


1 • BBE,llEHHE 

C MOMeHTa noHeneH~H r~noTea~ fibepKeHoecKoro cKe~n~Hra11/ 
~3Y4eH~~ npo~eccoe rny6oKoHeynpyroro nenToH-aAPOHHoro pacceHH~H 
YAenHnocb 6onbwoe BH~MaH~e. TaK, e pa6oTax 12,3/ eon poe o eoa
MOmHOCT~ aBTOMOAenbHOrO noBeAeH~H CTPYKTYPH~X ¢yHK~~~ aAPOHOB 
~ccneAoBancH Ha ocHoee o6~~x np~H~~noe KBaHTOBo~ Teop~~ nonH. 

06~~~ ¢opMan~aM on~caH~H rny6oKoHeynpyr~x npo~eccoe e paMKax 
Keaa~noTeH~~anbHoro nOAXOAa 14·61 6~n npeAnomeH a 171 ~ paae~ean
CH e 18" 10 ~ B pa6oTax 19•1°1 6~n nocTpoeH TaKo~ annapaT, KOTOP~~ 
n03BOnHeT HaXOA~Tb HBH~~ B~A CTPYKTYPHbiX $YHK~~~ aAPOHOB Ha 
OCHOBe 3HaH~H penHT~B~CTCK~X BOnHOBbiX ¢YHK~~~, on~C~Ba~~X 
OTHOC~TenbHOe AB~meH~e COCTaBH~X 4aCTe~ ~ HBnH~~~XCH peweH~HM~ 

Koeap~aHTH~x TpexMepH~x ypaeHeH~~. KoTop~e 6~n~ nony4eHbl paHee 
B paMKaX OAHOBpeMeHHOrO QOpMan~3Ma on~caH~H COCTaBH~X C~CTeM. 

paccMoTpeH~eM ABYX4aCT~4HbiX eonHoe~x ¢yHK~~~. nsnH~~~xcH pe
weH~HM~ ABYX4aCT~4H~X ypaBHeH~~. KOTOPble no ¢opMe coenaAa~T 
C ABYX4aCT~4HbiM~ ypaBHeH~HM~, B03H~KaiO~~M~ B paMKaX KOBap~aHT
HO~ raM~nbTOHOBO~ ¢opMyn~pOBK~ KBaHTOBO~ Teop~~ nonH/111. 3¢
¢eKT~BH~M MeTOAOM peweH~H TaKOrO COpTa ypasHeH~~ AnH BOnHOB~X 

QYHK~~~ HBnHeTCH nepeXOA B penHT~B~CTCKOe KOH¢~rypa~~OHHOe npeA
CTaeneH~e 112, 131. 

Uenb HaCTOH~e~ pa6oT~ cocTo~T e on~caH~~ s paMKax KOBap~aHT
HOH raM~nbTOHOBOH ¢opMyn~pOBK~ KBaHTOBOH Teop~~ nonH npo~eCCOB 
rny6oKoHeynpyroro 3neKTPOMarH~THoro pacceHH~H nenToHOB Ha Meao
Hax, paCCMaTp~eaeM~X KaK CBH3aHH~e COCTOHH~H CKanHpH~X KBapKa 
~ aHT~KBapKa OA~HaKOBO~ Mace~. ,llnH 3TOrO M~ fiyAeM ~cnonb30BaTb 
peaynbTaT~ pafioT 114~ B KOTOP~X, B 4aCTHOCT~, ~ccneAOBan~Cb eep
W~HH~e ¢YHK~~~ nepeXOAa Me30Ha B COCTaBnH~~e KBapK~ ~ 6~na 

YCTaHOBneHa ~X CBH3b C BOnHOB~M~ ¢YHK~~HM~ KBapK-aHT~KBapKOBO~ 
C~CTeM~. 

