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111 B npeLtbiLtymeA pa6oTe aaTopa nony'l:eHa aMnnHTyLta TopMo3Horo H3-

ny'l:eHHSI B HyKnoa-HyKnOHHbiX CTOnKHOBeHHSIX ( N N 8) B npH6nH)KeHHH floy. 

3Ltecb, Hcnonb3VSI pe3VnbTaTbi pa6oTbi 11 I, Mbi BbiPa3HM Ha6moLtaeMbie 

B NNB 'Iepe3 Ha6moLtaeMbie NN -pacceSIHHSI. 

Yn o Tpe6nsteMbie o6o3Ha'l:eHHSI BCJOLty coanaLtaJOT c o6o3Ha'l:eHHSIMH pa6o-

Tbl 111 

1. CeqeHHe rrpouecca NNB B IIpH611H)I(eHHH floy 

nHcl>cjJepeHUHanbHOe Ce'l:eHHe NNB CBSI38HO c M8TpH'IHblM aneMeHTOM 

(8) pa6oTbi 11 1 cooTHoweaHeM 

dO dOd~ 

I'Lte d n ,., 2 " d cos o , 

f3 cu I Sp M>. pMA+ 
>. 

d 0 .. d ¢ d cos " ' 

p - nonS!pH38UHOHH8SI M8TpHU8 nnOTHOCTH CTanKHB8101UHXCSI HyKnOHOBo 

{3 ={3 (E,cu,8,v,¢)= 
... ... 2 ... ... ... ... ... .... 

vII p 2- q21 ( 2E- cu) + [ (p 2k)- ( q2k)] [ E ( p 2)- E ( q 2) ll 

{3 1 -
cu-+o 2Ep 2 

+0(~2), 

3 
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VIHJleKCOM " B" ycnOBHMCSI 0603H8'l8Tb Ha6n JOJlaeMhie eenH'!HHbi , O T HOCSI!llHeCSI 

K T OpM03HOMY H3ny'leHHIO. H a6nJOJlaeMhle eenH'lHHhl 6e3 HHJl e KCa OTHOCSITCSI 

K ynpyroMy npoueccy. 

B JlanhaeAmeM n epehle 6yJlyT Bhlpa~eHhl '!epe3 .nocneJlHHe . 

PaccMoTpHM npocToA c ny'!aA , KOrJla nonSipH3oea Hhl, aanpHMep , TonhK O 

HyKnOHhl MH!lleHH (HyKnOHhl 2) . 

B a ToM cny'!ae 

ril e P - rronSipH3a UHH 

BBOJl SI o6o3 H a '!e HH SI 

nony'IHM 
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A+ 
p M 

I. 
A 

Sp M A a 2 M A+ 
I 

a 6 (1+ I. P 
0 I 

2 8 2B 2B 
0'~ ( 1 + P n (j n + p m (j m + p P (j P ) • 

B 

(j 2 B ) 
I 

(3) 

(4) 

(5) 

Y BeKTOpa aCHMMeTpHH (1 i ,e o TnH'!He oT cny'! aSI yrrpyroro p acceHHH SI , 

BCe T pH KOMilOHeHThl H e paBHhl HynJO. 

0pTOrOH8nbH8SI _K nnOCKOCTH pacceSIHHSl (nnOCKOCTb, o6pa30B8HH8H BeK-

B 
T OpaM H p l H p 

2
- q 

2 
) KOMilOHeHTC. 0 n , K8K H B ynpyrOM p acCeSI-

HHH, o rrp e }lenHeT npaeo- neByJO aCHMMeTpHIO B b ine T a HyKnOHOB (npH ycnOBHH , 

'ITO H 3 ny'leHHe <jJOTOH8 Mano CK83hlB8e T CSI Ha HanpaaneHHH JlBH~eHHH Bhlne-

T 810IllHX HyKnOHOB) 

4 

a ·L- C1 R 

O'L + O'R 

8 

p" (1 n 

napanne nbH bi e YK838HHOll nnOCKOCTH KOMilOHeHT hi , KOTOI 

paHeHHH 'leTHOCTH nponopUHOHBnhHbl COS II , orrpeJlenHJOT 

OTHO!lleHHIO K JlBHHOll nnOCKOCTH) 8CHMMeTpH!O BbineTa <jJOTO 

a(ll)- a(~r-11) 
8 8 

a(v) +a (" -v) 
., p m (1 m (II ) + pt (1 f ( II ) 

B npH6nH~eHHH floy rrony'laiOTCH cneJlyiO!llHe Bbipa~eHHH Jln . 

B ( T 1 a 2 
+A'-a_,ao a~ --+A-----E 

o w E a E a e 

28 wA a w A' a (j =(I+-- E -- + --) (j 
m T a E T ae n 

28 w 
Cf •-(M-N-P+Q)(j 

m T n 

2 8 w 
(j f =-- ( K+R-L-S) 6 n 

T 

3JleCb 0'0 H (j n - LlH$<jJepeHUHanbHOe ce '!eHHe H napaMe 

ynpyroro rrpouecca , conocTaaneaHoro Jl8HHOMY HeynpyroMy C • 

(3) pa6oTbi / 1 I T, A, A' , K, L , M, N, P , Q , R , S 

!lleCTBeHHble <jJyHKUHH K HHeMBTH'leCKHX nepeMeHHbiX1 KOHe'!Hbie 

Vlx CBH3b c eenH'IHHBMH t A A i, A i ' K i ... s i fl OK838Ht 
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(6) 

flapannenbHbre YK838HHOll: nnOCKOCTH KOMTIOHeHTbl, KOTOpbie B CHny COX-

paHeHHSI 'leTHOCTH nponopUHOH8nbHbl COS II , onpeaenSI~T ssepx-BHH3 (no 

OTHOWeHH~ K aaHHOll: nnOCKOCTH) 8CHMMeTpH~ BbineTa tjJOTOHOB 

B B 

.. p m (j m ( 11 ) + Pt (1 f ( v ) 
u(v) +u(~r-v) 

B npH6nH>KeHHH floy nony'la~TCR cneay~wHe Bbrpa>KeHHR anSI 

28 

C1 
m 

( I + 

2 B 

(j f 
T 

cuA 

T 

1 a 
E aE 

E 
a 

a E 

2 
E 

+ 

+A'-a-) a e "o 

w A' 
T 

a 
ae ) (1 n 

(K+R-L-S) (jn. 

