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lJ!.BB)\OHH8 

}(yMyJIH.TMBHbl~ 3tlx~UKT 9 p0f\K11}\JIX C yt{fi.!:TMilM H,.O.Op 11pH BI~COKMX 3Hnp

I'MJlX npe,n,crasn.ReT codon po~eHHe ttacTHq a o6JiacTH ¢aaoeoro npocrpnHeT
aa, aanpe~BHHOR KMH9MBTMKOn B38MMO~BACTBHH AByx CBOdO,D,HNX ~K~OHOB. 

8 MHOI'OQHCJteHHI:iX SKCOBpHMBHTMbHblX HCCJlB,I\O,IlHHJtX :::t4xbBHTB BblRBJieHU era 

ocHOBHhlB aaKOHOMepHOcTM /eM., Han_pMMep, /l M ccbl.11KH a mnc/. AHrums 

3THX 3BHOHOM6pHOCTeA 1 B TBK~e COOOCTBBJIBH~~ pi3JIMQHNX OOAXO,D,OB K OOH

CB!il110 KYMYJIHTJ18HbiX penKI\HA 003BOnlotJIH HAM /
2•3 

C,[I,CJJRTh BbiBO,D, 0 TOM 1 t1TO 

,D,OMHHHpytOUIHA BKJla.n. 8 MX CBtlBHl1H BHOCHT npoqeCCbl 1 npOTUKRJOU(.HB 00 
11

I'O

pRt18R" CX9MB 1 OCHOBBHHOA HB BBCbMB OdUIBM npe,D,CTBBJlBHHH 0 MBXRHHSMB 

MHolKeCTBSHHoro pOli'.,ABHH.R 1\ApOHOB. CornacHo aToA cxeMe 11poqecc odpaao
BBHHH QBCTH4 npOXO.O,HT qepe3 CTQAHD ¢opMHp0BRHHR CTaTHCTH4BCKOA KOM

nay~-CHCTeM~ /KG/, pacn!l,JIBOJtl10~CR BHB JlllPB. Ha OTO~ OCiiOBe YABOTCR 

06~RCHH.Tb MHOrH.e 38KOHOMepHOCTH ~yn.RTH'H;ro 3~BKTB, He npH6eraR K 

AOOOnHHTBHbH~~OABHbHNM npBACT8BRBHHRM 3 • npH 3TOM MO~HO non~H.Tb 
COOTHOWBHHR / 3 , CBst3biS810lqHB HHKHIQ3HBH0B C848H~B npOH3BOnt:.HO!:t Kyt.lyn.R

THBHO~ p88KI~H C BAHHCTBBHHNM CB48HHBM o6p~3086HHR qaCTHQN KOHKpBTHO

ro coPTe. "i ", BblneTruoiQeR non onpe,n_eneHHw.t yrnoM Q • 

B ~8HHOR pa60TB 8H8.nH3 OHB~CTBHA ropnqeA CXBMbl Mbl ~ononHHJIH 

pB.CCMOTpBHHBM BOllpOC8 0 MBXBHH3MB o6pB30BBHHR KG 8. KOnJieKTHBHOM 838H

MO.O,BRCTBHH HYKJIOHoa. ,nsa sapHaHTB TBI<Oro saaHMo.o,eRcTBIUl I 1,5/ H o6o6-

xqeHHBR MO.O,BJlb, ~HTbiBBmlqaR HX cynepnD3H~HD, npe.O,CTBBnBHbl B H8Hdonee 

npDCTOA !flopMynH.POBKB, ll0380nJfiOiqeA nerKO BbNH.CnJlTb adcOJlJOTfiYD BBJIH't.IHHY 

H H8KJlOH HHBapHBHTHOrO CB4BKH.R pO)t(,D,BHHII ftYMYJIRTl-i,HqR tJ8CTHql.l "i "• 
HanaraeMbiR noAXOA noaaonReT aasepwHTb HBti8TOe a 31 o6c~eH~e npo6-

neMY 0 xapBKTBpe ¢~aH~BCKOR HH¢QpMa4HH, KOTOPYID MOMHO nonyqHTb H3 

aKcnepHMeHTanbHHX HccneAO!aHMR XYMYnHTHBHoro a~eKTa. 

2. PacnagHWe csoRcTaa CTBTHCTH~ecKoR KC H HX cneACTBHH 

2,1. B~~op nepeMiH'JbiX 
KaK H3BBCTHO 6 t KHHBM8THqecKoR xapaKTSpHCTHKOA tJ8CTH~H,~e

KB5THOR CT8THCTH1.18CKOR npHp088 nopo!t,D,El.DlqSR e9 CHCTSMhlt JIBJIRSTC.R 3HBp

rHR ~ , onpe.o,eneHHaR 8 CHCTBMS llOKOR KC, HnH OTHOWeKHe 3TOR 3HeprHH 
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K e8 M8KCHM8JlbHO B03MOatHOMY SHatteHHro: XR = E0/(E0 )ma,x • iloCKOJlbKY, 
CT8THCTH'ti9CKH p8BHOB€CHSR CHCTeM8 CIIOC06H8 paBHOMSpHO Bp~8TbCff 76/, 
B o6~eM c~ae cneKTp tl8CTM4,06paa~xca npH ee paCnSAe, AO~eH aa
BHC9Tb OT yrJIOB BHXeTa. fipH 8H8nH38 HHKn~SHBHHX CITSKTpOB CHMMeTpHR 
38A8~ p8CC9HHHff /BeKTOp yrROBOrO MOM8HT8 pacnpeASR€H H30TpOOHO B 
DJIOCKOCTH fiPH49JibHOrO nap~eTpa/ II03BOnHeT OrpaHHQHTbCH paCCMOTPeHHeM 
OAHOrO yrJia 90 , OTC~T~88MOro B CHCTeM€ ITOKOH HC OT OCH CTOHKHOBSHHH. 
TaKHM o6paaoM, crreKTp 1.l8CTH!:t copTa "i ", o6pas~xcr.~: npH pacnap,e KC 
C ~KCHp088HHNMH M8CCOii ~C H IIOJIHDIM YI'JIOBhlM MOM€HTOM L KC ,.RBJIR:€TC.R 
<IJYHKq><ea fll'yx nepeMeHHh!X! XRH 90• 

HaMepeHH&e cetteHHR o6paaoeaHHR KYMYHRTHBHHX ttacTaq TaK&e npeA
CT8BHRIDTCH B B~e ~H ~yx II€peM€HHHX9 B K8ti€CTB€ KOTOpHX, K8K 
npaBHJI0 1 HCIIOJib3YffiTCR HYMYHHTHBHOe QHCJIO X H na6opaTopHHA yron BHne
TS 6. flepeMeHHBJi X 0Dp9~9JIH9TCR COOTHOIDSHHeM 

in. i.lt. 'r , '; x=L E E .. -p PiCosB+zm2-m;.. +mNm2 
~ Eu,.-mN-Ei-m2 

(1) 

rAe E u..., P
14 

- aHeprHR H HMnyJibC nepuntmoR:, a E-i. , Pi. - poll'iAeHHOR: 
ti8CTHQb[, mi- e9 M8CC8, /nN - M8CC8 fzy'KHOHS, 11Z,e- MSCCOBBJI nonpas
Ka, ytlHTbm8~8Jl 3a.K0Hii COxpaHSHHR CTp8HHOCTH H 6apHOHHOl'O 38~8: 1'1Zz 
pasHa eymo, mA- m,..,, ml( H m.N- npH pol!'iASHHH 1l: , Jt+,I\ H j5 co
OTBeTcTseHHo. BenHtiH~ X MO~HO p8CCM8TpHB8Tb KSK MHHHMRnb~ Macey 
MHUISHH, BlipBJKSHt{Y'IO B 9AHHHqax H,yKHOHHOA MacCii. [{pH X > ! 1.18CTHIJ;8 Cl.IH
T89TCR ~R.R:THBHOA. flepeMeHHHe X H 9 CBR38Hli npeo6p83088HH8M ~opeH
u;a C nepeMeHHHMH XRH Qc• B p8CCM0TpeHHOa HaMM HH~e 06nacTH H3M9H€HHR 
KJIIH€M8TH1.19CKMX nepeMeHHWC 3T8 CB.fl3b B8CbM8 npocTa. TaK, npH e ,)ff/2 

r ,n.e n - llHcno HYKJIOHOB JJAPB1 yqacTBYIO.m;Hx ·a tlJop.tHpoaB.HHH KC. 
*€ BHR€T8 9 H 9C peJIRTHBHCTCKOA 1.18CTH~ CB.fi38HH rtpH6nH~eHHHM 
meHHeM: 

r ,n.e ft - CKOpOCTb KC B Jia6opaTOpHOA: CHCTeM€. 

(2) 

Yrmx 
COOTHO-

(3) 

()qeBHAHO, liTO pOX~:,ItSHHe. 8,ItpOH8 " i " C 3~8HHb!M' 3H81.19HH.eM X CTaHO
BHTCR B03MOMHHM, SCJIH KOJIH1.19CTBO yqacTB~X ~OHOB ~a n YAOBJIST
BOpR:ST H€pB.B9HCTBY n :;J!:.Ix, r,n.e Ix - qeJI8JI 1.18CTb llHCJia X + r. G.n:e.n.osa
TSJibHO, C91.19HH9 TaKoro npoqecca MOZST 6HTb npe,D.CTaBJI9HO B B~e CYMMN! 