nnaH Hawe~ pa60T~ TaKOB. CneAY~~~ pa3Aen COAepm~T OCHOBH~e 
¢opMyn~ KOBap~aHTHO~ raM~nbTOHOBO~ ¢opMyn~pOBK~ KBaHTOBO~ Teo
p~~ nonH. B TpeTbeM paaAene 3T~ ¢opMyn~ ~cnonb3YIOTCH AnH pac-
4eTa CTPYKTYPH~X ¢YHK~~~ Me30HOB B ~MnynbCHOM np~fin~meH~~. 4eT
eepT~~ pa3Aen nOCBH~eH pac4eTy BKnaAa pe30HaHCOB B CTPYKTYPH~e 
¢YHK~~~. 
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2. KOBAP~IAHTHA11 rAMHJlbTOHOBA <I>OPMYmiPOBKA 
KBAHTOBOA TEOPH~ n01111 

OcHoBH~M oTnH4HeM npeAnomeHHo~ B.r.KaA~WeBCKHM 1 1 11 raMHnbTo
Hoeo~ $OpMynHpOBKH KBaHTOBOH TeopHH nonR OT $e~HMaHOBCKO~ $OpMy
nHPOBKH RanReTCR cneAY~~ee. B <l>e~HMaHoecKo~ <I>OPMYnHpoeKe HMnynb
c~ 4aCTH4 B npoMemyT04H~X COCTORHHRX /BHpTyanbH~X 4aCTH4/ nemaT 
BHe MaCCOBO~ noeepXHOCTH, a B KamAO~ eepWHHe B~nonHReTCR 3aKOH 
coxpaHeHHR 3HeprHH-HMnynbca. B noAXOAe me KaA~weecKoro HMnynbc~ 
ecex 4aCTH4 /e TOM 4Hcne H BHpTyanbH~x/ npHHaAnemaT Maccoeo~ no
eepxHOCTH, HO KamAaR eepWHHHaR <I>YHK4HR HaXOAHTCR BHe 11 3HepreTH-
4eCK0~11 noeepxHocTH. A HMeHHo, 4epe3 KamAY~ eepWHHY npoxoAHT 
AOnOnHHTenbHaR nHHHR KBa3H4aCTH4~ - WnypHOH, nepeHOCR~e~ 4-HM
nynbC Arj /Ap.- eAHHH4H~~ epeMeHHnoAo6H~~ 4-eeKTop: .\2 =Ap.AP. =1, 
r J - ee~ecTeeHH~~ napaMeTp/. Ka*AO~ BHyTpeHHe~ 11 BHpTyanbHOH11 

wnypHOHHO~ nHHHH OTBe4aeT nponaraTOP BHAa 

g(r ) = -
1- 1 /2. 1 I 

J 2rr r j - it 

KamAO~ BHyTpeHHe~ OTBe4aiOille~ 11 BHpTyanbH0~ 11 CKanRpHO~ 4aCTH4e 
c 4-HMnynbCOM k j H Maceo~ m OTBe4aeT nponaraTop 

w 0 2 2 
1:1 (kj,m) =!9(k.)8(kj-m ), /2.2/ 
• J 

BHa KOTOPOrO RBHO YKa3~BaeT, 4TO HMnynbC BHpTyanbHO~ 4aCTH4~ npH
HaAnemHT MaCCOBOMY rHnep6onoHAY 

0) 2 ... 2 2 
(kJ -kJ=m. /2.3/ 

Heo6XOAHMble 3neMeHTbl wnypHOHHO~ AHarpaMMHO~ TeXHHKH npHee
AeHbl B npHnomeHHH. 

BepWHHe nepexoAa Me30Ha C HMnynbCOM p B KBapK C HMnynbCOM 
k 1, aHTHKeapK C HMnYnbCOM k 2 H wnypHOH C HMnynbCOM Ar OTBe4aeT 
eepwHHHaR <I>YHK4HR r p (kl' k2; Ar) /14fKaK noKa3aHO B /14< B cny4ae 
6eccnHHOBOrO Me30Ha, COCTaeneHHOrO H3 6eccnHHOB~X KBaPKOB, npH 
e~6ope 4-eeKTopa ,\P. e BHAe ,\P. == P IJ.fM = .\ ~ /M - Macca Me3oHa/ 
eepWHHHaR <I>YHK4HR r 3aBHCHT nHWb OT OAHOrO CKanRpHOrO apryMeHTa. 
B Ka4eCTBe TaKo~ He3aBHCHMo~ nepeMeHHo~ YA06Ho e~6paTb eenH4HHY 
(P. k 1) = M/:1 okl' mAp. nony4HM/14/ 

rp(k 1 ,k2 ;.\r) =rt.t,J=O(!:l.k
1
,mAp). /2.4/ 

· 3Aecb 4epe3 J o6o3Ha4eH cnHH Me3oHa, a 1:1° __ , ecTb epeMeHHaR 
k ' 1111' p KOMnoHeHTa 4-HMnynbca*: 

