
\ 

I 

r -- v 't,.. 
OS'bEDHHEHHbltf 

HHCTHTYT 
.RDEPHbJX 

HCCnEDOBAHH.H 

Dytiaa 

j{, cP, 19'11) T- 13 -v ~// 
c. t-if?J-:tlfr 

P2 - 5280 

B.C. BapaweHKOB, A.C. J1JibHHOB, B.,ll;. ToHeea 

,ll;ARhHEHlliEE PA3BJ1TJ1E MO,ll;ERJ1 
BHYTPHH,ll;EPHMX KACKA,ll;OB 

1970 



-~ 

~ 
l"'j.. 

'-1 
~ 
~ 

P2 - 5280 

B.C. BapameHKOB, A.C. J1JI&HHOB, B.~. ToHeee 

~ARbHERWEE PA3BHTHE MO~ERH 
BHYTPHH~EPHYX KACK~OB 

HanpaBneao B HIP 

0:·,..----~--r--•- .. .--~· 
!· (r'~·-·· ..... -~·~''' 1'\ "'"!\"~',..... ' ~ .• ~·i -~\:o,.-J.:... ••••• 4.... Ill ..... I 

!
. :_AU_'~~i'sll:: L ~:.:~:;:;li('f,;;.ll<'' 

' 1 .. ,.. ~ •I ~ f••'. '" F , . t ... ~.:. ,;v,.'\:.; /1 [ d 
.:....~~_...~-~ _ . ......., ... .....,.-~ ... ...-



.-

"~ ',','. ·1,)':''"" 
~ ~'<· '\:· '" 

:-~ ~ :· 

' ' '··· 

I 

-----~..!JJl.J_!...._ ___ j_...l,.UJ.-W-I.ULULU...U.llJII.!LILLW----..- ·-

BseaeHHe 

AaanH3 Heynpyr-Hx HyKnoa- H Me3oH-SI/lepHbiX cTonKHoseHHli noKaaan, 

'iTO npH aaepi'HSIX T ';. ( 3-5) fas npoHCXOilHT H3MeHeHHe MexaHH3Ma 

B3aHMOJlelicTBHSI 'iaCTHU c SI/lpaMH, npoSIBnSIJOIUeecSI s "aacbiiUeHHH" PHila 

XapaKTepHCTHK 1 H 3TO H3M9H9HHe Henb3SI OObSICHHTb 1 OCTasaSICb B paMKaX 

/1 2/ 
o6ruenpHHSIToil: KaCKa!lHOil: MoaenH ' • MmKHO aaaeHTbCH ycTpaHHTb pac-

X0)1(Jl9HHe C 3KCnepHM9HTOM1 eCnH y'ieCTb npor-peCCHpyJOIUee yM9Hblil9HHe 

'iHCna HyKnOHOB B Si/lpe no Mepe pa3BHTHSI BHyTpHSIJlepHOI'O KaCKalla H 

npHHSITb BO BHHMaHHe B03M0)KHOCTb o6pa30BaHHSI pe30HOHOB BO BHyTpHSIJlep-

Hb!X CTOnKHOB9HHSIX 'iaCTHU. 

UenbJO aaaaoi!: paooThi SIBnHeTCSI paccMoTpeHHe nepsoil: H3 STHX soa

x) 
MO)KHOCTeil: • 

Moaenb H MeTOil pac'ieTa 

fillpO-MHlil9Hb OyJleM paCCMaTpHBaTb KaK CHCTeMy CBOOO/lHbiX <jJepMH

'iaCTHU, HaXOilHIUYJOCSI B llH¢¢y3HOM SIJlepHoM noTeHUHane. OaHaKo s oTnH

'iHe oT OObi'iHoil: KacKaaaoli MoaenH c ee il:enpepbiBHhiM pacnpeaeneHHeM 

x) 
B o6nacTH BbiCOKHX aaepi'HH o6paaosaHHe peaoaoaos a¢¢eKTHBHO 

Y'iHTbiBaeTcSI "MHOI'O'iaCTH'iHbiMH saaHMO!lelicTBHSIMH" KaCKallHbiX 'iac
THU/2,31. 
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H"KnoSI.llepHofi MaTepHH Mbi sseaeM aHcxpeTHoe pacnpeaeneHHe ueHTpOB J 

