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I.Bno11.enne 

B 'pa6oTax
11 - 31 

6binO IIOK838HO, 'ITO B o6naCTI! yCKOp!!TenbHblX 3Heprnll, xo

powo cornacy10meiiCS1 C OllblTOM, MexaHl!3M BHYTPl!~epHblX K8CK8.QOB, paCCMaTJ)l!Bae

MblX K8K cep1111 rrocnenoaaTenbHbIX llBYX'l8CTll'lHhlX B381!MOll6HCTB!!ll, npl!BOlll!T K pe3-

KOMY pacxoJKne1m10 C 3KCIIep11M6HT8nbHhlMII .Q8HHblMII 11p11 KOCMll'leCKIIX 3Heprnsix 

T:::,.100 raa. PacXOJK.QeHl!SI OK83b!B8IOTCSI cnl!WKOM 3H8'll!TenbHblMII, 'IT06bl !IX MO)KHO 

6hinO ycTp8Hl!Tb non6opoM aenl!'ll!Hbl napaMeTpOB Monenn II B8pbllp0B8Hl!eM B npe

nenax, nonyCTl!MhIX om116KaM11 1!3MepeHnii, 11cnonbayeMblX np11 pac'leTax aKcrrepnMen

TanbllhlX naHHblX no aneMeHT8pHblM 1T -· N II N - N B38HMonel!CTBHSIM BHYTPII 

noapo61lblH aHanH3 1!3MeHeHIISI xapaKTep!!CTIIK KaCKana B 38B!!Cl!MOCTI! OT 'll!Cna 

BHYTPHSI.QepHblX CTOnKHOBeHnl! IIOKa3an, "ITO paCX0)K.Q8HIISI C Ollb!TOM o6ycnoaneHhl, B 

OCHOBHOM, TeM, 'ITO Ha npOTSI)Ke'HHII BCero pa3BIITIISI K8CK8.Qa cywecTByeT Bbl.Qenea

ll8SI "cTeplKHeaasi' 'l8CTl!U8, KOTOpasi MeaneHHO TepSieT CBOIO 3HepI'HIO ( t.E/E=' 30%) 

II IIOTOMY np11 KBJKllOM ee CTOnKHOBeHIIII C BHYTPIIS!ll8PHblM HyKnOHOM pOlK.QaeTCSI cnnm

KOM MHOI'O '18CTl!U. 

OaHaKO cneayeT O)Kl!.Q8Tb, "ITO acne.QCTBl!e penSITIIBIICTCKOI'O ClK8TIISI yrnoa 

BTOPll'!Hhle '18CTHUhl, 06paay10m11ecsi B BblCOK03HepreTl!'l8CKOM CTOIIKHOBeHIIII, BbineTa• 

!OT B O'l8Hb y3KOM KOHyce, II03TOMy 3H8'll!TenbH8H HX '18CTb 6yaeT B38HMO.Qel!cTBO

B8Tb aanee n11Wb C K8KIIM-TO 0.QHHM BHYTPIIS!llepHblM HyKnOHOM (p11c. 1). 3To aonJK

HO cymeCTB8HIIO, CHH)K8Tb cyMMapHylO 'M'- MHOlK8CTB8HHOCTb 'l8CTl!U, Bbin8T8IOllll!X 113 

Slllp8-MHWeHII. 

np11 pac'leTaX BHYTPHS!llepHblX K8CK81l0B 3~~eKT T8KHX 

B3811MO.Qel!CTBl!l! Hl!KOI'.Qa He paCCM8Tpnaancsi. 

MHOI'O'l8CTH'lHblX 

Y'leT MHOI'O'l8CTl!'!Hb!X B38HMO.Qel!CTBHH npHBOllHT K 3H8'lHTenbHOMY yaenH'le-

HHIO TpyaoeMKOCTH pac'leTOB, T8Ka KaK npn 3TOM ansi K8)K.QOI'O HyKnoH-SI.QepHoro 
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CTOnKHOBemrn Tpe6yeTCS! Ht:! TOnbKO CTaTli'IeCKH pa3blrpaTb H aarroMHHTb KoopnH

HBTbl BCex BHYTPHS!Aepllb!X HyKnOHOB, HO II coxpaHHTb B IIBMS!TH, CKOnbKO 'IBCTHU 

y>Ke rrornoTl!n TOT HnH HHOH HyKnOH. TeM He MeHee COBpeMeHHbie 6bICTponeiiCTBylO-

. mne MBWHHbI, BO BCHKOM cnyqae rrpn HeKOTOpb!X yrrpomeHl!S!X, IJ03BOnS!IOT BbIIJOnH!ilTb 

TBKl!e Bbl'!l!CneHl!S! C nocTaTO'IHO xopoweii TO'IHOCTblO. 

Tipi!HUHill!BnbHaS! TpynoeMKOCTb, CBS!38HH8S! C y'!eTOM MHOI'O'IBCTl!'!Hb!X B38HMO-

neiiCTBl!ii, aaKnlO'!aeTCS! B TOM, '!TO B HBCTOHmee BpeMS! Mb! rrpaKTl!'!eCKII COBep-

weHHO Hl!'!ero He 3HaeM O CBOHCTBBX TBKIIX B381!MOneiiCTBIIH, He I'OBOpS! y>Ke 0 

'll!CneHH_OM 3Ha'!eHl!H IIX xapaKTepl!CTIIK, ueo6xon11Mb!X 11.nsr pac'!eTa KaCKaJJ.OB. 

B HBCTOHmee BpeMS! 6onee pa3yMHOii rrpencTaBnS!eTCS! o6paTH8S! IIOCTaHOBKB 38-

na'IH: nony'll!Tb CBenelll!S! 0 CBOHCTBBX MHOI'O'IBCTl!'!Hb!X B381!MOnel!cTBIIH 113 cpaB

HeHl!S! peaynbTBTOB KBCKanHbIX pacqeTOB C 1!3BeCTHblMII 8KCI!ep11MeHTBnbHbIMII naH

JlblMII O B381!MOnel!cTBIIS!X IIIIOHOB II HyKnOHOB C paanl!'!Jlb!MII BTOMHblMII HnpaMI! B 

m11poKOM n11anaa0He 8Hepr11ii. p ac'!eT cnenyeT, KOJle'!HO, H8'111H8Tb C MBKCl!MBnbHO 

rrpoCTbIX II ua116onee 06m11x npennono>KeJ111ii o xapaKTepe TBKIIX aaa11Mo11.eiicTB11ii 

11 neTan11a11pOB8Tb IIX nl!Wb ITO Mepe Toro, KBK 8TO CTaHOBIITCS! COBepweHHO Heo6-

xonl!Mb!M nnH cornaCOBBHIIS! peaynbTBTOB pac'!eTOB C OIJbITOM. Mo>KHO HaneSITbCS!, 

'!TO TBKOH nonxon 11.aeT orrpeneneHHbie rapaHTIIII rrpOTIIB BKnJO'!eHl!SI B TeOpl!IO He

o60CHOB8HHOI'O crreKynSITIIBHOI'O sneMeHTa. 

CnenyeT rron'!epKHYTb, '!TO Heyrrpyr11e CTOnKHOBeHl!SI Bb!COK08HepreTl!'!eCKl!X 

'!aCTl!U C gnpaMI! npencTaBnSIIOT ceil'!aC YHl!KanbHYIO B03MOlKHOCTb ·sKcnepl!MeHTanb

HO rronoiiTI! K 11ccnenoBaHl!IO MHOI'O'!BCTll'!Hb!X B381!MOneiiCTBl!li sneMeHTapHb!X 'IBC

TIIU. 

H11JKe 6ynyT OIJl!C8Hbl Ha116onee cymecTBeHHble neTan11 pac'!eTa BHYTPIIM0pHb!X 

KBCKanoB C y'!eTOM TBKIIX B381!MOneilcTBHli. Tipl! Bbl'IHCneHl!SIX Mb! CTapanHCb KBK 

MO>KHO 6n11JKe np11neplKHBaTbCS! MeTona pac'!eTa II 8KCnepHM8HTanbHb!X naHHb!X 06 

sneMeHTapHbIX rr .:. N B3al!MOA8HCTBHSIX BHYTPH gnpa, IICIJOnb30BaH-II N-N 
/1-3/ 

HblX HBMII paaee B pa6oTaX ' C TeM, 'IT06bI 6onee '10TKO BbinenHTb s(jxpeKTbI, 

o6ycnoBneHHbie MHOI'O'!aCTH'!HblMII B3aHMOneiiCTBHS!MH. 

If. Mo,aenb H CXeMa pac'leTOB 

JlnH OIIHCaHHS! aTOMHOI'O Hnpa Mb! HCIJOnb30Ban11 Monenh cjiepM11-raaa. Pan11-

yc Mpa c· MaCCOBblM 'IHCnoM A rronaranCS! paBHblM R = ro• 'A 1{,o-13 CM, rne . 
r0= 1,4. Jl11cjicjiyaHocTb10 rpaHl!UhI 11npa MbI npene6pernn. 
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B o6bJ'IHOii KaCKanon Teop1rn MPO paccMaTpl!BaeTCSI KaK HeKOTopaSI Herrpe

pbIBHaS! cpena, Ka>KnaH TO'!Ka KOTopoil MO>KeT CTaTb He3aBl!Cl!MblM ueHTpOM 11cnyc

K~HIIS! HOBb!X '!aCTIIU. 011.HaKo, ecn11 c BHyTp11srnepHblM HyKnOHOM CTanKHBaeTCSI 

'18CTl!U8 O'!eHb BbICOKOii 8Heprirn, TO npci6ern o6pa30B8BWl!XCSI npn 8TOM BTOpl!'!Hb!X 

'!aCTIIU 'IBCTO OKBH'll!BalOTCSI B TO'!Kax, OTCTOSIIJJHX npyr OT npyra Ha paCCTOSIHH

S!X, MeHbWIIX n11aMeTpa HyKnoaa. B 8TOM cny'!ae y)Ke Heo6xonnMO npHHl!MaTb BO 

BHl!MaHne pa3Mepb! BHYTPHMepHblX HyKnOHOB II nocTaTO'IHO TO'IHO 3HaTb pacrrono

)K0Hlie IIX UeHTPOB BHYTPll gnpa. 

B o6IJJeM cny'!ae TaKaH aana'la 0'l8Hb cno>KHa, II08TOMy Mb! orpaHH'!l!nl!Cb 

HeCKOnbKO 6onee npoCTOH Kapnrnoii II C'!l!Tann, '!TO HyKnOHhl np116n11anTenbHO paB

HOMepHo pacnpeneneHbl B ccjiepn'!eCKIIX cnOS!X C TOnIJJHHOH t.R =<¥.,,' rne f :; . 
-13 

2,26.10 CM - cpennee paCCTOS!Hl!e Me>Kny HyKnonaMH B Mpe; ecnn B HeKOTOpOM 

cnoe HyKnOHbl Henb3S! 6bmo pacnonOlKl!Tb npyr OT npyra TO'IHO Ha paCCTOS!HIIII t ' 
TO KaKHe-To nBa 113 HHX pacrronaranncb Ha paCCTOS!HIIII, HeCKOnbKO MeHbW0M 11n11 

6onbweM f • 1IT06b1 06ecne'!l!Tb 6onee paBHOMepHoe pacrrpeneneane, nonol!<eHlilI 

ueHTpOB HyKnOHOB B nByx cocenHHX cnOS!X 6binH cnBHHyTbl npyr OTJ'OCl!TenbHO npy

ra ( CM.pnc.2). 

