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ToyHoe 1 NpUbNMKeHHbIe peleHns AN OQHOMEePHON Moaenu
M3uHra paz6aBneHHOro marHeTmka

Mogaenb M3nHra ¢ HeMarHUTHbIM pa3baBneHnemM NPUMEHAETCA A1A TEOPETUYECKOrO Onuca-
HUA MHOTMX OOBLEKTOB M SIBNEHUI B QU3NKE KOHOEHCUPOBAHHbIX Cpen, U SAepHOn dpusmke.
BAnAHWE HEMArHUTHOTO pasbaBieHMA Ha KPUTUYECKOe NOBEAEHNE MAarHETUKOB, B TOM Yncne
M Tex, KOTopble OMMUCIBAOTCA MOLEeNbio M3nHra, NpeacTaBaAeT 3HaUMTENbHbIA HayYHbIN UH-
Tepec. na mozenun ManHra ¢ HemarHUMTHbIM pa3baBieHMeM He yAaeTca NocTPpoUTb TOYHOe
peleHne a1a Kakon-1mbo KpucTtannmyeckon peluetku. CBoOMCTBa 3TOM MOAENN UCCeaytoTCA
Mb0o yncneHHo, MMBo B TOM UM MHOM NPUBAMNKEHMU. B HacToALwen paboTe nosyyeHo ToY-
Hoe pelueHne a8 O4HOMEPHOM Mmoaenm M3nHra ¢ HenoABUMKHbIMM, XaOTUYHO PACMONOXKEH-
HbIMW HEMarHUTHbIMM NPUMECAMU. 3TO TOYHOE PELLIEHME OCHOBAHO Ha COCTAB/IEHUWN PEKRYP-
PEHTHbIX YPaBHEHWI, Yepe3 peLUeHNs KOTOPbIX BbIPaKatoTcA HaMarHUYEHHOCTb U Koppens-
UMA coceaHux CnvHoB. MoKa3aHo, YTo B Npeaene, Koraa pasbas/ieHHbI MarHeTUK Nepexo-
OWT B YMCTbIN, MNOlyYEHHOE HAMM PeLLeHne NepexoauT B M3BECTHOE TOYHOE pelleHue ans
ofAHOMepHOM moaenu U3unHra.

3aTem NoJy4eHHOE HaMW TOYHOE pelleHWe Mbl CPAaBHMBAEM C HECKOJIbKMMM MPUBANIKEH-
HbIMW peLleHMAMM. Bbinn paccMoTpeHbI caeaytoLime NpUbAMMKEHHbIE METOAbI: METOA, Cpes-
Hero nons, MeTos, ycpegHeHna no obMeHHbIM NONAM Kak C yYeTOM, TaK 1 6e3 yyeTa Koppe-
NAUMIA W NCeBAOXaoTUYECKoe NpubankeHne. Hanbonee rpybbiM, Kak U CNeoBano OXKMAATb,
OKa3blBaeTCA METOA, CpeaHero nons. Pewwenns, noayyeHHble N0 MeToay ycpeaHeHua no ob-
MEHHbIM M0/IAM, OCOBEHHO C YYETOM KOPPEALMM, ropasao Nydlle COrNacytoTcs C TOUYHbIM
peweHnem. Ho Hambonee 6AM3KMM K TOYHOMY PELLEHUIO OKa3bIBAETCA PELUEHME, NONYYEH-
Hoe B MCEeBAOXAaoTUYECKOM MpubauKeHun. MNpuyem 3TO NPUBAMMKEHWE MPEBOCXOOMUT OC-
Ta/IbHble N0 TOYHOCTU BO BCEM [MaNa3oHe KOHLLEHTPALMn MarHUTHbIX aTOMOB.

