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Ha npOTJillt8HMM Bcero pa3BMTMSI KBaHTOBOl1 reopMM IlOJISI (KTIT) 

'l8THpeX11ep11hll1 qJOIJMMM3M cf>el1HMaHa-,llai1coHa SIBJISiercn OCllOBHhlM 

MHCTpyMe!lTOM npH MCCJie,lloBaHMH erpyKTYPhl p8JlSITlrnHeTerto!l: reopm1 

H noerpoeHHH AHl!aMH'leCKHX ypanHel!Mll. 

BMecre e TeM 'l8ThlpexMepuhl!l: xapaKrep TaKoro IlO,llXO,lla orpo.

HH'lMBaer, a qacro ,lla.1:e ,lleJtaer HeB03MOll:HhlM nepeHece11Me B pcJtn

TMBHeTeKyn 06JiaeTh MaTeMaTMtJeeKoro annapara, pa3BHTOro D Hepe

JISITHBHeTeKo!l: reopmi. B eBH3H e 3TID4 npe,llcTaBJISIJIOeh 38.l,.taH'lHBhlM 

noerpol!Th TO.KYD qJOIJMYJIHIJOBKY KTIT, KOTopan npMBO,llHJia 6hl K rpex~ 

Mepl!hlM ypaBH8HllSIM H npM 3TOM eO,ll8pllt6.Jla 6hl Bee KBaHTOBO-IlOJI8BIJ8 

CBOlleTBa 06Ll'lHOll reop1m. _ 

TaKoll: MeTO.Il B paMKo.x qerupexMepnoli reopirn 6hlJI pa3BHT B 

KB0.3HnoreHUMMhHOll no,llxo.ite -JioryHoBa M TaBxeJIH,ll:Je IU. YpanHcnHn 

KBa3MilOTeHUHMhHO!l: Teop1m ycnemHO npMMeHSIJIMCh npH n:iyqemrn lllH

poKoro Kprra BOilIJOCOB KTil 12 , 31• 

B pa6oro.x l{MblllleneKoro IV paccMorpeH napnanr rpexMepHoli 

rrurnJlhTOHOBOH qiopJJYJIHPOBKH !{TIT. OTJIH'lHTCJlhHOll qepro!l: 3TOU cxeMll 

SIBJISleTen TO 1 'lTO 3AeCh Bee •meTHUhl HaXOASITCSI HO. }.taCeOBOlt IlOBepx-

HOeTn, a BhlXO,ll 3a IlOBepxHOCTh 3HeprnH-wmyJlhea onpe,lleJISICTeH 
0 '2. 

npHeJTCTBYDlllHM B .TeOpirn mnypMOHOM C 4-:HMilJJlhCOM 1\x, ~ )0, A=:I: A,::rr::~ 
KOTOphlli irnrepqper11pyerca KaK ,llHHaMMtJeeKnl1 3KBHBa11enr npoerpaH-

eTBa-BpeMeH~). _ , 

x) )luarpa.L!MHaJl T8XU~~a ~PMY~MIJOBK/4/ COQTBeTeTBYCT nepeCTp~lt
Ke cpellm.taHOBCKoro PHAa ·reopuH B03llY!ll8HHl1 Bile nonepXHoeTH .. · 
3HepruH-HMilYJihea _H nepeXO,llHT B Hero npn :C = X' .,.o. 

'.3 



Enaro,llapa 3TOJJY Teopnn OClJI~aeT CJI8,llYIOlllHMll npl!BJieKaT8Jlb

HW.IH CDOHCTBaJ.m, KOTOpL!e ,lleJiaIOT ee qpe3Bhltial!HO ClJil!3KOl,t no cpop11e 

K HepeJIHTllBl!CTCKOR: 

l) JIOpe11u-KoBapna11THOCTb 

2) Bee tiaCTl!UL! HaXO,llHTCH Ha MaCCOBOi-1 IIOBepXHOCTll 

0) npu Bb!Clope A -BeKTOp a KOJIJllrneapmai 4-CKOpOCTll Cl!CT8Mbl 151 

t. ("' )!l. ~ - ... 1- "'"' s = I ~ . I\,. .~ ) "'y 'bi. 'l 

" s .. , 
l!MeIOT M8CTO 3aKOHbl coxpaHemm 

..... = >- . ~· - X. - ~ .. .., - :ic:.' ·, ""Y nq, ' -I ~"f . , (I) 

IJ) POJib <pYHKUllll rpima l!rpaeT nponaraTop KBa3l!tiaCTl!UU 

"- ~:l. __ s-
0
(._x) = i-tr J< - t{. 

B paMKax TaKcin cpopi.zym1pOBKll KTII Clh!JIO 11a1,tAe110 peJIHTl!Bl!CTCKOe 

0Cl0Clll1en11e ypaBHem1n n11nmm11a-ll1Bu11repa ( E" = ~"" .. + 1t1.) ; 5/ 

_ ...... -lo 

5
,~ _ cl,t . 'T(it.,) 

T(y,"r~) = V(~•°r;~) + ~-? v(~~;E,_){..,-i ... ;ft EK(E"-E'l-tor.) (2) 
/6/. . 

