
> ?. /J L 1 
tl I 0 •""" C"t.-

r- 371 

OEbE.D.Y1HEHHbi0 
YIHCTYITYT 
.H.D.EPHbiX 

YICCnEJJ.OBAH Yll:::t 

.IJ.y6Ha 



P-2019 

C.B.repacHMOB 

nPABHJIO CYMM 
llJl.H MArHHTHblX MOMEHTOB 

11 3ATYXAHJ1E MArHHTHoro MOMEHTA 
HYKJIOHA B .HllPE 

HanpasneHo ~ mypHan '.HnepHaH ~II3HKa• 

OhuxneJHwA H'Hcn."T) 1 

SJleiHU:( ltclelloBalfc' 
G~&nHOTEKA 



1. 

Bonpoc o noaenennn aMnnnTyn paccennnn npn 6oflhwnx aneprnnx aannMaeT onno 

H3 llOHTpanbHblX MOCT B KBBHTOBOi! TeOpHH nona, 0T Hero, B '18CTHOCTH, 38BHCIIT KOHH'!e

CTBO Bbl'IHTBHHi!, H006XOAI1MblX AJlB nony'IOHHH AI1CnepCHOHHblX COCTHOWOHHi!, 8 CBH31I C 9TIIM 

6onbwofi HHTepec npencTaanneT nonyqenne 113 nncnepciiOHHLIX cooTnowenl1i! 11 cpaanenne 

C OnbiTOM T8KI1X npaB11H CyMM, HBHbli! BH)l KOTOpblX KpHTH'!eCKH 38BHCIIT OT '111CH8 Bbl'IHTB

HHi!, 

ToT <jlaKT, 'ITO nncnepCHOHHLie cooTnowennn 6ea Bbi'IHTanni! npHBOAHT K onpenenenHLIM 

npaaunaM cyMM nnn neKOTOpbiX npoueccoa (n B 'IBCTHOM cny'!ae KOMnTon-a<jl<jleKTa - K npa

anny CyMM AnH KB81lp8T8 MarHI1THOro MOMOHT8 HyKnona) 6brn OTMe'!eii- B pa60Te nanBAyCa 

u 'ilKoy fyaH-'IlKB0/
1/. Ltnn cnyqag rr- N pacceHHHH TaK:me 6Lrn nony'!ell PHA npamm 

CyMM, He npOTHBOpe'!BWHX 9KCnepHMOHT8HbHblM ABHHblM ( CCbinKH 118 opnrnHBHbHble pa60Tbl 

• /2/) 
npHBOAOHbl B o6aopHOi! CT8Tb0 o 

Uenb HBCTOHWei! pa60Tbl - o6CyAHTb npaBHHO CYMM )lnH MBrHHTllblX MOMOHTOB, KOTQ

poe HBnneTCH cneACTBHOM 6e3Bbl'IHT8TenbHblX )lHCnepCHOIIHblX COOTHOWOHHi! H HH3K09Hepre-

~/ ~/ . 
TH'IOCKOi! TeopeMbl nay 11 fenn-Manna H fonb)l6eprepa AnH BMnnHTYAbl KOMnTon-acpcpeK-

TB, il H8 era OCHOBe OUOHHTb acp<\leKT 3aTyXaHHH M8riiHTI!Oro MOMOIIT8 HyKnOHU B HApe, 

PacnpeAenenHe aapHAa H TOKOD B MeaonnoM o6naKe, oKpy.:maroweM nyKnon, a· npuni:J.nne 

MO:lKOT 6b!Tb pa3nH'IHblM AnH CB060)lllbiX HyKnOHOB ll HyKnOHOB, BXOAHWHX B COCTBB H)l.pa, 

3TO 06CTOHTenbCTDO MO:lKOT, B '!aCTHOCTH, Bb!palKBTbCH B H3MOHOHllll MarHHTHOro MOMOHTa 

CBSI3aHHOrO HyKnOH8, npn Bbl'IHCneHBH MarHHTllblX MOMOHTOD HAep 06bl'!HO npennonaraeTCH, 

'ITO CnBHOBOe rupoMarHBTHOO OTIIOWOII!Ie )lnSI HyKnOHOB B HApe COBne.ABOT C rHpOMBrHBT

