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ISLrno noKaaaao, 'ITO Mexaan3 M BHYTPHSUl e pabrx KBCKaaoa , paccMaTpn-

BSeMbl X K8K ce pnH TIOCf!ellOB8Te1TbHblX llBYX'ISCTH'IHbi X B38HMO!leikTBHl\, XOpOillO cornacy10-

tnHfiCH C OTi b lTOM B OOTISCTH yCKOpHTeflhHblX a neprnfi, npHB O!lBT K pe3KOMY paCXO>KileHHIO 

C 3KCnepHMeHT8nhHblMB ll811Hb!MB npB KOCMH'IeCKHX 3 HeprHS!X T ~ 100 r a a. PacXO>KileHHH 

OK83biBa!OTc H cnnmKoM ana'IHTellbHblMH, "'TOObr Bx MO>KHO Oblno ycTpannTh no.uoopoM BellH-

"'RHbl napaMeTpOB MOI\eJlH H B8pbHpOB8HHeM B npe.uenax, 1\0rryCTHMbiX OIDHOKBMH H3MepeHHil, 

ncnonhayeMhiX npn pac"'eTax aKcnepnMeHTa1TbHblX llSHHblX no an e MenTapHbiM " - N u N - N 

B38l! M OI\efrCTBHSIM BH)'TpH BllpB, floa TOM Y Mbl OT K838f!H CL OT T8KOl! MOile nH BHy TpHSIIlepHbi X 

It8CK81lOB H paCCMOTpenH HOBYIO MO!le1Tb, B KOTOp Oll Y 'IH T b1B8eT C>I B 3 8 HMOaellCT B H e C OT ilellb-

H blM HyKJlOHOM SUlPS Cpa3y HeCit01TbKBX "'SCTB!l, 0 0p830B BBlliBXCSJ ITS npellbii'lYIIlBX 3 T81l8X 

BfiYTPH !Ulepaoro KSCKa .ua. T axon MexaHH3M ocoeie!Uio a<jl<f>exTHBeH npH BbiCOKHX aue prBHX , 

KOrns 'IBC THJlbl , oopaay romnec>t llpB Heynpyrnx fT- N I! N - N B38HMO)lal\CTBHHX B ffYTPll 

;mpa, H C fl eUCTBH e nop e liilOBCJrOro C>KSTBSJ, BbllleTalOT B O'le.Hb Y3KHII' TeJieCHblft yrO!l. 

B ee p a c qeTbi B bm onae a w M e ToaoM M oBTe - Kaplro aa aneKTpOHHbiX MBI:rHanx OYI.HYI. 3Tn M JKe 

MeTOilOM paahrrpblaanoch nonolKeKBe uea-rpoa anyTpBstllepl!biX eyKnonoa. BaaaMonel!.cTayiO-

DlRMB c OllffiiM rryKnoaoM C"'HTanucb ace "'B C TBU:bl , n po5er KOTOp biX OKSH'IHBancsr BHYTPR 

-13 X) 
OOllB C TI! C p 8 3 MepOM r ~ 10 C M BOKpyr UeHTpB llB H HOrO flYK llOKB. raxoe yCJlOBHa 

CO OT B0. T CT ByeT npe llTIOllO>Ke TIBIO 0 rPBKTOpH3BU:BH C e 'Ie HH SJ M H OrO"'BCTH"'HbiX BOBHMO)lellCTBr:ll 

C lfVXnOHOM: 

a (ntr + mN+N) ~ Pa(fT + N)na(N + N). 
n m 

fl OHHTHO, 'ITO :3THM MO>KHO YllOBneTBOpHTbC5l llHlllb B rrepBOM llpBOllH>KeHBH. 

Pac 'I e T br 6 Lrnn BLmonaeaLr npn a e cKOflhKHX p a 3llH"'HbrX rrpe!lnono>Ke HHSJX o xapaKTe pe 

yrnOF\hlX H :'=) H e ore THq e CKHX pacnpe,aene HHtf "'B C THll o 6 pa 3 VIOW HXCR B BKTe MHOr01:fll C TIPIHOrO 

'1 '2 I 
B3BHMOJleilcTE\H 5l . (Bee ocTanbHbie !leT a nn pacq e Too T e >Ke , 'ITO n B pao oTax ' ) • Cpa a-

