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C KOH~I ce~eeHTHX ro,ItOB He OOJla6eBaeT ITOTOK pa60T, ITOeB~eH
HbiX Borrpooa11 rrpe~a:zoHHol rrpoBepK:H TeopHH a~eKTpoOJla6HX B3aKMO.Ite!

eTB:HI (3GB). B ITOOJie.znme ro.ltH ,ItOMS.Itli H ~eK~ Ha aTy TeM,Y BKJIIO'l:a

JOTeJI B ITpor]laMMbl Beex KOHcpepeH~ :H WKO~ ITO cpH3l'.!Ke BHeOK:HX 3Hepr:HI. 

BHII~eTOJI 6~:&moe 'l:HOJlO aKerrep:HMeHTOB B aTol o6~aeTH. Bee rreperreK

THBHHe 3KeiiE,p:HMeHTM:&HHe ITporpa~ TSKllte BKJI!O'ISIOT rrpe~3HOHHHe Tee

TH eT8H.It8PTHOI TeOpHH. Harrp:HMep, TaK:He H3MepeH:HJI eoeTaBJIJIIOT 3H8'IH

Te~:&Hy!O ,Itonll B IT~HOI aKeiTepl'.!MeHTM:bHOI ITporpaMMe Ha yoKOpHTe~JIX 

SLC , LEP , HERA • 3TOT pa3,ItM <l>H3l'IK:H yxe rrpl'.!o6pe~ eTaTye KJiaeeH-

'l:eeKoro. Em•ecTBeHHO BKJIIO'l:eH:He ~eKIWI Ha aTy TSMY B rrporpQMMY Hae

TO~e:l! WK~H. B ~eK~ Jl IIOeTapaiOe:b ,It8T:b MeMeHTSpHoe BBS,IteH:He B 

rrpo~eM,Y. B TO xe BpeMH H8,lteiOob, 'ITO oHo 6y,~teT ,ItoeTaTO'IHo rro~HHM, 
KaK ITO ITpe,~t<:T~8HH!O OeHOBHHX rpl'.!3l'.!'leeK:HX H.It81 H pesy~:&TaTOB, TSR H 

ITO 06~eHeH1:IO OeHOB BH'll'.!OJll'.!TS~:bHOro arrrrapaTa, e IIOMO~b!O KOTOporo 3TH 

pesy~:&TSTH (>Will: IIO~Y'l8Hbl. 

M!i Ha'll:eM e KpaTKOro H3~0'M.8HHJI eoBpeMeHHoro CTaTyea TeOpl'IH 

3CB H noc~·apaeMOJI OTB&THT:b, no'IQMY BonpoeH np~S.II:OHHOit npo

B9pi<.11 OTaH,l\SpTHOI T&Op:HH Tai< ai<TYaJIDHH B HaeTo~ee BpeMSI. lloMe

.ltYIOOll'IS pa3,ItE,~bl 6y,ItyT rroe~eHH H3~0llt8Hl'.!!O OeHOB MaTSMaT:H'leeKoro aiT

rrapaTa, Heii<tJibsyeMoro ,IT,IIJl rrperwsHOHHHX pae'leTOB B TeopRH 3CB 1o6cyx

.lt8Hl'.!!O pesym.TaTOB TeopeTH'l:eeKoro l'.! aKcrrep:HMeHTM:&Horo Hsy'leHIDI pH

.Ita OeHOBHHX IIpo~eeeoB MeKTpOOJla6oro B38l'.!MO,IteleTBHJI '!80TH~. 

2. TeopeTH'l:eeK:HI eTaTye eTaH.UapTHOI TeOpl'.!H 

CTaH,It8J>THM TeOpHSI B38HMO,IteleTBHH '!80TH~ B CBOSM COBpeMeHHOM 

BH.Ite rrpe,IteTE.~eT eo6ol ,ItOeTSTO'IHO cpopMMbHOe 06'I>e.It:HHeH:He RBaHTOBOI 

XpOMO.It:HH8M:Hl~ (HXn), OCHOB8HHOH Ha HeHapymeHHOI KMl'.!6pOBO'IHOI rpyrr

rre .$U(3)c l e.It:HHOI TeOpHH MeKTpOM8I'Hl'ITHHX H OJ186HX B3a:HMO,IteleTB:Hil 

Drawoy - Cal aMa - B,~6epra, OCHOB8HHOH Ha CITOHT8HHO-HapymeHHOH 

rpyiTrre SU(2 )L ® U(f) II. 
B paMKa rpyrrrrH S U(.2l ® U{f) o6'be.It:HHeHHe .ItBYX Bsa:HMo,IteiloTB:HI, 

M8KTpoM8I'H¥THOro H e~a6oro IIOHJITO HSeTO~:bKO r~y60KO, 'ITO cei'Iae 

yxe Me,Ity&T roBOpHTb He 0 'l:eTHpex cpyH,ItaM8HTallbHHX B3a:HMO,IteleTBl'.!JIX: 

rpaBHTa~OHfOM, OJ1860M, a~eKTpoMai'HHTHOM H e~bHOM, a 0 Tp9X - rpa

BHTS~OHHOM, MeKTpoOJla60M H C~bHOM. 

HanpOTiB, osu&J:H~ [ SU(2)L ® U(1)] 
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HMeeT n»mL cMHcn MaTeMaT~ecxoro rrpaMoro npoHsBe~elWR ~yx rpynn, 
sa ROTOp.liM He Rpo8TC.II r.ny60R08 BlfYTpeHBee Ell,ltHHCTBO CWU.HOrO H 8JJ:EIIK
Tpocna6oro B38HMO~eACTBHit. lloiiHTKH 06'1>9)tllHHTl> CWil>HOB H MeRTpocna-
608 BS8HMO~EIIACTBH8 ~0 CHX rrop He 6HnH y~a~HMH. 

CT~aPTHaR: S U ( 3 )<.- ® S U(21, fll"i.W-TeopHJI ~e.KBE.THa COBPBft!8HHNM 
~aHHliM B TOM CMHMB , 'ITO KX,lJ; OnHCHBaeT CWil>HHEII BSW!:MO~eiCTBM rJIIO
OHOB R KBapxoB, a SU(2l ®U(~) MeRTpocna6ue BsaHMo~elcTBM Jierr
TOHoB, KSJIR6poBo'!HHX 6oaoaoB H RBaPROB. Y~BHTeJI:&Hc, 'ITO TeopM ~ei
CTBHTeJI:&Ho On:HCHB88T Bee Ha~aeMHe JIBJIBHM sa HCRJim'lBHHBM TeX,RO
TOpHe CBJISaHH C rrpoJIBJieHHeM rpaBRTa~OHHOro B38HMO,DBICTBM. YJra OltHH 
3TOT ~RT cne~eT 11PJiSH8Tl> BeJIR'lalwHM ~OCTHEBHHEIIM qw~SMeHTaJil>
HOli IPHsHIGI sa nocne~e ~a ~BCJITWieTM. 

TeM He MeHee TeopeTHIGI HEll Y~OBJIEIITB098HH COBpEIIUEIIHHLIM C'l'aTYCOM 
CT~aPTHOI TBOP:HH• OcHOBHHe 11PH'!HHH 3TOro TaROBU! 

I. He RceH MexaHHaM o6"I>e~eHM Bcex B3aHMO~elcTBHI; 
2. He JICHO, rro"ieM,Y o6"J>e~eHHe cna6oro H SJieRTpoMai'HHTHoro 

B38HMO~elcTBHI rrpoHSOIIIJIO Ha MaCIIITa6e MaCC "- ,A1 \II , ~aJIEIIROM OT MaR
CHMaJ!l>HO B03M0.11tHI:lX MaCC B npHpo~e ( Mpt rv ro19 f33) - TaK HaSHBae
MaR: npo6JieMa HepapxHI; 

3. TBOPRJI He 06'I>JICHJieT sa~K,Y ITOBTOpeHM ~p!'.UOHHUX ITOROJIEIIHHI; 
4. T90PRJI He MOJlteT rrpe~CKa38Tl> HH O.ln~H HS CBOJI[C MHOro'!HMEIIHHHX 

napSMeTpoB. Harrp:HMep, IT.PH ~ = 3 H 6eSMaCCOBUX H81'1.PHHO B TEIIOPHH 
HMeeTCJI !8 napaMeTpoB o(5 , ol.f!AI , M.v , M :z , N.-1 , 9 ~pMHoHHUX 
MaCC m-1 H 4 yrJia CMEIIIIIHBaHM B MaTPHIJ;EII Ko6aJIIIIH - 14ac~. B BTOM 
CMHCJIB rtpHHJITO roBOPJiTl>, 'ITO TeOpM rpoMOS~. 

Bee 3TH HEII~OCTaTRH, Rp0M8 rpOMOS~CTH, 6WU{ ITJlHCJDtll H KBaHTO
BOI 3JI9RTpo~HaMHR8, ROTOPM ~OJII'HEII ro.Itli C'!HTaJiac:& l(,II;EIIaJil>HOI TBO.PHEIII 
- o6paSDPM 6y~~ TEIIOPJiit. B Hel HBT 06'1>8.ln~HEIIHM BSlmMO~BICTBHI, OHa 
HEll M<meT npe~CKa3aT:& o{ H !fie u 't' • O~aRO, BSSCB 3TH 118P8MEIITPH 

Jr-J 
· HS OIIHTa, OHa MOJraT ~aT:& CKOJil> yro~o TO~HB npe~C.KE.SaHM WIJi Ha6-
~aeMUX BeJIH'lHH B o6JiaCTH CBOel 11PHMEIIHHMOCTH. TaR, HanpHMep, C y'le
TOM !,2,3-ITBTJIEIIBUX KBaHTOBUX rrorrpaBOR OHa ~aeT SSME'laTBJil>HOEII COrJia
CBEII npe~CKaSaHM WIJi it- 2 C ero 3KCIT8PlfMeHTaJil>HI:iM 3Ha'l8HHEIIM B rrpe
~QX8X 8 SH8ROB.3TO COrJiaCHEII orrpe~BJIEIIHHO ITOKaSHBaeT, 'ITO B CBOel 06-
JiaCTH KSl- ~eKBaTHHI rrpHpo~e TeopeTBKo-nOJieBOA pac'leTHHI annapaT, 
C ITOMO~D KOTOporo MOEHO On:HC8Tl> MHOJltBCTBO ~S~EIICIGIX JIBJIBHHI B Tep
MHHax H860Jil>IIIOro '!HCJia BSJITUX H3 OIIHTa KOHCTaHT, C&!H 3Ha'l8HM KO
TOpHX OCTaDTC.II H811p9~CKa38HH.IiMH. 

Ha TaKOI ll8 CTaTyc rrpeTBWEIIT cel'lac H TEllO PM 2CB, a HMeHHO Ha 
CROJil> yro~o TO'WOEII On:HCSHHEII BCeX 3JI8RTpocna6HX rrpoDBCCOB B TepMH
HQX HEIIKOTOporo '!Hcna BSJITUX HS OnHTa KOHCTaHT, TOT ~PaRT, 'ITO B TeOpHH 
3GB T8KBX KOHCTaHT CTaJIO ropas~O 60JI:&me, 'iBM B K3l - eCTBCTBBHHOe OT-

4 

paxeHHe CJIO~OCTH npHpO.Itli R paciiill:pe 
onepHpyeT c Kamt6poBo~wvrn 6oaoaar.m 
MHOHaMH TpeX ITOKOJieHHI - ~elcTBRTeJI 

ITPHPO.ItJi. KaK H K3l, TBOPHJI 3CB r.mHH 

HH'lero JIHIIIHero, qero 6u He 6NJio B rr 
xeaaul 6oaoH XHrrca). TaR '!TO rpoMo 
B~ JIH CTOHT CT8BHTl> BH B yrrpeK -

rrp:HpO.ItJi. 
KaK Mil YBH~M B rroCJie~:ranmc Jie 

3CB B ITOJIHOH aHaJIOrn:H C K3l Bee aa6 
O;II.HY KOHCT8HTY CBJI3H c/_ H M8CCU 
pmo. B aToM cMUCJie TeopM 3CB ;n;elcT 
HaJI K3l, B paMKax KoTopol c yqeToM 
paBoK) Mo~o. B rrpzauarre, cKoJI:& yro 
BBJIH'!HHU. 3KCIT8p:HMBHTaJil>HaR: rrpoBepK 
JIBJIJIBTC.II O'lBBH;II.HO B~eiiiiHM TBCTOM 
Ka rrpe~cxaaaHHA K3l WISI f}t - 2 JIB 
aHaJIOrHH c JiaM60BCIGIM c~HrOM B K3l 
B TBOPHH 3CB - MBKTPOCJia6wvrn p~a 

06aapyxeHHe TaKHX c;n;BHroB B co 
saHHBMR.6y~eT OKOH'!aT8Jil>HHM TPRYMWC 
paciiiHpaHHol K3l - pacqaTHoro Teope~ 
co6aoro BupaaHT:& aa6JIID~aeM!le qepea 
CU), caMH 3H8'l9HHJI KOTOPUX OCTaiDTC.fi 
BH;II.HaR: B~OCTl> 3TOit aa~a'!H JIBJIJieTC. 
HJIKil1IDC orpoMH!il HHTepec CO CTOPOHU 
K npo6JieMe npeuaazoHHoA npoBepKH cT 

HeJI:&3JI ae corJiaCHT:&CJI, o;II.HaKo, 
~BHM HB06XO~O 6y~BT 11pH3H8Tl>, 'IT• 
CKpOMH.IiM 1118roM Brrepe~ H8 nyTH K Em!: 
JIJllllli> rrpHMHpeHHe Ham!'!HJI M8CC!l 6030H• 
Tl>ID - e~CTBeHHO ROBaR: ~eJI 110 cpa: 
JIOCl> 3811JI8THTl> B03HHKHOBBHHeM rrpo6JI1 
BaeT COMHeHM, 'ITO TeOpHJI 3CB JIBJIJIB' 
6oJiee o6meit Teo P:HH. CJie~eT rrpHaHaT: 
~BHl> 3KCITep:HM8HT He ~aeT HHKSKHX yro 
CTa~apTHOH TeOpHH. 

3aMeTHT:& rrpHaHaiGI HOBOH IPHaHIGI 
~aqa cero~ero ~. EcT:& ;n;Ba ocR< 
nepBHi - CT8BHTl> 3KCITepHMeHTU rrpH B< 
;n;e ITPJIMO o6aapyJKHTD HOBYID CTPYKTYPY 
BHTl> rrpeUR3HOHHUB 3KCrrepHMeHTU B ;D;O< 
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GKoro rrpmMoro rrpoHsBe~eHKH ~yx rpyrrrr, 
itOe BlfYTP8HH88 8,ltHHCTBO C.WU.HOrO H 8.11:8R
loiTHTKH o6~e~Tb CRnhHoe H aneKTpocna
>p He 6wm y)la'lliw.m. 

S U(ll ~lfQ-TeopHa: B,lleKBaTHa coBpeMeHJWM 
{ OITHCHBBeT CMDHHe BSBHMO~e:l!CTBKH rJUO
U(~) aneKTpocna6He BSBHMo~e:l!cTBKH Jierr-
1 H KBapxoB. Y~BHTeJihHo, ~To TeopKH ~e:l!

~aeMHe RBJieHHJl 38 HCKXD~8HH8M TeX,KO
rpaBHTBmiOHHOro B38HMO~e:l!cTBKH. Y~ O,ItHH 
8Th BeJIHqa:l!mHM ~OCTHEeHHeM qw~aMeHTaJib
~eCRTHJieTKH. 

H8 Y~OBJI8TB0})8HH COBpEIMeHHHM CTSTycOM 
ITpH~HH STOro TSKOBH! 

e.ztHHeHHR Bcex BSBHMo~e:l!cTBH:l!; 
mmeHHe cna6oro H SJieKTpoMBI'HHTHoro 
MacmTa6e Mace "M w , ~BJieKoM oT MBK

~po~e ( Mpt rv ro19 raB) - TaR H83HBae-

38r~ ITOBTOpeHHa: ~pMHOHHHX ITOROJieHH:l!; 
JK838Tb HH o,znm :1!3 CBOHX MHOro~cneHHHX 

= 3 H 6eSMBCCOBHX He:l!TpHHO B T90pHH 

d.em • M141 • M ~ , NH , 9 ~PMHOHHHX 
m B MBTPHUe Ko6MIIIH - MacKBBa. B &TOM 
TeOpKH rpOM03~. 

1e rpoMOs~ocTH, 6wm npHCYIIIH H KBaHTo
~OJII'He ro~ o~aJiach H.ItBaJihHo:l! TeopHel 
Hel ReT o6~e.znmeHHR B3aHM0~9ICTBHI, ORa 
trleJJ.l/r:' • O~axo, BSRB STH napaMeTpH 

:b yro~o TO'll:!H9 ITpe~CKa38HHJl .D:.1lJ{ Ha6-
108l npHMeRHMocTH. Tax, Hanp]I[Mep, c y~e
rronpaBoR oRa ~aeT saMe~aTeJihHoe corJia-

c ero SRCITePHMeHTaJibHHM sHa~eHHeM B npe
npe~eJieHHo ITOKa3HBaeT, ~TO B CBOe:l! 06-
e TeopeTHRo-nOJieBo:l! pac~eTHHI annapaT, 
BTh MHOEeCTBo WHS~ecRHX RBJieHH:l! B Tep-

Hs OITHTa ROHCT8HT, CaMH 3Ha~eHHJl RO
MH. 

fi.ItY9T cehac H TeOpKH OOB, a HM8HHO Ha 
scex aneKTpocna6HX nponeccoB B TepMH-
3 OITHTa ROHCTSHT, ToT WSKT, ~To B TeopHH 
3~0 60JIDWe, ~eM B K3~ - ecTeCTBeHHoe OT-
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p~eHHe CJIO]HOCTH DpHpO~ H pacruHpeHHR cwepa ~eHCTBHR TeOpHH. 0Ha 
orrepHpyeT C KBJIHOpOBO'll:!UMH 60SOH8MH vv , 2! ~ CO CMemaHHHMH wep
MHOHBMH Tpe] ITOKOJieHH:l! - ~e:l!CTBHTeJibHO cymecTBYIDIIIHMH o6~eKT8MH 
rrpHpo~. KaP H K3~, T90PHJl 3GB MHHHMBJ!bHa B CBOe:l! c~epe: B He:l! HeT 
HHqero JIHWHero, ~ero 6u He 6Hno B rrpHpo~e (HcRJiro~aa: rroRB He o6Hapy
EeHHH:l! 6osoF. XHrrca). Tax qTo rpoMOs~xocTb H CJIOEHOCTb sTo:l! TeopHH 
B~ ~ CTO~T CTaBHTb e:l! B yrrpeK - 3TO OTpaEeHHe CJIOEHOCTH CaMOH 
npHpo~. 

KaK MH YBH~M B ITOcne~romHX JieRUHRX B C~epe ~e:l!CTBHJl T80pHH 
3GB B ITOJIHO~ aHaJIOrHH C K3~ Bee Ha6JIID~aeMHe MOEHO BHpaSHTb qepes 
O~Y KOHCTaETY CBRSH cf. H MaCCH BCeX qacTHU, BOBJie~eHHHX B TeO
pHID. B STOM CMHcne TeOpHR 3GB ~e:l!CTBHTeJibHO BHr~HT KaK pacruHpeH
HSR K3~, B IBMKBX KOTopo:l! C yqeTOM KBaHTOBHX ~eKTOB (rreTJieBHX ITOIT
paBOK) MOEHO, B rrpHHUHITe, CKOJ!b yro~o TO'lliO BuqHCJIHTb H80JIID~aeMHe 
Be~~HH. 3RCITepHMeHTaJibHSR ITpoBepKa pesyJibTaTOB T8KHX B~CJieHHH 
RBJIReTCR oqee~O BSEHe:l!illHM TeCTOM TeOpHH, K8K B CBOe BpeMR ITpOBep
Ka rrpe~cKasaHH:l! K3~ .D:.1lR f}e - 2 RBMacb ee BSEHe:l!WHM TecToM. ITo 
aHaJIOrHH c JJsM6oscKHM c~HroM e K3~ MH 6y~eM HasHBaTb ~eKTH rreTeJib 
B TeOpHH 3GB - 3JieKTpocJia6HMH pa~aUHOHHHMH C~HraMH. 

06HapyBeaHe TaKHX c~BHroe B corJiacHH c TeopeTHqecKHMH rrpe~cxa
saHWIM.K. 6y~EtT OKOH~aT9Jll>HHM TpHYMlJOM '1'90pHH 3CB, YTB9p~T 99 CT8TYC 
pacruHpeHHo:l! K3~ - pacqeTHoro TeopeTHKo-nOJieBoro annapaT8, cno
co6Horo BHp83HTb Ha6JIID~8eMHe qepes MHOEeCTBO KOHCTaHT ( oCem J MBC
CH), C8MH SHaqeHHJl KOTOpHX OCT8IDTCR, 0~8KO, Herrpe)ICKaSaHHHMH. Qqe
B~aR BSEHOGTb 3TO:l! 38)18~ RBJIJleTCR rrepBO:l! HS ~YX rrp~, OO~JlC
HJlromHX orpoM~HH HHTepec CO CTOpOHH TeopeTHKOB H 3KCITepHMeHT8TOpOB 
K rrpo6JieMe rrpeUHSHOHHO:l! rrpoeepKH CTaH,I~apTHOH TeopHH. 

HeJibSJl ~e corJI8CHTbca:, o~8KO, qTo ~BEe rroCJie T8KOro rro,I~TBepx

~eHHR HeOOXO~Q 6y,I~eT ITpHSHaTb, qTo TeOpHSl 3GB RBJIReTCJl BeCbMa 
cxpoMHHM m8rJM Brrepe~ Ha rryTH K EnHHo:l! TeopHH MaTepHH. ITo cymecTBy, 
JIHllib rrpHMHpe{He HBJ!HqHJl MaCCH OOSOHOB C KaJIHOpoBO'lliO:l! HHBapH8HTHOC
TbiD - e~cTaeHHO HoBaa: H,Itea: rro cpaeHeHHID c K3~. Ho H sa sTo rrpHm
JIOCb saiTJiaTHrb BOSHHKHOBeHHeM ITpOOJieMbl HepapXH:l!. KoHe'lliO, He BHSH
BaeT COMHeHHI, qTO TeOpHR 3GB RBJIReTCJl HHSK03HepreTH~eCKHM rrpe,I~eAOM 
60JJee o6me:l! 'reopHH. CJie~eT rrpHsHaTb, o~axo, qTo Ha cero.I~HRIDHH:l! 

,I~eHb 3KCITepHiii8HT He ~aeT HHKaKHX yKasaHHH Ha TO, KBK BH:l!TH sa PaMKH 
CTa~apTHO:l! 'reopHH. 

3aMeTHT:> rrpHsHaKH Hoeo:l! WHSHKH - rJiaBHBR sxcrrepHMeHTaJibHSR s8-
,I~aqa cero~aHero ~. ECTb ,IIBa OCHOBHHX rryTH ITOHCK8 TaKHX ITpHSHaKOB: 
nep:aWi - CTS:3HTb 3KCITepHMeHTH llpH BCe 6oJiee BliCOKHX SJieprKHX B HB,lleE
~e rrpJIMo o6HapyEHTb HoByro CTPYKTYPY (HoBue ~8CTHU!i), BTopo:l! - CT8-
BHTb rrpell;liSHOHH!ie SKCITepHMeHT!i B )IOCTHrHYTOH 06JI8CTH 3Hepi'H:l! B H8-
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,neJK,ll;e 06Hapy.lltHT:b HOBYIO <j)MSH.Ky KOCBeHHO ITO He60JI:biiiHM OTKJIOHeHll:.IIM 

HSMepeHHHX Be~~H OT rrpe,ncKaSaHll:! CTaH,n8j)TH01ii TeOpH:H. KaK MH YBH

,n:HM HHE81 HOBaR <j)MSHKa ,nefiicTBHTe~:bHO MOEeT 6~T:b o6~apyxeHa IIpH ,noc

TYIIHHX SHepraRX B rrpeUH3HOHHHX OII~Tax. 3To H eCT:b BTOPaff IIPH~a, 

o6~ROHRnmaR orpoMH~ TeopeTH~ecR:Hi H SKCIIepHMeHT~oH~ HHTepec K 06-
CYJK,ll;BeMOi rrpo6~eMe. 

3. 8KCIIepHMeHT~:bH~! CTBTYC CTBAAapTHO! '~eopH:H 

B STOM rraparpaq>e MH O~eH:& Rp8TKO paccMOTPHM atcrrepHMeHT~:bH~e 

,naH~e ITO MeKTpOMa6HM BSBHMO,neiteTBH.IIM, HMeiOUUie O~~HOilleHll:e K o6cy.llt

,naeMOit IIpoMeMe, IIOJiy~eHH~e Mex.ny Po~eeTepCKHMH ROHq}epeHUI'IRMH B Jieit

IIUHre (1984 r.) H EepKJIH ( I986 r.). MH OCTBHOBHMeR HB HSMepeHH:H 

eTaTH~eCKKX eBOitCTB ~- H ~c -60SOHOB (Mace~, IIIHpH~) H Ha HS-

MepeHH:H ~tfli@W TIJlli HMSKKX SHepraRX - ,naHHWC:, KO~'O~e 6y;rzyT ey

meeTBeHHO Heo6XO,n:HMH npH IIOMe;rzynmeM aH~HSe. 

Ha RoHq>epeHUH:H no <,llusnKe B~eOKKX aHepi'll:Jl B Jletmwre B I984 r. 
6~0 eoo6meHO 0 MHO.llt8eTB8 TBK H83HBa9MHX a;o~:bH~ RBneHHi , He 

yKJia.znmaxntHXeR B paMK!i craH.naprHol reopH:H 2- . Tc~I>Ro Ha O,nHOM 

'-lepHOBCKOM pp-K~ai1.n,epe Ha6~IO.I\~OC:b 8 TBKKX RBneF.Hit, B ~Me KO

TOpHX 6~:11: pa,n:HaUHOHH~e ·lL - pacrr~, pa3JIH~~e e'!py~e aHO~, 

,nm.woHii O,nHOro SHBKa. 1>aKTli'18CK!i Bee OHH He IIO,nTBeJ;nl!Jll!C:b B IIOCJI6-

;Fzyi<IUHX CeaHcax H 6~:H rrpo:HHTeprrpeTHpoB~ B KOHU6 .IIOHUQB, ~60 KaK 

XBOeT~ Hop~l>HHX KX,ll -pacrrpe,ne~eHHi, ~H60 KaK CT8THeT~eCKH6 iPnYK

TYBUHH, ~:11:60 KBK arrrraparypHiie a~eRT~. ~lie, rrpe~cTaBneHH~e Ha 

KOHq>8peHUKRX IIOMe,nHHX .nBYX ~eT, IIOKaSaHH BIIe~aT~~ee eor~acHe 

CBOitCTB IIpoUeCCOB pq~eH:HR ~- H ~0 -60SOHO~ C rrpe,neKaSaHH.IIMH 

eTaH,naj)THOi TeopH:H /5 . 
Y~ B He6~He MHorHe .npyrHe aHo~ 84-85 rr. - pesoHaHc 

Y<8300) 61, aHOMMl>Hiie co6~TRll B PETPA 7 , OTHomeiue Ale/~ B 

SKerrepHMeHTax THIIa beam-dump, SaKpliT8 Macca m-; = I7 RsB
18 •9/, 

•e 
Bee 60JII>I!lee '!IIJC~o sKcHep:HMeHTOB cy.lltaeT .no/lcTHMH:li a tcrrepHMeHTaMH 

HT:.3I> HHTepB~ trf.,. B o6~acTH I7-40 aB O/. He II').I\TBeplK,l:taJOTCR 
'·" ,norryeKaB!lli18CR 3KCII8pl~J;JeHT8MH B Jie-BIOlKe OClWJIJIRUHH _>eaKTOpHHX aH-

TMHeitTpl'lHO. 

HaKoHeu, Ha KOHtllepeHJ.um B EepKJIH coo6m~oc1>, 'l:"O cymecTBoBaHHe 

t -KBapRa B liJHTepB~e Mace 3G-50 rsB He IIO,nTB8p,IU1710C:b B TIOM8;Fzy!O

IIIHX ceaHcax /II/, 

KoHe~o, ocraeTCR pR,I( Heo6~RCHeHHHX .RBneH!rlt: 4 co61:lTliR U A i , 
ROTOp!ie MO.lltHO HHT8pnpeTHpoBaT:b KaK po.1K,I1;8HHe W I zc C OOJJ:blllliJ-

MH P.1 "'0{,11141 ) B COIIJlOBO.lK,IleHH:H .nBYX CTpyA /II/, .ItHMnc>Hl O,nHOro SHa.Ka 

B \) - peaKUHRX /4/ 11 H6KOTOpl:le ,Iij)yrHe. 
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O.nHaRo rro.naBJl.RJO!llee 60JI:blllliJHCTB, 

CBliJ,neTeJil>CTBYIOT B IIO~l>SY CTBH,naj)THO 

B~ep.lltaJIB IIPOB8PKY S.KCIIepHMeHTOM H ' 

Ha KOHtlJepeHUHl'l B Eep.IQIH OliJJliJ liP' 
SHOHHHX S.KCIT8pl!JM8HTOB ITO liJSMepeHliJIO 

6opaUH1ii UA~ H UAi. rro HsMepeHl'lJ 

soHoB, HOB~e HSMepeHHR BpeMeH .lltHSHliJ 

KBapiW. /II/. 
Ha~HeM c .n;aHHHX ITO Stn;161ul • 

HHe Sin fl. f9w , y .n;o6Hoe ;rr;m aH~Hsa .Ill 

BOSMYIIIeHHfii. 3a6eraRBIIepe.n;, SaMeTliJM, 

t 
\.. < Cl - 1 lviw~ 
,JLfl t.:tu/ - - ff{ 

r.ne 1-loJ/ H Mz - q)HSH'l:ecKHe MaCCI 

,n:HMOA HH.llte ra6JIH~ I rrpe.n;rrOJiaraercR 

I'll:pyeTCR l!JS .n;aHHHX C IIOMOIII:b!O CIT8Ul'I~ 

UHOHHHX IIOIIpaBOK. JliOOO!IIiTHO cpaBHeHl 

H I986 rr.~ ~TO Har~o rroRas~aeT 
pecc /I2-I;j/. 

KaR Bl'l.nHO HS ra~UI:l I. H8liJ6oJJeE 

~eHH:H .Stf)~fY.w .I\OCTHrHYT B SKCIIepm 

-pacceRHHIO /!4-!5/. C.nBHrH B cropoH~ 
HSO~ H B aKcrrepl'lMeHTax ITO yrrpyroMj 

SHKe. 

Bee .lite orrpe,neJieHHoe 6eeiToRoicTI 

(4-J.(f) pacxo.lK,IleHHe rroMe,JUiliX rrpeUH~ 
pl!JHHHX peaKUKRX H HSMepeHHA Sinl6Jv.l 
B aKerrepl'lMeHTax UA ~ liJ UA2 ( c~ 

PaexoJK,ll;eHl!Je pesy~I>TaTOB H3Mepe.1 

BaHHe ~ COMHeHHi B IIpaBHJJ:bHOCTliJ 01 

errepl'lMeHra. Oco6oe 6ecrroKoicTBO BliSh 

.n;eHHe Ha~.n;aeTCR B O,nHOTliJIIH!iX SKCII€ 

xe Be~~Hy, CJie,noBaTe~I>HO, y Hero F 

liJ 06~RCH8Hl!Je paCXO.llt.I\eHHR H8.I\O HCKaTl 

sa aRcnepliJMeHT~l>HiiX .naHHwc:. 

KaK Me.n;eTBHe STliJX paCXO.llt.IIeHl!Ji 

I986 rr. pas~~aiOTcR 6o~ee ~eM Ha 

H, IIO-BH.IUIMOMY, HM Me;rzyeT ITpliJ!IliJCaTI 

KOTOpaR IIOJIHOCT:b!O rrepe~epKliJBaeT BliCC 

Hero !986 r. 
B Ta~~ 2 ITpliJBe,neH~ .I\aHHii9 ITO 

.nyqemme B aKciiepHMeHTax UEPHa, VA 1 
~ 



O~aKo ITo~aBrrRIDmee OOHblliHHCTBo ~aHHHX IToc~e~ID: ~Byx ~eT 

CBll:~eTe~bCTBYJOT B ITO~My CTaH,IJ;apTHOH TeOpll:H. TaKHM o<;paaoM, ORa 

BH,Il;epJKMa ITpOBepKy 3KCITepHMeHTOM R ee CTaTyc eme OO~E e ITOBb!CMC.fl:. 

Ha KOHcpepeHIJ;HR B Beprom OWIR ITpe~cTaMBHbl ~aHHble MHOI'RX ITpeiJ;H-

3ll:OHHblX 3KciTepHMBHTOB ITO H3MepeHHKl Stn'@w , HOBble ~aHHble K~a-
6opall;l:!i1: UA~ H UAi. ITo naMepeHHKl Mace H nmpnH v/- 11 z..v -6o-

aoHoB, HOBble 113MepeHH.fl: BpeMeH lKR3H11 M630HOB, C0~6pllta!!\11X fl. 11 C
KBapKH /II/. 

Ha'!HeM c ~aHHblX ITo Sw.:llYw • B paa~e~e 5 Mbl BHe~eM oiTpe~e~e-
H11e .Sin!lf9w , Y~OOHoe Wif! aHM113a ~aHHblX B ~KlOOM ITOpJr,n;Ke TeopHR 

B03M,YmeHHH. 3a6eraSJ: BITepe~, 3aM6T11M 1 'ITO TaKOBblM .fl:M.fl:E:TC.fl: 

< ::: 1- ,A1~ ,)in (9"' f1~ , (I) 

r~e fltJ/ R Ml - qJR311'lecKHe Ma;Cbl L{/. 11 Z" -ooaoHoB. B ITpHBo-

~Moii H11llte Ta~nue I ITpe~ITo~araeTc.fl:, 'ITO 11MeHHo Be~111 rnHa (I) 3KCTpa

r:~rpyeTC.fl: H3 ~aHHblX 0 ITOMOmbKl CITBW!MbHO YCTpoeHHOH ITJIOI.\6.l{ypbl pa,JUia

IJ;I:!OHHblX ITOITpaBOK • .IIJOOOITblTHO cpaBH6H116 ~aHHblX ~YX KOHqJepeHIJ;HR !984 
R !986 rr.J.. 'ITO Har~o ITOKaab!BaeT ~OCTHrHyTb!H B 3TOH pO~aCTH ITpor
pecc /12-I;:l/. 

KaK BH~o H3 TaO~Ubl I. HaHOo~ee aHa'!HTe~bHb!H ITporpecc B oiTpe~e

~eHHR S i fl~l} w ~ocTHrHYT B aKciTe p~eHTax ITo r~y6oKOJ leyiTpyroM,Y ·vf' N
-pacceSJ:Hnro /I4-I5/. C~HrH B cTopoay oomero cpe~ero aaa'leHIDI ITpo

MaoJIIJm H B 3KCIT6PHM6HTaX ITO yiTpyroMY vp -pacce.fl:H11Kl H B aTOMHOH qJR-

3HKe. 

Bee lite oiTpe~e~eaaoe 6eciToKoiicTBO Bbl3b!BaeT ~oBOHhHO aHa'!HTe~bHoe 

(.?-!6') pacxolK,ll;eHHe IToc~e~ ITperma:~roHHblX H3MepeHHit SLI>.t()w B HeiiT-

pHHHb!X peaKUH.fl:X H HaMepeHHit Sin16>w 1:13 Mace W- H zo - 6oaoHOB 

B aKciTepHMeHTax UA4 H UA.Q.. ( eM. Ta6~ny 2). 
PacxolK,ll;eHHe peay~bTaToB H3MepeHID1 6o~ee '!eM aa .2f ~ae'l' ocHo

BaHMe ,ItJIJI COMH8H11R B ITpaBMbHOCTH Ol.\8HKH CHCT6MaT11'!6tJKOR OIIIHOKH 3K

CITepHMeHTa. 0co6oe OeCITOKOiicTBO Bbl3b!BaeT TOT cpaKT 1 '1"0 3TO pacXOllt

~eHHe Ha~~aeTC.fl: B O~OTHIIHblX 3KCITepHMeHTax, H3M6.PJDl!IJiiX 0~ H TY 

lite Be~'!HHY, MB~OBaTe~bHO, y Hero He MOllt6T OHTb ~H3l!'I6CKOH ITpH'IMHll 

H 00~.fl:CH8HH6 paCXOlK,ll;6H11.fl: H~O HCKaTb HCKnKl'lHT6~bHO B ITpol.\e.l{ype aHMH-

aa 3KCITepHM6HTMbHblX -~aHHblX. 

KaK Me~cTBHe aTHX pacxolK,ll;eHHH MHpoBble cpe~e Sin~fYw 1984 R 

!986 rr. paa~'laiOTC.fl: Oo~ee '16M Ha ,2() ITO CTaTHCTJ!'I6CKOH OIIIl'IOKe, 

H, ITO-B~MY, HM Me.l{yeT ITPHIIHCaTb CHCT6MaTH'l6CKYKl OIIIHOicy rv 0,010, 
KOTOpM ITOHHOCTbKl ITepe'!epKHBaeT BblCOKYKl CTaTHCTH'leC~IKl TO'!HOCTb cpe~

Hero 1986 r. 
B TaO~UB 2 ITpHBe~eHbl ~aHHble ITO Mace aM W- .11 l_ 

0 
- 0030HOB, ITO-

JIY'I9HHli9 B axcnepRMeHTax UEPHa, VA 1 1:1 U A 2 • 
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Ta6Jll'lya I 
,${!/·- f)u/ H3 pa3HWC ::JKCIIepHM8HTOB. IlpHB8,IJ;8Hll .~aHHlle, rrpe,ncT8B

~9HHH9 Ha ,nBe noc~e~e Po~ecTepcRRe Ro~epe~ B ~elnuare 
(1984 r.) H B BepKnH (!986 r.) 

IIpouecc XapaK- 1984 
TepHoe2 rJersB 

vJ • f -qJH3JII- roll • 22!±0,007 
Ka 

e+e- !03 .IS ±0,02 
vN ro2-ro3 .224 ±o,oo? 

I 
I 

f<N 102 0,22o±0,030 

p --.vp roo 0,260±0,030 

ed roo 0,218±0,014 

ve ~ve 10-2 0,2!5±0,30 

8TOMHM 
ro-n O,I9o±0,040 ¢JII3HK8 

MHpoBoe 
0,219±0,004± cpe,nHee 
± O,OIO 

8 

1986 

0,232±0,0J4±0,008 (f.!w,UA~ . 
0,23o±0,022 (M-", Ml, UA1 
0,19¢0,031 (Mw, ~l) UA 

CDHS: 0,225±o,or3 (rrt -H):t 
±o, oo5 (eJ.p ) ±o, oo3 (t.h J 

UIARM; 0,23E±O,OI2 (me. -1,5) 
± 0,005 (e~p) ±o,003 (t~ 

(lCFRR: o,23s±o,oo8±o,dn (tA 
FMM : o,244±o,o12±o,o13 (ln 

(m, = 1,5 ±o,4 GeV JorCCCF~a..l Ftti) 
h) 0,23: ±o,oo3 ±o,oo6 (t 

HeT HOBhX ,ll;8HHWC 

0,22o±0,016 ~8:8~~ 
. 

H8T HOB1X ,ll;8HHWC 

0,2!2±0,023 

0,23o±0,030 

o,221±o.oo3±o,oo6 
(e.~ p) (il.) 

M.v<rsB) 
M2: (-•- J 

Mt -~~~~(-•-} 

~ 
s,"tf8v.~ 

~ ~.n~(}IAI (M..,j 
::J 

p:z) 

li~ (raB) 
Mz t-·-J 
1rt -lA., ( -· -'1 

~ 
.S~nl6>ov 

'-:( Sin2@.v(,4!..,) 
:::J 

f 
-

Ta6mum 2 
!@CCll W- H ~ 

~ 1983,136 .. 6~1 
~H 

80,9±r,s± 2,4 8~ 

95,6±1,5±2,9 9~ 

14,'7±2,1±0,4 ! 

0,284±0,035 ( 

o, 228±o, oos± ( 

±O,OI4 ±( 

0,928±0,038± 
±o,016 ±i 

BI,o±2,s±I,3 8 
9I,g±I,J±I,4 9 
I0,9±2,s±0,2 I 
0,223±0,053 0 

0,228±0,0!4± 0 
±o,oo7 ±a 

1,006±0,052± c 
±o,oro ±c 

~ stnl8w ("-) = (31. GG)t. 
Mw , 

t}J=M; /t(~6)w{Mw). 



