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BBE,llEHIt1E 

PaHee Mbl paCCMOTpen~ co6CTBeHHO KOH~en~~~ penRT~B~CTCKO~ 
An~Hbl IKP,ll/, ABe MOA~<t>~Ka~~~ s roro nOHRT~R ~ ~x np~MeHeH~R 

B KnaCC~4eCKO~ <t>~3~Ke/l/. 
H~me M~ o6cYA~M Bonpoc~, CBR3aHH~e t npORBneH~eM ~ ~cnonb

30BaH~eM KP,ll B <t>~3~Ke B~COK~X 3Hepr~~. np~ 3TOM M~ TaKme KO
CHeMCR MOA~<t>~Ka~~~ 3Toro nOHRT~R np~MeH~TenbHO K 3neMeHTapH~M 

4aCT~~aM KaK COCTaBHblM o6beKTaM KOHe4HblX paastepoa . 6YAYT pac
CMOTpeH~ napTOHH~e ~ CTpYHH~e MOAen~ 3neMeHTapH~X 4aCT~4 ~ r~A

pOA~HaM~4eCKaR Teop~R MHomeCTseHHoro pomAeH~R. Mbl OCTaHOB~MCR 

~ Ha pe3ynbTaTax 3KcnepKMeHTOB no ~ccneAOBaH~~ Bn~RH~R AB~me

H~R Ha npOCTpaHCTBeHH~e pa3Mep~ o6naCT~ reHepa4~~ TomAeCTseH
HblX n~OHOB, rAe nonyueuo YKa3aH~e B nons sy "<t>opMynbl YAn~HeH~R" . 
Oco6oe BH~MaH~e 6YAeT YAeneHO CBR3~ penRT~B~CTCKO~ An~Hbl c An~
HO~ <t>OpM~pOBaH~R, ~rpa~~e~ Bce B03pacTa~~y~ ponb np~ on~caH~~ 

B3a~MOAe~CTB~~ 4aCT~~ BbICOK~X 3Hepr~~. 

1. npO,llOnbH~E PA3MEP~ PEnRT~BIt1CTCKIt1X 4ACTIt1U 

no C08pe~l;eHHb1M npenc r aaneuaan , 3neMeHTapHY~ 4aCT~~Y Mbl MbIC
n~M ce6e B B~Ae o6naKa B~pTyanbH~x KBaHTOB. ,llnR HYKnOHa, Ha
np~Mep, paHbwe M~ rOBop~n~ o n~OHHOM o6naKe, a B nocneAHee Bpe
MR - o cbCTaBnR~~~X ero napTOHax, OTomAeCTBnReM~X ce~4ac c KBap
KaM~ ~ rn~OHaM~. 

B C~CTeMe nOKOFl HYKnOHa S o 3$<t>eKT~BHoe jllycpeAHeHHoel1 
no BpeMeH~1 B~pTyanbHoe o6naKo o6pa3yeT c<t>epy paA~yca ro 
Ip~c.1A/. B S-c~cTeMe HYKnOH lero ~eHTp ~Hep~~~1 AB~meTCR 

co CKOpOCTb~ v ~ 3aH~MaeT nocnenoaarensuo nonoxeaaa O ~ OI 

I c t-~ • P~ c. 16I . 
no Ha6n~AeH~RM ~3 S HeKOTopaR ~cny~eHHaH B~pTyanbHaR 4a

CT~~ê: a AO MOMeHTa B03Bpa~eH~R npo~AeT paCCTORH~e L a = 
= (1 - viu) roY. a C~MMeTp~4HaR e~ 4aCT~4a d - rd==(1+v/u) rOY· 
3Aecb ro - paCCTORH~e, npo~AeHHoe 4aCT~4aM~, a~u - ~x CKOpOCT~ 
B SO. Y= (1- v 2) -1/2. C = 1. np~ 3TOM CYMMapHoe paCCTORH~e, 

T.e. npoAonbH~~ pa3Mep AB~my~erocFl HYKnOHa, COCTaB~T 2roy , 
a cpeAHee 
-
r == "2

1 
C!'a + ~ d) == rOy • I 1I 

....
Of8'hCiih liefün~íl EUcmyT I 1 
fUí"':Jjm;)~'\ ~u: CJH~Jl0naUg~ 

1I"'"1..l,... na ,,,,,,,.,, ............,. A
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PHc.I. llpOCTpaHCTBeHHO-BpeMeHHaH KapTHHa ABH~eHHH KOHCTHTY3H

TOB HYKJlOHa. 

8 oôpa ruux HanpaBJ1eHII1f1X 6YAeM II1MeTb ~a = (1 + viu) roy ~ +-r d = l 
= (1- v/u)rOy. TaKII1M 06pa30M, COOTBeTCTBYlOu~ee cpenuee paccroa
HlI1e COCTaBII1T CHOBa roy. 60J1bWe Toro, AJ1f1 KamAO~ 4aCT1I14~ 

/1 1
/fa=fd=roy· 

3TOT pe3YJ1bTaT MomHO C4111TaTb e~e OAHII1M npOflBJ1eHlI1eM peJ1f1TII1BII1CT
CKO~ "<1>OPMYJ1bl YAJ1I11HeHII1f1 Il• A CaMII1 npouec cu MorYT paccaarpaaar sca 
KaK CBoero pOAa TpeTbfl MOAII1<1>II1Ka4111f1 J10Ka41110HHo~ npo4eAYP~ 1I13Me
peHII1f1 peJ1f1TII1BII1CTCKO~ AJ1I11H~. Ha pll1c.1 nOKa3aH~ nYTII1 AB~meHII1f1 

111 APyrll1x 4aCT1I14. 8 4eJ10M me B S-CII1CTeMe 06J1aKO BlI1pTyaJ1bH~X 

KBaHTOB 6YAeT II1MeTb <l>OPMY 3J1J1l11nC0Il1Aa Bpa~eHII1f1, B~TflHYToro B Ha

npaBJ1eHII1I11 ABlI1meHII1f1*. 
npeAcTaB~eHHafl KapTII1Ha n03B0J1f1eT CAeJ1aTb Ka4eCTBeHHoe 3a

KJ1104eHlI1e o TOM, 4TO YKa3aHHbl~ 3J1J1l11nC0Il1A .6YAeT <l>aKTII14eCKII1 onpe
AeJ1f1Tb 05J1aCTb, rAe npOIl1CXOAII1T B3aIl1MOAe~CTBlI1e KOHCTII1TY3HTOB 
HYKJ10Ha c np06HO~ 4aCT1I14e~ /MII1WeHblO/, KOTOPYIO'AJ1f1 npOCTOTbl 

c4111TaeM T04e4HO~. 

BMeCTe c TeM, COBpeMeHH~e KBaHTOB~e TeOp1l1111 <l>YHAaMeHTaJ1bH~X 

B3aIl1MOAe~CTBII1~ OCHOB~BaIOTCfI Ha 06MeHe KBaHTaMII1 nOJ1f1. rpy60 ro
BOPfl, 3TII1 B3aIl1MOAe~CTBII1f1 - runa nOCblJ1KII1-npll1eMa KBaHTOB**, 1I1J1111, 
Ha AP~rOM fl3~Ke, TaKlI1e B~aIl1MOAe~CTBII1f1 /oc06eHHO 3J1eKTpOMarHII1T

* " xap ax-rep KapTHHbI coxp amrr-ca H npn yqeTe aenea-rp am-nuxOÕrn;H:H
 

ABH)l(CHHÚ.
 

