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KnaccHqecKaSJ CTBTHCTH'l:feCKaSJ MexaHHKa nonnMepoa 

c f'OJIOHOMHbiMH CBst3stMH. III. nonH9THJieHOB851 uenb 

P17 ~ 11118 I 
PaccMaTpHeaeresr nonH9TKneaosag uenb. TipeorronaraercSI, qro eaneHTHhie/ 

CBSI3H H BaneHTHbJe YI"'Jlbi B HeH a5cOntOTHO )KeCTKHe. nnsr HCCJle.OOBBHHst 3TOfi 

MO.Oemr ITpHMeHSieTCSI MeTO!l, p83BHTb!H B IIpetlblllYWKX pa50T8X .OBHHOI"'O UHKJia. 

TI OK83BH01 qro CTBTHCTIPteCKHe XapaKTepHCTJ.!KH MODeJIH CyWeCTBeHHO OTJTH'Lf8-

lOTCSI OT CT8THCTI.P·teCKHX XapBKTepHCTHK UeiTH 1 B KOTOpoH !lBH>KeHHe ITO BCeM 

creneHSlM cao5oabi rronaraeTCSI KnaccR-qecKnM. OrMeqeao, qro aKcrrepHMeHTbi 

B 9TO:H: 06JTSCTH' He!lOCTBTO'lJHO TO'lJHhl .OJISI TOf'O, lfT06bJ MO)KHO 5blnO ITpOBeCTH 
nposepKy rro."1ytteHHbiX peaynbraros. 

Pa6ora BbfTIOJIHeHa B !Ja6oparopHH TeopenPieCKort ¢H3HKH OH .HH. 

CooC51Qeaae 061.e.llllaeaaoro HBCTBTYTa &Jlepawx accneJlO&aH81. ,II;yC5aa 1977 

Swetm;orski D.A. 

Classical Statistical Polymer :\.1echanics '.'.ith 
Hnlonomic Bonds. III. Polietilf?n Chain 

Pl7 ]]]]8 

The polietilen chain with fixed bonrl Jr-nQths and bond angles 
is studied. It is sho1..vn that the statistical partition function for such 
a chain is different from the partition of a chn.in 1.1\.'ith classical deg­
rePs of fr<=?Pdom. 

The investigation has been performed at the Laboratory~ 
of Theoretical Physics, JINR. 

<;:ommunication of the Joint Institute for Nuclear Research. Dubna 1977 
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B 3TOH pa6oTe MH l'ICC.llenyew. 

rro.llK3T WieHe ( - {H.:<- - C H.<-­

Ha C8MOM IIpOCTOM IIO.llll:Mepe -

) BKAa,IJ; Kl'IHeTK'IeCKOH 3Hepr~lf 

B CTaTKCTH'!CCKI'tli lfHTerpa.ll. Mi> Oy.n;eM paCC~f.aTpKBaTb 8TOMHHe rpyrriiH 

C. H L KaK TO'Ie'IHH e MaCCH • 

Pac.I •. 

KaK 0H.ll0 yKa3aHO B pa0oT~I,2/*), Bee CTaTHCTl'l'!eCKHe 

xapaKTepKCTKKif TaKOH UeiiK MOXHO IIOnJ'IW!b Ha 6a3e CTaTHCTH'IeCKOrO 

KHTerpaJia: 
2.11 lii 

~ =(2 K'T'rT/[ \--- ( J.f, 
K. ~ ) 

_.J'fN 
DJ..i) e-uN,, _.)'ffV.) /K..."' 

' (I) 
0 0 

r,IJ;e - I o,.,.N J ~[per L a;J1]- z 

•) B .IJ;aJlbHeitmeM W 6y~eM CCHJiaTbCJI Ha 3Tif pa0oTu, KaK 

Ha I H II. 
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:.IaTpllil;a t ,(IJ r 80Th MB.Tpllil;a KIIH8TWl8CKOli 31!8pi'II!<I. Hama rrepBa.H 

3a,n;atJa - IIOJIY'!HTh y,no6Hoe oopaJJteHHe .IVlH {)tf_'!), no,no6Hoe BHpa:&:eHHD 

.IVJ.H D,r@-J (eM. !,II). M.fi sToli ueJJH Mbl 6y,neM HCIIOJJh30BaTh 

M8TO:J;, pa3BIITHii B pa6oTax /!,II/. 

!IOJJY'IID..: CH8'18JJ8 Bl1p8Jit8Hl'l8 IVJR !'.'8Tpi<!UH { 0.,1'; • .!VIR 
sToro BBerJ;eM HOBI1e rreper.cemrue _.,. 