Ta6mUJa 2 
l,{acc!l W- H i!0 

-6o30HOB 

~ 1983,1361f6-1 ~ 1984, -450#5-l ~1935, ~800H0- 4 

Mw-CrllB) 80,¢1,5± 2,4 83 5+I,I±2 7 ' -I,O · • I. 8:!. 7±r. o±2. '7 

M~ (-•- I 95,s±r,5±2,9 93,o±r,4±3,o 2. 9:1~ r±r, o±3, r 

Mt -~~~~(-•-) I4,'7±2,r±o,4 9,9±2,0±3 3. m,4±r,4±r,s 

s,·rr-ew 0,284±0,035 
'<::--

0,194±0,03 4. 1)~2II±o,025 
I 

0 2I4+0,0Q5 + ~ ~,nq_Bw (Hw~) o, 228±0. ooo± 5. I), 2I8±o , 005±o, 0I 
:::J • -0,006 -

±o,OI4 ±o,or5 
p.2) 0,928±0,038± I,02o±0,037± 

6. [. oo9±o, o2B±o. 02 

4 

0 

±o,OI6 ±o,on 

~~~~ CraB) 8I,o±2,5±I,3 81,2±I,r±I,3 80,Z±o,6±I,3 

/12 ( -·-) 9I,¢I,s±I,4 92,5±r,s±1,5 9I,t5±t, 2±r, 1 
~-#.~ (-•--' I0,9±2,s±0,2 II,3±r,8±o,2 n,3±r,a±o,a 

~ 
.S(nl6>"" 0,223±0,053 0,22¢0,030 C,231±0,02S±O,OIO 

~ Sinza"' ( ,41,.,) o,228±o,or4± 0,227±0,006± C,232±0,003±0,008 
:::J ±o,007 ±o,oo7 

.f 1,006±0,052± 0,996±0,024± J,oorto,o28to,OOG 
±o,oro ±o,oo9 

1sui-Bw(,._)= (31.6G).t. 
Mw , 

1
) f• M: /!{ cW6)w (M.v) . 

9 



M3 paccMoTpeiD!.A: TadJIHUU 2 MOlltHO c,IteJISTl> CJie.n;y!OO!He 3aRJIIO'!eHKII: 

I. B H3M8p8HW!X MaCC H8 KOJJJiait,n;epe pj5 I..(EPHa .D;OMHIDIJ'YJOT CHCT9M8-

TH'!6CKH6 O.UW.dKa ( OdlllS.A: HOJWipOBI<a llilC8JIH KaJIOpHMeTpOB ITJIO.> 0 H3B6CTHS). 

2. MMeeTC.A: pacxoJK.D;eHHe .n;aHH11X UA1 H UA2 , Bw:o,wnuee 38 

rrpe.n;eJI!i CT8THCTHKI'!, HO Haxo.n;.A:llleeC.A: B rrpe.n;eJiax CHCTeMaTHIG .• 

3. Ka'!eCTBO .n;aHH11X, IIO-BH,ll;HMOM,Y, e111e He .D;OCTJU'JIO T8f OI'O ypoBH.A:, 

KOr.n;a H3MepeHH.A: MOlltHO H83B8Tl> "rrpeiJ;H3HOHHHMH". 

KaK H3BecTHo, rrpe.D;IIOJiaraeTC.A: CYI!IeCTBeHHo yJiy'!llHTl> KaK rrapaMeT

p!i pp - KOJIJiaif.n;epa UEPHa (BBe.n;eiD!e cHcTeMH A COL , rro3BoJimo--

l!le! .n;ocTHrHJTl> 38 .n;Ba ro.n;a HHTerpaJinHOH cBeTHMOCTH IOCOO H6-I), 

TaR H xapaKTepRCTHKH UA~- H UA2.-.n;eTeKTopoB. O.D;HaKo :>JKM,IJ;aeTC.A:, 

'!To onmdey B od111ei!: HOPMHPOBKe IUKaJIH B .D;6T6KTope U A 2.. y.n;acTC.A: 

ITOID!3HTn JIHIUl> .D;O BeJIH'!HH!i 0,8 - 0,9 raB H JIHIU1> B H3MepeHKd OTHOIUSHRH 

Afw /fli! y.D;acTc.A: .D;ocTH'!l> BucoKoi!: TO'!HOCTH ±o,003 ( ~tat ) ± 0,002 

( S ~Sf: ) , ITOCKOJinKJ <!TO OTHOIUeiD!e B 3H8'!HTeJinHOA Mepe CB,>60,IJ;HO OT 

HSOITpe.n;eJieHHOCTe! HOpMHpoBKH IUKaJI!i. 

KaK XOpoiUO H3BeCTHO, rrpeiJ;H3HOHH!ie H3MepeiD!.A: o6eMX Ma<JC W- H ?-
6030HOB :wm: Sif1 2 (9w = (-A.f.~/1-t'i BMeCTO o.D;HoA H3 Mace, rro3BOJIJIIOT 

c,D;eJiaTl> B~.D; o crrpaBe;zr.n:HBOCTH Teopm~ OOB Ha ypoBHe pa.D;Hal!lWHH11X 

nonpaBoK /I6-2II. 

HanoMHHM, '!To MeKTpoCJiadue pa.D;HaZU~OHHHe norrpaBKH MO):H!PHZU~PYIOT 

H3BeCTHOe COOTHOIUeHHe 

R.C 
fl1111 Sin6>w-::: Ao (= 37,281138) ==?>A{= 3~66 0~) (2) 

(:wm: A~ Stn6lwMc9w = Av ~A> A= A (4-llr)'-'/;.. 
) 0 • 

CBR3n MeJK.D;Y Mi': H $in~lYw rpa!PHqecKH npe.D;CTaBJieHa Ha .PIC. I 

IIPH A r :=. 0 (des rrorrpaBOK) H ITPH A r * 0 ( c yqeTOM MeKTpJCJI8d11X 

nonpaBoK). 3neKTpoCJiad!i! pa.D;HaiU~oHH!i! C.n;BHr L1 A= A- Ao , ,1 A /A., :::. 
3,5% 06.A:38H rJiaBHHM o6p830M H3,eHSID!IO "6ery111eA" KOHCTaHT!i o/{0) 
= I/I37-o<(M:)= I/I28 /I7,20. 

HacTO.A:IIIHe .D;aHHHe, o.D;HaKo, He,IJ;ocTaTo'!Ho TO'!HH, '!TOd!i y~eTn 

aToT MeKTpoCJia6IDi c.n;BHr B nepeMeHH11X (M~ > StiJ~(:)w), pH J. I , KaK 

H3-38 OJIIH60K B Stn2 @W , T8K H H3-38 dOJil>IUHX CHCTeMaTK'!eC.WX OJIIH-

60K B Mw :a: ff 2 • IIocKOJinKY pa3Hocu fit -Mw MOllteT dl:l'~n H3Mepe

Ha C CYIIISCTBeHHO MeHniUei!: CHCTSMaTH'!eCKOA OJIIHdKoA, HHTepecHo IIOCMOT

peu Ha MeKTpoCJia6Wl: C.n;BJ.ir B rrepeMeHH11X ( fiti , ~1i! -Mw ) IIBt 
YpaBHeiD!e (2) MOlltHo TpHBHaJinHO pa3peiUHTn OTHOCRTeJinHO l<fw 

M.., =MiL (1 + o- ~AVMi )1;_ )12 r'~ (3) 

10 

UA1 

0,28 f l I • I I UA2 
I I I 

I I I 
I I I 

0,24 

0,22 
' ',~ ............. m 

J ' ' ' 
N 020 ' 

c:::• ~ ',,, 
Vl ............... 

0,18 

0,16 
I 

~: Mz,r3B 

90 92 94 96 98 

H H306p83HTn ee rpaiPH'!eCKH IIPH ll f = 0 H r 
KaK BH.D;HO 1113 p1.1c. 2, npH .n;aHHOM M~ 

I-!,3 raB 60JI1>1Ue c yqeTOM nonpaBOK, qeM de: 

BJI(,IJ;HO TaKEe, '!TO cymecTBYIOO!HS OIUHdKI'! eme HE 

IJ;HOHHldt c.n;BHr H B nepeMeHH11X ( ~1:r: , M2 -
B TepMMHax & I noCJie,D;Hee yTBeplK.lleHHE 

pa30M: 

Afi:J,evr- = 0,07II ± O,OII ± 

tJre,.p = o,ro5 ± o,077 ± c 

T.e. OIUH6KH B SKCITepHMeHTe e111e H8CTOJibKO B€ 

JB111.D;8Tl> CT8T111CTH'!eCKI'l 3H8'!HMOe OTJIH'!He ill 
IIpH YJIY'!IUeiD!H cHcTeMaTHKH (.n;o 0,8 - 0, 

THKa UA~- H U~Z -<~KCJiepHMeHTOB noCJie 3 

II03BOJIHT H3MepHTn pa.n;H8IJ;HOHH!i! C,D;BHr H8 ypc 

aTOT BHBO.D; ~TpapyeTCH H30dpaxeHH8M Ue 
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0,28 • 

0,24 

0,22 
' 

J ' ' ' ' ' 
N 020 ' 
c• 
Vl 

0,18 

0,16 

90 92 

' ' .... .... .... 
' .... 

Mz,r3B 

91. 96 

UA1 

UA2 

30 

300 

98 

F1 c. I 

co; TaBliTb. c :m
li!Oiiibhl (3) >IC.I-:Q;.iJiJ 

pa<HOCTb 

M, -N..,~M, {{-
- [·( 1- !_ ~-

j_ ·i.e' -~:nrL 
l (4) 

H H306pa3HT:b ee rpa<P:H'leCKH IIpH .1 f = 0 H IIpH ,1 f i (. 
KaK BH~o H3 pHc. 2, rrpH ,n;aHHOM M~ pasHocn ,t(i. -Mu; Ha 

I-I,3 raB 6~:bme c y'leTOM rrorrpaBoK, '!eM 6es >IX y'leTa. Ha pHc. 2 
BH,IJ;HO TaKllte, 'ITO cymecTBYIOOUi8 Ollll'I6KH eme He II03BOJimOT YB>I,IJ;8Tb pa,n;Ha

UIIOHHHii C.n;BHr H B rrepeMeHHhDC ( ~1:r , Mr- M.v). 
B TepMHHax A I rroCJie~ee yTBePJK,JJ;eH>Ie BIIT'JI.Sl.lOIT cJie,IJ;yiCIIll<iM o6-

paaoM: 

/JfiJ,eor- = 0,07II ± O,OII ± 0,0007, (5) 

Afe,.p = O,I05 ± 0,077 ± 0,029 (6) 

T. 8. Ollll'I6.KH B 3KCIIepHMeHT8 eme H8CT~:bKO B8JIB.KH, 'ITO f e II03BOJimOT 

YBH.n;8T:b CT8THCT>I'l8C.KH 3H8'1HM08 OTJllii'!He L\ r OT HyJI.II. 

IlpH YJIY'llll8HHH CHCT8MaTH.KH (,no 0,8 - 0,9 faB B fir_ ) CT8TliC-

THKa UA i- H U A 2, - aKcrrepHMeHTOB rroCJie aarrycKa CHC'l eMil A C 0 L 
rroaBOJIHT H3MepHTb pa.n;Ha~o~ C.n;BHr Ha ypoBHe 2-3 I~ . Ha pHc. 2 
3TOT BHBo.n; HJUiilCTpHpyeTC.II H3o6pruKeH>IeM ueHTpaJI:bHoii 'IO'!KH U A 2. , 
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16 

14 
(l) 
(") 

KOTopoii ITpmrncaHOI cy

!li8CTBYKXI(Me •::IWT8M8TWI8C

KH8 ourn:c5rur :1 }fl H ffr. -Mw 
I UA 1 (1983) I Bec:oMa BaJKHH ,IJ,JIJI. ITpe-

' I.l;H3HOHH11X THCTOB T80pHH 

L,. 121 TUA2(1984) 

,.n;aHH!i8 ITO UlllpHH8 w- li 'Z.0
-

6osoHoB H no ~Hcny ~er

KIDC H8HTpHHo ( ITOKO~eHHJ!:?) 

B TeopHH. Pnsy~:oTaT!i 3K

ciTep:mvreHTOB UA I II U A .t 
ITO 3THM H3MnpeHHmvr CB8,I(8-

Hii B Ta6~IIIJ;:' 3. 

~ 
~ 

I 

N 
~ 

10 

8 

6 
Mz I r3B 

90 92 94 96 

mt, r3B 

98 

HaiTOMlUO, ~To Gfdire.:t) 
oiTpe.n;eJIJieTcH Henocpe,n;cT

BeHHo B pes~·~:oTaTe ITOJJ;

rOHKH To~eK B paciTpe.n;e~e

HHH C06h!THH Le -paciTa-

,I(OB ITo M1: 6pel!:T-BIIrHe-

poBcKol!: Kpm:oii C IUIIpHHOM 

G . : . 
lThl:pum. (; (.nJtteti) 

PRe. 2 oiTpe.n;eJIJieTc.r: c rroMO!li:&IO Me

.n;yromero rrpHEMa. Herrocpe.n;-

CTBeHHo II3M8PJ18MOe OTHOIU8HH8 R.. Ha6~IO,n;aeMoro ~liMa pacrra,n;OB 

w- eve II Z"~ e+e-, rro.n;rrpaMeHHoe Ha aKC8liTaHC YCT?HC BKH, o~eBII,I(
HO paBHO 

/{ = N(tAJ_,eJt:)_ = (jw~~~- B(tl/~e~) = OW .. :ur r~v·e{J rz~ (7) 

N (zo_.e+e) (Ji!" 8(zv~e+e-) or r(Z'•e'e) rw · 
0THOIU8HII8 rrapr.mM:&H!:DC IDIIPHH r ( u/ ~ e vc) I r ( Z0~ :: re-) c xoporueii 

TO~OCT:O!O MOJKHO B3HT:O H3 CTaH,n;apTHOl!: TeOpHH. 0THOIU8HY8 C8~8HHH 

po.JK,I(eHHH W- H l 0
- closoHOB <}'IV~..-w/()Z" MOJU\0 B.li~IIC~IIT:& B paMKaX 

nepTYP6aTKBHol!: KXU. ilpa sTOM, xax YTB9p.JK,I(aeTcH 1221, cox~aeTCH 
6~:&!UIIHCTBO TeopeTH~ecrurx Heorrpe,n;e~eHHOCT8H H pesy~:&7aT M0~8T 6!iT:O 

Haii.n;eH C TO~HOCT:&!O { 7 %. ilpe,n;IIO~OQB, HaKOH81(, ~TO fw rrpaBM:O

HO OIIHCHBaeTCH CT8H.n;apTHOH TeOpiieJ!: rrpii ~ = 3 (T.e, 8MH II eCT:O, 

HaiTpHMep, sap~eHH!ie wepMIIoH!i 4-ro rroKo~etll'IH, To oHII HacT~:&Ko TH

~~Ii, ~TO ~ -6030H He M0~8T Ha HIIX paCITaCT:OCH), MO~HO HaJ!:TII 

tr (indirect) II3 3KCIIep:mvreHTM:OHOrO H3Mep8HIIH Be~~~li f\. . 
ilpH 3TOM, .K8K BH,I(HO M3 Ta6~III.(bl 3, ,IJ,JIJI lz ITOJfy~aeTCH BO MHOro 

pas 6~ee B!iCOKaH TO~OCT:O, ~eM B ITepBOM M8TO,n;e. 

12 

Ta6Jmua 3 
7'' 

!!MpHHa .<:.. - 6osoHa 

)laHH!i8 !983 I 

rz ( o/.;,·ett) <s,5 rsB 

- !JN,; (da·ut} <36 
~ 

:J t:1 AIJ (,ndirect) <rs 

~ fi (dired) (7 rsB 
q: Ll Nv (direct) <'25 ".:) 

.11 NJ (..,Jtted) <s 
OrpaHHt!eHIIe Ha .n;orr~HIITeJII>Hoe '!HMO BO< 

IT~y~aeTCH ITpeo6pa30B8HH8M {i B BepXHIIH 

TOpoM ypoBHe ,I(OCTOBepHOCTH, Tor,n;a ,IJ,JIJI BepXHE 

BH,I(HO HM89M H8 TOM ~e ypoBH8 ,I(OCTOB8pHOCTH 

A AJ - N. -3 = r;u- r~H ( 1 =.3) 
Ll o)- 11 . . \ ' 

IloMe saiTycKa cHcTeM!i A C 0 L B UEPHe c~e,I(",\ 
ro rrporpecca B H3M8P8HHH IUHpHH!i zo- 6osoHa f 

IIo.n;Be.n;eM HeKoTop!ie HTOrH. HoBae .n;aHHae 

JIH cy!lleCTBeHH!il!: rrporpecc B yTo~eHHH Mace II 

HOB. 06111aH CT8THCTRK8 3KC!I8pHM8HTOB ., 600 
i?~- paCITa.I(OB. CT8THCTR~8CK8H OWH6Ka B OllpE 

-I raB, a B orrpe,n;eJieHHR fr (,·.,d,reet-J .- o, 
B!i,I(eJIM RaHal! pacrra,n;a Wf_. ?-~ / 5/ H HM88T 

)laHHue cor~acyiOTcH c e_;t1-- yHHBepcani>Hom 

COBM8CTHO C ,n;pyrHMR H3M8p8HH.FIMH ,I(aiOT orpaHIIt 

~ ~ 4. 
06olee .MHeHRe ~el, mDJ1Y111i1X celqac o6sop1o1 n 
ee COBpeMeHHiol2 CTSTYC 0'19H~ BHCOK. TaM 

corJiaCHTDC.R, 'ITO BP9MJI npe~saoHHioiX HSMe 

Haum Ha.u;9ll,ltli Ha np~sROHHYJl <lJ.IlsHKY cBJJ 
;reTe.~ 1986 ro.n;a aKcnepHMeHTOM CHAR. M- 11 
o6pasOM c axcnepHMeHTBMH Ha e.•e.- - ycxopE 

pesoHaBCa <s LC, LE p). Kpyr npo6JieM, CBHsaE 

T8M.Il,6y,n;eT U0~06HO paCCMOTp9H B 8THX ~9~ 
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'iec-

~-Mw. 
::r rrpe-

PHK 
• 11 ~0-

Jier

rnJ.l:?) 
SR

'AQ.. 
le.n;e-

He

OM 

t) 
CJie

e.n;-

Tb 

h-

-
"' ~ 

<::X 
"t: 
~ 

Ta6Jmua 3 

IIMpMHa z·:_ 6o3oHa 

)laHHble 

(z. ( rJ.,m;t) <8,5 rsB 
~ N,; ( J,n<t) <36 

.1 NJ (,t~direct) (IS 

fl. (d<red) <7 rsB 
L) N.; ( d, reef) <25 
Ll A) J { ",J,red) <6 

I983 r. CyMMa~Hble .n;aH-
Hble I 3-I984 rr 

<8,3 rsB 
< 35 

-0,21-2,8 
-2,2 

<7 r:lB 
<25 
2 ± 2 

Orprum'ieHHe Ha .n;orrOJIHHTeJI:r:.Hoe t{HCJIO B03MOlKHblX Hei:TpHHo A i/.; 
ITOJiyqaeTCH rrpeo6pa30B8Hl!eM rr B BepXHl'!lt rrpe.n;eJI (;_ UL Ha HeKO-

TOpoM ypoBHe .D;OCTOBepHOCTH, TOr.n;a ~ BepXHero rrpe.n;eJIE ~AI.; O'ie

BH.n;HO HMeeM Ha TOM ~e ypoBHe .D;OCTOBepHOCTH 

!J AI = N -3 = r;'"- [z." ( tj =.3) . 
v v /(z"'- .;zr) 

(8) 

IloCJie sarrycRa cHcTeMbl A C 0 L B UEPHe CJie.n;yeT OJ:J~aTL 3H8t{J1TeJI:r:.Ho

ro rrporpecca B H3MepeHHH nmpl!Hbl zo. 6030H8 KOCB8HHbiM M3TO.D;OM. 

ITo.n;Be.n;eM HeRoTopble RTOrH. HoBble .n;aHHHe I984-I986 ~r. o6ecrret{l!

JIH cymecTBeHHbllt rrporpecc B yTo'iHeHHH Mace H umpHH W- :r .zo -6oso-
HOB. 061118!1 CTBTl!CTHRa SRCITepRMeHTOB •• 600 '4/- pacrra;~OB H ~ !00 
l. c- paCITa.D;OB. CT8THCTJ/l'i8CRrul OIIm6Ra B orrpe.n;eJieHHK Ma<:C COCTBBJIJieT 

~ I rsB. a B orrpe.n;eJieHHH fr {.-.. d. reed - 0. 7 rsB. 3RCJle pl!MeHT u A 1 
B!UeJIHJI RaHBJI pacrra.n;a lt/41-~ / 5/ H HMeeT 3 RaH.n;H.n;BTH B i! "'....,. ~ t-1:"-, 

)laHHue cor;racyRJTc.R: c e.Jt1- - yHHBepca;r:r:.HocT:r:.IO. )laHHble rro ~ {•> .. li>'"t'et") 
COBM8CTHO C .n;pyi'HMJII H3MepeHH.R:MH .D;aiOT orpaHH'ieHHe 

(9) 

0611199 MHeHHe JIJUt91, IIHDJYliiiiX C9i'lac o6sopH no T90piDI 3C.3 /23-32/, -
99 COBp9M9HHUa CTBTYC O'l9H:b BHCOK. T9M H9 M9H99 Hanb3.R: H9 

COrJiaCRT:bC.R:, 'ITO BpElM.R: llp9!ij[3ROHHWC R3M9P9Hd 91119 H9 llpHIIIJIO. 

Hama Ha.IJ;9JIWi Ha IIp91Ul3ROHHYJl qild3ru<y CB.R:3aH!i C HB'IaBIIIHMC.R: 

JI9TC»4 I986 ro.~tB aKcn9pHM9HTOM CH A R. M- 11 B UEPH9 H rJiamwu 

06p830M C 3KCll9pHM9HTSMR HB e.+e· - yCKOpRTaJI.R:X B OCiiJ:BCTH i. 0 
-

peaoHBHca ( s LC , L E p) • Kpyr npo6JI9M, CB.R:aamwx c aTHMH aKcn9pHM9H

TaMR,6y.n;9T ll0~06HO paCCMOTp9H B 3THX JI9~. 
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4. IIepeHc pMHpoBKa B K3.1I 

0CHOBOH IH~HC~8HHH S~8KTpoc~a6HX pa~aUHOHHHX rrorrpaBOK B Teo
Pllll 3GB fl~H8lCfl rrpo~e~pa rrepeHOpMl'IpOBOK, KOTOpafl, K8K MH YBH~M 
HH~e. rrpoBO~TCfl B rro~Ho:lJ: aH~OrHH c rrepeHopMl'!pOBROH B K3.1I. B ~eKUH
HX M8M8HT8pHcro ypOBHfl rrpe,n:CT8~fl8TCfl pasyMHHM HaiTOMHHTb OCHOB!!bl8 
(ilH3H~8CRH8 H.IJ:81!: rrepe!!OpMllPOBKH B K3,U - rrpOCTeil:IIIeti ll3 T80PHH ITO~fl. 

3TO ITOM0~8T HaM Ta~e BB8CTH OTHOC~IDCfl K ,n:e~y T8pMl'IHO~OrHID. 

]arpan~aH Kc.li, rro~y~eHHaa B peay~I>TaTe K~H6poBo~oro rrpeo6pa
soBaHHfl (y~eHRe rrpOH3BO.IJ:HOH) KM66T ~ 

L = - t! }x;. t- m f ~} - f ft;. F;; f -t- L. e r;;. t {. ' ( IO) 

B BHp~eHHH (IJ) V1 H JL - orrepaTophl MeKTpoHnoro H <PoToHHoro 
rro~etl; 

Faf'> = dAf'/3)1.<1.- j!J))Jfl- T8!!30p SJJ8KTpoMarHHTHOro ITO~fl; 
Q;_ - SpMl'ITOB)Rll8.!.18TpH~ ,llHpaRa, 
m. - rrapaMeT), m.1BIDi!lYIH pas,~epnocTI> Maccu, 
e - 083p83MilpHM KOHCT8HTa CBfl3H. 

K3,U He MQ;~8T rrpe,JJ;CR838Tb ~C~8HHH8 3H8~8Hllfl KOHCT8HT /11 H e 
0Ha .D:O~~Ha B3fl'~b HX H3 OITHTa. 0CHOBHM rrpo6~eMa rrepeHOpMl'IpOBRH COC
TIJY.T B TOM, Ka.t rrpaBHJJbHO BCTaBI~Tb SRCIT8PHM8HT~l>HYID HHiPcpMa~ 0 
m H e B Jtii'paHllUiaH ( IO). !Ao~o ~ll paccMaTpHBaTI> B ( IO) m H e 

R8R <Pli3H~8CRH J!3M8p8HHH8 B8~~HH MaCCH ll 38pfl.JJ;a? IlyCTb nl H3Mepe
Ha B R8ROM-~HOO 3RCIT8pHM8HT8 I! B BHp~eHH8 (IO) MH BCT8~fl8M ee ~C
Jl8HH08 3H8~8Hllli, KaK H3M8PHTb e ? E~HCTB8HHH'il CITOCOO - COIIOCT8-
Bl!Tb K8ROM,V_:~HCiO Ji!3M8p8HHOM,V C8~8HHID (Mepe B6pO.IiTHOCTH B38HMO.JJ;8ICT
BHH) TeopeTH~enRyiO cpopM,V~Y, Bh!'IHM8HHYID C IIOMO!Ul>ID Jiai'paHl!WaHa (IQ) 
ITO T80pll:H B03M.J'ill8Hllll. 

IlyCTb, Hffilpl!Mep, 3TO 6y,n:eT C8~8HH8 pacceJiHlle M8RTpoHa B RY~O
HOBCROM IIOJI8, 1: MH H8~8M C B~M8Hl!fl C8~8HH.Ii B HH3lli8M IIOpa.IJ:Re T80-

0pl!H B03MYill8HHi: (LO) (eM • .PJIC. 3). 
Mb! rrpe,JJ;ITC~O~~H, ~TO /,n y~e H3B8CTHO, II03TOMY H3 ypaBH8HH.Ii 

(Ji~o {e> m) = ()eJt.f (II) 

~7 
o' ~ 

PHc. 3. 

MOJKHO OIIpe,D;eJIHTb ~HM8HH08 3H8~8HH8 e , 
YpaBHeHHe (II) OCMHM8HHO, TaR RaR 
IIpH BH~M8HHH B H~3lli8M IIOPfl.D:R8 ( B 

.n;peBeCHOM HJIH OOpHOBCKOM npH~6HHH) 
~La 
vl~ He co.n:e~T pacxo~MocTel. 

JiiTaR, Mbl BCT8BR/ill m H e B ( IO) 

14 



1'!3 3KCII8pl'!MBHTa, O,JUiaKO IIOCJIB,IUIJ!II BBJil'ltmHa (0603HatmM e'3 ei-0 ) 

BCTaBJieHa 0 l'!CIIOJI:b30BaHHBM iPoPM.YJI Hl'!3IIl8I'O Ilpl'!6JIJIIJK8Hl'!Si T>Wpl'll'l B03-

M,YIJ18Hl'lft, II03TOM,Y TaKasr rrpone,eypa MOlKBT He o6Jia,I(aT:D HB06X•)~MOH TO'l

HOCT:DIO. IIomrraeMcsr YTO'lHl'!Tl> rrpone,eypy l'l3BJI8'l8Hl'IR e , B i'll'!CJll'!B CJie

.D;YIOllll'lJ.i rrop;moK Teopl'll'! B03M,YIJ1eHHi, NO , B KOTopui:i .n;aiOT 3Ma.n; ~ar-

~,m)=Tx(l + -r-+ \ +~)* 
PHc. 4 

Ha nepBHM B3rJIR.n; MOlKBT IIOKa3aTbCR, 'ITO ITO aHaJIOrl'll'l 0 ypa3H8Hl'!BM 

(II) YTO'lHBHHOe 3Ha'leHHe e 1/0 80Th pei!leHHe YPaBHeHHR 

(I2) 

BHtmCJieHHsr,o,JUiaKo,rroKa3HBaiOT, 'ITO KaK oT.n;eJibHHe BK1Ia.n;Ii .n;~arpaMM 

pHO. 4, TaK H BCR CYMMa paCXO~TC.ff' VI MaTeMaTIFIBCKl'l 6ecCM:>ICJ18HPa, 

II03TOM,Y eMO HBJI:b3Si Bli'IHCJll'!Tl> H3 ~!2). . 
TaKHM o6pa30M, m 1-1 e MOlKHO TpaKTOBaT:D KaK qJH3l'l'l8C'{j'IO Macey JII 

3apR.n; TOJI:DKO, BCJIH Mli pa6oTaeM B Hl'!3WBM IIOPJmKB TeOpJIIl'l B)3M.Yil18HHJ.i, 

a nepexo.n;R K pac'leTaM B CJie.D;YromHX nopa.n;Kax,Ha.n;o 'ITO-TO H3MeKHT:D. 

HeTpy,JUio YBH.l:\BT:D, 'ITO npoTHBopetmBo B Haille!.l no.n;xo;ne. MH 'IpaR

TOBaJIJII m B (IT~ KaK aKcne p:aMeHTaJI:DHO H3Ihe peHHyn BeJIJH.HHY. O.n;

HaKo ~arpaMMll CJie,IzyJOOiei'O IIOpR.n;Ka 3aTparimaJJT BHBIJHHe JirnHI~, aCID>'[ -

PHc. 5 

llTOTH'leCKI'.e Ill 1'1 C'll.f COCTORHI'~SI 1 

T.e. MeHIDJT Macey /12 • llTo5u npe.n;oT

BpaTHTh 1i3J.I8H8HII8 B3.il'!Of. lB omna 1\:ac
CN, BC'IaB.r.Re;,;oZ B Het:IIH .ij31p3!-!~:J:">E, ~:.o,_ 

06XO~J.l0 o6ee:ne'-mn., 'i'I06b: JIJJ6ue neT

JieB!le BCTalH;JII B JIJJ::ib:e BHeliHH8 JIKHl'lll 

6WIH 6u paBHU HYJJD. Ho B p!iCCMa'IpH-

BaeMoM IIJIIDAepe HaJ.l He'leM CKOMI18HCllpo

BaT:D BK118,!1, .D;HaT"j:..auJ,~ pHC. 5, T8K KBR 

JJarpaH~~I1aH (IO) B IIOPJI,D.Ke e·~ He reHe

pHpyeT Hl!KaKia .n;pyr:HX BK7Ia.D;OB Ha BH8lli-

HHX JIHHHRX, RpoMe 1'1306paJi{8HHNX Ha pHC. 5. RaK lf.ll YBJII.n;HM 'l:YTb II034e, 

B.n;HHCTBeHHI:lft BNXO.]. 1'!3 3TO:li Tpy,JUIOCTH COCTOHT B TOM , 'IT0:5N OTKa38Tb

CR OT TpaKTOBKH m H e B (IO) KaK B3RTilX 1~3 OTih!Ta BBIIH'!HH. B 

3TOT MOMBHT YMBCTHO OTI.IBTHTb, 'iTO paCXO,IU~J.IOCTb .n;HarpaMM pHC. 4 He 

BOTh IIpMtmHa ,11,11Si T8KOrO OTKa3a. ECJII'. 6ll OHH 6WIH KOHB'lHJlMH, BCe pab-
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HO narpaHMHaH (!0) C qM3H~ecKHMH napaMeTpaMH 6Hn 6H HeBepeH, TaR 

RaR .ztHarpaMMH pHC, 5 MeH&iiH 6H Macey, 'l:el'O HeJ11>3.fi ,IJ;OifYCTRTl> , H60 

flt HHTepnpeTHpyeTC.fi RaR ~H3H'ieCRa.fi Macca 'l:aCTR~ B acPMUTOTH'l:eC

ROM COCTO.f!HRH (B,IJ;MH OT MeCTa B38HMO.n;e:licTBIDI, Ha MaCCOBC':It IIOBepXHOC

TH). 

HTaK, narpaHJIG18H (!0) HeBepeH He3aBHCm.tO OT npo6ne111H paCXO.ztH

MOCTe:li, E.n;HHCTBeHHJlli CIIOCOO MO.n;H~HJWpoBaT:b ero - 3TO Od~,.f!BHT:b BCe 

OO~eKTH B (!0) HeqM3H~eCKHMH. 0603Ha~ 3TOT ~aKT HaBeilll~aHHeM HH

,n;eKca II 0 II Ha RaJK,!UiH oo~eRT B (!0). TaRHM o6pa30M, Mll BHOB:b Ha~

HaeM B~CJieHM C aOCMIOTHO .n;pyroro narpaHlltvlaHa, IIOCTpoE,HHOI'O H3 He

q>H3H~eCKHX IIOJie:li H ROHCT8HT. 06~a.fl TepMHHMOrH.fi H83!IB~ieT BCe 06~eR-

TH c HH.n;eRcoM 11 0 11 11 I'OJI!IMii 11 BeJIH~HaMH, OTBe'IaiC.tU:rrNrn qizJ:THBHOMY MH-

PY, B ROTOpOM BHRRJO'IeHII Bee B38HMo.n;e:licTBll.fi. ( CMllCJI IIOCJIE,.n;Hero YTBep

Ji!.neHM 6y.n;eT RC8H II03lK8) • Hawa I.J;8.7I:b, O.n;H8KO, H8IIHC8T:b HE,IIpoTFIBOpe

~HBJlli narpaHlKYI8H, BblpalK8HHJlli 'Iepe3 qiH3H'I8CJaf8 IIOJIR H Ma<:CH.KaK CBR-

38T:b, HarrpHrAep, 'f 1-1 f., ? TipocTeiilliee rrpeo6paaoBaHH8 OCI'b8KTOB O.lU'l

HaKoBo:li pa3M8pHOCT:I - L18C::IT8(~H08, I1orrpo6yeM IIpoB8plfT:b II]IOCT8WYJO I'll

IIOT83Y: qill3II~8CJGI8 ll H8~l3ll'I8CKH8 00~8KTbl HM8JOT pa3HYJO liKaJIY, T. 8. 

CM:38Hbl IIOCpe,D;CTBOiYI M8CiliT80HOI'O rrpeo6p830B8Hll.fl 

~, = z;(Lf} (!3) 

r.n;e Z'/1 - 6eapa3M8PHM ROHCT8HTa H CTeiieH:b !/2 BBe.n;eHa H:l C006p8llteHHii 

y.n;o6cTBa. 

HaTIRWeM rro~odHue MacwTadHUe rrpeo6paaoBaHKff ~ BCe]: od~eKTOB B 

( !0); 

-1 ~ 
tno= Lm -z'f m) Ao = lA A) e == :J _, ~~r~z * 

o Z:. 'f LA e e > ( !4) 

r.n;e OllRT:b-TaKH ~ y.n;o~CTBa BB8,D;8Hbl CT8II8HH !/2, JIHOO BlmeJI8H!I yxe 

orrpe.n;eJieHHHe paHee KOHCT8HTbl. JlerKO BH.n;8T:b, 'ITO ~CJIO HEl38BHCHMHX 

M8CWT80HHX .Z - qiaKTOpoB B TO'!HOCTH paBHO ~CJIY He3aBHCHMHX IIOJie:li + 

KOHCTaHT B T80pHH. BcTaBJIRR (!3) H (14) B (!0), HSXO.n;HM 

L ( '/. t -:- _d_ ll; (~ if;_):{_ I E F 7 z -I( ;z ~)f(.ll/ <JI = -~L/ f tf: ax_. I - LA 7( 'f 'l - r.frl If ·-ot I I m 

+ i l;' z~% Ze (z:2x~:L e r I( r Ao( 
(!5) 

- :!! MyJI:&THIIJIHRaTHBH08 BB8,!18HYI8 l- qiaRTOpoB He .fiBJIR8TC.fi 8)J;IDICTB8HHHM, 

O.n;HaRO HM88T IIpoCTOH qiH3H~ecKH:Ii CMHCJI MaCWTa6HHX rrpe<~pa30BaHH:Ii. 
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I -z - d l I 
=- L'f rtd~ t- Af~'1-

Ha BYpllllteHM (!6) cpaay CTaHOBH~ 
YMHOJISJm HJIH .n;e.!IHJm BHOB:& BBO,D;m 

B peayJI:&THPYIC.tUeM BHPSX8HHH (!6) ! 

Ha CBOIO KOHCTaHTY Z , 'ITO II031 

RH:Ii CMHCJI, 

C.n;eJiaeM .n;Ba aaMe'IaH:rrR: 

I).JlarpaHXHaH (I6) BHPW1t8H c 
T!I CBR3H.0,IJ;HaKO OH CO,IJ;epxHT Ta~ 

BaeMHX peHOpManHaa~OHHHMH ROHCTa 

poBRH) , R B 3TOM CMHCJie .fiBJIR8TC.fi 

lUSH ( IO). 
2). HOB!il narpaHMHaH ( !6) COE 

Z· =I. t 

C IIOMOIIIl>JO peHOPMMH38~0HHHX 
~ M8HHOCT:& IPJiaHqeciGIX ROHCTaHT II8TJI 

~ BpeMeHHO Bl:l'DIOJIHM l.i H paapelllJiiM 

2<) paaoM, ,li;OCTaToqao oqeBH.n;HO, qTo B 

~- 'lHCJiemm BMama .ztHarpaMM pxc. 4 c 

'""- Teopo, a JIHm:b RBI< yi<asaHHe Ha He 

pomel TeopJDt. C noMOIIIl>ll Jiarpamma 

Jlll,Il;88MH8, ecmt MH CMOZ6M B!AHCJllrl' 

JIR8TC.fl TepMHH "IPJIRCHpoBaT:& peHOpM 
11

Bbi'IHCJIRTb HX 11
, HM8.fl B BB.n;y, 'ITO If> 

.I{JIJI Z!. · 68CKOH8'00i, ~ npH,IJ;aHHR M 

' BHpa&eHHRM HCIIOJI1>3YDT pa3JIH'OOie P 
6eCI<oHeqaocTel. HanPHMep, B paaMe. 

,Il;HT B IIp0CTpaHCTB8 pasMepHOCTH ~ 
KOHeqaH, Mol!HO, O.n;HaKO, .n;eiCTBOBa' 

MOIJibiO YCJIOBHI HX IJ>HRCa~ H BHIIH' 

eMHX. .izarpaHUaHoM ( 16) B aMIIJIHTy.n;; 

Tor.na rrOJIHM aMITJUITy.na 6y~eT KOHe' 

BHX paCXO.ztHMQCTel, 

803HHK88T CHTya~R, aHaJIOPH'I~ 

HHTePpaJia r dx 
~ X 

&til 

-J _4L 
4 

X-tl 

&kl 2_ 

rx 
= lfft_ 

1 

111-..eili ii{ l!Hl.itl 

ll":J;HWX nee;'· 
............ ~~~"Jib..,. 



apaMeTpaMH 6un 6H HeBepeH, TaH 
ccy, 'lero HSHL3R ~OITYCTMTL , M60 

aR Macca '18CTM~ B 8CHMnTOT~ec

~O~eacTBHR, H8 MaCCOBoa ITOBepXHOC-

HeaaBMC:HMO oT rrpo6JieM!l pacxo~

~poBaTL ero - 3TO 06~MTL Bee 

IS~ 3TOT ~8HT HaBemHBaHMeM HH

J). TaHMM 06p830M, Mil BHOBL Ha~-
J ~arpaH~aHa, rrocTpoeHHoro Ma He

IR TepMMHQnOr.Kff H83HBaeT BCe o6~eH

IH8MH, OTBe'ISIOOIMMli iPMHTMBHO!ey MH

{eitCTBHR. ( CM!lCJI rroCJie.nHero Y'l'Be p
'• O,nH8KO, H8ITliC8TL HeiTpoTMBOpe
IPli3M'IeCIQfe ITQnR M M8CCH. KaH CB.f!

wee rrpeo6pasoBaHMe o~eKTOB o~
rorrpo6yeM rrpoBepMTL rrpocTelmyro rM
·6~eKTH liMeiOT pa3HYRl WK8.1Iy, T. e • 
o6pasoBaHHR 

(I3) 

TeiTeHL I/2 BBe~eHa li3 C006paaeHMa 

eo6paaoBaHHR ~ Bcex o~eHToB B 

::> = "_J _, ::z-~z * 
-o z:.'f L.A e e ' ( I4) 

CTerreHM I/2, JIK6o BH.neHeHH yze 

B~eTL, 'ITO ~CJIO H93aBHCHMHX 

p8BHO 'IHCJI,V H€3aBHCHMWC ITOJreit + 
(I4) B .(IO), HBXO~M 

I £. F 7 -If ~)~-Lf 1' 'l - z:_/Tll..'f \ ztf r 'f m 
' 

( I5) 

~OpoB He ~9TC.f! e~CTBeHHHM, 

:WCJI MaCWT86HHX rrpeo6pa30BaHHit. 

( I6) 

Ha :BHp8llt8HM (I6) cpaay CTSHOBHTCR RCHO, 38'1eM Mb1 BB08HJIH KOplfti! H 

YMHO:E8JI!Il HJIK ~eJIHJUi BHOBL BBO.ztHM!le KOHCTaHTH Ha BBe~eHHHe paH68: 

B peayJILTHPYJilii6M BUpa:&emm (I6) ~ qJieH JiarpaH~aHa YMHOZS8TCR 

H8 CBOil KOHCTSHTY Z , qro IT03BOJIR8T ITpii,Il8TL HM rrpoCTOit iPMSH'IeC

JGrlt CM!lCJI • 

C~eJiaeM ~a aa.MetiaHHR : 

I).]arpaHZHaH (I6) BHpa11.8H ODHTL 'lepea ~H3H'I6CKH6 ITOJIR H KOHCTaH

TH CB.fi3H.0~HaKO OH CO~epzHT T8KK6 '18THpe HOBHX KOHCTSHTH ~~ , H83H

B88MHX peHO.PMSJIH38l~OHHHMH KOHCT8HT8MH (HJIH KOHCT8HT8MH nepe~OpMH

poBKH) , H B 3TOM CMHCJie RBJIRSTCR 60Jiee 6oraTHM 06~eHTOM, '18M ~arpaH

DaH (IO). 
2).HoBHit Jiai'pa~aH (I6) COBII~eT CO CTapHM (IQ), KOr~a Bee 

Z; = r. 
C IIOMOJIIl>ll p8H•lPMallli:38~0HHHX KOHCTaHT JierKO o6ecne'UITL H8H3-

~ MSHHOCTL ~3H'I8CKiliC KOHCT8HT II8TJieBHMH BKJia,naMH, rrpH 3TOM Mil O,nHO

~ BpeMeHHO BH'IHCJIHM li H paapeiiiBM npo6Jie~ey pacXO,IJ;HMOCTel. TSKHM 06-

~ p830M, ~OCTSTO'IHO ~'leBH.nHO, 'ITO B03HMKHOBeHMe p8CXO,D;HMOCTel IIpH BH

~· 'IHCJieHIDI BKJIS,It8 ,D;HarpaMM PHC. 4 CJie,ItYeT paCCM8TPHB8TD He KSK ~e4JeHT 
'"- TSOPHH, a JIHm& KSK YK83aHH6 HB HenpaBHJILHHe ~eiCTBJIUI B paMK8X Xo-

pomel TeOpHH. C IIOMOJIIl>ll JI8rpaHZH8H8 (I6) MOmiO 6y~eT BH'IHCJIIITL H86-

Jlll~BeWe, 8CJIH W. CMOa8M BH'IHCJDtTL "Z ( • 0,nHBKO 06l>t'IHO YIIOTpe6-

JIR6TCR TepMHH "~RCHpoBBTL peHOpMSJIH38~0HHHe KOHCTSHTH",a He 

"BH'lHCJI.fiTb HX", HM811 B ~, qro ~pMBJILHO peayJILTHPYJJIIHe BHpaz8HJIUI 

~ l_, 6eCKOH8'1HH. ~ IIpl'l,ltaHHR MaT8MaT~6CKOro CWC,118 p8CXO~CR 
' BHpa:&eHHJIM HCIIOJfLSYJOT p83JIH'IHHe peryJIRpHSa~, T. e. II8paM8TPH38~ 

6ecKOHe'IHOCTel. HanPHM9p, B paaMepHol peryJIRpH38~ BH'IHCJieHJIUI npoBo

.ltllT B IIpoCTpaHCTBe p83MepHOCTH 4- f , r~e BCe BHpa&eHJIUI ~pMBJILHO 
KOH6'1HH. Mom10, O.DHBKO, ~eitCTBOBSTL HHa'le. MOliHO BHp83HTL 7j! i C no

MO~biD YCJIOBHI HX ~HKCa~ H BHITHCSTL BKJIS,It BC6X ,D;HBrpaMM, reHepHpy-

6MI:Ill .itarpaBml8HOM ( I6) B B'MI11f.WrY.ltY HeKOTOporo ~li3H'I6CKOro npouecca. 

Tor.Ita rrOJIHB.f! aMnJiny.D;a 6y.IteT KOHe'IHol, He co.D;ep11.8ll1el yJILT.PB4JHMeTo

BHX paCXO,D;HMOCTeit. 

B03HHKaeT CH~'Y8l.UI.fi, 8HaJIOI'WlH8.f! TOH, 'ITO C03,[188TC.fi npH BH'IHCJI8HHH 

HHTerpaJia r dx 
~ X 

fAA 

l6tVibri('llHaiA KHCm'fT I 
ll'.f#Bldl li!tC.~~JlOBIUII · 

r!! U.~ l'iLtATCU. 

(I?) 



.Kor.n;a .KaJit,ll;ld HS 'IJieHOB j)aSHOCTH paCXO.n;HTCS:I, HO BCS:I pas HOOT b B UEl

JIOM .KOHe'!Ha. ED~e pas ITO.n;'iep.KHeM, 'iTO ITPH ITpaBWI:DHO cf!H.KcHposaruwx 

:Zi Jiarp~HJitlllaH ( I6) reHepHpyeT YJil>TpaqJHOJieTOBO-.KOHe'!Hble lMIIJIHTY

,ll;bl, H JIHIIII> TOJI:b.KO ITOTOMY, 'iTO Mb1 ITPHBbi.KJIH HMeT:D ,ll;eJIO CO B.KJI.l,lJ;aMH 

OT,ll;eJI:DHbiX .n;HarpaMM, Bbl'iHCJIS:IeMbiX ITO ITpaBWiaM /W:IlliMaHa, Mbl B::ffiylK,IJ;eHbl 

ITpH6eraT:c .K peryJI.a:pHsaUKH - ITapaMeTpHsaUKH 6ec.KoHe'!HocTel. Y'il'!Thi

Ba.a: C.KaSaHHOe, Mbl He 6y.n;eT .n;eJiaT:D pa3HI-U-Ihl M8lK,Jzy' cf!HKC8J..Il18H II Bbltil1C

JieHHeM peHopMaJIHsaUHOHHbiX .KOHCTaRT. ITpHcTyiiHM TeiTerr:c .K BhlrHCJieHHID 

~·. I 

McKJIIOtiMTeJJhHO AJI.fi y.r~o6cTBa BhiiTOJIHl1M TOJK):IeCTBeHHoe npeo6pa

SOBaHHe 

L { ~~) = L { i!L) - L ( 1) -t L ( 4) =: Let: ( l..-) + L {1) . (IS) 

3.n;ec:c cm.mOJI "I" o6oaHa'iaeT, 'iTO Bee ~ , ITOJioJJteHH paBHW.m I, a 
L 

HH.n;e.Kc "t t " o6oaHa'iaeT ".KOHTp'IJieH". 

HapHcyeM cHoBa Bee .n;HarpaMMb!, ITOpOl!,ll;aeMble JiarpaHJitlllaHou ( 9) B 

ITOPR.D;.Ke e3 • Ta.K .Ka.K L ( {) HMeeT a6COJIIOTHO TOT lite BH.n;, 'iTO H 

JiarpaHJitlllaH (I), TO B ITOPR.D;.Ke e3 (ll'JIH B O.n;HOITeTJI6BOM ITpH6.;ImJteHHH) 

OH IIOpolK,ll;aeT yze H3B6CTHble .n;HarpaMMH pHC. 4. 
liT06bl IIOHS:IT:b, .Ka.KHe ,ItRarpaMMb! ITO poli!,Il;aeT /..C-1; ( ~J , HiliiHWeM 

ero B S:IBHOM BH.n;e 

Let ( 1:., ) = - ( zy, - 1) r'£. -ft r - ( i! /1J- , ) <t 'f m..: 

- ( tA -1) f Fa, ~ + i e (i!.e -1) r ~ 'f AcX • 

Ta.K .Ka.K ITOJIHhli JiarpaHJitlllaH e cT:c cyMMB. J,CI: ( t_J + L {1} , 
,~tHarpaMMH, ITO poli!,Il;aeMble ITpoHsBe.n;eHHeM 

Let (r_J · L (f). 
PaCCMOTpl'IM O.n;HH 'IJI6H B IIpoHSBe.n;eHHH ( 20) 

[- (~ -1) t ~ -L t- (l -1) lf tm] i e f do. 'f A.:J. 'I' a.Jxo( m 
~ 

"CBepr.Ke <flepMHOH!WX ITOJiel \fJ r OTBe'iaeT ,~tHarpaMMa 

18 

(I9) 

HaJWTCS:I 

(20) 

(2I) 

) ief(.r '/'[-; (zr-1)1 
)l '!> 

8Ta .n;HarpaMMa aaBHCHT OT 1I:BYX ITpoHSBOJI:bl 

BaHHb!X) .KOHCTaHT Z If H Z ~ . HeTp~ 
ryT 6b!T:D Bbl6paHbl TaKHM o6paSOM 1 'iT06H C~ 

·f + --r 
ITpl1 aTOM Heo6xo,[ll1MH 11 .r~ocTaTOtiHhl MMeHHO , 

.Ka.K pas H ITOpoli!,Il;aeT Te .n;oiTOJIHHTeJI:DHHe m 
Mbl HMeeM BOSMOlKHOCT:b HaJIOJ!tHT:b Heo6XO,IUIM< 

o6eCIT6'!HBaJOlqee HeHSMeHHOCT:b lPHSH'ieC.KOH I 

.n;aMH B ,ll;aHHOM ITOPR.D;.Ke TeOpHH B03~eHHi.l, 

HO ITOJIY'il'!Tl> S:IBHHe BblpaEe~ ~ 1f:BYX H3 

Ha (I6). 
YCJioBHe (23) HaSHBaJOT HHor.n;a ·Tpe6c 

BHelllHHX JIHHHH ( Jtmmi.l Ha MaCCOBOI IIOBePJI 

HOpMaJIH38J..Il10HHbiH TIO,[IXO,[I, B KOTOpOM Tpe6~ 

JIOBHS:I, HaSHBaeTCS:I CXeMOH ITepeHOpMHpOBKF. 

To'!Ho TaKHM xe o6paaoM <fl».KCHpyeTcf. 

Ta ~A 

~+~ 
B 3TOM CJiy'iae , O.n;Ha.KO , IIOC.KOJil>Icy <floTOH 

TaTO'iHO O.n;HOI .KOHCTaHTbl ~A , 'iT06bl 

(24). 
liT06bl lPB.KCHpoBaT:D 'ieTBepryn H ITO~ 

XO,IUIMO BOCIIOJI:DSOBaTLCS:I cf!H3H'ieC.KHM CMbl~ 

T8K JJte, KaK Mbl BOCTIOJib30BaJIHCb ~3HtieCKI 

cHpy.a: ocTaJ!bHHe .KOHCTaHTH. 

B y'ie6HHKaX aJie.KTpl'l'iec.KHI sapa.n; 

.KOHCTaHTa CBli3H, BXO,ll;lmlaS:I B Ce'ieHHe ~ 

>---<? 
IIPH HYJieBol aHeprKH na.n;~ero <floToHa 

06~ lw-o = f 1ir;,L > fo = 
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O.l(HTCJI, HO BCJI pa3HOCT:& B ue-

ITpH rrpaBKni>HO @HKCHpoBaHHHX 

TpaifJHOJieTOBO-KOHe'!Hlle 8MIIJIHTY

IiKJIH HMeT:& .!(8JIO CO BKJia,I(SMH 

pasxnaM <WAHMa!ia, MLI BlffiylK,Il;eHii 

Hsa~ 6ecKoHe~ocTel. Y~Tii

'3Hl1Libl MeJK,Izy ifJVIKCa.I.IVIeM l1 BblqVIc-

llpHCTYITRM Terrell:& K B~CJieHHID 

di10J!Hl1M TOllt,ll;eCTBeHHOe npeoelpa-

;;! , ITOJIOJlteHii paBH!iMH I, a 
L 

OpolK,Il;8eMJie JI8Pp8HXVI8HOM (9) B 

a6COJIDTHO TOT ze BH.I(, 'ITO H 

[B B O,n;HOITSTJISBOM rrpH6J!HzeHHB) 

PHC, 4. I 
:>poz.naeT f...u (~), H8ITHW8M 

I (l/11-1) If lftrt.-

) r a;;. t AiX • (!9) 

f_Ci(t_J +LO) . Hai.I(yTCJI 

(20) 

[20) 

(2I) 

ltiaeT .I(BarpaMMa 

r--------------------------------, 
~'r H -• (z, t -1 JK- <z..-•!m] 'I' 

(22) 

8Ta .l(HarpaMMa 38BIICHT OT .nBYX rrpoH3BOJI:&HiiX (T.e. IIOKa He @HKCHpo

BaHHiiX) KOHCTaHT Z 'f H 2, m, • HeTpy,n;Ho IIOK838T:&, 'ITO OHM MQ

ryT 6iiT:& Bii6paHii raKHM o6pasoM, '!To6u cyMMa 

~~ Z* 
!( + ~ = 0. (23) 

ITpVI 3TOM He06XO,I(l1Jru l1 ~OCT8TQqHbl VIMeHHO ABe KOHCT8HTbl. 

KaK pas B ITOpolK,Il;a3T Te .I(OITOJIHHTSJI:&Hiie ,I(BarpaMMii, C IIOMO~:&D KOTOpiiX 

Mil HMeeM B03MOlltHO JT:& HaJIOlltHT:& He06XO,I(HMOe @H3H'leCKOe YCJIOBBe (23) t 

o6ecrre~~ee Hei13MeHHOCT:& if>H3Hl!eCKOJ!i M8CC1i ~ ITeTJieBiiMH BKJI8-

,!(8MH B ,naHHoM rropmKe TeopHB Bos~eHHii. Hs ypaBHeHWI (23) HeTpy.n

HO IIOJIY~T:& JIBHiie Biipa&e~ ~ .nBYX B3 ~eTupeX KOHCTaHT JiarpaHXHa

Ha (!6). 

YCJIOBBe {23: H83liBBDT mior.na Tpe6oBaHHeM HenepeHopMVIpyeMocTVI 

BHeWHHX JIBHHI ( Jtmml Ha MaCCOBOI IIOBepxHOCTB). ITo 3TOI rrp~e pe

HOpMaJil13a.I.Il10HHb!M DOAXOA, B KOTOpOM Tpe6yeTCR Bb!TIOJIHeHHe 3TOPO yc

JIOBHJI, H831iB8eTCJ[ CXeMOI rrepeHopMHpOBKH H8 MaCCOBOI IIOBepXHOCTB, 

TO~O T8KHM ze o6pasoM ifJHKCHpyeTCJI peHopMaJIE38UBOHH8JI KOHCTaH

T8 ~A 

~~ -t ~ =0. (24) 

B 3TOM CJiy'lae. 0)(H8KO. ITOCKOJI:&K,V if>oTOH 6e3M8CCOBW! In r = 0 • .noc

T8TO~O O.I(HOI KOI!CTaHTii rA l!T06ii y,noBJieTBOpHT:& Tpe60B8HBD 

(24). 
t!To6H if>HKCHJlOBaT:& l!eTBePTYD H rroCJie.n;HDD KOHCTaHTY Ze Heo6-

XO.ItHMO BOCIIOJI:&30H8T:&CJI @H3H'leCKHM CMiiCJIOM MeKTpH'leCKOI'O 38Pfl,lt8, 

T8K ~e, KaK Mb1 BCCTIOJ!b30BaJil1Cb ifJVI3HqecKl1M CMb!CJIOM M8CCH qacTVIQH, ifJVIK

CHpyJI OCTaJI:&HHe JtOHCTaHTH, 

B y'le6HBKaX MeKTpH'!ecKHA saPft,I( e 06~0 orrpe,neJIJieTCJI KaK 

KOHCTaHTa CBJI3B, BXO~aJI B Cel!elUie r e_ -pacceJIHWI 

>--<~ (25) 

(26) 
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ECJm MH onpe.nemtmt o/. HS eJ'-0 , TO, 
MOXHO noTpe6oBaTb HenepeHOpMHpyeMOCTb 

no aHaHOrHH c ~Rca~ei Mace, 

e . Hanarrur YCJIOEHe 

~- + }( =0.) (27) 

r.ne BCe BHeWHHe JlltHHH HBXO~TCR Ha MaCCOBOJ.t noBepXHOCTH. 
YcJIOBHe (27) o6ecne~aeT, ~TO B JIDdOM nOPR,IJ;Re TeOpHH BOSMj'~e

HHJ.t ~p~aRTOp 3JieRTpoHa 

eF(() 0~' = '( 
(28) 

paBeH I npH ~~ = 0, F (0) = I. 
¥!TaR, Mli <JiHRCHpoBaJIH BCe peHOpMaHHSa~oHlUie ROHCTaHTbl H Tenepb 

JID68R aMITJIHTY,IJ;8 MO~eT 6NTb Bbl~CJieHa, TSR RaR HSBeCTHbl BCe 
'KOHCTSHTbl JiarpaH~SHa (16). ~ 

HapHcyeM e~e pas Bee o,IJ;HoneTJieBHe ,IJ;HarpaMM!i, nopo~aeMble Jiar
P~aHOM {16), OITYCRM TpHBHaHbHble HYJm (23) H (24) 1 OM. pao. 6. 

tT 
I 

OTMeTHM, ~TO BMa,ll;bl nap ,IJ;HarpaMM 
I H II He paBHH 0, TaR RaR BHPTY- · 

9 T
aHbHbli ~TOR HBXO,ll;RTCfi BHe MaC
COBOl noBepXHOCTH. 

IlPRMoe B~CJieHHe ,IJ;RarpaMM 
_ p:Hc. 6 no rrpaBHJiaM clleaHMrula .naeT 

II MSI Bceltt cyMMH yJibTpa~HOJieToBo-
PHc. 6 KOHe~HJ.t pesyJibTST B !IOPR,IJ;Ke e3 • 

OTOT pesyJibTaT e~e·co~epmHT HH
<JipaRpacHyD paCXO,ll;HMOCTb, KOTOprui COK~aeTCR npH ,IJ;06aBJieHKH BRJ!a,IJ;OB 
,IJ;HarpaMM TOPMOSHoro HSJiy~eHHR peaJibHHX ~TOHOB (eM. pas.nen 7). 

B saseprneHHe sToro pas.neJia c.neJiaeM HeCKOJibKO saMeqaHwltt: 
I. Bee <JiHSH'leCKHe Tpe60BaHHR, HCnOJibSOBSHlUie M.II <l!HRC8L!HH peHop

MaJIHS8UHOHHHX KOHCTaHT, 6unH HaJIO~BHbl Ha MaCCOBOJ.t IIOBepxa~CTH. C 
.npyroJ.t CTOpoHH, B s -MaTpH~OM <JiOPMaHHSMe COCTORHHR HS MaCCOBOJ.t 
IIOBepXHOCTR RBK pas H eCTb aCHM!lTOTHqecKHe t'n, H out COCTORHIDI, 
orrwcHBammHe 'laCTHUH, c KOTOpHMH MH HMeeM .neJio B sKcnepHMeHTe. TaKHM 
06paSOM, peHOPMaHHSamiOHHM CXeMa HS MaCCOBOJ.t noBepXHOCTH TBCHO CBR
SaH8 RaK C s -MaTPH~blM ~pMaHHSMOM, T8K H C BeJIHqyHSMH, HSMePReMH
MH Ha OIINTe. 

2. KaR cpasy BH,IJ;Ho HS ycJIOBHI <l!HKCaUHH ~i (23), (24), (27)
7 

BCe peHOPMaHHSaUHOHHble KOHCTSHTbl HMeDT BH,ll; 

nosTOMj' /.... Ct 

z:. = { -+d. ~4 
l 

-.. (l.- f) 
. I 

t-ol~~.l+ ... (29) 

HMeeT ,ll;OIIOJIHHTeJibHHI nop~)K MaHOCTH 
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o(_ IIO cpaBHeHHD C iv (!) . OrJ 
"BHMD~M" BCe CaMO,IJ;eiCTBIDI, HMeeN 

~ Lo =L (I), 
IIPH aToM Bee o6'LeRTH c HH,IJ;eKCOM "C 
T.,IJ;. OT~ OIIpaB,ll;blBSeT TepMHHOJIOrHD, 
HeBSaHMO,IJ;eicTBY~ IIOJieJ.t. 

3. Ilo,ll;'lepKHeM e~e pas, '!TO ~ 
B TO~OOTH PaBHO ~CJIY HesaBHCHMhlX 
IIa,IJ;aeT C qzCJIOM BOSMOXHHX ~3H~eCK 

4. HHor.na CJiy~aeTcR, ~To HeKo 
TH paBHH .npyr .npyry. TaK, B paccMa 

;cr = ze, 
3To sHaMeHHToe T~ecTBO Yop.na Ha 
B~o 3aMeTHTb, ~To B H3JiaraeMOM n 
rra Yop.na, RaK CJie,IJ;CTBlfe ~sR~ecKHX 
~rre, Mo~eM "He saMe~aTb" HX cy~ec 

5. Ilpoue.nypa rrepeHopMHpoBKH n 
cnoco6Ha npe.ncKasaTb sHa~eHHR KOHc 
H KOTOpble OHa BHHy~eHa 6p8Tb HS 0 

~ei ,IJ;eJIO C anocTepHOPHO!tt HH~PMaUH 
6. B peHopMHpyeMoltt TeopHH (T. 

rrpoue.nypa npHBO,ll;RT K KOHe~HM 8Mll 

~rre, MOEeT 6HTb B~CJieHa B zeJiae 
Kos<I!<I!H~eHTbl pa3JIOE8HIDI SMIIJIHTY,ll;bl 
OR IPYH~ Jilfi!Ib Mace ~acTRU H .nH 

HHBapHaHTOB ( S , t , ... ) . 0~ 
,IJ;H ~epes ~P~KTopH. B paccMaTpHB 
pRO. 6. MOEHO npe,IJ;CT8BHTb B BH,IJ;e 

U [ ~ Ff (1~ mt) + ~~ 6 
r.ne {] - 3JI8KTpHqecKHJ.t ~p~8KTO 
neTJIRMH. ~pM<JiaKTOpbl HMBDT BH,ll; PR,IJ; 
T.e. 

r; {tf> trf) = f + ir h (1) (r~ ttr: 

fi (9~rn~ = 
2£. / (t) fot In~ 
7( T,t l 't J , ., 

r.ne J,(J - HeKOTOpb!e l!BHH8 <JiyHKL!I-1:11 C 
Ji. 2' 



o( IIO cpaBH9Hml C 1v (!) , OrpaHH"rn:BaJ!Cb HH3ll!HM IIOPff,ll.KOM RIIH 
"BllKliiO'laJI" BC9 CaMO,II;9itCTBIDI, HM99M 

Lo=-L(I), <3o) 

II.PJ! 3TOM BC9 06i>9.KTl>l C HH,IJ;9.KCOM "0" paBHl>l ifJH3H'l9C.KHM ~ -~ f H 
T • .n;. ST~ onpaB,II;blBaeT TepMHHoJiorHIO, '!TO L 

0 
nocTpoeH R3 "IOJIIDC" 

H9B3aKMO,II;9itCTBYIOmHX IIOJieit. 
3. I!O,II;'l9p.KH9M SillS pas, '!TO "rn:CJIO peHopMaJIHsamtOHHIDC KOHCTaHT 

B TO'lHOCTR paBHO "rn:OJIY H838BHCHMhlX IIOJieit + "rn:CJIO .KOHCTaH~ R COB
II8.n;89T c '!HCJIOM BOSMOXHIDC fllnsn'lec.KKX yCJioBRit fllH.Kcamrn. 

4. Raor.n;a CJIY'l89TCH, '!TO H9KOTOpb!e peHopMaJIH38miOHHh9 .KOHCTaH
Tl>l paBHl>l .n;pyr .n;pyry. Ta.K, B paccMaTpRBaeMoM HBMH npRMepe 

(3I) 

3To sHaMeHHToe T~ecTBo Yop.n;a Ha H3U.Ke .KOHCTaHT nepeHop~npoBKH. 
BBXHO 3aM9THT:b, '!TO B H3JiaraeMOM IIO,II;XO,II;9 Mbl IIOJIY'l89M TO~SCTBa TR
IIS Yop.n;a, .Ka.K CJI9,II;CTBK9 ifJH3H'l9C.KKX Tpe60B8HHH ifJH.KCBmlll:, ~, B IIpHH
IJ,HIIe, MOllt9M "He 38M9'18T:b" HX CYIIl9CTBOBaHID!, 

5. Tipoue.n;ypa nepeHOpMHpOB.KH IIpHCYIIlB JII060R TeOpRH, KCTOpaH He 
CIIOC06Ha npe.n;c.Ka3aT:b SHa'leHIDI .KOHCTaHT, C .KOTOpb!MR OHa ~eeT ,I1;9JIO 

R .KOTOpb!e ORa Bb!Hy~eHa 6paT:b H3 OIIb!Ta, T.e. JII060it Teop~, HM910-
IIl9it .n;eJio c anocTepHopHoit HHfllopMamteit. 

6. B peHOpMHpyeMOii TeOpRH (T,e, B TeopRR, B .KOTOpoit OTIHCBHHM 
npoue.n;ypa IIpHBO.n;HT K KOH9'1Hb!M aMIIJIHTy.n;aM) JII06aH aMIIJIHTy,ra, B IIpHH
IJ,HIIe, MOllt9T 6b!Tb Bbl'lHCJI9Ha B llt9JI89MOM IIOPH,Il;K9 TeOpRH B03~Yiil9HHit, 

