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l. BsenenKe 

B Haw e R npeJJ.biJJ.ywell pa5oTe
1 11 

Gbino noKB3aHo, '!TO H3MeH e HI< e nasneHHS! P(t) 

BHyTpn ny3blpbKOBOA KBMepbi, CBH38HHOA nocpe.acTBOM nepexo.a.Holi ropnonHHbr .nnwuoA 

L u BHyTpeHHHM ceqeHHeM F c pacwHpHTellbi-I bi M MexaHH3MOM, .aaaneHH.e a KOTopoM 

eCTb P
2 

(t) , onHCbJaaeTCSl ypaaHeHIHIMH Kone6aHHA: 

P + w 2 
( P - P

2 
) = 0 (I) 

(2) 

a 3BB HC iiMOCTH oT senKlJH Hbi 6eapaaMepHoro napaMeTpa b I tU, xapaKTepHayJOwero snJ.HI-· 

YpasHeHHS! (I) K (2) BbiTeKBIOT H3 paccMoTpeHHS! ny3bipbKOBOll KBMepbi KBK csoe

x) 
ro pona peaoHaTopa , xapaKTepHayJOwer ocH , s '-I BCTHOCTH , Ha6opoM qacTOT co6cTaeH-

HblX KOile6aHHit .0.8BI19HHH 8 >KH.nKOCTH, 38nOnHSU01UeA KBMepy • 4 aCTOT8 KO/le68HHA LI.BB· 

neHIHI, cooTseTCTDYJOlUBSI OCHOB HOMY TOHY KOne6aHHA c nepHo.a.oM T c:1 2"/ cu onpe-

,ne/1SJ9TCSI B bl p8>K9HH 9M 

w ~ ( F I k 
0 

p
0 

L V 
0 

) ;; 
(3) 

(3necb k , 
0 

p. 
0 

V
0

- K0 3¢cfJHU H9 HT C)KHM89MOCTH, nnOTHOCTb H 06'b9M pa60'49A: }f0f.OKO-

CTH). 

npH HBnK'!HK TpeHKS! KOacpcpiiUHeHT 38TYX8HH!I KOneOBHHl! paBe H 

b = _: >. ! k p _ fD_ "' • ( 4 ) 
" 2 0 0 u, 

r,ne p O 8CTb HCXO.OHOe .ll8B11 8HH8 B K8Me p e nepe.a. paCUIHpeHHeM, D - BHyTp8HHHA 

D 
JJ.HaMeTp ropnoBIIHhi, a >-t; >.: L ~ >. 1 - cyMMapHbiA KoacpcpHuHeHT conpoTHaneHHS! no-

TOKY >KH.O.KOCTH 8 rop110BHH8, CK118.0.biB8lOlUHA:CS1 H3 IIKH8AHOrO K03<f:lQ:lKUH8HT8 conpOTHB

xx) 
neHH!I ropn OBHHbl A O K K03cpcpKUHeHTOB MeCTHblX COilpOTI!Bn eHK l! AI • 

Ka>Knoe H3 ypasHeHHll (I) HnH (2) conep>KHT nse HeK3BeC TH bie cbVHKUKK speMeHH 

P(t) H P (I) • 3BJJ.8'!8 COCTOHT, c n eJJ.OB8TenbHO , B TOM, '!TOObl JJ.OilOnHHTb ( () H (2) 
2 

ypasHeHH!IMH, BbiPB>KBIOWKM H CB!I3b Me>KJJ.y P(t) K P
2 

(t). 3TH nocneJJ.HHe ypasneHKS! 

COBMeCTHO c (I) K (2) oopa~IOT CHC T eMy . nonHOCTbiO onpenenSIIOWYIO 38BKCI!MOCTb 

8p8M8HHbiX npOU8CCOB H3 M 8H8H HS1 .0. 88118HHSI B KaMepe H M8XaHK3M8 p8ClllR p 8HHS1 OT HX 

OCHOBHbiX KOHCTpyKTHBHbiX napaMeTpOB. 8 H8C T OS!Well pBOOTe 3 T8 38JJ.8 '!8 peWeHa 

JJ.n!l M e TpOBOll ny3blpbKOBOl! KBMepb/
3

•
41 

C paCWHpHTenbHbiM ycTpOl!CTBOM llHeBMBTH-

q ecKoro THna. 

x) Bonee nonpo5Ho :aT OT nonxon H3naraeTCS! s pa5oTe
1 11

• 

XX) '-iHCneHHbJe 3H8'!e HH!I 

MO>KHO HBl!TK s pa5oTe/ 2 I. 
A, n.ng MSCTHbiX conpaTnsneHHA paanHqHbiX THnos 
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C8Hbl 

06LU e e OJIH C8 HH e K8M e pbl H CHC T e Mbl pBCWHpe HHH 

M e TposaH ny3 bt p b KO B aH K aMe p a H e e M e xaH H3M p acw HpeHH H 6htnH .oe T a n hH O o nH

paHee1 3 •4 • 51 ; 3.0.eCb npHBO.QSI T CSI n HWb OCHOB Hbl 9 oco6eHHOC TH HX K OHCTPJK UHH. 

4 yaeTBHTenbHbiJ! 06 beM KBMepbi Y
0 

= 200 n noMe Ule H BHy TpH aano n HeHHOr O LIHeTH 

n Hp OB 8 HII OA BO .ll.OA 38llJ, HT HOr o K O>Kyxa , K OTOpb i A coo6wa e TC SI C M e X8HH3 M OM H3 M e HeH HSI 

.oaaneH HH nocpe .ocTBOM pacw HpH T e n bHoA r o pnoBHHhi .onHH o A L = 100 e M , ceYe HHeM 

F =300 e M
2, 

(( 

Ve = li,•lfz 

K Ka,.,epe 

i 

I 

~ 

c n11wumenb 

JICIIIU/1 

noawamu/1 

K 5annacmWOI'fll 

tJannoHY (V:20n} 

(0 

If 

s 

6 

7 

3 

12 

P nc . 1. K o Hc Tpy KUHH M e xaHnaMa H3 M e HeHHH a asne HHH . 

4 

M eX 8H H3M H3M9 H9HHSI Lt.8Bn9 HH SI (eM. p uc.! ) , B btnOnH e HH blA H8 OC HOBe 11 H 9 BM 8 TH 

"1 9 Cit 0 f'O .O. Hcj)(iJepe H UHBn bHOf'O KnBll B HB, y n p aenRe T CSI C ll OM OW b iO 6bJCTpo .a e A:C TB yiO W 9 f'O 

3 n e KTpoMar HHTHoro xnan aH a ( 1) . nocn e B blxnona ao3 .ayxa lf3 o6be Ma Y 
1 

a onoTH H K 

(cM.pHC . }a ) n o n ·B 03Ll 9 AC T B it e M I-IP C K OM 119 HClf pOB 8 HH Of' O .llBBne HHSI a o6 -..eMe v 
2 

p 
' 

P He . I a . 

p ae wHpHTenH ( 3) OTXOLIHT OT eean OBHHbl ( 4) , OTKpbiBBH OLI HH 3 8 LlpyrHM LIBB K8H8n8 

.a.nR Bht x n o na aoa .nyx a a rnywHTe nh: B HB'Iane qepea K Onhueso A. a a aop c nno waa bJO 

1
2 

= rr D
1

( x -h
1

) , r.a e D
1

- nHaMe Tp HH.>KHero ynn o THHIOwero a y6a 3 o n o THHKa, a h 1 -

CMeWe HH e 30n OT HHK8 1 OTC "'HT biB8eM 0 9 OT n n OC KOCTH X ""' 0 c e ,an OBHH b l ( 4) 1 8 3 8TeM 

npH x > h ' , qepea npS!MoyroJibHbie OTBepeTHH e nnoutallbiO f, = 6G ( x - h;) , pae no-

' ) 
n o>K e HHbi e a aepxHe J! qa e TH Hapy >K HOil e T eHKH ( 10 ) a o n oTHHKBx (aaee b G - non e -

p e "'Hbtll p83 M e p KB>KLI.OI"O H3 W 8C TH YK83 8HHbiX OTaepcTu A). 

n o Hn >K eHne n a aneHHR 1'
2 

(t) a oa.ay xa a o 6beM e V 
2 

npOHCX OllHT nnwb .a o T ex 

nop, no Ka a M OMeHT t = t, (eM. pHe . 2) oHo He aoeTHrHeT e enH '< HHbi P
2
(t,)= P e T. 

