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C,S, r e paCIIMOB 

3JlEKTPJ1qECKMI M MArHMTHAH 
nOJlHPM3YEMOCTb qACT11U 
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3JlEKTPOJll1HAMI1K11 



1. B cxewe ~aoweaonor•~ecxoro ottRCABRK paani~awx nsyx<j>OToRKhlx nponeccos 

(aanpBN9p1 XOWll'TOB-&cjlcpeXT& K.IDI &n8XTpOM&rBKTBOrO p&CC8IIIIJISI 'I&CTKII) BBOAIITCSI IIOSSI

TH9 &JieXTpll'lecxol!: H M&riDITI!oA uorurpxayeNOCTR CKCTeWhl, Ka&cj>tpaJ:ulesTbi sJieXTpll'lecxol! 

(a) K NarllliTJIOil ( {3) 

raMJillbTOJilla.Ba B3-WO)l91lCTBII51 CSCT8MW 

(1) 

c saemJIIIM aneKTpS'IecxsM (:E ) a MarJIIITawM (B) n~eM, a TaiJKe ltB&ApaTS'IHWe no 

6l 'IJieBW B pa340>K8JIKK &MIIJIIITYIU>l Jlll31t08B8preTK'IeCXOro paCCeSIJliiSI <!><>TOSOB 110 CTene-

HIIM 'I&CTOTW npa cu .. O 

Xopomo aasecTBo, 'ITO non AeAcTsseM ssemaero snexTpoMarBHTHoro nonSI saxyyM 

'noagpaayeTCSI', T.e. ero JlB9neltTpB'I9Cit8Sl K M8rBHTJI8SI ·aocnpBHM'IBBOCTII CT8SOBBTCS! 

OTnH'IBhlNB OT gynn
11 1 BoaHK!ta~e np• STOM Hel!Baei!J~We s<jl<l>exTw (paccesume cseTa 

H8 CBeTe, paCCQSIBHQ CBQT8 B xynoSOBCXOM none, CnBSIJllle BnB pacmenneHHe <!><>TOJIOB B xy

nOHOBCXOM none) <jlH3H'IeCXH o6ycnosne&W nponeccaMB BHpTy8nhBOrO <j>OTopO)I(JleHJISI 'laC

TSIII B npoMe>KyTO'IHOM COCTOSIHBS, liHTepeC It S3Y"1:9SBIO T8XHX s<l><!>eXTOB COl<pSHBnCSJ BnnOTh 

no sracTosrmero apeMeBH, nocxonhxy BX aa6niOAeHHe NO>KeT naTb aa<jlop..:ana10 o nonsrpBaa

IISIH saxyyMa
121 

(eM. TaK>Ke ccwm<a sa 6onee paaase pa6oTbl no Aaanouy aonpocy ")
121• 

C Apyrol! CTopoaw, a.s.a. MOryT arpaTb onpeAeneagyiO poltb B xa'<eCTBe • <jloaa •, aa 

xOToporo gy>KHo !SyAeT awnenHTb IIHTepecyiOmKA sac nponecc. llpaMepo..: TaKoro poAa . 
CSTyBIISH SIBnSieTCSI JtYflOHOBCXOe pacceSlBIIe seliTpOSOB sa TSl>KenbiX SIAP8X H8 M811ble yrllhl 

B onwT8X no onpeAeneBHJO nonsrpsayeMOCTH Me30SHoro o!SnaKa HeiiTposa. B pa6oTe ne6e

AeBa, lleTpyllbXHH8 H 8BTOpa/S/ 8SBnH3Sp0B8llliCb BeKOTOphle SlleltTpOAIIHaMB'IeCKHe s<l><l>eK

TW B paCCeliHSIB aei!TpOSOB sa XyflOHOBCXON none mtep K, B 'laCTHOCTH, 06Cy JKAanaCb 

B03MO>KH8.!il poltb AHarpaMM mecToro nopSIAita no e , coAeplKBmiiX 6nox pacceSlHBst <jloT<>

HOB aa xynoaorcxoM none SIAGP (puc, la, 6). Bhi'IIICnenxe ABarpaMM THna (la) HJil! 