Koa~IJ,H9HTl>l pa3JIOllt9HID! BMIIJIRTY.n;l>l B PH.D: IIO KOHCTaHTe CBHEH HBJIHIOT
CH iflYHKmiHMH JIKWb Mace 'lBCTHU H .n;HHBMH'l9C.KKX (M8H,I1;8JibCTaN.OBCRHX) 

HHBapHaHTOB ( S , i , , . , ) , 0'19Hb y.n;o6HO npe.n;cTaBJieHP.e aMIIJIHTY
,II;l>l 'lepe3 fllopM¢aKTOpb!. B paccMaTpHBaeMOM IIpHMepe BKrra.n; BCEX .n;HarpaMM 
PHC. 6. MOXHO npe.n;CTBBHT:b B BH.n;e 

l£ [ ~ Ff (1~ m~) + ~~ fi (r\ rrf) J t~ \ (32) 

r.n;e !]_ - SJI8RTpH'l9C.KHit fllopM:flaKTOp, a fi- a.M,M, HH.n;ymtJOBaHHble 
IISTJIHMH, 1'1opf$KTOpb! HMSIGT BH.n; pn.n;a TeOpRH B03MYIIl9HHii IIO of./Ji , 
T.e. :t 

r /,.;. "·) ( oL {(1)ft d &J. rf-2)(;1 2) . 
r~(tfJtrf = +J( J{ !YJmJ+CJIJI! (11m)-+ .. ,,(33) 

!i (?~ m~ = :t ft(t) (r~ mj -t- ~9._-kr~) (r~ In~+ ... , 
r.n;e J.(j}_ H8KOT0phle RBHhle,~yHKU~H CBOHX aprYM8HTOB. 
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5. IlepeHOI>MHpOB.Ka B TeopJm &JI8R'l'OOCJI86HX B38BMOl!:SiCTB:d • 
0CHOBHBSHC:b ll8 ~eHX B pesyn:E.T8T8X npe~~ero pas~ena,~erKO 

nepeilTB K paccMOTJISHlm 6Mee CJI<>m~ol, 'iSM K3Jl, Teo.PBH OOB. Mii Ha'i

HeM BMOlt8HH8 C OCicy.z.n;eHHH JiarpaHl!H8Ha II 6~e' C'iJIT8T:b 1 liTO ero 

BHBO~ ~II60 II3B8CTE·H (OM, , HaiTpBMep, o6sop 33 ) , D60 ITPIIMBM ero 1 

KaK ~aHHWi. MH 38IlDI18M . JiarpaHJ!HaH ITOCJie CITOHTaHHOro HapymeHHH .Ka

D6poBO'iHOI CJIMMe'JPlfll B TaK H83HB88MOI yHHTapHol KSD6poBK8 ( [/-Ka
~II6poB.Ka), B STOI KSD6poBKe. JiarpaHllGiaH He CO~epmfr HH H~3JII'i8C
KJIX CKaJIJIPHiiX ITMEI, HH ~XOB ~eeBa-IlonoBa, Jim6oe ITOJI8 1 BXO,wi

Ut88 B JiarpaHDaH (36), OTBe'iaeT qmsii'ieoKOI 'iaCTJinEl, KOTOPSH MOlleT 

6HT:b Ha BHSmHel Jll!Hml, ITOSTOMY B U - KSD6poBK8 O'i8H:b npoCTO BlilllOJl

HHT:b nepeHO.PMHpoB.149 Ha MaccoBol noBepmocTII. MH 6y~eM pa6oTaT:E. c 

MJIHJIM8JI:E.Hol .S U(~)L ® U(~} -Teopitea, B KoTopoA XHrrooBcK:d ceKTop 

~0 CITOHTaHHOro H8JYW8HHH CO~SPEJIT ~ ~ ( -COllpax8HHiiX ~6neTa. 
IloCJie CITOHTaHHoro HapymeHBH CHMMeTPJm Tpii CKaJIJIPHiiX CT8ll8HH CB060~ 

ITMHOCT:&Il 9XO,wiT lla reHepaQHJO MaCC KSD6poBO'iH!iX ITOJiel w±, z~ , 
II TOJI:bKO 0~8 CRBJlllpHSH CT8IT8H:b CB060~ npoJIBJISIST 086.11 B ~e qm-

3JI'i8CKOro oKaJIJipHoro non.~~ Xllrrca c Maccol MH • Mli sanHmeM Jiar

paHDaH, IlcnomsyR Bee BOSHII.KaDIIlle B SU(2l ®U(I) MeJ!JI.Y napaMeTpaMH 

COOTHOWSHHH TJIIT8 ~ 

e.t. f M"" --1: = - """JAr (34) 
Gro t1ro 

II ~rile, C ITOM~:bD KOTOpiiX MOltHO B K8'i8CTB8 Ha6opa H838BIICHMHX 

KOHCT8HT B Jiarpa~~aH OCTaBJIT:b CJIS~~e; 

eo , 1\.fl(l., , ff'i., , f1Ho II "lfo - M8CCH BCSX (35) 
9)epMHOHOB TeOpJm. 

0nyCKaJI A11J1 KpaTK·)CTII ~SKC "0", BliiilllmSM BHpall8HH8 A11J1 JiarpaHJni8H8 

e =-: r~A--~1-r- ~[1@~ +f!J)f +ieq;~rArl 
'/a Ill l r~ MJ./ I!L I I )1. ~ .e. .f., -1.- ~w" -ou~ -,.'w ~ -lj t~t~~ -o.,~~ - 2_ M~ ~ 
i e \ [ -· u J. + -I. ) + u J 

ivt(f-~Jl~ ~ ~~+t;)K~-£ ~ +£ J;{ll-~ )·1 ~ 
+: t•fi-(;r 1 {' w-1~R)/qo + -t~~ 1 10--

-f 
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B (36) WI, .Z , All- noJieBHe onepaTopu KaJIH6poBO'if.HX 6oaOHOB 
:,u / -. !" " ,, ~'d 1/ W ' ' 0 t f <t l'l - ur l'l L'l(/IL rpepr.DOHHHe IIOJIR 

(
V,) (u) V::u c -1:: s :::+1, ct;.=sf/~1, 
l l ]) ]) :: J1 

/ 1J ' /'f =-J ju/- IDli.YJlh ,nom MeKTJ>R-
) ) ) .,) 6 ) ~ J.""'.. ) 'J 

~eCKOro aapg.na ~pMHOHa. J - cKaJIRpHoe TIOJie, OTil'ICHBaJ!IIlee ~3l'!~e cKoe nOJie XMrrc a, <J > = 0 
B (36) ~ CORpameHHH BBe,neHH 0603Ha~eHl'!R 

l'l 
{) = llu,~ 
1\._- .t.) 

1'1z 
(3?) 

a TaKEe l'ICTIOJib3Y9TCH MaTp~aH ~pMa aaTil'!Cl'l B wepMHOHHOll CeRTOpe 

-f = (J:) , r,ne f U. 90Th CTOJI6ell, BCeX U..f- IPE:pMHOHOB, a 

fJ- dow fl. , k- B 06!119M CJiy~e He,I~;HarOHaJibHaH MaTjll'llJil, COBTia-

,IJ;aJWtaH B KBapKOBOM ceKTope c MaTpHueA Ko6rumrn - MacRaBa, tn
1 

, ~ 
l'l Sf - COOTB9TCTBYI<lltli9 ,nHSroHaJibHlle MaTplUl!l. 

Y'DITHBaH (3?) l'l3 (36), BH,li;HM, ~TO KOHCTaHTa rrepe,n JIJl6HM ~eHOM 

B3al'!MO,II;eitcTBl'IH nponop~6HaJihHa nepBOA l'!Jll'l BTOpoH CT9TI9Hll E; l'l He

KOTOpoMY waKTopy, 3aBHCHIIIBMY OT MaCC ~aCTl'lll, Teopl'll'l. TaK, HaTipKMep, 

:;_ __/'w e R. 12 _ effw 
W~'"'\ w q- K )~ - (/'fill._ M~ )'/J.. 

f···:-< 2 
j- .- l 

e!l _ e.~ttz" 
/?.(4-f.J" - }li(!ij-1-fj) l'l T.,n. 
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Ta.KHM o6pasoM, TeopH.fl OOB .n:e~cTBHTeJI:&Ho npe,~~;cTaBJI.I!eT co6o~ pacllll'lpeH

HyJO 'K:3.Jl - TE!OpRJO C O.n;HOH ROHCTaHTOil: BSaRMO.n;eil:CTBH.fl eo , HO C He-

TpRBRaJI:bHO:it saBRCRMOCT:&JO BepimfH oT Mace -qacT:w:c;. IIoCJie.n;Hee ecT:& 

CJie.n;CTBRe nc~Oil: KaJIR6poBOT,tHOil: RHBapRaHTHOCTR Hea6eJieBO:it T60pRR R 

MexaJUISMa Xltrrca. JiarpaH.lltRaH K3.ll .IIBJI.I!eTCJi xycRoM JiarpaHJERaHa (36). 
CJie.n;yeT OCOCio no.n;-qepKHYT:b, TO 06CTO.IIT8JI:&CTBO, qTo CB.Il3:& (34), HaShi

BaeMa.ll RHOr)(a YCJIOBReM 06':be.n;RHeHH.fl BSaRMO.n;eil:CTBRil: /33/, BhlpalltaeT 

t,tepes eo H MaCChi He TOJI:&RO "nOJiyCJia6yJO" KOHCTaHTY J 0 , HO TaKllte 

H napaMeTp .S!h-ZQ., = e~Y; e., ROTOP~ np:w .n;aHHOM Bhl6ope H63aBRCRMI:lX napa-
"'o .. " 

"MeTpoB He ffiiJI.IleTC.Il 6 ee HeSaBRCRMO~ BeJIRT,tl!:HOil:. nrur Jll060~ 38BKCI4MO~ 

BeJIRT,tlJHLI, HEiiTpRMep' (37), CJie.n;yeT RCIIOJlb30BaT:& O.n;RHaKOBOe HaSBaHRe 

(H 0603Haqeuie) KaR ;IJ,7IH. "rOJILIX", TaR R ;IJ,liH. {pHSHt,teCKRX ee SHat,teHHil:, 

IIOCROJI:&.K,Y 3E•BHCRMa.ll BeJIHT,tl!:Ha 6CT:& llpoCTO H6ROTOpa.ll ROM6RHaiJ;H.Il Hesa

BRCRMLIX, IIo~•TOMY ceil:qac HaH60Jiee pacrrpocTpaHeHHLIM orrpe.n:eJieHHeM rrapa-

MeTpa ~I) Z &i,v H .IIBJI.I!eTC.Il Bcero JIHIIIb HaS BaRRe ;II,1I1l ROM6RHaiJ;Im {pHSR-

qecKRX Mace LV-H z ~ -c5osoHoB 

( ·' C'. f Mj .Jin<l>'w= - ft1.t 
l 

(39) 

Ha6op 'apaMe~B (35) He .IIBJI.I!eTC.Il o.n;HosHat,tHL!M, Ha sape o6cy~a-

eMoil: qJRSHKH 
34- 37 

HCIIr:&30BaJIRC:b .n:pyrHe Ha6ophl, HaiipRMep (J1w, d )• 
BMecTo ( M w 

1 
fli) 138- 40 • MLI rrpe.n;rro-q:wTaeM HCIIOJI:bSOBaT:& MaCChi, TaR 

KaR OITRCaHHE.Il B pas.n;eJie 4 rrpo:c;e.n;ypa rrepeHOpMHpOBKH Ha MaCCOBOil: IIOBep

XHOCTR Bep:b~a rrpocTa H .IICHa IIO qJHSRqecROMY CMLICJIY H IIOSBOJI.IleT orrpe.n;e

JIRT:b Bee p6fOPMaJIH3aiJ;HOHHhle ROHCTaHThl, Sa RCKJIIOT,I6HHeM Z!e, ROTOpa.ll 

qJHRCHpyeTC.Il yCJIOBHeM,oc5oc5m~ (27) CO BC6B03MOXHLIMH O,II;HOIIeTJieBLIMH 

P:.,W,} ffY -Bepllll'IHaMH. HHTepecHo, qTo 

If;
) :f f~< -f TOlK,ll;eCTBO Yop.n;a, BLIIIOJIH.Il6TC.Il ;II,1I1i B?eil: 

W W BLIIIOJIH.Il6TC.Il ;II,1I1i qJepMHOHa f C JIJO-
·y ·~ CYMMLI ,II;l!arpaMM PHC, 7, !IpRt,teM OHO 

+ + :0 61:lM HeiJ;eJILIM SaP.Il.D:OM, 

~ ( '( .l{pyrHe OTJIRT,tH.fl rrepeHopMHpOBKH B 

TeopRH 3CB oT K3.Il o6yCJioBJieHI:l CJie.n;yJO-

I:wc. 7 ~ 06CTO.IITeJI:&CTBaMR: 

- T,tRCJIO H63aBHCHMllX qJepMROHHHX IIOJieil: B ,II;Ba pasa 60JI:bW6 T,tHCJia qJR3R

t,t6CKRX qJepMHOHOB, IIOCROJI:&Ky MLI ,II;OJIEHLI p83JIRT,taT:b MelK,ll;Y JI6BLIMH H 

!Ip8BLIMH qJepMHOHHLIMR rrpoeRIJ;H.IIMH, BXO.nl'DIIHMR B pa3JIHT,tHLI8 SU (l)
- MYJI:&TRIIJieThl: JieBhle .n;y6JieThl R Ilp8Bhle CRHrJieThl; 

- qJepMHOHHille IIOJI.Il MoryT 6hiT:b, B !IpRHIJ;mi6, CMeWaHHLIMH ( B CJiyqae RBap-

ROB 3TO E CaMOM .n;eJie TaR). B CB.Il3R C 3TRM BBe.n;eHHe peHOpMaJIRsaiJ;WOH-
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HHX ROHCT8HT B W8PMHOHHOM C8RTOpe T80pMM - ~OBO~hHO ~e~HRarHaR pa-

6oTa, ROTOpM ~OJDKHa Bi:IIIO~HRThCR C 60~hiiiO:f.i OCTOp0.lKHOCThiO. ID'J3H'I8C

RM CYTh COCTOHT B TOM, 'ITO BH8lliH.i!l! ~HHHR WBPMHOHa MO.lK8T B:>lr~eTh 

TaR, RaR IIORa38HO Ha pHc. 8. 

w 
( 

0 ;? f y 
~~ ... .. ~ -fi .jK 1-d f l 

PEe. 8 PHc. 9 

IToaTOM,Y ROHCT8HTJ:I rrepeHOpMHpOBR~prvrn:OHHHX IIO~e:f.i ~OJDKHJ:I H>18Th BH~ 

M8TpHl\ ~ , ~H 9Jl8M8HT (i-z?...f )1 • ROTOpb!X o6HyMeT coorBeTCTBYIO

IIIMH II8T~8BOJ.l BK7.!8~ pHc. 8 • AHM6r'~o B03HHR88T i!{- CM3UIHB8HHe, B 

CM3H C '18M T8KlK8 BBO~HTCR MaTpHII,a rrepeHOpMJI!pOBRJI! liO~e:f.i z' R r , 
PJI!C. 9. 

IIo~I:IH Ha6op WOPMY~. CM3J:IBa~ HBWJ1!3H'!ecKJI!e rroM Jll PH~Jil'!eCKJI!e, 

T.e. WOPMY~. orrP,e~e~lllJI!X RoHcTaHThl rrepeHopMHPOBRJI!, Bhlr~ffT Me~IO

mHM o6paso~41~ 

{ ={l;)L ) f.. =flflt~ J fflfo =~:rrl,.,Jz;lr 

~:~~: (~:) (~~ ~)(:)) (40) 

1rl -I .t .e. 2 J..-1 u!J., AAL 7 -:z-IAA"!..-
f/'1/o= ll-4..v lw Mw , Mlo = z:.l'lz r. i!. 1'12 .J rr01 = z:.li; z:1 r ~( ) 

e ~ z ::J.-~e 
o eLA . 

B WOPMY~ax (40) ~L Jll ~R- MaTpm.lP! c MaTpJI!'!Hh!MH MeMeHraMH 

( 4{7.. )i • Jll T .~., B MaTpJI!l\8 Z r -CM8llll'lB8HHR 0~ H3 M9TpH'!HHX 

MeMeHTcfu paBeH u -CJie.ncTBJI!e Toro, 'ITo m1 = o. To.lK,ll;ecTBa Y:>p~a ,Jl;1JJI 

rro~Horo Ha6opa ~arpa~~ 7 rrpJI! orrpe~e~eHMM ROHCTaHT WOPMY~9MH (40) 
Bh!r~T RaR ~e : I. CT8II8HH ROHCT8HT IIpH rrep8HOpMHpOBR8 MaCC 6o-
30HOB ,n;pyrHe, 'i8M IIpH II8p8ijOpMHpOBR8 WBPMHOHHb!X Mace H3-3E. pa3HOro 

BH.n;a JI!X MaccoBux ~eHoB B JiarpawmaHe. IIpaBMa rrepeHOPMHP<BKl'! saBH

CHMh!X.o6'beRTOB IIO~Y'i8TCJI KaR C~8~CTBH8 HX orrpe,IJ;8~8HHH, H8IpHMep, 
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El{! 
BupaJKeiDie (4I) ,J,7I.fl Le~ qpe3BI:Nail:Ho rpoMo3.n;Ko. B nap:awc Tpex cTpo-

Kax JiarKo pacno3.IaT:& KOMIIa.KTHoe BhlpaJKeH>re (I9) .IJ,7l.II K3,U, Y'IHTh!Ba.fi, 

'ITO K3.U qacTH ·;fl.. H ?{1~._ paBHhl .n;pyr .n;pyry. lta.K yJKe neo.n;Ho.KpaTHO 

rro.n;qepKl'!BaJioc:r:., L EW'MHHHMaJieH. EOJI:&IIrn:HCTBO rrOJieil:, H3 KOTOPhiX on 

rrocTpoeH, yJKe OTK.Jh!TO: (' , LV , Z '') cpepMi!oHhl. TOJI:&Ko 6o3oH X:Hr-

rca IIO.Ka He 06Ha)ylKeH. Ka.K BH.n;HO, B /._ EW' 0'18H:& MHOrO 'IJIBHOB OT-

Be'iaiDT pa3JIH'1Hh!M B3aHMo.n;eil:CTBH.fiM H CaMo.n;eil:CTBHF.a~ ITOJI.fl X:Hrrca. 3KCIIepH

MeHTaJI:&HM rrpoBe_).Ka STHX 'IJieHOB JiarpaHlllliaHa BeC:&Ma HHTepeCHa. KaK Mhl 

yBH.n;HM HHJKe, o'ieH> TO'IHhle H3MepeHH.fl Ha Z" -IIOJIIOce ,_'iYBCTBHTeJI:&Hhl K 

BK1Ia.n;J HB.KOTOphiX H3 STIDC 'IJieHOB. rJt;.J) 

OTMeTHM ellltl o.n;Hy oco6eHHOCT:& JiarpaHllUiaHa ( 4I) • B K3.U /... c t _, 
1><>PM.YJia (I9), co.~ePJKHT 2!., JIHII!l> JIHHeiiHHM o6pa30M. BhlpaJKeiDie ( 4I) co

.n;ePJKHT HeJIHHeil:Ho JTH T>rrra {{- SR./t-R.Y'/1... H T .rr. 3To CJie.n;cTBHe HeaoeJieBoc

TH TeOpHH H Mexa:rn3Ma Xlfrrca. ilpH Bhi'IHCJieHHH O.n;HOIIeTJieBOro rrp>r6JIHJKe

HH.fi BCe HX CJie.D;ytlT JIHHeapH30BaT:&, HCIIOJI:&3Y.fl rrpe.n;cTaBJieHH.f! ( 29) .IJ,7l.II 

:;!_ B B>r.n;e PJI.n;a 'rBOpHH B03MYllleHHH ITO o( • JhmeapH3ami.fi, HaiipHMep, 

'WW J - 3epnrn:Hhl B l..c ~IV BhlrJIH.IU!T CJIB.I(YIOlliHM o6pa3oM: 

l~ z''1... '!:'/.<. "l.-'h. {f- _u_)-'1~- , 
J li,..· w A 1-R. 'I 

== j (~-I) + j- (lJ4w- 1} + j{~w-1}- j(:;A--1)-+ .£;:!<) (42) 

6. ~lOIIBTJieBh!e aMIIJIHTV.D;hl 

l1CIIOJI:&3Y.fl .JI9.rpaHlllliaH ( 36) , ( 4I) , MOlKHO paCCtiHTaT:& ITO rrpaBMaM 

<reil:HMana o.n;HOIJBT.teBoe rrp>r6JIHJKeHHe aMIIJIHTy.I(hl, B rrpHHr.wrre, JII06oro rrpo

uecca B3aHMO.n;eil:c·rBH.fl 'iaCTHI.J;, BOBJie'ieHHh!X B TeOpHIO 3GB. EOJ!:&WOH HHTe

pec .IJ,7l.II coBpeMeHioro aKcrrepHMeHTa rrpe.n;cTaBJIHIOT 'ieTHpex~ep~rnoHHh!e rrpo-

n;ecch! B KaHaJiax 3apJUeHHOro (CC) H Heil:TpaJI:&HOro (NC) TOKOB. 

f."' 
w ' 

tf 
CC-peaKmiJI 

J,---zr-
{·_J__ 

,J 
I 

N C - peaKmiJI 

Plio. IO 
K ~pBMMaCC-p~a.KmiH cBo.n;RTC.fi rrpouecch! 

)1~ eve~ 
tt-~ e ~ 'i . 
'je~y~, 

"'t q, - e ~ 

(OCHOBa .IJ,7l.II T80pHH 
(eM. pa3.n;eJI 8)), 

(rHP -Heil:TpHHo) , 
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~'~ ~w~t~, 
e~, ~ ~~·. 

Ellie 60JI:&lll66 'UIOJIO 3KCIIep:HM6HTaJILHO l'!3M6PJI6MRX IIpol\6CCOB 

IJC -pea.KIJ;~m, Harrp:HMep, 

'Jte--. ~e, 
~9t· ~ Ve~i, e+e.-~ tff~ 

e ei _, t~, - t ~ , 
ff- ~ ~tte-. 

(43) 

CBO,IJ;HTCSI K 

(44) 

0KOJIO !0 ~eT TOMY H838~ MH HS~aJil'l CHCTeMa~~ecKOe l'l3y~eHHe 

4-~epMHOHHhlX rrpo~eccoa B o~orreT~eBoM rrpH6~HXeHHY. TeopHH 3CB. Oc

HOBH 8TOro HCOJie~OB~ orry6~HKOB8HH B ~BYX CTSTLRl B "Nucl.Phys.• 
B !980 H !982 ro~ax I 4I/. S,nec:& MH KpaT KO o6cy~HM I•eay~:&TaTbl pa6oT, 

He B~SBaSICL B ~eTaJIH. BWIO ITOK838HO, ~TO SMIJJIHTY~ ((- H A/( -peaR

I.ll'I! MOryT 6&TL 38ITl'!CaHbl B T6pMHHax ~pMf}aKT.OpOB, 81- aJIOrH~O rrpe~CTSB

JISHHIO (32) B K3.U , rrp~eM ,n;llll ~PMPaKTOpoB MoryT dbTL. rrOJry~eH& ~oc

TaTo~o Od!IU'I6 B&palK6HHSI, 6e3 KOHKpeTH38I.ll'IH B~a ilJepMHOHa HS BHeiiiHe! 

JIHHHH ( \) , f , ~ ) . 3TH OdlltR6 ~PMY~Iil l'ICITOJIL3C•BaJIHCL HaMH IIpH 

IIOJIY~6HHH iPl'!3H~6CRHX pe3y~LT8TOB ,n;1L1I KOHKpeTHIIIX rrpc•U6CCOB, 0 KOTOpli!X 

MH paCCKalKSM B 3Tl'IX ~eKIJ;IDDC. B H8CTO.IIlll66 BpeMSI MH liCe eme IIpo~OJDKaeM 

IIpHMeHSITL 061ltR6 ~PMY~bl K KQH,Kp6THIIIM iPl'!3H~6CKHM IIpc•l\6CCaM ( ce!~ac K . -
rrpoueccaM ef -_paccerumsr a e e -amuiri!.1ISIUIDl). 

PaccMOTPHM od!IU'I! B~ CC-aMIJJIJI!Ty~& B o~orreT~eHoM rrpHd~HXeHHH. 

B 6opHoBcKoM npzd~eHHJ/l oHa :HMeeT B~ * 

ft.t :1' )~kt "' c:,t (Q;;f + ~r) ,r;_(i+(s)®o/- (f+l~), (451 

r~e 

* IIpaBwra ~e!HMaHa' ,n;llll rrporraraTopoB ~acTHU B U -K<l.IIHdpoBKe: 

~ _,· ~& +£L. qr-lfi; ~ ~ ~ 
~ ~n)" '~J.+M~ ) ~ ~)'~ ~ 

-( 

~)If 
~ +ittt ) _;_ _ _::i_ __ I_ 
12-tm~ ~ ~)t r-+Mj 
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a ITpmMoe ITpoHaBe~eHHe - coKpameHHaa aaiTHcb: 

R. r; u. ·i4. 1i. -~ ==r fi ® r;_ • ( ., J '-· (47) 

~ 6QnbillHHCTBa ITpaKTH~eCKHX 3~a~ Mace~ ~epMHOHOB B Ha~aHbHOM 

H'KOHe~OM COCTOHHHH y~oBneTBOpRIDT HepaBeHCTBY 

..t. m ~<<-1-1"" r. ' ) ( 48) 

BcJie~cTBHe ypaBHeHHH ,llHpaKa f (h(s) ~r~~t;.~'-,_ ~ , IToa·ror.ry BTopoft 

~eH B ( 45) MOlltHO OT6poCHTb, TaKHM o6pa30M, CC - aMITJIHT]~a HMeeT 

Bcero JIHIIIb o~y HeiTpHBO,IOiM,YIO CITHpaHbHYIO CTPYKTYPY 

(No~cl*e = c;i; <! rl+(s)i>!t (!+j;-}. (49) 

O~oiTeTJieBoe ITpH6JIH~eHHe aMITJIHTY~ CC-peaKUKH (pHc. IO) OITHC~-

M·ri+I+]r( 
. Pile. II 

~eCb ~ COK~eHHH BBe~eH~ 0603Ha~eHHJI 

--;;t- . ~·~ ~.Jt',~ ~ --,; 
,L 

IN w Tj A,'A) ~W,i!JAJ Jf 
dll66.-.. =I?+~+~ +~"+~ 

1 j 

I A~)A,'J~ n.r)",JTI ..... = + + w + '# 
w w 
PBc. !2 

TaimM o6paaoM, • o6oaHa~aeT ITO~ Ha6op o~oiTeTJieBJ£c ,It:HarpaMM, 

B03MOlltHHX B TeOpHH,+ COOTBeTCTBYIOmaR KOHTp~eHHaR ,It:Har~~. 

liPHMoe B~CJieHHe Bcex ,It:HarpaMM ITo ITpaB:MaM ~illiMaHa (~ 

BepnlJ!H OHH ITO~TH HeiTOCpe~CTBeHHO CJie~IOT H3 JISrpaHlltl1aHS (36), (4!), 
a ~ rrporraraTopoB 6WIH ITpD:Be~eH!i Bwne) B ITpH6JIDeHHH (48) ~aeT aa

Me'iaTeJibHO rrpocTo:A BH.II: ~ aMIIJlHTY~ CC-npo~cca B o~oJieTJieBoM 

30 

IIpH6JIDeHHH 

(M{~~t -= (ffu~c)vd [tw( 

r~e 

) oL rw rr-'(s.) i = { + T 7~ 0i) "'f} ffw 

- HBHSH, YJlbTp~MOJl&TOBO-KOHeqsan 

BH.II: p~a Boar.rymeHHii no o( I'll - 1 

TeOpHH. 

HeMHOI'HM 6onee CJIOlltHaR cHTyaJ 

Ty~. Ee ~eBecHoe rrpH6JIDeHHe Bl£ 

(#:'~ =C;[,(t+Ys)- ~U-R)/O)d 

+ c: t_ ® t + cj 1 flJ I , 

r~e f e.ts.5i I c; =- i{b) (6~{1- iJ 1!l-tffi 
c~ = -t'ro1iwe~-a Q ~ 
~ '(:'J I;) I' 

· J ·to.,\'1 e-2. mm- I 
c!i = '~''I 1(1-R.J Hi 11+t•t_f' 

a o~orreTJieBoe (B npn6Jiu.JKeHHH ( 48: 
He ~aeT BKJia~a) 

w,t~. = c~~ [G (t+tr)®t(l~rs) ~ 

- 'f (i-f.)/0/t 0-t(s)®~ f;=z{s)t )+ {(, 

+c:ft®t r/(s/) +~~®tt·rs 
r~e Bee IIK>PMf>aKTOphl, KpoMe g_;A , 

!JiA He HMeeT "I", T8K KaK CTpj 



(50) 

r.n;e 

(51) 

- .11BH8R, yJU.TpapROJI9TOBO-KOH9'Di8R tJ/y-HKI.VdR KOHCT8HT T90plll1, HM9DQ8R 

BH.D; pg.n;a BOSMYJIIe!U!:ii ITO of /71 - e,ItHHCTBeHHOH KOHCTaHTe CMSH B 

Teopu. 

HeMHOrHM 60Jiee CJIOJKHM cHTyaUH.fl HMeeT MeCTo ,IJ.iUl 1VC 
Ty.n;H. Ee .lijleBeCHOe IIpH6JIIDJte!U!:e BHrJI.II,IJ;HT CJie,D;yiCli1HM o6pasoM : 

(#:c~ = c; ftu (~+~)- ~U-R)/~/L]®[t(J+f's)-1(1-R)f0/J~] 

+ c: t ®¥ex + cj If/) I , 
r.n;e 

Cr .~1; et.s. 5i I 
jj = -q~ I {6~(1-h 1~-rl-fi ~ - o6ueH , 

c;:; -l~1f)"e!q 0 r 0 - 06MeH > 

· 1 ·lo.r.)~ e-t m m- I 

-aMllJI:a-

(52) 

(53) 

cti = ~~''· 9(1-R) Hi 1A.+!tt_f' } - o6MeH' 

a o)J,HoneTJieBoe (B npn6JinJKeHM:a ( 48) .IUiarpaua:.a c o6MeHOIA 

He ;n.aeT BMa;n.a) 

j- 6030h01A 

- ~ (1-1.)/q/t_ {(t(s)®ttc {x(s)t)+ /b 0-R)~t}.//t.J/!J. <Y~ ~~(5)"1] 

+c;ft®t q/(s/) +~dS-®~.,~A(s}t)] ) 

(54) 

r.n;e BCe iPOPMPaKTOphl, RpoMe g_;A , HMeDT BY..,D., 8H8.1.IOI'l!'nllli! (51), a 

'.12A He HMeeT "I", TaK KaK CTpyKTypa,r:eps.n; IWTOpo~ OJ! CTOH~·, He 

31 



(50) 

r.n;e 

(51) 

- .IIBHM, YJILTpaqJ.HOJI6TOBO-KOH8'iH8Ji ~YlfKI:tldR KOHCT8HT TeOpll.H, .HM8DJIM 

BH.n; .PJI,IJ;a BOSMYIIlBirn:H rro oi I'll - e.mmcTBeHHoii KOHCTaHTe cBRSM B 

Teoplll!. 

HeMHOrl!M 60Jiee CJIOJKHM Cl!TyaUH.II l!M66T MeCTO ,ll,il.II 1V( 
TY.nH. Ee ,JWeBecHoe rrpPI6JIIDKeirne Bll.r.JIJI}J.PIT CJie.nyKll1l!M o6pasoM : 

(,A/:c~· = c; [ tu (f+~)- 'tU-R)/0./L]®[t {i+Ys)-1{1-R)/q/J.~] 

+ c: t_®(x -r Gj ]ei, 

r.n;e 

cr _ ·~I~ e~s . .Si I 
§ --I~~ :; (6R(I-l) 1l+f1: 2 - o6ueH > 

c;: -l~1f)ifelq. 0 f 0 - 06MeH ) 

- J ·~.\~ et- m.m. I c = t 'J -- ..:..;tjjJ- A. It j 

-aMIIJUI.-

(52) 

(53) 

g 1(1-R.) }fw 1 t~ - o6MeH 1 

a o.n;HoneTJieBoe (B npJ~6JinJKeirnH ( 48) }J.HarpaJ4!t.a c o6MeHOJA 

He .n;aeT B.KJia.n;a) 

j- 6030hOM 

f.t,t ~· = C~~ [ G (l+fr)®t (l+(s) f/0J) - ~ {1-R)I« ,, ®' (lt(s} J;_~t) 
) 

(54) 

- ~ (i-1-)/q/( {(t(s)®lot ~rf5i + /6 0-R)~t}.//~/[;. @~ ~~{5J)] 

+c:ft®t q/(s)~) +"t-®ct;·~~A(s,t)] ) 

r.ne Bee qJopMf}a.KTOphl, K_poMe g;A , MMem BR,D., 8H8JIOI'lNI!JiJ! (51) 1 a 

!JiA He PIMeeT "I" 1 TaK .KaK CTpyKTypa,r.eps,D. HOTO_poii OJ! CTOB'i·, He 
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co~e~TCH B ~peB3CHOH ar~HTy~e (52). B TaKoM any~ae roBOPflT, ~To 

COOTBeTCTBYID~aH crpyKTypa H~UHPOBaHa neT~. 

B ane~IDmHX ~a3~e~ax MN 6o~ee no~po6Ho o6cy~ WoPMPaKTopN 

O~oneT~eBHX 8Mnn~TY~ pa3~~ nponeccoB, B KOTOPHX H 38KHID~eHa 

BCH ~H3HKa npeUH3~0HHHX TeCTOB TeOpHH 3GB. iloKa ~e npo~~ 06-

cy~eHHe npoue~yp~ BuqnaneHHH ce~eHHH ITpoueccoB B o~oiTeT~eBoM npn6-

~~eHHH. 

7. BKna~ TOPM03Horo H3~y~eHHH 

Bo3BOM aMnnVITY~ (50), (54) no MO~~ B KB~paTe, ITMy~aeM ce

~eHHe COOTBeTCTBY~KX ITpoUeCCOB C TO~OCTbiD ~0 O~OITeT~eBoro ITpH6~H

~eHHH. 3TH ce~eHHA: e~e 6y~T co~epJKaTD mi~paKpacHNe pacxo~ocTH, 

ITpoHCXO~e OT ~VIarpaMM C 06MeHOM BHPTYMbHNM WoTOHOM Me~ BHeWHH

MH ~HHHMH, HanpHMep, OT ~RarpaMMH, H306paxeHHOR H8 pRC.13. 

Jtr 
13 

+. 

r 

Xopowo H3BeCTH0 0 ~TO B TOM Xe ITO

~e ITO KOHCT8HTe r:J.. B Ce~eHHe 

rrpouecca ~aiDT BKna~ TaKllte H ~ar

paMMN BHYTpeHHero TOpM03HOro H3~y~e

HHH WoTOHoB. BM~ ~arpaMM pHc. 13 

H 14 B cyMMe He co~e~T mi~pa

RpaCHHX paCXO~OCTeR. 

~ 

+J>J:r+± 
PRe. 14 

Bll'n!GneHHe BM~~ TOpM03HOro H3~~eHHH B ~qxpepeHUHMbHOe ce~eHHe 

npoBo~TCH Herrocpe~cTBeHHo ITO IIpaBMaM ~eitHMaHa. B 6MDIIWHCTBe rrpaK

TH~ecKKX ~~aeB Bll'n!GneHHe ~~Ce'!eHHH BeCbMa rpoM03~KO. B HaCTOH

~ee BpeM!l Ta!We HI~GneHHH BIDIMHHIDTCH HC~~Te~bHO C IIOMO~ID CHC

TeM aHanHTH~ec.KID Aeo~i30BaHHH Ha 3BM. MN HCITMb3YeM cncTeMY 

SCHoOAI5CH [ f> 42 • • l1HTerpHpOBaHHe ITo~ocTDID ~qxpepeHUHMb-
Horo ce'leHHH ~o ;;HqxpepeHUHMbHOro eylltHoa KpaTHOCTH MH ~o n~oro 

- BeCbMa ~e~HKa~'HaH 3~a~a. Jle~O B TOM, ~TO 06WUIO T8KOe HHTer

pHpoBaHHe TeCHO <M3aHO C JGnOBHJIMH perncTpaUHH C061:lTHH B SKCITepH

MeHTe. 

TpHrrep HeK<•Toporo SKCITepHMeHTa MOX9T ~CKpHMHHHpoB8Tb C06HTM 

TOpM03HOro H3J!Y~E,HHH, B KOTOpHX XeCTKHR WoTOH ~1'.160 CaM ~aeT MeK

TpoMai'HHTHNH ~HBE,Hb, ~CKpHMHHHpyeMJ:lit TpHrrepoM, ~H6o H8CTO~bKO 
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"paapymaeT" 6opHOBO.K,YIO KHHeMaTH.K,Y, qTo 006!lTHe TaKllte ,IU:te.Kpm.mHH

pyeTCSI (H8IT_pHMep, ITO He.KOMIIJiaHapHOOTH HJil'I He.KOJIJIHHeapHOOTil: 006ll

THil B et-e-~.)l~- ) • .lLWI TB.IGIX 3KOITepHMeHTOE ITpoBeQTH a~e.KBaTHOe 

HHTerpHpOBaHHe y~aeTOH XHillb 0 ITOMOmDIO MeTO~OB MOHTe-Kapnol
44/ .. 

CymeOTByiOT, 0~8KO, 3.KOITepHMeHTbl, JIH60 OHTyall;lm, B .KOTOpllX 

a,ne.KBaTHOe Bbl'll!CJieHHe Tpe6yeT HHTerpHpoB8HHH ITO ITOJIHOMY qaSOBOMY 

o6~eMY ~TOHOB. HaiTpHMep, Ha6JIIO~aH TOJIDRO JieTITOH B KOHe~OM OOOTOH

HHH B OITbiT8X ITO rJiy60.KOHeyiTpyroMY paooeHHHIO, Mbi He B COOTOHHHH 3.KCITe

pHMeHTaJIDH0 OITpe~eJIHTD 1 00ITpoBo~aeTCH JIH ITpoUeCO HSJiyqeHEeM ~TOH8 

HJil'I HeT. 3TO 03HaqaeT, 'ITO a,ne.KBSTHOil 3KCITepHMeHTY BeJIH'IP.HOil HBJIHeT

CH ce'leHHe,ITpoHHTerpHpoBBHHOe ITO ITOJIHOMY ¢830BOMY o6~eMY ~TOHOB. 

EoTeOTBeHHO, 'ITO T8.KOe HHTerp:r.rpOBaHHe MOXeT 61lTD O~eJiaHO aHaJIHTH

qeoKH H,Ka.K rrpaBHJIO,ROHe'lHblil peayJibT8T ~OCT8TO'!HO .KOMIIB~eH • Mbi 
6y~eM H83biB8TD TB.K,YIO OHTYaumo 11HH.KJli03HBHOil". KaK Mb1 YBH~M B IIOCJie

,IJ;.V1<lniDC pa3~eJiax, OH8 ~OBOJIDHO qacTO BCTpeqaeTC.!! Ha ITpBKTlO:Ke_. 

8. KoHCTaHTa irlePMH H BaaHMoaaB:r.rcHMocu (/frJ 5i/f&>.vj 
Bbl'll!CJieHl'!e BpeMeHl'! Jm3Hl'l MIOOHa ~ B o~oiTeTJieBOM ITp:r.r6JIHXe

HHH TeOpHH 3CB B paMKax OIIHOaHHOil B paa~eJiax 4-6 CXeMbl I!E:peHOpMH

poBO.K BeODMa ITOY'!HTeJibHO H, KpoMe TOro, ITPHBO~T K 0~0~' l'I3 BBXHei

IIIHX !PHSH'!eO.IGIX pesyJIDTaTOB rrpeUHaHoHH!lX TeoToB - B3aHM0311BHcHMOcTH 

ITapaMeTpoB Teopo. IToaTOMY Mbl paocMoTpHM Bbl'll!CJieHHe ~~ ~ocTaTo'l-
HO IT0~6HO. , 

llpl'I Bbl'll!CJieHJ1tllX O~OITeTJieB!lX ceqeHl'!il B TSOpHH 3CB BllCbMa y~o6-

HO paa6HTb Bee O~OTieTJieBile ,Itl!BrpaMMI:l Ha TpH THTia. llpOJ11.1L;UOCTpRpyeM 

STY .KJIBCORqJHKaumo Ha rrpHMepe Bbl'll!CJieHHH rrorrpaBOK K ? -pacrra,ey. 

B rrepB!il Tl'Ill BH,neJIHM TPRBHaJibHble K3,U-rroiTpaBKH, OIIHClmaDJUl8CH ~

arpaMMBMH RaJI'j"IeHHH TOpM03HilX ~TOHOB R3 BHellllUIX JIRHl'll R .ItHarpaMMa

MH o o6MeHOM BRPTYaJibHbiM ~TOHOM Me~ BHel!lHRMH JIHHRHMH. ITocKOJID.I\Y 

K3,U-ceKTOp CT~8pTHOI Teopo HSR60Jiee Xopomo rrpoBepeH H·l 3KCTiepRMeH

Te, 3TH ITOllpaBKH HaHMeHee BHTepeCHH. llepBbll THII CO~epx:HT BCe ~ar

paMMbl o BH!PpaKpacHHMH pacxo,Itl!MOCTHMH. .ILwi )l' -pacrra,na aT) CJie.JJYl!lltHe 

TPH .ItHarpaMMbl ; 

&c. I5 

CyMMa B.KJI8,IJ;OB .ItHarpaMM rrepBOrD THII8 B Ce'leHHe (RJil'I BepoHTHOCTD) 

rrpouecca CB060~a OT BH!PpaKpaOH!lX paCXO,Itl!MOCTSH H MOXST 38BHCeTb, KaK 
~ 
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odcy~anoch B npe~eM paa~ane, oT axcnepHMeHTanDHHX yanoBHA perac

Tpa~H. 8TH ~a odnTOHTe~hcTBa ooy~a~BSDT paayMHOCTh HX B~aneHRH 
B oT~e~hHHi THIT O~aKo B odmeM ~y~ae cyMMa akna~oB ITepaoro THITa 
He .FIBJl.lieTc.FI .KaJIHOpOBO~HO-HHBapHaHTHOit Be~H~Ho!. HaiTpHMep, B ~y~ae 
jV -paciTa~a ITtlpBa.FI ~arpaMMa pHC. 15 CO~ePJIWT .KaJIH0pOB0~0-38BH

CHMYIO Be~H~Hy -· ITpoiTaraTop W - doaoHa. IToaTOMY B~e~eHHe TPHBH
aHhHoro K8,ll-BKIW~a H3 ~arpaMM ITepBoro THITa C3MO ITO cede HeTpHBHaHh
HO. 

CymecTByeT y~oaze OTHORHTh K KS.U-B~a~ ITapBo! ~arpaMMH pzc. 
15 ~HWh ~eH, ITcpo~aeMHi C+J} B ~c~zTe~e ITpoiTaraTopa w'-ooaoHa 

(~~-t~PI'/M~) /(pZ+M:). B rroz6.Jm&ewm. "J1.t<<lf$ B~~ 
aToro ~eHa coBn~aeT c BHp~eHHeM, ITO~~eHHHM B V-A TeopHM ~aH
MaHa - reM-MaHHa ,ll)I.FI jl -paciTa~a / 45 • W8KTH~eC.KH OH COBIT~aeT H 
c B~~OM 3TOH ~HarpaMMH B K~OpOBKe T'XyWTa - WeAHMaHa. ~e~eT 
ITO~~epKHyTh, ~TO 3TO eCTh yc~OBHe, OT~a~ee HCTOpH~eCKOS p83BH
THe ITpoOJJeMbl, HO He HMeiOWee r~yOOKOro q>H3H~eCKOro CMbl~a. li)SKT Ka
~HOpoBO~OH HeHHB8pH8HTHOCTH ITO~adopa ~arpBMM pl'IC. 15 OTpaEaeT 
r~yOOKOe e~HCTBJ aJJeKTPOMarHHTHHX H ~aOHX B38HMO~e!CTBH! (TO~hKO 
IT~HH! Hadop ~arpaMM KaHHOpoBO~O HHBapHaHTeH!). 

oTOT ITPHMep Y~HT Hac, ~TO ~~e B ITpe~e~e HH3KMX 3Heprzit B c~a
OHX ITpo~eccax KS.~ - ~arpaMM11 He~h3.FI oT.ne~HTb B .KaJIHdpoao~o-HHBa
pHaHTHHit ITo~acc ~arpBMM. (ITpH HHa.KHx aHeprR.FIX KS.U HMeeT caMOCTO.FI
TeJJhHH! CT8TYC ~aWh ,ll)I.FI ITpo~eCCOB Oe3 ~adoro B33HMO~e!CTBH.FI). 

~e~HM, OlliTb JKe yc~OBHO, BO BTOpo! ~ace IT~.FipH38Il;lfOHH1le ~
arpaMMH, B KOTO_)HX qloTOH ITpeBpamaeTC.FI B ITapy ilJepMHOHOB (~eiTTOHOB M 

KBapKOB) 

flg{rf):[ ~ +[ ~ +~ 
t Z tr'l ~ 

PRe. 16 
B cyMMe ITO KBapJ:aM Mhl HC~IO~ll B~~ T.FIJKe~HX KBaPKOB / l'l t 
CMbl~ 3TOrO dy~E T .FICeH ~YTh TI03ii:S. ,UJ,IarpaMMhl BTOpOro THITa B03Hl'!Ka!OT 
He TMhKO B r.( ~IMllJUlTY~ C OOMeHOM ({ -· RBaHTOM, TpHBH8.1Il.HO ,KaK 'lSCTh 
6Jloxa p14c. I7, H<•. oHM TaKllte npo.FIBJIJU)TCJJ H B CC. R NC. -aMIIJWTY~ 

~
--. _. - c OOMeHara w- M Z" -0030H8lt.H' ~e-

PRe. I7 

pea HX B~a~ B peHOPM8XZ33UROHHYIO KOH
CTaHTY ~ , BXO~Kl, KaK B~O H3 

- Bl:lpa.lleHH.H .IVIJJ L E /4 ~), B Be PI!IRH1l 
- - C-t \" 
-f-fW K fft , ~~?·I8. 
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TT 
PE:e. 18 

0ITHTb Xe STO cne~eTBHe r~y60KODO 

e~HeTB8 B38HMO~eHeTBHM, B 'l:8eTHOeTH, 

ycnOBHR 06~e~H8HHH (34),He~ID'l:8ID~ero 

B H8Ill8H eXeMe j H SUJt9u/H3 errHeKa 

HesaBHeH~rux rra~aMeTpoB. KoHeqHaa 

'l:aeTb ~ 

(55) 

BHOeHT B BepumHI:l pl'!e. 18 60Jibume ~orapHif>MI:l, B KOTOplD! ~erKO paeii03-

H8Tb IIepBllH ~eH pa3JIOXeHHR IIO of. aifliPeKTHBHOll KOHe~ aHTI:l M8KTpo!.1ar

HHTHODO B38l'!MO~eHeTBHR 

t.) ol..{o) 
J(Q 1 = 1- nY,rQ~ 

rrpH Qt.= -H!; . KaK Ml:l YB:J.UHM 'l:YTb rrosxe, if>H3H'l:eeKH :1TO osHa'l:aeT, 

'l:TO xapaKTepHaa KOHeT8HT8 cna6oro B38F.m~O~eHeTBllH IlpH HHSKHX 3Hep

rHRX IIpoiiOpu;HOH8JibH8 o(. (H111'-} , a He. o( (0) , 'l:TO OilpHB~aeT Bll,ll,eJie

HHe BM~a TaKHX ~arpaMM B OT~e~bHllH Tl'!Il. IJo;n,qepKHell, O,IIH8KO, 'l:'I'O 

H aTo Bll,ll,e~eHEe ycnoBHo B paMKax e,JUmoil Teopm~, :1160 ;J;EarpaJ,:J.:H pnc. 

16 He if>opMidpym nOJ!Hldt Ha6op ,JJ,Ilarpaw ,II,7lR ZA. B 2A :Kpo;~e 'IRMJlli:..: 

RBapKOB 611t6 ~aB>T ~ ,ItRarpaMMll, eYJ!lee'IBSliHO 38B!1e.P.IJ)le OT K8Jillc/}•:>B-

!1
H exeMH peryJIRJmsar.urn, pnc. 19. 

K TpeneMy THIIJ OTHeeeM Bee 

vJ 11 ~arpai,~lill, He Bowe.mtme B nepBue ;n,Ba. 

( . r\.. ( _ -t y KaK O'l:8BII,li,HO ll3 00C,IJK.n8HI'..R:, }!)( V.Oll:-

~-- 0 ( HO H83B8Tb l!CTl'lHHO :OJI86WI.J.I ('I'. E'. 

v.J He K3,10 Jinlllh yc.JIOBH), npKHl'lMM BO 

BHHMaHHe Bee OT'OBOpi{Jl! e;n,eJ!aHHh!e Bbl

me. 
PE:e. 19 
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0TMeTHM, 'iTO BKJia,II; TOpM03HOro HSJiy'l:eHIDI B 'lJieH :I) WoPMYJIH (57), IIO

Jiy'l:eH IIOCpe~CTBOM HHTerpHpoBaHHJi IIO BC8MY cpa30BOMY 06'1>8MY qJoTOHOB. 

3TO CJI8~CTBHe OIIpe~eJieHHJi IIOJIHOro BpeM8HH XH3HH 'l:aCTIIUU - o6paTHO! 

BeJIH'l:HHH CYMMH BepOJiTHOCTe! BC8X rrapUHaJI:&HHX RallaJIOB pacrra,na. 

IlOCROJI:&Ky j{ - pacrra~ - 'l:HCTO Jl81ITOHHH! IIJIOU8CC, H8J,IUffiHT8JI:&

HO, 'iTO ero BepoJJ:THOCT:& ecT:& JJ:BHaJJ: !PYHRUM: ocHoi:HHX rrapaMeTpoB Te

op:HH 3GB 

e} "'f, ffw, M2 , HH . (58) 

YpaBHeHHe (57) HaKJia,lUlBaeT orpaHH'l:eHHJJ: Ha rrapaMeTpH TeopHH (58), 
TaR RaR OHO HMeeT B~ 

- 3RCITepHM6HTaJI:&~O H3M6Pff6MO! (59) 
BeJIH'l:HHe • F (d. /Yl; 1 l-fw/f2 ,#H) = :1< 

Be.JIH'l:HHa ~ H3B8CTHa H3 3RCITepHM8HTa O'ieH:& TO'l:~O ( C OWH6Ro! 

5 • I0-5 ) ,II03TOMY HMSHHO 't"A-- pasyMHO HCITOJI:&303aT:& .J1.,1Ul ITOJiy'l:eHHJi 

TaKHX orpaHH'l:eHHii. <~aRTH'l:eCRH orpaJIH'l:SHHe Ha ITa_)aMSTPH OIIDS.IIeJI.R:eTCJi 

Ha6Jm.lr,aeMoJ IdHT8HCRBHOCT:&.IO CJia6oro BSamiO~e!CTBlti IIfH lUISKHX 3H8p

r!ILHX, HaH60Jiee TO'l:Hoi 111epo.l!: xoTopo.l!: H JIBJI.IleTCJJ: G!JA . 
Vl.M8HHO B ypaBHSHHH (57) CO~epltHTCJi BCJi HHcpojiMaUM: MSl HSy'l:elOOl 

B3aHM03aBHCHMOCTH rrapaMeTpoB TeOpHH /IB/.IlpeJK,Ue 1 !6M o6cyJK,UaT:& 3TH 

B38HM03aBHCHMOCTH, C~8JIS€M Pff~ 3aMS'l:aHH!, RaC8EUP~CJi OCHOBHOro ypaB

HeHHJi (57). 
!. KoHCTaHTS ~pMH BBO~ac:& HCTOpH'l:SCRH rrocpe~CTBOM paBeHCT-

Ba I 45/ ~ >J-t s- ) [ . J 
_L - [4( I} - 8 "kit + sL_ iT -1/~ ~- m~' (! ~ 1 ~;(~ )_. <sol 

2. flBHOe BHpa.JKeHHe ,Wlll cpyHRUHH y SCTSCTBSHHHM o6pa30M CO

~eplKHT 'lJieH 

Lt \ .t(,J- f( z S") 
3 L 0r (.4 /fr - 3 , < 6I) 

f lei 

ROTOpH! BMSCTe c II B (57) ~aeT 

o .:i::... ~ .t (io- ff2t _ .5-) _ 
..{.. 37i L QJ vn. rn~ 3 (62) 

f- 'f c) ~ 
rrepBmt 'lJieH pasJioJKeHHJJ: WoPMYJIH (56) . .J1.,1Ul ot ( fi; He B TO 'iRe M,y , a B 

TO'l:Re 1-tzt . IlO.i1BJieHHe ff2 BMecTo Hw ecTecTBeHHo, H6o HMeHHo rro

Jie zc CM€WSHO C qJoTOHHHM IIOJISM. 
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3. Hs (57), (60) M (62) HMe' 

~ = 7/d(/12~) [ f+ 
Vi . i~wi_ (1-M:: 111.n 

1'-

r~e y - JiBHaJi cpyHRUHJi /Y) ~ , f. 
MaJiaJi BSJIH'l:ll:Ha ( ol/L,1i ~ 0,2 %) 1 

~eJiax 

30 ~~ ~ 

IO ~ HH {II 

4. ~CJISHHOS lKS 3Ha'l:eHHe BT 

BSJIMRO. "' I4 %. 3TO 3H8'l:HT. 'iT 

B (56) He~OCTaTO'l:HO. IloaTOMJ, ITO 

HCIIOJI:&30B8T:& 6oJiee TO'l:HOe BHpaJKeH 

rJiaBHHX Jiorap:HcpMOB BO BCSX nop~ 

IJ)m y M ft/rt~~/f,X/ffaJIH. Mil 
BOlD o~orreTJieBy.ID rrorrpaBKY B (69) 

(A) '7i 
~ = .In l ( .t I. ~) '[ .d:... • F r'2 Hw 1-11,,/lfl 1- .3l" ~ 
B 60Jiee TipHBI:NHO.I!: SSITHCH ITOCJie~E 

o6pasoM /IS/: 

~Rft_ M:)= (37. 28f {38, 
"' ( f M.t 1- tJI~'mt ){,t u 2. l' ~ 1 IV 1 r~ 

r~e 

oL ~ /).tr/)- ~?:2. fi" J ( 
AI= ?fli L Of w m~ - 3 +:;; 

~~ ~ ~w 
B B!ip8l!eHHH ( 66) RCIIOJI:&30BaH.bl 'l:HC 

G/~) . H3BSCTHHX c 60JI:&WOI TO'l:l 

YpaBHeHRe (63) RMSST RHTepec 

]1JUI rrpOCTOT!i MaJIOI Be.JIH'ill:HOI ol./lfli 
JieHIDI ot. == ~ l'f'Ji H if eff 

J:n /SH~ = G1 

II0JIY'!86M, 'iTO C y'l:eTOM IIOIIp8BOR 
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3. Hs (57), (60) H (62) HMSSM 

·e1t) _ IJ)d(ff2~ [I+ .d:._ \(tmz tr/ ;t,fl,vR. ft~)~7 
{i. - R~wJ..(/-M;/ff;) 0/ l''.?' i J W; z) H ~ l (63) 

,.... 
r;n;e y - JIBHaJl IPYHKIJ;IDi /YJ 8 'mt) Mw' M 2! ' f!H -- 'l:HCJISHHO O'ieH:& 

MaJlaR: BSJilll'OO!a ( ol/L,'jj ~ 0,2 %) IIpH ~ H ffH, orpaHH'lSHHWC B IIpe-

;n;eJiax 

30 ~ 1 ~ 50 raB , 

IO ~ ffH 'IOOO raB . 
(64) 

4. ~CJI9HH09 38 3Ha'l:eHHe BTOporo qJ{SHa B ypaBHSHHH (57) BSC:&Ma 

BSJil'IKO, "' !4 %, 3To 3H8'l:HT, 'iTO orpaHH'ieHHe JIHHe:l!HllM IIpH6JIH3eHHeM 

B (56) He;D;OCT8TO'l:HO. Il03TOMY, IIO Kpa~Heii Mepe, MJI eX (/11
1
) Ha,no 

HCIIOJI:&30B8T:& 6oJiee TO'l:HOe B~paxeHHe (56), OTBe'ia~ee CYMMHPOBaHHD 

rJiaBHHX JIOrapH~MOB BO BCeX nop~ T90pHH B03~eHRa. IlOCKOJibKY ~YHK

IJ;IUI y R ffltt""~""/ffaJI~, ~ He C;D;eJiaeM 60JI:&IIIOll OIIIH6KH, IIOCT8BHB 

BCID O;D;HOIIeTJieByiD IIOIIpaBKY B (69) B 3HaMeHaTeJI:&, T.e. 

(11) '7i I 
~r = ff H~ (1-~/lfi) lt- f} ~c:{~!J$- f)-~~ Y] · <

65
) 

B 60Jiee U,PRB~O! 38IIRCH IIOCJie,ItHee COOTHOIIIeHHe Blli'JIJt,Ir;IIIT CJie,I(j'llliiHM 

o6pasoM /!6/: 

R(;_ ~-~:) _ (37.28( r3s x- = A}- =· R.. (66) 

,A/111 (I u-t - {- M{m'- ,Itt M/ft') - 1-At- - A ~ 
~"~2. !f-1 111 1 J H 

r;n;e 

At=; L rJ/(~ :i- f)+ 4~ y ( "'t~ ~~~VI~"~ )~J..). (67) ~( ( L f 
B B~paxeHHH ( 66) RCIIOJI:&30BaHH 'l:HCJieHHble 3H8'ieHIDI KOI!CTaHT c:ifo) R 

Grr~) , zsBecTHwc c 60JI:&moa To'l:HocT:&ro. 

YpaBHeHHe ( 63) ·, HMeeT HHTe pee~ ~H3H'Ie CKH!ii C~<lJ.I, IIpeHe6 perM 

.JWl IIpOCTOT~ MaJIO!ii BeJIH'!HHO! ol/ifl( Y , HCIIOJI:&3YJI !i><>PHYJIY ( 34) , onpe;n;e-

JISHHJI o( : ~ /1(7; H ~ eff 

J:n /3H~ = Gf'J /V£) (68) 

IIOJIY'I8SM, 'ITO C Y'!STOM IIOIIpaBOK 
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~ 

fen= 
eql11i~ 

1-J.I.: !fft 
(69) 

T.e. c TO'IHOCT:biO .r~o HopMHpoBo'!HHX waKTopoB a·fxf>e.KTHBHWI .KOHCTaHTa 

CJia6oro BSaHMO.I(ei!CTBH.II 6q/-~<) HJIH lo/1 rrpoli)PJ:WOHaJil>Ha d(JI/).::r 
I28-I, a He J. {o) = I37-I, .Ka.K CJie,zzyeT HS .III?S:3ecHoro rrpH6JIIDKeHHJI 

TeOpHH. 0TJIH'lli8 .IIBYX IIOCJIS.I(HHX BSJIH'lliH .I(OBOJI:bHO SHa'IHTSJI:bHO, .v 7 %, H, 

.Ka.K Ml:l ce!Nac YBR.nHM, Hax~TCJI Ha rpaHH a.KcrrepnMeHTaJI:bHoro o6Hapy
JKeHHJI. CymecTByeT MHeHHe 461, 'iTO Ha6JIIO,IIeHHe a"oro wa.KTa HeHHTepec

HO, H60 .IIBJI.f!STC.II IIpoCTIDII IIpoJIBJieHHSM TOro, 'iTO o( -6erYliiM .KOH

CTaHTa, yBeJIHtmBaiOliiWICJI .r~o I/I28 Ha MacmTa6e ~~~~). H, o,I(Ha.Ko, 

He corJiaceH c Ta.KHM yTBeplK.IIeHHeM. Ha6JIIO,IIeHHe o( (~") B K3.1l pea.K:mm 

e+e- --,)'<"tjl- .I(8HCTBHT8JI:bHO TpHBHaJI:bHO, B ypaBHSHm!: lK8 (69) 
saRJIIO"tf8H COBCSM HHOH CMI:lCJI - OHO YTBeplK.IIaeT, 'fTC a~e.KTHBHWI .KOH-

CTaHTa CJia6oro BSaHMO.I(SHCTBH.fl /'.- ci Ofl1' a He De~ ( 0) H STO 8CT:b 

rrpJIMoe CJie,IIcTBHe yCJIOBHJI o6~e.I(HHeHHJI BSaHMO.IIeiic~BHii (34). Ta.KHM o6-
pasoM, rrpoBep.Ka cooTHomeHH.fl ( 63) .Ka.K pas H rro.KaJReT, 'iTO 1-t "6e
UT B Hory" C D( , T,e, lipoBepHT Ha .KBaHTOBOM (II8TJI8BOM) ypoBHe 

o6~e.I(HH8HH8 CJia6h!X M MS.KTpoMarHHTHh!X BSaHMO.I(ei!crBHi!. 

Hec.KOJI:b.KO 6oJiee C8Pb83HIDII apryMSHTOM OIIIIOHS~TOB ITpoBep.KH COOT

HOilleHH.fl (63) .fiBJI.IISTC.f.! JTB8Jllll.n8HH8, 'iTO ORO 6y.I(eT HMST:b MSCTO BO BCSX 

TeOpRRX, o6~e~ CJia6oe H M8.KTpoMarHHTH08 33allMO.I(8HCTBH8. 3To 

IIO"tfTH BepHO C TO"tfHOCT:biO .I(O BOSMO*HNX BRJia,IIOB 
,t 

"'" 2:.. ~ A Tr&.t. 
3A ,,~ 'f (70) r, 

(oRR caMH rro cede He o"tfeH:b MaJIII: Tr~~.:3+!J{f ~o§) =8 rrpH ~ 
= 3), .KOTOp!Ie,eCJIH yrO.I(HO, MO~O ITpHtmCJIHT:b .K II01paBKaM TpeTbero 

RJiacca. Ha STO MOJ:iliO BOSpaSHTb, 'iTO HHK8K08 06~8.!l;EH8HH8 eme He ITpo
BepeHO H8 ypoBHe KBaHTOBh!X IIOIIp8BOK H 'iTO II ORa . i8T CBH,I18T8JibCTB 

Heo6XO.I(HMOCTH peBHSHH CT8H.I18PTHOH TSOPHH 3GB. 

IIpoBepHTb waRT o6~e.I(HHeHHJI He TOJI:bKO Ha ,I~pe:3eCHOM, Ho Ha ypoB
He nonpa.BOK - coBepmeHHo Heo6xo,!U!MW!: sTan axcrrep;weHTaJI:bHoro YTBepJK

.r~eHHR JII06oii S.I(HHOH TeopHH. 

YpaBHSHHIO ( 66) , CJI8.I(yl0lii8M,Y HS ( 65) , MOlKHO II 3H,II8T:b H T8KOii CMI:lCJI, 

'iTO c y"tfeTOM o.I(HorreTJieBh!X rrorrpaBoK WHSH"tfecKHe MS)C!I IV- H ~~6oso
HOB .I(OJllKHbl Y.IIOBJISTBOP.f!Tb saMSTHO ,IIpyrOM,Y orpaHH'i•lHHIO, '18M 6es MX Y"tf8-

T8, Af = 0. YpaBHemw (66) MOlKHO peWHT:b MeTO.IIOM :rTeparwii, sa.r~aB If~, 
m , f(H • lnR aToro ero Y.II06Ho rrpe.I(CT8BHT:b B BH.I(e 

't 

38 

, [ If.{ ~ 
fl1w = 14r: J -+ I l'- ~.tO-· 

IIoc.KOJI:bK,Y A ( HJIH .1 r) saBHC.fiT 0~ 
WO pMall;l!IO 06 STHX BSJIHtmHax, HSJ"tfa.f.! 

Ha a.KcrrepaMeHTe. ITpHMep BSaRMosaBH· 

6HH IIOK838H Ha pRO, 7 C;Y"tf8TOM ( 6 

.I(H8IJ;I!OHHh!X ITOIIp8BOK 47 , 
IIpelK.I(e "tfeM o6cylK.I(aT:b ~eKTH 

XO.I(HMO OUSHHTb TO"tfHOCTb BH"tfHCJISHH.fi 

BHCHT OT llft H ).{II , BeJIHtmHa 

111,;.5 ; Mw , }4~ , N11 • OillH6KH 

H8~TOJibKO MaJIH,"tfTO HX MOEHO H9 npa 

Ka 4fllr: !Mt =i·I0-3, a ./. (u) c ~ 
0urn6Ky B ,d I'" J,II06HO rrepeBHp83HT: 

S/n'< B.u == (- M,/· /~~ . )lH~peHIJ;I!J 

f':n'2(). - l_ ~ - .{ - 1[, 
en 1(/ - f 11f - .,i .£ 

HM88M 

d~in~6'w= 
A-2. 
" 11,'{~ -l.<in'~.J J (6. 0 

,IWyrM oma6Ka cBRsaHa c Heonpe.n.eJJeJ 

,I18pTHHii ITpHeM COCTOJIT B TOM, 'IT061i 
"tf8p83 SKCIT8pHM8HT8JibHO H3M8Pfl8M08 < 

!( = 
h. 

e-+e- - aJft>Hk 

e+e- ~./~-

BH.D.eJIHM HS WoPMYJJH ( 67) BKJJ8.D. JJerKl 

~Jr~== 3~ ) Cf.. r¥/ ( ~ 
u7;;,c. 

3TO BHpaJJteHHe He 'ITO JJH08 R81< 

& r;fr4 ( rl-=- /t· 

3S 



69) 
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po-
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MbiCJI' 

30-

yqe-

