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AHanHa/1/ aHepreTHqecKoro cneKTpa H acHKMeTpHH yrnoBoro 

pacnpe~eneHHH OTHOCHTen~Ho HanpaBneHHH cnHHa aaxBaTHBaeuoro 

j'f- .:.yeaOHS B pe8KIUUi 

(I) 

BHHBHn CH11~Hy~ 38BHCHMOCT~ H83BSHHHX X8p8KTepHCTHK npo~eCCS OT 

H~epHOrO acneKTS aa~aqz, T.e. OT CTpyKTyp~ B011HOBO~ ~YHK~HH HS

qan~Horo H~pa, B38HMO~elCTBHH B KOHeqHOM COCTOHHHH H T.~. Hue~ 

~HeCH 3KCnepHMeHT811~HYe ~8HHY6 no cneKTpSM H 8CHMM6TpHH HeATpO

HOB OT j'- - 38XBST8 OTHOCHTCH nHm~ K C110lm~M H~paM ·(IG 0, 2B.)[1 

32 $ H 40 Ca ) • B CBH3H C _BTIIIM B03HHK8eT H606XO~HMOCT~ HCC116~0-

B8HHH.npo~eCC8 

;-+(A, Z)- (A-.L,Z-JJ +tz +V (2) 

~nH.60nee CHOIHOrO ~p8 C yqeTOM TeX ~SKTOpOB, KOTOp~e OKB38-

nHCh cy~ecTBeHHYMH B cnyqae H~pa 4 He • 

'B H8CTOHuteJ.t'pa6oTe p8CCM8TpHB8eTCH peSKUHH 

r- + '
60 - '!>N + n + y .· (3) 

PacqeT npoBo~HTCH B paMKax npauoro uexaHHaua nponecca. 3ToT ue

xaHHSM HBnHeTCH onpe~enHnutHM npH aHeprHHX HelrtTpoHOB .BHme IO Man 

qTO ze KSCSeTCH MHrKHX HelrtTpOHOB, TO OHH o6yC110BT!6HY pe30H8HCHYM 

MeXSHH3MOM.(BOB6yz~eHHe rHrSHTCKOrO peSOH8HC8) 38XB8T8 ~--Meso

HOB. KaK H B npeXHHX pa60T8X/l, 2/, MH He 6y~eM CTpeMHT~CH K no

nyqeHHD npe~HBHOHHYX peayn~TSTOB, 8 o6p8THM OCHOBH06 BHHM8HH6 

HS BYHB116HH6 38BHCHMOCTel.t yK838HHYX BYW6 X8p8KT6pHCTHK OT ~ep

HOI.t CTpyKTypu. 

B pa60T6 HCfiO~ayeTCH a~eKTHBHHA MDOH-HYKHOHH~l.t r8MH11~TO

BH8W3/: 

3 



A . . 

H11 = f·z-crJ(J-6iJJZ(ttfHo(,)-t-Hv-fiiJ d{f-'f.-J, (4) 
.. t :j . . . 

HofiJ = Gv 1 ·1. +GA {t;_ + Gp 6, · "1 (Sa) 

-" ~ 

~ p. ~ p. 
H1JM = ~ v 6· ~"i -r 9 6 -· 

. II A l /'1!V • 
(56) 

B KOTopoM YllTBHbl cKopocTHble H IJ'.( i). tlJieHbl (llneHbl, nponopuHo-

Han:&Hble K .) K~K c5blno noKaaaHo paHe/
1 ' 2 ' 4 ' 5/ cKopocTHble . 1"1,; • . . ' 

ll1I6Hbl (56) ~a~T cymeCTBeHHbiH BKna~ B cneKTp HeHTpOHOB BbiCOKJ.fX 

::meprH~ l1 onpe,U.eJ!HIOT !.fX 8CJ.fMMeTpl1~ B STOH 001I8CTH. 

Ben!.fllUllbl Gv , GA H (;P B (5) cne~yiOmnM oc5paaoM 

CBH38Hbl C KOHCT8HT8MU MIOOH-HyKnOHHOrO B38l1MO~ettCTBUH! 

Gv =yv{J+/;t J, G;. ::;~A-(Jj,+f}M)~~~, Gp={(iJp3AF(~v+~t1ilJHN.'6 ) 

38Bl:!CU!JOCTI> B61IUtiHHbl 9 p OT nepe~BHHOrO ll6Tf:ip6XHMnyn:&ca Cj-
2 

6panac:b B BH.I\e 

~p.= JA 2m~" 1'1"' 
Jn~ + CJ-2 

(7) 

' 
r~e fnt' 

1 
Jn.Ji U f'1JV- - M8CCbl f'- - M630H8, 1J - 14630H8 l:! 

HYK1IOH8 COOTB6TCTB6HHO. 

