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OH!WI XAPAKTEPHCTHKA PAEOTl1 

)UrccepTaUl{H llOCBJimeHa 3KCll8pIDJ8HTaJIJ,HOMY li3y1!8HIIIO npo6JroMU 
Reynpyroro B38RM0.!(8itCTBIDl npoTOHOB'C npOTOHaMH ll .!(8MTpOHaMH B

0

H8-
ll3y'!8HHOfi paaee 06.lracTK sHeprmi 50+400 rsB n nepe.t(aHH&X :mmyJII,coB 
0,0l+O,I3 (rsB/c) 2• B eToil 06.lracTH rotHeMaTR'!ecKRX nepeMeHH&X HpKo 
npoHBJISieTCSI HBJieHHe Heynpyroil .t(RWPaKUl{ll, BcecTopoHHeMY ncCJie.t(OBaHlllO 
CBOilCTB KOTOporo y.!(8JI8HO 60JII,W00 BHHMaHH8, IlpH ll3y'!0HIDIH8ynpyroro 
paccemnm Ha .t(eilTepKHnOJiyqeHH Howe xapaKTepHCTHKlI npocTpaHcTBeHHO
BpeMeimoro pasBHTWI CMLHliX B3aHM0.!(8ilCTBHil, O.t(HOH na ROTOPliX HBJISieT
CH HBJI0HH8 aHTH8KpaaHpOBaHHH. HCCJI8.t(OBaHli0 MHI'IGIX npo~eCCOB B a,zj)oH
HOil (]?lI3RK8 npH Bl:lCOIGIX 3H8pl'ID'IX HBJIS18TCH 0,t(HRM ll3 TP~OHHliX · Ha~ 
y'!HllX HanpaBJ.IeFmil ~a6opaTOplill BliCOKRX 8Heprmi 01:UilI, Pa6oTa BeJiaCL 
B COOTB0TCTBHH C IIpo6JI8MHO-T8MaTH1!8CKHM IIJUlHOM Jia6opaTOplill • 

AKT;y8JII,HOCTL npo6Jr8M!:l. UCCJI8.t(OBaHl:r9 npo~eCCOB CRJII,~ B3ru!MO
.n;eitcTBHil, npoxo.n;.rmiax c MaJiott nepe.t(a'!ett HMIIyJII,ca, JIBJIJieTCJI o.t(Ho:ii Hs 
OCHOBH&X sa,naq MHOrlIX Jia6opaTop:mt MHpa. Ce'!eHIDI 3THX npo~eccoB coc
Ta.BJilllJT 60Jllilllyl0 '!aCTL ll01IROro C81!8HIDI aJU)OH-B,t(pOHHliX B3al'IMO.t(OHCTBiti1 
R ll01IHOCTLRl BKJIRl'!aRJT B ce6JI .t(llq)~OHH&8 HBJI8HIDl B q>H3liK9 BliCOIGIX 
eHeprmt. j 

)Urg)pa.KitJIOHHOe pacceHFm9 II.I)OTOHOB HBJIS18TCH xapaxTepHHM ,WU! q>H3ll- · 
KR Bucorunc ·eHeprHil npoqeccoM, o6ll!lle '!eprn KoToporo onpe,!(8JIJIIOTCSi Taiw:
MH rJiy60Km4:ra: qlll3H'l8CKm4:ra: IIOHHTKRMH, Ka.K BOJIHOBaJI llpHpo.t(a '!aCT:Im, YHlI~ 
TapHOCTL, JiopeHI{-mmapliaHTHOCTL, MHKPOIIpli'i:ra:HHOCTL li npoTmt8HHOCTL 
8JU)OHOB. HeynpyraH .t(l'lg)pa.Icitwl wm_ '.t(Hg)pa.Kgl'IOHHrut .t(l'ICCoi:tiiaUl{Ji .t(aeT B03-
MOl!tHOCTL Ha.6JnQztaTL B036Yllr,It8Hll8 BHyTpemmx' CTeneHeil . CB060.t(ll ll ORa3li
BaeTCJI -qyBCTBHTeJibHOil K oco6eHHOCTSIM CTPYKTYPH 8JU)OROB R llOB8.!(9HllIO 
:ra:x KoHcT:a-ryeHToB npn BsaHMo.IteilcTBHR~ 

,A0TBJ!bH&8 8KCII0PHM8HT8JU,H&8 CB8.!(8HIDI06 8THX npo~eccax npn Bl:l
COIGIX sHeprmDC HMeRJT CYJll8CTBeHHoe sHa'!eHHe )~7UI'coBpeMeHIIH.X TeopeTH
'!ecK:ra:x nocTpoeHRil. Hrur6QJII,Witit nHTepec B HaciToBmee npeMH :it.t(Rg)pax
Ull:OHHOMY paccemnm J:I'oco6eHHO K Ta.KQMY·HBJiemno, RaK HeynpyraH .t(Rg)
PaKUliH, CBH3aH C Ha,!(8llU{Oll IIOJiy'!HTL CBe.n;eHIDI O M8:xaHH3M8 B3al'IMO.t(e:l1-
CTBHH. 8JU)OHOB B 'PaMRaX ;KBaHTOBOH xpOMO.t(RHaMHKli,' 'ITO HBJIH8TCH O.t(HOil 
ll8 qeHTpa.iu,Hl:ll( sa_naq COBp8M8HHOH qlll3ll!W BUCOKIDC 8H8.I)rliii. 
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lleJII, pa6oTu - cnc1eMaTnt1ecKoe n BcecTopoHilee aKcnepnMeHTa.Jll,Hoe 
lICCJI8.ItOBrum8 mm.in03lIBHl1X CBOHCTB Heynpyroro pacceEimJI npoTOHOB BUco
,KlIX 3Heprlill Ha BO.ItOpo.ne lI .neitT8Plill B llllI_l)OKOM .mranaaoHe 3Heprnll lI Ma
JIWC nepe.naHHHx m.mym.coB. 

Ko Bp8M8HlI Ha~aJia lICCJI8.ItOB8.!IlI:l1, COCTaBlIBllllIX OCHOBY .ItlICC8_l)TanlW, 
B 06.JiaCTlI BllCOIWX 8Heprnii ( E > 50 ran) Cytl!8CTBOBaJni TOJII,KO OT)t9Jll,Hl18 
ll H8ClICTeMaTITTt8CKR8 .ItaHHl18 0 B3aHMO.zteitcTBJm a,Iij)OHOB BllCOIWX 3Heprlill 
C BO.ItOPO.ItOM, IlOJIY'l8HHI18 rJiaBH!lM o6paaoM C nOMO!llI>IO nyaup1,KoBllX RaMep 
npII cpaBmtTeJII,Ho HewcoKoll cTaTIICTmte, a Ta.roKe .ztaHHlle IS R , 06.Jia
.ztaBllllle H8,ItOCTaTO~HO BllCOKlIM paapemeHHeM no Macce. ,IJ;amiHe Ha JI8Mait
IDHX smpax B :non 06.JiacTn Boo6~e oTCYTCTBoBaiw. 

EOJII,moll lIHTepec npe.ztCTaBJIJJJIO BIJ.It8JI8HlI8 B H8ynpyl'OM paccemum 
npooroHoB .ItHWP~OHHoll .ItHCConHanim, o.JUioro na fflztaMelITaJII,HllX npo
n;eccoB B qm:amte BHOoIWX aHeprlill, H ua~eHHe ero ocHoDBHX xapaKTepHc
Tmt. lie 6WIO .Ita.HHHX O IlpHpO.It8 Wo.PMHPOnrurim cneitTpa H8J(OCTaJOllllIX Mace. 
0CTaDaJIQC1, H8HCHliM c~eCTDOBaHHe (HJIH OTOYTCTB:ae) "peaoHaHCIIo:11" 
CTPYKTYPH B 3TOM _ CII8KTp8 IIPll BllCOKllX 3H8prH.FIX. llCCJI8.ItOBaIDI8 paccen
HIDI IlPOTOHOB Ha .nellTepllll npe.ztCTaBJIJJJIO oco6ufi mITepeo O TO~ apetmH 
D03MO]i(HOCT8H nOJIY'l8HIDI CBe.neinrll 06 oco6eHHOCTHX B3aIJMO.It8HCTBllH Tart 
Ha3llBa8!v!WC 11!0BHX11 COOTOHHHli O HYKJIOHalm. 

JJ,im pemeHHSI BCeX . 3'rllX BOilpOCOB ileci6xo,nm,to. 6UJIO Bll6paTI, 8!pp8K
TlIBHl1il M8TO,It lISMepemtil, a.zteKBaTHl111 IlOCTaDJ18HHOll aa.na~e. 

Hay<man HOBn3Ha lI npaKTH'IBCKa!I ueaaocT:E.. · Bnepnue B m:apoKoM .Itll""'. 
anaaoHe · aHepr:ait OllCTeMa~ecKR;' C BHCOROit''TO~HOCTI,10 lICCJI8.ItO:saiia ' . 
TPY.JUIO .JIOCTynHaH win ua~eHHH, Ho o~eHI, BruKHaH WISI Teopmi: 06JiacT1, 
qM3IDW BllCOKllX 8Heprnit - Heynpyrne B3anMO.It8llCTBWI npoTOHOB C npe
.n;em.Ho MaJI!lMH nepe.ztaHHHMll HMIIYJII,OaMli. IlOJIY'l8Ha 8.ItllllaH KapTHHa 8Toro 
npon;ecca npn BUcoKRx aHeprnnx :a _onpe.neJieHll BalltHlle ·WIH Teopmr napa
MeTpu, XB.prutT8pll3YJO!ltll8 M8xaHR3Mll, OTB8TCTB8HHI18 aa POli\ItBmie II WoPMII
poBaHII8 B036yli\It0HHOit CllOTeMH. Ha.ztelKHO BIJ.It8JI8Hll .IUrq>pa.KiijIOHHll8 B3ailMO
.neitcTBIDI H ncecTopoaHe na~eHil me cnoUcTna. IIpone.naH ncecTopoHHHli 
aH8JIH3 H onpe.zt8JI8Hll OCHOBHl18 B8JIHtll!Hl1, xapaKT8Pll3~8 3TH npoo:eocu. 
IIpn 8HaJIII38 aqxpeKTOB nepepacceHHlISI B npOTOH-.It8itTpOHHl1X B38.llMO~ellcT
BWIX o6aapyllt8HO HBJieHHe aHTliI8Iq)aHllpOBKllt y-KaallB~ee Ha HeIIpaBOMO~
HOCTI, 0Ilp8.It8JI81mfi IIOJIBHX Ce~emtil B3alIMQ.It8itCTBIDl 11!0Hl1X11 COCTOHHRit B 
npndnmteHmi: rJiay6epa-CIIT8HRO. . 