*3AeCb Lr; ecTb 4HcTo nopeH4eecKoe npeo6pa3oeaHHe e cHcTeMy 
nOKOR CBR3aHHOrO COCTORHHR, T.e. LXlp = (M,O). 

p 
2 

• 

A IJ. -1 IJ. 
'-'k -' =(L, k) , 

, IDf' p "P /2.5/ 

KOTOP~~ npHHaAnemHT MaCCOBOMY rHnep6onOHAY /2.3/, B CHny 4ero 

/2.6/ 

npocTpaHCTBeHHaR 4aCTb 4-eeKTOpa /2.5/ HMeeT B CHny paeeHCTBa 

CM~cn KoeapHaHTHoro onpeAeneHHoro HMnynbca nepeo~ 4aCTH4~ 
B C • 4 • H • ItS/ 

BepWHHHaR $yHK4HR /2.4/ CBR3aHa npOCT~M COOTHOWeHHeM C Bon
HOBO~ $yHK4He~ KBapK-aHTHKBaPKOBO~ CHCTeM~ c/J(/:1 k,mAp) /t4/ : 

1 
= (2rr) 8 

H ycnOBH~ HOPMHPOBKH 

d ~k,mAp 
f cP + (/:1 ok -' )[21:1 ok ' ] cP (/:1 ok -' ) = 2M • 2/:l.o •~~~~'P ,m" p •~~~~' p 

k,mAp 

3. ACIIMnTOTHKA CTPYKTYPHbiX <I>YHKUHtl ME30HOB 

/2.71 

/2.8/ 

/2.9/ 

2 
CTPYKTYPH~e <I>YHK4HH F 1 (Q , v ), i = 1 , 2, 3, onHC~BaiOIIIHe rny6oKo-

Heynpyroe pacceRHHe nenToHa Ha aAPOHe c HMnynbcoM P H Maceo~ M, 
onpeAenR~TCR cneAYIOIIIHM CTaHAaPTH~M pa3nomeHHeM npoH3BeAeHHR aA
POHH~X TOKOB: 

1 4 4 . 
Wp.v(P,q) "'srr ~ (2rr) 13 (P+q-Px)<P,MIJp.(O)IX><XIJv(O)[P,M>= 

= .. ~ (d
4

z eiqz <P,M[j (z)j (O)[P,M> = /3.1/ 
Off p. v 

q q .F p F 
"'(-g p.v + ~) _1 + (P - -=!l.q XP. - p.q!ly) . 2 

q 2M p. q2 p. v q2 M(P.q) 



-------------------------------------
3AeCb q ecTb nepeAa4a ~Mnynbca aAPOHY, a Px - cyMMapH~~ ~M
nynbc 4aCT~~ X s KoHe4HOM cocTO.AH~~ IX>. Mbt 6yAeM Aanee nonb-
30BaTbC.A o6~4HbiM~ K~HeMaT~4eCK~M~ nepeMeHH~M~: Q

2 
,_ q

2 
, v = p.qjM, 

X = 1/ w = Q 2 I 2Mv' w 2 
"' (P + q) 

2 
• 

Aanee M~ orpaH~4~MC.A cny4aeM 3neKTPOMarH~THoro pacce.AH~.A 
Ha CKan.ApHOM Me30He, An.A KOToporo .F3 = 0. KaK ~ B napTOHHO~ 
MOAen~ 1171,M~ paccMOTP~M B HaWeM cny4ae CKan.ApH~X KBaPKOB OAHY 

CTPYKTYPHY~ ~yHK~~~ 

13.21 

An.A HaxomAeH~.A CTPYKTYPHO~ ~yHK~~~ AOCTaTo4HO Ha~T~ aMnn~TYAY 
KOMnTOHOBCKOrO pacce.AH~.A enepeA Ha Me30He A: 

