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bBenopyccruii nayuonanvbhvlil mexnuieckuti yuusepcumem

ITonBoHBIN Ta30BBIM B3pHIB HAIlIEN CBOE MPUMEHEHUE MPU BOCCTAHOBICHUU
CHHM3MBIIMX JeOUT CKBaXXUH [1]. ®unbTp 00pabaThIBAIOT MOUHTEPBAILHO B3PhI-
BAMH BOJOPOAHO-KHCIOPOAHON I'a30BOM CMECH, KOTOPYH) HAKaIlJIMBalOT B OT-
KPBITOW CHU3Y CTaJIbHOHM B3pPBIBHOU KaMepe, CHaOXKEHHOM OTpa)kaTeleM B HUXK-
Hell yacTu JyIst TIOJJBOJIa SHEPTHH K MOBEPXHOCTH (hribTpa. Hemocratku mpume-
HEHUs TOJOOHOW TEXHOJOTHH: Mallblii MHTEPBajl aKTUBHOTO BO3ICHCTBHUS Ha
(GUIBTp W3-32 OTPaHUYCHHOW IUIOMIATN H3-
JMydaomed MOBEPXHOCTH IMapora3oBOro IIy-
3BIPSI, PACIIUPSAIOMIETOCs BHAOIb OCH (HIBT-
pa, u OoJBIIHE TTOTEPH DHEPIUU HM3-3a OXJIa-
XKJIEHUS TIeperpeToro mapa B IIapora3oBOM
ITy3BIpE TPU MPSIMOM KOHTAKTE C )KUIKOCTHIO
Y CTabHBIMU CTEHKaMH paboueii KaMephbl.

Jns coznannsi paBHOMEpPHOM Harpy3Kkd Ha
(¢UIBTp, YMEHBIIEHUS HANpsHKEHWH Ha ero
JIOKaJBHBIX —y4YacTKax, IOABOJA HHEPTUU
B3pBIBA HOPMAJBHO (UIBTPY C HAUMEHBIIH-
MU TIOTEPSIMH SHEPTHH W UCKIIOYEHUS Tps-
MOIO KOHTAaKTa MEperpeToro mapa ¢ >KHI-
KOCTBbIO TNCPCIICKTUBHBIM  HNPCACTABIIACTCA
IIPUMCHCHUC 3aMKHYTBIX HTHJIWHIAPHUYCCKUX
B3PBIBHBIX KaMmep C 3JaCTHYHBIMU 000JI0Y-
kaMu. [loaToMy WeNbI0 HacTOSIIEH paboTHI
SBJISIETCA TEOPETHUUECKUN pacydeT IyJibcalui
MOTOOHBIX B3PBIBHBIX KaMEpP B CKBOKMHAX.

PaccMOTpuM Tporiece IyJIbcaruii B GuibT- Puc. 1. Pacquz{aﬂ cxema MyJIbCAIUi
pe CKBa)XWHBI IMIMHAPHYECKOH B3PHIBHOI g’;ﬁi‘;ﬁg“:;:;;EEHEISPII’I?H%%CZ;:;}:I’L N
Kamepsl C MPOAYKTaMHU B3pbIBA. PacdeTHas joupa; 2 — dumetp; 3 — wnmmapuue-
cxeMa MyJbcaluii mpecTaBieHa Ha puc. 1. CcKasl B3pbIBHAs Kamepa; 4 — 06onouka
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I'uoponunaMuveckue XapakTEpPUCTHKH MPOLecca PaCIIpeHus IUIMHIpUYIe-
CKOI KaMepbl B CKBa)KHHE 3aBHUCSIT OT COOTHOLIEHUS MEXIY TPEMs IPOCTPAHCT-
BEHHBIMH Maciutabamu: JUIMHO# Kameps! |, ee HavanbHbIM pagnycoMm R; u riy-
OouHOI morpy>keHus H.

Bynem paccmaTpuBaTh LMIMHIPUYECKYIO KaMmepy, JUIMHA KOTOPOM
R, <<l << H. Cornacno knaccuduxamuu [2] Takyro KaMepy MOXKHO OTHECTH K

KOPOTKUM LMJIMHAPaM, y KOTOpbIX maiauHa | nexut Ha otpeske R, << | << A, rae

BEIMYHMHA A PaBHA MPOM3BEICHHUIO CKOPOCTH BOJHEI C HA AJUTENBHOCTh HPOLEC-
ca pacIIUpeHHs TOJNOCTU T, T. €. A =cT. CKOpOCTh pacUIMpeHusi MPOAYyKTOB
MTOJIBOJHOTO Ta30BOTO B3PHIBA B CKBaXMHE HEBEIHKA 10 CPABHEHHUIO CO CKOPO-
CTBIO 3BYKA C B XHJIKOCTH, TO3TOMY KMJIKOCTh MOKHO CUMTATh HEC)KUMAEMOH.