(115) Tpe6yeT npoaeA&HBSI 'lpe3BbJ'lal!ao rpoM03AXBX H TPYAOeMXHX pac'leToa. Uenb naCTOSI

mel! p860T~ 38Kfl!O'l8eTCSI B yKa3aHSIH B9CbM8 npoCTOrO cnoco6a OlleHKH CTaTU'l9CK HX K09~ 

s 



cjli<UHBHTOB IIOII!IJ)H3YBMOCTH, COOTBBTCTBy!OIUHX yqeTy UH~I'p8MM (I a, 6) 1!8 OCHOBe ltOM6B

HllpOD81!HOI'O I!CII01Ib30B81!H!I URCIIepCHOHHh!X COOTHOU!BHHi! (U,C) UII!I pacceltHJl!l <j>OTOHOB 

arrepeu R narpalllKH8H8 RBIIHHeliHOi! <jleHOMeHdiiOrtt'<eCKOi! 9IIB!tTpOUHI!HMI!KB, 0CHOBH8!1 H UBR 

COCTOHT B 1IpHBil9'i9HHH onpeUBIIBIIHblM o6pa30M MOUB<jlHUHpOB8HHOI'O HBIIBHBHHOI'O narpaHlKH8-

H4 .llnR H8XO>KA9HHg OTU0Ill9HIUI' aenHttU'H a H fj H Bbl'iHCIIBHHB CyMMbl a+fJ C IIOMO!Ub!O 

JlHCIIepCIIOHRbiX COOTHOU!BHHl!, B peaylibT8T9 Mbl MOlKBM IIOIIY'iHTb 3H8'i9HHll a B f3 no 

OTJlBlibBOCTH, B aaKrr!O'Ienue o6cylKuaeTcll ao3MOlKHOCTb ua6n!OueiiBR n.s.s. a npoueccax 

xynoaoacxoro pacceliHR ll l!Jlep c t5orrbWHM Z H OTMettalOTCSI H8KOTOpbie K8'18CTB9HHbl9 

OC06eHHOCTB IIOII!IJ)H3811HH B8KYYM8 CK81I!IJ)Hb!X H BBitTOpHblX 'i8CTBU, 

2. Pacc:MoTpnM pacceRHRe HR3KosaepreTH'ieCKHX ¢oToaoa aa aapRlKeuaol! CHCTeMe 

co cuaaoM 0 (um< xpaTxocTn 6yueM aa3hiB8Tb ee RupoM). HanR'IIIe cnuaa 11 MaruuTuoro 

MOM911T8 6yueT Y'<TBHO U03lK9, norr !IJ)Il3811H OJIHB!I CTpYJtTYPA MOTpiiUbl paCCB!IIIHR HM99T 

BI!U: 

T =( (
1 

t
2

) R
1
(w,O )+( ;, ;

2
)R 

2
( w ,O), 

(2 ) 

rue S = ( ; X f"' ) , < H ft - B91tTOp IIOIISipH38llHH H 8UlliiJI'll(blli BBKTOp B Hltllp8BII9BHH 
I I I 

BMrryiibC8 <!>OTOH8, R 
1
- CK 8 1I!IJ)Hhl9 <!JyHKIIHH 9HepriiB II yrna paCCBSillJISI B C,l\,M, .[lng Cny-

'<8!1 pacceRHII!I anepeu R
1

( w) ynoaneTP.opmoT u.c. B HAB 

Re R 
1 

(w ~2 p 
T1 

lm R 1 ( w') 
l3) R 

1 
(0) + f d UJ , , 

w ' ( w' 2- w L) w 
D.OP . z 2 e 2 

rue R (0)=---..-. 
I m A 

R 
2 

(0) = 0, Ze n M A - a ap liU n M ac c a sm pa. B cooTae TcTaKn 

C IlOCT8BIIP.HIIOi! 3BJlB'i9H Mbl 6yueM y'II1Tb!B8Tb B !IIIC!IepCIIOHI!OM l!I!Terpane (3) T OIIhKO 

80COp6THBHbl9 nponeCCbl ¢oTOpOlKU9HIISI 'i8CTHU 118 KYIIOHOBCKOM llOI;Tpe • .[ln!l Bbl '!IICIIBHHSI 

cy MMbi aMnnuTyu R + R MOlKHO HCIIOlib30BBTb B (3) OIITB'IBCKYID T e o peMy 

Im ( R 
1 

( ru ) + R 
2
(w)) = "' -- U 

4rr (4 ) ("') 
t o t 

PopnHx 11 frr !OKCTep n
141 

Bbl'ii!Cnlmll nHcnepcuOHH hl i i 

BLipa lKeHRSI nnsr ce'ieHII!I o6paaorliH!lfH napbl e +- e 

HHTe r pan na OC Hooe aaanHTH:'-Ie cxoro 

D Kyn o Hon c xoM non e
151

• O npenenR!I 

91IBKTpii'19CXy!O II M8I'HIITHYID llOII!!pH3YBMOCTb K8K xos<!J<!JHUJJ BI!T bl rrpR w ~ n pa3no)Ke-