TionoJKeH11e KaJKnoro HyKnoaa B 11npe xapaKTepnayeTCH TpeMH '!11cnaM11: Ho-

MepOM COOTBeTCTBy10wero ccjiep11'1eCKOI'O cnoSI Q II yrnaMI! cp * H 0 * B HeKOTO-

poli lK0CTKO CBSl3aHHOH C HnpoM Cl!CTeMe Koopn11HaT (11cnonb30B8HHOe H8MII pacnpe-

neneHne HyKnOHOB Il03BOnSieT HBHTH aaanl!TH'!eCKOe Bb!pa)KeHne nnH cp * 11 0* -

B 8TOM II 3aKnl0'!80TCSI ero yno6CTBO). B na6opaTOpHOH CHCTeMe Kciopn11HaT COOT

B0TCTB0HHO cp=cf,o+·cp*, 0-00+0* 'rne 06m11e nn11 BCeX HyKnOHOB yrnbI cpo II 

0 o pa3b!I'pb1Ban11cb He3aBHCl!MO JJ.pyr OT JJ.pyra • npn Ka)KnOM HOBOM B3aHMoneli

CTBHH. rrepBH'IHOH '!aCTIIUbl C HnpoM. 

Bee Bbl'IHCneHHSI Bb!IlOnHHnHCb M0TOJJ.OM MoHTe-Kapno B paMKax TpexMepHoil 

penHTIIBHCTCKOil KIIH0M8TIIKII. B o6mnx '!epTax 8TII Bbl'll!CneHHSI CBon11n11cb K cne

ny10meMy (cM.p11c.3): 

1. OrrpenenSinl!Cb KOopnnHaTbl BHYTPHSinepHb!X HyKnOHOB B na6opaTopaon CIIC

TeMe KOopnHHBT II TO'!Ka BXona rrepBH'IHOil '!aCTIIUhl B 11npo. 

2. no 8KCIJepHMeHTanbHbIM 3Jla'IelllISIM IIOnllblX . Ce'!em1n If - N 

11n11 N -N B3a11MoneilcTa11n u";u (T) n r:· /'H(T) B npenrronolKeHnn, '!To 

HJJ.po B cpeJJ.HeM HBnSieTCS! onnopo11.Hoil cpe11.on, orrpe11.ensincsi 
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CTOnKHOBeHl!Sl Tpe6yeTCSI He TOnbKO CTaT11'1ec·K11 pa3birpaTb II 38ITOMHl!Tb KOOp/lll

H8Tbl acex BHYTPIISl)iep!lblX HyKnOHOB, HO II coxpaHl!Tb B rraMSITII, CKOnbKO '18CTIIII 

ylKe rrornOTl!n TOT 11nn HHOii: HyKnOH. TeM He MeHee COBpeMeHHble 6bICTpO/leii:cTBYIO-

. mne MaWl!Hbl, BO BCSIKOM cnyqae rrpn HeKOTOpb!X yrrpomeHHSIX, Il03BOnSIIOT BbIITOnHSITb 

TBKHe Bbl'IHCneHHll C /lOCTaTO'IHO xopoweii: TO'IHOCTbIO. 

IlpHHIIIIITHanbH8Sl Tpy/loeMKOCTb, CBll3aHH8ll C y'leTOM MHOro'laCTH'IHblX B38IIMO-' 

neii:CTBl!ii:, 3aKnIO'laeTCSI B TOM, 'ITO B HaCTOllmee BpeMll Mb! npaKTH'leCKII COBep-

weHH0 Hl!'lero He 3HaeM O CBOii:CTBaX T8KIIX B38IIMO)leii:CTBIIH, He roB0pSI y)Ke 0 

'll!CneHHOM 3Ha'leHl!II !IX xapaKTepl!CTHK, 11eo6XO/lHMbIX )lnSI paC'leTa K8CK8/lOB. 

B H8CT0llmee BpeMSI 6onee pa3yMHOH rrpe/lCTaBnSieTCSI o6paTHall nocTaHOBKa 3a

/l8'1H: nony'll!Tb CBe/leHHll O CBOHCTB8X MH0rO'laCTH'IHblX B38IIMOJlellcTBHll H3 cpaB

HeHl!ll pe3ynhT8T0B KaCKB/lHblX pac'!eT0B C 1!3BeCTHblMI! 3KCnepnMeHT8nbHblMII /l8H

Hb1MH O B381!MO)lel!CTBHSIX IlHOHOB II HyKnOHOB C pa3nH'IHblMH aT0MHblMII SI/lp8MH B 

W!!p0KOM A118Il830He 3Hepruii. Pac'!eT cnenyeT, KOHe'IHO, H8'll!H8Tb C M8KCHManbHO 

npoCTbIX H HaH6onee o6mux npennonolKeHl!H O xapaKTepe T8KHX B38HMO)leiiCTBHll 

H )leTanH311pOB8Tb HX nl!Wb no Mepe Toro, K8K 3T0 CT8HOBl!TCll COBepmeHHO Heo6-

XOAl!Mb!M )lnll cornaC0B8Hl!ll pe3ynbT8TOB pac'leTOB C Oilb!TOM. MolKHO Ha)leSITbCSI, 

'ITO T8KOH IlO/lX0A naeT onpeneneHHble rapaHTIIII npOTHB BKnIO'leHHll B Te0pl!IO 11e-

060CHOB8HH0ro cneKynl!THBHoro 3neMeHTa. 

CnenyeT IlOA'lepKHYTb, 'ITO Heynpyrne CTOnKHOBeHl!ll Bb!COK03HepreTH'leCKHX 

'IBCTHII C SlllPBMII rrpeACTaBnl!IOT cefiqac YHHK8nbHYIO B03MOlKHOCTb 3KCnep11MeHTanb

H0 nonollTH K 11ccne)l0B8HHIO MHoroqaCTll'IHb!X B38HMO/lellcTBHll 3neMeHTapHblX '18C

TIIII. 

HnlKe 6ynyT onncaHbl Ha116onee cymeCTBeHHble AeTanH pac'leTa BHYTPl!SlllepHblX 

K8CKa)lOB C y'leTOM T8KIIX B38HMO)leiicTBHii. Ilp11 Bbl'll!CneHHSIX Mb! CTapanHCb KaK 

M0lKHO 6nHlKe npnneplKIIB8TbCSI MeTO/l8 paC'leTa II 3KCnepHMeHT8nbHblX /lBHHblX 06 

3neMeHTapHbIX "~ N B38IIMOAellcTBl!llX BHYTPH Sl)lpa, Hcnonh30BaH-II N-N 
/1-3/ 

HbIX H8MI! paHee B pa60T8X • C TeM, 'IT06bI 6onee 'leTKO Bbl)lenl!Tb 3cjJ<jJeKTbI, 

o6ycnoBneHHble MHOrO'l8CTH'IHblMH B3al!MOllellcTBHllMH • 

.lf. MoP.ellb H CXeMa. paC'leTOB 

D.nSI 0Ill!C8HIISI aTOMHoro SI)lpa Mb! 11cnonb30Ban11 MOAenb cjJepMl!-ra3a. Pan11-

yc Slllpa c· MaccoBbIM 'll!cnoM A rronarancg paBHbIM R = t
0

• 'A •{,o-13 c~, rne 

to= 1,4. D.ncjJcjJy3HOCTbIO rpaHl!llbl Slllpa Mb! npeHe6pern11. 
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B o6bI'IHOll KaCKa)loll Teop1m SlllPO paCCMaTpHBaeTCll KaK lleKOTOpaSI Herrpe

pbIBHaSI cpena, K8lK/l8Sl TO'IKa KOTopoii MOlKeT CT8Tb He3aBHCHMblM IIeHTpOM ucnyc

K~HHSI HOBbIX '18CTHII. OJlH8KO, ecn11 C BHYTPHSlllepHb!M HyKnOHOM CTanKHBaeTCSI 

'laCTHIIa 0'leHb BblCOKOll 3Hepr1rn, TO npo6ern o6pa30B8BWIIXCll npn 3TOM BT0pll'IHbIX 

qaCTl!II '18CTO OK8H'IIIB8IOTCSI B T0'IKaX, OTCTOlllUIIX npyr OT npyra Ha paCCTOllHH

SIX, MeHbWIIX /lH8MeTpa HyKnoHa. B 3TOM cnyqae y)l{e Heo6XOAIIMO IIpl!HIIM8Tb BO 

BHl!MaH11e pa3Mepbl BHYTPl!SlllepHb!X HyKnOH0B H /lOCTaTO'IH0 TO'IHO 3HaTb pacnono

lKeHl!e IIX 11eHTpOB BHyTpn Slllpa. 

B o6meM cnyqae TaKaSI Gana•1a O'leHb cnolKirn, no3TOMY MhI orpaHl!'IHnncb 

HeCKOnbK0 6onee npOCTOii KapTIIHOii II C'll!Tan11, 'ITO HyKn0Hhl np116n11311TenbHO 

TonurnHoii t.R=(¥'1., rne f ;;. 

paB:-

HOMepHo pacnpeneneHbI B ccjJep11'lecK11x cnoSix c 

-13 
2,26.10 CM - cpenHee paCCTOSIHl!e M9)KJlY HyKnoHaMI! B Slllpe; ecn11 B HeK0TOp0M 

cnoe HyKn0Hbl Henb3ll 6binO pacnonOlKl!Tb npyr OT Apyra T0'IHO Ha paCCTOSIHIIII f • 

TO KaK11e-To ABa 113 HHX pacnonaram!Cb Ha pacCTOSIHIIII, HeCKOnbKO MeHbllleM 11n11 

6onbweM f • '-IT06b1 06ecrre'111Tb 6onee paBHOMepHoe pacrrpe.ueneHue, nono)l{eHnSI 

IIeHTpOB HyKn0HOB B ABYX coce)lHl!X cnogx 6b1nn CABIIHYTbl npyr 0TJ'0Cl!TenbH0 .upy

ra ( CM.pnc.2). 

nono)l{eHne K8)1{/l0ro HyKnoaa B SI/lpe xapaKTep113yeTCll TpeMSI 'IHCnaMH: HO-

MepoM cooTBeTCTByromero ccjJep11'lecKoro cnog n II yrnaM11 q, * II 0 * B H9K0T0-

poii lKeCTKO CBll38HHOii C Sl/lpOM Cl!CTeMe KO0p/ll!HaT (11cnonb30BaHHOe HaMn pacrrpe-

neneHne HyKnOHOB II03BOnSieT H8iiTH aHanHTl!'leCKOe Bb!palKeHHe )lnSI q, * H 0* -

B 3TOM II 3aKnroqaeTCSI era yno6CTBO). B na6opaTOpHoii CHCTeMe KOOp/ll!HaT COOT

BeTCTBeHHO ef,=ef,o+·ef,*, 0=00+8*. r.ue 06m11e ,ung BCeX HyKn0l!OB yrnb1 4'o H 

8 o pa3b1rpbIBan11cb He38Bl!Cl!MO .upyr OT .upyra' np11 Ka)l{AOM HOB0M B3aHMOAeii

CTBlll!. nepBll'll!Oii '18CTH1Ibl C llllpOM. 

