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Pa6oTa BHno~HeHa B ~aoopaTopHH BHCOKHX sHeprHR 

OO'be,lt}fHeHHOPO HHCTHTYTa H,llepHHX HCC~e,llOBc3.HHH 

Hay4H~H PYKOBO.IlHTe~1: 
Kc3.H,IlH,Ilc3.T TeXHH4eCKHX Hc3.YK 
CTapmHH HayqHHH COTPY.IlHHK 
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,.,OfP~tiHa~1HHe·onnoHeHTH: 

,llOKTOp TeXHH4eCKHX HayK 
npoflJeccop ,_ '~: t ~ • 
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KaH,IlH,IlaT flJH3HKO-MaTeMaTW1eCI<HX HayK 
cTapmHR Hayt~Hldi coTPY.IlHHK 
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Hno "3~eKTpoflJM3HKa" HM. ~.B •. EtiJpeMosa r. CaHKT-lleTep6ypr 

3a~MTa COCTOHTCH "-" 1993 r. B ___ 4aCOB 
Ha 3aCe,llaHHH cneuHa~H3HpOBaHHOPO COBeTa ~034.01.02 npH 
~HCTHTYTe TeopeTH4eCKOH H SKCnepHMeHTa~1HOH flJH3HKH,-r. UOCKBa 

C .llHCCepTaUHeA MOZHO 03HaKOMHT1CH B"OH6~HOTeKe l1T3~ 
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AIITYA.Ilf:IDm> PABJIH 
B Ue.ru!X ~ HCCJE,I(OBaiD1~f Ha ~ -~ ~p B .lla6Jpi

TOfW1 BHroOO( 3HeprnH <Wif .. fun J;B3}ll{XJraH I1JOO<T flYKJPl'IXlJa - CBe~ 
-YCKOIJfl'e.llbHOIU ~· fliE,II.Ha3Hatarnaro _ ,IJ,liH YCKOp:t!WI ~ KH>B. )f) 5Hep
rw1 6 I'.3BIH. HaPH.DY c :3a,ll,a'1atM BW:>Pl OCOOBHbiX naJBhfmX)B KCMJ.ia<ca, ero t.m'- _ 

~ CTIJYKTYPl, · IB3JB(Xm<H H.~ C'l'IJ':IK'l'YI ~'-~ H 
BaKYYMHOIU cmpy,llol3aliWI H np., 6.:l.Jn,ure Bfnttl':IIDe aw Y,lleJEOO -~ . 
CHCmd KOp~ MailMliDfO nwi: J;B3pltXmre KOp~ 3JBt2HroB~ HX IB3-
Mal(effi110 B ~e YCKOptreJIH, ~ IDAlcOA!IltHX a.nro~ KO~. CHcTe-

. '.. . ,·' ··. 
r.ti KOp~ MailMliDfO nwi, a TaKE YfJIBBJEiiWI.I'llJBot _ CTJlYK'l'YJI!HX Mi3.IliHroB 

~ OCHOBHI:N WI~ ynp:iBJBil1H nyt!KCN. H HCCJE>,lOBaHHH ero ,B.HHatoHGf. 

Or ~HOCTI1 KOP~ B l-t3B€C'l'HOH_ C'reiEHH ~' ~ ~ ·nyq-
Ka,· TaK H caM:l :BCX:'MliHOC'l'_ YCKOJEHHH lla~. -B taCTHOO'l'H, AJIH ~ . . . . . ~ . . 
y~ IJ,Hp<Y.JJml,1111 nyqK/3. B ~ WllO.Ni K3 JIYK.lDl'IXH!• • KOI'OJHK t.t::llel' 

AJMl'I>CH .llO 15 ceK, YCKO~ ,llOJtleH ltel'D ~ CMCTeMY · KO~. fura
TJOIHI:lX JEOOHa.HCOB.· HErox~ ~ KOpp:l<l.I.HH ~B ~ . . . . . . . . ' - . 
TaKie ~ YCKOJ;EfM:M HHTeHCHBH!iX nyqKOB, : KOr',JJP K3-Ba KY.JDOOBCJ<Qro 
C,llBm'8. llae'ro'I: 00 Bp:MH ~ H Ha Ha4a.JIDIDA 5'I'aOO YCKOJEHHH oca.t:liHO IEJE
.~ aBCH!iX p:ooHa.HCH!iX ~. B HYJ(JDI'IXlfe ~~ ~- CHCTe-

_r.ti KO~: •, -

-ro~ H se~.~ 3af.I<HY'ltii o];tiKm, 
-. Xp::t.B'lWlliXTH H at.I1JJWI'Y.Ili'ICii !3aBHCHCC'n1 OOTaTJDf!HWC taC'lUI', . · 

- 6.m1lai1mHX K JBfu4eH T04Ke furaTPE~WC ~ 2-4 ro~. 
llP1 ~ COOTaot KO~ ~b 00 Bfnttl':IIDe ~

HOOI'b coc6:>,llooro llJX)C'l'lru{CTBa B KO.Jiale yOO~ ,llCC'I'YTHliU ,IJ,liH. ~ 
KOpp:'K'l'Op:lB H ~· B:.1.JD lBIEfD Km.Jll)3JBa.Tb B KatieCTBe KOpp:tmf

IJ':IKU{eiU 3JBEHTa ~.MY Jib~ KOpp:'K'l'Op, _ KOI'OJHl_lli<JI()l1aeT B 

ce6H 4 'lWB KOP~ c::fM:m::K. ~ rmBOJIHJD ~ B KO.Jiale IBDxo
~ KOJIH4eCTOO KO~ c::fM:m::K. . 

Ha~ C ~ CHC'l'€M>I KO~ ,ll()JIIfli dinaJJpTb ~IDntii 
n0«:cmo B yr1p'lB.lEHHH, · 4'1'0 CBSl3aHO 00 CXEMMf ~ ~ KOp-. . . . : . 
~ 3.JBEffroB H a.nro~ yr1J:8B.lEfiWI roatf KO~. I'Klrorb 
yr1J:8B.lEfiWI ~TJI1Ba€'1' ~ flcrpji a.allll aJJroJ;Hlloll KOPiffil.\HH, a 
TaKie IE~ or JE1H1oB v.,nndf HaC'l'JDi<H · K p:m.ty ._ ~- ynp:iBJBil1H 

•'IU(<Mf KO~. ~ ~ ~ llHTaHHH ,IJ,liH ~ KOp-

~ c6.ooof MYJib'MilJIImit) KOpp:'K'l'Opi c6::!cretooD :3HatMre.JibHYll CldQn.y 

. B BW:lJ:E aJiro~. yr1J:8B.lEfiWI KOpp:'KTO.J;Btolf •. 

,ll.JJH (l(6li<H ~ }E3JIWDiWC aJirollflM)B KO~. H BW:lpi HCIKX>
JEe fi>.IllCCWIII.H ,IJ,liH r.mliH'l'ftil CTJTYK'l'Ylll ~ fun :lBIBf Jll\l sa,Jril'l tn£Jet-
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OJ,li,EOO\lME P.AHJIH 
Ib BB1WlM1 n:::Ka3aHa aKTYClJ!bHOCTI>' ,JJ,aHHoo paroru, atofMYJJI1pJBaHll ee 

OOHOBHOO 3a,l\atM, ,liP€Tca lqB.'ll<Ce ~ ~ 11 ~ 11CC.Jl';ll.OBaHI1H, · 

~eHO ~··_CTJT:/KTYill ~praL\1111~ ' .. : " 

B rJIABE I ~ CCHOBHOO ~eHrul 0 C'I'Jl':IIITJIE HYKJDl'P)Ha 11 BJ111ID001 

~ KCTJ1IOBKI1 a-~ fDJlJ'l · Ha .11CKaxeH11e 3:lMKflY'IDi1 op5!1'rn 11 JID5px 
furaT}X)HHW{ tJacTar. B §1.1 ,lTP.Illi CCHOBHOO na~ HYKJDI'lXlHa> OOJ1CaHa CTpYK-

ai ·~· ·. •· = ·~· ;,;; ·~ 
: , . ~ " .. ·· >X.. , ·~ 

c ' ., ' ~ ••• ' ~ • -:·:': 

·. q) ,. 

PK:.l OO)lO rieiJOO,ll;l:l fiYKJDI'P)Ha. Cfu3Ha'leHI1rl: cz, - ila<YCI1PYKIII<lll .Jli1H3a, .ll -.· .n.eto- . 
· KYCI1PYKIII<lll .Jli1H3a; Mi.+ .M4 :-~ M:li'IMI'll. • 
. . . ~ '. . . . ·. . . .,. ' . '. . . ; . .. .· : .-_. ~: ,. ~. 

TYJa KOJiblJ,a, fiiJ11Be,l\eH!l ~ -~ cyne:rnepl10,ll,a. ···Rci.JJl.uo.HYKJDI'IX)Ha ro-: 
C'rol1T. 113 8 CyrJeiiJepOO,liPB, B Ka:!)l,Hi1 113 KaroJID( BXO,ll,HT 1 c!())l() ~. . He co.i\ep-: 
JKaiiiClJI' )l,I100JlhHIDc· M1imrroB <PHri~ia) ~. H 3 'IEr;;~ neim;i;i (p!1c.16) ~ Pafuirul 
rollKil· yCI\Opl1'IiWI: Q · ~-oo ;· Q · =:6. as.·. PaCCMJ'I'IEio · Ko}XYI'KO ycTJi)Hcm C'I'IJYiciypHil 

... · .. X ~. . z ,. . . . .. ··,· ;. -·. ' < ·-··- • •' ... I 

,ll,WlOJibHI:lX 11 KBa)l,pyJ10JiiJ M3.f'Hl1TO~; . ~em CTaTl1CTW_!~. ~ o ~. 
HOCTflX I1X M1I'ffi1THwc n:i.JieH, · ~ 113. JE3YJ!bTaToB -Mr1flMI'HHx vt:J..e~. 

