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8Ta pa60T8 HBilH€TCH npO~Oil*6HR€M p860T/l,Z/, r~e npe~HO~eH H pea

ll~30B8H M8TO~ qHCil8HHOrO p6W8HHH H8HHH€HHO~ Kp86BOM 38A8qH 

(2) 

(3) 

( 4) 

~CllOilb30B8ilCH HenpepWBHWM 8Hanor M6TOA8 H:OIDTOH8 (HAMH) B coqeT8HMH C 

M€TO,UDM KOHeqHbiX 8JI6M6HTOB (MK3). II pH annpORCHM8UL:IH no MK3 HCTIOJI130-

B8ilHCb RB8,Up8T~qHbl6 il8rp8H~6BW6 3il€M€HTN. qHCil€HHO 6~il8 llOK838H8 

CB€pXGXO,ll;HMOCTh M€TO,U8 B y3il8X paa6H€HHR, .UOCT8TQqHQ ~8il€KHX OT CHH

rynHpHWX TOqeK peweHHR - T8M TIOPHAOK CXO,UHMOCTH qeTB6PTNM, BM€CTO 

CT8H,Z1;8pTHOrO Tp6T:OerO. 0.UH8KO B6JI:V.3H CHHryllilpHhiX ToqeK r: r 0 , r,n;e 

$(fo)=0 1 
e 1(fo) pasp@BH8H, 8 ypaBHeH•e EUp0lK,!I86TCH, H86mo)1an•Cb 

38M6THbl€ OC~HililHUHH p€lli€HHH OKOilO HyilH. TaK K8K Mbl H~€M H€0TpHU8T€ilh

Hbl€ pelli€HL1H, 6blil0 6CT€CTB€HHhiM HCTIDilh30B8Th ilMH€UHb16 8JI€M6HTW - B 

aTOM crryqae 6aaMCHbl€ WYHKUHH H6DTPHU8TenDHble. HH~e npHBe,n;eHbl peaynn

TBTw qHCil6HHOrO HCCil6,ll;OB8HHH TOqHQCTH M6TO,ll;8 llpM MCTIOilh30B8HHH ilHH€~

HbiX Sil6M6HTOB, P83Hb1X CTIOC060B qHCilGHHOrO HHTerpHpOB8HHH H O~HOW MO

~·W"K8U•H anrop•TMa B c(jlepHqecK•-cHMMeTp•qaoM cnyqae (/J=3). KpoMe 

Toro, npMBe,n;eHbl 

"" (I)-(4) np• 

HOBbl€ p€3YRbT8Tbl 

f3-"!J+H0. 
HCCn6,ll;OB8HHH ll0B6~6HHH p6ill6HMH 38,U8-

I. npe~BapHTenoHble cBe~eHHR 

38,U8~8 (l)-(4) B03HHK86T TipH HCCJI€,UOB8HHH HeorpBHHqeHHblX 8BTOMO

,U6ilOHbiX pemeHHW aa~aqa KOillH AilH KB83HilHH€WHDrO yp8BH6HHR TennonpOBO~

HOCTH C HCTQqnHKOM! 

n. ~ (~ ,.J-J. cr } f1 O< ~ <"" , -t > 0 · 
·v-e = !:. w-! " « «'l. 'l. + « 1 

IJpOCTp8HCTB€HHO-Bp6M€HH8ft CTpyKTypa H60rp8HHq6HHblX pe ill6HHR "'((.,(t1 t.) 
onpe11enaeTCH pewea••M• G(tj aBTOMO~enoHO~ aa~aq• (I)-(4). !loaToMy 

(jlyHKUlm (} (t) H83~E8IDTCH C06CTE6HHHMI! (jlyHKU•HMI! (C~) ropeHHH Helli!

He~HOH )1HCc•naT.EHOH Cpe/1@, OllHCHE86MOH ypaBHea.eM (5)/3 ,4/. ilp• 

]3=(J"+ 1_ rOEOPHT 0 $ -peEHMe ropeHHH cpe/1~, np• '[3< CJ+ 1_ - 0 J.l $-

pelK•lle, np• , > rr+ 1 - o J.S -peuMe. 
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M~ H6 6y~eM nepe~HCnflTh MHOrO~HCR6HH~6 H3B6CTH~6 pe3yHDT8TN, KO
TOpb16 npHB6,ll6HI:l, 1-1Cll01I130B8Hbl H UHTHPOB8Hb! B/l, 2/. 0CT8HOBHMC.fl T01ID

K0 H8 ABYX H6P6W6HHb!X npo6H6MBX, KOTOpb!6 oOcy~~aiDTCH H~~e: 

- ••cno paan""'"x peweHHii npH <1'+1 < ·{3 <: {IT+4)(#r.z,J/(fi/-:Z)+, 
- CTPYKTypa H fiOB6,1(6HH6 C~ C qeTH"MM HOMCp8MH (}2{, (f) np>t 

fd-"IT+1+0 • 
H8 OCHOB6 JIHH6i1HOrO 8H8JH138/5 ,G/ 11 H6KOTOpblX YHCJl6HHbiX pe 3yJI:b'l'8-