13.31 

4epe3 MH~MYIO 4aCTb KOTOPO~ aAPOHHbl~ TeH30P W ~tv 13. 1 I e~pamaeTC.A 
cneAY~~~M npocTbiM o6pa30M: 

1 
W,v (P, q) = --2 IrnT (P, q). 

,.. 417 e ltv 

.... 

p 
t> .... p .... • 

PHc.l 

i (217) - 2 8 4 (P + q - P - q ) T jtV (P, q ) 

13.41 

B AanbHe~weM M~ orpaH~4~MC.A AByx
KeapKoB~M~ npoMemyT04H~M~ cocTo.A
H~.AM~. CooTeeTcTey~a.A A~arpaMMa 

MomeT 6~Tb npeACTaeneHa Ha p~c.l. 
:~a • ~Jr-• .... no•;• ~.iiC:.M~i-11, Vlg~:..;u~~~~;; 

~3o6pameHHO~ Ha p~c.2 aMnn~TYAe, 
~MeeT cornacHo npas~naM wnyp~oH
HO~ A~arpaMMHO~ TeXH~K~ /11/ cne-
AY~~~~ B~A: 

/3.5/ 
= ( d 4k1~(+)(kl'rn)d4 k2~(+)(k2,ID) dr.

1 
rp(k1'k2,,\r) X 

T 1 - ll 

x 8 4 (k 
1 

+ k 
2 

+ ,\r 
1 

- P) t jlV (k 1, k2 ; .\r 1 I k3 , k 4 ; ,\r 2 ) x 

x d4 k 
3 
~ (+) (k

3
, rn) • d4 k4 ~ (+) (k 4, rn) x 

4 dr2 
X 8 (k 3 + k4 + AT 2 - p ) . r; (k3 , k 4 , M 2 ) • 

T 2 - lE 

3AeCb 4epe3 t ~tV (k 1' k 2 ; ,\ r 1 1 k 3, k 4; A.r2 ) o6o3Ha4eHa aMnn~TYAa 
KOMnTOHOBCKOrO pacce.AH~.A snepeA Ha KBapK-aHT~KBapKOBO~ nape. 
An.A pac4eTa tllv 6yAeM np~MeH.ATb Teop~~ so3MY~eH~~. Ha~AeM 
tllv s HMnynbCHOM np~6n~meH~~. C ~cnonb30BaH~eM npas~n wnyp~oH
HO~ A~arpaMMHO~ TeXH~K~, ~3nomeHHbiX B np~noli<eH~~, HaXOA~M, 4TO 

4 

k, r k r kt k:~ r k r • .. 4 

kf .. • 
/ / ' 

• 

--?.Tz 
--~- -- ... , .... ~r, 

/ '- / ' 
i>T " --- ' -.... ilr1 

- -;~Tz i\T .. _ 

k~ k2 kif kz 

PHc.2 

4~cno A~arpaMM, Aa~~x eKnaA a tllv , pasHa KonH4eCTBY nepecTaHo
soK ~epWHH, T.e. 4! = 24. C y4eTOM A~arpaMM, nony4a~HXC.A 3a
MeHO~ KBapK-aHTHKBapKa,3TO 4HCnO YABO~TC.A. 0AHaKO, KaK nerKO 
B~AeTb, cornacHo 3aKoHy o coxpaHeH~~ 3neKTP~4ecKoro 3aP.AAa s sep
w~HaxlcM. nOAP06Hee /ll/1 B MaTpH4Hbl~ 3neMeHT 6YAYT AaBaTb BKnaA 
n~wb ABe A~arpaM~, ~3o6pameHH~e Ha p~c.2. AMnn~TYAa, oTse4a~
~a.A 3T~M A~arpaMMaM, HMeeT B~A: 