E d'o.rx, BJ = L. w"") F'"'r BJ <4> dp3 l'l•I,. A t X~ 
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r,u,e F;_t"-!.., HHBapHaHTHHe CTI8KTpli 'ti8CTHq, oCSp8.3~XC.fl npH pacna,n,e CT8THC

TH'ti8CKO~ KC, a ~(11.!.. cet~eHH.fl ee oc>paaoBaHM.fl c yqacTV..eM n HYKJIOHOB R,D,

pa. 
2. 2. 3aBHCHMOCTb H~r3HBHbiX Cet~eHH~ OT 9 

KaK noKaaaHo a /3 , KC, o6paayn~ec.H B pe,D,KoM KaHane po~eHHR 

KYMYJiaTHBHiiX ~HoB, KMeDT, KaK npaaHno, aHatiHT6JibHii0 yrnoBo~ Mo

MeHT /~oL =10 ~ c>onee/. llpM c>onbmHx sHat~eHHHX x KYMYJIRTHBHBR -qacTHIJ;e 

yHOCHT c>onbmyD t~SCTh KHHeMaTHt~ecKM ,u,ocTynHO~ aHeprHH KC. llocJie,D,HRR 

CKJia,D,YB86TC.fl H3 B~peHHe~ 3HeprHH KC H 3HeprHH ee Bp~8HH.fl K8K qe

JIOro. ilo3TOMy ~JI.flTHBHa.fl 'ti8CTHq8 ,IJ,O~H8 YHOCHTb H 60JibwyiD t18CTb yr

JIOBOrO MOMeHTa RC. Ho B qeHTpaJibHO-cHMMeTpH'tiHO~ aa,u,aqe a ~yx Tenax 

C ~KCHpoB8HHHM yTJIOB~ MOM8HTOM OTHOCHT8JibHOrO~BHM9HH.fl nep8M8HHH8 

"HMnyJibC - yron" paa,n.e.nmoTcH /CM., HanpHMep, /? I. Cne,u,oaaTeJibHO, sa

BHCHMOcTH HHKnD3HBHHX CTI6KTpOB OT nepeMeHHiiX XRH 9C ~KTOpH3yvTCH: 

F;rnJ(x,, Be) ~ 'frn) (Be}· Jt'(x,). (5) 

B COOTB6TCTBHH C COOTHOmeHMHMH (2), (3) T8Ka.fl ~8KTOpH38QH.fl C0xp8HH-

6TCR H AJ1.f1 nepeMeHHbiX x,e: 

(6) 

H8HH'tiH6 3H8tiHT6JibHOrO yTJIOBOro MOMeHTa TI03BOJiaeT HCTIOJib30B8Tb 

,D.JlR OIJ;8HKH <f tnJ (QC) TIJ:OCTH6 KBa3HKJI8CCH't18CKM6 BweHH..fl l1,11JI KBa,D,p8T8 

MO,D,YJia yr'JIOBO~ qaCTJII BOJIHOBO" ~H 'ti8CTHIJ;bi , YHOC~e~ MOMeHT·l~ 

-( 

/1l-Oc.l >> L , (7) 

(8} 

-(7t-) /3/ JfnJ 

r ,u,e L .f L Kc" B ~e oTMet~anoch, qTo 1- KC CJia6o 38BHCHT OT n e 

fi03TOMy B nepBOM npH6nH~6HHH MOMHO TIOJIOMHTb 

"'' rLJt I 2 'f. ('1,) ~ 'f. ,!?,) ~ Y,OIB)/ . (9) 

Ilo,llcTaBJIRH (9) H (6) B (4), TIOJJ;Y<rnM 

E d'oJx,BJ"' /Y- (BJJ' L w'"'- J'n'(x) 
dp.J L0 n.~J;. A h (lO) 

CJie,u,osaTeJibHo, HHBapHaHT~e ce~eHHR o6paaoBaHH.fl KYMYJI.flTHBHHX 'tlaCTHIJ; 

~aKTOpM37¥.7C.fl B D6peM6HHHX X H 9, 'liTO COOTB6TCTBY6~·~e5ynbTaTBM HaCS

JIIO,D,eHH" I ' H306p81K7Hin H8 pHC. I. Ilpoae,n.e~ B a 8H8JIH3 3KCne

pHMeHTaJibHNX ABHHNX 9 noKaaan, qTo KaK cBM 3~KT WaKTOpH38QJIIH, 

TaK H aeJIMqRHa "pac~enneHHR" ce'tleHH~ no.n. pa3HHMH yrJIBMH e coxpaHR

DTCa ~ paaHHX B,llep H COpTOB KYMY~THBHHX M93QHOB. 
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E d~c Plic.l. 3aBHCHMOCTb A;=;<J OT Xf 
TOQKH - ,ll,aHHW:e pa60T ri,~. AJl1l 

pe8K'1l'g PTa(P8)- n' X npH 
9=90° ,120°,168° • lli:l!l!11MH COe,II.HHe

HN TOQKH c o~HaKOBWW G. 

llpM Eu... =10 raB H n =2,3 Cpe,ll,HRJI CKOpOCTb KC COCTA.BJUl6T .f3 ""'0,8. 
To:r~a COI'JiaCHO (3) yr'JIY 9=168° COOTB€TCTBY€T 9

0 
-:r 1T ~ a yr'lfY Q::9Q0 

COOTBeTCTByeT ec. 144°. Y~T~8JI 3TO COOTBeTCTBHe H awp&meHHe (10), 
noJIY'<II>f 

(II) 

Hs 3KCnepHMeHT&nbHO~ OqeHKH OTHOWeHH~ (!!) ( - roll/) HBXO~M,.QTO 
a!WleKTHIHOe 3HaQeHHe yr'JIOBOI"O MOMeHTa, yHOCHMOrO KYJ.fYJIJlTl'~IHhiL:I 

nopJW<a I"'~ 5. 
2.3 JS.HCKMOCTb ~HBapH8HTH01"0 CeQ€HH.R OT COpT& ~aHa 

BJ3 , onHpascb Ha rrpe.n,cTa.JieHHe o KC KaK o cTaTHCTHqecKo~ 

Me30HOM 1 

CHCTe-
Me, MW ycTaHOBHRH soaMo*HOCTb npH6nu~eHH03 WaKTopwam~H ceqeHH~ 
E ~o; OT tt i " - COpTS BJi..POHa, CJie,ll,C'rBHeM KOTO,PO£! .R•HJIHCb COOTHOWeHHR 

(!2) 

ilpH BWBO,Il,e (12) H oqeHKe OTHOWeHH~ (i~' ) 6~no HCITOHb30BaHO TepMO~Ha
MHti8CKOe TipHCiJIHllteHHe 9 Sal!le,IJ,OMO HenpMMeHHMOe ,II,HR om~C8HMil CaMMX cneKT
pOB ti8CTHq 8 oeinacTY. 6onb'M~ SHa~eHHA X~ ~OK83aTeHbCTIO ~ITp8l!leAnHl!IOC
TM T8KOrO IT0AXO,I1,8 A8HO ~ 3/ ,II,Hil pO~eHHR ~YHfiTHIHHX ~ - Me30HOI H 
8HTHIIpOTOHOB. ilpH 3TOM CiWIO yq:TeHO, ~0 'aTH ti8CTHq&l po1!,11;8lOTCR I nape 
C HeHa6nD,IJ,aeMWM IT8pTHepoM, oeiecnetiHB~HM COxpaHeHHe CTp8HHOCTH H 
6apHOHHoro aap~a. TaKoA yqeT saMeTHO ycnom~eT npoqeAYPY AOKaaaTenb
cTaa. 
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~BCb M~ DpO~BMOHCTpHpyeM era OCHOB~~ V.,ll.B~ H8 TipOCTBHmeM npHMepe 

pDlK,Il;BHv.R O,[I,HHQqHb(X 1..!8CTH~ "itt H "j "• B COOTBBTCTBHH C XOpOWO H3BBCT

HOi1: JJOI"HKO' CTBTHCTH"'BCKHX TIO,Jl,XO,O.OB K OtiliJC8HHIO MHOl!tBCTBBHHOI'O po)K,II;e

HHR /lO,li C€t.IBHHR 06p830B8HHH TBX HRH HHhlX ~OHOB onpe,O.BJIRIOTCR 

CTBTHCTHQBCKHMH BBCBMH COOTBBTCTBYJO~X K8H8JIOB peaKqHH. B HBlliBM CJiy-

1.18€ 3TO D3Hat.laeT, qTO tW'HKWfR {/,..)(x) B (6) nponopWfOHBJibHa BHYTPBH-

HeMy CT8THCTHtiBCKOMY :eecy j; ti8CTH~ n i " H ilJ830BOMy 060BMy OCT8TK8 

KC, oe5pa.aosaameroca nocne HcnycKaHHR l.taCTH4bl " i " 

