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KanHHKHH 6 . H. , IMoHHH B.n . P2·80·176 

0 803MO*HOCT~X TePMOAHHaMH~eCKOrO nOAXOAa 
K OnHCaHHO ~AeHH~ ~aCTH~ C 6on.WHMH nonepe~HWMH 
HMnynbcaMH . n. CpaaHeHHe MOAenH c 3KCnepHMeHTOM 

npeACTaaneMHaA 8 nep&oH ~aCTH pa6oTW TePMOAHHaMH~eCK8A 
MOAenb I l l HCnonb3yeTC~ AnA 8HanH3a K8~CT8eHH0 pa3nH~HWX 
3KcnepHMeMTanbHWX A8HHWX no POMAeHHo ~aCTH~ c 6onbWHMH none 
pe~HWMH HMnynbc aMH. BnonMe YAOBneTBOPHTenbHOe cornacHe 
MOAenH C 3KCnepHMeHTOM o6HaPY*HBaeT npH~HHY 38TPYAHeHHH, 
KOTo pwe HcnwTwaaeT pasaHaaeMa~ a nocneAHee apeMR KapTHHa 
•eCTKHX CTOnKHOBe HHH K88pK0 8 . no-&HAHHOMy, apeHoH npoaepKH 
3ToH K8PTHHW AO~HW ABHTbC~ ~~e~~ a ~·~ 3Ha~eHHH 
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AllMa-ATa 

C~eHHi 
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I. BBEAEHHE 

npoaeAeM cpaaHeHHe TeopeTH4eCKHX peaynbTaToa, nony4eHH~x 
C nOMOIIlbiO TepMOAHHaMH4eCKOi1 MOAe.nH, npeAflO*eHHOi1 B nepaoi1 
4aCTH pa60T~ / l/ , C pa3HOo6pa3H~M 3KCnepHMeHTaflbH~M MaTepHanOM, 
OTpa*c~HM Ka4eCTBeHHO pa3nH4H~e CTOpOH~ npo~ecca. 

HanOMHHM HaH60nee 4aCTO HCnOnb3ye~e BenH4HH~ H HX 0603Ha-
4eHHA. Ha PHC. 1 npeACTaaneHa ynpo~eHHaA cxeMa npouecca a c.u.H. 
cTanKHBa~;xc;-aAPOHOB. TpHrrepHaA 4aCTHUa " 1 " c 6onbWHM p.l., 
neTA~aA BAOnb OCH X, perHCTpHpyeTCA nOA yrnOM 90 ° KOCH CTOnK
HOBeHHA. npoeKUHA HMnyn bCa 4aCTHU~ 11 211 Ha OCb X o603Ha4aeTCA 
4epea Px . 6e3pa3MepHaA nepeMeHHaA x e onpeAenAeTCA KaK 
x e = P xi P 1 . CocTaanA~aA HMnynbca p 2 , nepneHAHKYnApHaA nnOCKOCTH 
pacceAHHA 4aCTHU~ "1", oei03Ha4aeTCA Pout . A3HMyTanbH~M yrnoM 
¢ Ha3~BaiOT yron Me*AY npOeKUHeH 4aCTHU~ "2" Ha nnocKOCTb XZ 
H HanpaaneHHeM ABH*eHHA 4aCTHU~ "1" . 4aCHtU~, AflA KOTOPbiX ¢ <90°, 
Ha3biBaiOT BblneTa~HMH e TY *e /nepeAHIOtO/ nonyc4Jepy - Same Side (S.S.). 
a 4aCTHUbl c ¢ > 90° - e npOTHBOnono*HYIO !aaAHIOtO/ - Away Side (A.S.). 
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PHC. l.CxeMa npouecca. 

II. HHKJli03HBHbiE CnEKTPbl 4ACTHU C 60llblUHMH p ..1. 

I-1HKni03HBHble cneKTp~ 4aCTHU paCC4HTaHbl B COOTBeTCTBHH C B~
pa*eHHeM //39/, 4. 1/. npH oueHKe B~XOAOB "-Me30HOB Y4TeH 

06lreld~~-·~Lol~ ~ ~Cl't'TYf 
Uet">::!! -:·.t~eJOnei 

GttGJt.-IOTEKA 
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8KllaA OT pacnaA08 p -Me30H08 . Pe3ynb TaTbl pac4eTo8, 8blnonHeHHbiX 
C y4eTOM 3TOrO 8KllaAa, np~8eAeHbl Ha p~c.2-7. Ha p~c.2,3 OH~ 
cpa8H~8a~T cR c 3Kcnep~MeHTanbHbiM~ AaHHbiM~ 12 ~ nony4eHHbiM~ 8 pp -
83aHMOAe~cT8HRX np~ 3Hepr~RX 200, 300 ~ 400 r3B. B ~HTep8ane 
p~ ~ 2 r3B/c AOCT~rHyTO YA08neT80p~TenbHOe cornac~e TeOp~~ 
~ 3KCnep~MeHTa. np~ p .l ~ 2 r3B/c pac4eTHble Kp~8ble npOXOAR T 
H~~e 3KCnep~MeHT anbHbiX T04eK. 3TO C8R3aHO C TeM 06CTORTenbCT -
80M, 4TO np~ P.L 'S 2 r3B/c Cyl!leCT 8eH 8 KJ1aA Ofib14HOrO n~OH~3a 
~~OHHOrO npo~ecca, He ~AYlilero 4epe3 o6pa3o8aH~e nonHo~ KOMnayHA
c~cTeMbl. 06 3TOM, 8 4aCTHOCT~, C8~AeTenb CT 8yeT y6bl8aH~e 4~Cna 

n~A~PYOlil~X aApOH08 Ha OAHO 83a~MOAe~CT 8~e C y8en~4eH~eM none
pe4HOrO ~Mnynbca per~CTpHpyeMO~ 4aCTH~bl np~ p~ -1-2 r3B/c. 