Li~i ='l:-~/-• . ' 
-"-;> _......, 

Ll '{! -=- z 1 

L .= 7-.]. 
(3) 

11 rrepeMeHHHe t./; t'/ 1 'J': (eM. pac.I). CaMJiM npocTbiM cnoco6oM 

3TO MOJKHO c,neJJaTb, 8CJJH BB8CTI1 JJOKaJJbHHe KOOp,n>l:HaTHHe Ma.Tplil.\bl 

Bpamemm 

; -te>f; - s . .,:f1 <{)sf;>·"•: ) 

_\ ( :f;, !7,)' \ s. "~:""e; - wd; - s ;., ~. ,,., e i 
(4) 

,) ' v, {)/ () (.<) ~ (?-: I 

KOTOpble CB.fi3b1B810T KOOpll;I1H8Thl IIp0113BOJJbHOI'O BeKTOpa B L - OR 

Koopn:manroi1 CI:!CTet~:e c ero lite Roop:J;I1HaTaMI:! B ( L -1 )-oli cacTeMe 

KOOpll;>l:HaT : 

([-f) - If(<./ 

It-K- = j K-f ( ~·,r3,·) f . 
-'> 

Tor.~a KOOpll;illiaTH 4 t/ OTHOCI:!TeJJhHO Ha'!aJJhHOH KOOp~HHB.THOH 
C l<I:CTer.:bl onpen;eJl.fi!OTC.fi lPoPMYJJO~ 

c Lit·):: L-s(&,,'i>,) __ s{ot'~·J] .e. 
I IL JG..f 1 

tG==I.:!. 3 
' '<5) 

.l(aJJee HeTpyT(f!O ITOJJY'II1Tb n;eKapTOBhl CKOpOCTli '18CT~, BllpallteHHHe 

'lepe3 e / 1 /9,'J 'f',' , 1:! 06o6meH.HHe CKOpOCTH /• 
1 
~- , :!:· : 

4 

p 

~ ~ ~-, t p (""(·) ,z·(p.tt .. ) =- ,. \o L- 2-·L-5(8-f'J ·:!s(~~~J 
I ~ I I t1 L-1 l {..r I f1 1 • •• • •• 

p=1 p.:< ~<.=1 'i)·ll'~c.-

S 
I e 'S' J] e + zp· L-5(& 'f) ;) ,5(&,, '3';._) 
l f' f ~ J !G. l1 I - -- ';) ~ 

'<;I ~ i4 (6) 

sc~f~'i't'Jl i ·+C!;(e,,f,l ___ ~(9p'fp!] ef' h~"" .... 1 J-

&:Jill Terreph y Hac Bee ( .= e 11 &.- ~ B H He Meii.illOTCH 

CO Bp8M8H8M, TO lVlil KHH8T>l'18CKOi1 3H8pi'lili ITO VJpMyJJe (6) IIOJiyqae!;; 

" 'T=Z: 
j:!'l 

~,,l IV 

m t; _ _!. ">' b .. {'f,, - - .z t;.--'. 'J 
1- '7d 

'f,...; &-,e ) ':f'. ';f. 
I d • (7) 

JI:BHHR BIIIJ; MaTpHL\bl l b /i 5 11pi1BO.ll;l<I:Th He 6yn;eM, TaK KaK B ll;8Jlh­

H8il:In8M B 3TOI'<l npen;CT8BJI8HI11<1: OHa H8.M He IIOTpe6yeTC.fi. 

Rr.rneTI1'1ecKyiO sHeprli!O (7) MOl!tHO oopa3l<I:Th qepe3 o6o6memrue 

mmyJJl>CI:l: 

II 
1 -:~l -' ;- a·· (--J 
1~ ~ 'd IJ 

I!) 

'iN ) fv. pf· • 
I .), J (8) 

Ta.K Ka.K Ma.Tp~a { b, J} IDJJ'J.HeTc.fi o6paTHoi!: K r:.aTp!me j (( 1/ f , 
TO 

D,;.'f J =lor::rJ.b,J} J (/.t. (9) 

HoBoe npen;cTa.BJiense ,nM b ; · Mhl rro.nytJilM, HCIIOJih3YH oopa.JiteHHe 
J . , 

tJ :-' <. 
""' o Ll ""t· rl . . 

zo "(fn (~--- )~t--.Ji~ e- i= 1 --z' 0,s [c~>?:·_, ).(:~ -f_,),_<IO) 

-r -P xE[ci>f-LJl(-~;-z)J • 
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B (IO) S -<flyHKIUHl y'li!ThlBaKJT RMHeTuqecime orpa.HKt<eHID! Ha 

CROpOCTll, o6yc~OBn8HHhle ~eCTKOCTbiD BaAeHTHUX CBH38H H BaAeHTHhlX 

yr~oB. 