TOB B padOT8X/S ,G '? ,tl/ Ch.WO Bb1CK838HO ilp6,ll,fl0JlOlK6Hi16, \.ITO 4.HC1IO p83-

HHqH"X peweHM~ aa,naqH (I), (2), (4) np>t rl'+1<f> <(V-rl}(/0/r.Zj(N-.<)r 
" np>t Be ex !J~ { paBHO 1-1. +f , r,ne 

~=-[- (fiJ-1)/(JHr-1)]-1. 
ilD CHX nop )(OK838HO (/9,I0/) TOHbKO, qTQ I!p>t }./., f MMeeTCH He M6H66 
M paanHt~Hh!X pe weHHM. ilpH aTOM no,n, coMH6HHe CTBBHTCR cynJ,eCTBOBaHHe 

c~ c HOMepoM M ·d. ri!IloTeaa,!llWlliHyora>! ,/Z/' 0 ""pom,1(6HHH llpM 
(f'l I ( <rr1<-~.C.J3i(IT1 rJ) C~ C HeqeTH"MM HOMepaMM fJ:l,i'+f '~) B 

nepBJO C~ 9/''(f)l fl/=2 0 3, CT8BMT flO)( COMHCHH6 H CJW6CTBOJaHH6 C<l> 
r}f11 erJ H T.A., MR T8KMX 3H8qeHH~ (j H p . dA6Co M" fiOCT8BHiiM 
ceoe uen; nposep>tu "'cneHHO cyweCTBOBBHHe /vlrl-so~ C<l> ;1nH He6on;
ruMx 3HaqeHaH M (M=I,2,,,.,IO), 

B paOoTe/Z/ npM /II =2,3 qHcneHHO 0HnH nonyqeH~ C<l>, ROTOp~e 8HHY-
JIHPYKITCS II OKP€CTHOCTH l.lCHTpa CHMM6Tptn-t: 

.:1~- ;If (/'·/ .. 
vzdf}=O 1 O~(~·)Zi (rr,p,t.J).;.l (}zi(}zi {f;u) :.OJ (

5
) 

()z;_ ('f) /0 npM f> tZi >0. 
C.il.Kyp~IDMOB~M 6UH TIOCT8BHCH BOnpoc: MO~HO RH CK833Tb qro-HH6YAD 

0 t;;OOTHOW€Hl1H p8AHYCOB 'tfl: 11 TIYCTOT 11 OKOJIO U€HTp8 C11MM€Tpm1? qT06bl OT
BC'l'~lTb H8 3TOT BOllpOC, Mbl HCCJI6,ll0B8JU1 p83HOCTH 

.. "' ~ = d..i ('J,J3,f.J)= [zi- f.ztCt-1) I Z=1,.z, ... 
ARR paan"'""x aHaqeHMli ()1 J3 H rJ =2,3. 

0TM6THM, 1.['1'0 CYUJ;€C'l'BOB8HH€ C1.[6THOrO MHOJK6CTB8 pelll€HH£i, Cp€,lll1 KO

TOP"X MoryT 6"T" WYHK~MM co CTPYRTypoli (5), o"no ADKaaaHo KaqecTBCH
""M" M6T0,1(8MH/I4 / AHR 6onee OO~ero ypaBHCHHH npM f.J=3. 

llpH paapa60TK€ 1.[HCJI6HHOrO M6TOA8 Mbl 6y,neM HCllOJib30B8Tb 8JibT6PH8-
THBHJW wopMy aanMCM ypaBHCHHR (I): 

L~ ) (. /' rr:' I ~ 1 ~-~~I f p~ (I I) (0 ==- r e e') -/'(#-.zJee +-'111( () + r e(1-e )=0 
rlie (=-0 npH fo/:1, (=1 npH tJ =2,3, -m:= ,13-J-1 = f . 
AHanorH~BH wopua 380HCH p8,llH8JibHO-CHMM8TpHqHoro JIHHC~Horo ypaBHCHHH 

2 



6b!JI8 U!Cll0Jlb30B8H3 B/II/ ,li,Jlfl TIOCTp08HI1R Bbl'l!HCJU1T€JI:OHO!-i CX8Mbl C OllTH

M8JI:OHbiM ITOpJl,ZI,KOM TOYHOCTH llflH ft/)2. ,llJIR M8TO,Zl;8 ranep.KHH8 H8 OCHOB8 

3£lllHCH 

( ,;-1 ')/ N-1 "roJ-tg o-:;<-<: 1' 
- ){ 1)_ + )( ? 1A.- ; /' T I 

C MCTIOJib;:30B8H~8M H8llp8pblBHblX KYCO't!HO-llllJllr1HOMlr18JI:OHbJX tJlYHK~liiH ( CT 8ll8HH 

