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AKTYAJibHOCTb TEMli 

PaSBHTIIe 4JH3l1~ BHCOKIDC aHeJ)rH:8 H8J)83J)HBHO CM38HO C qJOJ]MllJ)OBa
HH8M rrpe,ttCTaBJielll1i1 0 BHJTJ)8HH8H CTJ)j'KTYJ)B 8,lU)OHOB l'I .ff,ItBJ), 0TKJ)HTll8 · 
TaKWC ,ItHH8ME'I8CKIDC 38KOHOMBJ)HOCTBH,ItaK MaCmTa6HaJI lIBBaJ)H8HTHOCTl, B 
npo:ueccax r.ny6oKoHeyrrpyroro paccemnm JIBIITOHOB Ha 11poroHaX, i.{leHH
MaHOBcKOro CKeHJmHra Iio B38l'JMO,ItBHCTmIJIX a,Itl)OHOB C 8,Itl)OH8Mll 11 .Itl),, 

Yita3HBaJIO Ha Toqe'IHJ:m xapaKTBJ) STIDC B38l'JMO,tte:8cTBHii l1 IIJ)HBBJIO K npe,tt
CT8BJI8HR/IM o KBal)K-napToHHo:8 cTJ)yRType !3)U)OHOB,B sKcnepnMeHTax no 
nsyqemno·npe,ttem,Hoii 1ParMeHTaUHH pasJIHqaJ:lX JUJ;eJ) 6HJia noxasaHa cnpa
BB.ItJIHBOCTb MaCmTa6HOH HHBaj)H8HTHOCTH ,ItJI/I B38l'IMO.tteiicTBHH J)BJI/ITHBHCT"".'. 
CKmc .ff,ItBJ), Ha OCHOBB STIDC ,tt8HHHX 6HJIO BHCita38HO IIJ)B,IUIOJIOXBHHB O TOM, 
qTQ wo, H8ql{H8JI C H8KOTOJ)OE neJ)e.ttaHHOH s~eprnn, MOlKHO J)aCCMaTJ)H
BaTL ItaK KBaJ)K-napTOHHyJO Cl'ICT8My-, B KOTOJ)Oli KBaJ)Im, OTHOCfilllH8CJI K 
J)aSJIHqHJiM HyRJIOHaM, 0606uta10TCJI, CTl'I MBll B .n:am,HeiimeM nOJiyqHJIH no,ttT
B8J)Jlr,tt8HH8 B pa6oTax no l'!syqemno KBaJ)K-naJ)TOHHOii cTJ)yRTYJ)HOii WHKUHl'I 
.ff.Itel) B npo:uedcax rJI.v6oKoHeynpyroro ' paccemmJI JienTOHOB Ha JI.Itl)ax 
(EMC- s~KT). 

CorJiacHO CYll!BCTBYJ(illllM npe,ttCT8BJI8Hl'ISIM UBBTHHe KBaJ)ICll B CBo6o,tt
HOM COCTO.inum _CYll!BCTBOBaTb He 'MOryT 11 nepexo.D;f[T _B6ec:uneTHl:lBCOCTO.II
HHJI - CTJ)yH 8,lU)OHOB~ 
PasBHTHB ~3HKll BHCOKmc 3HBJ)rHH noCJie,ttHHX JIBT __ B 3HaqnTeJII,HOii Mepe 
o6ycJIOBJI8HO ml'IJ)OICHMH ~CCJI8,ttOBaHHm.m1n1>0:ueccoB o6pasoBaHH.II a,ItJ)OHHHlC 
CTJ)yii 'B J)83JraqfiHX THDax B38l'IMO,tteiicTBl'!H: e+e- - 8HHl'lrHJIJlt(l'lll, 8,lU)OH
a,ItJ)OHHHX, 8,lU)OH-JUJ;eJ)HHX 11 r;cy6oKO-H8YIJJ)YrHX JIBIITOH-HyRJIOHHl:lX CTOJIK
HOB8Hl'IJIX. CTJ)y:1'1.8,lU)OHOB 60JI88, nOJIHO OTJ)8llta!OT CBOHCTBa KBaJ)KOB,He
'1t8JIH OT,tt8JII,HH8• a,Itl)OHH,· B CB.IISH C HCCJI8,ll;OBaHHJIMH, IIJ)OBO,ll;HMHMH B STOM 
HanpaBJieHHH, H806XO,ll;l'IMO OTM8THTb. CJIB,ttyiollUl8 8KTY8JlI,Hli8 3a,Itaqu:: , 

I. HsyqeHHe B38HMO,ll;BHCTBHJI K.Bal)KOB Ha 60JII,illl'IX J)aCCTO.IIHIDIX 

Ilo,ttaBJISIIO!llBB ~OJ!bJllllliCTBO pa6oT no HCCJI8,ttOB8HHJIM CBOHCTB 8,lU)OH~ 
HUX: CTJ)yii IIOCB.!11l18HO TaK H83HBaBMllM · '1t8CTKllM noo:ueccaM, KOTOJ)li8' 
xapaxTepnsyioTca 6om,rnoii nepe,ttaqefi HMDYm,ca KBal)KaM (qmsnxa MaJil:lX 
J)SCCTO.IIHHH)~ JuiHSMHita X8CTKHX nl)O:UBCCOB OilHCHBa8TC.II KBaHTOBOli XJ)O
MO,ItHH8MHKOH, 0.n;HaKO a,Itl)OHll38UHJI KBaJ)KOB B J)aMKaX 8TOH T80J)RH He 
OimCHBa8TCJI (npo6JieMa KOHq)anHMBHTa). B STOM CJIY'!BB lICIIOJII,3YJOTCH 
~HOMBHOJIOI'lJqecKHe MO~eJIH. 

Kax IIOita38Jm llCCJI8,ll;OBaHH.II nocJie,ttHHX JIBT, H8H60JI88 xapaKTeJ)HH8 
CBOHCTBa Mlll'KHX 8.ItDOH-a,ItJ)OHHHX CTOJIKHOBBHHH ll0,ll;06HH CBOHCTBaM,CTJ)yii, 

l""J.-·= I ~~ ( 

,, J 



06J)a3YJOOIHXCH B .llteCTIGIX B38HMO,IteiicTBWJX '!8C'l'lll.l. 0Tcxma B03HlHtJia I'l'IIlO
Tesa 11M/ll'Koro 06ec1.U3etmoomm". ItOTOJ)aH saitJIIO'!aeTCH ii TOM, '!fl'O xa_pa1t

TepncT1nm 8,ItJ)OHH!lX CTJ)yii He 88BHCHT OT npo:acxo~emm IUJeTHoii ItBaJ)ItO
BOii CRCTel\lll ( THna B88llMO.D;elicTBHH), a onpe.zteJIJDOTCH ItBaHTOBHMll tmCJra
MH lf :rnep!'l'leii ItBaJ)KOB-J)O,ItllTeJie:li. B CBf!3ll C 3TllM BCeCTOJ)OHHee RCCJie

.nooo:mre CBORCTB a.n])OHHHX CTJ)yi!: B J)83JmlruHX B38HMO,IteliCTBIDDC Kalt Wll'
IGIX, Talt ll .llteCTIGIX, Haxo~eHRe 06IItBX 38ItOHOMeJ)HOCTeli ll J)83Jilltmli 
npe.n;cTaBJIRIOTCR l3ruKHW,l.H ,ItJiff IlOHHMaHIDI MexaHll3Ma a.n.1)0Hll381Ull! IU3eTH11X 

KBaJ)ItOBHX CllCTeM ll B KOHe"IHOM C'!eTe - .ItJIJl pememm ripo6JieM KOHqialiHMeH
Ta. 

2. ,.n.im ll3ytiemm npon;eccoB J)O~emm 8,ItJ)OHHHlC CTJ)j'l1 B 3KCileJ)HMeH
Tax TJ)~OlIBO llCilOJI1,3YJOTCH JIOJ)e~"'.'HellHBaJ)ll8HTH11e nepeMeHH!Ie: "c<Jie-
J)HCllTR11, "TJ)~CT11 ll ,It.I). . . . 

AliaJIH3 06!1"IHO IIJ)OBO,ItllTCJI B c.n;.H. B88llMO,ItelicTBylOIIIHX tffiCTllD;. 
0,lU!aKO BIDI.ItY cocTaB11oli CTJ)yKTYJ)ll a.n])OHOB H JI.Itel) aitcnel)llMeHTam,Hoe 
onpe,IteJieHlle B ~OM llH,IUIBH,IcyaJI&HOM cJiytiae. c.n;.H. IIJ)aKTll'!eCitH HeB03-

MOJ!tHO ll TJ)e6yeT llJ)llBJI8'!eHM MO,IteJII,HHX IlJ)e.ncTaBJieHHii. IloJiytieHH!Ie Ta
KHM o6_pasoM a1tcneJ)1IMeHTam,Hue J)esy.7.lhTaTH cTaHOMTcsr M0,1.tem,Ho saBHcH
MHMH, B CBJI3ll C 3TllM ,ItJIJI H3ytleHIDI CBORCTB a'AJ)OHH!IXCTJ)yi!:B a.n])OH-lm .. 

J)OHHHX, im])OH-JI.IteJ)H!lX ll JI.Itl)O-JI.IteJ)HHX COy,IJ;aJ)eHIDtX: He06XO,ItllMO 6wro 
BBeCTH J)8JIRTHBHCTCKH llHBaJ)ll8HTH11e M8TO.nH llX BH,IteJieHIDI ll 8H8JIH3a. 

3. B pa6oTax /I, 2 ,3/ ,6wr IIJ)e,ItJIO.llte~ J)eJiffTllfil:CTCKH"'.'llHBaJ)ll8HTHHfi 

IlO.IOCO.It It 8H8JIH3Y IIJ)On;eccoB MHOJlteCTBeHHoro J)O~emm B IIJ)OCTJ)aHOTBe 
u ·•{· '. .' -,...__. . . 

OTHOCllTeJibHHlC '!eTHJ)eXMeJ)HHX CKOJ)OCT8ll C n;em,10 e,ltllHoro J)eJ.UITHBHCTCKH-
HHBaJ)ll8HTHOro OllHC8HlIB OCHOBH11X.CJ18.Il;CTBHii KBaJ)KOBO:liCTJ)yKTy:DH a.n.1)0-

HOB H JI.Itel): MacmTa6Hoii HHBaJ)HaHTHOCTH, .rrpe,D;em,iio:li <p_pa!'MeHT81tIDI,o6J)a
sooomm a.ItJ)OHHHX CTJ)yi!: ll ,ItJ). B J)ru.ixax 3TOrc> IIO,ltXO,Ita 6wro IIOJiytleHO 

IIJ)6,ItCita38HH,4/0THOCllT6JibHO aCHMllTOTR'!ecIGIX_ CBO:li~TB a,Itl)OHH!IX CTJ)yi!:. 

0TMetra.JIOCI> , '!TO B 8,Itl)OH-JI.IteJ)H!IX ll JI.ItJ)O-JI.IteJ)HHX CTOJIR:HOB6HlL'IX 
MOmtO rum,n;aTI> o6_paso:iiaHHe 68J)ROHHHX ·MacTeJ)OB, CBO:liCTBa ItOTOJ)llX 6y

,ItyT II0,1t06H11 CBOHCTBaM 'CTJ)yi!:, J)O~eHHHX BO B38HMO,Ite:licTBHmc '!8CTHD; 
B!ICOIGIX 3H8J)I'l'l:li. 

,3KCileJ)HMeHT8Jll>HOe H3y'!6Hlle 8CllMIITOTH'!eCIGIX CBOHCTB 8,ItJ)OHHHX 
CTJ)y:li :e: 6al)HOHH11X ItJiaCT6J)OB B pe.rui:TllBRCTCKH-,-rumap:aaHTHOM no.ioco.ne 
~eeT Ba.lltHoe·sH8'!6Hll6 ,ItJIJl llOHHMaHHJI llJ)On;eccoB im])OHll38~ UB8THHlC 
ItBaJ)ItOBl:IX CllCTeM, a TaIOlte ,ltJI!t J)ememm llJ)06JieM ,It8T8KTHJ)OB8Hll:J:[ ll Olm"'.' 
caHHJI ItBaJ)It-rJIIOOHHOH llJ183M11,Itait llJ)e,It8JII,HOro 8CHMllTOTll'!8CKOro COCTOJI

mm B036YJlr,lteHHOli JI.It8J)HO:li MaT6J)llll. 

UFJib PAEO'Thl 

- R3y'!8Hlle CBOHCTB im])OHHHX CTJ)yii ll llJ)Oil;8CCOB a,Itl)OHll38~ J)83-
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Jm"IHHX KBaJ)KOBlIX CHCT6M B MHrlGIX ll~p- li1 ItYMYJIJITllBHUX Jj-(:, -B38l1MO
,It8llCTBHmc; CJ)8BHeHHe IlOJlytl8HH!lX J)83YJibT8TOB C 8H8JIOI'l'l"IHHMH ,It8HHHMH 

no r.7IY60KOHeynpyrlilM 11/if) p - B38HMO,Ite:liCTBHHM H e + e - - 8HHHI'l'IJIRD;Hll: 
- J)83BHTHe pe.rui:TYi.BUCTCKll-ilHBapliaHTHOro MeTo.na BH,IteJieHM ll 

8H8Jill38 CBORCTB a.ItJ)OffilllX CTJ)yi!: H 6aJ)HOHH11X KJI8CT8J)OB B IIJ)OCTJ)aHCTBe, 
OTHOCHTeJII,lillX '!8THJ)8XMeJ)HUX CKOJ)OCTeli. 

"'.' 8KCll6J)HM8HT8Jll,HOe H8ytl6HH8 aCllMIITOTH'!eCKIDC CBOHCTB a,JWOHHHX 
CTJ)yi!: n 6aJ)llOHHHX ItJiacTeJ)oB B peJ.UITHBHCTCKH-HHBaJ)HaH'l!lDM·no.ioco.zte,JlIDI 
aHaJIHsa HCITOJU,30BaJIHCI, aKcnepm.1eHTaJII>HH8 )¥llllIH8 ITO !fi-:-:p- II~-C-B88l1MO

.neiicTBIDIM IIJ)H p =40 I'aB/c, f p - coy;u;a!)ElHHHM ( p =205 I'aB/c); 

f/N -B88HMO,ItelicTBIDIM <<f;> =35 ThB); pc,c1e,o..e,cc-_ CTOJIIt.:.. 

HOBSHMM ( p =4, 2 • A raB/ c) , a TaIOKe p e - coy;u;apeHIDIM ITJ)H 
p =IO raB/c. · 

- Haxo~eHHe o6~tx: 88KOHOM8J)HOCT8li B o6pa80Ba~ 8)l;J)OHHUX 

CTJ)yi!: ll 6al)HOHH11X M8CT8J)OB. 