;-~ "b a. 
~ 
0'1 

-26 

-27 

·28 

·29 

-30 

·31 

-32 

-33 

-3 1. 

-35 

-36 

-37 I I 1 2 3 

2 3 I. 

P~c. 2 . (~) 
-- dp S 8= 90° 
P~MeHT / 2 / 

2 

P• P- rr• +X 

a.Ep : 200 r.~& 
b.Ep " 300 r,s 
c.Ep : 1.00 1'38 

5 6 7 
f1 (ThS/c) 

AfiR rr +; 3KCne-

d3 
P~c.3. (E-

0
- ) dp3 o .. 90° 

3KCnepHMeHT 2 • 

AfiR TT-

· 29 

-30 

· 31 

-3 2 

-33 

-31. 

-35 

0 

·21 

2 3 t. 

p•p-rr-·X 

a.~p : 200 .r;& 
b.Ep = 300 ~s 
CEp ~ 1.00 ~ 

5 6 7 ~ lr.t 8/<:) 

OueHKa 8KnaAa nHOH~3a~HOHHoro KaHana npo~38eAeHa HaMH no 
TO~ ~e cxeMe, 4TO ~ o~eHKa 8KnaAa CKC ' 1 ' . H3MeHeHbl n~wb ce4eH~e 
o6pa308aH~R C~CTeMbl H 3HeprHR , ~AYUlaR Ha pO~AeH~e 4aCT~~. a TaK
~e Y4TeHO OT CYT CT8He 8aneHTHbiX KBapKOB B Ha4anbHOM COCTORH~~. 
3Ha4eH~R napaMeTpOB, OnpeAenR~HX cpeAH~e xapaKTep~CT~K~ n~OHH-

3a~HOHHOrO KJlacTepa, B3RTbl ~3 pa60Tbl ·3' . Pe3ynbTaT npeACTaa-
neH Ha p~c.2a Kp~80~ 1. H3 pHc.2a B~AHO, 4TO npH p .l ~ 1 r3B/c 
BKnaAbl 060HX KaHan0 8 cpa8H~Mbl no BenH4HHe. C POCTOM P.1 OTHQ
CHTenbHbl~ BKnaA nHOHH3a~~OHHOrO KaHana naAaeT, AOCTHraR ~ 10% 
np~ p ~ ~ 5 77 r3B/c. 

Ha pHc.4,5 pe3ynbTaTbl pac4eTa cpa8HH8a~TcR c HHBapHaHTHbiM~ 

ce4eHHRMH 3aPR~eHHbiX " -Me30HOB, nony4eHHbiMH Ha ISR 
141

. H np11 
3THX 3HeprHRX AfiR p .L > 2 r3B/c ~MeeT MeCTO YAOBneTBOPHTenbHOe 
cornacHe c 3KcnepHMeHTOM. 

Ha p~c.6 npOH3BOAHTCR cpaBHeHHe c ~H8ap~aHTHbiM~ ce4eH~RMH 

pO~AeH~R rr 0 -Me30HOB, nony4eHHbiMH B TOM ~e 3KCnepHMeHTe 
141 
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. 31 

-32 

·33 

- 31. 

-35 

·36~ 
3 I. 5 6 7 

pp-rr•Tx 

a . .fs = 1.1..8 r\8 
b/S • 527r,s 
c ...rs • 62..1. r,B 

8 9 

9 

8 9 P. ( 13~/c.) 

4 d 3o ) + . P1-1C .. (E-- 0 90" AflR TT • 
-- dp3 -

3KCnepi-1MeHT14 . 

3 

P•p - rr··x PHc.s. (E ~P; >e. 90o AnR " 

o . .JS : f.f. 8 fiS 3KCneplo1MeHT 14 · 
b fS : 52.7 na 
c -rs : 62.1. ~6 

8 9 
I 

9 

8 9 10 
P. ( £3&/c.. ) 

B 3TOM cny4ae cornac11e HecKonbKO xy*e. 0AHaKo asTop~ / 4/ C4H-
TaiOT, ~TO a5COJ110THaR Kanl16pOBKa AflR TT

0 -Me30HOB MeHee HaAe*-

Ha, scneACTBI1e 4ero 3Kcnepi1MeHTallbH~e pe3ynbTaT~ MoryT 5~Tb 
HeCKOilbKO 3aB~WeH~. 

4 

3 
(E d o ) P~-1 c . 6 · dp 3 0 ~90° 

3KCnepi-1MeHT 4 / . 

AflR TT O 

~~ -31 
w 

~l -Jl 
-30 ·33 

·32l @ 

- 30 

·31 

·32 

31 -~ 
· 33 l 3 

@ 
2 3 I. 5 

P•P-JT0 1-X 

a fs ~ 23.5 r,s 
b. fS % 30.6 r_,s 
c . .fs = t.t..B , r.,B 

I. 5 6 7 

I. 5 6 

P. ( f".Jd/C ) 

MO*HO O*HAaTb, ~TO C pOCTOM p~ OTHOCI-1TenbH~~ BKJ1aA CTa
TI-1CTI-1~eCKOrO KaHana 06pa30BaHI-1R ~aCTI-11..1 11B~MI-1paeT 11 , yCTynaR 

MeCTO npoueccaM npRMOrO Tloina, OCHOBY KOTOP~X COCTaBJ1R~T *eCT

KI-ie CTOJ1KHOBeHI-1R KsapKos. Ha p1-1c.7 ~ cpasHI-1BaeM pe3yJ1bTaT~ 

pac~eTa BKnaAa CKC c AaHH~MI-1 no PO*AeHI-1~ TT
0 -Me30HOB B 3Ha~I-1-

TenbHO 6onee w1-1pOKOM 1-iHTepsane p~, nony~eHH~MI-1 s pa3ni-1~H~X 

pa6oTaX / S-S/ .JleHCTBI-1TeJ1bHO, npH p~ :::_ 8 .;.10 r3B/c Ha6J110AaeTCR 

TeHAeHUI-iR K npeB~WeHI-110 3KCnep1-1MeHTaJ1bH~X AaHH~X HaA pac~eT
H~MI-1 . 0AHaKO AeJ1aTb Ha 3TOM OCHOBaHHH onpeAeneHH~~ B~BOA 0 rpa