EbJUI c~eJ:aTL 38M8HY nepeMeHHhlX t~· -:> (1; f)t 1 ::f· 
M f,. --.-.. C/1 !?,·1 Y,> , KaJ< 6l:lJio yKaaaHo wme, TO .IVIRi:....., 
nOJIY'llr:.1: 

~~ ·' ~ v t.ff ) . . . .. . JV L . - I z: ~1-) ___ c)tcW
1 
••• Jf-cl&;.,cNrv nestt1e-1 e ¥ 

0 \In ' tv ;=, I (II) 
-.P .? 

' {/. ~ 2-
K ~~ J( i,{ I ) b ( { ~ s I yzQ ,' 0,• ) ~ 

t"":-1 

IIoJIOlUiM Bee ft· I! {)I paBHhlMH i Ill e a Bl:l noJIH ltlM . ' 
HHTerpRpOB8HJ.le no e,. a f3t' 

-r/ ""' cP I{ • • 
e:"' =( fn J r__ ( ~.; 1,; e -i z_ .b~·J. f '1 

_\ Jc;t!":lj---C-t:ip 'J'' I J (12) 

-? -? 

naAee, KaK H B pa6oTe I, rrpe~CT8BHM 2.., B c Jie.cyKll.leM 

BH~e: - 1 1 
i 0 :[.2Jef{0,Jj -~ (13) 

wm - j 

i o -= b,JY.l . (14) 

Terrepn aaMeHI'!M B ?: 0 S -<PYHKUHa KX if>yp:&e-npen;cTaMeHWIMH: 

~ . 
~ _, _-, -> 

b (~ T_'i. (if~ -i_~_, l= j_ ( clQ· e l, SG: A-~i. ( 't, -~,-,) 
\...' ..2n J ' ' 

_,p 

- _-, -~ ' • of> . I _-, _, ~-, • 

c>L (.2\ ~; t t1 "Zt -1 ).( r- i7. 2 J] =J (JQ~ e tS2; (!.i.'(; t4 2,_,). (t; -2;_ 2) 
.-ln )' t 

-? 

6 

.,. 

p 

, 
_--, 

J.l npollHTerpllpyeM no BCeM t,. . B peayJibTaTe noJiy'lm.~ 

Z:o ~( {)"'. ' ,,. "" "" ' In b;I<A) J-- ),lQ,dst, 
- "" -d' 

JSI.rvAsl; X 

~ ._ 'L )!\< <I .., lVI n e -l r It e-)_ I "I(" -1 

;~ 1 

e -1_ Nrv-

' 

(15) 

r~e 

'2 2. L .2. 2. L ~ . ,n-_ ·1, + , + )2 : 
Nr~ l 52; ... e Sli-t I --r:<a t 52,)/.(.;1 -+(Uc0cy,) f?.,· +(lf!c .l Jc,,z. 

1.. I I , 

2_ b (Y',,Y,.,,)(_eec.oJ~) S't..,Sf.{.z__ +,Let. (!ZeGcJo/2.)5L,-~<-5~,~ 1 r 

i d ('!;) e(~ecv,&;z_) 51i SL;~' ~ .2 d..t'i;.,) e.u UTJf_ 52,·:2. .Q, -1 

~ ce(2euoft) Q:S2 • 
2_ I I , 

111 <- 2.. 1.. 2- S. 2 I ~ h.,_,= e Q, ..... e SL;v-1 -.2 e (.d') GS2.,.,. 2;.,;_, 1' Q. e u?J v ) .52 . .< 
IV ,- ("' .<_. / /1- _ 1 

2 - z . ' 
(.2 e) Ct')'ty.Q._ LW)<f!/z. (-t.SI'? ~ [[1')--g!'-/ H.-<.<>) t"'j] fl_,N..IL,._r_' i 

(1 e J z_ Ct9'? w~ (..1_9') 9! 2.. 2.f'('-l s2 tv~' • 

• 2. 2. f<J z 
1

,.<_ 2. 2.. I 
~~ rr = e Qf'v- 't .1( e Le.J erz.) sL,.r -+ r,u J u') a12. :1.(>1' Q~ • 

B fl1 II M~/-t; f\'l;vr HCIIOJ!b3YJOTC.ii o6o3H8'!8HID!: 

a-~ - W19- '
1 

C = Cft:J e./:J-. ; d '-f i =- UJJ'&/z_ (~ s, "(.J {L1J ':!1 -r U7JG). 