HOBH3HA PAEO'Thl ll HAY1IHAA_SHA1Illiv!OQTh: 

- IIOJiytl8HH 06lllllJ)HH8 ,n:aHHble O CTJ)yiiHBX xapaKT8J)llCTHitaX 
BTOJ)ll"IH!lX tra.cTHD; B WII'IGIX -rr-p - Bsam.m,n:e:itcTBH.fIX ITJ)ll P=40 I'aB/ c , 
KOTOJ)ble ,ltOllOJIHJIIOT llHqx)J)MaUHIO O CBOHCTBax 8,Itl)OHHHX CTJ)yii B imrKHX 
a.ztJ)OH-iml)OHHblX BaaRMo,n:eiicTBHmc,noJiytieHHwc·B ,npy:rnx sKcn~J)HMeHTax 

< 11.±p, PP > • 
- BII8J)BH6 IIJ)OBO,ItllTCH .neTaJll>HOe ll8ytl8HH8 CBOHCTB 8.IJ;J)OHHHX CTl)yi!: 

ll qiyHKlUlli WJ)8rM8HT8Il;HH KB8J)KOB H ,ItllKB8J)KOB B KYMYMTHBHHX 8.IJ;J)OH

R,lt6J)HllX B88}!MO,IJ;eiicTBIDIX. 
11oitaaaHo, 'ITO cBo:itcTBa 8.Itl)OHH!IX cTpyii H cpy.HK!lIDi W,Pa™eHTan;HH o.n

HOTHIIH!lX ItBaJ)KOB!IX CHCTeM ( KB8J)KOB, ,Itll~J)KOB) ,B .MHrKIIX ll~p-, KYM,y-+ ,, 
JIJITHBH!IX r,-~ 11 e e - - CTOJIKHOB8Hll.fIX 0,lUIH8KOBbI B npe.n;eJiax omn6oK 
3KCil8J)llM8Hl'8 IIJ)ll O,ItHH8KOBl:DC llHBaJ)ll8HTHl:DC 3!16l)I'l'lmc B c.u.H.B8811MO

.n;eiicTBW1 • 

- BII8J)BHe ,ItJI.il BH,It8JI8HllH H 8H8JIH88 CBOHCTB a,ItJ)OHH!IX CTJ)y:li npe.n
JIOJiteH l'I HCITOJI1,80BaH peJIJITHBllCTCIGI-J,lHBapllaHTHllii M6TO,I(, ciCHOBaHH!lli 
Ha MHHl!MlI88Il;HH CYMM!I KBa,Itl)8TOB OTHOCHT6Jil>HbIX '!8TbIJ)8XM8J)HUX CKOJ)OCTeil: 

BTOl)H"IHbIX '!aCTl!U • 

- BII8J)Bbl8 .IJ;J.UI lllHJ)OKOro KJiacca J)88KlUIH B l)8JI.ilTllBl!CTCKl'I-HHB8J)ll8HT
HllX nepeMeHHbIX 3KCII6J)llM8HT8Jil>HO yc·raHOBJI8HbI 8CllMIITOTH'!8CKl'l8 88KOH04ep
lIOC:rlI B IIOBe,IJ;eHHR 8,ItJ)OHH!IX CTJ)yi!: lI 6apllOHHUX KJI8CT8J)OB: ITOK888HO , 
'ITO a.ItPOHHHe CTJ)Yll H 6aJ)HOHHHe KJI8CT8PH o6JI8,It8IOT YHHBepcaJll>HHMll 
CBOHCTBaMll ITO .ItBYM J)8JI.ilTllBHCTCKl'l-llHBaJ)R8HTHHM IT8J)8M6TJ)8M no,n:o6M · 
~ lI ~ ,O.ItHH ll3 KOTOJ)HX MaCmTa6HO -rurnap11aHT8H, a ,IJ;J)yro:li M8CillT86HO-

H8HHB8Pl18HTeH. 

3 



- BITe.I)BHe Ha ,Pa3H006.I)a3HOM 8KCIT~pllMeHTaJil,HOM MaTepna~e B pe.IDI
TJiIBllCTCKH-mmapnaHTHOM nO,ll;XO,Ite ITOKaSaHo, 'ITO a,Itp0Hll:38UM KBal)KOB,.IUI
KBal)KOB H MYJil,TllKBaDKOBHX CHCTeM smpa yr~epo,Ita ,CYIIteCTBeHHo He saBH
CHT OT ITponcxo;iimeHWI JiI cBoncTB IUleTHOH KBaJJKOBOH cncTeMH, 

-,BITel)BH8 B SI,I(l)O-H)t8J)HHX BSaHMO,IteHCTBRlIX BH,IJ;e~eHH .ItBa TlIIla 
JIYKJIOHHHX M8CTepoB, paS~llllllIDCCR CBOlIMII CBOHCTBaMn, 

IlOJIY'l8HHH8 8KCIT8l)llM8HT8Jil,HHe ,ItaHHHe no,ItTBe~aroT cnpaBe~-:
BOCTh OCHOBHHX c~e,ItCTBllH ITJ)HHIJ;llla oc~a6~eHMH KOppe.wrrnrn H npmIU1Ina 
aBTOMO)t8Jil,HOCTJiI BTOporo DOM, CqJOJ)MYJml)OBaHJIHX B l)8JJJITllBHCTCKH-:-IDI
BapHaHTHOM no,ll;XO,Ite. IlOJIY'l8HHH8 pesym,TaTH Ba'11HH ,ItJJJI l)aSBlITRJI JiI pas
pa60TKH.HOBHX (peHOMeHO~OI'l!'!8CKHX MO,Ite~eH MHOX8CTB8HlWX nponeccoB, 
ITOHll:MaHWI ITJ)Hl)O,ItH KOHqeHHMeHTa, a TaIOJte .ItJJJI ,Itam,Hemnero ,PaSBllTRJI 
Teopim CJiIJil,HHJC BSaHMO,IteHCTBHH, 

IIPAKTWIECKAff UEHHOCTh pa6oTH oITpe,IteJJJieTCH TeM, 'ITO ,noJIY'leH
HHe 8KcnepnMeHTaJil,HH8 ;n:aHHHe H BHBO;n:H no nsy-qeHnro CBOHCTB a;n:l)OHHl:IX 
CTPYH n 6apnoHHl:IX MacTepoB B pasJm1IH1:1X BSaHMo;n:eficTBIDJX ncITom,soro
HH IT.PH paspa60TKe ITDOr,PaMM Hay,nmx HCMe;n:oBaHHH .ItJJJI S8IIJJaHHJ)OBaHHl:IX 
8Kcnep:HM8HTOB Ha HyRJ10TpOH8 l'1 Y-70, 

AIIPOEAIIWI PAEOTH M IlYl3JilfRAUIDl 
OcHOBHHe pesym,TaTH H BHBO,ItH ;n:nccepTanim:'.1to~HBaJmCh H o6cyx

;n:aJmCh Ha Hay-qH.WC ceMHHapax Jia6opaTODHH BHCOKHX 8H8l)I'HH H Jia6opaTOJ:)HH 
TeopeTH'!eCKOii qlllSHKH 06,,e,IUIHeHHoro HHCTHTy-Ta H)t8.I,JHWC ncc~e,ItOBaHHH, 
Hay-qao-nccne;n:oBaT8Jil,CKOrO HHCTHTYT8 H)t8.I,lHOH qmsmm MocKOBCROro 
roc;yHRB8l)CHT8T8JHa IliKo~e ITO q!HSHKe B JhICTHTy-Te T801)8Tll'!8CKHX H 8RCITe
l)llM8HT8JII,HHX nccne.1tOBaHHii (r.MocKBa), Ha gecclIJDC Y-qeHoro coBeTa no 
q!H3HK8 Blic'OKHX 8H81)I'mf 06'I>e,IUIH8HHOI'O lIHCTHTYTa H)tel)HWC Hccne;n:oBaHHH, 
Ha YIT,Ylll HIX MeJJmY}!al)O,ItHHX ceMHHapax no rrpo6~eMaM q!HSHKH BHCOKHX 
8Heprntt (r • .I{y6Ha,l984,l986,H 1988 rr), Ha BceCOIDSHOM ceME:Hape no BSaH-:
MO;n:eiiCTBMM '!aCTHn 'n H;n:ep BHCOKl:DC 8H8l)I'HH C H.ltl)aMl! (r. TamKeHT,l985r.), 
~ Bcecol03HOM CeMHHape "KBapKH-:84" (r.T6MHCH,l984 r.); npe;n:cTaBJJJI-:
mi:ci Ha MeWHal)O;n:HHX KOH(pel)e~ no qllf3HK8 BHCOKl:DC 8H8l)rHH B 
JefumHre (1984 r.), B Eapn (l985r.), B Bep~ (1986 r.), Hall Mex
JtYHSDO.ItHofi KOH(pel)eHnim: "'IJaCTHnH n H;n:l)a" B lutOTO (1987 r.) Ha XYllI 
MeJgzyHapo,ItHOM cm.mOSHYM8 no MHOrO'!aCTll'!HOH ,IUIHaMnKe B r.TamReHTe 
(1987 r.), Ha ID MeJQzyHapO,ItHOii KOH(pel)8Hnim: no H;n:l)O~epHHM CTORKHO-:
BeHWIM B CaH-:Ma~o (1988 r.). 

OcHoBHHe pesym,TaTH ;n:nccepTanim ony6JmKOBaHH B rrpenl)HHTax n co-
06111eHWDC OMHH, B JtYl.)HaJiaX "R;u;e.I,JHM qlHSHKa" :e" Z.Physik_C ", B 
MaTel)HaJiaX BmeynOM!IJIYTHX cer.nmapoB ll KOH(pel)8HIU,Iil: , 

CllliCOR rryOJI.l:!Rarnrn IIp.llBO,IU1TCR B ROHq8 8BTOpei.{lepaTa, 
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OBl>:EM Jll1CCEPTAI@I • .Iutccel)Tatnm cocTolIT lls BBe;n:eHWI, mecTH rnaB 
JiI saMID'!eHWI, 

TeRCT co;n:eplmT 250 CTJ)aHHn, BMID'!aR 25 Ta6~ JiI 88 l)HCYHKOB, 
CrrncoK JmTepaTY):>H COCTOHT JiIS !38 HaHM8HOBaHHM, 

COlIEPlKAIDIB PABOTH . 
Bo BBe;n:emm o6cYlO);aeTcR aKTyam,HocTh ncc~e;n:oBaHWI nponeccoB 

po~eHRJI a;n:poHHHX CTDYH n 6apnoHHHX ~cTepoB B pasJm'tllnrx: BSaHMO,ItencT
mmx, qiopMyJmpyeTCR OCHOBHM nem, pa6om.I{paTKO oxapaKTepHSOBaHO 
8KCIT8l)HM8HTaJil,HOe COCTORHH8 8TIDC BOill)OCOB, ITJ)JiIBO,IUITCR KJ:)aTKOe co;n:ep

;>KaHll:8 pas;n:enoB ,i:t11ccepTau;IDI. 

B ITepBOH r~aBe ;n:nccepTannn OIIHCHBaeTCR M8TO,IUIKa 8KCIT8l)HMeHTa • 
SKcnepllM8HTam,mm MaTepna~.ITOJIY'l8H C ITOMOllll>ID ;n:ByxM8Tl)OBOH ITpoITaHOBOH 

(Cs118) rrysHJ)hKOBOH KaM8l)H .UTIIK-500 .iIB3 owm. 
Ill)HBO;n:RTCR OCHOBHHe xa!)aKTel)HCTHKH KaMel)H H CHCTeMH qx>TorpaqmpOBaID'IR, 
KaMel)a 8KCITOHJiIJ)OBa~Ch B rrytIKe OTpm.iaTeJil,HHX IlHOHOB C lfMITYJil,COM 
f = 40,00+0,24 ThB/c Ha YCKOJ)HTeJie B CeprryxoBe (Y-70); B ·rry-qxax 

ITDOTOHOB c HMITym,car.m 2 + IO ThB/c n B rry-qRaX peMTUBllCTCKHX sme:p 
.1tei1TepM, re~ n yrJiepo;n:a npn ITel)BH'lliOM lfMITYm,ce 4,2, A ThB/ci Ha 
CHHXl)OqeSOTJ)OHe JIBS Olllill.Cpe.wiee SHa'!eHHe Halll)fillt8HHOCTH MarHHTHOro 
IIOJJJI B pa6o'IeM o6'I>8Me ,UT!IK-500 OOCTaMMO <I-I>==· I5 Id'c. 

Ill)OCMOTD CT81)80qJOTOCID'IMKOB Ill)OBO,IUI~CR Ha ITJ)OCMOTJ)OBHX CTOJiax 
me-r, El1C-2 H GAMET, 3aperncTl)Jiil)OBaHHHe C00h!Tl'IR ITpli BSalll'.!0,148:l-iCTBl'll'l 

1t - M830HOB c ITponaHoM {Ch) l'l.148HTl'!WVJ.llliPOBa.JrnCh ITO 1~TaHMPTHHM 
;n:M nponaHoBHX KaMep K!)HTel)MM KaK ii7)-, ,,-n- n u-C-coy;n:a:pemm. 
B !)aOOTe om1caHH TaIOKe KJ)HT8l)Hll OTOO,Pa /Jc-, &IC.,.. , oi.C. H cc "'.' 00611-
TllH HS BSaHMo;n:eHCTBlill ITJ)OTOHOB H :pe.IDITHBUCTCKHX smep C ITDOITaHOM,' 

0T06paHHHe Ill)H ITJ)OCMOTJ)e co6HTHSI HSMep.FmHCh Ha ITO~BTOMaTax TH-:
ITa ITYOC, pa6oTalOlllHX Ha Jmmm c SBM. Iloc~e,nyIOIItllH o6c'!eT pesy~TaToB 
nsMeJ.)eHH:li n qx>l.lMllDOBaHHe ~eHTH cyt'll/!8:DHHX !)e:aym:,TaTOB (,/)ST) ITJ)OBO
;n:n~ch Ha SBM CDC-!604.A H CDC-6500. 

Cpe;n:HHe onm6KH H3MepeHHfi HMITy~cOB BTOJ.)H'!HHX sal)RXeHHWC lffiCTID.i 
B ITJ.)onaHOBOii RaMeJ.)e OKaSaJmch paBHHMH ,., I3% B IlHOHHOM OOJIY'leHHll JiI 
II,5% B Il.I)OTOHHOM H smel)HOM o6~eHJiIRX. lfuc~o HeHSM8l)HMWC'Tl)8KOB 
COCTaBMO ,., 3% OT nx ITOnHOro '!JiICRa. B KaMepe :perncTl)Hl)OBaJmCh 
Ta101te HeitTpam,HHe V " - '!aCTHnH no sal)RXeHHHM ITJ.lO;n:yKTaM ;acITa;n:a n 
't -:- KBaHTH, S@)eRTH~ocTI> Haxo~eHWI nJ.)n npocMoTpe V -:-'!acTHn n 

0 "'.' KBaHTOB COCTaBJina 99,0%, 
IlocKO~KY KaMepa,Haxo;n:nnach B MarHHTHOM ITO~e, OTJ)ID.iaTem,HHe H noJio-
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iKl!TeJII,HHe 'IaeTHUli Ha (!)OTOeHHMRaX D83,Il;eJIHJIHel> no 3H8Ky KpHIDI3Hli eJie
,1.l;OB. Bee OTDHU8TeJII,HHe '!8eTIUUl, 38 HeK11lO'!eHReM ll,Il;eHTHqimnf])OBaHHHX 
3JieKTJ)OHOB, e'!RT8JIRe1>J7-:.. Me30HaMII,MeTO,Il;lIK8 2-MeT!)OBOli n])onaHOBOli Ka
MeDH no3BOJIHeT ])83,Il;eJIHTl> BIIs'yam,HO jj+ -Me30Hli II n])OTOHH no n])odery 
II IIOHH3aIUIH D HHTeDBaJie m.mym,eoB ISO~ Ru,[ S: 800 MsB/e. B e.nytrae 
06JiytieHIDI K8Me])H jj':Me30H8MII Bee IIOJIOltHTem,HHe 'IaeTH!Ul eeaJ?BOO MsB/e 
e'!RT8JIHel> ji1'- Me30HaMII; ,Il;OJIH Hell,Il;eHTIIl}llU.nJJ)OBaHHliX IIJ)OTOHOB e])e,Il;lI 
HllX eoeT8BIIJI8 - I5%. B n])OTOHHOM II JJ;IJ:eDHOM OdJ!Y'IeHRJIX KaMe])H IIOJIOltH
TeJll,HHe 'IaeTIUUl e /3,,f. '7 800 MsB/e e'!RT8JIHCl> IIJ)OTOH8MH,a ,Il;OJIH Hell,Il;eH
THl}l!UnJJ)OB8HHHX ;;+ -Me30HOB Cl)e,Il;lI HlIX He npemwaJia IO%. B pa6oTe ])8C
CMOTJ)eHH TaIOKe BOIIJ)OC!l ll,Il;eHTllqnIK8:umr 6oJiee TJlllteJIHX 0,Il;H038]).fl;IJ:HHX 6a
l)HOHOB. 