:HblM oTnowenneM AJISI cao6oAHLIX HYKJIOIIOB.. OueHKa TO'IHOCTH 9Toro npn5nnlKe -

HHS! npenCTaanneTCSI tKOJIBTOJlbHOi! KBK C TO'IKII 3pOI!BH onpeAeneHUH TO'IHOCTH MO)lenbHblX 

pac'!eToa, TaK u no coo6palKeHHHM npununnBanbnoro xapaKTepa, Ha aKcnepnMenTaJibHLIX 

ABHIIbiX 0 Mari!HTHbiX MOMeHTaX MOP TPYAHO CAenaTb Ka.KHe-nu6o 38KJl!O'IOHIIH 06 9TOM 

a¢¢eKTe na-aa neonpeuenennocTu TeopeTu'!eCKHX pac'leTOB na ocnoae HAepnhlx Monenei!. 

B pane pa6oT
15 •

61 
o6cy>Kuanacb B03MOlKHOCTb aKcnepuMeHTanbnoro na6nroAeHHH B3Menenun 

/5/ 
MarHIITHOrO MOMOIITU CBSI3aHHOrO HYKJIOHa B npoueCCBX lj!OTOpOlKAOHHH nHOHOB· , ll pac-

/6/ 
COHIIH aneKTpOHOB Ha HApax, 
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171 
TeopeTH'lecKaSI OlleHKa a<j><j>eKTa, npoJlenaHHaSI B paooTe llpenna H BaneuKa (eM, 

TBM JKe CCbinKH HB oonee paHHHe paOOTbl no A8HHOMY BOnpocy), nOK83blB89T, 'ITO 8HOM811b

,H8SI 'l8CTb MBI"HHTHOI"O MOM9HT8 HYKI10H8 yM9Hblll89TCSI BC/leACTBHe ]leiiCTBHSI llpHHUHna llay

/lH HB Benl!'lliHY ITOpS!JlKB 6-7%, llpeHMyll!cCTBO UCITO/lb30B8Hl!SI AilS! 9TOii lK9 ll9/ll! npaBH/18 

cyMM (7) COCTOHT B B03MOlKHOCTH ITOnb30B8TbCSI B M8KCI!M81lbHOli CTeneiiH pe3ynbT8T8MH 

aKcnepHMeHT8 no <j>oTOpOlKAeHHIO nHOHOB Ha HYKI10H8X H cnecTH K MHHIIMYMY •mcno Teope

TII'IeCKHX npeAITO/l0lK9HHli, 

C Apyroli CTOpOHbl, 38AB'ly MOlKHO 00p8Tl!Tb, T,e, nOCT8Bl!Tb BOnpoc 0 cnpaBe]lllHBOCTH 

CBMOI"O Up8Blll18 CYMM, B CBH3H C 3TI!M nO]l'lepKHeM, 'ITO B. ABHHOM CI1Y'l89 HBM JlOCTBTO'l

HO 3H8Tb aMnllHTYllY <j>OTOpOlKAeHHSI nHOIIOB H8 HyKI10118X B orpai!H'l9HHOli 00/lBCTH 9iteprHli, 

r]le BCSI COBOKymiOCTb 9KCITepHM911T8/lbHblX Jl811Hb!X ]lOCTBTO'li!O XOpOlllO OnHCb!BaeTCSI 1!9CKOI1b-

KHMH HH3ll!HMH MYilbTHnonSIMH • Cornacue nony'leHHoro HaMu peaynbTaTa (13) u OlleHKH 

171 
llpenn8 u Bane!lKH CBHJleTellbCTByeT B nonbay cnpaae]lnHBOCTH npaauna CYMM, B 38KiliO-

'leHHe Mbi oTMeTnM pw. .c.pyrux B03MOlKHhiX npuMeHeHul! nony.qeHHoro upaauna cyMM, 

2. 