BiiepB!l8WISI H3~81mfi Heynpyrmc npon;eccon B 3KCII8pllM8HT8X H~ 
llOJI1,30BaJiac1, M8TO.ItHKa perHcTpanim ~acTmi; OT.zta~ OT CTpyilHoll Mlllll8Hll, 
pacnOJioxemtoil Ha BHYTP8HH8M ~e_ycROPlITeJIH. IlpIIM8H81m8 3TOro M8TO
.na CTaJIO B03M0.11UlHM. 6J'l:al'O,ItapSI npone.n;aHH!O cnen:aa,µ.BHX M8TO.ItITT£8CKllX 
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paapa60TOK, II03BOJillBIIl:WC n~IITI, peKOp.ztHOe paapemeHIIe no H8.ItOCTaIO
Il{8H Macce. 

Il~8HHll8 B 3KCII8pIIM8HTax .ItaHHl18 .n;o CHX nop HBJIHIOTCH HaH60Jiee 
Toqm.tMJI, a B 60JII,lllHHCTB8 ~aeB II 8.ItIIHCTBeHirnMH D IDllpOKOil -06JiaCTII 
KlIHeMaTII'I8CKlIX nepeMeama:. 

,IJ;ocTonepHOCTI, ll H~It0.lKHOCT1, 3KC~8plIM8HTaJII,HHX .ItaHHHX lI peayJI:E.
TaTOB lIX aaamrna nOJIY'IR}m IIO,I(TB8Pli\It8Hll8 B noCJI8.n;yI(lllillC pa6oTax .npyrllx 
aBTOpOB. OHll ll!lllD;lilipOBaJlll PR.It TeopeTITTt8CKlIX lICCJI8.ItOBaHRit, lICIIOJII,30-
BaJIHOI, IIpll aHaJili38 peayJII,TaToB ,Iij)yrlIX 3KCII8pliM8HTaJII,HHX rpynn H no
~Mll m:apoKoe np:irnHamte MlIPOBOi1 H~Hoil: o6~eCTB8HHOCTII, 0 ~BM CBll
.D;8TeJI1,CTBYIOT, B ~aCTHOCTII, o6aopHl1e .ItOKJia.!Ul no .ztaHHOit T8M8 Ha Kpyn
Heilnmx M8l!l,JtYHapo,nHHX KOHq>epeHD;WIX. 

Coa.ztaHHaH sKcnepHMeHTaJll,HaH annapaTYpa n nporpaMMHoe o6ecne~e
mte IIOCJIY)KliJill OCHOBOll ,Il,7I.fi npoBe.n;eHlISI )taJII,Heilmmc lICCJI8,I(OB8lllift MIII'KlIX 

ynpyrruc n Heynpyrruc npon;eccoB II paapa6oTKH npe.ItJioJKeHIIil no HOBHM a1tc
nepHM8HTaM, B IIO,I(I'OTOBK8 60JII,IDJiIHCTBa ll3 KOTO,PllX IIPlilIID.faJI ~aCTlle 
aBTOp. 

Anpo6amm lIHCCepTamm lI rry6JmRarnm. 0CHOBHll8 peayJI:E.TaTll, lI3JI0-
~9HHl18 B .ItlICC9pTlmliOHHOft pa60T8, II1)8)tCT8.BJIHJllICI, Ha RpynHefinrnx M8lK
.nyHapo.ztBHX KOHqiepean:anx: Po~eCT8pCKllX no qM3IIK8 BllCOKliIX 3HeprIIll 
XYII n JioH.ItoHe B I974 r., JiYIII B T6:wm:c1I n I976 r., XX B ide.IUrcoHe B 
I980 r. II EBponeilCIWX IIO qlH3IIK8 ~aCTIDJ; B Ey.nanemTe B I977 r., EeHeBe 
B I979 r., II .ItOKJia,IUmaJWCI, Ha sace.ztaHlIJIX 0T.It8JI8HIIH Jl'.It8pHoi1 qlli3IIIW 
AH CCCP, AMepllKallcKoro qlll3lf'l:ecKoro 06111ecTBa. 

;daT8pIIaJIH .ItlICC8pTanim 0Tpruit8Hl1 B 34 H8Y,'iHl1X jla6oTax, B OCHOBY 
.ItHCcep/Trunm nOJIOJK8HO I6 OCHOBHl1X IIY6JwKainii17I-IG/. B TOM ~CJie .n;Ba 
o6aopa 4 •II/. · · 

I65 
2I8 

061,aM' pa60Tll. ,i(HccepT~H COCTOlIT ll3 IIHTlI rJian, ll3JIOJK8Ha Ha 
CTpalllUax Mammronllcuoro T8KCTa, BK/IJO'IaSI 63 PIICYHKa, IO Ta6Jnm II 
HaaBaHIIit D;llTIIpyeMoil JilITepaTYpll. 

Ha aauuiTy BllHOCHTCH CJie.nymme OCHOBHlle peayJII.TaTll: 

I. ..18TO.ItJPI9CKlle paapa60TIW, II03BOJlliBllille BII8pBll8 npHM8HlITI, MeTo.n; 
per1IcTpru.um ~aCTIDJ; OT.Ita"Ill OT CTpyilHou MlIIDeHII, paCIIOJIOX8HHOi.1 Ha DHYT
pe11HeM ~e YCKOplITeJIH, JI.JUI IICCJI8.ItOBaHllft Heynpyrux B3aHMO.zteilcTBIIit 
ITPOTOIIOB BllCOIWX 3Heprni.1. 

2. oKcnepIIM811TaJII.Hlle peayJI:E.TaTu IIO .ItlICCOD;Raznm IlpOTOHOB Ha DO
.itopo,ne lI .n;eitTep,m, BnepBlle no~eHH!le B e.n;1moii IlOOTaHOBK8 OilllTOB B 
runpoKoM .IUianaaoue a11eprnil II ae.n;ocTruoourx Mace npII MaJillX nepe,naHHllX · 
llMIIY JII. cax • 

3 



3. BiueJieHKe .ItIIqJPa.KnllOHHOil ,nIICCOIUW.I~ H3 BKJia,D;OB .n:pyrruc Mexa

mI3MOB, OTB8TCTB8HHHX aa polltn;eHKe H ~opMHpOBaHH8 B036YJll,lteHHWC CllCTeM 

n orrpe,neJieHKe rrapaMeTpoB, xapaKTepnaYJllllllX 3To SIBJieHKe. 

4. 3KCll8pHM8HTaJlI,H08 ,I(ORa3aT8JI1,CTBO HaJmlmJI Heyrrpyroit .nIIWPa.Knlill 

rrpn ncqeaalOl!le MaJlliX nepe.n;a.uHHx m,myJU,cax. 

5. PeayJI1>TaT11 a.uamrna TOHKoil CTPYRTYPl1, BrrepBUe o6Hapy,,teHHoit rrpn 

BllCORllX 3H8prllHX B crreKTpe H8.I(OCTaroIItUX Ma.CC. 

6. IlpoBepRa IlpaBWil>HOCTll rllllOT8311 ,nyaJII,HOCTll, Bllp8.llt8HHOM B WOPM8 

,nncnepcn:oHHHX rrpa.BWI CyMM rrp:ir KoHeqHoft Macce. 

, 7. 3KcrrepHM8HTaJIJ,H08 ~OKa3aT8JI1,CTBO pOCTa IlOJIHWC ceqeHKit ,I(ll~ 

Pa.RIUIOHHOi1 ,nIICCOIUlaIUIH aa cqeT pacmnpeHHH C 3HeprHei1 Cil8KTpa Ma.CC, 

BOa6ylltn;eHHHX B 3TOM npouecce. 

8. AORa3aTeJIJ,CTBO npHM8HliMOCTll o6o6meHHOro rJiaY6epoBCKoro no.n

xo,na K OilllCa.HIDO HeyrrpyrllX a.n:poH-si:n;epaux B3aHMO,I(8HCTBllH npn BllCOIGIX 

aHeprHHX. 

9. 06HapyaeHll8 3~8KTa aHTll3Kpa.HllPOBRll npll ,nncco~aqlili Ha ,neil

TpOH8. 

Correpmmrn pa6oru 

B rrepBofi rJiaB8 (BB8,I(8HH8) .n:a.ua o6maJI xapaKTepHCTllRa pa60Tll, 

BKJII()qaIO!llaH B ce6JI o6oCHOB8.HHH aKTYaJIJ,HOCTH pemaeMoit npo6JieMH, uemr 

pa6oTH, ea HayqHoit HOBH3Hl1 ll rrpaKTll'l8CKOit U8HHOCTH. rJiana 3aKaHqllBa-

8TCJI rrepeq:irCJieHlleM OCHOBHHX pe3yJIJ,TaTOB, BllH8C8HHWC Ha 3amllTY,ll KpaT

KIDll ll3JIOlK8HK8M co.n;epJXaHWI ,nnccepT~.' 

