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1 . BBE)lEH~E 

nPOAOI1meHO ~cc.neAOBSH~e KYMYI1~THBHOrO 3¢¢eKTS Ha npHMepe 

pmKA€HHR rr--Me30HOB B 17-12C-e3Sio1MOA€HCTBio1AX, HCnyw,eHHbiX 8 3SA

HIOIO nonyc¢epy na6opaTopHolll CI-1CTeMbl KOOPAIAHST I rr -b -MeaoHbr/. 

3KcnepHMeHTSJlbHbre pegy.nbTBTbl nony4eHbr c noMOUJ.biO ABYXMeTpoeoi1 

nponaHOBOi1 KSM€Pbl, o6ny4€HHOill 71--Me30HSML-1 C P- ,..,4Q r3B/c HS 
7T 1 1 3 I 

YCKOpHTe.ne 1.1¢83. KaK yme OTM€4aJlOCb 8 HSWIIIX pa6oTaX - • ,o6naCTb 

KYMYilRTHBHoro 3$¢eKTa BbrAeneHa xapaKTepHbiMl-1 oco6eHHOCTl'1Ml-1. 3To 

OTHOCHTCR KaK K XapSKTepHCTHKSM CaMHX B3aHMOA€i1CTBHi1,TSK lo1 K 

OAHO'-!acnt'-IHbiM pacnpeAeileHI-1RM KYMYI1~n1BHbiX Llacn1LJ, I CM. 
4: 1o1 CCbr.n

KVI 8 Hell!/. 8CFI COBOKynHOCTb lo1M€10ll\lo1XCR AaHHbiX COOTB€TCTByeT 

KBapK-napTOHHOi1 KSpTHHe meCTKHX COYAapeH\.1~. no3TOMY ~HBap~SHT

HOe Ce'-leH~e o6pa30BSH~A KYMYJ1AT~BHbiX 4-SCT~U B peJ1AT~B~CTCKOM 

A,QepHOM CTOJ1KHOB€H~~ 

I+Il-··1+2+ ... /1/ 

oTpa)l{aeT KBSpK-napTOHHYIO CTpyKTYPHYIO ¢YHK~~IO A,Qep 
15

/ ~ ero ue

necoo6pa3HO npe,QCTSB~Tb B B~Ae ¢YHKU~~ cne,QyiOlJ.t~X nepeMeHHbiX: 

3 

p ~ E ~~ ~ f(<. f3,0 • P,_~. A 1 . A11 ). /2/ 

3.Qecb P 
1 

- nonepei.IHbl~ ~Mnynbc po)f(,QSIOU4~XCA I.ISCT~U, ( - ~Hsa-

~ ~·~]) 
p~SHTHSA YA€IlbHSA 3Hepr~A CTSJ1K~BSIOU4111X.CA I.ISCT~t~U: f"" ---·-----, 

mi.mll 

r,Qe P 1 
~ Pu - l.leTblpexMepHble ~t~MnynbCbl cTa11K~saiOU4~-xcA I.ISCT~U, 

m 1 ~ m11 - IIIX MSCCbl, m 1 =Attno, mil =Au m O . 6 CIIICTeMe noKOA 

A.Qep II AnA o6t14ero cnyl.lafl, KOr,Qa o6e l.laCT~t~Ubl, I 111 II, ABilfiiOTCA 

fiAPSM~t~, 

( o= ~_!__ _3__ = E I 
mi Aimo mo 
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r,Qe E 1 - nOflHSA 3Hepr~A I.ISCH1Ubl I , ffi O- STOMHSA e,QiriHHUa MSCCbl, 

