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1. Thbthiffca QU i

Tr°n thJ]] gi, i ctng tr®nh ngfm n-i
v o c8c m,c W2EBpkhBg nhaucfu c, a nQ¢C
Giao thtndiu tRdhaih'anh8&ho8§ng s[n;
Trong nh_ ng m€mc gfa LOyt ri V8Bn kkhhaa
kho8ng, X @y nd)y, ng3a®hc ngf mfmethng klh'aii
thanl € c¥n n<€ ¢ c8&c nhE it @n8nygVHeh ukdng ¢~ n
chiJjn tranh ctng ngh’ ctato?! gl @mhih pxh g
ch2nh x8c¢c v"o c¢c8c¢c m,c ti°u: ctn c¢_ (
nghi p, c¢c8c m, ¢ t°im utrt°hndonmkbth it Bltngunx @
c8c c¢tng tr3nh ngfm, c8c hfm ngfm b
trang b hgt ¢ huadquari tr ng v™ c¢cfn th
Trong gquw@n Lhni ,v c ctng binh, L« v°
©y d. ng c8gfming8trhhim trong n %i b
cblt ch a kh2 t"i qu®©n s, cho c¢c8c qu
hi/Jn | € ¢ ¢c.a c8c qu©n khu. ..

nWhi ctng cFhinQu hdmng LoYYn, tlrSong
n" m8&n g<€ehnog li” oduln'g mithg vi ¢ th, c F
khing mhpgtdgiHin vhi c¢c?ng chulngg.n n Wn3v
MNNLYt hi e fmul[i cadWwWhiglit, ib ' ho§8 qus§
ph,c v, trong thi c¢cg slE€ gngp hpfhnf,n tgh
gi [mphzh2v®™ nh©n | ¢ trong thi c¢c!ng,;
Trong th, c ti.,n, «hiXunh_nd lhedtvg |
| i " u s auVLEKNpbaongn ' c §c m8§y x%c | dt b§&n
|l . n c¢c.,a Nhdt Bln nhbh®.KoMWABSWD WABR@O t A
i35n Li ugong CLG836 (d,unm8y 2(Zdhs5nagE M 2 Ic,h
3m) c¢.a Trung qu ¢ L@, ccgc doklg kB§
subld v gi[mithlinggi anuyt nhi °n ch¥%ng

X

(@]



ki  n thi c¢ctng L€ ng hfm c- khXu L. v
hdn chJ, khtng ph8§t huy L€ ¢ nkng su
r€e ¢ s d_,ng hoHc s d_, rhg rdBgh @ptm C
khXu L., v_.a v™ nh, hi n nay clng L«
chuyWn b3ung m8y c¢c" o vVvh, m8y x¥c L7 o
tr g ocli nh, k/JJt h° p xe vdn chuyWn, t
cha€ ph8&8t huy hJt ntnbgk hstunbif ,k ta&in ht n&on (
yJu b°i khtng gian chdt hGp ¢, a L€ n
vdt i u smu khoamrmhinbXnncph8e tt_ ngt?
hoHc b3lung @8a il it hph®Heni Qu n "y [n
| € ng, ntng sublt thi c¢ctng v°~ qu®n s
chung c.,a quoOntihamng! b higinfmUbi hn ach

Qua khlo s8t th ¢ tJ] ° mXn g1 olhlgn |
thg8c than, kho8ng s[n cho thbly m8y x
v.i c¢c8c lo4i m8y b c x¥%c kh8c, LHc b

ti n vdn chbukWhnighg§tcanhrB®€ ng hfm chdi

nW ph_ c ¢ _dcrxng wdt | Clugtrpyng hpmf
m8y Vi n-ddpmilro" n Than Kkhdatn g§ths/PknimFy = t
X¥%ec | dt " -b°nQWEME FEBMWW/] chJ tYo the
nghi m m8y sau chJ t YYocfluw thto "o tt/hil Hut
c- nghi°n ¢c_u, t2nh t;o8n ph_,c v, <cho

T. nh_ng vbin LQ L Hghi & ncws§ bXtr r n¥b n
wtliMicva m§8yotlXbsetrohgthic 2 ngnglimbngph.  ng phs§
khoannYol = hJt idjtc cfn th

2.M.c L,Bhtrhy, nghi un ¢
21.M, ¢ Ihgdh °n c_ u

Nghi °gug&_ wur3nbh, nge€hhgctgc L, ng | ¢
b°khi x¥%c, L~ nNM trlonng ckth st @& nogh ognv8g |
ch'km[ ,ntlnigQu mk;ivilf mgi | ° cphsc hoqu



cli, thtdfnin' n m&Ftic c bldYMCLE5001b ° knh i thi c?
hfm c- khXu L, v_a v"™ nh, trong Li Qu
22.N i dhgmg °n c_ u

nW LUt L€l mac Uaadm n§nhicfimn tct isif] n
n I shwng

-Nghi °nh” eguquan c8c whn LQ Ilui h¥tqgu
sau khagualn- n{8§c L  nhcH € Tc, HRMrht 2dridtmg h
th&lcng nh€ cs eNpMh®molmg ;L€ ng hfm

-Nghi °n cng VYQckaceckH the€e c, h3nh d
c.a L€ ng hfm khXu L L€ _nag wyim i, WN&a me
| a lchd%in m8y x¥%c I dt L~ b°n h p |IT;

-Nghi°n c¢c_ u qu&§8 m8ry3 nxhct @\etign)® §icb °cn,
mii tr<€ ng nfNMifEmomqmuwa L€ nx8§c L nh ph
chuywWn L, ng h>p | T c_tar ognfgu Lx&%ucn gk bhif m
gian chdt hGp; L"ng th i x8c L nh qu
LW t90 ra qu: LYo chuyWn L, ng h” p I1

-X®y dkmgomis 8t3nh LLNWgc |l Lcnh tli t
c.a thi/JJtmdy x%onglkhitsed, btPmaNy Li Qu
khtng gian |;"m vi ¢ chdt hGp

-Nghi°n c¢_u ItBly cs'nghii“wm Lfu v~ o p
tog8&§n | T thuwBinhlLkdd tWhifi tdhoc nghi
| "m ch s° khlng L nh t2nh L¥%ng Ldn
m: h3nh.t2nh to8n
3. n'i t€ ng nghi®°n c¢c._u

-n§ n'trongl€ ngkhXwm L nh,

“M8§y X Y%b ° WVCIE5001.



4. PhehnghphBpc. u

Ph€hng ph8p nghi®°n c¢c_. u s’ d, ng tr
thuy/Jt v, i nghi®°n ¢ u th; ¢ nghi m ki

Trong nghi°n c¢c. unlghi fhug/JturBPoldn L §
NNM "0 gfu, x8c L nhxledMchg droggt
to8§n thudn ngh ch x8c L nh L€ o ' qu:
quy ludt thay L i c¢c8c khou dXmx kLN t
nNMrongl € ng hfm khXwxOoOl EhRfagmisStnmh L
| cIW8c L nh t[Fi tr ng L, ng c_éa thi

Nghi°n ¢ u th ¢ nghi m, L€ ¢ til/l]n
h psh, cchot 2 nh to&n | Ti tshuyd]tng Lm mtgcst h
nghilWmso s&nh L&mhmdgi 3lhh migmi cdy cc.

5. h nghoa khoa h ¢ v™ th, c ti_n

5.1. h ngchoa khoa h
X0y d, ng v° khl[o s8t m! h3lnkhula rg

x8§c L nh L€ ¢ kh'ng gian | “"mnWM c ¢
trong L€ ng hfm, W&cl LlLnghhqu:1 T Yo, a
qusg trmNM e ph€hng ph&8p ph i h' p; t

| T ¢, a sgfu_m¥c ,ph€hng pkREp L nh m ¢
chuyWngilcd&ag kho@@ng Xofn, quay gfu v~
nhAdfm blfo vi ¢ t2ch vdt |i u v' o gfF

X©y d&hnifgo, s&8t m! h3x&%c LL nmh It Ei htr
L ng v,kd, ph®hwi Jt b ph,tongv2tbchd o &m clhl

Nghi°n c¢c.u th, ¢ nghi mWm8§c HIESmthh gm, &
t2nh ch2prhhehngc pd,8p tmhhhtoBmlykhglt hmy
ch s° LW ph_,c v, b”"i to8n thilJjt kJ c
c.MXLnB VMGCL E500



5.2. h nghoa th ¢ ti_n
KJt gqul nghi8n B«ukbl3agl ldnh khT
m&8y MXLnB VMC(&600LYo chuyWn L, ng,
khi s’ d, ng thil/Jt b’ n"y thi c¢clng I
b3yng ph€hng ph&p ik hnoanHicn t ht¥ oln ga LcihQl
Nh. ng O nghi °n ¢c. u c¢c_,a | udn 8n
tr3nh t2nh to8n, twji it MKOpBc Wkt H6 O I

thg§c sMXLd@iBhch  p | T ph,_c,khaithih8§c?! kd o
v’ L€ ng hfm quo©n s, MamXu L, v_.a v’

6. Tz2inphludn §&n

-X8c L " nh L€ ¢ ph€ehng ph&mpcx&cmgy
X¥c | dt Ut'r omgn Lti Qun &€ nglkhfimgi gd anh
" ng th i t3m ra quy ludt thay L i
L ngp hl T c kdigiwdmdNMphe€hng phg&p ph’

~X©y d. ng, kHR[ogs§bolh@®ckLimh t[i ¢t
c.a thilJJtm8y xd&4cnd dtt§ cl-1khilk Yac , V Miongd B 010
L€ ng hfm khXuhil civng tveg pich€hfign pRSp
7.B ¢gcludn 8n

Ludn §n Lnehs®u: b’ <c_ ¢

M° LFfu

T2nh cblp thift, T nghoa khoa h’ ¢

M, ¢ Ih2dh,dungt<€ ng, ph€hng ph8§p nq
| udn 8n.

Ch€hn® ng quan vQ vbin LQ nghi®°n c¢

N, i dung ¢, a ch€ehng n"y s&€ LQ cd
khing gianl€hmdg HMfGehHKuonld s yv. emt v 't niE
vdt i u r’ i, ;M8y swu tkthioktn m" 3o xY

t hi ctng L€ ng hfmg ad8ax mghia® ng Fau umé



mii tr<€ ng h4t r° i : c¢c8c c'ng tr3nh
tr3nh | "m vi ¢ c¢c,a m8y v~  thilf]Jlt b’
quan, ph®n t2ch c8c vbin LQ ¢t,.n Ix8m t
L " nhLmpbhi°n ¢ u v™ nhi m v, c¢_a | uc

Ch<€hndghi2n. c¢. §tr3mhu€ihgtsc v quibo chuy Wr
I ng hc¢_pa | gefkhi xv& 1" n NMrongthictngl'€ng hfm

Nghi °n ¢, u qus8§ tr3nh t€hXgnB8c gi
mii° ngMNMx8§c L nh | . c xfoo nNMngr qug I«
x8c L nh ph€ehng ph8p x¥%c, qu: LYo <ch
nNM trong L€ ng hfm c¢c- kh'ng gian ch
chuyWn c¢c8c khou ad X :c_Ladom&yh ulywnt Yo n g

ChehnNghih: ¢ u tlMingt © | mgtnghSc Mgy x¥d ¢
| d’t °rbtrong qu8tr3nh x¥ev' L' n N M

N, i dung tHfehmghurfgoy d, ng, khlo s
L. ng | 8¢ W @h X FiatthndgtlLbngctng t 8§
VMCES001, khi x%¥%c, L° NNM trong Li Qu k
bng | T thuy/t,Lchgkhtlo hs §tnhm Qu s/’'dtyJ]
L'/Jn c¢c8c thl'ng. s~ nLH c_ a m8y

Ch€ehnNgH®i°n c¢c_u th, ¢c nghi m

Nghi°n ¢ u th ¢ nghi X®yL@metngh? fAh
ph<€hntgh 8n nghi cngc It hat ncgh”sn® tioJjrv " h 't
th, ¢ nghid. ml £EWudHlfcu w." ot 2nh tog§n |1
d. ng kJt qul kt Wmc ghingghngh m 2 InG L, firtedyg L
ca c8c m! h3nh tvZnhk 8tco&ri.ng th
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1.1.T ngquanvQl *‘enghfmv n NM t r omggFmL €

11l.nHc Li Wm chung cy B€c8g kb ung hfm
n€ ng kpambt€b i mEittv €cn&w®Wy d, ng

phi tYo khtng Bg8canng LhW ntc hihGB nahg ic -1 . n
Xuy°n n% hoHo°mdtu, d€phll  nhgilbltng t}
KhiL 8- h'  ,08kin@n ngh  thi o ng sph@ahnmc
khoan€nhigchfmhing giankhXm ki )eh&hgt
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nHc Li Wamhichtwubhi oagngfm &khXu nh, v
-Khtng s d, ng L®:thchucd'th i kA hig d
s d,ng c¢c8c loYi thift b LHc Ichmng
vive LiQu ki n thi c¢ctng L€ ng hfm;
-ni Qu ki ' n thi c¢ctng rblt nHmg mhhic
L , tiJJng “n v° kh[ nkng thiJu kh2z
ng€ ttu'vii th c¢_,a trang b k: thudt:
-Khtng gian thi c¢c!'ng mhGR®GBM dth i hQRp ;
t hbBlpO3mhh€ng I¢hmi,Qu hd nig th&E NnKY/Jkhd00
c- thw mySin ;md®ign t 2 c hk hmoHat rk hgit&hgingll n n
ph@hngn thi clngq8i, b b nhBEt ngehih IvoXn
LTme ¢ ybuc IX¥uc hi u ;qul cao nhblt
-Kh[ w©hndt migwn 8§k hatgthd " tp,i trang th
thi c¢cing gHp rblt nhiQu kh:- khtn do
khung ch  ng n-c ctng th®*ngyghh, t hhh
cblp n®o&thnrh° rhg ngnrtlt /Jh, b, LV]" nktng s
-Khtnng b ¢ x%¥%cvdt sladin khhuyWrn c!ng
ph&8p khoan n° gHp rblt nhi Qu kh- khtr
n°n t thnhnihigiuan v ntng sublt rblt thb
-Trongt h, ¢ tJ] ¢c- ba | oUi Leerqghff mp
Lengchim L€ ng hfm kmig t htdingt Ldi dn cmH
L i trong su tn hnigQuh fdmi id Xn an @ fcm c h o
Li " n, L€ rmginhfkr adih tbh[8nc g ih amng “@nfgm LL €
d"c d ¢ thon€ hdgm kghu§onl ;sn; c¢- Lt Li W
l o4i L€ ng:thfmlter nmg mhE@ khing th3ng
L i li°n t_c d ¢ theo chiQu d"i hfm;
hfm rblt kh8c nhau, d&h, tthia® WEpt i mh ]
hfm, a hfm th€hfg bhO©nhhfm v c¢- L.  d
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ng§ t saokhoai,m”~ m3'n ke2-cht t he hc§ ch Unth art
h3nhgdl adghmtb s k h 13ng, phke@kngds nhi °n
gla c- gl m°n "mgHiritmHde khS§c whripmg b
g€hihgroa xpah©n” b" wnd¢¥um nthil° np ph, tr°r
'Sy .H¥Fmikhgd vI"k2chhtc & brasaunph thyc
nhiQu vt 2ontiicalt nhic’lnngh mhV}En m3 A3 nh 1.

Mét guong Vom ham
25:30m
L6p d& phan bé trén nén hdm sau nd min
gﬁ
L elere! e [ [1-15¢m
dSHh L pnhNehr bng L€ ng hfm

H3nASH.LY pnhNeMhr bhg L€ ng hfm
Quilud ph®m bfhc phgan NM. « "¢dnBiQ t §c g
tr °RHgiit hnghu ° nh+e€-RRIm? ien L.I . Bah®ehx?! V¥
| . P. Dxanhikijquern glointgquilitet p h©h " bfhc pYh
canh - m &Anllernep v VLGS BEBBBL &.[rph8nhi s8t
thectJt I'c h "Eexaéabt L

(1.1)

—U
X

1
mﬁ

max

Trong -K2ch Eich€©Ll Bbo kskKgk-;:K2 ¢ h, ctgh kn
nhil & #b ra sau khoan nm-H s th ¢ nghim.

P

)oa

X X

max

H3 nBSP.hOrrc hattheoG: LiemnLLr ep VvVLEIGSB®NhhO
1- ngvi LI'm®;2dngvi L8kb-tHBhung- bgvih;L83. kh-

nWh©ng ‘cgbcan8y cb x“uaga” ixem x®t c§
SIfu v o |, c WrEfh, HIhWBK}chl,nt n giicau mB'y



11

p h €h'nngvch chuyd, &fn pii ¢ hAkt bt Wchung ca n Ngv
thw k2 cclg gtch®€@nhEt L8 ¢ - _kcyaB, tkh2exch t h
chd trunagnNMnh c
-Dokht ng gi am 1 f onn ofm gh@h nby kh &d h®
n°n k2accha togn8@ehnngudhthuydv m8y cb x Yae K€c

'nh sthre@khi L -,  clke2cech LtSmM8iph[i "E€x ‘gl L
ph%pwi dung t2ch hé'nbkagéhdu t B §hng
hhn k2cdhhnhmiBicadu Nwic dg& | 7 lkchikcho t h€

ph&pQy QKnlLbi°n cho ¢mAig w§achhkdah n
t he® h3achagh m8y »%c XKX&®b Bhe€e csaung th
D.,=(0,7 -0,93V, () (1.2)
Trondg,ik-2:c hcetch € & o prinB(m)jVg-dung t 2 c
gfu x¥r (m
-Tr°n ooghsbquilt ph@midb L § msa®j o s €
B. N. Kb« fltiatipl L' § gsa@nmi3qua ckng th

v :vfa-#DTpo?p (1.3)
* "6 V4D,

Trong/ Et-1'L§ qguea®@nNnm3nytI¢8ecc 8§ c
ckkch ctth€hhygt rDng n'gu yckhen K%); Dpb-k 2 ¢ h
the trung b%sahimD,-c hY cho npEl®ep |

Nheyy mingnNM€ minghitri € clHE tr¥ng b
quilud ph©h" bfhg Ip%h tvI'L § qgqea®nhm3.Mos kht!ng
FngQiQk2 chca e nngt b€i . ck 2tcrhu ntgh @€ h
14 "hegbl treng ddbe nfiMbag ph€ehng p.h§p
Hinnayph<€hng pmgMt k§omgbd dgHehng phs8p
| “@g;v.ilL § cldvlb3 nhngk@& hl nh€ sau
1.1, (1.4)

a

Tron@-hisphtiuc v~ o chingmp;h2-hngsigvi €

W-1 Atnongl @i °mg plhtdt svchM. 8,3 J/ m

Dy, =
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Qua nghchot, mt i ngm MM ~  mtng Hitr i vei
c8§é& hc- kzdhk ht kh&8c nhmg,n'myHL€®r €ng
brng dHg MhiLnh€ s au:

-C8¢gc €8 htgltha dgb8kh, sc- kkBchnbau
L& t §tnhaubsbtip x%%c nvhau @®ntepo c8§c b

-Lc | Ngim k@eiinth, nInt kb Jogid nclk¥hng |
khtQgunbg. T2RHh n/"by m§ kv_bd ¢ t §ch finh  nh
n°ngt bkhic ¢8gl & “inNKh

-T2 nmgni v™ @ niie Lk ha ngn i nu kthdig cdh
camtngddl ¢, E&ghaoywllc h kh?t ng¢g . thgde g nhbid

-C8gc *& [Tkhkhng Ic¥tvdnenge n Ynrahac t
st8 kh!QnHutifon xbse g®c vh G g BbQmHbg a thif b
clng t 8c xnBcy; b

-BQmHy ‘tgi®@ c Pt | kh¥ogr B€r " ngrev "t
nhanh t8t h e ong ickchupigca c%c DQc c#hh n°n d
tb ra chét o8abg dgnariys dichumdgcaccec HSy so
vicc KBSc;

-n, rnglnnil | 7 k hci§ ¢k 2ht h n @ ra srgilnm thw
t 2 ¢ h fub apnm §du khichul c;

C§db Ltr€eng t Bt i@y Nsdh o ks 1§ 'd solyi
mti " nghd®ikhg8Q n"WMhldg@iln Antngibs ux Yc
NNM " h$nh th”  nhnlc8eTBCh¢amBy pbx¥ad t hOn
nhdpt rong md intglehg@ymmi ngiph &b W Enh gi &
bifnciiga miringg v~ Xemi x®igiat mingt ve TBC
ca m8ysnhh kdolac«c hn°u nh€ sau:

- Theo[31],gi 8§80 ®s€so vid.nlh®Pal mhdl Hau €
khoanh | = minghir i € Jphh’,n cks L ke ngfi,=1.5,c §cd | o
m8 y c b xt%hc nngc dWt &it/p t him” ¢ krhfhphg s d ng
c8§c phhi &k ht8ic
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- Theo[9], coi gn pi¥nsaun m3 n | “ nmg! dth§t irce’ sh
ma sSs8t trongH@09fg®."84), Kkhadnbagnh t
c ! n gcctaM.G Dombrovski, hs | cdnk hi nX\¥w i TBCT ¢ a
m8y lu Mk (K=200 250 N/cnd);

Nheyy NM " tmmf ngkht ®gntl ,"ctb®di cigcn v
L& - k2chkh@&xpngw, nhi °nintNMiing pktifin b
t r MmN Fmtrong pmvin m3 k2 ¢ hc t h&c ply thg odlIlng
v ochiiun v" clhgca .8S& hg§dcadil#dn tTmghHyg L€
kg Bh vimti nghi®i | " mteEehogat EBCT msy x°
vi L& mnm@phcth hhhk2d@kién L% ,g, sbichih d
v ph©mgd nhiirbsguntr ong kh'ingmadhgn 1€
mt tr ofud [nch8 alg@ctp JL qus8 tTrENMM R % khi
dng | I} tth&hng " ngdtridih ¢ nihr €k h L ngchingican r
dnpHi xenhsx®h hge n"y.

1.2.T ngquanvthitb bc x%c v'd mB@yn x Y%c |
1.2.1. M8y v nNMir/ptngb L €b nog »¥%kanm

NW ch gi. i ho8NMirnogn gt §tchib ¢! mxgy€l €
cfn sphld, ng c8c | o4i m8§yp bCYaetNMiaog c hu
L€ ngr BIf mtwawQ dhmgh th ¢, ki Wu d8&ng, ¢
chuyWn badwoUg” kd WEud dokfi uWux ac ,nlgi Wu v u’ t
gfFu L7 0; lo4Yi b c x%c |li°n t_LB° :bgyabt
|l o4i b8&nh | p, | oYié[BEnh x2ch, | o4i

-M8y cbX%®u gt u:LloHti MEysadiy th€ ng
chuyWn tr°n raynNM8yp 2/ gt g9 NeMearidc€n
ph2a sraoungv "xoe tvdn t [tifHhoblco Wi m§ywy mL
t h2’ctpv vh, i 1 o4i L€ ng hfm mHt cdt nh,
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a)

4

H3®n&a M8y »%ci Wu gfu | dt sa
aLo4i L " :bl)°rotdilng | °n bitng t
1-gfuy, 2m8nyc JIh®p v o -mbycvldndieh@d Wy Wr
-M8y xK¥ phta tr_ ac

u.
n

I

LoYi m8y n"y ch" cho ph®p kW€ «°
th€ ng d%ng b ¢ x%c nNMcsdwykmodre m
di " n t2ch mHti70rkt tgehnlg” hfikat 3Bvng ¢t h

-M8m8y c¢c.” o0 V_

12 H3n& 1Sh L*

Ayl//m:@ b c nNM ki Wu
S 1-c " ng -gtam n
L2 4 5\ nNM:t BOn &y
=7 ]| = g Ytht n5g i

I

Di chuyWn b=ng b8nh x2ch, Li Qu kI
mg8&§y ch” b c¢c x%c L€ ¢ lodi L§ c¢c- kz2c
thudt trongmkhholng 60
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-M8y x¥c Soot v M bc°&8nc MXothiB M8y | bHP nj
k/JJtu cndb, g n, di chuyWn b33ng b8&nh |~
b°n, n°n c¢c- thwW hoUt L, ng t 't trong
hfm c- khXu L. v.a Cc- CchiNQU, rsomgg Lso
n€ ng hfm khXu L, hhpgchNeMlch‘chw mir
r.ng, m8y rnNMnl ¥“i ol ¥tucd_. t[i b33ung h
cfn phli quay Lfu LW d_ tT[i.