~~~' 

(7I) 

IlOCROJil>.KY A (HJIH ~ /') 38BHCJ:!T OT ~ ll: ill( ' M•)JltHO TIOJIYqJ!:Tl> HH-

iP<>PMaURIO 00 8THX BeJmqxHax, H3yq8.ll B38ll:M038BHCHMOC"rl> ( 66) ll:Jm ( 7I) 

Ha axcnepxMeHTe. IIpxMep B38ll:M038BHCHMOCTH f!~ , Stl1lB
111
= 1- )I; 114} 

OWI TIOR838H Ha PHC. :{ c;'leTOM ( hf• I 0) H 093 Y'llTa ( .t r = 0) pa

~aUROHHHX TIOIIpaBOR /47 • 
Ilpe.llt,ll;e '!eM oocy.llt,ll;aTl> a@>eKThl l1lt x f[H B ( 66) MJm B ( 7I),Heoo

xo,IU!Mo 0~9Hll:Tl> TOqHOCTl> BhlqJ!:CJI9Hll:JI TO! 'laCTH ti i , KOTOp8.ll He 3a-

Bll:Cll:T OT flit H j,{H • BeJixqxHa .d I eon il>YHRIUJI hle , ~ , ~. 
m,;.s ; Mw ' ~~ ' Nlf . OnmOKH B H3MepeHHH m,. ' ~ ' l'tz. 