[lycTs B QuIIbTpe CKBaXHHBI MMEETCSl MWIMHAPHYECKAsi B3pHIBHAS KaMepa
C HapyXXHbIM paauycoM R;, mMeromas CHapy>Kd TOHKOCTEHHYIO YIPYTy 000-
JIOUKY TOJIIIMHOHN O, KOTOpas coriacHo [3] momkHa cocTaBisaTh MeHee 1/20 Ha-
PYXKHOTO TMaMeTpa IHINHIpUYecKoi kamepbl i Menee 1/10 R;. Torna mpu-
HUMAIOT, YTO HANpPSKEHHS B 000JOYKE pacIpe/eieHbl paBHOMEPHO IO €e TOJ-
IIUHE.

TTosocTh NUIMHAPHUECKON B3PBIBHOMN KamMeps! paguycom (R; — ) 3amosHeHa
ra3o00pa3HbIM dHeproHocuteneM. Tak Kak B 3a7ade pacCMaTprUBaeM «KOPOTKHIMA
WJIMHAP» N0 CpaBHEHHWIO ¢ riiyOmHOW morpyxenus H, y kortoporo | << H,
HavYaJbHOE JaBIIEHHE Po B MOJIOCTH MPHHUMAaeM OJWHAKOBBHIM IO BCEH JITHHE
Y paBHBIM a0COJIOTHOMY JaBIIEHHIO Pagc B KHUIKOCTH Ha YPOBHE IIEHTPA IIHIIUH-
Pa Py = Pose = Pary +PEH .

[IycTh B 3HEproHOCUTENE MPOU3OILIO OBICTPOE XUMUYECKOE TIPEBpAIICHUE —
B3pBIB. YUUTHIBasi BEICOKYIO CKOPOCTh PacpOCTPaHEHHUs B3phIBa, Kamepa IMpak-
TUYECKH MTHOBEHHO OKa3bIBAETCS 3allOJIHEHHON MPOAYKTaMHU B3phIBA C OAMHA-
KOBBIM U PaBHBIM I10 BCEMY 00BEMY IaBICHUEM p, = mp,, TJe M — CTeNeHb BO3-

pactanus aasineHus. Kamepa akcnaibHO pacUIUpseTCsl, BHITECHSS KUAKOCTb MO
KOJIBIIEBOMY 3230pY B CTBOJI CKBKHHBI.

Bynem cuutath, 4TO HavagbHast PHEPTUS MPOIYKTOB B3phIBa D1 PACXOAYETCS
Ha yBeJIMUeHUE UX BHyTpeHHeil sHeprun Wr_s), Ha paboTy 4 HaJ OKpy»Karoleil
JKUJIKOCTBIO U Ha PaboTy A, PacTSEHHS TOHKOCTCHHOH yHpyrod o0OJOYKH.
YpaBHeHue, OMUCHIBAIOIIEE JIB)KECHUE 3alOJHEHHOW ra3oM HHWJIWHIPUYECKOU
KaMmepbl B CKBAKUHE, UMEET BUI

W(R—S) +A+A; =0, 1)

HawanpHas sHeprust D; NPOAYKTOB B3phIBA paBHA BHYTPEHHEH SHEPrHH
W(g,_s) TPOIYKTOB B3pbIBa MEPE]l PACUIMPCHUEM, T.C.

mp,n(R, — 8)?l
9, :W(Rl—ﬁ) :#’ 2

re N — cpeaHee 3HAUYCHHUE TOKA3aTeNsl MOJUTPOIBI MPOAYKTOB B3phIBA B MPO-
1ecce myJibcalui.

[IpenmonaraemM, 4To NpU paCHIMPEHUH MOJIOCTH U3MEHEHNUE COCTOSHUS TIPO-
JIYKTOB B3pbIBa IIPOUCXOJAUT MO MOJUTPOINHON 3aBUCUMOCTH. IloaTomy cBA3b
MEX]ly JTaBJICHHEM Ta30B [ B MTOJIOCTH U €€ TEKYIIUM paauycoM R mMeeT BUa
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R~ 2n
p:pl(R—SJ : 3)

BuayTtpenuss sHeprus W(Rfa) B mpouecce pacmmpenus paBHa W 5 =

_ pr(R —8)°l

N1 . C yuerom (3) momyuum

Wir-s) =

2n
mpo(RRl__SJ (R —-38) )
1 : 4)

Pabora, 3arpaunBacMasi IpOyKTaMH B3pbIBa Ha YIPYTYIO 1e)OpMAIHIO LH-
JMHAPUYIECKON 000JI0YKH, paBHA MOTCHIIUATBHOW HEPTUU 1e(OPMHUPOBAHHOTO
Tena, M ee HaiileM Kak IT0JIOBUHY NPOM3BEICHUS CHIIBI JIABICHHS TPOAYKTOB
B3pbIBa Ha panuajibHoe nepemenienne AR =R —R; [4]

