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A H H o T a u n st 

npoH3BeneHO paCCMOTpeHHe npouecca ynpyroro pacceHHHH npOTOHOB H8 

npoToHax npn SHeprnn oKono 650 ~sB, Korna Hapstny c ynpyrnM paccestHHeM 
~ 

npOHCXOnHT npOU8CChl o5p830B8HHH ~ -Me30HOB. npoaHaiTH3HpOB8Ha·nporpaMM8 

sKcnepnMeHTOB nnH onpeneneHHH sneMeHTOB MaTpHUhl ynpyroro p-p paccestHHH •. 

PaccMoTpeHne npoBeneHo B npennono:>KeHnn, 'ITO ocHoBHoii BKnan Bo BaanMoneii-

CTBHe na~T COCTOHHHH C e ~ 4. 

B pa5oTe nony'leHbi Bhipa:>KeHHH nnH nHcf>cf>epeHunanbHoro ce'!eHHH, rronstpn

aaunn, T8H30pOB nonHpH38UHH, OIIHCbiB8~lllllX Ji:3MeHeHHH CIIHHOBbiX COCTOHHHH HyK

ITOHO.B1 a,- TaK:>Ke T8H30pa KOppenstURR CIIRHOBb!X COCTOHHHH npOTOHOB. 

npn H8XO:>KneHHH KOMIIOH8HT T8H30pOB llOITHpH3aUHH H KOppenl!.UHll B CHCTeMe 

U8HTpa M8CC IIO H3M8pH8MhlM B OIIhlT8 B8ITH'IHH8M HCIIOITb30B8ITHCb penHTHBHCTCKHe 

cf>opMyrrhi npeo5paaoBaHnH. 



1. B B e .u e H n e 

nporpaMMa OnbiTOB no ynpyi'OMY paCC95IHHIO npOTOHOB Ha npOTOHaX C U91lbiO 

BOCCTaHOBl19HllSI MaTpllUbi paCC9SIHHSI 05Cy:iK.U.a1laCb BO MHOI'llX pa5oTax 1 O.llHaKo, 

npn 9TOM C.llBlli'H <lJa3 C'IHTaiTHCb .ueti:CTBllT91lbHbiMll Benll'IIIHaMll /51 91 101 15 1 

161 21, 22/. Tenepb 1 ecTecTBeHH0 1 Heo5xo.u!IMO o5o5mnTb aTo paccMoTpeHne. Ha 

6onee o5~1Iii cnyttafi, Kor.ua, KpoMe ynpyr!IX npoueccoB CTOITKHOBeHHSI .uByx npo

TOHoB, llM9IOTCSI TaK:iK9 npOU9CCbi1 COnpOBO:iK.llaiOIUH9CSI o5pa30BaHH9M M930H0Bo 
- ' ' . 

YfHbiMll CITOBaMH 1 He05XO.llllMO paCCMOTpeTb BllllSIHll9 Ha pe3y1lbTaTbi 9KCnepllM9H-. . e - . 
TOB no ynpyroMy pacce.siHHIO ·YMeHbilleHHSI Mo.uynefi f, ;)~'e'. I 1 KOTopoe .u~n:iKHO 
5biTh oco5eHHO 3aMeTHbiM .unst HattanhHbiX cocToHHHti: 3p

0 
, 13 Pi , '3P

2
" IJ'Z. /18/. 

AHanR3Y aTo'ii npo5neMbi, a TaK:iKe pemeHlliO sa.uattH o BOCCTaHoBneHnn ynpyroti: 

ttaCTll MaTpllUbi pacce.IIHIISI LlllSI CllCT9Mbi H3 LlB!X HYKITOHOB ·npH Hallll'IHII B Heti: 

HeynpyrRx npoueccoB 11 nocBstmeHa .uaHHast pa5oTa. LITo KacaeTcst Bonpoca Boc

cTaHoBneHHSI Heynpyi'OH ttaCTll MaTpHUbi paCC9SIHHSI 1 CBSI3aHHOfi C o5pa3oBaHH9M 

'Ji -Me3oHoB, To aTa sa.uatta no.upo5Ho paccM~TpeHa B o5sope /18/ 11 B pa6oTax 

/19, 20/. 

B .uaHHOfi pa5oTe Hafi.ueHbi cooTHorueHHSI 1 ycTaHaBnHBaiOmHe CBSI3h 9KcnepH

MeHTanhHO H3MepsteMbiX aenH'IHH c aneMeHTaMn MaTpllUbi paccestHHSI, Cne.uyromnM 
.·:' 

mai'OM 1 no Mepe HaKonneHHSI 9KCnepHM9HTallbHbiX .uaHHbiX1 LlOIT:iKHO 5biTb .Onpe.ue

l19Hll9 CaMHX 9ll9M9HTOB MaTpllUbi paCCeSIHHSI • 

. np11 paccMoTpeHHH nporpaMMbi aKcnepHMeHTOB no YIT.PYI'OMY pacce.IIHHIO npo

TOHOB Ha npoTOHaX. LlllSI npeo5pa30BaHHSI B91lli'IHH 1 Ha6nro.uaeMbiX B 9KCnepliM9HT9 1 . 
. ' . . . . . ~ . ' -· ' - ' 

HCnOITb30BaiTHCb pen.IITllBllCTCKHe. tPOPMYITbi nepexo.ua 113 na.5opaTOpHOH CllCT9Mbi B 

CIICT9MY U9HTpa HH9pUHI1 1 Y'IHTbiBaiOruHe KHHeMaTH'I9CKOe COKpameHne yrna Bbrne

Ta ttaCTHUbi ll penSITHBHCTCKHfi nOBOpOT ee cnHHa, 

B pa5oTe HCnOITb30Bancst MaTeM8TllttecK,nti: annapaT 1 . onHCbiBaiOIUHfi B3allMo

Ll eti:cTBHe ,LlBYX ttaCTHU 1 KOTOpbifi K HaCTOSIIUeMy BpeMeHH XOpOillO pa3BllT /1 1 2 1 

12, 16, 17, 22, 24, 25/. B KattecTBe MeT on a Rccne.z:toBaHRSI B3SIT MeT on pasno:iKe

HHSI no uapuHaiTbHbiM BOnHaM, KOTOpbiH 1 pa3yMeeTc.II, He .llCKlliO'!aeT ll LlPYI'HX 

nO.UXO.llOB K pemeHHIO 3a.Ua'IH. 
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2. nocTaHOBKa 3a,lla'IH 

U enbro· naaaoa pa6oTbi HBnHeTcH onpeneneHHe BliHHHHH npoueccoa o6paaoaa

r.- . 
HHSI )( -Me30HOB Ha peayllbTaTbl 9KCnepHMeHTOB no ynpyrOMY pacceHHHJO, a TaK-

me BOCCTaHOBliSHHe ynpyrofi 'laCTH MaTpHUhl paCC9SIHHSI B 9THX OnhlTax. 

B aacToHmee apeMH aan6onee pacnpocTpaaeHHbiM MSTO.llOM peweHHH nono6-

HbiX 3a,ll8'1 SIBliSieTCSI MeTO.ll 1 B OCHOBY KOTOpOI'O liOJlOmeHO npHMeHeHHe MaTpHUbi 

aMnliHTY.llbi paCCTOSIHHH. npn 9TOM K HCn01Ib30BaHHJO aMnliHTY.llbi cymecTByeT ,llBa 

nO,llXO.llBo nepBbifi H3 HHX 3aKliJO'IaeTOSI B TOM 1 'ITO aMnliHTY.llY pacceHHHSI paanara-

JOT B pH.ll no C06CTBeHHbiM o/ cpyHKUHSIM onepaTOpa MOMeHTa KOliH'I9.CTBa ,llBHme-

HHSI0 3aTeM 9TOT pH.ll o6pbiBaJOT Ha '11I9He 1 _ KOTOpbift COOTB9TCTByeT HaHBbiCWeMy 

HMnyllbCHO-yi'liOBOMY COCTOSIHHJO paCCMaTpHBaeMofi CHCTeMbi 0 BKlla,llOM BO B3aHMO

.ll eftcTBHe oT KOToporo npeae6peraTb aenbaH. B TaKOM anne aMnliHTy na M nc

nonbayeTcH .llliH aoccTaHo~~eH~H MaTpHUbi pacceHHHH H npoaeneHHH cpaaoaoro aaa

nnaa. ~HM MeTO,llOM 1 HanpHM9p 1 6bili BbinOliHeH cpa30Bbifi 8H81IH3 .llliSI npOTOH-

npOTOHHOI'O pacceHHHSI npH 310 Mas /21 I. 

OnaaKo, aecMoTpH Ha npnauHnHallbHYJO npocToTy aToro annapaTa, a HeM co-

nepmHTCH onpeneneHHblfi npOH3BOli1 CBSI3aHHbifi C orpaHH'IeHHeM pH,lla B aMnliHTy

,lle pacceHHHH. B CaMOM ,llelle1 OTCYTCTBH9 CTporoft TeOpHH 1 KOTOpaH n03BOliH1Ia 

6bi oueHHTb- OTHOCHTellbHbie BKliB.llbi BO B3aHMO,lleftCTBHe BbiCWHX COCTOSIHHit 1 He 

n03BOliSieT CTpOI'O OUeHHTb MaKCHMallbHbift MOMeHT CHCTeMbi 1 ,llalOIUHfi Henpeae6pe

mHMhlfi BKlla.ll BO B3aHMO,lleftcTBHe. n·oaTOMY npn HCn.Ollb30BaHHH paCCMaTpH.BaeMo-

ro MeTO,llB 06bi'IHO 3a,llaJOTCSI B91IH'IHHOft e mq,x 1 HCXO,llSI H3 pSI,lla nonyKa'leCTBeH• 

H biX paCCMOTpeHHft KapTHHbi B38HMO.lleftCTBHH. 

Henaaao 6hm npennomea HOBbifi 1 MO.llHcpHunpoBaHHbifi aaanna ayxnoa-ayxnoa

aoro pacceHHHH /27 1_. B aTOM aaanHae .llliH aMnliHTY.llhi pacceHHHH 6epeTcH nonaoe 

BbipameaHe H npencTaBnHeTcH B cnenyromeM BHne: 

M { ~ ?J 2
):::. M(o} -r fV/ ( 9~ :I :><1 max ) , 

rn.e M - ecTb MaTpHua aMnliHTY.llhi pacceHHHH, J: - npenenbaoe 'l:ll:cno cpaaoBbiX 
z G':' . 

H3M9HeHHft 1 9 - :JJ - Me30HHO~HYKliOHHaH KOHCTSHTa CBSI3H 1 J - nOliHbi:li 

MOMeHT CHCTeMbi H3 .llBYX HYKliOHOB. nepBhlfi 'llleH npHB9.ll9HHOI'O BbipameHHSI 

BKliJO'IaeT B ce6H orpaHH'I9HH09 'IHCliO 4laaOBbiX C.llBH:r'OB H. paaeH aM111IHTy,lle pac-
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ceSIHHSl 1 KOTOpaSI, HCnOJlb3yeTCSl npH pemeHHH aaua'IH: nepBbiM MeTOUOM, 

fl1 (~~ :.J ;> J mo:x. ) ecTb uo6aBKa K aMnnHTyue pacceSIHHSI M (o) a npeu-

CT8BJ1SleT COoOft Bimau. BO B38HMOUeftCTBH9 38 C'leT OUHOMe30HHOrO OoMeHHOrO 

npouecca B BbiClliHX COCTOSIHHSIX, 8Ta UOOaBKa MO:>KeT ObiTb nerKO Bbl'IHCJ19Ha no. 

OUHOMe30HHQft TeOpHH OoMe~HOrO npouecca. npooneMa aauaHHSl e max. au ecb 

HeCKOJlbKO OoJlertfaeTCSl no cpaBHeHHIO C nep,BbiM MeTOUOM, OUHaKO He CHRMaeTCSl 

n OJlHOCTb IO, 

VIa cpaBHeHRSI uByx paccMoTpeHHbiX MeTo.qoB _ciJaaoBoro aHanaaa MO:>KHO aa

MeTHTb, 'ITO OHii Ooa H:MeiOT OOIUYIO OCHOBy 1 a RMeHHO! B TOM Ii upyrOM CJly'lae 

HCnOJlb3yeTCSl rnaBH8Sl 'l8CTb pa3JlO:>KeHRSI M8TpHUbi aMnJlHTy.qi>I paccesiHl!Sl no OpTO

rOH8JlbHbiM cPYHKUHSIM, noaTOMY BTOpoft M9'l'OU He H8MHOrO ooner'laeT npoueuypy 

cP830BOrO aaanaaa. C yqeTOM CKaaaHHOro H TOrO OOCTOSITeJlbCTBa, 'ITO MOUiicPR

UiipOB8HHbift aHaJlH3 TOJlbKO Ha'IRHaeT pa3BHBaTbCSI 1 B U8HHOft paooTe RCnOJlb

ayeTCSl ·nepBbift M9TOU, 

noaTOMY UJlSl pemeHRSl 3aUa'IR OUeHRM CH8'l8Jla M8KCiiM8JlbHOe 3Ha'leHRe _op

OHT8JlbHOrO MOMeHTa, BKnauoM KOToporo Bo BaaRMoueitcTBRe npeHeoperaTb erue 

HenbaSI. VI cnonbayeM unSI aToro KnaccR'lecKoe Bhrpa:>KeHRe unSI MOMeHTa KOJlR'le-

CTBa UBR:>K
1
eHK'Sl UBYX CT8JlKiiB8IOIUHXC~ 'laCTiiU Ii npRpaBHSieM ero KBaHTOBOMy: 

nony'laeM e ::: 1t." "l.,. 1 m1/l.,=iiJer£+!)
1
,oTKyua UJlSl e.~ i 

rue ' . 
2 0 - aciJciJeKTRBHbii!: pauRyc B3aHMOL.leficTBHSI 1 V m = fflt· m2. 

m1 +mz. 
oTHocaTeJlbHaSI cKopocTb cTaJlKRBaroru.RxcSI qacTHu · c MaccaMR m :I. Ii tn2 , . K 

., rn v 
BOJlHOBOit BeKTOp 'laCTRU 1 paBHbii!: f-::: · -=fi:'" 

DnSI npOTOHOB1 CT8JlKRBaiOIURXCSl B Jlaoopa

TOpHOR CliCTeMe-C 9HeprRefi 650 Mae, BeJlli'IHHa e B CHCTeMe IiX ueHTpa Mace 

nonyqaeTcSI paBHoi!: K 'Z o= 3,5 ': 4, ·au ecb Z o .unSI npoToHoB eaSIT paBHhiM 

1,3 .10-lS CM, 

Ecna e = 4 npRHSITb aa e ma:;c , To, RCnOITb,3YSl <i:lopMyny /6,3/ pat5o-

Tbi_ /26/ UJlSl 9JleMeHTOB MaTpl!Ubi .£< 1 MO:>KHO OU9HHTb BKJlaU BO JiaaRMOUeHcT-

Blie COCTOSIHH:i!: C e 7 4 no OTHOllleHRIO K e = 4. C yqeTOM ycnoBHii: npHMeaR:-. 