**T.e. Tex ~e ~H3~eCKHx CHrHanOB. 
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Hoe/ - J10Ka41110HHoro TlI1na. KOJ1b CKOpO 3T9 TaK, TO 04eBII1AHO, 4TO 
xapakrepaayoutae II1X 3$1)eKTII1BHble npOCTpaHCTBeHHble paaaepu AOJ1mHbl 
c He06xOAII1MOCTblO onpeAeJ1f1TbCfI II1MeHHO peJ1f1TII1BII1CTCKO~ AJ1I11HO~/2/, 

C APyro~ CTOpOH~, flBJ1f1IO~II1~CfI CBoero pOAa MOAII1<1>II1Ka4I11e~ J10xa
41110HHoro MeToAa 1I13MepeHII1f1 /AJ1I11H~/ 06~4H~~ np04ecc BII1AeHII1f1 TaK
me CBfl3aH co B3aIl1MOAe~CTBlI1eM 1I13J1Y4eHH~x CBeTOB~X ClI1rHaJ10B 
/B KOHe4HOM C4eTe - <l>OTOHOB/ c Ha6J1IOAaTeJ1eM 1I1J1111 perIl1CTpIl1PYIO~II1M 

npaõopoa, n03TOMY IlBII1AII1Mblell p aaaepu AOJ1mHbl o rpaxar s ca« xapax

Tep B3aIl1MOAe~CTBII1f1 /B AaHHoM CJ1Y4ae 3J1eKTpOMarHII1THoro/. 8006
~e me MomHO CKa3aTb, 4TO no COBpeMeHH~M npeACTaBJ1eHII1f1M B OCHO
Be MeXaHII13Ma 3J1eKTpOMarHII1TH~X, TaK ~e KaK 111 CII1J1bH~X B3aIl1MO
Ae~cTBII1~, nexar <l>aKTII14eCKII1 J10Ka4111f1 /1I1J1111 IIBII1AeHlI1ell/ c nOMO~blO 

<l>OTOHOB 111 rJ1100HOB COOTBeTCTBeHHO. n03TOMY xapaKTepll13YIO~lI1e 3TII1 
B3aIl1MOAe~CTBII1f1 peJ1f1TII1BII1CTCKlI1e npOCTpaHCTBeHH~e pa3Mep~ MomHO 
Ha3~BaTb AII1HaMII14eCKII1MII1. 

3aMeTII1M TaKme, 4TO B 4eJ10M pflAe flAepH~X peaK4111~ aToM~oe fiA
po 1I1J1111 ero 4aCTb B3aIl1MOAe~cTByeT, cKameM, c 4aCT1I14e~ KaK 4e
J10e. ~H~MII1 CJ10BaMII1, B co6cTBeHHo~ CII1CTeMe OTC4eTa flApa ero HY
KJ10H~ 1I1J1111 II1X 4aCTb OAHOBpeMeHHO Ae~CTBYIOT Ha HaJ1eTalO~YIO 4aCTII1
4Y. npll1MepaMII1 TaKII1X peaK4111~ MorYT CJ1ymll1Tb ynpyroe paCCeflHlI1e, 
KorepeHTHoe pomAeHlI1e 4aCT1I14, KYMYJ1f1TII1BH~e np04ecc~ 111 AP. Mom
HO cKa3aTb, 4TO B peaK4111f1X YKa3aHHoro TlI1na HaJ1eTalO~afl 4aCTII14a 
6YAeT "BII1AeTb" ABlI1my~eecfI fiAPo /1I1J111l ero 4acTb/ BblTflHYTblM B ua
npaBJ1eHII1I11 era ABlI1meHII1f1. 

8n0J1He eCTeCTBeHHO npeAn0J10mIl1Tb, 4TO YKa3aHH~e npOAOJ1bH~e 

pa3Mep~ no ~YTII1 AeJ1a 6YAYT onpeAeJ1f1Tb MacwTa6~ npOAOJ1bH~X pac
CTOflHII1~, xapaKTepll13YIO~lI1e B3aIl1MOAe~CTBII1f1 4aCTII14 B~eOKII1X 3Heprll1~, . 
nOCKOJ1bKY nonepe4H~e pa3Mep~ CTaJ1KII1BalO~II1XCfI 4aCTII14 He MeHflIOTCfI. 
nOCToflHeH 111 npOAOJ1bH~~ pa3Mep HYKJ10Ha /flApa/ MII1WeHII1. Ha OCHO
BaH~1I1 TaKo~ KapTII1H~ BnOJ1He eCTeCTBeHHO Omll1AaTb J1I11He~H~~ pOCT 
npoAdhbH~X paCCTOflHII1~ c pOCTOM 3Heprll1l11. B HacTofl~ee BpeMfI 3TOT 
oaxr CTaJ1 Y>Ke I npl3bl4H-blM / CM., Hanpll1Mep, 0630P I 31 /. OTMeTII1M, 4TO 
npOAeJ1aHHbl~ B c soe BpeMfI aHaJ11113 3KCnep1l1MeHTaJ1bHb1X AaHHblx 
no 3J1eKTpopomAeHII1IO Ha npoToHe, conOCTaBJ1eHlI1e AaHH~x no <l>OTO
pomAeHlI11O Ha npoToHe 111 nOrJ10~eHII1f1 He~TpII1HO 111 aHTII1He~TpIl1HO HYKJ10
HaMII1 .Ae~CTBII1TeJ1bHO n03B0J1I11J1 CAeJ1aTb 3aKJ1104eHlI1e o AOMII1HMPYIO~e~ 

p0J1111 60J1l~wlI1x npOAOJ1bHbIX paCCTOflHII1~ I 41 , 

npemAe 4e~ nepe~TII1 K KOHKpeTH~M npll1MeHeHII1f1M 111 npO~~J1eHII1f1M 

KPA B pa3J11114H~X MOAeJ1f1x 3J1eMeHTapH~x 4aCT1I14, II1Cn0J1b3yeM~x B <1>111
3111Ke B~COKII1X 3Heprll1~, OTMeTII1M CJ1eAYIO~ee. 3KCnepIl1MeHTaJ1bH~~ <l>aKT 
OTCYTCTBII1f1 c06cTBeHHoro 3J1eKTp1l14eCKOro AlI1nOJ1bHOrO MOMeHTa 
Y 3J1eMeHTapH~x 4acT~4 /npll1 HaJ11114111111 MarHII1THOrO MOMeHTa/ MomeT 
paCCMaTpll1BaTbCfI no CYTII1 AeJ1a KaK KocBeHH~~ on~T, CBII1AeTeJ1bCT~ 

BYIO~l1~ B n0J1b3Y Il<I>opMynbl YAJ1111 HeH 111 fi I I 15 I ,C APyro~ CTOpOHbi, aa
CJ1ymll1BaeT BHII1MaHII1f1 Bonpoc o B03MomHOM BJ1I11f1HII1I11 npOCTpaHCTBeH
H~X pa3MepOB pe30HaHCOB Ha II1X BpeMfI mll13HII1 ~ ABlI1meHII1 111 16/, 
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2. MO~En~ 3nEMEHTAPH~X 4ACT~U 

2.1.. Ila pmo n na st U peàXUOHHa5l noã enu . 06bl4HO B pasucax 
naprouaoã MOAe111l1 npll1HII1Ma11aCb AII1CKOBafl KapTII1Ha 6blcTporo anpoua , 
~3-3a 3Toro, OAHaKO, B03HII1K11H onpeAe11eHH~e paccor11aCOBaHII1f1 
Me>KAY c11eACTBII1f1MII1 naprouaoã KapTII1Hbl 111 cxexoã peA>K1I10HHbIX AHa
rpaMM 17 I. 4T06bl YCTpaHII1Tb 3TY TPYAHOCTb, npHw110Cb AOnYCTII1Tb, 
4TO pe11flTHBHCTCKHlII aAPOH npeACTaB11fleT c0601ll He C>KaT~lII AHCK, 
a Tpy6KY A11HHOlll f - EM - 2. 3Aecb E 111 M - 3HeprHfI H Macca aAPOHa, 
b = 1. C11eAyeT OTMeTHTb, 4TO paHee, TaK>Ke HCXOAfI 1113 napToHHolll 
MOAe11H H A~CKOBOlll ~OpM~ aAPOHa, npH pa~CMOTpeHHH aAPOH-flAepH~X 

B3aY1MOAelllcTBHflH' 8 I nOA4epKII1Ba110Cb, TeM He MeHee, 4TO cyU\eCTBeH
H~e B aApOHH~X B3aHMOAelllCTBHflX npOA011bH~e paCCTOflHHfI paCTYT 
KaK EM -2. 