KnioueBble cnoBa u cnoBocoyeTaHuA: ¢a3OBbIe nepexoapl, mogens M3nHra, pa36aBﬂ9HHbIVI
MarHeTuK.
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Exact and approximate solutions for the one-dimensional
Ising model of a diluted magnet

The Ising model with nonmagnetic dilution is used for the theoretical description of many ob-
jects and phenomena in the physics of condensed matter and nuclear physics. The effect of
nonmagnetic dilution on the critical behavior of magnets, including those described by the
Ising model, is of considerable scientific interest. For the Ising model with nonmagnetic dilu-
tion, it is not possible to construct an exact solution for any crystal lattice. The properties of this
model are investigated either numerically or in one or another approximation. In this paper, an
exact solution is obtained for the one-dimensional Ising model with fixed, randomly located
nonmagnetic impurities. This exact solution is based on the compilation of recurrent equations,
through whose solutions the magnetization and correlation of neighboring spins are expressed.
It is shown that in the limit when the diluted magnet goes into a pure one, the solution obtained
by us goes into the well-known exact solution for the one-dimensional Ising model.

Then, we compare the exact solution obtained by us with several approximate solutions. The
following approximate methods were considered: the mean field method, the averaging
method over exchange fields both with and without correlations, and the pseudochaotic ap-
proximation. The roughest, as one would expect, is the mean field method. The solutions ob-
tained by the averaging method over exchange fields, especially taking into account the cor-
relation, are much better consistent with the exact solution. But the solution obtained in the
pseudochaotic approximation turns out to be the closest to the exact solution. Moreover, this
approximation exceeds the other approximations in accuracy in the entire range of concen-
trations of magnetic atoms.

Keywords: phase transitions, Ising model, dilute magnet.

N3BecTHO [1], 4TO KpUTHYECKOE TMOBEACHHE Pa30aBICHHBIX MM aMOP(HBIX Mar-
HETHKOB MOXET CHJIBHO OTJIMYAThCA OT KPUTHYECKOTO MOBENEHUS MarHEeTHUKOB,
MMEIONINX TPAaHCISIIIHOHHYI0 CUMMETPHIO pemieTKH. OJHAKo aXke ISl MPOCTHIX MO-
JieJiell MarHeTuKa ¢ pa30aBIeHUEM, HapuUMep, U1 Mojenu M3uHra ¢ HeMarHUTHBIMU
MPUMECSIMHU, HE YJACTCsl TIOCTPOUTHh TOYHOTO PEIICHUS JUTSl TUIOCKUX WM 00BbEMHBIX
pemerok. B HacTosmel paboTe MBI pacCMOTPHUM TOJIYYEHHOE HAMH TOYHOE pEelIeHHe
JUTSI OTHOMEPHOH Monenu V3uHra ¢ HeMarHuTHRIM pa30OaBiieHneM. Perenue mjis of-
HOMEPHOM Mojienu 6e3 pa30aBlicHHs XOPOIIO U3BECTHO [2], HO OHOMEpPHAS MOJCTH C
pa3baBieHreM OOBIYHO HE pacCMATPUBAETCS BBUIY €€ TPHUBHAIBHBIX MEPKOISIIMOH-
HBIX CBOMCTB. EClIM Hac MHTEPECYIOT HE CKOJIBKO MEPKOISAIMOHHBIE CBOMCTBA, CKOJIb-
KO BJIMSIHUE HEMAarHUTHOTO pa30aBiIcHHUS HA HAMArHMYCHHOCTh WU MAarHUTHYIO BOC-
MPUMMYUBOCTh WX K€ OI[CHKA TOYHOCTH MPUOIMKEHHBIX METOJIOB, MPEICTABIACTCS
BITOJTHE PAa3yMHBIM HCIOJB30BaTh OJHOMEPHYIO MOZeNb VM3uHra ¢ HEeMarHUTHBIM pPa3-
OaBIICHUEM.