1111 11 <jlyuxuuii 

pa60Tb/
41 

R 
1
(w) II R 

2
(w) no CTeneHHM W , M bl nony'-IHM C yqeTO M p e 3ynhTBT8 

a+f3 
2 ~ 

~ ( ~ ) a~ _ 7• Z 2 10 - <O s 
3 2 72 41l m 3 - CM • (5 ) 

BCIOJly 1Ip11HSIT8 CRCTeMa BAIIHJIU 'tJ = C = 1 • 

Hawa aauaqa - onpeueniiTb a 11 p n o OTA91thi!OCTII, .Un11 SToll u enu Mbl nocnonb-

3yeMCSI B03MO>KHOCTblO HBXO>t<.[leHHH OT H O tueHH5l BenH"ilHI a 11 p n p a MKax QJeHO M euonoru-

'i9CKOii rrenHHeHHoA sneKTpO.llHHBMHKH . 
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3. nHarpAMMbl Bll)l8 (16) C 4 peaJihHb!Ull cj>oTOHHbiMII ~HIIII!IMII OllllCbiBAIOT llp01l9CC 

paccerums cseTa 114 cseTe. Klllt B3se=so, B npeAene IIH31tBX 'laCTOT cj>oToaos ( cu <<2m 

m -Macca ane~Tposa) MaTpH'IHhiA aneMesT a Toro nponecca Mo~o nony'IIITh 113 axs11sane~ 

soro HenlllleiiHoro narpas~asa 

(6) 

B nepsoM nopSAxe TeOpHB B03MYmesHII
11 1

• B BH3xOallepreT!I'IecxoA o6na=a senaaeAIIbiA 

narpaa~aH (6) 311nepa-fell3eH6epra Mo~o TaK~e npHMeBaTb nns oniiCaHKs HeynpyriiX 

lip01l8CCOB CJDUIBJIH llnB paCIIlenneHK>l cPoToHOB B ltyllOIIOBC~OM none snpa. 3TJI llpOilec:c:Y 

oniiCb!BaJOTC>l ABarpaMMaw., lllllleltm.IMK llo a11emaewy non10. Onu~o ABarpawwa (16) Ae.ro.-

6pJO~osc~oro paccesBKII >IBA119TC>l ~anpaTr~KoA no sseiiiBeMY n01110. B AAliBOM CJIY'!Ae aaxo

Bhl coxpABeHB>l asepr••-aMJIYm.ca yJKe ae orpaHB'II»AJOT IIMJIYJibChl BHPTT~HYX '~tyiiOIOB

cxHx' cPoToBOB lolAnhiMll B9nB'IIIHAMB, COCT8BJI9HIIb!MH 113 ~OM611B4Illlll IIMJiyllbCOB 11113~09.119pre

TII'I9CKKX peam.HhiX cjK>TOIIOBo noaTOuy B9B0Cp9ACTB9HB09 1IpiiW9K911l19 narpABXIIAJUl (6) llJlll 

Bhi'IIICA9BIIIl 8MJUIIIT1Ahl nem.6pJO~OBC~oro paCC9lllliiK npKBOABT ~ paCXOABIIl9JolYCil BhlpillK9BIIJO. 

P acxoAHMOCTb aTa, OAHaxo, HMeeT "ne<jlHBH'Iet:x:yJO' np11poey, TaK KaK B03BIIKAeT OIUI 

npH HHTerpHpODBHHH no Bb!COKIIM KOMTIOHeHTAM <I;Jypbe-pa3Jl0~9HKB BH9WB9l'O llOJlll T.e. 