0934 266 662
hitp://mayeongtrinhnhapkhau.vn/

H3 nBMXLn®i chuyWn b33ng | p v~
1.22.S° dMXlgnBrong thi c¢c'ng L€ ng hfm
S dMXKgnBrong thi cingvl& mg IhFmmkt
ph&8p n©ng cao hi WmNMuRWogUEnhr ymig hic
MXLnB, i c8cbh'hah8&m8yr onxdgscqgug  tkhi®inm’
clng L€km¥yumhEmmblyt L€ ¢ nh._ ng so s§nh
1.2.2.Tc Whgamtshio§ m8y xp¥dvt r o n gg hFme
-M8y x¥c gfu ng€xi¥%c t\heEl nlgi ‘ddsn ge L WK
phli quaw%“%onniy &fHn phli c- khlng giar
-S° d_.ng m8y cL& wh UihWrmbEhm gx Yad m |
khg8 ph” DbiJn t€hng L i hi u qul tro
nh, hi  n nay, tuy nhli&® np'cerh3k@cbhHphie
dok ht ng "toh WWdtn w'h ubytWng ttr®in L€ c.

-M8y x¥c | dt b&nh | " p L~ tr<€ ¢ ch
tr2 L i di n ph2a sau hoHc vulng g-c
| dt b&nh | " p L tr€e c¢c cfn phli c¢- Kk

vdt lci-- W_.v'b&n k2nh quay v,ng c¢c_. a m§
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-M, t s’ m8y s d. ng L, ng ch Lt
I ng tYo ra tiJng “n, ph8t kh2 thr[i

Nh€ vdy c¢c8c |l oUi m8y L 0o gfu ng+¥€
| " p L khtirm® cph¥%hhng hbadMc sk d_ng tro
hfm k2ch th€e3c vdya cf'n nh_ ah’ cph’ LnW tthhiiJ]
L€ ng hfm k2ch th€ ¢ v.a v™ nh, tror

1.222nHc Li Wm kJt OMOES@-1a m8y X Yc

7Y
13 12 11 10 9 8 7 6 5 4 3 2
/ - ~
/ O\
/ RN,
/ q — \
/ / ] % jk/& @ N/ 7
A Oy 7 g op o
|:| / : g L&
O) &
> 1

S/ S S

Qo

H3 nkh0. 1Sh L cblu t Yo-1MXLnB VMC
1-rtng gfwfxY%oic2! 8nh -didg w@Ffung BION Qg ;

X i | anh RAX@ngl &fm; gafiay aqgday ®BhiJkt b
| anh quay thiJpt bphdn?® b-Qus cdogbiuMod i ¢
122k hung gi-Bgm&pn; £3ng | c.

Quanh_ ng phon t2chkhT[ otrs°8t kJ/ht ch'tp] v
thi c¢c!ng hli€ ncdgnahyft h BlyVM@XE08IBc - nh_ ng
Li Wm nQ kt/t, ndhBBu m8y

-H thchmgWrdichRmgm&y¥ ch n°n c¢c- kh[ nt
| "m vi ,c Khntnlg nbh tr<€ t trong qu§ tr?3
trong LiQu ki n thi c¢ctng c¢c- L, d c¢c |

-KJJt ccbBunh§y g n, L~ L€ ct hcW hhoalit bl° nn
L'i Qu ki n khtng gian h4n c¢hJ;

-Ngu“n L., ng | ¢ c¢c,a m8y |~ L ng cl
khtng ph8t kh2 th[li L, c h4i m*i tr
L€ ng hfdn dh'dp,, ckhh[ ntng thtng gi - k
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V. i nhlngmen i tr i tr°n,-1,H8ntox YUc
I« Llt’lpc Lo " n than kho8ng s[n s’ d,. ng
b n"y v o ph_,c v, thi ctng L€ ng hf

1.223Thi JJt ®8cckhewpg tr°n m8y xwc | dt

) b) IS
X¥c ph” biJjn | dp tr
a) Gfu x¥c c¢c- rtng v, i m t th”"nh b°r
Hi " n nay c¢c- rblt nhi Qu c8c thixHic b’
| dt, t¥%y theo ch ¢ nktng nhi m v, tro

H«ng BOXCAT c¢c- thW t2ch h p L€ ¢ gfn
l onh v, ¢ giao th!tng, x©y dTmgng!nigit
L€ ng hfmNMW K3%ct hi Jt b’ x¥%ec | dt ch,

| © hai | o4i gfu x%c c-H¥hhgl. v, i m t
1.224Chu tr3nh | "m vi ¢ c¢c_,a m8y x%¥%c |
Chu tr3nh | " m vio cg apvadtt riv&yo xgcu ,| dn

gFu, vdwndtchluig™mah gaFpulf, t Ti v h4 gFu di
t 2xcdit vifiomr gfFu, L€ ¢ x8crihohyFawdt hl i’
LJn khi L<€a gfu x%¥%c kh, itant tx Y%ct;h Tih
t hvacvdtt chbdu LFu nO©ng gfFu x%c | °n LJ

Q

gian vdn chuyWn x8c L nh t_ th i Li
chuyWn m8y vdAAN Pwn” wthr€hnly ti n vddt ch
i, uu2nh t_. th i LiWm d.ng ho"n to”n

gFuvHdt vifrioo ph€hng ti n vdn ohkaoyWmFljg
X¥%c r. ng ho"n to"n; Th nih gti_,ank hhi9 kgFtu
L'vdt, il Quukhi Wn m8y x¥%c | dt vgdutayl it ru
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n"i v.i c8c sh LY c¢ctng t&c, c- d%¥n

vdt, lirang c8c sh L | "m vi ¢ con th
clng L€ ¢ gi2anrh cv,"a cthhd itr3nB4.cing t §c

Trong tr € HegnHHRalp k, ac sk, B MXLmL?
tr@€€e€ ¢ th ¢ hi ' n khi txeé  d/mipc [BdhydWn
khi L- di.n ra chuyWn L.  ngvdtoblgingu a

h“nh tr3nh | %i, v qus8 tr¥nh n"y Lf¢
re ¢ L€ ng tOm LVviulxgng: -c, &, n§ Yy €X Wg
vdt .l S8au L- di_._n ra qus8§ tr3nh thay
chuyWn L ng tiJjowadvtQ lph2ua xe tilJp nhe

Lhbh finnnnnnnnnnn

il

) M

= .
a) b) e /c) d)ﬂ{

H3 nh2Slh LY chuyWn L., ng ¢4la m8§y x}%

Qo H

Tr H& nh2 1d thW hi n sh L | “m vi ¢
xe ti JEptwhidm8yWtx %€, | | yv ditdinlr icrhaw y Winn h
c8§c mM8&y x¥c | &t tXxOw idGruggn® SB L~ | " r
thoi gi¥%p tUYYo L€ ¢ ntng sublt | . n nht

gnnnnnnnnnng ) e .
e L2
N NE

g/ L 1-G€hng hfm

. 2-M8y x¥c |«

. 3Xe ch" LS§
K N
% N pa §
a) N ) ‘:\W

Q.

H3 ni8Sh. LY chuwWhnBr oaggct hi clng L€
al€ ng hfm rhfAg; hBp E€ phfFn m
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Nh€ vdy, ph, Itohtui,K cmi&&ltaxnUicihtel @g vgi a

L€ ng hfm m" chu tr3nh | " m vic-.c thmWy
8P, ng c8c phehng 8n khHScn A2 hla.H4é m h €
113, v. i thi c¢c'ng L€ ng hfm k2ch the

Qo

c h, yJ/Ju HAhreiB B.h L

1225Nktng sublt k: thudtnhv cltntg it 8gi an ac._t

Ntng sublt k: thwedt c, a m8y x¥c | d

Ph€hng ph&png8culbltnhk: t Huwdtl € _ca c
t 8 ¢ V.B.iKdrelin, L.G. FochtChebanovL$1ghi °nrénb, b~y
c §c t[54][61][62][68]v Le€angatmhctogn

p_=3600"2"u 1 ( ¢ gin/ h (1.5)
TAKp

Trong, £t-hWwd2 clh€l cu x ¥%c v~ o gFu x ¥c
b3ng thW t2chikgpfu X2 ngmddheddiotngWlLt
vdt ,thiKyuh'™ s Li Qn «L¥Fl igfai adsdgK,& ch
ih' s thi x p LBt Khii wWyiDQnhgifyy sgFiu
=1, 1; vkdtirlxi¥achh bong g fru oxh/eel jt B Stublrc/hm X

Thigi an ¢, a chm8y r¥w¥d Icdtngl’'t §tcr €, ¢

Te =t £ &t t,,(s) (1.6)

Trongk-T-hi it givadn w3occ ug FTOh™ it gi an
chuwWn tilriong gdfFThxbacgi &n qug§ te2nh
Th i gi amtdqu®nly gfu x¥%c v o p-Aehng
gian h"nh tr3nh kh'ng t[Ii
1.3 T ng quan &c nghinc utrong Vv ngo'in€ c

Nghi °n ¢c.u vQ m8y m-c¢c ph_, c v, tro
m8y x¥%c | dt n-i ri°ng |7 lonh v, ¢ L
n€ ¢ quan tom. l onh v, ¢ n”"y c¢c8c n
c u ch2nh nk6lu,L Ll b@n |l kAft hmcviqud&, tn
ntng nsguhbit®,n ¢ _u h'  th gdNhlic@ugkhir Wr
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nghi°n ¢ u kEg«allktcchg&s galfohlwhnw ¢ hi
ch s° hoUYt L ng c¢c- hi u qul c¢c,a m8y.

13 1. C8c c¢c*ng tr3nh nghi°n ¢. u ngo’ |

Tr°n thJ gi.,i, m8§y x%c | dt L« L€
nhi Qu kh2a ¢ Ynghu 8k ht8c® nrhh atu€hmhg€:t 8¢ ¢
tr€hHdy; rLing | ¢ h ¢ m8y trong qué§
thi/JJt b c¢clng t8&c m8y x%c | dt trong
vQ L, ng | . c¢c h ¢ thiJt b dXXn L, 6 ng t

thi/JJt b’ cilngnh8tofB8y kRtUucchbldt ; cFP t
ntng sublt m8yé

1311.C8c¢c nghidgwm8 ct md whQ t €hng t 8c c, a mS8§
C8c nghi °n comui vZr | yog@adnigm | vinMag!t! u
L ¢ clmic ta € ntg8§d "dn nvg %tc° h " g f ke |
x8cnh c¢c8c thitng ¥ Moty db-[ nnici Qu m8lyn g
c u vQ qug§ tr3nh t€hng t§¢ mglyWax§Eu

L " nh | aen'eclnr € atg8§d "dnyp wg Ic°n gfFu Xx Y%
| " m vihng pPhh&&® phon t2ch LWmEinhrtSo @
| "m W€ © xem x ®V.N.ITarasovb5].° nNgho “ii r a, t

clng tr3nh nghi °\N. Tarasovl keh §cQ ox uablt m3m h
ph8§p t2nh to§nvdaho iqay8ahtin® ynhxigc/ict dn |
thuy/JngveOublt gi.i hUM«cdat. nBImQuc gl
cing th_ ¢ th ¢ nghi Im o clcrBct §m Yd 3 md
trong qus8 tr3nh thi c¢ctng, ti°u bi Wu

Cing th ¢ x8c miinhrl€ mgchiitaga v"
X Yac L € c¢ SlGkamykoa[42h i

W.=W W, kI O £y (1.7)

Trong Li-l W sx@m nhdp c¢, al ‘gfdt Whio  a r

il ¢ maveagklimcOmgl Y ucvdic hlriangk-lg'F us”
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c.a | ¢ clhliQu ri-Chd @fldg akiony i g¥F u;
tr Ingy wdyt trongFw -h'f s~ mads8tC&gal ¢ cf
L€ ¢ b, qua khi t2nh tog§n.
Khis d ngc !t ngc(it?hc -  tmmhthehjefn | €u T :
-Ctngcthkh! nfhtdtcFandhcdllcanbhgfu x Yaov dX 7 0
| i;giltthis "E€Ll €a rtgv@pngheng kht n\W al &g K
ma sd&vtdtctrongduu x Yafu vX Yhegdv | Eh€a "ph% h
-4nh "Mg€achiu su®u hthggu,d hthghvd k2 ch
I'ngvdliu | °nl ading kthit' o Whilne
O.P.lvanoj41]L « nghi °n ¢c. u nh h€ ng c¢_ a
hdt, rk2ich th€e ¢, chiQu cao |, p, chiQ
cYnh ph2a tre c cydt gRitmsos v xi VT tcr
th ¢ nghi m, t8c gil L« Llc@Qbiru®lf umx ¥c
P=B Q(1 +D P D (1.8)
Trong -€hi Bu r_ . ng cUYnhyil "o vhOm B©h
| " m vi ¢ trong Li QuPgkg i & tbtatnn gl fou ;a o
nhdp trong s, p h, thu, ¢ v~™o0o L, s ©u
(h) v° t2nhwdehkpli oh I T c_ a
B3ung s | € ng | . n &cStogoy[b2]lgw L @ h
Xublt c¢ctng th_ ¢ x8c L nrh nimgn gancg tl
ph€hngx Ych §ph©n L oUn
Wo=W, W, W, - (L9)
Trong ill-:¢c Wl[n tr°n c8c cUnihl cocdt
cln ma s8t tr°n bQ mHphALBBYt PWAH ¢ ra
cln ma s§8t c, amBiQ °nmH B tlEyi gfu m”

W, =k K BQ (1.10)
Trong -B- : sk ph, vdwu,kichvise | ob¥nh LJ

c.a c8c th"nbht ®@Gng, G-dng b®BgMmh,dpx nga
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W, =k, P (1.11)
Trongz-bh-: sk t2nh LJn ma-&pstl toa °tnr °c

num ngang-hc, a gfma; nsi®tt pghiz ag ftonsatrig | ¢ . a
p' =P(1 +sif )j /¢ (1.12)

Trong P40;58 X0 t® -Tr° mnee ngvdd, w@rionw t h

t2ch c, avdtL;r(llgisfr&uﬂnhl]u t" ¢ t2nh T[nh

vdt ;Sidiun t2ch c,a L8y gfu.
W, =N K} (1.13)
Trong -8p N, ¢ c. avdgf ukkdhrsulivo L't rn@§ng c
phFn ki i " hg@u x ¥%cn g § Engud lilu, ph thuc v ™ th ngh
cfn,xilanhcfn;* -h° s°~ ma s 8t oiidta Iligw c_, a g/
Theo”ts2hn HH3tna kihi bl gfu  xw¥%oongidliu h3nh t h
khi | ttnrge€tobiehthbi LBy xéke , ngnha °rywetli o,
mHph g "t r e Hphpig m° nQrhgegadwc hxi¥ac. Trong
t o §hnhehirn g, M@ gmb ° kphpg " ihr vy ©ihQmH
I §ya adgwtliu. CfHofrgcng t hfhn Wi @ Hx8hcbag
c8§ch xe&mg x®&tHYEak®in Ibktnrget r

H3 n b4 S1h™ tl2
to8n xIBc
i Ju | ¢ dn bh gfu theo
Sho V.N. Stogov

Khi L<€a r a(l.pN8Hwogovgilthiffriing , i1 Bhith g
v " onghd Iif u nAn song song M bQmH L 'iywdliu,mb d¥% tr o
qug tr3ath ¥ecHigh-c 7 N 2 A [55]. Ngo
X Y4sc c ]theop h€hng ph&pWdh it i L ¢Fla >g%cCi, ng
L@ khwi £Bigfu v “ng wdlli u ¢ Wokhi Lc dnbBh gfu  x %c | °
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t rt€ ho" n phdoddntiyhlma m§y Uxtzc Wh iTn vd/ i u
t €hng it §d wehdus xsecxl¢dnbl, m”~ c8xgaclng
V.N. Stogovk h * n gl Ln&. Khi quay §u  x ¥%c, c drcH ¢a diu tt
ralc c®@mg M, vEihlbebca LEly. giuy nhiz2hm, tol
L' thiflpchothi Wh,i Kigivdlilu khing ti€htnhg nths cp
saucadgu, QlLinty tlr €ng cho phehngDehBp, x
th cgaV.N.Stogovk h * n§ dtnly cho ph<e€nhhhgp. ph&p x?
A.D. Kostylev, L « ¢ hi ti JJt nghithn nd. phfFmh |
c.a |l cg&ccyAmM3nh wWhleLg cUYnh tr€ c c_. a
tbng c¢. ng ¢, a rtng, h3nh dUlng <c_ a
nghi°ng c,a L8y gfu widty'| Lt ru2ss ©u, a& hg
c8§c t2nh chblt wdt. K]t "qouillhy IH€a te§aca m
h™ th ¢ nghi m LW x8c L'[4h | ¢ thoOm
P=a @BH BGC IQ K.\O K; (1.14)
Trong -Bh-: sa t2nhvdtml idgflucd i Qua s ©Ou
S thOm-cnhhid@gcadu;C-h St 2 njh &8&c fnh krRtc hp
t hehiga L § cv'i®mbicah np-h s k 2 njifn B * tg€a
chiQ@caoca ‘dgvdliu kis-h st 2 Wcca L Buwimd
ca rMgvdliuk -h" s t2nmglEn al hmE mieg d Yn g
cing th ¢ thwW hi n Lfy L., c8c yJu t°
nhi°n LW _ ng d,ng c¢c*ng th_c n"y cfn
rblt | . n v,i L8 sau khoan n° <c¢_,a Vi t
S d,. ng c8c kIt qlu@ fA6]n [§OR, i[51]nV.Ac _ u
Bauman[53] L Q »puhEMtprhg&@Ec L nh | tcoafnqgsi&nl
t ehngi g@§m8y x¥ci |l et ih Gttrl @ migect 2vnh t o §
thiJt kJJ. Theo sh LY tH3nnhi5tlogc ch @
tr€e t c, adt inlgth'i ®nmgh m, t (g/4ct [RB6vng L~

bQ mHt L 8vwdtc, laii LU "n dgonge . vaat dI8in'gu’ hid.t
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vdt ABIC w, i c¢c8c h' s t2nh to&n L€ c
L Ht v Ldxlanhhqueayv gfuc x8&c Lthhctheo c!
-_(R*B+G,) 1+G (1.15)
Trongl-IL;cPtil!Jp tuy/]n v,i qu: LYo
cu i cYmh nogdtl; cP LHt v o th nh bl n c,.
-tr°  ng | € ngvdt @ilttrtn n gk 21 neh nghiac,8a hg F
tay L,n c¢c,a c8c | c.

C8c nghigurB dad nhZt hOm nhyptgtlu MuYc

H® nh6.Cl8&c | ¢ t8c [d7 ng | °n gfu
aic8c | icc8c[nl; cb n©ng .
Nghi°n ¢ u vogdut§vitio3wHfu t[@AAlhdHemani r a,
| ¢ li°n t_,c thay L i t. th i LiWwWm b

Li Wm ¢, a oqu§ , trdlmy «xPge $Ecl ¢t A" c8§c t|
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I, Iz, I3 14 Is, nh+<€ t hWHs3hn A6nTLr. o ntgm I°Un- :k h ™ | | € |
| € wdyt Ll«i xac n3vm trong gfutrX¥cg tloOno
th i c,a gflhayx¥bdng qu§ tr3nh x%c, d

c.a | ¢ n"y s&lthhyclclnlt8&8a dd_nog mil
qus8 tr3inh IxYc;ma s8t gudta;riliii"thcg®ffn
vdt tl8ic ud, ng | °ndtauglci°oYgllucebtscEn rt hi
chuyWn vlifioo ph2a trong gfFu x%¥%c. S th
c.a c8c | ¢ tr°n L€ ¢c nghi®°n ¢ u LW
khi Wn chuyWn L, ng x%c c¢, a gFugrxr¥ac.

| © quan tr ngchhhhWbpgirRBgt 0l &htng |

bung th []. nghi m

1.312. @ydhi °wQcl ung It rcdnhh ¢ "gu&&i ¢ c. a

C8k At qudoun ghin’brigg uudZ3* nh | " m vi Mc cv
n« C- nNhi Qu c¢ctng tr3nh nghi°n c¢c_u
nghi m L, ng | ¢ h ¢ qug§ tr3nh | " m vi’

-Nghi°n c¢c_u, L8&8nht mirmkg WBCT;Ixc§axa d h nrr
chi Qu cao OOGamgm8y nx ¥d bltld°tin’ kihh Yanxgl ¢ h
xe vdn chuyWn, m i |i°n hv, givancgcc
c.a gftkh x%kw, cO©n b=ung; x8c L nh c8c ¢
| °gnfFu x%c trowgtavi8 tgrfun hv "t 2cchhu wwant L |
l id4ng h4t r" i; x8c L nh c&8c gi § tr’
c.a thi/JJt b cbhbng «§AF BagandvlyiBfhyarkimag | §
V.F. Korelin[30], [34], [54].

ng§nh gi § c8c ph€ehng ph&p tgrng§f mg | €
tridkedt clia wFolUYsx%aoag v~ Ikhnmggngri i g
c u c8c yJu t° LW gi [fromgd ues ntg* \erlfithn d i [ -
nh® vi ¢ t° i ®©u h-a m i li°x " hchgiyW
L. ng quay, nOng,AdNfZelenn]258][40m8y x Yc | dt
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Trong c8c c! Aa@r @5} ph, N.t Fisenk Y60],NLV.
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t8c c¢c_.a m8y x¥Wc | dt, gi Yp Light rlkaJ]] pshH
L ng h c h>p IT c¢c.,a ch cblu n©ng cfn |

Trong nghi°n c¢_u (27 «an3nG xSu Bit. tAba
kA hi/JJt bc, a*mgybtBicc d&Hdh chuyWn L i
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m8y gfac ng®-c L€ ¢c gil L  nh rng v, i
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Ph©n t2ch Ling | xXc hXc cBotqu8 tr?3

Khi nghi°n ¢ _u vQ nQn Lblt, t heo
Fisenk [60], qu§ wd? mRingka h cblu n©ng c¢_ a
hi  n khtng h p IT. ChJ L, ephai mBypx
v.i chuyWn L ng quay c¢.,a gfu x%¥%c L€
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B.M. Pozin ChTZ[49]t h® i gian | "m vi c¢c ichayW8gy
c- t[Fi chiJm kholng 50% th i gian t
th,_y | ¢ tiJ]lp nhdn c¢c8c t[i tr ng L,

thbly, i sh” phnhn©ng thiJt b c¢ctng t&§c c!
X¥%c s€ ting cltng-28Mwblt CFnnghts hgr Rhag
t€ehng t. di_. n ra khi h4Y thi/Jt b ctr
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robot v.,i 7 kho©u, trong L- mHt oL blt U
c. m thiJJt b c)trngcfm@cn @ihgnag Itoruwehymn{LLk ¢
X Yce) ( LV Ilgf.u Sfmboth{kOwe 1 i °n kJt v, i n

quay Q, O, Os, O4, G, G, w.'" ©8c LiWm b v"™ d t<€hn
L " nh c¢c, dad agfm8y¥%a;"y c¢c- b " n bdc t  do,
ti/jn t_, i c¢c,a m8y, thhuyWrb L critqgqigl 8iS8§cc,
L. ng n©ng ¢, a cfn n©ng v~ chuyWn L n

Qo

H3 n b8 S1h L L ng hl &#t§ ahw Liar@ W. Liuf25]
Ph€ehng ph&8pthurdg K€ c t&c gil[ s d,n
L ng h ¢ b=yng c8ch gdn h | &#t8§ah L]~ m Qc
| € ¢. Tm' nh3crhh s, ng 3Dcl[ o mc.tladBb 3 k¥
L€ ¢ x©y d ng trong pnt ing rc& cn gc hAUDyAWNS

m8y Ixd#8&nh | p v,i c¢c8c b€ ¢ th i gian
thw hi n trong n,i dung nghi®°n c¢c_u c
I ng | ¢ h ¢ khtng gi dnbtshnon” nl “teh ik “m Hc\

| ¢ d%Xn L, ng kh, p quay, 8p d,ng h' t
| ¢ h ¢ d_da8 nmh8yl " xpYc

M h3nh L ng Hi7]cH® o ,H8 dhah Blg mahi L mt
L. ng h ¢ c_,a m <t m8y x¥%c | dt L~ tr €
hai thiJtg bf u/jruyt@nnh  IN&€te gddn di° nc ht
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ph2a tre ¢ v° phi@DusaliylL Ll ¢, bomMdl LK
nh, L€ ¢ gdnQuaon &8unbolt L,  ng mt h
chuyWn L, ng c,a kdtthimcd ukMMn t2 mlg wp'h
| © ba | . c |li°n quan: xilanh¢ h Xyl ccat Xe
chuywWn L nfupkhk%®%ag Lt,_a,gm! men L€ ¢ c
c.a m8ynMKMi“ ot 2gcfhu tdp trong tYi Li Wm
hai th nh phfn | ¢ 4t hwo Ywmeti npamnetxpoglntd”
t a KaZsgO vio gfu t4Yi Li Wm n”vy.
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H3 n HO. M. h3 nh W, nog! rhg ct §’cc,,Ma(LALI—1é]ma e