CnuHoBaSI cTpyKTypa MaTpHUbl ynpyroro pacceSIHHH <j>oTOH8 ua HyKnoHe B H8np8nneHIIH 

! 
I 

~r 
lJ. 
l'j 

llpellllO/lOlKHM, 'ITO AilS! CKangpHoll <jlyHKllllll G2 ( w l cnpaBeJl/lHBO oe3Bbl'lHT8TenbHOe 

JlHCnepCHOHHOe COOTI!Olllei!He 

Re G
2

(w ) 2w 
1T 

TorJla, AH<!><I>epeHUHPYSI ( 4) no w 

G; (0) 2 
1T 

p f 

'" nop 

lm G 2 (w' ) 
dw'' 

w'2_ w 2 

u nepeXOllSI K npeJleny w-. I) 

lm G 2 (w) 
dw , f 

w2 w 
nop 

, nony'lnM: 

(4) 

(5) 

KoHCTBHT8 B neaoli 'lBCTH paaencTB8 (5) onpeJlenSieTCSI u3 TeopeMLI o HH3K09HepreTH'leCKOM 

npe]lene 8Mni1HTY1lbl KOMnTOH-9<j.peKT8 H8 'l8CTHU9 CO CnHHOM 1/2
13

•
41 

G; (0) il G2(<u) 

il w W=.O 

e2 2 
~g (6) 

rAe g - 8HOM8/lbHblH MBI"HHTHblli MOMeHT IIYKI10H8 B S!JlepHblX MarHeTOHBX, 

llocne nOJlCTBHODKH (Olj II (6) 

2rr2e2 g2 
-2-
M 

B (5) OKOH'l8Te/lbHO nonyqaeM IICKOMOe npaDII/10 CYMM 

r UR(w) -aL(w) 

w 
nop 

w 
dw , (7) 

anepeA HMeeT Bllll! j Mol!<HO OlKHJlBTb, 'ITO BC/leJlCTBHe AH<j>paKUHOHHoro xap8KTepa B38HMOAelicTauli npn BbiCOKHX 

T(w) Gl(w) {tl ?2) + G 2 (w)(~ C: x"tl )., 
2 I (1) 

I"Jle ;I l! 1
2 

- BeKTOpbl n011S!pll38llHH na]l8!0IIlero H pacceSIHHOI"O <j>OTOH8, C nOMOlllblO OnTH

'leCKOII TeopeMbl JlllSI 'lBCTHU CO CnHHOM 

lm ( Sp ( p T (w) ) 4: ( Sp p ) atot (p : w ) (2) 

l"lle p - M8TpHU8 nllOTHOC'TU 'lBCTl!ll B HB'lB/lbHOM COCTOHHHH, MOlKHO nony'!HTb Bblp8JKeHHSI 

Jl/lS! Im G. ( w 
I 

' i = 1,2 : 

Im G
1 

(w) w 
4iT atot (w) ~4~ aR(w) + q,(w) 

2 

Im G 2 ( w ) = i'fr aR( w ) - aL( w 
2 

(3) 

l"]le aR ( W ) - nO/lHOe Ce'leHHe B38l!MO]lel!CTBHSI UHpKyi1HpHD-nO/lS!pll30B8HHOI"O <j>oTOHB B COCTO

S!Hl!ll CO CnHp811bHOCTblO +1 ( T,e, npaBo-nonS!pli30BBHHOI"O <j>oTOHa) C HYKilOHOM, nO/lHOCTblO 

ITOilS!pl!30BBHHbiM BJlO/lb OCl! Z , KOTopaSI H8npaanena no Hl'.mynbcy na]laromero ¢oTOH8, 

aL ( w l- nomiOe ceqemre JlllH neao-nonHpH30BanHoro <jloToHa npn Tofr lKe caMoli nonSipnaa-

UUH HyKnOHa. 

8CI01lY UCnO/lb3yeTCl! CHCTeMa 9JlHnHU 1i c 1 . 