Bo BTopoil: rJiaB8 paCCMOTP8Hl1 BOilpOCll T80p8TH'l8CKoro OilllCaHllJI He

yrrpyrux MRI'rorx npoueccoB, T.e. npoueccoB, npo:ucxo.n:HmHX npII naanMo

,neiicTBUH Ha 60JI1>mruc pacCTOJIHllHX c MaJIOit nepe,naqe:il: HMllYJIJ,Ca H 3Heprn:u 

MI:Illl8HU. Ilpn 3TOM OCHOBHOe BimMaHll8 6UJIO y,neJieHO TeM TeopeTnqecKID/l 

IlO.I(XO.I(aM, KOTopue B llOCJI8,n:yICllleM 6UJIH HCllQJIJ,30BaHl1 ~ IIHTepnpeTaIUIH 

3KCil8plIM8HTaJII,HWC peayJI1>TaTOB, COCTaBHBmHX OCHOBY ,I(HCCepT~. Teo

peTIPI8CI(08 OITHC8.HH8 B OCHOBHOM ,I(OB8,I(8HO .no ~pMYJI, rrpuro,n;HllX ,IJ;JIB 

cpa.BH9HHH C 3KCnepHM8HTOM. HeKOTOplle H3 paCCMOTpeHHWC B 3TOit rJiaB8 

T80p8Tll'l8CRHX rrpe.I(CTaBJieIDI:il: 6HJIH llHHUIDIP,OBaHl1 IlQ,ey'IOHHHMll B ormTax 

,n:amrnMH u npoBO,n;WillCJ, C ytla.CTHeM 8.BTOpa713, 14,151. 
rJiana COCTOHT ll3 qeTllpeX qacTeit. 

B HaqaJie rJirui11 oTMeqaeTcJI BaJKHOCTI> nQJiyqeHKJI HHRJII03HBHoi1 IIHWOP

M~ ~ T80plm C:WU,HWC B3aHMO.I(8itCTBllfi, YRa3HBaIOTCJI OCHOBHll8 rrplPIII

Hll rrpoJIBJieHKJI HHTepeca K MJirIDIM npoueccaM, ,naHo onpe,neJie1me .n:nwpaK

~oHHoU .nncco~~ H OTMeqaeTcJI BruKHaJI pQJIJ, aToro .fIBJISHHJI B tillranKe 

BIICOIDIX 3Hepruii. 
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Il rrepBOM paa,neJie Ha OCHOB8 KBa31IOIITHqecRoro llJilt S -Ra.HaJIJ,HOro 

npe.I(CTailJI8HHH paCCMOTp8H M8TO,I( co6CTB8HHHX COCTOJIIDIH, mupoRO HCilOJIJ,-

3yeMHil B <J!HsnRe BllCORruc 3Hepruil. C IlOMOml>IO aToro M8TO,I(a noRasaHo, 

RaR IlQJiyqaIOTCJI orp~eHHH Ha Macey .ItIIqlprumirOHHO B036Y,lf,ll;0HHOH CHCT8-

Ml1 H TeHeBoil xapaKTep yrrpyroro n .nnwpamnroHHoro pacceJIHHH. 

BTopaJI qacT1> rrocBJimeHa BorrpocaM J.UIHaMHRH rrepnwepmecrorx CTOJIKHo

BeHKit Ha ocHoBe o6merrpnHJIToro BsrJI.fi:n;a Ha o6MeHHHil xapaKTep Baa:HMo.rceii

CTB:uit a,n:poHoB. IlpHBo.rcJITCJI WOPlv!YJIH ~ omICaHHJI ,nncco~~ rrpoToHoB 

B COCTOJIHilJI C MaJIOit H 60JI1>moit Maccoll, llQJiyq8HHll8 Ha OCHOBe T80Pllll 

ROMILJI8KCHUX yrJIOBllX MOM8HTOB. IlORa3aiill orpaIDPiemm Ha OCHOBHH8 napa

M8Tpll T80pllll, B03lllIRaIOU{ll8 H3 I'lIDOT8311 ~aJIJ,HQCTil, MaTeMaTIPI8CIGIM Bbl

paaeHUeM KOTopofi JIBJIJIIOTCJI npruiIIJia cyMM npn: ROHeqHoi1 Macce, BHBe.rceH

HHe Ha OCHOBe ,I(HCllepCIIOHHllX COOTHOill9HHll:. 0TMeqeHl1 Te MOM8HTl1 T80pIIH, 

KOTOplle 00060 RPHTll'llill ,WIJI cpaIJH8HIIJI C 3KCllepUM8HTOM. 

B Tp8TJ,8M paa,n;eJie paCCMOTp8Hl1 C0Bp8M81IHl18 B3rJUJ,n;H Ha CWIJ,Hll8 

B3aHMo,n:eilcTBllJI, OCHOBaHHH8 Ha ROIICTHTY8HTHHX MO,I(eJIJIX. 3,rcecr, Ha OCIIO

Be KBapROBO:li MO,I(eJill llORa3aHa B03MOa!IOCTI>. RaqecTB8HHOro ormcanHH 06-
JiaCTil MaJIUX H8.I(OCTaKl!lllX Mace. ,UJm o6JiaCTll 6QJIJ,IllllX Mace ITQJiyq8Hl1 WOP

MyJIH, IT03BOJIJIKlllll8 ;o!ficaTJ, 3RCll8pllM8HTaJIJ,!Ill8 ,naHHUe 6e3 BBe,n;eHllJI CB0-

60,n;HHX napaMeTpOB I • 3Tn ~pMYJIH 3ailHCJIT OT rrpe,n;rrOJIOJJtemrit O BHYT

peHHe:lt CTPYRTYP8 nyI<JIOHa, ROTOplle MOlKHO rrpoBepUTJ,, cpaBHIIBM npe,n:mm-

38.HHH C 3RCIT8pID118HTOM. 

I!OCJI8,I(HJIJI qaCTI, rJiaBll llOCBJim8Ha BorrpocaM, CBJI3aHlillM C neyrrpyrnM 

pacceJIHueM npoTonoB Ha ,ne.itTpoHe - npocTeihueii n Han60Jiee nsyqeHHoil 

nnepHoit CIICTeMe. CHaqaJia Ha OCHOB8 rJiay6epOBCRoroJaCCMOTp8HllJI rrpo

B8,I(0H aHaJIU3 rrpe,nrrOJIO;it8HHJI O smepnoil ~TOpI!3~ I/, KOTopoe B 

O,n;HOii H3 rrpOCT8illIIRX WOPM llllipOKO UCITOJil>30BaJIOCJ, rrpu a!IaJIU39 3RCil8pll

M8!ITaJIJ,Hl1X .naHHWC. 3aTel/l C ITOMOml>IO M8TO,na co6CTB8HHllX COCTOSIHU:li no-

1msa1Io, qTo o6o6meHHM Mo,n;0JIJ, rJiay6epa, yqHTIIBaBlllaJI BRJia,n:11 ncex rrpo

MeJKYToqH11x COCTOJIHII:it, npailI!JlJ,HO OTpalltaeT npocTpa.HCTB8!IHO-BpeMeHo/ 

RapTI!HY Cil'JU,HllX B3ruIMo,n:eilcTBUH npu MaJillX rrepe,naHHllX llMIJYJIJ,cd13 • 
llpu · pacc1,10Tpemrn .n;ByxKpaTHllX • rrepepaccemntii B par,max .n;ByxKOMIIo

HeHTHo:lt KBapit-rrapTOHHO.it MO,I(eJII!, B ROTOpoit Bee COCTOJIHllJI pa3,I(eJI8Hl1 Ha 

aKTHBHYIO u nacCHBHYIO qacTn, noRaSa.uo, qTo aMITJUITY.na Heyrrpyroro pac

ce~JI ,I(OJL'K!Ia HM8TJ, OTpnuaTam,HYIO MlllIIIIYIO ~aCTJ, no Cp8.BH8Hll!O C ynpyroll: 

/!3 . 0TpnuaT8JI1,HillI 3HaK aMJIJlliTY.I(ll Heyrrpyroro pacceJIHHH npHBO,I(llT R 

TO!v!Y. qTo H8ROTOpll8 rpru))llKH B. o6o6meHHO.ii MO,I(eJIH rJiay6epa lIM8IOT BRJia,n 

co 3HaKOM, !IpOTllBOITOJIOJiSI!IDII o6~HOH aRpaHHpOBR9, T.e. B03HHRa8T JIBJie-

HUe a!ITll3RpaHHpOBRll/I31_ · 
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TpeTh.lI rJiaBa nocBml{eHa M8TO.nrr'!8CKHM oco6eHHOCT.flM 8KCnepmd8HTOB 

no Heynpyrouy paccemuno npoToHoB H pas,n;eJieHa Ha tJeTHpe tJacTH. 

B nepBoM pas,neJre KpaTKo H3JIOllt8H MeTo,n; perncTpainm tJaCTmt oT,n;atJH 

OT TOHRHX Mll!II8Heil, pacnOJIOlK8HHl:lX Ha BHYTPSHHSM nytJKe ycKopllT~. 