B §1. 2 paCCMlTpHBaeTCSJ BJMHH11e pa:3.JII1tlliWC iicro4ffi1KOB. ~em.ffii M 1100-
- - .,_ . . ;_ . ' ? : • ~- ' ". -.· '. 

l!tE'HVIe 3aMK!iy'roM op5ffi'll JiyKJDI'p)Ha •. 'C£00Blll:M1 11CTb~'I1CKalleH!1i1 .HBJIHiarcH 

JR'3(5px ~ ~ ~ <llBIB>M 11 ~HHX .itm1H <Mfi>~B -~ 
Marnl1Tax, pa::Opx YI'JKJB OOBOp:YI'a. ~ ·il.ocx:w:cm1 ~ M3.f'Hl1TOB CmJo-'· 

· CI1TeJ!bHo· np:l,n;OJibHOi1 CCI1. <kJ.>M, rop~ffi:E.I1· Be~ffi:E~·cce}i . 

~ JIWi3 <llx> L~ <liz>~- . Pa~11er .-rna::an! qro ,IUJYi'l1e 11cro'liD!KI1 IJ(myme-: 
H11M, TaKlie Kax cmi(effi1fl ,lU100.JlbHUX M3I'Hl1TOB, MYJ!bTI100JibHHX KOprarn)p::JB 11 np.; 
BHCCHT fliEH€6~ C flpaK'IWfecKOM 'l0l!Kl1 3}:alllil BKJJa,ll B c6IIee 11ciaJrem.e o.tnt=: 

( 'I'l:l. CJXW1 i1C'l0ljffi1KOB ~ HeOOXO.n;w.t:) Bll)l,e.mm, CI1CTava'I'i.JqecK'j10 tJaCTb,. . 

CBffiaHHyJo CO~-~ yCI\Op!1Te.JJfl. Pac<fu, CCHOBaHHi:M Ha .,ll;lHHW( 

fm.lle3W!ecK11X 112M2IEID1i1, l'l:l<a3a.JI, qro t.1aKc11Ma.Jii,I-nE (m •a311My'I'y 11. m·ceJll111 IlJO

Be,.l\emrux ~IEH>lli> rop!12DHTa.)Ibffi:E 11 Be}JI'l11{£iJibffi:E -11~ opSmu arncx::~ 

./ 

4 

,. 

l 
l 

l 
I 
! 

f"\· 
i.,,) 

HO ,ll,$JM!p:)BCIHHC4f ~ CCI1 yCKO}:Ifrelm OOC'l'aB.R71' 3.2 H 1.8 t.t.! COOT

Bel'CTBellHO. < Y~ Be.JII1I.imru flil.Jml'Cfl xa~JIIIM'f 11 .He ~ BO Bree
lll1.),ll.n5I JflCtfua ~. ~ ~ JB35JXXXM ~. CWIH 
B~em~g ·• <4>>.~a~3Ha~rn~l1 . . x, z;, <X . " .. . ' .. . ' . 
Be}JI'l11{£iJibliWC . ~ op5!1'ru Ha · a31-tA1JTE! ¢>. ·Karol~£' He 6y,ll,YT • ~ c :Bepr · 
~ThiO a. ~P. ·llJif a=0.93.11 Cp:w!E'KBa)l,JB'I'WlliWC 3Ha4eHI15IX ~. · 
yn::Mm1y'l'W( BHIIE: . . . • . 

. : '· . \ _:.4 ~ - ' ". '. 
<<X>M= <'.tJ./l>M= <llB/B>M= 5·10 ' <!:Jx>L= <Ju:>L= 0.1 t.t.!, ', . ~ . 

r,n;e 11!U\eKCH if 11 L arHCCffi.cfl K ,lU111)JL'lM 11 MrnM ~. - MaJ<CioM3.JibHOO 

"31ratieHI1fl ~x. o. 98 11 ~z. ~- 98 COCTaBJIHKJI' 5~ 7 11 7.6 t.t.! COOl'BeTC'I'BeH (CM. ~-2>. 
llJM OOJJe ~ B11HX= ~ f'aycc ~ ~p:~ffi-i~I,li,COOI' ~ 3Ha~: 
<L\l/l>Mo1.6·10 , pa:3(5px CCTa'l0'1HHX•OOJiel1 o::c'I'aB.JireT <BOCT>~.2 raycc, - rlJI'I 

3'1U.l: £~. 98= 15.5 _r.t.1 H ~~. 98=' 11.2 r.t.1~ . . • • . . . . . 
B §1.3 C.l\e.JJaHH a,\eHKH pa:=6p::coB qacror 6eTaTp:)HHHX ~. Bl:l3BaHHHX. 

OOf'Il?llDlCCT.flMl1' rnneii CT!JYicrYPHHX t.ru'HI1'IOB 11 rnJilMI KOpp::K'IDPJB xp:::Ml'IWIHOC'I'I1. 

· l L11-C:nllHllJ.e. 4.1C'I\JI'Hl~ . P'J35ICCH. w.e<1l' t.eC'lO llJI'I_ -·~, 6JM3Ioo< K. flJ.JIS'N HaCI:IIteffit<J 

llleJk:33. . B ll:'PBOd rnJinl<e "reOJWI J:lCeMYUiemM. J~ C1\eHKI1 Ja35p::coB tJacwr 

11P11 Bel~Yll!EM mne B=2. 1 TJI: 
A\c~18.s> ~"'""17.0 -yc~ 3HalJeHI1fll6aleH!1H XIXMl'IWlliOCTI1~. 
BOOCIM:lX KBa)l,p::lTI14HlM1 He.Jil1Hei1HocT5tdl1 rnneH ,ll,WlOJibHHX M3.f'Hl1TOB ( ~) ( 2 ) ~. 003 

(Xp::M3.'1WlilOCTl1, JBCC411TaHIH! B .l)lllieW!Oi ~: ~0=-8.1 11 ~0=-8.0) ; 
<00( 3 '>. IL\Q<3 l I ( 0.7·10-3 

-,. C'I'<lfi)Vl~ OIKlDHeHI1fl or cp:wieiU 11 CP2JU-ll1e x,z ·' x,z ' . 
3Jial!eH115J· pa::()p:x:oB .. •l3C'IUI' • , BHOCIMDC. ffi'l'YTh.lJ!bHI:M1 He.JrnHei1HocTSM1; 

,II,Jl5l ,ll,eJ{3ffilJbHHX .11 ,1\0,llffiaOO.JibHHX · H~rneili!ccreH mnyt!eHH a,\eHKH: 

'<00< 4 >> « lllQ( 4> I ···lfi<J' 4 ' I = 2.5:10-3 .lll<J< 4
> I = 3.8·.10-3 • x,z x,z , x max ' z nax ' 

<NJ.( 5 '>.<< lllQ< 5 >1, IL\Q< 5 >1. =3.6:10-3 ,· lllQ(5 '1 =2.1·10-3•· 
x,z . . x,z _ _ .. ". x IIBX . ,. . z ,_.,max . 
n~~ U.~eHKH' ~. qro fiPI1 fum,IDI1X ~ Be,n;yll\ero llOJifl 

H cirncci-TreJ!bHcti JM'IYJJ:bciii::M Jio5p.xe lo 1~10-3 ocHoBuoo BK.na.n. B tJaC'IUl'lille pa3-

6ixJC~>~ BHOCm '~ ~ )l,l100.)rr,ffiix Mm!I1'TOB. n0 ':3'Jti1 f1PI1l!HHe 

l!aciDrme JE3sJlX'Ji, BHCCIMle KB3,.ni;nTWlH1~11-1HeJMH61JiOCT.fMi fl:lJJei1 )l,linneH, a TaK

lle KoP~IUB i}X:M3T!14HOCTI1, i1c~6Ea.JJi1ch 6inE:e ,n;eraJihllO~ KITht2 -~ 
n:npaBOJ{ K xP::MaTW.rncmm CJe.lll1 ~B 1 m~ ~· Bl:l,ll,eJJl1Th: 
- C.lU311rii 'Ja6'JUr > B~IME canmoi1 ,l\l100JihHlll(Mihum::lB JTPI1 .Be~'li(E'M rnJE B=-2~ lTJI 
-.. - llQ3 ; "' :!:6.2·10-2 ;· . 

x,z 
- C.l\Bill11 lla_C'IUI', OOYCJDBJEHHHe HCKaJKeilli5M1 op:Swru H. CeKCTyfD.JihHl1Ml1 rrin?.MH KD~ 

rarnJinB X{X'MaTillli!CCoJ11 (AnsJ CJJYllill! OO.JIHO~ ~l~ ~xO 11 ~:::O) -

OOA' = 3.3~10-2·A llQA = 6.7·10-"-·A · 
x ln3.X __ x' z max z' 

r,n;e A < - aM!l.Jll·ITy)\H 8x riiimmlK ~1CK3llteH>lH 33llroJYTOi1 or611Tl:l [CM]. Po 2 fD{llUIKe 
,. ' ' x,z ,-, " ,· .. : ·.''. . ' -- .. · ~ : ' . . - . . 

5 



~ KBa,IU:a~. He.JlY!Hei1Hcxm1 ~ ce5fl. OO)Ic6HO ~ He.nim~. 
HQCTa.l. On.erltvl c.n;BI1rn tJaCTOI'' BHCCW.t:e ceKC'I'YfDJibllliMI1 I<0.100iieH'I'a OOJiei1 )JJt--

llJ,llbHHX t.mmm)B, IDmJ1E saBI1Cffi' ar ammfi'Y.ll eera~ ~ ·_ 1'1/J~, 
.~I .:_ H ar HCK.a:1eiD111 =>lN<nMniA O"""'""' - tlJAA. 1'1/JAA.: > ' .. > ••• • 

LY<J.[;!Ml [-0.046 0.()21~l{,.I~]•~•vu ~:: 3. 2xM'[fi/J$]>[--83-.. 721][A2] ... (?).2 = . X ((N1/B) ·10 ) 1 = · ~ ((N1/B) ~ ) ; 
I · AA. . · ·2; ' . 

1'1/Jzld 0.021 -0.048 Iz .. . . · 1'1/Jzld ;13 64, Az . . . . 

r)le 00: (4~10-3, OO:z..:2.2·10-3- KBa,IU:a"ru aMllMI'Y.ll CeraTPJinillx ~ [~J; 
('lB/B) (~)- HOIJ.MlXl!laHliOO Ha. Be,llYII\€e ~ Cp:wiee 3Hal.!effile ceKC'I'YfDJibHOH. He.Jll1-:

~ ~HID: ~B Ha ia,neyce r=4cM. AHa.JD~ qaC'rol'HI:E JX!3)inrn: 
I . AA. .·· . . . . 