(7) 

B 
(1 

0 

(8) 

(9) 

( 10) 

(11) 

3aecb o
0 H (1 n - aHtjltjlepeHUHanbHOe Ce'leHHe H napaMeTp 8CHMMe TpHH 

ynpyroro npouecca, conocTasneHHoro aaHHOMY HeynpyroMy cooTHOWeHHRMH 

(3) pa6oTbr /1/ T, A, A', K, L, M,N,P ,Q, R, S - HeKOTOpbre Be-

WeCTBeHHble !jlyHKUHH KHHeMaTH'leCKHX nepeMeHHblX, KOHe'lHble npH W .. Q • 

Hx CBR3b c senH'IHH8MH t >.. A i, A j , K i ... S i noKa3aHa B flpHnoMeHHH. 
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~ 
II 

Ha (8-11) BHAHO, 'ITO B npu6nH)I{eHHH Jloy ce'leHHe NNB Bbipa)l{aeT-

CR TOllbKO 'lepe3 Ce'leHHe (H ero npOH3BOAHbie) HeKOTOpOrO ynpyroro npouec-

ca , a KOMnOHeHTbl BeKTOpa aCHMMeTpHH NNB Bhlpa)l{a~TCR TOllbKO 'lepe3 

KOMnOHeHTY (eAHHCTBeHHY~ B CHllY coxpaHeHHR 'leTHOCTH) BeKTOpa aCHMMeT

pHH ynpyroro npouecca. 

2. JlonHpH38IIHOHHbie acfJcfJeKTbi B NNB B 

IlpH6flH)I(eHHH Jloy 

TaK KaK a npu6llH)I{eHHH Jloy aMnllHTyAa NNB Bbipa)l{aeTCR llHHeHHO, 

a Ha6n~aaeMhie NNB KB8ApaTH'IHO 'lepe3 aMnllHTYAhl NN- pacceRHHR, 

B npliHUHne He HCKll~'leHa B03MO)I{HOCTb, 'lTC B npOCTbie nOllRPH38UHOHHble 

TeH30pbl NNB BXOART TaKHe )i{e 6HnHHei1Hhie KoM6ruiftUHH aMnllHTYA NN -

pacceRHHR, KBKHe BXOART TOllbKO B 6onee CIJO)I{Hble nOllRpH38UHOHHbie TeH30-

phl ynpyroro pacceRHHR. 

3TO n03BOllHIJO 6hl npH nOMOWH npOCThlX nOllRpH3aUHOHHhlX H 3MepeHHH 

B NNB npH MallbiX (L) nony'laTh TaKy~ )l{e HH(j>OpMBUH~ 06 aMnllHTyAaX 

NN - pacceRHHR, KaKaR nony'laeTCR B 6onee CllO)I{HbiX nonRpHaauHOHHhiX H3-

MepeHHRX B ynpyroM pacceRHHH, eCllH nOClleAHHe no KaKHM-TO npH'IHHBM 38T-

PYAHeHhi. 

B pa6oT e 121 , OAHaKO , noKa3aHO, 'ITO Ce'leHHe n~6oro npouecca, conpo-

B0)1{L\8~WeroCR Ji131ly'leHHeM MSirKOrO (j>OTOH81 B npH61JH)I{eHHH Jl oy Bblp8)1{8BT

CSI TOllbKO 'lepe3 Ce'leHH e npouecca 6e8 c n ycKaHHR (j>OTOHa H npOH3BOAHbie OT 

Hero no HHBapHaHTHbiM nepeMeHHhlM H, T BKHM o6pa30M, He COAep)I{HT HOBOH 

HH¢opMaUHH o6 aMnllHTyAaX "ynpyroro" npouecca. 

COOTHOllieHHe (8) HaXOAHTCSI B COOTBeTCTBHH C 3 THM o6WHM peaynbTB-

TOM. A COOTHOllieHHR (9-11) yKa3hiB8~T , 'ITO no Kpa~He~ Mepe npOCTbie no-

llRpH38UHOHHble H3MepeHHSI B NNB T aKlKe He Aa~T HOBOH HH(j>OpMBUHH no 

cpaBHeHH~ C TBKHMH lKe H3MepeHH51MH B ynpyroM pacceHHHH. 

jlj HTepeCHO nOSTOMY paCCMOTpeTb 6onee CllOlKHbie nOllRPH38UHOHHbie sqr 

(jleKTbl B NNB • PeaynhTaThi pac'leT a B npH6llHlKeHHH Jloy nonSipuaauHoH-

Hb!X T BH30pOB B NNB AO BTOpOrO paHra BKll~'IHTellbHO npHBeABHhl B 0pHllO-

lKeHHH . 

6 

AHalJH3 3 THX pe3ynhTaTOB nOKa3biBaeT, 'ITO KOMnOHeHT! 

aauHOHHoro T eHaopa Hyneaoro, nepaoro HllH BToporo paHra 

lJH)I{eHHH Jloy Bhlpa)l{a~TCR llHHe~HO TOllbKO 'lepe3 KOMnOHeJ 

nonRpHaauHOHHoro TeHaopa ynpyroro npouecca. 