'l.-! H8 K8JK;ll0M 3JI8M8HT8) B(IZ/ 6!1J1l8 TIOJIY1.!8H8 CJ18,1l;YI0~8fl 0l.(8HK8 Ol!IH6KH 

npvH5JH1lK8HHOrO p8lli8Hl1R ~h., 

''u"- u/11. .. f c reuf/ k't-111-"-(tlll.(~ • 
r~e z:~ i npw t.:z " i = o np• 'I:.:>Z· 

~JIH M8TO,ll,8 ran8pK11H8 H8 OCHOB8 38TIHCH 

1 I I I) 
-('f..V-) -(rJ-2)V. +i<~-t.<::Xr / 0-<:;<-<:1. / 

npH tJ > 2.. B/1!/ 6bl118 llOJlYLI8H8 OU8HK8 C 'JllTHMBJibHblM nopH,llKOM CXO,l4HMOC

Tl1 " np• '1;.: Z : 
II Ut,_ -ul/1.~ ~ ch. >t-/ft,/tl/1~_~ (6J 

2. I.J.HCJieHHbli.1 M8T0,11; 

B p800Te/I/ O"n W3TIOJKGH no~pOOHO MGTO~ peweHl1H 38A8ql1 (I)-(4) npw 
VICJ10l1:&30B8H:Io:U1 KB8J{p8THG:HblX KOH81.1HblX 3ll8M8HTOB. 3,a;8Cb Mbl llOBTOpHM OC

HOBHbl€ MOM€HTbl llp1tlM€HMT€Jl1HO K 0JlbT€pH9THBHO~ tlJOPMY1lHpOBK€ (I I) 1 (2) 1 

(3) M (I 1
), (2), (4) H llJH1 HCll01lb30B9Hl1H Jli!IH€~Hb!X 311€M€HTOB. 

2.1. Henpepb!BHbri1 aHanor Mero~a HbiOTOHa 

CTa~WOH8pH"M aa~aqaM (I 1
), (2), (3) W (I 1

), (2), (4) COOTEeTCTEy-
6T 3B011ID~l10HH8R 38~aqa 

l'teJ~l ~-[!fJJ> (7J 

etr 7 o) = e.(pJ csJ 

8A€C1 eo (f) - 38A3HHaa !lJYHKIJ;Hfi, Y,ll,OBJI€TBOparow.aa rp8H!t!.qHbiM YCJIOBHHM. 

(2), f3J AHH 1.(. fJ< IJ'd I · W (2), (4) I(RH J3>rF+1_ • KaK •aEe
CTHO/ 

3/, llp!t!. H8KOTOpb!X yCJIOBl1fiX H8 onepaTOp z (f9) Bblll01IHH€TCH COOT-

3 



rA6 e(f
1
-l;j - p6W6Hll6 38~a·ll (7), (ti), a e• (f)- p6W6HII6 ynOMH

HYT~X :auwe aa~aq. 
ilOIIOlKliM V = ~ /"/)t. ~6TOA UU11epa, npliM6H6HH"ll K 38~a-6 ( 7), ( 8), 

,n;aeT 1-ITepau,~OHHYiO CXeMy 

l're~~.;v ... "'- Zre .. ;, ( 9) 

I (10) 

eo = Bo(f) 
g._= fh ((}= B((1 t-..}, V~< = V< (pJ~ V(f1 t-..). 

(II) 

B Haw6M CJiy•ae ypaBH6Hll6 (9) np1IHIIM86T EllA (MH IIPOCTOT" 0003Ha•6Hlln 

3,11601> II ,I~all66 liH;16KC 1(., Ony~6H): 

/' tr 1)1 0"-t r_ (J'-L I -(f e V !-/(M-2/rJB e'v- ((~e v)-

-rw-.zJerrv'+=r'rl'v'+ r''o-ptl)v = 

= -[- ((fBrr8 '/-r (fJ-Z)8<r81 T- ""(It!,; I+~~(./- gl)o;.J. 
(12) 

MTepaU.I-lOHHble nonpaBKH \1 (f) y.n;oaneTBOpHIO'r D.llHOpo.ll,HbiM rpaHHl.iHbiM yc
n.oBHRM 

V 1(0):0 1 V (l/:0 np11 

V
1
(0)=0 1 V 1(t)+fV(t)/t=~ 

2.2. C11a6aR <j>opMa 38.118"" 

4 .<: p .: (}+{ ~ 

np11 p ) IJH • 

(13) 

(1/i) 

,LI.HC.Kpei'H38U.HH no [,'J{8 npOBO,ZU1TCH H8 OCHOBe CJI860ti $OPMbl 38,Zt8tt: 

(12), (13) II (12), (14): 
Ha~T" 'PYHKUIIID v(f) E f.t1ro,t) , YAo•neTaopaocuyro ·roJKAecTBi 

( l'((}) v, w )=-([(e), w), ¥wet;; to, .t) (15) 

II rpaHli"H"M JCIIOBIIRM (13) 111111 (14) COOTB6TCTB6HHO. 3A6CI> B (f) -
38)1;8HH8H ¢YHKLI,HR, T8K8H, 1.1'1'0 

e c ~= fetrJ-· e, derr+r fdl c ./ro1tJj, 
u;(o,LJ={w: Vll7 (I;~W 1 61_<(o1 t)1 (4-.1./W(l)=O]. 