04eBHAHo, 4TO c Y4eToM pe3Y11bTaToB n.l TaKo~ B~BOA npeAcTaB
11fleTCfI Bn011He eCTeCTBeHHblM 19 I. npll1 3TOM, MO>KeT õsrr s , cnenye r 

OTMen1Tb, 4TO npOflB11fllOU\HlIICfI npa B3aHMOAelllCTBII1111 3~eKTHBHbI1ll 

pa3Mep 6YAeT 3aBHceTb, TaK CKa3aTb, OT COOTHoweHHfI Me>KAY BK11a
AaMII1 "nonepe-u-ux" H InpOA011bHbIX" KBaHTOS*. Ho 3AeCb cyU\eCTBeH
HO TO, 4TO I ICpeAHlI1l11l I 3~~eKTII1BHbI1ll paaaep TaK H11H II1Ha4e A011>KeH 
paCTH c pOCTOM 11opeH4-~aKTopa 13HeprHH/, nOCK011bKY nOKp~~aeM~e 

BlI1pTya11bHblMII1 4ac.TII1l:.laMH npononsuue paCCTOflHHfI B cpenaea B y pas 
6011bwe nonepe4H~X. 

~3110>KeHH~e C006pa>KeHHfI B CBoe BpeMfI 6~111l1 ~aKTII14eCKH Hcn011b
30BaHbl IB pasucax peA>K1I10HHOlll MOAe11HI A11fl 06bflCHeHII1f1 1I13BeCTHoro 
3KCnepY1MeHTa11bHoro ~aKTa CY>KeHHfI AII1~paK41110HHoro KOHyca c PO
CTOM 3HeprHH ICM., HanpHMep, I 10 11** . 

2.2. Pe.ll5lmUeUCmcKue cmpYH~ e aàpoHHoU ~u3uKe. Co
BpeMeHH~e npeACTaB11eHHfI o CTpOeHHII1 aAPOHOB H MexaHH3Me HX 
B3aIl1MOAelllCTBII1f1 npH B~COKHX 3Heprll1f1X npll1Be111l1 K cTPYHHolll MOAe111l1 
ICM., HanpHMep{lll I. B ee paMKax KOH$Hrypa4HH r11lOOHHoro n011fl, 

*OTHOCH~HXCH COOTBeTCTBeHHO K 06naCTHM,MHHHManbHO H MaKCH-

ManbHO YAaneHHWM OT ~eHTpa 06naKa, HMero~ero ~OPMY 9nnHrrcoHga 

Bpa~eHHH. C'rpor-o r'onopa , B rrepaox CJIYl.Iae MbI HMeeM OKPY)l(HOCTb, 

a BO BTOpOM - TonbKO gBe TOl.IKH. IT09TOMY rrpeACTaBnHeTCH, l.ITO HX 

axnansr BO B3aHMOAeHCTBHe AOn:>KHbI o rpaxa r s TaKoe. COOTHOlIleHHe. 

**IIpaBAa, rtpn 9TOM YTBep~anOCb IKaK, anpouex , H B 17 11, l.ITO 

HaneTaro~aH l.IaCTH~a B rrOrrepel.IHOM HarrpaBneHHH HMeeT Cel.IeHHe 

- l.n (8 IM) TaKaH 3aBHCHMOCTb norrepexnsrx p asxepoa OT CKOpOCTH 

gBH:>KeHHfl aAPOHa IrrycTb ,H AOCTaTOl.IHO cna6aH/, rro-BHgHMOMY, eCTb 

cnegcTBHe KaKorO-TO HeAopa3YMeHHH, rrOCKonbKY OHa HeCOBMeCTHMa 

c T~opHeH OTHOCHTenbHOCTH. 
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110Ka11ll130BaHHoro BA011b Il~HHlII, coeAHHfllOU\II1X KBapKH, MOAe11HPyeT 
pe11flTII1BHCTCKafl CTPYHa c T04eu,HbIMH MaccaMH Ha KOH4ax. nplI1 3TOM 
CTPYHa, coeAHHfllOU\afl ABa xaapxa , MOAe11HPyeT Me30H. Bapaouu , 
B 06pa30BaHII1H KOTOp~X Y4aCTBYIOT TpH KBapKa, MorYT, HanpHMep, 
onHt~BaTbCfI Tpeyro11bHolll CTPYHHOlll KOH~Hrypa4l11elll 111 T.n. 

CTPYHa - 3TO OAHOMepHbllll npOTfI>KeHHbllll 06beKT. ~11fl aAPOHHOlll 
$~3Y1KH Hall16011bWHlII HHTepec npeACTaB11fllOT pe11flTHBHCTCKHe CTpYHbl 
KOHe4H~X pa3MepOB H11H >Ke 3aMKHYT~e CTpYH~. npe>KAe Bcero, A11H
Ha CTpYHW MomeT MeHflTbCfI, npH4eM CTpYHa MO>KeT Aa>Ke CTflrHBaTb
CfI B T04KY. 3aMKHYTafl CTpYHa nY11bcHpyeT BO BpeMeHH~ TO C>KHMa
f1Cb B T04KY, TO npll1HHMafl nepBOHa4a11bHYIO ~OPMY. 

KaK 6YAeT Bblr11flAeTb CTpYHHafl KOH~Hrypa4111f1 c T04KH 3peHII1f1 
Hec06cTBeHHolll - 11a60paTopHOlll CHCTeM~ OTC4eTa I11.c.l, rAe ee 
4eHTp II1Hep4HH ABH>KeTCfI CO CKOpOCTblO v? Bo Bcex C11Y4aflX: OC4H11
11HPYIOU\elll Bpa~alO~elllCfI H11H nY11bCII1PYIOU\elll CTpYHbl COOTBeTCTBYIOU\He 
npOA011bHwe pa3Mepw 6YAYT nponop4HOHa11bH~ 11opeH4-~aKTOPY y. 

4T06~ npOH1111lOCTpHpOBaTb 3TO, paCCMOTpHM CTpYHY, HMelOU\YIO 
S Ha4a11bHWlII MOMeHT It o = OI ~OPMY npflM011ll1HelllHOro OTpe3Ka A11H
H~ '0 c cep~A~HO~ B Ha4a11e KOOPAHHaT 111 HanpaB11eHHoro BA011b 
OCH X. nOKOHBwaflCfI BHa4a11e CTpYHa Ha4HHaeT OC4H1111ll1pOBaTb, TO 
C>KHMaflCb B T04KY, TO npHHHMafl II1CxOAHble pasaepa . no Ha611lOAeHHflM 
H3 11.C., 11eBwlII KOHe4 CTPYH~ npOlllAeT K MOMeHTY CTflrHBaHHfI B T04
I<Y paCCTOflHlI1e (! + viu )EoY 12, a npaBbllll - (1 -. v lu )EoY12. 3Aecb 
u - CKOpOCTb CTflrHBaHII1f1 B c.4.~. S~ TaKHM 06pa30M, CYMMapHoe 
paccToflHHe coctaBII1T 

1 v 1 v 121 
~ = - (1 + - ) Eoy + -2 (1 - - ) Eo y = Eo y

2 u U 
~HbIMH C110BaMII1, c T04KH 3peH~fI 11. c. c rpyua 6YAeT BblTflHYTa B Y 
pa3 no cpaBHeHHIO c ee c06cTBeHHolll A11HHOlll B n011HOM COOTBeTCTBHH 
c "~OPMY110lll YA11Il1HeHII1f1". Pa3Mepbl CTPYHbl, HanpaB11eHHolll BA011b OCH 
y, oCTaHYTcfI, 04eBHAHo, HeH3MeHH~MII1. 4TO KacaeTCfI 3aMKHYTolll 

111 HMelO~elll B C.4.H., HanpHMep,~opMY OKPY>KHOCTH,CTPYHbl,TO B n.c. 
M~ 6YAeM II1MeTb nY11bcHPYIO~lI1l11 31111Hnc, B~TflHYT~lII B HanpaB11eHHK 
CBoero ABH>KeHII1f1. 

