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TOM TAT

Hamiltonian cia nguyén tir heli dwoc biéu dién duéi dang dai sé théng qua cdc todn tir sinh
hiy lwong ti, cho phép img dung phwong phdp dai sé dé giai bai toan. O ddy, bo ham co s6 ciia
bai todn dige viét dudi dang b ham song cia hai dao déng tir diéu hda bon chiéu rdt thudn tién
cho tinh todn, dong thoi van mang cdc dic diém ciia ham séng bai todn tuwong tdc Coulomb. B
ham nay dwoc ding mét cach hiéu qua dé giai bai toan nguyén tir dang xét va Mo réng cho cac hé
nguyén tur khdc phirc tap hon, vi du nhu bai toan nguyén tir heli trong tir truong.

Tir khéa: phuong phap dai s6, hé nguyén tir ba chiéu, toan tir sinh hiy, bo ham co so.
ABSTRACT

Algebraic method for helium atom

The Hamiltonian for a helium atom is represented in the algebraic form via the quantum
annihilation and creation operators, thus the algebraic methods can be used to solve the problem.
Here, a basic set in the algebraic form given as a set of eight-dimentional harmonic oscillator
wave functions is useful for calculating, and, from other side, characterizes the Coulomb
interaction wave functions, that makes the considered problem very effective to solve. This method
can be developed for other more complex atomic systems such as a helium atom in a magnetic
field.

Keywords: algebraic method, three-dimensional atomic systems, annihilation and creation
operators, basic set.

1.  Mé diu

Tinh toan phd nang luong ciia nguyén tir heli 14 mot trong nhirng bai toan quan trong
duoc nghién ctru tir nhitng ngay dau cua co hoc lugng tir. Gan day, do c6 lién quan dén
viéc nghién cru phd cta cac sao 10N tring va sao notron trong vat i thién van, bai toan
nguyén tir heli trong tir truong tiép tuc dugc quan tim nghién ciru trong ca thyc nghiém 1an
Ii thuyét (xem [1] va céc trich dan trong d6). Viéc giai phuong trinh Schrédinger cho
nguyén tir heli ¢4 dugc tién hanh bang nhiéu phwong phap gin ding khac nhau. Trong
cong trinh nay, ching tdi xét xay dung phuong phap dai sb giai phuong trinh Schrodinger
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khong nhitng cho bai toan nguyén tir heli ma c6 thé ap dung cho cac bai toan phirc tap hon
nhur bai toan nguyén tir heli trong tir trudng va mot sé bai toan khac.

Trong mot cdng trinh trudc day caa nhom, chiung t6i d& sir dung phép bién doi
Kustaanheimo — Stiefel dé chuyén bai toan nguyén tir hydro trong tir truong sang bai toan
dao dong tir phi diéu hoa bon chiéu, két hop véi phuong phap toan tir FK [2,3] dé giai sd
phuong trinh Schrodinger cho hé nay [4]. Viéc st dung phuong phép dai s6 nay gilp tiét
kiém dang ké tai nguyén tinh toan do sir dung bd ham co s rat dic biét, vira van giir tinh
chit ciia bd ham cho twong tac Coulomb vira c6 dang ciia ham song dao dong tir diéu hoa
rat thuan tién trong tinh toan. Do vdy, phat trién tiép phuong phép dai s6 tinh toan d& dugc
trinh bay trong cdng trinh [4] cho nguyén tir heli, mot hé phtc tap hon, 14 diéu can thiét.