A5 =05p 2nRI(R-R)). (5)

B cootBercTBUU ¢ 3akoHOM ['yka [3] pamuanpHOE MepeMeIieHUe ITHHIPH-
YeCKOH 000JI0UKH

R—R1=E(02 — oy ), (6)

rae £ — MOAyJb YIIPYTOCTH MaTepualia 000JIOUKH; G1, G2 — COOTBETCTBEHHO Me-
pUAMaHANBHBIE U KOJBIEBbIC HANPSOIKEHHS B. 000JIOYKE OT JACUCTBUS paBHOMEp-
HOTO BHYTPEHHETO JaBjieHus Pi; U — K03 dummenT Ilyaccona.

Hanpsixenus 61 1 6,

R
o= p2161 ;
R
G, :_p16 L (7)

[Moncrasus (7) B (6), BIpa3suM P, H, MOACTABUB €ro B (5), MpuHAB K03hdu-
nueHT [lyaccona st pesunst w = 0,5, momyuum

_4nEIS(R-R,)’ .
R ®)

PaboTy TpomyKTOB B3pbIBa NPOTHB CHJI BHEIIHETO JTABJICHUS MPHU YBEIHYC-
HUM 00beMa B3pBIBHOM KaMepsl oT Vi 10 V ompenenum mo Gpopmyire

\Y S
A:jp,desz,dS, (9)
v, S,

rae S — miomaab MoMepeyHoOro CEYeHUs! B3PHIBHOM KaMephl; py — AaBJICHUE Ha
000JI0YKY CO CTOPOHBI KHJKOCTH B CKB2)KHHE B ITPOLIECCE TBHIKCHUSL.

[aBnenue p| Haiinem u3 ypaBHeHus Jl. bepHymn Ha ciaydyail HEyCTaHOBUB-
LIerocsl IBIDKEHHS, 3allMCaHHOTO 1S cedyeHus |-|, coBmaparomero ¢ HapyxHOM
O0KOBOI1 MOBEpXHOCTBIO 000sI0ukH, U cedeHus |1-1l, mpoxomsmero no ypoBHio
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Boabl B ckBaxkmHe (puc. 1). IlmockocTh cpaBHEHUS TPOBOJUM [0 HIDKHEMY
JHUILY B3pBIBHOW KaMephl.

Hcnonb3yem cieayrouue JOMYIIECHUS:

¢ KUJIKOCTh HEC)KUMAEMA,

e CTEHKH CKBaXXHHBI a0COIFOTHO KECTKHE U HEPOHUIIAEMBIE;

o TaBJICHUE TIPOYKTOB B3PBIBA IO BCEMY 00BEMY ITOJIOCTH OJTMHAKOBO;

« HHEPIIMOHHBIMU CHJIAMH B KOJIBIIEBOM 3a30pe IIpeHeOperaeM.

YpaBHEHUE UMEET BUJ

2 2
Z,wtﬂ+0t'izz,,+ﬂ+m+hT +h, (20)

Pg 29 Pg Zg Pi-n -1

rae Zi’ pi n Vi — COOTBETCTBECHHO I'€COMCTPUUCCKAs BBICOTA IMOJIOKCHHUSA LICHTPa

TAKECTU CCUCHHA Hall IJIOCKOCTBIO CPAaBHCHHA, NABJICHUE B ICHTPEC TKECTU
CCUCHMs], CPE/HsIs CKOPOCTH B cedeHny; h,, —— — motepy Hanopa Ha TPCHHE Me-

KRy cedeHnsamu; D, — MHEPLMOHHBIN HAMOP.

Torma nmeeM:

| dR | | RZ-R? .
= —E, ZZ_§+H+AZ_§+H+IT’

2RI'dR
Pi = Pans Vi =R_5E' (11)

rae Az — MOBBIIIEHHE YPOBHS JKUAKOCTH B CKBaXKHHE; R — pammyc obOcagHoit
KOJIOHHBI.

Wnepuuonsslii Hanop Ha y4actke |-I1 paBen cymMme WHEpIIMOHHBIX HATIOPOB
B puibtpe h,, . 1 obcannol kononne h,

dr
("%
2l -1-a dt

h, =h = == [———=. 12
HH|_ || HH. + MH.K g R; + R2 dt ( )

K
Hotepn Ha tpenme cocrasmumor h, —=h, . . +h ,+h +h ., roe

hﬂmyq = HOTEpHU HAmopa Ha KOJIBLEBOM YUYaCTKE MEXAY CTEHKaMH B3PBIBHOM

Kamepsl 1 Guibrpa; h,, . —norepu B punbtpe; h,  — B KOnoHHeE; h, - notepn
B MECTHOM COTIPOTHBJICHHH TIPH NEPEX01e KOJIOHHBI H QUILTPA.