/5/ 
B M9HB O 113-38 TeX KOMil0119HT, K OTOpbte , KaK 3TO cnenyeT 83 pa60Tbl J.iocTa II AP· , 

aecyrne=seHHbl npH Bbl'IIICil9HIIII C9'19HIIK o6pa30B8HJIII nap e + - e- B xynoaoBC~OM none 

Bnpa. Mbr sseneM noaBTBe "a<jl<jleK':"HBHoro• aaewaero non11, cne~Tp <I;Jyp~>e KOTOporo onpene

nBeTcll <jlyHKAKell pacnpe)l91l9HIIIl HMJJYnl>COB OT)la'IH !IAPA npH <jloTOpO>KA9HIIII ][Aphl e+ - e 

3TO llOH!ITHe IIM99T BCHblll <jlH3B'I9CKBII CMb!Cil ( <jlopMAnl>HO 9TO 9~HB81l9HTHO BB9AeBBJD 

H9HOTOporo o6p93AJOill9l'O <jlopM-<jlaKTOpa) II ll03B01UieT H36ABBTbCB OT paCXOilHMOCTell JIB. 

rrpoMe~TO'IiiOii CT81lllll Bbl'IHCneKBA. AsanBTB'IecJtoe BbtpalKeiiBe nnK 'a<l><l>eKTHBBoro• nonR 

6yneT HM9Tb, KOH9'1HO, B9CbM8 CllO~blll BRA (H9CK01ll>KO 386erag Bnepen, yxalKeM, 'ITO O~pe

)l91l911ll(l BB9)l9HHOl\ f\91lH 'II<Hbl COJ'l!BCBO T90pHll nOJISI BhiT9K6.9'i 113 COnOCT8B1!9BBK <jlOpMYil 

(10) n (3), rJle lm R 
1 

(cu ) non~Bhl Bbi'iHCl!!ITl>CB sa cjlellBMl'HOBCKllX AHarpaM~o< 115), 110 

BaM OHO H H9 noaap o6HTC!I, "TBK Ka~ npB HBXO>K)l9Hl!.H OTSOW9HB!I a/{J 119B3se=able senx-

'lBHbl CoKp8ll\8 JOT·CR. 

4. B bi'IIICl!RM MSTpH'Ilibill sneMeh"• Bli:.Ku :ase)5reTR'IeCitor o paccei!HI!Si ¢o~'OHOB 11a 

BHCllli'PM none B nepDOM DopliJU<P Teoprur B03MVW9HHII 

;) = i 

Mbl !""""Y'<l!M H3 (6) C liOMOUU.lO 38MCHbl 

-· E E+ E E II B . . 

(7) 

e cTh ... ::>~~:trTH6Foe "' (n y.K.a,;,.--:ttl:t . ._,M HL1U1e cubic.::~ ) B£C..I!!Ht.te sne.:t ... •pH.'tec:x.oe x MarH.H·.tllo.t 



&aHBhle o nepaTOphl nonR "E H H nat~tuomeA nnocxoA &OJIJihl OOhl"'Bl>IM o 6 pa3ow B hlpalKaJOT-

CH qepe3 nexTo p - noT euu B a n 

A ( x) = l: 
I' .t>. 

_L 
...j2 CJ 

~ 

D ro t A , 

~ >. 
a (k ,A ) • 

/i 

i = _u 
at 

lk X 

e 
~ A 

+ a+( k, A ) c 
I' 

.-lk x 
e l. 

B (8) u o p M Hp o so'iHblii o6'b eM p a s en e JIHBH!le H ucnonb3 yeT CH M e TpHKa , npHBSITSH s
111 

0 C T BHbHbl9 0 603 H8 'i 'lHHSI - 0 6b1'1Hhl9, 

(8 ) 

0 ocn e O'W BHJIHbiX B b!KHBJIOK n OH)'"'B9M B b1pBlK9HII H an SI BMnn KT)'ll B KBBilpBTH'IHOM 

no W npHOIIIDK9HHH 

(a) : E f 0, B = 0 
e e 

2 a .. -+ .... .... .. .... -+ 
1 t;l ) = 2 '" f dq [ 4a ( < E (q)) ( • E (q)) +2 a (< < ) E ' q) -

a 1 ... 2 e J :;~ e 

.. 
- 2a ( s ; )E 2 ( q) 

~ 

+ b ( s E 
I 2 

PllC , COPH8 CHO (6 ) , 
2 e 2 2 •=- <- > 45 4.7 

b = 7 a . 1 - .. 
LO 

( q )) (; E ( q )) ] , 
2 • 

(9) 

(b): D ,lO, E = 0 B blpa lKeul!e 1 b(w) n ony'IB 9TCSI H3 (9 ) nyTeM OllHOBpeMeRHOH 

~llMGHH 
~ ~ 

• ~ s 
I I 

cn 'Ky .a.a • .. :J~ esJ.y e·r 

( a): 

( b): 

E 
.. 

