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BseueHH·e 

6hiCTpOJleJ!C1'BHe ny3blpbKOBOJ! KBM~pbl, a TBK>Ke KB'!eCTB0 HHcpOpMBUHH, nonyqaeMOH 

C cpoTOCHHMKOB, B 3H8'!HTenbHOl! Mepe 38BHCSIT OT xapaKTepa npoueCCOB H3MeHeHHSI JlBBne

HHSI B pa6oqeil >KHJlKqCTH, npeJlCTBBnsteTCSI n03TOMy BB>KHb!M paCCMOTpeTb I'HJlpOJlHHB

MHKy ny3blpbKOBbiX KBMep, )lei!CTByiOLUHX B pa3nH'!HbiX pe>KHMBX, H ,B '!BCTHOCTH, B Tl!nH4-

HbiX pe>KifMax c orpaHH'!eHHeM no o6'beMy H no uaaneHHIO, 

Ill 
B Haw eli pa6ore noKa3aHo, 'ITO H3MeHeHue uaaneHHst P (t) co apeMeHeM B TH-

nH'!Holi KaMepe c ropnoBHHOi! (pH c. I) MO>KHO nony'lHTb H3 ypaaHeHHSI 

2 p + 2b(l+ w (p-p
1

)=0, ( 1) 

Yo 

P( t) 

PHc. 1, 

B KOTOpOM cpyHKUHSI p 
1 

( t) OnHCb!BBeT H3MeHeHI!e JlBBneHHSI 1'838 B pacwHpHTenbHOM 

ycrpoilcrae, w = [ F /k
0 

p
0 

L
0 

V
0 

]~'~ - HBHMeHbwag qacrora Kone6aHHI! uaaneHHH B KBMepe 

, x) 2A" V 
B cnyqae 3BnOnHeHH51 ee O)lHOpOJlHOil >KHJlKOCTbiO , a Q = -j' k 0 p

0 
~ W - K03cp-

TT D 
cpHUI!eHT 3BTyXBHHSI KOne68HHJ! (3JleCb V

0 
,p , k - 06'beM, nnOTHOCTb H K03cpcpHUH9HT 

9 0 

C>KHMBeMOCTH pa6oqeil >KHJlKOCTH, COOTBeTCTB9HHO, p
0

- HB'!BnbHOe JlBBneHHe B KBMepe, 

L
0 

11 F = 11 D
2
/4 - um!Ha H ce'!eHHe ropnoaHHhi, a A. I - cyMMapnhiil KOacpcpHuHeHT conpo

rHaneHifll), 

He3BBHCUMO or pe>KHMB pa6oThl KBMepbl (BHJlB cpyHKUHII p
1
(t) ) 113 aroro ypaane

HHH 11p8)K.08. BC8f'O cne,nyeT 1 liTO M8KCHM8JlbH8H l,f8CTOT8 cpa68TbiB8HHH KBMepbi He MOllieT 

6biTb cuenaHa cytuecraenHo 6onbweil w • OuHaKo un11 scex ueilcray!Owux a HBCTOS!lUee 

Bp8MSI K8Mep 8TO orp8HI.PI8HH8 H~ SlBJl518TCH rnaBHbiM, OOCKOJlbKY f'OTOBHOCTb K8M8pb1 K 

x) B cnyqae 3anonHeHH51 KBMepbi HecKonbKHMH )!(HJlKOCTS!Mrl w = [ F / pL:£ k 1 V1 j y, , 

1".08 k I H VI - K09cjlcf:lHUH€HTbl CJKHM88MOCTH H 06'b8Mbi >KHllKOCTefi, a p - nnOTHOCTb 

.>KH.OKOCTH B rOpllOBHHe. 
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cnenyiOu.teMy UHKny o6LP.IHO onpe.aenHeTCH apeMeHeM aaxnonbrBBHHSI o6pasoaaawHXCSI nysbrph

KOB H ycTaHOBneHHSI TGnnoaoro p8BHOB9CHSI. 

f1pH H3MeHeH,HI .ll8BlleHHSI B KBMepe 06beM L\ V
1 

(pH C. 1) i"'B38 B pBCWHpHTene TBK>Ke 

H8M8HHeTCII. flo8TOMY B o6WeM CllY'!Be CBSI3b Me>K.lly p(l) H p
1 
(I) HBXO.llHTCSI H3 ypaa-

HeHHSI (I) H COOTHOWeHHll, OUHCb!BBIOllliiX HCTe'!eHHe rB3B H3 pBCWRpHTerrst, BH.ll KOTOpb!X 

/2/ 
onpe.ll8J1HeTCSI KOHKpeTHOl! KOHCTpyKUHel! MeXBHH3MB R3Mel!eHHSI .llBBllel!HSI , 3Ta 3B.llB'lB 

ynpowaeTCSI, eClTH Bb!XlTOU raaa H3 MeXBHH3MB pBCWHpe!!HSI MO>KeT 6b!Tb OCYU!eCTBlleH 38 

speMst, aaMeTHO MeHbWee nepHO.llB co6cTBel!HbiX Kone6aHHll nasneHHst BHYTPH KBMepbi T = 2rrlw. 