X ) B non o >+< eHHH 3 0 nOTHHK B , H3 06p8>K8 HH OM H 8 pn C . 1, 3 TH >K e O T Be p C T IUl HC -

rt Oit b3YiOT C SI n nSI s n y c K a so3 .nyxa rto.a naaneHHeM .~ 2 s o6'be M V 2 npn no.a.>K a Tn H . 
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PamM 
28 P(t) 3KcnepuMeHm. KpuCap 

26 
P(t) Pctc<~emHaJI KpuCag 

24 Pz (t) 3Kcnepui"1eHm. KpU!ctJI 

22 Pz(tJPac'lemHaR ~rpuCct11 

20 

18 

16 

'" 
12 

(0 

~ 

tJ 'LP 
110 so 60 70 t Hcex. 

Pnc . 2. PacqeTHbi e H 3KcnepHM8HTBnbHble aaaHCHMOCTH H3M8H8HHH .naaneHHA 

B K8M e pe p (f) If p8CWKpKTenbHOM ycTpOl!CTBe P
2 

(I) OT BpeMeHH, 

pasHol! .uasneHniO s 6annacTHOM 6annoHe CT86HnnaaTopa ( 5) . B a TOT MOMeHT .una¢

parMa ( 6) cTa6unHaaTopa onycKaeTCll Ha ero onopHyiO peweTKY ( 7), no.u.uep)f(HBall 

.aaaneHHe aoa.ayxa BHYTPH v
1 

HB nocTOHHHOM yposHe PeT • .no Haqana no,n)f{8THH . 

Pac wH.peHHe )f{H.O.KOCTH a KBM epe aHaqane ocyllleCTBnReTcst aa c qeT pa3HOCTH .naane

Hnll to p; p ( t) - 1', (t) > Q ( p (t)- .1l 8BneHHe B K8Mepe) H 38TeM , 38 BpeMll r P - • Is' 

KOrJlB !J.p < 0 , L1 8 Bn8HH8 B K8M8pe CHH>K88TCH .0.0 ypOBHH p min 38 C"18T KHH8TH -

t.t8CKOR 3HepriiH n o TOK8 >KH.O.KOCTH B ropnOBHHe, H8K0!1neHHOi\ K MOM8HTY t S, npH 

KOTO pOM .08Bn8HHSI B K8Me pe H p8CWHpHT8ne "CT8H08HTCH paBHbiMH. 

vlcxo.uHall sennqHHa o6aeMa to V Me)f(.uy .uHa¢parMol! ( 9) pacwHpnTenl! " ero 

BHewHel! onopHol! peweTKOl! ( 12) Bbt6npaeTCll TaK, qTo6bt ysenH'IeHHe o6aeMa 

.l V
0 

= k
0 

V
0 

( P
0

- Pmin >KH.llKOCTH BHYTPH K8Mepbt y.uosneTsOpllno ycnOBHIO to V
0 

<to V 

3TO 03H8l.{88T, lfTO noTOK >KR.!lKOCTH B nepeXO.llH OA ropnOBHH9 OK 83bJB89TCH nn8BHO 

aaTopMo>KeHHbtM npoTHBo.uasneHneM Pe T.- P (t) npe)f(.ue, qeM .1lHa¢parMa pacwKpu

T enSI .noA.aeT .ao ero BHewHeA onopnoa p eweTKH .. Enaro.napH STOMY. nonHOCTblO 

6 

.. 

HCKni0'189TCst B 03MO>K HOCTb B03HH'K HOB9H Hst f'H.ll p8BilH'IeCKOf'O y .ll8pa H CBSI38HHbiX C 

HHM 3H8'HfTenbHbiX H 811p H>KeHHA B M8TepHan e KOHCTpyKUHH /S .
4

/ • 

rK.npor830.0.HH8MH'I9CKHA pac'leT KO HCTPYKUHH M9X8HH3~8 H3MeHeHHSI 

.a.aaneHHst 

1. 06LUaSI CX9M8 KOHCTpyKUH U riY3blpbKOBOA K8M e pbl If M9X8HH3M8 H3M9H9HHH 

.D.8B119H11SI Henocpe.OCTB9HHO CBSI38H8 C n p o.aon>KHT9nbHOCTbiO p8CWHpeHHH pa6 o qeR: 

>KH.llKOCTH. B paccMaTpHsaeMoM cnyqae speM ll pacwnpeHHll 6btno Bbt6paHo paBHbtM 

r p .. 40 MC9K 1 riOCKOil bKY 1 K8K 3TO HnfliOCTpHpyeTCH npuBO.llHMbiMlf 8 T8611HU9 } .1l8H-

HbiMK, Tpe6088HHe 6bi CTporo paCWHpeHHll B KpynHbiX ny 3btpbK08biX K8Mepax He l!BnlleT· 

CSI CTOilb >K9C TKHM yC110BH 9M 1 KBK 8 K8M 9 p8X H9601lbWOf'O o6oeMa. noHstTHO, 'ITO 

Ta6.nu4a I 
Of'~H Kct,.,llp111 lltl] 

(If] ;/'•' {IJ} (I .. (ISJ (IIJ (1'/J (111 (II] 

V.(.nump111) 2,2 4 24 70 17/J 200 JOO 570 

lp~,.,R pacwu -
IPI'HUR t,("'cer) J 7 s 7 (Q 45 20 30 20 70 

yKaaBHHBSI .anHTenbHOCTb pacwHpeHHR MO>Ke T 6btTb peanHaoaana a cny q ae , ecnH 

T 't, x) 
BpeMR penaKC8UHH r = _=.!!- = " ( v IJ.LI F) · y .uosneTsopl!eT ycnoaHIO r < 30-40 MeeK. 

2 "' = 
Bbtn OnHeHHe nocne.a.Hero Tpe6oaaHHR o6ecne q HeaeTCSI npH 3H81.!9HHHX .anHHbi u ceqeHHH 

pacwnpnTenbHOl! r opnOBHHbt , paBHbtX cooTseTCTBeHHO L = 100 eM " F • 300 cM
2, Jlnll 

yKaaaHHbiX aenHttHH L H F speMR penaKcauKH r G 35 MeeK. 

napaMeTpbi KOHCTpyKUHH M9X8HH3M8 H3M9H9HHH .08B119HHSI AOil>K H bl 6biTb Tenepb 

Bbl6p8Hbl C T 8KHM p8C1.f9TOM, LJT06bl B ycnOBKHX peallbHOf'O c6poca .ll88119HHst B p acwH

pHTenbHOM ycTpOl!CTB8 npO.llOn)f(HTenbHOCTb p8CW Kpe HHSI pa6o qel! )f(lf.llKOC TH He CnHw-

KOM CHilbHO rlp9 B OCXO.ll. H118 C06CTB9HHOe BpeMH p8CWHpeHHH r = 35 MCeK. 