IToTepn Hamopa Ha ydYacTKe KOJBLEBOTO MOIEPEYHOro CEYECHHs HEpaBHO-
MEpHO pacIlpezeneHsl mo ero JummHe |. OTo 00yCcIoBIeHO NMEpeMEHHOH CKOpo-
CTBIO XUAKOCTH V, TI0 JJIMHE Y4acTKa, KOTopas JMHEeiHO Bo3pacraeT oT V=0
npuz=0m0 V=V, npuz=1

CBs3b 0CeBOM CKOpOCTHU VZ B KOJIBIICBOM 3a30p€ Ha paCcCTOSHUM Z OT Havaja

o drR
OTCUCTa C paguajlbHOUW CKOPOCTBIO HMUIIMHAPUYECKOW KaMEpPBI ——- HaWIEM U3

dt

YpaBHCHUA HEPA3PBIBHOCTH, 3AIIMCAHHOI'0 MJIA MUJIMHIAPUYCCKOI'O U KOJBIIEBOT'O

CEe4eHMH: 2TERZd—R = n( R; ~-R? )VZ, OTKyZa

dt
82



2Rz dR
" RER A &
i
Mpuz=1

2Rl dR
= 14
Voo RZ_R? dt (14)

!

Bocmonp3yemcst m3BecTHOW (hOpMyIoi aJis pacdeTa MOTeph Haropa hmu(.yq

Ha y4acTKe KOJIbLIEBOI'O MOMEPEUHOT0 ceYeHus [5, 6] mpu NOCTOSSHHON CKOPOCTH
10 JUIMHE y4acTKa, T. €. Korjga V=V, =Const, umeem

2
\)
h =k LY

JULK.Y4 uvd Rq) ) Er (15)

rae K, — mompaBo4HBI KOG dUIKEHT; Ay — KOI(HUUHCHT THAPABIHIECKOTO
COIPOTHUBJICHUS (DUIBTPA; Vy — CPeaHss CKOPOCTDb 33 KOJIBIIEBEIM CEYCHUEM (B
(punbTpe). BoIpasus V, 4epe3 MOCTOSHHYIO CKOPOCTH B KOJIbLIEBOM CEUCHHH,
MOJIyYUM
2 p2
by Mo Ry—R |2
JULK.y4 H 2 - K.C"
49 Ry R, —R

YuuThiBas, 4TO Ha paCCMAaTPUBAEMOM YYACTKE KOJBIEBOTO CEUCHUS AITUHOM
| (puc. 1) MPOUCXOMUT ABMIKEHHE KHUAKOCTU C MEPEMEHHONW MAacCoi, T. €. Ha-
OIro1aeTCA HENMPEPHIBHBINA MPUTOK KHUIKOCTH IO JUIHHE yYacTKa OT HyJs B Ha-
gasie 10 MaKCUMaJIbHOTO 3Ha4eHHs B KOHILIE YJYacTKa, OMpPEeaesIuM MOTepu HaIlo-
pa dh

oTrcueTa no dpopmyie

Ha 3JICMCHTAPHOM YYaCTKC HHHHOﬁ dz na paccTossHUH Z OT Hayaja

JULK.y4

kg R: —R? dz

2

_kAy R o
g RE(R, —R)

IMoacraBuB Beipaxenue (13) B (16), nonyunm dh

2
dr
X (Ej 2°dz . Unrerpupys ot Z = 0 10 Z = | (U1 BCEro KOIBIEBOro yyacTka),

noxyuum h

|
g = ka‘b Z R* [%—TJZ jzzdz , WIn
g R(p (Rq) -R) 5

kAl R? (dRT 17)

JULK.y4 _Wﬁ E

83



[lorepu nHamopa B QuusTpe ompeaenuMm mo ¢opmyne lapcu—BeiicOa-
2
l, —a—1v;

xa h, .=2, Wﬁ,

y‘{I/ITLIBaﬂ, 4YTO M3 YpaBHCHHA HCPA3PBIBHOCTU

Vp®p = Vi o201 O s THE Vo, onpenenum 1o (14), nocne npeobpazoBanuit 1mo-

K.c!

Ty4YUM

(l,—a=I* ,(dRY
D

ITotepu Hamopa B KOJIOHHE Takxke ompenenseM 1o dopmyne Jlapcu—
Beiicbaxa:

2
h, I Ve
=M 5R g
50051
112, (drRY
SRR @

[Notepu Hanopa Ha mepexojlie KOJOHHBI W (WIbTpa HaiieM mo Qopmyie
Bopna st pe3koro pacuimpeHus