Bo BTOpoil: "laCTll paCCMOTpeHH oco6eHHOCTll npllM8H8HHR M8To,n;a .ItJISI 
U3Y1:J8HHR Heynpyrnx co6I1Tllit. B 8TIIX 8KCnepUM8HTax, B OTJIJf'll{8 OT yn

pyroro paccMHHR, HeT i!teCTKoit Kl!HeMaTHtJecion CM3H Me,ir,n;y yrJioM pac

cemnm ll nepe,n;aHHHM lIMIIYJlbCOM - rJiaBHoro KpUTepUR OT,ll;8JI8HII.II qJOHa OT 

a@eKTa,n noaTOMY Bonpocu ll3Y1:J8HHR qJOHOBllX YCJIOBllit npno6peTaroT pe

maromee 3Ha"l8Hll8. ilpOB8,ll;9H aH~3 p~MrHl:lX COCTa.BJIJllWUIX qJOHa ll M8TO

,ll;OB ero YM8Hhlli8HII.II Mll onpe,n;eJieHH.W II • r~HllMII. M8TO,ll;ll"l8CKRMll pas

pa6oTKaMH B aToM HanpaBJieHIIR, o6ecne"lHBllimffl ycnemHoe npoBe,n;eH1Ie aKc

nepn:MeHTOB, .1UlJIJ1JmCh: (I) ycTaHOBKa KOJLIDIMaTOpOB, orpaHH"lllBaIDillHX npo
CMaTpllBaSMy-10 .ll;8T8RTOpaMH 30HY BOKpyr Ml'Illl8HII; (2) npRMSH8HII8 T8JI8CKO
noB ll3 ,n;Byx Il'. 60JI88 .ll;8T8KTOPOB .~ pa3.ll;8JI8HH.II tJaCTIIq OT,ll;a"lll no Mac

crud; (3) paspa6oTKa rro.n;BRKJioro aKpaHa lI3 TIDKeJioro M8TBJIJia, nepeKpll

Baroutero oMaCTh B3aI!Mo.n;eiiCTBII.II nytJKa C Mlllli8Hh!O B IIOJie 3P8HII.II .n;eTeK

TOpOB TeJiecKorra 11 rrpe.n;aasHatJ:eaaoro .~ rrpm.wro 1rnMepeH1I.1I q,oaa; (4) 
rrp:uMeHeHIIe HoBoro crroco6a KOJLnliMllpoBaHM ,n;eTeKTopoB. 

B TpSTMM rraparpajle 8TOil: rJiaBll OIIRCaHa CTpyr<TypHn CXeMa 8JI8RT

poHHOii anrrapaTYpll, n:crrOJihsOBaBIDaJIC.II rrpn Ha6ope ,n;aHHl:lX I. 
B tJ:8TB9pTOM pa3.ll;8JI8 paccMOTpeHH H8KOT0plle oco6eHHOCTH B aHaJill38 

8KCll8pIUd8HTaJihHHX ,n;rrrx, YtJUTllBa.!OlllR8 npOB8.ll;9HHH8'll3M8H8HWI B per:HCT

pnpyromeil: anrrapaTYpe I • 3ToT pas,n;eJI sru<awmnaeTC.II pacCMoTpeimeM nos

MO;itHOCTeil IIOJIY'I8HHR qJU3lf'I8CKOii llHqJOPMa.nmI Ha TOit lK8 arrnapaTy-pe D 

60Jiee llillpOKOM UHTepBaJie IIO nepe.n;aHHOMY HMIIYJlbCy. 

B Il.lITOii ,. %CTR UCCJie,n;yeTC.II 3aBI!CIDdOCTh paspeieHII.II ,0 H8,ll;OCTaIDIIl8il: 

Macce OT TO"IHOCTU onpe,neJieHWI Il'.3M8p.lI8MHX BMU'IIIH II' 12 • B HatJaJie 

pas,n;eJia np1rno.ll;.IITC.1I mmeMaTUtJ:ecKlle qiopMy-JIH u ,n;ano cpaBHeime paspemaro

meii crroco6HocTu MeTo.n:a perucTpainm tJacTnq oT,n;atJII c ,n;pyrm.m crroco6aMu 

lI3YtJ8HWl aeynpyrnx B3aU!do.n:e1icTBRii B IIHKJII03llBl!llX 3KCil8pllM8HTax. 3aT8M 

aH~3lipyeTC.II 3aBIICilMOCTh paspemaIOOteii cnoco6HOCTU OT TO'IHOCTll U3Me

peHIJJI llMityJlbCa HaJI8TaJ<lll8H tJ:aCTlI~, IGIH8TUtJ:8CKOU :meprlilI ll yrJia BHJie

Ta tJaCTHUll OT,natJ:II. ITOKa3aHo, 'ITO rJiaBHllM (flaKTopoM, BJilI.IIKl!lI!M Ha pa3-

pemeHHe, .IIBJI.II8TC.II Heonpe,n;eJIOHHOCTh B U3M8p8HIIU yrJia BWieTa, CB.II3aH

Ha.lI C KOH8tJHliMII pasMepar.m CTPYH MIDII8HII. PaCCMOTpeH npI!M8HJIBLllllHC.II B 

7K7ll8pl!M8HTax M8TO,ll; KOJIJII!MilpOBaHIDI Mlllll8HII C IlOMOlljI,10 IlO,ll;BIDKHOit llleJII! 
2 , nosBOJIHBmuil: YJlY"lilllITh B ,n;Ba pasa paspemeHUe no MaccaM. 

B meCTOM, 3aKJIIO'lllTMhHOM pas.n;eJie 8T01i rJiaBll, pacCMaTp:i!Ba!OTC.II 

oco6eHHOCTll ,n;pyrnx . :mcnepIDd8HTOB no ll3Y1:J8HIIIO Heynpyr.lIX B3allMO,n;eitcT

Bllil: np:a MaJillX.nepe,n;aHHHX HMIIYJ!hCax. 

6 

;. 

B tJ8TB9pToit rJiaB8 llpllBO,ll;.IITC.II nOJIYtJ8HlW:8 B 8KCnepllM8HTax ,n;aHHHe 

II pesyJlbTaTll IIX aHaJIUsa •. 

ITepBa.lI tJaCTh co,n;eplKil:T 06IllH8 xapaKT8PllCTIIKII llHKJII03llBHOro cetJSHII.II 

aeynpyroro paccMHII.II npoTOHOB. IloKasaHo, :iiTo y-;Ke le~,ue pesyJlbTaTH, 
llOJIY"i8HHl:18 C /OMOlljI,lO ,n;eitT8plI8BOil: CTpyiiHoii Mllll!e!IlI' I' , ll03BOJillJIU 

06'!,e,n;rumTb/9 CYl!l8CTBOB8Blllll8 paaee 8KCnepHMeHTaJ!bHH8 ,n;amru:e B o6Jiac

Tll 60Jlbnmx n MaJIUX MaCC n nOJIY"lllTh 061IlY!O KapTHHY none,n;eHHR ,n;uqxliepeH

tO!aJihHHX C8tJ8Hllit KaK ~ H8,ll;OCTarout8il MaCCll Mx, npH H860Jihllil!X ne

pe,n;atJax :ima.n;paTa tJ8Tlll)eXHMI!YJlbCa t . Ilpe,n;CTaBJI8HHa.lI Ha puc.I 3aBU

CllMOCTh cetJeHuit OT Mi np:a ~HKCll~OBaHHOM t H S llM88T mm B oMac

Tll MaJJHX MaCC nplI Mi tv I, 9 raB ~ 3aTeM pesKO mmaeT c pOCTOM !,Ii ll . 

Bllpa.BHIIBa8TC.II IIplI M~ ~ 25 faB • 

P+P(c:LJ-X+ P(d.} Pnc.I 3a.BlICU!dOCTh 

5.0 ~ ;+ d1
G" {s. soo r-a~1 

,n;uqi:Iiepe~aJ!bHoro 

a/'4 
dt dM} !ti =0.02S(r;3b/c)2 

-/2 cetJeHlI.II oT " x • 

2.0 ,, o - pesyJlbTaTH, 
.... 
!o IlOJIY"i8 HHl:18 C IT 0-

f!. . 

1 
MolllI,10 ,n;eiiTep11eBoii 

"L 1.0 
u CTpyil:Hoil: Ml'Illl8HII; --...... ~ 
.0 ,., e, 1,., ■ - paHee 
~ 0.5 0 

0 0 

X 
0 cymecTnonannme 

a. 
tf1 0 

~ f .IlaHHl:18. 

0.'2. tt#
0 

O.H t t1Htltrr .. •·· · 
I t I 1'1 f ti I I I I I t I I t 

2 5 10 20 50 tOO 
2 & 2 Mx - (r3 ) 

TaKI!M o6pasoM MaCCOB!itt cneKTp MOJ!tHO pas,n;eJmTh Ha Tpll oMaCTH: 

MaJillX, npOMElJKYTO"lHl:lX H 60JlblllllX MaCC. IfaytJe!llie t - 38.BHCHMOCTll B 

.mmnasoHe 0,02 < It: I< O,I2 (raB/c) 2 KaK .ItJISI MaJIUX l 51, TaK :a 

)J,,JISI 6~61 H8.IlOCTaIDillHX Mace, llOita3aJIO (pn:c.2). tJTO cetJe!llie MOHO

TOHHO YMellhmaeTC.II C poCTOM / t /, He npo.lIBJI.II.II 381l8THOtt CTpyr<Ty-pll. 

7 



10 I\ 
\ 
\ 

\ 
' \ 

H \ \ 
\ \ 

'L \ '.l 
,:~. ~--i \1 l 

.. ~ ~ M!•itrs~t ., I\ ki 

-t,{! l\~! 
tx '{ ,g \ 

~ \ 
I , . 

\' 

0.0 0.02 0.04 0.06 
ltl (r3&/c)2 

't-. 0.5 _, 

~ 
!
.!!. 
.0 

g 0.2 
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4, 
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• M!-111"3&
1 

• M!•22r3&1 

0.05 OJO 
1t1-(r3&/c)1 

0,15 

PRc.2 ,. 
t - 3ailllCHMOCTI, 

.I\llqx~epeHUHam,HUx 

ce'!eHHil perumim 

pol ➔ Xol npu 

P=275 raB .wm 
pa3Jlll'IHHX 8Ha'Ie

HHit H9,D;OCTaJ<lllHX 

Mace. 