Vian d& kho nhat khi sir dung phuong phap dai sé cho bai toan nguyén tir 1a thanh
phan tuong tic Coulomb cé cac toa d6 nim & mau sd nén khong thé ding cac hé thic giao
hoén cua cac toan tir sinh hily trong tinh todn cac yéu td ma trén cta bai toan. Kho khin
nay da dugc giai quyét trong cong trinh [4] bang cach st dung phép bién doi
Kustaanheimo — Stiefel dé dua thanh phan tuong tic Coulomb vé dang da thirc. Vi bai
toan nguyén tir heli, do c6 thém thanh phan tuong tac electron-electron khong thé da thirc
héa bang phép bién d6i Kustaanheimo — Stiefel, nén ching t6i sir dung thém phép bién doi
Fourier nang thanh phan toa d6 & mau sd 1én tir s6, thong qua bicu dién ciia ham mii, trudc
khi van dung céc biéu dién dai s6 cho thanh phan tuong tac electron-electron cia bai toan.

Sau khi viét lai phuong trinh Schridinger cho nguyén tir heli dudi dang biéu didn dai
s6, ching t6i xay dung bd ham song co s cho bai toan. Bé ham co s¢ can xay dyng phai
du don gian dé ap dung dugc cac phuong phap tinh sb phil hop cho bai toan. Mat khac bo
ham co s& dugc chon phai thé hién duoc tinh chit vat Ii cua hé twong tac Coulomb nhim
thu dugc tdc do hdi tu cao khi tinh sb. Trong cong trinh nay, bo ham co s¢ dugce xay dung
dira trén nén tang 12 bo ham co s& cho hé mot hat dugce néu trong cong trinh [4], 1a su két
hop tir bd ham co sé cua hai dao dong tir diéu hoa bdn chidu twong ng. Tham s6 ty do @
duoc dua vao cho phép tiy bién bd ham co so dé phll hgp véi cac bai toan khac nhau.

2. M@ hinh dao dgng tir didu hoa cho bai toan nguyén tir heli

Phuong trinh Schrédinger khdng thir nguyén cho nguyén tir heli, mé ta chuyén dong

cta hai electron trong truong thé Coulomb, ¢c6 dang nhu sau:

(H—E)¥(X, Y, 2%, Y5, 2,) =0,

~ 1( 82 02 0? 1( &2 0° 0?
H=—Z| S+——=+— |5 27t>7t7
20a¢ o o) 2\ad oy o
Z Z 1
B 2 2 2 2 2 2+ 2 2 2!
\/X1+Y1+21 \/)<1+Y1+21 \/(Xl_xz) +(1—Y.) +(z,-2,)

1)
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0
trong d6: don vi d6 dai 1a ban kinh Bohr a, = 4z h> / me® = 0,529 A ; don vi ning lugng
Ia hai 1an hang s Rydberg R, = 7®/2ma; =13,61eV ; Z la dién tich hat nhan ctia nguyén

tir heli, trong cong trinhnady Z =2.
Str dung phép bién d6i Kustaanheimo-Stiefel:

X, = 2(Ul, +V,V,) X, = 2(Ugu, +V,V, )
yi=2(uy, —uy) Yo =2(Ugv, —Uv;) 2
z, =u7 —us+v) —v? z, =u; —u; +v. -V’

dé chuyén phuong trinh ciia h¢ hai hat trong khong gian ba chiéu (X, Y;,2,) Va (X,,,,2,)
sang mot phuong trinh khac trong khdng gian tam chiéu (u,v) . Tuong tng véi sy thay doi
s6 chiéu ciia khong gian khi thuc hién phép bién ddi Kustaanheimo-Stiefel, b ham séng
trong khéng gian méi (u,v) phai thoa mén diéu ki€n nhu sau:
[uli—vlﬁJruzﬁ—v2 ﬁj%(upuz,VlleF 0,
ov, ou, ov, ou, @)

ugﬁ—vgiJru‘li—v‘li w, (Us,U,,Vy,v, ) =0.
A ou, ov, ou,

Tt phép bién doi (2), ching tdi thu duoc:
dx,dy,dz, =16(uf +V; +u} +V; ) du,dv,du,dv,, 1, = Py 2472 = U2V U2 +VE
dx,dy,dz, =16(u3 +Vv; +u; +V; ) du,dv,du,dv,, T, = SOy 22 =2V U2+
’ (4)
Phuong trinh (1) dugc viet trong khdng gian (ug,v,) nhu sau:

