
-
t
 

C
D

 

':
-'

) 
c:

:--
, 

>
C

 
(.

.)
) 

~
i
 

=-=
 

l"
'\.

.) 

~
~
-

:s
: 

~
 

~
 

c»
 

:s
: 

0:
, 

"
c

:I
 

>
 

C
D

 
,. 

=-=
 

(
)
 

"
c

:I
 

c
::

t 
:u

. 
3:

 

J:
l 

'C
 

"
c

:I
 

:s:
 

'0
 

.....
 

-= 
* 

::c
 

C
( 

:s
: 

.....
 

I 
0 

01
 

C
D

 
"
c

:I
 

c:
:,

 
tD

 
~
 

:c
 

'C
 

=-
::ii:

:: 

=-
=-

C
D

 
l>

 
"
c

:I
 

=-
"
c

:I
 

""
'j 

:s
: 

c:
:,

 
c»

 
:.c

 
~
 

=-
11

11
 

p
:
 

(I
) 

--
~
 

c
::

t 
-

:s
: 

iz:
 

->
C

 
::

a 
'0

 

--
~ 

C
D

 
=-=

 
11

11
 

::c
 

:s
: 

--
::

a 
- ..a:: :s

: 
C

,
 

=-- CD
 

=-=
 

:s
: 

:s
:c

 



B.A.CMHpHoB, K.r .11eT~PKHH 

R * -OilEPAUMH: 

·~ TEXHHKA PEHOPMrPYnnoBYX BY11HCREHHR 
~ 
~ "~PYrHE nPHRO~EHHH 

~y6Ha 1988 



~ . 

Ilo~po6HO Oill!CSHa R-orrepaUHH, KOTopaH IlO3BO~HeT ycTpaHHTb 03 
~effHMaHOBCKHX HHTerpa~OB (~H) He TMbKO y~bTpa@lo~eTOBHe (Y~). HOH 
HHqipaKpacHHe (ill<) paCXO.IU!MOCTH. 3Ta onepaUHfl ~aeT BO3MOlltHOCTb npHMe
HflTb B C.n:ytiae ITpOH3BO~HOtt .IU1arpaMM!:l MeTO~ ll<-npeo6pa30B8HHfl - O.IU!H 
H3 RaH6o~ee MOll!HHX MeTO~OB pettopMrpynilOBHX BH~Hc~eHHff. IloKa3aHO, Ka
KHM o6pa3OM i:.onepaUHH HCilO~h3yeTCfl B SCHMITTOTH~ecruix pas~o~eHHHX. 
Hs~oxeHHe conpoBo~aeTCfl 6o~hIDHM KO~H~eCTBOM ITpHMepoB. 

I. BBe~eHHe 

HeoT'IieMJieMllM a~eMeHTOM JIRJ6HX npe~o~eHHff TeOpHH B03Mym8HHff K HC
c~e~oBaHHD paa,m~HHX TeopeTHKo-no~eB1' ,o~e~e~ ~eTCH MeTo~ peHop
MSJIH3aUHOHHott rpynnH (Pr) (CM. KHHry I , B KOTOpott co~ep~TCfl KaK • 
HCTOpHH co3~aHHH, TaK 0 0s~o~eHHe caMoro MeTo~a Pr). Eea HCITMh3OBa
HHH Pr-ypaBHeRHff H8BO3MO~HO KOppeKTHO C~OPMYJIHPOB8Tb ITOHflTHe aqxpeK
THBHO! KOHCT8HTH CM3H, SaBHCSillleft OT xapaKTepHoff SHeprHH H3~aeMoro 
rrponecca, H, c~e~oBaTenHo, CTSHOBHTCfl 38TPY~HHTe~HOff Oll8HK8 TO~HO
CTH 0crro~syeMoro np06JD1~eHHfl, Pr-qiyHKIU!H (~-q!yHKIU!H H aHOM8~bHHe 
pasMepROCTH), qil!KCHPYll!llHe HBHHft•BH~ Pr-ypaBHeHHff, BupaxaDTCfl ~epes 
~H. B 6onmHHCTBe CJiy'laeB c Tpy~OM no~aDIIll'leCH TO~ROMY (H ~axe np06-
JDIXeHHOMY) B~CJieHHD. 

IlpH B~CJieHHH ~H ne~ecoo6pa3RO no BO3MOlKHOCT.11 orpaHH~B8ThCfl 
8H8JDITH~eCKHMH MeTO~aMH, T,e. He HCilO~h3YJOIIUIMH 3BM. ne~O B TOM, ~TO 
BO MHOrHx BSXHHX CHTyaUHHX Heo6XO.IU1MO 3H8Tb HMeHHO TO~HHe pesynTaTH. 
HanpHMep, 8TO HyJl(HO B paMKax Pr-B~C~eHHft B TeopHHX, o6~~8Dl!UlX BH
COKOff BHYTP€HHeft CHMMeTpHeff, KOr~a Ha~o 3H8Tb, o6pamaeTCfl JDI B Hyn 
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j> ""WHI<ImH BO Bcex rrop;mKaX Teopirn B08MyllleHid! (CM., Harrpl!Mep, /2/). 
C ~pyroil: CTOPOHH, HeKOTOpHe aHaJmTBqecRBe MeTo~. pa8BBTHe rrepBOHa
qaJII,HO C "ll!CTO YTBJll!TapHoil: ne.m,ro pacompeHl!JI Bll'mCJmTeJII,Hl:lX B08MOlltHO
CTeil:, ll08BOJUlJUl BHHBBTL HeTpBBBaJII,HHe CBOil:CTBa p;ma TeopBB B08Mylile
HBil: B neJIOM B HalIIJUl rrpBMeHeHBe B ~BX BaJltHHX 8a~aqax. 

Cpe~B s@°!eKTBBHHX aHaJIHTBqecKllX MeTO~OB B!l'mCJieHI!JI ~H MOJCHO BH
'eJll!? CJie,nyDllllle: I) TeXHl!Ka llOJillHOMOB rereH6ayspa B !X -rrpocTpaHCTBe 

3 , 4 ' BCITOJI1,8YJ!)l!l8Ji CBMMeTJ)Hls eBKJm~OBHX ~H OTHOCl!TeJll,HO rpymm Bpa
meHllJI; 2) MeTO~ CKJieBBaHl!JI 5,6/, OCHOBaHm Ha BBe~eHBB B ,nl!arpaMMH 
BCITOMoraTeJII,HOil: (cKJiellB8Xlllett), Jll!Hl!B~ 3) MeTO~ BHTerpBpOBaHBJI ,0 qa7-
TRM B pasMepHo pery~B8oBaHHIDr~H I I; 4) MeTo~ YHHKaJII,HOCTB a-IO• 
l!CITOJI1,8YJ!)lllllil: KOHqJOpMHyID CBMMeTpllID 6e8MaCCOBHX ~H. 

K "ll!CJIY Hal!60JI88 MOrrlilX raJillTBqocKl!X MeTO~OB OTHOCBTCJI MeTO~ 
HK-rrpeo6pa80BaHl!JI (MHII) II ,3 • 06.JiaCTL rrpl!M8Hl!MOCTH ST Oro MeTo~a ( B 
rrepBOHaqaJILHOM BB~e) orpaHl!qeHa Cl!Tyan11m.m, B KOTOPlilX HS B08HHRaeT, 
HK-paCXO,nl!MOCTeil: B paMRax paccMaTpBBaeMIDC rrpeo6pa8oBaHBtt ~H. 0Ka88-
JIOCL, qTo MOlltHO o606JIUlTL MHII TaK, qTo CT8JIO B08MOlltHllM ero rrpHMeHJITL 
B JIJ06o! CllTY8Ullll ec~ ycTpaHJITL BOSHHKaIDl!llle HK-paCXO,nl!MOCTH C rrOMO
l!ll,D :torrepau;HH li2 ,I3 • TaKaH orrepaUl!JI npe~cTaBJIJieT$co6ott 0606111eHBe 
pa8MepHott rrepeHopMBpOBKll HS c~att H8Jll!'ll!JI HK-pacxo~MOCTett. XOTJI f
orrepaUl!JI B BOSHHKJia B 8a~aqe O BwmCJieHHll Y~KOHTp"tlleHOB, OMBCTL ee 
rrpllMOHeHBJI STOI s~aqett BOBCe He orpaHB'll!B88TCR. HarrpHMep, OHS OK881l
BaeTCJI s~eKTBBHllM cpe~CTBOM ~ HCCJie~oBaHllJI acBMIITOTBqecRBX paSJio
llteHHI S-MaTpBinl, cocTaBHHX rrOJiett :e Bx rrpoH8Be~eH:Htt B pasJmqHmc peu
'axi 'or~a HeKOTOplle llMIIyJll,CH B ( BJUl) MaCCH CTaHOMTCJI 60JII,IDJ!Ml'J ( CM. 

6 , 4 , a TaKllte pa8~eJI 9 HBllte) • 
.l[aHHaJI pa6oTa co~ePJltllT. no~po6Hoe BBe~eHl!e B MeTo~ ~onepan112 B 

ero rrp.l!JIOlltem!H. HSJIOllteH:He 6y~eT corrpoB010J;aT1>cJI 60JII,nmM KOJIBqecTBOM 
rrp.l!MepoB. Pa6oTa rrocTpoeua no cJie,nyD111eMY Maey. Bo BTopoM pas~eJie 06-
c~aeTcJI HaB6Mee y~o6m ~ Haomx neJieft B!l6op pery~H8aUl!H .I! rre
peHoJ)MBpoBoqHoff cxew .I! Orr.l!CHBaeTCJI MHII. B TpeTLeM pas~eJie Ha rrpocToM 
llPBMepe. llORaSHBaeTCJI, RaRBM o6pa80M B paMKax STOro MeTo~a ecT8CTBeHHo 
BOSHl!KaeT F-orrepan11n. B pas~.4 BBO~CJI TeopeT.l!Ko-rpaqi.Hqecue orrpe~e
JI8WIH .B o6osuaqeHl!JI, ueo6xo~we ~ Oill!CBH:HH R!.onepan11ll. B cJie,nyDmeM 
pas~eJie orrpe~eJIJieTCJI R-orrepan11H, ycTpaHH10111an ll{-pacxo,n11MocTB, 11 ollll
CllBBDTCJI COOTBOTCTByx>l!llle ill{-KOHTp"tlleHH. B meCTOM pas~eJie ~aeTCJI orrpe-.,.. 
~eJieH:He R-onepan11ll .I! qiOPMYJmPYeTcJI KJIJJqeBaH Teopem, rrpe~cTaMHllll\aJI 
co6ott o6o6~eH:He TeopeMH EoroJID6oBa-Ilapacnxa. B pas~.7 oIIHcHBaeTcJI Me
TO~ Bll'mCJI8HBJI y~ B HK-KOHTptJJieHOB. Pas~.8 C0~8JllKBT rrp:eMepH, BJJJillCT
PBPYlllllll8 8TOT MeTo~. HaKoHen, B pas~.9 noKas:imaeTCJI, KaRBM o6pasoM 
lf-orrep8Ul!JI IlJ)BMeHJieTCJI B Sa~aqax 06 8CllMIITOT.l!qecRBX paSJIOllteHBHX. 
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2. Bll6op pery~B8aIU!B B rrepeHOPMBPOBOqffOft cxew; MOTO~ 
HK-rrpeo6pasoBaHEH 

IlJ)H Bll'll!CJI8H:HHX no Teop.l!ll B08MylIIOH:Hil: MOlltHO llOJll,80BaTLCJI pasJll!q
Hl:lMB pery~ll8au;H.RMH. KpoMe Toro, BCer~a CY1118CTByeT TaK HaSHBaeM!ltt 
cxeMHWi rrpo.l!SBOJI, BOSHl!KaIDllllltt B rrponecce y~aJieHl!H 11s ~H Y~-pacxo~Mo
cTett /I/. Ilo,nxo,nJIIIO'lit BH6op peryJIJipl!8aIU!.I! B rrepeHOPMllPOBoqHoff cxeMll 
MOllteT CY1118CTBeHHo ·o6Jier"ll!TL Bll'll!CJieHlle Pr-qiyHKIU!il:. B ~ae KaJm6po
BOqffl:lX TeOpBI llOJIH llteJiaTeJII,HO TaKllte BCnOJII,80B8TL rrepeHOPMllPOBOqHll8 
IlJ)Oll8.ZQ1Pll, He HapymaIDl!lllEl KaJIB6pOBO'IHOil: BHBapBaHTHOCTB. 

