
--- ~- ' 

LOS'bE,lJ;i1~EHH~ HHCTHTYT H~PHWX HCCJIE,n:OBAHHA 

nAEOPATOPlHI BbJt-IMCnY!TEnbHOH TEXHY!KY! 
' 

H ABTOMATI13AUY!Y! 

9-5710 

B .r. IQuos 

HEJIHH E AHY E 3A~A 11M TEOPHH OJIA3MY 

H PEJIHTHBHCTCKHX 3JIEKTPOHHYX KOJIEU 

CneQH8JibHOCTb 041 - reopeTHqecKas 

H M8TeM8TH'IeCKU ci»H3HK8 

ABTOpe¢epaT aHCCepT8UHH Ha COHCK8HHe y~eHOH 
CTeiTeHH KaHaHaaTa ¢H3HKO-M8TeM8TH~eCKHX HayK 

.Uy6Ha 1971 



Pa60!8 BHnO~HeHS B ]a6opaTOpHH BaqHc~H!e~bHO~ TeXHHKH H 

8BTOU8TH3BUHH 06~e~HHeHHOrO HHCTHTYTB R~epHHX HCC~e~OB8HH~. 

HayqHH~ pyxoBO~Tenb: KSH~~T 
~H3HKo-uaTeuaTzqecKHx Hayx B.r.MAXAH:bKOB 

~HUHSnbHHe onnOHeHTH: 
~OK!Op ~H3HKQ-U8TeU8THqecKHX HSYK ].!tf.PYJIAKOB 

K8H~H;l18! 
~H3HKo-uaTeuaTzqecxKX Hayx 8.A.IIEPEJibDITEtlli 

Be~~ee aayqHo-accne;llOBSTenhcKoe yqpe~eHHe: XapbKOBCKHI 

ap~esa ]eHHHa ~3HKo-TeXHHqecKHA HHCTHTYT AH YCCP 

ABTOpe~epaT pa3ocnaH II II 

3a~HTB ~ccepTB~HH COCTOHTCH 
•' 

n II 

I97Ir. 

I97Ir. 

H8 38Ce~BHBH YqeHOrO COBe!S ]a6opaTOpHH BHqHCnHTenbHO~ TeXHHHH 

H BBTOY8TB38UHB 06~e~HeHHOrO HHCTH!y!S H;llepHHX HCCne;llOB8HHI 9 

r.Dy6Ha. 

C ~ccepTanHel UOKHO 03H8KOUHThCH B 6H6nHOTeKe 

OHRH 

yqEffH0 CEKPETAP:b COBETA 
IO.B.KAMEB 

~ 

~ 
(J 

~ 

.:t 

9-

s .r . OlMHos 

HEnHHEAHYE 3A~AqH TEOPHH 

H PEnHTHBHCTCKHX 3JIEKTPOHHI 

Cne~MBJibHOCTb 041 - reopeTMqecJ 

M M8TeM8TM'IeCK8SI ci»M3MK8 

ABTOpe¢epaT AHCCep T8UHH H8 COHCK8HHe y · 
CTeiTeHH K8HA HA8 T8 ¢H3HKO- MB TeM8THqeCKH} 



.,. 

i• 

Buql'!CRH!6RLHO~ T6XHHKH H 

a H;ll;epHLIX HCCJI6;ll;OB.l3HH~. 

B.r.MAXAH:bKOB 

JI.H.PYJlAKOB 

,, I 

8.A.IIEPEJibillTE9H 

yllpe:QeHee: Xap:&KOBCKHit 

HHCTH!y! AH YCCP 

I' ~;.- •, ', 
· .. ;':' "' ~ "- ~.: ~ ', ,. ' 

:r97Ir. 

c.· ; " -. ". . I97Ir. 
6opaT~~HH-:8uq;~JI~!e~:&~~~-TeXHHKH· < ·:,.. ·.,_ .. -~ 1·~: .. ·. ;., ,..·.:. -· . .·· I , . 

. RHC'l'H'l'y'l'a fi;ll;8pHHX HCCJI8;ll;Ol38HHA, 

H B 6H6JIHO'r8Ke 

IO.B.KATblDlEB 
\ 

' ~ ~· -

. H 

~--

~· 

<;:). 
\_., 

·. __ ,.;t 

9-5710 

s.r. DlMHoB 

H.EJIHHEAHYE 3A~AqH TEOPHH DJIA3MY· 

PEJIHTHBHCTCKHX lliEKTPOHHYX KOJIEU 
·.> 

CneQM8JibHOCTb · 041 - · reopeTM'IecKa.H 

M M8TeM8TMtleCK8.H ~M3MK8 
ABTOperpepaT . .QUCCepTaUI!ll Ha COHCK8HUe yqeHoii 

CTeiieHH KaH.QH.QaTa· <jJU3JiKO"""MaTeMar!I'leCKHX HayK 

~~;~;,:~;;;=~:f~is~.:~:\~~: l 
!l . r.·;: ~' .. ~,. ,..,-,,! _.ll ·~'!"·;'\"'\~·-=-~ ';o 

( ;.'c;:_ .. ;J.:·:~~d;.Fh·"~ ... Y ~ [..;..:,~; t.t,' .,. . .. -. .. ':"';."::".~ _:;.,;-_ _,:_ ~;-.-_ ,~~ .... : :~---;- ;:: ~~- -

,' 

f 



.,_; ..... 

., 

I,\_ . ~ 

_ IIocJie;ztaHe ro;ztH HH1'eHCHBHO pasBHBaercH clJHSHKa cJia6oryp6yJieHr

HOR imasw.(cw. o6sopy /!,2, 3'>. OcHOBIWW ;ztonyl!leHHew teopHH HB-
. ' . 

JIH6TCH U8JIOC1':& OTHOmeHHH VV - IUIOTHOCT,H 5HeprHH BOJIH K n.T-

.rmOTHOCTH T61U!OB0.£1 5HeprHH tJSCTiU~. 06bltJHO HSytJSili'Cfl ;ztBa KpaiHHX 

cJiytJaH: naKerH.BOJIH co cJiytJaiHHUH q,asawH H "uoaoxpouaTHtJecKHe 11 · 

fi8K6TH. Kpoue TOrO, 6C1'6C1'B6HHO BOSHHK86T ;zt6JI6HH6 Ha CJia6yll IL ·- . . - . 
CHJI:&Hyll H6JIHH6IHOC1':& 1 OTPSZ81llll66 C001'HOmeHH6 116Z;zty OCHO~HOI(JIH-