FOY (u,,v,,u,,V,,Us,V,,U,,V,) = 0, (5)

v6i H = nr, ( H- E) 0 dang tuong minh trong khong gian (u,v) nhu sau:

H(ugvzf){;[ggjg[%g]g(wuﬁ +v§)—z}

HU ]+ +v§){—%{é +é]—}(ﬁz +i2j—E(u§ VU +V]) —Z} (6)
a? of) sla? a2) 2
+|:|C(ul’UZ’U3’U4’V1’V2’V3’V4)'

Hai phuong trinh (1) va (5) 1a hoan toan tuong dwong nhau vé mit toan hoc, tuy
nhién phuong trinh (5) don gian hon vé mit céu trac do cac thanh phan chinh ¢ dang cac
da thirc theo cac bién sé dong hoc, nén trong tinh todn c6 thé ding bo ham co s cua dao
dong tir diéu hoa. S6 hang cudi trong Hamiltonian (6) 1a thanh phan tuong tac electron-
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electron, c6 chira cac bién s6 dong hoc & miu sd, nhung van co thé st dung cac tinh toan
dai s sau khi bién d6i Fourier nhu sau:

c (U Ul (U U ) e

H —

© (27)*? _[C_L_Ldti T e w/t1 IR (7)

20 (UyUy V3V, Y+ 20 (UyVo —UoVy )t +i (U2 U2 +v2 —v2 Yty 2 =21 (Usliy +VaV, )ty —2i (UgVy —UgVs )ty —i (U2 —uZ +vE—v2 )t
WUz +ViVo )y hVo—UxVi )Ty iUt V2 )ls g 3Us +V3Vy )y 3V —UgV3) T 37UgtV3—Vy)g

Xe
Ngoai ra, chiing t6i nhan thiy rang bai toan dang xét bao toan moment dong hrong
theo truc Oz do toan tu:

A~ o~ oa 0 0 0
_L12+L22 [Xlal_yla&J [Xza_yza_xzj' (8)

giao hoan v6i Hamiltonian. Dé str dung trong cac tinh toan, chiing toi viét toan tir (8) trong
khong gian (u,,v,) nhu sau:
~ i 0 0 0 0 i 0 0 0 0
L=—|V,—-U—+U,——V,— |——| Vs ——U;—+U, — -V, — |. 9)
2 “ou, ov, ov, ou, ) 2\ "ou, A ov, ou,

3.  Biéu dién dais6 qua cic toan tir sinh hity
Cac toan tir sinh huy dugc dinh nghia nhu sau:

A of~ 10 ) ., ol~ 10
a, =,—|0,+= yal == 0, -
° 2 a)au 2 w@u

A o~ 1 0 L o~ 1 0
b 2[5 w&vjﬂ 2[5 w&v}

trong d0, @ 1a tham sb tu do; s=1,2,3,4. Céc toan tir (10) thoa man cac giao hoén tir sau:

(6,(@).6; (@) =5, | B(@). B () |=5, (11)

Bai toan dang xét c6 bao toan mé-men dong luong theo truc Oz nén bd ham co so

(10)

duogc stir dung 1a nghiém riéng cua toan tir I:Z . Pé thu dugc toan tr L, c6 dang trung hoa;

chiing tdi sir dung phép bién doi chinh tic sau dé dinh nghia cac toan tir sinh hiy méi:
1 ae oy 2 1o .o

a, =$(aS +ip; ) a, _E(as—lﬂs),

T O T W PN

bs—ﬁ(as _Iﬂs)’ bs—ﬁ(as-i-lﬂs).