Ha{:TOJll>RO MaJihl, 'ITO .HX MOlltHO He IIP.I4HHMaTl> BO BHHMaHfrle: HaJa60JILmaJI Olllll.6-

Ka A'\ I Mt == i·I0-3, a J. (u) c: .€/3 · oL/J[ • (Mt /4) ~ 3·/0- ~ 
0nm6.K,Y B .!! / y,noOHO nepeBhlp83ll:Tl> B TepMimax Olii.J!•5KH B 

!int:l e.v = 1- Mv/· ~~~ • .I(M!fxllepeHIWPYJI Bll.paJKeHHe 
(.' 

. 2[) I ~ 4 I ! I " 2. [ 1.A.t. 1 zt 
$tn D'IV'"" - Ml =- ;[ - /L - Jfi(l-4t) ' (72) 

HMeeM 

(73) 

JlpyraJI OlliHOKa CBil3aHa C Heonpe,neJJeHHOC'ThD ~\ace Jl8T J1X KB8JWOB. C~ 3H

,napTHhlit TipH9M COCTOIIT B TOM, 'ITOOhl nepeBL.:p33l''Ib B:.;a.n Jl8H:IDi Y.BC;J•;.:O:t; 

qepe3 8KCTiepHM8HTaJJbHO M3M8pReM08 OTHOW8HY.8 

/) _ e-+e - ~ aJft7H~ 
fl;,_ ete- ~ /'/'-- . ( 74) 

·, ~r1~ 
BI<.D.8JIHM :frl3 il>oPMYJlbl ( 67) BMa.D; Jl8I'KHX KB3pKOB £J 

Jr~== 3~ ~ cf Q/ (~!;-f) u7;:,c. (75) 

8'1'0 BhlpaJK9HHe He 'ITO 11H09 KaK 

k 17fr4 (&t=-N:). ( 76) 
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MHHMAA 'l8CTb ITOJIHpH38UiWHHOro OITepaTopa MOlKBT 6b1T:b CB.II38Ha C ITOJIHbiM 

C8'!8HH8M (74), a p8aJI:bHaR 'l8CT:b C MHHMO!- C ITOMOmhiD ~CITepCHOHHOrO 
COOTHOillBHHJI. TaKJI!M o6p830M, IJ f ~ MOlKBT 6.i:rrh CB.II38HO C 4 . 
B JIHT~8T.VP8 cymecTByeT MHOlKeCTBO pa6oT ITO ITO HCCJI8,!J;0BaHHJ) STOH 

CBH3liJ 48-54 I. Hru~60Jiee .n;eTaJI:bHoe HCCJie,n;oBalUle 6wro npoBe.n;eHo B pa-
6oTef55/. PBTOp npHBO.D;HT CJie~ CBO.D;HYD TaOJIKQy peayJIDT8TOB: 

ldef/ = 0,0286 ± 0,0007, 

= 0,0283 

= 0,0294 ± 0,002 

= 0,028! ± 0,0028 

= 0,0285 ± 0,0004 

= 0,0262 ± 0,0024 

:: 0,0253 

= 0,0250 ± 0,00!2 

= 0,0368 -

CcWIKa 

55 

49 

5! 

48 

52 

53 

54 

CB060,D;Hbl8 KB8pKH C TOKOBbiMH 
MaccaMH 

KaK BH)(HO, HM88TC.ff H8IIJIOX08 COrJiaCHB pe3JJI:bT8TOB ITB pBbiX '!8Tb1P.BX 

pa6oT. ECJIH B K8'!8CTB8 OUBHKJI! OlllH6KH ITpHHHT:b peayJI:bT8T pa60Tbl }.;5( 
TO ITO qiopM,YJe (73) HM88M 

{A f1n~EYw )~ = o,ooo2. (77) 
CJie.nyiOII;AA H8TO'!HOCT:b B OITpe,neJieHHH tJ f CBH38H8 C H8J'l8TOM 

aJieKTpoCJia6hX ITOITpaBoK 6oJiee sucoKoro ITOPH.D;Ka. HaiiHcaH:~~e tJ ;- B 

3HaMeHaTeJie qiopM,YJibl (66) y'lHTHBaeT cyMMHposaHHe JIHill:b ITpHBo.D;HMbiX .nBYX

ITeTJIBBbiX ~c rpaMM, PHC. 20, 

~~ ~ 
PHc. 20 PHc. 2! 

.D;8IOIIIIDC rJiaBHbi! JiorapmfJMH'!BCKJI!it BKJia,n B o(().{:) , I« He Y'!HTbiB88T He

ITPHBO~Mble ~syxiTeTJiesue BKJia,nu, pHc. 21 . BKJia~ HeiTpHBo,nH

MbiX ,nBJXIT8TJI9Bhcr ~arp'MM B JIBITTOHHJID ITOJIJipH38UHID B8KJJM8 qioTOHOM 

6biJI Bbi'!HCJieH B pa60Te 
56/. B ITpe,neJie Jell >> fYJ/" OH HM88T BH,D; 

til I t) f (_ot._)~ r;: ~ ~ 
fl tr ( r; == f" l ~I f 11 hi! . < 78) 

Y'!HTbiBM BKJil,D; OT Tpex JIBITTOHOB e , _/-l , ~ , HM88M 
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liM 

ro 

>ex 
' 

') 

•YX-

(79) 

Ta.KKM o6pasoM, OCHOBHOi!: H9Y'!T9HHJdt .IiBYXII9TJI9BOlit BKII;~ B !Ji H8 IIOp.fi

,li;OK MSHJ>llle a,n;pOHHOI OII.lH6KH H HM MOlltHO rrpeHe6pe'!J>. Il)H lK9JI8HHH MOlltHO 

y'!ecTJ> BKila.n; ( 79). OcTaBII.lHeC.fi Hey'!TeHH~ .n;ByxrreTJI•3BI:le BKJia.IUi m.tem 

IIOP.fi.D:OK (dhi ).t. = 4 • I0-6 
1 .T.9.0HH: rtop.fi,li;Ka OII.lH6KH, CB.fiS8HHOi!: C "'1· 

Hs IIpOB9,li;9HHOro aHaJIHSa MOlltHO c,n;eJiaTJ> B~Bo,n;, 'ITO II•mHOe B~'!HCJI9HH9 

.IiBYXIISTJISB~ rrorrpaBOK K !J(' H98KTYaJil>HO. 

HaKOHSU, IIOCJIS.n;H.fi.fi TeOp9TH'I9CK8.fi HSTO'!HOCTJ> L.f CB.fiS8H8 C 

T9M, 'ITO t BK118,ll; T.filKSJI~ KBapKOB ~ H i , /J flt1-' MOlKST 6~Tl> 
Bll'!I'!CJISH (H B~HCJI.fiSTC.fi) ITO TeOpHH BOSM,Ylli9HHif.5~e,n;;TeT OD,li;8Tl>, 'ITO 

o.n;HorreTJieB~e rJIIOOHH~e rrorrpaBKH 6y.n;yT cocTaBMTJ> .--.cis Oti) /Jr c= 
4-5 % OT CBMOI :a.eJIH'!HH~ A rAtp • .IVm He 0'!9Hl> T;DJteJioro i: -
KBapKa A r"f <<. .df~, H rJIIOOHH~ rrorrpaBK8MH MOlltHO II)9He6pe'!J>. ECJIH 
oK8llteTc.fi, '!To ~~ Mw , To ~r"f MollteT 6~:, rv !Jt~ (eM. 

CJIS,ll;yl!llUf! pas,n;eJI) H BOIIpoC 8H8JIH38 O.n;HOII9TJI9B~ r.IIOOHH~ IIOIIpaBOK 

CT8HOBHTC.fi BSCJ>Ma BKTYaJil>HW. B JII060M CJiy'!ae IIOIIpaB.<H IIOP.fi.D:K8 d.s /7f 
MOryT 6~TJ> B~'!HCJISH~ des OC06oro Tpy,n;a, Tor,n;a CJIS,ll;yllT OlltH,Il;8Tl>, 'ITO 

T90p9TH'!9CK8.fi OII.lH6Ka 6y.n;eT IIOP.fi.D:K8 ( ~~1; )~1' = 0,0005, T.e. He 

npeBHCHT OII.lH6KH B (} f~ • 
HTaK, caMB.fi 60JIJ>llla.fi onm6KB B A~ cBHsaHa c Heorrpe,n;eJieHHoc-

T.fiMH B Bll'!I'!CJISHHH ,d f ~ , HO H OHa IIpHBO.n;H'l' K OI!IH6Ke B J r 
B 5-IO pas M9Hl>lll9 :, 'ISM c~e OIITHMHCTH'!9CKH9 OUSH~! 3KCII9pHM9HTaJIJ>-

H~ BOSMOlltHOCTel HSMepeHH.fi ¥!'n t@W HS JI3Il (A ~.OI)I) ·• IloaTOM,Y .n;JIJI 

neJiel ,ll;aJIJ>HeAmero HCCJI9,li;OB8HH.fi ~ BIIOJIHe MOlKSM C'!HTaTJ> t 'ITO A r 
- TO'!Ha.fi \t>YHKllM ~~ t M i H }( H H HSy'!aTJ> ee '!JBCTBHTSJIJ>HOCTJ> 

K 3THM rrapaMeTpSM, 

9. apteKT~ T.fillteJI~ WepMHOHOB H 6osoHa XHrrca 

BepHeMC.fi K ypaBHSHHID ( 66) HJIH ( 7I). 3a.n;aBB.fi orr_)e,n;eJieHH~e sHa'!e

HH.fi rrapaMeTpoB Mr , IYJi H HH, MolltHo HaRTH MeTo.n;oM HTepamiA JIH6o 

Mw , JIH6o st,n.2. 8.v . ~KCHPYH O.n;HH rrapaMeTpll, MOlltHO HSY'!HTJ> 

'!YBCTBHTSJIJ>HOCTJ> K .n;pyrHM. Ilpe,n;rrOJiara.fi, qTo f1 2 6,r.n;eT cKopo HSMe-

peHa Ha s L c /L E p c TO'!HOCTJ>Kl ± (50 - roo ) MaB, sa\f>HKCHpyeM 

~~~ H B~HCJIHM Mw H W~~~.v rrpH pasH~ "'t H MH • rrycTJ> 

pa.n;H orrpe,n;eJieHHocTH M~ = 92 ra,. 

Ta6JIHna 4 BS.fiTa HS pa6oT~ 581. CoBepmeHHo Te :te '!HCJia (rrpH o~-
HBKOBOM B~6ope /J(~ ) 6wm IIOJiy'!eH~ TSKJKe 8BTOpaMH pa60T/59 •60/, 
BWOJIHHBII.lHMH COB9plll9HHO H9S8BHCHMile Bll'!I'!CJISHR.fi. OTO ,li;SMOHciTpHpyeT 

!IOJIHYIO O!Ipe.n;eJieHHOCTJ> B Teop:m! M9KTpOCJia6~ IIO!Ip8BOK H a6COJIK>THYKl 

H8,ll;9lKHOCTl> B HX B~,CJISHHH. 
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KaK BH.IOIO 1!3 TaOJIHI.J;bl 4, 38BI!CHMOCT:b M"w H SiJ7-f6JN/ OT mt 
H MH BeCJOHa saMeTHa. OcooeHHO BHpaJiteHa saBHCHMOCT:b oT 1 IIPH 

OOJI:biiiHX /11-f (,~ >, ,4/,._.) , HO H 38BHCRMOCT:b OT ilJt IIPH ~KCHPOB8HHOM 
~ 38MSTHO OOJI:bWS, 'iSM 1 HaiipHMep, ,li;OCTHl!G:!MaR: Ha JI3II TOY:HOCT:b B 

HSMepeHHH Sin2~wl 

TaOJIHya 4. 

IJ.'I/. H !in!J.f}.., B 38BHCHMOCTH OT ~ H )Ill < & = 92 raB) 

~ 40 {00 ~000 

:t 
30 80,88 80,80 80,64 
60 80,86 80,78 80,62 
90 8I,06 80,98 80,8I 

I30 8I,30 8I,22 8I,05 
I80 8I,66 8I,57 8I,40 
230 82.I3 82,04 8I,87 

30 ,227I .2287 .23I8 
60 ,2276 ,229I ,2322 
90 ,2237 ,2253 ,2284 

I30 ,2I9I ,2207 ,2239 
ISO ,2I22 ,2I38 ,2I7I 
230 ,2030 ,2047 ,208I 

CI!JI:&HaR: ::aBHCHMOCTb .d f" OT ~ . OOj'CJIOBJISHa KBa.lij)aTH'iHHMI! 

'iJISH8MH ~ ,f ;')(; , qil!SH'iSCKj'IO IIPli'DIH.Y IIOJIBJleHWI KOTOpWC Mll ceit'iac 

o6cy.n;HM. AHSJDl3 BllPalKSHWI ;rr.1IH A r IIO.Ka3HB86T. 'iTO BCJI saBHCRMOCT:b 

OT Mt rrpoHc:XO.n;HT TOJIJOKO oT co6cTBeHHo-eHepreTH'ieCKHX .n;HarpaMM 

vr[t): .:..(r · z'~1)= ~, 
ICI t t 

Pao.22 
~ 

ao'l'opse ~ UU18,1l 4 r B 11 r , 
u+= -.!L 1L[w{-t)-lt~1)] +W1(o)- Ml(-~}} 

Lfr~-1?.) 11- ({ 
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OT f»t 
~ IIJlM 
!pOB8HHOM 

!HOCT:b B 

92 raB) 

10 

4 
2 
I 
5 
0 
7 

>aTHlJHHMH 

( Mil ce!Aac 

lHCHMOCT:b 

~paMM 

i" 
!IJIIIIa 

(80) 

f Q
2

) t (ii) 
1 r~e Wt Ji! M l_ ft.. c TO'!HOCTJ>JO ~o rrocTORE:IHoro MHODTeJIJ\ paBHbl 

KOH8'!H~ 'l8CTRM KO~~eHTOB !IpM ~aUB cojcTB8HH0-8HepreTM'leC-

KMX orrepaTopoB 

!0.p (a)~ a~t n(a9- ~ q, 6(rl). <an 

PMc. 23 

(84) 

T.e. 38BMCMMOCT:b OT Jn, M /f).t. TOJIJ>KO JIOra:m4JMH'i8C.K8Ji. llpH 60JJb-

lllliX MaCCax /11, 1 "k /'1.. ffw '!JI8Hll ~ m.(1 CT :iHOBR.TCJi CYlll8CTB8HHllMH. 

JlerKO BH~9Tb 1 'ITO MX BKJI8~ B38MMHO COKpamaeTCR ,ll,llR B8KTOpHOro B8pM8H

T8 B38HMO~ei!CTBMR II pH m1 = mi._ , T, e, 3TH '!JIE 1bl B03HMKJIH BCJJ8,D.CTBll8 

HecoxpaHeHMR BeKTopHoro M aKCMaJibHoro cJia6~ T)KOB ( ,ll,llR L1 -To.Ka -

M3-38 /1)/ :f. m.z. ) , C IIOMOJ.UblO Bhlp8llt8HMR (82) Ha:\AeM wt (- ~) 1 z:.tr-v 
11 W ( o) B ~yx HHTepecHbiX npe.neJibHIH cJiyqasrx, orprurn'!H-. m.e 

B8RC:b JliDllb KB8~8Tl'llJHHMH DO r ·tui8H8MH: 

I) 
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v/(-1), ]~(&t~- J)=v.ti(o), 
""7i(- 1) -· 3 .!!!l 11 !!t L. . - - I II. U/_. AJ L I 

ffw 1'1w ' 

2) m ,~~i ~~ "'"" , .t 
t 0 • ) 3 m.-t JJ . .!£. w i (- 4) == z i(-1) = U/ (o; = .It jf;: {;f/; ,41: 

Ha WoPMY~ (85) B~o. qTo ~ c~yqaR oqeHn TREe~oro 
A~ rro~yqaeT 6o~nmo~ oTpHuaTe~nHHtt BKna~ 

-t .3alf< 
Ar = -n(l-if 

m'' 
...:...L. 
;tf.ll. t w 

(85) 

(86) 

-t -KBSpKa 

(87) 

KOTOpui MO~eT IT)~HOCTniD CKOMITeHCHPOBaTn 6~nill0~ IT~O~Te~nHHi BKn~, 

o6yMOMeHHHi IT3peHOpMHpOBKO~ o{(o) --+d(Hff), H BepHyTb )1W H 

Sen~ (Jw :< xx 6opHoBcKHM aHaqeHIDIM ( eM. Ta6~xrzy 4) 

AI~ Ar&w + Ar-f ?CO. (88) 

c 

H 

Jl 

.K 

K 

H 

.X 

Jl 

T 
<, ..., 
a 

w.: 
I 
'1 

H 

IlpH ~MnHeihneM JBMHqeHHH ~ ( ~ ~ 500 raB) rrepecTaeT 6HTn crrpa- Tj 
Be,IT,1IHBOI TeOpiDi B03MYIJ4eHH~, {Af'll.._ ( , ~0 03HaqaeT KOHe~ rrpe~e~OB m 
rrpHMeHHMOCTH _Teopl'll'!. TIDKe~ue lf>epr.moHu rrpl!BO.ItffT H K ~YrHM Tpy~oc- ~ 

TJIM B TeopHH rro.;LR: (HHlf>paKp8CHOI HeCT86MnHOCTH), ITOSTOMY eMH OHH ) 

6YJIJT KOr~a-~6o 06Hapy~eHH:, TO B TeopHH B03HHKHeT psJ,IJ; cepne3HliX = 
ITpo6~eM • 06Cyll,iteHHe T8KHX B6ITpoCOB BWCO,IUIT 38 paMKH HSCTOJDiniX ~e.K- ITC 

UKI. M!i 6y~eM C'ffiT8Tn, qTo B ITpHpo~e He CYIJ46CTByeT lf>epMHOHOB C Mac- Tl 

col CB!iille 300 r:1B. 0K83!m8eTC.R:, qTo pe3y~nT8T (87) BeCnMa 06IJ4HI. Bl 

Bo.nnmHe OTPHllaTE!~nH!ie A r B03HH.KaiOT H ~ JIJMeTa 4-ro ITOK~eHH.R: Bl 

~eiTTOHOB HJll! KBEipKOB rrpH ml' '>">f/14f , ~ .llV6~eTO~ S - ~eiTTOHOB HI 

H~ S - KBapmB c cH~nHo pacmeMeHHiiMIII Maccar,nr/6I.( 3KcrrepxMeH- q• 

TMnHue oueHKH Ar , rrpoBo.IUIBmHeC.R: B!iille,yllte rroaBoJI.R:IOT rr~yqHTn a 
BepxHill!l rpSHHIJY Ha Macey -t- KBapKa H~H T.R:llte~oro lf>epMHOHa, (C.KM.R:- (c 
pa), BXO.It~Imero I JIJMeT C CMnHO pacmeM8HHiiMJII MaCCaMH /IIJ T 

0' 

m < I80+ 250 raB. (89) 
e 

Ha Wo.PMY~ (86) u~o, qTo JIJ6~eT c B!ipoJK,IteHHUMH Maccar.m 17t' ~nr~ P 

Boo6111e He ~aeT EKna~a B Ar . IIoaToMY H3MepeHHe Jr He ~aeT HH- H 

KaKHX orpaHHqeHHlf Ha cymecTBOBSHHe qacTH~ B TSKHX JIJ6~eTax, B 

44 



5) 

6) 

7) 

3) 

cnpa-
9JIOB 

:JC-

fm 

)( 

II8K-

M8C-

91UIH 

::>B 
9H

r:b 

3JIH-

9) 

r lUI-

HcCJie,IzyeM Tenep:& 3aml:CHMOCT:& tJi OT f1H • Tnii.VMPB.ll:&Hble ycneXH 

CTagnapTHOI TSOpKH ~SDT HaM ~CHOBaHRH OTHBCTHC:b C3p:&e3~0 ~ B03MOX

HOCTH IIOHCKa 6030H8- XHrrca '!Spes ero BJIHHHH8 Ha .~ f f 60f • Ilpe~o
JIOXHM, 'ITO 6y,Izyi!IHe e.KcnepHMeHTbl no~TBBPMT Bee acrre.KTbl TeopKH OOB, 
KpOM8 CYIIIBCTBOB8HRH 60SOH8 lJirrca, T.e. 6y~eT 06HapyxeH t -
.KBapK H H3MepeHa ero MeCCa H 6y~eT Ha~eHo, 'ITO ~ = 3, HanpHMep. 

IlyCT:b IIO~TB9pAHTCHHa 9KCII8pHM8HTe, JIH60 Mbl ITOBepHM B IIpaBRn:b

HOCT:b .KaJIH6poBO~oro ceKTopa L E IAI , oiiHcb!Ba!OOlero caMo~elcTBHe W
.H z•-6030HOB, MOJ!HO JlH IIOJIY'lHT:b HH(flopMal.l;HIO 0 XRirCOBCKOM C8KTOpe 

JUU'peJmll8H8, R3Y'lM B3aHM03aBHCHMOCT:b napaMeTpOE T80PIDI, R 8CJIH ,118 1 

TO C KSKO! TO'lHOCT:&Kl Ha,IIO H3M8pjirl> napaMeTpH? KaR BR,IIHO H3 Ta6JIRUH 4, 
.)i11~111 saBHCRT OT Ml( . STa aaBHCHMOCTL o6yaJicBJieHa BMa.llaMH .u;H

arpaMM B C06CTB8HH0-9Hepr8TH'l8CKH8 qJyHKI.J;HH W-, :?0
- 6030HOB ( 'lJI8Hbl 

H 
...... '\ 

Wl / ' 1~ 

W(-1) H rC:.I) ll .1 r) (eM. pJIC. 24l 
KaK IIOKll.3b1BaiOT I bi'IHCJI8HRH 1 3aBHCl't-

MOCT:b OT ~ij JICrapH~SCKM H 

. IIOSTOMY 60JI88 CJ a6aH , '18M OT ~ 

H3M9p.H.ll , A r. MJ:: MOXeM TaKHM o6pa-
30M IIOJIY'lHTb HHq>OpMal.l;HIO 0 'lJleHax 

.narpa!Wiaaa, orn:cilBa!OIIIRX V J -Baa-

PHc. 24 HMO.llelcTBRe. Ha pRe. 25 B yBeJIH'leH-

HOM MacwTa6e no.KaaaHa BaaHMoaaBHcHMOcT:& ( t4~ , Sintewl) npH 

Tpex 3Ha'leHRIDC HH ,B paloae Mi! = 9I. 5 raB. Pa.u;H onpe~eJieHHOCTR Mbl 

_BH6pam~:3fi5'rsB, XOTH Ta.Koe 3H,'le~e mf 0 B03\tOXHO,H H8 IIO~TB8pJl-
~aeTCH IfoCJie,IIHRMH ~aHHbiMH UA { II!. KpecT Ha pllc. 25 oTBe'laeT ou

~aeMol oDJH6.Ke B HaMepeHKH Mr Ha Sl.. c /i.E p = ± 50 MaB H ..4 s~6'w 
.. O,OOI. KaK BR~o, TO'lHOCTb H3MepeHRH M~ BII<tJIHe ~OCTaTO'lHa wm 
IIOJ11CKOB 6o~oHa XHrrca, a MaKCHMB.lll>HaH ODIH6Ka B .Sin~fYw .. , IIPR .KO

TOpol eme MoXHo c~eJiaTL KSKJ11e-To aaMIO'leHRH o HH,paBHa :t O,OOI. 
Bl11~o Taiate. 'ITO wm pea.n:&Horo H3Mep81U!H MH BElCl>Ma XeJiaTeJI:&HO IIO

Bb!W81U!8 TO'lHOCTR ~0 ± 0,0005. KaK Mbl YB~M HHX8,IIO CTaTHCTRK8 3TO 

He npe~CTaBRHeT Hep~3p8DIHMYIO sana'!Y WUI ~3Il. B~IO Taiate OTMSTHT:&, 

'ITO ~OHHbl8 H80IIpe~eJI8HHOCTH B u-'11-4 df"tt He H8K.Ia,IIb!BSDT II.~I.J;HIIH
aJl:bHI:D( orpa1U!'l81U!I H8 B03MOXHOCT:b TaKOro H3M8 pelUIH, A Si.IIQ{yJ' = 0, 0002 
(oM. npe~ PFl-S~eJI). CHTyai.J;HH c a,IIpoHHbiMH Heo:rpe~eJIBHHOCTHMH, a 

Ta.Klle BOIIpoC 0 BJill:JUlRH jj ~ B 3Ha'lHT8Jl:bHOI M8p3 IIpOHCHHTCH IIOCJI8 

OTKPbiTRH t -.KBap.Ka. 

ECJIH ~M = 20D-I000 raB, TO 06HapyxeHlle 6oaoHa XHrrca 'lepea 

ero BJlll:!l:Hl!e Ha A i , BosMoXHo, e.u;HHCTBBHHI:l:lt nrTL ~o sarrycKa yc.Ko-

pHTeJieit THIIa 5.S C /IJIC • B cMal'I c aTHM npe~cTaB1UI:BTCH, 'ITO ~ooTmte
Hl!e B aKcnepHMeHTax ~gn TO'lHOOTlll RsMepelUIH ASt'd!c9u/ < O,OOI $1BJUIBTCH 

Ba&He!weit qJR3111'l9CKOI ~eJIDIO. 
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~ 

<D0,23L. 

0,230 

91,5 

Mz .r3B 
IO • .!llw2mlll W -6osoHa 

91
~, 

. ,.;' 91.L. 

MH,r3B~ 

l 

Pille. 25 

91,6 ~1.7 
' 

BwmCJieHJw nmpRHll W -6osoHa c TO'IHOCTI>IO .IJ;O o.IJ;HoneTJieBllX a.n:eR

TpoCJia6llX IIOIIpHBOR rrpe,IJ;CTSBJlfleT RHTepec KaR B CM3R C IIOJiy'leHReM 

IIOJIHOI'O Ha6opa iPoPMYJI ;IJPUI MaRCRMSJI:bHOI'O '!BCJIS rrpoueccoB, li13yti88MHX 

B p8SJIJd'IHHX 8Kiln&pli1M9HTax, B paMKax e,IJ;IDIOI'O IIO,IOCO.IJ;S, TaR R ,ll;1!Ji 

lllOc.i:e.IJ;OBSHWi Bcmpoca 0 TOM, RSK,YJO HOBYJO <l>1113H'leCRYJO HHiPoPManHIO 0 KBaH

TOBllX IIOIIpaB.Kro: MOlltHO IIOJIY'IRT:b, H3Mepilll STY Ha6JIJO,IJ;aeMYJO, H 0 TOM, 

C KaROl TO'IHOC~':b!O ee Ha,IJ;O H3MepHT:b ,ll;1!Ji STOI ueJIH, KpoMe TOI'O, Bll-

tmCJieHHe WHP.HHI[ VV·6osoHa rrpe.IJ;cTaBJIHeT 6oJI:r,wol ueto~ecKal 
HHTepec 1627. 

I!OJIHI:ll Ha<iop O,IJ;HOIIeTJieBllX ,IJ;HarpaMM ,ll;1!Ji rrapiJ;HaJI:bHOI WHPHHll W 
6030Ha [_ (\41-.. .;,. ~- ) Blli'JlH.IJ;HT CJie.IJ;YDitlllM o6pa30M! 

~ ~ 
~f; = --<(~N +·, H~ +-< 

f. ~Aij 
J Pille. 26 _ ' ' 

KaR B:Jil.IJ;HO, STm' Ha6op - 'laCT:b ,JtHarpaMM, BXO,ItiiiiiHX B 06utYJ;l CC-814-
WlJ!J.'cy.IJ;Y 4~};lollloHHoro rrpouecca. IIoaTo~Bllpa&eHHe ,ll;1!Ji cyMMll .IJ;Har

PaMM pHc. 26 TUICle co.IJ;epuTCH B pa6oTef4 • 
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IN' 
KaK 11 ~ CJIY'IaR: JL- -pacrra,n;a, r; · • 6YlJ.Y'IH :EblpallteH-

Hoi '!epe3 Ha6op rrapaMeTpoB (58), CO,D;e.PJKHTJ60Jlb11IYIO IIOIIpaBKJ .IJ((JG4), 
o6yCJioBJieHHyiO nepeHopt.mpoBKOi ot (o) --+ ol. o":) . KaK Mbl Y1l.e 

06'hJiCHJJJIH, :HMElHHO o( (/42.} eCT:D XapaKTepHall KOHCTaHTa CJ..a60I'O B38-

HMO,D;eiCTBHH ( fjP.::. /"fi -o6paTHbli pa,!J;HYC CJia6oro B38:HJ>IO.D;eiCTBHH). 

nocTaTO'IHO OlJeBH,D;HO, 'ITO BblpaEaT:D 6opHOBCKoe IIPH6~H:He ~~TY.D; 

CJia6blX nponeccoB 'lepe3 c1. ( 0) - Hey,D;alJHoe pemeH:He. MolKHo IIPlfB8CT:H 

IIOXOJmi IIp:HMep: 0'18BH,IJ;HO H8p83YMIIO BblpWitaT:D 8MIIJlliTY,D;bl IIpol~CCOB IIPH 

Q~ = ( IOO I'aB) 2 'lepe3 of._f;UT /1{ = I/ 40! Ha,n;o Bii6paTJ, KOHCTaHTY 

B T8KOi TO 'IKe Q t 1 'IT06bl IIOIIpaBKH T80pm! B03M.Yili8Hd <iWllf MWibl. 

M!i yae 3H88M, 'ITO T8KOI BeJIJI'IHHOI JiBJIJI8TCH of ( ffzJ{) • Iljl8KTH'I8CKH 

y,D;o6Hee, o.D;HaKO,HCIIOJI:D3oBaT:b He ol(ff/} , a ~F'l-'<), HeJI:HlJHHY, 

Bec:DMa 6Jm3K,YIO K ol Otl") c TO'IHOCT])IO .D;O HopMHpoBO'IHblX MIIOJmTeJiel. 
3aMeTHM, 'ITO B aTOM 38KJIIl'!eHo He 'ITO 60Jlmee, '18M rrpaKT:a'lenKoe Y.D;06-
CTBO. M!i yxe I'OBOpJI[JIJI[ 1 'ITO K8JIJII6poBO'IH8H mmapHaHTHOCT:D ,D;I!JI89T o{ (IJ') 
CX811Ho-88BJIICJI!Mol BeJilil'IHBOI.B HameM IIO,IOCO,D;e Mbl XOTeJIH 6bl ID.teT:D ,D;eJIO 

TOJI:DKO C Ha6roQ.D;aeMblMH BeJIB'IHHSMH, 'ITO II03BOJIJieT H368X8T:D •}X8MHOi 38-

BJIICBMOCTH. HCIIOJI:D3YH COOTHomeHHe ( 65) ~ HCKJIIO'I8HHH 60JI:blmOI'O BKJI8,11;8 

A r. llhl cpa3y ,D;06HB89MCH MHOI'OI'O: 

I. BopHOBCKOe IIPJ116JnmeH:He BKJIIO'I88T B ce6Ji 60JI:DmHe ITO IpaBKH, 

CBH3aHHI:ie c of (o) -+ ol ( H't-z.} , 111 B!:ipaJJtaeTcH '!epe3 cooTBe·rcTBYDI{.YIO 

KOHCTaHTy CBH311! t;f) - 8CT9CTB9HHYIO Mepy IDITeHCIIIBHOCTt! CJI86blX 

IIpol{eCCOB IIpll! HJII3KHX 9Heprli!HX, HSCTOJI:DKO Xe 9CTeCTB9HHYIO,KaK Ho£(0) 

JiBJIH8TCH Mepol li!HTSHCIIIBHOCTII! aneKTpoMarHIIITHblX·IIpol{eCCOB IIplll HJII3KHX 

aHeprli!HX. OcTaBmll!eCH. aneKTpoCJia6He rronpaBKH 6y}JJT, KaK IIpaBHJIO, MeH:D-

mHMI!. 

2. BKJIIOt{eH:He A t{)f,J) B ~f4 nOJIHocT:DIO HCKJIIO'ISeT :113 oTBeTa 

~ o.D;HoneTJieBiiX CC·lll AIC- aMIIJili!TY.D; Heorrpe,D;eJieHHOCTIII, cB~3aHHble c 

t1 tl!f, , 'ITO yMeHmaeT TeopeTII!'IecKyiO om:H6Ky pe3yJI:DTaTa. 8To cnpa

Be,IJ,JIHBO, o,D;HaKO, :a ;s CJiytiae HopMHpoBKH Ha ol { H/} .. 
3. A.MnJmTy,D;bl Bcex CJia6blX nponeccoB, T. e. rrponeccoB, B aMIIJIII!TY

.D;ax KOTOpblX ,D;OMII!HIIIpyiOT ,D;HSrpaMMbl C W-, J!" - 06MeHON, HOpMHpy

Jn.CJ!: ka BeJIB'IHHY 1 O'ISH:D TO'IHO 11!3M8p8HHYIO B 8KCIIepli!M8HT8 1 'ITO T8Iate 

Mli!HIIIMI!311!pyeT TeopeTII!'IeC.IGJe Heonpe,D;eJieHHocTH. 

4. HopMHpyHC:D H8 G,/.J.t)' Mbl MOX8M He 3860TII!T:DCH C TOM, KaK OII-

pe,D;eJIHTD o/.(M.i;'l.) ~ WW( -BepmHH. 

5. HopMHpoBKa Ha G/lf.) rrOJIHoCT])IO HCKJIIO'!aeT 1113 4-qlt!p.lllOBBKX 

CC-aMllJIHTY.D; IIPIII Im3KHX aHepl'KitX B np11!6JIDeH:HH 

.t. 
S> I << t1-fw ~ ) 
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Bee ITOITpaBKI'! II .H III THITOB, ITOCROJI:b.K,Y JIJ06o! 4-4JepoolfHI>Iit ITpo~ecc c 

~O'lliOCT:bJO .D;O l'I3MilHeiD!R 3a.PJI,IJ;OB IPEJpMl'IOHOB eCTl> .EtpOCCl'IHI'-KaHaJI fr
- paciTa,n;a, a B IIJHOJIIDKeHl'IH (90) 3a.PJI,IJ;R BXO.D;IiT Jll'IIIID B .D;l'IarpaMML! I-ro 

Tl'IIIa. 

~ CJIY~aH ~1-paciTa,n;a OCTaHeTCH, O.D;HaKO, l'I BRJia,n; TpeT:bero Tl'I

ITa. AMliJil'!Ty.D;R IT~l~eCCOB pacceHHJ'IH He co,n;epxaT ROHCTaHT ITepeHOpMl'IpO

BOR ITOJie! OOMeiUU:lX ~aCTH~. roBOpHT, ~TO OHH "He ~YBCTBYJOT" W.KaJI'Y Bl'Ip

TYaJI:bH!lX ITOJie! - cBo!cTBo pecKe:ltJil'!Hra. B CJiy~ae W -pacna.n;a {!Woy-

.n;eT co.n;epxau .KoHe'lliyJO ~acT:b :;,w -I, RpoMe To·ro, He npoHso!.n;eT H 

TIOJIHOrO COKpai11eHJIH OCTaJI:bH!lX BRJia,n;oB Ill- Tl'III8, T8.K .Ka.K .D;l'IarpaMM!l p!IIC. 

26 - JIJIIW:b ~acu HOJIHo! CC-aMIIJIHTY.D:R· .l(pyro! crremt!PHKOI B~CJieHM W!II

pHHR fi .w HBJIHe~·cH HeBosMoJKHocu BR.D;eJieHM R3,U-BRJia.n;a nepBoro T!IIITa, 

HOo .D;HafpaMMR co;~epxaT He TOJI:bKO .KaJr!IIOpoBO'lli0-3aBHc!IIMR! W- ITporrara-

dZ*-< 
Top , HO l'I KaJIHOpoBO'llio-saBHCHMJIO 

VV~- BepmBHy,cM,pHC.27.3TOT npBMep 
eme pas IIO.K83RBaeT HaM rJiyOOKOe 

e.D;HHCTBO .D:BYX B3aHMo,n;e!CTBJII! l'I yc

JIOBHOCT:b BR.D;eJieHHH R3,ll-BRJI8.D;OB H3 

CJiaO!lX rrpo~eccoB. 

BRJia,n; TOpMosHoro H3Jiy~eHM 

CHOBa ,n;o~eH ORT:b rrpoHHTerpHpOBaH 

ITO TIOJIHOMY !Pa30BOMY OO~eMY BCJie.D;CT-

PHc ' 27 Bl/Ie orrpe,n;eJieHl'IH r, 3TO ITOMOraeT 

paspeW!IIT:b npo6JieMy Mace JierKHx .KBapjoB. IlOJIHM W!IIPHHa B corJJacl/IJII c 

TeopeMo! KHHO~TH - ]l'I - HayH6epra 63/ He co.n;epMHT MaCCOB!lX cl'IHryJIHp-

HOCTe! B ITpe,n;eJJe f!J. ~- •O . MaccaMH .KBapKOB "ITpoMelltyTo'llioro Beca" ., 
mC- l'I m, Tfi!Olte OlKHO rrpeHeOpe~:b ITO TO! lle rrpH~He, TaK .Ka.K !/IX 

COOCTBeHHRe MaCCC•BRe sqxpeKTR ~ trr·fl/~,1:; 3. I0-3 O~eH:b MaJIR. CJie.D;OBa

TeJI:bHO, OTIHT:b, RaK H B 1J /, ocTaiOTcH TOJI:bKO MaCCOBRe ITorrpaBKI'I OT -t 
- .KBapKa, KOTOPLIE ~OlltHO paCCM8TplfilaT:b ITO Teopl/IJII B03NJYmeH!IIA /5?;, 

0KOH~aTeJI:bHUI !PoPM.YJia .IT,IDI r..IA/ BRrJIJl.ltliT CJI9.D;yDmHM o6paaol\( 621: 
A. /' (-") t. d [ t) ] r.w = fK .. f c. .:!£._ Mw P.'!'l I ofs (}C ]. (9I) v v t {i G1i J 'J + 1i I ' 

C; /3 =]),· = I .IT.IDI .KBapKoB; Ci. = I, J); = 0 .IT,IDI JierrToHoB, 

}ii == 1 t f fiJ~4) {/a.{ fq / J ~ J J.fw Ml 1 ,41~J · 
V (Aj I (92) 

HopM!IIpOBKa I- a f;F rropo.n;HJia B paccMaTpnaeMoM CJIY~e o.D;Hy Kyp:b-

esHyiO rrpoOJI9MY. }:CJIH {,j-"") BKJID~eHO B CIIHCOK H93aBHCHM!lX rrapaMeTpoB 

TSOPJIIJII, TO !PoPMW::bHO l'I3 OCHOBHOrO CIIHCKa (58) Ha.n;o HCKJID'UIIT:b O.D;l'IH H3 
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rrapaMeTpoB. OClll'Ulo MH HCMIO'iaJilii Mw rro ~PMYJie ( 7I), Ho Tor.n;a • 

CJie.IcyeT HCMJO'll!:Tl> f.1w H H3 ( 9I) , 'iTO IIpHBO.n;HT K Hee CTe CTBeHHOMY 

Blii,lzy r .w M . ! ~ GfA) l!lf 1 i!J_ 1A,~ ~ . ~~'+ck~~-] 0· = /Kv I ci Vi 6Ji [.2. + .2 l 1 11/(A-I!.r)/ 1 f 1[ (93) 

lii onpe.n;eJieHHIO ClopHoBcKoro npliiClJIJiiJiteHIDI j.-':4' = I, !J/ = 0. 3To BIDiylK,IJ;aeT 

HSC BHOB:b YTO'iHliiT:b orrpe,n;eJieHHe ClopHOBCKoto IIpHClJIJii~eHJiiR ~eopHH IIpR HOp

r.mpOBKe Ha (i/1<) . Orrpe.n;eJIHM ero KaK BeJIH'iHHY , OTBe'l:aKIIIYIO YCJIOBRJO 

- Bee RH.n;yUHPOBaHHHe ~p~aKTopu AtC·H CC-aMTIJIHTy.n;· paEHH I, a Bee 

MSCCH, BKJIIO'l:al! ftfw , IIpHHHM8IOTC.fi KSK qiH3H'l:eCKJile. B ~fMYJie ( 9I) 8TO 

03Ha'l:aeT vft·w =I, 11ur- qiH3H'ieCKal!. norroJIHHTeJI:OHO NH ycJIOBRMC.fi 

ClpaT:b )J.IA/ J, JIRClO H3 8KCIIep:HMeHT8, JIHClO H3 peiiieHH.fi ypaBHeHH.fi ( 7I) B 

3SBRCRMOCTH OT TOro, 'iTO .n;aeT HaM CloJiee TO'iHYIO BeJIJii'll!:Hy, H, ecTeCTBeH

H01IIOTpe6yeM COBIIa.D;eHM 8TliiX li:BYX BeJIH'll!:H. IDe HeCOBIIa.n;eHJile y~e Cly.n;eT 

YKS31lBSTl> Ha HecrrpaBe~BOCT:b TeOpHH 3CB. XOT.fi ypaBHeHliiE' (7I) lii MO~eT 

611'1':11 peme'Ho oqem. TO'IHO ,noxa ouo Be ..,aeT xopomo npe.JtcKaaau MWI' Tax 
mx ~~lDieeT ClOIJ.DJYil oDJH6K.Y ,a of\ z Hu B006me HeT HBKaROlt JO$>pMB-
UHH. ITo Mepe IIOJiy'ieHH.fi HOBHX ,D;8HHHX CHTyamm MO~eT :1'!3MeHRTl>C.fi, 

CK838HHOe BHIIIe HJLIII)CTpRpym pRe. 28, r.n;e IIOK83aH8 HeJIJii'll!:Ha 

6 

5 

4 

:e3 
J 
""2 

0 100 

PHc. 28 

· ~w T~(1,H,)-t'{'tor,alf~~) 
= (w('tofJ8,HH) j 94

) 

.n;eMOHCTPHPYIIIIlal! .IWM6HHRpoBaHHYJO 

38BRCHMOCT:b rw OT IYI~; 'lepea 

f/~ :1'1 p~ , il Pl:C. 29 , IIOKa -
3HBa!OOUi( ') ,, .• "'(! K8K !PYHKUll:JO 

frlt :1'1 ).1 1-{ • J BH,DHO , 'iTO 60JI:b-

lllal! 'l:aCTl> 38BHCIDlOCTH t'N' OT 

'!It OClyCJIOBJieHa 38Bll:CHMOCTBJO 

/J.w OT /fi.J, , KOTOp&.fi Cly.n;eT 
:1'!3J'l:8Tl>C.fi ITO B38EM038BHC:HMOCTH 

rrapaMeTpoB TeopHH. CymecTBeHHO 

HOBal! HH~pMSIJ;Wi 0 KBaH>i'OBHX IIOIIpaBKaX co.ne~TC.fi B fiiAI , KOTOp&.fi 

IIpO.fiBJI.R:BT BeCJ>Ma HBTpHBHaJil>HYIO 88BKCHMOCT:& OT ~ , O~CJIOBJIBHHYJO IIO

poroBHME aiPI>eKTar.m B ::2w . K co~eHHJO, "Bee coClHTER: paaurpHBaiOT

C.fi" B npe.n;eJiax I,5 %. Ce!qac He BH.n;HO TaKoro aKcrrepRMeHTa, KOTopldt .ItaJl 

Cl!i I% TO'iHOCTl> B ( W , II08TOMY 8HaJIH3 8TOrO paa.n;eJia llMeeT, B OCHOB-

HOM, MeTO.n;H'l:eCKH! :I'IHTepec. 
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PBc. 29 

II. lliHpRHa 2° -6osoHa 

AHanHs anexTpocna6HX nonpaBoR 
R IIIB:PRHe z.o -6osoHa (i- 60Jiee ax

Tya.neH. '18M R rw . Ha e+e--yc

ROPHT8JIJiX (~ 6y~eT H3M8peHa C 

TO'iHOCTbm ± IO MeB. HcHo, 'ITO npH 

TSROI BHCOROI TO'IHOCTH H8o6XO~M 

aHanHS p~aiUioHHHX nonpaBoR. IIOJI

HHI Ha6op o~oneT~8BHX ~arpaMM ~ 
napnHaJU.HOI BIHPHHH r -6030Ha 

'f.~ (~..,fi) BHI'JIJI,1tHT OJI8lt,VDIIHM o6pa
SOM: 

~:-({r+1( +1(+-l(t-( 
PBc. 30 

COOTB8TCTBYJWISR: HM HMIIJIHTy~a HM88T BH~ 

~i = :; t,.li[UN!-) '!/- f{i-~)l~lt:S/] a..· (95) 

BHHoCII f](r H -q,o)MHPYH no OUHCaHHHM B npe,ItH,ey~8M pas~Me npaBH-

~aM ~ (..A) • nOJiy'iatlM BHPSE8HH8 

N; ~ ~ [ G["> J/ r~ 11. [ "-. a+!l-) - 't (4-t) /QJt £,-l]fi, < oo> 
r~e 0. i! H ~: r HMHIYI' BH~ .PJI,D;S T80pHH B03M,Yili8Hd vi , 

(97) ft,}[ at/ J = i -+ ~ ~~ ~ £r] ( /Od/14 1 Mw, IIi, MH) • 
OUHT:& onpe~e~M 6opHoBcRoe npH6JIDeHHe, RaR J,~=J<i! = 1 . BHPSEe

HHe (96) HM88T O'i8HL l!poCTYIO qJH3H'i8C.K,Yil HHTepnpeTalUI!O: ~y~a O~
HoneT~8BOro npg6JIDeHJ~ HM88T B~,no~o6HHI 6opHOBCKOMY npg6JIDeHHD C 

38M8HOI 

4j~)~ G(j/) ~ntfYw __. {1-R)£/. (98) 

HH8 

HMH 

Jio6, 
HJI31 

I 
Pes 

PYH 
meH 

B p 
Be~ 

~eM 

6eH 
CBII 

IllH.P 
25 
6y;n 

6WJ 
no 

HOC 

WH.P 
6JJ 

co6 

aM 
HH 

naJ 
HcnOJI:&syH saMeHy (98).MOlltHo cpasy UOJIY'IHTL o~oneT~eBoe npz6Jm&e- KBa 
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lBOR 

1 ax-

·YC-

18 c 
lpll 

:M 
:OJI-
1 MJI 

6pa-

I 
\ 

Bll-

ute
>.n;

~ c 

ll!Xe-

HHe ~ ~~ KS XOpDWO HSBeCTHOro BHp~eHHR B OOpHOBCROM ITpHO~HXe-
HHH t 

/, ew = :..J ~~ Jt [ f-1{l-R){O.}£.~ +8@~/Q, J.r.1J. < 99) 

Jlo68BJUUI OT,lteJ18HHHe BHDie K3Jt-norrpaBKII I TBII8 ll B.KJll)'iaJI KXJt-nonpaBKII 
mtsmero no.Pif,ltK8, mreeM ~ napDJI8Jl:&Hol IIII1IPJIHH 

(IOO) 

Pesy~DT8TH pas~qHHX rpyrrrr aBTopoB ~yqrne Bcero cpaBHHBaTD, Ta6y~H

PYR Q• ll ;£.~ , R8R STO ,n;e~MOCb rrpH cpaBf.eiDrn HTepa!.GfOHHOro pe-
J l ' 

meHHR ypaBH~ (?I) ,li;IIR A r . He.n;aBHO MH llJIHB8~ll TaRHe Ta6~HU!l 
B pa6oTe 16 • .JVm o6cyllt,I(eHHR qillsHqec.KHx pesy~J.TaToB 6o~ee HarJIR,IUla 

Be~'il~Ha 

(/!AI - rew 
~-r = t [ q (IOI) c . ew , 

'o pi~ ...o.~ 
.n;eMOHCTPHPY~aR CYMMQpHHi ~RT Ji H ~ 

KaK BH.n;HO H3 TaO~HUU, ~IA/.D;OBOJIDHO CMDHO 38BHCRT OT ~ 0co-

6eHHO CMDHO BHpaJKeHa 38IiHC~CTD OT ~ B RE1H8Jle r ~~~ , qTO 

CMS~O 0 ~ BM~O: ~ ~q~ 

···---~ PHc. 3! C..i 
D -

IIIHpHHa KaRMa 2 -+ B g ~ 400 MsB, mecTHrrpouer THHi sifxi>eRT .n;aeT 

25 MsB. XoTR STO H 00~Dlli8 TO'iHOCTH ~3Me peHHR. { :Z , no-BH,IJ;m.~Ol/,Y, 
6y.n;eT Tpy.n;Ho BH.n;e~TD RaHM ~o ~ii c TO'iHOCTb~' "'H2 %. O.n;HaRo sTo 

OHII.O 6H rrpoBepROft BMa.D;OB ,ltHarpaMM COBepmeHHO f OBoro THITa, pHc. 3!, 
ITOSTOMY rrpe,ltCT~eTCR Heo6XO~ cepb83HO H~yqHTD BOITpDC 0 TOq

HOCTH T8rHpDB8HHR R8H8J18 t Q-.. il . 
, C TOq.KH speHHR ITpelli1!3HOHHOI qi}ISH.KH 60Jiee ~ HTepeCHH rraplli1!MDHHe 

WHPHHH r- ftt- , ROTOpHe, B03M011tHO, y.n;aCTCR H3MepHTD C TO'iHOCTDIO, 

6Jm3ROI R CT8THCTH'i8CROI. (Ha !06 z" rrpH,n;eT<R !00/3000.!06,._30000 
COOHTHI pacrra.n;a l_"- ftt- , qTo OTBeqaeT TOtJiOCTH H3MepeBltR ~ J%). 
appeRTH O'i8HD TJDiteJIOro ~ ~ 300 rsB H8XO.n;RTCJ.,T8RHM o6paSOM,H8 rpa-

HH o6HapyxeHHR. KoHe'iHo,HX paHDWe o6HapyxaT, H~yqaR B3aBMOSaBHcHMOcTD · 

napaMeTpoB TeOplm, HO HX ITpoBepKa B { z HBCB1 HOBYJO HH!IJoPMalli1!IO 0 

RBaHTOBHX ITOITJI&B.KaX, HS-Sa TOI'O, 'iTO B r z .D;810T BMa.D; .n;pyl'Jie O.n;HO-

51 



Ta6mm,a 5 

3neKTooCJia<i!le rrorrpaBKH 8'-,ew Ra.K <bVH.KUWi ~ Ill.;_ 
IIpH flw. = 92 raB -

H ffH (I'&B) 

~~ IO roo IOOO 
'!i 

'· 
40 -,17 +,02 -,16 
90 02 ,22 +,04 

180 ,77 ,97 ,79 
230 1,44 1,65 1,46 
300 2,80 3,02 2,80 

40 -,45 -,2! -,29 
90 -,46 -,2! -,25 

!80 -,62 -,30 -,24 
230 -,90 -,54 -,39 
300 -2,12 -1,66 -1,31 

40 -,38 -,07 ,06 
90 -,66 -,34 -,19 . 

!80 -1,48 -1,14 -,94 
230 -2,09 -1,73 -!,50 
300 -3,49 -3,07 -2,76 

40 -,28 0,0 ,04 
90 -,40 -,12 -,08 

180 -,69 -,40 -,34 
230 -,83 -,53 -,71 

40 -,42 -,14 -,10 
90 -,67 -,39 -,34 

!80 -2,38 -2,08 -2,01 
230 -3,72 -3,40 -3,3! 
300 -6,26 -5,90 -5,75 

-- ----
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IIeTJieBh!e .n;HarpaMMhl, B 'l8CTHOCTH, KOHCT8HT8 :Zr- { , He BXO,IUt-

UIM B aMIIJmTY~ rrpoueccoB pacceJIH:wr. 

AliaJIH3 aJieKTpoCJia6h!X IIOIIpaBOK K r2- BeC:OMa BUlKeH H ,IWI rrpo6Jie

Mhl IIO~C'leTa '!HCJI8 HeiTpKHO. B SKCTpeMaJI~Hh!X CHTyaru~ IIOIIpaBKa K ~r 
~ocTHraeT - ·2 % HJIH - 60 MsB, '!To cymecTBeHHo MeH~Ie BKJia~a o~oro 
HeiTPHHHoro KaHaJia + 200 MsB. OTcD~a MOJKHO c~eJiaT:o Bh!BO~, '!TO rrorrpaB-

KH He HMHTHpym ~OIIOJIHHTeJI:OHh!e HeiTpHHHh!e K8HaJih!. W ~ 

:113 IIpoBe~eHHoro aHaJIH38 CJie~eT, '!TO IIOJIHh!e Ill} pKHhl r H r 
~OBOJI:OHO CJia6o 'lYBCTBHTeJI:OHhl K mi H HI( • IIO cpaBHeHHD c tJ{ 
H C .n;HqxpepeHIJ;HaJI:OHh!MH xapaKTepHCTHKaMH ZtJ -pacrra,z;oB - pa3JIH'lHHMH 

acHMMeTpiDJ:MH Ha l. D - IIOJIDC8, KOTOphle Mhl paCCMOTpiDI! B IIOCJie~HX pa3-

~eJiax. TeM He MeHee 3TOT 8HaJIH3 KHTepeceH He TOJI:Of:O B M8TO~'leCKOM 

OTHOW8HHH, K8K aHaJIH3 IIpoCTelw:l!x O~OIIeTJieBh!X aMIIJI~ Ty~, HO H IIOK83h!

BaeT, '!TO, H3Y'lrui IIOJIHble WHpKHbl MOlKHO, B IIPHHIUme , r OJIY'lHT:O T8KYD HH

<,PopMaiJ;HD 0 KB8HT0Bh!X IIOIIpaBKax T80pHH, KOTOpM He MOJK8T 6biT:O IIOJiy'leHa 

H3 aHaJil'.l3a ~YrHX rrpoueccoB. 

!2. i?ROII8pl!M!HT CHAitbf- fi 

.neorou !986 ro.na B UEPHe Ba"'SJJ Ha6op .u;SHHHX axone~HT CHAJilM-1(65~ 
OOHOBBaa UQX& KOTOporo - HSY8PHT~ C peKOp.D;Hol •ro'!BOCT~D Ce'le~ 

'Bu. 'lBOTo JienoroHHHX npoueoooB: yupyroro ~ ~)e -·pacc8JDIBII B o6paor-
Horo fo -paona.u;~ llpe.D;JIOJI8I'88TOJI: 88p8I'HCTPBpoB8Tl· IIO 2000 Oo6HTBI 

yupyroro \J,M e- B ~ e - pacceJDDIII B OKOJIO !0000 OOC•HTBI o6paTH01'0 )'-· 

-pao:ua.u;aX) • Hs OTBOD18HBI oeqeBJd 

/{= ~(~e~~e)/~e-~e) 
'{ =- <t ( ~ e _ ~ e) j () ( ~ e _. jrve ) 

(!02) 

(!03) 

H8 'f8.KOI C'l'8'1'BCTBK8 MO&HO IIOJIY'IBT:& CJI9.DYDJIYII TO'IfHOC:'f:& ('DJCTO C'l'8TBO

TB'l80Jcyll) B OIIpe.D;8JI8HJDI II8paM9'l'poB T90pBH :3CB: 

B 5tnl6>111 H3 < ro2 > .. ., • t.c"\ - _I_ IJ!l.. ,... tW03 
g .,m ~>'w - fO T - , J 

B p 
·, 

HS (!03) - T ~ 11-= O,IJIO, 

3TH JISMepeHJIJI nosBOJIJrr BHIIOJIHB'f:& .PfJ.1t apeiJ;HSBOHHIIX 'l8C'l'OB teopo SOB 
B 'IBC'l'O Jl8nTOHHHX IIpoQeccax, H8B60Jl88 BHT9p8CBHX A1U1 8'1'01 U8JIB, IIOO

KOJI:&K;Y HX 8H8JIBS 1102T 6biT~ BHIIOJIH8H C MIIHBM8JI:&HHMI! 'f90p8TB'l8C.tallm 

H90Dp8.D;eJI8HHOCTRMH. 

x)B BbiiiOJIH8HHHX .D;O •CBX IIOp 8KCII8PJIM8BT~ 8T01'0 TBIIS CT8TBCTBK8 He 

IIp9BHD188T 200 C06HTBI (CM., HSIIpJ!Mep,/68/) • 
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PaCOMOT.PHM IIO,lij)06HO KPJr IIpo6JJ:eM, CBiiSaHHliiX C HH'1'8pllpeT8ItH81 
~ 8TOXO 8KCII8pgM8HT8 /66,67/. ~ 

!3. Ynpy:Ne pacceme Hel'l'mmo Ha MenooHe 

CetrelUIJI n_;>ooTeitmHx, tmoTo JieiiToHJWX npo~ocoB ynpyroro pacoemum 

~e ~~e) 
(!04) 

~e -~e 
~ryT 6HT:& BH'UIOJI8HLI B IIPHHIU'III8 B .llD60M IIOPIJ,lV(e '1'80plm B03M;YIII8HJdt. B 
60PJiOBC.KOM II.PHCi.1nmeHJm HX 8MTIJDI'l'Y.ltLI OB060.ItHH OT .KaK!IIX 6Lt TO HH 6WIO 

T80pe'l'H'i8CKHX !:!80IIpe,lteJieHHOOTel, CBII38HHHX C qm3Jr!ROI a,lij)OHOB. Bonpoo 

0 TO'IHOO'l'H BL!llEOJieHHH CetreHHH B BLIOmKX IIOpa)tR8X yze B O~OII6TJI8BOM 

II.PH6JnmeHl'm, RE.K l'l B OJIYtrae At, H8Tpl'IBJr!8JI8H 1'13-38 BOBJie'leHHOCTH 

,11;11al'paMM 0 JI8I'f4HMH M T.IJjj(6Jih.'MH .KBap.Karru. llpo~OCLI ( !04) Olll'ICLIB8D'1'Cii 

TJr!lll'I'IHOI A/(- 8M!JJmTY.ItOH, CTpylt'l'ypa ROTopol HaM yae XOpolllO H3B8CTH8, 

/VI -vr;{~J{t'el ~+~)®[~ff+,)-'t(4-~)¢eJ(f}t_ J · 
IIOOMO'l'p& 60Jiee )t8'1'8JI:&HO H8 qiyH.IUOriH tf:t> H J(_:ti~) (1t.) • 

0~) 3ol [ ft,f + J Rn r + ~ ~lr)1 + s- +aR. _ 9 ... !!f.} 
J« = l+fHJ(I-l) ~:( Jt,~{l~y) ,(-t J 3 ~ ) 
r.ne n = ,At }L !JI~ te _ H..t IJ,.f, /(.. w, ,.,l. ) .s- Ill,.~~ 

Je:r>(tf)t f+ ii;,Jf /~ [t{-f )-W{-1 J]-~ + f -~ R. 

+4t(f,Pf,n()+ ~ t;[ aa-~Jtt -i~IJM'f';~·.~J}) 
! J /J_ tf!.tt-,.) +mfx-r'*'(t-x) 