06maJI CT8TRCTHK8 aH8JIH3HDYeMHX C06HTRH, nOJ!Y'IeHHHX C IIOMOml>ID 
IIJ)OII8HOBOH KaMel)H, COCT8BHJI8"' 62000. 

Bo BTopoil: rJiaBe lI3Y'J8IDTeR CBOHeTBa a,Il;J)OHHHX CTJ.lyH, 06l)a3yro-' 
mmceJI B MJII'KIDC 1i7' - B3aHMo,1.1;eil:cTIDIJIX npn :m,myJIE,ce 40 ThB/e.AHaJIHs 
IIJ)OBO,Il;lITeR e IIOMOml>ID TJ.la,Il;lIU1IOHH!:1X nepeMSHHHX "eqiepneHTH" ( s ) 1I 

"TJ)aeT" CT ) B e.u.:ir. F-p - eTOJIKHOBSIIIDI .Ill)e,IUioJiaraJioe1>.'ITO eTJ.lYH 
8,1.l;!)OHOB B MlII'KIDC jj-p- B38HMO,Il;~HeTBHJIX 06])83YJOTeR B OeHOBHOM B pe
sym,TaTe qipaI'MSHTaUHH H8IIJ)OB38llMO,Il;eil:eTBOB8BUillX KBa])KOB H ,Il;lIKBa])KOB, 
BXO~ B eocTaB II8l)BlI'I1IHX '12.eTRU, a BKJia,1.1; OT B38HMO,Il;eil:cTByrommc 
KBal)KOB e'!RTaJieJI H83H8'!RTeJil>HliM (pHe.I). 
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TaKoe npe,IUIOJIOllteHHS He 
IIJ)OTHBOJ)S'IRT IIOeJIS,Il;HllM M0-

,1.l;SJil>HliM IIJ)S,Il;eTaBJieHlllIM Mllr
KIDC a,Il;l)OH-8,1.l;!)OHHHX CTOJIKHO
BeHRil::Mo~em, UBSTHOH Tpy6KR, 
MO,Il;em, ,Il;yaJll,HO-TOIIOJIOrR'!ec
KOll YHHT8J)H38U1IH H ,II;]). 

XapaKTSJ)HCTHKlI a,Il;l)OHHIDC 
eTpyii B ir])-co6HTlIJIX,B~e
JieHHblX e IIOMOml>ID rrepeMSHHliX 

S HT ,epaBHHBaroTeR e aHa
Jiorn'!Hmm ,1.1;aHHI1M1I ,Il;JIJI npouee
eoB e+e- - aHHnrRJIIIUIIH, B 
KOTOJ)liX eBOHCTB8 eTpyii HaH-
6oJiee xopomo ns~eHH. B e+e-

aHH1IrR.1IHUHH npH~SO ThB/e 

Pzc.I. 
. CxeMa i'-p-, eyMyJIJITHBHliX f1" -~ ') 

e+e-- ,v(i/jp- B3aHMO,Il;eil:eTBHil • 

I 

.. 

(_ 
I 

I 

~ 
I 

l 
I 
Ii 
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B OeHOBHOM l)Ol!i,Il;aIDTCR ,Il;Be eTPYl! 8,Il;J)OHOB.Ill)H e])aBHSHHH 3THX ,1.1;8HHHX 
,Il;lil}l])aICUlIOHHHe eo6HTHJI B r,-p- B3aHMO,Il;eil:eTBIDIX HeKJiro'ffiJIHel>. 

Ha pne.2 IlORa3aHa 3aIDieHMOeTl> e9e.zumx 3H8'!8Hl:Ill nepeMeHHOH 
eqiepHeHTlI<.f> OT 3H8l)rnll B e.n;.H. e+e- - B381IMO,Il;e:HCTIDill ,Il;JIH MHO
liteeTBSHHOeTR BTOJJ0'.'IH!:1X sap.8.llteHHHX tJaeTim 11 ± ~ q . 3.14ee1> lite rrpe,1.1;
eTaBJieHH ,1.1;8HH!le, eOOTBSTeTBYJ)llllLS ii-p- eTOJIKHOBSHlIJIM e . 3HOJ)rlleil 
E e.J:l.II.:::: 8, 7 rsB. Bll,n;Ho, 'ITO sHa'!eHHR BeJIH'!RHI:l -!S;:,, B F7-eT01I.K

HOBaH1Imc xopomo eorJiacyroTCR C cymeCTBynqefr saIDieHMOCTl>ID 3TlIX IISJ)e
MSHHllX OT 3H8l)rRH B C.J:l.H. e+ e ":'-B3aHMO,Il;eil:CTIDIR.Eo.n.nme pa3JIH'llIJI ,Il;JIJI 

n-p~n e+e- - CTOJIKHOBeIIHfi Ha6lI.IQD;8IDTCJI B opneHTa:umr OCH CTJ)yii OTHO~ 
CHTeJil>HO.IISJ)IDI'IHOro H8n])8BlI.8HlIJI cTaJIK0:Bal!lllllXCJI '!8CTRD;, 'ITO CBJI3aHO 
C !)83JIH'IH8M B ,Il;lIHaMIIKe 06l)830B8HHJI CTJ)yii B l'l!!IrKHX ;;-,- ll lit8CTKIDC 

e+e- - B3allM0,14eHCTIDIRX.IlOKa8aHO,'ITO Cl)e,Il;HRS 8H8'!8HHJI rronepe'!HWC H 
IIVO,Il;OJil>HlilC m,mym,coB BTOVII'!HlilC sapJlllteHHlilC 'laCTHU OTHOCHTeJil>HO OCH 
CTJ)yii B rr9e.14e1I.ax onrndoK 3KCII8l)RMeHT8 B Mlll'KIDC/ip-co6HTHRX COBna
,1.1;aroT C aHalI.Orll'!HH!.rn: )48HH!lMH ,14JIJI e+e--B3aHM0,148HCTIDIH rrvn 0,1.l;lIHaKOBOH 

3HeprnH B c.n;.H. CTaJIKHBaIDmIDCCJI '!8CTHU. 

"'· t aj I .. ,.':T Trn = =- ·,T •·1rn · 
Qlf- v t t 

•y ''I 
# # 

a•I-- ~ A!* t ~ { 
t t f f '1 + t ♦ l tv 

Qf ,:, ~ ,:, ~ 

o s m ~ ro ~ ~ 510t5202550 

E,~"- (116) 

Pzc.2. 
3aBl!CHMOCTl> <. S )' OT 

E c.u.n.: Va -,1.1;JIJI 
I 

e+e--aHHRrHJI!lUIIH; 
0 - ,Il;JIJI jj-p -B3aHMO

,Il;eHCTBHfr; • • - .I4JIJI ey
MYJIJITRBHWC ;;-C-cTOlI.K
HoBeHHil; I, - .14JIII He
eyMyJIJITRBHWC i,C.cTOlI.K
HOBSHHH; a) - ,Il;JIJI 

CTJ)yii '!8CTHU,JI8TJim!DC 
B rrepe,Il;HX)IO IIOJIYc~epy 
B c.u.n.;6) - .I4JIJI 

CTJ)yii 'laCTHD;,JISTJim!DC 

B 8a,Il;HR)R) IIOJIYCq>epi 
B c.n;.n. 

Ha OCHOBe nOJ!Y'ISHHWC pe3yJil>TaTOB ,Il;eJiaeTCJI BI:lB0,1.1; 0 TOM, qTo 
B MlII'KIDC r,-p - B3aHMO,Il;eficTBIDIX npH p = 40 ThB/c B 60Jil>lIIHHCTBe 
co6HTHH Hadmo;n;aeTCR o6])830BaHl!e ,lU3yx CTJ)yii a,Il;J)OHOB, xa])aKTSVHCTRKl'l 
KOTOJ)liX B npe,Il;eJiaX orundoK 3KCII8l)HM8HTOB COBila,Il;aIDT C X8])8KT8])1ICTHK8-

MH CTJ)yii B e+e":'-aHHHrnJIJID;HH npH O,Il;HHaKOBliX 3Hel)I'RRX B c.n;.n •• CTVYH 
B H-p-B38llM0,148HeTIDIJIX KOJIJIHMHJ)OB8HI:l no H8IIpaBJieHlUO ,Il;IDillteIDIJI CTa~
Kl'IBa!O!IUIXCJI '!aCTRU. 

7 ' 



B MllrKBX ii-b - co~a_peIDtlIX H3ytmIOTcJI <pyHKUmI qi_pal'MeHTaqnn 
!l) (X',=) KBal)KOB Jf ,Ir.HKBal)KOB B p:MOHH ll CTJ)8HHH6 ( J\ o, J!.~) tiaCTmtH.Ill)O-

BO,ItHTCJI CJ)8BH6Hll6 C -8H8JIOI'll'llillMll .ztaHlil,IMll no rJIY60KOH6YIIJ)yrHM 

J/(d)p-B3aHMo.zteiicTmrm.i, no~eHHNM · c noMOl!lLIO BO.ztOJ)o,ItHoii nysHJ):&KoBoii 

KaM6J)H BEBC, co CJ)6.IUIHMlI 3H8tJ6HllJIMll lIHB8,Pll8HTHOil: 8H6J)rm1<1V>=5,4S 

ll 4,63 I'aB, a T8Kllt6 no e+e- - B38llM0,!{6liCTBl'!.RM. Ms conocTaBJieHHJI 

CX6M Ti-p ll v{i)p - B3aHMO,IteliCTBHli (_p:nc.I), r.zte CTJ)YIJ a.zt,POHOB 

o6pasyIOTCJI B J)e3yJI:&T8Te a,Itl)OHll38lU!ll BH6llTHX ItBaJ)KOB ll OCT8BlllllXCJI OT 

n_poToHa .ItHKBaJ)KOB, :n B npe.IUIOJIOJKemm o TOM, tJTO JieTKIJe KBal)KH i', d 
B38HMO.zteiicTBYJOT ,P8BHOB6J)OJITHO, 6wm 38llllC8HH CJie,Izyl(llllle COOTHOID6HIIJI 

,ItJIJI i_[JyHIU(llli cpparMeHTamm KBaJ)KOB ll ,Ir.HKBaJ)KOB B ImOHll: 

IJ~\x,:) :.l n-.ii+{x) ltJ\!t.(,.,.-) 
rp /l Zl"P F + .2 ZIJJp A--F 

- qJJ)8I'M6HTat(JlH KB8J)Ka,(I) 

(j)_":l:{'A=) ::. 10 Ti :J. (XF) t- ~ 'l)" :t ( x,;) - qJJ)8rM6HT8t(JlH ,Ir.HKBaJ)-u-,, 3 · "" 3 'Pp Ka • (2) 

~eCI, YtJRTHBaJllIC:& 38I).fI,I(OBOCOIIpIDK0HHH0 COOTHOID0HM ,ItJIJI qJJ)8I'M6IITamm 

KBaJ)KOB: 

9J;+rx,:) = J!):-r-;e,:J ll 0;-{x,:): ©!+ (;r:,:) 
Ha ,PlIC. 3 a, 6 rr_pnBe.zteHH 4JYH~R qiparMeHTaIUin · .f!) ii{ Z'f,) KBa.PKOB 

(~".?t:? ) ll $) 1J-( !C,= ) ,Ir.HKBaJ)KOB (~<.O), no~emme B .8KCII6,Pll

M6HT6 ,ItJIJI M!!l'KIDC Tf-f' -B3allM0,!{6liCTBllli, ll q,yHK[U:!ll,,PaCC'<JllT8HHH8 no 

qJOJ)MYJiaM (I) ll (2) C RCIIOJil,30BaHll6M .ztaHHHX no J'(v)p ~TOJIKHOB6HllllM. 

KaK BlWIO :ns -.PlICYHKOB, no~eHHHe _pacnpe.zteJieHRlI corJiaCYJOTCJI 

.Itl)Yr C ,!{l)yrOM B npe.zteJiax OIDH60K 8KCII8l)RM6HTOB BO Bceil o6JiaCTll X,:- , 
sa llCKJIIO'<J8Hll8M 06JiaCTll /Xt=/$.0,I, B KOTOJ)Oii ,ItJIJI r,-p - B38llMO,IteiicT

mtii: CYII18CTB8H BKJia.zt OT B3aHM0,!{8HCTBYJ!llllIX·KBaJ)K0~.0,ItHaKO _pacrrpe.zte

JieHHJI [)iii: ( X,: ) B o6JiaCTll qJ,Pal'MeHTamm KBaJ)KOB HMe!OT H8KJIOH . 

Mem,me, tJeM B 06JiaCTll qJJ)8I'M8HTamm ,Il.HRMJ)KOB.Ha 9CHOBe 8HaJll:I38 

8TllX ,ItaHIIHX, a T8Kllt8 ll3YtJ8HllJI qJ,P8I'M8HTamm KBaJ)KOB R ,Ir.HKBal)KOB B 
·o " CTJ)aHHHe A n JI, - .tJacTmtH c.zteJiaH BHBO,IT, o TOM, 'l!TO 4JYHKmm qi_paI'MeH-

Tamm ItBaJ)KOB (,Ir.HKBaJ)KOB) B Ti±., A ~ ll M () - tJaCTlllUl B MlII'KIDC u-p; 
JJtecTKHX v{PJp- n e+e- - cToJIKHOBeHll.lIX O,Ir.HHaKOBH B n_pe.zteJiaX onm6oK 

8KCII8J)llM6HTa n,P1I O,ItllH8KOBblX 8H6l)I'HJIX B c.n.:n. 0,ItHaKO qiyHKlnm qi_par

M8HT8nHIJ KBal)KOB R ,ItRKBal)KOB Me~ co6oii ,P83Jll:ItJalOTCJI. 