Céc toan tir &, 47, b,, b’ (s=1,2,3,4) giir nguyén cé4c tinh chit ctia cac toan tir sinh hity,

s 1 M1 Mg

(12)

va thoa mén c&c giao hoan tur sau:
[és’éT+]:531’ [63161+]=531' (13)

Toéan tu I:Z qua biéu dién dai s6 (12) c6 dang trung hoa nhu sau:
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2 1 A+ A AtA o S 1 A+ A A+ A S A
Lz:E(alai_aZaZ_blbl+ 2b2)+5(asa3_a4a4_b3b3+b4b4)' (14)

Ngoai ra, Hamiltonian c6 thé biéu dién dai s6 qua cac toan tir sinh huy (12). Dé minh
hoa, mot s thanh phan trong Hamiltonian duge biéu dién nhu sau:

:—;:V;Z =o(ab,+ab; -4;4,-b/b, 1),
02 +02 = (&b, +a/b; +4:4,+55, +1),
w
L]S]=i(és+é§+63+6;)(ét+”+At+1+), . (15)

- 1~ 0 72 A A S0
a =M(as +8; +b, ers*)(—at +4 +b —bt*), 5,t=1,2,3/4, (s#t).

Khi viét Hamiltonian cta bai toan dudi dang dai sd, chung t6i nhan thdy phan 16n cac
toan tir trong biéu thirc ciia Hamiltonian déu nam duéi dang da thirc ciia cic toan tir sinh
hty, tuy nhién con c6 céc toan tir trong thanh phan cua toan tir (7) c6 dang ham e mii:

~ : : F(U2—u2 4v2 _y2

C)1 (t) — e2|(u1u2 FVpVo )ty +2i (UgVp —UpVy )ty +i (U —Ug +vp —vy )ty ’ (16)
~ : : S —u2 +v2 _y2

C)2 (t) = @21 (U3l V3V, ) =2 (UgVy —UgVg ) —i (U3 —Ug +V3 V3 )1 , (17)

Céc toan tir ndy c6 thé biéu dién qua toan tir sinh huy va dua vé dang chuan thuan
tién cho tinh toan dai s6 nhu trinh bay trong Phy Iyc.
4. B ham co sé dang dai s6
Trong phan ndy, ching tdi xay dung bd ham co s dang dai s6. B6 ham co so nay la
ham séng riéng cia hé hai dao dong tir diéu hoa bon chidu (tam bac tu do). Pong thoi, bo
ham co s¢ nay 14 ham song riéng ctia toan tur I:Z . Bo ham co s¢ thoa man hai diéu kién trén
O dang:
........ 1 s I S I At Js S Ia
[ T dadsJs b o (@) = ———————(&)" ()" (&) " (52
\/Jl'JZ'J3'J4'JS'J6'J7'J8' (18)
~e\I5 (04 s ~\J7 (04 I8
x(4;) (bs ) () (b4 ) |0(w)),

VOi J, Jys Jar Ja» Jsr Jsr Jro Jg 12 CAC SO nguyén khdng &m; trang thai chan khong dugc dinh

nghia nhu sau:
4[0(@))=0, Bb[0(®))=0, (0(w)|0(w))=1, (i=12,3,4). (19)
Cha y rang trong bd ham co s& (18), cic chi s6 jj, J,, s, J, lién quan dén electron
mot trong khi g, js, j;, J, lién quan dén electron hai trong nguyén tir heli. Theo nguyén Ii

khong phan biét hat dong nhat, chung t6i s& d6i xing héa bo ham song co s¢ theo hai
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electron sau khi da xay dung xong. Nhdm thuén tién cho tinh toan, ching t6i viét bo ham
co s& dudi dang tich hai ham sdng cho mdi hat electron:
| JudoJoda Js Jo 7 Js (@) = | ki J bs da (@) Js b J7 Js (@) - (20)
Dé bd ham co so (18) sir dung duoc cho bai toan heli, chiing tdi can doi hoi né 1a
nghiém riéng cua cac toan tu:
A [ G d o 0 : o