B 3TOM cnyqae RaMeHeHHe nasneHHst B CHCTeMe pacwRpeHHst onHCbiBaeTcst npaKTH'!eCKH 

He 38BHCstll.lef! OT p(l) Hel!lTHHel!HOl! BHBlTHTH'!eCKOl! cPYHKUHel!, BH.ll KOTOpOl! rrerKO onpenerrst

/2/ 
eTCSI (eM., HBC!pHMep, ), ,Llrrst nel!CTBYIOlllRX KBMep cPYHKUHSI p (I) R3MepsteTCSI Herrocpen-

1 

cTaeHHO ua onhiTe c noMOlllbiO 3KcnepHMeHTarrbHO nony'!eHHbiX ocuHnnorpaMM, B o6oRx cny-

'IBIIX R3BeCTHYIO cPYHKUHIO p (t) 
1 

MO>Kl!O 3BM8HHTb KyCO'!HO-rrHHel!HOll cPYHKUH8l! , 'ITO 

nenaeT pBCCMOTpeHHe 6onee HBrllst.llHblM, U03BOlTSISI BMeCTe C 3THM BblSIBRTb OCHOBHbl8 

aaKoHoMepHOCTH npoueccoa. B KB'lecTae HrrrriOcTpauHH Ha pRe. 2 npRaeneHbi aaBHCHMOCTH 

p( t) H p ( t), HBll.ll8HHbie peweHH8M UOlTHOl! CHCTeMbl ypaaHeHHll ,llllll M8TpOBOl! ny3b!pbKOBOll 

131 . 
KBMepbi , pa6oTaiOwel! a pe>KRMe orpaHH'l8HRst no nasneHHIO, H peweHHe (I) /nyHKTHpHast 

Par 
I 

26 

22 

18 

"" 
(0 

61 '- [ 11CeK 
I I I I 

10 20 JO 40 

PRe, 2. 

KpHBaH/ npR J1RH8l!HOM npH6lTH>K8HRH .llMI c6poca ,llBBJ18HRII B03.llyXa B paCWHp"Terre P,(IJ. 

KaK BH.llHO, 3KC11epHM811TBllbl!BII cPYHKll RSI p ( tj OTlTH'l88TCII OT ll"Hel!HOll TOllbKO liB Hi1'18llb-
1 

HOM Y'WCTK'? KpHBOll, H ll03TOMY TO'llHHI 11 llpH6lTH>K8HHBSI cPYHKll"" p(t) npaKTH4eCKH coana-

LtGIOT. 

4 
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~ 
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. ~ ' 

f1pHCTYUHM Tenepb K H8110CpeJlCTBeHHOMy paCCMOTpeHHIO pe>KHMOB liY3b!pbK08blX KBMep 

f(aK li pauee/l/, 6y.llE!M· C'lHTBTb, 'ITO 3q,<PeKTbi, CBII3BHHbl8 CO BCKHIJBHHeM pa60'!ell :>KHJl-

KOCTH', npeHe6pe>KHMO Manbi. 

I. OrpBHH'leHHe ao o6beMy. Pa6oqee JlBBrreHHe p = p - L\ V lk V 
p 0 0 0 0 

B 'lYBCTBHTerrb-

HOi\ >Ki!JlKOCTH B 3TOM pe>KHMe onpe.llellst8TCSI H3MeHeHH8M 06b8-MB pa6o'!ell >KII.I;I.KOCTH 

L\V =L\V 
0 1 

li ycTBHBBlTHBB8TCII B MOM8HT, KOrJlB Jli!BcPPBrMa pBCWRpRTerrst oaycKaeTCSI 

ua era onopHyio peweTKY (pRe. I). .LlaaneHI!e p (I) 
1 • 

ra3a B paCWHpRTerre H3MeHsteTCSI 

OT Ha'!arrbHoro p
1 

(0) = p
0 

JlO KoHe'!Horo aHa'!eHHH p k < pP • ¢yHKUHIO p
1 

(t) npe.ll-

CTBBHM (eM, pHC. 3) B BHJle: 

{ -·· '"" 0 - - 1 (2) 

p1 (I)= pk = const t. ::; t ::; t l 

pk + {3(1-tl) tl:S: t::; '· 

rne 
a = ( p

0 
- p k ) I I 

1 
, /3 = ( p 

0
- pk ) I ( t 

4 
- t l I . 