B TpeT:&eii rJiaBe R3ytm8TCJI o6_pa30BaHHe CTJ)Yli a.ztl)OHOB B KYMY

JIIITllBHHX 11-c- CTOJIKHOBeHWIX:, B ICOTOJ)HX no 061!l8IIJ)l!WITNM nl)8,ItCTaBJie

HRJIM B3aRMO,Iteil:cTBHe IIJ)ORCXO,ItHT C MYJI:&TllKBal)KOBHMll CllCTeMaME: .R;JU)a 

yrJiel)O,Ita (,Pllc.I).Mo:amo OD,D;8T:&, 'l!TO a.ztl)OHll38t(JlH KBal)KOB HS MYJI:&Tll

KBal)ICOBHX COCTOJ!Hllii 6~eT 11Ml'II'~Oii" R CBOliCTBa a.ztl)OHOB B K,YMYJilITllB

HHX CTJ)YJIX 6~T IIO,It06Hll CBOHCTBaM CTJ)yii B y;E.6 J)8CCMOTJ)eHHHX MlII'1C3X 
' 
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Pnc.3:@ -1: [ ) ~ i.[ll)8I'Ml:lHTamm II 1;f: 
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r,-p- :n xeCTKIIX 11( fl) p- II e+ e- - CTOJIKHOBemmx:. 

,ll;Jm 8HaJill38 OT6RJ)8Jll:IC:& r_pynnu MHOrOHyKJIOHHHX u-C - B38llMO;n;eii

CTBllli C CJ'MM8J)Hl1M 3a1lH,ll;OM BTOJ)ll'llillX .tJaCTHn ~ =+I,+2,+3,+4, '<ITO 

OIIJ)e,IteJilIJIO 'l!llCJIO B38llMO,Itei1cTBYJ!llllIX HyKJIOHOB OT .R;JU)a yrJiel)O,Ita ~ ~ 2. 
AliaJIHS IIJ)OBO,Ir.HJICJI B c.n.:n. CTOJIKHOB6HllJI r,- - K830H0B C Vy HYK-

JIOHaMll. 8He_prnJI B c .n.n. cToJIKHOBeHHJI E '·'I· I,(. 011_pe.zteJI1IJiac1, 110 

qJOJ)MyJie: '{ ' 
Ec'I·"· t::.!2 V.v mw f'ii (S) 

BH,I(eJieID:Ie KJ'MYJilITllBHHX CTJ)yii B ff-C - B38llM0,!{6HCTBllJIX IIJ)OBO,ItH-

JIOC:& B COOTB8TCTBRR C YCJI0Bll8M 

jo=f(Ei.-PI1;)/m1t1 ~J,O (~5), (4) 

r.zte CYMMJ<!l)OBaHl:Ie B8JIOC:& IIO BC8M saJ)JllteHHHM tJaCTimaM I JI8TJllllliM B 

Sa.ztHIOIO IIOJIYCiJ>e.PY B c.n.n. 11- JJAI "'.'B38llM0,!{8liCTBHH. 3TO OSHa'l!aeT,'l!TO 

KYMYJIIITHBHHe ;;-C ""."cTOJIKHOBeHllJI perncTJ)IIJ)OBaJllllli no HaJ.lll'qlJJ) B 

HlDC { B 3a,ItHei1 nOJIYCi.[>el)e c.n.n.) rl)YIIIIH BTOJ)ll'l!HHX -imcTnn, xal)aKTe""." 

J)RCTRRll KOTOJ)OH BHXO,ItHJII! sa KID!6M8TllKy llllOH-HyKJIOHHHX coy,ztal)eHllli. 

.Il:OJIII OT06,P8HHHX C06HTHli COCT8BHJia ...., 18Jr OT noJIHOI'O 'l!RCJia u-C'""."B3Eill""." 

M0,!{8HCTmn!: • .IlJm Bl:l,ll;eJieHHHX T81CBM o6J)830M co6HTRH HSXO,ItHJiaC:& B8Jm""." 

imHa ci.[>e,PlICRTE:, RSytmJIRC:& MHOJ!t8CTB8Wi0CTR, nl)O,!{OJil,Hli8 R none_pe'l!HHe 

m.my.m,cHHe xapaKT0I)llCTRKll 'l!aCTHn OTHOCllTElJII,HO ocei!: CTpyii. 
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Ilo:&asano, 'ITO B :eytiy.IDITHBHWC ii-C, - coy;u;apeHRRX na6mo,naeTcJI 

l)Oll\ll;6Hll6 B OCHOBHOM .I(Byx CTl)yit 8,lij)OHOB, WlS{ KOTOl)HX C1)6,IU!llil B6.7m'm

Ha C4Jel)HCHTH COBIIa,naeTc ,naHlillMli ,D;JUI e+e- - ll MlII'KRX a,lij)OH-a,JU)OHHHX 

B38lIMO.D;eiicTBHM IIl)lI O.D;HHaKOBHX 3H61)I'H.llX B c.n.11. (pnc.2). CTl)yn a.n
l)OHOB KOJIJilIMHl)OBaHH no HaIIl)aBJieHIDO ,nmmemm IIel)Bll'IHOro u- ➔ll630Ha 

lI Ill)OTHB 3Toro HaII1)8BJI6HlIJI B c.n.n. ;;-~ - CTOJIKHOBeH:ruI.B l)aMKaX 

MO.D;6JibHHX npe,ncTaBJI6Hllll OHlI mITel)nl)eTlll)YJOTC.lI KaK 1)63YJibTaT a,lij)OHJI-

38Ullll Henl)OB38llMO,neiicTBOBaiililIX BaJI6HTHHX RBal)KOB, BlCO,rvmn!X B COCTaB 

nel)BlI'IHblX 'jj- -MesonoB, (nel)e,IU!llil no.nycqiepa B c.n.n.) n a.npoHnsanD 

MYJibTHRBal)KOBHX ClICTeM JI,JUla-yrJiel)o,na (sa,IU!llil no.nycqiepa B c.n.11.). 

Ha l)Hc.4a <,pyHKIUIU 4)1)8I'M6HT8nllll RBal)KOB iJ(z.1= )B JG c, ➔ll630HH 
C1)8BHilBa!DTC.lI C aHaJIOI'H"lHH!.m .naHHH!llll .D;JilI ;;-p- lI 6 +e-- CTOJIKHOB6Hllil. 

Ilpe,ncTaBJieHHue saBHClIMOCTll MOmIO aIIIIl)OKCIDl!Hl)OBaTI> 3KcnonemmaJII>Hm/lll 

iJ)yHKinIID.m: 
i>(Xt:) = IJ~p (- J3Xr), r.ne 

.2,£. -xe=rs· 

ertl'l'•i6,31U 
~ ri<M.>•f2,5r.& 0 Tp,(J •6,1118 
o'rp'{f •8,7B8 4 e•e-fl• ◄1tr\B 
A e•e-t/1" ~3118 

f~ ti 't '$~ 

~ -~ ltfr 4-h;½ 
-le, 

~t A 4*+r❖t❖ ❖ 
0.11--

QS 0,1 
0.2 0.4 0,6 0,8 0,2 o.~ Q6 a 

;x:, •2E'/-lf :x:: •2E'/M. 

a 6 
Pnc.4. 

(5) 

IPyliKnD 4ll)ail/!6HTa:rni11 ~ tf : a) WlS{ /(() - l,1630HOB B 

nep,:.nneil no.nycqiepe B c.u.11. 1,-p- ,KYMYJUITHBHHX iT~C- n 

e+e - CTOJIKHOBeJum: 6) W1SI I\ . -rnnel)OHOB B 3a.n;Heii no.ny

cqiepe B c.u.n. r,-p-, IcyMyJI!lTHBHHX r,-C-: n e+e--cToJIKHo

BeHirii. 

3Ha'tl6HRII Iral)aM6Tl)a 13 npll:Be,neHU B Ta6Jlllll;e. 

Ms Ta6mm;u Bll.D;HO, 'ITO B6JilI'IIIHH 8 B npoueccax qiparMeHTanHH RBal)

KOB B l)a3JilitIIWX Tl:IIIax Bsam110,neiiCTBHM B npe,ne.nax omn6oK 3ItCnel)lIMeHTa 

O)W:18KOBH, 

10 

I I 

' -=-

1 

~ 

I 
r 

Ta6Jlllll;a 

Cpe,nHne sna'tleHHJI napaMeTpa 13 
Tun 'tlaCTHn, <1iparM6HTa- 06JiaCTI> an- Wl)an,rnHTa- 06JiaCTI> TllII BSaIIMO-
,neiiCTB.Ril 1twI RBal)KOB lll)OKCl!Manllll ItwI .nmmap- aIIIIl)OKClI-

KOB M8Infll 

K°-Me30HH 9 ±2 XE~O,I 8 ±4 ~c~0,15 u-c 'IcyMyJI. 

K°-M630Hli 

r,-p,40 ThB/c IO± I Xe, 7,- 0,15 9±1 ~ ;7/0,15 

-
/\ -rnnel)OHH 

r,-C,IcyMyJI. 13±4 Xe'i'0,15 5,2±0,7 
~ :l;; ~0,2 

/\ -rnne~o~ 
rr-p,40 ::iB c 8±3 ~~0,3 3,6,±Q,4 ~'}0,3 

ti -rlllle~H, 
r;-p,16 B c IO .:t I Xt:7,0,45 4,4,:t0,3 ~~0,45 

K°, f\ +'IilC-
TnnH,e e -

Bsam,10,neiicT-
,., 8 ,Xe~O,I 

mm 

PesyJibTaTU npoBe,neHHOro aHaJIHsa noKaSaJilI, 'ITO Bee H3Y't!61illll6 

xapaKT61)HCTHKlI BTOl)H'IHHX 'laCTHn B CTl)Y.llX, JI6TJllltIDC no nanpaBJielllIIO 

.D;B.R.lit6JIB/I nepBII't!HOro IIIIOHa, a TaKllte qlJ'HK:rnIH qiparMeHTa:rnIH RBal)KOB B 

IIIIOHH II CTl)aHHue /i '!, /t () - 't!aCTHI.Ul coBna,naXJT B npe,neJiaX 3KcnepHMeH-

6 + - -TaJII>HHX OmB OK C aHaJIOrH"lHUMlI ,naHHUMlI .D;JUI e e - H MllrKlIX ,, -p -CTOJIK-

HOB6Hllll npn O,nJIIHaltOBUX 3H61)rH.llX B c.u.n. 

)L}m ,D;eTaJII>HOro H3Y't!6HIDI CBOiiCTB K;y?,!y-JUITHBHHX CTl)yii lI Cl)aBHe

HIDI pacnpe,neJieHirii BTOl)ll'lHUX 'tlaCTHn B CTl)YilX C aHaJIOrH"lHUMll ,D;aHHUMH 
+- -no e e _ - ammrnJJ.IIIlIDI 11 M!ll'Xlil4 11-p-ooy.napem1mM B I@.!YJIJITHBHHX 

fi-C- C06UT11JDC Btm6JUIJiaCI> no,ncIICTeMa BTOl)ll'lHUX 'tlaCTHn, ll,n6HTlI'lli:lJI 

no COCTaBy ClICTeM.-e BTOl)ll"lHUX 'lBCTHn, l)OJJmaIOOt!DCC.lI B ;;-p - li a+a--

T 
u -+ 

CTOJIKHOBeHil.lIX. aK, ,nJUI Cl)aBH8HIDI _pacnpe,neJieHllli ,,- ~e30HOB no nepe-

M!3HHUM X lI IJ B Ky?,!y-JUITHBHHX CTl)Y.llX C ,naffilli!,!II no e+e- - CTOJIKHOBe

Hll.lIM BU.D;eJiaKaci, no.ncnc_TeMa BTOl)ll'lHUX IIIIOHOB M0 ,KoTopaJI aHaJI:as11po

BaJiac1, B co6CTB61ill0il CllCT6M6 IIOROR; llpOTOHH li3_ aHa.7Ill3a llCKJIJO'tlaJIIICI,. 

:!HBapnaHTHM :mepr,IB no.nc:acTerru M0 onpe,n6Jlf!Jiac1, CJie,nyn1u1M o6pasoM: 
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No= V(vs-Ei,)L - P~ .t-, C6> 

r.ite Ej, lI P; - cyr.iMaJ)HWI aHeJ)r.wi: lI m.mym,c lICRJII()l{eHHwc IIJ)OTOHOB. 

J.l.ruI lI3Y'!eHIDI ~ (lll)aI'I,ieHTatnm ,Itl!KBaJ)ItOB lI Cl)aBHeIIBJI C 

,ItaHHHMl! IIO ii-p - coy.rtape1mlIM B KyMyJillTlI~lWX 1T-C:,- BSam.to,IteHCT

BIDIX B1:1,IteJIJIJiac1> no,1tc1IcTeMa M., BTOJ)litIHWC 'IJaCTlIII;, cocTomitaH RS 

n - M630HOB lI O,ItHoro 6apnoHa (lI,IteHTliqilill;lIJ)OBaHHOro IIJ)OTOHa lIJllI 

I\ - lfaCTlill;ll). 8Hepr.wi: IIo.itcRcTeMH M" BwrucJIJIJiac1> cornacHo <Io:PMYJ1e 

(6). 
Ha J)lIC. 46 IIJ)lIBe,Itelll,l WllliUIDI qipan.teHTanIUI ,ItlIRBaJ)ItOB B /I -:-lfac

T:runl B eyMyJillTllBHWC Ji-C•lI MllrIWX~ fj-p - CTOJIRHOBelllllIX.IlORaSaH:U 

TaroKe aHaJIOI'lI'm:Ue aaBlIClIMOCTH )J.Jlll IIJ)OneccoB qJl)al'M6HTarnm RBaJ)ROB B 

e+e- - aHH1Irn~. 3HatJ:eHIDI IIal)aMeTJ)OB 8 ,IIOJIY'l6lilll,l6 IIJ)ll aIIIIJ)OK

CRMatnm npe,1tcTaBJ1emwx: aaBHcHMocTe:i! aitcnoHe~am,Hott qiyH~ett (5), 
IIJ)6,ll;CTaBJ1eHI,I B Ta~e. 

Rs Ta6Jllill;ll Bll,D;HO. 'ITO BeJllI'll'!Ha 13 ,ItJllI qiymanIH qJJ)an.t6HTatnm 

,Itl!KBaJ)ItOB B }l 6- H /t - 'laCT:imu B KyMyJillTlIBlWX ii-c - 11 Mm:'Itl!X 

g-,~ - B3alIMO,ll;6liCTBlIJDC O,Itl!HaROBa B IIJ)6,ll;6JiaX 3KCII6J)lIM6HTaJil,HWC oum:-

6oit lI IIOtITlI B ,ll;Ba 1,1aaa M6Hl>We ( ,ItJllI I\ _:'laCTlill;) , , tJ:6M ,ItJllI qiymaniiJ; 
qi_pan.teHTatnm RBaJ)ROB B e+e- -:- CTOJIItHOBelllllIX. CTaTlICTlIRa /(" -M630HOB 

B aa,ItHeii no.nycqiepe ii7J - 11 RYMYJIJIT.liBHliX.1;- C-co6:uorHi1 He.itocTaTOtJ:Ha 

,ItJllI O,ItH03Ha'llilllC BHBO,ll;OB. 

PeayJ1l>TaT:U IIJ)OBe,IteHHoro aHaJlliaa IIORaSaJm; tITO O,ItHOtJ:aCTlitIH:Ue 

l)aCillJ6)].6Jl6llll.ll IllIOHOB B KYMYJillTlIBHWC CTJ)YJIX COBIIa,ll;aDT B IIJ)e,IteJiaX oum:-
+ -6oK c pacnpe,1teJ1eH1IeM IllIOHOB B Ci'PYJIX B e e · - aHHlII'll~ II.l)ll O,Itl!Ha-

KOBWC lIHBal,lliaHTHWC aHel)rlIJDC IllIOHHWC IIO,ll;CliCTeM; q,yH~ qi_pan.teHTal.llilI 

.ItlIRBaJ)ROB B /L ~ RA -'laCTlIIl;ll · TaroKe O,ItlIHaKOBH B KYA!YJJJITlIBHWC Ji'-C
lI MHI'RlIX ;;-p - B3alIMO,IteHCTBlIJIX. 