B HacToJI111ee BpeMII pasMePHaH pery~BSaIU!H (PP) /IS/~H rrpBMeHJieT
CH rrp8KTB'18CRB BO BCeX:~OCTaTO'IHO CJIOlltHllX TeopeTBKo-rroJieBllX paC'leTaX 
B paMKax T80pl!B B09MYl!l8lillit. Ilpll'll!Ha rrpe~ll0'1T8HBJI o~oro M8TO~a pery
~BSaUl!B BCeM OCTaJII,HllM CMSaHa K8K C 06111eTeopeTB'18CRBMB coo6paxeHB
.RMH (JIBHaJI KaJIB6poBoqgaJI BHBapuaHTHOCTL), TaK ll C TeM 8aMe'laT8Jll,HllM 
<paKTOM, 'ITO paSMepHO peryJIJipBSOBaHH!le qiefu!MaHOBCRBe BHTerpaJill (mH) 
B MaKCHMMLUOit CTellelill 6.JIBSKH no CBOHM CBOi:tCTBaM K CXO,nJIIIO'lMCJI. 3TO ~a
eT llOBO~ rrpOBO;IU!TL TaRBe ~eil:CTBBJI, RaK, HarrpBMep, coKpameHBe O;IU!HaKo
Bl:lX <paKTOpOB, BXO~BX B 'IHCJUlT8JIL ll SHaMeHaTeJII, rro~HHTerpaJILHOro Bll
pallteH:HJI, qiopMa.m,uoe llHTerpupoBaHBe no 'laCTHM, pas6ueH:He l!HTerpaJia OT 
cymm Ha cY1f/1 BHTerpaJioB 11 p.im ~yr11x onepaueil: (60Jiee nOJIH!ltt Cill!COK 
rrpBBe~eH B I ,I7/). En!e O~M KpaffHe rrOJie8HllM CBOttCTBOM pp JIBJIJieTCJI 
B08MOlltHOCTL pery~BSOBaTL o~oBpeMeHHO Y~- 11 HK-pacxo~MOCTllI) ~H, 
rrpuqeM o6a Tlllla paCXO;IU!MOCTel rrpBBO~T R llOJIIOCHllM oco6eHHOCTJIM P~H 
no rrepeMeHHOtt e = (4-j))/2 , r~e J) - pasMepHOCTL npocTpaHCTBa-BpeMeHB. 
(MaTeMaTBqecKl! KOppeKTHOe orrpe~eJieHHe pp ~JIJI ~H. o6Jia~aIDl!lllX y~ ll HK
P,aC?O;IU!MOCTHMll, B ~ORaSaTeJII,CTBO ee OCHOBHllX CBOttCTB ~aHO B pa60T8 
7I7 • ) B paMKaX pp l!MeeT MeCTO CJie.nYJ!)lllaH qiopMjl'Jia ~ Bll'll!CJI8!il!Ji o~o

neTJieB!lX p-BHTerpaJIOB: 

J1 'I, -i-
2"'(-i-pf

2P = (16,r2)-J(f'/tl G{tx,J), 
(I) 

G (o1. ) -= F(o<+.ft-:z+-1..) r (2 -~-t) rr.z-,J-l) 
,f rfe,1.) r113) r(4-o1.-13-<E.) 

)> 'P_ 2E J )P 
r~e di' Z = J 'l ~ I f.Z:r • 3~ecL rrepBaH 11s r-qiyHI<Iml, cTOJllllaH B 

qBCJIBTeJie' OilllCHBaeT Y~nOJIIDCll, a ~e OCTaJII,Hlle - HK-rrOJIIDC!l. C ITOMOl!ll,D 

I) B ~aHHO! pa6oTe Mil paccMaTpBBaeM TOJll,KO llli-paCXO,ItHMOCTll ~H ~o cy

zeHBH Ha M8CCOBYJO llOBepxHOCTL. 
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4'0PMYJill (I) MOJlteT 6HT1> Bll'll'ICJI8H umpo:iad!: KJiacc npHMMllBHWC, T.e. pe
RypCHBHO I-neTJieBl:lX f-HHTerpaJIOB. 

· qTO KacaeTCJI nepeHOpMBpOBO'IHOff cxeMH, TO HaH60Jiee Y'A06Hott KaK 
,nJlll Bll'll'ICJI8HHi1, TaK H ,nJlll ~HOMeHOJIOrHti:ec~ npllJIOJteHHtt . oxaaimaeTCJI 
cxeMa MHHHMaJO,Hl:lX Bll'll'!TaHH' t~cxeMa) /IS M ee TPHBHaJO,Hlle Mo~(pp!-
xan:es, TaKHe, KaK 1\m-cxeMa I HJIB G-cxeMa • }J,JIJI onpe'AeJieHHOCTH 
Mil 6y'AeM B 'A8JO,HettmeM BM8Tl, B BB.I(y MB-/Ie7. 

PenenT MB-cxeMH, 'ABHHli!ff B pa6oTe I8 , BHI'JIJmBT CJie,eyD!IIBM o6pa- . 
SOM: Cti:HT8H Bee <pyHKn:eH I'pHHa paaMepHO peryJIHpHSOBaHHl:lMH, Ha'AO IlO'A06-
paTI, KOHCTaHTH nepeHOPMBPOBKH aapsma, Maccu, BOJIHOBott <PYHKn:eB /Z.1 
TaKHII. o6paaoM, ti:T06H BHIIOJIHHJIBCl, paBeHCTBa K zi = Z; -l • r'Ae

1* 
onepaTOP, BH,!1;8JU!JOlIIHff nOJIIOCHYJ) ti:aCTl, B paSJIOJteHHI! B PH.It JiopaHa no e, 
B oKpecTHOCTH Toti:KH t = a • Hanp:eMep, ,nJlll ( eBKJIB'AOBoA) Y'~-Teop:e:e Jiar

paHJUaH C nepeHOPMllPOBO'iHHMB KOHCTaHTaMH, KOTOplitt npHBO~T K ROHeti:
HUM <pyHKn:eJJM I'p.:eHa, BHrJIJmBT CJie.nyI>IIIHM o6paBoM: 

Z 
2. l 2 a If 

i{x)-:: ½ i. (-of) 4- Zm ~ 'f .J- -/;j Zl 'f , 

o/r H8WHX neJieil y~o6HO aaAaBaTl> nepeHOPMllPOBKY C noMOl!1l>D R-one
pan:e:e I,20,2I/ H onpe~eMTl> MB-cxeMY Ha ypoBHe OT'AeJO,Hl:lX ~arpaMM, 
6es RaKHX-JIH60 CCllJIOR Ha Jiarpa.HlltHaH. PaCCMOTPHM HenepeHOPMHPOBaHHHff 
~H Fr ( P, ~,I') , cooTBeTc TBy&)IIll!ff O'AHOti:acTH'lllo HenpBBO~MOMY 
(PIH) rpa~ I' B aaBHCHDtllil OT Mace !!]; = 1 mJ., m.l > ••• J :e BHelllHHX HMIIYJll,
COB p -= -( p1 , P2, ... J • }J,JIJI ~oro HeaaBHCHMoro HHTerp:epoBaHHH no 
BffY'rp8HHHM HMIJYJII,CaM BBO~TCH qiaKTop flu. , r~e )< - e~HBna Maces; 
noCJie npoBe'AeHHH nepeHOPMHPOBKH f< CJiyltHT p8HOpM8.7IHB~OHHliM napaMeT
POM MB-cxeMH. 0TMeTllM, ti:TO paaMepHOCTl, Fr He aaBHCHT OT l. • 

R-onepan:eH B MB-cxeMe BHrmmHT CJie.nyI>IIUlM o6pasou /3, 21- 281: 

RF= (i+L . .J).((i_) ... b./t',,))F,.= R
1

,=;-+,1(r)Fr, 
r S=vi <~> 

1 

1.1rr)=-k R'ft), (26) 

r'Ae Cyt,!MI!poBaHHe Be'AeTCJI no Ha6opaM S = y J"; HeTpBBBaJO,Hl:lX (T.e. C 
H8ffYJI8BUM ti:HCJIOM JIBHHil) nonapHO HenepeceRSDIIIHXCH no BepnmHSM P:IH-nO'A
rpaqioB rpaqia r . ,UeftCTBBe onepan:e:e !Ht) CBO~TCJI R BH'U!CJieHHD l'~ 
ROHTpti:JieHa, COOTBeTCTBYJ)~ero ~H Ft , B BCTaBKe nocJie'Affero B ~arpaM
MY f /,Y B Kati:eCTBe BepmHHH BMeCTO r . Ilo~epRHeM, ~TO rrepeHopMHpO
BOti:HaH rrpone'AYPB (2) IlO'AP8BYMeBaeT BH'll!TaHHH BO Bcex I~-IIO'Arpaqiax 
6ea liCR.7IIO'i8HWl,B TOM l!HCJI8 li B BaityyMHHX no,lU'p~ax,,ItallI!llX BltlIS'A B B8-
RYYMHH8 OlltIWlHWl COCTaBHHX ITOJI8il,li B BaityyMHHX BKJIS'ASX B $ -M8TpmJY .B 
OTJI:eti::ee OT R.7I8CCH'ieCROro Bap:eaHTa rrepeHOPMBPOBKH EorOJII060Ba-Ilapac1>Ra, 

6 

Heo6xo~MO npoHBBO~Tl, Bll'll'!TaHHH~ B HeITOJIHHX IlO'Arpaqiax, T.e. He o6H
aaTeJO,HO CO'AepitalIIHX JIBJ6YJ) JIHHHJD BMeCTe c ee ROHU8MB. B CJiy'iae Teop:eft 
C MaCCHBHUMH IlOJ!JlMl! BTO orrpe~eJieHHe npHBO~T R BOBHHRHOBeHHD B TeopHH 
BOB~eHHtt HeHyJieBott BaKYYMHOtt aHeprHH B HeHyJieBl:lX BaxyyMHWC OJKH'AaHHtt 
,nJlll COCTaBHHX nOJiett. OxaaHBaeTCH, BMeHHO OTJIH'!Be OT HYJIH T8IGlX Ba:ey'

YMHWC Olltll'AaHHtt noBBOMeT nOJiy'!BTl, aCHMIITOll'l'J'iecKHe paaJioxeHHH, o6JIS'A8-
1)11Ule CBOftCTBOM paS'AeJieHHH 60Jil,IllllX H MaJim: paccTOHHHtt. 

SaMe~aTeJil>HOtt oco6eHHOCTl,I) MB-cxeMH HBJIHeTCH IlOJIBHOMB8JII,HOCTl, 
Y~KOHTpti:JieHOB /1(() Fr He TQJil,RO 'no BHeWHHM HMilYJI1,C8M ('!TO BMeeT 
MeCTO ,nJlll Bcex BapHaHTOB R-onepa!lHH) • HO B' no BCeM MaccaM rn. 1241. 
3TOT qiaRT CBHBaH c ROMMYTBTl'IBHOCTl>IO onepan:ett K :e R' c ~4141epeHinipo
BaIDJ eM no MaccaM. Ilo'A'i8PKH8M, '!TO XOTH cooTHoweHHe [K,'tl/ul!t]=O H oti:e
BB'AHO, o6pameHHe B ffYJO, BToporo ROMMYTaTopa ( K, R '] TecHO cMaaHo 
C TeM, ti:TO Y~BH'll!TaHHH BHnOJIHHDTCH BO Bcex I~-nO'Arpaqiax, a He TOJII,
RO B o(l1o6~eHHHX,6JIOR8X (IIOJIHHX nomaqiax). 