HeitHOit)tJSCT01'0.1! H iionpa:BKOA 1 CBfiSSHHO.I! C HeJIHH6flHblUH B38HUO;zteA

C1'BHHUH • 

HaH60Jiee OO;ztp06HO 6UJIH HCCJie;ztOBSHbl B!lCOKOtJ8C1'0TBSH {B .tJSCT

HOCTH 1 JieHrullpO:BCKSH) H HOHHO~SBYKOBSH Typ6yJI6H1'HOCTH. Ilep:EiaH 

B CBHSH C-IIJI83116HHO~fiYtJKOB!liiH . 5KCnepHU6HTSIIH H 8CTpOclJH3HqecKHUH · 

OPHJ10S6HHHUH, BTOpall - B CBRSH C npo6JI6110A Typc5yJieHTHOrO Harpe

BS IUISSII!i. TeopeTHtJ6CK06 paCCIIOTp6HH6 npHBO;ztHT K H606XO;ztHUOCTH . . 

pemeHHH uaorouep!WX aeJIHHeAH!lX HHTerpo;ztHciJq,epeH~HaJI:&HilX ypa:BHe-

HHA.;KaK npaBMO, aaaJIH'fHtJecKHepemeHHR 5THX ypa:BHeHHA y;ztaeTCH 

HSATH JIHm:& npB H6KOTOpllX ;ztOUOJIHH1'6JI:&HilX npe;ztUOJIOll8HHHX. Il05T011y·' 

aapH;zty c aaaJIHTHtJecKHuH, aeo6xo;ztHwo pas:BHBaT:& 6oJiee yHHBepcan:&-· 

. Hble tlHCJI6HIW6 118'1'0;ztH pemeHHR, .\B OC06eHHOCTH npH paCCIIOTpeHHH 1 

aanp.Hwep, '1'SKHX Bonpoco:B, KaK noBe;zteHHe pemeaH«· BO :Bee« o6Jiacu 

B3116H6HHfl nep6116HH!lX 1 SaBHCHUOC'!':&OT HatJSJI:&HilX ;ztaHH!iX H napaUeT,

po~ CHCT6Uii. t!JICJI6HHH6.116TO;ztH pemeHHfl H6JIHH6AH11X. sa;ztatJ HU61l! 

···cauoc~OHTeJI:&HHI HHTepec. 

, B pa6oTe / 4/ tJHcJreHHHe ue'1'o;ztH 6uJIH npHueHeHbl ;ztJIH HccJie;zto,

l!SHHfl JieHrullpOBCKOit typ6yJieHTHOC'1'H. B neA 6LIJI paccuraH cnexrp 

J 
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CTanHOHapHO~ H30TPOUHO~ RCHrMDpOBCKO~ Typ6yRCHTHOCT~B H8H6onee 

HHTepeCHO~ o6nacTH BORH~BWC 'llHCOR k~ < k <. k*- 1 K11 = V.,/1fe 
1 

k. -:: Wpe ~/J'lJC2 , 3].{0CL Wpe - 3ROKTpOHH~H M83MOHH8H ll8CTOT8 1 

~e - tJ8CTOTa CTORKHOBOHHH tJ8CTH~; Lre ' 11>' . -... TOMOBHO CKO-

pOCTHMOKTpOHOB H HOHOB, li3BOCTH0 1 tJTO B 8TO~ 06JI8CTH OCHOBHbl.:.' 

!.!H HORHHOHHI:lMH iJpo~eCC8MH HMHIOTCH HH].ty~HpOB8HHOO paccenmie 

BOJIH·Ha_Honax H Maauon":'MaaMoHHI:leBaauMo].{eitcTBHH. Bimal.t HH]tyitH.;.. 

poBaHHOrO:pacceaHHH Ha. 3ROKTpOHaX CT8H0Bl1TCH CYIIlOCTBOHHI:lll B.06-
. . . ', -~ ~ . ' 

nacTH . k > k .. ,. , · : k. ~ =(me/3m;) ( 1 + Te/r;) '.wpe("tre 1 

( me; T~ ; - MaCCI:l R TewnepaTypu 8JIOKTPOHOB H HOHOB). TenepL. 
_, ) I , ,. 
. .. . . 

H006XO].{HIIO OTBOTHTL,Ha BOUpOC 0 ].{HH8MHKOYCT8HOBJieilHH.CT8~HOH8P"" . ' ' 

Hux· cineKTpoli,T. e. od SBOJIJO~HH mHpOKHX H yaKHX HatJaJILHbiX na:~teTOB, 

cocpe].tOTOtJeHHWC sa '\c.. • 8TH HccJie;lloBaHHH npe].{CTI]MHJOT HHTepec 

H B CBH3H ·c npOBO].{HI!lHMHCH B H8CTOHI!l00 BPOMH 8KCUOPHMOHT8MH no 

aHaJIOrHtJHOit npo6neue /~/ •.. 
OJtuon us BSJKHwc xapai<TepHcTHK TypdyJieuTHO~ miaaw fiMHJOTCH 

• J -. ., • 

KOppenanHOHim~ <lJyHK~HH. 3H8HHO .HX MO:atOT ].{8TL npe].{CT8MOHHe K8K 

0 ll8CTOT8X Typ6yJIOHTHI:lX nyn:r,caitHit, T8K H 06 -ypOBHO Typ6yJieHTHOC

TH. KoppeRHUHOHHI:lO <lJYHK~HH H3110PHIOTCH B 60RLmOU tJHCRO SKCnepHMOH

TOB (cu~ HanpHuep, /G,?f). B /B/ 6una UOCTpOeHa TOOPHH H Bl:lB~].{e
HO ypaBHOHHe ].{JIH KOppena~HOHHI:lX <iJYHK~Hit JIOHriiiOpOBCKOit Typ6yROHT

HOCTH. li3BOCTHI:lB TOtJmlit BH].{ CUOKTpa DTOit Typ6yneHTHOCTH/4/ nos_: 

BORHOT UOCT8BHTL 38].{81ly 0 1lHCJieHHOM pemeHHH'yK838HHOrO ypaBHOHHH 1 

T.e. nonyqeHHH fiBHOrO.BH].{a H mHpHmi Koppena~HOHHOil.KPHBOit •. 

B onpe].{OROHHOM CMI:lCRO nJI83My MOEHO P8CCU8TPHB8TL K8K cauo~ 

cornacoBaHHyD cHciTeMy, cocTOHI!lYD.H3 qacTH~ HKB83H1lacTH~ (BOJIH). 

B paapexeHuon Typ6yneHTHOB Maaye BaaHMOl.teBcTBHH BOJIHa-qacTH!ta H 

BOJIH8-BOJIH8, UO_CYI!lOCTBY, onpe].{ORHIOT BCO OCHOBHI:le <lJH314~0CKHO xa-
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paKTepHCTHKH. IlpH H3Y'IlOHHH MOTHO~ M83MI:l (HanpHMep, M83Uhl 1 C03-

].{8HHOll naaepoy) B03HHK80T BOnpoc O.MHHHHH COy].tapeHH~ q8CTH!t 

HB YK83.8Hm10 BHme HORHHOHHbiO B38HIIO;itOitCTBHH. 

B.OC060HHOCTH HHTepecHO HCCRO].{OB8TL HH3K01l8CTOTHI:l0 CBO~CT

B8 MOTHO~_nJI83IIhl C B036yX].{OHHOit Bl:lCOK01l8CTOTHOli Typ6yJIOHTHOCTl>IO. 