2, 2 2 2 2
A R S ) s Rz(d—Rj . (20)
: oy, 29 dq) gR: dt
Ipu noacranoske (11), (12), (17) — (20) B (10) momyuum
P R? - R? a(dez 2A( 1, —1-a |
= H+ =5 4 | | = T+ |x
P pg{ Pg RE-29ldt) g RZ R

drR
d[RdtJ kH%qus RZ (dR )
+ —_— | + (21)

dt 3gRq‘j R, —R{ dt

2
Ay (I, —a—1)I? 2 2 92 [R2 2
. M 5 ) +2al4+XKIKL +2|4 RKZ_1 Rz(de |
9R; oRy OR} OR!(R} dt

OKoHYaTeNbHO, TOACTaBUB BhIpakeHHs (2), (4), (8), (9) B (1), nomyuum

X

nR?
4nE|6 R-R ) mpon(R -8)*" 2@y MPm(Ry -38)°1
|| ps Rl g R ST 20
TJIe P; ompeeseTcs 1Mo BeIpaxeHuto (21).
Coxkparias ypaBaenue (22) Ha | v HCTIONIB3YST COOTHOIICHHSI
ds drR
S =nR?; Gt = 2R S, =nR}; S, =mR%; S, =nR;, (23)
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IIpUBOAUM €TO K BUAY

e g of 121 YdsY (l,-1-a 1 )d%s
o, 9 (g_ i B | Rl il _x_
Sj LHSK(S Sl)+l{zskz 8n8](dtj +( Sy +sdet2+
f o OS[ Ad 2l -1-a) Ak 1
RS2 R,S: 35 Sy - J_

+i[sx ) T] dS:_4mpon(Rl—8)2n( 0) _SJH”_

3lp(n—-1) .

_Edn (M—JST)Z
Ip \/571

+const,

0;
STOT MHOXUTECIIb BBCACH IJIA yqua TOTO (l)al(—

ds
“lopn —<
rae sign—— at
dt - 1 d 0.
npu ——>
Pt
Ta, YTO JICWCTBUE CONMPOTHBIICHUH BCErJa HAIPaBICHO B CTOPOHY, MPOTHBOIO-
JIOXKHYIO HAIIPABJICHUIO IBUKECHUSL.

Huddepenupyem 310 HHTErpaNbHOE YPABHEHKE [0 BPEMEHU U COKpAIlaeM

ds
Ha ——. BBoauM B paccMoTpeHue 0e3pasMepHyIO BETHUNHY:

dt”

S dS_1ds

U TIOCJIe HECJIOXHBIX MpeoOpa3oBaHuil moyydaeM TudGepeHIInalbHOEe YpaBHe-
HHE

1-Ks
2~ ~
A‘j']TzszcoJr %wz ; ‘/§2n—B3S —(Dl—%j(‘;—ﬂ -
S _
(S-ks) 25)
D, |(dS d
_(D3+1_\/§ (EJ sign-—-
rie
s S, p, 4ES 4ES
1 leasr Dt oS Po
Al —lmarhg s Co=0g 1, 3R BT 3R,

mp,( R -6 .
BZ_'P[Rcbj’
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2 2
o S al(S aR
=g, Bm9s) DF?[s—d”]; D =g

K

(o 1,-1-a 1 (S, s, ) | k,I?
D3=Z 7\,¢R—+7\‘KR—K[S—K +2 1_8_ X D4=7\,¢m.

¢ K
& S1 . Qr

HauanbHeie ycnoBust ans tpebyemoro perenus: S (0) =35 S'(0)=0. U3

(0
(23) u (24) cnenyert, 4TO peanbHBIN paguyCc M CKOPOCTh €0 MU3MEHEHHs Iepe-

= R R S

cunteiBatoTes o popmynam: R(t) =Ry +/S(t); R = f’ d—S
a5 $() dt

VYpasuenue (25) He HomMycKaeT pemieHus: B kBaapaTypax. lloaTomy ams Ha-
xoxaeHus pemienust S(f) MCMOIb30BAIUCH YHCICHHBIC METO/BI (2 UMEHHO, Me-
tox Pynre-Kyrra—Mepcona).

Hano Taxske OTMETHTB, YTO (25) UMeeT cTallMOHapHOE pemeHne S =S, Ko-

B 3 -
TOPOE OTPENENAETCS U3 YPaBHEHUS —= + B, —\/_Sn —B,S=-C,. Dro ypas-

S (S4k,)

HCHUC JICTKO pEeIIaCTCAd METOAOM IMOJOBUHHOTO ACIICHUA.

Cucrema B Bapuanusx ypaBHeHHs (25) mis pemeHust S =S, uMeeT 4ucTo

MHUMBIC XapaKTepUCTHUYeCKue mMokasarenu. [loatomy Touka (So; 0) mist (25)
MOXET SBIATbCS JHOO IIEHTPOM . (BOKpYT KOTOPOrO BpaIAlOTCs TOY-

ki (S(t), S'(t))), muGo ¢doxycom. UmcneHHOE MOJENMpPOBaHUE IOKAa3bIBAET
(puc. 2), 94TO 3Ta TOYKA SBISETCS MPUTIATUBAIONINM (HOKYCcOM (T. €. S (t)>S, u
S'(t) >0 mpu t — ).