Q=lUu—-V,—+Uu,—-V, — =—|(A“+é*é —-b’ —A+6),
1 lavl 15U1 Zavz Zauz ai 2 72 1 22

A 0 0 0 0 N R T e
Q= usas_vsa_ug""wa_wa_u“ =—I(8383 +a,8,— 030, — 4b4)’
VGi tri riéng bang khong. Tur ddy, chung t6i co dugc cac hé thirc:

j1+j3:j2+j41 j5+j7:je+j8- (21)

Nhur vay, tir 8 chi s6 lwong tir cho bo ham co s& dao dong tir diéu hoa (18), chling toi
chi con 6 chi s6 lugng tir cho bo ham co so cho bai toan heli.

Toan tir L, c6 biéu thic:

3 " 2 1 A+A A+A S Ltk 1 A+A A+A T e

L =L,+L, ZE(aiai_azaz —b b1+b2b2)+5(asa3 —a,d, —byby + 4b4)- (22)

D& dang thay bo ham co so (18) ciing 12 ham riéng cua toan tir I:Z ung vai tri riéng:

m:m1+mz:E(Jl_Jz_J3+J4+J5_J6_J7+J8)' (23)

Dé don gian cac cong thirc trong cac tinh toan vé sau, ching toi sir dung cac s6 lwong
tem =(j,—J,—Ja+1J,)/2 va m,=(js— Js— J; + Js)/ 2. Turh¢ thirc (21), ching t6i co:

m1:j1_j2:_j3+j4;m2:j5_je:_j7+j81 (24)
vatrday: m=j—j,+js—Jo=—ls+ = b+ Js- (25)

Nhur vay, cac chi sb tir m, m;, m, la cac s6 nguyén. Chi sb lugng tir tir m ¢6 thé sir
dung 1am chi s6 ciia bd ham co so cho cac bai toan c6 bao toan hinh chiéu mé-men dong
lwgng quy dao.

Ching tdi xét 1an lugt ham séng co s cho ting electron, bit dau véi | INNNE (w)},
trong d6 chi sd luong tir m, co thé st dung 1am chi sb luong tir tir cua bo ham
| jJ2JsJi(@)). Ngoai ra, ching toi c6 thé st dung sé luong tir chinh cho by ham
| i1z js Ju (@) , duogc dinh nghia nhw sau: Ny = (j,+ j, + js+ j,) /2.

St dung hé thirc (21) chdng tdi co:

no=h+l=1+1, (26)
do d6, n, 1a s6 nguyén khong am. Tir céc biéu thirc trén, suy ra:
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m, :E(Jl_ L=kt J4):n1_(J2 + J3):_n1+(J1+ J4)' (27)
Ngoai ra, tir (21) chiing t6i c6 j,= j, — j, + j, do do, sir dung hai sb lwong tir n,, m,

chiing t6i chi can thém mot chi sb lugng tir khac dé cling biéu dién bd ham co s¢. Chon chi
s6do 1a j,, taco thé cé biéu thic cho jj, j, nhu sau:

h=Mm—Js =n-m—js, (28)
Khi d6 j,= j,+m,. Bachisb luong tir (n,, j,,m,) cO cAc gia tri:

n =0123.

js<n,

_j3 sm <n - j3-

Bo ham co s& cho hat mot duoc viét nhu sau:

Inms, Jg@)) = Ny (&) 7 ()77 (&) (6:)" o)), (29)
_ 1

s \/(n1 - j3)! j3!(n1 - j3 _ml)!(ml + js)!