Bee Bbl'll!CneHHSI Bbmonasmncb MeTO/lOM MoHTe-Kapno B paMK8X TpeXMepaon 

penSITllBllCTCKOll KHHeMaTHKII. B o6mnx 'lepTaX 3TH Bbl'IHCneHnSI CBO/lnnncb K cne

llYIOllleMy ( CM.pnc.3): 

1. Orrpenenl!nl!Cb KO0pAllH8Tbl BHYTPIIS!llepHblX HyKnOHOB B na6opaTopaon cnc

TeMe KO0pAHHaT II T0'IK8 BXOA8 rrepBll'IHOH 'laCTl!llbl B SlllpO. 

2. no 8KCrrepnMe11TanbHb!M 3H8'-IeHHSIM nonHblX Ce'-IeHl!H r, - N 

11nn N - N B3a11Mo.rteftcTB11ii a~N (T) H u· tH{T) B npennonoMeHim, 'ITO 

S!Apo B cpenaeM SIBnSieTCSI 0/lHOpO/lHOfi cpenon, orrpenengncSI 

,. 
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npo6er 'laCTl!Ubl >. x) " 
11 Bbl'll!Cnsmcsi BeKTOp TO'IKII B3al!MOAellCTBIISI 

-+ 
r ( J:{nSI 

ue,ITpa siupa ; = 0 ). Ecn11 r > J:< TO B 3aBl!CIIMOCTH OT Toro, paccMaTpl!Ba-

eTCSI n11 nepBll'IHaSI 'laCTl!Ua l!nll lKe 'laCTl!Ua, o6pa30BaBWaSICSI B KaKOM-TO npeAblAY

meM BHyTp1rnuepHOM CTonKHOBeHl!II ( 9TII cny'lal! Mbi 6yueM pa3nl!'laTb 3Ha'leHl!SIMII 

napaMeTpa a s O II a = 1 ), uenaeTcsi rrepexou cooTBeTCTBeHHO K 5noKy 1 11n11 

K 6noKy 3. 411cno nepexoAoB K 6noKy 1 onpeuensieT non11oe ce'leH11e peaKu1111 u· r 
ht 

ecnn cTaTHCTl!Ka Ha aTOM 3aKaH'IIIBaeTcsi. Ecn11 r < R , TO AnSI a=U Aenancsi 

nepexoA K 6noKy 5, a AnSI a= 1 - K 5noKy 4. 

3. BbIXOAHOii 6noK, rue CTpo11n11Cb cyMM8pHbie pacnpeAeneHl!SI pa3nl!'IHblX xa

paKTep!!CTIIK BbineT8IOIUIIX 113 SIAP8 '18CTIIU. 

4. 8bI'IIICn!Jnl!Cb KOOPAIIHaTbI ( ft , <p , (}) BHyTpllSIAepHoro HyKnoHa, C KOTO-

pblM np01130Wno B3allMOAeiiCTBl!e. C'!IITanocb, 'ITO C HyKnOHOM B3allMOAeiiCTBYIOT BCe 

'laCTIIUbl, npo6er11 KOTOpblX 38K8H'IIIB8IOTCSI B SI'leiiKe, COOTBeTCTBYIOllleii 9TOMY HyK

noHy (cM.pllc.2); 9TO COOTBeTCTByeT Han5onee npoCTOMy npe!{nonolKeHl!IO O Ce'le

HIIII MHOrQ'laCTll'IHb!X B381!MOAeiiCTBllii. Cny'lall, B KOTOpb!X 'IIICno T8KIIX '18CTIIU 

n = 1 , 6yAeM xapaKTepm3oBaT& napaMeTpoM f3 = O , cnyqa11 c n > 1 ( MHO-

roqaCTll'IHhle B3811MOAeiicTBIIS!) - napaMeTpOM /3 = 1 • Bbl'IIICnSinacb OPAHHaTa 

ueHTpa HyKnoHa B na6opaTopHOii CIICTeMe KOOPAIIHBT z ; J:{nSI B38llMOAeiiCTBllSI C 

MIIHIIManbHblM 3H8'1eHlleM z (cM. p11c.4) AenancSI nepeXOA K 6noKy 5. 

5. Pa3birpbIBancH TpexMepHblii IIMnynbC <!>epMII 
-+ 
pp • C y'leTOM 

-+ 
PF uenan-

CS! nepexou K CIICTeMe ue11Tpa Mace CTanKIIB8IOIUIIXCSI '18CTIIU II K TaKoii Cl!CTeMe 
-+ 

KOOpAIIHaT L* ' rAe PF = 0 • Llanee B 3aBIICIIMOCTH OT aenn'IIIHbI f3 Aenan-

csi nepexou 6noKoM 6 11n11 12. 

6. no 9KCnep11MeHTanhHb!M Ce'leHl!SIM " - N 11n11 N - N B3allMOAeiicTBllii 

"~e(T*) II u (T * ) , rue 
In 

T*- KIIHeTl!'leCK8SI 9Hepr11SI '18CTIIUbl (n110Ha Hnll 

HyKnoHa) B CIICTeMe L * 1 pa3b!rpbIB8nCSI Tllll B3811MOAeiicTBllSI - ynpyroe 

Heynpyroe - I! B 38BIICllMOCTII OT 3Toro AenancSI nepeXOA K 6nOK8M 7 II 9. 

7. PacqeT Heynpyroro CTOnKHOBeHIISI ABYX 'laCTIIU. 3Ta 'IBCTb pacqe.TOB 

. /2/ 
nonHsinacb B TO'IHOCTII T8K lKe,KaK B Hawett npeAbIAYllleii pa6oTe • YrnhI 11 

11n11 

Bbl

llM-

nynbChl POAllBWIIXCSI '18CTllU nepeBOAllnllCb B na6opaTOPHYIO CIICTeMy KOOPAIIHBT, 

nocne 'lero Aenancsi nepexoA K 6noKy 8. 

x) 
E - nonuaSI, T - Kl!HeTH'leCKaSI 9Heprnsi '18CT11Ubl B na6opaTOpHoii CIICTeMe 

KOOpAIIHaT. 

~- 6 

{ 
ll 
! 
t'1 

8. 06pb!B KaCKaua Ha 38ABHHOM 'lllCne BHYTPIIS!AepHb!X CTOnKHOBeHnii N. 

Ecn11 'll!Cno npeAl!IeCTBOB8BWIIX CTOnKHOBeHl!fi N < N* , TO AnSI K8)KJ:{Oll: '18CTl!Ubl 

uenancSI nepexou K 6noKy 2; ecn11 lKe N = N * , To nepexou K 6noKy 3 • .llnsi ·KoHTpo-
• 

nSI Bbl'IIICneH11fi pe3ynhT8Tbl Bb1Aaaan11cb IIHorua AnSI N* = 1,2,3 OAH8KO AnSI pac-

'le Ta nonHoro KaCKaAa 3Ha'leH11e N * nonaranocb paBHblM OAHOMY 113 Ha115onbWIIX 

M8WllHHb!X 'lllCen, TaK 'ITO Y'IIITbIBanncb 3aBe!{OMO ace BHyTpl!SIAepHbie CTOnKHO

BeHllSI. 

9. Pac'leT ynpyroro CTOnKHOB0HIISI ABYX 'IBCTIIU. 3Ta 'laCTb paC'leTOB T8K)Ke 

: /2/ 
BhmonHSinacb aHanor11'1HO naweii npeAbIAYl!leii pa6oTe • Ecn11 KIIHeT11'1eCK11e 3Hep-

r1111 '18CTIIU nocne CTOnKHOBeHIISI TI II T ll OK83bIBanncb 6onbWIIMII 9Hepr1111 <Pep

Mii T F ' TO J:{enancSI nepeXOA K 6noKy 10, ecnn )Ke TI ' 11n11 T ll 6binll MeHbWe 

TF• TO nepexou K 6noKy 8. 

10. OnpeAeneHne 38:X.BaTa '18CTIIU SIAPOM. Bee '18CTHUbl 9Heprnii T ' MeHbWell: 

9Heprnll 38XB8Ta To 

peXOASIT a 6noK 8. 
' TIOCTYTIBIOT .B 6noK 11' '18CTIIUbl C 3Heprllell: T >.T ne-

o 

11. CyMMHPOBaHne 9Heprllll B036y)KJ:leHHSI S!Apa. Pac'leT npouecca llCilapeHIISI. 

12. Pac'leT MHOrO'IBCTll'IHOro B38llMOAell:cTBllSI. 3TOT pac'leT BbITIOnHsincsi B 

6 • 6 6 n; 0 l!leM no TOH lKe cxeMe, K8K II O bl'IHhle ABYX'laCTH'IHh!e CTOnKHOBeHIISI B pa OTe , 

c TeM nnwh pa3nnqneM, 'ITO Ansi xapaKTepncTHKII B3aHMouell:cTaHSI ncnonh30aanac& 

He KHHeTn'leCKasi, a ucao6ouHaSiu 9Heprnsi 

r=v'(IEF) 
I 

ll -+ ll 
-(Ip 1 ) - l:M 1 I I 

KOTOP8SI MOlKeT 6bITb 38Tpa'leHa Ha o6pa30B8Hlle HOBbIX 'laCTIIU. 3AeCb EL- non-

Hble 9Heprnn, M 1- M8CCbI, p I - l!MnynbCbi B3811MOAeficTayIOIUllX '18CTllU (AnSI 
➔ .. 

BHYTPIIS!AepHoro HYKDOH8-Ml!WeHn Ps .. PF ' CM, BbIWe nyHKT 5). BcSI o6nacb 

3Heprnii 6bma pa3AeneHa 

< 2, 2-3, 3-7, 7-10, 10-30, >' 30. 

LlnH KBlKAoro 113 9THX HHTepaanoa a CHCTeMe ueHTpa Mace 3aAaaannci:. yrnoab1e 

II 9HepreTH'leCKHe pacnpe!{eneHHSI pOlKJ:18IOIUHXCSI '18CTllll W_ ( 8 > II W(r) ' no KOTO

pblM pa3birpbIBannCb xapaKTepHCTIIKll 9TIIX '18CTIIU; 38KOH coxpaHeHHSI 3Heprnn ll 

/2 4/ 
HMnynhca y'IHThIBancsi npn 9TOM TeM. )Ke cnoco6oM, 'ITO n a pa6oTax ' • Pac-

'leTbI BbITIOnHsinncb KaK C y'leTOM o5pa30B8HHSI nHAIIPYIOIUell: '18CTHUbI, TaK ll 6e3 

Hee (cM. HHlKe). 3HeprnSI nHAHPYIOIUell: '18CTHllbl onpeAenSinaCb AnSI 3aAaHHoro 3Ha-

" 
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n1 
'ieHHH KOa~~nuneHTa HeynpyrocTH K no ~OpMynaM, npnBeAeHHblM B pa6oTe 

(paccMaTpnaanHCb pa::mH'iHbJe 3Ha'ieHHH OT K = O,ti Ao K--O,.1). 