HOB, llng Ka)Kaoro cny'lag B3aHMoaeficTBHg 'laCT~Ubl c Sl,llpOM (anSI KB)Kaoro 

"6poC8HHR") nonO)KeHHe STHX UeP.:TpOB Bbi()HpaeTCR cny'laHHbiM o6paSOM 

cornacHo pacnpeaeneHHJO Byaca-CaxcoHa c napaMeTpaMH, B3SITbiMH H3 

OnhiTOB no pacceSIHHIO aneKTpOHOB Ha Slape; npH STOM Tpe6yeTCSI0 'IT06bi 

paCCTOSIHHe Me )Kay UeHTpaMH 6hin0 He MeHee 2 r 
0 

, rae r 
0 

- paaHyC 

"xepHa" HyxnoHa, npeanonaraeTCSI, 'ITO Sa BpeMSI npoXO)KaeHHSI KaCKaa-

HOft naBHHbl nonO)KeHHe UeHTpOB OCTBeTCR HeH3MeHHbiM, HO caMH BHyTpH

SI,llepHble HyKnOHbl npH STOM o6naaaJOT COOTBeTCTBYIOIUHM pacnpeaeneHH9M 

no HMnynbCaM, 

noao6HO TOMy, KSK STO BCeraa aenaeTCSI B MOaenH BHyTpHSiaepHbiX 

K8CK81lOB, Mbl 6y!leM paCCMaTpHBaTb TpaeKTOpHH KaCK81lHblX 'laCTHU B Sl!lpe, 

Ka)I{JlOft TaxoA 'laCTHUe npHnHCbiBaeTCSI pallHYC B3aHMO!leftcTBHSI r =r +lt, 
lnt 0 

r)le r 0 - BenH'IHHa, 6nH3Ka<;J K p81lHYCY CHnbHOro B3aHMO)leftCTBH<;J 'laC-

THU, a )t - lle-6poftneBCKaSI llnHHa BOnHbl, TaKHM 06pa30M 0 npH CBOeM 

llBH)KeHHH 'laCTHua MO)KeT nposaaHMoaeftcTsoaaTb c n106hiM BHYTPHSI.llepHbiM 

HYKnOHOM0 OK838BWHMC<;J BHYTPH UHnHH!lpa C pallHYCOM rlnt H OCbJO 

BllOnb BeKTopa CKOpOCTH 'laCTHUbl, 

BepoSITHOCTb ssaHMO!leAcTBHSI c n -hiM BHYTPHR!lepHbiM HyxnoHOM 

onpe!lenReTCSI 6HHOMHanbHhlM pacnpe!leneHHeM 

n-1 
w =q 0-q), 

n 

I 

r)le q - cpellHSISI BepOSITHOCTb TOrO, 'ITO '18CTHU8 He npoB3aHMOaeftCTByeT 

C JiyKnOHOM, 3Ty BepORTHOCTb q MO)KHO HaftTH, HanpHMep, nyTeM npe ... 

!lenbHoro nepexoAa oT 6HHOMHanbHoro pacnpeAeneHHSI K nyaccoHOBCKOMy, 

'ITo aaeT 

2 
q=l-a /TTr , 

t lnt 
( 1 ) 

r)le at - nonHOe Ce'leHHe paCCMaTpHBaeMOft KaCKallHOft 'laCTHUbl C Hyxno-

HOM, llpyraSI B03MO)KH0CTb onpeaenHTb BenH'IHHY q CBSI3aHa C ycnoBHeM 1 

4 

'IT06bi o6a pacnpeaeneHHSI, 6HHOMHanbHOe H nyaccot 

oaHHBKOBOH BepoSITHOCTH npoATH '18CTHUe B Siape 6e; 

KOTOpOe <iJHKCHpOBBHHOe pacCTOSIHHe !1 r , 0TCJOaa 

q exp ( -at/ 1T r ~nt ) • 

O'leBHilHO, npH a 
t 

TaT, 

/TTr 2 «l 
In• 

o6a no!lXOilB AaJOT c 

CymecTseHHOfi !leTanbJO npeanaraeMoA HaMH ~v. 

'ITO HyKnOH Siapa, C KOTOpblM npOH30WnO B38HMO!le~ 

y)Ke paCCMaTpHBSeTCR KSK KaCKaaHag 'laCTHU8 0 8 HI 

RllepHOH CHCTeMbi; cne)lCTBH9M STOro RBnSieTCR no~ 

SIJl9pHOH nnoTHOCTH npH npOXO)KaeHHH KSCKallHOH na1 

Pac'leT aneMeHTapHoro axTa npoH3BOilHTCR TO 

60M 0 KaK B 06bi'IHOH KaCKallHOH MO)lenH; B 'laCTHOC 

TapHOM aKTe CTporo BbinOnHSIIOTCR 3aKOHbl COXpaHe 

/4/ 
ca 

npH MO)lenHpOBaHHH "cy!lb6bi" KaCKallHbiX 'laC 

oqepe!lb, cne11yeT npocne)KHBaTb HaH6onee 6biCTpyK 

nSieT npH6nH)K9HHO yqecTb pa3BHTHe BHyTpHRaepHor 

llnSI KB)I{JlOrO B036y)KJl9HHOrO S1Jlpa-OCTaTK8 Ml 

pacC'IHTbiBailTCR HcnapHTenbHhiA npouecc, 

x) 
Y'leT aToro a<tJ!jleKTa, B CYIUHOCTH, 03Ha'la' 