Htak, paccMOTpUM OJHOMEPHBIN M3MHTOBCKHII MarHeTHK (I[EMOYKY), B KOTOPOM
HEKOTOpbIE MarHWTHBIE aTOMBI 3aMEHEHBI Ha HEMOJBM)KHbIE HEMAarHUTHBIE NMPHMECH,
TaK 4TO BEPOSTHOCTh OOHAPYXKHTH B JIFOOOM y3JI¢ IIEMIOYKHA MarHUTHBINA aTOM paBHa b,

a BEpOSITHOCTh OOHApyxuTh TaM npumech 1 —bl = & | TIpu Takom pa36apnennn 1e-
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MoYKa pa30UBaeTCs HA OTPE3KH MAarHUTHBIX aTOMOB Pa3HOM JUTUHBI, pa3ficJICHHbIC He-
MarHUTHBIMH TipuMecsMu. CpenHee 3HAaYEHHE W3WHTOBCKOTO CIMHA B pacyeTe Ha
OJTMH MarHUTHBIH aTOM (HAMAarHUYEHHOCTh) MOYKET OBITh BHIYHCIICHA TaK:

M= imn"pn,
n—1

rae My — cpeqHsAsd HAMarHWYEeHHOCTh aToMa OTpe3Ka IMHOU " | Pm — BEpOSTHOCTH
TOr0, YTO MPOU3BOJILHO B3ATHIH MArHUTHBIA aTOM MPUHAJICKUT TAKOMY OTPE3KY.

— =174 _ 53
OueBUIHO, 4TO P = NB (1—=50)* a mamaramuensocts My BHIUHCIAM CIenyro-

M obpazom. Ilycts Z, — craTMcTHYecKas cyMMma i oTpe3ka u3 ™ M3MHTOBCKUX
CITMHOB T1. Tz, v 0y

{ n-1 n
Z, = Z Texp F{z 3021 +hz g; | =F,(+1)+F,(—1)
- . i=1 i=1
e
M § n A
Fulm,) = Z Lexp HZ 011 ] +hS‘ T
Ty oy —g . : I
"y
3nech kT (! — obmenHslii uHTerpan, I — temmeparypa, ¥ — mocTosHHas
HEI

h=—_°%
Bonbimana), kT (H.x —Buemmnee mone). Ty Ge3pasMepHbIE MapaMeTPhI HMe-

IOT IPOCTOM CMBICI: K noxkassBaer orHOmEHHE SHEPTUM OOMEHHOTO B3aUMOJICHCT-
BHMS K TEIUIOBOH SHepruu, a B — oTHOIIEHME >HEprUM B3aMMOJCHCTBUSA CIIMHA C
BHEITHHUM I10JIEM K TEIIJIOBOM.
Torma
1 ﬂ IFH,EI:+1:I+FH,EI:_1:I
“mdh " n F(+1)4+FE,(-1)
(+1)

My

Jlist BemmauH F.(x1) yux MPOU3BOJIHBIX T10 h Fyup
KYPPEHTHBIEC COOTHOIIICHHUS:

MOXHO COCTaBUTh peE-

Fpialo) = Z F,(c')eXoo+ha = F (11)eKo%ho L F (1 e Kothe
F=+1
Frsin(0) = (Fua(+1) + oF,(+1))eXo%he 4 (F, . (—1) + oF,(—1))e Kothe
Fy(+1) = Fia(+1) = EE, F,(—1) = E—h' Fial—1)= _a—h_
Broast 0603HaueHMS
F,(—1) Fon(+1) Fon(—1)
SEHD) TR (D o Fu(+D)

Xn

IIOJIy4YHM
_ l Yn + 2,

Tnl4x,
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e 2K 4y

¥ =
mT1 T 4 x, e 2K

. —2K
-2k . - ¥n + ine
&7 Fnta = 1+ x,e2kK +1

Zp t e 2K

—_— -2k

T =B X
"1 T 4 x,e 2K nt

X, = a2k =1 ;= a2k

ITokaxkeM, yto mpu ™ = @ 3payeHue ™Mn CTpEeMUTCS K U3BECTHOMY 3HAYCHUIO

[2]. Ipu M = @ qociemoBaTENLHOCTh X= MMeeT KOHeUHHIH mpefen & , onpenense-
MBI U3 ypaBHEHUS