HI-1Ue o6naCTI1 p .l, B~We KOTOpO~ BKnaA npR~X npOUeCCOB AOMI-iHI-1-

pyeT, 6~110 6~ npe*AeBpeMeHHO, nOCKOJ1bKY paCXO*AeHHe 3Ha~eHI-1~ 
3 

senH~HH~ E d ~ , nony~eHH~x pa3H~MI-1 asTopaMIA, - Toro lKe Macw
dp 

Ta6a, ~TO 1-1 pa3HIAUa Me*AY TeOpeTIA~eCKIAMI-1 lA 3KCnepiAMeHTaJ1bH~MH 

oueHKaMH. 
Ba*H~M KPI1Tepl1eM AflR no6ol1 MOAenl1 pOlKAeHI1R ~acTI1LI c 6onb

WI1MH p~ RBJ1ReTCR ee CnOC06HOCTb Oni1CaTb Ka~eCTBeHH~H COCTaB 

pOlKAeHh~X ~aCTI1U. Jle~CTBHTeJ1bHO , Hl1 OA11H 113 npeAflO*eHH~X paHee 
TepMOA11HaMI14eCKI1X nOAXOAOB / 9-l7/ He CnOC06eH BOCnpOI13BeCTI1 

nony4eHH~e 3Kcnepi1MeHTaJ1bHO 3aBI1CI1MOCTI1 0THOWeHI1H B~XOAOB ~ac

TI1LI pa3J11-14Horo copTa OT p .l. a o6UleM cny4ae. Cepbe3H~e TPYA
HOCTI1 B Oni1CaHI111 ce4eHI1~ p0*AeHI1R 6apHOHOB C 6onbWHMH P.l B03-
H11Ka~T 11 B MOAe/111 lKeCTKHX CTOJ1KHOBeHHH ' !8/ 
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B paMKax Hawero noAXOAa o6~H~ BI-IA HeMOHOTOHHO~ aaeHCHMOCTH 
OTHOWeHI-1~ B~XOAOB 4aCTH~ pa3JlH4HOrO COpTa OT Pl HeTPYAHO no
HATb , eCJll-1 npi-IHRTb BO BHHMaHHe CJleAY~I-Ie ABe TeHAeH~I-11-1. 0AHa 
1-13 HHX 3aKJ1~4aeTCR 8 TOM , 4TO 60Jl bWHM p~ COOTBeTCTBy~T 6011ee 
paHHHe CTaAHH pa3 BI-1THA CKC H, ClleAOBaTeJlbHO, oonee B~COKI-Ie 

TeMnepaTyp~ I-13Jly4eHHA T. 4eM a~we T 1-1 6onbWe pT. TeM MeHbwe 
Blli-1AHI-1e Mace~ 4aCTH~~ Ha eepoATHOCTb ee PO*AeHHR. CneAo eaTenb
HO , C pOCTOM p T OTHOWeHHA B~XOAOB 4aCTI-1~ C 60JlbWe~ MaCCO~ 

K B~XOAaM 4aCTH~ C MeHbWe~ Maceo~ A01l*H~ paCTH /CM. COOTHOWe
HHe /29/ 4 . 1/. 

ApyraR TeHAeH~HR CBR3aHa c HepaeHoeecHOCTb~ KBapKoeoro cc
cTaea KeapK-rn~HHO~ nnas~. Ae~H~HT KeapKoe, OTCyTcTey~Hx 
CPeAH BaJleHTH~X KBapKOB CTanKHBa~HXCR aAPOHOB , onpeAenAeTCR 
~aKTOpOM 111 

(1 - e -t!' b ) n i • /1/ 
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P1-1c.8. 3aei-1CI-1MOCTI-1 OTHOWeHH~ B~XOAOB 

4aCTH~ pa3Jli-14HO rO COpT a OT P l ; 

3Kcnepi-1MeHT 1191 . 

at 
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Ep == 1100 r,s 
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rAe n 1 - 4HCnO TaKHX KBapKOB, HeOOXOAHM~X AnA ~PMHPOBaHHA aA
poHa copTa "i'~ HanpHMep, e pp -cTonKHOBeHHAx AnA "±-Me3o
HOB n + = 1; AnA K- -Me30HOB nK- =2; An.R aHTHnpoTOHOB n _ =3 · 
TaKHM

17
06pa3oM, 4eM MeHbWe t, TeM cHnbHee ~aKTOPOM /1/ noAiene~ 

B~XOA 4aCTHU, C~PMHPOBaHH~X H3 KBapKOB, He BXOA.A~HX B COCTaB 
nepBH4H~X aAPOHOB B Ka4eCTBe BaneHTH~X. KOHKypeHUHe~ 3THX ABYX 
TeHAeHUH~ H o0DACH.AeTC.R HeMOHOTOHHaA 3aBHCHMOCTb OTHOWeHH~ B~
XOAOB K- ;17-; p/17- OT p .l . 