NJ.xC,zA:. H l'IQxC,zA:.'-BHCCm' KOPJEK'IDJ:N xp:MlTWIHOCTI!. . .. . .. .. . 

[:~]=[ ::~ :::] [::] '' • . .· . [:;]=[::: :::] k;] ; 
TIIi1 I1JJlm{ &;1~8 TJI I3K.JICU ,IJl1[D.JihllHX Mar'ID1'IDB ,B ~)lfly!O 3aBHCa.t::C'l'b tJaCTOI' 

Ha IJ)IJ1mel< t.elilllle · BKJI1l,lTP, ·. BHOCa.DJ:"Q . KOpp:'K'rop:!M11· . Xp:J.nTWllicxm1 . ( IDCKO.JlbKY , 

('lB/B)( 2 ),_1·10-3<>Const). TIPH B;32~0TJI ,JJ;I100Jli:>m2 M3TIMni CTaHOBffi'CH OCHQBHHM · • 

HC'ID41fi11<dd KBa)Ula'I'Wffid1 He.rnmei1Hoo:rl1 OOJIH 113-33. ::$Ie6uB Ha~ B :ieJffillliX • 

~. f1Pl1 am.~ 3·10-:3((NYBJ< 2 >(10-2• CJrullleiD1e oSm.c~, ~ tJaC'IOl'HI:fll 

JE35]X)COd Ha ~ (Q ,Q ) C o5JBCT5M1 ~ ~ p:ooHaHCOB, B ~eJiaX . · . . .x z· ' . 
KCtroiiDC (!:£/e) . ~ 3J % (CM. Ta6JI.2 H Ii1C~5)~ ~er,. 4'ro :leJI3.Te.JlbHa KOp-

~z . . . 
p:roJ,I1H tJaCTOI'HOIU. JE35pxa,. BHOCW&Jro · KBa)Ula'I'Wffid1 He.lii1HefuiOCTI:JO ~ . ,JJ;I100Jli:>- . 

HHX Mal1MIDB. f1IJf ~ ~ :se,nymero JilJIH. · ·. ·· .... 

r JIABA II IDC~ aJIIUJMThlClM. KDP~ 3'-IM\HYTOii.oJt)ID'i:A, ·. CeraTPJfnrux 

tJaCTOI' H p:a:>Hal!COB; crMCaHI:l· aJIIUIMM:l tfi1CJEHHOIU · MJ)IeJIHp0Balil1H, KOp~, 

fll)l1Be,lleH!l JE3YJibTaThl MJ,lleJIHpa~.. ·. B §2.1 co,ne~TM cx::IfOB~. C~eHWI 0 He

m!Hcm.JliOC~ CBepx!lJX)~ MYJib'lWlJJibHOvl KOpp:'K'rope. -i<OPJEK'l'l1IJYKUI€M ~ 

H;/KJOI'IX)Ha. II~ffi JBCtfu KOP~ cX't.oia< •. ~ KOpJB<'Klp; CQllepnrr 
4 TI1I13. cX't.oia<, )lEe K3 KCtroiiDC - ,JJ;I100Jli:>m2 - c.ny.taT ,ll,JIH KO~ BeprnKa.llbHOO 
l1 roiWJ)HTaJibHOi1 ~ ~· or6rru. i\pyrre ~. o:i.rnrof B s3BHCattXT11. 
ar Ha3Ha'ieHWI MJryT ~T K ~ 6.'1W13M: KBa,l(!Jj'OOJib, ~---, 

rnJihHrul, acryrnJ!b!W!-~ • .m6J Kt:rn:!. Ha PHC~3 rn<a:3afl9 ~ c6-
M:JKK, flpe)\Ha3Ha4eH!lliX ,ll,JIH KOp~ p:ooHaHCOB H JB35pocoB .tJaCTOI'. B KOJ!bl.\e 
ycmJme.!IH •. 

f B §2.2 .. JBCCM:l~. ~ KO~ o¢mH. KJB~ ~ a.nro--
Pfl.M:l KOp~, ~~ B ~ tfl1CJEHHOIU MJ)Ie.Jn1l)ClBa!il1: HCllt.eHb-

. llMX KB3.JuaroB;. "~", rn~, 6at.fH.eroJi H ~ ~. B 
l'efO)Ie ~ KBamaiDB 'cliru KOpp:'K'rop:)B ~~ IC. yr.JDBWI MI1HYft1YMl . 
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Cyr.M:l KBa)Ula'roB 3HataMi1 o:P5Hrn B rnt<ail-9JJeK'l'IX).liPX. . lleJEBrui ~ F w.eeT 

BWJ; /1a/:N. 2~. 

al F =. Ict+liYl~ ·•• :·Mill, 6J F ="J~2($)/~<Illd<l>- Min •· 111 

·_i=1 . . _.. - . - 0 ' - -
r.ne Yi- 3Ha4effife op]mH B i--<:M ~ ,no !?JP~. AYi-BKm,ll; B oJDt-
TY, BHOCw.Hi KOpp:'K'rop:iMH:-B "~ t.ero.ne ~ ~ /16/, 
r.11e Y(<!J) - ~oitMrcl, j3(~) ...: ~,D;HaH' ~ 'l'BHcca, $ -~ 
asa.!Y'l'· _B_~~-- t.ero)(e KCMEfi~~ ~ em<?~ rn~ :3attf(

HY'roi1 o¢mH. ,ll.JJH ~ .JD<aJibHOi1 KO~ OIXMru -~. ~ 
UWOI: 1) rmcK yqa~ ~ ~ ~ o¢mH; 2) ~ KO~ 
op]mH 'ai :3TQ.1. ytla.C'ffie~ .. Jl,Jm.· mnae.ztffiKH n.~pooiO cOOJDra -~~. ~ 
~. ' npl1 KuroJO.f CKna ~ KO~JB ~~ 1c YCJDBHH -~ . 
Cyr.M:l K!la,lijXiro~ ~ ~S~OB,· ~ sa mp~~- . 

. B Ta6.n.i ~CTa.BJEHI,I JE3YJibTa"ru MJ,ll~ ~Od ftbHTe-l{apJD HC--

~ ~ 'o¢mH. H HX KOP~ .3 re~ t.el'QlJPMH ,ll,JIH a:o· Hafup:)B rD-

. ~ H' Y~ ',~~;myrnax M ~ IDJEi1 W ClllKlGf ~ 
(CM. '§1.2 rJI.I). ~'l'Ht~H00·3Ha4e!IWI ~ ~ oiXM:r .no 
KOp~ COCTaBHJM f1Iif am.~: <xrrax>o= 4.2 I'M, <zrrax>o== 5.2 I'M~ ,ll.JJH Cl\eHKH Ka-

lfeCTBa KO~ Blro1C.JIH.JICH ~: K== max IY($) I/ max -IY ($) 1. IfaKnyt!-
• . -· ·· · . · · · . . . · . .· · · .. · · · O«l><~ O«l><~ cor - - ·· · . 

IIIaH KOpp:rol.l1H B C1fCYTCTBI:t= ~ B ~ )IOC'M'ael'CSI f1IJf HCIDJ!b-

20BaHHH ''~" t.ero,ll.a;_ 6.JmKw.1 K·"~ 00 xap:!K'repy H Ka-

4eciay 5IB.JIHel'Cfl t.e1\J,lJ; ~ K!la)uaroB. . . ~ B ~eJEHHI1 TnJJ.:l1eHWI 
Ue!iTJ:a. Tl'lleC'm nyqKa B f111Kari-~ <1J.x >, <lfz.. )_ ~ K ~ Ma-

. . . P P,. -
KC~ w~ C'J<OPiffiTillX>Ba.HHOi1 o¢mN: · · 

<x' >2.~{x_o. >2+<~'<llx>l2, 
rrax .crrax. x p . , 

r.11e <:x? >-·c~'IWIHOO 3Ha'ieHWI ~ ~ ro~ ' rrax 
op]mH f1IJf HYJEBHX ~ (,ll,JIH z --aHaJDIWIHO); rex -xap:!K'reJIDYJ(n' ~ rrax ,z 
tfl1BOCTb l'efO.Hi'i KOp~ K Yf(a!3aHHbN Cllllf5mM ( CM. Ta6.n.1). Hru6:lJEe yC'l'Oi1tnml:ld 
K Cllllf5mM a~-~· rn~ t.e'I\J,II;. 

~-~-KU(~JBCC~CTa~~ 
gear; ($). H gear ($), ~.~ OCTa'l'QtJHOO HCJ<a:1eHW1 o¢mH Ha . 
x,0.98. . z,0.98 . 
~ $, KCtroJH:! He 6y)fYT npeBI:EHI:i C Bepoffi'HCCTI:lO <X=0.93 (CM. JlfC.2) H KO-

'roJH:! xap:!K'reJIDYJ(n' Kat!eCTBO KO~. B ~00 IDn<e a3ftiYT8. · yrJOJJlfl'e.llrl. 
TIIM TJpOBO.lij<e __ rEPWX c6:>p::troB Hal6:>.Jre·CYJI(eC'I'BeHHIM ~ ClllKlGf 

~. KCtroJH:! KO~ JDG.JIDHO. · TIIi1 ~ ~ CHJ!Y Ka:QOro 

~pp:Jrn)JB Ue.JEC.Cd5p:l3HO ~·IC ~.He !elee 3 -~ sa HJtd 

~-

.7 

.--



Ta611;.;1 ·~'l'Wllll:e 3HatleHWI MaKCYMLJJbHHX ~ opSwr IDCJJe KO~-
l.lmi <X > • <Z > • Yf'JDB KOPIEf<LIID1 <1J. > - 11 Ka4eCTBa. KOPIEf<LIID1 <K > ' max max . . x, z max . . · x, z 
,nJIH 3 t.ero,lJP~ KOPIEf<LIID111 f1IJ1 JB3.i'IWlliWC aiM'Y.ax B CllJE)J;e.JieH1111 J'DJKlle.H¥1H ' UeHT-
JB T.flleCTI1 ~ B ~~ <1J.x >'=<.!J.z ). _- . . " . . , . 