2K
_ . +X -y
14 Xe 2K

e 2EX2 4 (1-e2M)K — o252k =,
KOPHH KOTOPOTO

X:L-= = E';c_h{_E'KShh + R} rie R = \EEZKShzhi_ E_ZK

PexyppenTHbie ypaBHEHUS IS ¥Yn+1 U Zn+1 MOCJIE MOJACTAHOBKH BMECTO *m U
Xyp+1 MPEIEBHOTO 3HAUCHHS A 1 MOJKHO 3aIHCaTh B MATPUUHOM BHUJIE:

(). =20), + ()

rae
Ao ( o QE—ZK) oy 1
T \gpT2E-Zh  ga 2k )T 46 1+ X,e2K
[Toaromy
. . n—2
G),=am0), + XA ) ()
i=0
14 Xe 2K
CobcTBenHble uncna MaTpuibl A ecth 1u 14X e

HyCTB w _ Martpuia, mpuBoAdIIas A K JharoHaJlbHOMY BUY.

A=w( D)w,
TOrIa

n-—1 0
; ; n—1

(Jz),2 = w(é ,q,nu-l)w_l (Jz)1 +Wi Z A |WH (—}(1 )
i=o

VuureiBas Tenepk, uto Il << 1 | nomyuum B npenene 1 — @

N At _ 1
lim =) =W Wy )
3HAYUT
%ﬂ# = (W + waa )Wy, - Xawyz )
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A npeaACIbHOC 3HAYCHUEC HAMarHM4€HHOCTH

M = (wyy + Wn}{"'vjl_:_ - Xj.""*'jl_:}
14X, ’

rne Wii —snemenTs MaTpUIIBI w , Wi — MaTpHUIbI W_l. BEIUnCINB 3TH 2JIEMEHTHI,
MOJIy4YUM
. A . 1
Wiy, =1  Woy = Xi, ¥11 = _Xl _X:, M1z = Xi _X:.
To ectb
X X e“shh

M=- =
Xy —X: VelXshZp+ e ¥

3T0 BhIpaXKEHHE COBMAJACT C MOJYUYCHHOW B [2] HAMArHUYCHHOCTHIO OECKOHEY-
HOH U3UHTOBCKOM LIEMMOYKH.

BI:Ipa)KeHI/IC JJI1 HAMarHn4€HHOCTH M MOJKHO IMPpEACTaBUTh B BUAC CTCIICHHOI'O

pdaa 1o KOHOUCHTpAalluu MarHUTHBIX aTOMOB b .

M=my+20m;-mb+ B L(k+Umyay — 2klmy + (k= Dimy_y )%,

=2
a*M
13 KOTOPOTO MOKHO Haiftn npomsBoxusie db* mpu £ =0 | B yactHOCTH,
aM sh(Zh)
T =2{m;—-—my)= 2| ———F———==—thik}|.
3 b=y — 23T (ch{25}+ 2r e })

AHaJIOTUYHO BBIYMCISACTCS Cp€AHEC 3HAYCHUC NPOU3BCACHHUA CIIMHOB COCCIHHX

MAaArdimMTHBIX aTOMOB.
[-
5= Z Splhs
n=z
rac Sn — CpeZ[Hee 3HAYCHUC HpOI/ISBeZ[eHI/Iﬂ CIIMHOB, HpI/IHaZ[J'Ie)KaH.[I/IX OTpeSKy oJm-

