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.LlaH M~TO.ll, qHCJieHHOI'O peweaHg HeJIHHei!:HOI'O HHTerpaJibHOI'O 

ypaaaeaHg, KoTopoMy y.o.oaneTaopgeT lWMIIJieKcaag aMrrnHTy.o.a yrrpy-
. . 

roro paccegaHg 6eccrrHHOBbiX qacTHU Ha CHJIOBOM ueHTpe. Ha pg.o.e 

rrpHMepoB rroKaaaao, qTo 9ToT Me'IJo.o. crroco6ea' aaMeHHTh co6oro 

cflaaoBbii!: aaazma. 

~ 



Vl3B9CTH0 1 'ITO, H3M9pstst npH ynpyrOM p8CC9SlHIIH f>eccnHHOBhiX 'I8CTHU llH!i>-

q,epe~Ult8nl]H.09 ceqeaHe 6' (f) (f :::C.OS &) , Mh~. nonyqaeM KBanpaT Mo-

nynst 8MIT11HTY.ll hi pace 9SlHHSl 

06bi'IHO nony'Ic!l!OT KOMIT119KCHY!O 8MIT11HTYllY paccestHHSl C nOMOWb!O q,aaoBOI'O 

8H811H38 1 T.e. npenCT8B11Sl!OT j ( r) B BH.ll9 pst.ll8 

00 . . i,' 

!Cr)=:?.~k L: (H+i)(e; "?t .. i)Pt(f') 
: &o . . . 

? t • · 11 I 
B pa6oTe nyaHKOBa, PhiHllHHa H CMOPOllHHCKOI'O 6b111CI 

H noncTaHOBKoft B 11 I onpenenmoT_ 

o6paweao BHHMaail:e 

'ITO ycnoBHe yHHTapaocTH, KoTopoMy ynoBneTBopsteT fer) 
4 :rr JIY\, H r)-= h. ) f"(r") H Jt') d. r' d.~ 

e3. ccpepa_ 

121 

H8 TO 

131 

171 

Mome:r paccMaTpHBaTbC~ KaK ypaBHeHHe, KoTopoMy IHapst:Oy c 11 I I nonmHa 

ynoBneTBopstTb q,yaKuHst } ( ~) · • .Qanee , B 
111 

6hmo yKaaaHo, 'ITo, Korna f~r) 
aaBHCHT oT 6onbworo 'IHcna· q,aa, peweHHe cHcTeMhi 11 I, 131 cnenyeT npen-

ITO'I9CTb !i>aSOBOMy 8H811H3y. npH !i>aSOBO¥ 
. . . 

aaanuse npHxonHTCst Bcerna orpaHH-

'IHTbCSl H9C.K011bKHMH nepBhi~H q,asaMH1 H BK118ll Hey'IT9HHhiX _q,as OCT89TC5J H9H3-

B9CTHhiMo KpoMe Toro, HHorna !l>asoBhtft aHanH3 naeT aecKonbKO Ha6opoB nepBhiX 

q,aa. HeO.llH03H8'IHOCTb CBH.ll9T911bCTByeT 0 He06XO.llHMOCTH B STOM Clly'Iaa yqecTb 

nocnenyJOJ..UHe q,aaht. 

npgMoe pewea:ue CHCT9Mbl 11 It 131' nasag cpaay s (~). t ll011>KHO OKa-

38TbC5J CB060.llHhiM OT STHX · H9.ll0CT8TKOB. 
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PeweHHe CHCTeMbi 11 I, 131 B KOHe'if!OM BH.ae He:HaaeCTHO. noaToMy ecTe

CTBeHHO paahiCKaTb nyTb ee 'iHcneeeoro peweHHSI. B HacTo~we1i pa6oTe HanaraeT

CSI MeTo.a, npHMeHeHHhi1i: H8MH .anSI. peweHHSI .CHCTeMbi Ha aneKTpOHHO-c'ieTUOll Ma-

WHH9 1 H nony'ieHHbie Ilpli 9TOM peaynbT8Thi. 

Ycnex MeTo.aa noaaonSieT Ha.aeSITbCH, 'iTo H a 6onee cnO)KHOM cnyqae pac-
111 . . . 

ceSIHHSI. 'i8CTHU CO CilHHOM y .08CTCH npOBO.OHTb ,npstMOe onpe.aeneHRe MaTpRUhi 

pacceSIHHH B38:MeH cpa30BOI'O 8HSnR38. npH peweHHR CRCTeM hi HenRHe1iHhiX HHTe

rpanbHbiX ypaBHeHH1i, KoTopo1i y.aoaneTaopsreT a aToM cny'iae MaTpHua paccel'IHHst, 

MOryT OK838TbCst none3HbiMH HeKOTOpbie R.aeR H8CTOSIWe1i pa6oThi. Mbi RMeeM B 

an.ay, a nepayro oqepe.ab, HcnonbaoaaHHe o6o6weHHhiX cpyHKUR1i .am nony'ieHRSI 

oqepe.aHhiX HTepaURfi ,--~ 

B Ka'ieCTae naphi 

B3SITb nH6o ee MO.aynb 

HyiO H MHRt-4YI0 'i8CTb 

1. Yf CXO.OH8SI CRCTeMa ypa BH9H R1i 

.aeil:CTBRTenbHhiX cpyHKURil:, onpe.aenSIIOWRX ·1 (M), MO)KHO 
' I 1 I J . i6'crf 

R(j't) R 

H cpasy o£. ( r) 1 nH60 ee .ae1i:CTBHT9nb-

J (f) . nocne.aaee npe.ano'iTHTenbHee nep-

aoro. B .caM oM .aene, l:ts /21 · BH.aHo, 'iTO 

f:t c r) L2: (2.t+~) sin., ~l(e Pe.(tt) 
e. 

4'1 !I 141 

J ( fi) ~k ~ (~f.+1.)(J..- cos2.?e) P~_(pt), 

T.e. I{( j\t) H J ( f<-) 
C'iRT8Tb MHOI'O'in9H8MHI. 

uenbi9 cpyHKUHH Jl lnpR M8nhiX 9HeprHstX HX MO)KHO 

KaK npammo, OH.H RMeiOT HY~H H Ha oTpeaKe (-1, 1.) 
TOr.aa SIBnHeTCH M9pOMOpcpHOfi .cpyHKUHefi C noniOC8MH H8 Yfx OTHOW9HH.e jf~ 

.aeil:CTBHT9nbHOfi OCH B 

= o..~ct~ ( ~ / R,) 
B HynSIX R. ( jlt) "':' 

HynHX R.( r-) M. HynHMH B HynSIX 'J (f) • cflasa o£. (j't) = 
a Hynsrx :1 (J"-) npoxo.aHT qepea 3Ha'ieHHSI OJ ±. 'JfJ ••• 1 

qepes .± Jl(~., ± "3:If/2..) ...• .fi.cHo, 'iTO Bhr6op a Kaqe-

CTBe RCKOMhiX cpyHKUHfi MO.aynsr H cp83bl IIOCT8BHn 6bi 'iHCn9HHbift p8C'ieT MeTO.OOM 
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:nTepau:nft nepea 6onbWHMH TpyaHOCTSIMH. Basta f (~) c HeaHa'IHTenbHOft norpew· 

HOCTbiO, Mbi Morn:n 6bt :naMeHHTb roa:nMHoe pacnonomeHne Hyneft ~ (...U) H :J(P ), 

T.e. To'leK c opanHaTaM:n 0 1 ':J:.:R{a, i:. 'li, ··· Ha KpnaoA ~ ( _r) . TaKHM o6paaoM1 
cf>aaa ··<X.(~) HeyCToftqnaa OTH~CHTenbHO He6onbw:nx :naMeHeH:nA f (f-) , H He 

cneayeT Bbi6.npaTb ee a KaqecTBe He:naaecTHOft cPYHKu:nn. B To me apeMst R.(~) 
H j (f) , He HMeiOlllHe D01IIOCOB Ha 4.1/, yao6Hbi anSI 'IHC1IeHHOI'O pac'ieTa • 

. YpaaHeHHSI anst HHX nMeiOT . a:ni:t 

i~. . . 

