
I 

OEbEllJ.1HEHHbl J.1 
J.1HCTJ.1TYT 
HllEPHbiX 

J.1CCnEllOBAHJ.1 J.1 

lly6Ha 
P-2140 

B.M.Manhuea, Yf.Yf.nbSIHoa 

YlfET 3AKOHOB COXPAHEHJ.1H 3HEPrJ.1J.1 
J.1 YfMnYnbCA B HEYnPYrJ.1X 

B3AJ.1MOllEYICTBJ.1HX B METOllE 
MOHTE-KAPnO 

19iS 



• ., 

33!0/2 np. 
!i.Jlh~eB 1_B. M. H 
&RHOB, n. H. 
PHOB coxpaHe HHSI 
II IDinYJibC8. B 
~ B38.KNO~eiCTBHSIX 
IOR!e-KapJio. 

' !965. 
-

i 

.... ... 

P-2140 

B.M.ManhlleB, H.H.nhSIHOB 

Y'IET 3AKOHOB COXPAHEHH.R 3HEPrHH 
H HMnYnbCA B HEYnPYrHX 

B3AHMO.UEVICTBHHX B METO.UE 
MOHTE-KAPnO 

HIUipllBIIeHo B :lKypaan 'RilepHall 4>-aRKa' 

, f.ii ..... e-"H~t~C''iit~il Mf!CT~yt 
;,: •. ;.:~~-~.)!. j_i.t_f...t"C1.( :·.{:.:t~l 

t:,""'6Jlk'i0 T EHA 



• 

f 

i 

-

----.. 

npll B3aJINOJl&ICTBBB Dp()ToBOB C 8B8prBal DOpiiJlBil 1 rea BllB ISonbW& C IIJlp&WB B 

DOC118J1BBX p83BIIB88TCII ByBnOB- N830BB&II K8CK8ll1 B BOTOpoN DpoBCXOlliiT J11pyrBa CTOllDO"'" 

B8BBII 1 nornolll8BB8 fl ":"W830BOB 1 Ba:yupyrBe B3aJINOll&ICTBBII1 CBJI38BH&I8 C WBOJK8CTB8B-

HWN p0:1Kll8BB8W fl -N&30BOB 1 B llPYrBe DpoD&eCW, 

,ll8BB811 paiSOTa paccN8TpliB88T TOllloltO B&:yBPTrBa Dponeccw B3aJINOll&ICTBBII (p8C'18T 

llpyrBX DpOD&CCOB Be Dp8llCT8BnB8T TpyJ18) .ZJ"IIYX ByBnOBOB BllB fl -u830B8 C ByBnOBON 1 a 

BOTOpwX p0:1Kll88TCII a-2 N830B8, T8B 'ITO acero B BOB&'IBON COCTOIIBBB 6ylleT a '18c

~111 T,e. acerlla a ·2!:, 3. 

PaC'IeT Yllo6BO llpoBOJlBTb a CBCT8N8 II&BTpa HB8)HlBB (llan&e llpOCTO c.n.H.) 1 B BOTO"" 

pol nonB)'IO sBeprBJO '18CTBII o603B8'1BW '18pe3 U 1 8 BNnyllbC BC&I CBCT&WW p8B&B ByruQ. 

Heo6xollBWo T8B BWISpaTJ. awnynJ.Cw ( &Hepr••> • Banpone••• BwnynJ.CoB &TBX '18CTBII 1 

'IT06w yllOBn&TBopllllBCb 38BOHbl coxpaae••• &BeprBH B awnynJ.Ca, 

/1 2/ 
3Ta 38ll8'18 B o6mew BBJle pemaBa a paiS'OTax KonwnoBa ' -, rlle noK838B01 •aa 

HaiTH BNnyllbCbl B Banpa&n8BBII '18CTBII 1 pacnp&ll8118BBII BOTOp&IX 38ll810TCII BB8llp8TON N8T"" 

-pli'IBqro sneweBTa, aw6Bpaeworo cornac•o K8BOI-n&6o WOllena. 

8 OTllB'IB&. OT &TOrO a B8W81 pa6oTe, KOTOp8ll npBN8BII8TCII B p8C'I8Ty B8CB8ll8 B llll

pe, llllll BB8C8BBII N8HJ.Wel norpeWMOCTB Bcnonb3yJOTCII 9BCn&pliM8BT8nbllb18 ll8HBbl8 no 

BMnyllbCBONy B yrllOBONy p8CIIp8ll8ll8BBIIN '18CTBII 1 IIOIIBnRIOillBXCII B pe3yllbT8Te Baynpyroro 

B3aJINOll&lcTBBll. B cBII3Jt c sTBN N&TOll peweHBII 38ll8'1B Hec•on~o~to OTllB'IaaTCII oT Ne-

ll 2/ 
TOll8 peweBBII B ' B CT8HOBBTCII llpollle, 

Uen1o10 srol patiOTbl 11Bllii8TCII C03llaHBe np8BTB'I&CKOI cxewbl pac'I&Ta DBeN8TB'rec

XBX X8p8BTepHCTBX a '18CTBII 1 llpllrOllBOI llllll BCnonJ.30B8BBII B8 C'I&TBOI N8WBHe, 

1. 3goB coxpf!811!1 axeprp 

By ll&M paccwaTpliB8Tb cny'laa cTonxuoaeBBB JlBYX HyBnoBoa B rr -M&3oxa c xyuo-

•ow, p83llB'1811 IIX no 68pliOHHONy 38plllly Q : Q • 1 llllll 1r-N CTOllBHOB8BKI1 Q • 2 

llllll N-N CTOllXHOB&BHI, HaiJlew B8llB'IBHbl BNnynJ.COB a '18CTBII nocne Be:yupyroro 

3 



I 

B3UNO.Il&ICTBIIR 113 ycnOII!IKII COXpali&IIBR 9118prHB B ColloBoo pUBOI U • Hcnon1o3yew .11n11 

STOrO 9JtCil8p!!N&IITAnbBW8 llAIIBW& llO pacnp&.ll8B8BBIO BlolDynbCOB 'I&CTIIIl (ayJtBOROB II rr -

N830BOB) B 311BIICBNOCTII OT B.X Slleprllll U II !S&piiORIIOrO 3&pR.Il8 Q , Taxae 91tCil&pii

N8BTllllbBhl8 .llaBRwe BN&JOTCR, oaa .ll&IOT aepoaTBOCTb w Q,u (p A) po>Knesaa 'I&CTRilhl c on-

penenaHBYM 3B&'I&BBeu awnyn&ea p X ( 3B&'IOK A 03B&'I&&T copT 'I&CTRilhlo A a rr na!So 

A•N ), Torna aunyn&e P>, BaltOllBTCR 83 ypaaB&RIIR 

p A • FQ,u (~) • 
( 1) 

JtOTOpoe &CTb p&W&BII& ypaaH&HilR 

PA 
~ • f Q,U (p A ) • J W Q,U (p )clp 

'OTBOCBT&nbBO P>, 
fj -cny'I&IBoe 'lllcno, 0 ~ fj -~ 1 , 

Haxo>Knesae aena'IBH BNnyn&eoa p 1 , p 2 , p 1 , ... p • MOX<HO ocywecTBBTb 

.llBYNR cnoco!Saws. B nepaoN cnoco!Se ay>KBO acnonb3oa&Tb .llOnonBIIT&nb8Ye naaBYa o ae-

pOSITIIOCTII W Q,u(D) pQX<.Il&BBB 0Dp8.118B811110ro 'lllCna 'I&CTBil n npa s•epr•• U II 

6apBORBON 3&pB.Il8 Q 

pacnpeneneBBB ( 1) n -1 

, 3B&R 'IBCnO 'I&CTBil D B JtOII&'IHOM COCTORBIIB 0 Bhi!SBp&eM 113 

IINnyllbC TllltiiM o6p830M0 'ITOOhl BhlllOnllllllOCb ll&pU&BCTBO 

2 2 
U - (E 1 + E 2 + ,,. + E a-l ) ~ m , , E >. e y p >. + m >. , 

( m N - uacca syxno11a, m - M&cca , " -ue3oBa), 3Bepr•• • BMnyn&e nocnen11el 'lac-

TBilhl oupenensJOTCll 113 3axosa coxpaBeBBll s11epraa, 0.11Raxo T&Kol cnoco6 onpeneneBBB 

aena'IBB aunyn&eoa B&y.lloC5es .llllll acnonb30BaBBII 11a C'I&THOI uawxse, T,x, Tpynso cpa3y 

llOllOC5pa'l'b 83 ( 1) T&ltR& B&nB'IBBbl D - 1 RMilyn&ea, 'ITO!Shl BhlllOiliiRilOCb yK83811H08 Bepa-

B&HCTBOo nosTOMY llpiiM&BRM .o;pyrol Cll0COC5, B KOTOpOM 'IBCnO n onpenenaeTca aaTo-

uaTR'I&eKB, Ecn11 pacnpenenaBBII ( 1 ) 3anasw c C5onbWol TO'IHOCTbiO, TO o!Sa cnoco!Sa na-

.llYT O.llllll&ltOBbl& .llaBRhl& no MHOX<&CTB&IIHOCTH, \ 

Bo aTopOM cnoco!Se onpe.llenBM csa'lana cornacso pacnpe.o;eneBHJO ( 1) HMnyn&ehl .o;ayx 

'IBCTilll ( pN H pff acnyqae Q a 1 , p N II pN B cnyqae Q • 2), KOTOphl& llOilX<IIbl 
I 2 I 2 

OC5li3&TenbBO npacyTCTBOB&Tb B JtOII&'IHON COCTOliRBR nocne B38BMOll&ICTBBR, 

Bwqacnaa cooTB&TCTBYIOlllH& sseprBB STBX q&CTBJI 

2 2 I 2 Q- 1,, 
E .., I = v PN I+ m N , E, = '1/p + m .an• 

2 "2 , (2) 
_2 ___ 2 

EN • '1/pN + mN , EN • yp~ + m! .ana Q- 2 
I I 2 2 

, 

B&l.ll&M 9R8pr1110 U I 0 OCTUWyJOCII B C,Q,II, 

4 ,. 

'i 
• '1jf!.1I• 

~~ 
,~. 

