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© Q61,e;:l,}-tHeHHbU1. HHCTJ..HyT '>l~epHbiX ~tCCICitOBaiiH~ )ly6Ha, 1993 

B HacToHme• pa6oTe paccMaTpRBaiDTCH cnoco6H npnMeHeHRH 

npHMHX MeTO~OB npR pemeHRM BapMaUMOHHHX 3a~a4, CBH3aHHHX C an
npOKCMMMPOBaH~eM HHTerpa~bH~X KPMB~X nO~MHOMaMH. 

B ~acTHOCTM, npHse~eH npwMep pemeHHR o6paTHoA sa~aYH ~swze
HH~ 33PHX8HHO~ YaCTHUH B MarHHTHOM nO]e: no Sa~aHHOH TpaeKTOPHH 

~BH~8HHH 43CTHUH onpe~8]HTh 88 HMny]bC. 

nsHX8HH8 33PHX8HHOH YaCTHUH B MaPHHTHOM TI0]8 OOHCHBaeTCH 

~R~~epeHUM8~bHHMH ypaBHeHHHMM BTOporo nopH~Ka BM~a111 : 

x":::: aq/p(l+x' 2 +y' 2 J112 (B x'y'-B (l+x' 2 )+B y' )= c$(x,y,z~x' 
11
Y,) 

X Y Z 

aq/p(l+x' 2+y' 2 ) 112 (B (l+y' 2 )-B x'y' -B x' )= cf(x,y,z,x' ,y') 
X Y Z 

y"::: 

r~e a=0,2998, q::: ±1,±2, •.• , - sapH~ 43CTHUH, p- 88 HMTIY]hC, 

B ,B ,B - KOMTIOH8HTH E8KTOpa HanpH~8HHOCTH MarHHTHOrO TIQ]H ~ B 
X y z 

T04Ke (x,yJiz), x'::: dx/dz_, x"= d 2x/dz2 , C= aqjp. 

PeweHHe npHMoft 3~a~ - Haxo~eHRe TpaeKTOpHR AB~eHng qac
THUH B MarHHTHOM no~e C M3B8CTHHM HMnY~hCOM p- MOEHO nO~Y~HTh 

4HC~8HHHM HHTerpHpOBaHH8M M8TO~OM PyHre-KyTTa121 
npH HaYa~hHUX 

( 1) 

YCJJOBHHX: z
1

, x
1

= x(z
1

), y
1

= y(z
1
), x~= x'(z

1
), y~= y'(z

1
). (2) 

Ha (n+l)-M mare 

r.ne 
m = 1 
m ~ 

2 
m ~ 

3 
m ~ 

4 

z = z + n+1 n 
X ~ 

n+1 

Yn+1= 
x' = 

n+1 

y~+1= 
h= b.z-

X + 
n 

y + 
n 

x' + 
n 

y' + 
n 

mar 

h= z 1+ hn, 
' 2 x h+ l/6(m1+ m

2
+ m3 )h, 

' 2 ynh+ 1/6(k1+ k2+ k 3 )h 1 

1/6tm1+ 2m2 + 2m3+ m4 )h, 

1/6(k1+ 2k2+ 2k3+ k4)h, 

HHTerpHpOBaHHH, 

c¢1 (xi' Yi' zi' x~' Y~ ), 

c~2(~i'~i''i'~~~~~), 
c$3 (o1 ,w1 ,C 1 ,o~,W~), 
c$4 <t1 ,v1 ,g 1 ,t~,V~), 

k ~ 
1 

k ~ 
2 

k ~ 
3 

k ~ 
4 

c£1 (xi ,yi ,zi, x~, Y~ ), 

cf2(~i'~i''i'x~,~~), 
c£3 co1 ,wi ,C1 ,o~ ,wi_ ), 
c£4 <ti,v1 ,g 1 ,t~,v~ ), 

r '· -b ' ' ' r , b r b 
~i=~i(xi,~i'xi)=xi+xi2'Xi=~i(xi,~i'm1)=xi+m12'~i=zi+2' 

- · r '_ •h '-' 'r _' h r _ h 
rei-~i(yi,~i'yi)-yi+yi2'rei-~i(yi,~i'k1)-yi+k12'~i-zi+2' 

- ' - 'b h
2 

'- ' ' - ' h - h 01-0i(xi,,i,xi,m1 )-xi+xi2+m14 ,Oi-Oi(xi,,i,m2)-xi+m22'Ci-zi+2' 