(13) 

BepoRTHOCTb lit€ BbiJIBTB l.l8CTM~ 11 i- " onpB,ll.€JIR€TCfl OTHOWBHHBM CT8TJIICTM

tlBCKOI'O BBC8 ,ll.BHHOI'O K9.H8JI8 K C_yMM8pHOMY CT8THCTHI..[€CKOMY Becy pacna

,IJ.8 nO BCBM K8H8JIBM .P (M n- ) : 

(14) 

ilpHC5JIHl!tBHHO p (M n) MO'/KHO npHpaBHRTb l{ CTBTHCTRli.BCKOMy Becy ,D.OMlUllipYIO

~ero K8H8Jia. B HaiDSM CJI_ytlae SMY C00TBeT7TB7eT pacnB.Jl, Ha n -M830Hbl l'J 

B ome,IJ,UIHe B co eTas KC HYKJIOHbl. Cor nacHo II jJ (M"') MOIKHO npe.u,cTBBHTh 

B Bl'J,U.e 

,/J(M.) ~ p(Ef) p(M.- E~) 
(I5) 

~,n.e peE: ) - ¢8.3oBhill o_6oeM no.u,cl1cTeMbl c aHeprH.et!, pasHoW. E~s HD pac

n B.,IJ,B.IO~HcH Ha 1£ -Me30Hbl B ,IJ,OMH.HH..PYKJ~eM KaHane. no.n.cTasmtR ( I5) B 

(14), nonyqHM cooTHometme 

! '"' _,, ') 
' (x) ~ j, .P ,E, ' (16) 

KOTOpOe COI'Jl8CHO CT8Tl'JCTI4QeCKOMY onpe,D,eJieHHIO SHTpDDl'Jl'J / 6/ S (E:) = 

= £n. p(lf. ) nepeXOI\HT B ') 
L $~· 

{'"'(K) = il• e- · (17) 

Ecn" T « E",« Mn / T - TeMnepaTypa CHCTeMbl/, TO 1\RH S (E';) 

np><MeHMMO Tep.IOI\I<HaM"4eCKOe npH6Jllill\etme, T.e, S (If, ) "E~/T, II 

TOI'.IJ.8 

(18) 

O,n,HaKo B cnyqae porneHHH KYMYJIHTHBHbiX QBCTH~ xi -:::::. x1 ~ I 11 

:>:: Ej ~ Mn. • IlpH STOM 

1£'-£'/«M (19) 
' I n 

'"' ;·~· 'c"x'J 
fJOBTOpHH H3nOlKaHH!ill Bblllle Bb!BOI\, 1\nH OTHOIDetmR ( i/j )n =f. (X} 'J 

IJOJiyqHM 
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BocnonbsoeaaiDMcb cao~cTBOM aAAHTHBHOCTH 3HTponHH 
= S <E"; - E';l, npeo6paayeM (20) • 

(i/;),. = exp {$ (~~ -E/)} . 

(20) 

(2l) 

fipH 3TOM HepaeeHCTBO (!9) ~KTHti8CKH ffBnfiBTCR yCROBHeM DpHMBHHMOCTH 
TBpMO~HBMHt{BCKOrO npHCinM~BHHR ~K 3HTponHH IIOACHCTeMH C 3HeprHe~, 
paBHoll paaHOCTH E'; - ~ S <Ej - Ec;.. ) = <EJ - E;)/T. B aToM 
IIpHCiJIMJKBHHH 

(i/j)" z 1: exp{(E/-Ei}/T]. (22) 

Kax IIOK8.38HO B /
3< 3aBHCHMOCTbiO { i/j )tt OT n IIpH Xi ~ X; B rrep

BOM npHCiJIMlKBHHH MO*HO npeHe6pet~b. STHM H onpe~enaeTCR AOIT.YCTKMOCTb 
~8KTOpH3~H (12), KOTOpaH IJO,[\TBep~aeTCK 3KCII~KMBHTOM: CIIBKTpH 
pa3JIMtl~ KyMynHTHBHHX l.IBCTHQ B npBABH8X norpemHOCTB~ 3KCIIBpHMeHTa 
HM8IOT O)J,HH8KOB!ill HaKnOH /I/ • 

HaJIOlKBHHHa MBTOA 6~ HCII01lb30B8H B /3/ ,[\RR IIO~BHHR OQBHKH 

-ttnpBACK83aHHR" OTHometrnf:t CBtiBHH:A o6p8.30B8HWI .fJ -, W- H $"-MB30HOB 

K CBtiBHHIO 06paaOB8HHR 1£ -MB30HOB
7
• ~BTB.JibfiiDt BNBOA !po~yJI ,IVI1i napHO

ro po~eHHR qacTHQ npeACTasneH a 31. TaM ~e nonyqeHHHe Ha HX ocHOBe 
OQ9HKH ( i/j ) COTIOCTaBJI9HH C AB.HHNMH 3KCTI9pHM9HTOB. 

!><) 
2.4. <Jr,eHKa i!JyHKqHH f.- (X) 

Yt~eT BIDIHHHfl yrnosoro MOMeHTa (n.2.2) H TepMO~HSMHt~eCKBJI ou;eHKa 
OTHOID9HH~ ~830BHX Od~eMOB paanH'tiHHX KB.HSROB peaKqHH (n.2.3) fl03BORfiiDT 
s~aaHTb nmdoe HHBapHaHTHoe ce~eHHe ~epea ce~eHHe KaKOA-nudo KOHKpeT
HOA. lQ'MYJIRTHBHOA peaxquH, HartpHMep, peB.KqHH odpaaosB.HHn: 1r -MesoHOB·~ 
BbiJI9TSIOlqHX ITO,It yT'ROM 9 :::;; 180° • 0p;H8KO .IVIR TOre, tlTOdbt OIIHCBTb HMeHHO 

STY peaKqHD 1 H906XO~O ODpeAenHTb adCOnDT"YD B9XHqH~ H 3aBHCHMOCTb 
OT X e8 CT8THCTHtleCKOrO aeca, T.e. ~o&oro od~eMa OCTSTKB RC, odpa-
3y:ICJ[qerocn: npH HCIJyCKB!UIH ff -ues0Ha. 3To 03Hat~aeT, ti:TO He06XO,D,HMO 
3 8,118Tb B RBHOM BH,D.e i!JyHKqHll f,. (x), BXO,IIiiii\YIO B (5) • 

flpRMOe peweHHe 3TOA 3SA8ti:H B pSMKax CT8THCTHti9CKOA. TeOpHH npe,u;
CTaBRfleT C060H B9CbM8 CJIO~HYD npo6neMy1 CO,D;epM~ TIOMHMO T9XHHqec-
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KHX TpY~HOCTen HS06XO~OCTb ~eTa ~SKTOpOB, HH¢0pMaqHR 0 KOTOpNX 

e~e He,D.OCTaTOtiHO llOJIHa. il03TOMy H8 ,IJ,8HHOR: CT~H qer.ecoo6p83HO orpa

HH~TbCH e6 npH6JIH~8HHHM W8HOM8HOJIOrH\18CKHM pemeHHeM. 

By,n.eM HCXO,D.HTb H3 Taro, ~0 DpSKTHQeCKH BCe HMe~~e 8H8/HTH~ec

KOe pemeHHe 88pH8HTN CT8THCTH\16CKOR: TeOpHH (CM.t HSnpHMep, !0,12/) 
,D.~T ,D.JIR oqeHKH CTSTHCTH\IeCKOrO Beca K8H8JI8 B~SMeHHe BH,D.a: 

/(x) ~ C, (t-x)c, , (23) 
B KOTOpOM napaMeTp C2 CBR38H C \IHCJIOM CTeneHeR: CB060,D.N CHCT8MN, ~a-

CTB_yiO~X B pacnpe,n.enemm 3HeprHYl B MOMeHT H3'JIYQeHHa ti8CTH~ 9 ytiOCH

IJ\8tl aHeprHto xE~ o 

fmpaMeTp~ c1 H c2 HanAeM Ha cpaaHeHHa c aKcnepHMeHTOM no MHO~ecT

aeHHOMy po~eHHn. ~ TOrO tiT06N H368~8Tb BHHRHHR JIH,D.Hp~X \18CTHq, 

o6p83ytO!cyiXCR B BJI.POHHWC CTOJIKHOB9HHHX, HO 3aB9,D.OMO H~ fiBJiffiOiqHXCH npo

AYKTBMH pacnSAa CT8THCTH\18CKOR: KC, npHMeM 38 OCHOBY npoqecc e+e- ~ 

- k + X npe :yMepeHHbiX 3HaqeHHHX -(S' =(5 + 7) raB, ,D,Jili KOTOp>IX cnpa

B~OCTD npe,n.nono*eHHR o6 o6paaoaaHHH JIKWb O,D.HoR: I a He HecKOJib

KHx/ CTaTHCTHtlec~oR: cHcTeMN npe,n.cTasnaeTca P83YMHYM· B aKcnepHMeH

Tax no H3yqetrnn npou;ecca e+e-- h.+ X o6bNHo onpe,n.eJLFieTca aeJIHtmHa 

....!.... dO , CB.fi38HH9Jl C HHB8pH8HTHh1M cneKTpoM f (x) COOTHOWeHHeM 
"dx 

_!_ dfi ~ E" (p"J'f() ,fEC \'x fix)-
0 dx = E" " I'-=! (24) 