PaccmoTpuM BOmpoc moirydeHus OLEHKH i R, MakCHMalbHO BO3MOXK-

X
HOTO 3HAYeHHUS paamyca Imy3bips. Mcciaenyem npomexytok Bpemenu [0; t], Ha
kotopom S'(t) >0, ecrm 0<t <t.,mu §'(t1) =0. MomeHT BpemeHu t; kak pa3

N2
ds
COOTBETCTBYeT 3HaueHuo R . B (25) nemaem mnoacraHoBky \V:(EJ ;

ﬂ = ld_‘l/ Y TIOJTyyaeM ypaBHEHHUe 1-ro nopsaka
dt> 2dS

R S N R R

@S 7 VS T (5-k,) S 14§

rae ¢, =C,/A; by=B//Awut. n,ad=(D,+D,)/A HauarsHoe 3HaueHHe 1S

pewenns: y(S,)=0,rae S, =3,/S,,.
Hcnonb3ys cTaHIapTHBIE METO/IbI, HAXOMM HCKOMOE PEIICHUE
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w(S) =u(S)v(S),

- - - _\4d,
e U(S):SZdze—ZdSMdA\/g(l_\/E) u

0

K.
5 1-—2
- b, Jy dy
v(S)=2||c,+—=+Db ——byy . (26)
! Y T (ymay k) )

2

0O603HaYNM §max :§(t1): Riax . Torma \|I(§max)=0. Bbynem cuurarts,

Ry

4TO §max <1 (1. e. my3bIpb HEe OOCTHraeT CTeHKH (uiIbTpa). Torma u(§max) =0
U, CIIEJOBATENBHO, v(§max) = 0. Tak KaKk JUIsi peanbHbIX 0GHEKTOB 3HadeHns d ,
d, u d, maner (d, u d, umeror mopszok 1073, a d — mopsmox 107%), To B HH-
terpaie (26) MOXHO cuuTath, 4yTo U(Y)~1. DTO HaeT BO3MOXKHOCTH OLICHUTH

3TOT MHTETpall B IBHOM BHAE, U paBeHCTBO V(S ) =0 mpeBpamiaercs B ypas-
HEHHe

F(Smax) = F(Sp), (27)

b+ 2
r1e F(y):coy+2bl\/§+1ti2 (y—2k6\/§+k§)l Y e (27) mero-

n 2

JO0M IIOJIOBHHHOI'O ACJICHUA, Mbl MOKEM OLICHUTH 3HAUYCHUC Rmax = qu S

max *

IMorpemHocTs mpu HAXOXKAECHUU S . C MOMOLIbIO ypaBHeHuUs (27) Bo3pac-

TacT, €CJIM UCTHHHOC 3HAYCHUC Smax ~1 (3T0 MMPpOUCXOAUT U3-3a TOr0, 4TO IpU

y =1 Henp3s cunutark, 4To U(Y) ~1). Ho YnCICHHBIH SKCIIEPUMEHT MOKa3bIBaeT,

4TO €CIM MCTUHHOe 3HadyeHwe S . <0,99, To oTHOCHMTENBbHAs MOTrPEHIHOCTDH

menee 3 %.

PesynbpTatel ‘9uCNEHHBIX pacdeToB N0 (25) mynbcauuii UMIMHAPUYECKON
B3PBIBHON KaMephl, CHa0)KEHHOW T'epMETUYHOMN 3IaCTUYHON 000JI0UKOH, Tpen-
CTaBJICHBI HA pHC. 2.

U3 puc. 2 cnenyert, 4ro paguyc 00OJOYKH B MPOLECCe PacLUIMPEHHUsT BO3pac-
Taer 10 R, (puc. 2a), mpu 3TOM CKOPOCTh BHAYaje PacTeT, a 3aTeM K KOHILY

paciiMpenus yMmenbiuaercs a0 Hyns (puc. 26), masnenue P(t) B mpomykrax

B3pbIBa, BBICUMTAHHOE MO (3), MPH 3TOM JOCTUTAET MHUHHMAIHLHOTO 3HAYCHHS
(puc. 2B). BenenctBue moTeps SHEPrUM MyJbCAMU MPOAYKTOB B3pbIBA UMEIOT
3aTyXarolui xapakrTep.