Ben~~.~~Ha, onpe,QeflfleMaA Bblpa)f(eH~r~eM /3/, 6flH3Ka K 3Hepr~r~~, np~r~

XOAAU4e~cA Ha HYKI10H HSileTSIOU4erO fi,Qpa /B r36/, npe,QeJ1bHSA ¢par-

MeHTSUirlfl A,Qep, KSK lri3B€CTH0/ 41 HS4~HaeTCA np~ f.:::: 4. Haw cny-

El 
"'aiii COOTBeTCTByeT f = --- = 286, T. e. fiOilbW~M ~ MSJ10lriCCI1e,QOBSHHbiM 

m" 
3Ha4eHHAM f. no3TOMY fll06aA lriH$0PMSLI.IriA 0 KYMYflATiriBHbiX 83SiriMO,Qe~

CTB~AX B 3TOH o6nacTH npe,QCTSBJ1AeT 60J1bWOH HHTepec. BenHI.I~Ha 

I 



~o a /2/ - KYMYfl~THBHoe 
8 ~aweM cny4ae 

Ei- Pi cosfJi 
~io ~ 

4VICJlO 

/4/ 

TaK KSK Mbl HCC.ne,qyeM npe,qeJlbHYIO ¢parMeHTSI.V·IIO nOKORI;4erOC.R R,qpa 
yrnepOAa. 3,qe~b E i ' pi "" oi - nOJlHS.A 3Hepnu'l' HMny.nbc "" yron 
HcnycKaHlo1.A 4acTH4bl a na6oparopHoH cHcTeMe KOOPAHHaT ln. c. K. I. 

8 MHOr04HCJleHH~X pafiorax~ nOCB.At4eHH~X HCCJle,qoaaHYIIO KYMYll.A
THBHOrO 3¢¢eKTa, Yl3y4aJlaCb HaH6onee xapaKrepHa.A 3SBHCHMOCTb 
Ce4.eHlo1.A OT KYMYJl.ATI.IIBHOrO 4HCJla f3 ?. 8 HSCTORil.lee BpeMR MO>KHO 

1 
C4HTSTb YCTaHOBJleHH~M, 4TO 3TS 3aBHCVIMOCTb HMeeT yHHBepcanb-
Hbltf 3KCnOHeHtti4SJlbHbltf BHA /S/. 

!51 
O,qHaKo 6onbWHHCTBO 3KCnepHMeHToe BblnonHeHo Ail.A yrnos, 6m13KYIX 
K 180°, T.e."' AJlR MSJlbiX Pl. • 

3aBH01MOCTb YIHBSPVISHTHbiX I-'IHKJ1103VIBHbiX Ce4eHVIt1 OT nonepe4HbiX 
VIMnyJlbCOB KYMYil.RTHB.HblX 4SCTH1.4 AO HSCTOR~ero speMeHH npaKTH4e
CKH He H3Y4eHa. 11MeeTCR 3HS4HTeJ1bHOe 4HCJ10 pa60T, nOCBR~eHHbiX 
nonbiTKSM BBeCTH BMeCTO nepeMeHHbiX {3? H p~. OAHY nepeMeHHyiO. 1 ~ 1 
bOJlbWOH HHTepec npeACTSBJlReT sonpoc 0 $SKT0pH3yeMOCTH 3SBHCH-
MOCTH Ce4eHHIII OT nepeMeHHbiX {3 i H p...L~, npHMeHeHHSR HaMill MeTo
AYIKS no3BOJ1ReT YI3Y4STb pa3A€11bHO 3aB~CHMOCTb Ce4eHHIII OT ~~ 
J.1 p ...L2i • 1 

Mbt pacnonaraeM HH$OPMS1.4HeH o 3HS4eHHH {3 ° A11R rpynnbl pO>KASIO
UV1XCR 4SCTJ.14. 3To ASeT HSM B03MO>KHOCTb paCCMOTpeTb Hel-13y4eHHbtll! 

