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np~~t H3y4eHHI-1 KpHH14eCKI-1X RBll'eHHi:i b6bi4HO paCCM8TPHB810T COB

MeCTHOe nose,QeHHe HecKonbKHX napaMerpoe noRRAKa 1-1 cooreercr-
ByJOU4J.IIX BOCnp~1\.1M41-180CTeC1 /eM., HanpHMep/11 /. 3,QeCb Mbl 

BBe,QeM nOHRTHe 11 KOCI-1Hyca yrna11 Me>KAY I1106biMI-1 ABYMR napaMeTpaMH 

nopR,QKa H o6CYAHM none3HOCTb 3TOrO nOHRTHR npH onHC8HHH KpH

TH4eCKOrO nose,QeHHR. 
nycTb ,Q8H8 paBHOBeCH8A MHOr048CTH4H8A CHCTeMa C r8MH11'bTO

HH8HOM r, TeMneparypoei 8 = k T, 4HC.flOM l.I8CH1l~ N, KOTOPYIO 6y,QeM 

o6oaHa4aTb r;e. nycrb ASHbl raK>Ke oneparopHble napaMerpbl nopRA
Ka A H B, KOTOPble 6y,QeM npe,QnonaraTb 3PMI-1TOBbiMH, Ar::. A+, B· s+ . 

Bse,QeM o6o5~eHHYIO eocnpHHM4Hsocrb: 
a 

X AB(f /@)=(ay <AT _,yNB/@ )y= o' /1/ 

r,Qe l.lepea <A>r/e o6oaHa4eHo pasHosecHoe rH66coscKoe cpe,QHee. 
nycTb ]n> - KBaHTOBOMeXaH~4eCKOe npe,QCTaeneH~e, B KOTOPOM 
r ,QI-1aroHaJ1eH; rn - co6CTBeHHble 3Ha4eH\.IIR r ; Amrw B om -
MaTp~4Hble 311eMeHTbl onepaTOpoe A -A- <A >r /e B.. B-<B>r /e' 
HcnoJ1b3YR 3KcnoHeH~\.IIaJ1bHM~ B~A rH66coacKoro pacnpeAeneHHR 
H npHHHMaR eo BHHMaHI-1e npae~7a AH$~epeH~HpoBaH~R onepaTopHo~ 
3KcnoHeHT~ /eM., Hanp!-1Mep,l 2 /, nony4aeM xopowo HaaecTHOe 
npe,QCTBBJ1eH\.IIe /eM., HanpHMep!3/ /: -

In fm rn 
-T -v 

e -e Q.le-8" 
n /2/ 

HeTPYAHO saMeTHTb, 4To HeaaaHCHMO oT C\.llcTeM~ f/6 
aacnpHHM4HBaCTb XAB{f /6) RBJ1ReTCR 6HJ11-1He~HO~ ¢apMO~ no one-
paTOpaM A. B, YAOBneTBOPR~~e~ seeM aKCHOMaM cKanRpHaro npoHa
se,QeHHR: 

x AA cr /e l ::.. o 

X AB([/@)• XBA(r/@), 

ixABcr/e)l
2 

s;, xAAcr/e)x BBcr/e ). 

/3a/ 

/36/ 

/3B/ 

3AeCb /3a/ - HepaaeHCTeo THna KowH-Weap~a /cTporo roaopR, OHO 
CJ1eAye:r H3 acTaJlbHbiX CBO~CTB/. HepaaeHCTBB TaKara THna 6blm1 
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snepBbJe B'eAeHbl B CTan1CTitl"'eCKyiO MeXaHitiKY B 1961 r. H.H.6oro
J11060BbiM/4 ; csoHcTsa /3/ MOmHo paccMaTpltlsaTb Kat< "'aCTHbll1 cny"'aH 
o6o6w,eHHbiX cooTHOWeHHH, o6cy>KAaswvtxc.R a I 41. 