4 

'f 
,'l'l 
~~ 

9Hepi"HS!X H8/lll'll!9 CnHHOB y CT8/lKHBB!Oll!HXCSI 'l8CTIIU CTBHOBI!TCII HeCyll!eCTBenHbiM, H no-

9TOMY IIHTerpan B (7) CXOJll!TCSI, TeM He MeHee HeOOXOJliiMO nO]l'lepKHyTb, 'l'T'O Cyll!eCTBD

B8HIIe np8BII/l8 CyMM B <jlopMe (7) Mbl npiiHHMBeM KBK l"l!nOTe3y, nOCKO/lbKY CTpOI"OI"O JlOKa-

3aTenhcTsa ero crrpasennnsocTn He HMeeTC£. 

llnSI 9KCnep11M9HTanbHOI! npoaepKII (7) HYlKHO 3HBTb ce'!eHIISI ·aaai!MOJleflcTBHSI nonHpH-

30B8HHb!X Y -KBBHTOB C nOI1S!pli30B8nHblMH 'l8CTIIUBMH B llll!pOKOli 00/lBCTII 9Hep1"11lt W 

B HaCTOSIIIlee apeMH TBKIIX aKcnepnMeHTanbHbiX cannLIX neT, llpoaepKa (7) no Teopu!! aoa

Mymennli TpeoyeT npoBeAeHIISI O'leHb rpoM031lKIIX Bbi'liiC/leHHJ1, B cnyqae KBanToBo!l 3/l.eKTpo

JlHnaMHKH, HanpnMep, BHOMB/lbllblli MBI"IIl!THblii MOMenT 9/leKTpOHB B Hl13ll!eM no a npH0/111-

a 
lKeHIIII p8BeH "'TiT' , 3To 03H8'l8CT, 'ITO Jl/ll! Bbl'liiC/lCHIISI AIICnepCilOHnoro I!HTerpana B (7) 

6 ' 
Hy>KHO nMeTh cetieHIHt scex rrpoueccoa rrops:raKa e : KOMrrToH-ai!J¢eKT c pannaunoHHbiMII 

nonpaBKBMH, ]lBOliHOJ! KOMnTon-3Q<lJeKT II ~lOTOpOlK]leliHe IIBpbl e+- e - HB 9/leKTpOHe, l1HTe-

4 
peCHO OTMeTIITb, 'ITO BK/l8Jl llOpl!JlKB e B 1l8HHOM CI1Y'l8e 8BTOM8Til'l9CKII npOll8Jl89T 

nocne HHTerp!!poaanl!SJ, B aTOM CMbicne np8anno cyMM (7) ne npoTHBopeqnao, 

Ecnn obi nOJlbiHTerp81lbHoe BbipalKemre a ( 7) Ob!CTpo yoLraano c pocToM aueprnu, 

TO Jl/111 npnonnlKel!noro BLI'lncneni!H MOJ:'HO obmo obi orpann'li!TbCll y'leTOM l!eoonbnroro 

'li!C/18 HH3ll!HX MYilbTIInonel!, HBIIOOnee cymeCTBeHHblX B oonaCTII MB/lb!X 9Heprnil, B p800Te 

5 



Ill 
nanunyca u q~oy fyan-qmao aMnnnTyna xoMnToH-a~~exTa Ha npoToHe nhlqncnsnac& Ha 

ocnone nucnepcnonnhlX cooTnomeHnl! ll qucnenn.hlx 3HaqeHnl! aMnnnTyn ~Topo~nenun imoHon 

a s - u p -cocTonHHu. Eb!no OTMeqeno, wo npaauno cyMM nnn xaanpaTa MarHuTnoro 

MOMenTa oqeHb qyBCTBIITOnbHO K COOTHOWOHliiO napuuan&HbiX BMnnHTYA ~OTOpO~OHHn Jl IIPll 

HOKOTOphlX COO'i'HOWOHIIRX M02KAY HilMI! M02KHO npHi!TH K_ npOTHBOpequro C npSBHnOM CYMMo 0n

H8KO TBKOe npOTHBOpeque (ecnu A82KO OHO ll OOHapy~HTCn) OTHIOIIb He 6yneT OOR38Ten&HO 

o3naqaTb necnpaaennuaocTn caMOro npaal!na cyMM (7), a Mo2KeT 6MTb oGbncneHo Mennen

nol! CXOAliMOCTbiO unu ocnunnnnnnMll aenuql!nbl "R (cu) - "L ( cu ) Ha xoueqHoM HHTepaane 

paCCMOTpenHbiX anepF'HHo 

3. 

