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CUA DAN KHOAN Tll NANG 

ENTOV V.M, PHAM HlrU Tlf 

Trang hai muai n5.m trO l<_ti diy tren the gilri ph it tri~n riit nhanh ng.l.nh khai thic d'au khi 
ngoii khai va & Vi~t Nam hi~n nay dang khai thtic & vllng bi~n VUng t'5.u. Dan khoan ki~u tl! 
ning Ia m{>t trong nhfrng phrrcrng ti~n ae khai thic diu khi & nhirng vllng c6 d9 sfi.u tlr 100 met 
tr& l€n. Thie't b! nay c6 phao n6i va It nhflt L\ ba chin d&, thrrOng Ia hinh tn: trOn. 

Khi v~n chuy~n tren bi~n, d.c chin d& duyc keo len tren m~t ~rr&c va cO djnh l<;ti thea chieu 
th~ng dll-ng. 0 c<ic v! trl khoan, ca.c chin d& duyc h0- xuOng day bi~n va cO d~nh dm7i diy bi~n 
trong dit, sau d6 din khoan dtrqc ning len khOi m~t nubc theo c:i.c chin dO nhCr nhii:ng thie't bf 
d~c bi~t dt khOng ch!u Sl! va d~p cUa sOng. 

Trang qui trlnh h~ cic chan d& crl.a dan khoan tl! nang, do dfm khoa.n n~rn tren phao n5i nCn 
ph'an tTen ella cic chan d& chiu tac d(?ng ella h,rc vi mOmen do s6ng gay ra, phia duCri c1.Lt cic 
chan d& chju tic dvng crl.a ip hrc thOy tinh. Nhrr v~y xu at hi~n van de c"an ph!i khio sit tinh (}n 
d!nh can bZing ella h~ cac chfin d& va dan khoall khi h~ d.c chfin d& xuiJng diy bi~n. 

Trang ba.i nay chU ye'u xet bai toin ve 5n d!nh tinh IH?C ella h~ chan d& - d~m khoan trong 
nu&c yen tlnh. BJ.i toin ct6 du·ac mO hlnh h6a nhrr sau: X€t 5n dinh tinh hoc ella cOt tru trOn 
ng~p thAng dU·ng trong mr&c bi~n, mrfJ<" !.ien d tr~ng thai yen tinh: phao nOi ·va. dan klwm~ phfa 
tren m~t nu&c gin v&i ce}t tn~ ch!u tic d9ng cUa mOmen M; phia du·&i c1.b c9t trl.J. ch!u tic d\)ng 
crl.a tii trqng ip ll;rc thlly tinh q nao d6. 

van de d~t ra Ht: Tim gii tr! tlti trqng q va m&men M t&i lu.m de c\)t tr\1 b1tt d"5.u mS:t 6n 
d!nh. Tr~ng thii cUa c.;>t trl.J. tu·ang &ng v&i tr~ng thii mit bn d!nh ggi Ia. tr<!-ng thii t&i ht:tn va 
d.i trqng, mOmen tu·crng li-ng g9i li tii trqng vi mOmen t&i h~n. 

- ' ' 1. NHUNG PHUONG TRINH CO BAN 

H~ phuang trinh phi tuye'n chung cUa bii to<in 5n dinh tinh hoc ella thanh tru trOn di du·O'c 
gi&i thi?u trong [1], & day tac gilt kHo sat mi)t tru-ang hgp iln djnh ~da thanh tr\1 1~anh trong m.oi 
tnrimg khong kllf. 

Vin de 6n djnh cda thanh m'em ng~p th~ng dU·ng trong mr&c d'au tien drrgc khlt.o sit trong 
[2] vCri dieu ki~n m~t d9 b~ng m~t d$ ella mr&c, phia tren crl.a thanh chiu tic d9ng cUa h,rc t%p 
trung c6 d~i hrqng bKng tr9ng lrrsrng cUa c9t nu&c ng~p tren dliu eli a thanh. 
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Tac gia dii tlm drrqc d9 dai t&i h~n da thanh la: 

& day: 
Po - m~t d? cU. a mr&c, 

Elo 
Lgh = pogl' 

Io - mOmen quin tlnh m~t clt ngang cUa thanh, 
I - mO men quin tlnh ella hinh bao quanh hinh m~t c£t ngang thanh. 

