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OHUAH XAPAKTEPHCTIIKA PAEO'Ill 

UeJI:& pa6oTu. UeJI:& ,nuccepTau;HH - pa3BHTHe e.nHHoro no.mco.na K 
HCCJie.noBarum ,mmaMHKH CHJI:&HllX B3aHMO,ll;8HCTBHH 8,Ilp()HOB Ha MaJIHX H 
6on:&mmc paccTommmc, OCHOBa.HHOro Ha_HCITOJI:&30BaHHH ,ll;HHaMH~eCKoro KBa-
3HITOT8HI:(ll'aJI:&HOro ypaBHeHHSI ,ll;JIH aMIIJIHTJ,Itll pacceHHHSI H U03BOJI!l100l8ro 
HEIBTH aqxlieRTHBHllH MeTO,ll; CyMMHpOBaHHSI BRJia,D;OB 60JI:&llll!'X paCCTOSIHHH B 
rrponeccax MHrKOro H xecTKOro paccemnm ~acTnn co crrHHOM. 

AKTyaJII,HOCT:& rrpo611eMU, nocTHX8HHSI Teop1m 9JieMeHTapH!lX qacTnn 
B nocJie,nHHe ro.n:u B 3Ha'll!T8JI:&HO:li CTerreHH CM3aH!l C pa3BHTH8M KBaHTO
BOil xpoMo,mmaMHKH (KXU). HaH60JI¥Ilero ycrrexa KJOl .nocTurJia rrpH HCCJie
,noBaHHH rrponeccoB, B KOTOPIDC B03MOXHO rrpH6Jll'DlteHHoe pa3,neJieHHe BMa
,ll;OB 6011:&IIIHX H MaJIIDC paccTOSIHHR. B 9TOM cnyqae Ha MaJIWC paCCTOSIHHHX 
HCUOJI:&3YJOTCSI MeTO,n;El TeopHH B03MymeHHH. Ha paCCTOSIHHHX nopgnRa I 4>1'1 
9TH MeTO,n;El CTaHOMTCR HerrpHMeHHMHMH, no He IT03BOJIH8T B HaCTomnee 
BpeMSI pa3BHT:& MH.KpOCKOrrHqeCKYJO TeOpHID CHJI:&HllX B3aHMo.nefiCTBHi Ha 6oJI:&
mHX paCCTOSIHHHX. 

. O,n;uoa H3 OCHOBHllX rrpo6JieM cilH3HKH a,D;POHOB, OT pemeHHSI KOTOpo:li 3a
BHCHT paC.KpllTHe rrpHpO,n;El JI.I(epmoc CHJI, HBJIH8TCH rrocJie,noBaTeJI:&Hoe pa3-
,neJieHHe BKJia,D;OB MaJIHX H 60JI:&mHX paCCTOSIHHH H pa3pemeHH8 B K)CU rrpo6-
JI8Mll B3aHMO,ll;8HCTBHSI RBapKOB H 8,Ilp()HOB Ha paCCTOSIHHSIX rropgnRa I 4>H, 

Hcxo,mnlM MOMSHTOM H3yqeHHSI ,mmaMHKH CHJI:&HllX B3amAO.ne:liCTBHfi HB
JimOTCR <IiYHn8M8HTaJil,Hll8 peByJI:&TaTU, noJiyqeHHue ,.H.EoroJIID6oBHM Ha 
OCHOBe 061llBX rrpmnumoB RBaHTOBOI TeopHH rrorul1 • Blmo.n ,D;HcnepCHOH
HIDC COOTHOmeHd H BB8,ll;8HHe rrpe,nCTaBJISHHSI 06 aMIIJillTy,ne rrJC8SIHM KaR 

8.nHHOft aHaJIHTHqecKofi ~YHKUHH KIDJeMaTHqeCRl!X rrepeMeHHllX I CllI'paJIH 
OCHOBOITOJiaraJIIlY!) poJI:& rrpH pa3BHTHH- HOBIDC MeTO~OB HCCJie~OBaHM rrponec~ 
COB CHJI:&HOro B3ru!MO,neftCTBM, 0611!He rrpHHI:(ll'nH RBaHTOBOfi TeOpHH noM 
ITOJIOX8Hll A.A.JiorYHOBUM B OCHOBY HCCJI8,ll;OB8HM CBOICT,·9KCIOID3HBHHX 
H HHKJD'.l3HBHHX rrponeccoB B aCHMIITOTH~eCKOft o6JiaCTH72 • . 

MHorHe Bamme pe3yJI:&TaTU B TeopHH CHJI:&HHX B3al'JMO,D;elcrnd rro,ry
~eH!l Ha ~CHOBe RBa3IDIOT8HI:(ll'aJI:&HOro MeTo.na JiorYJ{OBa - Tamc8.7I~3af3/. 
B co~eTaHHH C rHIIOT830ft O rJia,nKOCTH JIOKM:&Horo KBa3IDIOT8HnJ,JaJia!41, 
T8CHO CM38.HHO~ C ,ll;HHaMHKOff B38lWO,D;eftCTBHSI 8,Itpl)HOB Ha 60JI:&mHX pac
CTOSIHMX, KBa3HnOT8HnHaJI:&Hllff MeTO,ll; U03BOJIHJI,ITOHSIT:& OCHOBHiie 3aKOHO~ 
MepHOCTH rrpo~eCCOB BllCOK09ffilPI'eTH~ecKOro pacceSIHM Ha MaJIUe yrm/5/. 

06JiaCT:& JKeCTKOro·B3amlO,D;eftcTBM, B KOTopoft Bee RHHeMaTuqecKHe 
rrepeMeHHUe cymecTBeHHO rrpeBlllllaDT pa3MepH!le napaMeT!)H CHCT8MH, npHH
nHITHaJI:&HO OTJ!lil'.~8TCH no CBOICTBB!I OT 06JiaCTH MlII'KHX CTOJiltHOBeHHI. 

Dt>unnttemil!t~ cucmry-. rl 
nner.mm rn±:eao~ui5l 

~Sn"10T~Ji&. ;;;:-.. 



06MCH9HH9 oco6eHHOCT9li X9CTKHX rrpon;eccoB noTpe6oBMO BBe;nemm: HO
BOli ,ItHHa.MHKH CH1II,HHX B3aIIMO,It9liCTBmi H& MaJlllX paCCTOJIHHSIX. 3;nec1, 
rrpo.!IB.1I.!!9TCJI TO'!eTJHM BHJTP9HWUI CTIJjlKTypa '!acTHq. CocTaBHM llPHPO.Ita 
a,I(p()HOB ll03BOmIJia o6'I>SICHHTI, CT9ll9HH09 aBTOMO,It91II,HOe llOB9.It9~9/Ce'!e
Hmi H qopM!p!lKTOpoB a,ItpOHOB npH 6onl>mmc nepe;namrux m.mym,cax'6 • B 
3TOii 061IB.CTH MaCCH '!acTHq CTaHOB!ITCJI HecymeCTB9HHHMH,_'ITO~l:IBO,ItHT 
K 'is- -mmapHaHTHOCTB B3a.HMO.rteitcTBRfI Ha_ MaJIHX paccTomrnmc • 

Ilo,It'!epKHeM, '!TO . .It9Ta1II,H9e HCCJI9,ItOBaHHe rrpon;eccoB pacceSIHHH a.n:
poHOB BHCOKHX 3Heprl:Ili· Tl)e6yeT Cyw.mpoBaHHH BKJia.IJ;OB 60~ paCCTOH
Hl:Ili B 8MIIJmTY.ItY paccemnm:. :3TO O,ItHa.H3 ll;9HTl)a1II,mncnpo61IeM (pll3HKR 
CH7II,HHX,B3aHMO,It9RCTBI:IH, T.K. cyMMa BIUia.IJ;OB 601II,IIIllX paccTommit no,r
HOCTI,10 onpe;ne.1I.!!eT paccesmHe-Ha MaJIHe yrJrH H MOXeT npl:IBO.I(ll'Tl, K 3aMeT
HHM acpi)eK'l'aM B pacCMHlrn a,ItpOHOB Ha 6om,mHe yrJrH npH KOH9'lHHX 3Hep
I'HJIX. 0TM9'l'HM, 'ITO llOCJI9,ItOBaT91II,H09 cyw.mpoBaHHe BK1Ia.IJ;OB 601II,IIIllX 
paCCTOHHHR B X9C'l'KOM ynpyroM paccesmHH '!aC'l'Hq_M0'1te'l' cymeCTB9HHO .ItO
nomm:'l'I, lf pacnmpHTl>.B03MOlltHOCTH HCil01Il,30BaHHH ram npH HCCJI9,ItOBaHHH 
paCCMHM a,ItpOHOB Ha 6om,lplle yrHH B npe;nacHMIITO'l'Il'!9CKOR 06,rac'l'H. ,Il)m 
pemeHM aToll sa.n:a'Ilf Heo6xo,IU!Ma IDiqoJ)Mamm o MHrKoft '!aCTH B3aHMO;neiicT
BHH, KOTopas JA0'1te'l' 6HTl> rro1ryqeHa H3 a.Hrumsa rrpon;eccoB paccesmJ:III Ha 
Mame yrJrH. 3TOllO.ItTB9plK,Itae'l' aKTJa1II,HOCTI, BH6paHHoro HanpaBJI9HHH 
HCCJI9.ItOBaHI:IH KaR C tmC'l'O Teope'l'H'!9CKOff TO'lltl'J 3pemm, 'l'aK H C TO'!RH 
3p9HHH .It9Ta1II,HOro cpaBHemm noJiyqemrn:x: pe3J1II,TaTOB p 3KCnepHMeHTOM, , 
'!TO_ll03B0.1I.!!9T rroJiyqaTI, I:IHqopMa:nHIO O ,ItHHaMHKe CH7II,HHX_B3aHMO,IteiicTBHi 
Ha Ma1IHX JI 601II,filllX pacCTOHHH!IX. 

Ha;rrnrui: HOBH3Ha. IIpe;n,roxeH ,ItHHaMH'!ecm rro:nxo:n B T90PHH CH1II,
HlllC B3a.HMO,ItettcTBHtt, .OCHOBamnni Ha pa3,It91I9HHH o6JiaC'l'9li MaJIHX H 601II,

mmc paCCTOJIHI:Ili B KBa3HrrOT9HIUfanl>HOM ypaBH9HHH. Ha , E}r<;l. OQHOBe ,BllEU)~ije . 
pa3BHT • 3@leKTHBHHR M9'.['0,It cyMMHpOBaHRR>BKJI~OB:,601II,IIIHX PflCCTOHHI:Ili B · 
rrpon;e,cCH Mm'KOro: H .. xecTKOro paccemnm:. 

HOBHe M9TO,ItH yqe~a-CUHHa B~aHMO.It9HCTBYJ!]ItHX.a,ItpOHOB ll03BOJm1IH 
IlOJiy-q:HTI, acm.mTOTH'!9CKI:Ie npe,ItCTaBJI9HHH,,It.1IJ! aMITJIHTY.It pacceSIHIDI '!aCTHq 
IlpoH3BOJII,HOro CITHHa Ha MaJIHe.H 601II,IIIH9 yrJrH.H IlCC1I9.ItOBaTI, rp~ 
HX npllM9HHMO(:~H. 