6('!,/J.< d =- f s~:~ [ Cd.liJ;_. C8.l~-d 1- s,·;, ~ .. ~. '1 J:. , ... c 15 i J 

{.$') 9{ C&.) :f. . .. UYJ '1,·~ ,- C&J il, C<Y'J Y:~ I) 1 -r {~ 2} CPS G] . 
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na~ee BB8~8M 6e3pa3M8pHH8 B8~H~HHH 

Cc · · 
I 

£ f2_ i 
,;;;:, 

I 

[(_;· ~ 

I • 

SZi 't: 

1/~ Yl-1 

tv· uJ, 
I I I 

If, rrneHeOperaJI rpaiiWUlll' If sqxpeKT8N.r.f TlAA 2L,, rro.nyq11M: 

ot> cf' 

"2 = ( <1?01- s-- ('cJ_(Jc,il.<.il 1- -' ci {U ,i.L<J 
-c c J ' ;t. "' -d' -? . 

,.- - L 

f7 ~r!-L w/-+ 
,~ ( 

(16) 
L IL I 2_ f I 

(<)I·_. 1 + )_ L1 U'/• I U.(· -t U-',' -+ ((_; '• 2 -f .:2 fu ( ':f, .I ':f, • f ) (./_,'/ u_ !I'+ <.- -T 

r ' I I ~ 
.2C.Lu/•.zLU1 •1 -f2ci(':!i)W,-w/., -t2d('f.·_,, )Lt-{~twi +.2.cw,·w.] j, 

B (16) yn:oOHO rrpOiffiTCrplipOB8Tb ITO C<J<'-- , LU'f , • _ _ If 

BD8CTli HO'C31l8 u003HaqeHM rrepC!I.i8HHNX: 

' I I I. I x (tJ~w· • x,(o =t~ ,. x..,.._~)"" cl7/-+f • (17) 1 I J <-

IlocJie J1'oro Co sarr~~:cHnaeTCJI B oo~ee ROMIIaKTHOM ifx:JpMe: 

""~D-3/-'"> - 3 ' ' 

:Z:o ;{_L<YJ/)J- f---f adti exp(- ( ~~.4Pl('J;JXpL'J,(t. .. (') + 
-? -.? 1~1 P,[· 

~ (18) 
-t·J.,Z., C...pt.(':!;l'f,,,/,·.,.J ( (I)Yc.(r'tz.) t 

p.F' f .,. 

i_· B . (\l;;z.) Krli1t}Xt,.{i--z)~ • . 
r.v• Pt-

8 

... 

... 

f' 

r.n:e f7 03HaqaeT IIpOI{3B8D;8Hli8 TO~bKO ITO HeqeTHllli. 3Haqemmr 

, a IW3{fif>HUif8HTH lip'!- , C Pt- , f3?t/ oopaAOJOTCH lJepes 

K03~HUr.f8HTH (15') IT0Cp84CTBOM COOTHOW8HIDI 

I+ 
l, L/ 

11 ~ 1-a!z 
1 

J+
1
.:.='-C-od(f; !/,:._ ; 413 = 1-.:: .!.. • 

fr,z1 ~ .412_ 
ll-..z

2
-= 1- cl. \'1; )I;__ ~ )l-21 :: -cci{J; )/z_ 

;1-),.,_ 4 13 1+-3 2-= ,42 3 
~s s = t- c' d('f; .. l )lz. 

G ~ 1 - tl/2 ' 13 -= - c o !1. 
~~ ) I 2, 

f3 -o:c-od(t;·+z_J/4 
) ~ . 

B.21 :: t3 I}_ 
rs "1- c.z;., 

2. 2 "'-
13

23 
= - c d( f..c_ )/z ,C19) 

r3JI = (3,'3 ~ B32. = !32,3 ; B;;:,= f--c{2_('1,-..,)lz.. 

C = -d(':f,)D./~ · C -:d.(':!' 1 )_c.u • C ::-ad{'I:.<-J/·' 
11 -<-1 IL 1 ' I;;__; 13, "'-• 

c,2t -=-dN,J Ct/z_ .. ; c..2 2 = G(t,-
1

'-1,_. 1 ; _ d('-1.-J,~ • 
.<... 

ci
3 
~ -CldN.-.c.. J/z ·, c21 -=-d(':f:Jr>./:<_. 

c ~ b{ y, cf· ) _ d('i.JC . C __ d(!. J d('J;. t-) 
)_:(.. r I .-i1 -- :.2 2- - , z ) Cl .(__. 

c.32=-Cfz ;c31 =d..('J,·~,)-~ ·e- =io('t· '1· J-col..{-1;..<) .2.. ) 3 3 ,. ,, d z .z.. • 

PaccMOTpill'll cHaqaJia c~yqail , Kon~a nee yrJJH BHyTpeHHero 

Bp8Jli8HM :Jj O~ll:HaKOilll 11 paBHH :f .:51 STOM CJiyqae san;aqa 

B<l 1H!C~8HM 2 O CBOIJ;liTCJl ITO M8TOIJ:Y KpaMepca-Ba.Hb8 K H8XOJ!l;)\8HIOO 

MaKcliMaJII>Horo co6cTBeHHoro sHaqeHil:H c~e~ero ll:HTerp~I>Horo 

ypaBH8HWI: 
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_y:, 

~ lj ( i'J = s tLf' k u ~f) 1-( i') 
- .:? ' (20) 

r~e k ( i~~,) ~ :
1
, e_'K P {- (:2:'11,/~~:J t 2 ~·c,1. -r,yJ -t EBu if, \1) 7. 