· TaRBM o6paaoM, ,nJIJI-JIBJ6oro (I~ H HeTpBBHamHoro) ~H COOTBeT
CTBYJ)!IIBff Y~ROHTpti:JieH npe'ACT8BMeTCH B BH'Ae/23/ 

-kR'Fr=J;_.QiZ~, (3> 
1 

r'Ae Q, ( p, 121-) - MOHOMH OT CBOHX apryMeHTOB B, BOBMOlltHO, ROHCT8HT 
CMBl'I c (MaCCOBOft) paaMepHOCTLIO. paBHOtt pasMepHOCTB Fr • a z 7 -
rrepeHOpMBpOBO'iHHe ROHCTaHTH, BaBHC~e TOJII,KO OT f , npH'ieM 
(i-K) Z '. = 0 . HanpHMep, ,nJlll r•-TeOpHH HMeDT MeCTO COOTHOme-
HHH -KR'~ =Zt -1..;-KR'r;_ r1~rn 2

) = rn2.(Zm-i) -tp2 (Z2.-1). 
CoOTHOWeHHe (8), noxaawiaeT, '!TO C IlOMO~IO ~4141epeH!lHpOB8HHH no 

BHeWHHM BMIIYJO,CaM B (BJIH) MaccaM BWIHCJieHHe JIBJ60' ROHCT8HTH rrepeHop
MHPOBRB (BJIB, BRBBBaJieHTHO, JID6ott Pr-/pyHRllHH 123 ) MOXeT 6HTl, CBe~eHO 
K onpe~eJieHHD 6eapaaMepHoro KOHTp~JieHa, OTBeti:a1>mero Y~pacxo~MOCTH 
HeKOToporo ~H, ~orapHgiMBti:ecRH pacxo'A~erocH RaK neJioro. 3To Ha6JID'Ae
Hl'le a4141eRTBBHO :ecnQJil,SyeTCH ,nJlll CYllleCTBeHHOro ynpomeHH' PI'-BWIHCJieHHtt 
B MeTO'Ae HK-npeo6paaoBaHHH, npe~rntteHHOM BJia,IUlMB~OBUM II/. 3TOT Me
TO~ IlOJiy'IBJI CBOe 'AaJO,Hettmee paSBHTHe B pa6oTaX ,I2 ,I3/. 

v@ e ! C. i 2. 
{IT}, 

~,' ~,'. 
I I 

(a) (6) (13) 
PHc.I 
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IlpOHJIJOOCTpHpyeM B,D;eD tum Ha npOCTOM IIPHMepe. PaCCMOTpllM MarpaM
MY' r' JIS06paJKeH19710 Ha pnc.Ia. COOTBeTCTB~lllH~ KOHTplfJieH ;KR IF,. (p,rn) 
.n;aeT BRJia.zt B nepeHOPMIIPOBO"!Hylll KOHCTaHTy.Z.m1 B nopsmI(e a B MO,D;eJm 

', • I (f 1 'fci,) • BCJ1e.D;CTBJ1e CBOett 6e3pasMepHOCTJI I<. P. Fr He 3aBHCBT HJ! OT 
p , HJ! OT rn • 0.n;HaKo 3TO He 03HattaeT, ttTO B nponecce BINBCJieHHJ! MH 

MOJK8M o6paTJITJ, B IfYJll,, CKSlteM, 3HatteHHe m ll3-3a HK-pacxoMMOCTH, 
B03Hl!KaDmett.B 3TOM CJiytiae npll llHTerp11poBaHHH no BHYTPeHHeMy HMIIyJll,CY 
'l • IIocKoJ1bey ~ JiorapMqwittecKH pacxo.ztm11ettc.11 MarpaMMH YII1-KOHTplfJieH 

He 3aBHCBT OT pa3MepHNX napaMeTpOB, Hll'lTO He MemaeT BMeCTe C o6pame
HHeM B HyJll, Bcex BJm 'lSCTl! uepBOHa'lSJll,HO npHCYTCTBYJ)lllHX B MarpaMMe 
Mace H HMIIyJll,COB BBeCTH BCllOMoraTeJll,HHe BHemHHe JIMIIyJll,CH H (BJm). Mac
CH TaKHM o6pa30M, 'lT06H IIOJiytleHHaJ! MarpaMMa He co.n;ep,mJia 61:l HK-pac
XOMMOCTell H O'AHOBpeMeHHO 6wra 61:l 6oJiee npocTol ~ BH'WCJieHHJI. B 
CJiytiae paccMaTpHBaeMoro 111H aTo npe.n;nHca.lll!e JierKo peaJIH30BaT1,, eCJIH 
O.D;HOBpeMeHHO c o6pameHMeM B IfYJll, rn H p BBeCTH HOBl:lff ,HeHyJieBoft BM
IlYJll,C 'f, ' KaK 3TO Il0Ka38HO Ha pBc.16. 

K COJKaJieHMD' YCJIOBH~ OTCYTCTBHJ! HK-pacxoMMOCTell cymecTB.eHHO or
paHMtrnBaeT CB060'AY Bl:l6opa BCilOMoraTeJll,HOro BMIIYJll,CS, 'ITO B psme BBJl!:
HIDCCJIY'Ul8B CHJIJ,HO YCJIOJKHJ!eT Bl:ltrnCJiefmJ!. HanpBMep, Ha pJ1c.IB

0

JIS06pa
JKeHa HenpJIMBTHBHaH 'Al!arpaMMa TeOpl!JI ~'let,~ KOTOpoft ecTeCTBeHHOe. 
11K-npeo6pasoBaHHe - o6pameHHe B IfYJll, Macc1:1 ll llMIIyJlbca j> BMecTe c 
BBe,D;eHlleM BCilOMOraTeJ1bHOro llMIIyJll,Ca - XOTJ! JI npBBOMT R Jipl'IMHTHBHOMy 

111H, Bee JKe He38KOHHO BCJie.D;CTBBe IlOJ!BJieHl!JI 11K-pacxo.ztmI1erocn no.n;rpaqia, 
COCTaBJieHHoro l!3 JIBHl!ft I JI 2. 06o6meHHe MHII, CB060'A80e OT .KaRl!x-.1m60 ,,. 
orpaHH'leHHi! TaKoro TBna, ocHoBaHo Ha ~-onepan2H. B CJle.nyJJmeM pas,n;eJie 
Ha npHMepe 'Al!arpaMMH PHO.Ia 6y.n;eT noKa3aHO, KaKBM o6pa30M B03HHKaeT 
It 

R-onepa~n B MHII. 

,,.. . 
3. IloJiBJieHHe R-onepanJ!B B MeTo,n;e 11K-npeo6pasoBaHH.11 

KaR yie OTMe'laJIOCJ, Bl:lllle, B CJiytiae CJIOJKHHX 'AJ!arpaMM ecTeCTBeHHl:ltt, 
T.e. IlPBBO'AJllllHft K HaB60Jiee JI~rKo BWDICJIBMOMy ~H. Bl:l6op BCilOMoraTeJll,
Horo llMIIyJll,Ca HeB03MOJKeH l!3-38 HK-pacxoMMOCTel. BCJSHl!KaeT BOnpoc: 
HeJIJ,SJI JJll onpe.n;eJIBTJ, onepanJ!ll, ROTOpa.11 ycTpaHJJJia 61,1 HK-nOJJDCH BMecTe 
C Y«>-nOJillcar.m TSK, ttT061:l IlOJiBJIJill!llHeCJi B MHfI HK-pacxoMMOCTB BBTOMaTB
'ecltl!I? ycTpaHHJillCJ,? IloJIODTeJll,HHI OT~eT Ha Hero 6WI .D;aB B pa6oTaX 12•13 , B.KoTopwc 61:1m nocTpoeHa R°!:onepan2n, o6Jia,nalllll8JI HyJtHmm 

CBO!CTBaMll. O~eTllMJ ttTO B CJiytiae Pr-aHaJIBsa MO.D;eJill 9 Y'r!, Ha IJJITBIIeT
JieBOM ypoBHe 25 ,26 eMHCTBeHHO BOSMOJIHHM, T.e. Be,IQ'1ltlM K BlfCDlc.inoo.JM 

~H. l1K-npeo6pasoBaHHeM 'Al!arpaMM, 118.CTO ORa31:lBaJICJI HMeHHO Bl:l6op BHem

Hero .BMIIyJ1bca, nop~8l0.lqllft HK-pacxoMMOCTll. ,,.. 
· B pas.n;eJIBx 4-8 6y.n;eT no.n;po6Ho Oill!CaHa R-onepanJ!H. A cettttac w 

8 

" 

,..,. 
npol!JJJIRJCTpBpyeM OCHOBHyxl H.D;ell R-onepanBH JI ee BCilOJll,30B8HllJI ~ Bl:l-
tmCJieHl!H Y«>-KOHTplfJieHOB Ha npocTOM npHMepe. IlyCTl, r;. { p, rn) - 3TO 
OIIJiTJ, PP«>H, COOTBeTCTByxJ!llHft MarpaMMe pl!C. Ia. Ilpe.n;noJIOJKMM, 'ITO Hama 
sa,natta - BwmCJIHu Y«>-KoHTplfJieH -l<R. 'Fr , npH'leM MO'AH~nHPOBaT1, . 
BHemHHe HMIIyJIJ,CH He paspemaeTcJI. !Io onpe,n;eJierum, 

KR.'~= J( J a;'l d; k[{m 2-1-/k--i) 2')(rn
2
+{/<+pf)(m 2rr 2

)
2)-1. _ 

. J c1f\ -zt K tztm1)2 (4) 

r.n;e Zr;: l/2Gri}, a BTopott lfJieH B IIpaBoft ttaCTB COOTBeTCTByeT Bl:l'lBTaHHD 
Y«>-paCXOMMOCTJI B IIO,n;rpa~e f = (3,4) (s,n;ec1, B ,n;aJiee no,n;rpa~ 0603Ha
'!aeTCJI nepe'lllCJieHHeM HOMepoB Bcex ero JIHHHll). ECJIH IlOJIOJKBTJ, m.:: 0 , 
TO B· BHTerpBpOBaHHJI no 06JiaCTJI MSJIHX 'Z- llOJIBHTCJI HK-pacxO'AUMOCTl,' OT
_Be'lallman e'Al!HCTBeHHOMy 11K-pacxo.ztmI1eMycn no.n;rpaqiy t' = (I,2). KaK Rf 
CJie.n;oBaJIO OJKJI.D;8TJ,, npHMoe ·BINBCJieHHe B TSKOft CBTYSnl!H. IrPll m=O Be,neT 
K HenpaBBJll,HOMY OTBeTy, K TOMY JKe CO.D;ePJRSmeMy JiorapR!qwt'leCKyxJ 38BH
C.BMOCTD OT. RfMIIyJll,Ca. 

C .n;pyrott CTOPOHH, JierKo npoBepBTJ,, 'ITO KOM6BHanHH 

1-(1,) ~ -i-lt - zr' t-2
( s ()>h) , it~ - .1. /16 :1,2.£ (5) 

He IIPRIBO,ItllT K HK-rrOJillCaM nocJie ~OpMSJll,HOro)l-uepHoro BHTerpHpOBSHHJI C 
Jill6ott 4JYHKnHeft, rJia.n;Kott B 06JiaCTRI MaJlliX Z. B, B ttaCTHOCT.B, C (pYH:ia:J;Hel 
{ p-z. )-2.E. npH f :f- 0 • Iloc.ne.n;Hee 03HattaeT, ttTO IlOJillCHSJI 'l8CT1, HHTer
paJia 

A' ff Fr= jd/i [j O-i)-2tk-1-t i 2 
/(z) d_/k -Z1 ,Iii)} c6> 

onpe.n;eMeTCJI llOBe.n;eHHeM IIO.D;HHTerpaJIJ,HOrO Bl:lpIDiteHHJI B o6JiaCT.B 60JI1,mHX 
BHYT~eHHllX RfMByJll,COB l! COBna,naeT C HCKOMHM Y~-KOHTplfJieHOM. B (6) CHM
BOJI R osHa'laeT HK-oIIepanJ!ll, y.n;aJJJDJillyxJ HK-pacxoMMOCTB c noMOiltbD p
JIOKSJ1bHHX ROHTplfJieHOB ll CBO.ztmilyx>CJI B paccMSTPHBaeMOM CJiyttae. K s~eHe 

Z, -4 Ha ROM6RJH8nl!ll f./1,) • MllHBMaJIJ,HOe BINBTaHBe B ~OpMyJI8 (6) HK
pacxo.n;BMOCT.B ll3 HK-pacxo.nJlllleroc.B: no.n;rpaqia t' MOJKHO HHTepnpeTHpoBaTJ, 
KBR .n;o6aBJieHHe H:KicOHTplfJieHa. Ha ,n;HarpaMMHOM JISHKe BCTSBRa 3TOro KOHTP
lfJieHa COOTB8TCTByeT y.n;a.neHJJll JJllruift t I 

C noCJie.n;yxJ!llHM ywrOJKeHHeM HS 
HK-nepeHOPMllPOBO'lHyxl ROHCT8HTY Zr' . 