3HB,6:<W6 c/.. ~ 0 OTB6.aCT yCIIOBWO (I3), a ,;(: 1 - yCIIOBll~ (14), 
/.illR 38A8" (12), (13) II (12), (14) TOJ<A6C'fBO (15) HMe6T BIIA. 



/£ (Me;v'w'-t- [ff~1 ((}/- --m/~~~~fol-.z)aro!]vw'.,_ 

+[f~:J&)- (ltf )-m r'Jvw jdf f(!foi-.<.JCU&)V vV /(~O + 

[ 1+1 r-1 
+ / ""'1 + (f(NIT}f -(tll-.zJ)a.reJ]vw lr=e = 

=-f { ('are;e'w '-+- [-'>'1-r If/'+ 1 rro~-.zJar1!1/]ev,/-r 
0 

-t-(f'gJ ((}/ -(ftf)-m ft+l (foi-2JY,.t !&)]& w}''-r -
- f ( rJ -Z)a(8) f} W lr={} -rl{ ""f ltcr(ft/--ZJ-f!l'-;aJegew{:~I6) 

. WYHKU.JtiYI ().., ~~ 1 ~z.1 rt-:; onpe,uenHJOTCR 4fopMynaMR 

a( e)~ err I ?' (&)= rJerr-<e I> 

?1.. M~ (-peP-!, ?3 (1})= 4-e'--L· 
(I7) 

2. 3. Mero,!l; KOHetJ:Ho!x SJleMeHTDB 

nycT" Wt._={O='(,<(z<--·<f,.=l (zn-rz,;,t..} -paa6He-

H>Je oTpeaKa Co,t.'J Ha aneMeHTN e,: = Cj <- t<'f-1] • MN H~eM npH-

Cim:t;KeHHoe p8lli6HH8 B KOHeqHQM8pHOM npOCTp8HCfBe :J'a? 1,_ H6llp6pblBHblX 

tj)yHKIJ;t1J1., JU:IH6l1Hb1X H8 K8li:iADM 8JI6M8HT6 e.c.· : 

II,_: cco1 eJ~s,._,J. 1 (r~.w){(i)=wlfiJ 1 c"'H---,'~'~-
Tor)\a 

5 



B1 v1 w no d83HCY 

... "" 
V"l- Vi 'f( W= ~ W,; 'f,- 1 

'-=1 '~ 

(I9) 

er / J r 7' r;~~e " I(!},, B:t,.--, e .... I v " { v, I vL, -- ., v.,. J, w ~ ( w,, w:,, "'/ w...J 
- BCKTOPbl aHaqeHH~ coorsercTBYIOliiHX !J!YHKU.Hi1 B yanax paaOHeHHH WA. ~ 

ilO;liCT8BnHH (I9) B (I6), nonyqaeM flHH6~HYID CHCT6MY C6TOqH"X ypaB

HCHH~ ,IJ;JlH HT6p8UHOHH~ nonpaBOK V : 

A{e)V "- '8(B)9. (20) 

MarpHl\hl A H ~ - neHTOtJHI:Je HeCHMMeTpHtJHble. fV1bl He Oy.z:teM .BblnHcbiB8Tb 

a,IJ;ecb aneMeHTbl MaTpH~ A " a . orMeTHM TOJlbKO, QTO .z:tnH HenHH6HH~x 
K03qxpHUH6HTOB a. 1 ~fte"-l tJ HCflDJib30:B8H8 CT8H.U8PTH8H 8flflp0i\CHM8UHH 

H8 K8llt,IJ;OM 3Jl6M6HT6 e;,; 
~ z Iii J) (J -~ Z (<'/ O'Y.( Z (i/ 1 ) 
o,..(r9)= ('[:. B; 'f.J· (I); ' Q I =- ()(.[_ B,J '1-:J- (5j) ~ (}; 'f;- (5} 

. J~ 0 , d~ J~ • 0 

H T.)t., r,n;e 'fll j =1,2 - ll!YHKUVJH ~OpMbl K8HOHH1.!:6CKOfO 31l6M6HT8 

e=C-(,1] f',(S):(~-5)1-l I 'f':~-(S)=(4rS)/-<.. 

Mbl H6 0y,ll,6M T8K)K6 OCT8H8BJIHB8TbCH H8 peaJlH38UHH HT6p8lU10HHOrO 

npouecca (9)-(IO) " Ha B"dope Haqanollb/X np•dnm<eH"~ (II) - Bee sTo 

llpOBOAHTCH T8K, KSK B/l/. B~qHCnHT6RhH~e CX6M~, nonyqeHHNe HB OCHOB6 

yp8BH6HHM (I) H (I 1), ,nanee Oy;lleM H83"B8Tb nepBOM H BTOpOM B"qHCflH

T6nbH~MH cxeMBMH cooTBeTCTB6HHO. 0TM6THM, qro npu IV=I,2 OHH coBna,lla

JOT. 

