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flpH C03li8HHH 60JiblliHX ITY3blpbKOBbJX KllMep BOC~HHKaeT pslfl npo6JieM, 

pellleHHe KOTOpbiX B03MO>KHO TOJibKO nyTeM npoBeJleHHSI paC 11CTHo-TeopeTH

'!eCKHX nccneJlOBaanJt
111

• Tax, HanpHMep, npH C03ll8HHII B O~H\1 200-mnpo

aolt nponaaoaolt KaMepbi B.fl. Ll>KelienoahiM c corpyllHHKaMH 6bJJJ BhHIOJIHeH 

nepBhiii 3Ha'IHTeJibHhlii UHKJI pa6or12 I no l'IIJ-lPOliHHaMHKe npoueccon B o6'be

Me K8Mepbl H CHCTeMe H3MeHeHHSI Jl8BJieHHSI1 ITOJIO>KeHHhiX B OCHOBY Bhi6opa 

KOHCTpyKTHBHbiX napaMeTpOB yCT8HOBKH B UeJIOM, PaCCMOTpeHHe OCHOBaHO 

Ha ITOliXOlle K ny3b!pbKOBOH K8Mepe, KaK K CBOel'O pOJlB pe30H8HCHOH CIICTe-

Me, 

B HaCTOSillleii pa6ore npoaeaeao o6mee nccneaoaanne OlUIOpoanocni noJHI 

JlBBJieHHSI B pa6o'leii >KHAKOCTH 60JibiUOH HY3hlpbKOBOH KBMepJ.,J C "nnaBaiOlllHM" 

CTeKJIOM H OllpeJleJieHbl llapaMeTphl llBH>KeHHSI CTeKJI8 1 He06XOHHMhie llJISI pac

'leTa npO'IHOCTH CTeKJI8 H OUeHKH OITTH'IeCKHX HCKa>KeHHH, 

1, flpellCT8BHM CXeMBTH'IeCKH ITY3h!pbKOBYJO KaMepy B BHlle COCylla, H~leio
lllel'O cpopMy npSIMoyronbHoro napannenenHneaa (pnc. 1 ). Ha rpaHb z = f 

HaTSIHyra MeM6paaa. Crexno ycraaoaneao napannenbao MeM6paae H aennr 

cocya Ha ane Hecoo6maJOmnecSI 'IBCTH, 

Onaa 'IBCTb ( oxpaHHhiii o6'beM), aaxmo'!eHHaSI Mell<lly rpaHbJO z ~ 0 H 

CTeKJIOM ( Z = d ) 1 381IOJ1HSieTCSI liHCTHJ1JIHpOB8HHOH BO}:IOH, 

LlpyraSI '18CTb ( pa60'!HH 06'beM), ,3DKJI IO'Iei!HaSI Me>KJly CTeKJIOM H MeM-

6paHOH1 aanonanercSI pa6oqeii ll<HliKOCTbJO ( nponanoM C, H R , ¢peOHOM 

F13Bl nnn nx CMeCbJO). Crexno, aanenannoe no xourypy B >KeCTKYJO paMy 

MaccJ,J M J1 , KpennTCSI K cTeHKilM cocyLW npn HOMOlliH yrrpyrnx nnycropoa-

HHX cnSiaeii, xoropwe nonycxaJOT ero nnocxo-napannenhnoe nepeMemeane n 

HMeJOT >KeCTKOCTb (1; 2 o 3anaHHWA pe>KHM H3MeHeHH51 A8BJI8HHH U pa6o-

'!eM >KHJlKOCTH ocymec TBJISieTC 51 C n OMOIIIb!O BHelllHero B03JV~HCTBH 51 

P (x,y,z,t) !ILl MeM6paHy o 

3 
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2. B aaJla'le rrpHHSITbi cneJlyiOIUHe ocHOBHbie 

Jla C'IHTSIOTCSI SOCOJIIOTHO *9CTKHMHj M9MopaHa 

rHoKon; *9CTKOCTb yrrpyrHX CBSI39H H C*HM89MOC1 

IIOCTOSIHHbiMHi pacceSIHH9 aHeprHH IipH KOJieoaHHSIX 

Jl8BJ19HH9 CHMMeTpii'IHO OTHOC!IT9JlbHO OC9H CHMM9Tpi 

HeHHSI paCCMaTpHB89MOH CHCT9Mbl OT H9KOTOporo t 

CbiB810TCSI CJieJlyJ6IUHMH ypaBH9HHS!MH: 

c? !\ p 
1 1 

a
2 

Pl=O; --;-;;-
a 2 a 2 

i'li=--+-,--+-,-
ax2 ay 2 a 

c 2 !\ p ~!\_= 0 

D/\'i'li'W a
2

W + 11 -.---

M 

a t 2 

d 2 w 
0 

---+aW 
d t 2 0 

a t 2 

a2 
!\'= (P - p ) 

2 I z = d a x 2 

a b 

JJ[(P -P 
0 0 2 I 

a z 
) -ll --,--
z= d at 

3JleCb ypaBH9HH9M (2,}) OIIHChlB89TCR H3N 

y,z,t) B *HJlKOH cpene (rrnoTHOCTb p 
1 

H CKOp 

IUeHCSI B IIpOM9*YTKe 

HH Sl p 
2 

( X , y , Z , t ) 

d :S Z .::- f j ypaBH9HH9M 

B *HllKOH cpeae (rrJIOTHOC" 

Ka C
2 

) , H8XOJlS!lU9HCS! B Iip0M9*YTK9 0 :S Z ;S 

rrepeM91ll9HH9 paMbl W 
0 

( t ) j ypaBH9HH9M ( 

5 
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2, B aaJla'le npHHHThi cneJlyJO!IlHe ocHOBHbie JlOnymeHHH, CTeHKH cocy

Jla C'IHTBIOTCSI a6conJOTHO *eCTKHMHj MeM6paHa ITpHHHMaeTCSI 6eCKOHe'IH0 

rH6KOHj *eCTKOCTb ynpyrHX CBH3eH H C*HMaeMOCTb MHJlKHX cpeJl C'IHTBIOTCSI 

ITOCTOSIHHbiMHj pacceHHHe S!HeprHH npH Kone6aHHSIX He Y'IHTbiBaeTCS!j BHelllHee 

Jl8BneHHe CHMMeTpH'IHO OTHOCHTenbHO OCeH CHMMeTpHH rpaHH z = f • 0TKno-

HeHHSI paCCMaTpHBaeMOH CHCTeMbl OT HeKOTOporo HaqanbHOrO COCTOSIHHSI OITH

CbiB810TCSI cneJlyJ6!IlHMH ypaBHeHHSIMH: 

az az a2 
?. ~ p 

c I I 
a

2

Pl=O; 
--;~ 

~ = -.-- + -- + -.---
ax2 ay 2 az 2 

c2 ~ p ~_P2_= 0 

a t 2 

D~'~'W+f!~~~- = (P -P ) atz 2 1 z=d 

a2 a 2 
~ '= --.-- + -.,.---

a x 2 a y 2 

M 
0 

d 2 w 
0 

---+ 
d t 2 

ab az\\ 
I J[ ( P - P ) -11 ---. - ] dy dx 

O O 2 I z=d at2 
aW 

0 

(2,1) 

(2,2) 

(2.3) 

(2 .4) 

3JleCb ypaBHeHHeM (2,1) OITHCbiBaeTCSI H3MeHeHH9 Jl8BneHHSI p (X, 
I 

y, Z, t ) B MHJlKOH cpe11e (nnoTHOCTb p H CKOpOCTb 3ByKa c ) , HaXOJlSI-
1 I -

!IleHCSI B npOMeMyTKe d _::; Z :f:. f j ypaBHeHHeM (2,2) - H3MeHeHHe Jl8Bne-

HH 5I p 
2 

( X , y , Z , t ) B MHJlKOH CpeJle (nnOTHOCTb P2 H CKOpOCTb 3By-

Ka c 2 ) , H8XOJlSI!IleHCSI B npOMeMyTKe 0 _::; Z _::; d j ypaBH9HHeM (2 ,4) -

nepeMerueHHe paMhi W 0 ( t ) ; ypaBHeHHeM (2.3) - JlBH*eHHe cTeKna 

5 



~ 

W(x,y, t) 1 HMeiOI.Uero UHJIHH.QPH'IecxyiO ;>KeCTKOCTb D = 
~b3 -----

12(l-v2) 

H Macey eaHHHUhi nnoma.QH 11 ( rne h - TOJILUHHa cTexna, v - -

xog<iJ<iJHUHeHT ITyaccoHa, E - MO.Qynh lOHra). 