1(f) t;-. )i \ [:!(~·) J (!'t') +R(jt")R (.f'} ]d.pt' d.<p, 161 

rae 

171 

/5/ 

/1/ 
C:ncTeMa /6/- 161 SIBHTCSI anSI Hac :ncxoaHoft. 0Ha He MeHsteTcst npH 

aaMeHe t (~) Ha - :J*(~), T.;e~ · R(J"-)· aa - R(J<). 3To aaal{l!T, 'ITO 

151-:161 onpeaenSieT R.(Jt) c TQ'iHOCTbiO no nepeMeHbi aaaKa aa .BeaM HHTepaa

ne /1,1/. 

2. MeToa peweHHH 

P . /5/ 161 6 . · H 121 C ,. · ewaTb cHcTeMy - yaeM no MeToay biOToHa • aTon. uenblQ 

6yaeM C'IHTaTb, 'IT·O Y\.- e np:n 6~:nmea:ne :J.., . • 'R..., K J) R. yme nonyqeao, H 

aan:n.weM ypaaHeH:ne anst nonpaaoK .K n- M':J npn6n:n>KeHHIO ~n 1 ~"' , HMes a 

a:nay, 'ITO 

:J..,+, (f)= J.., (f)+ ~..,Cr) 

Rn+,(r)~ R~(r)+ ?"(r) 
/8/ 



6 

ppeanono2iorM. ttTo nottTn ncroay \Jn(r-)1>>\~,(pt)j, \R.,(r)\ >>} '?.,(jl1)j. 
,0T5pachiBaSJ B 151, 161 ttneHhi BToporo nopSiaKa rio ~ 1 f 

1 
nonyttHM Ha 161 

IKoacpqmuHeHT l BKnrotteH a f( j"-) I 

~ + t = ~ :rr H [ (R'' R! +:1'' :r') + ( R" 7' ~R' t +)II 8' +::J' r)Jdr'clf, 191 

3aecb npR ncex nennttHHax J. , R. I ~ · , ? .noapaayMeaaeTcSJ ~.HaeKc rt. ~ 
WTpHX H tlBS WTpHXa YK83biBSIOT 1 OT KSKOI"O apryMeHTa 38BHCH.T cPYHKUHSJ 

( J ~ J (f.'-) ; , J I: J (p-t') ; JH :,j (j\A_H) ) .• MeHSJSJ HanpaBneHHe nonstpHoii 

OCH HCII01lb3Y9M01! CHCT9Mbi KOOptlHHaT, II01IY'!HM tl1ISJ HHTerpaJIOB :no ccpepe TO>K-

aecTBo 

~ ~c ,.~~) \j/(ft') d.~ =· ~ qJ (Jt') f-C r ") cl ~, . 

noaTOMy 191 ynpowaeTCSJ 

J + ~ == ~ ~H ( R" R: + J'' J'),_a.( RV+ J''3') J <Lr't~.p. 
Yfa 15 I cneayeT 

J 5 + R I( ::: ~ ( 6- JP.- ~~) 
·,.., 

t 
oil /<~~:~'ill 1 

OnpeaennM na Ill I 7 , a aaTeM "-' ? + ...J ~ ::: 

- R.,(6- J'.t-~.a.)-~ t' (R.".J'~R..'.:1'1) 
. g_ R.' 

IIOI 

/91 

I II I 

1121 

noadiraBHB B_/9/, HCK1liO'lHM ? . LJ.nSJ ~ II01lyttaeTCSJ 1lHHeiiHOe ypaBH9HHe 

. I 

~ + ~~ ~ \ ( ({1 J I - fZ J II ) !_, d_ r I d_ ~ :: - J + I 1 ~I 
lVI 

+ -:-L rr r R}' ~ +:J'':r' +.tr{' L.J d M' olw . 
4Jt JJ L · · , R' "·- J · 



Pewenue sToro ypannennn .nacT 

npn6nnmenne J 11 + 1 ( _r.) 

7 

• 3aTeM Bbi'IHcnHM no 181 cne.nyromee 

Cnomnee OK83biBaeTCSI nony'IeHne R.n-t I ( r) . ·, Mbi IICUbiTann uecKOnbKO. 

cpopMyn. Hey.na'IHblM 6bmo ncnonh30Banne ypannelinSI, no.no6noro 1131, no OT~ocn

TenbHO ~" (rt) ' KOTopoe MO:>KHO nony'IHTb II3 191- Ill I liCKniO'IenneM ~"'(r}. 
Henpnro.nuo TaK:>Ke 11 11-n uynstx R~ (j") ouo .naeT 6ecKoHe'IHO 6onbwne · 

3H8 1IeHlJSI ?'fl (f') . K uenn npnnena npocTaSI ¢opMyna 

/141 

0Ha .naeT Mo.u·ynb R~+l (pt) ; TaK KaK R.(_rt) o~pe.neneHa c TO'IHOCThiO .no 

nep~MeHbi 3HaKa na 1-1,1 I, To 3aTpy.n.neune B nocTauonKe 3HaKa B03Hl1Kano numb 

npn nepexo.ne R..,+1 (r) 'Iepe3 nynh. B sToM cny'Iae npannnbHbrfi 3HaK Mo:>KHO 

ycTaHOBliTb H3 ycnOBliSI Hen pep biBHOCTH npOli3BO.llHOH cL_R .. _._, (r) fd.r. 
nepefi.neM K perueHIIIO 

fn cr, _pt') 

on Crt, _pt') 

/13/, Bne.neM HOBbie cPYHKunn: 

a.:n: 

\ 

Rtl ( M 11 ) . 

~ J d.~ 
a:rr Jn ( r") 

0 

-v ~ 2.. 
j:" n =. ~ t n + R, =. (5'- J .n • 

115/ 

116 I 

117 I 

/17 I· 

MO:>KHO obtnO Obi npoBO.llHTb, 3aMeHSISI HHTerpanbHoe ypanueuB:e cncTeMofi nn:nefi-

HbiX. Ho np·"').nnonarast, 'I.To 

'lana CMbicn n:nTerpanaM oT 

npouecca obma o6ecne'IeHa. 

R., ( j\t) 
R~ (j") 

n:MeeT Ha f·Ll I nynn:, na.no npH.naTb cna

' II npHTOM TaKOfi, 'ITOObi CXO,llliMOCTb 
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M bi paCCMaTpHBamr STH IIHTerpan bi B CM biCJle rna BH oro 3H8'I9HH51 1 orpaHH'IH-

B851Cb cny'IaeM, KOr.lla R.n (J"') HMeeT Ha /-1,1 I -~ynH JIHWb nepaoro nop5t.llKa, 

He coana.llalOm;He npHTo:rvr c · Ko~uaMH HHTepsana. O.llHaKo, ecnH obi R.n.. HMena 

Ha /-1 ,l I HYJIH- KpaTHOCTH Bbiwe nepaoii, aT.o H~ C03.llano Obi .llOUOJIHHTeJibHbiX 

0 -i. 
TPY.llHOCTeii, ecnH HHTerpaJibi o:r. 1'\...n perynSipHsoaaTb no cpopMynaM Teopnn 

o6o6meHHbiX. cpyH~UHiix/. STH cpopMyJibi oona.llalO~ TeM caoiicTBOM, 'ITO npn .n.ocTe-. 