CsoHcTsa 131 noason.RIOT ssecn1 11 KBaApaT KOCit!Hyca yrna Me>K-
AY napaMeTpaMitl nOP.RAKa A ltl B OTHOCit!TeJ1bHO CltiCTeMbl r /61 II: 

lx As(T/&)1 2 

·~~ 
x A4 (r/e) Xaa (r/e) /4/ 

He3aBHCHMO OT CltiCTeMbl r;e 
2 

0.<:. cos AB(r!e).:s:,l. /4a/ 

3aMe"!aHHe 1. B oco6oM cny"'ae KPit!Titl"'ect<oH CltiCTeMbl 1 0 /61 0 
lt<OTOPbiM Mbl t<aK pa3 1t1 ltiHTepecyeMCAI HeKOTOpbte lt!Illtl see socnpltlltiM
"'ItiBOCTitl MoryT o6paw.aTbCA a XI lecn~tt, t<aK o6bt"'HO, OHitl Bbt"'ltfC:rt.RIOT
c.R npH N """' XI I. B 3TOM cny"'ae 6epeM HeKpltiTitl"'ect<yiO cHcTeMy 
r/e, 6Il~3KYIO K rof&o, Bbi4"C!lReM COSXB (r/8) " onpeAe!lReM 
COS~B (ro /eo) nyTeM npeAe!lbHOrO nepeXOAa r /8 ~ r 0/80 • . 

noA"'ept<HeM, "'TO peaynbTaT npH 3TOM 6yAeT, eoo6w.e rosop.A, aa-
BitiCeTb OT 11TpaeKTOpltlltl 11 3TOrO nepeXOAS f/61"""' f 0 /61 0 /no 3TOH 
npltl"'lt!He SilbTepHSTitiBHOe onpeAe11eHitle: Bbi"'HCJl.AeM COS ~g:r0 /8 O) 
npltl N /: oo H nonaraeM aaTeM N """' oo, Blt!Ait!MO, MeHee cocTo.ATe11bHO/. 

4T06bl npOJ.111IliOCTPHPOBaTb noJ1e3HOCTb BBeAeHiti.A COS 2AB npltl 
H3y"'eHitlltl KPitiTitl"'eCt<ltiX .ABJ1eHitiH, pacCMOTPitiM KaKyiO-nlti60 npOCTy~ 
cpeppoMarHitiTHYIO CltiCTeMy c QlltiKCitlposaHHbiM raMit!IlbTOHitlaHoM H, t<plti-
Titl"'ect<oH TeMnepaTypoH e c I HI Be - KPitiTitl\..leCt<an CltiCTeMa/ Itt 

OAHOKO~nOHeHTHbiM napaMeTpOM nop.AAKS /HaMarHitl4eHHOCTbiO/ 8; MO}f(
HO ltiMeTb B BHAY, Hanplt!Mep, MOAellb ~3HHra, BBeAeM TaK}Ke 11 TeMne
paTYP'Hbll1 napaMeTp nop.AAKa 11 L= -H;N. BoabMeM CltiCTeMy s6nM3H Kplti
TH4ect<ol1 TO"'t<H: 

T I&~ H -hNS/&c (1-< ), h > o. ( > o. h """' o. ( """' o. 
rAe h > 0- MarHHTHOe none; 61z·8c (1-E) - TeMnepaTypa /HH>Ke ec I . 
.QJl.A 3TOH CltiCTeMbl Mbl MO}f(eM npeACTaBJ.1Tb Ten.noeMt<OCTb Ch /npltl 
11nOCTO.AHHOM none''/ C T04HOCTbiO AO nonpaeoK, ltiC4e3SIOU\ItiX npltl 
h~ 0, ,~ 0, e B"Ae Ch(r/e)~ e-l XLL<r/e), rAe l<LL- CTaw 
ASPTHa.A ¢ppM a eocnpHHM4~t~aocTitl, eM. I 1 I. 3aMeT~t~M· TaK>Ke, 4TO 
a<S>r;e/a8• e-l J<Ls(r/0 ). no3TOMY H"lKe BMeCTO C h 

H a<S> Jae 6yAeM paccMaTpHeaTb socnpHitiM4HBocTH XLL "' x 8L· 
803bMeM CTaHASPTHbiH CilY4ai1 CTeneHHbiX SCHMnTOTHK C B03MO}I(

Hb1Mitl noraplti¢MH4eCKHMH nonpasKSMitl Allfl napaMeTpOB nop.AAKS H Boc
npltiHM4YIBOCTeH. BocnonbaosaswHcb ·t<paTt<HMitl o6oaHa4eHH.AMH F (E)=-
~ F[H/&c(l-< )J F(h)5 F[H-hNS/&c ], F = S, L, l<sL 

1t1 T.A. H YAeP}f(lt!Ba.A TOJ1bKO rnasHbJe 4J1eHbl acltiMnTOTitlt<, ltiMeeM 
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/3 Pf3 
S(<)~ B, lin, I 

