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ABSTRACT

Explanatory note has p.,  fig., tables, appendixes, sources.

The poject objective: calculation and design of the polypropylene production
by polymerization of propylene in the gas phase under organo chromium catalyst.

The current periodical literature was analyzed, description and justification of
choicepolypropyleneproductionwas carried out.

There are a description of the technological scheme of production, raw
materials and the requirements to it, results of material balance calculation, therme
and mechanical calculations of the main unit, the amount of the lmpspneent in
the settlement and explanatory report. The measures to protect health and safe
were developed.

POLYPROPYLENE, PROPYLENE, HYDROGEN,AUTOMATION,
SYNTHESIS, MATHEMATICAL MODEL, CHEMCAD, VISUAL BASIC,
MATERIAL BALANCE, POLYMERIZATION REACTION, GASEPHASE
REACTION, REACTOR.
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4 1 0 1 0 0 0 1 1 1 1 0
5| 1 1 0 0 1 0 0 0 0 1 0
6| 0 1 0 1 0 0 1 1 1 0 1
710 1 0 1 0 1 0 0 1 0 1
8| 0 1 0 0 1 0 0 0 0 0 1
9|1 0 0 1 0 0 1 0 0 1 0 1
10| O 0 1 0 0 0 1 1 1 0 1
F| 5 6 4 4 2 4 4 4 8 5 5
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O ztc®gyds dr sttty 2 2 ttsLedlsClk |[j¢
BO&ZOEMOBRd ' B O&ZOUW®@&KEE f &OWddiEolsj d s
J S sdesd3’ ydzd n BOd&zOdzMm' o, HOS Is! L dgts
ZOtctsH detse s sH Ot Ck fclstejBlz (Y datsc g
ys ftsktejBlk L d@sy ddldtshiswdd =~ 2 fsCtedldlsw

s h

M $11121490 001 1 "




[ Olsjte’ Odz' dz' B OO tcis L CaiEBoddvdEdEY! JdzC
MisOH' wa MSC ZOHOdzdzy § zOdzz. v JtOSIsdy’'|
LOMssMso ks Is! L fsyoOlSkz 20 7 XX MfMmls. |1t
tcsLodsC iz ZOtcsH iz s C s B2AH OIS D vk
5Btz dzls z o Qzcipty WtOdsdzAc Of totsf stey’ 2 B 2 dzO ¢
[ Olsj te' Odz' dg' B OdzOdzfnd : f Odzd o dzd 2 , J dzjftcc
BOIj 6 Odz' o, ZMmlsOls ¢ ko Odadz" , ' &z M C s ts
ssh 5. [ Olsjte' Odz' dg' B OdzO dzfn d fnls Qdzq ths fig
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nd .

[S ©

fjtej e deE, 2 O Pt@OPO silstod Bzo OdgiGi {f tfis HH L

odiss dduG, 9 IstcOIsd

aG= aGi G,

(2.1)
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v OB dzd Y dzBS 4 Mmna J dBd

1 OL 90O

o OOk

I d ¢ dzv
BEH | d

I oidz (sl

I dr' ndg o

Stoichiometr

ic reactor(1)

[ jOCIst

N2, Ho, TiCls, C3He,
CHs, U ¢,
( Mz &HE CsHs,
N, Is O Hy,
fioste] O ko

] sdz'  tc sy,
H,, TiCls, CsHes,
CsHs, S

Mixer (2)

N2, Ha, TiCl4, C3He,
CHs, w0,

6y yd s @zmizg
CsHs, CsHg, N2 Is (
H>,)

N2, Ha, TiCls, CsHe,
CHs, U ¢

Separator (7)

1 sdz' {f tc sy,
H,, TiCls, CsHes,
CsHs, vl ¢

1 sdz'  tc sy,
H,, TiCls, CsHes,
CsHs, S

1 sdz' ff Ny,

1 sdz' f 5Ny,

.
)
i
{
{

Stripeﬁl. (3) [ SLH' ¢ H2, TIC|4, C3H6, Hz, TIC|4, C3H6,
CsHs CsHg, S )
Stripe2(4) |t SL H' (
1 sdz' f tets,, |} sdz' ff te SNy,
Ho, TiCls, GCsHs, |Hy, TiCls, CzHe,
CaHs, U o CHs, U 0
s h
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]l otsH 59 ) J dadaw

