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MO DAU

1. Tinh cép thiét caa luan an

Ngay nay, cing véi sy phat trién manh mé cua nganh coéng nghé cong tin trong
cuoc cadch mang cong nghé 4.0, cac linh vuc cong nghé khac dang co trao luu tan dung
t6i da loi thé cua phan mém tin hoc vao linh vuc ciia minh. Vi cac linh vuc gap kho
khin trong cong tac trién khai kiém ching, thir nghiém két qua hozc van hanh nhu hang
khéng vii try, ning lugng hat nhan, y té thi viéc tng dung céng nghé thong tin dem lai
hiéu qua rat to 16n. Tuy nhién, cac linh vuc khac nhu giao thong van tai, nang luong,
hoa dau, thiét bi nang ha ciing khong nim ngoai xu huéng d6, dic biét 1a trong khia
canh san xuat thiét bi va huan luyén dao tao. Vé mat phap ly, nganh giao théng van tai
d3 va dang trién khai cac thong tu yéu ciu cac co s& dao tao ap dung cac hé théng mo
phong vao dao tao, huan luyén. Cu thé 1a trong giao thong duong bo co thong tu sé
04/2022/TT-BGTVT ngay 22/4/2044 vé “Stra d6i, bd sung mot sé diéu caa Thong tu sb
12/2017/TT-BGTVT ngay 15 thang 4 nam 2017 cua Bo truong Bo Giao thong van tai
quy dinh vé dao tao sat hach, cap gidy phép lai xe co gidi duong bo”, trong d6 didu 47
khoan 2 ¢6 yéu cau “Co so dao tao trang bi va str dung ca bin hoc 1ai xe 6 t6 dé dao tao
1ai xe 6 t6 trude ngay 31/12/2022”. Trong nganh hang hai co thong tu sé 15/2019/TT-
BGTVT ngay 26/4/2019 vé “Ban hanh quy chuan k¥ thuat quic gia vé co s vat chat,
trang thiét bi dao tao cia co s¢ dao tao, huan luyén thuyén vién hang hai”, trong do tai
phu luc 5 khoan 3 vé yéu cau phong mé phong budng lai, khoan 4 vé yéu cau phong mo
phong buong may - dién, dién tir, khoan 5 vé yéu cau phong phan mém ung dung xép
d& hang hoéa. Bén canh do, trén phuong dién quéc té té chic hang hai qudc té - IMO ¢
c4c husng dan dbi véi huan luyén dao tao sy quan hang hai trong IMO Model Course
1.22 vé “Ship simulator and bridge teamwork” trong d6 yéu cau sy quan hang hai phai
cd it nhat 20/40 gio huan luyén trong phong mé phong budng 14i. Di véi sy quan may
khai thac, trong IMO Model Course 2.07 vé “Engine - Room Simulator” trong d6 yéu
cau sy quan may khai thac phai c6 it nhat 80 gid huan luyén trong phong mé phong
budng may.

Mat khéc, trong nganh hang hai ndi chung va cong nghiép dong tau noi riéng da
va dang phat trién rat nhiéu cac chung loai tau thay ngay cang hién dai va da dang vé

thiét ké. Do d6, nhiém vu cia cac doi ngii thuyén vién can phai nim bat chinh xac,
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nhanh chéng céach thic van hanh. Tuy nhién, viéc dao tao trén céc thiét bi that rat tén
kém nhién liéu, thiét bi, ngudn luc va dé tao ra cac su cb nguy hiém gay hong héc cho
thiét bj that. Bé khic phuc tinh trang nay, viéc dao tao hién nay c6 xu huéng sir dung
cdng nghé thuc té ao 3D két hop voi mo hinh chuyén dong nhiéu bac tu do dé mé
phong céc trang thiét bi, cac tinh hudng c6 thé xay ra trong qué trinh huan luyén.

Khi ngudi van hanh thyc hién trén chuong trinh mé phong hang hai sé rat an
toan, han ché dugc rai ro so véi dung thiét bi thuc té ma van duoc trai nghiém duoc cac
tinh hubng gidng nhu trén bién.

Viéc chu déng nghién ciu, tng dung céc thuat toan didu khién hién dai va phat
trién cac mo hinh mé phong sé khic phuc dwogc rat nhidu nhuoc diém nhu:

- Phu thuoc vao céc cbng trinh nghién ctu ¢ nudc ngoai nén kha nang lam chu

céng nghé khodng cao.

- Qua trinh chuyén giao céng nghé va két qua nghién ctru rat tén nhiéu thoi gian,

kinh phi dao tao lon.

- Kho khin trong viéc bao hanh, bao tri, nang cap, phat trién hé thong do khoang
cach dia ly va bat dong ngdn ngir gitra nha san xuat va don vi sir dung.

- Dir liéu hai d6 dia hinh, dia vat khdng duoc cap nhat va xay dung dung nhu dia
hinh dia vat thyc té trong nuéc.

- Khéng dam bao céac yéu té bi mat thong tin an ninh qudc gia cua dit liéu dia hinh,
dia vat néu cung cp cac tham sb dit liéu dja hinh dic ta cho phia ddi tac nude ngoai dé
xay dung dix liéu s (2D va 3D) phuc vu md phong dia Iy hé thong.

- Céc hé thong md phong cua cac cong trinh nghién ciru nude ngoai thuong cé tinh
chat doc 1ap va gisi han pham vi van hanh trong mot phong huan luyén buong lai,
buong may hoac bang dién ma khong hd tro nhiéu viéc lién két théng tin giira cac buong
dé tao ra mot cau trdc hop luyén hoan chinh nhu mét con tau.

- Cudi cuing la tong chi phi cho mot mé hinh md phong thuong rat cao.

Hién nay, hé thong mo phong cé tich hop md hinh chuyén dong (motion
platform) néi chung va hé théng mé phong chuyén dong cho cac phuong tién giao thong
van tai noi riéng dang dugc tmg dung rat rong rai trong dao tao, giai tri. Trén thé gidi da
c6 rat nhiéu cac cong trinh nghién ciru vé hé thong moé phong chuyén dong 2DOF,

3DOF, 6DOF. Céc cong trinh nghién ciru v6i ciu trac hé thong st dung dong co piston,



dong co servo hodc xi lanh/piston thiy lyc, phan mém thiét ké 1a chuyén dung cong
nghiép. Bén canh dé, c6 cac cong trinh tip trung vao ning cao hiéu suit, giam d6 on, va
ting cudng truyén thong mang trong hé théng. Cac cong trinh nghién ctru trong nude
tap trung vao van dé tng dung mot san phim phan cimg va phan mém cong nghiép
chuyén dung ctia nu6e ngoai vao mot du an mé phong cu thé cho trd choi hodc cong
nghiép qubc phong. Khi nghién ctru tich hop thém mé hinh chuyén dong 3DOF cho hé
mo phong cé rat nhidu coéng trinh nghién ctru xoay quanh kiéu ciu tric twong tu nay
nhu cac cong trinh [9,11,12,13] nghién ctru vé dong hoc nguoc, dong hoc thuan dang ba
piston, cong trinh [11] nghién ctru vé diéu khién dong luc hoc. Tuy nhién, chi c6 cac
cong trinh [12,13] nghién ctru cdu trac sir dung 3 dong co servo théng qua hé thng truc
khuy/tay don dé truyén dong cho san treo cabine. Tuy nhién, vé mit k§ thudt cac cong
trinh nghién ctru van con ton tai nhung han ché nhat dinh nhu chat luong diéu khién,
chét lwong va do trung thuc ctia hinh anh, kha ning dong bo dir liéu diéu khién con ton
tai thoi gian tré Tgelay-- Cac cong trinh nay déu cho phép tinh toan gan dung gbc quay
dong co servo a; do d6 khi dao dong ciia mit sain mo phong khoang +£15°, gan gidng
thue t& chuyén dong ctiia mot con tau thi sai sd dén 5% va thoi gian tré giita chuyén
dong nghiéng/lac ciia cia mo hinh va hinh anh thuc té 3D 1a twong d6i 16n 1én dén
1200ms. Piéu nay lam giam tinh dong bo giita thi gidc va cam nhan chuyén dong thuc
té ctia ngudi huan luyén, giam tinh chinh xac trong mé phong chuyén dong tau thiy.

Vi vay, dé gop ph?m vao nhiém vu khic phuc cac nhuoc diém trén nhim cai thién
chat lwong md phong chuyén dong tau thuy véi san treo nhiéu bac ty do, dong thoi
huéng téi chii dong phat trién cong nghé, giam bot gia thanh va tng dung dugc cac san
pham cong nghiép phd bién, cac linh kién co/dién tir san cé trén thi truong thi van dé
trén 1a rat cap thiét va can duoc tiép tuc nghién ciru.

Xuat phét tir nhitng 1y do trén day, NCS da lya chon dé tai: “Nghién cieu phat
trién hé thdng mé phéng chuyén déng tau thuy véi san treo ba bac tw do &ng dung
thuat toan diéu khién hién dai” 1am dé tai nghién ciu cho luan an tién si ciia minh, dé
tir d6 dé xuét céc thuat toan hién dai nham nang cao chat lugng mé phong chuyén dong
tau thuy c6 tich hop san treo ba bac ty do, hudng t6i dap tmg nhu cau tu dong hoa va
hién dai héa cua dit nudc ciing nhu nganh coéng nghiép mo phong di va dang rit phat

trién.



2. Muc tiéu nghién cwru cia luan an

Muc tiéu tong quat ciia luan an 1a nghién ciru, phat trién thuat toan khién hién dai
nhiam cai thién chat lugng hé théng mé phong chuyén dong tau thuy cé tich hop san treo
ba bac tu do phuc vu cho dao tao, huan luyén sinh vién, hoc vién nhém nganh hang hai
nhdam muc dich han ché thip nhit cac tai nan trén bién va giam chi phi so véi viéc huin
luyén trén tau that.

Dé giai quyét duge muc tiéu tong quat, NCS x4c dinh cic muc tiéu cu thé cua
luan &n nhu sau:

Thet nhdt, xay dung hé théng mé phong chuyén dong tau thuy nham tao ra mét
ban sao gidng hét budng lai caa mot con tau hién dai dugce dé xuét dap Gmg duoc céc
yéu cau huan luyén cho nganh hang hai. Kich thuéc caa budng lai dugc thiét ké 1a
2.4x2.4m va chiéu cao 1a 1,75m. Khéi luong du tai caa budng lai khoang 1300kg.
Budng lai md phong cd tich hop ban diéu khién, céc thiét bi nhu Radar/ARPA, ECDIS,
Conning... va noi that khac ciing dugc trang bi. Budng 1ai duoc gan trén mot san chuyén
dong ba bac ty do. San chuyén dong duoc thiét ké trén nguyén tic cua Stewart platform.

Ther hai, trén co so tiép can Stewart platform véi ba bac tu do (Iic ngang, lac doc
va truot du) va sau khi md phong dong hoc tau thay dang hinh anh 3D. NCS tién hanh
xay du thuat toan diéu khién trén bo diéu khién logic kha trinh PLC dé diéu khién to
hop DRIVE/SERVO nhim tao ra chuyén dong that 3 truc tu do mé phong lai chuyén
dong ta m6 hinh 3D ao trén may tinh.

Thet ba, tich hop hoan chinh mét hé théng mé phong 3D dong hoc tau thuy voi
mo hinh chuyén dong san treo dugc diéu khién trén co s¢ ung dung tri tué nhan tao Al
dang mang no ron nhan tao dé ting do chinh xac va giam thoi gian tré dong bo giira
hinh anh va chuyén dong vat ly.

3. Pdi twong va pham vi nghién ciu caa luan an
3.1 Péi twong nghién ciru

Trén co s danh gia sy can thiét cing véi muc tidu caa dé tai luan an, dbi tuong
nghién ctru cua luan an 1a hé thong mé phong 3D dong hoc tau thuy trong cau tric cabin
budng 14i cé tich hop md hinh chuyén dong 3 bac ty do (3DOF) cua san treo.

3.2 Pham vi nghién céu
Nghién ctu vé mé hinh dong hoc tau thuy bao gom day du 6 bac ty do véi bo

tham sé cua 16p tau véi chidu dai 55m, chiéu rong 9.2m, mén nudc 2.6m va tai trong 1a
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429 tan; md hinh toan cua 3 yéu té méi truong nhu: gid trong dai 0-30knots, song Vi
12 cap thang beaufort va hai luu trong dai 0-5knots; mé hinh toan cua hé dong lec 01
chan vit va 01 banh l4i. Trén co s& cac md hinh todn do thiét ké tau mé hinh chuyén
dong trong khdng gian 3D cua Unity Engine.

Nghién ctu xay dung md hinh san treo cabin budng lai dang Stewart platform
vé6i 03 bac ty do va tng dung caa PLC, mang truyén théng cong nghiép, dong co servo
dé diéu khién 03 chuyén dong cua san bam theo 03 tin hiéu lic ngang, lic doc va truot
dung ciaa tau mo hinh 3D.

Nghién ciu thuét toan diéu khién hién dai 1a mang noron nhan tao MLP dé hoc
va du bao truéc quy dao nham diéu khién 03 chuyén dong caa san treo bam theo chuyén
dong cua tau mo hinh 3D véi do chinh xac va thoi gian tré duoc cai thién gop phan nang
cao chat luong caa hé théng moé phong.

4. Phwong phap nghién cwru cia luan an

Phuong phap nghién ciru ciia dé tai luan an bao gom: phuong phap phan tich va
tong hop ly thuyét, phuwong phap mé phong, phuong phap thdng ké thu thap dit liéu va
danh gia, phuong phéap thuc nghiém. Phuong phap phan tich va tong hop Iy thuyét phuc
vu cho muc tiéu xay dung mé hinh dong hoc cua con tau. P voi phuong phap mod
phong, dé tai sir dung mod phong 3D cac tinh hudng trén bién cling nhu mé phong cac
trang thiét bi nhu hai d6 dién ta/ECDIS (Electronic Chart Display and Information
System), RADAR, CONNING... Str dung mé phong trén Matlab/Simulink cho cac thuat
toan tim tin hiéu diéu khién ctia mé hinh dong hoc nguoc va thuat giai lip Newton-
Raphson caa md hinh dong hoc thuan. Phuong phap théng ké, thu thap dit liéu va danh
gia dé xay dung, chon loc b dir liéu hoc tét nhat cho mang noron nhan tao MLP. Ngoai
ra, dé kiém ching cac két qua mé phong NCS st dung phuong phéap thuc nghiém trén
co s& thuc hién ldp dat md hinh, lap trinh diéu khién cic dong co servo trén PLC, xay
dung giao tiép mang truyén théng Modbus TCP, thuat toan quy do6i cac goc roll, pitch,
heave ra cac goc quay cua dong co servo, thuat toan diéu khién xung phat xung diéu
khién dong co servo.

5.Y nghia khoa hoc va thuc tién
Vé mdt phiong phdp ludn, ludn dn hwéng t6i
Luan an dua ra phuong phép luan, dé xuat ap dung mot thuat toan diéu khién méi

dé dy bao va diéu khién chuyén dong ctia mé hinh san treo ba bic tu do bam theo tin
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hiéu dit tir moé hinh m6 phong 3D. Cu thé thuét todn ndy cho phép huin luyén trudc véi
b6 dir liéu mau va du bao tin hiéu chuyén dong nghiéng, lac va truot dlrng cua con tau
trén co s& st dung mang no ron nhan tao MLP. Ludn 4n s& gop phan bd sung va lam
phong phti thém cac phuong phap diéu khién nham lam giam do tré ciia mé hinh san
treo ba bac ty do so voi mé hinh chuyén dong cua hinh anh trong khong gian 3D.

Vé mat thue tién, véi mé hinh va thudt toan dw bdo dé xudt, lugn dn hudng toi

Két quéa cta luan an s& hién thuc héa vin dé khiéu khién mé hinh san treo cabin
budng 14i 3 bac tu do chuyén dong dong bd voi chuyén dong cua con tau trong mé hinh
mé phong 3D bang mé hinh co khi ¢6 cdu trac Stewart platform. Cu thé 1a mé hinh du
bdo trén co sé mang no ron nhan tao dugc cai dat trong phén mém Matlab/Simulink trén
may tinh, c¢6 chirc ning du bao trude chuyén dong ctia con tau trong mé hinh mé phong
3D va phét 1énh téi PLC dé diéu khién thoi gian thuc cac co ciu chap hanh Drive/Servo
Motor truyén dong cho 03 tay don.
6. Nhirng diém déng gép méi

Pong gop méi caa luan &n 1a phan tach ciu trac diéu khién san treo 3 bac tu do
cua hé thdng mé phong chuyén dong tau thiary thanh hai khéi 1a: khdi dy bao gdc quay
va khéi diéu khién vi tri cua co cau chap hanh. Tir d6 tong hop va hoan thién co so ly
thuyét cua thuat toan du bao truedc goc quay cua cua dong co servo bang mang noron
nhan tao, ching minh tinh dung dan va kha thi cua phuong phap dé xuat bang thuc
nghiém véi md hinh vat 1y trén co sé cac tiéu chi vé do chinh xac bam va giam thoi gian
tré.
7. Bo cuc caa luan an

Nham dat duge muc tiéu nghién ctru cua luan an tién si, ngoai phén mé dau, két
luan, danh muc tai liéu tham khao va phu luc, NCS sé tap trung vao giai quyét noi dung
ctia luéin an véi két cdu duoc phan b trong 3 chuong cu thé nhu sau:

Chuong 1. Tong quan vé md phéng hang hai va mo6 hinh toan déng lue hoc
ciia chuyén dong tau thiy

Noi dung chuong ndy da tong quan vé cic cong trinh nghién ciru vé mo phong
hang hai, danh gia va phan tich cac két qua cua nhimg cong trinh nghién ctru trong va
ngoai nudc. Sau d6 xac dinh khoang tréng nghién ctru va dinh huéng xu thé nghién ctru
chinh trong mé phéng chuyén dong tau thily. Chuong 1 ciing dé xuat md hinh toan hoc

mo ta chuyén dong cua con tau dudi dang khong gian trang thai 6 bic tu do, md hinh
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toan clia cac yéu t6 moi truong nhu séng, gié va dong chay phuc vu cho mé phong
chinh x4c chuyén dong tau thuy trong khong gian 3D.

Chuong 2. Md phéng chuyén dong 3D tau thuy va xiy dung mé hinh tin
hiéu diéu khién 3 truc tw do ciia san treo cabin

Trong chwong nay tién hanh nghién ctu va tng dung phan mém mod phong
Unity3D dé mo phong chuyén dong tau thity trén co s¢ phuong trinh dong hoc c6 duoc
& chuong 1. Hai vé cta phuong trinh Mgzv + Cog(V)v = T — g(n) dd duoc mo phong
thong qua module Rigitbody va dua vao mé hinh tau, trong d6 cic thanh phan lyc noi,
lyc va m6 men thuy dong luc hoc, luc va mémen tao ra do tdc dong cua cac luc dély cua
chan vit chinh, chan vit mii, banh lai, luc do tic dong ctia moi treong nhu song, gio,
dong chay... déu lan lugt duoc tinh toan bang cac khdi ham. Chuong nay ciing nghién
ctru va xay dung bo diéu khién bam tin hiéu chuyén dong ¢, 8, z ciia con tau md phong
3D béng mo hinh dong hoc nguoc va sit dung mé hinh dong hoc thudn mé phong s
dung thuat toan Newton-Raphson dé kiém tra dap ang bam tin hiéu.

Chwong 3. Thiét ké b diéu khién dyw bao #¥ng dung mang noron nhéin tao
trong diéu khién san treo

No6i dung chuong 3 trinh bay mang noron nhan tao ANN, sau do thiét ké bo du
béo trén co s& mang no ron nhan tao dang nhiéu 16p truyén thang MLP. Tién hanh kiém
chimg bang m6 phong dua trén md hinh dong hoc thuan st dung phuwong phap Newton-
Raphson. Xay dung mé hinh vat 1y dé thuc nghiém kiém chimg két qua nham danh gia
chat luong diéu khién bam so v6i md phong. Trén co so ché tao thanh cong md hinh vat
1y cua san treo ba bac tu do tién hanh xay dung cAu trac diéu khién sur dung thuat toan
du bao MLP dé diéu khién mo hinh san treo vat Iy vira duoc ché tao dé thu thap két qua

thuc nghi¢m.



CHUONG 1. TONG QUAN VE MO PHONG HANG HAI VA MO
HINH TOAN PONG LUC HQOC CUA CHUYEN PONG TAU THUY

1.1 Gié6i thiéu vé hé théng md phéng hang hai

Van hanh, khai thac hé théng cac thiét bi hang hai 1a mot viéc lam hét strc quan
trong vo1 cac hoc vién thuoc nhom nganh hang hai, n6 trang bi cho cac hoc vién cac k¥
nang can thiét trudc khi ra trudng va cong tac trén cac con tau. Nhu da dé cip trong
phﬁn mé dau, viée dao tao hoc vién trén cac con tau that rat ton kém nhién liéu lam tang
chi phi, thiét bi, ngudn luc va dé tao ra cac su ¢d nguy hiém giy hong hoc cho thiét bi
that. Ngoai ra, viéc huin luyén trén cac tau that con gip rat nhiéu kho khi mudn xay
dung cac tinh huéng su ¢ nham tao ra C4c trai nghi¢m can thiét cho hoc vién. Pé khic
phuc tinh trang nay trong dao tao, hién nay ngudi ta sé sir dung cong nghé thuc té 4o 3D
dé mé phong céc trang thiét bi, cac tinh hudng c6 thé xdy ra trong qué trinh hudn luyén.
Khi nguoi van hanh thuc hién trén chuong trinh mé phong budng lai tau mot cach an
toan, viéc han ché rui ro cang 16n thi trong thyc té cac tinh hudng nguy hiém cho qua

trinh di€u dong tau s€ duogc phat hién va gidm thiéu cang nhicu.

Hinh 1.1 Hé théng md phéng hang hdi

Mot hé théng md phong hang hai (hinh 1.1) 1a mot khai niém rong, bao quat nd
bao gém thanh phan chinh 12 mo phong chuyén dong ciia tau thay va nhiéu hé théng
thiét bi mo phong khac nhu:

- Hé théng Radar;
- Hé thdng hai d6 dién tir (EDICS);

- Hé théng may do siu;



Hé théng dinh vi vé tinh GPS;
Hé thdng la ban;

- Hé théng didu khidn may l4i;

- Hé thbng md phong diéu khién may.

Trong céac thanh phan cua hé thong mé phong hang hai thi mé phong chuyén
dong cua tau thay va mo phong lai tau 1a cac hé thdng rat quan trong. N6 gidp cho hoc
vién nim duoc k§ nang diéu khién mét con tau khi diéu dong trong ludng lach, ving
nuéc ndng, dong chay hay khi tau hanh trinh trén bién véi nhitng diéu kién thoi tiét bién

khac nhau nhu song, gi6, mua, bao...

TR

Hinh 1.2 Hé thang md phang 14i tau thay

Trén hinh 1.2 1a2 mot minh hoa hé théng mé phong lai tau thuy, hé théng md
phong lai tau thity bao gdm cac thiét bi chinh nhu:

- Hé thong md phong chuyén dong cua tau thay vaéi cac man hinh (may chiéu):
nham hién thi chuyén déng cua tau cha, tau muyc tiéu, canh vat nhu mat bién, con
tau, ludng lach... dé ngudi van hanh quan sat va diéu khién con tau chinh xac.

- Tay trang diéu khién tbc do may chinh dé nhan tin hiéu diéu khién téc do con tau
tur nguoi van hanh.

- V6 lang 1ai dé chuyén tin hiéu goc bé lai tir nguoi van hanh dén con tau chu.

- He thdng diéu khién kha trinh (PLC) va cac module mé rong dé nhan tin hiéu
diéu khién va giao tiép voi may tinh.

Hién nay, cd rat nhiéu cac cdng trinh nghién ciru, cac vién nghién ciu, cac hang
trén thé gisi tham gia nghién ciu, san xuat, ché tao cac hé thong nay, nhu cac: ACE,
Transas, Kongsberg Marine, NAUTIS, ARI... Hau hét cac don vi nay cd truyén thdng

phét trién 1au doi véi nhiéu wu diém néi bat nhu ap dung cdng nghé tién tién trong thiét



ké phan cting va lap trinh dep, t6i uu hoa trong phan mém. Hé théng mé phong hang hai

cua hang Kongsberg Marine nhu hinh 1.3

Hinh 1.3 H¢ théng mé phdng hang hdi cia hang Kongsberg Marine

Hé thong moé phong hang hai cua hang Wirtsild/Transas c6 st dung hé thong

méy chiéu cung vé6i hé truyén dong cho cabin budng lai dang thiry lyc nhu hinh 1.4

b)
Hinh 1.4 Hé théng mé phong hang hdi cia hing Wartsiléa/Transas
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Hé thong md phong hang hai ctia hing NAUTIS/VSTEP véi goc nhin 360 do sir
dung cac ma tran TV dang LED nhu hinh 1.5

Hinh 1.5 H¢ thong mo phéng hang hai cia hang NAUTIS/VSTEP

Nhu vay, néu phan tich vé mit ciu trc dang module thi h¢ théng mo phong
hang hai thudng c6 ciu tric bao gdm 03 thanh phan chinh nhu sau:

- Hé théng mo phong 3D chuyén dong tau thiy dé tao ra hinh anh véi géc nhin
da rong cho s§ quan hang hai quan sat, n6 tao ra cam giac hinh anh cho ngudi van hanh
nhu dang dung trong budng cabin l4i cia mot con tau that, thanh phan nay bao gom hé
théng may tinh chl va man hinh TV hodc may chiéu.

- H¢ théng ban diéu diéu control console véi cac thiét bi hang hai dugc mod
phong cho phép ngudi van hanh c6 thé giao tiép nhu thiét bi that & diéu khién va tuong
tac vdi con tau chu.

- Hé thdng san treo nhiéu bac tu do thuong tir 2 téi 6DOF md phong chuyén
dong, dé do cabin budng 1ai va tao ra cam giac vat 1y that nhu nghiéng, lac, truot dong
bd v6i hinh anh & thanh phan tht nhét.

Dé dong bo dit liéu ctia 03 thanh phan trén ta phai sir dung hé théng mang truyén
thong téc do cao. Hién nay, cac co quan/don vi dao tao, huin luyén sy quan hang hai
trén thé gidi da s6 st dung mé hinh voi cdu hinh gdm 02 thanh phan dau tién va rat it
cac co quan/don vi st dung cau tric ddy du gdm ca 03 thanh phan. O Viét Nam hién
nay, chua c6 mot trung tim huan luyén nao trang bi hé thdng mé phong hang hai c6
thém thanh phan th ba 1a hé théng san treo cabin.

Mo phong chuyén dong tau thiy 3D va mo phong chuyén dong vat 1y nhiéu bac

tu do 1a hai khia canh co ban trong mdé phong hang hai. N6 dang duoc rat nhiéu nha
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khoa hoc tiép tuc nghién ciru va tao ra nhimg cong trinh méi dép ng cac yéu cau ngay
cang cao vé chat luong, hiéu qua ca vé kinh té 1an k¥ thuat. Dé xac dinh duoc khoang
trbng va dinh huéng nghién ctru, trong muc duéi day NCS sé& tong quan cac nghién ciru
c6 lién quan dén dé tai ludn an & trong va ngoai nudc.

1.2 Tinh hinh nghién ciu trong va ngoai nwéc ¢é lién quan dén dé tai luan an

1.2.1 Tinh hinh nghién citu ngoai nwoc

Cidc cong trinh nghién citu mé phéng chuyén dong tau thiy trén co sé cdc
cong cu Matlab/Simulink:

Phd bién nhit trong nghién ctru mé phong chuyén dong tau thity 14 cac cong trinh
nghién ctru cua tac gia Kenji Yoshimura, Nobuo Mitomo, Tadatsugi Okazaki,
Kenjiro Hikida, Koji Murai [47] da danh gia qua trinh hoat dong cuia phuong tién
hang hai sir dung mo phong cau. Noi dung cong trinh nay méi chi mé phong cho thay
cac hién tuwong vat 1y cta tau thiy khi chuyén dong trong méi truong bién. Cong trinh
cua tac gia: Perez T, and Blanke M [48] v&i ndi dung md phong chuyén dong ciia Tau
thiy hoat dong trén bién. Noi dung ctia cong trinh nay 1a cha yéu dya vao mé hinh toan
clia tau thuy, md hinh nhidu tac dong: séng, gid, hai luu dé moé phong cac dic tinh
chuyén dong tau thay hoat dong trén bién. Cong trinh cia tac gia: Perez T, Smogeli O,
Fossen T, and Sorensen A [49] dd xdy dung hé thong mé phong cua cic phuong tién
hang hai (MSS-GNC: Mariner Simulation System - Guide Navigation Control) dua trén
phan mém Matlab, phadn mém nay chi phuc vu cho viéc mé phong dé 13y cac dic tinh
diéu khién. Cac thu vién Gng dung diéu khién chuyén dong tau trong MSS-GNC bao
gom:

Thu vién mé hinh tau (Model vessel): thu vién nay bao gom cac loai mé hinh tau
duoc xdy dung sén nhu: tau hang, tau dich vu, kho ndi...Hinh 1.6. Cac mé hinh tau nay
thé hién déy da nhirng tinh chét dong hoc, ban chit vat 1y cua ting loai tau. Voi mdi

loai tau cho phép cai dat ddy dii cac thong s6 ctia mot ddi tuong tau cu thé.
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Hinh 1.6 Thw vién cac logi mo hinh tau trong MSS-GNC Toolbox
Thu vién co cdu chap hanh (Model control surface): thu vién nay bao gdm cac
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lai... Hinh 1.7.
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Hinh 1.7 Thu vién co cdu chdp hanh trong MSS-GNC Toolbox

Thu vién thiét bi din duong (Navigation): thu vién ndy bao gdm cac loai mo

hinh thiét bi din dudng dugc xay dung sdn nhu GPS, la ban...Hinh 1.8.
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Hinh 1.8 Thu vién thiét bi do, quan sdt tin hiéu hang hdi trong MSS-GNC
Thu vién mé ta nhidu loan méi trudng (Environment): thu vién ndy bao gdm cic
loai mé hinh séng, gio, dong chay...Hinh 1.9. Trong d6 cho phép cai dit cac loai nhiéu

loan v&1 mirc d§ khac nhau nhu cap song, hudng gio, van toc dong chay...

[#2, Library: marine ¢ — - - o [ )
File Edit View Display Diagram Analysis Help

B-@ee ¢ EE0-

i
L]

Wi Cumert

VLo (mis)

North East curent

.
H . 4 .
e
C

100%

N LT

Hinh 1.9 Thu vién céc logi nhiéu loan méi trirong trong MSS-GNC Toolbox

CAac cong trinh mé phéng chuyén dong tau thiiy trie tuyén dwa trén nén tin
Website:

Cong trinh cua tac gia N. A. Costal, R. Weber2, F. Olssonl and J. Algell1 [51]
da xdy dung hé théng mo phong hoat dong cta phuong tién Hang hai tryc tuyén
“Seaman Online” dua trén nén tan Website v&i muc dich dao tao cho cac Sinh Vién va
sy quan Hang hai c6 cai nhin tong quan vé qua trinh hoat dong cua phuong tién Hang

hai trén bién. Mot s6 hinh anh ctia Website khi mo phong hoat dong nhu sau:
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b)

Hinh 1.10 Hinh anh luéng va thue dia trén phan mém Seaman Online
Cong trinh cua tac gia: Stian Skjong [52] da xdy dung md hinh héa va moé phong
cac h¢ théng va hoat dong cua céc phuong tién Hang hai tao thuc té a0 béng cach su
dung phidn mém M6 phong Co-Simulations, hinh anh thyc té 4o trén phan mém Co-

Simulations.

Hinh 1.11 Hinh énh mé phong chuyén déng tau thuy trén phan mém Co-Simulations
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Cac cong trinh moé phong hang hai ung dung cdc cong cu 3D:

Cong trinh cua tac gia: Rybczak & A. Rak [53] méi chi xdy dung phdn mém
mo phong céac tac dong ciia nhifu: song, gio, dong chay...chua dé cip dén van dé& mé
phong chuyén dong ciia cic phuong tién hang hai. Cong trinh cua tac gia: Charlott
Sellberg [54] dd x4y dung phin mém mé phong huin luyén cho cac sy quan hang hai

dwa trén nén tang ctia hang Kongsberg.

b)
Hinh 1.12 Hinh anh md phong hé thong phirong tién Hang hdi duwa trén nén tang cua
hang Kongsberg
Cic cong trinh nghién citu mo phong hang hdi cé tich hop mé phéng chuyén

dgng nhiéu bic tw do cho sain treo cabin dang Stewart Platform:
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Hé thong md phong hang hai di dugc cac nha khoa hoc qudc té nghién ctru va
trién khai thanh san phdm thuong mai. Cac hé thong mé phong ctia nudc ngoai thuong
c6 tinh chét doc 1ap va giéi han pham vi van hanh trong mot phong huin luyén budng
1ai, budng may hodc bang dién ma khong hd tro nhiéu viéc lién két thong tin giita cac
bué)ng dé tao ra mot cAu trac hop luyén hoan chinh nhu mét con tau. Pac biét, hé théng
mo phong hang hai cé tich hop moé phong chuyén dong nhiéu bac ty do cho san treo
cabin. Stewart Platform 1a mot trong nhirng mé hinh chuyén dong dugc biét dén rong
rii nhét. Loai co ché nay dd duoc Stewart trinh bay trong cong trinh [52], cha yéu dé
thue hién mé phong chuyén bay. Trong nghién ctru d6, Stewart tip trung vao viéc tao ra
mot nén tang 6 bac tu do (6 DOF). Nén tang nay st dung tdi da sau dong co va mdi
dong co phai lam vi¢c truc tiép vo1 cung mot tai trong, do do c6 dugc ty 1€ cao gitra tai
trong chuyén dong so véi trong lugng cua cau triic. Do ban chat cia co ché do Stewart
dé xuét, day dugc coi 1a mot mo hinh chuyén dong hdon hop, 1a mot bod diéu khién bao
g6m mot co so cd dinh va mot nén tang di chuyén thong qua hai hodc nhiéu chudi dong
hoc khép kin (trong trudng hop cu thé cua Stewart Platform 13 6) va véi kha ning thuc
hién cac chuyén dong tinh tién va hinh cau. Sau d6, cac khai niém triru tuong da duoc
khai quat hoa va stra doi thanh mot mo hinh pho bién hon trong cong trinh [53]. Kién
tric Stewart Platform tong quat nay dua trén viéc st dung hai than ctng (phan dé va
phﬁn di dong), duoc két ndi boi sau bd phan co thé mo rong vdi cac khop hinh cau &
dau dudi va dau trén cia chung hodc vdi mot khép chung & mot dau va mot khdp hinh
cau o khac [53].

Theo cong trinh [54], Stewart Platform c6 thé c6 dén 34 cdu hinh khac nhau,
trong d6 pho bién nhét 1a cAu hinh 3-3, 6-3 va 6-6. Cau hinh 3-3 tuong tGng véi mot
chan dé va mot bé di dong, ca hai déu c6 hinh tam giac, vdi hai bo truyén dong duoc dat
& mdi dinh va ¢ cac khdp dong tam. Cac vi du vé viée st dung cac cdu hinh nhu vay da
dugc nghién ciru trong cong trinh [55,56]. Cau hinh 6-3 bao gém bé co s¢ ¢ hinh luc
gidc (n6 co thé déu hodc khong déu theo cong trinh [57]) va bé chuyén dong co hinh
tam gidc, vdi cac co ciu truyén dong dugc dat theo hinh hoc, hai co ciu truyén dong ¢
mdi dinh cta bé chuyén dong va mot tai mdi dinh cua co s&. Vi du vé cac cdu hinh nay
da dugc nghién ciru trong cong trinh [58-60]. Cudi ciing, cau hinh 6-6 tuong tng véi hai

bé luc gidc (phan dé va phan di dong), c6 thé 1a luc giac khong déu hoic luc giac déu,
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vO1 cac bd truyén dong duoc b tri ting cai mdt & mdi dinh cua bé. Vi du vé cAu hinh
nay co thé dugc tim thiy trong cong trinh [61,62].

Céc cdu hinh trén déng vai trd rit quan trong d6i v6i nghién ctru dong hoc cua
Stewart Platform vi dong hoc phu thudc rat nhiéu vao thiét ké hinh hoc cua bé [63].
Pong hoc tap trung vao viéc nghién ctru chuyén dong cuia mdt co ché dbi v6i mot hé
quy chiéu, chi tinh dén hinh hoc ctia n6 chir khong tinh dén cac luc c6 thé tac dong 1én
n6. Nghién ctru vé chuyén dong hoc nay cé thé dugc chia thanh chuyén dong hoc thuin
va chuyén dong hoc nghich déo. Chuyén dong hoc thuan tap trung vao viéc xac dinh vi
tri va huéng cta phan tir ddu cudi di véi hé quy chiéu, cho ring cac gid tri clia cac moi
ndi va dang hinh hoc da duoc biét trude. Mat khac, chuyén dong hoc nghich dao trinh
bay mét giai phap cau hinh khép cho mét vi tri va hudng nhét dinh cta phan tt cudi.

Doi v6i Stewart Platform, chuyén dong nghich dao dé dang hon vé mit tinh toan
so voi chuyén dong chuyén tiép [64]. That vy, chuyén dong hoc nghich dao da duoc
thuc hién trong hau hét cac nghién ctru vé Stewart Platform. Céc giai phap cho dong hoc
nghich dao da dugc dua ra mot cach chi tiét, hodc duge biéu thi béing cac phuong trinh
vong ldp phan tich [65-68], dua trén phép bién do6i toa do thuan nhat [69,70], hodc s
dung 1y thuyét truc vit [71,72].

Nhiéu nha nghién ctru cling di tip trung vao nghién ctru chuyén dong hoc truc
tiép tir cac quan diém khac nhau: céc tac gia cua [64] da trinh bay phan bo dau tién cua
cac phuong trinh chuyén dong hoc truc tiép cua Stewart Platform voi cau hinh SPS.
Cong trinh [65] di dwa ra mot giai phap cho van dé nay bang cach s dung 1y thuyét
truc vit. Trong [73], phan tich khép kin dua trén viéc st dung hinh hoc dé don gian hoa
cac tinh toan. Cong trinh [74], mdt thi nghiém xac minh ddng luc hoc dugc thuc hién
bﬁng cach st dung Stewart Platform, bao gém mo hinh dong luc hoc, xac dinh tham s6
va phan tich dir liéu.

Cdc cong trinh nghién civu mé phong chuyén dong nhiéu bic tw do cho sin
treo cabin dang Stewart Platform sir dung co ciu chdp hanh la dong co servo:

Déi v6i dap ung tinh thoi gian thuc trong cong nghiép, dong co servo va bo diéu
khién cong nghiép da it duoc nghién ctru trong tai liéu so voi cac thiét bi gia ré nhu
Raspberry va Arduino, hodc mdé phong trong MATLAB, Simulink, SimMechanics,
ADAMS... [75,76-80]. Hon nita, viéc thuc hién cac chuyén dong hoc nghich dao trong

loai thiét bi nay dugc nghién ctru nhiéu hon so vé1 viéc thuc hién cac chuyén dong hoc
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tryc tiép. Ngoai ra, viéc str dung cac bo diéu khién cong nghiép ciing duoc thuc day boi
nhu cau dinh vi tt va hoat dong dé)ng bd cua tat ca cac bd truyén dong tuyén tinh dé dat
duogc do chinh xac cao trong cac ung dung véi Stewart Platform [81].

Tuy thudc vao cau trac phan cimg ctia hé théng diéu khién, mot s6 thi nghiém
duge sir dung voi MATLAB chay trén may tinh c4 nhan hodc mdy tinh cong nghiép dé
thuc hién mot s6 tinh toan va gui Iénh truc dén mot bo diéu khién dong co cu thé. Cong
trinh [82] d4 nghién ctru cac ky thuat diéu khién dua trén kha ning thoi gian thuc bang
MATLAB va Labview trén may tinh ¢ bo diéu khién dong co dugc goi 1a “Phidget
Advanced Servo”. Céac tac gia cia cong trinh [83] tip trung vao viéc truyén cac 1énh
dinh vi t6i Stewart Platform st dung mdy tinh ca nhan théng thuong (hé diéu hanh
Windows) ¢6 bang diéu khién chuyén dong servo 1am bo diéu khién. Céc tac gia da phat
trién mot hé théng diéu khién chuyén dong duoc ndi mang dé dam bao viéc st dung cac
1énh chuyén dong va diéu khién dong bo trong dong co tuyén tinh cong nghiép.

Nhirng nd luc khoa hoc dd dugc dua vao phan tich dong hoc, nhu mot van dé
quan trong trong bd chuyén dong song song (PMs) 3 bic ty do (3 DOF), bao gdm
chuyén dong hoc nguoc va thuan. No6i chung, cac phuong phap truyén thong dé giai bai
toan chuyén dong chuyén tiép c6 thé duoc chia thanh hai loai chinh, tirc 1a cac giai phap
dang déng [84,85-89] va cac phwong phap tiép can sb [90,91,92,93,94,95]. Cac giai
phap dang déng duoc st dung chu yéu bao gdm phuong phap phan tich [84], phuong
phap co s& [85], phuong phap loai trir dai sb [86], phwong phép quaternion d6i ngiu
[87], phuong phap tiép can hinh hoc [88], phuong phap tiép can vecto [89]... Céc
phuong phap nay can xay dung mot mé hinh toan hoc phirc tap, ddng thdi qua trinh tinh
toan ton nhiéu thoi gian. Hon nita, tinh khai quat ctia chiing khong tot 1am do su khac
biét vé do hoi tu ctia cac PM, co nghia 1a chung khong thé duoc ap dung cho tat ca cac
PM. Pé giai quyét nhirng van dé nay, cac phuong phép tiép can sé duoc dé xuat, trong
d6 phuong phap lip Newton [90,96] 1a phuong phap duoc st dung phd bién nhat. Véi
su phat trién cta cac thuét toan thong minh, chéng han nhu mang noron [91,92], thuat
toan di truyén [93], hoi quy vecto hd trg [95], mo phong thuat toan i [97]..., ching ciing
d3 duoc tinh dén dé phan tich chuyén dong chuyén tiép.

Dé tim ra mot phuong phap c6 higu suat tot nham giai quyét van dé chuyén dong
chuyén tiép cua b chuyén dong song song dugc dé xuét trong cong trinh [98], ba cach

tiép can khac nhau, cu thé 1a mang noron BPNN, thuit toan bay dan thong minh va
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phuong phép 1ap Newton cai tién, dd duoc xem xét va dua ra nhitng wu diém va nhugc
diém cua ting phuong phap. Do chinh xac dy doan ciia mang no ron BPNN thép nhit
trong ba phuwong phap, can c6 ciac mau hoc day du dé dat duge d6 chinh xac mong doi
va can mot thoi gian dai dé huin mang. Tuy nhién, né so hitu tdc do tinh toan cao nhat
sau khi qua trinh dao tao huin mang. Twong tu nhu vay, thuit toan bay dan thong minh
cho thay ca d6 chinh xac tinh toan va thoi gian tinh todn déu & mic trung binh, nhung
s& thuan tién hon khi ap dung cho bai toan chuyén dong chuyén tiép phd bién, vi nd
khong can phai chon cac gia tri 13p ban dau hodc xdy dung cac mau hoc. Cudi cing,
phuong phap lip Newton cai tién, c6 thé cung cp cac gia tri ban dau tot, ¢ do chinh
x4c tinh toan cao nhit va téc do tinh toan cao. Tém lai, phuong phap 1ip Newton cai
tién sé& 13 lwa chon t6t nhat dé giai quyét vin dé chuyén dong chuyén tiép véi goc quay
nhd.

Khac v6i dong hoc chuyén tiép, dong hoc nguoc cung cip cho cac khép chuyén
dong vi tri cu thé trong hé quy chiéu; diéu nay co thé dugc déng héa v6i mot van dé
hinh hoc va duoc giai quyét bang cach st dung mé hinh hinh hoc va luong giac [99].
Cong thirc dya trén ma tran cia moé hinh chuyén dong hoc ciing cung cap mot giai phap
kha thi cho chuyén dong hoc nguoc, mo hinh hoan toan cé thé dao nguoc hoac cé thé
gia thuyét nguoc gia dé dua ra cac giai phap gan ding véi bai toan [100,101]

Cdc cong trinh nghién ciru ikng dung Fuzzy, LQR, mang noron trong truyén
dong:

Céc k¥ thuat tién tién ngay nay nhu thuat toan tién héa, mang noron, di dugc
nghién ctru dé giai quyét chuyén dong hoc nguogc trong bo chuyén dong song song trén
robot [102,103]. Pé st dung cac k¥ thuat nhu thuat toan tdi wu héa bay dan (PSO), bai
toan dong hoc nguoc duoc chuyén thanh bai toan toi uu hoa béng cach str dung chuyén
dong chuyén tiép va ham muc tiéu [102,103,104].

Két qua tir cong trinh [94] sir dung thuat toan tdi wu hoa bay dan cho chuyén
dong nguoc di cho thiy bang chung vé viéc khic phuc van dé dong hoc nguoc ma
khong can tinh toan md hinh nguoc. M@ hinh nguogc thu dugc bang cach sir dung tinh
todn ma tran, do phan giai dai 30, 1ap lai hodc hinh hoc, dugc cho 1a phtc tap. TAt ca céc
bién thé duoc thir nghiém déu cho thay bang chimg vé su hoi tu, str dung cac tham sé co

dién twong tng cua chung. Mot s6 bién thé cho théy su hoi tu tde do cao. Tuy nhién, sb
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lan thir ctia cong trinh kha han ché va can sé luong 1an thir 16n hon dé cho ra két qua tot
hon.

Uu diém chinh cta Stewart Platform khi dwgc tng dung trong robot dd mang dén
nhiéu wu diém nhu bd chuyén dong song song c6 kha ning chiu tai cao khi di chuyén
trén mot dudng thang dinh trude. Kha ning nay lam cho né thich hop duoc s dung
trong cic mdi trudng cong nghiép dé dan huéng may moéc hoic cong cu di theo duong
mong mudn trong mdt khong gian lam viée 16n va do ctng cao. Do d6, kiém soat va tdi
vu hoa luc ciia co cdu ning v6i do chinh xac cao nhat ¢ thé 13 mot trong nhitng muc
tiéu hang dau dé giam thiéu cong suit va ning luong tiéu thu. Tuy nhién, do cac dic
diém song song cua bd chuyén dong, quy trinh diéu khién gip rat nhiéu kho khin. Dé
dat dugc kha niang diéu khién va viéc t6i wvu héa hé thdng tét, cong trinh [105] di sir
dung vong diéu khién tuan tu kép ctia phuong phép tuyén tinh hoa t6i vu phan hoi dong
thoi dong luc hoc cta co cdu nang ciing dugc mo hinh hoa dé tang d6 chinh xéc.

Co cau nay dau tién dugc phat trién dudi dang chuyén dong 6 bac tu do (6 DOF).
Phén trén cta co ciu 13 mot hinh tam giac va cac khdp hinh cau duoc st dung cho sau
bd truyén dong [52] va dugc st dung nhu mot thiét bi mo phong bay [106]. Mot trong
nhing thiét bi mod phong 1ai xe quan trong nhét cling dugc thiét ké va san xuat tai Dai
hoc Lowa bang cach sir dung mé hinh nay [107]. Ban dau, cac vong lap hd duoc s
dung dé kiém soat, diéu nay 1am giam hiéu qua ctia mo hinh d6i véi cac nhiéu. Sau nay,
cac hé théng vong kin da duoc phat trién thay thé hé thdng vong ho.

Pé cung cip do chinh xac can thiét cho cac robot phiu thuat xdy dung trén
Stewart Platform, diéu khién thich img da cac tac gia ctia cong trinh [108,109] thuc hién
dé ting do chinh xac cuia robot. Tuy nhién, cong trinh [108,109] van ton tai van dé ma
sat phi tuyén 16n va di duoc cong trinh [110] giai quyét. Cac tac gia cua cong trinh
[111,112,113] d& st dung phuong phap diéu khién phi tuyén manh dua trén phuong
phap Fuzzy dé loai bo tac dong ciia nhidu bén ngoai. Tuy nhién, cac cong trinh noi trén
khong sir dung bat ky cong cu t6i vu nao dé tiét kiém ning luong. Cong trinh [114] da
t6i wru hoa robot Stewart bang cach str dung thuat toan di truyén. Vi phuong phép nay
can mot quy trinh tinh toan ngoai tuyén 16n nén né khong thé ap dung cho céc ing dung
tryc tuyén qua mang. Toan hoc co ban cila diéu khién toi wu phén tich ap dung cho cac
canh tay robot duoc trinh bay trong [115], phit hop hon cho viéc ti uu hoa truc tuyén.

Mot trong nhitng bo diéu khién t6i wu vong kin phd bién nhat duoc thiét ké dic biét cho
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céc hé thong robot dugc tuyén tinh hoa 1a LQR. Phuong phap nay da duoc céi tién trong
cong trinh [116] dwa trén bu dong luc hoc cua ré bét. Mot trong nhitng vi du vé 1o bt
song song dugc diéu khién va tdi wu hoa bang LQR 1a robot cap, 1a mot phién ban khéc
ciia ngudi diéu khién song song va dugc téi wu hoa trong cong trinh [117] dua trén
LQR. Tuy nhién, loai robot ndy c6 do cing thap va chung khong thich hop dé thao tac
chinh xac vd&i tai nang. Mat khac, dong luc hoc cua hé¢ théng piston khong dugce xem xét
trong hau hét cac nghién ctru noi trén, trong khi chung cé thé c6 anh hudng dang ké dén
qua trinh thao tac, dic biét ddi véi cac truong hop quy mo nho véi tai trong nhe. Pong
Ire hoc cua hé thdng kich duoc nghién ciru trong cong trinh [118], tuy nhién qua trinh
kiém soét lyc va dong luc hoc ctia ban nang khong duoc ti wu hoa.

Trong cong trinh [105], thuat toan tuyén tinh hoa phan hdi duogc str dung dé diéu
khién dong luc hoc phi tuyén tinh ciia robot Stewart, day 1a mot phuong phap dicu
khién chuyén dong nhanh chong va 6n dinh. Ngoai ra, viéc tuyén tinh hoa cac phuong
trinh gitp hé théng duoc t6i wu v6i ham muc tiéu xac dinh, mang lai d§ chinh xéc cao
nhat véi lugng nang lugng tiéu thu thép nhat. Bén canh d6, dé tang do chinh xac cua h¢
thong, khoi luong va dong luc hoc hé thong piston ciling duoc mo hinh hoa, két ndi voi
dong luc hoc ctia hé thdng chinh. Cubi cliing, hai vong diéu khién tuan ty dugc sir dung
dé tang gip d6i do chinh xéc, cac vong lip trong - dong luc hoc ban tuyén tinh cua hé
théng piston dugc diéu khién bang bo diéu khién PID.

Luc ma sat gita cac khép cua robot 1 mot trong nhitng muc tiéu quan trong can
duoc tinh toan ki ludng. Tac dong dau cudi trén mdi robot 13 hoan todn khac nhau.
Cong trinh [119] nghién ctru mot mo hinh ddng luc hoc 3 bac tu do va st dung cac rang
budc nham giam thiéu cac hé s6 can tinh toan. Tuy nhién, cic rang budc nay lai gian
tiép bo qua hé s6 ma sat cua hé dong luc hoc. Noi 1én ¢ day 1a khai niém diéu khién
vong kin cta cac hé théng co hoc robot trong do viéc dat dugc vi tri cua EE 1a can thiét.
Trong truong hop ciia nguoi thao tac ndi tiép, vi tri ciia EE c¢6 duge bang cach giai bai
toan chuyén dong thudn [120]. Noi chung, bai toan dong hoc thudn cua PMs dan dén
viéc giai mot hé phuong trinh da thire phi tuyén tinh khéi dau cho ca nhimng thach thirc
co hoc va toan hoc. Hau hét cac phuong phap phén tich duoc dé xuit dé giai quyét van
dé tha hai khong thé 4p dung thuc té trong bo diéu khién do van dé thoi gian thyc va do
d6 cac phuong phap sé duoc dé xuat khong phai lac nio ciing chinh x4c va dang tin cay.

Mot giai phap thay thé khac cho van dé thu hai bao gdm sir dung cac cam bién phu
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trong tat ca cac khép chua dong va bi dong, [121, 122] l[am gidm dd phuc tap cua hé
phuong trinh can giai. Phuong phap néu trén c6 thé lam giam khong gian lam viéc cua
co ché trong khi n6 khong phai lic ndo cling co thé ap dung trén thuc té. Mot trong
nhitng phuong phap pho bién dé xac dinh vi tri ciia EE 1a st dung cam bién dua trén
tam nhin [123].

Diéu khién dong luc hoc ciia bo chuyén dong song song ludn phai d6i mat véi rat
nhiéu thach thirc vé ca 1y thuyét va thuc té. Cac diéu khién chuyén dong khac nhau cua
bo chuyén dong song song 2 bac tu do (2-DOF), bao gém Diéu khién PID, Piéu khién
mémen xodn di dwgc dé& xuit va danh gid dwa trén mo phong trong cong trinh [124].
Trong cong trinh [125], c4u trac diéu khién hai vong d3 dugc dé xuit dé chong lai anh
huong cua luc ma sat va dong luc hoc cua khop ndi 1én do chinh x4c khi dinh vi bo
chuyén dong song song. Trong cong trinh [126], dé xuat mot thiét ké toi wu chuyén
dong voi tdc d6 cao duoc diéu khién thong qua bo diéu khién PD don gian. Mot bo
chuyén dong song song 3 bac ty do (3-DOF) téc do cao, dd chinh xac cao khac ciing
dugc cong trinh [127] nghién clru. Céc van dé ki thuat duge dam béao dua trén tuyén
tinh hod mo hinh dong két hop vdi cac uu diém cia phuong phap két hop 16i. Hiéu suat
ctia cac thuat toan diéu khién khac nhau bao gém: Bo diéu khién PI, bd diéu khién dff)ng
b thich tng, bo diéu khién PID va bo diéu khién kiém soat thich tng di duoc danh gia
trén bd chuyén dong song song 3 bac tu do trong cong trinh [128]. Tac gia cua cong
trinh [129] da d& xuit mot bo diéu khién vong kin hiéu qua c6 kha ning diéu khién bd
chuyén dong song song 3 bac tu do ¢ xét dén tac dong ctia ma sat va do tré phan hoi.

Pé dap ung duoc vé mit thoi gian thuc (realtime) thi cac cong trinh trong nhém
nay déu lay tin hiéu diéu khién cho dau vao diéu khién co cau chap hanh 1a lyc hoic mo
men tir phuong tién giao thong van tai. Nhu vay, tin hiéu dau vao 13 lyc hodc mo men s&
cung cap cho hai mé hinh song song 1a mé hinh dwogc tao ra tir phan mém mo phong 3D
dé tao ra hinh anh chuyén dong va mé hinh trong bd diéu khién cac chuyén dong song
song nhim tao ra cic chuyén dong ty do ctia san treo. Phuong an nay két hop véi cac bd
diéu khién vong kin vi tri PID, Fuzzy, LQR hodc mang noron da khéc phuc phén nao
duge d6 tré dong bd nhung lai khong kiém soat duge do chinh xéac, ¢ thoi diém sai sb
dén 32%, mot s6 cong trinh con cho thiy ting ton thit niang lugng khi ma sat hé thong

khong dugc giai quyét trigt dé.
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Céac ¢ong trinh nghién cieru vé dpng hoc ngwoc lién quan dén tinh chinh xdc
ciia chuyén dpng san treo cabin:

Khi tich hop thém mé hinh chuyén dong cho hé mé phong c6 nhiéu cong trinh
nghién ciru xoay quanh kiéu ciu tric twong tu ndy nhu cic cong trinh [9,11,12,13]
nghién ctru vé dong hoc ngugc, thuan dang ba piston, cong trinh [11] nghién ctru vé
diéu khién dong luc hoc. Tuy nhién, chi ¢6 cic cong trinh [12,13] nghién ctru cu trac
gidng v6i cdu tric cua dé tai d& xuit. Cc cong trinh nay déu cho phép tinh toan gan
ding gbc quay dong co servo a; do d6 khi dao dong cia mat san treo mo phong khoang
+15°, gan gidng thuc té chuyén dong ciia mot con tau thi sai sé dén 5%. Piéu nay lam
giam tinh chinh x4c trong mé phong chuyén dong tau thuy.

1.2.2 Tinh hinh nghién ciru trong nwéc

Hién nay ¢ Viét Nam c6 2 trudng Pai hoc dao tao vé khoa hoc hang hai d6 1a
truong Pai hoc Hang hai Viét Nam va truong Pai hoc Giao théng van tai Ho6 Chi Minh.
Mot s6 cdng b vé hé thdng 1ai md phong caa cac nhém nghién ctru d6 14 cac cong trinh
[51.[6], [8].

Trong cong trinh [1] tac gid da nghién clru tr vong quay tré cua con tau tinh ra
hé s6 K-T, nham mé phong chuyén dong con tau ap dung mé hinh tau dang NOMOTO
mot bac tu do.

Cong trinh [2] tac gia da nghién ctru ung dung k¥ thuat tu dong tu dong hoa va vi
xtt Iy cho hé théng l4i tau thuy dung cho cic con tau déng tai Viét Nam. Tuy nhién,
cong trinh nay khi nghién ctru chi dé cap t6i vin dé diéu khién 6n dinh hudng di va ap
dung mo hinh tau dang NOMOTO mét bac tu do.

Cong trinh [3] nhom tac gia da nghién ctru kién trac huéng mo hinh két hop vai
két hop Real Time UML/MARTE trong thiét ké hé thong diéu khién cho phuong tién
khong nguoi 1ai ty hanh trén mét nude khong phai 1a tau thuy cé nguoi lai va khong
phai 1a d6i tuong thiéu co cu chap hanh.

Trong cong trinh [4] d4 nghién ctu tng dung 1y thuyét hién dai vao diéu khién
1ai tau, st dung 1y thuyét diéu khién thich nghi, truot, Backstepping va mang noron dé
diéu khién bam quy dao cho tau ndi c¢6 di co cau chip hanh véi md hinh toén 3 bac tu
do. Trong cong trinh nay, tac gia da tap hop cac nhidu bit dinh vao mét véc to va dung

mang Noron dé nhan dang nhiéu bét dinh.
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Cong trinh [5] [6] da nghién ctru xay dung duoc thuat toan cac b diéu khién du
bao MPC trén co sé tuyén tinh hoa tirng doan mé hinh phi tuyén cho ddi twong tau thuy
c6 mod hinh toan dang thiéu co cdu chdp hanh khi mé hinh tau x4c dinh va mé hinh tau
¢6 chira thanh phan bat dinh va ching minh duoc bo diéu khién dé xuat 1a 6n dinh.
Diém méi cua thuit toan nay 1a st dung nguyén 1y diéu khién MPC tuyén tinh dé diéu
khién ddi twong phi tuyén doc theo truc thoi gian. Uu diém ciia bo diéu khién nay 14 s6
1énh tinh toan it, thoi gian tinh toan nhanh, giai quyét bai toan tdi wu don gian. Da
nghién ctu va xay dung dugc bo quan sat trang thai méi theo phuong phap quan sat
trye tiép tir mé hinh lién tuc tau thuy ba béc tu do trén mit phing ngang véi gia thiét 1a
khong nhiéu do. P4 nghién ctru va xay dung duogc phuong phap udc luong va bu thanh
phan bt dinh médi (phuong phap xap xi thanh phan bat dinh dua trén co so téi vu hoa
sai 1éch so v6i mo hinh mau) dé giai quyét bai toan diéu khién chuyén dong tau thuy khi
moé hinh c¢6 chura thanh phén bat dinh. Xay dung dugc mod hinh thyc nghiém theo
phuong phap HIL dé kiém nghiém chat luong bo diéu khién dé xuat. Nhitng van dé con
con bo ngod, chua giai quyét duge do 1a chua dua ra duoc nguyén tic chon hai ma tran
dbi xtrng xac dinh duong Q,R ¢ budc khoi tao ban dau trong cac luu dd thuat toan mot
cach tot nhat; bo diéu khién chua duoc thur ghiém trong moi trueong thuc trén tau bién.

Cong trinh [7] da dé xuét ciu truc diéu khién t6i wu bam quy dao cho hé lai tau
thay dua trén giai thudt ADP véi cdu trac diéu khién 1a AC-NNG, critic NN dung dé xap
xi ham chi phi t6i wu va actor NN xép xi luat diéu khién t6i wu. B diéu khién ti uu két
hop véi cac bo udc luong nhidu cho hé 14i tau thuy, co6 kha ning bu dugc nhitng thanh
phan bt dinh trong mé hinh tau va nhidu méi trudng bén ngoai dam bao cho tau bam
quy dao truéc va on dinh. Mt khac, cong trinh cling dé xuat mot phuong phap xéac
dinh ham kich hoat cho AC-NNs dya trén 101 giai cia mdt truong hop dac biét trong bai
toan diéu kién t6i wu. Tinh 6n dinh cta hé thdng duoc phat biéu thong qua dinh 1y va
chitng minh chat ché vé mit phuong phap luan, mé phong kiém chimg trén phan mém
Matlab. Cong trinh di dé xuit cdu tric diéu khién t6i vu bén vitng bam quy dao cua hé
lai tau thuy dua trén giai thuat ADP véi thuat todn off-policy IRL. Giai thuat ADP su
dung ba NN dé x4p xi ham chi phi t6i vu luat diéu khién t6i vu va luat nhidu xau nht,
luat cap nhat cia trong sb ctia cac NN cling duoc thiét ké, cap nhat déng thoti lién tuc
trong cting mot bude lap. Bo diéu khién dugc dé xuét trong cong trinh khong yéu cau

thong tin dong hoc cta hé théng, dam bdo tau bam quy dao dat trudc va on dinh. Cong
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trinh da phat biéu va chimg minh mot dinh 1y vé tinh chat hoi ty cta thong s va gia tri
can toi wu khi ap dung thuat toan off-policy IRL, mé phong kiém ching trén phan mém

Matlab.

Tuy nhién, cong trinh chi méi tap trung nghién ciru ing dung NN tuyén tinh vao
phuong phap quy hoach dong thich nghi, NN tuyén tinh tuy pht hop véi toan hoc chit
ché nhung kha ning xap xi ham yéu, cing véi van dé bung no kich thudc NN khi s6
lwong dau vao mang ting. Cong trinh chua duogc trién khai, kiém chimg chét luong b
diéu khién & trén moi truong thuc va trén cac mo hinh tau khac nhau va chua phét trién

thanh nhitng san pham thwong mai c6 tng dung cao trong thuc té.

C6 mot diém chung 1a céc cong trinh [1,2,3,4,7] ciing tap trung vao nghién ctu
md phong hang hai, tuy nhién két qua cta cac cdng trinh nay méi chi dirng lai & trén mé
phong thoi gian thyc dé lay dap ung 2D cua con tau véi cac tac dung thiy dong luc hoc
cua cac nhidu méi truong hoic ly thuyét, ngdn ngir cua cac phan mém déu sir dung
Matlab/Simulink.