U 1 = U- (EN~+ E,.2 ) ,llnB Q 1, 

U 1 •U-(EN+EN) nn• Q - 2. 
I 2 

ECilB nony'l&IIH&A aenB'IBII& U I < m, , TO II&OC5XO.IlRM0 BHOBb D8p&OD) 

nynbChl .llBYX 'IBCTIIJI no pacnpell&ll&RBIO ( 1) 1 .llOOBBWIICb Taro, 'ITO B8nB'IBII4 

3Ta ouepanHll H~OC5XO.IlBM8 DOTONY 1 'ITO B JtOII&'IHOM COCTOliHBB llpB H8YilJ17rC 

CTBHR llpBCYTCTBYIOT Jt&Jt MBH'IIMYM TpR 'l&CTBllblo nocne 9TOrO onpe.o;enRM 110 

( 1) BMilynbC Tp&Tb&l 'l&CTHJlbl ( H&'IRII&R C Tp8Tb81 'I&C'fllllhl ace A = rr ) o II 

CTBYIOlllYIO &llepriiJO Err I 

E 
"a 

a aBeprBJO U 
4 

, OCTIIBWYIOCll B C,Jl,B,, 

.I 2 2 
v P, + m 

I ft 

u,. u1 - Efta • 

Ecna U 
4 
< m 

11 
, To .11n11 pOX<.Il&BKll aToporo ue3oBa xe xaaTaeT sll&pl 

T&AbBO, a xoae'IHOM cocToKHBB !Sy.o;eT acero Tpll qacTRJIW, n • S. B &To• 

naN saepriiJO a aunyn&e Tp&Tb&l 'I&CTBllhl aa ycnOB!'fll coxpaH&KBB saepraa: 

Eft - U a , p • '1/U; - m 
2 

• 
a fta ft 

B peaynbT&Te a c,Q,Bo nocne B38BMO.Il&lcTBBll aueeM TpB qac·nnhl c 

( H saeprBKMII): 

PNI, pft2 ' pfta 
(EN ,Eft ,Eft 

I 2 I 
,llnll Q -

.o;n11 Q -
p N ' PN ' pfl (EN 'EN ' E ) 

• 2 a 1 2 "I 
1j, 

EcnB )1(8 u' ~ mfl ' TO sBeprBB B ColloHo XB8T88T nns pOX<.Il&BBR en 

poro, M&3oHa. nosToMy onpe.aenaM onsTb no pacnpe.aeneBBIO ( 1) aMnynbC 

ZJB~ COOTB&TCTBYIOWYIO SlleprHJO E, 
' E ='l/p'+m2 

"' "4 , 

B H&l.ll&M 911&prKJO U I , OCTBBWYIOCB B C,Q,B., 

u,-u,-E,, 

.Uanee ace .o;elcTBBA asanorB'lllhl, Ecna U 1 < m " , TO B c,Q,B •. s 

&T .o;nB pOX<.Il&IIBB Tp&Tb&rO M830R8 B, cn&.llOB8T&nb80 0 B KOII&'IHOM COCT< 
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.... coxpaxeaRa saepraR a c.n.R., paaaol 
U • HcnonJosyeM .a:na 

e .llAHRW8 DO pacnpe.a;eneHRJO RMDYII&COII '18CTRII (xyxnoaoa R rr -

oT ax saeprRR u 
If 6apaoa11oro aapa.a;a Q • TaxRe axcnepR-

IOTCR, ORR .ll8JOT B8pOliTHOCTh W Q,u (p A) po>K.a;eHH.II '18CTRIIb1 C 011-

Nnyn&ea p .\ ( 3H8'IOX A 03H8'18eT COpT '18CTifllb1
1 

A a rr na6o 

P,\ ae~o.a:RTca 113 ypaaaeaRa 

p A • F Q,U (/J) • (I) 

p.\ 

fJ = fQ,u (p .\ ) = j "Q,u (p)dp 

-cny'lalaoe 'IHcno, 0 ~ f3 -~ 1 • 

H RNDyllhCOB PI , P 2 , P a , ••• p a NO>KHO OCY1II8CTBifTh 

ON CIIOC06e BY>KHO RCDODh30B8Tib .llODOIIHRTen&Bwe .ll4BHhla 0 Be-

eaKa onpe.a:eneaaoro 'IRena '14CTifll 
n npa saeprlflf u R 

3aaa 'IBCIIO '18CTHI{ n B XOH&'IBOM COCTOHBBH, Bhi6Rp8aM R3 

BNIIyii&C 
T8KifM o6p&30N 1 '1To6hl BhiiiODBRIIOCh H8p8BeBcTBo 

E 2 + ... + En_ 1 )~m,, E.\"'YP~+m,\, 

- Macca , 
, -Me3oaa). 3aepraa R BMDyn&e nocne.a:aeA 'lac-

oaa coxpaaeaaa saepraa, O.a:aaxo Taxoa cnoco6 onpe.a:eneaaa 

•H .llll.ll RCD0Dh30B8HRR Ha C'18THOI Mamaae, T,X, Tpy.a;ao cpa3y 

'DH'IRHbl n - 1 HMDYII&ea, 'IT06bl BbiDOIIBHIIOCh YKII38HHOe Hepa

M .a:pyrol cnoco6, a xoropoM 'llrcno n onpe.a:enHeTCa lliiTo

eaaa (I ) 3a.a:aabl c 6cm&Wol TO'IHOCThl0
1 

To o6a cnoco6a .a:a-

MHo>KecTaeaaocTa, 

pe.a:enaM cua'lana cornac:ao pacnpe.a:eneaaiO ( 1) RMnyn&ew .a:ayx 

e Q a 1 1 p N R pN B CDy'lae Q • 2) 
1 

ICOTOphle .llOD>KHW I 2 

B ICOH8'1HOM COCTORHRH DOCile B3aRMO.D;elcTBB.II, 

IOliiRe SHepraa STRX 'laCTifll 

E = v' P 2 + ma 
"a "a " .llDR Q • 1,, 

(2) 
E N = y' p 2 +---.::-T 

2 N2 m N .llDR Q • 2 , 

4 

-~~ 

.~~~1 

<l 
~l'>l 

.:~ 

)) . ...-,, 

Ua= U- (EN
1
+ E,.

2
) .llDH Q 11 

Ua•U-(EN+EN) 
I 2 

(3) 
.llll.ll Q - 2. 

!;CDR D0Dy'I8HH4R BeDB'IIrH4 U a < m, 1 TO Be06XO,IlBNO BlfOBh ttepeonpe.a;enaT& BM-

IIYII&Cbl .llBYX '18CTIIII DO pacnpe,lla/leHBJO ( 1 ) , .ll061fBWBCh TOrol 'ITO B8DH'II(Ha U a •Ji!: Ill, • 

3Ta Ollep41!Bll He06XO.llBMa IIOTOMY 1 'ITO B XOH&'IHOM COCTOliRHB llpH HeynpyroM B38BMO.ll81l

CTBRif DpHCYTCTBYJOT XU MRHHMYM TPif '14CTBIUol, nocne STOro onpe.a:aiiBN DO pacnpe.a;ene&BIO 

( 1) BMDyn&e Tp&Thal 'laCTHIIW (aa'IBBaH C Tp8Tibel 'laCTHilbl Bee .\ = 11 ) 
1 

Hai.D;eM COOTBe,

CTBYIOliiYJO saeprBJO E , a : 

a saepra10 

E 
"a 

U 4 1 ocTaawyiOca a c.n.11. 1 

.I 2 2 
v P, + m, • 

U 4 = U1 - E,
1 

• 

(4) 

(5) 

Ecna U 4 < m, , To .a:nH po>K.a;eHIIB BToporo Meaoaa ae XBaTaeT saepraa 11
1 

cne.a:oaa-

T8Dh801 B ltOH8'1HOM COCTOHHBII 6y.ll8T Bcero Tplf '18CTifllbl
1 n • 3, B STON cny'lae onpeae-

IIBM SHepraJO If lfMDfii&C Tp&Tibel 'laCTBilbl 113 YCIIOBBSI COXpaHeKRB 9HeprHR; 

E, a U a , p • >/U; -m 2 • a 118 11 (6) 

B peaynlbTaTe B c,n,a, nocne B38RMO.IlelcTBBH KMeeM TpR 'lac·THnbl c BMDyn&eaMK 

( • saepra.IIMR): 

PN
1 

• P,
2 

, P,
1 

(EN ,E, ,E, ) 
1 2 a .llll.ll Q • 1 I 

(7) 
PNI' PN,' P,, (EN • EN • E ) .lliiR Q -2 • 

I 2 111 
j, 

Ecna >Ke U 4 ~ m, , TO saepra• B c.n.K. XBaTaeT .llDB poJKaeaKsr cne.a:yiOmero, BTO-

poro, Meaoaa, nosToMy onpeaenaM onsrT& no pacnpe.a:eneaa10 ( 1) RMnyn&e p ,

4 
, Bbi'IRc-

DRl>C COOTB8TCTByiOLUYIO 9HeprRIO E, 
4 

E =>/p 2 +m 2 ".. ,., , (8) 

R HaJI.a:eM SBaprRIO U I 1 OCT8BWfiOCll B C,l{,lf,, 

u I = u 4 - E 114 (9) 

nanee ace .ll&ICTBifR aaanorlf'IBbl, EcDK u I < m 11 • TO B C.ll.lf •. SHeprRif He XBaTa-

eT .llD.II pOJK,IlaHR.II TpeT&ero Meaoaa R 1 CD8.1lOBaTeDhB01 B XOH8'1HOM COCTOSIHifR 6y.a;eT' Bcero 

~ 
~I 
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~ 

'leTwpe '18CTBnw, 11 • 4. B &TON cnyqae onpe.ll&UI\ol eaeprBJO • BNuynlbC 'l&TB8pTOI qacn

nw &3 ycnoa&a coxpaBeHBB eaeprBB 

E, • U4 , 

' 
•, • ..; u2 

4 4 
m2 

rr (10) 

B peaynbT8T8 BNeeN .a c.u.a. nocne a3aBN0.!18IcTBBB 'l&Twpe '18CTBDW c llMDYnlbC8MB 

( ll SR8pi'IUIMB) : 

'":•.; p •• • 
P, (EN ,E ,E , E., ) .11na Q • 1, 

' 1 "a "a ' ( 11) 

PN ,p",p", P,. (EN ,Eu ,E , E, 
I ll a • I "2 rta 4 

Q- 2. .11na 

Eczm: U 
1 

> •,, TO aaeprllB a c.u.a. XB8T88T .!10 po:1K.!18HRH Tp8Tb8ro N830R8, Tor.11a 

ODBTb 0Dp8.118UI\ol BNDynbC p, DO pacnpe.lleneRRJO ( 1) 1 BW'IRCnBI\ol E B B8tll8N U I t 
a "a 

CpUitRM U I ll m, B To.llo 3TOT npoaecc p8C'l8T8 R8o6XO.IlRNO UpO.IlOn:IK8Tb .110 T8X 

nop, DOK8 88 6y.aeT RC'l8pD8JI8 BCH &BeprBB B CoDoBot UpR'l81\o1 llNnynbC B 9H8pi'RB nocne,[l

Rel '18CTBDW Bw6Rp88TCB T8Jt0 'ITOOW 6wn BWDODB8R 381tOH COXpaB8RRB 9R8prBil, 

B llTOre nocne aeynprroro B38RMO.!l&lcTBBB Rl\ol&lll\ol a c.u.B. 11 

piiiOil.IRX 3U:OBIIM C0Xp8R8RBB 9B8prRB B 68pROHBOI'O 38pR,[18: 

qacTBn, yAoaneTBo-

PN oP, ,p"' , ..• p, (EN ,E ,E , ••• E ) .!lnB 
1 I 1 ,. 1 "2 "a Ilia 

Q- 1, 

(12) 

PN l,p"•'p ... , ••• p (E N , E , E ,_. E ) An& 
11a t N 2 11 a "n 

Q .. 2. 

