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1. 06wHe Tpe60BaHHSI K npo.gomKHTeJibHOCTH H3MeHeHHSI .gaBneHHSI. 

BpeMH penaKcauHH 

ShlcTpoe H3MeHeHHe n,asneHHH B nyahlpbKOBO~ KaMepe so speM H pacwHpeHHH HBJIHe TcH, 

KaK HasecTHO, Heo6xon,HMhlM ycnoBHeM o6paaosaHHH cnen,os aapH>KeHHhlX qacTHU. YcTaHosne

HO TaiC >Ke , qTO H B ueJIOM Ka >K.D, blli UHKJI H3MeHeHHSI .D,aBJieHHH .D,OJI>KeH ocywecTBliHTbCSI no 

B03MO >KHOCTH 6biCTpee, qT06 bi npe.D,OTBpaTHTb He06paTHMOe Bbi.D,eJieHHe Tenna H ero nepe HOC, 

conposo >K n,aJOwHe o6paaosaHHe nyabipbKOB H HX aaxnonbiBaHHe. PaccMoTpHM noaToMy Te o6-

CTOHTellbCTBa, KOTOpb!e Of'paHHqHBaJOT B03MO)!{HOCTb COKpaweHHSI BpeMeHHOf'O UHKJia B KaMe-

pe. 

nyCTb )!{H.D,KOCTb B KaMepe C 06beMOM ~ l pHc. 1 I 6bma nepsoHaqanbHO c>KaTa 

BHellJHHM YC HJIHeM p 8 ( t) D,O HCXO.D,HOf'O n,asneHHSI , nocne qero a To BHelll Hee so a-

n,eAcTB J{~ 6hlno MrHOBeHHO npeKpaweHo. Torn,a r
0 

-speMS! cso6on,Horo I penaKcauHOHHorol 

paClllHpeHHSI C>KaTOli >KH.D,KOCTH onpen,eJIH.TCSI yCJIO BHSIMH paClllHpeHHH l reoMeTpHeli KaMepbi/, 

a TaK)!{e 4JH3HqecKHMH CBOliCTBaMH paClllHpH!OWeACH >K H.D,KOCTH- ee K034J4JHUHeHTOM C)!{HMae-

MOCTH K 0 =- dY / cJPY
0 

H CKOpOCTb!O pacnpOCTpaHeHHH B03MyWeHHH B >K H.D,KOCTH, COBnan,aJO-

Weli B pe8 JibHbiX K8MepaX CO CKOpOCTb!O 3ByKa B n,aHHOlif )!{ H .D, KOCTH J c
0 

= ( 1/k
0 

p) 'h 

I p -nnOTHOC'!'b >KH.D, KOCTH I. nopH.D,OK _s en HqHHbl T 0 H e Tpy.D, HO y cTaHOBHTb Henocpe n,cT-

L 
BeHHO H3 C006pa)!{eHHli pa3MepHOCTH: T - --

0 co 
I L - a¢4JeKTHBH85! .D,1IHH8 K8Mephl B H8DpaB-

neHHH paClllHpeHHH I HJIH, C yqeTOM OCHOBHbiX reoMeTpHqecKHX p83M epOB, H3 BbiBO.D,HMOf'O B 

F -n,nHHa H nnowan,b none-17 (LV,. 'h L 
nocnen,yJOWeM Bb!pa>KeHHH T = -- --><) , B KOTOpOM H 

0 2co F 
p e qHOf'O ceq e HHH paClllHpHT eJibHO~ f'Op1IOBHHbl 1 COOTBeTCTBeHHO. 

EcnH rHn,pon,HHaMHqecKoe conpoTHBJieHH e noToKy paclllHpHIOWelicH )!{H.D,KOCTH senHKO 

/pe3KOe H3MeHeHHe Dp04JH1ISI H HanpaBJieHHSI nOTOKa, HaJIHqHe 3KpaHOB, pellleTOK H n,pyf'HX 

YCTpOlifCTB I, TO 3TO Bhl3hlBaeT 3Ha qHTeJibHOe no Cp8BHeHH!O C yKa38HHhlM B03pacTaHHe BpeMe

HH penaKCaUHH, a, CTano 6b!Tb, H BpeMeHH, B TeqeHHe KOTOpOf'O .D,8BJieHHe BHyTpH K8Mepbl 

.D,OCTHf'aeT rpaHHUhl o6naCTH qyBCTBHTeJibHOCTH. 