Compressor |s s i3 tc

(5)
Ny, Ho, CsHs, CsHs
CsHe, CsHs,

1 sdz' tdag =iy
Nz, Hz, TiCly,

vl ¢

Heat U J f-dzts

Exchanger (6) tsB d3' da( N2, Ho, C3Hs, CsHg, | N2, Ha,  CsHe,
H,O CsHg, HO

[fdf BdzcC " &9 B 'BdZ BIsj S dBsHJ dzj 2 :
1 Stoichiometricreactori iAW  d3tsH j dz L OMmlssmtse @’
6y OCY' = daj 9 ' HisHED, s djdig tc b da'ts dic ' ofrdzw dzdzw
Miszf " dz@ (Jjteilsoatstej dedg?v HdzW C sy dats’ Misd
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1 Separator, ®iperl , Sriper2
l S stedmlssoalz’ Is+ Mw H dzw

sHiEs ] dzyOlsds oL H' oz 9 OY' o .

i Compressori S tsdi3f o] Mists.
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Med "' yskdedidstdhlsscs ksdlsOdk, §Gh
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f COCATi on" Hdzd?2 sl C T (CHRAS ji tdf' tsSPidD o
stedjlsd dzOdzs d3' dz' ® .
f C3FEED-97  Hdzd?2 1§ sls' € i CigOUHs il @ ezO iz
fMeds' M s djddkz O ftsf Odk.
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vsOBdzdyuyfgagygw " Oy’ v Of OOIs’ 9

Lo d ttsBtsils(d
1 dz0yj dzdzw
Py OO By jeo] sdme| %oLe udf
A sl O
L : sB O O
Stoichiometrig 69 200 |fO nd tj OF b
reactor o
w OL Cf
Separator 0 0 f Ois" H C I
Striperl 65 500 f Otis" H C I
Striper2 60 100 f Otis" H C I
Compressor T 250 T OH' OB O
Heat : .
Exchanger 50 0 f O’ H C |
231Cneundcdi kayui 9 NOTOKI B
]l mAfjsgz i3j edL Oy' ° fJost ' dzj daafnkdz0 &Ojg €

C i3 sdzj dals d :
TIChiyslsdtedn &zsted Misd2 Isd s Odg;
TEAT Isted J Is d dzO QeH1eBl);dz" 2 (
CsHeT f totsf * dzj dz;

CHgi ff totsf O dz;
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Hpi @ SH j dg' ;
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H,OT o sH O.
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6 Ols odlstyg TEA PP| H, | N, | H,Q
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A4 a3/ Gt
N2FEED | 30 380 100 A
H2FEED | 30 380 4 )
0,
CAT 20 |300) o0 o 0,98 0,00
0 1 8 | 2
cocat | 30 | 3| 10 1
careep | 30 | 399 45000 0,98 0,00
0 8 | 2
H2OIN | 35 380 847500
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Stream No. 10 12 13 14

