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CXEMA PABOTbI AKTHBHOH 3AGOHKH

TpoBeneHsl Hccreq0BaHHA 110 CPABHEHHIO BPEeMeHH BblIeTa Le/IbHOF (ITaCCHBHOFY) 3a-
OOHKH C BpeMeHeM Bbl/leTa akTHBHOH 3a00FKH U3 CKBaXKHHBI.
KrtoueBbie c/i0Ba: akTHBHas 3ab0FHKa, NacCHBHas 3a00FiKa, AeTOHALIMOHHBIH IPOLIecC,

COIPOTHB/ICHHE ABHXEHHIO 3a00HKH.

Ha/IM3 [AaHHBIX O BAWAHUM 3a-

OorkM Ha 3 dEKTUBHOCTH
nevicteus 3apsiza BB [1-10] nokasbia-
er, uTo OO/BIIMHCTBO KCC/Iea0BaTe1en
MPUXOAAT K BBIBOAY, YTO Ha/nyue 3a-
OOMKM YBe/IMUMBAET BpeMs AeHCTBUSA
B3PBIBHBEIX [A30B HA MACCUB TOPHBIX I10-
poa. I'locneaxee criocobeTByeT Nepena-
Yye pa3pyiaeMoi cpeae Oo7bllelt aAoMu
3Hepruu, BblAe/IGHHON MPU B3phIBE 3a-
psiza BB, uto crioco6ctBYeT mMoBbiiie-
HHIO KauyecTBa ApobaeHus.

[lpu pacuere BpeMeHy BbIIETa 3a-
OOMKM M3 CKBamWHBI, KaK IIpHM HHKe-
HepHbIX pacyetax (B.M. Tepentbes,
O.N. Anexceer; M.b. Kapacuk; B.IT
Acconog, I'T.A. [emuyk, /1.C. Kysnerios
v ap. — 6ubmuorp. B [1]), Tak u npu
aHa/MTHYeCKux (2, 3, 4, 6] nprHrMaeT-
cs Mofenb 3a/add BHYTPEHHeHr Oasniu-
CTMKH — BBIOpOC Tena (3a00MKM) 13 ab-
CO/MIOTHO XKeCTKOIro LIWIWHApPa TOoA Aeu-
CTBUEM B3PbIBHBIX [A30B.

[Tpy 3TOM B HHXKEHEepHBHIX pacue-
TaxX I[10/1arasoCh, UTO I104 ACUCTBHEM
OCPeIHEHHOr0 B3PLIBHOIO IaB/ACHUS
3aboiKa ABMKETCA PaBHOYCKOPEHHO
(1, 7]. Cunpl cOnmpoOTUBAEHUS ABHKe-
HUIO 3a0O0MKK YUYUTBIBA/IMCh CAeAVIO-
MM 06pa3oM:

e Kapacuk V.B. yuutsiBaer Tonb-
KO MHepPLIMIO 3a00MKY;

e Tepeurree B.M., Anexcees
O.N. yuuthiBaloT MHEpLMIO 3aBOMKU U
CH/TY TPeHHs1 OT BOKOBOTO Pacriopa;

128

e [lpyroBanueii M.P. u ap. -
VHepLMIO M CUIBl TPEeHUs OT GOKOBOTO
pacriopa ¢ MpyB/IeuYeHreM 3KCIIepUMeH-
TaZbHOM 3aBUCHMOCTH paclipeae/ieHrr
[aB/eHys B 3a00MKe [0 ee A/vHe;

e AcconoB B.A., [emuyr [TA.,
Kysnernios /1.C. oTMeuaioT, uto B pearb-
HO WCIIO/B3YeMbIX /7151 3a00OMKK Mare-
pyanax CU/bl TPeHUs OT BOKOBOro pac-
[opa HaMHOTO GO7Ibllie COMPOTHB/ICHS
capury. [losToMy B KauecTBe cCua CO-
MPOTUB/IGHHST  ABWXKEHUIO  3aBOMKU
MpeAnaraloT YUUTBIBaTh €€ HMHEepLMIO U
COINPOTHB/IEHHE Ha CABUT.

[1py aHaMMTHMUECKUX pacyeTax Bpe-
MEH! BblIeTa 3a00MKH W3 CKBAKHHBI CH/IBI
COTPOTUB/ICHUS (KPOME MHEpLIMK) WU He
yurThiBaeTcs [2, 3, 6], Wir YJUThIBAIOTCH
MyTeM BBeleHWs B YpaBHEHWs /BHKEHHS
3a00MKYU AOTIO/THUTE/TBHOM MaCChl, HUHep-
LIMOHHOCTU KOTOPOM 3KBUBA/ICHTHA CYM-
MapHOMY ZeUCTBHIO CH/T TpeHHs 1 GOKO-
Boro pacrnopa [4, ctp. 120].