BOnpoc 0 KYMY11RTVIBHOM o6pa30BaHHH CTpyH. C T04KH 3peHHR KBapK
napTOHHOIII KapTHHbl o6pa30BSHHe KYMY11RTI-1BHbiX CTpyll! RBJlReTCR 
6onee 4HCTbiM RBJleHHeM no cpaBHeH!ItiO C o6pa30BaHHeM KYMYilRTio1BHbiX 
4SCTH1.4, T.K. OHO He OCJlO>KHeHO npo4eCCOM aAPOHH3a4HH KBapKOB. 
8e!lH4HHa {:3° AI1R rpynnbt pO>KAaiO~YIXCR 4aCn1U,, KOTOpaR B CHily aA
AHTHBHOCTYI 3TOJ.1 xapaKTeplo1CTHKH onpeAe11ReTCR KSK {3 ° =I {3?, 6btilS 

i 1 
HCnOJ1b30BSHa HSMH B pa6oTe/S/*.8 3TOII! pa6oTe YI3Y4SJ1HCb cpeAH!Ite 
xapa«TepHCTHKH rr- 12C -saaVJMOAelllcTBI-1W B 3SBHCHMOCTH OT {3 °. nony-
4eHO YKS3SHHe HS cy~eCTBOBSHHe ABYX o6nacTeW no {3~ OAHS 1-13 KO
TOPbiX, KYMYilRTHBHSR, Ha41-1HSeTCR CO 3HS4eHHR {3 ° ..::"Q,6.AHSJ10rH4Hbli:1 
peay_nbTat nony4eH a APYroH -Haweiil pa6oTe 1 21. 3TH ASHHble noKasbr
saJOT, 4TO rpaHH4S no nepeMeHHOH {3~ rAe HS4HHSIOT npORBilRTbCR 
OC06eHHOCTH KyMyJlRTHBHOrO pOmAeHHR 4aCTH4, Jle>KHT He B 06IlaCTH 
f3°~ 1 /CTaHASPTHOe onpeAeneHHe rpaHH4~ KYMYilRTHBHoro 3$¢eKTa/, 

a HHme, npa-1 {3°=G,6,4TO cornacyeTCR c ASHHbiMH rpynnbl B .C .CTaBHH
CKoro161. 0AHH H3 OCHOBHbiX pe3yJ1bTSTOB HSCTOR~e~~~ pa60Tbl COCTO-

* 8 npeAbiAYU\ltlX pa6oTax 1 2 •31 ee.nlt14lt1Ha {3 ° o6oaHa4eHa n c. 
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YIT 8 TOM, 4TO 

8 3a8YICI-1MOCTI-1 

npH 3TOM 3Ha4eHI-11-1 ~o npo1-1cxo,q1-1T cMeHa Pe*I-1Ma 

I-1H8ap\.<1aHTHOro Ce4eHI-1R o6pa3o8aHHR 4aCTYI~ OT P;. 

2. 3KCnEPHMEHT, PE3YflbTAT~ 

B pa6oTe Hccne,qoeanacb 3aBHCI-1MOCTb Y~HBapY~aHTHoro ce4eHHR 

o6pa30BaHHR rrb -Me30HOB OT f3 ° H P}. rr- -Me30Hbl 6blflH Bbl6pa

Hbl H3 coo6pa>KeH1-111t Hal-16onee Ha.Qe)I(HO!Is I-1AeHTI-1$YIKa~..tHII1. Hcnonb3o