YpaBHeHHSI (2.1 )-(2.4) pernaiOTCSI npH cne.QyiOlllHX rpaHH'IHhiX ycnoBH

HX. Ha 6oxosoA rrosepXHOCTH H HH*HeA rpaHH H3 ycnoBHSI paBeHCTBa HYJIIO 

HOpMaJibHOH COCTBBJISIIOI.Uefi CKOpOCTH rrepeMei.UeHHSI ;>KH.QKOCTH HMeeM: 

X = 0 ; a 
a PI 

npH --=0 npH Y = 0; B 
aP1_ = 0 ; --.-

ax ay (2.5) 

npH z = 0 
a P2 
--- =0. 
a z 

Ha sepxi:IeA rpaHH 

npH z = f p 
1 

=P(x,y,t ). (2.6) 

KpoMe Toro H3 ycnoBHSI HerrpephiBHoro KOHTaKTa ;>KH.QKofi cpe.Qhi c no

sepxHOCTbiO CTeKJia MO;>KHO aanHCSTb/3/: 

a P 1 a2 w 
npH z = d --.--- = - p -.,.--

az 1 at 2 
(2. 7) 

3nech H B (2.5) i = 1; 2 

fpaHH'IHhie yCJIOBHSI .QJISI orrepToA rrnaCTHHhl: 

x = 0 ;a W=W 
a 2 W a2 w 

rrpH 
0 ' 

(-~-+v----)=0 
a x2 a Y 2 

(2,8) 

y = O;b W=W 
az w a";. w 

rrpH 
0 ' 

(v-+--+ ---) =0 
ax 2 a yz 

3 • .UnH perneHHSI CHCTeMbi ypaBHeHHH (2.1 )-(2.4) rrpose.QeM npeo6paao

BaHHe nannaca B ypaBHeHHSIX H rpaHH'IHbiX ycnoBHSIX/4/. Tor.Qa 

I2 
~p ---p =0, 

I C2 I 
(3.1) 

I 

6 

:\" 

'11;~~·,'. 
,_; .~ 

'~~.'.} 

I2 
~p ----p =0, 

2 c2 2 
2 

D~'i\'w+ILI2 w =(p2-pl )z= 

a b 

M I
2 w +a w f J((p -p) -11I

2
W 

2 I z = d 0 0 0 

COXpaHSIIOT CBOH BH.ll, KpOMe (2,7), KOTOpoe 

ap 
--':..i.-=-p t 2 w 

a z 
1 

i = npH z = d 

CornacHo npHHSITOMY aorryrneHHIO o <lJyHKUHH 

SIX, napaJIJI6JlbHhiX !InOCKOCTH oxy 1 B CT6KJI6 BC 

pH'IHbie <iJopMbi xone6aHHH. ITo9TOMY Hll!eM perne 

paano;>KeHHSI no co6cTBeHHhiM <tJopMaM xone61 

"" 
PI= ~ F

1 
l (z)cosy xxos 

m n 
1 

m 
m,n= 0 

3JleCh 

rrn rrm 
An 

b 
m 

Ym a 

rr PH 9TOM y ,llOBJieTBOp SIIOTC Sl rpaHIPIHbie ycJIOBH Sl 

ITollCTaBJISISI (3.6) B (3.1), nonyqaeM 

2 F 2 F 
d (rnn)..L_ -ry m n (mn) 1 

d z 2 

o. 

7 



t ) F.b3 , HMeJOlllei"o IIHnHHilPH'iecxyJO :lKecrxocrb D : -----
e.QHHHIIhi nnoma.QH 11 ( I".Qe 12(1-v2) 

h - ronmHHa crexna, 

IOHI"a). ear ITyaccoaa, E - Moaynb 1/ - -

8BH9HIHI (2,] )-(2,4) peUiaJOTCSI 
npa cneayJOmHx I"paHH'iHhiX ycnoaH-

OKOBOH noaepXHOCTH II: HH:lKHefi I"p8HH 11:3 ycnOBHSI P8B9HCTB8 HynJO 

ROll COCT8BnSIJOlllefi CKOpOCTH nepeMellleHHS! :lKH.IlKOC'I'H HMeeM: 

aP 
0 a --~:0 

ax 
:0 a P2 

-~- :0. 
a z 

efi I"paaa 

f P =P(x,y,t ). 
I 

npH y: 0; B _!_PI_ :0; 

ay 
(2.5) 

(2.8) 

e TOI"O H3 ycnOBHSI HenpepbiBHOI"O 

10 CTeKna MO:lKHO 38IIHC8Tb/3/: 
KOH'I'8KTa :lKH.QKOH Cpe.Qbl C no-

a P 1 a.2 w d -~- =- p -,--
az 1 at 2 

(2,5) i:l;2 

ycnOBH S1 .QnSI 

a 

;b 

W=W 
0 

W=W 
0 

oneprofi 

a2 w <---ax 2 

nnacrHHhr: 

a2 w 
+v---)=0 

a Y z 

(v ..2_ 2 W --+ a" w 
) = 0 . ax 2 a Y 2 

(2, 7) 

(2,8) 

peUieHHSI CHcreMhi ypaaHeHHfi (2,1 )-(2,4) npoeeaeM npeo5paao

ca B ypaaaeHHSIX H rpaHH'iHbiX ycnoaHSIX/4/. Toi".Qa 

r 2 

.1p ---p =0 
I C2 I ' 

I 
(3.1) 

6 

l 
'l . ~~\~ 

t)~~ 

II' l 
'·': 

•''i! 

... ·~~~; a-

r2 
.1p ---p =0, 

2 c2 2 (3,2) 
2 

D.1'.1'w+llr2 W=(p2-pl)z=d' 
(3,3) 

M r 2 w +aw 
0 0 0 

a h 

{ j[(p -p) -1LI 2 W] dy dx, 
2 I z = d 

0 
(3,4) 

I".Qe r - HepeMeHHaSI npeo5paaoaaHH:SI flannaca; p 
1 p2 ' w ,w 

0 

aaecb 11: llBJibUie o5oaaa'l:aJOr aao5pa:lKeHHSI <flyHKIIHfi, Bee I"paHH'iHhie ycnoaaSI 

COXp8HSIJOT CBO:lf BH:.Q, KpOMe (2, 7), KOTopoe aanHureTCSI TaK: 

z = d 
ap 

i = 1; 2 -npH --':..L- : - p r 2 w 
(3.5) a z 1 

Coi"nacao npHHSIToMy aonymeHHJO o ¢YHKIIHH P ( x, y, t) a .if>HilKHX cno

HX, rrapaJIJI9JlbHbiX IInOCKOCTH oxy 1 B CTeKne B035y:lK.Q8JOTCSI TOJlbKO CHMMeT

pH'iHhie ¢opMbi Kone5aaHfi. ITosroMy HllleM peUieHHe ypaaHeHHSI (3.1) a BH.Qe 

paano:lKeHHSI no co5craeaabrM <flopMaM xone5aHHfi .naaneHHSI :lKH.IlKOCTH 

"" 
pi= ~ F( ) ( z ) cos y X xos ,\ y . m n 

1 
m n 

m,n = 0 

3aecb 

1Tffi IT II 
An Ym 

b 
m, n = 0, 2 , 4, ... a 

TlpH sroM yaoaneraopSIJOTCSI rpaHH'iHbie ycnoBHSI (2,5). 

