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Copaep:xxanue
1 JlaGopartopnas pabota Nel MoaenupoBanue pusnueckux siBieHuit B cucteme Excel.

2 JIabopatopHast pabota Ne2 M3yuenue komanj cuctemsl Maple.

3 JlaGopatopHas padota Ne3. MonenupoBanue gpuznueckux oObeKTOB B cucteme Maple.

4 Jlabopatopusbie padoTsl Ne4-14 M3yuenue nporpammupoBanus B Mathcad.

5 Jlaboparopnas pabota Nel5 MozaenupoBaHue 0THOKOHTYPHOM CHCTEMBI
aBTOMAaTHYECKOro peryiaupoBanus B VISSIM

6 JlaGoparopnas pa6ota Nel6 3-D monenuposanrie B8 KOMITAC



JlaGoparopuasi padora Nel
Tema: «MonenupoBanue Gpuznyeckux siBjieHU B cucreme Excel».

DNeKTpOHHBIE TaOIUIIBI MPEACTABIAIOT COOON KIAcC CIEeNUaIbHBIX MPOTPaMM IS BEICHUS
nokymeHTanmu. JlOKyMeHT u300paxkaeTrcsi Ha OSKpaHe B BHIE TaONWIBI, y KOTOPOWM
MMEHOBAaHbI CTPOKM M cToNOmbl. Kakmas kieTka MOXKET coAep)KaTh TEKCT, YHCla WU
dopmyny. C comepKUMBIM KJIETOK MOKHO MPOU3BOIUTH apuPMETHUECKUE, anreOpandecKue
U JIOTHYECKUE onepanuu. M3mMeHeHne coaepKuMoro 0JJHON 13 KIETOK aBTOMaTHUECKH BEJIET
K U3MEHEHUIO COJEPKUMOTO IPYTHX KJIETOK, CBS3aHHBIX C HUM JIOTHUECKU WIH (HOPMYIIOi.
Takum oOpa3zom, 00pabOTKa AaHHBIX MPOMCXOJUT ABTOMATUYECKH, PE3YyJIbTaT MOIy4yaeM B
BUIe TOTOBBIX Tabmuil. [Ipu HEOOXOAMMOCTH Pe3yNbTaT MOXKHO MOJYYUTh B BHJIE TPAPHUKOB
WIN KE TUarpamm.

PaccmoTpuMm  mporiecc  MaTeMaTHYECKOrO  MOJACIHMPOBaHMS  (U3MYECKMX 33Jad ¢
npuUMEHEeHHeM HJeKTpoHHBIX Tabmui Excel. Wcnonw3zoBath cuctemy Excel oduchoro
npwioxenuss Windows MMeeT CMBICI, €ClU Yy UCCIe0oBaTeNsi HET Ha KOMIIbIOTepe Kakas-
HUOY/Ib M3 CHCTEM KOMIIbIOTepHON MaremaTuku. C Apyrol CTOPOHBI, €CIH CTYACHT
HAYYHJICSI COTJIACHO QJITOPUTMY BBIYMCIISTH 3HAYEHUS HEU3BECTHHIX (DYHKIUU Ha TMEPBOM
iare UTepaiuu, TO OH MOHUMAET PadOTy aJTOPUTMA PEIICHUS.

TexHomorus perienus (MoaenupoBaHus) GU3NIECKUX O0BEKTOB ¢ momolblo makera Excel
U3JI0KEHa Takke B paborax [27, 48, 51].

B kauecTtBe mnpumepa BO3bMEM KJIACCHYECKYHO 3aJlady: MOJCTUPOBAHUE JIBHIKCHUS
HeOEeCHOro TeJla Mo/ JEHCTBUEM CHUJI TATOTECHUS.

3apaua 3. Iloctpouth opOUTY Majoi IUIAHETHI IO €€ KOOpAWHATaM, PAaCCUUTAHHBIM C
MHTEPBAJIOM B 5 CYTOK, €CJIM B IIEPUTEIIMN OHA HaXoauTcs Ha pacctosauu 0,5 a.e. ot ConHila
u umeer ckopoctb 0,026 a.e./cyr. Cuurtarh, 4TO IUIAHETA JBIDKETCS II0J] JCHCTBHEM
NPUTSHKEHUS TOJIBKO co cTopoHbl ComHlla. BiausHue apyrux miaHeT He YYUThIBaTh.

Puc. 3.2

MarepuansHoe Teno (IJIaHeTa) MaccoM M HABUKETCS MOJ ACHCTBUEM MPUTATHUBAIOLIETO
HenoaBuwxkHOro nenrpa (Connina). Hanpumep, 1r000e MaTepraibHOE TENO ABUKYILEECS MO
NEUCTBUEM CHUJIbI MPUTSKEHUSI HEOECHOI O Tela (B YaCTHOCTH, 1oJist Tarotenus: CoJiHIa).
AuddepenunanbHbie ypaBHeHUS IBUKEHUS MOTYT ObITh MOJTy4Y€HbI U3 3akoHa HeroTOHA

0x(0) = 0,%(0) = X,, vy (0) =wo, y(0) = 0,

npcarojaratomlmumMuy, 4To MaTCprualIbHOC TCIO B HaYaJIbHBIA MOMEHT BPCMCHHU JIC)KUT HAa OCH



Ox B TOYKE Xp, HE UIMEET COOTBETCTBYIOUIEH CKOPOCTU BAOJIb OcM Ox U UMEET HAYaJbHYIO
CKOPOCTb JHILb BI10Odb ocu Oy, KOTOpast paBHa ).