2. Bbi6op ypaaaeHHR Ko~e6aHuA, on H CbtBaiOwero H3MeHeHHe .aaaneHHSl a KaMe p e, 

onpe.uenl!eTC!I s enHqHHoA 6eapaaMepuoro napaMeTpa b / w , ycTaHaBnHsaeMol! Henocpe.o

CTBeHHO H3 ( 4) : 
b 

>.}; k 
0 
~ ~ 

D' 
_?__ 

"' "2 

x) 
B cnyqae pacwHpeHHSI c orpaHH.\feHHeM n o .a.aaneHJflO apeMH penaKcauHH onpe· 

Ll,e11 H9TCSI K8K npO.OOI1>KHTellbHOCTb CHH>K9HifH .0.8BI1eHHSI 8 K8Mepe OT H8t.(8JlbHOf'O ypoa

HH :?
0 

.Ll.O pa6 o qero p m in npH yen OBHH Mf'HOBeHHOf'O c6poca ll8BI19HH~ B p8CWHpn 

TenbH OM MeX8HH3Me OT -'; 2 =Po .llJ ~T~-I p8CCM8TpHB8eMOl! KOHCTpyKUHH w=( F/p1J. L) ~ 
r.ue u. = k V +k v

8 
ap, k

8 
~5,·10 5 aTM • V8 =800 n - nnOTHOCTb, K03cP¢HuHeHT 

C>KHMaeM~c'?rK H
8 

o6oeM BOll hi . cPopMyna ( 3) , npHee.o.eHHaH paHee , cnpaae.nnHaa a cny
q ae 38riOI1H9HHH K8M9pbl H ropii OBHHbl O.llHOl\ H T OR. )f{e i'KH.QKOCTbiO . 
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i l pH B h!6pa HHb!X p 83M C IJ8X H ¢opMe r o pn o sHH b l A~= 0, 70; H.M e st a B»ny, 1.fT O 

• -3 2 ( ) Zx ) 
• 0 aJ.3. 10 CM IKr nponaH • a p 0 ~ 27 KrlcM • HaX O.llHM , 'iTO b/w ~ 0,12. B pa-

6oTe1 l / noxaaaHO, liTO ecnH b/(; ) << 1, TO na Me He tm e .nasneHHH s KBM e pe , 110 Kpa &iH e A. 

M epe H8 C T8LtHK p8CWHpe HIBI 1 M O >K e T 6bt T b H8i\.Q 8 HO H3 yp8BH e HIH1 ( 1 }. 3neCb :3 TO 

ycnoaHe Bbi!W.1H9Ho. O.n.HaKo noCKOilbKY a :;vr o A pa6oTe 6y.a.eT paccMaTpHBST bCfl non

H b iA UHK/1 H 3 M e H e HHH ,ll8BJleHIHI B K8M9pe , T O Cn e .a,ye T BOCOOilb30B8 TbCH yp813H € HH9M 

(2), T, e. paccMOTpeTb npouecc c TpeHn eM, 

3 . n e peA.ae M Tenepb K Henoc pe.nCTBeHHOMY BbiBOllY CHC!eM ypBB H e HHA, rJOC /l e -

D, OB8T81lbH O OnlfCbiB8IOW.HX npOHeCCbl H3M8 H8H IHI .U8BileHH51 B K8Mepe H M8X81Hf3 M e pac-

W11p9H HSI H8 p a3HbiX C T B,Q HSIX Ll. 8 ACTBIHI f'I18 B HOf'O KI1808H8 H CBSI3 b JB810 lUHX D.llH T811bHOCT H 

3 THX npoueCCOB C OC H OBHhlM H napaM e Tp8MH K O HCTpyKUHH. 

.llaH>KeHH e aonoTHHKa rnasHor o Knanaua HB"tHHaeTcSI nocn,e Toro, KBK .uasne HH:e 

~ ( t) B 06b9M9 VI HBLl 30l10 THJ.t:KOM .llOCTHf'He T p8BHOB9CH O f'O 3HB"teHHSI 

~ =( S•P• +S
2 

':, 2 !/ ~ . ( S
1

- nnowa.ob eepxHe r o Topu a sonoTHHKa , ':, 2 - Ha'!anbHOe 

LlBBTJeHHe B03D.yxa B 06'beMe V
2 

pacwupHTe11SI , n eACTBY JOLUee H B rt JIOW8ll b S 2 3 0lJQT-

HHKa, a P •- aTMOccjJepHoe aaene HHe , .oel!cTBYJOlllee Ha nn owa.llb s. ~ S 1 - S 2 ) • 

i-1sMeHeKHe .oaen e HH!I eosayxa ': ( t) B 1 CTyneHH OT H8\f6llbHO f'O a H a"teHHR P0 I 

.0.0 p8BHOB9CHOf'O 
p 

p onpe.nenSJeTCSI Bbtpa>KenHeM 

~ 
dt 

:~=-Q) 
dt 

(5) 

B KOTppoM mi H PI - MBCCB H nTIOTHOCTb B03 .0JX8 B 06beMe ~ , a Q - Maceo-

Bbil! pacxo.o eosayxa B e.lli!H HUY epeMeHH qepes BhixnonHoe OTBepc TH e (8) nnowa.llbiO 

f i 1 CTyn e HH Kll8rt8H8. nocKOllbKY npH ~ ( t) < pp 30l10THHK rtOKOHTCH ,, H, CT8TJO 6biTb, 

V
0 

a ~ I = COn s t , TO Bbipa>KeHHe ( 5) npHHHMaeT BH.ll: 

~ I PI = - Q • (6) 

P accMaTpirBa!l HSMeHe HH e aaeneHH!I ': ( t) a o6'beMe ~ KaK npouecc a.oHa6a-
/7/ 

THI.{9C K 0f'O H K B83 HCT8UHOH8pH0f'O HCTe 4 9HH SI H.098llbHOf'O f'838 1 npe.O.C T 8 B HM n p a -

BYIO 'laCTb ypaeHeHH!I ( 6) a cjJopMe 

p 1/Y 2 D p (Y- 1 ) / Y ~ 
Q = II p ( -~ J ( _y ~ ( 1 - ( _ :..JI. J J l 

1 p y - 1 p r 
I I 

xx) 

rn e P u - nasnemo~e raaa s MecTe HCT949HHH • .[lnSJ on pe.aeneHHH 9TOA seTJHI.{HHhi sue-

fl 0 llb3J9MOSI OCH OBH biMH 38KOHOM9pHOCTSIMH .0038JKOBOf'O H 3BJKOBOf'O p e>K HM OB HC Te-

1.{9HIHI. 

17/ 
l-1asec THO , l.J: TO ecnH aeTIHl.fHHa OTHOw e HHSI cb = PBHew I P sHyT. s Hew Hero 

npOTHBOll8BlJ9HlHJ K BHJTpeHHeMy ll8BlJ9HHlO B COCJ .ae npeBOCXOLlH T H9KOTOpbiA" KpH 

x) 
Bee yKaaaHHbie a pa6oTe eenHYHHbi nasneHHA .aaH bi a a6conJOTHbiX aTMocct>e -

pax . 

XX) .lln!l BOSJ:lyXa y c p 1 c " = 1,4.3, <h k p = 0,5:11. 

8 

y,fy-1) 
THYeCKHi\ npe.a.en {j) ltp = (2 1( l+y )) , TO pe )K HM HCTe Y e HHH H83bi888TC SI .00KpHT~PI8CKHM 

H ll8Bn9HH8 p it B M9CTe HCT9Y9HHSI JCT8HBBnHB88TCH p8BH b iM BH9WH9My n p OTHBO.O B B 

ne nHIO: ?.. =PBHeW~ P. ( BbiXnon H3 o6'beMa vI npOHCXOJ:lHT B aTMOCcjJepy). noaTOMy 

Q= f ~ rJ>_._/ 'Y[:?_~ Ji ( 1 - ( .f._t· l>t Y J] ~ 
I I PI Y - I PI ~ 

B cnyqae, KOrna <:P <_ 4> k p I p e)K HM HCTe tt e HHSI H83 b iB89 T CSI KpHTl.Pf8CKHM . n p w 9TOM 

.D.8Bn8HHe p u B MeCT9 HCT9\.f8 HHSI YCT8 HBBnHB8eTCSI p80H b1M KpKTHI.{8CKOMy .08Bn9H HJO 

p = P • fb , a pacxo.a Q onpe.a.enHeTCH Bbipa:>KeHHeM 
kp l lc p 

o - t P r_2- i' ' (Y·I) r-?L ..ft._ J ~ ( 7 ) 
I I 1 + y I + y p 

I 

B paccMaTpKsaeMOM HHTe psan e H3MeHeHHst .a.asneHHSI P1 (t) OT .?
0

I = 8 ,5 aTM . 