IToacraBJISISI (3.8) a (3.1), rronyqaeM 

d 2 F 
(mn) 2 

-----..L- -ry F = 0. 
d Z 2 m n (m n) I 

7 

(3.6) 

(3. 7) 



I 

~ .. 

3necb 

2 

Tjmn 

11m 2 
(----) + 

a 

11 n 2 
(----) 

b 

YpaaHeHHe (3, 7) HMeer perneHHe: 

I 2 
+ ( ----) 

cl 

F (z)=M shry (f-z)+N chry (f-z). 
(mn)

1 
mn mn mn mn 

PerueHHe ypaBHeHIHI (3,2) ecr~:>: 

p2 I m,n = 0,2,4, ... 
m,n =o 

F ( z ) cos y X cos ,\ y . 
(mn)

2 
m n 

(3,8) 

(3,9) 

ITpH aTOM ynoaneTaopsuoTCH rpaHH'IHbie ycnoBHH (2,5), IToncTaBIJHH · (3,9) B 

(3,2), nony'laeM 

d F(mn) 2 - _____ L- K F 
( m n 1

2 

0. (3.10) d z 2 mn 

3aecb 

2 (11m 2 11n 2 I 2 
K = ---) +(---) +(--) 

mn a b c 
2 

PerueHHe ypaBHeHHH (3,10), ynoBnerBopHIOlllee OLlHOponHoMy rpaHH'IHOMY 

YCIIOBIIIO ITO z 1 HMeeT BHLl 

F (z)=Q chK z. 
(mn )

2 
·mn mn 

( 3,11 ) 

<l>yHKU RIO w , ynoaneTaopHIOlllyiO ypaaHeHHIO (3.3) H rpaHH'IHbiM 

yCIJOBIUIM (2 ,8), HllleM B BHLle CyMMbl LlBYX CnaraeMbiXo 0JlHO CJ18I"89MOe 

npeLlCTaBJIHeT co6oii <iJyHKUHIO W0 , OITHCb!B8!0lllYIO LlBH)I{eHHe KOHTypa CTeK

na; npyroe - ¢yHKUHIO, OITHCbiB8!0lllYIO nepeMellleHHe CTeKna OTHOCHT9IlbHO 

paMbi, 

8 

W=W 
0 
+I Aqysinyqxsin,\ry 

q, £=I 

IlOLlCT8BJHHI (3,6), (3,9) H (3,12) B (3,4), n 

ab 
w =-------- [F (d)-F 1 

0 
a+ r 2 (M +Jlab) 1001

2 
1001

1 
0 

Paano>KliM p ( x, y ) B LlBOHHOii psm ¢yj 

p(x,y) I B m n COS y m X COS ,\ n 

rn,n= 0 

rae 

a b 

J J p (X, y ) COS y m X COS 

Bmn 
_..Q _ _o._ ________ _ 

a b 2 2 I r cos y m X cos ,\ n y 
0 0 

Toraa H3 ycnoBHH (2,6) nony'laeM 

Nmn =Bmn' 

!13 rpaHH'IHb!X yCIJOBHil (2, 7) HM99M llpH Z = 

1 

PI 

a PI 

az 
1 a 

p2 a 

9 
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2 

TJmn 

rr m 2 
( -----) 

a 

rr n 2 
+ (----) 

b 

( 3. 7) aMee T perneHae: 

I 2 
+ ( ----) 

cl 

)=M shTJ (f-z)+N chTJ (f-z). 
mn mn rnn mn 

HeHIHI (3.2) ecrh: 

m,n = 0,2,4, ... l 
n=o 

F ( z ) cos y X cos A y . 
(mn) 

2 
m n 

(3.8) 

(3.9) 

oaneraop51!0TCSI rpaHa'!Hbie ycnoBa51 (2.5). Tioacraan5151 (3.9) a 

eM 

d F(mn) 2 
- ____ L - K F 

( m n >2 
0 . (3.10) d z 2 

2 ( rrm 2 rrn 2 r 2 
K = ----) +(---) +(--) 

mn a b C 
2 

ypaaHeHIISI (3.1 0), yaoaneraop51IoiUee O.llHOpoaHoMy rpaHH'IHOMY 

Z 1 IIMeeT BH,[l 

F (z)=Q chK z. 
(mn )

2 
·mn mn 

( 3.11 ) 

10 w , yaoaneraopSIIOIUYIO ypaaHeHHIO (3.3) H rpaHH'IHhiM 

.8), IIIUeM a BH.Ile cyMMhi aayx cnaraeMbiX. OaHo cnaraeMoe 

co6oii. !flyHKUH!O W0 t OIIIICbiB8!01UY!O JlBH)I{8HHe KOHTypa CTeK

cpyHKUH!O, OIIRCbiBaiOIUYlO rrepeMeWeHiie CTeKna OTHOCHTenbHO 

..- 8 

I t\ 
I 

.. :~ ,,~ 

~~ 
--~~~ 
1;t, 

l·.i, 

W=W 
0 

00 

+ l A q p sin y q X sin A r y . 
q, £=I 

q , r = 1, 3. s , ... 

IloacTaanSISI (3.6), (3.9) 11 (3.12) B (3.4), nonyLiae:'v! 

(3.12)-

a b 4 f1 r 2 oo 

w =------- [F (d)-F (d))-----1 
0 a+ r 2 (M +11ab) (oo)2 (OO)l rr 2 q,f=t 

A 
~qf 

q -r -- · (3.13) 

0 

Pa3lJO)KJiM p ( x, y ) B aaoii.Hoii. p51Jl ¢ypbe 

p(x,y) l 
( 3.14) 

B m n COS y m X COS A n y , m , n = 0,2,4, , .. 
m,n= 0 

rne 

a b 

{ f p(x,y)cosy xcosA dydx 
· m n 

B mn _.,0 -IL---- (3.15) 
a h 2 2 I r cos y m X cos A n y d y d X 

a o 

Torna H3 ycnoBH51 (2.6) nony'laeM 

Nmn =Bmn' (3.16) 

l13 rpaHH'IHblX ycnOBHil (2. 7) RMeeM llpH Z = d 

1 a P 1 1 ap2 

PI az p2 a z 

9 



M 

.. 