3TOT pe3yllhT8 T 3apaHee HeO'leBHAeH, T aK KBK 6HIJHH€ 

aMnllHTYA NN -pacceRHHR, BXOARWH e B Bhlpa)l{eHHR AllR KO 

nonRpH3BUHOHHoro T eHaopa (ao 2-ro paHra) ynpyroro pace 

nbiBB~T BCeX B03MO)I{Hb!X 6HllHHeHHblX KOM6HH8UHH 3THX Be.r 

0epei1Ae M Tenepb K paCCMOTpeHH~ nOllRpH38UHOHHhlX T 

H 'leTBepToro paHrOB. 

JlerKO BHAeTb, 'ITO B CHlly BeWeCTBeHHOC TH B ellH 'IHH 

( eM. /1/) KOMnOHeHThl TeH30pOB Tpe Tbero paHra B 

TOllbKO 'lepe3 _ MHHMhJe 'laCTH 6HlJHHeHHb!X KOM6HHaUH H 

NNI 

BMnlllif 

10 HHR ( Im a b * , Im a c* 11 T.A.), T.e. 'lepea C ~ 

AHallOrH'IHO KOMnOHeHT bl T eH30pa 'leTBepToro paHrfl Bb!J 

qepea BeWeCTBeHHhle 'laCTH 6HlJHHeHHhlX KOM6HH8UHH aMnllHTYA 

( I a 12 Re ab * 2 
H T.A.), T . e . qepe3 15 = C ~ + 5 Bell 

Ho ll~6oi1 nOllRpH38UHOHHbiH TeH30p TpeTbero paHra B 

HMee T pOBHO 10 llHHe~HO He38BHC HMb !X KOMnOHeHT , Bblpa)l{a~I 

re3 MHI1Mb!B '18CTH 6HlllifHBHHb!X KOM6HH8UH~ aMnllHTYA N~ 

TeH30p . 'leTBepToro paHra HMe e T pOBHO 15 llHHeHHO He38BHCl 

Bhlpa)l{a~WHXCR TOllbKO 'lepe3 BeWeC TBeHHhle 'IBCTH 6HIJHHB~ 

aMnnHTYA NN -pacceRHHR (eM., HanpHMep, 13 1) . 0TC~J 

YTBep)I{AeHHe 0 CBR3H nonRpH38UHOHHbiX T eH30pOB ABYX np01 

H NN -pacceRHHR, B cnyqae TeHaopos ;j-ro H 4-ro paHroa 1 

TOMaTH'leCKH. 

T O'IHO 

(HanpHMep, 

TBK lKe MOlKHO nOKa3aTb, 'ITO AllR npOUBCCOB 0 

"(k) +N-+ "(k) + N + y KOMnOHeHThl TBH3 0pa 

H BeKTOpa BCHMMeTpHH S THX npoUeCCOB 8BTOM8TH'leCKH Bhlp. 

'lepe3 KOMnOHeHThl aHanorH'IHhlX BellH'IHH COOTBBTCTBY~lliHX 

coa " ( k) + ~ -+ "(k) + N. Ce'leHHSI S THX npoueccos CBR3BHbi 

YTBePlKAeHH51 pa60Thl / 2 / 

T aKHM o6paaoM, Ha npuMepe nay x npoueccoa N N ... NN 
1 

-+ 0 + - + Y BI!AHO , 'ITO cymeCTByeT B38HMHO· OAH03Ha'IHOe COO 
2 
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AH811H3 3THX pe3y11bT8TOB ITOK83bJB8eT, 'ITO KOMITOHeHTbl mo6oro IT01151pH-

38UHOHHOrO TeH3opa Hynesoro, nepsoro HllH BToporo paHra B NNB B npH6-

11H;>KeHHH floy Bblp8;>K8JOTe51 11HHei%HO TOllbKO 'Iepe3 KOMITOHeHTbl 8H8110rlf'IROrO 

non51pH38UHOHHoro TeH3opa ynpyroro npoueeea. 

3TOT pe3y11bT8T 3apaHee HeO'IeBHAeH, T 8K KBK 6H11HHeHHbJe KOM6HH8UHH 

8MIT11HTYA NN -paeee51HH510 BXOASIJU!fe B Bblp8;>KeHH51 A1151 KOMITOHeHT A8HHOrO 

non51pH38UHOHHoro TeH3opa (ao 2-ro paHra) ynpyroro paeeeSIHHH, He !feqep-

IThlB8JOT Beex B03MO;>KHhlX 6H11HHeHHhlX KOM6HH8UHH 3THX BellH'IH~ 

OepeHAeM Tenepb K paeeMOTpeHHJO IT01151pH38UHOHHbiX TeH30pOB TpeTbero 

H 'IeTBepToro paHros. 

flerKO BHAeTb, 'ITO B e!fllY BeJUeeTBeHHOeTH Bell!f'IHH 

(eM. /1/) KOMITOHeHTbl TeH30pOB TpeTbero paHra B NNB Bblp8;>K8JOTe51 

TOllbKO qepea_ MHHMbte qaeTH 6H11HHeMHbiX KOM6HHBU!fii aMnllHTYA NN -paece 51-

HH51 Im a b * lm a c* 11 T.A.), T.e. qepea C ~ 10 Bell!f'IHH. 

AH8110rH'IHO KOMITOHeHTbl TeH30pa 'IeTBepTOrO paHrfl Bb!p8;>K8JOTeg', TOIIbK O 

qepea sewecTBeHHbie qaCTH 6HJIHHeMHbiX KOM6HH8UHM aMnnHTYA NN -pacce51HH51 

( I a 1
2 

Re ab * ) 15 C 
2 

5 If T.A. , T.e. qepe3 = ~ + BellH'IHH. 

Ho 11106oli non51pH38UHOHHbiA TeHaop TpeTbero paHra B NN- paeeeHHHH 

HMeeT pOBHO 10 llHHel\HO He38B!feHMbJX KOMITOHeHT, Bb!p8;>K810lUHXC51 TOllbKO 'Ie-

pe3 MHHMble "'8eTH 6H11HHei%HI:>IX KOM6HH8UHH 8MTI11HTYJJ. NN - paeeeHHHH, a 

TeH30p . 'IeTBepTOrO paHra HMeeT pOBHO 15 IIHHeAHO He38BHeHMbiX KOMITOHeHT, 

Bhlpa;>K8JOlUHXe51 TOllbKO T.Iepe3 BeJUeeTBeHHhle 'I8eTH 6H11HHeMHhlX KOM6HH8UHH 

aMnnHTYA NN -paeee51HH51 (eM., HanpHMep, /31). OTeJOJJ.a eneayeT, 'ITO 

yTBep;>KAeH!fe 0 eB513H IT01151pH38UHOHHbiX TeH30pOB ABYX npoueeeoB, NNB-

H NN -paeee51HH51, B enyqae TeHaopos ::S-ro H 4-ro p aHros BbiiT011H51e T e 51 a s -

TOM8TH'IeeKH. 