36 f- Par 

32 

21t 

IS 

8 
(; 

t nceK 
" I ~ h .. ~ I I I I I I I 

20 ~ 80 100 120 litO f60 160 200 

PHC. 3. 
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[!( 
II 
ii 
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38BHCIIMOCTb .[18BneHIHI p( t) B KOMepe OT BpeMeHH n6!'KO H8XO.[IHTCSI 113 ypaBHeHIISI ( }~. 

TaK, Ha cTa.I:IUII pacwupeHIISI: 

I'.l:le 

{ 

( c 
1 

cos w t + c 2 sin w t ) exp l - bt I + p 0 + 2 b a I w 
2 

- a t 

P( f)~ 
l c 

3 
cos w ( t- t ) + c sin w ( t- t ) I exp l- b( t - t ) I + p t < t < r 

I 4 I 1 1c z- - P 

2 2b p{tJ+blp(t)·-p I 
c 1 ~-2balw; c 2 ~JJ...{1--); c =p(t) 11 c = 1 1 k 

w w' 3 t 4 w 

(3) 
o< t < t 

- - 1 

8 H8 CT8DHH. TIO,O)K8THSI 

p(t) 

[ 

I c cos w ( t - t 
3 

) + c 
6 

sin w ( t - t. ) I exp l- b ( t - t 3 ) I + p - ~ + f3 ( t- t ); I < t < t s ~ P 2 J r -, 
= UJ 

l c 
7

cos w(t-1
4

) + c 
1 

sinw (t-1
4

) I expl-b(t-1
4

) l+p
0

; t > 14 

f3 2 b 
2 fJ (t J + b I p (I )-p I 

c =- -- (1- --) ; c. = p( t ) - p 11 c ~ 4 4 0 
6 W (!)2 1 4 0 B 

1'.[16 c
3 

= 2bf3lw2 
w 

¢yHKUHII p (I) H p
1
(t) HOK838Hbl H8 p11C, 3, 113 KOTOpOI'O BII.[IHO, 'ITO B MOMeHT Bpe-

MeHII / = r 
p 

npoH3BO.I:IHBSI <j:>yHKUHH p (I) npeT6prreB86T p83pb!B, npoCTBSI <j:>H3H'IeCK8SI 

HHTepnpeTOUHSI 3TOI'O SIBneHHSI CBSI38H8 C pe3KIIM TOpMO>KeHH6M rrOTOK8 >KII.[IKOCTII B rop

nOBHHe a MOMeHT, Kor.~:~a .1:111a<j:>parMa pacwHpiiTenSI onycKaeTCSI Ha 6ro onopHyro peweTKy. 

'BHe3anHBSI oCTBHOBKa noToKa >KH.I:IKOCTH npiiBO/lHT K nOSIBneHHIO f'H.I:IpasnH'IecKoro y.1:1apa, 

-y, 
8MrrnHTY.I:I8 KOTOpOf'O l!pY.I:I":Copow(3lleCb c0 ~(k 0 p 0 ) - M6CTH8SI CKOpOCTb 3BYK8 B >KII.[I-

• x) 
KOCTII, w - CKOpOCTb IIOTOKO) , Ecm1 BOCHOIIb30B8TbCSI O'leBII.[IHbiM COOTHOWeHHeM 

w =- k 
0 

v
0 

piF , TO HeTpy llHO IIOK838Tb, 'ITO 

.'\p : _JJ-[(c w- bc
3

)cosw(r -t
1
)-(c

3
w +bc

4
)sinw(r -t J1expl-b(r-t

1
)1,(4) 

Y JJ. coF 4 P P 1 P 

npr: qeM Beiiii'IIIH8 r - t 
p 1 

onpenensreTcSl Bbipa>KenHeM: 

A p • p - p = [ c cos w (r - t ) + c sin w (r - t ) 1 exp 1- b ( r - t ) I . 
p k 3 p 1 4 pl pI. 

Vf3B6CTHO, 'ITO eCnll blw << 1 , TO IIO Kp8i!Hefi Mepe 118 CT8.[11111 p8CW11p6HHSI Tpe-

HIIeM MO>KHO np6H66pe'lb. B aToM cnyqae <j:>opMyna (4) yrrpowaeTcg; 

2 2 2 y, • 4a 2 . 2 w t y, 
{',. p = - ( V I c F J[ c + c - A p 1 ~ ( V wl c fi J [ --- stn ~-A p 2 1 . ( 5) 

________ Y_A_. ___ • __ o s 4 o o w1 2 

x) A B cnyqae, ecnu K8Mepa 11 ropnos11Ha 3arronH6Hbl pa3Hb!MH >KH.I:IKOCTSIMH, TO Py.~:~•pcw: 

1',06 C =(kp)Y, , 8 a II k -nnOTHOCTb II K03<j:><j:>RUH<'HT. C>KIIMil.eMOCTH >KII.[IKOCTII B ropiiOBII