1.2.3 Hwong nghién ciru cia lugn an

Tir viéc danh gia két qua cua cac cong trinh nghién ciru & trong nude va nudce
ngoai NCS nhén thay c6 3 xu thé nghién ciru trong md phong chuyén dong tau thity bao
gom:

Mot 13 nghién ctru mé phong day du trén co sé Matlab phuc vu cho phan tich céac
dac tinh dap ung, cho nhiém vy thiét ké cac bo diéu khién cling nhu phuc vu cho céc
cong tac phan tich diéu dong va tranh va;

Hai 1a nghién ciru mé phong chuyén dong tau thuy trong khong gian 3D phuc vu
cho cong tac hudn luyén hang hai;

Ba 13 nghién ctru md phong chuyén dong tau thiy ¢6 tich hop md hinh san treo
v6i cac giai phap nang cao chit luong didu khién. Dé dap ung duoc chit luong vé mit
thoi gian thuc (realtime) dd c6 nhom céc cong trinh dé xuat phuong an giai quyét bang
phuong an lay tin hiéu diéu khién cho dau vao diéu khién co cdu chap hanh 1 Iyc hoic
mo men tir phurong tién giao thong van tai. Nhu vay, tin hiéu dau vao 1a lyc hoic md
men s& cung cip cho hai mé hinh song song 1a mé hinh dwogc tao ra tir phan mém méd
phong 3D dé tao ra hinh anh chuyén dong va mé hinh dong luc hoc ctia con tau trong bo

dicu khién céc chuyén dong song song nham tao ra cac chuyén dong tu do cua san treo.
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Phuong &n nay két hop v6i cac bd diéu khién PID, Fuzzy, LQR hoac mang noron da
khéc phuc ph?ln nao dugc do tré dé)ng bo nhung lai khong kiém soat duoc do chinh xac.
Mit khéc, ciing c¢6 cc cong trinh chirng minh duoc tinh chinh x4c trong diéu khién bam
ctia chuyén dong san treo véi chuyén dong ctia mé phong 3D nhung lai xuat hién thoi
gian tré pha 1én téi 1200ms.

Tur d6, hudng luan an s€ tap trung vao viéc xay dung cach tinh chinh xac géc
quay a; ciia dong co servo trong mé hinh san treo sao cho mé hinh diéu khién chuyén
dong cua san dong bo va bam theo v6i chuyén dong cua méd phong 3D véi thoi gian tré
nho nhat ma khong giam di d6 chinh xac. Dinh huéng nghién ctru 13 str dung thuat toan
diéu khién hién dai giai quyét van dé ton tai trén, déng thoi tién hanh cac mé phong dua
trén moé hinh dong hoc thuén st dung phuong phap Newton-Raphson, ciing nhu bang
mo hinh vat 1y dé danh gia va kiém ching sai sd.

1.3 M hinh toan hec mé ta chuyén ddng tau thiy dang khdng gian trang thai

Moi trudng phan mém 3D dé mé phong chuyén dong tau thuy chi cho chung ta
cac cong cu lap trinh cling nhu cadc model riéng r€ nhu con tau, séng, gid, dong chay...
Nhu vy, dé mo phong duoc chinh xac chuyén dong tau thiy trong khong gian 3D
chung ta cin c6 cac phuong trinh todn hoc mo ta day du dong luc hoc cua ddi tugng con
tau, tir d6 dua cac phuong trinh nay vao model con tau mdi tao ra cac tuwong tac vat ly
nhu trén thuc té. Do d6, trong muc nay NCS sé& tong hop lai mé hinh todn hoc mé ta
chuyén dong cta con tau dudi dang khong gian trang thai.

Tau thuy 1a doi tuong hoat dong dudi nudc, mdi truong hoat dong phirc tap, chiu
su tac dong cua cac yéu t6 ngdu nhién, nhu: song, gid, dong chiy. Pong luc hoc tau
thiy dugc ap dung bai dinh luat Newton trong dé coi tau thay nhu mét chat ran chuyén
dong trong moi trudng chit long va chuyén dong cua tau thiy c6 6 bac tuw do DOF
(Degress of Freedom) [32, 33]. Cac thanh phan chuyén dong theo hinh 1.13 bao gdm:
Truot doc, trugt ngang, trugt dung, lic ngang, lac doc, 1éch hudng di [34,35].
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Hinh 1.13 Thanh phan chuyén déng, tham sé déng hoc cia chuyén dong tau thuiy
Céc thanh phan chuyén dong va tham sé dong hoc mo ta chi tiét theo bang 1.1.

Bang 1.1. Thanh phan chuyén déng va tham sé dong hoc cia tau thuy [32, 36]

Tham s6 dong hoc

TT Chuyén ddng chinh Vi tri Toc do

Tén goi Ky hi¢u Tén goi Ky hiéu

Su dich Toc do dich
Truot doc - Surge , ,
1 . chuyén theo | X chuyén theo | u
(Chuyén dong theo truc X) . .‘
chiéu doc chiéu doc

Su dich Toc do dich
Truot dung - Heave , , ,
2 , chuyén thang | z, chuyén |w
(Chuyén dong theo tryc Z)

ding thang dung
Toc do dich
Trugt ngang - Sway Su 1éch .
3 , Yo chuyén %
(Chuyén dong theo truc Y) ngang
ngang

, Vian toc goc
Lac ngang - Roll ] n ,
4 GOc nghiéng | ¢ cua lac p
(Quanh truc X)
ngang
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Tham s6 dong hoc

TT Chuyén ddng chinh Vi tri Téc do
Tén got Ky hi¢u Tén goi Ky hiéu
Lic doc - Pitch ] X Van toc goc
5 GOc chénh 0 , q
(Quanh truc Y) lac doc
Quay tré - Yaw Vian tdc goc
6 Goécdaolai |V r
(Quanh truc Z) quay tro

Trong d6: Oxyz - Hé toa do trai dat (hé qui chiéu quéan tinh - Inertial Frame);
OpXpYbZp - HE toa do gén Vo1 vi tri tau trong do6 trong tam cua tau trung voi géc
toa do O (hé toa d6 Body - Fixed Frame).
1.3.1 Phwong trinh todn mé ti chuyén déng tau thuy véi 6 bdc tw do.
Chuyén dong can bang tau thity & moi vi tri dugc thé hién theo (1.1) [32].
Mgppv + Crg(V)v = Tpp (1.1)
Trong do:
N- Vecto vi tri, d&& dinh huéng véi hé qui chiéu trai dat (n-frame) va dugc xac

dinh gdom céc thanh phan nhu sau:

T
n= [nflnzl M= [X,y,x]T 2 = [o, e,w]T

V- Vecto van toc hudng, van tde gbc trong hé toa do ¢ dinh (body fix), dugc xac
dinh bang:
T T T T
V= l"p"z] Vi =y v,wl V2 =p,qr]
Mdi quan hé giita V va 1) [50] duge mo ta theo (1.2):
n=Jmv (1.2)
Trong d6: J () - Ma tran bién doi phu thudc vao cac goc Euler (¢, 6, y) va ¢ dang
[27].
[
]1 (d)' 9' ll}) 03X3

J() = (1.3)
O3 J2(¢,6,%)
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vOl1

jl(d)r 9, l/)) =

c(®)e(®)
s()c(6)

= s(@)e(¢) + c()s(O)s(¢)
c@®)ec(p) + s(9)s(6)s ()

-s(9)

Vé ]2((/)’ Q,IP) =

s(@)c(8)

1 —s(P)t(6)
0 c(®)
0 s(¢)/c(6)

Trong do: s(.) = sin(.), c(.)=cos(.) va t(.)=tan(.)

s@)s(¢) + c®)e(@)s(6)
= c(®)s() +s@)ec(¢)s()
c(¢)e(6)

c(@)t(6)
—s(9)
c(@)/c(6)

(1.4)

(1.5)

Trong do: Mgg - Ma trdn quén tinh do ban than tau sinh ra (coi dong lyc hoc tau thuy

nhu 12 dong luc hoc cua chit ran), dugc tinh theo cong thic (1.6) [32].

m 0 0 0
0 m 0 —mz
0 0 m myg
Mps =1 o -mz, Mmyg I,
mzg 0 —mxg  —lyy
-my, Mmxg 0 —1,,

Trong d6: m - Khoi lugng cua tau;

mz; —myg|
0 mxg
—mxg 0
_Ixy — I,
I —1y,
—1y I,

Iy, 122 - MOmen quan tinh vé céc truc xqVva Z;

Xe, Y&, zg - Toa d0 trong tam cua tau;

u, v - Téc do va do dat ngang cua tau.

(1.6)

Trong d6: Cgrp(v) - Ma tran Coriolis hudng tim, dac trung cho thuy dong luc hoc

chét ran va duoc xac dinh theo (1.8) [27].

Crp(v) =
—mS(v,) + mS(r;)S(v,)

[ 03X3
|
I
|
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0 0 0

0 0 0

0 0 0
-m(ysq +z,r)  mQyep+w) m(zgp — v)
mxgqg—w)  —m(zr +xp)  m(zq+w)

Cre(v) =

L m(Cr +v) mQyer—w)  —m(xgp +ysq) (1.7)
m(ygq + zg7) -m(xgq —w) —m(xr +v)
—m(ysp +w) m(ze7 + xp) -mQyer —w) |
—-m(zp — v) -m(zsq + ) m(xgp + Yeq)
0 —lLy-q-1I;p+ L IyT + Ixyp - Iyq
Ly,q + Lp — I 0 —L,r = Lyq + prl
—IyZ - Ixyp + Iyq L, + Ixyq —Lp 0 J

Trong d6: Tz 1a véc to tong hop lyc va mémen bén ngoai tac dong vao con tau:

Tir @6, ta c6 mot dang khac ctia phuong trinh lyc va mémen md ta chuyén dong
tau thuy vai 6 bac tu do:

mlu—vr +wqg —xg(q* +r*) +ys(pq —7) + zs(pr — )] = X

m[v —wp +ur —ye(r? +p?) + z;(pr —p) + x6(qp -] =Y

mlw —uq +vp —z;(P* + ¢*) + xc(rp — @) +ys(rq —P)] = Z

Lp + (I, = L,)qr — (- + pQ L, + (r* = ¢, + (07 = Dy

+ml[y;(W —uq + vp) —z;(v — wp + ur)] = K
Leq + Iy = I)rp — (B + qr)Ley + (0 = 121 + (qp — Py,
+m[zg (1 — vr + wq) — x5 (W — uq + vp)] =M
L+ (I, = L)pq = (q + D)y, + (@% = PPy + (rq = PIs
+m[x; (v —wq +ur) —yzs(t — vr + wq)] = N

(1.8)
Ngoai ra, T con c6 thé viét dudi dang: Tpg =71 — g(n)
Trong d6: g(n) 1a lec v mdmen nay sinh ra do trong lic va tinh ndi cua tau dudi

tac dong cua nudc 1én than tau. Luc do trong luc va tinh néi s€ tdc dong vao trong tam

cta tau va dugc xac dinh theo (1.9) [37].
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0
0

0

= - — 1.9
9@ —BGy,WcosOcosy + BG,WcosOsiny (1.9)

—BG,Wsin8 + BG,Wcos6cosy

—BG,Wcosbsiny — BG, Wsing

_________ T
Trong do: W =m. g, BG = |BG,, BG,,BG,| = [xg = Xp,Yg — Vb1 Zg — zb]T

g = 9.81m/s?: Gia tdc trong trudng

Ngoai ra, thanh phan T 1a véc to tong hop luc va momen bén ngoai tac dong vao
con tau khong bao gom luc va momen noi va duge xac dinh theo cong thirc sau [33].

T =Thya + Tes + Tprop T Text (1.10)

Thanh phan nay s& duoc phan tich chi tiét trong muc 1.3.2 duéi day.
1.3.2 Phan tich vecto tong hep luc va mémen bén ngoai tic dpng vao con tau (khdng
bao gém luc va mémen nai)

Theo [33], T duogc x4c dinh gdm céac thanh phan theo cong thirc nhu sau:

T =Thyd t Tes T Tprop T Texts

Trong do6: Ty4 - Luc va mémen thuy dong luc hoc sinh ra do chuyén dong giira
than tau voi nudc;

T.s - Luc va mdmen tao do tdc dong cua banh 14i, banh 14i phu trg (Fin);

Tprop - Luc va momen tao ra do tac dong cua cac luc déy cua chan vit chinh,
chan vit mui, lai;

Toxe - Luc va momen tao ra do tac dong ctia nhiéu loan moi trudng: song, gid,
dong chay.

Céc thanh phan luc ndy cin dugc phén tich chi tiét va tim ra phuong trinh toan cu
thé.
a. Luc va mémen thuy déng luc hoc sinh ra do chuyén dong gizra than tau voi nuéc

Theo Faltinsen (1990, dugc trich dan trong [24] cua tac gia Fossen) khi tau thuy

chuyén dong trén mdi truong bién sé chiu tac dong cua luc va mémen thuy dong luc
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hoc bao g@)m: lgyc cam ung buc xa va lyc do ma sat bé mit véi nude, do troi, do X0ay
cua nudc c6 cong thirc nhu sau:
Thya = Ir tIp (1.11)
Thanh phan thi nhat, xét lyc va momen cam tng bire xa (ky hiéu 14 1) bao gdom
cac thanh phan sau:
- Thanh phan do khéi luong nude kém (added mass) va do quan tinh chat 1ong
xung quanh than tau gay ra dugc dac trung bdi ma tran My, C4 (V).
- Su suy giam thé ning do niang lwong bi mat di boi song bién, duoc dic trung
boi ma tran D, (v).
Cac thanh phén nay tao thanh lyc va momen ky hiéu la Ty dugc tinh nhu sau:
g = —Mv - C,()v = D,(v)v (1.12)
Trong do:
M, -ma tran quén tinh cta khéi luong nudc kém,
C,(v) - ma tran coriolis va hudng tdm thuy dong luc hoc,
D, (v) - ma tran giam chan thity dong luc hoc.
Ma - Ma tran quan tinh gia tang khdi luong (Added mass), dugc tao ra boi luc va
mémen do quén tinh xung quanh nudc. Xung quanh chat 16ng ludn c6 sy chuyén dong,

luc tac dong nay ty 1€ véi tdc dd cua tau. Gia tri M duoc xac dinh theo (1.13) [27].

[ X, X, Xy X5 X; X |
Y, Y, Y, Yy Y, Y
M=% % Ze Zy Zy % (113)

K, K, Ky K; Ky K

M, M, M, M; M, M,

N, N, N, N; N; N;
0X
Trong d6: X » = —
u ou

C,(v) - Ma tran Coriolis tao ra boi sy tang thém vé khbi lugng, do tdc dong cua

Irc va mdmen quan tinh chét long, duoc xac dinh theo (1.14) [32].
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0 0 0 0 —Z W Y,v
0 0 0 Z,w 0 —Xuu
0 0 0 -Y,v Xyu 0
G =| o —Zyw Yy 0 “Nar Myg (1.14)
Z,w 0 —-X;u N;r 0 —Kyp
-Y,v Xyu 0 —Myq Kyp 0

Ma trdn dao dong do quén tinh lic - D(v): Thuy dong luc hoc cua dao dong lic
gy ra boi quan tinh chét long, phu thudce chil yéu vao: Ma sat giita nudc va than tau, sy

troi va xody cua nudc va dugce Xac theo (1.13) [37].

Xp Xy 0 0
D) =|Yp|=-]0 Y Y, (1.15)
Zp 0 N, N,

Thanh phén tht hai, xét luc do ma sat bé mit véi nudce, do troi, x04y cua nudc
(ky hiéu 1a 7)) nhu sau: Ngoai cac giam chan do cam ting birc xa néu trén, phai tinh dén
cac hiéu ng giam chan khac nhu ma sat bé mat ky hiéu 1a Ds(v), giam chan do d¢ troi
ctia song ky hiéu 1a Dy, (v) va giam chén do bong béng xody cua nudc ky hiéu la
Dy (v), do d6 lyc do ma sat bé mat v&i nude, do troi, x04y cua nudc dugc tinh nhu [24]:
Ip = —Ds(@)v — Dy (Vv — Dy (W) (1.16)
T (1.12), (1.16) Thyq = —Muv — C,(v)v — D(v)v véi
ma tradn giam chan thuy dong luc hoc dugc xéac dinh la téng cua cac thanh phén sau:
D) = Dp(v) + Ds(v) + Dy (v) + Dy () (1.17)
NGi chung ma tran giam chan thuy dong luc hoc D (v) cua tau bién chii yéu la do
c4c giam chan thé niang, ma sat bén ngoai, giam chin ma sat véi song va giam chan do
bong béng xody. Nhung that kho dé dua ra mot biéu thirc chung ctia ma tran giam chan
thity dong luc hoc D(v). Tuy nhién, c¢6 thé coi ma tran giam chan thiy dong luc hoc
D(v) goém hai thanh phan tuyén tinh va phi tuyén, nhu (1.18):
D(@) =D + Dp(v) (1.18)
Trong do:
D - thanh phan giam chan tuyén tinh thiy dong lyc hoc,

D,,(v) - thanh phan giam chan phi tuyén thiy dong luc hoc.
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b. Luc va m6 men do banh lai, banh lai phu tro teo ra
Véi nhitng con tau nhu tau hang, tau container hodc 16p tau TT400 déu c6 ciu
hinh chan vit va banh lai, nén mémen sinh ra do tac dong cua banh lai tinh theo (1.19)

nhu sau:

T T
Tes = Krud Mrud Nrud] = (C_P—E) [XTU—d YT'ud ZT'ud (1.19)

_ T
Trong do: CG = [XG , Y., ZG] - Toa do trong tam tau;

CP = [XCP , Yep ZCP]T - Toa d¢ trong tdm cua luc tdc dong 1én banh lai trong
hé toa do ¢b dinh. Lyc do tac dong cta banh lai theo biéu thirc (1.19) dugc tinh theo
(1.20) [37] nhu sau:

Xoua = —F, Vg, v,1,8) sin(6)

Youa = F(u,Vyp, v,1,6)cos(6)

Zra =0 (1.20)

Trong d6: F = %/oCFArVav2 sin(Sattack) (1.22)

Cr - Hé sb nang, A, - Dién tich banh lai, V,, - Van tdc dong chay tac dong 1én
banh 14i, 84 ¢¢qck - Goc twong ddi gitra banh 1ai va dong chay.

c. Luc va mdmen tao ra do tdc déng cua lwc day cua chan vit chinh, chan vit mii/ldi

Luc va momen do tac dong ctia co cau day ¢ thé duogc coi gdm cac thanh phan sau:

Tprop = Biu — B,(W)v (1.22)

Trong d6: By, B, 12 hai ma tran hé sd, ty 1& voi kich thude cia co cau ddy (chan
vit), U la tin hiéu diéu khién mai, duoce dinh nghia nhu sau:

u; = |n;| n(i =1...p)

Trong do, n la tdc do quay cua chan vit.

d. Lyc vd mdmen tao ra do tdc déng cua nhiéu logn méi trirong

Luc va momen tao ra do tac dong cua nhiu loan méi trudong bao gém song, gio,
dong chay: Toyr = Tywing + Twave + Teurrent S& duoc trinh bay cu thé chi tiét tai muc 1.4
dudi day.

1.4 Luc va mdmen do tac dong cia nhiéu loan mdi trueong
Khi hoat dong trong moi truong dai duong, tau thuy chiu tdc dong 1on tir gio,

song va dong chay dai duong. Vi vay, trong muc ndy ludn an s€ tim hiéu vé moé hinh cua
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cac thanh phan tic dong nay dén tau thily va tim ra phuong trinh toan cua no. Di véi
hau hét nhimg tng dung thiét ké hé théng mo phong hodc diéu khién tau thay, khi xem
xét nhidu loan cua song va gié thudng 4p dung nguyén tic xép chdng. No6i chung,
nhitng nhiéu loan méi trudng c6 do phi tuyén cao va ca hai dugc cong va nhan véi
phuong trinh dong hoc ctia chuyén dong [32].
Nguyén tic xép chong gia thiét rang nhiéu loan gém séng va gié duoc cong vao
vé phai cua (1.23) bang dinh nghia:
Text = Iwina + Iwave T Tcurent (1.23)
Céc thanh phan lyc trong 1.23 s& duoc phan tich chi tiét trong cac muc dudi day.
1.4.1 Luc va md men cuia dong chdy tgo ra
Vecto lyc va momen cam tng dong chay dugc dua ra nhu sau [32]:
Teurent = (Mg +My) v, + C(v)v, — C(v)v + D(v,)v, — D(v)v (1.24)
Tac dong do dong chay dai duong thudng duoc biéu dién nhu sau:
V., =V—V, (1.25)
Trong d6 v, eR® 12 véc-to van téc dong chay so véi truc toa do gin véi than tau.
Néu dit vecto van toc dong chay so vai truc gan trai dat 1a v thi véc-to van toc dong
chay gin than tau duoc biéu dién nhu sau:
ve = Jave (1.26)
1.4.2 Luc va md men cria gio tgo ra
Dit V, va yw 1a ky hiéu téc d6 va huéng gio hinh 1.14, téc d6 gi6 cuc bd co do
cao h(m) trén bé mit bién dugc xac dinh nhu sau:
V,(h) =V, (10). (h/10)Y7 (1.27)
Trong d6, V,,(10) 1a téc d6 gid & d6 cao 10m trén bé mit bién.

rx.

East

Hinh 1.14. Pinh nghia téc dé gi6 V,, va huéng y, (nguon [32])
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Luc va momen gi6 tac dong 1é€n phuong ti€n phu thudc vao nhiing toan hang lién

quan dén toc d6 gi6 twong ddi V. va goc twong dbi y,:

V. = Juz+ v?2, Yy = tan (v, /u,) =, — P (1.28)
u, =V, cos(y,)—u, u,=V,sin(y.)—v (1.29)

Trong d6 y, = ¥, — Y 1a goc tac dong cua giod so vai mii tau nhu hinh 1.14.

Téc d6 gi6 V, va hudng cua nd co thé duge do bang nhimg may do gi6. Nhimng
thiét bi do nay c6 thé loc chinh xac va dua ra gid tri lyc va momen gi6 trung binh,
nhimg gia tri nay c6 thé duoc bu trong cac hé thong 1ai tw dong md phong. Trong thuc
té, khi quan tinh cua tau 13 qua 16n khong can thiét dé hé thong diéu khién bu lai con
gio. Dé thyuc hién bu €16 cho tau trén mat bién, viéc tim ra mé hinh gi6 ba bac tu do nhu
mot ham lién quan dén téc do va hudng gio, V. va y, 1a can thiét. Vecto lyc, mémen
tong quat co dang nhu 1.28 dudi day:

T
Twina = |Xwinar Ywina» Nwina (1.30)
Tai liéu [32] trich din luc (theo huéng chuyén dong tién va chuyén dong dat) va

momen (quay hudng) ctia gi6 nhu sau:

1

Xwind = ECX(yr)paVrZAT (N) (131)
1

Ywinga = E Cy (Yr)pa[/;‘zAL (N) (1-32)
1

Nying = E Cy (Yr)paVrZALL (Nm) (1.33)

Trong d6 Cy va Cy la nhitng hé sb lyc kinh nghiém, Cy 1a mot hé $6 momen, o,
(kg/m®) 1a mdt dg khong khi, Ay (m?) va A, (m?) 1a dién tich ngang va dién tich mit bén
htng gié, L(m) 13 chiéu dai cta toan bd con tau. Chi ¥ rang V. 1a gia tri tic dong vao
mot diém. Trong nghién ctru cua Isherwood [32] dir lidu dugc phan tich bang nhiéu ky

thuat hoi quy str dung tam thong sd sau:

L | chiéu dai toan bo;
B 1a chiéu ngang tau;
A la dién tich mat bén;

Ar  ladién tich ngang;

Ass  ladién tich xung quanh ciia phan trén;
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S la chu vi ngang cia mé hinh, khong bao gébm duong nudc va nhitng vat
thé mong nhu cot budm va éng thong gio;

C la khoang cach tir mili tau dén trong tAm ctia bé mat xung quanh;

M la sb lugng nhitng nhém cot, tru chinh khac nhau nhin tr mat bén, khong

bao gdm céc tru ngay sat phia trudc budng lai.

24, 2A; L S C

CX=A0+A17+A2F+ABE+A4Z+ASZ+A6M (134)
24, 2A; L S C Ags

CY == _(B0+B1 LZ +B2 BZ +B3§+B4Z+BSZ+B6A_L) (135)
24, Y L S C

CN = —(CO +C1 L2 +C2 BZ +C3§+C4Z+CSZ) (136)

Trong d6 AjvaB; (i=0, ... ,6) va C; (j =0, ... ,5) duoc tra bang theo gia tri cua y,
trong tai licu [32].

1.4.3 Luc va md men cuia song teo ra

Qua trinh cuia séng duoc tao ra tir gié bat dau véi nhitng gon séng nho lan tan
xuat hién trén mit nudc, cac gon nay két hop thanh séng ngan, nhitng séng ngan tiép
tuc phat trién cho tdi khi chiing bi pha v& va nang luong cta chung bi tiéu tan. Quan sat
cho théy bién dong hoac bao bat dau béng mat d§ cao cac con song tao ra nhiing dinh
song ndi tiép nhau lién tuc. Mot con bdo hinh thanh trong mot khoang thoi gian dai gay
ra bién dong. Sau khi gi6 ngimg, bién ém, song s& nhd, c6 budc song dai, tao ra nhitng
phd séng cham va thip. Hién twong song con 1a song tir mot con bio tuong tac véi
nhimg con séng tir con bio khac, tao thanh phd song véi hai tan sé c6 thé quan sat
duge. Ngoai ra, con ¢ song thiy triéu 1a song mot dinh va c6 tan sb thap.

C6 thé thay rang pho séng rat phuc tap, nhat 1a trong nhitng truong hop thoi tiét
thay d6i nhanh. C6 nhiéu nghién ctiru vé phd séng véi ham mat d6 phé S(w) dugc gidi
thiéu chi tiét trong tai liéu [32]. Luc va momen cam tng séng trén tau thiy trong vong
kin, duoc mé phong bang mé hinh dap tGng séng tuyén tinh. M6 hinh dap Gng song
tuyén tinh dugc thuc hién thong qua viée xap xi tuyén tinh caa ham mat do phd S(w)
bang biéu thuc y(s) nhu sau:

y(s) = h(s). o(s) (1.37)

Trong d6, w(s) 1a mot nhiéu trrfmg c6 gia tri trung binh, h(s) 13 ham truyén, co
biéu thirc xac dinh Gmg véi cac ham mat ¢ phd khac nhau, chi tiét xem trong tai liéu

[32]. Ham truyén phd song duoc biéu dién nhu sau:
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K,s

h(s) = :
(s) s 4+ 2Awys + wi (1.38)
Trong d6, K, 1 hé s6 khuéch dai, c6 biéu thuc:
K, = 2 Awy0 (1.39)

V6i o 1a mot hang s6 miéu ta cuong do song, A 1a mot hé s suy giam va w, la

tan s6 song troi hon. Néu thay thé s = jw thu dugc biéu thirc dap tng véi tan sé nhu

sau:
L J2(Awyo)w
hjw) = (wE — w?) + j2Awow (1.40)
N Ih(jw)| = 2(lwoq)w (1.41)

V(@§ = 0?)? + 4(Awow)?
béi véi tau thuy ba bac tu do, luc va moment dugc biéu dién & dang vecto téng

quat nhu sau:

T
Twaves — [Xwaves: Ywavesr Nwaves] (1-42)

Trong d6 cac biéu thirc ctia X,ygpes) Yaaves) Nwaves thu dugc bang 1y thuyét tuyén

tinh ¢mg voi ham truyén (1.38).

Koaves = o2 4 d, (1.43)
§5% 4+ 21 We1S + w5
Voaves = 2+ d, (1.44)
5%+ 2A,wey8 + w5,
Noaves = = Ko — o3 + ds (1.45)
S% + 2A3We3S + Wis
Trong d6, @; (i = 1, 2, 3) 1a qua trinh nhiéu tring Gauss. Bién do cua

Xoaves: Ywaves) Nwaves duoc thay ddi bang cach chon hé sé K,; (i = 1,2,3), pho song
dugc tham sb hoa bang hai toan hang A; va w,; (i =1, 2, 3). Nhiing gia tri ndy can duoc
chon dé c6 thé biéu dién dung trang thai vat 1y.
Nhirng lyc tréi song d; (i = 1, 2, 3) dugc mo hinh hoa nhu nhiing toan hang thay
d6i cham (Wiener processes):
dy = 04, dy = 05, d3 = g (1.46)
Trong d6 w; (i = 4, 5 ,6) 1a qua trinh nhiu tring Gauss. Nhitng biéu thirc tinh luc va
momen séng nén st dung nhitng phan tir bo hoa dé ngin d; khoi vuot qua gidi han vat

ly 16m nhét |d;| < d; max.
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Nhén xét: Viéc xdy dung mo hinh toan chuyén dong tau thuy ¢ dang mé hinh
trang thai cho thiy chuyén dong tau thuy giéng nhu chuyén dong cua vt rin trong moi
truong chat 10ng véi 6 bac ty do. Nhitng phwong trinh nay 1 co s cho viéc khao sat va
dua ra bai toan vé mé phong va diéu khién chuyén dong tau thuy. Mit khac, dé thuan
tién cho viéc khao sat qua trinh dong hoc va dua ra bai toan diéu khién thi ching ta
thudng giam sé bac ty do. Tuy nhién, trong bai todn mé phong 3D chuyén dong cia tau
thity thi ta lai can day di phuong trinh ctia 6 bac tu do.

1.5 Két luan chuwong 1

Trong chuong 1, NCS di téng quan vé cac cong trinh nghién ctru vé mé phong
hang hai, danh gia va phan tich cac két qua cta nhimg cong trinh nghién ciru trong va
ngoai nudc. Sau dé xac dinh khoang trong nghién ctru va dinh hudng nghién ctru ¢ 3
xu thé nghién ctru chinh trong mé phong chuyén dong tau thuy.

Tt do, hudng luan an s€ chi tip trung vao viéc nghién ctru xay dung céch tinh
chinh xac goc quay «; cta dong co servo trong mo hinh san treo sao cho mé hinh diéu
khién chuyén dong ctia san dong bo va bam theo v6i chuyén dong ctia moé phong 3D véi
thoi gian tré nho nhat ma khong giam di do chinh xac. Pinh hudng nghién ctru 1a s
dung thuat toan diéu khién hién dai giai quyét van dé ton tai trén, déng thoi tién hanh
cac mO phong dua trén mo hinh dong hoc thuin st dung phuong phédp Newton-
Raphson, ciing nhu bang mé hinh vat 1y dé danh gia va kiém chtng sai sd.

Ngoai ra, dé mo phong duge chinh xac chuyén dong tau thuy trong khong gian
3D chung ta can ¢ cac phuong trinh toan hoc mo ta dﬁy du dong luc hoc cua ddi tuong
con tau, tir d6 dua cac phuong trinh nay vao con tau 3D mdi tao ra cdc tuong tac vat ly
nhu trén thuc té. Do d6, chuong 1 ciing dé xuat md hinh toan hoc moé ta chuyén dong
ctia con tau dudi dang khong gian trang thai 6 bac tu do, mé hinh toan cua cac yéu td
moi trrong nhu song, gidé va dong chay.

Bén canh d6, viéc xdy dung mo hinh toan chuyén dong tau thuy xét trong mait
phéng ngang 3 bac tu do thuén tién cho vi¢c dua ra bai toan thiét ké bo diéu khién lai tu
dong tau thuy theo hudng va quy dao cua con tau.

Trén co sé ca&c mo hinh toén hoc nay, trong chuong tiép theo NCS s& nghién ctru
tmg dung mot phan mém cong cu 3D dé chuyén hoa toan bo két qua cia cac phuong

trinh toan thanh chuyén dong cua con tau trong moi truong mod phong 3D.
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CHUONG 2. MO PHONG CHUYEN PONG 3D TAU THUY VA XAY
DUNG MO HINH TiN HIEU PIEU KHIEN 3 TRUC TU DO CUA
SAN TREO CABIN

2.1. Phan mém mo phéng chuyén déng 3D tau thiy - Unity 3D

Pé xay dung chwong trinh tng dung mé phong chuyén dong 3D cua tau thuy ta
phai str dung mét phan mém chuyén dung trong mé phong va xu ly d6 hoa 3D (duoc
goi la Game Engine.

Game Engine dugc xem 1a hé théng cung cip nguyén liéu xay dung, trang thiét
bi va cac phuong thirc 1dp ghép co ban vao ngdi nha ciia hé théng moé phong 3D hay
mot trd game. Lap trinh vién 1am mo phong 3D chi viéc vé ra ban thiét ké, tu minh lap
ghép cac nguyén liéu, trang tri hay sip xép chung thanh mot ngdi nha hoan chinh sau d6
viét chuong trinh lap trinh dé tao ra tuong tac giita chung.

Chtic ning chinh cia Game Engine 14 cung cap phuong tién dung hinh cho céc
hinh anh 2D hoic 3D, phuong tién vat ly, &m thanh, ma ngudn, hinh anh dong, tri tué
nhan tao, phan ludng, tao dong dit liéu xu Iy, quan Iy bo nhd, dung anh d6 thi va két nbi
mang. Nho ¢ cac engine ndy ma cdng viéc xay dung hé thong md phong tré thanh it
tén kém va don gian hon. Hién nay, c6 rat nhiéu cac engine ndi tiéng nhu: Cry Engine,
Unreal Engine, Source Engine, Id Tech Engine, IW Engine, Unity Engine, Dead
Engine...

Tuy nhién, trong cac engine trén c6 Unity Engine hay Unity3D duoc built trong
mot mdi truong phét trién tich hop, cung cap mot hé thdng toan dién cho céc 1ap trinh
vién, tir bién soan ma ngudn, xay dung phuong tién tu dong hda dén trinh sta 16i. Do
duoc huéng dén song song ca 1ap trinh vién khdng chuyén va studio chuyén nghiép, nén
Unity3D c6 thé tiép can dé dang dé str dung. Chinh vi ly do trén ma NCS s& Iya chon
Unity Engine hay Unity3D la phian mém cong cu dé xay dyng hé théng md phong 3D
tau thuy cta minh.

Duéi ddy, NCS s& gi6i thiéu tom tat cac bude trién khai Unity3D cho dé tai luan

an cua minh.
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2.1.1 Trién khai h¢ théng mé phéng chuyén déng tau thiy trong Unity3D

Dé 1ap trinh va xay dung cac nhan té cia hé thong mé phong chuyén dong tau
thity trong Unity, dau tién ta cAn phai tao ra mot project sau d6 dat tén. Project duoc lwa
chon la dang 3D cho bai toan mo phong cta luan an. Sau khi tao dugc du an ctra s6 mébi
s& xuat hién, noi ngudi 1ap trinh c6 thé thiét ké, thém cac ddi tugng mé phong nhu hinh

2.1 dudi day.
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Hinh 2.1. Giao di¢n cua Unity3D

Céc cira sb trong giao dién hinh 2.1 bao gdm:

a) Cuira so Scene va Hierarchy

Con tau chu, cac tau muc tiéu va cac ddi teong khac (goi 1a Game Object) duoc
xdy dung trong cira sb scene, scene cung cip goc nhin 3D toan canh va c6 thé di chuyén
goc nhin d& dang (trén, dudi, trai, phai). Cira s6 Hierarchy liét ké cac thu muc c6 Game
Object trong Scene sip xép theo bang chir cai.

b) Cita sé Inspector

Cira s Inspector c6 thé dé dang tiy chinh cac thong s kich thudce, hinh anh... va
hién thi day du ciac Components ctia d6i twong. Chung ta co thé tic dong vao Button,
Textbox, Dropdown, Menu... trong cac bién ciia Component. Ngoai ra, con cho phép

thém cac cong cu mo rong nhu UI extension...
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¢) Cua so Project

Ctra 6 project chtra nhiéu thu muc nhu Assets, models, script cho phép luu trit cac
d6i twong bén ngoai duoc thém vao mot du an.

d) Cira sé quan sat realtime (game).

Day 14 cira s6 cho phép ngudi 14p trinh c6 thé quan sat va diéu khién qué trinh xay
dung mdt du &n mo6 phong. Nguoi 1ap trinh tiy chinh ti 1€ man hinh thich hgp va chon
nGt “play” dé chay thir hé thong.

2.1.2 Cac cdng cu co ban dé chuyén doi tir phwong trinh déng hoc thanh chuyén
dong 3D
2.1.2.1 Module cong cu Rigidbody
Rigidbody I bd phan quan trong nhét trong engine vét Iy dé tao ra tuong tac vat
1y ciia con tau voi cac ddi tuong (object) khac, mdi ddi tuong duogc tao ra bai Unity3D
déu duoc mic dinh gin Component Rigidbody, néu tao ra object rdng dé dua rigidbody
vao object trong Unity3D chi can chon object minh muén, chon Components, Physics
va Rigidbody. Khi ap dung Rigidbody 1én bat ki vat thé ndo, vat thé do s& ty dong co
nhimg tuong tac vat Iy ma khong can nhiéu dong code 1énh, Rigidbody s& duoc kéo
xudng bai trong lyc va s& va cham véi cac vat va cham vao né néu component Collider
ton tai voi ca hai object. Cong cu RigidBody c6 nhitng thudc tinh sau day:
« Mass - Khéi lugng cua vat thé.
« Drag - Thé hién stic can khdng khi s& anh huong dén object thé nao, khdng nghia
la hoan toan khong c6 sic can, néu 1a vd cing s& khién cho object ngung di
chuyén.
« Angular Drag - Strc can khdng khi khi vat quay, luu ¥ 1a khong thé khién object
ngung quay vai angular drag vo cung.
« Use Gravity - Néu dugc check, trong luc s& dugc ap dung 1én object.
« Is Kinematic - Néu duoc check, object s& khong dugc diéu khién boi engine vat
ly ma chi c6 thé diéu khién boi transform.
« Interpolate - Dung dé diéu chinh sy va cham, do va cham cd thé nhay hon tiy
tung truong hop.
« Collision Detection - Dung dé ngan chan cac object di chuyén qua nhanh xuyén
qua cac object khac ma khong bi va cham, nhu khi mot con tau di chuyén nhanh

qua, va vuot qua tau khéac hodc dat lién trude khi va cham duogc update.
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« Ngoai ra, RigidBody c6 thé duoc &p dung luc trong code véi function
AddForce(), AddTorque()... & bé sung thém cac thanh phan lyc va md men Ién
déi tuong.

2.1.2.2 Module cong cu Colliders

Colliders 1a cong cu ma engine vat 1y s& st dung dé c6 thé nhan ra su va cham,
khong gidng nhu cac ludi “mesh”, ching cho phép nhan biét duoc mdi khi va cham voi
nhau. Pa sb Collider ¢6 hinh dang don gian nhidm muc dich tinh toan don gian va d&
dang hon, phan 16n cac object trong Unity3D sé& dugc gin collider mdi khi tao ra, véi
Cube la Box Collider, Sphere la Sphere Collider, Cylinder la Capsule Collider. Chlng
ta co thé ghép nhiéu cac collider don gian & trén thanh collider phirc tap hon phu hop
v6i tuyén hinh con tau.

Ngoai ra, Unity3D cung cip nhitng ham API sau day dé phat hién sy va cham
cua cac collider:

« void OnCollisionEnter(Collision collision) - Chay 1 lan tai thoi diém va cham
gitra 2 vat.

« void OnCollisionStay(Collision collision) - Chay trong mdi khung hinh tai thoi
diém 2 vat con cham vao nhau.

« void OnCollisionExit(Collision collision) - Chay tai khung hinh cudi cung khi 2
vat khéng con cham vao nhau nita. Véi class Collision ching ta cd thé lay ra
nhitng thudc tinh nhu:

. Contacts - diém va cham gitra 2 vat, tinh bang vector3.

« GameObject - game object va cham vai object géc.

. RelativeVelocity - van toc tuong doi.

Mot vi du don gian dé ap dung nhiing thong tin duoc API ciia Unity3D cung cép,
khi nhan vat Assassin roi tr trén do cao xuéng dudi mat dat, sd lugng sat thuong sé€
duoc ap dung vao nhan vat Assassin vdi doan code 1énh nhu sau:
void OnCollisionEnter(Collision collision) {

if (collision.relativeVelocity.magnitude < 10) {  //Ap dung sat thuong néu van
toc thap.

Ezio.ApplyDamage(collision.relativeVelocity.magnitude*damagePerVelo
city);
return;
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if (collision.relativeVelocity.magnitude >= 10) { //That dang tiéc
Ezio.Kill();

return;

Dé c6 thé dung Trigger trong collider, don gian chi can tick vao checkbox As
Trigger trong Componenet Collider & Inspecter. Trong trang thai nay collider s€ khong
bi va cham bai bét ky object ndo, nhung ban than s& dugce dung dé phat hién nhitng va
cham trén no, tao ra nhitng event cé thé diéu khién duoc trong code 1énh v&i nhirng ham
sau day:

« void OnTriggerEnter(Collider other) - Chay 1 lan tai thoi diém va cham gitra 2
vat thé.

« void OnTriggerStay(Collider other) - Chay trong mdi khung hinh tai thoi diém 2
vat thé con cham vao nhau.

« void OnTriggerExit(Collider other) - Chay tai khung hinh cudi cting khi 2 vat thé
khéng con cham vao nhau nira.

Céac ham nay sé& duoc goi ra khi mot Collider khac va cham vao Collider ¢6 thudc
tinh As Trigger, tir Collider c6 thé 1ay ra thong tin vé object bi va cham, cu thé cé thé
dung no dé kiém tra sy va cham vao mot vét thé ma khong ap dung lai luc tuong duong,
nhu vi du méi khi con tau va cham vao cac chudng ngai vat khac nhu tau muc tiéu, cau
cang, méc can...

2.2 Ung dung phan mém Unity3D dé mé phéng chuyén ddng tau thuy

Khi trién khai ban dau, hé thong s& cung cdp mot module dé ching ta cai dat mo
phong phan dong luc hoc chung nhat gan véi tau chu trén co s¢ phuong trinh 1.1 &
chuong 1. Viéc bd sung va hoan thién tat ca cac yéu to mémen, lyc s& can xem xét thém
ho so con tau nhu: dong co may chinh, banh 1ai, diéu kién méi trudng (gid, dong chay,
thity tricu...). Cac tham sb nay 1a cac yéu t6 dau vao quan trong sé anh huéng dén vi tri,
huéng, toc do, tbe do quay va kha ning ting tc cua tau. Trong dé tai luan an nay, NCS
da thu thap duogc diy du cac thong tin ciia tau 16p TT400 ciia canh sat bién Viét Nam
phuc vu cho muyc dich mé phong. Lép tau TT400 c6 chiéu dai 55m, chiéu rong 9.2m,

mén nude 2.6m va tai trong 1a 429 tan.

45



Ngoai ra, tinh chét dong hoc cua tau chu s€ dugc tinh chinh khi dir li¢u thu
nghiém tau hanh trinh trén bién hodc khi dit liéu yéu cau dugc cung cap chi tiét tir cac
don vi dao tao hudn luyén.

Trong Unity3D, con tau va nudc bién 14 hai di tuong riéng bi¢t, nén khi dat mot
vét thé Xuéng mit nudce vat thé s& chim xuéng, nhu céch ta diat mot khdi sat. Dé c6 thé
giai quyét dugc van dé nay trong Unity3D. Chlng ta can phai nam r& dugc mot sd tac
dong vt li co ban. Khi vat thé chim xudng nuéc, do ap sudt chat 1ong nén chét 10ng s&
tac dung mot luc vao bé mit vat thé, bé mit cang 10n thi tiét dién tiép xtc cang 16n.
Dong thoi ap sudt nude ting nén theo do sdu, vi do siu cang 1on cang nhiéu nudc duogc
ép xudng voi trong lwong 16n.

Dé tao ra tau cha mo phong trude tién ta chon mo hinh tau 3D dudi dang file
FBX va thém (add) vao cua so Project ta duoc mot ddi twong GameObject 12 con tau ta
can mod phong va dit tén 1a Ship_GameObject. Tuy nhién, ddi trong nay chua cé céac
dic tinh vat Iy nhu phuong trinh 1.1 & chuong 1, ta can tao ra cac lyc va mdé men nhu &
phuong trinh (1.1) d6 1a: 1z = 7 — g(1).

2.2.1 Tao luc néi cho tau thaiy

Theo cong thic 1.1 lyc noi cua tau g(n) bao gdm hai thanh phan 1a trong luc va
luc day Archimedes. Pé tao hai lyc nay ta thém thanh phan Rigitbody vao
Ship_GameObject sau d6 cai dit thudc tinh Rigitbody.mass bing trong luong cua tau.

Tau c6 thé ndi trén mit nude 1a nhd luc day Archimedes, can thém mét sé luc
gilp thyc hién diéu nay thdng qua cac ham. Lyc ndy cd duoc tir phuong trinh (1.9) ly
thuyét luc noi g(»n) cho con tau & trong chuong 1, dé ap dung cho dbi twgng md phong
thi can phai tinh toan tham sb va 1ap trinh trén ngon ngit C# trong mot khéi ham sau d6

gan vao doi tugng nghién ctru.

¥ || ¥ Buoyancy (Script) 8
Script Buoyancy o]
Density a00
Slices Per Axis pd
Is Concave L]

Vaoxels Limit 16
Sea Level Offset 1
Emit Spray on Collisf«

a) b)

Hinh 2.2. M6 hinh déi tirong tau cha a) va cira s6 cai dat luc néi cho tau thuiy b)
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Mot con tau mé hinh 3D dugc ciu tao tir ludi gém cac hinh tam giac. Pé tinh
toan luc ndi chung ta can tim xem mét trong cic tam giac ¢ bi chim trong nuéc hay
khong. Néu toan bo hinh tam giac nim dudi mit nude thi ching ta c6 thé ghi nhd lai va
thém lyc ndi cho toan bd hinh tam gidc d6 hinh 2.3a. Nhung néu chi c6 mot phan cua
hinh tam gidc ndm duéi mit nudc, thi ching ta phai cit né thanh timg miéng va cit

nhitng miéng ndm dudi mat nudc va tao thém luc né1 cho nhitng miéng d6 va no sé

trong gidng hinh 2.3b dudi day:

b)

Hinh 2.3 Xdc dinh hinh tam gidc chim trong nudoc a) va cdc truong hop tam giac chim
V6i thudt toan toi wu héa xi 1y sai sé b)

C6 bdn trudng hop don gian cua giao diém tam giac véi mit nude hinh 2.3a. Tir
trai sang phai, tam giac co cac dinh lan lwot 14 0, 1, 2 va 3 1a dinh chim. Véi truong hop
1 va 2 dinh bi ngap, chiing ta can thém c&c tam giac cho phan bi ngap d6. Tuy nhién,
diém giao nhau v6i mat nudc 1a khéng chinh xéc, trong trudng hop niy ching ta can
don gian hoa. Ba vi du hinh 2.3b vé céc truong hop déac bi¢t ma ta can thuat toan tdi uu
hoa xir Iy sai s6. Cac khu vuc mau d6 biéu thi hinh tam giadc ma 18 ra dugc coi 1a duéi
nude, nhung da bi bo sot. Hinh tam gidc bén trai co giao diém véi mit nude, nhung
khéng c6 dinh nao ciia chiing nam duéi mat nudc. Hinh tam giac & gitta dugc nhin thay
theo hinh chiéu bang, né tham chi khong giao nhau v&i bé mit nudc trén bat ky canh
nao cua no, vi dinh séng dam xuyén qua gitta hinh tam gidc. Hinh tam giac bén phai co
hai dinh & dudi mat nude, nhung nude ciling dé lai hinh tam giac ¢ canh gitta hai dinh
nay. Sau khi xac dinh duoc cac phan tam giac chim cia con tau ¢ trong nudce ta s& tinh
dugc dién tich bé mat - S, phap tuyén n, tir d6 ta xac dinh duoc luc ndi tac dong vio con

tau.
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Luc noi 1a mot luc thuy tinh, khi nudc khong chay hoac néu con tau van ding

yén, ¢6 cong thirc tinh nhu sau:
Fbuoyancy = rhog V (2.1)

Trong d6: rho - ty trong clia nudc, g - gia toc trong trudng, V - thé tich chat long
ngay trén bé mit cong, V = z Sn, z - 6 sdu dudi bé mit chat 1ong, S - dién tich bé mit,
n - phap tuyén.

Ttr tinh toan cua phuong trinh 2.1 khdi ham Buoyancy() duoc tao ra tir phwong
trinh 1.9 hinh thanh lyc n6i g () cho mé hinh tau chi nhu hinh 2.2
2.2.2 Tao luc va md men thiy déng hec cho tau thay

Ngoai luyc va mdé men g(n) ta can tao ra luc va mé men 7 cho d6i twong tau,
trong do0: T = Tpyq + Tes + Tprop t Text » VOI Thyq 12 lic va m6 men thity dong hoc téc
dong vao tau thuy. Thanh phan nay dugc tao ra trén co s¢ cac phuong trinh twong tng
bang cac khéi ham va thudc tinh trong bang sau:

Bang 2.1 Cac thanh phan luc va md men

Thanh phan luc Khoi ham, Phuong trinh
va md men Thudc tinh thuc hién
Tg Rigitbody.AddForce(). 1.12

Rigitbody.AddTorque(),
Rigitbody.AddRelativeTorque().

Tp Rigitbody.AddForce(). 1.16
Rigitbody.AddTorque(),
Rigitbody.AddRelativeTorque().
Rigitbody.Drag
Rigitbody.Angular Drag

2.2.3 Tgo lec va md men lién quan dén thiét bi ddy va banh lai cho tau thay

Dé d6i twong con tau di duoc trén bién can phai co luc cua thiét bi day I diessel
chinh lai chan vit, hé théng cling tao ra cac luc dua nay theo tinh toan va cai dat trong
phan mém dé tao ra luc va md men 7 Tprop- CAaC thanh phan nay duoc tao ra trén co

sO cac phuong trinh trong tng bang cac khbi ham va thude tinh trong bang sau:
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Bang 2.2 C4c thanh phdn lic va md men

Thanh phan luc Khéi ham, Phuong trinh
va m6 men Thudc tinh thuc hién
Tcs Rigitbody.AddForceAtPosition(), | 1.19

Rigitbody.AddRelativeForce(),
Rigitbody.AddRelativeTorque().

Tprop Rigitbody.Drag 1.22
Rigitbody.Angular Drag
BoatEngine()

Hinh 2.4 duéi day cho phép ta cai dit toan bd cac thanh phan luc va mé men &

trén vao ddi twong mé hinh tau 3D.

'Y oo zo

Iv(6.5 |z54
» [@| ¥ Buoyancy (Script) @ =
| ¥|c| ¥ Boat Engine (Script) %,
Seript . BoatEngine
Water Jet Transform . Rudder (Transf, ©
Bow Thruster Transf/ . BowThruster (1| ©

Power Factor 20
Depth 0
Max Power 1000

Rudder_Modbus
Power_Modbus 1
Po’uer_Mddbu]s’ 2
Power_Modbus 3

Thruster_Modbus
Power_Deadband
Rudder_Deadband
Current Jet Power
Current Rudder
Current Heading
Current Lot
Current Lat

Add Force_count

SOG_owner
cndu

o

==} =} {=]if=] =)=} =] =1} =] =} =] =]

Hinh 2.4. Cira s6 cai dat cac luc day, luc can va mé men vao doi tirong con tau
Trong khéi ham BoatEngine(), cac tip 1énh ndy s& bao gém cac phuong trinh
dong luc hoc vai cac gia tri thuc té cua doi tuong can nghién ctru 1a 16p tau TT400. Nhu
vay, cho dén myc nay NCS di mé phong dugc chuyén dong cua con tau 3D trong nudc
v6i cac chuyén dong 6 truc tir do theo cap séng va cé thé hanh trinh khi c6 tin hiéu diéu
khién toi dong co diesel lai chan vit tao luc ddy. Tuy nhién, dé hoan thién mé phong
chuyén dong tau thiy ta can bd sung thém cac luc do nhiu méi trudng tao ra tac dong

Vao con tau.
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2.2.4 Tao luc va md men do nhiéu méi trwong tic dpng tau thiy

Luc va mé6 men do nhiéu moi truong tic dong tau thiay bao goém:

Twave, Twind; Teurrent- CAC thanh phan nay dugc tao ra trén co s¢ cac phuong trinh twong

g bang cac khéi ham va thudc tinh trong bang sau:

Bang 2.3 Thanh phan lic va md men

Thanh phan lyc Khdi ham, Phuong trinh
va md men Thudc tinh thuc hién
Twave Buoyancy() 1.42
Rigitbody.AddForce().
Fwind Rigitbody.AddTorque(), 130
Rigitbody.AddForce().
Feurrent Rigitbody.AddTorque(), 124

Cudi cung, luc tuong tac voi nude phia dudi tau va tao hi¢u ung khi tau chay

gidng véi thue té dugc 1ap trinh trong thudc tinh Blue Waters Wake Generator nhu hinh

2.5.

il

U )

y o= Tag |W| Layer |m|
. |k _. Transform *,
< ' | p % Rigidbody £,
| G [+ Bou Collider £y
> @ [« Buoyancy (Script) il
ya— @ [« Boat Engine (Script) £,
= ¥ [z & Blue Waters Wake Genera £,
Script BlueWwaterswake{ @
Velocity 4]
Bow Offset 28
Length 54
Beam Width 10
Spray Effects o
Prop Wash [wf!
Frop Wash Offset 4]
Draft 5
Spray Velocity Scale| 2
Bow Wave Scale 1
Bow Wave Max -15
Bow Size 2
Spray Size Scale 15
Lod Distance 8]
Auto Update o
Test Motion ]
Clamp To Surface [
Hull Sprays 5

Hinh 2.5. Cia s6 cai dat md phong twong tdc giita doi tirong nghién ciru va nuwéc bién
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https://docs.unity3d.com/ScriptReference/Rigidbody.AddForce.html
https://docs.unity3d.com/ScriptReference/Rigidbody.AddTorque.html
https://docs.unity3d.com/ScriptReference/Rigidbody.AddForce.html
https://docs.unity3d.com/ScriptReference/Rigidbody.AddTorque.html

2.2.5 Thu thdp thong tin 6 bdc tw do cza m6 hinh tau thay

Sau khi thém thanh phan Rigitbody vao Ship GameObject, két hop véi cac luc
dugc tao ra nhu vé trdi cta phuong trinh 1.1 va tic dong vao dbi tuong
Ship_GameObject thi ddi twong mé hinh con tau s& chuyén dong 6 bac tu do nhu con
tau that chuyén dong trén bién bao gom ca céac tac dong cia méi trudng. Khi do, cac
thanh phan toa d6 va goc 1) va dao ham cia né vV (vé phai ciia phuong trinh 1.1) s& dugc
thu thap bang cac khdi ham va thudc tinh trong bang 2.4 nhu sau:

Bang 2.4 Céc thanh phan toa dé va goc

Thanh phan toa d6 Khéi ham, Phuong trinh
va goc Thudc tinh thyc hién
X Transform.pisition.x 1.2
y Transform.pisition.z 1.2
z Transform.pisition.y 1.2
¢ Transform.eulerAngles.y 1.2
0 Transform.eulerAngles.x 1.2
y Transform.eulerAngles.z 1.2
u Rigitbody.velocity.z 1.2
% Rigitbody.velocity.x 1.2
w Rigitbody.velocity.y 1.2
p Rigitbody.angularVelocity.z 1.2
q Rigitbody.angularVelocity.x 1.2
r Rigitbody.angularVelocity.y 1.2

2.2.6 Mt sé doi twong thei tiét va dia hinh, dia vt twong tdc trong Igp trinh

Hé thong phong cac hiéu ung hinh anh mdi truong khac nhau bao gom suong
mu, may, sao, pha mat trang, mua va mat bién. Bén canh do, pham vi hién thi 4nh sang
dén cua phao ludng, hai dang va dén cua tau muc tiéu cling s& duogc tinh toan va mo
phong theo yéu cau thiét ké.

a. Tao yéu to thoi tiét

Yéu t6 thoi tiét duge md phong sao cho sat vi thuc té nhat, thoi gian ban ngay,
ban dém. Ngoai ra, trong diéu kién thoi tiét x4u nhu bdo, swong mu hodc tuyét ciing

dugc mo phong trong phan mém.
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beé tao ra dugc cac yéu to thoi ti€t trude ti€n can tao ra mdt gameobject véi tén la
BlueSkies. Trong thudc tinh ndy bao gom cac thudc tinh con nhu bau troi, may, va cac

yéu t6 ngoai canh (BlueSkiesManager).

i= Hierarchy @ Inspector
| Create ""l (oAl | 'v [« [BlueSkiesManager | [] static = |

L ﬂ FLT test* = | & Tag | Untagged | Layer| Default :]
Treeg_ 3 | Prefab | Select | Revert | Apply |
b BlueWatersPrefab >~ Transform wES

T [ Blue Skies Manager (Scrip £,

bl B|UES|{IEE b Refresh Rate Properties
BlueSkiesManager e B
¥ Clouds b Wind Properties
CumulusClouds P Time Properties
CirrusClouds b Location Pru.per‘ties
W Sky Properties
StratusClouds P Precipitation Properties
v Sk? b Game Object References
Skydome b Sun Shaft Properties
Sunlight Resource Path |Assets\BlueSkies\Reso
i Right Handed
Moonlight a) a L b)

Hinh 2.6. Cia 56 cai dat bau troi a) va cai dat thuge tinh bau troi b)
Trong cira s6 thudc tinh nay c6 thé cai dat cac yéu té cho bau trdi tiiy thude vao

nguoi st dung.

e — — s s ———

Hinh 2.8. Pdi twong song bién Triton ocean
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Hinh 2.9. Tqo hiéu wung hinh danh ban dém

Hinh 2.10. Tqo hiéu ing hinh dnh ban ngay, trang thai mdt bién va mua

b. Tao dia hinh cho hé théng md phong

Hé théng mo phong co thé tao ra rat nhiéu dja hinh sat véi thuc té tai mdi khu
vuc khac nhau tuy thudc vao yéu cau. Nhiéu cang bién 16n ciing duoc dwa vao phan
mém va dugc cap nhat thuong xuyén. Trong dé tai luan an nay xay dung dia hinh bang
hai phan mém: Word Composer va Terrain Composer.

Hai phan mém nay cho phép thiét ké cac dia hinh 16n dung phin mém 3D d&
dang. Ngoai ra, né con cho phép ngudi thiét ké két hop voi Google Map dé dua dia hinh
thyc té nhat vao mo hinh mé phong.

Pau tién, ta st dung Word Composer dé léy toa do, do cao, ban kinh chi tiét tung
dia hinh va khu vuc theo Google Map. Sau khi lya chon dugc chinh x4c khu vuc mong
mudn, tiép theo tién hanh cai dit cac thong sd cua Terrain, sir dung cong cu Export
Heightmap dé do dac va dua ra do cao két hop véi Export Image dé lay hinh anh thuc

cua ban do.
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Hinh 2.11. Cia s6 ldy dia hinh thyc té tir World Composer
Sau khi hoan thanh cai dat thong s6 cia Terrain tién hanh Create Terrain ra phan
mém Unity3D.
2.2.7 Mot s6 mo hinh 3D tau muc tiéu
D6i v6i cac mo hinh tau bién, tac gia thiét ké mot sé mo hinh tau co ban phd
bién. Tuy theo yéu cau sé xay dung bat ky mo hinh tau muyc tiéu cu thé nao can duoc

thém vao. Sau day 13 mot sé mé hinh tau 3D cta tau muc tiéu hinh 2.19.

a b
Hinh 2.12. M()) hinh 3D tau Bulk Carrier a) va mé hinh 3D ?[au Cargo b)

Nhu vay, sau khi mé hinh mé phong 3D chuyén dong tau thay hoat dong, NCS
thue hién thu thap tham sé 1a cac thanh phan chuyén déng 6 bac tu do cua tau cha trong
vecto 77. Phan mé 1énh C# dé hoan thanh dugc nhiém vu mé phong 1a qua nhiéu, trong
khuan kho gidi han ctia dé tai ludn an tac gia xin phép duoc khong dua vao day. O muc
tiép theo dé mé phong chuyén dong bing san treo cabin, NCS s& dé xuit phuong an
thiét ké cdu trac san treo va gigi han lai chi st dung 03 tin hiéu chuyén dong chinh Ia

lic ngang, lac doc va trugt dung (¢, 6, z).
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2.3 Pé xuit cu trac hé théng mé phéng hang hai
2.3.1 M6 hinh md phéng chuyén dgng ciia tau thiy

Sau qua trinh tim hiéu, danh gia va nghién ctru cdc mo hinh da c6 & trong nudc
va trén thé giéi cong v4i kha ning dap tng ngudn luc cta ci nhan. NCS dé xuét cau
tric phan khung co khi cta hé théng mé phong chuyén dong tau thity ma ca nhan sé tién
hanh xay dung ¢0 hinh anh nhu hinh 2.13 dudi day:

Hinh 2.13. Cdu triic khung co khi ciia hé thong md phong chuyén déng cua tau thuy

Trong hé théng mo phong hang hai, dic tinh dong hoc, dong luc hoc cta con tau
tir cac phuong trinh toan hoc ¢ chuong 1 dugc lap trinh bang ngdn ngir C# va chay trén
mot hé may tinh gid 1ap da duogc thuc hién trong muc 2.2. Céc thong s6 cua tau duge
truyén qua lai voi hé thdng may tinh gido vién (Instructor PC) va dam nhiém vai trod tao
ra cac hinh anh hién truong 2D, 3D cac hiéu ing ngay/dém, thoi tiét va méi truong trén
bién nhu song, gid, hai lwu. Hinh anh diéu dong con tau khi nhin ra tir budng 1ai duoc
thé hién trong 5 man hinh LCD 43 inch. Céc tinh huéng cua moi truong, tau muc ti€u,
tinh huéng k¥ thuat co thé dugc tao ra bai mot may tinh Instructor PC dé cho hoc vién
duoc huin luyén. Céac dit liéu toa do, hudng miii tau, toc do tau, do sau day bién s& duoc
chuyén t6i cac thiét bi GPS, la ban, speed log, may do sau va ECDIS dé nguoi van hanh
c6 thé thuc tap khai thac va giam sat. Hé thong 1ai tw dong mo phong s& cung cip goc bé
l4i cho may tinh tau chu va tir sy chénh Iéch hudng di vai hudng dat sé dua ra tac dong
bé 14i khi ta van hanh lai ty dong. Céc ché do 141 HAND, NFU va AUTO/PID dugc tich

hop san, cac tinh huong bao dong cua may lai nhu muc dau, qué tai, mat pha va mat
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ngudn déu cé thé dugce tao ra tir may PC cua hudng din vién. Ngoai ra, hé thong diéu
khién tir xa diesel va tay chudng truyén 1énh dugc tich hop trén ban cabin 1ai dé lién lac
v6i budng may.

Cabin 14i budng 14i co kién triic mang kiéu song song bao gdm 02 hé théng mang
(Ethernet/Modbus TCP va hé thong mang theo tiéu chuan hang hai NMEAO018) dé dam
nhiém két nbi dir liéu gitta cac thiét bi noéi bo nhu: AUTOPILOT, GPS, ENCHO
SOUNDER, SPEED LOG, GYRO COMPASS va ECDIS.