Jteno B TOll, 1lTO ].{8llt0 npH OTHOCHTOltl>tiO M8ROit 8MnJIHTy].{O B. q • UOJIOli 

HH3K01l8CTOTHI:l0 CBOHCTBa uoryT cyl!leCTBOHHO H3NOHHTLCH 1 T.It. non-

. paBK8; 06H38HH8H HemmellHI:lM B38HMO].{Oi!CTBHIIM B ].{8HHOII' cnyqae - no

PH;D;Ka OCHOBHO~ ll8CTOTI:l (dHRLH8H HORHHOHHO~Tl>) /I.,I3/ •. - · 

, .TeopHfi Typ6yneHTHOli niiaalll:l nueeT uHoro 061!lero c 6ypuo paa

BHBam~e~cn TOOpHeit KOJIJIOKTHBHI:lX lleTO].{OB yCKOpOHlifl. 0].{HOli 'na OC

HOBHWc aa;llaq · a;llec:r, HMReTcR nayqeHHe paaJIH'IlHux · ueycToittJnBocTei! 

SJIOKTpOHHO-HOHHOro KOR:&~a, H8XO].{!il!lOrOCH BO BHOlliHOM uarHHTHOII no-
-.·-_. . ·:· _, .. _ ·. ,' 

JI0 1H CUOC060B 60p:&61:l C HHMH. Cpe;llH HayqaeMWC HeyCTOlltJHBOCTOH 

H8H6onee Oll8CHOU HMHOTCH 1 UO-:-BH;llHMOIIy 1 T8K 11831:lB80118H Jl8,llH8~H7'" ·. 

OHH8H ·HeyCTOll1lHBOCTl> 1 CB!i38HH8H C <iJJIYKTya~H!iMH UJIOT!IOC:UI 3JJOitT-

; pOHOB B;llOJIL a3HIIyTa KOJILit8 0 0Ha HOCHT rH;llpO].tHH811HtlOCiml1 xuprw

Tep H COUpOB0lK].{80TCH KOrepeHTHI:lll 143JIYllOHliOM 8JlOitTpOM8I'HilT!IbiX 

BORH. B pa6oTax/9slD/ llOCTp08H8 JIHHOJ1H8H TeOpH!i pa;llH8Itli!OHHOi1 HO.;.. 

y_cTO~llHBOCTH TOHKoro KOJILita H noxaaauo, 'llTO ueycTol1tJHBocu 11ueoT 

nopor, CBR3aHHI:ll C 38TyXaHMOM laH].{ay, Bl:lWO KOTOporo ueyCTOJ1liH

B0CTL 38Kpl:lB80TCH. Pa3BHTaH B /IO/ HOJIHHOllH8H Teupl1R .OilllCbiB88T 

JIH6o" npe].teJI:r.m~e cJiy'llaH (B6JIHSH nopora nJIH ua nut~iWLuofi c~ a.zr.m1), 

· JIH6o ].{aeT Jlltm:r, o~eu1ty aunJinTy;ll nonel ua · uemwel!uoil CT!i,ll,llli. Au a·· 

JIH3 npo~ecca 3BORIO~HM; xapaKTOpHoro BpeiiORH 1 ypOBHell BO:J6ylit;n:;c·· 

WX UOJieii; XapaKTOpli!CTHKU KOHOtiHOrO COCTOllliHl! 110. y,i{aOTC!i BbiUOJI

HliTL anaiiHTHt~ecKnuH cpe].tCTBaiiH. IIoaTOMy BoiliiiimioT 3a.zr.aqu qncJwu-
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HOrO H3yqeHHfl HeRHHeMHOfi CTa~Hll pa3BllTllfl pa~HaqHOHHOfi_HeyCTOfi

qHDOCTll pennTHBHCTCKHX aneKTpOHHWC KOne~. 

J(HGCepTa~Hfl COCTOHT ll3 Blle~eHH!l, Tpex rnaB H __ 3aKmoqeHHflo . 

B ncpBOfi rnane (§ I) Ha OCHOBe KHHeTHqecKOrO ypanHeHHfl 

~fl nna3MOHOB, yqHTUBa~~ero a~eKTN llH~~HpOBaHHOrO pacceRHHfl 

Ha ~on ax nnaaw t qncneHHO paccuorpeHU- nan6onee HHTepeCHbre aa;n;a- .• 

ql{_ 3BORIOI\1Hl pa:mnqHUX Haqan:&HUX. naKeTOB neHrY~pOBCKHX BORH. 

KaK. noKa3aH~ B /II/, HaHCionee 6ucrpuu npo~eCCOll B OCinacTH 

. k • < k ._ K~ .. !!M.HeTCH npouecc. ll30TpOOH3a~IUI" pacnpe~eneHHll BORH 

no ·yrnau, 0ClR30HH!Jli HH~~HpOBaHHOliY. pacceaHHJO Ha HOHaX. -JIOSTOlly 

n .naJI:&nefllllc!.l, pacCI.rarpHl!a~Tclt nnm:& naorponHue cneKrpu. B arou 

cnyqae ncitouan WYHK~HH \v { ~. t) aanncnr or uo~yna noniiono-

ro neKTopa· . k 11 npeuenH t H y;n;onnernopner ypaBHeHl!JO 

~~W (x;·t) ·"" W<x;r> ~Q (~. x,) W<x,;t)d-;, 

Q·t···J:_) =· -w JZi(x-~)2 J~. tx1-:~> ex~L fr ~nr .. <:2~~~>1,}. 
. x, ' . 4 ·_ .X.lC.; 2 \i"i lif-x,\ . 1·_2l2V; \)( ...:x,\ • 

3~cc:& BBe;n;euu 

'l-~ \vo. t 
- 10 n;r., . 

cne~~~e CieapaauepHue nennqnHu x ~~ v-.,;wl'~ , · 
, W<x,-r::)=wl""'-,-r:)Jr.!Wo ,:<.l>=Ve/WI'e. 

a \\,~ - OORI!aH :meprHll BDnH 1 KOTOpall JIBJUI6TCJI HHTerpaJIOU 

:lBOJID~HH_ n pasHa \;.J0 = .Lt ii ~ 'v.J ( k, t) \<.2 d \<. • 

Paaoei:oew. ocr. -x panHoorcroa~HYH roqKaW _ c marov • h . , 

ror;n;a n tlJHitcllpoaaHnun uoueHT npeueHH 't ~ 't~ . H n !FHKcl!ponaHHofi 

TOqKe X.-= X, .Z!OnllHO 6UT:& pemeHO- ypa_BH6_ HHe Tima rt~/,{1; '=: !Cttj, z, . .. 

o. - KOHcTaHTa nopa;n;Ka e;n;HHI!~. Sro ypanueiiHe annpoitCHYHpona-
. -

JlOCb UpOCTCfilllefi pa3HOCTHOfi CXBUOif '(\ ('Lc +-'1:1 )"' (1!: 'L,a.)';!l't"c) 
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c ;n;ocraroquo vaJIHu maro11 - -r;, • Jipu mare 1::, = ro-3 narerpan 

a~~JI~~H . Wo HBIIeHHJICH K KOH~ cqera Ha 3%. . 