TO'IHO TBK ;>Ke MO;>KHO ITOK838Tb, 'ITO A1151 npOUeCeOB 0 + _l_ ... 

2 
0+-l- + y 

2 
(HanpHMep, fT (k) +N-+ rr(k) + N + y ) KOMITOHeHTbl T eH30pa AeiT01151pH38UHH 

If BeKTOpa aeHMMeTpHH 3 THX npoueeeos 8BTOM8TH'IeCKH BblP8;>K8JOTe51 TOllbKO 

qepe3 KOMITOHeHTbl 8H8110r!f'IHbiX Bell!f'IHH eoOTBeTeTBYJOJUHX ynpyrHX npouec 

COB rr ( k ) + ~ -+ rr( k ) + N • Ce'IeHHll STHX npoueccos es5138Hbi B eHny o6mero 

YTBep;>KAeHH51 pa60Thl 
121 

T aKHM o6paaoM, aa npHMepe asyx npoueecos N N -+ NN y H 0 + - 1--+ 
2 

... 0 + 1 2+ y BHAHO, 'ITO eymeCTBye T B38HMHO· OAH03H8'IHOe COOTBeT C TBH e Me;>K-
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ll.Y pe3y11bT8T8MH Il01151pH38UHOHHbiX H3MepeHHll B TOpM03 HOM H311y'leHHH IlpH 

M 8 11 b !X W H p e3y11bT8T8MH 8H8110rH'!HbJX Il01151pH3 8 UHOHHbiX H 3 MepeHHll B 

yrrpyroM rrpou e cce H 'ITO HeB03M0)KH0 Il011Y'I8Tb HHcjJOpM8UH!O, 38K11JO'IeHHYIO 

B T e H3op a x B b i C !lle ro p a Hra yrrpyroro rrpouec c a, rryTeM H 3 M e peHHiA 6 one e rrpoc 

TbiX T e H30pOB B TOpM03 HOM H3 11y'leHHH. 

no-BH/l.HMOMy, 3 TOT pe3y11bTaT, KaK H pe3y11bT8T pa60Tbl 
12 1 , 51B1151eT

C 51 'laC THbiM c ny'lae M 6onee o6mero yTBep)K/l.eHH51, CB513biBaJOIUero 3 H a 'l e HH51 

H a 6111011. 8eMbiX 111060ro rrpOUeCCa H 3 H8'1eHH51 T a KHX )Ke H86111011.8eMbiX COOTBeT-

c TB Y IOIUer o TopM03 Horo rrpouecc a. 

3. l1MHTBUHH T-HeHHBapHBHTHbiX :=npcjJeKTOB 

B NN -pacceHHHH npoueccoM ropM03Horo H3ny •Ie H TH I 

B 38K11 10'1eHHe H C il011b3yeM pe3y11bTaThl pacqeTOB, rrpHBell. e HHhle B npH-

110)KB HHH, 11.1151 paCC MOTpeHH51 C11Yil.YIOIUero BOilpoca. 

Vl 3seC THo, 'ITO 11.1151 ynpyroro NN -pacce51HH51 H3 T-HHBapH a HTHOC TH 

C 11ell.y e T p 5111. C O OTHO!lleHHll Me)Kil.Y Ha6111011.aeMbiMH Be11H'IHHaMH ( C M. C OOTHO

!lle HH51 7.14, 7.17, 7.32, 7.80, 7.83 p a 6oTbi 
14 1 ). VI3BeCTHo TaK)Ke, 'ITO BC 51-

KHH yn p y rHH IlpOUeCC COilpOB0)Kil.aeTC51 TOpM03HbiM H311y'leHHeM H 3 K C ilepHMe H

T 8 11bHO H3 M e p51e TC51 H e c e'leHHe ynpyroro npouecca, a Be11H'IHHa 

d;; d a 
--- + 

dQ dP. 

6. 
J d w r d o 

0 

B 
da 

d!J dK d w 

rne 6. onpe11.e1151eTc 51 pa3pe!lleHHeM annapaTypw. 

( 12) 

n oc K011bKY T-HHBapHaHTHOCTb He H8K11all.bJBaeT orpaHH'IeHHH Ha 8Mil11H

T Yil.Y T OpM03 HOrO H3 11y 'leHH51, yiTOM51HYTbie COOTHO!lleHH51 MOryT He Bblll011H51Tb

C 51 IlpH y q e T e 3 cjltjle KTOB HCITYCK8HH51 M51rKHX y - KBaHTOB • .HCHO, 'ITO y'leT 

1 
TOllbK O n e pBoro ( ~ --- ) '111BH8 B 8Mil11HTyll.e TOpM03HOrO H311y'leHH51 He 

~ 
M O)KeT H 3 M e HHTb 3 TH C OOTHO!UBHH51. IlOC K011bKV CllHHOBa51 C TPVKTVP8 3 TOro 

c n araeMoro T a )K e , 'ITO H a MIT11HTynw y npyro ro npouecca . nHlllb y 'leT HHTe p-

1 0 
cjle p e H U HH n e p B oro (., -- ) H BTOporo ("' CiJ ) '111 e HOB 8 Mil11HTYil.bl TOp-

W 

M 03 HOr O H 311y 'l e HH51 IlpHBOil.HT K OTK110HB HH IO OT Y K 838 HH hlX C OOTHO!Ue HHA. 