- ' - 'h b
2 

'- ' ' - ' h - b 
Wi-Wi(yi,,i,yi,k1)-yi+yi2+k14 ,Wi-Wi(yi,Ci,k2)-yi+k22''i-zi+2' 

' I h2 
I ' , I 

'{i=fi (xi,~i,xi,m2 )=xi+xih+m22 ,11=11 (xi,fi"m3)=xi+m3h,fi=zi+h, 

' ' b2 ' ' ' ' 
Vi=Vi(yi~gi,yi,k2)::::yi+yih+k22 ,Vi=Vi(y ,gi,k3)::::yi+k3h,gi::::zi+h. 

I 

(3) 

(4) 

( 5) 



TaKMM o6pa30M, npM M3B8CTHHX HMTIY]hC8 H KapTe MaPHMTHOrO 
no~H TpaeKTOP~9. ABMEeHMH sapHXeHHOM 48CTH~U npeACT8BMTCH Ha6o
poM (x,y,z)~ KOOp~HHaT N T048K. 

Tenepb P8WJ.1M o6paTHYID 3a~aqy: no H3B8CTHHM N TOYKaM TpaeK
TOPMM ~BHE8HHH H Hanp.RX8HHOCTH MarHHTHOrO nO]H B 3TJ.1X TOYKaX 
BOCCTaHOBHM MMnY]hC 4aCTHUH. llonuraeMC.R C~e]aTh 3TO np~MHM COO
C060M! TIO]y4t1Tb 3Ha48HHH HMTIY]bCa yaCTHUH H800CP8ACTB8HHO H3 
ypaBHeHHH (1) 

p = aq/x"¢{x,y,z,x' ,y' l t1JIJ.1 
X 

p = aq/y"ftx,y,z,x' ,y' ), (6) 
y 

p= (px + PY )/2. 

~~H 3TOrO annpoKCHMMpyeM KpMBYID, OTIHCHBaiDmym TpaeKTOPMID 
nBHEeHH.R YaCTHUH H COCTOHmyro H3 Ha6opa [xi,Yi,zi]i=1- KOOPAMHaT 
N 3a~aHHHX T048K, nO]HHOMaMM n~oM CT8TI8HH ~JIH XOZ~ J.1 YOZ- npoeK-

UMH, COOTBeTCTB8HHO: 
n k 

X( Z)'= k~Oaxkz 
(7) 

n k 
y(z)::: k~Oaykz , r~e n~ N. 

~a~ee Bee paccy~AeHHH 6yAeM npOBOAHTh A~H OAHOH M3 npoeK-
UHV., HanpMMep, XOZ. 

HTaK, H806XO~HMO BH6paTb CTeneHh TIOJIMHOMa TaKOM, 4T06H 
rflYHKUJ.ifl x= x( z I, Om1CI::.tBaiOIII,a~ x~ npoeKLJ,HID TaeKTOPVIM ABH:I.8HHH 
YaCTY!ll,b!, l1M8J1a K Hel1 6Jil130CTb He MeHee BTOporo nop.R~Ka B TQ4~ 
KaX Zi. HanOMHMM, 4TO KPMBH8 x= x(z) H X= X(z) 6JIM3KM B CMHC~e 
C\.JJH30CTI1 K-PO nop5'1,nKa B npOM3BO]bHOCf T04K8 zi, 8C~H MO,.ItYJIH 
lx(:?,. l- :(_(zi .ll.lx' (zi )~ ;z' (z.) 1,- .. , lxk(zi )~ ;'(k(z. _Jj~ MaJihl.. 

:!_ )_ • 1 

~3 11MeiOmHXC~ B Ha~HYJ.1H )l,aHHhiX (Ha6op 113 N (X, Y, Z )-KOOp~Y!-
l{3T T048K) MOli:HO AOCTJ.141 JU1illh 6JlH30CTJ.1 HYJJ8BOrD TIOpH~Ka npl1 
Ofllrl.CaHH\1 HX flOJlMHOMaM~ nop~~Ka n~ N, T.e. !Xi- x(z1 .JI< E, r,ll,e 
i~ 1, ••• ,N, E~ ~m6oe Ma.noe Hanepe~ 3a.naHHoe 4MC.no. E~M30CTD 
rrepBhiX x' ( z .l J.1 BTOphiX x'' ( z) npO.H3BO~HHX B TOYKaX Z1 K HX HCTHH
HHM 3Ha4eHMHM Henpe,ncKa3yeMa. KaK npaBJII~O, Ha6JIJO~aiDTC.R CJII~bHhl€ 
"6V.eH:.-t.R" npol13BO,ll;HhiX, T. e. OTJH14118 npOH3BO~HbiX, Bhi4J.1CJI8HHbiX no 
.1fl!)OKC.11MHPY!Olll,8l1. KPHBm1, OT H.X MCTHHHblX 3Ha~eHHJ1. 