~ -"~"-- -- -ra~~J.m!1; ~ 

o.o 1 o.5 1.0 0.0 0.5 1.0 

.~t<Xmax>(MM) · 2.0 3.8 1.2_, 1.6 2.5 
'' ~- ~ 

1.9 3.4 1.2 1.5 2.2 1.6 

1.17 0.3) 0.35 0.43 

0.92 0.39 .0.47 

1.3' 3.8 2.8 1.8 

1.7 

<£x I <£z : · 

HH¥ 

6 . · : fx, o.9B _ _. .• 

~- . 1\ A1 ,, A A A/\ A'FAA'i 1\ t\ t\ A,\ t\) A A t\1 A~\A 'A A 
1 1 ~ vVvv~vv vVV~Vvv w \vv ~.vv v ~ \14\~ ~, 
.. .. -· . . .,_ t:n: I _· ·. - . . . ~ 
'- ~ x, tJ.fl! 

:,;-;'\ N. 
{; 1 4i '') ·1 '1 I Vl I. I ~-y- I 'j '_r_r_. ·~----1' tV._.'' I .. I 'I ·.1JD9 
f . ~J~~L-{/Aj\ )). _ .' ~JV'\ Vv\~-

-<' • v ., .v ~?,;9/f .. ,· ' ~-' ·:' . . .- .· .\. -
-:; - . - r . - • 
:. '•,! I . : l : ! ·.· ~ 1 I 7-z~0.!/8 ·--~ , ··_ l . ,.· . . . . . ~-
:~ i ;\ I\ _i\ ~ f\ (\ f\ 11 

_{\ - 11 ~ 111 
_. _I t · . n _ 1 '_ I · 

c, : d 1\, d\; I! I /I'\ t\ 'i . ~ 1~V~~v~.~~.~4~·{t N~\¥NWW~ N 
N/1 . -· ·- -

· · · · cor · · -· 
Plc.2 0raTI1CTW!ecKI1e ijJy!n<l.\11l-1 S1M<HY'IDM. OJDI1Tll /;x, z, O. 98 H ~; z, 0.-9B B 

3aBI1CIM:lCTI1 or_ asw.wra <!> .liP 11 mc.ne KOP~ ~ t.ero,nCM CCUI'Ilel'CT-:

rellio. 3:1 Ha'laJX) arc~ mWmrci Jll1lB3. tM rEpBOro cyrer.ne~- ~~ 
OlMSTKI1 B)J,OJ!h ro~oo ocli c6:i3Ham OOJmeHl1H ~J111H3(.sepxuim ruily:.. 
fLJDCKOCTb) 11 .l\-JII1H3 ( IDmiM rn.nyJl.JDC-KOCTh) • 
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B §2.3 JB~ anrD~ KOpiEf<LIID1 }XI35p:roB CeraTpJHJ-!WC tJaCTOT" 

P='JYJIHIDBKY. rD.JJ.JZeHl1.Sl JBCotBf IDlKI1 HYKJUI'IX)Ha OCYll(€CTB.JIHK1. ~ KBa,lt-

.t+i I ~~~Mz.llzM3~~~%~M-J&:Jo%~~ 
~ 

1 -!%~2 • R1 R2 
2 -~~~H4 R

3 
R':-

4
-------:--:---

3 -~~~~Rs---'-- R6 

4 -S;H:r-Ss%---1\r R3 
5 -&-JI~~S:joH10 •. R9 . • R"7'1o=----:-------

6 S;-:iH11~H12 R11 Rc,-12=---------

7 S:tJ%J~ttr-R13 • R14 
8 5:;s%5-~~R15. ! R16. 

Plc~3 Pac~ KOP~ cfit:m:K )J,JI1l KOP~ xp:M'i~ 81-816 
3MlJil1TY.1\HOi1 33BI1ClolvOCTI1 'IaCTor teraT}X)HHHX KO.ne6:umfl - H1-H16 11 _ KDPIEK'IDJX>B 
r:e00H<mcoB-R1-R16• <Y'ro!ia4eHl1S'I: .t+i- Ha.€peyrer.nepa::wl. Mi-' ~ MmMrn, 

o1J. , }l.. - qrnycl1J-1YlUI(I£ 11 ,nE$JKycl1J-1YlUI(I£ .Jll1H31:l. 
]. '1 ' ' . . . .· .. 

pyr!O.JibH!E 4>- 11 .ll-'-.JJHH3H. .l\.JI.H -Kop~ Ksa.lu:aTI1'1HOf1'11 f\Y(511'1ecKOH HeJMHei1Hoc'reH 

IXl.JP2i1 rn:e,zy~ 16 MY.in.Tl1IUIIlin:lX ~P~IOB, l1M3Ill\I1X ceKC~HlE 11 a<
~ (fMJI'KI1.(q-.1. !Jl1C~3). Ce!<c'ryrnJJbJ-rue c6.rn1rn 81-816 ~eHu B 2ee-. 
t.t:!HCTBa, ~ neJE,ll; 4>- 11 .ll-~- C€Kc~Iille rnnH ~ 11 ~· Bro5~-
6'.11E CXXYI'BeTCTBYJ<ll\1-fv111 c6.orKaMI1, CBIDaHH . C BHOCl11o.U\111_ 11M11. l131velieH1151v111 Xp:MaTI1'1-

HCJC'l'cii _ ~ . ca:YI'HOIIEHI1llMI1: · 

[ ~ •J·· o: 1~~3·B[3.220.96J [~l -ua JXW1YC€ r--4CM~ 
-~ .. . . 1.44 4.ffl 11\j 

r.11;e B-Be,II,Ylllee ~- · Ha pl1c.4 ~ ill::oJXlCH ~aTpJHJ-!WC '-!acror .11;0 11 I'DCJE 
KOP~ xp::MaTWiuOCTl1, ~ 113 IffiYJJhTamB tniCJEHHofl · ~CC!1IDBKl1 100 
tJacTl1L\~ 11MnyJibcli tJaCTI1l.{ 33)J,3Ba.JJl1ch ~- coJB3(l>1· a ~TBIM c rnJBOO:. 
~ 3aKOHCM JECflJE,l(e.JJeHI15i~ • ··. . , · •.. _ _ . .- · -- . . . . , -. • _ . 

~HlE c6.0oo-J H
1
-H

16 
BlWieHu a·2 HEmB11Cliwc ~ 11 f!p2,1J,Ha-

3Ha4eHH )J,JI1l KOP~ 3MlJil1TY)(I-IOfl 3aBi-1c!M:lCTI1 CeraT}X)HHwc tJaCIUr. c·~ 2 
caei1cTB He.Jib3.H )J,0011TbCJI OOJIHOfl KCMJeHcalJ,1111 aMlJ!lfl'Y,l\HOM. 3aBllC~ tncror: 

a =(00 IOI), a · .,;(00 /01 ) , a · =(00 /BI) [1/6.!J. no sml-1 npl1l!l1He acryrnm,-
xx X X ZZ _ · Z Z XZ X Z . :- .·-.· 

H1E _rnnH 13'£ liB~. !3CX'6~are cfM:m{3Ml1 ~,• EIDI1JBKITCJJ TaK, _4'lrti1 c jX)C-. 

'l\l\1 3MlJil1TYA tJaC'IUI'hl Y)laliRJll1Ch or .lll1Hl1ll p::GOHaHca CBH311 Q -Q =0. YcJX:JBl~ YJJ.1-
. . • . . , .· . ' . X. z 

.JEffi15l 1-M:e'I' Bl-UI;: 

[~ . ·: · ' [ 2;7-"1~2][a· -a:J-.., . ,;; 10-3B . ' = XX 

~ ' · , -L2 2.8 axz-a~ 
- Ha IW\Hyce 11Pll r--4cM. · 
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a) tP(%) 
<!J.Q >:::0.018 25 

X ~ 

20 

15 

10 

5 ;=! f. 1 1 I I I I .. 

<!J.Qz>=D.011 ' r =20.3° 

. ·. ¢ (\.=. 0.~ . 

-1.-L 
-4-3-2-1 0 1 2 3 1o2 

!J.Qx· . 
-3-2-1 0 1 2 3 

tJ.Q ·1o2 z 

28 30 32 
. '((I'IE.JI;) 

6) tP(%) <!J.Q >:::0.0011 
25 X . <!J.Qz>::{).0014 
20 

15 

10 

5 

.:.3-2-1 0 1 2 3 . -4-3-2-1 0 1 2 3 4 • 
tJ.Q ·103 ' .. . !J.Q ; 103 

X .z . 
PJ£.4 Pa35})XH reraTJX)HHHX ~aC'rol', rnnyt!eHHl:le M3'I'Q.l(CM MJHTe-KapJJCl ,II,JlH 100 ~c-

T>lU B c.nytae na~ IB~e.neffi1H ~CT>lU rn w.flY'JlbCY: a) 62:3 froPJEK

JJ.>M, 6) c froP~ ~Tl1tmOCTI.f. lb~ In~~= P(y);=(314)( 1-T) 

~ I1JDI'HCXm1 BeJX)m'HOCTI1, y=(6/6 max) , 6max =4: 10-3 ,. 15=~ p/p
0
-}) -DTKJK)Helrue 

w.flYJ!bCa ar paBHOBeCHoro. . Pa~e.Jl?ffie yr.na r=arctg(!J.Q /!J.Q ) • fiCK'331ffiaeT frop-
, : ., , .. . · Z ·X · ~ 

~ tE!IJJY. !J.Qx l1 !J.Qz. 

PaCCMJ'l'lEH!:l BC'C3MJmiOCTl1 KC:t.fE!ical.I,>M ~C'IUI'llliX IIDSJOCOB; BHOCW.WC. frop-' . 

p:KTOp:lMl.f Xp::MlTWlliOCTif l1 I<Ba,lijl3.TWllibJMI1 He.JMHefuiOCTHYM JJJ.Jieif ~Hl:lX M1I'H11-

TOB BO. 2 rDIJlW{e ~. B:::eM:m!ocTb' ~ crorJ3eTC'I'BYJ(IIIHX CXe.l frop

:p2KUIM cBIDa.Ha c 'l'e.l, ~ ~ c6.orna MYJibTI1IDIIbHoro froPp:KTOIB l1M2eT. cooil 
HeGaBHcw.W1 l1CTO'W1K fJl1'I'aH1.1R. PaCCMJ'l'lEH!:l CJJY'illf ~caL\1111. ~,!Ui0i1 samt
CI-MXTl1 ~C'rol' C ro.Onnro: a) 3 ~ 'ceKCTYfD.IlbH!:lX frop~ c:6.oJm; 
6) 2 cet.€i1cTB. ffi'l'YrDJibHl: l1 1 nap,~ ceKCTYfD.IlbH!:lX fro~ c:6.o!m. 