He. npHBOlli!Mb!e B .[18IlbHellweM COOTHOWeHHSI CIIp8Be.[lnHBbl .[InS! K8Mep, 38rrOIIHeHHbiX 0.[\HO

pO.I:IHOi! >KII.I:IKOCTbiO, np11 CCblliK8X H8 K8Mepbl, 38rrOIIHeHHb!6 HeCKOilbKIIMH >KH.[IKOCTSIMII, 

rrO.[Ipa3yMeaaeTCSI, 'ITO B COOTBeTCTBYIOWIIX <j:>opMynaX C.[leii8Hbl yK838HHbie HCrrpaBn6HIISI 0 ll. 

11pOH3B6.[1eHHe k
0 

V 0 38MeH6HO H8 ~kl v 1 , 

xx) ( ) 
AMIIIIHTy.l:la f'H.I:IpasnH'IecKoro ynapa, Bhi'IIIcneHHBSI no 4 .anSI Me1·posoll rry3bipb-

KOBoll KaMephr (3), cocTaBnReT Ap ~ 170 aT, 'ITO H8XO.I:IHTCSI a xopoweM cornac11.11 c 3Kcrre

pHMeHTBnbHbiMH 3H8tf9HH9M. 

6 

Pa6o'IBSI >KII.I:IKOCTb "y3HaeT" o CK8'1Ke ynnonleKHSI A p cnycTSI speMSI At =Lie. , 
y.l:l, 0 

p8BHOe Bp6MeHII p8CIIpOCTp8HeHHSI IIO I'OpiiOBI!He BOnHbl C>K8TIISI, j3cne,QCTBIIe !'ITOI'O .[18BII6-

HII9 p ( t) B KaMepe npo.~:~on>Ka6T yMeHbW8TbCSI 11 B Te'leHHe speMeHII r < t < r + At 
p- - p 

crra.~:~aeTHH)I<EypoBHSI p(r)=p HaaenH'IHHY Ap=p-p =Ap (YIV) (V -o6'b6M 
P P B p min Y L1 1 0 1 1 

ropnosHHbl ), B6IIH'IHHa A p orrpenenSieT M8KCHM8nbH06 ( npH oTCYTCTBHH 38TYX8HHSI) 3H8-
B 

'16HIIe 8MrriiiiTJ.I:Ibl OCUIIIIIIS!UIIll .[18BIIeHIIII OTHOCHTeiibHO ypOBHSI p , II6p110.[1 KOTOpb!X 
p 

T'= 2(L
0

+L)Ic
0 

( L- .1:1IIHH8 K8Mepbr B H8npaaneHIIH pacnpocTpaH6HHSI CK8'1Ka ynnoTHe-

HHSI), B cny'la6, ecn11 Koa<j:><j:>llulleHT 38TYX8HIISI aenuK, yKa38HHblll a<j:>·<j:>6KT rrpuo6p6TaeT 8ne

pHO.I:III'I6CKHll x8paKTep 11 rrpoSIBIISI6TCSI B Bll.l:le O.I:IHHO'IHoro Bbi6poca nasneHIISI HII>Ke ypoBHSI 

p , K8K 3TO H86IIIOll86TCSI, H8rrpi!Mep, 118 OCUIIIIIIOI'p8MM8X 113M6H6HIISI .1:18BII6HIISI B M6Tpo-
p 

soli rrponaHosoll KaMepe OVIHVI. 

C rrpaKTH'IeCKOll TO'IKII 3peHIISI 1'11llp8BIIH'IeCKIIll. y,nap MO>KeT npe,OCT8BHTb COB6pW6HHO 

141 
peanbHYIO OII8CHOCTb (B oco6eHHOCTH B KpynHh!X K8Mepax ) 1 nOCKOIIbKy 3Hep1'11SI nOTOK8 

>KHllKOCTII B nepeXOllHOi! I'OpiiOBHHe rrO'ITH rrOIIKOCTbiO p8CXOlly6TCSI H8 .aectJopM8UIIIO M8T6plla

na KOHCTpyKUIIH II MO>KeT npHBeCTII K rrOSIBII6HIIIO H6llOilyCTHMblX rrepeH8rrpSI>K6HHl!, C ,npyroll 

CTOpOHbl, OCUHIIIISIUHH ( Bb!6pOC) ll8BIIeHHSI B >KIIllKOCTII OTHOCIITeiibiiO p p 38Tpy llHR6T 113-

Mepei!HSI HOHH38UIIII, T8K K8K CTpyKTypa CII6llOB '18CTIIU 0 06II8ll8101UIIX OlliiH8KOBOll IIOHII38UH

ell, MO>KeT BOCilp0113BOllHTbCSI H6CT8611IIbHO, XoTeiiOCb 6b! 110ll'16pKHYTb, 'ITO IIpll COOTeeTCTBy-

row eM Bhr6ope napaMeTpos L 
0 

F t 1 

B caMoM nene, 113 (5) cnenyeT, 'ITO 

sin~ 
2 

p p- pk UJ t 1 

P
0

- P-;: -2-

II61'KO ycTp8HSIIOTCR 068 H6,QOCT8TK8 3TOI'O pe>KHM8. 