nmrroMY nocrynHM c.ne~yJOIII,MM o6pa30M. 
BH6epeM HeKoTopbiM ~onycTHMhl~*) x.nacc no~HHOMOB [ 

j k]" k~n0 ~z j=1' 

""I ll.onyCTY!Ml:H1 B CMbiCJI€ Bbl6paHHf1X orpaHJ.148HHl1, T3KJ.1X KaK: y,n;o:8Jt8-
Pf'HV.f:' rpaHH4HHM yc.JIOBHHM, HenpepbiBHOCTh, r.JJa.n.KoCT:b, 6JJH30CTh 33-

~'i..:tHHoro noPH~Ka }1 .np. 

2 

Ka~~HM M3 KOTOPHX H€KMM Y~OB~8TBOpHT8~hHHM 06pa30M OnHCHBaeT 
TpaeKTOPHID ~BH*8HM~ 3ap~I8HHOCf ~aCTHUH B MarH~THOM no~e H npM
MeHHM K 3TOMY K~accy OO~HHOMOB BapHaUHOHHHM MeTO~ PHTUa13 • 41 • 

MeTa~ PMTUa npe~cTaB~~eT C060H O~HH H3 MeTOAOB MMHHMM3Mpy
ID~MX noc~e~oBaTe~bHOCTeM. HpaTXO CYTh ero COCTOHT B C~8AY~meM*~ 

M~eH M8TO~a 3aK~IDYaeTCH B TOM, 4TO 3HaY8HMH H8KOTOporo 
iflyHKl.l,MOHa~a v [x( z J J paccMaTPMBaJOTC.R He Ha npoM3BO~hHIXX AonycTH
MHX KpJ.1BbiX BapV1aiJ.J.10HHilti 3a.l(a4M, a ~H!IJI, Ha BC8B03MOI:Hl:lX ~MH8i4HHX 

n 
KOM6\11HaUVIl'!X xn::: j~ 1 cj W j ( z) C OOCTOHHHblMM KOS!l1fliHUM8HTaMH, CQC-
TaEJIH8MblX H3 n nepBHX <llYHKUHCf H8J<OTopoCf BH6paHHOi1 nOC.Jl8.II.OBaTeJI1-
HOCTM W1 (zJ,W

2
(z), ••• ,Wn(z), •••• rllyHKUlH1 [w.:f(z))~= 1 Ha3biBaiOTC~ 

KOOp~MHaTHHMM,J.1 OT MX BH6opa B 3Ha4J.1T8~hHOCf Mepe saBHCMT ycnex 
npHM8H8HJ.1H M8T0~a. Ha yKa3aHHHX BHWe ~~Hel1HHX KOM6J.1HaU~HX ~YHK

UY!OHa~ v[x(z)J npespamaeTc.R B IPYHKUMKl qJ(c
1
,c

2
, ••• ,cn) KOsq'I~MU~

eHTOB cj. Kos~IPHUM8HTH cj BH6MpafOTC.R TaK, 4T06H $YHKUMH ~(cj) 

~OCTMra~a 3KCTP8MYMa; C~e~OBaT8]1HO, cj ~OJIXHH 6HT1 onpe~e~eHH 

J.13 C~CT8MH ypaBHeHHCf 
ElqJ 
B = 0, j= 1,2, ... ,n, (8) 
cj 

CoBeprua.R npe.n.e.nhHhiH nepexo~ npM n~ oo no.ny4HM B c.nyYae cymecTBOB
m 

HHH npe)l,eJia ®YHKUHID x:::j@ 1c 1Wj(z), .RB].RIDUJ,YIOC~ T04Hhi.M pemeHH8M 
oop-'1ai.V10HHOfi sa.n.atm. OrpaHHY~Ba.Rc:o n nepBbiMH 4~eHaMH 

n 

xn=j@1cjWj(z), OO]Y4MM npH6~J.1EeHHoe pemeHMe. 
ITpM6JlH~eHHOe 3Ha4eHMe MJilHMMYMa ~yHKUH.OHa~a v[x{z)J 6y~eT 