B §2.4 ~etll:l Cl.\~ Jm1Pilli ~ K Ia~eH T04Ke'yCRD~ 00-
TaTJX)HHHX J):3oHaHCOB 2-4 OO~B . (CM~ Ta6JJ.2 l1 ~.1Y (Qx,Qz> Ha JMC.5),. 
c.I\e.JJaHHlE. Ha OCHOBe JE3YJibTaTOB ·. Mai'HI1'I'HlDC K?M::~ JJJ.Jieif B C'l'JlYK'l'YPll · t.mmt
TaX; ):{eTaJibHO Ill~ BCe · llCX3M:r.IHOO CXeMEl BK.Jll()qeffim fro~. c:fM:m::K; 
c.I\eJJaHll CTaTl1CTWJecKOO Cl.\eiOOf He05x~ frop~ .~; · . ~etll:l :te-

(3YJn::aTlil ~e.m!JX)BaHI1H He3a.Bl1Ca.d1 froP:p2KUIM,4 na~ ~COB l1 2. 

JB20HaHCOB CBIDl1 Q -Q ::{) l1 Q -fQ =13. ll~CM:Yl'lEHll ~ fro~ 
X Z X Z . 

c:Xi.oooi: 8 npa.m l1 4 KClCW( KBa,DJJYIDJIH, 4 npa.m l1 4 KClCW( CeKCTYfD.JIH, 4 nplT-

~ l1 4 KClCID: CK'I'yrD.JJH, -IBClDJJCl'leHH!:e B 16 MYJibTim.n:bHl:lJC froPp:KTOJBx. PaciD- .. 
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.Jnleffi1e fropp:KTOJX)B B I<OJICI.Ie fiYl\JDI'IX)Ha rn<a3aHO Ha ~.3. B Ta6.11.2 l'EJBlMO-: 

JJeHH froP:IEKTilPYa&E ~Cll l1 ,llPHH HO.ePl froPp:KTOJX)B, B KOTOp,iX JBCII)JDie

Hll co::Yl'BeTCTB~ fro~ c::f'M:nro1. Bxt.alill 2 BaJ:K!,HTa ~ 4 
. c:O.orc:K: 1) ~. ~ B 2.nap,~ ·"' ~ 2 HeGaB~ l1CTOtiHW<a 

~. l12) .~ cCM::m<a·m~ K Hffi:ml'fCWO(y' ~- IIePB~M BaiH
aHT ~.· rmBO.JireT froPr€KTJ1lX)BaTb "Cl.fHYCHYJO" H. ~RDCffilYCHYIO" CClC'l'aB.m10-

ll(l1e O,l\HOIU ~ca n Q + ri Q = m. hyCTD B nap,~ ~ 1,3 l1 2;4 ~ . ' x.x . z z '" "' ,· ' ·,. ' ' •. ' 
B rDpsJJJ.Ke l1X ~OBa!OOi. B, I<OJICI.Ie YCRDIJfleJIH. ~ yroJI t62SliY ~-

Ml1 B na:te ·cocTa:s.nrer ~ Pl,l{. ll:pl1 O,l{l1HaRDBCM' ~ IDIDB' B c6.t::m<ax rnJ,"H 
DHl1 ~et1cTByKJr 'lUJibKO Ha ~ rap.«JJD11G1 ~. a rJil1 f1IX)'1'I1IlCID 

- Ha He~, ~ aca5~ 4€TH!lx. ~ I 1,I3 l1 I
2
,I4 jw,yx nap~ ~rum

Hll C Jroel1HYCHOO f 1" l1 Cl.fHYCHOO, f 2 ~.fro~ I'aiMJHH!Gi tie}E3 

tva~ fro~ a JB!3t>epiOC'l'HO W: . . · ' 

[
!1] ~ B " [f1]·. ; '_ + _ + • 
I2 ~ 'ZA a f2 , . !3- - I1, I4- - I2 , : 

r.ne A :... ~ fllE05Pl30BaiD1H 'IUroB BCl1JJH froiJIEKTl1PYI(lll c:O.orc:K, B -:

Be,l~Ylllee rnre. ~ yroJJ 812 tE!SliY. repsotfH BTOJX)il ~ ~. 
rD-BCX3M:!I:HOCTI1, TaK, lflWl ntl12,(V2)(2k-t;1), r,~~;e k...U:e.Jre· B m0.. ~ frop

P2K'IDP>I _l1C111:lliffiaJ(1 ~ Hai'IJY3KY. llJ;ii ~ 4. ~. l1C:

TO'W11<0B rn1TaHIDI frop~. c:fM:m::K .BCX:M:lllia O,l{HOB~ fro~ KaK 

tfuHOO, TaK "'~ raiM:JiillK. TIJ;i~S'KM ~yercsi.~ tvaTimP IB3-

:e~[ d+ ~]· ~ 'laGf fro~ c lOCMDHeliTaMl1 ~CH!:lX rap.oiDiK: 

a= d+ ~-:-·• : 
_.r):{e d+l1 d-- tva~ W'frop~ 4€THoi1 H ~ I'aiMJIDIK oo:l'l'Be'l'CTB. B 

CCX1l'BeTCTB~ c aJI.fCaHHOi1 cxeMJil M::li'Y'l'.froPJEKTl1IX)BaT:bCH BCe ~CH K3 Ta6.11.2 
Kp::t.e STOro, ~ 4 na~. ~coB LQ '=13~ 14 a.BJl'CH ,l{aD.IIHHreJib-. ' x,z ' 
HI:E BCX3M:!I:HOCTI1, c~ c 'l'e.l, ~ ,II,JlH Hl1X ~CM:JJ:'}:eOO · 8 froPp:KTOJDB, -

,IJ;OCTaTOtnre trnc.in ,II,JlH Cl,IJJK)a~ l1 rnJIHOi1 ~Caum1. ,ll.m! · YC'l'IBfieHI1H B3a

w.tJOro l3JJYU'IIn1fl ro~ l1 BeprnKaJibHIDC fropp:KTOJDB M:MiO ~Tb 

Ma[I~l froP~[~ JB!3t>epiOC'l'HO 4x4, ·[~] . .· ·r· ~~] . . . . . "JB3BffiKY'': 
1

2 = i d14 ~ I< 14)=+!(14). . I2 = B · d13 ~ I( 13)= -I< 13) i=1-4 • 
· I £:' ' i+4 · . i· ' I :E ' i+4 i' ' 

3 'ZA 1 . • 3 'ZA 1 ' -

I4 14 . . ~ 14 ... . I4 13 ~ 13' . 

r.ne Ic 'IOGf, ~ i ~. froPp:KTOIBM c HCJ.e,J;BMH 2,4,5, 7,10,12,13, 

15; ~.2 Hf~, 2- se~ H ro~~- ~TWlHIE 
3Haqeffiffll"DJJ2H fro~ <B

0
> Ha }lW1YCe r=4 CM CM3aHil CO C~'I'WllillN 
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~.5 ,~. rotJKa 

HJ'K.lD1'lDH1l Qx ::6. ~·, Qz::6~B? 
(cm.eqeHa ~)-··H. ~ 

~ p:mliaHCOB. 2 -::4, 
IDJW.KC)B Ha ~ (Q-,Q) 

" ": ' .x z' 

·, •, _,, 

Ta611.2 Ko~ ~C:u~ 2<6 >-Y~ ~piWJ~~ 3Hat1emui 
. . . . . , . - " .. , , .. ' . '· r ·, . . ... , -· . ·' ·< ·.- _, 

DMJi1H p23JH3HCHIDC OOJDC, B np2.1J;e.JJaX KCYroJR< I.QllY.rulll,I1H at.nJII1TY,Il;l:l MIA Xt 1 fliM. 
' " -.. ' ' " " " _,.,, ' "'" ' · ..• ,'' '_,, ''· .'' '0 '· ' 

SMm"l'aHcax-:- Bx'-"Bz~ MA·MJB,D; H tJaC'IUl'aX-:-: Qx::6~00~ Q~::6:85. 812~ ' 
yroJI t63JIY repooi1 H BTOJXM naJEMI'f I«)JllffiTO#)B, yroJI talJl:} rop~JEMI'f B naJB 
IBBeH J: <~HeHWI B ~> ~ ll<M=IB I«)PiatroJOB 'ixxmfflc·rni/IDr pHc-.3. · · . ' . . . 

1!>..-fi 'I -1 .... ____ I ...... 

12;· 

/ 

~-, 

JE:'6IXJCCM J.1H're.f'p3.JI 3Ha'1effi1i1 f'JE,.!U1eH'I'OB B .JIWl33){ <ll( Gl) /Gl>: · ------

<B >=5.25<li(Gl)/Gl>B - AID1 LQ =13; <B >=3. 75<li(Gl)/Gl>B -·,l~JU'! LQ =14 • c x,z c~ ___..~-- _ x,z 

AHa.rol"WlH!le Cl\eHKH wear l'vaiTO B ~e l«)p~ ~HllX ])23)HaHCOB 11 3:1BH

C..'IT .r.pi.i ~-Or BIDJE.HHOID a.Jiropm'M1 KO~:--:-Tip18 He3ai311C~ _'llli3X B c6-
-· . :.-,. ' - . .. -

MJl'KaX ~-O,l\HOBp::M2HHaJI l«)piE<lUifl 4 JE3QHaHCOB C 11Cn::>Jih3)BaffiaA M3.TJ)1Ull 

~PHOCTb!O 8x8: 
A, [(X14 (X13'l 

,£1 · a·= -~14 "'13 · • '-· a -a- .~ 

,liJm Cl.\eHKI1 ~HOCTl1 CTil1caHHHX BHIIE a.JiropmiDB npoBO)I,l1JJOCb 'llic.iEH

Hce MJ.D;eJ111p0BaHI1e l«)p~ flCl.JJyL\e.JJW( JE3QHaHCOB LQ ·· =· 13,14 11. Iffi)HaHCOB - . . . ~z . . 
CB.fl3H (lxe{lz=O 11Qx+Qz=13. ~HOCTb l«)p~ ~e.JJRJJaC~ f1IM 3'KM 00 