Tinh toan twong tu v&i bd ham co s& cho hat hai, ching téi co:

o), (30)

véi hé so chuan hda: N

o) =y 8 (5 ) (6:)
= 1
ny.m, . J; \/(nz_j7)!j7!(n2_j7_m2)!(m2+j7)!’

trong do, cac chi sd lugng tir n,, m,, j, ¢4 mién xac dinh nhu sau:

V61 hé s6 chuan hoa: N

n,=0L12,..; J,<n,; =j; <m, <n,—j,. (31)

Nhu vay, bd ham co s¢ (18) dugc viét lai nhu sau:

|n11 m;,n,,my, Kk, k, (w)> = | Ny, My, kl(w)>| n,,m,, kK, (w)> (32)

O day, chang t6i ki higu k, = j,, k, = j,. Bo ham co s¢ (32) 6 thé st dung cho viéc
giai phuong trinh Schrédinger cho nguyén tir heli bang phuong phap dai s6, va sir dung
cho céc bai toan phuc tap hon nhu nguyén tir heli trong tir truong.
5. Két luan

Trong cong trinh nay, ching tdi d4 viét phuong trinh Schrédinger cho nguyén tir heli
dudi dang biéu dién dai sb thong qua cac toan tir sinh hity, dong thoi xay dung bd ham co
s dudi dang dai s6 thuan tién cho tinh toan. B ham nay vira 1a ham séng cua hé hai dao
dong tir diéu hoa bdn chiéu, vira mang dic diém vat Ii ciia ham song nguyén tir heli thuan
tién cho viéc van dung cac phuong phap giai khac nhau sau nay cho bai toan dang xét.
Nghién ctru ndy ¢ y nghia trong viéc phét trién phuong phap cho cic bai toan phirc tap
hon, s& duoc trinh bay trong céc cong trinh tiép theo.

18



TAP CHi KHOA HQC - Trwong DHSP TPHCM Cao Hé Thanh Xudn va tgk

[1]
[2]
[3]

[4]

[5]

% Tuyén bé vé quyén loi: CAc tac gid xac nhén hoan toan khéng c6 xung dét vé quyén loi.
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PHU LUC
Dang chuan cua toan tll' e mii O (t) e 2i( u1u2+vlvz)t1+2|(u1vz—uzv1)tz+|(ul u2+vl —vz)t3

Trong phan ndy, chling toi trinh bay c4c tinh toan dé dua toan tir dang ham e mii vé& dang

chuén, 1a hinh thirc biéu dién toan dudi dang tich cia cac toan tir sinh hiy, trong d6 toan tir sinh
ndm vé bén tréi, todn tir hiy ndm vé bén phai va toan tir trung hoa & giita, thuan loi cho viéc tinh
toan dai s6 khi sir dung cong thirc (19). Khac vai Cac toan tir c6 dang da thirc, chi cn sir dung tinh
chit giao hoan tir (13) dé chuyén vé dang chuan, cac toan tir co6 dang ham e mii thi quy trinh phtrc
tap hon.

Diu tién ching toi viét 6l(t) duéi dang toan tir (12):

6, =exp| t(-A ~iK,+A)] (P1)

V6i tham s6 méi: t = 4/ tf + '[2 + t2 va cac toan tor méi duoc dinh nghia nhu sau:

- (|t1t) 6+ (|t1+t a6 " (It) 6
;\;_M (—'HHZ) s o (—ns) it,

- 4 4 é;” ST
Je+eag \/tf+t22+t§ N N R

+b2+,
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oo () o ey (HIL ) o
|K1=M(a@2+b1b2)+m<a1az+blb2)
—(t)  (aa o L) PPN,

+\/t12 +t§+t32 (a1a1+blbl+1)+\/t12+t;+t§ (a2a2+ 2b2+1)'
Dé tién sir dung, chiing t6i dung thém cé4c toan tir méi:
M =4&b +4b, M*=&b’ +4b;, N =44 +b'b +44,+b/b, +2, (P3)
Céc toan tir trong (P2) va (P3) tuan theo cac giao hoén tr nhu sau:
(ALK =R, [A, 1K, ]=2M, [AM]=0,[AM ] =ik, [A,N]-24,
AR, J= 28, [ A W =ik, [ AN ] =0,[ &K ] =2,
(1K, M ] =24, [iK, M ] =2, [iK, K ] =0,
[M,M*]=N,[M, N]=2M,[N,M"]=2M".