IlOJ!YtI6Hlll,I6 ,D;alilll,le y-Ra3llBaJOT Ha TO, "ITO: I) qJO])MlilJOBaHlie 

CT])yii: a,ll;lJOHOB B IcyI,iyJIR:TllBHIDC rr-c - CTOJIItHOB6HlIJDC IIJ)OllCXO,IUIT B OC"'." 

HOBHOM sa IllJ6,ll;eJiaMlI n;It.Pa yrJiepo,D;a; 2) a,ll;lJOHlISainll! ItB6THWC RBaJ)KOBHlC 

ClICTeM O,ItHOro TlIIIa {RBaJ)KOB lIJllI ,ItlIRBaJ)ItOB) He samIClIT OT CIIOcoda lIX 

o6J)asoBaHIDI. 

B tJ:6TB6DTOli rJlaBe ,D;aeTC.ff OIIlICaH:He OCHOB lJ6JIIITlIBlICTCKl:I-lIHBa-:

J)liaHTHOro IIO,ll;XO,D;a K aHaJllisy IIponeccoB MHOJlt6CTB6HHOro lJO}Ql;eIIBJI B 

IllJOCTl)aHCTBe OTHOClIT6Jil,lWX tJ:6TlllJ6XM6J)lWX CitOJ)OCTeit, IIO,ll;J)06HO OIIlICH

BaeTC.ff M6TO,ll; Bl:l,It6Jl6HWI a,n;pomwx: CTlJyii: lI 6aJ)llOHHWC KJlaCT6J)OB. 

B !)8JUIT.IU3ll.CTCK11-illil3ap.l:I8.HTHOM M6TO,Ite aHaJllI3a IIponecc:u MHOllt6CT

B6HHOro J)O}Ql;eHl!ll 

I + !! - I .,. 2 + 3 +.. . <7> 
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,If 

paccMaTlJlIBaJOTC.ff B nJ)OCTl)aHCTBe, TOtJ:RaTullI ItOTOporo HBJIIIJOTC.ff tJ:6THJ)6X

MelJHl,l6 citopocTH lli ==- Pi/ 111 j , r.ite P, - ti:eTHJ)eXl!MIIym,c:u ti:ac-

TRU, a f11 ,' "'." lIX r.racc:u. IlOJIOZ!IT6J1l>HH6 lIHBal)llaHTH.ble B6JllI'll'IHH, OIIlI-

CHBa~e OTHOCllT6Jil,HOe ,ll;Blillt6HlI6 tJ:aCTlIII;: 

I,~=:. - {u,· - u11/= 2, [{t!i-uld)- t], cs> 
r,Ite i /(, =I,II,I,2,3 ... ' JlBJIHIOTC.ff OCHOBHID.m Il6lJ6M6HH.b!Mll, C noMOIIll>IO 

I 

KOTOl,1.b!X IIJ)OBO,ItllTC.ff aHaJllIS. 

C IIOMOIIll>Ill BeID!'lID! "°" nl)e,ll;JlaraeTC.ff IIJ)OBO,ItllTl> KJiaCCHqillKa~ 
1)6JIIITlIBlICTCRlIX H,It61)HHX B3aliMO,ll;6liCTBlIH, OII1)6,It6JilIXIlzyIO YJ)OBeHl> (HY!tJIOH

Hllli HJllI RBal,litOBilli),Ha ROTOJ)OM IIJ)OllCXO,ItlIT B3aHMO,It6HCTBHe tJ:aCTRU. 

KaK IIOKaSaJllI 3RCII6J)ID.teHTaJ1l>HHe ,D;aHHHe, B npoc'TpaHCTBe O'l'HOCll

T6Jil,H.b!X 'leTHlJ6XCKOlJOCTeli peaJlliayeTC.ff IIJ)lIHl.llIII oc.na6J1eHHH ItOl)lJe~u. 

ItOTOlJ!lli saKJ1JOti:aeTC.ff B TOM, "ITO ROlJlJ6JllIIU!ll Me,:r,ny TOtJ:Kar.m (° ll /Q 

6HCTJ)O y6HBaJOT li CTJ)6MlITC.ff It O npn CTlJeMJl6HlIH I,~ - ~Ilp~n 

6HJI CqJOJJMYJlllJ)OBaH A.M.EaJl,ItlIH.b!M no aHaJIOI'l!ll c IllJ~IIOM OCJI8.6JleHHH 

ROpp~IDi B CTaTHCTHtJ:ecKOli qillSHKe. 

IloKaaaHo, 'ITO Koppe~OHHWI ,ll;JllIHa B II1JOCTlJaHCTBe OTHOClITeJ1l>- I 
H.b!X tJ:eT.b!J)eXMelJH!iX CROlJOCTell paBHa !'"~ I+2. 

IlJ)HHnHII OCJiaOJleHlI.ff KOJ)J)e~H no,It:PasyMeBaeT, tITO IIJ)H ,ItOCTaTOtI

HO 60Jll>WlIX BeJIHtJ:lIHax /,",,:, B nponeccax MHOlK6CTB6HHOro J)O}Ql;6HH.ff 'IaC

TlIII; MOrYT OoJ)aSOBHBaTl>C.ff H6ROlJlJ6JllIJ)OBaHH.ble ("lI80JllIJ)OBaHHHe") rpynn:u 

BTOlJlltIH.b!X 'laCTHU, HaIIJ)HMep o(, lI _j . B 3TOM c;zyqae HHBaJ)HaHT

HOe ceti:eHHe, OIIlICHBal)llt8e npon;eccu MHOlK6CTB6HHOrO lJO}Ql;eHHH W ( ... i~ ... i 
qJaitTOJ)lISyeTC.ff Ha MHOimTe~; OTHOC.lIIlllI6CH K r11ynnaM ol H j,. 

IT~ oc.na6J1eHH.ff ROJ)J)e~H ,ItaeT B08MOlKHOCTl> BBeCTH IDIBa
J)llaHTHOe onpe,D;eJleHlle a,ll;lJOHH.b!X CTpyii:: CTJ)Y}! B 8TOM IIJ)OCTl)aHCTBe pac

CMBTJ)HBaJOTC.ff KaK KJiaCT6lJ.bl a,ll;lJOHOB C OTHOCHT6Jll>HO MaJWMll 3Ha~eHID!MH 

t,·"' . Oci, CTlJYR OIIl)e,D;eJIR:eTC.ff Kalt 6,ItllHlitIHilli tJ:6T.b!J)6XM6J)Hllli BeK

TOlJ 

V = ~u~/J (~ u~)a;i, cs> 
r,Ite CyMMHlJOBaHlI6 IIJ)OlISBO,ItlITM no BCeM ti:acnmaM CTJ)yn ( KJlaCTe_pa). 

BalKHoii aaitOHOM6J)HOCTl>JO IIJ.)OUeCCOB MHOllteCTBeHHoro J)O}Ql;6Hll.ff 'IaC

.Tlill; .ff.BJIII6TC.ff IIJ.)HHnlIII aBTOMO,IteJil,HOCTH BTOJ)oro J)O,Ita, KOTOlJilli 6WI CqK)J)

MYJllIJ)OBaH / 3/IIO aHaJIOI'lllI C aBTOMO,It6Jll,HOCTl>Ill pemeHHH sa,n;atI ?JiexaHllKl:I 

CIIJlOIIIH.blX CJ)e,It. 3aKJIJOti:a6TC.ff OH B TOM, tITO CBOliCTBa "lISOmilJOBa~11 

CllCT6M d. (_p) IllJlI ,ll;OCTaTOtIHO 6om,wnx BeJmtIHHax ~=-(~ -~)~ c:><:> 

,ll;OJDl!:Hll samrneTl> OT ,D;Byx TlIIIOB IIapaMeTl)OB IIO,D;06IDI: MaCmTa6HO-H8lIH-

BaJ)llaHTHHX /lll n MacmTa6H0-1IHB8lJH8HTHWC ~ .MaTeMaTlltiecKH IIlJlillllnnI 
OCJiaOJleIDUI KOJ)l)eJIR:rnm H ll~ aBTOMO,D;eJII,HOCTlI MO.llWO 061.e,ll;HHHTl> B 

cJ1e,D;yD11eii saII1Ic1I: 
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W(£_,~£,;"': ... /al(,~#jt:, ... )f - -;;;',A/°'~,· Xi=-fti_)WPI£~ z.=fo). 
JB,-oo ~ -> ~' lJ- ' ~(IO) 

IlapaMeT,Pli m H8j!:,1JlTC.il 113 3KCII6,Pl!M6HTa l!Jm n_pe.n;CKa3lll3aDTC.lI T60,Pl!eii. 
IIe_peMeHHa.!I -~-= ~ II.Pll~-c,,,O ne,PeXO,Il;l!T B l!3B€CTHYJO ne_peMeHHym CBe
TOBoro qJl)OHTa z .}'it*" - /.I I(~ • 0Tc~a :Bll,IU!o, 'tlTO npe.n;naraeMa.!I 4JO.PMY
Jml)OBKa aBTOMO,IJ;eJII,HOCTl! (IO) co.ztel)DT KaK 'tlaCTHmi: C.nytm:lt MaCmTa6Hyro 
l!HBal)l!8HTHOCTl>. 

IIpe.n;noJiaraeTc.!I, 'tlTO .ztM nponecca o61)830BaHl!.!I a.n;l)OHHHX CTl)yfi 
OYlJ.YT CII,PaBe,IJ;JIHBll CqJOJ.JMYJIH.POBaHHlie 3aKOHOMel)HOCTl!,l!,CJie.n;oBaTeJII,HO, 
MOlltHO IIOJIY'Il!Tl, npe.ztCKa3aHlle OTHOCllT8JII,HO acl!MIITOTl!'tleCKllX CBO:ltCTB 
CT,Pyfi. 

, lfa aBTOMo.n;eJII,HOCTl! BeJIH'tll!H W"'IJ>) cJie.n;yeT, 'tlTO B nponeccax 
MHOllt€CTB8HHOI'O l)O]JQ:{8Hl!.!I 'tlacTl!n MOryT H80JI!Qll8Tl,C.!I II,POMe;zyTO'IH!le 
8Cl!MIITOTl!Kl!.B CB.!I3ll C 3Tl!M OHJIO BllCKa3aHO II,P8,Il;IlOJIOllteHl!e O TOM, 'tlTO 
B .fl,Il;8,PHHX CTOJIKHOB8Hl!.!IX B03MOlKHO 001)830BaHl!8 6a,Pl!OHHHX IqiaCT61)0B, 
CBOllCTBa KOTO.PllX, aHaJIOrl!'IHO CBOllCTBaM a.n;l)OHHllX CT.Pyfi, TaKllte 6y.n;yT 
xapaKT€,Pl!3~BaTl>C.!I acl!MIITOTl!'tleCKl!Mll 3aKOHOM8.PHOCT.!IMl!, HO II.Pl! 3TOM 
B8J!l!'tll!Hll !,"- ,OIIl!Clll3a~e 6apl!OHHH8 KJiaCT8.Pll _6Yl1,YT H8XO,IJ;l!Tl,C.!I B 
,IU)YI'Oll Kl!H8MaTl!'tl6CKOll o6JiaCTl!, 

8KCIIe,PEMe~T8JII,HOe 113y.IeID!e acilMIITOTll'tl€CKl!X CBOHCTB a.n;l)OHHHX 
cTpyft 11 6a,Pl!OHHllX KJiacTepoB .rerJio B ocHoBy .n;aJII,Heilmero aHaJmsa ml!.PO
Koro Kpyra peaKnHii. 

Ilo~po6HO OIDICaH peMTl!Bl!CTCKll-l!HBa,PllaHTHmi: M6TO,Il; BH,IteJieHIDI 
a.n;l)OHHHX CT,Pyfi l! 6a,PllOHHlilC KJiaCTepoB, OCHOBaHH!lii Ha .Ml!Hl!Mll38Inm 
cyMM!l KB8,IJ;.P8TOB OTHOCl!T€JII,HlilC 'tl8Tll,P8XM81)1WX CKO,POCTeii.B IIpe.n;noJIOllte
Hl!ll ,ItByxO'l'l)yiiHoi:! (.ztByxKJiacTe,PHOii) KOHqll!ryJ;Janl!ll COOllTll.!I Ml!Hm.msnpyeT-
C.!I B8J!l!'llm8 . 

A.2.::. #11:n[-E(v~-«:J2'-E(V'-11,··,y-J. (II) 
/C • 

B pe3yJII,T8Te II,Pl!M6H8HIDI"TaKOii npone.nyl)ll OWIO IIOKa3aHo, 'tlTO B i7'•• 
»-C l! pp "'.' COYlJ.apeifMX B npocT,PaHcTBe OTHOCl!TeJII,HHe -qeTupexcKo
pocTeii HaOJI!QllaeTC.!I KJiacTepnsanHH B OCHOBHOM Ha .ItBa KJiaCTepa (CTl)yn) 
co c_pe,Il;Hl!Ml! pasMepaMH <t> ~ 4 l! "paccTo.!IHlleM" Me:lJQ:ty Hl!Mll 

<C-9- :> =26+30. lloJiy.IeHHmi: pesyJII,TaT corJiacyeTc.!I c .zta.HH!lMll aHa-
Jmsa CT,PyfiHoro .PO]JQ:{8Hl!.!I 'tl8CTl!n B T,PeXMe,PHOM l!MIIyJII,CHOM II.POCT,PaHCTBe. 