8 

.,, 

1) 

B rrpH611H)K e HHH noy Il011Y'Ia!OTC51 Cllell.yiOIUHe COOTHOIUeHH : 

- 2 
(!_Pe0+0(/'l ); 

( A + R' ) cos 8 X + ( R - A ' ) sin () X 0 em + 0 me 

(D 6. 
2rr2 mm-Dee)f 
a 

Pee- 6 ee (! - p 
mm mm 

0 

a 
2 

IT 

2 
d w f d 0 ( G + H ) + 0 ( Xl'l } 

6. 

p me I d (i) I do G+O(I'l 

a 6. 
Pn + l1 n = -- [ PP f dw 

6. 

f d o < G + H > - Pee J d w Jd 
0 

Lm Lm 2rr2 mm 

31l.eCb (j H p - napaMeTpbl aCHMMeTpHH H Il01151pH38UKI 

A' , R , R' - rrapaMeTpbi TpoiiHoro pacce51HH51 Bonhq 

pit , (! it - KOMilOHeHTbl TeH30pOB ll.eiT01151pH3aUKH, KOpJ: 

38UHll H 8CHMMeTpHH. 8,. - yro11 pacce51HH51 B n.c. <l>yin 

orrpell.elleHbi B npH110)KeHHH. '-lepTa Hall. Ha61110LWeMblMH 031 

H3Mep5110TC51 B peallbHOM 3KCrrepHMeHTe H HeH36e)KH0 BK1110'1al 

M03HOrO H311y'leHH51. 

il1151 'IHCTO yrrpyroro pacce51HH51 rrpH coxpaHeHHH T-HHBa 

Bhle 'laCTH COOTHO!UeHHll (13)-(16) TO)Kil.eCTBeHHO o6pa!lla!OTC 

B peanhHOM c11yqae, rrpH y'leTe HcrrycKaHH51 y - KBaHT 

TH COOTHOIUeHHll ( 13 )- ( 16) rrporropUHOH811bHbl /). - MSKCHII 

He3aperHCTpHpOB8HHOrO TOpM03HOrO H311y'leHH51, 'ITO XapaKT8 

)KeHH51 noy. 

0TCyTC TBH e B ( 13) C11araeMbiX, Ilp0110pUHOHa1lbHbiX fiB}: 

CB513 a HO C COKp a iUeHHe M OCHOBHbJX ( B 11pH611H)KeHHH noy) '111 
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B npH6nHlKeHHH Jloy nonyqaiOTCSI cneAyiOlllHe COOTHOllleHHSI: 

C1 - p = 0 + 0 ( 112 
) ; 

( A + R' ) cos (J A + ( R - A' ) sin (J A 

11 
f 

0 

Q 

2 
1T 

2 

d cu f d 0 ( G + H ) + 0 ( X/1 

d (U f d 0 

(13) 

(14) 

(15) 

11 11 

Pnm+~•m= a [9'P fd fdO(G H) P fd fdO(G-H)l+0(/1
2

). 
t ut ~-fT-2-- rom (U + - ee (U 

0 0 
( 16) 

3 necb (! H P - napaMeTpbi acHMMeTpHH H nonSipii38UHH HyKnoHOB, A , 

A, R R' - napaMeTpbi Tpoil:Horo pacceSIHHSI Bonb$eHmTei1:Ha, D i It 

pik (j i It - KOMllOHeHTbl TeH30pOB nenonSipH38UHH, KOpp e nSIUHH nonSipH-

38UHH H acHMMe TpHH. {},. - yron pacceSIHHSI B n.c . <l>yHKUHH G H H 

onpenene H b l B npHnOlKeHHH. l..{epTa H8A Ha6niOA8eMblMH 03H8"18 e T, 'ITO OHH 

H3 M e pSIIOTCSI B p e anbHOM 3KCnepHMeHTe H HeH36elKHO BKni0'1810T 3 cPcPe KTbl TOp-

M 03HOrO H 3 nyqeHHSI. 

ilnSI "'liCTO ynpyroro pacceSIHHSI npH coxpaHeHHH T-HHBapH a HTHOC TH npa -

B bie "18CTH C OOTHOllleHHH ( 13)- ( 16) TOlKAeCTBeHHO o6pamaiOTCSI B Hynh. 

B peanhHOM cnyqae, npH yqeTe HcnycKaHHSI y - KBBHTOB, npaBbie q a c

TH COOTHOllleHHH ( 13 )- ( 16) nponopUHOHanhHbl /1 - M8KCHM8nt>HOH 3 HeprHH 

He 3aperHCTpHpOB8HHOrO TOpM03HOrO H3ny"'eHHSI, "'T O Xapa KT e pHO AnSI npH6nH-

lKe HHSI Jloy • 

OTcy T C TBH e B (13) cnarae MhlX, nponopuHoHa nhHhlX n e paoii c Ten e HH 11 1 

CBSI38 H O C C OKpa llle HHe M O C HOBH b iX ( B npH6nHlKeHHH Jloy) qne HOB. 
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t I 

~ . 

'. 

)I 

fiBHble Bblpa)l{eHH S1 HHTerpanos, BXOASilllHX B ( 13)- ( 16) 1 B o6meM cny'Iae 

BBCbMa rpOM03AKH. 