2.3. ruàpoàuHaMU~eCKa5l Jl/.Oàe.llb JIlHOXeCmeeHH020 POX
õ enun .~cc11eAOBaHl-tfl aAPoHHolll MaTepHH H, B 4aCTHOCTII1, 'ee HO
Boro COCTOflHHfI - KBapK-r11IOOHHOlll n11a3M~ onHpalOTCfI Ha nOCTpoeHHe 
npocTpaHcTBeHHo-BpeMeHHolll KapTHH~ CT011KHOBeHlI1l11 Y11bTpape11flTH
BII1CTCKII1X flAep H HYK110HOS. npH 3TOM B HaCTOflU\ee BpeMfI no CY
~eCTBY eAHHCTBeHHolll OCHOBOlll TaKolll KapTII1HW flB11fleTCfI rHApOAII1Ha
MII140CKafl TeOpll1f1 MHO>KeCTBeHHoro pO>KAeHII1f1 4aCTH4 ICM., HanpH
Mep, 112j. C APyrolll CTOpOH~, caMa no ce6e 3Ta TeOpll1f1 c He6011b
WII1MH MOAH$II1Ka4111f1MIIt, KaK YTBep>KAaeTCfI B 1131, Hen110XO onacuaaer 
HOBelllwHe 3KcnepHMeHTa11bH~e AaHH~e. 
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OAHaKO r"lAPOA"lHaM"l4ecKoi1 TéOp"l"l npacyu; aec saa CYlqeCTSeH
Hbli1 HeAOCTaTOK,. a "lMeHHO. - "lCnOJlbsyeMble B Hei1 KJlaCC"l4eCK"le . 

;:==--=~- p. ----------~ Ha4aJlbH~e YCJlOS"lR B ~opMe JldpeH~-cmaToro A"lCKa /KaK CJleACTB"le -----=~~~ ---lfJ~ T 
CTOJlKHOBeH"lR ABYX JlOpeH~-cmaT~X HYKJlOHOB "lJl"l R,qep/ npOT"lBOpe
4aT KBaHTOBOMY np"lH~"lny HeOnpeAeJleHHOCT"l1 14/. 

HanOMH"lM, 4TO r"lAPOAHHaM"l4eCKOe On"lCaH"le npeAnOJlaraeT BSa"l
MOAei1cTB"le MHomeCTBa 3JleMeHTOB CHCTeMbl. Ho c T04KH SpeHIi1R. 

KBaHToBoi1 TeOp"l"l TaKoe paS6"leH"le "lCXOAHOi1 C"lCTeM~ Ha OTAeJlbH~e 

3JleMeHTbl /CJlO"l/ AonYCT"lMO TOJlbKO B TOM CJlY4ae, eCJlH KBaHTOBaR 
HeOnpeAeJleHHOCTb "lMnYJlbCa CYlqeCTBeHHO MeHbwe "lMnYJlbCa OTAeJlb
Horo CJlOR. 3TO Tpe60BaH"le HaJlaraeT meCTKoe orpaH~4eH"le Ha AO

nYCT"lMOe 4HCJlO CJlOeB nopeau-cxaroro 06beMa n« J M/ Il :: 2,6, 
rAe M "l Il - Macc~ HYKJlOHa "l n"lOHa. npH Y4eTe AonOJlHHTeJlbHOrO 
/AHHaM"l4eCKoro/ CmaT"lR sa C4eT CTOJlKHOBeH"lR 3TO, KaSaJlOCb 6~, 

AOJlmHO np"lBOA"lTb K nOJlHOMY oTKasy OT r"lAPOA"lHaM"l4eCKOro onHca
H"lR Ha4aJlbHoi1 cTaA"lH paCW"lpeH"lR. npaBAa, B nOCJleAHee BpeMR 6~
JlH B~CKa3aH~ co06pameH"lR o TOM, 4TO B~60p Ha4aJlbH~X JlOpeH~-CO

KpalqeHH~X npOAOJlbH~X paSMepOB COAepmHT onpeAeJleHH~i1 npO"lSBOJl 
"l MomeT 6blTb MOA"l~"l~"lpOBaH B saBHCHMOCT"l OT paSJl"l4HblX MOAeJlb
HblX npeACTaBJleHHi1 /CM., Hanp"lMep, 1 13/, a TaKme / 15 1/. 

OAHaKO, no HaWeMY MHeH"l~, nOCJleAOBaTeJlbHOe "l 6eSMOAeJlbHOe 
peWeH"le OTMe4eHHoi1 TPYAHOCT"l BOSMomHO eA"lHCTBeHHO Ha OCHOBe 
KPIJ. I 16/ . 

8 caMOM AeJle, B paMKax KPIJ. AB"lmYlqHeCR 
c060i1 3JlJl"lncO"lAbI, a~TRHYT~e B HanpaBJleH"l"l 

60JlbUIaR nOJlYOCb annnncoana B COOTBeTCTB"lH 

HHR1 1 onpenenserca BeJl"l4HHoi1 

1 . E 
L =_._c 

Il M ' 

HYKJlOHbl npeACTaBJlR~T 

AB"lmeHHR. np"l 3TOM 

c II~OPMYJlOi1 YAJl"lHe

/3/ 

rne E c - 3Hepr"lR HyKJlOHOB. OrpaHH4"lBaRCb CHOBa OAHoMepHoi1sa-

Aa4ei1, np"lAeM Tenepb K CJleAY~lqeMY YCJlOB"l~: 

/4/n «2,6 Yc' 

rne )I-c = Ec/M. TaKHM 06.RaSOM~~-º.l1.t:lJill1x-Yc-_3Tn_-y-c.noBJde yme 
MomeT 6~Tb B~nOJlHeHO, oc06eHHo eCJl"l np"lHRTb BO BHHMaH"le pas

6HeH"le B nonepe4H~X HanpaBJleH"lRx. XOTR, c APyroi1 CTOpOH~, M~ 

SAeCb He Y4JlH ynoMRHYToe A"lHaM"l4eCKO~ CmaT"le, B~3BaHHoe CaM"lM 
npo~eCCOM CTOJlKHOBeHHR HYKJlOHOB. Ho TaK "lJlH "lHa4e, HeCOMHeHHo 
TO, 4TO "lMeHHO KPIJ. AOJlmHa CJlym"lTb OCHOBOi1 AJlR YCTp~HeHHR 3TO~ 

\ 

TPYAHOCT"l, KOTOPY~ MomeT 6~Tb, T04Hee HaSBa~b napaAOKCOM, no-
CKOJlbKY, c OAHOi1 CTOpOHbl, rHAPOA"lHaM"l4eCKaR TeOp"lR Bce-TaKH 

PHc.2. KapTHHa, oTp~aID~aH MexaHH3M CTonKHOBeHHH 6bICTPOABH~Y

~erocH HYKnoHa c HYKITOHOM MHmeHH. 

1.
 
roi1 - KaSaJlOCb 6bl, RBHO npOT"lBOpe4"lT np"lH~Hny HeOnpeAeJleHHOCTH.
 

C Y4eTOM CKasaHHoro Tenepb np"lMeH"lMOCTb r"lAPOA"lHaM"l4eCKO~ Teo

p"l"l MomeT yme paCCMaTp"lBaTbCR KaK KOCBeHH~~ aprYMeHT B nOJlbSY 
KPIJ.. 

3AeCb He06xOAHMO nOA4epKHYTb CJleAY~lqee. 06bl4HO p"lcyeMaR 

KapT"lHa CTaJlKIi1Ba~lq"lXCR HYKJlOHOB B B"lAe ABYX JlOpeH~-cmaT~X A"lC
KOB OTpamaeT TO, KaK"lM"l B"lA"lT HYKJlOH~ nOCTOpOHH"l~ Ha6Jl~AaTeJlb. 