.00 D P = 3,2 8TM p 8)K HM HCT8t.t9H H51 HBnsteTCSI KpHTH\.f8CKHM, OOCKOnbKJ p8BHOB9C H 08 

.aasneHHe n p esocxo.n HT .a.asneHH e P,. / cb ltp=- 1,8 BTM, npH KO T opoM eoaMO)KHO H3MeH e 

HHe pe>KHMa HCTe 'leHI!SI , noJ:lCTBBn!l!l (7) B ~CXO.llHOe ypaBHeHH e (6) , nony 'IHM fiOCn e 

HHTerpHpOBBHHSI: 

- ~(I) 
~ I ; n 

( 1 + At) 
(8) a 1',1 

r.oe 
A = _0y-..1L ( _2_ /'IY·I~ E_ ~ J ~ 

2 V
0 

I 1 + y 1 + y p a 

n a ( y - ·1) / 2y 

3aBHCH MOCTb ~ ( t) , Bbi'IHCneHH6!1 .lln!l HHTepeana BpeMeH H 0 'S_ t .S 1
0 

fl O cjJO pMyn e 

(8). nOKa36Ha H6 pHC , 3 , 

P,amM 
9 

8 
Pac~emHa~ ~puG~g 

7 

(i 

5 

4 

3 

2 

1 ' 

0 s 10 fS JO JS lfO tl'fCtK 

PHc. 3. Pac q eTHbie H 9KCnepHM8HTanhHbie aasHCHMOC T H H3MeHeHH9 .naa n e HHA: PI (t) 
B 1 CTyneH H Kn BOBHB O T B p 9M8HH . 

9 



4. 3 onOTHHK npHXO.QHT B .QBH>K9HH9 B MOMeHT t z tO 1 KOI"",08 P1 (t) > PP 

B COOTBE!:TCTBHH C KOHC TpyKUH e A: rnBBH OrO Kn8118H8 BbiXnOn B 03llYX8 H3 06'beM 8 v2 
H8'1H9TCH nHW b nocne Toro , K8K 30nOTHKK C.OBHHeTCH H8 p8CC T OH HH e :r (t} - h, 

.O.OCT8T0t{H09 .O,nR TOI""O , lJTOfibJ e ro H8py >K H8Sl CT9HK8 rtOnHOCTblO nepeKphtna OTB9pcTHH 

B K Op nyce KnBnBHB, C006LU810WHecH C HCTO 'IHHKOM B biCOKOI""O .0.8Bn9HIHI P
02 

VlaMeHeHHe nasneHHR soanyxa ~ (t) B HHTe paane t 0~ t ,:: t 
1 

onpenenReTcR 

ypasueHHeM LlBH>K9HHR aonOTHHKa ·x(t) ----1;,-( s2 p2 + s.P. -S,P,)! Bbipa>KeHHeM (5), B 

KoTopoM Tenepb V1 (t) = V, 1 - S, :r , a pacxon °Q, KaK H npe>Kne, naeTCR ¢opMynol! (7), 

nocne Hecno>KHbiX npeo6paaoBBHHll nony'IIIM: 

[

·x • a - 8 P, 
• ' n+J 
p - ~-=..£!!.,_ 

I V - ·S X 
01 I 

(9) 

· rne a=( S2 ~ 2 + s. P. J! m
0

; {3 - -S
1

; •
0

; s•yS
1 

c-y t, r_l_- J~'r 1r.. -~ >., p ·• 
l+y l+y p• 01 

m0- Mace a aonoTHHKa, a Haqanha bte ycni)BHH TBKOBbi: x (t
0

.).s 0 , X ( t
0

J \OS ·O , 

~ (t.,J ~ ':, ~ .:J,2 aTM . 3 8BHCHMOCTH ~ ( t) H ~(t) ~ W (t) , Bht'IHcneHHbie no (9) 

,llnR HHTepsana Bp9M9HH ~ _$ t ~ t I ) HnniOCTpHpyiOTCR COOTB9TCTBYIO!UHMH KpHBbiMK Ha 

pHC, 3 H pHC, 4 , 

" W"''ceK 

v; 

J 

2 

fJ 20 2S JO JS t HceK 

PHc, 4, Pac'leTHBR aaBHCHMOCTb cKopocTK w(t} aonoTHKKB OT speMeHH. 

5. YsenH'IeHHe nasneHHR soanyxa P, (t) non aonoTHHKOM npH Bblxnone Ha 

o6.,eMa V 2 Bbi3biB8eT B cny'!ae oTcyTcTBHR neMn¢epa ( II ) ( pHc . I ) peaKoe soapac

TBHHe CKOpOCTH aonoT.HHK8, KHHeTH'IeCK8H SHeprHH KOTOpOrO K MOMeHTy OCTSH OBKH 

10 

l 
.aocTHraeT 120 - 150 KrM, "'TO npHBOD.HT , KBK noKB3bJB8JO pac q e T bi . K HenonycTHMhiM 

( nnaCTH qeCKHM) ne,PopMaUI!RM MaTe pH ana KOHCTpyKUHH, ,llnQ ycTpaHe HHR yKa38HHbiX 

ne,PopMaUHA B KOHCTPYKUIIIO paCWHpHT9nbHOrO ycTpOACTBa 6bin BBeLleH f"HLlpaBnHqe

CKHA neMn¢epx ) , yMeubwaiO!U.H'll cKopoCTb w(t) aonoTHHKa LlO Hy nR n pH ero noLlxone 

B MOM9HT t • t,( X(t)~h#)K Kpb!WK9 KnanaH8. 

,llnR BbinOnHeHH!I ycnOBHR W (t ,) =0 

npOCTOA ( HanpHMep, n!fHeitHOA) ,PopMe: 

38,Q8,QHM CKOpOC T b 30n OTHHK8 B K8KOA-nH60 

xx) 
w(t) = 

{

"' = canst 

... : - o (t-t 2 J 

t, .:;: t ~ t 2 

t2 ~ t ~ t, ( 10) 

(anecb ll • rr 2 / 2(h,-h,.J ) , T or na 

0 £ < h, + '"o ( t - t,) t,- t 
:r(t) = ·h 2+ w

0 
( t - t

2
) -ll(t-t

2
fj 2t 

2
:;: t 

< t 
- 2 
~ t, 

a ,llaBn9HH9 ':, (t) M8Cna BO BHyTp9HH9M 06.,eMe ,lleMn,Pepa, np11 KOTOpOM BbinOnH!Ie TCR 

( 10) 0 nony'IHM K3 ypaBH9HHR LlBH>K9HH!I 30n OTHI!Ka: 

( S2 ~ + S, ~ + S0 P. - S1 P, - s P,. l/m ~ I 0 
nn. F o -ll 

t , ~ 

t2 ~ 
.::: t 2 

< t ' . ( It ) 

B KOTopoM S J - BHyTpeuuee ceqeuH e aonoTHHKa, S
0 

c S
1 

-S2 -S,, Snn:- nnowanb nnyH>Ke

pa( t 3) (cM. pHc, t ), VI a ( II) c neLlye T, 'ITO 

P 
1:1 I J I I 1 f

a P + 8 P -11 P +·v 
(t) c 

M aP+8P -n P+ v 
1 2 I J I 1 2 

t , ~ t~ t2 

t < t < t 
2' ' .. ( 12) 

rne a , = s2 ; Snn •• 8,~s,;Snn. , n,= s, ; s nn. , v,- s o P. ; s nn . , v2- (SoP•+ O IDo)! Snn 

CeqeHHe 0 ( t) npoccenHpyiO!Uero oTsepcTKR ( 14) (eM, pH c. I ), ueo6xonKMoe 

nnR BbinOnHeHHR ycnoBI!R (12), uaxonHTCR H3 ypBBHeHHR E epHynnH PM •t p., w,: I 2 

II COOTHOW9HHR Hepa3pb!BHOCTH pMw(t) Snn,= pM ifM(t) (l (t) .ansr noToKa Macna .. 