3. qHCH6HHN6 aKCll6pHM6HTN H peaynDTBTN 

Uenh~ qHcneHHNX aKcnepHMeHTOB 6Hno: 
- HCCJI6AOB8HK6 TOqHQCTH nepBOR H BTOpon BNqHCRHT6RhHNX CX6M npH 

HCfl0Rh30B8HHH RHH6~HNX 3H6M6HTOB H paanHqHNX KB8,11,p9TJpHNX WDpMyn; 

- qacneHHBH npoBepxa cy~eCTBOBBHHH M+I-o~ C~; 
- 0TB6THTh H8 BOnpoc: 

d.- ~"' * (. : 1 2i.- rl.ll·tl) 

qTQ MO~O CK838Th 0 paCCTOHHHRX 

llpH 38;li8HHOM ([' H p - fT'f j + 0. 

3.I. WCCflOIIOB8HHe TOqHQCTH M8TOA8 

CpaBH6HHe ""cneHHOro peweHHH c TO"""M npH tJ =I, 'f3 = rr + 1 " aHa

nas pe3yRhT8TOB H8 fiDCR6,zi,OB8T6JihHOCTH BR0~6HHNX C6TOK yK83~B86T H8 

OOTHM8flbH"M nOpHI(OK TO'IJ!OCTH 'l;. :2 (CM. (6)) M6TO,l(8 B Ton qaC'rH od

JIBCTH, r,z~,e p6W6H\o16 Hld.66T H60c:iXO,ll;HMJ!O.rJl8,llKOCTb. 

6 



1a6nw~a I 

h E = o 7: L = o·.8 1: t = 1.6 1: 

0.2000 0.1364640·10-< -o. 339II54 • w-3 -0.4 732817•10-2 

2.00 2.06 2.01 

0.1000 0.3404991•10-3 -0.8160177"10-4 -O.Il7638I·I0-2 

2.00 2.01 2.00 

0.0500 0.8485059•10-4 -0.2028075·10-4 -0.2932cl95·I0-3 

2.01 1.99 2.00 

0.0250 0.2106125·10-4 -o. 5089638· w-5 -o.I562641 ·ro-3 

2.03 I. 98 2.01 

0.0125 0.5148038·10-5 -0.1290238·10-5 -0.1820332 ·10-4 

h t = 2.4 '2; '[= 2.7 ~ r= 2.8 

o.zooo -u .8693318· w-2 U.6767782·IU-2 

1.86 

0.1000 -0.2398412•10-2 0.7802232·10-2 0.5512370•18-3 

1.96 I. 70 

0.0500 -0.6165970·10-3 0.2406839·10-2 0.1642554"10-6 

1.98 2.55 

0.0250 -0.1562641·10-3 U.412I69I·IU-S 0.0 

1.96 4.03 

0.0125 -0.4018414•10-4 o.z5I78II ·ro-4 0.0 

E Ta6nwue I npRBe~eH" 3H8~8HRH norpe WHOCTR err)= tfh ([J - (} ('[) J 

r E cu,. An• j -pe""''" np• 11=1, 13= <r+ I= 3 B p83H"X 

TO~Rax nHTH Bno*eHHNX ya36H6R~H c ~araMM k =0,2 ; O.I; 0.05; 0.025; 

0.0!25. 0'rMeTMM, 'ITO B 3TOM CJiyqae 'fo ;v 2.. 7207 1-1 \1'1'0 B STOii TQqKE' 

llp0VJ3BOAH8~ e I ('f) HM66T p83pb1Bo TeM He M6Hee, K8K Bill,ll;HO 113 .·ra611. l, 

B6J1J.13M aTOh TO'llKH. TOl.J.HOCT:& AOCT8TOllHO BbJCOK8fi. da aTOi.1 TOllKOi1 (r,IJ,e 

e (f) i;. 0 ) npw6nmKeHH08 perneHwe eh (f) He RMeeT OC~RllnR~l!, 

HJB'l OHV! H8 nopfl,ll;OK M6H:blll6, no Cp8BH8HMIO CO C11Yll86M KB8,ll;p8THllHbiX 3JI6-

M6H'.rOB. 

