l9BHSJ, rtpHHS!T b!C B ). 

CyMM a, c T OSitnaSI a xea n p aTHhtX cxo6xax , a aeHCHT TOnhKO oT reoMeTp!!H c n e ­

na ( T .e. OT KOOp .QHHBT H3MepeBBbiX TO'lCK) H MOJKCT 6b!Tb C )l OCTBTO'lHOii TOqf!OCTbiO 

aaruteaa .no onpenene aHH HMnynhca q acTHUbi. 

Bb!p BlKil Si HMnynhC B C)lH HHUB X M3B IC, Mlli'HH T IIOC none B K I'C H BBOASI o6oa­

xl 1 
aaqeaae -- = a , aanH w e M ( 2) a e ane 

'PC 
df3 . 
-- = 0,3 a [ - H + tg a ( H cos {J + H ., sin {:l )1 . 

d S E X 
( 3) 

BTopo lt qneii B KBB!lp BTBb!X CK0 6KBX !jlopMynhi ( 3) 06 bt'lHO MBn n O cpaene !IHIO 

c nepBhiM, noa ToMy eenH'lHIIbi tg a , Sin {J H COS {3 M OlKH O o rrpenen SI T h 

c M eHbiDelt TO'lHOCTbiO, qeM e enH 'lHHY H • 
" 

3aaSI TOrtOrpa !jJH IO MBI' HHTHOI'O n onS! H KOOpJ:lHBBTb l H3MCp CHHbi X T O 'lCK HB c n ene , 

M O lKHO o rrpe.nenHT b eenH 'lHBbl H x, H ., , H • B K B lK.liOlt H3MC pCHHOlt TO'II!:C H C 

BC06 X O.liHMOlt T O'IB OCTb iO a n n pOXCH MHpOB8Tb HX M HOrO 'IrteHBMH no CTe n eBR M S : 

H 
4 

l: e sk • H 
k ., 

4 k 

I h k s 
k= O 

(4) 

k=O 

4 k 
I g , s 

k= O "· X 

:Ha K OOp.liHHBT H3 M C pCBH bi X TO'lCK M OlKHO HB ltTH B BH.QC M HOI'O'lnCHOB TBKlKC H 

BenH'IHH b l 

4 k 
4 k 

Cos a= I c ,s . tg a 3 I d s 
k-=0 k = 0 

k ( 5 ) 

4 k 4 k 
Cos {3 • I m ,s . sin (3 • I n, S 

k=O k=O 

H 
xl Il l e • 0 

06pB!DBC M ' HHMBHHC 'lHTBTCliS! HB TO , •no e 8 =--- , anecb 
0 

lKC 6y.neT 8 a ----
P

0
c cos a 

0 p 0 c 
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ltOSijlljJHUH9HTbl B p83ITO>K9HHSIX (4) H (5) 0Up9A9ITSI9M ITO M9TOAY RSHMCHhlliHX KBaA-

paTon, a rropRAJtll Maoroqrreaoa, aoo6me roaopst, crrenyeT Bbi6HpaTh c noMOIUhiO Ka­

Koro-rra5o Kp!!Tepl!st ~raqecTaa npH6rrH>K9HHst, aanpHMep, KpHTepust faycca. B cnyqae, 

9CITH MUOrO'IIT9Hbl '19TB9pTOl! CT9IT9HH JI9 069CIT9'1HB8IOT H906XOAHMOJ! TO'IHOCTH, cne­

AY9T B3l!Tb MHOrO'IIT9Hbl !lpyrHX CT9IT9Hel! (6orree Bb!COKHX HUH, MO>KCT 6b!Th, A8>K9 

6onee HH3KHX) R rrpOBCCTR Bbl'IRCITCHHll, 8H8ITOrH'IRblC npHBOAHMblM RH>K9 . 

Ecna uaaecTHo TO'IHoe aaaqeaae a 
0 

a 

HOrO CIT9A8, TO HHT9rpupyst HOHB38UHOHHblC ITOTCpB, MO>KHO Hal!TB 3R8'19RB9 BC/III"!HHbl 

" a 
1
' B nro6ol! TO'IKC CITCA8 B annpOKCHMHpOB8Tb ee MHOrO'IITCHOM BRAS 

a = a 
• 

+ :r 
k=l 

(6) 

rAe K031jl¢BllR9HTbl b 38BHCIIT OT a O , M8CChl '18CTHllbl H TOpM03HOl! CITOC06-

HOCTH pafioqero B9IUCCTB8 ITY3b!phKOBOf! K8MCp bl. 