Ngoai ra, hé thong 4m thanh cta song gi6, sim chép, may moc va am thanh bao
dong ciing dugc moé phong nhu that tao ra cam giac trai nghiém an tuong cho ngudi
hoc. Khi toan bo cabin buéng lai nay duoc ga“'ln trén mot hé chuyén dong sao cho dao
dong cua no déng bd v&i dao dong that cua tau quanh céc truc khi do ta dugc hé théng
mo phong chuyén dong tau thay dang 3DOF. Céu tric tong quat mang truyén thong cua

hé dugc mo ta ¢ trén c6 dang nhu hinh 2.14 dudi day.

fRlomes S g T e EEA PIIT V) s e = (R Ry e e i) e A e h T i |

: LepTv| [LepTv| [LEDTV] [LEDTV]| [LEDTV CABIN }

| 1 2 3 4 5 ‘

| R |

| |

[ |

|  HDMII |

| T |

|| EcpIS RADAR SIMULATION CONNING | [INSTRUCTOR

CDIS | | o AD/ ol [SIMUL o N - NSTRU -

(| S e | lEP0 be ||CPU i CPt B CPU| | = CPtl

| |

| |

L i i vt et s v it i s s R s i s o' e et i A s s = |

ETHERNET
MODBUS TCP
VO LANG [ e
e = ,_
\ PLC SERVO DIRIVE 1 :j SERVO MOTOR |
) = -

TAY DIEU KHIEN SERVO DIRIVE 2 SERVO MOTOR 31[
L SERVO DIRIVE 3 SERVO MOTOR 3

Hinh 2.14. Cdu triic mgng cua hé théng mé phong chuyén dgng tau thiy
Hé théng mo phong chuyén dong tau thuy 1a nham tao ra mot ban sao budng lai
giéng hét buéng 14i ctia mot con tau hién dai duge dé xuit nhu hinh 2.15. Trong luan an

nay, kich thudc cua budng lai duoc thiét ké 1a 2.4x2.4m va chiéu cao 1a 1,75m. Khdi
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lugng du tai cua budng lai khoang 1300kg. Ban diéu khién, cac thiét bi nhu
Radar/ARPA, ECDIS, Conning... va ndi thit khac ciing duoc trang bi. Budng lai duoc
gin trén mot san chuyén dong trong ba bic tu do. San chuyén dong duoc thiét ké trén
nguyén tic ciia Stewart platform. Thuc té, viéc ung dung mé hinh chuyén dong cua
Stewart platform cho cac hé moé phong phuong tién giao thong van tai nhu may bay, tau
thiy, 6 6... rat da dang va phong phi. Trong d¢é tai ctia luan an NCS huéng dén mé hinh
ba bac tu do kiéu diéu khién ba truc song song dua trén chuyén dong quay cta dong co
servo véi hé tay quay ndi khép tay don trung gian nhu hinh 2.16b. C6 nhiéu cong trinh
nghién ctru xoay quanh kiéu ciu tric twong tu ndy nhu cac cong trinh [41,43,44,45]
nghién ctru vé dong hoc nguoc, thuan dang ba piston, cong trinh [53] nghién ciru vé
diéu khién dong luc hoc. Tuy nhién, chi c6 céc cong trinh [54,55] nghién ciu ciu trac
gidng véi cau tric cua dé tai luan an dé xuat. Cac cong trinh nay déu cho phép tinh toan
gan dung goc quay dong co servo a; do d6 khi dao dong ciia mit san mé phong khoang
+15°, gan gidng thuc té chuyén dong ciia mot con tau thi sai sé dén 5%. Piéu nay lam
giam tinh chinh x4c trong mé phong chuyén dong tau thuy. Trude tién, & muc niy luan
an s& tap trung vao viéc xay dung cach tinh chinh xac @; dé dap tng cho mé hinh diéu
khién tir PLC, dong thoi tién hanh cac mo phong dé danh gia sai s6 dya trén mo hinh
dong hoc thuan st dung phuong phap Newton-Raphson. Sau d6 tién hanh sir dung to

hop bd diéu khién PLC va Drive/Servo dé hién thuc hoa chuyén dong cho mé hinh that.

Hinh 2.15 M& hinh mé phdng chuyén déng 3DOF buang lai tau thiy

Céu trac hinh 2.15 dugc dién giai nhu sau: tin hiéu chuyén dong that 3 DOF
(roll, pitch, heave, yaw) cua con tau trong md phong 3D lap trinh trén phan mém
Unity3D tir bang 2.4 ¢ chuong 2 duge giri dén PLC trung gian thong qua giao thirc
Modbus TCP. Tur tin hiéu nay PLC s& tinh ra chuyén dong quay cua 3 truc cta dong co

servo sau do gui tin hi¢u di€u khién dang xung dén céc drive cua céc servo tuong ung.
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Trong mdi dong co servo déu co cac encoder phan hoi goc quay cia nd, do dd
thong qua bo diéu khién PID dugc cai dit trong drive goc quay cia dong co duoc diéu
khién chinh xac va dam béo tuan th I¢nh diéu khién tr PLC.

2.3.2 M6 phéng chuyén déng cia tau thiy véi san treo ba bdc tw do (3DOF)

Mo hinh chuyén déng tng dung cho hé thng mé phong hang hai véi san treo
cabine buéng lai tau thuy duogc dé xudt co dang 3 bac tu do trén co s& ciu trac cia
Stewart platform. Cu truyén dong phd bién hién nay cua cdu tric nay 1a dung hé dan
dong kiéu piston chuyén dong thiang thong qua truc vit vo tan ndi tryc voi dong co thay
Iire, khi nén hodc dong co dién servo. Tuy nhién, NCS nghién ctru cdu trac co diéu
chinh trong d6 3 truc song thay bing 3 tay don dugc ndi khép véi 3 tay quay truyén
dong bdi 3 dong co servo nhu hinh 2.16. Nhu vay tin hiéu diéu khién truc tiép chuyén
dong cua san cabine 1a gia tri goc cua 3 tay quay:

a=[a ay as]” (2.2)

a)
Hinh 2.16 M6 hinh md phéng chuyén déng 3 bdc tw do siz dung déng co servo:
a) Mdt san dé gan cabine buéng l4i, b) Khung tam giac truyén déng
Céu tric hinh hoc cia mé hinh nay thé hién ¢ hinh 2.16a, trong d6 P;, P,, P; 1a ba
trén mat san di dong ndi khép vai canh tay don; By, B,, B; 12 3 diém tdm truc quay cua
hé servo/hop sb trén mat san ¢d dinh va A;, 4,, A 1a 3 khép ndi gitra canh tay don b va
tay quay a. Hai tam giac déu P, P, P; va B; B, B c0 kich thuéc bing nhau véi d6 dai
mdi canh 1a L = 1255mm. O vi tri ban dau mat san di dong (P, P, P;) cach mit san cb

dinh (B; B, B3) 1a h, = 458mm. Cabine budng lai hinh la dit cach mit san di dong
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(P, P, Py) hinh 1b ¢ d6 cao 1a h, ~ 0. Piéu kién vé kich thudc cua 3 théng sb a, b, h,
nhu sau: b? = a? + h2,4;P; = b = 500mm; B;A; = a = 200mm; 0,0 = h,,.

Hinh 2.17 a) So dé hinh hoc ciia mé hinh 3DOF, b) Tay quay va tay don

Hé truc gin cb dinh trén mat phang san di dong (P, P, P;) ¢6 CAc truc x, y, z nhu
trén hinh 2.17. V&i mat phang nay cé 3 chuyén dong duoc tao ra bao gom: chuyén dong
quay quanh truc y (lic ngang) 1a ¢; chuyén dong quay quanh truc x (lic doc) la 6 va
chuyén dong truot doc theo truc théng ding 1a z. Nhu vay, ta co trang thai cia san c6
dang nhu sau: n = [ 6 z]T.DPé co duoc vi tri cua mat san di dong theo vi tri cua
tau mo phong ta phai chuyén ddi 3 truc toa d6 vé hé truc toa do gén trén mit san cd dinh
(B; B, B;) bang cac ma tran chuyén doi truc toa do. Theo tai liéu [42] vé dong luc hoc
cua tau ta c¢6 hai chuyén d6i chuyén dong lic ngang ¢ va lic doc 6 cua tau theo tam
quay O véi hai phuong trinh ma tran quay 1a (2.3) nhu sau:

cos¢p 0 -—sing
0 1 0
sing 0 coso

1 0 0
T, = Ty = IO cosd —sin 9] (2.3)

0 sin@ cos @

Tir (2.3) ta dugce ma tran chuyén doi 1a tich T.T,. Véi gia thiét rang cabine budng
lai dat ngay tai tdm quay cua san va cach mat san mdt khoang cach 1a h, = 0. Ta c6 toa

dd cua ba diém P; trén mat san di dong tai vi tri ban dau:

L L L

0

L
= -2 0
12, L L z LZ L (2 4)
Ps(0)=|L L _Li=|L L :
123 23 23 V3| |= s
ho hy hyg 0 0 0
Két hop (2.3) va (2.4) ta dugc toa d cua ba diém trén mit san di dong theo toa

dd cua truc trén mat san ¢d dinh sé& 1a TerP123(O). Chuyén ddi truc thi ba chi 1a truot
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doc theo tryc z, nén ta chi can thém vao toa d6 z cia ba diém mét gia trj nhu nhau z la
thoa man.
2.4 M6 hinh dong hoc ngwoc xac dinh géc quay dong co servo

M6 hinh dong hoc nguoc rit quan trong cho bai toan diéu khién dé xac dinh goc
quay ctia mdi truc dong co a; (i = 1,2,3) tir dir liéu do nghiéng, do lic va do cao tuong
d6i tir mo hinh mo phong 3D cua con tau 14 vector 1. V6i do cao ban dau cia tim san di
dong so v6i san c¢b dinh 14 h, do d6, tAm O cua san c6 cao do 1a zs = h, +z vacoétoa
do:0=1[0 0 h,+z]" trong mat phéng ¢ dinh. Két hop véi cac phép bién dbi truc
d3 thuc hién & muc 2 ta duoc toa d6 cac diém P, 5 s& c6 dang nhu (2.5) sau day:

I %cosqb—@sinesinqb —%cosqb—@sinesinqb —Lsmesmqh

Pyp3 = ﬂcosH ﬂcosH ——c059 ’ (2.5)

L —

|L . . L . . V3L
[Esm¢+Tsm9cos¢+zf —Esm¢+Tsm9cosq§+zf ——51n9cosq§+zf

Phuong trinh (2.5) cho ta toa do cua ba diém trén mit san di dong két nbi khép

v6i ba thanh truyén dong chinh 1a san cabine budng lai khi con tau mé phong & mot vi

tri lién quan dén toa do ¢ dinh. Pé tinh toan gdc quay can thiét trong cong thic (2.1)

cua truc dau ra dong co servo ta can C4c gid tri z ciia ba diém két n6i nay 1a hang cubi

cung ciia ma tran (2.5). Theo cong trinh [45] ta c6 gbc quay ciia mdi truc duoc tinh xap
xi nhu sau:

a; = sin™?! (%) (2.6)

Tuy nhién, do cic han ché ciia [43] nhu phan dat van dé da néu ra, phan tiép theo

ta s€ di tim mQt cong thuc tinh toan a; chinh xac hon. Trudc tién, tir hinh 3.5b ta c6 toa

d6 diém B; cua mit san cb dinh va diém 4; 1a khép ndi ban 1& dau tryc nhu (2.7) duéi

day:
L L L 3 L V3
> 5 0 —+—acosa1 -5~ 5 acosa, 0
Bias = L L Az = L 41 L (2-7)
— — ——= Sacosa SACosa, ——=—acosa
23 2B 2 5t 1 5t 2 "% 3
0 0 0 l asin a4 asina, asinas

Biét duoc toa do diém P; tir (2.5) va B; tir (2.7) ta sé tinh duoc do dai cac canh
OoP; va B;P;. Ap dung dinh 1y ham sb cos v&i cac tam giac 0,B;P; va P;B;A; ta tinh
duoc cac goc 8,;,8,;. Tur d6 ta tinh duge chinh xac goc a; nhu phuong trinh (2.8) sau

day:
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a; =1 — (6y; + 87) (2.8)
Trong do:

2
- fxi2+yi2 a2+zi2+<c— xi2+yi2> -b?
-1 ) 1
2 | 2
zi2+(c— ’xi2+yl-2) 2a zi2+<c— xi2+yi2>

2.5 Kiém chitng bang mé hinh ddng hec thuén

0;; = cos 2 = €OS~

L

Xay dyng mo hinh dong hoc thuan gitp ta xac dinh dugc do nghiéng, do lac va
d6 cao twong ddi thuc cua chuyén dong mé hinh tir géc quay ctia ba dong co a; dé so
sanh véi dit liéu d nghiéng, do lac va do cao tir mo phong 3D 1a vector n. Pé xay dung
mo hinh dong hoc thuén ta st dung phuong phap Newton-Raphson. D6 dai A;P; = b, tir
toa do cua A; va P; trong [44,45] ta tinh dugc |A4;P;|> = b? va dit ham f; c6 dang 1a
f=1fi fo f3]7 trongdé cacan ¢,8,z la chua biét:

2 2 2
fi= (xPi - xAi) + (yPi - yAi) + (ZPi - ZAi) - b? (2.10)
Béi vi f; chua nhiéu hon mot bién, dao ham cia ham fi dugc su dung trong
phuong phap Newton-Raphson dugc tim bang cach 1ay dao ham riéng cho mdi bién cua

1. J 1a ma trn jacopian ciia ham f; voi bién 1 duoc tinh nhu (2.11) dudi day:

0fi 01 Ofy
ap 06 oz
Loy _|on om on| . _
Jij = Ej(ﬁ) =156 0 |/ =123 (2.11)
2 06 oz

T d6, cac an sé trong n s& duoc tinh theo phuwong trinh: n™*!

=n" -
[ ()] £ (27): voi didu kien dhun® = [do 6y 21T Két qua thu duoc cua thuat
giai lip nay 1a du chinh xac khi tham s dinh nghia do chinh xac € phai dugc xac dinh
truée di nho: |f; ()| < & Tir (2.10), (2.11) cudi ciing ta ¢6 lru d thudt toan nhur hinh

2.18 va so d6 mo phong trén Matlab nhu hinh 2.19.
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Nhép céc gid tri ban déu:
Mo €3k =1; n= [@ & z]*

.

Nhdp gia fri co duwrge tr vige
mé hoa goc a;; 1 =123

v

Tinh todn ham sai s6: f,(n) = (x

[
\
:.J'.:*._ - _'l'.;._)— + ::ZP._ - Z.;._)— - b®

So sanh:
-

If: ()| = €

Truyén di liéu ra: /
Ntk

I

- e I 8Fir
Tinhma tran jacopian: f;. =—=1| nl
‘ =4 Gy L]
Tinh tham s6 .'a'.'J cia oawang .'J.'Ilé.'J Mewton-

Raphson gt =qy" - [j {g"}:__;’ J.{:“}

v
k=k+1

Hinh 2.18 Thugt toan Newton-Raphson xdc dinh mé hinh dong hoc thugn

fﬂ\ hi deta 1 b
V gl -O\C

P delta_1 phip—

Phi from smulator »| bets e
51
Pz delta 3 ———Ppo
N _O/: pldetta_2 gl bets
Vi Imverse Model —» fcn
52

Beta from simulator

-0
p delta_3 7
A e
\ S3 -
z from simulator 4 Forward Model ]
>
|
g Scope
L phi detta 1
P beta delta 2 -
P |:|
'
Pz delta 3

Scope Alpha

Exact Inverse Model

Hinh 2.19 So dé mo phong hé thang trén Matlab/Simulink
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2.6 Két qua mod phéng

Céac mé phong duge thuc hién bao gém cac kich ban chi ¢6 lic ngang, chi c¢6 lic
doc, chi c6 trugt thing ding va chuyén dong hdn hop hinh 2.19. Céc tin hiéu dap tng
bao gdm ba gdc quay a; cua ba servo (alphal, alpha2, alpha3); cac tin hiéu dau vao
nhan duoc tir phan mé phong 3D cua tau bao gdm ba chuyén dong 1 (roll,pitch,heave);
cac sai léch gifra tin hi¢u dau vao va tin hiéu sau mo hinh “Forward Model” (suml,

sum2, sum3) hinh 2.20, 2.21, 2.22, 2.23 dudi day.

T slphal
D] == alpha2
i lphad

PP —
L tgidy)

bl

“““““““ -

Sum:1
Ll =~ Sum2
B -7

i

t(giay)

02 I i I i i i i
0 1 z 3 1 5 3 7 E

50 ——
: I - ':k . alphal
: — == alpha?

— =" alpha3

02 I i i
0

Hinh 2.21 Két qua md phong khi chi c6 ldc doc (@-pitch)
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do : . . : alphal
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100
20
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20
40

alphal
— = = alpha2
t7 " alphald

e

T

Hinh 2.23 Két qua mé phong khi cé chuyén déng hén hop

Vi & =107 va chon gid tri lap ban dau n° =[0 0 0]" tir cdc két qua md
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phong hinh 2.20, 2.21, 2.22, 2.23 ta thay sai s6 v6i md hinh méi nay khong vuot qua
0,18°/17,5° =~ 1%, dong thoi ta cling rat ra mot két luan quan trong cho khoang gié tri
goc quay tdi wu dé diéu khién servo con nam trong ving tuyén tinh 1a a; = +70° tng

V6i gisi han cac chuyén dong roll: +17.5°, pitch: +15°, heave: +190mm. Muc tiép



theo NCS s& thiét ké cau truc diéu khién trén co s& mo hinh vat 1y dé thay cho mé hinh
dong hoc thuan moé phong ¢ trén.
2.7 Xay dwng céu tric diéu khién bam tin hiéu mé phéng caa té hep Drive/Servo
wng dung PLC
2.7.1 Phan tich céc vong lgp diéu khién

Hudng tiép can cua cic cong trinh tir [117] dén [144] trong d6 cac tac gia chu
trong vao viéc xay dung bo diéu khién fuzzy, noron, LQR hodc PID vd&i dau vao truc
tiép la cac tin hi€u luc hodc mé mem tac dong vao con tau va dau ra 1a vi tri coa san
treo. Khi do hé théng s€ tro 1€n phi myén manh véi cac bd diéu khién vi tri. Khac véi
huéng tiép can trén, NCS s& tach ca hé thanh hai khdi bao gom: khdi thir nhat s& tiép
nhan cac tin hiéu chuyén dong chinh 1a lic ngang, lic doc va trugt dung (¢, 6, z) tir mod
hinh 3D va str dung m6 hinh dong hoc nguoc (da dugc thuc hién & muc 2.4) hodc mdt
bo du bao (s& thuc hién trong chuong 3) dé tinh ra cic gia tri gbc quay a =
[@1  a; @3]" cia dong co servo. Khoi thir hai s& tiép nhan cac goc quay tir khoi mot
va dam nhiém chtrc ning diéu khién vi tri voi cac vong kin. Viéc phan tich chi tiét xay
dung mo hinh san treo vat Iy va két n6i phan cung thudc khdi nay sé dugc trinh bay
trong chuong 3, trong muc NCS chi dé cap dén van dé diéu khién trong phan mém.

Dé diéu khién cac goc quay cua dong co theo phuong trinh (2.3) thi cau trac
vong lap diéu khién dong co servo thuong gom 03 mach vong kin ndi ting nhu hinh
2.24. Vong trong cung 1a diéu khién mé men, ¢ giita 13 vong diéu khién téc do va ngoai

cung la vong di¢u khién vi tri.

YELOCITY LOOP

POSITION LOOP

Hinh 2.24. Cdu tric vong ldp trong diéu khién néi tang déng co servo
Tiép theo NCS dé xuat phuong an diéu khién vi tri str dung PLC va Servo Motor
nhu hinh 2.25. Trong d6, PLC s& nhén tin hiéu tir may tinh, tién hanh xir Iy sau do6 sir
dung cac dau ra téc do cao Y0, Y1 phat xung diéu khién vj tri t6i bd Drive/Servo, Bo
Drive/Servo nay lam viéc giéng nhu thiét bi bién tan, n6 thuc hién diéu khién cac van

IGBT @dé cap di¢n ap va tan so6 cho dong co servo. Tin hi¢u dong va encoder gan trén
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dau truc dong co s€ thuc hi¢n phan hoi dong dién, tdc d6 va vi tri chinh x4c dam bao
gbc quay cua truc dong co bam theo vi tri yéu cau voi dap Gmg nhanh va chit lugng tbi
vu. Nhu vy, véi giai phap ghép nbi tin hiéu truc tiép giita tin hiéu gitta PLC va Drive
d3 giam duoc thoi gian tré so v6i ghép ndi mang CAN nhu rat nhiéu cong trinh da thuc

hién.

< Servo motor

ASDA series AC servo drive

Reverse limit Processing Forward limit
sensor X1 device sensor X0
0G
sensor X2

Q
¥
Fy

Zero point

DOP-Aseries HMI
WPLSoft g

Y0 pulse output

Y1 forward/ reverse ‘ |

Y4 pulse clear

Hinh 2.25. Cdu triic diéu khién sir dung PLC va Servo Motor cua hang Delta

Ho PLC ciia hing Delta c¢6 loai PLC DVP28SV11T2 c6 4 cip (8 dau ra) co thé
phat xung tdc do cao tir 10+200KHz la: YO, Y1, Y2, Y3, Y4, Y5, Y6 va Y7, vi vay
nhoém tac gia lya chon loai PLC nay.

Trén co sé tai trong ctia cabin budng l4i va ty s truyén cua hop sd la i = 120,
tan s6 dao dong cua san < 0,25Hz ta s€ chon 03 Drive/dong co servo 3 pha ASDA-B2
c6 cong suat 1a 1,5kw, téc d6 dinh mirc 2000 vong/phit.

Tin hiéu chuyén dong lic ngang ¢, lic doc 6 va thing ding z cua con tau duoc
cap tir may tinh chu 3D thong qua giao thire Modbus TCP dén PLC. Trong chuong trinh
1ap trinh ctia PLC ta s& str dung cac 1énh Float 32bit dé tinh ra gia tri goc cta 3 tay quay:
a=[a; a; a3]T theo cac cong thirc (2.8) va (2.9) véi chu ky tinh 1a 100ms.

Ba dong co servo s& truyén dong doc 1ap cho ba dinh cua gia d& san tam giac
(P, P, P), do @6 momen tai M, va md men quan tinh J d6i voi hé truyén dong dién cia
mdi dong co sé& co su thay doi ngau nhién tiy thudc trang thai chuyén dong cua con tau.
Diéu nay dan dén chat luong diéu khién vi tri s& bi suy giam 16n ca vé d6 chinh xé4c 1an
thoi gian dap ung. Dé cai thién, ta can phai thiét ké bo diéu khién PID cua Drive hoat
dong t8i wu hon thong qua viéc cai dat ché 36 ‘AMT - AUTO MODE TUNING’ nham

tu dong tinh todn md men quan tinh J cta hé. Tuy nhién, khi cho hoat dong thuc té
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trong ché do nay chat luong cia hé ciing khong dugc cai thién nhiéu do J bién thién lién

tuc nhu [66] trong khi thoi gian cap nhat cua ché 46 AMT 1a 5 phat.

2
J=Jpc+ §+ 121;11.2 (% cos(go]-)) (2.12)
Trong d6: Jpc,J; 12 momen quan tinh cua dong co, hop sb; m 14 tai trong cabine;

i laty sé truyén; g 1a gia toc trong truong; ¢; 1a goc nghiéng ciia dinh tam giac thi 5.
Ngoai ra, trong mach vong diéu khién vi tri ton tai hai dau vao 1a luvong dit (setpoint) tir
hé thdng may tinh mo phong 3D va nhiéu tai M,. Hai dau vao nay déu 1a cic tin hiéu
ngau nhién do phu thudc vao cac chuyén dong (roll, pitch, heave) ciia con tau va sb
lwong ngudi trén cabin mé phong. Theo [15], dé giam duoc sai sb diéu chinh do su bién
thién cua luong dit giy ra thi cAp vo sai ctia hé ho phai 16n hon cip vo sai cta luong dit

mot bac.

Position Control

Smooth Constant of

Position Feed
Forward Gain Position ':'_-:E;ﬁ Forward
Pz-02 Pr.03

I
|
I i
: I
: I
! I
! I
l I
- H _ Paostion Loop + !
cr;ﬂfr'ﬁ?ﬂd T =0 f2ain - + | Max. Speed Limit
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I - Switching Rate of A i
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" Gain ) i v
| P20 Gain $w1g.hug| ]
| P27 : Speed
Command
|
| ' |
| ——
I i ™
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- - T T T - T - - - T T - T _ - - Tttt T T == I
! Spaad Feod !
P Differentiato F: i Gain ———y .
| [ omreteter |+ Fongn | Ssemietias |
. i (1+P1-37)"IM !
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¥ ¥ F I -
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i A Y *- : "o
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| megrator Swiching jsain Switching| L Lo
W 1
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! B205 | P1aT .
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1 P06 __,/\ I I ]
i E‘ || Motor Inertia i
lal &
1 Cain Switching : DJMe [
1 P227 i .
j— |
1 - H [
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- Reciprocal omman
I I [}
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|
1 ! —
1 1 o
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Hinh 2.26. Cdu tric vong lap vi tri (a) va toc dg (b) trong ché dé c6 Feedforward dau

vao
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Tuy nhién, cip vo sai cta luong dit ciing bién d6i ngiu nhién nén khong dé dé
thue hién duoc giai phap nay. Mit khac, déi véi bd didu khién ASDA-B2 cia Delta ta
con c6 phuong an thr hai 13 cai dit cau trac Feedforward ddu vao bang khau vi phan
cho hai vong diéu khién vi tri (P2-02) va téc d6 (P2-07) nhu hinh 2.26.

Tiép theo, dé khir sai léch quy dao do nhidu tai gay ra cic b Drive déu cho phép
chung ta thuc hién bang mach bu Feedforward hinh 2.26b c6 dang:

M, L. Km

Frpy (s) = 5 VOl E, ~ —— (2.13)
~ L AM dj

M, = —n;, cos(<pj) + -t %E (2.14)

Trong d6: M. 1a mé mem can quy d6i; AM 1a thanh phan mé men t6n thit cua co
ciu; F,, 12 ham truyén dat ctia mach vong diéu khién mé men, c6 thé x4p xi thanh khau
qua tinh bac 1.

Viéc tinh toan M, rat kho khin do sy bién thién cia tai trong theo sd lugng ngau
nhién cta hoc vién trong cabine. Tuy nhién, két hop v6i cac thong sb giri dén tir may
tinh chi1 3D ta c6 thé udc luong gan dung [8] trong chuong trinh PLC va sau d6 chuyén

gia tri M, cho Drive thong qua cong RS485/Modbus RTU dé bu sai sd.

M,
Tir sau bo Bd PK % F ‘é 1

¥ ; ; : | m ) ).
BK vj tri ® toc d Is

Hinh 2.27 So' @6 mach bu nhiéu tgi Feedforward

Pé kiém ching cai dat cho cac thuat toan diéu khién trén ta cho hé théng hoat
dong va thu thap dir liéu tr PLC vé may tinh bing coéng cu OPC toolbox trong
Matlab/Simulink vo1 OPC server 1a KEPServerEX 6. Tau mo6 phdng 1a loai TT400 c6
chiéu dai 55m, chiéu rong 9.2m, mén nude 2.6m va tai trong 1a 429 tan. Két qua co
dugc 6 hinh 2.28, trong d6 gia tri tir mdy tinh chu 3D do duoc 1a duong nét dut bao gom
goc quay lic ngang (roll f) hinh trén va lic doc (pitch_f) hinh dudi; gia tri goc quay

bam theo cua san cabine 1a roll_model va pitch_model 1a duong nét dam.
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— — — Rollf
Roll_model

t(gidy)

6 8 10 12 14 16 18 20

— — —Pitch_f
Pitch_model

t(gidy) |

0 2 4 6 8 10 12 14 16 18 20

Hinh 2.28. Bdc tinh dap 1»ng bam theo cac goc quay con tau cua san cabine

Qua két qua trén, két hop voi nhiéu 1an khao sat va do dac ta nhan thay dap Gmg
chuyén dong cua san cabine ludn co do tré tir 500+1500ms; bién d6 max bam theo cla
san co sai s6 khoang 12%. Piéu nay c6 thé giai thich duoc 1a do cac khau Feedforward
chinh xac rat kho dé thyc hién nén déu xap xi ching dudi dang khau vi phan (hinh
2.26), ludn ton tai mot khoang thoi gian tré truyén thong tin hiéu tir may tinh chu téi
PLC va dong thoi viée tinh toan mé men can M., md men quan tinh J déu 13 gan ding.
Céc nguyén nhan nay rat kho khic phuc néu ta khong dung mot phuong phap méi khac.
2.7.2 Cai thign chdt lweng diéu khién vj tri bang thugt toan du bao sé trén co sé PLC

Tir két qua va phan tich nguyén nhan & muc 2.7.1 ta thdy day la cac han ché pho
bién trong cac hé théng mé phong chuyén dong (motion) hién nay [13]. Dé cai thién
duoc diéu d6 trong muc nay NCS dé xudt str dung cac thuat toan du bao don gian. Viéc
ung dung cac thuat toan dy bao hién dai nhu MPC [15] hay mang noron nhan tao sé&
duoc NCS nghién ctru trong chuong tiép theo. Trong khuan kho phan tng dung PLC dé
thiét ké bo diéu khién bAm cua muc nay ta s€ st dung thuat toan du bao don gian trén co
so diéu khién s6 cho PLC vi trong mot sd tng dung cu thé phuong an nay van dem lai
hiéu qua.

Tu chuong 1, ta c6 phuong trinh dong hoc tau thuy 6 bac tu do (DOF) c6 dang:

= J1(n)vy (2.15)

N2 = J2(n2)v, (2.16)
Trong do:
m=x v zZI%n,=[¢ 6 yI
v=u v wihvy,=[P q 7"
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J1(n1) va J,(n,) 1a cac ma tran chuyén doi truc
Tir (2.15) va (2.16) ta c6 phuong trinh dong hoc tau thuy viét cho 3 bién trang

thai ¢, 6, z nhu sau:

¢ p + gsin($p) tan(0) + rtan(Pp)tan(0)
o= qcos(0) — rsin(od) (2.17)
7 —usin(0) + vcos(0) sin(¢p) + wcos(0)cos(d)

Tir (2.17) do vé tréi 14 cac dao ham nén ta c6 thé thiét ké cac thuat toan du bao dé
1ap trinh cho PLC gdm hai buéc nhu sau:
- Budc 1: Cap nhat cac gia tri & chu ky hién tai tr may tinh chu thong qua mang
Modbus TCP:
p(k), q(k), r(k), u(k), v(k), w(k), p(k), 6(k), z(k)
- Bu6c 2: Dy bao céc trang thai lic ngang, lic doc, truot doc ¢(k + 1), 0(k +
1),z(k + 1) theo cong thirc (2.18) nhu sau:

dk+1) ¢(k) + p(k) + q(k) sin(p(k)) tan(8(k)) + r(k)tan(¢(k))tan(6 (k))
Bk+1)| = (k) + q(k) cos(8(k)) — r(k)sin(¢(k)) (2.18)
z(k +1) z(k) —u(k) sin(e(k)) + v(k) cos(e(k)) sin(¢(k)) + w(k) cos(@(k)) cos(¢(k))

Thoi gian cat mau T, cho chu ky tinh toan duoc chon nam trong dai
500+1500ms. Sau khi 1ap trinh, cai dat vao hé théng va thu thap dir li€u ta duogc cac do
thi nhu hinh 2.29 sau day:

20
15 L

t (gidy)

0 2 4 6 8 10 12 14 16 18 20

Hinh 2.29 Ddp ng bam theo cac goc quay con tau cua san cabine khi si dung du bao
voi Ty = 500ms
Két qua trén cho thiy cac gbc quay clia san cabine dd bam t6t hon so voi hinh
2.28. Tuy nhién, khong dugc nhiéu cai thién vé sai sd va do tré. Ngoai ra, trong ca hai
két qua hinh 2.29 cac duong dic tinh dép ung déu c6 dao dong it hon, chuyén dong
muot hon so véi luong dat do da duoc loc thong qua vong lap diéu khién vi tri thuc té 1a

khau qua tinh bac mat.
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2.8 Két luan chwong 2

Trong chuong 2, NCS d3 nghién ctru va tng dung phin mém mé phong Unity3D
dé mo phong chuyén dong tau thuy trén co sé phuong trinh déng hoc c6 duge & chuong
1. Trong d6 vé phai ciia phuong trinh Mpzv + Crp(v)v = 55 dd dugc md phong thong
qua module Rigitbody va dua vao mé hinh tau, vé phai duoc tach ra dudi dang Tz =
T — g(n) trong d6 cac thanh phan luc ndi, luc va mod men thuy dong luc hoc, luc va
momen tao ra do tac dong cua cac lyc déy cua chan vit chinh, chan vit mii, banh 141, luc
do tac dong cua méi trudng nhu soéng, gid, dong chay... déu lan lugt duoc tinh toan
bang cac khéi ham va dwa vao vat thé 13 con tau.

Khi md hinh md phong 3D chuyén dong tau thay hoat dong, NCS thuc hién thu
thap tham s6 la cac thanh phan chuyén dong 6 bac ty do cua tau trong vecto 7. Tiép
theo dé mé phong chuyén dong bing san treo cabin, NCS gigi han lai chi sir dung 03 tin
hiéu chuyén dong chinh Ia lic ngang, lac doc va trugt dang (¢, 6, z).

NCS di nghién ciru va xay dung bo diéu khién bam tin hiéu chuyén dong ¢, 6, z
clia con tau mo phong 3D bang mo hinh dong hoc nguoc chinh xac 2.8 va 2.9 sau do s
dung m6 hinh dong hoc thudn mo phong st dung thuat toan Newton-Raphson dé kiém
tra dap ung bam tin hiéu. Ngoai ra, dé hudng dén tinh thyc tién NCS tng dung thiét bi
PLC dé diéu khién céc co ciu thuc hién ctia mé hinh vat 1y san treo. Trong do, NCS da
dé xuat cac phuong an ghép ndi giita PLC va Drive, phuong phap thiét ké thuat toan
diéu khién trén PLC va Drive dé nang cao chat luong diéu khién bam tin hiéu mo
phong. Tuy nhién, di voi ca hai phuong an sir dung moé hinh mé phong véi thuat toan
Newton-Raphson va mé hinh san treo vat 1y that thi do tinh chét thay d6i ngau nhién
cua lugng dat va nhiéu tai nén chat luong bam tin hi¢u van bi tré tir 500ms - 1500ms
mic du da sir dung cac phuong phap nhu Feedforward dau vao, bu nhiéu tai, du bao sb.
Vi viy, hudng nghién ciru trong chuwong tiép theo s& 1a str dung cac phuong phap diéu

khién dyu bao hi¢n dai dé khac phuc cac di€ém con ton tai.

71



CHUONG 3. THIET KE BQ PIEU KHIEN DU BAO UNG DUNG
MANG NORON NHAN TAO TRONG PIEU KHIEN SAN TREO

3.1 Tri tué nhan tao - Al va mang noron nhan tao - ANN

Cho dén nay, két qua cua rat nhiéu cong trinh déu cho thdy mang noron nhan tao
la mot giai phap tdt dé nhan dang phi tuyén, chan doan su cd hong hoc tiém an hodc du
bdo trang trai. Vi vay, NCS s xay dung mang noron phuc vu cho viéc du béo trude gia
trj tham chiéu cho to hop Drive/Server Mortor. Trong muc nay, NCS s& tim hiéu vé tri
tué¢ nhan tao - Al, mang noron nhan tao - ANN va nghién ctru tng dung no.

Tri tué nhan tao (Al - Artifical Intelligence) la mot khai niém rong va bao trum,
duoc goi latri théng minh nhan tao, 1a tri théng minh dugc thé hién bang may méc
(hoac may tinh), trai nguoc vai tri thbng minh ty nhién cua con ngudi. Thong thuong,
thuat ngir “tri tu¢ nhan tgo” thuong duoc sir dung dé md ta cac may méc (hoic may
tinh) ¢ kha nang bat chudc cac chic nang “nhdn thizc” ma con ngudi thudng phai lién
két véi tam tri, nhu “hoc tdp” va “gidi quyét vdan dé”. Cong nghé nay md phong nhitng
suy nghi va qua trinh tiép thu kién thuc ciia con ngudi cho may moc, dic biét la cac he
théng may tinh.

Cung véi may hoc (Machine Learning), hoc sau (Deep Learning) thi mang noron
nhan tao (ANN - Artifical Neural Networks) Ia mot nhanh cua Al, n6 mé phong lai
mang noron sinh hoc 1a mét cau triuc khdi gdom cac don vi tinh toan don gian duoc lién
két chat ché véi nhautrong d6 cac lién két giita cac noron quyét dinh chiic ning cua
mang.

ANN la mot mé hinh xtr ly théng tin phong theo cach thuc xir Iy thdng tin caa
c4c hé noron sinh hoc. N6 duoc tao nén tir mot s6 luong 16n cac phan tir (goi 1a phan tir
xtr 1y hay noron) két néi véi nhau théng qua cac lién két (goi la trong sé lién két) 1am
viéc nhu mot thé thong nhat dé giai quyét mot van dé cu thé nao do.

Céc dic trung co ban ctia mang noron gdm: mot tip cac don vi xir Iy (cac noron
nhan tao), cac trang thai kich hoat hay dau ra ctia don vi xt ly; ham lién két giita cac
don vi. Xét téng quat, mdi lién két duoce dinh nghia b1 mot trong $6 Wj; cho ta biét hiéu
ung ma tin hi¢u cua don vi j c6 trén don vi i. Mot luat lan truyén quyét dinh cach tinh tin
hiéu ra cua timg don vi tir dau vao ctia né. Ham kich hoat, hay ham chuyén (activation

function, transfer function), xac dinh mirc d¢ kich hoat khac dua trén mirc d¢ kich hoat
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hién tai cing véi mot don vi diéu chinh (goi 1a do 1&ch, bias, offset) ctia mdi ham kich
hoat. Ngoai ra, dac trung co ban khac ciia mang noron la hinh thanh phuong phap thu
thap thong tin va huin luyén mang (luat hoc - learning rule), bén canh d6 1a hinh thanh
moi truong dé hé théng c6 thé hoat dong.

3.2 Céc hinh trang cia mang noron ANN va mang truyén thing nhiéu lép MLP
3.2.1 Cac hinh trgng ciia magng noron

a. Mang truyen thang (Feed forward neural network):

Trong mang nay dong dir lidu tir don vi ddu vao dén don vi dau ra chi dugc
truyén thang. Viéc xur Iy dir liéu c6 thé mé rong ra nhiéu 16p, nhung khong c6 céc lién
két phan hoi. Nghia 13, cac lién két mé rong tir cac don vi dau ra téi cac don vi dau vao
trong cung mot 16p hay cac 16p trude do 1a khong cho phép.

b. Mang héi quy (Recurrent neural network):

Trong mang nay c6 chira céc lién két nguge. Khac véi mang truyén thang, cac
thudc tinh dong ctia mang méi quan trong. Trong mdt s6 trudng hop, cac gia tri kich
hoat ctia cac don vi trai qua qué trinh ndi 1ong (ting giam sb don vi va thay doi cac lién
két) cho dén khi mang dat dén mot trang thai 6n dinh va cac gia tri kich hoat khong thay
d6i nira. Trong cac Gng dung khac ma cach chay dang dong tao thanh dau ra cuia mang
thi nhitng sy thay ddi cac gia trj kich hoat 14 dang quan tam.

3.2.2 Mang truyén thang nhiéu lép MLP

Pé don gian va tranh hiéu nhim, mang truyén thang trinh bay trong phan nay 1a
mang truyén thang c6 nhiéu 16p (MLP - Multi Layer Perceptron). Pay 1a mot trong
nhimg mang truyén thang dién hinh, thuong dugc st dung trong cac hé thdng nhan
dang, du bao va tac gia s& hudng dén sir dung trong dé tai nghién ctru nay.

Mot mang truyén thang nhiéu 16p bao gdm mot 16p vao, mot 16p ra va mot hodc
nhiéu 16p an. Cac noron dau vao thuc chat khong phai cic noron theo diing nghia, boi 18
ching khong thuc hién bat ky mot tinh toan nao trén dit li€u vao, don gian no6 chi tiép
nhan céac dit liéu vao va chuyén cho céac 16p ké tiép. Cac noron ¢ 16p an va 16p ra méi
thuc su thuc hién céc tinh toan, két qua dugc dinh dang bdi ham dau ra (ham chuyén).
Cum tir “truyén thang” (feed forward) khong phai 1a trai nghia cta lan truyén nguoc, nd
lién quan dén mot thuc té 1a tat ca cac noron chi c6 thé duge két ndi voi nhau theo mot

hudng: t6i mot hay nhiéu cac noron khéc trong 16p ké tiép (loai trir cic noron & 16p ra).
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Hinh 3.1 Mang noron truyén thang nhiéu lép MLP

Trong do:

P: Vector dau vao (vector cot)

W': Ma tran trong s6 cua cac noron 16p thr i. (SiXRi: S hang (noron) - R cot (s6
dau vao))

b': Vector do 1éch (bias) cua l6p thir 1 (Sixlz cho S noron)

n": net input (S'x1)

f': Ham chuyén (ham kich hoat)

a': net output (S'x1)

@: Ham tong thong thuong.

MJi lién két gén vo1 mot trong $0, trong $6 nay dugc thém vao trong qua trinh tin
hiéu di qua lién két d6. Cac trong sd co thé duwong, thé hién trang thai kich thich, hay
am, thé hién trang thai kiém ché. Mdi noron tinh toan muc kich hoat cua ching bﬁng
cach cong tong cic dau vao va dua ra ham chuyén. Mot khi ddu ra cta tit ca cac noron
trong mot 16p mang cu thé da thuc hién xong tinh toan thi 16p ké tiép ¢ thé bat dau
thuc hién tinh to4n ciia minh béi vi dau ra cta 16p hién tai tao ra dau vao cua 16p ké
tiép. Khi tat ca cac noron da thuc hién tinh toan thi két qua duogc tra lai boi cac noron
dau ra. Tuy nhién, co thé 1a chua ding yéu cau, khi d6 mot thuat toan huin luyén can
dugc ap dung dé diéu chinh cac tham s ctia mang. Xét truong hop mang c6 hai 16p,
cong thirc tinh toan cho dau ra nhu cong thirc 3.4 sau déy:

a? = f2(W2(fL (WP + b')) + b?) 3.1)

Mang c6 nhiéu 16p c6 kha niang tét hon 1a cac mang chi c6 mdt 16p, chang han
nhu mang hai 16p véi 16p thir nhat sir dung ham sigmoid va 16p thir hai ding ham dong
nhét ¢ thé ap dung dé Xép xi cac ham toan hoc kha tét, trong khi cac mang chi c6 mot

16p thi khong c6 kha nang nay.
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3.3 Ung dung mang no ron nhén tao dang MLP trong diéu khién san treo

Mang noron nhan tao co thé sir dung dé gidi bai todn du bao, nhan dang hu hong
- bai toan phan loai (classification) mot cach hiéu qua. Mang mach thang nhiéu 16p 1a
dang pho bién nhat do kha nang xap xi cac hoan phi tuyén bat ky. Nhu da gidi thiéu &
cac muc trén ciu tric MLP bao gém nhiéu 16p két ndi véi nhau theo mach thang. Céc
noron trong mang dugc phan biét véi nhau thong qua vi tri cia nd trong mang. Nhom
noron ddu vao 1a nhitng noron nhan théng tin tir mdi truong bén ngoai vao trong mang.
Chung c6 vi tri ngoai ciing “bén trai” va dugc ndi véi cac noron khic trong mang tir
“r&” dau ra; Nhom noron duoc cac noron khac trong mang két ndi téi thong qua dau vao
dugc goi 1a noron dau ra (output layer). Nhitng noron dau ra ¢ vi tri ¢ ngoai cting “bén
phai” va c6 nhiém vu dua tin hi¢u ctia mang ra bén ngoai; Nhitng noron con lai khong
thudc hai nhom trén dugc goi 1a noron bén trong (hidden layer). Cling nhu khi ap dung
cho bai todn x4p xi ham, dbi voi bai toan phan loai, sd lugng noron & 16p vao chinh
bang s6 bién cta dir liéu (s6 chiéu trong khong gian trang thai da chiéu). S6 noron & 16p
ra chinh béng sb 16p trang thai can duoc phan loai. Vi dy, néu nhiém vu la phan loai céac
trang thai tot/trung binh/xau, thi c6 ba noron & 16p ra. Trén tau thily hién nay bai toan
du bao, phan loai (nhan dang hu hong) st dung mang no ron cling dang dugc sir dung
rat phd bién. Vi du, trong qua trinh khai thac dong co diesel tau thity, chan doan trang
thai k¥ thuat, xac dinh hu hong cac cum chi tiét cua dong co 1a céng viéc vo cung quan
trong dbi voi ngudi khai thac. Trén co sé phan tich cac thong sé do dugc cia dong co
cho phép ngudi khai thac ddnh gia tinh trang hién tai cua dong co. Pé 1am duoc diéu
nay, can do cac thong sb cong tac ciia dong co nhu 4p suit nén pe, ap suit chay cuc dai
pz, goc phun sém nhién liéu ¢, lwong tiéu hao nhién liéu cua déng co, do thi cong chi
thi P-V...

Viéc xay dung mot mod hinh mdy hoc trong d6 di tich hop day du kién thirc
chuyén gia va cho phép tu dong du bao trang thai do nghiéng, lic dua trén logic gidng
tu duy con ngudi s& giup cho cong viéc diéu khién dugc thuan lgi va chinh xac hon.
Vi¢c xay dyng mo hinh du bao, chan doan trang thai k¥ thuat thong qua nhan dang goc
quay som cta dong co servo dua trén suy luan rang cac khi thyc hién diéu khién sém
gdc quay ciia dong co trén co sé du bao trudc xu hudng trang thai nghiéng, lic ciia san

treo s& khac phuc duoc hién tuong tré ciia co cau chap hanh. Khi 4y, mo hinh s& du bao
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va nhan dang dac diém trang thai cua san treo trudc mot khoang thoi gian nhét dinh két
hop v6i gia tri dau vao goc quay ciia déng co servo & trang thai hién tai.

Céc bude sau can phai thuc hién khi xay dyng moé hinh du bdo sém trang thai
gdc quay cia co ciu chap hanh:

e Tién hanh thuc nghiém trén moé hinh san treo platform dé thu thap di liéu do
nghiéng, lic cling nhu goc quay cic dong co servo twong (g VGi CAC trang théi
s6ng bién khéc nhau;

e Xt ly dit liéu trudc khi st dung. Viéc xir ly dit liéu c6 thé bao gdm viéc &p dung
c4c thuat toan loc dé loai bo nhidu va sap xép dit liéu theo dang mang noron nhan
tao 6 thé nhan dang duoc;

e Xay dung mang noron nhan tao bang cach lya chon va huan luyén mang bang di

liu da co;

e Kiém tra tinh chinh xac va sy phi hop cia mang da xay dung cho bai toan nhan
dang;

e St dung mang dé diéu khién san treo tir cac dir liéu méi duoc cap tir md hinh md
phong.

Trong md hinh cia dé tai ludn an, dir liéu dau vao 1a cac thong s goc quay, vi tri
thang dung cua san treo cling cac toc dd cta nd tuong (g véi cac trang thai song bién
khac nhau. Dit liéu ddu ra 13 cac gia tri goc quay cua dong co servo. Khi st dung mang
dé du bao, mdi mot noron tai 16p vao clia mang s& tng voi mot thong sd dau vao (goc
va tde d6 goc roll, goc va tde do goc pitch, vi tri twong ddi va tdc d6 dai heave cung véi
cac gia tri trude d6 t-K), mdi mot noron tai 16p ra s& g véi mdt goc quay cua dong co
servo. S6 noron trong 16p 4n tuy thudc vao mirc do phirc tap cua cic quan hé phi tuyén.
3.3.1 Bai toan du bdo triéc gia tri tham chiéu cho té hep Drive/Servo Mortor

Nhu d3 giéi thiéu ¢ muc trén, MLP 1a mot giai phap tot dé nhan dang phi tuyén,
chan doan su cd hong héc tiém an hodc du bao trang trai. Vi vay, NCS s€ xay dung
mang MLP phuc vu cho viéc du bao trude gia tri tham chiéu cho to hop Drive/Servo
Mortor. Mang MLP dugc sir dung trong ludn an nay 1a mot mang MLP truyén thang c6
phan b cac 16p nhu sau: 16p dau vao (12 no-ron tng véi 12 tin hiéu vao); 16p dau ra (3
no-ron tng v6i 03 tin hiéu ra) va cac 16p an. S6 luong 16p an va sé no-ron cua no s&
duoc chon dua trén mé hinh du bao ndo c6 sai s6 MAPE nhu cong thirc (3.4) la nho
nhat dugc trinh bay chi tiét trong muc 3.3.3.

Pau ra ctia mdi noron ¢ dang nhur (3.2):

am+1 — fm+1 (nm+1)
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Voi: n™mtl = ymtlgm 4 pmtl.;m =0,2,..., M —1 (3.2)
a’ =p;a =a"
V6i bo thong s6 dau vao dé luyén mang 1a: {p;, t1}, {p2, t2}, ... {Po. to}
Vi vector sai s binh phuong trung binh: F(x) = E(e"e) = E[(t — a)"(t — a)]va cb thé
xap xi duéi dang (3.3) nhu sau:

FG) = ((£00 - a()” = (£00) - a())) = e¥(0). (k) (3.3)

Lép ddu vao gdm cd cac nit twong tmg véi 6 dau vao 1a tin hiéu goc quay, vi tri
va céc gi tri toc d6 dai, tbe do goc clia nd nhu bang 3.1. Ngoai ra, chon cac 16p dau vao
b6 sung 6 dau vao qua khir: n(t — 1) va v(t — 1) voi

n=MmLnl"m =xyz21"n, =[¢ vy el
v - Vecto van toc dai, van tde gbc trong hé toa do c¢d dinh, duoc xac dinh bﬁng:
V= [VI'VE] ;v =, W]Ti 2 = [p, q,r]T

Bang 3.1. M ta cac thanh phdan chuyén déng cua san treo

, Toc do dich
Truot doc - Surge Su dich chuyén , .
1 , . X | chuyén theo chiéu u
(Chuyén dong theo truc X) | theo chiéu doc q
oc
_ , Toc d6 dich
Truot ding - Heave Su dich chuyén , ,
2 , , z | chuyén thang w
(Chuyén dong theo truc Z) | thang ding
ding
Truot ngang - Sway Toc do dich

3 Su 1éch ngang y %

(Chuyén dong theo truc Y)

chuyén ngang

Lic ngang - Roll

Van toc goc cua

Gaéc nghiéng o) ,

(Quanh truc X) lac ngang

Lac doc - Pitch ] A Van toc goc lac
Goc chénh 0

(Quanh truc Y) doc

Quay tré - Yaw Van toc goc quay
Goc dao lai 1)

(Quanh tryc Z)

tré

L6p dau ra gom 3 nut ra tng ba gia tri du bao cua goc quay cua 3 dong co servo
a=la, a aJT dé nhan duoc gia tri lac ngang, lic doc, truot ding ciia san treo sém

hon. Tl qua trinh luyén mang va két qua nhan duoc thi 16p an s& chon bao gom 10 ndt.
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Trong phuong 4n nay vi¢c chan doan, du bao tuong lai trudc dat dugc 1a 50ms dén 1500
ms dya vao cac dir liéu tai thoi diém hién tai va qué khtr. Mang noron MLP s¢& hoc dugc
mdi quan h¢ nay va két qua sau khi hoc co thé dugc kiém tra lai béng bo dir liéu mau
khac (test file). Pé xac dinh sai sb, sai s tuyét ddi phan traim (APE) va sai sb tuyét doi
trung binh phan trim (MAPE) duoc st dung, va duoc dinh nghia nhu (3.4) sau day:

APE gocthuc — gocdubao 100
= *
gocthuc

MAPE = —Y"" APE (3.4)
Np

Trong do Ny, 1a thot gian du bao.

Giai thuat hudn luyén mang MLP st dung ky thuit lan truyén nguoc
(Backpropagation). Giai thuat lan truyén nguoc cho mot giai phap hiéu qua va don gian
dé tinh toan dao ham cua ham muc tiéu theo trong s va bias & cac tﬁng khac nhau.
Trong s6 va bias dugc tinh va cap nhat & budc thir k 4+ 1 nhu trong cac cong thire (3.5)
dén (3.7) sau day:

Lan truyén xudi:

a®=p

amtl = fmil(ymtigm 4 pmil). m =10,2,..,m—1 (3.5

a=a"

Lan truyén nguoc:

sM = 2FM(nM)(t — a)

sM = 2 2FM(mn™)(w™H)Tsm+l m=M-1,..,2,1 (3.6)

Céap nhat trong sb va bias:

wh(k +1) = wm(k) — as™(a™ )T

b™(k+ 1) =b™(k) — as™ (3.7)

Tiéu chuan dé dimg hoc ddi v6i qué trinh huin luyén cin ¢t vao sai s sinh ra
bdi mang, dua vao sai s tuyét déi phan trim (APE) va sai sd tuyét ddi trung binh phan
tram (MAPE). Sau khi da huén luyén, ta tién hanh kiém tra sai sb cua mang dé chon ra
mang tdi wu, phuc vu cho viéc du béo.

3.3.2. Xay dung mang noron sir dung cong cu Matlab/Nntool

a. Bg cong cu ANN Toolbox
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Céc toolbox cia MATLAB 1a mét by suu tdp cia m-file ma mo rong cac kha
ning cia MATLAB dén mot sb linh vuc k§ thuat nhu hé théng fiiéu khién, xt Iy tin
hiéu, tdi wu hod, va ANN., Trong toolbox ANN version 3.0 [Mat99b], MATLAB cung
cip 12 ham huan luyén c6 hiéu suit cao. Mot mang ANN lan truyén ngugc duoc ding
phd bién. Mot s cac ban ludn vé 16p dau vao, 16p an va 16p dau ra nhu sau.

newff(PR,[S1 S2...SNI] {TF1 TF2.. TFNI},BTF,BLF,PF)
Trong do:

PR -- R x 2 14 ma tran t5i thiéu va tdi da cho cac phan tir dau vao R

Si - 1a kich thudc 16p i, for NI layers

TFi - 12 ham truyén cta 16p tht i, mic dinh = ‘tansig’. Ham truyén TFi c6 thé 1a
ham truyén kha vi bat ky nhu tansig, logsig hodc purelin.

BTF - 1a ham huan luyén mang lan truyén ngugc, mic dinh = ‘traingdx’. Ham huan
luyén BTF c6 thé 1a bat ky ham huan luyén backprop nio nhu trainlm, trainbfg, trainrp,
traingd, v.v.

BLF -- Ham hoc trong $6/d06 1éch lan truyén nguoc, mac dinh = 'learngdm'. Ham
hoc BLF ¢6 thé 1a mot trong cac ham hoc lan truyén nguoc nhu learngd hodc learngdm.

PF - 13 ham muc tiéu, mic dinh = ‘mse’. Him muc tiéu c6 thé 13 bat ky ham hiéu
suat kha vi ndo nhu mse hoic msereg.

b. Pé xudt cdu tric thuc hién

Qua trinh luyén mang: CAu hinh cta hé théng trong qua trinh luyén mang bao
gom dir liéu dau vao 1a cac tin hiéu tir cac cam bién do nghiéng roll, pitch, heave cia
san treo dugc thu thap tai PLC. Céc tin hi¢u nay dugc truyén Ve may tinh PC/Matlab
thong qua modle OPC tool. Ngoai ra, ditr liéu ctia cac goc quay dong co servo cling
duoc thu thap bai PLC va chuyén vé phin mém Matlab nhu 12 cac dit liéu dau ra.

Qua trinh van hanh: Cu hinh cta hé thong trong qué trinh van hanh bao gdm dit
liéu dau vao 1a céc tin hiéu tir cac do nghiéng roll, pitch, heave tinh dugc tir m6 hinh mo
phong 3D cia may tinh PC/Unity duoc cung cip dén may tinh PC/Matlab v&i module
ANN/MLP d3 dugc hoc s& cung cap ¢ dau ra 13 cac gia tri goc quay ctia dong co servo
da duoc du bao trudc.

DPé xuat cdu trac tich hgp module ANN vio hé thong diéu khién san treo

Platform nhu hinh 3.2 dudi day:
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Hinh 3.2. So' d6 cau tric hé thong diéu khién san treo cé tich hop module ANN/MLP

Trong do, viéc thu thap dir licu va diéu khién truc tiép san treo duoc thuc hién
thong qua PLC; may tinh diéu khién khién giam sat s& trao doi voi PLC thong qua
module OPC server, module ndy cung cap dit liéu cho phin mém mé phong 3D dong
thoi giao tiép v6i phan mém Matlab thong qua toolbox OPC. M4y tinh cai dat phan
mém Matlab/NN tool cai dit thuat toan ANN/MLP, thuc hién luyén mang va s€ nhan dit
liéu dau vao tir san treo sau d6 thuc hién thuét toan da hoc va dua ra céac quyét dinh du
béo cho may tinh dé bo diéu khién PLC dua ra cac tinh hudng xt 1y sém hon. Cong cu

OPC toolbox gdm c6 cac thanh phan trong hinh 3.3, 3.4 sau day:

VD

OFG Write OPC Read
’ (Disabled) Disabled) QP
TH

OPC Write ) OPC Read

b)
Hinh 3.3. Khéi OPC Configuration dé cau hinh két néi a) Knoi OPC Write d@é ghi dir
ligu thoi gian thure dén PLC b) Khéi OPC Read dé doc dit liéu dén tir PLC
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Vendor
Major
Sub
Limit
OPC Quality Parts

Hinh 3.4. Khéi OPC Quality Parts dé giam sat chdt lirong két noi

Yab

VVVV

c. Thu thgp da ligu thoi gian thec cho Matlab/NNtool

Khi nghién ctru vé diéu khién qua trinh, sau khi di téng hop duoc cic bo didu
khién ta sé& tién hanh mo phong hé théng trén Matlab/Simulink dé kiém chimg két qua.
Tuy nhién, néu chi ding lai & d6 thi két qua mé phong chwa dap tng dugc yéu cau ap
dung thanh qua nghién ctru vao thyc tién. bé loi dung dugc viéc xay dung cac bd diéu
khién dé dang trén Matlab/Simulink nhung dong thoi tan dung dugc cac thiét bi cong
nghiép co san trong phong thi nghiém ma vin dam bao dugc thuc nghiém hé thong trén
dbi tuong thuc, trong luan an gidi thiéu bd bd cong cu OPC toolbox dé lam cau ndi dix
ligu gitra Matlab/Simulink va thiét bi kha trinh PLC. Két qua cai dat va thuc nghiém cho
thidy phuong 4n ndy rat hiéu qua va dam bao chat luong t6t trong thuc nghiém céc hé
diéu khién qué trinh can thoi gian xur Iy khong qua nhanh.

Trong linh vuc diéu khién, khi nghién ciru va xay dung cac bd tu dong diéu
chinh, diéu khién qua trinh phan mém Matlab/Simulink déng vai tro rat 1on trong viéc
kiém chimg két qua thong qua md phong offline. Tuy nhién, khi mé phong thoi gian
thuc (online) thi doi hoi ngudi thiét ké phai trang bi thém cac module két ndi véi may
tinh PC/Matlab/Simulink ma thu vién Real-Time Windows Target cia Malab hd trg
hodac phai lap trinh trén ¢ hodc .net.

Khi ta cau hinh hé théng dé chay thoi gian thuc thi cho phép st dung phan cimg
trong qua trinh mo phong dé thir bo diéu khién. Diéu nay gitp ching ta thay d6i linh
hoat thiét ké trong qua trinh phat trién, giam dugc chi phi va rat ngan chu trinh thiét ké.

Phuong phap st dung bd cong cu “Real-Time Windows Target” c6 vu diém ndi
bat 1a thoi gian dap ing nhanh.

Véi phuong ap st dung ¢ hodc .net doi hoi ngudi thiét ké phai c6 kha ning lap

trinh chuyén sau vé ghép nbi may tinh qua cong ethernet, USB hoic khe cim mo rong
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SPI. Véi phuong ap stir dung thu vién RealTime Windows Target thi phai c6 cac module
chuyén dung. Cac module nay tim mua trén thi trudng thuong mai twong déi khé khin
kém theo gia thanh lai cao déng thoi khong ho trg mot s6 két ndi dic biét dén cac sensor
hay actualtor cong nghiép ddc thu. Do do, dé vira st dung dugc cac cong cu thiét ké bd
diéu khién rat don gian, tién ich va da dang trong Matlab/Simulink va vira c6 thé st
dung céc thiét bi diéu khién c6 sin va rat phd bién nhu PLC, IED, bién tan, cac bo diéu
khién nhiét... trong cac phuong an thi nghiém online thi giai phap st dung bd cong cu
OPC toolbox 1a mét lya chon hang dau. Trong giai phap nay, OPC dwoc xem nhu mot
giao dién dit liéu trung gian qua mang ethernet TCP/IP, nd nhu 1a cay cau lién két dir
lidu gitta moi truong 14p trinh Matlab/Simulink véi cac thiét bi ngoai vi 1a PLC.

3.3.3 Hudn luyén mang trong Matlab/NNtool

Dit liéu st dung dé luyén mang dugc cap tir PLC vao phan mém Matlab bang
cong cu OPC tool/OPC Server: KEPServerEX 5. Trén hinh 3.5 13 minh hoa vé nhiing
dir liéu chuyén dong trén ba truc (roll, pitch va rate of heave) cua san treo, nhiing di
lidu s& duoc xir Iy dé co duoc 1207 ban ghi dit liéu cta hé théng mo phong budng lai
v6i nhiéu kich ban thir nghiém (cap song khac nhau) dé huan luyén cho mang no-ron.
Céc ban ghi nay dugc chon loc dé ra cac mau co tin hiéu tham chiéu céc thdi diém trude
la 50ms - 1500ms.

Nhu da sb nhitng bai toan xay dung mé hinh dy bao sir dung mang no-ron, NCS
s& ldy 80% dir liéu ciia 1207 ban ghi, 20% dit liéu con lai dé sir dung cho viéc thir
nghiém mo hinh (testing). Nhu vay, dit liéu ddu vao va dau ra dé luyén mang s& 13 hai
bang dang file excel va co kich thudc twong ung la INPUT80: <966x12 double> va
OUTPUT80: <966x3 double>. Trong khi d6 dir liéu dugc sir dung dé thr nghiém mo
hinh da luyén s& la hai bang INPUT20: <241x12 double> va OUTPUT20: <241x3
double> co s& dir liéu theo Phu luc 1 va 2. Cac bang nay sé dugc nhap (import) vao
Workspace ctia Matlab dé st dung.

Céc thong s chinh dé huan luyén mang duoc thé hién nhu trong bang 3.2. Trong
nhiéu nghién cru vé mang no-ron da chi ra rang s6 16p an va sé no-ron trong mdi 16p an
t8i wu 8 phu thude vao tung bd dir liéu. Boi vay, NCS huin luyén 20 mo hinh voi $6
16p an khac nhau (1, 2, 3, 4, 5) s6 no-ron trong mdi 16p ciing thay doi (5, 10, 15, 20) dé
chon ra mo hinh c6 sai s6 trung binh tuyét d6i MPEA (tinh theo cong thiic 3.4) 1a nho

nhét.
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Roll angle (degree)
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Rate of heave (mls)
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Hinh 3.5. Dir liéu mdu dé luyén mang noron a) Chuyén déng roll; b) Chuyén déng

pitch; ¢) Chuyén dong heave

Bang 3.2. C4c théng sé chinh dé huan luyén mang

Parameter

Value

Ham huan luyén

Levenberg-Marquardt
backpropagation

Ham truyén cua lop dau vao va lép an

tansig

Ham truyén cua Iop dau ra

purelin

Ham 16i

Mean squared error

Toc dd hoc

0.001

S6 lan luyén t6i da

5000

Muc tiéu

0

S6 16p an

1+ 5 (budc: 1 16p)

SO no ron trong moi 16p an

5:5:20 (budc: 5 no-ron)
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Dudi ddy 1a code 1énh xtr Iy dit liéu va luyén mang trong Matlab véi 01 1p an va
10 no-ron trong 14p an do.
in_data=table2array(INPUT80);
out_data=table2array(OUTPUT80);
input = in_data’;
output = out_data’;
%MLP1X la ten cua mang no-ron
MLP1X = newff(minmax(input),[12 10 3]{tansig’ ‘tansig'
‘purelin’},'trainlm’);
MLP1X.trainParam.epochs = 5000;
MLP1X.trainParam.lr = 0.0001;
MLP1X.trainParam.goal = 0.000001;
MLP1X = train(MLP1X,input,output);
%Tao khoi mang no-ron su dung trong Simulink
gensim(net,0.1);
Khi huin luyén 20 mo hinh véi ) 16p an va s6 no-ron khac nhau, NCS d3 chon
ra dugc mo hinh véi 01 16p 4n va 10 no-ron 132 mé hinh c6 sai sb trung binh tuyét doi
nho nhat khi thtr véi 20% dit liéu con lai (241 ban ghi) cua bg dir ligu téng 1207 ban

ghi. Bo dir liéu téng huén luyén mang dugc thé hién trong phén phu luc.