HaM~eHO C Jll36HTKOM, TaK KaK MHHHMYM ~yHKUHOHa~a Ha ~ID6HX ~onyc~ 

TMMbiX KPMBhiX He 60]hllie, 48M MHHMMYM Taro E8 fliYHKUHOHaJia Ha qac~ 
TH 3TOPO K.nacca ,ll,OOYCTHMHX KPYIBHX. 

PemeHHe CHCT8Mhl ypaBH8HHl1 (8) B o6UJ,eM c~y4ae Rafl~8TCR B8Cb
Ma C]OlltHOH 3a,l{alfe£1, KOTOpa.R 3Ha4HT8JI:OH0 YTIPOU\a8TC.R 1 8CJIJ.1 Ha 3KC
TpeMyM HCCJle~yeTC.R KBa,n;paTJ.14HHl1 OTHOCHT8JlhHO H8Jil3B8CTHOH ~YHKUHH 
J.1 ee npOH3BO,.ItHblX ~YHKUHOHa~ V. 

ITepel1.~eM K pemeHHIO nocTaB]8HHOH 3a~a4J.1. MTaK, J.1M88M Ha6op 

[xiJ~= 1 J.13 N T048K, ~B.Jl.RIOIII,MXC.R X~ npoeKU~eM TpaeKTOPMH ~BHZeHH~ 
4aCTJ.1L.lhi,J.1 Ha4a~1HN:e YCJJOBH.R: z 1 , X1::: X(z1 ), X~= X' (z1 ). (2') 
B~6epeM o~e~ymmym noc~e.n.oBaTeJihHOcTh Koop~~HaTHHX ~YHK~HH: 

[ 
- j kln' N c Wj(z1 J~k@n~jkzi j=no,i= 1 ' n0~ ~, n~ N. TaKa.R B8JIJ.1Y~Ha n0 BN:6pa~ 

Ha nOTOMY, ~T06H BTopaH npOM3BO~Ha.R Wj 6H.na 6H OT~J.14H3 OT HY~R. 

*) Ms.naraeTc.R no ~.3. 3~hcro~huy 131 • 
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CocTaBHM H3 yKa3aHHOt1 DOC~8~0BaTe~bHOCTl1 lf:IYHKUHH Jil1H8i1HHe KOM-

6HHaUHH C OOCTOHHHbiMH K03$$HUH8HTaMH BHAa: 
n n 

xi=j~n cjWj(zi)=j~n cj 
0 0 

ilpH 8TOM 
n n 

x~=j~n cjWj(ziJ=j~n cj 
0 0 

n n 

x~=j~n cjWj(z1 J=j~n cj 
0 0 

j k ' 
k@n ajkzi, 1-=1, .•• ,N, 

0 

j k-1 
k@n kajkzi 

0 

j k-2 
k@n k(k-l)ajkz 

0 

n~ N. (9) 

(10) 

ilOCTOHHHH8 K03$¢IHUH8HTH [ajk]~=n onpe~eJIHWTCH M3 CHCT8M JIM-
0 

HeHHHX ypaBH8HHW: 
j 

k~n ajkz~= x1 ~ j= n0 ~ ... ,n~ i=1, ••• ,N, n~ N, (11) 
0 

06pa3Y8MHX B pe3y~bTaTe ~H$$epeHUHPOBaHHR ~YHKUMOHa~OB 

2 N j k 2 
iEj=i@1CXi-k~n· ajkzi) ·• (12) 

0 

na~ee onpe~e~HM ~YHKUHOHa~ 
N n j k 2 

V[x(z)J=1@ 1 CX1 -j~n cj k@n ajkzi) (13) 
0 0 

H ~OnOJIHHT8JibHO, B CBH3H C HaJIHqHeM HaqaJibHHX YCJIOBI1i1 (2' ) 

' ~ n j k-1 2 
v[x (z1 )]= (X1 -j@n cj k~n kajkz 1 ) • (14) 