/5~/ 
B01IHOBY!O ¢IYHKIJ,U!O KOH6llHOrO COCTOHHHfi ( CHCTeM8 n -t-fl ) · 

38lll:!W6M B Bl1].t6! 

z.r - ~ ,,·OJ:! 1,( -,,r . (.' - . (8) 
. rt.. . - 11 e ~-.1 ,..., ff. E.r P .r J , t j ~ . 

s . _.. 
r~e ~~ - K00p,l\HH8T8 U.6HTpa M8CC Cl:!CT6Mbl ''JV_+'fz,·,· Q -· 
l:!MllJ1Il>C.lJ,61iTpa Mace, ~~ .(1,2, .. ,A·-:J}- ·BHyTpeHHHH'8HTl'l-

J,M; . . 

'4 

"".....,::• 

~~, ::. 

• .. ·.··t~ .. 

! 
• 1 

( ... 

:·· 

.• . 
; :·-

. . 

CHweTpHtni.aa .:BonHoBaa ¢1YHKIJ,MH 'a;zwa 
15 N B ocHOBHOM 1 

Y~, tVJ .- t,; L.l 'v~rl'(t;n~syn> :<thi;E;;:t} 
; ; ' . . ; ·.-·· . ··; . 

; . . '1;/J/1; :y;iii (F.J . J~s 

B (9) . · ~f(~ r/ - pa~J.f81Il>H8H BonH(>BaH ¢IYHKUHH 

·· :_:,uoro ~!.fxeHHa HeiiTpoHa " H-~.Pa 15 N. , Xx:,!r. 

,_··'. 

.. 

• ""-·. f •• ···•· .. ·' .- • • . • - A 
BonHoBaa_ ¢1YHKL\H!i HeiiTpoHa. OnepaTop ··A BHTHCMMMeT 

··, ·-· .... _ 

IJ,Hil'.TOni~KO no' KOOp~HH8Te Bb1JI6T6BWB.£:? HeHTP?H~ "J.f HYK 

Horo a~pa. 

.no RHTerpHpoBaHHH no Koop~MHaTe lJ,eHTpa Mace H~ep 

M8TplfllHbl~ 31I6M6HT nepeX0~8 (2) HM66T BJ.f~ 
~ . ' 

M= ;;Li-1((/lfY,$;)11) (ftii;l)N> '>;,, (!1)' 

(J (~Hp,2, .. ,A-JJ~;l~rJYr;rlJl~sl~ ~~~~. 
. Afrl)<XH/1·2,.:.)-tJ~rorj Ye;rlJJ12s/hA-1l~ 

r~e _ JA R. hA-J -. O~HOll8CTJ.fllHblit onepaTOpbl, ;z 

. H8 A -yiO H. ( A-i )-y!l ll8CTHL\Y. COOTB6TCTB6HHO •. 

-llqcne .HHT~rpHpOB8HHH no KOOp~HH8~e.~eHTp8 M8CC 

liTO ~aeT ~e1II>T8-¢lYHKUl:!!l 38KOH8 coxpaHeHUH-l:!loiOYJII>Ca, 

fA ~ h ~:-i. . nepexo~aT, B . . . 

-·1--- , = e.-~ i ~~:i 4 r: o.(A) 
A , •. c ' 

. _,~~- ·.d.:!'i'~ ) = . l A Pvf'-t A-~ f,. r~ .Q.(A-1 
. . h A-;1 . e . . ._ . , . 

-
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(Sa) 

(56) 

qneHH (qneHH 1 -nponopuHo

f/1121415/ 1 CKOpOCTHbl6. 

:eKTP H6HTPOHOB Bb!COKHX 

~oii oonacTH. 

(S) cne~y~~HM oopasou 

:38HM0~6~CTBHH: 

(7) 

. M630H8 I 1J - M630H8 H 

~ E(~, () ' (B) 

_... 
Q 

A ~1) - ·BHYTP6HIIflfl
1 

BHTH-

. ,. ·. ·~~ ·. 

CH~eTpHqHafl :BonHoBafl ¢lYHKUHH" H~pa IS N B OCHOB~OM _cocToimHM. H . . . . .. ·. 

B (9) . · 0f (~r/ . - pa~11an:DH8fl BOJIHOilBH lflYHKUHfl OTHOCHTen:r,-

·' uoro ~HllteHHR HCHTpoHa 11 fl:~pa IS N. 1 X 7,>S. - cmmoBaH .. •• 

· ~-J3onHOBa.ii"cpyHKUH~ HetfTpoHa. OnepaTop·_. A BHTHCMMMeTjmsyeT 4_lyilic

U~IO 'T.On~k~ no KOOMH~BTe BblneTeBuie~~ H.eHTP?HB •.H HYKHOHB. KOHeq-

. iloro' H~pa ~ 

~0 HHTerpHpOB8~11H n~ Koop~HHBTe ueHTpa MBCC HAepHOM CHCT6MU 

MBTpHqHH~ aneMeUT nepeXO~B (2) HM66T BH~ 

M= 1~ L.J-1<l1Jfz~S.:jl1)·<tffi »t)N>·· Y;,; f;t/; 

f-d. (¥,41,2,. 0 -t!~ifl~r! Y;,rr; J~sh / ¥,.~. 11,2,. , A))+ · 

Af;1! ( V,,_,p,2,..,A-1) ~rf1r J Yr: ( 1! Jz. s/ hA-l J ¥,,,/f,2, ... ,A 1) J, 
r~e .· JA H hA-j - O~HoqacTHqHH~ onepBTOp!1 1 ~6MCTBY~lllH6 

. HB A -yrJ 11 ( A-i )-ylD llBCTHUY COOTB6TCTB6HHO.' .. 
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r~e 

0./A) = j (AJ, 

orA) -:: 6(AJ 
2 .A , 

0 O!) = ct 
3 Y.t , 

0./AJ = grAJch 
~ d 
CJL := ;;.·Y:: ' 

... 