U • 3HOH COXQ8H8RB! Bl\oiDYnbC(A 

nony'leBBW8 3B8'18RBB BNnynlbCOB ( 12) y .llo6BO p8CDOnO:IKBTb B DOpB.Illt8 BX y6YB8BRB 

no B8nR'IRH8
0 

38nONBBB ROI\ol&pa, npBB8.11U8:1K81l.tR8 HyJtnOBIIM: 

Pr ~ Pa >_Pa ·~ >_ P,., • 

P.ac:CI\oiOTpBM Tenepb B811tTOp8 ;I 
.. 

p 2 1 pI 

Pa' • .. • P,. B onpe.llen&.l\ol BX Hanpaaneu• ( yrnw x 
I 

(13) 

p c B8nB'IRH8MB p , p I 

" I 2 
a 

1 
, I • 1 ,2031 • • • a ) 

B npOCTp8RCTII8 OTHOCBTenbBO H8Dp8Bn8HBJI n8.118JOW81 '18CTBDW B ColloBo 1 ltOTOp08 npBM8N 

38 DOnRpBYIO OCbo Ocb &6CI1BCC NO:IK8T 6WTb Bw6p8R8 DpoB3BODbB01 T&N C81\o1WM 38.1188TCJI 

a OCb op.llBHaT. Bcero ftY:IKHO onpe.aen&Tb 2o 

COXpaB8HBf! BMDYDbC8 CBCT8MW 

yrnoa. Tpa yrna oupe.aeniiiOTCB B3 38JtoHa 

.. .. .. 
P 1 + P 2 + P a + ••• + P.. a 0 • 

(14) 

0cTanWlW8 211 - 3 yrna .110 H8JtOTOpOI CT8D8HB npoB3BOUbBW, HO 9TOT DpOB3BOD orp8RB'l8R 

ypa&118RR8N ( 14) R ~lltCDepRM8HT8nbHWMR yrnOBWMR p8CDp8.118D8BBBMR ( CNo HBlK8 } o 

6 -
~ 

,l>t,\ 

1··· ,n, 

~~· ) 

i.: .• .,, 
'\ 

_ .... ~· ... 

QqeBB.IlROt 'ITO 38ltOHY C0Xp8H8HBB BMDYDibCB ( 14) 1\o!O:IKBO y.aoaneTBOpBTb nBll 

qae, ecna aenH'IRHbl o B8ltTOpOB UO,[l'IBRBIOTCB ycnOBRIO 

P 1 iP 2 +P 8 +•••+ P,. 

Ecna s~o ycnoaae ae awuonaaeTCB, TO cne.ayeT aaoab nepeonpe.aenaTb awuyl 

p a , • • • p,. no cnoco6y, ytt&3&HHOMY a p83.!1&ne 1, a .ao6BTbCB awnona• 

( 15). 
3 

Yrnoaoe pacnpe.11eneaae tta:IKAOI B3 qacTHil no uonsp•owy yrny ,X 

0 
6apROHHOI'O 3BpB.Il8 CRCT8Nbl Q B COpT8 '18CTBDbl .>. ( .>.- rt 

I'Bll U 
CooTB&TCTBYJOUlBe sxcuepaMeHT&nbHbl& .118RHW& .ll&IOT aepoaTHOCTb W Q.V(X). 

R8XO.IlRTCB 113 yp&J 
TRilbl COpT8 .>. no.11 yrnoM X,>. • Tor.11a yron X.>. 

CI!BX). • Gq,u (13)' 

JtOTOpoe eCTb peUJ&HIIA yp8BH811BB 

X.>. 
13 = lq,u <x .>.) • f w q,u(xlslllx dx 

0 

OTtlOCHTenbHo yrna X .>. , 13 -cnyqataoe qacno, 0$ {J ~ 1. 

Hal.1181\o1 CR8'18D8 H8Dp8BneBB9 BNDyDibC8 
P 

1 
• A3BMYTAnbHbll yron 

Dp0li3BOD9H 

a 1 • 21713 1 • O.ia 1 .i2"' 

8 ,[l&nbHSitUJSM '18CTO 6y .llYT BCT9'18TibCB 'IRCna l3 I ( I • 1 02, , • • 2 m 

BBDBIOTCB cny'l8IHb1NB 'IBCD8MB B BC8 0 .~ 13 I .'.>, 1 o 8 T81tCT8 ,[lnB ltp8Tit01 

ae 6y.11eM &TO oroaapaaaTbo 

X 
1 

onpe.11enaM no pacnpe.11eneHBIO ( 16)x): 

CTB8 

TO 

nonapHwl yron 

1 COB)( I • G Q,U (13 I) , 0 ·i X I ..... 17 

.. 
HanpaaneHae aeKTopa p 

1 
.aon:IKBO 6b1Tb T81tl1M, 'IT06bl BbiDODHHnBC 

ll .. 

(P
8 

+P
4
+ P,+ ••• +P,.) > IP 1 + 

{

(-P
8

+P 4 +P 6 +···P,.)
2

, ecna P 8~ 
.. 

1
~. a 

p 2 ~ (pI-p,> ' ecna p a.< p '+ p a +P 

x) Ecna B8DB'IBH8 BMnyDbC8 p I T8lt8B, 'ITO Bb1DODHB8TCB ycnoaae 

X a - X a .. X 4 a • •. - X " .... - X I 

a 
2 
•« 

1 
•a 

4 
• ••• • a • • " -a 1 

7 



• • 4. B eToM cny'lae onpe.nerurw eaeprBJO B awnynloC '18TB8PTOI qacn

paaeHBH eHeprBB 

E"• • U 4 , r,. • v ua 
' ' 

m2 

" (10) 

BMeeM B C,Q,H, nocne B38BMO.!l8ICTBBR '18Tiolpe '18CTBIIhl C BMDynloC8MJ[ 

tP I p II 

1 "a "a 
p (E ,E ,E , E,. ) .nna Q • 1, 

rr4 N l "2 "a 4 

N oPNoPIT I P,., (EN ,Eu ,E 1 1 2 a 1 "2 tra E,., .nna Q- 2. 

( 11) 

, To aaepraa a c.u.a. XBaTeeT .nna poxc.neaaa TpeT&ero weaoaa, Tor.na 

uyn&e p17 DO pacnpe.neneRBIO ( 1) 1 B&I'IBCIIBM E B B8~8N U 
1 6 ... • 

m17 a T • .n. 3ToT npouecc pac'leTa aeo6xo.nawo npo.nonxceT& .ao TeX 

BC'IepDatle BCH 9Hepras B C,Q,B,, DpH'IeM BMDyii&C B 9B8prBB DOCIIe,a-

8TCll T8K 0 'IT06bl 6wn BhiDODB8H 38KOB COXpatleBRB 9BeprBB, 

aeynpyroro aaaawo.nelcTBaa aweew a c,Q,a, a 

peHeRJIH 9Hepraa a 6apaoaHoro aapa.na: 
'18CTBII1 y.noaneTBo-

oP 17 •P,. ••••P 17 (EN ,E ,E ,,,;E ) .nrur Q • 1, 
2 I o 1 II' 2 "a Ilia 

(12) 

PNa'P "a P (E N , E , E ,... E ) .nna Q • 2, 17
a 2 N 2 71

1 "n 

II , 38.11:08 C0Xpat18BIJ H¥DyllloC8 

8'18RRII RMDyDioCOa (12) Y.!lo6HO p8CDOIIOJKBT& a DOpR.!lK8 BX y6YB8HHH 

a BOMepa, npaHa.nnexcamae BYKnOBSN: 

P1 ~ P2 >_pa ·~ ••• >_p,. (IS) 

.. .. .. ep& BertTOpa . PI P, • P a , ... p C B8JIJI'IBH8MJ[ p 1. p 2. .. 
pe.nenaM ax BattpaaneBBR ( yrnhl • a I • i .. 1,2,3, ••. a XI 
HTen&Bo Hanpaaneaaa D8.!l810lllel '18CTBIIhl a c,q,a,, rtOTopoe npaweM 

•h &6CQHCC MOJKeT 6biT& Bb16patla DpOH3BOII&BO, TeN C8MhiM 38.!l88TCB 

) 

o By>Kao onpe.nemrTb 2n 

CBCTeMbi 
yrnoa, Tpa yrna onpe.nenBJOTCB H3 3ArtoHa 

.. .. .. 
p 1 + p 2 + p a + ••• + p.. a 0 • (14) 

rna .no aexoTopol cTenexa npoH3BOD&Hhl, ao STOT npoaaaon orpuaqea 

CD8pHM8HT8D&Bb1MB yriiOBWNB pacnpe.neneBHIIMB 
CM, RHJKe ), 

6 

• 

·~ 

I 
·~·. 
J 
~ 

I I 

' 

1\1· 
,, 
~ 
'l 

~ 
·~ 

.1 
~~. 

I 
~( , 
I 

i~ 
·~ ,, 

,;il:l 

~· 

__ .. ,.,.. .... ~ 

0'188B.!lll00 'ITO 3'81tORy COXp8H8HBII BMDYDioC8 ( 14) MOlKHO Y.!lOBII8TBOpBT& JIJIWio 8 TOM cny-

'lee, ecnH aenK'IHBbl a 881tTOpOB DO.!l'IBBBIOTCB YCIIOBHIO 

P 1 ·~P 2 +Pa+•••+ Po ( 15) 

Ecrur 9'1'0 ycnoaHe ae awnonRaeTCR, TO cne.nyeT BHOBio nepeonpe.nemrTJ. KMDYIIbCbl p 
1 

, p 
1 

p a , • • , P,. no cuocoiSy, yJtaaaaaowy B paa.nene 1, K .no6KTbCII awuonaeaasr ycno&KII 

( 15). 