HOI ™ | a P — BEpPOATHOCTH TOTO, YTO Tapa COCEJHMX MATHUTHBIX aTOMOB MPUHAJI-
JIEKUT TaKOMy oTpesky. Pn = (N — 13077 *(1—Db}* 3 5, maiinem Tak

o = 1 a 1 Fogl+l)+Fx(—1)
"Tm—18K " m-1 F,(41)4+F.-1)
_ Fon(+1) _ Fon(—1)
BBozs 0003HAYCHUS Ful+1) y " Fu(+1)
MOy IUM
— 1 &, 4+w,
" n—114x,
. t, +w,e 2K 1-x, e 2K " w, + t,e 2K o2h _ © Ky aa
= r L R— — e
T 14 x,e2E  14x.e® T 1+x,e 2K 1+ x, e 2%
chi—K+ h) a2 shi—K+ h) 'k
g = ¢ We ="——F7""7""6"
chikli+ h) bz = thiK + k) chi K+ h)
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Ecmu =0 toBce Mn =0  apce 5n =thK nosromy M =0 y 5 =thK

MoXHO TakKe TIPEICTABUTD 5 BBuUIE psiza 1o CTEIEHIM b

S=s5.+2(s5 —5z)b+ Z T (k4 1)5450 — 2k]speq + (k—1)s, | B*
=2

HonyquHoe TOYHOC PCHICHUE MOKHO HMCIIOJIB30BATh IJId OLUCHKH TOYHOCTH pas-
JIMYHBIX MPUOIKCHHBIX peleHuit 11 Monenu V3unra pa3oaBieHHOro MarHeTuka [3,
4]. HOCTpoeHI/Ie 6OJ'H>H.ICFO quclia HpI/I6J'II/DKeHHBIX MCTOA0B MOXKHO OIIMCATh B paMKax
CIIEAYIOLIETO 001LIero moaxo/a. PaCCMOTpHM W3UHTOBCKUI MarHeTHK C pa36aBneHHeM

hin i
1O CBSI3AM Ha PEIIETKE ¢ KOOPJAWHALMOHHBIM uuciioM 9 . Ilycth CyMMa

JI':‘:?‘! = ZG_E'

cyMMa 1o BceM 4 cocensiM Fo, B TOM YHCJIE U TIO TEM, CBSI3U C KOTOPBIMH Pa30pPBaHbI.

=Zg

0 COCENSAM, CBSA3aHHBIM CO CIUHOM To HCPA30pBAHHBIMU CBA3AMU, a

O‘-IeBI/I,Z[HO, 49TO OJIsd YUCTOI'0, HE pa36aBJ’IeHHOF0 Mara€Tuka hii"! = hin JJIsL JI000r0

atoma. Iycts Wilhin) ¢ymxuus pacnpenenenus o momsm kin, a Wa (Rins i) co-

BMECTHasI GyHKIHS pacrpe/eeHust nosnei hi, u hip .
(I"Vll:hin :I = l H";:{hin’ hzn }dhm )
Torma
m = {thl:f{hin + h:l}[-tﬁ[hm] (l)
u
— iR’ i . ) ; y
QV = (R th(Khoy + 1)y, 2

rae M — cpeaHAs HAMArHWYEHHOCTh, V = looa} o Beem rapam COCEIHUX CIUHOB,
HEI

kT (Hsx — BHemmee none, T — Temmeparypa, ¥ — nocrosunas BonsiMana).
Ecnu Temepb HCIONB30BaTh Ty MM HHyI0 oueHky s ¢ynxmuit Wilhi)} n

h =

H"Ji{hi."!’ h‘in], MOXHO IMOCTPOUTH pPa3JIMYHBIC HpI/I6J'II/I)KCHHBIe MCTOAbI OJId OIpC-
JACJICHHUSA HAMAarHM4€HHOCTH B MOACIIHN W3unra paB6aBJ’IeHHOF0 MAar"HcTHKa. Haan/I-

mep, nonaras Wil = 8(hy, —gbm) Walhin i, | = Wik )8(hy - am) e
b — BepoATHOCTB TOTO, UTO CBA3b MEXIY COCETHHMH Y3JIAMH OKAXKETCS HE Pa3o-

pBanHoO#, moxyunm u3 (1) u (2) metox cpexgnero moms: M = th{Kgbm + k) Bonee
TOYyHOE TpHOMIKeHne TonyunM, ucnonssys mus Wilhkin) GuromumansHoe pac-
npe/eIcHue:

q L i n—i
P . . flemy 1-m - o .
W, (hy,) = Z;cg;bm _p)a nzc; (T) (T) SChy, — (2 —n))
n— =0 .