Kp:irn:b!Mlf Ha pHC,2 I1p9,D;CTaBJI9H pe8yJII,TaT I10,ICI'OHKH .I\lliM9peHil,liaJII,HllX 
ce'!emtil no qiopMyJie 

cl.6 /cltclM;:::. A exp[-8o1(/t/-a)-+ C0 (tt-a 2fl (I) 

npu qiHKcHpoBa.HHHX C0 = 62,3 (raB/c) 4 H d = 0,035 (raB/c) 2 • 
Oco6eHHO BalltHO OTM9THTI, OTCYTCTBHe T9H,D;9HIJ,lIH K j'M9HI,fil9Hm0 C9'I9HHil 
npu It I - O, KoToprur npe,n;cKasllB8Jlac1, HeKoTopmw: BapIIaHTaMH TeopIIH. 
3,n;eCI, ~e no.n;po6,o o6~n;aeTCSI TeopeTK'l8CKM HHTepnpeT~ H8M9p9HHUX 
B 8KCil9pHM8HTax 3 , 16 KoppeJISI[(IIil Me]Uzy napaMeTpOM Ha.KJIOHa .D;Hqlpa.ImllOH
HOro KOHYca II Maccon B086y'1r,D;eHHOil CHCTeMH. J.(aJiee IlOKa8aHo, 'ITO B 06-
JiaCTH 6om,mux Mace 8aBHCHMOCTI, HaKJioHa ( 9 - napaMeTp) .n;mfxllepeHD;II
am,HUx C8'I9HHit OT 8Hepr:im H8JI9TaioonIX npOTOHOB ll MaCCll B036y,i.D;eHHOil 
CHCT9Mll M~9T/6llTI, Ka'I9CTB9HHO 06~RCH8Ha B pro.max Tpexpe,D;llteOHHOrO 
qiopMaJIH3Maf I6 • 

BTopott pa8,D;9Jl IlOCBRIIl8H aHa.Jm3Y ,D;aHHUX B o6JiaCTH MaJillX H9,D;OCTaJO
nurx Mace Mi .::::. 5 (raB/c)2 (pHc,3). 06cy,ir,n;aeTCR npupo,n;a Illll50B ' HHKJII0-
3.IIBHOM CI19KTpe Mace, BI19PBll8 oelHapy.llt8HHM B aKcnepHMeHTax.1 2 •5 6Jia-
ro,n;apR Bllcoxott paspem8XXl!ell cnocoelaocTH.annapaTYPll. IloKa8aH0/4 ,II/, 
'ITO OCHOBHUe 'IepTll .I\RCCona;immi B 8TOil o6JiaCTU, TaKHe, KaK 38.BUCH
MOCTb ce~eHWI H ! - napaMeTpa OT aHeprmi: u He,n;ocTamieil Maccu, y,n;a
eTcR IlOHRTI, Ha OCHOB9 MO,D;8JIH )weJIJia-Xlm,n;ll-JleKa (.UJQ:l) C Y'JSTOM aelcopel
THBHUX aiMeKTOB,· CBR3aHHllX C nepepacceRHHeM 'IaCTJm B Ha'IBJII,HOM .II KO
H8'IHOM COCTORIDIRX, "ToHKM CTPYKTYPa" OCHOBHoro IlHKa B'MaCCOBOM 

8 

,; 

• 
I 
i, 
I 

lo!> 

938 14001688 

6~' ' I I ~ ~ 
,'\ , , 
I I 
I I 

H- I I ~ l I P+d-X+d 

,:,. / ! ,!, P1w21Sf:l!/c 
~ I I I 

I 
4 I I 

PHc.3 

...,!--. I I I I 
.g I : I I 
~ I I f ~ 

SaBHCIIMOCTI, 

::c I I f I I a. I I I I 

.I\ll@?epemmaJIJ,HHX 

JJ 3 I/OP.I I f '+ ~ XI/SO I I I I 
C9'I9HHll OT Mi -~ rn: /A'/ tl•0,03S(ra!,cJ' 

~ I I I vltl•QOS 

H nepe,n;rurnoro 

-d I I l I I I 

lI!vffiYJII,Ca 

.::; 2 I I l ' 

It I 

l!)' ' 
,.. 
.:1 

tr J lf \ 
QI ,l • , I v\mp~mno )2 

0,5 f 1,5 I 5 10 20 

M! (r3&'-J 

Cil9KTpe CDlU(9T9JII,CTByeT O Ha.JIH'lHH ,D;OilOJIHHT9JII,HllX p830HaHCHHX BKJia
.D;OB, 'IaCTI, H3 KOTOpllX, IIO-DM,D;l™OMY, CBR3aHa C BKJI8,D;OM P930HaHCOB, 
p0lli,D;8HHHX 'I9p98 M9xaHH31\I ,IOi]l, 0TMe'Ia9TCR, 'ITO C9'I9HWI 118YflpyrHX B3a
liMO.D;9.fl:CTBHli B :3Toit 06JiacT11 Mace, B npe,n;eJiax aKcnepHMeHTaJII,HllX omHCloK, 
qiaKTOpli3yDTCSI, . 

B Tp9TI,9M naparpaqie IlpHBO,D;RTCSI ,D;aHHU/I ' 5/ no ,D;llCCO!.UI~ npo
TOHOB B COCTORHHR C Clom,moil Maccott Mi,? 5 (raB/c)2• B 8TOil o6Jiac
TH C8'I9HWI y,ite He npoSIBJIJIIOT p930HaHCHOH CTPYKTYPll (CM.pHc.3) .II CHa
'IaJia j'M9HI,fil8lOTCR, CJI9pYR C DHCOROtt TO'IHOCTI,IO 3aKOHY (I/Mi), a 3aTeM 
CTaHOBRTCSI H88ailllCID.mMH OT Mi· TaKoe IlOB8,D;9HH8 C8'I9HHll IlO,D;TB8!).limaeT 
,D;OMHHaHTHOCTI, ,D;Hippa.Kinm B oelJiaCTH ?di (, 0' 05 s • B 8TOM npe,n;nOJIO.llte
HHH IlOJIY'I9Ha BepXHRR o~eHKa B8JIH'IHHll KOHCTaHTll Tpexpe,D;llteOHHoro B3a-
1IMO.D;8liCTBHR • 

H3MepeHUR Ha 0.D;HOit H Tott .llt9 3KCII8pHM9HTaJII,HOil YCTaHOBK8 C9'I9HHil 
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B030YJK.l48HIDI OOJII,UIHX lI MaJIHX He,noCTaKlJllIX· Mace .rtruoT yHUKaJII,HYIO B03-
MOJ:HOCTI, BOCIIOJib30BaTbCR runoTeaoft .rcya.m,HOCTli ll npoBepn:TI, npamwa 
cyMM · rrpn: \J:mKcn:poBaHHoli Macce, mme.nemrue na ocHoBe .rcucnepcnomrux 

COOTHOl.lleHHii. 

ft/ dGd ·r 
dt 

- v 

I: c.12G Jv = jv[ d
26

] clv 
dt~v JtdV u ,, 

(2) 

a.nec:r, V =-- Mxt - t- wi; , cl 6-d / Jt - ,nu@}epeimua.m,Hoe ce'!eHUe 
ynpyroro pacce.aHHR e/ 26- / cit tlv - ce'!emm B peaoHaHCHoi1 odJiac
TH, [d'6/cltclv]rR - peayJI:r,TaT rro,n;roHKH Heynpyroro pacceRHIIB ~ 
Tpexpe,lt)K80HHOll odJiaCTH, IlJiaBHO 3KCTpanOJillpOBaHirufi K y = 0 ' y 
COOTBeTCTB!eT JIIOOOMY i'Ai, paCIIOJIOJKeHHOMY Me.JiW peaonancar,m. PeayJII,TaT 

npoBepro/9/ npe.rtCTaBJI8H Ha p11c. 4: Kl)liBM I rrpe,n;OTaBJISieT 3Ha'!eUM 

1) d20' I dt dM2 (p+d-X+d)/Fd 
x ltl•0.035 

4 
( P11A6 =215 r3~/c) 

3 Is;: J bi Y"j"' '1:Tl '/ t, ■ f, t t ! t t I ... ~ t \J/-t 
- 2 a, I I 

~ ~~ ' - g \ I 

! 
:£ ~~ 

I \ 
I \ 

I ', 
I ', 

a It I 2 
1· 1 

mp (mp+mitl 

3 4 & s m 20 

M;-(ra~{· 

Puc.4 

PeayJibTaT npo

BepruI rrpaBWI 

Cy-MM IIpll KOH8'I

HOi1 Macce. 

y cl? 61 cl f ol V B 3aBlICIIMOCTll OT :Ai' IIOJIY'IeHime H3 .namnul
5

, G/; 
2 - ynpyroe ce'IeHne, npe,ncTaBJieHHoe .rtJIR HJIJIIOCTPanHH B BR.rte pacnpe,ne
JieHHR no rayccy; 3 - pe::ryJIL~aT Tpexpe,n,KeoHHofi no,nroHruI, aKcTpa.nOJIHpo
BanHofi H3 06.naCTH OMI,lllillc M9.CC, CoBrra,neHHe CyMMH IIJIOl!la.rteit rro,n KpliBH
MH I n 2 c IIJIOllla.J:tI,IO no.rt CIJJ' 0'l'!Hoi1 KpHBoi1 3 B rrpe,neJiax 3% Heonpe,neJieH
HOCTH B HOPMHPOBKe IIOKa3HBa6T, 'ITO rrpaBWia Cy-MM .rtJIR nepBoro MOM8HTa 
BHIIOJIWIIOTCR C BHCOKOi1 CT8IIeHbIO TO'IHOCTH, 

,llaJiee B 3TOM _ naparpaq>e npOBO,nHTCJI CpaBHeHUe peayJibTaTOB pa3JIB'I
HHX ©eHOMeHOJIOrlI'leCltlIX aHBJIH30B, OCHOBaHHHX Ha TpeXpe,nllteOHHOM WOPMa
JIH3Me, l1pH 3TOM IlOKa3aHa BalKHOCTI, ,n;aHHHX Iipll MalIHX rrepe,n;aHHl:lX 
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HMIIYJibCax, II03BOJIRIOlllHX IIOKaaaTb, 'ITO HeT y-Ka3aHHR Ha llC'!e3HOBeIIne 
G PPP ( t,) rrpi t _., 0 , npoBeCTH o~eHKY BKJia,na .rcuwprumim B pocT 