~ B • Y cpeJIHSISI no u anpas n e uu 10 aae wnero non s:~ , HB X"OA HM 

1 ( oJ ) = a w 
2 

( ... ? ) + fl w 
2 

( ; s~ ) = 
a 1 2 1 ~ 

2 w 2 
[ l.Q a c? 

3 I 

_a_ 
{J 

b .... ..... a t ) + ( - - 2a ) ( s 
1 

s ) ] f d q 
2 3 2 

10 a 

b - 6a 
10 • 

a b - 6a I 
fj .= ---w;- ::. -To 

(IO) 

~2 ( q ) • 

(!I a ) 

( 11 5) 

C y~ eTOM (5 ) II ( ll a ) 6 y.'l•? M IIM9Tb /.\H SI CH)''I'lSI ( fl )' 
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a • 6,4 Z 2• 10 ·•O CM a 

0,6. Z 2
• 10''0 cw a (12) 

T.e. snexTpuqecxau nongpuayeMOCTb xynouoscxoro nenTpa aa cqeT nongpuaauBB anexTpoH

noauTpouuoro BSKYYMS B 10 pa3 6on&we MSrUHTHOllo nnH swqBCI10HBH BK118A8 M8rHHTHOrO 

nonH HAPS aeo6xonuMo auaTb ceqeHJie o6paaosaHBSI nap Ha MarRHTHOM woMeHTe. CoOTBeT-

/3/ 
CTBYIOIIlHA AHCnepCHOHHbiA HHTerpan 6wn awqucneH B A11H cnyqag B&JlTpOH8 

a + f3 . 
nnH qacTHUbl C M8rBKTHWM MOMOHTOM 

rAe I' •- -1,91 a.m. 

Cornacuo (116) H (13) nonyqaeM 

•U3 a 
= 0,54 • 10 cw • 

H}'lKHO YMHOlKBTb ( 13) B8 B9nB'IKHy (,..If' 

a • 0,05 

p - 0,49 . 

(13) 

(14) 

T.e. anexTpaqecxaH nongpaayeMOCT& aeATpoaa scnenCTsue u.s.a. s 10 paa MeH&we M&rWIT

uoA. J.ia cpaSHOHRII paseHCTB (12) R (14) SHAKO, 'ITO SnBHRHeM MarHBTHOro MOMOHT8 qsCTH

Ubl MOlKHO npeue6peqb no Cp88B9RRIO C BKI18AOM xynOHOBCXOro nonst. nony'IORRWO Bblp&lKe-

HHll RenpRM9HRMbl X cny'ISIO 9119XTpOR8 0 rne npR611RlKOHH9 ¢gKCRp088HROrO wr.TO'IHIK8 

BH9WHero nonH HecnpaBeA11HBO R3-38 &¢$QXTOB OTA8'1B B npRHURna naynR, 

5. 0TMOTHM R9XOTOpbl9 xaqeCTBOHHhle OC060HHOCTR nongpaayeMOCTR BCI18ACTIIB8 

H.a.s. cxangpu&rx R nexTopHbiX '18CTHU. Aaanor narpaHlKaaua 3Anepa-reAaex!Sepra a cny'!ae 

/ 1/ 
Clt811HpHOli 9119KTp01lHH8MHKH HM90T BIUI 

71 
(15) 

rne m -Mecca (ncesno) c~tangpuol! 'ISCTHuw. M&r 6yneM npHHRMSTb ee paanoA Macce 

" nHOHS, nyTeM COOTB9 TCTBY!OIIl9 Jl 38MOHW napaMeTpOB B ( 11a) nonyqaeM COOTHOWOHHO 

M9lKilY &neitTpHqe CitOJl H MarHHTHOll nonnpH3YOMOCTb10 xynOHOBCitOrO ll9HTpa BCI191l.CTBRO 

U011llpii38UHH BBKYYMS llHOHOB : 

~=- 1, 85 . 
{371 

(16) 

3AOC& 9119XTpH'19CKilll ll MllrHHTR81l nOI1HpH3yaM OCTH Cp 8 B HHMbl llO B911Hqiii!C H npOTHBOll0110lK

Hbl UO 3RilKy, 3!18K ( 16 ) 06bRCHSl9TCSI OTp11U8T911bRbiM 3 RB K OM {31T , nOCit011bKY a 7T + {3 
11 