"'ie 2 ( (k
3

+ k)ll8(4)(k+Ar-k 3 -A.r 2 -q)~(+){k,rn)d 4k~x 
T -it 

(4) 
x (k! + k),. 8 (k! + ,\r! + q - k - ,\r) • 8 (k 9 - k 4 ) • 2k ~ • 

13.61 

noAcTae~e 13.101 s 13.91 ~ ocy~ecTB~B ~HTerpHpoeaH~e no k -
c noMO~b~ 8(k

2
-k 4), no k 1, k 2 , k 3 - c noMOI!\b~ a<4

) -~yHK~~~. 
a HHTerpH poeaH~e no r 

1 
, r 

2 
, r - c noM~b~ 8 -~yHK~~~, exo-

A.A~Hx B nponaraTOP~ ~(+){k 1 ,rn) 'CM. 12.211, HaXOAHM 

/3.7/ 

AI'=2(P -k)ll +Qil-.\li[.\(P -k)] +.\It yP.(P-k)]
2 -(P-k) 2 +rn2~ 

/3.81 
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q> (P, q, k) · 2 y (,\ (P + q - k)] 2 - (P + q - k) 2 + m 2 = 

13.91 

nocKOilbKY Jmq!(P, q,k) = 118[..\(P + q- k)]·8[(P + q- k) 2_ m2], 
TO C y4eTOM 13.41 H 12.71 1-13 13.71 nOily4aeM 

2 2 3-+ 0 ww (P,q) = (Q 1+Q2 )(2TT) fd t.k,mAp IMk,mAp x 

x I c/> (~ t rnA P )! 
2 

A IJ. A 11 0 [ .\ (P + q - k)] . o [ ( P + q - k) 
2 

- m 
2

] , 
13. 1 Ol 

( ~ (+) (k, m) d 
4
k = r d3

k/2ko = ( d 
3i k,mAp I 2~tmA p 

1-13 13.121 CileAyeT, 4TO P Jl.A f.L = M(v + M), no3TOMY noACTaHOBKa 13.1 Ol 
B /3.21 AaeT 

X 

/3.111 
2 2 2 

x 1¢(~~-' >I 8[.\(P + q-k))o[(P,q-k) -m]. 
,1111' p 

..._ I""' 4 4 I - - - - - - - /9,10/_ -- . 
't'UtJMYJid /J•IIf C IU'-1MV\...Il'l \...UDIIOH0\;.1 \.... IIVJIJ..,""I111Qtl"l g U .... u1•1 

KaX OAHOepeMeHHoro ~OpMailH3Ma B~pameHHeM AilR CTPYKTYPHOH ~YHK
~HH, eCilH B nOCileAHeM npeHe6pC4b BKilaAOM HHTCp~epeH~HOHHOrO 

4IleHa I e HaCTOR~eH paGoTe AHarpaMM~, Aa\OUIHe HHTep~epeH~HOHHble 
, 4IleH~, He paCCMaTpHBa~TCRI. [CilH BOilHOBaR ~YHK~HR CHCTCM~ 

¢(~tmA p) y6~eaeT C pOCTOM f-'k,mA p , 4TO RBilReTCR He06XOAHM~M 
IHO e~e He AOCTaT04H~MI yCilOBHeM CXOAHMOCTH HOpMHPOB04HOrO HH· 
Terpaila 12.81, TO yKa3aHHbiC HHTep~epeH~HOHHbiC 4IlCHbl 1 1 BbiMHpa~T 1 1 

I4TO cornacyeTCR c npeAnono~eHHeM napTOHH6H MOACilHI. TaKHM o6-
pa3oM, aCHMnTOTH4CCKHe e~pameHHR AilR CTPYKTYPH~X ~YHK~HH Me3o
HOB B 060HX nOAXCAaX COBnaAa~T APYr C APYrOM H MoryT 6~Tb 
npeAcTaeneHbl B B~Ae I CM. 191 I 

2 TTffill(M.+v)2 (Q~+ Qi) T/+ 2 
F2 (Q ,v) = ( dTJ¢ (TJ)= 

8 vv2 + Q2(1+v21cff 11_ 
13.12/ 

1 11 + = - [ (v + M) ± y (v 2 + Q2 ) (1 - 4m 21W 2)] • 
- 2m 

13.131 

B 6bepKeHoecKoM npeAene HMeeM 'npH x f, l 

6 

.\~ 

2 2 2 
II =-+ 
m 

M (1- X ) - m 
2mM(1- x) 