(A -1.) (A-.1) 

0:1 -= L , 
O(A-t) .:: 6 (A-.D 

2 ' J 

O (A-11 = fr 
3 1'2 ' 

OL/A-I) = 6 (A-/)lf:l ' 

~ I d ;) 
c:t2 = -A -.t a p:- -+ ,:;; ~ 7 

~ - BeKTop, coe~HHHDmH~ ~eHTP THXeCTH (A -_f)-o~ qacTH~ H 
~ ~-l: "-" 

A -yD qacTHUY, a ~ - BeKTop, coe~HHaiomrtdt ~eH'l'P TH:a:ecTH 

(A -2 ) .t~acTHU H (A - i )-yD :'JBCTHI\Y. /BepXHHi! HH~eKc (B cKoCi

Kax) npH onepaTope yKaaUBaeT aa nepeueaa~e KBKO~ qacT~~ aTOT 

onepaTOp ~e~CTByeT/. 

TaKHM oCipaoOM, MBTpHqH~H aHeMeHT /V1 OKBo~BB6TCH COCTOH~HM 

H8 ~BYX li8CT6£i ;... H8 DpHMOrO (nepBoe CHaraeuoe) H OClM6HHOrO (BTO.., 

poe CHaraeuoe). MOli:HO npoBeCTH HeKOTOpyD nap8HH6Hb ue:a:~y DpHM~MH 

H 06M6HH~ t~neHOM 1 BOoHHK8D~HM DPH B~qzcneHHH MBTpHqH~ 3HeMeH

TOB (IO) H DOHIOCHhi!W ~HarpaMM8MH (pHC. I). IlepBOH ~Harpauue COOT

BeTCTByeT npHMOH qneH, a BTopo1t - oCiueHH~H. IIo~t~epKHeu, qTo yKa-

. 3BHH8H aaanorHH HOCHT qHCTO HHHIOCTpBTHBHhiH xapaKTep. 0TM6THM, 

qTo DpH yqeTe OClMe.HHOrO MBTpHliHO~O 8H6116HTB. B03H~KBI>T H6KOTOp~e · 

Tp·y~HOCTH oeill!ero xapaKTepa. Bo-nepB~x, w He yqzT~Baeu ~pyrHX 

B03MOEHhiX M6XBHH8MOB DpOU6CC8 1 TBKHX1 HBDpHMep, BHBHOrOM KOTOphiX 

B H6KOTOpOM CMhiC~e HBHH6TCH TpeyrOHbHBH ~HarpaMMa H T.~: Hx BKHB~ 

MOli:6T OK888TbCH O~Horo DOpH~Ka C BKHB~OM OClMeHHOrO qneHa. Bo

BTOphiX1B pacqeTaX MOlleT B08HHKHYTb H6KOTOpBH nepeo~6HKB BKna~a · 

OClM6HHhiX qneHOB 1 o6yCJIOBJieHHBH '1'6141 qTO CBHo8HH06 COCTOHHH6 HyK

JlOHa on~cuBaeTCH o6blqao WYHK~Heii HMhl CieckoHeqaoii rHyCiHHhl, a He

npephiBHhiU·cneKTP - ~yHKUHei! HMhl KOHeqHOH rnyCiHHhl. O~HBKO, yqzT~-
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BB.Il xaqec•iBSHH!OH X8p8KT6p pacqeTOB ,MU He 6y~eu OCT8H8BJIHBST:&C.Il. 

Ha sTHX npo6newax. .. 
llpz pacqeTe uaTpzqHux. sneweHTOB nonaranoc:&, qTo 

16 () .aB

JI.IleTCH ~:aaz;tu MarHqecKitW a~pou, a ··ocHOBHoe cocToHHHe .a~pa 15 IV . 
. -1 

·paccMaTpzBanoc:& xai . B12 .. ~upoqHoe cocTOHHHe• Pa~Han:&Hue' 
. . - . . . 