KOTOpb!9 ,llaiOT: 
2 2 'h 

fl( t) =(,p,. Snn.'l ( t ) / 2 P,. ) ( 13) 

3necb p ~ 0,88 r/cM
3 

- nnoTHOCTb Macna, ' ~ 1,2 - Koa¢¢HuHeHT, Y'IIITbiB8IOWHll 
19'! 

TpeHHe 1 • M - CKOpOCTb M8Cna, Bbi.0.8BnHB89MOro ttepe3 KOnhU9BOit 3830p Me>K.ay 

,llpOCCenHpyiO!UHM OTB9pCTH9M ( 14) ,ll9Mn¢epa H ,llpOCCenbHbiM WTOKOM ( 15), no,llCTBB

nRR ( ! 0) B ( ! 3), nony'IHM OKOH'!aTenbHO, 'ITO 
-y, 

{ ~ PM -y, 

O(t)• Y ( w -l'i(t- t2 ) )P., 
2 c 

t < ,, 
t2 ~ 

~ t2 

~ t .. 

x) /8/ 
Eo'}a7 neTanbHoe Hano>KeHHe pacqeTa neMn,Pepa npHBO,IlHTCR a pa6oTe ; 

CM . T8lt>Ke 

xx) h MoMeHT speMeHH t • ·t2 (x(t
2 
)a 2)LlnR yno6cTsa pacqeTa Bbi6paH cosnanaiO-

UlHM C HB'IBnOM .OOKpHTH"ieCKOrO pe>KHM8 HCTe tteHHR B03.0.YX8 H3 06'b9M8 V2 B o6'b9M VJ 

I I 



r.oe )(1 = "'o 5nnJ _; P_..,/2 I Y, ')(1 - Snn. (.;PM !2 I y, 

YcTSHOBHM Tenepb aaBHCHMOCTb OT spe MeHH .aaaneHH~ p1 (I) ' p1 (I} H p (t} npH 

KpHTH'-18CK O M p 8>K HM8 HCT8'i8HHSI B03.0.yX8 H3 06b8M8 V
2 

a o6t.eM V, • 

V1aMeHeHHe .oasneHHSI ~ (t} soa.oyxa a o6t.eMe 

aHanorHqHoro ( 5): 

V :1 OOJIY"'HM H3 B bJp8>K8HHSl 1 

-~~~a- Q
1 dt ( 14) 

B KOTOpOM Q
1

- paCXO.ll B03.0yxa qe pea BbiXnOnHoe OTBe pCTHe f
1 

= "D,( x -h
1
), onpe.oe -

nHeMbill no cjJopMyne, no.oo6Holl (7). BenHqHHa npOH3BO.llHMoll dV
2 

j dt a neaoll qacTH 

( 14) ycTaHaBnHsaeTCSI H3 ycnOBHSI COBMeCTIIOCTH H3MeHe HHi! o6t.eMOB B03.£lyXa H >KH.ll

/ 1/ 
KOCTell : 

v1 = IJ, p V (t) = V - IJ,( P -P ), 
2 02 02 

( 15) H 

r.ne ~ 2 H ~ 2 - HaqanbHhie o6beM H .nasneHHe aoa.ayxa. 3aMet.taSI , 'ITO 

2_.1,_ 
0=1 p ( --- ly- 1 

1 1 1 1 +y 
( lL -~t H Hcnonb3ySI 

1
( 15) , ypasHeHHe ( 14) npH E!e.oeM K BH.oy: 

r.ri.e 

1 +y p 
1 

d=(~1 / IJ,) -~ ' 

p +( d + P ) P / y p = B(t-t )P " 
2 2 1 2 

B s- _o!!L~ ( _ _1_ ; I(Y·
1

) ( _ly_ -~ ) Yo p ·n 

1J, 1+y 1+y p• o 

V1aMeHeHHe .oasneHHSI P
3 

(t) 00.0. 30110TH HKOM H8XO.O.HTCSI 06bt'l-

HbiM MBTO.O.OM H3 Bbip8>K8HHSI V
3 

a o6t.eMe V , 

( dP3 ; dt )=Q;O; B KOTO p OM 

Q
3
=·up,( _ 2._ ¢, x (- 2Y ~ 1 Yo 

l +y l +y p. 
U - nnOWB.llb BbiXnOITHblX OTBepcTHi! H3 06t.eMa Y

3 
): 

:zn n+t 
P

3 
-liP, P : E ( t- t J pm 

, 1 1 2 

r.o e D w 2 V(Y·IJ2 P. Yo ·1n E a _'L..!:J.....c<>l!: ( __ 1 ( _X -~ 1 p~ p , 
, 1/(Y•1) \4 

.'l = ~X. ( ..!.I ) ( _q_ ~ ) p·• m = ~' 
1 V

3 
1 +y 1+y p

0 
o 03 V 1+ y 1+y p 03o 2y 

3 • 

a p 
03 

P. - HaqaJibHoe .nasneHHe aoa.a.yxa s o6beMe y 3 • 

V1aMeHeHHe .oasneHHSI P, (t) soa.oyxa a I cTyneHH nonyquM H3 BTOporo ypasHe-

HHSI CHCTeMbl ( 9) no.OCTBHOBKOll X(t) = W O H r(t) = h
1
+ w

0
(t-t

1
) , qTo .aaeT: 

p = 
a w

0 
P,- c p:+t 

V - S X 
01 1 

1 

HanoMHHM, Haxoaeu, '-ITO .asu1 paccMaTpusaeMoA a.aech KaMepbi H3M8 HeHn:e .na.a-

n eHHSI P(t} B pa6oqell >KH.OKOCTH OnHCbiBaeTCSI ypaBHeHHeM ( 2). 

B peaynhTBTe nonHas:t cHcTeMa ypaaHeHHR, onpe.aenstiDLUBH H3MeHeHHe .naaneHHA 

BHYTPH K8M9p bl H' CHC TeMbi paCWPipeHH51, K0f'f8 OTKpbiT flHWb O.O.HH K8H8n .QnH 

Bhrxnona aoa.nyxa H3 o6oeMa V :l HMeeT BH.a:· 

P + 2bP + w 1 (P -P
1 

J = O; 

n+1 

~ = _a w0P,~; 
V - S X 

01 1 

P +( d+P)P / y P 
1 1 

B(t-t
1

) P
1 

12 

( 16) 

rn :l n n+ t 
P

3 
=E

1
P

1 
P, (t-t

1
} -HP

3 

PM =a
1
P

1 
+ 8

1
P

3 
- n, P

1 
+v

1 

( 16) 

-yJ # 

0 =v
1

PM ; ~ =h1 +w0 (t-t 1 ) 

Cn:cTeMa ( 16) cnpaae.anHaa a nHTe paane t
1 
~ t ~ t~ npn Ha '-l anbHbiX ycnoaHs:~x 

P(t
1

} =P
2

(t
1

) = P
01 

=~ =27 aTM , ,P(t
1
}=0, P

3
(t

1
)= P.=1,0 BTM.KP1 (t

1
l= 2,42 aTM , 

npH CM9lll9 HHH 30nOTHH K8 H8 p 8CCTOS1 Hlf e X( t 'l J=h ' l O TKp biB89TC51 BTOpoif K a -