3necb Mbl npHBBABM HX 3Ha'IBHHSI B HepenstTHBHCTCKOM npeaene AnSI yn

pOlllBHHOrO cny'Iast, Koraa paapemeHHe annapaTypbl TaKoso, 'ITO aonycxaeT 

H3ny'IeHHe y - KBBHTB C MaKCHMBnbHO~ 3HeprHe~ ~ 

HanpaBnBHHSI BbineTa cjlOT OHa ( T.e. HHTerpHpOBaHHSI no d W 

( 16) npOH3BOASITCSI He3aBHCHMO) • 

1. np - p a c c e st H H e 

~ 
f dw fdO 

m 
G=-41T ~ sin (J 

3 
0 

HB38BHCHMO OT 

H dO B (14)-

( 17) 6. 
f dw f dOH 2 IT ( 

3 

5 
( ll + ll ) - _J_ ] v 

2 ~ sin (J 
P " 3 m 

2. pp - p a c c e st H H e 

t. 
f dw {dOG 

0 

8 IT 
v 2 

5 

t. 

fdwfdOH 

t. 
sin () cos 2 () 

m 
( 18) 

0 . 

TaKHM o6pa3oM, TopM03Hoe H3ny'IeHHe MstrKHX y- KB8HTOB 1 COnpo-

BO>KAaJOlllee BC SIKHH ynpyrH il npouecc, HMHTHpyeT HapymeHHe T-HHsapHaHTHOCTH 

a 6. a 6. -4 
-- -- • 3TOT acjl<jleKT Man ( -- - < } 0 1 " m rr mtt=s 

B NN-paccestHHH Ha yposHe 

ecnH t.s3o M ss , 'IT o , no-sHA HMoMy , C OOTBeTCTByeT AeHCTBHTenhHOCTH) 

H B H aCT OHlllee BpBMH H BXOAHTCSl 38 npenenaMH TO'IHOC TH ., 1%, C KOTOpOH 

nposepe HO /
6 ,B/ paBeHCTBO HynJO n eswx 'I8C T eil COOT HOlllBHHH (13)-(14) . 

0nHaKO npH ABnbHBHlliBM ysenH'IB HHH T O'IHOC TH B T aKOrO poaa 3 K C nepHMeH-

TaX ero Haao Y'IHThlB8Tb. 

B npHHUHne HeaaperHC TpHposaHHoe TopM03Hoe H 3 ny'IeHHe MO)I{eT TBK)I{e 

HMHTHpOB8Tb HapyllieHHe P-HHB8pH8HTHOCTH B ynpyroM npouecce. 3TO CKa-

3biB8nOCb 6 b l B nOSIBne HHH OTnH'IHbiX OT HynSI npOAOnbHblX K OMnOHBHT BBKTQ-

pa nonHpH3aUHH, BBK T Opa aCHMMBTpHH H T.A. 

10 

OnHaKo npH caenaHHbiX npeanono*eHHSIX o pa3peweHHH 

3HeprHSl He3aperKCTpHpOBaHHOrO y - KBaHTa He 3aBHCHT 

ero BbWeTa) HHTerpanbl no d 0 OT COOTBBTC TBY!OlllHX KOMn< 

UHOHHbiX TeHaopos Heynpyroro npouecca, onpenenHJOWHe yKaae 

o6pamaeTCSI B Hynh, ecnH 'IeTHOCTb B HeynpyroM npouecc1 

ABTOP 6naroaapHT n.H.flanHayca 3a nocTaHOBKY npo6nl 

o6CY*AeHHSl. AsTop 6naroaapHT TaK)I{e C.M.EHneHhKoro, J 

B.H .OrHeseuKoro, P .M.P hiHAHHB 3a psm uenbiX 3aMe'IaHHH 

JlpHJIO:>KeHHe 

3aeCb npHBBABHbl Bblpa)I{BHHSl AnSI npocyMMHpOBaHHblX 

<j>OTOHa HyKnOHHhiX nOnllpH38UHOHHbiX TBH30pOB (AO BTOpOrO pa 

HO) npouecca NN ... NN y 'Iepe3 nOnSlpH3aUHOHHblB TBH30) 

HHSl H cpyHKUHH KHHBM8TH'IBCKHX nepeMeHHblX A 

E, F K L M H 

T D ocneaHHe CBSI3aHbl C senH'IHHaMH 

pa60Thl / 1 / COOTHOlliBHHSlMH 

N 

tx 

A' 
p 

A i 

Q 

A 

(A, A ' , A " , D , E, F, G , H ) = w I f I a~ (A 1 , A; , A ~, , D 1, l 
X 

X X 
( K, L, M, N, P, Q, R, S) = w t t T f3 i ( K i , L i , M i , N i , Pi , 

T w I 
X 

tx 12 

3 aMeTHM
1 

'ITO CyMMHpOBaHHe no nOnllpH38UHH <jlOTOHB H• 

C TBBHHhl M Qnll aenaeMhlX B T BKC T e B hlBOAOB H nposeaeHO 

H36B)K8Tb B aanb HBHlliBM HBnHCBHHSl n HlliHHX HHAB KCOB. 

Onp eaenHM nonSipH3aUHOHHbie TeH3 0phi B TOpM03HOI 

11 



0AH8KO npH CAB118HHbiX npeAn0110)KBHH51X 0 p83pBll1BHHH ( M8KCHM811bH851 

3 HBpi'H51 HB38perHCTpHpOB8HHOI'O 

e ro B hl11e T8) HHTerp8nhl no dO 

y- KB8HT8 He 38BHCHT OT H8np8B11BHH51 

OT C OOTBeTCTBY!OillHX KOMnOHBHT non51pH38-

UHOHH b iX TeH30pOB Heynpyroro npOUeCC8 1 onpeJ:IB115110ll1HB YK83 8 HHyiO HMHT8UH IO , 

o6p8ll18BTC51 B Hynh, ecnH ~eTHOCTb B HeynpyroM npouecce coxpaH RBTC51. 