0TC!Ol:W 

mn 

p 1 K m n 

chrymn ( f-d) + Nmn sh 11mn ( f-d) + Qmn -------
P 2 11 ron 

Sh K m n 

00JlCTaBnSISI (3.6), (3.9) H (3.12) B (3.3), UOny"laeM 

~ 

q. r = 1 

Aqr Dqr sinyqx sinArY+ILI2 wo 

d = 0 

'i [ F(mn l 
2 

(d)-F (d)] cosy X xcos ,\ y. 
(mn) m n 

rn ,n = 0 

3necb 

q,r 1,3,5, ... ; m,n 

I 

0,2,4, ... ; 
2 2 

Dqr=D(yq +rr 
)2 2 

+ Jl I 

( 3.17) 

( 3.18) 

Y MHO)K8SI ( 3.18) Ha sin y q x sin,\ e y H HHTerpHpy.ll no nnomanH cTeKna, rrony

-qaeM 

/1 I 2 
'i 

qr 
[ F (d)-F (d)]-------- (3.19) 

(mn)2 (mn) 1 (q2-m2)(r2-n2) 
rr2 

Aqp D'le+ 
m,n= 0 

------ w 
0 qe 16 

VIs ycnoaHSI (3.5) H:vteeM 

~ Q m n K m n sh K m n d COS y m X COS A n y 
rn,n=O 

10 

;JJ 

:ll''. 
:.~ ,., 
'/i 
~~: 
·~.:: 
1·:\' 
·.·)·i :} 

II 

2 2 .., A . . 
=-p I w -p I .~;., I' smy x sm 

2 o 2 q, f ~I q '1 

3necb q, p 0~ 1,3,5, ... ; m,n c~ 0,2,4, ... 

YMHOmlSI (3.20) Ha cosymxcos,\ny H HHTerpHpy~ 

HHJO o6"heMa, nony"laeM 

Q K sh K d 
00 QO 00 

p I 2 W 
2 0 

Qrun K mn 
sh" d -- 16 P 

Tlon · ·- -----2~-
TT2 

4 p I~ 
2 

l 
.,2 q,V"-

q 

l A,, I' 
'l.r o· ( q·'-m' 

3necb q, Y" 1,3,5, ... ; m,n" 2,4,6, ... 

YcnoBHSI (3.13), (3.16), (3.17), (3.tn) n (3,21) n 

KOH6'iHYJO CllCTBMY anre6paH"leCKHX ypaBHBHHA C 6e 

HSH3BeCTHI>IX A,:rf (I), Mmn (I), Nn.n (I), Qmn (I 

B9CTIIO, llpH6nHiK6HHOP pellleHHe T8KOH CHCT6Mh1 MO: 

novt penyKllHH, T.e. c noMO!llbK> nepexona K peJ!Je 

nony'la!OJI.lOik H H3 Jl8HHOH oeCKOHe"lHOH OT6pac bl Bll 

HeH3BeCTI!lo1X, lliJ'IHll0~1 C IIeKOTOpOf'0/
5 /. 

4. PocCMOTpHM BHII\Hblii lliHI IT~l8KTH"leCKHX nr . 
anem11ee B031Wiic raue uMeeT !jloj'MY nonyaoJ1Hhi en 

Bbipa)KeHHe KOTopoi\ li \190T BHJl 

P(x,y,t)= { -: sin w t 

11 

t < 0 

O<t<_::_ 
w 

t > ,2'_ 
w 



pI K m n 

(f-d) + Nmn sh 11mn ( f-d) + Qmn ------

P 2 17 mn 

sh K m n 

5!51 (3.6), (3.9) 11 (3.12) B (3.3), nony<~aeM 

Aq r o q r sinyq x sinAey+ 11 t
2 

wo 

d=O 

l [F (d)-F (d)]cosy xxcosA y. 
(mn) (mn) m n 

m,n ~ 0 
2 I 

1,3,5, ... ; m,n 0,2,4, ... ; Dqe=D(y: +ye )2 
+ 11 r

2 

(3.17) 

( 3.18) 

(3.18) Ha sinyq x sinAey H HHTerp11py.11 no nnomaAH creKna, nony-

/L I 2 
l 

q~ 
[ F (d)-F (d)]-------- (3.19) 

(mn)2 (mn) 1 (q2-m2)(f2-n2) r 0 q r + ------ w 
qP m,n= 0 

BIHI (3.5) ll:vreeM 

l Q rn n K rn n sh K 
d COS y m X COS A _ y 

rn,n=o 

10 

.,.. 

·~~. 
·: 

-~ 
\;'~· 

--~ 

=-p r 2 w -p r 2 l A l'siny x sin A{' y. 
2 0 2 'I' f ~ I q q 

(3.20) 

3JlOCb q, f = 1,3,5, ... ; rn,n "- 0,2,4, · · · 
YMHO)I4l.ll (3.20) Ha cosy x cos A y 11 IIHrerpii!JVII 110 ur>IIPpe•uwMy ce•Jc-

m n -

HIIIO o6'beMa, nony'!aeM 

Q K Sh K d 
00 oo 00 

Qrun K Sh K d m n n. n 

p r 2 w 
2 0 

16 p I 
2 

"2 

l 

I2 4 p 7 

17?. 

l 
q,f··-

A "fl--qV 

q I' 

,,.f ~ I 

A., I' 
( q· - rn· )(I' ·- rr ) 

3AeCb q,P- 1,3,5, ... ; rn,n" 2,4,6 , ... , . 

( 3.21 ) 

YcnoBJi51 (3.13), {3.10), (3.17), (3.19) 11 (3.21) HpeJlc:Taon51IOT co6ofi 6ec-

KOHe'IHYIO CHCTeMy anre6pBII'IeCKIIX ypaBHCHUA C 5eC'IIICnOUHWM MHO*eCTBOM 

HeH3BeCTH!oiX A,
1
p(I),Mm,(I),N""'(r),Q.,,,(r) Hw,(I) .KaKII3-

secrno, llpH5nHlKOHHOE' perueHHe TBKOH CHCTOMbl MO)M:T 6i.,ITb rmilHOHO MOT0-

110\ol peHYKiliHl, T.e. C llOMOWbKJ rrepeXOJ18 K pE'LIIOHliiO KOHO'IHOH CIICTeMblt 

rronytJ.aJOJ.Uoik H H3 JiaHHofi GecKoHetJ.Hofi or6pac J,JBaHHCM IIC ex ypasHeHHfi H 

HOH3BOCTI!LIX, IIH'H!Hall C lleKOTOpOr'0/5/• 

4. PaccMoTpliM BUII\IIblii l.lJlH ll}JaKTH'IeCKHX npiWOJ!<t:lHIIii cny<~afi, Korna . 
BHOIUHee BOc3JlC:liC roue HM8!~T lj>OjlMY nonyBOJlHbl CIHIYCOIIJlbi, auanHTH'IeCKOe 

Bblpa•eHHe KOTOfJOH H'\1e8T BIIJl 

{-: t < 0 
P(x,y,t)= sin w t 

TT ( 4.1 ) 
O<t<--

w 

t > _!_ 
w 

11 



I 
: ' 

i i 
' ' 
I 

3necb w = 
211 -r T - nepaon KoneoaHHR BHewHero BosneHCTBHR, 

Vlao5paMeHae ilJyHKUHH nannaca P ( x , y , t ) HM99T BHA 

p (x ,y ) 

11 

p w -·w- + 1). ____ o ____ ( e . 