> Q, 

Ha H3biKe xnaccu'!ecxol! anexTpOJJ.HH8MHKH &TO oauaqaeT, qTo BBKYYM cxanHpHblX qaCTHil, 

nongpuaoaaHabrl! ItynouoscK HM n o n e M , o 6nanaeT 'n•awarltiTI[biMll• caollcTaaMu , a aaKyyM 

CUHHOpHhlX qaCTllll ( 9119KT pOHOD), cor naCHO (11 8) , HDI1 !l9TC Sl 'napaM&rR0THXOM', J.i a ( 116) 

7 



B ( 15) CJienyeT, 'ITO BAEyyN UBOBOB1 IIOllllpB30B4.BBblll NarBBTBbiN 110li8N1 BNe&T OTpBIIII

Tem.nyJO :an&JtTpB'I&CitYJO 110411pB3y&MOCTb. 3TOT ljlaltT Be BM86T asanora B ltn4CCB'I8CltOII 

TeOpHH1 rne J1H9JI81tTpH'I8Cit4H llpOBBII49MOCTb BCerna f5om,me 9ABBHIIbl. 

qHCJI9HBbl9 3H8'19HBH a H 

" 
13 , 3&a'IBTem.Ho Mellhme, 'laM 

~-~-
m a -7 

( -·) - 10 
a 13. m 

" 

13 ·: . a B 

Y'leT " - " B34liMonellcTBHH apHJ1 ns cuoJKeT p4J1HJtam.HbiM o6paaou H3MeBBTb sTo 

coOTaomen:ue • 

.!lnH B&JtTOpHOII 9.1IeltTpOJ1HB4MBitB 38pH)I(8HHbiX '14CTJIII C rllpOM&rSHTBbiN OTBOW9BB&M 

/6/ • 
2 H9nHHeiiBblll narpABlKllAH KMeeT BHil : 

~ 2 1 ... :;a ... 2 2 ... 
f ~ __ 1 ( __! ) - [ 29 ( E - B ) + 1:1 ( .E 

w 10 411 m ~ 4 

no)1C T 8BD SISI D (lla) 3H8'19BHII a w= 29 
4 

.. 
s b = 1:1 , nony'laeM: 

w 

B ) 1 . (17) 

~.,. -4,4, 
13, 

(18) 

T.e. M8rHHTH851 I10811pH3Y9MOCTb B 4,4 p834 Mellbme 989KTpB'18C!tOII H BM99T OTpBU8Tel!L

Hbiii 3H81t (B81tYYM B91tTOpHb!X '14CTHl1 TB.KlK9 SIBnS19TC51 'l1H8M&rH9TKitOM'). 

6. TaltHM oeipaaoM, nnR oneHJtK BnBRHllH H.s.:a. a nponeccax :anexTpoMarsaTsoro pac-

C9S!Hl1SI '18CTBl1 MOlKHO KCI10nL30BaTL <j>eHOMeHOIIOrH'I&C!tKII raMKnLTOHH4B ( 1) t rna a K 

0Up9J198.1Il0TCSI <jlopMynoli ( 12) • 06naCTb IlpKM9HHMOCTH CT4TK'I9CitKX KOS<jl¢KUH9HTOB a K 

13 
13 

llliSI Ol1HC8HHSI KOMI1TOH-s<jl4leKT8 orp8HK'IBB89TCSI 'l8CTOT&MB <jloToBOB (L) <<2m • B rrpol1eC-

C8X JtynoHOBCJtOrO p4CC9SIHKSI STO orp4HK'I9HB9 CBOJ1HTCII It HCI10nL30BaHKIO '18CTHl1 N8JibiX 

:aseprall K Mam>~:x y rnoa pacce!IKBII. 

Ka'leCTB9Hicy'10 Ol1elllty NOl!UIO nony'IBTb CJI9J1yx>mKN o6pa30M. nponeT810UlYIO MlllllO 

JtYl10HOBCJtOrO l19KTp a 'IBCTKIIY MOl!UIO paCCM8TpKR8Tb Jt41t l10M9lll9KHY10 B 34BKCSIUl99 OT 

o peMeHB :aneJtTpK'l&eJtoe none. B cneJtTpe <l>ypLe sToro nons s<jJ4leJtTBBKbiMII 6ynyT IIBnHTb

c!l '18CTOTbl nOpHJ11t4 o6p8THOrO Bp9M9HK CTOilltHOB911lUI T : 

w ~ 1/ r . 