'JeTBCpTaR CTCITCHb ITOITBHOM8 ( 6) I18CT l!OCTSTO'IHO XOpOlliyiO arrnpOKCHMBUHIO 

):liTH ITOJ:l8BJ1li!OW CrO 60UhlliHHCTB8,TpCKOB. 0603H8'181l - a• = A, a • = --
1
--, 

a o o o p• c 

C'IHTan, 'ITO I A I« I a •o I ' Jl IT03TOMY orpaHH'IHB811Cb ITJIHCI111b!MH 'IITCH8MH
0 

R pa3 -

J10>KCRHB BCITH'IHH b 
k 

b = b 1 
k t a ~ a* 

+A 

0 

B OKpCCTHOCTH TO'IKB a• 
0 ' 

db 
--·- 1 

d a 
0 

a = a* 
0 0 

a=a*+A+ 
0 

B 118ITbH9!llllCM BO BCCX ljlopMynax BCITH'Il!Hbl 

H UriS! KpBTKOCTH 3H8lt I a = a• 
0 0. 

OITYCKBCM. 

db 
Ib 1 s•+AI--•-1 s< 

k a =a• d a "=a*( 6' ) 
0 0 0 0 

H 
d bk 

--- 6epy'TCSI B TO'tKC Q =a* 
d ao o o 

noUCT8DIT511l (4), (5) II (6') B (3 ), p8CKpb!D81l CKOGK H H npeae6peran 'iiTCHBMI! 

Bbllli9 '19TB9pTOl! CTITCHH no S , nony'IHM Bb!p8>KCHHC IIITR 
df3 

B BH):lC MHOrO'tiTC-
dS 

aa. 

TaltHM o6pa30M, ripOH3BOJ:lHTCH 38M9H8 HCITHHCflHoro OTHOCHTCITbHO f3 ( S ) 

AHIJJijlepeHhHaJibHOrO ypaBHCHHSI (3), llHTerpHpOBBHHC KOTOpOrO Tpe6yeT 60JibWOrO 'll!CIT8 

onepauHll Ha 3BM, Ha ypaDHBHHC DRAB 

df:3 
F ( S) . (7) 

d s 

5 



QqeBHAHO, 'ITO ( 7) HHTerpHpyeTCSI AOCTBTO'IHO nerKO. Mb! C'IHT89M, 'ITO peme­

IIH9 ynporneHHOrO ypaBHeHHSI ( 7) AOCT8TO'IHO 6nH3KO K perneHHJO TO'IHUrO ypaa ue­

HHSI (3). EnnaocTb pernean~ o6ecneqnaaeTCSI TeM, 'ITO AnSI nocTpoeHHSI annpoKcHMH­

pyromnx liOliHHOMOB (4) H (5 ) Mbl HCliOlib30D8liH TO'IKH, H3MCpCHHbl9 !18 cneae, KOTO-

pb!e MOryT OTKliOHSITbCSI OT KpHBO~ - pelll9HHSI TO'IHOrO ypaBH9HHSI - TOlibKO 3 8 C 'I~T 

MHOrOKpaTBOrO paCCCSIHHSI 'IBCTHUbl H OlllH60K H3Mep9HHSI. 0AHBKO BliHSIHHe MHOrOKpaT­

HOrO pacceSIHRSI n on1u6oK naMepeanH aa pernenne ynpomeaaoro ypaaneanH (7) cy­

mecTnenao ocna6~'1eTcH na-aa Mo nocTH BToporo cnaraeMoro a npaaoA qacTH (3). 

ITocne HHTerpnpoaaanH H y'I~Ta MHoroKpaTaoro KynoaoacKoro pacceHHHH aa 

flYTH 

rae 

s 
1-1 

nony'IHM 

f3 ( s) 

{3* - {3* 
1-1 0 

(3 * + h 
1-1 l-1 

5 

+ ~ 
f=·l 

k sf 
1J 1-1 

1-1 

t. =B + ~ 
1-1 

5 

Sf + A ~ 
f=1 

m sf + 
If 

f=1 

5 

~ 
f=l 

k (S
1
-S

1 
). 

If 1-1 

B = {3 - {3* - HCKOMBSI flOlip8BK8 H8'1lllihllOrO y rna (3 O S < S < S 
0 0 1-1- -

(8) 

(9) 

( 10) 

{j J - H3 M9H 9 HHe yrno {J 38 C 'I ~T MHOrOK pli T HO rO p acceH HH SI HB HHT.epeane 

OT (j -1) AO j -011 fO'IKH . ,!{ll:Cf!OpCl'!SI BCli H'lHHhl EJ J p8BH8 

D, 
iil 

= ( . _10_ ) 2 h s J 
PV -X-

o cos 2 a 1 

rae V - cKopoCTb 'IBCTHilhi, a P - .tlMnynhc: a O!!.HHI!llax M a a /c . 