T. m! h3nh tr°n cho thbly,dtt Hi Jtt rl
L€ ¢ m* ph, ng nh€© m tc ct§nhdot aly€ rco blo
nhau b3xng m t kh,p tr€ t v ° hai kh,
clng L« L€a ra ph€ehng ph&p x8c L nh
v tr3nh by, m t c¢c8ch tiJ]]p cdn <chu

quantived th, ntng | € ng t i thiWu, d
m~ c¢c8c | . c c¢cln |~ thblp nhblt .
1.3.1.3. C8c nghi°n c¢c.u vQ | ¢ t<€hng

L ¢ LXy c¢c.a m8y x%c | dt di aduy Wi
hai gi 8hhrtheod khl[t2ntng m" L, ng ch
| . n nhblt m” Lblt cnNMIW dii Jooh innyhwdm,. dKc
chuyWn b=ng mt th th_,y | ¢ n°n | ¢
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b&§nh sao ch, L ng th@ltmg LIbltn chhnt hlW
v ddy (lkkXd)a m8y s€ L€ ¢ tBfm tcholo |
| ¢ k®o c¢c, a m8y x%c |~ phln | ¢ t._ I
| i°n quan LJn c8c _ ng sublt t ixPpchp hvg't
Lblt khi m: men xodn truyQrW3nBAO. 0.ng cC

g g g A P RTT: e — g w————

H3 nBO.SIh L x8c tlhemh Lli Qu Kk®0 n b§m c_. a
tr°n c8c m8y ct hir °e! m@nl tcmnwi

L ¢ k®o theo LiQu ki n bs&m L€ c x§
c.a drli X2 ch, chi Qu r_ ng, chi Qu d"i
L€ ng v~° c8c t h! mgnasHemam24]w Wongdvi23:m. Th

5 G i e | B
« =Gn19] (€ K-e e (1.16)
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cmg%m
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Trongm-tr: n@ | ®icngj k8§ ma S 8tw- t ror
m: Lun bi Jji-hd Unsg ctdt€ tecd.i Qud@di i xd§h

H3 nh2l. €C§c

t8c d, ng |
t c.a dr
c huy Wn[38L , 1

Trong c!ng ta_Sorbrowsyi38] L ®@a c€lun ¢ hp h 8§
x8c L nh c8c | c¢c t8&8c d_.ng | °n phfn o
Chuy WrH:3 i Ph g
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See=S wolk S K (1.17)
Trongugtl-:c Sckng c¢c, a nh8nh x2g@#%fti ch'

Lcktng ban Ll delictxn?gc hc,, a S h8nh x2ch
L. ngl B LXy.
R=% 8, S (1.18)
Trongg-lm* NMen chuyWn L ng c¢c_,a L, nq
c h. L ng c, a b ;niph8dn kd>h tbi8/hm xc2hg h L

1.32.C8woghi °n ¢c. u trong n+¥€ c
C8c ¢c*ng tr3nh nghi°n ¢c._ u trong n

|l udn 8&8n ¢, a NCS |~ rblt 2t, ch" c¢c- ttF
T&c gi [ VI ThJ L, c,€uVIBBEIBhtikd nB3 n |
nh. ng nghi°n ¢c._u ch blIn vQ m8y | " m

L" nh L€ ¢ c¢c8&c thtng s k/Jt cblu, tht?
tham s° ¢, a m8yngi timbdng i dmuyeWnvia L
vdt .1 iIC86 ph€ehng tr3mghbpi hahodYeduil

nhblt v, i h s h?ung m: t[ c8c bi®°n 1
-Theo[9], khi cnghv®nm8y | "m Lblt, c8c
Hoa V&tn Ngl, L€eu B§8 Thudn L« c¢c- nh.
thing s~ c¢ch bln L/Jin Im8y c¢lin LKhi vc dit
chaynH , vdn t ¢ ban LfuCd, a« mE&ng,a Ict
ngd [nh h€e ng L8ng kW L/Jn | ¢ L, 6 ng.
-D,a tr°n mt h3nh L, ng | [4[6]IGS.c m§
TS Chu Vitn ndt, GS. LS  mgamnd,_ Mgu yp°hnet
|l ¢ h>c¢c h" nhiQu vdt LW nghi®°n c¢_ u,
X¥%ec m t gfu dXn L, ng thu |l ¢, LQ c
c,.a TBCT L"i v,i m8y x¥c Caterpilar

g v.i mti tr<€ ng Lblt nh3m t3m ra ¢
h c v L., ng | . c¢c h ¢, I'"mch s LW I
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-Trong LQ t i nghi °n c¢c._ u vQ thil)t
V' @h@S. TS ChuPGSESn Nglty, n [7lVi4ltc T@n JJt
m: h3nh nguy°n | T kJt cblu m8y b  c x}Y
hfm khXu L, nh, , m! h3rHnt2amh ntgo §ru §c
gt nNM v o btng t[i, m* h3nh khl[lo s
c.a TBCT m8y bt acy gy dXdsrqg L'Fmh L€ ¢
h ¢ t° i ©u ¢, a gfuc m8iy° b «hix Yrh 2 hreton c

“Nghi®°n ¢ u vQ L. ng | ¢ h c [5hgy L
TS L° Mign @& nghi°n ¢ u t<€hng t&c v
|l ¢ ¢cfn L 0 Lblt c_a m8y L"0o m t gfu
Lblt c¢c,a A.N. Z°lenhin, x©y d, ng sh |

H

s L.ng | ¢ h ¢ chia m8yrdng biR@®g kh

-Nh3m tYo ra L€ ¢ m t | oWidtnmdng, uph
hfm | ., t_. Onimgg tnk mC 20@hfn cNWMC)t Yo
thuTdp Lo "n Cing nghi p Then KuhghS8ingno ¢
c_ufjtt hkjJ chJj tY9Y0 v° th nghi m m8y x
mv" LJ/Jjn ntm 2008 L« chJ] t4Yo hofim ch”
X Yac Dmabngm nh«n hi “suaui VaMiG QLS OOFon; c [0 t
MXLn®MCE5001L ra kihdc Lpkh, ¢ nh._ ng nh€ ¢ |
tr€ ¢c v’ L« L€ ¢ B, Cing Th®hng thXm
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H* nB3.Clh /] MXW o \BICES001 H2 n B4 MX L n@C E5001 |
tdi Clng tvy Vi vi o Tthdein H™ L

Qua nghi°n c¢c_u cdhong htbhy? rhit 2 mdcih @8
chuy°wmQ smuynxicchdhg v~™ mSlye€ MXLamBnq - b
Laggp d.ng ph€ehngchhlgplohtbengmXumeg-
1.3.3. n8nh gi 8, ph®©n t2ch c¢c8c nghi?°

-Vdliudhghtri in-chung v~ onNMnhQiod ri °r
c- tHnhec ipghdthk ®mngintl, L &thb n°in cBgc § b
¢c, cCc- ¢,8ch¥dRthdkch 8§ dovyWRBAGT,ca m8 yv "X Yc
ph€ehngx YWiglpmilod cl1 ng r BItiQLkydg&c/Hwile au
xuWlhinnhng c &odh kih&§c nhawmhltcdonwpgh€Bogl
phgpwthiu cl ngNMh€

-Tr°n  Ichh Btthyg t hhhicat mt inghttr ©c§ ¢
t h” nfhl cpdimsinhratronggu § t €EhmbpadgBcxvidc c8c | o
vdliul khgc ;@ltauwli&dntr sinh ra t wdblhugg qu
ph thuc v @ eHPdiu x ¥%c v “nog tnrNoMigv L HE §cht 2
| T.avetli u;

-KJJt qul ¢, a c¢c8c c¢ctng tr3nh nghi
khol s8t x8c¢c L nh | ¢ t<€hng t&c gi_. a
mang t2nh th ¢ nghi m | " c¢h?2bwoh v~ tt?
t ng qug8t khoa h c;

-MXLnB VMG1 EBIDOMEly p'tp3%i h cYalgc vi %c
nNM ttloingchgifgkh¥€ L a v, "blangh ph€hng ‘ph§p
vid/led m8y nmgehyg L®OmchWQygmhi €n c
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KJt |l udn ch€ehng 1

1.M*i tr€hmng t §c tcr aan gMXtLmiB ckmyu L €
L v_.a v”™ nh, mang t2nh glithen tirr@magvib
hGpkkIng LY ng nhblt trong tuy/Jn L€ n
h€© ng); vdt 1 i ucsamh kihigwd tbmdh Ud_," an N
L ng ttHLci Ld Wheri Sngph©n b" khlng tc
tr i dini hfm°kiR®@n g, 20 mdt L, ttng df
g€ehng hfm; k2ch the ¢ c¢c§<350o, ¢c L8 chf*e

2. Nghi°n ¢c.u t°ng quan vQ cblu t\Y
l odi m8y b c x¥Wc truyQn th<€ngglafwm c
thBly, v.i cing sublt MXL kB c\hMQ1hE® 50 &t he
b ph% h” p nhblt trong vi ¢ x%¥%e¢, L~ n

3.88¢c kJJt qulf«nghanby@]ung lu& ¥ 7 3n
t €hng. a8m8yb &ridc Il'dp, L~ tr€ ¢ v, i mt
r i dUng hi*ang hnbly c¢c- c¢ciln'gi tw, 3in hMXlgohB
x2chx¥%c virbngnMNNMhXa HKfmy. a v~™ nh,

4. M8y x%c 1dt-1L | b°m8WYMElESRQ bIt
ch€ea tcitbig b c!mghtrannk khaoahuly°nn s©
vi ¢ 1 oUi tnSiy ont'rnyg tlr®ngg hfmtkhXet! hg
ph€hng ph8p khoan n’

5 Mh_ ng QubBlo tr°npvichgahi PuvBlgu § tr 3 n
t €ehng ndfeccl€a ra phehn §D p wEp kxhhecng gi a
vichp ,Chgthix § mhfitr n g ndcathifbct ng t §at m§y x
b°n VMGLVES O ngtt® m trrgmfopk EXu L, v
nhmang nh@T ngho'a kvhootiat, tfim ‘lL®®h hhghi Gn c
mt c fc Hly phehng JhEpy ithcnghimuy
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Ch€hmgHIZN C. UCTRHH Th NG TCC Ve QU ny O
CHUYQNNG HHRE. A GHCGKHXDCn nCN° @
TRONGTHIAONGn h NG HEIM

21.T€hng_atg8ic x4 &8 mm mr ong qu@c8& m3 m h
t r on gqghEne
Qu§ &EnigMM mS yidIx@th chinkhis d ngticl
c8c Hi hclt2an m8o Bl chuydd eg Kk h i cim§ chuwh
L ngtnht'hvQp h 2 ac WHh €O fu gx %c vlnmgn NMom@c c
ctih n@ngno©ng §u xgvuca yhgngdNmvig ~ ERy t h °nriN M
v du gxdWMk §cnhitnglcdn t %@ dft nx¥¥c trong q
X YatNMtap h ©n, tt22crhh . n @ Stgrhed hwath €. s a u

2.1.1. PH®OnLtWoblk/]v" " qug§ tMXLmMHB | " m Vv

MXLnB” | o4i m8y chmNMTond, ndil W?xgc
khXu L, ,v_co vc - nthhm JJnorki§f "o ntroigW b il tn g
trong kh!ng, g an€ddigimmfirkpg8 c | oUtc - mEyn
subltng, skuizdbbth the€e ¢ t€hng HE€hithg 2kh!ng

H:nhl RXLnp
phcvy bc x ¥%c
t hi ¢ tng gfm
khdp , La v,”. 1

C blu fLQO ani§ yp lpf nmms&dyh 2cnth sI°” v t hi Jt b’
M8y ch sm8yl "dil octhiuyWn b33ng b8nh x:
| cl.Imd Li n,lQuXrkbhiRmmpgyQn L ;ng th,y
ThiJJt bc, algngmtec gi §8 quay, bfn,
phdn L€ ¢i |InRaoc&Rgtyap v- hoUt L[ ng
dXn L ngitaahcgb,y | c;
Do LHc LiWm thilJt kJ] LW cmhmWNyW n n
trong LiQulLlkKi ngkhEKEim E!ngn°an WXLmMB hc
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L ngi vingulyl® ¢- nhkhg§cm8y i xi#d nlgdhct n g
t h€ MHg koh 8cNMI ph©n b" ngXu nhi®°n tr]
g€ehng khoan n  muatn2pehiidMa npShyd i hfim, c huy
Lo%m§ d”inNMV 6 2igHiiu gfn iy @fwyulag d
nong cfn | " m LFyn@FuigfPkhinh® pki EAF Yy m§
ph€ehng ti ,khidnhUschuyeWrc xbaycahi §Fnbt
v’ nghillndMgfru ph€hng ti n vdn chuyV
chu tirfmht Qaokh8c bi t c_. a MXNMER
v® thi/JJt b c¢clng t8c c_, a knBiy vil2odHH i P
trong qug§ quB3hmnhiNMMMI pih;€hng ti mByvd
L ng y°n, xoay t hniNMt kbh? mod apgh [diBcm&y
m8y x¥%Wc | dt L~ tr€ ¢ nh€e L« tr3nh b~
2.1.2. M* h3nh khlFo s8t qug§ tr3nh t
v.i minNMs&@undhoan n’ .
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* Giai LoUn( r@gdy klRB)dlct fir €ng cho ¢
vi ¢ kh?ng Trongq u & _tt&mSBIC THu , g ct rtgu ° it 1€y
xungtipbah ‘dfgn NM rtng gfw gNMa nt ic/hp xc¥c t h
| ¢ c[n ma s8&dhe®alblt cBic' khe pclaTBEY.n h ph

n. ng h ¢ c¢c,a TBCT L€ ¢ t hotahyi onf u
quanh Jdvi'WngfQ quay c¥ng -t hieocgnlcqnig I
t h“nih tt'i Jn m&§ymNVQhpb2phehng OX

*Gi ai xBEeUmNMhbls Cufxuvac™ o tr Mg L ng
( ng HY 2Rhbd:nHic tr€ng b3ung Vvi dfwngput x Ba
L mdNMo3ung LoUYnntd rchh tcihfihWAk il on8sg/8t s
t§c c,a n\BMLada wx®H3 @B LTrong giai Lodyr
X¥%c d ch chuyWh mNMnkmiHt LnQnvic°mtay

c.a gfu x¥cc scE[n 8Hn ds @uy dfmuNM¥c Vv~ o

B/ qu

H3 ®BSh nit [Vt r 2¢ cc Bhisi gux Ywc tor o mgn NIM

Do rtng gfu di cHhuyurmpMWNh - °sn8 tc SIWEBD § n Q1
L€ ¢ ritngn gFhiz d Xtyr °Irf gF,u Bii vvady tgioln
mHt nQn kh!'!ng c¢c- c¢c8c¢c mblp m: | n, qu
c.,c b, d.ng 1'49i hoHc Li I °n tr°n, rt

*Giai LoUnul bmngfphehng ph8&8p quay

Sau khi bln s©u nhNw” vl W trmngfy of
guay gfu quasH3: RAhvy p qqway dOFu c¥%ng c
quayQL W Li QNMLfoy t r BB @B gf u,
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A1
I
AL
° AL A O\ e [ ) A ) =
R R AR R R R R A R I R AR AR A R AR R A R B A R A R R R AR R AT RTRT,

H3 ASh nit [Vtt r 2¢ cc Bhi§uay gux Yicr o 'mgn NIM

Khi qguay gfmWNM topgggfung¥%c s& chuy
cung,pthiaMmVphzra@antg rtng gfu s&€ n3um y°n
Phfn ph2a tr€ ¢ rtng gfu s€& tma&M qu
trong gfugde opdtdmyy b tr€ t xu  ng
vio kholng tr nxoltir otrHg difhu® o ;h epf W - xcVa
qguay, khi rtng gfu t8chnKM, prhNbth 2@h 3
tr°n rtng gfu s€ chxdoylix utHA gifitbih*zma d €, |

H3 ®B.S h  chup  rgkhiquay §ux Yicr o mgn NIM
Khiguay gfu x %cscqguwmankhh thigWne h@ y Wn L
gfu quay vi.i b8n k2nh R
R, =1, (2.1)
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Khiquay gfu x%¥c;, qufamhclhungm gquay qu

O, L nh rtng gfw quay Vv, i b8n k2nh
R,=0,0,+ R (2.2)
Ry=V, ¥, W, (2:3)

2.1.3. X8c L nh ¢c8c th”"nh phfn 1| ¢

tr3nmNtVM ch

Nh€ L« tr3nh b~y ° pPhfn oNMn" do
nguy°n | T hoYifMXLnBg o ha ngBTTHc L i Wm
t€ehng t&8c griNMli TBCT av kih8 ph_c t Up.
th" nh phfn | ¢ c¢cln TBCT cfn phrli k h
trong m t chu k8t 8¢ mgivi a oagNWMi 15 Y0 ¢ vethh
Li Wm, giai Lo4n Qurc LtYo€ncgh ukyiWdic Ln mau
L"nh rtng gfu trong 1 chu k8 t2--h nN
M-IV-VVIH3 neL€ i & th " nh 4 giai LoUn nh<e€

ﬁj@x
::<
Lo
7=0;
VIE LIV ]
| wil <
J >// 3<// 77\(,;//(
[ H |
o 1A% £S5 i PRGNS ¢
| 0950
ot &G §lw Sl
CaZant —~7 ~ %~ ¥
=0 a0
;\D\K’Zv ('Jf Za :>f e ;7 N a /( 7 9\)/ > \/( )L\ \\{\ é\%\i)}\;
/ =S OSEPS , \ S XS <. 3”(—/@7£{'k

H3 nBQ®:. LYo chuyWn L, mNMc_, a gfu
Qusg trTMWM | tphFm chrdngdhu tr3ogal " m
MXLnB tronog, G fkm NMv * du gx Y%c ,c Scc gh t r
sinh ra trong gab8phdhr Tnimgit €igiTig ot KEE€mc
vic v chgianthbBint Qu§ t r 326]ph thd angnhius c
v db Mhica qug8§ tnWx@glnhi“ty.ng | ¢ cl[n t &

X%c trong qusg8§ t mNMh”™ @ €hihg; tt8a& >kdm X @
t. ng tr€ ng h p ¢, thW nh€e sau:
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2.131X8c L nh Il cehcd ngfod n

Giai LoU4n niNawb Ji§uph®nhg ph8&pg bin ¢
NNMng v, i-lLHdHB trdhggi ai LoUnxilanhry©rng c
cfn, guay gfu kh*ng chuyWn L nmiNgV, Vi
L€ ¢ th ¢ hicnab@ihigcchhuuicy WnXy L cgcln
| °cn8tk " nh tr €, c.Pheftha” nghf up hxékci a gEu x %
gdnkggH3niA 2.

et

ao

H3 nHa)2.Sh L mi Shgtl2grfcadntx8ongd by fu r £ n ¢

Khi I'é mtvonogngminibfvica €ms8yd Qipifict c §c
reng #tmgh vdngingblo i t h&@mum dhhng Vv " 'ag tr o
nNM m”  kphHS8y.ghihi c8c rH8ly hobtuogb B @ kchiQu
caoca nlth & 6,51 cn.

Khibd fu  xv¥co0 t ngmmMdl Lc&tep It r unnpgarre°nng L
gfu,thchin  phi& ykh ik NMnh nggc di&upd g ulaegvdc
ph2a_asmh wgfugly ph-ng kh? ©dMilgiCgux Ypch 2va ot
tromgn NM ‘b€ ti°u hgga phepnb Sp hcstp itp h §
VinNMhtuc v, loi ffgarkNMW ~ k2 cdgu txHsae .HicTaz nh
nNM haiy tr onigthrom§c Jjggiii @ hch¥%ng th” Blh ¢ §
Phom acHWicNMopng 2. 1c) kihqd Liseédnggi trong c §
t r 3 nh _uwg@& Démbrowski39], D.PVolkov [35][36], R.YuPoderni48].
BINnd.PRAORANNM t hedd té&mhl Tch
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Nh . CgcUvddéu HE trlLcdn L7 o [Khi "he rn,°

n3m trong khi. ca n N, Mpa tEh/me
| | Thanl §ChglHtr i 0,10- 0,15 | 1,15-1,25(ru=1,2
I |[nHIXL 8L m 0,15- 0,25 1,65 1,75(r v=1,7)

Il |[n§ sau khoa| 025 035 |1,55 1,65( =16
. ngsHls tr°ngdult® xB8b theo phngkhggi phs§|
m8y & %d hleo pH8Ehng phs8gp

S, A1L54K, 6,17 . (2.4)
Trond¢,-LY9 "ng & ex8hcthedfng 21, m-h st hdy L

tronggiihthm 41 0,7
L ¢ cln chreinthgldg fan xt8rc° " nh t_. phe€

h3nh chiJju ¢c,a ¢c8c | ¢ tr°n tr_ c n3um
Fp=2( Nsifj +F,, cos) (2.5)

Trong-8p :I N trrecgffwb QLR x8c L nh th
_ bb, »
L ¢ magls&tc R2nh theo c'ng th_ c:
Fmsr:qN (2'7)

ThJ/] ph€hrbg ¥& 3 w2.o( Dh€Bnqhtdn3 Lhe’” (c2.
bb

F.=(sinj + oos )4~ 2.8
rgx ( J 2 )m rc ( )

Trongs t-ng sublt tr°n mHtm Rghh° ng
s° ma §8M giNMb,-chi Qur trgfhug jxcc ma s

trongn NM ,j #48ly
Kijgqut 2, mihgfux Yaca cm8y X %c -1MVdiy 6ab ©aE
I'nh b300emML” ngcoh” phfn tr€ c h@ i g

gfu thi Qu r, ng ph? ab,1s3M[2E rvi i gheog\fvu
[53]g - ¢ ma p &4’ ,m o 5 g4 096(K_=0,25 m 6,7
Sdng @ig8&t t ¥ nv t@d2a y4d8)tarinch ‘lc€
s, 154K, 0,179 . n(154.0,25 047 0,7 0,389V
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b
F,, =(sin | +2m>s)§j% o § S 0,986c0s ’2&542’53 0,389 59

Khil ccfnfnggng phéat h@ken Lb &bhi tm8y x Y%
MCV 500E1 , & L g'il®h ma P, =35kN, | c dn ¢ h 2mAy,LUd |
1% cal cP,.
2132.Lccnkhibhgftu v ™ o "ngnd&iMg L

Gi ai LroNIMr "D2¢hong gfu x Y¥scQup Bung Yp h €
L " mqNMng v, i-IVHE Wi, LIRlc tr €©ng c_. axitnhai L
nong cfn, quay gFWnskufogx&ubuyWoNM rog
L€ ¢ th gvibdic' ohb®RNM m€d¢o tHphhgmIFEy ¢
Li fuge§§gtr3nh n"y L€ ¢ xem x®t nh¥€ sa

-GFfu d ch chuyWn tr tnghg ttithfn@ hcQ cp a2
X %acL"si€gntoh’gi, xoaypw BA@SpPphelaAngligFa ofu |
xublt hi nhNMI~ o« cfwu.

-tTn c8cn®& ph2a d€ i rtng gfu xu’
cfn theo ph€ehng ph8p tuy/n (th3ng L.

-Xoay v dlL&Kmc8§c gé_ @ v/t ritng gfF
L ng c.a gfu | " m xuwbltt inip nt uly Jon o nhriont |

Qug§ tirgfunhk %4c v mnNMo&h g Ixem x®t tr
thuy/Jt b8&8m v~™ c¢cOn bYPGHYNB.IKE YU c_ a
bagl cdchchuyd b°n ngo “iil £t ngdchdhuyi@ah kdc t r €
v o tfutheoghbphihh g Lf8mt g gy,,crongntbphsng n" "y t
dng con§sHt/ptuyn WgsH ph Fp GLulyi opC, dka
c hgahifldomi | 'it°hnerdhlud S. Coulon:

t =ty |C (2.9)

Trongigl--c ma ,s 8%C4t4r o h op NiMCI60DD P453).