(1.1) 

Trang [3] aa nghien cll-u On dinh tinh hqc ella thanh thing dtl-ng ng~p sau trong mr&c ch~u 
tac d9ng cua ap l\fC thuy tinh & phia du·&i thanh. D9 dai t&i h~n cda thanh drrqc tlm & d~ng 

L3 _ 1,84El 
yh- vF ' 

b diy v - tr9ng lm?'ng cda dan vi d9 d3.i thanh, F - di~n tich m~t citt ngang than h. 

(1.2) 

Tr1;1 trOn v&i di~n tich m~t d.t f ng~p thing dtl-ng trong m.r&c ch!u tic d9ng cUa tii tn~mg q 
nio d6 (r phi a drr&i se bj l~ch kh6i v! trl thing dU:ng v&i khoing cich li z( s), s li bie'n sO thea 
chi'€u d3.i cU. a trvc trv tlnh tlr ph fa dtr&i. 

a xap xi ban dau c6 th€ coi z li d;;ti hrgng nh6, c6 the bd qua cic d<;ti hrqng z c6 b~c 2 tr& 
len. MO hlnh to1m h9c ella bii toin tren dtrvc rUt ra tir h~ phrrcrng trlnh d<}ng ltrc h9c chung cUa 
thanh trOn dii ng~p trong mr&c bien [4]. 

H~ phU"crng trinh ae xic djnh d9 l~ch z va. n9i h.rc dLng d9C theo trl!-C T vie't & d<;~-ng: 

~z ~z Q 
EI~-- [T + pz!J(d- s)g]-- pf,g- = o, 

ds 4 ds 2 ds 
( 1. 3) 

dT 
ds = Plfl9· ( 1.4) 

Cac phu·ang trlnh (1.3), (1.4) v&i cac dih ki~n 
t<;~-i s = d : 

M = mogl dZ = Eld
2

Z 
fi ds ds 2 ' 

d3 Z 
ds3 = 0, ( 1.5) 

t<;Li s = 0: 

Z= 0, 
dZ 
ds = 0, 

d~n Mn ke't qua [2J. 
Cia stl- c9t tr\]. ng~p trong nrr&c d9 s5.u d k~ tir m~t nrr&c,_ ta c6 ll!c tht\y tinh tic d<}ng vao 

day drr&i cda c9t trl) la: 

T,, = -pzf,gd. (1.6) 

Trong cic phucmg trlnh tren E- mOclun Yunga, I- mOmen qtlin tinh etla m~t c~t c9t tr~ , 
P2- m%t d9 cUa mr&c bi~n, p1 - m~t d<} cd<t v~t li~u c~t tqx, g- gia tOe tn~mg tru·Crng 

Ph= fdP1- pz). 

Tlr phrrang trlnh (1.4) ta rut ra 

T = P1hgS + T,,. (1.7) 
Sau khi thay (1.6) v1w (f.7) va sau d6 vao (1.3) ta thu drrqc phrrang trlnh 

d4 Z d _ dZ 
EI ds•- dz(PflgSds) = 0. (1.8) 
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Nghi;m cda phm:mg trlnh {1.8) th<la man cite dieu ki~n bien: 

s = d: 

3 = 0: 

dZ 
M = "'Ts· 
d3 Z 
ds3 = 0, 

z = 0, 

d2 Z 
-d 0 =0. s-

(1.9) 

Gia sd- p2 > p1 tit {1.8), sau khi da lay tkh phiin theo bign s ta thu drrqc plnwng tr\nh 

d3 Z 2 ,dZ 
-+.l.S~=O 
ds 3 ds ' 

( 1.10) 

Ta du-a vao bie'n m&i u = dZjds, s = d · ~. t.ir (1.10) ta thu du-c;rc phrrang trlnh vi ph5.n t1w1in 

nhat b~c 2 

-f d3 
).2= ~. 