MOCTii yKa3aHHOit cPOPMYJlbi 9TH COOTHOllleHHSl B nepBOM npHOJlR:>KeHRH H:MeiOT 

cneuyroruRe aHa'leHH:SI: 
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a .. 6JR 1 e==G) __ 'l_ 

ce'=" IR 1 e:'f) - fooo 
Ha. OCHOB8HIUI 3T:HX COOTHOlll9HHH ·MO)KHO O)KH.U8Tb, 'ITO BKna.u BO B38:HMO- . 

.ueiicTBHe oT H c.ocTOSlHHSl I {!, = 5 I 6y.ueT HeBenHK,H MO)KHO orpaliH'IHTbCSl 

G COCTOSlHH9M I e = 41. XoTSl :II ire CTporo, HO K 9TOMY )Ke BbiBO.UY MO)KHO 

rrpH.UTH, ecnu npoaHanH3HpoBaTb nonSipuaauuro npoToHoB rrpH 635 ~aB lcM.pa6o

Ty /13 I I, :113 KOTopoii cne.uyeT, 'ITO HaHBhiClllHM cocToSIHHeM, KoTopoe .uaeT aaMeT

Hhiii BKna.u BO B3aHMO.U9HCTBHe, SianSieT CSl F - COCTOSlHHe. noaTOMY c Y'I9TOM 

H3nO)K9HHbiX coo6pa)K9H:HH .uanbH9HlllliH aHanua oy.ueT rrpOBO.UliTCSl .unSI e ~ 4. 

3arrHlll9M Terrepb ITOnHyiD M8TpliUY paCC9SlHIISl 1 KOTOpaSl Y'IIITbiBaeT HapSl.UY .C 

yrrpyi'HMII rrpOU9CC8MII I{. Heyrrpyrue, rrpUBO.USlLUH9 K .00p830B8HH ID Tr -Me30HOBo 

8TOT Borrpoc paccMOTpeH <B o6aope 1181, r.ue c.uenaH Y'I.eT .scex B03MOlliHhiX 

KaHanoB peaKuHn .unSI rrpoTOHOB c aHeprHeii 650 ~aB. Ecnu rrpn:HSITb Bo BHHMaHue :. ·: .". 5 .:;,n . . . 
rrpHB9.U9HHbl9 TaM OOOCHOB8HHSl 1 TO M8TpHUbl 3arrlllllYTCSl B cne.uyiDLU9M 

BH.ue: 

Tnn peaKUIIH n epexo.u ~aTpii'IHhiii ane- ~ -:1(1 
M aT'pHua S 

MeHT rrepexo.ua 

1 2 3 4 
0 00 

0 

p +p ~P+ p :150 -7' 30 Soo so+ - s ... o 
- C>O 

0 

I" p+p 3 Po ~ 3Po s - s.u .. 
~~- ~1 f Si1 S,z S, 3 

p+ n+Tr+ ' "3po3 ~(i~pJo s i-2. 
o-

s,2. Szl Sz3 ~-p~ s = p 
p+ p +jfQ 3 Po _.,. e~ P)o s~3 , s,3 S2~ S.nJ 

J.. 
3p1.--"> 3pj. si.i. 

- su .. ( s, s,.s,.s,. s,.l p+p - 1..1-

p+n+Ji + 3 pi --:;.. ep~ p )j. S12 s,z. Sz~ Sz.J Sz., s~s-
;p--?' 

p+p+li" { 

3H_ ~ ('r.,p)1 s~3 
1- s,,. SzJ s33 S~., S3s-5= 

"3 pi ~ (3~ p) i S,v s,., 52 , 5.1'1 Sy~ Su-I 

'3 pi --7- (
3P2. p) 1 Srs \. Sts- S2; S3s S'fs S$~ 

p 

; 
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2 

'!J2. _.,. i 'b 2. 

1l)z. _.,.[(3si)P]
2 

i1)2.-:) (~s:~ P)z. 

1. 

~(J~p), 

~('Pi.P)z 

G"' 
.1. 

---7 G., 

s:l.t 

3 

2. 
Soo 

oo 

3 4.3 
s1.3 

., ov 
5 0'1 

, 
4 

Szz Sz > 

S,z. Szz S2~ s2.,S~r 

~,3 Sz~ 5 33 S3 y S3s 

s,., ~y SJ't $,1., Svs 

\.. S 1~ S2.s S~ .Svs Ss~ 

p+p ~ p+p " Y .. , s .. ~ - s~3 

x/ 
M aTpiPIH~Ie aneMeHThi 5 13 , 51'1 R 5 ts1 OTBeTCTBeHHbie sa o5paaoBaHRe Me-

3D HOB R3 COCTOSIHR£1 3f'2..J ITO MO.UyniO ,UOn:>KHbi 5biTb 3HaqnTenbHO MeHbWe 

aneMeHTOB 5z.:~o 1 S ~ y 1 $ Z.S • 

x/ 05pa3oBaHRe Me30HOB R3 HaqanbHOI"O cocToHHRSI '3 Fa .unH paccMaTpHBae

MOI"O 3HaqeHH£! 9Hepl"Illl H,UeT C Manofi BepoHTHOCTbffi U 3,UeCb He paCCMa

TpHBaeTC.\1, 
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3a 9Cb npiiHHT bi cnea YIOIUIIe 0603H8 '19HIIH: COCTOHHII9 anH aByX HYKJIOHOB II 
.! SoH. e . 

§ -Me3oHa o6o3Ha'!eHo (. L3• 11 .),, rae 5 L J - nOJIHbiii 

CniiH, op6IIT8JlbHbiii MOM9HT II nOJIHbiH MOM9HT noaCIICT9Mbi Il3 aByX HyKJIOHOB 

COOTB9TCTB9HHOt er, - MOM9HT Yf -M930Ha OT~OCIIT9JlbHO U9HTpa M8CC noa-

CRCT9Mb( :1{3 aByx HYKJIOHOB, J ., . 

- nonHhlii MOM9HT;QIICT9Mhl, MaTpii'IHhle aneMeH-

Tbi, OTHOCHIUII9CSI K ynpyrHM K8H8Jl8M pe8KUHH HM9IOT CIIMBOJIII'l9CKYIO 38niiCb 
~ . 

5s,e, , rae WTpHXH OTHOCSITCSI K CIICT9M9 nocne p8CC9SIHHSI, n - '19THOCTb se 
CIICT9Mbl 0 

TaK KaK aneMeHThl MaTpiiUhl pacceSIHIISI SIBJISIIOTCSI BenR'IHHaMH KOMnneKCHhlMR, 

TO nOJIHOe 'IIICJIO H9H3B9CTHhlX BeJIH'IIIH paBHO 20. HMH SIBJISIIOTCSI MOayJIH II ¢a3hl 

CJieayiOIUIIX MaTpll'IHbiX 9JI9M9HTOB 1 OTB9TCTB9HHbiX 38 ynpyriie nepexoabi: 

0 ::>sf: 
ss~' Sao 

0.:>. 

' 

0 .i. 2.. 
S .f.L s u.. SC>2. H; H; oz; 

2. l. z. 3 
LL $Lt. c1.') $t.3 s LL ,i L.3 ; J 1.3 ; U 1 

\f 0~/ s ..,, vt.3 
I s :f.3 

OaHaK~ ¢aKTII'lecKoe '!Hcno H91I3BeCTHhlX B9JIII'IIIH, noarre~aiUIIX onpeaeneHHIO 

II3 9KcnepHM9HTOB no ynpyroMy pacceSIHHIO, 6yaeT M9Hbme aBaauaTII, B caMOM 

a ene, caM Bbi6op nepexoaoB CBSI3aH C npeanono~eHH9M 1 'ITO MOaynR 9Jl9M9HTOB 
0 3 , v 
S oo C. :1. .l SOV S .t 3 

ooo ; .J 1.3 ; oy ~ · i 3 
M930H006p830B8HIIIO MO~HO· HaiiTR 

H B9JIII'IHHbi cl..: !5;ll2. +\ ~~~lz 

paBHbi 1. DaJibW9 ll3 9KCnepHM9HTOB no 
0 U. :t. .tJ. ~ oz 

MoaynR MaTpii'IHbiX aneMeHTOB S u. ; S l.t.) So~ 

11Z.i.3o lz I z u \z u fo= 51..3 + si-'3 /18/. H, H8KOHeu, oaHO 

KBaapaTII'JHOe COOTHOW9HII9 nony'l89TCSI II3 YCJIOBIISI opTOrOH8JlbHOCTH anSI 9JI9M9H-

5 2-
TOB M8TpHUhl p8CC9SIHHSI : 

!I- * ~ -'il '* SH. ~u. + 5!.'2. Szz. + SH Sz.3 -t St'f S.z.., + S.i.s Sz.s ==-0. 

OcTaJibHbie cooTHOlli9HHSI aoJi~Hbi 6biTb nony'leHbi Il3 Bbipa~eHRii anSI aKcne

piiMeHTanbHO Ha6niOaaeMbiX BeJIII'IHH. OaHaKo, 3a ecb cneayeT 38MeTHTb 1 'ITO KaK 

BbiW9 nepe'IIICJI9HHbi9 COOTHOlli9HRSI 1 T8K II 9KCnepHM9HT8JlbHbi9 aaHHbi9 npeacTaB

JISIIOT C06o:if KBaapaTH'IHbie Bbip8~9HHSI OT 9JI9M9HTOB MaTpRUbi p8CC9SIHRSI. noaTo

MY anSI oaH03H8'1HOrO onpeaeneHHSI 20 yK838HHhlX B9JIR'l~H Heo6xoaHMO IIM9Tb 

CiiCTeMy H3 onpea eneHHOro 'IHCJia anre6paH'J9CKHX ypaBH9HIIH BTOpOti CTeneHII, 

np1I'19M, npeaCK838Tb 3apaHee 'IHCJIO T8KHX ypaBH9HHii 1 aa~e 3H8SI HX CTpyKTypy, 

H3 OOIUHX coo6pa~9HiiH He npeacTaBJISieTCSI B03MO~HbiM 1 T8K K8K 9TO 38BHCRT 

OT TO'IHOCTR 9K.Cn.epliM9HT8JlbHbiX aaHHbiX 1 RX B9111I'IHH II 3H8'19HiiSI KOpH9H ypaBHe

Hiiii1 To ecTb OT 3Ha'!eHHSI HCKOMbiX Benii'IHH .. HcHo nn:.illb, 'ITO '!Keno Bcex ypaBHe-
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. HHA .UOII:>KHO 6biTb 60Jibllle 20. nosTOMY aa.ua'Iy 00 O.UH03H8'IHOM onpe.ueJieHHH .He

KOMbiX BeJIH'IHH HeOOXO.UHMO. peruaTb nosTanHO: eHa'IaJia HBil:TH B03MO:>KHbie HBOOpbl 

STHX ·BeJlH'IHH no. H3BeeTHbiM OnbiTBM 1 a 3aTeM1 no Mepe noHBlleHHH HOBbiX SKene-

pKMeHT8llbHbiX .U8HHbiX 1 eoKparuaTb STOT Ha6op .00 e,oiJ:HeTBeHHO B03MO:>KHOI'O. 

K npnBe.oeHHbiM Bbirue 10 eooTHorueHHHM .uooaBHM 'J,'enepb nepBbie 13. KBa.u

paTH'IHbiX ypaBHeHH:i!: 1 eBH3biBBIOIUHX SKenepll:MeHT8JlbHbie )3eJlH'IHHbl no ynpyroMy 

paeeeHHHIO e SlleMeHTBMH M8TpHUbl 5 • EenH Bnoene.ueTBIIH oKa:m.eTeH 1 'ITO yKa-

38HHbiX SKcnepHMeHTOB 6y,oeT He,ooeTaTO'IHO .UIIH onpe,oeneHHH 20 HeKOMbiX BeJlH

'IHH1 TO o6ruHe tPOPMYJlbi 1 no.ny'IeHHbie B STOH pa6oTe 1 n03BOJlHT HanHeaTb BH8JlOI'H'I

Hbie COOTHOllleHIIH H .UJl:H .UPYI'HX ,oOnOJlHHTeJlbHbiX. SKenepHMeHTOB. 

npHMeM BO BHHMBHHe pe3yJlbTaTbi y:m.e npOBe,UeHHbiX H3MepeHHii. npH SHep

I'HH 650 MsB K HaeTOHIUeMy BpeMeHH BbmonHeHbi ene.uyiOIUHe sKenepHMeHTbi no 

ynpyrOMy paeeeHHHIO npOTOHOB Ha npOTOHaX: H3MepeHbl .UHtPtPepeHUHBllbHOe ee'Ie

HHe 6'(\9) /3,4, 14/ H nonHpH3aUHH P(lJl) /13/, a TaK:lli:e TeHaop nonHpHaauHH 

Jh.n. , Hafi.ueHHbiH nyTeM onpe.ueneHHH .uenonHpHaauHH no.u · yrnoM t9l6.r-t:"90° /11 I. 