U~HHOM CJ1H51HHII .llBYX ., Tpex H T,,ci. UOJllOCOB .nepBOJ'O nop5t,llKa B O.lliiH UOJllOC BTO

poro, Tpe-r.bero 11 T • .ll. nop5t.llKa HHTerpanbi MeH5tlOTCSI TaKme HenpepbiB_Ho. BosMom

HO, HMeHHP STa HenpepbiBHoCTb OOOOUleHHbiX cpyHKUHA: o6ecne'IHJla HBl\.1 CXO,llHMOCTb 

npoi:{ecca ·UOCJle,llOBaTeJibHbiX npu6mrmeHHii: npH pa3HOM KOJIH'IeCTBe Hyneii HCXO.ll-

Horo npu6numeHH5t Ro H HCKOMOrO. peweHH51 R.. · 

M bt nonbsoaanHCb cne.llyiOweA: peryngpusauueii: 

EcnH HeKOTopag !(i) :0: f:P{_~)/R(~uMeeT. UOJilOCa Ha 

y> C"-s1 

Heco6cTBeHHbiX HHTerpanoa, 

/a, b I B $ TOtlKaX )(. S 

C Bbi'IST8MH I (K 0 TO MO)KHO BB9CTH cpyHKUHlO 

R; s)- . - S lj C ~s) 1 
<P(x.)- t (x.) ~. R'(Xs) · K- Xs 

6e3 OCOOeHHOCTeii. Tor.lla UO.ll HHTerpaJIOM. OT f (x:.) OY.ll9M UOHHMaTb 

~ ' s I ) f)· I · '!L"-s · \>- ><s 
\ H 1<) d. )L " ~ <\> (x.) clt + ~ R' ( X.s) tn. C1 - lls · 

Ol. ()L 

118/ 

3.ll9Cb HHTSrpaJI OT U9JlOi!: cpyHKUHH cp (X) M O)KHO opaTb _'IHCJieHHbiM HHTerpHpOBa

HHSM1 a. BKJ18.ll ocooeHHOCTeA: y'IHTbiBaeTcg 'IJII$HOM. C JIOrapHcpMOM, STOT 'IJieH 

HHKOJ'.lla He oopamaeTC51 B oe-'CKOHS'IHOCTb, ecJIH Xs :f. a .. ~ , 'ITO Mbi oroao-

pHJIH, 3aMeHHM HHTer·paJibi Ha CyMM bi ,no KBa,tipaTypHOii cpopMyJie B J TO'IK8X 

' . . J . 1 ~(.() olx. = ~ (lj 'P( .)(J)' 
a. . J-

no.llCTaHO-BKa B /18/ npHBO.llHT K cpopMyne 'IHCJleHHOJ'O 'HHTerpHpOB8HH51 Hecoo-

CTB9HHbiX cpyHKUHi!: 
. ~ j ' s ' 
~ p(!t) d. _" . cpC_ X.J) ~ ~ex.~) ~n J ~-: ~~ -~ Qj · )_ 

'j..- {__, 0. + ~ I Ut ~- .. _ - /19/ 
a. R.(!<.) j J R(Xj) s R (x5) ·a-xs j. x.j -x5 

x/ 3aTo no5taHnHcb obi TPY.llHOCTH a onpe.lleneauH sHaKa npH nepexo.lle R ... (r) 
qepes Hynh. 
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nepBbifi 1Jll9H B /19/ EiCTb ofhiiJHaSl ~Ba,llpaTypH'8Sl cpOpMylla, KaK eCJlli 6bi llO,llbiHTe• 

rpanbHaR cpyHKUHSl He HMena oco6eaHocTei1. BTopofi 'llleH y'IHTbiBaeT BKna.u nome

coB, ¢aKTOp B Kpyi"llbiX CK06KaX ,ll11Sl llBHHOit KB8,llpaTypHOH cpopMylrbl M9)K,lly .cpHK

ClipOBaHHbiMH npe.uenaMH eCTb /pa3pbiBHaSJ/ cpyHKUliSl llOJlO)KeHHSl ll011IOCa XS liHTe

I"pHpyeMOH cpyHKU,IIH, npH Bbi6ope KBa,llpaTypHOfi cpopMyllbl cne.uyeT ll03a60THTbCS1, 

IJ_T06bi ee y3llbi )( j He coBna.uann .c HynRMII R(x.) . 

npHMeHSlSl /19/ K HaUieMy HHTerpa1lbHOMY ypaBHeHHIO, nony'iHM BMeCTO Hero 
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Tor.lla 1201 npiiMeT BII.ll 

J . , s I 

~( N;,~ + 8;,j) ~J + L (Nc~ + Bcs)~.= :fc 
j s- : 

125/. 

(~-::.i, ... ,J,J+.!, ... ,.J+S) . l..J:IICliO ypaBHeHIIit· p8BHO KOliii'IeCTBy yGliOB KBS.llpa

'l'YPHOit cpopMyllbi nnro~ 'IIIcno Hynea o'lepe.llHOro npiionii)KeHIISI R .. ( ~) . HaniilJIIe 

nocne.aHero cnaraeMOI'O CBSI38HO C HeOOXO.llliMOCThiO Bbi'IIICliSITh B 1191 Bbi'IeTbi 

no.llbiH-TerpallhHoro Bb!pa)KeHHSI B HYliSIX 3HaMeHaTeng,. nnSI 'lero HB.llO aHa'l'h aHa'le

HHSI IICKOMOit cpyHKUIIII 't (j'(') B HYliSIX Jl.s . TaKIIM 00p830M 1 'IIIClleHHOe pe-

weHHe CBO.lliiTCSl K Bbi'IIIClleHHIO ~\,.=3,.(fti,) ·a J+S TO'IKSX. nepe-

XO.ll K .Clle.llyiOLUeMy npHDliH)KeHHIO npOII3BO.lliiTC,Sl no cpOpMyllaM 

j"+' ( r~)= J., (~~) + ~1\c JMt) 126
1 

I 

I R.+l (pt.)\ 
., 

J 1 :t.+, (~c) I 12621 

~ 

3aMeTHM, :To • .llliSI pac'leTa HS.llO ewe aHaTh ·aenii.lJIIHbi p ... (J"', pt')w 6'" (f1, _pt') 
B TOlJKSX ~> ~ 1151. 8TO MO)KHO C.llell8Th nO cpopMylla.M 

_p., ( pt ~ J f' J) = 5' ~d 

6n (~~> j'1J) = 6l.j 

J Rn 
=- ~Lo.t< :1 (f•jk) 

k=! 1\. 

127 I 
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r.oe 

/28/ 

H 

/29/ 

npH'leM 

L :: 1, ... I J + $ j== i, ... ,J+S k 1,~--} J. . 
1/U 

3. tlHcneHHhie ·pe3yJihT8Thi 

npHBe .ll9HHbl9 B § 2 cPOPMYJlhl 6biJlH npoBepeHbl. Ha HeCKOJlbKHX npHMepax. 

nnHMepbl 6biJlH no.oo6paH.bl c uenbiO oueHHTb ObiCTpoTy CXO.OHMOCTH MeTo.oa. Pac

qeTbl npOBO.llHJliiCb Ha MaWHHe "C'Tpena,: CTeneHb MHOr'O'lJ19HOB R. ( r) H j (j'A) 
6b1Jl8 Ot"pa.EiH'leH'a Tpel\HI, T.e. B qyMMe /4/ 6paJIHCb 4 'llx9H8. npoBepKa 38KJ110'18-

Jl8Cb B cne.o.Y IOIUeM. 