4.JyHK~HH, OllHCUBSIO~He MHJKelll16. HYK~OHOB ·.B ~pe, 6paJIHC:& B BH~e 

tl>YHK~ldi rapuomi~ecKoro octtHJIJIHTopa.' JlJI.a pacqeTa uaTpzqHoro sne-
. . . ' 

~eHTa (10) 'y~o6uo oT BHyTpeHHHX :aonl!o:aux· {f:lyHKUHll nep,ei!TH K 

6donoqeqHUM ciY~K~H.IlM. llocne~HHe ~o~epll~T '"mtmHIOlO Kopp~HHSTY ~eHT-
pa THXeCTH. ilOCJI6AOBSTeJI:&H06 HCKJI~qeHH6 ee npHBO~HT K ll?HB~SHHIO 

:a uaTpzqHoM sneueHTe K934>4.JHuzeHTOB TaHU~. B cnyqae npHuoro 

M8TpHqHoro SJ16Y6HT8 T8K06 npeodpa30B8HH6·BUI10JlH.IleTC.Il llpOCTO. 

HeKoTop~e TPY~HOCTH B03HHKSIDT npz yqeTe odueHHoro qneHa. llpeHe-. 

'6pel!teHH6 D llOC.Jie~HeM cnyqae BKJIS~OM. HYKJIOHOB. . 5 - OelOJIOliKH. 
~ ~ ' : . 

1103BOJIHJ10 ·npoBeCTH BU~eneHHe ~Hl!teHHH ~eHTpa T.lll!teCTH H B STOLl 

CJiyqae. 

Pa~Han:&Hafi ionHoBaH {f:lyHK~HH . 0/CJtr) .OTHOCHTeJI:&Horo 

~BH:ateHH.Il paccqzTUBSJISC:& qHCJI6HHO nyTeM pemeHH!l ypaBHSHH!l lllpe~HH-

repa C OllTHqeCKHY llOT6H~H8JlOM/6/ . . 

V(r) =·· U· l(r) + t~·w-q(rJ + u .I:JI(r) ·J~ t (II) · · r· o . sr J r , . 

r~e 

., _.=--1 -----~ 
.(r) .= 1 ..:e/Xf[<(-RJ/a]. 

. · U = ( 18 -~ 0. 3 E) Nev 

3 (r) =. 0f{-[rr-R)/tl~}, 
... .tf..> . : 
W = ( 3 · £ -) Hev, 

.. . .. . .· . 1/3 

u:;=/22-0.JE.)I~tev'' f2: ,= ro A ' 
> • ' 

a = ·o. 6SJ~>< •. · ~ -;:: o. 98p..) · r;, = :1.. 2 -s--J-1 .... 

b 
·-·· 

. . ~.-· 

.-:.. . 

~ 
i,] 
' 

. ~. 

f, 
. '.~ ·r 

....... 

'· 

··; 

·~ 

•.,' 

YqzTu:aa.a xaqecTBeHH~<ll xapaxTep pacqeTo:a,MIO ~cnon:&aox 

ycpe~HeHHUll ~Jl.ll STOll OelJISCTH .a~ep OllTHqecKHll llOTSH~HSJl"H 

cne~o:aanz ero c TOliKH apeH~.Il Henocpe~cTBeHHoro onHCBHH.Il E 

HIOX 3KC116pHM6HTSJI:&HIOX ~~HH!OX~ 

~:- . BupaxeHHe ~Jl.ll.~H{f:l{f:lepeH~H8JI:&HOH CKOpOCTH npo~ecca (3) 

cu:aaeTc.a_:B cne~y10~eu BH~e 

d ZS. ·=·· ( ~£:~.~ : j~(Ej 
dE c1n .. [1 + 1 re.J) 

{AlEJ ~Bri;c~ e_}, 
r~e .£ - SHeprli~. OTHOCHTen:&HOro ~BHl!teHHH HeRTpC>HS H ~~ 

· ocT_STKa, .:. C - ·q.ecneHHI:Ill .MHOJE~Te.ix:&, ·'Iie· aaBHC.Il~Hll oT. a~~ 
_Q. - H81lp8BJI6HH6. HM~ym,ca · p . OTHOCHTen:&HOrO ~BH~SHH.Il 

HS H .ll~pa OCTSTKS, @ . ;_ yroJI uex.tiy B6K~OpOM · f H HSI 

HH6M CllHHS. /'- - M630H8 ~ 
. ' . ·.. . . L/.J 

}(E)= (i -t- j Et._;£) .. ~ j, 
·E.- sHeprim, ·:au~eJIHII.!JtSHCH 'B.peaKuHH, 1'1 - cyuliapHaf 

HellTpoHa H ~pa ocTSTKS .- · A ( £) H B (E) -· 6HJIHHellHHe KC 
,,_ 

URH !l~epHI:IX USTpHqHUX 3JI6M6HTOB •. 

9HepreTHtieCKHll 'ciieKTp' H 8CHMJI6TpHIO' onpe~eJIHM K8K .. . ·~. 

clhl = j).n. dzJ 
ciE d£ dft 

, dJ£) = 8(EJjA(£)-

3SM6!rHU 1 qTo, K8K H B CJiyqae f'- - 38XB8T8 HB 4 fie , Bel 

B (I~) He COBI18Jt810T HenocpeJtCTBSHHO C H3MepHeJ&Hiu1' HS 3l:CI 
. ' . 