-I2 + w 2 
( 4,2) 

Paano)l(eHHe p ( x , y B pRA no KOCHHycaM naeT cnenyiOmae aHa'leHHR 

KOSilJilJHUH9HTOB: 

11 

P w -rw- 1); o ______ ( e + 
Boo =- -;;-:- w 2 (4.3) B = 0. 

mn 

OrpaHH'IHBaRCb onpeneneHaeM nepBoil cpopMhi KoneoaHHil nnacTHHhi, nonyqaeM 

H3 (3,13), (3,16), (3,17), (3.19), (3,21) cneayiOlliYIO CHCTeMy ypaBHeHHH:· 

N = B (I) 
0 0 0 0 

I(f-d) I(f-d) p c Id 
M ch ---- + N sh -----+ Q _ _J, _ _!_ sh ---- = 0 

00 C 00 C DO C C 
I I p 2 2 2 

rr2 I ( f- d ) I ( f- d) 
A ----- [D(y2 +A2)2+/1 I2 ]+ M sh ---- +N ch -------

II 16 I 1 00 C I 00 C 1 

Id 2 -Q ch---+w 11 I =0 
0 0 c 2 0 

(4.4) 

4 p 
2 

I 2 I Id 2 A -----+Q ---sh---+w pI 
II 2 00 c c 0 2 

rr 2 2 

0 

411I
2 

I(f-d) I(f-d) Id 
A ---- + M sh ----- + N ch ----- -Q ch -- + 

II rr 2 0 0 C I 00 C I 0 0 C 2 

+W 
a+ I

2 (M + 11 ab) _______ o ______ = 0. 
0 

ab 

12 ... 

''t 

.. 

:( 
' ., 

.'.\: 

',, 

',::!. 
1 ·~ 

II 
'I 

,) 

11 

l1aoopa)KeHHR HCKOMbiX cpyHKUHH MO)KHO 38llH 

~M(I) I(f-z) I 
p =-B (I)---- sh----+ B (I)ch 

1 oo ~ (I ) c 1 oo 

~ (I ) I z 
p 'T-

2 

0 
--- ch --- • B (I)---- c 

oo ~(I) 2 

w 
0 

= B (I ) 
00 

~ (I) 
w 0 

~ (I) 

~A (I) X 
) B 

. 11 • 
w = w (I + (I ) ------ sm -- sm · 

o oo ~ (I ) a 

3necb ~ (I) - onpenenHTenb CHCTeMbi ( 4.4); 

H ~ w (I ) - MHHOpbl onpenenHTeneH COOTBeTCTBYlC 
0 

Tbie no nepBOH cTpoKe. nepexons K opHrHHany, nony'l 

~ (z,t)= 

P
0 
~(wl 2P w ~ (0 ) 

- -----sin-~(f-z)sinwt- _::___ -~-1- si1 
~(w) c o2-w2 ~'(0) 

1 I 1 

-P cos-~ (f-z) si 
0 c 

I 

4P w ~ (0 ) 0 rr 0 
- _ __jl__ __ 1\L_L_ cos _ _J__ sin --1 - ( f- z ) 1 

02-w2 ~'(0 ) 2w c 
1 1 1 

13 

rr 
t > -

w 



2rr --r T - nepHOA Kone5aHHH BHernHero BoageticTBHH, (L) = 

<jlyHKUHH flannaca P ( x , y , t ) HMeeT BRA 

1T 
p w -r ""(;) + 1) • ---~- --- ( e 

I 2 + w 2 
(X 'y ) ( 4,2) 

p (X 'y B pHA no KOCHHyCaM ABeT CnegyiOIUHe 3H8'19HHH 

OB: 

1T 
p w -r-w +1); o---(e -- 2 

I 2 + W 

B = 0. 
m n (4,3) 

Cb onpegeneHHeM nepBoti ljlopMbi Kone5aHHi1 nnaCTHHbi, nony'laeM 

3.16), (3,17), (3.19), (3,21) cneAyiOIUYIO CHCTeMy ypaBH9HHi1: 

= B (r) 
0 0 

r(f-d) r(f-d) p c rd 
--- + N sh ------+ Q -~-....2.- sh ---- = 0 

00 c 00 c 
Cl I p2 C 2 2 

r(f-d) r(f-d) 
f D ( y2 + .\2 ) 2 + fl r 2 ] + M sh ---- + N ch ----- -

1 I 00 C 00 C 
I I 

rd 2 -Q ch----+w fJ.I =0 
0 0 c 2 0 

(4,4) 

P 0 r 
2 

r rd 2 
--'·-- + C ---- sh --- + w p r 

2 0[, c c 0 2 17 
2 2 

0 

2 
1
1 r r(f-d) r(f-d) rd 
-- + M sh ------- + N ch ----- -Q ch -- + 
17 2 oo c

1 
00 c 

1 
oo c

2 

+W 
a+ r 2 (M + f1 a b ) _______ o ______ = 0. 

0 
ab 

12 

,.,. 

1
:·': 

,: lr 

',, ' 

. 

,~, f 
,d 
,·:;1 

~~ 
'I,, 

:( 

J1ao5pa)KeHHH HCKOMbiX <jJyHKUHH MO)KHO 3BITHC8Tb B BHJle: 

L1M(I) I(f-z) I(f-z) 
p = - B (I ) ---- s h ---- + B (I ) ch ----

1 oo L1(I) c
1 

oo c
1 

( 4.5) 

f1Q(I) IZ 
p ~ - B (I ) ------ ch --- , 

2 oo L1(I) c
2 

(4.6) 

11 (I ) 
w 0 ( 4. 7) w = B (I 

0 00 
---------' 

f1 ( I ) 

f1A (I) TTX rry 
(I ) ------ sin -- sin ----

L1(I) a b 
w = w (I) + B 

0 00 ( 4.8) 

3gecb L1(I)- onpegenHTenb CHCTeMbi (4,4); L1A(I), 11M (I) ,11 
0
(I) 

H f1 w (I ) - MHHOpbi OrrpeaenHTeneti COOTB9TCTBYIOIUHX H9H3B9CTHbiX1 B3H-
o 

Thie no nepaoti crpoKe. flepeXOAH K opHrHHany, nony'laeM 

~ (z,t)= 

' .. 

P 1\(w) 2P w L\ (0 ) 0 
- _::----sin-~(f-z)sinwt- -~- -~-.!.- sin-.L.(f-z)sin(l t-

L\(w) c
1 

(J2-w2 L\'((1) c
1 

1 
I I 

-P cos-~(f-z)sinwt 
0 c 

I 

O<t<_E_
w 

4P w L\ (0 ) (J 1T (I TT 
- -~- __ 1\:!____1_ cos _ __L__ sin --1 - ( f- z ) sin 0 ( t - --- ) 

(I 2 _ W 2 L\ '((I ) 2 w C I I 2 W 

I I 

13 

1T 
t > -

(JJ 

( 4,9) 



: 
: ! 

' ' i 

I ' 

.. 