XapakTep U3MEHEHHsI JIaBJICHHUS BO BPEMEHHU Ha CTeHKe (uibTpa Oyaer Ta-
KHUM K€, KaKk M B IIPOJyKTax B3pblBa. B paMkax paccmMaTpHBaeMbIX 3/1€Ch IpU-
ONMMKEHNH MOKHO CUMTATh, YTO JABJIICHHE B CEYCHUU C KOOPJMHATOH Z HA CTEH-
Ke (puIbTpa HAPOTHUB B3PHIBHOW KaMephl OyJIeT MEHBIIIE JaBJICHUS B TIPOAYKTaX
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B3pbIBa ) HA BCIIMYHUHY yZ[eJ'ILHOﬁ KHHETHYICCKOM SHEPrun B 3TOM CCUYCHUU
2
OLpVZ /12 B COOTBCTCTBYHOIINUEC MOMCHTBI BPCMCHHU. VkazaHHOE HUMeeT MECTO,

KOTJ]a TIPUMEHSIOTCS B3PBIBHBIC KaMEPBI, PaJINYC KOTOPBIX COU3MEPUM C Pajny-
coMm QuabTpa. [IprMeHEeHUEe B3PBIBHBIX KaMep MalbIX JUAMETPOB HEIENeC000-
pa3HO u3-3a 3aTyXaHUs JaBJICHHUS B KOJBIICBOW 30HE MEXKIY HApPYKHOW MOBEpPX-
HOCTBIO Kamephl B puibTpa. [IpenensHol mo [uaMeTpanbHOMY pa3Mepy B3pbhIB-
HOW KaMepoil W3 yCIIOBHS HEIONYIICHHUS €¢ KacaHus CTEeHKU (uiabTpa mpu
MaKCHMaJIbHOM PACIIMPCHHUH SBISETCS KaMmepa, y Kotopoit Ry, ~R,.
a

4RIR,

1,0
08
06
04
0.2 1

o
r

0,2

-0,6
-1,0

5
L

1,6 2,4 32 t,c 40

Puc. 2. Xapakrep myJibCandii MUTHHIPUICCKON B3PBIBHOW KaMephl B (QUIBTPE CKBAXXHHBI IPU:
R1 =004 M Ry=0125m, R,=025m, I =2m 6=0,002m, I=8m, [,=8wm m=10,n=121
a=R/Ry; 6 = R/Rmax; B = /Py

IIpy oueHKe NEHCTBUS B3pbIBA Ha KOJBMATUPYIOIIHUE OTIIOKEHHS, TOMUMO
MaKCHUMaJIbHOTO JIaBJICHHUS HA (PPOHTE BOJHBI, KOTOPOE B OCHOBHOM OIIpenens-
eTcsl TIyOWHOW BOJIBI B CKBaKMHE H, K paspymaromumM (akTopaMm OTHOCHUTCS

t

HMILyJIbC AaBiicHus |, KOTOpBIN ompenenseTcss Kak uHTerpan | = I p(t)dt. Do-

0
(heKTUBHOCTH JeKoNbMaTauu (GUIbTpa OyJIeT TeM BhIIIE, YeM Ooiblie OyAeT
BEJIMYMHA UMITYJIbCa AaBjieHus .

Jist onpenienieHns BEIMUMHBI UMITYJIbCa JaBjieHHs | ¢ MOMOIIbI0 IPOrpaMMBbl
pewenust ypasaeHus (25) no ¢popmyne CUMIICOHA BBIYUCIAIOCH 3HAUCHUE

[ =j p(t)dt, (28)
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rae {, — MOMEHT BpeMeHH, KOTr[a paguyc Iy3bIps MPHHAMAET MaKCHMAJIbHOE

3Hauenne R a p(t) ompexnensiercs mo popmyie (3). O6paboTKa Pe3yILTATOB

max !
BBIYHCJICHUH TPU PA3IMYHBIX T€OMETPUYECKHX pa3Mepax B3pPBIBHBIX Kamep,
CKB&XMH ¥ YCJOBHSX ITOJBOJHOTO B3pbIBAa MO3BOJHJIA MPEAIOXKUTH (HOpMYITy
IUIsL pacyeTa MMITyJIbca JaBlIeHus | Ui cTaany paciIMpeHus MPOIyKTOB B3phIBA
(mpu m=10 u E =6 wlla). JJna nonydenus popMyisl ObUT HCIIOIB30BAH METO.
HaMMEHBIINX KBaJpaToB.

Orta popmyna s uMITynsca AaBiaeHus | nmeer BU:

|0,49 Rf,Og (Iq) + 8 _ a.)0,053 (I(b + IK _ a)0,0S kn
R§,26 R]((),B (2 + 6)0,13

| =0,213mp, , (29)

rae K, =0,285+0,98n""" — koo durment, yunThBaromuii BansHue K03hdH-

IUEHTa TIOJUTPOINBI N. 3HadeHus nmepeMeHusix |, R, Ry R I(b ul_ crenyer
3a/1aBaTh B METPaxX, TONIIHHY 000J0YKA O — B MIUTEMeTpax. OrpaHuyeHus Ha
ucnons3oBanue  Gopmyner  cnexyromme: | €[0,2; 2], R, €[0,02;0,07],
R, €[0,08; 0,25], R, €[0,08;0,3], (I, —a)e[2;18], | <[25100], S€[L; 5],
ne[1,2; 2]. llpu 1aHHBIX OrpaHMYEHUAX PE3YJBTATHI, HONYUYEHHBIE C HCIIOJb-