Toqaoe onpen,eneHHe speMeHH penaKcauHH n,asneHHH Tpe6yeT coBMeCTHoro yqeTa MHOf'HX 

yCJIOBHli, n,elicTBY!OWHX BO BpeMSI paClllHpeHHH. 0n,HaKO npH &TOM OCHOBHOe 3aTpyn,HeHHe, yc

JIO)KRHJOWee OTHOCHTeJibHO npOCTy!O KapTKHy ynpyroro paClllHpeHHSI H.D,eaJibHOli! BSI3KOli )!{ H.D,KOCTH, 

CBSI38HO C ee TepMO.D,BH8MHqecKOlif HeycToliqHBOCTb!O. noaTOMy DOCJien,yJOWee paCCMOTpeHHe 

6yn,eT OrpaHHqe.HO npeHMywecTBeHHO KpynHhlMH KaMepaM, B KOTOpbiX, K8K H3BeCTHO, BliHSIHHe 

KOHKypHpyiOWero npouecca BCKHnaHHH cpaBHHTeJibHO HeBeJIHKO He TOllbKO Ha CTa.D,HH paClllHpe-

HKR, HO H nocne ero OKOHqaHKH H CKa3biBaeTCH liHlllb npH nonbiTK8X non,n,ep>KaHHSI )!{H.D,KOCTH 

B K8Mepe B COCTOSIHHH 6onee HliH MeHee .D,JIHTeJibHOf'O neperpesa. 
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2. rHLlpOLlHHaMHKa npouecca paCWHpeH HH 

PaCCMOTpHM 6onee UOLlp06HO paCWHpeHHe :>KHLlKOCTH B KaM e pe, K O H CTpyKUHIO KOTOpOA 

MO >K HO C'H!TaTb THUHqHOA /cM.pHC. 1/ . LfyBCTBHTeUbHbiA 06'beM V
0 

C006ll.{aeTCH IIOCpeLlCTBOM 

rrepeXO Ll HOA T'OpUOBHHbl LlUHHOA 

neHHe B KOTOpOM - pb (t) 

L H aHaM eTpoM D C paCWHpHTeUbH b iM M e XaHH3MOM, aaa· 

xl 
npHMeHeHHe 3aKOHOB COXpaHeHIIH MaCChi H HMUyUbCa K UOTOKy HeC:>KHMaeMOA ( p = const) 

:>KHLlKOCTH, LlBH:>KyweACH BO BpeMH paCll!l!peHHH !.HUH IIOLl>KaTRH/ C Ll03BYKOBOA CKOpOCTbiO 

2 
w << c 0 no Tpy6e rrocTOHHHoro ceqeHHH F = "D I 4 , npltliOLlHT K ypaBHeHHIO: 

aP 
ax 

aw - >. ~ w -p - - + pw __ k _ _ 

at 2 n /1 I 

B KOTOpOM aPiax -H3MeHeHHe LlaBneHHH BLlOUb OC!I T'OpUOBHHbl. KoopLl!!HaTa X OTCql!TbiBaeT

CH aaecb OT Haqana ropnoBHHhi, B MecTe ee coeaHHeHHH c KaMepoiL nocneaHHA qneH B aToM 

ypaBHeHHH yqHTbiBaeT IIOTepH Harropa, o6yC110B1leHHbie TpeHHeM, II U09"fOMy BXOLlHT B y paBHe-

HHe C LlBYM H 3HaKaMH B COOTBeTCTBHH C TeM, qTO CHUa TpeHHH Bceraa HanpaBneHa B CTOpOHy, 

rrpOTHBorrono:>~<HyiO LlBH:>KeHHIO. CyMMapHbiA KOScj:lcPHUHeHT corrpoTHBneHHH >. L onpeaensreTcsr 

Bbipa:>KeHHeM >. l = >.0 + f.- L >.i , B KOTopoM >. 
0 

-nHHeAHblll Koa cj:lcj:l HuHeHT conpOTHBneHHH B 

/I I D 
cj:lopMyne LlapcH-BeAc6axa , a qneH -~Al xapaKTepHayeT noTepH Harropa B MeCTHbiX l no-