J(Jrn pacqeroB 6unH BU6paHU cJtenyJO~e napauerpu, ;n;nitryewe .• 

acTpO!FHBHqf;lCKHIIHUPMOXeHHHIIH Wfe _,;_5,6•I03, Yl.
0 
= I0-2, 

Ve = 4,B•n)7, Vi.= r,rro6, "~e-=T;: -~- <W./Vl~Te ) = ro-6. 
IlpH s%~ napaueTpax ~apaKTepHUe TOqKH X • H.'. X.,._ pallHhl COOT-

. :liecn~HHo O,B•ro-2~ o,rs. 
PaccJIOTpeHu cJienyJO~e_.HaqaJI:&Hue ;n;aHHUa: 

a) mHpOKHlt naxer BOJrH c .AX1: Xo m· Xo >·>:·X. ' 

6) yaKHfi naxer BOJIH c A X «. )(o 111 . Xo_ ~,; .x,;. , 

. B).naxer BOJIH c AX{, Xo. H X >--2X., , ·_ ·_ . • 

· B cooneTCTBHH c II2/.Zl1IH B03HHKHOBeHH~ ;n;nyxypoBueDolt nepe:-. 

KaqM · ]tOnlltHO CliliT:& BhiOOJIHeHO (KpOJie Xo » .X ,. ) . ycJIOBHe . 

tn_ (Wl~.) fW(~T)) ';>> i .. (W ( kT) - Ha~aJI:&Hhll.l !FOH KDneCiaHHlt 
f . • • -. • . . • -

ita nocTax naxeTa). JioaToliy · 6uJIRLBu6paHu cJie;n;yJO~He HaqaJI:&HUe -

;D;BHHUe ( Xo /x~ j~ 7+8, · tn(Wlx.)/W<~,\}40+50, qT~ CO~T~eTCTByeT 
CDOTHOllleHHD Me~_ypOBHCII 3HeprH~ ll ~eHTpe H Ha XBOCT8X,OOpH~Ka 
ro20. . ,, 

PeayJI:&TaTN pacqeTa noxaauna!OT, c qTo. ecn11 naqan:oiiun naKer 

]t0CT8TOqHO mHpOK (cnyqalt a)), TO 3BOJIIO~IIH npHBO]tHT K ClhiCTpOMy 

erco. cyJKe~HIO H SHeprHH JIOK8JrH3ye:ca llClRH~H Jienoro ~P~H Haqa~:&HO.:_ 
r~ cneKTpa. TaKHM o6paaou,_MU npnxo;n;zu K ycnoBHHU, aHanornqHuu 

• • • • • • • • ~- < - • 

CJiyqall6) •. JipoqeCC TpaHC!FOPII8LtHH ll STOll CJiyqae npOHCXO.Z!I!T CJie]ty-

IO~HII o6paaou. IlepnoHaqa~I>~lt_ n~x_er_ cy:a:Hnaerca,- npenpa~aac:& iiJaK~ 
THqecKH ll ~HHHJO H ae c;n;nHraac:r. no ocH x • B aTo xe Bpe~o~a 

npOHCXO~HT npeuuy~eCTBeHHOe H8KanJII!BBHH6 3HeprHH B OCiJiaCTH 118K

CHMYIIB ~HxpeueH!a. JlaJiee, aHeprza 6uc1po nepe~aqznae"rca. -~o no-
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poii naKeT c mHpHHOtt tJ. X~ o.sx. ·· , a ypoBea:r, Ha XBOCTax· y:iieJIH...; 

.lJHBaeTCH Ha 5 nop~KOB. Cue~eHHe BHriB:&-o6paao:BaBmerocH naxeTa. 

BO~H npOHCXO~HT 6HCTpee, '1811 H8KB~HB8HHe _SHeprHH, He06XO~HMOtl 

Jt]IH o6pa30B8HHH HOBOro caTe~~H'ra. 0,llH8KOi KOr~a U8HTp naKeTa 

~OCTHraeT X ., 3 X.. t CJI8B8 OT OCHOBHOrO riOHBJIH8TCR mHpOKHit ria:_ 

KBT, nepeKp&BBD~lica C OCHOBH&Wo nanee, SHeprHH nepeKalJHB88TCH 

H3 yaKoro .naKeTa B mHpOKHtl, c o~HOBpeueHHUM HX cue~eHHeu K x. ~ 

B peayJILTaTe pacnpe~eJieHHe SHeprHH HueeT BH~, cooTBeTcTByiD~tl 

H8'l8JILH&M ycJIOBHHM B) • IJpouecc SBOJIIOUHH a a . X • npHBO;ltH!i K 

·,llaJILHeMmeuy ~BHK6HHIO U6HTpa THaeCTH naKeTa B CTOpOHy YBJIUX X. 

IIocTeneaao HHKpeweHT yueH:&maercH, naKeT cyZHBaercH, a .llBHXeHHe 

ere aawe]t]IneTCH. HaKoaeu~ npH X 0 - 0 , HHKpeueHT acHMnTOTH

qecKH CTpeUHTCH K HyJIIO. B STOtt_ 06JIBCTH He06XO;ltHM. y'leTqerupex 

~83110HHHX B38HYO,ll6HCTBHI H CTOJIKHOB6HHtt lJBCTHUo 

IIITaK; , npoBe~eaauli pac'leT noKaauBaeT, 'ITO o:rpaitc<!JopuauHH 

3HeprHH JieHrlliOpOBCKHX KOJie6aHHM B peayJI:&T8T6 HX paCC6HHHH H8 

HOHSX onpe,lleJIH8TCH ~BYIIH O,llHOBp6JJ6HHO H~~YH npoueccaw: ~H<lJ

lPY3HOHH&W 11CfiOJI38HHeYtl H 06p830B8HH6~ caTeJIJIHTOB~ 

B § 2 nepBOtt rJiaB& KpSTKO ,ll8H BUBO~ H npHB6~6HU peayJILTa-
• : Q 

T& 'lHcneaaoro pemeHHH aemmettaoro HnTerpaJI:&Horo ypaBHeHHH Jt1IH 

KOppeJIHUHOHHUX «lJYHKUHtl JieHrMDpOBCKOA Typ6yJieHTHOCTH /I,8,1~/ . 
Koppenaulioaaa.H <l>YH~UHH croxacrifqecKHx mine« onpe.nenHeTcH 

B&pallteHHell "< EiZ,w E~\w' >: l (k,w) o(~>k:·)o(uhw');. 
YpaBHeHH~, KOTOpouy y~oBJieT:BOpHeT l t \t; w) , nonyqeao npH · 

cne.ny10~ npe~nonoaeHHHX: 

I) Typ6ynearaocr:r, ~oJIEHa 6&T:& KBaaHcTaUHOHapaott H cna6ott 

8 

}; 

( 

j 
~ 

i 

1 
I 

I 
! 