Stream Name H20 -IN N2FEED H2FEED CAT
Temp C 30.0000*  30.0000*  30.0000* 30.0000*
Pres kPa 3000.0000* 3000.0000* 3000.0000* 3000.0000*
Enth MJ/h - 1.3438E+007 -0.087373 0.31554 -821.61
Vapor mole fraction 0.00000 1.0000 1.0000 0.00000
Total kmol/h 47044.1307 3.5696 1.9843 6.7518
Total kg/h 847500.0000  100.0000 4.0000 300.0000
Total std L m3/h 847.6366 0.1238 0.0572 0.5868
Total std V m3/h 1054430.57 80.01 44.48 151.33
Flowrates in kg/h
Propane 0.0000 0.0000 0.0000 296.4000
Propylene 0.0000 0.0000 0.0000 0.6000
Hydrogen 0.0000 0.0000 4.0000 0.0000
Nitrogen 0.0000 100.0000 0.0000 0.0000
Water 847500.0000 0.0000 0.0000 0.0000
TriethylAluminum 0.0000 0.0000 0.0000 0.00 00
Titanium TetraCl 0.0000 0.0000 0.0000 3.0000
PP 0.0000 0.0000 0.0000 0.0000
Stream No. 15 16 18
Stream Name COCAT C3FEED STRIP  -N2
Temp C 30.0000*  30.0000*  30.0000*
Pres kPa 3000.0000* 3000.0000* 3000.0000*
Enth MJ/h -17.332 4631.1 - 0.43686
Vapor mole fraction 0.00000 0 .00000 1.0000
Total kmol/h 0.0876 1061.9018 17.8482
Total kg/h 10.0000 44690.0004  500.0000
Total std L m3/h 0.0119 85.6317 0.6188
Total std V m3/h 196 23801.09 400.04
Flowrates in kg/h
Propane 0.0000 90.0000 0.0000
Propylene 0.0000 44600.0013 0.0000
Hydrogen 0.0000 0.0000 0.0000
Nitrogen 0.0000 0.0000  500.0000
Water 0.0000 0.0000 0.0000
TriethylAluminum 10.0000 0.0000 0.0000
Titanium TetraCl 0.0000 0.0000 0.0000
PP 0.0000 0.0000 0.0000

{ dMkdetsC 1 2! @dz ¢ slstsC ChemBag)dsd (e L Iz
) esHECK], Gltddod f te(tef o ) bs dizts @5 B & G

Stream No. 6 8 9 17
Name GAS1 PP - PROD H20 -Oour GAS2
Molar flow kmol/h 772.80 44366.5643 47044.1307 500.02
Mass flow kg/h 0.0000 45604.0032 847500.0000 0.0000
Temp C 0.0000 60.0021 33.5031 0.0000
Pres kPa 0.0000 100.0000 3000.0000 0.0000
Vapor mole fraction 0.0000 0.0000 0.0000 0.0000
Enth MJ/h 0.00000 - 3.1293E+007 - 1.3426E+007 0.00000
TcC 0.0000 2504.3226  374.2000 0.0000
Pc kPa 0.0000 698.3823 22118.2302 0.0000
Std.spgr. wtr=1 0.000 4.540 1.001 0.000
Std. spgr. air=1 0.000 0.035 0. 622 0.000
Degree API 0.0000 - 100.3306 9.8949 0.0000
Average mol wt 0.0000 1.0279 18.0150 0.0000
Actual dens kg/m3 0.0000 3984.3845 994.2521 0.0000
Actual  vol m3/h 0.0000 11.4457  852.3995 0.0000
Std lig m3/h 0.0000 10.0547 847.6366 0.0000
Std vap 0 C m3/h 0.0000 994416.5204 1054430.5655 0.0000

{ d Mk deSte 2 7S, Is  , § tsds off 6@ 'dABliemcad) Oy "

s h
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232MaTepi anbHI

f Olsj t6’ Odz' dzd ?

banaHc

"

BO®OdN tj O0Cksted § ¢

OB dZd ¥ OB jB' Odz! dzd?2 B OXOdM tj OCIts
s & &Y s dzj e I d & d&c s
TiCly4 3,000045 0,0008944411
TEA 10,00032 0,0006315148
CsHs 44600,6 0,002424511
CsHs 427,0737 813,4749
H> 4,000026 0,000525778
N> 100 0,0001509042
PP 2333,21 46664,41
4z &30 47477,88 47477,89
[Olsjtc’" Odz' dzgd?2 BOX&ZOdzl L B hzoa OYo s

vOB&ZJU4Y OB &' Odzt dzgd?2 BOWZOdzm L 3 hkzo
s 5 d3f 5dzj n OB (B I drdshety
TiCly 3,000045 3,000045
TEA 10,0003157574 10,00032
CsHs 44600,6 44600,6
CsHs 427,0737 427,0737
H> 4,000026 4,000026
N> 100,00000754 100
PP 2333,21 2333,21
4z &30 47477,88 47477,88