Ha pHC.8 npOH3BOAHTC.R COnOCTasneHHe OTHOWeHH~ B~XOAOB 4aCTHU 
pa3nH4~COpTa /OTHOWeHHR OTnO~eH~ no OCH OPAHHaT/ C AaHH~MH 
pa60T~ 1 191 

AnR pp -cTOnKHOBeHH~ npH 3HeprH.AX 200, 300 H 400 r3B . 
Pac4eTH~e KpHs~e YAOBneTeopHTenbHO onHc~aa~T Ha6n~AaeMOe noee
AeHHe 3THX eenH4HH. PHc.9 AeMOHCTpHpyeT xopowee onHcaHHe HHsa
pHaHTHOro ce4eHHR po~R 7J 0 -Me30HOB 14 ' a pp -cTOnKHOBeHH-
.RX npH \fs = 52, 7 r3B. 

Ha pHc. 10 npOH3BOAHTCR conocTaeneHHe pac4eTHoro H Ha6n~Aae
MOro / 20/ cneKTpa J/ 1/J- 4aCTHU. 3KcnepHMeHT B~nOnHeH B npOH3BOnb
HO~ HOPMHPOBKe. no3TOMy B AaHHOM Cny4ae MO~HO rOBOPHTb nOKa 
nHWb o6 YAOBneTeopHTenbHOM onHcaHHH HaKnOHa cneKTpa. TaKHM o6-
pa30M, y4eT HepaBHOBeCHOCTH COCTORHH.R nna3M~ Ha paHHHX CTaAHRX 
pa3BHTHR CKC no3sOnReT, a paMKax TepMOAHHaMH4ecKO~ cxeM~, eoc
npOH3BeCTH Ka4eCTBeHH~~ COCTaB pO~AeHH~X 4aCTHU H ero 3aBHCH
MOCTb OT p ..L. 

-31 

-32 

-33 

3 4 
8 

P•P--~ 0 +X 

{5 =52 .7 r~s 

3 
PHc . 9. (Ed a

3 
)() ~ go o AnR 1) 0

; 

dp 

5 6 rr (r~B~~ 
/ 4 I 

3KCnepHMeHT . 

1 dN 
PHc .10. --- AnR J y; 3KcnepH-

P ..L dp ..L 

.Wt; 

"'"" +t PP- 1flf' •X 

II :62 r,p, MeHT 20 ' ' +t 
t ~+ • . 
~ 10 ~++ 
oD 

"' ~ &. 
c: 

f 
'-....... 

<:C 

~ 
~ 

~ Q/ 

ao~~~--::---:--'7.-~,---:-.J 
0 f 2 ~ ~ s 6 

P. ( f1.;81c.) 

III. ABYX4ACH14Hb1E KOPPEnfll.IIH1 

Ha OCHOBe B~pa~eHHR //40/ 4.1/ M~ 06CYAHM P.RA KOppenRUHOH
H~X RBneHH~ B C06~THRX C 60nbWHMH p .L• Ha6n~AaeM~X npH 3HeprH.AX 
JSR H FNAL. 

1. KoppenRUHH a nepeAHe~ nonyc~epe 

B pa6oTe141 HccneAosanacb KOppenRUHOHHa.A ~YHKUHR BHAa: 

6.¢1 6.¢2 t.yt t!.y2 ,/s/2 dsa 

f d¢ 1 f d¢ 2 f dy 1 f dy 2 f dp j 1-dy_dp_..l._l d-¢-1 d,-y-2 d:-p ..1.-2-:-dcp-;-2 
-6.¢1 -/\,¢2 -6y1 -!ly2 PJ:_l __ _:_t _____ _ 

F (p .lt' p ..L2) = 
tJ,.¢1 t!.yl \IS72 3 

f 
d a dc,61 f dy1 f dp ll ____ _ 

-A¢1 -t!.yl PJt dytdP.udc/>1 
121 

KOTOPaR npeACTaBn.ReT co6o~ 4HCnO 3apR~eHHWX 4aCTHU B COOTBeT
CTBY~HX HHTepsanaX HMnynbCa p ..1. 2, 6~CTP0Tbl y 2 H yrna <f> 2 ,Ha6mo
AaeM~X BMeCTe c BbiAeneHHO~ 4aCTHUe~ c 6onbWHMH P~t· naAeHHe 
~YHKUHH /2/ C pOCTOM P.,L 2 0Ko3~BaeTCR 3Ha4HTenbHO 6onee MeA
neHH~M, 4eM OAH04aCTH4HOro HHKn~3HBHoro cneKTpa. TaKoe noee
AeHHe F(p.l..1,p 12) npeACTasn.ReTc.R enonHe ecTeCTseHH~M, nocKOnb-
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Ky Tpl-1rrepoM, peri-1CTPI-1PYIOOti-1M 4aCTI-1~y "1" C 60nbWI-1M pj_ , OT61-1-
pa~TCR C06~TI-1R, B KOTOp~x C 60nbWOH BepORTHOCTb~ o6pa3yeTCR 
CKC, npl-14eM aAPOHH3a~HR Ha4HHaeTcR Ha paHHI-1X cTaAI-1RX pa3BI-1THR 
CKC. 
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\ 
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10° 
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/0-· 
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a 6 

{S' • 62.4 f a6 

\ . "l 'A.S 
\ 

'-.. P1-1c. 11. 3aBI-1CHMOCTI-1 F (pJ. t ' PJ.
2

) \ 
. . 

~S.OT PJ. 2 np~-1 PJ.t ~ 3 f3B/c AJlR~ \ 
\ 3apR*eHH~X 4aCTI-1~ B nepeAHeH 

ll (S.S.) 1-1 3aAHei1 ! (A.S.) 
2.0 .J.O fltr~B/c) nonyc¢>epax; 3Kcnepi-1MeHT 141 • 

B 

l 
1 

J 

' 

B pe3ynbTaTe 3¢>¢leKTI-1BHaR TeMnepaTypa aAPOHHOro H3ny4eHHR 
B paCCMOTpeHH~X Co6~THRX 3Ha4HTenbHO B~We cpeAHei1, 4TO H npH
BOAHT K 6onee MeAJleHHOMy /no cpaBHeHH~ C HHKn~3HBH~M 3KCnepi-1-
MeHTOM/ naAeHH~ F (PJ.rPJ. 2) c pocTOM p j_ 2 . 