II 1/.- 'I 'J 'J 'J " "r! -

0R83HB88TCH, qTo C06CTB8HHH8 ~YHKUHH ypaBH8HHH (20) KMeiDT BHn: 

_.., . - 2. J( I;K ~ {) ( . . ) '1f )" (X ) "' e 'J ' ~ 1-1., '1.-1 /~-l 1 X$ • (21) 

I'J.(e P~-, - rroJIHHOM cTerreHH 1.1 OTHOCHTeJI!>Ho Tpex rrepeMeHHIJX 

J<,,lt/3 • 
!10I(CT8HOBK8 (21) rrpH )1 =0 B (20) rrpHBO~HT K CJie.n;y!Wl8MY 

ypaBH81H!Il ~ B8Jll:I'UiliH o(,J· : 

c{,J ~ f\)- f~~~·VI1 D~~(.,( )Cd·~ . 1 t 3 
I)~ • 1 I , 22 ) 

J 
' 

-1 
r.ne 0t.LM (.< )- 3Jl8M8HTH TpeXMepHOiJ: MaTpBUH, o6paTHOit K MaT pilUS 

P,J'(d.J ~ /3,d -+ d~;; · 
3TOM C06CTB8HHOe 3HaqeHHe J1 ~ 0Ril3HB88TCJI paBHHM llpH 

~ I 

} 
0 
~ [;J£ r D1J ~ )] - 2... (23) 

CHC'l'8lt.Y ypaBHeHHit (22) y~06HO pemaTL Ha 3.1Jv~ MeTO~OM IIOCJie~o­

BaTeJI:bHHX IIpH6JI~8HKH, IIOCJie qero MOEHO HanTH H C06CTB8HH08 

3HaqeHH8 _rl
0 

• Ha.xOJIU(8HHe K03~i!Ul'I8HTOB B ITOJIHHOMaX P11 

I(JIJI C06CTB8HHHX ~YHRUHiJ: (22) IIpl'I }1 f 0 H COOTB8TCTBYD!lHX 3Ha­

'leHHiJ: ~;., IIpDBO,I(HTCJI aHaJIOI'WiHO IIOI(CTaHOBKOI (22) B (21) • 

0Ka3HBaeTCJI, qTo rrpa qeTHOM VI B P L, I'IMellTCJI TOJILRO qeTHH e 

CTeiieHK VI , a rrpH HeqeTHOM 11- TOJll>KO HeqeTHHe. Il03TOMY 

~ ~ (/) IIOJIOJti'IM: 

10 

~ 

' 

,.\\ 
.I 

.J 

/\f~(l) = f'X f (- ~·~iJ X, II! ] 2£,, F~e.. Kk._ • 

'J 
ITo~cTaBJIJIJI sTy ~ymmmo B ypaBHeHHe (20), rroJzyqaew cJieitYIOIIlVIO 

Cl'ICTerzy ypaBHeHHil: nJIJI K03~i!UH8HTOB Fk_ 

( 
(I) ) \' F. , r1 c' I(.. - J'1 0 1 I{_ ) -!:::.. = Q t L = l;i.., S , (24) 

rne 

(f) { l, -1 ) -l 
/ 14

1
•. = 2.:. C,·~<:.. D"- 1• (v~. ) J u • 
J 1<.= I (j 

Ha (24) BH~Ho, qTo ~1 HBJIJieTcH co6cTBeHHHM 3Ha'leHPieM MaTpl'IUH 

l'li 
1

; • B 0611\eM cJiyqae HMeeTcH TpH pa3HHX co6cTBeHHHX aHaqeHM: 

o l c~; o J ) 
_)I (I, _)~ li ) I , IIpHqeM BC8 OHH OK83blBaJOTCH f,ieH:bllle 

0 

A.liaJIOI'H'IHO MOJKHO HaMTH ) <. H COOTB8TCTBYIOII\YIO C06CTB8HHYIO ~YHK-

UHIO Y.z,. • 
CJie~H MeTo.rzy MaKcH!VaJil>Horo co6cTBeHHoro aHatJeHHH KpaMepca­

BaH!>e,nJIJI 2-, B TepMo.romaMmecKoM rrpe.neJie rroJiytJllM 

li 

I ~ 7.. 
Yo-~., 

Zo =-~ .?o Nl.t.-

0 ('-:!) ~ ~ J - f.l/.t.. J' 0 • 

(25) 