Ha caMOM me nene aaxao TO, KaK"lM"l OHH I Ca M"l" " B"lART 11 APyr APY

r a . IJ.JlR npOCTOTbl - nYCTb 3To 6YAYT ABHmYlq"leCR "l nOKORlq"leCR HY
KJlOHbl. Ho npouecc lIBbIAeJleH"lR" no CYT"l aena npeACTaBJlReT c060~ 

asa HMOAe~CTB"le, Hanp"lMep, "lSJlY4eHHbIX AB"l>i<Ylq"lMCR 06beKTOM ~OTO
HOB c M"lWeHb~. npeACTaBJleHH~~ SAeCb p"lc.2 "lJlJl~CTp"lPyeT, KaK"lM 

B caoeji C"lCTeMe HYKJlOH M"lWeH"l (T) * I B"lA"lT" peJlRTHBHCTCK"l AB"lmy
lq"li1CR / Y == 10/ HaJleTa~lqH~ HYKJlOH (P). IB"lA"lT" - 3TO SHa4"lT, 4TO 

OH OAHOBpeMeHHO ~"lKC"lPyeT C"lrHaJl~ /~OTOH~/, KOTopble 6~Jl"l "lcny
lqeHbl B pasuae Mo.MeHTbl BpeMeH"l, CKameM, T04KaM"l P 1 "l P 2' np"l 
3TOM napaae r p ynapa b -+ O. no CYT"l nena Mbl SAeCb "lMeeM OAHO 
"l~ npORBJleH"li1 "lSBecTHoi1 np06JleM~ O B"lA"lM~X paSMepax 6b1CTPO

A8Hi:<YU4erOCR C"TepmHR. 
~HTepeCHO OTMeT"lTb, 4TO npeACTaBJleH~aR H_ap"lc.2 KapT"lHa 

/BSa"lMOAe~CTB"lR/ B KaKOM-TO CMblCJle npOT"lBOnOJlOmHa TOi1, KOTopaR 
06bl4HO np"lBOA"lTCR AJlR "lJlJl~CTpa~"l"l CTOJlKHOBeH"lR JlOpeH~-cmaToro 

YJlbTpapeJlRT"lB"lCTCKOro HYKJlOHa c HYKJlOHOM M"lWeH"l /CM., Hanp"l
Mep,/17~. 60Jlee Toro, 4aCT"l~~ raJlaKT"l4eCK"lX KOCM"l4eCK"lX JlY

4ei1 MaKCHMaJlbHO~ 3HeprHH /- 10 2 1 3 8 / 6YAYT Bo06lqe "lMeTb MaKpo
CKOn"l4eCK"le .npOAOJlbHble paSMepbl - O, 1 CM. 

np"l 3TOM 04eB"lAHO, 4TO B aHT"lJla60paTopHoi1 C"lCTeMe, rAe na

Aa~lq"l~ HYKJlOH "l HYKJlOH M"lWeH"l nOMeHR~TCR MeCTaM"l, 6YAeM "lMeTb 
l cOBepweHHo C"lMMeTp"l4HY~ KapT"lHY. n03TOMY B C.~.H., B KOTOPO~
I 
I 

l~ *)J;nH npo c-r o'rsr MO~HO nonp aavxeaa'rr- TOtIetInYID MHweHb HnH p aa-: 

J~ 6HTb ee na AOCTaTOtIHO xansie 3neMeHTbI, K~AbIH H3 KOTOPbIX MO~

HO CtIHTaTb TOtIetIHWM. 
On"lC~BaeT onpeAeJleHH~e 4epT~ MHomeCTBeHH~X npo~eCCOB, a, c APY
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I 
(

oneplt1PyeT rlt1APOAIt1HaMIt14eCKafl TeOplt1f1, 6YAeM It1MeTb "ycpeAHeHHYIO 
KapTIt1Hyl l 

• 

3. An~HA ~OPM~POBAH~~ ~ PEn~T~B~CTCKA~ An~HA 

3.1 . Ilnu na ÇpOpMUp06a1íU5L KaK 1t13BeCTHo, MHOrlt1e anexrpo ! 
MarHIt1THble npoueccu , npOIt1CXOAfI~lt1e npa B3aIt1MOAe~CTBIt1It1 6blCTPblX 
3apflmeHH~X 4aCTIt111 c Be~ecTBoM, pa3~rp~BaIOTCfI B 60IlbWO~ npOCT
paHcTBeHHo~ o6IlacTIt1 BAOIlb It1MnYIlbCOB 4aCTIt1I1. AIlIt1Ha 3TO~ o6IlacTIt1 ,j 
- OHa Ha3blBaeTCfI AIlIt1HO~ KorepeHTHOCTIt1 It1IlIt1 AIlIt1HO~ ~OpMlt1pOBaHIt1f1 

1t13IlY4eHIt1f1, 6~CTPO paCTeT c pOCTOM 3Heprlt11t1 4aCTIt1I1. 3Ta BeIllt141t1Ha 
õsrna BBeAeHa ~. M. ~paHKoM / 18/. OH onpenermn ee KaK OTpe30K ny
TIt1, C KOTOpOrO BCe BOIlHbl 1t13IlY4alO,TCfI It1CT04HIt1KOM B oaae , 

B AaIlbHe~WeM OKa3aIlOCb, 4TO AIlIt1Ha ~OpMlt1pOBaHIt1f1 It1rpaeT eam
HYIO POIlb B npOllecCaX 1t13IlY4eHIt1f1 6~CTP~X 4aCTIt111 /CM., Hanplt1
Mep,/ 19, 20~/.3HaHlt1e 3TO~ BeIlIt14It1H~ n03BOIlfleT He TOIlbKO npeACTa
BIt1Tb ce6e Ka4eCTBeHH~e OC06eHHOCTIt1 KapTIt1H~ 1t13IlY4eHIt1f1, 
HO lt1 C xopowe~ T04HOCTblO 0lleHIt1Tb KOIllt14eCTBeHHO TaKlt1e XapaKTe
plt1CTIt1KIt1 1t13IlY4eHIt1f1, KaK CneKTp, yrIloBoe paCnpeAeIleHlt1e, nOIlHbJe 
nOTeplt1 lt1 T.A. 

POCT AIlIt1H~ ~OpMlt1pOBaHIt1f1 C YBeIllt14eHIt1eM 3Heprlt11t1 HeBOIlbHO Ha
BOA~T Ha M~CIlb O ee B03MOmHO~ CBfl31t1 C peIlflTIt1BIt1CTCKO~ AIlIt1HO~. 

AIlIt1Ha $OpMlt1pOBaHIt1f1 OnpeAeIlfleTCfI B~pameHlt1eM 

p _ 1T V 
/5/C - ú) ( 1 - V cos e) 

3AeCb V - CKOPOCTb ASlt1meHIt1f1 4aCTIt1I...l~, 1t13IlY4alO~e~ BOIlHY 4aCToT~ 

ú) nOA yrIloM e K IlIt1HIt1It1 ABlt1meHIt1f1. K ~opMYIle /5/ MOmHOnplt1~TIt1 
TaKme, eCIlIt1 TpaKTOBaTb AIlIt1HY ~OpMlt1pOBaHIt1f1 KaK paCCTOflHlt1e, Ha 
ttOTOPOM npOIt1CXOAIt1T l'OTPbIB" ~OTOHa OT 1t13IlY4alO~ero ero sapana • 
B 3TOM CIlY4ae AIlfl 1t13IlY4eHIt1f1 BnepeA IlerKO Ha~AeM 

a » À v 
t.r=--) /5 1 /1- v " 

rne À - AIlIt1Ha SOIlHbl 1t13IlY4eHIt1f1. Bupaaaa À -recea AIlIt1HY BOIlHbl Ào 
B CIt1CTeMe nOKOfl 1t13IlY4aTeIlfl nepenlt1WeM /5 t / BBIt1Ae 

1Ei=ÀoY. /5 1 
/ 

J'~
3AeCb M~ Y4Illt1 TaKme, 4TO AIlfl It1HTepeCYIO~It1X Hac 6~CTp~X ABlt1me

/5 1 1 HIt1~ v ~ 1. B TaKOM BIt1Ae / CTaHOB~TCfl y~e Ae~CTB~TeIlbHO 

noxome~ Ha I I~OPMYIlY YAIlIt1HeHIt1f1 I I • I,:; 
B KBaHTOBO~ TeOp1t11t1 BeIlIt14It1Ha, It1MelO~afl CM~CIl AIlIt1H~ $OpMlt1pOBa

HIt1f1 óotoua, onpenenserca BblpameHlt1eM / 21 / ) ~ ! 
; h 

I ~ 
I 
I 
I, 

;.. "-

Ec = 2E oE 
/6/ 

m2ú) 

rne E lt1 E - 3Heprlt11t1 anexrpoaa AO lt1 nocne 1t13IlY4eHIt1f1, fi - eroo 
Macca. 