Han c ce'-leHHeM 1,=6G(x -h ;J .nns:t Bbtxnona aoa.ayxa H3 o6DeMa v, a rnywn:Tenh ~ 

pe>KHM HCTeqeHtHI npH 3 T OM HBn51 eTcH K pHTH <.J e cK:fM . Vla Me aeHn:e .a.aaneHnH P2 (t) 

H8 STOM 3T8ne DBH>K9HH S1 30nOTHH K8 H8X OD.IITCSI H 3 y paBH 9 HHS1 ~J = - Q - Q, 
1/(Y·I) 2 P Yo ~ ~ ; ~ 

B KOTOpOM , K8K H npe>K1l.9 ,, 
Q = f

1
p

2
(_2... ) x ( _c_y__ _ ..2) ,aQ = Ip(-- )Y·I>< 

1 1+ y 1+ y p 2 1 3 2 1 + y 
2y P. . l 

x( - -- ~~ 
1 +y P

1 !> +(d+P)P
1 

j yP
1 

= B
1
(t(t-t 1) -1 JP:, 

r.oe 
B =- £GJ!'.i:.'!JI( -~ j / (Y·IJ ( k. P. J"' p ·• • < = ..!!.EJ__~ wo 

1 1J, 1+y 1+y p• o 6G(.\-h1) 

nonHBSI >Ke CHCT 9M8 ypaBH9HHA
1 

OUH CbiB8!0W8S1 H 3 M9H9HH9 .ll.8Bn9HHA B K8M9pe H CH-

CT9M9 p8CWHp9HHH T8KOB8: 

P + 2b P +w 1 (P -P1 ) =0; 

P +(d+P)P
1 

j y P
1 

= 8
1
(t(t-t 1 ) -1) 

P
3 

=E
1
(t-t 1 

) pm p1" 
1 3 

n+1 
~ = ~~P, -cP, 

V
01

-S1 x 

n+1 
_fl p3 

PM = a 1 P1 +81 P3 nz~ + vt 

-y, 

(l = )(1 P., x = h
1

+w
0
(t-t

1
} . 

n 

p1 
( IJ) 

CucTeMa ( 17) cn pase.onKsa a HHTepaane t;~ t ~ t l , f',ll 9 t
2 

- MOM9HT Bp9M9HH 1 

a o6oeM VI • v 
1 npH KOTOpOM H8'-IKH89TC51 .O.OKpHTH1.J.9C KHA p e >KH M HCT9 1.J.9HHSl H3 06b9M8 

Ha'!anbHbie ycnOBHSI .on" c Kc TeMbi ypasH e HHi! ( 17): P(t ~j, P(t~) , ~(t~), P1 (t '1 ), 

nonytt8}()TCSI H3 peW9HIHI CHCTeMbl ( 16) B MOMeHT spe M9HH 
t = t' 

1 

P
3 
(t~) 

TaKHM o6paaoM , 38BHCI!MOCTH .oaBneHHA P ( t) , l',(t) , ~ (t) , P,Ct), PM(t) 

OT speMeHII , a TaK>Ke 3BBHCHMOCTb fl (t) npH KpHTH'-19CKOM pe>KHM9 HCTe'!eHHe H3 

06t.eMa V
1 

B o6t.eM V
3 

onpe.oenSIIOTCSI CHCTeMaMH ( 16) H ( 17 ), peweHHSI KOTOpbiX 

HflniOCTpHpyiOTCSI COOTBeTCTBYIOlllHMH KpHBbiMH H8 pHC. 2 ,3, 5 1 6 H 1 B HHTepaane 

t1~ t ~ t,. 
6. J.-13M9H9HHe pe>KHM8 HCTe q e HHH H3 06b9M8 V :1 B 06b9M V J H8 .aoKpHTH -

qec KHi! HaCTynaeT B MOMeHT t : t 
1

, Kor.oa </J (t} = P,(tJ j P1 (tj=<b ·p· npu t ~ t 2 

13 



PJ amH 
20 

18 

f6 

'" 
(2 

10 

8 

6 

't 

2 

2S 29 Jt JJ JS fl'fceK 
PHc. 5 . P aoteTHa R H 3 KcnepHMe HTBnbH8H a a aHC if MOCTH u a M eHe HII R .aaan e HHR: 

no n, 30J1 0 T HH KOM OT Bp€ M 9 HH. 

,.,amM 200'P. 

flO 

f60 

(1(0 

1?0 

100 .. 

80 1 ur I ~ 
I I 

60 

20 

25 27 29 3f 33 JS t MCeK 

PH:c . 6 .. P ac q e TH B H H 3 Kcne pHMeHT8 11bHBSI 3 8 BH C HMOC TH H3 M e H e HHfl .a a an e HHA 

PM ( t ) a LleM n cj:Je p e OT ape M e HH . 

14 

P
3 

( t) 

1,5' S2cMz 

23 25 27 29 31 J3 JS tMCeK 

P n c . 7 . P a c q e THBS! 3BBHCHMOC T b nnOlUBLl H n (t) 
Lle M ncj:Jepa oT apeMe HH . 

apoccen bH or o oTae pcTHR 

.0.B H1Ke HJ.f8 3 0110THHK8 OpOH C X O,O HT B COO T B8 T C T B IU I C yC11 0B H8M ( ] Q) 1 8 38B H C HM OC TH 

.0 8 B11 9 HHi:f. B K8M e p e H M€X8H H3 M e p8C W Hp € HlHI OT B p 9M€HH H 8X0,[1 SITC SI 1 K 8 K H npe)l{ -

Lle , H3 B blp8>KeHHA TH ilB (5). n pH 3 T OM pBCXOLl B03LlY XB 1< 3 06b e M8 v2 
~ 

a o 6 b eM 

Q p 1/ Y . ').., p 1> 2n v 3 paaeH 2 = rr D I ( X - h ,J. p • ( _..J_ ) r-=- ___]_ ( 1 - ( ~ ) J 
1 .D 2 y ~ J p2 p2 

J . 

0 n y C K'8 S1 n p O M 9>1< YT0'1 H b l 9 B&I K J18Ll.KH 1 B OC HOBHOM 8 H811 0 rH"iH b Je B hlfi011H9 HHbiM 

p a Hee, n pH Be.a.eM 0011 HYIO C H C T eMy ypaB H 9 H HJt .On SI ,noKpH T H \.f. eC K OI" O p e>KHM8 HC T eYe-

H HS11 Cnp aaennH B yiO .0 0 M OM 9 HT8 f = f 3 HB'I.fan a CT86HnH3 8UHH ,naeneHHSI p 
2 

B 

pacwHp~<Tene: 

P + 2h P + w 2 (P -P2 J = 0 ; 

p 2 n ~ 1/Y. (}'-3)12Y n 
P + (d+ P ) P ; y P =.II (x-h )(1-( - .!._) ) P. P +N (x--h ' ) P; 

2 21 1 p ~1 111 

· :m tn n 
2 

n+1 
P = E (x-hl(l - (-.f.J. ) ) P P _Hp 

, 1 f p 3 1 3 

2 n+t 

p = ~w0-8(t -t 2 ) )-cP, ; ( 18) 

VOl- s, X 

P.,=a
1

P
2

+{3
1

P
3 

-71
1

P
1 

+ v
2

; 

-~ n = Y r w _ Br t - t 1 J P 
2 0 1 M 

x =h
2

+ w
0
(t -t

2
)- 8( t-t

2
) 2 /2. 