Cthik8lfugca qu SHhdFu 3xidficl, £ n gp NYI,r  d-di nt i
OAB Vv nglt@g G, ‘ttrdo t heonggegnh xHion B, 2 .
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tuy nhi/ftechkhil _thnigy ttr3 | °n  Fu§ yx Yeéb nvg™ t
t h” nh2th _InINMg Unhitrong dux Yc/jdirigatiw 2 ch n ™
I © A3 nBb. 2.

y

H3 n8SKH cl§ac It €hng nNM "Khig t 2 ch
a) QuEigur xtb:; b) fu¥cr3nh noOn

Lc ®pmHe L §gfut K %0 i’ NdIvQgh 8b3ag pHn
[ ¢ Ny, c - . ngdchbh@&xd | t ©BA; $ong song vi mbphingc -
cchhOB ,d <€ gy,,c ccn ®p vulm@g gbpbh d “ter-€
cthhOB, vQg i §bgpHnl cN,, Icdchlchupdkhi | L OBA; t 1
vQp h2 a fur kg .oy @&c xle n3xn@tthx ctd ° h'l  c 8c
phon 8engl | ° ko ct&@tgg | L ng tBGAD h tr €

Nhed,thyriag c@&ct g dfd nxYec ne§yld, x Yc
khtng fhhn "tcd@c Mmthechimm c8§c ©hng ‘clng
'W @i chn h ¢ Sabuchd @ f\tn NM  \gfuo x Y4c at8pc hl T

F

H3 nBSKE .Ilc phH®NA fub gx Yac
a)Khith s fuxdsc vig MNM; B b 3fOoMKECcng " ©NM.
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C&8ccl phgppNtvuyNesthwhin® ddhg c&cph©n b
ph§&phtudly t2inhc &ccgig§llnntiicagin " tam gi §c
| GV Gy (N/M),H3 n B, [32[33], ofn thi] WS cn hl cVBhcHi L
ca c&c phgp ttruyfu X84 g rong c8chtdgumnay
ofu x&&c¢ ‘gn@Hit n'y t2*Enh theo c8&c clng

qlmax=ﬁ;q2max 2N

OA, OB

Tr °H8 nhOx2.m x®t c&®énmg 1 8o niNmdh d
chud trongdu x e i L gitai t 2 mth nhkbcBuyw g ¢ a
kh'i ltndedr t%hgwth L@ ga, so vi mtun( [32][33].

Trongghp € "y, tyV idQnHiN blgy, = &

(2.10)

: INJFore Ne /
WWWWWWW AT —
Al=]| /« (0] X
R /,,\M Fiox
L G

H3 n10. 28hc Lc h2 miy th§ ox Ybc
a)Khibh s ¢fu bx Yuc v ing b NEhibig bsfouxtuc vilg K NBing
Kijguca c8c the L « @&tetdng fHoph g =t QAL

lc ma ‘¢$B&Hv taoleph FpNitt &ign gd |71 n | Kt gthht r
L § fu gx Y%ac, cHpimgron@Bmsi ndCulond cc gn@a Is §'t
can NM.in NMrpsa | ck/lf dezamiNMR,v " c |l ph P\t uy

Kh'i | tmNMt fd nOABL ‘@ ¢ odrdy,lth’c hivn chuyd
L, ngtnhtih vAntrongtth g t h Sig . G B afdbalchit, :
R.R,,G,. C&&idgu R,R, L& coi | RcEa HNy®c t

—_—

lféz = _’m52 'r'FIk N ;
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C8§c ph€ehngagcrahrcts cchdin L vip | ddéng
h3nhugahic&c nl"y tc°®Oyc&¢v®©Oxbhg c8c ph
tr3ahma Isi§IM33lK

L c ma  sc8tkhit rl*@wig LfEtyonggritphng OA bag.

I:msl:"c; 1 I\J (211)
Lc ma ‘¢$8NMtin®Mrongntbphing "t r ©€Bc L8 ¢

'nh theocclng th
Fooo= lﬁ\fzi ] (2.12)
Trongy -t €hmg Is mah s &gannNMi Lfay g
X Yacn NM
L ck/jd 2 tramgnmtbphin g "t r @Bc L8 bd theoc clng
sina,C .
*sinly, - @)’
Trong-Hs | Canlcki i/pkuypri °ng tr°n 1
din t Dot "t Pae
Trng "ng@ccakii | £ ngNMOABHh Tce x it theb
c ! ngc[3d]h

Fa =Byl (2.13)

sina sin
G, =0,5(, 9L B, sinfy, - y;)
2

Tronguilkhi "hd& r ja&nnNgMkgn?; gi giafctrng
t TN g=981mAkByi bQrnggadgu X Y%Cas-Lms ©w t HOm n
cadu v'ngn NM migUolit nhigtan dgn NM ,iyg - ¢
trt€a | EnmNM2 nh

T sh H3nho, 2c8§amngph€€RB%dlcc@mab d °n |t
k2nNM heo phR@hmiy ®h ngandyg: ¢c- d

, (2.14)

F,=0, YNsiny £,cos,y(E, FFcos, yNsin, &

<

(2.15)
Y G Ncosly Enginl (YES'Z Ec) $in2 WCO‘SZ

=

— =) ——=> (D
Qs 1 Qs
=Tl

1
o

.u\
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Hntm phehnhlf)i @.655ch b5t "h & c hjp€a bi

=

ms2?

N, N,,F

ms1?

Fa¥ 2 V. 1Y, =45’ 1’2‘

BRg22C8c ‘gia¥,ltivi c8reNMoh §c [58hau

Lodvd i u Thandhi@br i ng m3n
G-c ma s8t t 38° 440
G- c nINEy,t 64° 67

Gilih ph€hng B6)r 3tnahn K 2¢€pEM |l cca L BN g
v’  [mllkgcan NM;t 8cngd | °n n MNBG: k2 nh

N =G|k(5inY2 + J1TOS 2)’ k&

' KK, +K K, (2.10)
N = Bt R siny, N(cos,y sim,) (2.17)
’ Cosy, - anin 2Y -

trongy,kKKg KiK' cgl&h x'8lc L
K,=sin y +00s ;K,=cosy -,8Nn ,;
K,=cosy -,sm ;;K,=siny +,c0S ,;
L ccfntr chupd  rgngangca mtbyabi ¢ dtrong §u, bag.

R =FsiCO¥ 1+ N s § (2.18)
Sau khi YhagE c8eéngc@l)vN ctng th,

(2.16)v " (818t a cL €

_€,COSY ks ny
K AK K L &G, (s -.¢ c,0 8)yg (2.19)
Fy=N;cosy -,Nsin (2.20)
G (s
F, = i (Siny, + J100S Y IEF(cosM -, BN )" (2.21)

v KK,+K K,
2.1.3.3. L cc[nkhiquay gfu x Yc ‘thgnoNaMy L

Gi ai | Lonlgiffuy x “%uc b 33ung phehquanhkhpm §p

bln IQ0s, sau khill ¢is ©gfiu  x ¥%ac v “nog trrldMigg L1 73 t hu
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B.A. Bauman53],x ©yn g minkhllo ¢ &tt-€©hn gart M/, igfu
XY trong ndNiMg" éurHE mihl t22. c h

B

H3 nhiSAH tl2 nh [bo§ 8 tck bt &a I nx Wc
khiquaygu x %c ‘mgmNMg L

Qu 8 t r 3 fuhsinlgraca8ycc dh sau Fy -1 ¢ dn dch chuy
n NMheoQmtb ¢ h'nBH Fgll cdndchchupin NM heo Qc §c
mHb b Crv,” DAN;-tr gl “@gkh i n N M ch chuyM; Gs - tr ng
| “@g fu X Yac

* Ph_ _ng ot8ndakhs §t2:nh t

Tnglccn t. 8g @w nxGgTi WiWF t h Y%c BHigfu§ xtacs3 r
v - ongiNMchupd sang ocaydu txrAen K Bbu tr'dec ch
t §. mggaxilanhquaydu, th'!ng qua whemhgmem?3 nh

_Geh+(Fy B (Fy Fy)ls

cty gy,

(2.22)

xI3 I

Tr on:g Rtl-c t 8ac¢adilanhquay du; I1,1,1,-c 8c ¢ 8nh

tay A, c8ct lehgsgyi tO€gmuay vado g x &ic .

C8 ¢ Hbphgdchchupdgakhin NM r ong qu 8fut x¥cth
quanh khp quay Qt r °fm m©n g HphgBg ®Cwn™ MN ,n h
211, Gi § | admn dch chuyd theo nkbphngt 8§ o NMsEph thuc v ™ o
gi 8lctrl ivin ck magas 8,&c t & mhvphig dch chuyid
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tromg InNMeo Iirthgt hugyi hthggia mt inghétr i€
trth g t h &iggjch€hg abd thwhlr i, khuvep h §1 v IFh i WKi
khfin NMichchupd <€l © c §cnmhag- 46-/2.Vtrz2 ‘c°y L
sdng | 7 riWkc8hon BL, fg€akwuyv cdchchuydH3 n bl 2 .

L cFxl cdn phz2ca dtor & &ch2dafutthr @ a L« Xxeil
“phfn 2. 1.3.2 d@1®%ng clng th

L cFunlcdn ma s §tibit it hrelo Bp°hnBdaahi@t tr B n
xungv - WK L\shtrng tHOmbmn hNNYak2kthi @h©On
Fot h ™ nhc ct8hcfnn it hpappttpgdchchuyd v. ngh® ul ng ¢
v imHphpg dchchuydd ,  p h €hn Gag ¢ rhehir B n 81© &thdd

E .sin %J .tgj
¢ 2 " e
Scb Scb
Trongeiin t 2 chngakhidich chuid® dthgkidi  h3 nh
t am cgdhi®cao L, d " jah& nWuckhHBE, t heo_ mh<€hng L
Ph€hng tr3 Wi (8d@®5) c- th

F,.cosud5 - I
C 2

|H-O:Ot

(2.23)

1
|:Cb:C'S:b o . ~ ° . ,
cosas- L Ssin 4 g (2.24)
C 2 = ¢ 2 -
nW %tn ¢ 8t hphwhiehng tr3nh, ch¥%ng r a
K= 1
coas-1 Ssin &£ 1 g (2.25)
C 2 = ¢ 2 -
Khi: L - P, =cS, (2.26)
. & j
< _'—AG.BE.smge4§+2 (2.27)
cb T 2
Gi §BELr& x@fct Ubhh | T sin:
BE _ L. _ L e
' 3 (2.28)

sina, singelSC?— g 45 12+ 9@8 sin 45 ,—ﬂj“;\
g -
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Y BE=L,, sina

(2.29)
2
Trondhily--xo[it nhi °am Naviby U,=46°. nWr Yatda n g
ph€ehng tr3nh, L€a r a:
sina,,

singélé’— 3, Iy
¢

k,=

(2.30)
2
Theoglthi/1" t r > adnFht 8cngd tt W 'nnh affd nxU%c t

trng t/Pdnnttam g iE§cv ABtmiElb22h mgkhdng ¢ §c h
0,9 Lact LWh A, k h Weoilgfn & Yhsgiswh | “c I nFuy [ I° n
rtoadu X226l

C&c rgha8§ kilvivinkt vUvdliulo& L€a bfhg tr onc
BIngC8c ‘cia8 ktitvivik c§wedlilueh8§8c nhau.

singé@- 3, Iy
¢

Lod vd Ii u T h a ndth 16i n Sau khoan'n
G ¢ ma S®[bB3]1 38A 4 4 A
k 1,796 1,603
ki 2,22 1,92
Guvi-tf ngl cn N M chchuy ¢\ 8tcih theo &ng th c:
Gy =V, . @ (kgm/D) (2.31)

Trongw LthWwt 2 ¢ 'H n K Kidch chuyd, n?; o7 kh'i °~ hge
r i °nrNgvkg/m3, gi giatc r Ka, m/&.
ThWt 2 ¢c"hn NkNtl ch chuyd khi quay §u X Yac “ngm N Msau KHi

B sbBhdiQu s@ueL x8kb thea cing th

_ a j @ 2 _ 8 j
V., =S .cospd48 L & $ BE.sin — (md .
VL So % 2 g @ 3 I é% 2 ( ) (2 32)

LcGuLlH trng t ®khic | £ n iy Mtch chuyd, gil thi/}
c¥miIn t riengHILEFy, gic8lcphthuc v @ e®us h
b gfu x¥c v ‘rmn NMbag ghiQlr nggfu xBaw ~ c8c t 2
chdi ¢ hanINM ¢
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Nh&@ yv o8 th2nh sinh ra tadmgx %das§

t rm@y ld¥acn NMoaogm:l cdn ¢ h2nn hp hRéd, |terd®e
r £ nfgFgd c dndch chuyd theo iQmHs, b akhic | £t mN MLV ™
tr ngl ckhil £ ngdchechuyd G,.. Gic& tcr8dn In " _yhucph
v’ ' o tH ndphaolNiMchiQu Hiegiu  x ¥ac v ngn NM.@ W §
chiur nggfu xBg%c C8c | mridcat rc 8dn I n~ y “giainh
L &h fUca qu 8 “tfiyPRiglyuay §u  x Yac , L dsha s Igkuhbi x Yac
v “tongl ngn N M

nthc8ciqgumanhgia c8c "t héng?! B §ecd t(hl9)
Uh (232 ; .8p@ igiMXLnBMCE5001vi du ngjuVies h
m3, chiQi r ng B,=1,34mv ~ Q@ h$ © ufu Ls&Y0,9 m

35 T 6
—e—Than da —e—Than da

—DNM

30 |——DNM

0.2 0.4 0.6 0.8 1

0 | | ‘ ‘
0.2 0.4 0.6 0.8 1
L, .(m)
LAG(m) AG
0.22 0.44 0.67 0.89 110 0.22 0.4 067 0.89 110
LAG/LSG LAG/LSG

H2 n2S2h thucgal cdnt yc€xV Fuy, khibdhgu ¥4t r o 'mgyd L
iuv " oQc by x Y“advaliuk h&8c. nhau

2.5
—e—Than da
—DNM \
2 d
z 1 H3 nh3. 22ph thucga
| c §ccdn bFpnkhi b
ofu X¥4c  t ‘movalgu L
0.5 v " o Qc hstgru xl/fc
g-Cc ma gsaydliu
(:).2 0:4 0:6 0:8 1
L cm

0.22 0.44 0.67 0.89 110
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—e—Than da ‘ ‘ ‘ —e—Than da
—D ——DNM
’s NM . | '
20
> “~— 15+
g :
=15 e
- =
& CA
10 |
0.5F
st
0¢ | | | | 0¢ | | | |
0.2 0.4 0.6 0.8 1 0.2 0.4 0.6 0.8 1
' | : : L, (m
L, (m) AG
0.22 0.44 0.67 0.89 1.10 0.22 0.44 0.67 0.89 1.10
Las|Ls Lye/Ls

H3 n b4 S2ph thu ccathit 2vcki i ° hg® N M

v " o Qic hdiiogiu  xUagn N M

Qua phon”thguenth , H38rch2H2 n b4, 2iLi c8c 1 o
vdli uk h § ¢ rritdm us ki luch sau:

Gi §c8ecdh sinh ra trwiligcagdu8 x¥c nthr
m8§y ¥l thhc v o g- cngoevd B §1S tthraoy K §c
t ht nly3 segeakhi | fondghchuyd (t £t ng g-cama s
vd li u) ¥ Jgiim c 8c [1i}° nt hke@mHc Scch™abn hv " d & ° n
kh' i d ch chuyM. Tr ng! “@g| £ n_gvd ti o dch chuyd ph thucv ™ o
khi “h & rgavdiligu, t uy n hdnthsvi cdifmg ngl hdg
vd liutrongkhi | L dahchuyd khi ttng g-c dma s ¢
khi m8dl "xrveoyii cYedliluk h§c n@awh®up hl T
cadu x ¥%cowdngldtlirussSkh&8c nhau. Khi g-c
| °nQ csBEius HaclSt £t ng W& n’".E 1@u qu ofn thi} cho
qus§ trvddiluvigrgehiu sous lgfub x ¥ac nyvd b u L
Lac, khi'cYi mc§ddliluk h &lwau, €£n3n trong gi i hth Lac.
=(0,7..09)lss, t r &xyigchi@ - s @gfu c X Yac .

Qu 8§ t @3fyidfu Lrxb%agchuy g quay hbb n @ g x @c
| ° khi,l &hgfu x %c v ‘mngvdtinoWwlchHin qug§ tfm3 nh
thdng "¢ €c &8dn,H3 n A1l 2dnt 1 c®uw Fay; | ¢ dn dch chuyi
t heoQuHg cb dkiic | fvdd uDEv "~ MR, tr ngl “@g khi
| £ n aglchtchuy G ;tf ngl “@gdu x ¥%c G
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o -Fcty _Vm +Fctx
F —G /25
15 cb M
2.5 H3nhl5 8. ph
z = thucga c &dn
< 115 2, ST >
E10 15 " v C 8§ ch
=] o % Khi | LmygMt
5t B v’ 0o Qc haklb gru
S - o 5 X Yatrong L' ngn NM
____________ >0-00- Lag, V © svKk hot
0§ h i i i 10 o
0.2 0.4 0.6 0.8 1 th nguyifisel
L, (m)

0.22 0.44 0.67 0.89 1.10
LislLss

Sdngctngclth n® uga gd &c tkrahchmlgx ®@yngd
c§cthiph thucga ch¥ndu vé@fuc xivac v “nog tnrNoMh g
Livi m8 WMREoO01,c -[ittng n ©n gokgQ=ah midyy i
gfu x *ac da n g=06 AT, HE n\b5 2 .

T U thph thuc tH3°nnb5 t1krag c § ¢ friclml @mdn p h
qug§ t rvdfiluibdagifah x Yuc t r °drbaog iyl c ot ofd
X Yac v " ongivd IDwnFgy, Fly; tr ngl “@g khi | £ el utdch
chuyd G/ ;c8c g &lcEgl *, soNi  Cc8EnNFl Fy V™ v G
SV Abramov[27]. K hsi GHil'gfu  x Yac ngnvd b u, Pag=1,1Lss, [Nl
blo @ ifvd liuv ™ du gxkci véafiocbfnog phe€hpb©mph§
I &h, thwt 2 cvhv "V nglr@g G cakihi | L adgli utdch chuy
| °m lhbhmifnsoyi dung t&calfuh fitrhntgh n@ng c
m8&y. C- noGh¢ygful "x Yephin mkim§d lilub r hi v « |
ngo“ng ngihom€wg ti°u hao twddmgdigu§ t
fnthdl k h@ . n Ndy €cwhBkrhag k h vd lituzbadip h €hn g
phgmonrhilo khp nigT .h Ph€kng opph 81pT ,v&K i nh
tiJfkim nthng khicéhi p h2n gn tenhgo 3 log@v@ ti' &, sab cho
phfn| nvd i uphlinantronggu x Ycfnvi hphv«i HWa ngo”
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PhOn t2ch phStuck &t beals thaHI n A5nkh
thby raag, khi quay §u  x %iash shl «v " 0o  t ngnnN\gMIJE chii s ©u
(0,8..09)lsg, thWt 2 ¢’ k b m N Ml thrchuyd ABE, H3 n hl1b3g hdb
Iln hhn dwadg X Heshwkh s Bhdhi s Ouptrety t i
chodgu x Yichuyw  rb,saocho £t o gdu x ¥adM crb theo qu
I tr e ghgbfiov i dch chuyd ¢ h 2nrhkeo nilbph?g BE, H3 n h
211, t h3 thw & "cehkilic | rmNMEdchchuyd Li v ot r o
x¥%c. WBchihhph€hngrMNSpf g c §iditp phec th
t §c:WchginhtihcaxewWp h2’agnINMWelgfu X Y%c v~ 0 |
'ngn NMKihpvi quay fw " xw®&ng ¢

Khibh s lgfub x ¥%ad" ngn"NoMJh chiu s @+(0,8..0,9)Lsg,
tatBy | cdn p h 2c&e, Foy gEM  L53002tr ng ngk® il £ ng tr
n N Mdch chuyd Gy 7 gilm L0-509% soV. i Lac=1,1lsc C- nghoa
qusg trchinh2tMMW “ogfu x %oy bp h €hldid ppcly § pap
glim L 8Wx8Sck ®pHilmckn sinh ra teeaely quus
nhg]ltfimgilcalit ng t(r8g IldRbGcthg t8&c v. |°
Vi cglimchiQq sHDphihpvic §c t Eaipm tlé@h igianca
chu tr3nh c¢clng t 8cn "~ KNmpnhdthi/T @l dcp h €hr
chuydr £ gfgt he o  tchi@ nd, i lhgdchchuyd BEH3 n b1, 2 .
bi v3 khd” n L b Michchuyd d€ t Bgegat tr ng <
Li v~ ofut k &imig Myt Fultd ch chuy.

Nhe&y,thchinx 42tNMa g phehkiigplith§p ttng L
tincdygca m8y Nucle@it ngi tnSgc ldithc trhg t §c v °
sga m8y x%c, cl nHidogimelcdftigigncatous tir :
clng ¢SRS L@nPlgfu X Yc .

2. 2. nXdguel%l | "ampvildguc x ¥%uc K MmMINMx %a 0 nly t
cingnglhf@bag ph€hng ph&p khoan n
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221X8cnhfa  E8cwhlirfun x &ac

AV
)1/27 }/2 A
01~ 5/ 4
s ’ N
AN
07)7/’27\ 2| \ a\7' \ \ \\A\? X7X2 -
1N @ / \((@ ~ 5
10 =y \ & E
N B \ 6 7 /
ma | /Z \ s
Z :&/1 N \\\ D e
| 2 N8 e
: A AN A \ ﬂzf e
Yoo, | AN B3 /. s
, 1 N 2 7 a ’
‘yg AW : , /\[\3 \\ ? Ve
- (e / /\\\\\ i [53\
/ f’ \\\ .7 a, |
3 i
A é_ | T~
X . 75 )
0 o X f
f; Xoo, % —0; Y
- ® d X 5 E

H3 n b6 S2h° tl'2 n hx §fa@l§ © § owh L't rfigna gMXL n B

Nh€ L« tphfnnh r®Bny qug _ar mdhndbbke ©h N
ph€hng “phhps ple dhinkhitiidfc §c Bt hc tan my L
| * mc; Qu L chuy  rhgcadu,phthuc W T ochfcchuyd  rb
tnhtthgcaxeWp h2 ac,vhft € n &m gn @ndgfcgiay g x WA . n
x § o hl dg@ b chuyd  rghp |dduc x %c ‘ntg omkgMi L x Yc
clng nh@ X&Hd nly ggaanms8ly” m rvoin g NNy &t t €3
hWichphli x@gt¢a ¢8Il tr €efig, trfinndwhdtia c¢
t r €ngn k&g lbchuyd rjcadgu trong c8ccquég t
nW4 “E®c L2ch Hiraitatho & nbnh ka8 ct 8cwh L |
AB,CDEtheo2ktt do, khingdin Mankin®adaumhx¥¢ m
chuyd  ngviD, DI ™ 2 h" atilanhthyInch tcemgrigc § c
t hthiga st”, di"i c¢8c knhgO'ut @x&@hbn giHE h 6, 2 .
I'€a cr8ax p h €h ngh cchuyvin gclagu x Yac .

-T2 nhj;:g- c
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Gfs tYthi Whikhfo s &t , c@chupi rlganhi Lt a
qu«ngglL®x,;Ch>  n h" tOxyech+® h3 ik we,l, g
tr¥%ngi Wmi Q,L € -cc x8c L nh b

i, =008 +0oY
TronyOOBLE x8b bBhe sau:

+ XDDIOBt hemh LI'T h”"m cosin trong ta
0,0°+0F -QF
20,0.0B
4
olo:m; OoB=Il, +, ¥, s X =fy.dt;
Tr ongl Whicxlanh12; 41 " idiahxi Ianhthiﬁt . ng.
D, =onst; O,B=1,

cos QOB=

2 2 2 M2
Xolo+yolo "(Il Hé X% )’ I:1)7 -

—

N -
zgxlxélo+yélo-(|1 'Hz %, '9 %

G- c.O®D Lehmnhx §ich€& s au:
. Y Y
cod QOy=—"2 ==

OG0, *,Xéol-"Yéq
Tronogghp x4y, Lnh @OYi=cons
E cod QOY=const $H; |, =arccos(a) +arccos(
-X 8§ cnhta L \whB:
nWwh | i/ nxik | @&amhvin®dggcclaghiifh ch
trongta ., LQc 8¢ Oxy .
f(t) quy lud chuyd | rig ¢ a xe.
éxg =f(t) ©B.sin j f&) (,+1, x, +)sin |
(Yo =OBcosi # Lt x+ )eo® |
-X § cnhta , L\WwhA:
nwh | i/I’cnUnkgaxilanhxoay fu x Ycfngfu ° m Yac . G
a,l §- CcpbhiOA VviB © YAngt frt nm °cp;l ¢ aghs .

cod QOB=

(2.33)

a, = AOB consi
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Gibl ~ gpbciOA v,c tOy; G-.cc xn8ity Whee sau:
tan@, + b Xos Xog~ Xoq OB.sIN 1:1 Xogq
yols Yos- YOq O1B-00311 _yOQ
a, + barctan(d; b =arctan(d) -,
H ph€ehtmrg n hnhka§ cl W A.

d

£, =f() Koo, @B.sin £X, =F() Koo, IEsin
| I (2.34)
1Ya =Yoo, ©,B.CcOS b 1Ya =Yoo, *sCO0S b
-X 8 cnhta , [C\th C:

nwh | i/’din kfu m ¥k §cnita  LWhC,8 cfn x8
L " nh L€ ¢ g-6C hv pi bphi€hmn@y aOxehh&hhcg @
m: h3nh n”"ygiccau®n iTddeoBHd 1 L ni€C o: ¢

ph€hyd§ OC,O0Y)=,

Gigl "~ gpkiolf viB. ODoWct@&cB,LC c&hg t|
khough gs.g L@ x8b bBhe€e sau:
X®t tamCgi Bgn® | T h m ctsin tronce

g OFOC -BC ik 4}
2.0,B.OC 2 ke
Cui c%nggt ag-hco™ m nh§d &
g +,9 +a +b=pYg =p
=>hph€hng tmhahtax ClL

€ g, @arccos(e;

$xczf(t) ©,C.sin 1y ?xc=f(t) tocsin
i Y. =0,C.cosg 1Yc=locCO8 ¢
-X 8 cnhta , L\thD:
nwhDI i °nxildnh xoay §u  x Yigfuv x ¥Yacn x §mnaoh L
L& Whn“,jadn x&d " €g.aCDyi p h &nnggng,ra
LHb | b,.gWk& cnhl' ¢bgta | " m nh€ sau:
Gib, £ ©B,0Ox):; b, = ®CB;b, = BCA; b, = ACD

Ybszpl‘ b, -;b

(2.35)
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Trong blli%:-l;(glx§bnh(llt ren);

b, =onsidoO.B, A, C c%¥ng 1 khOu.