B II.!ITOll rJiaBe ll3Y'tlaIDTC.!I CBQHCTBa a.ztl)OHHHX CT,Pyfi B II,POCT,PaHCT
Be OTHOCl!T8JII,HlilC 'tleTl.ij)eXCKO,POCTe:lt, o6_pa3Ylll!HXC.!I B M.!IrKllX l! llt8CTKl!X 
COYlJ.~.PeHl!.!IX 'tlaCTl!n, AHaJIH3ll.PYJOTC.!I ii-p-, ;-e -B3al!Mo.n;eiiCTBll.!I II.Pl! • 
m.myJII,ce 40 raB/c, pp- coYlJ.~.PeHl!.!I IIl)ll P =205 ThB/c pC- npl;-cToJIK
HOBeHll.!I II.Pl! P =IO ThB/ c, ti N - B3al!Mo.n;eiicTBH.!I co c_pe,IJ;Hett :me_prneii 
~ f;;> =35 ThB/c, .n;M C,PaBHeHl!.!I II.PllBJI6KaIDTC.!I TaKllte ,IJ;aHHlle aHaJm3a 

. p p -CTOJIKHOB8Hllli IIpll P = 5, 7; I2 n 22, 4 raB/ c. 
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C noMOllll>ID _peJI.!ITl!BllCTcKH-mIBa.PHaHTHwc IIe_peiieHH1DC-~H ;elf ,xa1)8K
Te,Pl!3YJO!I!HX ,Il;OJIIO 'tl8Tll,Pexm.myJII,COB II8l)Blf<llllilC 'IDCTm:t;,YHOCl!MYJO BTO,Pll'IHH
Mll IDIOHaMll, Bl.l,Il;6JI.!IJIECI, CT,PYl!,OO_pasymnrnca B OOJiaCT.!IX qJ,PaI'MeHTannn 
IIy,ma ll Mlllll6Hl!. B M.!IrKl!X a,IJ;,POH-a.n;l)OHHHX COYl].aJ)eHl!.!IX o6_pa30BaHlle Ta
KllX CT,Pyft l!HT8.PII.P8Tl!,POBaJIOCl, KaK _pesyJII,TaT a.n;l)OHll3anHl! H8Il,POBa3al!Mo
.n;e:iiCTBOBa1lllllIX BaJieHTHHX KBa.PKOB l!Jm ,Il;l!KBal)KOB; B a.n;_poH-.fl,Il;ElJ.lHHX cioJiit
HOBeHl!.!IX "'.' c a,IJ;l)OHl!Sanne:lt 6oJiee c.:ioJmBX KBa,PKOBllX CllCTeM (MYJII,Tll
KBa,PKOBHX) .B V/,/ "'.' CTOJIKHOB8Hl!.!IX TaKllte Bl.l,Il;8MJillCI, CT.PYl!,OO,Pa3yro- · 
lllll8C.!I B nponeccax qipaI'MeHTannn BllOl!TOro KBa.PKa H OCTalllll.eroC.!I OT HyK
JIOHa ,Il;l!KBa,PKa • 

llsy-qaJll!!OD l)aCII,Pe.n;eJieHll.!I Ill!OHOB B CT.PY.!IX no IIepeMeHHOH 

t:-(V-~)!},. (I2) 

Pe3yJII,T8Tll COBMeCTHOro 8HBJI1!3a CBOfiCTB Ill!OHHllX CT.PYM B ,PaCCMaT.PllBae
MlilC peaKnHHX IIJ)HBOMTCJI Ha ,Pl!c.5. 3.n;ec1, npe.ztcTaBJieHll cpe.n;HHe sHa'tle
Hll.!I <i"{ii-) > ,Il;M ;;- -M830HOB !l CT.PY.!IX, o6_p83YllJll!XC.!I B n_ponec
cax qipa!'MeHTanHl! j;ia3JIE'lHJ,IX KBa~KOBlilC Cl!CTeM, B saBllCl!MOCTll OT 3Hep
rlll! B c.n.n. B3aHMo.n;eiiCTBll.!I vs= k/ (,ItM C.nytla.!I jll/ - CTOJIKHOBe
Hl!:lt W - l!HBa,PllaHTHa.!I 3H8,Prll.!I a.n;l)OHHOii Cl!CTeMH) • Ha ,Pl!C, 5 IIJ)llBO-

<!:")> 
£,0 

~o 

4.0 

,.o 20 

L"'('"';,Hor.v_t) 

Ll'l(w;,.\Or:.Vk) 1 

J-------.1---~-
-*_,,.-· 

Jr' 
o- c»Pel,1,t nytlflll} l'P.JI'" ,, •·C ,,, I 
__ (pfOQl.llN- p111+205f't&/c, 

g_q:,paui.,.111-..., } D 
LUN MOgaJI 

·- q:rpa.u,•11--

4 qip4Ul.."10tl& l IN 
.,_cppa.1.1, "'i'•""J<E,,•3S r,& 

4.0 6.0 10.0 zoo 400 600 100.0 
-n (w) r,B 

P.lic.5. 
3aBHcpocTl> cpe,Il;Hl!X sHa

'tleHl!:lt < f/l )' ,ItM jj - -M830HOB 
B cTpy.!IX B pa3Jill'IHHX II.POnec
cax OT 3H8,Prl!ll (? = W 
B C .n.ll. 

MTC.!I TaKJKe .P8C'tl8Tll .ItJI.!I i'p
B3aHMO.zteficTBl!:lt II.PH P=40 ll 
360 ThB/ C, CMO,IJ;eJIH,POBaHHliX B 
l)aMKaX L U Al D Mo,lteJIH. 
KaK Bll.Itl!O ll3 ,PHCYHKB, B.8J!lltm
Ha <. t "> O,Il;l!HaKOBa B IIJ)e,IJ;eJiax 
OlllllOOit 3KCII8,Pl!M8HTOB KaK B 

WirKl!X, TaK l! B llt8CTKl!X'B3al!MO,IJ;eilcTBll.fIX '!aCTm:t; ll He 38BllCllT OT Tl!IIa 
qJ1)8I'M8HTll.PYllI!e:ii KBaJ)KOBOii Cl!CTeMH II.Pl! O,Il;llHaKOBlilC 3H8.Prll.!IX B c.n.ll. 
.llJI.!I sHa!leHl!:lt /1J' ?/22 raB/c (<If,> ~Iq) _pacn_pe.n;eJieHl!e Ill!OHOB no IIe
_peMeHHoii f~ B~ Bcex paccMaT,Pl!BaeMHX: peaKI.(ll.!IX xapaKTe,Pl!syeTc.!I II.PB-

6.7JWlBTeJII,HO acmITOTll'tl8CKHM IIOBe,IJ;eHl!eM , Ill)ll JtO_l!O,POM C,Pe,IJ;Hee 3H8'tleJme 
<.fK>-::4. Hjy-qeHHe mIBa,Pl!aHTHHX .<.PYJ!KIUlll E tl ·o B saBHcl!MOCTl! OT 
neper.ieHHoil K" J;'(f,...)IIoKasaJio, 'tlTO c_pe,Il;H.!I.!I rorn~eCKa.!I aHeprll.!I IIllOHOB 
B CllCTeMe IIOKO.!I CT.Pyfi,o6_pas~CR B IIl)Oneccax qi_parMeHTatnm KM.PROB, 
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,JUIKBal)IroB lI MYJil,TlIKBaJ)ltOBWC ClICTeM .fU(.J)8 yrJie:pop;a ,O,JUIH8K9Ba lI ya:1:ma 

< ~ > -=- M-. <./?/(_>I~ = 154 ± IO, lilaB. 

IloJiyqeHHaJI yimBel)C8JII,HOCT1, CBil,IJ;eTeJll,CTByeT O TOM, 'ITO CBOfiCTBa a,n;
l)OHHWC cT:py.Ct He saBHcJIT OT nyoncxo~eHnJI lI cBoficTB noyo.mmnmx nx 
UBeTHwc KBal)KOBWC CllCTeM ll, C TOlfltli 3l)eHilJI KBaHTOBOii: Xl)OMO,IJ;l!Hru.mKH, 

yita3llB8eT Ha TO, 'ITO xal)aKTel)l!CTlIKa CTJ)yii: B SHatJnTeJII,HOii: Mel)e Olll)e

,IJ;e.7IJIIOTCJI B3al!MO,IJ;eii:cTBllel/l UBeTIWX 881).fU(OB C KXJL - BaltYYMOM. 

YHlIBel)C8JI1,HOCT1> Ha6JIIO,IJ;aeTCJI TaKllte·R B 1)8Clll)e,IteJieHH:~ lll!OHOB B 

CTl)YJIX no M8CUITa6HO-lfHBal)llaHTHOii: nel)eMeHHOii: j(;Jt (pnc. 6). 

j_~ 
N dX. 

1,D 

utt~f 

==~-}~.40r,M 
, :::::-J-Jn·,,1tOr~ 

• pp~5 l\&,.t 

•••• l111 
(lj)1~ * ;) 

I 
15 20 

Ol)01 o ~ 10 X,•~•~ 

&c.6. 

Pacnpe,neJieHnJI ff- - 111esoHOB no 

nepe111eHHofi ~ B cT.J)YJIX, o6pasY!(llllllX

cJI B o6Jl8CTI1 qipar111eHT8l~UI nyqKa lI MlI

rneim B .J)83JIIl'lHWC THnax B38IlMO,IteHCTBilli, 

llsyqeJJnepacnpe,neJieHilii: cT,Pyii: no 

BeJin'IJilHe (f ":f nOKa88JIO, 'ITO OHR, B 

COOTBeTCTBHll C npe,ncKa88HlleM (II), 

Olll!CllB8IOTCJI CTeneHHoii: 38BllCHMOCTl>IO 

Tnna s!J!.. _A,_ 
t/!.J.y = ~ "1 (IS) 

B 06Jl8CT1I e..J, ?,.,10 Kalt ,ItJIJI MlII'KHX, T8lt ll ,IJ;JIJI·· zteCTKHX B38ll:MO,IteiicTBllli. 

BeJilllllIHa napaMeT1)8 fY1 0Ka88Jl8C1, 1)8BHOH m ·~ 3 II B npe,IteJiaX Olllll60lt 

He saBl!Cl'IT OT TIDia n aHe.J)rnn BSallMo,IteitcTBlIJI B o6JiaCTH P.tal =40+205 

ThB/c. 

Ta100,1 06pasor;1, COBOKyIIHOCTl> 3KCllel)l!MeHT8JII,HHX :pesym,TaTOB no 

RsyqeHHID CBOHCTB 8,Itl)OHHHX CT.J)yii: B l)eJIJITlIBlICTCKll-l!HB8.J)lI8HTHOM no.roco

,Ite llOR83llB8eT cnpaBe,ItJilIBOCTl> OCHOBHHX CJie,ItCTIDiii np~na OCJI86Jie

HlIJI lt0l,1l)e~it l! np~na 8BTOMO,IteJI1,HOCTll. 

B pa6oTe B l)eJIJITI1BlICT~~pnaHTHOM llO.ItJC:O,ll;e l!3yt!aIOTCJI pacnpe,IteJie

HilJI a,n;poHHHX CTl)yii: Es d~ B r,-p-, r.-e- l! ff' -B88l!MO,IteiicTIDIJIX B 

38BlIClIMOCTH OT ne:peMeHHmc 

X = M.s (V- llun) n !su(f=\ = - 'V-tlu(J))~ {M -
s ..,. -.) cu- u-) - i Li - , s l'l1{H I• II 

a@ieltTHBHaJI-Macca CT.J)yii), KOTOl)He OT.J)8'1taIOT pacnpe,IteJieHlIJI KBa.J)KOBHX 

Cl'ICTeM .J)83Jil'I'IJHOI'O Tnna B nel)BlI'lHHX tmcnmax. IlOKa88HO, 'ITO 3TH pac

npe,IteJiemm 1)83Jil'ITJHH ,IJ;JIJI cTpyii:, o6pasymtHXcJI B nl)Oneccax qiparMeHTa

nnn 1)83Jil'I'lHHX TIDIOB KBal)ltOBHX ClICTeM, BXOWimHX B COCTaB B38l'IMO,IJ;eli

CTBYJOllllIX 7i-- 111esoHoB, lll)OTOHOB n .fU(e:p C 
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Cpe,ItHJUI BeJIII'IJilH8 '- Jf.s: > ,IJ;JIJI ImOHHHX CTpyii:, o6pa3Y!(llllllXCJI B lll)O

u;eccax qiparMeHT8nEFI ,JUIKBa.J)ltOB OT ll.J)OTOHa, .J)8BHa <Xs > ::0, 14,±0, OI B 

npou;eccax qipameHT8nlll'I KBal)KOB, BXO.IJ;llllnDC B COCT8B ii- -Me30HOB, 

< :x:s > ::0, 41±0, OI, B KYVIYJIJITHBHHX B38FIMO,IJ;eftcTBMX C JI,IJ;l)OU yrJie.J)O,Ita 

< :Xs > = 0,34,±0,02. 

B rnecTofi I'JiaBe nsyqaeTcJI npouecc o6pasoBaHIDI 6ap:110H~mc KJiacTe

l)OB B ap;poH-.fU(e.J)HhlX FI JI,IJ;pO-.fU(epIWX CTOJIKHOBeHlIJIX B llHTe.J)BaJie 3Heprnii 

4+40 ThB/c Ha HYKJIOH, AHaJinsnp~cJI pC; o!C-, o< C-, CC - comapemm 

npn P =4,2 • A ThB/c; pC -cTOJIKHoBemIBX npa P = IO rsB/c n 

i,-C - B88llMO,IJ;eiicTBlllI nl)H p :: 40 I'aB/c. 

B lll)OCT.J)aHCTBe OTHOCllTeJII,HJ:lX TJeTHl)eXMe.J)Hl:lX CKO.J)OCTeii ,ItaeTCR ou;eHKa 

Cl)e,Il;HlIX .J)88Me.J)OB < t > 6al)l!OHHHX KJI8CTepoB, COCTOJilllllX 113 HYKJIOHOB

cneKT8TOl,10B, KOTOl)lie o6pa8yIOTCJI B pesym,TaTe .J)83B8JI8 B036y;;meHHOI'O 

JI,IJ;pa. TaKHe npou;eccli OTHOCJITCJI K 06JI8CTFI KJI8CCll'leCltOli .fU(epHOll qrn:sri-

KII:. K llpOTOHaM-CneRT8TOpaM OTHOCFIJil'ICl, npoTOHll C m.mym,~9M 150 ~ 

Po1af ~ 300 MaB/c. IloKasano, 'ITO cpe,ItHil:e sHaTJeHIIJI <B'11 '> .ItJIJI 
npoTOHOB B KJiaCTel)ax, o6pasyKl!Ul:XcJI OT o,ItHoro FI Toro JKe .fl,JJJ)a-MlllllSHn, 

paBHH .:: f11 > ~ 0,03 lI He 88BlICJIT OT Tllll8 B38IDIIO,IteHCTBFIJI (,IJ;JIJI H8Jie

T8JOIJtliX p - , cl- , o<.~ , C - a !Ii-- tmcTnu;) n · ero aHe.J)rnFI B nHTepBaJie 

4+40 ra'.B/c. 

B ,JUICCel)T8nl!FI npe,ItCT8BJieH o6mnn aH8JilI8 KOHqiFII'YJJ81l;FIFI BTOl,lll'IJHHX 

. 38l)mteHHHX 'l8CT1Ill; B C .u;.FI. Heynpyrnx C {: - B38l!MO,IteliCTIDIH B Tl)ex

Mel)HOM lIMllYJII,CHOM lll)OCTl,18HCTBe, BllllOJIHeHHl:M T.J)8~nl!OHIWMll MeTO,It8Mll 

C llOMO!lll>IO nepeMeHHl:lX c~e.J)FICllTFI ll Tl,18CT.IlOK888HO, 'ITO 3Tl! C06HTlIJI 

B C.J)e,ItHeM xapaltTe.J)lI3yIOTCJI ,ItByxCTl)yHHHM 1)88JieTOM BTO.J)ll'llil:lX 'l8CTFI1l; 

B c.u;.n. cc - CTOJIKHOBeHF!Ji, 'ITO Ra'leCTBeHHO COI'JiacyeTCJI C KOH

qrn:I'Yl)8u;FieH CC - C06liTilli , ci.10,IteJil'Il)OBaHHWC Ha OCHOBe KaCKa.n;HOli 

MO,IteJil'I (JLIDd) • 
0'AH8KO B ClIJIY TOI'O, 'ITO altcnep1n11eHT8JII,HOe Olll)e,IteJieHlle c.u;.n. 

B Ka~OM liH,Itl[Bll,Izy8JI1,HOM CJiyqae cc - B38ID/IO,IteiicTIDiii npaltTll'leCKH He

B03MOll!HO, .ItJIJI FisyqeHIIJI KJI8CTel)FI38nllll npOB88llMO,IteHCTBOB8Bllll'IX ll.J)OTO

HOB TaK llt9, Kalt l'l ,ItJIJI 8H8JIFI8a CTl)yii 8,Itl)OHOB BO B38l'IMO,It8liCTBllJIX 

tJa CTllll; BHCOKIDC 3 He :prnii, l'lCnOJI1>8 OBaJICJI pe JIJITllBlIC TCKll-l'lHBal,1l'I8HTHElli 

no.roco.It. OT6FipaJIHc1> npoTOHH c IDIIIIYJJI,COM 0,3 !:: P.,,J. ~ 3,0 ThB/c lI 

C06HTHJI 9 MHOllteCTB8HHOCTl>IO lll)OTOHOB B Hl'IX np ~ 4. 