ABTOp 6n8rOLI8PHT Jl . YI . J18nHLIYC8 38 nocTaHOBKY npo6neMbi H none3Hbie 

o6cy)KJ:IBHH51. ABTOP 6naroaa pHT TBK)KB C . M. E HneHbKoro, E.M.fonoBHHa, 

B.YI . OrHeBeuKoro, P . M . P biHLIHH8 38 p51LI uenbiX 3aMe~aHHi%. 

flpHJIO>KeHHe 

3J:IBCb npH BeJ:I e Hbl B blp8 )KBHH51 A1151 npocyMMHpOB8HHblX n o nonHpH38UHH 

<j>OTOH8 HyK110HHblX n On51pH38UHOHHbiX TeH30pOB ( LIO BTOpOI'O p8Hf'8 BK11IO~HTenb

HO) npouecc8 NN -+ NN y '!epe3 non51pH38UHOHHbie TeH3opbi NN -pacce51-

HH51 H <j>yHKUHH KHHB M8TH'!B C K HX nepeMB HHbiX 

E, F K L M H 

T Tiocne):IHHB CB5138Hbl C B B 11H'IHH8MH 

P8 6 0 T hl / 1 / C OOTH Oill B HHSIMH 

A 

A A 
( K, L, M, N, P, Q, R, S) = (i) I. t I. {3 1· ( K i , L i , M 

A i 

T 

A ' 

p 

A" 

Q 

A ~ 
1 

D 

R 

s 

G , 

s 

• N i • pi • Q i • R i • S i ) ; 
( l.TI) 

3 8MeTH M , 'I T O cyMMHpOB8HH e n o ll01151p H38U HH <j>OTOH8 He HBnHeTCSI cywe

C T BBHHbiM AnSI ABnaeMblX 13 T BKC T B BbiBOLIOB H n pOBBLIB HO ):1 1151 T OI'O, 'IT0 6 bi 

H36B)K8 T b B A8nb HBAll1eM HanHCBHH SI 11 Hll1HH X HHLIBKCOB . 

O npeaenH M n onHp H3aUH OHHhlB T eH30p hl B T OpM03 H O M H3ny~eHHH: 
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• I 

i 

q B == 
0 

(I) 

4 

1,2 B 
p "' 

i 

1, 2 B 

(j . "' 
l 

0 1,2 B == 
it 

I. 
A 

Sp MA M 
A+ 

(I) 

I. Sp u 1, 2 M ~ II A+ . 
4 q B 

, 
A 

0 

w A 
u _l• 2 M 

A+ - I. Sp M 
B A l 

4 (7 0 

(I) 
(7~ ,2 MAu1,2M 

B !. Sp 
4 (7 A l k 

0 

1,2 B w 2 1 MA 1.2 A+ 
K i k 

B 
P . 

= 

1 k 

4 (7 
B 

0 

w 

4 q B 
0 

I. Sp (7 • (7 M 
A i k 

I. Sp u_l u 2 M A M A+ 
A 1 k 

A+ 

B 

(:j' ilt 
(U 

I. 
A 

Sp MA u 1 
i 

(7 2 
It 

MA + 
4 q B 

0 

(2IT) 

MHOlKHTellb W BBeD.eH B OIIpeD.elleHiie H86lliOD.8eMbiX BellH'IHH H3 Cv06palKeHH~ 

yo.o6C TB8 . rlpH T 8 K OM OIIpeo.eJieHHH .D.H<fxPepeHUH8llbHbie Ce'leHHSI TOpM03HOrO 

H3lly'leHHSI H ynpyroro pacceSIHHSI CBSI38Hhl IIpH M8llhlX W 

HOWeHHeM 

B 
u · 

0 

u 0 

w 

06bi'IHbiM COOT-

IT om!p!i38UHOHH bie TeH30pbi ynpyroro pacceSIHHSI onpe.o.enmoTC.I! cne.o.yiOWHM 

o6pa3oM: 

12 

uo 

I, 2 
P . 

1 

1 ·~4~ Sp M M + 

1 

4 a 
0 

+ 
Sp M M 

1,2 
(T . 

1 

H r . o. . 3.o.ecb M - Ma TpH 'lHhiH aneMe HT ynpyroro npouecca . 

ITOCKOllbKY B C lillY CHMMeTpliH M IIO CIIHH OBbiM nepeMeHHI 

JIOHOB Bellli'IHHhl C HHD.eKC8MH 1 H 2 B y npy r OM npouecce COB 

1J.8llbHeHWeM 6yD.eM OIIYCK8Tb HHD.e KC b l 1,2 y Ha6JIIO.D.aeMbiX y n p 

HHSI. 

KpoMe T Oro, B C HllY T-HHB8pH8HTHOC TH K O MIIOHeHThl ~ 

li pi It ynpyroro npOUeCC8 COBII81J.3IOT C T O'IHOC Tb!O D.O 3H8K 

BCIOD.Y 6yo.y T HCII0llb30B8 Tb C .II TOllbK O IIOClleD.HHe. 

8CJOD.Y B IIOClle.D.yJOWii e Bbip8lKeHH.I! B X OD..I!T IIOll.l!pH38UH O 

ynpyroro npouecca, conocrasneHHoro o.a HHOMY HeynpyroMy c 

(3) pa6oThi 1 11. 

HHlK e (eM . r a6nHuy ) npliseneHbi Bhlp8lKeHH.I! TOllbKO D.ll.l! B• 

1 ( 
I B 6 ~ B 

I B I B 
). D.eKCOM - P . . . D ;. . K . 

I< I l k 

B bipalKeH H .I! D.ll51 senH'lHH c HHD.eK COM 2 - ( p 2 B (f 2 
i 

2 B 

K i •t IIOJIY'I8IOT C51 li3 IIOCJieD. HHX H3MeHeHH eM 3H8K8 nepen 

L N Q s 

T a6nHua 

B T A a 2 a 
(T = ( -- + -- -- E + A' --- I u 

0 (U E aE ae 0 

1 B 1 B w a cu , a > 
p =<1 =( 1 + --AE--+--A -- P 

n n T a E T ae 
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H T.A. 3ae cb 

1 + 
a 0 -

4
- Sp M M 

1, 2 
P . 