Pe3ynbTaT~ pac4eTa ~J.t•Pj_ 2 ) YAOBneTBOPI-1TenbHO Rocnp01-1~
BOART 3KcnepHMeHTanbH~e AaHH~e / 4 / /ceeTn~e TpeyronbHI-11<1-1 Ha 
PHC. 11/ npH p~2 > 1 f3B/c . 

B pa6oTe/ 21 t 6~no H3 MepeHo pacnpeAeneHI-1e no 6~cTpoTe 3apR
*eHHbiX 4aCTI-1~, conpOBO*Aa~lii1-1X Tpl-1rrepHy~ /pJ.l > 2 f3B/c/, 
e HHTepeane a31-1MyTanbHbiX yrnoe 1¢1 < 27° npH pa3nH4HbiX 3Ha4e
HHRX Px· npH 3TOM 0TMe4eHO, 4TO c pOCTOM Px 3TO pacnpeAene
HHe CTaHOBI-1TCR 6onee y3KHM. B o63ope 1 231 3TOT ¢>aKT paccMaTpH
eaeTcR KaK CBHAeTenbCTBO 0 B03HHKHOBeHHH CTpyi1, nopO*AeHHbiX 
MeXaHH3MOM meCTKOrO pacceRHI-1R, 

0AHaKO B paMKaX HaWerO nOAXOAa OH Ta K*e nOAAaeTCR HarnRAHOH 
HHTepnpeTa~"'"'· Aei1cTBHTenbHO, cy*eHI-1e pacnpeAeneHI-1R no 6blcT
poTe PO*AeHHbiX 4aCTI-1~ C POCTOM npoeK~HH HX 1-1Mnynbca p RBnR
eTCR TPH BHanbH~M CBOHCTBOM CTaTHCTH4eCKOrO cneKTpa. Bx3aBHCH
MOCTH OT nepeMeHH~X Y, Px H cp ero MO*HO npeACTaBI-1Tb B B1-1Ae 

p ch y 
- _x __ / T 

cos¢ 
p(px,y,¢)-e e -p lhy/ T 

cos¢-t , 
/3/ 

H3 KOTOporo cneAyeT , 4TO np~-1 nOOOM 3Ha4eHI-11-1 T C yeenH4eHHeM p X 

3aBHCHMOCTb F(px ,y) OT y cTaHOBHTCR 6onee CHnbHOH. CneA08a
TenbHO, "' Ha6n~AaeMoe pacnpeAeneHHe no y, npeACTa8nRIOOtee co-
6oi1 cyMMY 8K.naAOB cocTORHI-111 c pa3n~<t4Hb1MH T ,c pocTOM Px AOn)I(HO 
cTaHOBI-1TbCR 6onee y3KI-1M. ConocTaeneHI-1e pacnpeAeneHHR no y, e~-
41-1cneHHOro B COOT8eTCT81-1H c//40/, 4. 1/, C 3KCnepi-1MeHTanbHbiMI-1 
AaHHbiMI-1 1211 npi-1BeAeHO Ha PHC. 12. 

2. KoppenR~"'"' 8 3aAHei1 nonyc¢>epe 

PaccMOTPI-1M Tenepb eonpoc o KoppenR~HRx Me*AY perl-1cTpl-1pye
MOi:1 4aCTH~ei1 C 6onbWI-1M p j_ 1-1 4aCTI-1~aMI-1, 8blneTaiOOIHMI-1 B npOTH-
80nOnO*HOM Hanpa8neHI-11-1. ConocTaeneHHe ¢>YHK~Hi1 F(pJ. 1.pj_

2
) 

AJlR 4aCTI-1~, BblneTa~lii"'X 8 nepeAH~~ "' 3aAH~~ nonyc¢>epbl, npHee
AeHHOe Ha p1-1c . 11, noKa3blsaeT, 4TO AJlR 3aAHei1 nonyc¢>epbl 1-1x 
3Ha4eHI-1R cHcTeMaTI-14eCKI-1 Bblwe. Bo3MO*HOH npH41-1HOi1 3Toro npe
Bb1WeHI-1R RBnReTCR BnHRHI-1e I-1MnynbCa OTAa41-1, BOCnpHHI-1MaeMOrO ee
llleCTBOM CKC npH l-13ny4eHI-1H 3Hepri-14HOH Tpl-1rrepHoi1 4aCTI-1~bl. 

nyCTb 3TOT 1-1Mnynbc BOCnpi-1HI-1MaeTCR HeKOTOPOH 4aCTb~ BellleCTBa 
CKC, noKani-130BaHHOi1 e o6nacTI-1 ¢>oPMI-1POBaHI-1R Tpl-1rrepHoi1 4aCTI-1~bl. 
nocpeACTBOM M x 0603Ha 41-1M Mac ey BellleCTBa B 3TOH o6naCTH. 3a 

Pt 
C4eT I-1Mnynbca OTAa41-1 3Ta Macca nony4aeT CKOPOCTb ~ = 

v P2 + M 2 
1 X 
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PMc.12. PacnpeAeneHH~ no 6~cTpOTe {5 ... 53 r~" 
aap~~eHH~x 4aCTM4 a nepeAHe~ nony

a 1.l ~ Px ~ 1 7 cd>epe; 3KcnepMMeHT 21 . 

0.06 b 0 8 f Px ~ 1.1 

0.01. I 
@!/\ y ,\ 0.0 2 

0.0 3 
y 

0.02 

O.D1 

• 2 - 1 0 2 y 

Hanpa~neHHY~ a aaAH~~ nonyc~epy, acneACTBMe 4ero ee aKnaA 
B ~YHKLIM~ F(p.!t•pl 2 ) All~ 3aAHe~ nonyc~ep~ YCMJlMBaeTC~. 