B par.ntax ,ItHHaMH'!9CKOtt MO,It9Jm, J'!HTHB8lllll9ii BHJ'l'P9HH10l0 CTPYKTYPY 
'!aCTHq_Ha 6om,mHX,paccTOHHHIIX, BrrepBHepa3BHT e,ItHHlrli llO.ItXO.It K.HCCne
.ItOB~ pa3JIHtIHHX ynpyrHX a,I(p()HHHX rrpon;eccoB, ll03BOJIHBraHii.o6MCHlITI, 
me odnme-cBottcTBa. 

MeTO.ltll cyi.n.mpoBaHJ:III BKJia.nOB 6oJII,nmx paccTosmml: .n;aim B03MOlltHOCTl> 

paCCMOTIJ9TI, paccemrne '!aCTHq B.CJiy-qa9C1!a6oii 3HepreTH'!9CKOtt 3aBHCH
MOCTH CITHHOBHX 3qql9RTOB. Ilpe.n;1I0'1teHnpI:IHqHUHMI,HO HOBHI M9XaHH3M 
"cmmoBott" .n;miaMJIRH CHJII,IrnX B3am.!O,ll;9RCTBI:Ili npH CBepXBHCORmC 3Heprrunc. 
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C yqeTOM CITHHa B38.HMO.IteiiCTByKX!UIX '!aCTHq B .n;mrnMil'!9CKOH Mo.n;eJIH, Brrep
BHe noJiyqeHa cru:ocornacoBaHHM KaPTHHa IlOJJJII)H3aqHH npH BHCOKHX 3Hep
rHJDC H ITOB9.It~HHH C9'!9HHH paccesmHH npH CBepXBHCOKHX 3Heprnsx B .n;Hq>-
paruzyroHHOll o6JiaCTH. 

3qxpeKTH•rJio6aJII,HOli CTPYKTYPH a,I(p()Ha npocyMMHpOBaHH B o6JiaCTH 
BHCOK03HepreTH'!9CKOro pacceSIHHH Ha.601II,mHe yr1IH. BrrepBHe ITOKa3aHO, 
'!TO OTK1!0H9HRJJ O'l' aBTOMO,lJ;91II,HOCTH Il ls -HHBapHaHTHOCTH aMIJJIHTy.n;ll. 
paccesmRJJ Ha 6om,mHe yrJJH npH .ItOCTHrHJ'l'IlX 3KcrrepHMeHT8JII,HO 3HeprH.fIX 
MOrYT 6HTI, 06'.b.lICHeHH BKJian;OM o6JiaCTH 6oJII,mHX paCCTOHHHH B X8CTKH9 

rrpon;eccH. 

IlpaKTH'!9CKM geHHOCTI,. Pa3BHTH8 B ,lJ;HCCepTaqHH M8TO.ItH CyMMHpO
BaHHH BKJia.IJ;OB 601II,mHX paccTosmmt HCIT01II,3.'[10T ypaBH8HHe, 3anHC_aHHOe 
B.o6meM BH.D;e. 0HH MOrJT.6HTI, HCITOJII,30Ba.HH B paMKaX JII06oro llO,!OCO,Ita, 
r;ne HM88TCJI TP8XM8PH09 ,ItHHaMH'!8CK08 ypaBHeHHe .ItM rumJIHTY.ItH pacces

HRJJ. 
IIpe.ItJI0'1teHHHe MO,ll;8JII,HH8 npe.n;cTaBJI8Hllil O MHrKOM H xeCTKOM pacces-

HHH a,I(p()HOB an:eKBaTHO OITHCHBaIOT 60Jiomon 3KCrrepHM8HTa1II,HliH MaTepllaJI, 
'!TO II03B0.1IfI8T ;· Bo-rrepBHX, l'l3BJI9K8.TI, .ItOCTOBepnyio HHqopMaqHIO O .n;HHaMH
Ke 9H1II,HHX B3aHMO,It8RCTBHll Ha MaJIIlX ll 601II,WFIX paCCTOHHHJDC, BO-BTopux, 
nonytiaTI, xopomo o60CHOBaHHHe npe,ItCRa3aHllil O ITOB8.It8HHH WH3H'!8CKHX 
BeJIH'!HH B 3KCnepl'!MeHTa1II,IIOH8 HayqeHHOfi o6JiaCTH, 'ITO MOX8T,6HTI,_ 
HCITOJII,30BaHO npTI IlJiaHHpOBaHTil'l HOBilX BKCII8pHM8HTOB. 

Oco6utt HHTepec BH3UBaeT npoBepKa rrpe.n;cKasaHHfi o rioBe.n;eHHH 
PP - noMpH3aqHH npn BHCOKHX 3HeprHJDC H cet1eHH:ll PP- II pp- pacces
HHH npll CBepXBHCOKHX BHeprRJJX·Ha ycKOpl'!Temrx HOBOro llOKOJieHHH (YHK, 
KOJIJiafi.n;ep ~HA.II). :3TO ll03BOJIHT OTB8TllTI, Ha BOrrpoc O cymeCTBOBaHHH HO
Boro qJH3H'l9CKOro HBJieHHlI - M8XaHH3Ma 11 CTIHHOBOff" ,ItHHaMHKH CHHl>HHX 
B3al'lMO.ItElffCTBH:il. 

IIpoBe,IteHHoe CyMMHpOBaHlle BKJia.IJ;OB 60JII,filHX paCCTOmmff B pacceHHHH 
'!aCTHq Ha 6om,mne yrlIH ll03BOMeT cymeCTB8HHO pacm:zpHTI, rpaHJm!i npn
M9HHMOCTH MO,IteJiefi ZSCTKOro CTOmtHOBeHIDI. OHO MOJKeT 6HTI, HCUOJII,30Ba
HO npH HCCJI9.I(OBaHHH paccesmRJJ a.n;pc>HOB Ha 601II,mH8 yr1IH Bram B npe.It
aCHMJITOTH'!BCKOff o6JiaCTH. 

Y'!eT BKJia,TlOB rJI06anl>IIOft CTPYKTYPH a,I(p()HOB B :rrpon;eccax ynpyroro 
xecTKoro paCCMHRJJ llO.ItTB8plK,Ita9T CIIpaB8,ItJIHBOCTI, CTeneHHoro aBTOMO,lJ;91II,
Horo llOB8,It9HHlI npH .I(OCTaTO'!HO BHCOKHX 3Heprrunc. 

Arrpo6mum .mrccepTayHH. 0CHOBHH8 MaTepHaJIH .mrccepTaqHH HeO;JUIO
Kparno .ItORJia.n;HBMHCI, Ha MHOro'!HCJI8HHHX MeX,ItyHapo,mmx KOH{flepemnmx, 
CHMII03HYMBX, B TOM '!HCJie: Ha ceMI:IHapax no npo6JieMaM (pll3HKH BHCOKHX 
3Heprnfi n RBaHTOBO! TeopHH llOM (IIpoTBHHO, 1978, 1979, 1980, 1981, 
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1982), Ha CeMIJHape "CTpJKTypa arqJOHOB 1979" (EpaTIJCJiaBa), Ha C8Ml1-
Hapax "KBaprm 1980, 1982" (CyxJ},m), "K:saprm 1984" (T611Jinc11), Ha KOH
qiepe1m;mrx ITO qJl13IlK8 BHCOKIDC ::meprnii (JIJcca6oH, 1981. EpruiTOH, 1983, 
Ae:ilrn.ulr, 1984), Ha cmmosnyMe ITO m.nsuKe ~acTnn (Bl:l!Ilerpa,I(, 1981), 
Ha Cl1MIIO3HyMe ITO ITOJIJipH3anHOHHllM .!IBJieHilHM B qiH3HKe BHCOKIDC SHepr11ii 
()lydHa, I98I, IlpoTBHHo, 1984, f;lapceJir,, 1984), Ha IIIKOJie MOJIO,IJ,HX ~e
HHX ITO rpusnKe BHCoRmc sHeprnii ()ly6Ha, 1981). Kpo?Ae Toro, pa6oTH 
o6cyx.ztamrcr, Ha ceccilruc OR~ AH CCCP, ~errux coBeTax OIDm ITO TeopeTn
~ecKOn q>H3HKe, Ha ceM11Hapax B ]adopaTOplill, TeopeTJ1qeCKOli qll13llKll OHHH, 
B H~B3 (IlpOTBllHO). 

11y6JIHit8.IUHI. ITO MaTepHaJiaM ,ItliCCepTanHH OITy6JIHitOBaHO 32 pa6OTH. 

06~eM pa60TH. )luccepTanH.!I COCTOllT H3 BBe,IteHH.!I, meCTH rJiaB I! 
3aKmoqeHH.!I, CO,lt9PJKHT 237 CTPaHim ManrnHOITHCHOro TeKCTa, 6 TMJIHn, 
49 pHCYHKOB I! 6n6JII!orpaqinro ll3 265 HaHMeHoBaHHli. 

COJT.EPJ![AHl1E PAEOTH 

Bo BB988HHH ,ItaeTC.!I o6sop COBpeMeHHOro COCTOHHH.!I Teopnu CHJII,lrux 
B3amAO.It8HCTBlrli rrpu BHCOKI!X SHeprnruc, ,neJiaeTCH oOOCHOBaHHe BalltHOCTI! 
rrpo6JieM. paccMOTpeHHHX B .ItHCCepTanHH. KpaTKO H3JiaraeTCH ee MaTe_pHM. 

1 rJiaBa ,Itl1CC9PTanHH ITOCBHill9Ha KBa3HIIOTeHIUfMI,HOMY MeTo.ny B KBaH
TOBOR T90pllH ITOJIH. 

B ITepBoM ITaparpaqie rJiaBH .ztaH KpaTmrn o6sop ocHoBHHX HarrpaBJieHmi:, 
B KOTOPHX _pa3BHBaJICH KBa3UITOT9HnllaJlI,Hl:lR MeTO.It B ITOCJI9,llHHe ro.mi:. Bo 
BTOpoM ITaparpaqie HCXO,ll;fI H3 rHITOT93H O rJia,I(KOCTH JIOKaJ!I,HOrQ KBa3HITO
T9HnllaJI8 ,ItaHH rrpHMepu HCCJI9.ItOBaHHH rrponeCCOB paccemmH B pa3JIHtrirux 
o6JiaCTJIX ITepe,naHHoro IIMITJJII,Ca. Ilpo,It9MOHCTpHpOBrutO, qTo rJia,IJ;KOCTI, 
RBa3HITOTeHnUaJia rrpHBO,ItHT K SllKOHaJII,HOMY rrpe,ItCTaBJieH~,.wrir rJiaBHoro 
~JieHa aMIIJIHTY.tnl pacceHHmr Ha MaJIUe yrJIH BITepe,n u nasa,I(. 