~~~~/,otJ = 
0 

X(I-X)((X lll J.fJ · .t 
BHpaaeHBJI (!06) I! (!07) IIOJIY'l8HLI B IIPJI6JnmeHHH fL..< }1WJ~ 
Topoe o'ieH:& xopowo pa6oTaeT ~ ~ -nagoe~~ H6o 

(!05) 

(!06) 

(I07) 

(IOO) 

• KO-

(J 2~ S ::::flmeE"+mt.t ::::to-lE"(r~aJ. 
(I09) 

BupuelUIJI ( IJ6) l'l ( !07) IIOJIY1l8JIJ!C:& B HeC.KOJI:&KJr!X pa6oTaxf66 o 69 o 70/ 

B H838BBOJIIMLIX , 
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4) 

• B 
110 

poe 
If 

JTH 

~Ha, 

i) 

') 

) 

70/ 

BHIDICJf8lWDC, II09TOyY OHJI JDlJliW'l'CII a6COJII)THO ,I(OCT)B8pJWMH. BeJJlllDIH8 

~~'flJ, qJoP119JI8 (!06), co,n:epuT 38BHCID8JCT:& OT mic H _ J4H , 'lepes 

HSB8CTHH8 HaM C06CTB8HHQ-9H8pi'eTH'I8C.Kil8 cpyH~ W- R ~- 6030HOB. 

E,n:liHCTB8HHaS: H80IIpe,n:eJI8HHOCT:& B fNC CBII38H8 C BH'Dl:CJI8HJI8M BMa,n:a .D:H

arpSMM p:ac.32 IIO T90pHR BOS~eHHi 6es ]'18T8 r~OHHHX IIOIIpaBOK. 

-j . TaiWe 1t8 'lJI9HH CO,D;8plK8TCSl R 

W("l) w(r:) B ~,c<~~B pasHOCTH 2(-1)-w(--1). 
-I~ Mli YJ!t6 BR,D;eJIR , JIR,D;HpYlJIIH}:i 
no tvv~ l£ll8H B noCJie.n;Hei! pasHOCTH 

~(f) 'HM88T BH,D; 

PBc. 32 

) ) 
3h1'1 

-2{-1 -w(-1 ~ ey 
(IIO) 

Mo&Ho OltH,II;aT:&, '!ITO rJJIIOHHHe rroiipaBKH K co6c'rBeHHo-aHepre'l'H'lec

KHM cpyli.KQISlM pzc. 32. 6Y1IJT IIOPfWt8 ds (Jf/) )~ ~t% • .1IBDn. IIPll 

/)}. ~ /1\,t )- /0 BJIH h1t ~ 250 I'aB BMa,n:H l'JID>HHHX IIOIIpaBOK CpaB-

HHBaJJ'l'CII 0 OO'l'aJI:&HHMH 9JI8KTpoCJ186HMH BMa,l(aMH. O;:oiaKO '1'8K09 60JII>III08 

/rJt t R8K IGl Blf,IteJIH t ,I(00'1'8'l'O'IHO Ha,n:emiO HCMXl'lli8TCII y&e HMe~CII 
.D:aHHHMII IIO l1 r . Tai<HM o6pasoM, IIpo6JieMa rJIIIOHHHX "noiipaBOK B .P A/C-

H JtiJC He IIpe,JtC'1'8BJISI9'1'0Sl cep:&eSHOI. Jia,nee', B c"f2) HMee'l'CII 'IJleH 

1:!. (fli ~t~~~),o6yCJIOBJieHJIHA .D:H8I'P8MMSMH "aei!Tpi.:HBOrO pa,ltllyCa~pHC.33. 
3'1'0'1' '11Jl8H He OO,Jtepmrr HJIR8KBX H80IIpe,D;6JI8HHOCT8:1t. HaKOH8IJ., IIOCJie.ltHJI:It 

'11Jl8H I3 ('I~~*'/) IIpoBCXO.ztll'l' 0'1' ,I(H8rp!WM r a -OMelliHB8HHSl} pxc. 34. 

-ryv- --vr 
~ ~k 

PBc. 33 PHc. 34 
noc.KOJiloR',V ,n:Harpaaam pzo. 34 BKJII)'I8J)T OYMMY no BC9M ~JW1M8H'1'8JWIHM 

lfleiJGIOH8M '1'801101 - JI9Il'l'OH8M B .KB8pK8M, JIX BMa,l( OO,Jt8pu'l' H80IIpe,JteJI9H

HOO'l'B, OBIISBIUUI8 o MBccaMII .1erKBX aapmB. K ooa.aJ.leHJIII, ero ae.n.u 

IIepeBHpaSBT:& 'lie pes O'l'H01118HJI8 R..A =- () ( e+e- - 8Jij10HH) /ot::ete-~ 
--+J"'J') t KU ·;& o.Q'II88 ./Jf UO Cli81IJJIIIIDI IIpJI'IIBH.W. KoH'l'p'IIJleH ~-f 
oo,Jtepu.~ 

n(rro)- :#;-"{-Yrf(i.. *i-f). <ml 

B /flo.I*YJI8 ( !07) JIM88'1'0SI "- 1JJI8H8 [ }t ]' f. t 
% c.ra,~ J 'dtx{l-t.)tlt 12

Xf4-J. rtJ/ /~ , (!!2~ 
• + 0 1 rh l,C1J~/ ft~x(4-'J)In{{Kt-1-)-trt,/];~ • <rr3> 
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B 060BX 'lJieHax HeJI:&SJI npeHe6pe10> 'n.f !t. no CpaBHemm C r3</.f-x), 
a (II3), K.POMB roro, co~e.PDT lPJYil SaBHCm.>cr:& H or I~/ • He Jler.KO 
rage Ham aRMor BeJIHlDIHH ~It, , .KOropaa ~aa 6& HHTepecylllnd Hac 
IIOJI.llp.IISaiJJIOHHHI onepaTop Henocpe~C'l'BeHHO liS 3.KCIIep.IIM8HTa, J!60 OH I 

c~saH c HHre~epeHuael BMnnHTY~ npoueccoB 

et-e- ~ a.Iij)OHH, 

\) i) __, a.JU>OHH ) 

0~ J!3 .KOTOpHX HeHa6mQnaeMHA. 

(II4) 

Ta.IGD4 06p830M, HJ! KOCBeHHO, HJ! IIJliiMO HaM He y.naeTCII J!CKJIIl'IHT:& 38BJ!-
CJ!MOCT:& 0'1' MBCC Jler.KHX .KBap.KOB B A/( -SMnnHTY~e Ha O~OIIeTJleBOM 

ypoBHe • - - . . /69/ 
B Jll!Tepa'cype npe~araeTCII CJle.n:yDIIHI BHXO~ J!S 3'1'01. e_H'l'Y~ • 

Onpe~eJll!M s@leKTJ!BHHe MaeCH .KBap.KOB 1'8.KJ!M o6r30M, 'ITOOH OYMMS (III) 
BoenpozsBeJla pesyJl:&rar Bl:l'UJCJl~ R.e fl{r(o no ~onepeHOHHOMY 
cooTHomemm. ABTopH pa6or!l 69 npoo~ K Ta.KOuy Ha6opy ,l7,IIJI Mace 
KBSp.KOB 

Tor.tta 

ITJ({::::./1~= 80ff.38 ) frls=~CJOff38,) 

lnc=1S(:~8) ''k='t,S'(J/3. 
(II5) 

;;, p;q•{t, f- .f) ~qo£65, errs> 

~To ooBn~er c aH8Jll!SOM Bepseraaec~52/ HJKeoKOJ!:&.KO MeH:&me 60Jlee 
nonym~pHoro eel<mc sHa~eHHII EperJleiHepa/55 (eM. pas~eJl 8). lloCJle~ee 
ar:>mlO BOCIIpol!SBI'lCTH C xopmel TO~OCTI>Il, IIPJI mft := mr£. = 37 MaB, 
OeTaJI:&HHe MBCCH, KSK B (!I5). 

~HelmHI npl!eM OOCTOJ!T B 1'0M, '1To6H J!CIIOJl:&SOBaT:& 3TH MaCe~ 
llp.ll BH'IJ!CJleHJ!B BM~a ~arpaMM 2 Q -CMellll!BaHM B ( 107) 1 an8fiKPY1I 
K IIOHH.TJ!Il .KBapR-a.JU>OHHOI .n:yaJI:&HOeTH J! K II0~06J!Il oneparopob /7/'~ J! 
n~ . T8.KIDI o6pasoM, B BH'IJ!CJleHJ!J! JeA/C. MH :iMeeM ll.PJIM9pHo TY ae 

ro~oou, 'i'l'O :a B ~cnepcHOHHOM 8H8Jll!Se ~ ( • TaR ae Ka.K :a B noe-
Jle~eM ~e, s~ec:& He CTOHT BOnpoe o KIJt -nonpaBKSX, ~HBae~ 
sqxpeKTJ!BHHMJ! MBC08Mll .KBap.KOB. HTaK, To~ocr:& IIoCJle~ero OJiaraear:>ro B 
(!07) ~ 2,5 %. llp.ll npe,JtllOJlarae!IQ' TO~OCTJI l!SMepeHHII ~ ~n-l-6Jwl 
= 0,005 B 3KOII8PJ!MBHTe CHARM - n/65 BCeMJI TeopeT~8CKBMJI Beonpe~eJieH
BOCT$1M1 B JN( I! £Alt. , CJl8~0Ba'l'eJI:&HO, MOmlO IIpeBe6pe10>. 

B BKOIIePJ!MeHTe 6y~eT HBMePHT:&CII oTHomeHHe ce~eHJ!I (102). ~oe 
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'KO 

Hac 

4) 

1'1-

1/ 
I) 

5) 

;) 

tee 
I, 

ra 

B 

ea-

e 

liS ce'IeHHI B qJQ}WYJie (I02) MO&HO npe,n;oTSBHTl> B BH;te 

R- h' Ell/ C'- QE;J> 
u =v ~ v , (II?) 

r,n;e ~EJ) BMil'IaeT Bee ,n;mrpaMMH I-ro THnao B cne!lH<[lnec.KHX yCJIOBBSDt 

aKcnepJIMBHTa CHARM-II B BJieKTpoMai'HJI['l'HOM RaJIOpiriMeTpe He pas,n;8J!JD)TCJI 

JIHBHH, no~eHHHe qJQTOHOM H BJieKTpoHOM - perHCTpHp:reTCJI JIHIIII> CyYMap

HWI 8Hepi'HJI o6utero JIJIBH.Sio 3TH YCJIOBHII BHOBl> npHBO,D;II'~ K HHMilSHBHO:I CK

TYSIJJm y'IeTa TOpMOSHHX qJQTOHOB - HHTerpxpoBaHKD no !IX !IOJIHOyY <flaSOBOyY 

o6i>eyY 0 BCJie,D;CTBHe 8TOI'O qJQPMYJIH ,IJ,liJI fJ6?E.O MOryT c5HT::& nOJIY'IeHH aHaJIH-

TH'IeCKH, H npx E.;.::>>~ pesyJI::&TaT HMeeT o'leH::& npocTol BH.lt 

6' a&il= [G[:>J~o( f nt(t~ _ Ji.1_ .!.btlfv) +-9.~ j_/~s _ ;,1.. _ _g, -t,2Ev)~l 
ve qR. 1ffi [ i-9 6 3 l7k (Jt 3l..ft 6 3 me ~L 

(IIB) 
~ QfJ) QE..i) ( ) 
vve =Ove Ji.. ~ J!l. , 

r,n;e 

d'- =-- j + Sz:,,zew i /£: .h.l!~w . 

Hs B!llpallteHHH. ( I05) Henocpe)\CTBeHHo CJie,n;yeT, 'ITO 

.J--EW_ 1~15.of.IJ [6 -P(~G:F(J') Sin 26lw _, Je (~,e){u~ftn¥Jw] (II9) 
ao~e. - au F JNc ' 1.1c t ' 

Y'Dr!:TiiBaJI, 'ITO 6' QE.ID B BHpa&eHHH (I!?) HMBBT ,n;o:tOJIHHTBJI::&HHit !IOpH.-

,D;OK MaJIOCTH o(~ no CpaBHeHlDl C fYE w' t BH,IJ;~, 'ITO B OTHOme-

HHH R., (/02)J BWia,D;SBT BBJIJI'I00\8 }Ale C TO'IHOCTl>ll ,D;O 'IJieHOB CJie,n;yDIIe

ro IIOps,IU<a IIO o/.. o B pa6oTe/G?/ MH liOKaSaJIH, 'IT•> Ha ypoBHe TO"'HOc

TJI A~~~.? fYw = ± 0,005 BK1Ia,D;OM 6 621W MOZHO )! BOBce npeHe6pe'Il>, 

T8KHM o6paSOM, HS OTHOmeHHII ~ MH cpasy HSBJieKael.t BBJIJI'IHHY 

(I20) 

5
. t ncv,.;t) 

KOTOpyll MOZHO H83B8Tl> 1$1leKTHBHHM O,D;HOnBTJieBHM napaMeTpoM "' 0'111 
8MilJDITY.ltH npouecco:s' ( 104) o 

B qJQPMYJIB ( I20) MH 88M8Hl'UIB 1R.. Ha HeKOe cpe,m:tee r , IIOCKOJil>

KY npx S<.<..}iit £~.~lf) npaKTH'Ieco He saBHCHT oT •?!(, , KaK 9'1'0 npo

BJIJIIlCTpxpoBaHo Ha PHCo 35, r,n;e npne,n;eaa ~~~c (f~ :tpH /J1-t- = 30 !'8B 

H /11-1 = 100 I'aBo KpoMe TOI'O, HHTepeCYDJtHB Hac 'JJIBHH, HBCYJitlle HH-

qJopMBJJ;HJO o /rJ-1. H N11 , B006111e He saBHCH.T oT 9 t o B~paaeHHe ( IO?) 
nosBOJIJI8T JierKo II.POaHaJIH3H.POBaT::& qyBCTBHT9JI::&HocT::& S~n2()S'"'e; K MBCCaM 

mt aMw 
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-3 -2 -1 0 1 2 3 log (Q2, r.JB2) 
r-

-1L -~ 

-2 ~ 
~-1,% 

PHe. 35 

Ta6JmJ!! § 
Sam!CJIMJeT:& '~' <k. (0,05)- i'% OT ft!t H HH. (l'sB) 

IO roo IQOO 

30 -,4I -,?I -I,53 
60 -. 75 -I,05 -I,85 
90 ,7I ,39 - ,47 

!30 2,37 2,02 I,IO 
IBO 4,39 4,49 3,46 
230 8, 44 7,96 6,77 
300 I6, 55 I5,94 !4,30 

Ka.K BIJ,1tHO H3 T86JmUll ), 38BHeHMOeT:& OT /1,14 HSXO,ltHTCR: 38 npe~eJlSMI!l 
llYBeTBHTeJl:&HOeTH SHerr 3PPIM9HT8 t ,n8DI{ero 2-npo~eHTHyll TOtmOOT:& H3-

1113peiDIJI d S,'nl/9$ol,.it) = ± 0,005. 3aBHeHMOeT:& .a:e OT ~ J&>UT 61iT:& 

88MeTB8 Ilp8 TSHOi TO~iOeTH. EoJlee ~eTaJI:&HHA SHanKS B~paaeHHR (!07) 
ITOR831maeT, 'ITO 38BHe:n.tOeT:& OT ~ B TO'IHOCTH T8I<8Jl lite 1 R8H B .d f • 
O,ItHa.KO Mli MO&eM ~eJia•r:r, TeeT TeopHH 6es HSMepeHWI Ml e a6cOJIDT-

HOI HOJM!poBxol m.Ka.Jn~, BsJIB St:n~ = {- Ni IN2!J... :as aHene-

.J>HMeH'rOB u A 1 • L- A Q H epaBHHB ero c S~n 2 eJ,V)t if!). 
Ka.K BlfJtHO HS T86JmUll •),,nBJ'XIIpo~eHTHSSI TO'lHOCT:& ITOSBOJIHT HaM "yBH,neT:&" 

t - KBSPK e MSeeo:t I3G-IBO l'sB He38BHeHMO OT T90T8 B38HM038BHeH

MOCTH II8paMeTPQB T90j)HH 8GB. PasyM99TCR:, STO enpaBe.u;mBO H B OTHOme

HHH J1116oro TaeJlOI'O filtlpMHOH8 B .ny6JieTe e eB.Il:&HO pae!lleiJJleHHHMH Maeea

MH. H:BTepeeHO TS.KEe SHMeTHT:&, 'iTO STOT TeCT COBCeM He eBR:SSH e IlpoBep

.KOI nepeHO.PMHPQBD a~.' (o) ~d. (H./ ) • IToCJie.In!JIH a6eop6:apoBaJiac:& B ~Fll1 
Jl CO.Kp8TB.Il8C:& B OTHOWUHHH Ce'ieHHI, TSKH!II o6pa30M 1 M~ l!lleEM'lHCTI£it TeeT 

H8 IIpHCYTCTBH9 B T90piill TB38XHX W9PMHOBOB. 
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'" ) 

:T 

Ia~!E 7 
3aBHCKMOCTb~f, ~ OT n1.t H J1H (raB} 

IO IOO IOOO 

30 ,5! ,47 ,27 
60 ,59 ,55 ,3:) 
90 • 73 ,69 ,49 

!30 I,OI ,97 ,77 
!80 I,52 I,47 I,27 
230 2,23 2,!8 !,96 
300 3,68 3,6! 3,37 

~ • ~ fi (J.,o~) p (v..;e) 
lfSM9.PJ!B HS OTHOWeHHSI (!02) ~n C7w , MO.lltHO :i3M9PHTD) AIC. HS 

OTHOW9HHSI ( !03). IlOC.KOJibK,Y IJ f /j> =- ~ Ll6' /6' , CT8THC'rl'l'i9C.Kafi TO'IHOCTb 

HSM9p9HH.F1 .fAJc. COCTSBHT OROJIO I %. Y'IHTiffiM, 'iTO B JIY.'IW9M CJIY'ISe 

TS.KOI'O lite IIO,PiiJUta 6y;rr,eT CJICT9MaTH'I9C.Kafi Ollll'l6.Ka, BH,IUM HS T86Jml.nl 7, 
'iTO l!yBCTBHT9Jibi:OCTb j .K ~ xyllte, '19M Y 'h,'<[)u?";~). DlaBHM 

Il9Jib HSMepeHHSI j~o~c_ 6y;rr,eT He B H3M9p9HHH ~ - S.ffiHCHMOCTH, a B 

IIpoBep.Ke TOI'O rllaKTa, 'iTO JNc.. B CaMOM ;ri,9JI8 He OTJIH'i<l9TCJI OT npe;rr,c.Ka

SaHHi (Ta6JIHna 7), T.e. B IIpoBep.Ke ~~1bHOCTH ~!rrCOBC.KOI'O C8.KTO

pa T80PJiiH 8CB ( f IXJt.~ = 1. ) , 'iTO .n;aeT BIIOJIHe onpe;rr,e;reHHHe npe;rr,c.Kasa

IDIJt .wiH H960JibWOI'O HH;ri,y!UipoBaHHOI'O II8TJU!MH OTJIH'I:Wl: fMc OT e;rr.mml.nl. 

B oTHomeHHe (!03) BXOli.BT cetJeHBe o6paTHoro f' -pacna;rr.a, KOTopoe no 

STOI II.PJ!'IJHH9 ;ri,OJIJEHO 6UTb BH'U:ICJieHO 0'19Hb TO'IHO. PacnMOTpHM Kp8T.KO 

BINHCJI8HH8 Ce'!eHH.F! o6paTHOI'O ~ -pacna;rr,a C TO'IHOC"l>D ;ri,O O.ItHOII9TJI9B!iX 

8JleKTpoCJI86WC IIOIIpaBOK. 

!4. 06oaTHHA ,lA... -paCIIfUI 
/ 

06paTHidt )1' -pacna;rr. - e111a O,IUUi npHMap npocTeili: aro JianToHHoro npo

l]Jlcca 

··'e •}{-v. ~ -7/ e · (I2I) 

Ero O,ItHOII9TJI9BM aMIIJmTy;rr,a - '!SCTHUH CJIY'iaft 06ltel (_( -SMIJJD!'l'Y;ri,I:i, 

paCCMOTpaHHOI B pas;rr,eJie 6. IlOCKOJibKY STOT npouecc •· RpoCCJ!HI'-.KaHaJI 

o6paTHOI'O Ji -pacrra;rr,a, Bee IIOIIpBBKII II H ID THIIOB a6C<•p61JPYm'OR: .KOBCT8H

TOI G' {.«) H ero Ce'!eHHe HM89T IIpoCTOii BH,l4 
F 
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er't= 6'~dAI[ f + ~ F (me/"~'· E.,.))) (I22) 

r,n;e 

~= fe?t>t (<;-!Yfl 
) 

S -= l'11e ~+.ime fv . 
71 s (I23) 

B g)yHK~ f ,n;aKJT BMa,n; JI:mn:& K3.U-.n;~~~arpaMMii I-ro THna, pliO. 36. 

St ~.<· X·X e v2 

4 

PBo. 36 

B YJII>TpHpeJISIT!iiBHOTOKOM llp:H6JIJ!zeHJDI H 1f,1UJ. HHKJID3KBHOI 9KOIIepHMeH

TaJII>HOit OBTYHilliiH ~ F oqeH:& npooTa 

F. - ..!.!._ - Kl - g &. .tE 
El~ - ~'f 6 3 me (I24) 

B KOHKpeTHHX yOJioBHRX SKonep:HMBHTa CH!RM-TI o6a STBX yOJIOBBH He y.n;oB

JieTBOpsl)TC11: 9HeprBH eyqKS IIIHpoKOI'O HeiTpHHHOI'O OIIe.KTpa He H80TOJII>KO 

BeJIHKB, ~0611 BHIIOJIEHJioo:& yOJioBHe S:>> ~~ , KpoMe Toro, aKonepDieH

TaJil>llaJI OJI!TYIUJ:IJI pei'HOTpallllll! 0061l'l'Bil He IIHMil8KBH8 - 0061l'l'BII, OOIIpo

B03,JUIIIIIBeOJ! :ISJIYqeHHeM &eOT.KilX 4JoToHoB o Er>£,-, He 6y1IJT aapei'HoT

pllpoB8HH YOT•lHOBKOit. llOOJie.JtHee o60'fOJl'reJll>OTBO ~0 yqeOT:&, BH'ITJI B8 

HHKJll)8KBHOro oeqeHltJI, Oa.ft. , oeqeBJle ()8~ , OTJ¥'li8Dllee BlUla,Jzy 

Heaapei'IIO'fpllpo:saHHHX 4JoToHoB o £1 >Ji. . B pa6oTef671 NH KBK pas • 

BJABOJ[JglJ[ 

(JE•'= tJ.t- o-~IE,->Er '"'ft6#A~ (~+~ -Sj)_ (I25) 

Ha pliO. 37 H 38 IIOK838HH IIOIIpaBKII g-4.- B Sf K8K g)yHKilliiH 9H8PrB;!!_ 

HeiT.PJillO 1: 11 • TioiipaBK8 ~ IIpKBe,n;eaa 1f,1UJ. 'l'peX aHa11eHBI .Ed' • 
Kpoue TOI'O,B8 .PJIO. 37 IIOK888H8 IIOIIpaBK8 S"a.. B yJI:&TpapeJIJI'fKBBO'fOKOM 

IIJIB6JIDeHD, a b'; == F !'( - Bl:lpa&eHJ:e ( I24) • 
Kax BJg~Ho Ha pliO. 37 111 38, yqe'l' o6oBX ~Pa.KTopoB o6JiaaTuea. Yope,n;

aeHHu IIO one.KTpy H81Tp:HHO IIOIIpaBK8 < ~4.- S'1 ), OOOT8BJIJI8'1' - 4 % 
BM9 OTO - 2 ' 1f,1UJ. f): . 

«<o~Ji~YJIIi 1f,1UJ. 8-cl H b'f 61Wl IIOJiyqeH!:l B Ha.Oiel pa60'1'ef67/ B JIB-
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(I22) 

(!23) 
L, ,PliO. 36. 

IHol axcne,PHMeH-

(I24) 

:JIOBD He y,no:e-
18 He HaOTOJll>.KO 
•oro, axone.PJ[MeH
:o61ftM, oonpo-
6y1JJT sapei'ltOT
IeCT:&, mA'rSI J:S 

~'WJJ{ee BM81IJ 
NH K8K pas J: 

(!25) 

.KllD saepl'JDI 

sHa'llelUII Ed' • 
.peJDI'l'IIBJ:CTCKOM 

sa!uea. Yope.n
Jllle! - 4 % 

a60!el671 B SIB-

HOM mr.ne ~ ,Itll@iepeHIUIM:&HHX no aaepro MIX>Ha paonpe,nMeHBI. O'rBe'l' 

.D;OCT8!0'11HO .KOMIJa.K'l'eB, O,nBaRO OR 88BBM8eT OKOJIO CTpaBJ:Il)l -.JPHM:&HOI'O 
!eKCTa. Ilpo0'1'0'1'8 ({lo.PJIYJlH ( !24) SIBJIJieTCll K8K pas CJie,nOTBlleM yJI:&Tpape
.ISI'l'liBliSMa J: JIH.MI)8JIBHOO!B. B paS,ne:Jie 16 MH ~lir,nHM, '11'1'0 9'1'0 CIIpaBe~
BO Jl ~ npoueoooB e•e- - aJUilJI'KllllilliiJI. 

1115 25 so 100 200 500 1000 

-1 E>~,rsB 

-2~-~:::===----31 

-9 

-10 
' -11 

-12 

S~!E>~l,% 

J?Ho.37 

PHo. 38 

3aBep!l8SI o6oy3,IteHBe 'IIJIOTO JieiiToHHIIIX npou,ecooB, usyqaeMHX B 
axonepJIMeHTax o clmJtoBpoBaHHol MJIIIleHI>Il, no,nqepmeM e111e pas, 'l'l'o aK
cnepm.«eHT CHMM-Il,- &.IUDlCTBeHHHI Hs BIUOJIHSI&MHX B BaCTOSIIQee BpEIMII,Ro
TopHI MO&e'l' .DaTI> SaMeTHHI BK1J&.n B tPBSBKY npell)!SBOHJWX T&OTOB Teopo 
OOB. HH8SI HH{{loPMBIUISI B 'IBCTO JieiiToHJWX npoueccax MOJteT 6HTI> IIOJI.Y'IeHa 
JIBIII:& B 8KCIIepm.«eHT8X H8 e+e·- YC.KOpBTaJISIX. Ilepei\neM Tenep:& K o6oya
,neHBm nonyJienoroHHHX npou,eccoB. 