H noKa3aHO ,tITO MO:xrno BBeCTl! peJIRTl!Dl!CTCKOe KOH<pliryparmoH110e 
. . 

npe,llcTaBJI8Hl!e, 8CJIH B KaqeCTBe IlJIOCKHX BOJIH npocTpaHCTBa JioCla-

qeBCKoro HCilOJib 30BaTb cpynKUHH lllannpo /7 / 

l<v 3) = ( f m rn ) -i-t'ltn ➔ . ➔ 
) 't='tn. 

peMl!3YDlllll8 YHl!TapHUe rrpe,llCTaBJieHHSI 0,llHOpO,llHOit rpyrrrru JiopeHua. 

Ilpll 3TOM pOJib CBOClO,llIIOro raMWibTOHl!aHa 11rpaeT KOH8tIHO-pa3HOCT

HUl,t orrepaTop, a peJIRTllBllCTCKHit a11anor ypaBH8Hl!R lllpe,llHHrepa 

HM88T Bll,ll 

r2f= -.l~Ji.(l L) - ~sl(l l.) +~i t'I..JiJ ... Jy(ii)=V(.,,,r. )V (3) t ""'I '" a"' ~ ni. ai. m 't. n.,, a,i.ll,: · ,-,; .i..i-. · 
Ha OCHOBe (3) rrpoClJieMa .IlBYX pe.JISITHBHCTCKHX B3amtoAencTBYJO

lllllX tiaCTHU MOX8T (lh!Tb CcpOpMj'JillpOBaHa B pa.MKaX TrOPl!ll pacceHHHR/B/ 

4 

1 

ll CB8,ll8Ha K pemeimIO (3) C H8KOTOpb!M IlOJl8BUM IIOTBHUnaJIOM. B cnyqae 

npocTeitlllmc IlOTBHUWOB Ta.KM 3a,llatia peruaeTCR TOtIHO 18 ,91• 

B PR.Ile paCloT nccne,llOBaJil!Cl> ,llpyrne acneKTll pacc1.mTp1rnaeMoro 

IlO,llXO,lla: peJIRTHBl!CTCKaH KYJIOHOBa npo6Jie1.m, aHUJIHTlltI8CKl18 CBOilCTBa 

&!IlJIHTY.Il pacceHHHR, BhlCOK03HepreTHtI8CK08 npe,llCTaBJI8Hll8 3itI(OHaJII,HOro 

Tl!na, rapMOHlltIBCitllit OCUWIJIRTOP, ypa;H8HHR AJIR tiaCTllll co Clll!HOM /g/ ~ 
,llJIR CHCT8Mb! Tpex peJIRTl!Bl!CTCKIDC qacTl!U cpop11yn11pon1m Taxoro 

IIO,llXO,lla MOX8T npe,llCTaBJIRTI, llHTepec KaK B llMilYJil>CHOM npe,llCTaBJIBHl!ll x)_' 

H3YtI8Hlle B3al!MO,llel,tcTBHit CJIOXHhlX CHCTeM, Bb!til!CJl8Hll8 napaMeTpOB Tpex

tiacTl!tIHliX p830HaHCOB, a Taue peJIRTl!Bl!CTCKHX norrpaBOK 1 TaK H B KOH

qrnrypa.uHOHHOM rrpe,llCTaBJie1mu, 11arrp11Mep, B CBR3H C KBapKOBUMH MO,ll8Jl/U.ll!, 

Ilpll TaKOM. o6o6l!l8HHll npex,lle Bcero HeOClXO,llIDIO o60CHOBaTb npnMe-. · 
HHMOCTI, oClcyx,llaeuoro IlO,llXO,lla K peJIRTHBl!CTCKOR 3a,llatie .IlBYX T8Jl B CJIY-

qae npOH3BOJlbHOR CHCT8Mb! OTCtieTa ll pa3BHTb.M8TO,llhl ee pemeHHR AJIR 

peMHCTl1tI8CKl!X no Te HllHaJIOB • 

PaCloTa COCTOHT 113 meCTH rJiaB. Huxe· npl!BO,llHTCR ee CO,ll8p~aHue. 