4\ Custom Neural Network (view) - O X
Hidden Layer
Input
e W
12 b

Hinh 3.6. So dé cdu tric mang no-ron dwoc chon véi 01 16p dau vao (12 no-ron), 01
l6p dn (10 no-ron) va 01 I6p ra (03 no-ron)

Trén hinh 3.7 14 cira so trang thai trong qua trinh huan luyén mang. Trong khi do,
hinh 3.8 thé hién gia trj cua sai s6 MSE trong subt qua trinh luyén mang véi 01 16p an
(10 no-ron). Mang dat 15i huan luyén muc tiéu (0.001) sau 807 budc lap. Hé sb hoi quy
khi luyén mang R=1 (hinh 3.9) cho thidy mang hoi tu rat tot.
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4\ Meural Network Training (nntraintool)

Neural Network

Algorithms

Training: Levenberg-Marquardt (trainim)
Performance: Mean Squared Error (mse)

Calculations:  MEX

T ool 2ol (2ol

Hinh 3.7 Cira s6 trang thai qua

Progress
Epoch: o [ 807 iterations 5000
Time: 0:02:27
Performance: 516 5.90e-07 1.00e-06
Gradient: 213 0.00442 1] 1.00e-07
Mu: 0.00100 1.00e-08 1.00e+10
Plots

Performance (plotperform)
Training State | (plottrainstate)
Regression (plotregression;
Plot Interval: |1 1 epochs
@ Opening Regression Plot
@ Stop Training @ cCancel

trinh luyén mang

Training: R=1

Best Training Performance is 9.992e-07 at epoch 807

Train

Mean Squared Error (mse)

0 100 200 300 400 500 600 700 800
807 Epochs

Hinh 3.8. Pdc tinh sai sé MSE cua qua trinh luyén

mang

50

Output ~= 1*Target + 5.2e-06

-50

Testing Alpha 1: R=1

T T

Output ~= 1*Target + -2.1e-05

A L L L L L L L

-50

0

Target

Hinh 3.9. Pwong hai quy luyén mang

-45 -40 -35 -30 -25 -20 -15 -10

Target

Hinh 3.10. Puong hoi quy khi thi nghiém

mang Vvéi dau ra alpha 1

Véi cac dau vao cua 20% ban ghi con lai cua b dir liéu tong sé dugc st dung

lam dau vao cho mé hinh da luyén. DBau ra dy bdo cia mo hinh da luyén sé dugc so sanh

v6i dau ra tuong Gmg trong 20% ban ghi con lai dé so sanh d6 tuong quan. Két qua cac

duong quy khi thir nghiém voi 03 dau ra (alpha 1, alpha 2 va alpha 3) duoc thé hién trén

céc hinh 3.10, 3.11, 3.12. Ta thay rang, v6i ca 03 dau ra, hé sb hdi quy R déu bang 1,

diéu d6 cho thay chinh x4c va tin cdy ciia md hinh da luyén.
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Testing Alpha 2: R=1 Testing Alpha 3: R=1

a
o
T

N
(&)
T

1*Target + -0.00018
5 8 & &
= 1*Target + 5.7e-05

N
o

Output ~
>
Output ~

N
o
T

o
T

5 10 15 20 25 30 35 40 45 50 -30 -20 -10 0 10 20
Target Target

Hinh 3.11. Puong hoi quy khi thiz nghiém  Hinh 3.12. Puwong héi quy khi thi nghiém
Mang Véi dau ra alpha 2 mang Véi dau ra alpha 3
Két qua sau qua trinh luyén mang thi cac trong sb W;i va cac ngudng hay do léch
(bias) 0; cua mang dugc cap nhat va ta cé so dd céu trac mang no ron véi 12 dau vao, 10
n0t 4n va 3 16p dau ra nhu hinh 3.13. M6 hinh nay s& duo sir dung trong phan mém

Simulink dé nhan dang dit lidu vao méi khi diéu khién san treo.

Constant »

x1 yi

Custom Neural Network

Hinh 3.13. Khdi mang noron dé hinh thanh trong méi trwong Simulink dé si dung
3.3.4 Xay dung kich ban mé phéng véi m6 hinh Newton-Raphson
Kich ban m6 phong by du bao ANN dugc thyc hién theo trinh ty: trudce tién cho
tig chuyén dong hoat dong va khong ché hai chuyén dong con lai; sau d6 cho chuyén
dong hon hop ca 3 chuyén dong khi con tau chiu tac dong cua song bién. So dd ciu tric
mo phong sau khi ghép khbi mang noron hinh 3.13 vao hé thong ta dugc hinh 3.14 dudi
day.
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Phi from Sim +/-17.1 +—>{phi deltal

/\j} beta < delta2
fon

Beta from|Sim +/-

delta1_real

'delta2_real

delta3_real

z delta3

@ Inverse Model1

Z from Sim +/-1

delta1_precdict

delta2_precdict

delta3_precdict

i delta1 phi
— »
| A Input  NNET Outp! delta2 4% beta}——
E 0 fon
| I >

Custom Neural Network1
delta3 z|

Forward Model

Hinh 3.14 So dé khéi md phong c6 si dung mang no ron nhdn tao

Két qua tinh toan thong s6 du bao goc lac ngang (Gain/mau xanh) va gia tri goc
thue t& (Roll_f/mau d6), du béo goc lic doc (Gainl/mau xanh) va gia tri goc thuc té
(Pich_f/mau do) cua b dit liéu kiém tra duoc chi ra trén hinh 3.15.

Két qua md phong kiém ching ¢ hinh 3.15 chi ra dic tinh cac dit lidu dau vao va
dir liéu dau ra tai cac thoi diém 1an can tin hiéu tham chiéu ¢, 8, z. Pap tng dau ra cua
mang noron va dau ra tham chiéu cho thay sai s giita gia tri tinh toan béi mé hinh va
gia tri thuc té khong vugt qua 12% va tinh thoi gian thyc ctia hé dat khong con tré dén
50ms.

(dO)

N A A A A
a-\/\/\/v’\/\/‘@"

v\//v\/vvv/vv‘(g'ay

—— — — = Z from Sim +/-190

ZDi‘ /- - \ / - \ /’ \\\ / N \ ZReal

Phi from Sim +-17.5 ||
Phi Real

20

120

20— N / / / “ (glé)z
~ S— ~—

o 20 40 &0 80 100 120

Hinh 3.15. Dqdc tinh md phdng ddp iing tin hiéu ra ¢ (ldc ngang), 8 (lac doc) va

chuyén déng truot doc truc thang dimg 1 z khi c6 mang Noron
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Hinh 3.16. Pdc tinh md phong tin hiéu dau vdao diéu khién dong co servo @1, Az, Q3
khi c6 mang Noron

Hinh 3.16 cho ta thay d6i voi cac tin higu diéu khién 03 dong co servo a =
[@1 @, a3]" d3 duge dy bao va c6 pha ludn vuot trude cac tin hiéu diéu khién dong
co servo ma ta c6 dugce tir mo hinh dong hoc nguoc, thot gian vuot trude co thoi diém
1én téi 1200ms.

Nhén xét két qua:

NCS da dé xuét cac phuong an diéu khién nham 1am giam tr& cia mo hinh san
treo 3 bac tu do, trong d6 phuong an st dung bd du bdo trén co s& mang no ron nhan
tao dang nhiéu 16p truyén thang MLP cho két qua mo6 phong rat kha quan. N6 da khic
phuc va cai thién dugc rat nhidu vé chat luong bam tin hiéu & hai yéu té chinh xac va do
tré so voi phuong an st dung mo hinh dong hoc nguoc hodc can thi€p va vong kin diéu
khién vi tri nhu & chuong 2. Tuy nhién, két qua méi chi dugc kiém ching bang mo
phong dua trén moé hinh dong hoc thuéan sir dung phuong phap Newton-Raphson c6 tng
dung MLP so véi tin hiéu ban dau duoc md phong ldy tir may tinh PC server chay mo
hinh 3D. Trong cac muc tiép theo NCS sé& tién hanh xay dung mo hinh vat Iy dé thuc
nghiém kiém chimg két qua nham danh gia chat lugng diéu khién bam so vdi mo
phong. Do khdi luong cong viée thiét ké ché tao phan cimg rat 16n nén cac muc dudi

day tac gia chi trinh bay mét sd céng doan co ban trong qua trinh do.
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3.4. So dd két ndi dir liéu ca hé théng mo phéng hang hai

Trén co s& dé xuét cau tric cia hé thing mo phong hang hai va mé hinh mo
phong chuyén dong 3DOF tau thuy & chuong 2 dé tién hanh xay dung mé hinh vat 1y.
Cu thé, thuc té cu tric mang ctia hé théng moé phong hang hai s& duoc xay dung bd

sung thém mot s6 thanh phan nhu hinh 3.17.

T
: LEDTV| |LEDTV |LEDTV [LEDTV| LEDTV CABIN
| 1 2 3 4 5
|
I
TINHIEUPO |
TU SAN TREO : HDMI 1
I ECcDIS RADAR SIMULATION CONNING | | INSTRUCTOR
: pc CPU po | CPU e CPU PO CPU | PC CPU
|
[ 4 + —
ETHERNET

MODBUS TCP

VO LANG _\ ) /_

!

—

—

7\ - PLC SERVODIRIVE1 | _ SERVO MOTOR 1
——
—

—

TAY PIEU KHIEN i SERVODIRIVEZ | _ SERVO MOTOR 2
READ WRITE
SERVODIRIVE 3| _ ™ SERVO MOTOR 3
MATLAB / ANN

Hinh 3.17 Cdu triic mang ciia hé théng mé phéng hang hdi

Trong do, bd sung thém by cam bién dé do céc tin hiéu nghiéng, lic va truot
ding tor san treo; bo sung thém mot may tinh chay bd du bao ANN trén
Matlab/Simulink. Ca hai bo phan nay déu duogc két ndi tin hiéu téi PLC. Dé nhan nhiém
vu thu thap tat ca cac dit liéu tir cac thiét bi trén tau nhu hé thong lai, budng may ciing
nhu céc thiét bi hang hai khac trén tau, NCS d3 sir dung bo diéu khién trung tm PLC,
né giup dap tmg yéu cu dit ra va thuc hién cac 1énh diéu khién, giam sat.

PLC dam nhan nhiém vy thu thap tit ca cac dir liéu thu thap duoc tir cac thiét bi
trén tau nhu hé thong 1ai, budng may cling nhu cac thiét bi hang hai khac trén tau va
thuc hién cac 1énh diéu khién, giam sat. So d6 khéi nguyén ly két ndi cip ngudn cho
PLC dugc thé hign nhu hinh 3.18.
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Hinh 3.18 So d@6 khai cdp nguon cho PLC diéu khién
Trong do:

- ADC: c6 chic ning bién d6i ngudn xoay chiéu 220V sang ngudn 1 chiéu
24VDC,;

- CB: la Aptomat cap nguén cho ban diéu khién;

- Encoder Steer: V6 lang dugc ndi dong truc véi encoder dé lay tin hiéu goc bé 4
cho tau;

- Encoder M/E: tay chang duoc ndi véi encoder dé tao tin hiéu diéu khién toc do
may chinh cho con tau;

- F1; F2: La cé4c cau chi dé bao vé ngan mach;

- DOP-107G: man hinh cam tng 7 inch dugc két ndi vai bo diéu khién trung tam
PLC dé hién thi c4c thong tin da chirc ning nhu chi bédo gdc bé l4i, vi tri vo ling, cac
ché d6 1ai, danh sach bao dong, danh séch lich str bao dong. ..

- DVP04-DA: 1a module mé rong loai mé rong bén trai c6 4 kénh dau ra tuong tu
tir -10VDC + +10VDC dé xuat tin hiéu diéu khién cac dong ho bao gém dong ho chi
béo goc 1ai va dong hd chi béo tdc d6 cuia may chinh, dong hd chi bao téc do chan vit;

- ENO1: 12 module mé rong loai mo rong bén trai va co chtc ning thém cong
truyén thdng Ethernet cho PLC.

- CPU-DVP28SV: B6 xir ly trung tim PLC c6 cong truyén thong RS485, RS232,

c6 chirc niang thu thap céc tin hiéu tir cac thiét bi hang hai dé truyén thdng téi may tinh
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cdng nghiép chay phan mém hai @6 dién tir. Ngoai ra né con xuét tin hiéu diéu khién ra
module DVP04-DA dé diéu khién cac dong ho:

- EM1-DVP16SM11IN: Module mé& rong 16 dau vao sé nhan tin hiéu tir hai
encoder Steer, encoder M/E;

- EM2-DVP16SM11N: Module mé rong 16 dau vao sé nhan tin hiéu khai dong,
dirng may 1ai va mot s tin hiéu khac. Bong thoi, module con nhan tin hiéu phan hoi tir
céc bo diéu khién dong co (Driver Servo).

- EM3-DVP16SM11T: Module mé rong 16 dau ra transistor dé dwa tin hiéu diéu
khién céc dén chi bao nhu chi bao may lai, su cd, va coi canh bao;

- EM4, EM5-DVPO08SN: la module mé rong 8 dau ra dé dua tin hiéu diéu khién

servo nhu start, reset, stop;

3.4.1 Giao di¢n di ligu ciia PLC véi vé lang, tay trang va bé do tin hiéu san treo
Module giao dién dir li€¢u cua PLC c6 nhiém vu giao dién tryc tiép véi nguoi van
hanh va gtri tin hiéu diéu khién tir ngudi van hanh dén bo diéu khién trung tim PLC.
NCS sir dung Encoder tuyét d6i ma hiéu EP500S8-1024-3F-P-24 dé xir 1y tin hiéu 11 vi
tr cia tay trang ciing nhu truyén tin hiéu vi tri tir vo lang l4i vé& bd diéu khién trung tam,

v6i cam bién tin hiéu san treo tac gia str dung loai 3 truc loai QK- AS08 nhu hinh 3.109.

Y g ’

' |
¢~’T"‘t

'*

a)

Hinh 3.19. Cam bién tin hiéu san treo 3 truc logi QK- AS08 a) Va encoder gin vdo tay
trang diéu khién b)
Trong d6, tir CPU-X0 dén EM1-X21 ciia PLC ndi téi Encoder ciia vo lang diéu
khién goc bé banh lai. Tir EM1-X22 dén EM1-X33 ctia PLC ndi téi Encoder cua tay
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trang diéu khién téc do cta may chinh. Cong RS485 cua PLC ndi téi cam bién QK-
AS08 theo chudn NMEA0183.
3.4.2 Giao dién dir ligu ciza PLC véi panel diéu khién may chinh, may lai, neo, chan
Vit miii

Module vao/ra dit liéu cua PLC két ndi toi hai panel: Panel diéu khién may chinh
va panel diéu khién may lai, cho nén dé c6 thé ché tao chinh x4c, dam bao do tin cay
cho module module vao/ra dir liéu, trude hét, phai xac dinh chuin cc dau vao/ra. Panel
diéu khién may chinh va chan vit miii bao gém cac tin hi¢u deén tin hiéu, bao gém: den
bao 16i diéu khién tir xa, dén bao dong su cb, nut dung su ¢, dén bao dong giam tdc,
nat 4n tha neo, nut 4n thu neo, NGt 4n khoi dong chan vit mii, nut 4n dung chan vit miii,
dén bao sy ¢b chan vit mili. Dau vao/ra cia panel diéu khién may chinh dugc cho trong
Béang 3.3 dudi day.

Bang 3.3 Cdc dau vaolra ciia panel diéu khién may chinh

Stt Tén tin hi¢u Loai tin hi¢u Ghi chu
1 Pén bao 16i diéu khién tir xa Digital output
2 Pén bao dong su cd Digital output
3 Pén bao dong giam toc Digital output
4 Dén bao thu neo Digital output
5 Pén bao tha neo Digital output
6 Dén bao KD chan vit mii Digital output
7 Dén bao dung chan vit miii Digital output
8 Dén béo sy ¢d chan vit mili Digital output
9 Nut 4n dung su cb Digital input
10 Nt 4n tha neo Digital input
11 Nt 4n thu neo Digital input
12 Nut 4n khéi dong chan vit mii Digital input
13 Nt 4n dimg chan vit mii Digital input
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Céc tin hiéu vao/ra cua panel diéu khién may l4i bao gdm céc tin hiéu dén va nut
an, bao gém: dén bao van dién tir trdi mo, dén bao van dién tir phai mo, dén bao dong
lai 1, dén bao dong lai 2, dén bao may lai 1 chay, nat khoi dong may lai 1, den bao may
lai 2 chay, nat khoi dong may lai 2, nat dirng may 1ai 1, nat diung may lai 2, nat tha den,
cOi. Dau vao/ra cua panel diéu khién may 1ai dugc cho trong Bang 3.4 dudi déy.

Bang 3.4 Cdc dau vaolra ciia panel diéu khién may lai

Stt Tén tin hi¢u Loai tin hi¢u Ghi chu
1 Dén bao van dién tir trai mo Digital output
2 Dén bao van dién tir phai mé Digital output
3 Pén bao dong lai 1 Digital output
4 Dén bao dong lai 2 Digital output
5 Dén bao may lai 1 chay Digital output
6 Nut khéi dong may lai 1 Digital input
7 Dén bao may lai 2 chay Digital output
8 Nut khoi dong may lai 2 Digital input
9 Nut dirng may 1ai 1 Digital input
10 Nut dirng may 14i 2 Digital input
11 Nut thtr dén, coi Digital input

Ngoai ra, panel ban diéu khién con c6 mot sé dau vao ra nhu sau: Cong tic chon
ché d6 1ai, Cong tac diéu khién trong ché d6 su cb, Cong tac diéu khién trong ché d6 1ai
can, Coi canh bao, Nut 4n xac nhan su ¢d, Nat 4n hoan nguyén. Pau vao/ra cta panel
diéu khién duoc cho trong Bang 3.5 dudi day.

Bang 3.5. Cdc dau vaolra ciia panel diéu khién

Stt Tén tin hiéu Loai tin hiéu Ghi chu
1 Cong tac chon ché do 1ai Digital input
2 | Cong tac diéu khién trong ché do sy ¢c6 | Digital input
3 Cong tic diéu khién ché do 14i can Digital input
4 Nt 4n x4c nhan su co Digital input
5 Coi canh bao Digital output
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3.4.3 Giao dién da ligu cia PLC veéi Drive/Servo motor

D¢ lay tin hi€u phan hoéi vé tir servo, tac gia da lay tin hi€u tir cac chan cua drive

servo sau do dua vao dau vao cia module mo rong.

Bang 3.6. Cdc dau vao cua Driver Servo/PLC

STT Tén tin hiéu Piém di Piém dén
] Chan 7 EM1-X50

1 Driver servo 1
Chan 28 EM1-X51
) Chan 7 EM1-X52

2 Driver servo 2
Chén 28 EM1-X53
] Chan 7 EM1-X54

3 Driver servo 3
Chan 28 EM1-X55

Pé giri tin hiéu dicu khién tir PLC dén dong co servo nhu: khai dong, dimg va

reset dong co... tac gia da dau nodi day tin hi¢u tr dau ra ciia PLC dén chan cua Drive

servo thong qua cap tin hi€u nhu bang:

Bang 3.7 Cdc ddu vao cua Drive Servo/PLC

Stt Tén tin hiéu Piém di Piém dén
Chan C0-CPU 14 (COM-)
Chén Y0-CPU 41 (PULSE-)
Chéan Y1-CPU 37(SIGN)
1 Driver servo 1 EM4-Y 40 9(Servo ON)
EM4-Y41 33(Alarm reset)
EMA4-Y42 10(PULSE reset)
EMA4-Y43 30(EMG STOP)
Chéan C1-CPU 14 (COM-)
Chéan Y2-CPU 41 (PULSE-)
Chéan Y3-CPU 37(SIGN)
2 Driver servo 2 EMA4-Y44 9(Servo ON)
EM4-Y 45 33(Alarm reset)
EM4-Y 46 10(PULSE reset)
EMA4-Y47 30(EMG STOP)
) Chan C2-CPU 14 (COM-)
3 Driver servo 3
Chéan Y4-CPU 41 (PULSE-)
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Stt Tén tin hiéu Piém di Piém dén
Chan Y5-CPU 37(SIGN)
EM5-Y50 9(Servo ON)
EM5-Y51 33(Alarm reset)
EM5-Y52 10(PULSE reset)
EM5-Y53 30(EMG STOP)
So d6 két n6i module vao/ra dix liéu ctia PLC cho 03 dong co servo dugc thé hién

trén hinh 3.20 dudi day.
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Hinh 3.20. Bdn vé két nai tin hiéu vao/ra giiza PLC va drive cia déng co servo
Bén canh viéc két ndi phén cung, dé phat xung diéu khién tir PLC cho Drive ta
phai 1ap trinh mi code chuong trinh PLC st dung thuat toan hinh 3.21 véi ciu trac 1énh
dac biét DRVA nhu sau :

DRVA S1 S2 D1 D2

Trong do:

S1: 14 sb lwong xung can phat ra, chinh 1a gia tri goc quay a; tinh duoc & trén,
ddi vai dong co servo ma ta lya chon thi 1 vong c6 160000 xung.

S2: dat tan sd phat xung, dugc chon la 44Khz.

D1: dau ra phat xung, tiiy thudc vao diéu khién servo nio trong 3 servo ma ta cai
dat sao cho phu hop.

D2: 14 dau ra cho dao chiéu quay cta dong co.
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M1002: Vong quét dau tién cai dit théng s6 tan sb

khoi dong, chay va tan s6 dimg. .. nhan tin hiéu

gbc quay va chuyén thanh sé xung can phat ra

M1011: So sanh xung can phét ra
1 va xung hién tai1 D1136..

Dimg phat
xung

M1011: So sanh xung cén phat ra
S1 va xung hién ta1 D1136.,

Phat xung tai d4u ra
D1 va dat D2 vé ON

Phat xung tai d4u ra
D1 va dat D2 vé OFF

End

Hinh 3.21. Thudt todn diéu khién vi tri servo bcfng lénh DRVA
3.5. Thiét hé, ché tao ban diéu khién control console
Sau khi thiét ké xong két ndi dir liéu phan ctng, NCS tién hanh thiét ké kich

thude cho panel diéu khién control console, phuc vu cho viéc gia cong co khi nhu hinh:
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Sau khi gia cong co khi, NCS tién hanh d4u nbi panel diéu khién dwa trén so dd
nguyén ly da thiét ké. Hinh anh hé thong sau khi duoc thiét ké, ché tao thanh céng panel
diéu khién thé hién trong hinh 3.25 dudi day.
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Hinh 3.26. M4t sé hinh dnh cia hé thong md phéng sau ché tao

3.6. Cai thién chat lwong diéu khién san treo mo hinh vat ly bang bé dw bao &ng
dung mang noron

Trén co s& két qua nghién ciru cua phan 3.3, & d6 ta ¢ két qua mo phong kiém
chung bo du bao noron MLP véi md hinh mé phong dong hoc thuan Newton-Raphson.
Cac dap ung ¢ hinh 3.15, 3.16 chi ra dic tinh cac dir liéu dau vao 1a cac tin hiéu tham
chiéu ¢, 8,z duoc cung cap tir hé théng moé phong 3D cua con tau. Pap Gng dau ra la
céc tin hiéu ¢, 8, z ldy ra tir md hinh mo phong san treo khi tin hi¢u dau vao diéu khién

dong co servo dugc du bao thong mang noron MLP. T cac dau ra tham chiéu cho thay
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sai s6 gitra gi4 tri tinh toan béi md hinh va gia tri thuc té khong vuot qua 12% va tinh
thoi gian thuc cua hé dat khong con tré qua 50ms.

Hinh 3.16 cho ta thdy dbi v&i cac tin hidu diéu khién dong co servo a =
[@1 a; a3]" 43 duge du bao va c6 pha ludn vuot trude cac tin hiéu diéu khién dong
co servo ma ta c6 dugce tir mo hinh dong hoc ngugc, thot gian vuot trude co thoi diém
1én téi 1200ms.

Sau khi ché tao thanh cong mo hinh vat 1y cta san treo ba bac tu do da dugc dé
cap & muc 3.4 va 3.5, cong viéc tiép theo rat quan trong 13 xay dung ciu trac diéu khién
st dung thuat toan du bao MLP dé diéu khién mé hinh san treo vat 1y vira duoc ché tao.
Toan b cau tric diéu khién st dung thuat toan du bao MLP trong mdi trudng
Matlab/Simulink dugc NCS thiét ké nhu trén hinh 3.27. Trong do, ta thay toan bo khoi
mo hinh dong hoc thuan bang cac khdi OPC read, OPC write dé két ndi tin hiéu voi hé

thdng phan cing cua san treo vat 1y.
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Hinh 3.27. So' do cdu tric ing mang noron nhdn tao MLP trong diéu khién mé hinh vat
ly san treo 3 DOF
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Két qua thwe nghigm:
Sau khi thay diéu khién mé phong chuyén dong cua tau thily trén mé hinh dong
hoc thuan béng mo hinh vat 1y da duoc xay dung va tién hanh cac thuc nghi¢m dé léy

két qua, ta c6 mot sd két qua hinh 3.28 nhu sau:

A L L t (giay)

Hinh 3.28. Pdp wng tin hiéu khi tin hiéu nghiéng, ldac va trieot ding cua san treo khi
ung dung mang noron nhan tao MLP so sanh vaéi tin higu tr mé phong 3D
Nhin xét két qua thwe nghigm:

. Néu dua thuat toan du biao MLP dé diéu khién mo hinh vat ly san treo
thong qua PLC thi d6 tré cho mo hinh diéu khién nay ciing giam va cai thién dang ké
gan gidng nhu moé hinh mé phong, voi dap ung ¢ do tré khong vuot quéa 60ms.

. Tuy nhién, bién do cua cac tin hiéu ra ¢ (lic ngang), 6 (lic doc) va
chuyén dong truot doc truc thang dung 1a z do duoc tryc tiép tir san treo khdng bam
dugc hoan toan cac tin hiéu tir hé théng mé phong 3D, c¢6 thoi diém xuét hién xung
nhiéu cua tin hiéu do vuot qua 5%.

. Ngoai ra, két qua thu duoc tir hinh 3.30 1a dic tinh dap tmg ma ta do duoc
c6 str dung bo du béo dung mang noron nhan tao (MLP) két hop véi bo diéu khién PLC
tao tin hiéu diéu khién 03 dong co servo trong mé hinh vat Iy treo so véi dic tinh caa
moé phong 3D c6 xuat hién nhiing sai léch tuc thoi 16n, do ¢é nhiéu xung ring cua thu

duogc o tin hiéu nghiéng/lac thuc caa san treo.

V& mit téng thé thi hé thdng c6 st dung mang noron nhan tao MLP di cai thién

duoc rat tot chat lugong diéu khién do nghiéng/léc cua san treo khi bam theo mo6 hinh
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con tau mod phong, do tré pha di giam di rat dang ké chi con khoang 60ms. Vi thoi
gian nho nhu viy di hoan toan tao cam giac cho ngudi huan luyén c6 duoc sy déng bd
gitra thi gidc nhin trén mo6 hinh 3D va cam nhén thuc té khi ding trén san treo. Mat
khéc, ton tai thit ba ma & trén da néu 6 thé giai thich duoc 1a do nhi€u cua cac thiét b
do sinh ra va trén thuc té cac nhidu tin s cao nay nay c6 thé dugc loc phiang bsi chinh
mo hinh ¢6 quéan tinh cham khoang 2000ms (t6i da 0,5Hz) cta san treo.

3.7 Két luén chuong 3

Trong chuong 3, NCS da tim hiéu v& tri tué nhan tao Al va mang noron nhan tao
ANN, sau d6 thiét ké b du béo trén co s mang no ron nhan tao dang nhiéu 16p truyén
thang MLP. Tién hanh kiém chimg bang md phong dua trén mo hinh dong hoc thuan st
dung phuong phap Newton-Raphson c6 tng dung MLP so véi tin hiéu ban dau duoc
mo phong 1ay tir may tinh PC server chay md hinh 3D.

NCS xay dyng mo hinh vat Iy dé thuc nghiém kiém chtng két qua nhim danh
gia chat luong diéu khién bam so véi mo phong.

Trén co s& ché tao thanh cong mo hinh vat Iy ctia san treo ba béac tu do tién hanh
xay dung cau tric diéu khién st dung thuat todn du bao MLP dé diéu khién mo hinh san
treo vat ly vira dugc ché tao dé thu thap két qua thuc nghiém. Vé mit téng thé thi hé
théng c6 str dung mang noron nhan tao MLP da cai thién dugc rat tdt chat lugng diéu
khién do nghiéng/lac cua san treo khi bam theo mo hinh con tau mé phong, do tré pha

d3 giam di rat dang ké chi con khoang 60ms.
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KET LUAN

Nhitng van dé da dwoc giai quyét:

Qua trinh thyc hién dé tai, luan 4n da giai quyét duoc nhitng ndi dung sau:

1. Pa nghién cru va dé xuat md hinh toan hoc day du vé dong luc hoc cia ddi
tuong con tau dudi dang khéng gian trang thai 6 bac tu do dap tmg cho mong mudn mé
phong duge chinh xac chuyén dong tau thiy trong khong gian 3D. Tir d6 ¢ thé dua
tryc tiép cac phuong trinh ndy vao model cua con tau méi bat ky nao dé tao ra cic
tuong tac vat 1y nhu trén thuc té. Bén canh do, cling nghién clru va dé xuit mé hinh toan
hoc ctia cac yéu td moi trudng nhu séng, gié va dong chay.

2. B4 nghién cau va ang dung phan mém mo phong Unity3D dé md phong thanh
cdng chuyén dong tau thay trén co sé phuong trinh dong hoc c6 dugc. Trong do,
phuong trinh dong luc hoc Mggv + Crg(v)v = © — g(n) da dugc moé phong théng qua
module Rigitbody va dua vao mé hinh tau, bén canh cac thanh phan luc ndi, lec va mo
men thay dong luc hoc, luc va mémen tao ra do tac dong cua cac luc day cua chan vit
chinh, chan vit mii, banh lai, lyc do tac dong ctia moi truong nhu song, gio, dong
chay... déu lan luot dugc tinh todn bang cac khdi ham va dua vao vat thé 1a con tau dam
bao day du twong tac vat ly caa no.

3. P4 nghién ctu va xay dung bo diéu khién bam tin hiéu chuyén dong ¢, 0,z
ctia con tau mé phong 3D bang md hinh dong hoc nguoc chinh xac, sau d6 sir dung mo
hinh dong hoc thuan &ng dung thuat toan Newton-Raphson dé kiém tra dap ang bam tin
hiéu. D3 dé xuit cac phuong an ghép ndi gitta PLC va Drive, phuong phép thiét ké thuat
toan diéu khién trén PLC va Drive dé cai thién chat luong diéu khién bam tin hiéu mo
phong nhu str dung cac phuong phap nhu Feedforward dau vao, bu nhidu tai, du béo sd.

4. Pa nghién cuu va xay dung thanh cong moé hinh vat ly san treo 3 bac tu do
trén co sO CAu trdc cua Stewart platform c6 sir dung bo diéu khién bam céc tin hiéu
chuyén dong ¢, 6, z ciia con tau md phong 3D trén co sé (ng dung thiét bi diéu khién
logic kha trinh PLC, Drive, Servo.

5. Pa nghién ciru va thiét ké du béo hién dai dang mang noron nhan tao MLP c6
sir dung céng cu NNtool trong moéi truong Matlab/Simulink va cong cu thoi gian thuc
OPC. Mang noron nhan tao dang truyén thiang nhiéu lép - MLP duoc xay dung dé du

bao trudc goc quay cua 03 dong co servo chuyén dong san treo c6 cau tric 12 16p vao,
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10 ndt an va 3 16p ra. Bo diéu khién dy bao da khac phuc cac nhugce diém vé d6 tré va
nang cao chét luong diéu khién dé bam thoi gian thuc tin hiéu md phong chi con
khoang 50-100ms.

Nhirng vin dé con ton tai

Nhitng van dé trong quéa trinh thyc hién dé tai ma luan an con ton tai, chua giai
quyét duoc bao bom:

1. Cac chi tiéu I6n 1a d6 chinh xac va do tré cua cac thong sb nghiéng, lic, truot
dang caa san treo bam theo tin hiéu chuyén dong ¢, 6, z ctia con tau mé phong 3D da
dugc cai thi¢én, tuy nhién khong khic phuc dugc hoan toan. B bam tin hi¢u con co6 thoi
diém vuot 1én 5%, do tré pha da giam nhung c6 tinh hudng van dat dén 100ms va con
xuat hién tin hiéu xung nhiéu 1én tir tin hiéu do.

2. Chua thuc hién duogc viéc thu thap di liéu mé hinh vat ly hoat dong & tat ca
c4c cap do song va tinh hudng diéu dong con tau khac nhau. Dir liéu thu thap két qua
chua du 16n va viéc tach loc, lra chon ciing khong dam bao tuyét dbi tét dé 1am dau vao
cho md hinh mang noron nhan tao MLP dugc huan luyén véi cac mau hoan hao nham
thu duoc cac trong s6 W;; va cac ngudng hay do léch (bias) 0; ciia mang téi wru nhat.

Huéng khic phuc cac van dé con ton tai 1a lya chon va lap dat bo cam bién cac
gia tri nghiéng, lac, truot cua san treo loai tot hon dong thoi st dung céc thuat toan toi

uu dé tach loc, lya chon bo dit liéu mau tét nhat 1am dau vao cho qua trinh huan luyén.
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PHU LUC

Phu luc 1: Bing dir liéu diu vao dé huin luyén mang

dé/dt(t- |dO/dt(t- | Dz/dt(t-

) 0 z dd/dt | do/dt | Dz/dt | ¢(t-1) | O(t-1) | =z(t-1) 1) 1) 1)

0,00000 0,00000 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 [ 0,00000 | 0,00000 | 0,00000 | 0,00000

0,00001 | 0,00004 | 0,00007 | 1,00000 | 3,00000 | 6,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000

0,00007 0,00022 0,00044 | 1,00000 | 3,00000 | 6,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000

0,00038 | 0,00113 | 0,00225 | 1,00000 | 3,00000 | 6,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000

0,00189 0,00567 0,01135 | 1,00000 | 3,00000 | 6,00000 | 0,00000 | 0,00000 [ 0,00000 | 0,00000 | 0,00000 | 0,00000

0,00947 0,02841 0,05681 | 1,00000 | 2,99999 | 6,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000

0,04735 | 0,14205 | 0,28412 | 1,00000 | 2,99965 | 5,99989 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000

0,10000 0,29988 0,59996 | 0,99997 | 2,99788 | 5,99932 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000

0,19999 0,59900 1,19968 | 0,99988 | 2,99125 | 5,99720 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000

0,29996 0,89663 1,79892 | 0,99968 | 2,97628 | 5,99240 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000

0,39989 1,19202 2,39744 | 0,99938 | 2,95387 | 5,98521 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000

0,49979 1,48442 2,99500 | 0,99898 | 2,92408 | 5,97562 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000 | 0,00000

0,59964 1,77312 3,59137 | 0,99848 | 2,88697 | 5,96364 | 0,10000 | 0,29988 | 0,59996 | 0,99997 | 2,99788 | 5,99932

0,69943 2,05739 4,18629 | 0,99788 | 2,84266 | 5,94927 | 0,19999 | 0,59900 | 1,19968 | 0,99988 | 2,99125 | 5,99720

0,79915 2,33651 4,77955 | 0,99718 | 2,79123 | 5,93253 | 0,29996 | 0,89663 | 1,79892 | 0,99968 | 2,97628 | 5,99240

0,89879 2,60979 5,37089 | 0,99639 | 2,73283 | 5,91341 | 0,39989 | 1,19202 | 2,39744 | 0,99938 | 2,95387 | 5,98521

0,99833 2,87655 5,96008 | 0,99549 | 2,66760 | 5,89193 | 0,49979 | 1,48442 | 2,99500 | 0,99898 | 2,92408 | 5,97562

1,09778 3,13612 6,54689 | 0,99449 | 2,59570 | 5,86809 | 0,59964 | 1,77312 | 3,59137 | 0,99848 | 2,88697 | 5,96364

1,19712 3,38785 7,13108 | 0,99339 | 2,51731 | 5,84190 | 0,69943 | 2,05739 | 4,18629 | 0,99788 | 2,84266 | 5,94927

1,29634 3,63112 7,71242 | 0,99219 | 2,43264 | 5,81338 | 0,79915 | 2,33651 | 4,77955 | 0,99718 | 2,79123 | 5,93253

1,39543 3,86531 8,29067 | 0,99090 | 2,34188 | 5,78253 | 0,89879 | 2,60979 | 5,37089 | 0,99639 | 2,73283 | 5,91341

1,49438 4,08983 8,86561 | 0,98950 | 2,24526 | 5,74937 | 0,99833 | 2,87655 | 5,96008 | 0,99549 | 2,66760 | 5,89193

1,59318 4,30414 9,43700 | 0,98801 | 2,14304 | 5,71391 | 1,09778 | 3,13612 | 6,54689 | 0,99449 | 2,59570 | 5,86809

1,69182 4,50768 | 10,00461 | 0,98641 | 2,03546 | 5,67616 | 1,19712 | 3,38785 | 7,13108 | 0,99339 | 2,51731 | 5,84190

1,79030 4,69996 | 10,56823 | 0,98472 | 1,92279 | 5,63614 | 1,29634 | 3,63112 | 7,71242 | 0,99219 | 2,43264 | 5,81338

1,88859 4,88049 | 11,12761 | 0,98293 | 1,80532 | 5,59387 | 1,39543 | 3,86531 | 8,29067 | 0,99090 | 2,34188 | 5,78253

1,98669 5,04883 | 11,68255 | 0,98104 | 1,68333 | 5,54936 | 1,49438 | 4,08983 | 8,86561 | 0,98950 | 2,24526 | 5,74937

2,08460 5,20454 | 12,23281 | 0,97906 | 1,55713 | 5,50263 | 1,59318 | 4,30414 | 9,43700 | 0,98801 | 2,14304 | 5,71391

2,18230 5,34724 | 12,77818 | 0,97697 | 1,42705 | 5,45370 | 1,69182 | 4,50768 | 10,00461 | 0,98641 | 2,03546 | 5,67616

2,27978 5,47658 | 13,31844 | 0,97479 | 1,29339 | 5,40259 | 1,79030 | 4,69996 | 10,56823 | 0,98472 | 1,92279 | 5,63614

2,37703 5,59223 | 13,85338 | 0,97251 | 1,15651 | 5,34932 | 1,88859 | 4,88049 | 11,12761 | 0,98293 | 1,80532 | 5,59387

2,47404 5,69391 | 14,38277 | 0,97013 | 1,01673 | 5,29391 | 1,98669 | 5,04883 | 11,68255 | 0,98104 | 1,68333 | 5,54936

2,57081 5,78135 | 14,90640 | 0,96766 | 0,87441 | 5,23638 | 2,08460 | 5,20454 | 12,23281 | 0,97906 | 1,55713 | 5,50263

2,66731 5,85434 | 15,42408 | 0,96509 | 0,72991 | 5,17676 | 2,18230 | 5,34724 | 12,77818 | 0,97697 | 1,42705 | 5,45370

2,76356 5,91270 | 15,93559 | 0,96242 | 0,58358 | 5,11506 | 2,27978 | 5,47658 | 13,31844 | 0,97479 | 1,29339 | 5,40259

2,85952 5,95628 | 16,44072 | 0,95966 | 0,43580 | 5,05132 | 2,37703 | 5,59223 | 13,85338 | 0,97251 | 1,15651 | 5,34932

2,95520 5,98497 | 16,93927 | 0,95680 | 0,28692 | 4,98556 | 2,47404 | 5,69391 | 14,38277 | 0,97013 | 1,01673 | 5,29391

3,05059 5,99870 | 17,43105 | 0,95384 | 0,13733 | 4,91781 | 2,57081 | 5,78135 | 14,90640 | 0,96766 | 0,87441 | 5,23638

3,14567 5,99744 | 17,91586 | 0,95079 |-0,01261 | 4,84808 | 2,66731 | 5,85434 | 15,42408 | 0,96509 | 0,72991 | 5,17676
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o 0 z | do/dt | do/dt | Dz/dt | o(t-1) | O(t-1) | z(t-1) d¢/1°;t(t' dell“;t(t' D2/ 1“;‘“’
3,24043 5,98119 18,39351 | 0,94765 | -0,16251 | 4,77642 2,76356 5,91270 | 15,93559 | 0,96242 0,58358 5,11506
3,33487 | 5,94999 | 18,86379 | 0,94441 | -0,31201 | 4,70285 | 2,85952 | 595628 | 16,44072 | 0,95966 | 0,43580 | 5,05132
3,42898 5,90392 19,32653 | 0,94107 | -0,46073 | 4,62740 2,95520 5,98497 | 16,93927 | 0,95680 0,28692 4,98556
3,52274 | 5,84309 | 19,78154 | 0,93764 | -0,60830 | 4,55010 | 3,05059 | 5,99870 | 17,43105 | 0,95384 | 0,13733 | 4,91781
3,61615 5,76765 20,22864 | 0,93412 | -0,75435 | 4,47097 3,14567 5,99744 | 17,91586 | 0,95079 | -0,01261 | 4,84808
3,70920 | 5,67780 | 20,66764 | 0,93050 | -0,89851 | 4,39006 | 3,24043 | 5,98119 | 18,39351 | 0,94765 | -0,16251 | 4,77642
3,80188 | 5,57376 | 21,09838 | 0,92679 |-1,04042 | 4,30739 | 3,33487 | 5,94999 | 18,86379 | 0,94441 | -0,31201 | 4,70285
3,89418 5,45578 21,52068 | 0,92299 | -1,17974 | 4,22300 3,42898 5,90392 | 19,32653 | 0,94107 | -0,46073 | 4,62740
3,98609 | 5,32417 | 21,93437 | 0,91910 | -1,31610 | 4,13692 | 3,52274 | 5,84309 | 19,78154 | 0,93764 | -0,60830 | 4,55010
4,07760 5,17926 22,33929 | 0,91511 | -1,44918 | 4,04919 3,61615 5,76765 | 20,22864 | 0,93412 | -0,75435 | 4,47097
416871 | 5,02139 | 22,73528 | 0,91103 | -1,57863 | 3,95983 | 3,70920 | 5,67780 | 20,66764 | 0,93050 | -0,89851 | 4,39006
4,25939 4,85098 23,12217 | 0,90687 | -1,70414 | 3,86889 3,80188 5,57376 | 21,09838 | 0,92679 | -1,04042 | 4,30739
4,34966 4,66844 23,49981 | 0,90261 | -1,82539 | 3,77641 3,89418 5,45578 | 21,52068 | 0,92299 | -1,17974 | 4,22300
4,43948 4,47423 23,86805 | 0,89826 | -1,94208 | 3,68241 3,98609 5,32417 | 21,93437 | 0,91910 | -1,31610 | 4,13692
4,52886 4,26884 24,22674 | 0,89382 | -2,05391 | 3,58694 4,07760 5,17926 | 22,33929 | 0,91511 | -1,44918 | 4,04919
4,61779 4,05278 24,57575 | 0,88929 | -2,16061 | 3,49004 4,16871 5,02139 | 22,73528 | 0,91103 | -1,57863 | 3,95983
4,70626 3,82659 24,91492 | 0,88467 |-2,26191 | 3,39174 4,25939 4,85098 | 23,12217 | 0,90687 | -1,70414 | 3,86889
4,79426 3,59083 25,24413 | 0,87997 | -2,35755 | 3,29208 4,34966 4,66844 | 23,49981 | 0,90261 | -1,82539 | 3,77641
4,88177 3,34610 25,56324 | 0,87517 | -2,44731 | 3,19111 4,43948 4,47423 | 23,86805 | 0,89826 | -1,94208 | 3,68241
4,96880 3,09301 25,87213 | 0,87029 | -2,53094 | 3,08886 4,52886 4,26884 | 24,22674 | 0,89382 | -2,05391 | 3,58694
5,05533 2,83218 26,17066 | 0,86532 | -2,60825 | 2,98538 4,61779 4,05278 | 24,57575 | 0,88929 | -2,16061 | 3,49004
5,14136 2,56428 26,45873 | 0,86027 | -2,67904 | 2,88070 4,70626 3,82659 | 24,91492 | 0,88467 | -2,26191 | 3,39174
5,22687 2,28997 26,73622 | 0,85512 | -2,74313 | 2,77487 4,79426 3,59083 | 25,24413 | 0,87997 | -2,35755 | 3,29208
5,31186 2,00993 27,00301 | 0,84990 | -2,80037 | 2,66792 4,88177 3,34610 | 25,56324 | 0,87517 | -2,44731 | 3,19111
5,39632 1,72487 27,25900 | 0,84459 | -2,85061 | 2,55992 4,96880 3,09301 | 25,87213 | 0,87029 | -2,53094 | 3,08886
5,48024 1,43550 27,50409 | 0,83919 | -2,89372 | 2,45088 5,05533 2,83218 | 26,17066 | 0,86532 | -2,60825 | 2,98538
5,56361 1,14254 27,73818 | 0,83371 | -2,92960 | 2,34087 5,14136 2,56428 | 26,45873 | 0,86027 | -2,67904 | 2,88070
5,64642 0,84672 27,96117 | 0,82815 | -2,95816 | 2,22992 5,22687 2,28997 | 26,73622 0,85512 | -2,74313 2,77487
5,72867 0,54879 28,17298 | 0,82250 |-2,97932 | 2,11808 5,31186 2,00993 | 27,00301 | 0,84990 | -2,80037 | 2,66792
5,81035 0,24948 28,37352 | 0,81677 | -2,99304 | 2,00539 5,39632 1,72487 | 27,25900 | 0,84459 | -2,85061 | 2,55992
5,89145 -0,05044 | 28,56271 | 0,81096 | -2,99927 | 1,89190 5,48024 1,43550 | 27,50409 | 0,83919 | -2,89372 | 2,45088
5,97195 -0,35024 | 28,74048 | 0,80507 | -2,99801 | 1,77766 5,56361 1,14254 | 27,73818 | 0,83371 | -2,92960 | 2,34087
6,05186 -0,64917 | 28,90675 | 0,79910 | -2,98926 | 1,66270 5,64642 0,84672 | 27,96117 | 0,82815 | -2,95816 | 2,22992
6,13117 -0,94647 | 29,06145 | 0,79304 | -2,97303 | 1,54707 5,72867 0,54879 | 28,17298 | 0,82250 | -2,97932 | 2,11808
6,20986 -1,24141 | 29,20454 | 0,78691 | -2,94938 | 1,43083 5,81035 0,24948 | 28,37352 | 0,81677 | -2,99304 | 2,00539
6,28793 -1,53325 | 29,33594 | 0,78070 | -2,91835 | 1,31402 5,89145 | -0,05044 | 28,56271 | 0,81096 | -2,99927 | 1,89190
6,36537 -1,82125 | 29,45561 | 0,77442 | -2,88002 | 1,19668 5,97195 | -0,35024 | 28,74048 | 0,80507 | -2,99801 | 1,77766
6,44218 -2,10470 | 29,56349 | 0,76805 | -2,83450 | 1,07886 6,05186 | -0,64917 | 28,90675 | 0,79910 | -2,98926 | 1,66270
6,51834 -2,38289 | 29,65955 | 0,76161 | -2,78190 | 0,96061 6,13117 | -0,94647 | 29,06145 | 0,79304 | -2,97303 1,54707
6,59385 -2,65512 | 29,74375 | 0,75509 | -2,72234 | 0,84198 6,20986 | -1,24141 | 29,20454 | 0,78691 | -2,94938 | 1,43083
6,66870 -2,92072 | 29,81605 | 0,74850 | -2,65597 | 0,72300 6,28793 | -1,53325 | 29,33594 | 0,78070 | -2,91835 1,31402
6,74288 -3,17902 | 29,87643 | 0,74183 | -2,58297 | 0,60374 6,36537 | -1,82125 | 29,45561 | 0,77442 | -2,88002 1,19668
6,81639 -3,42937 | 29,92485 | 0,73508 | -2,50351 | 0,48424 6,44218 | -2,10470 | 29,56349 | 0,76805 | -2,83450 | 1,07886
6,88921 -3,67115 | 29,96130 | 0,72827 | -2,41779 | 0,36455 6,51834 | -2,38289 | 29,65955 | 0,76161 | -2,78190 | 0,96061
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o 0 z | do/dt | do/dt | Dz/dt | o(t-1) | O(t-1) | z(t-1) d¢/1°;t(t' dell“;t(t' DZ/:;‘“‘
6,96135 -3,90375 | 29,98577 | 0,72138 | -2,32603 | 0,24471 6,59385 | -2,65512 | 29,74375 | 0,75509 | -2,72234 | 0,84198
7,03279 | -4,12660 | 29,99825 | 0,71442 | -2,22846 | 0,12477 | 6,66870 |-2,92072 | 29,81605 | 0,74850 | -2,65597 | 0,72300
7,10353 -4,33913 | 29,99873 | 0,70739 | -2,12532 | 0,00478 6,74288 | -3,17902 | 29,87643 | 0,74183 | -2,58297 | 0,60374
717356 | -4,54081 | 29,98721 | 0,70028 | -2,01686 | -0,11521 | 6,81639 |-3,42937 | 29,92485 | 0,73508 | -2,50351 | 0,48424
7,24287 -4,73115 | 29,96369 | 0,69311 | -1,90337 | -0,23516 | 6,88921 | -3,67115| 29,96130 | 0,72827 | -2,41779 | 0,36455
731146 | -4,90966 | 29,92819 | 0,68587 | -1,78511 | -0,35501 | 6,96135 | -3,90375 | 29,98577 | 0,72138 | -2,32603 | 0,24471
737931 | -5,07590 | 29,88072 | 0,67855 | -1,66240 | -0,47472 | 7,03279 | -4,12660 | 29,99825 | 0,71442 | -2,22846 | 0,12477
7,44643 -5,22945 | 29,82130 | 0,67117 | -1,53552 | -0,59424 | 7,10353 | -4,33913 | 29,99873 | 0,70739 | -2,12532 | 0,00478
7,51280 | -5,36994 | 29,74994 | 0,66373 | -1,40482 | -0,71352 | 7,17356 |-4,54081 | 29,98721 | 0,70028 | -2,01686 | -0,11521
7,57843 -5,49700 | 29,66669 | 0,65622 | -1,27059 | -0,83251 | 7,24287 | -4,73115| 29,96369 | 0,69311 | -1,90337 | -0,23516
7,64329 | -561032 | 29,57158 | 0,64864 |-1,13320 | -0,95118 | 7,31146 | -4,90966 | 29,92819 | 0,68587 | -1,78511 | -0,35501
7,70739 -5,70961 | 29,46463 | 0,64099 | -0,99297 | -1,06946 | 7,37931 | -5,07590 | 29,88072 | 0,67855 | -1,66240 | -0,47472
7,77072 -5,79464 | 29,34590 | 0,63329 | -0,85026 | -1,18731 | 7,44643 | -5,22945 | 29,82130 | 0,67117 | -1,53552 | -0,59424
7,83327 -5,86518 | 29,21543 | 0,62552 | -0,70542 | -1,30469 | 7,51280 | -5,36994 | 29,74994 | 0,66373 | -1,40482 | -0,71352
7,89504 -5,92106 | 29,07327 | 0,61768 | -0,55882 | -1,42155 | 7,57843 | -5,49700 | 29,66669 | 0,65622 | -1,27059 | -0,83251
7,95602 -5,96215 | 28,91949 | 0,60979 | -0,41083 | -1,53784 | 7,64329 | -5,61032 | 29,57158 | 0,64864 | -1,13320 | -0,95118
8,01620 -5,98833 | 28,75414 | 0,60183 | -0,26181 | -1,65351 | 7,70739 | -5,70961 | 29,46463 | 0,64099 | -0,99297 | -1,06946
8,07558 -5,99954 | 28,57729 | 0,59382 |-0,11213 |-1,76853 | 7,77072 | -5,79464 | 29,34590 | 0,63329 | -0,85026 | -1,18731
8,13416 -5,99576 | 28,38900 | 0,58574 | 0,03783 | -1,88283 | 7,83327 | -5,86518 | 29,21543 | 0,62552 | -0,70542 | -1,30469
8,19192 -5,97699 | 28,18936 | 0,57761 | 0,18769 | -1,99638 | 7,89504 | -5,92106 | 29,07327 | 0,61768 | -0,55882 | -1,42155
8,24886 -5,94328 | 27,97845 | 0,56941 | 0,33708 | -2,10914 | 7,95602 | -5,96215 | 28,91949 | 0,60979 | -0,41083 | -1,53784
8,30497 -5,89472 | 27,75635 | 0,56117 | 0,48564 |-2,22105 | 8,01620 | -5,98833 | 28,75414 | 0,60183 | -0,26181 | -1,65351
8,36026 -5,83142 | 27,52314 | 0,55286 | 0,63297 | -2,33207 | 8,07558 | -5,99954 | 28,57729 | 0,59382 | -0,11213 | -1,76853
8,41471 -5,75355 | 27,27892 | 0,54450 | 0,77873 | -2,44216 | 8,13416 | -5,99576 | 28,38900 | 0,58574 0,03783 | -1,88283
8,46832 -5,66129 | 27,02380 | 0,53609 | 0,92254 | -2,55127 | 8,19192 | -5,97699 | 28,18936 | 0,57761 0,18769 | -1,99638
8,52108 -5,55489 | 26,75786 | 0,52762 | 1,06404 | -2,65936 | 8,24886 | -5,94328 | 27,97845 | 0,56941 0,33708 | -2,10914
8,57299 -5,43460 | 26,48122 | 0,51910 | 1,20288 | -2,76639 | 8,30497 | -5,89472 | 27,75635 | 0,56117 0,48564 | -2,22105
8,62404 -5,30073 | 26,19399 | 0,51052 | 1,33872 |-2,87231 | 8,36026 | -5,83142 | 27,52314 | 0,55286 0,63297 | -2,33207
8,67423 -5,15361 | 25,89628 | 0,50190 | 1,47121 |-2,97708 | 8,41471 | -5,75355 | 27,27892 | 0,54450 0,77873 | -2,44216
8,72355 -4,99360 | 25,58821 | 0,49323 | 1,60002 | -3,08067 | 8,46832 | -5,66129 | 27,02380 | 0,53609 0,92254 | -2,55127
8,77201 -4,82112 | 25,26991 | 0,48450 | 1,72484 |-3,18301 | 8,52108 | -5,55489 | 26,75786 | 0,52762 1,06404 | -2,65936
8,81958 -4,63659 | 24,94150 | 0,47573 | 1,84534 | -3,28409 | 8,57299 | -5,43460 | 26,48122 | 0,51910 1,20288 | -2,76639
8,86627 -4,44046 | 24,60312 | 0,46691 | 1,96123 | -3,38385 | 8,62404 | -5,30073 | 26,19399 | 0,51052 1,33872 | -2,87231
8,91207 -4,23324 | 24,25489 | 0,45804 | 2,07222 | -3,48226 | 8,67423 | -5,15361 | 25,89628 | 0,50190 1,47121 | -2,97708
8,95699 -4,01544 | 23,89696 | 0,44913 | 2,17803 | -3,57928 | 8,72355 | -4,99360 | 25,58821 | 0,49323 1,60002 | -3,08067
9,00100 -3,78760 | 23,52948 | 0,44018 | 2,27839 | -3,67486 | 8,77201 |-4,82112 | 25,26991 | 0,48450 1,72484 | -3,18301
9,04412 -3,55029 | 23,15258 | 0,43117 | 2,37306 | -3,76898 | 8,81958 | -4,63659 | 24,94150 | 0,47573 1,84534 | -3,28409
9,08633 -3,30411 | 22,76642 | 0,42213 | 2,46180 | -3,86159 | 8,86627 | -4,44046 | 24,60312 | 0,46691 1,96123 | -3,38385
9,12764 -3,04967 | 22,37116 | 0,41304 | 2,54439 | -3,95265 | 8,91207 | -4,23324 | 24,25489 | 0,45804 2,07222 | -3,48226
9,16803 -2,78761 | 21,96694 | 0,40392 | 2,62061 | -4,04213 | 8,95699 | -4,01544 | 23,89696 | 0,44913 2,17803 | -3,57928
9,20751 -2,51858 | 21,55394 | 0,39475 | 2,69029 | -4,13000 | 9,00100 | -3,78760 | 23,52948 | 0,44018 2,27839 | -3,67486
9,24606 -2,24326 | 21,13232 | 0,38554 | 2,75324 | -4,21621 | 9,04412 | -3,55029 | 23,15258 | 0,43117 2,37306 | -3,76898
9,28369 -1,96233 | 20,70225 | 0,37630 | 2,80931 | -4,30073 | 9,08633 | -3,30411 | 22,76642 | 0,42213 2,46180 | -3,86159
9,32039 -1,67649 | 20,26390 | 0,36701 | 2,85836 | -4,38354 | 9,12764 | -3,04967 | 22,37116 | 0,41304 2,54439 | -3,95265
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o 0 z | do/dt | do/dt | Dz/dt | o(t-1) | O(t-1) | z(t-1) d¢/1°;t(t' dell“;t(t' D2/ 1“;‘“’
9,35616 -1,38647 19,81744 | 0,35769 | 2,90026 | -4,46459 | 9,16803 | -2,78761 | 21,96694 | 0,40392 2,62061 | -4,04213
9,39099 | -1,09298 | 19,36305 | 0,34834 | 2,93492 | -4,54386 | 9,20751 |-2,51858 | 21,55394 | 0,39475 | 2,69029 | -4,13000
9,42489 -0,79675 18,90092 | 0,33894 | 2,96224 | -4,62131 | 9,24606 | -2,24326 | 21,13232 | 0,38554 2,75324 | -4,21621
9,45784 | -0,49854 | 18,43123 | 0,32952 | 2,98215 | -4,69691 | 9,28369 |-1,96233 | 20,70225 | 0,37630 | 2,80931 | -4,30073
9,48985 -0,19908 | 17,95416 | 0,32006 | 2,99461 | -4,77063 | 9,32039 | -1,67649 | 20,26390 | 0,36701 2,85836 | -4,38354
9,52090 | 0,10088 | 17,46992 | 0,31057 | 2,99959 |-4,84245 | 9,35616 |-1,38647 | 19,81744 | 0,35769 | 2,90026 | -4,46459
9,55101 | 0,40059 | 16,97869 | 0,30105 | 2,99707 |-4,91233 | 9,39099 |-1,09298 | 19,36305 | 0,34834 | 2,93492 | -4,54386
9,58016 0,69930 16,48066 | 0,29150 | 2,98705 | -4,98024 | 9,42489 | -0,79675 | 18,90092 | 0,33894 2,96224 | -4,62131
9,60835 | 0,99625 | 15,97605 | 0,28192 | 2,96957 | -5,04616 | 9,45784 |-0,49854 | 18,43123 | 0,32952 | 2,98215 | -4,69691
9,63558 1,29072 15,46504 | 0,27231 | 2,94467 |-5,11006 | 9,48985 | -0,19908 | 17,95416 | 0,32006 2,99461 | -4,77063
9,66185 | 1,58196 | 14,94785 | 0,26268 | 2,91241 | -5,17192 | 9,52090 | 0,10088 | 17,46992 | 0,31057 | 2,99959 | -4,84245
9,68715 1,86925 14,42468 | 0,25301 | 2,87287 | -5,23171 | 9,55101 0,40059 | 16,97869 | 0,30105 2,99707 | -4,91233
9,71148 2,15186 13,89574 | 0,24333 | 2,82615 | -5,28941 | 9,58016 0,69930 | 16,48066 | 0,29150 2,98705 | -4,98024
9,73485 2,42910 13,36124 | 0,23362 | 2,77236 | -5,34499 | 9,60835 0,99625 | 15,97605 | 0,28192 2,96957 | -5,04616
9,75723 2,70026 12,82140 | 0,22388 | 2,71165 | -5,39843 | 9,63558 1,29072 | 15,46504 | 0,27231 2,94467 | -5,11006
9,77865 2,96468 12,27643 | 0,21412 | 2,64416 | -5,44971 | 9,66185 1,58196 | 14,94785 0,26268 2,91241 | -5,17192
9,79908 3,22169 11,72654 | 0,20435 | 2,57006 | -5,49882 | 9,68715 1,86925 | 14,42468 | 0,25301 2,87287 | -5,23171
9,81854 3,47064 11,17197 | 0,19455 | 2,48953 | -5,54572 | 9,71148 2,15186 | 13,89574 | 0,24333 2,82615 | -5,28941
9,83701 3,71092 10,61293 | 0,18473 | 2,40278 | -5,59041 | 9,73485 2,42910 | 13,36124 | 0,23362 2,77236 | -5,34499
9,85450 3,94192 10,04964 | 0,17489 | 2,31003 | -5,63286 | 9,75723 2,70026 | 12,82140 | 0,22388 2,71165 | -5,39843
9,87100 4,16307 9,48234 0,16504 | 2,21150 | -5,67306 | 9,77865 2,96468 | 12,27643 0,21412 2,64416 | -5,44971
9,88652 4,37381 8,91124 0,15517 | 2,10745 | -5,71098 | 9,79908 3,22169 | 11,72654 | 0,20435 2,57006 | -5,49882
9,90105 4,57363 8,33658 0,14528 | 1,99812 | -5,74663 | 9,81854 3,47064 | 11,17197 | 0,19455 2,48953 | -5,54572
9,91458 4,76201 7,75858 0,13538 | 1,88381 | -5,77997 | 9,83701 3,71092 | 10,61293 | 0,18473 2,40278 | -5,59041
9,92713 4,93849 7,17748 0,12546 | 1,76478 | -5,81101 | 9,85450 3,94192 | 10,04964 | 0,17489 2,31003 | -5,63286
9,93868 5,10262 6,59351 0,11554 | 1,64134 | -5,83972 | 9,87100 4,16307 9,48234 0,16504 2,21150 | -5,67306
9,94924 5,25400 6,00690 0,10560 | 1,51381 | -5,86609 | 9,88652 4,37381 8,91124 0,15517 2,10745 | -5,71098
9,95881 5,39225 5,41789 0,09565 | 1,38248 | -5,89012 | 9,90105 4,57363 8,33658 0,14528 1,99812 | -5,74663
9,96738 5,51702 4,82671 0,08569 | 1,24770 | -5,91179 | 9,91458 4,76201 7,75858 0,13538 1,88381 | -5,77997
9,97495 5,62800 4,23360 0,07572 | 1,10981 | -5,93109 | 9,92713 4,93849 7,17748 0,12546 1,76478 | -5,81101
9,98152 5,72491 3,63880 0,06575 | 0,96914 | -5,94803 | 9,93868 5,10262 6,59351 0,11554 1,64134 | -5,83972
9,98710 5,80752 3,04254 0,05577 | 0,82604 | -5,96258 | 9,94924 5,25400 6,00690 0,10560 1,51381 | -5,86609
9,99168 5,87561 2,44506 0,04578 | 0,68089 | -5,97475 | 9,95881 5,39225 5,41789 0,09565 1,38248 | -5,89012
9,99526 5,92901 1,84661 0,03579 | 0,53403 | -5,98453 | 9,96738 5,51702 4,82671 0,08569 1,24770 | -5,91179
9,99784 5,96759 1,24742 0,02579 | 0,38583 | -5,99192 | 9,97495 5,62800 4,23360 0,07572 1,10981 | -5,93109
9,99942 5,99126 0,64773 0,01580 | 0,23667 | -5,99691 | 9,98152 5,72491 3,63880 0,06575 0,96914 | -5,94803