-y Py 
x ss (<) = r_, lin, I • 

-a Pa 
x (< ) = A ' lin ' I • LL -

1/8 PQ 
S(h) = (h /D) lin h I , . 8> 1, 

L(h)· Zh( IInh IP( + const, 

-10 P€; 
X (h)=Eh IInhl , 

LL 
npH 3TOM 

t/1>-t . 1/8 Pa 
X ss (h)= (h /8D )lin hi , 

/3-1 Pf3 
x

8
L (<)=/3B< lin, I • 

(-1 P( 
x 8L(h)= (Zh lin hi , 

8c -8 
f=-, ec 

/Sa/ 

/56/ 

15•1 

/Sr/ 

15AI 

/5e/ 

/5)1{/ 

/Sa/ 

15~1 

rAe a , {3 , 'Y , lJ , ( , E - t<pHTH4eCKHe HHAeKCbt; P a , PB , 
ty ,Po ·, P{; , P.::: - norapH$MIIIlleCKio1e HHAeKcbl; A_, B , ·r_., D 
Z , E JKpHTH4eCKHe aMnmHYAbl. · 

2 
2 

nocTpO~M A11R CJ1y4aR aC~MnTOT~K /5/ COS SL (<) ~ COSsL [H/8c(l-<)] 
H nepea71.qeM K npeAeny *' ..... + 0. Y1cnonb3YA Jlfa/, · nony4HM orpaHH-
4eHio1A Ha KpHTH4eCKIIIe napaMeTpbl. ECJlJ.II COS ~L ( E" = +0) > Q, TO C He

o6XO,Qio1MOCTbiO 

Pa+ Py = 2p/3, 

2 2 2 
0<{3 B /A_l_ =COSSL (<=+0).:> 1. 

2 
Ec11~ )!{e COS SL (< = + 0) = 0, TO 

a+2{3+y >-.2, 

B 4SCTHOCTH, ec.n1o1 a+ 2{3 + y = 2, TO 

2 
CosepweHHO aHanon14HO, paccMaTpHBaA cos

8
L (h) 

HSXOAHM, '-ITO eCJlH COSg~ (h=O) > 0, TO 

/6a/ 

/66/ 

/6B/ 

171 

/8/ 

npH h-+ 0, 
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/9a/ 

P 0+P~=2P(' /96/ 

0<1>(2Z201/o/E =COS2SL (h~O).: 1. 19•1 
2 EcnH >Ke COs

8
L(h=0)•0, TO 

2(+ E-1/1>:>.1, /10/ 

npH4€M ecnH 2(+ E - 1/0 = 1, TO 

nepe41-1CJleHHbiMV1 B03MO>!<HOCTfiMJ.1 HC4ePnbiBSIOTCfl see AOnycn1Mbl€ 
BapHSHT~ COOTHOW€HHi1 M€>1<AY KPV1TV14€CKHMH napaMeTpSMH, B~TeKaiO
UIH€ H3 /4a/, 

~asecT7o7 paseHcTso /6a/ 6~no eneps~e npegno>~<eHo 3ccaMoM 
H t!>~t~wepoM 5 • 06o6[4eHHbre HepaeeHcTsa /7 I 1-1 

1
1) 0/ 6blriJ.1 nony4eHbr 

COOTB€TCTB€HHO Paw6pyKOM/S/ H KynepCMHTOM ? HS OCHOBe H3BecT
HOrO T€PMOAHHSMH4€CKOrO COOTHOWeHHR M€>1<AY Ten!10€MKOCTRMH Ch 
H Cm /o6CY>!<A€H~e /6a/ CM. TSK>!<€ B/8/ /; B HSWHX 0603HS4€HHRX 
Cmtr/8)= Ch(r/8)(1-cos§Lr(f/8)), Lr .. r/N • 

TaKHM o6pa30M, Mbl HM€€M 3A€Cb HOBO€ AOKS3aT€JlbCTBO Hepa
BeHCTB Paw6pyKa H KynepcMHTa, a TaKme AOKaaaTe!lbCTeo PRAa Ho-

- BbiX COOTHOW€Hl-1i1 AJlR noraplo1$MH4€CK1.1X HHA€KCOB H aMnJlHTY,Q, He 
CBA3BHH0e C T€PMOAHHBMHKO~ J.1 OCHOBBHHOe Henocpe,QCTB€HHO HB 
11 nepBblX npHHL.tJ-1nBX 11

, T, e, Ha CBO~CTBaX KBH0HJ.14€CKOrO rH66COB
CKOrO pacnpeAelleHH.A, KOTOpble OTpa)f(eHbl 8 HepaeeHCTBe 14al, 