I. Tpex11ep11ru1 KOBapHaHTHaH cpop?.zyJIMpOBK8. peJIHTl!Bl!CTCKOll 3a,u;aqu .IlBYX 

TBJI B KTII /l2/ • 

§ 1 IlOCBRl!lBII cpaBHBHHIO 11epeJISITHBllCTCKOll cpopuynupoBKll C peJISITHBl!CT• 

cxon, HCXO,llHhIM ,lVIH lt0T0poit RBJIRBTCR HMilYJibCHOe rrpe,llcTaBJie1rne. BBO,llRT

CR OTHOCl!T8JlbHli8 rrepeMeHHbJe. B peJIHTHBUCTCKOM cnyqae ,lVIR 3TOro 11eo6,

XO,llmH ){Ba 3Tana:I-ll OCYl!l8CTBJIR8TCR nocpe,llCTBOM orrepanHU CJIOXBHl!il B 

npocTpaHCTBe Jio6atieBcKoro /l3/ 
.,., A -t ..., ➔ .. _.,r. 
IC, = " .. ,.-ic = 11;~1111>. • \( - )\llC

O 
-
-.... >-v. 1 2, 2, 2. ~ -- a.,I _ a,10 "'j', _ ..,..._ • 
~+X' ) .. - " - .. - ... , 

ll npll Bb!Cl~pe A -BBKTOpa B Bl!,!{8 )..= )...Z'\ ecu IlOCTpOeHue ID.{IlYJlbCOB 

c11cTeuu.~e11Tpa:uacc (c.n.11.) 

(I) .... -+ ...... .... ~ -.. 

2 k,u. = .K~~-,111._~, \( . = ~i 1.::-1~2. \. , it+ it = o . l(o + Ito .. r;;-
.21 '':J. ~ '2!.. , ll ~ " ~ ..... 

x) IlpH paCCMOTpBHHll TpextiaCTM'lHOH 3~aqu B paYKtlX cpopMaJIH3Ma EeTe
COJIIlHTepa B03HHK8.IOT rrpHHllllIIHaJ'IbHli8,TPY.IlHOCTl! B CBiI3H C npoCl~e-
:UOit HCKJIIOtI8Hllil OTHOCl!TeJII,H.HX_ BpeJJeH ll YCJIOBHBM YHHTalJHOCTH. . 
B KBa,mon,uuaJII,HOit TeOpHH 3Ta s~aqa paCCMaTpHBaJial:b B pa6o-
TWC , . • · 
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TI 3Tan BUJ{eJiemre peJISITlfBIICTCKOR npHBe,l(eHHOli uaccH t"'1."'~ . 
/I4/( ~ = 1/r:l ) 

(II)2 K'u = 1(~1.) ' 
.,.o +" o _ "'.1.½"'•{ -..'Ii. m.4t11 • ., • 
n "' --- In Ill-+ = ~ • -u .111 4.,, .,. .1. :a '\.11 J ~ 1(1,1,1) - \t.cu '-

L 2. ,In~~ ~ 

B § 2 noKasaao, qTo B ypaBnemrn: ,l(JISI llHBapxtaHTHOli a.uIIJillTY,l(li 

T(1➔ 2 ), noJiyqe11HOM B /S/ Ha OCIIOBe qx>pyYJUtpOBKH 141, J!O:XHO ocy-. 

llleCTBHTb nepeXO,l( K OTHOCHT8Jlbllllll nepeMelJHW.I II nocJie HHT8rpnpOBaJUIJI 

no >-1 -Be,:Topy 

cl.it.I. J.~ = (ls:::)a J.~ ~ 1.2- li'(p.) 
o o .211. X IC: (0,2.· 1(.1. \CJ. . .2. ~~ t<.~)J 

llpH,llTH K peJillTHBl'ICTCKOMY a11anory ypaBHeHHSI JlllnrntaHa-mmmrepa B OT-

IIOCHTeJII,HllX nepeuemmx ( p. - :.1.:~ , J.2.'tl!.'-) =- Jit~•>-41+ ~ ) 
& 1 ...... i. 

Ari .. - ,--e.Yir ... - -rs:) + i rr,1 __ r.) d~ll: 1 Act,.,~~ 
r~,/\,y- .:i-. f(p.)\,.JS-'1: riuY,)l\P.,\i;,is~ ~l _l 1,,o +•~ J (4) 

I.:: @l) 'P1, "'lu.l ~ 
peruemrn KOTOporo na 3HepreTHqeCKOll: noBepxnoCTH Y.JtOBJI8TBOPl!eT YCJIO-

BUD 11upunpOBKH 

ds
Jui 

' !l \!1. 
= (m) \A(y~1l\i) · 

\' u 

Taimu oCipasou, ncJief.CTBl!e Toro, qTo B paccMaTpnnaeMoli qiopuynnponxe 

4-CKOpOCTb CHCTe1m JlBJIJleTc.li coxpmllllllllllllCll B8KTOpOM H Bee qacumu 

naxO,JtllTCSI Ha l!aCCOBOii noBepxHOCTH, ,l(BH;IeHHe c.n.u. OT,Jt8JIJl8TCJI H 

. sa,n;a.qa q:-OpllyJiupyeTCJl B QTHOCHTeJibHHX nepeJJeHHLIX. 