3aKOHa COXpaHeHHSI 6apHOHHOrO 'IHCna npH Heynpyr 

Ubi c SI/lpOM, B paMxax o6hi'IHOA xacKallHOA MO!lenl! 

MoryT BCTpe'laTbCSI 6o6biTHR, xoraa Bhi6HBaeMoe H 

HyKnOHOB oxa3biBaeTcSI 6onbwe Maccosoro 'IHCna 
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','1' 

epHH Mbi BB9A9M AHCKpeTHoe pacnpeAeneHHe ueHTpOB HyKnO

AOI"'O cny'IBSI B38HMOA9ii:CTBIISr 'IB.CT~Ubl c HAp OM (AnSI K8)1(A01"'0 

non0)1(9HH9 9THX U9P.:TpOB BbiiSIIpaeTCSI cny'laii:HbiM o6pa30M 

npeAeneHHJO ByAca-CaKcoaa c napaMeTpaMu, B3HThiMH us 

CCeSIHHJO aneKTpOHOB H8 SlApe; npH 9TOM Tpe6yeTCSI, 'IT06bi 

e)I(AY ueHTp8MH 6hinO He MeHee 2 r 0 i"'Ae r - paAHYC 
0 0 

npellnOn81"'89TCSI, 'ITO 38 Bp9MSI npOXO)I(A9HHSI K8CK8A-

onO)I(9HH9 U9HTpOB OCTaeTCSI H9H3M9HHbiM 0 HO C8MH BHyTpH

OHbi npH 9TOM o6naA8JOT COOTBeTCTBYJOlllHM pacnpeAeneHH9M 

TOMy, K8K 9TO BC9f'A8 AenaeTCSI B MOAenH BHyTpHHAepHbiX 

I 6ylleM pacCMaTpHBaTb TpaeKTOpHH KaCKaAHblX 'laCTHU B SlApe. 

il: '18CTHUe npHnHCbiBaeTCSI pallHYC B3aHMOAeii:CTBHSI r =r +X, 
lnt 0 

H'IHHa, 6nH3KaSI K p8AHYCY CHnbHOI"'O B3aHMO)leii:CTBHSI 'laC-

)le-6poil:neBCKaSI JlnHHa aonHhi. TaKHM o6pasoM, npH caoeM 

THUa MO)I(eT npoasaHMO)leil:cTBOBaTb c nJ06biM BHYTPHMepHbiM 

asaBIIIHMCSI BHyTpH UHnHH)lpa C p8AHYCOM r lnt H OCbJO 

a CKOpOCTH 'laCTHUbi. 

OCTb B3aHMOAeii:CTBHSI C n -hiM BHyTpHSIJlepHbiM HyKnOHOM 

6HHOMHanbHblM pacnpeAeneHHeM 

1 
0-q), 

AHSISI BepOSITHOCTb TOI"'0 0 'ITO 'laCTHUa He npOB3aHMOAeii:CTByeT 

3Ty BepOSITHOCTb q MO)I(HO Haii:TH, HanpHMep, nyTeM npe ... 

eXOAa OT 6HHOMHanbHOI"'O pacnpe)leneHHSI K nyacCOHOBCKOMy, 

/rrr 2 
, 

t lnt 
( 1 ) 

nHOe Ce'leHHe paCCMaTpHBaeMOA KaCKallHOA 'laCTHUbl C HyKnO-

B03MO)I(HOCTb onpeAenHTb aenH'IHHY q CBSI3aHa c ycnoaneM, 

4 

~ 

'IT06bi o6a pacnpeAeneHHSI, 6HHOMHanbHOe H nyacCOHOBCKOe, npHBOAHnH K 

OAHHaKOBOil: BepOSITHOCTH npoii:TH 'laCTHUe B SlApe 6e3 B38HMOAeHCTBHSI He-

KOTOpOe <iJHKCHpOBaHHOe pacCTOSIHHe .1 r • 0TCJOA8 cneAyeT Bbipa)l(eHHe 

q exp ( -at/ TT r ~nt ) • (2} 

QqeBHAHO, npH at /rrr 2 «l 
In> 

o6a nOAXOAa AaJOT OAHH H TOT )l(e pesynb-

TaT. 