3.2. B3aUMOC6513b· à6YX n o nsmuú . KaK Mbl yme OTMe4aIllt1 
B n.l, xapaKTepH~e AIlfl B3aIt1MOAe~CTBIt1~ 4aCTIt111 B~COKIt1X 3Heprlt1~ 

npoAoIlb~ble paCCTOflHIt1f1, KOHKpeTHO - AIlIt1Ha $OpMlt1pOBaHIt1f1, paCTYT 
C 3Heprlt1e~. BnoIlHe IlOrlt14HO AYMaTb, 4TO ynoMflHYT~e npOAOIlbH~e 

paCCTOflHIt1f1 AOIlmHbl onpenenar s ca , ocoõeuao B CIt1IlbHblX B3aIt1MOAe~.cT

BIt1f1X, npOAOIlbH~MIt1 pa3MepaMIt1 CTaIlKIt1BalO~It1XCfI 4aCTIt1I1. Ho npOAOIlb
Hbl~ pa3Mep HYKIlOHa /flApa/ MIt1WeHIt1 nOCTOflHeH, a, corIlaCHO TpaAIt1
1l1t10HH~M npeAcTaBIleHIt1f1M, npoAoIlbH~~ pa3Mep HaIleTalO~ero aAPOHa 
Ha OCHOSaHlt11t1 $OPMYIlbl IlopeHlleBa cOKpa~eHIt1f1, CTpeMIt1TCfI K HYIlIO 
C pOCTOM 3Heprlt1lt1. YKa3aHH~e $aKT~ TPYAHO corIlaCOBaTb MemAY co
6o~. B TO me BpeMfI 04eBIt1AHO, 4TO B paMKax KPA nOAo6HO~ TPYA
HOCTIt1 He B03HIt1KaeT, a OTMe4eHH~~ POCT npOAOIlbH~X paCCTOflHIt1~ 

C 3Heprlt1e~ - eCTeCTBeHH~~ pe3YIlbTaT. ~MeHHO 3TOT $aKT lt1 flBIlfleT
CfI, no HaweMY MHeHIt1IO, OCHOBO~ AIlfl YCTaHOBIleHIt1H CBfl31t1 MemAY AIlIt1
HO~ $OpMlt1pOBaHIt1f1- lt1 peIlflTIt1BIt1'CTCKO~ AIlIt1HO~ / 22/. 

nplt1 3TOM Mbl CHOBa 6YAeM onnpa r eca Ha npenc r aaneuae HYKIlOHa 
B BIt1Ae 06IlaKa COCTaBIlfllO~It1X ero KOHCTIt1TY3HTOê, lt1 AeTaIlbHO pac
CMOTplt1M pa3Illt14Hble npoueccu o rpuaa pomAeHHblX KBaHTOB /$OTOHa, 
nlt10Ha lt1 ~.A./ OT IleTfI~e~ 4aCTIt1I1~ /HYKIlPHa/. B CIt1CTeMe nOKOfl 
HYKIlOHa (So) 3TO 06IlaKO It1MeeT $OP~YIlY C$epbl. Plt1c.3 It1IlIlIOCTPIt1PY
er xapaxrepaue CIlY4alt1 06pa30BaHIt1f1 lt1 BTOplt14HblX 4aCTIt1I1·. nOCKOIlb
KY Hac It1HTepecyeT 1t13IlY4eHIt1e BnepeA, TO MomHO npaKTIt14eCKIt1 orpa ""-11 

HIt141t1TbCfI paCCMOTpeHlt1eM TOIlbKO 

"orpuaa" KBaHTOB P2) q2 lt1 r 2 • 
KOHe4HOCTb pa3MepOB HYKIlOHa 
nplt1BOAIt1T K TOMY, 4TO pomAeH
Hafl BHYTplt1 Hero 4aCTlt1l1a* npem
Ae, 4eM OTopBaTbCfI, AOIlmHa 
npO~TIt1 AO ero Kpafl HeKoTop~~ 

nYTb ~to. C Ao6aBIleHIt1eM nOIlO
BIt1Hbl AIlIt1Hbl aonau 1t13IlY4eHIt1f1 

PHc.3. CxeMa, HnnWCTpHpyromaH 
ocoõeuaocru "orpuaa" pO:>KP;eH

HhIX qaCTH~. 

*Ee paaxepasra MbI rrpeueõp er-aesr , 
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CYMMapHafl Be11~4~Ha r eneps COCTaB~T !1Eo + Àol 2. C T04K~ 3peH~f1 

S-c~cTeM~, rAe HYK110H AB~meTCfI co CKOpOCTbID V. cooTBeTcTBY~~a~ 
8e11~4~Ha /A11fl $oToHal Ha OCHOBaH~~ npeo6pa30BaH~~ nOpe H4a 6y
AeT onpeAe11flTbCfI B~pameH~eM 

Ef = (1 + v) (!1Eo +' Ào/2) y. 171 
Jler'ko B~AeT b, 4TO np~ !1fo « À o 1-1 v:: 1 <t>opMY11a 17I nepexonur 
B 151Ii (t f =f(). <t>aKTI-14eCK~ A11fl KBaHTa q2 M~ ~MeeM ~MeHHO 
3TOT c11Y4a~. OAHaKo, 4T06bl "orocee r scn" OT HYK110Ha, 4aCT~4e P2 

HymHO npO~TI-1 paCCTOflHl-1e nopflAKa ero npOA011bHoro pa3Mepa 
eo(= 2 ro) • ,lll1fl BTOp~4HbIX pe11flT~BI-1CTCKI-1X -rac TI-14 {À 0'« E ) 6y

AeM ~MeTb 
o 

e;~ = 2 fo y .	 17 I I 

Y4eT npOMemYT04HblX B03MomHOCTe~ 1"ycpeAHeHl-1e"1 np~BoA~T Hac 
npOCTo K Be11~4~He 

ef =1(E f + tn = Po y • 181 

on~CbIBaeMO~, KaK Mbl B~AI-1M, II<t>OPMY110~ YA11~HeH~f1II. BK11aA npoxe

}l<YT04HbIX C11Y4aeB Inpl-1 nepexona OT P 1-1 q K r I np~BoA~T K ~3Me

HeH~~ 4~C11eHHoro K03$<t>I-1~l-1eHTa B 181 ,B npOCTe~weM C11Y4ae - 3TO 
0,87. 