Ap =0, ecn11 BhmonHReTcR ycnos11e 
yn. 

pp-pk t [Fik 0 L V 1~-
2(p0-pk) 1 0 0 0 0 

(6) 

nocKOIIbKY o6bl'IHO p p- pk cymecTBeHHO MeHbwe P
0 

-pk TO 113 ( 6) CII6llJ~T, 'ITO 

speMR Bhrxnon8 so3nyxa 113 p8cwupuTenbHoro ycTpOliCTB8 1
1 

llOII>KHO 6b!Tb 6IIH3KIIM 

K n T (n = 1, 2, · · · ) · 

2. OrpaHII'I6HII6 no nasneHII!Q. JlnSI nony'leHIISI cTa6unH311pOB8HHoro, p86oqero ,n8aneHIISI, 

/5/ . . 
He06XO.[IIIMOI'O llliSI TO'IHbiX IIOHII38UHOHHbiX 113Mep6HIIl! II rrll8BHOll p61'YII11p0BKII p8llii8UHOH-

/6/ . 171 
Hoi! 'IYBCTBHTenbHOCTH p86oqell >KHllKOCTH,r.A,6niiHOBbiM H np. 11 P, Bssst 11 np. 

6hrnH anepabre npennpiiHRThl rronbrTKH coa.qaTb KaMepy co c6pocoM nasneHIISI no noCTOSIIIHoro 

peryn11pyeMoro ypoBHSI. 

TrHIH'IH8SI cxeMa Tll.KOll K8Mepb! H306pa>KeH8 Ha puc. 4, npll c6pOC6 ll8BneHHSI 1'838 

B p8CW11p11TeiibHOM yCTpOliCTBe llHa<j:>parMa p8CWHp11T6IISI OTXOlliiT no H8IIpasneHIIIO K onop-

HOll peweTKe, npH·'IeM_ A vI 06b!'IKO COCT8BIIl!eT A v1 = (2.;. 3) Avo • np6,nrronaraeTCSI, 

'ITO K8K TOIIbKO .[18BIIeHHe B K8Mep6 p (t) CT8HOBHTCSI paBHblM ll8BIIeHHIO p CT, B CT86HnH-

38TOpe, nHa<j:>p8rMa nocne.aHero OTXOllHT Bsepx, rronnep>KHBaR nasneHHe a K8Mepe Ha ypos-

He p (t) = PeT.• 0llH8KO, sonp6KII 11.1:166 M6TO.I:Ia, nasneHH6 p(t) a o6meM cnyqae He 

7 



"' \] 

P(t) 

~ma6u.11u JamDj 

t 
Per 

Puc. 4. 

6y.oeT OCTI.lBI.lTbCSI 110CTO!IIIIIh!M • .[lei!CTBUT811bll0, 13 MOM8HT, KOT'.OI.l p (t) ~ p , >Kun-
' k V om 

W "' - _O _ _L (p) U f\CI18.0CTBU8 HH8p-

F p =p KOCTb B roprrOBUH8 UM88T KOH8'lHY!O CKOpOCTb 
em 

UUH 118 M0)1{8T 6b!Tb MT'IIOB8HIIO OCT8HOBI18118 CT86UITU3Upyromell .oua<jJparMOII, OI1Up8!0lU8liC!! 

Hl.l B03.0YWHY!O no.oywKy. 

J..13M8H8HU8 .08BI18HUSI p ( t) a KBMepe co apeMeHeM MO)!{HO HBl!Tu U3 ypaaueHU!I (I ) 

B KOTOpOM <jJyHKUUSI p
1 

(t) uMeeT cne.oyromull ann: 

Po -at 0 ~ t::; tl 
pl (t) = I r.oe a = (P - p )/'t . (7) 

t 1 s t:::: t 2 
o em 1 

pom 

Ha puc. 5 rroKa3aHa Bbi'!UcneHHI.l!l 3aaucuMoCTb p ( t) 
/31 

.011!1 M8TpOBOII 11Y3b!pLKOBOl! Kl.lM8pbl 

28 .Par 
.t1 "70MCIK 

8 
t MCIK 

~tL-~--~--L-~--~--~~--~--~~-

20. ItO 60 80 fOO 120 litO 160 180 200 

Puc. 5. 