ToT ~aKT, 'iTO cymecTBeHHO BbIAeneHHOli no aHeprnn npeAnonaraeTCH ace

ro nHlllb OAHa, a He HeCKOnbKO BTOpH'iHblX 'i8CTHU, o6ycnoaneH -TeM coo6paJKeHH-

eM, 'ITO B o6bI'lHbIX " - N II N - N CTOnKHOBeHIIHX o6pa3yeTCSI nHlllb OAH8 nn-

AIIPYIOIUaH 'i8CTHU8, noaTOMY B nocneAy!OlllllX MHOrO'iaCTH'iHblX B38H"\OAeiicTBHHX 

C HyKnOH8MII HApa cpeAH aaqanbHblX 'l8CTHU OAH8 'l8CTl!Ua OK83bJB8eTCH npeaocxo

ASIIUeli no aHeprnn Apyrne. 3Ta 'i8CTl!Ua B 3H8'iHTenbHOli CTeneHH H onpeAenHeT 

KHHeMaTHKY MHoro'laCTH'iHOro B38HMOAeliCTBHH. 

Mbl C'lHTann, 'iTO B CIICTeMe ueHTpa Mace nHAHpyIOIUeli 'i8CTHueil acerAa HB

-n11eTCSI HyKnOH, XOTSI B o6naCTH BblCOKIIX aHeprHfi pa3nH'iHe MaCC qaCTHU CKa3bl

aaeTCH BeCbM8 cna6o H pe3ynbTaTbl pac'ieTOB OCTaIOTCH npaKTH'ieCKH TeMH JKe 

C8Mb1MH, ecnu B Ka'leCTSe nHAllpy101Ueli qaCTl!Ubl BbI6paTb " - Me30H. 

TTpennonaranocb, 'iTO nocne OTAeneHIIH n11A11py10meli '!IaCTIIUbI, a TaKJKe s Tex 

cny'la11x, KorAa oaa soo6me He y'il!TbIBanacb, yrnosbie II aaepreTn'ieCKne pacnpe

AeneHIIH pOlKA8!01UIIXCst '18CTIIU 11snst!OTCSI S cpen11eM OAIIH8KOSblMH Anll acex Tnnos 

MHOr0'18CTll'iHblX saal!MOAeliCTBllli He38SIICIIMO OT 'Toro, CTanKl!Ba!OTCSI Tpll, 'ieTbl

pe 11n11 OOnblllee 'll!Cno .'iaCTHU ( HeKOTOpbie 113 HIIX MoryT "cnunaTbCst" S pe30HO

Hbl 11n11 AaJKe COCTasnSITb "~aliep-6onn·). OnpaBA8Hlle aTOMY MOJK!IO BHAeTb B TOM 

aKcnepnMeHTanhHOM ~aKTe, 'iTO npu aHHllrllnstUIIII, a TaKJKe B aeynpyrux " - N II 

N-N s3a11MoAelicTs11stx s 06nacT11 T>>l fas .. aTn pacnpeAeneHIIH o'leHb cna6o 3aa11CHT 

OT copTa CTanKHBa!OIUIIXCst 'l8CTIIU II onpenen11IOTCS1, B OCHOBHOM, nuwh aenll'll!HOli aHep

rmI E /5,6/. 

Maoro'laCTll'IHble S3811MOAelicTBIISI MoryT, KOHe'IHO, npOHCXOAl!Tb II TaKIIM o6-

pa30M, 'iTO yKa3a!IHOe ycpen11emrn 6yAeT HMeTb MeCTO numb AIIH 'laCTH 'iaCTIIU, 

a OCTanbHble 'i8CTl!Ubl 6yAyT l!MeTb pacnpeAeneHIIH, KBK npll ynpyroM pacce_HHHH • 

0AHaKO npll Bb!CORHX aaeprl!HX Ce'ieHHH ynpyrnx B3aHMOAelicTBHli acex CHnb!IO_ 

S38HMonei!CTSY!OlllHX 'iaCTIIU COCTaB!IH!OT cpaBHHTellbllO HeOOnbWY!O AOil!O OT HX 

nonHblX ceqeHnli, noaTOMY Ha cospeMeHHOM aTane T;K8H AeTanl!38UIIH aeynpyrHX 

MHoro'laCTH'iHblX B3811MOAeliCTSllli npeACTasnHeTCH eme npeJKAespeMeHHOli. BMeCTe 

C TeM Mb! oTnenbHO Y'illll BKnaA ynpyroro All~paKUIIOHHOro paccestHIIH. COOTSeTCT

BYIOIUero MHOrO'iaCTll'iHblM •B38HMOAelicTSlleM. TTpu aTOM Mb! npeAnOHOlKl!nH, 'iTO 

ceqeane u .t'" u· di!> =1/4 <t, H yron pacceHHHst B cpeAHeM .. ..i , rAe ',t 
r13 

Ae6polineBCK8H nnHHa BO!!Hbl pacceHS8IOIUeilcst 'i8CTl!Uhl, a_ r ;::; 10- CM - cpeAHllil 

P_BAHYC MHOrO'i8CTH'iHOli CHCTeMbl, paSHblil no nopstAKY senH'il!Hbl. paAHYCY cunhHblX 

8 
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B3aHMOAeliCTBHli. C'il!Tanocb, 'ITO aHepr1111 'l8CTIIU nocne paccem11111 OCT8!0TCH npaK

TH'ieCKII T8KIIMII JKe, KaK II AO pacceHHIIH; aaeprnH HyKnoHa OTA8'ill onpeAen11nacb 

113 Toro ycnonust, 'iTO B CIICTeMe ueHTpa Mace aTOT HyKnoa SbJneTaeT S CTopoHy, 

npoT11sonono11my10 HanpasneHHS!M SbineTa paccestSlllllXCst 'i8CTIIU. nocne penSITIISIICT

CKoro npeo6pa30BaHllst K na6opaTOpHoli CHCTeMe l{OOpAHHaT Kll!leTn'ieCKast. a11epr11H 

HYKDOHa OTAa'III COCTasnstna • 100- 150 Mas. 

t:i:ncno_ STOpll'iHblX TstlKenbJX 'i8CTIIU Ii, npu O'le!lb Sb!COKIIX aaepruHX no-

naranocb paBHblM cyMMap!IOMY 6apHOHHOMY 'iHCny (nh = B ) , a Anst o6naCTII O'leHb 

Sb!COKIIX. aae,pruli C'il!Tanocb, 'iTO D h COCTaansteT OKOnO 20% OT nonaoro 'il!Cna 

BTOpll'iHblX 'l8CTIIU: Dh .. 0~ n • B Ka'leCTSe rpaHll'IHOro ucnonb30Banocb npn6nll311-

TenbHO TO JKe 3Ha'leHne f • 'ITO II s cnyqae ASYX'i8CTll'IHblX S38IIMOAeficTSllil/
2/. 

Ecnn 'll!Cna ft II nh ( OAHO 11n11 o6a) OK83b1Ban11cb APOOHblMII, TO no npaannaM, 

yKa3aHHblM s 121 , p83birpb1Sanocb 6n11JKalimee uenoe 'll!Cno. 

0KOH'laTellbHO yrnhI II aaepr'1111 scex STOpll'IHbIX '18CTIIU s 6noKe 12 nepe-

son11n11cb B na6opaTop11y10 cncTeMy xoopnunaT, noOne 'lero nenancst nepexon K 

6noKy 8. 

111,. Pei3)'nbTBTbl pacqe-ron. CpanneHHe c onbITOM 

TTepsoHa'lanbH8H cepnst Shl'IIICHeHllli Obina SblllOHHeHa S npennonoJKeHIIII, 'ITO 

ace STOpll'IHbie 'iaCTIIUbI, o6pa3y10m11ecst npn HeynpyroM MHOrO'l8CTll'IHOM CTO!IKHO

BeHIIH, paaneTa!OTCst B CIICTeMe ueHTpa Mace ll30Tponno II l!Me!OT OAIIHaKOBOe aHep

reTU'leCKOe pacnpenenenue, 6n113KOe K cpenneMy pacnpenenenmo 113 HeynpyrHx 

" - N II N-N 

Tuna <Pep Mn). 

S38HMOAefiCTSllfi (aTOT aapnaHT 0111130K K CTaTU'ieCKIIM TeOpllHM 

TTpn KOCMll'leCKIIX aHeprustx T ;:: 100 fas cornacue c aKcnepnMeHTOM npu 

STOM OKa3bISaeTCst, SOOOIUe roiiopH, 3aMeTHO ny'IWIIM, 'leM S cnyqae KaCKaAa, He 

Y'IIITbISa!OIUero MHOrO'laCTll'lHble S3al!MOAelicTSIIH, OAHBKO, aen11'111Ha nonepe'IHOro 

IIMnynbca nnsHeBblX 'laCTIIU 3Ha'IHTE!nbHO npeBOCXOAIIT Ha6nIOAaeMyIO Ha onbITe. Ha-

npnMep, S pac'leTe Ha B3811MOnellcTSl!e co cpeAHIIM HAPOM ~OTOaMynbCIIII npu 

T = (20 - 100) faB PJ. .• .. (0,90±,_Q, 10} fas/c, s TO apeMst KaK aKcnepnMeHTanbHOe 

3Ha'leHne PJ, 8 =0,5 faa/c. Cymec'rBeHHO 3aBbIWeHHOli no cpaaHeHHIO C aKCnepl!MeH

TOM OKa3hJBaeTCst H cpeAHS!H KIIHeTll'l0CKaH aHeprnst nHBH0SblX '18CTHU T. . Hanpn-

9 '$ 



Mep, npH T =10P rsB oaa cocTaBnSieT 7,5±.P,5 rsa, a sKcnepHMeHTanbaoe 3Ha'leHHe 

(2,4+0,9) l'sa. nonb!TKB CHH3HTb p .L, ■ H T ■ COOTaeTCTayJOIUHM H3MeHeHH8M HM

nynbCHbIX pacnpeneneHHll: npHBOAHT K aenonyCTHMOMY yaenH'leHHIO MHOlKecTaeHHOCTH 
x} , 

nHBHeabIX 'IBCTHU D a • 3aMeTHOe pacXOlKAeHHe 3KcnepHM8HTanbHblX H TeopeTH'le-

CKHX aenH'IHH HMeeT M0CTO ylKe a o6naCTH ycKOpHTenbHblX 3Heprall: T =(10-20)rsa. 

Y'!eT BHH30TpOnHH abineTa pOlKllBIOIUHXCSI 'IBCTHU B CHCTeMe ueHTpa MBCC He 

ycTpBHS!eT 3THX paCXOlKll8HHlt, ecnH no-npelKHeMy C'IHTBTb, '!TO yrnoabie H 3Hepre..: 

TH'leCKHe pacnpeneneHHSI pOlKllBIOIUHXCSI 'IBCTHU He 3SaHCSIT OT HX copTa. 