HitHH T 5,99995 0,04778 0,00580 | 0,08692 | -5,99950 | 9,98710 5,80752 3,04254 0,05577 0,82604 | -5,96258
9,99958 5,99365 -0,55219 | -0,00420 | -0,06304 | -5,99969 | 9,99168 5,87561 2,44506 0,04578 0,68089 | -5,97475
9,99816 5,97236 -1,15194 | -0,01420 | -0,21285 | -5,99748 | 9,99526 5,92901 1,84661 0,03579 0,53403 | -5,98453
9,99574 5,93615 -1,75122 | -0,02420 | -0,36213 | -5,99287 | 9,99784 5,96759 1,24742 0,02579 0,38583 | -5,99192
9,99232 5,88510 -2,34981 | -0,03420 | -0,51050 | -5,98587 | 9,99942 5,99126 0,64773 0,01580 0,23667 | -5,99691
9,98790 5,81934 -2,94746 | -0,04419 | -0,65760 | -5,97647 | 10,00000 | 5,99995 0,04778 0,00580 0,08692 | -5,99950
9,98248 5,73903 -3,54393 | -0,05418 | -0,80305 | -5,96468 | 9,99958 5,99365 | -0,55219 | -0,00420 | -0,06304 | -5,99969
9,97606 5,64438 -4,13898 | -0,06416 | -0,94650 | -5,95050 | 9,99816 5,97236 | -1,15194 | -0,01420 | -0,21285 | -5,99748
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o 0 z | do/dt | do/dt | Dz/dt | o(t-1) | O(t-1) | z(t-1) d“’/l";t(t' dell“;t(t' DZ/:;‘“‘
9,96865 5,53563 -4,73237 | -0,07414 | -1,08758 | -5,93395 | 9,99574 5,93615 | -1,75122 | -0,02420 | -0,36213 | -5,99287
9,96024 | 5,41303 | -5,32387 | -0,08410 | -1,22594 | -5,91502 | 9,99232 | 5,88510 | -2,34981 | -0,03420 | -0,51050 | -5,98587
9,95083 5,27691 -5,91325 | -0,09406 | -1,36124 | -5,89372 | 9,98790 5,81934 | -2,94746 | -0,04419 | -0,65760 | -5,97647
9,94043 | 5,12759 | -6,50025 | -0,10401 | -1,49314 | -5,87007 | 9,98248 | 5,73903 | -3,54393 | -0,05418 | -0,80305 | -5,96468
9,92904 4,96546 -7,08466 | -0,11396 | -1,62130 | -5,84407 | 9,97606 5,64438 | -4,13898 | -0,06416 | -0,94650 | -5,95050
9,91665 | 4,79092 | -7,66623 |-0,12388 | -1,74541 | -5,81573 | 9,96865 | 5,53563 | -4,73237 | -0,07414 | -1,08758 | -5,93395
9,90327 | 4,60441 | -8,24474 |-0,13380 | -1,86516 | -5,78507 | 9,96024 | 5,41303 | -5,32387 | -0,08410 | -1,22594 | -5,91502
9,88890 4,40638 -8,81995 | -0,14370 | -1,98024 | -5,75209 | 9,95083 5,27691 | -5,91325 | -0,09406 | -1,36124 | -5,89372
9,87354 | 4,19734 | -9,39163 | -0,15359 | -2,09038 | -5,71681 | 9,94043 | 5,12759 | -6,50025 | -0,10401 | -1,49314 | -5,87007
9,85719 3,97782 -9,95956 | -0,16347 | -2,19529 | -5,67925 | 9,92904 4,96546 | -7,08466 | -0,11396 | -1,62130 | -5,84407
9,83986 | 3,74834 |-10,52350 | -0,17332 | -2,29472 | -5,63941 | 9,91665 | 4,79092 | -7,66623 | -0,12388 | -1,74541 | -5,81573
9,82154 3,50950 |-11,08323 |-0,18316 | -2,38841 | -5,59732 | 9,90327 4,60441 | -8,24474 | -0,13380 | -1,86516 | -5,78507
9,80224 3,26189 |-11,63853 | -0,19298 | -2,47612 | -5,55299 | 9,88890 4,40638 | -8,81995 | -0,14370 | -1,98024 | -5,75209
9,78197 3,00613 |-12,18917 | -0,20279 | -2,55766 | -5,50644 | 9,87354 4,19734 | -9,39163 | -0,15359 | -2,09038 | -5,71681
9,76071 2,74285 |-12,73494 | -0,21257 | -2,63279 | -5,45768 | 9,85719 3,97782 | -9,95956 | -0,16347 | -2,19529 | -5,67925
9,73848 2,47271 | -13,27561 | -0,22233 | -2,70135 | -5,40674 | 9,83986 3,74834 | -10,52350 | -0,17332 | -2,29472 | -5,63941
9,71527 2,19640 |-13,81098 | -0,23207 | -2,76315 | -5,35364 | 9,82154 3,50950 |-11,08323 | -0,18316 | -2,38841 | -5,59732
9,69109 1,91459 | -14,34082 | -0,24178 | -2,81805 | -5,29840 | 9,80224 3,26189 | -11,63853 | -0,19298 | -2,47612 | -5,55299
9,66594 1,62800 |-14,86492 | -0,25147 | -2,86591 | -5,24104 | 9,78197 3,00613 | -12,18917 | -0,20279 | -2,55766 | -5,50644
9,63983 1,33734 | -15,38308 | -0,26114 | -2,90660 | -5,18158 | 9,76071 2,74285 | -12,73494 | -0,21257 | -2,63279 | -5,45768
9,61275 1,04334 | -15,89508 | -0,27078 | -2,94003 | -5,12005 | 9,73848 2,47271 | -13,27561 | -0,22233 | -2,70135 | -5,40674
9,58471 0,74673 | -16,40073 | -0,28039 | -2,96610 | -5,05647 | 9,71527 2,19640 | -13,81098 | -0,23207 | -2,76315 | -5,35364
9,55572 0,44825 |-16,89982 | -0,28998 | -2,98477 | -4,99087 | 9,69109 1,91459 | -14,34082 | -0,24178 | -2,81805 | -5,29840
9,52576 0,14865 |-17,39215 | -0,29953 | -2,99597 | -4,92327 | 9,66594 1,62800 | -14,86492 | -0,25147 | -2,86591 | -5,24104
9,49486 -0,15132 | -17,87752 | -0,30906 | -2,99969 | -4,85371 | 9,63983 1,33734 | -15,38308 | -0,26114 | -2,90660 | -5,18158
9,46300 -0,45091 | -18,35574 | -0,31855 | -2,99591 | -4,78220 | 9,61275 1,04334 | -15,89508 | -0,27078 | -2,94003 | -5,12005
9,43020 -0,74937 | -18,82661 | -0,32802 | -2,98463 | -4,70878 | 9,58471 0,74673 | -16,40073 | -0,28039 | -2,96610 | -5,05647
9,39645 -1,04596 | -19,28996 | -0,33745 | -2,96590 | -4,63348 | 9,55572 0,44825 | -16,89982 | -0,28998 | -2,98477 | -4,99087
9,36177 -1,33994 | -19,74559 | -0,34684 | -2,93976 | -4,55632 | 9,52576 0,14865 | -17,39215 | -0,29953 | -2,99597 | -4,92327
9,32615 -1,63056 | -20,19333 | -0,35620 | -2,90627 | -4,47734 | 9,49486 | -0,15132|-17,87752 | -0,30906 | -2,99969 | -4,85371
9,28960 -1,91712 | -20,63298 | -0,36553 | -2,86551 | -4,39657 | 9,46300 | -0,45091 | -18,35574 | -0,31855 | -2,99591 | -4,78220
9,25212 -2,19887 |-21,06439 | -0,37482 | -2,81760 | -4,31404 | 9,43020 | -0,74937 | -18,82661 | -0,32802 | -2,98463 | -4,70878
9,21371 -2,47514 | -21,48737 | -0,38407 | -2,76264 | -4,22978 | 9,39645 | -1,04596 | -19,28996 | -0,33745 | -2,96590 | -4,63348
9,17438 -2,74522 |-21,90175 | -0,39329 | -2,70077 | -4,14384 | 9,36177 | -1,33994 | -19,74559 | -0,34684 | -2,93976 | -4,55632
9,13413 -3,00843 | -22,30737 | -0,40246 | -2,63215 | -4,05623 | 9,32615 | -1,63056 | -20,19333 | -0,35620 | -2,90627 | -4,47734
9,09297 -3,26413 | -22,70407 | -0,41159 | -2,55696 | -3,96701 | 9,28960 |-1,91712 | -20,63298 | -0,36553 | -2,86551 | -4,39657
9,05091 -3,51166 |-23,09169 | -0,42069 | -2,47537 | -3,87619 | 9,25212 | -2,19887 | -21,06439 | -0,37482 | -2,81760 | -4,31404
9,00793 -3,75042 | -23,47008 | -0,42974 | -2,38760 | -3,78383 | 9,21371 | -2,47514 | -21,48737 | -0,38407 | -2,76264 | -4,22978
8,96406 -3,97981 | -23,83907 | -0,43875 | -2,29386 | -3,68995 | 9,17438 | -2,74522 | -21,90175 | -0,39329 | -2,70077 | -4,14384
8,91929 -4,19925 | -24,19853 | -0,44771 | -2,19438 | -3,59460 | 9,13413 | -3,00843 | -22,30737 | -0,40246 | -2,63215 | -4,05623
8,87362 -4,40819 |-24,54831 | -0,45663 | -2,08942 | -3,49781 | 9,09297 | -3,26413 | -22,70407 | -0,41159 | -2,55696 | -3,96701
8,82707 -4,60611 | -24,88828 | -0,46550 | -1,97924 | -3,39962 | 9,05091 | -3,51166 | -23,09169 | -0,42069 | -2,47537 | -3,87619
8,77964 -4,79253 | -25,21828 | -0,47433 | -1,86411 | -3,30007 | 9,00793 | -3,75042 | -23,47008 | -0,42974 | -2,38760 | -3,78383
8,73133 -4,96696 |-25,53820 | -0,48311 | -1,74433 | -3,19920 | 8,96406 | -3,97981 | -23,83907 | -0,43875 | -2,29386 | -3,68995
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o 0 z | do/dt | do/dt | Dz/dt | o(t-1) | O(t-1) | z(t-1) d¢/1°;t(t' dell“;t(t' DZ/:;‘“‘
8,68215 -5,12898 | -25,84791 | -0,49184 | -1,62018 | -3,09705 | 8,91929 | -4,19925 | -24,19853 | -0,44771 | -2,19438 | -3,59460
8,63209 | -5,27817 |-26,14727 | -0,50052 | -1,49198 | -2,99366 | 8,87362 | -4,40819 | -24,54831 | -0,45663 | -2,08942 | -3,49781
8,58118 -5,41418 | -26,43618 | -0,50915 | -1,36005 | -2,88908 | 8,82707 | -4,60611 | -24,88828 | -0,46550 | -1,97924 | -3,39962
8,52940 | -5,53665 |-26,71451 | -0,51773 | -1,22473 | -2,78333 | 8,77964 | -4,79253 | -25,21828 | -0,47433 | -1,86411 | -3,30007
8,47678 -5,64529 | -26,98216 | -0,52626 | -1,08634 | -2,67648 | 8,73133 | -4,96696 | -25,53820 | -0,48311 | -1,74433 | -3,19920
8,42330 | -5,73981 |-27,23902 | -0,53474 | -0,94524 | -2,56856 | 8,68215 |-5,12898 | -25,84791 | -0,49184 | -1,62018 | -3,09705
8,36899 | -5,81999 |-27,48498 | -0,54316 | -0,80177 | -2,45960 | 8,63209 |-5,27817 | -26,14727 | -0,50052 | -1,49198 | -2,99366
8,31383 -5,88562 | -27,71994 | -0,55153 | -0,65630 | -2,34967 | 8,58118 | -5,41418 | -26,43618 | -0,50915 | -1,36005 | -2,88908
8,25785 | -5,93654 |-27,94382 | -0,55985 | -0,50919 | -2,23879 | 8,52940 | -5,53665 | -26,71451 | -0,51773 | -1,22473 | -2,78333
8,20104 -5,97262 | -28,15653 | -0,56810 | -0,36081 | -2,12702 | 8,47678 | -5,64529 | -26,98216 | -0,52626 | -1,08634 | -2,67648
8,14341 | -599377 |-28,35797 | -0,57631 | -0,21153 | -2,01440 | 8,42330 | -5,73981 | -27,23902 | -0,53474 | -0,94524 | -2,56856
8,08496 -5,99994 | -28,54806 | -0,58445 | -0,06171 | -1,90097 | 8,36899 | -5,81999 | -27,48498 | -0,54316 | -0,80177 | -2,45960
8,02571 -5,99112 | -28,72674 | -0,59253 | 0,08826 | -1,78678 | 8,31383 | -5,88562 | -27,71994 | -0,55153 | -0,65630 | -2,34967
7,96565 -5,96732 | -28,89393 | -0,60056 | 0,23800 | -1,67188 | 8,25785 | -5,93654 | -27,94382 | -0,55985 | -0,50919 | -2,23879
7,90480 -5,92860 | -29,04956 | -0,60852 | 0,38715 | -1,55631 | 8,20104 | -5,97262 | -28,15653 | -0,56810 | -0,36081 | -2,12702
7,84316 -5,87507 | -29,19357 | -0,61643 | 0,53534 | -1,44011 | 8,14341 | -5,99377 | -28,35797 | -0,57631 | -0,21153 | -2,01440
7,78073 -5,80685 |-29,32590 | -0,62427 | 0,68218 | -1,32334 | 8,08496 | -5,99994 | -28,54806 | -0,58445 | -0,06171 | -1,90097
7,71753 -5,72412 | -29,44651 | -0,63205 | 0,82732 | -1,20604 | 8,02571 | -5,99112 | -28,72674 | -0,59253 | 0,08826 | -1,78678
7,65355 -5,62708 | -29,55533 | -0,63977 | 0,97040 | -1,08826 | 7,96565 | -5,96732 |-28,89393 | -0,60056 | 0,23800 | -1,67188
7,58881 -5,51597 |-29,65234 | -0,64742 | 1,11105 | -0,97004 | 7,90480 | -5,92860 | -29,04956 | -0,60852 | 0,38715 | -1,55631
7,52331 -5,39108 | -29,73748 | -0,65501 | 1,24892 | -0,85144 | 7,84316 | -5,87507 | -29,19357 | -0,61643 | 0,53534 | -1,44011
7,45705 -5,25271 | -29,81073 | -0,66254 | 1,38366 | -0,73249 | 7,78073 | -5,80685 | -29,32590 | -0,62427 | 0,68218 | -1,32334
7,39005 -5,10122 | -29,87206 | -0,66999 | 1,51496 | -0,61325 | 7,71753 | -5,72412 | -29,44651 | -0,63205 | 0,82732 | -1,20604
7,32231 -4,93697 |-29,92143 | -0,67738 | 1,64246 | -0,49377 | 7,65355 | -5,62708 | -29,55533 | -0,63977 | 0,97040 | -1,08826
7,25384 -4,76039 |-29,95884 | -0,68471 | 1,76586 | -0,37408 | 7,58881 | -5,51597 | -29,65234 | -0,64742 | 1,11105 | -0,97004
7,18465 -4,57190 |-29,98427 | -0,69196 | 1,88484 | -0,25425 | 7,52331 | -5,39108 | -29,73748 | -0,65501 | 1,24892 | -0,85144
7,11473 -4,37199 |-29,99770 | -0,69914 | 1,99912 | -0,13432 | 7,45705 | -5,25271|-29,81073 | -0,66254 | 1,38366 | -0,73249
7,04411 -4,16115 | -29,99913 | -0,70626 | 2,10839 | -0,01433 | 7,39005 | -5,10122 | -29,87206 | -0,66999 | 1,51496 | -0,61325
6,97278 -3,93991 | -29,98857 | -0,71330 | 2,21240 | 0,10566 7,32231 | -4,93697 | -29,92143 | -0,67738 | 1,64246 | -0,49377
6,90075 -3,70882 | -29,96600 | -0,72028 | 2,31088 | 0,22561 7,25384 | -4,76039 | -29,95884 | -0,68471 | 1,76586 | -0,37408
6,82803 -3,46846 |-29,93146 | -0,72718 | 2,40358 | 0,34547 7,18465 | -4,57190 | -29,98427 | -0,69196 | 1,88484 | -0,25425
6,75463 -3,21944 | -29,88494 | -0,73400 | 2,49027 | 0,46519 7,11473 | -4,37199 | -29,99770 | -0,69914 | 1,99912 | -0,13432
6,68056 -2,96236 | -29,82647 | -0,74076 | 2,57074 | 0,58473 7,04411 | -4,16115 | -29,99913 | -0,70626 | 2,10839 | -0,01433
6,60581 -2,69788 | -29,75606 | -0,74744 | 2,64479 | 0,70403 6,97278 | -3,93991 | -29,98857 | -0,71330 | 2,21240 0,10566
6,53041 -2,42666 |-29,67376 | -0,75404 | 2,71222 | 0,82305 6,90075 | -3,70882 | -29,96600 | -0,72028 | 2,31088 0,22561
6,45435 -2,14938 | -29,57958 | -0,76058 | 2,77287 | 0,94174 6,82803 | -3,46846 | -29,93146 | -0,72718 | 2,40358 0,34547
6,37765 -1,86672 |-29,47358 | -0,76703 | 2,82660 | 1,06005 6,75463 | -3,21944 | -29,88494 | -0,73400 | 2,49027 0,46519
6,30031 -1,57939 | -29,35578 | -0,77341 | 2,87325 | 1,17794 6,68056 | -2,96236 |-29,82647 | -0,74076 | 2,57074 0,58473
6,22234 -1,28812 | -29,22625 | -0,77971 | 2,91273 | 1,29536 6,60581 | -2,69788 | -29,75606 | -0,74744 | 2,64479 0,70403
6,14374 -0,99363 | -29,08502 | -0,78593 | 2,94493 | 1,41227 6,53041 | -2,42666 | -29,67376 | -0,75404 | 2,71222 0,82305
6,06454 -0,69665 |-28,93216 | -0,79207 | 2,96976 | 1,52860 6,45435 | -2,14938 | -29,57958 | -0,76058 | 2,77287 0,94174
5,98472 -0,39793 | -28,76773 | -0,79814 | 2,98717 | 1,64433 6,37765 | -1,86672 | -29,47358 | -0,76703 | 2,82660 1,06005
5,90431 -0,09822 | -28,59179 | -0,80412 | 2,99712 | 1,75939 6,30031 | -1,57939 | -29,35578 | -0,77341 | 2,87325 1,17794
5,82331 0,20174 | -28,40441 | -0,81003 | 2,99958 | 1,87376 6,22234 | -1,28812 | -29,22625 | -0,77971 | 2,91273 1,29536
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o 0 z | do/dt | do/dt | Dz/dt | o(t-1) | O(t-1) | z(t-1) d“’/l";t(t' dell“;t(t' DZ/:;‘“‘
5,74172 0,50119 | -28,20568 | -0,81585 | 2,99453 | 1,98737 6,14374 | -0,99363 | -29,08502 | -0,78593 | 2,94493 1,41227
565956 | 0,79939 |-27,99566 | -0,82159 | 2,98201 | 2,10019 | 6,06454 | -0,69665 | -28,93216 | -0,79207 | 2,96976 | 1,52860
5,57684 1,09559 | -27,77444 | -0,82725 | 2,96203 | 2,21217 5,98472 | -0,39793 | -28,76773 | -0,79814 | 2,98717 1,64433
549355 | 1,38906 |-27,54211 | -0,83283 | 2,93464 | 2,32326 | 5,90431 | -0,09822 | -28,59179 | -0,80412 | 2,99712 | 1,75939
5,40972 1,67905 |-27,29877 | -0,83832 | 2,89992 | 2,43343 5,82331 0,20174 | -28,40441 | -0,81003 | 2,99958 1,87376
532535 | 1,96485 |-27,04451 | -0,84373 | 2,85795 | 2,54262 | 5,74172 | 0,50119 | -28,20568 | -0,81585 | 2,99453 | 1,98737
524044 | 2,24573 |-26,77943 | -0,84906 | 2,80884 | 2,65079 | 5,65956 | 0,79939 |-27,99566 | -0,82159 | 2,98201 | 2,10019
5,15501 2,52100 |-26,50364 | -0,85430 | 2,75271 | 2,75791 5,57684 1,09559 | -27,77444 | -0,82725 | 2,96203 2,21217
506907 | 2,78997 |-26,21725 | -0,85945 | 2,68970 | 2,86392 | 5,49355 | 1,38906 |-27,54211 | -0,83283 | 2,93464 | 2,32326
4,98262 3,05197 | -25,92037 | -0,86452 | 2,61997 | 2,96878 5,40972 1,67905 | -27,29877 | -0,83832 | 2,89992 2,43343
4,39567 | 3,30634 |-25,61312 | -0,86950 | 2,54368 | 3,07246 | 5,32535 | 1,96485 |-27,04451 | -0,84373 | 2,85795 | 2,54262
4,80823 3,55244 | -25,29563 | -0,87440 | 2,46104 | 3,17491 5,24044 2,24573 | -26,77943 | -0,84906 | 2,80884 2,65079
4,72031 3,78967 |-24,96802 | -0,87921 | 2,37225 | 3,27609 5,15501 2,52100 | -26,50364 | -0,85430 | 2,75271 2,75791
4,63191 4,01742 |-24,63043 | -0,88393 | 2,27753 | 3,37596 5,06907 2,78997 | -26,21725 | -0,85945 | 2,68970 2,86392
4,54306 4,23513 | -24,28298 | -0,88856 | 2,17711 | 3,47448 4,98262 3,05197 | -25,92037 | -0,86452 | 2,61997 2,96878
4,45375 4,44226 |-23,92582 | -0,89310 | 2,07126 | 3,57161 4,89567 3,30634 | -25,61312 | -0,86950 | 2,54368 3,07246
4,36399 4,63828 |-23,55909 | -0,89756 | 1,96022 | 3,66731 4,80823 3,55244 | -25,29563 | -0,87440 | 2,46104 3,17491
4,27380 4,82271 -23,18293 | -0,90192 | 1,84429 | 3,76154 4,72031 3,78967 | -24,96802 | -0,87921 2,37225 3,27609
4,18318 4,99508 |-22,79751 | -0,90619 | 1,72375 | 3,85427 4,63191 4,01742 | -24,63043 | -0,88393 | 2,27753 3,37596
4,09214 5,15497 |-22,40296 | -0,91038 | 1,59890 | 3,94545 4,54306 4,23513 | -24,28298 | -0,88856 | 2,17711 3,47448
4,00069 5,30198 |-21,99946 | -0,91447 | 1,47005 | 4,03506 4,45375 4,44226 | -23,92582 | -0,89310 | 2,07126 3,57161
3,90885 5,43573 |-21,58715 | -0,91847 | 1,33753 | 4,12306 4,36399 4,63828 | -23,55909 | -0,89756 | 1,96022 3,66731
3,81661 5,55589 |-21,16621 | -0,92238 | 1,20166 | 4,20940 4,27380 4,82271 | -23,18293 | -0,90192 | 1,84429 3,76154
3,72399 5,66217 |-20,73680 | -0,92620 | 1,06279 | 4,29407 4,18318 4,99508 | -22,79751 | -0,90619 | 1,72375 3,85427
3,63100 5,75430 |-20,29910 | -0,92992 | 0,92127 | 4,37701 4,09214 5,15497 | -22,40296 | -0,91038 | 1,59890 3,94545
3,53764 5,83205 |-19,85328 | -0,93355 | 0,77744 | 4,45820 4,00069 5,30198 | -21,99946 | -0,91447 | 1,47005 4,03506
3,44393 5,89521 |-19,39952 | -0,93709 | 0,63167 | 4,53761 3,90885 5,43573 | -21,58715 | -0,91847 | 1,33753 4,12306
3,34988 5,94364 |-18,93800 | -0,94053 | 0,48432 | 4,61521 3,81661 5,55589 | -21,16621 | -0,92238 | 1,20166 4,20940
3,25549 5,97722 |-18,46890 | -0,94388 | 0,33576 | 4,69096 3,72399 5,66217 | -20,73680 | -0,92620 | 1,06279 4,29407
3,16078 5,99586 |-17,99242 | -0,94714 | 0,18636 | 4,76483 3,63100 5,75430 | -20,29910 | -0,92992 | 0,92127 4,37701
3,06575 5,99951 |-17,50874 | -0,95030 | 0,03650 | 4,83680 3,53764 5,83205 | -19,85328 | -0,93355 | 0,77744 4,45820
2,97041 5,98816 |-17,01806 | -0,95336 | -0,11346 | 4,90683 3,44393 5,89521 | -19,39952 | -0,93709 | 0,63167 4,53761
2,87478 5,96185 |-16,52057 | -0,95633 | -0,26313 | 4,97490 3,34988 5,94364 | -18,93800 | -0,94053 | 0,48432 4,61521
2,77886 5,92063 |-16,01647 | -0,95921 | -0,41215 | 5,04098 3,25549 5,97722 | -18,46890 | -0,94388 | 0,33576 4,69096
2,68266 5,86462 | -15,50596 | -0,96199 | -0,56013 | 5,10505 3,16078 5,99586 | -17,99242 | -0,94714 | 0,18636 4,76483
2,58619 5,79395 |-14,98926 | -0,96467 | -0,70672 | 5,16707 3,06575 5,99951 | -17,50874 | -0,95030 | 0,03650 4,83680
2,48947 5,70879 | -14,46655 | -0,96726 | -0,85154 | 5,22702 2,97041 5,98816 | -17,01806 | -0,95336 | -0,11346 | 4,90683
2,39249 5,60937 |-13,93807 | -0,96975 | -0,99423 | 5,28489 2,87478 5,96185 | -16,52057 | -0,95633 | -0,26313 | 4,97490
2,29528 5,49593 | -13,40400 | -0,97214 | -1,13443 | 5,34064 2,77886 5,92063 | -16,01647 | -0,95921 | -0,41215 | 5,04098
2,19784 5,36875 |-12,86458 | -0,97443 | -1,27180 | 5,39425 2,68266 5,86462 | -15,50596 | -0,96199 | -0,56013 | 5,10505
2,10017 5,22815 |-12,32001 | -0,97663 | -1,40599 | 5,44571 2,58619 5,79395 | -14,98926 | -0,96467 | -0,70672 | 5,16707
2,00230 5,07448 |-11,77051 | -0,97873 | -1,53667 | 5,49499 2,48947 5,70879 | -14,46655 | -0,96726 | -0,85154 | 5,22702
1,90423 4,90813 |-11,21630 | -0,98073 | -1,66350 | 5,54207 2,39249 5,60937 | -13,93807 | -0,96975 | -0,99423 | 5,28489
1,80596 4,72951 |-10,65761 | -0,98264 | -1,78618 | 5,58693 2,29528 5,49593 | -13,40400 | -0,97214 | -1,13443 | 5,34064
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o 0 z | do/dt | do/dt | Dz/dt | o(t-1) | O(t-1) | z(t-1) d¢/1°;t(t' dell“;t(t' DZ/:;‘“‘
1,70752 4,53907 |-10,09465 | -0,98444 | -1,90439 | 5,62956 2,19784 5,36875 | -12,86458 | -0,97443 | -1,27180 | 5,39425
1,60890 | 4,33729 | -9,52766 | -0,98615 | -2,01785 | 5,66994 | 2,10017 | 5,22815 |-12,32001 | -0,97663 | -1,40599 | 5,44571
1,51013 4,12466 -8,95685 | -0,98776 | -2,12626 | 5,70805 2,00230 5,07448 | -11,77051 | -0,97873 | -1,53667 | 5,49499
1,41120 | 3,90173 | -8,38246 | -0,98927 | -2,22935 | 5,74387 | 1,90423 | 4,90813 |-11,21630 | -0,98073 | -1,66350 | 5,54207
1,31213 3,66904 -7,80472 | -0,99068 | -2,32688 | 5,77740 1,80596 4,72951 | -10,65761 | -0,98264 | -1,78618 | 5,58693
1,21293 | 3,42718 | -7,22386 | -0,99199 | -2,41858 | 5,80862 | 1,70752 | 4,53907 | -10,09465 | -0,98444 | -1,90439 | 5,62956
1,11361 | 3,17676 | -6,64011 | -0,99321 | -2,50424 | 5,83751 | 1,60890 | 4,33729 | -9,52766 | -0,98615 | -2,01785 | 5,66994
1,01418 2,91839 -6,05370 | -0,99432 | -2,58365 | 5,86407 1,51013 4,12466 | -8,95685 | -0,98776 | -2,12626 | 5,70805
0,91465 | 2,65273 | -5,46488 | -0,99533 | -2,65659 | 5,88829 | 1,41120 | 3,90173 | -8,38246 | -0,98927 | -2,22935 | 5,74387
0,81502 2,38044 -4,87386 | -0,99625 | -2,72290 | 5,91015 1,31213 3,66904 | -7,80472 | -0,99068 | -2,32688 | 5,77740
0,71532 | 2,10220 | -4,28090 | -0,99706 | -2,78239 | 5,92964 | 1,21293 | 3,42718 | -7,22386 | -0,99199 | -2,41858 | 5,80862
0,61554 1,81871 -3,68622 | -0,99778 | -2,83494 | 5,94676 1,11361 3,17676 | -6,64011 | -0,99321 | -2,50424 | 5,83751
0,51570 1,53067 -3,09007 | -0,99839 | -2,88040 | 5,96151 1,01418 2,91839 | -6,05370 | -0,99432 | -2,58365 | 5,86407
0,41581 1,23880 -2,49268 | -0,99891 | -2,91866 | 5,97387 0,91465 2,65273 | -5,46488 | -0,99533 | -2,65659 | 5,88829
0,31587 0,94384 -1,89430 | -0,99933 | -2,94962 | 5,98384 0,81502 2,38044 | -4,87386 | -0,99625 | -2,72290 | 5,91015
0,21591 0,64652 -1,29516 | -0,99964 | -2,97321 | 5,99142 0,71532 2,10220 | -4,28090 | -0,99706 | -2,78239 | 5,92964
0,11592 0,34758 -0,69550 | -0,99986 | -2,98937 | 5,99660 0,61554 1,81871 | -3,68622 | -0,99778 | -2,83494 | 5,94676
0,01593 0,04778 -0,09556 | -0,99997 | -2,99806 | 5,99938 0,51570 1,53067 | -3,09007 | -0,99839 | -2,88040 | 5,96151
-0,08407 -0,25215 0,50442 | -0,99999 | -2,99925 | 5,99976 0,41581 1,23880 | -2,49268 | -0,99891 | -2,91866 | 5,97387
-0,18406 -0,55144 1,10419 | -0,99991 | -2,99295 | 5,99774 0,31587 0,94384 | -1,89430 | -0,99933 | -2,94962 | 5,98384
-0,28404 -0,84936 1,70352 | -0,99972 | -2,97917 | 5,99333 0,21591 0,64652 | -1,29516 | -0,99964 | -2,97321 | 5,99142
-0,38398 -1,14515 2,30218 | -0,99944 | -2,95794 | 5,98651 0,11592 0,34758 | -0,69550 | -0,99986 | -2,98937 | 5,99660
-0,48388 -1,43808 2,89991 | -0,99905 | -2,92931 | 5,97730 0,01593 0,04778 | -0,09556 | -0,99997 | -2,99806 | 5,99938
-0,58374 -1,72742 3,49648 | -0,99857 | -2,89337 | 5,96570 | -0,08407 | -0,25215 | 0,50442 -0,99999 | -2,99925 | 5,99976
-0,68354 -2,01244 4,09165 | -0,99799 | -2,85019 | 5,95172 | -0,18406 | -0,55144 | 1,10419 -0,99991 | -2,99295 | 5,99774
-0,78327 -2,29243 4,68518 | -0,99730 | -2,79989 | 5,93535 | -0,28404 | -0,84936 | 1,70352 -0,99972 | -2,97917 | 5,99333
-0,88292 -2,56669 5,27684 | -0,99652 | -2,74259 | 5,91661 | -0,38398 | -1,14515 | 2,30218 -0,99944 | -2,95794 | 5,98651
-0,98249 -2,83453 5,86640 | -0,99564 | -2,67844 | 5,89551 | -0,48388 | -1,43808 | 2,89991 -0,99905 | -2,92931 | 5,97730
-1,08195 -3,09529 6,45360 | -0,99465 | -2,60759 | 5,87204 | -0,58374 | -1,72742 | 3,49648 -0,99857 | -2,89337 | 5,96570
-1,18131 -3,34831 7,03822 | -0,99357 | -2,53023 | 5,84623 | -0,68354 | -2,01244 | 4,09165 -0,99799 | -2,85019 | 5,95172
-1,28055 -3,59297 7,62003 | -0,99239 | -2,44654 | 5,81808 | -0,78327 | -2,29243 | 4,68518 -0,99730 | -2,79989 | 5,93535
-1,37966 -3,82864 8,19879 | -0,99111 | -2,35673 | 5,78760 | -0,88292 | -2,56669 | 5,27684 | -0,99652 | -2,74259 | 5,91661
-1,47863 -4,05474 8,77427 | -0,98973 | -2,26103 | 5,75480 | -0,98249 | -2,83453 | 5,86640 | -0,99564 | -2,67844 | 5,89551
-1,57746 -4,27071 9,34624 | -0,98825 | -2,15969 | 5,71971 | -1,08195 | -3,09529 | 6,45360 | -0,99465 | -2,60759 | 5,87204
-1,67612 -4,47601 9,91447 | -0,98667 | -2,05294 | 5,68232 | -1,18131 | -3,34831 | 7,03822 -0,99357 | -2,53023 | 5,84623
-1,77462 -4,67011 10,47874 | -0,98500 | -1,94106 | 5,64267 | -1,28055 | -3,59297 | 7,62003 -0,99239 | -2,44654 | 5,81808
-1,87295 -4,85255 11,03882 | -0,98322 | -1,82434 | 5,60075 | -1,37966 | -3,82864 | 8,19879 -0,99111 | -2,35673 | 5,78760
-1,97108 -5,02285 11,59448 | -0,98135 | -1,70305 | 5,55660 | -1,47863 | -4,05474 | 8,77427 -0,98973 | -2,26103 | 5,75480
-2,06902 -5,18060 | 12,14550 | -0,97938 | -1,57750 | 5,51022 | -1,57746 | -4,27071 | 9,34624 | -0,98825 | -2,15969 | 5,71971
-2,16675 -5,32540 | 12,69166 | -0,97731 | -1,44801 | 5,46164 | -1,67612 | -4,47601 | 9,91447 -0,98667 | -2,05294 | 5,68232
-2,26427 | -5,45689 | 13,23275 | -0,97514 | -1,31491 | 5,41088 | -1,77462 | -4,67011 | 10,47874 | -0,98500 | -1,94106 | 5,64267
-2,36155 -5,57474 | 13,76854 | -0,97288 | -1,17851 | 5,35795 | -1,87295 | -4,85255 | 11,03882 | -0,98322 | -1,82434 | 5,60075
-2,45861 -5,67866 | 14,29883 | -0,97052 | -1,03917 | 5,30288 | -1,97108 | -5,02285 | 11,59448 | -0,98135 | -1,70305 | 5,55660
-2,55541 -5,76838 | 14,82340 | -0,96806 | -0,89724 | 5,24568 | -2,06902 | -5,18060 | 12,14550 | -0,97938 | -1,57750 | 5,51022
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o 0 z | do/dt | do/dt | Dz/dt | o(t-1) | O(t-1) | z(t-1) d¢/1°;t(t' dell“;t(t' DZ/:;‘“‘
-2,65196 -5,84369 15,34204 | -0,96550 | -0,75306 | 5,18639 | -2,16675 | -5,32540 | 12,69166 | -0,97731 | -1,44801 | 5,46164
-2,74825 | -5,90439 | 15,85454 | -0,96285 | -0,60699 | 5,12503 | -2,26427 |-5,45689 | 13,23275 | -0,97514 | -1,31491 | 5,41088
-2,84426 -5,95033 16,36070 | -0,96010 | -0,45942 | 5,06161 | -2,36155 | -5,57474 | 13,76854 | -0,97288 | -1,17851 | 5,35795
-2,93998 | -5,98140 | 16,86032 | -0,95726 | -0,31069 | 4,99617 | -2,45861 | -5,67866 | 14,29883 | -0,97052 | -1,03917 | 5,30288
-3,03542 -5,99752 17,35319 | -0,95432 | -0,16118 | 4,92873 | -2,55541 | -5,76838 | 14,82340 | -0,96806 | -0,89724 | 5,24568
-3,13054 | -5,99865 | 17,83912 | -0,95128 | -0,01128 | 4,85932 | -2,65196 | -5,84369 | 15,34204 | -0,96550 | -0,75306 | 5,18639
-3,22536 | -5,98478 | 18,31792 | -0,94815 | 0,13866 | 4,78796 | -2,74825 | -5,90439 | 15,85454 | -0,96285 | -0,60699 | 5,12503
-3,31985 -5,95596 | 18,78939 | -0,94493 | 0,28825 | 4,71470 | -2,84426 | -5,95033 | 16,36070 | -0,96010 | -0,45942 | 5,06161
-3,41401 | -591224 | 19,25334 | -0,94161 | 0,43711 | 4,63954 | -2,93998 | -5,98140 | 16,86032 | -0,95726 | -0,31069 | 4,99617
-3,50783 -5,85376 | 19,70960 | -0,93819 | 0,58489 | 4,56253 | -3,03542 | -5,99752 | 17,35319 | -0,95432 | -0,16118 | 4,92873
-3,60130 | -5,78064 | 20,15797 | -0,93469 | 0,73120 | 4,48369 | -3,13054 | -5,99865 | 17,83912 | -0,95128 | -0,01128 | 4,85932
-3,69441 -5,69307 | 20,59827 | -0,93109 | 0,87569 | 4,40306 | -3,22536 | -5,98478 | 18,31792 | -0,94815 | 0,13866 4,78796
-3,78715 -5,59127 | 21,03034 | -0,92739 | 1,01799 | 4,32067 | -3,31985 | -5,95596 | 18,78939 | -0,94493 | 0,28825 4,71470
-3,87951 -5,47549 | 21,45400 | -0,92360 | 1,15774 | 4,23656 | -3,41401 | -5,91224 | 19,25334 | -0,94161 | 0,43711 4,63954
-3,97148 -5,34604 | 21,86907 | -0,91972 | 1,29460 | 4,15074 | -3,50783 | -5,85376 | 19,70960 | -0,93819 | 0,58489 4,56253
-4,06306 -5,20321 | 22,27540 | -0,91575 | 1,42822 | 4,06327 | -3,60130 | -5,78064 | 20,15797 | -0,93469 | 0,73120 4,48369
-4,15423 -5,04739 | 22,67282 | -0,91169 | 1,55827 | 3,97417 | -3,69441 | -5,69307 | 20,59827 | -0,93109 | 0,87569 4,40306
-4,24498 -4,87894 | 23,06116 | -0,90754 | 1,68443 | 3,88348 | -3,78715 | -5,59127 | 21,03034 | -0,92739 | 1,01799 4,32067
-4,33531 -4,69830 | 23,44029 | -0,90329 | 1,80638 | 3,79124 | -3,87951 | -5,47549 | 21,45400 | -0,92360 | 1,15774 4,23656
-4,42520 -4,50592 | 23,81004 | -0,89896 | 1,92381 | 3,69748 | -3,97148 | -5,34604 | 21,86907 | -0,91972 | 1,29460 4,15074
-4,51466 -4,30228 | 24,17026 | -0,89453 | 2,03644 | 3,60225 | -4,06306 | -5,20321 | 22,27540 | -0,91575 | 1,42822 4,06327
-4,60366 -4,08788 | 24,52082 | -0,89002 | 2,14397 | 3,50557 | -4,15423 | -5,04739 | 22,67282 | -0,91169 | 1,55827 3,97417
-4,69220 -3,86327 | 24,86157 | -0,88541 | 2,24615 | 3,40749 | -4,24498 | -4,87894 | 23,06116 | -0,90754 | 1,68443 3,88348
-4,78027 -3,62900 | 25,19237 | -0,88072 | 2,34271 | 3,30805 | -4,33531 | -4,69830 | 23,44029 | -0,90329 | 1,80638 3,79124
-4,86787 -3,38566 | 25,51310 | -0,87594 | 2,43342 | 3,20728 | -4,42520 | -4,50592 | 23,81004 | -0,89896 | 1,92381 3,69748
-4,95497 -3,13385 | 25,82362 | -0,87107 | 2,51804 | 3,10523 | -4,51466 | -4,30228 | 24,17026 | -0,89453 | 2,03644 3,60225
-5,04159 -2,87421 | 26,12382 | -0,86612 | 2,59637 | 3,00194 | -4,60366 | -4,08788 | 24,52082 | -0,89002 | 2,14397 3,50557
-5,12769 -2,60739 | 26,41356 | -0,86108 | 2,66821 | 2,89745 | -4,69220 | -3,86327 | 24,86157 | -0,88541 | 2,24615 3,40749
-5,21329 -2,33406 | 26,69274 | -0,85595 | 2,73338 | 2,79180 | -4,78027 | -3,62900 | 25,19237 | -0,88072 | 2,34271 3,30805
-5,29836 -2,05488 | 26,96124 | -0,85074 | 2,79172 | 2,68503 | -4,86787 | -3,38566 | 25,51310 | -0,87594 | 2,43342 3,20728
-5,38291 -1,77058 | 27,21896 | -0,84544 | 2,84308 | 2,57719 | -4,95497 | -3,13385 | 25,82362 | -0,87107 | 2,51804 3,10523
-5,46691 -1,48184 | 27,46579 | -0,84005 | 2,88734 | 2,46832 | -5,04159 | -2,87421 | 26,12382 | -0,86612 | 2,59637 3,00194
-5,55037 -1,18940 | 27,70164 | -0,83459 | 2,92437 | 2,35846 | -5,12769 | -2,60739 | 26,41356 | -0,86108 | 2,66821 2,89745
-5,63327 -0,89399 | 27,92640 | -0,82904 | 2,95410 | 2,24765 | -5,21329 | -2,33406 | 26,69274 | -0,85595 | 2,73338 2,79180
-5,71561 -0,59635 | 28,14000 | -0,82340 | 2,97645 | 2,13595 | -5,29836 | -2,05488 | 26,96124 | -0,85074 | 2,79172 2,68503
-5,79738 -0,29721 | 28,34234 | -0,81769 | 2,99135 | 2,02340 | -5,38291 | -1,77058 | 27,21896 | -0,84544 | 2,84308 2,57719
-5,87857 0,00266 28,53334 | -0,81189 | 2,99878 | 1,91003 | -5,46691 | -1,48184 | 27,46579 | -0,84005 | 2,88734 2,46832
-5,95917 0,30254 28,71293 | -0,80601 | 2,99872 | 1,79590 | -5,55037 | -1,18940 | 27,70164 | -0,83459 | 2,92437 2,35846
-6,03918 0,60165 28,88104 | -0,80005 | 2,99115 | 1,68105 | -5,63327 | -0,89399 | 27,92640 | -0,82904 | 2,95410 2,24765
-6,11858 0,89926 29,03759 | -0,79401 | 2,97612 | 1,56553 | -5,71561 | -0,59635 | 28,14000 | -0,82340 | 2,97645 2,13595
-6,19737 1,19463 29,18253 | -0,78790 | 2,95364 | 1,44939 | -5,79738 | -0,29721 | 28,34234 | -0,81769 | 2,99135 2,02340
-6,27554 1,48701 29,31579 | -0,78170 | 2,92378 | 1,33266 | -5,87857 | 0,00266 | 28,53334 | -0,81189 | 2,99878 1,91003
-6,35308 1,77567 29,43733 | -0,77542 | 2,88661 | 1,21540 | -5,95917 | 0,30254 | 28,71293 | -0,80601 | 2,99872 1,79590
-6,42999 2,05989 29,54710 | -0,76907 | 2,84223 | 1,09765 | -6,03918 | 0,60165 | 28,88104 | -0,80005 | 2,99115 1,68105
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o 0 z | do/dt | do/dt | Dz/dt | o(t-1) | O(t-1) | z(t-1) d¢/1°;t(t' dell“;t(t' D2/ 1“;‘“’
-6,50625 2,33896 29,64505 | -0,76264 | 2,79074 | 0,97947 | -6,11858 | 0,89926 | 29,03759 | -0,79401 | 2,97612 1,56553
-6,58186 | 2,61219 | 29,73114 | -0,75613 | 2,73228 | 0,86089 | -6,19737 | 1,19463 | 29,18253 | -0,78790 | 2,95364 | 1,44939
-6,65682 2,87889 29,80533 | -0,74955 | 2,66699 | 0,74197 | -6,27554 | 1,48701 | 29,31579 | -0,78170 | 2,92378 1,33266
-6,73111 | 3,13839 | 29,86761 | -0,74289 | 2,59503 | 0,62276 | -6,35308 | 1,77567 | 29,43733 | -0,77542 | 2,88661 | 1,21540
-6,80473 3,39005 29,91794 | -0,73616 | 2,51659 | 0,50329 | -6,42999 | 2,05989 | 29,54710 | -0,76907 | 2,84223 1,09765
-6,87766 | 3,63324 | 29,95630 | -0,72936 | 2,43186 | 0,38362 | -6,50625 | 2,33896 | 29,64505 | -0,76264 | 2,79074 | 0,97947
-6,94991 | 3,86734 | 29,98268 | -0,72248 | 2,34104 | 0,26380 | -6,58186 | 2,61219 | 29,73114 | -0,75613 | 2,73228 | 0,86089
-7,02146 4,09178 29,99707 | -0,71553 | 2,24438 | 0,14387 | -6,65682 | 2,87889 | 29,80533 | -0,74955 | 2,66699 0,74197
-7,09231 | 4,30599 | 29,99946 | -0,70851 | 2,14211 | 0,02389 | -6,73111 | 3,13839 | 29,86761 | -0,74289 | 2,59503 | 0,62276
-7,16246 4,50944 29,98985 | -0,70142 | 2,03448 | -0,09610 | -6,80473 | 3,39005 | 29,91794 | -0,73616 | 2,51659 0,50329
-7,23188 | 4,70162 | 29,96824 | -0,69426 | 1,92177 | -0,21606 | -6,87766 | 3,63324 | 29,95630 | -0,72936 | 2,43186 | 0,38362
-7,30058 4,88204 29,93465 | -0,68702 | 1,80425 | -0,33593 | -6,94991 | 3,86734 | 29,98268 | -0,72248 | 2,34104 0,26380
-7,36856 5,05027 29,88908 | -0,67972 | 1,68223 | -0,45566 | -7,02146 | 4,09178 | 29,99707 | -0,71553 | 2,24438 0,14387
-7,43579 5,20586 29,83156 | -0,67235 | 1,55600 | -0,57522 | -7,09231 | 4,30599 | 29,99946 | -0,70851 | 2,14211 0,02389
-7,50228 5,34845 29,76211 | -0,66492 | 1,42588 | -0,69454 | -7,16246 | 4,50944 | 29,98985 | -0,70142 | 2,03448 | -0,09610
-7,56802 5,47767 29,68075 | -0,65742 | 1,29219 | -0,81358 | -7,23188 | 4,70162 | 29,96824 | -0,69426 | 1,92177 | -0,21606
-7,63301 5,59320 29,58752 | -0,64985 | 1,15528 | -0,93230 | -7,30058 | 4,88204 | 29,93465 | -0,68702 | 1,80425 | -0,33593
-7,69723 5,69475 29,48245 | -0,64222 | 1,01548 | -1,05065 | -7,36856 | 5,05027 | 29,88908 | -0,67972 | 1,68223 | -0,45566
-7,76068 5,78206 29,36560 | -0,63452 | 0,87314 | -1,16857 | -7,43579 | 5,20586 | 29,83156 | -0,67235 | 1,55600 | -0,57522
-7,82336 5,85492 29,23699 | -0,62676 | 0,72862 | -1,28603 | -7,50228 | 5,34845 | 29,76211 | -0,66492 | 1,42588 | -0,69454
-7,88525 5,91315 29,09669 | -0,61893 | 0,58228 | -1,40298 | -7,56802 | 5,47767 | 29,68075 | -0,65742 | 1,29219 | -0,81358
-7,94636 5,95660 28,94476 | -0,61105 | 0,43448 | -1,51936 | -7,63301 | 5,59320 | 29,58752 | -0,64985 | 1,15528 | -0,93230
-8,00667 5,98516 28,78125 | -0,60310 | 0,28559 | -1,63513 | -7,69723 | 5,69475 | 29,48245 | -0,64222 | 1,01548 | -1,05065
-8,06618 5,99876 28,60622 | -0,59510 | 0,13600 | -1,75026 | -7,76068 | 5,78206 | 29,36560 | -0,63452 | 0,87314 | -1,16857
-8,12488 5,99736 28,41975 | -0,58703 | -0,01394 | -1,86468 | -7,82336 | 5,85492 | 29,23699 | -0,62676 | 0,72862 | -1,28603
-8,18277 5,98098 28,22192 | -0,57891 | -0,16384 | -1,97835 | -7,88525 | 5,91315 | 29,09669 | -0,61893 | 0,58228 | -1,40298
-8,23984 5,94964 28,01279 | -0,57072 | -0,31334 | -2,09124 | -7,94636 | 5,95660 | 28,94476 | -0,61105 | 0,43448 | -1,51936
-8,29609 5,90344 27,79246 | -0,56248 | -0,46205 | -2,20328 | -8,00667 | 5,98516 | 28,78125 | -0,60310 | 0,28559 | -1,63513
-8,35151 5,84248 27,56102 | -0,55419 | -0,60960 | -2,31445 | -8,06618 | 5,99876 | 28,60622 | -0,59510 | 0,13600 | -1,75026
-8,40609 5,76692 27,31855 | -0,54584 | -0,75563 | -2,42469 | -8,12488 | 5,99736 | 28,41975 | -0,58703 | -0,01394 | -1,86468
-8,45984 5,67694 27,06516 | -0,53743 | -0,89978 | -2,53396 | -8,18277 | 5,98098 | 28,22192 | -0,57891 | -0,16384 | -1,97835
-8,51273 5,57277 26,80093 | -0,52897 | -1,04167 | -2,64222 | -8,23984 | 5,94964 | 28,01279 | -0,57072 | -0,31334 | -2,09124
-8,56478 5,45468 26,52599 | -0,52046 | -1,18096 | -2,74942 | -8,29609 | 5,90344 | 27,79246 | -0,56248 | -0,46205 | -2,20328
-8,61597 5,32295 26,24044 | -0,51189 | -1,31730 | -2,85552 | -8,35151 | 5,84248 | 27,56102 | -0,55419 | -0,60960 | -2,31445
-8,66630 5,17791 25,94439 | -0,50328 | -1,45035 | -2,96048 | -8,40609 | 5,76692 | 27,31855 | -0,54584 | -0,75563 | -2,42469
-8,71576 5,01993 25,63797 | -0,49461 | -1,57977 | -3,06425 | -8,45984 | 5,67694 | 27,06516 | -0,53743 | -0,89978 | -2,53396
-8,76435 4,84941 25,32129 | -0,48589 | -1,70524 | -3,16680 | -8,51273 | 5,57277 | 26,80093 | -0,52897 | -1,04167 | -2,64222
-8,81206 4,66676 24,99448 | -0,47713 | -1,82645 | -3,26808 | -8,56478 | 5,45468 | 26,52599 | -0,52046 | -1,18096 | -2,74942
-8,85889 4,47246 24,65767 | -0,46832 | -1,94309 | -3,36805 | -8,61597 | 5,32295 | 26,24044 | -0,51189 | -1,31730 | -2,85552
-8,90484 4,26697 24,31101 | -0,45946 | -2,05488 | -3,46668 | -8,66630 | 5,17791 | 25,94439 | -0,50328 | -1,45035 | -2,96048
-8,94989 4,05081 23,95461 | -0,45055 | -2,16153 | -3,56392 | -8,71576 | 5,01993 | 25,63797 | -0,49461 | -1,57977 | -3,06425
-8,99405 3,82454 23,58864 | -0,44161 | -2,26278 | -3,65974 | -8,76435 | 4,84941 | 25,32129 | -0,48589 | -1,70524 | -3,16680
-9,03732 3,58870 23,21323 | -0,43261 | -2,35838 | -3,75409 | -8,81206 | 4,66676 | 24,99448 | -0,47713 | -1,82645 | -3,26808
-9,07967 3,34389 22,82854 | -0,42357 | -2,44808 | -3,84694 | -8,85889 | 4,47246 | 24,65767 | -0,46832 | -1,94309 | -3,36805
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o 0 z | do/dt | do/dt | Dz/dt | o(t-1) | O(t-1) | z(t-1) d¢/1°;t(t' dell“;t(t' DZ/:;‘“‘
-9,12112 3,09072 22,43471 | -0,41449 | -2,53166 | -3,93825 | -8,90484 | 4,26697 | 24,31101 | -0,45946 | -2,05488 | -3,46668
-9,16166 | 2,82983 | 22,03191 | -0,40537 | -2,60891 | -4,02799 | -8,94989 | 4,05081 | 23,95461 | -0,45055 | -2,16153 | -3,56392
-9,20128 2,56187 21,62030 | -0,39621 | -2,67964 | -4,11611 | -8,99405 | 3,82454 | 23,58864 | -0,44161 | -2,26278 | -3,65974
-9,23998 | 2,28750 | 21,20004 | -0,38701 | -2,74367 | -4,20259 | -9,03732 | 3,58870 | 23,21323 | -0,43261 | -2,35838 | -3,75409
-9,27776 2,00742 20,77130 | -0,37777 | -2,80085 | -4,28739 | -9,07967 | 3,34389 | 22,82854 | -0,42357 | -2,44808 | -3,84694
-9,31461 | 1,72232 | 20,33426 | -0,36849 | -2,85102 | -4,37047 | -9,12112 | 3,09072 | 22,43471 | -0,41449 | -2,53166 | -3,93825
-9,35053 | 1,43291 | 19,88908 |-0,35918 | -2,89407 | -4,45180 | -9,16166 | 2,82983 | 22,03191 | -0,40537 | -2,60891 | -4,02799
-9,38551 1,13992 19,43594 | -0,34983 | -2,92989 | -4,53136 | -9,20128 | 2,56187 | 21,62030 | -0,39621 | -2,67964 | -4,11611
-9,41955 | 0,84408 | 18,97503 |-0,34044 | -2,95838 | -4,60910 | -9,23998 | 2,28750 | 21,20004 | -0,38701 | -2,74367 | -4,20259
-9,45266 0,54613 18,50653 | -0,33102 | -2,97948 | -4,68500 | -9,27776 | 2,00742 | 20,77130 | -0,37777 | -2,80085 | -4,28739
-9,48481 | 0,24682 | 18,03063 |-0,32157 | -2,99313 | -4,75902 | -9,31461 | 1,72232 | 20,33426 | -0,36849 | -2,85102 | -4,37047
-9,51602 -0,05311 17,54752 | -0,31209 | -2,99930 | -4,83114 | -9,35053 | 1,43291 | 19,88908 | -0,35918 | -2,89407 | -4,45180
-9,54628 -0,35290 | 17,05738 | -0,30257 | -2,99797 | -4,90133 | -9,38551 | 1,13992 | 19,43594 | -0,34983 | -2,92989 | -4,53136
-9,57558 -0,65182 16,56043 | -0,29302 | -2,98915 | -4,96955 | -9,41955 | 0,84408 | 18,97503 | -0,34044 | -2,95838 | -4,60910
-9,60392 -0,94911 16,05685 | -0,28345 | -2,97286 | -5,03579 | -9,45266 | 0,54613 | 18,50653 | -0,33102 | -2,97948 | -4,68500
-9,63131 -1,24402 15,54685 | -0,27384 | -2,94913 | -5,10002 | -9,48481 | 0,24682 | 18,03063 | -0,32157 | -2,99313 | -4,75902
-9,65773 -1,53582 15,03063 | -0,26421 | -2,91804 | -5,16220 | -9,51602 | -0,05311 | 17,54752 | -0,31209 | -2,99930 | -4,83114
-9,68319 -1,82379 14,50839 | -0,25456 | -2,87965 | -5,22233 | -9,54628 | -0,35290 | 17,05738 | -0,30257 | -2,99797 | -4,90133
-9,70767 -2,10719 13,98036 | -0,24487 | -2,83407 | -5,28036 | -9,57558 | -0,65182 | 16,56043 | -0,29302 | -2,98915 | -4,96955
-9,73119 -2,38533 13,44673 | -0,23516 | -2,78140 | -5,33628 | -9,60392 | -0,94911 | 16,05685 | -0,28345 | -2,97286 | -5,03579
-9,75373 -2,65751 12,90772 | -0,22543 | -2,72178 | -5,39006 | -9,63131 | -1,24402 | 15,54685 | -0,27384 | -2,94913 | -5,10002
-9,77530 -2,92305 12,36355 | -0,21568 | -2,65535 | -5,44169 | -9,65773 | -1,53582 | 15,03063 | -0,26421 | -2,91804 | -5,16220
-9,79589 -3,18128 | 11,81444 | -0,20590 | -2,58229 | -5,49114 | -9,68319 | -1,82379 | 14,50839 | -0,25456 | -2,87965 | -5,22233
-9,81550 -3,43155 11,26060 | -0,19611 | -2,50278 | -5,53840 | -9,70767 | -2,10719 | 13,98036 | -0,24487 | -2,83407 | -5,28036
-9,83413 -3,67325 10,70226 | -0,18629 | -2,41701 | -5,58344 | -9,73119 | -2,38533 | 13,44673 | -0,23516 | -2,78140 | -5,33628
-9,85178 -3,90577 10,13963 | -0,17646 | -2,32519 | -5,62625 | -9,75373 | -2,65751 | 12,90772 | -0,22543 | -2,72178 | -5,39006
-9,86844 -4,12853 9,57295 | -0,16661 | -2,22757 | -5,66681 | -9,77530 | -2,92305 | 12,36355 | -0,21568 | -2,65535 | -5,44169
-9,88411 -4,34097 9,00244 | -0,15674 | -2,12438 | -5,70510 | -9,79589 | -3,18128 | 11,81444 | -0,20590 | -2,58229 | -5,49114
-9,89880 -4,54256 8,42833 | -0,14686 | -2,01588 | -5,74110 | -9,81550 | -3,43155 | 11,26060 | -0,19611 | -2,50278 | -5,53840
-9,91249 -4,73279 7,85085 | -0,13696 | -1,90234 | -5,77482 | -9,83413 | -3,67325 | 10,70226 | -0,18629 | -2,41701 | -5,58344
-9,92520 -4,91119 7,27023 | -0,12704 | -1,78404 | -5,80622 | -9,85178 | -3,90577 | 10,13963 | -0,17646 | -2,32519 | -5,62625
-9,93691 -5,07732 6,68670 |-0,11712 | -1,66129 | -5,83530 | -9,86844 | -4,12853 | 9,57295 -0,16661 | -2,22757 | -5,66681
-9,94763 -5,23076 6,10049 | -0,10718 | -1,53438 | -5,86204 | -9,88411 | -4,34097 | 9,00244 | -0,15674 | -2,12438 | -5,70510
-9,95735 -5,37112 5,51185 | -0,09723 | -1,40364 | -5,88645 | -9,89880 | -4,54256 | 8,42833 -0,14686 | -2,01588 | -5,74110
-9,96608 -5,49806 4,92100 | -0,08728 | -1,26939 | -5,90849 | -9,91249 | -4,73279 | 7,85085 -0,13696 | -1,90234 | -5,77482
-9,97381 -5,61126 4,32818 | -0,07731 | -1,13196 | -5,92818 | -9,92520 | -4,91119 | 7,27023 -0,12704 | -1,78404 | -5,80622
-9,98054 -5,71043 3,73363 | -0,06734 | -0,99171 | -5,94549 | -9,93691 | -5,07732 | 6,68670 | -0,11712 | -1,66129 | -5,83530
-9,98628 -5,79533 3,13759 | -0,05736 | -0,84898 | -5,96042 | -9,94763 | -5,23076 | 6,10049 -0,10718 | -1,53438 | -5,86204
-9,99102 -5,86574 2,54029 |-0,04737 | -0,70413 | -5,97297 | -9,95735 | -5,37112 | 5,51185 -0,09723 | -1,40364 | -5,88645
-9,99476 -5,92149 1,94198 | -0,03738 | -0,55752 | -5,98313 | -9,96608 | -5,49806 | 4,92100 | -0,08728 | -1,26939 | -5,90849
-9,99749 -5,96244 1,34289 | -0,02739 | -0,40951 | -5,99090 | -9,97381 | -5,61126 | 4,32818 -0,07731 | -1,13196 | -5,92818
-9,99923 -5,98849 0,74326 | -0,01739 | -0,26048 | -5,99627 | -9,98054 | -5,71043 | 3,73363 -0,06734 | -0,99171 | -5,94549
-9,99997 -5,99957 0,14334 | -0,00739 | -0,11080 | -5,99924 | -9,98628 | -5,79533 | 3,13759 -0,05736 | -0,84898 | -5,96042
-9,99971 -5,99566 -0,45664 | 0,00261 | 0,03916 |-5,99982 | -9,99102 | -5,86574 | 2,54029 -0,04737 | -0,70413 | -5,97297
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o 0 z | do/dt | do/dt | Dz/dt | o(t-1) | O(t-1) | z(t-1) d¢/1°;t(t' dell“;t(t' D2/ 1“;‘“’
-9,99845 -5,97675 -1,05644 | 0,01261 | 0,18902 | -5,99799 | -9,99476 | -5,92149 | 1,94198 -0,03738 | -0,55752 | -5,98313
-9,99619 | -5,94291 | -1,65582 | 0,02261 | 0,33841 | -5,99377 | -9,99749 | -5,96244 | 1,34289 | -0,02739 | -0,40951 | -5,99090
-9,99293 -5,89422 -2,25453 | 0,03261 | 0,48695 | -5,98714 | -9,99923 | -5,98849 | 0,74326 -0,01739 | -0,26048 | -5,99627
-9,98867 | -5,83079 | -2,85235 | 0,04260 | 0,63427 | -5,97813 | -9,99997 |-5,99957 | 0,14334 | -0,00739 | -0,11080 | -5,99924
-9,98341 -5,75279 -3,44902 | 0,05259 | 0,78001 | -5,96672 | -9,99971 | -5,99566 | -0,45664 0,00261 0,03916 | -5,99982