IIOJIHHX Ce'!eHHfi · II/ ll IIOJIY'IHTI, BeJill'IllHY G P/lP ( 0 ) H C8'I8HIDI IIOMepoH-
npoToHHoro B381IMO.rteficTBHR, Pnc.5 HarJIR,ll;HO .rteMOHCTpnpyeT a®eKT poc
Ta 6-z sa C'IeT CMel!leHIDI C poCTOM aHeprnn rropora ~p~OHHOH .rcuc-
COit!IanHH B CTOPOHY M8Hl>IIIllX 1 - X • O.rtlffi.KO B g)eHOMeHOJIOrlI'leCKOM no.rt-
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6 
Pnc.5 

3aBHClIMOCTb .nHi!>

cpepe~a.m,mu ce

'!eHnil Heynpyrnx 

pd-Bsamdo,n;eitcTBni1 

OT I-x rrpn pasHHx 

3H8prIDIX HaJI9TaIO

l!lero npoToHa. 

xo,ne na-3a doJibl.lloro 'IHCJia CBodo.n;mu rrapaMeTpoB HeT BoSMolKHOCTH des 
MO.rtSJibllllX npe.nrrOJioxeHHi1 Bll,l48JIHTb.BKJia.rtll OT.rteJII,HHX pe,IOKeOHOB, OTBeT
CTB8H!IllX aa po.llUl;eHHe H Wop.mpOBaHll8 B030Y.llU(OHHOil CHCTeMll. PesyJibTaT 
decrrapaMeTpll'leCKOro orrncaHIDI 3KCII8pHMeHTaJibHHX ,naH!IllX/II/, npoBe,neH
Horo·Ha OCHOBe KBapK-pe,nllteOHHOil MO.rteJIH, rrpHBe.rteH Ha pnc.6. TaKoil 
aHaJIHs, KpoMe onpe,neJieHHR :aKJia,noB oT.rteJib!IllX pe,IOKeoHoB (pnc.7), y-Ka
sHBaeT Ha BaJ!tlIOCTb y-qeTa nepeKpecTHHX 'IJieHoB ( PR P , R PP , PR R , R RR ). 
l1pH OIIlicaHHll Heynpyrnx B3aHMO.rteilCTBni1 Ha KBapKOBOM R3Im8 6:wm IIOJrY
'!8Hli HOBlie apryM8HTH ,· B IIOJII,SY npe,nCTaBJieHllil O KBa.pK-,rcnKBaPKOBOil 

CTPYKTYPe HYRJIOHOB, 
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P.11c.6 
OIDrCa.H.118 8KCil8pll-
M8HTaJll,!IllX C8'I8-
HIDi npon;ecca 

pp ➔ Xp C IlOMO!lll>!O 
KBapK-p8,nJK80HHOfi 
MO,neJilI. Kp.11Bll8: 
I-cHMMeTpntz!Illit 
KBapKOBllit Bap.11-
aHT; 2-KBapK-
~BapKOBllit Ba-
pllaHT; 3-COBIIa-
.IlaJD!lllie pememm 
,Jl;}IJI .IlBYX Baplla.H-
TOB 1 B KOTOpllX 
YllHTIIDaeTCJI 
"cxo.n c MaccoBoit 
IIOBepXHOCT.1111 B3a- . 
HMO,!l8HCTBYlQ!llliX 
KBapKOB. 

P.11c.7 
'· 

IlKJIBJUI pa3Jilf'IHilX 
06M8HOB B llHKJI!0-
3llBH08 ce'Iemrn 

peaKUIIB PP ➔ Xp, 
BlI'lllCJI8HHil8 IIplI 
It /=0,05 CI'aIVcf 

B 3a.KJIIO'll1T8J.II,HOH '!aCTli pa3,!leJia llOKa3aHO, 'ITO 8CJllI paCC!MlTplIBaTI, 
,n;ICCOD;llan;mo IIpOTOHOB B par.max T80plill C liHT8pcenTOM OOJII,W8 8,IJ;illillD;ll, TO 
Ha6.JnQnaeMIDi IIpli 8Heprumc rs f< welli!MaHOBCKHH CKeli.roIHr MOJi[.l!O OO'bSICHliTI, 
KaK pesyJU,TaT KOMII8HCall;1IlI YOIIDa.IOlllllX C saepr:vreii _BRJ.18,I(OB B ,IJ;llq>pa.KD;liIIO 
paCTYJIIHM Tp8XIIOM81)0llHHM BKJia,IJ;OM. 

B IIOCJl8,!lH8M, 'I8TBepTOM naparpaqie 8TOit rJiaBil, IIPOBO,!llITC.fI CpaBHe
H.118 pe3yJII,TaTOB ,!llICCOD;llarum npoTOHOB .BlICOKOil 8H8prllll Ha 1ro,opo,ne lI 
.IleitTeplI.11. IlpllBO.IUITCSI .Ila.HH!le o .Illlt®ePeimHaJII,HllX ce11eHHSIX IO , nOJIY1Ieu
Hlle B O,!lHOM ceaHce IIp.11 nepHO,!lll'I8CKOH C?48He raaoB (BO,!lopo,!la lI ,!l8liT8-
pHSI) B CTpyfiHolt Mlllli8Hll 1 'ITO ll03BOJIHJIO CB8CT.11 K MHHHMYMY B03M0mlli8 
CHCT8MaTH'I8CK.118 OIDlldKR np.11 llOCJl8.IlYJO!ll8M a.HaJI.1138. 

IlOKa3aHo, 'ITO 8CJIH ,!l8MTpOH pacCMaTpHBaTI, Kax 8JI8M8HTapHYJO 'IaCT.11-
n;y-a,n;poH, TO B odJiacT.11, r,!le npeodJI~na.IOT .IlllWPaKD;UOHHile npon;ecc!l, ce'Ie
mm waKTOPll8yroTC.fI B npe,!l~ 8KCll8pHM8HTaJil,HllX OIDl!doK, j'Ka31IDWI Ha 
MaJIOCTI, BKJia,n;a ll30B8KTOPHilX odMeHOB np.11 8HeprIDIX Blllli8 IOO raB. 
Ha pnc. 8 npmie,!leHo cpaBHeHHe p c,I -+ X ol B3rurMO.IleilcTBHit c pp ~ Xp 
npn np:11MepHo paBHilX s ,Jl;}IJI /ti= 0,05 (raB/c) 2 , B B.11,!le ~N/clx. = 
= (olG/cltcl"t.)/(J6J/clt} ,Jl;}IJI pa3HllX I-x. Ha p.11cyHKa Bll,!lHO BllllOJIH8Hll8 
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P.11c.8 

H,nepHruI waKTOpll-
8an;uSI pp lI 
HHKJII03lIB!IllX ce
'I8Hllii KaK CWHK
D;llSI I-x npn 

· /i:/=D,05 (Th!Vcf 

waKTOp.113an;ull B npe.n;eJiax 5% B odJiaCTH I-x~ 0,06. TaKHM odpa.30M,qiaK
Top.113yeMilil noMepora,n-odMea npeodJI~eT Kalt B ynpyroii, TaK u B He
ynpyroil .IlliWPaKD;llll S, .11 OTHOW8HlI8 lIX'C8'18HllH He 38.BllClIT OT 'l'Hna MIIme-
HH llp.11 O,!lllHaKOBllX S • . . " . 

Ha OCHOBe cpa.mreHHSI ,n;ruMJepeHD;llaJII,HilX C8'I8IDlli pp ll pd B381IMO,IJ;e.il
CTBllll IIpR O,!lllHaKOBOll 3Hepr:11:H Ha.i{8TaIO!ll8ro a,IijlOHa IIpOB8,IJ;8H aHaJI.113 nonpa
BOK Ha nepepaccemrne B ,n;eliTpone (A Ln) npu HeynpyroM Bsru1Mo,!lelicTBH1I. 
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Ha plic.9 npe,ncTa.BJieHO OTHO!ll8Hll:8 

T(x) =. [ clz6-/ol.tol,x] /[c1'o-/cltcli<] ::::. 
«6-etlolt pp J6dlclt pJ 

:-!· 

(3) 

'6pol ·rp i ,.,,1 
::: 1. -t /J. ~.,. - 11e-e +Ti~/[ J &-t-f _l.L ] 

· cit el t cltdx 

,n.IDI .nnyx arrnprnii D 3aBIICIB.IOCTII OT I-x. 

2.0 ~ I i [ I I I I I ' I I I J 
ta 
1.6 

T t.4 

1.2 

1.0 

ltl=0.05 

•Po=1S4r3&/c 

oP,~312M/c ~i f u 
-~--+t--#~' 

0.8 ..._._"-::::::-------=--1::--_J__----1...----1...-L...L..1....L.l___j 
0.01 0.02 0.05 O.IO 

l-X 

PHc.9 
3aBlIClIMOCTI, OT 
CI-x) OTHomeHIDI 

T(x). 