ConocTas~eHHe (24) c ~aHHNMH /!3/ npeso~T K c~e~e~ nspaMeTpHa~H 
ljlYHKI1HH f _ (X) : 

fl 14.2 3_83 
f.- {x) ~ IE~)' ( f- x) ( 25 ) 

C yqeTOM (8) ~~" \I!YHKI1HH F :,~' (x, n ) nonyqHM 

(n) f4.2 L ( x)""" !',- (x, (}ofl:) ~ (E~)' 211: f- n . (25) 

0TM8THM, qro ~yHKqHR (26) He o6na,n.aeT CBO~CTBOM M8CWT86HOM ~H

B8pH8HTHOCTH, DOCKOJib~ 

[/(E':..ax)' - (E""r'/2. (27) 

~eR:HMSHOBCKHM CKeA:RHHI' HapymaeTCR 8 JIID60~ MO,D.eJIH, npe,n.nonara~e~ o6-

pa30B8HH6 e~HOR: CT8THCTHti8CKH ,P8BHOB6CHO~ CHCTeMN. Q~aKO TSKOe 

npe,o,nono~eHMe cnpase,IVIHBO ~b npH E" nopR,D,K8 10 raB. B CTSTHCTH~ec
KHX TIOAXO~ax K npoqeccy MHOM8CTB6HHOrO pOM,D.SHHR ~~HMSHOBCKHR: CKe~

JIHHr ,IVI.R. F (x} o6ecnetnfBaeTcJJ TeM, t~To c poe TOM E i4 pacTeT tiHCJio 

paBHOB8CHhiX DO,IJ,CHCTeM, pacnpe,o,eneHHI:DC DO Chi~:CT,POTe /!4/ • IlpH MSJibiX 

Me 3HeprHax, r,n.e ,D,OnyCTHMO O,D,HOKJI8CT6pHOe npH6HHEeHHe,CKettnMHr H8py

maeTCR1 0 tleM CBH,D.eTeJibCTBynT MHOrO\IHCJieHHHe ,D.SHHYe aKcnepHMeHTa. 

O,D.HOR: H3 B03MOMHHX npHtiHH era HapymeHM.fi RBJIReTCH noae,n.eHHe ~aKTOpa 

(27). 
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B MTOI"e ,IJ.JlR. BbNHCJ!emtR a6comoTHoA eeJIHqt.~Hbl HHBBpMaHTHWC ceqetrn~ 
rn) 

(4) ocTaeTcR onpe,o;enHTb ceqeHHR o6pasoeaHHn KC - VVA • ~o~ s~aqe 
noce~eH cne~~HH pas,IJ.en. 

3. ~opMHpoaaHHe ropnqeij KG e KonneKTHBHOM esaHMoneMcTBHH 
HYKJIOHOB 

B npHHqHne, HaKonJietrne·aHeprHM, Heo6XOAHMon ,IJ.JIR o6pasoeaHHR KY
MYRRTHBHoA qacTH~, MO*ST IT,POHCXOAHTb H 8 OCHO~HOM K8Hane MHOM€CT

B€HHOI"O polK,U.eHHR Ha HAPax a pesyJibTaTe nocne,o;oaaTeJibHhiX ese.HMo,o;eHcT
eHA CTBTHCTHqecKoH KG c ~JIOHBMH ~a. O~aKO npH 3TOM Tpe6yeTcR, 
l.IT06bl e KC npoHaow.'Io nepepacnpe,n.enetrne sHeprHH, HaKomreHHoH e ~e 

CTOJIKHOB€HHH C KOHqeHTpaqHe~ ee 3H81.lHT€JibHOH 1.18CTH H8 O,D.HOA po~ae

MOA 1.18CTHqe. BepORTHOCTb TBKOI"O nepepacnpe,D.€JI€HHR ,D.O~H8 6~b HC1.l€-

3SJO~e MBJIOi't. ,[let%CTBHT€JlbHO, BCJI€ACTBH€ KB83HKJI8CCHQ€CKOro paCIDH.pe

HHH KG /!5,!6/ C OKOJIOCB€TOBO~ CK0pOCTbiD OTCYTCTBY9T 3~9KTHB~ 
06MeH 3HeprHH M€*AY ee QSCTRMH, ~H~~HCH B npOTHBOTIOJIO~e CTOpo

~. KpoMe Tore, c paseHTHeM npo~eccoe ~cCHTIB4HH, conpoeo~aD~xcH 

pOlK,D,9HMeM 9f- nap VI rJIIOOHOB, npOHCXO)J,H.T pa3pim ~eTHhtX CB.fi39£t M9JK

AY qacTRMH HC H npeKp~eHHe odMeHa aHeprHe~ Me~ HHMH. 3TH aprYMeH

T~ noseonn~ CQHTSTb, QTO HC, cnocodH~e Hs~aTb KyMynRTHBHYD Gae

TH.~, odpasyroTCH B KOXJI€KTHBHOM (T.e. He pa3~9JI€HHOM 80 BpeMeHH npo

~eCCOM ~CCHTI8qKH)B38KMO~e~CTBHH H9CKOJibKHX ~JIOHOB. 

C~ecTBymT ~a eapHaHTa peanHs~H TSKHX esaHMO,~CTBH£t. O~H Hs 

HHX npe~OJK€H B KJI8CCHQ9CK0~ padOTe n.H.BJIOXH~€88 , B KOTOpO~ 

npe~nonaranocb, QTO KBasHynpyroe e~dHBaHHe ~e£tTpoHoe H3 fiAep npH npo

MSMYTOGHNX 3HeprHHX odyCJIOBJI9HO KOJIJI€KTHBHHM 838HMO~e£tCTBHeM C H8Jie

T8~e£t Q8CTH~e£t ~yx ~JIOHOB ~a, ~TYSTHBHO Cd~H3~BIDHXCH H8 Ma

JIOe pacCTORHHe. 3TOT B8pHaHT o6c~aJICH HaMH e~e B /I?/ B CBR3H C 

H8GaBWHMHCR B TO epeMH HCCJI9,1J;OB8HHRMH KyMYJIHTHBHHX peaKqHH npH B~CO

KHX ::tHepnurx:. 

BTopoH eapHaHT ~onycKaeT ~OpMHpoeaHHe ropHGe~ HC e pesyJibTaTe 

p83BHTHH npo~ecca MHOJK9CTB€HHOrO pO~eHHR 8 TIJIOTHOM ~epHOM Be~ecT

ae. B HeM KOJIJieKTHBHN£t xapaKTep B3aHMo~e£tcTBHH HeCKOJibKHX HYKJIOHOB 

06yCJIOBJI9H ~JIYKTYSqHRMH Bp9M9HH 3aA9pJKKH p83BHTHH )J,H.CCHTI8THBHWX npo

qeCCOB B KC, o6p830B8HHOH npH B38KMO~e~CTBHH H8JI9TaiD~,~ vaCTH~ c 

O,IJ;ij!lM H~ eyKJIOHOB R,ll;pS. &rOT B8pHaHT Ci~JI npe~JI01K.9H B IS H p83BHT 

B /!9 , 5/ 8 ~OpMe KOHKpeTHO~ MO,IJ;8JIH "co6Hp8HHR". HHJKe M~ paCCMOTpHM 

o6a B8pHSHT8 B HX H8H60Jiee npoCTOM H Y,IJ;OCiHOM ~JIR COnOCTaBJieKHR B~e, 

8 TSK*e C¢QpMyJIHpyeM OCiOCi~eHHYD MO~eJib KOJIJieKTHBHOrO B3SHMO,Il;9ACTBHg, 

B KOTOpOR oda 3TH M9X8HH3M8 ,!J;eACTByroT COBM9CTHO. 
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3.1. ~nyKTyaQHO~ MeXRHH3M ~.H.Bnox"Hqeaa 

CornacHO rHnoTeae ~.H.BnoXHHqesa rpynna H3 n ~noHos ~a Mo
~eT HCilNT8Tb B3aHMO~e~CTBH€ KaK €AHHOe.qenoe B TOM. C~ae 1 eCRH OHH 

liJJiyxTyaTHBHO c6JIH3RTCR Ha paccTORHHe no~Ka z5 =(2 +3) !_ I z5 -
paccTORHH.e MelKAY qeHTpBMH HYKJIOHos/. B 4 •201 noRaaaHo, ~To ,n.a:-ume 
o ce~eHHH npoqecca KB83Hynpyroro BN6HB8HHH ,n.e~TpDHOB H3 ~ep socnpo
H3BOJI.RTCR npH 3H8Q€HHH napaMeTpa ~f : 

"! z 0. 4 qm. (28) 
HcnonbaosaHHoe s 14/ "raaoeoe" npH6EA~eHHe AHR oqeHKH sepoRTHOc

TH ~nyKTY8qHH n ~KJIOHOB B M8JIOM 06DeMe npHBO~T K CJie~eMy BMp8-

1K€HHJO ,IJ,JIH C€ti€HHA Heynpyroro B3a.HMO,D.€~CTBHR H8Jl€TaiOII.I€f'O eyKJIOH8 C 

TaKOA ~YKTya~e~: 

[W'n'J = u"' A (>,!>J'n·Oj n-' (29) 
A 5 /liN ~ 

B (29) oTcyrcTsyeT yq:eT 3KpatrnpoBKH sTore B3Bl1Mo,n.eAcTBHR ~epHbiM se

rqecTsOM, a T8K!(e yqe~ B~HHHR R,.IJJ)a Ha BbiXO.IJ.RIDYlO 1-fa Hero KC. O.n.HaKo, 
KBK DOK838HO H8MH B / 2,3/ t BHHRHH€ 3THX ~aKTOpOB Ha npo~ecc o6p830-

BBHH.R ti8CTH~ B 3~Hett llOJIYCW9pe H8BeJU1KO. 