'l'86JU:Il.l,8 2 CO,n;ep:KHT 3H84:8Hl1fl llHC318HHOrO p8W6Hl1fl .l(Jlfl S -p8JKHM8 npH 

rJo=2 1 /hrJ+j "'J H8 Tpex BllO*eHH"X CeTK8X. ~ 'rO~He r" 0 llOpl!)lOK 

TD4:HDCT11 HVI:lK6 ('Z;.-!.8), a E OCT8JIIlHbiX TOtiKaX t. ........ z. 
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"' 

k. 
o.zo 
0.10 
0.05 

" "' " " " H 

" .. 
" >< 
" 
"' 

p-=rr+-1=3 7 tJ=z el,.{t) TaOnH~a 2. 

l_=o __ :_ __ f = ~il_ 'c_}= I.6 't r= 2,4 t {= 2,8 " 

1.468cl14} 1.341528} 0.99582481 0.4938616} 0.2130406} 
I.4646II. 1.78 1.340540 1.98 0.99547I8 1.93 0.4935832 1.99 0.2125566 2.69 
1.463390 1.340289 0.9953793 0.4935129 0.2124848 

I· -
0.40 
0.2Q 
o.1o 
0.03 ----
0.40 
0.20 
O.IO 
0.05 

TaOnH~a 3 
';rT+I=3, tv=3 eA lrJ 

'f= 0.0 ~ J =0.8 t t= 1.6 '1:. J= 2.• 'l: j= <.8 '1: 

I. 74 7<iti4} I.60S931} 1.26184~ 0. 7624175} 0.•1927S7~ · 
1.7~6220~1.68 ~-599599~1.9~ 1.2607')2~<.04 0.7634072~~-33 0.480J5o0. ~<..o6 1.7_94% 1.74 1.?97994 1.~7 I.2b0?>o 1.91 u.765EL'45 r.91 0.4810750 1.65 
I. 7I7476 I. 5975o4 I.2b0itb8 o. 7636569 0.48ll441 

I. 72II36} 1.602726} 1.267529} 0. 7725607} 0.4902303} 
1.717725

1
2.10 1.598714 }2.08 1.262206~2.02 o.7659756JI.93 0.4~3u629~I.su 

I.7I6929 I.% I.S97?68 1.97 I.2608o9 1.98 0.7642477 z.u1 u.4817792 2.04 
1.716725 1.597527 1.260556 J.7G3817o 0.4813203 



TadnH~a 4 
rr = 2, f3 = 3.2 e{,~,_ rr;_ 

h. r =o.o [_=0.8 E =1.2 [=2.8 l =3.2 

0.4 
0.2 2.12 2.II 2.10 1.88 I.3I 
O.I 

I 
0.20 
O.IU 2 .or 2.02 2.02 1.98 I.8I 
0.05 

h. I =o.o [=1.2 [=1.6 [_=3.2 r=3.6 

u.4 
0.2 I. 73 I.85 I.6I 2.29 1.93 
O.I 

2 
o.zo 
O.IO I. 78 I.95 I.87 2.04 2.00 
0.05 

h. I =o.o r. =I.6 [=2.0 [_=3.6 [=4.0 

0.4 
0.2 I.65 I.8~ 2.0I 2.16 1.92 

3 O.I 

I ex, 0.20 
O.IO I. 74 1.96 2.02 2.03 1.99 
0.05 

0.4 
0.2 I.96 I. 98 I.98 2.82 I.89 

3 O.I 

IT ex. 0.20 
U.IO 1.97 1.99 I.99 2.19 2.00 
0.05 

B T80llHij8 3 npHB8~8H~ 3H8.8HHH C~ $-peJKHM8 npH tJ---3/ 'jO=rJ'-tl =.), 

BHqHC11€HHN6 no nepBOU H no BTOpO~ CX8M€. ilOpH~OK TQqHQCTH nepBO~ 

CX6Mbl H~1JK€ B TDtr.K8 f-=0 11 B 01H13K11X t( H€~- t.-1.7, 8 ,li;JIH BTOpOii.i 

CXOMH - B T9X lit9 TO'<KSX 1-~ 2 , 
M.bi H€ npHBO.ll.HM tiHC118HHbiX p€3YllbT8TOB,Zt1lH J.{j -peJKHM8 ( f3 < rr-tt), 

llOTOMy qTQ OHH 8H8110rHqHbJ p€3Y11DT8T8M ,li;JIH j -p€l!CHM8. 1rJ 3,Zt€C:O OCL\HJI-
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I 

2 

3 

0.4 . 
0.2 
o.r 
0.20 
O.IO 
0.05 

0.4 
0.2 
o.r 
0.20 
o.ro 
0.05 

0.4 
0.2 
O.I 

o.zo 
o.Io 
0.05 

rJ =2, p =3.2 

r =O.o (=0.8 [=2.0 t =3.2 

2.ro 1.99 2.05 2.II 

2.03 1.99 2.02 2.03 

r =0.4 r=o.8 r=2.o r =3.2 

2.32 I.93 1.94 I .95 

I.89 1.99 1.99 1.99 

r =1.8 'f=2.0 r=2.8 [=4.0 

1.96 1.92 1.93 

1.84 1.96 2.03 1.97 

Ta6/lllua 5 

{=5.2 l =5.6 

I.95 I.97 

1.99 I.B8 

(=4.4 'f=6.8 

1.96 1.98 

I.99 2.00 

{=5.2 [=8.0 

1.94 I .90 

2.00 2.04 

JIHUHH peweHHR cnpa.Ba o•.r T- fo , r.ne (} 1 (fc) - paapt~BHBH, Ha ~e
CKOJibKO nopH~KOB M6HbW€, t{6M npH HCllOJfb30B8HVU1 KB8,LJ,p8Tl-PmbiX 3Jl6M6H