OxasHBaeTCH, ll B o6meM cJiytiae MOJKHO c,n;eJiaT1, 'Al!arpaMJAY 11K :ROHe'llB:ol 
C. IlOMOlltI>J) BBe.n;em1n HK-KOHTplfJieHOB ~ HeKOTOporo MHOllteCTBa llO.D;MarpaMM 
.n;aHHol Marpam. ECJ!ll ite o~eMHHTJ, npone.n;ypy y.n;aJieHllH HK-pacxo.n;BMoc-~ . . * Tel R c Y«>-nepeHOPMHPOBRol R , TO B pesyJIJ,TaTe noJiy,mTCJI ~-onepaD;B.11 
R.,,, = RR , o6ecIIettl!B8Jllll8JI Y«>- ll l1K-K0He'!HOCT1,· npoH 3BO.Jll,HOI Marpa10om. 
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OCTaBIIJaJlCII 'IaCTl, pa6orn IlOCB81118Ha OIIp8,ll;8Jl8HIDO R npRJIOX8HWIM 
R"'-onap~. 

4. TeopeTBKo-rpaq,HqecRHe orrpe,neJieHBII H o6osHaqeHBII 

.IT,.1m onpe,n:eJieHBII orrepa_girn, ycTpaHJmlllett HK-pacxo~MOCTH, neJiacoo6-
pasHo HCilOJILSOB~Tl, {HaCKOJILKO 3TO B03MOXHO} 8HaJIOrHD Mez;ay Y(b.- H HK
pacxo~MOCT.RMH 127- 3r,r3/, KOTOpaII, npe~e Boero, npo~eTCII B.8H8-
JIOrHH M~ COOTB0TCTByJO!l1l'll,m IlOHIITll.RMH Teopllll rpaq,OB 127 ,29 ,so/. 

B c~ae R-orrepaUHll .l(OCT8TO~O ycTp8HIITl, Y~-pacxo~MOCTB H3 Bcex 
PIH-rro~aq,oB ,naHHoro rpaq,a, KOTopHe MH 6y,neM TaKllte HasHBaTi, Y(b.-HenpH
Bo~MHMH. AH8JIOrllqHo, HK-pacxo~MOCTB ,naHHOro ~H ~r co.nep![BTCII B ce~ 
MeftCTBe no,nrpaq,oB, KOTOpHe ecTeCTB8HHO H83HB8Tl, HK-HeIIpBBO~MHMH /SO{ 

Orrpe,neJieHHe. Ilo,nrpaq, 1' rpaq,a f H83HB88TCII HK-HeIIpl!BO~Ml,IM. eCJIH 
pe.nyirApoBaHHmi rpaq, f =- r If o~oBepmrnHo HerrpHBO~M •. · 

3,neci, i =- r 'f - ,l(OIIOJIH0HB8 ITO~paq,a O B f , T.e. no,nrpaq,, ITO
Jiy'l8HHllft BS f y,naJieHBeM JlllHHtt r . HaIIOMHHM, ~O IIpB Y2 2 f'&. pe,IIJ'lll!
poBaHHlitt rpaq, f2. /11.. 06pasyeTCII BS r~ CTIIrl'!BaHBeM K~Oft KOMilOHeHTH 
CM3HOCTH 1i B Toqey. KpoMe Toro, rpa~ o,nHOBePWHHHO Herrpl!BO~M, eCJIH 
ero H0JIL3II pa86l!TL Ha ,nBe HeCBII3HHe qacTH, y,naJIIIII K8KYIJ-HB6Y.nL BS ero 
Beplll.BH { 3KBl!BaJieHTHOe orrpe,neJieHHe: JID6He ,nBe JIHHllll IIpHHa,IVIellt8T HeKOT.0.
pott neTJie}. Y,no6HO C~T8TL, qTo Bee BepillllHH r IIpHHa,n.,rexaT JID60MY no.n
rpa!py B.e.na f ·, T.e. Y{f) = V. 

HK-pacxo~MOCTH MOryT IIpl!CyTCTBOBBTL He B JID6HX HK-HeIIpHBO.l(HMHX 
no,nrpaq,ax, a TOJIDKO B no~paq-ax, KOTOpHe MH 6y,neM HBSHBBTL HK-onac1rn
!!!!• ITO onpe,neJIE;_HBD, T8RH8 no,nrpaq,H f 6e3M8CCOBH8, 8 HX ,l(OITOJIH8HB8 
f"' fo U · · · U ri U .. · CO,neJll!tl!T BC8 BHelllHl!e ~8Pllll!Hl:l B O~Ol! KOMIIOH8HTe 
CM3HOCTH2) fo {T.e. Bee HeeyJieBl:le BHemHBe HMIJYJILCl:l BTeKSDT B fo ). 
KpoMe Toro, RalK,llaII HS KOMilOHeHT CBII3HOCTH r; CTBHOBHTCII PIH ITOCJie CTII
rHBBHHII Bcex MaccnBHHX JlllHl!l! H OTQJt.necTBJieHBII (,nJIII Yo ) Bc·ec Bepllll!H, 
B KOTOpHe BXO,n!IT HeeyJieBue BHelllHlle HMIJYJILCl:l. 

HaKOHen, T8K xe, KaK H B Y~-c~ae, ,nJIII HK-HerrpHBO~MHX rro,nrpa
(pOB BBO~TCII IlOHIITHe HH,neKca (Y.K-) pacxo~MOCTB, BeJIH~Ha KOTOporo 

2> IloCJie,nHee ycJioBHe cMSaHo ~eM, qTo ~H paccMaTpHBBDTCII rrpH HeBcK
JIDqHTeJILHHX eBKJIH,noBl:lX HMIJYJILcax. ECJIH 61:l ~H paccMaTJlllBaJIHc1> KBK o606-
11te·HHHe 'PYmmHll YM8P0HHOro pocTa ( T. e. q,aKTBqec:KH rrpH Bcex BHell!HJIX HM
nyJILcax), TO aTo ycJIOBHe He HyJtHO 6HJio 61:l HBKJia,nl:lBaTL, a B orrpe,np.71~
Hl!H H,t{-Henpll~O~MOCTH pe,eyuHpOBBHHlift rpacp onpe,neJIIIJICII 61:l KBP: y = r If , 
r,ne r l! f ·n~aDTCII 1!3 r ll r C:OOTBeTCTB8HHO, C IlOMOlllLD 
BBe,neHBII .l(OIIOJIHl!TeJILHOtt Bepm.eHH, coe~HIIDmel!CII JIBHBIIMB C Kax,nol H3 
BH8lllHllX BepmHH {no.npo6Hee CM. /29,30/). 

IO 

I 
I 

... 
\, 
I 

·_1 

noKasHBaeT, pacxo~TCII JIB ,n:aHHmi no,nrpaq, {B HK-cMHcJie}, a ecJIH pacxo
~TcII, TO KBR (Jiorapnqlf.fflqeCRH, JrnHettHO, KBa,npaTllqHo H T.,n.}. nnII rro.n
cqeTa TaKoro HK-HH.neKca Heo6xo,nnMo noHIITHe, aHaJiorHqHoe q}ICJIY {aesa
BHCHMl:lX) neTeJIL rt = l -Y + J , KOTopoe HrpaeT KJIDqeByio pOJID npll aHa
JIHse Y(b.-pacxo~MocTett (s,necL [.. - q}ICJIO JrnHBtt, a V - Bepm.eH). Ilpoc
To! neTJie (UHKJIY) COOTBeTCTByeT HK-IlOHIITHe KOUHKJI8. KoUHKJIOM H88HB8-
eTCII JID6ott MHHHM8JILHuii paspes, T.e. MHHHMaJILHmi Ha6op JIHHBii, y,naJieHBe 
KOTOPHX ,n:eJiaeT rpacp H0CM3HHM (MHHBMaJILHOCTL OSHaqaeT, qTO T8RHM CBOtt
CTBOM He o6Jia,n:aeT M8HL~tt1,a6op). TuCJIO HeSaBHCHMHX KOUHKJIOB rpaq,a orr
pe,n:eJIIIeTCII no q,opMPI e 27 nt = V-1 = L - rl . .IT,1m sa,naHHoro rpaq,a 
I' B RalK,llOro ll3 ero HK-HeIIpllBO,ll;llMHX no~aq,OB f BB8,ll;8M ~CJIO HeSa

BHCllMWC KOUHMOJ! rpa~ r , co,neplltamHXCII B f • OHO onpe,neJIIIeTCII 
COOTHOmeHBm.m 129 ,3o1 . 
n-(cr),,. rrtlf)= Ltt)-Hrf)= urJ-1t+1ttf)-==c/fJ-1. <?> 

ll CJiyJKHT .HK-aHaJioroM 'll!C.ira neTeJIL ( C - 'll!CJIO KOMilOHeHT CBII3HOCTII). 

2. 

{a) 

?, 

(a) 

A 
~ 

(6) 
Pl!c.2 

·CD· 
___, 

(!. 2.. ?.) 

(6) 

P.11c.3 

·o· ,....._,. 
( !, 2) 

{B) 

ex::) 

~ 

(i, 2) 

{B) 

Ha pHc.2-4 IIP.l!BeneHl:l IIpl!MepH no,nrpa~OB n COOTBeTCTByiomHX pe.n;yil.l!
poBaHHHX rpaq,oB. Il~pa~ (I,2) IIBJIIIeTCII HK-Henp.11Bon.11MHM n~..A: rpa~OB 
Ha pllc.2a H 26 { {I,2) ll806pa~eH.Ha pllC.2B), 8 ,nJIII rpaq,a Ha pllc.Sa 
OH HK-rrpl!BO,nl!M {cM. (I,2) HH p.11c.SB). I1K-HeIIp.l!BOnHMHM ffilJT..A:eTCII IIO~-
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. . 

paqi (I,2,3) ]J.JIH rpa~ Ha pHc.3a, a COOTBeTCTByIOJIIHtt pe~poBaHHlllt 

~ 
----._; 

l1,:J., ,, It) 

(a) (6) 
PHc.4 

r--..__,,. 

rpaqi (I,2,3) l!806paJKeH Ha PHC,36. HaROH~paqi (I,2,3,4) HK-He- . · 
npl!BO,ll;HM ]J.JIH rpa~ Ha pHc.4a, TaR RaR (I,2,3~4) Ha pHc.46 0,IUIOBepnnrn
HO Henpl!BO,ll;HM, l!HCJIO He8aBl!Cl!MWC ROIU!RJIOB paBHO rr(r{:J.,2)-=1 ]J,JIH p.l!c,2, 
rr(_ r {J., 21 3) = J ,ll;M PJ!C,3 H ft'{r ( J., 1, 3, 4) :::- 2 ]J.JIH pBC.4, 0TMeTHM, 
'l:TO Bee npHBe,D;eHHHe COOTHOmeHBJl cnpaBe,ll;Jll!BH He8aBHCHMO OT BH,D;a (CBR8-
HWC) no,D;rpa!pOB rt)\ G , I',_ Ha pl!c,2-4. . 