Ha OCHOBe (4 j JJOll'.110 c<l'opuymrpoBaTb ItBa.:mnOTl?HltnaJibJJHR llOJO(O)t 

B KOBapnaHTIIOll ~.JOpMe H oOoc110BaTb nocTpoenne JIOKaJlbHOro llOT8HI{Ha

Jia /2,6/ 

VC~i;L)~r✓ ,: V(<,t>~iJ-;K,). 
B § :~ BBO,l(llTCJl KOH<!ltrypanuo1111oe npe,JtcTaBJieHHe. IlOcTpOeHWI § 2 

noKasunam, 'ITO BOJIHOBaa qJYHKitHH ,}(Jill paccuaTpnnaeuon :Ja,Jta'IH weeT 

CJI8,lzylll!IYD CTPYKTYPY 

~( >-1r,rJ =- ~( ~1t ,~~ ~"' c r ) 
·n Y.ltOBJl8TBOplleT ypan11eHHD ~) 

6 

J.. ,\ 

(~i - r{:~1)X(\r(J=~ .. ,~vccr;~lt;rs1~½,(»1t>~ .. ~a2.~~). cs>. 
Konq,Rl'ypa~HOBH~npe,1tCTaBJieHH8 BBOXHTCSI C IlOUOlllbD nonnoro 11aOopa 

qiyHJtIUd! 

3a,ltaqa o 

fr1i\,(>-:,r~) ~(---. ~) 
. ~ ft!~' . 
C00CTB8HHOU 3Ba'leIDIH - HHBapnaHTHOR uacce 

~ 

{\,- -
lpOPllYJIHPY8TCSI no O'tBOCIIT8Jil,HOit KOOp,ltHHate It. pa3HOCTHill4 ypan11e11ueM 

BIJ,lta (3), ~BmceHH8 c.n.u. OT)teJISl8TCH H onHCUBaeTCSI llJIOCKOll 3Kcno-

nenron. 

PaccllOtpeBBWI <Ix>PllYJIHPOBKa y,l(OBJieTBOpJieT npimnnny COOTBeTCTBUSI. 

B qacrBOC'tH, B nepeJIH'tHBHC'tCKOY npe,JteJie . 

y /'){ ) ~ -;.(Y. l:,_-Y(\) - ~ ('(\-~~), 
'}\;'"Llv=o e, e, - --c,o _.,. 4'2. 

r,Jte ~~ ~ - J?lllY.BbCH HKOOH; E'l, = ~ • (;; ::: I\-' • w1-::_i Xl 
r . , "'"-*\\\:i) , " f).r , 1 J 1 J 

n. YeTO)t npllOJimteHBOro pemeHHll aa,n;aqn 11a co0CTB8BBH8 3BaqeBHSI 

JtJIH peJIHTHBHC'tCXoro pa3BOCTBOro ypan11e1ma mpe,JtHHrepa. 

B § 4 KPaTKO npHBO,l(llTCS CYTb KeTO,Jta, pa3BHTOro Ml>JIJiepou B He

peJIHTHBKC'tCKOff reopHH /IS/, H oOcy][JtaeTCH nepexo,l( K ueuee CHHrYJIHp

HOIIY noremtHMY DltaBH B pe.nHTHBHCTcxon qx>pyYJinpOBKe 

{ .~ = Jk eR IT>. - ,2.,.'2. • 0-'-- u 2. "\ /5/. 
~""'"l. , / , "' I • 

Y<:!:) = -2:.. ~ tn"t.h ~ 1((.'t)"" ~ eo~n\'l~ , (6) 
4'ii'l. z.h 11\ "l 'ii" If u'l. eft 1M '?. 'ii 

)U!H xoroporo B03JlOXHO oOo011tllTI, ueto,Jt /IS/. B mmyJibCHOLI npe,JtCTaBJieHHH 

3TO COO'tBeTCTByer nepexo.l(Y K 'taKOll cynepn03HI{HH 

V(f>¥) = o- _ ;-,,)L = V(tr~1-ztY2-) ~ 
KOTOpaa, B OTJlllllHe OT HCXO,JtHOro noTeHI{naJia,no 

oOJia,Jtae't JIHllII, n~poit IlOJIDCOB ' i = ± t'ii' + t . 
nepeue11uon 

(7) 

i Cr= ms\ct) 

B § 5 npu oOo011teHHH Keto,Jta J.!DJIJiepa HCllOJib3Y8'tCSI ,JtBa o0CTOH't8Jib

CTBa: a) Kj'JIOBOBa 3a_aaqa ,l(JISI (3) pemaetca TOllllO H C00CTB8HHHe 

rpYJJXItlln m.i:em BHJt / 9/ 
7 



rAe "tte) 

~,.i.. (!-\-!)y,( 'l. '-'i.) () ~ r_..,,) r. h:i- L • -h-~-i• 1e+:i• ~!!.h!{t 8 
'- . !l -1. ~s~i. > J ,, , 

- oCloClmeHHaa creneHL B HCqHcneHHH KOHeqHblX pasaocxen181; 
Cl) B KaqecTBe penaTHBHCTCKOro noTeHI{HaJla lhtaBbl MOXHO HCilOnL30-

BaTL lpJHKI{HD (6). 
IlonyqeHo B aHMllTHqecKOM BHAe npnClnltiteHHOe Bllp&teHHe MH ~pa

eKTOpHtt Pe,!O!l:e, cnpaBe~nHBOe B ~OCTaTOqHo m»pOKOll oClnacTH 3HaqeHHll ~ 

e(l{)=-i-n, + ~0 

+ l~\4n(n"'":i) - 4M~}1'h\ (:tn 4 ~) 