Ilponeccu BUCOKO3HepreTnqecKOro pacceHHrur qacTun Ha 6oJII,mHe · 
JrIIH Ha rJia,I(KHX KBasnnoTeHnUMax pacCMoTPeHH Ha ocHone RBasnKJiaccu
qecitOro rrpH6JIHl!teHH.!I B KBa3HITOTeHnUmHoM IlO,ltXO,Ite. IlOKa3aHO, qTo B 
STOM CJI~ae ,ItJIH aMIJJIHTy,nH pacceHHHH crrpaBe,ItJIHBa aCllMIITOTllKa SKCITO-
H8HnllaJ!I,HOro BH.na: ·· · 

T ) 
·. - V-/-c-/ C-(S ........ )' 

($,i ~ e (1) 

TrutllM o6pa3OM,rJia,IJ;Kl!9 RBa3HIIOT8HnllaJIU rrpllBO,nl{T K SKCITOH9HnUaJII,HOMY 
ITa.zteHmo aMIJJIHTY.ItH ITPH 6oJII,mmc.ITepe,naHHUX HMIIyJir,cax. 

CTeITeHHoe IlOBe,IteHHe ,nm'fxpepelll:UfaJII,HUX ceqemm pacceHHHH Ha 6oJII,
ume yrJIH: 
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~ ~ <:)N f(}) Iii 
~ - q>HKC. (2) 

ITOTpeOOBaJIO BBe,neHH.!I HOBoro MeX8Hll3Ma CHJII,lrux B3aIDAO.It6llCTBHll Ha 
MMHX pacCTOHHH.!IX. B OTJIH'Il!'e OT rrponeccoB C MaJIHMH ITepe,naqaMH HM
ITyJir,ca, r.zte orrpe,neJI.HIOOIYIO'poJII, nrpaei rJio6anr,Hrur cTpJKTypa a.ztpoHa 
KaK neJioro, B rrponeccax c 6oJII,mllMn ITepe.ztamrnMU HMIIJJII,caMn cymeCTBeH
HOH OKa3HBaeTCH BHJTpeHHAA Toqe~rur CTPJKTypa a,ItpOHa. TaKHM o6pa3OM, 
.ItllHaMHKa CHJII,lrux B3aHMO,IteiiCTBmi Ha MaJIHX H 6oJir,mnx paCCTOHHH.!IX m1eeT 
pa3Jil1~ xapaKTep. 

OCHOBHUe rrpe,ItCTaBJieHHH, ITO3BO1LffiOIJUf8 pa3BHTI, Ha 8,ItHHOH OCHOBe 
ITO,ltXO,lt K HCCJie.ItOBaHIDO MHrKOro u'JKecTKoro pacceHHH.!I arqJOHOB BHCOKHX 
sHeprnn BBe.zteHH n TPeToeM·ITaparpaqie rJiaBH. 11po6JieMa pas,neJieHHH BKJia
.ItOB MaJIHX H 6oJII,mHX paCCTOHHMll B KBa3HITOT8HnUaJII,HOM MeTO.Ite pemeHa 
s,necr, Ha OCHOBe aHaJIHTI!qecKOro rrpe,ItCTaBJI8HHH ,ItJIH rJia,I(KllX JIOKa]II,lruJC 
KBa3l!ITOT8HnllaJIOB 

00 

V(s,-l) =igrs) ~ dx f <s,x)ext 
0 

I\ 

(3) 

Ilpu 3TOM ,ItJIH M.!II'KHX rrponeccoB, orrpe,neJIHeMUX CBOliCTBaMH arqlOHOB Ha 
-2 60JII,IDHX paCCTOHHHJIX, cymecTBeHHOii: OKa3I:ffiaeTC.!I OOJiaCTI, X ~ 1 rsB • 

)lJIH rrponeccoB pacceHHHH Ha 6oJII,mue yrm,.onpe,neJIHeMUX Toqeqffoft 
~ 

KBapKoBo:li CTpJKTypoft··arqioHoB, xecTKM WYHKnHH ITJIOTHOCTH 9h (S,X) 
OTJIHqffa OT HYJIH rrpu 'X ~ 1 rsB-2• KpHTepHeM ToqeqffOITO,ItO6HOCTH .ItJIH 
Hee .!IBJIHeTC.!I cymecTBoBrurne cJia6oro rrpe,ne~a 

0, , MA ~ ~) 
·fm S 9h (S, X= '2/2) = 1J'(p); H.>o> 0<'2<00• 
;> ➔ 00 

CJie.ItCTBHeM (4) .!IBJIH8TC.!I CTeIT9HHO9 aBTOMO.It8JII,HOe IlOBe,IteHue 
aMITJIHTY.ItU BHCOKOSHepreTHqecKoro pacce.!IH:rur Ha 6oJII,mue yrJIH. 

Pas~eJieHHe o6JiacTeii, orrpe,neJISIBJ!I{HX paccenHHe Ha MaIIHe H 6oJII,mHe 
yrJIH B (3), llO3BOJIBJIO BBeCTH IlOH.!ITHe M.!IrKoro H JlteCTKOro aCHMIITOTH
qecKnx RBa3HITOT8lm;Y.aJIOB. B TOM JKe ITaparpa.cI~ HaH,neHo CJie,Ityl(Jlllee 
rrpe~cTaBJieHHe .ItJIH (n+O HTepannoHHoro qJieHa aMIIJIHTY.tnl pacceHHtm: 

oo h+t }/\ 

~ l"si) = ~dx.{ ... dxh+J exp[t/~ 1/xj .Jh(x.(, ... xh-H), (5) 
h+t \, , o J=i. 

r,ne Jh(x1, ... xn .. )- n.- RpaTmdi llHTerpaJI; 60,nepxamuii WYHKnHH ITJIOTHOCTH 
p(:;,x .. ) KBa3HITOT8HnllMOB, 38,I(aHHHX (3). . 

Ilpe,ItCTaBJieHHe (5) CrrpaBe,ItJillBO BO Bceft o6JiaCTH ITepe,nrurHoro HM
nyJir,ca. Ono ITO3BOJIHeT HCITOJII,SoBaTr, rrpoBe.zteHHoe Burne pas,neJieane 06-
JiacTeii MaJIID(: ll 6oJir,mnx pacCTO.!IHHH B RBa3HITOT8HnUaJie B3auMO.zte:licTBRJI 
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ll pa3BllTI, 3qxpeKTllBHyJO npone,nypy cyMI,mpoBaHll.!I BKJia.n;OB 60JII,IllliX pac

CTO.!IHIDi B aMIJJillTy,ny pacce.!IHll.!I Ha Ma.Jllie ll 6om,rrrne yrlill. CJie,nyeT OT
MeTllTI,, tJ:TO npu BllBO.IJ;e (5) l!CIIQJII,3OBaJIOCI, KBa3HIIOTeHIJ,llam,Hoe ypaB
HeHl!e nJIJI tJ:acTun npOll3BQJII,HOro CIIl!Ha, 3aIIllCaHHOe B o6meM BHne: 

I< /\ A A 

[ E~(-,v)- E2CPJ] V"ts(f)::: A;s(-,v) V{ft~r) '/1'-p(r), (6) 

3necI> E (fS>= Vmf+p:t '+ Vmf + ;ti1 - rroJIHaa: 3Hepr1m ttacT:im Maccll m, H 
ma. ll mmym,ca p B c11cTeMe neHTpa Mace, Ap (-,·W) - MaTpl!tJ:HHH 

orrepaTop, conep.11tarrmii llHqx:>pManmo o cmme B3aUMoneiicTBymtHX ttacTun. 
B pe3JJII,TaTe, BlltJ:llCJI9Hll.!I nJIJI KOHitpeTHilX npouecCOB MOlltHO npOH3BO,l{llTI, 
Ha KOHetJ:HOM 3TaIIe, Bll6Hpaa: COOTB9TCTBytOOlylll MaTplltJ:Hyro CTPYRTYPY ypaB
HeHll.!I Jl KBa3JlIIOTe~l1aJia B3aIDAoneii:CTBll.!I. 

Borr rJiaBe nuccepTauull Ha ocHoBe npencTaBJieHIDI (5) rrpoBeneHo 
IIOJIHoe cyMr,mponamie BKJia.n;oB 6oJII,rrrnx paccTommii B aMIIJIHTyny Mlll'Koro 
pacce.!IHUJI ttacTun npo113BOJII>Horo crrl!Ha, a TaJOKe pemeH Bonpoc o poJIU 
CIIllHOBllX 3/MJElKTOB B BllCOKO3HepreTlltJ:eCROM pacceJIHllll Ha MaJIHe yrlill. 
B rrepBoM rraparprupe rJiaBil nJIJI aMIIJillTynll' pacceJIHHJI ttacTun npoH3Bom,
Horo crrllHa B o6JiaCTH Ii I/$ « I HaiineHo enmroe siiKOHaJII,HOe npen
CTaBJieHHe: -,. - - .i. (i.)nc :iips 'ni+1 (~ -t-=-A 2 ) -c.2 .. )3 ap Jd~j e clzt ... dz., ♦ :1. 0(lrl.z) ... 

I . I _, (7) 

A A A A 

... erih-i .. ♦t) Vr.s,p, 1,)A-;:(lJ ... ArJfJ Vrs,p, z .... J, 
rne f. {P-+- ilJ/2 ; p" u K - HMJIYJII,Cll ttacTun B cncTeMe ueHTpa 
Mace no H rrocJie B3aUMoneiicTmm. 

Ha OCHOBe (7) BlltJ:llCJie!Ill' I'JiaB!Ill'e aCHMIITOTHtJ:eCKHe tJ:Jie!Ill' 8MIIJIJl
Tyn pacceJIHU.!I B nHcflpaKnHOHHOH O6JiaCTH M93OHOB Ha HYRJIOHax nJIJI KBa-
3HIIOTeHIJ,llaJia Han6oJiee o6mero MaTplltJ:HOI'O Bl!na. B!lpalliellll.!I nJIJI CIIll
paJII,IruX al'filJIHTyn HYRJIOH-HYKJIOHHOI'O pacce.!IHll.!I Ha Ma.Jllie yrlIIl Hru'i.ueHil 
WI.!I KBa3HIIOTeHIJ,llaJia, conep;Kamero Tpll HO3aBHCilM!le MaTplltJ:Iille CTpYJtTypll: 

A 

" " Vt,½ (s.r~l):: a(s,r) + Bc.s,?)[I@h{-l)+h(e)@IJ+ 

+dcs,r> :ire)@At-t>; 
(8) 

h(e)"" 'to-lt/Je/. 

3,necI> KBasunoTeHIJ,llam a , g , d rrpocTHM o6pasoM CBJI3amt c HHBa-

6 

Pl'la.HTHilMll aMIIJIHTynaMU HYKJIOH".'"nyKJlOHHOI'O paccemnl.!I B O6.JraCTU 

H-1{$<< r. 
Bo BTopoM naparpaqie I'JiaBil paccMoTpeHa npo6JieMa Haxo~neHHJI Kpu-

TepueB 3HKOHaJII,HOCTH ,!{JI.II M.!II'KllX KBa3JffiOTe~llaJioB. IloKasaHO, tJ:TO enu
Hoe 3RKOHaJII,HOe npencTaBJieHlle (7) cnpaBenJillBO npu BllIIOJIHeHHH CJienyro
mero orpa.HutteHHJI Ha pocT c ::meprueii BeJIHtJ:HH, Bxo.wnnmc B rrpaByro ttacTI> 
ypaBHeHll.!I (6) :· • 

;\ " A (p) Vrs,7) ~ ff. 
PaccMOTPO!Ill' CJie,l{CTBll.!I 3TOro orprurnttemm nJIJI Me3OH-HYRJIOHHOI'O 

n HYJtJIOH-HYRJIOHHoro pacceJIHHJI. TaK, BO BTopoM cJiyttae 11MeeM cJienyro
mue HepaBeHCTBa nJIJI KBa3l'lIIOTeHnuaJIOB (8) 

acs,r) ~ S 0 
; . ic:;,f') -6 S 0 

i drs,-r)~S°. <9> 

B CJiyttae IIOCTO.!IHHilX l!JIJl pacTymllx C 3Heprllefi IIOJIHHX 'cetJ:eHuii. 