8 

"'" 

npll p CT = 15 BT U pB3/HI'lHh!X t I ( nepHO.O COOCTB811Hb!X KOI180tlHUi! lll.ll3118lllf51 H Kl.lMGpe 

T =70 MCeK).0cUIII111SIUH<I .oaarreHHSI B K8Mepe OTHOCIIT811bll0 CTI.lOHI1H3Hp0Bi111110!'0 l~i1BI18HH!I 

npoHCXO.llRT c qacroroA co6craeHHbiX Kone6artHA w H aaryxaiDT acneacTnHe rpeH,rH. AM

nnury.lla OCUHllllHUHi\
1 

K8K BH.llHO H3 pHC. 5, CHllbHO 38BHCHT OT Bp9M8HH t I BbiXllOl18 ra-

38 U3 pacwHpHTen!l II MIIHHManbua npii t 
1 

, 6nH3KOM K T ( CM. KpHBYJO np11 t 1 = 70 MCBK 

ua p11c. 5). KaK neTpy.ouo noKa3aTb 11a (7), Ml.lKCIIMHITbHa!l aM!llliiTy.oa OCUIII111!11~11il pasHa 

c 2 +c 2 
'h b i\ p = - [ 3 • 

2 
] exp I - - arctg 

1 + b/w w 

c4 --,!} c 3 

c 3 + _b__;;-
'" 4 

B cnyqae npeHe6pe)I{8HH!I TpeuiieM ( b/ w « 1 ) <j:JopMyna (8) ynpomaeTcll: 

Ap w- 1 p~(2rr/T)p , 

(8) 

(9) 

T'!l8 p B3SITO B MOM8HT, KOT'lll.l p(t) = Pcm , 'ITO COBna.oaeT C p83JI1bTllTOM, KOTOpblil 

/5/ 
npHBO.O!IT B.llahn II .op. , Hccne.ooaaawiie 3aB!1CHMOCTb nnoTHOCTH ny3bipbKOB TpeKoB 

'lBCTIIU c O.OHHBKoaoil IIOHII3aui1ell oT ocuiinn!IUlHI .oaaneHHSI BHJTPII KBM8pbr. HilKOHeu, npH 

t = nT Il3 (8) uail.oeM: 

op 
4b4 b

2
(1+2b

2
/w) 'h b 1/ b/ 

[ (P -p
0 

)/2rrn ][ 1 + --H 1 + ] expl--arctg __(__'}.L 1[1- expl -n bT!. 
P w 2 w 2 w. 1+2o'lol 

.l 
J..13 (8) U (9) cne.oyeT, 'ITO 8MI111UTy.OB OCUHITITSIUUl! .08BI18HIISI CIIITbHO 3<lBiiCIIT OT CKO- 1 

pOCTH pBCWHpeHHSI II nepHO.OB COOCTB8HIIb!X K01l808HHl! .OI.lBI18HHSI B KBMepe, a npH 38.08HHOM 

T H t 
1 

= n T onpe.oen!leTC!I aenii'lHHoll 6e3pa3Mepuoro napaMeTpa b/ w , xapaK T8pH3JIOLUePo 

BI11151HH8 Tp8HHH, TaK 'ITO 8p -+0 rrpH ( b/ w) -+0 • nocKOllbKY nepno.o T COOCTB8!1Hb!X OCI~Hn-
r 

IT!IUIIll .oaane!III!I a ue6orrbWHX rro oo'beMy KBMepax oob!'lHO 11a nop!!.OOK MeH bwe, '18M B Kpyw 

lib! X KaMe pax, TO I! pH t
1 

= n T II O.OHOM H TOM )1{8 K03<j:J<j:JHUI18HT8 3BTyXBHHH ilMII/ll!TJ :Ill 

OCUl!I111HUIII1 .08BI181111!1 M0)1{8T 6hlTb YM811bW8Ha .00 1!8CKOI1bKIIX COTb!X-o.OIIOil .08CHTOil aTMo

c<j:Jepbl B nepBb!X KaMepax II .00 1!8CKOI1bKIIX .08CHTh!X-O.OIIOil BTMOC<j:Jepb! BO EITOpbiX. !-Ianpll-

/5/ 
Mep, 8KCnepHM8HT8JlbHO lf3MepeHHbi8 OCUH:JlJ15lUIUf .Q8BJ18HHH B 2-nHTpOBOlt K·aMepe COCTaB-

ITSI!OT 11HWb 0,05 BT., a paC'l8T!IaH B8111!'liiH8 /)p .011!1 M8TpOBOil KaMepb/
31 

COCT8B/l!IE'T 

1,3 BTM npii t
1 

= T. 