' El 

Nghi;m cda phrrang trlnh (1.11) th<la miin cac di~u ki~n bien 

' ' . 2. GIAI BAI TOAN 

du = c.d· u(l) 
EI dE 

du 
- =0 dC ' 
' 

.; :._-::: 0, 

E = 1, 

Nghi~m crla hili toan {1.11), (1.12) In 

a d u(!) 1;o (2 3/") u((} =- ·(··--;..,~-) · ~ - · J-1/J 3-..\.~ -, 
£[).,]2/3 ,,~._ 

J"' - ham "Besello~i m{>t. 
Cho (2.1)th0a man di~u ki~n bien t~i ~ = 1 ta thl.l du·qc phrrang trlnh 

(1.11} 

(112) 

{2.1) 

(2 2) 

d~i hr'!Jlg a: c6 thti- nguyen M L/T2 tron·g dO : T - d~c tru·ng cho thCri gian, M - d~c tru·11g cho 
khOi hrgng, L- d~c tru·ng cho d{> dai, nen ta c6 th~ d~t: 

trong d6 f3 la d~i hr\'llg khong c6 thfr nguyen. 
Bi~u di~n ham sO Jv theo liiy thlra ella A= ..\: va gi&i h~n & t5ng n sO hr;mg, ta du·a vifc giii 

phll"ang tr\nh (2.2) ve giii phmmg tr\nh d;;i so tuyen tinh b~c n: 

A(ao + a1A +···+a, A")= 0, {2.3) 
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& day: 

e-vZ 00 eZ/m 
r(Z) = - IT --z · z 1+-

m=l n1 

(2.4) 

Phm:mg trlnh (2.3) drr'!c gi!..i b~ng phmmg phap s8. Chung ta hay xet nghi%m cua phrrang 
trlnh (2.3) phl;l thw}c vio h~ sO {3 tfrc lit a, c6 nghii ll tim mOi quan hf gifra mOmen di cho b d'au 
tren crla cQt trv vi d? dii t&i h~n ella c{lt tq1. 

3. TRUCJNG HQ'P RIENG 

a. Tru·&ng hqp 0 <:: f3 <:: f3"h (f3,, xac dinh trong qua trlnh tinh va c6 thg lity xii:p xi b~ng 
0,043) 

Tir cic quan di:m v~t IY ta se ch<.:m nghi%m cda (2.3) ll A., = O, c6 nghii lit duh = 0. Dieu d6 
dtrqc giii thich nhu sau: V&i dieu ki~n lien ke't kh&p & phia tr€n , du&i tic d\Jng ella <ip lv-c thil.y 
tinh b phla du-&i ella tn-!, cQt tr1;1 se mat bn d!nh. Do m6men cho tru·&c & phia tren thay dbi trong 

khoing (0, MuhL (Muh = a0 h · ~~, ~ = 1) khOng thf cin l~i mOmen ella hrc nOi tic dvng vao cQt 

tru, cQt trv se xoay quanh di~m tl}:'a phia tr€n ella c()t trv cho d€'n khi nKm ngang tren m~t mr6c. 
. ' 

b. Tru-ong hqp f3 > f3"h 
Nghi~m e1\a (2.3) li )." > 0 vi ph'-;1- thu9c via {3, khi f3 t<lng, ).* cling tilng thea, cO nghia li 

dgh cung tang theo, khi f3 ~ co phrrang trlnh (2.3) tr& thanh 

(2.5) 

Phu-ang trlnh (2.5) tmmg t'rng v&i di€u ki~n thu du·9'c ci)a tru·Crng hqp cho li€n ke't ngim & 
phia tren cot tr'! [3[. 