+ H: ( 4 "(11ti.)-+ Ho2.) + • • •, 
(9) 

\i I) "-,-.--, - . 
rAe I'\,= o,~,2.,.; n, =- \14M.\Mi.\-~11.)~ ,M,_t(t'"'o,i,.➔ -Ko3!pql~HeHThl 

rennopoBcKoro pasnoxeHHH ~~) s % 'l. 'l[~) • 
B § 6 Bblpa:11!:eHHe (9) ucnonLsyeTCH MH auqucneHHH napauerpoB rpa

eKTOpHtt Pe.ue B ('ii'lr) - CHCTeMe, Bsam.m~eliCTBHe B KOTOpon om1cuBa-

eTCH noTeHJ.tHMOM, COOTBeTCTBYDmmL oClueHY iieKTOpHl,DJ: L!e30HOU. B Kpocc
KaHMex) 

'>Ii . a4 r; io/2.(s lf ) C:Oi mS 'lti., E,) = - "'- ~i i .. ~- .it 1-p_ "t ~l'l\l:i'. 

IlpH Bllelope {i'" = .0,15 = r~;•11
auq1rnnem11I AaDT AnHJ;t(~,t_={g,eJ} 

COOTBeTCTBeHHO 3HaqeHH~ 0,49; I,!5; 0,14, KOTopue LIOXHO cpaBHHTL c 

3KcnepHUeHTMLHblLIH 3HaqeHHHLIH 0,49; I,OO; 0,2!(0,37), nonyqeHHlillH H3 

aHMH3a L!e~OHHblX pesoHaHCOB B MOCK,OCTU tJLD➔payqH /I?/_ 

HeOAHOKpaTHble IlOnllTKH paccuorpeTL ('lr'iT)~CHCTeMy B paL!Kax Hepe-

naTHBHCTCKOro ypaBHeHHH npHBO~HT K cauocornacoaaHHOLIY pesynLTaTY. 
nHlllL IlpH 17 I\ =0, 5 :=,: 3 rtl(crifi< . .. , s . 

C TOqKH speHHH npHL1eHaeL1oro MeTo~a OTnuque pesynLTaTOB BHquc-

nem1li B ~BYX . ¢QpuynupOBKax He cnyqattHO - OHO oClycnoBHeHo paSHHqHoll 

CTPYKTypon noTeHI{HMOB, a Taltlil:e COCICTB8HHblX qiyHKI{Hll KynoHOBOll sa

AatJH. 

x) 3~eCL, 
mupuHa, 

~~ - H30TOOHqecKaa KpOCC~MaTp~a, r"' -IlpHB8AeHHru! 
\~ = ~(l'll~-4), l'l1J = S,S, m~= !.. · 

ll. . 

8 

t 

\~:\ '. f ~ 

J ) 
! 

I 

it 
'\ i 
I 

\ '· 

m. TpexuepHaa qiopMynRJ)oBKa SaAMH rpex 'ten B I{TII /!8/. 

B § 7 Ha ocHOBe ~unrpauimon reXHllKH 141 a necrunqHoM np11Clmme

HHH xeopHH aosuymeann qiopuynnpyetca nponeAypa noctpoeuna ~pa ypaBHe

nna JIHntn.mHa-lliannrepa MH oneparopa T (3 ➔ 3). 

B § 8 B AByxqacruqnoM npuelnuicenl!H Ana HApa ocymecTBnena nepe

crpoRKa 3Toro ypaBH8HllH B ~OpMe CHCTeMU llHTerpMLHUX ypaBH8HHll. 

rrocne BBeAeHl!lI mrnapHaHTllllX aMMl!TY~ CHCTeMa ypaBH8HH!t npHHHMaer BUA 

( >-~= ),3'\-; i.._,j,t =d.,:2,~ ~ t,tjt-e) 
3 

T (3~ 3) = I T.i_ > \. \~\1y) = '~{if' ~(l<=>~) t. (P\'\,) + 
't•!. .. Jt \ 

~ . ( JSlit. l T. .,., 1 
. + lj~•f J\t\f\11.) \to(fs - ,i's -1.£.) l /"-\'i,) + le,(11-\1,) J, (IO) 

t al(. ~ l ... 
rAe AByxqacTHtJHaa aMnn11TJAa ecu pemenne ypaBHeHHH (\{: ... (\~e); ht.• ~i ) 

J 

\ '- ( ~,2_ ... I ') 
i:/t''\-) =- Y;/f\\,) -+ 11~\li'.) V)r\11:) K:(~31',~\-s3}ii) "t.jt(~_\c\,) UI 