Korna rpaHuna. nJIJI 1ma311noTeHnuaJia cJ l$, r) HaCilllteHa, cJiencT:sueM 
(9) JIBJIJieTC.!I 6ucTpoe. cTeIIeHHoe na.n:enue c sHeprueii: noJIJipusauuu u 
BKJia.n;a aMIIJillTYn C nepeBOpQTOM CIIl'IHa B nnqqiepeHnUaJibHile CetJ:eHH.!I pac
Ce.m1ll.!I Ha MaJIIle yrlill. 3TH pesyJII,TaTH crrpaBe~JIHBH n'nJIJI Me30H-HYRJIOH
HllX npoueccoB. TaKHM o6pa3OM,IIOKa38.HO, tJ:TO sfiKOHaJII,IIll'fi xapaKTep 
pacce.!IHU.!I a.n:poHOB BO3MOJKeH Ilpl'l ,l{OCTaTOtJ:IIO 6IlCTpOM na.n:eHHII C 3Hep
ruefi CIIJlHOBilX 3qxp6KTOB. 

Mo,neJII>HHe coo6pru1teHH.!I Tpe6yIOT IIOCJie,noBaTeJII,HOI'O CyMMHJ)OB8.Hll.!I 
BKJia,n;OB o6JiaCTll 6OJII,IDJlX paccTO.!IHllH rrpu CJia6oii 3HepreTJltJ:eCKOfi 3aBll
CHMOCTJl CIIHHOBHX 3/{xpeKTOB. 3Ta 3a,n:atJ:a pemena B TpeTI>eM naparpaqie 
rJiaBil. B cJiyttae NN -pacceJIHl'l.!I CJia6aa: 3aBl'lCHMocTI> OT sHeprnu 
aMIIJillTYnII c nepeBopOTOM CIIUHa MOJKeT 6UTI, IIOJiyttena Ilpl'l a.HOMaJII,HOM 
IIOBeneHJlll KBa3"iJIIOTeHIJ,llaJia I., B (8) npu $ - co: 

~ cs, -r) ~ vs' f.> (t"'), (IO) 

tJ:TO npoTHBopetJ:HT orpa.HHtJ:eHmo (9). IlOKa3aHO, 'ITO HaJIHtJ:He TaKJlX 
tJ:JIOHOB .IJ/O1.teT np1monHTI, K Mo.nll<pHKrunm 3HKOHaJII>Horo npencT~JieHH.!I, 
npu'leM B siiKOHaJII,HOii qase, onpenerunomeii ru,mJIHTy,ny N /\I - paccem!llJI 
6es nepeBOpoTa CIIUHa, BO3HllKaJOT 'IJie!Ill', pacTyume KaK ~: 

00 

Xo(S,9) = - t S [d(s,r)- r~~(~.r-)] cli, (II) 
-oo 

KOTOplle OTCYTCTBYJOT B CTa.HnapTHOM 3HKOHaJII,HOM npe,nCTaBJieHHl'l. 3TH 
tJ:JieHH MOI'YT 6IlTI, JlHTepnpeTllpoBa.Hll KaK BKJia.rtH c ,nByxKpaTirnM nepeBO
pQTOM crrUHa 'laCTllU!l, CyMMllpOBaHHe KOTOPHX B aMIIJillTy,ne 6e3 rrepeBO-
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poTa · Clll!Ha IIpOB9.I(9HO C IIOMO!llI>ID KBa:mrrOTSHIUiaJII,HOro Y!)aBH8HIDI. 

B pe3JJII,TaTe, CITHHOBHe BK/Ia.JUI MOryT HrpaTI, cymeCTBeHHyIO pom, 
B .I(HHaMHKe CHJII,Hmc B3ain.1o.n;eilcTBHll rrpH .I(OCTaTO'IHO BHCOIUIX 3Heprwnc. 
IloKa3a.HO, qTo B 3TOM CJiyqae B03HHKaeT CITHHOBHH MeXa.HH3M pocTa IT01I

Hmc ceqe1rnii H p!I.I( .n:pyrux 3qxpeKTOB, IlO.IIB1IeHHe KOTopmc B03MOJKHO IDllllI, 
B CHyqae B3aHMO,n;eiiCTBH.fI qacTlU~ co cmrnoM. 

Ha OCHOBe Haii.I(emmx' BO BTOpoii rnane BHpaJKSHHH .I(]I.fl a.MIT1IHTJ.I( 
yrrpyroro pacce.fIHH.fI a.n:poHoB MoryT 6un ,lfccne,n;onmm cnoiicTna rrpon;ec
con BHCOK03HepreTnqecKoro pacce.fIHH.fI Ha MaHHe yrm H TaKHM o6pa3oM 
nonyqeHa 1mifopMan;H.fI o mmaMJme cnm,Hmc B3aIDAo;neiicTBHii Ha 6om,mux 
paccTO.fIHl'l.fIX, KOTOpM Tpe6yeTC.fI :zt1I.fl np6ne.n:eHHJI ITocne,n;onaTem,Horo 
CJMMHpOBa.Hlf.fI M.flrKHX BK1Ia.I(OB B ilreCTKOM pacceHHHH a.n:PQHOB • .U1I.fl Toro, 
qTo6H 3Ta HHifopMan;H.fI 6HHa H8.l16onee .I(OCTOB9PHOH, Heo6xo;nHMo pa3BlfTI, 
Mo.n;enr,, KOTOPa.fI a.n:eKBaTHO, Ha e.I(HHOH OCHOBe, Il03B01IHT o6MCHHTI, 
nee OCHOBI~e·cnoilcTBa pacce.fIHH.fI pa31IH'IHUX a.I(pOHOB B I!ll'lpOKOH o6naCTH 
rrepe;nrumoro m.mym,ca. 

3Ta 3a,n:aqa pemaeTC.fI Bill rnane ,IOl'ccepTan;HH. B rrepnoM rraparpaipe 
rJianH ;nan KpaTKHH o68op COBpeMemrnx 3KCIIepHMeHTaID,HHX .n:rummc ITO yrr
pyroMy pacce.fIHmo a.I(pOHOB Ha MaHHe yrmrrpn BllCOKHX 3Heprrurx:. 

Bo BTOpoM rraparpaipe rnanH·ITOKa8aHO, qTo 4JYHKD;H.fl IIHOTHOCTH KBa-
3RITOT9HUHMa (3) MOJKeT 6HTI, CB.fl8a.Ha C MHHMOH qaCTI,10 BMIIIDrTJ.I(ll pac
C9.fIHHJI Iia -/:; -I<aHa1II>HOM pa8peae: . 

i 9 (s) P($,X) = -1t ! e-xt ;:hnf. rr'(s, t) d-1:. 
to ' · 

OTO COOTHOIDeHHe pacm.mTpHnaeTC.fI KaK IIpaBlf1IO, CJMM . .I(1I.fl . orrpe.n:eneHHJI 

<Ix>PMH lf napaMeTpOB qiy1mrurn ITJIOTHOCTH. Ono IT03B01I.fleT BII;nemrn Mace 
.IOl'arpaMM, orrpe.n:eJl.fI!OllUfX M.flrKyIO. qacTI, .f'(s,x). C.n;e,ra:a: BUBO;It O TOM, qTo 
<pYHKD;H.fI IIJIOTHOCTH KBa3HIIOT9H!Uf81Ia B31llfMO;zteiicTBH.fI qaCTlfD; Ha 6om,mnx 
paccTO.fIHH.fIX X >- I rsB-2 orrpe;neJI.fleTCJI 61IF1JKaiinu1MH oco6eHHocT.fIMlf 
aMIIIDrTymI pacceJIHHJI B t -Krui:aJie. CymeCTBSHHyIO pom, 3;lt9CI, HrpaJOT 
Tpeyrom,HIIe .IOl'arprum.m C o6M9HOM ;nBJMH Ji -M930H8Mlf B -/; -KaHMe •. 

OTO II08B01I.fleT pa3BHTI, 6eCCITffiIOBYJO ,IOl'HaMH'IeCKYJO MO.Item, B3aHMO
:neilcTBH.fI a.n:poHoB, Y'!HTilBaJ!lilYIO ux CTPYKTYI>Y Ha 6oJII,mHX paccTo.lIHIDIX. 
Mo;nem, OCHOBaHa Ha npe.n;IT01IOJKeHlflf O HMH'Ilflf y a.n:poHa JKeCTKOit n;eHTpam,-
HOit qacTH, B KOTOpoii cocpe;noroqeHll BMeHTHHe KBapKH, OKpY]teHH~it . 
061IaKOM KBapK-aHTHKBapKOBmc rrap- M930HOB.IlpocTeme .IOl'arpaMMH 
B3aHMO;ztellCTBHJI ;nnyx qacTHD; co.n;epJKaT M.flrKOe pacce.fIHlfe ;nnyx a.I(pOHHHX 
D;eHTPOB, a TaKJKS pacce.fIHHe Me30Ha lf3 "my6u" O;nHOro a.n:poaa Ha 
D;SHTpaJII,HQli qacTH ,IU>yroro. OHH onpe;neJIJmT nepnqiepHqecKyIO qaCTI, 8HKO
Ham,nott <paau, KOTOpa.fI IlpH 6om,mmc IlplfD;eID,HHX; paCCTO.fIHl'l.fIX lfMeeT 

,8 

,, 

,t, 

3KCIIOHeHUHaJII,HyIO aCHMITTOTHKy. IlOJIH8.fI 3HKOHMI,H8.fl qiaaa C yqeTOM n;eHT
paJII,HllX 3(f(!l9KTOB M0'1t9T 6HTI, xopomo arrnpoKCHMHpOBaHa BHpaJ!(eHimM 

X (s, 9) ~ h e-)'H:>) Jeacs) + 9~' (I2) 

BwrncJieHH.fI IIOKa3UBaIOT. qTo B (I2) 3cppeKTHBH8.fI Mac ca "" ~ 0, 6 T3Il. 