C noMOmLJO cooTB omeHKK BeonpeneneanocTK nn11 aunym.ca OTJ18'1K q = 2 p si n 0 I 2 

B xapaxTepsoro p83Mepa f 00li8CTII B3811M0)10iiCTBKII 118XOJ1BM: 

(L) = 4 E JtiiK. sin 0/ 2. 

Hanara 11 nanee ycnoase 

(L) .<< 2m 

lSyn e M :!IMOTL 0JtOH'l8T9.JtbHO 

~ 



2 E sin 0/ 2 « m • 
li:KH (19) 

Hanpawep, IJ.IIB EI<H II E I Mas ilylKJIO paCCM8TplfBBTb yrnbl pacCeSIHHSI e ~ 2"-4° • B pa6o

Te131 15Lrno noi<a34Jlo , 'ITO aCHMHTOTHKa nOTeanaana II38HMOAel!cTsH>! nel!Tpona c >IAPOM 

8CU8ACT8H8 H.s.a, HMeeT BHA: 

{20) 

T'A8 a 0 KM88 T CMl>ICII 9H8ITpOH-ll03HTpOHHOJI: 9U8ITpK'l8CKOA UOU!lpK3yeMOCTII HeJ!-

TpOB80 no 'IHcneanoe ana'leBHe a ae 15Lrno onpeAeneao. Cornacuo (14) a "'5•I0-46cM3 , 

-42 3 n 'ITo Maoro Mellhwe Me30HBhl.i! nonliJIH3yeMocTa neiiTpoaa a Mea ~ I 0 CM • M&rlflfTHASI 

ll011Sip&3yeMOCTio l<YUOBOBCJ<OI"O Q88Tpa fj ~ 0,6 Z 2 •I0-4Q CM3 npHBOJlJIT ][ s<jlljleKTIIBHOMY 

(2 1) 

T'Ae I' n = -1,9} D.m. 

OuenJ<a DOK83hrB8eT, 'ITo nellcTsae aToro n oTeHUJiana a nponecce J<ynoaoaci<oro pacce>lni!SI 

KeliTpOHOB K8 IIApe ypaua H8 M811bt8 yrUbl MO)f<eT BMBTHpOB8Tb B811H'IBe JlODOI!HHTellbHOJ! 

9H9l<TpH'i8CKOA D011Sip.ll3yeMOCTB neATpOH8 UOpaQ][a 10-44cM3 , 'iTO T8K)f<8 npeac6pe)f<HMO 

M8UO llO Cp8BH8HIIIO C M830HJJOll DOll>lpa;,y eMOCTbiO, 0rcJ0!1.8 ClleJlyeT BbiBOA, 'iTO BliHSIHK8M 

B,s.a. B KYUOJIOBCKOM paCC&SIHHH H&ilTpOHOB MOlKKO npeHe6pe'lb, 

7. H.,..s, MOl!<HO ua6nJOJl&Tb npa Kynouo uCKQM pacce>rnl<B H.D.ep c 6onblllHM z . O·r,.o

meaKe xos¢411uureaToa • ane!tTpou-noaaTpoaao.i!• u • S!Jl.ep a o li • nonsrpaayeMOCTn 17 1 cocTann.!leT 

6,42~10 -·0 

c.( A) 

l /3 

~ 80 .~ z ~ ~ 
2 (22) 

0!lH8KO ncnencTnHe ycstonH >r ( 19) , H.9,s . ay)f<Ho 6yt~eT HCK8Tb aa <!>one o6lJ•Hwr·o pe3ep<jlop

ItOBCI<or-o pac~eS!tiKS!, C8'i9llK8 KOTOpOrO B STOll ol):iaCTJ< nepeMeHHb! X npHHI<M88T OT'pOMHOO 

3!<8'1eF!He. JlH<fxllepen ur<anbHoe ce'tcrtHe paccesun<H HMeeT aun: 

f I[ 
I 

o ( O l ~ lf+ 
p. 