YpaBH8Hl!lI Y~OBneTBOplIDT rpexqacTl!tJHOtt (ynpyron) y11HTapHOCTl! H 

.B npeAene ClonLmHX Mace nepeXOAHT B HepenaTHBl!CTCKl!e ypaBHeHHlI ~aAAe

eBa. 
flBHlllt Bl!,ll BOnHOBoro onepaTopa B (IO) Il03BOnaeT Ha OCHOBe npHH-

nnna COOTBeTCTBHH BBeCTl! penaTl!BllCTCKHll aaanor ypaBH811HH llipeAnHrepa 

AnH Cl!CTeMU rpex penHTHBHCTCKHX qacT~ 

(~~,,- ,l\r')'f'\-(v) = ~~)' 5 V(f\1<)~l1q Jis J&7l . (!2) 

IY • .PenaTHBHCTCKaH 3aAaqa rpex Ten B OTIIOCHTenLHUX nepe~eHHllx119: 

B § 9 paccuarpuBaDrca OTHOCHTenLHue nepeMeHuue B Cl!cTeMe xpex 

qaCTl!U. IlO~TpOeHl!H HCil0flL3YDT coxpaHeHl!e 4-CKOpOCTH ).3r = >-l11,= )i.3'\, = ~ 
(I) ll ocymecTBnHDTCH B TpH 3Tana: 

~ ..... - '~. 0 3 ---

(I)3 If, = it. (di'!\,>.. , ~- ::' (11'· ,">-,.), ~ \< = 0 
II, " Q .. I, ., <ta,,l, .... , 

3 

-r-~v. = L K: ; 
'lsi, 

9 



(Il)3 llOCTpoeune JtByx,IacTBtIHOro OTBOCllTCJILBO_ro mmyJILca no npaBRnY 

(I)2, (Il)2 ; 
. A A 

(m)3 Bll,D;e.neIDie npnne.1teHBoll :rmccu{ P.t =- "'-._(IM.1"'"•~)/ I:111..,): lt<i,.,= K. .. l I ~ . •1+ - \. •· -!. o. 0 0 

UM= i . ~~•,+ ltt~> +~~u.. rnt11;.+~,="'Jt111e \{. +.!!~\(.=lC-\tf~rn) 
m.1"'1. .,. 4.,.j•t ~> .J.•:r:. <.t> 'lJeI 1.:-1. 

CoornoneH1Ie (13) nBJinercn oOoO~eBReu nepennrnBHcrcxon sanncH imnapn-

aRTnon aneprim B ornocneJILBHX nepeuenBHX - B itaqee7ne nOJIHoll uaccu 

)tByxqacrnqnoll no.1tcncrew 3A8CL ~m-ypnpyer ee HHBaPZ1lllrHaH 3Heprnn r~ 
K~ = \K·\tli,( ~e) + l<~ d. = Jh s~(\i:l ). 

~) I. !l.. L ) Jf "o • 
'§ ( ) . ) ~~ B IO B ypaBHCHimX IO' tII oc~eCTBJ[CB nepexo)t Jt OTBOCH-

renmm nepewnmm B clllWerpHllecxon napaKerpK3aIUm {I)3 ( JSlit = li(. l 
a raue K nepeueunwr c Bll,D;eJleHBon ,1tnyxqacr1Anon no.1tcncreuoil (r)3,(fi)3 ...... J-J ltj = ~ It.it -~tl.. 

K~ ~ X'.k \('~e) l \{~\~ ~. 
Orue11aercn, qro 311IU1CL ypannemnt B Jr.BYX cnCTe.uax nepe.u:emrux 

Il03BOJIH8T, CJIC)O'll uepeJillTUBHC'rCXOlt -reopim, BWJOJIBml, napIUIMLBHi rum.

JIH3 B CDJJJ,[erpnqnon qiopue u B qiopxe c BH,llenenneu opOm:anLnoro .u:o»enra 

JtBJXtlacrJAnon no.1tcncreuu. 

OOcJ]r.ltan-rca cooilcna ypannenmt. Tularo,1tapa rpeXllepnouy xapaxre

PY ypanneuun, npn BX HCCJie)tOBalUUI H pemeBHH UOXBO npIDleHHTL uero)tll, 

paaBHTHe B nepenarnnnc-rcxon reopmI. 

.Paccuorpen BHBOJt ypanneuHll ,ltJla iI>YBitIUtit rpmra, KOTopue ornHtia

m:cn OT COOTBerCTBJl)llUIX nepe.nnTHBHC'rCKHX ypannemnt .nmn. KHH8Ua.THKOll 

B Bl\1{8 (IO). 

Y. Konf.m-Jpa.Itnonnoe npe,1tcraBJienxe B pennrmmcrcxon 38.)J;aqe 
rpex ren 1201• . 

§ II. C nouolllJ,11 no.nnon cncre.w qiyuxIUiil 

e. 1-\½(>.lf>X) ~co. ~.) 3(5". -.) (14) 
. l l"e,> .It ~ .L~.P 't •. 