CymeCTB9HHOil: AeTanbJO npeAnaraeMOH HaMH MO)lenH SIBnsteTCSI T0 0 

'ITO HyKnOH SIApa, C KOTOpb!M npOH30IIInO B3aHMOAeHCTBHe, B AanbH9HIII9M 

y)l(e paCCMaTpHBaeTCSI KaK KBCKa)lHaSI 'laCTHUa, a He KBK COCTaBHaSI 'IBCTb 

SIQepHOil: CHCTeMbi; cneACTBH9M 9TOI"'O HBnHeTCSI noKanbHOe H3MeHeHHe 

HAepHOH n~OTHOCTH npH npOXO)I(AeHHH KBCKallHOll naBHHbiX) 

Pac'leT aneMeHTapHoro aKTa npOH3BOllHTCH TO'IHO TaKHM )1(9 cnoco-

6oM, KaK B 06bi'IHOH KBCKaAHOil: MO)lenH; B '18CTHOCTH 0 B Ka)I(AOM 9neMeH-

TapHOM BKTe CTpOI"'O BbinOnHSIJOTCSI 3aKOHbi COXpaHeHHSI 9Hepi"'HH H HMnynb

/4/ 
ca 

npH MOAenHpOBaHHH "CYAb6hi" K8CKaAHbiX 'laCTHU B Sl)lpe, B nepByJO 

o'lepeAb, cneAyer npocne)I(HBaTb HaH6onee 6hiCTpyJO 'laCTHuy. 3ro nosao

nSieT npH6nH)I(eHHO y'leCTb p83BHTHe BHyTpHSI)lepHOI"'O KaCKaAa BO BpeMeHH. 

.llnst KB)I(AOI"'O aos6y)I(Jl9HHOI"'O Hllpa-ocTaTKa MeTOAOM MoHTe- Kapno 

pacc'IHThiBaeTCH HcnapHTenbHhiil: npouecc. 

x) 
Y'leT 9TOI"'O 94JrpeKTa, B cymHOCTH, osHa'laeT TO'IHOe BhmonHeHHe 

3aKOHa COXpaHeHHSI 6apHOHHOI"'O 'IHcna npH Heynpyi"'0~1 CTOnKHOBeHHH '18CTH

Ubl c HAp oM. B paMKax o6hi'IHoil: KacKallHOil: MO)lenH npH T > 3-5 f9B 

MOI"'YT BCTpe'laTbCSI C06hiTHSI0 KOI"'Aa Bbi6HBaeM09 H3 SI)lpa-MHIIIeHH 'IHCnO 

HyKnOHOB OKa3biBaeTCSI 60nbiiie MaCCOBOI"'O 'IHCna 91'01"'0 SIApa. 
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06eyJK.Q9HHe peay nb 1 E1 TOB 