8TH ,UaHHbie. n03BOJlfi!OT HanHeaTb 9 KBa,opaTH'IHbiX eOOTHOllleHHH i:(JIH SJleMeH

"TOB MaTpHUbl paeeeHHHH. l-13 HHX 5 Bbipa:>KeHHH nolly'IaiOTeH H3 KOStPtPHUHeHTOB 

pa3JlO:>KeHHH fi ( 1)}) no G:>S(\.9) H 3 - H3 KOStPtPHUHeHTOB pa3JlO:>KeHHH nonHpH3a-

UHll:0 lleBHTOe eOOTHOllleHHe nony'IaeTeH H3 TeH30pa nonHpH~BUHH J"n.n. no.o 

0 
yrnoM 90 • Hn:m.e 6y.ueT npHBe.oeH HX HBHbiH BH.U. OeTaJlbHbie 4 eooTHorueHiiH Mo-

ryT ObiTb norry'IeHbi na SKfnepHMeHTOB no H3MepeHRIO Pi.~ (t9} -TeHaopa KOppenH

UHH enHHOBbiX eoeTOHHHil: p~eeeSIHHOI'O npOTOHa H npOTOHa O.T..UB'IH 1 a TaK ~e 1i.l((lf} 
H_ Ki&((\.9)- TeHaopa nonHpnaauHH· .onst paeeestHHoro npoToHa H npoToHa oT.oa'IH-··. 

eooTBeTeTBeHHO /onbiT no TpOHHOMY paeeestHHIO npOTOHOB/ /16/ • npH'IeM, MO:>KHO 

JlHOO H3MepHTb JllOObie .UBe KOMnOHeHTbl H3 yKa3aHHbiX TeH30pOB B lllHpOKOM HHTep

BaJle YI'JlQB e XOporuefi TO'IHOeTbiO TaK 'IT06bi KOStPtPHUHeHT pa3JlO:>KeHHSI npH eTap

rueM 'IJleHe 6bm 3Ha'IHTenbHO oonbrue ero own6KH, nH6o. BbiiTOJlHHTb H3MepeHHe .on:H 

JllOObiX 4 KOMnOHeHT TeH30pOB no.u eOOTBeTeTBYIOIUHMH yrnaMH 1 HanpHMep, ~!I(Lft), 

pl.J. (uJ
2

) 
7 
r~y (tP3 ) 

1 
~(i.P.,} B TOM H .UPYI'OM eny'Ia~ 'IHeJlO He3aBHeHMbiX eooT

HOllleHHii oy,oeT .UOeTBTO'IHO /He MeHee 4/ • C TO'IKH. 3peHHH SKenepHMeHTBJlbHbiX 

B03MO:>KHOeTei!: BTOpOfi BapHaHT SIBJISieTeH 6onee npHeMJleMbiM • 

C y'IeTOM STHX o6eTOSITeJlbeTB MO:>KHO npe,oJlO:>KHTb ene,oyiOIUHH Ha6op SKene~ 

pHMeHTOB .[lJlSI Onpe,oeJleHHH ynpyro:i!: '!BeTH MaTpHUbl p-p-paeoestHHSI e y'IeTOM 
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KaaanoB aeynpyrnx npoueccoB: 

1 • .Llncpcpepeaunanbaoe ce"'eane o(~J Ha aenonHpH3oBaHHOM ny"'Ke,c ncnonb-

30B8HH9M npH 9TOM Ll8HHbiX pa5oT /3, 4, 14/; 

2. n onHpH38UH IO P( \)) BTOpH"'HO pacceHHHhlX HyKnOHOB 1 C UCnDnb3UB8HH9M 

nPFI _aTOM. 9KCnepHM9HTanbHbiX Ll8HHbiX /13/; 

3, Teaaop nonHpnaaunn ~IJ (LP=9~o} Ill/, KOTOpbrfi Ha,fi.uea H3. aKcnepnMea

TOB ·no onpe.ueneanro .uenonHpnaaunn; 

· 4. Teaaop KoppenHunn nonHpHaa.unfi ~Y ( 1)::: 9o"'), onpe.uenHeMbifi H3 onbrTa, 

B KOTOpOM nnOCKOCTH aHanH3HpyiOIUHX paCC9HHHH COBna.uaiOT C nnOCKOCTbiO nepBo-

ro pacceHHHH; 

5. Teaaop. KoppenHUHH nomrpnaaunfi fi1 (i.JJ= 9®"'}, onpe.uenHeMbiH .na aK-

cnepHM9HTa, B KOTOpOM nnoCKOCTH aaa·mi3HpYIOI.UHX pacceHHHH nepneH,UHKynHpHbi 

OCHOBHOMY pacceHHHIOj 

"( 91) . 6, Teaaop nonHpnaaunn 1yy I.P:: 3 · , onpe.uenHeMbifi H3 aKcnepnMeHToB 

no .uenonHpnaaunn; 

7. Teaaop nonHpnaaurrrr . ~J. ( LP= 9o':) HaXOLlHTCH H3 OnhlTa no TpOHHOMy 

pacceHHHIO, B KOTOpOM BCe TpH nnOCKOCTH B38HMHO nepneHLlHKynHpHhl /aKcnepn

M9HT no onpe.u enearr ro napaMeTpa R I. 

HH)Ke 5y,UyT npHB9.[l9Hbi Bblp8)K9HHH .[lnH 9THX BenH"'HH B HBHOM BH.[le, K8K 

cpyHKUHll M8TpH"'HhlX aneMeHTOB MaTpHUhl pacceHHHH, 

3. OnepaTopahlil ¢opManH3M .unH peaKunn a-+o--)> C+d 

.LlnH onrrcaHHH peaKf:tnil: o5r.uero BH.ua a..+ o ~ C + cl ncnonbayeM 

annapaT, pa3BHTbifi B pa5oTe /15/, r.ue cpe.uaee 3Ha"'eHne nro5oro onepaTopa 2 
npe..ucTaBnSieTCSI B Bn.ue: <52,.:::: Sp(pQ) npn ycnoBrrrr, 'ITo 5p(.P)= 1. 

3..uecb _p oaaa"'aeT MaTpnuy nnoTHOCTH ny•rKa, Bbr5epeM B o5oe.unHeHHOM cnnHo

BOM npocTpaHCTBe "'aCTHU Q · H b I 2 Sa. + 1"1212 S
8 

+ 112 5aancHbiX 

apMHTOBbiX M8TpHU 521'1 , YLlOBneTBOpSIIOIUHX COOTHOlll9HHIO OpTOrOHanbHOCTH 

5p(5l.l.,2v) =:: (25a.+!)(:zs8 +1) ~11 . 
I { 

1. h..f> u f' =: ).) cf =:. 
t") 0 ~::> ~ I' i v ' 
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I".ll9 Sa.. H St., - cnHHbi 'l8CTHU a H 6 cooTBeTcTBeHHo. Paa.JIO)KHM MaT-

pHuy nanaromero nytJ:Ka .Pna:J no SC V 

ll JISJ H8XO)K,ll 9HHSl Kos¢¢HUH9HTOB pa3JIO)K 9HHH 

CTBO cnpaBa Ha S2 f"1 H OT o6oKx ero qacTeA Haii:neM Sp • Torna 

nosTOMY 

1.· 13.1/ 

nocne CTOJIKHOB9HHSJ CHCT9M8 COCTOHT H3 ny'lKOB 'l8CTHU C d co 

CnHH8MH SC H · ScJ COOTB9TCTB9HHO. 3TOT paccestHHbiii:. nytJ:OK nOJIHOCTbiO OnHCbi-

B89TCH MaTpuueA nnoTHOCTH R B o6'be.llHHeHHOM cmiHOBOM ttpo.:::·rpaHCTBe · 
. . pac<". 

qacTHU C H d . Ecnu HaBecTHa MaTpHua nepexona 1'1 (a+/?~ C+ of}, 
npeo6paayromaSJ KB)K.ll oe tJ:HcToe cnHHoBoe cocToHHHe nan aromero nytJ:Ka B cooT

BeTcTByromee COCTOSIHHe B pacceSIHHOM nytJ:Ke~ TO .llJlSI pacceSIHHOI"O ny'lK8 fiy.lleM 

HMeTb 

D ==. M 0 M+ 
J poe~:. J "'«>---;) .l'.l • ·13.2t 

3necb Sp{ p) :¥ j_ H npencTaBnSieT co6oii: .llH¢¢epeHuHanbHOe cetJ:eHHe peaKUHH. 

CpenHee aHatJ:eHHe KaKoro-nH6o onepa!opa B pacceSIHHOM nytJ:Ke onpenenHeTcSI 

COOTHOlll9HH9M 

Sp( ftooct:. Q~ 

Sp( fp"~·) 13.31 

VI cnonbayg 13.1 I H 13.3 I, Haii:neM Bbrpa:>KeHHe nnH nu¢¢epeHuHanbHoro cetJ:eHHSI 

~' peaKUHH H cpenHero aHatJ:eHHSI onepaTopa ~~ 

6:; i 
(!lSa+j_)(~Sg-ti) Sp (M ~<5?"';>"~ sz"' M+) 13.4/ 

Sp(M ~<Sl.J";>,.,Qf.S2.1"' M+-Sl.J 

Sp(M f ~ 2v>na3 2V M+) 
13.51 
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··. 

VIs cpopMyn 13.41 K 13.51 nony'IHM Bbipa:>KeHHH anSI pHaa qacTHbrx cnyqaeB 

pacceHHHSI npoTOHOB Ha npoToHax I SCl::: 5/J ::: ; I. HanpHMep, anSI pacceSIHKH 

H9U011Hpll30B8HHOJ:'O llY'IKa UpOTOHOB Ha H9U011Hpll30B8HHOH MHUI9HH OY.ll9M RM9Tb: 

ot.tu.·~ ~ Sp(MM+) 
13.61 

ot.l~ P"" =.y Sp (M+6M) 13.7 I 

3aecb 

~ 

lS H8UHC8HO BM9CTO 
A 

6x 1 • l:'ae X - 3H8K UpHMOJ:'O UpOH3Be-

.ll eHHH onepaTopoB. OnpeaenHM onepaTop KoppenHuHn: nonHpH3auKH: B cneayiOmeM 

BHae: 

" .A A 

Ffl< (1,2.) = O(i) i X 0 (!l) K . 
13.81 

TOI'.lla TeHsop KoppenHUHH nonHpHsauHH: Ha HenonHpR30BaHHOM nyqKe nonyqaeTcH 

Ks 13.51 KaK cpeaHee 3HaqeHue onepaTopa 13.81: 

i "' "" ,... ) 6(~) Fik<~J ':: ~ Sp\./\'ft-6(i)l6(~)K M 13.91 

PaccMoTpKM Tenepb pacceHHKe nonHpHsoBaHHOI'O nyqKa Ha HenonHpHsoBaHHoH: 

111 121 
MKUieHH. B STOM cnyqae B naaaiOmeM nyqKe OTITK'IHbiMH oT HynH 6yayT cpeaHHe 

"' (Z> C) 3H8'I9HKSI onepaTOpOB 1 X 1 
H 6(i) X 1 . I'.ll9 I (. - 9.llHHK'IHbiH 

onepaTop B CUKHOBOt-4 npocTp~HCTBe l - 'IaCTHUbi. .DHcpcpepeHuHanbHoe ceqeHHe 

pacCeHHHSl 119I'KO ll011Y'I89TCSI H3 13.41. 0HO HMS~T BH.ll: 

of"':::<. r<·1.)xl(Z) >poe:~:::: ~ [sp(MM+) + Sr(M+ 5 M) Ft ... 3] . ...... _,. ,. . 

3aecb ~to.3 =:: < oru,c I{2.)). VIs ycnOBHSI HHBapHaHTHOCTR M OTHOCHT91tbHO o6-

pameHKSl Bp9M9HH cneayeT, 'ITO Sp ( M-t-6 M) == Sp ( M ... M . 5) . nosToMy, 

Y'IHTbiBaH /3.6/ H /3.7 I, nony'IHM 

P" i. lAt.\ ( ~ -'i> u.U.:. ) 
6 = -v o 1.. + P"'lt' . P . /3.10/ 
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Cpe.uHee 3Ha'leHHe oiTepaTopa ciTHHa :e pacceSIHHoii :eonae OITpe.uenSieTcSI Bbipa

*eHHeM 13.51 H paBHO 

. 4> ~ ~-
Sp(M+6M) +Sp(rs M_CJ· ~~:o,. M+) 

Sp(M+M)+ Sp(M ?M+J ~Q3 . 

C y'leToM 13.61 H 13.7 I 9To cooTHoweHHe ITepeiTHrneTcSI :e :eH.ue 

· 13.11 I 

--~ 
r.ue ]. F!. ;e•,. 
TeH3op T 

- c~anSipHoe ITpOH3:ee.ueHHe TeH3opa 

HMeeT KOMITOHeHTbi 

--:r ~. 

Ha :eeKTop P..,a..3. 

Sp(E>, M OK M-~") 
Sp (MM+) 

, /3.121 I 

r .ue i. - HHLl eKe HaneTaroweil: qacTHUhi 1 K. pacceSIHHi:>il: loT .uaqH I 'lacTHUhi. 

~ ...... ' . ' 
BeKTop · ITOnSipH3aUHH P P oiTpe.uenSieTcSI ·113 9KCilepHMeHTOB ITO TpofiaoMy pacceg-

HHIO. KoMITOHeHTbl r, K TeH30pa ITOnSipH38UHR OITpe.uenSIIOT :enHSIHHe (. KOMITO-

- . ~pP...._ 
HeHThi :eeKTopa P.,a :l Ha K. KOMITOHeHTy :eeKTopa • Bhrpa:>KeHHe 

13.121 6y.ueT HCITOnh30B8HO HH:>Ke ITpH 8H8n:ll3e 'l8CTHbiX cnyqae:e H3• 38.Ua'lH ITO 

TpOfiHOMY pacceSIHHIOo 

4T06bi HCITOnh30B8Th ~OpMynhi, 13.41 - 13.121 He06XOLlliMO ewe OITpe.uenHTh 

M8TpH'lHble 9neMeHTbl M8;pRUbl ITepexo.ua· _M 1 BliLl KOTOpblX ITpe.uiTonarancSI 

H3BeCTHbiM. 