Be.l1Wl11He MJ)JY.JlSlU1111 KBa,lij:B'IDB at.nJII1TY.D; I: (()I/I)=(I/I-1) , r.n;e I-c~ .. - . . .. . max . 
3HaYeHI1e I oo 'llic.ny cCop:JroB. KaYecTBO I«)PlE<lU1J1 Cl.\eHJ.flla.IDCh _ oo OI'HOIIEID110 

K=<OI/I>cor /<6I/I> BeJJWml~ MJ)JY.JlSlU1111 .n;o 11 OOCJJe l«)p~. B tJacTHOCTl1, f1IM 

M ... l,l\f'.1Jl!pOB.1llvn1 l«)p~ LQ = 13 IXJ.004a5l 'ID4Ka YCTaH3.BJli1Ba.JiaCh 136.Jn1:311 .JII1Hl1l1 · .· . ·. -. ·. x,z . . '. ·. 
JE30H3.HCOB. ~Ha!ICH ocOOYJl(.naJMCh flY'ri;!vl 3a.D;a!i11.H IE35JX)Ca ~HllX ~ 
KBa.n;JlYfDJlbHllX Jil1H3. c ID.OI\biO reHeparoJE. ~afum: 'll1Ce.JI. YcilW!emrue SHa4eHI1H 

K . COCTaBI1Jll1: <K )0< <K )0< 0.28 - fllJI1 l«)pp:J<l\1111 C fiC:MliU:ID 2 He3'11311CW.WC 11C-x,z · . . ~. X · Z · . - · 

T04HJ11«)B rnrraH11H - Ces yt!era BJJWIH11.H IDPI130HTa.JibHllX I«}PJ:ffiTOIOB Ha BeprJ1Ka.Jib-

Hce .n;BYD!teHI1e (11 Hao~qm); <K •>O< <K >0< 0.04 - npi1He3'11311Cooi1 mp~ c ~ 
· X. . Z · , 

t.Ol\biO Ma~ 4x4 f1IM 4 He3'11311CW.WC 11CT04Hl1K8.X rnrraH11H l«)p~ c:CM::m:K. 
B r.IIABE n{paCCMaTP~ a.nmpmMI inic.reHHoro r.ri.n;eJII1pOBa!II1H~eeraTpOH

Horo .n;BYDiteHI1H 11 el1CTEM l«)p~· M'1I'lfl1'llioro m.JJ.H. CCHoBHce BmMume npi1 CCX?¥13.

HHI1 fiPJ:rpawM MJ.D;eJ111p0BaHI1.H Y .D;e.Jll1.JJOCb IJCX:>MJEHOOTmvl:_ yYera . J'lOI1BIIHrerei1 Mai'HI1T- . 

HllX fJO.Jiei1 C~ S.na.BITOB ( BKJilOYM. He.Jli1Hei1Hc:cT!1) ; . rDJJY4eHI1H cT3.TI1CT114ec

Kl1X .n;aHHHX 0 BJJWIHI1I1 OOI'JEliiHrereii. !TI.JJeil Ha 11Y40K; J1:)J]ytleHl1H CTaTI1CT114ecKI1X 

,naHHHX. d) ~HOCTJ1 a.nmpi1'IMJB l«)plE<lU1J1 ~ro m.JJ.H. B. §3.1 paCCM:Yl'-
. " . . . ' . - . ~ 

PeH aJJrnp!1Th1 I1HTef'Pl1POBaH11.H ypaBHeHI1i1 fura.TPOHHOID .n;BIDieill1H. Kp::t;e ijE2DBWC KO-

Op.n;J1HaT I1M2e'l'Cl'l I3CEMJJII:HOCTb BWli1CJEHI1.H ~ fliEC(5pa:?OBaiDm ijE2DBhiX I«)Qp.n;J1-

. HaT B OKJ)2CTHCCTI1 np:>I13BQJlbHOi1 TpaeKTOpHI1. flKd5113.11 11crnJib3YeTCH ~ ~e.JJe-
HI1H. HaCera tia3 fura.TpOHHllX, ~ 11 AID1 I«}HTJDJI.H 33. Be.liWJI1HOH 011MSKJ.1 11JITef'

PI1JOBa!II1H. TIClJIHI:M w.flYJ!bC p paCCMaTPJ1B3.TCH KaK ooc'ltl.HHillii1 napar.erp. C.n;e.JJalill 
CJJ2,lJYKllll1e llJli().JII1xeHI1.H: 

- llPQliOJlbllllli BeKTOIJHI:li1· fDI'eHL\I1CIJl A He 3:1BI1CIIT ar npo.n;OJibHofi I«)QIUJ,I1H3Tbl s B . . . s . . . 
l'lJE,I\e.Jrl.X M'll'Hlfl'HOID S.na.Bi'I'a 11 CTyneHtlaTI:lM 00p33CM Cl13,llileT .D;O HYJJR Ha Kllli!X; 

- ncrJe:{e'IHHe KCMXJHeHTH OCfreHlJ,VUJJa A1 2
s 0; 3NeKT HaK.JlOI!a f1!3Jlllll ytiHTimaE:'l'CJl - ' ' , 

B.~Hilll TOHKI1X Jll1H3; 

-11-~-~' '= 1..:_(~+~)/2, r,ne P
1

,
2

- ncrJe:{e'IHHe IMlYJ!bCH, HOIJ11HjX)BaHHHe Ha. 

1:-J 



[l).JlHtM IM1Y JlbC. 
'V' 

· B ~ CI1C'la.e KOO'{W1HaT, ~ B !liDI1Ke CI1HXJXYI'P)HOB, ra-
Ml1JibroHI1aH w.eeT B11,!1;:. 

H =- (1+hX1 )[(~;~)12 + V(x1,x2)] , 

. r.n;e h - !q11BI£Ha T{XleKrotJ1l1 s ru~ ~; x1 2- IUJ.IDOH~ " 
. ' - . . .. ' . . . 

Be~ffiE. Kro'{W1Ha'IH; l'lJ'I'eliUI13J. V . MJXHO ~CTaBI1Th B B11,!1;8 JXI3.ll)JteHWI 00 
~h: . ,· . . .. ·.·~, 

. 2 •. . 3 
V = V

0
(X1,X2) + hV1(x1,X2) + h V2(~1 ,X2) + O(h ) • 

B t.IaC'I'IiOCTI1, ,ll.lm ~ V o: L . "·' • " 

V
0
(x

1
:,x

2
> ~ Re(V)~ 'V<x1 ,~> ·:::: ( 2 CK~_1+ iKn_1 H~1+ ix2

)n/n!)- ,1; 
· • ·· .·,, ··... . n=2· · ····. .. · . ·· "' .. 

r.n;e K ,K - npa.t:e 11 ~ MYJib'I'I1lllJibHI:e CI1JI!l. ,ll.mJ KBa.n;PYOOJibHhiX Jll1H3 11 MY.nhTit-
n n · . . . . . . . . · .. . .. 

OOJibHW( KOPIEK'fOIOB h;=O, · 11 ca:YrBeTCTBYI<IIIee . YJ8BHeH118 .n;B111EH11H' B I\CM1JlffiCHOO 
3al111CI1 w.eeT B11,!1;: · 

. L : . . ·'. . . ,.· . , 

~ 1 z" + 2 (Knzi:l)*ln(_=O·,. Kn=Kn+il{n' , z = ~1+ :ix2;•. .. 
n=1 ,· . . . . .. ,.. .. . 

r.n;e llfi'PHX c6::x3Ha4ae'l' fiPOI13BO.n;HYIO oonpo.n;OJ!bf!OO KOOIWma:re, ~ '-l<O.Il.JBCCoce 
~~ 1 -'MaKCw.rubHa.H MYJib'l'l100.l!hl:fa ~:· ~ YI.aBH8HI1HB npe
.n;e.nax 'reKY!IlerD M1li'HI1THOIU 3JJEM?.HTa. MliiOiO oo.nytOO'b · B ; B11,!1;8 C'relleHHOIU . JlH.D;a . :·. 

. : ·· ... · M .. : . . 

Z(M) = x1+.·.1X.·_ = ' C f:dD, c =a+ ib -:--z L. m · . m m · m m=O 

00 BeJIWii1He. ·~. qa~ 'Ctr BXo.n;ooif ·~ SJOOrra s.n;o.illi IIiBHOBecHOO 
TIXieKroJl1111: M=&-80,'r.n;e 8

0
, ',8 :._ np:\IJ;OJiblil:l2 KOOJW1HaW sxo.iuroH. riilHI1IJ,H 11 ~c

Tl1ltfl ~; . 80(, 8 ~~ +L, L--~l:f8i! .~ ·.Mmlwmoro ruoorra. Ro
Op;J,I1Ha'ru Ha BID:o.n;e K3 M3I'Hl1Ta ~ c~~ PH.D;a · ~. M. = I.. &leT
liD! ex~ PH.D;a·~ercH ~ hL ~ 1, aTaiC~e ~ MYJIIr 
Tl100JibHHx CHJI. K .11· i< . ~ PH.D;a, :?aS~ ar· qa::Omic KOOIW!H<l.P H<i 
. . n~·· n.. ; . , , .. , . . . ..·.· .. ~ . . .·. 
sxo.n;e B M'llMI'HW1 SJJ2t.e!T ~e.JIHK1l'C.H K3. P=KYIJpeHTHhlX co:YrHaiBi1111: . 

1 . n(,L . . ,. . . . , 

cm+2=- ·· · (·· '(K 18 2 
>*./(n-'1)! ] , 

. (IJ1+1)(1Jl+2) . L. ·· n- .n- ,m .· · .· .. ,. 
· · · n=1 · · · 

. m . . .• . . . .· .. • 

~+1 m =I c k~ k , l==<F.(L--2) ~ so' =· c ; co= Zo , .c;=. z~ • 
, k=o m- , , . . . ,m m . . . . . . · . . 

PeKyppeHTmE tlDINY.lll:l .. .ltliH ~ ffiC6I1aHa np:ID:p:~rosaH11H Kro}W1iiaT B t.m'

Hw.'IKJ.! SJEt.ei're.~.~ ~ ~~ ~61HliX 
ClHa.Jil.ffl!4e eo:::ti'H<liB!I. AHa.Jorwmo p:maercH 3'3,1JP<Ja B .CJIY'jae . CTPYK'1'YJIIOIU 
.n;wnm,ooro t.nnMra (hiO) e~ HaOOIXJ>f MYJib~. CJm.ti\a 11HTe

I'P1IOBa.HI1.H ~ 00 .Be.liWOOie E HeCdi.JDQaemm ycJDBHH c~: 

14 

"'·-·· 

., 
I 

. )'' 

4'4 ' ' · .. ' ' .. ' '. 