38.ll8BWHCh 3H8'19HHSIMH · cp83 ?o 
JlH R(r-) H J (r) H no /5/ cf( r-) . 3To 

?, '7z 
<$( J"-). Tenepb 

?3> no · /4 I Bhi'lHCJISI· 

npHHHM8Jl0Cb 38 noJiy'leH-

HOe R3 OnhiTa. B3SIB .llB8 HOBhiX Haoopa ? o) ... ) 9 3 /noporo CHJlbHO OTJlH'lHhiX OT 

nepBOH0~8JlbHOt"O Ha6opa/, Bbl'lHCJISIJIH no /4/ HyJieBoe npH6~lOKemre Ro (r)} ':1,( rX 
C noMOIUbiO cpopMyn § 2 nonyqanacb nonpaBKa 3 ... (r)·. Yicnonb30Banacb KBa.opa

TypHaSI cpopMyJia raycca .ll{ISI 6 TO'leK ( J =G) , a TpeTbH cTeneHJi, MHOi-O'lJieHa . 

M~rna npHBeCTH K noSIBJieHHIO y ·Rn ({"-) Tpex .Hyneii: ( ~ .:S 3). Dmi .llHcPcpe-

peauHpoaaHHSI n nony'leHHSI ayneii R" ( J") onpe.oenSJncst no· MeTo.oy HaHMeHbWHX 

KBa.opaTOB MHOI"O"'J19H 3-ii CTeneHH, H8HJiyiJWHM o6pa30M npOXO.llSIIUHH qepe3 6 

TO'leK ( j\t J R" (['A J)}. HynH HHTepnonmUIOHHoro MHOt"O"'JieHa. Bhi"'HCJISillHCb no 

cn~.oyromeM'y anropHTMy
131: ecnil c?(x.) y.ooaneTaopsteT .oH,cpcpep.eHuHaJibHOMY 

ypaBHeHHIO BHJla p tp'' + 9 cpf + I" cp = s I 
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r-.ae p ~· r' 5 - cpyHKUHH 

qJ (x.) TaKoaa: 

X- , To uTepauuoHHasr cpopMyna .onsr 

H8X02K.LieHHSJ' KOpHetf 

XI\+ I xh-
~ cp ¢>' p 

2. ( cp r )2 p _ cp S + r cp 2. + cy cp cp I /30/ 

npe.aaapuTeJibHO .UJISJ nony'leHHSJ HyneBOr'O npHOJIH)KeHHSJ HYJIH Rn (y..) OTLtensr

JIHCb. 3Hasr MHor-ottneu, npuonu:>Ka roruuil: R .,·(f) H er-o uynH f.s , ner-Ko ·6bmo 

Bbi'lHCJIHTb npouaao.auyro a uynruc R r ( Jfs) . Dnsr pactteTa Tpeooaan~cb aHaTb, 

'.aan.ee, auatteHHS! R., (J'A~jk) H :J,. (j\{i-jk) a J (J+S) TO'l:Kax l.ansr 

r;9opMyJI /27 I I' a H3BecTHbi Rt'\ I{ Jn ObiJlH JlHlllb B J+ s TO'!Kax. noaToMy 

.ansr ocTaJibHbiX auatteHHil: }'\ 1 R., H Jn Bbt'l:Hcnsrnucb HHTepnonsruuett MeTOLtOM 

3il:TKeHa /no 6 TO'lKaM/, /3aMeTHM, 'ITO HHTepnOJISJUHSJ OK838Jl8Cb H8HOOJiee Tpy.ao

eMKOll 'laCTbiO pac'leTa/. Peweirue cucTeMbi J+ S ypaaHeHHil: npoao.aunocb 

CT8H.LI8pTHbiM H M eTO.LIBMH M8lll HHHOH MaTeM 8THKH, n OJiytteHHe O.LIH0£'0 npiiOJIIUKe

HIISJ aauiiMano npnMepHo I 0 MHH, BbtTb M02KeT, aTo apeM sr ynanocb obt yMeHblliUTb 
I 

ecnu obi nonbaoaaTbCSI HHTepnonsruneil: MeHee BbtcoKor-o nopst.aKa. 

KaK CTBJIO SICHO H3 npoae.aeHHbTX p8C'leTOB 1 npaBIIJlbHOe Be.aeuiie pactteTa 

.aaeT y2Ke a nepaoM npuonii2KeHIIII xopolllee aaa'leHIIe .anSI } R Cr) \ , II ao aTopoM 

- TpeTbeM -.xopolllee 3Ha'leaue .LIJISI 'j(r) II R(.f-). npaBIIJibHOe ae.aeHII€ 

pac'l:eTa COCTOIIT B TOM, 'ITo, nonyttiiB nep:aoe npiiOJIII~2KeHIIe ::1, Cr) ' R, ( r> ' 
cne.a yeT .Ll8Jlbllle B3SITb R I ( r) c npa BIIlibHbiMU 3H8K8MH npii \ R, ( r) i . Ta-

KIIM 00p830M, IICllOJlb30B8118Cb cpopMyna 
·~ 

R-,. c r) \ Rn ( r) \. S3 h. R ( r) (h~i). /31/ 

n 0Jib30B8HIIe aToll: cpOpMynoil: ueaaKOHHO, TaK KaK npe.anonar-aeT' 3H8HHe R ( }\'\) . 
O.aHaKO, cpaKTII'leCKII y2Ke I R, ( r)\ riony'laliOCb OJIH3KHM K I R(r) I. TaK 'ITO .ao~a
BO'IHBSI IIHQJopMaUIISI o6 R.( f) , co .a ep 2KaruastcSI a /31 I, paauoaua'l:Ha ec~ecT aeu-

HOMy Tpe50B8HIIIO Henpepb!BHOCTII npOH3BO.LIHOfi R~ ( r). npii ·nepexo.ae Rn (r) 
'l:epea uynb• VfcKJirO'leHHe:npe.acTaBJISIIOT npuMepbt 8 u 10, r-ne I R, (f) I nnoxo 

npii6JIII2KaeT I R(f")\ • HII2Ke Mbt nonpoouo ocTaHOBHMCSI Ha aTIIX npuMepax. 

B OOJiblliHHCTBe pellleHHb!X npiiMepoB Mbl opanii B Ka'lecTBe uyneaor-o 'npii

OliH)KeHIISI KpiiBbie, B9CbM8 C:ItlibHO OT11H'l8IOIUHeCSI OT TO'lHOr'O ·pellleHIISI /piiC,}/, 
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TaK, ecmr HYliSJ, TO Jo(f"), Ro (fA) Morno nMeTh 

1 Hli~ 3 HyliSJ /rrpHMepbl 1, 2, 6/, T8K 'ITO IIOITp8BKH 

xo.nnnn nopo10 caMo Jn (~) . 0 cnne npnMeHeHHoro 

3" ( fl-) no senH"lHHe npe soc· 

MeTO.ll8 rOBOpHT TO, 'ITO, 

J!t,C~"')I _sce-TaT<n nony'lancSJ B npnMepax J -7 c BbiCOKOii TO'IHOCThiO 

6Jtli3KHM K I R.(r)J. K COM81I9HHIO, B '18CTH npnMepoB /1-3/ He HCIT01Ib30B81I8Cb 

.llOCTHrHyTaSJ 6nH30CTb R, H R.l a npo .ll01IM81IOCb liCITOJlb30B8HMe 'Ro B Ka'Je-

CTBe HCXO.llHOro· rrpU61IHMeHHSJ, noaTOMY cne.nyiOl!lHe 2-3 npn5nMMeHHSJ, Y1IY'Illl8SJ 

\ R n \ , He yny'llllann J., . l1 1JIIlllh 3aMeHa Ro Ha_ \R.,J c npasnnhHbiMH 

3H8K8Mii Cpa3y 1 38 1-2 rrpn6nnMeHHSJ 1 rrpHBO.lliili8 -K rrpa~HlibHbiM 3H8'1eHIISJM J~ (r), 

B Ta6nnue 1 cse.neHbl pe3y1IbT8T bl pac'leTOB, npn6nnMeHne, npnHstTOe BTOpii'I
..0 

HO 38 HYli9BQe, ITOM9'19HO HyneM B CK06KaX, npiiB9.ll9Hbl 3H8'19Hlist cpa3, 06o3Ha'le-

no: 

-y,=- f'" =0,93247 

-rl. = y.,- =0,66121 . 