C ll03H4Utt KBapKOBOtt MO~eHH ~OHOB ~eHOM8HOTOI'HH MO~eHH ~.H.Bno

XHH~esa e~enHeT TaKHe KoHWHrypaqHH n HYEROHOB a ~e, a KOTop~ 
CBH3b M8*AY BC8MH HX COCT8BRHD~MH DOCpe~CTBOM qBeTHNX CHJI CTORb *e 
3~KTHBH8, K8K H B OAHOM ~KJIOHe. Qqes~HO, 'liTO TBKHe COCTORHH.FI pea

JIH3Y10TC.R npH llOJIHOM nepeKpblTHH f-IYKJIOHOB t KOTOpoe M01KHO onpe~eJrnTb C 

TOtiHOCTb~ ~0 WHpHHN pa3Ma3KH f-IYKROHHOit rpaHH~. TO~H~ p83Ma3KH MO~

HO CBH38Tb C M8KCHM8JlbHO B03MO~HNM Y~BJISHHSM KBBpKa 38 npe~eJIN KYK

JIOH~OI'O MSWK8. fio C~eCTBy, T8KOe y~aJieHHe - no~6apbep~ 3~KT, 

DOCKOJibKY OHO CBH38HO C 06paaO,~IieM ~€THOR ~~HH C JIHHSRHCR DROT

HOCTbFl OHepr"H >£ =l r31l/<ju • , B pa6oTe Mil ITOJIY'<WIII oqellltY 

MBJWHMaJJhHO.tt ~JIHHW BHPTYBJibHOit cTpym,r s xono,o,HoM fi.APe, He HBPYIUaiOil:leA. 

npHtiHHHOCTH H 38KOH COxp8H8HHH 3Hepi'HH: 

BJrH30CTb 

L max z 

3HBti8HHR (28) H 

Yh.c/ae ~ 0,44 ,;.... 
(30), ITO-Bll,ll;l!MOMY, He CRY'laAHa 

(30) 

- HX CB.fi-

3hlB88T BeyTp8HH.FI.FI JIOI'HKa paCCMBTpHBBSMOR KBpTHHhl, B COOTBSTCTBHH C 

KOTOpOH z~ ~ Lmax• 
Ha pHc.2 !IITIJilXI1)'H!tTHPHOA' KpHBoA H3o6p!llKeH pe3YRbTaT pacqeTa 

d 3 5 
E dp' no lj>opMyne (4) c HcnoRb30BaHHel.r (26), (28), (29) AJIJI ?Z- -<>1e-

aoHos, BbiRSTB.IOrqHX no~ yi'JIOM a = 168° B PAe - S38HMO~eRcTBHH npH E ..... = 

= 9 raB. ~ pac.2 BH~HO, 'liTO 3TOT peayJibTaT H~O~TCH B Y~OBJieTBOpH
TeRbHOM cornaCHH C 3KCnepHMeHTaRbHNMH ~aH~H 9 • 
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1.0 P, r.B/c 

HHBapHaHTHOe cetretrne polK,1J.eHHR. rc- -MeaOHOB 

B peaKI11!H p lit -fi-+X' e E 168~ E"' =9 rsB. 
SKcnepHMeHT /9/. KpHsble: mTPIIJalYliiiT>tpHWI 

-MO~eRb ~.H.BROXHHQ€Ba; nyHKTHpHaR -MOASnh 

co6HpaHHR; ~nnowHaa - o6o6~eHHaR Mo~enc. 

fiO,IJ.t19pKH9Mt l.ITO pact~eT He CO,D.Sp~T HH O,IJ.HOI'O ITO~OHOl.IHOI'O ?~8-

MeTpa, TB.K K8K B9JIHm1H8 Z~ 6b1JI8 YCT8.HOBJI€H8 ,D,.H.B.n:OXH~SBbiM. 

npH aHan:Hae npou;ecca KB83Hynpyroro BNChma~rn.R: Ae~TpoHOB npH E .:n. =:~ 

~.5 f38. DpH 3TOM cpe,IJ.H€9 ~CJIO ~yx~JIOH~ ~TOHOB B ~e 8RID

MHHHH ~ <=::. 0,4, a BepORTHOCTb mo60My HYKJIOHY 3TOI'O .R,D.p8 OK838TbC.fi 

B COCT8Be T8KOI'O ~nyRTOH8 P2 = ~~0,03t qTQ 8 H€CKOHbKO p83 MeHbW€ 

3H81.19IDUI P2 B Cytq€CTB~X MO,IJ.SJifiX XOJIO,IViOLl CXeMJi. 

3.2. K0JIJI€KTHBH09 B38HMO,IJ.9~CTB1119 B MO,IJ.SHH "co6Hp8HHH" 

HHOMy B8pH8HTY KOJIJISKTHBHOI'O B38HMO,IJ.9LlCTBHR COOTB9TCTBY9T MO~arrb 

C06>tpaiDlll. B OTJllrn<9 OT MO,IIeJIIl ,U.H.JlJIOXH!IlleBa B He~ KOMn&KTHaJ'l 

CHCTeM8 KYKJIOHOB, B3aHMOA9RCTBJD~ C HaH9TBm~~ qacTH~eR K8K 9AHH0e 

~e~oe,He COA€pmHTCR B ~e AD B38HMO~eKCTBMRt a ~pMHpyeTCR B npo~ec

ce ere paaBHTHR. HaH6o~ei qo~HOe HanozeHHe MOA€nH "co6HpaHHa" B ee 

coapeMeHHOM BRAe A8HO B 51, rAe noKaaaHo, ~o MSXSHM3M co6HpaHHa 

€CT8CTB€HHHM 06paaOM BHT8K88T H3 COBpeMeHHNX Dp€ACTaBH€HHR 0 xpDMO

AHHaMMKe 6o~bWHX paCCTORHHR. KaqeCTB€HHaR K~pTHHa MSX8HM3M8 COCTOHT 

a cneAYID~eM. Ha nepaoa CT~H HaneT~A HYKnOH H o~H H3 HYRnOHOB 

aAP8 OK83NBSIDTCR CBR38HHHMH QBSTHNNH CHHaMH. fiCA A8RCTBH9M 3THX CHn 

noKOHBWHRcR HYK~OH MHWeHH npHo6peTaeT ycKopeHHe a HanpaaneHMH ~Hze

HHR nepaHqHoro HYKHOHa. EcnH npH noBTOpHNX B38HMOA9RCTBHHX STOR CHC-

ll 



TBMH C ~yrHMH ~ROHBMH ~8 B He~ ¢H.YKTY8THBH0 B03HHKJI8 3~8~1(8 
p83BHTHH ~CCHIT8THBHHX npoqeCCOB /paap~OB CTpYH/, TO HaneTaD~8ft qaC
THqa B3aHMO~B~CTBYBT C "H8HH38HHO~"Ha qaeT~ CBft3b rpyono~ ~KJJOHOB 
KOJIJISKjH'HYM 06paaOM. 

B 5 
,Il,8HN 38MKH:y'l'b1B 8H8ID1TMt.l8CID:I8 Bl:tq)8ilt8HH.fl ,Il,JJfl CB'tiBHHH KOJIJIBK-

tn) 
!'HBHOI'O B3aHMO,Ir.ei:tCTBHH W A' YCT8H8.BJIHB&Olql19 HX CBS3b C IT8paMBTpa.MU 

pazBMTHft npoqecca MHO~BCTBBHHOI'O pO~BHHH B ~ax H8 9I'O paHHB~ CT8-
~H. K co~aneHHm, xat.recTBBHHOMY aHanM3Y aTo~ CB.fl3H npenHTCTByeT rpo
Moa~ocTb 3THX B~~BHHH. 0AH8KO HX MO*HO C~SCTBBHHO ynpDCTHTb,eCHH 
npeHe6pet.rb caMoaxpaHHpoaKoH npoqecca co6upaHHH H npOTH*BHHOCTb~ ARM~ 
C06Hp8HHft ITO cpa&HBHHD C p83MBp8MH ~ep /3'1'8 OITBpaQr..Fl 38BNW88T 3H8'ti9-'-' ,~, I HH.fl vv A npH6Jll.13HT81IbHO B,ll.BOB • 3aMeTHM, KCT8TH t 1.1TO B aaaJIOrH'qHOM 

npH6Jll1~BHHH ITO~BHO H B~~eHHe (29), tlTO o6nerqaeT CODOCT8BR€HH6 
060HX B8pH8HTOB p6aRH3~H K0nR6KTHBHOrO B38HMOA6HCTBHR. 