6 
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1 I 
b ( l: 
J-1-1 r-o 

d 
r 

i + 1 I< =o 

1
f' ( f _ m + g n ) - h l , 

,. 1< 1-r- K I< t-r-« 1 ( 12) 

I 1-r l-1 

m ll ~ 0,3 I 
1=0 

_d_(b )[ ! 
d a o J -1- I •-o 

d I ( f m + g n ) -b ] , 
K 1-r-x I( t-r-1< 1 i + 1 

( b =0, CMo <jJ-ny ( 6)) 
0 

K=O 

( J = 1 + 5o)' 

3aMeTHM, 'ITO I A1_ 11 « 1 , a f3t_ 1 ecTh eenuquua yrna f3 e (I -1) -ol! 

TO 'IKe npu a 
0 
~ a~ , f3 

0 
~ {3~ 

0 

, ll 
1 

= 0 ( j = 1,2. 0 o o, i -1) o 

3°. YpaeueHRSI cana n B o6 t•1eM auae MO>KHO aanncaTb TaK: 

sl 
y 1 - f I = y I- I - f I-I+ ' I COS {3 I + f sin {J ( S} COS a d S , ( 13) 

8
1-1 

rae uaTerpan aaeT npnpameane KoopAR HSThi y , o6ycnoaneaaoe MarHHTHbiM noneM 

ITpB HanB'IBH TOpMO)I{eHBSI, HS HHTepaane OT ( i - 1 ) -ol!: .llO i -Toll: TO"'KB, a 

( 1 cos {3 1 • L ll s ll cos {3* (eM/ 
11

, CTp. II) - npnpameune, o6ycnoaneauoe MH0-2 I , I 1-1 

roKpaTHhiM pacceHHHeM aa TOM >Ke HHTepaaneo TaK KaK 

sin f3 (S) 
2 

fll- I sin (f3* + ll ) .. sin (3* (1- )+ ll cos f3 • 
1-1 1-1 1-1 2 1-1 1-1 

T 0 ( 1 3) npHHHMSeT BHll 

sl 
y I - f I c y 1 - I - ( 1-1 + .; 1 008 f3 I + COS fl:- I f !J.I -I COS a d S + 

s 

s1 

+ sin {3* f 
1-1 

s 
1-1 

1-1 

1 8
1 

cos a d S-- sin 13• f 
2 1-1 

8 1-1 

1:1
2 

cos a d S o 

1-1 

( 14) 

( 1 5 ) 

• yq H Tb!BSSI ( 5) H ( JQ), HSXO.IlltM npOH3 BeACHHSI fl
1

_
1 

COS a H ll
1

_
1 

cos a , 

OT6p8Cb!BSSI npH 3TOM 'IJieHbl Bbillle ITSITOI\ CTeneHR no S 

no A, B, ll I 0 nocne RHTerpnpoBaHIHI nony'IHM 

R Bhiiile nepeoA cTeneau 

1 - - 1~ 
y 1 = y1 - I + ( - ( + - ll 1 /), s I cos f3 I + A c I + B D I + I 

I 1-1 2 J=l ( 16) 

7 



111 
rae, B COOTB9TCTBHH C fl 3 8 M9 119 HO H8 - - 8 /). S 

.llanee 

2 I I 

2 2 
('.. S 1 m V ( X 1 - X I -1 ) + ( y I - y 1-1) • 

c ~ m cos (3 * + [ m ( {3 * - ~ · \- m l sin f3 * 
... ' 1 1 - 1 4 , 1 1 - 1 0 5, 1 1 - 1 

.. 
D 

I q 1 cos .S ~ - 1 + [ q"' 1 ( fl 1-1- p,; ) - k 4, 1 I sin (3 L 1 • 

<Il = [ k 4 ,I - ( f3t -I - f3 0) q I ] COS f3 *1- 1 + 
I 

( 17) 

1 ~ .. 
+ I [ 1 - - ( ~· - f3 * ) 2 l ; + ( /3* - (3 ) k - __!__ k I sin f3 * , 2 1-1 0 I 1-1 0 4,1 2 5,1 1-1 

rae 

m 
4, I 

.. 
m 

s, 1 

q = 
I 

e 
~ I 

J=2 

f 
J = 3 

5 
I 

1= 1 

.. e 
k4 ,1 = I 

J = 2 

m (S
1 -s' ), 

2,] I 1-1 

J J 
m (S - S ) , 

3, J-1 1 I - ! 