BC?+AC? -AB? I £ 1%
2.BC.AC 2} ke

b, €onsido O BAC c*¥ng 1 khOu
BC?*+AC? -AB? 12 1€ 14

V., i cod,

cod,
2. BCAC 24 ke
X8§cnhhi,ta | " m nAACsattmeX®T h " m c?! s
2 2 _AR2 |2 2
cop, AC+CD? AD® I 1 AD
2.AC.CD 21 I
AD |~ 1  WK®u tidsabyt hid i AD=l, +, x: 5

Xsdi chuy xi lanh3; D, h © n h _taxidanhB( Ic¥%c S xilahh8 g i
| Yafu ¥t r 2 DO OxGivsl "chtvega pist?&g xi | an
t
=>X,=fy,dt v, itzl " it lgi ahcghximnhguayfu x Yac
0 .
=>AD=l, +, fy,dt -
0

t;
2e+1Z 1, 15 frat )
Y codh, = 0

21,
C8c bg heb,khibll> ho"n ' nho" n x8c L
chbs = P b2 '3b 4
=>hph€hng tmnhahlbLWw®dc L
éX, =X. -DC.sin
0 ° (2.36)
iVYo =Y. C.cos .l
-X § cn HLWH E:
nWht/p x %a& mgHngxiPgc v nnXNBamit ShE
ta x&c cl8c :thlng s
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Gia,l = ®be¢ D v~ Chk; =onst = >
Gijel © gpbcigilm CE v~ Ox
jE = A 3 (2-37)
. 8Xg =X, 1CE.cos
‘%yE=yC -CE.sin (2.38)
Tngkild chx&mhikih c8c ph€ehng tr3nh sau
(233239 , "ph<€hng t'nhdgntitb geEdgn WWFu wgwc,; Ph<€

tr328Hm B8k ¢ - cadu g Wc pvh€hrmX. ngang

Thudt to8n L« "pheen st'2 ch8c Lt rrtn qu
c.a gfu x%¥c trong cl8Hc ttr2@én gy o §pt, = Kti
LHc bi &t tr°n gfu

KJt qulgukh[oHos &thuyWwn L n¢/MCE5@01 g f u

Mt s’ d. li'u mBJodsi§tx oGy x h
1530x2810) m; chi Qu cao kh, p ch®©ni=cfn
0,2 5 m; chi Qu= 128 0mrfmful x¥%c c - r  kn?gc h
(153x1,25) m; h~ " nh trxdlanhn ®@rign &@ 6m, @h anh
| “m vixilahhqcyay @GR6M, Oh" " nh trRNkadhll " m
nghi °ng39Pfru: KhlFo s8§8t v, hnNMc§ca ttrhg€ /nt
clng tS8c:

3} st

2 2
E . E
=1 — %,\ = 1t

o \ OF
6 \D/D"/
0 £Z e 0
o 05 1 15 2 25 o 05 1 15 2 25
X(m) X(m)

aAQu: d. Upugx¥ecnkhirbQu: cltho gf u nxhvict r
vi cxilamhna®ng cfn v vi oilachn®ng cfn °
tr2 ngdn nhblt v g uwyd tgifaun h blt
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E E
= 1r > 1r
0r 0r
11— : : : ' a1 : : : '
0 0.5 1 1.5 2 2.5 0 0.5 1 1.5 2 25
X(m) X(m)
OQu: d Yo gfu " x¥WwctkdQu: d&UYa gf uh n¥c
vi' cxilamhna©ng cfn ° vl " m vixilaohre©rag cf
quay gwnuw dur 2n h blt gFu, dmnnblttr?2
2 : S —_— : . - : :

B
>

051

0.

0.5 — : ‘ : ' : -1 : ' :

0 0.5 1 1.5 2 2.5 3 0 1 2 3 4
e) Qu: LYPpu cx &ag Y Mr3o f) Qu : L UP u c x Bt NgMb g
ph€hng phsg8p ph’i ph€hng phg&p ph'i
guay gfu quay m§w w¥Wc t nh

H3 nh7Qu.: LYo chuyWn L cnStcr € alggrii upix Ya

Qusg tr3nh t2ch nNM v &ngfuwhxRQa o
phg&8p kh&8c nhau, th ¢ hi n t_.ng L, ng
c¥%ng m t HBE W&7m2t rtoflngqu: LYo chuyWn L,

c8§c tr€ ng h p xi | amB d®uwgbefm, viue
NnNM b=ung ph€hng ph8p ph©n LoUn hoHc
Tr H8§ nA7ch.o t hbly khi thay L i h”nh

nong cfn, quay gfu sv& tAhbaryg Lt H° ik hlofTtr
chuywWn L, ng t nh ti/Jlnc8cc, a imgrny tx%¥%om, ¢

H

qulYo chuxWgclWmi@uc8c Li Wm LHc bi t
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cYnh tr°n c¢c.,a mi ng gfu, LiWm E 1|°
X®, thlng qua b n LiWm n"y cho t hbly

trong qu8 tr3nh x¥%c nNM, luln x8c L’
congCC,DD',EEFFch2nh |~ v tr2z v" qu: L¢
“ t.ng th i NMWm3Ing khi€hrn#cph8p x %c

222.X 8§ cnhlqu: L% chuywt  figh'p & &gu x ¥%c KINIM t 2c
bxag ph€hng pilhHp x %c ph
Qu b chuy ngcar £ ofg x Y%dahup h v chd ¢ chuwd

L nggac §xilanhthylc n@mgn®ng fu «guay ng nh
thuc vcéhdcohuyd nginhtihvQp h2 acgtar ¢v8y. C&c gi
cfn sinh ra trong qug§ ‘tusHrch x@WHuBgNM,
tr3nh c¢anm§ ydBphYim crlinhiQu v ":d% ghuwd | g

cagfu x®Wagnd nhkhiv uecNM. Wen : Glichuys | dghp

| T_adu x ¥c, c hthgh L% chuwk 8 ¢ dr £ ofg  xkbic

X Yot NM3bg ph€hngh pphli§ pt han Bgaieh chuwd ¢ a
nNM Hhgnvi "h€ H3 yghs 2.

Qu§ dao chuyén dong

DBuong truot cia PNM “|  hop Iy ciia gau khi xic ¢ -
Lo B

A D

r 1@7\ 7‘.: Vo,
H3 n b8 S2h" xI'§ ecnhdu L chuyd nghp | dduc khi x¥%c 1
bag ph€hndghphs8p ph i
Khi x¥WtnNMb St oSthaw:8%chgy rghp 1d ¢

gfu X ¥ac kcho§nmgloth h &N Qni n~ yW4c ‘bt c§¢énh x §c
t S vchfcchuyd g €¢n8 cp 2ct axilanmtgylc n@&ngn@ng, q
ofu x %ehfochuww rMggca m8y X t4& nh B @NiLS lvch
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fc "E®@hin tH3°nMB 2t ron§cshkl glcpau®,-vdn t ¢
c.a ritugv,g€8c¢ vadctayh ia WE V-vhic

chupd  rgtnhtihgca m&g X

Qu % chuydd rMghp lddguchomilod nNMhuych v~ o g-
ma s 8f,vtr ghtgn xitfgaldd nNMW - tourithg thw
chomtlod nNMehjtfmpEi xJ®dhiQu L $5igfu  x %c v'ng t r
N NM,acvLchiQucaotithi "lg n, NMChiQu fgu L« tr 3 nh
trong pn 2.13 ;" thIH3 n &5, 2 .

nWe - Wigh it n NM fu ™ & Yig ond ahhiltheoqu: L
hp ef tu@m@ukimVuV, tromgthit-2 c Khng t
n NM clichuyd; Vidung _aguw hx ¥W@kinnin "y [k
bichiqcaoca ‘M'g n,MM.chi cao [ihnyhp@caothi
thiWica g n,NM;

B
H3 n A9 S’ tl'2
Ve v t 08§ MW x &cnh
© 9 chiQu cao nh nhHi
T s - ca Mg nNM
\(;V/ \l//g
© Y \
1 1
A E Vex D
ChiQ cao gnthif Wb ‘lt®M 2 ch fmMiRicakhi | £ng t
H3 n 83 2E €x BhthedbiMth c.
H,., =BE.sin y, (2.39)

Trondgld-ag a "lhgedchchuypdgca n NM Hvtac¢a
I'ng nNM. ¢&i - ¢efmnt yongc:clng th

y, 00 245 4%

1-O:0n

(2.40)

N fe—.

N
2

O 9&9.)0
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Trongiig-c ma s&tnNKMomGIcEivtir c¥c
nNM kh§8c cnhaga IB®n4 r2.ng
BfngC8c t helan ¢ Ssudlilug idch g'ngc h2 nh .
. C8c t'hcthrlgnbsy phnh t o8
C§Er:‘0a”'n'\ﬁ'\’sa“ Khi “ne ralG-c ma sidG-c ma s 8§
kg/m? rad L rad L
T h a ndthf Btr | 1.200 0645 | 37 | 0663 | 38
n§ nm n ngHEn | 1600 0610 | 35 | 0764 | 44
nd hg®ELE x8bh thbol Lh thicn t
BE _ Lo _ Lo _
SNy gins8l- g 48 L+ 9@8 sin & ,--h (2.41)
C 2 = C 2
. sina
Y BE=L,,—— v
sing4s - 3, LZF ¢ (2.42)
¢ . )
N h €dy,chiu cao nh nndicalng nNM kfiig »x¥acehlm c
phgpihpELe® x8b Bh€e sau:
L,.sina,.sing48
— C 2

H

13

(2.43)

o sin%@ o A b
c 2 =
Trongu-g-»@ofit nhi fan'rlg n NM4E; G-g - c
trongcan NMxemB[ n@g (2 4 4, - chiQus ©Owh ¢ a gfu
nNM, "iki ph€ehng pithSpLac30Bles=0Fam.
c 8vc’ og i) 82t tagk3a,75m.H
trBhmhlp2khi r X Igp hn@hvh gbhp h &8 p
k h 2 mhigithi/Tphidchchuydr £ gfg t h e o chiQo "dyaib ¢
I “&hg dch chuyM BE, b i kha ~ nl fbn B Micld chuyd .d €
t §cngdat trng €L i o fut rxovibgi tgh b fuldch
chup mb kh@d, v uy °u chaaqgulnhbhe av iMXL n B
phlibfo [ “Bgthi3yput: x%c _nN&hiv phgnhmhiding |
qu L% X Yo nhdl g FyYgfu nHEL Trong thc ] Whlo [

ma S ¢

X Y¥ac v 7
I'ng
Thay
Nhe€e L«
hp
VBJ

v

ntng
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stHl  x Yac n NEM, ¢ Awvgh€nhh™ n W @ khiwitgfu ¢ a MXL di
chuy theo mt phfn hadb " qu: Lb chuyt  dghp | Tdy chi@ cao
t ithiW Hunc | n&d. & t highgo (Hunth ctJOHminl T Bhuy
223.Qu: LYochuyt figgagu x¥%c trongnMNMS8 tr3nh

—

Yz,

11 gxmin

H3 nRO. 2M! h3nkhhXxgg d&i am |~

(a

)
gfu

trong

t hi

X Yac

trong

M§ y

X dat

bfang

| i trayk tF uc Em ong

clng

L €

m Hut
m Hut

ph3ng

ph3ng

-d°
vulng

q un8N M2r 3vrhUt LreBFinYatcTh

i Wm  H

\Y

Lvi- Wnt rlL2

ndg

x’l

t

h 3

KhiL'nNM rong

hf m,

X Yac

Cc -

h i, i
n h+e

_cnago vn hi bltvg F ut

hai

LT Wm L Hc

b i

m-

t MWML® n Lxe cvdn
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phli LTm blrw»ofi nnchishnngNMig, #4961 h3nh
x8c L nh khtng gian | "m vi ¢ c¢c_,a m§
h F 2 n BO. 2 .

Cp.ndg p H®pilDdnavity © Ha r [4d20]b &t § cnh ma
trchthynntlica hai QkQ @u vI'i (civiffind ,qus | =

€Cogy, -co8; Sirg  Sim Sing ; a Ccost
é

A:_l:QSInqi CO% COgy -SiM COosg ; a Sjnc (2.44
e 0 sim, COs( d
€0 0 0 1

Trong-rl- id"c, a;akmO©uxodn i€d.gackg@yuy a h:
num trong mHt p&,33nlgo vtu?! ntgr _gc ci vLhL ln t
phli id-nv, ir€ t t€ehng L ¢gGgi_ a§&hO

s thay L i h€e ng gi_.a khou (i+1) sc
n“i v,i MXLnB, c¢c8c ttamvsqg( vibiu tr
004) cho c8c kh®©u |~ x&8c L nh v~ L€
B[ng§ 2C8c thlng s c¢cblu tr¥%c L, ng h ¢

Li°n kIJ1| a; a di of

0 0 a=ap1= OOy = X 0 0

1 o aq=a= 00, di= ch2 01

2 0 p=ap3=0,03 do= 012 02

3 0 ae=384~0304 0 Qs

4 -9 ay=a45=04 Os ds=dss Q4

ThJ] c&c tBHargv o4l et L€ ¢ c8§c ma t
nhblt cho cgcxAPOAA;AAcm8 ti JJt firong
T. c¢c8c ma trdn chuyWn thufa Bbhbltu
L" i ck mOwA§IA;ASAAchi tiJJt trong ph, |
T a L, t€ehng L i ¢, &Y{i Wm L, H tr
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éxs €0 &xs @ 0
e, ué ey ué
ct=¢5 i (2.45) C=€s e '5C050) (2.46)
gzs 3 25 225 3 g' (b -l5)sin( ;0
el gel el ue 1
T a L, tuy tnCyilé:a c8&c Li Wm
C, = A’C{ (2.47) C, =A’C; (2.48)

Sau khi nh®n ma trdn v~ ° bi/Jn L
c,a hai LiWm H, L chi3 ti/t bi/Jn L i

T hai bidfu w48 (€c2qdMR¥%ng ta c- t hw
L€ ¢ qu: LYo chuyWn L, ng c¢c_,a hai 2
ch2nh | nghi°n ¢_.u x8c L nh khlng
cing trong LiQu ki ,nvéhdtudmGpnc_ca "L «
h€ ng c¢c.,a c¢c8c k2ch the ¢ kAt <cblu L]
n
n
t

INMI °nvdehuyWn trong thi clng L€ ng
ghi°ng mi ng gfu trong qu§ tr3nh no¢
r3wych, xLJn v tr2 v trz L°; gi8§ tr’
s thay L i Fw Etthre2o o tang2 tlhi Wmsau:
f arcsinizoi_l' Zoe  aresineSN( % +]3_|X| SN e ) (2.49)

mg mg

nW mi ng gfu lutn lutn $=DoMh)g, smwuan vh
g-qVvgtrong qus tr3nHimM@ndkipmlii th, a

_lce(sing, sin x
ICF(COng -COS 4 (

KJt qul t2nh to8n, kh[o s§t

tang,,

(2.50)

KJt qul t2nh to8&nt khlsdy s&& dhay
NNM htng d,ng trong hfg®32hoYdo cC?! ma nt
phfn Ch kh2z2vMuMl Vsi[vit i xBukto ly ol t. hne, ackxiblt
r meao: (3,3x1,3x1, 3)m; | oYi c-3kcwrhg tth2eg It
| . n nhblt (d{@i7xX2x0, Bymx nE&dDhhv bif mk2 clt
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the c, cBET &hhfm (2th-Ami©d, df)m m) 4, 7MEly4
X ¥ac | dVMAES500bén k2ch th®hg tlgiocGpdt ricl n ¢
V t2nh to8nClki, Qu haM on hkeh . sppuch©n c¢cfn
L. nZg=11m,c hi Qu hs=01280Ehj|] Qa r K ngl5BHu x7Y
chi Qu <caHy, g€hi Quic s@u Kghflfuo xs¥Bct Lv, i g -
thay L~ i t-33dd)q °KEFEm qwil t HhH hBIt 28&n tr

5
aor Hip min=4-1 (M) ;
4 + ‘/ . = ch,max' C h |t QL@
Hch,min:3'05 (m) h f mh Iblp; blt
3.5+ . .
Hch,min' C h | Q u
FE o= =l == K . .
— . c a hfm;
S i ~—H iy =2-80 (M) _-" | .
\; 25 oy =160 (m) 9%, .- ng,max' c hi Qu
oL % Pthe 1 gfu x%¥c
e 2 e | Hgmn-c hi Qu
; -'_':':;_"_‘_'_'_'_'_'__—'___'__,'._—'-_""'"“_ ''''''''''' 19 f u X 1./4C
——————————— H 1.30 (m) Hygmac-C h1 Qu
0.5 ——— xo.max Xe goong
O 1
-40 30 20 10 0 10 20 30 40
o
0, (°)

H3nhAlLS. thay Wbcjachf Qut cao gi § tr’
Tr HE nBlch.o t hbly mqgjs €icghot rgi 8 , tar’

t €hng(t Uog t h" nZuw 2o Hemdcd 2nngh |~ chi Qu
c.ay g8 u n©ng | °n LW c- thWNMBt« qua
| © L, cao gi.i hU4n ¢, a trfn hfm t Ui

v’ tr2 cao nhblt Vv, ir to gdt giFGum hiEan, ¢ mEr
to"n c-vit hkWuvl ienffgn- B3LmO©rggh<€a chdm t i

Trong phUm vi-35g¢,g 30quay dd;:mhk g  cqgL
kh[o s8t g-c nghi °rHf nd2l 2 gc gtfamdB ht\Vo &
tr€ ng h p: _ng v.i g-c¢c nghi°ng ban
th%c qu8 tr3nh x¥%Wc so v, i %pRvehha0 ng:
k]t th¥%Wc qu§ tr3®nh nOng %4FP8%9.c khi L~
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a) b) ?,=0
R 60T X g,=20°| |
25 1 ,
+ 9,730
50 | 1
2t ]
— 40} K
g % S X
E 5 = X
> k ﬂ& S X +
15} I O N
' it N
3 + X+
20%  + X+ 1
X X, o+ X
1 5 1 X ++ X ++
x LOX X 1
M 10 X ++49<>< +++
ny Xt
05 1 1 + O 1 1 + 1 1
05 1 1.5 2 30 20 -10 0 10 20 30
a) z (m) b) 05 (%)

H3nf2a2. Qu: LYo chuysWn tthanyg Lc_ ia ggfcu;n
gfturong qug§ ;RE*nh n®nng grFogn,g M
V. i tr€ ngxilanhguag gfHunbBW Li Qu khi W

song song Vv fi®)mHtTrlbkitg Ctt ng th_ ¢ t2n
Gt heog,Bht nO©ng kydbtul BHukw]t ttr®%c qug t
c- thw thbly LW mi ng gfu duaytrm sdmg v
g-cC guagyf uc_pah i b ung nhau. vV, P, g-
-3 ¢,g30t h3s h”"nh trxlanhr & i Quo kthawngfu

tr3nh nOfg @hTix%E mec gFfau RGUES. x oXa®yt ct_ a:
gi 8CD,H3 nBOv2.i 2 k2ch tAB=®3m «D=0BMnh |
gi [ siIAC=1&€ h " n h xitlanfgnunay gfu ° v @©r %
[ ACD =7 h " nh xitlanBgnuhay ¢gFf u r'2 Koh'ii LUnh btt-. t |
L€ ¢ h”nh tr Xidahhtla’ym g¥iu’ Ig, “€l,0a)3 9 nRi(° n
L™ i xivanhn ©ng c¢cfn, kilanhm“tyr3nh thWat3>m L
quan h  chi Qu d” iO0gBgc vc 4 mhhRE@=BTFIMt a m
V1,:=039mh " nh txilanthh ¢ @3 m LIg el,0)44m (
C- thw khely rRegec bQ ngang ¢, a gf
chi Qu cao c¢c_, a Li wWMMH av "mS8lyi Wnmng thichti Ll
cing L€HhgBOhgWMuy nhi°n k2ch th€e ¢ n~
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nh, hhn bQ r, ng ch s . KJJt qul[ tz2znh
g-Cc quayhgfofm¥%thay L ig, & bwgt lp hélmh
nhi " m v, LiQu ch" nh L, nghi®°ng c, a |
ntxdga™ L so v, i m8y x¥Wc | dtxilanntayng t
gfu |li°n kJt tr ¢ tiflp vibmhg¥iu %, 2
c_xalanhquay gfu L« kh3nga LK /nth ctHusiknhkih [l i
quay -gfu nkhlcfn gqua <c¢c8c git§8hatnth tg-uagn
-3 ¢,g30v" t2nh teaBmhchinnh gr &nhy mDy 4
xXWe | dt L° kBhin bh khbhogwch/Im§y €x #c t
2.3 X 8§ cnhiquy lud Qikhivi k hX@u Ldhgqu: LY chuyw

Lnghp lLdgw x%c khi x%c nNM

231Ph€ehng ph8&8p ludn x8c L dXKngquy | ud

1,75

1,5 . ]
Duong co sé xdc dinh quy dao /
chuyén déng hop Iy ciia gdu xiic i ’ I
/ //‘/ i
/ - !
/ e J
; H _ s /
k min //' / 175
d . ., 75m
q O G / f;
s /
/ 7
/
O 5/,
,'1 ./
0 e 70
H o KAl T
15 1,69 072— - 097
1,69m

H3n#3@: LYo chuyWn L kiygi hx®sc | aNNM, a
T. L€ ng qu: LYo chuyWwWn L, ng h’ p
nNM b3ung ph€hng ph8&8p h, n h ' p L« tr3r
t o8inJ/Jtt hl dp c¢c8c ma trdn chuyWn thufn
thudt to8n, gili b”"i to&n L, 6 ngzhdc n
v d ¢ch chuyWn c¢c,a xe thlng qua vdn
t " nh ti/ro c,aa x&;c IgWw:t @90 chuyWn L r
nNM b3ung ph€hng ph8p x¥cH3pmh#3i2.h" p nh
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Ta, Inh rfundcegx 8hehbiXe yetronge * n ge (2t38; K T
hfu v®crhggasweyy R g, ¢'v" v ®x 6 U thogft x Y%c

e x. yo x; y - KaguLnghcthuhe =(QL'® t2nh theo:

Go=[ @) &u .Qa (FHa [xzy. x. v (2.51)
2.3.2. Thudt to8n gili b"1i to8n L, nc

-

Nhimy ca b~ i ndfoc§ nngte€l i plBb ¢€cs§c gi
tr dycs, WLGL E€giedn ht@ mo'mg c muJ}Idt Rl i
quanh g =& )xudl p.h&itnge (250 ,% Lh "~ mjbimath c v

e =(G) theo thi gian:

o é;_i W) (2.52)
Trongd(q)l -~ manaacobian c2x3 V |
3(q) éiu_i (2.53)
Gil's matidht anghc hfo & amateh ch nhd J(g)c - thal
T(a) T()ed)a() g (2.54)
Nhon Mgai ph€hng tirbAMthc J(qpta niidT ) lc@
r(a(9) €0 %9 255)
VRc t'h g8asuyrng d ex'Bhdaly c®ch @A i v
a(t) <°( (@) (e IT(9)d9 (2.56)
Match J'(q(t))L'®& x86 Bhe sau:
J(a)A 93( )a X ) (2.57)

ndbb h” mjghmaiphvehng tr#nhc& 2.52), ta nh

()X 93()a X )ga) Aa) O &)gd)y (258

Bi/n "iL ph€hng trdhnk@athig@)) ta nh

(@) 47()a H)gh) A9 ()| ) a8 @59
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nW x §c Igit)trdng(258° cv 6) (Ra5chia kholng
vi ¢ c¢c.,a gfu x¥%c [0 T] th"nh N khoflr

Dt /N, tg,=t, +tlv. i k=411, 2, é, N
Cp d,ng khai ta,ogWnhgmayvhot €lci v, i
Oyt = th +tD) R P( ﬂ)z | (2.60)

ThJ] bi Wu5 t h"66) (v2'. 5b, gua Vv?! <c¢c¥ng
2600 tr° th” nh:
.= g 9. o.etv, i k=1, 2, é, N (2.61)
Nh @ quy lud chupd  dgca ¢ §c Xk hi®@ x @lthet
thue tongnc §gc mEEL de€y

[ saT ey oG @I gL AT
v
k=0, t:%,,q,:
v
" Tinh Jq, );J (9):3(.9
!
Tinhq, Tinh dk ;"g
link g, J
Inraq,; ;!
k=k+1 ; Sai K2 N
nv¥naq
[ KeT THBC ]

H3 n B4 2R kb ithud t di§ nb ‘gii ngthe § mg ke
2.33.Quylud t higya Llc 8§ ¢ Xk MBluuragl: LG chuyw | g
hp lLadguw x¥%c khi x¥%c nNM.