Yrnoaoe pacnpe.neneaae JtauK.nol K3 '18CTKD: no nonRpHoMy yrny .X 38BBCBT OT 9H8p-

rKH U 0 6epBOHHOro 3ApH.!lA CBCTeNbl Q B COpTa 'IACTBIIhl ..\ ( ..\ • " na6o ..\- N ), 

CooTBeTCTByJOmae excnepaMeaTan&Hwe .!l8BHble .naJOT aepoaTBOCTJ. W Q. U u- ,\ ) Bb1118TA 'lAC-

TB!lbl COPTA ..\ uo.n yrnoM X..\ • Tor.na yron X,\ HaXO.!lHTCII K3 YPABB8BBII 

CC!S X ,\ • G Q,u (fj ) , ( 16) 

ltOTOpoe 8CTio p8W8HKA ypaaHeHBII 

X,\ 

f3 - lq,u <x ..\) • f w Q,u(x}siax dx 
0 

OTBOCBTen&Bo yrna X..\ , f3 -cnyqatHoe 'IKcno, 0 !> fJ ~ 1. 

Hat.neM cHe'lena aanpaanellae BMnynbCa p 
1 

, A3RfiiYTADioHbll yron a 
1 

npOB3BO/IeB 

, 0'18BR.QB01 

a 1 • 2rf3 
1 

, 0 .~a 1 .~ 211 
(17) 

8 .!lAn&BelmeM 'IACTO 6y.nyT BCTe'I8TbCII 'IBCII8 f3 I ( i • 1,2,,,, 2 D - 3), Bee ORB 

IIB/IIIIOTCSI Cl.IY'18IHb1MB 'IBCnAMB R BCe 0 ·~ f3 I ·~ 1 , 8 TeltCT8 .!11111 1tp8TXOCTR lt8lK.O.hll p83 

Be 6y.neM 9TO oroaapaaeT&, 

CTB8 

TO 

non11pawA yron X 1 oupe.nenaM no pacnpe.neneBRJO ( 16)x): 

• 
COS)( 1 • G Q,U ({3 2 ) 1 0 .~)( 

1 
~17 ( 18) .. 

Hanpaaneaae aexTopa p 2 .nonxcHo 6b1Tio TADM, 'IT06bl BblnonBHIIHCio .naa aepaaea-

2 .. 
<Pa +p,+ P,+-.. +P

0
) ~ IP 1 + f

(-pa+P,+P 6+ ... p
0

)

1
, ecna P 3~ 4+P 6 +P1 + ... ;+P,. 

P .. ,i2~ (pi-p.)'' ecna Pa<P + p +p + ... + p ,(19) 
• ' 6 • b 

x) E . 
CIIH Be/IR'IRHa HMDyllbC8 p 1 T8X8S1 1 'ITO BbiDOIIHIIeTCII yCIIOBIIe p 1• p 

2 
+p

1
+p ,+ ... p,., 

)(' 2 • X a • )( "' • • • • • X • • ,_ X 1 

a 1 •a 1 -a 4 -= ••• • a.:•w-a
1 

·~ 
'! 
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~OTOphle y~06HO nepeDBC8Tb B BH~e 

+ 
a

2
+ b 2 coax 2 +c;tax 2 ~ 0, 

a~+ b 
2 

coax 
2 

+ c 
2
Sia x 

2 
2: 0 

r~e 

+ 2 2 2 
a2 =PI+ Pa -(pa +P4 + Pa + ... +p.) 

- 2 2 2 

0 "'-X,-"-" · (20) 

a 2 •p 1 +p
2
-(-p

8
+p 4+p

1 
+ ... +p

8
) , ecna p >p +P + p + ... +p.; 

8- 4 a a (20a) 

a ; = 2p 1p 
2 

, ecna Pa·<P4 +p a+ Pa + ... + p• 

b 
2 

= 2p 
1
p 

2 
cos X 

1 
; 

c 2 - 2p 1 p 2 siax 1 cos(a 2.-a 
1
). 

+2 
2 > 

c 2 - a 2 CymecTBOBSHBe pemeHBil (20) B03MOJKHo npa ycnoexax 
2 •2 2 

C 2 ~ a ~ - b 2 1 KOTOphle CBO~RTCJI K YCIIOBBJO 

2 2 2 
c2 ·~ a2max- b2 

2 +2 -2 
) B a..,.,. -•u6onblllee B3 a 2 B a 2 C 

2 
BMBBT nto6oil 3HBK npB 

+ + + + HIIB npa Ia 2 1 ~I b 2lr a 
2 
~0 . c 2 <0 npa I a ,I;:: I b ,I , a2 ;:: 0 • 

Ycnoaaa (21) noaaonaJOT H&iiTB yron a, 

a 2 = 2rrtJ 8 , 0 ~a 2 'S_2rr • 

b2 
·2 

B 

(21a) 

+ 
1•.1 ~lb21 

(216) 

(22) 

113 pacnpe~eneHaa (22) TPY~Ho cpaay HaiiTH nyTeM cny"'aiHoil Bhl6opxa {3 a yron a 
2 

, 

2 2 2 
Y~OB119TBOpliiOlllBil ycnoBBIO c 2 2: a lbax - b 2 (21a) B ycnoBHJO (216). npx B&ID011H9HHB 

3THX ycnOBBil ypaaHeHHII ( 20) HMeiOT peweHHe, DpB KOTOpOM yron X 
2 

38KnJO"'eH MeJK~Y· 

0 a rr • YKaJKeM cnoco6 6&1cTporo HBXOJK~ei!BR yrna a • Onpe~enaM cHa"!ana 
(Q (Q 2 

a I H3 (22), COOTBeTCTBYJOll.lee {3 a j ecnH ORO He y~oBneTBOpReT (21a), TO ODpe~e-
U) (2) '4 

nBM ~pyroe a
2 

, B3RB {3 a • Ecna npa aToM H9paaeJicTao, o6paTH09 (21a), cTaHOBBTCll 
(2) ( (2) {I) ) (2) ( (2) (I) 

6on9e cna6&1M, TO fJ 
8 
> fJ npa fJ > a B fJ • < tJ a npa {3 < u ) ; ecna JK9 He-. a 8 ~-'a • "' a ~-'a < 

p8B9HCTBO, o6p8TH09 (21a), CTBHOBHTCll 601199 CB11bii&IM0 TO {3 8<f}'l (npll tJ 2)•> {J(I) ) 
(I) ( :1) (I) 8 a 8 

B fJ a > fJ 
8 

(npH {J a < {J a ) • JleiiCTBYH T8KBM CDOC060N 1 ~BnbW9 HBI~9M DO~XO~llll.lee 

3H8"19HB9 a
2 

, y~oaneTBOp1110ll.l99 ycnoBBIO (21a), YcnoBBJO (216) y~oen9TBopBTb n9r"'e: 
+ + + 

ecna xoacpqmnaeBT&I e aepaaeacTeax ( 20) T&xae, 'ITO I a I <I b 2 I ana I a I·> lb I, a < 0 2- 2- 2 ,._, 

TO H8GeHH09 3B8"19HHe a 2 y~oaneTBOplleT BCeM ycnOBilHM (21) H ero npBHRM&eM 38 

8311MYT811bBOe H8Dp8B11eHH9 BeKTOpa p 
2 

j ecnB JKe Koa<P<t>BilBeKThl B ( 20) .T8KBe, 'ITO 
+ + 

la 2 l:<:lb 2 l, a 2 :::_0 a 2 TBKoe, 'ITO B911K"'BK8 c 2 > 0 , To cne-• a 3Haqex&e 

'5 

-

'~;: 

i! 
./, 

I
·' 

d: 

'·' J 

'.1. l \ 

~~·; 

..... 

~yeT B3M9BBTb H8l~eBHOe SJI8'leHBe a
2 

H8 B911B'IBKY rr ( 9C11B C 2 

TBBBTb Dp&JKBBM) B 11011y"'eHB09 3H8'18HBe DpBKBTb 38 83BMyT811bBOe H8Dpol 

p • x) 

Bw"'BCDIJB llpB HAI~eBBOM 3B8'leHBB a 2 aenB"'BBY c 
2 

(208), onp 

Bcnonb3yll p8CIIpe~enea•e ( 16): 

cos X 2 • G q,u ({J 4 ) ' 0 ~ X 2 -~ , 

H8beaaoe 3B8"19BB9 X 
2 

~onJKBO y~OB119TBOpSJTb ~yM ycnOBBJIM (20: 

119BBJI ( 16) Tpy~BO Cp83y DyT9M CDy"'8llBOil B&I60pK8 {3 4 K8iiTB yron 

BOpBJOlll81 ~BYM yCIIOBHIIM (20) 1 DOSTOMy yKBJKeM CDQCo(i 6&1CTpOrO Baxo; 

ll.lero 3B8'leKB.Il x 
2 

, CB8"18118 no pacnpe~eneBRIO 
(Q (Q 

(16) B8X0~8M X~l) 

JOll.IBI fJ 
4 

• Ec11B R8I~98Boe 388"19R89 x 
2 

He y ~oaneTBoplleT yen a 

BepaaeBCTB8 11B60 ·> 0, 11860 < 0) 1 TO onpe~enBM ~pyroe )( (2) 1 B3JIB 
(2) 2 . 

llpB llabeRBOM X 2 068 1!epaaeBCTB8 B3M8BRIIII 3B8K1 TO 8Cit0M08 fl 
I (2) ( 4 

~Y fJ~> 8 fJ , Ecn8 JKe np• 118l~eHBOM 3R8"1eHR8 X :0 X8p8KT 
4 2 (:0 

88 B3M9HB11CH, TO HCKOMOe· {J & 6y~eT orp8BR'l9BO 11860 {J 
4 

<{J 
4 

(2) (2) (I) 
11R60 {3 

4 
'> {J 

4 
( npK {J & > {J 

4 
) 1 ecnR HepaaeBCTB8 CT811H 6onee C 

6r~eT orpaaneHo na6o {3. •>fJ<I> ( npB {JCI) •> {J<:o ), 11860 f:j. < f:j< 1 
• i • 4 • 4 

x) Ec11B 'IRena "18CTBII paaRo Tpew ( a • 3), TO ace npoB3B011bB&IE 
a 2 onpe~enea&l. 0cT8nbB&Ie TPR yrn8 onpe~en8M R3 38KOB8 coxpaaeBB.Il 

B &TOM CDy'l88 a~- a, •a2 ·;:: 0 ( a,- p~ + p:- p~ >.• Ill 

61 ~eT a 2 + b 2 coa x 2 + c 
2 

S1a x 2 -0 , 0 ~ x 
2 
-~ rr • 3To ypaa•e••e BN• 

I, oos x = -a.}J,-c2v c2 +br::o 2 a , •, 
b2 2 , 

2+ c 2 

-a 2b2 +c 2' 
n: cos x, • b:+ 

Ec11B B (216) B&ID011Hli8TC,ll fC1IOBB8 a
2 
~ lb

2
l (T,e, c

2
< 0 ), TO MO>KI 

83 peweBBII 1 0 , Dp8"!e.J'a&I60p y~o(iao c~e118Tb1 BBe~Jl IJKflltOByiO cpyHI 

(~) = f(/3)= 
-. fJ < * . (I) 

+ , {3 > * • (U) 

EcnBB (216) awnonaeaoycnoa8e a
2

"'-lb
2
1 (T,e, c 2 nJ06oeno3B&Ky), 

peweB8eM JIB11JleTCJI I • np8 b 2 < 0 peweBBeM RB11lleTCJI n • Yron 
~e118Tb 83 BTOporo yp8BB8Billl! 