B cnenyromen cepHH pac'!eToa sHeprHH H yrnbI abineTa rr -Me3oaoa H 6onee 

TSilKenbIX 'IBCTHU C'IHTanHCb pa3nH'IHbIMH. npa 3TOM npennonaranocb, '!TO KBK H B 

sneMeHTapHblX 11-N H N-N a3BHMOneltcTaHSIX, Me30Hbl H TltlKenbie 'IBCTHUbl CTa

paIOTClt coxpaHHTb aanpaaneHHe nanlKeHHSI nepaH'!HblX Me30H8 ·u HyKnoH·a. 3TO no3ao

nnno 3HB'IHTenbHO yny'IWHTb cornacne C OllblTOM. 8 qaCTHOCTH, npH yCKOpHTenbHblX 

3HeprHSIX T .. (6-25) rsa y1wnocb nony'IHTb cornaCHe co aceMH H3aeCTHblMH q>OT0-

3MynbCHOHHblMH llBHHblMH, OllHBKO, npH 3HeprHSIX T i:: 100 rsa nony'IHTb xopowee 

cornacHe C onbITOM H a 3TOM cnyqae O'!eHb 3BTPYllHHTenbHO. nonepe'!Hblit HMriynbC 

H 3HeprHSI pOlKllBIOIUHXCSI 'IBCTHU no-npelKHeMy OCTBIOTCSI 6onbIUe 3KCnepHMeHTBnbHbIX. 

HanpnMep, a KpaitaeM cny'!ae, Korna npa T .. 500 rsa ace polKABIOIUHeCSI rr -Me3o

HbI npeAnonararoTCSI BbineTBIOIUHMH a CHCTeMe ueHTpa MBCC CTporo anepeA, a HyKno

Hbl - cTporo aa3aA, P .L ·a =0,60 :!:_0,05 rsii/c. npH 6onee peanbHbIX npennonolKeHHSIX 

P .L a .. 0, 7 rsa/c. 

Xopomee corn..:cae co aceMH H3BeCTHblMH KOCMH'!eCKHMH q>OT03MynbCHOHHblMII 

ABHHblMH YABeTCH nony'll!Tb nHIUb a TOM cnyqae, ecnH npeAnonOlKHTb, '!TO npH MHOro

'IBCTH'IHbIX a38HMOAell:CTBHSIX, TBK lKe KBK H npH abICOK03HepreTH'!eCKHX Heynpyrax 

11-,N H N-N B38HMOAeilcTaHSIX, o6pa3yeTCSI nHAHPYIOlllBSI 'IBCTHUB, YHOCS!WBS! 

OKOno 50-70% aceli nepBoHa'!anbHOfi 3HeprHH. 

8 o6naCTH KOCMH'leCKHX 3HeprHil BBpbHpOBBHHe K03q>qJHUHeHTB aeynpyroCTH 

a HHTepaane 0,5-0,7 H3MeHSieT cpellHHe pe3ynbTBTbl pac'!eTOa Ha 10-20%. 3TH H3-

MeHeHHSI He abIXOAS!T 38 npeAenbI TO'IHOCTH H3BeCTHblX cei\qac 3KCnepHMeHTanbHblX 

ABHHbIX, ace npHBeAeHHble HHlKe 'IHCneHHble pe3ynbTBTbl pacqeTOB OTHOCSITCSI K 3Ha-

x) 
3AeCb H nanee HHAeKCbl s g H b OTHOCSITCSI K 'IBCTHUBM, 3HeprHSI 

KOTOpbIX TBKOBa, '!TO a cpOT03MynbCHH OHH OCTaanSIJOT cooTaeTCTBeHHO TOHKHe, ce

pble H o/Vlo/:1e cneAbI l TaK aa3bmaeMhie nHBHeBbie , KaCKBAHbie H MenneHHbie '!aCTH-

UbI; CM ). 11aneKCOM h 6ynyT OTM0'18TbCSI cyMMapHble ABHHbie nnSI g- H b-'laCTHU. 
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'!eHHSIM K = 0,7 nnSI aeynpyrHX nayX'IBCTH'IHblX a3BHMOlleficTaHli K .. 0,5 nnSI MHO

roqacTH'IHbIX nayxqaCTH'!HbIX a3BHMOllelicTaHli (a CHCTeMe ueHTpa Mace) 

CneAyeT OTMeTHTb, '!TO npeAilOnOlK0HH0 0 nHt1Hpy10meit 'IBCTHUe COOTaeTCTay

eT KBPTHHe nepaqiepH'10CKHX B38HMOAeficTaH~ HeCKOnbKHX CTanKHaaJOIUHXC.11 'IBCTHU, 

nn.11 pac'!eTa KOTOpb!X MOlKHO ncnonb30B8Tb o6bI'IHbie naarpaMMHbJe M0TOllbl. On

HBKO Ha HBCTOSIIUeM 3Tane pacqeTOB Mb! npenno'InH onpenenHTb xapaKTepHCTHKH 

'MHOrO'IBCTH'IHblX a3BHMOAeilcTBHB H3 cpaBHeHH.11 C OllblTOM, TBKOli llOAXOll npeAcTaanSI

eTCSI HBM cefi'IBC 6onee HHTepeCHblM. 

nony'!eHHhie TaKH.M o6pa30M yrn\Jabie H saepr~TH'leCKHe pacnpeneneanH rr -

Me30HOa H THlKenbIX 'IBCTHU H3 MHOrO'IBCTH'IHbIX a3aHMOllell:cTaHn nnH HeCKOnbKHX 

HHTepa~noa 3Heprnn f npnaeneHbI aa pnc.5 n 6. 3TH pacnpeneneHHH BeCbMa 

6nH3KH K cpenHHM pacnpeneneHH.IIM 'IBCTHU H3 Heynpyrnx ,, - N a3BHMOJ1eilcTaHll: 

x} 
H cpaBHHTenbHO Menne!J'.HO H3M0HHIOTC.II C pOCTOM CTanKHBBIOIUHXCS! 'IBCTHU • 

B o6nacTH ycxopaTenbHbIX saeprnn cneuaanbHbill: y'IeT nnnnpyromen '!aCTHUbI 

Mano H3M0H.lleT pe3ynhTaT pac'!eTOB, TaK KaK ee napaMeTpbl eme cpaaHnTenbHO 

Mano OTnH'IaIOTC.11 OT napaMeTpoa OCTanbHbIX qaCTHU • 

KoHe'!Ho, K neTanHM pacnpeneneHHfi Ha pHc.5 n 6 cettqac noKa eme Henba.11 

OTHOCHTbCH CnHWKOM cepbe3HO:OHH 3aMeTHO H3MeH.IIIOTC.II OT onHoro BapHaHTa pac

'IeTa K npyroMy. LlocTaTO'IHo aaL{elKHbIMH HanmoTCH cnenyromHe naa K~'leCTaeHHbIX 

3aKnro'IeHHSI: CaM q>BKT cymecTaoaaHHH MHOro•1acTH'IHblX B3aHMOllelicTaHfi H TO, 'ITO 

xapaKTepHCTHKH 'IaCTHU, o6pa3yIOIUHXC.11 npn TBKHX B38HMOJ1eikTaH.11x, He cHnbHO 

OTnH'!alOTCH OT Toro, 'ITO HMeeT MeCTO a cny'Iae o6bI'IHbIX nayx'laCTH'IHblX B38HMO

neficTaHil npH abICOKHX 3Heprn.11x: a 'IBCTHOCTH, HanH'IH0 nnnapyromen 'IaCTHitbI H 

. aCHMMeTpH'IHbiit xapaKTep yrnoabIX p·acnpeneneHHil OCTanbHbIX 'IaCTHU. 

LlnH 6onee yaepeHHbIX 3SKnJO'IeHHil Heo6XOllHMbl 6onee neTanbHbie H TO'IHble 

3KCnepHMeHTanbHbie naHHbie O B3aHMOlleilcTaHHX. 'IBCTHU C aTOMHblMH .11npaMH npH 

T > 100 ras. .. 
B Ta6nnuax r - III npnaeneHbl peayllbTaTbl paC'!0TOa MHOlKeCTaeHHOCTH, 

3HeprHH H yrnoa abllleTa• 'IaCTHU, o6pa3yJOIUHXC.11 np11 B3aHMOll0ilCTBHHX Hyxnoaoa 

C pa3mi'IHbIMII aTOMHblMII SIApaMH. (B paCCMaTp11aaeMoli o6nacTH abICOKIIX 3HeprHli 

xapaKTepl!CTHKH B38l!MOllelicTBHfi npOTOHOa H HefiTpOHOB C SlllpaMH OK83bIBaIOTC.II 

'To o6CTOHTenbCTBO, 'ITO pacrrpeneneHHH nnH MHOro'!aCTH'IHbIX. aaa11MoneliCTBl!ll 

OKa3bIB8IOTCH 6nu3KHMH HMeHHO K IT -N , a He KN -N aaal!MOAeficTal!SIM, MOlKHO 06'bHC

Hl!Tb TeM, '!TO npn abICOKHX 3HeprHSIX nHBHeBbl0 '!aCTl!Ubl BHYTPII !!APB COCTOSIT, B 

OCHOaHOM, 113 IT - Me~OHOB. 

11 
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0.[lllHSKOBblMII). TTp11Be.[l8Hbl cpeAHlle 3H8'10H115l MI!OlK0CTB0HHOCTII .[ln5l scex 'ISCTIIU 

ll OT.[lenbHO TOnhKO .[ln5l sapHJKeHHbIX; nocne.[lHlle OTMe'!eHbl SHa'IKOM i· B TeX cny

'185lX, KOI'.[la nssecTHbl aKcnep11MeHTanhHbie ASHHbie, OHII yKaSaHbl B CK06Kax. Ecn11 

IISBeCTHO cpasy HeCKOn!,KO aKcnep11MeHTanbHblX SHa'leHllli, TO B Ta6nnuax yKa3hl

BaeTC5l !IX cpeAHe-KBaApSTll'IHOe. 

PacqeTbI BhmonHeHbI An5l cpeAHero, cpeAHe-nerKoro II cpeAHe-THJKenoro HAep 

~OTOaMynhCIIII (An5l STIIX 5l.[lep 

HS'leHhl B Ta6n11uax KaK L Em 

A~ 14,70 . n 94). CooTBeTCTsyrom11e cnyqa11 o6os-

Em , Hm • 

B Ta6n11uax, KpoMe Toro, np11Be.[leHbl pac'leTHhie .[lSHHbie .[ln5l HASP A127 n 

Fe 88 • XoT5l .[ln5l STIIX HAep ceil:qac IlO'ITII .HeT 8KCnep11MeHTanbHbIX ASHHblX '!Il-

een, KOTOpbie MOlKHO 6b1no 6hI cpaBHIITb C Teop11en, B uenoM Ta6n11Uhl I II ·m 
nosson5l!OT C IlOMOIUb!O npocTo_n IIHTepnon5lUIIII nony'IIITb COOTBeTCTBY!OIUlle oueHKII 

itn5l npoMeJKyTO'IHb!X 5lAep, 'ITO BSJKHO .[ln5l pac'!eTa MHilleHeli B ycKOpllTenhHblX II 

l_{OCMll'leCKIIX aKcnep11MeHTax. ToT ~aKT, 'ITO pacqeTHbie sen!l'IIIHbl B Ta6nnuax 

xoporno cornacyroTC5l C HSBeCTHbIMH SKCnep11MeHTanbHblMll 3H8'10Hll5lMH, nosson5l

eT HaAe5lThC5l Ha YAOBneTsop11TenbHOe cornacne Teopnn c onhl~OM n np11 Apyrnx 

SHa'leHHSIX A n T. 