3.necI> Ti Y'filTllBaST BKJI~ll 1130B8KTOPHIIX o6MeHOB B Heynpyroe pp -
paccemme. C11JiomHoii KpllBOH IlOI\ll3aH peaym,TaT pac'!eTa T B IlP9JUIOJIOlK8-
mm, '!TO rJiaB!lliM ll30CIIllH3a.BllCUMW/I nponeccoM .!!BJI.lieTCH T/ - M830HHHii 
J6M? TllIIa TirrP npu /':,; 11 - .dd' = O,I4. TaKIDJI oclpaaoM, IIOJIY'!eHo 
IO • '!TO IIOIIpa.BKa Ha ne,Pepaccemme B HeynpyroM fcl - paCCMHllll B 

.ztBa paaa 6QJII,me, '!9M B ynpyror.!, 11 He 38.BUCllT OT BeJill'llIH!l x. ilOKa3aHa 
BalltHOCTI, Y'J6Ta Tr - M830HHoro oc5MeHa JJ,1!JI PP-B3alIMO,neitC.TBllii B od.Hac
TlI OOJII,IllllX BMll'llIH I-x. ilOJII,3YHCI, TpaJ:tlI!ij{OHHHM no.nxo,no111 K aHamrny 
.narurax, npn KoTopOM He- YlJUTimaIOTCH .ztBoliHHe Heynpyr11e nepepaccemnm 
BHYTPll .neiiTpoua, MOJKHO CBH3aTI> A,11 11 IIOJIHoe ce'!eHHe B3aIIMo,neii
CTBllH B03~eHHOtt ClICTeMll X co CBOOO,l(Hm/1 HYKJIOHOM BHYTPll .neiiTpoHa 

6-xtJ CJI8.IJYIWllIIII DllpaxteIDieM: 

A:n ~ '1e,1 (i + Gx/J) 
&-NII • 

(4) 
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Bll'!lICJI0HRII no 3TOii q)opMYJI' ~ llOJIY'!SHHoro B 3KCnepm11eHT8 A,., =0. 27 
.I(aJOT 6XN = 28±10 M6H. IO , paBHoe npllMepuo IIOJIOBIIHS c;.NN u He 
aanncBII1ee OT I-x. IlpH 3TOM TB.Koe MaJieHI>Roe aaatreHRe 6xN no Cpa.BHe-
mm C (5-NN MOlKHO pacCMaTpHBaTI, R8.K YKa3aHlI0 Ha 38MSTH08 npocTpaH-
0TB0HHO-BpeMeHHoe paaBlITlI0 polltl(eHHOii ClICTeMll X Ha TlII!lltrHHX WIS! B;l(ep 
paccTo.f!HWIX. 

J!Mee noKaaaao, trTo no.nxo.nBII1ett BMlltrlIHoil,
1

IDcTBllTeJII,HOii K BKJia
.ny Heynpyrnx npOMSJeyTOtrHHX COCTosnmn, .IIBJIHSTCH I 

2 pd ➔ X.d/ R (X. t) -:: i _ d '& eltclx , 
J 4 S2 (t/4 )c/16'- pp ➔ XP/cJto/'I( 

(5) 

B KOTOpoil O.I(HORpaTHHe paccemnm CORpama,lOTCH. Ha pnc.IO npe,l(CTB.BJISHI}. 
aaB11cUMocT1> R OT I-x, • BlltrnCJieHHaH na aKcnep11MeHTaJII>HHX .nalllil1X" IO~ 
XapaKTepHlll/1 .IIBJllleTCH YMSHI>meHRe A c pocTOM I-x c nepexo,noM tiepea 
HYJII> npH I-x ::::: 0, 2 lI TO, trTo B8JllltrllHa I-x, npn KOTopott R Me1meT 
3HaK, He aanncnT OT KoHKpeTHofi napaMeTpnaannn cetreHWI peaKnlill pp -P Xp. 

R(x,o2) 
0,5 ~ 7 

0.4 

O,! 
------------- ¥-Y-Nt, 

0,2 

0,1 

0 

-O,I 

O.DI 

t=-o,1a (r3~/d 

A - sN= 12.4r3&2 

x- sN=291 r3~
1 

0 - SN=1oor3&1 

(1-X)N 0,05 0.1 

', 
' 
j 

Pnc.IO 

rronpa.BKU Ha .ztBYX
KpaTHHe nepepac
ceHHIDI B ueynpy
rnx p cl - naa
m.m.neiicTBIIJIX. 

IlYHKTHpHoil Kpnnoil Ha pnc.IO IlOKa3aH pe:iym,TaT OIIllCaHRH :JKCII0PIDll8H
TaJII>HllX ~aHHHX B npe,nIIOJIOlKeHllll O pa.B8HCTB8 OTHOCllTeJll,HHX nonpaBOK 
ua nepepaccemrue B ynpyroM II HeynpyroM paccMwm Ha .nettTpoHe, 
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cITJioIUHaJI Kp:imrur cooTBSTCTByeT oTHOIUeHHJO (5. 'IC N I cf N N ~ 3, 5. 
Pnc.IO ,n;eMOHCTpllpyeT 8KCII8pllM8HTaJIJ,H08 .D:OKa3aTeJII,CTBO cymeCTDOBaHIDI 
JIBJI8H.WI aHTH8KpaHllpOBIW:, B03HmtaJOOl8rO 3a Cl!6T .n:DOilHOro Heynpyroro 
rrepepacc8.lIHHJ'I, KOTOpoe C pOCTOM I-x CHa'IaJia. YM81il>IllaeT BeJllilIIIHY IIO
rrpaBim Ha rrepepaccemme, a aaTeM MeH.fieT ee 3HaK 11 IIO.llTBep,K.I(aeT c,n;e
JiaHH!:lil B nepBOil rJiaBe T80p8Tll'I8CKllll DHDO,n; 06 OTP~TeJII,HQM 3HaK8 
MinIMoii l!aCTH aMilJiliTY,l\ll Heynpyroro paccemnm. 

Il IIOCJI8IlH9H.IUITOii rJiaB8 rrepel!llCJUIJOTCJl OCHOBH!:l8 pe3yJII,TaTli, rro
JIY'I8HHl:le B ,n:n:ccepT~. 

OcHoDHlle pe3yJII,TaTll HacTomgett pa6orn MOJKHO opopMYJIHPOBaTI, KpaT
KO B BH,I:(9 CJI8~ BHDO,I(OB: 

I. Pa3BllT ll HCIIOJII,30BaH B 8KCrrepHM8HTax paHee He IlP,11:MSRIIDIIIIDICJl 
,I(JI./I llCCJI8,n;OBaHIDI Heynpyrux rrpoueccoB ll OKa38.DillHiiCJl aqxlleKTlIBHl:lM M8TO,n; 
perHCTp~ l!aCTHU OT,I(a'IH OT CTpyilHoll MHIUeIIH, paCilOJIOlJt8HHOii Ha BHYT
peHH8M ny'IK0 YCKOpHT0JIJI, Il03BOJIHBIUHii nOJIY'll!TI, peKop,n;lille paapemeIIHSI 
no He,n;oCTaJOI119ii Macce B HIIKJII03HBHO.ii IIOCTaHOBK0 OllllTOB. Il npouecce 
pa3BllTlISI aToro MSTO,I(a 6wm: 

a) BnepBlie npliM0II0Hl:l TeJI8CKOilll ll3 nQJIYilPOBO,I(IIHKOBllX ,n;eTeKTOP,OB 
/ 2 ,5/ ,I(JI.II pa3,I(eJieHHsr 'IaCTHU no Macca'<l; 

6) nO,I(BHlJtHruI me.m, .I(JI.II YJiy'IIIISIIHSI MaCCOBoro ,Pa3P,8Ill8!:!~i2/; 
B) II0.1UllL'ltII6ii aKpaII .I(JI.II np.HMoro H3MeP,eH.WI woHa7IO,I21; 
r) paapa6oTaHl:l HOBlle M8TO,l\ll aIIaJIH3a!1 ' 2 ' 5 ' 6 ' 7 ' IO/' Il03DOJIHBIIIH8 

He TOJII,KO Y'l8CTI, M8TO.D:ll'I0CKll8 oco6eHHOCTll,HO H nOJIY'IlITI,, CaMll0 TO'IHl:l0 
B MHpe ,n;aIIHl:le no .n:HCCOUII~ IlPOTOHOB. 

2. BnepBlle nOJIY'IeHa 061IlruI KapTH'a He~yroro pacceSIIIHSI IIP,OTOHOB' 
B o6JiaCTU MaJIHX nepe,n;ammx m.myJII,COB 2 ' 5 ' , H3Y'l8HO IlOB8,ll;8IIH8 HHKJII0-
3:IIBH!:lX ,I(U@Jepe~JaJIJ,HllX Ce'!eHHii B 3aBHCHMOCTll OT aHepruH HaJI8TanI1ero 
npoTOHa, H8,ll;OCTaJOI118li MaCCll Boa6yJK,I(0HHOii CHCT8Mll Mx H KB~I(paTa nepe
,ll;aHHOro '!8Tllp04liMIIYJThGa t . 

3. H~elJtHO B~eJreHa .IUiqlP,aKUHOHHaJI KOMilOH8HTa B HeynpyroM pac
CMHHH npoTOIIOB, ,ll;OMllHHPYJ(lllaJI Ilpll MaJIHX t H Mi ~ 0, I Mp S • 

4. BrrepB!l9 noKa3aHO, 'ITO D t - 3aBHCHMOCTH ce'IeIIHii BITJIOTI, ,no 
O'IeHI, MaJIHX It/ : 0,02 (ran/c)2 OTCYTCTByeT MHIIHMYM npll t ➔ 0 
12,5/_ TeM CaM!lM aKcnepllM8HTa.7IJ,HO ,ll;OKa3aHO, 'ITO Heynpyrrur ,n:n:cppaKUHJI 

MOJKeT IIP,OHCXO,n:liTI, IlPll llC'I93aJOI119 MaJIHX 3Ha'I9IIHSIX nepe,n;aIIHoro HMilYJII,Ca. 