aaHo 8642 TT -1 2C-e3ai.<1MO,QelltcTBt.1FI, OT06paHHbiX no CTaH,QapTHblM 

KPt.1TePII1RM, npHHRTbiM ,qnR nponaHo8ollt ny3btPbKoaoH KaMePbl / 7 ( C10,qa 

He BKJll04aJ1HCb B3ali!MO,QealiCTBI-1fl TT- -Me30Ha C KBa3HCB060,QHbiMI.<1 HyK

JlOHaMH R,Qpa yrnepo,qa. no 4HCilY lo1Cnyw,eHHbiX Ha3a,Q rt -Me30H08 

ecex 3HaKoe (N ") 6btJlYI BbiAeneHbl B3aiiiMOAeHcTBI.<1.R c N rr= 1 /855 co-

6btTIIIH/ 111 N" ~ 2 I 401 co6btTIIIe/. B nepay10 rpynny aown111 co6btTliiR 

TOJlb~O C O,QHHM TTb -Me30HOM, 80 BTOpyiO - C rrb -Me30H8MIII BMeCTe 

c rr b -Me3oHaMH. 0THoweHIIIe 4111Cila B3aHMOAelltcTBHH a 1-11 "' 2-H 

rpynnax oKa3an.ocb paaHbtM R == 2, 1 +02' 1 • 

nony4eHa 3aBHCI-1MOCTb aenH41-1H -a.:- p AflR acex rr~ -Me3oHoe 

/p1o1c. 1 I 1o1 ,QJlfl "b -Me30HOB 1113 co6~'\-1o1H c N rr""' 1 /pYle. 2a/ 111 c 

N~ /pHc.26/. Ha PI-1C.3a 1o1 36 noKa38Hbl pacnpe,qeneHHR aenH-
"- -

2 -
4111H (j-p ,QilR 17 b -Me30H08, YICnyW,eHHbiX no,q yri18MIII 8 B Il. C. K. 

B HHT~~aanax COSO OT -0,25 ,QO 0 1-1 OT -1 ,QO -0,25 COOTBeTCT

BeHHO. 3Kcneplo1MeHT8IlbHble pacnpe,qeJleHIIIR annpOKCio1Mio1pOB8Ili11Cb 

Bblp8)1(eHio1€M BIII,Q8 /5/. 

nony4eHHble pe3YilbTaTbl AilR napaMeTpoa A 111 <{3 °> npHae,qeHbl 

a Ta6n. 1. 

Ta6nm1;a 1 

Pe3YJibTaThl annpoKCHMau;uu 3aBHCHMOCTH HHBaprtaHTHbiX 

HHKJII03HBHbiX Ce'lleHHH AJIR 17b -Me30HOB OT f3 ° 

THII co6biTHR: A /r3B - 2 c 3 cp.- 1 I <{3 0> x 2
/ CT.CB06. 

Bee 12,2~0,9 0,141:!:0,004 35,5/15 

N 
" 

1 8,3.:!:.0,8 0,143:!:_0,004 7,6/8 

N 
" 

> 2 5,2.::_0,7 0 ,130:!:_.0,005 14,1/11 

-0,25 <cos8<0 9' 1.::_1, 7 0, 128:!:_.0,007 14,1/1.1 

-1 < cos8 <-0,25 14,9:!:_1 ,5 0,139:!:_.0,004 29,6/14 

3 



0 
·r f:r 
~ 
u 

"u •., ....._ 
...__, 

10 

11i' 

~I 
r 

• 0 

I T~.-,,~cc-cc-,--,-, '~ ~ PHc. I • HHBapHaHTHhi~- rrorrepetiHbJe cette
HH.R 06pa30BaiU{H iTb -Me30HOB B 3aBH-

/ CHMOCTH oT {3° I T€MHbi€ TOttKH/. CaeT-

• 

j Jib!€ TQqKH - p€3YJibTaTbl aiTITpOKCHMaiJ;HH 
3KCIIOH€HTOtf: • 

,, •. 
., 
~ 1d' -. c 

"1 

! ! 

"'r ' ( 
"" 
::::i\_.5 r j 

: ~~lil 
l I 
! 

f 
'?Hc.2. To J!<e, 'tiTO H Ha PHC.I, HO 
TOJibKO wur co6hrTHfi c N 71 = 1 I a/ H 

N"~2/6/. 