Y ~ 6 npql;I;\~HHhie BHp~eHH.a ,IVIH W A MOlKHO no.nyqHTh, npeo paays 4>o.PMYRI" 
pa60Tbl /S/ C DOMO~biO ynOM.R:eyTNX Bbllle npH6RHlKSHHH.. 3.II,ech Mhl: DOK8Jft6M 
B03MOlltHOCTb HX H6TIOCpe~CTBSHHOro TIOCTpoeHHR Ha OCHOBS nppCTNX K8'f4.6-
CTB6HHbiX coo6pa~KeHHHG TaxeR nyTh o6nerqaeT nOHHMaHHe ¢MaHqecKoR cTpYK
TYJl" Bb!pB.llteiD!~. 

B COOTB€TCTBHH C ROrHKOR KB8pKOBOH. HHTepnpeTBQHH KOnneKTHBHOrO 
B3BHMOASHCTBHR /CM. n.3.1/ AAR OC~SCTBRSHHR C06Hp8HHR n ~ROHOB 
H~8 OHH AORMHH OKB38ThCR B 06RSCTHt p~yc TIODepetlHOrO CS'f4.6HHH KOTO
pOA C TOtlHOCTb~ AO BSRH~Hbl 2~ p8B6H p~cy MYKROHa. iloSTOMy yqacT-
8088Tb B KORHSKTHBHOM 888HMOA6ACTBHH MO~ nHmb Te ~ROHbl, ~eHTpN 
KOTopwx, crrpoeKTHpoaaHHMe Ha nnocKoCTb npHqenbHoro napaMeTpa, nelKaT 
B Kpyre C PBAHYCOM :!~ , T.e. CetleHHe DOBTOpH!iX SKTOB co6Hp8HHH p8BH0 

G'c""'1t~. 
B rrpoMe~Kax Me~ aKTBMH co6Hp8HHR B~tlamTca ~a KO~HPYIO

~x ~8KTOpa: BOSMO~OCTb TIOBTOpHOrO 8KT8 C06Hp8HHH C X8p8KTep~OA 
AHHHOA {~jJ)-f H BOSMOmHOCTb BNXOA8 HS K8H8n8 C06Hp8HHR B pei5JbT8TS 
paaaHTHR a HC ~ccHnaTHBHHX npoqeccoa c xapaxTepHoR AnHHoA : 

-I 1'"0 )( _ 'fo pIa. 
a, = (;;;;- (f3)KC - M 2 

~-( t-( 
(3l) 

B (31) M,- Macca KC : 

(32) 

8 1"'0 - napSMeTp, X8p8KTepH3ytOiqHi! HHTSHCHBHOCTb ~CCHDSTHBHliX npoqec-
COB. 

Y'f4.eT KOHKYPS~H STHX lflaKTopoa .u;aeT MHOMTenb 5;;.P/[ai + a;.p} AJIH 
K~Oro TIOBTOpHoro 8KT8 C06Hp8HHH. llOCKORb~ Me (~jJ)~~>> a~1 , TO STOT 
MHOlftHTSHb MOlKHO 38DHC8Tb e~e npo~e: G;__p ja._ . 
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Aanee, a MO~enH /5/ aepoHTHOCTb K~oro nosTopHoro BKTB co6HpaHHR 
yv,eHbwanacb Ha ~ononHMT€RbH~ WaKTop: 

exp [ - Z c a , ] (33) 
- B COOTB€TCTBHH C I'HTIOT€30~ 0 H8RH~H *€CTKOI'O KOpa B ~ROH-HYKROH
HDlX 83aHMO,II;€~CTBHHX 9 npenRTCTBYKJ!l.\€I'O c6JIHlK€HH!O HYKJIOHOB R,IW8 H8 pac
CTORHHR1 M€HbWH€ p~yca KOpa ~c• H XOTR syn~OC 0 CT€IT€HH pe8RM3~H 
11 xapaKTepe Kopa He R8R~eTcR snonHe RCHNM 2 I, ~aKTOp THna (33) s 
Mo~enH 8 RI06oM cn~ae ~o~eH 6NTb coxpaHeH. B caMoM ~ene, ecnH ~ecT
KHH KOp OTCYTCTBy€T 9 TO eyKJIOHb1 9 C6JIH3HBWH€CR H8 p8CCTORHH€ ZN..v < Z~ t 

o6paaytOT ¢nYKTOH A.H.EnoxHH~esa, KOTopNH saaHMo~eHcTsyeT K8K e~Hoe 
ljenoe /eM. n.3.I/ " 6es co6•paH>!R. Cne,IIOBaTeRbHo, <j>aKTop exp[- ~c a,J 
HCKJI!O~aeT B C€~€HHH C06Hp8HHR BKJI~ T8KHX KOH¢HrypaQHH HYKJIOHOB, KO
TOpwe cooTBeTCTBYIDT MexaHH3MY KOJIJieKTHBHoro B3aHMo~e~cTBHR A.H.Bno
XHHqesa. 3To H€06XO~MO ~JIR 04€HKH HCTHHHOI'O BKJI~a M€X8HH3M8 C06Hpa
HHR. B c~ae peaJIH38QHH MecTKoro Kopa ¢aKTOp exp [- ~c ai] ~T~aeT 
era BJIHRHH€, a M€X8HH3M ~oHoBJIOXHHq€88 BNRJI!0~8€TCR. ilOCKORbK] oqeHK8 
pa,D.Hyca JK€CTKOI'O Kopa ~CJI€HH0 6Jn13K8 K oqeHK€ ZJ 9 B ~8JibH€ilin€M Mbl 
ITO~CTBBJIReM B 3TOT ¢8KTOp B€JIHqH~ z

5 B 060HX C~BRX. 
ConocTaBJIRR MeXaHH3M ~.H.BnoXHaqesa c MexaHH3MOM co6HpBHHR,MOJK

HO OTM€THTb 9 QTO OCHOBO" nepaoro RBJIR€TCR ~TYaqHR B€!1..\€CTB8 B Ma
JIOM 06DeMe, 8 BTOporo - npOCTp8HCTBeHHaR ¢nyxTyaqHR Be~eCTBa B6JIH3H 

0Tp93K8 H8 OCH y~epa, 3~€KTHBHaR ~H8 KOTOpOrO Onpe~eJIR€TCa ~yx-
!t 

TyaqHe~ paasHTHR aaaHMo~e~cTaHa ao apeMeHH. To ecTbt rpydo roaopR, B 
3THX M€X8HH3MS.X ¢HrypHpY!OT "odDeMHhli1 11 Ill "npOCTp8HCTB€HHO-~HB.MHt.leC
KHi1" rf!JIYRTOHN cooTaeTcTaeHHO,. llocxClJibl<y B nonepelffioM ce11ewm o6a OOR
TOHa raoM9TpRll9CKll H,Il;9HTKl!Hbl, MR, IWJ< H B (29) ,llOJIBI'89M,"qTO C8'119HK9 
!138HMO~€$-\CTBHR C npOCTpaHCTB€HHO-)zy!HB.MHl.I8CKHM ~TOHOM 0:Jnii3KO K ~:::. 

HaKoH~~· ¥:G1Tb1BM KBa3HJIOKBJibHOCTb npoqecca co6HpaHHR ( a;I << 
<< z 0 A11 ) /O/ H npeHe6perB.R aKparm.poBKBMH, M01KHO npHHRTb a nepaoM 

rpy60M npH6JIMMeHHH 1 QTO ce~eHHe npoqecca nponopqKOH8RbHO M8CCOBOMy 
qHcJiy A ~a-MHWeHH. 

06oe~HRR nepe~CJI€HHbl8 ~8KTOp~ B €~~ KOHCTpYKqH~ B COOTB€TCT
BHH C JIOI'HKOH H3JI01K8HHO~ K8pTHHN 1 DpHXO~ K CJie~~eMy BHp~€HHD ~ 
C€l.I€HMi:t wA MO~eJIH co6Hp8HHR: 

[ 
'"'] . (~p)n~f --r,fa._ W. = ouz. A -~-- e ··~ 

A t:. NN n Q.i 
(34) 

i•Z 

BNpameHHe (34) MO*HO ynpOCTHTb,SCJIH npeHe6pe~b MBCCOBOJ nonpSBKO~ B 
rf!opMyJie (32) ,IVI.fi Mi • Tor~a a i. = 2 ~ mN H 

> [G..p'L l,t;;-..,n]'gj, [W'"] " o"'A -'-• e- • - In-f) I 
A C NN 2m,.. . (35) 
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YqHTblBM, l.ITO a;::=:fl z: , a _p== (~7l'z..!T 1 , MOlKHD ycraHoBHTb npocT.YIO cs.Rab 
MelK,D,Y [W,/IlJ ]c H [w,4(nJ ]5 

[w:"'lc ~ [ w;"']6 { 4 e-ny r~' (36) 
r.n,e y = 'l~ %""/z: .. 