4. 8neMeHThi· MaTpHUhi ITepexo.ua M 

no OITpe.ueneHHIO M8TpHUa M. SIBnSieTC£1 OITepaTopoM, KOTOpblfi ITpeoopa3yeT 

K8)K.[l0e 'lliCTOe CITHHOBOe COCTOSIHHe V' 
...1'-Srns 

CliCTeMbl LlO B381iMO.UefiCTB!iSI B 

COOTBeTCTBYlOUl~e e COCTOSIHHe J s,' m~ ITOCne B38HMO.UeficTBH£1 0 no9TOMY .Un£1 

H8XO:>K.[leHHSI ee 9neMeHTOB 38ITHllleM _H8'18nbHOe COCTOSIHHe CHCTeMbl C 38Ll8HllbiM 

CyMM8pHbiM CIII-lHOM S H ero ITpoeKuHeil: ms. Ha OCb :e cne.uyroweM 

BH.Ue : 

14.1 I 
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CocTOHHHe cHcTeMbi nocne B3aiiMO.lleil:cTBn:H npe.llcTaBn:M B BR.lle: 

lfrl(~/1. == l.f:.to"t,. + 1../'pe'Qt<y. • 14.21 

Paanai"aH lflHen.. II L}J l.<.:>fl. no ccpepn:qecKn:M cpyHKUHHM II Bbi'IHTaH 14.1 I n:a · 

14,21 , nony'IHM, cne.llyH 11 I, acn:MnToTn:qecKyro cpopMy /npii 6onbwn:x 'Z I 
.llmr t.Jlp~Q~. B KaHane s' 

I 

,,, (~) 
., p ~Cill(~. 

eXP(lK'i) ~ Msms (~Cf) y s ms 
~ LJ s'm' J' ~ ,.., , c.' :s 

~ fTis=:-.J . 
, 14.31 

I",lle Msms 
s'm' .s - aMnnn:Ty .lla peaKun:n: IMaTpH'!Hbiil: aneMeHT MaTpn:ubr 

M I n:MeeT BII.ll: 

oe :J 
I 

::HS -:J+S1 £ 
I ' 1'1 ~m~ :::; i.A" L L. 

s m.l 'J:o ''t•-J L: L: E 
t=/-:J-s/ e'= f':J.-s' I f1=-e 1 

i e-e /r,(:~.e+ I J x 

f. 1 1 I 1 ·, · · !Jse ) f"'~ . I 4,4/ 
xlPsomsl~s:JM)(Psr 1e SJM)(~s' ~e·- S s'£1 Yp (~'f). 

a,llecb (esoms/es'JM) 
lj F' ( tY., c.J) - HOpMn:poBaHHbre 

TOnbKO O.llHH qneH c H ::: m s 
. ' 

- eCTb KOacpcpHun:eHTbi Kne6wa-rop,llaHa, 

ccpepn:qecKn:e cpyHKun:n:, CyMMa no M CO.llep}Kn:T 

I I I 
n: Jl1. = M-m5 = Ms - ms • Bbrpa}KeHn:e 

14,41 cne,llyeT YMHO}KHTb eme Ha KOacpcpn:uHeHT 1 Y'IHTbiBBIOUlHil: BHTHCHMMeTpn:q

HOCTb BOnHOBOil: cpyHKUHH CHCTeMbi H3 .llBYX TO}K,lleCTBeHHbiX 'IBCTHU, 8TOT K09cpcpn:

UHeHT HMeeT cne,llyiOUlHil: Blf.ll 124/: 

~ [i+(-i)ll+s)[i+ (- :i)e'+s']. 
14.51 

EcnH OI"pBHH'IKTbCH COCTOHHHHMH C e ~ 4 H yqecTb COXpaHeHn:e qeTHOCTH B 

peaKUHH, TO no cpopMynaM 14,4/ H /4.51 MO}KHO Hail:nr BCe an.eMeHTbi MBTpHUbi 

nepexop:a, n pHBe,ll eM peaynbTBT ,llnH 1'1 sms 
. s' ms' 
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M.1 =M = ilt.fii' (~A yf.-o + o{2. y;) ; ... -1--:1 l ( A. ./ 

1'11-1 = lJ:..JJ. 8 (t_ y32) ; 

M = i.)tff,( ~ y-z) · 
-H. . /i · .3 J 

.JI1.~o = l~J. r[ii'( ft{).y;_i +f'2.·y3-~) j 

= tJC:J. R ( fl1 "l{ + p~ Y;); 
=::. ifi/J. {j'(t1. 'j~i. + c52 y ~1.) j 

-= i ~lfii'( [! y4. -(. J ~ 1.). 
i. :J, 3 I 

= {~ t &( 1i ':1; + '1z ':130) i 

3.uech 6bi1IH. acnonb30BaHbi cne.uyrorune o6o3Ha'leHng: 

. /4.6/ 

/4.7/ 
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o
1 
~ f (1- si~ )~ {f t~\ + {~~~ ( t;3~ -1) + ~ ~ro· c l- ;i~l3); 

f' i ( <>i. ~H.) 1._ 2. -1. i. 
, o1 -=.. . . f:' S 1~- S i.i - {2 S 1. ?1 ~ 

. ~3 

" .IG ( .z1..3 ) z 2
t..t.. .r<;'( . v 1..3) 

02 ~ ~ 1:" 5 1.3 -1._ + 1f 51.~+~ t :t- s 1..3 ; 

~ = ~ (i- 5-11 )- r;: sU- + 2::.. (!-si~J. li VJ 11 'I~ L3 fi 1.. J 

r'J - L ( 2 n) f6 2.- ii. ..._ v ( ~ ~3 ) '-2.- fi i-Su - VT Jt.3 .fi' !- -1.3 . 

Bhipa>KeHHH /4.6/ nony'!eHhi B cHcTeMe K:H.. , rne ocb 'il:. cHcTeMhi Koop-
. ~ 

.UHHaT HanpaBneHa no BonHoBoMy BeKTopy · /c nana10mero ny'!Ka. OcH X 

II Y Heonpe.ueneHHhlo EcnH H36paTb npaByiO CHCT9MY KOOp,llHHaT H OCb 'i Ha-
. . "/!,.....;." ..,.~ 

npaBHTb no . HOpManH K rrnOCKOCTH paCC9SIHHH, TO 8CTb ~ 11.:: [ Ko J<1.] 1 TO OCb r.--JC 6yneT napannenbHa B9KTopy L n Ko] • npH'I9M B 8TOR CHCTeMe KOopnHHaT 

nnH yrna V? :::::; ~oo . 
~-""· 

H. .H. ItA -M = f'1 =.0 - =:::~-..1. - oo 
1-1 - -i.-1 1-i. -i:L /4.6a/ 

LJ.nH BhmiicneHKH Sp MaTpiiUhi J.l1. II .£1.+ 6ynyT IICnOITb30B8T.bC.H B CIT8.llYIOIU9R 

38niiCII: 

M u. f\1 Oi_ N_f i. 0 M*M-11-M'~~-o 
.if.. 1.o :f.-1 

f'1,o Moo /'1-1-<> 0 
-'1 1'1 11 M"" o I /4.8/ 

M= I .1'1...,.::; Mol oo o-1.. 

.'JI 1(- ~ 

M1-1 M M o ; f'1H. 1'1.1...::> .M-1-i 0 
.o -!. -:L-:1 

0 0 0 Mss 0 0 C) 1'1.s~ 
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TaKHM oopaao-M,MaTpHua 1'1 onpe.neneHa B opTOI'OHanbHOM 6aaHce Xsn1s(1,2.) 
'leTbipexMepHOI'O cnHHOBoro npocTpaHCTBa. B aTOM :lKe 6aance cne.nyeT aanHCbiBaTb 

H cnHHOBbie onepaTopbr Haonro.naeMbiX Bennqna. 

M8TpHUbi 

Haa.neM Tenepb aHannTH'IecKyro' aaBH~HMOCTb aKcnepHMeHTanhHO Haon.ro.nae

MbiX BenH'IHH oT aneMeHTOB MaTpHUbi pacceHHHSI. VI cnonbayeMbie a.necb MeTO.llbi 

MOI'yT ObiTb Jiei'KO pacnpOCTpaHeHbi H HB .npyrHe OnbiTbi 1 He BOllie.llWKe B 9TOT 

Haoop. 

npe:lK,lle BCe!'O aaMeTHM1 'ITO ecmi BbinOnHHTb 38.ll8'1Y 0 H8XO:lK.lleHKli BHa

niiTH'IeCKOa 38BHCHMOCTH .aKCnepHMeHTanbHbiX BenH tiHH OT MaTpli'IHbiX aneMeHTOB 
e . 5s, 1 ,. To TeM caMbiM 1 no cymecTBy, 6y.neT peweHa H BCH aa.na'la, nocTaBnea-se 

HaH B aToa paooTe. B caMOM .nene, KMeH aHanHTH'IecKoe Bbrpa:lKeHue .nnR Benu-

'IHHbi, nony'leHHOa B OnbiTe no ynpyl'OMY pacceHHKI01 qepea M8TpK'IHbi9 sneMeHTbi se . 
5 .J'e' li HX MO.nynH, MO:lKH0 1 C O.llHOa CTOpOHbi 1 Henocpe,llCTBeHHO CY.llHT_b 0 BnHR-

Hlili Ha aTy aKcnepnMeHTanbHO Haonro.naeMyiO BenH'IKHY Heynpyi'HX npoueccoB aa 

cqeT HaMeHeHHH J S ;~ r I K, c .npy!'oa cTopoHbi 1 aTo Bbrpa:lKeaue cny:lKHT cpop

Mynoa ,llnSI H8XO:lK,lleHHR MaTpli'IHbiX aneMeHTOB MaTpliUbl pacceSIHHH 1 T.e •. .llnH 

BOCCT8HOBneHHH C8Moa MaTpHUhl 5 no 9KCnepHMeHTanbHbiM .llBHHbiMo 

1. BbrpaanM B cucTeMe I( 51 ueaTpa Mace ~Byx c:anKHBaromuxcR npoTOHOB 

.llKcpcpepeHuHanbHOe ceqeHHe pacceRHHH aenonHpH30B8HHoro ny'IKa qepea aneMeHTbi 

:1._ s e pacceRHHH • .UnR aT oro HcnonbayeM COOTHOllieHKR 13,61. 14.6 I K 14.81. 
J s'.R' 

OnycKaH npoMe:lKyTO'IHbie Bbi'IHcneHHH 1 BbmHw eM KOHe'IHbra peaynhTaT: 

3.neCb KOacpcpHUlieHTbi 11 (. HMeiOT BH.ll lcM.4.7 I 

r. 'If- :! -t ~ -¥-
11~ -==- If ~L0,5st(p.!f2. + ~i-o~) +0,3!2. J2. S., + ! 10S"'I ~" dz_ -01 '122 ~If So]+ 

1- o, 'fs( 1 ~~~~+\ 6&.lz) + o1 ClS" (;(! ~z.\z+(oz\i) + (),!i.sl ~o\z .. i,S" G \tl'l-12. + 2, ~s ( ~'f lz i 

111; ;.t,lH>IIiCIIH~~ :~-.~ 
l'l,l\e~U:.IX HCCJJeJl(IB;tJ!H% · 

6H6nHOTEKA 
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112 ::;01'fs{2Joli.l'+\t1.1') +"!>, 93'f(!lld:~.\2.+n~l2.)- 9.~3(;1 dz.l?. - s G.> 9z./9'fj'- q'ts(jp.11~\oi\1-
. . / . 4 

-1,~i{,(l ~2.\2.+\o:~.ll.) + (;,s6f{LI2 +~t:s, 'f3{,(1ot.2.Ji-+ ~t 1:) + s'I,?J\f ~'f c1~ ~ 

- i',8rG1"S0 +3,7-'I'l.dz.SiJ+ t,ri{,(~~(b~ +<3~oz) i . 
.:~ ¥ .:~- I] 

tf)r. "' ;/ .!/ ~ ./ ~\1 
.II'{ ::::; 1\Sl L s, 12.~ (1ol1 c/.2.. + ~f 12.)- i':fS,t ~.,cl-z. + i~ <;&~ !I'f $_,-1, oH{~1~2. +oz<>-1~-

-i~J !2'1 (2JJ2 \-z.+\'kl2.) + 1.\f, 06\f j'dzl2.-+ 3S" i 1 ~ f ~., 12. + 

-f J1, S''b ( 1 ~z\z +\o2.)2
) -1.3, i.2'4 \ {!.\z ; 

' A' -::: i o, 93 c; (.t I0-2.1' + (12. rL) - ~(;'1, "191( 12 - -i "', ~oJ( { f>z 'z + (c~dz) + 
. 4 

+ 6,S(Q\ f1 \'l. +1-'fi-1 G'f ~.,dz. , 

11, :: 317, 6f t3 Ia . 'f 
2. YcTaHOBRM aaBRCHMOCTh nonBpuaauuu pacceBHHoro.ny~Ka npoTOHOB oT 

-=r. .... 
aneMeHTOB M8TpRUbl pacceHHHHe nomipR38URH P 1 B03HRK8IOUl8H ppu pac-

C9HHRR H9UOnHpR30B8HHOro ny~Ka HyKnOHOB Ha H9UOnHpR30B8HHO~ MHW9HR! 6yaeT 

napannenhH8 nepneHaKKynBpy K nnOCKOCTR OCHOBHOrO paCC9HHRHo no9TOMY B 
nt " 

Bht6paHHoti cncTeMe xoopauHaT K~i , BeKTop P ..... 6y aeT napanneneH ocu Y, • 
no clJopMyne /3.7 I ansi BeKTopa nonBpuaaunu nony~aeM cneayromee cooTHoweHne: 

6(rJ)P(tR,~)== ~ 5p(M+ ~:J M). /3.7a/ 

)lnB Bbi~RcneHRH npaao~ ~acTK sToro paBeHCTBa Heo6xoauMo cHa~ana BhrpaaRTh ...... 

onepaTop 6"'~ B opTOHOpMupoBaHHOM 6aance _.Xsm.s • 8Ty onepaunro o6bt~Ho 
npoaenbtBaiOT nyTeM yHRTapHoro npeo6paaoBaHRH oT 6aanca, npeacTaBnHIOUlero 

COOO~ npHM09 !IpOR3BeaeHR9 OpTOB aByX aByXM9pHbiX CITRHOpHbiX npOCTp8HCTB nep-

BOfi u BTopo11 ~acTRUht, K 6aaucy V' • OaHaKo, aToT nyTh xopow nuwh 
. .l'sm.s 

npu o6mux paccMoTpeHKHX aaaa~u u He HBnHeTcH aauny~WRM npK aHanuae ~acT-

HbiX cny~aeB, noao6Hhtx B3HTbtM. PaunoHanhaee ucnonhaoBaTh MeToa npHMo:i!: aa

. nucn onepaTopa B opToroHanhHOM 6aance. B Ka~ecTBe npHMepa npoaenaeM sTy ..... 
npoueaypy anB onepaTopa o, noapo6ao •. npeaBapuTenhHO BhmuweM cneayro-
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W He COOTHOW9HHSJ: 

I 5.2/ 

""' 
r.lle o/.... . H J3 ripe.llcTaBnstroT coooro coocTBeHHbie l{r cpyHKinm onepaTopa 6~ 
.ll nst 'laCTHU CO CITHHOM 1/2. n OSTOMY 

"' . """ . . 
6~(i) J.,_J-1 (i/2.) =~(!.)cH~) ol('2.) :::.ipU.)ci(2.) = -Jf J.i.~o- fz Jo)o 

/5.3/ 

6~ (i) J iJD ( ~,~) == 6,(~) ~ [~(i)p(zJ + JM ~) ol(2.)] =-

~ . 