[
. ] 1/2 "' ..... """ ;;, . 

t=.· 2Ill~j , ll'=M .. (z)a1(z).·-8;· 
' :L,J=1 .•· . . . 

r.n;e j(z) -:. m::Owm ma:oll33JBaHI1H KOOJW1Ha;; B ~ ~ z qarororo 
~CTBa; 812=834~1 • 821=:S43=-1• ~ ~ c~ r.BTIIf
ll,H 8 !liBHl:l fiYJIIO. II~ xap:~KTe~ 3Ha~ C1III6<H E ~ .nKDJ1I>H0IU t.m'

ffifi'a fiYKJIJl'POHa B. :?aBI1CiM::cm or ~ ~ M~ 
. BB11,!1;Y ~ xa~Pl .n;sH~EHWI ~~ 3'3,1JP'!Y .T{Xlcc~ ueirero-

OOJB3HO }allaTb .B 2 3'l'arn. ·.Ha repro.~ ~· ~ ~ cBmb 
~ riErnBI:IM KOOJW1Ha- .n;o 11 rrc.ne nrox~ t~elffi 8.lBeHT re~ 
c~ (~ ~o·I1JII1 CYJEJ:IEIID.J() •. · Ha ~P.:M sTcire .~ CBmb · 

11CIDJ!b3yeTCH )tJIH T{XiCCI1pJBKI1 <Ja~-~ .~ ~ C 0)1.

HOW ciDpJHl:l caqBIIl,:leT BJ;aAH Tla~, o.n;HaKO, .c· .n;pyrti1 CTOix]ru, Haii.n;eHHCe 
nP:o5~~ w.eeT ~eJBiHyro .roimocTb._ trnJ ~. M:!Kcw.£iJibHCe' trnc:
JD l1Te~ jT.e_-- t.BKCw.runHCe '1I1CJD dbp:m:>B ~·YCKO~>-. B §3.2,~ 
anroJI1Thll BOCCTaHOB.JEH1151 He.JII1Hei1Hl:l ~~ $:rnBID: Kro~T K3 IffiYJIIr 
TaiDB .~CJEHliOIU ~Ba.HIDl ~HeHJ1i1 .n;B~7 ~ 2 ·~·a. 

.ca!OOJ He.JII1Hei1Hl:lx ~~- B 1 Baimfi'Ie ~ ~ 
~ G(x,p), :?aBI1CSII(rul or coraJW{(Ha~)·i«:o~T x;,Z2 11 HOWx (tielffi 

c6JIDT> WrflYJibCOB Ji1 , Ji2 • HemHrui cBffib cmJ:Hx wHbBHx:_ ~~T ~ c 
InOIU>IO taCTHhlX IlpJI13BO)J.1Hh G (trro .HB.Jirel'C5I ~CTB»2M raMI1Jib~; xap:~KTeja Ws!ieHWf .n;s~): . ·... . • ·. ' .• .:. '. ~.· -:-. •.. , .. ·•. "-· .;, • 

x1 2=<00IBP; 2>~ , (x,i>>, . P1 i<ailax1; i:Gx' .- <x.i>> • -.; . , ·~ . 
' ··· ' · P1,2· ·· · ·· .' ,.,. · • ... 'h1,"2- . 

r.n;e tfeproH CJI\etieH!i HOBIE:Kro~'ru X1 ,.~ 11 w.flY.llbCJ:,I p1, p2 .B ~ 

ci1C'l'E:Ma KOOJW1HaT. .HesmHaH CBffib KOOJW1HClT, . ~ c rn.t:1IU>IO G, . y.n;oBJE'l'-:
ooprer ycmmtd c~· (11, B .tJaC'l'HOCTH, y~B1110 oo~.iiaro~ 

.dMt.a). ~G~·BB~eMH~:/' ... 
. -,, 2N . :. ' . . 

G(x,p) =m1;~2~nf,~2,;0~
1

·f·~
1

·V::~1 ·.m2~n1:~ 1
: 

r.n;e 2N --:-. ~.rn~ ~-. ~ ~1;m2,n1,n2 ~~ K3 
IffiYJibmros ~ ~ ~a.~ HaW.efiHIII1X KBa,lijl'i'roB • .lb_ 2 sapt
rurre I1CIDJII,3yer<'~ .HBHrui KYOO'-JHC)-KBa,TWIHal'I ~. He Y)J.OBJETBO~ 

y~ c~. · · HoJHi Kro~'IH ~ B rrcJ~D;osaTeJibHOOTH: 
1) -. ~e.ru:el'C$1 ~ K qa~e. C KOOJW1Hji'l'ClMK Z yreJI i< (~~ 
Kro~T B ~ K3B8CTHO K3 IffiYJibTa'roB 11H'l'8f'I11P)Ba.HI1Sl); . 2) t.ero.n;CJ.1 HaW.eHb-

11111X KBCI,lijB'roB <rJIE,D;~ ~.~o• ~j, -~jk ~ ~:p:~rosa
HWI B aqECTHOCTI1 Y3JB: 

4. .4 4 . . . 

zi = z!io+ 2 ~iz-zK>J + 21: ~j~<z-zK>}z,::zK>k.; 
j=O j,k=O 
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( 

,. 

3} B ~ C ~~~HOlliE KIX>JW1H<l'ru. 

DptBe.lleHY (llEH(H 'lUHX:TM 2 ~ B CJJY'{ae t.enMl'HYX JnJJ2i1 ~~-~-:
t<H ~. . \fro fiii1 ~ tBCJe roieK 4 r.eiif(i1 J8BHCt.eJHOO C€'HG1 KYOO'f
~'nt't!WI ~ ·cfu::retnmaer 'JJYqmyJo 'lUDfX'1i ~-

. , B §3.3 KIB'IID cnrima ~ f1P)I'I:&ftt -~ 1<0~ 3CltoK-:

~·o¢am~, 6eTaTPJHHbiX.tJaC'ro'l' H ~· . CXlJIHK fl),IPCO,It K'hO)l;eJIHIOBaiDIO 

ocreM 1<0~ OOOOBaH Ha ~ reiuJJa bfre-KaJl)JJ, · KOI',Jr,a. MOO:raqaT.:.. 

oo rrero~ · ~ IJ,It(JI: 1 > c ro.oiim i'ereiBroiB · c.nyqaMH!ix lll1CeJI· 33,1J;IDl'

Cj'l I1JI1EliiOCCTH JD.JBi ~ H ~ JOCiTHP:>BIG1; '2) IBcC~eTCH ~ · 
OJPrra H ~ BeJIWOOia MaKCIMl.JibllNX·J1CKaJE!HJ1K, .m6J ~ TJilC-: 

CHp:>J3i<a 'l'€C'I'OBW( .ttaCTKl' 11· ~ rem~ ttaC'IUru H t.f:lK~ HC

KaleHMH ~ rD.A ~ ~;· 3) B roJI'BeTCTBHH c BID~ ..ero
,IJ):M KO~ ~. CKlll:i B ·I<Op]l'K'roJm; .. 4) . OOBrop!E'l'CR ri~ 2). c ~ 

KOPJEk'roiOB~ l{aqecroo 1<0~ ~ 00 ~ ~ c~
~'I'WDiWC smtaOOi:·• ~-· ~ orOm', · ~IM1 ttaC'IUI' ar · O 
c~ smtali1H, at.flJimY.It t.qzy.liHI.I.MH o~ nyqKa m,11· oce.nei1cTBT.B.f · p:mr:=tH· 
OOB. fh~ ref-dTJl)immc fire qi

1 2 
~e.'9l'l'CSI qep:_>:3 eetYeTBE'HJre 3HatJe.Him. _'A 

5NX\HaHa. M npti)~ KOOJWooT B · ~ · TJilE'KTOPifrl ,llBmte!U1H · ttaCTI1!1,bl: 
'-.·. ,·.·· "" ,,... . . 

cas($
1 2

>. = Re(:\
1 2

), ctet(M:-AE) = 0, 
r,~J;e E : ~· mTi:H.r;l. 

ilPH ~ ~ ~ .Ba:M:iiOO ~-~-H Jicux OOJM-·· 
Hel1HcJcTeH ruJB1 )1;0 5 CTelEflM I!KJIDOO'ellbHO. • fiJI'! 9'!0d :oca.t:Tm:) .m6J 'lti!Jre HX 

I' . • • ··, ' 

~ • .mOJ ~ c ~ reHeiBroJ1l ~ 4HCe.ll. lliDI'Jl'l'.MI. t.t:JAemt--
ID!la!MSI rmBi:>.nHKJr · a.~emmaT:b ·C'l'emib · B.JIH.!llire ~ • fD.llfl Ha nyqrn 11 cnp::-
,IJ;e.rum ~Ham,· at5}:rumx.tkro,nos KOP~· . . . . 

B ~ l1'.3.lU1elH ccHoiDre JE2YJibTaru HCCJE,~Pi3affl.n.1 •. 
1. IlJD!leJ(eHI:l eTa~ alia.JMiwlecJGe a.~ak ·~ ~ ~ 

IDBKI-1 11 m~ M3I'HI1THbiX. IDJJ?ii CT~-9JB.t2H'IDB~. rnnytleHHWC ~ .MF

HI1TH!:lX lB~P2ill1ii. Ha ~ ·i1c!'.aJE!ooi ~ o~, ~P:c ttaC'IUI' rera
TJDHHux Ko.nffi1Hmi _11 IIIl1Jl1HH 6eTaTp::»nrux }E30H3.HCOB 2~ m:PH,ll;KOB • Ii. HYJ<.IOI'ix:re. 

2; ~eJEHa KO.mHOEKa' I<OPJEK'IUIDB 11 9JB.t2H'IDB ~ ,II,Wif'HOC'l'l 

nytiKa B Ko.1!1Ue YCKOJMrei!H. · MP"iHU •a.nropl1Thll KOpp::roJ.l111 S1M'J!'.rroi1 o~, · JXl3-
6p::cos Cera'Tp)HHUX • ttaCTOT ~1· 11MP11H reraT}:nmrux p:ffillalfCOB. 2~ OOPH,ll;KOB. · fW{EH
Hlle a.rrrnpm&I JJerJIVI B CCHOBY CI1Con:Ml nporp:lllti1HOIU ~ 'IU{(lMI1 KOpp::roJ.l111. 