2 2 
I ~ ! f I + 2 Re ( 

n • P 
f" ).=u ( (l ) [ 1+ I'.( e) l' 

p. n 

- aMnnKTYilhl pe3epljlopnoacKof'o 11 nonsrpH3llliHOHHoro paccesmaH. BnHRHHe 

(23) 

&lteK -rpH'IeCKOH HOll!!pH3yeMOC1'lf sruep a ( o\) Ha npouecc xynonoacKoro pacce>IBJ<H pac

CMa rp •wan och a PHHe pa6 oT
181 

n pBMKI! X anKaG9Til'leCKoro npa6nu)f<eHHR, Korna raMHnb-

HHBH OTHOCH'l"enbnoro llBH JKell~_ij 4BCTHI.{ H.MeeT Blf):t: 

9 



H -- 1 
211 

• • • 
+~-%a(A)~, 

r • 
(24) 

rJta Z 
1 

- 3apSill ~a-Wimeo, z 
2
-aapJI.Q ll&lleTAJDmel 'IACTmlw, II - KpKB&AeBBas wacca. 

SJoUio OTue'leao 
181 

, 'ITO 4rriiXJUUI ll ..fl (11) B (28) !IBIIJIB'!'CK OCilBJUIIIPYX>mel clr1n-

ual yriiA pACC8lii[I(B IJ • K COlK&a&HBJO 0 B ;yia3aJIBYX pa60Tax OTC)'TCTBYIOT .lt8RBiol8 All.lf 

IUITepecy10Jil91 HaC OOnaCTB uanwx &ReprBI B UAJU,IX (2-5°) yrn:OB p&ee9KBBK. 

/81 
Hcuo.u.ays pe3ym.TATY 'IBCJI&RBoro pacYJ.&Ta Kaua BeliB'lB.Blil ll (IJ) JVIK pacceKRBsr 

a -YJ.aCTIDl c aBeprael ·E • 1 Maa BA JlllP8X C 
12 

, a TailKe COOTBomeoe (22) , 
llBB 

BOBY'IAeu oneBIY OTlUIOReRBSi OT tjJopwyn:w Pa3epcj>opna BCJJenCTBae u.s.a. 

ll(IJ=13"; E ~ 111eV; 
IlK B. 

zr2; Z = 6 ) a 1~ • • 
(25) 

llpaana, B CB9T9 ycnosd, RaJUUIJlbiB48UWX R9p&BeRCTBOU (19), npBB9l19BBaSi Blolllt9 Oll911LS 

X = 2 E•IBL siniJ/2 
SIBJIJ18TCK R9R81l9JKBOI

1 
TU ][A][ napaueTp 

me• 
Cp&BBBU B llARBOU cny-

'laa c &llBRBI!el ( X = 0,4 ) • 

Ha nepawll sarn:Sill uoxeT noiaaa-n.cJI, 'ITO OTinOR&RBK OT ojlopwynw Peaep<jlopna 

6yJ1YT yseJIB'IBBAThCK c pocTOu Z • ECJIB aaaxcKuocTJ. ll=ll(Z ;z > 
I 2 

B (23) onpene-

nJUIACh !)y OTKOM9RB9M 8M1UIBT7Jt B B&pBOM 6opBOBCJ<ON npa6miJK9RBB 0 TO MY lfOIIY'IBJIB 

6bl 

ll ( z ; z ) = 2 
• 

Re(f
2
!*

8
)_ (Z 1Z 2)(Z~z;> z z . 

itpi• (Z
1

Z
0

) 2 I 2 

OnBaxo B neiCTBHTem.aocTK CKT)'AIUlJI cnoJKBee. KynoxoBCioe OTTamtKBAHKe M&lkl!Y >mpaMll 

paCTeT C pOCTOM z Z 
2 

• Oao npenJITCTByeT c6mlxeRKJO 'laCTKil a TaM CAMhiU yMellb-K 
I 

maeT BJUI.llJIB9 llOJI>rpK381!BO.HllorO llOTeRI!KAnA. JlnJI Bhl6opa OIITBMAm.RhiX 3ll8'19RBli z He-

o6XOliHM l18TaJihKbll 8R8nK3 cjtopuyllbl (23) C KCilOm.30BARB9M TO'IRbiX JtYllOllOBCXKX <!rYIIItllKA 

18/ 
ll&l!pepb!BKOro cnerrpa, all&llorB'IIIhiA 'IKC.ne.HIIbiU pac'leTaM KKua • KneMe1M'a • 

ABTop 6naro .11apea A.M. BallllBay, npo'liTABmeM)' PYJtOIIIICb B C)lenaBme>&y p>m 

noneaBhtx aaue'laJIBA. 

i O 
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