L 
Ka11H30BaHHbiX / COUpOTHB1leHHHX, Bbi3BaHHbiX Hanl!qHeM peweTOK, p aCll!HpHIOLUHXCSI If cy:>K a iO-

xx / 
ll.{HXCH T'Op110BHH If rrp. 

npoHHTerpHpyeM ypaBHeHHe / 1 I ITO X , HMeH B BHLly, qTO ~=L =P
8
(t)- LlaBneHHe B 

MeXaHH3Me paCWHpeHHSI, p 
x- 0 

p (t) - LlaBneHHe B KaMepe, a BXOLl Hll.{aH B ypaBHeH!Ie /1/ 

CKOpOCTb UOTOKa W CBSI3aHa C H3MeHeHHeM LlaBneHHH BHyTpH KaMepbl oq e BHLlH biM COOTHOll!e-

HHeM w =- P (k
0 

V
0 

I F )jB peaynbTaTe nonyqHM ypaaHeHHe: 

j:i- Alk V + 0 0 

2DF 

2 F 
p + (P-P 

k 0 pL V0 ' 
0 ' 

/ 2/ 

KOTOpOe HBUHeTCSI HenHHeAHbiM LlHcj:lcj:lepeHUHanbHbiM ypaBHeHHeM BTOpOT'O nopHLlKa, OIIHCbiBa iO

ll.{HM H3M eHeHHe aaaneHHH P ( t) BHYTPH KaM ep hi npH aaaaHHOM aaKo He H3M e H e HHH aaaneHHH Ps(t) 

B paCll!HpHTel1bHOM ycTpOACTBe. 3aMeTHM cpa3y :>Ke, qTO 3aBHCHMOCTb Me'>Kay cPYHKUHHMH 

p ( t) If p g( t) He RCqepUb!BaeTCH ypaBHeHReM /2/ If Ll01l:>KHa 6b!Tb LlOU011HeHa, KaK 3TO no-

Ka3b1BaeTCH HH:>Ke, YCUOBHeM COBMeCTHOCTH H3MeHeHHSI LlaBneHHA BHyTpH KaMepbl If MeXaHH3Ma 

p8Cll!HpeHHH. 0CTaB11HSI BpeMeHHO B CTOpOHe BOIIpOC 0 COOTHOll!eHHH Me:>KLlY 

paCCMOTpHM ypaBHeHHe /2/, UOnaraH, qTO P
8 

(t) - H3BeCTHaSI cPYHKUHH. 

p ( t) If p8 (t) 

/ 1/ 
06b!qHbiA CIIOC06 ynpomeH!IH ypaBHeHHA THUa /2/ COCTOHT B HX URHeapH3aUHH , KOTO-

•a 
pasr B o6meM cnyqae npoBOLlHTCH cneayiOmHM crroco6oM. B Bbipa>KeHHH P ·(AL k 0 V 

0 
I2D F ) = 

=-p (>.L wi2D J MHO:>KHTenb >.L wi 2D 3aMeHHeTCH UOCTOHHHOA BenHqlfHOA 

2b , onpeaensreMoA KaK 2b = >.Lw(t) I 2D , rae w (t) -cpe a HeEl no apeMeHH aaaqe-

HHe CKOpOCTH UpH paCWHpeHHH If IIOLl:>KaTHH. n OCKOUbKY CKOpOCTb HBUHeTCH 3H8KOUepeMeHHOA 

x/ B aanbHellll!eM :>KHLlKOCTb BHyTpH ropnOBHHhi c o6'beMoM V cqHTaeTCH aec>KHMaeMoA, 

qTo cnpaaeanHBO, ecnH k V << k 0 V
0 

I k -Koacj:lcj:lHuHeHT c>KHMaeMocTH :>KHLlKOCTH, aarronasriO~ 

well ropnoBRHY. 

xx/LfRcneHHbie 3HaqeHHS! .\
1 

, COOTBeTCTBYIOll.{He pa3nHqHb!M THIIaM MeCTHb!X COUpOTHBUeHRA, 

MO>KHO H8ATH, HanpHMep a/2,3/ 
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cPYHKUKell (w- p) , TO Bbi'IKC11 9 H!! ~ ee Cpenaero 3H8'IeHKSI cnenyeT np0!!3BOnKTb OTnenhHO: Ha 