Onpe,D;eJil'IM HK-HIU{eRc pacxo.nHMocTH no qiopMyne / 29 ,3o,r3/ 

~(t)= 4frtrrt)-2Ut)->' at= -wtf). ca> . ur 
r.D:e wt;,-) = Lt It ft)- .2.l t'J) + L a.1 - Y~-BIU{eRc pacxo,1J;HMocTH, a a

1 
-

~r . ~ 
cTenem,. ~CJillTeJm nporraraTopa f-ott JIHHHB •. HanpHMep, ]J.JIH puc.2 wrJ,2)=0, 
]J.JIH pl!C,3 W(i,2,?>)=- 2 , a ,ll;Jifl pBc.4 w(J..,2,3,'t) =0 , KaR B 

B c.,ryqae Y~paCXO,nHMOCTefl, IlPJ! ::5 ( f) < 0 COOTBeTCTBYJ)D1aJ1 HK-pacxo-
,ll;l!MOCTJ., OT~yTCTByeT , T. e , IIO,D;rpaq> f B rpaq>e r JIBJIJieTCJl HK-CXO,ll;RD1HMCJI, 

~ 5. R-orrepaIU!Jt H HK-ROHTptrJieHH 

.ItJur ycTpaHeHI!Jt HK-pacxo,ItHMOCTefl: B npOH8B~HOM ~H MH 6y,D;eM npH
M8HRTJ., R-orrepaIU110, RoTopaJl sa,D;aeTcJt HK-aHanoroM Y~-qiopMy~ (2): 

R G = L . z. cs ) G, 
r ~ _ u r r · . (9) - r·c: . ' ~ I 

8,D;ec1, 11 {S) - HK-ROHTptJJieHHHe onepamrn,, a cyw,mpoBaHHe npoHSBO,ll;l!TCJt 
no MHoy;ecTBaM S"' y Yi HK-Henp11Bo.IU1M1:DC, HK-onacH~, l1I_{-pacxo,1J;RD1Hx-

c1t no,D;rpaq>OB -t'i • ROTOpHe JIBJiflDTCJ! HK-HenepeceRa!Oll!HMBCJl /IS/:. I) 
He nepeceRaJOTCJt no Jil'IHl!JlM; 2) He CYJ!leCTByeT HK-HenpHBO,ll;HMHX no,D;rpa
q>OB, 06paBOBaHHHX 067,e,IJ;HHeH:eeM HeROTOpwc .118 di • 0TMeTBM, 'l:TO ]J,JIH 

HK-HenepeceRaJO!llBXCJt no,D;rpaq>OB ff BMeeT MeCTO paBeHCTBO 

12 

.. 

n{ ( ~ -ri ') = I;... Yr({ ri) 
t t 

- HK-aHaJior Y~-paBeHCTBa H (Vy;)=-4, N(fi) 
I 

.D:M HenepeceRaJOD1BXCJ1 no BepmHHaM (T.e. Y~HenepeceRa10mp1xCJt) no,D;rpawoB 
ti , ROTOpHe ,ll;810T BRJia,D; B R-orrepaIU!JO (2). 

~ 1 
C;;C:> 

:i 'I 
,--__. 
(i,2, ?>, If) 

(a) (6) (B) 

PHc.5 

HanpHMep, Ha p2c.5a no,D;rpaq>H (I,2) H (3,4) HK-nepeceRaJOTCJl, XOTJI 
H He HMe!OT o6~x JIHHI!fl:, TaR RaR BX o~e,ll;HH8Hl!e JIBJifleTCJl HK-HenpHBO,ll;H
MW/1, 0.IUiaKo Ha puc.56 no,D;rpaq>H (I,2) H (3,4) He ~TCJI HK-nepeceRa
JOD1HMHCJ1; o,IUioBepnnrnHo rrpuBo.nHMHfi: pe~poBaHHIDi rpaqi (I,2) V (3~) 
HB06paJKeH Ha pac.5B. B pesy~TaTe. HeBaBBCHMO OT BB,D;a CM81WX no,D;rpa
!pOB fo - f; B rrepBOM c.1Iy11ae npoHBBe,D;eHHe .6 { i, 2) 2i" (a,4 he. ,D;aeT BRJIMa 
B (9), a BO BTOPOM CJiy'l:ae a~o npol!BBe,D;eHBe npHCyTCTByeT. 

Q
'-
. 
5 

f 
6 

(a) 

rtlo i 

V 
(6) 

PHc.6 

IlpBBe,D;eM eme ,D;Ba npl!Mepa. B COOTBeTCTBBB c onpe,D;eneHHeM (9) 
R-onepaIU!Jl ]J.JIH rpaqia Ha puc.6a HMeeT BB.D:R = i + Z(,,4)+.tili.,-2,~,4) 
(BH'l:l!CJieHHe ID<-KOHTptrJieHOB CM. H.l!JKe B pas,D;.8) • .ztm:r rpaqia Ha p:ac.7a 
BMeeM ~=I, a,D;JISipBc.76 R=i+K{?,,4)+A{H1)+l.{9,fO)+l/7--IO)-+ 

+ ( K (3,4 )+- A {1-4)) { Z. {(J, fO)-t X (7-iO)). 

,ItJur IIonHoro onpe,D;eneHl!J! ~-onetaIU!B.OCTMOCl, oxapaKTepHBOBaTJ., 
,D;efl:cTBJ!Je HK-ROHTptrJieHHHX onepalU!! .t.CS). Ilp:e S.=¢ l{.S)= i, a np.B 
~ ::: y f i Onepa]U!Sl f1 (.!:!) ,D;efi:CTByeT RaK ~ 5_ (ti) , ,ItJur Onpe.n;e-

t 
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(a) (6) 

. PIie. 7 

JieHH.fl ,neffCTBPl.fl A(t) B CJiy'Iae HK-HenpMBO,IUlMOro no,nrpacJ]a j' B!l6epeM 
neTJieB!le :0MIIyJIJ,Cll rpa<pa I' TSK, 'IT06!l B lliH Fr ,nJI.fl r BH,neJllfJIOCl, 
IlO,nllHTerpaJiloHOe Bllp8llteHHe If B lliH ,nJI.fl ye,ny!O'lpOB8HHOro rpacJJa f H 
lliH ,nJI.fl KOMIIOHeHT CB.fl3HOCT:0 .nonoJIHeH:0.fl t 

Fr ( f, "'-!·,) a J { ;IT'\ If) Fr/tf)) T/f )Jj f . (IO) 

S,nec1, f = ( k ~ , ... , k 'tt/f))- neTJieBHe HMIIyJI!,cH pe,eynBpoBaHHoro rpacJ]a f 
If l~.J- - IlO,nllHTerpam,aoe B!lp8.UH:0e B lliH ,nJI.fl r ; 7; - lliH, conoc

TaBJieHHllff i -ff K~oHeHTe CB.fl3HOCTH f; no,nrpacJJa f :: V f; ; . fo -
KOMIIOHeHTa, B KOTOPytO BTeKaDT Bee HeayJieBHe BHemHMe MMIIYJIJ,CH. neffcT
B:0 e onepamrn E. l t) onpe,neMe TC.fl no CJie.nyiollleMY' npaBHJIY: 

C~)-1 ,P 

. · b { r) Fr -= J ;'= 'o r: ft E f C k I) of r !' ' (!Ia) 

rrr~) 
Ji~ {f) = p _ (u/of) nd' {2,,)/-2

E bl)){k;.) . 
t' f' i= ~ . (II6) 

,.., 
S,nec1, IJ'f - O,nHopo,nH!lff nOJillHOM CTeneHH ~/t)no np023BO,nHHM 

? Jr; k ~ , ... ' 'tJ/p k ~If) . - . ~ HTaK, ,neffCTB28 A( t) CBO,ni!TC.fl K BwmCJie~ll KOHTptJJieHa µf H 

BCTaB:tre ero cnermam,mi1M o6pasoM B ,IUlarpaMM7 ;r , Boo6111e roBoJ)J'I, He
CM3HyD. CJie.nyeT IlO.ll'lepKHYTL, 'ITO 3Ha'leH28 HK-KOHTptJJieHa Z f 38BBCBT 
TOJIJ,KO OT no,nHHTerpaJILHoro B!lpBJKeHM.fl If Os.'), cooTBeTGTBYJ)lllero rpaqiy 
i ; OHO He H3MeHHTC.fl, eCJIH B!l6p8Tl, KaK2e-.llll6y,nL .npyrHe r' 2 f 1 

llp:0 r / f ' :: f . IlyCTL, H8llPllMep, -a,' paCXO,IUlTC.fl JIOrap:01JWJ'leCK2 ( B 
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JiK-CMHCJie), a f COCTOllT 23 O,nHOI KOMIIOHeHT~ CB.fl3HOCTJ! fo • Tor,na 
liKKOHTptJJieHH8.fl onepanim .1 { f) ,neffCTByeT, K8K Al a) Fr = Z- £. , r.ne 

Z t - HK-nepeHOP~P~BO'IHS.fl KOHCT8HT8, 38BllC.fllll8.fl 'To~!o ~T Y • B 
paMKaX MB-cxeM!l STa KOHCT8HT8, KaK 2 Jm6off IlOJil!HOM (Pf :s (II6)' 
npe,ncTaBJI1teT co6off CYMMY nOJIDCHHX no .& cJiaraeMHX. 

* 6. R-onepaIU!.fl n 0606meH2e TeopeMH EoroJm6oBa-IIapacnKa 

IIycTL ~H o6Jia,naeT RaR Y~-. TaK n HK-pacxo,IUlMOCT.l!MH. IIpnMeHHB R 
H8MY' R-onepaml!D (2)' Mil no.nyimM CyMM'J ,IUlarpaMM co BCT8BK8M2 Y~KOHTp
tJJI8HOB. IIo.nettcTByeM Ha Rruimoe ns STHX CJiaraeMHX R-onepalU'lett (9). B 
pesym,TaTe noJIYllMM ~H R->t Fr , KoTopHff 06pasyeTc11 H3 Fr nocJie 
np:0MeHeH211 It.onepalU'l:0: 

R"' Fr ==- L h. (S) E cs') Fr= R*i=;: + b (r)Fr + Lier) Fr. cr2> 
sns'= (/, 

S,nec1, npoE 9BO,n2TC.fl cyw,mpoBSH:08 no MHOllt8CTB8M $ = y t, E ,S 
1 

= y r) 
Y~(HK)-HenepeceKaDlllHXC.fl no,nrpacJ]oB, KoTopue He nepeceRanTCH Mel!UCT' co-
60:ft no Jil!HHSiM, T.e. l( r. ll(~· )=O nn:a Jm61lX r.· E, S, r/ E-$

1

• 

HammMep, ,nJI.fl rpacJJa Ha p:ac. 6a R~onepalU'JH BHrJIH,IUlT CJie.n.YDlllHM 06-
* ~ ~ pasoM: R = i + ~<i,2) + 1>,.(s-J.) + A{3,4 )+ t,(l-4) +~ff)+ _110,.z.).6 rs,6.)-t 

~ I:,. 0, :1..) 6 ( 3, 4) -t 6. ( s-, 6 ) l, ( 3,/1) +- .1 ( s-, I!:) 6 (1. - 4 ) + .t:.. CS-, & ) ..6 C {, 2. ) .6 4 4 ). 

]J)IJf. rpacJ]a Ha p:ac.76 :0MeeM R""= {1.+l.t?>.4)+'i,(1-4))(1-tl{tJ,fO)-tl.(1-10)),. 

r-{1-tMS,~)) + [Lw,.1) ( 1+ tl (~, 4)) t 4 (:,.,9) ( f +d (q_. 10 )) + M1,:2.).6.0,&)(f-fl(?,,4))v 

• {1+ir~, fo))] {1+ t,. ( 5",C)) + AN-C )(1 +i ('], ,;)+Af:1-10))+ tJ.{s-to)(f+tUV,)+%1-H))ttJ{r). 