_.£ 

Ha pHC. I ITOKaaaHa 3aBHC KMOCTb .;10 IL OT '::f 

{;=' ~0 

I) 4$0 
PHc.I 

135'0 i&O'' 
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B~~O, qTo BKnaU K~eT~eCKO~ 3HeprHH B CTaT3CTH'leCKY~ 

CJN'MY B paCClV.aTpii!Baet.~OM MOJJ;eJIH IIOJIH3THJieHa 6oJiee cymecTBeHeH, 

qeM B rrpocTo!i Mo~e;m, liCCJie.u:oBaHHOH B paCioTax I, II. IIpH ':f -> 0 

CXOUm.tOCTI> HTepaW10HHOll rrpoueu;ypH UJIH H8XO~eHiUI ) o , K8K H B 

pa6oTax I, II, oqeHI> Meu;JieHHa, RpoMe Toro, Ji, cTpeMHTCII K)" 
ITpH j' -7 0 • 3To yRa3J:maeT Ha 6CCKOHeqHJlli p~c KOppeJIRUJlli 

I.lel!tu;y CKOpOCTJIMH pa3JI~HbiX 3B8HI>eB ITOJII!MepHOH uerrH. 

PaccMoTpHM Terrepi> cJiyqa.li, Korua yrJ!ll ':f i , c' =I ,2 ,3 •• , , 

pa3lille. HHTerpHpoBaHffe no ·<, ;:;,~ .. B <fx:>pMy.'le ( f ri ) IT03BO.lllleT 
_, 

3aiTHC8T'b 0 ( !f}B CJleiJ;yJO!IIeM B~e: 

D-(cJJ=~ V/'-:JV-(~,t.c,'i.sJ-- v)'fy<,~ 

[I {~,'lz,- !if 2 ':/p_, YP) ---

ljf'·L)! 

f 

rn:e 
vi'-I,,Yz. '1pJ· (DErr{.4-iJ{:jf)+l3,d('-1, 1 - frJ{]-~ 

(26) 

1ila.Tptma B · (:! '.f ~f) naxouaTcH H3 peKyppeHTtioro COOTHOilleHH/I 'd ,, ~. - .l 

G,,_~('J 11 ~', __ Vf)~ b,lfr! -lf,.~~·-,:(I.J(T'J'J,o-•;'-~f')!'-
(27) 

1 "' I - . j o·"».,('ff'_,,'-Jp-</fn---)l.J,il':J'p,'ip-!l'if.-(_ • 

B aToii <fx:>pMyJie 

_, 
r.laTpl'.Ua D,., ""' /IBMeTcrr o6paTHO!i K MaTptmo 

0('-tp-2 ,-- }; ) = lt--('--lp-2 ) t t3 (lJ f ,'-fp-t;-- '1-t) • 
Lr _( 

M3 (26) BHJJ;Ho, qTo BeJiwqRHH v HMe~ B~u uerrHHx upo6eil 6oJiee 

CJ!Ol!UiOii CTpyKTJpH, qeM B l.'OJJ;eJII>HOM IIOJIHMepe (eM. pa6oTy II). 

IIpene6peraH rpaH~HbiMI! 3$PeKTa.MH, _lVlJl o& ) ITOJiy'laeM 

OROHqaT8Jll>HO CJ!e~~ee rrpeJJ;CT8BJI8HH8! 
A/ 

0('-J)= Cfflt-0-- D,IIN;)~-1,_-- ) . 
(28) 
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Cxo.u;HMoCTI> uerrHoi-i upo6H V YXJUiliUeTCJI, Kor.1xa Bee ':f-= 0 
I 

IloTeHUI!aJII>HM :mepri!R U {':/, '-!,.,) UJIH I10JlH3THJIAHOBOM 

uerrH HMeeT Bttu 
tv" u ( <J/1 . -I ':J ('I');:__ -:-, ll_ ( 'if:J '-JI +I ) t 

~~I 

r.ue u { <j/ r '-f 1 d) Bbl'll'IC.lllieTCJl IIpH IIOM0l!1kr 8TOMHbiX ITOTelfUHaJIOB 

H MOllteT 61:lTI> Ilpe.JJ;CTaBJieHO CJieUYIOOIHM o6pa3m/31: 

1 ( lj' t.?. ) = Zi {'}: J-+i< (1, T t) '21. 1'-f lj T ) 
{ 11 ':11 + 1 ~ + 0 L r 1 , I • (29) 