C TanK K ~8CW!!p8H!!Sl, KOrna W > 0 , I! H8 CTanKK non >KaTKSI, KOrna W < 0 J T8K 'ITO 

>.,..w ,\'<' 1 rP ,\'<'w ,\ 'l 
2b = k P = _k.- {w (t )dt np!! paCW!!p9HKK, I! 2b =- _k_~ =-~ _ 1_ f w (t) dt 

p ~ 2D Tp 0 p n 2D 2D T t n 

npK non>KaTKK. 3 necb rP I! rn =tl-t
1 

-nponon>KKTenhHOCTK pacwKpeHKSI K n:;n~aTHSI, cooT-

BeTCTB e aao. BxonSIW!!9 non HHTerpan cPYHKUHH WP (t) H wn (t) MOryT 6b!Th HallneHbl, CTpO-

ro rOBOpS!, T01IbKO H3 peweHHSI HCXOnHoro ypaBH9HHSI 121; !!M9HHO ll03TOMy 1II!HeapH38UHSI SIB-

1ISI9TCSI H3B9CTHbiM npH61IH>K9HH9M K nel!CTBHT91IhHOMy npoueccy, llOCK01IbKY nnSI onpeneneHHSI 

2b p , aeo6xonHM bl cneuKanbHbie npen-

ll01IO >K9 HHSI, ll03B01ISIIO!.UH9 H8K1IY'IWHM o6pa30M ocyr.ueCTBHTb 38M9Hy KBanpaTH'IHOl! ctJopMbl p 1 

1I!!H98pH30B8HHOH const. p • PaCCM8TpHB89Mb!H 3necb MeTon 1IHHeapH38UHH OCHOBbiB89TCSI H8 

o6cy >Kn aeMOM HK>Ke npenno/IO>K9HHH 0 M81IOll pOIIH TpeHHSI B ny3blpbKOBb!X K8Mepax. 

np e nno n O >KHM BH8'I8119, 'ITO llOTepH H8 Tp9HH9 OTCYTCTBYIOT B006We, T8K 'ITO ypaBH9HH9 

121 MO>KeT 6b!Th npKBeneHO K ypaBH9H!!IO ynpyrHX K01Ie6aHHll: 

p + w 1 (p -p ) = 0 ' 
' 

131 

B KOTOpoM w = ( F / k
0 

pL V
0

) y, ecTh qacTOTa co6cTBeHHbiX Kone6aHHll naBneHHSI >KHnKOCTh B Ka

Mepe . npencTaBKM nanee, 'ITO BH9WHee naBneHKP. ~ (t) MrHOB9HHO H3M9HH/l0Ch OT CBOero 

Ha'Ia1IbHoro 3H a'IeHHSI P
0 

no aynH. CooTBeTCTByiOwee 3TOMY cnyqaiO peweaHe ypaBHeHKSI 131 

nnHKaMepbi6e3TpeHHSiecTh P =PCoswt,a =-koVop =koVoPow Sinw 
6.r. o ll£>.r. F 6.T. F 

"BBeneM • Tenepb TpeHHe, nonaraSI B nepBOM npH61IH>K9HHH, 'ITO B KaMepe C Tp9HH9M 

w ( t) ~ wG.r . 3aMe'IaH, 'ITO T = Tn = rr / 2wo HallneM B CO OTB9TCTBI!H C llpHBeneHHb!MH Bb!W9 
p 

Bblp8 >K 9HI!SIMI! nilS! 2b P 2bn I! , "'TO 

2b 141 

no HSITHO, 'ITO onpenenS!eMoe Bb!pa>K eHHeM I 4 I 3H8'I9HHe K03cPcPH UH9HT8 38TyxaHHSI 2 b npe-

BOCXOnKT ero HCTHHHOe 3H8'I9HH9, llOCK01IhKY OHO OCH0Bb!B89TCSI Ha npenno1IO >K 9HHH 0 MrHo

B9HHOM c6poce naB119HKS! p 
6 

( t) B K8Mepe 6e3 Tp9HHSI, llpHBOnS!W9M K 38Bb!W9HHIO cpenaero 

3H 8'I9HI!SI CKOpOCTH. 