Te aHepreT~qacKHM cneKTpou·it' acHw4eTpzen yrJio:aoro pacnpe) 

Hel~pOHO.B. . • . . 

•'. 

PeayJI:&TaTH pacqeTOB IIP~~eJteHu Ha pHc. 2 H 3. 
../ 

.. 
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-' 

3110Cl>, t!TO IG 0 HB-

COCTOHHHe H~pa IS IV . 
~HHe• Pa~~~JILH~e 

~pe, dp81IHCL B BH~e 

Cti6T8 M8TpHt!HOrO 3116-

YHKD.H£1 nep~itTH K 

wmu~~ Kopp~HHSTY neHT

npHBO~HT K npHB~6HH~ . 

B criyt~ae npHMOro -

~D01IHH6TCH npOCTO. 

Y6HHOrO t!JI6H8. ilpeHe- · 

OB . ..:_-5 - ?'6oJIOtiKlt-
. -

pa T~6CTH H B 3TOY 

}r)- .OTHOCHT61ILHOrO _ 

:eHHH ypaB!i6HHH ~PMHH-

(II) 

t '} 

;{~[rr-r<)jt]
2

}~ :> 
,.. .... 

:'-•• 

.-:-.. : 

-' "· 

... ':t • 

II~----' 

'; 
. <: 

.>;.,." 

'. '"· ... 

- -
Yt~HT~BaH KatzecTBeHH~ti xapaKTep pactzeToB,MH ~cnonl>aoBaJIH 

ycpe~H6HHU~r1 ~JIH STOti 06JI8CTH H~ep ODTHt16CKH~ DOT6Hll,H81l H H6 HC

C116~0B81IH ero C TOt!Klt 3p6H~H H6DOCpe~CTB6HHOrO ODHCSHHH KOHKpeT

H~X 3KCnepHM6HT8Jrl>H~X ~8HHhiX~ 

I ':. 
B~paxeHHe ~nH ~H~epeunHanLHo£1 cKopocTH nponecca (3) aanH-

...... · 

ChiB86TCH i cne~y~~eu BH~e 

d~ ~: ~, c-Elfc,I
1 
;;~J (Arn +!3(iJcUJej, cr2J 

r~e E - aHeprli~. oTHOCHTenl>Horo ~BHJteHHH ueiiTpoua H MPB

ocTBTKa, -·-- ( - ·tzMC116HH~ti MHOllHT6Hl>, ·'ue 38BHCH~Hti OT. SH~prHiit, 
f2 - H8Dp8Bll6HH6 HY~ym.ca - p -OTHOCitlT61ll>HOrO ~BH~6HHH H6tiTpO-:

H8 H H~pa OCT8TK8 1 (9. - yron M6zAY B6KTOpOM f'- M H8llp8B116-

HM6M CDHH8' !'- - M630H8' 

j(EJ = (i -r2 c,~~£) Lid~ j' 
-E _- aueprMH,·B~~e1lH~~aHCH B.peaKll.MH, /'1 - cyuuapuaH uacca 

- ' 

uei!Tpoua H MPB ocT aTKa.- - A ( £) H B (E) - 6H1lHHetiHhle Kou6~Ha-
···'· 

ll,HM H~6pHbiX Y8TpHtzHhiX 3116Jl6HTOB. 

SuepreTMt~ecKHit 'chel<Tp· if acMuueTpM~: onpe~e1IHM KBK- · 

c/W = f/.a. dzJ 
ciE c d£dfl.. 

dJE) = 8(EJjA(Ej 
' -, 

(I3) 

3aue:rMu, t~To, KBK M B cnytzae /'- - aaXBaTa ua 
4 He , B611MtzHHhl . 

B (I~) ue co:ana~a~T uenocpe_ACTB6HHO c MaMepHeJWin~· us ancnepHueH

Te auepreT~t16CKMM Cfl6KTPOM··K' 8CKw46TpMeti 'yr1lOBOrO pacnpe,&e116HHH 

. ~· 

Peaynl>TBThl pact~eToB npH:ae~eHhl ua pMc. 2 M 3. 
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PRe. 2. 8HepreTHqecxH~ cnexTp B aaBHCHUOCTH oT aaeprHH E 

OTHOCHT61I.:DHOro .l{BRllt6HHH. 

I - pacqeT B n1IOCK14X BO~Hax; 

2 - pacqeT R HCKBllteHH~X :B01IH8Xj 
' 

3 -: pacqeT :B,D1IOCKJ4X :B01IHSX1 HO ODYIIt6H~ 06Y6HH~6 qneH~ 

B J48TpJ4qH~X 31I6J46HTSXj 

4 - pacqeT B HCKBllteHH~ B01IHBX, HO ODYIIt6H~ 06Y6HH~6 

qneH~ B uaTpHQH~ aneueHTax. 

10 
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0,2 
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-0,2 

-0,4 

0 16 32 u 64 . E,Nev 

PRe. 3. AcHMMeTpHH yrno:Boro pacnpe.nenenHH B aa:BHC14YI 

alieprHH E oTHOCHTeJii.Horo .l{BHlltenifa. 