IlOTCHUHaJII>HM ::mepriDI OUHOro yrJia {A (i:) HMeeT TpH r;ny-

60KHX Mtl:HHMyMa rrpa if =0°, +II2, 5°, -II2, 5°. Cru.ruii rJiy6oKIDi r.m­

HHMyM HMeeT TpaHCH30Mep ( ':J =0°). EbJIH llpi'IHIITI> ero 3Hepr~ 

3a Ha'IaJIO OTCqeTa, TO 3HeprHH rOWl130MepOB ('f~ ±II2 ,5°) 6yn;eT 

IIOpll.URB 500 Ka.n/MOJII>. IloTeHUI'IaJII>Hhle 6api>epl:l, ROTOpHe pas_u;e~T 

3TH Ml'IHHMyMI:l, IIOp.I'!URa 2500 KaJI/MOJII>. IlOTeHUHaJII>HBJl 3Hepri!R 

OTTaJIKHB8HI!R 1_j_ o paBHa I1pH6JIH3HTeJII>HO 2000 Ka.n/MOJll>, Kor.na 

~l =li2,5°, a '11,~ 1 =-Il2,5~ H 6h!CTpo C'l'peMHTCJI K Hy~, Kor_u;a 

yrJll:l ':f1· 1
'f 1_.f OTKnOH.fDOTCH OT 3THX 3HaqeHI!i1. 3TOT xapaKTep 

ilOTeHUKaJII>HOH 3Hepri'IIl: il03BOJ!Jl8T !1pHM8HHTb TIOBOpOTH0-l'I30MepH08 

rrpi'!6JII'IllteHI'I/
31. Ha caMoM .u;eJie .u;M Hac BaJKHo cpaBHHTn pe3y JI:&­

TaTiil, ITOJIY'leHHI:le C yqeTOM H 6e3 yqeTa Kl'IHeTH'leCKOlt 3HeprHH. j,lbl 

6y.u;eM I10Jll>30BaTI>CJl ITOBOpOTHQ-1130MepHbiW. I1pR6JIDeHHeM, TaR KaK 

D ( ':J) HBJIHeTcH rJia,nitoi-i clJYHKUHeit yrJioB BHyTpeHHero BpameHM. 

IlOSTOMY Mbl He 6yn;eM o6cy~n;aTI> np14MeHHMOCTI:. ITOBOpOTHD-HSOMepHoro 

l1p1!6JI!meHI!R 6oJJee I10.JJ;p06HO. B 3TO!.~ !1pH6JllmeHHI'I IIOTeHUKaJil>H8Jl 

3HeprHH (27) rrpe.JJ;C'tallJ!JleTCH :.~Tp~ei-i 
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1U (Y,·, ~.~,) = ( 

0 Ur/;<_ 

U,-h U r 

1--l.h UttUc 

Lt.-/~) 
Ur-;'Uo , 

L( ,-
(30) 

38BI1CHIU8i:l OT !{DJX napm~eTpOB: ~( 1- -:meprM rOWH30Mepa IIO OTHOWe-

HVJJO K TpaHCH30Mepy l1 U o -8Heprrm OTT8Jlltr!B8Hftlli !{BJX COC8.!{HI1X 

rOWll30!ii8pOB C IIpOT UBOTIOJIOl!UillMii 3H8Rai.'M!, 

CJJe;:J:onaTeJibHO, B noBopoTHo-aaoMepHOM npHClJJillltemm ( l ) 
38M8ll.H8TCH CJI8n:Ji0li!8fi CT8Tli!CTIIti8CKOi1 cyr,JV:QH: 

CL =:U.JY&5~ :t· ___ t,· r!' v ('1,·1 ~·-/)-- . ) f/ GN'i; IJJ,~ ,) • 
If=! Y"'=l ,_, /0" I (31) 

r.ne G-('~, llf;~ t )-= e -.u ('1. ,lf,-.. t J lk- 'I' 

K cTaTllCTH<JecKoli cyMMe (31) Mhl npli!MeHB:er~ MeTon MaKCKMaJJb­

Horo COClCTB8IlHOrO 3H8'J8Hiffi - 8HaJJOrWmO TOMY, Ka.K 3TO ObiJIO 

cnenauo B pa6oTe (IT) ~ Mo~eJibHoro cnyqaH. 