-9,97715 | -5,66041 | -4,04431 | 0,06257 | 0,92380 | -5,95292 | -9,99845 |-5,97675 | -1,05644 | 0,01261 | 0,18902 | -5,99799
-9,96990 | -5,55388 | -4,63798 | 0,07255 | 1,06528 | -5,93674 | -9,99619 |-5,94291 | -1,65582 | 0,02261 | 0,33841 | -5,99377
-9,96165 -5,43347 -5,22980 | 0,08252 | 1,20410 | -5,91819 | -9,99293 | -5,89422 | -2,25453 0,03261 0,48695 | -5,98714
-9,95240 | -529948 | -5,81953 | 0,09248 | 1,33991 | -5,89727 | -9,98867 |-5,83079 | -2,85235 | 0,04260 | 0,63427 | -5,97813
-9,94216 -5,15224 -6,40693 | 0,10243 | 1,47237 | -5,87400 | -9,98341 | -5,75279 | -3,44902 0,05259 0,78001 | -5,96672
-9,93092 | -4,99213 | -6,99177 | 0,11237 | 1,60115 | -5,84837 | -9,97715 | -5,66041 | -4,04431 | 0,06257 | 0,92380 | -5,95292
-9,91869 -4,81953 -7,57381 | 0,12230 | 1,72593 | -5,82040 | -9,96990 | -5,55388 | -4,63798 0,07255 1,06528 | -5,93674
-9,90547 -4,63490 -8,15282 | 0,13222 | 1,84639 | -5,79011 | -9,96165 | -5,43347 | -5,22980 0,08252 1,20410 | -5,91819
-9,89125 -4,43867 -8,72857 | 0,14213 | 1,96224 | -5,75750 | -9,95240 | -5,29948 | -5,81953 0,09248 1,33991 | -5,89727
-9,87605 -4,23135 -9,30083 | 0,15202 | 2,07318 | -5,72259 | -9,94216 | -5,15224 | -6,40693 0,10243 1,47237 | -5,87400
-9,85986 -4,01346 -9,86937 | 0,16189 | 2,17894 | -5,68538 | -9,93092 | -4,99213 | -6,99177 0,11237 1,60115 | -5,84837
-9,84269 -3,78553 |-10,43396 | 0,17175 | 2,27926 | -5,64591 | -9,91869 | -4,81953 | -7,57381 0,12230 1,72593 | -5,82040
-9,82453 -3,54815 |-10,99437 | 0,18160 | 2,37388 | -5,60417 | -9,90547 | -4,63490 | -8,15282 0,13222 1,84639 | -5,79011
-9,80538 -3,30189 |-11,55039 | 0,19142 | 2,46256 | -5,56020 | -9,89125 | -4,43867 | -8,72857 0,14213 1,96224 | -5,75750
-9,78526 -3,04738 |-12,10179 | 0,20123 | 2,54509 | -5,51400 | -9,87605 | -4,23135 | -9,30083 0,15202 2,07318 | -5,72259
-9,76416 -2,78525 |-12,64835| 0,21101 | 2,62126 | -5,46559 | -9,85986 | -4,01346 | -9,86937 0,16189 2,17894 | -5,68538
-9,74208 -2,51617 |-13,18985 | 0,22078 | 2,69088 | -5,41500 | -9,84269 | -3,78553 | -10,43396 | 0,17175 2,27926 | -5,64591
-9,71903 -2,24079 | -13,72608 | 0,23052 | 2,75377 | -5,36224 | -9,82453 | -3,54815 | -10,99437 | 0,18160 2,37388 | -5,60417
-9,69501 -1,95981 |-14,25681 | 0,24024 | 2,80978 | -5,30734 | -9,80538 | -3,30189 | -11,55039 | 0,19142 2,46256 | -5,56020
-9,67001 -1,67393 | -14,78184 | 0,24993 | 2,85876 | -5,25031 | -9,78526 | -3,04738 | -12,10179 | 0,20123 2,54509 | -5,51400
-9,64405 -1,38387 | -15,30096 | 0,25960 | 2,90060 | -5,19119 | -9,76416 | -2,78525|-12,64835| 0,21101 2,62126 | -5,46559
-9,61713 -1,09036 |-15,81396 | 0,26925 | 2,93519 | -5,12999 | -9,74208 | -2,51617 | -13,18985 | 0,22078 2,69088 | -5,41500
-9,58924 -0,79411 | -16,32063 | 0,27886 | 2,96245 | -5,06673 | -9,71903 | -2,24079 | -13,72608 | 0,23052 2,75377 | -5,36224
-9,56040 -0,49588 | -16,82078 | 0,28845 | 2,98229 | -5,00145 | -9,69501 | -1,95981 | -14,25681 | 0,24024 2,80978 | -5,30734
-9,53060 -0,19641 |-17,31420 | 0,29801 | 2,99469 | -4,93417 | -9,67001 | -1,67393 | -14,78184 | 0,24993 2,85876 | -5,25031
-9,49984 0,10355 |-17,80069 | 0,30754 | 2,99960 | -4,86492 | -9,64405 | -1,38387 | -15,30096 | 0,25960 2,90060 | -5,19119
-9,46814 0,40325 |-18,28006 | 0,31704 | 2,99701 | -4,79372 | -9,61713 | -1,09036 | -15,81396 | 0,26925 2,93519 | -5,12999
-9,43549 0,70194 |-18,75212 | 0,32651 | 2,98693 | -4,72060 | -9,58924 | -0,79411 | -16,32063 | 0,27886 2,96245 | -5,06673
-9,40189 0,99888 |-19,21668 | 0,33595 | 2,96939 | -4,64559 | -9,56040 | -0,49588 | -16,82078 | 0,28845 2,98229 | -5,00145
-9,36736 1,29332 | -19,67355 | 0,34535 | 2,94442 | -4,56873 | -9,53060 | -0,19641 | -17,31420| 0,29801 2,99469 | -4,93417
-9,33189 1,58453 |-20,12256 | 0,35472 | 2,91209 | -4,49004 | -9,49984 | 0,10355 | -17,80069 | 0,30754 2,99960 | -4,86492
-9,29548 1,87178 |-20,56351 | 0,36405 | 2,87249 | -4,40955 | -9,46814 | 0,40325 | -18,28006 | 0,31704 2,99701 | -4,79372
-9,25815 2,15435 |-20,99624 | 0,37334 | 2,82570 | -4,32730 | -9,43549 | 0,70194 | -18,75212 | 0,32651 2,98693 | -4,72060
-9,21989 2,43154 |-21,42057 | 0,38260 | 2,77186 | -4,24332 | -9,40189 | 0,99888 | -19,21668 | 0,33595 2,96939 | -4,64559
-9,18070 2,70264 |-21,83634 | 0,39182 | 2,71108 | -4,15764 | -9,36736 | 1,29332 | -19,67355 | 0,34535 2,94442 | -4,56873
-9,14060 2,96700 |-22,24337 | 0,40100 | 2,64353 | -4,07030 | -9,33189 | 1,58453 |-20,12256 | 0,35472 2,91209 | -4,49004
-9,09959 3,22393 | -22,64150 | 0,41014 | 2,56937 | -3,98132 | -9,29548 | 1,87178 | -20,56351 | 0,36405 2,87249 | -4,40955
-9,05767 3,47281 |-23,03057 | 0,41924 | 2,48879 | -3,89076 | -9,25815 | 2,15435 | -20,99624 | 0,37334 2,82570 | -4,32730
-9,01484 3,71301 |-23,41044 | 0,42830 | 2,40198 | -3,79864 | -9,21989 | 2,43154 |-21,42057 | 0,38260 2,77186 | -4,24332
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o 0 z | do/dt | do/dt | Dz/dt | o(t-1) | O(t-1) | z(t-1) d“’/l";t(t' dell“;t(t' D2/ 1“;‘“’
-8,97111 3,94393 | -23,78094 | 0,43731 | 2,30918 | -3,70500 | -9,18070 | 2,70264 |-21,83634 | 0,39182 2,71108 | -4,15764
-8,02648 | 4,16499 |-24,14193 | 0,44628 | 2,21060 | -3,60988 | -9,14060 | 2,96700 | -22,24337 | 0,40100 | 2,64353 | -4,07030
-8,88096 4,37564 | -24,49326 | 0,45521 | 2,10650 | -3,51332 | -9,09959 | 3,22393 | -22,64150 | 0,41014 2,56937 | -3,98132
-8,83455 | 4,57535 |-24,83479 | 0,46409 | 1,99713 | -3,41535 | -9,05767 | 3,47281 | -23,03057 | 0,41924 | 2,48879 | -3,89076
-8,78725 4,76363 | -25,16640 | 0,47293 | 1,88277 | -3,31601 | -9,01484 | 3,71301 | -23,41044 | 0,42830 2,40198 | -3,79864
-8,73908 | 4,94000 |-25,48793 | 0,48171 | 1,76370 | -3,21535 | -8,97111 | 3,94393 | -23,78094 | 0,43731 | 2,30918 | -3,70500
-8,60004 | 5,10402 |-25,79927 | 0,49045 | 1,64023 |-3,11340 | -8,92648 | 4,16499 |-24,14193 | 0,44628 | 2,21060 | -3,60988
-8,64012 5,25529 |-26,10029 | 0,49914 | 1,51266 | -3,01021 | -8,88096 | 4,37564 | -24,49326 | 0,45521 2,10650 | -3,51332
-8,58934 | 5,39342 |-26,39087 | 0,50778 | 1,38130 | -2,90581 | -8,83455 | 4,57535 |-24,83479 | 0,46409 | 1,99713 | -3,41535
-8,53771 5,51807 |-26,67090 | 0,51637 | 1,24649 | -2,80025 | -8,78725 | 4,76363 | -25,16640 | 0,47293 1,88277 | -3,31601
-8,48522 | 5,62892 |-26,94026 | 0,52491 | 1,10857 | -2,69357 | -8,73908 | 4,94000 | -25,48793 | 0,48171 | 1,76370 | -3,21535
-8,43188 5,72571 |-27,19884 | 0,53339 | 0,96788 | -2,58581 | -8,69004 | 5,10402 |-25,79927 | 0,49045 1,64023 | -3,11340
-8,37769 5,80819 |-27,44654 | 0,54183 | 0,82476 | -2,47702 | -8,64012 | 5,25529 | -26,10029 | 0,49914 1,51266 | -3,01021
-8,32267 5,87615 |-27,68326 | 0,55020 | 0,67959 | -2,36724 | -8,58934 | 5,39342 | -26,39087 | 0,50778 1,38130 | -2,90581
-8,26682 5,92942 |-27,90891 | 0,55853 | 0,53272 | -2,25651 | -8,53771 | 5,51807 | -26,67090 | 0,51637 1,24649 | -2,80025
-8,21014 5,96787 |-28,12340 | 0,56679 | 0,38451 | -2,14488 | -8,48522 | 5,62892 | -26,94026 | 0,52491 1,10857 | -2,69357
-8,15264 5,99140 |-28,32664 | 0,57500 | 0,23535 | -2,03239 | -8,43188 | 5,72571 | -27,19884 | 0,53339 0,96788 | -2,58581
-8,09433 5,99996 |-28,51855 | 0,58316 | 0,08559 |-1,91909 | -8,37769 | 5,80819 |-27,44654 | 0,54183 0,82476 | -2,47702
-8,03520 5,99352 |-28,69905 | 0,59125 | -0,06438 | -1,80502 | -8,32267 | 5,87615 |-27,68326 | 0,55020 0,67959 | -2,36724
-7,97527 5,97211 |-28,86807 | 0,59929 | -0,21418 | -1,69022 | -8,26682 | 5,92942 | -27,90891 | 0,55853 0,53272 | -2,25651
-7,91455 5,93576 |-29,02555 | 0,60726 | -0,36345 | -1,57475 | -8,21014 | 5,96787 | -28,12340 | 0,56679 0,38451 | -2,14488
-7,85303 5,88458 |-29,17141 | 0,61517 | -0,51182 | -1,45866 | -8,15264 | 5,99140 | -28,32664 | 0,57500 0,23535 | -2,03239
-7,79073 5,81869 |-29,30561 | 0,62303 | -0,65890 | -1,34197 | -8,09433 | 5,99996 | -28,51855 | 0,58316 0,08559 | -1,91909
-7,72764 5,73826 |-29,42809 | 0,63082 | -0,80434 | -1,22476 | -8,03520 | 5,99352 | -28,69905 | 0,59125 | -0,06438 | -1,80502
-7,66379 5,64348 |-29,53879 | 0,63855 | -0,94776 | -1,10705 | -7,97527 | 5,97211 | -28,86807 | 0,59929 | -0,21418 | -1,69022
-7,59917 5,53460 |-29,63768 | 0,64621 | -1,08882 | -0,98890 | -7,91455 | 5,93576 | -29,02555 | 0,60726 | -0,36345 | -1,57475
-7,53379 5,41188 |-29,72472 | 0,65381 | -1,22716 | -0,87035 | -7,85303 | 5,88458 |-29,17141 | 0,61517 | -0,51182 | -1,45866
-7,46765 5,27564 | -29,79986 | 0,66134 | -1,36243 | -0,75145 | -7,79073 | 5,81869 | -29,30561 | 0,62303 | -0,65890 | -1,34197
-7,40077 5,12621 |-29,86309 | 0,66881 | -1,49429 | -0,63226 | -7,72764 | 5,73826 |-29,42809 | 0,63082 | -0,80434 | -1,22476
-7,33315 4,96397 |-29,91437 | 0,67621 | -1,62242 | -0,51281 | -7,66379 | 5,64348 | -29,53879 | 0,63855 | -0,94776 | -1,10705
-7,26480 4,78932 |-29,95368 | 0,68354 | -1,74649 | -0,39316 | -7,59917 | 5,53460 | -29,63768 | 0,64621 | -1,08882 | -0,98890
-7,19572 4,60270 |-29,98102 | 0,69081 | -1,86620 | -0,27335 | -7,53379 | 5,41188 | -29,72472 | 0,65381 | -1,22716 | -0,87035
-7,12592 4,40457 |-29,99636 | 0,69800 | -1,98124 |-0,15343 | -7,46765 | 5,27564 | -29,79986 | 0,66134 | -1,36243 | -0,75145
-7,05540 4,19544 | -29,99971 | 0,70513 | -2,09134 | -0,03344 | -7,40077 | 5,12621 | -29,86309 | 0,66881 | -1,49429 | -0,63226
-6,98418 3,97582 |-29,99105 | 0,71219 | -2,19620 | 0,08655 | -7,33315 | 4,96397 | -29,91437 | 0,67621 | -1,62242 | -0,51281
-6,91227 3,74626 |-29,97040 | 0,71917 | -2,29557 | 0,20651 | -7,26480 | 4,78932 | -29,95368 | 0,68354 | -1,74649 | -0,39316
-6,83966 3,50734 |-29,93776 | 0,72608 | -2,38921 | 0,32639 | -7,19572 | 4,60270 |-29,98102 | 0,69081 | -1,86620 | -0,27335
-6,76637 3,25965 |-29,89315 | 0,73292 | -2,47688 | 0,44613 | -7,12592 | 4,40457 | -29,99636 | 0,69800 | -1,98124 | -0,15343
-6,69240 3,00382 |-29,83658 | 0,73969 | -2,55835 | 0,56570 | -7,05540 | 4,19544 |-29,99971 | 0,70513 | -2,09134 | -0,03344
-6,61776 2,74048 | -29,76807 | 0,74638 | -2,63343 | 0,68505 | -6,98418 | 3,97582 | -29,99105 | 0,71219 | -2,19620 | 0,08655
-6,54246 2,47028 |-29,68766 | 0,75300 | -2,70193 | 0,80411 | -6,91227 | 3,74626 |-29,97040 | 0,71917 | -2,29557 | 0,20651
-6,46651 2,19392 |-29,59538 | 0,75954 | -2,76367 | 0,92286 | -6,83966 | 3,50734 |-29,93776 | 0,72608 | -2,38921 | 0,32639
-6,38991 1,91206 |-29,49125| 0,76601 | -2,81851 | 1,04124 | -6,76637 | 3,25965 | -29,89315 | 0,73292 | -2,47688 | 0,44613
-6,31267 1,62543 |-29,37533 | 0,77240 | -2,86630 | 1,15920 | -6,69240 | 3,00382 | -29,83658 | 0,73969 | -2,55835 | 0,56570
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o 0 z | do/dt | do/dt | Dz/dt | o(t-1) | O(t-1) | z(t-1) d¢/1°;t(t' dell“;t(t' DZ/:;‘“‘
-6,23480 1,33474 | -29,24766 | 0,77871 | -2,90693 | 1,27670 | -6,61776 | 2,74048 | -29,76807 | 0,74638 | -2,63343 | 0,68505
-6,15630 | 1,04071 |-29,10829 | 0,78494 |-2,94029 | 1,39368 | -6,54246 | 2,47028 |-29,68766 | 0,75300 | -2,70193 | 0,80411
-6,07719 0,74408 |-28,95728 | 0,79110 | -2,96630 | 1,51011 | -6,46651 | 2,19392 | -29,59538 | 0,75954 | -2,76367 | 0,92286
-5,99747 | 0,44559 |-28,79469 | 0,79718 |-2,98490 | 1,62594 | -6,38991 | 1,91206 |-29,49125 | 0,76601 | -2,81851 | 1,04124
-5,91716 0,14599 | -28,62058 | 0,80317 | -2,99604 | 1,74111 | -6,31267 | 1,62543 |-29,37533 | 0,77240 | -2,86630 | 1,15920
-5,83625 | -0,15398 |-28,43502 | 0,80909 |-2,99969 | 1,85559 | -6,23480 | 1,33474 |-29,24766 | 0,77871 | -2,90693 | 1,27670
-5,75475 | -0,45356 |-28,23809 | 0,81493 |-2,99584 | 1,96933 | -6,15630 | 1,04071 | -29,10829 | 0,78494 | -2,94029 | 1,39368
-5,67269 -0,75201 | -28,02986 | 0,82068 | -2,98450 | 2,08228 | -6,07719 | 0,74408 | -28,95728 | 0,79110 | -2,96630 | 1,51011
-5,59005 | -1,04858 |-27,81042 | 0,82636 |-2,96570 | 2,19439 | -5,99747 | 0,44559 | -28,79469 | 0,79718 | -2,98490 | 1,62594
-5,50686 -1,34253 | -27,57986 | 0,83195 | -2,93950 | 2,30563 | -5,91716 | 0,14599 | -28,62058 | 0,80317 | -2,99604 | 1,74111
-5,42311 | -1,63313 |-27,33826 | 0,83745 | -2,90594 | 2,41595 | -5,83625 | -0,15398 | -28,43502 | 0,80909 | -2,99969 | 1,85559
-5,33882 -1,91964 | -27,08573 | 0,84288 | -2,86512 | 2,52530 | -5,75475 | -0,45356 | -28,23809 | 0,81493 | -2,99584 | 1,96933
-5,25400 -2,20135 | -26,82237 | 0,84821 | -2,81714 | 2,63363 | -5,67269 | -0,75201 | -28,02986 | 0,82068 | -2,98450 | 2,08228
-5,16865 -2,47757 | -26,54828 | 0,85347 |-2,76212 | 2,74092 | -5,59005 | -1,04858 | -27,81042 | 0,82636 | -2,96570 | 2,19439
-5,08279 -2,74758 | -26,26357 | 0,85864 | -2,70019 | 2,84711 | -5,50686 | -1,34253 | -27,57986 | 0,83195 | -2,93950 | 2,30563
-4,99642 -3,01074 | -25,96835 | 0,86372 | -2,63151 | 2,95216 | -5,42311 | -1,63313|-27,33826 | 0,83745 | -2,90594 | 2,41595
-4,90955 -3,26636 | -25,66275 | 0,86872 | -2,55626 | 3,05603 | -5,33882 | -1,91964 | -27,08573 | 0,84288 | -2,86512 | 2,52530
-4,82218 -3,51382 | -25,34688 | 0,87363 | -2,47462 | 3,15868 | -5,25400 | -2,20135 | -26,82237 | 0,84821 | -2,81714 | 2,63363
-4,73434 -3,75250 | -25,02087 | 0,87845 | -2,38679 | 3,26006 | -5,16865 | -2,47757 | -26,54828 | 0,85347 | -2,76212 | 2,74092
-4,64602 -3,98180 |-24,68486 | 0,88318 | -2,29300 | 3,36014 | -5,08279 | -2,74758 | -26,26357 | 0,85864 | -2,70019 | 2,84711
-4,55724 -4,20115 | -24,33897 | 0,88783 | -2,19348 | 3,45888 | -4,99642 | -3,01074 | -25,96835 | 0,86372 | -2,63151 | 2,95216
-4,46800 -4,41000 |-23,98335 | 0,89238 | -2,08847 | 3,55623 | -4,90955 | -3,26636 | -25,66275 | 0,86872 | -2,55626 | 3,05603
-4,37832 -4,60782 |-23,61813 | 0,89685 | -1,97824 | 3,65216 | -4,82218 | -3,51382 | -25,34688 | 0,87363 | -2,47462 | 3,15868
-4,28819 -4,79413 | -23,24347 | 0,90123 | -1,86307 | 3,74663 | -4,73434 | -3,75250 | -25,02087 | 0,87845 | -2,38679 | 3,26006
-4,19764 -4,96845 |-22,85951 | 0,90552 | -1,74324 | 3,83960 | -4,64602 | -3,98180 | -24,68486 | 0,88318 | -2,29300 | 3,36014
-4,10667 -5,13036 |-22,46640 | 0,90972 | -1,61906 | 3,93104 | -4,55724 | -4,20115 | -24,33897 | 0,88783 | -2,19348 | 3,45888
-4,01529 -5,27944 | -22,06431 | 0,91382 | -1,49082 | 4,02090 | -4,46800 | -4,41000 | -23,98335 | 0,89238 | -2,08847 | 3,55623
-3,92350 -5,41533 | -21,65340 | 0,91784 | -1,35887 | 4,10915 | -4,37832 | -4,60782 | -23,61813 | 0,89685 | -1,97824 | 3,65216
-3,83133 -5,53768 |-21,23382 | 0,92176 | -1,22351 | 4,19576 | -4,28819 | -4,79413 | -23,24347 | 0,90123 | -1,86307 | 3,74663
-3,73877 -5,64619 |-20,80575 | 0,92559 | -1,08510 | 4,28070 | -4,19764 | -4,96845 | -22,85951 | 0,90552 | -1,74324 | 3,83960
-3,64583 -5,74059 | -20,36936 | 0,92933 | -0,94397 | 4,36392 | -4,10667 | -5,13036 | -22,46640 | 0,90972 | -1,61906 | 3,93104
-3,55254 -5,82063 |-19,92482 | 0,93298 | -0,80049 | 4,44539 | -4,01529 | -5,27944 | -22,06431 | 0,91382 | -1,49082 | 4,02090
-3,45888 -5,88613 | -19,47231 | 0,93653 | -0,65500 | 4,52509 | -3,92350 | -5,41533|-21,65340| 0,91784 | -1,35887 | 4,10915
-3,36488 -5,93692 |-19,01202 | 0,93999 | -0,50788 | 4,60297 | -3,83133 | -5,53768 | -21,23382 | 0,92176 | -1,22351 | 4,19576
-3,27055 -5,97287 | -18,54411 | 0,94335 | -0,35949 | 4,67902 | -3,73877 | -5,64619 | -20,80575 | 0,92559 | -1,08510 | 4,28070
-3,17589 -5,99389 |-18,06879 | 0,94662 | -0,21020 | 4,75319 | -3,64583 | -5,74059 | -20,36936 | 0,92933 | -0,94397 | 4,36392
-3,08091 -5,99993 | -17,58625 | 0,94980 | -0,06038 | 4,82547 | -3,55254 | -5,82063 | -19,92482 | 0,93298 | -0,80049 | 4,44539
-2,98562 -5,99097 | -17,09667 | 0,95288 | 0,08959 | 4,89581 | -3,45888 | -5,88613 | -19,47231 | 0,93653 | -0,65500 | 4,52509
-2,89003 -5,96704 | -16,60025 | 0,95587 | 0,23933 | 4,96419 | -3,36488 | -5,93692 | -19,01202 | 0,93999 | -0,50788 | 4,60297
-2,79415 -5,92819 | -16,09719 | 0,95876 | 0,38847 | 5,03059 | -3,27055 | -5,97287 | -18,54411 | 0,94335 | -0,35949 | 4,67902
-2,69800 -5,87452 | -15,58769 | 0,96155 | 0,53665 | 5,09498 | -3,17589 | -5,99389 | -18,06879 | 0,94662 | -0,21020 | 4,75319
-2,60157 -5,80618 | -15,07196 | 0,96425 | 0,68348 | 5,15733 | -3,08091 | -5,99993 | -17,58625 | 0,94980 | -0,06038 | 4,82547
-2,50489 -5,72332 | -14,55020 | 0,96685 | 0,82861 | 5,21761 | -2,98562 | -5,99097 | -17,09667 | 0,95288 0,08959 4,89581
-2,40795 -5,62615 |-14,02261 | 0,96936 | 0,97166 | 5,27581 | -2,89003 | -5,96704 | -16,60025 | 0,95587 0,23933 4,96419
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o 0 z | do/dt | do/dt | Dz/dt | o(t-1) | O(t-1) | z(t-1) d¢/1°;t(t' dell“;t(t' DZ/:;‘“‘
-2,31078 -5,51492 | -13,48942 | 0,97176 | 1,11228 | 5,33190 | -2,79415 | -5,92819 | -16,09719 | 0,95876 0,38847 5,03059
-2,21337 | -5,38991 |-12,95084 | 0,97407 | 1,25013 | 5,38586 | -2,69800 |-5,87452 | -15,58769 | 0,96155 | 0,53665 | 5,09498
-2,11574 -5,25142 | -12,40707 | 0,97629 | 1,38485 | 5,43766 | -2,60157 | -5,80618 | -15,07196 | 0,96425 0,68348 5,15733
-2,01790 | -5,09981 |-11,85834 | 0,97840 | 1,51611 | 5,48729 | -2,50489 | -5,72332 | -14,55020 | 0,96685 | 0,82861 | 5,21761
-1,91986 -4,93546 |-11,30487 | 0,98042 | 1,64357 | 5,53472 | -2,40795 | -5,62615 | -14,02261 | 0,96936 0,97166 5,27581
-1,82163 | -4,75876 |-10,74688 | 0,98234 | 1,76693 | 5,57994 | -2,31078 |-5,51492 | -13,48942 | 0,97176 | 1,11228 | 5,33190
-1,72321 | -4,57018 |-10,18459 | 0,98416 | 1,88588 | 5,62292 | -2,21337 |-5,38991 | -12,95084 | 0,97407 | 1,25013 | 5,38586
-1,62462 -4,37016 -9,61822 | 0,98589 | 2,00011 | 5,66366 | -2,11574 | -5,25142 | -12,40707 | 0,97629 1,38485 5,43766
-1,52587 | -4,15923 | -9,04801 | 0,98751 | 2,10934 | 5,70213 | -2,01790 | -5,09981 | -11,85834 | 0,97840 | 1,51611 | 5,48729
-1,42697 -3,93790 -8,47418 | 0,98904 | 2,21330 | 5,73832 | -1,91986 | -4,93546 | -11,30487 | 0,98042 1,64357 5,53472
-1,32792 | -3,70673 | -7,89695 | 0,99046 | 2,31173 | 5,77222 | -1,82163 | -4,75876 | -10,74688 | 0,98234 | 1,76693 | 5,57994
-1,22874 -3,46629 -7,31657 | 0,99179 | 2,40438 | 5,80380 | -1,72321 | -4,57018 | -10,18459 | 0,98416 1,88588 5,62292
-1,12944 -3,21719 -6,73327 | 0,99302 | 2,49102 | 5,83307 | -1,62462 | -4,37016 | -9,61822 0,98589 2,00011 5,66366
-1,03002 -2,96005 -6,14727 | 0,99415 | 2,57143 | 5,86000 | -1,52587 | -4,15923 | -9,04801 0,98751 2,10934 5,70213
-0,93051 -2,69550 -5,55881 | 0,99518 | 2,64541 | 5,88459 | -1,42697 | -3,93790 | -8,47418 0,98904 2,21330 5,73832
-0,83089 -2,42423 -4,96813 | 0,99611 | 2,71279 | 5,90682 | -1,32792 | -3,70673 | -7,89695 0,99046 2,31173 5,77222
-0,73120 -2,14689 -4,37546 | 0,99694 | 2,77338 | 5,92670 | -1,22874 | -3,46629 | -7,31657 0,99179 2,40438 5,80380
-0,63143 -1,86418 -3,78104 | 0,99767 | 2,82704 | 5,94420 | -1,12944 | -3,21719 | -6,73327 0,99302 2,49102 5,83307
-0,53160 -1,57682 -3,18510 | 0,99830 | 2,87364 | 5,95932 | -1,03002 | -2,96005 | -6,14727 0,99415 2,57143 5,86000
-0,43172 -1,28552 -2,58790 | 0,99884 | 2,91305 | 5,97206 | -0,93051 | -2,69550 | -5,55881 0,99518 2,64541 5,88459
-0,33179 -0,99100 -1,98966 | 0,99927 | 2,94518 | 5,98241 | -0,83089 | -2,42423 | -4,96813 0,99611 2,71279 5,90682
-0,23183 -0,69400 -1,39062 | 0,99960 | 2,96995 | 5,99037 | -0,73120 | -2,14689 | -4,37546 0,99694 2,77338 5,92670
-0,13185 -0,39527 -0,79103 | 0,99983 | 2,98730 | 5,99593 | -0,63143 | -1,86418 | -3,78104 0,99767 2,82704 5,94420
-0,03185 -0,09556 -0,19112 | 0,99996 | 2,99718 | 5,99910 | -0,53160 | -1,57682 | -3,18510 0,99830 2,87364 5,95932
0,06815 0,20440 0,40887 0,99999 | 2,99956 | 5,99986 | -0,43172 | -1,28552 | -2,58790 0,99884 2,91305 5,97206
0,16814 0,50385 1,00869 0,99993 | 2,99446 | 5,99823 | -0,33179 | -0,99100 | -1,98966 0,99927 2,94518 5,98241
0,26811 0,80203 1,60811 0,99976 | 2,98186 | 5,99419 | -0,23183 | -0,69400 | -1,39062 0,99960 2,96995 5,99037
0,36806 1,09821 2,20689 0,99949 | 2,96181 | 5,98776 | -0,13185 | -0,39527 | -0,79103 0,99983 2,98730 5,99593
0,46798 1,39165 2,80478 0,99912 | 2,93437 | 5,97893 | -0,03185 | -0,09556 | -0,19112 0,99996 2,99718 5,99910
0,56784 1,68161 3,40155 0,99865 | 2,89958 | 5,96771 0,06815 0,20440 0,40887 0,99999 2,99956 5,99986
0,66765 1,96736 3,99696 0,99809 | 2,85755 | 5,95411 0,16814 0,50385 1,00869 0,99993 2,99446 5,99823
0,76739 2,24820 4,59077 0,99742 | 2,80838 | 5,93812 0,26811 0,80203 1,60811 0,99976 2,98186 5,99419
0,86706 2,52342 5,18275 0,99665 | 2,75218 | 5,91976 0,36806 1,09821 2,20689 0,99949 2,96181 5,98776
0,96664 2,79233 5,77265 0,99578 | 2,68911 | 5,89903 0,46798 1,39165 2,80478 0,99912 2,93437 5,97893
1,06612 3,05426 6,36025 0,99482 | 2,61932 | 5,87594 0,56784 1,68161 3,40155 0,99865 2,89958 5,96771
1,16549 3,30856 6,94529 0,99375 | 2,54298 | 5,85050 0,66765 1,96736 3,99696 0,99809 2,85755 5,95411
1,26475 3,55459 7,52757 0,99259 | 2,46028 | 5,82272 0,76739 2,24820 4,59077 0,99742 2,80838 5,93812
1,36388 3,79173 8,10683 0,99132 | 2,37143 | 5,79261 0,86706 2,52342 5,18275 0,99665 2,75218 5,91976
1,46288 4,01940 8,68285 0,98996 | 2,27666 | 5,76018 0,96664 2,79233 5,77265 0,99578 2,68911 5,89903
1,56173 4,23702 9,25539 0,98849 | 2,17620 | 5,72545 1,06612 3,05426 6,36025 0,99482 2,61932 5,87594
1,66042 4,44405 9,82423 0,98693 | 2,07029 | 5,68843 1,16549 3,30856 6,94529 0,99375 2,54298 5,85050
1,75895 4,63997 10,38915 | 0,98527 | 1,95921 | 5,64913 1,26475 3,55459 7,52757 0,99259 2,46028 5,82272
1,85730 4,82429 10,94990 | 0,98351 | 1,84324 | 5,60758 1,36388 3,79173 8,10683 0,99132 2,37143 5,79261
1,95547 4,99656 11,50628 | 0,98166 | 1,72266 | 5,56378 1,46288 4,01940 8,68285 0,98996 2,27666 5,76018
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o 0 z | do/dt | do/dt | Dz/dt | o(t-1) | O(t-1) | z(t-1) d¢/1°;t(t' dell“;t(t' D2/ 1“;‘“’
2,05344 5,15633 12,05806 | 0,97970 | 1,59777 | 5,51776 1,56173 4,23702 9,25539 0,98849 2,17620 5,72545
2,15120 | 5,30322 | 12,60501 | 0,97765 | 1,46889 | 5,46953 | 1,66042 | 4,44405 | 9,82423 | 0,98693 | 2,07029 | 5,68843
2,24875 5,43686 13,14692 | 0,97550 | 1,33633 | 5,41911 1,75895 4,63997 | 10,38915 | 0,98527 1,95921 5,64913
2,34607 | 5,55690 | 13,68357 | 0,97325 | 1,20044 | 5,36652 | 1,85730 | 4,82429 | 10,94990 | 0,98351 | 1,84324 | 5,60758
2,44316 5,66305 14,21475 | 0,97090 | 1,06155 | 5,31179 1,95547 4,99656 | 11,50628 | 0,98166 1,72266 5,56378
2,54001 | 5,75505 | 14,74025 | 0,96846 | 0,92000 | 5,25493 | 2,05344 | 5,15633 | 12,05806 | 0,97970 | 1,59777 | 5,51776
2,63660 | 5,83267 | 15,25984 | 0,96592 | 0,77615 | 5,19597 | 2,15120 | 5,30322 | 12,60501 | 0,97765 | 1,46889 | 5,46953
2,73293 5,89571 15,77334 | 0,96328 | 0,63037 | 5,13494 2,24875 5,43686 | 13,14692 | 0,97550 1,33633 5,41911
2,82898 | 5,94401 | 16,28052 | 0,96055 | 0,48301 | 5,07185 | 2,34607 | 5,55690 | 13,68357 | 0,97325 | 1,20044 | 5,36652
2,92476 5,97745 16,78119 | 0,95772 | 0,33444 | 5,00673 2,44316 5,66305 | 14,21475 | 0,97090 1,06155 5,31179
3,02024 | 5,99595 | 17,27515 | 0,95479 | 0,18503 | 4,93960 | 2,54001 | 5,75505 | 14,74025 | 0,96846 | 0,92000 | 5,25493
3,11541 5,99947 17,76221 | 0,95177 | 0,03516 | 4,87050 2,63660 5,83267 | 15,25984 | 0,96592 0,77615 5,19597
3,21028 5,98799 18,24215 | 0,94866 | -0,11479 | 4,79946 2,73293 5,89571 | 15,77334 | 0,96328 0,63037 5,13494
3,30482 5,96155 18,71480 | 0,94545 | -0,26446 | 4,72649 2,82898 5,94401 | 16,28052 | 0,96055 0,48301 5,07185
3,39904 5,92020 19,17996 | 0,94214 | -0,41347 | 4,65164 2,92476 5,97745 | 16,78119 | 0,95772 0,33444 5,00673
3,49291 5,86406 19,63746 | 0,93875 | -0,56144 | 4,57492 3,02024 5,99595 | 17,27515 | 0,95479 0,18503 4,93960
3,58644 5,79325 20,08709 | 0,93525 | -0,70801 | 4,49637 3,11541 5,99947 | 17,76221 | 0,95177 0,03516 4,87050
3,67961 5,70797 20,52870 | 0,93167 | -0,85281 | 4,41603 3,21028 5,98799 | 18,24215 | 0,94866 | -0,11479 | 4,79946
3,77240 5,60842 20,96209 | 0,92799 | -0,99548 | 4,33391 3,30482 5,96155 | 18,71480 | 0,94545 | -0,26446 | 4,72649
3,86483 5,49486 21,38709 | 0,92421 | -1,13566 | 4,25007 3,39904 5,92020 | 19,17996 | 0,94214 | -0,41347 | 4,65164
3,95686 5,36756 21,80355 | 0,92035 | -1,27301 | 4,16452 3,49291 5,86406 | 19,63746 | 0,93875 | -0,56144 | 4,57492
4,04850 5,22684 22,21128 | 0,91639 | -1,40717 | 4,07731 3,58644 5,79325 | 20,08709 | 0,93525 | -0,70801 | 4,49637
4,13973 5,07306 22,61012 | 0,91234 | -1,53781 | 3,98847 3,67961 5,70797 | 20,52870 | 0,93167 | -0,85281 | 4,41603
4,23055 4,90660 22,99993 | 0,90820 | -1,66461 | 3,89803 3,77240 5,60842 | 20,96209 | 0,92799 | -0,99548 | 4,33391
4,32095 4,72787 23,38053 | 0,90397 | -1,78725 | 3,80603 3,86483 5,49486 | 21,38709 | 0,92421 | -1,13566 | 4,25007
4,41092 4,53733 23,75178 | 0,89965 | -1,90542 | 3,71252 3,95686 5,36756 | 21,80355 | 0,92035 | -1,27301 | 4,16452
4,50044 4,33545 24,11353 | 0,89524 | -2,01883 | 3,61751 4,04850 5,22684 | 22,21128 | 0,91639 | -1,40717 | 4,07731
4,58951 4,12273 24,46564 | 0,89074 | -2,12720 | 3,52106 4,13973 5,07306 | 22,61012 | 0,91234 | -1,53781 | 3,98847
4,67813 3,89970 24,80796 | 0,88615 | -2,23024 | 3,42320 4,23055 4,90660 | 22,99993 | 0,90820 | -1,66461 | 3,89803
4,76628 3,66693 25,14036 | 0,88147 | -2,32772 | 3,32397 4,32095 4,72787 | 23,38053 | 0,90397 | -1,78725 | 3,80603
4,85395 3,42499 25,46270 | 0,87671 | -2,41937 | 3,22341 4,41092 4,53733 | 23,75178 | 0,89965 | -1,90542 | 3,71252
4,94113 3,17450 25,77485 | 0,87185 | -2,50498 | 3,12157 4,50044 4,33545 | 24,11353 | 0,89524 | -2,01883 | 3,61751
5,02782 2,91606 26,07670 | 0,86691 | -2,58432 | 3,01847 4,58951 4,12273 | 24,46564 | 0,89074 | -2,12720 | 3,52106
5,11401 2,65034 26,36812 | 0,86188 | -2,65721 | 2,91417 4,67813 3,89970 | 24,80796 | 0,88615 | -2,23024 | 3,42320
5,19969 2,37800 26,64899 | 0,85677 | -2,72345 | 2,80870 4,76628 3,66693 | 25,14036 | 0,88147 | -2,32772 | 3,32397
5,28485 2,09971 26,91920 | 0,85157 | -2,78289 | 2,70211 4,85395 3,42499 | 25,46270 | 0,87671 | -2,41937 | 3,22341
536948 | 1,81617 | 27,17864 | 0,84629 | -2,83537 | 2,59443 | 4,94113 | 3,17450 | 25,77485 | 0,87185 | -2,50498 | 3,12157
5,45357 1,52809 27,42721 | 0,84092 | -2,88077 | 2,48572 5,02782 2,91606 | 26,07670 | 0,86691 | -2,58432 | 3,01847
5,53711 1,23620 27,66482 | 0,83546 | -2,91896 | 2,37602 5,11401 2,65034 | 26,36812 | 0,86188 | -2,65721 | 2,91417
5,62011 0,94121 27,89135 | 0,82993 | -2,94986 | 2,26536 5,19969 2,37800 | 26,64899 | 0,85677 | -2,72345 | 2,80870
5,70254 0,64387 28,10673 | 0,82431 |-2,97339 | 2,15380 5,28485 2,09971 | 26,91920 | 0,85157 | -2,78289 | 2,70211
5,78440 0,34492 28,31087 | 0,81860 | -2,98948 | 2,04138 5,36948 1,81617 | 27,17864 | 0,84629 | -2,83537 | 2,59443
5,86568 0,04511 28,50368 | 0,81282 | -2,99810 | 1,92814 5,45357 1,52809 | 27,42721 | 0,84092 | -2,88077 | 2,48572
5,94637 -0,25481 | 28,68510 | 0,80695 | -2,99923 | 1,81413 5,53711 1,23620 | 27,66482 | 0,83546 | -2,91896 | 2,37602
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o 0 z | do/dt | do/dt | Dz/dt | o(t-1) | O(t-1) | z(t-1) d¢/1°;t(t' dell“;t(t' D2/ 1“;‘“’
6,02648 -0,55409 | 28,85504 | 0,80101 | -2,99286 | 1,69939 5,62011 0,94121 | 27,89135 | 0,82993 | -2,94986 | 2,26536
6,10597 | -0,85200 | 29,01343 | 0,79498 |-2,97901 | 1,58397 | 5,70254 | 0,64387 | 28,10673 | 0,82431 | -2,97339 | 2,15380
6,18486 -1,14777 | 29,16023 | 0,78888 | -2,95772 | 1,46792 5,78440 0,34492 | 28,31087 | 0,81860 | -2,98948 | 2,04138
6,26313 | -1,44067 | 29,29535 | 0,78269 |-2,92903 | 1,35129 | 5,86568 | 0,04511 | 28,50368 | 0,81282 | -2,99810 | 1,92814
6,34077 -1,72997 | 29,41876 | 0,77643 | -2,89302 | 1,23411 5,94637 | -0,25481 | 28,68510 | 0,80695 | -2,99923 1,81413
6,41778 | -2,01495 | 29,53041 | 0,77009 | -2,84978 | 1,11644 | 6,02648 | -0,55409 | 28,85504 | 0,80101 | -2,99286 | 1,69939
6,49415 | -2,29489 | 29,63024 | 0,76367 | -2,79941 | 0,99832 | 6,10597 | -0,85200 | 29,01343 | 0,79498 | -2,97901 | 1,58397
6,56987 -2,56910 | 29,71822 | 0,75717 | -2,74205 | 0,87980 6,18486 | -1,14777 | 29,16023 | 0,78888 | -2,95772 1,46792
6,64493 | -2,83688 | 29,79431 | 0,75060 | -2,67784 | 0,76093 | 6,26313 | -1,44067 | 29,29535 | 0,78269 | -2,92903 | 1,35129
6,71932 -3,09757 | 29,85849 | 0,74396 | -2,60693 | 0,64176 6,34077 | -1,72997 | 29,41876 | 0,77643 | -2,89302 1,23411
6,79305 | -3,35052 | 29,91072 | 0,73724 | -2,52951 | 0,52233 | 6,41778 |-2,01495 | 29,53041 | 0,77009 | -2,84978 | 1,11644
6,86609 -3,59510 | 29,95099 | 0,73045 | -2,44576 | 0,40269 6,49415 | -2,29489 | 29,63024 | 0,76367 | -2,79941 | 0,99832
6,93845 -3,83069 | 29,97928 | 0,72358 | -2,35591 | 0,28289 6,56987 | -2,56910 | 29,71822 | 0,75717 | -2,74205 | 0,87980
7,01011 -4,05671 | 29,99558 | 0,71664 | -2,26016 | 0,16298 6,64493 | -2,83688 | 29,79431 | 0,75060 | -2,67784 | 0,76093
7,08108 -4,27258 | 29,99988 | 0,70963 | -2,15876 | 0,04300 6,71932 | -3,09757 | 29,85849 | 0,74396 | -2,60693 | 0,64176
7,15133 -4,47778 | 29,99218 | 0,70255 | -2,05197 | -0,07699 | 6,79305 | -3,35052 | 29,91072 | 0,73724 | -2,52951 | 0,52233
7,22087 -4,67178 | 29,97248 | 0,69540 | -1,94005 | -0,19696 | 6,86609 | -3,59510 | 29,95099 | 0,73045 | -2,44576 | 0,40269
7,28969 -4,85411 | 29,94080 | 0,68818 | -1,82328 | -0,31685 | 6,93845 | -3,83069 | 29,97928 | 0,72358 | -2,35591 | 0,28289
7,35778 -5,02431 | 29,89714 | 0,68089 | -1,70195 | -0,43660 | 7,01011 | -4,05671 | 29,99558 | 0,71664 | -2,26016 | 0,16298
7,42513 -5,18194 | 29,84152 | 0,67353 | -1,57637 | -0,55619 | 7,08108 | -4,27258 | 29,99988 | 0,70963 | -2,15876 | 0,04300
7,49174 -5,32663 | 29,77397 | 0,66611 | -1,44685 | -0,67555 | 7,15133 | -4,47778 | 29,99218 | 0,70255 | -2,05197 | -0,07699
7,55761 -5,45800 | 29,69450 | 0,65862 | -1,31371 | -0,79464 | 7,22087 | -4,67178 | 29,97248 | 0,69540 | -1,94005 | -0,19696
7,62271 -5,57573 | 29,60316 | 0,65106 |-1,17729 | -0,91342 | 7,28969 | -4,85411 | 29,94080 | 0,68818 | -1,82328 | -0,31685
7,68705 -5,67952 | 29,49998 | 0,64344 | -1,03792 | -1,03183 | 7,35778 | -5,02431 | 29,89714 | 0,68089 | -1,70195 | -0,43660
7,75063 -5,76912 | 29,38499 | 0,63575 | -0,89596 | -1,14982 | 7,42513 | -5,18194 | 29,84152 | 0,67353 | -1,57637 | -0,55619
7,81343 -5,84429 | 29,25826 | 0,62800 | -0,75177 | -1,26736 | 7,49174 | -5,32663 | 29,77397 | 0,66611 | -1,44685 | -0,67555
7,87545 -5,90486 | 29,11982 | 0,62018 | -0,60569 | -1,38439 | 7,55761 | -5,45800 | 29,69450 | 0,65862 | -1,31371 | -0,79464
7,93668 -5,95067 | 28,96973 | 0,61231 | -0,45810 | -1,50086 | 7,62271 | -5,57573 | 29,60316 | 0,65106 | -1,17729 | -0,91342
7,99712 -5,98161 | 28,80806 | 0,60437 | -0,30936 | -1,61674 | 7,68705 | -5,67952 | 29,49998 | 0,64344 | -1,03792 | -1,03183
8,05675 -5,99759 | 28,63486 | 0,59638 | -0,15985 | -1,73197 | 7,75063 | -5,76912 | 29,38499 | 0,63575 | -0,89596 | -1,14982
8,11559 -5,99859 | 28,45021 | 0,58832 | -0,00995 | -1,84650 | 7,81343 | -5,84429 | 29,25826 | 0,62800 | -0,75177 | -1,26736
8,17361 -5,98459 | 28,25418 | 0,58020 | 0,13999 | -1,96030 | 7,87545 | -5,90486 | 29,11982 | 0,62018 | -0,60569 | -1,38439
8,23081 -5,95563 | 28,04685 | 0,57203 | 0,28957 | -2,07331 | 7,93668 | -5,95067 | 28,96973 | 0,61231 | -0,45810 | -1,50086
8,28719 -5,91179 | 27,82830 | 0,56380 | 0,43843 | -2,18550 | 7,99712 | -5,98161 | 28,80806 | 0,60437 | -0,30936 | -1,61674
8,34274 -5,85317 | 27,59862 | 0,55551 | 0,58620 | -2,29680 | 8,05675 | -5,99759 | 28,63486 | 0,59638 | -0,15985 | -1,73197
8,39746 -5,77992 | 27,35790 | 0,54717 | 0,73249 | -2,40720 | 8,11559 | -5,99859 | 28,45021 | 0,58832 | -0,00995 | -1,84650
8,45133 -5,69223 | 27,10624 | 0,53877 | 0,87696 | -2,51662 | 8,17361 | -5,98459 | 28,25418 | 0,58020 0,13999 | -1,96030
8,50437 -5,59030 | 26,84374 | 0,53032 | 1,01924 | -2,62505 | 8,23081 | -5,95563 | 28,04685 | 0,57203 0,28957 | -2,07331
8,55655 -5,47440 | 26,57049 | 0,52182 | 1,15897 | -2,73242 | 8,28719 |-5,91179 | 27,82830 | 0,56380 0,43843 | -2,18550
8,60787 -5,34482 | 26,28662 | 0,51326 | 1,29580 | -2,83869 | 8,34274 | -5,85317 | 27,59862 | 0,55551 0,58620 | -2,29680
8,65834 -5,20189 | 25,99224 | 0,50465 | 1,42939 | -2,94384 | 8,39746 |-5,77992 | 27,35790 | 0,54717 0,73249 | -2,40720
8,70794 -5,04594 | 25,68746 | 0,49599 | 1,55941 | -3,04780 | 8,45133 | -5,69223 | 27,10624 | 0,53877 0,87696 | -2,51662
8,75667 -4,87739 | 25,37240 | 0,48729 | 1,68553 | -3,15055 | 8,50437 | -5,59030 | 26,84374 | 0,53032 1,01924 | -2,62505
8,80452 -4,69665 | 25,04720 | 0,47853 | 1,80744 | -3,25204 | 8,55655 | -5,47440 | 26,57049 | 0,52182 1,15897 | -2,73242
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o 0 z | do/dt | do/dt | Dz/dt | o(t-1) | O(t-1) | z(t-1) d¢/1°;t(t' dell“;t(t' D2/ 1“;‘“’
8,85149 -4,50416 | 24,71198 | 0,46973 | 1,92483 | -3,35222 | 8,60787 | -5,34482 | 26,28662 | 0,51326 1,29580 | -2,83869
8,89758 | -4,30042 | 24,36687 | 0,46087 | 2,03742 | -3,45107 | 8,65834 |-5,20189 | 25,99224 | 0,50465 | 1,42939 | -2,94384
8,94278 -4,08593 | 24,01202 | 0,45198 | 2,14490 | -3,54853 | 8,70794 | -5,04594 | 25,68746 | 0,49599 1,55941 | -3,04780
8,98708 | -3,86123 | 23,64756 | 0,44303 | 2,24703 | -3,64458 | 8,75667 |-4,87739 | 25,37240 | 0,48729 | 1,68553 | -3,15055
9,03049 -3,62687 | 23,27365 | 0,43405 | 2,34354 | -3,73916 | 8,80452 | -4,69665 | 25,04720 | 0,47853 1,80744 | -3,25204
9,07299 | -3,38346 | 22,89042 | 0,42502 | 2,43419 | -3,83225 | 8,85149 |-4,50416 | 24,71198 | 0,46973 | 1,92483 | -3,35222
9,11458 | -3,13158 | 22,49804 | 0,41594 | 2,51876 |-3,92381 | 8,89758 |-4,30042 | 24,36687 | 0,46087 | 2,03742 | -3,45107
9,15526 -2,87188 | 22,09666 | 0,40683 | 2,59704 | -4,01380 | 8,94278 | -4,08593 | 24,01202 | 0,45198 2,14490 | -3,54853
9,19503 | -2,60499 | 21,68644 | 0,39767 | 2,66882 |-4,10219 | 8,98708 |-3,86123 | 23,64756 | 0,44303 | 2,24703 | -3,64458
9,23388 -2,33160 | 21,26755 | 0,38848 | 2,73393 | -4,18893 | 9,03049 | -3,62687 | 23,27365 | 0,43405 2,34354 | -3,73916
9,27180 | -2,05238 | 20,84015 | 0,37924 | 2,79221 | -4,27400 | 9,07299 |-3,38346 | 22,89042 | 0,42502 | 2,43419 | -3,83225
9,30880 -1,76803 | 20,40441 | 0,36997 | 2,84351 | -4,35735 | 9,11458 | -3,13158 | 22,49804 | 0,41594 2,51876 | -3,92381
9,34487 -1,47926 | 19,96052 | 0,36066 | 2,88770 | -4,43897 | 9,15526 | -2,87188 | 22,09666 | 0,40683 2,59704 | -4,01380
9,38000 -1,18679 19,50864 | 0,35132 | 2,92467 | -4,51881 | 9,19503 | -2,60499 | 21,68644 | 0,39767 2,66882 | -4,10219
9,41419 -0,89136 | 19,04895 | 0,34194 | 2,95433 | -4,59684 | 9,23388 | -2,33160 | 21,26755 | 0,38848 2,73393 | -4,18893
9,44745 -0,59370 | 18,58165 | 0,33253 | 2,97661 | -4,67303 | 9,27180 | -2,05238 | 20,84015 | 0,37924 2,79221 | -4,27400
9,47975 -0,29455 18,10691 | 0,32308 | 2,99145 | -4,74736 | 9,30880 | -1,76803 | 20,40441 | 0,36997 2,84351 | -4,35735
9,51111 0,00533 17,62493 | 0,31360 | 2,99882 | -4,81978 | 9,34487 | -1,47926 | 19,96052 | 0,36066 2,88770 | -4,43897
9,54152 0,30520 17,13591 | 0,30409 | 2,99868 | -4,89028 | 9,38000 |-1,18679 | 19,50864 | 0,35132 2,92467 | -4,51881
9,57098 0,60430 16,64002 | 0,29455 | 2,99105 | -4,95882 | 9,41419 |-0,89136 | 19,04895 | 0,34194 2,95433 | -4,59684
9,59947 0,90190 16,13749 | 0,28498 | 2,97595 | -5,02538 | 9,44745 | -0,59370 | 18,58165 | 0,33253 2,97661 | -4,67303
9,62701 1,19724 15,62849 | 0,27538 | 2,95341 | -5,08993 | 9,47975 | -0,29455 | 18,10691 | 0,32308 2,99145 | -4,74736
9,65359 1,48959 15,11325 | 0,26575 | 2,92348 | -5,15244 | 9,51111 0,00533 | 17,62493 | 0,31360 2,99882 | -4,81978
9,67920 1,77821 14,59196 | 0,25610 | 2,88625 | -5,21289 | 9,54152 0,30520 | 17,13591 | 0,30409 2,99868 | -4,89028
9,70384 2,06239 14,06484 | 0,24642 | 2,84180 | -5,27126 | 9,57098 0,60430 | 16,64002 | 0,29455 2,99105 | -4,95882
9,72751 2,34142 13,53208 | 0,23671 | 2,79026 | -5,32751 | 9,59947 0,90190 | 16,13749 | 0,28498 2,97595 | -5,02538
9,75021 2,61459 12,99392 | 0,22698 | 2,73173 | -5,38164 | 9,62701 1,19724 | 15,62849 | 0,27538 2,95341 | -5,08993
9,77193 2,88123 12,45056 | 0,21723 | 2,66638 | -5,43361 | 9,65359 1,48959 | 15,11325 | 0,26575 2,92348 | -5,15244
9,79268 3,14067 11,90222 | 0,20746 | 2,59437 | -5,48341 | 9,67920 1,77821 | 14,59196 | 0,25610 2,88625 | -5,21289
9,81244 3,39225 11,34912 | 0,19767 | 2,51586 | -5,53102 | 9,70384 2,06239 | 14,06484 | 0,24642 2,84180 | -5,27126
9,83123 3,63536 10,79147 | 0,18786 | 2,43108 | -5,57642 | 9,72751 2,34142 | 13,53208 | 0,23671 2,79026 | -5,32751
9,84903 3,86938 10,22952 | 0,17803 | 2,34021 | -5,61958 | 9,75021 2,61459 | 12,99392 | 0,22698 2,73173 | -5,38164
9,86585 4,09373 9,66347 0,16818 | 2,24350 | -5,66050 | 9,77193 2,88123 | 12,45056 | 0,21723 2,66638 | -5,43361
9,88168 4,30785 9,09355 0,15831 | 2,14117 | -5,69915 | 9,79268 3,14067 | 11,90222 | 0,20746 2,59437 | -5,48341
9,89653 4,51120 8,52000 0,14843 | 2,03350 | -5,73552 | 9,81244 3,39225 | 11,34912 | 0,19767 2,51586 | -5,53102
9,91038 4,70327 7,94304 0,13853 | 1,92074 | -5,76960 | 9,83123 3,63536 | 10,79147 | 0,18786 2,43108 | -5,57642
9,92324 4,88359 7,36290 0,12862 | 1,80319 | -5,80137 | 9,84903 3,86938 | 10,22952 | 0,17803 2,34021 | -5,61958
9,93511 5,05170 6,77982 0,11870 | 1,68112 | -5,83082 | 9,86585 4,09373 9,66347 0,16818 2,24350 | -5,66050
9,94599 5,20719 6,19402 0,10877 | 1,55486 | -5,85794 | 9,88168 4,30785 9,09355 0,15831 2,14117 | -5,69915
9,95587 5,34966 5,60575 0,09882 | 1,42470 | -5,88272 | 9,89653 4,51120 8,52000 0,14843 2,03350 | -5,73552
9,96476 5,47876 5,01524 0,08886 | 1,29099 | -5,90514 | 9,91038 4,70327 7,94304 0,13853 1,92074 | -5,76960
9,97265 5,59416 4,42272 0,07890 | 1,15405 | -5,92520 | 9,92324 4,88359 7,36290 0,12862 1,80319 | -5,80137
9,97954 5,69559 3,82843 0,06893 | 1,01423 | -5,94289 | 9,93511 5,05170 6,77982 0,11870 1,68112 | -5,83082
9,98543 5,78277 3,23261 0,05895 | 0,87187 | -5,95820 | 9,94599 5,20719 6,19402 0,10877 1,55486 | -5,85794
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o 0 z | do/dt | do/dt | Dz/dt | o(t-1) | O(t-1) | z(t-1) d¢/1°;t(t' dell“;t(t' DZ/:;‘“‘
9,99033 5,85550 2,63550 0,0489%6 | 0,72733 | -5,97113 | 9,95587 5,34966 5,60575 0,09882 1,42470 | -5,88272
9,99423 | 5,91360 | 2,03733 | 0,03897 | 0,58097 |-5,98167 | 9,96476 | 5,47876 | 5,01524 | 0,08886 | 1,29099 | -5,90514
9,99712 5,95692 1,43835 0,02898 | 0,43316 | -5,98982 | 9,97265 5,59416 4,42272 0,07890 1,15405 | -5,92520
9,99902 | 5,98534 | 0,83879 | 0,01898 | 0,28427 |-5,99558 | 9,97954 | 5,69559 | 3,82843 | 0,06893 | 1,01423 | -5,94289
9,99992 5,99881 0,23890 0,00898 | 0,13467 | -5,99893 | 9,98543 5,78277 3,23261 0,05895 0,87187 | -5,95820
9,99982 | 5,99728 | -0,36109 | -0,00102 | -0,01527 | -5,99989 | 9,99033 | 5,85550 | 2,63550 | 0,04896 | 0,72733 | -5,97113
9,99872 | 5,98077 | -0,96094 |-0,01102 | -0,16517 | -5,99844 | 9,99423 | 591360 | 2,03733 | 0,03897 | 0,58097 | -5,98167
9,99662 5,94930 -1,56040 | -0,02102 | -0,31466 | -5,99460 | 9,99712 5,95692 1,43835 0,02898 0,43316 | -5,98982
9,99351 | 5,90296 | -2,15923 | -0,03101 | -0,46336 | -5,98836 | 9,99902 | 5,98534 | 0,83879 | 0,01898 | 0,28427 | -5,99558
9,98941 5,84187 -2,75721 | -0,04101 | -0,61091 | -5,97972 | 9,99992 5,99881 0,23890 0,00898 0,13467 | -5,99893
9,98431 | 5,76618 | -3,35407 | -0,05100 | -0,75692 | -5,96869 | 9,99982 | 5,99728 | -0,36109 | -0,00102 | -0,01527 | -5,99989
9,97822 5,67608 -3,94960 | -0,06098 | -0,90105 | -5,95528 | 9,99872 5,98077 | -0,96094 | -0,01102 | -0,16517 | -5,99844
9,97112 5,57178 -4,54355 | -0,07096 | -1,04292 | -5,93948 | 9,99662 5,94930 | -1,56040 | -0,02102 | -0,31466 | -5,99460
9,96303 5,45356 -5,13568 | -0,08093 | -1,18219 | -5,92131 | 9,99351 5,90296 | -2,15923 | -0,03101 | -0,46336 | -5,98836
9,95394 5,32172 -5,72576 | -0,09089 | -1,31850 | -5,90076 | 9,98941 5,84187 | -2,75721 | -0,04101 | -0,61091 | -5,97972
9,94385 5,17656 -6,31354 | -0,10085 | -1,45151 | -5,87786 | 9,98431 5,76618 | -3,35407 | -0,05100 | -0,75692 | -5,96869
9,93277 5,01847 -6,89880 | -0,11079 | -1,58090 | -5,85261 | 9,97822 5,67608 | -3,94960 | -0,06098 | -0,90105 | -5,95528
9,92070 4,84784 -7,48131 | -0,12072 | -1,70634 | -5,82501 | 9,97112 5,57178 | -4,54355 | -0,07096 | -1,04292 | -5,93948
9,90764 4,66509 -8,06081 | -0,13064 | -1,82751 | -5,79509 | 9,96303 5,45356 | -5,13568 | -0,08093 | -1,18219 | -5,92131
9,89358 4,47068 -8,63710 | -0,14055 | -1,94411 | -5,76285 | 9,95394 5,32172 | -5,72576 | -0,09089 | -1,31850 | -5,90076
9,87854 4,26509 -9,20993 | -0,15044 | -2,05585 | -5,72830 | 9,94385 5,17656 | -6,31354 | -0,10085 | -1,45151 | -5,87786
9,86251 4,04885 -9,77908 | -0,16032 | -2,16246 | -5,69146 | 9,93277 5,01847 | -6,89880 | -0,11079 | -1,58090 | -5,85261
9,84549 3,82248 |-10,34431 | -0,17019 | -2,26366 | -5,65235 | 9,92070 4,84784 | -7,48131 | -0,12072 | -1,70634 | -5,82501
9,82748 3,58656 |-10,90541 | -0,18003 | -2,35920 | -5,61097 | 9,90764 4,66509 | -8,06081 | -0,13064 | -1,82751 | -5,79509
9,80850 3,34168 |-11,46214 | -0,18986 | -2,44885 | -5,56735 | 9,89358 4,47068 | -8,63710 | -0,14055 | -1,94411 | -5,76285
9,78853 3,08844 |-12,01429 | -0,19967 | -2,53237 | -5,52150 | 9,87854 4,26509 | -9,20993 | -0,15044 | -2,05585 | -5,72830
9,76759 2,82748 |-12,56164 | -0,20945 | -2,60956 | -5,47345 | 9,86251 4,04885 | -9,77908 | -0,16032 | -2,16246 | -5,69146
9,74566 2,55946 |-13,10396 | -0,21922 | -2,68024 | -5,42320 | 9,84549 3,82248 | -10,34431 | -0,17019 | -2,26366 | -5,65235
9,72277 2,28504 |-13,64104 | -0,22897 | -2,74421 | -5,37079 | 9,82748 3,58656 |-10,90541 | -0,18003 | -2,35920 | -5,61097