I - pacqeT B nnocKHx BonHax; 

2 - pacqeT B HCKaxeH~~x BonHax; 

3 - pacqeT B ll110CKJ4X :B01IHBX1; HO onyut6H~ 06141 

qJieH~ B YSTpHqH~ 31I6J46HT8Xj 

4 - pacqeT :B HC,KSllteHH~X BOJIHSX, HO ODYIIt6H~ I 

qneH~ B UBTpHqHia:. 31I6M6HT8Xj · 

5 - pacqeT B RCKSllteHH~ B01IHBX, HO · §p = 0 

II 



TH oT aHeprHH. E 

ny!lleHLI oc5MeHHLie qneHLI 

0 OllYUl6HLI OOM6HHLI6 

1 

0,+ 
5 

~-

0,2 

0 

-0,2. 

-0,-4 

0 16 32 

PHc. 3. AcHMMeTpHH yrnonoro pacnpe~eJieHHH B aaBHClUlOCTH OT 

a:HeprHH E OTHOCHTSJII>Horo ~BH:ateiiHH. 

I - pac~eT n nJioCKHX BOJIHax; 

2 - pac~eT B HCKa:ateH~~X BOJIHBXj 

3 - pac~eT B llJIOCKHX BOJIHBX 1 HO OllYUl6H~ 00146HH~e , 

~JI6H~ B MSTpH~H~ 3ll6M6HT8Xj 

4- pac~eT B liCKallteHHhiXBOJIHBX 1 HO onyuteH~ OOJ1.6H~e 

~ll6HLI B JI.STpH~HllX SJI6M6HTSXj 

5 - pac~eT B HCKBllteHH~ BOJIHBX 1 HO §p : 0, 

II 
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' 'I!To<5!l npoHJIJIIlCTpHpoBaT:o pon:o o6ueHHoro t~JieHa,pact~eT n~oBo..:· 
]tHJICH K.aK C er~: y.qeTOM (KpHB!l6 I H 2) ,·.' T·aK H 6ea yqeTa (KP¥BI:l6 

. 3 z 4 j .. OTYeTm&, qTo .. B cnytta.ii KPHBbiX 2 z 4 · yt~HTI:l:Banoc:o TaK:ate 
. ·· ... ' . 

-~ ~-·· 

. B3aHYO]t6HCTBH6 B KOHeqHOil COCTOHHHH, a .B CJiyqae KpHBbiX l_H 3. 
. -- . 

HCfiOJI:D30BaJIOC:D.llJIOCKOBOJIHOB06.llpH6JIH~6HH6. B 0<50KX CJiytlaHX yqeT 

0<5Y6HHOrO t1Jl6Ha B M9TpHtiHOM 3Jl6M6HT6 npHBO]tl!T K yueH:&Ili6Hl!IO CKO~ 

pOCTH nepexo,zta. B llJIOC.KOBO~~OBOM npH6JI:I'Illt6HHH 9CHMM6TJlHH yrnoBoro .·. 

~~ciipe;zi'eneHHH Kaqec;~e~HHO, ~6HH6TC~ H~ 'oqeH:& _CliJillHO. llp14 Yt16T~. 
B39.l'IMO,&e£!CTBHH B KOH6tiHOM COCTOHHi.m 06M6HHI:i6 ,llJI6Hbl npHBO]tHT ;R. 

... _ ·. 

yBeJIHileHHIO ·acHJJ.MeTpH!ri H HeCKOJillKO HHOJo&y,·xapaKTepy aaBMClllMOCTH 

.oT aHepr~m. YqeT o6ueHHHX qJieHoB uoxeT npaBeCTH TBKJKe Ii Kat~ecT
BeHHo HOBBM a~ett~aM H, B.ll8CTHOCTH, K BHJ16Ty·npOTOHOB, KOTOpl:le 

M~ryT OOJI8,&8Tll H6KOTOpO~ 8CHMM6TpHeid OTHO~HT6JillHO.CfiHH8 ~-~ue-

30H8. oueHKH TaKKX a~eKTOB nouoryT BbiHCHHTll pon:o o6MeHHHX qne

HOB B npOU6CC6 )'-- 38XB8T9o 
. ' 

' 
B38HM0~6£tCTBH6 B.KOH6t1HOM COCTO~Hl'IH, KBK H B c~yqae peaK-

UHH (I), npl'IBO)tHT K 3HaqHT6JlllHOMY H3M6H6HHIO 3H6p~6THli6CKOrO cneK-· 

. Tpa H.8CHMM6TpHH yrJIOBOro·pacnpe,&6Jl6HHH. B peayJI:&TaTe BbiXO]t 

H6i!TfOHOB YM6H:Dili86_T~H, a 38BHCJ:IMOCT:D 8Cm&M6TpHH OT ::meprHH Kaqe-

CTB6HHO H3M6HH6TCH. 