. 3. ~e.ne.HU ~BaHiiH .K M1KCa.rulbllliM'3Ha4eHWJM mrreii'B IIDPIJ2h"l''IID l1 

npoBe)J;fui IECtier 1<0~ -KOPiffiTI1IJYI<ll· 'IU:OB!:lX c::6.o1'rn;. 
4 •. .ll,n5l HCCJE,l!,O!la!MSI IUMlEifocrei1 Cncm.tl KOp~ OJDI1TU, . 'reCTI1JDBaHI1H 

IE31illX M2ID,l\OB _KOpJEKU,1111 f1POT'}l11ft&K) _JB1.lll'ff>BaHI:l aJJrOW'Ml I.JI1CJEHHOIU MJ)l.e.m1JD-
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BaH~m r.ero.n:a.~ MoHTe--K3.p.ro 11CKaXeH11ii o}X51-rru 11 HX rop~. B ccooae npof'IEt.Ml 

MJ~eJII1POBaH11H OORBIT. JJ2JOO' t.aT}l1tJll!M ~.1\ 2 m~. · Rop~· ~ op-- ' 

6I1TU M:llltel' npoBO)l.I1TbCSI C JD.OI!bK) O)l.HOIU ~ 4 M2'ro)l.OB: f'ap.tJHI1t{eCKOIU, "~ 

t!eCKOIU", ~- KBa,lUB'IUB 11 11Tel:BTI1BHOIU 6:im-t.ero.JJ;l. AmJ npQBO)J.KI1 IEIJBO-
ro o:ofmq ·11~~ r.ero,IJ; _(;npa.uJeHI1H nyqK.a. J'e3yJibmw_ fvt))l.e.JI!1POBaHI1H BilllO-- · 

~- BBI1)J;e t{I1CJDB!:l){ _11 ~ecKI1X ,I\iiHHUX. Il.ID~ M::l'leT 11CfDJlb20Ba1'J>CSI.)\JJH. 

HaCTJDi1KJ1 CI1C'n:Ml I<OPJEKU,1111 0JDI1TU C11HXp:Jl'JX)Ha. _ " 

. 5. . ITY'ffi\1 t{I1CJEHHOIU MJ,IJ;e.JII1POBaHI1H l1CC.JJE;l40BaHH p:l3JII1t{HHe M2'ID,IJ;hl 1\()P~-:

Ul111 · OJDI1TU B lfYKJDI'JDHe 11 CTIJE,lle.JJ2Jill HaH5J.JEe ::$IEKTI1BHIE )iJ1H em M1I'iMrnQ£1 · 

CTpYKTYJil. 00HapyllteHO: .. '!TJ. ~~. ¥CT:Lii9IlJ]eHHI:D{ ~ooyCKaX Ha amO<i1 ~BKI1 11 
. -····- ... . . . ----· • ..,T'UI.oJ':ll( BCe """"~""""" ~ 

GYJ!IeGTBYJUI\I1X OOr,anHOCTHX n:::>.JJH B ,l\1100JlhHtV. JY>:u ..... ~. •· . -e':"":'w•.t"-"u~ . 

~t00331al' npi1EMJPCM::e KatiecTBO KOpp::roJ.l111; flPI1 9TClvl CCTaro~ r:aKca.B.iib~· 
11CKalteiD1H OJDI1TU 00 IU~HTa.Jil1 11 ElepJ'I1Ka.JII1 He f1P?Bl:li!I3K1I 2 M>'J. Cl,l\HaKO, · ~ 
r.ero.n. .11M:e'I' cBOii 3allac BCX?M:llltHOC'rei1. B ttaCTHCCTI1, · rop.oHHtiec!OOf M2ro.li CKa::Hila

er6! ~ycro~ K ~ B ~eJieH1111 opSwru H3 n:::t<a33.HI1if~· 
ilEIITrO.l\OB j · .llPI1 M3JDH • Be.JII1t.I11He T3ID1X . ~ Hal1.JlY'IDIYIO _·I<OP~ cXecret{I1BaeT 

".li11HaMWiecKI1i1'.' M2'ID)l.. ~HCE ~He nyqKa np11 npoBO~ repBOro cfupo-
, . ' ~ ' ' ' ~- ' 

Ta IlCX?MJlKHO, ecJII1 )iJ1H CTIJE,lleJJei.nm CI1Jru Kal!O\OIU I<OP.P2K'IDIB HcrnJib30BaTh TDKa33.-.. . ., :· . ' .. · .. -- ' . 

HWI He 1\e!ee 3 ~ • 31 Hw.l f1111<al1-3.JJeKTpiJ.l\OB~. . . . .. 

6. Ca3.z\a.HH npo~ 411CJEHHOIU MJ)ie.JII1POB3H11H t.e'l\))\a.! MoH're'-KapJD KOP-: 

~ .tiaC'JUI' CeraTJDHHIIX KOJIE~Xo\Jii1HI1 inl1pi1H CeraTpJ~ p:ffiHaH~B B . CI1HXpo

~-. B CCHoae mOI1\1Mil,_JieJiim '6~_TRAC4D.Lil3 •. B 6~ -~ 
BaHH a.nrop!1Th1ll: t{I1C.JeHHOro 11HTer'pi1JDBaHI1H YIBBHeH11i1 . .!Ull1lleHI1l1 B MaJ1li.1THHX OOJJHX 

s.ra.eHroB c~p::tl'IDHa; BOCCTaHo~ · HeMieiiHoro . me:X5Jl3.3?BaH11H $120l3HX ~p
·~T·B 9.JOOrre.nepoo)J;I1tjHCCTI1 CI1HXJDI'IDHa.· K3 ~y.ni,Ta'IUB 'll1CJJeHHOi-o ~-
JDB3H11H •• np)r1m.MI M:JAe.JII1POBaHI1H . rmBO.JmK1l': • 

- llO.JlytJaTh CTaTI1C'l'l14eCKYJO I1HijoiM1U11J0 0 JE2(\p:)cax ttaC'IUI'. CeraTJDHHIIX KO.JJE61HI1i1, 
.11 11~· o~ nYt~Ka. OO.l\ -~ rera:TJlOiiliwc p:millHcoa; · · 

~ 11CCJIE;l\OBaTh ~HOCTb ~:'KillHX amupffir..os KOp~; . " ' -.... -
- ytMI'illlaTh MYJibTI100JibHIE ~ Mailfl1'.l'Hllx m.nei1 CTJlYK'l'YJlfil M3.l1MIDB, a 

TaK!e amO<i1 Hmi1JlOBK11. Marni1'1UB. 
il.ID~ 11crnJib30Ba.Jil1Cb )\JJH' 11CCJE,l!,OBaJll.m ::$IEKTI1BHCCTI1 ru5paHHiix CXElvl KOpp:?.K

Ul1ll Cera'Tp)HHUX ttaC'IUI' 11 }EffiHaHCOB B JiyKJDI'pOHe. 

7 .. Pa.~ aJJrOpmMI:l KoPJEKU,1111 xp.:M1Tl1t{HCCTI1 ~{ar-.IDmy)l.HOH 33.BHCI1-

MXTI1 CeraTJDHHIIX ttaC'IUI'. YliCJJeHH<:e MJ,l\e.JII1POBaH11e ITI<a3aJn, qm· ceKCTYflJJJbrUH 
I<OPP2KUI1fl Xp::MlTWIHCCTI1 rmi30.JJrei' llPif'.ePHO Ha OOIJlUICK cffi1:3l.m, JE35pcc Lera
'Tp)HHUX tiaC'IUI'. Cl:HOBilliM 11CTOtiHl1Ka.l aM1JJI1TY)l.HOO 33.BI1C11MJC'TI1 ttaC'IUI' npH ~EM 

. . . 

IUJJ2 &;;1.8 TJJ ~ ceKCTymJJbHHe I<OP.P2K'IDIH CliCTEM:l ICOpj:E!Q\1111 xp.:M1TI1l!IICC-

TI1, a flPI1 B>..-2. 0 TJJ -KBa,JJJBTW!Hil2 He.m1Hei1HCCTI1 m.nei1 CTIJYKTYPHHX ,l\1100Jlhlll:ix M1r-

\17 



. mfroB. Al.nJMry,DJru~ ~ <JaC'lUl' M:lleT am CKOP~ c 11Cf01lb3)Ba-· 

mm ~~· ceKC'l'YfDJI1HW, ·.mro ~ ~ 11.~ 
l«)pp:K'IDJX)B. 

a.· Pd3~· anroli1'IW Hffiasl1cw.di · K0Pp:Kl.\l111 111111Hl. Cera.TrOHHWC ~ 

Ha.HOOB 2-4 IDIJR,l!J«)B, 1«7roJ!>e rmoo.iil'IIJr ~ B3iliMre ~ ~ I-pym 

·l«)pJEKTOp::>B, .itocTWn. ·.JJirtEro Kat£C'I'Iia I«)PJ)21<Ul1l1 11 ~ np:l.le.DYPY' HaC'l'J'rif

KH I<Opp:K'IDJX)B. ~ ~ I<Opp:Kl.\l111 rD,D,TBe~ ~ 
~ mpp:Kl.\l111 4 6.m1lraMim1x .K · pW~eH 'ro'tKe JiYK.lOl'I(m · rmyue.lW( IE-
3JHaHoos 2'J = 13, 14 H 1W:/X ~B CBIDH Q -Q =0 11 Q .-tQ =13: llJl1P1Hil IE-

. X,Z , · , . .. X Z X Z 
3JHaHCHHx lllJDC rreJE KOpp:Kl.\l111· OXTaBJI$IOl' · 4-6% ID CYl'I-OJElMO K .l1X BeJIW{l1HaM }1.0 

ropp:Kl.\l111. Cpw{ JE9H1IfOOB 3 11 4 IDIJR,l!J«)B O)I.HOBp:J.eHHal'l J<CJofEHcal.l.l1H llll1IHl 

OCl:MliKi Jnm.· ,lf,liH l1X !BoroiHJC ~-
~ ~JibTaTY··~ ~ B CJE,li,YI(Iltl1·~: 

, 1.If8inslcyi.B., ltikhailov v.A., 8hCooiiD)VV • .A •• Nt.ctotrcniatti.ce.-:In: Proc. 
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