· HMeeT M8CTO TeopeMa, cymeCTBOBBH:08 ROTOpo:ft npe,nnOJIO!tHJI IIap:as:a 
/SI/ :0 ROTopa.fl 06061l188T Teopetq Eo.roJm6oBa-IIapacDK8 H8 CJIY'l8ff HSJil!'IESi 
HK-paCXO.IJ;J!MOCTeA. 

TeopeMa. B R."" Fr Y~ H HK-pacxo,n2MocT!' OTCyTCTBytOT. 
,ll;Jm ,ll;OR838T8JIJ,CTB8.3TOff TeopeMH ueJiecoo6paSHO :0cnoJIL30B8Tl, npe,n-

~ . 
CTBBJieHHe R-onep8IU'IH He B KOHTptJJieHHOM BH,ll;e (I2), a B 06061l1eHHOff Jiec-
HOtt gJOPM8 

R* ,, L n c-K ") • n c- R , ) 
F'flF'=? reF t ft-F"' t .. 

(IS) 

S,nec1, npo:0sBO.IUlTCH cyw,mpoBaH2e no o6o6Il!eHHHM JiecaM /SO/F = FU F' , 
cocTO.flllU!M ES HenepeceRanmeroc.fl (no Jil!ID!HM) o6'E>e~HeHnH Y~-Jieca F E 
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fil<-Jieca F 1 

• Y~Jiec - STO 06!,lllHl:ltt Jiec /r, 2o,2r/, T.e. MHOJ1teCTBo.t1ac-

TJ!tJHO HenepeKpllBa10m0xci l 1lli-no,llrpaqx>B, a HK-Jiec - MHOJKeCTBO HK-Herre~ 

peKpllB8IOJ@XCH rro~aq>OB (T.e. OHB JIB60 CO,llep;KaTCH O,IU!H B ~yroM__, JIB-

60 HBJimoTCH HK-HerrepeceKaJOmHMl!ICH). Bl:flll!TaIOIIU!e orrepaTopbl kr B K,, BH

,lleJIJmT, COOTBeTCTBeHHO, y~ J! HK-IIOJI!lCll IIO rrapaMe_TPY peryJIHpB:lan1rn rE. , 

CBJ!'.38HHHe C ,ll8HHliM IIO,llrpaq>OM • 

"' OTMeTHM, 'ITO MOJKHO orrpe,lleJIBTL R-orrepanHIO, OCHOBllB8HCL J! Ha 11.PY~ 
I'llX Bl:flll!T8IOmHX onepaTopax. B Ka'leCTBe orrepaTopa 'R, MOJKHO, H8IIPJ!Mep, 

J!CIIOJIL30B8TL orrepaTop, KOTOpu!i np01!3BO,llHT Bli'IHT8HBH no BHeWHJ!M ROOP

,IU!H8T8M ,llBarpaMMH. Ilpl! 8TOM HylltHO 8KKYP8THO orrpe,lleJIHTL, 'ITO 3H8'1BT, 

"BHellIHl!e no OTHomeHBJD K ,ll8HHOMY no,llrpaq,y KOOp,llHH8Tll", nocKOJILKYHK

HerrpHBO,nHMl:ltt no,llrpaq> MOJKeT 6HTL J! HeCBH3HliM (CM, pHo.2-?)~ KpoMe Toro, 

Bll'IHT8HJ!H nop~ w {t) rrpH HyJieBUX KOOp,!U!H8T8X HeH36e!mo' HH.l{yUilpy!OT 

,llOilOJIID!TeJILHUe Y~pacXO,llBMOCTH, Il03TOMY rrpH T8KJ!X BWll!T8HBHX HYJKHO 
~BO,llHTL BCnOMoraTeJILHyJD Y~peryJIHpH38Iij!IO. IlOJiy'leHH8H B pesyJILTaTe 

~-onepanBH rrpe,llcTaBJIHeT co6ott HK-o6o6meHHe nepeHopr,mpoBo'lltott rrpone

.nypu, B paMKax- KOTOpott Bl:l'll!T8HHH B HyJie no ~JILC8M conpOB01U(8IOTCH 

BBe.IleHJ!eM HK-peryJIHpBsyiomett "MHrKol Maccu" 32 , 331. . 
,lvra orrpe,lleJieHBH HK-KOHTptJJieHOB UeJiecoo6pa3HO IIOJII,30B8TLCH (KaR 

H B Y~CJiytJae) He ROM6HH8TOpHo-paspemeHHHMH JieCHHMB q>OPMYJiaMH, ape

KYPPeHTHNMH COOTHOWeHHmvm. 3TH COOTHOWeHH.R' B M8KCEM8JILHO rrpocToff q>op

Me 6y,llyT rroJiy'leHH B cJie,nyiomeM pas,lleJie. 

? • BH'IBCJieHBe Yi'!;- II HK-KOHTptJJieHOB 

~ Ilpe,llnOJIOl!l!M, 'ITO orrpe,lleJieHU Bee y~ l! HK-ROHTptJJieHN 'i).f.(p, !E) l! 

11~,{B ') C 'lll!CJIOM neTeJIL, MeH:E,JIDlM '1u·. T.e. }1,JIJi t' H o'- C 

-;.rr r) < }"( I) H H ( f') ~ t(o • IlycTL F,. - pasMepao peryJIHpH 30B8HHHff 1.;. 
IIeTJieBOit i'!;H. Ka!< y,ite OTMetJ8JIOC!,, IIOJIJ!HOMH8JILHM 38BJ!Cl!MOCTl, Y~ROHTp

'IJieHa Ar (p, !!J.) OT p l! 0 , a TaKllte ROMMYTBT.HBHOCT:E, R..:.orrepa:mn, B 

MB-cxeMe E ,IU!qqJepeHiijjpoBaHB.Ft no p H ~ no3BOJIJleT CBeCTH Bll'IBCJieHBe 

noJIHHOMa Pr Ip, 0 ) K aaxOlU(emm Y~ROHTptJJieHOB }1.JIJI HeRoToporo MHO

xecTBa Jiorap11-(fl,mtJeCKH paCXO.Il.ftllU!XCS i'Jjl-f. TaKHM o6pa30M, 6e3 ,noTepl! o6m-
HOCTH MOJKHO C'lllTBTL, 'ITO w{ r) = 0. Tor,lla Yi'Jj-RQHTptJJieH .Ll i" }1.JIJI r 
.BMeeT BM.II Z {2Ti' t;-.'.!E D(P)(f p,-) , r,lle Z - 6espas_MepHNtt noJIHHOM 

no. c -i. , He saB.BcJill!Hii OT p .2 1'.:1- • Ms cqiopMy-JI.BpoBaHHo:I!: BHllle Teopew 

BHTeI<aeT, tJTO K Rit F,. = 0 . McnOJI:E,syH f-onepanBJD B BH,lle (I2), 
.BMeeM 

Z =- K { 'R~F;. Cf,~)+ Xcr) F,-r_r)~)J . cr4> 
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}J)IH ynpomeHHS BH'IJ!CJieHB:I!: Terrep~ MOJKHO o6paTHTL B HyJIL.HeKOTOpHe HM

nyJILCH .BJIB M80Cli, EcJI.B T8K8Ji rrpone,llypa rrpHBO,llJ!T I( HK-pacXO,llJ!MOCTHM,. 

TO OHi! ycTp8HHIOTCH HK-ROHTptJJieHaMl!f, BXO.Il.ftllU!Ml!l B rrpaByio '18CTL COOTHO

meHHH (I4). MolltHO, HanpHMep, o6paTHTL B HYJIL Bee M8CCll H HMnyJILCll H 

BBeCTH BCIIOMoraTeJILHyJD Macey m0 B rrporraraTop rrpo1rnBOJI:E,HO BH6pairnott 

JIIIHBH • C .IIPYI'Oii CTOPOHll, MOJmO He BBO,IU!TL rno , a BMeCTO 3Toro rrponyc

TJ!T!, tI8,P83 ,IU!8rp8MMy' BHeml l!MnyJI:E,C cf • 0TMeTHM, 'ITO B 060llX B8p.B-

8HT8X ~ (r) fr ::: 0 , nOCKOJILRy JIB60 r CO,llep.ltl!T M_8CCHBHYJO JIBHBJD, 

Jlll60 BHelllHl!tt HMnyJILC BTeI<aeT B p83Hlle ROMIIOHeHTll r (STOT IIO,llrpaq> 

COCTOBT l!S H30JIBpOB8HHllX Bep!IIHH BCXO,llHOrO rpaqia r · ) • B pe3yJILT8Te 

nOJIYtJB eM 
J \/ ,v I r 1 Z. ;_I{ 1 Fr(o,t)+L., b(S).b.(:3) rr(a,cpJ, (I5) 

$ t),S'= 0 

r,lle WTPBX mm 3H8KOM CJMMH 03HatJaeT, 'ITO OH8 He BRJIIO'laeT tJJieHH CS=¢ 
BJ.ll,I S' = ¢ • B rrpaBoii tJac'rH co,llep.,riiTCH JmWL ROHTptJJieHH c tJHCJIOM ne

TeJIL, MeHI,IIIHM tto • OTMeTHM, 'ITO 38,ll8'18 Bll'IJ!CJI8HHH Yi'Jj-RQHTptJJieHa MaR

Cl!MaJILHO YIIIJOCTHJI8C!,, IIOCKOJILRy noSU!HBWJ!eCH i'Jjl-f OR83llB8ilTC.fl Jll!60 rrpo

naraTOpHoro T.Bna, JIH6o BaKyyMHw.m i'Jj}f c O.IIHOI HeeyJieBott Maccol. 

3a:l!:MeMC.fl TenepL ]3U'IBCJieHBeM ~ -neTJieBoro HK-KOHTptJJieHa. HaIIOMHl!M' 

'ITO 3TOT ROHTptJJieH He 38Bl!CHT OT rpaqia r. · H no,llrpa(pa f , ROTOpll:e 

rrpBBeJll! K pe,nynBpOB8HHOMY EJ>aqly. f. .! BocnOJIL30B8BWHCL STOit CB060,llOtt, 

6y,neM C1JBT8TL, tJTO r=- r Ir , T.e. r COCTOET 1!3 1!30Jll!POB8HHHX Bep

llll'IH rpaqia r . ConocTaBJIHH 3TJ!M B8p!lll!H8M nOJmHOMll 2 = { 11 ' ... , <Jv-1 no 

~TJieBHM J!MnyJII,CaM ~r , HeTpy.nHo .cBeCTB 38,ll8tly BU'IBCJieHBH IIOJll!HOMa 

-T f' K HSXQJlt.IleHBD HK-I<OHTptJJieHOB }1.JIJI HeKoToporo Ha6opa 6esMaccoBwc 

Jiorap.Blfl,mtJeCIOJ pacXO.Il.ftllU!XC.fl B8RyyMHl:lX rpaqx>B. Ilpe,llnOJIOJll!M nosTOMY, 

tJTO w ( r) = 0 • Tor,lla COOTBeTCTBYJOIIU!:I!: MK-KOHTptJJieH rrpHo6peTaeT BB.II 

,..., . z~ t<o J) -2f. ()l)r ~ 
b lU =- n (Q,r") I 5 k;) • r.ne Z - 6espasMepHHI IIOJIIIHOM no 

r i=- i 
c-1 • YtJTeM Tenep1,, tJTO B P8MK8X pasMepHol peryJIHpH38IJ;l!H Jm6ol BaRy

YMHlltt 6e3MaCCOBlltt ~H o6pamaeTCJi B HyJIL. 3 ) CHOB8 ECnOJIL3YH o6o6~eHJ!YD 
Teopeuy Eoro.,m60Ba-Ilapac10Ka, rroJIYtJaeM 

Z = :.. i:1 er) Fr 
, 

L fj, CS) hCS') Fr 
SA~'=¢ 

(IS) 

3 > TeM He MeHee, KOHTptJJieHH fl (r)Fr l! Err)Fr Mory-r 6uTL oTJIHtJHHMB oT 

HyJ1.fl. ]leJIO B TOM, 'ITO y~·11·:HK-KOHTp'IJieHHHe orrepanBH Bll,I(eJIJDJT pacxo

,lll!MOCTB CBoero Tlma H He 8aTparl!B8IOT "tJy,it.Be" pacXO,IU!MOCTB. 