HeHB e peaynbTBTOB C :3KCTiepHMeHT8flbH b iMH Jl B HHLlMH H O nyKllOH-Sllle pHhlM 3 B e 3Jl8M !lBeT 

YHI!KBJlbHYIO BOOMO >KHOCTb HOTiy'IHTb npe JlC T8BHe HH e 0 C BOHCTBBX TBKOrO COBepmeHHO HeB3 y-

'l9HHOrO B ll£lCT 0 5IIU9e BpeMSl THTI8 B38BMOn e f%.CT B HH sneMeHT8 pHblX 'l8CTHil • 

X ) npD K T I! 'ICCK I ! fJDC 'IeT D h lfiOIIH>lllCfl T 8Kl! M 06p 83 0M, 'ITO B K 8 >K.l!O M O T JJellbHOiv. C lly-

!CfBe ~TB o6nB.CTb lleC K OJfb K O 0 Tfllll.l8n8Cb OT C rjJepiAtie CKOJi; CljlepHl.JeC KBfT C R MMeTpH fl npa6nH-

>Kelllf0 OC.Vlfl ('C TIIJI ;JPDCb ITlf U/b 11 Cpen u e M . 
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B nepsonaqanhHOll cepHH pac'leTOB rrpenrronaranoch , 'ITO see pacrranaiOIUH ecR qacTH-

Ubi pa3neTBIOTCR B CHCTeMe UeHTp a MBCC H30Tp0IIHO H HMeiOT OllHHBKOBOe 3 Hepre TH'I e CKOe 

pacnpenenens e , 6nH3KOe K cpenneMy p a cnpeneneRHIO H3 neynpyrux rr - N H N - N B38HM<r

nel\cTBHll (3T OT B8pH8HT OnH30K K C TBTHCTH'IeCKHM TeOpHRM THIIB ¢epMH). 

TipH KOCMH'IeCKHX a neprHRX "' T ~ 100 r a e cornaCHe c a K crrep HMeHTOM rrpH aTOM OK a-

3 b iB8eTCR, BOOO!lle rosopR, 38MeTHO ny'!mHM, '!eM B Cny'!Be KBCKBAB, He Y'IHTble810mero 

MHOrO'IBC TH"!Ilble B38H MOAe l!cTBHH, OUH8KO, BenH'IHH8 nonepe'IHOrO HMIIynhC8 nHBH9ebiX 'l8C-

THU ana'IHT enhHO npesocxOAHT Ha6nJOA8BMY10 aa OIIbiTe. HanpHMep, s pac'teTe Ha saauM<r-

AellCTBHe co cpenHHM BUPOM ~oToaMynhCHH npH T• (20-100) rae P1 • -(0,90-0,10) r ae/c, 

s TO speMH KBK a J<cnepHMeHTanbHOe aua'!eHHe P .Lo = 0,5 r ae/c . CymecTseuuo aaewmeuuoA 

ITO Cp8BHeHK IO C aKCIIepKMe KTOM OK83biB89TCR H cpeABHH JUIB9TB'I9CK8H 3 KeprltH 11JIBH9BbiX 

"!BCTHU E • • Harrp KMep, rrpH T •100 rae OH8 COCTaenHeT 7,5 :t_0,5 r a e, a aJ<crrepHMeHTBnh-

uoe 3H8'1eKHe (2,4 :t_0,9) rae. nonwTKa CHH3HTb 'l · H E. COOTeeTCTBYIOillHM lt3MeBeHHeM 

HMIIynhCHb!X pacrrpeneneHBi! IIpBBOAKT I< HBUOITyCTitMOMY yeenH'I9HHIO MHOJKeCTBBHBOCTB nBB-

HeBbiX qaCTHU n 15 • 

B echMa 3 8MeTKOe pacxoJKneHHe a~~:cnepRMeKTBlibKb!X H T e opeTH"!eCKHX eenB'IHII HMeeT 

MQCTO yJKe B OOnBCTH yCKOpHT91IhBbiX aHeprHA T = ( 10-20) ran. 

Y'l e T anH30TponHH BbineTa poJKuaiOmRxcH 'IBCTBU e c .n.M. ue ycT palU!eT aTHX pacxe>-

)l{nenHA, e cna no-npe)I{KeMy C"!BTBTh, 'ITO yrnonbre H aHepreTH'I eCJ<He pacrrpenen eHH B p o JKna-

IO!QHXCH 'IBCTHU He 38BBCHT OT KX COpTS. 