(P2)

(P4)

Do céc toan tir trong (P2) va (P3) lap thanh mot dai sé kin nén ching toi c6 thé viét lai 6l(t)

dudi dang sau:

él(t) — exp [t(—,&f —iKl + Ai):| — ehOA g LN o LI LOR KON g (DA (P5)
voi f(t), f,(t), fi(t), f,(t), f;(t), f,(t) 1a cac ham sb can tim thoa diéu kién bién:

f,(0)= 1,(0) = f,(0) = f,(0) = f,(0) = f,(0) =0, (P6)

L4y dao ham hai vé cta (P5) theo t, sau d6 nhin hai vé ciia biéu thirc vira thu dugc véi toan
tu nghich dao:
O (t) =& s VAg OV gL (NG LK g LOM gL OA
1 1

chiing t6i co:
(-A -iK,+A) = (DA +f, ()0 Mg HON
n fs'(t)efl(t)ﬁ;efz(t)m* (”{l)e—fz(t)m*e—n(t)&
n 1;4'(,[)efl(t)ﬁ;efz(t)l\il*efs(t)ili1 Ne—f3(t)ilile—fz(t)l\ﬁ*e—fl(t)'af (P7)
i f5' (t)efl(t)ﬁ;efz(t)r\h*efs(t)iKlefA(t)r\] Me-fA(t)Ne- f3(t)iK1e— fz(t)M*e-fl(t)/S;
+f, (t)e A g RO g h0K,g kO b OM Aie—fs(t)l\ﬁe—f4(t)Ne—f3(t)iK1e—fz(t)M*e—fl(t),&; ,
Str dung cong thirc Baker-Campbell- Hausdorff [5]:
't~ 8+[AB]+[A[AB]]+..

dé khai trién cac thanh phin toan tir trong (P7), sau do tién hanh dong nhét hai vé ciia (P7), chung
t61 thu dugc hé phuong trinh sau:
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A

AL+ c 1= fll (t) -2 fz (t) f3' (t) -2 fl (t) f4' (t)
+2f () f, (t)e 2" { f, (t) cos[2f,(t)] - f, (t)sin[2f3(t)]} (P8)

HIROT -[LOT e O{f; ©sin[2f,0)]+ f, O cos[21,0)]).
iK,: —1=f,(t)+ f,(0)e”"“O {1, () cos[21,(t)] - f, ®)sin[2£,©)]}

+ f,0)e *HO L1, (t)sin[21,(t)]+ f, (t) cos[2£, )]} (P9)
A: 1=e?"OLE t)sin[21,(t)]+ f, (t) cos[2f,1)]}, (P10)
M*: 0=f,(t)+2f (t)f, (t) —2f,(t) f, (t)
+21,() f,(0)e *“O{ £, ®)sin[2f,(t)] + T, (t) cos[2f, () ]} (P11)
—{[ L0F -[1, (t)]z}e 28O ©)cos[2f,0)] - f, ©)sin[2£,0)])
N: 0=, (t)- f,0e” O { £, (t)sin[2f,(t)]+ f, (t)cos[21,(1)]}
— (e O £, ©) cos[21, ()] - T, W)sin[21,(1)]}. (P12)
M: 0=e”"“O L1, (t)cos[2f,(t)]- f, ®)sin[2f,(1)]}. (P13)
Giai hé sau phuong trinh trén, ching t6i thu dugc nghiém nhu sau:
t t?
f.(t) = o fo(t) = BT fy(t) = —arctgt,
t2 t (P14)

1
f()=—=In(1+t?), f.(t)=———, f. (t)=——.
(0 > (1+1%), () 1412 s (1) 1412

Nhu vay, chung t6i thu dugc dang chuén cta toan tir 61 (t) dang e mi thuén tién cho cac
tinh toan dai sé nhu sau:
W
Ty e T M o
i | "'eh(m)z’*

(P15)

><[l+(t12 +t,2 + 7
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