Ha pHe, 1 ITOK838Ha epe.QHSISI MHOJKeeTBeHHOeT,P S -, g - H h -tiae-

THU, o6paaoaaHHhiX Ha srapax SMynbeHH npoToHaMH e sHeprHeH T • Mbi 

BH.QHM1 'ITO B o6mHX tiepTaX eornaeHe TeOpHH H 9KenepHMeHT8 SIBnsreTeSI 

anonHe yaoaneTBOpHTenbHhiM, TeopHsr nepeaaeT H3MeHeHHe xapaKTepa KpH

BhiX n h (T) H "ii ./T) B o6naeTH T >.. (3- 5) rsa, npH MeHbWHX sHepi'HSIX 

pe3y nbT8Tbl npaKTHtieeKH COBIT8.Q810T e peaynbT8T8MH 1 nonyqeHHb!MH H8 OeH0.-

/1/ 
BSHHH 06hl"'HOH K8CK8DHOH MODenH 

Bee npHBODHMhie B ll8HHOH pa6oTe peaynbTSTbl OTHOCSITCSI K 3Ha"'e-

-13 -13 
HHSIM napaMeTpOB r O = 1 ,3 • 10 CM H r 

0 
"'0,4•10 CM, BapbHpo-

DaHHe 3THX 3HS"'eHHH napaMeTpOB B npegenax 20-30%%, XOTSI H BnHSieT H8 

a6conJOTHbie 3HatieHHSI MHOlKeCTBeHHOeTH BTOpH"'Hb!X qaeTHU, HO He Me-

HsreT o6mero xapaKTepa KPHBhiX ii(T) , HeKoTopasr cTeneHb cao6oDbi cywe

CTByeT TSKlKe H B Bbi6ope IInOTHOCTH paenpegeneHHSI BHYTPHSIDepHbiX HyK

nOHOB1 riOeKOnbKy HCITOnb3yeMbie .QSHHb!e OribiTOB Xo<PwTa.QTepa OTHOesrTeSI 

<llaKTHtieeKH K 30HDHPOB8HHIO SI.Qpa TO"'e"'HOH "'SCTHUeH,, M bl He eTaBHM 

ceftqac nepea co6oA uenH Bhi6paTb napaMeTpbi, HaHny'IWHM o6paaoM onHcb~ 

BaJOmHe Be!O COBOKYITHOCTb H3BeCTHbiX 9KCnepHMeHTanbHbiX ll8HHhlX1 a 

XOTHM nHWb ITOK838T~ H8H6onee SlpKHe 1 Ka'leCTBeHHble OTnH'IHSI HaWei'O 

riODXOlla OT o6menpHHSITOH KaeKaDHOH MO.QenH. 

J13 pHe, 1 BHDH01 'ITO epellHSISI MHOlKeeTBeHHOeTb pOlK.Qa!OmHXeSI 'lae

THU OK83b!BaeTCSI O'leHb 'lyBeTBHTenbHOH K KpHTepHSIM OT60pa SI.QepHb!X CO
l 

6b!THH1 'ITO SIBnsreTCSI ripSIMbiM cne.QeTBHeM s4l4leKT8 "HaebimeHHSI"' 'IHCna 

g - H h - '18CTHU, 3TOT Bb!BOD npe.QeTaBnsreTeSI BeCbMa B8lKHb!M .QnSI 

pa3.QeneHHSI sneMeHTapHb!X H sraepHbiX B38HMO.QefteTBHeM B IPOT09MynbCHOH-

Hb!X DSHHbiX, 

3aMeTHM 1 'ITO B 06b!'IHOH KaeKSllHOH MO.QenH 1 KOTOpaSI aaeT MOHOTOH-

Hb!H poeT il (T) 
• H ; h(T) 1 pOnb KpHTepHeB OT60pa yMeHbwaeTCSI npH 
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3HepreTH"'eCK8SI 38BHCHMOCTb Cpe.QHeH 

S -,g- H h -rpeKOB 1 o6pa30B8BWHXC 

npOTOHOB C SI.QpaMH 4loT09MynbCHH, 3 

tieHHSI ft~ 1 Rg if Db HaHeeeHbl COOT 

xpylKKSMH H rpeyronbHHKaMI:I; caernhll 

D8HHbie 1 rronytieHHbie rrpOCMOTpOM 9MYJ 

aawrpaxoaaHHbiMH - "no o6nacTH". C: 
KPHBbie - peaynhTarhi pac'lera ansr SIDI 

CTBeHHO, npH ycnOBHH nh>l H nh2:0 
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06cy*J:teHHe peaynblaroa 