B c neny10mel\ cepHB pac'leTos aHeprHH H yrnw nblneTa TT -Me30HOB H 6onee TH)I{e-

nbiX '<BCTRU C'IRTanHCb p83nB'IHWMH, TipB aTOM npennonaranOCb, 'ITO KllK B B a neM9HT8pBb!X 

rr-NH N-N B38HM OAe i!CTBHRX, Me30Rbl H TR)I{enLJe '18CTHUW CT8p8roTCR COXp8HHTb H8-

npasneHH e llBH)I{eHHI! nepBH'IH biX Me30H8 H RyKnOHOB. 3 TO TI03BOnBnO 3H8'1BTenbHO yny'lmHTb 

cornacae c onloiTOM . B l:fBCTHOCTR, npH ycKopuTenhHbiX s aeprHSIX T a (6-25) r ,s ynaJJocb 

nony'IHTb CornacHe CO BCeMB H3BeCTBbiMR ~OT09Myffi>CBOHHbiMB ABBBhlMB ( 0 BeJ<OTOpblX 

ne6onbwnx pacxoJKAennRX AJIH K8CK8ABb iX g -'18CTitU pe'Lb 15yAeT HATH RBJKe), OAH8KO, 

npH sneprHRX T ~ 100 r ae IIOny'IBTb XOpomee corna cHe C OilbiTOM H B STOM cny'tae O'teflb 

38TpyUHHTenbHO • llonepe'IHbll\ HMIIy libC H 3KeprBH pO)I{/lBIOlll ii XCH 'lllCTHU no-npe)I{ HeMy OC-

TBIOT CH 6onbwe aKcnepi!MeHT Bl!bHbiX, Hanpi!Mep, B xpaAaeM cny•UI.e, J<Orna !IpH T -500 r ae 

BCe pO)I{UBIO!lllleCH " -Me3 0 Hbl npenrronara JOTCR ebrneTaiOmRMK s c . n.M. cTporo snepen, 

B HyKnOHhl - C TpOI'O H83 8 ll, P.!.. -0,59 :t_0,05 r ae/c. Tipu 6onee peanhHhlX npennonoJKe-

HHRX P," = 0, 7 r a e /c . 

Xopowee Cornacl!e CO BCeMH H3B9CTHbiMH KOC MH'I8CKHMH ClJOTOa M)'IIbCROBHLIMII liOH Pl~ l• 

MH ynae T CR nony'IRTb , nqmh rrpennonaraR, "'TO rrpH MHOrO'IBCTH'tHbiX B38HMO)leftCTBI!UlX, 

T aK ~<.e KBK n 11pu Heynpyrux. Bb1COKOBf-H?preTn'-t r~c KHX n- N H N- N B.:lllHMOUeifcTBnHX , 

o6pa3yeTCSl 11HllHPYIOJU8ST '-1 t,..... THua, Y'IOCmnn.,, cyJttPC TBC'I!Hvl~~ 'lllCTJ. n' eii IIPpnollnY:llJlbHon 
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suepruu ( ~ 50%). TaKoe npennonoJKeuae cooTee TCTByeT KllpTHHe nepacpepaqecKHX B38.BMtr 

nel!CTDHII HeCKOJlbKHX CT8J1KHB810WHXCSI '18CTHU, AJl>I p8C'I9T8 KOTOpblX M OlKHO HCTI01lb30B8Tb 

oelbi'IHbre n aarpaMMJtbre MeTOAbi. ToT ljlaKT, 'ITO cymecTneuuo BbiAeneuaoli no sueprHH npen

nonaraeTc!l ncero JlHllib OAHB, 8 H9 H9CKOJlbKO BTOpii'IHb!X 'IBCTIIU, of5ycnOBJ1 9H T9M COOOpSJKe-

CT01IKHOB9HII>IX of5paayeTCSI JlHIDb OAHB JIHAHpylOIDBSI 

'18CTHU8, IIOSTOMY B IIOCJ19AYJOW.BX MHOrO'IllCTH'IHbiX B38liMOA9ll:CTBH>IX C HyKJ10HllMll ru:tpa 

cpeAH H8'181lbHbiX 'ISCTHU OARS 'ISCTIIUB 01<83b!B89TCSI npeBOCXOAIDUell: IIO suepr HH npyrue. 