~AoeneTBOPMTenbHOe cornacMe c 3KcnepMMeHTOM AOCTMraeTc~ 
npM M X "' 4 r3B/c 2.d>yHK4MM F(plt'Pi2 ). paCC4MTaHH~e npM AaH
HOM 3Ha4eHMM M 

1
, cpaaHMBa~Tc~ c 31<cnepMMeHTanbH~MM AaHH~MM 14 1 

Ha PMC. 10 /TeMH~e TpeyrOJlbHMI<M/. 
HHTepecHo~ oco6eHHOCTb~ KOppen~4M~ a 3aAHe~ nonyc~epe ~en~

eTc~ HapyweHMe CKe~JlMHra no nepeMeHHO~ x 
8 

=P 
12 

I p .i t , o6Ha
py~eHHoro B pa60Te 1231 npM MCCneAOBaHMM 3aBMCMMOCTM pacnpeAene
HM~ no x 8 OT p .! 1 . B o6aope 1221 OTMe4anoc b, 4TO ace MOAenM 
~eCTKMX CTOJlKHOBeHM~ MCn~T~Ba~T TPYAHOCTM B 06b~CHeHMM 3TOrO 
3<!>4leKTa. 

B HaweM nOAXOAe HapyweHMe CKe~nMHra no x
8 

onpe,aen~eTc~, 
no Kpa~He~ Mepe, ABYM~ o6cTO~TenbCTBaMM. Bo-nepe~x . MCT04HMKa
MM 4aCTM4 1 Ha6n~,aaeM~X B KOppen~l.IMM C TPMrrepHO~ 4aCTML.Ie~, 

12 

~Bll~~TC~ cryCTOK KBapK-rll~HHOrO Be~eCTBa, nony4MBWM~ MMnyJlbC 
OT.Qa4M , M HaXOA~~a~c~ a noKoe ocTaJlbHa~ 4aCTb CKC, cneKTp M3-
ny4eHM~ KOTOPO~ He 3aBMCMT OT P.!1 • T.e. All~ Hero CKe~JlMHr noX

6 
aaeeAOMo He MMeeT MecTa. Bo-eTop~x. HeTPYAHO noKaaaT b, 4TO 
M All~ ABM~y~e~c~ 4aCTM CKe~nMHr B~nOnH~eTC~ JlMW b npM p f >> M 2. 
B peanMao eaHHO~ >Ke nocTaHOBKe 3KcnepMMeHTa / 23/ p lt _::: M , 1 T. e .1 

M An~ cne KT pa 4aCTM4, o6paaoeaHH~x npM pacnaAe ABM>Ky~~ roc~ 

crycTKa, CKe~nMHr HapywaeTc~ . PeaynbTaT~ All~ aaeMCMMOCTM F(x ) 
OT p.l.1 ,nony4eHH~e 4MCJleHHO, npeACTaBneH~ Ha PMC. 13 , rAe OHM 
cpa BHMBa~TC~ c M3MepeHM~MM 123 1 npM..js= 52,7 r3B. Ha PMC.14 
npOM3BOAMTC~ cpaBHeHMe pacc4MTaHHoro npM ABYX 3Ha4eHM~x M

1 
pacnpeAelleHM~ F( x 

6
) AJl~ K- -Me30HOB c AaHHbiMM 12~1 nony4eHH~MM 

B p-Be B3aMMOAe~CTBM~X npM Ep =400 r38 All~ ABYX COPTOB TpMr
repHO~ 4aCTMLI~- PeaynbTaTbl pac4eTa npaKTM4eCKM He aaeMC~T 
OT COpTa 4aCTMLI~- TpMrrepa, " + MJlM K +-Me30Ha, 4TO COOT
BeTCTByeT 3KCnepMMeHTaJlbHO~ CMTYa4MM. 

5onee nonHO peaynbTaT~ MCCneAOBaHM~ KOppeJl~LIM~ M~AY COp
TaMM 4acTMLI~-TpMrrepa M 4aCTMLibl c fionbWM MM p.L. BbllleTa~~e~ 
B npOTMBOnOJlO~HY~ nonycd)epy , noKa3aHbl Ha PMC. 15, rAe npeA
CTaBJleH BbiXOA pa3JlM4H~X 4aCTM4 C X > 0, 75 npM "±, K± M p ± 

24 ' e-B Ka4eCTBe TpMrrepa .3TM AaHHble He npOTMBOpe4aT npeACTaB-
JleHM~ 06 OTCYTCTBMM cy~eCTBeHHbiX KOppeJl~l.IM~, BO BC~KOM Clly4ae 
All~ nerKo~ 4aCTML.Ibi-TpMrrepa/, KOTOpoe cneAYeT TaK>Ke M3 Ha
wero nOAXOAa B npMH~TOM npM6JlM~eHMM. 

~r+ 
~ 
{ 
0.6 

PMc. 13. PacnpeAeneHM~ no x ;3K-
cnepMMeHT / 23 ' . 