-)A;-= f'i =0,23862 

B Ta6nnue 2 conocTasneHbi 'leTbrpe 3IIa"JamHx uncppbr nocne.nHHX npn6nnMenHil: c-

TeMtr Me uncppaMn peweHHH, B R., MHOr.na COBIT8.ll81Ili II 5-6 3H8KOB, nycTbie 

KneTKH 03Ha'laiOT, 'ITO Hli o.nua UHcppa ·peaynhTaTa c pellleHneM ue cosnana. 

nocne TOro, K8K . 6bililr pelll 9H bl IIpHMepbl 1-7 1 - Mbi 38.ll8JlHCb BOITpOCOM 0 rpa• 

HHU8X rrpnMeHHMOCTII MeTO.ll8 Hh IOTOHa .llliSI .ll81IHOrO ypaBH9HHSJ, C- 3TOii uenbiO 6bi• 

Jlli rrpii.llYM8Hbi rrpHMepbi 8-10, 0MH.ll8liOCh 1 'ITO B rrpnMepax 8 H 10 CXO.llHMOCTM 

Boo6me He 6y.neT 1 a B KOHTpOlibHOM rrpiiMepe 9 CXO.lliiMOCTb 6y.neT XOpOlll8SJ, B 

npnMepe 8 Ro ( J") HMeeT 1 HYlih, xoTH y R(f-) Hyneii HeT I R., 6nn3KO no.n- -

XO.lliiT K OCII a6CUHCC, HO He KacaeTCSJ ee/, noaTOMy perynHpli30B8HHblll HHTerpali 

~ [. <J'o(J') { Ro (~)] d~ 
~-[ Cfn(f-) J ~ ( }')] c! J'A 

/eM. /18/ I .nonMea CHlihHO OTJlH'I8TbCH OT 

ecnn R-
n H8CT01IbKO 61Ili3KO K , 'ITO -roMe, 

KaK H R, , He nMeeT Hyneil:. B caMOM .nene, nocne.nHHii HHTerpan O'leiih BennK, 

ecnn R.~ B- H~KoTopoil: TO'IKe 6nnaKo K Hyn 10. Bbrllle M bi rosoprmn o HenpepbiBH?M 

li3MeH9HliH perynstpH30B8HHhlX HJITerpaJlOB 11pH CliliSIHlili Hyneft. EcnH Hynn, COBIT8Bt 

ncqe3aiOT1 T.e. R no.nHuMaeTcH 'IYTh Bbillle ocn a6cuncc, IIHTerpan TepnnT paa-

pbiB, y.nanHHCb K 6ecKoHe"lHOCTU. Pa3pbiB - HerrpepbiBHOCTH nprr nepexo.ne 
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OT perynSipli30B8 HHhiX liHTel"_panOB K 05hPIHhiM li .z:r.on:>KeH 5bin npnBeCTII . 
K OTCyTCTBliiO CXO.llliMOCTII. B npnMepe 10 cne.uoBano O:>Kli,ll8Tb TOI'O :>Ke, 

T aK K aK B HeM R 0 He uMeeT Hyneil, xoTSI y R O.ll.liH Hynh 

/noMeHSinu MecTaMU· Ro u R, npnMepa 8/. B npnMepe 9 ft To :me, 'ITO II B 
. . 

npnMepe 8, ·- He nMee'I' ayneil,-a Ro ()"-) .::. R (r) + 0,071 TaK:m.e He nMeeT 

Hyneil. 3.z:r.ecb MO:>KHO 5binO Ha.z:r.eSITbCSI Ha CXOLiltMOCTb npouecca. 

ct>aKTII'IecKn. i npnMepax 8,10 nee :me nony'IIInacb cxo.uiiMOCTh, ao aaMe.z:r.-

neaHaSI. EhiTb MO:>KeT, CXO.ll.IIMOCTb MO:>KHO OTHeCTH 38 C'leT HCITOnb30B8HliSI cpop-

Mynbi /31 I, KOTopag npncnaRBana Rn (]"-) npaBRnhHhre aaaKn., xoTSI / R •.1 
nonyqanocb .z:r.aneKIIM. oT I R(_f)j , n KpRBaSI R.{f.) BhiXO.llRna He MeHee,nnan

aofi II_npR .z:r.pyrofi K~M5HHBUHH aaaKoB I+++--- B npnMepe 8 n ++++++ nnn 

++---- B npRMepe 10/. 

B npnMepe 9 cxo.z:r.nMoCTh R XOpOUl8SI 1 HO J" CXO.lllfTCSI K. J TaK :me 

Me.z:r.neHHO, KaK u B npnMepax 8, 10. CKna.z:r.hiBaeTcSI nne'laTneHne, 'ITO noo5me B 

cnyqae 3H8KOITOCTOSIHHhlX R.(~) cxo.uiiMOCTh xy:m.e. K oHe'IHO, B03MO:>K.Ho, 'ITO 

nnOX8SI CXO.ll.lfMOCTb ciJyqafiHa Il npRCYlUB nHlUb .ll.BHHOH KOHKpeTHOH cpyHKUHli R.(r)• 
B npiinO:>KeHHH Mhi BhiCK83hiBaeM npe.unono:>KeH:He 0 nyTSIX, Ha KOTOphiX MO:>KHO 

5bmo 5hr .z:r.o6~TbCSI xopomeil cxo.unMocTn n .z:r.nSI 3HaKonocTOSIHHhiX R (f-) 

3aKniO'IHTenbHbie 38Me'I8HHSI 

~ 

3aTpy.z:r.HeHIISI 1 C KOTOphiM:I! Mhi BCTpeTHnHCb _npii npu5nH)KeHHH 3H8KOITOCTOSiii

HhiX R Cf;) aaaKonepeMeHHhiMH, c cpnan'lecKoil TO'IKH apeHHSI Ka:m.yTcSI Hecyme

CTBeHHhiMH. Bcer.z:r.a MO:>K.Ho H~ cpnanqecKIIX coo5pa:m.e.HRfi Bhr5paTh Ro (~) To:m.e 

3HaKonocTOSIHHhiM 1 H Tor.z:r.a cxo.z:r.IIMOCTh npou:ecca HhiOTOHa yny'IWHTCSI. B pa5oTe 

paccMaTpnBar.ncb, KaK npaBnno, xy.z:r.wiie cny'laH, Kor.ua .. fC ~) aenaBecTHa .z:r.a:m.e,· 
r" 

npu5nu:m. eHHO; cpaKTU'IeCKH :me ayneBoe npR5nn:m.eaue j 0 MO:>KHO Bbi5paTb' ro-

paa.uo 6nu:m.e K f 1 '!ElM B paCCMOTpeHHhiX npuMepax. noaToMy. MO:>KHO f'OBO-

pHTh o B03MO:>KHOCTH nonh30BaTbCSI .ycnoBUeM YHHTapHoCTU .z:r.nS! npaKTli'IecKoro 

onpe.z:r.eneHHSI aMnnHTY.ll.bi paccesiHHSI~ Oco6eHHO 6biCTpo CXO.ll.SITCSI i:Iocne.z:r.oBaTenb

. Hhie. npu6nH:>KeHHSI .z:r.ng .z:r.efiCTBHTenbHOH '18CTH 8MITnHTY.ll.hi • ..lJ.anee, 8MITnHTY.ll8 

pacceSIHHSI Bnepe.z:r. nonyqaeTcSI ropaa.uo TO'!Hee, qeM aMnnRTy.z:r.a pacceSIHHSI Haaa.z:r. 