[Ipu mcrnonb3oBaHUK Takoro pacmpeaencuus u3 (1) caemyer METOn ycpeaHCHUS
110 JIOKQJIbHBIM TIOJISIM HJIM METO]I CPETHEr0O CIMHA, paccMOTpeHHbIN B padote [3]. Ec-

JIM B METOJIE CPEIHETO CIHHA yuecTh Koppensanuio V |, momydum
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T
W,(h) = Z Fy (M, V)G (b, )

n=o

q
Wy(hh') = ) Fynlm, 1)5(h = (21 = )Gy, (b, 1)
=0

rae
n g—n
Gonibh) = Z Z c;cg_n biti(1 — by g b — (i —j))
=0 j=p
nu
T _ g—n _ T _ g—n
o - () ()
_m+V m-—V
BT Tem BT 1o,

yr)aBHeHI/IC e HAMarHM4€HHOCTU IO METOAY CPEAHCEIO CIIMHA IMOJIYy4YacTCsa H3

(1), eciu monoxuts V = M*; ypapuenue (2) B 9TOM cllydae Hy’KHO OTOPOCHTS.

JIpyroii moaxoa K MOCTPOCHUIO MPHOIMIKCHHBIX METO/IOB 3aKJIFOYACTCS B HCTIOJb-
30BaHUM Mojenu V3uHra He ¢ BMOPOKEHHBIMH, @ C TOJBHKHBIMH HEMarHUTHBIMU
NPUMECSIMH, HaXOASAIIUMKCS B TEPMOJAWHAMHYCCKOM paBHOBECHH. B 3TOM ciydae B
raMWJIbTOHUAH BOWJIET JOMOJHUTENbHBIM MapaMeTp, CBA3aHHBIN C SHEPrUEd B3aUMO-
JEUCTBUS MATHUTHBIX aTOMOB M aTOMOB IIPUMECH. JIJis IOABHKHBIX ITPUMECEH MOXKHO
paccuuTaTh Koppemsiuio (KOBapHaIMio) B PaclojOKEHHH MPUMECEH ISl COCETHUX
y310B petietku. [Togbupast Terneps mapaMeTp B3auMOACHCTBUSI TaK, YTOObI 3Ta KOppe-
JSIUs 00palianach B HOJb, OJIYYHM paclpe/iesiCHHe IPUMECei, KOTOPOE MbI Ha3BaJIH
«rceBa0XaoTHuecKuM» [4—6]. TIpuMeHnTeNbHO K pereTke bete 9TOT MeToa MpuBo-
IIUT K CIIEAYIOIEMY pe3yabTary [4]:

gr—h
M=th——,
g—1
rae ¥ —KOpeHb ypaBHEHHS
gx—h : sh(2x)
th——={1—-bithix}+ b——————
g—1 G ch(2x) + e2¥

Ha PUCYHKE 1 moka3aHpl 3aBUCUMOCTH HAMArHWYEHHOCTH B pacucTe Ha OOWH

MArHUTHBI aTOM Kak (QYHKIMsS KOHIIGHTPALMH MarHUTHBIX aToMoB D mpn 3Hauennsx
u i =0.05 | Kpusrie 1u 2 —TouHOE pemenue u pemenye, IOTyYEHHOE B TICEBI0XA0-
THUYECKOM TpHOIkeHud. (OTH JABE KPUBBIC B TOYHOCTH HE COBIAJIAIOT, HO Pa3jinuue
MEXKy HUMH He BUIHO B Maciirabe puc. 1.) KpuBas 3 —HaMarHHYeHHOCTD, MTOTyYEH-
Has METOJIOM «CPEIHEro CIHa» 0e3 ydueTa KOppelsluy, a KpuBas 4 —c y4eToM Kop-
pemsn V. Ha pucyrke 1 me mpusenena 3asucumocts M{(B) coorsercrByromas
NPUOMKEHUIO CPETHETOo MOJIsl, TaK KaK 3Ta 3aBUCHMOCTh OYECHb CHIIBHO OTJIMYAETCS