, X~ l, /3.141 

T/- bj lim = 
M 2(1- x)2+ m2 

2mM(1- x) 
X f l, /3.151 

2 2 ) e TO epeMfl KaK npH W .... W thresh (x -+ l 

4m 2 
= ;m (l ± v l - ---- ) . 

w~hresh 
13. 161 

4. BK!lAA PE30HAHCOB B CTPYKTYPHbiE <I>YHKI..ll-11-1 AAPOHOB 

B npeAbiAY~eM pa3Aene Ailfl HaxomAeHHfl aMnilHTYA~ t Jl.V KOMnToH
paccef!HHR BnepeA Ha KBapK-aHTHKBapKOBOiJ nape Mbl BOCnOilb30BailHCb 
HMnYilbCH~M npH6nHmeHHeM lpHc.21. Apyroe npH6IlHmeHHe, npHMCHRe
Moe e IlHTepaType npH pac4eTe HeynpyrHx npo~eccoe, cBOAHTCR 
B paCCMaTpHBaeMOM HaMH Cily4ae K npeACTaBilCHH~ aMnilHTYA~ tiJ.V 

B BHAe CYMM~ aMnilHTYA paccef!HHfl BHpTyailbHOrO <)>OTOHa C o6pa3o
BaHHeM aAPOHH~X pe30HaHCOB B npoMemyT04HOM COCTORHHH. QrpaHH4H
BaRCb paCCMOTpeHHeM ABYX4aCTH4H~X CBR3aHH~X CHCTeM B npOMC*Y
T04HOM COCTOfiHHH, M~ npHXOAHM K AHarpaMMe pHc.3~ Ailfl KOTOPOH 
B COOTBeTCTBHH C npaBHilaMH AHarpaMMHOH TeXHHKH HMCeM: 

-2 4 
i(2TT) o (P+q-P-q)T (P,q) = 

f.LIJ 

-6 0 2 4 4 4 4 (211) _l _l Qq ( dr1 dr2 da1 da2 dp d k1 d k2 d k3 d k 4 X 

4 4 4 ( +) ( 4) . 
X d ftd f2d Pn rp (k3,k4; Ar)8 (-P +Ar +k3+Ar2 + k4) X 

(+) 1 4 
X~ (~. m) rp (k4, f2;,\np)o (Pn +Anp- f2-.\na1-k4) X 

a
1 
-if n 

(+) 1 (+) 4 
x~ (Pn,Mn)--rp (k 2,f 1 ;Anp)·o (-Pn-\P+f 1 +\a2 +k2)x 

p -if n 
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k, kJ f' - -' -' 
__ 4_!.!. - I '}n02 i\n~ 

I I 
I p_ I '-.__;l.,!, 

n == 
k~ ' .... / kz -----).n} 

t [KsapK ~ aHTHKsapKJ 

PHc.3 

npoHHTerpHposas no HMnynbCaM BHYTPeHHHX nHHHH H 83RB MHHMy~ 
4aCTb, HaXOAHM 

r<+>c~~ ) + p [,mA 
1 ~ 1 Q f d

4 
t 6. (f ) o > 

= _ I. k q 26.o (M- Mf m.\ 2(2rr ) 
6 

n q f, rnA ' 

w 
/.!11 X 

r (/). 0 ) 
PQ t,m\n 

I X 

+ 

x (,\./).~rnA +An· l'l'f.mAn -0/.1 2/).o (M -2A0f,m.\ ) 
._. f,m.\n n n 

/4.1/ I.\ 

X I Qq ( d4kl'l(+) (k) rpl(l'ltm.\n) 
X 

211 o (M - 2!1~ m.\ ) k,mA0 • n 

rp(l'lk,m.\) }8((P+q)2-M2]. 
0 \ f10 -k) 2"0 ) 

X (,\ • f1 -\ + 1\ k mA II 2 A 0 __ \ (M - u k mA k,DII\ n • n uk,IDI\ • 

3,qecb A= P/M , "-n = P0 /Mn, a Pn H Mn eCTb cooTseTCTBeHHO HMnynbc 
H Macca n-ro soa6ym,qeHHoro cocToRHHR Ha4anbHoro a,qpoHa. 

nocKOilbKY QOPMQaKTOp '0n(Q 2) nepexo,qa B D-e B036ym,qeHHoe 
COCTORHHe onpe,qenReTCR B~pameHHeM/t4/ 

<P lJ I P> = (P + P) G(Q2
) = n /.1 n p. 