TOB. 

ll Ta6n•ue 4 npHBe~eH~ nopR~Kn T04HOCTn AHR nepBO~ C<l> Bt,l.. [f) 
J..(; -pe*""" ( 1J' =2, p =3.2) np• rJ =I ,2,3. Op• tJ =3 npnBe~eH" no

PH.ztKH TO~OCTH )J,JIH nepaoa H BTOpOH CXeM. 
Ta6nnua 5 co)lep•m• nopH~KH TOqHOCTH ~"" BTopoa C<l> Bz.,l.. ('f) npn 

TOX ~e 3H846H>IHX fT H f3 . 0TM6THM, 4TO npH ... fJ=2,3 C<!> !Jz.(() BHHy
nHpyeTCH B HHTOpBane 0 ,!f r~ rt , r)le t<. ~ 0.35 npH tJ =2 H {1 ""' I. 7 np11 1) =3. TeM H€ M€H66 llOpH,l1,0.K TOt{HOCTH .B T01.{K8X paa6116-

HHH, ClJH:13KHX K ri , ,llOC'l'8TO\IHO XOpOW~i£1.. 
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Bee npHBeAeHHble pes:yn:o·rarw nony'leHbJ l.lHCneHHblM H!iTllrpHpoBaHHeM no 

.l\BYXT01.18'1HOl:i iJJOpMyJie faycca .Ll,Jlfl fJ :::::2,3 11 TIO :pDpMyne ·rp8H8l.tll!1-1 ,ll.JIH 

IJ:I. 
Bmt»HHe pa3JlitltJ:HbiX KB8,llp8TypHbJX rJ!opMyJt Ha •rotrHOCT:& pesyn:oTaToB 

MOJKHO CViC'I8M8'IH3HpOB8T:& T8K o 

llOBbllll6HHe T01.ffiOCT:L1 1.J:i'ICJI8HHOI'O HH'l'8I'pHpOB8HHfi (11Cll0Jl030B8HM:I8 {j)op

MYJibJ CHMTICOH8 11JIH KB8,llp8TypHb!X tlJOPMYJI faycca C ;n;ByMH ( 6,,.(_) HJIH C 

T.!J8MH (&,3) J'31l8MJ1 H6 M6HH6T l10pH,llK8 'IOtJ:liOCTJ.1 M8TO,ZJ;8. bC6 JK8 Mb! 38-

M8TV.JU1 CJI8,lly!O:.JJ,86. Cp8BH8HI18 C TOtJ:HbiM peUJ8HHeM ~1p11 tJ:.f1 Jl==rl'+f TIO

K83bJB88T, q•I'O np11 .11CTI0Jl:&JOE8HH11 62. Ol11Vl6K8 :H TOtiK8X C8'IKI1 1 CJI6B8 OT 

T. 'fo J/l 6JH'l3K.I1X: K Hell, B 3-4 }1838 M8Hbl118, tJ:8M Tipl1 l1CllOJI:&30B8Hl1H QJop

MYJlbJ TpaneUVl~J. Hao6opoT, cupCB8 o•r T· 'f"o O'::U.l1JlJifiUl.U1 pelU8HHil OKOJIO 

HYJIF! OTCyTCTBfi}T VI.nVI Ha TIOpR~OK M8Hbiii8 TipVI 11CTIOJib30BaHI1M ('tlopMyJibl Tpa

neQMM, TIO cpaBH8Hi,f~ C Jt!CTIQ,ijb30BaHVI~M G- 2 , 

3.2. M+l- H C06CTB8HH8fi l{lyHKI..tV.R 

.LlnR BblRCiieHHR: Bonpoca o cymecTEOEBHl111 lvi+l- £1 Cill ObiJIH npoBe.LJ.eHw 

Ebltil1CJI8HJIIH ti,JJH 1Vl+l=2 ,3, ••• ,II. fipH 3TOM AJlfl K81Kti,OPO i1'1 llQ,llQl-!p81IHCb ,llE€ 

napw 3HaqeHHil fJ >I (J', AnH hCTOphlX OTHOWeHHe (~-~)/(fB-V'-1) 

0biJIO U8JlblM lA H6l\8JlbiM 1.111CJIOM COOTB8'l'CTB6HH.O. Bo BC8X CJIY1.18flX Mbl non.y-

1.{8Jll1 M+l- Kl C1l 38 20-50 !IIT6p8ll,JA.ioi npH KpHT8p~Bl: OKOH1.f8Hl1fl l1T8P8UHOHHOrO 

npon,acca D -=10-G (cM./11). Bee JKe STO'r BOnpoc ocraeTCH OTKpbi'IbJM. 

3.3. 0 CTPYKType H ilOBeAeHHH C~ e2.i (rJ 
,II.n:H :vtccJreJJ;oBaHl1R crpyKTYPbi 11 noB~,ll.euaa c~ c tJ:eTHbJMH uoMepaMl-1 6bJ

JIH TipOB8,ZJ:6HbJ CJI6t~.Y!O!UH6 SKCTI61H1M6H'Ibl. 