! 



l aa*e B npMMepax 8,10 anst nony'IMliMCb 3-4 aepHbiX aHaKa f (f-) I. 

Xy*e acero nonyqaeTcst MHMMast qacTb aMnliMTYJJ.bi paccestHMSI uaaaa. 

CneayeT uaaeSITbCSI, 'ITO M a cnyqae pacceSIHMSI MeaouoB ua HYKnouax nony-

111 
'18IOWM9CSI 2 COOTHOWSHMSI yHMTapHOCTM OK8)KSTCSI B03MO)KHbiM pewaTb noaoo-

HbiM MSTOJJ.OM, 

A BTOpbi Oli8I'OJJ.apHbi P .M .PbUIJJ.MHy M fl.A. LJyaoay 38 nocTaHOBKy 38Jl.8'1M. 

3JJ.SCb Mbl XOTH:M CcpOpMy1IMpOB8Tb HSKOTOpbiS BOnpOCbi M npeanOliO)KSHMSI, 

B03HHKarowue npM peweHMM aaaa'IM. 

1. CxoaMTCSI liM npouecc HhiOToua, ecJm mmeapMaoaaTb Mcxoauyro cMcTeMy 

liMri.Ib no ) (j\\-) , T.e. pewaTb ypaaueuMe 

M aaTeM nony'laTb cneayrowee npMoliM)KeHMe TaK: 

? 

EcnM 6bl aToT npouecc cxoaMncst, To oTnanM obi ace TpyauocTH, c:sstaaHHbre c 

yqeToM KOliM'IecTaa. M nono)KeHMSI uynea R (r) , ·T.e. 6i::>nhwas qacTb npooneM 

uacTosmeft paooTbi. 

2. Bepuo nn, 'ITO aa xopowyro cxoaMMOCTb npouecca HhiOToua ans aauHoro 

ypaBHSHMSI OTBSTCTBSHHbi cpyHKUMOH81Ibi 0 OOp830B8HHbi9 no npaBMli8M pery1ISipM38UMII 

HSCOOCTBSHHbiX HHTerpanoa? ECIIM STO TaK, TO H91Ib3SI liM nonbiT8TbCSI "perynstpH-

30B8Tb" MHT9I'p81Ibl OT perymipHbiX cpyHKUMit, 6 01IM3KMX" K CMHI'YliSipHbiM, C TeM, 

'ITOObi M81Ibift nepeXOJl. OT CMHI'YliSipHbiX cpyHKUMit K pet'yliSipHbiM M81IO M3MSIHIII 

HHTerpan? 

aaa 

Ecmr, uanpMMep, R ( )"-) 
OliM3KMX .HyliSI, a R. .... e2.. 

HMeeT B HSKOTOpoit 

He MMeeT: uyneft I 

TO'IIte JJ.BOitHOit HYlih,R( r)- £.2.-
1. 

f MSIIOI, TO CliSJJ.yeT 



-16 

nonblTaThcsr TaK perynsrpitaoeaTb 4:» ( R, ot) = ~ lb clr [ R (f>) + c::X. J -1 
:-

, ~ ' 
'lT06bt <P ( R. 1 ot) na oTpeaKe It3Menenitsr ol. (- C.1, {'-) 6bm nenpepbiBHoii 

cpyHKUiteti o/., , npitB9Jl9M npitMep, KOI"Jla TaKaS! perynsrpit38UitSI B03MO)KHa, 

nycTb R.::(j\\- 112.)\ ~=01 '=.i. Tor.lla 

f I a_ 
<:P(R>O)= l <L_r(_f-Y:tr = 

0 

A }:1. 
}t -"Vi:. 0:: - 4 

c:P (R -e.'):: ri cl.J" -
' )Cpt-Y2.)t.-E2.-

-&-~![- -
0 

- i ] yt-Yi +£ df= 

-~ n Y:t-E 
-- (..t\. 

e V:. +e 
~ 4 j. 

£~0 

. . i 

cp ( IQ E"):: t d j)\ 
' . ) (~- Y.lt):z +e:t 

_ 1 · Yt - i.e _n -
LE. U'\ Y.~t + i.E -

=- .&.. a.r-c.to a£ + ~k 
£ ~ f' 

( -k = o, :1.).. . ) . 

B o6bt'lHOti cpopMyne JlJtSI onpe.llenennoro IIHTerpana nonararoT ~= i 
It nonyqaroT 

~ ({) e'-) = !.... a.l"ctQ j__ ;>- 00 • 
'+' 1'\) e. . d ~£ €-'1-0 . 

!Z' 

TaKitM o6paaoM, ti-m ¢ ( R. J oL) = cp ( R, o) .::f fim cp ( R, eX.). 
~~-o . ot....,.+o , 

0JlHaKO, ecml npitHSITb k= Q t TO 

¢ ( R. £.!t) = - 5:._ ~\"' c.t9 2.£ :)o- - 4 1 } e. £~0 

T .e. cpyHKUitOHan ¢ ( R; ol..) nenpepbiBeH B ell= 0. TaKitM o6paaoM, aa.lla'la 

perynsrpit3aUitll: cpyHKUitOHaJtOB OT cpyHKUHti, HenpepbiBHO 3aBHCSIUlitX OT napaMeTpa, 

,H3MeHeH:He KOTOpOI"O nepeBOJlli:T CHHI"YJtSipHbie cpyHKUHH B perynsrpHbi9 , Tpe6yeT 

nepeoripe.llenenusr cpyHKUHOHanoB oT .perynsrpHbiX cpyHKUHti. 3To nepeonpe.ll·enenue, 
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KOHe'IHO, He L(On:>KHO 38Tp8I"HB8Tb HHTerpanOB OT peryn.llpHbiX cPYHKUHA:, coaepma

IUHXC.II B HCXOaHOM HenHHeA:HOM HHTerpanbHOM ypaBHSHHH H HMeiOIUHX cPH3H'IeCKHti 

CMbiCn, a MOmeT OT.ijOCHTbC.II nll:Wb K cPYHKUHOHanaM H3 "nO;l:(COOHbiX.,. ypaBHeJ-JHA:, 

aaroruHx nocneaosaTenhHbre npHonHmeaHH. 

"' EbiTh MomeT, aa STOM nyTH yaacTcH pacwHpHTb Kpyr HE!nHHeA:abrx aaaaT.J:, 

pewaeMbiX MeToaoM HbroToaa, caenas sToT MeToa "nonaoCTbxO aeqyscTBHTenb._ 

HbiM·" K. aecosnaaeHHIO '!Hcna ayneti ay.nesoro npHonameHH.II H. peweHH.II, 

-0.~ 

PyKonacb nocTynana a HaaaTenhCKHA: OTaen 
14 MapTa 1960 roaa. 

i 0 h'pu 011. 