Mo.n:eJII, Mo:r.reT 6HTI, 6e3 Tpy,n;a HCIIOJil,3QBaHa ;lt1I.fl mo6mc ynpyrux a.n:poHHHX 
peaKD;Hil. IlOK83a.HO, qTo H B 3TOM c,ryqae 8HKOHMI,H8.fl ipa8a,MOMeT 6HTI, 
rrpe;ztCTaBJieHa B Bll;Ite (I2), npIJqeM 3qxpeRTHBH8.fI Macca }1 ;ltOJIJKHa ITpH
Mepuo cooTBeTCTBonaTr, nait.n:eHHoii .I(1I.fl pp -pacce.fIHH.fI. oTo ri:o.nTBSPJK:zte
no Hcc,re;nonauueM ITone;neHHH HaK1IOHa ;nmppaKUUOHHoro IIRKa Ti P- H 
p P -pacce.fIHR.fI rrpR Mamnc ITepe,naqax RMITynr,ca, rtoTopoe rroJIHOCTI,JO 

orrpe,n;e1I.fleTC.fI CTPYKTYI>Oii a.n:pona na 6on1,mnx paccTO.fIHH.fIX. 
Jl.eTanr,Hoe cpanueu11e ;nRHaMRqecKoii Mo.nem1 c srtcITepnMeHTOM npone

.n:euo B TpeTI,€M rraparpaipe rnanH. IlOKa3aIIO, 'ITO oHa C MaJIHM 'llJCHOM 
CB06o;numc napa.MeTpOB IT08D01I.fleT K01IuqecTB9HHO BOCIIpOl13B9CTH nee Il3-
B9CTiille CBOiiCTBa pp -pacce.fIHR.fl B mRpOKOM o6JiaCTH ITepe;zta.HHoro llM

ITJHI,Ca. Cpanueune Mo;neJIR c ;naum11v111 ITO Ji-p -pacceJIH1210 rrpu 
Pt. = 200 raB II rrepe;naqax, I1MIIyn1,ca It. I~ 2 ,5 raB rrpuneno K B03-

IIHKHOBeumo ,IOl'(!lpaKD;HOHHOrO MRHRMYMa npH 60JII,illITTC ITepe;naqax UMITY1II,Ca, 

qeM sio OJKR;nanocr, pa.Hee: /ii MUH ~ 3,8 rsB2• 3To rrpe,ncKa3a.HI!e Mo
;nenu 6UJIO ITO;ltTBepl!t.I(eHO 8KCrrepHM9HTMI,HO no ~rIAJI. 

E;nR!Illii ITO:ztXO.It K HCCJie:ztOBa.HHID pa3JIIl'IHHX a.I(pOHHHX peaKD;Hil,rrpllBO
;nl!T R BHBO;zty O 6IDr30CTH ,n;uqipepeHUHaJII,HHX ceqeHRH pa3JIU'IHUX HYKJIOH

HJKJIOHHHX peaKD;Hit IIplf BHCOKHX 3Heprimx, 'ITO BHIIOmmeTC.fI ):{JI.fl pp-, 
pp-, YI p ·-pacce.fIHHH. Cne;nyeT o:arn.naTI> Taio.te 6nRaocTI! ceqeHI!H l<p

H JT p - paccemnm B mnpoKoii 061IacTI1 rrepe;naHHoro 11MITym,ca. 
TaKRM o6pa30M, IlpOCT8.fI .I(HHaMU'leCRa.fl MO;zteJII,, Y'!HTHBa!Ollla.fI 3<p<p9K

Tll Me30HHoro o6JiaKa, a.n:eKBaTHO OIIHCUBaeT WHpOKHH Kpyr npoueccoB 
pacce.fIHI!JI a.n:PQHOB Ha MaJIHe yrJIH. OTO IT03BOJI.fl9T ITpe.n;rro1IOJKIITI,, qTo 
RCITOJII,30B8HH8.fl B Heit rIIIIOTe3a O CTpyxType qaCTlfD; Ha 601II,WHX paCCTO.fI
HHRX COOTB9TCTByeT 1R3HqecKoii peam,HoCTll. 

CymecTBeHHOe 3HaqeHHe B ITOHI!ilaHHII ,nl!HaMHKH Cll1II,HHX B3al!Mo;neiicT
BHii Ha 60JII,mHX paCCTO.fIHR.fIX .HMeeT Borrpoc O xapaKTepe CIIHHOBHX 8qxpeR
TOB B BHCOR03HepreTI!qecKOU pacce.fIHUI! a.I(pOHOB Ha MaJIHe yrm. M3yqeHHIO 
BHCOK08HepreTnqecKOro pacce.fIHI!.fI qaCTIIU co CITRHOM B ;ItHHaMI!qecrtoii MO
.IJ;eJIU pacce.fIHUJI a.n:PQHOB ITOCB.filll9Ha IY r,rana ,IOl'CCepTB.UHH. Pacce.fIHHe M930-
HOB Ha HYKllOHax paCCMOTpeHo n·nepBOM ITaparpa(1)9 rnanH. B MO.n;emr B03-
HI!RaeT Mamrlt ITO BeJillqime 'a.HOMaJII,HHfi q,reu KB83lfITOTeHD;Hana, IIplJBO;n.fl~ 
m11ii R c,ra6ott 3HepreTIJqecKoii 3aBlfCHMOCTH crnmoBHX 3qxp9KTOB. B 3TOM 
c,ryqae B03MOJ!t9H 6HCTpmi poCT Bll,Ita (II) 3liKOHa1II>HOii <pa3H rip-pac-
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eemnm, KOTopmi: npo.fIBJUieTe.fI npl'I He,JJ;oeTy1rnmc B HaeTomnee BpeM.fI :mep-

rl'IJIX 
~ ,v ro6 r3B2. 

OTO n03BOJUI8T HeeJie,JJ;oBaTo npH 3Heprl'IJIX 

IOO r3B2 ~ ~ ~ 400 r3B2 

6eeenHHOBIIii BapmmT Mo,JJ;em1. Han.nemrne B!Ipallt8HH.fI WUI nepmIJ0PHtiee1tofi 
tiaeTH 3llROHanbHOll <pa3U e j"I8TOM ueHTpam,Hott tiaeTl'I B3aHMO,JJ;eiieTBH.fI 

no3BOJUITOT e Man!IM 'Il!eJIOM eBo6o,lJ;HllX napaMeTpoB KOHHtieeTB8HHO onH
eaTo 3RenepHMeHTMI>HIIe ,JJ;aHHIIe no :rr-p. - paeeemnno npn 3HeprHJIX 

P1. ~ 50 r3B. Jl.H/flpaRUHOHHHfi MHHHMYM B ,JJ;Hqxf,epeHUHam,mi:x eetieHl'IJIX npH 
/-t;/,., 3;8 r3B2 nO.fIBIDieTe.fI np:u 3HeprHJIX P1. ~ 150 r3B. IIpH 6onee HH3-
RHX 3Heprll.fIX OH 3aITOJIH8H BemeeTB8HHOll tiaeTo!O aMIIJillTy:Itl:l' paeeemm.fI. 

Meene,JJ;OBaHile B paMRax ,JJ;HHaMHtieeRofi MO,lJ;8JIIl Ilj'ltJIOH-Hj'ltJIOHHOro 
paeee.fIHH.fI, npoBe,JJ;eHHoe no BTopoM naparpaqie rJiaBII, BII3HBaeT oeo6mi: 

IlHTepee. oTo eM3aHO e TeM, tITO B PP- H PP -paeee.fIHHH Ha yeRopH
TeJIHX ,JJ;OeTHrHYTII ,JJ;OeTaTO"IllO BIIeORHe 3HeprHH, _'ITO Il03BOIDI8T paeetIH
THBaTI, Ha o6Hapj'Ji(8HHe B 3THX pe~Il.fIX 3qxfJeRTOB, onpe.I{eIDieMUX "enn
HOBIIM" · Mexrurn3MOM. 

BUtilleJieHilR, ananorntIHHe npoBe,JJ;eHHIDI! BOBTOpoM naparprupe rJiaBII, 

nORa3UBaIOT,. 'ITO .I{llHa!6IltieeRaR MO,nem,, YtillTHBaTOOlaJI eTpYJtTYPY a,npoHa 

Ha 6om,mHX paeeTO.fIHllRX II errHHII B3aHMO,nefieTBYJOmHX tiaeTilD;, no3BOJUI8T 
ROJIHtieeTBeHno rrepe,JJ;aTo nee H3BeeTHIIe. eBoiieTBa PP -paeeeJIHHJI npH 

3Heprmnc l/s1 ~ I9 r3B. C noMOmb!O $- U RpoeeHHra npe,neRa3aHII 
eetieHH.fI pp -paeeeJIHHR, ROTOp!Ie • IlM8IOT ,JJ;H/flpaRUHOHHIIll MilIDIMYM npH 

3HeprHRX PL.~ 50 r3B. IIpn 3HeprHRX -I.$ R eetieHH.fI pp..., u pp
paeeeJIHH.fI 6JIH3RH ,npyr R ,npyry. OTil pe3JJII,TaTU. IlOJIHOeTI,IO eooTBeTeT
BYJOT 3Rerrepl'IM8HTJ., 

CJie,JJ;eTBileM MO,lJ;eJIU .fIBJiffiOTC.fI MaJIIIe no B8JIH'IHH8 aHOMaHoHlie 'IJI8HII 

aMIIJIHTJ',lJ;II NN'-paeeeJIHll.fI BH,na (IO). 0ml ena6o Cita3HBaIOTe.fI Ha llOBe
,lJ;8HHH ,JJ;HqxlJepem:manoHIIX eetieHHfi npn :meprIDDC .I~ R , Ho eymeeTBeHHII 
npn Vs1 ~ IOO r3B •. 

06eyiK,IJ;eHHIO errHHOBllX 3qxp8RTOB B HYRJIOH-HYRJIO_HHOM paeee.fIHilil rroeBR
meH TpeTmi rraparpruprJiaBII. lIOJij"I8HHII8 BIIme pe3ym,TaTU j'lta3HBaIOT Ha 
B03MO.lltHOe. eymeeTBOBrurne HOBOro M8XaHH3Ma "errHHOBOfi" ,JJ;HHaMHRH eHJII,
HUX B3aHMO,JJ;efieTBHii npll BIIeORHX 3H8prH.IIX. JJ.efieTBHT8JII,HO, npn HaJIUtIHH 
B 3:ltKOHanbHOff <pa38 (II) paeTymHX e 3Heprnett tIJieHOB, KOTOpHe HM8IOT 
eITHHOBIIll xapaRTep, B aMIIJIHTy,ne_ paeee.fIHH.fI llO.fIBJI.f!eTC.fI 3H8PI'H.II . SO , 

npn KOTopott ,DJIBaMHRa enm,HllX B3aHMo,neiieTBiltt Il3M8HR8T CBOil xapaRTep. 
3Ta 3H8pI'lY.II MOX8T 6HTI, onpe,neJieHa l'l3 (II): 
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ffo = 2 
} -~di! clc~.r)/ 

I ·)ch ~~(~,r)f --
~ IOO rsB. (13) 

.r---o 
3qxpeKTH Cill'IHOBOro MexaHil3Ma I13j"I8HII Ha oenone ,JJ;IlH8MUtIOeKoii MO

,neJIH B3aHMO,JJ;eiieTDU.fI a,npoHOB. Iloita3aHo, 'ITO B03HUKaJOmaR B MOI(OJIH ITOJIR

pH3ru:mR cna6o 3aBHeilT OT 3Heprun Il eornaeyeTC.fI e 3KerrepUM8HTOM npH 
P1. ~ IOO r3B. Ilpll cnepxBHeoKHX :meprHRX cne,JJ;eTBHeM 6ueTporo poem 

qia3II (II) .fIBJIJDOTC.fI: CIIHHOBIDi M8XaHil3M poeTa rrommx eetieHHfi, BKJia,n 
ROToporo B 5/~ npll v's1 =. 540 r3B OKOJIO 5 U6n; 6IIeTplill pocT ,nm!xIJ8-
P8HUHanbHllX C8tI8HHfi B o6naeTH ,JJ;H!ppaRUHOHHOro MHHHl.!yMa ll MaReHMyMa. 
IIpe,JJ;eKa3aHO llOJIH08 HetI83HOBeHHe ,JJ;H!ppaRll,IlOHHOii eTpYJtTYPH npH 
I-cl -::- I r3B2 H rro.fIBJieHHe B ,JJ;UqxpepeHIUiaJII,HllX eetiemmx "rrnetia" c 

~:/
1

.,_
1 

. i "'1 2 NI<! npH :;meprHJIX PP-rtonnaii~epa UEPII. 3TH pesym,_ Ta-
... -.. 1a -1r•8 , l"il!i"' '. , .. 