Te M He Meaee , yK838HHOe npH61IH >K 9HHe SIB1ISI9TCSI onpaBnBHHbiM B TeX C1IY'I8S!X, KOrna 

p 01Ih TpeHHSI B0 06we ae C1IH W KOM B91IHK8, llOCKO/lhKY OHO ll03B01ISI9T C onpeneneHHOCThiO 

yCT8HOBHTh npenenbHOe 3H8'I9HH9 K03cPcPHUH9HTa 38TYX8HHSI. 

BoaBpa w aSICh K ypaBHeHHIO 
xl 

121 
1

BH n HM, 'ITO nocne 1II!HeapH38UHH OHO MO>K9T 6b!Th 

npencTa Bneao B cneny10weii ctJopMe: 

151 

PeweHKe ypaBH9HHSI 151 B cnyqae CB06onHoro p8CWHp9HI!SI >KHnKOCTH B K8Mepe npH MrHOBeH

HOM c6poce BHewaero n aBneHHSI HMeeT Ban: p(t) = (P0 Coswt+ P0 ~5inwt)e-~paBaeaae ero c 
w 

COOTB9TCTBYIOWHM peweHH9M ypaBH9HK Sl 131, KOrna b = 0 , ll03BO/IS19T YCT8HOBHTh, "'TO 

B bi'IHC119HHOe B MOM9HT T/4=rr/4u p831IH'II!e Me>Kny HHMH, xapaKTe OH3YIOW99 38l'YX8HHe 

x l 
MeTOnbi peweHHSI He/IHHeapH3oBaHHoro ypaBHeHHSI eM., HanpHMep, B 141. 
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KOne6 a HH li BCneacTBHe TpeHHH, paBHO t<,.p ~ P ~ ;f~ H 6nH3KO K Hy mo , ecnH b << 1 , T .. e . 
w ow b 

o6a peweHifH c osnaaa lOT, TaKHM o6paaoM, OTHoweaae HBnH e TcH 6eapaaM e pHhlM napa-w 

MeTpOM, BenH'IHHa KOTOporo xa p aKTe OH3yeT ponb TpeHHH B ny3hlpbKOBOA KaM e pe. OueHHM 3Ha

'IeHHe 3TOrO OTHOWeHH H anH peanbHOA CHCTeMb!, H enocpeacTBeHHO H3 /4/ cneayeT, 'ITO 

4A V 
_ _ !k p -

3
° , 3aMe'IaH, 'ITO K03cpcpHUHeHT 

W TT1 0 0D 
2b 

C>KHMaeMOCTH 6onbWHHCTBa >KHaKOCT eA , HC-

nonbayeM b!X B ny3blpbKOBb!X 
-3 2 

KaMepax, COCTaBnHeT OKOnO k O "" 2.10 CM fKr, a Ha'IanbHOe 

aasneHH e Po o6bi'IHO He npeBOCXOaHT 30 KrfcM
2 , Hal\aeM, 'IT O ycnOBHe _!!_ << 1 MO >K eT 

v w 
6 biT b npea cTasneHo B cj:lopM e ....:J ( Ao + -/!:-I A, l << 10 1, CBH3biB810WeA ocHOBHbie KOHCTpyKTHB-

Hbie napaMeTpbi KaMepbi H reoMeTpH'IeCKHe ycnoBHH pacwapeHHH. B 6onbwHHCTBe cnyqaes 

paCWHpeHHe H C>K8THe >KHaKOCTH B KaMepe MoryT 6b!Tb opraHH30B8Hbl T8KHM o6pa30M, 'ITO 

ponb MeCTHbiX conpoTHBneHHA oKa>KeTcH H93Ra'IHTenbHOA, H aTo noasonHeT nono>KHTb A "' A • 
121 I 0 

HaKoaeu, HaBeCTHO , 'ITO B o6nacTH pa3BHToro Typ6yneHTHoro noToKa A(w) xapaKTepaayeT-

CH cna6ol\ / norapHcpMH'IeCKOA/ 38BHCHMOCTbiO OT CKOpOCTH H npH6nH>KeHHO A 0 = 0,02+0,03 • 