T<'lKHM o6pa3oM, a KD.Mepax co c6pocoM naaneiBHI no nocTo5IHIIor-o pery.rtwpyPMoro 

ypOBHH MOryT B03HHKHYTb OCUHJlJIHUHH ,0.8BJl8HHH OTHOCHT8JlbHO pa6o'-Iero ypo.t.HI51. 0!1HC1KO 

II pH t t = n T H .[lOCTrlTO'-IliO M8JIOM K09cf:HfH1UH8HTe Tp8HH51 9TH OCIIHJllHIUHii B HG60J1bllJHX 

K8Mepax H8B8J1HKH H npaKTH'-18CKH He BJlHHlOT HB TQqHOCTb HOHH38UHOHJILIX H:-~Mepf~Hfli-i:/ 5/ 
B 6onbU1Hx >Ke KaMepax (npH t =n T ), noCKOJlbKY nepHOJl ocuHnn51UHJ:i OTHOCH:TenbHO aenHK, 

B MHHifMJM8 KpHBOti ..0.8BJ18HHH IlO'-ITH BC8f'.D.8 CyiUGCTByeT HHTepaan opeM8lHI /\. T ~ ( f:j ... 10) MC8K, 

118 KOTOpOM OTKIIOH8Hil8 .08EII181!HSI OT paooqepo Hf! r!p8BbllU88T 0,05-0, I 8T ( pHC, J), H 

.:J,ll8Cb CTBHOBHTCH B03M<))KHhiM npone,UeHHe HOHH:-JBUHOHHbJX H3MepenHtf. 

r~ 

_.,.,~,.~ , ..... ~., 
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3. flepeKOMIIpecCHSI pa6oqell >KH,llKOCTH. 60l1bll1He OCUHJIJISIUHH .gaaneHHSI CTa6HJIH3a-

UHH npH t f= n T noa-aonHIOT Hcnonh30B8Tb peMHM orpaHHI.J.eHHSI no .a.aaneHrno a Heci{onhKO 

1 /2,3,4/ L-1 5 . 6 
HHOil MO.llHcPI!KaUHH • YJ3 [JHC. BH,llHO, 'ITO I][JH C poce .gaBJI8JIHII !'1138 B p13.CWHpH-

TeJibHOM ycTpoi!cTBe acero .go p ~ 15 aT 3a t =12 MCeK 
.J 

.gaaneaue p(t) B pa6o'lell 

•Cm 

>KH,llKOCTH CHII>KI3.8TC>I ,llO p( t) = p P = 8 aT 
3a C'I~T KHII8Tif'18CKpil BHeprHH, H8KOHJ18JIHOil 

paCWH[JIIIOW8l!CH >Kll.UKOCTb!O K MOMeHTy, KOr.1l8 p(t) = Po·m , 3TO C03,1l8eT B03MO>KHOCTb 

· ocyweCTBJI8HH>I UlfKTia li3MeHeHHSI .gaaneHHI! B [l8CWH[lHTene H KBMepe, l10K838HHOrO Ha 

pHC, 6. Y!3MeHeHHeM ,1l8BJI8HHSI p CT 
CTa6nJIH38UliH H 3a.gep>KKH l10,1l>K8THSI r - t 

p 1 
MO>KHO 

36~Par 

J2 

t l'fCeK 
4 

80 (20 160 200 

PHC. 6. 

nerKo H nna lHO peryn11poaaTb a:enH'IHHY pa6oqero .gaaneHHSI H, B ue6onbWHX rrpe.genax, ape-

MSI pacwHp( HHH. OcuHnJISIUHH .gaaneHHSI rrocne oxoH'IaHH!I no.g>KBTH!I ( t > t1 ) 
ll03BOJ1SilOT 

ocy!lleCTBHTb nepeKOM11peCCHIO pa6oqel! >KH.llKOCTH 3Ha'IHTeJibHO BbiWe Ha'!aJibHOrO .gaaneHHH 

p 
0 

'ITO cyweCTBeHHO yCKOpHeT npouecc 3aXJIOl1biBaHHH IIY3bl[JbKOB II TeM C8Mb!M yaeJIH'IH-

0 
aaeT 6biCT[l0,1lei!CTBHe KBMepbi. YIMeHHO TaKOI! UHKJI C ycneXOM l1[JHMeHeH B MeTpOBOI! rrporra-

HODOI! KaMepe 0Y!5!Y!. 

flOHHTHO, 'ITO B ,1l8HHOM pe>KHM8 TO'IHbie HOHH3aUHOHHbie H3MepeHIIH MOryT 6biTb Bbll10JI-

HeHhl TOJibKO rrpH HaJIH'IHH ,1lOCT8TO'IHOrO HHTepaana apeMeHH, B KOTO[JOM OTKJIOHeHHH .gaane

HHSI OT pa6oqero ue npeBhiWaJO~ 0,05-0,1 aT, 

Co6cTaeHHbie Kone6aHHH .gaaneHHH 6binK qacTH'IHO Hcnonb3oaaHbi B 6biCTpo.gellcTBYI0-