TH noJIHOCTI,IO IlO)lTB8PJ!i.I{8HII Ha 3RCilepilM8HT8. TamJM o6paaoM, 06Hapy,r.orm 
rrepBIIe YJta3aHH.fI Ha rrpo.fIBneHil.fI MexaHU3Ma "cmrnoBoii" ,JJ;HHID.!l'IKH npu 
CBepXBUCOKHX 3Heprnmc. lIORa3aHO Ta.IOK8, 'ITO BltJiaI(!I M830HHOro o6naRa 
a,npol!a MoryT .fIBJI.fITLCR ,lJ;IlH8MH'I8CRilM M8XaHH3MOM B03HURHOB8HHR crna6o 
3aBileJimux OT sHeprHH crrnHoi:iux 3qxpeRTOB n paam1,n1IIX ynpyrux H Heynpy
rHX a,npo!IHIDC peaRUll.f!X. IIpoBeprta ::lTllX DHBO,lJ;OB MOJiteT 611Tb e,JJ;enaaa Ha 
yertopuTeJIHX HoBOro rroROJieHil.fI (YHK, Ronnaii,nep ~HAJI). 

Brumoe MeCTO B necJie,JJ;OBaHHil ,JJ;HHaMHRH Cll'JII,HIIX B3aHMo,nettcTBHll Ha 
MaJillX paccTo.fIHIDIX 3aIIIlMaeT H3JtieHne npoueccon paccenHH.fI Ha 6om,mne 
yrJIII. MHTepec KHUM o6yeJIOB/I8H TeM, 'ITO IlX xapartTep CB.fI3aH B oeHOB
HOM co CTPYJtTypoil tiaeTilIJ; H~ MaJillX paeeTomIHJIX. 

Y rnaBa ,JJ;HecepTru:ntH,IlOCBJimeHa ucene~OBaHilID aBTOMO,lJ;8JII>HOro llOBe
)leHlf.fI 6HHapHIDC rrpoueccoB xecTROro paeee.fIHH.fI a.Iij)OHOB B!ICOKHX_ imeprmi. 
B rrepBOM rraparpaqie rJiaBH ,lJ;aH RpaTKHll 0630P 3RerrepHMeHTa/II,HilX ,JJ;aIIHIIX. 
Mx aHMil3 llOKa3HBaeT, 'ITO IIpaBHJia KBapROBOro CtieTa Il8p8)laIOT, B 
ocHOBHOM, 3HepreTHtieertoe none,neHHe cetieHilH pacce.fIHH.fI Ha ~llKCHpODaH
HIIe yrJIH •. 0,JJ;HaKO B JiP -pacee.f!Hl'IH npn HeBHCOKHX 3HeprHJqe HMeJOTC.fI 
OTKJIOH8HH.f! OT a.BTOMO)leJII,HQI'O IlOBe,JJ;eHH.fI, a TaIOKe CTpYJtTYPH B yrJIOBllX 
pacnpe,JJ;enenrorx:, KOTopue crJIEiXIlBaIOTC.fI e poeTOM 3Heprnn. OTO Il03BOIDI
eT C,JJ;eJiaTI, BHBO,JJ; 0 TOM, 'ITO i:Jpn pacceJIHHH Ha 60JII,WH8 yr111l ,lJ;OCTl'II'Hy
Ta JIHmI, rpamma aCllMIITOTiltI8CROI o6JiaCTH. 

BamiruJ Imqx>pManrur O ,JJ;HH8Ml'IRe B3ruJMO,neiicTBIDI KBapKOB Ha MMUX 

paeCTO.mmJIX CO)l8pltHTC.fI B yrJIOBHX 3aBHCHMOCT.fIX ,JJ;HqxlJepeHUHa.JII,HHX 

cetieHHI, T.e. B qlymmHJDC f('1/s) B (2). IlpI!Mepu HX HCCJI8,JJ;OBrumJl: Ha oc
HOBe PH,Ita MO)l8Jil,HliX npe)lCTaBJieHHI npll'Be,JJ;e!II1 B TOM Jlt8 rraparp$ rJiaBH. 
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!eCTRoe ynpyroe pacceJIHl'le a,I(l)OHOB B IOOl paCCMOTpeHO BO BTOpOM 
rraparpacpe. Ha rrpl'!Mepe B3all'1.lO.rteiiCTBl'IJI Kll'apRa C Me30HOM IIOKa3aHO, 'ITO 
n rrpou;eccax pacceJIHl'IJI a.npoHoB Ha 6om,mne yr1Il1 BemiRa pom, "mrn<reBinc" 
CHHrymipHOCTeii, CBJI3a.HHl1X C DHJTpeHHl!MH JrnHHJIMH, Haxo;u;nuHMUCJI Ha 
MaCCOBOH IIOBepXHOCTU. 3TO 03Ha<raeT IIO.ffBJieHne B lK8CTKOM rro.nrrpou;ecce 
B3aHMo.neiiCTBHJI Ha Oom,rnmc paCCTOJIHHJIX. Trume BKJia,rul MOrYT H3MeHl'IT1, 
anToMo,nem,Hyio acnMIITOTURY peam,uoro a.upoHHoro rrpou;ecca. Hx BH'IHCJie
rrne B Teop,rn nosMymeunii RX.TI: He JIBJIJieTCJI, Boo6me ronopJI, rronuocTI>IO 
o6oCHOBaHHID.I. Y<reT pa,ul'laIJ;l'IOHIUnc rrorrpanoR He II03BOJIJI8T rro,nanUTI, 
BRJiaJJ: oco6emrocTeii Ha Macconoii rronepxHocTn n q Ji -paccemurn Ha 
6on1,m:ne yr1Il1. 

AHanns rrpocTeiirnero sKcRJII03l'IBHoro rrponecca noKa3UBaeT, <rTo ,n:JIJI 
rnanHoro acnMIITOTl'ltJecKoro qneHa armnl'ITYJUi pacceJIHl'IJI B rrpe.nene 6om,mo-
ro <rHCJia nneTon Ne-+ oo crrpane,n:JIRBH rrpannna o6o6meHHoro KBapKo-
Boro c<reTa. 

B TpeTI,8M rraparpaipe rnanH IIOKa3aHO, 'ITO rrpoBe.rteHHOe BI rnane 
.nnccepTanlll'I pas.neneHl!e BRJia.rtOB MaJIIDC l'I 60JI1,IDl'IX paCCTOJIH'l!li B ,D;l'IHaMH
qecKOM KBa3l'IIIOTBHUl'laJII,HOM ypanHBHl'll'I II03BOJIJieT rrpOCJMMl'lpoBaTI, siMJeK
TH rno6aJII,Hoil cTpyRTypu a.npoHa B rrpou;eccax JKeCTRoro pacceHHl'IJI, KO
TOpHe orrpe,neJIJIIOTCJI,B OCHOBHOM, ltl'IHa.Ml'IKOH B3al'IMo,neiicTBl'IJI KBapKOB 
Ha MaJIHX paccTOJIHHJIX. Haii.neHo rrpe.ncTanneune ,nJIJI rnanuoro acm:mToTH
qecRoro tJJieHa a!ffiJil'ITY.nH pacceJIHHR <raCTRU IIpol'l3BOJI1,HOrO CITHHa Ha 
60JII,Wl'le yr1Il1 BH.rta 

I\ A ·,_ A A.,. A 

T(~, P, it) = exp{,'Z$(o)~i::sJ V,.{$,f, l)expf."1~~;($) Zstoij(I4) 
A 

3,nec1, siiKOHan1>HruI ~sa Zsfo) co.nepJKHT sijxpeKTU o6nacTn 6oJII,nmx 
paCCTORHHll, 'Vh - JKeCTKHH KBa3l'IIIOTBHUHaJI, OIIpe,neJIJieMJlii B3al'IMo,neficT
Bl'leM a.npoHOB Ha Malll1X paCCTOJIHl'l.fIX. TaKl'IM o6pa30M, B (I4) MJirKl'le l'I 
JKeCTKl'le BRJia,n;H B aMIIJil'ITy,ny pacceJIHl'IJI Ha 6om,rnne yrnu ~TOPl'l3JIOTCR. 
Pa3BHTHfi MeTo.n Il03BOJIJI8T e.n:nHHM o6pa30M paccMaTpl'IBaTI, pa3JIHtJHUe MO
.ne1m JKecmoro pacceJIHHJI a,npoHon. 

IIpe,ncTanJieHRe (I4) HCIIOJI1,30Ba.HO ,n;JIJI H3Y'f8Hl'IJI KOHKpeTHHX 3KCKJTI0-
3l'IBHHX rrponeccoB. IIpH orrpe,neJieHl'll'I MaTpH'IHOH CTpyKTypU KBa3HIIOT8HUHa
Jia J'IHTUBaJIOCI, Tpe6onaHl'le t~ -HHBapHaHTHOCTH B3al'IMo,neiicTBHR ua 
MaJIHX paccTORHHRX. B pe3JJII,TaTe IIOJIY'feHl1 BupalKeHHR ,nJIJI .rtHifXIJepeHUl'lam,
HHX ceqeuuii Me30H-HyKJIOHHOro l'I HyKJIOH-HyKJIOHHOro pacceJIHl'IR Ha 6om,
mne yr1Il1. 

Hanuq:ne MJirRl'IX rrepepacceJIHHii B ua<ram,HoM :n ROHB'IHOM COCTOJIHl'l.fIX 
B JKeCTKOM coy.napeH:nl'I a.npOHOB (I4) rrpl'IBO.rtHT R HB06XO,n;l'IMOCTH Y'feTa B 
aMIIJIHTy,ne pacceJIHl'IJI Ha 6on1,mHe yr1Il1 rrorrpanoK, aHanorl'!'IHHX siiKoHam,-
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HHM. Orm COOTBeTCTBJIOT 6onee TO'IHOMJ, <reM n (I4), Y'feTy BKJia.llOB 6om,
illl'IX paccToJIHHii B·npoueccu JKBCTRoro pacceJIHl'IJI <racrnn. II0,no6H11e rrorrpan
KH MoryT IIPl'IBO.rtl'ITI, R Ha6JIIO,naeMoMy Ha 3RCIIepm1eHTB OTRJIOH8Hl'IIO OT aBTO
MO~BJil>HOCTl'I rrpl'I HBBUCOKUX 3Heprnmc. B CM3H C STUM HX BU'IHCJieHne 
'Ip83BU'fafiHO B8l!tHO. 