OmnHako, B YKa3aHHBIX HCC/IeA0BAHM-
SIX YUYUTBIBA/IOCh, UYTO AaB/IeHWe B IPO-
[IYKTaX B3pblBa M3MeHseTCs B Mpoliecce
Bbl/IeTa 3a00MKH M3 CKBaXKUHBI.

[TocraHoBKa 3agaum:

CpaBHUTL BpeMs Bbl/IeTa Le/TbHOM
(maccuBHOM) 3ab0viku (puc. 1) ¢ Bpeme-
HeM Bbl/IeTa akTHBHOM (puc. 2) 3a60HKu
13 CKBAXKUHBI.

Moznenb CKBaxHHBI — KECTKUM LiM-
mvHap avametrpoM d. Cpena xapakrepu-
3yeTcs Ipezie/loM MPOYHOCTH Ha CABUT Tp.



3apsn BB

3a0oiika

_ll >—<

Puc. 1. Cxema pacnonoxeHnus 3apsaaa BB n naccuBHoOI 3a60HKH B CKBaxHuHe: || — nnv-
Ha ocHoBHoro 3apsazaa BB; H, — anvHa naccrBHoM 3a60MKy

OcuoBHo#i 3apsi1 BB

3a0oiika

-1,

AKTuBH3UpYOUIMI 3apsi BB

Puc. 2. Cxema pacnonoxenus 3apsaaa BB u akTuBHol 3a60HKH B CKBakKHHe: A — [1vHa
AKTUBHBUPYIONIEro 3apsaa; L — anvHa rmepBoro (OT OCHOBHOTO 3apsiza) ydacTka 3abovku; Lo —
[/TMHA BTOPOTO (OT OCHOBHOTO 3apsza) ydacTKa 3a60MKH.

XapakTeprCTVKK  OCHOBHOTO — 3apsiia
BB:

e  [IOTHOCTb ppp; A/IMHA |1
CKOPOCTb AeToHaLmu D;

o  KO3(pPULIMEHT MOMHUTPOTIbI K7;

Toraa, cornacHo [6], cpeaHee aeTo-
HallIMOHHOe HayaslbHOe [aB/leHue (B
paMKax MoJe/ld MrHOBEHHOM JeTOHa-
LIMH) PaBHO

2
__PesD”
2K, +1)
XapakTepUCTUKH  aKTUBU3UPYIOLIEro
3apsiga BB:
e  [/VHa A;
e CcpeaHee HayanbHOE [ETOHALIM-
OHHoOe faBneHue Pyo;
o  KO3(pPULIMEHT MOMUTPOTITbI Ko;
®  II/IOTHOCTB p2;

Martepranom 3a0OMKM CcurMTaeM He-
CXKUMaAEMbIM.

(1)

3aborika XxapakKTepUayeTcs:

I/IOTHOCTHIO p+; VIZIOM BHYTPEHHEro
TPeHus @; IIpeaeoM MMPOYHOCTH Ha CABUT
Ts6, @ TAKKE AMMHOM (cM. puc. 1, 2).

3abolika B3aMMOACHCTBYET CO CTeH-
KaMM CKBaKMHBI TTIOCPEICTBOM CH/T Tpe-
Husa. KoadpdpuiiveHT TpeHusi 3aG0OMKH O
CTeHKU CKBaXKMHBI O603HauMM yepes f.

Mounernb neToHaLUHMOHHOTO TIpOoLiecca:

MrHOBEHHasl AeTOHALIUA C YCTaHOB-
fIleHVeM CpeaHero Hauya/bHOrO /eTOHa-
LIMOHHOIO /aB/IeHHsA, KOTOpOe B Aallb-
HeMllleM HW3MeHseTCs 10 TIOMTPOIINYe-
CKOMY 3aKOHY [6]:
PVX = const, (2)
rae P, V — Tekyume gaBreHuve n o6beM
B3PBIBHBIX TasoB; K — rokasarenb Io-
[TATPOTIBL.

BbiGOp KpHTepHs COMNpPOTHBIe-
HHUSA ABMIKEHHIO 3a00MKH

a. Cuna TepHys oT GOKOBOTO pacrio-
pa:
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B3pbiBHBIE a3l

P(x,)

Dmnropa JaBlIeHuUs
B 3a00liKe

LYY
XYY
LI
e

@
0 Xy

Y

Cuuel TpeHUs

Puc. 3. Cxema cMellleHHsI NaCCHBHOH 3a00HKH B CKBasKHHe

PaccMOTpUM MOMEHT BpeMeHH, KO-
IZa IaccHBHas 3ab0MKa CMeCTW/Iach Ha
paccTosiHue X (cM. puc. 3).