Th! hfu sv oy tpzhn h #1@Fma=0,54nmgphth vi di chuym

ca xx160m (0, 72 fowndifaga Lxe "itajl Max s au



71

gimdnchuyd s a n ¢h yiadichuliga n @nauaygu; nchy d
chudt 0, 72Zm 1, 6 9 m tihr omdgycgwm am8 ¥ ocnggimu h €
dn  viglhd k hi ¢ i«nlyd,69m)em vi “dc¢am gvicfnn ©ng
=29 /. 1780 BBt £'30) t @Ky phimeid m'ovig:- ¢ que
dug=17" /23 (ThiB0 L/ 36), c@Xsrnkhang di ehoymit r
ca m8yeom;thi gi anc20ginPido fuuw 7 g%heaw 13 Lo
gi @Qyéplfu c8c g-ic khlng L

K/t qu kh[os 8§t khi ®a2gc hp hnehMhgth ph §peo c?
thc nmquytud t higg Vihi E, F n. lt@.64theoqu Ltbh
mong minl'n h _tlr'@&thwhin n h €43hrehB h2 .

& Apt & 4
:2,5+1,5 N 3,6+2
{X cos 80T ) j¥ bz 1(80T

(E) (F) i

yE =2,7-1, SSlnﬁ ) %),g 2 +1 SSlnP

S d_.,ng c §cc th2enh h t §p'Stnr °Unqufkrth flce |~
quylud nghc t €hgc@ ¢ §c Xk WA o tfiu B chgy
Lng theollUs §lth ¢womythigankHio s &t T=10 gi
1.Quylutchuydt nggca c8c khOu:

1 T 0.6

(2.62)

1.3

04 12
0.8 '

1.1}
02

0Fr

m
62 (rad)

-0.2

04t

oF - -0.6 : 0.5 -
0 5 10 0 5 10 0 5 10

t(s) t(s) t(s)
H3 nB5 Quyluddchchupyica c¢c8cXkhou d
2.Quylt t himdgifcl c8c khou
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-0.02

05 (rad/s)

-0.12

0 5

t(s)

-0.04 r

-0.06

-0.08

0171

10

t(s)

H3 nB6 Quyludvahfcchuyd ngca c8c khou
3.Quylt  t higigtcl c8c khou
0.5 T 0 0.5
> l>
0.4q 1 -0.005 | 0.4
&;‘0.3 NE -0.01f g
~~ =3 ]
g s S
;\;3/ 0.2t 1 ‘C\’] -0.015 | ‘o:
0.1F 1 -0.02
b
0 : -0.025 :
0 5 10 0 5 10
t(s) t(s)
H3 nRB7. Quyludgiatcchuyd rngcac 8c khou
4.Saisvtr.a Whir tfogthep thigiankho s §'t
10° leo’3
9.5 75+¢
9r T
B B 6.5F
- 81 N 55+
75 T
45+¢
s ) 4 . .
2 3 4 5 6 7 8 9 10 0 2 4 6 8 10
t(s) t(s)
H3 nB8S&isvt r.a nth rfuthgothggiankdfo s §'t
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Kiigusaisvtr?2 futbbHpn8chdtiBisaislQ khThng v
qug§ 'd05§ Itaug Tgq ese’ =t vy TEIL"Q t2nh ¢adopypy gi
ludgt 3 mc'lthe&t t o §n

H3 B4 Kijqd gili b~ i ngtho § nogd@h chyW, vch { ¢, gia
to)gfu xdhct I ° n dm&y rhitacd tir Pl n 25812 n 7. Bhg
vic X @ythul t eh§ n§ nl ul « t hmhuyddrungdimc vnia dqgtury
L nghcga3k h ©&a: dlgfuv © d W oS8 mgta  [\kh mi ng
gu v~ fu éINdglh c haSatsrva r YhinttongH3 n B8 2 .
choty ¢ 8 c n ¥, ghinbhnr3gliOgn "t yAm trong gi i hth sai S cho
ph®p@athigb x Yc .

KJt |l udnh ch<€hng

1.Nghi un qug tr3nh b, &ercglndinB catrang o t
qug xYaeNMUgdgu x¥%c tr dbaom@y codiacr Fing g
Frgw Froy; | cdnbh gfu X4c v ™ o ngnrNoMp g 2 dEFet, Ffl ¢ c[n
b°Rytr ngl @gkhi | L wdd udchchuyd G,..Gi §carcgc |
n"y tukk w2l cha | dNM [vchiQu sHEgiu Lac/Lse
ChiQu sH®gfu hp | H n3m hrong khdng, Lac=(0,8...0,9)lsg, Khi
Lac=1,1lsg ta thyy | ¢ dn  p h 2caFux tFd ©F N5530921tF n g ~ng €
kh'il £ ngn NM chchuyd G,.7t £t n0Og50&; <c¢c- nghoa |
thchint 2 NMv " gfu x Wacg bp h €h k/gh ppshggip¥pmn g i
L 8 nWt 8k¢' nthinpdddn sinh ra t3moMM qus8 tr3r

22Bg ph<€hng puh 8phcthgh,i °xnigoqe LW chuyd
Lnggcadu xvMXcLnBhinMNI " m ¢B8né [it§ gkt ™ m v
ca méngthilW @ chnh ¢ 8§c ctah!m8g < pPvi pyF#u hc
hth chjga kh?t ng nggdmaV i k@u khfo  SHika= 2,8m <
Hehmir=3,05mv "Hgy mir=1,6M> Hyg max=1,3m cho '[H:"y MXLnB VMGl ES5O0(
c- k2chTBG®pp h%mbhvuqdt r o nmgHth@X  th,
KWV t r Puocumh nhiig al “éhg Fmc bxh=2,3mx3,5m
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3Khi ®¥saohde nNMlothsSc - : b x¥pc Ih  kh§
nhauph thuc w8x t hal-ggclstxmhi &m)(j -g-¢c ma s
trong(vi [ @3 jm46),dp-k 2 ¢c hchit h @ r u napn NAVE y? OcBmy,
Lag-chiQn  sHBgiu(vi phe€ehng ‘phElpe=72m)v p hinH
chiQucaotithiga "r'g n NM=1(75m) Wk Yac n &M u qu
nhi, MXL phliblo [l “nBgthi3yuf: chi phy mptadidnhe
qu: L x Ydonhhdl g  FyWfw nHEt b i vdy trong thc ] Wilo [
ntndgl sxwu¥%c n NHigfic ax ahupvd ngtheoqulhp |1
nh<ength Bvjc - Whh  h Rl TH B.huy

4.Qu L chuyd  dghp ldduc xkici, x Yach2npmMiMSD © g u
chww rgcar tgfdg x Y%cl'ng omgM, s b wHip tgqung
hotbghyvi ° Hg€ch chuyd ¢at nglodn NM. Qinin ~* gx Sa®bkRg
sthaiygal c8ckh@u c®nfgca@:t h a iytronfy khdngt -
71 3/l 30, edtrec@®IXy), quaydu xEeEt h aiytrong khdingt -
23"/ 6 hi T/ 36, t2c®Xs)v hewhtaginhtihga myy X
khofhgdichuypdgca m8y | ° 1,69m); thloaoagighua pt
nNng€ nkhe §nu L «Kjgukhjch sb§ty .t 2 nthowicw §mgHi °r
cutLng h-a qu8) NM 3knhhi x{YagiHntic t n @ ngthet r €
L, ¢ hd, nguy hikh.
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ChehmM@HEN C U Tialn ™NNG NG A THIN6TCCB, C
MCYXDC L R'T g8l TRONG QUCTRAIHXDCVENn® n CN° W

3.1.XOy nggnt h 3 foh sk&gl cH c
311.M, ¢ L®yx hd xng m* h3nh kh[o s8t L, 6 n
X©y d ng m! h3nh, ph€ehng ph8§p t2nl

chuyWn v , vdn t ¢, gia t ¢ v"° <c8c

gfu c_.,a m8y x¥Wc | dt, khi x¥Wc v~ L
thw. C8c kJJjt gqgul khlo s8&8t nLH |7 ch
tr ng L, ng t8c d,ng | °n ¢c8c khou, kh
t3m L€ ¢ cieg EW2ghli "c&8& b"i to&§n
kiwWm tra L, bQn v~ t i «w kJt cblu c,

312.Ch ®y x. ng m* h3nh khlo s8t L, 6 ng

M h3nh L€ ¢ x©y d ng tr°n ch s°
MXLnB VMGLESOBDY B3 nh 3Cblu t Yo m§y g  m
v phfn thiJt b c¢clng t8&c. Thil]Jt b’
b"i c8c kh.p bln 1 Q I~ tTh®humsyehmg
n- |7 dXri kliaglanh quay gi 8 TBCT, xi
quay gfulLv  nghiHEmmghk BRwn b 3.

Nang can va di chuyén D4 vat liu

)A

NI
Il

H3 nhSKEB .LY kJt cblu chulng cXLnB YMQ E
1-t hOM2-xie8 ;g§-cdw-gi §;5@fFmvsc .
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Trong qusg§ | "m vi ¢, khi t2ch nNM
l anh L nghi°ng gfu-gktgtayg TB@&T vi " cm
gfai 8 gfu I m t kh i, m8y di chuyWw,
cfn v~ xi |l anh quay gfu LW x%c nNM

n©ng gfu | °n v~ di chuyWn m8y LJJn v
nghi °mnégscgEu2l.nNM
313.C8c gi [ thilt.

Tr°n ch s‘'vshnduy°kntl fcblu"m vi ¢ c_ &
c.a ludn 8n, ch’ tdps8ttrilmengx @w 8d tmg ni
L nNM Y&l m&dp°mw Lhn giln, thudmi @u’
Ln kIt &ul nthr acfkon h§ ot os8n,d_Inug c8&c gi [

-H" khl[o s8t tr°n 5RhOusmh ntg,ng/ . qu &
c8c khou li°n kJt vQit ®DitOgyv bsv®g c §cC

-Trong to"n b, qgus8§ tr3nh x¥Wc v~ t?2
X ,20d biJjn thi°n XoYomdgskdiRutn gp h hray @ i ;

-Qus8 tr3*nh quay:bt HinJtt hb ° nc % Xglm g 8§ ent
khi -3 dkdhichg L i

-QuE tr3nh i Jrvdtthilin ut 9 g cBllt t pla
suy r . nxgid dkdht Wig L i ;

-C8c qus§ tr3nhgx¥%y v hittBtcc v 'n MMn gn N|
ra L,nc il dd Jepo nch8acu ncohtul 2tnmr B aontht L, ng c.

-Tr ' ng t©m c¢c_, a c8c kho©u n3m m Hut

-Tr  ng tOmNd raorkch gfu tr*ng v, i tr’

-Kh"i 1€ ng ¢c,a khou 5 khi t2nh to

-B, qua | . c ma s8t tUi c8c kh, p.
3.14M* h3*nh khlohssgt L, ng

V.i ¢8c gil thifJJt n°d kréng, ! MKE

VMCE5001 L€ ¢ xOM3 ndBHE. khEBo s§t t5 °n 1
khou: iTkh@unkh®ae-g2 8§ ;ghuCllyc f kh;©04-gi 8§ gfu
kh&u”™ gfNMvirong gfu. C8c khou 1 i°n k
bln 1000;®:84v " 5, @W quan s8t c¢c8c vdt tr
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H

L ng, gdn v o ch h oY, hcg&de & Lit°
X101Y 1Z1, X202Y 2 Zs, X303Y 323, X404Y 424, V "X505Y 575, c - g ¢ gc¢
c8c LiWm I|li°n kJt gi.a c8c khou. V’
b"i 3 th!'ng ;%);(,zc 8¢ i(iglas.dd ( x
-H tr_c t @Ydogdo vIEinmHKgh@n)r o L r
-HY tTeXYZ,gdn v, i gi 8 quay, c- g ¢
“H t @aX,¥zZ,c- g ¢ tUi LiWnfhito kI
-HY T @XZ,c - gl c tUicfigWh BFen( 0]
-H t'OXWzZ,c- g ¢ tUi L-xWmllainty Lk Jigf
-HY t T @XMXZ.c- g c tUi Livgnfus)i(°O kIt

1-V: tr2 gfu bdt

22V tra gfEé8 |y 3tr
3V’ tr2 gfu lcdu’ti
4V tr2 gfu tchu ci

H3nB 3M! h3nh L ng | ¢ h-lc c_, a M’
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C8&c tXlcn gt rs @hgingdaldM

-x:1 * Thglchchupdca m8yihsi@a , € U'nh: OX.YZ,:

-g:G-quay TBCdatté¢OX,cahta, K DXYZV"
tr,c O, X', cahta,6 D{X,Y',Z songsongVv O{X,YZ}, g-c n~

do gMffEctmg t 8c rqgau atyr oong qu 8d @r8gapad | -
Xxi |l anh Jualyngit88d.hi
-0, G- mOnpH cfn g giatrc OX, cah ta L

OX,YZ,v ",cOX,cahta, K DXYZ, ¢-c . mdly nifigca s
cfh n©nig,t BGheCa d X | | gmtlb m@ngronmgvigqu§ tr
-, G- quaydu | "gigttcOX,cahta 6 IOXYZ,
v©,.ctoX,hta K @QXYZ, g -c n~ yholdd oy ga xi lanh
quaygquttbr a trong quwg§8 tr3nh | " m vi
-q,:G-Eb°n IglattgOgZ, cahta K OXYZyV .ctr
O, Z cahta,K @X.YZ, g-c hdtyngda si ra@mihfurlg g
th ra trongcqu§ tr3nh | " m vi
-V® ‘tah dityrngca ¢ & - thadg=[x, ¢ .4, 0]
Victhifldo h° ph€ehng tr3nh cthichimh®m °ahw
s &§p.ng | T} ngHalch nhiuvd.C8& & T ¢ di ntrong h
ph€hng tr3nW wWygmpkh®n degchuym® men Guésghn
|"@g. crghs cnlc t Boggad xifachthylclc k®&@o m8y ;
lcdngan NM Ph<€hnlgh ph€ipngitr 3 ikh, gk b ©n
'nh Ingpahv Wlhicycho c8c [o2msBttos&n kh
* C8&lomgndg dfnohg qus§ctr3nh | " m v
-L cdn terRe-I cdnti/ptuy/hy; Fy-l.cdn ph§p tuy
-Tf ng | ¢ Pe,, Po,,Pes,Pos;Pes; g ©y “ir ac $ic “hg@ac §c
K h©ymmg m;ms;tdvt rangtt, ®mc 8 ¢ 1, 6:hGa Gy, G5
-L cxilanh Fy,F,, Fy.F,: | cdoxilanh 1,2,3,4% ra;

-Lc k®o mBysinh ra tr ohNdg ngtahgint r 3 nh
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32 Thdohlphlehng tr3nhqgw§ tprhOmh rodh kh c
nnglchcchupd ngtng q.w@&tmic hé n bR
ph€hng tr 3 Hhtrohgdid a a tiugren gl dh-g k8], [1]:
dapt 6 B , WP HE v :i=1 (39
dt¥hy 2@ @ Qu
Vec th t a L,aqgwuw.g,ahg c- (3.2
C8c tham s’ trong ph€hng tr3nh La

1-O

-T: T ng L., ng ntng c¢c,a ch h' ;
-g: T " ng thJ]] nktkng c¢c_,a ch h' ;
-A: Hamm t 8§n ¢, a nQn Lblt biJn dUng

-Q: C8c |, c suy r. ng khéhg xhHtnhi
ph?2a gtfmuBcrcong g@a&NMTr 3 nh
X8c L  nh L€ ¢ c&c tham s’ thr°en |

ph€hng tr HRTYP)m4 toh®mu LHr £, a ch h’

3.2.1. n.,ng ntng c_, a h’
nW ph_  c v, qgus8 tr3*nh t2nh tos8n L,

L " nh vdn t ¢ tuy t L°i c¢c,a tr ng tor

3.2.1.1. X8c L " nh vdn t ¢ tuy t L i

T. c8c crhasytwndnt AGRAEALADAEI tr3nh b"
m ¢ 2.4.4 ta c- thW x8c L nh L€ ¢ v’
t8c trong qu§ tr3nh | "m vi ¢, _ng VvV,
t > a L., . aphli Wnbiu® eng h ivt o Q& @kironghh
h™ to49 L, t8,[11:i +1) nh<¥€ sau

P =A"p" (3.3)

Bung vi ¢ s d_ng c!md tth ac Ltr °tmr

c.a c8c khou tropXgY,Zjnhe€ashu:c ™ L nht

C,=(A})C, (3.4)
Tron@,-T-a L, tr ng toOm khay{Xgyg}; i tr
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. k=i 1 .
Ar=UAMMa trdn chuyWn t. kh@G-T a Q. g’
k=0
tr'ng tOm khou t hOo{XYzZt;rong h" t a L,
X8c L nh t  a L, c¢c8c tr ng t©m, trong h’
Gd,d dgslFfn 1€t | Oy QX (=134 b i
a L, tr n@®x §©nt krhlOunht<@ ¢ §c[8]rld]: t r dn
T a L, tr  tranghti@m Lkng @UK,YZ}:
&g, 9¢0,G, cos(, )
1 _e U_é .
Ci(G)=¢éYs (F&O:G;sin( g (3.5)
&s 4
T a L, tr ng tom ky{&wzg trong t a L,
X, !3(?02(32 cosd, )
C3(G,)=éYs, U0,G.sin( 9 (3.6)
Ze, 46
T a L, tr  ngngh ©an, KkigOyX, 87}
gXGa ?é,O3G3COSds)
C3(Gy) = €Ys, 1FgO;G:sin( 9 (3.7)
&, lg
&, &
T a L, tr ng httOm klh@{x,Ysals r ong
érXG4 ?éO4G4COSd4)
4 e, Ué -
C4(G4):Qy64 tFg04G, sin( 9 (3.8)

—

T a L, tr ng httOm kIh@PLYsh)g r ong
é,XGs gé,osGscOSds)

CI(G.)=6Ye 1H0,G;sin( 9 (3.9)
o, &
X8c L nh t a L, c¢c8c tr  ng t©m trong h’
n"i v,i m8y c¢c- c8c h' toHB B tal.€ c

c- thw x8c L n@,GtG,&.G¢c. arcdhg kioOau 1
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LiWm E (t a L, L nh rtng gfu) trong

ph€hng tr3nh (3.4) v, I i= 0,1,2, 3, 4
Co = Ay Co=(AANC, AL,

Co=(AAAJCS AL, Co=(AAARICT AL, (10
C=AAAARAIC: AC. Co=(AAAAIIC: AL

Trong L-: CGC8€E G ®c xx&c L nh c8&c Li Wm
X¥%c trant, hc tL nh.
T  a L, tr trapghi@am dkimPu 1

ex; gel, +X

P
C1:Alcl __51 Ué
0 0~1 ézl l:'léo (311)
& ué
e geél
T a L, tr ng t©m kh©u 2 trong h  t°
é,Xz ﬂélzcosch tq COS,q %

_3/2 3?€Inql(|12 -lal)

C: = A’C? £ v 3.12
oo gzz Egdl(llz+al) Ccos ¢ (3.12)
e ud

H

T a L, tr ng t©m kho©u 3 trong h t
&, gngcos gcog ,q b da ces, cosy ,acog
U . . .
8 = ASCS __3/3 ué__zsmqlcos( g +)d a-sin, cog, @sin
0 0~3 4 N . .
223 Hgl—zsm(qz +2)j assin , qjl +
e ug
T a Lg tt@m whng®ia 4¢ L'nh
gLscosqlcO$ g % qq @ces cfsq ) a +q
gé+a2cosgcoszq g cos QX+
Ci=nici £ U%in (aLieof , a Haach .+ ) @oosq p (3.14)
& USLsin(g +q,) dsiff, jJgasio,+d g
e ué
el
T a L. tr  irapgiti@am €kmM®u 5

(3.13)

a)

aO)
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eXs
=gy5 (3.15)
&;

C3 = ALC

Trong L :
aL,cosd, cog g + g d,sin, cos dsin a Q +.9 -
X, = COS K
Q%scos(qz +40 ﬁqqeoé $# ®gost a g + 2
(L sinl, sing +g sin, g %
_sin aL,cosd,cog g + g d,sin, cos g sin A 9 +.C1§+
g%gcos(qz t.0 H gk, J Ggos+ a g +
( L, sim, sing +g) cos ¢
aL cosd,sif g + q ) @,sin ,cosgeds a , Q +.
Bgsinfg, +,9 #Haasht , H asn,+d g +

X§c L  nh wvdn]nt ‘cg at cnShc k h©u
nNW t2nh to8n vdn t ¢ t nh ti/ln c&

c.a c8c kh®©u theo th i gian t.
) e>'<l 2 ex
Vdn ct,keb©u 1: y=¢ ey1 3@0 (3.16)
& He
ex, Qé,'(llz -al).lqin 1 OX
Vdn ct lab @u 2= &y, 8%051@2 a¥, g (3.17)
& #g
X,
Vdn ct, kab ®t. 3v,=C —ey3 (3.18)
&,
Trong L -:

3= L, .80 o , )+l ,cos, 6 , q) &, sind cos, o
asqzsin g Cos ,q "-1*.1 stn, ‘§ +

_L3 (CosS 1@05( > 0 2)+ d-s sin 1qS“(' 24 ; C% 1+C(0B1 €0s, q
asqz sin gsin ,q Q' 1 CAS;  (
Z,= L, gCOS( 24 2'9 das stC0SQ
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e>'<4
Vdn ct. kab ©u t hv,=€&% ey4 (3.19)

&,
Trong L-

%,= L, 8n caf , g, +p kfd, -)com,sia, ,q)
ad, singcok ,a § gd-, Hcesadn, q) aq.+ g
ag, sing cos,q &, @s s .4 Sing x q +
V4= -|_4'1CpS 1C@i 2 s +3):| I'—4((.312 +9 SinqlsiI(qu 3 CI)
ad, cosg cds,q P d 4-, H sinqgn, q) g.+ g
ag, sing sin,q &, aps, cqs .,q *€0sq
z,= 4,(.9 ‘Hcas{ , g #®)aaf{ d Fcofa, +)a a ,aps
eXs
Vdn t ¢ d"i kb©@ fyh.  5: (3.20)
&z
Trong L-
aL,cosd, co§ g +q ) d,sih,cosdsha , o +.p+q +
18N ...+
gcm(qz ra doaok, §oagost a g+ ¢
aL(g £ q }eoq ,sind, 3q4)+(q +q ;}qusmnqoanc(s2 4 ) a.
(g woegn, ot d af . o)+l Jesan, a9 g
(L sinl, sing +) , gos x+
= qeos 1%4cosd4co§ g +q )+ dysin,cosdsha , q +q8)1 q
B,co4q, +,0 Hoaces, i @gost a q + 2
&1,(g % Jeon sifd, .q)a +q +
Sifﬂlig .'léq. 4)+ngsm 4C05d4 CC(SEBz 3 qa)'l' . +q +
29 5 q.jasing, +9 Jaaf- § eifa, -) g8,
(1L, sid, sing +) , ®in, g

cos 2

e S e

O:D: O: O
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2—4(612 +.3q .j)CQS 4C056 2 30 Z} g.+q +
2,=R,('g *q Jsim cosdsif 3 , q)+q +q +
B0, +.9 Hoof . g waal' g Fooba, +)a 3, qosy