2) H3B6CT6H ee cneKTp w~ t T~e. pacnpe,lleJieHHe ~OTHOCTH. . . ~ -

SHeprHH nyJI:&CaUHtl no BOJI~OBUM 'lHCJISlli 

3) OTHOCHT6JI:&HOe ymHpeHHe KOppeJIHUHOHHOtl.KpHBOtl.~OJIZHO · 

. 6IiTI>' li8JIO llW/. We« i t _AW - mHpHHa KOppeJIHUHOHHOii KpH-. . 
e. . . 

BOtl, W -. C06CTB6HH8H 'l8CTOT8 11CUQKOliHO.It 11 ~83Mlio ' . . . -

PemeaHe nwiy'leHo Jt1IH Koire6aHHli,~HcnepcHH KOTopuxonpe.neJIH-

eTcH Te~OBUll itBHJ:6HHell, T.e~. llW" \<.2.v-e~/Wpe. • B STOtt 

o6nacT.H ~pa HHTerpaJI:&Horo ypaBHeHHH Jt1I.1t I (~,w) 
Ke aaBHC.RT. OT W ~ IloSTOMy~HCUOJI:&3y.R HOpYHpOBKY _fi(i~,w)dw=W(k) 
H npe~cTaBJiaa It~;w) B BH~e ·1 l\Z,w) = <f> (\C,w)\VC~), 

noJiy'lHM H3 Hcxo.naoro ypaBHeHHH ·Jt1IH I B&paxeHHe ~H'<i'C\Z,w). 

B CJiytzae H30TpOi:IHol! ryp6yJieHTHOCTH OHO Hweer :liH;tt: . . . f 

(P ._1_ 

<f'('K,w) =: e. w"'Jzw2+[('J" .'IT .. LRee +w. .··· •.. 
,.,, I 

t 
.. 3,ll6CL . E. . ~ JIHH6f!H8H ~H3JI6KTpH'l6CKaH npOHHU86110CT:&,. 

u.:/' = ~ wr .. CW /noTe) ,vJ=SW('~.)dk- nonHaH aaeprH.H Typ- . 
3 3 . ~ 

6yJieHTHOCTH · B I CM , : '( .,;-:'f B CMJiy KBa3HCT8Ul8.0H8pHOCTH, a 

'(

3 

=- a.J R( \c., \t,, \t1, \c 1\~(~)W(\<,)\J('.:~)W(k~)d\c\ d \<~ cl ~J , . 

0. - lJHCJI6HHlitl KOS!MHUHBHT. (BupaaeHHe ~~~ R npHBe,lleHO 'B. 

~Hc(iep!i!WiH). 

PaclJeT KOppeJIHUHOHHliX <!JYHKUHtl npoBe~eH Jt]III HeCKOJI:&KHX 3H8-

tJ8HHf! BOJiHOBOro tJ!8.CJI8 \(. ·' • 'IlutJHCJI6HHH fi0K83HB8DT t tJTO C 'pOCTOM 

\<. mHpHHa itoppeJIHUHDHHolt RPHBOU yBeJIHtJHBae!cH; -~ocrura11 uaxcz-

·liyMa npH . 3HStJ6HHH -\co ·= 0. 6 ~ 10-
7 

_ . ,:_, , COO!rB6TCTByD~e

.. ro uaxcHuyuy 1l cneKTpe · !ryp6yJieH!HOCTH / 4/ •. IIpi itaJI:Laettmeu yBeJIH-

9 
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'lleHHH k ymHpeHHe yueHI>maercH~ C;~tBHr liSKCHuyua xpHBWC onpe;~te-: 

xaeTCH B OCHOBHOU ~HHe!t!HOM ;JtHCnepCHel, ll05TOUy OH yBenH'IlHBSeTCH> 

c pocrou ~ • Orue'llaerca,-'llTO xoppenfinHOHHHe a~eKTH uoryr 

BnHH!b HS ~Op~HpOBSHHe KB83HCT8nHOHSpHOrO ClleKTpa._ 

Pac'lleT npoBe;~teH raKEe ;~tnH KoppennnHA, B03HHKav~ B nnaa

ueHHo-ny'llKOBOU 5KcnepHueHre ~61. IlpH arou Hcnonb30Bancn.axcne-
. ' 

pHUeHTSXbHO HSI;~teHHHA cneKTp.PeaynuaT!l nOK831lB8VT 1 'llTOXOpomee 

COBDa;JteHHe pacqeTHHX H 5KCnepHU6H!8XbHHX ;JtaHHHX B03HHKaeT npH 

ypoBne aaeprHH W/n
0
Te ~_\0- 1 •. . 

Bo BTopo« rnaBe ;~tHccepTanHH Hayqaeica neHruvpoBcKaH ryp6y

n(mTaocn B ycnOBHHX qaCT!lX KynOHOBCKHX coy;~tapeHHH _'llSC'l'Htl• 

B naparpat!Je_I Hccne;~tyeTcn_BnHHHHe_HoH-HOHHHX coy;~tapeHH!tl ua 
'' ' '' . ' ' : 2 

D38HUO;zte!tlcuHe ueJtneHHilX' neHrUIOPOBCKHX BOnH. c' v,. --~ ve Nn n; /T,.) 

. npHtieu npe;~tnonaraiOTCH BblnonueHHHNH · cxe;~tymuiHe · cooTHOmeimfi: ·· 
. .. . . ) . . . ~ 

\w_\=I~,-W2 \<.<,"11; ,_ \k'_\v1 <"-"11< , \k_\=\~,.,:-\Z1\. 
ITpH STOll nepeKa'llxa SHeprHH ocyii!eCTBJIHe'l'CH ·ac'l'a~eTHHII o6paaou, ' 

.· 'l'.;e. D3aHMO;~teiiCTBY.IOT ;ltOCTaToquo 6JIH3KHe_ BOJIHH C Ak 1 \\t_\<.< -\c 1 

H {\ k_l, A\<.} "i << :Y; , B TO Bpeua KSK k 111 > V; . • ITOKa3aHO 1 qTO 

KaK ~JIS.JIHHeiHoA, TaX H XJISHenHHeiiHOii ;ltHcnepcH!tl_Cyii!eCTDYil'l' 

;~tocTaToqno mHpOKHe o6nacTH napaveTpOB nnaaw, r;~te 1r peaynuaTe· 

6onnoro 'llHcna .... k/6 k Iiocne;~toBaTeJibHilX nepe;~ta'll aaeprHH. acTiu])eT- · 