PaHes 157 a:nHt.~HHa Z0 WHrypHpoeana a Mo~enH co6Hp8HHH a Kal.leCTBe 
ceo6o)!.Horo nowoHDt.~Horo napaMeTpa. O,IJ,HaKo sHat~eHHe 'l0 MOlKHO npH6JI1.1-
JKeHHO OI.J;€HJI!Tb 1 HCTIOJih3YR rjonyJI.RpHYJO K8pTHHY B3BJ1MO,O,€ti:CTBH.R ~8THblX 

3Rp.R,D,OB Ha CiOJiblliHX paCCTORHH.RX. ~eti:CTBHT8JibH0 1 C0r'JI8CH0 MO,Il,€JIH C06H
paHH.R BpeMfl p83BHTHR ~CCHTI8THBHHX npDI.J;8CCOB B CHCTeMe ,D,Byx ~JIOHOB 1 
CBH38HHHX ~eT~ B3aHMO,Il,eftCTBHeM, Onpe,D,eJIR8TC.R COOTHOW8HM€M tKC = 
-= ~ /¥S;, • flOTpe6yeM, tiT06bl B npe,D,eJie M8JibiX :meprHtl OTHOCHT€JibHOl'O 

,I~ .. tnntteHHR B CHCTeMe / YS; >r- 2 mN / 3TO speMR coOTB€TCTBOBano speMe-

HH paapblB8 J..tB€THOJ1 CTpyHbi B e€ 06bNHOit a,IJ,H868TJ.flJ€CKOti: MO,Il,€J"J1 ~ • B 
paMKBX 3TOH MO~e~ CTpYHa pe9TCR 1 KOr~a 3H9prHR e8 H8T~€HHR ~OCTHra
eT Macchi: ,D,Byx CTPYKTYPHHX: KBapKoB, T. e. npH 2 /'r;- = f~· CJJ.e,o.oeaTeJJb-

t 2,1". 2 mK II t HOt """' ~ "" 'j" -;;z- o pHpRlHW!:BaR t KC H S t Hax:O~M 

1: ~ .i~ ~ I r· B ""· 0 3 >< • .... . (37) 

TaKHM o~pa~oM, o6a napaMeTpa MOASJJH co6»paHHR, ~ H %0 , oKaa~
sa~TCR CBR38HHNMH c xapaKTepHNMH eeRHtiliHaMH HXA 6oJJbWHX paccTORHH~ -
Ka3qxpH! .. ~.HeHTOM HaTID!teHHR l..\B9THO~ CTPYHhl ~ H Macc_o~ CTpYKTypHoro neap-
Ka .fH9- • 

PeayntTaT~ pacqeTa no MO~eRH co6HpaHHR ceqeHMR KYMYJJRTHBHO~ 
peaKQaH p +A& -n-+ X, npeAcTaaneHHNe Ha pHc.2 ITYHKT~pHo' ~HsoA, 
y,o.oeneTaopHTeJJbHO cornacYJOTCR c aKcnepHMeHTaJJbHbiMH ,D,aHHbiMH 91. B pac
tteTax HCITOJJb30B8Hbl COOTHOlli9HH.fl (35) H (3?) npH Z5 =0,4 qv.. 

3.3.0606J.jeHHBJI M0~9Jlb K0JlJI9KTl1BHOI'O B38HMOA9i1CTB;.tH 
B CJiyqae OTCYTCTBl1R lK9CTKOI'O KO_pa B NN- CHJiax o6a M9X8HH3M8 

KOJIJI9KTHBHOI'O B3aHMOAeHCTBHR - ~.H.BnoXHH~9B8 l1 C06HpaHHR - RBJJHIDTC.fl 
He aJJbTe_pHaTHPHhiMH, a ,.n.onoJIHRIOU{HMH .n.pyr Apyra (cM.rr .. 3.2). llpH aToM 
~JI.fl n> 23TH M€X8HH3Mbl MOI"YT BKJJ!Ott8TbC.fl B Hrpy B pasXHqHNX KOM6HH8-
I..J;Hif"A1 TaK K8K B npo~ecce C06H .. P8HH.fl .. MOI"YT ytt8CTBOB.9.Tb H€ TOJJbKO HYK
JIOHblp HO H iiJJIYKTOHhl ~.H. .. EJIOXHHQ€8? .• 

~JUt yq:eTa BC9B03MOlKHDIX T8KHX KOMCiHH~H H KOHCTpYJ1pOB8HH.ff Bb1p8-
lK9HHA ,[I,Jl.ff COOTB9TCTBYID~X ms CetteHHA y,.n.o6HO HCITOJib30B8Tb MHeMOHHttec
KH9 rrp8.BHJ::8s BHeWH9 HarJOMHH8.10~€ )J,H8I"pa.MMH;y10 T9XHHKy. IlpH 3TOM ":aep
WHHB.M" ,IJ,Hai"paMM MOlKHO COnOCTaBHTb H:YKJJOHbl YI ~JIYKTOHbl, "nponaraTOpeM"-

aKTbl co6Hpaffi!R. 

Bae,.n.eM "eepmHHRiie" ¢YHK~H: 

q = (~5 /Zo)'·'j i I (38) 
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paaHbie sepoaTHOCTRM o6pa30BaH11R i- H;.YKJIOHHNX cJ1JIYKTOHOB. B1 =I cooT

aeTcTsyeT OAHOMY HYKJIOHY. "llponaraTopaM"cooTBeTcTBYIDT BepoHTHOCTH 

co6apaHHK B CHCTSMY Ci+I)-ro HYKnoHa KHZ ~KToaa: 
v;. o[;. _ 2'l:.~rn,;,. 

c . 1 = ~ e •• = B2 .c. 
t.+ 2m/Vi ~ 

(39) 

.C. 
' (40) 

CYMMa ~arpaMM, COCTSBJIHID~X ce~eHHe ~i) o6o6~eHHOn MO,J46JIH1B 
KaqecTBS npHMepa npe,[J,CT8BJI9H8 H8 pBC.3. 

w(3J= __ -tfi\- _ 
A '-Y 

+-- r?\ 151- + --~ 
~ ~c~--~ 

3 2 3 

m 
PHc.3. CYMMa ,D.HarpaMM, cocTaBJI~x cetleHHe WA 

o6o6~eHHO~ MO,J48RM. 
fn) 

C IIOMOII\bfO ¢YHK4H£l C i.. ,B i Ce't.1:9HH.R ~ onpe,U,eJIRIOTCH CJie,IJ,YIO-

{ 8z+Cz}, 

{ 13:3 + 0zll2 + 8z0a + 0zCa} , 

(41) 

(42) 

{ B4 + B:3C4 + BzCaC4 + BzC#z +CzCaBz + 

+GzllzC4 +Czlla + CzC3C4} · (43) 

BOCIIOJib30B8BWHCb COOTHOmeHHRMH. 

Ba= _g_ ~, 
3 

(44) 

BblT9K810~H H3 onpe)4eJietrn.fl(38), H COOTHomeHMeM (39) M9lK,DY' C i +l H B1 , 

B"PBmeHHff (41) - (43) MO~HO 3HaOMTenbHO ynpoCTHTb: 

(45) 

w = w -n<r•-<,J--($) [ (''] {' 2 'J 
A A62t:t 2) 

(46) 
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(<) [ "'] , w. ~ w {3nrr•.tJ-("'-,•"',)-2l . 
A 6 ••I ) (47) 

Peay~bTST pacqeTa cet.~eHHR KYMYRRTHBHO~ peaKqHH PAt -rr- +X, BH
nonHeHHoro c noMomp~ ~pMyn (45) - (47) o6o6~eHHOA MOAeHH,npeACTaB
neH Ha pHc.2 cnnomHon ~Haon. HcnonbsosaHHHe B pact~eTe aHaqeHHR na
pBMeTpOB t 5 = 0,3 <jl.t H :r 0=1 raB·qr.t He llpDTHBOpeqaT O[leHKBM (30) H 
(37). 

4. 3aKOOlleHHe 
HTax, KYMYnHTHB~ a~eKT RBnHeTcR aaKOHOMepHHM cneACTBHeM npo

qecca MHO~eCTBSHHOr'O pOMASHHR aAPQHOB B p98KqHRX C ~8CTHSM ~ep. 

Ha OCHOBe B9CbM8 o6~X npeACTaBReHHn 0 p83BHTHH STOr'O npoqecca YA8-

8TCR DOHHTb OCHOB~e CBO~CTBa A&HHO!'O S~eKTa: YHHBSpC&nbHOCTb HSK

HOHOB CDSKTpoB B p83nHqKyX ~RRTHBHHX peaKqHRX, He06HQ~ 38BHCH

MOCTb OT p~ H "o6'b9Mizy10" SBBMCHMOC'l'b HHB8pH8HTHOr'O C9t.l8trn.R OT 8TOM

HO!'O seca J.uuuetrn. 