H3 (7) cnenyeT, qTo anunnue s~eKTOB can3H na nponecc ~OTopo~enun M030HOB 

na uyxnone, HBXOARWOMCn BHyTpH nnpa, npHBOAIIT K H3MOHOHHIO g -~BKTOpa CBn38HHOF'O 

nyxnoHa. OnenuM nnHHIIHe npunnuna flaynu Ha H3MeHeHue MarHHTHoro MOMenTa nyxnona 

nHyTpn nnpa. flpnHunn flaynu npunonuT, oqeni!AHO, K yMeHbmenuro ceqeuun ~oTopo~enun 

Me3onon na cnn3aHnOM nyxnone, n ncnencTnue SToro npoucxonnT cooTneTCTnyromee 38Ty

xanne anoMan&nol! qacTH MarnnTnoro MOMenTa. Hcnon&aonanne npaanna cyMM (7) nnn 

canaaunoro nyxnona, aoo6me ronopn, cnpanennuno Ton&xo n ycnonnnx npnMeHHMOCTH HM

nyn&cHoro npu6nu~enun K npoueccy paccenHnn Y -xnaHTOB na !!Ape • .Linn ouenxu no nop!IA

Ky nennqHIIbi nnnnnnn npnHuuna flaynu Ha 3aTyxanue MarnuTnoro MOMenTa Mbl paccMoTpHM 

npocTeiimyro onHoqacTnqnyiO Monen& !IAPa - Monen& Bhlpomnennoro ~epMu-ra3a • .LlunaMnqe

cxue Koppennnnn HyKnOHOB 3/IOCb OTCYTCTBYIOT, ll nOOTOMY HMnyn&CIIOO npu6nH2KBHHO M02KOT 

npnMennTbCno 

BbipameHHe nnn <jlaxTopa R =·R(cu l, y'lHTblnaromero yMeH&menne ceqeHnn <jloTopo~e

HHn M030nOa HB CBH38HHb!X nyxnOHBX no Cp8BHOHIIIO CO CBOOOA!ib!MJI HyKnOHBMJI 1 Mhl B03b-
181 191 

MeM, cnenyn peayn&TaTaM paooT naxca H 4>em6axa n Tnppunra , n anne: 

R(cu) = { p(k) d 3 k , (8) 

I~+ J; l<d 
rne ,;; - IIMTIYnhC <jloTona, d ::y' 2AI(cu-!1-£) - M8KCHM8nhHb!H HMnynbC nyxnona OTAB'lll, 

I' - Macca " -Me3oHa, < - cpennnn sueprnn noa6y2Knenun nnpa, p =·p(k)- ~yuxunn HM

nyn&cnoro pacnpeneneHU2 HyKnOnOB BHyTpl! nnpa • .Llnn MOnenu ¢epMH-F'838 p(k) I!MOBT 

nun: 

p(k) 

3 
4rrk.3 

F 

0 

k < kF • 

k > kF • 

3neCb kF - I!Mnyn&C ¢epMH, U TOF'AB U3 (8) cnenyeT 

R(cu) = ~[2k~(4kF-3w l+2d
2

(4d-3cu ).,_cua+3(k;-d
2

)
2 

J .• 
F cu 

6 

(9) 

(10) 

06oaHaqan qepea g 8 3Haqeuue g -<jlaxTopa nnn cnnaanHoro HyxnoHa, Mbi nonyqaeM 

rne 

e 2 2 4M .2 
g-gn=--- f[l-R(x)Jx f(x)dx 

g2 1T g2CtJnop 1 

M 
f ( x ) = -

2 
Im G 

2 
( x ) 

e 
cu 

X==·~ 
nop 

( 11) 

M - Macca nyxnoua , cunop :. 150 Mon - nopor ¢oTop02Knenun Imona na nyxnoue. 