3Ta '18CTHU8 B 3HS'IliT91lbHOll CT9II9HH H Onpenerr!leT KHHeMSTHKy MHOrO'ISCTH'IHOrO B38HMD-

nellcTB H!I. 

Tiocrre Bblll9J19HHSI IfHAHpyiOmell: 'ISCTHIIbi pacnpenerreiJHSI BTOpH'IHbiX 'ISCTHU IIO yrnaM 

H saeprHHM nono1lbao 6nu3IU!I :rr TOMY, 'ITO BMeeT MeCTO B rr- N 

COOTB9T C TB9HHO pBBIJbiX sueprHHX C.U.M.). 

C TOJ1XHOB9HHSIX (npB 

B oonacTu ycxopnTe1lbublx saeprull: cneuBallbuNll y'leT JJllllHPYIOIUell: 'UlCTHilbl M8J10 

H3M9HSie T peaynbTllT p8C'I9TOB, TSK KSK ee II8!)8M9 Tpbl e me CpllBHH TellbHO M8Jl0 OTJJH'Ill!OT

CSI OT napaMeTpOB OCTSifbHbiX '18CTHU (cM.'
21 ). 

B Ta6rruue I npueeneubi peayrrbTBTbi pac'leTon ueJCoTopbrx cpenHHx eeJIH'IUH nng cpen

uero HApa <t>oTosMyifbCHH u coo-rae T c Tlly iOmue s K c nep uMenTanbHbie naHJtbre. ( Euorruorpa<f>ug 

9KCnepnMeHT8JlbHblX paooT YKB38H8 B HBIDIIX CT8TbSIX
11

•
21

). Tips T = 1000 rsa nnst cpaeae-

HH SI npueeneabl ABHHble, IIOJJy'19HHb19 093 Y'leTS MHOrO'IBCTH'IHbiX B38HMOAell:CTBHll BHyTpH 

ru:tpa. 

KaK BHARO, <jloTo3My1lbcuoaabie aaauble MOlKHO OO'bstCHl!Tb MexaanaMoM nuyTpHHAepubrX 

KBCKllAOB npH BTIOJlHe p83YMJtbiX npeAUOJlOlK9HHSIX 0 CBOl!CTBllX MHOrO'IBCTH'HiblX B38HMOAel!-

CTBHil. 

Te" ue Menee , Mhl xoTerru OLI OTMeTHTb, 'ITO a xone pacqeToB Bbi!ICHnnucb " aexo-

TOpbie Tpyi:UIOCTH paccMoTpenuol! Monenu. Tatt, ueCKOirbK O aauu>KeHHbiM no cpanueBHro c 

3KCnepHM9HTSJ1bHbiM OK83b!B89TC H Cpenuee 'IHCJ10 CHJibHO HOHH3yi01UHX h -'IBCTHU, B 'IBCT-

HOCTB - KBCKB..Il.HbiX g -'IBCTHU ( CM . TBriJlliUy II ) . MO)I(HO H8ll9HTbCH TIOBbiCHTb 'lliCJIO 

qacTRU, ecnu napHny c KSCKllllHbiMll eaanMonellcTBHSIMH y'leCTb npstMhle pacruenrrea.Bst HAPS, 

KOrAa o6pa3yJOTCn C!Wbi!O B030ylKA9HI!bl9, RCnyCKSIOWHe h - '18CTI!Ubl OCKOJ1KH II pOJK.(lSeT-

CH MB.nO nHBH9BbiX q aC TBU. 

TaK KllK yrnonLie H SHepreTH'I eCKHe pacnpeneneuan 'IBCTHU, o6paayJOu,uxcn npH MHoro-

'18CTH'IHblX B38HMOJleiiCTBHilX , HOA0Hp8J1HCb 83 Cp8BH9HIIS! JlHWb C <j>oTOSMyJlbCHOHHbiMH llSH-

Hb!MH, TO COBepmeHHO H eOOXOllHMO npoee pHTb, H8CKOJ1bKO OHfl8BllllHHOil OK8lK9 TCSI MOAellb, 

HCHOJ1b3YIO!IlllSI IIOAOOpll!! llb! e TSKHM 0 0p830M BXOJlHble ll8HHb l9, B npHM9H9HIIH K npyrHM 

stnpaM. B HllCTonutee npeMn TaKan npoee pKa npoaonuT cn. 
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