Ha 3TO~ ~e OCHOBe DO~eHH H BSMHHe KORHt.ISCTBSHHHe COOTHOWSHHR 

Me~ HHKRD3HB~H CSt.ISHHKMH ~nHTHBHNX peaK~A, DOSBO~e BNp8-

3HTb XD6oe H3 HHX ~epea cetJeHKe o6paaoaaHHH qacTH~ o~oro copTa 

" t" no,n_ 3BJJ;8HHb1M yrJIOM e. npH ~KCHpoBSHHOa nepBHtJHO£\ SHepi'HH EOn,, 
Ha KOHKpeTHOM RApe A. COOTBeTCTBHe STHX COOTHOWeHH~ SKCnepHMeHTaJib

HliM ,D.8HtwM, HHTepnpeT8qHH KOTOpHX B MO~eJIHX "XOJIO,D,HOki" CX9Mll BC1'pe

qaeT H3B9CTHNe TPYAHOCTH, CB~eTeJibCTByeT B UOJibSY "ropffqe~" CXeMN 

po~eHHH KYMYJIHTHBKNX ~OHOB. 

0TC~~a MOMHO CA9JI8Tb BaM~ B~OA: KYMYJIRTHBHWU ~6KT B~9JIR

eT (B oco6eHHOCTH a c~ae cpeAHHx H THMenHX SAep) a HaH6onee tiMe
TOM BHA9 OAaH H3 OCHOBHNX 06D9KTOB HCCJI6~0B8HHH ~3M~ MH0~9CTB9H

HHX npo~eCCOB - CTBTHCTHG9C~ KOMTI~ - CHCTeMy. B H9KYMYJIHTHBHNX 

pea~HX 9I'O HCCJI~OBaHHe 38TPYAH9HO H8JIHGMeM 3H8tJHT9JibHHX npHMece~ 

OT p8.3JIHGHiiX HCTOtlHHKOB tJaCTHl\, B03HHK~X B COnyTCTBYJO~X Heynpy

rHX KaHanax. IToeTOMY ~JIHTHBHNe peaKq»H np~cTa&JIHIDT co6o~ aecbMa 

tiYBCTBHTeJibH~ "aHaJIH38TOp" xapaKTepHCTHK KOMTI~-CHCT9MH. K HX 

qH.c~ MO~HO OTH9CTH TeMnepaTypy1 apOMBT~ TIO KB8pKaM COCT8B 1 paa

M6pli, BpeMR l!G13RH 1 Yr./nio~ MOMeHT H T.,a_. 

Kax noKaoaHO • 3 /eM. T&HEe n.2.3/, H~pM~~ a TeMnepaTYPe 
H apOM8THOM COCT8B9 CHCT8MH MO~HO TIO~Tb, HCCJie~H K8tJ6CTBeH~ 

COCTaB ~JIHTHBHHX QA.POHOB. flpeAflOJIO~eHHe 0 TOM, qrrQ apOMaTAHR COC

~aB B pBCTiaAHOM COCTOHHHH HC COOTBeTCTBYeT COCT8BY XHMH~eCKH pa&HO

BeCHOrO rasa c TeMnepaTypoR: T =f'1r, npHBeJio K y,D,OBJienopwreJibHOMY 

corJiaCMIO c ABHHI:DilH o BeJIH~HHe OTHomemd\ Win- 111 l\ /ff 111 He npOTHBO-
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pe~HT aepxHeH 3KCTI€pHM€HTaJibHOH O~€HK€ BHXO~OB P TIOA~JIOM 9=90°. 

0,11H8KO, K8K CJ!e,li,YeT. H3 ~O.PMYJ! ( 2. 24) - ( 2. Z/) pa60Thl 0 qeM T.f!lKe-

neH po~eHHaR ti8CTH~a, TeM qyBCTBHT€JibH€H ceqeHHe e6 po~eHHR K B€-

. JIH'QY.H€ TeMTI€,'paTypb1 CHCT€Mbi., ilo.nyqeHHe Ha,IJ.€lKHblX A8HHLDC 06 OTHOW€IDU1 

_p/n noasonHT yTOtiHHTb aHaqeHHe T. 

MH!lJopMB.l.\HR 0 paaMepax CHCT€Mbl co.n,eplKMTCR B ,I1,8HHblX 0 Kopp€JI.fl~RX 

.n,Byx TOlK,l7.€CTB€HHbiX. fcyMy.nRTHBHbDC ti8CTl1~ C M8Jlb1M OTHOC!iT€Jlbl-lbiM HMrtyJib

COM 124 •25/Q 0Ha H€ npoTHBo_petrnT npe.n,cTasneHHIO o pa.cna,u.~eHcR KC 

KaK o6 o6'beKTe c paaMepB.MH nop.fi,IV(a HecKOJibKHX 4f.1 .. O,o,HaKo o6_pa6oTKa 

.n,aHH&X /25/ npol13BO.n,HJiaCb 6ea yqeTa BJil1RHHJI yrnosoro MOMeHTa KC. 

3TO MOiK€T npl1B€CTH K 3a.M€THbiM HCKBJI'i€HY•RM l1CTHHHOH KapTH.Hbi H TIOiJUUITb 

H8 BNEO~ 0 H8JIH'QHH C)~€CTB€HHOH BNTRHYTOCTH KG B TipO.O,OJibHOM Hanp8B

JI€HJIIH. 

~aJibH€KillHe Hccne.n,oaaHHR nonapHaaqHOHHbiX a~KTOB s RYMYJIRTHB

H~ peaKqHHX TI03BOJIHT TIOJI~Tb B~~ l1~pM~IO 0 KOHCT8HT€ CnHH

-op6HT8JibHOrO B3aHMO.n,eHCTBl1H B ropRqeH aA_pOHHOH CHCTeMe. 

Ha YTBep~eHHR o TOM, tiTO ~JIRTHBHHH a~eKT RBJIReTcR cneACTBH

eM npo~ecca MHOlK€CTB€HHOrO p0*,II,€HHR B R.n,p8X, CJieAYeT H .n,pyroH BSIKH~ 

BbiBO.O,: MO.O,€JIH, npeTeH.n,Yn~e Ha OTIHCaHH€ MHO~€CTB€HHOro npo~ecca,.n,o~

HH T8KlK€ OTIHCblB8Tb H OCHOBHbi€ 38KOHOMepHOCTH KYJvlYJIRTYJBHOI'O aCW!eKTB. 

3TO Tpe6osaHMe MO~eT OK838TbCR KpMT~~ ~JIR HeKOTOpHX MO~eJie~.TaK, 

HanpKMep, nonynRpHa.FI a HacTo~ee speMH AYaJibH!lR napTOHHaH. MOAeJib ,a 

ee Tp~qHOHHOM B~e, B006~e H€ COA€p1KHT no.n,npoqeccos,npHBO~X K 

o6paaoBaHH~ KyMYJIRTHBHHX a.n,pOHOB. 

KaK TIOK838HO BbiWe H B pa6oTe/3/i MHOI'H€ 38KOHOMepHOCTH ~YJIHTHB
HHX peaK~H onpe.n,eJIRIOTcR· cao~cTeaMH pacn~aiO~eHcR KG. O.n,HaKO aenH

tlHHa H8KJIOHa cneKTpa, e:ro HopMr:poBKa onpe.n,emt!OTCR npou;eccoM 4lopMHpo

eaHHR KG a .f~APe. B paa~ane 3 MN paccMoTpenH .n,sa Kat~ecTBeHHo paa

Jil1qH&X B8pHaHTa 4leHOM€HOJIOI'HH npou;ecca H c4lopMyffAp0BaJIH o6o6~eHHHn 

sapr:aHT. HaH6onee BB*Hoe cne.n,cTBHe Hame:ro aHaJIMaa: B nro6oM r:s pac

cMOTpeHHHX sapHaHToe !lJopMHpoBaHHe KG onpeAeJIReTcR csoHcTBaMH KXA Ha 

60JibWMX paCCTOHHHRX. 

B 38KJilOtl€HHe OTM€THM BaMHOCTb 3KCnepHMeHTaJibHOro HCCJI€,II,OB8HHR 

npo~ecca o6paaoaaHHR ~YJIRTHBHHX cTpyM. llpaKTHtleCKH K~aR KG, cno

co6Haa nopO.n,HTb ~JIRTHBHYID t~aCTHqy, o6paayeT H KYMYJIRTHB~ 

CTpytO. ilpH 3TOM OTHOCHT€J!bH8R Be:poRTHOCTb o6pa30B8HHR tl8CTHqbl. TIOABB

JleHa Ha ~aKTO.P F (x) = ro-2 (eM. (4) ,(26)). CT.PYH ,.. c X = ~(~aK
TOp 2/3 yqHTHBaeT HeHa6JI~.n,aeMHe HeHTpaJibHHe t~aCTHqD~) o6paayeTCJt npz 

pacn~e KC c BepORTHOCTDID ~I.OTMeTHMt ~TO HH¢0pM~.fl 0 vv)l: H3Bne

K8€MaR H3 A8HKbiX 0 CTpyax, He HCK8~€H8 503MO~~H H€TOtlHOCTRMH 1C8R-

3 aHHDtMH c onpe.n,eneHHeM ¢yHK~H F (x). 
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