COS)( 8 = 
1 

- (p 1 COS )( 
1 

+ p COS )( ) , 0 .~ 
p a 2 2 

113 TpeTbero ypaaaeaas aaxo~BM yron a 8 a 8 • " + ¢
2

• r~e ¢ 2 on1 
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peDHC8Tb B BHJl8 

+ 
a 

2 
+ b 

2
cosx

2
+cjinx 2 -~ 0, 

a~+ b 2 COS)( 
2 

+ C 
2
Sin )( 

2 
2: 0 , 

2 2 a 
=PI+ p2 -(p8 +P, + Pa + ... +p,.) 

2 2 a 

0 ~X 2 ~rr • {20) 

=p 1 +P 2 -(-P 8 +P 4+P 5 + ... +p
11

) , ecna p >p +P + p + ... +p,.; 
a- 4 a e (20a) 

2p 1pa , ecna Pa·<P, +pa +pe+ ... +P,. 

= 2p 1p a cos X 
1 

; 

2 p 1 p 2 sin X 1 COS (a a -a I) • 

a +a 
c2 2: a2 e peweHHII {20) B03MO)f(HO npB ycnOBBIIX 

, KOTOpwe CBOJlHTCII K ycnOBH~ 

a a 2 
c 2 ·:::_ a lim ax - b a 

+2 -a 
) H ee H3 a a B a a c 2 &MeeT n~6oll 3B&K npa 

al. 
+ + + a 2 ~0 . c a< 0 DpB 1• 2 12:lbal • •a2: 0 • 

D03BOnS~T H&IITB yron a a 

a 2 =2rr{3 8 , 0S.aa~2rr. 

ba 
.a B 

(2Ia) 

+ 
laal ~lbal 

(216) 

(22) 

(22) TPYJlHO cpaay H8IITB nyTeM Cny'I&IHOJI BW60pltB {3 a yron a a , 
2 2 a 

cnoBBIO C 2 2: a llmax - b 2 (2la) H ycnOBB~ {216), npu BWDOnH8HHB 

8HBS ( 20) HM810T peweHBe, DpB KOTOpOM yron )( a 38K~'IeB Me)f(.fty. 

eM cnoco6 6wcTporo H8XO)f(Jlei!BH yrna a • OnpeJlenRM cHa'lana 
(Q 2 

'BeTCTBYIOIUee f3 8 j ecna ORO He YJlOBneTBOpSeT {2la) 
0 

TO ODpe)le
(2) 

B3HB f3 a , EcnB DpB STOM HepaaeBCTBO, Oelp8THOe {2la), CT8Bc$BTCII 
(2) (2) (I) (2) (I) (I) ) IJ 8 > {3 8 (npa fJ 8 > fJ ) B fJ 8 < fJ 1 (npa f3 

8 
< f3 

8 
; ecnu )f(e ae-

{ 8 ( (2) (I) 
2la), CT8HOBHTCII 6onee CBnbiiWM0 TO fj

8
<fJ I) (npH fJ I ~ fj ) 

<2> C1> 8 a 
fJ a < fJ 8 ) • ,UelcTByH T81tHM cnoco6oN, Jl&nbWe B&IJleM DOAXOJlllll.lee 

•aneTaops10mee ycnoBB~ {:;!Ia), YcnoBBIO (216) YJlOBneTBopaTb ner'le: 

+ + + B HepaaeacTaax (20) T&KBe, 'ITO Ia l<lbal anu Ia l·>lb 1, a .<0, 
2- a-a a-

aa YJlOBneTBOpHeT BCeM ycnOBHHM {21) B ero Dp11HHM8eM 38 

neaae BeKTopa p a ; ecna *e Kosq,q,aqaeHTw B ( 20) ·Taxae, 'ITO 

~ 0 , 8 3H8'1eHHe a a T8KOe, 'ITO BenB'IHH8 C 
2 
> 0 

0 
TO cne-

-~ 

• 

,,~ ,:; 

~\··t . 
. ' 

J.'l{ 
~· ., 

·:r~· 
l)f;t 

;l·_ .• ty~·-·; 
1', 

:f• ,,, 
\l,'lll 

I 

AY8T B3N8BBTb B8IA8BBOe 3B8'18BBe a B8 BenB'IBHY rr ( ecnR C 
2 

.< 0 
0 

TO a a OC-
2 • 

T8BBTb Dp8)f(BBM) H Dony'leBHO& 3B8'18BHe DpBHSTb 38 &3BMYT811b1108 B8Dp8BneBB8 BeKTOp8 
p' x) 

Bwvcnt«B npB BAIA&BBOM 3B&'IeHBB a a aenB'IBBY c 
2 

( 20a), onpeJlenBM yron X a 

acnom~oays pacnpeAenaxae ( 16): 

cos X 2 • G Q,u (fJ ' ) ' 0 -~ }( a .$_ , (24) 

H aJtAeaaoa a&a'I&BBe X a JlonJKBO YAOBneTBopaT& JlBYM ycnoaxsw (:.;!0), Ha pacnpaAe-

neBBH ( 16) TpyABO Cp&ay DyTeM Cny'laliBoll BWelOpKB f3 
4 

H&JITB yron X a 
1 

YJlOBneT-

BOp8101UBI ABYM yCnOBBIIM (20), DOSTONy yKIIJK8M CllOCo6 elWCTpOrO H8XO)f(JleHBII DOJlXOAJI'"" 

mero 3B8'1eHBB }(a , CB8'18118 DO pecnpeAeneBB~ ( 16) B8XOJlBM X (I) , COOTB8TCTBy-
(~ (~ 2 

IOillBll {3 4 , EcnR B81JleBB08 3B8'18HBe X a He YAOBneTBOplleT ycnOBBIIN (20) (o6a 

Bep8B8BCTB8 DR60 ·> 0, na6o < 0), TO ODp8A8nBN Jlpyroe }((2) 
1 

B3HB /3~2) , EcDH 
(2) 2 . 

DpB B&JIAeBBOM X 2 
A(l) A (2) 

JlY ,.., B ,_.
4 

o6a H8p8B8BCTB8 H3N8BBnB 3B8K0 TO BCKOMOe f1 
4 

38KDIO'I8BO Me)f(-

• Ecn• >Ke npa aaliAeHBON ssa'leBBB x'• xapaxTep aepaaeacTB 
a (IJ (2) (I) 

Be H3MeHRDCH 1 TO HCKONOe· fJ 4 6yAeT orp8HB'I8BO DR60 {3 
4 

<{3 ( DpR {3 < f3 ), 
(ll) (I) (I) 4 4 4 

nB6o fj '> fJ ( npa {3 4 > {3 ) , ecna HepaaeBCTBa CT811R 6onee cna6wwa; HnB fJ 
4 ' ' ' . 

6yJleT orpaa&'leHo na6o {3 4 •> p<t> ( npa f3' 1
' ·> f3 <IJ ), na6o f3 

4 
< f3' 1' ( npa 

i ' ' ' 

x) EcnB ucno 'I&CTBil paaso Tpew ( a • 3), TO ace npoasaon1o11we yrnw }( 
1 

, a
1 a 2 onpeAenexw. 0cT8111tllWe TPB yrna onpeAenaM as saxoaa coxpaaeaas awnyn&Ca ( 14), 

B &TOM cny'lae a! • a·2 •a a·:::_ 0 • ( aa= pa
1 

+ p:- p~ )~a nepaoe ypaaseaae 
6yJleT a 2 +b 2 cos)( 2 +c 1 Sia}(a•0, 0 ~ }( 2 -~rr , 3To YP8BB8BR8 RN&eT JlB8 peweaaa; 

I. .I 2 b:r-:-1 - b .I 2 b 2 a I -· ... 2-cavCa+ -· u· 8 2a+cavC2+ 2-•a • ooa Xt • 2 2 a '• • cos }('2 = 2 a 
ba+ Ca ba+ ca 

EcnB B (216) BWDOnB!IeTCa yCDOBB8 Ba :::_ibal (T,e, ca< 0 ), TO WO)f(BO B3BTb DI060e 
as peweBBll I ,B , np&'<ew aw6op YJlo6Bo CJlenaT&, aae!s .ollllKOByJO WHKilBIO 

(:) = f(fJ)= 
/3<~ 

+,{3>~ 

0) 
(U) (23) 

Ecn• a ( 216) Bwnonxeao ycnoaae a 
1 
~I b al ( T,e, c a n106oe no sHaKy), TO npa b a •> 0 

peweBBeN liBnaeTCa I , npB b a< 0 peweiUieN HBnseTCll II , Yron )( 
1 

nerxo onpe
JleDRTb B3 BTOporo ypaaae&Bs: 

coax,- 1 
- (p 1 COS X 1 + p a COS )(a ) , 0 -$.)(I -~ rr , 
Pa 

H3 TpeT&ero ypaaaeaaa H8XOJlBM yron a 
8 a 8 = rr + ¢a• rAe ¢a onpeJleneao B (25), 

~. 