Nhu- v~y khi f3 tilng de'n co, nghi~m ella phu-ang trlnh (2.3) ting thea vi gi&i h1_tn b6-i nghi~m 
cUa phu-ang trlnh (2.5). Dieu niy giii thich nlnr sau: khi mOmen da. cha & phia tren t5..ng d'an tlr 
gii tri Myh a a d'an d'an cin l;,ti Sl.;t' quay cU. a cQt tn~ vi mOmen d6 dtng l&n, g6c l~ch ella c9t tr\( so 
v6i chieu thing dll-ng cing nh6. Di"eu ki~n cho mOmen M dU l6n tu-ang U·ng v&i di€u ki~n ngftm 
ch~t & phia tren. 

Nhtr v~y dtr&i tic d9ng ella ip l\fC thUy tlnh b diy du·&i c9t tn!-, di€u ki~n ngim ch~t b phia 
tr€n t<_to cho c{lt trv bn d!nh han di€u ki~n lien kt1t kh&p. Di€u d6 tu·ang U·ng v&i dieu ki~n phao 
n5i c6 chU·a din khoan tl.! ning phii c6 tr9ng lu·qng l&n. MOi lien h~ giU·a d9 dli t&i h?-n ella c9t 
trv dyh v&i h~ sO {3 hay mOm en M du-qc cho (; dO--th~ Hinh 1. 

Tu-ang ttr nhu tr€n ta xet bii toin v€ bn d!nh tinh h9c ella c9t trv thing dU·ng v&i cic di"eu 
ki~n nhu tren vl phla dm:l-i cU. a c9t tr\1- ngoii t<lc dvng ella <lp ltrc thD.y tinh 1 cOn c6 treo them m9t 
khOi hrqng m. Lb-i gilri b~ng sO cho thiiy khi m cing l&n, d9 On dinh cUa c9t. tn;l cling cing t!ng. 

~ . 
KET LU~N 

D~ dim bio cho chin d& d<_tng Ong trv trOn c6 d9 dii d .cho tnr&c ng%p trong nu&c yen tlnh 
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drrgc lln djnh phlti dih chlnh mi\men tac d\lng vao phla tren ho~ kern them m9t' khili ltrgng m & 
phfa drroi cda ilng, vi~c h,ra ch9n cac d¥ hrgng d6 ph\1 thu9c vao d9 dai d ng~p trong ntroc cda 
• ong. ' 
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fJia chi: 
Moskva, '{i!n C" Vi!n KHVN. 
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PE3IOME 

0.[111H CJIY'-IA11: CTA TWJ.ECKOJI! YCTOfrYJ1:BOCTI1 

CAMAIIO):('hEMHOJi! ITJIAT<POPMbl 
·' 

B JI.3HH6:tt p850h-e, :Ha; ocHoBe nony~.re·H:H:ott cHt'TeMLI ypaBHeHH:R .LJ.HHaMHKH-MopoxliX TJ)§6o..i:' 
npoB0JJ.OB B [4], 6blJI3 HCCJIC)J.OBaHa CT3THl.JeCK3.H jCTO:Iit:l.JHBOCTh BepTHK3JlbH6ro \KpyrJIOr'O 

CTep)KHJI, norpy.>KeHHOl"-0 B TJi:>KeJiy:EO :>I<Il)J.KOCTh nOJI, ,a,e:h:CTBHeM )l.3HHOr'O MOMeH'Ta Ha BepxileM 

KoHiJ,e H rH)l.pocTaTH4ecKoro ,u.aBJieHH51 Ha HlDKHeM KOHJJ,e. Bhlna noJiy4eHa 3aBHCHMOCTh -KpH

THT.JecKoA )l.JIHHhi CTep)f(.HJI OT )J.aHHOr'O MOMeHTa H ITOK83aH CIIOC06 yBeJIH4eHH51 CTaTH1..JeCKOff. 

YCTO:h:l.IHBOCTH CTep)f(.HJi B )l.3HHOM CJiyl.Jae. 
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