Bee yKaSaHHbie ornn6KII pac'leTHbIX sen!l'IIIH 5lBn5l!OTC5l 'IIICTO CTaTIICTll'leCKHMU. 

TaK KSK '!Ueno paCC'IHTSHHhlX KSCKSAOB HeCKOnhKO H3MeH5lnOCb OT cnyqag K cny

qaro, TO IIHOI'.[la OK83bIBaeTC5l, '!TO paBHbie senU'IHHbl llMe!OT pasn11'1a!OIUHeC5l Olllll6-

KII. 

11s Ta6nHUbl I BIIAHO, 'ITO MHOJKeCTBeHHOCTb n11sHeBblX 'ISCTHU BOSpacTaeT 

SaMeTHO 6bICTpee '!eM T ¼ ' oco6eHHO B T5lJKenbIX HApax, B TO speM5l KaK '!UC-

no KSCKSAHblX 11 11cnap11TenhHblX 'ISCTHU H3MeH5leTC5l secbMa MenneHHO: n 
I 

np116-

n11suTenbHO KSK fn T a nb eme MenneHHee 
x) 

TTpu nepexo.[le OT nerKIIX 5lJ:lep 'K THJKenbIM 'IHCno nnBHeBbIX 'ISCTUU np116n11sn

TenhHO nponopuuoHanhHO aTOMHOMY secy, B TO speM5l KSK 'IIICno KaCKSJ:lHblX II 11c

nap11TenbHbIX 'ISCTIIU ysenH'IIIBSeTC5l 38M0THO 6hICTpee. KacKa.[lHbie II 11cnap11Tenb-

Hble 'ISCTIIUbl COCT05lT, B OCHOBHOM, 113 HyKnOHOB, .[lOn5l rr - MeSOHOB B HIIX 

ilnH nerK11x HAep 11cnap11TenhHaH MOAenh pa6oTaeT nnoxo, noaToMy sHa'!eHIISI 

n h II n h an5l L Em B Ta6n11ue . I He yKaSaHhI. 

• 
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I 
I 

sech Mana. 3TOT BhIBOA xoporno cornacyeTC5l c aKcnep11MeHTOM (cM., Hanp11-

Mep, /11,29/)x). 

B Ta6n11ue II np11Be.[leHhl 3HS'leHll5l cpeAHeli KIIHeTll'leCKOil: 8Hepr1111 T. scex 

• 
pOlKJ:l8IOIUUXC5l n11sHeBblX 'ISCTIIU sa Bbl'ISTOM nllAHPYJOIUeil: 'ISCTHUbl II OT.[lenbHO sen!l'IIIHS 

aHepr1111 STOli 'ISCTIIUbl T f . CoOTBeTCTBY!OIUHil: HAepHhlll Koa<IJ<IJIIUlleHT HeynpyroCTII 

Kn=(T-Tf)/T 

He 38BIICIIT OT aHeprllH T II npH nepexo.[le OT neI'KIIX L Em K TSIJKenbIM HA-

paM HEm sospacTaeT np116n11:s11TenbHO nponopu110HanbHO A • ilong nepBll'IHOil: 

aHepr1111, YHOCIIM85l n!l.[lllpyromeil: 'ISCTHUeil: (= 1-K ) • COCTaBn5leT OKOno 65% .[ln5l 
n 

nerKoro II scero n11rnh oKono 45% An5l T5llKenoro HApa ~OTOaMynhCHH. 

TToH5lTHO, 'ITO paco•mTaHHble SHa'!eHHSI Tt II K n BeCbMa 'IYBCTBHTenhHbl 

K npeAnonoJKeHH!O o senn'IHHe KOa<!J<!J11u11eHTa HeynpyrocTn B aneMeHTapHoM aKTe • 

B 06nacT11 ycKop11TenhHbIX aHepr11n, . rAe xapaKTepHCTIIKH n11:A11:py10meil: qac-

THUbl He c11nbHO OTnll'IS!OTCSI OT xapaKTep!ICTHK OCTanbHblX '1aCTHU,~nllAllpy101UaSI 

'ISCTIIUS He BbI.[lengnaCb H 3HS'leHll5l Tf B Ta6n11ue D An5l aTnx aHepr11il: 

.He yKaSaHhl. 

l1MnynbCHhie H aHepreTll'leCK!le pacnpeAeneHH5l nllBHeBblX 'laCTIIU, Bbl'IIICneH• -

Hble C y'leTOM MHOI'O'ISCTll'IHblX BSSIIMO.[lelicTBllli np11 T ~ 100 fas J OK83b!BSIOTC5l 

AOBOnbHO 6n11SKIIMII K pacnpe.[leneHll5lM, ~ony'leHHbIM B paMKaX o6bI'IHOil: KSCKSA-

HOli Teop1111 ( CM. p11c. 7 H 8); np11 6onhlll11X anepI'IISIX T n11s1IeBbie qaCTIIUbl 

B Teop1111 C MIIOI'O'ISCTll'IHblMH B3811MO.[lelicTBH.HMII 5lBn5lIOTC.H SHa'111TenbHO 6onee 

JKeCTKIIMH. O!eAyeT IlO.[l'lepKHYTh, 'ITO 3Ha'!eHH.H T., CHnbHO HSMSH.HIOTC.11 

x) B HenasHeil pa6oTe1:.!9 / nn.11 qucna KaCK8J:lHblX 11 -MeSOHOB, o6pasyIOIUHXC5l 

npu BSSUMO.[leil:CTBUU 17-faBHblX "- -MeSOHOB C T5lJKenbIMU HApaMU {JlOTOaMynhCUU, 

nony'!eHO SHa'leHue, B.[lBOe MeHblllee, '10M paHee USBeCTHbie aKcnepuMeHTanbHbie 3H8-

'10HUH, xoporno cornacyromuecSI c Teopuen/30/. YMeHhllleHue n ± B pa6oTe/29/ 

nony'!eHo 6naronapH BBeAeHUIO HeKoToporo nononHuTenhHoro u,
1
!oo6me roaopH, He-

AOCTBTO'IHO HCHOI'O KpUTepu5l OT6opa BSaUMOAeil:CTBll.11 c HApaMU HEm • 3TOT BO-

npoc Tpe6yeT eme .[lanhHeil:rnero aKcnepuMeHTanbHoro usy'!eHuSI. 

OnHOBpeMeHHO cnenyeT Il0.[l'l0pKHYTh, 'ITC B o6naCTU BblCOKUX aHeprun T KaC-

KBJ:lHbie rr -MeSOHbl o6pasyroTCSI sa C'!eT • XBOCTOB • pacnpeneneHUil: 11 ux xapaKTe-

pUCTUKU J:lOBOnhHO 'IYBCTBUTenbHhl K neTanSIM ucnonbSOBaBlllllXCSI npu pacqeTax 

J:lSHHblX O B38UMO.[leil:CTBHSIX 'ISCTUU BHYTPII SI.[lpa, XOTSI BO .scex cny'ISSIX 'IIICno 

n .,, OK83blBaeTCSI H8MHOI'O MSHhlllUM D 1N 

,. 
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B aaBllCl!MOCTll OT rrpeJlIIOno>KeHHll O Benll'IllHI! KOacpcjmu11eHTa HeynpyrOCTll MHOro

'IaCTll'IHOrO aaaHMO)lellcTBIISI. 

Ha Ta6n111Jbl 

TenbHblX qaCTllll T 

HI! OT T , HI! OT 

B Ta6n11ue m 

II 

II 

A 

BIIJlHO, 'ITO KIIHeTll'IeCKHe. 3Heprllll KaCKa)lHb!X II acrrap11-

ll Tb ·. OCTaIOTCSI rrpaKTH'IeCKII IIOCTOSIHHb!MII, He aaBIICSIIUIIMII 

Ilpl!Be)leHbl 3Ha'IeHIISI cpeJlHero rrorrepe'IHOro llMIIynbca nllBHe-

BblX ll KaCKa)lHblX 'IBCTIIU PJ. s II p J.11 ll aHa'IeHHSI yrnoB 0 
IS s II O IS 11 ' 

B KO-

TOpbie BbIIIeTaeT COOTBeTCTBeHHO rronoBHHa nHBHeBblX II rronOBIIHa KaCKa)lHbIX qac

TIIU (11crrapl1TenbH~Ie 'IaCTlll!~I paaneTaIOTCSI 11aoTpOIIHO. Ha· p11c. 9-12 cpaBHIIBBIOT

CSI 3KCIIep11MeHTanbHbie II TeopeT11'IeCKlle pacnpe)leneHIIS!). 

3Ha'IeHHSI PJ.a II p J..1 OKaabIBaIOTCSI He aaBIICSIIUIIMII OT THIIa S!Jlpa II O'IeHb 

Me)lneHHO BOapacTaIOT C yaena'IeH11eM T. npaB)la, rrocne)lHllll peaynbTBT CBS!aaH 

c · BbI6opOM yrnOBb!X 11 3HepreT11'IeCKIIX pacrrpe)leneHllll qaCTIIII, pO>K)laIOIUIIXCSI BO 

BHYTPIIS!JlepHbIX CTOnKHOBeHHSIX, H er·o HenbaSI C'IIIT6Tb Jl0CT6TO'IHO Ha)le>KHbIM. 

nonoBIIHHbJll yron s -'IaCTHU np116n11a11TenbHO nponopu110HaneH Ben11'I11He 

II 6bJCTpo y6hJBaeT C pOCTOM 3Hepr11H T ; yron OIS II O'IeHb cna6o aaBHCIIT OT 

A ll He 'IYBCTBHTeneH K Benll'IIIHe 3Heprllll T 

Ha p11c. 13 II 14 noKaaaH OTHOCIITenbHblll BKna)l MHOI'O'IaCTll'IHblX Baa11MO)leil:

CTBl!ll BO BHYTPIIS!JlepHO_M KBCKa)le ( no OTHOWeHIIIO K rronHOMY 'IIICny ynpyrax II He

ynpyr11x BHYTPIIS!JlepHblX CTOnKHOBeHIIH). KaK Bl!JlHO, y>Ke np11 3Hepr1111 T =10 faB 

3TOT Tlln BaaHMO)lellcTBllll COCTaBnS!eT OKono 30% BCeX Baa11MO)leil:CTBHH, 0JlH6KO, 

xapaKTepl!CTIIKll pO>K)laIOIUllXCSI npll 3TOM 'IaCTl!U cpaBHHTenbHO Mano OTnH'IaIOTCSI OT 

Toro, 'ITO IIMeeT MeCTO B o6bi'IHOM CTOnKHOBeHHII JlBYX 'IaCTHU. 3aMeTHble paa

n11'IIISI HB'IIIHaIOT npOS!BnS!TbCSI n11wb rrp11 3HeprllHX, 6onbWIIX HeCKOnbKIIX )leCSITKOB 

faB; 

BKna)l MHOrO'IaCTll'IHbIX Baal!MO)leil:CTBIIH 6onee OT'IeTnllBO rrpOS!BnS!eTCSI B ner

KIIX S!Jlpax, B TSl>KenbJX S!Jlpax OH HeCKOnbKO • aaTyweBbIB80TCSI Bnlll!HlleM JlBYX'IaCTll'I

HbIX BaaHMOJlellcTBllll, BepOS!THOCTb KOTOpbIX eoapacTaeT no Mepe Toro, KaK n11BHe

BbJe 'IaCTlll!bl pacTpa'IHBaIOT CBOIO 3Hepr1110 B rrocne)lOBBTenbHOCTII BHyTpHS!JlepHbIX 

CTOnKHOBeH11il:. 