4.	 3KCnEPJ.1MEHTbl no J.13MEPEHJ.11O npocTPAHCTBEHHblX
 

PA3MEPOB 06nACTJ.1 fEHEPAUJ.1J.1 TOm,llEcTBEHH~X
 
4ACTJ.1U B PA3nJ.14HbIX CJ.1CTEMAX OTC4ETA
 

3Kc~ep~MeHT~ no <t>~3~Ke B~COK~X 3Heprl-1~, CBfl3aHH~e c ~3Mepe
H~eM npOCTpaHCTBeHHblX pa3MepOB 0611aCT~ B3a~MOAe~CTBI-1f1 lo611acT~ 

r~Hepa~~~ TomAeCTBeHH~X 4acTI-1~1 B HaCTOfl~ee BpeMfI f1B11fl~TCfI, 

nO-BI-1AI-1MOMY, Hal-16011ee npflM~M~ on~TaM~, n03Bohfl~~~M~ HenocpeACT

BeHHO Ha611~AaTb pe11flTI-1BI-1CTCKOe ~3MeHeH~e Al1I-1H~. n011Y4eHH~e He
AaBHo pe3Y11bTaT~/23-251CKopee Bcero He cor11aCY~TCfl co C11om~B
W~MCfl MHeHl-1eM o TOM, 4TO pe11flT~B~CTCKI-1 AB~my~~ecfI oõ'sexru A011m
H~ BcerAa ~cn~T~BaTb l1opeH~eBO cmaT~e, a CBI-1AeTe11bCTBY~T 

B n011b3Y "$OPMY11bl YAl1I-1HeH~f1". XOTfI 3Ha4~Te11bHble 3Kcnep~MeHTa11b
H~e OW~6KI-1 Tpe6Y~T Aa11bHe~w~x ~cc11eAOBaH~~ B 3TOM HanpaB11eH~~. 

B YKa3aHHblX 3Kcnep~MeHTax MeTOAOM ~HTep$epeH~1-11-1 TomAeCTBeH-
H~X n~OHOB* onpeAe11fl11~Cb npOCTpaHCTBeHH~e pa3Mep~ 0611aCT~ ~X ~ 

* qTo~no CYTH Aena RBnReTCR nepeHeceHHeM H3BeCTHoro MeTOAa II 
XeH6epH,EpaYHa-TBHcca/26 I H3MepeHHR yrnoBb~ AHaMeTpOB 3Be3A •• 
B ~H3HKY MHKpOMHpa. 
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reHepa~~1-1 no OTHoweH~~ K pa311~4HWM I~Hep~~a11bH~MI CI-1CTeMaM OT

C4eTa. J.1cc11eAoBa11~cb npo~eCCbl MHomeCTBeHHoro pOmAeHI-1f1, npo~c

xOAfI~~e npl-1 83a~MoAe~CTBI-1~ OTp~~aTe11bH~X n~OHOB c HYK110HaM~ 

5 r3B/c / 24 1 ~ npOTOHaMI-1 Inp~ ~MnY11bcax P7T- = 40 r3B/c/23/~ 
I 25 27 I 

~ aHT~npOTOHOB c npOTOHaMI-1 npa 22 r3BIc'. 6bl110 n011Y4eHO 

YKa3aHI-1e Ha TO, 4TO npOA011bH~e pa3Mep~ 0611aCTI-1 B3aI-1MOAe~CTB~f1 

paCTYT npl-1 nepeXOAe OT C.4.1-1. K 11.C. J.1Ha4e rOBopfl, B pe3Y11bTa

Te AB~meHI-1f1 npo~CXOA~T pe11flTI-1B~CTCKoe YA11~HeH~e npOA011bH~X pa3

MepOB B n011HOM COOTBeTCTB~1-1 c "<t>OPMY110~ YA11~HeH~f1". 

3TOT ~e3Y11bTaT MomHO nOHflTb c nOMO~b~ c11eAy~~e~ npOCTO~ 
MOAe11~1 8.6/. eC11~ npeAn011om~Tb, 4TO ~cnYCKaHl-1e n~OHOB I-1CT04

H~KaM~, pa3Ae11eHHbIM~ paCCTOflH~eM !1xo = eo' npO~CXOAI-1T OAHOBpe

MeHHO I~to = OI B co6CTBeHHO~ C~CTeMe OTC4eTa Ic~cTeMa nOKOfl 

SOl 0611aCT~ B3a~MOAe~CTBI-1f1*. C T04K~ ~peHI-1f1 Heco6cTBeHHO~ C~

CTeMbl OTC4eTa IB TOM 4~CJ1e 101 11. C. I COOTBeTCTBY~~~~ npOA011bHbl~ 

pasaep Ax = e Ha OCHOBaH~~ rtpeoõpaaoaaawã Jlopeuua 6YAeT supa

>KaT bCfI ~MeHHO II$OPMY110~ YA11~HeH~f1". 

3AKnI04EHJ.1E 

KP,ll ~rpaeT Bce 6011bWY~ p011b B ~~3~Ke B~COK~X 3Hepr~~. 3TO 

CBfl3aHO c TeM, 4TO OHa no CYT~ OTpamaeT npOCTpaHCTBeHHO-Bpe

MeHHY~ KapT~HY CTpOeH~f1 311eMeHTapH~X 4aCT~~ ~ caM xapaKTep ~X 

B3a~MOAe~CTB~f1. 

M~ KOCHY11~Cb pflAa nOAxOAOB, c11yma~~x A11fl OnI-1CaH~H 3Kcnep~

MeHTa11bH~X AaHH~x O B3a~MOAe~CTB~f1X 4aCT~~ B~COKI-1X 3Hepr~~. 

CpeA~ H~X - napTOHHafl, peA>K~OHHafl ~ CTpYHHafl MOAel1l-1 ~ rI-1APoAI-1

HaM~4eCKafl TeOp~f1 MHomeCTBeHHoro pomAeH~f1 4aCT~~. 6~l10 nOKa3a

HO, 4TO 3T~ nOAxOA~ np~o6peTa~T f1CH~~ ~~3~4eCK~~ CM~C11 n~60 

Ha OCHOBe KP,ll, 11~60, no CYT~ Ae11a, HeflBHO on~pa~TCfI 
~ 

Ha Hee. 

B 4aCTHOCT~, np~MeHeH~e KP,ll K r~APOA~HaM~4eCKO~ MOAel1l-1 no3BO

l1~l1O YCTpaH~Tb ~3BeCTHoe npOT~Bope4~e c np~H~~nOM HeonpeAe11eH

HOCTI-1. Y4eT KOHe4HOCTI-1 pa3MepOB 311eMeHTapH~x 4aCT~~ n03B011~11 

YCTaHOBI-1Tb 'TeCHY~ B3a~MOCBfl3b TaKo~ BamHo~ xapaKTep~tT~K~ B3a~

MOAe~CTB~~ 4aCT~~ B~COK~X 3Hepr~~, KaK A11~Ha <t>OpM~pOBaH~f1 

c pe11flT~B~CTCKO~ Al1I-1HO~. POCT xapaKTepH~x npOAo11bH~X paccTOfl

H~~ c YBe11~4eH~eM l1opeH~-<t>aKTopa 13Hepr~~1 HaxoA~TcH B n011HoM 

COOTBeTCTB~~ c pe3Y11bTaTaM~ 3Kcnep~MeHTOB no ~3MepeHI-1~ npo

CTpaHCTBeHH~x pa3MepOB 0611~CT~ B3a~MOAe~CTB~f1 B pa311~4H~X C~

CTeMax OTC4eTa. 3T~ on~T~ YKa3~Ba~T Ha YBe11~4eH~e COOTBeTCT

By~~ero npOA011bHoro pa3Mepa B pe3Y11bTaTe AB~>KeH~f1, 4TO MO>KHO 

*qTO cooTBeTcTByeT MOAH~HKa~HH OCHOBHOH npo~eAYPbI H3MepeHHR 

penRTHBHcTCKOH AnHHbI ICM. n. I .3 / 1 /1. 
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C4~TaTb B HaCTO~~ee BpeM~ Ha~60nee np~M~M CB~AeTenbCTBOM B nOnb
3Y pen~T~B~CTCKO~ "<I>opMynbl YAn~HeH~~II. 

llonO.llHeHUe. KaK CTanO ~3BeCTHO aBTOPY B CaM~~ nOCneAH~~ 
MOMeHT, np~ paCCMOTpeH~~ B paMKaX pen~T~B~CTCKO~ KBaHTOBO~ Me
XaH~K~ ABYX4aCT~4HO~ CB~3aHHO~ C~CTeM~ B AB~meH~~/29;6wno no
nY4eHO YKa3aH~e 06 OTKnOHeH~~ OT <l>opMyn~ nopeH~eBa COKpa~eH~~. 

He06xoA~MO, OAHaKO, AanbHe~wee ~3Y4eH~e 3TO~ np06neM~. 