A 
0 

= 0,03, HaxoaHM, 'ITO aepaBeHcTso . b « 1 MO>KeT 6b!Tb 
w 

OonaraH, B 'I8CTHOCTH, 'ITO 

v 
npeacTasneHo B BHae ~ << 3• 10 1

, 0ocneaaee ycnOBHe BblllOllHHeTCH, nO-BHaHMOMY, BO 

Bcex aeliCTBY IOW HX n y 3bipbKOBbiX KaMepax H MO>KeT 6b!Tb nerKO peanH30BaHO B npoeKTHpyeMbD( 

YCT8HOBKaX, llOCKOnbK Y OHO He BHOCHT CKOllbKO-HH6yab cepbe3Hb!X orpaHH'IeHHl\ B KOHCTpyK-

UHIO KaMepbl H MeXa HH3M8 H3MeHeHHH aasneHRSl. 

HeTpyaHo noKa3aTb, 'ITO npH onpeaeneHHbiX ycnoBHHX ypasHeaae ynpyrax K o ne6aHHA 

cnpaseanHBo H B cny'Iae, Koraa KaMepa o6opyaosaaa nopwaeBbiM MexaHH3MOM pac w HpeHHH. 

OpH aToM B ypasaeHHH /3/ 'IacToTy co6cTBeHHb!X Kone6aHHA cneayeT npeacTaBnHTb B saae 

K y, 
w = ( M ) , rae M -Macca nopwaH H npHMbiKa!Owero K HeMy noaBH>KHo ro cnoH >KHaKoc-

TH, a 

K 

K 
F1 

koVo 

- npHBeaeHHb!A KOacpcpHUHeHT ynpyrOCTH CHCTeMbl, onpeaenHeMbil\ COOTHOWeHHeM 

, B KOTOpOM F -nnowaab nonepe'IHoro ce'IeHHH ropnoBHHbi. TaKHM o6paaoM, 

HcnonbayH nonyqeHHbie aaecb OCHOBHbie COOTHOI.J,.IeHHH, MO>KHO OnpeaenHTb MHHHManbHO 

aOCTH>KHMOe BpeMH paCWHpeHHH >KHaKOCTH B ilY3b!pbKOBb!X KaMepaX pa3nH'IHbiX KOHCTpyKTHB-

Hb!X THilOB H OUeHHTb COOTBeTCTBYIOWYIO nonpaBKy, BHOCHMYIO TpeHHeM. 

3. 06waH cxeMa raapora3oaHHaMH'IecKoro pac'IeTa 

KOHCTpyKTHBHb!X napaMeTpOB M9X8HH3M8 paCWHpeHHR 

Llo CHX nop npeanonaranocb, 'ITO Baewaee aasneaae p ( t) 
& 

/aasneaae B MexaHH3Me 

paCWHpeHHH/ HBnReTCH H3BeCTHOA cpyHKUHeA BpeMeHH. B aeACTBHTenbHOCTH, KaK 3TO OTM eqa-

nOCb Bb!We, cpyHKUHH P(t) H P
8

(t) , BXOaSIWHe B ypaBHeHHSI /3/ HllH /5/ , CBH3aHbl aonon· 

HHTenbHbiM ycnOBHeM, Bb!TeK810WHM H3 COBM9CTHOCTH npOUeCCOB paCWHpeHHH >KHaKOCTH B Ka

Mepe H raaa B MeXaHH3Me H3MeHeHHR aasneHIIH. 3aMeTHM 1 oaHaKo, 'ITO ecnH BbiXnon soaayxa 

H3 paCWHpHTenbHOrO MeXaHH3M8 OCYW9CTBllH9TCSI 38 Bp9MH, MeHbWee BpeMeHH penaKCaUHH 

aasneHHH B >KHaKOCTH, 38ilOnHHIOW9A KaMepy, HllH He CnHWKOM CHllbHO OT Hero OTnH'I810WeecH 

TO H3MeHeHHe aasneHHH BHyTpH KaMepbl C yaoBneTBOpHTenbHOA TO'IHOCTbiO MO>KeT 6b!Tb ona

C8HO C llOMOWbiO COOTHOWeHHA, BbiBeaeHHbiX Bb!W9. 00HSITHO, 'ITO B o6weM Cnyqae X8p8KTep 