[Okj ' Od

dzd 2

BO®ZOMGN Mjfe&E0sst0 f{
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v OB dzd 4y¥Y OAs.j% " Odzt dzgd?2 B OOzl My § Otc Q

ss®f sds] | o d o TR B cBH)
VAP-A POWDERL
TiCl, 0,0008944411| 0,00004472206 0,0008497189
TEA 0,0006315148|  0,003157574 0,005999391
CaHo 0,002424511 | 0,00012112256 0,002303286
CsHs 813,4749 40,67374 772,8011
Hz 0,000525778 0,000026 0,0004994891
N> 0,0001509042|  0,00000754 0,000143359
PP 4666441 2333,21 44331,19
4z RO 47477,89 47477,89

[ Olsjtc’ Odz' dzgd?2 B OdzOdzm tetsL H'® dzt © OYO
v OB dzd yf @Is jitd®' O dz! dzd 2dz¢BoCAIORZAML S L H '

ss®f sdz] | o d o TR Bl cBH)
GASL POWDER
TiCl, 0,0008497189 0 0,0008497189
TEA 0,005999391 0 0,005999391
CaHo 0,002303286 0 0,002303286
CaHs 772,8011 772,8011 0
Hz 0,0004994891 0 0,0004994891
N> 0,000143359 0 0,000143359
PP 44331,19 0 44331,19
4z RO 47477,89 47477,89

[Oj' Odz dzd2 B OXOd tesL H' dz 98 OYO

s h
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v OB dzd Y[ @Is j1td' Odz' dzd 2

stsistf sz | = "di/ c(ts| ] R CdB G(ts Il R BhcH)
POWDER2 STRIRN2 CYCGAGB 0
TiCl4 0,000849189 0 0 0,000849718¢
TEA 0,005999391 0 0 0,005999391
CsHe 0,002303286 0 0 0,002303286
CsHs 0 0 0 0
H> 0,0004994891 0 0 0,0004994891
N> 0,000143359 500 500 0
PP 44331,19 0 0 44331,19
bz 3O 44831,1998 44831,1998

BOWd&zOdzn tetsL H ' g

1 OcOdzr d27 dBOMBse " a PEdcOIsd Is@® dzof AytsH 2|
v OB dzd yif @Mtde2" o dlstcOIsd dzO o - BH'
1 sls' CkOMtse o
O ntSH ",
B3/ ¢ sH
N2FEED 100
H2FEED 4
CAT 300
COCAT 10
C3FEED 45000
H2O-IN 847500
STRIPRN2 500
4 &z B3O 893414
s' dzyd 90 LOGCOdz! dzO@ ¢ ' dzz&B'diyflsy’ ff2tc =IH3z €
s h
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s OB dzd yivs '2dzj39 © S dz €' fyls¢

1 sls' § ftotsHdz@ Is
odm SH ",
B/ ¢ sH
H20-OUT 847500
GAS1 772.8011
GAS2 500
PRPROD 44331.19
4 z 30 893104
10 thdtse o d¢ tsdzOdzd n

BOls j o' Odz dzd 2
fMjtjHso dh"

ChemCad v. 5.

fesHkzCIsH.

tcSL t6On 2 dz§ " €
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B O dzPptdaf)L Qe 5y § iz s §f" ey’ iy

0 BLKBOAT
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S ABTOMATM30OBaAaHWN po3paxyHOK peacx|rto
3.1 TexHiYyHe 3aBAgaHHHA Ha pPo3pobKY
it sLtesBdlsd BByYdmdzs 0 Odz! dzd 2 dglftOHe Hstl! te qiAfst
BtsH j dz¢ 9 Odzdzy ftetsyj Mk slsted 3Odzdzy  sdz]
ftosy ez 'daztsls j tod3’ ydes i3z toj OCIstste’ ' HJ Odp
T
ldr' Hdzedd3d HOdzddzd Hdzw ttsL tcOn 2 dzC 2
vsdf Of OwOIsk bolssC dzOo { tsdz'| d3.
CjtejHdz 2 yoOfp f jtcjBlkzo ©@18437 9.
tc] OCIssts’
stsdzyj dzlstceOy* v fMmkd3" h' dzt0, 053 d3OMse O H
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http://td-prom.ru/
http://www.elemer.ru/
http://www.prylad.com.ua/index.php/uk/
http://www.kobold.com/
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PiweHHA HeniHiMHOT cucTeMn And.piBHAHE meTogoMm RADAUS