9,69890 2,00491 |-14,17266 | -0,23869 | -2,80132 | -5,31623 | 9,80850 3,34168 | -11,46214 | -0,18986 | -2,44885 | -5,56735
9,67406 1,71976 | -14,69861 | -0,24839 | -2,85144 | -5,25954 | 9,78853 3,08844 | -12,01429 | -0,19967 | -2,53237 | -5,52150
9,64825 1,43032 |-15,21869 | -0,25806 | -2,89442 | -5,20075 | 9,76759 2,82748 | -12,56164 | -0,20945 | -2,60956 | -5,47345
9,62148 1,13730 |-15,73268 | -0,26771 | -2,93017 | -5,13987 | 9,74566 2,55946 | -13,10396 | -0,21922 | -2,68024 | -5,42320
9,59375 0,84144 |-16,24037 | -0,27733 | -2,95860 | -5,07694 | 9,72277 2,28504 | -13,64104 | -0,22897 | -2,74421 | -5,37079
9,56506 0,54348 | -16,74157 | -0,28693 | -2,97963 | -5,01198 | 9,69890 2,00491 | -14,17266 | -0,23869 | -2,80132 | -5,31623
9,53541 0,24416 |-17,23607 | -0,29649 | -2,99321 | -4,94502 | 9,67406 1,71976 | -14,69861 | -0,24839 | -2,85144 | -5,25954
9,50480 -0,05577 |-17,72368 | -0,30603 | -2,99932 | -4,87608 | 9,64825 1,43032 | -15,21869 | -0,25806 | -2,89442 | -5,20075
9,47325 -0,35556 | -18,20420 | -0,31553 | -2,99792 | -4,80519 | 9,62148 1,13730 | -15,73268 | -0,26771 | -2,93017 | -5,13987
9,44075 -0,65447 | -18,67743 | -0,32500 | -2,98904 | -4,73237 | 9,59375 0,84144 | -16,24037 | -0,27733 | -2,95860 | -5,07694
9,40731 -0,95174 | -19,14320 | -0,33445 | -2,97268 | -4,65766 | 9,56506 0,54348 | -16,74157 | -0,28693 | -2,97963 | -5,01198
9,37292 -1,24662 | -19,60131 | -0,34385 | -2,94889 | -4,58109 | 9,53541 0,24416 | -17,23607 | -0,29649 | -2,99321 | -4,94502
9,33760 -1,53840 |-20,05158 | -0,35323 | -2,91773 | -4,50269 | 9,50480 | -0,05577 | -17,72368 | -0,30603 | -2,99932 | -4,87608
9,30134 -1,82633 | -20,49383 | -0,36256 | -2,87928 | -4,42249 | 9,47325 | -0,35556 | -18,20420 | -0,31553 | -2,99792 | -4,80519
9,26415 -2,10969 |-20,92788 | -0,37186 | -2,83363 | -4,34052 | 9,44075 | -0,65447 | -18,67743 | -0,32500 | -2,98904 | -4,73237
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o 0 z | do/dt | do/dt | Dz/dt | o(t-1) | O(t-1) | z(t-1) d¢/1°;t(t' dell“;t(t' DZ/:;‘“‘
9,22604 -2,38778 | -21,35356 | -0,38113 | -2,78090 | -4,25681 | 9,40731 | -0,95174 | -19,14320 | -0,33445 | -2,97268 | -4,65766
9,18701 | -2,65990 |-21,77070 | -0,39035 | -2,72122 | -4,17140 | 9,37292 | -1,24662 | -19,60131 | -0,34385 | -2,94889 | -4,58109
9,14705 -2,92537 |-22,17913 | -0,39954 | -2,65473 | -4,08432 | 9,33760 | -1,53840 | -20,05158 | -0,35323 | -2,91773 | -4,50269
9,10618 | -3,18354 |-22,57869 | -0,40869 | -2,58161 | -3,99560 | 9,30134 |-1,82633 | -20,49383 | -0,36256 | -2,87928 | -4,42249
9,06440 -3,43374 | -22,96922 | -0,41779 | -2,50204 | -3,90529 | 9,26415 | -2,10969 | -20,92788 | -0,37186 | -2,83363 | -4,34052
9,02172 | -3,67536 |-23,35056 | -0,42686 | -2,41622 | -3,81342 | 9,22604 |-2,38778 | -21,35356 | -0,38113 | -2,78090 | -4,25681
8,97813 | -3,90780 |-23,72256 | -0,43588 | -2,32435 | -3,72002 | 9,18701 | -2,65990 | -21,77070 | -0,39035 | -2,72122 | -4,17140
8,93364 -4,13046 | -24,08508 | -0,44486 | -2,22668 | -3,62513 | 9,14705 | -2,92537 | -22,17913 | -0,39954 | -2,65473 | -4,08432
8,88827 | -4,34281 |-24,43796 | -0,45379 | -2,12344 | -3,52879 | 9,10618 | -3,18354 | -22,57869 | -0,40869 | -2,58161 | -3,99560
8,84200 -4,54430 | -24,78106 | -0,46268 | -2,01489 | -3,43104 | 9,06440 | -3,43374|-22,96922 | -0,41779 | -2,50204 | -3,90529
8,79484 | -4,73443 |-25,11425 | -0,47152 | -1,90131 | -3,33192 | 9,02172 | -3,67536 | -23,35056 | -0,42686 | -2,41622 | -3,81342
8,74681 -4,91272 | -25,43740 | -0,48032 | -1,78297 | -3,23147 | 8,97813 | -3,90780 | -23,72256 | -0,43588 | -2,32435 | -3,72002
8,69791 -5,07874 | -25,75037 | -0,48906 | -1,66018 | -3,12972 | 8,93364 | -4,13046 | -24,08508 | -0,44486 | -2,22668 | -3,62513
8,64813 -5,23207 | -26,05305 | -0,49776 | -1,53324 | -3,02673 | 8,88827 | -4,34281 | -24,43796 | -0,45379 | -2,12344 | -3,52879
8,59749 -5,37231 | -26,34530 | -0,50641 | -1,40246 | -2,92252 | 8,84200 | -4,54430 | -24,78106 | -0,46268 | -2,01489 | -3,43104
8,54599 -5,49913 | -26,62701 | -0,51501 | -1,26818 | -2,81714 | 8,79484 | -4,73443 | -25,11425 | -0,47152 | -1,90131 | -3,33192
8,49363 -5,61220 |-26,89807 | -0,52355 | -1,13073 | -2,71064 | 8,74681 | -4,91272 | -25,43740 | -0,48032 | -1,78297 | -3,23147
8,44043 -5,71125 | -27,15838 | -0,53205 | -0,99046 | -2,60305 | 8,69791 | -5,07874 | -25,75037 | -0,48906 | -1,66018 | -3,12972
8,38638 -5,79602 | -27,40782 | -0,54049 | -0,84770 | -2,49442 | 8,64813 | -5,23207 | -26,05305 | -0,49776 | -1,53324 | -3,02673
8,33149 -5,86630 |-27,64630 | -0,54887 | -0,70283 | -2,38479 | 8,59749 | -5,37231 | -26,34530 | -0,50641 | -1,40246 | -2,92252
8,27577 -5,92192 | -27,87372 | -0,55720 | -0,55621 | -2,27421 | 8,54599 | -5,49913 | -26,62701 | -0,51501 | -1,26818 | -2,81714
8,21922 -5,96274 | -28,08999 | -0,56548 | -0,40819 | -2,16272 | 8,49363 | -5,61220 | -26,89807 | -0,52355 | -1,13073 | -2,71064
8,16185 -5,98866 | -28,29503 | -0,57370 | -0,25915 | -2,05036 | 8,44043 | -5,71125|-27,15838 | -0,53205 | -0,99046 | -2,60305
8,10367 -5,99960 | -28,48875 | -0,58186 | -0,10947 | -1,93718 | 8,38638 | -5,79602 | -27,40782 | -0,54049 | -0,84770 | -2,49442
8,04467 -5,99555 |-28,67107 | -0,58996 | 0,04049 | -1,82323 | 8,33149 | -5,86630 | -27,64630 | -0,54887 | -0,70283 | -2,38479
7,98487 -5,97652 | -28,84192 | -0,59801 | 0,19035 | -1,70855 | 8,27577 | -5,92192 |-27,87372 | -0,55720 | -0,55621 | -2,27421
7,92427 -5,94255 |-29,00124 | -0,60599 | 0,33973 | -1,59319 | 8,21922 | -5,96274 | -28,08999 | -0,56548 | -0,40819 | -2,16272
7,86288 -5,89372 | -29,14896 | -0,61392 | 0,48826 | -1,47719 | 8,16185 | -5,98866 | -28,29503 | -0,57370 | -0,25915 | -2,05036
7,80070 -5,83016 |-29,28502 | -0,62178 | 0,63558 | -1,36059 | 8,10367 | -5,99960 | -28,48875 | -0,58186 | -0,10947 | -1,93718
7,73774 -5,75203 | -29,40937 | -0,62958 | 0,78130 | -1,24346 | 8,04467 | -5,99555 | -28,67107 | -0,58996 | 0,04049 | -1,82323
7,67401 -5,65952 | -29,52195 | -0,63732 | 0,92507 | -1,12583 | 7,98487 | -5,97652 | -28,84192 | -0,59801 | 0,19035 | -1,70855
7,60951 -5,55287 |-29,62272 | -0,64499 | 1,06653 | -1,00774 | 7,92427 | -5,94255 | -29,00124 | -0,60599 | 0,33973 | -1,59319
7,54425 -5,43234 | -29,71165 | -0,65260 | 1,20532 | -0,88925 | 7,86288 | -5,89372 |-29,14896 | -0,61392 | 0,48826 | -1,47719
7,47824 -5,29823 | -29,78869 | -0,66015 | 1,34110 | -0,77041 | 7,80070 | -5,83016 | -29,28502 | -0,62178 | 0,63558 | -1,36059
7,41147 -5,15088 | -29,85382 | -0,66763 | 1,47353 | -0,65126 | 7,73774 | -5,75203 | -29,40937 | -0,62958 | 0,78130 | -1,24346
7,34397 -4,99065 | -29,90700 | -0,67504 | 1,60228 | -0,53185 | 7,67401 | -5,65952 | -29,52195 | -0,63732 | 0,92507 | -1,12583
7,27573 -4,81795 |-29,94822 | -0,68238 | 1,72702 | -0,41223 | 7,60951 | -5,55287 | -29,62272 | -0,64499 | 1,06653 | -1,00774
7,20677 -4,63320 | -29,97747 | -0,68966 | 1,84744 | -0,29244 | 7,54425 | -5,43234|-29,71165 | -0,65260 | 1,20532 | -0,88925
7,13708 -4,43688 |-29,99472 | -0,69686 | 1,96325 | -0,17253 | 7,47824 | -5,29823 | -29,78869 | -0,66015 | 1,34110 | -0,77041
7,06668 -4,22946 | -29,99998 | -0,70400 | 2,07414 | -0,05256 | 7,41147 | -5,15088 | -29,85382 | -0,66763 | 1,47353 | -0,65126
6,99557 -4,01148 |-29,99323 | -0,71107 | 2,17986 | 0,06744 7,34397 | -4,99065 | -29,90700 | -0,67504 | 1,60228 | -0,53185
6,92377 -3,78347 | -29,97449 | -0,71806 | 2,28013 | 0,18741 7,27573 | -4,81795 | -29,94822 | -0,68238 | 1,72702 | -0,41223
6,85127 -3,54600 |-29,94376 | -0,72499 | 2,37469 | 0,30730 7,20677 | -4,63320 | -29,97747 | -0,68966 | 1,84744 | -0,29244
6,77809 -3,29966 |-29,90105 | -0,73184 | 2,46332 | 0,42707 7,13708 | -4,43688 | -29,99472 | -0,69686 | 1,96325 | -0,17253
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o 0 z | do/dt | do/dt | Dz/dt | o(t-1) | O(t-1) | z(t-1) d¢/1°;t(t' dell“;t(t' DZ/:;‘“‘
6,70422 -3,04508 | -29,84639 | -0,73862 | 2,54580 | 0,54667 7,06668 | -4,22946 | -29,99998 | -0,70400 | 2,07414 | -0,05256
6,62969 | -2,78289 |-29,77978 | -0,74532 | 2,62191 | 0,66606 | 6,99557 |-4,01148 | -29,99323 | -0,71107 | 2,17986 | 0,06744
6,55450 -2,51375 | -29,70126 | -0,75195 | 2,69147 | 0,78517 6,92377 | -3,78347 | -29,97449 | -0,71806 | 2,28013 0,18741
6,47865 | -2,23832 |-29,61087 | -0,75850 | 2,75430 | 0,90397 | 6,85127 |-3,54600 | -29,94376 | -0,72499 | 2,37469 | 0,30730
6,40215 -1,95729 | -29,50863 | -0,76498 | 2,81024 | 1,02241 6,77809 | -3,29966 | -29,90105 | -0,73184 | 2,46332 0,42707
6,32501 | -1,67138 |-29,39458 | -0,77138 | 2,85917 | 1,14044 | 6,70422 | -3,04508 | -29,84639 | -0,73862 | 2,54580 | 0,54667
6,24724 | -1,38128 |-29,26878 | -0,77771 | 2,90094 | 1,25802 | 6,62969 |-2,78289 | -29,77978 | -0,74532 | 2,62191 | 0,66606
6,16884 -1,08773 | -29,13127 | -0,78396 | 2,93547 | 1,37509 6,55450 | -2,51375 | -29,70126 | -0,75195 | 2,69147 0,78517
6,08983 | -0,79147 |-28,98211 | -0,79013 | 2,96265 | 1,49161 | 6,47865 | -2,23832 | -29,61087 | -0,75850 | 2,75430 | 0,90397
6,01021 -0,49323 | -28,82136 | -0,79621 | 2,98244 | 1,60753 6,40215 | -1,95729 | -29,50863 | -0,76498 | 2,81024 1,02241
592999 | -0,19375 |-28,64908 | -0,80222 | 2,99476 | 1,72281 | 6,32501 |-1,67138 | -29,39458 | -0,77138 | 2,85917 | 1,14044
5,84917 0,10621 | -28,46533 | -0,80815 | 2,99961 | 1,83741 6,24724 | -1,38128 | -29,26878 | -0,77771 | 2,90094 1,25802
5,76777 0,40591 |-28,27021 | -0,81400 | 2,99695 | 1,95127 6,16884 | -1,08773 | -29,13127 | -0,78396 | 2,93547 1,37509
5,68579 0,70459 |-28,06377 | -0,81977 | 2,98681 | 2,06434 6,08983 | -0,79147 | -28,98211 | -0,79013 | 2,96265 1,49161
5,60325 1,00151 |-27,84611 | -0,82546 | 2,96920 | 2,17659 6,01021 | -0,49323 | -28,82136 | -0,79621 | 2,98244 1,60753
5,52014 1,29592 |-27,61732 | -0,83106 | 2,94416 | 2,28797 5,92999 | -0,19375 | -28,64908 | -0,80222 | 2,99476 1,72281
5,43648 1,58710 |-27,37747 | -0,83658 | 2,91177 | 2,39844 5,84917 0,10621 | -28,46533 | -0,80815 | 2,99961 1,83741
5,35228 1,87431 |-27,12668 | -0,84202 | 2,87210 | 2,50795 5,76777 0,40591 | -28,27021 | -0,81400 | 2,99695 1,95127
5,26755 2,15684 | -26,86503 | -0,84737 | 2,82526 | 2,61645 5,68579 0,70459 | -28,06377 | -0,81977 | 2,98681 2,06434
5,18228 2,43397 |-26,59264 | -0,85264 | 2,77135 | 2,72391 5,60325 1,00151 | -27,84611 | -0,82546 | 2,96920 2,17659
5,09650 2,70502 |-26,30962 | -0,85782 | 2,71051 | 2,83027 5,52014 1,29592 |-27,61732 | -0,83106 | 2,94416 2,28797
5,01021 2,96931 |-26,01607 | -0,86292 | 2,64290 | 2,93551 5,43648 1,58710 | -27,37747 | -0,83658 | 2,91177 2,39844
4,92342 3,22618 | -25,71211 | -0,86793 | 2,56868 | 3,03957 5,35228 1,87431 | -27,12668 | -0,84202 | 2,87210 2,50795
4,83613 3,47498 | -25,39787 | -0,87285 | 2,48804 | 3,14241 5,26755 2,15684 | -26,86503 | -0,84737 | 2,82526 2,61645
4,74836 3,71510 |-25,07347 | -0,87769 | 2,40119 | 3,24400 5,18228 2,43397 | -26,59264 | -0,85264 | 2,77135 2,72391
4,66012 3,94594 | -24,73904 | -0,88243 | 2,30833 | 3,34429 5,09650 2,70502 | -26,30962 | -0,85782 | 2,71051 2,83027
4,57141 4,16691 |-24,39471 | -0,88709 | 2,20970 | 3,44324 5,01021 2,96931 | -26,01607 | -0,86292 | 2,64290 2,93551
4,48224 4,37746 | -24,04063 | -0,89167 | 2,10555 | 3,54082 4,92342 3,22618 | -25,71211 | -0,86793 | 2,56868 3,03957
4,39263 4,57707 |-23,67693 | -0,89615 | 1,99614 | 3,63698 4,83613 3,47498 | -25,39787 | -0,87285 | 2,48804 3,14241
4,30257 4,76525 |-23,30376 | -0,90054 | 1,88173 | 3,73168 4,74836 3,71510 | -25,07347 | -0,87769 | 2,40119 3,24400
4,21209 4,94151 |-22,92128 | -0,90484 | 1,76263 | 3,82490 4,66012 3,94594 | -24,73904 | -0,88243 | 2,30833 3,34429
4,12118 5,10542 |-22,52962 | -0,90905 | 1,63911 | 3,91658 4,57141 4,16691 | -24,39471 | -0,88709 | 2,20970 3,44324
4,02987 5,25657 |-22,12895 | -0,91318 | 1,51150 | 4,00669 4,48224 4,37746 | -24,04063 | -0,89167 | 2,10555 3,54082
3,93815 5,39458 |-21,71943 | -0,91721 | 1,38012 | 4,09521 4,39263 4,57707 | -23,67693 | -0,89615 | 1,99614 3,63698
3,84603 5,51911 |-21,30122 | -0,92114 | 1,24528 | 4,18208 4,30257 4,76525 | -23,30376 | -0,90054 | 1,88173 3,73168
3,75353 5,62984 |-20,87449 | -0,92499 | 1,10733 | 4,26728 4,21209 4,94151 | -22,92128 | -0,90484 | 1,76263 3,82490
3,66066 5,72651 |-20,43941 | -0,92874 | 0,96662 | 4,35078 4,12118 5,10542 | -22,52962 | -0,90905 | 1,63911 3,91658
3,56742 5,80885 |-19,99616 | -0,93240 | 0,82348 | 4,43253 4,02987 5,25657 | -22,12895 | -0,91318 | 1,51150 4,00669
3,47382 5,87668 |-19,54491 | -0,93597 | 0,67829 | 4,51252 3,93815 5,39458 |-21,71943 | -0,91721 | 1,38012 4,09521
3,37988 5,92982 |-19,08584 | -0,93944 | 0,53141 | 4,59069 3,84603 5,51911 | -21,30122 | -0,92114 | 1,24528 4,18208
3,28559 5,96814 |-18,61914 | -0,94282 | 0,38319 | 4,66703 3,75353 5,62984 | -20,87449 | -0,92499 | 1,10733 4,26728
3,19098 5,99155 |-18,14498 | -0,94611 | 0,23402 | 4,74151 3,66066 5,72651 | -20,43941 | -0,92874 | 0,96662 4,35078
3,09605 5,99997 |-17,66358 | -0,94930 | 0,08426 | 4,81409 3,56742 5,80885 | -19,99616 | -0,93240 | 0,82348 4,43253
3,00081 5,99340 |-17,17510 | -0,95240 | -0,06571 | 4,88474 3,47382 5,87668 | -19,54491 | -0,93597 | 0,67829 4,51252
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o 0 z | do/dt | do/dt | Dz/dt | o(t-1) | O(t-1) | z(t-1) d¢/1°;t(t' dell“;t(t' DZ/:;‘“‘
2,90527 5,97185 |-16,67976 | -0,95540 | -0,21551 | 4,95344 3,37988 5,92982 | -19,08584 | -0,93944 | 0,53141 4,59069
2,80944 | 5,93537 |-16,17774 | -0,95830 | -0,36478 | 5,02015 | 3,28559 | 5,96814 |-18,61914 | -0,94282 | 0,38319 | 4,66703
2,71333 5,88406 |-15,66926 | -0,96111 | -0,51313 | 5,08486 3,19098 5,99155 | -18,14498 | -0,94611 | 0,23402 4,74151
2,61695 | 5,81804 |-15,15450 | -0,96383 | -0,66020 | 5,14754 | 3,09605 | 5,99997 |-17,66358 | -0,94930 | 0,08426 | 4,81409
2,52031 5,73748 | -14,63369 | -0,96644 | -0,80562 | 5,20815 3,00081 5,99340 | -17,17510 | -0,95240 | -0,06571 | 4,88474
2,42341 | 5,64257 |-14,10702 | -0,96896 | -0,94903 | 5,26668 | 2,90527 | 5,97185 |-16,67976 | -0,95540 | -0,21551 | 4,95344
2,32627 | 5,53357 |-13,57471 | -0,97139 | -1,09006 | 5,32311 | 2,80944 | 593537 |-16,17774 | -0,95830 | -0,36478 | 5,02015
2,22890 5,41073 |-13,03697 | -0,97371 | -1,22837 | 5,37741 2,71333 5,88406 | -15,66926 | -0,96111 | -0,51313 | 5,08486
2,13130 | 5,27437 |-12,49401 | -0,97594 | -1,36361 | 5,42955 | 2,61695 | 5,81804 |-15,15450 | -0,96383 | -0,66020 | 5,14754
2,03350 5,12482 | -11,94606 | -0,97807 | -1,49545 | 5,47953 2,52031 5,73748 | -14,63369 | -0,96644 | -0,80562 | 5,20815
1,93549 | 4,96247 |-11,39333 | -0,98011 | -1,62354 | 5,52731 | 2,42341 | 5,64257 | -14,10702 | -0,96896 | -0,94903 | 5,26668
1,83728 4,78771 |-10,83604 | -0,98204 | -1,74758 | 5,57288 2,32627 5,53357 | -13,57471 | -0,97139 | -1,09006 | 5,32311
1,73889 4,60099 |-10,27442 | -0,98388 | -1,86724 | 5,61623 2,22890 5,41073 | -13,03697 | -0,97371 | -1,22837 | 5,37741
1,64033 4,40276 -9,70869 | -0,98562 | -1,98224 | 5,65732 2,13130 5,27437 | -12,49401 | -0,97594 | -1,36361 | 5,42955
1,54161 4,19353 -9,13907 | -0,98726 | -2,09229 | 5,69616 2,03350 5,12482 | -11,94606 | -0,97807 | -1,49545 | 5,47953
1,44273 3,97382 -8,56580 | -0,98880 | -2,19711 | 5,73271 1,93549 4,96247 | -11,39333 | -0,98011 | -1,62354 | 5,52731
1,34370 3,74418 -7,98910 | -0,99024 | -2,29643 | 5,76697 1,83728 4,78771 | -10,83604 | -0,98204 | -1,74758 | 5,57288
1,24454 3,50518 -7,40921 | -0,99159 | -2,39002 | 5,79893 1,73889 4,60099 |-10,27442 | -0,98388 | -1,86724 | 5,61623
1,14526 3,25742 -6,82635 | -0,99283 | -2,47763 | 5,82856 1,64033 4,40276 | -9,70869 | -0,98562 | -1,98224 | 5,65732
1,04586 3,00151 -6,24077 | -0,99398 | -2,55905 | 5,85587 1,54161 4,19353 | -9,13907 | -0,98726 | -2,09229 | 5,69616
0,94636 2,73811 -5,65268 | -0,99502 | -2,63407 | 5,88083 1,44273 3,97382 | -8,56580 | -0,98880 | -2,19711 | 5,73271
0,84676 2,46785 -5,06234 | -0,99597 | -2,70251 | 5,90344 1,34370 3,74418 | -7,98910 | -0,99024 | -2,29643 | 5,76697
0,74708 2,19144 -4,46997 | -0,99682 | -2,76419 | 5,92369 1,24454 3,50518 | -7,40921 | -0,99159 | -2,39002 | 5,79893
0,64733 1,90954 -3,87581 | -0,99756 | -2,81896 | 5,94157 1,14526 3,25742 | -6,82635 | -0,99283 | -2,47763 | 5,82856
0,54751 1,62287 -3,28011 | -0,99821 | -2,86669 | 5,95707 1,04586 3,00151 | -6,24077 | -0,99398 | -2,55905 | 5,85587
0,44763 1,33214 -2,68309 | -0,99876 | -2,90726 | 5,97019 0,94636 2,73811 | -5,65268 | -0,99502 | -2,63407 | 5,88083
0,34771 1,03809 -2,08500 | -0,99920 | -2,94055 | 5,98092 0,84676 2,46785 | -5,06234 | -0,99597 | -2,70251 | 5,90344
0,24775 0,74144 -1,48607 | -0,99955 | -2,96650 | 5,98926 0,74708 2,19144 | -4,46997 | -0,99682 | -2,76419 | 5,92369
0,14777 0,44294 -0,88655 | -0,99980 | -2,98503 | 5,99521 0,64733 1,90954 | -3,87581 | -0,99756 | -2,81896 | 5,94157
0,04778 0,14333 -0,28667 | -0,99995 | -2,99610 | 5,99875 0,54751 1,62287 | -3,28011 | -0,99821 | -2,86669 | 5,95707
-0,05222 -0,15664 0,31332 | -1,00000 | -2,99969 | 5,99990 0,44763 1,33214 | -2,68309 | -0,99876 | -2,90726 | 5,97019
-0,15221 -0,45622 0,91318 | -0,99994 | -2,99577 | 5,99865 0,34771 1,03809 | -2,08500 | -0,99920 | -2,94055 | 5,98092
-0,25219 -0,75466 1,51268 | -0,99979 | -2,98437 | 5,99499 0,24775 0,74144 | -1,48607 | -0,99955 | -2,96650 | 5,98926
-0,35215 -1,05121 2,11157 | -0,99954 | -2,96550 | 5,98894 0,14777 0,44294 | -0,88655 | -0,99980 | -2,98503 | 5,99521
-0,45207 -1,34513 2,70962 | -0,99919 | -2,93923 | 5,98050 0,04778 0,14333 | -0,28667 | -0,99995 | -2,99610 | 5,99875
-0,55194 -1,63569 3,30659 | -0,99873 | -2,90561 | 5,96966 | -0,05222 | -0,15664 | 0,31332 -1,00000 | -2,99969 | 5,99990
-0,65176 -1,92216 3,90223 | -0,99818 | -2,86473 | 5,95643 | -0,15221 | -0,45622 | 0,91318 -0,99994 | -2,99577 | 5,99865
-0,75151 -2,20383 4,49632 | -0,99753 | -2,81668 | 5,94082 | -0,25219 | -0,75466 | 1,51268 -0,99979 | -2,98437 | 5,99499
-0,85119 -2,47999 5,08860 |-0,99678 | -2,76160 | 5,92284 | -0,35215 | -1,05121 | 2,11157 -0,99954 | -2,96550 | 5,98894
-0,95078 -2,74995 5,67885 | -0,99593 | -2,69961 | 5,90249 | -0,45207 | -1,34513 | 2,70962 -0,99919 | -2,93923 | 5,98050
-1,05028 -3,01304 6,26683 | -0,99498 | -2,63088 | 5,87977 | -0,55194 | -1,63569 | 3,30659 -0,99873 | -2,90561 | 5,96966
-1,14967 -3,26860 6,85230 | -0,99393 | -2,55556 | 5,85471 | -0,65176 | -1,92216 | 3,90223 -0,99818 | -2,86473 | 5,95643
-1,24895 -3,51598 7,43503 | -0,99278 | -2,47387 | 5,82730 | -0,75151 | -2,20383 | 4,49632 -0,99753 | -2,81668 | 5,94082
-1,34810 -3,75458 8,01478 | -0,99153 | -2,38599 | 5,79756 | -0,85119 | -2,47999 | 5,08860 | -0,99678 | -2,76160 | 5,92284
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o 0 z | do/dt | do/dt | Dz/dt | o(t-1) | O(t-1) | z(t-1) d¢/1°;t(t' dell“;t(t' DZ/:;‘“‘
-1,44712 -3,98380 8,59133 | -0,99018 | -2,29214 | 5,76550 | -0,95078 | -2,74995 | 5,67885 -0,99593 | -2,69961 | 5,90249
-1,54599 | -4,20305 | 9,16445 |-0,98873 |-2,19257 | 5,73114 | -1,05028 |-3,01304 | 6,26683 | -0,99498 | -2,63088 | 5,87977
-1,64471 -4,41180 9,73389 | -0,98719 | -2,08751 | 5,69448 | -1,14967 | -3,26860 | 6,85230 | -0,99393 | -2,55556 | 5,85471
-1,74327 | -4,60953 | 10,29945 | -0,98554 | -1,97724 | 5,65554 | -1,24895 |-3,51598 | 7,43503 | -0,99278 | -2,47387 | 5,82730
-1,84165 -4,79573 10,86088 | -0,98380 | -1,86203 | 5,61435 | -1,34810 | -3,75458 | 8,01478 -0,99153 | -2,38599 | 5,79756
-1,93984 | -4,96995 | 11,41797 | -0,98196 | -1,74216 | 5,57091 | -1,44712 |-3,98380 | 8559133 | -0,99018 | -2,29214 | 5,76550
-2,03785 | -5,13174 | 11,97050 | -0,98002 | -1,61793 | 5,52524 | -1,54599 |-4,20305 | 9,16445 | -0,98873 | -2,19257 | 5,73114
-2,13564 -5,28071 12,51823 | -0,97798 | -1,48967 | 5,47736 | -1,64471 | -4,41180 | 9,73389 -0,98719 | -2,08751 | 5,69448
-2,23323 | -5,41647 | 13,06096 | -0,97584 | -1,35768 | 5,42728 | -1,74327 | -4,60953 | 10,29945 | -0,98554 | -1,97724 | 5,65554
-2,33059 -5,53870 | 13,59847 | -0,97361 | -1,22229 | 5,37504 | -1,84165 | -4,79573 | 10,86088 | -0,98380 | -1,86203 | 5,61435
-2,42772 | -5,64709 | 14,13053 | -0,97128 | -1,08386 | 5,32065 | -1,93984 | -4,96995 | 11,41797 | -0,98196 | -1,74216 | 5,57091
-2,52460 -5,74136 | 14,65694 | -0,96885 | -0,94271 | 5,26413 | -2,03785 | -5,13174 | 11,97050 | -0,98002 | -1,61793 | 5,52524
-2,62124 -5,82128 | 15,17749 | -0,96633 | -0,79920 | 5,20550 | -2,13564 | -5,28071 | 12,51823 | -0,97798 | -1,48967 | 5,47736
-2,71761 -5,88665 15,69197 | -0,96371 | -0,65370 | 5,14480 | -2,23323 | -5,41647 | 13,06096 | -0,97584 | -1,35768 | 5,42728
-2,81371 -5,93731 16,20018 | -0,96099 | -0,50657 | 5,08203 | -2,33059 | -5,53870 | 13,59847 | -0,97361 | -1,22229 | 5,37504
-2,90952 -5,97312 16,70190 | -0,95818 | -0,35816 | 5,01723 | -2,42772 | -5,64709 | 14,13053 | -0,97128 | -1,08386 | 5,32065
-3,00505 -5,99401 17,19694 | -0,95527 | -0,20887 | 4,95043 | -2,52460 | -5,74136 | 14,65694 | -0,96885 | -0,94271 | 5,26413
-3,10028 -5,99992 17,68511 | -0,95226 | -0,05905 | 4,88164 | -2,62124 | -5,82128 | 15,17749 | -0,96633 | -0,79920 | 5,20550
-3,19519 -5,99082 18,16620 | -0,94916 | 0,09092 | 4,81090 | -2,71761 | -5,88665 | 15,69197 | -0,96371 | -0,65370 | 5,14480
-3,28979 -5,96676 | 18,64002 | -0,94597 | 0,24066 | 4,73824 | -2,81371 | -5,93731 | 16,20018 | -0,96099 | -0,50657 | 5,08203
-3,38406 -5,92778 | 19,10639 | -0,94268 | 0,38980 | 4,66368 | -2,90952 | -5,97312 | 16,70190 | -0,95818 | -0,35816 | 5,01723
-3,47799 -5,87398 | 19,56511 | -0,93929 | 0,53796 | 4,58726 | -3,00505 | -5,99401 | 17,19694 | -0,95527 | -0,20887 | 4,95043
-3,57157 -5,80550 | 20,01601 | -0,93581 | 0,68478 | 4,50900 | -3,10028 | -5,99992 | 17,68511 | -0,95226 | -0,05905 | 4,88164
-3,66479 -5,72252 | 20,45891 | -0,93224 | 0,82989 | 4,42894 | -3,19519 | -5,99082 | 18,16620 | -0,94916 | 0,09092 4,81090
-3,75765 -5,62522 | 20,89362 | -0,92858 | 0,97292 | 4,34711 | -3,28979 | -5,96676 | 18,64002 | -0,94597 | 0,24066 4,73824
-3,85013 -5,51387 | 21,31997 | -0,92482 | 1,11352 | 4,26354 | -3,38406 | -5,92778 | 19,10639 | -0,94268 | 0,38980 4,66368
-3,94223 -5,38874 | 21,73780 | -0,92097 | 1,25134 | 4,17826 | -3,47799 | -5,87398 | 19,56511 | -0,93929 | 0,53796 4,58726
-4,03393 -5,25014 | 22,14693 | -0,91703 | 1,38603 | 4,09131 | -3,57157 | -5,80550 | 20,01601 | -0,93581 | 0,68478 4,50900
-4,12523 -5,09841 | 22,54720 | -0,91299 | 1,51725 | 4,00273 | -3,66479 | -5,72252 | 20,45891 | -0,93224 | 0,82989 4,42894
-4,21612 -4,93394 | 22,93846 | -0,90887 | 1,64469 | 3,91254 | -3,75765 | -5,62522 | 20,89362 | -0,92858 | 0,97292 4,34711
-4,30658 -4,75714 | 23,32054 | -0,90465 | 1,76801 | 3,82079 | -3,85013 | -5,51387 | 21,31997 | -0,92482 | 1,11352 4,26354
-4,39662 -4,56845 | 23,69329 | -0,90035 | 1,88691 | 3,72751 | -3,94223 | -5,38874 | 21,73780 | -0,92097 | 1,25134 4,17826
-4,48621 -4,36834 | 24,05656 | -0,89595 | 2,00110 | 3,63274 | -4,03393 | -5,25014 | 22,14693 | -0,91703 | 1,38603 4,09131
-4,57536 -4,15731 | 24,41021 | -0,89146 | 2,11029 | 3,53652 | -4,12523 | -5,09841 | 22,54720 | -0,91299 | 1,51725 4,00273
-4,66405 -3,93589 | 24,75410 | -0,88689 | 2,21420 | 3,43888 | -4,21612 | -4,93394 | 22,93846 | -0,90887 | 1,64469 3,91254
-4,75227 -3,70463 | 25,08809 | -0,88222 | 2,31258 | 3,33987 | -4,30658 | -4,75714 | 23,32054 | -0,90465 | 1,76801 3,82079
-4,84002 -3,46412 | 25,41204 | -0,87747 | 2,40517 | 3,23952 | -4,39662 | -4,56845 | 23,69329 | -0,90035 | 1,88691 3,72751
-4,92728 -3,21494 | 25,72583 | -0,87263 | 2,49176 | 3,13787 | -4,48621 | -4,36834 | 24,05656 | -0,89595 | 2,00110 3,63274
-5,01405 -2,95773 | 26,02932 | -0,86771 | 2,57211 | 3,03497 | -4,57536 | -4,15731 | 24,41021 | -0,89146 | 2,11029 3,53652
-5,10032 -2,69312 | 26,32241 | -0,86269 | 2,64604 | 2,93086 | -4,66405 | -3,93589 | 24,75410 | -0,88689 | 2,21420 3,43888
-5,18608 -2,42179 | 26,60497 | -0,85759 | 2,71336 | 2,82557 | -4,75227 | -3,70463 | 25,08809 | -0,88222 | 2,31258 3,33987
-5,27132 -2,14440 | 26,87688 | -0,85240 | 2,77389 | 2,71916 | -4,84002 | -3,46412 | 25,41204 | -0,87747 | 2,40517 3,23952
-5,35603 -1,86165 | 27,13805 | -0,84713 | 2,82749 | 2,61165 | -4,92728 | -3,21494 | 25,72583 | -0,87263 | 2,49176 3,13787
-5,44021 -1,57425 | 27,38836 | -0,84178 | 2,87402 | 2,50310 | -5,01405 | -2,95773 | 26,02932 | -0,86771 | 2,57211 3,03497
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o 0 z | do/dt | do/dt | Dz/dt | o(t-1) | O(t-1) | z(t-1) d¢/1°;t(t' dell“;t(t' D2/ 1“;‘“’
-5,52384 -1,28291 | 27,62771 | -0,83634 | 2,91337 | 2,39355 | -5,10032 | -2,69312 | 26,32241 | -0,86269 | 2,64604 2,93086
-5,60693 | -0,98837 | 27,85602 | -0,83081 | 2,94543 | 2,28305 | -5,18608 |-2,42179 | 26,60497 | -0,85759 | 2,71336 | 2,82557
-5,68945 -0,69136 | 28,07318 | -0,82521 | 2,97014 | 2,17163 | -5,27132 | -2,14440 | 26,87688 | -0,85240 | 2,77389 2,71916
-5,77140 | -0,39261 | 28,27911 | -0,81952 | 2,98742 | 2,05934 | -5,35603 | -1,86165 | 27,13805 | -0,84713 | 2,82749 | 2,61165
-5,85277 -0,09289 | 28,47374 | -0,81375 | 2,99723 | 1,94623 | -5,44021 | -1,57425 | 27,38836 | -0,84178 | 2,87402 2,50310
-5,93356 | 0,20706 | 28,65697 | -0,80789 | 2,99955 | 1,83233 | -5,52384 |-1,28291 | 27,62771 | -0,83634 | 2,91337 | 2,39355
-6,01376 | 0,50650 | 28,82874 | -0,80196 | 2,99438 | 1,71771 | -5,60693 | -0,98837 | 27,85602 | -0,83081 | 2,94543 | 2,28305
-6,09335 0,80467 28,98898 | -0,79595 | 2,98172 | 1,60240 | -5,68945 | -0,69136 | 28,07318 | -0,82521 | 2,97014 2,17163
-6,17234 | 1,10083 | 29,13763 | -0,78985 | 2,96160 | 1,48645 | -5,77140 |-0,39261 | 28,27911 | -0,81952 | 2,98742 | 2,05934
-6,25071 1,39424 29,27462 | -0,78368 | 2,93409 | 1,36990 | -5,85277 | -0,09289 | 28,47374 | -0,81375 | 2,99723 1,94623
-6,32845 | 1,68417 | 29,39990 | -0,77743 | 2,89924 | 1,25281 | -5,93356 | 0,20706 | 28,65697 | -0,80789 | 2,99955 | 1,83233
-6,40556 1,96988 29,51342 | -0,77110 | 2,85714 | 1,13521 | -6,01376 | 0,50650 | 28,82874 | -0,80196 | 2,99438 1,71771
-6,48203 2,25067 29,61513 | -0,76470 | 2,80791 | 1,01716 | -6,09335 | 0,80467 | 28,98898 | -0,79595 | 2,98172 1,60240
-6,55785 2,52584 29,70500 | -0,75821 | 2,75165 | 0,89870 | -6,17234 | 1,10083 | 29,13763 | -0,78985 | 2,96160 1,48645
-6,63302 2,79469 29,78299 | -0,75166 | 2,68852 | 0,77989 | -6,25071 | 1,39424 | 29,27462 | -0,78368 | 2,93409 1,36990
-6,70752 3,05656 29,84907 | -0,74502 | 2,61867 | 0,66076 | -6,32845 | 1,68417 | 29,39990 | -0,77743 | 2,89924 1,25281
-6,78135 3,31078 29,90320 | -0,73832 | 2,54227 | 0,54137 | -6,40556 | 1,96988 | 29,51342 | -0,77110 | 2,85714 1,13521
-6,85450 3,55673 29,94538 | -0,73153 | 2,45952 | 0,42176 | -6,48203 | 2,25067 | 29,61513 | -0,76470 | 2,80791 1,01716
-6,92697 3,79380 29,97558 | -0,72468 | 2,37062 | 0,30198 | -6,55785 | 2,52584 | 29,70500 | -0,75821 | 2,75165 0,89870
-6,99875 4,02138 29,99379 | -0,71775 | 2,27579 | 0,18208 | -6,63302 | 2,79469 | 29,78299 | -0,75166 | 2,68852 0,77989
-7,06982 4,23890 30,00000 | -0,71075 | 2,17528 | 0,06211 | -6,70752 | 3,05656 | 29,84907 | -0,74502 | 2,61867 0,66076
-7,14019 4,44584 29,99421 | -0,70368 | 2,06933 | -0,05788 | -6,78135 | 3,31078 | 29,90320 | -0,73832 | 2,54227 0,54137
-7,20985 4,64166 29,97642 | -0,69654 | 1,95821 | -0,17786 | -6,85450 | 3,55673 | 29,94538 | -0,73153 | 2,45952 0,42176
-7,27878 4,82587 29,94665 | -0,68933 | 1,84219 | -0,29776 | -6,92697 | 3,79380 | 29,97558 | -0,72468 | 2,37062 0,30198
-7,34698 4,99803 29,90489 | -0,68206 | 1,72157 |-0,41754 | -6,99875 | 4,02138 | 29,99379 | -0,71775 | 2,27579 0,18208
-7,41446 5,15770 29,85118 | -0,67471 | 1,59664 | -0,53716 | -7,06982 | 4,23890 | 30,00000 | -0,71075 | 2,17528 0,06211
-7,48118 5,30447 29,78552 | -0,66729 | 1,46773 | -0,65656 | -7,14019 | 4,44584 | 29,99421 | -0,70368 | 2,06933 | -0,05788
-7,54717 5,43798 29,70795 | -0,65981 | 1,33514 | -0,77570 | -7,20985 | 4,64166 | 29,97642 | -0,69654 | 1,95821 | -0,17786
-7,61239 5,55790 29,61850 | -0,65227 | 1,19922 |-0,89452 | -7,27878 | 4,82587 | 29,94665 | -0,68933 | 1,84219 | -0,29776
-7,67686 5,66393 29,51720 | -0,64465 | 1,06030 |-1,01299 | -7,34698 | 4,99803 | 29,90489 | -0,68206 | 1,72157 | -0,41754
-7,74056 5,75581 29,40409 | -0,63698 | 0,91873 | -1,13106 | -7,41446 | 5,15770 | 29,85118 | -0,67471 | 1,59664 | -0,53716
-7,80348 5,83329 29,27923 | -0,62924 | 0,77487 | -1,24867 | -7,48118 | 5,30447 | 29,78552 | -0,66729 | 1,46773 | -0,65656
-7,86562 5,89620 29,14265 | -0,62143 | 0,62907 | -1,36578 | -7,54717 | 5,43798 | 29,70795 | -0,65981 | 1,33514 | -0,77570
-7,92698 5,94437 28,99441 | -0,61357 | 0,48169 | -1,48235 | -7,61239 | 5,55790 | 29,61850 | -0,65227 | 1,19922 | -0,89452
-7,98754 5,97768 28,83458 | -0,60564 | 0,33311 | -1,59832 | -7,67686 | 5,66393 | 29,51720 | -0,64465 | 1,06030 | -1,01299
-8,04731 5,99605 28,66322 | -0,59765 | 0,18370 | -1,71366 | -7,74056 | 5,75581 | 29,40409 | -0,63698 | 0,91873 | -1,13106
-8,10627 5,99944 28,48038 | -0,58961 | 0,03383 | -1,82831 | -7,80348 | 5,83329 | 29,27923 | -0,62924 | 0,77487 | -1,24867
-8,16442 5,98782 28,28616 | -0,58150 | -0,11612 | -1,94223 | -7,86562 | 5,89620 | 29,14265 | -0,62143 | 0,62907 | -1,36578
-8,22175 5,96124 28,08063 | -0,57334 | -0,26579 | -2,05537 | -7,92698 | 5,94437 | 28,99441 | -0,61357 | 0,48169 | -1,48235
-8,27826 5,91977 27,86386 | -0,56511 | -0,41479 | -2,16769 | -7,98754 | 5,97768 | 28,83458 | -0,60564 | 0,33311 | -1,59832
-8,33395 5,86349 27,63594 | -0,55684 | -0,56275 | -2,27914 | -8,04731 | 5,99605 | 28,66322 | -0,59765 | 0,18370 | -1,71366
-8,38880 5,79256 27,39698 | -0,54850 | -0,70931 | -2,38968 | -8,10627 | 5,99944 | 28,48038 | -0,58961 | 0,03383 | -1,82831
-8,44281 5,70715 27,14705 | -0,54011 | -0,85409 | -2,49926 | -8,16442 | 5,98782 | 28,28616 | -0,58150 | -0,11612 | -1,94223
-8,49598 5,60748 26,88626 | -0,53167 | -0,99674 | -2,60785 | -8,22175 | 5,96124 | 28,08063 | -0,57334 | -0,26579 | -2,05537
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o 0 z | do/dt | do/dt | Dz/dt | o(t-1) | O(t-1) | z(t-1) d“’/l";t(t' dell“;t(t' DZ/:;‘“‘
-8,54829 5,49379 26,61473 | -0,52317 | -1,13690 | -2,71539 | -8,27826 | 5,91977 | 27,86386 | -0,56511 | -0,41479 | -2,16769
-8,59976 | 5,36637 | 26,33254 | -0,51463 | -1,27421 | -2,82184 | -8,33395 | 5,86349 | 27,63594 | -0,55684 | -0,56275 | -2,27914
-8,65036 5,22553 26,03982 | -0,50603 | -1,40834 | -2,92717 | -8,38880 | 5,79256 | 27,39698 | -0,54850 | -0,70931 | -2,38968
-8,70010 | 5,07164 | 25,73669 | -0,49738 | -1,53896 | -3,03133 | -8,44281 | 5,70715 | 27,14705 | -0,54011 | -0,85409 | -2,49926
-8,74896 4,90506 25,42327 | -0,48868 | -1,66572 | -3,13427 | -8,49598 | 5,60748 | 26,88626 | -0,53167 | -0,99674 | -2,60785
-8,79696 | 4,72623 | 25,09967 | -0,47993 | -1,78832 | -3,23596 | -8,54829 | 5,49379 | 26,61473 | -0,52317 | -1,13690 | -2,71539
-8,84407 | 4,53559 | 24,76603 | -0,47113 | -1,90645 | -3,33635 | -8,59976 | 5,36637 | 26,33254 | -0,51463 | -1,27421 | -2,82184
-8,89030 4,33360 24,42249 | -0,46229 | -2,01982 | -3,43541 | -8,65036 | 5,22553 | 26,03982 | -0,50603 | -1,40834 | -2,92717
-8,93564 | 4,12079 | 24,06918 | -0,45340 | -2,12814 | -3,53310 | -8,70010 | 5,07164 | 25,73669 | -0,49738 | -1,53896 | -3,03133
-8,98009 3,89768 23,70624 | -0,44446 | -2,23113 | -3,62938 | -8,74896 | 4,90506 | 25,42327 | -0,48868 | -1,66572 | -3,13427
-9,02363 | 3,66482 | 23,33382 | -0,43548 | -2,32856 | -3,72420 | -8,79696 | 4,72623 | 25,09967 | -0,47993 | -1,78832 | -3,23596
-9,06628 3,42281 22,95207 | -0,42646 | -2,42016 | -3,81753 | -8,84407 | 4,53559 | 24,76603 | -0,47113 | -1,90645 | -3,33635
-9,10802 3,17223 22,56114 | -0,41739 | -2,50571 | -3,90933 | -8,89030 | 4,33360 | 24,42249 | -0,46229 | -2,01982 | -3,43541
-9,14885 2,91373 22,16118 | -0,40828 | -2,58500 | -3,99958 | -8,93564 | 4,12079 | 24,06918 | -0,45340 | -2,12814 | -3,53310
-9,18876 2,64795 21,75236 | -0,39913 | -2,65783 | -4,08822 | -8,98009 | 3,89768 | 23,70624 | -0,44446 | -2,23113 | -3,62938
-9,22775 2,37555 21,33484 | -0,38995 | -2,72401 | -4,17522 | -9,02363 | 3,66482 | 23,33382 | -0,43548 | -2,32856 | -3,72420
-9,26583 2,09721 20,90878 | -0,38072 | -2,78339 | -4,26056 | -9,06628 | 3,42281 | 22,95207 | -0,42646 | -2,42016 | -3,81753
-9,30297 1,81363 20,47436 | -0,37145 | -2,83581 | -4,34419 | -9,10802 | 3,17223 | 22,56114 | -0,41739 | -2,50571 | -3,90933
-9,33919 1,52552 20,03175 | -0,36215 | -2,88114 | -4,42609 | -9,14885 | 2,91373 | 22,16118 | -0,40828 | -2,58500 | -3,99958
-9,37447 1,23359 19,58113 | -0,35281 | -2,91927 | -4,50621 | -9,18876 | 2,64795 | 21,75236 | -0,39913 | -2,65783 | -4,08822
-9,40881 0,93858 19,12268 | -0,34344 | -2,95010 | -4,58453 | -9,22775 | 2,37555 | 21,33484 | -0,38995 | -2,72401 | -4,17522
-9,44221 0,64122 18,65658 | -0,33403 | -2,97356 | -4,66102 | -9,26583 | 2,09721 | 20,90878 | -0,38072 | -2,78339 | -4,26056
-9,47467 0,34226 18,18301 | -0,32458 | -2,98959 | -4,73565 | -9,30297 | 1,81363 | 20,47436 | -0,37145 | -2,83581 | -4,34419
-9,50618 0,04245 17,70217 | -0,31511 | -2,99814 | -4,80838 | -9,33919 | 1,52552 | 20,03175 | -0,36215 | -2,88114 | -4,42609
-9,53674 -0,25747 17,21426 | -0,30560 | -2,99921 | -4,87918 | -9,37447 | 1,23359 | 19,58113 | -0,35281 | -2,91927 | -4,50621
-9,56635 -0,55675 16,71945 | -0,29607 | -2,99277 | -4,94804 | -9,40881 | 0,93858 | 19,12268 | -0,34344 | -2,95010 | -4,58453
-9,59500 -0,85463 16,21796 | -0,28650 | -2,97885 | -5,01491 | -9,44221 | 0,64122 | 18,65658 | -0,33403 | -2,97356 | -4,66102
-9,62269 -1,15038 | 15,70998 | -0,27691 | -2,95749 | -5,07978 | -9,47467 | 0,34226 | 18,18301 | -0,32458 | -2,98959 | -4,73565
-9,64942 -1,44326 | 15,19572 | -0,26728 | -2,92874 | -5,14262 | -9,50618 | 0,04245 | 17,70217 | -0,31511 | -2,99814 | -4,80838
-9,67518 -1,73252 14,67538 | -0,25763 | -2,89267 | -5,20340 | -9,53674 | -0,25747 | 17,21426 | -0,30560 | -2,99921 | -4,87918
-9,69998 -2,01746 | 14,14917 | -0,24796 | -2,84936 | -5,26210 | -9,56635 | -0,55675 | 16,71945 | -0,29607 | -2,99277 | -4,94804
-9,72380 -2,29735 13,61730 | -0,23826 | -2,79894 | -5,31870 | -9,59500 | -0,85463 | 16,21796 | -0,28650 | -2,97885 | -5,01491
-9,74666 -2,57150 | 13,07998 | -0,22854 | -2,74151 | -5,37316 | -9,62269 | -1,15038 | 15,70998 | -0,27691 | -2,95749 | -5,07978
-9,76854 -2,83923 12,53744 | -0,21879 | -2,67724 | -5,42548 | -9,64942 | -1,44326 | 15,19572 | -0,26728 | -2,92874 | -5,14262
-9,78944 -3,09985 11,98987 | -0,20902 | -2,60627 | -5,47563 | -9,67518 | -1,73252 | 14,67538 | -0,25763 | -2,89267 | -5,20340
-9,80936 -3,35273 11,43751 | -0,19923 | -2,52879 | -5,52359 | -9,69998 | -2,01746 | 14,14917 | -0,24796 | -2,84936 | -5,26210
-9,82830 -3,59723 10,88058 | -0,18942 | -2,44499 | -5,56934 | -9,72380 | -2,29735 | 13,61730 | -0,23826 | -2,79894 | -5,31870
-9,84626 -3,83274 | 10,31930 | -0,17959 | -2,35508 | -5,61286 | -9,74666 | -2,57150 | 13,07998 | -0,22854 | -2,74151 | -5,37316
-9,86324 -4,05867 9,75388 | -0,16975 | -2,25928 | -5,65413 | -9,76854 | -2,83923 | 12,53744 | -0,21879 | -2,67724 | -5,42548
-9,87923 -4,27445 9,18457 | -0,15988 | -2,15784 | -5,69315 | -9,78944 | -3,09985 | 11,98987 | -0,20902 | -2,60627 | -5,47563
-9,89423 -4,47955 8,61158 | -0,15001 | -2,05100 | -5,72988 | -9,80936 | -3,35273 | 11,43751 | -0,19923 | -2,52879 | -5,52359
-9,90824 -4,67346 8,03515 |-0,14011 | -1,93903 | -5,76433 | -9,82830 | -3,59723 | 10,88058 | -0,18942 | -2,44499 | -5,56934
-9,92126 -4,85568 7,45550 | -0,13020 | -1,82222 | -5,79647 | -9,84626 | -3,83274 | 10,31930 | -0,17959 | -2,35508 | -5,61286
-9,93329 -5,02576 6,87287 | -0,12028 | -1,70085 | -5,82629 | -9,86324 | -4,05867 | 9,75388 -0,16975 | -2,25928 | -5,65413
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o 0 z | do/dt | do/dt | Dz/dt | o(t-1) | O(t-1) | z(t-1) d¢/1°;t(t' dell“;t(t' DZ/:;‘“‘
-9,94432 -5,18329 6,28749 | -0,11035 | -1,57524 | -5,85378 | -9,87923 | -4,27445 | 9,18457 -0,15988 | -2,15784 | -5,69315
-9,95436 | -5,32786 | 5,69960 |-0,10040 | -1,44568 | -5,87893 | -9,89423 |-4,47955 | 8,61158 | -0,15001 | -2,05100 | -5,72988
-9,96341 -5,45911 5,10943 | -0,09045 | -1,31251 | -5,90173 | -9,90824 | -4,67346 | 8,03515 -0,14011 | -1,93903 | -5,76433
-9,97146 | -5,57671 | 4,51721 |-0,08049 | -1,17606 | -5,92216 | -9,92126 | -4,85568 | 7,45550 | -0,13020 | -1,82222 | -5,79647
-9,97851 -5,68038 3,92319 | -0,07052 | -1,03667 | -5,94023 | -9,93329 | -5,02576 | 6,87287 -0,12028 | -1,70085 | -5,82629
-9,98456 | -5,76985 | 3,32760 |-0,06054 | -0,89469 | -5,95592 | -9,94432 |-5,18329 | 6,28749 | -0,11035 | -1,57524 | -5,85378
-9,98962 | -5,84490 | 2,73067 |-0,05055 | -0,75048 | -5,96923 | -9,95436 |-5,32786 | 5,69960 | -0,10040 | -1,44568 | -5,87893
-9,99367 -5,90534 2,13266 | -0,04056 | -0,60439 | -5,98016 | -9,96341 | -5,45911 | 5,10943 -0,09045 | -1,31251 | -5,90173
-9,99673 | -5,95101 | 1,53379 |-0,03057 | -0,45678 | -5,98869 | -9,97146 |-5,57671 | 4,51721 | -0,08049 | -1,17606 | -5,92216
-9,99879 -5,98182 0,93431 | -0,02057 | -0,30804 | -5,99482 | -9,97851 | -5,68038 | 3,92319 -0,07052 | -1,03667 | -5,94023
-9,99984 | -5,99767 | 0,33445 |-0,01057 | -0,15852 | -5,99856 | -9,98456 |-5,76985 | 3,32760 | -0,06054 | -0,89469 | -5,95592
-9,99990 -5,99853 -0,26554 | -0,00057 | -0,00861 | -5,99990 | -9,98962 | -5,84490 | 2,73067 -0,05055 | -0,75048 | -5,96923
-9,99896 -5,98440 -0,86542 | 0,00943 | 0,14132 | -5,99883 | -9,99367 | -5,90534 | 2,13266 -0,04056 | -0,60439 | -5,98016
-9,99702 -5,95531 -1,46496 | 0,01942 | 0,29090 | -5,99537 | -9,99673 | -5,95101 | 1,53379 -0,03057 | -0,45678 | -5,98869
-9,99407 -5,91133 -2,06391 | 0,02942 | 0,43975 | -5,98951 | -9,99879 | -5,98182 | 0,93431 -0,02057 | -0,30804 | -5,99482
-9,99013 -5,85258 -2,66204 | 0,03942 | 0,58750 | -5,98126 | -9,99984 | -5,99767 | 0,33445 -0,01057 | -0,15852 | -5,99856
-9,98519 -5,77921 -3,25910 | 0,04941 | 0,73379 | -5,97061 | -9,99990 | -5,99853 | -0,26554 | -0,00057 | -0,00861 | -5,99990
-9,97925 -5,69138 -3,85486 | 0,05939 | 0,87824 | -5,95757 | -9,99896 | -5,98440 | -0,86542 0,00943 0,14132 | -5,99883
-9,97232 -5,58933 -4,44907 | 0,06937 | 1,02049 | -5,94215 | -9,99702 | -5,95531 | -1,46496 0,01942 0,29090 | -5,99537
-9,96438 -5,47331 -5,04151 | 0,07934 | 1,16020 | -5,92436 | -9,99407 | -5,91133 | -2,06391 0,02942 0,43975 | -5,98951
-9,95545 -5,34361 -5,63193 | 0,08931 | 1,29700 | -5,90419 | -9,99013 | -5,85258 | -2,66204 0,03942 0,58750 | -5,98126
-9,94553 -5,20056 -6,22009 | 0,09926 | 1,43056 |-5,88167 | -9,98519 | -5,77921 | -3,25910 0,04941 0,73379 | -5,97061
-9,93461 -5,04450 -6,80577 | 0,10921 | 1,56055 | -5,85679 | -9,97925 | -5,69138 | -3,85486 0,05939 0,87824 | -5,95757
-9,92269 -4,87584 -7,38873 | 0,11914 | 1,68664 | -5,82956 | -9,97232 | -5,58933 | -4,44907 0,06937 1,02049 | -5,94215
-9,90978 -4,69499 -7,96873 | 0,12906 | 1,80851 | -5,80001 | -9,96438 | -5,47331 | -5,04151 0,07934 1,16020 | -5,92436
-9,89589 -4,50240 -8,54554 | 0,13897 | 1,92586 | -5,76814 | -9,95545 | -5,34361 | -5,63193 0,08931 1,29700 | -5,90419
-9,88100 -4,29856 -9,11894 | 0,14887 | 2,03839 | -5,73396 | -9,94553 | -5,20056 | -6,22009 0,09926 1,43056 | -5,88167
-9,86513 -4,08398 -9,68869 | 0,15875 | 2,14583 | -5,69748 | -9,93461 | -5,04450 | -6,80577 0,10921 1,56055 | -5,85679
-9,84826 -3,85919 |-10,25456 | 0,16862 | 2,24791 | -5,65873 | -9,92269 | -4,87584 | -7,38873 0,11914 1,68664 | -5,82956
-9,83042 -3,62475 |-10,81633 | 0,17846 | 2,34437 | -5,61771 | -9,90978 | -4,69499 | -7,96873 0,12906 1,80851 | -5,80001
-9,81159 -3,38125 |-11,37378 | 0,18829 | 2,43497 | -5,57445 | -9,89589 | -4,50240 | -8,54554 0,13897 1,92586 | -5,76814
-9,79178 -3,12931 |-11,92667 | 0,19811 | 2,51949 | -5,52895 | -9,88100 | -4,29856 | -9,11894 0,14887 2,03839 | -5,73396
-9,77099 -2,86954 | -12,47480 | 0,20790 | 2,59770 | -5,48125 | -9,86513 | -4,08398 | -9,68869 0,15875 2,14583 | -5,69748
-9,74922 -2,60259 |-13,01793 | 0,21767 | 2,66943 | -5,43135 | -9,84826 | -3,85919 | -10,25456 | 0,16862 2,24791 | -5,65873
-9,72648 -2,32915 | -13,55586 | 0,22742 | 2,73448 | -5,37928 | -9,83042 | -3,62475 | -10,81633 | 0,17846 2,34437 | -5,61771
-9,70276 -2,04988 |-14,08836 | 0,23714 | 2,79269 | -5,32506 | -9,81159 | -3,38125 | -11,37378 | 0,18829 2,43497 | -5,57445
-9,67808 -1,76548 | -14,61524 | 0,24685 | 2,84393 | -5,26871 | -9,79178 | -3,12931 | -11,92667 | 0,19811 2,51949 | -5,52895
-9,65243 -1,47668 | -15,13626 | 0,25652 | 2,88806 | -5,21025 | -9,77099 | -2,86954 | -12,47480 | 0,20790 2,59770 | -5,48125
-9,62581 -1,18418 | -15,65123 | 0,26618 | 2,92497 | -5,14971 | -9,74922 | -2,60259 | -13,01793 | 0,21767 2,66943 | -5,43135
-9,59823 -0,88872 | -16,15994 | 0,27580 | 2,95457 | -5,08710 | -9,72648 | -2,32915 | -13,55586 | 0,22742 2,73448 | -5,37928
-9,56969 -0,59105 |-16,66219 | 0,28540 | 2,97678 | -5,02247 | -9,70276 | -2,04988 | -14,08836 | 0,23714 2,79269 | -5,32506
-9,54019 -0,29189 |-17,15777 | 0,29497 | 2,99155 | -4,95582 | -9,67808 | -1,76548 | -14,61524 | 0,24685 2,84393 | -5,26871
-9,50974 0,00799 |-17,64649 | 0,30451 | 2,99885 | -4,88719 | -9,65243 | -1,47668 | -15,13626 | 0,25652 2,88806 | -5,21025
-9,47834 0,30786 |-18,12815 | 0,31402 | 2,99865 | -4,81661 | -9,62581 | -1,18418 | -15,65123 | 0,26618 2,92497 | -5,14971