I5. k§Y6oxoHeynpyroe pacceBHHe HeBTpHHo B JieiiTOBOB 

' t 
B !98~ I'O'JIY IIOSIBBJmCI> pesyJI:&'1'8TH lpell)!3BOHHHX!r3Mepe)ld 5£/) l)>~ 

B Hel'rp~ I198KUWDC B SKCIIepBMeHTSX f.lEPHa ( CJtHS !4, ?T/, B CHAlf&/72/ , 
a 6HAJI /I5/ (CCCFitR. H F MM), B OBSISH o 9'l'BM npe,nCTaBJIIIe'l' 
HHTepec pacoMOTpeTI> 60Jiee no.npo6Ho qmsaxy rJiy6oxoHeynpy:rJDC aeiT,PliH-
HHX CC·H NC.. -pe&KUI'll 

cc: (126) 
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!/C : VeAl ._ Ji X . 
(!27) 

ITo~6aue p3synDTSTH B~cneHHH ce~eHHI aTHX peaxual B ~oneTne
BOM npa:6.Jlu:!HlrD!I 6wm: He,ItaBHO ony6JmKOBaHll HaMH B pa6oTe 3/ • 

B~CH:!HHe HHMI03HBHHX ce~eHHI d~c"rC:J /J:xtft- ( X.- H..!/-
- o6~He cKeiJIHHroBHe nepeMeHmie) pea.KI.Ildt (I26) H (I27) BunoJIBlf
nocD no cne.o;.vD11el cxeMe • 

I). B p!lM.KSX e.ICHHoit cxew nepeuopr.mpoBO~ ~CJIH.liOCD ce~eHHe 
{
-) ' • 11 [J!l.R-' II(?) 1 

pacceJDDIIJI ~ "t Ha ~MDHOM .KBSp.Ke i ) [' v UO!r.) j 

~ (~)1; -t(t )~f) 

~ (~h~ - ti (~) 1, 

(I28) 

(!29) 
C TO"'HOCTDJJ }I.O O}I.HOnBTJIBBHX 3Jle.KTpocna6HX noiipaBOK. AMn'JrHTYll.H 
IIpo]l3ccoB ( I28) JI ( I29) - 'laCTHHe QnY'Cl8JI o6DtHX A/(. H C C. aM-

IIJDITYll. 4-x flepr.moHHHX rrpoueccoB. ITo lfx>puynaM npe,IQl,It,YutHX Jiexual 
HaJCO}I.JIM, OTD;eJUm IIOnpaB.KJI I-ro TJIIIS, 

M" "'r;f'J ~ Otif)r~t (.f-t~} 
J (I30) 

Mp, /\- 6/}'}t"J!:. (1+K-)C9[t, &+6-)- tt{,f-ll)x}¥/~'J/t{/J:.]. 
(I3I) 

.nna c c - SMMJITYlJ.H Bee noiipaBKII I Jl rr TJIIIOB a6cop6HpoBa-
JDICD KOHCTSHTOit lrepMH, B )/(- aMIIJDITj'}I.e OCTMOCD }I.B8 lmll.YUHpoBaH
HHX lflopMfla.RTOpajA/(.. H £uc.. , KOTOp!ie,Ka.K Jl AIIJ'[ CJIY'IWI ~e, -pac
CBJDDIIJI, MOXRO pacCMaTpHBaT:b KaK .KOHB'W.He nepeHOpMBpoB.KJI, 

L ~ L(J<) p6fi~) . 
qp "lp J Pc. , 

$z'n~tfw -- ~-12)Je-~l;~){(}_ (I32) 

~!Ulla.KTOp!i fi/i'IJJ/1. Je)t,f.Jua paBHH COOTBBTCTBYIIIlJIJ.M BeJIH
'DDl811 B aMDJIJITYll.SX Y'H.e pacCMOTpeHHHX HaMH nponeccoB. B COOTBeT-
CTBJIH 0 3S!IeHOI (I32) ce'tleHHH peaiO:llDt ( I28) H ( I29) MOryT 6HTD 

npe}I.CTaBJieEH B ~e 

~ II 1 [ JSI />CIJ/ 1 [ ltt:-- Qf.J) 1 ltr f£- :: ~ + a. u (I33) d cc {Nc) i cc {41') i I (<>2.) c c {Atc) i ') 
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:e-

{_-

e 

r~e BKn~ TOPMQSHOI'O Bsny~eHHX B K3~ - qacTI> ce~efHH ~OXIBH OTBeqaTJ> 

JIHR.Jll)SBBHOI IIOCT8HOBK8 9KCII8pJIM8HT8 ,. T. e. ,ItOJIXeH 6:iTJ> IIpoBHT8rJlBpoBaH 

IIO IIOJIHOM;y cpaSOBO)fj' o6t.eyY cfx>TOHOB 0 'ITO IIOSBOJIJI8T :lOJI,Y~I> ;ti,1JJ1 Hero 

npocToe aHaJIBTH~ecKOe BHpaseHBe. BJ,ulalEe!!lYI ;ti,1JJI ce~nHJtl .mco.It~D~~HX B 

(I33), IIOJIY~CI> MHOI'HMH aBTOpaJOI /73-?5/. B pa60TH /?~/ M1i CpaBJUWI 

pasHHe B!i\IBCJI8HBII H IId'KaSMB 0 ~TO pesyJII>TSTli pa6oT/?3-?5/ COBII~am' • 
Ta.KHM o6paSOM, B B ~CJI8HBH ce~emdl: HHKJIIJSHBHWC J eih'JlBHHHX peaKll;Hi\ 

BMe8TCH IIOJIHWI OIIpe.zt8J18HHOCTI> B CMiiCJI8 y'leTS 8JI8KTJOCJI86HX IIOIIpaBOK. 

J!aJII>H8Imasi CX8MEI ~CJI8HHR: C8'18Hd npone CCOB ( 26) H ( 2?) BHI'JlR,ItHT 

one~ o6pasoM: 

2), B IIOJIY'!8HHIDC BHpas8HHXX ( I33) ;ti,1JJ1 J!l~. npoHSBO,nHTCH 38Me

H8 HMIIYJII>C8 H81{8JII>HOI'O II8p'l'OH8 

ft) ~ J f~h (134) 
r~e r - .ItOJIJI 4-HMIIYJII>CS HYKnOHa, nepeHOCHMWI ~ napTOHOM. 

3). Ce'leHBe 4t.6; yMHOUe'fCH HS naproHHyiO ti>.'HKUIW pacnpe,neJie-

Hlut i {;) KBBpKB f -ro COpTS H HHTerpHpyeTCH liO J 
4).llOJIY1{8BBH8 ce~eHBa HeKOrepeHTHO CYMMHPYIOTCR IIO·BCeM THIIBM 

KBBpKOB H 8HTHKBBPKOB 0 BOBJJ:neHHHX B peaKUlf]l (126) ll (127). 
5). HaxoHeu, ce'!eHBe · ycpe,ItHJ~eTCH no npoToHaM H J e:I!:TpoaaM MHii'EHY., 

'IT06H II~I>, HSIIpHMep, C9'!8HH8 p8CC8JDiRii HS H30C.HlJIJipHol MWD8HH 

(lUIH .ztpyrol CMeCH f H II/ ) • It 
llOJIY'18HHH8 TSKHM o6paSOM .ItH®8Ji8Hl.UiaJIJ>Hlie Ce'IE:J:M ,f~ (.,( (JI() 

~OJl pesyJII>TQTOM ~CJI8HBH aneKTpo~~a(lHX pa.ztMSUHOHHHX IIOIIpaBOK B 

paMK8X KBBpK-IISPTQHHOI MO,Ite.mt 0 T.e. 9TOT pesyJI:hTST, B OTJIHtme OT pac

CMO'fpeHHliX p8H88 IIpm.tepoB, HB.JISl8TOJl MO.It8JII>H0-38BBCHM:lM. 81'0 II~IJRE'I

OJl B SSBJICJ(Y)OTll O'f IIBp'l'OHHliX pacnpe.ztMeJUdl, JlCDOJih3•)Ba.HHHlC B B:O."'mC

Jl8HHJIX0 a 'fQDe B SSBHCBMOOTH OT MSCC KB3pKOB B H8'l8.':J>HO!J (hi..;)- :2 Ro

H8'!HOM ( '\ )· COCTOJUIHIDC • 

liTo mcaeTcn MO.ztMI>Hol saBHCHMOCTH oT CTPY.K'l'YPBJ::X ~H~, 'IC• CJF.E. 

W>aeT 6HTI> MI!HJIMHsHpoBaBa, eCJIH BX BSJITI> Bs cm~.:>ro sJ:cnepn!eHTe. ECJ:E 
CTPYRTY.PHHe qJyH.lWJ![II SBMeTHO JISMeHJiTOJl noCJie npmt.eHeHJ>JI npoue.ztYPH pa

,JtJ!BniOHHHX IIOIIp8BOK 0 '1'0 DOCJ18)tHDII MOJIHO liOBTOpE'Tl> l':TEJl8UliOHHO. llpa.KT£

Ka nomsHBaeT, O.ItHBKO, 'ITO BJUUDUie CTPYKTYPmo; <PYHr.llE11 Ha ~auz~H

HYD nonpaB.~cy. o)rpe.zte1leyYI) paBeHcTBOM 

o. Ve (lit)~ ) rJ~ iCVt} " 1lt 'r t ~(jt) 1 
1
ol 1 

cc(N£) ~f,::r~J :::. a cc(AK.) ll~~ /! i occ(IJ<.) jk~ - , CI35) 

r.zte (tft - oe'leHBe. BIAJICJieHHoe BIIJlon .no "o,o:10! rreT.m". a., 6" 0e 
o6o3Hs'I{Qe'f 6opuoBcxoe DPH6JDmeHHe ("aOJI:h rreTeJIL"). c~•3CTBeHHo no.naBJJe

Ho B pesyJ11>T8'f8 COK.PBD!eHHII SaBliClDIJCTH B OTHOW8HHB C8'1emdl (135). 
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Eonee CYDi9CTB9HHOI RBnR9TCR 38BBCHMOCTl> OT MBCC KBBpROB UOUpaBOK i 
nepBOI'O TBIIa li rJt-~fJ) B (I33) • Kalt B3B9CTH.O, pa.II;HBUHOHHHe UOUpaBKHJ 

B0061!19 I'OBOPfl, 38BHCRT OT MaCC BC9X 'ISCTlm, BOB119'19HHHX BO BSSHMO.n;el- J 
CTBHe. KoHKpe~'HO, B HaiB9M npmaepe TeopeMS KmiOIIIBTH - J1H - HayeH6epral6; 
pa60T89T TaR, 'liTO B npe,neJie MaJIHX MSCC 

d.~~":1 
,f~/J't 
(t 

- SaBBCRT OT ~·. 
- SBBHCRT OT /YJ~ , 

- SaBBCRT OT /TJ. 
I 

,mt • 
-~ 

mf; 

,nnJI aBaJm38 .n;aHHHX, O.n;HBKO, CYIII9CTB9HHO H906XO.n;HMH UOUpaBKH K d.~ . 
HcCJia.DYeM, B napByJl o-qepe.n;b, SaBRC.iiMOCTI> .ct( OT /flf • Hs pJ!C. 39 
mr.ztHo , 'liTO B8 ;maUHR l1'l.f B ot~eHI> 

11 
DJHpoKOM BHTe pBaJie OT I MaB .no 

I raB M9HJ19T :i6COJIDTH09 3H8'19HR9 hec e He 60Jiee ''19M HB I % .Macca RB8p

K8 B HBllBJil>HOII COCTOJIHlDI Plj BXO,ItHT, O.n;HBKO, BO ~Ce C9'18HBJI , HO 

KSR noKasHBallT Bll'll!CJiemm, (eM. pJ!c. 40) B ee BJIBIDUle He olleHb BeJIBRO. 

Jl.py!'Re oreopeTB'IecKHe Heonpe.n;eJieHHOCTB BH'lBCJiemm nonpaoox cwrsa

HH c HeY'leTo~ HapymeHRa cxelxBHra, cooTHomeHRH KanxBHa - rpocca, c 

HeY'leToM nopcra BOS6~eHBJl C-KBBPKS B aqxpelt'roB KIJ1, Hanpme,R, 

BHCmBX TBJICTCB. Bee OHJI B OTJIB'IB9 OT 8JI81tTpoCJia6HX UOUpaBOK 88Tpal'.ldB8-

Il'l' B 'DICJDITeJJl> B SHBMeHBTeJil> iflopMYJIH ~5), U08'1'0yY BS-88 UO,D;o6JIIl J~ft 
B e/.6"0t li!X 88BJIICJD«>CTl> B OTHOIDeHJIB Oe'leHBI 6y.n;eT OliLllldlO IIO.Jta:BJ[9H8. 

Kpoe Toro, liCe nepellHCJieHHHe aqxpelt'rH .n;o:BOJUdlo MB.IH, oHB pacCMaTPB

B81l'l'OJI K8K UC•UpaBKH K 6opaOBCROyY 09'19Hllll 1 U08'l'OyY IIOUpaBKI OT HJIIX B 

8JI9KTpoCJI86JD: nonpaBKSX 6y1J3T, O'l9BBJtHO 1 .KT8MJII BTOporo UO,Pil.ltBB M.a

.I:OOH. 

KoHRp9T1109 M.O,D;eJIBpoBBHHe H9ROTOpHX UOUpaBOK ( B 'ISC'l'HOO'l'B 1 aqxpeK-

TOB B086~9111Ul nopora poJUtelllUl C -KBapK8) UOK88HB89T, 'liTO '1'0'1-

HOCTb BH'IBCJIUHBJl pa,!tHBUHOHHHX UOUpaBOK K Upoll9CC8M (I26) Jll (I27) JIY'l
me IO %, T.e. 

~t~lS' 
lo · 

(I36) 

Bee nep31UICJI9HHH9 BHm9 nonpaB.KB B MIIOI.'Be ,D;py!'Re BHOCRTCR UpJ! BH8-

D89 .1t8HBHX, KSK UOUpaBKH K Be.JIIAJUI9 $\:nl$., , B3B119ll9HOI BS 9KCU9pJ!-

NeH'l'8 6es y'l~Ta. TaK 1 aanpm.rep. B pa6oTe rpymm C.JtHS npuo,Itl['l'CR CJie-

113JIIIWI '!'86.D:Da /?r/. ' 
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Ta6JD!na 8 

CMeiiiP:BSHHe KBSpKOB 

6j_ /rtT :/-0 
HecTpaHHHe MOPfi 
CTpaHHoe MOpe 
0'18pOB8HHOe MOpe 
HeusocKSJIJipHocTL MHIDeHH 
P~EIUiiJOHHHe rronpaBKH 

( "'-t- = 45 I'aB, HH 
Bos6yJr,neHHe C IIPIII 
cWKCl1poB8HHOM IYI(. 
Macca 'ISpMa me. = !,5 ± 0,3 

ITonHim TeopeTuqecKBR oWH6K8 

4 sinR.[)UI 

+ 0,003! ± 0,0003 
+ 0,0006 ± 0,0006 
+ 0,0022 ± 0,0003 
+ 0,0043 ± 0,00!0 
+ 0,0003 ± 0,0003 
- 0,0090 ± 0,0009 
- O,OII ± 0,002 
= roo raB) 

0 ± 0,003 
+ O,OIO ± 0,004 

±o,oo5 

KaK Blf.IOIO, T60peTJiqecKMe OIIIH6KH B6CLM8 BeJIHKIII 111 1 IIO-BJJ,ltlOIOM,Y, 
IIPJI!BO.ItHMHit ~coK He-

1
nOJtqH, TaK KSK He YliBTilB8DTCJI, Han,PHMep, KX.ll.,. 

nonpa»KII!, .KoiopHe B ?I/ npoBOsrJISilJB.I)'l'CJI HecymecTBeHHH!r4H. 

BJmH•> T8Klle 1 ~0 OIIIH6KH 1 CBJI88HHH6 C BJlqJI!CJI8HJI!eM SJ18KTpoCJI86HX 
~8UiiiOWiHX IIOIIp8BOK,He JIBJIJIDTCJI OCHOBHHM HCTO~KOM TeopeTJI!qecKOI 
OIID16.KJI!. (II•> H81U6MY MH6HII!I0 1 o;;m6K8 B ~CJieHJI!H ~8UiiiOHHHX nonpa
BOK B T86.[. 8 88BHIII6H8 B ,ltB8 pasa) • 

ITOCM>Tpmt TenepL eme pas pesyJILT8T' qeTHpeX H811!6onee TO~HX 
H6itTpJ4HHH( SKCnepHMeHTOB ,l1,Jlll },in2f)wl II/ 

~mna 9 

CHAUo\ 
C'DHS 
Ccc~t-1. 

FMM 

Cpe,ItHee 

0,23f>±0,005 (SKCII. )±0,003 (Teop.) +0,0!2 ( lYle -~5) 
0,225±0,005 (SKCII. )±0,003 (Teop.) +0 1 0!3 ( /lie. -Ij)) 
0,239±0,008 (sKcn.)±O,Oil (Teop.) } "'e_=!,5±0,4 
0,244±0,0!2 (3Kcn.)±O,OI3 (Teop.J 

------~-----------0,232 ±o,004 (aKcn.) ±o,006 (Teop.) 

rJI8BHHI BHBO,n 1 KOTOpl:lA CJie,nyeT 1'18 T86JIJI!Uii 9: .d (Tup) > LJ (i«U!) • 
Hr.leHHO 60JIJ.III8JI TeopeTHqecKSR OIIIH6K8 He IIOSBOJIJieT, CTporo roBOpri, HC-
IIOJIL80B8TI> Si11''Bw , JISBJie\feHHHI IllS 8HeJIH::~a rJiy6oKoHeynpyl'iiX Hei-
TpHHHHX J:68J{IJ;ill ,l1,Jlll npel.l;iiSJIOHHHX TeCTOB . '1'60pHPJ 9CB. 

TeM He MeHee MH npoBe,neM ,naJILHelwHtt 8H8JIH3 pesyJILT8TOB He~rpKH-
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:Jia6HX 

!8CKOI 

:onpa-

:HX 

4 

0_. 
~. HC

KX Hel-

iirpHH-

HHX 8KCI18pJ!MeHTOB ,"saKpHBM r1asi" Ha STY npo6J:eM,Y, IlepBllit BHBO~, KO

TOpJdt ~8JISIOT H8KOTOPI:l8 aBTopJI IS, HJIJIBJCTpHpyeT PHC. 4! . 

1--- -'---.::--'------1. f----1--.,.....--1--- -~ 

~,-&------1 

+-""--+----. ..1 
/(C 

---'::-:---'---~~~-L-......;._ _ _.____. _ _..I-=---il·-- 5ill2.6>,.-
0.R.I o.2l P.Hc. 41 o.!l.tt 1).2~ "' 

IloKaSaHI:l ~aHHI:le U A~ no MaccaM ffw H ;tf2 H cpe~ee 'iBTllpex 

HeiTpHHHHX aKcnepKMeHTOB 6es yqeTa H c y'ieToM J~auaoHHHX nonpaBoK. 

CIJJIOIDHll8 JIHHHJI - CTaTHCTH'i8C.IGI8 OIIIH6.1G! 8KcnepHN8HTOB, IJYHKTHpHI:l8 -

TeopeTH'iecKHe .wm ldu AI H cHcTeMaTH'iecKHe .wm 1-1 w , ~r ( OIIIH6Ka 

HOIJMH.(X>BKH IIIKaJII:l 8H8pi'Hl!), KaK BH.I(IlO, 8CJIH 6ll nyHKTHpHHX OIIIH60K He 

6WIO, MOJitHO 6WIO 6l:l CKaSaTll, 'ITO nonpaBIGI npoBepeHhl! IJpaB~, CJI8.1{y8T 

c~eJiaTll oroBOpxy, 'iTO eCJIH c~Hr ~HHHX UAi.._ no'iTH ueJIHKOM o6yCJioB-

JieH nepeHOPMlfpoBKOI c:J.(o).-.o<.(N:), TO C~Hr Hei.l:TpHHHHX ~aHHHX Ha 90% 

o6yCJio:BJieH KS.U-nonpaBKaMH nepBOro THna K Hei!TpHHHoil CC -peaKUJ(H. 

BTOPM OI'OOBOpKa COCTOHT B TOM, 'ITO ~aHHI:le CJII,i_ npoHHT8)1lp8THpoBa-

Hll ~ocTaTo~o BOJiliHO, A HMeHHo, BSRTO cpe~ee Me~ 

~n20JW::: {- &t = 0,242 ± 0,023 (CT8T,) ±0,009 (CHCT,),(I37) 
Mt 

BH'D!CJieHHYM Henocpe.ztcTBeHHo HS Mace W- H Z 0 
-6osoHoB H 

c_·nu;,, tTL lY~y = 0,227 ± 0,009 • (!38) 

Bll'iHCJieHHHM no 4JopMYJie 2 
$t' 2{) _ Ao 

" w- Nw'l.a-uJ 
(139) 

H8llOCJ18,ItOBaT8JiliHOCTll TaKKX ,ItelcTBHI O'i8BH,ItHa: Mi XOTHM llpoBepHTl> * 
lfleKT IIOllpaBO.K, llpe,niiOJiaraR B TO Z8 BpeMR: HX CHpiiB8,IT,11JIBOCTll, KOr~ 

6epeM ~,zc9..,. BS 4Jc>PMYJIH (I39). AIR npoBep.KH no lpaBOK Ha.zto HCllOJil>So

Ba'l'll H8 3amtCsmtee OT KX BIAJICJI8HHR OIIpe,It8JI8HJI8 ( [37), .KOTOpoe BCJI8,ItCTBH8 

601IDIDBX OIIIH60.K He .ztaeT HBKBKOI HH4Jo.PMSIJ;I!IH no HH'repecyDJiel Hac npo6JieMe. 

Jtpyi'HM HHT8peCHHM BOIIpoCOM SIM.!I8TCR qyBCTB:!T8JIDHOOTll H3B.l18K88MO-

I'O H3 H81Tp:aHHHX peaK~ )t'I)!IIS)w K H8H3B80THllM napaMeTpaM T80pmf 

lflt H NJ.f • IlapaMeTp Sin 1t9w Hs:aneKaeT•:lR zs oTuomeHHR oe'ie-

m 
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R. ()'--..«::. .L ' 1l .to s . ~,<1 
./' ~ = .2 ~ ~m 67.., + ,R7 4/) V'w. 

liCe. 

BcnoMBHaa:, 'IT) (t )/: no.uy'laTCJI saMeHoii < I32) , Haxo.~tBM 
{I40) 

/{: = (t+ 2J.~;1) [ J -~tn'-&w{l+¥v{'1 + fi Jtn~{t+.f£;;~} 
~ R.~ -+ij {41 R.:'-+ {-1 f J~ Sz~2f9w j >.I. tCJw ~uf'). 

IIo,D;cTaMJm B {!40) S£-'n.f B.., e-tf= ~-. 1c9"" .-+Lls.;, Wcv , HMeeM 

~ (.i~~[)ul ·= "tP (.t) 
0-AI'- -

iR.~t p O) 

( 
iQ.. s.t J .AI" • 

- i7 6> 

(I4I) 

{!42) 

Hcll0Jli>3YK iflc>IMYJrH {!06-IO?), ITO,II;CT8BHM £-::) H /N~'), Y.D:8,PlD!B811 

JIHIIII> KBa,lijla'n'IHHe no !n/- lfJleHH 

. !>ol Mt~[ R:1 
.iR.:t J 

..1 ~"'1.6'w =· - 'm MJ s&.t - Se?. ( -f-~ s;) . (I43) 

IIPB .s
9
L = 0,23 HMeeTCJI cu:&Hoe co.KpallleHKe 11)3yx lfJI8HOB B RB8,IijlaTHHX 

C.K06KSX BHpaJt8mtf[ {!43) {3.35 - 4,08). Ta.KI!M o6pa30M, SaBKCJDI>C'l'l> OT 

~1.. O.K83HBa8TCJI CWII>HO llO,D;aM8HHOit. IDiHtGt CJIOBaMK, H83RaHK8 h1.r 
CJrac.1o C.K83.HBlleTCJI Ha K3M8.K88MOM ]1[3 H81T.PJ[HHHX pe,axrt St'n 2B"' , Ha 

8'1'0 CBOICTBO Bile pBH8 o6paTll.11 BHJIM8HH8 P, CT~?O , Oko llO,TB8Jl1Ul88T

CJI H pesyJr:&T!ITaMII Hamero o6~~tero pacct.«l'l'pemtf[ 3 • B pa6oTe 73/ MH 

HCCJre,~~;o:samt o11)3Kr Ll V~'n 1C)w xax cliYH~ ~ , He orpaHlt'll!Baa:c:& 

KBa,JI;paTJI'IHHM no ~ .t. npx6JDWlHKeM B J PC :a: de N'c.. • 

Ta6Jmllll IO 

lllt { I'BB) I 30 45 

t1 ~11lc9111 -·J,OIO -0,009 

60 90 !20 ISO 

-0,008 -O,OIO 

240 

Kax BBJt:to, c11)3:a:r A ~n2 9w B DQotpo.KOM HHTep:aaJie ~ npaR'l'Jl-

'lecKB He 38BIICHT OT ~ • KaK MH BK,II;eJDt 1 BeJDt'IBHH .lf r K df_NOWII>RO 

BaBJICJIT OT f'IJf , 3TH CBOICTBa 'lp88BH'IaiHO Y.D:06HH B H8CTOj{ll{e'it CHTY-

8D;IDI•llO.K8 /J~ H8l!3BeCTHO. 

IIpo:se,~~;eliHHI aHaJills noxasa:saeT, 'ITO KSMexaeMidt :a:s HeilTpmuua: 
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W) 

:42) 

:43) 

'HHX 

• OT 

f 
Ha 
IKII88T

IIIol 

IIIC:& 

JI

&HO 

:rry-

Bec:&Ma BSEBH ~ npeUK3HOHHHX TeCTOB TeopKH SCB. 
B CBR3H C STHM O'l8H:& 8RTYSR8H 8HanH3 T80peTH'l8CKHX Heonpe~eneHHOCTel 

c Il',eJl:&n l'IX B03MOlKHOI'O YMeH:&meHHJI. 

IIoxoul Kpyr npo6JleM B03HJ!K8eT IT.Plf aawmae rJJy6oKoHeynpyroro 

/ )/- paooemum 

(144) 
llpoB9~8HHH8 ~0 Ol'IX IIOP 9KOII8PHMBHTH /?G/ He ~aJIM XOpoweft TO~OCTK 
B ~'n 2 {)w , IIOOKOJI:&.t<y ~OOTJirHyTH8 9H8prHH 6WIH H80TOJI:&KO MaiiH, 

'1'1'0 38MeTHHft BKJI~ .lt8BanH JDIW:& ,11;118rpaMMH i!. r - KHTepfJepeHUKH, 

OJia6o qyBoTBHTeJl:&HHe /C ,,·n2c9
141

• CliTYBUHII peaKo R3M8EHTM npH aHeprHH 

yoKOpxTeJIJI HBRA (30 r~B )e- + 820(~8, p) ' r~e nponeoo (!44) 6y~eT o~
JID( JI3 rJl8BHHX 06'1>8RTOB 9KOII8pKMeHTSR:&HOI'O H3Y'l81UlJI. 

II.PH aHeprHH HEU ,JtH8rp8MMH !- H z"' -o6MeHa B -t -KaHane 

CpaBHHBam'OJl IIO BeJDiqlfH8, B OTJDI'DI8 OT OHTyamm B S -K8H8Jle H8 z" 
-ll0Jll)C9, ~e ~OMHHHpyeT 2!_ q -06MeH. I!O.JIHI(I paO'l€ T 3JleKTpoOJl86HX 

nonpaBOK 6WI llpoBe~eH B ~YX pa60T8X /40, 7?/, p€3YJlbT8TH KOTOpHX He 

oorJJaoynTM ~pyr o ~yroM. 

P8.nHaDJIO!IJ:!!>!8 nonpaBKH K ,JU!arpaMMe O,ZUiocpoToHHcro·o6MeHa xopo1110 

HCOJie~OBaHH /?8/ • 0HH HMellT X8paRTepHyiO 38BHORMOC'I :& OT 'f npH qmKOH-

poBaHHOM Qa_ : CTp9MfiTOJl K - oD ll.Plf ~ -P (/tl.r l'l K +- fJo ITPHJ ~.d. 
Cpa.BH8JUI8 BKJI~B .ItHBrpaMM r- H i - 06MeHa npH s >> ..t{!:t. no
K831U!a8T, 'ITO 3T8 X8paRTepH8JI 38BKOHMOOT:& He MO&e'I OIIJI:&HO }!31op3HHT:&OII 

llpH ~068Bil8HHH ,JtHBrpaw.l z0 
- o6M8H8. PeayJl:&T8TH, pa60TH t 7T/ H8 IIOK8-

3HBallT T8KOI'O IIOB8~8HHJI, II03TOM;y KSEeTOJI BepoJITH!lJol, ~ HMeHHO OHH 

HeBepHH. TeM He MeHee MH Haqanm ooymecTBJUrTJ> nporpaf.!l.\Y nepeBH'DIOJl8HHJI 

8JleKTpoOJla6HX IIOII.ij!BOK K e p -paccesmmo IIPH 9H8JirHII yoKOpHT8JlJI HEAA. 
IIepBHe peaynTaTJi

79/, IIOJlY'l8HHHe Ha nyTH pea.Q13,ItlrDI aToit nporp81oMY, 

IIO~Be~811T peayJl:&TBTH Hamel npeliHel pa60TH 140 • 'DQ8T9Jl:&HHI 8H8JDI3 

MeKTpoCJia6wc nonpaooK ~ aKonePJIMeHTOB Ha yoKopJ:TeJie HERA - eute 

O,JtHa 8KTY8Jl:&H8JI 3~8'18 B o6oy~eMOI o6JlacTH qm3Hf:JII 1IpeUK3HOHHHX 

T80TOB T80pHI 3CB. 

B 3aK,110tli1TeJII>Hb.'X pa3;:e.~c:.x neKWr.ll l.'bl oOcyJIHM HeKoropble aonpocbl 

npeU1113HOHHOil cf!H3MKH, ,llOCTYnHOA Ha e•e- -YCKOpHT8JUIX B 00JiaCTH ~0 -
nonllca. ~M3Ht~ecKd.ll nporpauua H3MepeHMI Ha SLC , Bcrynalllll8M B crpol 

B KOHU8 1987 r ., H 1,£ f - B Ha'ia.lle 1989 r. BKJilltl8 er H:ntepeHMe ll8.CCY zo -0030H8, ero napUH8JihHYX H nOJIHOA mHpHH 1 onpe,ll8JI8HH8 'iHCJia 

JierKHX H8ATp8.11hHYX 'i8CTHU, CBII38HHYX C ~
0

- 0030HOM, H3MepeHH8 KOHC

T8HT CJI80blX H81Tpan&HYX TOKOB JlenTOHOB Ill KB8pKOB C peltOp,llHOI TO'iHOCThll, 

H8 nopll,llOK npeBhlmall~el lOCTHrHyTyll B HBCTOIImee B.81lll. 
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~ 

16. <P lpMa zq -JIIfHHH 

Macca ~ WHPMHH z· -0030Ha Oy)lyT onpe,D;eJIIITbCII nocpe.JtCTBOll 
M3yqeHMII no I!Horo c eqeHHII npouecca 

e+e-- X, 
r.u;e X - n~Oo BY,lleneHHoe KOHeqHoe coctoHHHe If (!~:e);) (f, 

(145) 

JIMClO CYMMa ao BCeM a,llpOHaM, HanpHMep. An~pyH K nOHIITMm KBapK

a,llpOHHOA ,lly~JibHOCTH, npoUeCC (145) B HH3Wew,nopHAKe teopHH B03Wy~e
HHA WOSHO OnHCaTb CJie,llyD~eA CYMMOA ,llHarpawwi 

L 
f:~<e \I 

+>J--< 
PHC.42 

.JlHarpt~MMa C OClMeHOM XHfrCOBCKMM 0030HOM J MMeeT ,D;OnOJIHH-
,t -6 

Te1lbHYA Ma.!YA ltlaKTOp Hie !llf //'1oJI <310 npH "'-f < tlzh , n03TOMY eA 
:uosHo npeHuOpeq& • TaKHM oOpa3oM, ceqeHMe npouecca, pMc.42, co,l\ep-

liHT TpH Xa)aKTepHhlX BKJiaM: KBa,l\paT ,1\HarpaMMY C OClweHOM ~ -KBaH-
TOM, KBa,l\pHT z0 

-OClMeHa H j! 0
( -MHTepltlepeHUHm. B ,D;peBeCHOM 

npH01!Hll:eHH:l ,1\M~epeHUHaJibHOe no yrny e ( e~ .;+) ceqeHMe HMeeT 

BH.Il 

lXI~ do_ = 1r«~ { r{(l+ ~.(~) 
ieo5~~ iS (146) 

+ 21~:1ReJ[ Ve ~ (l+t:a,_&) +laea1CDse] liRe(r!) 

+If 11 
[ (v;+a~)(vj +cy') (t+ e"''f) )+~a.~~ C£1S&n lit!' 
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3l8Cb ~ l1 t1 B8KTOpHNe CBII3l1 3JleKTpOHa l1 ¢epMI10HS 

~ = 1- 'l(l-~/~1, (147) 

Qe l1 Q.f - aKCHaJibHNe CBII3l1 1 3atlJHKCl1pOBaHH!ie paBHHMH +1 1 q -
3aplll ¢epMHOHa B KOHe'lHOM cocTORHHH ( Oe =- { ) , 

I s 
J = ltR.(I-f<) s-Ri 

- OTHOW9Hl1e aMnJIHTYl ?/( -00MeHa. Ha l 0 
-nOJillCe 

IJ /.t - [ }{r J.t ~ f ~ ).t. ~"- lrT 
- 161?(1-ll.}fr · (3rz ~ ) 

npH 5 >::>}'li 

IJ!t ~ 10-~ 

(148) 

(149) 

(150) 

H3-3a H8Jil14l111 aKCl18JibHIIIX CBII3eR lH~epeHUH8JibHOe < e'leHHe (146) 

co,aepnT HelleTHNe no rus$ 'lJieHY, oOycnaBJIHBaDUlHe HeHrneayll 

6CKMMeTpKll Bnepe,a-Ha3a,Jt 

A - 6;-68 
F8 -

ffF+(}B 

0 

0 

6', - J J_f) d. c-cu S . 
'/3- d~t:J 

-{ 

(151) 

(15;>) 

B,ll6JIH OT 1°- pe30H6Hca, npH S<<fft~ 4JI8HOM /j/J... B (J46) 

MOJ:HO npeHeOpellb, TOr.ll6, KaK cJielJT H3 ¢opMyJIIi (146) • AFB 

ftpOll0PUHOH6JihH6 JIHWh 6KCH6Jih~liM CBR311M ~epMHOHOB, T.e. He 3aBl1CHT 

OT Sin.t6>w • HanpoTHB, Ha z0 
-nonllce, ue IIJieH /J 1-t. 

lOMHHHpyeT, AFg -v v;~ H OII8Hh CHJihHO 3aBHCHT oT .Si'l~~~~~ • Ha 

3TOM CBORCTBe H OCHOB8HO npeUH3HOHHOe l13MepeHHe 5in.t~1 • 3TH BOnpo

CY MY 00Cy,JtHU B CilelJillll8U pa3,1teJie. B 3TOU pa3,1leJie UN O(>CY.ItHU 1 

KaKyll HH'IlOJI'6UHll UO:IHO llOJIY'lHTh, H3UepR11 nOJIHOe Ce'leHHE! npoueCCOB 

(145).HHTerpHpy11 (146) no Co~6i B npe,lleJiax (-1,+1), HMeeM 

71 



tt(s)"' j~:t{ ~ ... +t{!f/~ ~~ + /JI'r ~'+o.~N'+af J}. 
(153) 

1,5~ 6(nb) .····. 

1,2l . . . . . 
0.9~ 

. . . . 

0,3 

91 

. . . . . . . . . . . . . 
' 

. . 
• 

92 93 

rs. r3a 
94 

PHc.43 
nonpaBOK cosepmeHHO neoOxo~Hw. 
BYqHcJieHIIR c eqeHHR npon ecca 

3aBHCKMOCTh tJ(f H300pa
xeHa Ha pMC,43 46/ (AHHMR 
XS ToqeK), KpMBaR ~S) 
Ha3YBaeTCR KpMBOR B030ys~e
HMR 2'•-pe30HaHCa ( B 
aHrJIHRCKOR JIHTepatype HCnOAh-
3yeTCR Tepa&MH zo_ !J.Ae shate), 

2_0 
- pe30HaHC 1 pMC, 42, 

H»eet noqTH 6pelT-BHrHepoa
cKy~ ~opwy, He3HaqHTeA:&HO 
MCKaseHHYD HHTe~epeHUHOHHYN 
qneHOM H OCllllHM ~aKTOpOM s-l, 
eM. ~opyyny (153). 

Reno, qto npeUM3HOHHYe 
H3MepeHHR ~(~) B paROHe 
~~nOADCa ~DT B03MOSHOCTh 
onpe~eAHT:& }1i H ~ no 
nOAOZeHHD H mMpHHe .6pelT
-.BKrH8pOBCKol KpxsoR, Ha 
pxc.43 noKa3aHa TaKze ~op1o1a 

.Z- KPHBOR 1 BYqHcAeHHaR C 
yqeTOM pa,llHaUHOHHYX nonpa
BOK (CnAOmHaR KpHBaR), 
BHJlH0 1 qTO npH TOqHOCTH H3-
MepeHHR )of~ H t; e 50 MaB, 
npe~noAaraeMOR Ha n~n, yqeT 

nepeR~eM no3TOMY K oOcys,lleHHD 

e1-e- ~ fl (r) (154) 

c ToqHoc·:u .llO nonpasoK nepsoro nopa,~~;Ka no ~ • 
np01~ecc (154) onHCYBaetca xopomo H3BectHoR IIC -a~o~nnHTY.IlOR, 

topMyJia (54), BYHOCR ?i~ H ~OpMHpya OOYqHYM CnOC000M 6f~)J 
HMeeM 
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[53) 

:lpa

nHHHII 

>) 
vx,~~;e-

ifCnOJib-

J,ape), 
2, 
19pOB

bHO 
HOHHWM 
14 s-1, 

OHHWe 

altoHe 

HOCTb 

no 
~iiT-

Ha 
ii!OpMa 
Hall c 
•npa-

'H H3-
l M3B, 
, yqer 

:1s4) 

~Olt I 
:-") 
: ' 

r,~~;e 

q;,i! 
'\n- ~ 
(jC. - rr;. e 71 11 r • .D.. 

(!55) 

Cy~eCTBeHHWM OTJIHqHeM aMnJIHTY,D;W (155) OT/aCCMOTpeHHWX paHee 
B pa3,~~;enax II, IJ H 15 ,D;JIII ~0- pacna,lla H V - paccUHHII IIBJIIIeTCII 

T0 1 qTO BMeCTO O,D;HOrO Je- !IJe.KTOpa, MY HMeeM TpH 1 B Oll~eM CJiyqae 

pa3HWX ~o:pM!IlaxTopa dee , Jef H de~-f ( npH f-= R, Jef =dee ) · 
3TO OC!CTOIITeJibCTBO 1 K CO:mJieHHil 1 JlHllla9T B03MOJOIOCTI'I ,llaTb Hl4 npOCTYil 

!IIH3Hqecxyll HHTepnpeTaUHil xoHeqHolt nepeHopMHposxH Sin ~6lv- H ssecTH 
Sihll..f>Jwef-1 , no,~~;ollHwrt (120). no 3TOA xe npHqHHe He Tax npocTo 

yKa3aTb 3aMeHy THna (119), C nOMO~bll KOTOpolt MOJ:HO !lWJIO llY JierKO 
nonyqHTh ceqeHHe o,D;HoneTJiesoro npHOJIHlleHHII H3 · CSopH•)BCKoro. 
Mw npocTo npHse,~~;eu orser ,~~;n11 c(erE~ , or,~~;enRR, xax o!lwqHo, K3n

,D;HarpaMMW nepsoro THna. llpH 3TOM !llopMtllaKTop ~A , o!lycnosneHHWA 

,D;HarpauuauH 1( -ollMeHa, uenHxou ylt,~~;eT B K3n-ceqeHHe, a ~~Jopu-
if8xTop 7"1 A MOliHO pa31lHTh Ha cyuuy ,D;Byx qneHOB: B O,D;HH BKJIIlqHTh 
noJI11pH3aUKil iiJOTOHHoro saxyyua 3a cqeT ~~JepMHOHOB (sxna,D;Y BToporo 

THna), aBO BTOpolt - Bee OCTaBmHeCII BKJiaAY. lfcnOJII>3YII O,D;HH8KOBOCTb 

CnHHOBWX CTpyKTyp <(,_ @.G_ npH 7? H ~ef 1 IIOJ.:HO nepeonpe,D;e-
JIHTL dee; , BKJIIlqHs B Hero 3TH sxna,D;W, H3 g:;A • Tor.llli ocTaTOK 
'lfA lly,D;eT paBeH , 1 

d(s) 
d... 

r,~~;e o/ {.S) .lllie1 ell !llupMy Jtul! ( 56 ) . 
lfT8K 1 
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!!!"!""'!"' 

c/_ ~ dfJEVI dffQEJ) 
__ (/ = + --

rJ. ea & d.ttJ6 e tf fa{) ~ 
(I 57) 

a 

d~: = ~~~ { J.'(s)q\t+euRJ) 

-+iRe J(>,l) ol(s)/~/[ (~+Ct{t!)15;1e( +lea e J 
(158) 

+ [y(f,f)~~· ~'<•1B jt+ ~N,v/f .. ~::~ r~e(Vell~tt+ v; J}. 
B c 158) ~{;4) s )4-.t f. (tl) (s i) J r~ t) ::::; \:If z- . Jlc. ) 

' 8Vl1f {s-R:) 
(159) 

U' I ~ = 1- 't{l-t<)/(Je oee(s)/) > 
(160) 

1fje = 1- Lf (~-R)/~/ Jef (s) t) > 

tfe: =- 1- 4 {f-~)f~e/ dee (sJ) -1{1-R)/t% /~(~/}-tf6{i-R)f~9~~i) 

KaK BH,JJ.HO H3 (160)1 fl!opM!}iaKTOpl>l ~f! H df.J MO:IHO paCCMatpHB8Tb 

KaK KOHeiiJ:I.I>Ie il,JI.HOnet.neBI>Ie nepeHOpMHpOBKH BeKTOpHI>IX KOHCT8HT ~ 
H -u; CJiaO,lrO HelhpaJibHOrO TOKa, MOO npH BI>IKJIDIIeHHH nonpaBOK 

( dee == at~ = .( ) MY nonyqaew .II.JIII 1:_ oOYIIHoe BYpa:a:eHHe 

(147). ~OpM!}ia:tTOp :ae ~ HWeeT CMI>ICJI KOHeiiHOl1 nepeHOpt.IHpOBKH 

npOH3BeAeHHII :leKTOpHhiX CBII3el1 HeRtpaJibHI>IX e H 7- TOKOB, T .K. 

Oe3 nonpasoK 

flfef' = ~. ~ (161) 
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(!57) 

(!58) 

(!59) 

(!60) 

IOK 

illeHH9 
IKH 

I, T ,K, 

(!6!) 