YqeT cKopocTHHX t~JieHo~ u~oH-HYKJIOHHoro rauHJI:&TOHHaHa (56) 

.npHBO)tHT K 3H8tiHT6JlllHOMY yB6JIHt16HHil BHXO,&a Bl:lCOK03H6preTHti6CKHX 

H6£tTpOHOB,KX BKJia,& ,&OCTHraeT 40%.npH, <50JilllliKX aaeprHHX. .. . \. . 
"cno~iaoBBHHI:lid OriTHti6CKH£i llOT6HUH8H CO~ep~H~ CllHH-op6HTaJill-

Hilt! t1Jl6~.- C yBeJIHti6HH6M 3H6prHlf 'HeitTP.OHO_B ero BJIHHHH6 yM6H:Dili86T

CHo PacqeT,'npoBe,&EiHHI:lid B ·npeHe<5pellt6HZH 3THM.tiH6HOM, llOK838JI,. . .. ~ •· . . . -

· tiTO )t6idCTBaT6JlllHO Cll6K~P.H aCHMM6TpHH-~3M6HHJIHCll TOJILKO np~ ua-

~ 

12· . ~ 

-.: .. 
. \ 

. :. 

-~-: 

JlbiX 3Hati6HllHX aueprHH OTHOCHT6JI:DHOrO ]tBHJK6HllH HeifTpOH< 

pa I5N. 

~JIH.TOrO tiTOObl Bl:lHCHHTll 3aBHCHMOCT:D 3HepreTHt16Ci 

pa H aCHMM6Tpl1H OT B6JIHtiHHI:l KOHCTaHTbl ·r;; p t Mbl npOBI 

C yqeTOM B3allMO]t6HCT.BHH B KOH6t1HOM COCTOH~HH, HCUOJ1:&3; 

,(7) aHati6HH6 9 p = 0. Ilpll 3TOM Cll6KTp H3M6HHJICH He 01 

Ha 20%, npzqey C pOCTOM :mepri'IH OTHOCHT6Jl:DHOrO ]tBHJK6Hl 

· Ha H H,llp8-0CTRTK8 38BHCH¥0CTll Cll6KTpa OT B6Jll'ltlliHI:l ~ 

BHTCfl BCe CJI&(e~. TaitaH. Jh€ T6H)t6HUaf! I'IM66T M6CTO .11 B. : 

CTH acHMMeTpuu oT 3 p (cpaBHH KPHBHe 2 1'1 5 Ha p11c. ' 

JIHW:D p83HHU6i1, tiTO llpl'l Cp8BHHT6JI:DHO H6<50JI:Dllii'IX 3Heprzf!: 

T6JlllHOrO ,llBHlK6HHfl 8CHMM6TpHfl M6Hfl6TCfl CllJI:&Hee. 

06~HM BO BC6X CJiyqagx ~BJIH6TCfl 3HaK 8CHMM6Tplll'l. 

sHepreTHt~ecKoii qacTH npll Bcex aHatieHHHX aHeprHH L: 
HOrO ,llBHllt6HI'IH OH OR831:lBa6TCH llOJIO~llT6Jl:DH~M. 

IlpOB6,ll6HHbiH pacqeT llO]tTB6p]tHJI, qTQ xapaKT6pHCTHKI 

(2) B6CllM8 qyBCTBHT6H:&Hbl K H,ll6pHOH CTOpOH6 38,&8qH.·8T( 

qTQ H606XOAHMO BC6CTOpOHH6 HCCH6,llOB8Th pa3JIHqHJ:l6 8Cll6i 

3a,llaqH C T6M, qT06bl MOlKHO ObiHO C,&eHBTll onpe,&eneHHI:l6 B~ 

xapaKTepe noBe,&eHHH yKaaaHHbiX BeJIHqHH. HaM npe,&CTBBHH~ 

B8~HUM B 3TOH CBfl3ll 0~6HMT:D pOHh KJI8CT6pHOrO MexaHH3M~ 

8TOT M6X8Hl13MMOlli6T npHB6CTH,B ti8CTHOCTH, K o6pa30B8H~ . . . 
H6i1TpOHOB B KOH6l!HOM COCTOHHHH. Xap8KT6pHCTHKH llOCJ16JIU 

cy~eCTB6HHO ~TJIHqaT:&Cfl OT .X8p8KT6pHCTHK O]tHOHyKJIOHHOrC 

PeanHaa~HH TBKOH nporpaMM!l noaBOJIHT rny6l!ie noHHT:& .uex~ 

XB8T8 .rr- M630HOB CJIOlKHI:lMH H]tpaMH. 
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3HHoro qneHa,pact~eT n~o:Bb

,." ~JiaK H C5ea yqeTa (Kp~BUe 

~ H 4 ytiHTHB81.!0CI> TBKXB 

9,B_ cnyt~ae KPHBUX I H 3 

3HHe. B o6oax cnyt~aax yqeT 

lpHBO~HT K yMBHI>WBHH~ CKO~ 
. ~' ' . ' ' ~· ~ . 