P (z,t )= 
2 

w 0 (t) = 

W(x,y,t 

Po "' o< w ) w z 2 P w L'io .( 0 1 ) 0 z 
ch -- sin w t + ----- ------ ch -..:...l.- sin 0 t 

f'. ( w ) C 2 () ~- W 2 f'. , ( () I ) C ~ , I 

4P w 

O<t<-!:._ 
(U 

f'. Q (()I ) __ o __ _ () z 1T () • 1T 
COS -...L..::- COS __ ..!_ Sln () ( t - --- ) 

C
2 

2w 1 2w ()2- (U 2 

1 
"' ' ( () ) 

I 

p 1'. (w) 2P w 
0 

t > _TT __ _ 

(U 

"'w (() ) 
___ o _ _:g_ __ sin w t ----- ---

0
-

1
- sin 0 

1'.( (.d) 

4P w 1'. (0
1

) 
0 w 0 

()2-w2 
1 

f'.'(() ) I 
I 

0 < t < _!!_ 
(U 

- ------- ------- cos () 1T • () (t- "'-.!!.....-) 
_ _L_ S1n 1 2 W 

()2-w2 ,";'(()) 
I I 

2w 

t > _.!!......_ 
(U 

Po L'.A(w) rrx 1T 2Po w 
W (t )------sin--- sin .!!L sin wt- ----- Y 

o 1'. ( w) a b 0 2 _ w2 
I 

f'. A(() 
1

) , TTX , 1T Y , 
X --- S1n -- Sln -- Sln () t 

1'. '(0 ) a b 1 
0 <t<-"

(U 

I 

4P w L'.A(O) rrx rry 0 11 
W ( t) - --0

-- ----
1
-- sin -- sin ---cos -~- sin 0 ( t - _...!!__ ) 

0 ()2 _ w 2 1'., ( () ) a b 2 w I 2 "' 
I I 

t > _!!__ 
(U 

14 

t 

(4,10) 

( 4.11 ) 

(4.12) 

3aecb 

!"! (w) = 
M 

1 
i 

!'!'(e >= i 
1 

/'). (I) I r= l W M 

d /'). (I ) 

di r=tO 

!"!(e)=!"! (I)Ir=tO 
Q 1 Q I 

/'). ( e I ) = /'). w 0 (I ) I r= I e 1 
wo 

/'). (0 )=I"!A(I)Ir=l0 
A I I 

/'). (0 >=-
M I 

1 

!"! (w) = !"! 
Q 

/'). (w) = /'). 
wo w 

!"! (w)=l"! (1 
A A 

l"!(w)=I"!(I 

i 0
1 

- nepB biH KOpeHb '18CTOTH0f'O ypaBHE 

5, DpaKTH'IeCKHM rrpHMeHeHHeM peaynbTaro: 

,ll.8'1H SIBnSieTCSI BbiSICHeHHe BnHSIHHSI raoapHTOB 'H 

CBOiicTB )KHJlKOH cpeJlbl Ha OJlHOpOJlHOCTb nonS! Jll 

H Ha 8MIInHTYilY rrepBOH ljlopMbl Kone6aHHH CTeKnl 

HbiX pa3Mepos KaMepbl H onpe11eneHHH HanpSI)Ke 

TOSIHHSI CTeKna, 

15 



P0 ~ 0(w) wz . 2P w ~o(0 1 ) o. z 
--- ch -- sm w t + ----- ------- ch _....;.L_ sin 0 t 
~ (w) C 2 0 ~- <u 2 8, ( 0 I) C 2 'I 

O<t < -~ 
(U 

z,t)= 

)= 

,t)= 

4P w 8 o< 0 I) 0 z 17 0 . 17 0 --- cos --L.::- cos --..L. sm 0 ( t - --- ) 
Ll2 2 u - (U ~ '(0 ) C 2 2w 1 2w 

I I 

t > ..!!. 
(<) 

p ~ (w) 
___ 

0_~-- sin w t 
2P w ~ w (O ) 

0 0 I sin 0 t 
I 8((<J) 

4P w 
0 

0 2- (<)2 
I 

02-w2 ~'(0) 
1 I 

O<t<2"
w 

8w (OI) 0 
0 17 17 

------- cos _......~...._ sin 0 ( t - """-- ) 
iV(O) 2w I 2w 

I 

t > ___!__ 
(U 

p ~A(c,,) 17X 2P w 
W (t )-~---sin--- sin ..!.L sin wt- ---0-- Y. 

o t'i ( w) a b 0 2 _ 0 2 

I 

~A(0 1). 17X. 77Y. 
x ---- sm --sm --stn 0 t 

~ '(0 ) a b 1 
I 

0 <t<-17
-

(U 

4 p W ~A ( 0 ) 17X 17 y 0 17 17 
W ( t)- --0

-- ___ ..L__ sin - sin ---cos -~- sin 0 ( t - -- ) 
0 0 2 _ wz ~, ( 0 ) a b 2 w I 2 '" 

I 

t ' 17 
,> ---

(U 

14 

~ 

( 4,10) 

( 4,11 ) 

(4.12) 

3aecb 

A 
M 

1 
(w)=--A (t)l 

i M r= 1 <U 

A'((} )= i 
d A (I ) 

r= l (} 
1 

I dt 

Ao ((}I)= A o (I) lr=t(}l 

A ( (}I ) = A w 0 (I ) I r= l (} I wo 

A ((} )=AA(I) I r=l(} 
A I I 

A ((} )=--}-AM(I) lr=t(} 
M I 1 I 

A 0 ( <U) = A 0 (t ) I r = l <U 

A (w)= A (I) I 
wo wo r=l<U 

A (w)=AA(I)I r=tw A 

A(w)= A(I) lr=l w 

i (}1 - nepe hili KopeHb 'laCTOTHoro ypaBHeHHSI A (I)= 0 

5, DpaKTH'IeCKHM npHMeHeHHeM peaynbTaToB perneHHR nocTaBneHHOH aa

.Ua'IH RBnReTCR BhiRCHeHHe BnHRHHR raoapHTOB KOHCTpyKUHH, MaCChi paMhl H 

CBOHCTB *H.UKOH cpe.Uhl Ha O.UHOpO.UHOCTh nonR .UaBneHHR B paOO'IeH *H.UKOCTM 

H Ha 8MllnHTY.UY nepBOH ljJopMbl KoneoaHHH CTeKna C uenhiO Bbi6opa OllTHManh

HhiX pa3Mepos ltaMepbi H onpe11eneHHH HanpSimeHHo-.ueljJopMHpoBaHHoro coc-

TORHHR CTeKna, 

15 



i 
' I 
I ' 

i : 

I 
I I 
~ ._. 

Do !j>opMyJiaM, llOlly'JeHHb!M B rr.4 1 Ha 38M. 5bin BblllOJIH8H paeqeT All51 

eneayroumx pa3MepoB KaMepbi: 

BapuanT 1 a =400 eM; b =150 eM; d =100 eM; f =200 eM; 

BapuanT 2 a "'400 eM; b =150 eM; d =250 eM; f =350 eM; 

BapHaHT 3 a =600 eM; b =150 eM; d =150 eM; f =250 eM; 

BapuanT 4 a =600 eM; b =150 eM; d =375 eM; f =475 CM. 

p ae'leT llpOBeAeH All 51 BC8X 'J8TblpeX B8pH8HTOB B J1ByX npC'J1110J!OlK8HH HX 0 

~lanonneHHH pa5oqero o5'beMa KaMepbi: 

a) pa6oqufi o6'beM aarronnen eMeebiO nponana e ¢peonoM ( p 1 

0,51•10-6KI'eeK21eM4, c
1 

= 0,4·1QeM/eeK); 

5) pa50'IHH o5'beM 3arronneH 'IHCTbiM tjlpeonoM ( 

c 
1 

=0,7·105 CM/ceK). 

ti 2 
(J I =1,53•10- Kf'C8K /cM4, 

OxpaHHhlH o5'beM 3anonHeH nncrnnnupoBaHHOH Bonoil 

en =1,45·105 CMICeK). 

fl:· =1,02·10-6Kf'C8K2/cM4 , 

B pacqere 5bmo rrpHHHTo: naqanbHOe aaBnenue B KaMepe 30 aTM; rrepe

uaa n:w.neHH}I P = 22 a TM; rrnacruna rrpenrronaranacb H3roToBnennoil H3 creK-

na tviapKH K8 TOlllilHHOH 10 eM ( 11 =25,7·10-6 KreeK2/cM3, E =8230Kf'IMM 2); 

lKeCTKocn. y11pyrux CB513eil a =22·103 Kr/cM; T =0,2 ceK. 