15 



D 2 P ~ ·• 6" -'- P ~ ·n D 
3JleCb M = -_!!_~ ( _y_ .---! ) P ; N = - . ~ _2__f· 1 ( -'q_ - "-) P ; E =~ll (!!'_ . P.) ~. 
p" • g •:Zn ~ IJ y -1 P. 0 I lL J+y l+y p• o 2 VJ y-1 Pa 

0 03 

HaqanbH L>Te ycnoBHH .anst c nc Te Mhl ( 18) onpenen~uoTCst lf3 peweHHi% CHCTeMhi ypaaHe-

HU A (17) 11p11 I = 11 • P ewCHUH c ucTeMbl (18J 0 (1) , 1'1 (1), P1 (1), P
3
(1), PM(I), n (I) 

HJlJliOCTHpy lOTCSI COOTBeTCTBYIOWlfMH KpHB biMH H8 pHC . 2, 3 , 5, 6 , 7 B HHTeps ane ape-

MeHH 12~ t~ t3 , 

7. B MOMeHT npe MeHH I = 1, Jl Ha<jJparMa c Ta6unu3aTo pa /puc , I / oTceKae T 

liBCTb v
1 

o6oeMa V 
2 

II c TyTi e m-t, np H MbTKB IO TliYJO K a nacpparMe pacwupnTenSI, nonnep

w.noaH B He H .08BJle JHf e p :Z H B 38.08HH OM ypO BH e ~ = PC T . ~ 16 BTM. J..1 aMe HeHTt e ll8BJle-

-fHSI p 
4 

B 06beMe V
2 

= V
1 
~ v

1 
OT MOM e HT8 t J .00 OC T BH O BK H 30J10THHK8 11pH t = t 

H8AJleM 11 3 Bb!pB>Ke HIIH ~ = - ~'j_!- Q
1 

- Q ' 
dl d l 1 

) ( 19) 

B K OTOpOM p
2 

H p
1 

- UJlOTHOCTH B03.C.YX8 B 06o e M8X V 1 H V :1 1 8 Q 2 H Q~- Bbl-

lJ HC Jle HHbte o6bJ 4H biM cnoco6oM pacxonht aoa nyxa H3 o6oeMa v 2 qepe3 nepBhTA H 

B T O p OH K8t18ll b t, COO TB9 T CTB9HH O . 3aM9 1.f8fl , l.fTO V .. :::: Canst, () = p , .!!..!_ 
• 2 CT. P. " ",=,. P' 

nepen HweM ( 19) B BI!Jle: 

v2 ~ ~-P . -PP'- -tJ.P - Q
2

-Q ' . 
4 CT. P. 2 

(20) 

VI 3 Me He HHe JlSan eHII!I P (I) B K8M9pe npH nOCTOSIHHOM npOTH OO.ll8BlJe JHIH P2 = ~T. 

Oll i!Cb!BSeTC!I y paBHei!HeM p + 2b P + w 1 ( p - 0 )=0 , pewe HI! e KOTOporo: 

-b(t - t ) 

p (I) = ( c 1 ~s w ( I - I 3 ) + c 1 sin w ( I - I 3 ) ) e 
3 

+ .° CT, 
(2 1 ) 

3JleCb c
1 

= !'(1
3

) _nc -r ., c1= l'i!.ll:!:.~GJ:~ /0H<I><Pepe HuHpy!! (21) no apeMelllf 11 noJl 
w 

C T 8Bll51fl rt O llY'-1 9H H 09 Bbip8>K9H H e B ( 20), nocne H 9KOT Op b1X npeo6 p 830BBHHA HBA.lleM: 

rJle 

• 2ft • -b(t-t ) 

~ = !1 2 P4 [(c
1

w + b c
2

)Sm w (t-1,)-(c1 w -bc 1 )Cosw (l-1,) ]e '-

n+t D 2n "h 
N

1 
r X _ , ; ) P, _ ,__ 

1 
r x _ h , 1 r 1 - r r 1 1 

DJn 'DI /Y . . . 
M = ~~ p' I Y N - GGy ( 2 ll rY·IJ 

2 V
2 

CT , ' 2 - -v,- J'+"; ) 

'·1 = .a..0_y_ ( _:a_ _ _P..!. /' p:" -
V2 y- 1 P, C T . 

• 

(n_ P. t 
l + v -P. 

p"" 
CT. 

nonHS!I >K e CHCTeMa ypaBHeHIIH, onpe Jlen!IIOUl8!1 QJYHKU HH P,(l) • P, (1) • P,(l) • 

PM(I) H rl(l) HMeeT BH.ll: 

-b(t-t ) 2n 
P

4 
= IJ 1 [( c 

1 
w + b c 1) Sin w (I - I 

3
) - ( c 1w ~b c 

1
]cos w (I -I 

3
) ] e ' P

4 
-

n + J p 
_N1(x-h ',)P, -L (x-h,)(1-(-..~)1") '1• p l" p 11Y 

2 r 4 3 • 
(22) 

... = E3 ( X - -~I )( 1 - ( .?..J. !'" ) ~ . p . p. - II p n+ I 
p 3 • ' • 
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• n+ J 

p = !_ ~ ( W0 =-.§1_1_-=.!li.l.~ ; P,1 = a 
1 

P
1 

+ q P
3 

- 'It P, + v
1 

; 

I V - 5 I X 
(22) 

-~ 

0 =x1 (w0 - o (I-11)) PM ; x=h 1+ w0 (1-1 1 )- 0 (I-1 1 )j'
2 

3JleCb E = y~r Dt( 2_y_ 
3 -v,- y-- 1 

P "h n -2n 
• ) p . p 

C T. 0.1 
~. 

P. (I 3 ) ~ " c T.= 16 BTM., a Hattanb-

Hbie ycnoBH!I Jln!l ~ (1
3

) , P
3 

(I 
3

) HBXOJl!!TC!I 113 peweHH!I CHC TeMbl ( 18) npH I = I 
3 

• 

P eweHH!I P, (t) , P
3 

(1) , PM (I), 0(1) cucTeMbi (22) HnniOcTpHpyiOTC!I cooTaeTCTBYJOwH

MH KpHBbiMH H8 pH C. 3,5,6,7 B HHTepaane BpeMeHH t 3~ t ~ t 4 . 3aBHCHMDCTb .ll8Blle-

HII!I p (1) B K8Me pe OT Bpe Me HH npH CT8611nH311fJOBBHHOM JlBBneHHH p CT, B paCWH-

puTene Bbi'!ucneHa Jln !l I ~I 3 no <jJopMyne (2 1 ) 11 noKaaaHa Ha puc. 2 " 8. 

40~ Par,., -8t -e 
·---..-...~ ---

80 f2Q f(jQ 200 240 tMCeK 

p II C , 8 

Pac q eTHBR aaaHC HM OC T b .H3MeHeHHH .aaaneHHSI P(t) a K&Mepe npH nonHoM 

UIIKne H3Me HeHH!I JlSBneHH!I P1 (I) a MexaHH3Me pacwHpe HIIH, 

TaKHM o6paaoM , H a C TB.O.HH pacwHpeHH S1 H3MeHeHue .a.asneHHA B pacwnpnTenb

HOM ycTpOitC TBe H B K8Mepe CO BpeMeHeM H8XO.O. S1TCS1 nocne.llOB8TellbHO H3 B bip8>K e 

HII!I (8)
1

CIICTeM ypSBH eHI! A (9) , {16),( 17 ) , { 18 ),(22)X) II QJOpMynbi (21) II llnnJOCTpH

py!OTC!I COOTBeTCTBYIOlUIIMII Kpi!Bb!MII 118 pHC, 2,3,5,6,7, 

KaK BH.llH O H3 pH c . 2, npn Bbi6paHHbiX napaMeTpax MexaHHaMa p acwHp eH HS1 H: 

JlSBneHHII p CT, c 16 8TM Jl8BneHHe p (I) B KSMepe CHII )I(SeTC!I Jl9 ypOBH!I 

~~Jrp ) ~ 8 8TM, n p11 KOTOpOM K8Mepa o6na)laeT He06XOJlUMOl! 'IYBCTBIITenbHOCTbiO, 

PacC'!HTSHHbi e aaBHCHMOCTH P(l) , P1 (I) , P1 (I) , P,(l) PM(I) necbMS 

x) P,eweHH!I CI!CTeM ypSBHeHI!A (9) , ( 16), { 17) , { 18),{22) nony '!eHbl H8 6bJCTpo
Jlel!CTB y10wel! aneKTpOHHo-c'!eTHoA MSWI!He OVIHVI, 
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y noanC TB0p1tT9nbHO COrn acyJOTCR C 3KCne pH:M 9HT8nbHbiMH KpHB biMH, I10K838HHbiMH 

uyHKTHpllbi MH nHHHHMH H8 COOTB 9TC TBY10LUHX pHCYHK8X, t{TQ CB,1.0.9 T enbCTBye T 0 C npa-

aennHnocTu Hano>KeHH o r o anecb MeTan a p ac "'eTa . 