I 

" 9 



ilv' 

fl(l) < fl (ID 

' ' 
) 

1 
eciUI aepueacna cTAIIII 6onee CBllloiiWMBo JlelcTB;yB TU:BM cnoco!SoM 1 

X x) 
2 ,lliUib1118 BAIJl&M DOC118 H8CitOllbEBX UIUIOrB'IIIbiX WarDB DOJlXOJlBW88 3HA'l8HB8 

Bw'lBCIUIM ;yrnw 41, ¢
2 1 

onpeJl&liBJOWB& aanpuneue aexTopa q1 .. p1 + p 2 

cos•,- P I COS )( i + Pt COli)( 1 

q, 
0<..41,~17 

tc ¢1 - .!h. 
qb 

p
1

siaX
1 

siaa
1 

+P 2 siax
2

siaa 1 

p ili.a.x 
1 

coaa 1 + p 2 Ilia x 2 cos a 2 

q I • y pI + p 2 + b 2 COB)( I + C lei& X 2 

(25) 

0.~¢,~217 

nocxon~o~t;y t& ¢ 1 
DliBQTCII H80JlB03H8'lHOI cpyHitDB81 ¢ I 1 TO 3B8'l8HB8 9TOrO ;yrna 

0Dp8Jl8IUIM C DOMOUlbiO 'r&!SliBilbl 1, 

Ta!5napa 1 

3H8'l8BB8 ;yrna ¢ 1 
3aax q,,. 3aaJt q,, 

0 - tr/2 + i' 

+ 
tr/2.- 17 

17 -ltr/2 

3or/2-1n + 

(i = 21 31 41 ... n - 1) 

Jlanee aaanorB'lHWM b!SpaaoM onpe.ll&liBM yrnw X 1 
a a B81tTOp8 Pa 1 xoTo-

pwe ,llOli>KHbl !5WTb T8UMB 1 'lT0!5bl BbiDOliHIIIUICb H8pU8HCTB8 

x) EcllB 3H&'l&HBe + x 
2 

Taxoe
1 

'ITO OJlHO B3 aepaaeacTB (20) o!SpawaeTCII a paaea· 

CTB0
1 

TO DpB ycliOBBB a I + b I COB X I + c I Ilia X I = 0 BM"88M 

)('
1

•)('
4

•)(
1

•••• •)(D •rr-4',,cz 1 -a,=CI.=••••(IIl -w-¢ 2 , 

npB ycnoaBB a 2 +b 2 coax 2 +c 21inx 1 • 0 B P 1 ~P 4 +p 8 +p 8 + ... +p• aweeM 

, --){a • )(' ' • X I • • • • • X n • 41 I , - " -a a- a' •a I ···• a. • cfJ 'I (eM, (25)) 

10 

-

.. 

1 

I 
(p,+p,+p,+ ... + p,.) >lq.l-t 

I 

1 f(-t~ 4 +p 1+p 1 + ... + P .. >~ ecna 

.,.,1 ~ I 
(q

1
- p 

1
) 1 ecna p, .< p 

1 
+ p 

1 
+, 

nocli8JlBB8 yJlo!SHO 38DBC8Tb B BBJl8 

+ 
a I + b I COB X I + C I ·Ilia )( a :~ 0 

a a+ b aCID• x. 1 + c 1 eiax 1 ~ 0, 

0 -~X a :~ .. 17 1 

r.lle 
+ 2 1 2 

a I • q 2 + p I - (p 4 +pI + p I+" 0 + p a } 

8 a 
2 2 I 

q 2 + P a - { - P 4 + P a+ P e + ·" + P a ) • ecna p' >p. 

a 1 • 2 q 1 P a , ecna p,<pa+p,+p,+ ... +pa, 

b a = 2 q 2 p a COB • 1 • 

c a • 2q 2 p 1 sia • 1 coa (a •- ¢ 1 ) • 

CywecTBoaaaae peweaal {27) B03MO>KHO npa ycnoaasrx 

2 -2 I c 
1 

> 8 
1 

- b a 1 xoTopwe CBO.IlBTCH x ;ycnoBBJO 

I I 2 

- ba cl·>alllaax 

• +I 
c a> 8 a 

2 

•a.ax 
BliB npa 

+I 
- H8B!SOllb11188 B3 8 I 

-1 
B a I 

B C I BM88T liiO!SOI 3HU: n~ 

npB la;l~ lb 1 l 1 a: ;;.0 l•:t~lb,l. a~~o c.< 0 

Ycnoaas (28) no3BOliiiJOT onpe,llenBTb yron a a 

... - 217/l. 0 -~a a -~217 

Hal,lleHHoe 3H&'l&BBe a a JlOli>KHO y.lloaneTBOpiiTb ycnoBBBM (28a) B (2f 

'l8HHH 1 C,ll8li8HHb18 ,llliH yrna 
x) 

II I ( CM, 38MEi'l8HBH K cpopw;yne ( 22) ) 1 DOn 

rH'IIIbl JlliB yrna ,. a 
0 .. 

x) EcnB 'lllcno 'I&CTHn paaao 'l&Twpew ( n • 4) 1 TO ace npoH3BOllb 

a 
1 

1 X_, , a 
1 

1 a 
8 

onpe.lleneaw, 0cT&llbHhl8 TpH yrna onpeJl&liHM 

paaeHRII ( 14), B 9TOM cnyqae a! • a ; • a a ·~ 0 ( a a • q : + P ~ 
Xa onpe.ll&liii&TCII R3 ;ypaaaeHHII a 1 +bacosx 1 +c 1 sinx 1 •0, kx 1 -~ n 

8T JlB8 peW&HB!I : 

b ./ 2 2 2 
I. COBXa = -aa .-c.v c,+ba- a, 

b: + c: 
-8.b 1 +c,yc 

b:+ c: n.oosx,· 

EcnB a (28!5) awnonHH&TCH ycnoaae a 1 ~lb 1 l (T.e. ca<O ) 1 TO peweHJ 

BBifH8TCB I H U 
1 

Bw!Sop O,llHOrO B3 HBX Y.llO!SHo C,ll8118Tb C DOMOWbiO 

naB (23), Ecna a (28!5)" awnonaeBo ycnoaBe a 1 ~lb 11 (T,e, c 1 nJO!Soe), 

peweBH8M 11Bli!I8TCB I, npR b ,.< 0 peweBBQM 11BliB8TCSI n • Yron X 4 

BHSI 1 ) 0 coax --_._(plco•x,+P,COB)(,+PaCO•Xa I S.X4·~17 
' p' 

Yron a 
4 

Bbi'IIICliRM B3 ypaaHeBBII a 4 • 17 +¢a l eM, l31 )) , 

11 



8RCTB4 CTAJIR 6onaa CR.IIIollhiMR, .Ua.ICTBYR TAKRM CDOCOISOM1 

x) 
onbltllx uanor&'lllhiX waroa 11o.axo.aamaa aHA'I&Haa x 

2 
• 

.. .. .. ¢ 2 , onpe.aanaJOil.IR& aanpaanaaaa aaKTopa q 
2 

.. p 
1 

+ p 
2 

p I cos X I + p2 coax 2 

q2 
0<.<112~" 

Bi11x 1 siDa 1 +p 2 siax
2

Bi11a 2 

ax 1 coaa 1 + p 2 ala )( 
2 

cos a 
2 

VP 1 + p
2

+ b 2 cosx 2 +c 2 ainx
2 

0~¢ 2 !:.2rr 
(25) 

R HeO,I:lH03H4'1HO.I *YHII:DR&.I 

Hllhl I. 
¢2 , To aHA'I&Baa aToro yrna 

Ta6nana I 

~ cpl 3aax qlx 3aax q1
7 

+ + 

+ 

+ 

(i = 2, 3, 4, ••• D - 1) 

.. 
IP830M onpe.aenaM yrnhl )( a , a a 8eKTopa p a , KOTo-

T06hl 8biiiOJtHHJtRCb HepaaeHCT88 

Taxoe, 'ITO o.aao as aepaaeacT8 (20) o6pamaeTCa 8 paaea• 
b 2 COS)( 2 + C 2 sin)( 

2 
a 0 RM'&eM 

8 = tr- CZ. 2 , a 1 =a 
4 

=-a 
1 

•,. •• • a • • ,_ c/J J , 

2sin X 2 = 0 B P 1 ~P 4 +p 5 +p 8 + ••• +p• ....... 
• ••• • Xn • 4» 1 ,-, -a 1 •a,•a

1 
••• •a.·f/J

1 (cw, (25)) 

IO 

• 

,, 

:l' 

2 
(p 4 + P a + P 1 + ... + P • ) > I q•

2
"' 

2 
2 [.("11 4 +P 1+p 1 + ... + P.), ecna P,'~Pa+p1+ ... +p•, 

,Jl",l ) 2 (28) 
(q 2-p 8 ) , ecna p 4 .< Pa+ P

1
+ ... + P. • 

nocne.aaae y.ao6ao aaacaT& 8 aa.ae 

+ 
a a + b a cos)( 1 + c a·.ua )(a ·"- 0 

1 

•a+ b 1 c:o•xa + c 1 11ia)( 
1 
~ 0, 

0 ·"-X a ·<>-" • 
(27) 

r.ae 

+ 2 2 2 8 
a • q 2 + P a - (p 4 + P a + P 1 + "• + P • ) ' 

2 2 2 •a 

81 

• q 2 + P a - ( - P 4 + P 1 + P 
1 

+ • • • + P • ) , ecna 

= 2 q 2 P 1 • ecna P 4 <Pa+P 8 +P 7 + ... +p•, 

P 4 >pa+~+P 7 ~ •• +p• 

(27a) 

b a • 2 q 2P a c:oa 41 2 • 

c a • 2q 2 p 1 sin <IJ 2 coa (a • - ¢ 2 ) • 

CymecTBo8aaae pemeaa.l (27) 803MOJKHo npa ycno8asx 
2 -2 2 

ca>aa-ba 

2 

, XOTOphle C80AHTCSI K ycn08RIO 

2 2 
ca>•,_-x 

2 
- ba 

~ +2 2 
ca>a 1 - ba • 

(28a) 
( .... _ 

ana npa 

+I 
- aaa6on&Wee •s a a 

l•:l~lb,l, ·~·~0 
-· • •a 

c.< 0 

) • c a aueeT nJ06oA aau npa 

11pa I a ; I ) I b 
1

1 , a: ) 0 la:.l ~'"·' 
(2&;) 

Ycnoaas (28) noa8onHJOT oape.aan&T& yron a a 

tz I • 2ft fJ I 1 0 ~ tz a <>.. 2ft , 
(29) 

Ha.l.aaaaoe aHa'leaae a 
1 

'!laaas, c.aenaaahle .ans yrna 
.rtonJKHO Y.l:l08Jt8TI!IOpaTb YCII0811HU (28a) B (286), Bee 38Ne-

rB'IIIhl .rtns yrna a a x) a2 (cw, aawe'laaasr x *opwyne (22)), IIOJIHOCT&JO asano-

lt. 

x) Ecna 'IBCno 'I&CTHII paaao 'I&Thlpew ( n • 4), TO ace 1IpOB38on&Hhle yrn"' 
a 1 , x_, , a 2 , a 8 oape.aenea~>~. OcTan&Hhle Tpa yrna o11pe,aemrw as saxoaa 

paaeaas ( 14). B STOM cny'lae a ~ • a ; • a 
8 

·~ 0 ( a a • q : + p ~ - p : ) 
lea Ollpe.z:t&lllleTCR R3 yp&8H8BHR & 8 +b 8cos)(

8 
+c 

1
s!D)( I m0• Ck.)( I.~ ft , KOTOpoe 

eT .l:l88 pell.I&HIIH : 

I. cosx
1 

= -aaba-c3 -Jc:+b:- a; 
b:+ c; 