IIocne.noBaTeJII,HoMy pemeHl'!IO 3TOii rrpo6Jierru Ha OCHOBe KBa3l'IIIOTeH
Ul'laJioHoro. MeTo,na rrocBHmeHa YI rn·ana .nnccepTatitm. n rrepnoM rraparpar!Je 
rJI8.BIJ paCCMOTpeHO pacceJIHl'!e 6eccrrHHOBIJX <raCTHIJ;. BU<rlfCJieHU H IIPOCJMMl!
ponarrn rrorrpanKn rrep:soro l'I DToporo nopR.n;Ka no l./p K rJianHoMy aciIMrrTo
THqecKoMy 'DieHy ~IIJIIITY.nH pricceRHl'IJI, KOTOp!Je orrpe,neJIJIIOTCJI BKJiaJJ:OM 
o6nacTH 6om,mnx paccTOmrHii. MmIJOPManHJI o Heil, rrOJIY'feHHrui: n Ill rJiane 
mrncepTanHl'I, IT03BOJ!JI0T orrpe.nenl'ITI, BeJIHtJl'IHY rrpe,nacl'!MIITOTl'l'IeCKUX 3<}.
(peitTOB B 2ltBCTKOM pacceJIH:n:n •. B pesynuaTe ,nJIJI .nni[xpepemumn1>HHX ceqe
HHii Ha yron 90° HMeeM 

dcl / _ ddcu/. / ~ ,\ 
c(t 9=90°- c.H 9=90°li-o(S,90°)JJ' O(s,9o0)::.-4.21(~B}'p 

0Tcro,na CJie,nyeT, 'ITO IIpl'I SHepr:nRX 
3HatJl'!T9JI1,HJR) BBJIHtJHHy 

2 . (I5) S ~ 50 raB rrorrpanm1 cocTanJIJIIOT 

l5- ~ 0,35. 
Hx Y'f9T IIpHBO~HT R OTKJIOH9Hl'IIO OT aBTOMO~BJil>HOCTH rrpn KOHetJHHX SHep
rHRX. Ilpn 3TOM 3cpjleRTHBHM CTerreHo N B (2) HatJIIHaeT 38.BHCBTI, OT 
SHeprHH :n yrJia paccemmJI: 

N(~ l) = Nae J-rs.~J 
i - 0($, z:) • (I6), 

TaKnM •. o6pasm.,, Y'fBT rrorrpanoI<, orrpe,neJIJieMHX o6nacToro 60JII,UJl'IX paccTon:
Hl'lit, IIPHDO.n;HT R JM8H1>UIBHl'IIO SHepreTH'IBCROii 3aBl'ICHMOCTH ,n:0cfxpepernuian1,
HHX cetJeHHll rrp:n ltOCTHrHYTIJX 3Hepr:nmc. 

BKJia.n;H o6nacTn 6om,ml'lx paccToHHnii n rrpou;ecc11 ynpyroro pacceJI
Hl'IJI <raCTl'IU co CITl'IHOM npoCJMMIIpOBairu BO BTOpoM rraparpaqie rnanu. Haii
.neHIJ rrpe.nCTaBJIBHHJI ltJIJI CITl'lpaJII,Hinc aMIIJIHTy,n M830H-HJKJIOHIIOro Il HyKJIOH
-HyKJIOHHoro pacceJIH:nH. Ha 6oJII,m:ne · yr1Il:l, co,nepJKamHe rrpe.nacl'IMIIToT:nqe
cK:ne IIOIIpaBKII. IIp:n orrpe.neJieHHH B8JI:0'IHHl1 rrorrpano'!HHX 'IJIBHOB, CBJI3aH
HHX C MJII'KOii <racr1,ro B3aHMO,neftcTBl'IR, lICIIOJI1,30BaHa .neTaJII,HruJ: IlHqx>pMa
UlIR o . rrone.neHHH KBas:nrroTeHUJianon, onncUBaromnx. Tr N. -n N N -pacceJIH:ne 
Ha,MaJIIJe yrJIH, IIOJIY'feHHM B IY rnane .nnccepTanu:n. 0TM8THM, 'ITO CJMMl'I
POBaH:ne TaKHX norrpanotffiUX 'IJI8HOB MOXeT pacmnpHTI, B03MOXHOCTl'I HCCJie
~ODaIIl'JJI XBCT:itqro pacceJIHHR a,n;poHOB B KJOl B rrpe.nacl'!MIITOTII'IeCKOH 06-
JiaCTl'I. 
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TpeTnii naparpaqi rmmu nocBJI!IleH a.Hammy 3KcnepHMeH_Tam,HHX ,na.HHHX 

no paccem1mo a.npoHOB na 6onbrnne yrJIH J3 pa.M.Ka.X pa:mn"'IlillX Mo.neneii 

llieCTitoI'O CTOJIKHOBeHim, C j"IeTOM n 6e3 j"IeTa np~,nacmmTOTHtJeCKl'lX 3ip

(!leKTOB. IloKa3aHO, 'ITO BeJIHtJHHa nonpaBOK OCTaeTCJI 3HatJnTeJibHOll BnJIOTb 

.no aHeprnii PL ~ 60 raB. IlosToMy B s1tcnepnMeHTaJibHO nsj"IeHHOfi o6nac

Tn no pacceJIHIIJO tJacTnu Ha 6om,rnne yr1Ill, r.ne P(. -6 15 + 30 raB, Boo6me 

roBOPJI, l!eJib3JI noJib30BaTbCJI acm..rnTOTt!tJeCKRMlJ MeTo.naMll 6e3 j"IeTa 

nonpaBoK. Haii,nemme ,nJIJI ,nnqi!JepeHI.l;IIaJII,HHX cetieHnfi npe,ncTaBnemm, o6yc

JIOBJieHHlle D3aHMoneiiCTBReM a,Il;pOHOB Ha 60JiblIIIDC paCCTOffillJJIX, nosDOJIIDOT. 

nOJIYtJ:IfTb KOJIH'IeCTBeHHOe onncaune Bcero ua6opa 3KCnep!IMeHTa1II>HllX ,IJ;a.H

Hl:lX no lKeCTKOMY 'Ji±p-, pp- n np -pacceJIHmo. Ha6mo;naeMUe B 3Kcne

pnMeHTe OTKlIOHemm OT CTporoii aBTOMOJJ;81Il>HOCT:II lJ HeHyJieBHe nomqmsa

I.l;I11J B npoueccax ynpyroro paccemtM Ha 60Jibllll'!e yrJill MorYT 6UTb nnTep

npeTnpoBa.Hll KaK npe.na,cnMnTOTH"'leCKRe 3qxlieKTH, OTMeTHM, "'ITO OTKJIOH8HHJI 

OT CTeneHHoro aBToMo,nenbHOro noBe,neHRJI npn PL < 60 rsB sHatJHTem,HH 

n 1i p- n hp -paccemtuu, B To npeMJI KaK .rtJIJI p P -pacceJIHUJI nonpaB

rrn K pa3JIH'llrnM cm1pa1Ib!IllM aMnJIHTY:Ua.M B 3HatJUTe1II>HOM, CTeneHn KOMneH

CHpyJOTCJI. B pe3JJibTaTe, Npp(~,90°) cna6o oTJIIJ-qaeTCJI oT acnMIITo-

T1ItJec1coro suaticHl'!JI N = IO npn snepr1mx PL~ 6 r::iB, 'ITO cooT-

neTCTBYeT a1rnrrep11MeHTY, 

C,ne nan BUDOJJ; 0 TOM' 'ITO B o6nacTYJ 3Heprnfi. ,IJ;JIJI KOTOpl:IX t!Me!OTCJI 

B uacTOJ!lllee BpeMJI a1tcnepm1.euTaJibHHe. :Ua.HHHe no ,nnipilepeHD;I1aJibllliM ce

-qeHnm.r ynpyroro pacceJIHl'lJI a.npoHOB na 6oJibllll'le yr7Ill, j"IeT nonpaBoK, 

CBJI3a.HH!:IX C B3al'Jl.10JJ;eHCTBIIeM Ha 60JiblIIHX pacCTOJIHHJIX, np1mo.nll'l' It cy

mecTBeHHOMY YJIJ'IllleHHIO cornacnJI TeopI!l'l c 3KCrrepnMeHTOM, 3TO ITO,Il;TBepm

.naeT cnpane,nmmocTb aBTOMonenbnoro noBe.neHM ;nnqiflepeHIUIMbHHX ceqe

nn~ npn .nocTaTotJIIO nucoKnx aHeprnJix. 

B 3aKJIIO'lennn npnBen;enu o_cnonnue pesym,TaTH, non,y,rnnnue B ,n:nccep-

~-
OCHOBHUE PE3YJILTAT~ 

.Il:JIJI samnTH nunnnraIOTCJI cne,nJIOOU!e OCHOBHHe pesym,TaTH, nOJiy'!eHHUe 

B .nnccepTa.D;I1n: 

I. PerneHa npo6JieMa pa3;nenel!I!SI BKJIMOB MaJillX II 6oJibIDIIX paCCTO.fI

HI!ll B HHTerpaJibl!OM npP.,Il;CTaBJieHUU .IV.iJI aHMHTH"'leCKHX KBaannoTeHI.l;I1aJion • 

Ilonj"IeHo B pa.MKax 1rnasm10TeHI.J;1Ia1II>Horo MeTo;na npe;ncTaBJieHne ,nJISI 

aMTIJillTy,nu pacceJIHIIJI 'la.CTUI.l; npOII3B01Il>HOro CilllHa, Il03BOJISIJOmee IJpOBeCTll 

CJMMHpoBaHne BKJia.noB 60Jibllll'lX paCCTOSIHllll B npoueccu MJirKoro n lKeCTKO

ro pacceJIHHJI a,npoHoB. 

2. Pa3BHTU MeTO,ll;U lJ3y'!eHHJI Cill'IHOBOH ,IJ;lJHa.MlJKH CHJibHl:IX B3anMo-
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,neil:CTB!lll Ha 60JiblllllX paCCTO.fIHll.fIX, Ha l'lX OCIIOBe HffiL~eHO 8,Il;IIHOB 3HKO

HaJibHOe rrpe,Il;CTaBJieHlle ,IJ;JIJI aMIIJIIITy,nu pacce.fIHU.fI Ha MaJille yrJI.1,1 "<IaCTlll~ 

IlPOU3BOJibHOrO cmma, cnpane,nJillBOCTb KOToporo ,n:oKa3a.Ha npu JJ;OCTUTO'l

HO 6llCTpOM f!a.nemm cmrnoBHX 3q1!)8RTOB C POCTOM ::lHepr1rn. 

3. IlpoBe,neHo cyMMUpoBUHUe BRJia,noB 60JiblllllX paccTOSIHU.ii D CJiy'!ae 

cna6oit aHepreT:ntiecRofi 3aBHCIIMOCTH crrunonux srJx!ieKTOB, Ilo1msa.Ho, 'ITO 

D 3TOM CJij"Iae MOlKCT B03HHRaTb Monm'[JllRaD;llSI ::iiiROHUJibHOro npe,nCTa.BJJe

UilSI C 3iiKOHa1II>H011 qi.3.30H, 6HCTP.O D03pUCTa.I'J!1eil C 3Hepruei1. Cne,nCTBlleM 

3Toro SIBJIJieTCJI np.l'lHIJ,mrnaJibUO HOBM B03MOllTIIOCTb. - CY!ll8CTBODa.Hlle 

"CillIHOBOro" MeXaHU3Ma pocTa IJOJIH!:IX Ce'leHJ1il. 