HaH nepeKa'llKa npeBOCXO;ltHT O;ltHOKpaTHyBl 6eCCTOJIKHOBH'l'enbHY_Bl nepe-· -

xaqey Ha A k ~ 'oc. . • HueHHO :S ±mioA CHTY8llH_H yqeT. cTonxHolieHUA 

HBnHeTCH npHHI{HDHaJibH!lU.-

B·§-2 HayqaiO'l'CH·KHHeTHqecKHe H-rH;~tpo;~tHHauHqecKHe_HeycTol- 0 • 

'llHBOCTHcna6oro naKe'l'a neHruvpOBCKHX :Bona B none HHTeHcH:a~oro 

B o6nacrH qacTor w_ ~ k v, ,. (B ycno:BHHX qac'l'llX coy]tapeHHA). 
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: Sxecb nonyqeaa xouitpe!H!le Bblpa:a:eHHH ;~tnl'i TeHaopoB S H ~ 

noporo H Tpeuero nopH;~tKa no noJin, BXOXHil!He B nemmeiiuoe ;~tHC

nepcHounoe ypaBHenHe. AnaJIH3 sToro ypaBHeHHa_noKa3HBaeT, 'llTO 

B paccuaTpHBSeUOi! 06naCTH B03110EHO nOHBneHHe ~KTa H3AieHeHHH . 

HanpaMeHHH cneKTpSJibHOii nepexaqKH,· no cpaBHeHHV C 6e~CTOnKHO
BH'l'eJlbHOii. B ycJIOBHHX rH;~tpO;!tHHSUH'leCKOA HeyCTOlt'lHBOCTH HHTeHCHB-

'HilA naKe'l' HeH30'l'pODHO pacnnHBaeTCH 1 a OCHOBHOA U8CmTa6 ero _CIIell!a

e'l'CH B C'l'Opony. 6onbmHX -\c . ·• 

B § 3 ueTOJ\ 1 pa3BH'l'llA Jtnfl t-BOJIH 1 06o6~ae'l'CH ~H H3yqeHHH 

tt-H tt-B3aHIIO;~te~CTBHii B yCJIOBHHX ~SCTilX. coy;ztapeHHA. ·. 

HaBe~'l'HO, (c_u.· nanpHuep, /!3/), ll'l'O B 'l'yptlyJieHTHOii nnaaue 

napa;~ty C xapaK'l'epH!liiH nnaaMeHHbiiiH_ 'lSCTO'l'S!lH ( Wpe,~:.:.. lln83JieHHble 

'5JieKTpOHH8H H HOHH8H 1 ;ztpei\~OBSH qac'l'OT8 1 'Y e .: -:- _'llaCTO:r'll coy;zta-

peHHti 'llSCTHll H ;ztp.) B03HHKSVT nOBile, CBH3aHHHe c Typ6yJieHTHH!lH 
~ . . . ·.- . f. . ' ' . . . 

COy;ztapeHHHMH 'llSCTHI{ H lln83110H~B UelltftY C060ii. 8TH_ qacTOTU. :· )>~11 
MOry'l' 6!ii'b cpaBHHW .HJIH XBllte npeBOCXO;ztHTb 'llSCTOTy coy;ztapeH.Hti 

~acTHit; EcTecrBeHHooxH.l{aTb,tJ'l'O noBe;ztenHennaaw B oCiJiac;H '!lac

TOT, UeHLillHX \)~y , IIO:ate'l' Cyll!eCTBeHHO OTJIHq8'l'LCH OT noi!e;~teHHH 

11CDOKOMHOtl 11 lln8311b1 1 B KO'l'OpOtl He B036yllt.l{eHH ROnJieKTHBU!le CTene

HH CB060:zt!l. 

· B §. 4 BTopoii rnallll paccwaTpHBaeTCH cJiytiatl, xor;~ta w <-< ve 
))>ff,...t• 3.l{flCb Ha OCHOBe CHCTflllbl rH.l{pO;ztHHSWH'Ilecimx- ypaBHeHHii no

·Jiy'leHO lllipaxeHHe JtnH npo;ztOHbHOtl . qacTK HeJIHHelli!Otl ;~tHaJieKTpHqec~oti 
,.npoHHuaeMOCTH cmi6o'l'yp6yJieH'l'HOii ~aaw E. t (_w, \Z, Wt) • Hoene-. . 

;ztoBaHo ;JtHcnepcHOHHoe ypaBHeHHe H HaiiXeHH KPHTepHHB03HHKHOBeHHH 

HeyCTOtiqHBOCTHH HH~peMeHTHUapacTaHHHKOJieCiaHHH 'l'Hna 8KyC'l'H'leC-· 

KHXi nonyqeHbiHOBble HeJIHHeliH!le'lleTBH KOJie6aHH£1, RO'l'Oplie woryT 

pac_CJ.ISTPHBSTLCH KSK 11BTOpO!t1 3BYK11 B rase lln83110HOB. 

II 



- "'e 
ITpH nony~eHHH ~ -Y~HTunanHc:n nHm:n ~nenu nepnoro nop~-

Ka no \·,.;e , n03TOMy B- KOH~6 § 4 paCCIIBTPHBaiOTCH ycnOBHH npeHe6pe

lltHMOCTH ~neuar.m 6onee nuco:Koro nopa.ztKa. MeTOJtOM, aHaJiorH~HHII /!3( · 
·Ha ocuone cywuHponaHHH pfi.zton TeopHH noavy~eHHfi H pemeHHH ypanue

IIIMJ. ;zviH JtOppenHTOpa B.~ • nonefi . nOK838HO, tJTO y~eT CJl6.ltYillliHX · e . . . 
~neuon noW- Heo6xo.ztHMJIHm:n npH nec:nwa aua~HTen:nuou yponne Typ-

6yJieHTHOCTH W /n<.Te > 'me/'fYli ('~<o/l,,)2 • 

IT pH aToM npe.ztiionaraeTca; n cooi'neTcTBHH c /4/; ~To o.cnonnol! · wilC'-

mTa6 Typ6yJI6HTHOCTH ko H8XO,ltHTCfl B. OMBCTH: ka > .ko > \c., ~-

TpeTLH l'JI8B8 ,ltHCC6PT8~HH IIOCBH~6H8 H3ytJ6HHIO l'H,ltpO,ltHH8MH~6C~ 

KHX HeyCTOll~HBOCT6ll ItoJzL~6BHX. nytJKOB aapalleHHWC. tl8CTM~. 