<3~ (1.JJ1,_1 (1, a)= 6-:JC-1) jl(~) p(2.) =-- iol.( 1)~(2)::::- i:_ J1. 
0

- _!:..._ J. . 
. . Ji 1 Jz <>,o 

,.. ,.. 
6', (11.) jo}o' 6:1 (i) ~ [ol(i) r(2)-:- p<-t) ol('l} J ::::_ 

CooTHOW9HHSJ /5.3/ IT03BOnSJIOT cpaay aanHCaTb oriepaTop naynH B MaTpH'IHOM 

BH,lle B. Oa3HCe j sms 

0 j_ 0 -1.. 

. -1. 0 1. 0 /q.4/ 

" 6"(1-J =-{-
-1.. Jl 0 ..:.i 0 

1 0 i. 0 
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n O.llCTaBmBI /4.8/ R /5.4/ B /3.7a/ 0 HaXO.llRM Bbip8)K9HlH! 

B _mrcTeMe KOOp.llRHaT Ks:i. . 

.nmi nonnpnaaunn 

6(tl) P(l9).= ~fl I..., [ Mu.H:c + M10 H:_1.. + Mo:t M!.:> -+ 

~ ~ ~ 1 + M<>o Mo-i + M M + M M 
. -U. -f.O -i..o -t-t. . 

/5~5/ 

TaKoe )K e &hrpa)KeHKe .unH nonnpnaaunn n HeKoTopbre aHanornqHbie cooTHo

meHnn .nnn TeHaopoB nonHpnaauKK n KoppennunK nonyqeHhl B pa6oTax /22, 21/ •. 

B .naHHOil: pa6oTe 9TH Bhrpa)KeHRSI cncTeMaTnanpyroTcH n .nononHSIIOTcn pH.uoM 

COOTHOill9HRil: .nnSI KOMITOH9HT T9H30pa nonHpR38UKH• H enocpe.nCTB9HH8SI ITO.llCT8:'"' 

HOBKa 3HaqeHHll MaTpiiqHbiX aneMeHTOB II3 /4.6/ B Bbipa)K9HIIe· /5.5/ .naeT: 

z. 

6 (Lf) P(19, ~ )= ~ SC:ttt9~U~~ [_ao+ B2.~1Jl + ~., ~"tP], /5.6/ 

npiiqeM Koacpgmuu eHT hi 13-e: IIMeioT cne.u yromiiii BII.n: 

- [ 3 . ~ { "" f:'~ 3 ( -1 ~ Jii3 I .,; . ...J 
13o ==l ... z~t\.o(l.~1.+o~~2.)- 2 d1..fi. + O~!t.L) +'I ~d1.(?.2. +~z'lL) 

.f. . 

2L r r * {' ) ·'=---' ~ 21-.rs' "" ] - T v:sla{:~.jb2.+oz~2. - ~ v3 s ]31-0.i. :- -;:v-z f'2./&. ; 

~ = I~[3_t6(~zpi+o:12.)- f~~(d.;t/1-+ll:~~)-; {t3YdJ;z.+t7~)+ 
3 C' # ~3 .fSl . .,. J 

+ 'I '13S p1.J'1-- y- v-z (?-2J'~ ; 

B'f -==I- [ 'r ff ~1-o: _ i;SJ3 ( d1.r~ +o:~2.)] . 
B bipa)KeHKe /5.6 I aanKCaHo B cncTeMe ueHTpa Mace cTanKIIBaromuxcSI npoTo

HOB, T.e. B CIICTeMe KOOP.llRHaT l<si • 0.nHaKo, li3MepeHH9 nonSipii38IIHR B9.ll9TCSI 

B na5opaTOpHOll CIICT9M9 KOOp.llMHaT ~ S2. , IT09TOMY H906XO.llHMO yqecTb 

nopeHUOBCKoe npeo6paaoBamre BeKTopa nonSipuaauun na ciicTeMbi Koop.niiHaT Ksv 
B ciicTeMy l(!>:l. • Ecnn Bhr6paTb cncTeMy KOOp.lliiHaT K~z. c OCSIMII napannenb

HhiMH ocSIM CIICT9Mhi K~i. 1 To, KaK 6y.neT noKaaaHo HII)Ke, OKa3hiBaeTcSI, qTo 

- -:--> B9KTOp nonSipR38UMII p U\.4. = ~ YL He II3M9HSI9TCSI npK TaKOM npeo6pa30Ba-

HHII. npeo6pa30B8HHe HCITbiThiBaiOT niiillb ap~yMeHTbi I Vl) '-f.) E I BeKTOpa 
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II Olt51pH3aUHHo 

3. Hafi.llSM 3aBHCHMOCTb TeH30pa KOppenHUHH CIIHHOBhlX COCTOHHHH OT yrliOB 

_H MaTpH'IHhlX 9lteMeHTOB MaTpHUhl pacceHHHH. 3a.lla'Ia KOppeltHUHH IIOliHpH3aUHH 

IIpH.pacceHHHH HeiiOliHpH30BaHHOPO IIYT!Ka IIpOTOHOB Ha HeiiOliHpH30BaHHOH BO./lOpO.ll

HOH MHllleHH BIIepBbie_ 6bilta paCCMOTpeHa B pafioTe /6/ H C HeKOTOpofi JleTaliH3aUHel1-: 

B /9,10/._B tiaCTHOCTH 1 B pafioTe /6/ fihlliO IIOKa3aHo, T!TO TeH30p KOppeliHUHH 

HBltHeTCH CHMMeTpH'IHbiM K HMeeT T!eTbipe HeaaBil:CHMbiX KOMIIOHeHTbi g,'1 P.:li:-'C 

~.X: , P'l:i! 1 H3 KOTOpbiX R,y H3MepSieTCSI B 9KCIIepHMeHTe B "tiHCTOM BH.lle" 1 

B BH.lle nHHefiHofi KOM6HHaUHH. O.llHaKo, aBTOpbi yKaaaHHbiX pa6oT 

CBOe paCCMOTpemre 3a.llaT!H IIpOBO./lHliH JlliSI HepeltSITHBHCTCKOPO CltyT!aSI H, ClteJlOBa-

TeltbHO, He Y'IHTbiBaliH IIOIIpaBOK 1 CBH3aHHbiX C liOpeHUOBbiM COKparueHKeM yrna 

IKHHeMaTKtiecKaSI rronpaBKn/ H penSITHBHCTCKHM rrpeo6paaoBaHHeM TeHaopa K3 rra6o

paTopHofi CHCTeMhl B CHCTeMy ueHTpa Mace /nonpaBKa H8 peltSITHBHCTCKHI IIOBOpOT _ 

CIIKHaf. HapSI.llY C 9THM OHH TaK:m:e He CTaBHliH CBOefi uenbiO HCKaTb 3aBHCHMOCTb 

· es-€ 
KOMIIOHeHT TeH30pa OT I\-18TpH'IHbiX 9lteMeHTOB ..:_) .,s' .. e' 1 JlliSI. Torct tiaCTHOPO cnyqa-SI 1 

KOTOpbiH paCCMaTpHBaeTCSI 3./leCbo 

.D,nSI aHeprHH HaneTarolllero rrpoToHa 650 MaB KHHeMaTH'Ie!=KHe H penSITKBHcT

CKHe nonpaDKH B CYMMe He SIBliHIOTCSI MaltbiMH H 1 Clte.llOBaTeltbHO, HM9eT CMbiCli 

A c:::.se 
HCKaTb 3aBHCHMOCTb C:~ OT v .s'f2' ./lliH pemiTHBHCTCKOPO CnyttaSI. 

npe./lBapHTeltbHO B na6opaTopHOH CHCTeMe KOOp.llHHaT K~, loeb :t HarrpaB-
r 

neHa no k: , a Y - no [i{: K' ]1 paano:m:HM TeHaop Pti.*~ B nHHefiHyro 

KOMfiHHaUHIO KOMIIOH9HT P.:K • 3Jl9Cb t 
I?- rn~ 

BTOpOM ttaCTHUhl COOTBeTCTB9HHO; rL H 

H K. - cyTb :JC. > Y~ ~ nepBOH H 

- 9./lHHH'IHbie BeKTOpbr, OTHOCHTen&-

HO KOTOphlX aHa1IH3HpyeTCSI CIIHHOBOe COCTOHHH9 pacceSIHHOH T!aCTHUhl H ttaCTHUhl 

OT Jla'!H 0 n 0 OIIpS.ll eneHH IO TeH30pa KOppeiiSIUHH II01ISipH3aUHH H MeeM: 

+ n~ m.., ~~ + ni:mlP'l.l +(nJt mi +n~ m.x) P:x.~ 

3.ll9Cb yqTeHOt 'ITO p::lc ~ :::: p ~ 'f = 0 J 

Be.KTop.bi tl H m 
• 3a S./lHHH'IHbiS 

IIpHHHMaiOTCSI nepneH.llHK.YliSipbl K 8H8liH3HpyiOIUHM IIliOCKO-
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cTSJM pacceSJHKSJ /eM. pRe, 1 ~ rne Ilso6pa:>KeHa cxeMa ll~MepeHIISJ KoppenHUKOHHOfi 

cPYHKUKK Pfl"rrr 1. 

nyTeM 9finepOBa Bp8UI9HKH CIICT9Mbi KOOp,llHH8T. Bbip83IIM KOMnOH9HTbi BeK-- n1 e' w, ~ i. -t.t'-fz ; \{'1. '-f'z_ TOpOB n.. I{ ttepes 3,ll9Cb II - yrnhr, 
~ 

oopasyeMbie B9KTOp8MK w II I'J1 C OCb!O ':1 • 3a nonO:>KIITenbHOe HanpaB-

neHH9 OTCtteTa yrna npKHIIMtjElTCH OTCti9T npoTIIB tiSCOBOH CTpenKII. 8ii:nepoBo·Bpa-
. I 

weHIIe non:>KHO 6biTb TaKKM, ttTo6hr nocne noBopoTa ocb 'j: obrna HanpaBneHa 

K~ I ;::-,, u Ll I 
no ·BeKTopy I cooTBeTcTB9HHO no " nnH BTopon ttacTIIUbii, a ocb :~ -

napannenbHa BeKTopy rr{nr). Torna B HOBOH CIICT9M8 KOOP.lliiHaT BeKTOp hr(ni) 
6yneT IiM9Tb COCTaBnHIOUIIIe n{oJ!,oJ( m tO,l,O~) . . Ec.im npHHHTb nnSJ 

yrnoB 8itnepa o6osHatteHIIH paooTbi /8/, To nerKo MO:>KHO noranaTbCH /cM.pHc,l I, 

. ·K v-'('' u 'ITO ,llnH npeo6pa30B8HHH CHCT9Mbi KOOp.llKHST ~Z B 1\sz. I(Sl.) yrnbi 8Hnepa 

6ynyT HM9Tb sitatteHHH: 

.lln51 
I 

1\sz.~Ksz. { <l>i. ,8, <P,._ j ~ {~,e) i~ +'Pi_~ , 

nnH \(~l. _, k~~ { <jlt. ~8 > <t>z. ~ :::. {1~ > lfl'- (w-a )>.! 91 +'P2 ~ 
/5.8/ 

3.ll 9Cb npllHHTO BO BHHM8HH9 1 'ITO OCb y B3HT8 nepneH,llRKynHpHOfi K nnOCKOCTH 

nepBoro pacceHHHSJ 1 ,To ecTb yron 'f = 0. EcnH MaTpHuy npeo6pasoBaHHH oT ksz 
I · II 

I< K sz. I k sz. I o6osHattHTb ttepea f/ 1 
( Jl "} , To MaTprma o6paTHoro npeo6paso-

..-{~ 
B8HllH J/ ~-~(.A"-<1.) 9CTb Tp8HCnCHHPOB8HH8H .f/ I J/ If) , no9TOMy 1 ecnii 

npKMeHHTb MaTpiiUY o6paTHoro npeo6pasoBaHHH /4.47 I KS paooTbi /8/ K BeKTopaM 
~ ~ . 
yt II TYI 1 TO IIX KOOp.lliiH8Tbi B CIICT9M9 k S2. nonyttaT cne,lly!OUIK9 3Hatte-

HKSJ: 

n· 
X 

n'1 
nt 

=-- Cose Sc:..,f1._ 1 

. w\f~.) 

St."" e S ( lit ~ 1. ~ 

m .x. == -~(w-e) Si &-r'f2. ; 

m~ = Crulf2.; 

me: = -Sifll(w-e) Si ""'f2 
06'be.llHHHH co.oTHoweHHH /5,7 I II /5.9/, nonyttnM: 

~ .. 

/5.9/ 

.. 