3To Hoeoe AOKa3aTenbcTao cy~ecTeeHHO 6onee o6~ee, 4eM npe)f(
HHe. COOTHOW€HYI.A 161-181 OCTBIOTC.A cnpaBeAllYIBblMYI J.1 B Clly4ae, 
KOrAa BM€CTO YI3MeHeHHR TeMnepaTypbl paCCMBTPYIBaeTC.A npm13BOJ1b-
HaA aapYtai.IHR raMYtllbTOHYiaHa H ... H+V(f) , V(f) .... 0 npH f .... +O, 
a noA S Yl L nOAPa3yMeeaiOTCA ABa npoYt3BOllbHbiX napaMeTpa nopAA
Ka /c acHMnTOTHKaMH /5/ AnA Xss (<) , XLL(<) , x 8L( ') I, AnA 
KOTOpblX MO)f(eT J.1 He 6b1Tb COOTHOW€HYIA, aHanOrYI4HOrO CB.A3J.1 Ch 
H Crn • 

nycTb f J.1 h On.ATb 6YAYT TeMnepaTypHbiM H 
11

noneBblM 11 napaMeTpa
MH. 6brno npe,Qno>t<eHo/9,10/ Hcnonb3oeaTb npH o6pa6oTKe 3KcnepH
MeHTaJ1bHbiX ABHHbrx 6e~pa3MepHbre KoM6HHaLtHH aMnnHTYA A+/ A_ , 
r+ /r_, • R =A. r+ I B !aAeCb A+ H r+ RBnRIOTCR aHanoraMH A_, 
J.1 r_ ,QJ1A o6naCTH 8> e c I. BblCKB3b1Ba110Cb' B 4aCTHOCTH' npe,Q
nono>KeHYie, 4TO 3TH 6e3PS3M€PHble KOM6YIHBLIYIYI MOrYT 0611a,QaTb 
CBOHCTBOM YHYIBepcaJlbHOCTYI IKaK KpHTJ.14eCKHe YIHA€KCbll, T .e. 
3aBHCeT? TODbKO OT npoCTpaHCTBeHHOH pa3MeRHOCTH H CHMMeTPYIYI 
CHCTeMbr 

9
'
101 

lnoApo6Hoe o6cy)f(AeHYte eM. a1101 I. 
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TaOm·UJ;a 

BenH'tlHHbi R*H 2 
COSSL (• = + 0) p;JIH MOAenH J.i13HHI'8 npH 

pa3JlH'tlHbiX pa3MepHOCTRX pemeTKH 

Mop;eno /6a/ /65/ R* 2 
cos <·~ + 0) SL 

MOJleKynRpHOe 
none, d:::: oo 

ga X 

H3HHI', d= 4 ga ga 0,75 0,75 

H3HHI', d= 3 ga X 0,53 0,53 

M3HHI', d = 2 ga HeT I, 85 0 

COOTHOW€HHA /6/-/8/ noKa3biBa~T, 4TO B cny4ae 0,QHOKOMnOH€HT

HbiX napaMeTpoe nopA,QKa sMecTo R 6onee ecTeCTB€HHOi:1 eenvt4vtHoc:1 

ABnAeTCA 

R* 
A+ r+ fl

2 

A I'_ T' /12/ 

npvt BblnOnHeHHH /6a/, /66/ C He06XO,QHMOCTb!O HM€€M 0 -< R *• 
== cos§L (E = + O) s: 1 vt Hao6opoT. AHanoroM R* AnA cny4aA 

11
noile-

eoc:111 eapvta~HH ABnAeTC.R R**"" 0(2 z 2 ot/O;E; O,QHOBP€M€HHOe 

ebmonHeHvte /9a/, /96/ 3KevteaneHTHO 0< R ** = cos~L (h=O) ~ 1. 

3aMe4aHH€ 2. ,0n.R H30TpOnHbiX ¢eppoMarHeTHKOB (n ,2) f' __ =t'Xl 

" <t>opMal1bHO R* = 0 /ec11" A ,f 0 I. 
- 2 

8 Ta6nvt~e npvtB€,Q€Hbl 3Hat.~eHHA R* VI COSSL (E,., + 0) ,QnR V13VIH-

rOBCKJ.1X peWeTOK pa3nl-1t.~HOC1 pa3M€PHOCTH d /He06XO,QVIMbl€ ,QaHHbl€ 

H CCblnKvt Ha OpHrHHanbHbl€ pafiOTbl CM,, Ha~HMep, e/tO/;OTHOCH- • 

TenbHO 4-MepHoc:1 MO,Qenr.-~ 1-'lar.-~Hra eM. TaK)I(e 11/;, B Ta6na.14e 11Aa 11 

11
H€T11 0603Hat.~a!OT, BblnOnHAIOTC.R vtnVI H€T /6a/, /66/; X 03Hal.la€T 

OTCYTCTBVI€ norapll1¢lMlllt.I€CKHX nonpaBOK, p a= p {3 • p y"" 0. 0TM€-

T"M, 4TO np" d = 4 B MOAel1" ~3-Hra p a 2 p {J• p y • 1/3 " /66/ 
cnpaeeAn!l1eo. 