B § 2 paCCM8TPHB86TCH H3BeCTH8fl 8116pHO,ltH~6CK8H H6YCTOfitJH.:. 

nocr:n nylntOB iuiaaw' CBHS8HH8fl. c 8HHaOTporimil1 cpyHKnHH pacripe.zte_; 

Jl6HHfl, B YCJIOBI!HX W ;> k v., , V1., « Vl.~ (n·, H Vl.i·.:., rkoT

HOCTl! ~yttKa HIIJlaa~). IT~K838HO, tJTO 06paTH06 .lt6.t!CTBH6 KOJie6a-" 

Hlllt IIPHDOAHT. K YB6JllllJ6Hl!IO paa6po'ca CKOpOCTei l! T61d caww JIHK

'DH,lll!pyeT HeycTott~llBOCTL. B npeue6pellteHHH B38H!IO,lle.tlcTBH6M ~apwo
HHK B6Jill'l11Ha lof8l'HHTHO£! ::meprHH W., -= yg~ f\H~\1 d£ Jt':u~we'll~y· 
CPUB8 oneHilnaeTCfl CJI6JtYIO~el1 cpOpMyJIOL!: W., ~ V1. 1 1'\'\e\T0~(n./nL)Wre ic 

-l . ' - . . ' ' . . • 

"('K\'\w~ • .); ( Vo -:-. CKOpOCTL llytJKa). J{!iJiee oneHHB86TCfl BJIHHHH6 
> ' ¥ .... • 

H6Jil!H6llHI:lX ~JI6HOB H8 paCCiof0Tp6HHHfi nponecc·peJI8K08~H H IIOK838HO! 

· ~To OTHomeHHe HenHHennoro ~neua K mmennowy - nop~Ka cL , r,lle 

d.. = CW .. I ~.V\'1~ v.t )( n,/Vt,) <:: i . OTCil.lla cneJtYeT, 'ITO y~eT He- · 

JlHHellHWC 3cJJcpeKTOB_H6 MOX6T 38M6THO H3M6Hl!TL UOJiy~eHHUll peayJILTaT. 

OcTan:nHue naparpa~ Tpenell rnaBU noclm~eHu nayqeH!IIJO · rH,llpo-:-

.llllHSMl!~eCKOlt (pa]!Ha~H~HHOit) HeyCTOfi'IHBOCTl! peJIHTHBHCTCKl!X. 3Jl6KT

POHHWC Kone~. 6Ta HeyCTOll'JHBOCT!> COIIpOBOll,lt86TCH l!HT6HCHBHUM H.S-:-

!2 

-f, 

Jiy'lleHnew aJieKTpowarHHTHWC BOJIH c ·_ ;zviHHaw .A , anatJHTeJILHO 
. ' 

6oJI:nmHe wan oro pa,llHyca KOJI::n~a .it '>"'a. , T. e ~ cpaKTH~ecKH nee qac-

TH~ KOJID~a HaJiytJaiOT xorepeHTHo. ITpaKTH~ecKH .A >- a. nunonHa

eTca JIHWL .ltJIH nepnwc 6+!0 rapMOHl!K ~HimOTpOHHOlt ~BCTOTI:l~ 

B §.3 KPBTHO cy!IMHpyiOTCH·peaynLTBTH 8H8JIHTH~eCKOl'O Hccne.zto.;_ 

BBHl!H yxaaanuoif HeycTolt~HBOCTH. IT pH· J... »a. xopomen allllpoxcHua

. UH6H HBJ!fl6TCH, llpH6JIHllteHHe TOHKOI'O KOJILU8o ITpH IIOCTpoemm TeOplUI 

· Hcnon:nayiOTCfl Manue napaueTpu a./R. <-< t H · )) / 't., ..:., i 
r.zte 0. _l! - R - - MBJII:lL! l! 60JI::nmofi pa,llHycu Kon:nua, v = e" 1 N n' 

. . .,.,e<. 2.rr~ 

noronnuti aneKTpon, N - .nonnoe ~HcJio tJBCTHn B xon:nue, Yo 

peJIHTHBifCTC!Gifi ~aKTOP 83HMyT8JI!>HOl'O }.lBHli6Hl!H aJieKTPOHOB. TOtlHBH 

(Tpexwepuaa) HeizHH6HH8H aa,lla~a CBO,llHTCH K O,llH0!16pHOM_ B lfla30BOM 

llpOCTpaHCTB6 & ,·ur. - 83HIIYT8JILHOI'O yrna H·COOTB6TCTBy~~61'0 . 
o6o6~6HH01'0 l!MIIyJILCa •. PaccuaTpl!B81lTCH TOnLKO llpO,llOJILHI:le B03My~e-

,. . ' . 
· HHH H cnaa:n10 HX c nonepe~HI:lu .ztBHlleHRew npeHe6peraeTca. YcnonHe 

KOI'epeHTHOCTH .ltJlfl 83H!IyT8JlLHOl'O HOiolepa rap!IOHifKl! B03My~eHHH 

HJI66T BH,lt: n <.<.R/a. • 

B § 4 ~aeTCH IIOCT8HOBK8 38,ll8tJH H P83BHB86TCfl UeTO,lt 'lll!CneH

HOl'O.l!CCJI6}.lOB8Hl!H HeycTOH~HBOCTH B HeJIHHe£!HOU peliHMe. ·PSCCiof8TpH

B8DTCH IO KorepeHTHHX rapuoHHK. Hynenaa rapwoHHKa cpyHK~HH pacnpe-

~eJieHHfl 't'0 (-w-, t) B H8tJ8JibHH£! liOiofCHT BP6116Hl! 38,lt86TCH B 

:im.zte pacnpe.zteneHHH raycca C OTHOCHT6Jl!>HO li8JIO£! ml!pHHOfi, 80CT8JIL-

HH6 ~ n { 1U, t) BHP8ll81lTCH ~epea 'f' 0 C IIOMOII!DIO pemeHHH Jll!Hea-:-

·. pi!30B8HHOI'O. ypaBH6Hl!H. BBO}.lH B6KTOPLI '{' , · 0. C KOMIIOH6HT8MH 

'V {'¥.' ·. ' .• "} .... { '' ... · -= o;'Y,, ••• ,'t',o,'¥1 ,-; •• ,'f,. 1 'fn-::._'t'n.-t-'1'n
1
a= O,c~.w'P,;·••,10ct.W''f;., 

-~~'t';, ... ,-10.n.r'P,~} , ( ol- :la.ztaHnuD tJHcJieHimB K03qxpH~HeHT) H . 

2! x 2! MaTpllley A ::. A('+', t) , anewenawH KOTopofi flBJIHDTca JIHHeM-

r , r " · HUe KOM6HH8Ullll l 't',. d ur .H j '\'" cl t.r C COOTB6TCTBYIOII!HMH 
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llHCJIBHHilMH KOS<lx»HqHeHT8MH, HCXO~HOe ypa:BHBHHB MOlEHO 38nPIC8TI> B 

CJIB~IO~BM BBKTOpHOM BH~e: 

_£.. liJ .A£_'¥ = Cl 
····()t• T -t- ' -'b'W" . • 

- TaKHM·06pasov, liHCJieHHO pemaeTca sa~alla KomH ~a cHcTeMU 

2I x:sasHJIHH~ti~oro C:swaT~uaTHliecx~w cuucJie) ypa:slrelrHao :Hc~oJII>sy
eTca aea:sHaa pasHOCTHaa cxeua c an~po~cH-~aqHeft npoHs:s~.ItHilX :supa-··· .. . . . . .. . ·. . - "' . 