Ha p!!e. 2 uao5palKena !j>yHKUH51 P ( t) rrpH z = d 
1 

M H __ o 
11ah = 1 

Jlpi!B8il81ll!l.li1 rpnQJHK COOTB8TCTByeT paC'IeTy llO 4 B8p1!8HTy ra5api!THblX paa

MepOB rrp11 3f11JOIIHeJIHH pa5o'lero o5'beMa !j>peoHoM. 

C U8Jibl0 o5cyil\il8H1!51 pe3yllbT8TOB paC'IeTa OilHOpOJ1HOCTI! llOJI51 il8Bll8HH51 

B pa6oqeii ;1(11/lKOCTH rrpeilCT8BHM pellleHH8 ( 4.9) B B11Jl9 

17 
0 < t .• S ( z ) sin ,., t 1 R (II . z ) sin I! t · 

J I (:J 

(4.13) 
p ( t) 

I 

8 R ( !I , z ) sin II \ t - --~- ) 
' 2 ,., (:) 

16 

r-ae 

S 
p 1.\ 

( z ) = _ [ o M (w J w 
sin (f-z)+P

0 
cc 

~(w) c1 

2 p w 
0-R(e ,z)=-;z--=:z 

1 1 

L'i <e > 
M 1 

L'i, < e 1 > 

1T 
0 2 cos e

1 2w 

e, 
sin--' 

O<JeBH 

l13 (4.13) BliilH0 1 'ITO H8 1!3M9H8HH9 il8Bll9HH51 B 

TOll BH9lliH9f'O B03il9llCTBI!51 (J) H8Kll8ilb!B8IOTC51 Bbll 

il8Bll9HH51 e 'laeTOTOll 8 
1 (pHC. 2). 

~11/11, 

40r--------.--------.--------.--------

•• q'OJ ~O'Jf 

P1:1c.2 

17 



<jlopMynaM, rrony"!eHHbiM B rr.4, Ha 3BM 6hm BhmonHeH pac"!eT AnSI 

~X pa3M9pOB K8M9pbi: 

1 a =400 eM; b =150 eM; d =tOO eM; f =200 eM; 

2 a =400 eM; b =150 eM; d =250 eM; f =350 eM; 

3 a =600 eM; b =150 eM; d =150 eM; f =250 eM; 

4 a =600 eM; b =150 eM; d =375 eM; f =475 eM, 

~eT rrpoaeAeH AnH aeex "'9ThlpeX B8p~8HTOB B ABYX rrpPAUOn0*9H~MX 0 

kn pa6oqero o6'beMa KaMephi: 

pa6o"'nil o6'beM aarronHeH eMeebro rrporraHa e ¢peoHOM ( p 1 = 
~-6KreeK2feM4, c

1 
= 0,4•1QeM/CeK); 

a6oq~ii 06'beM 38ITOJIHeH 'l~eTbll\1 <jlpeOHOM ( 

•105 cM/ceK). 

(J I =I ,53·10-°KrCeK2 /cM4, 

hiM o6'beM 38TIOJIH9H IUICTI!JlllllfJOB8HHOH BOAOii ( (J =I ,02•1 o-6KrCeK2 /cM4, 

5 CM/CeK), 

C'IL'Te 6biJIO rrpnHRTo: Ha"!anbHoe JlaBnemw B KaMepe 30 arM; rrepe

IIHI P = 22 a TM; rrnaeT~Ha rrpe}lrronaranaeb naroToBneHHofi na ereK-

ks romil!1aoti 10 eM ( ll =25,7·10-6 KreeK2/eM3, E =8230KriMM2); 

ynpyr·ux CBH3eii rl =22·103 Kr/eM; T =0,2 eeK. 

I!C, 2 H306p8)K9H8 ¢yHKUHR p ( t ) rrpH Z = d 
I 

If -~0 
!lab= 1 

I .Iii l'fH1<jJHK COOTB9TCTByeT pacqery ITO 4 B8pli8HTY ra6apliTHbJX pa3-

3il!IOJIH9HHH pa60'I9!'0 06'beM8 ¢peOHOM. 

Jll>ifl o6cy '"Ll~)l!l!H pe3y llbT8TOB pac'!eTa OJlHOpOJlHOCTH !lOJIH Jl8Bll9HH g 

11\HLlKOCTl! npe!lCT8BllM pelll9HHe (4.9) B BH/le 

l7 
S ( z ) sin , , t r R ( I) . z ) sin II t · 

I l 
0 c t .' ----

(I} 

) 
( 4.13) 

o R ( o . z ) sin I! 1 t - __ '!_ __ ) 

L 
2 ,., (!) 

16 ... 

I'Jl9 

p £'> (wl 
0 _M __ _ 

S(z) =-[--~(w) 
w w (f-z)+P

0 
cos sin---- (f-z)], 

cl C I 

2 p w ___ o __ _ 
R(8,z)=-e2-w2 

1 1 

~ ( 8 ) 
M I . 81 (£-z) 

sm-----' 
C I ~'(81) 

8 = 2 COS 8 I 
17 ----. 

2w 

O"!eBH.JlHo, 'ITO 0~8:;;2. 

l13 (4,13) B~JlHO, 'ITO H8 ~3M9H9HH9 Jl8Bll9H~g B pa60"!EM 06'beMe C '18CTO-

TOll BH9lliH9I'O B03Jl9HeTB~R (J) H8Kll8JlbiB810TCR BbiCOKO'I8CTOTHb19 OCUHllllRUHH 

Jl8Bll9H~g C '18CTOTOH 8 
1 (pHCo 2). 

P, "'"" 

40r----.------.------r-------.----~ 

v 
tl 

20 ....._-~---+- ----+--=d------11-·--P.----t---------1 

o 11025 qos •.as t tfl<. 

PHc,2 
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I ' 
I 

I ,, 
i 

, I ,-

n onyqeHHY!O IPYHKUH!O S ( z ) c AOCTaTo'IHOJ:i cTeneHb!O TO'IHOCTH MO)I(HO 

annpOKCIIMIIpOB8Tb liHHeJ:iHOJ:i 38BIICUMOCTb!O 

p (k -1) 
S(z) = - 0

---- (z-f)-P 
£- d 0 

( 4.14) 

rAe k =1 ,07 4 ( npu aanonHeHHU pa6oqero o6'beMa CMeCb!O nponaa-q:,peoH); 

k =1 ,051 (npu 38IIOliH9HIIII pa60'I9f'O 06'beMa q:,peOHOM), npu 9TOM BO BCeX 

CliY'I8HX OWU6Ka aniipOKCIIM8UIIU He npeBhiW89T 0,2%, npu 38IIOliH9HIIU pa6o

qeJ:I: KaMephi CMeCb!O nponaHa c q:,peoHOM S (f) =22 aTM; S( d ) =23,6 aTM. 

llnH q:,peoHa S( f) =22 aTMi S( d ) =23,15 aTM. 

AMIIliiiTYAB BblCOKO'I8CTOTHbiX OCUUllliSIUUJ:i R ( e , z) cywecTBeHHO 38BII-
1 

cuT oT paaMepoB KaMephi 11 cooTHOWeHuH M0 I IL a b • 

H a puc. 3 u 4 rrpeACTaBneHhi aaBUCUMOCTH R(8,d) 
I 

paccMaTpu-

BaeMhiX BapuaHTOB paaMepoB KaMephi OT M
0 

Itt a b AliH cMecu 11 q:,p~oHa coor

BeTCTBeHHOo Uuq:,paMH 1, 2, 3, 4 3AeCb u Ha puc. 6 H 7 o6oaHa'IeHbi 

BapuaHThi paaMepoB KaMepbi. llnSI BapuaHTa 1 npu M0 I J1 a b = 1 aMIIliHTYAa 

R ( e , d ) paBHa 0,1 aTM npu 3aiiOliH9HIIU KaMepbl CM9Cb!O II 0,45 aTM 
I 

rrpu aarronHeHHU KaMephi q:,peoHoM. 