• B ypannemm i..12) oc~ecrBJien iiepexo.it B xonqilll'Jpaitm>nnoe npe,1tcraBJienne 

IO 

u noJ1111en pa3llocrBHII wm.J1or ypannenHJI lllpe)tBJll'epa »a cucrew rpex 
peJIJlrBBHCTCltBX qacrJIII: 

~ r (I5) _ lllj·Hllc o _ _5 0 '----- _.. _ 

{"~,. ,{~-; Hett) -li-Lf:H~)~(X,'ijt'i~= V(~:rk;~t;rt;t\tf(x,~~.l\ 
r.1te H(cr) - ecrr, pa3110CTBUlt oneparop B3 (3) C mccmm J.rn.! \ ,• 

'1\'Wl• u.:, . . ;i f l!")= ~£) 

. "• .. (!,-) =~). 

B §12 paccimrpoaercs CJIYqai paBBHX uacc. Yqer ro%,1tecr11eBHocrn · 

qacr111t npnno.1txr K JpaBnemm 

(~ - 3f:) ~C>..r~J =~;.y.)'l~,;(;~l,,~~Pr:)~9.1~,. 
Koropoe ('oIJJIY.IIHpJerca B ornocnenJIHX nepeueBBUX, np1maJtJieJ1B1tmc 

r1mepOoxoH,JtJ 
01 -~ 

_24. - £.g = \'\'\'1. > £: ') 0. (I6) 
B xaqecrne IIOEIOI cncrew cJIYHKitHK xcnoxr,syerca 118.0op 

if"~(>-.,JC)3(""".) = w3..C~rJ)/.e:-E.i'\t-ts-
~, e . i f,.,j e \ m ) • 

r.1te J\{,]) - ecrL 'PYllltitD, m~cpucrnox xoropux peMasyercn 

npeAcraBJ[emte rpynmi.-;nnenlllll rnnepooxo-.i;a (I6). Ypanueu•e Jmeer BJJA 
l, 'l. 

(-r~ -1:[.2cb(!: ~}+i, ~ l(~~-')- ~J(;-~~~D !~J_,)= 1V&;l~r~t>Jf.I7) 
B § D Cqi()J>IQ'.KIIIJOB8Ba 38AB.qa oo onpe,1te.11eHB11 acmmrornecux 

BOJIHOBUX !WHKitHI B :rcuaqe rpex.reJI. Ala CJIJqaa B8B3aJIUOA8iCTB~JIU1X 

qacr111t 3TII q>YHJCIU[B COBll8Jl8,IJT c (I4), OCTa.JlLHim rpa uacca DeDr BQ 

~f"'3tC~.i) JQo. -.) '-9. '-l.) 
\(> (, ) t ~p"l., .... , \. JC. • 

r.-;e ,.,__\.it . - ecrr, pe■eBJle ypannemm Bua (3), npBBaJtJieUllee 
Jl 

JtBCitpeTHOIIY CIIeltTpJ 

mjt =~+~-\w,.:'·, =~"'"~-J........ (18) 

Paccxorpen BHBO.Jt ypaBnend ~eena .u.a BOJIBOBHX IWJlKIU[ll.· 

YpanHeHBH CXOABH C uepe.UrJIBBCTCltJDOI B IIU8Dr DB8JlaT:K118CxyD crpynypy, 
DOAO<iBYD (IO). 

II 



YI. HeKOTopue npHM8H8HHH peJIHTlfl!HCTCKOtt TeOpHH Tpex TeJI 121t 
B HaCTOHmee Bp8MH npH HCCJl8AOB8HHH HA8PHHX B38HMOAettCTBHtt 

B o6JI8CTH HH3KHX 8HeprHtt qpeaBHqattHO B8lltHHM HBJIHeTCH pemeHHe BOnpoca 

06 yqeTe peJIHTHBHCTCKHX 8WW8KTOB. B § 14 H § I5 npOH3BOAHTCH cpaB

H8HHe pemtT.i!BHCTCKHX H HepeJIHTHBHCTKHX ypaBH6HHtt npH ~OpMyJIHPOBKe 

38A8qH 06 onpeAeJieHHH aaeprHH CBH38HHHX COCTOHHHtt. 

§ I4. B paMK8X TpeXMepaott ~OPMYJIHPOBKH paccMOTpeaa peJIHTHJHCT

CKaH 38Aaqa AByx T8JI :S cenapaoem,HOM npH6JIHllt6HHH (l'l\= -:!..) 
~-)3/z. V(on') = -4'\S"ff)'lf(o') 'IUo).. .• . (I9) 

Pl O \) 'I J. '\ µ.&-!l+ll.f'. · 
B CJiyqae CJia6ocBH32HHOtt CHCT8MH V" <<'i, i « !) YCJIOllHe ;iuIH 

onpeAeJieHHH aaeprnH CBH3H HMeeT BRA: 

~ = 'ii'2. (-t - : r(:u.+r)} c2□ > 
f f'-(r."r.J..)'l. . 

H OTJIHqaeTCH OT COOTB8TCTByromero ycJIOBHH B HepeJIHTHBHCTCKOtt TeOpHH 

MH0l!G'IT8Jl8M B KB8AP8THOtt CK06Ke. 