6brno 6br eecbMa menaTenbHO nocTpOJ.1Tb aHanorVI4HYIO Ta6nr.-~~y AnA 

R** H cpaBHHTb 3Ha4€Hli1R COS~L (h == 0) ,QnR pa31Tlllt.!HbiX CHCTeM, 

a TaK)I(€ CO 3Ha4€HI-1AMH COSsi (po: + 0) ,QnR TeX }f(€ CaMbiX CVICT€M, 

K CO>I<aneHVIIO, vt3-3a OTCYTCTBH.R He06XO,QI-1MbiX ,QaHHbiX ,QnR 11 nOJ1€BbiX 11 

BapHa4111C1 Mbl 8 HaCTO.RlJ.I€€ BpeMR nli1W€Hbl TaKOc:1 803M0}f(HQCTH, 

KaK 81-1,QHO Vl3 Ta6nH~bl, COS ~L (E =+ 0) MOHOTOHHO y6b!BaeT C no

Hlll}f(€HH€M pa3M€PHOCTH Cli!CT€Mbl, T, e. 11yron 11 M€)1(AY napaMeTpOM 

nopR,QKa VI raMH!TbTOHHaHOM B03pacTaeT. 3TOMY MQ)I(HO ,QaTb Ill $vt-
3H'-l€CKY~ VIHTepnpeTa~HIO. 
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3aK!1104Jo1Te.nbHble 3aMe4aH~R. A. EcTeCTBeHHbJMJ.1 6eapaaMepHbiMJ.1 
KOM6~t~Ha~HRMH aMn!1Jo1TYA ,Q!lR CFIY48R OAHOKOMnOHeHTHOrO napaMeTpa 
nopRAKa RBllRIOTCR R* H R**. <I)HryPHPYIOIIIHe s /6s/, /9s/. Mo>KHO pe-
KoMeHAOBaTb BKill04aTb R*, R** ~/~t~nH cos:L (f=+O), cos ~L (h •·0) 
B Ta6JlHL-'bl Kp~TH4eCKJ.1X aMnJlHTYA. 

6. np1o1 HaJ1H4Jo1H JlorapH$M~4eCKHX nonpaBOK Cll€AYeT npoeepRTb 
cnpaBeAJlHBOCTb COOTHOWeHH<l /66/, /8/, /96/, /11/, 

B. npeACTaen.ReTC.R BeCbMa )f(eJlaTe!lbHbiM HMeTb nOJlHbl~ Ha6op AaH
HbiX AJlR KPHTH4eCKHX 11 no.neBbiX11 xapaKTepJ.1CTHKIBKJ1104aR 3Ha4eHJ.1.R 
KPHTH4eCKHX napaMeTpbs AllR L(h) I HJlH v (h)/ H C(h)ae- 1v (h), 

S~ LL eM. 151 I, XOTR 6bl A11.R npocTeHwHx MOAelleH. 

r. 8 ~ellOM MQ)f(HO 0TMeTJ.1Tb, 4TO KpHTH4eCKHe aMnllHTYAbl H ·HH
AeKCbl 110rapH$M~4eCKHX nonpaBOK npeACT88Jl.RIOT He MeHbWHYI HHTe
pec, 4eM OCHOBHble KP~TJ.14eCK~e ~HAeKCbl, nOCKOJlbKY OHH RBJlRIOTCR 
6onee 11 TOHKJ.1MJ.1 11 xapaKTepi-1CTHKSMJ.1, 4eM OCHOBHble ~HAeKCbl. 

A sTop 6.naro,QapHT npo¢. H. H. 6oro.n106osa /Mn. I sa l-'eHHble 3aMe-
4aH~t~R 1-1 HHTepec K pa6oTe 1-1 y4aCTHJ.1KOB ceM~t~Hapa npo¢. B.K.¢eAR
HJ.1Ha aa o6cy)f(,QeH~e. 
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