Ha puc. 5 uao6pa)l(eHo nepeMeweHue ueHTpa CTeKna W ' OTHOCiiTellb-

HO Ill!OCKOCTU p8Mblo npuBeAeHHbiH rpa4l11K COOTB9TCTByeT pac'IeTy IIO nepBOMY 

BapuaHTY paaMepoB u M I 11 a b = 1 npu aanonHeHHII KaMe phi AUCTunnupoBaHHOii 
0 

BOJlOH II CMeCb!Oo KaK BUJ'IHO 113 rpa4luKa puc. 2, CT9Kll0 COBepwaeT KOl!e6aHUH 

OTHOCUT9JlbHO H9KOT0p0!"'0 nporu6a, COOTB9TCTBY!Olli9f'O BHeWHeMy B03Jl9HCTBU!0 1 

C 'I8CTOTOH {) I 

Benu'IuHa Hau6onbwero nporu6a W' p8BH8 0,0041 CM1 'ITO He OIIBCHO 

JlliSI IIpO'IHOCTU CT9Kll8o 

Ha puc. 6 U 7 npetlCT8Bli9Hbl rpa4IUKII 38BUCI!MOCTII W ~ax OT COOTHOlle-

HIIH M I Jl ab JlliH CMecu II q:,peoHa COOTIWTCTBeHHOo nonyqeHHhie pe3yllbT8Tbl 

0 

IIOK83h!B8!0T cyweCTB9HHOe BliiiHHUe COOTHOIUeHUSI M n I Jl a b ' ra6apUTOB II 

ynpyrHX CBOHCTB )I(IIAKOH CpeAhl Ha OTHOCUTellbHbiH nporu6 CT9Klla 
W' 

max 

U II03BOliH!OT ycTaHOBUTb Tpe60B811U51 K KOHCTpyKUHU K8M9pbl C TO'IKU 3p911USI 

!IpO'IHOCTII CT9Kll8 0 

B aaKli!O'IeHue cneAyeT OTMeTUTh, 'ITO H3110)1(9HHOe peweHHe aaAa'IH B 
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qeHHYJO <tJyHKUII!O S ( Z ) C AOCT8TO"'lHOfi CT8II8Hb!O TO"'HOCTII MO)KHO 

llpOBBTb niiH8fiHOfi 38BHCIIMOCTb!O 

P(k-1) 
0 (z-f)-P

0
, ( 4.14) S( z ) = 

f- d 

k =1 ,07 4 ( rrpH aarronHeHIIII pa6o"<Jero o6'beMa cMeCb!O rrporraH-¢lpeoH); 

(rrpll aarronHeHIIH pa6o"<Jero o6'beMa ¢lpeoHoM), flp11 aTOM BO Bcex 

6Ka BII!IpOKCIIMBUIIII He !Ip8Bbllll88T 0,2%. flp11 38IIOnH8HIIII pa6o

CM8Cbi0 rrporraHa c ¢lpeoHOM S (f) ""22 aTMj S( d ) ""23,6 aTM. 

S( f) =22 aTM; S( d ) ""23,15 aTM, 

TYAB BbiCOKO"'lBCTOTHblX OCUIInmiUHH R ( e ' z) cy!lleCTB8HHO 38BH-
1 

MepoB KaMephi H cooTHO!lleHHSI M0 I 11 a b , 

4 !Ip8ACT8BneHhl 38BHCIIMOCTH R ( e ' d) paccMaTpH-
1 

pHaHTOB paaMepoB KaMephi OT M I {t a b AnSI CMeCH H tjJpeoHa cooT
a 

liHtjJpaMH } 
1 

2, 3, 4 3A8Cb H H8 pHC, 6 H 7 0603H8"18Hbl 

paaMepoB KaMepbl, nnSI BapHaHTa 1 !IpH Mo I /l a b = 1 aMIInHTyAa 

paBHB 0,1 8TM IIpH 38IIOnHeHHH K8M8pbl CM8Cb!O H 0,45 8TM 

KaMepbl tjJpeOHOM, 

Hao6pa)!(8HO rrepeMe!lleHHe ueHTpa CTeKna W' OTHOCliT8nb-

Til paMbl, flpHB8A8HHhifi rpatjJHK COOTB8TCTByeT pac"<JeTy IIO II8pBOMY 

M I 11 a b = 1 rrpH aarronHeHHH KaMe phi AHCTHnnHpOBaHHOH 
n 

BHnHO H3 rpatjJHK8 pHC, 2, CTeKnO COB8p!llaeT KOne6aHHSI 

H8KOToporo rrporH6a, COOTB8TCTBY!O!llero BH8!llHeMy B03A8HCTBH!0 1 

(J I 

Ha Ha116onb!llero rrpor116a W' paBHB 0,0041 CM 1 , "'TO He OII8CHO 

HOCTII CTeKna, 

PIIC, 6 II 7 !IpeJlCTaBneHbl rpa¢JIIKII 38BHCIIMOCTH W ;ax OT COOTHOUB

I1 ab AnSI CMeCH H tjJpeoHa COOTIWTCTBeHHOo flonyqeHHhie peaynbT8Tbl 

JOT Cy!lleCTBeHHOe BnHSIHIIe COOTHOW8HIISI M I 11 a b , ra6apHTOB H 
0 

CBOfiCTB )KHAKOH Cp8Abl Ha OTHOCiiTenbHblH !IpOrH6 CTeKna W' 
max 

Tpe60BBHHH K KOHCTpyKUHII KaMephl C TO"'KII 3peHIISI 

cTeKna. 

nJO"<JeHIIe cneAyeT OTM8TIITb 1 "'TO H3nO)K8HHOe peWeHHe 38A8"'lll B 
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nepsoM npH6nH*eHHH nocTaToqHo xopomo oTp~ 

npoueccos B nyabipbKOBhiX KaMepax 6onhiDHX pt 

na qneHOB pHAOB ABeT HeCyWeCTBeHHOe yToqHI 

TipH 3H8qHTenbHOM yBenHqeHHH o6'beMa BblqHCl 

ABTOpbl 6naronapHT B.A. nanbMOB8 38 ue 

38HHYIO TipH BbiTIOnHeHHH H8CT0fllll9il pa60Tbl, 
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M. 
1a6 

nepBOM npH6nH*eHHH ~OCT8TOqHO XOpOWO OTpa*aeT KapTHHY ~HH8MHqeCKHX 
npoueccoa B ny3h!pbKOBhiX KaMepax 6onbruHX pa3Mepoa. yq~T 6onbwero qHC

na qneHOB pR~OB ~aeT aecyruecTBeHHOe yToqHeHHe qHCJieHHhlX pe3yJibT8TOB 

npH 3HaqHTeJlbHOM yaenHqeHHH o6'beMa BbiqHCJIHTeJibHb!X pa60To 

ABTOpbi 6naro~apRT B.A. DanbMOBa 3a ueHHhie coaeThi H noMOWb, oKa-

3aHHYJO npH BbiiTOJIHeHHH H8CTORWeH pa60Thlo 
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