P11c. I HJimocrpHpyeT yTBepJ!t.U6Hvte, C,ZJ;enaHHOe B/21: npvt p-;,rJ+J-rO 

H f'}:2,3 noHanbHNe M3HCHMYM" C~ ()'f(f) ((J':I.S;, :2,55; 2,5I; 

2,505; 2.502, fV :3) paCTYT M CTpeMHTCH H MaHCMMYMY C~ $ -pe~HMa npM 

TOM IK8 () H tJ=l, JIOK8JI:&Hblli MHH11W.YM TI8,l.l88T H,C:o:lt elf ,11 yXD,llR H8 

6ecKoaet~Hoc•r:o 11 , crpeMHTCR K C!ll j -peJKHMa npl1 ~=1... , COCTOil.lU61i H3 

ABYX aneMeHTapHNX pemeHMW (CM,(I,27), 

Ha pMC. 2 il0H338Hhl Ct/> &z,(h{J 6)j;> 98, 9to l(nH (J' :1.5; fj :2.53, Ha 

pMC. 3 - C~ C TeMH ~e HOMepaMH AnH 0':2,5; p :3,55, 8 Ha pHC. 4 - C~ 

e.. e,, ef 9d Bto 9u. &til AiiH (J' :2. 5; Jl :3.53. Bo BCe X cny~8HX "' :3 • 
..._, "I ~~'I I . J 1 7 

H T801I:VIl.t8 6 )J,Jlff f\) :::::3 H p83JUttJ:HbiX fJ' Jl! /!J • npHB6,lleHb! 1.IJ1CJIO COCiCT-

BeHH"X iJ!YHK!\Htl" paccTOHHHa dz=d..i(rF,p1 tJ)=(~· -(zi.-111 , L=i,-2.,. .• 
Ha ocHDB8Hl1H STHX pesyn:oraroB MO]KHD Bl:lJtBWIYTlt rnnoTeay:n.pa P-" V+l-tO 
p8CCTOHHHH rl.i CTp8Ml'!TCR K H6KO'rDpbiM B6JU'll.IHH8M c(:;;: d (CT) = 

d.<_ (rr,~,ll)--" d.rrr;, ~ ->u-14tO (2IJ 
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>60 1 

'" 
l 
; 

0 
_. 0 80 

2 

0.40 

0.00 
000 

.2 

0.8 

0.4 

0.0 
0.0 

1 .5 

.0 

0.5 

0.0 
0.0 

TETA4 SIGMA ., 1.5 ' ., SETA "'- 2-55 • 
SETA "' 2.51 • SETA "' 2.505 .f. 
SETA " 2.'S02 X 

ft.o:2.51 1{.:-l 

J(rv (\ ('\ A (\ (\ 

Pl!c. I 

\ 
!' 10.00 a: . r, JO.OO •: 40.00 

' kSI 

SIGMA== 1.5 BETA=::2.53 

PI!C. 2 

5.0 10.0 15.0 20.0 25.0 30.1 
K~l 

SIGMA=2.5 8ETA=3.55 

12 

Pac. 3 

25.0 .. 



1.2 
SIGMA=2.5 BETA=3.53 

0.8 

;': 
w 
~ 

0.4 

8; Elq 6'6 6'~ 4o &;2 u,, 
Pnc. 4 

0.0 
0. 5.0 10.0 15.0 20.0 25.0 30.0 

KSI 

() p M- dr r:J..2 d3 
2.5 3.59 28 1.4 1.4 

3.55 51 I.4 1.4 I.3 
3.53 84 1.5 1.4 1.3 

2.0 3.125 I7 1.7 
3. (I) I9 1.7 
3.08 26 1.6 
3.05 4I 1.7 1.6 1.6 
3.0(3) 6I I.7 
3.0(28) 7I I.7 

1.55 2.6 32 I.9 1.8 
2.581 51 2.0 1.8 1.7 

1.50 2.53 51 2.0 I.9 I.7 

noxo"e. ~TO a(rJ}: z I ITt 1 I If' = .<.s /7T 
(21), Hy~3€TCH E ~OK333T€noCTE€. 

4. 38KJI!Oti6HH6 

Ta6nH~a 6 

d4 r15 d.6 
z ~1.. 

I.3 
1.3 I.O I. I 1.49 

I. 73 

2.06 

2.II 

t HO OTOt K8K H rHllOT638 

~nH peweHHH EHPO"~aiD~e~CH HenHH9~HO~ HpaeEOM 33~3~H (I)-(4) no

CTp06HN H ~HCJI6HHO HCCJI8~0B8HH ~Be BN~HCJIHT8T!bHN6 CX8MN. 0HH TIOJIYt£6-

HN HCXO~H HS ~Byx aJIDTepHaTHBHHX WopM sanHCH ypaBHeHHH (I) c Hcnonn-
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