©bUBlitifU~{_;fi 1mcnrry,· \ 
tm(!l~H! tv::c~ezonau~;Q 

G~SJi}:OTEKA -----..... 



3Ta ~OPMYJia Bl,IJlaJKaeT I1K-nepeHOPMilPOBOtJHYD ROHCTaHTyZ ~epes ~-neT
JieBott Y~ROHTp~eH 2.. , BWll!CJI8HHlrli Ha rrpe,IJ;ll,!CT!ll8M 3Tane C no
MOllll>D ~OPMYJIH (15), H HeRoTopHe ROHTp~eHl:l c 'IBCJIOM neTeJII,, MeHbllll!M 
l'(,0 • OTMeTHM, qTo CYMMHPOBaHHe B rrpaBott qacTH (16) rrpol'l3BO.IU!TCH 
TO.iu.RO rrpl'I ~US'= r, nOCROJibRy B rrpOTl'IBHOM C~ae B03HHR8DT 6e3MaC
COBl:le BaRyyMHHe P~H, o6pamm:inurnCH B HYJII,. 

TaRHM o6pa30M, c~oprqJillpOBaHHlitt Bl:lllle MeTO,It BH'll'ICJieHHSI ROHTp1JJie-.,. 
HOB, OCHO~aHHlrli Ha COOTHomeHl'IHX (I5)1'1 (I6), noJIHOCTbD o~e,eJIHeT R,:-. 
onepaIU!D B MB-cxeMe. C ere nOMOllll>D HeTpy:nHO ycTaHOBl'ITb 8 , qTo y~ 
I! I1K- rt '-neTJieBHe ROHTp~eHH co,neJ)lltaT noJIJOcH nos He cTapme c - K 
l'I MOryT 61:lTb Bl,1Jlalt8Hl:l qepe3 t'{ nepBl:lX ~eHOB pa3JIOJ!t8IDlSI JiopaHa no E 

HeROTOpl:lX 6e3MaCCOBHX HHTerpaJIOB nponaraTopHoro THna C ql'ICJIOM neTeJII,, 
M8Hbml'IM /i • 

8. Ilpl'IMepH 

IlpOl'IJIJIJOCTpl'lpyeM H3JIOJ!t8HHlitt Bl:lille MeTO.It Bl:l~CJieHHSI Y~- l'I I1K-ROHTp
~eHOB Ha npoCTHX rrpHMepax. PaccMOTPl'IM CR8J!HPHYID 6e3MaCCOBYJ) ,IU!arpaM
My, H306paxeHHYJ) Ha pHc.6a. OHa l'IMeeT TPH Y~pacxo.nH!!1HXCSI llIH-no,nrpa
~- f i. = (I ,2); t.2. = (5 ,6); r , a TaRllte ~a I1K-paCXO,ItH!!1HXCSI ~
H8IlPl'IBO,ItHMl:lX no,nrpa~a t~ = (8,4) l'I a-~= (I,2,8,4). 0.ItHOllSTJISBl:le y~ 
ROHTp~eHH B~HCJI.f!JOTCH Henocpe,nCTB8HHO: z1 = Z,. =- :1/u;r,-2,!. 

,lLrui Bl:l'!HCJIS!!,l!Sl O.ItHOllSTJie~oro I1K-ROHTp~eHa zf~: ZL HCllOJII,SyeM ~op
M'JJIY (!6): Z =-Z =:1./fbJ;-~. 1IT061:l B~HCJil'ITb f'~ ;;Z , HS06XO,IU!MO 

~ ,,.. t• ,, . . 
3H8Tb 1}-., = Z; . IlocJie BBe,neHHH BcnoMoraTeJII,Hott Maccu m0 , RaR noRa-
saHo Ha pHc.66, l'I l'ICnOJII,30B8HHSI COOTHOWSHHSI (I5) noJIY'JaeM 
z = {1- c )/2 e 2-( lb Jj-2.) 2. • 8aTeM C l'ICnOJII,30BaHHeM COOTHOW8HHSI (!6) 

4 ~ 
HaXO,IU!M Z4 = (1+-l )/.2.t. "-{IC Jr,_) 2 

• HaKOHen, eme pas HCnOJII,SyH (!5), 

npl'IXO.IU!M R SH,qe?n Zr=- 3!,,(1-E-c,.)/(ft'r,')3 B corJiaCl'll'I c pesyJII,
TaToM pa60Tl:l 84 • 

l3Ji1mCJIHM Tenepb Y~-ROHTp~eH ,ItJISl mtTl'lll8TJI8BOtt .ItHarpaMMl:l Teopl'IH 
tp 4

, Hso6paxeHHOtt Ha pHe.?a. CaMa no ce6e aTa ,IU!arpaMMa, RaK Herpy.n
HO IlpOBSPl'ITb. He HMeeT I1K-pacxO.Il,lil!UlXCSI HK.:.Henpl'IBO,IU!MHX no.nrpa~OB. O.n
HaRO rrpstMoe B~eJieHHe COOTBeTeTBYJ)utero Y~ROHTp~eHa OCJIOJ!tHSl8TeH He-
06XO,IU!MOCTbD 3H8Tb aH8Jil'ITl'lqeeKoe Bl,IJlal!teHl'le ,ItJISl HeTpl'IBl'laJII,HOro ~H B 
,ItOeTaToqHQ Bl:leOROM nopSI,ItRe ITO c • 06paTEM B HyJII, Bee Maec1,1 H BMITYJII,C 
p H BBe,neM BencMoraTeJII,HIDl: HMUYJII,e i , RaR noRaSaHO Ha pHe.?6 (l'lc

noJII,SOBaHHe Berrow.oraTeJI:bHOro BHeWHero HMnyJII,ea IIOSB~eT rrpHMeHHTb 
rrpH Bl,lql'leJieHBmc: :i;ec:i,Ma y,no6mrlt arrnapaT G-qjyHKill'lft / 3 ) • Il~eHHaH 
,IU!arpaMMa o6Jia,naeT Y~paexo.nmn11MBe11 PIB-rro.nrpa~MH !'J = (I ,2), 

'fz =(5,6), fs.=(I.:.6), 1c =(5-IO), f;,_ =(?,8),j;:rHI1K-

l8 

paCXO,nSlllUlMllCSI l1K-HellJ)l'IBO,IU!M!M! no,nrpa~i-m ½ = (8 ,4), 14 = {I-4), 
t = (9,IO) H ''dto = (?-IO). TaKl'IM o6pa30M, Bee KOHTp~eHH, BXO.nsmt:He 

B 'Jt-orrepaIU!D, yxe 6wm B~CJieHH B rrpe.nH.It:vmeM rrp.aMepe. C HCnOJI:bso
BaHHeM eooTHomei'HHH (!5) HMeeM Zr =-K 'R¥ F,- (1) • KpoMe Toro, Heo6-

X~.ItHMO yqeCTb o6pameHHe B HYJII, CJiaraeMl:lX B 'R*, B ROTOPl:lX ITOHBJIHDTeSI 
6e3MaeeOBH8 BaeyyMHHe rp$, a TaRl!te rrpHBeCTJ'I no,no6Hl:le ~eHH. B pe-
3YJII,T8Te oeTaDTCSI BOCeMD OTJIHqHl:lX OT HYJIH eJiaraeMl:lX: 

z =- (4r.f1°K {t.-3d'(t) G-(2+E,£) G(2+E;3E.) t'E -r o . • . u 
-1£-l c.: Cl) G{2,t.) _ G(2 + f, 2E ) t, tit +- c.- 2 co N) 6-(2,E) G(2,21=)t + 

+{t+dt- 4 G-0"tt.) G(t,.7.+E)t 3
E -{1+E:)c-"'G;/E:)&(E,2) i 2

t + 

i. -, t 2 -~r 2.)t+t -4 r1+ti l 
+(l+c) c ¾G

0
(t)t - 3 E f-E-E 2.E~ -z 4'i"' J , 

r.ne G,
0

(E)=t Cr1,1), t=-4J' 2 ll'/f', a ,-qjyHRnl!H sa.naeTcH cooTHome

HHeM ( I6). HenOJIDSYSI CT8H,ItapTHl:le 4JOPMYJIH paSJIOJKSHHSI G- B PSI.It / 3/. 
n~aeM OROHqaTeJII,HIDl: pesyJII,TaT 

z = - {47i y,10 I .1 E. -5" - .!J... ,: ._ 4 - 1 C -~ + ..1 E.. -2 + i. C -J. ) 
· { -IS' 15 6 10 f::,- - • 

* . ' 9. ~-onepaIU!SI B aCJ'IMIITOTB~ecRHX pa3JIOJ!teHl'lmc: 

"' HTaK, ~-onepaIU!SI II03BOJIHeT ycTpaHSIT:b H3 ~H paeXO,ItHMOCTl'I o60HX 
Tl'IITOB. BnpoqeM, B ~Hs11qecRI! ocMHeJieHHHX TeopHmc: (HanpHMep, B KX,II) HK
paexo.IU!MOCT.B paceMaTPHBaeMoro BH.na OTcyreTBYJ)T. TeM He MeHee, R!:onepanH.ft 
B rrepBYJ) o~epe,Itb rrpe.nHa3HaqeHa ,ItJISl IIPBMeHSHl'ISI BMeHHO B TaRHX TeOpBmc:. 
B ~aCTHOeTH, COOTHOmeHHe (I5) rrpe,nocTaBJIHeT MeTo,n Bl,lqHCJieHHSI Y~-ROHTP
~eHOB, oeH9B8HHl:lft Ha ~!onepanHB .B II03BOJIS!Dllll'lft ,ItJISl JIJ06ott ,IU!arpaMMH 

• . ,it 

eBeCTl'I sazi;aqy R aHaJIH3Y rrpoeTemx ~H. 06st3aHHOCT:b IIOSIB.BBmettCH R-one-
P8IU!l'I - y,naJUITb I1K-pacxO,IU!MOCTB, B03HHR8DJIIHe rrpH H8HBHOM nepexo.ne K 

rrpe,ne.71Y HYJieBHX Maee B l'IMITYJII,eOB, AliaJIOrH~O, eeTeeTB8HHl:IM oCSpaaoM 
IIOJIBJI/ieTe11·¢.onepaIU1S1 H B 6oJiee 0611UlX Cl'ITY8llHSIX np.a aHaJIH3e aCHMIITO
THqeeRHx paSJIOJ!t8HBtt ~H: R°!.orrepaIU!H ycTpaHHeT Te I1K-pacXO,IU!MOeTH, RO
TOpl:le B03HBK8DT rrpB HaBBHOM paSJIOJKeHl'll'I no,nl:lHTerpa~bHOro Bl:lP8l!teHHSI B 
IH B PSI.It Te:R.Jropa rrp11 HYJieBHX HMITYJII,Cax H Maccax. 

Harrpl'IMep, paSJIOJ!teHHe rrpoHSBe,eHHSl coeTaBHHX nOJiell Ha M8~1:lX pac
CTOSIH.BHX, npe,IJ,]IOl!teHH08 BHJII,eOHOM 35/, a B SIBHOM Bl'l'e BHBe.neHHOe Bnep
Bl:le B paMRaX rrepeHOPMl'IPOBRl'I EorOJIJ060Ba-II;apacnKa / 35 • CM38HO C noBe
.neHHeM ~H B 8CHMIITOTHqeeKOM peuMe, Ror.na paSHOCT:b KOOp,IU!HaT, conoc
TaBJieHHl:lX ~YM BH,IteJieHHl:lM (TOROBHM) BepmHHSM, CT8HOBHTeSI M8JIOI1. TaRott 
pelltHM Henocpe,ncTB8HHO CM38H C aeHMIITOTl'lqecRl!M noBe,neHHeM rrpB CTpeM
~eHBl'I K HYJID Bcex Mace B OCT8JII,Hl:lX BHell!HHX_HMUYJII,eOB. IlpH npF!MOJil!He!-
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HOM pa3JIOXeHHH no.n;IDITerpam,Horo BHJ)SXeHHR B p.rm TeffJiopa no 3THM napa
MeTpaM l!H,D;yl.mJlYDTCR HK-pacXO.IUlMOCTH, ROTOpHe npH npaBHJll,HOM pa3.7Ioxe
HHH ycTpaHmOTCR R!onepamiett. To~Hee roBopR, pasJio%efU!e BHm,coHa B 
MB-cxeMe HMeeT BH.n; 

L * ~ (Ji) "'o.t) x-rro1, R 
RJ/ic)~/o)= c1>-\ R 'l< ~(:x)])o)lf>

1 
(O) ••• If( (o{) ~~/o). (I?) 