U. COB)( .. -•.ba+ c,..;c:+b!-a! 
a b a 2 • 

,+ c, 

X I ' 
cox-

11 
BMe-

Ecna 8 (286) 8hlnonaseTcs ycno8ae a 1 Ljb
1
l (T,e, c

1
<0 ), To pewesaew ypasaeaasr 

III!IILR8TCSI I K D , 81>16op O.Qaoro H3 HHlt Y.rt06Ho C.l:l8118Tb C IIOMOil.lbiO 3H8XOBOil *ysx-
llaH (23), Ecna 8 (286). 8hlnonaeao ycnoaae a 8 .~:1 b al (T,e, c a 11106oe), TO apa b 

1
> 0 

peweaaew RBIIReTCSI I, npa b •. < 0 pewea:aew 11811HeTcll n • Yron )( 4 8bi'IIICnBM B3 ypas· 
HHSI 1 

COS)( •- ......._(pI COB)( I + p 
2

COB)C 
2 4 p 4 

Yron a 4 8hi'DrCIIKM ~ ypaaaeaag a , • 

·I I 
li 

+ Paco•xa ), O~x 4 ·'"-" 

17 + ¢ a { CM, (31 )) , 

II 



Bb1'111CnBM DpB Hlll,tt&HHOM 3Hil'18HBB a a BenB'IIIHy Cg (27a), onpe,tt&nBM yron X 8 , 

HCnOnb3yH pacnpe,tt&n&HBQ (16) 

COB)( a • G Q,V (fj 8 ) , 0 '£ X 8 '>.." • (30) 

HaA.tteHHoe aHa'I&HBe X a .tton*HO y.ttoaneTBOpBTb .ttBYM ycnoBBBM (27)x). Bee aaM&'IA-

HHB 0 H8XO)K,ttQHBB X 
2 

OCT810TCB B CBn& .ttnB )(a 

Bbi'IIICnBM yrnbl ell a ' 
.. .. .. 
q - q + p a 2 a 

¢ 8 , onpe.ttensJOUIHe HanpaaneHHe B&KTopa 

cos ell = p I cos X I + p a COB)( a + p a cos X a ' 0 '£ ell a '£IT 

a qa 

tgof>,- ~ p 1sinx.lsina 1 +p 2sinx 2sina 2+p 1 sinxa sina 1 ,O~ ¢ a~ 2,: 
p 1 sinx 1 cos a 1 + p 2 sin x 2cosa 2+p 

1
sinx 8cosa 8 (31) 

q '" 

Cl 8 • v'q 2 +p 8 + b 8 cosx 8 +c 1 sinx 8 

3BA'IeBHe yrna of> a onpe.ttenseTCll no Ta6nxue 1. 

)lelcTByll TAKBM >Ke o6paaoM, onpe,ttenBM yrnbl x, ' a, X a • aa • ••• 

)(t-l' at-! B Bbi'IBCnBM yrnbl <Ilk-! , oflk-l , onpe.ttenBJOUIBe uanpaeneuue aexTo-
~ 4 ... .. .. .. ) 

pa qt-1 = qt-2 + pk-1 (q2 a p 1 +P2 ' 

k-1 
cos <Ilk-! • -•- I. p 1 COB)( t 

q l•t. I 
k-1 

0 -~ ... k_I.'>..IT ' 

k-1 

tg "'k-1 
qk-t,y 

I. p sinx sina
1 1•1 t t 

t-1 

(32) 

• o.~of>k-1 ~21T' 
qk-1, X I. p

1 
sin)(_

1 
cos a 1 

1•1 ~ 

Clt_ 1= v'CI:_
2 

+ P:_, +bt_,cosxk-1 +ck-1 sinxt-1 

3ua'leHHe yrna of> t _ 
1 

onpe.ttenseTCB no Ta61111ue ' • 

xi EcnB aBa'leBBe yrna 
p8B8HCTBO, TO npB ycnOBBB 

)( 
8 

TAKoe, 'ITO Cl,ttHO H3 HepaaeHCTB (27) o6p8U188TCB B 

a~+ b 8 cosx a +c 8 sinx 8 • 0 BMe&M 

X 4 • X s • X e • • • • • X a •" -~ a ' a 4 • a a =: a e • • • • = 4 u. • ,_ ¢ a ' 

npx ycnoaBB a~ + b 8 coax a + c 8 sin x • • 0 B P
4 

·>p 8 +P 8 +P 7 +•••+Pa HM88M 

, -x, • }( s •)(e .. .•. - x. • c))a' rr -a,·aa.=ao;= ···= a~~-=¢a' 
r.tte ell 8 , 4> 1 onpe,ttenBIOTCII ~OpMynAMH (31), 

12 ' 

Onpe.ttenBM yrnbl X t ak II8XTOpa Pk 1 XOTOpble .ttOn>KBbl (5 

'IT06bl BblnOOBllnBCb H8paB8HCTB8 

(p + p +. •• + p )
2 

·> I q +P 
2 

I > 

2 
( -pk+l + Pk+2 + • •• + P a) • ecnB 1\c+l 

k+! 11:+2 D - k•! It '< )2 < qk-1-pk ' ecnH Pk+l pk+2+pt+a ~ 

3TH BepaBeBCTB8 npe,ttCTaBBM B BB.tt8 

+ 
811: + bk COB)(k +ctsinxt-.>. o. 

O<xk<IT • 

r.tte 

+ 
Bk • 

a;+ btoo•xt +c~~:si•xt ~ 0, 

' 2 2 qk-> +Pit -(pk+l + pk+2 + pt+a + ••• + p D) 

a = q 2 + p 2 - (- p + P +p + ·- + P ) 
2 

• ecnH It k-1 It k +I 11:+2 k+l D pk+l '=!Jik+l + 

at • 2qt-l pk , ecnH pk+! <pk+2 +Pk+B + ••• + p • ' 

bk = 2Cit-1 Pt oos<llk-1 • 

ct- 2qt-lp tsin<llk-1 oos(ak -¢11:-1). 

CymecTBOB8!1Jle peweuaa (34) B03MO>KBO npa ycnoBBllX 
2 +2 

ck ?;at - b 
2 -2 2 

C k ~ at - bk t XOTOpbl& CBO,ttSITCll X ycnOBBIO 

2 2 2 
Cit ~ 8 tmax - bk 

( •: ... ,. - uu6onb1Uee B3 a:2 
• a-: ) B cit 

I a~ I~ I b k I BnB npB I a: I ~ I b k I, a! '>.. 0 , c k < 0 

Ycnoaa11 (35) noaaonJbT onpe.ttenBTb yron ak 

BMeeT n1060l 3B8K 
+ 

npu I & t I ~ I 

a t = 21T {3 211: _ 1 
0 .'>..a -~ 217 , 

npB'IeM uaA.tteHHoe B (36) 3BA'I&BIIe ak .llOn>KBO y.lloaneTBOpSITb .llBYM yc 

B ycnoBBJO (356), Bee 38M&'IAHBB, C.llenAHBbl& .llnB yrna a 2 (eM, aaMe'laH 

ne (22) ), nonHOCTbJO npBrO.llHbl .llnll yrna at 

B&I'IIICniiB npH BAI.ll&HBOM 3BA'I&BBB a k 

acnonb3yll pacnpe.lleneuae ( 16) 

cos X k = G Q,u5fl 211: ) ' 0 -~ XII:-~ IT 

13 

aenB'IBHY ck (34a), onpeJ 

,. 

~·-----------



AAA&HHOM 3H8'19HBB 

HH9 ( 16) 

a a aenauay c 1 (27a), onpeAenBM yron X 1 , 

oosx a = G Q,U (/3 8 ) , 0 ~ )( a '>. rr • (30) 

X3 
Aon>KHO )'AOIIn&TBOpBTb AII)'M ycnOIIBKM (27)x), Bee 38M9'1&-

ocTaiOTCll 11 cane Anll X a 

4>3 • ¢ 
8 

, onpeAensnomae aanpaBneaae II&JtTopa 

oos4> 3 = 
p 1cosx 1 +p

3
cosx

3 
+p,cosx 8 

q a • 
0~4> 1 ~rr, 

8y 

.. 
q -• q +p 

2 a 

= p 1 sinx.~,sina 1 +p 2sinx 2sina 2+p 1 sinx 1 sinaa , O'iO, ¢ a~ 2,: 
p 1 sinx 1 cos a 1 + p 2 sin x 2oosa 2 +p asinX aoosa 1 (31) ax 

q 8 = Y q 2 + P a+ b a coax a + c a sin X a 

onpeA&nli&TCll no TaCinaue 1. 

>Ke o6pa3oM, onpeA&nBM yrn.bl x, ' a, x. t "• •••• 

cnHM yrn.bl <I> k -1 • ¢" _ 1 , onpeA&nliiOI.l.IB& aanpa&neaae II&KTo-.. .. .. 
(q2 = P,+P2 ), k-1 

k-1 
l: p 1 oosx

1
, 

q 1•1 
k-1 

0 ·~ <llk-t'"-" • cos <Ilk-! = 

k-1 

tg ¢k-! 
qlr.-l,y 

Qk-1, X 

l: p sinx 1 sina 1 J• 1 t 

k-1 

(32) 

• o.~¢k-! ~2rr. 

:£ pi sin)( I COB a I 
1•1 

q"_,= yq:_2 + P:_, +b"_ 1cosxt-t +ct-t sinxk-t 

_ 
1 

onpeAenH&TCll no Ta6naue 1 • 

HBe yrna )( 
8 

T8K09 0 'ITO C>AHO B3 H&paBeHCTB (27) o6p8U189TCll II 
CnOIIHB 8~ + b a COB)( I +C a sin)( a • 0 HM99M 

X 6 a )( 
8 

-= ••• = )(n -w-c1 1 , a 
4 

• a 
0 

• a 
8 

• ••• • a. •rr-¢ 1 , 

b a cosx a + c a sin x • - 0 B p4 ·> P 8 + P 8 + P 7 + ••• + P. BM99llol 

=xa =x.= ···- x,.·<~>a f1-a
4
-a

0
.-a

8
;=_ ••• ma

8
-=¢

8
, 

pe.oenHIOTCll 4JopM)'n8MH ( 31) • 

12 

• 

OnpeAenBM yrn.bl X" ak B9KTOpa Pk 0 KOTOp.ble AOnlKH.bl Ci.biTb T8KBMB 1 

'ITOCi.bl ll.biDonHSIIUICb H9p8B8HCTB8 

2 .. .. 
(pk+t+pt+2 + ••• +'p•) •;::: lqk·t+Pt 

2 

2 (-pk+t + Pk+2 + ••• + P a) • ecna 1\.+I~Pk-H +pt ... + ••• +p,.; 
I > I 2 

- (~, -p") • ecna Pk+t <pk+2 +pk+a + ••• + P • • (33) 

3TH Hep889HCTB8 Dp8.0CT8BBM II 118.09 

r.oe 

+ 
at • 

+ 
B k + b t CDS)( k + C k sin)( k ~ 0 , 

0 < )( k <rr , 

a;+ b t msxk + c" sinx" ~ 0 

11 2 2 
qk-1 + pk -(pk+l + pkH + pk+l +••• + p D) 

(34) 

a, • q 2 + p 2 - (- p + p +P + '" + P ) 2 • ecna 
& k-1 k k +I k+2 t+l D pt+t '=!Jlt+2 + P...,., + ••• + p" ' 

at • 2qk-t Pk , ecnx pk+ I < p k+2 + pk +I + ••• + p D 0 
(34a) 

b" = 2qk-t Pt cos<llk-1 • 

ct • 2 q"_ 1 p "sin <Ilk-! cos( a" -4 k-t). 