0 0 

BHnoJIHl1B ~l1~epeHUHpoBaHHe BblpaxeHHM (13) 11 (14) no [cj]~=n H 
0 

npMpaBHRB pe3y~hTaTH ~M~$epeHuHpoBaHHH K HY~W, ITO~Y4HM C~e~yiD-

myiD CHCT8My JIMH8MHblX ypaBH8Hl1A: 

{ 

n j k . 
j@n cj k~n ajkzi = Xi, 1= 1, .•• ~ N 

0 0 
n j k~1 ~ 
j~n cj k@n kajkz1 :: x1 

0 0 

( 15) 

CMcTeMa nepeonpe~eJieHa, T.K. n~N M, 

Pa3peruaH CMCT8MY (15) OTHOCMT8JibHO 

C]8~0BaT8JI1HO~ n- n 0
< N+1. 

ITOCTORHH>IX K08$~MUH8HTOB 

[cj]~=n M no~CTaBJIHH nO]Y48HHH8 
0 

3Ha48HMH B (10), onpe~e]~M 

88JIM4V!Hf1 npovt3BO~HbiX x~ M x'~ B T04KaX z .• B CBOIO OYepe,IJ;b, no~--
l l l 

CTaBJJHH .x~ 11 x'.' B ( 6), no.nVYHM 3H348Hl1.H 11MnyJibCOB !2 i l1 p . B 
l l . X Yl 

TOtJKaX zi. Ycpe,n;H.H.H no.nyqeHHb18 3Haq8Hl1H no TOYKaM, B KOTOPHX 

~JJH B8JJM4HH pxi M pyi BblnOJJH8Hbl H8KOTOpb18 3a~aHHbl8 YCJJOBHH 

(OpaBV!Jia OT6opaJ, J.1 onpe~8]11M p8ill8HJ.18 ypaBH8Hl1H (6) - B8JJ~4J.1HY 

J.1Mny Jibe a p. 

Heo6xo..n;vtMO c..n;eJJaTb cJJe~yiDmee 3aMeYaHMe. ToYHOCTb onpe,n;eJJe

Hl1.H B8JIJ.1~V!Hbl J.1MfiYJihCa p onHCaHHbiM Bblill8 COOC060M M0~8T He y,n;o-

4 

B~8TBOpHT1 Tp860BaHHHM 8KCTI8pMM8HTa. 3TO CBH3aHo C T8M 06CTOH

T8JlbCTBOM, YTO l!MCJIO onpe.D,8JJH8MhiX nOCTOHHHbiX K081fltf!HU,H8HTOB [c j): "'n 
0 

orpaHH48HO KOJIMY8CTBOM MMeiDmMXCH 8KCTI8pMM8HTaJJhijhiX ,11,3HHhiX- 4MC-

.noM N, n"N J.1 MX M0li:8T H8,11,0CTaBaTh .D.JIH TIOJJY48HHH npH6JUt1:8HHOrO 

pemeHMH BapMaU,MOHHOH 3a.D,a4M, BblpazeHHOM ypaBH8HMHMJ.1 (9)-(15) , 

C 3a.D,aHHO~ T04HOCT1ID. 

B OT.D,8JJbHhiX CJJyYaHX Y.D,aeTCH TIOBHCMTb T04HOCTb pemeHMH npe~

JlOE8HHO~ 3a.D,a4M MCTIOJib30BaHJ.18M .D,OTIOJ1HMT8JJhHO .D.PYrMX TIOCJI8,11,0-

BaT8JibHOCT8~ KOOP,II,MHaTHhiX ®YHKU,MM [w1)~= 1 • 
Tipe.D,JJaraeMH~ HME8 M8TO.D, pemeHMH BapMaU,MOHHO" sa.D,a4H

annpOKCMMMpOBaHJ.18 no.m1HOMaMH KPMBOH, om1CbiBaeMoM orpamP.teHHhi.M 

~MC~OM ~aHHHHX- Ha30B8M yC~OBHO M8TO~OM noc~e~OBaTe~bHHX cynep

IT03HUHM. KpaTKO CYTh ero B c~e~yro~eM. 