14 

IV • 3 a K n IO 'l e n H e 

TaKHM o6paaoM, y'IeT MHOrO'IaCTll'IHb!X BaaHMO)lellCTBHll npll BnonHe paayM

HblX npe)lnono>KeHHSIX 06 IIX CBOHCTBBX noaBonHeT cornaCOBaTb BCIO COBOKynHOCTb . . 

11aaeCTHbIX 3KCnepllM0HTanbHbIX )laHHblX no B3allMO)leil:cTBllSIM BblCOK03HepreTll'IeCKIIX 

'IBCTlll! C aTOMHblMll SlllpaMII B o6naCTll 3Hepr11ll BnnoTb JlO HeCKOnbKllX Tb!CSl'I faB. 

ilnn 6onee )leTanhHblX aaKnIO'I0Hllll Heo6XO)lllMO YTO'IH0Hlle 3KCIIepl!MeHTanbHblX )laH

HblX, oco6eHHO BenH'IIIHbl 3Hepr1111 nl!BHeBb!X 'IBCTIIU. 

C STOii TO'IKII apeHIISI B0CbMa IIHTepeCHblMll IIP,0/lCTaBnSIIOTCSI 3KCIIepHM0HTbl Ha 

CepnyXOBCKOM ycKop11Tene, r)le 3HeprllSI JlOCTaTO'IHO Bb!COKa ll B TO >Ke Bp0MSI MO

ryT 6b1Tb JlOCTllrHyTbl aHa'IHTenbHO ny'IWllE! TO'IHOCTII, 'IeM B KOCMll'IeCKllX nyqax. 

Ha Ta6na11 Bll)lHO, HaCKOnbKO eme Mana HaBeCTHa. cefiqac 3KCnep11MeHTanbHaS1 

IIHq>OpMaIIHSI. 

0TM0TllM, 'ITO XOTSI npa Bbl'IIICneHHSIX Mb! Hllr)le SIBHO He Y'IHTbJBanH Toro 06-

•CTOS!TenbCTBa, 'ITO npll CTOnKHOBeHHSIX 'IaCTllU BHYTPll S!Jlpa BOaMO>KHO po>K)leHlle 

peaoHOHOB, a npll O'IeHb BblCOKIIX 3Hepr11S1X, BOaMO>KHO, II "cpallep-6onnoB", O)lHaKo, 

MeXaH11aM MHOro'IaCTll'IHblX aaaHMO)lellcTBllH KOCBeHHO acpcjleKTIIBHO Y'IIITbIBaeT B03-

MO>KHOCTb TaKHX npoueccoB, TBK KBK xapaKTepl!CTl!Kll 'IaCTlll!, pO>K/IBIOlllllXCSI B MHOro

'IBCTll'IHblX BaaHMOJlellcTBllSIX, onpe)lenHIOTCSI, B OCHOBHO.M, nHWb BenH'IllHOll CB060JlHOH 

aHepr1m r HeaaBHCllMO OT Toro, KaKOBO 6bJIIO-Ha'JanbHOe COCTOS!Hlle MHoro'IaC-

Tll'IHOll CllCT0MbI. Tan 'IaCTlll! B Ha'IanbHOM COCTOS!Hllll CKaabJBaeTCSI, rnaBHblM o6pa

aoM, TOnbKO Ha' Benll'IHHe ce'IeHIISI MHOrO'IaCTll'IHOro BaaHMO)leil:CTBllSI; 0 'IeM Mb! 

cefiqac BCe paBHO MO>KeM rOBOpllTb nHWb 'IllCTO cpeHOMeHonorH'IeCKll. 

H11epHble Ce'IeHHSI He aaBHCSIT OT Toro, }'.'IllTblBBIOTCSI MHOI'O'IaCTll'IHble aaaHM0-

11ellcTBllSI Hnll HeT, TaK KaK B o6oax cny'IaSIX nepBOe BHYTPHS!JlepHoe CTOnKHOB0Hlle 

S!BnS!eTCSI JlBYX'IBCTll'IHblM. 

Mbl nonbayeMCSI cnyqaeM BblpaaHTb Hawy 6naro)lapHOCTb B.n. ToHeeBy aa 

nnO)lOTBOpHbie JlllCKyCCllll ll il.11. EnoXHHUeBy 36 o6cy>K,neHHe peaynbTaTOB. 

1·5 
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T :,ra1 ,lbpo 

6,2 Em 

L Em 

il 
Fe 

9 Em 

H Bill 

17 Em 

L Em 

il 

25 Fe 
Em 

H Em 

L Em 

100 .u 
Fe 

Em 

H Em 

Ta<lm1ga I 

Cpe,;aee 1111cno qac:mu, poir.nallIIU!XCll np11 .aeynpyroM B3al!llo,11enc:rB1111 npOToaa 
C aTOl.ll!l,lll MPOM 

ns n, n: ne nt t n: 
4,3!,0,2 2,7:!:o,1 2,3:!;0,1 6,7z.O,J 5,5:!;0,3 7,8:!;0,4 

(2 84+0 o,-JJ-9J , - ' (9,7:!;0,3)flJ 

(a,afl-01 

4,8:!;0,3 2,9+0,2 1,3+0,1 
(3 o+O 1:J!ll (1 4:0 1::P,lJ , - ' ' - , 

.5,2:!;0,3 3,1:!;0,2 2,2:!:o,2 5,8:!;0,4 4,8:!;0,4 7,0:!;0,4 

5,5:!;0,3 3,'2;!;0,2 2;4:!;0,2 6,5:!;0,4 5,4:!;0,2 7,S:0,4 

5,7:!;0,3 3,4+0,2 2,9+0,1 6,8:!;0,3 5,6+0,3 cr a,5+0,4 
(J,2+-0,2) Q.l) 3 1:0 4}11] - -fl- (1,1;0,49'0 , - , (4,7:t,0,5 

6,1;!:0,3 3,a+o,2 3,5+0,2 8,8;!:0,5 7,2:t0,4 10,1+0,6 
(4 5+0 1i1 , 12l 4,1;0,,flJ (6,1+0,a:P- ] (10,2+1,1:P-' - ' 

a,3;!:0,~- 5,3+0,3 ~i 

(5,89!,0,od"zal'" 
31 0:!;0,l 7,8:!;0,4 6,0:!;0,9 9,0+0,4 

(8,5!0,1)2E 

7,5:!;0,4 4,6+0,3 1,7:!;0,l 
(4 9:;'.o 1,p.3 ; 14 , - , 

7,8:!;0,5 5,0;!:0,3 2,1:!:o,1 6,l;t0,4 5,1:!;0,2 _ 7,2:!;0,3 

9,4:to,6 6,0:!;0,4 3,0:!;o,2 7,5:!;0,5 5,7:,0,3 a,7:!:0,5 

9,3:!;0,5 6,2+0,3 ft , 3,J+0,2 8,0!,0,4 , 6,4:!:0,3 9,7!,0,5 
(,;~0,05 13,15 l'Z]- lj ls] 6,7:!;0,~,] 

- 3,JS:!;0,14) 5 

43t4j! 7] 
12,6:t0,6 7,9+0,4 

ca, 2:to,02)1J.3 ,1B,l 
ii: 4,7+0,3 

6,2:o,5,s;i9 
12,9:t,0,6 10,5:!:,0,5 1,2:to,a 

12,1+ o,6 7,9+0,4 J.7 ;t0,1 
(7 4+0 5f2-03 

13,5:t,0,9 
, - , 
B,7;!:0,6 2,1:1:0,2 7,2:1:0,5 g:~8;l s,5:!:0,5 

14,5:!;l,1 9,9:t,0,6 3,0!,0,2 9,1:!;0,6 9,9:,o,6 

16,0:!;0,8 10,:i+o,5 3,5±0,2 ~2j+ 11,9±0,a 9,0:!:0,4 12,6:!;0,6 

(8,o+o,5)?13 >5,0;!:1,6, 

19,5;!:l,O 12,4:t0,6 4,5;!:0,2 15,6:t0,8 11,B:!:,0,6 16,3:!;0,8 

16 

L Em 16,3:!;0,8 10,5:!:,0,5 ,9:!:,0,1 
500 Al 19,4±1,0 12,4±1,0 ~,5:!:,0,2 7,1:!:0,5 5,9:!;0,3 814:!;0,5 

Se 241 2:t.l,6 16,2:tl,2 p ,5:t,0,2 9,2±0,6 7,0!,0,4 10,5:!:0,6 
Bm 26,0;tl,3 10,0+0 9 IJ,7!,0,2_ ,2 2,0:!:,0,6 9,3:!:,0,4 13;!:0,6 

H Em 30,2;!:l,5 
18,8:!;4,2)~2--2~ ~,0:i;o,s'f, 

19,2!,0,9 14,6:to,2 9,2:t0,9 14,5:!;0,7 19 ,l:t o, 9 
-

., 

L Em 18,7!,0,9 12,1+0,6 2,0!,o,1 

Al 22,0:!:1,2 (9 ,9:1:1;4) @OJ 
14,2:!;1,0 2,5!.o,2 7,3:!:0,5 5,9:1;0,3 a,5:t0,5 

103 Fe 29,0;!:2 181 6!,1,J 3,3;!:0,2 9,5:t,0,6 7,5:!;0,5 10,8:!;0,7 

,u] 

Em 32,5;!:l,6 20,5:tl,l _ 11i3,5:!:0,)<d lJ,l!,0,6 10,5;!:0,5 14,1:0,7 
(22, 5;!:3, 0) u1i\1 (4 !1,6 

H Em 3a,o:!:1,9 24,2;!:l,2 4,9;!:0,2 19,½;l,O 14,6:!;0,7 19,5~,9 . 
lJ 

++ 
ii) 

.llJill T ~ 75 r3B 
iii!) 