C llOMOIIll>IO Ill)Oll;e,Ityl)li (II) B~eJIJIJilICl> ,ItBe I'l)ynllll lll)OTOHOB C u;eHT-

l)8Mll v~ ll V.s . IlOK888HO, 
0

'lTO cpe.ItHilii: pasMel) T8KIIX I'l)ynII B npo-

CTl)aHCTBe 4-CKOpOCTSli . . OR888~CJI 1)8B. HllM < fll >-::. 0 ,82+0, 34 ,a cpe,It

Hee "paccTomme" Me~ HFIMFI < 6:ty > =2,3,±0,3, T.e. < t.., > ">> < f1t >. 
IloJiyqeHH!lli l)esym,TaT I'OBOl)l'IT O TOM, 'ITO B n.J)OCT.J)8HCTBe TJeT!ij)eXMSPHl:lX 

CKOl)OCTei1 B cc ~B8allMO,IteliCTBF!JIX Ha6.mo.u;aeTCJI o6.J)830B8Hlle B OCHOBHOM 
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~Byx KJiaCTe,DOB Il,DOTOHOB, 1lllcJIO He,D88'AeJieHHwc co6HTnii: C MHO~eCTBeH
HOCTbJO n,,~4 COCT8BJ'ln0 ..., I5%, BKJI~ CC - B88HMO'AellCTBlill C o6pa80-

BaHHeM Tpex 11 6oJiee KJiacTepoB no npoBe'AeHHI:lM onemtaM He npeBl:llllaJI 

.., IO%. 
llaytieHlle pacnpe'AeJieHmi 'AByx KJiaCTepoB no nepeMeHHoii 

t..} -= - {Vo'- - ~) :z., no:rtaaaJio, 'ITO OHO, B cooTBeTcTmm c n,De'AC:rta-

8alilleM (IO), OIDICHBaeTCJl cTeneHHOll 88IDICllMOCTb!O (IS) B o6JiaCTll 

/5,,. f, ~ 2., c Benn'!llHO:li: napaMeTpa M ':::"' lL 
AHaJiorn'!HaJI nponeAYl)a BimeJieHllJI ]Jl3yx npoTOHHIDC KJiacTepoB npn

Mewmac1> K pC-, o!C-H o< C - cTOnKHOBeHll/!M, B cnytiae pC- n o/e-
coy'AapeHllii Ha6JllO,IlaJIOCb o6pa80BaHlle,B OCHOBHOM, O,IU!oro KJiacTepa B 06-
JiaCTll qipaI'MeHT3U}llI ~.D8➔Alr.Jelill. 

B pa6oTe npe'ACTaBJieH 8H8JIH8 aBTOMO'AeJibHIDC CBOllCTB npOTOHHliX 

KJiaCTepoB, o6pa8YJOl!UlXCR B pacCI,IaT.DHBaeMUX: peaKnll/!X B 06JiaCTll qiparMeH

TaUJIIr Mllll!eHn. Ha OCHOBe ll8ytieHIDI HHBa.DH3HTHIDC f' ( f Ii) (pnc, 7) pacnpe

'AeJieHmi nporoHoB B o. C- n CC -coy.n;apeHllJIX 6wm noKaaaHo, 'ITO B 

3THX co6HTll.llX o6pa8YIQTCJI KJiacTe.DH 'AByx THnOB: 

1001 ",.~ r:,r·· I F ci;t 
T,~6U4 

, .. 
~I T/11t10(~ 

~ 
' ' ' 

0,1 ' ' \ 

~01 

\0 iK zo 

CC-Mt'"'"""' 
i+,2 r, 8/c 

0 1,0 

fi. 
2,0 

O.ImH IrMeeT cpe'AHJOro 
KHHeTn'!eCKYIO aHeprn10 B cnc

TeMe noKOR < T;">t = 60+70 LTaB, 

a 'A,Dyrof.- < Tic )':i =120+13? I,l:3B. 

Pnc.7. 
HHBa,Dll8HTHHe q,yHKUJll 

f:' {ill!) MJl 11,DOTOHOB B KJiac

Tepax, o6pa8YJOl!UlXCR Bdt- n 
CL -B88ID,IO'AeiicTBIDDC B 06-

JiaCTll qJJ:13I'MeHT8UJill MllllleHli, 

CnJiomHHe Jlllmm - peayJibTaT 

3IIIl,DORCllM8UliR 3KCnepllMeH

TaJibHIDC 'A3HHllX 88Bl!ClIMOCTb!O 

r:rM=A,ex,l(-/t>, )+11.ieTp(-<-t}. 
B pe ll clC - B83l!MO'Ae:li:cTBllJIX Ha6mmae'?C.fI po;;r.neHIIe npOTOHHIDC KJiacTe

.DOB TOJibKO 0,IU{OI'O Tl!lla co cpe,IUieii KHHeTH'!eCKOll 3Heprne:li: 

< lw ~ =60+70 l,TaB. KaK no:rtaaaJI aHanns, cBoiicTBa KJiacTepoB nepBoro Tn

na 'AJIJI 0,lU{Oro H TOI'O lKe Jl'A.D8 MIIIIleHll YHllBepcaJibHH no 'ABYM 11apaMeT.D3M 

Il0'A06l11!: fl<. n ~, (l?l!C,8 a,6), T.e. He 88Bll.CJIT OT THna HaJieTa.lO!lleil: 

'!3CTHUH ( II -. p , cl, o{, C, ) ll 3Heprnn B83ill.!O'AeilcTBRfl B ll.HTe,DBaJie 

4+40 TuB/c • 
TaKIDI! o6pa80M, OCHOBHHe peayJibTaTH no ll.8ytieHll!O CBOiiCTB 6apnoH

HIDC KJiaCTepoB B a'A_DOH-~e.DHIDC H Jl'A.DO-~epHIDC CTOJIKHOBeHll.RX TaKJKe 
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Pnc. 8. 

Pacnpe'AeJielillJI Il~OTOHOB c IlMIIYJibC8Mll 300~ RtJ !f 800 MaB/c 

no nepeMeHHHM (f K. (a) n 'X,f( (6) B 1t.11acTepax,06paa~cR 

BO B83llMO'AeiicTBllJIX a'A_DOHOB ll ~ep C ~,DaMll yrJie.DO'Aa npn 

.D38Jill'!HliX 3He,DI'llJIX, 

nO'ATBS!)JimaJOT cnpaB8,ll,7llIBOCTl> OCHOBHliX CJISACTBnii IIpllHUlilla OCJia6JreHl:IR 

KOppeJIJIUll:lt ll nJ)llHUllIIa aBTOMO'AeJibHOCTll ll CBJl'AeTeJibCTByJOT O CYIIleCT-

BOBaHllll II.DOMeJKYTO'll!Oll acllMIITOTHKll, , 

EoJiee 'AeTaJibHOe llCCJie'AOBairne CBOllCTB npoTOHHliX KJiaCTepoB IlOita-' 

aaJio - , 'ITO KJiacTepu c KnHeTn'!ecKoii aHeDrne:ii <Ti<."> =I20+ISO M:3B 1 

J)Olli,ll;aJOTCR B rmorOHYKJIOHHIDC CTOJIKHOBeHJIRX Me.D ll xapaKTe.Dll8YIOTC.iI OT-! 

HOCHTeJibHO 6oJiblllllMll nonepe'IHW,lll mmyJibcal\m n aHll80T.DOilHl,IM yrJIOBHM \ 

pacnpe'AeJieHlle1.1 npoTOHOB B cncTeMe no1toJI KJiaCTe~a. CBoiicTBa KJiaCTe- ) 

.DOB 3Toro Tnna B 83IDICHMOCTll OT Tlllla B83HMO'AelICTBHR Il ero 3He.DI'IUI 

Tpe6YIOT 'A3JibHeillllHX nccJie'AOBaHmi • 

B 83KJIJO'!emrn ll8JIOJKeHH OCHOBHUe peayJibT3Tli ll BHBO'Ali pa6om. 

I~ IlpoBe'AeH aHaJill.8 CBOllCTB a'A_DOHHIDC CT,Dyii ll 6apHOHHIDC K1iacTe~ 
poB Ha cJie,eyJOl!leM aKCnepnMeHTaJibHOM MaTepnaJie: r.~p- n ;;--C-B8aHMO'Ae:lt

CTBnR nl?ll ll.MllyJibce 40 TuB/c, pp - CTOJIKHOBelillJI npn P= 205 TuB/c, 

• i'N - B8aJIMOAeil:cTBI1/! C < f ;-> =35 TuB, pC; de-. .,l.{;-,CC- coy.n;a

peHll/! C P = 4,2 ' AraB/c n, p e ~ CTOJIKHOBeHl!JI c p =IO raB/c. 06maR 
CT3THCTllita C06HTllll COCT8BllJia ~ 62000, 

2. C IlOMOIJlI,IO T.D3'AHUHOHHliX aJII'O.DllTMOB aHaJill.83 CTpyiiHoro pollr,ll;e
Hll.iI Il0Ka38HO, 'ITO B WII'KHX fj -p- · 11. KyMyJIJITll.BHIDC u-e -B88HMO'Ae:ltCT

BllJIX IT.DI! liMilyJibCe 40 raB/c Ha6JllO,IlaeTC.iI o6pa30BaHlle B OCHOBHOM 'AByx 
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CTJ)Yli aJU)OHOB, KOJLIDIMliJ)OBaHHWC IIO HBIIJ.)aBJieHIIlO ;zu,mteJmJI II6J)Bll'IlrllX 
CT8JIKlfBalOIJlilXCSI 'l8CTlm B liX c.Q.H. CTJ)yB IDITeJ)IIJ)eTH.PYJOTCJI RaK J)eaym,
TaT aJU)OHll38Qlili HeIIJ)B38lIMO,IJ;eilcTBOBaBIIlliX KBaJ)KOB,{,Il;liKBaJ)KOB) OT nel)
Bll'Il!Oro IIllOHa (IIJ)OTOHa) ,IJ;JI.ll ii-p- B38IIMO,IJ;e:i1:cT.Bm ll MYJII,TllKBaJ)KOBllX 

cncTeM 11-C - Baa1IMo;u;eil.cTBIIH, 

3. BneJ)BHe IIORa38HO, 't!TO xaJ)aKT6.lJHCTHKll CTJ)yii, a TaKllte WJiKIJ;ilH 
qJJ.)an.16HT8~ll KBal)KOB (,Il;liKBaJ)KOB) B a'AJ)OHH ( ii± , JI ", /( O ) B 'KY-: 
MYJlHTllBHllX fj-(' - B38lIMO,IJ;eiicTBWDC B IIJ)e,IJ;eJiaX :mcne,PEM6HT8Jil,HllX om11-
60K COBIIa,IJ;a!OT c aHaJIOI'll'Ilil:lMlI ;u;aHHhlMll ,IJ;JJJI MlII'KHX ii-p-,v(t)p-_ ll 

e+e-- B38lIMO,IJ;eficTBllli II.PH O'AHH8KOBllX 3H6,PI'IDIX B'AJ)OHOB B liX c,u.11. 
Ilo~eHH!lli _peaym,TaT JRa3HBa6T ml TO, 't!TO 4)0,PME,POBaJme aJU)OHHllX 
CT.PYli B KYTu::YJIHTHBHllX B38ID/lO,IJ;eficTBllJIX C JieI'KllMll ~MH II,POllCXO'AllT 

B OCHOBHOM 38 n_pe,:u;eJiaim .8",Tij)a, 

4. Bne,PBl:le n_poueccl:l MHOJlteCTB6HHOI'O ,POJJO:(eHIIJI 'l8CTHU aHaJm3ll.PYJOT
CJI B J)6JIJITllBllCTCKll-llHBa,PllaHTHOM IIO'AXO,IJ;e - B IIJ)OCTJ)aHCTBe OTHOCllT6JII,-

HllX 't!STHJ)eXMSJ)tIHX CKOJ)OCTe~: ).t, 
""' = - ( P, - .& . 

C 
"1,' /ff!' u u 

IIOMOUU,IO 3TliX ne_peMeHHUX: B J)aCcMaTJ)HBaeMllX TIDiax B3alIMO,IJ;eHCTBIIH 
3KCII8.PJIM8HTaJII,HO ll3~6HH CJie~e HaH60Jiee o6mue saKOHOMSJ)HOCTH: 
IIJJH~ ocJia6JieJmJI KOJ)J)6JISUJ;llli ,II.P~II aBTOMO,IJ;SJil,HOCTll BTOJ)OI'O J)O,IJ;a, 

IIJ)OM62!ty'TO'Ilrl:l8 acIIMIITOTllKll. 
Il,Pe,IJ;JIOJltSH J)6JIJITHBllCTCKll-HHBa.PllaHTH!lli MSTO,IJ; B:EmeJieHM aJU)OHHIIX 

cTJ)yit (KJiacTeJ)oB),c noMouu,10 KOTOJ)oro IIJ)OBe;u;eH aHSJms nJ)oneccoB 06-
J.JaSOBaHRll aJU)OHHHX CT,PYfi n 6a,PHOHllHX KJiaCTSJ)OB,MeTO,IJ; OCHOBaH Ha Mmm
MH3atnm CYMMJi KBa,IJ;.P8TOB OTHOO:ITSJibHHX 'tl8T~fXM8l)HHX CKOJ)OCTefi: 

A 2 = 1ui11 [-z; r~-u/·){l, - 0 {~ - "'i·"Y] 
n onJ)e;u;eJieHl'.ll'.I Ha aToii ocHoBe neHTJ)OB KJiadeJ)oB (ocefi cTJ)yii) V.,,_ n ~. 