3-+ 

=_La I. Qqf d p r/F:(f1Po_, )[,\nAomA +A·Apom.\ -p],r/f(f10pm.\), 
{2rr) 2 2 '1111\n -p, D • r • 

q vm + p 

TO npH Q~>M2 H3 lj)OpMyil~ /4.1/ OKOH1.1aTeilbHO no11y4aeM 

W2 (Q
2
,11): M

4
x

4 (.! -1)
2 I. 'On(Qi)8(W 2-M 2 ). /4.2/ 

X n n2 
BKna,q peaoHaHcH~x AHarpaMM c poCTOM Q y6~saeT s cHny y6~saHHR 

8 

QOPMQaKTOPOB, H aCHMnTOTHKa CTpyKTYPHbiX QYHK~HH a,qpOHOB onpe
,qenReTCR BKna,qOM 11 napTOHHOH 11 ,q!>1arpaMMbl Ha pHC · 2. 

3AKI1104 E fH1 E 

B HacTOR~eH pa6oTe s paMKax KosapHaHTHOH raMHnbTOHoso~ Qop
Mynl>1posK!>1 KBaHTOBOH TeOpHH nonR/tt/M~ nOilY4Hnl>1 B~pa•eHHe ,qnR 
CTPYKTYPH~x QYHK~1>1H rny6oKoHeynpyroro nenToH-Me30HHoro pacceR
HI>1R B HMnynbCHOM npH6nH~eH!>11>1 4epea penRT1>1BI>1CTCKY~ BOnHOBY~ ¢YHK
~1>1~ ABYX4aCTI>14HOH CHCTeM~. 3Ta BOnHOBaR QYHK~HR y,qosneTBOpReT 
KOBapHaHTHOMY TpexMepHOMY ypaBHeHH~, B~se,qeHHOMY B raM1>1nbTOHO
BOH $OPMYI1HPOBKe TeOpHH nonR Itt/, KOTopoe COBna,qaeT no QOpMe 
C ypasHeHHeM, nony4eHHbiM B O,qHOBpeMeHHOH QOPMYnHpOBKe aa,qa 4H 
ABYX Ten. PaCCMOTpeHO TaK)I(e npH6IlH>XeH!>1e, B KOTOPOM aMni11>1Ty,qa 
KOMnTOHOBCKOro pacceRHHR Ha KBapK-aHTHKBapKOBO~ nape npe,qcTas
nReTCR B B1>1,qe CYMMbl aMnnHTy,q pacceRH1>1R QOTOHa C po)l(,qeHHeM Bo3-
6y)l(,qeHHOrO ABYX4aCTI>14HOrO CBR3aHHOrO COCTORHI>1R. 8 3TOM npH6nH
meH1>11>1 CTPYKTYPHble QYHK~1>11>1 Me30HOB Bblpa)l(a~TCH 4epea QOPMQaKTOpbl 
nepexo,qos Ha4anbHoro MeaoHa s soa6y>K,qeHHble cocTORHI>1H. HaH,qeH
HaR ¢opMyna cornacyeTcR c s~pa)l(eHHRM1>1, nony4eHH~MI>1 s peaoHaHc
HbiX MO,qenRX. 