8 o.S 

+ 

o R·.2,o·2.,3 f\Bt 

" ~iii3,0 138/c 

1..0 Xe=Jl / }1 
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-)' I -3 10 , P1-1e.~. PaenpeAelleHI-1R no xe; 10 

(KJ 3Kenepi-1MeHT 1241 . 

i T K. 7'F>UN'EP l T n ~ f 7rt 'T'F'IH'f'EP f ; l f 
f 3 s Ff Tl'llr. ~ t. r3B/c. k:+ j ~ 

t ,(f. I! ~ I ~ I 
ll ,.~ , j n r K_f ! 1 lt l 

M = li 1'3 al ~ r I 
,o-'L 1111 r-t' ~s rsBJ I 

10-l P I 1 I I / 

5 10 1.5 
Xe 

3.0SP1 ".,rfi.Or.,&,k Xe min,0.75 

10-6 

. - k. K' - p p 
7'P14rrEP 

P1-1e. 15 . KoppenR4HH Me*AY 4aeT"148MH paani-14-
Horo COpT a; 3KenepHMeHT / 24/ 

HeeMOTPR Ha 6onbwl-1e 3Kenepi-1MeHTallbH~e OWI-16KI-1, MO~Ho, OA
HaKo, 38MeTI-1Tb TeHAeHUI-1~ K 8HTI-1KOppellRUI-11-1 Me~AY 8~XOAaMI-1 He
KOTOP~X 4aeTHU C 6apHOH8MI-1 8 Ka4eeT8e Tp1-1rrepa. no-81-lAHMOMy, 
OHa e8R38Ha C TeM , 4TO pO~AeHHe 6api-10H-aHTH6api-10HHO~ nap~, 
8 oeo6eHHOeTH 8 eo4eT8HHH C pO~AeHI-1eM nap~ eTp8HH~X 48eTHU, 
Tpe6yeT 3Hepr038TP8T 60ilbWI-1X, 4eM epeAHRR 3HeprHR, /lOK8/lH30-
88HH8R 8 06/laeTI-1 ¢QpMI-1P088HHR 48CTI-1U~ e 60ilbWI-1M pl.3TOT ¢8KTOP 
8 HaweM nOAXOAe noKa He y41-1T~8ancR. 

48eTHU 3KenoHeHTa, eOOT8eTeTay~aR PO*AeHHIO 8T0pO~ 48eTHU~, 
MO*eT 6~Tb npeACT88/leHa 8 8HAe 

Ha111-141-1e A8YX HCT04HI-1K08 3HeprH4H~x 48eTHU 8 3aAHe~ nony
e¢epe, OAHH 1-13 KOTOp~x A81-1*eTeR, a APYrO~ nOKOI-1TeR, AO~HO 
npH8eeTH K HeOAHOPOAHOMy paenpeAe/leHH~ no 831-lMyTa/lbHOMY yr
llY cp e MaKeHMYMOM npH </> = 180°. 

3TOT 3¢¢eKT Ha6n~AaeTCR 8 3KenepHMeHTe 1211. Ha p1-1e. 16 AaH
H~e 1211 epa8HH8aiOTCR e peaynbTaTaMH pae4eTOB npH MJ: =4 r3B/e 2 , 
KOTOp~e npaBH/lbHO 80CnPOI-13B0ART Ha61110A8e~e 38BHeHMOeTH. 

B pa6oTe 125 t,ccneAOBaHa aa8HCHMOeTb <p > oT p np~-1 "s = out 1: = 52,7 r3B. npH 3TOM o6H8PY*HileR poeT <.pout > e poeT OM p J: I eM. 
p1-1c. 16/. TaKaR TeHAeHUI-1R TaK*e HMeeT npoeToe o6DReHeHHe. 
B 8~Pa*eHHH//40/ 4.1/ AJlR ee4eHHR PO*AeHHR A8YX 3HeprH4H~x 

14 

p;+ml! 

-E2/ T -v'P2+J: +p2 t+ m2/T e = e x y ou .. e /4/ 

Ha /4/ 8HAHO, 4TO c poeTOM Px npH nl06oM T 388HeHMOeTb OT Pout 
ocna6nReTeR. CneAOBaTellbHO , < pout > paeTeT. PeaynbTaT~ 4HeneH
HOro onpeAeneHHR 3a8HeHMOCTH < p 0u?OT P~: H HX cpaaHeHHe e 3K
cnepHMeHTOM 1251 npeAeTaaneH~ H8 pHe.11. 

IV. 3AKfl04EHHE 

~. 0AHHM H3 pe3yllbTaT08 npoBeAeH~OrO HeC/leA088HHR RBnReTeR 
¢opMy/lHp08Ka HOBOro TePMOAHH8MH4eeKoro nOAXOAa K OnHeaHHIO 
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P~c. 16. PacnpeAeneH~R no 
a3~MyTaflbHOMY yrny; 
3Kcnep~MeHT ' 21 ' 

P~c. 17. 3as~c~MOCT b <p > out 
OT X • 3KCnep~MeHT / 25/ 

e• 

pa3B~T~R CTaT~CT~4eCK~X C~CTeM, 06pa3yiOUIHXC.R B aAPOHHbiX CTOnK
HOBeHHRX. noMHMO BKfll04eH~.R yCTaHOBfleHHbiX paHee 13 •261 HaH6onee 
o6~~x cso~cTB c~cTeM KnacTepHoro THna /pacwHpeHHe t<nacTepa 
C OKOflOCBeTOBO~ CKOPOCTbiO, nOCTO.RHCTBO BpeMeH~ aApOHH3a~~H, 
CTaTHCT~4eCKH~ BHA cnet<Tpa pOmAeHHbiX 4aCT~~/, OH AOnOnHeH y4e
TOM P.RAa ¢at<TOPOB, n03BOfl.R~~X nonee AeTanbHO On~caTb paHH~e 
CTaAHH pa3BHTHR npo~ecca. 3T~MH ¢aKTOpaMH .RBflRIOTC.R: 

- ¢nyKTya~~H so speMeHH Ha4ana pa3B~TH.R npo~ecca aAPOHH-
3a4HH; 

- HepaBHOBeCHOCTb KBapt<OBOrO COCTaBa nna3Mbl npH t <rb; 
- cornacosaHHOCTb so_speMeH~ o6pa3oBaH~.R ABYX /H 6onee/ 

4aCT~4 c 3HeprH.RMH E >> E ; 
- flOKaflH3a4~.R HMnynbCa OTAa4H npH ¢QpMHPOBaH~H 3HeprH4HO~ 

4aCTH4bl Ha He6onbwo~ 4acT~ KnacTepa. 
Cy~ecT aoaaHHe 3T~x ¢at<Topos cneAYeT H3 aecbMa ofi~~x np~H-

4Hnos, KaKOBbiMH RBfl.RIOTC.R: HanH4~e KBaHTOBOMexaHH4eCK~X ¢nyK
Tya~H~ ~ ¢nyt<Tya~H~ B pa3BHTHH ¢a3osoro nepexoAa, np~H4~n 

np~4~HHOCT~, COOTHOWeHHe HeOnpeAeneHHOCTe~ . 