CBS13H cpyHKUHA P(t) H P
8 

(t) onpeaens:reTCSI KOHKp9THbiM THilOM KOHCTpyKUHH KaMepbl H pac

WHpHTenbHOrO YCTpOi!: CTB8 H MO>KeT 6b!Tb BeCbM8 p83H006pa3Hb!M, BbiBOaHMbie HH>Ke COOT

HOWeHHSI Me>Kay P(t) H P, (t) OTHOCHTCSI K ynpOW9HHOl!: KOHCTpyKTHBHOJ!: CXeMe KaMepbl, 
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liOKa3aHHOH H a p HC . 1. n ocKO llbKy , O.UH8KO, IIpH 3TOM HCII01Ib3YIOTCS'I BIIOIIH9 Oi5WH9 IIp9.UIIOIIO-

)!(9HHS'I 0 Xap a KT epe II p OU 9 C C OB H3M9H9HHS'I .UaBII 9 HHS'I B )!(H.UKOCTH H raae, TO OCHOBHb!9 peaynb-

TaT b! , IIOIIyq a eM b!9 3 .ll9Cb, OKa3 biBaiOTCS'I IIpHIIO /K HM b!MH H K 6 0ilbWHHCTBy Cllyqaea, HM910WHX 

npaKTHqecKoe 3HaqeHHe. 

npe .UIIOIIO >K HM, qTO )!( H.llKOCTb B KaMepe, o6 o py.uoaaHH O H pacwHpHT91IbHbiM M9XaHH3MOM, 

IIOKaaa HH brM H a pH c. 1, C)!(a T a BHewHHM .uaaneHHeM P6 ( t) ao Hcxo.uHoro ypoaHH P
0 

• Ey

.ueM CqHTaTb, qTO Bb!XIIO IIH0 9 OTB 9 pCTH9 C IIIIO W a.llbiO f B03.llYWHOrO 06b9M8 V
8 

OTKpb!B89TCH 

MrHOB9HHO IIpH Cpa6aTb!B 8 HHH 38 IIHpa10W9rO Klla!I8H8 "K ". 3aBHCHMOCTb OT Bp9M9HH .UaBII9HHSI 

aoa.uyxa P
8 

( t) B 06b 9 M 9 V 
8 

MO>KeT 6b!Tb IIOII y qeHa H3 Y CII O Bf!S'I 

m=-Q /6/ 

IIpH 8 .llH8 6 a T HqecKOM H KB8 3 HC T 8 UH OHapHOM H C Teq e HHH H3 3TOrO 06beMa / 3.£l9Cb m -Macca 

r a a a a o 6beM e Ve , a Q - e ro paCXO.ll B 9.U HHHUY BpeMeHH qepe3 Bb!XIIOIIHOe OTBepCTHe 

f I . 
/ 5 / 

H aa e cTHO , qTo ec nH .u aaneHHe p 
a B 0 6beMe, B KOTOpb!H IIpOHCXO.UHT HCTeqeHH9 ra-

2 _.t__ 
.uaBII9HH9 P. =Pa( ----) k-I 

lcp k + 1 I 
aa H3 o 6beMa , IIpeBOC XO.llHT TaK Ha3b!BaeM09 KpHTHq9CK09 

TO pe >K HM HICTeqeHHH S'I BIIH1f!_:1S'i .UOKpHTHqecKHM, H paCXO.ll raaa Q cne.uyeT H3 COOTHOW9HHSI: 

p lf 2k p 1<- '!. 
Q0 = fp ( ~-) 1-- [ 1 - (- ..!!.. ) Jl , a KoTopoM k = c I c,. , a p - nnoTHOCTb raaa a o6beMe 

r 8 k-1 P 8 P 

• E cnH )!(e p < p , TO YCT8HaBIIHBa9TCS'I KpHTHqecKHH pe>KHM HCTeqeHHS'I, H 
1 a k p 

f ( _ 2_ ) ~( _1l_ . .!...!__ ) y, 
p k+ 1 k + 1 p 

B npe.unono >KeHHH .uoaayKoaoro pe>KHMa TeqeHHH :>KH.UKOCTH a nepexo.uHoll ropnoBHHe yc-