- 1
- c ( S1 - s 1 ) , 

j 1-1 1 1-1 

1 J I 
-j- k 2, I ( s 1- s 1-t . 

.. e 1 J J 
k a .I -k (S-S ), 

5,1 I = S j 3,1-1 1 1-1 

1-1 

m = I m c 
,-1-1 ° 

( j .. 2 ... 6 
2 I 1,1 

l a 1 

I 1-1 

m = I cl-1 I md k1,1-t 3' l t- 1' 1 .. 2 

1-1 

), 

• (j = 2 ~ 5). 

k = I k c . ( j=2 ... 6), 
2' I 1,1 I -1-1 

1= 1 

l 1-1 

k 3,1 = I c I k1 , Pk1 , 1-P ,(j=2~5) 

1= 2 l-1 p .. 1 

8 

( 18 ) 

Tnnhaol! noMe'leHbi sen H'lHHbr, Bbi'lHCmieMbre anH KB>Kaoro HHTepsana B o Taenh­

HOCTH, 6ea THnhAbi - eenH'lHHbr, Bbi'lHCnSieMbie anSI scero cneaa B nenoM • .. .. 
3aMeTHM, 'ITO B ( 16) cl H Dl YMHO)I(BIOTCH aa Mllnhle senH'lHHhi 

A n B. Y'lHTbiBBSI, xpoMe Toro, ManocTh BTOp biX cnaraeMbtx no cpaBHSHHIO c nepBbt-.. 
MH, B Bb!p8>K9HHliX ( 17) AnSI C I n 0 1 BTOpb!MH cnaraeMbiMH MO)I(HO npeHe6-

pe'lh . Oaaaxo nony'la!Omeecl! npn aTOM ynpomeHHe cjlopMyn npneoaaT namh K ee-

6onhrnOMY COKpameHHIO Bbl'lHCneHBi!, 

PaccMaTpnBall (16) x ax peKyppeaTHYIO cjlopMyny, nony'liiM ypasaeaae CBli3H 

yl 

rae 

I ., I I I 

€+T+AI 
I 0 

C
1
+BID

1
+I 

J=) J=l 
8

1 
M

1 
+ I <Il , 

J=1 J 

M 
J 

J=l 

I 
= I ( D + 

lt 
lt=l+l 

1 
- !:1 8 cos (3 ) • 

2 ' ' 

( 19) 

( 20 ) 

111 
HTaK, n o cpasaeHIIIO c aocTHraeTCSI yMeHbmeaae o6'beMa Bbt'lHcneaal! aa 

C'laT TOrO, 'ITO, BO-rrepBbiX, HHTerpHpOBBHHe ypaBB9HHSI ( 7) Bbli10nHSI9TCSI cpaay ansr 
11 1 

BCero C/l9Aa, a B !1pH6nH)I(9HH09 HHTerpHpOB8HH9 COOTB9TCTBYIOW9rO ypaBH9HHll 

rrpoBOJ:tHnOCh rryT9M pa3il0>K9HHSI B pSIJ:t IIpHpameHHSI f'l {3 1 Ha Ka>KJ:tOM BHT9pBa/le 

B OTJ:t9ilbHOCTH, Bo-BTOpb!X, HHTerpHpOBaHHe Ha BC9M cneae (aaecb) 3aMeTHO npome, 
Il l 

'19M Bbl'lHCneHHe B9ilH'lHHbl /:1 {3 1 B H8 OTA9ilbHOM HIIT9pBane, 

n H T e p a T y p a 

1. r.A.EMeilbSIH9HKO, K .n.noMOB, r.YI.MaxapeHKO , B .YI.Mopoa, YI.C .CaHTOB, A.TI.CTenb­

Max. OnpeJ:teneaae MeTOJ:tOM MBJtCHMyMa rrpaBJ:tOIIOA06HSI rrapaMeTpoB aapSI)I(eaaoli 

qacTHUhl, ABH>Kymel!cSI B TopM03Sirnel! pacceae aromel! cpeae, rroMemeHHol! B Heoaaopoa-

aoe MaraaTao e none. TipenpHHT OYISUI, P-2829, .lly6na, 1966 r. 

Pyxonnc& nocTynnna B aaaaTenbCKBl! oTaen 

1 HOS16pS1 1967 roaa. 
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