NOOATKMU

dopaoartTokK

DRIGIM =1
U - t AR A
o=
dt o
Tp-=-T
ST=——+J-r-q
dt B
r=c- k(T) WEBWAKICTE peakyyi
_E
R-T .
kiT)=ky- e KOHCTaHTa LUBWKOCTI peakui
-AH
J=—
Cp
a1
Q(T)= ———
B-qg-Cp
h-S-ge-C
Ql= 2 PP 1y
h-5+qgx- Cpx
L= h-5-gu- Cpx
B B-g-Cp-(h-5+ g Cpx)
Q(T)="L- (T - TOx)
BuxigHi paHi:
8= 1843 B uac nepefyBaHHA peakyiiiHal cyMiLi B
nonimepuaaropi
cl =015 Yo NOYaTKoBa KOHUEHTpaWA MoHomepa B 1-my
peakTopi
k0 = 0.401 - 10° 1% NOCTIAHA KOHCTAHTW LWBKIKOCTI peaKyyi
nonimepuaauii
E = 5.045x 107 Ox#imonk EHEpriA aKkTuBauii
R =18313 O/ (mone K) YHIBEpCANEHA ra3oea cTana
T0 = 303 K nouatkoea TEMNepaTYpa LWWXTH B 1-My peakTopi
AH =174 10° Kan/Monk MOMNEHA TENNOTA peakuil
Cp = 348332 kan/(n K} YAINEHA TEMNOEMHICTE LUWXTH
g = 128203 nixe oB’eMHI BUTpaTH MOHOMEDE
¢ o
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h = 462.584 kan/[xe m2 K}

S5=736 m2
gx = 416.667 nixe
Cpx = 881243 kanf(n K}
TOx = 280 K

koedr. Tennonepedadi Big peaky. cymili oo
XNAforeHTy

NAOLWLa 0X0N04#YHY0T NOBE PXHI

ob’emHi BUTpaTK poacony (XnagoreHty)

MUTOMAa TENMOEMHICTE PO3CONY (XNagoreHTy)

noyatkoea Temnepatypa poacony B pybawy 1-ro
peakTopa

NpMONWH#eHHI 3HaYeHHA © | T B peakTopi | HA BUXOA] 3 HEOMO:

cs = 0.033 %o
Ts = 303 K
—E
k(Tox) = k0 - e 7%
= iH (n K¥mone
_ h-S-qge- Cpx
L=

B-g-Cp-(h-5+qgx-Cpx)

Q(Txx) = L - (Tox — TOx)

|:|_
9e=2"C%_km)-c
dt 5]
TO-T
G 22 Ly kM) c-Q)
dt 0
t0=10 th = 120 ML'
(0.06)
X=I 1
L 304 )

+
KOHCTaHTAa LIBMAKOCTI
peakuil nonimepuaauii k(Ts) = 0099
J = 49809
L=0019

Q(Ts) = 0251

t=10.t0 + dt.. tk
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cd —x R-X;
: — kD - e & g
1
DIt.x) = P
T0 - 23 . =
w0k e ) ox - = - (- TOX)

] -

#r = Radau(x .10tk 1000 D) meTogom RADALIS
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ey

L=(h*S*gx* Cp)/
(taurg*Cp*(h*S
+gx* CpX))

¥

n=(b-a)/ ha

JopaoartT oK

| dzEES ] B0 Odesdldlz e tsd

!

f(a, b)
p(a, b)

!

o " h ™ 95X

o e ¢ e t

i<n

10

i=+1

x(1)= x0 +

ha * |
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JopoartTock
MporpamMmHMim Kopa obGBumcnwBannbH
Public Class rez
Pubic x1, x2, tau, J, L, c0, kO, En, R, TO, dH, Cp, q, h, S, gx, Cpx, TOx As
Single
Private Sub Buttonl Click(sender As Object, e As EventArgs) Handles

Buttonl.Click

Dim x() As Single

Dim a As Single

Dim b As Single

Dim y() As Single

Dim z() As Single

Dim g() As Single

Dim n, i As Integer

Dim x0 As Single

Dim k, k1, k2, k3, k4 As Single

Dim m, m1, m2, m3, m4 As Single

Dim ha As Single, xit, zit, tit As String

tau = Val(TextBox1.Text)

c0 = Val(TextBox2.Text)

kO = Val(TextBox3.Text)