B~ITO~HMM OITMC8HHYID B~me npoue~ypy no H8XOZA8HHID K08~$MUH8H-

TOB (c.)~ . Tenepb B Ka48CTB8 nOC~8~0BaT8~bHOCTH KOOp~MHaTHHX 
J J=no 

$yHKUMM B~6epeM noc~e~OB8T8~hHOCTh CYTh ~HH8MHHX KOM6HH8UHM 

[ 
1 1 j k)n, N 

ID1 Czi)=j~n cjWj(z1 J=j~n cj k~n ajkzi l=n i= 1• CocTaBHM H3 HHX 
0 0 0 0' 

HOBble Jll1H8t1Hbl8 ICOM6MHaUMM C DOCTOHHHHMH. K03¢lifHil.J,l18HTaMH [ c 1
]: == 

1 

BH)(a: 
n n l 

xi=l~n c1ID1(zi)=1@n c1 j@n cj 
0 

j k 
k@n ajkzi' 

0 
i=1, ••• ,N, n'N 7 (16.\ 

0 0 
H, COOTB8TCT88HHO~ 

1 j k-1 n n 

x~=1@n cl!ID~(zi;=l@n cl 
0 0 

j~n cj k@n kajkzi 
1 0 j 0 

" .2.: !ID" ~ .2.: .z k(. k-2 
xi=1==n c1 l(ziJ=1=n cl j==n cj k=n K- 1 Jzi • 

n n 

0 0 0 0 

( 17 l 

Tor~a ~YHKuMoHa~>~. no)(ODHHe onpeft.e~eHHHM B c 13) H ( 14 l, 6YMT 

npeACTaB~8HH BHVa~eHMHMH: 

N . n 1 j k 2 
m[x(z)J=i@1(Xi-1~n c1 j~n cj k~n ajkzi l • 

0 0 0 
~ . ~ n 1 j k-1 2 

V[x (z1 )]:: {X1-l~n 8 1 j~n cj k~n kajkz1 ) ' 

a COOTB8TCTBYIDWaH 

l{;n cl 

{ 

n 

jn: c1 

0 0 0 
MM CMCTeMa JIMH8AHHX ypaBH8Hl1H-

1 

j~n cj 
l 0 

. 2: c . 
J"'no J 

j k 
k~n ajkzi = xi 

j 0 
~ k-1 ' 

k~n kajkz1 = x1. 
0 

I 18) 

( 19) 

naJiee cnoco6 onpe~8]8HHH ~MnyJibCa 3apHZ8HHOM qacTHUH aHaJiorH48H 

BHilleOnHC3HHOMY~ YKa3aHHYID npoue~ypy MOZHO npOH3BO~MTb n'N 4HC

]Q pa3~ CMHCJI STOM npoue~YPH COCTOHT B TOM, 4TO OHa KaK 6H nepe-

5 



pacnpe~e~H8T BK]a~~ OrpaH~Y8HHOrO Ha6opa KOOp~~HaTHUX ®YHKU~M B 

OOHCaHM8 onpe~8]8HHHX T048K ~HTerpa]hHOH KPMBOA. Pe3y]bTaT cy

meCTBeHHO 3aBMCMT OT BMAa MHTerpa~bHOM KPMBOH, KO~MqecTBa 3aAaH
H~X Ha HeH T048K, HaY3]bHHX YCAOBMH. 

00MCaHHH8 BHill8 M8TO~H 6~]H npHM8H8HH npH BOCCTaHOB]8HMH 

HMOY]hCOB BTOPHYHHX MIDOHOB B HHT8p83]8 OT 20 ~0 300 f3B/C B C0-

6HTHHX ~±P~U±+X, CMOA8]HposaHHHX B yc]OBHHX ycraHOBKH CTOPC 151 • 

CMOA8]HpOBaHHH8 Tp8KH 33PH~8HHHX MIDOHOB HM8]11 ~]HHY 12-36 M H, 

COOTB8TCTB8HHO, npe.H,CT3B.MIJH1Ch Ha6opaMI1 OT 7 .11.0 19 11 113M8p8HHhlX" 

TO~eK, T.K. npe.H,OO]araeTCH, 4TO perHCTpHpyromHe O]OCKOCTH Tp8KO

BHX .ll.8T8KTOPOB B O.ll.HOM 113 BapHaHTOB 6Y.ll.YT YCTaH08]8Hhl 8 06~8M8 

cneKrpoMerpa c rnaroM 2 M. 
MMOY]bChl 4aCT11U BOCCTaHaB~HBa~HCh C DOMOWhiD $OPMY~H (6). 