CymecTBOIIaJUie pew&HI{A (34) II03MO>KHO np11 ycnollllax 2 +2 2 
c" ;:::a" - bk II. 

2 -ll 2 
c";::: a"- bk t KOT0p.b19 CBOAHTCH K )'CnOIIBIO 

2 2 2 
ck ~ akmax - bk 

(35a) 

( a: ... ..,. H8B6onbWee 113 a ~2 R a-: RM99T n1060A 3H8K DpR 

Ia~ 1~ lbt I ana npa I a: I ~ I b t j, a! '>. 0 

) H ct 

ct < 0 
+ + 

npa 1&"1 ~lbtl,a"~O. • Y'cnoiiBll ( 35) n03sonaiOT onpe.oenBTb yron a" {356) 

a k = 2rr /3 2k _ 1 0 ·"-a ~ 2rr , 
(36) 

DpB'i&M H8A.09HH09 II (36) 3H8'18RHe ak AOn>KHO )'.OOIIneTIIOpllTb AII)'M ycnOBRilM (35a) 

B ycnoBBIO ( 356), Bee 38Me'I8HBH, c.oenaHH.ble .ons yrna a 2 (eM, 38M8'18HBH K ¢opMy-

ne (22) ), nonHOCTbiO nparo.OH.bl .ona yrna at 

B.blucnBII npa aaAAeHHOM 3Ha'le&BB a k 

BCDMb3)'ll pacDpeAeneHIIe ( 16) 

CXIS )( k = G Q,u5fl2k ) ' O.~Xt·~" 

'I 
>i 

13 

ll&nii'IRH)' ck (34a), onpe.oeniiM yron Xx 

(37) 



'l 

i 

Hall.tlessoe a (87) 3BA'IeBae x. .llMlKBO Y.llOBII8TBOpiiTio .llBYM YCIIOBBRM (84) x) • Bee 

38M8'18JIBR .lliiR )(I OCT810TCR B CBII8 .lliiR )(k 

0'18BB.IlB01 -iTO BW'IBCII8BB8 yrno& Cll8.1lY8T Dpo,ll00lK8Tio .llO k • D- 2 B 3&T8M ODpa-

.ll&IIBT:b yron a a -1 0 TOr.llA 6y.ll8M BM8Tio 2a- 3 DpoR3BOII:bBWX yrna 

~ 1 1 Cl 1 ' X 1 ,a I '• • • ~ a-1 ,a a-1 '«a-t (88) 

0CT8n:b8W8 TpB yrna , )( _, 1 )(a , a a 1 Rall,ll&N R3 3U:OR8 COXpaR8DR BMDYII:bC8o 

Yroo x._ I 0Dpe.ll811R8'l'Cll R3 yp8BR8RBSI 

• _, + b.__, coax .... ,+ c.__, ala x .... , - 0, 

r.lle 

•,....., I I I 
qa -I + p a- 1 - p a '~ Q 1 

b•-• • 2q•-• pa-l ooalb._1 , 

c •-I • 2q 8 _ 1 p •-t ala ··-' cos( a a-t -¢a-a ) • 

Ypaaaeaae (89) &MeeT .llBA pewesaa: 

I. ClDB )( D -I 

I I -a._, b._,-c,._, vc._, +b._, 
== b:_, + c.2_

1 

.. ··-· 

(89) 

(89a) 

(40) 

u. cos)( -
-a .. _,b __ , +c._, vc:_,+b:_,- .:_, 

b 1 + C I 
, 0.~ <IT 

D-1 -

Ecllll • .. _, 2: I ba-t I 
6oe 83 pewesal I 

Ecna &
8

_
1
<\ba-i I 

liBIIS18TCll I • DpR 

x) 

a-1 
D -1 D-1 

( T.e. C a -I < 0 ) 0 TO B Jt8'18CTB8 p8W88Rll ( 89) NOlKHO B311Tio 1110-

t II 0 Bb160p peweHRll y.llo6BO C.ll8118Tio DO 3H8XOBOI tPYHXllHR (28), 

(T,e, Ca-l 1110608 DO 3H8Jty) 1 TO ~pH ba-l ·> 0 p8W8RR8M (89) 

ba-t< 0 pewesaeN (89) l1BIIli8'8Cll II 

Ecns 3R8'18HBe yrna x. TAJtoe, 'ITO O.llRO R3 sepaaeRCTB (84) o6pawaeTCll a 

p8B8RCTB00 TO DpR yCIIOBHR a: + bk COB)( k +C kala )( k • 0 RN88M 

xlt+t ·x .. +a • x .. +a • ••• • x a _,_., .. ' -= ••• •a 
D -.- "'· . 4 Jr:+t•ak+l •at,..a 

DpR yCIIOBBH 8 k + b k CGS)( k +C k sill)( k • 0 R pk+l ~pk+l +pk+l +o•• + p D ....... 
rr - XJr:+• • )(' k+l • ~+I - ••• • X' • • •.. ' .. -a k+t • a k+l • ak+a •··· • a • • ¢ k ' 

r.lle lj)k t t/Jk 0Rp8.1l811SI8TCSI tPOPMY118NB (32) RpR 311N8R8 k-1 sa k 

14 I ~ 
' 

Yrnhl x. 11 8 nerxo ODpe.ll811RTio R3 ypa&H8HBI 

a-1 

cosxn .. - ~ p COS)( , 0~ X S. IT 
Pa 1-1 I I a 

a D • IT + ¢ Jt-1 I 

r.lle yron ¢ .... , oape.llenBeTcll B3 (32) npa k • n 

Tax&N o6p830N, sal.ll8Hbl ace a B811B'IRH BMDYIIIoCOB P, ' pI 

RBxyrnbl )( 1 , a
1

, X 
1

, a
1

, )( D 0 a, , y.llOBII8TBOPll• 

paaeHRB aaeprRR R &Nayn~oea • 

D R T e p a T y Q a 

1, r.Jii,J<oDbiiiOB, )1(3T<Jl,. a§., 1426 ( 1958). 

2 •. r.Jii.KonbiiiOB. )1(3T<Jl,. ~ 1091 ( 1960). 

i. 

PyKODRCio DOCTyDRII8 B R3.1l8T8111oCKR 

26 anpen11 1985 r. 



•••• x • .aon>Kao y.aoan&TIIOpliTt. .aayw ycnoa••w (34) x). Bee 

c11ne .an• Xk 

cnea11e yrnoa cne.ayeT npo.aon>KaTt. .ao k • a- 2 II 3&T8W ODpe-
r.aa C5y.aeN liW&Tio 2a- 3 npoR3BOnloliYX yrna 

'a 1 ' )( i ,a :a '• • • ~ a-2 ,a a-2 'a a-1 (SS) 

x .. a ,. , Ral.aew R3 3Uoaa COXp8118Dll 11wnyn~oea. 

R R3 yp8BR8RRR 

Il-l coax,._,+ c,._, lila x,._, - 0, 

._, a a I 
- q" -a + P .. - t - P • ·~ 0, 

b,._, m 2q,._
2 

p
10

_
1 

cost._
1 

, 

c,._1 = 2q,._2 p•-t ala t .. _, cos(a._
1 

-¢ .. _
1 

) , 

eT .aaa peweRRR: 

I J 
-all-1 bil-l -Ca-t VCil-1 + bD-1 

= b,.2_
1 

+ c,.a_, 
.a ··-t 

(S9) 

(S9a) 

(40) 
2 ~ a 

-& D- 1bn-t + Cll-1 VCil-1 +bD-1- •a-1 
1 

0 .~ · .~JT 
b 2 + C J D-1 

D -1 D-1 

• C 10 _ 1 < 0 ) , TO B J:a'I8CTB8 p8W8RRR ( 39) NOJKHO 113RTb mo-

t Bb160p peweHRSI y,ao6uo c,aenaTt. no 3BaJ:OBOI lPYRiliiRR (23), 

c,._1 mo6oe no 3B&J:y), To npa b,._
1 

·> 0 pewe&Bew (39) ' 

<0 peweu&eM (39) Rllnlle'BCR U 

rna Xt TaKoe, 'ITO o.auo R3 uepaaeRcTB {34) o6pawaeTcll a a: + bkcosxk +ct sin Xt = 0 RNeew 

" =X =17-Cil 
.. k ak+l=a:k+-2 =at,...a =···=aa =rr -f/;Jr. ' 

k +c t siax k = 0 
R pk+t ·~pk+J +pk+l + .. , + p a Rweew 

2 =xt+a =···=x. -•It, fl-czk+1 ·a~2 • alr+a·····a.•¢Jr., 

eTCH cjlopwynaMB (32) nPll 38Meue k-1 Ha k 

14 

• 

Yrnbl x .. a 8 nerxo onpe.aenHTt. 113 ypaaueual 

cosx ll ,- -

a-1 

.:E p 1 cosx, • 
p" loot 

0<;_ X • S. 17 

a • • " + ¢k-1 ' 

r.ae yron ¢ _, onpe,aenii&TCR B3 (32) npa k • a 

(4J) 

TaKaw o6paaoN, aat.aeaw ace a aenB'IBB HMDynloCOB pI ' p 2 Pa•••• P
8 H HX yrny X I 

a 1 • X 2 ' a 2' X • • a 8 0 y,aoaneTBOpRIOWH8 34J:OH8M COX-
pBHeHBR suepraa a awnynbCa, 

0 R T e p a T v p a 

J. r.11.J<onwnoa. )1(3T<I>,. ~ 1426 ( 1958). 

2. r.H.Konwnoa, )1(3T~, ~ 1091 ( 1960). 

·~ 

PyJ:ODRCio DOCTyDRna B R3,ll8TenbCKRI OT,aen 
26 anpenR 1965 r. 
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