" '" r/ • ~ 

·~ 
I I 
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PHc.3.To ~e, tiTO H Ha pHc,l, 
HO TOJibKO AJI.fl 17- -Me30HOB B 

HHTepBa.rrax: Q > COS8 >-0,25 /a/ 
" -l<cose<-0,25 /6/. 
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a.zs o.os t.05 ~s 0.65 l.I,D \•5 •• 
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3aBI-1Cl-1MOCTb CTpyKTypHO~ ¢yHKLI,YIV! p OT p; AnR TT b -M.e3QHOB 

a Tpex ""Tepeanax no (3" a/0<(3''·'0,5, 6/0,5.;(3°<1 "e/1~.(3°<2, 

noKa3aHa Ha pVlc. 4. P4 - pacnpeAeneHI-1FI 6blnlt1 annpoKCV1Mlt1posaHbl 

3KcnoHeHTO~ B exp(- Pl. · P f '·), nplt1YeM \113 coo6pa>KeH~t~~ Halt1ny'-l

we~ CTaTlt1CTlt14€CKO~ o6ecne4€HHOCTlt1 - TOnbKO B ABYX lt1HTepsanaX 

no (:3° : 0 <(:3°<0,5 1-1 0,5_${3°< 2. PeaynbTaTbl ,qnfl ceo60AHbiX na-

paMeTpos B VI <P}'· np!-1B€A€Hbl B Ta6n.2. 

.. ~ a) ' ' ' 5/ I I I I _ ~ 

+ 
O<j!"(O,S 0,5 'f <i i ,,..<2 b) 

+ 
'::- tt c - - -: 

+t +tt 
t 

t t + t t t+ 

10 

"::- tc t t :- -: 

t 
iO 

I t J j ::- - - t-
t 

,I ,I ' ' qOlli Oj1l5 0,~5 qDi 0,~ 0,2l 0,3l 0,4i O,Si 0,61 0,15 0,15 0,'15 i,(!; tl6 

P: (r.Bfe)' 
P11c. 4. HHBapHaHTHbre rrorrepe'-IHbte ce"leHHH o6pa3oBaHHR rr b -MesoHoB 

B 3aBHCHMOCTH OT P} I paccMoTpeHHbte HHTepsanht no f3 ° yKa3aHbt 

Ha PHCYHKe I. 
Ta6n11u;a 2 

Pe3yJlbTaTbt arrrrpOKCHMai.J;HH 3~BHCHMOCTH HHBa:fHaHTHblX 

HHKJll{)3HBHblX Ce"leHHll WJH TT b -Me30HOB OT p.l 

i1HT€pBan ITO 
(30 

O-c0,5 

0,5..;.2,0 

52,2~3,0 

4,7~0,4 

0,034.:':_0,002 

0, 18.:':_0,02 

15,4/15 

6,7/10 



3. BbiBOAbl, 05CYIXAEH~E 

nony4eHa HH$0PM6~H.R 0 nOB€A€HHH HHB6pH6HTH~X HHK11~3HBH~X 
Cel..leHI-111 o6pa30B6HHR KyMymHHBHbiX 77- -Me30HOB (pi ) B 11- 12C
B36HMOAei:1CTBH.RX B M6J10H3YI..4€HHm1 o6nacnt HH86PH6HTHbiX YA€1lbHbiX 
3HeprHi:1 ( = 286. Ha OCHOBe H3Y4€HHR trb -Me30HOB H3 C06b1TIIIi1 
c N rr ~ 2 nony4eHbl ceeAeHI-1.R o noeeAeHio1H ce'-leHI-'li:i o6paaoeaHHR 
KYMY11.RTI-1BHbiX CTpyi:i (pJ ), 3aBHCI-1MOCTb pi H p J OT KYMYI1.RTHBHQro 
4HCJ16 ~0 OK636116Cb npaKTH4€CKH O,QHH6KOBOH, napaMeTpH3yeMOi:i 
aaeHCYIMOCTbiO BHA6 exp(-{3 °,-' <{3°>). ,llnR napaMeTpoe <.{3°> I CM. Ta6n. 1 I 
nony4eHo: 

<,B 0 >J: 0,1&1 ±0,005, 

<,8°>j : 0,143±0,004, 

0,QHH6KOBOCTb 3THX 368HCHMOCTei:i cornacyeTCR C rHnOT€30i:i 0 M.Rr
KO.i:i 6,Qp0HH36LV1H K86pKOB H CilY>tO.H XOpOWI-1M nO,QTB€p}I(,Q€HH€M B03MO>K
HOCTH H3B11€l.I€HH.R KBapK-napTOHHbiX CTPYKTypHbiX ¢lYHKt.tl-1i1 RAep 1-13 
ABHHbiX no KYMY!l~TI-18HOMy 3¢l¢leKTy. 