.llJI11 T !::! J5oo r3B 
+) 

,JL,i11 T ':::. 3000 r3B 

++) 
.llJill T :; 19,8 raB 

.\ 
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T, raB futpo 

6,2 Em 

9 Em 

Al 
Fe 
Em 

H Em 

17 Em 

25 Em 

Al 
Fe 

Em 

H Em 

100 Em 

Al 
Fe 
Em 

H Em --
500 El 

Al 

Fe 
Em 

H Em 

1000 Em 

Al 

Fe 
Em 

H Em 

Tac5Jlllna rr 

Cpe.IOil!ll Kl!lle:r11qec1ta,11 3Hepnrn qactllU lt3 Heynpyroro npoToH-,,11,1tepHoro 

CT0/IKH0B8Hltll 
( x) Ilp1tBe.1teHHOe 3HaqeHlie 0TH0CltTCll Jlllllll, K ~- Me30H8ll) 

Te., raB T., r:lB T., M3B Tt, M3B 

l,00:!:,0,05 148:!:7 10,6:!:, 0,5 

1,6::!: 0,1 150:!;10 

132::!:2 0) 1).l,) 

1,5::!: 0,1 140:!;10 10,5:!:7 

1,4:!: 0,1 140±10 10,J::!:0,8 
1,,J0+0,06 

(1, o::!: ii, 2) U.lh 
142+7 
(120:!;10) Q.l,) 

10,6:!:,0,5_ 
(11:!: 1) l).:U 

1,20::!:o,06 140:!;7 11,5::!:0,6 

1,8:!:0,l 146+7 
110;15) Cll,) 

12,5:0,6 

J,2::!:0,.2 150:!;10 

J,o::!:0,2 140.:!;10 11,J:0,8 

2,6±Cl2 140::!:1'0 11,1:!:,0,8 

2,4+ 0,1 
(2, J; o,2)CIJl 

140::!:7 12,5.:!;0,6 

1,a+o,1 140:!:7 lJ,4:t0,7 
( 2 1~ 0 2) t?7J ' - ' 

65:!:,J J,1+0,2 160+10 
(2 9 : 0 J) li5] 

-
' - ' 

62::!:4 J,0:!;0,2 145:!;10 13,5.:!;0,9 

5J±J,5 2,9:!;0,2 140:!;10 1J,O:t01 9 

50:!;2,5· 2,8:!;0,2 _ 160::!:8 14,o::!:0,7 
( 2 4+0 9) \.23J 

J - , 

46.:!;2 2,5;!:0,l 150:!;7 14,0:t0,7 

325:!;15 I 10 1 4:!;0,5 160:!;10 

Jl0:!;21 9,6:!;0,6. I 140:!;lQ 14 ::!: 1 

265:!;18 9,3:!;0,6 ; 145::!:10 13,5:!;0,9 

250::tlJ 9,1::!: 0,5 150:!; 8 14,0:!; 0,1 
230::tll 8,7::t0,4 140::t 7 14,5::t o, 7 

650::tJO 18,5:!;0,9 160:!;50 

615:!;40 17,J:!;l,2 145:!:10 14 :!: 1 

5JO::tJ5 15,8:1,2 145::tlO 14 :!: l 

500 :!:25 15,J:!;0,9 140:!;7 14,7:!;0,8 

460-t:23 lJ,9:t0,7 150:!;7 15 ::!: o,8 
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6,2 
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17 

25 

100 

500 

1000 

Tac5J1111¥1 m 
Cpe.I011tR nonepeqHuR ltMnYJII,C ll yron, B KoTopuR BWI~TaeT noJI0Bl!lla Bcex qactnu, 

p0:ir,Illl.D~llXCll B Heynpyrllx IIp0T0H-MepHUX CT0IIXH0BeHlll!X 

futpo PJ.s ,MaB/c P.1.1 > 113B/C 8,ts (rpa,11;.) {:}!t (rpa,11;.) , 

Em 420::t 20 340 ::!: 17 29 + 1,5 66:!; J 
· (265+ 01) f7, 0J ' - ' 

Em 435: 25 340 :!: 20 21 + 1 _ 58+ J 
(22, 5:!: 1, o) UlJ (56, 5:!;J, 0) l).:i.J 

Al 410:!; 27 350::!: 20 23 ::!: 1,5 6r: 4 
Fe 415± 28 355:!: 25 24 :!: 1,6 62::t 4 

Em 430+ 20 340+ 17 27 + 1,5 64+ J 
(J7o; 10 )[nJ (35°! 20) {).l] (25 ! 1, 5) D-JJ (65! J )(llJ 

H Em 440 :!: 25 340 :!;17 28,7 + 1,5 69 + J 
(27' 5+ -1, 5) 0.lJ C 65; J fP.7 • 

Em 460:!: 23 350::t 18 22 ::!: 1 64 :!: J 

Em 470:!; JO 350:!; 20 14 ::!: 0,7 61 .:!: J 
Al 420:!; 28 370::t 25 16 :!: 1 63 :!: 4 
Fe 430: 28 )80:!; 25 17 ::!: 1,J 63 ::!: 4 
Em 470 :!: 25 350+ 18 19 + 1 64 :!: J 

(265! 45) (15J (20,0:!: 1,0) D-~ 
H Em· 460+ 23 . 340 :!;17 21 ::!: 1 64 + J 

)[1!l] (48o; 20) C27J ( 60; 6 

Em 435:!: JO 360:!: 20 8,0:!; 0,4 60 ::!: J 
Al 425::t JO 370:!; 25 9 :!: o,6 64:!: 4 
Fe 440:!: JO 365 :!: 25 12::!: 0,0 61 :!: 4 
Em 480 :!:25 350 + 18 _ 12,4!: 0,0 65 ::!: J,l 

(400 :100) 11-5J 
H Em 480 ::t20 360 ;tl8 14,6::t0,9 68:!: J 

Em 480:!; JO . J60 ::!: 20 4,5::!: 0,2 61:t' J 

Al 440:!: 29 390::!: 26 5,1:!: o,J 62:!; 4 
Fe 460+ JO 390:!; 26 6,0 :!;O,J 62;t 11 
Em 490::t 25 350:!; 18 7,0:!; 0,4 64 :!: J 

H Em 520:!; JO J70::!: 18 9,0::t 0,5 71::!: J 

Em 490::!: JO 360;!: 20 4,0::!: 0,2 62;!: J 

Al 450:!; 29 390:!; 26 4,6:!: o,J 63:!:, 4 

Fe 470;!: JO 390:!; 26 4,9:!; o,J 60 :!: 4 

Em 500!: 25 350+ 18 6,o:!: o,J 65:!; J,l 

H Em 540::!: JO J6CJi 18 7,0:!; o,J 72:t J 
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Puc. 1. A - 06b1qaoe aeynpyroe B38llMOJ:teilCTBUe J:lBYX qacTuu. B - rrpuMep MHoro

'IaCTuqaoro B38HMOJ:tellCTBU.H • 

22 

!, 

¥ 
Puc. :!. Pacrrpei:teneaue HyKnoaoB B nnpe. PaccTonaue Me)Kny ueHTpaMu 

nByX mo6hIX coceitaux HyKn0H0B paBH0 f . CquTaeTCH, qTo c 
HyKn0H0M B38UMonellCTBYIOT BCe qaCTUUhI, rrorraBilll{e B 38WTpuxo

BaHHYIO gqellKy. 

'$ 
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N<N* 

l; or Ta < _Ti: 

T/Tc T<Tc 

fo=O 

o<.=l , 'Z~R 

d.=0 
'T. <R 

P11c. 3. CxeMa pac'l:eTa cep1111 BHyTpHS!,llepHbIX K8CK8,llOB. 
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rA=O 
"t.9R 

d=! 
'Z< R 

1: =O 

zt ___ """'.'" 

r,---.-

l3-----

Pac. 4. "!aCTIIUhI, pO.llHBWHeClI B TO'l:Ke Z1 > MOI'YT npOB38HMO,lleilCTBOB8Tb 

co BCeMH HyKnOH8MH, pacnono11rnHHh!MH IlpH Z > Z I • BaaHM01;teilcT

BHlI paCCMaTpHB8IOTClI IIOO'l:epe.llHO OT (z1) min ,llO (z I) max j npn 

9TOM 8BTOM8TH'l:eCKII Y'l:HTb!BalO_TClI ace nepenneTeHHlI '1:8CTHU. 
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2 Lt f1Ge%, 
11MnynbCHOe pacnpeAene,me IlHBH8BblX 'l8CTHU, o6paayIOIUHXCSI B ae

ynpyrHX B38HMOAeHCTBHSIX 25-f::rnHbIX npoTOHOB C TSI)K8IlbIMH S!ApaMH 

q>OT03MYilbCHH {aeT). Cnnowaasi rHCTOrpaMMa - 3KCnepHM8HT1271 , 

nyHKTHpHaSI H TO'l8'1H8SI rHCTorpaMMa - pac'!eT, Bblil0IlH8HHblH COOT

B8TCTB8HHO C y'leTOM H 6ea y'leTa MHOrO'l8CTH'lHbIX B38HMOAeHCTBHH 

BHYTPH SIApa. 
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PHC. 8. 3aepreTH'l8CKOe pacnpeAeneHHe IlHBH8BblX 'l8CTHU, pO)KA8IOIUHXCSI 

B aeynpyrHX B38HMOA8HCTBHSIX 100-faBHhlX npOTOHOB C q>OT0-

3MYilbCH8H (Em) • Bee o603H8'18HHSI, K8K II Ha pHC. 7. 3KcnepHM8H-

T8IlbH8SI rHCTorpaMMa B3S!Ta H3 pa60l'b/:.!
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0 42 O,'I 0.6 a.a B. GeV/c 
9. Pacrrpenene1111e no rrorrepe'IHOMY IIMIIYIIbCY IIIIBHeBbIX 'laCTIIU 

113 11eyrrpyr11x B3811MOAeHCTBIIH rrpOTOHOB C TlllKelihlMII 11npaM11 

cpoToaMynbc1111 (HET) rrp11 T = 25 fas. Bee o6o311aqe111111, KaK 

II Ha p11c. 7. 3Kcrrep11MeHT8IIbHa11 PIICTorpaMMa B311Ta 113 pa-
60Tb/27 I . 
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P11c. 10. Pacrrpenene111111 no rrorrepe'IHOMY 11Mrrynbcy 'laCTIIU H3 11eyrrpyr11x 

B3811MOAeHCTBIIH rrpoTOHOB C yrneponoM II q>OT03MYIIbClleH. 

CrrnOllIHhie II ll1Tp11x-rryHKTll/:;Hbie PIICTOrpaMMhl - 3KC1Iep11MeH

T81IbHhie naHHbie 113 pa6oT 20,32,33/. TTyHKTllpHbie II TO'Ie'!Hh!e 

PHCTorpaMMhl - paC'leT, BhllIOIIHeHHhlH c y'!eTOM 11 6e3 y'leTa 

MHOPO'laCTll'IHhIX B3811MOJ:{eHCTBHH B IIJ:lpe. 
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Puc. 11. Yrnoaoe pacrrpe/leneHHe nHBHeBhIX 'faCTHU, o6pa3yIOIUHXC5I 

!lpH B3aHMO/leii:cTBH5IX 500-f3BHblX rrpOTOHOB C qJOTO-

aMynbCHeil ( Em) • CrrnournaH KpHBaH - aKcrrepHMeHT/23/; 

rryHKTHpHa5I H TO'fe'J'HaH f'HCTOI'paMMbl - pac'J'eT, Bbl!IOnHeHHhlll 

COOTBeTCTBeHHO C y'feTOM H 6e3 y'feTa MHOf'O'faCTH'IHblX 

B3aHMOJ..leilCTBHII. 
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