1. )f 

-1 

PHc, 1. CxoaHMOCTb npouecca HTepauHA: ( * 
npHMep 6, 

TO"lHOe peweHHe/, 

06'beJUIHtHHWi\ !IHCnn·:,·· 

I. fl.llepuwx· uccn~::JloHni"'tJ'k 
61115JIJ.10TE!-{ 1\ 

.L 
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Ta6;nma I. /T .p.-Totnioe perueHne/ 
~~)ep I. <J?asH : ?o =- ?. = 15° j ?a.= 7?.1 = 0°; R,( ) 

r: ~k --Hpn:-

6;nm. r· fA~ Pk pf-lf ~ tJ.: J.t, &:! ft.b (1(14 I& . tKo 
~ a ~ r ~ 1 ~ ;r I T ~ J, 

U -0,090 -0,060 +0,003 +0,009 +0,206 +0,285 +0,268 +0,674 +0,4~0 -O,I48 -0,33I +0,074 
I -0,062 -0,046 +0 ,040 -tO ,Orlu +0 ,255 +0 ,27I 0 ,8!?4 0 ,'14'/ 0,427 0 ,I02 0 ,I8B 0 ,44u 
2 -0,059 -0,043 +0,042 +O,I72 +0,258 +0,27I 0,955 0,74b 0,42'1 O,I07 O,I85 0,439 
3/0/ -0,058 -0,043 +0,042 +O,I72 +0,257 +0,27I (+J0,955 C-4:l0,'/4? <-+J0,427 ®,I07 <.-JO,I85 L-)0,439 
4/I/ -O,III -0,05~ +0;025 +0,II8 +0,202 +0,255 +0,950 +0,74'1 +0,429 +0,064 -0,244 -0,449 
5/!/ -O,I09 -0,055 +0,02'1 +O,I20 +0,202 +0,255 +0,951 +0,747 to,429 +0,062 -0,244 -0,449 
T.p. -O,I20 -O,Vbb +0,UI9 +O,II5 +0,200 +0,254 +0,949 +0,'746· +0,429 +O,O?I -0,246 -0,449 

llpHMep 2. ? 0 : .., I !:::. 9!1::. 0 o j ?:t.= i0° j 

0 -O,I76 -O,I78 -O,II6 +O,OSI +0,2B6 +0,478 -0,665 +0,40~ +0,475. -o,30I -{) '235 +0 ,839 
I •· -o,08I +0,093 +0,084 -0,075 -{),08~ +0,079 0,694 O,IOO 0,350 0,352 O,I02 0,694 
2/0/ . -0,09I +0,043 +0,05I -{),046 -0,039 +0 ,095 ~X> ,692 (+JO ,I28 (-)0 ,356 { .. )0 ,357 (+lO ,ISO Ct)O ,692 

. 3/I/ +0,I26 +0,023 -0,065 -0,063 +0,025 +0,I22 +0 ,6o'1 +0 ,ISS -{),!;54 -{),354 +0 ,ISS +@ ,688 
4/2/ +0,I23 +0,023 -{) ,062 -<J,U6;j +0,023 +0,I2I +0,61:5'1 +0,I33 -0,354 -0,354 +0,I33 +0 ,688 
rll•P• +0,I2I +0 ,OZ3 -0,062 -0,062 +0,023 +0 ,I2I +0;.68ts +0,I33 -0,354 -0,354 +0,I33 +0,688 

.... 
co 



llpEMep 3. 
j ( ("-) .R.(pt.) 

7 
ll~ . 
6JIIDK. r· ~:t /~)."!) f\t't !;: (\{& 1\t.et\ll. fJ.3 · {\t-f · MD @& 

• ::r J J v \F " ..r :r ~ ::;: J 

0 +0,I2I +0,023 -0,062 -0,062 +0,023 +O,I2I -O,I89 +O,I46 +0,042 ~,228 +0,I63 +I,06I 
I -0,300 +0,063 +0,!46 -0,060 -0,!04 +0,113 0,702. 0~32I 0,366 0,389 0,310· 0,?55 
2/0/ -o ,24! +O ,o?o +0 ,I2? -0 ,066 -0 ,096 +0 ,n? ~.x>, 7:;,5 C:t)o ;320 <-+){) ,3?3 <->o ,388 (:-~ ,3!2 (+)O, ?55 
3/I/ -0 ,!34 +0 ,05? +() ,069 -0,088 -0 ,05'7 +0 ,!32 -0 ,'"/52 +0 ,322 +0 ,388 ,.(} ,388 -0,322 +0 ,'152 
4/2/ ..:0 ,133 +0 ,05'7 +0 ,068. -0 ,U6b -0 ,05'7 +0 ,!33 -0 t 7ti2 +0 ,322 +() ,388 -0,388 -0,322 +() t ?52 
T.p. -0,133 +0,05? +0,068 -0,068 -0,057 +0,!33 -0,?52 +0,322 · +0,388 -0,388 -0,322 +0,?52 

0 -I ,!91 
I -I,IOI 
2 -!,08? 
T.p. -!,08? 

-I.\ 

~asH: ?o-=-- tz,.:::. ~:t.= _o~ 7?J.=- 15° 
-~. 

llpEMep 4. 

+I ,0~3 +0,5?4• . -1,!66. +0,?42 -1{),65? 
+0,868 +() ,270 .:..I,32I +0,912·+6,098 
+0,840 +0,240 -I,3I2 +0,939 +6,108 
+0,840 +O,Z39 -!,3!2 +0,939 +6,!08 

~a~u: ?o= ~~= 9~:. 9~=- 4 5o 

-I,O?O +Q,831 +0,229 -1,304 +0,945 +6,087 
!,0'73 0,8!0 0,204 1,304 0,966 6,118 
1,087 0,8!:39 0,2:39 !,3!2 0,940 6,!09 

-I ,087 +0,840 +0,Z39 -I ,3!2 +0,939 +6,!08 

"' 0 

I 



. \ ~ 

flpm.tep 5. 

0 -o,Ol? +0,0!3 +0,004 -o,020 +0,0!4 +0,093 +0,554 +0,!07 -o,a36 -{),286 +0,!07 +0,554 
I +0,!22 +0,024 . -0,063 -0,06!::$ +0,024 +0 ,I2I (;}() ,6e8 WO ,!33 L-)0 ,354 (-.>0 ,354 t-tl) ,!33 (#J ,688 
2 +0,!22 +0,023 -0,06!::$ -o,Oo:3 +0,024 +0,I2I +0,6ti8 +0,!33 0,354 0,354 +0,!33 +0,6e6 

TOliH. 
]lem. +O,I2I +~,0235 -0,063. -o,063 +0,0235 +0,!2! +0,6bb +0,!33 -o,354 -0,354 +0,!33 +0,688 

~asH Ra.K B .npEMepe 2. 

llpEMep 6. -
' tj, to.:) -

~(}') R(f<) 
fipK- - -
6JID. · 1\t, -~ 1\4 ~ Ms- - · f\(.6 ~ r.t~ ~?. 01-<t Ms-M t> 

J~ J J J ~ ', ~ " J . :r J :; ~ 
0 -<>,0?6 -o,052 -0,014 +0,029 +0,06'1 +O,O~I -0,752 +0,322 +0,388- -o,388 -o,322 +0,752 

I -0,09~ +0~043 +0,05o --o,usu -0,043 +0,093 ·CiJ),o92 (:00,!28 1£:-){),356 l=)Q,356 C:t¥>~Ia3 (.00,6~2 
2 +O,Ial +0,023 -O,OOb -o,063 +0,025 +0,!22 +0,686 +0,!33 -0,354 -0,354 +0,!32 +0,688 

.--·-

TOliH. . 
pem. +O,I2I +0,0235 -0,063 -0,063 +0,02::S5 +0,I2I +0,688 +0,!33 ...0,354 -0,354 +0,!33 +0,688 

~aSH Ra.K B npHMepe 2. 