M V :t91 qucneHnan oueHxa ( 11) 6bma nonyqena c yqeToM anaqenl!l! kr = 250 ~ n r • O,lpc 
1101 c 

ll 3HaqeHHH G2 (X), HBHnOHHbiX nannnycoM Ha OCHOBe aHanuaa 118HHhlX no <jloTopo~e-

HII 10 n11onon na npoTone. B Ta6n11ue 1 npuneneHbi nexoTophie 3uaqennn f( x) n R( x) n 3a

nncnMOCTH OT BOnuqnnbl X 

X 

f( x) 

R( x) 

0 

0 

1,05 

0,155 

0,06 

Ta6nnua 

1,1 

0,21 

0,16 

1,2 

0,28 

0,4 

Buiqncngn HnTerpan B ( 11) , naXOAHM 

e"' o. 12s • 
OTKYAB 

I g B I "' 0,93 I g I 

1,5 

0,4 

0,9 

2,0 

0,14 

( 12) 

(13) 

TaxuM o6pasoM, ncnencTnne .t~el!cTnnst npnnuuna flaynu anoManbnhiii MarnnTnhll! MOMenT , 
nyxnona yMeHbmaeTCSI no a6conroTnoll nennqune na 7-8%. 

4 • 

.Llpenn u Baneuxa
17 1 

ouenunu nnnstuue npunuuna flaynu na nennqnny MarnuTnoro 

MOMenTa CB>I3annoro nyxnona B paMKBX TOM 2KO CBMO!i MO!Ienu <jlepMH-raaa All>! nnpa, 

IIO C IIOMOWbiO Apyroro MBTOIIBo B YKB3Bni!Oii pa60Te IICIIOnb30B8nC>I MBTOA CyMMllpOBB-

HHH naii6onee cymecTnennbiX (c TO'IKII spenn>I ancnepcnonnoii uaeonornn yqeTa 6nn2Kaiiruux 

cnnryn>IpnocTeii ) anarpaMM ¢elliiMaHa. Oxasanocb, 'ITO IIsonexTopnaH qaCTb 8HOM81IbnOF'O 

MBF'HHTIIOF'O MOMOHTB nyxnona, naXOIIHWOF'OC>I liB nonepxnOCTU <jlepMn-c<jlepbi, yMenbmaeTC>I 

IIO a6conroTnOJ! BenH'IHne na 6-7%. CTonb 6nii3KOe COOTBOTCTDHO 9TOF'O pesynbTBTB U Bbi

palKOHliH ( 13) smn>teTCH cxopee acero cnyqaiiiibiM, Tax xax ( 13) onpenen>teT nonpanxy 

K anaqeHHIO I!Onl!OF'O BIIOMBI!hnOF'O MarniiTnoro MOMenTa, M, qTo 6onee CyWBCTBenno, ITpll 

ee HBXOlKAennu npousnoannocb ycpenneHue no nMnynucnoMy pacnpenenenuro nyxnona 

7 
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4C 

li 

Y! 

01 

pi 

lH 

e 

18: 

Cl 

19 

:T 

~~ 

!, 

lb 

l: 

~c 

nayTpH <jlepMa-c.pephi. TeM ae Meaee cornacue nenH'IHH, no/ly'leHHhlX JlBYMH p~anH'IHhiMH -

M9TOJlSMH, M0:1KHO paCCMSTpHB8Tb KSK JlOIIOIIHBTe/lhHhlH JlOB0/1 B IIO/Ih3y cymeCTBOBS-

HHH npaBH/18 CyMM (7), 

neJtCTBHe npHilllH/18 nayiiH, 0'19BH/IHO, IIpHB9Jl9T T8K:1K9 K H3M9H9HHIO MSI'HHTHhlX 

MOM9HTOB HYKIIOHOB B COCTSBe Jl9HTOHa, CTSTH'l9CKHi! MSI'HBTHhlil MOM9HT Jl9i\TOHS onpe)le

IIH9TCH B nepeiiHTHBHCTCKOH TeopHB Cnenyromelt .popMy/IOH: 

ll =· ll + ll -· .l- PD( ll + ll - ~ ) • d P n .£ P n ( 14) 

3)leCb ll P H IL 
11 

-MSI'HUTHhl9 MOM9HThl npOTOHS. B HeliTpOHa, Pn- JlO/IH D -COCTOHHHSI 

B nei\Tone, nng TOI'O 'ITOOhl <jlopMy/la (14) CO 3HS'l9HHHMH 1!
0 

=2,79 n.m, H #l11 "'-1,91n.m., 

·KOTOphie cooTneTCTnyroT cso6onnhiM ayKnonaM, connana c (l!d)ex0=0,857 n.D)., neo6xo

JlHMO npHHHTh Pn=0,039. OnaaKo uenasnue peayllhTSThi no <jloTopacmennenaro nei!Tona
1111 

11 

0 /12/ 
KorepenTHOMY <jloTop0:1KJleHHIO " -Meaonos na )leliToae · Tpe6yroT, 'IT06hl p

0 
= 0,07. 