En = Val(TextBox4.Text)

R =8.315

TO = Val(TextBox5.Text)

dH = Val(TextBox6.Text)

Cp = Val(TextBox7.Text)

g = Val(TextBo»8.Text)

h = Val(TextBox9.Text)

S = Val(TextBox10.Text)

gx = Val(TextBox11.Text)

D
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Cpx = Val(TextBox12.Text)
TOx = Val(TextBox13.Text)
J=dH/Cp
L=(h*S*gx*Cpx)/(tau*q*Cp*(h*S + gx * @x))
a=0

b=120

ha=5

n=(b-a)/ha

ReDim x(n)

ReDim y(n)

ReDim z(n), g(n)

x(0)=0

z(0) = 0.06

g(0) = 304

tit ="

Fori=0Ton
X([)=x0+ha*i
tit = tit & vbNewLine & x(i)

Next i
Fori=0Ton1
k1 = ha* f(z(i), g(i))
m1 = ha* p(z(i), g(i))
k2 =ha*f(z(i)) +k1/2,g(i)) + ml/2)
m2 =ha*p(z(@i) + k1/2,g(i) + ml/2)
k3 =ha*f(z(i) + k2 /2, g(i) + m2/2)
m3 =ha* p(z(i) + k2/2, g(i) + m2/ 2)
k4 = ha * f(z(i) + k3, g(i) + m3)
m4 = ha * p(z(i) + k3, g(i) + m3)
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k=(kl+2*k2+2*k3+k4)/6
Mm=(mM1l+2*m2+2*m3+m4)/6
z(i+1)=2z(@)+k
gli+1)=g()+m
grc.Chartl.Series("Series1").Points.Add XY (x(i), z(i))
xit = xit & vbNewLine & g(i)
zit = zit & vbNewLine & z(i)
Next i
TextBox1.ScrollBars = ScrollBars.Vertical
TextBox2.ScrollBars = ScrollBars.Vertical
TextBox3.ScrollBars = ScrollBars.Vertical
data.TextBox1.Text =itz
data.TextBox2.Text = xit
data.TextBox3.Text = tit
End Sub

Private Function f(a, b) As Single
f=(cO0-a)/tau- kO *2.7182818 "{En/ (R * b)) * a

End Function

Private Function p(a, b) As Single
p=(TO-b)/tau+J*(k0O*2.7182818 *En/(R*b))*a)*a-L/tau* (b
- TOx)
End Function

Private Sub Button2_Click(sender As Object, e As EventArgs) Handles
Button2.Click

Close()
End Sub
End Class
o ted
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Public Class data
Private Sub Buttonl_ Click(sender As Object, e As EventArgs) Handles
Button1.Click
Close()
End Sub

End Class

Public Class golovna

Private Sub JojHjdzde"| Odzd~ToOoOI| Stri pMe

Event Args) Handl es MenujtemChizkizv | Odzd =~ Too | €
rez.Show()

End Sub

Private Sub Jdr"HTool StripMenultem]{(

Handl es Idma" " HTool Stri pMenultem. Cl i ckK
End

End Sub

Private Sub tJjLEkzd sOIsTool StriAsMenu] t

Event Args) Handles {tJjLiEkzdz IsOIsTool Str | r
data.Show()
End Sub

Private Sub JtOW¥' ¢y & dededs tsdzyj dzlstc Oy
Object, e As EventArgs) Handles
J 6OV €)1 &3 deded s sdzyj dzlstcOy® " Tool Stri pMehpt
grc.Show()
End Sub

Private Sub u4fttOoaCOTool Stri pMenul: t
Event Args) Handl es ad4fftcOoaCOTool Stri pMe
spravka.Show()
End Sub

Private Sub tsLtsBddSTool Stri pMenul]t

EventArgy Handl es {(tLttsBddSTool Stri pMenjul
rozrobnuk.Show()
End Sub

End Class
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Public Class grc

Private Sub Buttonl Click(sender As Object, e As EventArgs) Handles

Buttonl1.Click

Close()
End Sub
End Class
o ted
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