. ... 
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P:x:x ~e Co~(U>- 9)5iJ-t'fi. c.;c:,..,'/2. + ~~~<f1 ~Y', -
fi'l Sc:~~tGSi&-t(w-G)Sil-1'f1. Sc)1'fz + P~':l.(~~"' · /5,7a/ 

><. S\L1(w- e) Si ""~i S\\.1'('2 - C&~(w- e) Si Lie St '-1 'f'l. S.tlA~2 ). 
C llOMOUlb!O 9TOfi cPOPMYJtbi paCCMOTpKM pS(O. 'laCTHbiX CJtyqaea:· 

a I tf :::f. = 0 , T .e. ace TpH nnocKOCTR paccesmirs1 napannen:a,Hbi 1 
1. :t 

P.;c til = p'j~ ; 
61 'f1-::: () i 'fz.=- '-!, T .e • aHaJIH:':mpy!OlllH~ llJIOCKOCTH B3aH MOOpTOI'OHaJtbH bi 1 

P~nr = o; 
T.e. aHaJIH3Hpy!OUlHe llJIOCKOCTK nepneH.O.HKymtpHbi llJIOCKOCTll 

nepaoro pacceHHHH 1 

Ht~ = P~l. = ~ 5t"'v..> Si"'2e(P.:):x- P~io) + ~w(P:x:~e ~2e-+ 

+ P~"i. Si "'-~e)+ Px~ SC:Yt (w-1 e) ; 

r/ '-fi=-'fa=- ~ j•W::: Q. G , T.e. HMeeT MecTo CHMMeTpH'IHbiti paaneT qacTHU 

1 If. 2 OTHOCliT9JtbHO OCR ~ 

YJ3 Bbipa:>KeHHH /5.7a/ Jt'ei'KO MO:>KHO llOKa3aTb 1 'ITO .O.JIH npOH3BOJthHOI'O 3Ha'I9HHH 

yrJIOB ~ i_ H lf"l. cPYHKUHSI p~ ~ HMeeT CJI9.0.Y!OlllHfi BH.a.: 

/5.7a/ 

TO SCTb llO.ll .a.aHHbiM YI'JIOM e 'IHCJIO H93aBHCHMbiX 9KCJ:IepHM9HTOB .O.JISI onpe.a.e:-:

Jt.eHHH Pww paaHo .a.ayM .a.n£ aHa'leHHfi yrnoa \.f ~ =~z= 0 11 fi:::'f
2

-::; ~ !' 

COOTBSTCTBSHHOo 

KaK Mbi ycnoan:nHch ao aTopoM paa.a.ene, .a.anhHefiumtt aHan.n:a Heo6xo.a.IIMO npoaec-, 
TK JIHWb .a.JIH P~y K P .LJ. • .[lnH aT oro· caaqana c.a.eiiaeM peJIHTHBKCTCKoe 

np.eo6paaoaaaKe KoMnOHSHT TeHaopa P.:x:.x: ,, .P~!1 H f=i~ 113· na6opa-

T.opaott cHcTeMbi KooprtHHaT 1\ s2. a cHcTeMy K .S!. CBH3aHHY!O c ueHTpOM 
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rrHepuurr peaKurrrr. CornacHo /23/ sTo npeo6paapsaHrre ang <JaCTHUhl co cnrrHOM 

csoarrTcg K nosopoTy BeKTopa ·~ Ha yron 52 npoTHB ~acosoft cTpenKrr 

-s 

[ ~~] OTHocuTenbHO BeKTopa ~' f rae fo C - ecTb B9KTOp CKOpOCTH na6o-
~ 

paTOpHOft CllCTeMhl OTHOCHTenbHO ueHTpa HHepuurr
1 

a P - HMnynbc paccegHHoft 

qacTKUbi B cKcTeMe K5~ • Yron S2 
pa6oTbi /19/: 

onpeaengncg c noMOutbiO cpopMynhr /6/ 

.f3c lf·St"rt \J (! + J' + /p, + f ~ · 
Sin. S?. 

( 1 + 1) ( i + cfp. ) C 1 + 1' ) lf f3 > 
I 5.10/ 

rae senrr<JKHbi lJJ 0> (p. > f I ang ynpyroro. /p~p/-paccegHrrg HMeiOT cneayro-

.m:ue 3Ha<JeHrrg: 

lf~ c p . 
v(cp)?..+(moC2)2.) 

; 

.:£ 

f = !f3 =- (!- pz ) -~ 
/ '= /(cP'J.;_(moc'-}2, 

fl'loC 2 
I 

3a ecb P - HMnynbc qacTHUbi B na5opaTopHoti cncTeMe, - . 
t)i 

yron HMnynbca P B kst. Ecnu crrcTeMbi KoopanHaT Ks-i. 
~· 

B3gTb B3aliMHO napannenbHbiMH H OCb ]: HanpaBHTb no /(
0 

[~~J c-~ J . K.., K.' . ; To BeKTop pc. p U.) 6yaeT HanpasneH npoTrrB ocu 

j 

nongpHbrti 

I{ ks2. 

' a 
y no 

y 
' a 

[ ~ (R(l)=-p(i)))- no Y • 11a paBeHCTBa I p(1.) I=-\ fJ(2)) cneayeT, 'ITO 
yrnbr nosopoTa S'2 _,_ rr 2 2 paBHbi no senrr<JrrHe H npoTrrsonono:lKHbi no 

3HaKy, .lJ.ng SHeprurr HaneTarom:ero npoToHa, paBHoti 650 Mas, ~~ = 0,508 u 

rl 0 - -;~c; ~ • TaK KaK ocbro Bpam:eHrrg ang cnrrHOBbiX BeKTopoB S ( -:1) 11 5 (2) cny:>KHT 

OCb ~ , To ang npeo6paaoBaHrrg cnrrHoBoro cocTogHrrg npoayKTa peaKurru rra 

~ ~i. B J(~2. yrnbr 3tinepa. npHM:'fT cneayrom:we 3Ha<JeHHg: 

{ cq ;, EJ ) <P~ ~ -=:: { ~~ + Q; - ~ ~ - ang cnnHa nepsoti qacTHUhl, 

f<P~,8><4_~ -={ ~ r2,- ~ ~ - ang cnrrHa BTopoft <JacTHUhl, 

3TnM yrnaM nosopoTa 6y ayT cooTBeTcTBOBaTb MaTpHUbi spam:eHHg A /1 I u A /2/: 

L 
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Co~Q o -Sil'\2 

fl(1.)= 0 i 0 

s.:~~ o ~2 

{I (2) ::: 

/5.1la/ 

/5.116/ 

B 06ll(eM cnyqae KOMTIOH9HTbi T9H30pa B na6opaTOpHOll CKCTeMe ksz. Bbipa:>KaiOT.-

CSI qepe3 KOMTIOH9HTbi T9H30pa, aann:CaHHbi9 B CHCTeMe U9HTpa MH9pUHif }(S-f. 

Cl!9.!J.YIOIUHM o6pa30M: 

/5.12/ 

I'.!J.9 -TeH30p B CHCTeMe 

CTB9HH09 HCTIOl!b30BaHHe /5.11/ K /5, 12/ LJ.aeT: 

/5.13/ 

8TOT peaynbTaT BnoJIHe ecTecTBeHHeH, TaK KaK npeo5p.aaoBaHMe ·TeH aopa ocyme

CTBnsm.a.cb 3.o...ecb nyTeM Bpamemtst O.!J.HOH CHCT9Mbi KOOpLI.HHaT OTHOCHT91!bHO LI.PYI'Oll: 

BOKpyr _OCR y • npKM9HSISI M~TpHUY /5,}}a/ K 0 6bi'IHyiO tiJopMyny .!J.l!SI npeo6pa-

30BaHHSI B9KTOpa, MO:>KHO TIOKa3aTb TaK:>Ke, 'ITO ~(e)_=:. ~'(-..9) • 

nanee: 

. 
I 

/5.14/. 
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n 0,llCT8Bn51SI /5.14/ B /5.76/, UOJIY"iHM: 

P.u (~) = t Sit-t
2
.f e [P~ (1.9l- P:1 (~J]-+ CM2e [ P~Jc(lRJ ( (()s~ Co1\c-

2 2 ) o' ( ) ( 2 a 2 ) 15.15/ - s._·~ eSC:~ Q. + r~.~ 1.9 Si~;tee~ .2-~ eSi~.-t.~ > 

rae e II t.J - YI'Jibi p8CC8SIHIISI "i8CTHUbi B Jia6opaTOpHOil CHCT8Me H CHCT8M8 

USHTpa HH8pn:IIH peaKUIIH COOTB8TCTB8HHOo n pH 9TOM YI'Jibi fJ H '1.) CBSI38Hbi 

M8)K,lly C06oft npOCTbiM KHH8MSTH"i8CKHM COOTHOlll8HHSM: 

. 1. 

-l:~e ~ (!.-f>~) z- -t~ ~ /5.16/ 

Bcrpa)KeHHe /5.15/ Y"iHTbiBaeT KaK nopeHUOBCKoe coKp~r.ueHHe yrna 9 
1 TaK 

H peJISITHBHCTCKHil UOBOpOT CUHHa Ha YI'OJI 

.11 "iast, Koraa w::: 2 

S2 .LlJist HepeJISITIIBHCTCKOI'O cny-

"'== ~8 II 2.=0 1 COOTHOI.l.l8HH8 /5,15/ nepe-

xo.z:tHT .B ¢opMyny anst P J.J. , npHBe.z:teHHYIO B pa6oTe /6/. TaK KaK Bhtpa:me-

HHe /5 .. 15/ 38UHC8HO .U1!SI CJiy"iaSI CA.7= :l_f} /eM. /5.76//
1 

TO YI'OJI z.Y 
npHHHM88T 3H8"i8HH8 Sf ,. 

8bip83HMTenepb KOMUOH,eHTbi !=?,~ (tJ::: 9o"'), P~~(tR==90°) 'lA. p~'l(t9: 9oj 
Teuaopa KoppenstuHH nonstpHaauHil "iepea s..rreMeHTbi MaTpHUbi paccestHHst. B aanbHefi

lllHX Bbi"iHCJieHHstx lllTpHxll y TeHaopa onycTHM. CornacHo Bbipa)KeHHIO /3.9/ 6yaeM 

HM8Tb: 

6'(LP)~y(lJ)== t Sp(M+()J~'o~'l.'M}. I 3.9a/ 

..... 
TaKHM *e nyTeM, KaK sTo aenanocb anst onepa~opa 6"~ ~ 

1 
aanHllleM onepaTop .,.. . . . 

6~~, 6~('1.) B 6aaHce ::f..s ms . OnycKaSI npoMe)KyTO"iHhie aeilCT-B.Hst, aHaJIOI'R"I

Hbie /5.2/ H /5.3/ 1 -Bhinlllll8M Cpaay BH,ll MaTpHUbi: 

(

0 0 -i. 0 J' 
( 6"U) E) (t)):::: 0 i 0 O . /5.17 I 

'J . y -1. 0 0 0 . ' 
o·O o -1. · · 
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~
1._ 0 0 0 ) 
o-fo o 
0 0 !0 .. 

0 0 0-1. 

K 
" (1..) A (2.) 
6"t: 6~ 

/5.18/ 

/5._19/ 

noncTaBmi.II /5.17/ 'H /4.8/- B npaByiO qaCTb COOTHOll19HKH/3.9a/ l{ npOH3B9,llH 

BbJqn:cneHue 5 f 

6(u) P~~ (u)-:::: \ UM,o\2.-+IMo..\' +\ f'1tJ2-\Ms~\'l.-:Z ~(M:1 J'111
+ M11M~-t. t M.,s.. rf

0
•
1 
)1 . 

R rt· VI cnonbayst /4, 6, 7 I, nonyqaeM Bbipa)KeHHe !:tY, non yrnoM 1f1:: 2 · 
2. 

6(~Jf?,'jC~)== ~ ~113~\~+lo~\'l.~+ ~:~.(\~:z_\1.4-lo.,_lz)-
-3 If Rst ( f->~r{"L + g1 ~~)- ~( ~~s: dv ,~ s s:d~ /5.20/ 

~ c1: ~" )-1 sol~-¥ lot":t\1.- ~~ { ~'fr~ ]. 
AHanorHqHbiM nyTeM HafineM 3HaqeHHe KoMnoHeHT TeHaopa 

6"(\.I)P:lt.lc:.(IJ) = ~ OMwlt.+IMooJZ. +1~1.<>\'l..-IMsslz. +l~(MH1u. +Mtt~·ts. +Ho4.~=·J.)] 

6(lJ) \)l:l:(lf) = ~ [!liMt:l.\2.-t IM_u\L-jM,oloz.-1 M_,~ \'l. -f. I M ~-d'l.. +I Mo1.\~ -
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'\}-:::: 71 
2 

9TH ~OMnOHeHTbi npHHHMalOT cnenyiOIUHe 3HaqeHHH 

2. . 

6'(f )~~ (%) ~ f[3 (I r-•1 2 -I o~\2.) "* 2t(l r>2\2_ l 8:d') + ~ ff ~(crt (-p~f,)-
. -II .:t ~ ,t ) J - o(S!"·r q -S$ ol2.--'-' a -Is lz-~ld2.1z_lU \a 11. . 15.21/. ~ 'f.:;)o d'f .,. 8 Ulzd~ o 'I c;v d'l ~ 

. ~ 

6( ~) fitl ;:)= ~ [3(l St\1.~ tp.\2
) + ~~(1 oz \' -\·p-2.1') +J~ ~(p,t-8~()-

l -+ .:1- :I3S" """ ) I 
- ~ '2~ s~ 3"- s s .. ol2 - 8 cl2.f]., - s.. \2 - ~Z: lCJ.l-~IJ~dl5.221 

n oncTaBJIHH nonyqeHHbie COOTHOilleHHH 15.21 I H /5.221 B /5.151. Haii:.ueM aaan-

CHMOCTb p.l..l..l ~) OT MaTp11qHbiX 9JieMeHTOB MaTp11Ubi pacceHHHH, He npHBO-

nst ane.cb npoMe:»<:yToqHbiX npeo6paaoBaHnii:, ·abiiiHilleM KOHeqHbiii: peaynbTaT: 

6'(~)f~u.C~);::; ~. i~p~\2 -\o~\2 )+ :(lrzl2 -\tiz\2
) +Vf~lJiiC-p~pa>]

- ~~ze.Co>2S<[R..(2~5'.~~-ss':Jz..-¥ l1v) +l&olz + 
15.231 

-t ~s-1 d2.12. + T:: I ~'f 1?..]. 
H a aToM BbiBon aaaacn MOCTH TeHaopa Koppenstunn nonstp:~~aaunii: non yrnoM 

qr t9 = z npH pacceHHHH HenOJIHp1130B8HHOI"O nyqKa MO:»<:HO cqnTaTb 3aKqH-

qeHHbiM, 

4, n epexonHM K paCCMOTpeHHlO 3aBHCHMOCTH TeH30pa nonstp113aUI111 OT 

sneMeHTOB MaTpnuhi paccenHnst. KaK y:»<:e oTMeqanocb a paanemax 2 K 3, TeHaop 

nonstp1138UI111 · HBXOnHTCH K3 9KCnepnMeHTOB no Tpoii:HOMY paccestHH IO, n epaoe 113 
~ 

HHX cny:»<:HT nnst coanaHHst HaqanbHOii: nonstpnaaurrH Pr.a~ ,TpeTbe - nnst 

aHannaa nonstpnaauHn PPI..(. , aoaHnKaromeii: BO BTopoM paccestHnn. Ecnrr . [i~~ 

a:br6paTb crrcTeMy KoopnnHaT n:a ennHHqiJbiX aeKTopoa f['2 -=.. K!.Ka] · 
~- - \r:--]\ .I -- r n.'Z. k-z.J . -, - kz.. . . ~-~il<z. ~,""' .5- \'[~ ~J\ ) K'Z. - u<;.l I CM.pnc. 2/' TO BeKTOp nonstpnaaunn p . 