HHTepeCHO OTM8THTb, tiTO ~na oOcY•AaBmHXCR B pa3~ene (9) KBaApaTHtiHWX 
DO ~ nonpaBOK paB8HCTBO (!61) COXpaHR8TCR H B O~onetneBOM 
npH0nKK8HHH,D03TOMY npH 111/>>}lut.t ~nR He Oti8Hb fOtiHWX OU8HOK 
MOKHO ODRTb paCCMaTpHBaTb 3~8KTHBHWA OAHOnetneBOl napaueTp 

(162) 

OAHaKo ,~;na np~saoBHoro aHanH3a cneJJ.YeT Hcnon&3•>BaTb TO'lHWe topuynw 

(!58)-(!60). QED 

BwpazeaHe .ua tflj Ouo H8AaBHo BnepBwe n•>nyt~eHo HaMH ,1.na 
cnyqaa HCKnll3HBHOA 3KCnepHU8HTan&HOA CHTyaUHH /SO/ ( perHCTpaUU 

COC!HTHA 0e3 xaKHX OH TO HH Owno "KaTOB"), T,e, UW npoHHTerpHpOBanH ce
'l8HHe DO BC8U KHH8MaTHti8CKHII nepeueHHHU ciJOTOHa B lfaKCHUanbHWX KHH8-

MaTHti8CKHX npuenax. I(W npe,J.CTaBHM OTB8T ,HCDOnb3YJI BB8,1.8HHW8 HaUH 
K3l-topuciJaKTopw lBO/ F G H ; 

' ) 

d~C/E1) ol. 3{ t ( . 2.. ' 
d~& = .ts ~ ( ~ + ~ · ~ + 0 fi ,I } 

+ ~t~:~J 1 
.2fe~ · [~I· ( G, + 0=·G~ + 4'GJ ~ 

+ {j ~~ ~l._. f){ '11; + I )Re{lto + '1· J/( -t ~t ~~) 

t .tRe~ · 1~/·'lt·~· ( ~o ~ ~ • c;1 

t 4/Jr. ~w3 + a_,.H~ 
4 

left. 
t 

k(e•f) 
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B BlipaJ[BHHIII :r63) 'fe_ , ~ H j onpe,D.eJUllltca !IIO£.Njllai4H 

(147)-(148). K3n-l~OM!IIaKTOpli F) 6 H 3aBHCliT OT s) ~t 1 
Ct ) " ) 

H ~v 1 'lBTHO~Tb !IIYHKUHit no ~S COBna,n.aet C 'l6THOCThll ee 

HH,II,BKCa. ~opu!llaKTJpli C IIIH,II,BKCaMH 0 III 3 OTB6'lallt K3n-nonpaBKal4 B Ha

'laJibHOM COCTOHHJ/IIII 1 2 III 5 - B KOHB'lHOM COCTOHHIIIIII 1 a I III 4 - IIIHTep

~epeHUIIIIII III3JIY'l8HIII~ III3 Ha'laJibHOro III KOH6'lHoro COCTOliHIIIIt III Jar- III ~tr-
00M6HHiiM ~arpaUMiM. 

~YHKUIIIIII KOHB~HOrO COCTOliHIIIll CBH3aHii C 14HIIIMOit 'laCtbll nOJJHpiii3a

UIIIOHHiiX oneparopoa 

-f. 

~~+v v 
f 

PHC.44 

Bcne,D.CTBJ/18 3Toro IIIMBDT uecro paeeHctea 

fi=~=H.t= 

4s- = Hs- = o. 

5. 
~ 

3 cote) 
7f 

(164) 

(165) 

0CTaJibHii8 !llopM~~TOpli BlirJIH,II,HT HaMHOrO CJIOlltH86 1 Mli npiiiB6,11,8M IIIX liBH!ilt 

BIII,II, B O,II,HOit III3 HEUIIIIX CJIB,II,yllUIJ/IX paOot. KaK yxe rosopiiiJIOCb 1 RBH!ilt BH,II, 

!I!OpM!IIaKTOpOB OiiJI Halt,D.eH 8 IIIHKJIIl311IBHOit 3KCnep11IM6HTaJibHOit CIIItyaUJ/IJ/1 1 

eec&Ma 0JJIII3Kolt :n.cnepiiiMeHTY no J/13MepeHIIID <tJopMii Z"- JJHHIIIJ/1, T. e. noJI-

Horo ceqeHHH l'tiat peaKUIIIJ/1 • _ 

ee ~ tt J/IJIH X· (166) 

KOH8'lH0 1 B JIBaJibHOM 3KCnepHMeHTe HBKaH ,II,OJIH fiOJIHOrO CB'leHJ/IH 

He Ha0JIIl,D.a6TCll fie• pa3Hii14 npJ/I'lHHaM. B npHHUHne 1 nOCJIB,II,Hilll BBJIH'lHHY 1 

Ounols , MOlltiiO Bli4HCJIHTb no wero,~~,y MoHTe-Kapno 1 roua "HaOnuaeMyll 

!llopuy !l" JIHHHlt" MOJIHO npe,D.CTaBHTb KaK pa3HOCTb 

~-L~. (167 ) 

B03MO'SHO 1 ,II,JIH yc•:aH OBOK C fr']j- reOI48TpHelt H BbiCOKOit 3~8KTHBHOCTbll 
perHCTpauHIII MOJIHil ,D.00HTbCH BlifiOJIHBHHll yCJIOBHH 

Uuno~ << <ifcrf. 
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(168 ) 
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'1-

4) 

5) 

HhiH 

l!,ll 

on-

6) 

.aewyD 

7 ) 

bll 

8 ) 

B TaKOM CJiyl!ae MOHT6-Kap1IOBCKD paC'l:8T BeJIR'WHHE)\Wioe~6y,n;eT HaMHOI'O 

*eltTHBHee, 118M pa3HOCTl! (167) B U8JIOM 1 KaK 3TO ,lle.taeTCII celllaC 

H npe,~;naraeTcll .llenaTb ,llJlll 3KcnepHMeHTOB Ha SI..C ILt.P 144/ • 

HHTerpHpoaaHHe Bhlpa:~eHHll (157) no Cb:s@ JlO no.,Horo celleRl!ll 

B8CbM6 H8TpHBHaJlbH0 1 dfJEUI 11epe3 f 1'1 Je_ 36Bl!Cl!T OT -/-

11 11epe3 Hero oT ~6>, 

(I69) 

QEJ) 
AHanl!TI'II!ecKoe liHTerpHpoBaHl!e d~ .llO nonHoro ce•leHHII He.u.aaHo 

Clw.no awnonHeHo Raul! /'dO/ • Pe3yJihTaT l!Meer Y.llHBl!TenhHO npocroa su: 

fi&E1J= 1 ~~ f q~(~i -t ; t{) +iRf /'1/~~ ~/+ f¢)-+~t]) 

+~1flf~)(?f/1)Re~.i + f~') -t1zN~Re(li:.~}.; <r?o) 

F~ = A+Bif4.i.-.l) 
0 (l m; 6 ' 

f1oi = A + B [ ~ ~ f + (/+ ~t) LR 1 , 
H,' = A+B[.U.+ f -/Pl+; (t-~·)~{I+IZ')LK], 
Gt~_l_l&.i_ 
~ 4 Z M~ J 

H t - 3 o._ s . 
4 - - Ul Ml. } 

A,. f 2 

- J ) 8 = ~ ;: - 1 , L ~ ~ fn ( 1- 1 ) ; 
}4'-R.= -s 

n 

(171) 



r -1 u.f q.lleH nponopUliOH8JibHidt B B!ipa:leHHH .JlJUl '~ B (17I) 
ueHHTWA pa.JtHaUHOHHYA xaocT 181 I . llpH .S ~~ OTHomeHHII 

- 3Ha-

H 

fJ.Jo,d 

0 ftk'n.t 
== ijl1ci ~2 (~ ~ -lj 'VI 

6'ot c: I+ 1.!1~ -- I . 
6fflint 

(172) 

(173) 

T.e. cet~eHHe npouecca c K3JIYI.IeHHeu :a:ectKoro ~oToHa CTaHOBHTCII cpaBHH
uwu c cet~eHHeu npouecca B HH3meu nopiiAKe, .~t~~arpauuw pHc.42. 

ci>K3HI.IeCKB.II npHI.IHHa noro COCTOHT B TOM, I.ITO npH S ~Hz~ 
B03MO:IHO H3Jiyl.leHHe ~OTOHa C T8KOA GHeprHeA, nocJie notepH KOTOpOA 
"cet.~eHHe CII.JleT" Ha ;l" -~e30H8HC. 3,lleC&, KaK II ,II,JIII rnyOOKOHeynpy
roro til .. paccei!HHII 17 I , TaK:a:e no t~HCTO KHHeuaTHt~ecKHY npHI.IHHau, 
OTKpWBaeTCII HOBYI,BeC&Ya BepoiiTHYA K8H8JI peaKUHH, 

!f3Jiyl.leHHe BTOporo ~OTOH8 ylle He npHBO,lliT K .JlOnOJIHHTeJI&HOYY 
pocTy Cet.~eHHII, nOCKOJibKY C TOI.IKH 3peHHII KHHeMaTHKH He B8llH0 1 KaK 
notepi!Tb 3HeprHD - H3Jiyl.leHHeU O,II,Horo HJIH HeCKOJibKHX ~OTOHOB, ll03TOYY 
nonpaBKa ,..,c£ K fikut OJ:H.JtaeTCII ,.. cl/?( /!n(S/11/et.} • YI.IHTYBall 
(172)-( 173), BH.JlHM, I.ITO BYI.IHCJieHKe nonpaBOK ...,J K ~e II Jill ,..,-c/. q_ K 
~ COBe~WeHHO HeOOXO.Jllllo!O .Jl.llll 8H8JIH38 ASHBYX, 

B nOCJIE,llHee BpeYII B 3TOY HanpaBJieHHH nOIIBHJICII PII.Jl pa00T, OCHO
B8HHYX HS.YETO'e CT~yKTYPHYX ~YHKUHA, 38HYCTBOB8HHOY 113 KBaHTOBOR 
XpOUO,llliH81o!HRH 82 •8 7 , BallHOCTb yl.leTa nonpaBOK BYCmero nopii,D.Ka 
KJIJIDCTpHpye1 C.lle.JlYD~II Ta0JIHUa, B311T811 143 paOOTY 1831 , 

· TaO.IIHUf. II 

llpH0JIHll8HHe Born. LLI 11f-+Ll2 lLf.t JJJ.-+ F~ /.J.I+il!l +JJ.3+~ 
Ilono:a:eHHe (J\:aS.2) 
~ -nHKa>r~a 92.02 92.22 92.II 92.10 92.12 

Cet~eHHe a 
-zo -nHKe J 11l , 1.59 1.15 1.15 1.12 I. II 

- ---- -- L_ ____ -- - - - --- - -- -

TaOJIHutL aocnpoH3BO.II.HT pe3y.II&TaTY BYI.IKC.118HHII ~opuw Z" -JIHHHH 
B paaJIHI.IHYX teopetH'ieCKHX npHOJIH:IeHHRx. CHua on LLi oaHal.laeT, I.ITO 
KpoMe · isopuoBOKoro t~JieHa yt~HTYBaDTC a B8.JI.YIJIH8 norapH~YY it -ro nopaAKa 

( ~& S..);, 
or llle , (174) 
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· 3Ha-

(I72) 

(I73) 

l CpaBHH-

Hz~ 
>poR 

~ynpy

lH'IHHaw, 

ay 
taK 

noatouy 

1a11 

·cL "- K 

1 OCHO

lTOBOR 

~Ka 

I 

-JIHHHH 

t, 'ITO 

ro nopa,IUCa 

(I74) 

-1 I a CHMBOJI fi_ - 'ITO y 'IHTiiBallTCII KOH64Hiie 4JI6Hii nopii,D.Ka ut.-

ilOKa3aHO, r.n.e HaXO,D.HTCII ~o -OHK H KaKOBO OHKOBOe Ce4&HH6 npH 

Y'I6Te COOTB6TCTBYlllllHX nonpaBOK, BH.D.HO, 'ITO Hey4eT ,D.a:Ke f..L3 npv.

BO,D.HT K 20 MaB HeT04HOCTH B onpe.n.eneHv.H noaHIJHH Z" -n-HKa. Y4H

TYBaa, 'IT 0 B 3KCnepHMeHTaX Ha JI3il B H3Mep8HHH ~~ H ~ OJ:H,D.aeTC!i 

TO'IHOCTb ! 20 - 50 M3B, Mli ,ll,eJiaeM BliBO.D., 'ITO HM6f HO nopll,llOK .(,.1..3 
IIBJllleTCII xapaKTepHOA MepoA BeJIH'IHHii nonpaBOK, K01 Opiie ellle He·OOXO,IlHMO 

Y'IHTiiBaTb, a MHOfO MeHbUJ}fMH MOJ:HO npeH eOpe'lb, ilJIOaHaJIH3HpyeM nopa-

,D.OK OCHOBHiiX K3J(- .ld KX,U-nonpaBOR K £fl_. JII'IHHM. 

K'JJ 

nonpaBKH nepBoro nopa.D.Ka [cu. (I7I)] 

LL 1: :-t ~st% (-t=t/l.~) 
e 

nonpaBKH Btoporo nopa~Ka [ no aHanorHH 

LL9.. : 

Ft: 

(~t )"' z. 0,32% 

(f.f"i == o,o43% ) 

(J.J.I: /).! ::: 0. ~,% 
rr/i 'i ' 

('JiJ..I ·).t !!: o,ooos% , 

fd..)t .&. ::::: 0, 0 l9% . 
~'I 'i 
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rronpasJ:H Tpenero nopli~Ka 

LL3 : ' ).5 {: t !::: &, 043% 
} 

d.3(';;Y: qolt%. 

U3 npHBe~eH:lOrO CnHCKa nonpaBOK ,..d,_1. BH~HO, 'IT 0 MHDrHe H3 HHX 
npesymallT n mpaBKy 1.13 . T. o ., BH~Ho, 'ITO nonnHR pa.c'leT nonpasoK 
,._o/..A.. K 1°- AHHHH- B9CbMa aKTyanbHal! 4!H3H'IeCKall 3a~atla ,lAII npe

UH3l'IOHHOrO ilHaAI'I3a ,n,a.HHiiX B oOnaCTI'I ~·- pe30HaHCa. 

l. 7. ?eaKUI'Ill e "e--if H 1'13Mepl!eMii9 aci'IMMeTpl'll'l, 

HaKOonee TO'IHiie 3Ha'leHI'III KOHCTaHT HeRTpaAbHOrO cnaOoro TOKa 1'1 
napaweTpa Sin.f8ICI Oy~T 1'13Bnexancll B OnK:raRmew Oy~UieM 1'13 anan~r~aa 
1'13MepeHI'IR pi3nH'IHiiX aCI'IMMeTpHR B peaKUI'IH 

e-+e-- lf (175) 

Ha z• -noni)Ce. 
B (175) f- n1>0oR llJyn,n,a.wenTanbHHR llJepMHOH: t KnH ~. 

HaKOonbmHR I'IHTepec npe~cTaBnllllT 'IHCTO nenTOHHHe KananH {~:/")1") H 
npi'IHUI'InHanhHO TarKpyewwe xananw c oOpaaosan~r~ew TI!Kenwx KBapKoB 
(c,B H,B03MOKHO, t ). 

Ha~r~Oonee 'lac To oocy~:,n,a.DTcll TPH ac~r~wMeTpi'IH: A FS > A.~ M Arot : 

= 
~(-f) - ()F (f) 
-----A 
6f (f) + 6'F (f) - c~ J 

(176) 

ue 6;: 8 ,n,a.DTCII llJopMynaMH (152); scne~CTBI'Ie coxpaneHI'III CP aapi!.JtO-, 
sal! acHMMe1pl'lll, onpe~enenna11 BTopoP nonosi'IHOR pasencTB (176) , cosna-

,n,a.eT c AFII ; 

AL( = (177 ) 

r.~te 62,( - celleHI'Ie npouecca 
(178 ) 

- + X e.£. 11 + e -•" ) 

X - ntlOoe cocTOIIHHe, s llaCTHOCTI'I, aKcnepKMeHT wo~:eT OHTh c,~;enaH 
I nOAHOCTbll I'IHKAD31'1BHOR nOCTaHOBKe; 
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IOK 

18-

' H 

138. 

175) 

) H 

ot : 

176) 

R.llO

OBna-

77 ) 

78 ) 

6"(£.) - 6(ft) 
Arot = o (It) -t O'(f~) (179) 

r,11;8 (1 ( IL,!.)- C8'18HHR pOlE,Il8HHR !JlopYHOHa .f B KOH8'1HOM COCTORHHH 

C K3Y8pR8YOR B 3KCnepHY8HT8 nonRpK3aUHeR. C'IHTaeT:R, 'ITO CHYY8TpHR 

(I79) ,llOCTynHa ,llRR aHaRK3a RKmb B KaHane :f~~ , nocpe,llCTBOM K3-

uepeHHR nonRpK3aUKH 'C no cneKTPY mtoHOB il pac la.Jte z--.I); I{. 
BblpazeHKe .llRR AF6 B 6opHOBCKOM npKOmtzeH ~K MOliHO nony'IHTb, 

HHTerpxpyR cneKTp (146) no Co5S OT 0 .ItO I: 

f.~ Jwr; ~ J~·~jt{ +lkff<1/ai ~±0.4) + IJ1t(~.o,~Wtf) c raoJ 

F,B :!:1~~~a1JJ, 
OTQ.I4a uoxao cpasy nony'IKTb AFB B .llBYX npaKTH'I•lCKH HHTepeCHbiX 

cny'laRx: 

I) B,llaJIH OT pe30HaHCa 5 (< ~ , 'ITO OTB8'16t!T npoee,lleHHbiY 

sKcnepHweHTaM Ha PEP, PETRA 

3/;1~0; 3 s Gt) 
AFB = .2./~/ = (6?toi.(/-S/IfJ) 

(I8I) 

2) Ha z~- nOJIIlCe, _$ =fl}· , 'ITO OTeeqaeT 3KCnepHM8HTaM Ha 

SLC/LEP 

~= (-'r(I-R)/q/, 

a ={ "f . 

BblpaxeHHR .llJIR Al( H Arol e 6opHoBCK~M npHOnn:eHKK npH 

MY npHB8,1l8M 0e3 BbiBO,Ila, 

Au=2Pe?e, 
81 

(I82) 

(183) 

S=JtlJ.. 
i 

(I84) 



I 

Arot = 2ff, (185) 

r.D;e fe 
HHe .lUll! 

- rrpo.D;on&Hall rronllpH3aUHII sneKTpoHoB. llpHBe.D;eN e~e swpa•e

ARB B cnyqae HeHynesoR rronllpH3aUHH rry'IKa sneKTpOHOB 

A' =- 3n 'le -+-JPe ~ ..3...u.e . (186) 
FB Cf 1-+i~ fe I "f : 

To'IHOCTb P.3NepeHHII Sintc9w CBII3aHa c aOconllTHWNH TO'IHOCTIINH H3Nepe

HHII aCHNNETpHR 

S' .s·~ :: _!_ s-A 
11t CF8 FB :> 

bS.t. = _j_ .8'-APot • 
w c,.e , 

(187) 

-t 
B TaCJIHUe 2 rrpKBe.D;eN HHTepecyll~e Hac senH'IHHW rrpH S-=He 

rrpH Tpex :;Ha'leHHIIX .S.J:: 0,22, 0,23 H 0,24, 

TaOnr.ua 12 

0,22 
0,2J 
0,2~ 

te 
O,Il83 
0,0795 
0,0399 

AFB 

0,0420 
0,0190 
0,0049 

A r·l CFa Cpot 

0,2366 2,798 7,663 
1,896 

I 
0,1590 7,848 
0,0799 0,9330 7,962 

H3 Ta OnHuw cne,JtyeT, 'ITO ecnH noTpel1osaTb TO'IHOCTb B Slfl ~ 
.1~J:O,OC1, To rrpH S,j::0,2J pe3yJI&TaT H3NepeHHII acKNNeTpHR .u.onl:eH 

swrn11A8Tb cne.u.yll~HN oOpasoN: 

AFe. -t~Am = o,o19 = o,oo2, 
Apol-t~A,.,t= o,o8o: o,oo8 . 

(10~) 
( S%) (188) 

.nn11 He0onbWl1X B8JIH4HH A NOI:HO BOCITOnb30BaTbCII rrpH0nHI:eHHOR OU8HKOR 

~6" 
~A= {i() ' 

(189) 

r,11.e U- GAHO .IdS C9'i9HJiii,l1S KOTOp!oiX COCTaBnCHO COOTB8TCTBYillll88 A, 
swpazeHHII (176), (177) H (179) • lf3 (188)-(189) cne,JJyet, 'ITO Atol 
rpeOyeT HauHoro NeH&weR ctaTKCTHKH, 'leM Ape., .lnll rrony'leHHII o.u.HoR K 

TOR ze TO'IHOCTH .d .s:. 
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CHryaUHII e Aa,(184)
1 

noxoJra Ha cMryau~Hl c Atd , HO roiJHOCTb 
<ly.n;er reu xylle, 11eM MeHbme Pe • Kp01.1e roro 1 SAL.( C>YJleT eerecTBeH-
HO CO,IlepJraTb H Ollili<lKy ~ fe 

ACHUMeTpHH (185) H (186) B eJJy4ae TJlll:eJJhiX KBapKOI ( f= C1 f) 
CTaHOBIITCII OlleHb <lOJJbiUHUH, TaK KaK fa;~ .:::. 0,353 , a ?~ = 0, 468 • 
3arpy.n;HHTeJJbHO, O.llHaKo, oueHHTb coorsercrsyr:nuHe 1!1 s; 3 , nocKOJJbKY 
HeH3BeCTH8 TOllHOCTb BY,II;eJieHHII KB8pKOBhiX K aHailOB. 

]Jill npeUH3HOHHhiX TeCTOB. HBHO H9~0CT8TO~O orpal~~lTbCR 

60pHOBCKHM llpH<lJIHlleHHeM ,II;JIII aeHMMeTpHA- Ha,llO nponHaJJ~3HpOB8Tb 1 KaK 
MHHHMYM 1 O,II;HOileTJieBhle 3JieKTpOeJia6Ye nonpaBKH. 

18 • O.n;HonerneBhle 3JieKrpoena6Ye 3~eKThl B e~e- - aHHHJHJIIIUHH H 

B03MOllHOeTH 06HapylleHHII HOBOA ~H3HKH Ha ~· -nOJDCe 

TipH o6eyz.n;eHHH o.n;HonerneBYX aneKrpocr.a6Yx nonpaEOK saxHo no.ll-

4epKHYTb ene.n;yD~He MOM8HThl. Bee Ce4eHHII 1 BXO,II;II~He B orpe.n;eJI8HHII 
8CHUM8TpHA (176), (177), (179), npe,II;CTaBJIII~Tell B BH,Ile CYMMI>I .D:BYX llJie
HOB (157). K3]- ll8CTb eelleHHII B JID6oA nocraHOBKe, KpCMe ilOJIHOeTbD 
HHKJID3HBHOA 1 38BHeHT OT 3KCnepHMeHT8JlbHhiX KpHTepHeB 0'6opa C06bi!HR 
(KaTOB). B e~e- - npoueeeax 3Ta llaeTb 00hi4HO He M8JI8 1 B OTJIHllHe OT 

CHTyaUHH, paeeuorpeHHOA B pa3.n;ene 13 ,II;JIII OTHOWeHHII HeR,pHHHhiX peaKUHA. 
TpaKTOBKa noripasoK CHJibHO 3aBMeMT or roro, KaK Oy,llet cpraHH30BaHa 
npoue.n;ypa H3B.IIelleHHII rpH3MllecKoA HH!PopMaUHH 113 3Kcnepv.~;eHrailbHhiX .llaH
HhiX. PaceuorpHM HeeKOJibKo B03MOllHocreA. 

I. O<l!illHO aKenepHweHTaJibH!ie ,ll,EI.HH!ie KoppeKrM;yvr 11a nonHyD 
pa.n;HaUHOHHYD nonpaBKY 

(190) 

H3BJieKall T8KHM o6pa30M ars 1 KOTOpOe JlerKO 8HaJIH3HpOBaTb B paMK8X 
pa3JIHllHiiX TeopeTHqeeKHX MO,II;eJiel. qT061i BhiiJHCJIH!b til, Mhl AOJillHY 

npMRIITb enpaBe,~J;JIHBOeTb TeOPHH 3CB H HenoJJb30B8Tb onpe~eneHHble 3H8lle
HHJI .n;n11 seex ee napauerpos, BKJ!Illlall HeH3BecrHhle f11.t , M11 • Hama 

UeJib 1 '0AH8K0 1 nposepHTb TeOpHD H llO~llHTb HHrpOpM8UHD 0 n?i, ftfH 
Tioarouy 3TOT nyTb He npe.n;eraBnlleteJI pa3yMHhiM. 

2. MOllHO B006~e OTK838Tbell OT npoue.n;yphl paAH8UHOHHOH nonpaBKM 
A8HHYX 1 a rpMTHpOB8Tb AaHHii8 BeeR eJIOllHOH eyMMOR (157) C HeH3BeeT

HWM napauerpawH mt M~t • 3ro rexHMIIeCKH cnoxHo, Kpowe roro, aro 
H H8B03MOZHO ,11;0 8H8JIH~8 KOHKpeTHYX AaHHhiX 143-38 38BHCHYOeTH ~QED 
or aKcnepMweHtailbHiiX yenoBMI. 

3. TIO-BHAHMOMY 1 HaM<lOJiee p83YMHO eKoppeKTHpOB8Tb AaHHhle TOJibKO 
Ha {)QeJ> - HaM60.IIee HeHHTepeeHyD ll8CTb nOJIHOA 3JieKTpOCJifl60I 
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nonpa.BKH. BallHII no.llt.lepKHYtb, qro .llJUI J/(- peaKUHR (154) K3,R- t.laCtb 

KaJIH0pOBOt.IHO-HHBapHaHTH6 H O,llH03Hat.IH6, TaKHil 00pa301lo H3 ,ll6HHYX MY 

H3BJlet.leM 

(JWWRo/.. ()EIAI (191) 

ilOCJIB,llHRR BBJIHIHHa 3aBHCHT H OT ~i J fl1H H, B031lOMHO, CO.llBpllHT 

HH~OpM6UHD 0 HJBOR ~H3HKe, BYXO.llR~eR 36 pallKH etaH,llapTHOR, ConoctaB

JlRR teopetHt.IBC !tHe npe,llCKa36HHR ,llnR (JEW C H3BJ!Bt.IBHHOR H3 

3KCnepHM8HTa B~JIHt.IHHOR,MOMHO C,lleJiatb BYBO,llY 0 CTipaBB.llJ!HBOCTH T80pHH 

H TIOJiyt.IHTb HH~opuaUHD oO HHtepecyD~HX HaC nayalletpaX. (HO.ll00HYR 

Kpyr npoOJieM oOcy~,llaJICR HB,llaBHO B paOote / 85 ), Ha 3TOil TIYTH MY 

llO:J:Bil H30BllaTb onpe,lleJIBHHR 6opHOBCKOrO npH0JIHll8HHR, t.ITO, KaK MY BH.llBJ!H 

B npe~lY~HX pa3,llBJiax, HHOr,lla HetpHBHaJibHO H .llBYCMYCJIBHHO, R pa6oTaTD 

cpa3y C O.llHOTIBTJIBBYMH ~OpMyJiaMH (158)-(160), H3Yt.I6R CJIB.JlYD~ije H3 HHX 

B36Hil036BHCHMOCTH MBll.JlY Ha0JID,llaBMYilH BBJIHt.IHH81lH, TIO,ll00HO TOMy, KaK 

3TO ,ll8JI6J10Cb B pa3,ll8JIB 8. 

Ha pHc. 45 H 46 noKa3aHY npHMBpY B3aHM036BHCHMocteR (AJM2). 
AcHMMetpHH BY'IHCJIBHY no ~opwyJiaM (158)-(160) npH ~HKCHpoaaHHOil Ml , 
Kotopoe

1 
KaK llli Ha.lleeMca, Oy.llet xopomo onpe,lleJieHo H3 ~opMY l"- JIHHHH. 

BeptHKaJibHYI Ctpe30K Ha pHC. 45,46 HJIJIDCTpHpyet TaKyD TOt.IHOCTb H3M8-

peHHR acHMMB:{HR, npH KOTOpOR H3 ~opuyJI .llp8B8CHOrO npH0JIHll8HHR (188) 

nonyt.IHM t1S
141 

= O,OOI. Cpasuwsaa pwc.45 H 46 c pHc. I H 25, BH.llHM, 

t.ITO acHwetl>H~ uauHoro cnaOee qysctBYDT m
1 

H HH , qeu B3aHuo-

3aBHCHMOCTb (s,}· J J\ ) . llpH xapaKtepHYX S'A MY pa3J!Ht.laell 1.: 30 

H 180 r:JB ua yposue .ts- a AF6 H 4o a Ar.,t , cootsercr-

seuuo, TOr,lla P.aK TOt.IHOCTb •s.}--: 0,001 TI03BOJ!RJ!a ,ll.alle "yBH.lletb" 

Oo3oH XHrrca rto B3aHK038BHCHMOCTH pHc.25. llpHt.IHHOR noro unaetca 

CJ!B.JlYD~ee 00C~'ORT8JibCTBO: C H3MBH8HH8M ~ MBHRDTCR He TOJibKO 

O,llHOTIBT JI8BYe ClOpM~KTOpY, a T£lKll8 BCJIB,llCTBHe ypaBHBHHR (72) H Sih2c9wt 
npH noM npowase,lleHHe Si.r·?·fY,.JH = St.:n

2 61141 • dee (s1 -1) , cu. (16?), 

HM88T TBH.ll8HUIIJl OCTaBaTbCR TIOCTORHHYM. 3TO CBOICTBO HJIJIDCTpHpyet 

taOJIHUa IJ, B KotopoR noKa3a.HY pe3yJibtatY pacqera ~n~61w H 

~·" 'ltS)w · ~t. npH ,4fi-: 9? r3B, /"(~(= 100 r3B ,llJIR HBCKOJibKHX 

3Hat.I8HHR '\ , 

TaQJIH!lA ~ 
I I m. r3B ) 60 90 IJO 180 230 

~112())w/ 0,229 0,?29 0,225 0,221 0,214 0,20.5 

S.:nt ())IV .lee 0,227 0,227 0,226 0,225 0,223 0,221 I 

84 



ao
 

Cl
'l 

1
6

r
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
, 

A
F

a
•%

 

1L
. 

12
 L

 
M

H
=1

00
, m

t=
18

0 

10
 8 

M
H

=1
0,

 m
t•

30
 

6 
tv

iH
"'1

00
 ,m

t=
30

 

L. 2 

M
z 

,r
aB

 

90
 

92
 

9L
. 

96
 

98
 

'n
.
-
.
-

A
~
 

17
' 

..
 

.A
p

o
t.

%
 

L.
2 

36
 

30
 

2L
. 

18
 6 

M
H 

=
 10

00
, m

~
=
3
0
 

M
z 

,r
aB

 

90
 

92
 

9L
. 

96
 

98
 



:t 

ECJIH ON MH l.U8JIH B03MOliHOCTh H3BJI8'1h H3 (jEW Be.mfiiHHY S..'n"e:/1 , 
to, corroctaB~B ee c 1-X}·flft:t , worJIH Ot>J onpe.JteJIHTh die H 
BOCCtaHOBHTh BNCOKYD 'IYBCTBHT6JihHOCTh K ~ , KaK 3TO dNJIO B CJiyqae 
~ € -paCC8JI tHJI (pa3,ll6JI lJ) HJIH B3aHW03aBHCHWOCT1rl ( Sl#t. 1 .Af

1
) , 

(pa3,1leJI 8), 
TaKHM o~pa3ow, .llJIJI npeUH3HOHHOA nposepKH teopHH 3CB cy~ectBeHHO 

HeOOXO,llHWO: 

I) JIHOo 3Hath Mw c tO'IHOCt&D nOpll.llKa +50 M3B, 'ItO coBMectHO 
C H3WepeHH8W ~-l C TaKOA lte TO'IHOCThD IT03)10JIHT onpe;teJIHTh .Hit 16J..., 
C TO'IHOCThD :0,001 ,- 3TO ,llaCt B03MOZHOCTh KOCB8HHHW odpa30M qepe3 
nonpaBKH ,HswepHTh" ~ , H11 ; 

2) JIHdO ITOJIY'Ilrlth npRMYD HH~OpWaUHD 00 eme H8 RSB8CTHHX acneKTSX 
teopHH 3CB: m, Mil AI.{ H T. ,ll. - 3TO ,llaCT B031lOZHOCTh BH'IHC!Hth 

lil I 
Bee O,llHOIT8TJIBBHe ~OpM~ KTOpN 1rl Ha BHCOKOM ypOBHe TO'IHOCTH npoBepHth 
CaMOCOr JlaCOBd.HHOCTh T80p1r!H 3CB, 

HweetCJI npe,llJIOlt8HHJI H3MepHTh OTHOW8H1rl6 ~~~I.. C TO'IHOCThD 
~ 0,001 Ha llllPOHHHX f'f H/HJIH f'f- KOJI.naA,llepax / 86/, CyUieCTB6HHNA 

BKJia,IJ, B H3wepeHI!e Hw, r Ml) It'll) WU!l) ICIW{- B3ai!WO,lleACtBI!A ,li;O.n:KHH 
BH6CTH 3Kcnep1r!M6HTH Ha LEP- n c 3HeprHeR e+e--ny'IKOB I00-125 r3B, 

KaK cneJYet H3 npose.D;eHHoro aHaJIH3a,3KcnepHMeHtH OnHsaAmero 

dy,lly•ero KaK Ha KOJIJiaA,D;epax, TaK H C ~HKCHpOBaHHOA MHW9HhD ITOCtaBar 
00JihW06 KOJIHqeCTBO HH~OpMaUHH, KOtopaJI IT03BOJIHT npoBepHth dOJibWOe 

'IHCJIO COOTHOW6HHA U9K.JlY Ha0JID,lla6MNWH · 3JI9Ktpoc.na0YX npOU6CCOB, 
3TO ,JJ,aCT Haw B03MOliHOCTh nposepHth cauocor.naCOBaHHOCTh TeOpHH 3CB 

Ha ypOBH9·CBOHX KBaHtOBHX nonpaBOK , nDOOe JIBHOe OTKJIOH6HH8 OT 
TOHKHX npe,llCKa3aHHA BHCWHX nopa,JJ,KOB TeOpHH Oy,llet KOCB6HHYM CBH
,ll6T9JihCTBOW HOBOA ~1r13HKH 9 OTB9TCTB6HHOA 3a 3TH OTKJIOH6HHJI, 

B03MOKH0 9 'ITO KOCB9HHYA nytb - 6,li;HHCTB9HHNA waHC YBH,ll6Th 
HOBYD ~H31r1KY B npe,li;CTOJIUI66 ,ll6CJitH.netHe, .llO toro KaK 3apadotaDT 
Hoswe a.JtpOHHHe c ynepKonnaA,llepN s TsBHoii oO.nactH 3HeprHit Yrl K, LNG , 
S5(, B ITOJih3Y KOCB8HHHX uetO,llOB ITOHCKa npH3HaKOB HOBOA ~H3HKH roBO

pHT H TOT ~aKT , 'ITO orpaHH'I8HH9 Ha MaCCY HOBYX tlaCtHU, CJI6.JlYDUIH8 

H3 aHaJIH3a ,II,B.HHHX y-..e npOB6,ll6HHHX 3KCIT8J?HM6HTOB Ha e+e- 1rl f f 
KOJI.naA,IlepaX O,llHOrO ITOpJI,IlKa B8!1ri'IHHY 9 XOTJI 3HeprHH BtOpYX Ha nopR,IlOK 

Oon»me. CospeueHHWe orpaHir!'leHHJI yze npeBNwaDt nopor npRuoro poz.D;e
HHJI taKHX 'laCTHU B 3KCnepHM8HtaX Ha £ 0 -nOJIIlCe, HanpOTHB, npoBe,lleH-
HYA aHa.nHs noKa3YBaet, 'Ito 3aBHCHuocn HadJID,II,B.eMHX ot ~ H HI{ 
HaXO,IJ,HTCJI B npe,lleJiaX 3KcnepHM6Hta.nbHOrO OdHapyKeHHJI, 

Bee pe3yJI&taTH, H3JiaraBW1r18CJI B 3THX JI6KUHJIX,dNJIH ITOJ!y'16HN C 
KOHKpetHHU narpaHXHaHOM MHHHilaJihHOA teopHH 3CB (36), KaK xe OU8HHTh 

net.neBNe 3~eKTH HOBoA ~H3HKH? MH paccMotpHM .D.Ba np1r1wepa: 
I) t~.eTBeptoe noKOJieHHe nentoHOB H KBapKoB, 

2) cynepCHMUetpH'IHOe paCWHp6HMe T90pHM, 
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B nepsow cnyqae, !PaKrHqecKH, see slolqHCJieHHil c narpaHJ:HHHOM (36) 
OCTallTCJI cnpaBe~JIHBYMH, HOO ~ B TOOpHH He iJ>HKCHpOBai!O. 

Bo sropoM cnyqae npoOneMa pemaeTCJI nyreM BY~eneHHH Knacca 

~Harpai.IM (oblique COITeCtions), BKJia,Jt KOTOpYX MOJ:e~· 0YTb 

BlilqHcJieH ouenbHO. Po~:~lllliHecJI TOJibKO napaMH cynepCHMMHTpHqHNe qac

THUY MOfYT ~Tb KBa~paTHqHQ yCHJieHHYR no H~ MaCCaM BKJII~ B nOJillpH-

3aUHOHHYe oneparop111 W
1 

-2. ( , pHc.47. 
J 

J(s) 

PHc.47 

BKJiaA 3THX ~HarpaMM B Ha0JIIl~euYe ~eTaJihHO aHaJIH3iipOBaJICJI B 

paOore /6!/ • Ha pHc. 48 H 49 noKaaaHw oOycnaBJIHBaeMYe JtnH pa.JtHaUHOHHiile 

c~Hr.H B A4~ npH paanHqHYX coorHomeHHIIX Mace !PepamoJLOB H HX 

cKaJillpHYX cynepnaprHepos. 

0.020 

0.015 

a: 0.010 

< 0.005 
10 

0 ~=======::::::::;~ 
·0.005 1.0 

. 0.010 U......O.--L...L.L.L...< ............. ..LJ_L.L...&.L..I-..L...L.L.:I 

0 100 200 300 400 
m1 raB 

a: 

0.020 
O.Q15 

0.010 

<i'o.oo5 
10 

0 ~~~----~--~~ 
·0.005 1.0 
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a: 0.010 a: 
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0.015 

0.010 
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3aM811ilT8JibHYM 00CTOJtT8JibCTBOM JtBJIJt8tCJt nOIITH ROJIHOe paB8HCTBO 
no 3HaKy H B8JIHIIHH8 3JI8KTpOCJia0YX paAM~UMurinWX CA&HrOB OT 00YIIHYX 
llaCTHU M MC cynepnapTHepOB, 3TO 3HaiiHT, liTO 34JclleKT HaKanJIMBaeTCJt C 

YBe.IIHII8HH81l IIHCJ!a AfllJ18TOB ~epMifOHOB ~CIIaCTMU B T80pMH, n03TOMY 
MOXHO ROJIY'UTb 0118Hb CHJibHY8 orpaHMII8HHJt Ha HX MaCCY H3 np8UH3HOHHYX 
H3MepeHHI. TaK, nanpMMep, orpaHHIIeHHe (89) Ha ~ csepxy OyAeT 
cyll(ecTBeHH l CHJI&Hee, 

'1 < 140-160 raB, 

8CIH npeJnlJIOZHTb, liTO Cyll(eCTByeT Af0JI8T 
Mace 

(192) 

( !f}t 
1 

/1lf ) C pacll(enJI8HH8Jl 

. ~-mt"'"'~ - 150 raB. (1~3) 

OrpaHIII8HHR raKoro ze nopRAKa B03HHxa~T H na pacll(ennenMe uacc 
tepMM~HOB teTaeproro noKoneHva. 

fip088,l8HH08 paCCMOTp8HH8 yOeQaet HaC, liTO pe3y JlbTaTY aHaJIH3a 
npeACTOSII(H( npeUH3HOHHYX 3KCnepMMeHTOB Ha ~·.non~ce H paAa APJrHx 
CYIII8CTB8HHl npOABHHYT RB.C B TIOHHM8HHH CtaTyca T80pHM 3JI8KtpOCJia0YX 
B3aloUIOAfiiCrBHI M

1
B8CbMa BepOIITHO, JlmryT HaM nyTH ee B03MOZHOrO 

pac IIHpeH HR. 
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'4>edOB&:IHJI, IIp8,lt1.JilWI8MH8 K 08po dpOIIDJP. 
. ".li·~KijHB .tWl MOJIO,ItYX Y"'8HHX OHHH". . 

Cepu dpollll)p "JleKitD .tWl MOJIO,JUa J'q8RHX OHIIH'' BBJtdTCS C ~6111>1) 

DOBJmleJIJiis: B81'JBO-JlPO(beCCBOHSJW!Oro Kpyrosopa B ypo.BRJI MOJIO.zu,ct 11{8BHX 

B CD8JUI&IDICTOJI OHJIH B aK'ey&IWI.YX OdJlacTJIX BCOJI8,1tOB8Bd, B9JtYIIIIIXCJl DO 

T811aTIK8 lt!CTJI'ey'Ta. ltiiJyCKB ,ItOJDIHH Dp8,1tCTUJUIB codol 8&KOHqeBBHe 

QIDUDi Jle~, DpoUT8BHHe B OHHH a oplleHTBpo.B8RHH8 DPQ.It& :acero sa 

MOJIO.ZU,CC COTPf,ltHIKOB lti~TB'ey'Ta. 

JleiUUIII ,ltO.Dml 11118T:& Dp&KT8p J"qedHOro DOCOdU, Dpe,ItHUHaq8RHoro 

AU uepBOro oaaax01&1leHBII c paccuaTpDaaiiOI DpodJieuol, a Taae co,ttep-

HI li&T:& odsop ee COBPflMBHHOrO COOTOJIIWI! Om! ,ItOJIDH diiiT:& CHa6aeHH DO,It

podBYI orJI8BJ18WlflM. a OCHOBHOI JDIT8p&TYJlOI. :Eo.m.mae naparpatlli.l p8KOM8B

,Ity8TCJl J)8.3dHBa1':& Ba DO,II,lUlparpapy C JUIII8C8HIUIMII B OrJI8BJ18BH8 UO,It8&ro

JIOBK8MH. 

·:'L 

Bec:r. T&KC r, BlCJII)'I8Jl oT,tteJJldllie rJiaBH 11 napar~, CJie,ItyeT una
TaT:&, 88IIOJIHJIII JC8IUIYI) OTpllHHitV' ~eJDDCOM. 

Py1cODBCJ. ,ltOJDIIIIa dlft:& B&D8UT8B8 Ba CJIA'1'UI&'la1DI l'\uJIKU, upe,JUIU

B8"18HRHX AU Jr,p~D~Oro peDpo~B&BBII, X01'0P118 MOJIRO D~ B B8-

,It8'r8JI:&CKOM O'l',Iti9JI8. Bee ~lllf.IIY II CDIIII ,ltOJIJIIUI dYTJ. .BDIIC8BII &KKyp&TRO 

• aeRo T1BI! JUB qeJ111U8101 "'&JIIOro ~eTa. Paalleua ~lllfJI Be Dpoii8-

BO,Jg~TCJI, U BJU8p&IUIJl ,ItOJDIIIIa BUO,J~IITJ.CS • JCOBQ8 C'lpoU CDpaBa B 

KpJ'l'JDa CKodux. TUCT Jl~ D8UTUTCJI sa 1181111JDt8 C 'l8JIIOI (Be ce

pol) JleHTOI qepes !,6 Jlll'l'8pB&II8. Odf.llll JIUQII B8 ,Jt0J!11811 Dp8BJml&'l'J. 

100 C'l'paa~ M8IIIJIIIODIICBOro HKC'l'a. 

PyJCoJIHc:r. upe,ttoTauaeTCa B P~oJIJUII oo:ae'l' oepu dpOIID'Jp "JI&K

qu AU MOJlO,ItYX 11{8HHX Omni" COB8TOII MOJIO)Ua Y"'IBHX • CD8QIIUIIC'l'OB 

OHHH a Co:aeT&YH YOJIO.ItHX 11{8HHX a cue~&IHO'l'OB Jl&dopaTopd HHc'l'IITYTB· 

P~OBBl:llrl CCIB8T IlpiiHHM88T OKOH'I{8'l'611:&H08 p81118HH8 0 lt8J18COOdpasHo

.c'l'H ee uydJuu<aLtu. 

Pe~OHHYI OOB8'l' 
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