B § I5 IlOAP06HO paccMOTpeH npaKTHqecKH :salltHHtt CJiyqatt OAHH~

KOBHX qacTHU. CHcTeMa ypaBH8HHtt B 8TOM CJiyqae CBOAHTCH K OAHOMy 

ypaBH8HHID 

'¥{i)y)=~)\f t-if°)\Jm~ + t;f,"f;1)J(l(itJ';r,"l) t t(i)-it';y,1)}'l'(i·~r?~-,<21
> 

rAe ~ . 

S0tt"f:.l) = ~J!, {~i<~t+ rll + r0 ..:~-:~ 
H HCilO.JIJ,30B8H8 cJie.nyromaH napaMeTpHaauaa OTHOCHT8Jl»HHX nepeMclHHHX 

. ....... 1' . ~• ..,, _.f, l+) ~. V.u = ~ (j-l _ (22). 
~ r n~o 

'3/-. . 

K'
0

:. ~lf(f'0 *f"° )+rt1 2. 1<."
0
= ~l r"(f+f) + 1Y'}41

2. 

.. l , f = hl'l. + (f+·f)'2.. 

I2 

.,/ 

-_lMMe-
. I l, 

J{ByxqaCTHqH8H 8MilJllITYA8 l"' 1/4 HOpMHpOBaHa corJiaCHO paBeHCTBY 

d6' _ \t(1•,li•21'-. 
dw - tt'ii.,, s~ · 

BHilOJIH8H yrJIOBott·aaaJIHa ypaBH8HHH ,(2I) B peJIHTHBHCTCKOM K8HOHHqec-

KOM oaaHce. 

J{JIH CBH38HHOro COCTOHHHH C op6HT8Jl»HHM MOMeHTOM, paBHHM HyJIID, 

B npHOJIHllteHHlI (I9) 38Aaqa 00 onpeAeJieH!IH ::meprnH CBH3H 

!ti.; ..; 3"1 - I W3"'l = .3h1 - .x'-

CBOAHTCH K pemeH!IID OAHOMepaoro HHTerpaJI»HOro ypaBHeHlIH 
. . .,.,. . 

.a.Cf)= 4:n~'t(""~•r)~J(M';m1,,)a,(f)p'!l.Jp' 
<> (c3) 

B ypaBHeHHH (23) ~YHKUHID 

W(r,f\""1,,,'Mi.._) = 47a T(w1.,t) :S(r,f_;l'>I!,) 
MOlltHO paccMaTpHB8T» KaK o6o6meHHHtt llOT8HUHaJI. CpaBH6H!Ie aCHMilTOTHK 

llpH r-= 
fe.A. -~,S "TfU . -'i,S-. "fll(.t ·]"~ -~ 

J (f,O~Wl>)Nf > J (o,p,!,)~~ , J(p,o::,x)~ (o,y-:,x.) ~f 
IlOK83HBaeT, qTO peJIHTHBHCTCKl1tt llOTeHUHQJI HBJIH8TCH 6oJiee 11 CH.J11,HNM 11 • -

B CBH8H C 8THM MO~HO OlltHA8T», qTQ yqeT peJIHTlIBlICTCKl1X 8qiql6KTOB C 

llOMOm»ID o6cylltA88MHX ypaBHeHHtt npl1BeAeT K yBeJIHqeHHD 8HeprHH CBH3H 

Tp!xqacTHqHNX ClICTeM. 

B § I6 pacCMOTpeH BOllpoc O peJIHTlIBHCTCKOM o6o6meHl111113B8CTHOM 

q>OPMYJIH rJiay6epa AJIH BHCOK08Hepre~nqecKoro pacceHHHH Ha CJIO~HOli 

CJia6ocBH38HHOtt CHCTeMe/II/. 

II~~aaaHo, qTO ecJIH SLIIIJli-lTYAa AByxqacTHqHoro pacceRHHH t(2,t) 
H :SOJIH0:B8H qiyHKUHH CJia6ocBH32HHOtt ClWT8MH ~ '"K) 6NCTPO y6HB8IDT 

. YI\~ 

BHe 06JiaCT~ 
i1 

l 1\~ <~ .2. 
VI'\ (24) 

:l3 



TO BTOPYD wrepa.rtHD penRTHBHCTCKHX ypaBHSHHH ~8,11;.n;eeBa MOlltHO npe.n;-
' Wijll 

CTaBHTh B BHAe ( 'tt =-'ft+ /8) 

~; =t(i)s({} ~t(E}~(-1) -~·t f ~J ~(~)t(i+1)t(f-!) ~ 

r.n;e S(t) 
OcHOBHHe 

/r2,I8-2I/ . 

.r~ =~'irJ+yr + -~l'o\'L-+ f~ .. 
(25) 

- - -- cpopMcpaKTOp CROlltHOH qacTH~li") /}, = f ..,~., rt • 
pe3ynbTaThl .n;HccepTa~m1 onyOnuKoBanu B paOoTax 

I4 

'· 
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