IIOK838H8 Cp9J:tHSHI MH0)1{9CTB9HHOCT,b S -, g - H 

oaaHHhiX Ha smpax aMynbCHH rrpoToHaMH c sHeprHeii: T 

h -'lac-

Mbi 

B OOWHX qepTaX COI'naCHe TeOpHH H :3KCII9pHM9HT8 KBnReTCR 

neraopHTenbHhiM, TeopHR rrepegaeT H3MeHeHHe xapaKTepa KPH

B o6nacTH T >., (3- 5) fsa, rrpu MeHbWHX sHeprHRX 

I!p8KTH'I9CKH COBII8J:t8JOT C pe3ynbT8T8MH, rrony'ISHHhiMH H8 OCHOr 

Ill 
OH K8CK8J:tHOH MO.~:tenH 

IIpHBOJ:tHMhl9 B aaHHOii: paOOTe peaynbT8Thl OTHOCRTCR K 3H8'19-

-13 -13 
erpoa r 0 = 1 ,3 • 10 CM H r 

0 
= 0,4• 10 CM, BapbHpo-

3Ha'leHHH IIapaMeTpOB B rrpegenax 20-30%%, XOTR H BnHR9T Ha 

3H8'19HHR MHO)I{9CTB9HHOCTH BTOpH'IHhiX 'IBCTHU, HO He Me-

xapaKTepa KPHBhiX ii(T) , HeKoTopag crerreHb CBOOOJ:thi cyme-

e H B BhiOOpe rrnOTHOCTH pacrrpeaeneHHR BHyTpHR,l:tepHbiX HyK

onbKy HCIIOnb3Y9Mhl9 J:t8HHhl9 OI!h!TOB Xo«lJlliTBJ:tTepa OTHOCRTCR 

K 30HJ:tHpOB8HHIO ggpa TO'I9'1HOH '18CTHUeii:,. M hi He CTBBHM 

J:t coooii: uenH Bhi6paTb rrapaMeTphi, Hauny'lmHM oopaaoM orrucht-

10 COBOKYIIHOCTb H3B9CTHhiX :3KCIIepHM9HTanbHhiX aaHHhiX, a 

IIOK838TI';> H8HOOnee RpKHe, K8'19CTB9HHhl9 OTnH'IHR Hamero 

OOWerrpHHRTOH K8CK8J:tHOii: MOJ:tenH, 

, 1 BHJ:tHO, 'ITO cpeJ:tHRR MH0)1{9CTB9HHOCTb pmK.~:taJOWHXCR 'laC-

9TCR O'leHb 'IYBCTBHTenbHOii: K KpHTepHRM oroopa ggepHhiX co

RBnReTcg rrpRMhiM cneaCTBH9M s«lJ«lJeKTa "HaChiW9HHR" 'qHcna 

- 'laCTHil, 3TOT Bh!BO,l:t rrpeacTaBnReTCR B9CbM8 B8)1(HhiM ang 

sneMeHTapHhiX H ggepHh!X B38HMO,l:tell:cTBH9M B «lJoTOSMynbCHOH-

M, 'ITO B OOhi'IHOii: K8CK8J:tHOH MO,l:tenu, KOTOpag J:taeT MOHOTOH

II(T) H ii h(T) , ponb KpHTepuea oroopa yMeHbwaercg npu 
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U1 o.2 as 1 2 5 T 10 20 
3HepreTH'I9CK8R 38BHCHMOCTb cpegHefi MH0)1(9CTB9HHOCTH 

s -,g- H h -TpeKOB, OOpa30B8BlliHXCR rrpH B38HMO,l:t9llCTBHH 

rrpOTOHOB C Sl,l:tp8MH «lJOTOSMynbCHH, 3KCrrepHM9HTanbHhl9 3H8-

'19HHR fte , Dg 5I ii'h H8H9C9Hhl COOTB9TCTB9HHO KB8,l:tp8T8MH, 

KPY*KaMH H TpeyronbHHKBMRi caeTnhiMH 3HB'IKBMH HaHeceHhi 

,l:t8HHbi9, rrony'leHHhl9 IIpOCMOTpOM SMynbCIIH "B.~:tOnb cnega", 
aawTpHXOBaHHhiMH - "no o5nacTH ", CrrnowHaR H rryHKTRpHaR 

KPHBhie - peaynbTaThi pac'leTa anR Rapa 100 Ru , cooTBeT

craeHHO, rrpH ycnoBRR n h >I H n h~ 0 
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yeemPieHHH aaepraH T , a e o6nacTH T > 1 ra 

/1/ 
npeae6pe'lb (eM. pa6PTbi ). 

BenH'IHHa aaeprHH T , npH KOTopoa xapaKTI 

-;ih ( T) ebiXOJUIT H8 "nnaTo" ( HnH llOCTHI"SIOT HeK01 

CM. pHC. 1 ) , 3aeHCHT OT THna Slllp8-MHWeHH. B '18CTJ 

THna 
12 C aacbiilleHHe llOCTHraeTCSI y)Ke npH T 

Ill 
B pa6oTax OTMe'lanocb, 'ITO xapaKTep Koppl 

CTeeHHOCTH HH3KOaaepreTH'IeCKHX '18CTHU C 'IHCnOM J 

e 3Be3)le O'leHb 'lyecTeHTenea K H3MeHeHHIO MeXSHB 

'ISCTHUbl c SlllpOM. npH T > (3- 5 ) rae aaeHCHMOC 

T8HH8.51 C nOMOillb!O 06bi'IHOlt K8CK8llHOlt MOllellH, 06HI 

CTeeaaoe paCXO)K)leHHe C OnbiTOMj e TO )Ke epeMSI ~ 

yMeabweaHe nnoTaocTH eayTpHRllepaoro eemecTea, x 

C onbiTOM ( CM. pH C. 2) • 

AaanorH'IHbiM o6paaoM ynyqwaeTCSI cornacHe 

; ( n ) H e Cny'lae Me30H-SillepHbiX e3aHMOlleltCTeHA. 
c " 