IIHllteH**· acHMMeTpHa yrnoBo.ro 

'otiBHI> CHJ.ll>HO • IT pH yqeTB 

:lMeHHHe .~!1.!8Hbl npHBO~H: ;K 

IJ.y,· xapaKTepy 38BHC1tMOCTH 
<O •' ' • • 

f npHBBCTH TBKXe K KBtiBCT-

Et B!>l1.!BTY 'ilpOTOHOB 1 KOTOpue , ·· 

OTHO~H~81.!I>HO .emma .f'- ~Ye
~HCHHTI>.p01.!I> OClMBHHHX qne-

liHH 1 . KBK H B. C~tl88 peait

BHElHHJO aHepreTii'ilecKoro cneK

Hlm.· B peayni>TBTe BHXO.lt 

8CKMM8Tp~H·OT 3HeprHH Itaqe-

OHHOrO raYH1.!I>TOHHBH8 (56) 

HXO~B BHCOK03HBpreT~tiBCKHX 

dotti>WHX 31:18 prHHX. . . : 

. H8Jl -~OABP~H~ CllHH-OpClHT81.!I>-. . 

OHO~ero B1.!HHHHB YMBHI>WBBT

EH 3THM:qneH~M, noKa~an,. 

:. H3MBHI41.!HCI> TOJ.l:OKO npH. MB-
.. ' 

J.lblX 3H8ti8HHHX aneprHH OTHOCHT81.!I>HOrO ,ltBliXBHHH HBitTpOHB ll H;lt

pa I5;V • 

nnH.TOrO tiTOClbl BbiHCHliTI> 38Bl-!CliMOCTI> 3HepreTHtiBCKOrO Cll6KT~ 

pa li 8CliMM8TpHH OT B81.!HtiHHbl KOHCTBHTbl ·r;; p 1 Mb! ilpOBBJlli pBCtiBT 

C ytieTOM B38HMO;LleitCTBliH B KOHBtiHOM COCTOHHlil-1 1 liCD01.l:D3YH J:IMBCTO 

(7) aHat~eHlie ~ p = 0. IlpH aToM cneRTP 1-laMeHl-!ncH He 6onee, qeM 

HB 20%, npHtiCM C pOCTOM 3HeprHH OTHOCliT61.l:OHOrO ~BHXBHHH HeitTpO~ 

HB H H){p8-0CTRTKB 38BHCH~OCTI> CllCRTpa OT B81.!HtlliHH ~ p · CTBHO

BHTCH BCe CJI86f.~. Taital1 l!l€. TBHABHUHH HMBCT MBCTO H B 38BHCHMO-. 

CTH BCHMMBTpRH OT. 3 p (Cp8BHH RpHBbiB 2 H 5 HB pHC. 3) C TOH 

1.!HWI> p83HHUB£1 1 qTQ npR cpaBHHTBJ.li>HO H6Cl01.l:DWHX 3HeprHHX OTHOCH

T81.l:DHOrO ;LlBlimBHRH BCllMMBTpliH MBHHBTCH Cli1.!I>H88. 

06~.1-fM BO BCBX cnyqaflX ~B1.!HCTCH 3H8K BCHMMBTPHl-1. B BbiCORO- . 

3HepreTJdqeCROH qaCTH npH BCBX 3HaqeHliHX aHeprliH £: OTHOCHTBJ.li>

HOro ;LlBliXBHliH OH OK83HB86TCH ll01.!0mHTC1.!I>HbiM. 

IlpOBB~BHHbiH pacqeT llO;LlTBBp,ltH1.! 1 qTo xapBI\TBpliCTllKH npouecca 

(2) BBCI>MB qyBCTBHT81.l:DHbl K fl;LlBpHOit CTOpOHe 38;Ll8tiH.·8TO 03HaqaeT 1 

qTQ HBOClXO;LlliMO BCBCTOpOHHe HCC1.!8;LlOB8TI> p83J.lliqHble acneRTH 3TOH 

aa~aq.~o~ c TeM, qTo6bl MOmHo C5blno c~enaTI> onpe.zteneHHble BbiBO:Llbl o 

xapaRTepe noBe~eHHH yKaaaHHbiX Be1.!HtiHH. HaM npe~cTaBnHeTCH :sec:oua 

BBlliHbiM B 3TOH CBH3H OUBHliTI> p01.!I> K1.!8CTepHoro MCXB!Uf3MB 3BXBBT8. 

8TOT M8XBHH3M MOmeT npHB8CTH1 B tiBCTHOCTI4 1 K OClp830BBHHJO ~BYX 
• 

Hei1Tp0HOB B KOHBtlllOM COCTOHHHH. XapaRTBpHCT,IKH llOC1.!8jltHHX 6y~yT 

CYli!BCTBBHHO OTJ.lHqBT:DCH OT .X8p8RTepHCTHK O~HOHYKJ.lOHHOrO 3BXB8Ta.

. PeanH38UHH TBKOit nporpaMMbl ll03B01.lliT rny6xe llOHHT:D .M8XBHH3M 38-

XBBTB Jr- M830HOB CJ.lOJKHHMH H~p8MH. 
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