"" 
r.-- \ ,,...i 1:i 8.n;ec:o c{>.'J - H3BeCTHlitt xoM6HHaTopH~ MHOJKHTeJIJ,, t = f=o L , a -

orrepaTop, ROTOplitt BH,neMeT ~eHH 1-oro nop.rmKa B TettJIOPOBCROM paSJIO
l![efU!H no MaccaM TeopHHi RJi)\ - ~nepeHopMHpOBBHHoe cocTaBHoe nOJie, 
ROTOpoe COOTB8TCTBY8T BCHMIITOTH~eCROMY in-o6pasy, npe.n;cTaBJIRJDmeMY 

C,\) {).) 
co6ott npoHBBe.n;eHHe lfi (D) ••• '/( 

1 (O) aCHMIITOT:ll~ec:rmx noJiett :0 HX 

(}) >-,~ ),it, ,D ( ~C-\ ) "- O.t) .\::t.-prop 
rrpo:0BBO.nHHX fi = o .. • o · ,, ; ~(:t.) 1{o) If◄ 1 (o) ... lflf (o); 

- WHKIU!:ll rpnHa cocTaBHHX noJiett J1 H J!l. , no BHellllU!M S--MaTp.111IH!i!M 
ROHUBM KOTOPHX npoH3Be,n;eHO npeo6pa30BBHHe <llyp:oe, a 38T8M nocJie )U!/ppe
peHIUlpOBaHHtt nop.rmKa (>-,) COOTBeTCTBYl)l!IH8 HMeyJll,Cl,I nOJIOl![eHH paBHHMB 
HYJOOi CHMBOJI :t-prop OSHa~aeT BKJia,n; .IUlBrpaMM, KOTop1,1e RBJIRIOTCR PIH 
noCJie coBMeiqeimR Bepunrn . :;( H O • :3TH WHKIU!H rpnHa nepeHOPMHPYDTCR 
B (I?) C nOMOl!II>lD ¢:onepaugH, HK-~acTI> KOTOpof y9TpaHR8T nOJIJDCH, B03-
HHR8!011Ul8 nocJie .IUl/flpepeHIXHpoBaHHR B HY.718 no MBCCBM H HMeyJll,C8M. · . . 

Pa3JIOXeHHe (I?) MOlltHO nOJiytmTI, B paMRaX MeTo.n;a CKJieHBBHHR / 5 ,6!. 
KpoMe Toro, ero M0%HO Bl,IB9CTH H CJie.nyR MeTo.ny.pa6oT / 86 ,'2/'l/ C noMOJIII,D 

HeKoToporo npe.n;B~HTa10mero onepaTopa. :3ToT onepaTop npo:0sBO.JUlT npe.n;~ 
B~T8Hl!R, KOTOpHe sa6JiaroBpeMeHHO ycTpaHRJDT Y(l)-paCXO.lUlMOCTB, IlORBJUI
lDUUl8CR npH CTpeMJieHHH .n;Byx BH,neJieHHHX Bep!II!JH npyr R .npyry. Hanpl!Mep,, 
B c~ae nepeHOpMHpOBRH EorOJIJD6oBa-IlapaclDRS T8KOI npe.nB~TBlDUUlA one
paTop np0:03BO)U!T BH'mTBH:l!R B HYJie no BCeM BH8111Hl!M HMIIyJIJ,CBM,. 38.HCR
JW~eHl!eM ',-mym,ca, npoTeRaJDmero :03 O.nHOtt TOROBOtt B8pml!HH B .n;pyrYI) 
136 ,87 ,20 • 0R831,1B8eTCR, 8HaJIOrB~ npe,D;BHtmTBlDUUll onepaTop MOlltHO 
RBHO onpe.n;eJIHTI> l! B paMRSx MB-cxeM1,1. 

OTMeTHM, ~To pa3JIO%eH.lle (I?) l!MeeT Bec:oMa npocTott BH.n H OTJIB/a~ 
eTCR OT paMOJteHHR BHm,coHa B nepeHopr.mpoBKe EorOJIJD6oBa-IIapacJDRa 87/ .. . 
TOJIJ,RO H8JmtJll8M ~epe~pOBaHWi · B HY.718 no MBCCBM H BBe.n;eHHeM R-
onepamrn • Ilo.n~epKHeM T8Rl!C8, ~TO KOa/ppEmieHTHHe q,yHKIU!H B paSJIOlt8Hl!J! 
(I?) Bllpal[eHH ~epes 683M8CCOB!,18 .JUl8rpaMMH. 

AliBJIOr.H'llilD,f o6pa30M B03Hl!K88T ~onepail;JIIR H B )U)yrHX BCHMIITOTB~ec
I<HX PeDMBX :e, B ~aC.THOCTH, B pa3JIOlt8HHH npH 60JIJ,llll'J:C Maccax~. MOJIWO Bl,I
B9CTH RBHyll ~OPMYJ!Y ,n;JI.11 pa3JIQJ1t8HHR a/ppeRTHBHOro-Jiarpa.l!l!UlaHa llll3K08H8J)
reT.H~8CKOI Teop.HH, co.n;epxtamel TOJIJ,RO Jiel'Rl!e noJIR (c ~erron.m MBCCSMB). 
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B 3TOtt ~OPMY.718 a/ppeRTHBmnl: JiarpaHl![HaH 38IlHCl,IB8eTCR B BH.n;e pR,n;a no. 06-
paTHW CTeneHRM T.flllteJioft MBC.C!,1 ( C TO~HOCTl>JO .no Jiorap:aqwi~ec:irnx nonpa-

. BOK), np:a~eM ~eHH p.rma ttpe.n;cTaBMIOT co6ott Jier:irne nOJIR c YBeJrn~Ba10-
me!cn pasMepHOCTI>lD, R08g$1UHeHTl,I npH ROTOPHX pasJiaraIOTCR no B8RyyM
HHM .JUlarpaMMaM HCXO,n;HOtt TeOpHH, npo,tui(WiepemmpoBaHHHM B HyJie no Jier
Ja!M MBCCBM. IlORBHBIJlPJeCR B pesynTaTe HK-pacXO.IUlMOCTH ycTpaHmOTCR 
,t 

R-onepaD,Bett. 
~o.n: pa3JioxeHHR BHJIJ,COHB (I7) c,nOMOl!II>lD npe,D;BW!HTBIOlltero onepa

Topa • a TalO!te Bl,IBO,D; ~83JI~9HH11 mm 60Jil>llll'JX Maccax OCHOBaH Ha KOHTp
~eHHOtt TeXHHRe / 38 • o,39 11 6y.n;eT H3JIOXeH B 6JU1xamx ny6JlllR8IJ,BRX. 
MOlltHO H8,D;8RTl>CR, ~TO o6JIHCTI> npHMeHeHHR ltonepaunH .n;a,eRO He HC~ep
naHa. Cpe.JUl nocJie,D;H.llx ee npHMeHeimtt yRruKeM Ha pa6oTy 4o/, B ROTopott 
Pr-aHWma cynepC.HMMeTpH~Ott HeJIHHettHott G" -MO,D;9Jlll CBO.IU'IJICR R Bl,ltJl!CJie
HHlD .n:BYMePHHX 6e3M8CCOBHX ~H B HK-orracHott CHTYBIUl.H, 
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Tpe6oBaHWi, npe,n'I>JlBJIJieMHe K cepm1 6pol!llDp 
"Jle~ ,ll.llSi MOJio,mnc yqeHIDC Ollilli" 

CepM 6pollll)p "JI~ Ml! KOJIO.Itlil y,iema 0.11im" aa,naeTCJI c neJILD 
ll0Blilll8HR!i HaJ"lHo-npo(peccROHwn.HOro xpyrosopa R ypomra MOJlO,nwc Yti8HHX 
R cneIU!aJmCTOB OHmf B ax-ryam.ma o6JracT.ax RCCJI8,ItOBaHmi, Be.ztYIIll:IXC.11 no 
TeMa.Tmte lfHCTR-ryTa. limyCltR .ItOJmiH npe,ItCTaBJI.ll'll co6ol 3aKOHti8HIIlie 
~ JieICIOrlt, IIJ)OtiRTBHHl,le B OHIDI R cipReHTRpoBaHHHe npelt!{e Boero Ha 
MOJlO.ztlil COTpy,ItHmtOB lfHCTR-ryTa. 

JleXI.ijm .ItOJillllH BMeTL x.apaKTep y,ie6HOI'O ll0C06R!i, npe,ItHaSHatleHHOI'O 
Ml! nepBOI'O OSHaKOMJieHWI C paccwa.TpRBaeMo1! npo6JieMOI, a TaKXe CO.ztep
lit8Tl, o6aop · ea coBpeMeHHoro cooTOJmWi. OHR .ztOJllltHl:l 6m1, cHa6JlteHH non
po6HHM orJiaBJieHRSM.H OCHOBHOll JmTepa-rypo:a. Eo.in:.nme naparpaq>H peI<oMeH
.ztY8TC.II paa6.ima.T1> Ha no.ztnaparpaqia o Bli!HeOEllilWMll: B orJiaJ3JieHRe nonaaro
Jiomc&m. 

Bec1, TeI<CT, BKJIB)tia.fl OT,It8Jll,Hlie rJiaBH R naparpatI/H, CJie,ztyeT netm
TaTl>, sanOJIHJm K8lK,eyll CTpa.mnzy ne.mmOM. 

PyI(OmICl, .zto.DHa 6HTL Hall8'ia.TaHa Ha cneitRaJWD,tX Mamtax, npe.zm.as
Haqemmx Ml! IIpfD(Oro penpo~BaHIDI, KOTOpae UOl!HO ll0..lij"mTl, B R3-
.ztaT8Jll,CltOM OT,It8.lle. Bee q>OlllYJIH R CX8Ull .ItOJimli 61iTl, BillICBHH aKKYl)a'l'HO 
liI JICHO TYJlll,ll lt1lliI qep!1&1lBMJiI 118p!IOI'O nBeTa. Paau:eTI<a q>QJJ,fYJI He IIJ)OliIS-. 
BO,ItliITOJi, BX HyYepaltlm .zto.mma H8XO,ItJiITLCJI li Itom:te CTp0:KR CIIpaBa B 
Kpyr.ma: cxo6Itax. T8I<CT JieI<Itd II8'ia.TaeTCJI Ha uammme C 118.PHOI (Be ce
po:I) Jl8BTOI qepes I,5 BHT8p:eaJia. 06'I>8U Jiexrtd He .ItOJD18H npe:emua.Tl> 
IOO OTpaHJiIIt MamBHOillICBOI'O T8lCCTa. 

PyxonRCl, npe,nCTaBJL'l8TC.II B PenaKnRO!i!Wil COB8T cepm1 6pol!llDp "Jl8K
~ N!.11 MOJIO,IUDC yqeHHX OHHH" COB8TOM MOJIO,IUDC yqeHWC .R CllenliIMRCTOB 
Ollilll .R COB8TBMR MOJIO,IUDC yqe!WX .R cnenaMRCTOB Jia6opaTopm! HliCTHTYTa. 
Pe,ItaKnRoHHHll OOBeT npwmMaeT OKOH"<W.T8.lll,H08 pemeHRe O 1{8Jiecoo6pasHO
CTH ee ny6JnII<ana.R. 

P8.naKIO!OHHllil COB8T 
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