IlI1TEPATYPA 

1. 	 CTpenb~oB B.H. Co06~eH~e OI1RI1 P2-87-817, ay6Ha, 1987. 
2. CTpenb~oB B.H. Co06~eH~e OI1RI1, P2-86-470, ay6Ha, 1986. 
3. H~KonaeB H.H. - Y<I>H, 1981, T.134, c.370. 
4. 	 110<l><I>e 6.Il. - n~CbMa B m3T<I>, 1969, T.l0, c.143. 
5. 	CTpenb~oB B.H. Co06~eH~e OI1RI1, P2-82-404, ay6Ha, 1982. 
6. CTpenb~oB B.H. Co06~eH~e OI1RI1, P2-83-586, ay6Ha, 1983. 
7. KaH4en~ O.B. - n~CbMa B m3T$, 1975, T.22, c.491. 
8. KaH4en~ O.B. - n~CbMa B m3T<I>, 1973, T.18, c.465. 
9. CTpenb~oB B.H. Co06~eH~e OI1RI1, P2-87-233, ay6Ha, 1987. 

10. 	 aRTnoB I1.T. MaTep~anw 5-~ 3~MHe~ WKonw no Teop~~ ~Apa 
~ ¢M3~Ke BbICOK~X 3Hepr~~. Il<l>TI1 AH CCCP, Il., 1970, 4. 1, c. 96. 

11. 	 6ap6awoB 6.M., HecTepeHKo B.B. MOAenb penRT~B~cTCKO~ CTPY
H~ B <I>~3~Ke aAPOHOB. M., 3HeproaToM~3AaT, 1987. 

12. 	 3~HoBbeB r. M. ~ AP. "<1>~3~Ka MHor04aCT~4HbIX c~cTeM". HaYKo-
Ba AYMKa , K~eB, B~n. 10, 1986, c.65. 

13. 	 P03eHTanb I1.Il., TapacoB ~.A., - m3T<I> , 1983, T.85, c.1535. 
14. 	 6nox~H~eB a.l1. - m3T<I> , 1957, 32, c.350. 
15. 	 110<l><l>e 6.Il. - n~CbMa B m3T<I> , 1974, T.20, c.360. 
16. 	CTpenb~oB B.H. Co06~eH~e OI1RI1, P2-87-617, ay6Ha, 1987. 
17. 	 Bjorken J.D., Mclerran L. - Phys.Rev., 1985, 31D, p.63. 
18. 	 <l>paHK I1.M. 113B.AH CCCP, cep. <I>~3., 1942, T.6, c.3. 
19. 	 60nOTOBCK~~ 6.M. TpYAbl <l>I1AH, 1982, T.140, c.95. 
20. 	Ax~e3ep A.I1., Wynbra H.<I>. - Y<I>H, 1987, T. 151, c.385. 
21. 	 ra~Tnep B. KBaHToBa~ Teop~R ~3nY4eH~~. M.: I1I1Il, 1956, § 25. 
22. 	 CTpenb~oB B.H. Co06~eH~e OI1RI1, P2-87-812, ay6Ha, 1987. 
23. 	AHrenOB H. ~ AP. - R<I>, 1983, T.37, c.328. 
24. 	 rnaroneB B.B. ~ AP. - R<I>, 1985, T.42, c. 181. 
25. 	 CTpenb~oB B.H., rnaroneB B.B. npenp~HT OI1RI1, Pl-86-725, 

ay6Ha, 1986. 
26. 	 Hanbury Brown R., Twiss R.Q. - Phil Mag., 1954, v.45, p.633. 
27. 	 CTpenb~oB B.H. npenp~HT OI1RI1, p2-86-826, ay6Ha, 1986. 
28. 	 CTpenb~oB B.H. Co06~eH~e OI1RI1, P2-82-699, ay6Ha, 1982. 
29. 	 Gl~ckle W., Nogami Y. - Phys.Rev., 1987, v.35D, p.3840. 

,.. 
PYKon~Cb 	nocTyn~na B ~3AaTenbCK~~ OTAen 

16 AeKa6p~ 1987 rOAa. 

<~ 
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PenRTMBMCTCKaR AnMHa a ~aMKe BWCOKMX 3HeprMM 
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06CyWAaeTCR ponb penRTMaMCTCKOM AnMHW a $M3MKe aWCOKMX 3HeprMM. PaCCMOTpeH 
.PRA nOAXOAOB, MCnonbSYeMWX AnA onMcaHMR 3KCnepMMeHTanbHWX AaHHWX 0 a3aMMQAeM
iCTaMM l.IaCTM~ npM aWC:OKHX 3HeprMRX. CPeAM HMX napTOHHaR, ~MOHHaR, ,CTPYHHaR 

MCAenM 3neMeHTapHWX l.IaCTM~ M rHApoAMHaMMl.leCKaR TeoPMR MHo.ecTaeHHWx npo~eccoa
• 	 .0TMel.laeTCR, ~TO 3TM nQAXOAW TecHO caR3aHW c KOH~en~MeM penRTMaMCTCKOM AnMHW 

1M BWTeKalDlleM M3 Hee "$OPMYnw YAJ1HHeHMR". B l.IaCTHOCTM, Ha OCHOae 3TOM KOH~en
'~MM AaeTCR peweHMe MsaeCTHOM TPYAHOCTM rMAPOAHHaMMl.lecKoM TeopMM, 3aKnol.la~eM-

CR a npoTMaopel.lMM C nPM~MnoM HeonpeAeneHHoCTH. C Yl.leTOM KOHel.lHOCTM 3neMeH
TapHWX I.IaCTM~ YCTaHO&neHa aaaMMOCaR3b AnMHW $OpMMpoaaHMR C penRTMaMCTCKoH 
AnMHOM. nQAl.IepKMaaeTCR, I.ITO nMHeMHWM POCT npoAonbHWX paCCToRHHM C yaenMl.leHMeM 
nopeH~-$aKTOpa COOTaeTcTayeT pe3ynbTaTaM 3KCnepHMeHTOB no MCCneAOaaHHO anMR
HMR Aa~eHHR Ha npocTpaHCTaeHHwe pa3Mepw 06nacTM reHepa~MM TO*AeCTaeHHWX 
nMOHOa. AonYl.leHHOe a 3THX 3KCnepHMeHTaX YKa3aHHe 06 yaenMl.leHMH COOTaeTcTaym
.ero npoAonbHOro paaMepa a peaynbTaTe AaM.eMMR MO.HO CI.IMTaTb HaH60nee npRMWM 
CaHAeTenbCTaOM a IlOnbay penRTMaMCTCKoM "$OPMYIlW YAnMHeHMR". 

Pa60Ta aWIlOJ1HeHa a J1a60paToPMM awcoKHX 3HeprHM OIUlM. 

C006aa_ ~ro _cnnyTa uepa.aJlCCllUO........ Jly&u. 1987 


nepeaQA aaTopa 

Strel'tsov V.tl. P2-87-877 
Relativistic Length in High Energy Physics 

The role of relativistic length in high energy physics is disscussed. Some 
approaches applied to description of eXDerimental data on particle interac
tion at high energies is considered. Among them here are parton, reggeon, 
string models of elementary particles and hydrodynamical theory of multiple 
processes. It is noted that these approaches are closely connected with a 
concept of relativistic length and proceeding from this "elongation formula". 
In particular, on the base of this concept the solution of the known diffi 
culty of hydrodynamical theory which contradicts the uncertainty principle 
is given. On the basis of elementary particle finiteness the connection of 
formation length with the relativistic length is established. It is noted 
that the I inear increase of longitudinal distances with growing Lorentz-fac
tor corresponds to the results of experiments on the study of the effect of 
motion on space dimensions of identical pion generation region. The obtained 
in these experiments indication to the increase in corresponding longitudinal 
dimension as a result of motion could be considered as the most direct evi
dence in favor of relativistic "elongation formula". 

The investigation has heen parformed at the Laboratory of High Energies, 
JINR. 
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