OT TOYHOTO pemieHus (M APYruX NpHOTIKEHHI) B 06MacTH GONBIINX 3HadeHwit D
OnHako mpu Manblx £ MeTo cpeHero moJjis JaeT, Kak HU CTPaHHO, onee GIIHM3Koe K

TOYHOMY 3HAaUYEHHE M | yem BapUaHTHI METOJa cpemHero cuuHa. Ilpu b, 6amskux x
HYJIIO, BCE TPHUOIMKCHUS COBIANAIOT ¢ TOYHBIM PEIICHUEM, YTO, BIPOYEM, H CICIO-
BaJO0 OXHJaTh, T.K. CHUCTEMa B 3TOM CiIy4ae MPHONIKACTCS K TapaMarHUTHOM.
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Ipu ® =1 | 1. e. npu OTCYTCTBUM HEMArHUTHOTO Pa30aBIEHHs, METO/ CPEIHETO CIIH-
Ha C Y4EeTOM KOPpPEJSIHMU U TICEBJOXa0THYECKOe MPUOIIKEHNE AAl0T TOYHOE pelle-
Hue. (Takoe coBnazeHue OyAeT UMETh MECTO HE TOJBKO JUISl OJHOMEPHOMH IEMOYKH,

HO U AJid pCHICTKU bere ¢ IMPOU3BOJIbHBIM KOOPAWHAIIMOHHBIM YHCJIOM a )

0.15
M
0.14
0.13
0.12
0.11
0.1
0.09
0.08
0.07

0.06

0.05

0.04

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 4 1

Puc. 1.3aBrcuMOCTh HAMarHMYEHHOCTH OT KOHIIEHTPALMK MarHUTHBIX aTOMOB.
Kpusbie 11 2 —To4HOE pelIeHHE U PELICHHE, TOJTYYEHHOE B IICEBI0Xa0THYECKOM
npubaxenny. Kpuas 3 —HaMarHMYEHHOCTb, IOJIyYEHHAs! METO/IOM «CPEIHEr0 CIIMHa»
0e3 yuera KoppessaLuy, a Kpusasi 4 —c y4eToM KOppessiiuu

0.0002

dM

0.00015

0.0001

5e-005

-5e-005

-0.0001

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Puc. 2. Pa3HuIa MeX/Ty TOUHBIM PELICHHEM H PEIICHHEM B [ICEBI0XA0THIECKOM
npubmmkernn npu K = 0.3y h = 03,05071 1.0 (xpussie 1 — 4c00TBETCTBEHHO)

Paznuma MEXKAY NCEBAOXAOTHYCCKHUM HpI/I6JII/I)KCHI/IeM U TOYHBIM PCUICHUEM IIO-

Ka3aHa Ha puc.2. 3mech npuBeneHsl rpaguku  pasaunel mpu K =03 gy

h =0.3,0507110 (xpussie 1-4 coOTBeTCTBEHHO). PacueT MOKa3bIBAET, Y4TO 3TA
. -2 -4

Pa3HHUIA He NPEBOCXOIHT MO aOCOMIOTHOM Bemmupne 107 — 107%
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Takum oOpa3om, miisg ogHOMEpHON Momenu M3uHra ¢ pa3daBiieHHEeM pacdeT Ha-
MarHMYeHHOCTH B TICEBAOXA0THYECKOM MPUOIMKEHUN C OY€HBb BBICOKOH TOYHOCTHIO
COBITAJIaCT C TOYHBIM PEIICHUEM, YTO IO3BOJISIET HAACATHCS, YTO U IS OOoJiee CIOXK-
HBIX PEHIETOK ATO MPUOIMKEHUE OKKETCS IOCTATOYHO XOPOIIIHIM.
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