,li,JLq 3TOH 1.1,8Jil1 orpaiD!.'JHMCH B Bblpalt8ID!.H ~ V KOH8'!HiiM 

'Jli!CJIOM yrnoB. HaJV!VI dbiJIH paccMoTpeHbl CJIYtJa>! 3 11 5 yrnoB. V!aJIOlmM 

CXeMy pacqeTa ,n.JUl CJiyqaH 5 yrJIOB BHyTp8HHero Bpall.I8HM. 'llopMJJJY 

(31) y~odHo aan11caTb cne~IDmHM odpaaoM: 

rl{e 

3 J 
21L."' ~ L."' '-- 2:".' GV(<f, ':!z,~; 'f:; '16 'f~) (;v{f;-,!!~,'f, j :tj ~o 'I,, )o . , 

'1,=• ':1>' (32) 

GV('f.':l, ~;'1r'1•1J7- )-= z· L1(~ 'f., .'-J>JI/(~,'1"1 .. 1.J1-). 
'1., 

(GN.,:()61~:';J 3 ) 6N:Jt~J/6('1s/f6) &-(:!6,:!~). 
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,Ua.Jiee H8XO.!{HM Mal\Cl!l.;aJ.IbHOe C00CTB8HH08 3H8'J8HH8 J1o W2Tpl1Ubl 

G V u npaBbli1 FI JieBblli co6cTBeiiHbl e BsKTOpbl. IlpH no~DUlH a·nuc 

BeJIIi'JHH cTpoHM <IJYHRL\HIO pacnpeneJieHIDr cocenHIIX yrJioB 11/.f:- • 

Wi'M/~,. 'f.;.J ~e~(';f,,lf.,_,':f..)JV(~':I<'-/·Ij,':J''t1 -s·~) l1(<jj,Y,'!T/f./f~) 

VG{'{Ifz) 6( YL,If3) 6-(~,':fy) (r('dy ,'1>) 

!1&:(~/r,) & or,,::f1-) e,) 'Jp:f<)f, J lfi o 
-' 

a noToM 11 WY': 

'yJ/i (~ /f~)!J 1 '1~) = Z-,' 11/ f-{ ~;-l.t.r --':!,;.). 
'!,,'!.;if 

IIpH rroMOUll'I Wi ycpenuHM BeJI!i'JHHY 8: 

B {'<ft} = L- 1 Yv'-1 (IJ.z,~/f't 1'!;-) fS{Y:/Jz,- ~f) • 
':4>-)':f, 

IToCJie 3TOro CTpOli!M CHOBa B8JIH'IHHY V (~/lzr · · i ':fr), 
l'ICIIOJI:03YH B1~8CTO !3{'-.::JJ f3(lf), 0K83aJIOCb, 'ITO I(JlH TIOJJytJeHliH 

CaMOCOrJiacOBaHHOCTH .nocT8TO'JHO TIOBTOpHTb 3TY npouenypy 3-4 paaa. 

Ha pHC, 2 TIOKa3aHa 38BHCKMOCTb IIpOU8HTHOro CO~ep&a­

Hi!ll TpaHCH30Mepa l'l/f ( 0) OT ::mepriiH rOWH30Mepa C ytJeTOM 

H 6ea ytJeTa <IJa,KTopa 0('-1) • Bli,nHO, 'ITO noM rowaaoMepa yBeJIH­

'lHBaeTCSI IIpH y'leTe C(':f) • 
Ha pliO .3 IIpHBe.neHa paCC'lHTaHHa'l 3a.BiiC IDIIOCTb !{0Jll1 nap yrJIOB 

BHJTpeHHero BpameHIDr, HaxO.nSiml'IXCH B TpaHCCOCTOHID!.HX. 
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Wllo) 

1 

1 

w.~(cc) 

D&;~T--

t( -o )_[)(X) Ka.II/MOJ!b 
0 

L_----~----------------~~;r C, i 

PHc.2 

D (':!) = f '1...<
0

"' 20ofJ Ka.II/MOJ!b 

l~'d)1-f ~ -

L---------------~----------~ 
C, r ~r 

Prrc.3 

Ma STKX pKCYHKOB BK~HO, qTo yqeT KKHeT~eCROI SHeprHK 

naeT 3HaqKTeJJbHNii BKR8~ B xapaKTepKCTHKK TIOJIKMepa. K COxaR8HKD, 

SKCilepKMeHTaAbHHe naH~e B STO! 06RaCTH H8~0CTaToqHO Toq~e, 

qTo6u MO~O 6URO TipOB8CTK TipOBepKy TIQRYqeHHHX pe3yRbT8TOB, 
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MTOp B11p8JKa8T rRy6oKyJO 6RarO.'l;8pHOCTb 38 !IOCT8HOBI\y 

38T(aqa If !IOCTO!IHHD8 BHII'.18Hil:e 11.IT.flaBJIO~RO::.y, 8 T8Kli\8 38. 06-

CYJK.ll8HIDI pe3yJJhTaToB pa6oThl 11 rroJie3HHe 3a.Me'l.allli.fi Ll.<DpaHK-Ka­

MeHeUROMY, tl.K. ci,e,MHHHY 11 E.H. ITposoTo polly. 
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