144




o 0 z | do/dt | do/dt | Dz/dt | o(t-1) | O(t-1) | z(t-1) d¢/1°;t(t' dell“;t(t' DZ/:;‘“‘
-9,44599 0,60695 |-18,60256 | 0,32350 | 2,99095 | -4,74410 | -9,59823 | -0,88872 | -16,15994 | 0,27580 2,95457 | -5,08710
-9,41270 | 0,90453 |-19,06953 | 0,33294 | 2,97578 | -4,66969 | -9,56969 | -0,59105 | -16,66219 | 0,28540 | 2,97678 | -5,02247
-9,37846 1,19985 |-19,52887 | 0,34236 | 2,95317 | -4,59341 | -9,54019 | -0,29189 | -17,15777 | 0,29497 2,99155 | -4,95582
-9,34329 | 1,49217 |-19,98040 | 0,35174 | 2,92318 | -4,51530 | -9,50974 | 0,00799 | -17,64649 | 0,30451 | 2,99885 | -4,88719
-9,30718 1,78076 |-20,42394 | 0,36108 | 2,88589 | -4,43538 | -9,47834 | 0,30786 | -18,12815 | 0,31402 2,99865 | -4,81661
-9,27014 | 2,06489 |-20,85931 | 0,37039 | 2,84138 | -4,35369 | -9,44599 | 0,60695 | -18,60256 | 0,32350 | 2,99095 | -4,74410
-9,23217 | 2,34387 |-21,28633 | 0,37966 | 2,78977 | -4,27025 | -9,41270 | 0,90453 | -19,06953 | 0,33294 | 2,97578 | -4,66969
-9,19329 2,61699 |-21,70484 | 0,38889 | 2,73118 | -4,18511 | -9,37846 | 1,19985 | -19,52887 | 0,34236 2,95317 | -4,59341
-9,15348 | 2,88357 |-22,11467 | 0,39808 | 2,66577 | -4,09829 | -9,34329 | 1,49217 | -19,98040 | 0,35174 | 2,92318 | -4,51530
-9,11275 3,14294 | -22,51566 | 0,40723 | 2,59370 | -4,00984 | -9,30718 | 1,78076 |-20,42394 | 0,36108 2,88589 | -4,43538
-9,07112 | 3,39445 |-22,90763 | 0,41635 | 2,51514 | -3,91978 | -9,27014 | 2,06489 |-20,85931 | 0,37039 | 2,84138 | -4,35369
-9,02858 3,63748 | -23,29045 | 0,42542 | 2,43030 | -3,82815 | -9,23217 | 2,34387 | -21,28633 | 0,37966 2,78977 | -4,27025
-8,98513 3,87142 | -23,66395 | 0,43445 | 2,33938 | -3,73499 | -9,19329 | 2,61699 | -21,70484 | 0,38889 2,73118 | -4,18511
-8,94079 4,09568 |-24,02798 | 0,44343 | 2,24261 | -3,64034 | -9,15348 | 2,88357 | -22,11467 | 0,39808 2,66577 | -4,09829
-8,89555 4,30970 |-24,38241 | 0,45237 | 2,14024 | -3,54423 | -9,11275 | 3,14294 | -22,51566 | 0,40723 2,59370 | -4,00984
-8,84943 4,51295 -24,72708 | 0,46127 | 2,03252 | -3,44671 | -9,07112 3,39445 | -22,90763 | 0,41635 2,51514 | -3,91978
-8,80241 4,70493 | -25,06186 | 0,47012 | 1,91972 | -3,34780 | -9,02858 | 3,63748 | -23,29045 | 0,42542 2,43030 | -3,82815
-8,75452 4,88514 |-25,38661 | 0,47892 | 1,80212 | -3,24756 | -8,98513 | 3,87142 | -23,66395 | 0,43445 2,33938 | -3,73499
-8,70575 5,05314 |-25,70121 | 0,48767 | 1,68002 | -3,14601 | -8,94079 | 4,09568 | -24,02798 | 0,44343 2,24261 | -3,64034
-8,65612 5,20851 |-26,00553 | 0,49638 | 1,55372 | -3,04321 | -8,89555 | 4,30970 | -24,38241 | 0,45237 2,14024 | -3,54423
-8,60561 5,35087 |-26,29945 | 0,50504 | 1,42353 |-2,93919 | -8,84943 | 4,51295 | -24,72708 | 0,46127 2,03252 | -3,44671
-8,55425 5,47984 |-26,58285 | 0,51364 | 1,28979 | -2,83400 | -8,80241 | 4,70493 | -25,06186 | 0,47012 1,91972 | -3,34780
-8,50203 5,59513 |-26,85562 | 0,52220 | 1,15282 |-2,72767 | -8,75452 | 4,88514 | -25,38661 | 0,47892 1,80212 | -3,24756
-8,44896 5,69642 |-27,11765 | 0,53070 | 1,01297 | -2,62025 | -8,70575 | 5,05314 | -25,70121 | 0,48767 1,68002 | -3,14601
-8,39504 5,78348 |-27,36882 | 0,53915 | 0,87059 | -2,51179 | -8,65612 | 5,20851 | -26,00553 | 0,49638 1,55372 | -3,04321
-8,34029 5,85609 |-27,60906 | 0,54754 | 0,72603 | -2,40231 | -8,60561 | 5,35087 | -26,29945 | 0,50504 1,42353 | -2,93919
-8,28470 5,91405 |-27,83824 | 0,55588 | 0,57966 | -2,29188 | -8,55425 | 5,47984 | -26,58285 | 0,51364 1,28979 | -2,83400
-8,22829 5,95724 |-28,05630 | 0,56417 | 0,43184 | -2,18053 | -8,50203 | 5,59513 | -26,85562 | 0,52220 1,15282 | -2,72767
-8,17105 5,98553 |-28,26313 | 0,57239 | 0,28294 | -2,06831 | -8,44896 | 5,69642 |-27,11765 | 0,53070 1,01297 | -2,62025
-8,11299 5,99886 |-28,45865 | 0,58057 | 0,13333 | -1,95526 | -8,39504 | 5,78348 | -27,36882 | 0,53915 0,87059 | -2,51179
-8,05412 5,99720 |-28,64280 | 0,58868 | -0,01661 | -1,84143 | -8,34029 | 5,85609 | -27,60906 | 0,54754 0,72603 | -2,40231
-7,99445 5,98055 |-28,81548 | 0,59673 | -0,16650 | -1,72686 | -8,28470 | 5,91405 | -27,83824 | 0,55588 0,57966 | -2,29188
-7,93398 5,94895 |-28,97664 | 0,60473 | -0,31599 | -1,61161 | -8,22829 | 5,95724 | -28,05630 | 0,56417 0,43184 | -2,18053
-7,87271 5,90249 |-29,12621 | 0,61266 | -0,46468 | -1,49570 | -8,17105 | 5,98553 | -28,26313 | 0,57239 0,28294 | -2,06831
-7,81066 5,84126 |-29,26414 | 0,62053 | -0,61221 | -1,37920 | -8,11299 | 5,99886 | -28,45865 | 0,58057 0,13333 | -1,95526
-7,74782 5,76544 |-29,39035 | 0,62834 | -0,75821 | -1,26215 | -8,05412 | 5,99720 | -28,64280 | 0,58868 | -0,01661 | -1,84143
-7,68421 5,67521 |-29,50481 | 0,63609 | -0,90232 | -1,14459 | -7,99445 | 5,98055 | -28,81548 | 0,59673 | -0,16650 | -1,72686
-7,61984 5,57079 |-29,60747 | 0,64378 | -1,04417 | -1,02658 | -7,93398 | 5,94895 | -28,97664 | 0,60473 | -0,31599 | -1,61161
-7,55470 5,45245 |-29,69828 | 0,65140 | -1,18341 | -0,90815 | -7,87271 | 5,90249 | -29,12621 | 0,61266 | -0,46468 | -1,49570
-7,48880 5,32048 |-29,77722 | 0,65895 | -1,31969 | -0,78936 | -7,81066 | 5,84126 |-29,26414 | 0,62053 | -0,61221 | -1,37920
-7,42216 5,17522 |-29,84424 | 0,66644 | -1,45268 | -0,67026 | -7,74782 | 5,76544 | -29,39035 | 0,62834 | -0,75821 | -1,26215
-7,35477 5,01701 |-29,89933 | 0,67386 | -1,58203 | -0,55088 | -7,68421 | 5,67521 |-29,50481 | 0,63609 | -0,90232 | -1,14459
-7,28665 4,84627 |-29,94246 | 0,68122 | -1,70743 | -0,43129 | -7,61984 | 5,57079 | -29,60747 | 0,64378 | -1,04417 | -1,02658
-7,21780 4,66341 |-29,97361 | 0,68850 | -1,82856 |-0,31152 | -7,55470 | 5,45245 | -29,69828 | 0,65140 | -1,18341 | -0,90815
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o 0 z | do/dt | do/dt | Dz/dt | o(t-1) | O(t-1) | z(t-1) d“’/l";t(t' dell“;t(t' DZ/:;‘“‘
-7,14823 4,46890 |-29,99278 | 0,69572 | -1,94512 | -0,19163 | -7,48880 | 5,32048 | -29,77722 | 0,65895 | -1,31969 | -0,78936
-7,07794 | 4,26322 |-29,99994 | 0,70287 | -2,05682 | -0,07167 | -7,42216 | 5,17522 | -29,84424 | 0,66644 | -1,45268 | -0,67026
-7,00695 4,04688 |-29,99511 | 0,70995 | -2,16338 | 0,04833 | -7,35477 | 5,01701 | -29,89933 | 0,67386 | -1,58203 | -0,55088
-6,93525 | 3,82043 |-29,97828 | 0,71695 | -2,26453 | 0,16831 | -7,28665 | 4,84627 | -29,94246 | 0,68122 | -1,70743 | -0,43129
-6,86286 3,58443 | -29,94946 | 0,72389 | -2,36002 | 0,28821 | -7,21780 | 4,66341 |-29,97361 | 0,68850 | -1,82856 | -0,31152
-6,78979 | 3,33946 |-29,90866 | 0,73075 | -2,44961 | 0,40801 | -7,14823 | 4,46890 | -29,99278 | 0,69572 | -1,94512 | -0,19163
-6,71603 | 3,08616 |-29,85589 | 0,73754 |-2,53308 | 0,52764 | -7,07794 | 4,26322 | -29,99994 | 0,70287 | -2,05682 | -0,07167
-6,64161 2,82513 |-29,79119 | 0,74426 | -2,61022 | 0,64706 | -7,00695 | 4,04688 | -29,99511 | 0,70995 | -2,16338 | 0,04833
-6,56652 | 2,55705 |-29,71457 | 0,75090 | -2,68083 | 0,76622 | -6,93525 | 3,82043 |-29,97828 | 0,71695 | -2,26453 | 0,16831
-6,49077 2,28258 |-29,62606 | 0,75746 | -2,74475 | 0,88507 | -6,86286 | 3,58443 |-29,94946 | 0,72389 | -2,36002 | 0,28821
-6,41438 | 2,00240 |-29,52570 | 0,76396 |-2,80180 | 1,00357 | -6,78979 | 3,33946 |-29,90866 | 0,73075 | -2,44961 | 0,40801
-6,33734 1,71721 |-29,41353 | 0,77037 | -2,85185 | 1,12167 | -6,71603 | 3,08616 | -29,85589 | 0,73754 | -2,53308 | 0,52764
-6,25967 1,42773 | -29,28960 | 0,77671 | -2,89477 | 1,23932 | -6,64161 | 2,82513 | -29,79119 | 0,74426 | -2,61022 | 0,64706
-6,18137 1,13469 |-29,15395 | 0,78297 | -2,93046 | 1,35648 | -6,56652 | 2,55705 | -29,71457 | 0,75090 | -2,68083 | 0,76622
-6,10246 0,83881 |-29,00664 | 0,78915 | -2,95882 | 1,47309 | -6,49077 | 2,28258 | -29,62606 | 0,75746 | -2,74475 | 0,88507
-6,02293 0,54083 |-28,84773 | 0,79525 | -2,97978 | 1,58911 | -6,41438 | 2,00240 | -29,52570 | 0,76396 | -2,80180 | 1,00357
-5,94280 0,24150 |-28,67728 | 0,80127 | -2,99330 | 1,70450 | -6,33734 | 1,71721 | -29,41353 | 0,77037 | -2,85185 1,12167
-5,86208 -0,05844 | -28,49536 | 0,80722 | -2,99934 | 1,81920 | -6,25967 | 1,42773 | -29,28960 | 0,77671 | -2,89477 | 1,23932
-5,78077 -0,35822 | -28,30204 | 0,81308 | -2,99788 | 1,93318 | -6,18137 | 1,13469 | -29,15395 | 0,78297 | -2,93046 | 1,35648
-5,69889 -0,65712 | -28,09741 | 0,81886 | -2,98892 | 2,04639 | -6,10246 | 0,83881 | -29,00664 | 0,78915 | -2,95882 1,47309
-5,61643 -0,95437 | -27,88153 | 0,82456 | -2,97250 | 2,15877 | -6,02293 | 0,54083 | -28,84773 | 0,79525 | -2,97978 | 1,58911
-5,53342 -1,24923 | -27,65450 | 0,83017 | -2,94865 | 2,27030 | -5,94280 | 0,24150 | -28,67728 | 0,80127 | -2,99330 | 1,70450
-5,44984 -1,54097 |-27,41641 | 0,83571 | -2,91742 | 2,38091 | -5,86208 | -0,05844 | -28,49536 | 0,80722 | -2,99934 | 1,81920
-5,36573 -1,82886 |-27,16735 | 0,84116 | -2,87890 | 2,49057 | -5,78077 | -0,35822 | -28,30204 | 0,81308 | -2,99788 | 1,93318

Tt bang dir liéu nay ta copy vao Excel sau d6 doi cot thanh hang bang 1énh Paste

Special (tich vao Transpose) roi tiép tuc copy dit liéu ndy vao bang INPUT cua

Workspace cua Matlab.
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Phu luc 2: Bang dit liéu diu ra dé huén luyén mang

al a2 a3

0 0 0
0,000125 | 4,87E-05 | -0,00011
0,000749 | 0,000292 | -0,00067
0,003868 | 0,001509 | -0,00344
0,019463 | 0,007595 | -0,0173
0,097437 | 0,038022 | -0,08663
0,487291 | 0,190136 | -0,43324
1,028877 | 0,401336 | -0,91457
2,056606 | 0,801277 | -1,82668
3,082041 | 1,198433 | -2,73388
4,104033 | 1,591419 | -3,63372
5,121435 | 1,978858 | -4,52377
6,133101 | 2,359389 | -5,40156
7,137883 | 2,731664 | -6,26468
8,134637 | 3,094356 | -7,11071
9,122219 | 3,446158 | -7,93723
10,09948 | 3,78579 | -8,74187
11,0653 | 4,112001 | -9,52225
12,01851 | 4,423569 | -10,276
12,95801 | 4,719311 | -11,0009
13,88265 | 4,998078 | -11,6947
14,79131 | 5,258764 | -12,355
15,68289 | 5,500308 | -12,9799
16,55628 | 5,721695 | -13,5671
17,4104 | 5,921959 | -14,1147
18,24416 | 6,100189 | -14,6208
19,05652 | 6,255529 | -15,0834
19,84643 | 6,387179 | -15,501
20,61289 | 6,494402 | -15,8718
21,3549 | 6,576521 | -16,1944
22,07153 | 6,632924 | -16,4675
22,76185 | 6,663065 | -16,6898
23,42499 | 6,666468 | -16,8604
24,06012 | 6,642721 | -16,9784
24,66647 | 6,591486 | -17,0431
25,2433 | 6,512492 | -17,054
25,78997 | 6,40554 | -17,0106
26,30588 | 6,270504 | -16,913
26,7905 | 6,107324 | -16,7612
27,24339 | 5,916014 | -16,5552
27,66419 | 5,696655 | -16,2956
28,05261 | 5,449398 | -15,9829

147

al a2 a3

28,40847 | 5,17446 | -15,6178
28,73168 | 4,872125 | -15,2013
29,02223 | 4,54274 | -14,7343
29,28023 | 4,186714 | -14,218
29,50588 | 3,804517 | -13,6538
29,69949 | 3,396676 | -13,0431
29,86146 | 2,963776 | -12,3874

29,9923 | 2,506452 | -11,6882
30,09262 | 2,025393 | -10,9475
30,16311 | 1,521336 | -10,1669
30,20459 | 0,995062 | -9,34825
30,21794 | 0,447399 | -8,49354
30,20414 | -0,12079 | -7,60472
30,16424 | -0,70859 | -6,68378
30,09937 | -1,31507 | -5,73278
30,01075 | -1,93925 | -4,75379
29,89963 | -2,58011 | -3,7489
29,76734 | -3,23663 | -2,72024
29,61525 | -3,90774 | -1,66996
29,44478 | -4,59235 | -0,60021
29,25738 | -5,28934 | 0,48684
29,05454 | -5,99758 | 1,588991
28,83777 | -6,71592 | 2,704039
28,60858 | -7,44318 | 3,829765
28,36852 | -8,17817 | 4,963929
28,11913 | -8,91969 | 6,104277
27,86194 | -9,66653 | 7,248532

27,5985 | -10,4174 | 8,394398
27,33034 | -11,1712 | 9,539552
27,05896 | -11,9266 | 10,68165
26,78585 | -12,6823 | 11,81831
26,51249 | -13,437 | 12,94713
26,24032 | -14,1896 | 14,06566
25,97075 | -14,9388 | 15,17145
25,70516 | -15,6832 | 16,26198
25,44489 | -16,4216 | 17,33471
25,19127 | -17,1527 | 18,38706
24,94553 | -17,8754 | 19,41643
24,70892 | -18,5882 | 20,42017
24,48261 -19,29 | 21,39562
24,26774 | -19,9796 | 22,34009
24,06537 | -20,6556 | 23,25088




al a2 a3

23,87657 | -21,317 | 24,12529
23,7023 | -21,9624 | 24,96062
23,5435 | -22,5909 | 25,75418
23,40105 | -23,2011 | 26,50334
23,27579 | -23,792 | 27,2055
23,16849 | -24,3626 | 27,85813
23,07986 | -24,9117 | 28,4588
23,01058 | -25,4384 | 29,00521
22,96126 | -25,9418 | 29,49516
22,93244 | -26,4209 | 29,92664
22,92464 | -26,875 | 30,29781
22,93829 | -27,3031 | 30,60706
22,97378 | -27,7047 | 30,85298
23,03144 | -28,0791 | 31,03442
23,11155 | -28,4257 | 31,15052
23,21432 | -28,744 | 31,20066
23,33993 | -29,0336 | 31,18452
23,48847 | -29,2942 | 31,10208
23,66 | -29,5256 | 30,9536
23,85452 | -29,7276 | 30,73963
24,07196 | -29,9002 | 30,46101
24,31222 | -30,0434 | 30,11881
24,57513 | -30,1575 | 29,71437
24,86046 | -30,2426 | 29,24925
25,16793 | -30,2991 | 28,72523
25,49723 | -30,3275 | 28,14424
25,84796 | -30,3282 | 27,50839
26,21969 | -30,302 | 26,81992
26,61193 | -30,2495 | 26,08119
27,02414 | -30,1715 | 25,29462
27,45573 -30,069 | 24,46273
27,90606 | -29,9428 | 23,58807
28,37441 | -29,794 | 22,67322
28,86005 | -29,6237 | 21,72079
29,36218 | -29,4331 | 20,73339
29,87994 | -29,2233 | 19,71361
30,41243 | -28,9957 | 18,66406
30,95869 | -28,7514 | 17,58728
31,51771 | -28,492 | 16,48582
32,08843 | -28,2187 | 15,36219
32,66975 | -27,9329 | 14,21887
33,26049 | -27,6361 | 13,05829
33,85944 | -27,3297 | 11,88286
34,46532 | -27,0151 | 10,69496
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al a2 a3

35,07681 | -26,6939 | 9,496936
35,69254 | -26,3673 | 8,291093
36,31106 | -26,0369 | 7,07972
36,93091 | -25,7042 | 5,86508
37,55054 | -25,3705 | 4,649411
38,16835 | -25,0373 | 3,434935
38,78271 -24,706 | 2,223857
39,39193 -24,378 | 1,018369
39,99426 | -24,0545 | -0,17935
40,58792 | -23,7369 | -1,36712
41,17108 | -23,4266 | -2,54277
41,74185 | -23,1248 | -3,70415
42,29835 | -22,8327 | -4,84908
42,83862 | -22,5515 -5,9754
43,36071 | -22,2823 | -7,08096
43,86264 | -22,0264 | -8,1636
44,34243 | -21,7847 | -9,22116

44,7981 | -21,5583 | -10,2515
45,22769 | -21,3482 | -11,2525
45,62927 | -21,1553 | -12,2219
46,00093 | -20,9804 | -13,1578
46,34086 | -20,8246 | -14,0579
46,64728 | -20,6885 | -14,9203
46,91853 | -20,5729 | -15,743
47,15305 | -20,4785 | -16,5239

47,3494 | -20,4059 | -17,2611
47,50628 | -20,3557 | -17,9529
47,62256 | -20,3285 | -18,5975
47,69727 | -20,3248 | -19,1931
47,72962 | -20,3449 | -19,7384
47,71901 | -20,3893 | -20,2318
47,66504 | -20,4582 | -20,6721
47,56752 -20,552 | -21,0582
47,42645 | -20,6709 | -21,389
47,24204 | -20,815 | -21,6639
47,01469 | -20,9844 | -21,8821
46,74499 | -21,1792 | -22,0434

46,4337 | -21,3993 | -22,1474
46,08176 | -21,6448 | -22,1942
45,69025 | -21,9156 | -22,1839
45,26038 | -22,2113 | -22,1171

44,7935 -22,532 | -21,9943
44,29104 | -22,8772 | -21,8162
43,75452 | -23,2467 | -21,584




al a2 a3

43,18556 | -23,6401 | -21,2988
42,5858 | -24,057 | -20,9619
41,95695 | -24,497 | -20,5749
41,30075 | -24,9594 | -20,1394
40,61894 | -25,4438 | -19,6572
39,91329 | -25,9496 | -19,1304
39,18556 | -26,476 | -18,5607
38,43751 | -27,0224 | -17,9505
37,6709 | -27,5881 | -17,3019
36,88743 | -28,1721 | -16,6172
36,08883 | -28,7736 | -15,8987
35,27678 | -29,3919 | -15,1487
34,45292 | -30,0258 | -14,3697
33,61888 | -30,6744 | -13,564
32,77625 | -31,3366 | -12,7343
31,92659 | -32,0113 | -11,8828
31,07143 | -32,6974 | -11,0121
30,21227 | -33,3937 | -10,1246
29,35056 | -34,0989 | -9,22287
28,48774 | -34,8116 | -8,3093
27,6252 | -35,5306 | -7,38636
26,76431 | -36,2543 -6,4565
25,90641 | -36,9813 | -5,52215
25,05279 -37,71 | -4,58574
24,20473 | -38,4388 | -3,64967
23,36347 | -39,1661 | -2,71634
22,53023 | -39,8901 | -1,78813
21,70618 | -40,6089 | -0,8674
20,89249 | -41,3208 | 0,043492
20,09028 | -42,0238 | 0,942224
19,30063 | -42,7159 | 1,826483
18,52462 | -43,395 | 2,69398
17,76328 | -44,0591 | 3,54245
17,01762 | -44,7058 | 4,369653
16,28859 | -45,3332 | 5,17338
15,57714 | -45,9388 | 5,951455
14,88419 | -46,5203 | 6,701741
14,21059 | -47,0755 | 7,422143
13,55719 | -47,602 | 8,110618
12,92479 | -48,0974 | 8,765178
12,31415 | -48,5596 | 9,383898
11,726 | -48,9862 | 9,964923
11,16101 | -49,3749 | 10,50648
10,61984 | -49,7238 | 11,00688
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al a2 a3

10,10308 | -50,0308 | 11,46453
9,611284 | -50,294 | 11,87794
9,144969 | -50,5118 | 12,24575
8,704592 | -50,6827 | 12,56671
8,290568 | -50,8053 | 12,83969
7,903257 | -50,8785 | 13,06372

7,54297 | -50,9017 | 13,23796
7,209965 | -50,8741 | 13,36173
6,904444 | -50,7956 | 13,4345
6,626553 -50,666 | 13,45592
6,376383 | -50,4857 | 13,42577
6,153965 | -50,2551 | 13,34402
5,959273 | -49,9751 | 13,21079
5,792222 | -49,6465 | 13,02638
5,652666 | -49,2707 | 12,79122
5,540399 | -48,8489 | 12,50594
5,455154 | -48,3828 | 12,17127
5,396606 | -47,8741 | 11,78811
5,364368 | -47,3245 | 11,35751
5,357993 -46,736 | 10,88063
5,376976 | -46,1107 | 10,35874
5,420753 | -45,4504 | 9,793248
5,488702 | -44,7573 | 9,185653
5,580144 | -44,0334 | 8,537549
5,694348 | -43,2809 | 7,850615
5,830526 | -42,5019 | 7,126611
5,987839 | -41,6982 | 6,367363
6,165397 | -40,872 | 5,574763
6,362263 | -40,0253 | 4,750756
6,577454 | -39,1599 | 3,897338
6,809939 | -38,2778 | 3,016551
7,058649 | -37,3807 | 2,110472
7,322474 | -36,4705 | 1,181217
7,600266 | -35,5489 | 0,230933
7,890842 | -34,6176 | -0,7382

8,19299 | -33,6781 | -1,72399
8,505465 | -32,7321 | -2,72419
8,826997 | -31,7812 | -3,73655
9,156292 | -30,8266 | -4,75879
9,492035 -29,87 | -5,78861
9,832893 | -28,9127 | -6,82368
10,17752 -27,956 | -7,86164
10,52456 | -27,0013 | -8,90011
10,87263 | -26,0498 | -9,93669




al a2 a3

11,22037 | -25,1027 | -10,9689
11,56641 | -24,1611 | -11,9944
11,90936 | -23,2264 | -13,0105
12,24785 | -22,2995 | -14,0149
12,58054 | -21,3816 | -15,0049
12,90606 | -20,4737 | -15,9779
13,22308 | -19,5768 | -16,9315
13,53028 | -18,6918 | -17,8629
13,82638 | -17,8198 | -18,7695

14,1101 | -16,9617 | -19,6486
14,38021 | -16,1183 | -20,4976
14,63551 | -15,2904 | -21,3139
14,87482 | -14,4789 | -22,0948
15,09704 | -13,6846 | -22,8377
15,30107 | -12,9082 -23,54

15,4859 | -12,1504 | -24,1991
15,65054 | -11,4119 | -24,8127
15,79407 | -10,6933 | -25,3782
15,91563 | -9,99524 | -25,8935
16,01443 | -9,31826 | -26,3564
16,08972 | -8,66289 | -26,7648
16,14083 | -8,02959 | -27,1169
16,16719 | -7,4188 | -27,4111
16,16825 | -6,83092 | -27,6459
16,14356 | -6,26629 -27,82
16,09276 | -5,7252 | -27,9324
16,01555 | -5,2079 | -27,9823
15,91169 | -4,7146 | -27,9692
15,78105 | -4,24544 | -27,8928
15,62356 | -3,80052 | -27,7532
15,43924 | -3,37988 | -27,5506
15,22816 | -2,98352 | -27,2854
14,99049 | -2,61135 | -26,9585
14,72647 | -2,26327 | -26,5708

14,4364 | -1,93909 | -26,1235
14,12067 | -1,63856 | -25,618
13,77971 | -1,36141 | -25,0559
13,41404 | -1,10726 | -24,4389
13,02424 | -0,87571 | -23,7689
12,61094 | -0,66629 | -23,0479
12,17483 | -0,47846 | -22,2781
11,71666 | -0,31165 | -21,4616
11,23723 | -0,16521 | -20,6006
10,73738 | -0,03845 | -19,6976

150

al

a2

a3

10,218

0,069383

-18,7549

9,68003

0,159095

-17,7747

9,124439

0,231536

-16,7596

8,552236

0,287607

-15,712

7,964461

0,328255

-14,6341

7,362187

0,354472

-13,5285

6,746512

0,367289

-12,3975

6,118561

0,367779

-11,2435

5,47948

0,357046

-10,0687

4,830435

0,336231

-8,87556

4,172608

0,306501

-7,66635

3,5072

0,269052

-6,44335

2,835421

0,2251

-5,20884

2,158492

0,175882

-3,96506

1,477644

0,12265

-2,71425

0,794114

0,066667

-1,45865

0,109143

0,009204

-0,20047

-0,57603

-0,04846

1,058054

-1,26015

-0,10506

2,314717

-1,94199

-0,1593

3,567293

-2,6203

-0,20994

4,813554

-3,29385

-0,2557

6,051264

-3,96142

-0,29535

7,278174

-4,62179

-0,32767

8,492022

-5,27376

-0,35145

9,690526

-5,91615

-0,36552

10,87139

-6,54777

-0,36873

12,0323

-7,16748

-0,35996

13,17091

-7,77414

-0,33812

14,28487

-8,36665

-0,30218

15,37181

-8,94393

-0,25113

16,42934

-9,50492

-0,184

17,45507

-10,0486

-0,09989

18,4466

-10,574

0,002087

19,40152

-11,0802

0,122736

20,31747

-11,5662

0,262828

21,19206

-12,0312

0,423077

22,02297

-12,4745

0,604141

22,80792

-12,8951

0,806623

23,54468

-13,2925

1,031071

24,23113

-13,6659

1,277973

24,8652

-14,0148

1,54776

25,44499

-14,3386

1,840806

25,9687

-14,6369

2,157424

26,4347




al

a2

a3

-14,9092

2,497873

26,84154

-15,1553

2,86235

27,18794

-15,3749

3,250998

27,47286

-15,5678

3,6639

27,69548

-15,7338

4,101087

27,85521

-15,873

4,562533

27,95173

-15,9854

5,048157

27,98495

-16,071

5,557829

27,95506

-16,1302

6,091364

27,8625

-16,1632

6,64853

27,70797

-16,1703

7,229042

27,49241

-16,1519

7,832573

27,217

-16,1087

8,458745

26,88315

-16,041

9,107139

26,49246

-15,9496

9,777291

26,04672

-15,8352

10,46869

25,5479

-15,6986

11,1808

24,99812

-15,5406

11,91303

24,39962

-15,3621

12,66476

23,75474

-15,1641

13,43531

23,06594

-14,9475

14,22401

22,33571

-14,7135

15,0301

21,56665

-14,4632

15,85284

20,76134

-14,1977

16,6914

19,92244

-13,9182

17,54496

19,05259

-13,6259

18,41264

18,15446

-13,3221

19,29355

17,23068

-13,008

20,18675

16,28392

-12,6851

21,09128

15,3168

-12,3545

22,00613

14,33191

-12,0177

22,93026

13,33186

-11,676

23,86262

12,31918

-11,3308

24,80209

11,29642

-10,9835

25,74754

10,26608

-10,6354

26,6978

9,230616

-10,2879

27,65166

8,192485

-9,94232

28,60786

7,154102

-9,60012

29,56512

6,117856

-9,2626

30,5221

5,086109

-8,93111

31,47743

4,061201

-8,60696

32,4297

3,045442

-8,29146

33,37744

2,041122

-7,98589

34,31914

1,050503

-7,69149

35,25324

0,075825

151
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-7,4095 | 36,17813 -0,8807
-7,1411 | 37,09215 | -1,81689
-6,88745 | 37,99358 | -2,73058
-6,64968 | 38,88066 | -3,61965
-6,42887 | 39,75158 | -4,48201
-6,22606 | 40,60447 | -5,31561
-6,04224 | 41,43741 | -6,11842
-5,87838 | 42,24844 | -6,8885
-5,73538 | 43,03557 | -7,62394
-5,61409 | 43,79676 | -8,32287
-5,51531 | 44,52995 | -8,98353
-5,4398 | 45,23307 | -9,60421
-5,38826 | 45,90402 | -10,1833
-5,36131 | 46,54075 | -10,7192
-5,35955 | 47,14119 | -11,2106
-5,3835 | 47,70336 | -11,6561
-5,43362 | 48,2253 | -12,0544
-5,51033 | 48,70518 | -12,4047
-5,61396 | 49,14123 | -12,7058
-5,74479 | 49,53187 | -12,957
-5,90307 | 49,87562 | -13,1576
-6,08894 | 50,17124 | -13,3072
-6,30252 | 50,41766 | -13,4053
-6,54385 | 50,61405 | -13,4519
-6,81292 | 50,75981 | -13,4469
-7,10966 | 50,85462 | -13,3905
-7,43393 | 50,8984 | -13,2829
-7,78555 | 50,89137 | -13,1247
-8,16428 50,834 | -12,9164
-8,56983 | 50,72701 | -12,6589
-9,00186 | 50,57142 | -12,3531
-9,45996 | 50,36842 | -12,0001
-9,94369 | 50,11949 | -11,6011
-10,4526 | 49,82624 | -11,1574
-10,986 | 49,49049 | -10,6704
-11,5435 | 49,11419 | -10,1418
-12,1243 | 48,69943 | -9,57315
-12,7279 | 48,24838 | -8,96624
-13,3534 | 47,76327 | -8,32289
-14,0002 | 47,24641 -7,645
-14,6675 | 46,70011 | -6,93455
-15,3544 | 46,12671 | -6,19356
-16,06 | 45,52853 | -5,42411
-16,7835 | 44,90789 | -4,62832




al

a2

a3

-17,524

44,26705

-3,80835

-18,2805

43,60827

-2,96642

-19,0519

42,93371

-2,10474

-19,8373

42,24553

-1,22557

-20,6357

41,5458

-0,3312

-21,4458

40,83653

0,576075

-22,2667

40,11969

1,493923

-23,0971

39,39714

2,420005

-23,936

38,67073

3,351962

-24,782

37,94221

4,287418

-25,634

37,21328

5,223983

-26,4907

36,48557

6,159252

-27,3507

35,76065

7,090807

-28,2129

35,04003

8,016216

-29,0758

34,32516

8,933036

-29,938

33,61743

9,838816

-30,7981

32,91818

10,73109

-31,6547

32,2287

11,6074

-32,5063

31,5502

12,46527

-33,3513

30,88387

13,30223

-34,1883

30,23082

14,11581

-35,0156

29,59213

14,90357

-35,8316

28,96881

15,66306

-36,6346

28,36183

16,39188

-37,4231

27,77212

17,08764

-38,1953

27,20055

17,748

-38,9494

26,64794

18,37068

-39,6838

26,11506

18,95345

-40,3967

25,60264

19,49418

-41,0863

25,11136

19,99079

-41,7508

24,64184

20,44133

-42,3886

24,19467

20,84397

-42,9978

23,77037

21,19699

-43,5767

23,36943

21,49883

-44,1238

22,99227

21,74808

-44,6372

22,63928

21,9435

-45,1156

22,31078

22,08402

-45,5574

22,00706

22,16877

-45,9613

21,72834

22,19709

-46,326

21,4748

22,16849

-46,6503

21,24655

22,08271

-46,9333

21,04367

21,93969

-47,1743

20,86619

21,73956

-47,3724

20,71405

21,48269

152

al

a2

a3

-47,5273

20,58717

21,1696

-47,6387

20,48541

20,80103

-47,7065

20,40857

20,37789

-47,7309

20,3564

19,90126

-47,7122

20,32859

19,37237

-47,6509

20,32478

18,79259

-47,5478

20,34456

18,16343

-47,4037

20,38746

17,4865

-47,2198

20,45296

16,76353

-46,9973

20,54049

15,99633

-46,7376

20,64942

15,18677

-46,4422

20,77907

14,33682

-46,1127

20,92871

13,44847

-45,751

21,09756

12,52376

-45,3587

21,2848

11,56477

-44,9379

21,48955

10,57362

-44,4903

21,71087

9,552409

-44,018

21,9478

8,50329

-43,5229

22,19933

7,428407

-43,007

22,46438

6,329914

-42,4723

22,74186

5,209969

-41,9208

23,03063

4,07073

-41,3543

23,32949

2,914359

-40,7749

23,63724

1,743018

-40,1844

23,95263

0,558872

-39,5846

24,27435

-0,63591

-38,9774

24,6011

-1,83916

-38,3645

24,93154

-3,0487

-37,7476

25,26429

-4,26233

37,1284

25,59796

-5,47786

-36,5084

25,93115

-6,69307

-35,8893

26,26242

-7,90573

-35,2725

26,59034

-9,11358

-34,6596

26,91346

-10,3143

-34,0517

27,23033

-11,5057

-33,4504

27,5395

-12,6854

-32,857

27,83952

-13,8509

-32,2725

28,12896

-15

-31,6983

28,40638

-16,1302

-31,1354

28,67039

-17,239

-30,585

28,9196

-18,3239

-30,048

29,15266

-19,3824

-29,5254

29,36826

-20,4119

-29,0182

29,56512

-21,4099




al a2 a3

-28,5273 | 29,74201 | -22,3738
-28,0533 | 29,89777 | -23,3009
-27,5972 | 30,03127 | -24,1886
-27,1595 | 30,14147 | -25,0344
-26,7411 | 30,22738 | -25,8357
-26,3424 | 30,28809 -26,59
-25,9641 | 30,32278 | -27,2947
-25,6066 | 30,3307 | -27,9475
-25,2705 | 30,3112 | -28,5462
-24,956 | 30,2637 | -29,0886
-24,6636 | 30,18774 | -29,5727
-24,3935 | 30,08293 | -29,9967
-24,146 | 29,94899 | -30,3588
-23,9213 | 29,78574 | -30,6579
-23,7195 | 29,59309 | -30,8925
-23,5406 | 29,37106 | -31,0619
-23,3848 | 29,11974 | -31,1654
-23,2518 | 28,83934 | -31,2027
-23,1418 | 28,53015 | -31,1737
-23,0545 | 28,19253 | -31,0785
-22,9897 | 27,82696 | -30,9178
-22,9472 | 27,43398 | -30,6923
-22,9266 | 27,01421 | -30,4031
-22,9277 | 26,56833 | -30,0515
-22,9498 | 26,0971 | -29,639
-22,9927 | 25,60136 | -29,1675
-23,0557 | 25,08196 | -28,6388
-23,1382 | 24,53985 | -28,0552
-23,2396 | 23,97601 | -27,4189
-23,3592 | 23,39146 | -26,7322
-23,4963 | 22,78726 | -25,9978
-23,65 | 22,16452 | -25,2181
-23,8194 | 21,52436 | -24,3957
-24,0037 | 20,86793 | -23,5335
-24,2019 | 20,19643 -22,634
-24,4129 | 19,51105 -21,7
-24,6357 | 18,81301 | -20,7341
-24,8691 | 18,10354 | -19,7391
-25,1121 | 17,38389 | -18,7176
-25,3633 | 16,65532 | -17,6723
-25,6216 | 15,91908 | -16,6057
-25,8857 | 15,17645 | -15,5206
-26,1541 | 14,42868 | -14,4194
-26,4256 | 13,67705 | -13,3046

153

al a2 a3

-26,6987 | 12,92284 | -12,1788
-26,9721 | 12,1673 | -11,0444
-27,2442 | 11,41169 | -9,90379
-27,5135 | 10,65729 | -8,75935
-27,7786 | 9,905331 | -7,61346
-28,038 | 9,157063 | -6,46844
-28,29 | 8,413716 | -5,3266
-28,5332 | 7,676513 | -4,19022
-28,766 | 6,946661 | -3,06156
-28,9869 | 6,225354 | -1,94287
-29,1944 | 5,51377 | -0,83637
-29,3869 | 4,813071 | 0,255722
-29,5629 | 4,124397 | 1,33122
-29,721 | 3,448869 | 2,387941
-29,8597 | 2,787586 | 3,423719
-29,9777 | 2,141619 | 4,436409
-30,0737 | 1,512015 | 5,42388
-30,1462 | 0,899792 | 6,384024
-30,1942 | 0,305936 | 7,314759
-30,2164 | -0,2686 | 8,214031
-30,2119 | -0,8229 | 9,079819
-30,1794 | -1,35607 | 9,910144
-30,1183 -1,8673 | 10,70307
-30,0275 | -2,35576 | 11,45673
-29,9065 | -2,82072 | 12,16929
-29,7545 | -3,26147 | 12,83903
-29,571 | -3,67736 | 13,46427
-29,3556 | -4,06779 | 14,04347
-29,1079 | -4,4322 | 14,57515
-28,8278 | -4,77012 | 15,05797
-28,515 | -5,08112 | 15,4907
-28,1695 | -5,36481 | 15,87228
-27,7914 | -5,62091 | 16,20175
-27,3809 | -5,84918 | 16,47833
-26,9382 | -6,04944 | 16,70142
-26,4637 | -6,22158 | 16,87055
-25,9577 | -6,36558 | 16,98545
-25,4207 | -6,48147 | 17,04605
-24,8534 | -6,56935 | 17,05242
-24,2564 | -6,6294 | 17,00484
-23,6304 | -6,66187 | 16,90377
-22,9761 | -6,66707 | 16,74984
-22,2943 -6,6454 | 16,54387
-21,586 | -6,59731 | 16,28682




al a2 a3

-20,8519 | -6,52331 | 15,97984
-20,0932 | -6,42402 | 15,62423
-19,3106 | -6,30007 | 15,2214
-18,5053 | -6,15219 | 14,77294
-17,6782 | -5,98116 | 14,28052
-16,8305 | -5,78782 | 13,74595
-15,9631 | -5,57306 | 13,17113
-15,0772 | -5,33783 | 12,55804
-14,1739 | -5,08313 | 11,90875
-13,2542 -4,81 | 11,2254
-12,3193 | -4,51955 | 10,51018
-11,3703 | -4,21289 | 9,765351
-10,4084 | -3,89121 | 8,993188
-9,43468 | -3,55572 | 8,196024
-8,45026 | -3,20766 | 7,376214
-7,45631 | -2,8483 | 6,53614
-6,45396 | -2,47893 | 5,678202
-5,44436 | -2,10088 | 4,804816
-4,42866 | -1,7155 | 3,918411
-3,40801 | -1,32413 | 3,021423
-2,38354 | -0,92815 | 2,116298
-1,35642 | -0,52895 | 1,205484
-0,32778 | -0,1279 | 0,291434
0,701218 | 0,273583 | -0,6234
1,729437 | 0,67412 | -1,53656
2,755727 | 1,072313 | -2,44559

3,77894 | 1,466777 | -3,34804
4,797929 | 1,856132 | -4,24147
5,811546 | 2,23901 | -5,12343
6,818646 | 2,61406 | -5,99149
7,818082 | 2,979948 | -6,84323
8,808709 | 3,335359 | -7,67622
9,789385 | 3,679005 | -8,48809
10,75897 | 4,009624 | -9,27645
11,71632 | 4,325987 | -10,039
12,66031 | 4,626896 | -10,7733

13,5898 | 4,911192 | -11,4772
14,50368 | 5,177755 | -12,1485
15,40082 | 5,425509 | -12,7848
16,28012 | 5,653424 | -13,3843

17,1405 | 5,860518 | -13,9447
17,98086 | 6,045862 | -14,4642
18,80015 | 6,208583 | -14,9409
19,59732 | 6,347862 | -15,373

154

al a2 a3

20,37135 | 6,462942 | -15,7588
21,12126 | 6,553126 | -16,097
21,84607 | 6,617783 | -16,3859
22,54487 | 6,656345 | -16,6246
23,21676 | 6,668312 | -16,8118
23,8609 | 6,653254 | -16,9466
24,4765 | 6,610807 | -17,0283
25,06281 | 6,54068 | -17,0564
25,61915 | 6,442651 | -17,0303
26,14492 | 6,31657 -16,95
26,63956 | 6,162357 | -16,8154
27,1026 | 5,980001 | -16,6267
27,53365 | 5,769564 | -16,3841
27,93241 | 5,531173 | -16,0882
28,29866 | 5,265025 | -15,7398
28,63227 | 4,971382 | -15,3395
28,93322 | 4,650571 | -14,8885
29,20157 | 4,302983 | -14,3878
29,4375 | 3,929068 | -13,8387
29,64128 | 3,529335 | -13,2426
29,81327 | 3,10435 -12,601
29,95397 | 2,654733 | -11,9155
30,06394 | 2,181157 | -11,1879
30,14385 | 1,684343 | -10,4197
30,19448 | 1,165058 | -9,61301
30,21668 | 0,624116 | -8,76959
30,21142 | 0,06237 | -7,89142
30,17971 | -0,51929 | -6,98049
30,12267 | -1,11992 | -6,03884
30,04148 | -1,73857 | -5,06854
29,93739 | -2,37423 | -4,07167
29,81169 | -3,02588 | -3,05035
29,66576 | -3,69245 | -2,00672
29,50099 | -4,37288 | -0,94294
29,31882 | -5,06605 | 0,138838
29,12074 | -5,77083 | 1,236416
28,90824 | -6,48608 | 2,347597
28,68284 | -7,21063 | 3,470163
28,44607 | -7,94329 | 4,601884
28,19949 | -8,68286 | 5,740508
27,94462 | -9,42813 | 6,883767
27,683 | -10,1779 | 8,02937
27,41618 | -10,9309 | 9,175004
27,14566 | -11,6859 | 10,31833




al a2 a3

26,87294 | -12,4416 | 11,45698

26,5995 | -13,1968 | 12,58856

26,3268 | -13,9502 | 13,71064
26,05625 | -14,7006 | 14,82076
25,78924 | -15,4466 | 15,91642
25,52714 | -16,1871 | 16,9951
25,27126 | -16,9207 | 18,05422
25,02287 | -17,6462 | 19,0912
24,78323 | -18,3623 | 20,10339
24,55351 | -19,0677 | 21,08814
24,33487 | -19,7613 | 22,04277
24,12841 | -20,4418 | 22,96459
23,93518 | -21,108 | 23,85088
23,75617 | -21,7586 | 24,69895
23,59234 | -22,3926 | 25,5061

23,4446 | -23,0088 | 26,26969
23,31378 | -23,6059 | 26,98709
23,20067 | -24,1831 | 27,65577
23,10602 | -24,7392 | 28,27325
23,03051 | -25,2731 | 28,83719
22,97477 | -25,7841 | 29,34535
22,93936 | -26,271 | 29,79566
22,92481 | -26,7331 | 30,18623
22,93158 | -27,1696 | 30,51536
22,96008 | -27,5797 | 30,78159
23,01065 | -27,9628 | 30,98368
23,08358 | -28,3183 | 31,12067
23,17912 | -28,6457 | 31,19187
23,29743 | -28,9445 | 31,19686
23,43866 | -29,2143 | 31,13552
23,60287 | -29,455 | 31,00803
23,79007 | -29,6664 | 30,81485
24,00022 | -29,8484 | 30,55671
24,23323 -30,001 | 30,23463
24,48894 | -30,1243 | 29,84986
24,76715 | -30,2186 | 29,40389
25,06761 | -30,2842 | 28,89842
25,38999 | -30,3215 | 28,33536
25,73394 | -30,331 | 27,71675
26,09903 | -30,3132 | 27,04479
26,48479 | -30,269 | 26,32181
26,89071 | -30,1991 | 25,55021
27,31619 | -30,1042 | 24,73248
27,76062 | -29,9855 | 23,87116

155

al a2 a3

28,22331 | -29,8438 | 22,96883
28,70353 | -29,6802 | 22,02809

29,2005 | -29,4959 | 21,05154
29,71338 | -29,2921 | 20,0418
30,24127 -29,07 | 19,00145
30,78325 | -28,8309 | 17,93307
31,33832 | -28,5762 | 16,8392
31,90544 | -28,3072 | 15,72236

32,4835 | -28,0252 | 14,58504
33,07137 | -27,7318 | 13,4297
33,66784 | -27,4283 | 12,25874
34,27165 | -27,1161 | 11,07456
34,88151 | -26,7968 | 9,879503
35,49604 | -26,4718 8,6759
36,11383 | -26,1425 | 7,466042
36,73342 | -25,8104 | 6,252198
37,35329 | -25,4768 | 5,036615
37,97185 | -25,1433 | 3,821519

38,5875 | -24,8113 | 2,60912
39,19854 | -24,482 | 1,401614
39,80326 | -24,1569 | 0,201186
40,39988 | -23,8374 | -0,98999
40,98658 | -23,5246 | -2,16974

41,5615 | -23,2199 | -3,33589
42,12275 | -22,9246 | -4,4863

42,6684 | -22,6398 | -5,61878

43,1965 | -22,3667 | -6,73119
43,70507 | -22,1064 | -7,82137
44,19213 | -21,8601 | -8,88715

44,6557 | -21,6287 | -9,92638
45,09381 | -21,4133 | -10,9369
45,50451 | -21,2148 | -11,9167
45,88591 | -21,0341 | -12,8634
46,23614 | -20,8721 | -13,7752
46,55341 | -20,7297 | -14,6498
46,83604 | -20,6075 | -15,4854
47,08242 | -20,5062 | -16,2798
47,29108 | -20,4266 | -17,0311
47,46067 | -20,3692 | -17,7376
47,58999 | -20,3347 | -18,3974
47,67804 | -20,3234 | -19,0088
47,72395 | -20,3359 | -19,5703
47,72708 | -20,3725 | -20,0804
47,68695 | -20,4336 | -20,5377




al a2 a3

47,60331 | -20,5195 | -20,9412
47,4761 | -20,6303 | -21,2897
47,30546 | -20,7663 | -21,5824
47,09173 | -20,9277 | -21,8188
46,83545 | -21,1144 | -21,9982
46,53731 | -21,3265 | -22,1205
46,19821 | -21,5639 | -22,1855
45,81918 | -21,8266 | -22,1934
45,40139 | -22,1144 | -22,1445
44,94615 | -22,4272 | -22,0394
44,45486 | -22,7646 | -21,8789
43,92902 | -23,1264 | -21,6638
43,37021 | -23,5122 | -21,3953
42,78008 | -23,9217 | -21,0747
42,16031 | -24,3544 | -20,7035
41,51263 | -24,8097 | -20,2833
40,83879 | -25,2872 | -19,8158
40,14054 | -25,7862 | -19,3029
39,41965 | -26,3061 | -18,7467
38,67789 | -26,8463 | -18,1492
37,917 | -27,4058 | -17,5126
37,13871 | -27,9841 | -16,8391
36,34475 | -28,5802 | -16,1311
35,5368 | -29,1932 | -15,3908
34,71652 | -29,8222 | -14,6208
33,88555 | -30,4662 | -13,8234
33,04549 | -31,1242 | -13,001
32,1979 | -31,7951 | -12,1562
31,34433 | -32,4777 | -11,2914
30,48629 | -33,1709 | -10,409
29,62523 | -33,8734 | -9,5115
28,76261 | -34,5839 | -8,60143
27,89983 -35,301 | -7,68121
27,03827 | -36,0233 | -6,75329
26,17927 | -36,7494 | -5,82011
25,32415 | -37,4778 | -4,88409
24,47418 | -38,2068 | -3,94765
23,63062 | -38,9347 | -3,01319
22,7947 | -39,6599 | -2,08309
21,9676 | -40,3806 | -1,15973
21,15049 | -41,0949 | -0,24545
20,3445 | -41,801 | 0,657411
19,55073 | -42,4967 | 1,54653
18,77026 | -43,1802 | 2,419613

156

al a2 a3

18,00414 | -43,8493 | 3,274388
17,25337 | -44,5018 | 4,108607
16,51894 | -45,1356 | 4,92005
15,8018 | -45,7484 | 5,706529
15,10286 | -46,3378 | 6,465896
14,423 | -46,9016 | 7,196042
13,76308 | -47,4375 | 7,894905
13,1239 | -47,9431 | 8,56048
12,50625 | -48,4161 | 9,190821
11,91086 | -48,8543 | 9,784049
11,33842 | -49,2553 | 10,33836
10,7896 | -49,6171 | 10,85205
10,265 | -49,9377 | 11,32348
9,765194 | -50,215 | 11,75114
9,29071 | -50,4475 | 12,13362
8,842025 | -50,6334 | 12,46963
8,419564 | -50,7715 | 12,75801
8,023708 | -50,8606 | 12,99773
7,654783 | -50,8998 | 13,18791
7,313063 | -50,8884 | 13,32782
6,998769 | -50,8261 | 13,41688
6,712064 | -50,7128 | 13,45469
6,453058 | -50,5486 | 13,44097
6,2218 | -50,334 | 13,37565
6,018283 | -50,0696 | 13,2588
5,842441 | -49,7564 | 13,09065
5,694146 | -49,3954 | 12,8716
5,573213 | -48,9881 | 12,60221
5,479393 -48,536 | 12,28318
5,41238 | -48,0406 | 11,91536
5,371807 | -47,5039 | 11,49975
5,357246 | -46,9276 | 11,03748
5,36821 | -46,3137 | 10,52978
5,404154 | -45,6644 | 9,978018
5,464474 | -44,9815 | 9,383666
5,548511 | -44,2672 | 8,748286
5,655547 | -43,5236 | 8,073534
5,784814 | -42,7528 | 7,361142
5,935489 | -41,9567 | 6,612918
6,106698 | -41,1375 | 5,830733
6,297519 | -40,2971 | 5,016516
6,506982 | -39,4375 | 4,172247
6,734072 | -38,5605 | 3,299953
6,977733 -37,668 | 2,401703




al a2 a3

7,236866 | -36,7618 | 1,479598
7,510336 | -35,8436 | 0,535778

7,79697 | -34,9152 | -0,42759
8,095566 | -33,9782 | -1,40831
8,404888 | -33,0341 | -2,40416
8,723674 | -32,0845 | -3,4129
9,050638 | -31,131 | -4,43224
9,384471 | -30,1749 | -5,4599
9,723846 | -29,2177 | -6,49355
10,06742 | -28,2606 | -7,53085
10,41384 | -27,3051 | -8,56942
10,76173 | -26,3524 | -9,60686
11,10973 | -25,4038 | -10,6407
11,45645 | -24,4604 | -11,6686
11,80053 | -23,5233 -12,688

12,1406 | -22,5938 | -13,6964
12,47528 | -21,673 | -14,6913
12,80323 | -20,7617 -15,67

13,1231 | -19,8612 -16,63
13,43357 | -18,9724 | -17,5688
13,73335 | -18,0961 | -18,4835
14,02114 | -17,2335 | -19,3717
14,29572 | -16,3853 | -20,2306
14,55587 | -15,5524 | -21,0576

14,8004 | -14,7356 | -21,8501
15,02818 | -13,9357 | -22,6054
15,23812 | -13,1535 | -23,3209
15,42917 | -12,3897 | -23,994
15,60034 | -11,645 | -24,6223

15,7507 -10,92 | -25,2034
15,87935 | -10,2153 | -25,7349
15,98547 | -9,53158 | -26,2147
16,06833 | -8,86927 | -26,6407
16,12721 | -8,22889 | -27,011
16,16151 | -7,61089 | -27,3238
16,17068 | -7,01567 | -27,5776
16,15424 | -6,4436 | -27,7712

16,1118 | -5,89498 | -27,9033
16,04302 | -5,37008 | -27,9732
15,94767 | -4,86912 | -27,9802
15,82558 | -4,39226 | -27,924
15,67664 | -3,93961 | -27,8045
15,50086 | -3,51123 | -27,6219
15,29829 | -3,10714 | -27,3766

157

al a2 a3

15,06907 | -2,72728 | -27,0693
14,81341 | -2,37154 | -26,7008
14,5316 | -2,03977 | -26,2723
14,224 | -1,73174 | -25,7852
13,89102 | -1,44717 | -25,241
13,53317 | -1,18574 | -24,6413
13,15099 | -0,94704 | -23,9879
12,7451 | -0,73062 -23,283
12,31618 | -0,53598 | -22,5285
11,86495 | -0,36254 | -21,7266
11,3922 | -0,20969 | -20,8796
10,89876 | -0,07674 | -19,9897
10,3855 | 0,03704 | -19,0593
9,85335 | 0,132435 | -18,0908
9,303264 | 0,210282 | -17,0866
8,736241 | 0,271467 | -16,0491
8,153311 | 0,316922 | -14,9806
7,555537 | 0,347626 | -13,8836
6,94401 | 0,364597 | -12,7604
6,319846 | 0,368894 | -11,6134
5,684184 | 0,361614 | -10,445
5,038185 | 0,343885 | -9,25746
4,383027 | 0,316866 | -8,05312
3,719903 | 0,281745 | -6,83427
3,05002 | 0,239731 | -5,60318
2,374599 | 0,192056 | -4,36211
1,694865 | 0,139965 -3,1133
1,012055 | 0,08472 | -1,85898
0,327408 | 0,02759 | -0,60139
-0,35783 | -0,03015 | 0,657271
-1,04243 | -0,08722 | 1,914769
-1,72513 | -0,14235 | 3,168888
-2,40469 | -0,19428 | 4,417403
-3,07989 | -0,24173 | 5,65808
-3,7495 | -0,28346 | 6,888675
-4,4123 | -0,31825 | 8,10693
-5,06708 | -0,34488 | 9,31057
-5,71264 | -0,36217 | 10,4973
-6,34782 | -0,36896 | 11,66482
-6,97144 | -0,36412 | 12,81079
-7,58238 | -0,34656 | 13,93286
-8,17952 | -0,31522 | 15,02866
-8,76177 | -0,26909 | 16,09582
-9,32806 | -0,20719 | 17,13194




al

a2

a3

-9,87737

-0,12858

18,13462

-10,4087

-0,03238

19,10147

-10,9211

0,082231

20,03009

-11,4136

0,21605

20,9181

-11,8855

0,369804

21,76318

-12,3357

0,544169

22,56301

-12,7636

0,739767

23,31536

-13,1685

0,957162

24,01806

-13,5496

1,196862

24,66903

-13,9063

1,459317

25,26632

-14,2382

1,744917

25,80808

-14,5447

2,053996

26,29262

-14,8253

2,38683

26,71845

-15,0798

2,743635

27,08422

-15,3079

3,124572

27,38883

-15,5092

3,529743

27,63137

-15,6838

3,959194

27,81118

-15,8316

4,412919

27,92786

-15,9525

4,890854

27,98123

-16,0466

5,392883

27,97141

-16,1142

5,91884

27,89875

-16,1555

6,468507

27,76387

-16,1708

7,041616

27,56763

-16,1605

7,637854

27,31115

-16,1251

8,256857

26,99574

-16,0652

8,898221

26,62297

-15,9813

9,561495

26,19456

-15,8741

10,24619

25,71243

-15,7445

10,95176

25,17864

-15,5932

11,67765

24,59541

-15,4211

12,42323

23,96504

-15,2292

13,18787

23,28996

-15,0184

13,97086

22,57265

-14,7899

14,7715

21,81568

-14,5446

15,58901

21,02163

-14,2838

16,42262

20,19314

-14,0086

17,2715

19,33286

-13,7203

18,13478

18,44345

-13,42

19,01158

17,52755

-13,1091

19,90097

16,58783

-12,7888

20,80199

15,62691

-12,4606

21,71366

14,6474

-12,1256

22,63495

13,6519

-11,7853

23,56481

12,64297

158

al a2 a3

-11,4411 | 24,50213 | 11,62315
-11,0943 | 25,44581 | 10,59495
-10,7463 | 26,39467 | 9,560848
-10,3984 | 27,34751 | 8,523304
-10,0521 | 28,3031 | 7,484741
-9,70868 | 29,26016 | 6,447556
-9,36952 | 30,21738 | 5,414121
-9,03596 | 31,17339 | 4,386782
-8,70933 | 32,1268 | 3,36786
-8,39094 | 33,07614 | 2,359649
-8,08207 | 34,01993 | 1,364422
-7,78398 | 34,95662 | 0,384425

-7,4979 | 35,88462 | -0,57812
-7,22505 | 36,80229 | -1,52102
-6,96658 | 37,70792 | -2,44211
-6,72363 | 38,59977 | -3,33926

-6,4973 | 39,47603 | -4,21035
-6,28864 | 40,33487 | -5,05333
-6,09867 | 41,17438 | -5,86616
-5,92836 | 41,9926 | -6,64688
-5,77861 | 42,78757 | -7,39355
-5,65032 | 43,55724 | -8,10431
-5,54429 | 44,29957 | -8,77735
-5,46129 | 45,01249 | -9,41094
-5,40204 | 45,69392 | -10,0034
-5,36719 | 46,34177 | -10,5533
-5,35735 | 46,95399 | -11,059
-5,37305 | 47,52856 | -11,5192
-5,41479 | 48,06353 | -11,9327
-5,48299 48,557 | -12,2984
-5,57801 | 49,00719 | -12,6152
-5,70015 | 49,41246 | -12,8824
-5,84966 | 49,77129 | -13,0992
-6,02673 | 50,08237 | -13,2651
-6,23148 | 50,34457 | -13,3796
-6,46397 | 50,55697 | -13,4427
-6,72421 | 50,7189 | -13,4541
-7,01214 | 50,82996 | -13,414
-7,32766 | 50,88999 | -13,3227
-7,67059 | 50,8991 | -13,1805
-8,04072 | 50,8577 | -12,9881
-8,43776 | 50,76642 | -12,7462

-8,8614 | 50,62619 | -12,4557
-9,31124 | 50,43814 | -12,1176




al

a2

a3

-9,78686

50,20367

-11,7331

-10,2878

49,92435

-11,3035

-10,8135

49,60193

-10,8301

-11,3633

49,23833

-10,3146

-11,9368

48,83559

-9,75852

-12,5332

48,39586

-9,1636

-13,1518

47,92135

-8,53166

-13,792

47,41435

-7,86456

-14,4528

46,87718

-7,16427

-15,1335

46,31216

-6,43278

-15,8333

45,72162

-5,67216

-16,5512

45,10788

-4,88453

-17,2864

44,47323

-4,07203

-18,0378

43,81992

-3,23685

-18,8046

43,15016

-2,38121

-19,5857

42,46609

-1,50737

-20,38

41,76982

-0,61759

-21,1865

41,06337

0,285822

-22,0041

40,34873

1,200555

-22,8316

39,6278

2,124269

-23,6679

38,90243

3,054612

-24,5118

38,17439

3,989212

-25,362

37,44541

4,925684

-26,2173

36,71714

5,861628

-27,0765

35,99116

6,794629

-27,9381

35,26901

7,72226

-28,8009

34,55215

8,642082

-29,6635

33,842

9,551645

-30,5245

33,13992

10,44849

-31,3823

32,44719

11,33015

-32,2357

31,76506

12,19416

-33,083

31,09473

13,03805

-33,9227

30,43733

13,85935

-34,7532

29,79395

14,6556

-35,573

29,16563

15,42436

-36,3803

28,55334

16,16321

-37,1736

27,95804

16,86975

-37,9512

27,3806

17,54164

-38,7112

26,82186

18,17657

-39,4521

26,28261

18,77229

-40,172

25,7636

19,32663

-40,8692

25,26552

19,83751

-41,542

24,789

20,30293

-42,1884

24,33465

20,72102

159

al

a2

a3

-42,8069

23,90301

21,09003

-43,3957

23,49458

21,40833

-43,9531

23,1098

21,67447

-44,4774

22,74908

21,88716

-44,9671

22,41274

22,04527

-45,4208

22,1011

22,14787

-45,8368

21,8144

22,19423

-46,2141

21,55282

22,1838

-46,5514

21,3165

22,11625

-46,8477

21,10554

21,99145

-47,1021

20,91997

21,80949

-47,314

20,75976

21,57064

-47,4827

20,62485

21,27539

-47,6079

20,51511

20,9244

-47,6897

20,43036

20,51854

-47,7279

20,37036

20,05882

-47,7228

20,33482

19,54643

-47,675

20,32341

18,9827

-47,5851

20,33573

18,3691

-47,454

20,37132

17,7072

-47,2826

20,42968

16,99871

-47,0723

20,51025

16,24539

-46,8242

20,61244

15,44912

-46,54

20,73556

14,61182

-46,2213

20,87892

13,73548

-45,8696

21,04174

12,82213

-45,4869

21,22322

11,87383

-45,0749

21,42249

10,89269

-44,6356

21,63863

9,880826

-44,171

21,8707

8,840366

-43,6829

22,11769

7,773456

-43,1734

22,37855

6,68225

-42,6445

22,65219

5,568903

-42,0981

22,93749

4,435575

-41,5362

23,23327

3,284426

-40,9608

23,53833

2,117619

-40,3736

23,85142

0,937317

-39,7766

24,17126

-0,25431

-39,1715

24,49656

-1,4551

-38,5602

24,82597

-2,66287

-37,9444

25,15813

-3,87544

-37,3258

25,49166

-5,0906

-36,7059

25,82516

-6,30616

-36,0863

26,1572

-7,51987




al a2 a3

-35,4687 | 26,48634 | -8,7295
-34,8543 | 26,81115 | -9,93277
-34,2447 | 27,13017 | -11,1274
-33,6412 | 27,44195 | -12,311
-33,0451 | 27,74504 | -13,4814
-32,4576 28,038 | -14,6359
-31,88 | 28,3194 | -15,7724
-31,3134 | 28,58784 | -16,8883
-30,7589 | 28,84191 | -17,9811
-30,2175 | 29,08026 | -19,0483
-29,6903 | 29,30156 | -20,0873
-29,1781 | 29,50452 | -21,0956
-28,6818 | 29,68791 | -22,0706
-28,2024 | 29,85052 | -23,0097
-27,7405 | 29,99123 | -23,9103
-27,2969 | 30,10896 | -24,7697
-26,8723 | 30,20271 | -25,5855
-26,4672 | 30,27154 | -26,355
-26,0824 | 30,3146 | -27,0757
-25,7182 | 30,33113 | -27,7454
-25,3752 | 30,32042 | -28,3616
-25,0538 | 30,2819 | -28,9221
-24,7543 | 30,21505 | -29,425
-24,4771 | 30,11946 | -29,8683
-24,2224 | 29,99483 | -30,2503
-23,9904 | 29,84093 | -30,5695
-23,7813 | 29,65765 | -30,8248
-23,5951 | 29,44497 | -31,0151
-23,4319 | 29,20296 | -31,1397
-23,2917 | 28,9318 | -31,198
-23,1744 | 28,63174 | -31,1901
-23,0799 | 28,30313 -31,116
-23,0079 | 27,94641 | -30,9761
-22,9583 | 27,5621 | -30,7711
-22,9308 | 27,15079 | -30,5021
-22,925 | 26,71314 | -30,1702
-22,9405 | 26,24991 | -29,7769
-22,9768 | 25,76188 | -29,324
-23,0334 | 25,24992 | -28,8133
-23,1098 | 24,71494 | -28,2469
-23,2053 | 24,15791 | -27,6271
-23,3192 | 23,57984 | -26,9563
-23,4508 | 22,98179 | -26,2367
-23,5993 | 22,36483 | -25,4712

160

al a2 a3

-23,7638 | 21,73009 | -24,6621
-23,9435 | 21,07872 | -23,8123
-24,1373 | 20,41189 | -22,9244
-24,3443 | 19,73079 | -22,0011
-24,5635 | 19,03665 -21,045
-24,7937 | 18,33069 | -20,059
-25,0337 | 17,61415 | -19,0457
-25,2825 | 16,88829 | -18,0076
-25,5387 | 16,15435 | -16,9476

-25,801 | 15,41362 | -15,8681
-26,0682 | 14,66735 | -14,7718
-26,3389 | 13,91681 -13,661
-26,6116 | 13,16328 | -12,5385
-26,8851 | 12,40803 | -11,4065
-27,1577 | 11,65231 | -10,2676
-27,4281 | 10,89738 | -9,12416
-27,6947 | 10,14451 | -7,97848
-27,9561 | 9,394933 | -6,83293
-28,2106 | 8,649886 | -5,68983
-28,4568 | 7,910594 | -4,55146
-28,6931 | 7,17827 | -3,4201

-28,918 | 6,454113 | -2,29799
-29,1299 | 5,739305 | -1,18737




161