~c 

Ilpm.rep 7. <Pa3Y: ?o== IS'; '7, = -15°~ ~ ~:. ~ o; ?1. ~ oo~t 

~ ~ ~ ~ _ ~~ ~· _ ':1 (I'll R (pt) 
~-----

llpn- 1\t, Ma.· -~ ~ (Its M~o -~' J\4.1 ~3 . ()\4, /'ttb 6JOOt. /YL~ 
J G 

" :J (I J oJ " ) ~ J "' 0 -~.105 -o,vi3 +0,059 +0,102 +0,174 +O,o6'i +I,29ti +0,815 -rb,249 -0,109 -o,I7B -0,!00 
I -0~!08 ·-a,066 +O,uw +0~!07 +0,206 +0,274 {+)1,~9 (:tJ0,80u C"'">0,285 (':p,070 a:>,I90 e,>,I6~. 

2 -0,!04 -{),0b2 +0,00~ +0,!05 +0;2u4 +0,274 . 1,229 o,ouu 0,2t>5 -0,0'13 -O,I92 -0,!70 
3 -0,!03 -o,Ob2 +O,ou~ +0,!05 +{) '204 . +{) t Z74 I ,22:1 O,tiuu 0,2ti5 -o,u·,~ -O,I92 -0,!70 
TO"tffi. 

- pem. -O,IOI -O,Oti2 +0,00~ +0,!05 0,204 +{) ,2'14 -ti,229 -+0 ,BOO +0 ,2d5 -0,073 -0,!92 -o,I?O 
-~. 

Ilpm.tep 8. "' "' 
-0,!05 -0,0!3 +0,05~ 0,!02 0,!74. 0,2137 +I ,29ti +(),BI4 +0,24~ -o,I09 -o,I78 -0,!00 

I u 
I -u.~~ -o,oou -o,SOI -0,033 +O,o~I +O,II5 l~,88I {~,o~ c~,293 @,176 l:!-~,475 (-fiJ,712 
2 -0 ,5!8. +0 'Zl8 +0,I?7 +0,!3?. +0,TI4 +0~!12 +{) ,426 +0,!64 .+0,!63 +0,1!5 +0,4.70 +0, 7'72 
3 -0,!02 +0,099 + 0,081 +O,IJ8b +0,!04 +O~II4 +0,276 +0,!04 +0,U44 +{) ,!5'/ +() ,472 +0,772 
4; +{) ,U'/;j +{) ,062 +0,055 . +0,0ti5 +0,Qfj!j +0,!08 +0,2o5 +() ,!29 -tO,u;,9 +{) ;167 +0,476 +() '7'12 
5 +0,!04 +0,054 +0,05! +0,062 +0,085 +0,!08 +0,2'15 +0,!33 +0,044 +0,I6o +0 ,4.'/6 +0~713 

TOtiH. 
pem. 0,065 0,05o +U,05I +0,062 +0,Ub6 +0,!08 +0 ,2B'l +0,!32 +0,044 +0,168 +0,476 +0,7?3 

~a3H: YJ - 15 °. ? - 5°. '1 = 4° . YJ = 0°. ,- J ,- ) ~ ) ~ ) 



IIpnMep 9. 

'j(}') R(rtt) 

~I( {\-k .rfo v v 

+0 ,239 +0,548 +0,844 
(.-1)0,282 l+P,I24 t:FC,028 L-l}Q,I66 {;ll),476 (-tfJ,773 
+0,;;,~2 +0,!33 +0,044 +0,!68 +0,476 +0,773 
+0 ,Z17 . +0 ,I32 +0,044 +0,!68 +0 ,476 +0,773 

TO'tlli. 
pem.-!-0,065 -+0,056 +0,051 +0,062 +0,086 +0,108 +0,287 +0,132 +0,044 +0,!68 +0,476 +0,773 

\liasH Ka.K B np:nMepe 8 • 
IIpnMep IO. '~- 1\:) 

C.:> 

I 

0 ~,093 -o ,030 . +0 ,042 +O,IIO +0,!83 +0,248 +0,287 +0,!32 +0,044 +0,!68. +0,476 +0,773 
I .;.0;9?1 +0,?44 +0,4?6 +0,302 +0,262 +0' .292 liP ,866 <+D,335 ftP,406 (-1),264 (..P,075 (~,0?9 

2 .;.0,253 -0,276 -o ,I25 -o,02I +0,2!9 +0,328 +1,277 +Q,76t; +0,2!5 -o,I46 -o,I62 -o,I28 
3 +0,0'7~ -0,085 -0,015 +0,092 +() 204 

t . +0,284 +1 ,300 +0,8II +0,249 -o,II5 -o,I8I -o,I02 
'l'Ot.m. 

--~ . ---

pem.~,090 -0,060 +0,003 +0,099 +0 :::06 +0,285 +I ,.298 +0,8!4 +0,249 -o,I09 -o,I?8 -O,IOO 
' 

\liasH ~ ~ 0 ::: I5°; l(,== - I5°; ~2.= 50; . 0 
??J-== 0 • 



Ta6Jinna_g_ 

llocJie~ee npH6JI~eHRe n o:roqaoe pemeHne 
I 4 ~ecao:rnqHHX aHaRa/ 

. M' 
'j(~ 

f!k· 
R{f.) 

~ ·-t~.b .M.'- ~~ (\4t4 ]!€ .1\l& Mt ft ft"' J I ) . J J~ J 7J r ;] 
I np. I09I 5504 2709 1197 2019 2548 9507 7467 4285 6260 2A42 4491 

T011. 1204 6589 1903 1149 1999 2544 9493 ?459 4290 7103 2459 4494 

2 np. 1230 2349 6249 6251 .. 2348 1212 ... 687? 1332. 3545 3545 !332 68?? 
o:ro-q. I2I3 · 2349 ,6251 6251 2349 I2I3 6874 1332 3545 3545 1332 687? 

3 np •. 1327 5681 6843 6837 5683 1326 7520 3221 3878 3878 322! 752I 
TO"i. 1326 5680 6838 6888 5680 . 1326 ?52I 3221 38?8 3878 322I ?52I 

4 np. 1087. 8402 -2400 1312 9391 6108 1087 8390 23~9 13124 9397 6108 I . 
....:,. ' tv 

o:roq. 1087 8396 2395 1312 9394 ~108 108? 8396 2395 13124 9394 6108 ~ 

6 
np. 1263 23!0 6511 6283 2499 12!9 6867 1333 3540 3544 1329.6876 -

6877 1332 3545 3545 1332 6877 o:ro-q. 12!3 2349 6251 6251 2349 1213 

5 
np. I2I6 2349 6250 6251. 2349 12!3 6876 I332 3545 3545 1332 6877 
o:roq• 1213 2349 6251 6251 2349 .1213 6877 1332 3545 3545 1332 6877 
np. · 1026 6209 8953 1049 2037 2739 I229 800I 2847 732I 1917 I695 

7 o:roq. . 1008 62!0 8947 1049 2037 2739_ 1229 8001 ~47 732I 1917 1695 
np •. 5395 5089 62!5 8545 1076 2752 1327 4425 1679 4765 7727 

8 'l!O'tl. 
55?! 5146 6233 8585 1078 2869 1319 4360 1679 4764 7727 
5495 5ll3 622I 8578 I078 2770 . 1323 4398 1679 . 4?64 7727 

np. 
557! 5146 6233 8585 1078 ~69 1319 . 4360 1679 4764 ?727 9 TO~. 

np. 9176 2037 2843 8113 2486 1152 1806 10!9 
9919 2058 2849 . 

10 TOll. 8135 2489 1089 1783 1002 