4. Ilpe;nJIOllteHU npa.nuna cyMM' Il03BOJJJl!'l[tl!e Dll,llBJIUTb KJJacc ,nuarpaMM, 

onpe;nemm.1uix none.neHue MJir1,oil 'IUCTH a.vmnuy:nu paccemrnJI. Ha nx ocHo

ne pasnuTa ,llllH8Ml1'!9CltaSI ~o;neJib B3aJ!MO,lleliCTBllfl aJTI]OHOB, Y'lllTllBal'Jll1M 

BHYTPBIIHIOIO CTPYRTYPY 'IUCTHI.l;. B pawmx 1.,o,nem1 BU'lllCJI(ll! BRJia,n oclnaCTl'I 

6oJiblllHX paCCTOJIHlli:i B 8MIIJ!l1Ty,ny paccemrn.fl a,Il;pOl!OB, IloRa3al!o, 'ITO :ia

BUCilMOCTb Ha.RJIOHa n;niflpa.RI.l;I101IHOro nmm OT rrepe.na•m l!MIIJJibCa npn 

Ii I$ 0,6 raB
2 

6nnsRa .nitiI ynpyroro Me3oH-IIYRJIOHHoro n HyirnoH-HYRJIOH

Horo paccemtM ll IIOJIHOCTblO onpe,neJIJieTC.fI CTpyI,Typoi-i a,npoHa Ha 60Jib

rnux -paccTO.fIHI'JJIX. 

5 • .UeTam,Hoe uccne;noBa.Hne cnoiir::Tn rip- H pp -pacceJIHHJI npu 

BHCORHX :meprH.f!X n03BOJJJieT c.uenaTb 3aKJ!lO'ICHUe O TOM, 'ITO npe,nCTa.B

JieHUe O CTpJitType a,Il;pOHa 11a CiOJiblIIUX paccTOfil!U.f!X Ka.It 06 06'beltTe. 

co.nepiimmeM lR'eCTKyJO I.J;eHTpam,Hyro tJaCTb pa3M8poM IlOp.lIJJ;Ra 0,5 <PM , 
OKpy,iteHIIJIO 06JiaKOM Me30l!OD, ROJIH'I8CTB8III!O COOTDeTCTBYCT 3ItcnepnMeH

Ty, C;nenaH BUBO,IJ; O 6JIU30CTU Ce'leHl'!il: pacce.fIHUJI pa3JJlltJIIJ1X Me30HOB 

'Ha HYRJIOHax, a Ta.IOKe ce'!eHllH HYRJIOH-HYRJIOHHoro pacceSIHHSI D rnnpoROM 

nuTepnane nepe~a.HHoro HMrrynbca. 

6. Ilpone;ne110 o6o6memm Mo,nenu ;nJJJI cnytJaSI pacceSIHlJ.fI '!acTnu 

co CnHHOM. IloRa3al!O, 'ITO B rumnHTyne pacceJIHII.fl B03H"l'!KaIOT a.HOMaJib

HHe 'IJIBHU. onpe,neJIJICMHe CTpyKTypofi a,npoHOB Ha Ciom,rnux paccTOJIH"l'!JIX. 

IIplmO,IJ;Simlle R cnaeio:ti ::lHepreTII'ICCROll 3a.BHCHMOCTll ClllJHOBl:IX ::iqxlieKTOB. 

YcTa.HOBJieHo, 'ITO aHOMU1II>HHe "'IJIBHU HecymecTBeHHil npll 3HepI':IIHX rs R 
OJJ;Ha.KO MoryT ITOJIHOCTb!O H3MeH.fITb KapTI!Hy pacce.fIHHJI npn 6onee BUCOKilX 

3HepruJIX. 

?. 06HapYJKeHa npunuunnam,uo IIOBM B03MOlKHOCTb M9Xa.HlJ3Ma "cnn

HOBOn" ,nl!H&fllKll CHJibHUX B3anMo;ne:lkTBilit npn CBepXBHCOKl'IX ::meprmIX 1 

B03HHKaI001aSI npll cna.60.ii auepreTI!'ieCKOii 3aBI!ClJMOCTll CilllHOBl:IX 3qxlieRTOB. 

B :)TOM CJij"Iae a.MTIJIHTy;n:11 6e3 rrepenopoTa cnnHa ll C nepeBOpoTOM CilllHa 

noJIHOCTb!O onpe,neJIJIIOTCJI CJMMOll BRJia,nOB aHOMaJibHl:IX "<IJieHOB RBa3HTIOT9H-
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IJ;l'laJia. CJie;!\CTBlleM MexaHll3Ma .fIBlliI9TC.fI poCT IIOJIHHX ceqem1ii, l'!MeJO!I{l'lll 

cmmoBuii xapru<Tep, 6ucTpufi pocT m1<Miep,emummHHX ceqeHl'lfi B o6nacTl'! 

,n;liWPaKUl'!OHHOH CTpJRTypll. 

8. BuqncneHHHe B Mo.n;em1 rrep11qiepl'JqecRl'!e qaqTll ar,mm1Ty.n; pacceH
Hl'l.fI IT03BOJimOT rronyqnT1, caMocornacoBaHHJIO RapTllHY pacce.fIHll.fI a.n;poHoB. 
Q6'I,.fICHeHH ITOlliipll3au;llOHHUe .fIBJI9Hll.fI B pp -pacce.fIHilll rrpn BHCORIIX 
::meprumc. Cne.n;CTBil8M "CITIIHOBOro" M9XaHU3Ma .fIBlliieTCR B03pacTBJU!e 
.n;uqx!JepeHIJ;HaJII,HHX ceqeHlifi Ha rrop,r,n;oR rrp.11 / t I ~ I raB2 Il ncqe3HOB9Hl1e 
liX .n111iparu~UOHHOfi CTPYKTYIJH rrpll l/s1 = 540 raB' qTQ ITOJIHOCT!,10 COOT
BeTCTByeT SRcrrepHMeHTy. · Tam1M o6pa3oM, Ha PP -RoJIJiafi.n;epe UEPH rrony
qeuu rrepmrn JKa3aHIDI Ha cymecTnoBaHHe "cmmoBoro" MexaHll3Ma. 

9. IloRa3auo, qTo B rrpou;eccax JKeCTKoro paccemrIDI qacTnu; cymecT

BeHHu BRJia,mJ' co,n;ep,i>aruHe B3al1Mo.n;efiCTBlie Ha 6ommllX paCCTO.fIHH.HX' 
ROTOpue He MOrYT 6UTI, ITOCJie.D;OBaTeJII,HO paCCMOTpeHU B p8.!.!Rax Teoplrn 
B03MymeHllfi KXIl. YqeT M.Hrmuc rmooHHHX ITOITpaBOR He ITpllBO.n:llT R l'!X nc
qe3HOB9Hl'l!O B rrpou;ecce RBapK-M830HHOro paCCS.fIHH.fI, 

IO. Pa3,neJieHl'!e M.firKofi ll JKeCTICOll qacTeii KBa3llITOT9HIUlaJia B3allMO
.neiiCTBll!I .n:aeT B03MOJKHOCTI, pa3Bl'!T!, MeTo.n llCCJie.noBaIIll!I pacce.fIHllJI.qac
TIIU Ha 6om,m11e yrJIH, II03BOJI!IIOll(ll'll ITpOCj'MMllpoBaTj, aqxpeRTH rno6aJII,HOll 
CTPJRTY.PU a.n;pOHOB. Hafi,neHo rrpe.n;cTaBJISHile ,ll;JI!I rJiaBHOro acllMIITOTllqe
CROro qJieHa aMITJillTY.nH pacce!Illl'l!I qacTl'!U rrpoH3BOJII,HOro CITllHa, B ROTO
poM BRJia.nu B3anMo.n:e:iicTDIIJI na MaJIHX n 6ommnx pacic-roJIHH.fIX qiaRTopu-
3YJOTCSI. IlonyqeHL! Bl1paJK8Hll!I ,ll;JI!I ceqeHllll ROHRp9THllX ITpOIJ;ElCCOB JK9CTRO
ro pacceJIHllH. 

II. BHqJllCJieHU ll rrpOCj'MMllpOBaHU BRJia.nH 60JII,IDHX paCCTO!IHllll, orrpe
.neJISieMUe M!IrRllMll rrepepacceSIHH.fIMl'l B Haqam,noM ·ll ROHeqtIOM COCTO!IHll!IX 
B JKeCTKOM pacce.fIHllll qaCTllIJ;. IloKa3aHo, qTo TaRile qJieHU ITpl'!BO.ll:!IT K . . 2 
rrpe,nacnMIIToTnqecmu,1 rrorrpaBI<aM, cymecTBeHHHM rrpn aneprn,rx PL~ 50 raB • 
noRa3aHO, ~o OTRJIOHeHl'l!I OT 8.BTOMO,ll;eJII,HOCTH U <Is IlHBapnaHTHOCTU 
rrpn ,n;ocTlirHJTHX aueprnSIX B pacceHHHil a.n;poHoB Ha 6om,m11e yrJIH MoryT 
6HTI, o6MCH9HH Sq:qJE!ItTa.Ml-1 6ommnx paCCTO!IHidi. 

12. IlpoBepeHa CaMOCOrJiaCOBaIIHOCTI, pa3JII1qHux Mo,neJII,HHX rrpe,ncTaB
JieH:nii B JKeCTKOM pacce,rmrn a.n;poHoB. IloRa3aHO, qTo yqeT BKJia,n;oB 6om'
m:nx paccToSIHMfi, I1M910Ull1X 6om,myro BeJI:nq.11Hy rrp:n .nocT11rnyTux anepr11,rx, 
rrpnBo,nHT B cnyqae aBToMo,nenr,noro rr0Be,n;en11JI ceqeumr pacceJIHil.fI rrp11 
S ➔ «> R cymeCTB9HHOMY YJIJ'lill9HI1lO cornac:n,r Teopllll C SRCITepnMeHTOM, 

Ilonyqenuue oTRJIOHeHH.fI oT rrpaBHJI RBapRoBoro cqeTa rrp:n Rouequux.anep
rnmc ,nJISI pa3IDI'IH11X rrpou;eccoB pacce.fIHM_ na 6onr,m;ie yr,m o6'I,.fICH.fIJOT 
SKCII~pI1MeHTamHHe ua6JI!O,Il;eHn.fI. 3To no,nTB9pl!t,IJ;aeT crrpaBe,Il;JII1BOCTI, ITpaBliJI 
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RBapKOBoro C'IeTa rrpn .nocTaTO'IHO BHCORI1X aueprll.fIX. ITOlta3aHO, 'ITO B 
JneCTKOH pacce.fIHI1ll a.n;poHOB Hall60Jiee rrpc,nrrO'!T'l!TeJII,HID.m HBJI!IlOTCfl 
acm.mTOTll'!8CRile 8.1,ffiJillTYlUI, COOTD9TCTBJR]Illle o6MeHy C HYJI8Bl1M Il30TO
IIll'I8CI{Ill.! CIIIIHOM B i; -ImHaJie. 
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