JKBHHHMH. 
,. ·.- ' ..... y~ . .. - ... ., - ". :. ._. :.·' 

(()'t') -1 " (, ..... ... •• )·· .. ·: ,, ... ,.· )J . ) w i<. -::. 2h.iJ'l'l'l..._i-~-· +(1-})\,,'fi<~'"'P"_, ~ · •. 
·(-o'I')"'~Y1 't"'·~ ~ ... - - ~ "' 

'()t k - '1; 

~· . ,-:-.... 

3Jtec:r.: '!-'...._ -= 't' (m -r::, \th) 
. .. 

, a 'L H .. h. - marH no :speueHH 

t H nepeMeHHOit . w o PasJioJKeHH_e :s PM Tei!Jiopa noxasu:saeT, _ 'li_To 

BildpaHHa/1 . cxeua .;. BT?poro nopa~Ka TOliHOCTH ~ · BCJIH .J. = · I/2 ~H 6~H3..;. 
Ka KO BTOpouy nopa,ltKy, BCJIH j!> HBMHOrO 60JI:&me I/2. YCTOftliH:BOCTD 

. . . ' . ' ., "" i'\c.'t' 
- cxew HccJle;u;o:saaa ueTo;u;oy ~yp:&eo lloJlaraa ~x = i\. e · . , aeo6-

xo;u;Hwo ;u;na ycTOitliHBOCTH, liT06u 1.<1~ i . t ·=:r,2,ooo 2Io. 

noxasaaD, liTO 3TO YCJIOBHB 6y;u;eT BilllOJIHBHO, ecnH 

't '. 'J2~::j 1. ¥--< 
- h. - ·. p. ""'"'x'f'•' , r;u;e f• - co6cneHHUe saa-qeHHH 

M8TpHqu .A 

.B § 5 co;u;epliCaTCH pe3yJlDT8Til paCliBTO:B H HX o6cyl!!;D;eHH6 0 llOJ!Hafi 

aaeprHa noJla WE IIISileHaeTca :so :speMenH 1 = -c.t· · ('(, - HHKpe;.. 

IIBHT Heyc~OHliH:BOCTH ~ep:soit rapMOHHKH),CJIB~IO~HM o6pa30Mo Ha Ha

'li8Jll>HOit CT8;D;HH . pOCT SHeprHH. iopoJiiO annpOKCHMHpyeTCH RpH:B0£1 · 

WE- e'"H , r;u;e Y: - cpe.ItHHil no rapuonHxau HHxpeueaT, co:sna:zta- · 

IO~Hlt C llOJIYliBHIWM imaJIHTH'lBCKH o 3alleTHOe- OTJIH'lHe OT- JlHH~MH0£1 Te-" ·. 

opHH :sosnHxaeT npH t · = 2,7; We.= Oo2•ro-2 H ;aaxoaen, npH 

t = 3.35, ·-w~ =-· 0.7·I0-2 noa:BiiaeTCH nep:BUtt llaKC~MyM Ha rpai}JHKe 
\ 

.. ·:.~·_., .. - I4. :; ; "~ 

aaeprHH.-O;u;naKo nocJle ne6oJl:&moro ywea:r.menHa _aneprHa npo;u;oJIEaeT 

paCTH ;ItO '' f = 4 H. W..:_ = r.5·ro-2• ·s;u;ec:r. BOSHHKaeT BTOpoii 'uarc

CHMJ'M, llOCJle KOTOpor~ SHeprHH yMeii:r.ma~TCH. ;D;O \j.J,. = 0.3 .- I0-2 .H B _ 

:ztan:r.nei:imeu HOCHT ocqHJlJIHpyiO~il · xapaxTep c6 cpe;D;nm.i .snaqeaHeM 

VJE ~ 0.8o I0~2 1 liTO CBH;D;eTe1i:&CTBYBT 0 H8C~~BHHH paCCM8TpHB86MOit 

HeycTDilliHBOCTH .- G aKcnepHMeHTaJII>HOi:i TOliKU speHHH HHTepec npo;u;cTaB

JIRIOT peayJli>TaTu, ycpe;u;HeHHUe no pa3nwmuM Ha'lilJI:r.nuu ~aHHilM o Pac-

'liBT npOBB;D;BH JtJIH Tpex·:sapHai!TO:B H8'l8JII>HilXyCJIO:BHft.H noJiyliBH0
1 

'liTO cpel-tHee sHa'leHHe WE · <. 2·ro-2• 

flpH:BBl-tBIIIl rpa!flHKH no:se;D;CHHR BO BPBMBIHI pa;D;a rapMOHHK .H pacnpe;D;e-:-

JIBHHH SHeprHH no rapMOHHK8M l-tJIH paaJIH'lllhiX LIOI.ienTO:B npe!.!CHH • OnH 
. . . ' 

llOK83IlBUIOT 1 'lTD CHCTCila B pe3yJIDT8Te 3BOJIIOL\HH CTpe!.IHTCH It pa:BH_O-

pacnpel-tCJIBHHIO aneprHH no rapuonHHaM Hs-aa' HX neJIHHei:iloro JiaaHMo-
- ' 

l-tCilCT:BHRo 

HyJieBaa rapllOHHKa '+'a (ur, t:) . xapaxTepnayeT pacnpel-teJienHe •mcTHq 

no SHeprHRll B KOJII>l\6~ li3 npHB6l-t611HilX pHcy!IKOB :BH;D;HO, liTO l-tO MO!IeH• 

Ta t·.,.. 3.5 Ha 'fa B03HHKaeT CTyneH:&Ka THna 11y;D;apnott :BOJIHil 11 

:s aHepreTHliecxou npocTpaHcTiie,"pacnpocTpanaiO~eilca" B cTopoHy wa~ 

JIUX SHeprHito B.l-t8Jl:&Heilmeu !flpOHT.BOJIHU·nocTenenHo aawe~aeTca 

(npH f = 4.5) H -~o 3:BOJIDl\HOHHpyeT K KPHBOM THna raycca 

. c paa6pocoM no nopa;D;Ky BBJIHliHHil, co:snal-taiDI!lHII C JIHHei:iHUJ.I !<PHTHqec

KH!I pas6pocowo 

PeayJiuaTu ;D;HccepTaqHH. ony6JIHKDBaHu :s pa6oTax /I5-23/ H 

:ztoKJia:ztU:saJlHC~ Ha_ MeJK~HapOl-tHOit KDH!flepeHl\HH no tflH3HKe nJlas~ n yn-. 

pa:BJiaeuouy Tepuoa;u;epHouy cHHTeay (PHil, 1~70), Ha BcecDioimou co-· 

BBIII8HHH. no YCKOpHTBJIRII 38PH_llt6HHUX li8CTHl\ (MOCK:Ba, I970) 1 Ha BCe

C0103HUX C6!1HHapax no KOJIJIBKTHBHHM :B38H!IO~eitcTBHHII E·nJI83!1e· (Cyxy

IIH1 I9G7; Xap:r.xon, I967)o 

I5 
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