CTH, H3 pHC, 3 H8 npHMepe e38HMO)leltcTeHlt C <iJOTOS 

1T- -Meaoaoe. npaee)leHHbie Ha aTOM PHCYHKe pe3yJ: 

o6bi'IHOlt K8CK8llHOlt MO)lenH npellCTaenSIIOT co6olt, e 

HIOIO OUeHKy, TSK KSK npHMepHO e nonoeaae cnyqaeE 

nocne npOXO~lleHHSI eHyTpHSillepHOI"O K8CK8ll8 0 o6na)lB 

)leHHSI E * .. 5-6 rae H pacnono)KeHbl e o6naCTH Ma 

J.1cnapaTenbabie pacqeTbi llnSI TaKHX Rllep, cTporo 

noaTOMy HX eKnall He eKn!O'IeH e nyHKTHpHy!O I"HCTOr 

Ha pac. 4 noKaaaaa aaeHCBMOCTb MHO)KeCTeeaJ 

H' HH3KoaaepreTH'I9CKHX g -'laCTHU OT a~eKTHeHOJ 

TaM )Ke npHeelleHbi aaa'leHHSI yrna 0~ , B KOTOp:b 

ecex p0)K)l8101llHXCSI nHeHeBblX '18CTHU. 3TH ll8HHbie ll 
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ys9nHt~9HHH 9H9pi'HH T , a B o6nacTH T > 1 f9B HMH MO)I(HO aoo6UI9 

Ill 
np9H96p9t~L ( CM, pa6oTbi ) • 

-;;h(T) 

B9nHt~HHa 9HeprHH T , npH KOTopoft xapaKT9pHCTHKH ii 
11 

(T) H 

BbiXOJlSIT Ha "nnaTo" ( HnH JlOCTHI'a!OT H9KOTOpOI'O MaKCHMyMa, 

eM. pHc, 1 ) , 3aBHCHT OT THna HJlpa-MHweHH. B t~aCTHOCTH, JlnSI n9I'KMX SIJlep 

THna 
12 

C aacbilll9HHe JlOCTHI'a9TCSI y)l(9 npH T "" 0,5 f9B. 

Ill 
8 pa6oTaX OTM9t~anOCb 0 'ITO xapaKT9p KOppenSIUHH cpeJlH9ft MH0)1(9-

CTBeHHOCTH HH3K09H9pi'9TH'IeCKHX 'laCTHU C 'IHCnOM penSITHBHCTCKHX cneJlOB 

B 3B93Jl9 0'19Hb 'IYBCTBHTeneH K H3M9H9HMIO MeXaHH3Ma B3aHMOJleftCTBHSI 

t~aCTHUbl c SIJlPOM. npH T > (3- 5 ) f9B 3aBHCHMOCTb ii (n ) • pacC'IH-
g .. 

TaHHa£1 C DOMOUlb!O 06bi'IHOft KaCKaJlHOft MOJlenJI, 06Hapy)I(HBa9T Y)l(9 Kat~e-

CTBeHH09 paCXO)I(Jl9HHe C ODbiTOMj B TO )1(9 Bp9MSI pact~eT, Y'IHTbiBa!OUIHft 

YM9HbW9HHe nnOTHOCTH BHyTpHSIJlepHOI'O B9Ul9CTBa, XOpOWO CornacyeTCSI 

C ODbiTOM ( CM. PHC, 2), 

AaanorHt~HbiM o6pa3oM ynyt~wa9TCSI cornaCH9 c onbiTOM Kopp9JJSIUMH 

; ( n ) H B Cnyt~ae Me30H-SIJl9pHbiX B3aHMOJleftCTBHft, 3TO BHJlHO, B 'laCTHo
g .. 

CTH 0 H3 PHC, 3 Ha npHMepe B3aHMOJleftcTBHft C <jJOT09MynbCH9ft 17-I'9BHbiX 

1T- -M930HOB, npHB9Jl9HHbie Ha 9TOM PHCYHKe peaynbTaTbi paC'I9TOB n'o 

06bi'IHOft KaCKaJlHOft MOJlenH np9JlCTaBnSIIOT C060ft, B CYUIHOCTH 0 nHWb HH)I(-

HIOIO OUeHKY 0 TaK KaK DpHMepHO B nonOBHH9 cnyt~aeB SIJlpa, OCTaBWH9CSI 

nocne npOXO)I(Jl9HHSI BHyTpHS1Jl9pHOI'O KaCKaJla, o6naJla!OT 9Hepi'HSIMH B036y)I(

Jl9HHSI E *"" 5-6 f9B H pacnono)l(eHbi B o61iaCTH MaccoBbiX t~Hcen A < 20. 