/8/ /9/ lllHX KaMepax ' , ueTO'IHO Ha3aaHHbiX pe3oHaHCHbiMH. C6poc .gaaneHHH B MexaHH3Me pac-

WHpeHHSI 3.1leCb TaK>Ke l1[JOH3B0,1lHTC!I .1l0 IIOCTOHHHOrO ypOBHH p CT' npeBOCX0.1lHlll8rO Tpe-

6yeMoe pa6oqee .gaaneHHe p P , 
KOTOpOe 38TeM ,llOCTHraeTCII 3a cqeT HHepUHH liOTOKa 

>KH,llKOCTH B paCWH[JHTeJibHOl! ropnOBHHe KJIK KHepUHK MaCCHBHbiX l10,1lBH>KHbiX ,lleTanell B 

10 

M8XaHH3Me paCWHpeBHH. flocJie BToro p83JIH'IHe ,1laBJI8HKll t\p=p -p 
em P 

o6ecneqlfaaer 

HerronHoe ( ac:Ie.llcTBUe IlOTepb H8 Tp8HH8) "caM0110,U)K8THe" MH.UKOCTH, C.>KHM88MOti: 38T8M 

no HCXOJJ.Horo .aaanenHst p 38 C'leT BHewuero HCTO'IHHK8 BHeprHH. 
0 

£3o3MO:iUIOCTb C03,1l8HH>I 'IHCTO pe30H8HCHOl! IWMepbi, KBK yKa3b!B8JIOCb HBMH paHee 
/4/ 

MO>K8T 6biTb pe8J1H30B8H8 B cnyqae, 8CJ1H tt8CTOT8 H3M8H8HlHI LJ.8BJ1eHHH B paCWiipHTeJlhHOM 

ycTpOl!CTBe COBflll,1laeT C '18CTOTOH C06CTBeH!IbiX KOJie6BHHl! .1l8BJI8HH>! B >KiltlKOCTH, 38f!OJI

!111101[(8H KBMepyX). 

3nKJTK>Y.eHHe 

AHanH3 rHnpo.nHHllMlfliecKHX npoueccoa a ClfCTeMe "ny3bipbKOBast KHMepa - pacwnpM-

TeHbHOe YCTpOH:CTBO" IlOK83biB88T, YTO: 

I. flp>! II0.1l60pe COOTB8TCTBYIOIUHX IIapaMeTpOB (.gn>!Hbl ropJIOBI!Hbl H ee C8'18HH!! 

L 0 H F ) pacw>~pHTeJibllbiX CHCTeM, pa6oTaJOumx KBK c orpaHH'IeHHeM no o6beMy, TBK H c 

orpaHioP-teHMeM no naaneHino, He>KenarenbHbie OCUHJIJIHUHH ,1laBJI8HHH H rH,1l[l8BJIH'I8CKHl 

ynap MOryT 6LITb CB8,1l8Hbl K tlOIIyCTI<MOMy MHHHMyMy, 

2. C TO'IKH 3[J8HHH HOHH3aUHOHHb!X H3M8[J8H>!l! H8H60Jiee y .1l06HOfi IIBJI$18TCH C>ICT8M8 

p8CWHp8HHH C OrpaHH'I8HH8M 110 .gasneHHIO, 1103B"OJIHIOW:8>t fl[lOH3B0,1lHTb IIpOCTyJO peryJIH-

posKy Hlf>KHero naaneHJ.IH. 

3. Bo3MO>KHbi pa3JIH'IHbie aapHaHTbi pe>KHMOB pa6oTbr c orpaH!f'I8HHeM no naaneHHIO: 

a) 06h!'!Hb!il BB[JHBHT, Korna pp epCT; H 6) B8[JH8HT C pp < p CT• HCl10Jib3Y!OlllHi! HHep

UHIO IIOTOK8 B ropnOBHHe HJIH HH8[JUHIO M8CCHBHh!X ,1l8TBJiel! CHCTeMbl paCUIH[l$HI!!I H yrrpyrHe 

CBOHCTBa pa6oqel! >KH.llKOCTH, 

4. flpH orrpeneneH!IbiX yCJIOBHHX B03MO>KHO B036y>K.1l8HH8 H II0.1ltl8[J>K8HHe B KaMepe 

H838TYXB!OWHX KOJie6aHHJ! ,1l8BJI8HHH B pa6oqefi >KH.llKOCTII, 'ITO norrycKaeT (c rH.ll[JOtlHHaMH" 

'18CKOl! TO'IKH 3[l81!H!I) C03,1l8HI!8 Bb!COKOBcj:lcj:leKTHBHOl! [l830HaHCHOi! IIy3b![JbKOBOl! K8M8[lbl, 
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