IIOBHe C OBM eCTHOCTH H3MeH9 HHSI .UaBII9HHSI BHyTpH KaM9pb! H MeXaHH3Ma paCWHp9HHS'I IIpHBO.llHT 

K )' p6BH 9 HHHM: 

VB ( t) VB 
0 

- k 0 vo ( p 0 - p 8 ) 

KOTOp b!9 IIOCIIe IIO .llCT aHO BKH B 16 1 .U aiOT: 

1 p p - -[a [1-(__!1- ) - 8 
bi + P Pe 

B cnyq ae .ll OKpHTHq ecKOrO p e>K HM8 HCTeqeHHS'I H 

a cnyqae K pHTHq e cK o ro p e)!( HMa. 3.uecb 

b I = 

HHe H 

v 
( Bo ) _ p , c 
~ 0 

o 6beM aoa .uyxa. 

kf 

koVo 

1 

H VB 

k·I 3 (k -I) 

-lr- 2k 
]PB + kP8 

ko ~ p8 

P] 

( I-k) 

2lr 
p 

80 

17 1 

181 

/8/ 

- HCXO .UHhle .u aane-

YpaBHeHHSI / 8 / HIIH /8 / BMeCTe C ypaBH9HHS'IMH / 3/ HIIH /5/ o6pa3yiOT CHCTeMhl H e iiHHeA

Hb!X .UH cPcPepeHUHallbHb!X ypaaHeHHH BTOporO IIOpSI.UKa, OIIHCbiBaiOWHX npouecCb! COBMeCTHOrO 

H3MeHeHHH .ll8BileHHSI BHyTpH KaMepb! H paCWHpHTellbHOrO MexaHH3Ma. 

Vlano>KeHHbrA a.uecb MeTo.u pacqeTa 6biii ycnewHo HcnonbaoaaH .uns onpe.ueneHHH ocHoa

HbiX KOHCTpyKTHBHbiX napaMeTpoa nocTpoeHHoA a na6opaT.opHH s.uepHbiX npo6neM OHSIVI MeTpo-

/ 6 7/ 
BOll ny3 b!pbKOBOH KaMepbl H ee MeXaHH3Ma H3MeHeHHS'I .UaBII9HHS'I ' • 38M9THM B STOll CBH3H, 

qTo p e weHH9 CO OTBeTcTBYIO W HX CHCT9M ypaBHeHHH He MO>K9T 6b!Tb npe.UCT8BileHO B 8H81IHTH

q9CKOll cjJopM9 H 6 b!IIO HaA.ueHO IIpH IIOMOWH 6b!CTpO.UeliCTBYIOW9H 3119KTpOHHO-Bb!qHCIIHT91IbHOll 

7 



M alllHH bi OVf HVf. nony '!eaaoe npH aTo M y aos neTB OpHTenbaoe cornacHe sKcnepHMeHTanbHbiX H 

pacqeTHb!X 3 aB HCHMOCTelt H3M eHeHIHI J:I aBne HH H BH y TpH KaMepbl H p aClll HpHTenbHOf'O yCTpOHCTB8 

OT BpeM eHH CBHJ:IeTen bCTByeT 0 np a BHil bHOCTH OnHCaHHOf' O 3 J:IeCb f'HJ:Ipora30J:IHHaMH'!eCKOf'O 

MeTo a a p ac '!eT a H o cnpa s eanHBOCTH ero OCHO BHbi X ¢H 3H 'IeC KHx npe a rrono>Ke HHll . DeTanbHOMy 

H3IlO>KeHH IO STH X p ac'! eTOB H cpaBHeHHIO HX C OnbiTH biMH pe3yilbT aT aMH nOCBllllJaeTCll oco6all 

pa6o Ta. 

A sTOp bi npH3Ha Te nbHbi npo¢eccopy VI .A. 4 a pHoMy aa BHHMa HHe H MHoro'!HcneHHbie no-

ne3Hb! e o6cy >K J:I e HHSI, OKa3a BllJHe HaM 60llb lllYIO noMOlllb B n ocT aHOBKe H pellle HHH p HJ:Ia Bo-

npOCOB f'HJ:IpO J:IHHaMHKH HeycTaHOBHB W erOCH J:IBH >K eHH Sl, 
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