Hcno~b3oaa~wc1 c~e~ymm~e cnoco6H annpoxc~M~posaH~H ~HTerpa~bHOM 

Kp~soM, on~cHsaromeH rpaeKropwro ~swxeHHH Yacr~uH. 

1. AnnpoKCMM~posaH~e no~HHOMOM creneHM n, r~e se~H4MHa n no.n;o6~ 

paHa 8Mn~pMY8CKH H pasHa C~8AYIDWeMy 3Ha48HMID: 

{

N- 2, N< Hl 
n- N -

2
+ 2, N~ 10 

N 
2. AnnpOKCMMMPOBaHM8 TpaeKTOPMM ~HHeHHOM KOM6MHaUM811 xi~j~3 cjWji 

[ 
j k]N,N 

C DOCTOHHHHMM K08~~HUH8HTaMM cj, rAe Wji~k~3 ajkzi j=3 ,i= 1 

noc~eAOBaTe~bHOCTh no~HHOMOB C K08$$MUM8HTaMM [ajk]~= 3 ' 
ODP8A8~H8MHMH 113 CHCT8M ~MHeMHHX ypaBHeH~M (11) 

( MeTo,n; P11rua \. 

3. fToBTOpHoe annpoKCHMHpOBaHwe HHTerpa.nbHOI1 KP}'1Bol1 noc.ne.llOBa~ 

Te.nbHOCTHMM {Cynepn03HUHH) .nMH811HHX KOM6HH3UHI1 (M8TO.ll noc.ne~ 

~oBare.nbHHX" cynepnoswuw!1). 

,llJUl KaJK.llOrO CMO)l8JJI.1POBaHHOrO C06h!THH Bbi411CJI.H.ni1C1 Oliii16KI1, 

o6yc.noB.neHHH8 M8T0,1J;OM, DPl1M8Hs=!8MbiM ,li;~H onpe,11,e~em1H MMnyJibCa 4aC

'I'l.1I~bl. 3Tl1 OliiM6KH Bbl411CJIHJII1Cb B 811,11,8 fip(p~ (pmod.- Prec. )/pmod.' 

I'.11;8 p 11 p ~ CM0,11,8~11POBaHH08 11 BOCCTaHOBJI8HH08 3H348HHH 11M-
mod. rec • 

.rTV-JJ:hea MKJOHa, COOTB8TCTB8HHO. 3aT8M BH4HC.n8HHhl8 3Ha48HHH norpeill-

HOC'J'8f1: yc.pe,li,Hf!JIHCb Ha CT3TJ.1CTJ1K8 H8CKOJlbKMX COT C06hlTHi1 Jll TIO.ny-

48HHbJ8 pacnpe.n:.e.neHMfl i1p/p iflMTMposa.nHch MeTo.n.oM raycca. ,.Q.ns=~ nepe

lfHc.neHHb!X Bhllll8 cnoco6oB BOCCT3HOBJI8HI1H 11MDYJihCa onpe.11,8Jl8Hhl C.n8AY-

IDU\t18 3Ha4eH!.1s=! OTHOCHT8~hHbiX norpeliiHOCTeii, JlPHBHOCHMhiX 

MNM M8TO.ll0M 
Me To~ 1. 2. 3. 
~p/p % 7.5 4.8 4.7 

6 

npHM8Hf!e~ 

KaK BMAHO 113 Ta6JIMUhl M8TO.ll 3. H83H3411T8JihHO y~yqmaeT T04HOCTh 

BOCCTaHOB~eHMH MMnY~bCa. 0AHaKO 6o~ee TmaTe~bH~~ aHa~M3 pacnpe
,11,8JI8HM~ hp/p DOK33hiBaeT, 4TO npi1M8H8H118 M8TO,ll,a JIMH811HhiX cynepno-

311U11M Ha 3-10% YB8JIM4HB38T T04HOCTh BOCCT3H08~8HI1H HMnyJIDCOB B 
06~aCTH 60JiblliMX norpelJIHOCTeM. ilpH 3TOM TI~OXO peKOHCTPYI1PY8Mhl8 

C06h!TJ1H COCT3B~s=!IDT M8Hee 10% CTaTI1CTI1KM 11 D08TOMY yKa3aHH08 TIO
Bbllli8HJ18 T04HOCTI1 H8 CTOJlb 33M8THO OTP3X38TCH Ha o6meM $OH8 pac

np8.ll8.n8HHH BH411CJIH8MhlX norp8illHOCT8H. 
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