B aett. paano:»<:HTCH B cnenyromeM BHne: 
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15.241 

PaccMOTpHM r:tBa "'BCTHbiX cnyqan: rrepBbiii, Koraa Bee TpH rrnocKocTH rrapannenbHbi, 

. - ~ -, II BTOpOH - B38Ii MHO IteprteHL{HKynSipHbi. B ItepBOM cnyqae, TO eCTb KOI"L{8 Jti ::::hz '::: h.!.J 

8CliMMeTpHSI B TpeTbeM pacceSIHHH 6yaeT p8BH8: 

___,. __,. 
e =R-pr"" · 

:Jn .3 ' 
rae 15.251 

3aecb 

wemr 
Itper:tCTBBn£eT C060ll: Ty ItOnSipH38UHID, K~TopaSI B03HHK8eT HB MH

t Koraa Ha Hee rraaaeT HerronnpHaoBaHHhlll: rryqoK. 

38ItHWeM B HeCKOnbKO LtPYI"OM BHL{e: 

, .1: _ o LW. n~ ...,.P. .,"'" __ o u.c.c. ( ~r"': rr J 
<o 3 n - 13 3 - 13 z. • 

-;>· 

YMHO:>KaSI 13.11 I CKanSipHo Ha Yt7- , rrony'IHM: 

( -"'"-) p". t'lz. = 

15.25al 

/5.26/ 

Vfa COOTHOW9HHH 15.25a/ H /5.261 BHL{HO, 'ITO ecnH B OTr:tenbHbiX 9KCitepHMeHT8X 

H&il:TH 3H8'IeHHSI f=l \AAA. ~ U..U.. H ~ UAA... , TO H3 9KCitepHMeHT8 ItO TpOil:HOMy 

pacceSIHHID B ItapannenbHhlX rtnOCKOCTSIX H8XOL{IiTCSI TeH30p 

.Sp [( 0::.~) M (if:.~) MT) 

~p(MM-t-) lcM.3.121 15.27 I 

EcnH Bbi6paTb na6opaTopHyro CHCTeMy r.:oop.l.lHHaT K:!,z_ c ocSIMFr Y {/ J1;. 
1:.{11<: Ll !JC flS" I CM.pHc.3/, TO cooTHoweHHe 15.27 I rtpHMeT B Hetl: Blir:t: 

5p(6y(iJM~~(1J M -t J 
HnH .Sf(MM+) 

/5.28/ 
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r.o.e yrnbr t.9 H 9z CBH38Hbi COOTHOll19HH9M 15.161, 

LI.mi npeo6pa3oBaHHH ~'J H3 c:~~cTeMbi rwop.o.HHaT JfS~ c ocHMH X II K;' 
It: 'j If n; B Clt:CTeMy K · srt e r 1 s-z. yrnbi 3tl:nepa HM9IOT 3H8'I9HHSI l T) ~.)- T J. 

noaTOMY Blt:.ll. Bbip8:>K9HHH 15,281 B HOBOtl: Clt:CT9M9 TaKOfi :>K9 0 'ITO It: B CTapofi, 

PenHTHBHCTCKoe npeo6pa3oBaHKe .o.nH ;;;'I· 3.ZJ.9Cb CBO.ZJ.HTCH K e.ilHHH'IHOMY 

DO T9M :>Ke npH'IHH8M 0 'ITO II .lJ.liH f1 H p~~ 

no,lJ.CT8BliHH 14,61 II 15,41 B 15,281 0 H8tl:,lJ.9M 38BHCHMOCTb CJ;'.:J('JR) 
OT MaTpli'IHhlX aneMeHTOB M8TpHUhl pacceSIHUH: 

1 r: .,. It I' . :/.-
6(~)1;,'1 (~) = 'f ~ L_M-i.oMot. + Mss (~i.i + "\-i.) + Mo-1 Mi.~ + 

" 4 (.-1- t- ~ "1 + 2 Mi.t. (M•o + l'i.s.1)- M,o No{- Mo~ M_u_ + M!.-1.)..,.. Mo_i. ~~0 . 
15.291 

C noMOIUbiO no.o.cTaHOBKll aenH'IHH M ""'s M'.s: K3 /4,6",68/ B nccne.o.Hee 

. c. _n_:rr .o 0 
paBeHcTBo, nony'IHM 3Ha'IeHKe .o.nH ...~,~ no.o. yrnaMu l)f- -z:- , -r = 

6( ~)q;,/ ~ J =-ltR~(f-.~8: +p,oi-l-- 2. {f(pi. ~~~h~:)] . 
TaKKM :>Ke o6pa3oM Haxo.o.KTCH aenu'IUHa ~y ,lJ.liH 3H8'I9HKSI yrnoB 

K '-/:::: 0 o 0Ha UM99T BU.ZJ.: 

15.30/ 

!11 
t1=3 

51 :-1. [9 >1< G3 .,.._ 9 .C'( '*" ("\¥<-) 6(!)9~ (3) = )\ '~ r<~ ~ pi.8!. + ~6 (h~ + 3i' \J1 r,_<>2. +.f3"l.O-i_ · -+ 

rpe 
I 

. f\1 ss. 

-
...L .!... .r::' .-~ r:J...,.. _ 3'1.3. \d. 

1
2. _ L'fl .rw _, >~< 

T IC:. '12.1 0.2., i.. .12.t "L u.~ ~ 2 0.40! + 

• 1 ( 3 ~ ros-' * f:' '* "t C' cJ.. :f J + Mss y;- z: Oi. + \1~ 01.i -l \ll 2.. > 

fvf.ss 
- .Ai 

I 5.31 I 

PaccMoTpHM Tenepb cny'Iatl:, KOr.o.a nnocKocTb TpeTbero laHanK3Hpyromerol 
---';> ~ 

pacceHHit:H nepneH.ZJ.KKynHpHa BTopoMy pacceHHKI0 1 To ecTb rt3 = ~ , AcuM-

MeTpRH B 9TOM cny'Iae 6y.o.eT paBHa 

·_,..u.u..-? ~ ( -po..t. -) C 3S =. ~ . p P"'- = p~ p . 5 • /5,32/ 

.. 
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Ecnu npH aToM nnocKocTb BToporo pacceHHHH, B cao10· oqepeAb, 6yAeT nepneHAH-
__,.. ,-+ 

KyJIHpHa nJIOCKOCTK nepBOI'O pacceHHHHj TO eCTb tf. 2. j_ Yl1... , TO, YMHO)KBH COOT-

s:::--?>. 
HomeHHe 13.11 I cKanHpHo Ha H AenaH npocTbre npeo6paaoBaHIIH, nony'IKM: 

/5,33/ 

3Aecb KcnOJib30BaHa CKcTeMa KoopAKHaT K ~'l. c HanpaaneHHeM oceii ?:.{/ ~ .J 

JC:/IS H '<fllfu lcM.pKc.21. 

Yia Bhrpa)KeHHii /5.32 I H /5.33 I BHAHO, 'ITO aKcnepHMeHT no TIJOiiHOMY pacceHHHIO 

BO B38KMHO-nepneH.[(HKYJIHpHhlX nJIOCKOCTHX BMeCTe C .[(8HHhlMH no nOJIHpK38UHH 

P~ P. uu.. 
~ H 3 n03BOJIHeT HaiiTK TeH30pHyiO BeJIII'IIIHY 

(Cos92. 0-.:k..x:-r S('vt e2.·crocej. 15.34/ 

=4 
B T 6 u 9TOM Bblp8)KeHIIH TeH30p 38niiC8H B JIB OpaTOpHOH CHCTeMe KOOp.[(HHBT. 

n 09TOMY .[(8JibHeiimHM lil8I'OM .[(OJI)KeH 6I:>ITb nepeBO.[( ~.X. H3 

K~z.. B cucTeMy ueHTpa KHepuuH peaKuRH• OcK KOOpAHHaT cucTeMbi Kl:L Bhr6e-

peM cne.[(yiOIUHM o6paaoM: JCI/ (~~], 'J {{ ~ H '1:.{/ If~ 

Yia puc. 3 BHAHO, 'ITO npeo6paao·aa·HHe 8iinepa H3 CHCTeMbi 

(r; Sf} 6y.[(eT onpeAeJIHTbCH yrnaMH apamemt:H '~ , 6z. >- T • ~aTpHua rrpeo6pa-

30B8HHH 1 COOTBeTCTBYIOIUBH 9THM yrnaM BpameHHH 1 .HMeeT 13HA: 

- SC:K€>z J. o-

~~h. 

15.351 

no cpOpMyJie /5.121 Bblp83HM KOMnOHeHTbi TeH30pa· g-';)c~ K .9;~ , 38nHCBH

H hie B na6opaTopHoii CHCTeMe k sz. , .qepea KoMnoHeHThr TeHaopa, onpeAeneHHbre. 
I 

B cucTeMe Ks-1.. . K' ' ! 03i:IaqaeT CKCTeMy KOOpAHH8T 1 napanneJibHYIO - ks i: • 

/5.36/ 

/5.37 I 

• 



• 
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n.ocneaHHM W8I'OM .B npeo6pa30B8HHII TeH30pa SIBJISieTCSI perrSITH.BIU:.TCKOe npeo6pa.,. 
sosaaiie H3 cHcTeMbi Ks~ B. ·"" kSi.. • 3.uecb. 6y~yT cnpaseanRBbi Te .me pac-· 

cy.maeHHSI H BbiBO.Ubi 1 KOTOpbie caenaHbl anSI penSITHBHCTCKOI'O npeo6pa30B8HHSI KOM.-

noHeHT TeH30pa KOppenSIUHII nonSipH38UHfi. npe.o6pa30B8HHe .UIISI .cnRHa nepBOfi 
. I 

: naaeKc.a Teasopa Vl'< /aaneTaroweff/ qacTRUbi :n:,cne.uosaTenbHo, .U1ISI nepBOJ:'O 

pllr; CBOaHTCSI K e.QIIHII'IHOMy1 TaK KBK ee HMnynhC , a yron -01 .. 0 II, 

COI'1I8CHO <lJopMyne /5.10/ 1 yron ~ 6yaeT paBeH Hynro. no.ucTaHOBKa 3Haqe-

HHSJ yrna 2 = 0 B MaTpiiuy /5.11a/ o6pa!lllaeT ee B eaiiHII'IHyro. JierKo BIIaeTb, 

'ITO .unSI cnHHa pacceSIHHofi qacTIIUbi npeo6pasosaaiie IIS K.H.. B K;, 6yaeT 

ocywecTBnSITbCSI no ¢opMyne /5.lla/. Kofieqao, yron 2 npii STOM MO.>KeT 

6biTb apyi."'IIM, '!eM B Teasope KOppenSIUIIII nonSipii38UHfi H ero Benii'IIIHa Jl01I>KHa 
' . 

6biTb aa:llaeaa no ¢opMyne /5.101. OcbiO spar.ueaiiSI no-npe>KaeMy .6yaeT cny>KIITb 

OCb ~ 
. 

• noaTOMY 1 6epSI eaHHil'IHOe npeo6p830~8HIIe .U1ISI nepBOI'O IlH.QeKCa Tea-

sopa qi'< H MaTpiiuy /5.lla/ anSI ero BToporo IIHaeKca, nony'IIIM: 

r " G n t;T.. =:: CosSC q~~ - StV\ Q.C/x.'i: ; ~X . 

cr' 
'j"il 

. " . " = S\~2 9"i:ll +(MQ. ~~ 

I 

~1. -

I q- ::: 
"iJI:: 

» ~ 

St"\.1\st <I.x~ + ~~ {}~~ ; 

rl . " ~sz g-~ - ~i\f\g. q-'lt ' 

/5.38/ 

G " 
rae :J i.K- KOMnoaeaTbi Teasopa, saaiicaHHbie B cHcTeMe ueaTpa Haepuiiii

1 
TO ecTb 

B CHCTeMe /(SJ.. 

./5.37/; 

• nocne.uaiie COOTHOWeHIISI noaCT8,BIIM B Bbipa>KeHIISI /5.36/ II 

c. r- 2 lr. cr '' · · • J 1 , '') ~.lex= \.aS ez. \'-A1~ r../:JC:Jc - S<~~ !bci + s(·•lez.l~Sl~~ +Si...,sz<f! -
~ /5.36a/ 

J... . r, ( " " ) . ( ,, a- h )] - 2. St.i11.1G1.LCosS( !f;~ + ~.x: - Sth.S? ~l -~::Joe. ; 

rl ~ . f, , o-'' J 2 ( " 1/ ) ~:x-e ==- Sic-t Gz. LCo.iq{ 9i.7( -S.:h.S? 'J'l:.?: + CosGz. ~~V~-t + Si~;t~9'"~~ + 

f, fer" "} ( '' "-'] /5.37a/ + t Si~2GzL~SZ,~xx-~~ - s,·'-12 .~:ltl:. + ~'t.lo/ . 
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, B CBOIO oqepe.uc, IIOLlCTBBHM B /5.341 K 1 OT6paCbiB8SI 

HOM Bli.[le: 

15.391 

8TO Bbipa:>KeHHe YCTaHaBJIHBaeT CBSI3b 9KCIIepHMeHT8JlbHOfi BeJIHqHHbi C KOMIIOHeH

TSMli ~X (zJ) ~ ~i_(IJI)> ~.x.(~) li 1;;~ (lP) TeH30pa IIOJISipli38Ulili 1 Bbr

pa:meHHhiMli B CliCTeMe ueHTpa HHepUlili peaKUHH. 