X8§c Ndmht a g8c &khou
T. c8c ma i Hademerd)E]taav istuy ra ma tr

h€ ng c¢c, a khoO©u t h_ 1, t h_ 2 t h_ 3.
cblp 3 ° Db°n phli, ALAZ2AZAJAr,° ns wy ar a 8§t
t c @- c §cwkwh Guy
el 00
Ma trdn cosin ch"Clilg:eJni)g k h©u (3.21)
€01
ecogy, 0 sing
Ma trdn ¢! sin chszga;i@ggﬁgeoslgh@(B.zz)
g0 1 0

O

Ma trdn c¢c®! sin ch”™ h€ ng kho©u th_ b
€C0g), COSg  €0s, §in, gsin,
C,= gsin gcos.,q sin, sy, Cos-
g sing, cosq 0
Ma tcrtdmsin ch”™ h€ ng khoOu th t€:
écogy cog g +)q cos sim, f g
C,=gsin gcof ,q 3 gsinsitg Jq eos (3.24)
§ sin(fq, +o1  cof ,q ) a O
Ma trdn ¢! sin ch™ h€ ng kh©u th. nt
@:OSZ]ICO£ g +3 q4)+ qcosl-sibzq 3 QA)"' qin1+
C,=gsin gcof ,q # q,)+ @gin,sift ,q , Q +aps:  (3.25)
é Sin(Qz +30 i') q COE( 2 9 +4)CI +d
Kh©u t h, 1 I thoO©n xe chuyWn L, ng
e0
b3ng 0 hay vdn twleSOg-c kho©u t h,
€0

(3.23)

n h blt
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To8n t s-ng c¢c,a v®c th vdn t ¢
e0 04,
w, C:C, %9 00 (3.26)
& g0 0
e0
Suy ra vdn t'cwzag'-lqc kh©u th. hai
g0
To8n t s-ng c¢c.,a v®c th vdn t ¢
e 0 -'g ,qos, ¢
W, :C;ng . q 0 -, simg, (3.27)
& geos ,q,9n, q 0
&g, sin g
Suy ra vdn t'w3=§'1-q«zszkh©u th. ba:
g
To8n t s-ng c¢c,a v®c th vdn t ¢
e o (g %o e, 9
w, =CIC, g (.0 sF 0 sifg ) (328
¢ o .0 ) asifa, H + a0

eg,sin( 9 +)a
Suy ra vdn t'w4=§1qcos(zlqh3)‘@u th. t€:

§ 0 +0
To8n t s-ng c¢c,a v®c th vdn t ¢
¢ 0 (g % d . acoda, g
g ( q'3+.Q1)+q 0 .1Sir('2Q3 9] (3.29)
¢ oy .0 #a)r.8i( g q)ra +@
éqlsin( q .M

Suy ragvednkhm =34os ,6: +Q)

€ G +,0 #
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3212T2nh L, ng ntng c¢c_a ch h’
n. ng ntng c_,a c8c kho©u v~" t  ng L,

T=T, A, & T4 T. (3.30)
1 2 2
T1=Em1(xi +yi Z’i) (3'31)
1 2 2 1
zzimz(xzz _|_y22 2-22) E-Hz 22 (3-32)
1 (2 w2 2y 1 1.5 . 1. 1 ..
T=om(i 45 #) 8,5 g s, © 4,008 g 41 (3.33)
1 2 2 e 1
T4:Em4(xi "'yi Z'i) 5'64 i W
1. -, . 1., 1 R (3.34)
+- 3 Gsif( 0 o yicodh, JaHfi .+
1 T 1 1., .
T5:Em5(xg +y§ Z'E) E-EJS % \Aé‘h-x 213|rﬁ@ 2 34 z)’
(3.35)

1. . 1 ,. . .
+>3, Geod( 0+ a)+ad(® T, )+ a

Phfn t2nh to8n L, ng ntng c¢c,a c8c khOo
3213T2nh ¢c8c LYo h" m ri°ng c_,a L, ng
Tr°n ch s° L, ng nktng rcjan® ¢. aah't 2

N

85 _ 6
o Ml og o T o= g (339)
o, ! M ogH qupg g oppt

waaT g
T "8 2 Tw TuT, W sl 5 2 g, (337)
b, f o ogu ogopg g e

uiéTq o ~
dur _d785 ' 2dag R e T kT X )z g, (3:38)
dtg, dt | dE Qe g gug W u
C8§c biWu th ¢ t2nh to8n LYo h"m ri °n

3.2.2. ThJ ntng c¢c_,a h .
ThJ] ntng c,a h ©Ou tth/]2ntmlBg e,a b
ntngot 4i O
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P =mgy, .0y, ™m0y, magy, mbay (3.39)
P =mgsin 41, @ mg(,sin,cdh, ¢ +adsin; cos ga sim )

mo(simg,( -, cob ,q # a)- dcds, ) garcas +a ) g +

a  é&l,cosd,cof g + g, d,sin,cosdsha ,  +.§ +

asing, 8-

m, G Q%SCOS(qzuq Jaacees, fi o, ¢

éﬁ {1, sim, sing +g) cos g
3.2.3. H m hao t&n c¢c_,a h .

H m hao t&n c¢c- nktng 1€ ng A = 0
324, L ¢ suy r_.ng c_,a h’

L ¢ suy r,ng c.a h g m c&c | <¢
khtng thJ. T2nh nh€e ¢c8c ctng th_c df

Ta quy L i 1. ¢ dd,ESFK, tx@&ic Idamhg tlHH
kh©u ¢, a <c¢ch h’' th" " nh c¢c8c m? men
0,,0,,0,l fn IMZMLM) -
3. 2. 4 . rhl cxykn €n §cfn M,

H3nBM3. h3nh x8c L nh | ¢ xi lanh n

bung ph€ehng phs&p kJt h' p.
nNnW R§ohFglkhd m&y ti JJjrirav cch ox %d rn NM.h

di chuyWi, kiKhidg -1 xi | anh qual ®Fu Kk
Tr' ng st®mec Ghi ' n L€ cdysm tTrdingcHt @minG |
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L€ ¢ m t ddyg;chTury Wngl I[dyOm HBai R, ,Fgdi cn

chuywn ot.@y.c |~

Ch h ¢c©n b3ung | % n"y ta c¢c- t ng
bng kh'ng hay:

ad, E, xd Erx R % R % Rdy -E d E-y d (3.40)

. 1. \
Y Fx|2=d—8|%3 ¥%, B, ¥d Rty df x FEd % (3.41
Ta ¢cfn t2nh to8n c¢c8c t s’ sau:

dyG3_dyG4_ ¢G5_dXE_ ¢E
dx, ®,  xd x,dx,
YG3:|2C05( 3) "é) Y dye3 =13 131”@ 1 2@1
& =P+ 9 - a -pb=pactay } a, Ydg sgactar(d

Th ¢ hi n c¢c8c bi/Jn L"i LYo h"m ta tt
dg A(x,) x;; trdAfxgl L-h"m ph, thu, c
. _ . dy .
Y dys, A(xy)(Igsin( , 9o+ Y dG;S: LA(x,)sin( .9
T€hng t ta ho"n to"n t2nh L€ c:
dy | dx
d—(z: -|01CB(X1)S|n 17 izloch(Xl)COSE
5= tacBlo)sin %%flqcs(xocosgl

Tdp h > p 1'4i ta c-
Fi, = RLA(X)sIn( 19 5 dgcB(x)&sin (P, 9B ) £ FRFcosj (3.42
3. 2. 4 .'@8h| cXyBnh quay gfu Fx,

L m t€ehng t khi tFa,nhl %&cnlynhalc
th ¢ hi " n m t dkj OchuiylWanlkhZ ldxgr@ “n g u
Tr  ngsttl©Omec Ghi  n oy, tHwsisk@hogWonhuyWn L

Tr  ng+GERMFRGE th c hi  my,ndyt,dxddy,; chuy wn
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H3 nAM3. h3nh x8c L nh | ¢ xi lanh qi
byng ph€hng ph&p k/Jt h’ p.

T"ng c'ng kh[ do | %c n"y L€ ¢ t2nh

adAx Exl3 xd %} yG4d PG5 Y, QX % - Ey de ¢ (3.43]
1 .
FX|3:KS%4 (yG4 |%5 ng Etx+)% d%ty % (3.44,
3

Ta cfn th&;%;%jﬁs' sau:
dX3 lds Xg X3

Ye, =lscos Y dys, = { d)lbin ; bffxgsin ;x,
= 4,f,(x,)sin Jft ronfdx;)l -~ h" m psh, thu,

T€hng t . t%yxéfi:i4ﬂgcos( il ) jg

3

&3: CEcos f( %) %i: CEsin §( %)

Fxl3: 'lsfs(Xs)Sin SBG4 |4'*4(X4)COS( 4 d) PG, J{ CEf{ X;g FG@ CoS '%:1 ‘.Bim}f(3'45)

X§c LNnh FloxRakxhyil agitu t §ch khYi L Xr

Khi gfu t8ch kh, i L " ng nNM | Y% n"y r
|Ex|2; _lixl3 ; f’Gs ;_If)G4 ;_’Fbs

C8§c | . c xylanh L€ ¢ t2nh to&n t €h
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R, = 'PGSIZA(Xl)Sin( 19 2') dQ_CB(X])Sin (Py 9R; (3.46;

R, = 4fy(xs)sin By 1£(x,)cof , d)R jgCEH x) (3.47

3.2. 4 nBlc X80cg Ld° ddgkuyl, a n h
p

H3 n h5. M. h
H x8c L
| &tfF u,

X S
jn s o

4 T3] NG |
N
[\ =g N T
4'4 '45,
@ 3 1T % N Rk
1 )5 NS p
mEm =1 ”
C 3 : 3
bl 4
I Zs

dt gfu L° b°n | %c n"y c8c Xxi
|

Khi
c8ch gfn L¥irgvEal c-hdhdgvV £0i X®t h'
trm@ h ' p n"y ch'FqgoPs,¢&%e h ¢ s@unNM I
gfFu Pathay L i t. gi8&8 tr° | .n nhblt LJ

Cho xylanh 4 md, @i Yac yu t Wn nkgh [t ©dm

tronGtégfe hi n myt di chuyWn |~

édAx ExI4 Xg y'G‘,IaG4 P65 -sz d (348)

_dyG4 \

I:>(|4 - dX4 (PG4 +IDG5) (349}
3.2.4.3. cTk®b to@&nmBy trong qus8 tr3nh
L k®®, a m8y xwWc | dthadim @i& ttmr  : nl

kh[ ntng m L, ng ch ¢c- thw tYo ra L
ti Jp MBlydmx.%¢ Im8ty s d., ng nhi Qu ch_ c
| ¢ k®o chiJm khol[ng 70I%k®onginibltr ¢
theo sabhgll _ng hchtn | ¢ b&m | . nd nhdly, |
| ke®m, a m8§y s€ L€ ¢ t2nh theo LiQu ki
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— c.a X2ch

Pk Pk

Bfn chblt c¢c,a | ¢ k®o c,a m8gh xtised
ph€hng d ¢ xe, |i°n gquan LJJjn c¢c8c _ ng
gi.a x2ch v™ Lblt khi m! men xddmBGt3uy

L ¢ k®o theo LiQulLkinhnth8&8m E€ agx
vdn t ¢ ¢,a dl[i x2ch, c¢chiQu r ng, cl
| T c¢c.,a nQn L€ ng v~ c@g3M:ng s~ th,

- ng sublt tr€ t c¢_.a dli x2ch L€ ¢

. a -
U=( cr,p tl)@ ] (3.50
¢

Trongill-c k/t d&8mhsukittPatji-@p cx ¥, skRa.
L n»ink Lun ghi gmhodfimg traht g8a HThhxb

V.. X V.- V_ )X |
j=— LV~ V) ix (3.51,
Vlt Vlt

L @iyv:idnv t ¢ girveint ,t “ne/ sl;T vt huiyk/hto [, ga
c8§ch tainvhdn m:;" cv th cihc, a m8y, € m/ <, ai
-L ¢ Pke®a m§Ly€°xcl/4cx §c L nhtgthae oct mg tshu

Pz d F, (’n+C b@t o= 81 (3.52,
Trongxldilg:nFtZCh tlz)l]l-'p bxlhV/be-c ) Qux ¥ ¢cmg( o,
Thay (3.53),) (t3a 5mhdmw "lb€(3.65%Bng th ¢

h a 0
Re=BcHtg jgl e ¢ (3.53
0 (; =
nW ¢c- thW s d. ng ctng th ¢ (3.
H3 nhbiBWu di ., n quy | udthepoh @nhibQu22d "a &
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Gm ]

Ix

THRHRnmnm
H3 nAPBOn b" 8&p sublt tr°n gilrl

n"i v, il dwGyng%ugdaght vdnh!| ph®nvbo §
tr°n dli x2ch Lh€ nch Icbhy tnhhedot ,q utyr U9nugd t
n, i dung nghi8nn o MW _0ad nlpuldh cm ki®ot hP

s” Lfpuh_vc ot.oBtgomh d°rc khifAtgr € @tg" h’ p
trUng tH38NiA L3 .ng,

G, x _,G, X
px_sz.lx 1, _ZbX.IXZ
B, qua | ¢ kJt d2mhy 8536blyd rc(=0t) h " n W
Iy 2 x g
= pofgE o g
, € Ak @ Mgy Mg
VR =G, tgfél e ggl e e ¢ (3.54
g glx T km =
Cingc(33) |~ cthgnhhnggreg ke®oa tm8y x ¥

ctngc trhcy , k@0 m8y _xibec phH@ dhii xd&)ch (
trng nNge m8y xnAM Fu(@hg gH nb ha HIjj k)
v ctdichudga m§[R3]v

ME&y k&t VMQ,EZX®MO cblllX¥ynwh Jong m! t h
| ¢ nmorii ph<ehinge®oh &p ntg2 myu 8t ttrre3nnh | b
d. ng t2nh | ¢ k®o tr ¢ tmY]pt hlhtdn_gtyY
b&8nh c¢h, L. ng v.,i c¢c8c thlngds tLEuU
chuyWnlol€@rc ¢ tiJjlp trong LiQu ki n ¢
L2 ck /lgufghi ohznhu x80 hhi€ nglt”Mmgp tch
| " m ¢M £8nh gi 8 L, tin cdy ¢, a m! h°¢
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Clng sublt truyQn L,  ng c¢c.,a m! th tF
N =0t

™ 612

TrongNmwlkltetng sublthum?! | tBp-BKW)sublt c_ a
(KGlcm®); Q-1 €u | € ng ril/shn;g-heEt aucm’a bind t ( t

(3.55)

| c;&2%NH s chuyWn L i gi_a c8c Lhn
M: med xoa m! Lté ct hnuh € Is acu
M =7,1260m (3.56
n

Trong mEmtmmM xodn tr°n tr_pectng mbbltt
th thu | ¢ (KW ; s~ v,ng quay <c¢_ a t

5

L ¢ k®o tr°n dli x2ch L€ ¢ t2nh t

M
R, =—x (3.57
rb

X

Trongud-:c FK®0o si nhkN;Mytmi®me nd [X o dt
trttm, ¢ c, a mgk-bt8h KR MNhm)k; ar b8nh xe cfFf

Theo c8c T ki Niyanav[58{59gcih&Jo L's € I\ .mp .v i
nhblt c¢c_, a m8y tt€hnrg nhng "v _cih/gil§ tr ¢
thJjl khi thi/JJt k/J€mB8y pkEp Ksm Uiudlm c.
th, nh_ ng quy tdc n"y.

S d,ng ph€ehng ph8pcx#cMELODB WME E
I “vi, ni N Mheo[58][59]L €'t &t W bRin'gn L€ ngHIm& 32 nh

Vm (km/h)

P
N de(kwih) Vm
50 - "

—
&dc ~ \\

40

1 \\\ d (%)
30 | \\/ %
20 d - ] 50
10 - 0 il

10 20 30 Pk (N)
H3nB 3nHc t2nh k®o c¢_, da m8y X ¥c
Vm-vdnchugWn L ngcimgcsuHt-hiN s8g ¢he
b phdn chwlyWao K®ag,; P
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So s8nh c¢c8c gi &8 tr |1 ¢ c¢c[n sinh
ctng t8&c tr°n m8y x¥eé nt2H2.nm3ve . tLreE nn
LHc t2nh k@b ncBkaB3Imgyy Lx ah c8c <€u Li W
X¥%c ph i h>p so v,i ph€ehng ph8§p ngdt

Trong ph€ehng ph&8p x¥%c ph i h' p, |
ph, c khi bin gfu x%c v o trong L ng
c.a L ng ch 50kW, LiQu n"y ph% h’ p
gfn v,i c¢chJ L, &bltcing sublt k®o | n

Pc,Pk Pkx(kN)

Pc- Téng lwc can trén gau xuc
Pk- Lwc kéo tinh theo LT
Pkx - Lwc kéo xac dinh theo do TN

40

30 | P, P Pa o/ |

20 » )
/T:T/x;_/_/ ’}/ .

10 / TS

~——

2 4 6 8 M0 12 14 16 18 20t
H3n® 3M i quan h' k@mn_aa m§yc xchen lvdt L c

KJt qul khrlH3 rsBctiBot rt°hnblyh 3m HPc-tq uragn  h
| ¢ cILnngd 8lc° n“ug foaWNMhL & k®o t2nh It heo
k®o theo L iRulL, kd xk§Robtghmenanrigthhi,kcmt nghi '
t2nht hodg qla gr8ptsuflp, | €u | € ng ¢
tr°n b8&niSoclkg§reh tnrg heac E®Ehng nhhgp |
cho k/Jt qul s8t vthewil€& thokgJtofgh
vi'c 8p d. ng LOM g nthh Ic c( X.@04)L" i v, i
L8§ng tin c¢cdy, c¢c- thW 8p d,_ng trong
khing x8c L nh L€ d"m®ngdg hth o ngtki]t
mi nh ch_  ng cho m* h3nh v~ KkJJt qul t2?2
ch s° khoa h ¢ v™ th_ ¢ ti_ n.
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Theo nguy°n |IT ¢c*ng [o, ta | fn |
P
QX=“§ R & R=E (3:59)

4
= BP oy g )“X 4= Wy g X BB 55
YY) 1 |J y| 1M U q 1 My

Q
Q, = ng(LzCOS‘aCOé 2q ?)déleosl cog ,&COS M OFQS .

G cy

aL ,cosd, co +, +0
d&Lycos( g H gt ®d + @ ta saa o
& ) aL,sin deos gasil ,q ,+ q) +¢
aa,cod g +)g + gm 9(coS 5 q 5
®a cos e} 0 acoig+q4)+q Ttoe
¢ %008 g 6 (3.60)

. cd,codd, +4f1 arcos, dga+
(L, sinl, sing +g) cos g M+

FEX.(sinqlgqcoé g Hq/ meds, Jq R os+ g cﬁ)s

Ry(comgacobg +q ) qacgs, Ja 2gos+.g . s

P cE By 4 K.
% E—g Mo )H ERTY - yluy‘zuw?uq : - e 86D
Q,, = mg(L, sin gsir( 2q é') da sin, sing) M +
+-mgsim( Lsifg +aq) ash, Ja zsn)- g
& L,cos gsin ,q # q,) +lgsin+,cos ,ccds ,a , B b
hh g(smqlga s(g 4q.)asf, Joasn,- q 8C62
-Ex(ccsqls asi( 0 # q)+asif-, ) qasimpg-- g

£, (simg-asit 0 # a)+gs, ) gﬂiq)g- q
4
o= 2P Rt p P s WP, < BB (363
iy KO” s ud Yy M 11q ; by
Q, = -mgsingglysi( .9 # q)- a&lsik, )JgMaqg +
& L,cosdsin ,q # g, +lgsint, cos ,cds ,a 29)
-m4g(S|nql£ 4 . g r( 2 3 4). Lq 4 4 C( 2 3 4):] 8'
gasm(g + q )F%Sllﬁz 3)0I +q + (3.64)
E(comg-asit g fa)rash, Jg +d

5, (simg-a sif ¢ g +)aasin , 9 Jg g

=

t
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CX

' wag = 4 H

&-L,cosgsin( .4 # q)+q +

grL sin gcos aco$ ,q ,+ q) +agsip-, , q Y

ch(coaqlg-@ 8"6 q #a)gaf(sn, gens . ) rgw

33. Thdohlphl€hng tr3nRchw\  pgc@h. mt t
Thay ¢8c¢c kJt qul tr°n v"0o ph<€hng

tr3nh vi ph©n m!* t[ chuyWn L, ng c_, a

4
Q.= 2w M P (%z—_“— W, m e B P (365

Q,, = -M, g(sirg,

14Q: O

(3.66)

Téﬂée“T“ n.rz L, Tuo EH—T% £3+L+£1
Idtgpx Mo Xu xu—-? X M :
,:\E°p_"rl+ FEZ Tl?l Tl,lO MT3+ -||14+ <
IdtZTlg La L G, —ﬁf e, ng B
|

jdapt, % W Tu0A T pT, pl, T, O

| —gm——t+—= +—= 4+ —k+ T2 + 2 50 (3.67)
rdtgh'g B9 ,pa, 2Fa, LHpg pgd @
T o ~

TOAT E Ty Tud T, T W, J
10g wd i CHE ma. ng B
I ~

OAT  E Ty T & T, T W
g wa L SHE  wma. na B

—

ph€hng tr3nh trph€lang tthMMe rwh JJu i
v®c th nh€ sau:

[M{a}+[cl{a.q} {K{qa} (3.68)
V. ¢8c LiQu ki n Lfu v' o vQ k2ch t
I ng; hh'ic ph€hng tr3nh vi pho©n chuyWw
gi i t2ch hoHc gFghe€mgm ghdy °°sn” d, angyc |
ph€ehng ph&pttaRwnigeb€, ¢ t #c hk /pth ©pu [H=rLD
|~ ¢8c chuyWn v , vdn t ¢, gia t c
kh, p cfn, gfu c,a TBCT m8y x%c | dt .
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34Nghi un xd@fkl ctd chH8mt rkong qu8 mMNMMnh Xx Yc
341X8c L nh | ¢ t®i kh, p quay cfn
Da tr°n nguy°n |T 'Ol ambé&pglsha Kkhi
t €ehmngca ¢ 8¢ &uyrngq=[x, g 4,9 bao gm chuyM v, vch
tc v~ cgd&t 2tnm el fcgatrng t ®knh @u ct8lte o
ph€hng x wg &8y fogcetam&psyi nsh rca qcu88cn It 2 nh
ng,c -, |lhbxagt 2 ¢ hkhgi'h & kvh@afcca khou @~ ¢ -
ng€lvigafc. Nh<€l %Et h°;m mgok B@u, ch agiu §ln
t 2hheo ph<eh’ncdWxinv n hy® 3lin€o. 8 .

nW 2 ndtdkh pQ, tcd (/BSOr & v~ JJvt "haa ylct h2
t€ehmg theo 2 phéehhng x ®WRgt®nb Hinc ap h
khnpO. Cé8c | buc chiMyginl @ h€€the nm. vL %“Ee@n "y
cOnug .idet g cah | c sau XozYosF,,F,.Fy,Pos,

1 Petx s Tety

Ps, Pc,,mX,,m,X,,mX,,m;y,,my,,my. Chi\h  c&c nl"y | °n p
Ox v'a Qyhat ¢¥c phehfag tsrasun i ©@y©n b

Fxoz mxX, mx, mgxs Fg Fx|2$ir( ]) 0 =

I .. . .