11cnapHTenbHbie pact~eTbi JlnH TaKHX HJlep, cTporo I'OBOpSI, He3aKOH~I 0 

D09TOMY HX BKnaJl He BKn10'19H B nyHKTHpHy!O I'HCTOI'paMMY Ha pHC, 3, 

Ha pHc. 4 noKaaaaa 3aBMCHMOCTb MHO)I(eCTBeHHOCTH nHBH9BbiX s 

If HH3K09H9pi'9TH'IeCKHX g -'laCTHU OT 9<jJ<jleKTMBHOft MaCChi MHWeHH M t 

TaM )1(9 npHBeJleHbi aaat~9HHSI yrna 0~ , B KOTOpbrft Bbin9Ta9T nonOBHHa 

BCeX pO)I(Jla!OIIIHXCSI nHBHeBbiX 'laCTHU, 3TH JlaHHbie Jla!OT Dp9JlCTaBn9HHe 
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0 TOM, KaK H3MeHgiDTCg xapaKTepHCTHKH gaepHO~O B3aHMOAeHCTBHg ITO Mepe 
- -

yeenHqeHf!g qf!Cna BHyTpHgaepHblX CTOflKHOBeHHH, Mbl BHAHM 0 qTO H B STOM 

cnyqae Harna Hoeag Moaenb nyqrne co~nacyeTcg c sKcrrepHMeHTOM, Cpea-

Hee aHaqeHHe <Mt > Tenepb cocTaengeT 2,8 MN ( M N - Macca HyKno-

Ha) 
0 

pacqeT 6e3 yqeTa H3MeHeHHH- rrnOTHOCTH qf!Cna BHyTpHgaepHbiX HYK

nOHOB aaeT <Mt > = 11,9 M N • 

!1HTepecHo, qTo ang 6onhrnHX 3HaqeHHH M t pa3nHqf!e ABYX MOAe-

nefi npogsngeTcg aa*e B y~nOBbiX pacrrpeaeneHHgX pengTHBHCTCKHX qacTHU, 

3aKniDqeHHe 

AHanHa pacqeTOB rroKa3biBaer, qro yqer yMeHbllieHHg rrnoTHOCTH 

gaepHO~O BellieCTB8 B rrpouecce p83BHTf!g BHyTpHgaepHO~O K8CK8A8 IT03BQ

ngeT paClliHpHTb BepXHIDID ~paHHUY o6naCTH rrpHMeHHMOCTH KaCKaAHOH MO

aenH 01' HeCKOnhKHX AO aecgTKOB fsB 6e3 rrpHBneqeHHg rrpeJlCTaBneHHi!: 

0 MHO~oqaCTHqHbiX B3aHMOJleHCTBHHXo nocneJlHHe HaqHHaiDT CyUleCTBeHHO 

CK83biBaTbCg rrpH sHep~Hgx T ~ 20 fss, qro npogsnHeTCH npe*Jle sce~o 

B 38BbillieHHH pacqeTHOH MHO*eCTBeHHOCTH nHBHeBbiX qaCTHUo 
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K H3M€HR~TCH X8p8KT€pHCTHKH HAepHO~O B38HMOA€HCTBHR IIO Mepe 

R 'IHC118 BHyTpHHJ]epHbiX CT01IKHOB€HHH, Mbl BHilHM1 'ITO If B 9TOM 

rna HOBaR Moaenb nyqwe co~nacyeTCR c aKcnepHMeHTOM, Cpea-

HHe <~It > Terrepb cocTaBnReT 2,8 MN ( M N - Macca HyKno-

eT 6e3 yqeTa H3M9H€HIIH IIliOTHOCTH 'IHC118 BHyTpHRJl€pHbiX HyK

T<Mt>=11,9MN. 

epecHo, 'ITO ansr 6onbWHX 3Ha'leHHH Mt p831IH'IIf9 JlByX MOlle-

nReTcsr aa:>Ke B y~noshrx pacnpeaeneHHRX penRTHBHCTCKHX '18CTHU. 

3aK11~'19HH9 

H3 paC'IeTOB IIOK83biB8eT, 'ITO y'leT YM9Hbill9HHR II110THOCTH 

B€ill€CTB8 B npouecce pa3BIITHR BHyTpHRJlepHO~O K8CK8A8 II03BD

HpHTb BepXH~~ ~paHHUY o6118CTH IIpHM9HHMOCTH K8CK8J]HOH MO

eCKOJlbKHX JlO Jl9CHTKOB f9B 6e3 npHB119'19HHH npenCT8B119HHH 

CTH'IHblX B38HM0Jl9HCTBIIHX0 00C1191lHH9 H8'1HH8~T CyiUeCTB9HHO 

CH npH 9Hep~HHX T ;;; 20 rae, 'ITO npostB1IH9TCH npe)l<ae BCe~o 

Hlf paC'I9THOH MH0)1<9CTB9HHOCTH n11BH9Bb!X '18CTHU, 
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