TorJla aa ( 14) cnenyeT fld =0,84 n.llJ •• 0TMeTHM, 'ITO aaTyxanue anoManhnoro MarnHTHoro 

MOM9HT8 CBH3SHHOI'O HYKIIOHS Ha B911H'IHHY nop!UlKS 10% Jl89T COI'/ISCHO ( 14) H p0 =0,07 

auaqenue I-'d =0,851 n.m. , KOTopoe 6naaKo K aKcnepaMeHTS/IbHOMy, 

Bonpoc o neTallbHOM MexauaaMe aaTyXaHHH (T,e. Bbi6op JlHarpaMM <llellHMaHa B cxe

/ 7/ 
Me Illlll SM/1/IHTyJl_ <jloTOp0:1KJl91IllH /IIIOHOB), 0 CBH3ll np9Jl/10:1K9HHOi! IIHTe}JnpeTSUIIH C cy-

meCTBOBSHH9M OOM9HHbiX TOKOB B Jl9HTOH9 H B03M0:1KHOfi pOIIH P"Y naanMOJl9MCTDIIH 

/13/ 
CM,, HanpHMep, ) Tpe6yeT JlS/IhHellmero 113Y'l9HHH, 

B aaKnroqeane OTMeTnM p!Ul Jlpyrnx B03M0:1KHbiX npnMeaeaHi! npan1111 cyMM, 

3aag MaTpH'IHbie aneMeHTbi .PoTopo:1Kneunn K -Meaouon, M0:1KHD ncnonhaonaTb npamwo 

CyMM (7) /IIIH OU9HKII BK/ISJlS TOKOB CTpSHIIhiX '!SCTBU B MSI'IIIITHbli! MOM9HT H'JKIIOHS, 

Hcnollhays o6o6menne HH3KoanepreTn'leCKoll TeopeMhl nnH 'ISCTIIU c nponan~hHbiM 
/14/ 

cnniiOM , M0:1KHO nepenncaTb npannno cyMM (7) n BHJle: 

4~r2S (..!.. fl - Q )2 = f uB(cu )-u~. (cu) dcu ( 15) s 0 r;r (U • 
(U 

nop 

I'Jl9 1!0 = ll S - /10/IIIbill MSI'HHTHblfi MOM9HT CHCT9Mbi 0 Q H M - 3SpM II MSCCS CHCT9Mhl, 

S - ee cnna. 

nony'leHHOe B <!>opMe ( 15) npSBH/10 CyMM M0:1KHO npnMeHHTb II K C/10:1KHhlM 'cHCT9MSM 

( !UlPSM, M0/1911:YIISM H T,n,) C /IIOObiM CIIHHOM, B CII'J'189 Mep, HanpnMep, OU9HKS OTHOCH

T911bHOI'O BKnana npoueccon <jloTopacmenneann 11 <jloTopo:1Knenns Meaoaon noanonneT npocne

niiTb B/IHHHH9 p83/IH'IHbiX s<P<!>eKTOB (OC009HHOCTH M0/19/IH !Ulpa, •nepeHOpMHpOBKa• s<P<!>eK

THBHbiX napaMeTpOB HYII:IIOHOB B CBH3SIIHOM COCTOSIHHH, BK/ISJl TOKOB B3SHMO)l9l\CTBHH H T,Jl,) 

aa nenn'IBHY MarHnTaoro MOMeaTa. 3Tn nonpochl 6yJlyT paccMoTpeHbi oTnenbHO, 
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ABTOp HCKp9HH9 npH3HST9119H A.~.Bannnay 38 BHHMSHH9 K HSCTOSimell pa60Te, 
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