Yor-My, -my, my, ofm, miz ml+ F,cob ) F
. fXo, MK, m X, miXg Fot Fx|25ir( D j

X

(3.69)

N

| .. . .
Yoo =My, My, my; ge'ms m# ms)"' FXIZCﬁé ) Ejtz
nlngalctikh pQl %c né¢ yt reh nh€ sau:

R, = /Xéz -P(CZ)Z (3.71)

(3.70)
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L e axo,

Vi gpei h ph*eharbzgrarﬁbméé%g

TathByraag" L ©ycFl, ngo “éphvhuclnh “mg®ikhi
|"®@g c8c kheon w $gc 8c° fflu rie-ngec gn 1,¢ 1
bi/h “iltheo thi gi an thu¢ pho Jhct8ac , 1uy rng
q=[x, ¢ ,0:.0]c ¥%2mgvchfc v 'cgi £mgtg ch¥%ng.
342X8c L " nh | ¢ t4i0Oskh, p quay gfu XY
T2nb trp@thkdhin t €mrhge tqu§ tcr & m @t Xmh

H3 nhl SSh L
to8n |  <c
k h, py qludts
H3 nk2S3h LY t2nh to&n | ¢ 48c d, ng

Ta tS§gdhvkht fayo tlhinl @ Ipih° Mos¥Xos x ®t

c ©rfag bc b °[inc, akhhp Gs. C&c | Wuc croMydinh®€ tr °r

H3 nH2 3 L¥Wc nTEc cch@ang bd €t dccad | ¢ sau:

Xo03,Y 03, By, Pea,Pes,mX,,my, mx;,my,F,.F,. Chib c &c nl"y

| °n ph€hng OXcveg§OypheE&htpgutsta®n H ©y©O©n
£Xos MK, MK, Fz Fge0d ) jO =
%Ym-mdy4 ‘mys g(m, my) Fgsil ) jR, - ¢

 #Xos MKXs R, Facof ) |

Y y . .
1Yos =My, (M) Fesir( )i Ry
n Lncalctikh pO;l 4c né¢ yt ’'mch nh€ sau:

FOS = V X203 -P(é3 (374)

Vi g-pei hph *el-agsg:arc(boéé%
C o3

(3.72)

(3.73)
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T€©hn gh pttd O, Taty raag” L ©yc Fl, n g o “ dph thi ¢

hh mg®ikhi "he c8c kh&dn vt §ar 8&c° fu r ki n g
c.n | 7 1 cHiVf mltheoith’in gti anthux” vpl/htd& cl b i

5

suyrngq=[x, g ,0,.0)c%ngvdMc v cgt @ghag ch¥%ng.

343X8c L nh Ilquayldtgfhios kh, p
T2 nbtrohgkhp G, thchin t €tkrhg tt | Cav c:8@ |

H3 nh3.SBh L
tog8n | ¢ t
kh, p quay

L¥%c n~y dtdkhtp8etha | v~ Jb3ghai plnhl c
Xos,Zos, X ®tagtnt g d ° n Y%eh nfiglu Ix%chm bao
c § cc sdu:Xos,Zos,FyyV "Pos,MX,Mz. Chibh ¢ n”y | °n 2
vutng g-c Ox v’°™ Oy ta c-
fXos- MK Focof 4 O v £Xos =M, F,c09

I - . | . .
1 Zos~ MsZs 'g( ms) j‘:x|4s"( 4)q O 1Zos=MgZg +g( ms) FxMSIr( 4)‘
nlncalctdkh pQl Yac’ ycL€2nh nh€ sau:

Fos = m (3.76)

Vi g-pwih ph*ehabgrar(‘:m%%
C'os

(3.75)

35.Kltqufknf[o $8&8nhh to8n.
351.C8c¢c thl'ng s~ Lfu v™o0o ph_c v, tz2znh

C8c s |i u thtng s~ h3nh h ¢ v~
Blfndg. 3C8c thtng s~ L, ng h ¢ ph_c v,
STT|{Thtng s c¢ch bl nhn v’ Gi § t

1 |[Chi Qu d 4 Kkt ¢ m 0,5
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2 |Chi Qu d"4 k]t ¢ m 0,4
3 [Chi Qu d"4 kJJt ¢ m 0,4
4 |[Chi Qu d”"i kIt m 0,3
5 |Chi Qu cdblu, kajt m 0,963
6 |Chi Qu d"4% KkIJJt m 0,95
7 |Chi Qu d"i k]t ¢ m 1
8 |[Kh i thon { € nc kg 5.858,4
9 |[Kh i | € ng gi28 kg 200
10 [Kh" i | € 33ng cfn kg 885,6
11 |[Kh i | € ng Qi 8§ kg 381
11 [Kh i | € mg MNms kg 675+ 900
12 M men khOu, M Nm -50
13 'M* men KkKkhOu, M Nm 180
14 |{M! men KhOu, M Nm 80
15 ' M* men khOoOu, M Nm 10
16 |[M! men qu8m t 27 Kg.m? 0
17 |[M1 men qu8m t 2T Kg.n? 2200
18 |[M! men qu8m t 27 Kg.nm? 2100
19 'MImen qu8n 4 2nh Kg.n? 2000
20 IM men qu8m t 2T Kg.n? 1120
21 |MT men qu8my t 271 Kg.n? 1100
22 |[M1 men qgqu&8m t2i Kg.nm? 1000
3.5.2. niQu ki n ban L¥fu.

Chu tr3ocha | mydvi e n'icthehin theo tr?3
sau M8 yW criginht'h kfhp n@uog x ¥%c ,fu oMi & wth g v
li'u vFuo ok hi Fyl «n Gm¥goFickd p v idichuyst Itrohg ;
qusg8 tr#ndhec nly nh. Sau khi n®©ng c¢cfn v~
tiJJn h " nhcdumngy tB8li JIQ Ph2a xe dethay n NI
L™ 0 oy dh, dxc, LQuigh.tr3nh L~  nshukhiguay ¢ d
TBCT LJn v uts8r 2 r Xt atyrxotindi kg~  Ln Wi h .
kh[o s8t chu tr3nh |H mctidn gc sc_chb am§ yl
t. ng qug8 tr3nh | "m vi ¢ nh€e sau.
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Qusg tr3nh t2ch v"™ x%¥c nNM
Ni Qu ki ' n x8co Lt hhi® gtt Atnn &k hEshANSEg
t2ch nNM v o gfu m8y dxt €hngAH072m, b h

v.i vdn ¥nthg=9rLm/igs:b t t=ors,gi 4 $au khixegi an
chuyWnbinl gnffga L na=O0n,NMEm/ s, LUt sdn t
Vem=06M/ s . Giai Lo4Yn | "m Lfy gfu b3n

t., c di c h u y=0\8s3;V,x%=6,0/5n9sagmD , 0 057 m/ s . T€hr
c§c g-c quay nh€e sau: gg=onstqueéy qgi § t
g-Cc quay quGnagy cFp/@6 L Aw30, t 2 nh _theXy tr
Q, 9,038rad/s;q, #,05rad/$;g- c qu@y hay u-23p/60L 1}n
7p/36,t 2 nh _aOe, @, tO0lrad/s,q, H,00lrad/$; g-c | dt gf

t hay, #onst; g 0, qC

Qusg tnPaghcfn v~ | %i ms8y
ni Qu ki n x8cy, Lthhi® gilkni khifWwmlstgt
qug8 tr3nh n' i tiJ]lp c,a qu8xtd9Mmh x?

x,=0,2m/s, %X, =0,0057m/¢; q, =onst; ,q 0=, of; g, ¥ p/, t2nh
theo trc O, Xz; 0, 9,038rad/s,q, 9,005rad/$;q, 5 7p ,t2nh the
tr cQsXs, 0, ©,0lrad/sq, 9,00Irad/$; g, =onst; ,g O, qG
Qus§ tr3nh quay thiJJt b c¢cltng t§&gc
ni Qu ki n x8c, L'tmh i® gtini ki[Wwm st§t

qus8 tr3nh n"i tiJ]]lp c, m8§guB nhg3phnn®hg
L/Jn v tr2 L'c8mNMI BT rEg2mdsas, xp=0;
g,t hay L™ i tr ongpdkd) off26rgd/s,tq, 9,08 rat/dj n

9, ¥ p/,t2nbtr¢c®™E;q, H ,0qg, I 7p ,t2nh the

t, c X3 q;, ;59 0,q, =onst ,g OF, of;
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Qug§ tr3nh L nNM

ni Qu ki n x8cs Ltmh i gtimni klhi[MWmlst§t
qu8 trPpnk. @ iquBi Ar3nh quaxy= IMLED, c8c
%,=0; q = p12 ,q0= @ q, 5 p/, t2nh tch®Xy tr
G 9,000 F 7p ,t2nh _a®Xoq, 9 ,q 0, q, thay
L" i trong k p/bdfop g lfrad/s,q, B,0rad/$s
353K/t qul kh[o s8t chuyWouvkhi vetct &

Tr°n ¢ch s ¢c8c thlng s~ Lfub w o
trong chehnlg/c,. @ pusen &nng che€hng t

ao

Lr€a ra m t s~ L th nh€e sau:

353.1.ChuyWv,vcht ¢ giafcg at h @8y

X(m/s)

/7(\
0,002 y

/ \ Phuong phap
/ \ xuc phan doan

0001 -/ \

/ \ Phu’ong phap

/ N xuc phéi hap
0 S
-0,006 - \ T =

2 4 6 8 10 12 14 16 18 t(s)

H3 nh4 Bu.y dhudgtWn v khia x%®©nn Mgy
X(m/s)

Phan doan /\

0,15 X
7/ N N Phwong phap
\ Xuc phan @ phan d@ Phwong phap
01 \ xuic phéi hop
T / N
i ) V4
/ ST ———

0,05+ -

/

—_—

/ RN

N

’ 2 4 6‘8‘10‘12‘14‘16‘18‘t(s)
H3 nh5 Q@u.y | udt thatvah®8y kHh Kk ¥c n NI
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15 Phwong phap _ 7 <
gmg :gjp xuc phan doan W _ _ _ p
10+ //4 === -
5 | s
2 4 6 8 0 12 14 16 18 t(s)
H3 nh6.@uy tihuadt L i gia t ¢ M, a thor
Nhdn gxWwtl, udt ccaoc§dbly: fghs§ tr3nt
ph€hng ph&p ph’ i h° p nBiyardik hcfhau yswint t
t=20sit rong L-: khol[ng th® i gian t_. t =1

tiJn bin gfu v oglthgindMam " tkhopEa L

v
clng li°n t_,c thay L°i theo nh€eng v
ph&8p pho©n Lo4Yn m8&y ch’ " di chuyl®n tr
sau L- Mm8&8y d3ngu8§ tr3nh n©ng cfn v-
m8&y L ng y°n kdnang divechgiyadnt :® cl ni
s8nh c¢c8c gi 8 tr° cho thbly qus§ tuy 3 nh

a di chuyWn kJt h ' p n©uédgncfneg gua

di chuyWneamgdwndn t c ly™n.dihan t ¢
3563. 2. ChuyWn v , vdn t ¢ v~ gia t ¢

1 1.5

09 [

0.8+ = 1 |
S H
07} =
qglo.s» <os

0.5F

. . . .
0-40 5 1‘0 1‘5 20 0 5 10 15 20
t(s)

H3 nh7 3 Quy |

t(s)
dt b H3nk8 3Quy | udtvdt

u
,t heo th' i g t ¢ gg-heeo th” i
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0.4
03
0.2 F
% 01}
ool | H3 nh9. 3Quy
2 bi Jn L i c.
0 gt heo th |
-0.3
0.4 :
0 5 10 15 20
t(s)
3563 3. ChuyWn v , vdn t ¢ v’ gia
1.1 1.15
1 1.1
09 [ 7 /0?1.05’
5 S
%0»8’ E 1t
0.7} 1 gosl
0671 1 09
% 5 10 s 20 085 s 0 s 20
t(s) t(s)
_H3 i
H3 nk0 3Quy | udt 63|H !”213‘?” ludt bi
theo th' i gian g-%theo th i gian
0.06
004t
2onl H3 n B2 3Qu¥ I
S .
> o L i c. @ %ia
] theo th i g
-o.ozd
0.04F
_006 1 1 1 1
5 10 15 20
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363. 4. ChuyWn v , vdn t ¢ v~ gia t ¢
0.6 T T T 0.335
0.5 4 033
0.4 _ “
go.z— =
0.1
’ JVUVUV Y
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-Gi 8 tr° c¢c,a c8c quy ludt n”y |i®°n

d¥% Li Qu 'khdhwh ImuwneomnggfcF ngdo Hiet hgt s g bl
ch °~ v tr2z ¢ L nh. niQu n"y ch_ng
t,c thay L i;

-ChuyWn wsdgthaydl” i li°n t_ c t_
k hi h/JJt h” " ygWntc3mahxdi |amtk . | k JJt qu
s8t qu8 dfiguayg flo@mlgdt Tgfbng _ ng v, i
XY nNMCS8ci 8g tr - n"y tr+<€ ¢ khi L0t
li°n t_c thay L i sau L- r_ ic "trBcl Lr
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| °n m8y x¥Wc | i°n tg¢ &cyt hhaayn hl,” il c/8c8 cn "«
Xi | anh nhH€rlh hh,_t; xo
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L« L€ ¢ L° hJt |1 °n xe goong, ch”™ c¢,n

-Quy lauydtl'tih ¢, a vdn t ¢ v ,qeya t°
gfu v thay IBYFiu v, i quy ludt ph_c tUYp
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50

\ Phwongiphap
/, U/ \\/\ p xuc phan doan
40 | 0 ]

Phuong phep ﬁ\/\/ Y
xuc phdi hgp / | |
= R AT
Ve

l V VXN
; BRAVENZ 2
20 1N/ } l
" | |
0 ‘ ‘ | ‘ | ‘ ‘ ‘ ‘
2 4 6 8 10 12 14 16 18 t(s)
H3nB6 3n° th" bthed Utih kih, gi &n
40 N
Phwong phap
‘S W 77]\ xuc phan doan
30 gp:gwﬁgsp | ; \ /
fffffffffffffffff w [0
20 ‘ W | @ 1\ /%\ \/\\ ‘
A i v Vl \'/\/’\)OQOCQ/
10 AN i :
0 : |

2 4 6 8 10 12 14 16 18 t(s)

H3nB7 3n° th' bt hed Utih kih, gi &n



107

kN
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10 |

H3 nHR8 3.n° th
kh, pt Oeo t h™ i

0 I I I

2 4 6 t(s)
Nhdn x®tt HBly trhlnd, cgi 8§ tr ,0v ' Q §c

li°n t_c thay L i theo th i gian |~ m
v’ td.n tshW nh€e sau:

n" i v, iy klh, @ tO8c d_, ng | .88 kNbitidi °
Li Wm3g nggl v, i cu i giai Lo4Yn bin s©O©u ¢
guay gfu I "m Lfy, c.,a qus8 tr3nh xU¥c
th.nd%gi 8 yr  c¢c.alc&c cl[.nc rkana o fru:,
d. ng IL°d m8yln Im®mhbha phln | g Yt8c
gi 8max,a8§c gis8augril[m ddFn v™ "n L nh khi
A L" " ng W8V ttrr3omhy n ©nlgW clf 'nm \uidrg Ydniu gafy u
m8&§y L hgmyThmo | >oci tmelTtGkehg.pgq®8 tr 3 nh
byng ph€ehng ph&p ph i h p m" lTudn &t
d. ng | °2iYkhgp8§Otr t Hj nt h'hpblt£a WmI3O k§is |
ng v,i giai LoUn n”"y | " bin shubpblngf
Lac=09sc QuBer3nh | "m Lfy gfu c¢c,a ph<€ehng
gfFu ¢c,n ¢c- s, kJt hp c,a di chuyWn |

Kh, psl O°n kJ/tqu,ai ckm mo©dg b i vdy

t§c d, ng sttrdin cl&ke, p hDi Li W w- «a®d

L™ ng v, .t ukyh ggh8Onr°nl kb, p n"y c¢c- gi 8§
t=13 ¢c- gi 8 tr255N, n nhblt | ©~ 33kN v~
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X®t t° " ng thw t4Yi hai kh, p v, i hai
| ¢ | . n nhblt ItHdt ct8lcak hl 'pi vI' aqug, a pt
|l . n hhn kholng 19% v~° thay L i nhanh
nguy°n nh®©n c¢_, a s, sai khg8c gi_ a hai

ph€hng ph&p pnh, hipn i Gy gRug ¢F
k/JJt h” puwWhnhitic/hn c, a xe

n" i v, is. klh%cp LFu, khi kh, p che€ea |~
| ¢ tonh, do qug8 tr¥¥fh ghuywh gfangow
L™ vdt 1i u | °nl Xre lgtotomg Qchfon &l/nrg &ch d, |

tr° c.gd [nHidfrndido chdty Whij iugfu x¥c

KJt |l udn ch<€ehng 3
1.Tr°n ch s° phon ,t 2ncghu ylPhec | i, Wt i kQp
m hAbHongluh B¥x ©yngd ic § clthdlichot Tng@hp
MXLnB VMGLKERBIO Ox Yaw NM r olh gg Hin€ - khng g
chdh®.S dphn@hng tr3nhvliagd8ogelLagdinhl
ntnglnthlg" m hao t &suymwmgthiglgbd € ¢ h’ ph€
tr3nh vi hmuly@m m: ntgl c¢c a ch h'
2.Bysng ph€ehng ph8p t2cliKph©a 4, v
L'i Qu ki n LFfu he'nd tvhQ alhg? csly qilg§€.t @ 3 nh
" mMWM qul nhdn L€ ¢ | " c¢c8c chuyWn
m! men L, n8c tkrho@ug kch, p c¢cfn, g§Hhu gYia
nNM trong t_.ng tr<€ ng h  p, LiQu ki o
350 s8nh c8c gi 8§ tr ,0Ov gcthont mBlplt
t§c d, ng 12nwect8&8OgkBn pmiClHBkNvT ~ 388N, t h°
L'i Wm3st 39K, %" kN, tUi ngh'chiiQu W@t b
Lac=09Lsg V" actlllsc c, a qu8 tr3nh x%c nNM b-
LoUn tr wyQnphtehhngg ph&p ph i h  p m" |
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cho thbly r ungt, tgdi§ a&c Kh.cp v 'n quybl | U

ph8p x¥%c pho©n LoUYn |, n hhns&hw[ihgphe
phg&p x%c ph i hbpn!l EnNgtnghbbltd, hgnl hinnl
Os (F,max =48,5kN; 0 =12kN; Li Qu  n " 3n g hk hir at 2rnh

bQn chi tiJt, ta ch'b3fgn xW®&hrcd op MEIE
4, CHBqukklo s8&8tl nlcteh2 iMhchin c e & &t

[nh mg€amts yJut Whtfir ng, nly tr8g 1d° nphdb § m§ B

X Viet, “ngthi | * kiwhrechrsg, sto? s nhiugdthhi  x Yc

NNM ronggHimekh?! ngd G bfgp kc®h n gph pthEsp

Vi c8c phehngm ' pdiSuyg nx e« k8o h ;Nbgo” it r

ra c8§c ntLh3nng Ls€ ¢ clalg <h2lbW ¢i[i c§

L ng | ¢ h ¢ m8&y, LMXbEBMCES0L i <©€u k
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ChehmMNgGH4 g N T \LLGHN ~ M
41.Ch ,mc L2chhe&elv”’ c8mrghihttn gogsi m
411Ch° ,spyc L2ch uatghi¢é¢nnghi m
Cssnghiocubhhgc nghi Mm

Khi m8ychknacq ush mMNMntho R¥al it hi " mg? ng
hfmblag ph€ehng phEpc kac olbag hSnfi b r SmHutt r ° 1
nd mblp m!, qu§ tr3fuh xt/z@HWINvgiit®cr aci kg
t Up,vicn°xn§8 c cdn ntheéd rnit°rfig 9g¢ tt8g L°np c8§c
theo cctnig tthiweywgt kéJt @l imbe€dpBlc khi
to8n fnLK -clcl8Bcken bfn &&npWit/h h  mh th
ngh m WkishnghimlQk/jqut 2 0Bntt hedjoid Tu t ¥athyd
nghimcl ng ni€fE -vhclLvu qu§ tr3nh t2nh

MAC L2 ch omtghhy ¢ nnghi Mm

-X8cnhthts t ht nagthcnghimlW "~ mdbdiu fw v~ o
phcvy, gug8 tr3nhlotdfh; tosg8n, kh

-S dngkiguth cnghimsos § mhk/fgut 2 nh t ol |1
| “ m  &hbahg minhchng t 2 ndv, liedygal c8c m: h3 ntl
clng ttkr dHA A&y
4. 1.i2hg® " Qiki nth cngh' m

41.2.1. n'i t€ ng th, c nghi m
MXLnB VMC1ES860C?T mphfn chjytb Cm ¥ipacumin,

T Lo " n CpThapK mag Hfnyi tNamcH]ttbH3 nhvi2. c §c
t ht ngthet "€t r3nh blck. trong ph

41.2.2. niQu ki n th, ¢ nghi m.
S d,ng L& sau khoan n° m3ncl € c
c8lcFn khoam«i” th ngH?nih 4, a Nh”™ m8§y
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@Jklnth‘ nghi mca m§ b1 ] rt e*'tua \

H3 nhn@.kinti nghim vt i’ ntgr @ chctv]Jca m§y
4.1.3. Cé8hccnghhrhafrg 150

-B t htnlgo sl lim f& v _ oy ew§ t r 3 nhm t 2Crph
st , 1nGga | c8%chv m* t\ ctfh  dichuydca m8§y tr o
chu tr3cnhk H®pm kv2in

-X8c¢nhllc t,8g H° npp ct8rcorkdh qucgat mEwh | ~ 1
42.Trangthifbt h2 "m.ghi

Cs&§c t r/Rbngngt tWphc g u § ~ nghidmbo gnh
-nnghLoct¥, ng quay-nfuH T1o3HEQGM551u

-nfu L o’ rg @AS7HD;€ -Clmbih  Ldndk ho§8§ch H7;
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-Thizbx | T tuNIn hi -Thifb x | T tPSpiderl8 |
-M8&y t 2hfnmQnex’1iT ptuDaSyLhbily © cat man

421 “mgA Lo ct L, ng quay HHT13

Tc 1, ng .gauaby§ nch Lsrao ¢ceizo g'md A L o ct
I v, ng quaW3 HBATHRO n "y Wkubl t th % dthgtanalog
sang E8§d Hw nk hSaoy, vi pdhid lfu vihgblvi c8&c
thiy b Lo khgc. “Ck§thudtcla rggh lso'ct ¥ ., ng qua\

HHT13cghi®ngBl ng 4.
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quay HHT13
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3 Inch2nh x§8 °0,01 %

4 |Ct n Hilaseu 1 mw
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424.Cfmbi/h Lofnkghe&8§ch H7

H:®nB 4C[m biJjn La khol[ng c8cl
Cfm biJjn H7 L€ ¢ d%ng LW Lo khofln
phln chiJJu theo nguy°n tdc te€Hmg Lopu
kh*ng tH/h®d Mddae h«ng DATRON C, ng ho~
ra t I thudn v,i gi 8§ tr° Lo. CI[m
s d.ng. Trong qul8 tcr 3knhb  tnht2h unvg hhid pm
NDAQ v° v o m8y t2nh.G&d ntghlgugp < nky:
cfm bi/Jn H7 Bledg 49ghi trong

BIngC&c thitng s k: thudt c_,a cIm bi

TT ThtAg s Gi § t| Ghi
1 |K2 chc@kRxC) 150 40° 136

2 |Kh'i ° hge 0,53kg

3 |G- ep HE °20°

4 |[Khoflng Lo 0- 500mm

5 |Saistuy/h t 2 nh ° 1%

6 |nin S&pral 1- 10V DC

7 |Vtrd tr°n rk8ynge 8| 300800mm

8 Inin &§pnngu 10- 30V DC

9 (Nhit m! i ntgr@ ' cm Vi 5. 50°C
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4.25.C[mbi/n Ldnt o/GSS25.

H3 ni6.L4AphisIb U'nhGPY °n m8y .

GSS25 | ° c¢m bi/Jn MYmMAd 4 ctoMW ringg t
trong m i LiQu ki n L a h3nh, th i t
Lti. nfu ra v,i t2n hi u xung x8c L
LW x8c L nh vdn vgaodipd i ugunRS3&%n c_. a méE

HEnACBm |
Lo t ¢ L,

C§8c t'hkithuegadmbih GS S XBhotroBpngBln§ 4.
thing s k: t@SS26t c[m bi /Jn |

B nC&c
TT Thing s Gi 8§ t( nhn \
S dng c ! nRadanDRpppler 24 GHz
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Th cnghim L'« ngtenz Lhdbgica h«ng Tokyo K
Co. Ltd Nhdt bfn) WLo cl t ht nflnddgga © § Ck: thbdichog s
trongB[ n . 4.

BIngTHing s k: thewdl c¢c_,a Tenzo FCA

Thtng s nvt2ni Gi 8§ t| Ghi
ChiQu d"i mm 5
nintr q 120
Hstl 2.13

427.Thifbghi vT X&n hi
4271.Thitbghi "vT X@N. hi

-Thi/b NI~ ¢thin  tH3°ni. Do . nd rationan Instruments
caM chjtitb, cc ncththg t Aulnthilfb L o v W clh°ury .m§8y t

H3 n 9. TH/Tb chuy " il t @Ml 6003, 6009

4272.Thitb ghi v 1T X &Spidehsi

b. M8y Spide
H¥nh 4.8. M8y t2nh PC v m8y
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gm 5 kh i \VhhA ntH3MidEe 4t. h
Kh'i1l Kh'i2 Kh'i3
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