11aMepeHbt Pi -aa8vtCHMOCTvt vtH8apvtaHTHbtx I-1HK!ll03vtaHbtX cet.~eHvtalt 
AJlFI pa3HbiX HHTep8B!l08 {3 °. 06Hapy>t<eHO, l-ITO 3B81-1CYIMOCTb Ce~eHI-1~1 
OT Pf 8 KYMY!lRTVI8HOi1 06!1BCTVI CH!lbHO OT!ll-1~aeTCR OT 3B8HCHMOCTI-1 
ce~eHvt~ 8 HeKyMy!lRTI-18HO~ o6nacTI-1. Ecn1-1 annpoKCYIMHP08aTb Pf-
3B8HCHMOCTb Cel.leHI-1R 3KCnOHeHTOi1 exp(-P.t '<P J.

2 >), TO A!lfl <P J.
2> 

nony~aiOTCR cne,qyiO~vte 3Hal.leHI-1R /eM. Ta6n.2/: 

<P} > /0,034::0,002/ ;r,B/c/2 np" o < {:3°<0,5, 

<P} > 

TaKI-1M o6paaoM, aaBI-1CI-1MOCTb ce~eHI-1R oT P} 
OAHHM npH3HaKOM, Bbt,qe!lRIO~I-1M KYMY!lATH8HYIO o6nacTb, T. K. 3Ta 
3BBI-1CI-1MOCTb MeH~eT pe}f(HM 86!11-131-1 rpaHI-1ltbl KYMY!lRTI-18HOi1 o6naCTit1. 
CMeHa pemYIMa C8HAeTe!lbCT8yeT TBK}f(e 0 TOM, 4TO nO!lHOi1 ¢laKTOplt1-
3BLtHit1 aa8HCI-1MOCTYI ce4eHit1i1 or {3 o 1t1 Pf HeT. 

0AHHBK080CTb 3BBYICit1MOCTei1 Ce~eHYIR o6pa30BaHHfl KYMY!l~H1BHbtX 
nHOHOB B BAPOH-R,QepHbiX CTO!lKHOB€HHRX np1-1 CaMbiX pa3!llt1~HbiX 3Hep
rHRX \.1 8 HaWeM CilY~ae, nplt1 60!lbWI-1X f (f = .286), RBilReTCR XOpOWHM 
nOATBeP~AeHHeM HBCTynneHHR pe}f(!-1Ma npeAeilbHOi1 ¢lparMeHTBLtl-11-1 R,qep 
np1o1 f;: 4 lo1 npvtHLtHna ocna6neHI-1fl KOppellRLtHH B npOCTPaHCTBe 6btCT-
poT. 

06Hapy>t<eHHble B HBCTOR~eH pa6oTe 3aKOHOMePHOCTH KYMYilRTHBHO
ro o6paao8aHHR 4aCTt.1Lt Ka4eCTBeHHO XOPOWO COOTBeTCTBYIOT KBapK
napTOHHOH KapTvtHe }f(eCTKHX CTOilKHOBeHI-111. O,qHaKo HX AeTanbHoe 
KOI1H4eCTBeHHOe 06DRCHeHHe OTCYTCTByeT. 

ABTOPbl 6naroAaPHbl KOil!leKTYIBY COTPYAHH~eCTBa no o6pa6oTKe 
HHQ>opMali,HH C ABYXMeTpOBOH nponaHOBOH KaMePbl 38 noMO~b B pafioTe 
H 06Cy)t(AeHI-1R. 
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