5. En:aro.n;ap.H BllCOKOMY paapemeHHJO no HS,I(OCTaJOilleii Macce y,n;aJIOCI, 
BII8pBhl8 IJ,POCJI9,ll;l1TI, CM8ll!9IIH8 C pOCTOM 3Heprll.ii rropora .n:HW.PaKW:!OHHOll ,n:n:c
CO~alJ,IDI K MSHI,IIlliM 11!~/ S H TSM CaMID,! HarJIJI,n;HO npO,ll;SMOHCTpHpOBaTI, aj_: 
weKT pocTa ITOJIHoro ce'!eHIDI Heynpyroil ,ll;llqlpaKUJW c YB8Jlli'!SHHer.i aueprm1. 
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HM8Klltll9CSI B HaCTOSilJl99 BP,9Mf.{ ,ll;aHHl:l9 H03BOJLfI!OT C'!llTaTl>, 'ITO 
He cymeCTBY9T orpaHH'ISIIHil Ha B9Jllllll!HY MaCCl:l .IUiql,PaKl.tllOHHO B036YlUl:0H
HOii CHCTeM!l npll YCJIOBHH, 'ITO aHepr1m CTaJIKHBa.KlltliXC.ll l!aCTHU ,I(OCTaTO'I
HO BeJIHKa. Truw:M o6pa30M, C pOCTOM aHeprHH CTaHODHTCJl B03MOlltHl:lM .n:HgJ
paKIJ;i!OHH09 B036YlUl:8Hll8 BCe 60JII,llJHX Macc,H .n:HgJPaKl.tllOHHaf.! ,n:n:cco~aunsi: 
OKa3liBa8TCJl 0,I(llllM H3 Ha.Jr60Jiee BalltHl:lX KaHaJIOB, BKJI~I( ItOTOpoii D llOJI
HOS C8'!8IIH8 COH3M9P,lll.i C BKJI~I(OM ynpyroro paCCSSI!Ililt. 

6. B o6JiaCTl~ MaJIHX H9,ll;OCT~ /,:ace M~ ~ 4 raB2 B HHKJII03UBHOM 
Cll8KTpe Bil8pB!l9 6wra o6HapyllteHa/5 ,6 TOHKaf.! CTPYKTYpa H H3MepeHa ee 
3aBHCllMOCTI, OT aHeprIDI H nepe,n;aHHoro HMIIYJII,Ca. CpaBH8HH9 STHX peayJII,

TaTOB C ,ll;aH!!HMH ll3 8KCKJII03HBHllX IIpOU8CCOB IIP,IIB8JIO Ir 3w'I8Hlfl0 0 ,I(Byx
KOMIIOH9HTHO:il. npnpo,n;e crreitTpa D o6JiaCTH MaJI!lX Mace II• 12 , 'ITO CBu.n;e
T8JII,CTBY9T O HaJill'IlIH KaK peaoHaHCH!:lX, TaK H H8p930HaIICH!lX COCTORHIIB 
B036yl!O];eHHOll CHCTeMll li :saimon pOJIH a6cop6UIIOHH!lX aqxlleKTOB B ,n;HCCOUIIa
nllll• C1IJII,H09 rrorJIO!ll9HH9 II.PH MaJI!lX IlP,HUeJII,Hl:lX rrapaMeTpax IIpliBO.n:HT K 
rrepn~epll'IHOCTH npoqiWISI .n:HWP~OHHoil ,n:n:ccoUII~ll. A6cop6TnBHl:l9 rrorr
paBKH cymec-rBeHHO YMem,ruruoT B8JIU'IHHY ce'IeIIHSI. B peayJII,TaTe aaTpaBo'!
HruI TpeXIIoMepoHHruI Bepmmm MOlJteT oKaBaTl>CSI B H8CKOJII,KO pas 60JII,Ill9 
li3DJI9Ka8MOil U3 aKcrrepHM9HTa a@)eKTHBHOil B9,PIIIHH!:l. Ha,I(ejjUJ:af.! oue1ma 8THX 

a~eKTOB RBJISI8TC.ll O.n;HOii U3 DaJKH9:i!ImIX 3~a'I T00pllU. 

7. ITOKaBaHJI • 2 •IO/, 'ITO B o6JiaCTH Mace 5 ~ Mi ~ 0, I mj: raB
2 

C8'!9HH9 H0 rrpoSIBJIJieT p930HaHCHOll CTPYKTYPli li C BliCOKOli,TO'IHOCTI,ID 
IIO,n:'IllHSI8TCJl 3aKOHY I/M~. IIo.n;o6Hoe IIOB8~9HH9 CBll.I(8T8JII,CTBY9T O cyme
JTB9HHOM ,~e TpeXIIOMepoHHOro B3alIMO.I(8HCTBIISI B STOfi o6JiaCTH Mace 
3. 8, 9. I 2 , nrpaxxnero WJI,I(aMeHTaJII,IzylO P,OJII, B amIMIITOTU'!9CKOli Teop1m 

.n:HciiPaKUllll • 

8. B paMKax KBapKOBO:li MO.I(eJili Dll9P,Bl:le y.n;aJIOCI, oII1IcaT1> E, t H 

;Ji 3aBHCHMOCTli ce'!eHIDi: ,n;uccounaUIIH rrpoTOHOB B o6Jia7Tli rrpOMeJKYTO'!Hl:lX 
H 60JII,Il!HX Mace 6e3 DB9~9HHSI CB06o,n;HllX rrapru.reTpOB/r4 • orrpe,n;eJIHTI, 
BKJia.n;ll pa3JIH'IH!:lX o6MeHHl:lX M8XaHH3MOD, OTB8TCTB9HH!:lX aa poJK.I(eHHe H 
~OpMHpOBaHHe B036:,eHHoil ~OHHOll CUCT81.ili,U o6~SICHHT1> o6Hapy,K9H
H08 B aKcrrepHMeHTax I,2/ 38M8TH09 OTKJIOHeHHe OT MacmTa6Ho:il. HHBap.HaHT
HOCTU. Il<)JIY'I8HO yKaBaIIHe Ha rrpe,nrIO'ITliTElJII,HOCTI, KBapK-,n;IIK.DapKOBOli 

CTPYKTYPll B npoToHe • 

9. COBM8CTH!lii aHaJIHB .n:n:cco~aumr B o6JiaCTli MaJI!lX ll 60JII,IIIHX Mace 
H DliCOKasl CTaTHCTll'I9CKaJI o6ecrre'I9HHOCTI, .I(aHHl:lX II03BOJIHJm ycTaHOBUTI, 

CM3I> M8JJUzy DOB6y.ll',I(eHH8M MaJI!lX H 60JII,IIIHX Mace li IIOKaaaTI,, 'ITO .l(yaJII,

HOCTI, B \I!<)pMe ~crrencuo!IHl:lX IlpaBHJI CYMM BlffiOJIH.fI8TCSI C BliCOKOfi CTe
II8HI,ID TO'IHOCTli/9,l2f. 
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IO. CorrocTa.BJiemre cetieHIDi ynpyroro paccemnm n .I(l!qipa.KIUioHHofi 
,IUICCOUHanIDI'. Ha Bo,nopo,ne lI .neilTepHH II03BOJilt/IO BIISpBIIe YCTaHOBHTI, BII
TIOJIH8HH8 smepHofi qmtTOPH3a.wm/2 ,5/ H IIOKa.3aTI>,. 'ITO qmtTOPH3Y?Jmil; 
o6MeH .noMHHHPYST KaK B ynpyroM/7/, TaK n HeynpyroM paccemm:a I,G. 

II. IIoKa.3aH/I3/. 'ITO onncrume a.rq>OH-SU{SplillX B38.RMo,neilcTBHil B 
06.n:aCTH MaJIIIX t MSTO,ll;OM co6CTBeHHIIX COCTORHHil H c IlOMOl!II,ID r~ay6e
poBCKOro cI>opMaIDI3Ma c YtI0TOM BCSX HeynpyrIIX rrepepacceRHIDi .n;aeT 0.I(II
HaKOBII8 pesy~TaTlI II, MS,ll;OBaTe~HO, IIOMS.n;Hee rrpa.BU)ll,l{O OTpallraST 
rrpocTpaHCTB9HHO-Bp9M9HuyID Ka.pTHHY B3aIIMO,neiicTBWI. 

I2. B pesy~TaTe IIP.flMoro ;£a.BHemm cetieHIIil .I(IICCOWI8.Ullll npoTOHOB 
na Bo.nopo.n;e n .n;eilTepnH nailneno O/, '!To r~ay6ep0Bc1we rrorrpa.BKH B He
ynpyroM pacceRmm B .nna pasa 6o~me, tieM B ynpyroM, a rrpH aHa.mrne 
B3aHMo.n;eilcTBHli na Bo,nopo,ne B OCJJiaCTll ,,1i/ S ~ 0, 05 neo6xo,IUIMO ~TII
naTI> 7i - Me30HHIIii 06111en, 3aIIP8Ill0HHIIil: ITO H30CIIHHY D .n;efiTpOHHOM pac
CSRHHII. 

I3. ilpH ana.mrne rrone,neHIIR oTHomemm cetieHHii .I(l!ccoUH8.Ullll Ha .n;eil
TepIDI II. Bo,nopo,ni B 38.BllCIIMOCTll OT iAif s B paMKa.X KBapK-rrapTOHHOfi 
1v10.n;MII noKa.saHo I 3/, '!To ajxlleKTIIBHaR aMMRTy.n;a Heynpyroro paccemnm 
ln.ll99T OTpllll;aTMI>uyID MHlll.lYIO 'la.CTI,. OTpllil;aTMI>HHfi 3HaK aMMUTY,ll;II H9-
ynpyroi1 ,ll;llij?,PaKWlll npllBO.I(IIT K TOMY, 'ITO pro{ qieiiHMaHOBCKHX rpaqJlIKOB B 
.n;HY?pa.KIUIOHHlIX rrponeccax Ha smpax UM09T aHOMaJII,HIIil: 3HaK. T~ BMB.n 
.n;ByXKpllTHOll Heynpyroii ,IUilI/Pa.RUIUI IIM88T xaprutTep aHTII:3KpaHHpOBKll. 3TOT 
BlIBO,ll; IIO,ll;TBepi;mciH aH8.JllI30M :mcrrepIDJISHT~HIIX .n;aHHlIX peaKUim po/ -+ X cJ • 

I4. Ilrrepooe 110~'!8HO 3KCII9pHM9HTaJII>H08 YKa.38.Hll/IG/ Ha cy.JKeHIIe 
Konyca .rcmJ::qiepeHUIIaJII>Horo cetieHIIR Heyrrpyroro pacceRHll.fl c pocToM 
,.1i/S . 
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