5. BneJ)Bl:l8 3KCII8J)l'.IM8HT8Jll,HO IIOKa3aHa CIIJ.)aB8,IJ;JmBOCTD OCHOBHHX 

CJI8,IJ;CTBl'.lii IIJ)J11HitlillI8 O0JlaM8HRll KOJ)J)e~ H IIJ)~ aBTOMO,IJ;8JII,HOCTl'.I 
BTOJ)OI'O J)0,11;8, CqJOJ:1,1YJIHJ)Ol38HHHX B J)8JIJITl'.IBl'.ICTCKl'.I-RHBaJ)l'.18HTHOM IIO'AX0,11;8 

,IJ;JlJI IIJ)OUSCCOB MHOJlt8CTB6HHOI'O J)OJr;D;8HR!I: 

a) noxasaHo, . t1To: B p C; clC; <J; C-, ;;-( .- n CC -CTOJIKHOBeHWIX n_pn 
mmyJibcax 4,2 t 40 ThB/c o6J.)a3YJOTCSI 6a,PHOHHH8 ItlmCTe,PH, CBOtiCTBa 
KOTOJ)l:lX no;u;o6HH,CBOilCTBaM IIHOHHHlC CTJ)y:11, J)OJl!;ll;8HliHX BO B38l'.IMO,IJ;eitcT-: 
Bl'.IJfX lJBCT:l'In BHCOKHX 3H8J)rd, HO JI8lltaT B ;u;pyrott mmeMall'tl8CKOii: o6Jiac-

TH ll8J)8M8HHHX lid . • 
6) CBO:ftC'l'l3a nnommx oorpyt H 68:pllOHHl:lX IUI8CT8J)OB ymmBJ)C8J!DHH 

no ,IJ;Byr,4 J)8JIJlTHmlCTCKl!:-l'.IHBaJ)l'laHTHID4 napaMeTJ)aM no;u;o6M!M8CillT86H~e-: 
IDIJ18.PHBHTHOMY~ n MacmTa6ao-l'.IHBaJ)l'.laHTHOMY 'X!/d • 8-ro osaatiaeT, 't!TO 
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_pacn_pe;u;eJieHHSI µEOHOB B CTJ)YJIX IIO ne_peMeHHbll.1 ~ H JCt.t. He 3aBllCJIT OT 
TllII8 CTOJIKHOBeHIDI (,n;JIJI i.mrrmx: 8.!U)OH-8,I(J)OHHllX, 8,Iij)OH-JI.n;eJ)HllX H JlteCT-
KIDC P/V - B3aI!MO,JJ;e:i1:cTBllii) H II.Pll P 7 22 ThB/c c,...fo "?-,IO ) He 38Bll-
CJIT OT 3He,PI'llll B3aIIMO,IJ;eiicTBHJI,AHaJIOI'lltUIO, pacnpe,n;eJieHllJI IIJ)OTOHOB B 
KJiaCTepax no 3TlIM ne,PeMeHHI,IM ,ll;JIH O.n;HOI'O ll TOI'O Jlte .8",Tij)a MllllleJm ( B 
H8lll6!/l c~e yrJie_po.n;a) He 38BllCJIT OT TllIIa H8JieT8IOl!lei1 'l8CTllUH ll ee 
:rnel)I'HE B HHTeJ)BaJie P~ = 4+40 ThB/c·Ha HYKJIOH; 

/} B) _pacn_pe,n;eJieHllJI IIllOHHllX CT,Pyii ll HyitJIOHHllX KJiaCTej)OB mi BeIDl'tlllHe 
tol_J - 11 J.)aCCTOJIHlll011 Me;iimY, OCJ!Mll CT,Pyii (ueHT,P8Mll RJiacTeJ)OB) B COOT

BeTCTBllll C n_pe.n;cKaSallllel/1 ?IS/ OIIllCHBa!OTCJI CTeneHHoii 38BllCllMOCTDIO 

THna dJ/ _ ,4 · 

c1t,;J'> - t .. l"' 
B 06JI8CTll &_} ">,-,IO ,ll;.IDI MIII'~lX a'AJ)OH-aJU)OHHIDC, a,IJ;J)OH-JI.n;SJ)HllX ll 

µ N - naaHMo.n;eficTBIIii n ~ ~2 ,n;JIH HYKJIOHHllX KJiacTeJ)OB. 

BeJIE'Ilffia na_paMeTJ)a /vi~ 3 B n_poueccax o6paaoBaHRlI IIllOHHl:lX 
CTJ)Yli B n_pe,n;eJiax omn6oK O'AHHSKOBa ,ll;JIH MlII'It!lX ll Jlt6CTKHX BSaHMo,n;eiic?
Bllii 'tl8CTeii ll He 38BllCllT OT 3HeJ)I'Eil CTOJIKHOBeHIDI B IlHTeJ)BaJie 

P,,ctu/ = 40 + 205 ThB/c. 
.If.nlI HyKJIOHHllX KJI8CTe,POB BeJIE'tlEHa fVI ~4. 

6. IlOKa38HO, 't!TO cpe,ll;Hlle J.)83!/le,PH nnoHHIDC CT,Pyii ll 6aJ)llOHHllX 
RJiaCTej)OB B IIJ)OCTJ)8HCTBe OTHOCllTSJII,HHX qeTHJ)SX!llel)HIDC CKOJ)OCTeft c~ecT
BeHHO J)83Jm'l8IOTClI: 

- c_pe,n;HJIJI BeJIE'tlllHa < (/K "> ,IJ;JIH IIHOHHllX CT.PYli cocTaB.IDieT .::l7:io4; 
- ,lJ;JIJI 6a,PllOHHllX KJiaCTBJ)OB,06,P88YIQII!llXCSI B II,POMeJltYTO'IlIOll o6JI8CTll 

,PeJIHTllBllCTCro!X JI.n;e,PHllX CTOJIKHOBeHllii,<~ > = 3 • IQ-I; 
- J)83Mej) 6a,PllOHHllX KJiaCTSJ)OB B n_poueccax KJiaccnqecKOil JI.n;el)HOM 

qi:t,I3llKH ,PaBeH </4 > ~ I0-2 , , 

? • B J)aMKax KBa,PK-I'JIIOOHHIDC MO,JJ;eJII,HllX II,Pe~cTaBJieHllii O MlII'KllX 
a'AJ)OH-aJU)OHHl:lX, 8,IJ;.POH-JI.n;eJ)HllX (Bo B38llMO,IJ;eiicTBIIJIX C JieI'KllME .8",T(J)mffi) 

n J:JN- cToJIKHoBeHllJIX o6Ha,PyiiteHHue aaKoHoMe,PHOCTll MHOJlteCTBeHHoro 
po;,imeHHJI 'l8CTHU 03Ha'l8IOT, 't!TO a,IJ;J)OHll38~ KBaj)KOB, ,JJ;liKBal)KOB ll ,IJ;.Py
I'liX QBeTHIDC .KBa,PKOBllX CllCTeM B MlII'KHX, JlteCTro!X ll KyMYJIHTHBHl:lX B38ll
MO,IJ;eMCTBEJIX 'tlaCTllU IIMeeT ya,iBeJ)C8JII,Hhfil xa,PaKTej) B n,POCTJ)8HCTBe OTHO
CHT8Jil,HllX tieTH,PeX!lle,PHl:lX CKOJ)OCTeii, He aaBHCJimiIM OT IIJ)OllCXOJl!;ll;eHIDI ll 
CBOHCTB QBeTHOH KBaJ)KOBOM CllCTeMll: • 

Cpe.n;HJIJI KHHeTnqecKall 3HeJ)I'M IIllOHOB B CllCT8Me llOKOJI CTJ)y:!1,o6_pa-
3YJOllllIXCJI B nJ)Oueccax B'A,POIDI38Qlili KBa])KOB, ,JJ;liKBaJ)KOB ll MYJII,TllKBa,PKO
BWC cncTeM ~ yr.irepo.n;a,,PaBHS < ~ "'7 =I54 ± IO MaB. 

IIo~eHHaJI YJmB6,PC8JII,HOCTD JRa3HBa6T Ha TO, 't!TO 8'A.P0Hll38UM 
QBeTHl:lX KBaJ)KOBllX CllCTeM onpe,n;eJIJieTCJI B 3Ha'tlllT6Jil,HOft MeJ)e ,IJ;llH8MllKOH 
liX B38IIMO,IJ;eHCTBM C KJOJ;-BaRy-yMOM. 
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8, IlJ,JoBe,IleH aHaJ!ll3 I:!HBal)l!aHTHHX :H'.s= :s V ~~tll) yac-
- u - Ilil1 l' U 

rr_pe,IleHeHlIH Ill'IOHHHX CT1JYH, OT1)8'1taIOIIllDC yacrrJ)e,IleHeHHe al)TOHOB B rreJ)-
Bl!'llIHX B38ID.iO,IleitcTBYJOllllDC '!8CTllU8X,IlO:ita38HO, 'ITO Cl)8,IlHJlff BeJ!lll!UHa 

<'.X's.'> ,IlJIJI rrnoHHHX CTJ.lyil:, o6yasyIOIItHXCJI B rr:poueccax (pJ.larMeHTa~n 
~KBaJ.lKOB OT Ill)OTOHOB, J.l8BHa <Xl-::,, =0,14±0,0I, B ITJ)Oueccax 
(ppaI'MeHTa~ KBa,PKOB, BXO~ B COCTaB IlllOHOB, <X's"> =0,4I,±O,OI, B 
K,YMYJIJITl!BHHX rryoueccax Ha roi;:pe yrHeJ.lO,Ila ~ :X..i; > =0,34,±0,02. 

I 
9. Brreynue B o<.C-n cc - B38HMO,IleitcTBIDIX Ill)l! HMIIYJil>Ce 4,2'A ~ 

Bl:l,ll;eHeHH ,IlBa Tl!Ila HyKJIOHHHX M8CTel)OB,.P83Jlll'I8IDlltHXCR: CBOHMH CBOHCTBa
Mll, O~H H3 HllX xayaKTe:pnsyeTCR: cpe,lU!eff Rmi8Tn'IeCKOit aHeJ)rnefi B Ol!C
TeMe ITOKOR: < T,,, > I =60+70 MaB, H30TJ)OITHHM B ITJ)e,IleHax onrn6oK yrHO
BllM pacrrye,IleHeHHeM ITJ)OTOHOB B Cl!CTeMe ITOKOR: MacTel)a l! M8HHMH none- . 
:pe'lliw.m HMIIYm,caMH. ,lwyro:ii - c:pe~att KHHeTn'IecKOfi aHe:p:rneit 
< T; >.t, =I20±IO MaB, 8Hil30TJ;)OIIHllM yrHOBHM l)aCITJ)e,IleHeHIIeM Ill)OTOHOB H 
OTHOCr.TeJII,HO 60JII,IDilMll rrorreJ)e'!HtJMl! HMIIyJII,CaMH. 

CnoficTBa KJraCTe:poB rre:pBoro Tnrra .IlM o~oro l! Toro JKe roi;:pa MIID!e
HlI HMeIDT YHilBeJ.lC8Jll>Ht1H xa:paKTeJ) B IIJ)OCTJ)aHCTBe OTHOCHTeJII,HHX 'IeTH
J)eXMeJ)HHX CKOJ)OCTeil (cM. rr. 5 6). 

TaKHM o6pa30M, COBOKYITHOCTI, aKcrrepHM.eHT3Jll,HllX ,Il8HHHX no l!3y'!e
HIIID rrpoueccoB MHOJ!teCTBeHHOro J)Ollt,ll;eHilR: B J)83JI\!'!HHX B38l!MO,IleilcTBIDIX 
B :peJIJITHBllCTCKll-llHBaJ.llI8HTHOM rro~O,Ile IlOKa3HBaeT, 'ITO 60JII,IDyIO J)OJII, B 
HllX Ilr:paeT o6pa30B8Hl!e 8,IlJ.lOHHHX c~ II Oal)IIOHHHX KJraCTe:poB.3Kcrre:pl!
MeHT8Jll>HO ycTaHOBHeHO, 'ITO CBOfiCTBa KJraCTeJ)OB ll CTJ.lyfi xayaKTeJ)ll3yIOT
CR: YHilBeJ)C8JII,HllMil ac:m.'!IITOTil'!eCKllMII 38KOHOMel)HOCTR:Mll B IlJ)OCTJ)8HCTBe 
OTHOCllTeJII,HHX -qeTHl)eXMeJ;)HllX CROJ)OCTeil B COOTBeTCTBHH.C IIlJllHWillOM 
ocHa6HeHIIR: KOppeMUHH II llJ)l!HUllIIOM aBTOMO,IleJil>HOCTII BTOJ)oro po,Ila. 

OCHOBHHE PE3YJihTATH JmC(:;EPTAI.Uffl OIIYEJilIKOBAHH 
B PAEOTAX: 

I. B.r.r:plllIDlH,JI.A • .lln.n;eHKO,T.KaHa:peK 
"CpaBHeHIIe CTJ.lyil:HOro IIOBe,Ile!!llR: 8,IlJ)OHOB B r,-p -cTOHRHOBeHRHX 
rrpn llMllym,ce 40 raB/c c ,IlaHHllMII no e+e- - aHHnrnMUllll",IlperrpnHT 
OIDIH,PI-8I-542,.Ily6Ha,I98lr. 

2. B.r .fplllDHH,JI.A • .lln.n;eHKo, T.KaHapeR, 3.B.MeTJ)eBeHH,B. C,Myps1rn, 
JI.H.Capll'!ena. 
"Aliamrn MHOllteCTBeHHoro :po~eHHR: B u-p-B38IIMO,IleficTBHJDC ITJ.lll 
m,mym,ce 40 ToB/c c IIOMOlllJ:,ID KOHHeKTl!BHllX rrepeMeHHllX 11 

.-

H<li,I983,T.37 ,c. 9I5. 
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3. B.r .rpnnrnH, JI.A • .ICn,ne1mo, T .KaHapeK,3.B.MeTpeBeJ!ll. 
"Hsy-qeHHe llHKHID3llBHHX xayaKTeJ)l!CTIIK 'ffiCTllU B CTpymc B ii-p-nsan
MO,IleitCTBMX II.DH HMIIym,ce 40 ToB/c~OH/lli,PI-83--306,.Ily6Ha,I983. 

4. B.r .fJ)lllIDlH,JI.A • .lln.n;emm, C.M. F..mrneeB, T .KaHa:peK, 3.B.MeT:penemi, 
B.C.MypsHH. 

"AliaJ!lls cTpyil:Irnro rroBe,IleHM a.IlJ.lOHOB B ;-C-nsaIIMO,IleiicTBHJDC 
IIJ)ll IIMIIym,ce 40 raB/c". o:mrn:,PI-82-393,.Ily6Ha,I982; 
R<li,I983,T.38,c.687. 

5. r.H.ArarommeB, ••• JI.A • .lln.n;eHKo n .IlJ.l. . 
"AHaJ!lla KOHHeKTIIBHHX cnoficTB BTOl)ll'!HHX tra CTIIU B C C-nsaI1MO,Ileit
CTBI1JDC IIJJH mmym,ce 4, 2 raB/ c Ha IryiurCH'~ OI!/Il:I PI-82-508 ,.Ily6Ha, 
I982; H<li,I983,T. 37,c.I495. 

6. B.r.rplllllHH,JI.A • .ICn,neHKo,3.B.MeTJ)eBeJ!ll. 
"gijJarMeHT8UM K.BajJKOB II ~KB8J)KOB B ii-p B38ID.IO,IleHCTBllJDC ITJJII 
p =40 raB/c".-OIDIH ,PI-83-823,.Ily6Ha,I983; H<li,1984,T.40, 

c.936. 

7. A.M.Ea.7UUIH, B.r .rJJHillllH, JI.A • .ICn,ne!!KO ,A.A.KysHeUOB,3.B.MeTpeBeJ!ll. 
"H3yl!e!Ille 06J)830B8Hl!R: CTJ)yil: a,n:pOHOB B K,YMYMTIIBHHX 11--C.nsaI1-
Mo.n;e:ucTBHJDC IIJ)II IIMllym,ce 40 raB/c".-0Hffi1,PI-83-483,.ILy6na,I983; 
H~,I984,T.39,c.I2I5. 

8. B.r.r:pIIIDIH,JI.A • .lln.n;eHKo,B.M. KapnayxoB,K.KoKa,A.A.Kysneuon, 
3.B.MeTpeneJ!ll. 

"<liparMeHT8UM KBal)KOB ll ,D;llRBal)KOB B CTJ)8HHHB 'ffiCTHnll B jj-p 
nsaIIMo.n;eiicTBMX rrpH !'=40 raB/c".- OIDIH,PI-84-79,.Ily6Ha,I984; 
Rw,1985,T.41,c.684. 
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