Hafi.ueM Terrepc 3aBHCHMOCTb .unst <Ji.'< oT aneMeHTOB MaTpHUhi paccestHHSI • 

.[{nst aT oro orrSITb BocrroncsyeMcSI o6mefi cpopMynofi I 3.12 I, H3 KoTopofi 

cne.uyeT: 

~ 

6(tRJ(fxJC.(~J =-; Sf(6,d.t)M6l(.(i.)M+); /5.40/ 

15.41 I 

15.421 

n pHMeHSISI Ty :lK e rrpoue.uypy 1 qTQ H LlJISI OIIepaTOpa 381IHWeM 

B MBTpliqHQM BH.[le B 06'beLlHHeHHO~ CIIHHOBOM IIpOCTpaHCTBe )<sm$ 

(

0 i... 0-1..) 
1 0 i 0 

( 6.x(i))-=- k 01. 0 1... ; 

-10 i. 0 

15.441 

nocne IIOLlCT8HOBKli B!>~pa:>KeHHfi /4.8/ H /5..441 B cpopMyJibi 15.401 41, 42
1 

431 

COOTHOWeHKSI LlJlSI TeH30pOB <;} oc:~.) !f"~'t- ~ ~;:);. ) <J" <t-~ IIpHMYT Bli.[l: 
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.. , 

' ,, i. [ '* ( ) ( .,. .1( (' 6l\J.) fix,.. (1..9/ ~ 'f Re M0 ., 2 Mu + f!u. + Mu + Mo1. +Mo--t} l'f,o +"!i.o) + 

-+ M:s ( Q. Mu.- ~"1.!- ML-1.) i 

f5{rJ) O""x~ (II.}= J_ ~ rH~~ (~'-~•o-M ) +M:s (14o_t.- Mos.)+ 
IJ_ 1/'i L 

1 
-1.o 

4 -'1- J + M,~M - M M · 
J.-l.. · -io -it. ' 

i - ..,. . il 

G {u) ~Jc.(J.J} = {i ~ ~u.(Mo1.-Mo-t}+ Mu( 1\!.'i.o -M,_o) + 
2 2. 

"" -¥ ] + Mo-1. M - Mo-1. M-L-L. j -·U 

6 (ttJ ~~~ (t.A) = f{ :1./ Muf2 -/1'1~_ 1 fz. -fM_1 t-ft -f. 2P. (MooM.ft) . 

/5.40a/ 

/5.4la/ 

/5.42a/ 

/5.43a/ 

l.J:TOObl Bblp83HTb 9TH TeH30pbl "'epe3 aneMeHTbl M8TpHUbl pacceHHHSI non yrnOM 

1i J):: ~ B C.U.H, 1 B nony"'eHHb!e COOTHOllleHHSI noncT8BHM 3H8"'eHHSI M8TpH"'HbiX 

aneMeHTOB Mm
5

m; na /4.6, 6a/. Torna nnH TeHaopoB :Tzt;c{-fJ ... ~~({ ),.. 

(, « Jr) 'J~n l J[) Lt Jt.x. ( ~ 
nony"'BIOTCSI' cnenyiOIUHe paBeHCTB8 

6 (f) lJx>c ( lf) = 0; 

~ cr 1I -z.r3 1 1fT'-'~- fi *) 
6'( .If.) J.:lc~ ( z.) =- fi Vz: f?sz.Mss \if 0!- ! &z ; 

~ 1f 2.~ • (i 'Jt. R '~J 6( ~) cr"'tJc( ~)·= j( yz: f4,_ Mu R Pt- -;;-Jh ; 

() ( { ) ~~ i ( f } = 0 • 

C OOTHOlll9HHe /5.39/ MO:lKHO Tenepb Bb!p83HTb ttepe3 BenHttHHbl /4.7/ 1 8 HM9HHO: 

() ( lP) [~ Sz. ~=x::t (&-a.) + .Sit~t. {h. ffcx~ ( $z.J = :X""~ R.. M :s [ .fi. (Cos Oz. $\l-1 Q. { + ' v 
-t Si\.1ez. ~2fz}- ~ (U»ez. ':>t't-tg,G; + Sivt e& Cos2 p~)} . /5.45/ 
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PaBeHCTBOM /5.45/ .onH TeH30pa nonHpH3aun:H 38KaH<JHBaeTcH paccMoTpean:e 

BonpOCOB 1 CBH38HHbiX C HanHC8HHeM Bbipa:lKeHHH ,llJlH BeJlH'IHH 1 H80JllO,ll8eMbiX B 

" 9KCnepRMeHTe 1 qepe3 "9JleM~HTbi M8TpliUbi pacceHHHH, 

3.oecb He 38T.parlHl8JlCH Bonpoc 0 BbiBO,lle 38BHCHMOCTH T9H30pa 1 noi!lqaeMOI'O 

" P"IC. ~, 
B sKcnepn:MeHTe no H3MepeHHIO npo.oOJlbHotl: cocTaBnHIOI!letl: nonHp.H38~HH/ • kst I 

-> 
P r ..... 

BeKTOpa /eM, 5.24/ 1 OT sneMeHTOB "M8TpHUbi s • 8TO p8CCMOTpeHn:e. ony-

meHO no .llBYM. npli'IHH8M: C O.llHOH CTOpOHbi 1 "H3MepeHRe YK838HHOI'O T9H30pa npe.o

CTaBnHeT onpe.oeneHHbie Tpy.OHOCT.H H n09TOMy MO:lKeT. CJlY'IHTbCH 1 'ITO ,llJlH BOCCTa-

" " -
HOBJleHHH 9JleMeHTOB M8TpHUbi pacceHHHH ero HCII0Jlb30B8HHe 5y.oeT HeOOH38Tenb-

HbiM 1 H '· C .opyrot~:·, BbiBO,ll 38BHCHMOCTH .llJlH Hero 1 ecnu T8K8H HSOOXO.llHMOCTb 

acTpeT.HTcH, no cymecTBy Hn<JeM He 5yaeT ciTnH<JaTbCH oT Bbmo.oa, npo.oenaaHoro 

.llJlH TeH30p8 c:Tilf(., 

6. 3 a K n 10 q e H If e 

K aacTOHI!leMy apeMean: eme ae.oocTaTo<J.Ho sKcnepHM.eHTanhHbiX" .oaHHbiX no 

p-p-B38HMO.OeHCTBHIO .H Me30HOOOp830B8HHlO .llJlH KOJllf<JeCTBeHHOI'O 8H8Jllf38 ynpyi'OI'O 

pacceHHHH npoToHoB Ha npoToHax. EcnH· He o5cy:lK.ll8Tb 3.oecb aonpocoa, CBH3aHHbiX 

C B03MO:lKHOi!: HeO,llH03H8'JHOCTblO If HeycTofi<JHBOCTblO" peweHHH nonyqeHHbiX KBa.opa

TH'IHbiX ypaBHeHHH 1 TO ecTb BOnpOCOB 1 KOTOpbie C8MH . no ce5e npe,llCT8BJlHIOT HeMano

B8:lKHYIO npooneMy B no.oooHhiX 8H8JlH38X 1 H e'cmi STy npooneMy OTHeCTH KO BpeMe

HH1 Kor.oa 5y.oeT c.oenaHo 5onbWHHCTBo sKcnepHMeHTon, yKa3aHHbiX B 'paooTe, u . -

npe.onpRHHTbi W8I'H no peaJlH38UHH Hatl:.oeHHbiX 3,ll9Cb. COOTHOW9HHH 1 TO Bbipa:lKeHn:-

9M /5.45/ r .no cymecTBY 1 38KOH"IHJ10Cb. pemeHHe 38.ll8'IH 1 nOCT8BJl9HHOH B paooTe. 

nosTOMY OCT89TCH JlHWb C.ll9Jl8Tb HeCKOJlbKO peaynbTHpyiOI!lHX '38M9'J8H.Htl:, 

1. B pa5oTe Haii:.o eHbi cooTHomeHn:H1 ycTaHaBnn:aa romn:e ci::IH3b sKcnepn: Mea

T-anbHO H80JllO,ll89MbiX- Benn:<JHH c 9Jl9M9HT8.MH M8TPHUbi pacceHHHH. Mo.oynn: sneMeH

TOB M8TpHUbi pacceHHHH B OOI!l9M BH.ll9 opamfCb He p8BHbiMH 9,llHHHU9i. nosTOMY 

.ll8HHYIO paoOTy cne.oyeT p8CCM8TpHB8Tb K8K nO.OI'OTOBHT9JlbHbitl: 9T~lii 1 H8 OCHOB9 

KOTOpOI'O no Mepe H8KOnneHHH OnbiTHbiX ,ll8HHbiX no ynpyroMy "11 HeynpyroMy 

B38HMO.ll9HCTBHIO .llBYX npOTOHOB MO:lKHO OY.ll9T 1 C O.llHOfi CTOpOHbi~ npOB9CTH <}Jil30-

BbiH aH.amr.3 ynpyroro p-p-pacceHHHH np.H ~mepr.Hn: na.oaiOmero ny<JKa npoToHoB 

OKOJlO 650 M.9B H 1 C .opyroJ:i CTOpOHbi 1 npOBeCTH KOJlH'J9CTB9HHYIO 0U9HKY BJlHHHHH 
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H eynpyi'HX npoueeeOB Ha peaynbT8Tbi OnbiTOB no ynpyi'OMy B38HMO.ll9HeTBHIO, 

2, VIa Bbipa:>KeHHii .onH KoacpcpHuHeHTOB c1. i. , p~~ ~'1 tf 't ~ 
BH.llH0 1 qTQ OHH uenHKOM Onpe.oenst!OTeH nepeXO.ll8MH H3 HaqanhHOI'O 

/eM, 4.7 I 

P ··eoeToH-

HHH eHeT9Mbi H1 ene,llOB8T9nbH0 1 .llOn:>KHbi 5biTb B9ebM8 ,qyseTBHTenbHbi K HHTeH

eHBHOeTH o5pa30B8HHH M930HOBo 8TO o5eTOHTenheTB0 1 B eBOIO oqepe,llb 1 eOOTBeT

eTBY!OlllHM o5pa30M. aon:>KHO OTp83HTbeSJ Ha 9KenepHM9HT8X no ynpyi'OMY· p-p

B38HMO.ll9HeTBHIO _npn 650 Mas. HanpHMep, Ha Bbipa:>KeHHH · /5,1 I .onst_ .oHcpcpepeH

uHanbHoro eeqeHHH paeeeHHHH E) (UIJ BH.llH0 1 qTO OHO ena5o 38BHeHT OT yKa3aH

HbiX K09cpcpHUHeHTOB H no9TOMY BKna.o B eeqeHHe ynpyroro B38HMO.llefieTBHSI aa 

eqeT HeynpyrHX npoueeeos _ene.oyeT o:>KH.oaTb ManbiM, HeeKonbKO eHnbHe.e aTo 

snHstHHe .oon:>KHO eKaaaTbest Ha nonHpHaauHH /eM. 5,6 I, eme 5onbwe Ha TeHaope 

KOppenSJUHH enHHOBhlX eoeTOHHHH /eM. 5,20 H. 5,23 f H Oe05eHHO 38M9THO OHO 

r 
.oon:>KHO npoHBHTbest Ha TeHaope nonHpHaaunn no.o yrnoM 1!: /eM~ 5.30 n 

5.45 I. n OSTOMY npH BapHaUHSIX 9Hepi'HH B5nnan nopora M930Hoo5paaoBaHHH TeH:

aop nonstpnaauHH .oon:>KeH nenbiTbiBaTb cymeeTBeHHhie HaMeHeHHSJ, 

, 3. PaccMOTpeHHa~ a.oeeb nporpaMMa soaMO:>KHblX aKenepHMeHT.OB no ynpyro

_MY paeeeBHHIO B npoueeee ee peannaauHH MO:>KeT 5biTb HeeKonbKO naMeHeHa, o.oHa

KO 9TH H3M9H9HHSI MO:>KHO 5y ,lleT nerKO yqeeTb, 

.. 4. B enyqae, eenn ·aoaHHKHeT Heo5xo.oHMpeTb _ yqHTbiBaTb oonee BbieOKH.e 

op5HT8nb~bie eOC~O.SIHHH /p ;...p/ eneTeMbi 1 qeM e ~I{ 1 TO cpOpMynbi /4.4/ 1 

/4.61 n /4.7 I noasonstT aTo e.oenaTb. 

5, B pa5oTe noK~~aHo Tai:>Ke~ qTo npH paeeeHHHH npoT6HOB Ha npoToHax 

c aHeprneii 650 Mas~ Henbast npeHe5peraTb penstTHBHeTeKHMH acpcpeKTaMH, eBHaaH..,. 

HbiMH e penSJTHBHCTeKHMH nOBOpOTOM enHH8 H _nopeHUOBbiM eoKp8IU9HHeM yrna 

paaneTa npo.oyKTOB peaKuHH, 

ABTOp HeKp9HH9 5naro.oapeH n_,M .CopOKQ aa nOMOIUb B~ noeTaHOBKe aa.oaqn 

H noeTostHHhiii HHTepee K .pa5oTe, a TaK:>Ke npocp. X.P.nose, npocp. M.r.Memepg..:. 

KQB.Y~ M.YI.Wnp.OKOBy, n.YI.nanH.oyey H B.I1.HHK8HOpOBy aa o6.cy:>K.ll9HH9 pa50Tbi 

H noneaHbie aaMeqaHHSJ, 

\ 
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CxeMa :ll3M9p9H:IISI KOppeirstU:IIOHHOA <iJYHKU:Illl p~~ B naoopaTOpHOft 

C:IICT9M9 K00p.J:l:IIH8T ~!'>2. (} - yron paCC9SIH:IISI '18CT:IIUbi 1; U)J 

yron pasneTa qacTHU 1 H 2 /J:lnst a1teprHA 850 MaB. npH CHMMeTpH'IHOM 

pasneTe W = 82° /; R nnocxocTb ocaoaaoro paccestHHSJ; 8 
1 

· H IJ" 

- aaannsHpyiOmne nnocxocTn, 
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Pnc. 2. CxeMa TpofiHoro •pacceHHlHI .unsr H3MepeHHH TeH3opa nonsrpH3aUHH. 

t,":\ r ~~ ~ly 
LJ n'Z. t;, 

/. 

~' .).!~ Y ~ nz. ~. · .. I -'b\<."" 
~·, 

-+ 
IL_ ______ ~~"" :l;K i._ 

~ 

l(i. 

Ks1. l.unsr ueHTpa· HHepuHH/ ks1/ .unsr na6opaTOpHOi1 C.HCT~Mbi/ 

PHc. 3. CHcTeMbi KOOp.llHHaT. 
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