30BaHuEM (hopMyIibl (29) , OTIMYAIOTCS OT COOTBETCTBYIOIIUX PE3yIbTATOB BEI-
YUCIICHHUS MHTETPpaa MOJMy4YeHHBIX 110 (28) ¢ ucnois3oBanneM GhopMynsl CUMII-
coHa He Oonee 4em Ha 5 % (a UIT YaCTO BCTPEUAIOIINXCS KOHCTPYKIHN CKBa-
XUH — He Oonee geM Ha 3 %). Hajgo Takke OTMETHTH, 4TO UCTIOIB30BaHMUE (Pop-
Myabl (29) umeer cmbicn, ecnmd Ry, <Ry, YTO MOXHO NPOBEPHUTH, HCIIOJb-

max —
3y (27).
Amnanu3 ¢popmydsl (29) moKa3bIBACT, YTO UMITYJIbC JAaBIeHUs | TuHEHHO BO3-
pacTaeT ¢ yBEIMYEHUEM JABIE€HUS B3PbIBA Py, = MPo, MPAKTUUECKHU MPOIOP-

IIMOHAJICH KOPHIO KBAJAPATHOMY U3 JUTMHBI B3PBIBHON KaMephl ~JI, nveer poct

1 o
nopsaaka R1,09 HOpH BO3pAaCTAHUN HAYAJIBHOTO paanyCa B3PBIBHOU KaMCPhbI, UMC-

€T INPAaKTUYCCKHU JIMHEMHBIN POCT IpH BO3paCTaHUUN JNJIMHBI (I)I/IJ'ILTpa 1 KOJIOHHBI

(HOCKOJILKy OT HHUX JIMHCITHO 3aBHCHUT FHY6I/IHa H u coorBeTcTBEHHO JaBJICHUC

)0,08

Py, a muoxkurenu (I, +8- a)’%® u (Iy+1.—a BHOCAT HECYIIICCTBEHHBIN

BKJIAJ) M YMEHBIIACTCS ¢ yBenuueHueM Ry, R, nn d.

K !

BBIB O /I bl

1. Ha ocHOBe aHanmm3a HEMOCTATKOB Ta30MMITYJILCHON pereHeparui GuibT-
POB C NIOMOIIBIO OTKPBITBIX CHU3Y CTAJIbHBIX B3PBIBHBIX KaMEp MPEAJIONKEHO UC-
IMOJIB30BaHUE I'CPMETUYHBIX NUIMHAPUYCCKHUX B3PBIBHLIX KaMEp C 3J1aCTUYHBIMU
000JI0UKaMH.

2. s onMcanus MyIbCalluid MPOAYKTOB IMJIMHIPHYECKOTO TI0IBOJTHOTO Ta-
30BOTO B3pbIBA B 3aKOJIEMAaTHPOBAHHOM (DMIIBTPE CKBaXXWHBI HA OCHOBE 1-TO
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3aKOHa TEPMOJWHAMHUKH COCTaBJICHO ypaBHEHHE 3aKOHA COXPAHEHHUS SHEPTHH
JUTS TIPOTIecCa PacIIMPEeHUs Ta30BOM MOJIOCTH B 000JI0UYKE BHYTPHU 3aII0THEHHON
XKHUIKOCTBIO BEPTHUKAIBHOMN TPYOBI C YUETOM CHII TPEHUS M WHEPIINH.

3. IlomydenHoe HenmmHEHHOe muddepeHInaIbHOe YpaBHEHUE BTOPOTO II0-
pSAAKa pemajoch YHCICHHBIM METOJIOM, B pe3yJbTaTe COCTaBJI€Ha Iporpamma

pacueTa, KOTOpasi TI03BOJISET MOIY4YUTh 3aBUcUMOCTH R(t), , p(t) u 3HaueHus

d
dt
WMITyJIbCa aBJIeHUA | IpH pa3nuyHBIX MMapaMeTpax CKBaKMHBI M B3PHIBHOM Ka-
MepBI.

4. Jlna onpeneneHusl MaKCUMAaJIbHOTO paJiyca B3pbIBHOM Kamepsl R, To-

JIy4eHO BBIpa)XK€HHE, KOTOPOE PEIIaeTCs] YUCIEHHBIM METOJIOM.

5. Jlnsa pacdera uMmIyJibca qasiaeHus | momydeHa ¢gopmyra, KOTOPYO MOKHO
WCIIONIb30BaTh JJISi NMPOEKTHPOBAHUS B3PHIBHBIX KaMmep, OOECIIeUMBAIOUIMX 3a-
JIAHHBIE PEXKUMBI 00pabOTKH (HDUITETPOB.
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