ABTOPbl 6naro,qapHbl B. r. Ka,qbiWeBCKOMY' c. n. Kynewosy' B·. H. Kanwa~ 
1>1 H.Jl.Conos~osy aa noneaH~e o6cy>K,qeH!>1R. 

n PHilOJ:(EHH E 

OcHosH~e npas1>1na wnypHOHHOH ,ql>1arpaMMHOH reXHI>1K1>1 MO)!(HO c¢op
MynHposaTb cne,qy~~I>1M o6paaoM: 

1. Ha4epTHTb ,qHarpaHMY ¢eHHMaHa, oTBe4a~~Y~ paccMaTpl>1saeMoMy 
npo~eccy. npoi>13BOilbH~M o6paaoM npoHyMeposaTb sepw1>1H~ H op1>1eHTI>1-
posaTb Kam,qy~ sHyTpeHH~~ nHHI>1~. Aanee, He 1>13MeHRR opHeHTa~H1>1, 

aaMeHHTb HeKOTop~e o,qHHapHble /¢epMHOHH~e/ nHHI>1H ,qsoHH~MH /aHTH
¢epMHOHH~MH/ nHHHRMH TaK, 4T06~ B peaynbTaTe B Ka*AOH BepWHHe 
,ql>1arpaMM~ !>1Meno MecTo coxpaHeHI>1e ¢epMI>10HHoro aapR,qa. 

2. Coe,q!>1HI>1Tb nepsy~ sepwi>1HY co sropoH 1>1 T.,q. nyHKTI>1PH~M1>1 
n!>1H1>1HM1>1, Opl>1eHTI>1POBaHH~M1>1 B HanpasneHI>11>1 B03paCTaH1>1R HOMepoB, 
1>1 np1>1nl>1caTb Kam,qoH 1>13 H1>1X 4-!>1Mnynbc A.rj, r,qe j = 1 ,2, ..• , n-1-
HOMep BepWI>1H~. 

3. Ka>KAOH BHyTpeHHeH nyHKT1>1PHOH nHHI>11>1 c 4-1>1MnynbCOM A.r. 
nocTaBI>1Tb B COOTBeTCTBI>1e nponaraTop /2.1/+ a Kam,qoH BHyTpJHHeH 
n!>1HH1>1 c 1>1MnynbCOM p - OAHY 1>13 QYHK~I>1~~~ s (p, rn), s+(p,-rn) 1>1nl>1 
l'l+(p) /cornacHo Tl>1nY 4aCTH~~/. 
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4. no BCeM nepeMeHH~M TJ H He3aBHCHM~M HMOYflbCaM OPOH3BeCTH 
HHTerpHpoaaHHe. 

5. noaropHTb AeHCTBH~, npeAycMoTpeHH~e npeA~A~HMH nyHKTaMH, 
npH acex n! 
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TEMATWIECKJ1E KA TErOPJ111 fiYBJIJ1KAW1R 

OBDEAJiHEHHOro JiHCTMTYTA ~PHYX 

JiCCJIE.Z.OBAHJiR 

liHJleKC TeMBTJIKB 

1. 3KcnepHMeHTanbHaR ~SHKa BWCOKHX 3HeprHH 

2. TeopeTH~ecKaR ~SHKa BWCOKHX 3HeprHH 

3. 3KcnepHMeHTanbHaR HeHTpoHHaR ~SHKa 

4. TeopeTH~eCKaR ~SHKa HHSKHX 3HeprHH 

5. MaTeMaTHKa 

6. ~AePH8A cneKTPOCKOnHR H paAHOXHMHR 

7. ~3HKa TR*enWX HOHOO 

8. KpHoreHHKa 

9. YcKOPHTenH 

10. AaTOMaTHSa~HA o6pa6oTKH 3KcnepHMeHTanbHWX 
AaHHWX 

11. Bw~cnHTenbHaR MaTeMaTHKa H TeXHHKa 

12. XHMHR 

13. TexHHKa ~3H~ecKoro 3KcnepHMeHTa 

14. HccneAO&aHHA TBePAWX Ten H *HAKOCTeH 
RAePHWMH MeTOAaMH 

15. 3KcnepHMeHTanbHaR ~SHKa RAePHWX peaK~HH 
npH HHSKHX 3HeprHAX 

16. ~03HMeTPHA . H ~3HKa Sa~TW 

17. TeopHA KOHAeHCHP088HHOrO COCTORHHA 

18. HcnonbsoaaHHe pesynbTaToa H MeTOAOB 
.YHA8MeHT8nbHWX ~SH~eCKHX HCCneAOBaHHH 
8 CMe*HWX o6naCTRX H8YKH H TeXHHKH 

19. 6H~HSHKa 