B Buay HecxkuMaeMOCTH 3aBOMKH
pacrnpezeneHye AaB/leHUs B Hell 3ada-
eTcs 3aBUCUMOCTBIO

X X
P(x)=P(xy)| 1+-2—— |- 3)
Hy  Hjy
Toraa cymMapHas cuna TpeHUs 3a-
GOMKHM O CTEHKM CKBaKMHBI paBHa

H; —x;
F,, =K, P(x,)d T °, (4)

4

LMeHT GOKOBOrO Pacriopa A/s ChITyurx
cpea [11].
B cootBetcTBMM C (2)
ll
P(xy) =Fy| ——
l, + x,
6. Curia coInpOTUBIeHys TPy CABUre:
O603HaurM yepes

Tw = min{r T

rae Kp =tg2(£—§j — Ko3thcbu-

K 1
()

o’ (6)

Torna cymMapHast cuzia COTIPOTHUBR/IE-
HUSl CABUTY TIPU TOMOXKEHUU 3abO0MKH,
YKasaHHOMY Ha pHvC. 3, paBHa

Fy = d(H 3=, ). K. @)

cIB

3a0 ) -

rae K, — KoadppUlIMeHT AMHaMUYHOCTH.
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CpaBuuM Bemvuyinsl (4) u (7).
C yuerom (5) umeem

CIB

X—I-_I _md(H ,—x,)7.K, =F,

Hcxons us (8), nonyyaem

K,
[ X
P fio> ”_‘P) _h ] e K
/'8 (4 2\ +x, H,

220K, )

H3
Tar vk K=3 (6], a —2=0.4-0.5
1

[8], To MMHMMasIbHOe 3HaueHWe [1eBOM

CTOPOHHBI cpaBHeHus (9) paBHO
Kl

T @ 1
2 fig? ( — j P,
H 01
4 2 1413
l
OcyuiectBuUM BBIGOpP KpHTepus CO-
MPOTHB/ICHNS ABWKEHHIO 3a00MKH.

IMPYHHYMaeM:

P51=3-10° Ta [13]; f=0,3; p~40° [9];

(10)

H3
1—:0’5 [8]; K1=3 [6]; K[[=2 (1];
1



7. ~2-107 Ma[12].
[Monyuaem

K,
[ I
P, fig? ”—q’j ! ~58-.107 ' &
0./18 (4 2 N\ 1, +x,

7.K,=4-10"Ta.

TaruM o6pasoM, cuibl TPeHWs MpU
GOKOBOM pacriope 3a00MKH, KaK ITpaBu-
110, TMPEBOCXOAAT CH/Ibl AUHAMHUUECKOrO
caeura (enu MaTepuan 3abGOMKM Npes-
CTaB/IeH CbIIyyer Cpeaorl M3 TOpPHBIX
ropoan).

Ha ocHoBaHMM OLIEHOUHBIX PacueToB
B KayecTBe KpUTEepHs COIMNPOTHB/ICHUS
[BVKEHHIO 3a00MKH BhIOMpPaeM YC1oBUe
casvra (6)

Onpeaenenns BpeMeHH BblaeTa
NacCHBHOM 3a0O0MKH

O603HaurM uepe3 X, KOOpPAWHATY
71eBOro KOHLa 3a6oiku (cM. puc. 1). To-
raa, B paMKax IPUHATOM MOJeN OIlv-
caHys Tpoliecca, YpaBHEHHe ABWXEHUs
3a00MKHU 3aMMIIeTCsa B BUZE

K,
l
P ! S—nmdr.(H,—x)=
01(11+x0] ( 3 x)

. (11)
d’x
= p.SH, =~
dt
d?
rae S - r/ioaab ceyeHusd
4
CKBazXKHMHBI.
MO}KHO IMOKa3aThb, YyToO npu

x H
Z< 3 0,5 u K1=2,5-2,7 umeer
Zl ll

MeCTO PaBeHCTBO

— —x, (12)
L +x ,

rne 5, =0,5.

Ha ocHosanuu (11), (12) nonyuaem

d’x ;[POIAKI _ﬁ}c_
dt’ ,D*H3 ll dcm; (13)
_ fu 4
pHy  pud,
HauvasbHele yc1oBus:
x=0;x=0, (14)
mpu t =0.

Paccmotpum pertierivie (13) npu Ha-
YanbHBIX Yc1oBUsAX (14) mpu pasauuHbIX
3HAUGHUSAX XapaKTepHbIX IlapaMeTpoB
3aJaud.

1. P()lﬂlKl >ﬁ.

A d

Toraa ypaBHeHWe ABMKeHUs 3ab0W-
KU 3a7aeTcs ypaBHeHUeM

(15)

CKB

1_4@&
x——P‘” d X
B4

ll Pmd (16)
xq1—cos

[Nocnentee ypaBHeHe
yyetoM (1). @3

3allMCaHO C

Kopomko 06 asmopax

TI'oprros C.A. — kaHavaat TexHudeckux Hayk, I/ YpO PAH,
Hopos 10./1. — npodeccop, aokrop TexHnueckux Hayk, OAO MK «MypyHTtay»,
Tyxrames A.B. — ropHblit MHxKeHep, HoBOMICKUMIT TOPHBI HHCTHUTYT.
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