1 

M 

1 + 
Sp M M a 1

'
2 

4 a 
0 

M a TpHqHhlA a n eMe HT y npyror o npo uecca . 

(3.n) 

nocKO.rlbKY B C itny CH MMe T p H H M IT O CITHHOBbi M n e p e M eHH b lM 060HX Hy K

.riOHOB BenH q HHbl C HHAeKC8 M H 1 H 2 B y n py r oM npo u ecce COBIT 8A8IOT, Mbl B 

aanbHeAweM 6yaeM onycK a Tb HHAeKC h J 1,2 y Ha 6n10a aeMbiX y n pyror o p a c ce51-

H H 5l . 

K poMe T oro, B c Hny T-HHBap H aHT HOC TH K O MIT O H e HT b i T e H3opoB l1 i k 

H pj k ynpyror o npou ecca COB IT8A.'IIOT C TQqHOCTb !O AO 3 H8 K OB, H IT03 TOMY 

BCJOilY 6yny T HCITO.rlb30B8 TbCSI T O.rlbKO llOC.rieAHH e . 

8CJOAy B nocneAy !OWH e Bhlpa *eHH SI B X OA5!T IT O.ri 5lpH38UH OH H hle T e H30phl 

yrrpyror o npou ecca , conoc T asn eH H o r o A8 H HOM Y H e yrrpyroMy cooTHo w e HH5lMH 

(3) p a6oThl 1 11• 

H11•e (e M. T a6nHuy ) npHsene H hl Bhlpa•e HH A T onbKO anA sen HqHH c HH-

n e KCOM 1 - ( P il >B (i ~ B D : : ' K il >B ) • 

p2 B 
i 

('f 2 B 

2 B 

K i'c non yqaJOT CH H3 rrocnenH HX H3 MeHe HH eM 31-I aKa nepeA D 

L N Q s 

T a6nHua 

B T A a 2 a 
(] ( --+ E + A' a 

0 w E a E ao 0 

I B (f 1 B w a w a ) p p ( 1 + AE + A, T 
n n T a E T ao 
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I B w 
Pn e- (S+R-L-K)P 

l T n 

pi B= ~(M+N +P +Q)Pn 
m T 

I B W 

Uf e--(L+K+R+S)Cfn 
T 

I B w t> 
(1 = -- ( M + N - P - Q ) l ' n 

m T 

1 B ,, 
D erDnn 

nn 

I B " 2w 
Dpf = r Dpf + T- ( D -A" ) D m f 

I B 
D e r 

mm 

2cu , 
D +----(D-A )D • 

m m T m[ 

D I B 

Pm 
e r Do +--~ (0-A"+G + H )D +~(D-A"-G-H) Dnn 

Lm T mm T ll 

1 8 
" w ( " D G H cu ( " G ) D a = r D n + -- A - + + ) D + -- A - D- - H Dna 

mt m[. T mm T [l 

1 I U I B W cu 
- ( D n + D a ) = - ( R + S ) ( D - 000 ) - -- ( P + Q ) D 

0 2 n l f n T n n ll T m l 

_1_(DI B_ DI B ) 
2 nP fn 

~-(K+ L)(D 
T n n 

w 
-D)- --(M+N)D p 

mm T m 

1 I B I B W 
-(D +D )=-(M+N)(D -D 

2 m n n m T nn 

w 
T 

(K+L)Dmp 
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1 I B IB w W 
-(D -0 )e-(P +Q)(D -Dno)--(R+S) D n 2 mn nm T nn rr T m r 

IB IB 
Kff - r Ktf K - r mm 

I B 
Knn=rKnn 

2w , 
Kmm=---(A +H)Kmf 

T 

1 I B I B 
- ( K n- Kn ) = r K • + 2 mt tm m[ 

2w 

T 
( A "' + H ) ( K m m + KfP ) 

1 IB IB CU 
- · ( K n + Kf ) = - ( G - D ) ( K - K n n ) 2 m t m T mm [[ 

1 IB IB w cu 
- ( K n + K 0 ) e- ( R + L) ( K - Knn) +- ( N- P ) K p 

2 nt rn T nn rr. T m 

1 IB IB W W 
-(K f-Kn )e-(K+S)(K +Knn)+-(Q -M)K n 
2 n tn T nn lL T mf 

1 IB IB w W 
-(K +K )=-(M-Q)(K -K '--(K+S)K p 2 m n n m T ftn m~ T m 

_1_ (KIB- KIB) 
2 nm mn ~(N-P)(K -K )+~-(R+L)K p T nn mm T m 

B 

pnn 

68 
nn 
} r P 

nn 
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p~} 
l1ee 

" 2Ct> 
• r pft- T (A , +G) p mf 

p B } " 2w (A , -G) p f m m • r p mm + -T- + m 

(J:m 

pfm 
B } =+;P. +~(G-A"+H+ D)P +~(H-D-G+A") Pnn 

- tm T + - mm T + - tt 

(J;m 

B } 
pmf 

=+;P D +~ (G-A"-H-D)P _!'!.-.(H+D+G- A") P•• 
- m l · T + + m m T _ + ll 

(1 = f 

1 B 
-(P 
2 fn + PDf ) 

B } 

1 B B 

-2- ({j' fn + ('i nf) 

1 B B } -2-( pfn-Pnf) 

1 B B 
-( (1. - (1 • ) 2 tn nt 

w w 
---(R-K)(P -R.• )--=-(P+M)P f T + DD ·rr T - m 

.... 
(S-L)(P +P•t)+3-(Q+N)P. 

+ n n t T - mt T 
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_1-(PB 
2 m n + pn m) 

B } 

1 B 
2 ( (' mn + f :m) 

_1_(pB_pB 
2 mn nm 

1 B B 
2 ( (1 mn- cr nm ) 

=~(M+P)(P -P )+~(K-R)P D 
T - nn mm T + mt 

T 

.... 
(N-Q)(P +P )- Tcu(L+S)P • + nn mm - mt 
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