B. Mb1 paccM o TpenH, TBKHM o6paaoM , c rHnporaaon HH BM Ht.t ecKoH T01.fKH apeHHSI 

p 8C '-19T KOHCTpyKT HBHbiX I1 8p8M9TpOB M9X8HH3Ma H~M9H9HHSI .0.8Bfl9HHSI H8 C T8.0.HH pac 

WH p 9 HHR. npH Bbi6paHHbiX C9'i9HHRX BbiXfl011 HbJ X OTBepCTHA a p eMst BbiXnona B03D.YX8 

H3 pacwHpHTenR oT HB"fBnhHOro .naanemtSJ: p 
0 

27 BTM no CTB6HnH3HpOBaHHOrO 

naeneHHR pCT. • 16 8 TM COC T 8 BnR e T :=:.. 7 MC9K 1 8 Bp9MR p8CWHp9 HHR pa6ot.telt >KHLl-

KOCTU T p ::::;~ 39 MC9K, "'TO J.0.0Bfl9TB0pR9 T I10CT8BneHH blM Tpe60B8HHRM. 

Ha cTBllHH no.n>KBTHst pact~eT npoH3Bo.D.HTCH aHanorHttHbiM o6paaoM. 3.necb en e-

,ayeT 38M9THTb, liTO MepTB Oe B p eM R IlY3bipbK OBOH K8 Mepbl CYW8CTB8HHbiM o6p830M 

Ortpe.nenst9TCR 6biC TpOTO H: H8p8CT8HHSI Ll8.Bfl9HHSI B Hei\ IlOCne OK 0 Htt8HHSI p8CWHp9HHR H 

¢0TOI"pa¢HpOB8HHR Cll8.D.OB. ny3blpbKH .D.On >KH bl 3 8XflOilbiB8TbCSI n O B03MO>KHOCTH 6nH

>K9 K M9CTy CBOero o 6p830B8HHfl 1 11 OCKOnbKY B 3 TOM cny l.lae YM8HbW89TCSI H811pas

n eH HbiA nepeHoc Terma a eepxHHe cnoH p a6ott e A >KHllKOCTK. OcHOBHbtM napaMeTpOM , 

onpe .n e nRJOLUH M B03MO >KHOC Tb COK p8LU9HHSI M8pTBOrO Bp9M8HH K8M9pbl, SIBflSI9TCR ee

nH'!HHa npoH3sonHoll dP I dt • 8 pacc MaTpHsaeMoll KaMepe Heo6xonHMBH sen H'!HHa 

dP j dt llOCTHraeTCH 3a C'!eT TBKOrO COOTH WBHHS! Me>«ny p CT. H T CT. /cM,pHc,8/, 

npH KOTO p OM Il0BbiW8HHe .a.aaneHKSI aoa.ny xa .a. o P, a Po 38K8H'HIB88TCSI B MOM8HT , 

KOr.O.a >KH.O.KOC T b H8XO.U HTC R 8LU~ B ne p erpeTO M COCTOSIHHH, H e Tpyll.HO 8H.ll9Tb 1 qTQ 

pa3n H'!He Me>«ny nasneHH8M B Ka Mepe H paCW HpHT8n bHOM yC TpOl!CTB8 flp , .aoc-

THraiOwee B MOMeHT t ' 3Ha'!HTenbHOll senH '!HHhl /',. P(t ' ) = ':, - p ( t ' ) • 20 an.1o , 

Il03BOnSieT OCYW9CTBH T b nep eKOMnpeCCHlO pa6ot.teA: >KH.D.KOCTH .0.0 ""' 38 8TM 38 

36- 38 MC9K , T8K "'TO Il0flH8R KOH.0.9HC8U H SI ra30BO A: ¢83bl npOHCXO..O.HT .OOCT8TO'-IHO 

6biCTpo , H, no K p a A.HeA Mepe, q e pe3 1 ce K nocne H a t.tana pacwHpeH HSI e K aMepe Hc -

(6) 
1.f838JOT ace BK.O.HMbl8 cneLI.bi I1Y3bipbKOB 

Pa3nH'!He naaneHull !'.. P(t ') S!Bn SieTCS! H npH '!H HOll nepi!OllH'!eCKHX ocuHn n SIUK ll 

nasneHH SI p (t) B KaMepe, npOHCXrllS!WHX C 'laCTOTOll W ~ 90 CeK -I H 3aTy-

X810W HX BC!l e.O.C TBHe riOT9pb H8 Tp9HH9 . 3KCI19pHM9HT8llbH08 3 H8q 9 HH8 I18p8M9Tp 8 

1 ', D" -I 
( b/ w )

3 
= -- en ~ = 0, 1J ( b 

3 
= 10 CeK ) Y llOB119TBOpHTenbHO cornacyeTC SI C 

. " p -1 
e ro pac'!eTHOl! senH'!HHOll b /w a 0, 12 . ( b = 10 ,8 ceK ), 'ITO SIBnSieTCS! cywecT-

( 1) 
B9HHbi M a pryM S HTOM B nonb3J H3 nO:>K 9 HHOrO B pa6oTe CITOC068 n HH88pH::38UHH ypae-

H8HHSI KOne68HHlt .0.8Bn8HHR >K H .O.KOCTH B K8Mepe. 

3 aKniO'!eHHe 

Vf.anomeHHb!A: BbJW9 M9TO..O. p8Cl.I8T8 KOHCTpyKTHBH biX nap8M9TpOB M 9X8HH3 M8 

p8CWHp8HHR IlJ3b!pbKOBbtX KSM e p o6na.D.88T B rlUl.pOr830.0.HH8MH'i9CKOM 0 THOW9 HHH 

.O.OCT8T01.fHOA 05WHOCTb10 1 ITOCKOnbKY I10nO}K9HHbi9 B 8 1"0 OCHOBY nHHe8pH30B8HH09 

ypasHeHHe Kon e6aHHll P + 2bP +w2( P - P2)= 0 H npennono>KeHHS! o6 anHa6aTl!'!HOCTH 
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H KB83HCT8UHOH8pHOCTH npOU9C COB HOM9~9HH~ .0.8BneHHR r aaa B CHCT9M9 I1H9BMOyC -

TpOHCTB cu p asennHBbl BO BC9X cnyqas:J:X , HM9IOWHX npaKTH4 9CKUi\ HHTepec. 

rH.apora30Ll.HH8MHt.t9CKHA pact.teT H8H6onee uenecoo6p83HO 11pOH3BO.O.HTb npH paa

pa60TK9 ny.3bipbKOBblX K8Mep 60n bWHX p83MepOB, T8K KBK B 3TOM c n y "f 89 npH 3MOHpH 

"f9CKOM IlO.O.XO.ne H81i60 n ee Tpy.OHO OCyWeCTBHTb 06b~KTHBHbiH: Bbi60p OilTHMBnbH biX ape -

M9HHbiX H npo\fH OC TH biX napaMeTpoe KOHCTPYKUHK . 
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