B paMt<ax pa3BHToro nOAXOAa, no-BHA~MOMy , snepsble YAanocb 
B 8eCbMa Ofi~eM 8~Ae nOt<a3aTb CnOCo6HOCTb TepMOA~HaMH4eCKO~ 
MOAen~ 80cnp0~3BecT~ CTeneHHYIO 3aB~CHMOCT b HHBapHaHTHOrO ce-
4eHH.R OT p~.npoBeAeHHOe COnOCTaaneHHe CfleACTBH~ nOAXOAa C WH 
pOK~M t<pyroM 3t<cnep~MeHTanbHbiX AaHHbiX n0380n.ReT paccMaTPHBaTb 
ero Kat< 8eCbMa npa8AOnOA06HYIO cxeMy pa3BHT~R CKC. 

EcTeCT BeHHO, 4TO, t<at< H n106aR APYra.R c xe Ma , aHa He RBn.ReTCR 
HC4epnbl8a~e~ t<apT~HOH npo~ecca. B 4aC T HOCT~, npeAcTaaneHHe 
0 TOM, 4TO npOAOflbHbl~ ~MnynbC nepB~4HbiX aAPOH08 nOnHOCTbiO 
no r aweH H cso~cTsa c~cTeMbl ~3oTpOnHbl , .R8n.ReTc.R ~AeanH3a~~e~. 
B AeHCTBHTenbHOCTH HacneA~e 3Toro ~Mnynbca coxpaHReTc.R 8 ¢opMe 
npOAOflbHOrO KOflfleKT~BHOrO A8HmeHHR B t<nacTepe 131 .An.R 6onee 
.R8HOrO BbiAeneH~ .R C80HCTB KnacTepa Kat< CTaTHCTH4eCKO~ CHCTeMbl , 
8 AaHHOH pa6oTe Mbl orpaH~4~n~cb paccMOTpeH~eM xapaKTep~cTHK, 
B HaHMeHbWeH CTeneHH nOABepmeHHbiX 8flH.RH~IO npOAOflbHOrO KOnneK
T~8HOrO AB~meHH.R. C 3TO~ ~enbiO 8b1AeneH KaHan o6pa308aH~R CKC, 
B KOTOpOM, no onpeAeneHHIO, KOnneKTHBHOe A B~~eH~e npeACTa8neHO 
Ha~6onee cna6o. KpoMe TOro , Afl.R conocTa8neHHR c 3KcnepHMeHTOM 
8b16paH HHTepaan yrnoa BblneTa pomAeHHbiX 4acT~~. 6nH3KHX K 90° , 
B KOTOPOM BflH.RHHe 3TOrO AB~meHH.R Ha Ha6niOAaeMble xapaKTepHCTH
K~ M~H~ManbHO. An.R on~caH~R pO~AeHH.R 4aCT~~ c 6onbWHM~ p l, 
BblneTa~HMH nOA yrnaMH, Cy~eCT8eHHO 0Tfl~4a~~M~C.R OT 90 °, He-
06XOAHM0 Y4~TbiBaTb npOAOnbHOe AB~~eHHe. H3nomeHHaR ablwe cxe
Ma He HCKn104aeT B03MOmHOCT~ BBeAeH~.R 8 Hee TaKOro y4eTa. 

2. Cy~ecTB08aH~e TepMOAHHaM~4eCKOro nOAXOAa, cnoco6Horo 
OnHCaTb MHOrHe xapat<TepHCTHKH 06pa30BaHHR 4aCTH4 npH p~ ~ 
~ 778 r38/c /HeKOTOpble H3 HHX 4aCTO BOCnpHHHMaiOTCR, KaK nOAT 

aepmAeHH.R AOMHH~PYIO~e~ pOn~ MeXaHH3Ma meCTKHX CTOflKH08eHHH/, 
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yKa3~BaeT, no KpaHHeH Mepe, Ha HeOAH03Ha4HOCTb HX HHTepnpe
Ta~~H B paMKaX MOAen~, OCHOBaHHOH Ha npeACTaeneH~~ 0 ~eCTKOM 
pacce~HH~ H nocneAY~~eH $parMeHTa~~H KBapKOB H rn~HOB. 3TO 
03Ha4aeT, 4TO paccMOTpeHH~e HaMH 3KcnepHMeHTanbH~e AaHH~e 
~ nOAo6H~e HM He MOryT cny~HTb KP~Tep~eM npoeepK~ cneACTBHH 
KX~. BosMO~HO, 4TO TaK~e KPHTepH~ YAaCTC~ OT~CKaTb n~6o 3a 
c4eT cne~HanbHOH nocTaH08KH 3Kcnep~MeHTa, nH6o sa c4eT nepe
xoAa 8 o6nacTb pl > 10 f3B/c. 

• A8TOP~ npH3HaTenbH~ A.B.4ep6y, np~HHMa8WeMy y4aCTHe 8 AaHHOH 
pa6oTe Ha paHHeH cTaA~H, A.B.E$peMo8y ~ A.B.PaAOWK~HY 3a MHor~e 
none3H~e A~CKYCCHH, a Ta~e COTPYAHHKaM nT~ 0~~~' npHH~BWHM 
y4aCTHe B o6cy~AeHHH AaHHOH pa60T~ Ha CeMHHape. 
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