Pemenne. Penienue naHHOM 3aauu CpeACTBaMU IIPOrpaMMHPOBAHUs MPUBEAEHBI B [39, 42
]. Hwxe npuBeaensl GopMynsl 1o MeToAy OWiepa, TMO3BOJSIONME TPOU3BOIUTH
BBIYUCIICHUS :

T, =T.1 + DT; R|=KOPEHb(X| *Xi +Y,

*Y|). A|, x= -GM*X, /R|A3;

A|, y= -GM*Y| /R|A3;

Vi x=Vi1, x— A, x*DT;

Vi,y=Via, y— A, v*DT; Xy =X +

Vi, x* DT; Y1 =Y+ Vi v*DT;

HpI/IBeZ[eHHI)Ie (l)OpMyJ'H)I peaACTaBJIAIOT coboii TOTOBYIO CXEMY aJirOprUTMa 11l BBIUKCIICHUI.

Beenem cBow cucremy eauHui. Bpems wusmepsiercss B CyTKaX, pacCTOsSHUE B a.e.
(acTpoHOMMUYECKMX €AMHMIAX), 332 €IMHMIy Macchl npuHsTta Macca Connua. Ilpu Takom
BBIOOpE €TMHUII] YUCIIOBBIC 3HAUCHUSI UCXOAHBIX JAHHBIX TAKOBHI:

X 0=0,5; Y 0=0; V 0x=0; V 0y=0,026; -GM=-1/58"2; DT=5.

3anoaHseM ANIEKTPOHHYIO TabJIHILy.

[lepBoHauanbHbIN BU 3JIEKTPOHHOM TaONHIbI TpuBeeH Ha puc.3.3. [losicHenus

K 3aMOJTHEHUIO JIEKTPOHHON TaOJIUIIbI

B sueiiky A3 BHeceHO 3.

B siaeiiky A4 BBeneHa ¢popmyna =A3+3.

B siueiiky B3 BHeceno 0.

B saeiiky B4 BBenena popmymna =B3+5.

B saeiiky C3 BBenena popmyma = (-1/(5872))*G3/(13/3, koTopasi CKOIMUPOBaHA B STYEHKY
C3.

B stueiixy D3 BBenena popmymna =(-1/(58"2))*H3/(13/3), koTopast cKkonmupoBaHa B siUCHKY
D3.

B sueiiky E3 BHEceHO 3HaU€HHE HAYAJIBHOM CKOpPOCTH MO X paBHas 0.

B saeiiky E4 BBenena gpopmyna =E3+C3*5.

B siaeiiky F3 BHeceHo 3HaueHne HavaiabHOU ckopocTu 1o Y 0,026.

B sueiiky F4 BBenena popmyna =F3+D3*5 .

B sueiiky G3 BHeceHO HauanbHasi KoopauHaTa 1o x paBHa 0,5.

B sueiiky G4 BBenena dhopmyna =G3+E4*5.

B sueiiky H3 BHeceHO HauanbHast KoopanHaTa 1o y paBHas 0.

B sueiiky H4 BBenena popmyna =H3+F4*5.

B sueiiky 13 BBenena dopmyna =KOPEHbB(G372+H3"2), kotopasi cKomupoBaHa B SYEHKY
3.

B sueiiky J3 BBenena gopmymna =KOPEHb(C372+D3"2), koTopasi CKOMMUpPOBaHA B SYCHKY
J3.

Takum o0pa3oM, MbI 3alOJHWIM JIBE€ CTPOKU. B TpeThell CTpoke BBEIECHBI HayaJbHbIE
3HaueHus, B ctpoke Ned hopmynel pacuera. Beigensst ctpoky Ned u pacTsruBasi MBITIBIO TI0
BEpPTUKAIH, OJIy4aeM pacyeTHbIC 3HAUEHUS HA KaXK]IbIi MOMEHT BPEMEHHU.



L Microsoft Excel
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Puc. 3.3
Pe3ynbpTaThl BRIYMCIIEHHH NpUBEIEHBI B Tabnue 1.
Tabmuma 1
C D E F G H | K
AX Ay VX Vy X Y R A
ar
- 0 0 0,026 0,5 0 0,5 0,001
0,00119 189
- - - 0,026 0,470 0,13 0,4879 0,001
0,0012 0,00033 0,00595 273 11 249
- - - 0,024 0,410 0,251 0,4814 0,001
0 10,00109 0,00067 0,01196 336 458 682 76 282
- - - 0,020 0,323 0,356 0,4813 0,001
5 10,00086 0,00095 0,01743 985 313 607 52 283
- - - 0,016 0,214 0,437 0,4875 0,001




0 0,00055 0,00112 0,02174 232 624 769 5 251
- - - 0,010 0,092 0,490 0,4994 0,001

5 10,00022 0,00117 0,02449 618 172 86 39 192
7,75E - - 0,004 - 0,514 0,5159 0,001

0 |05 0,00111 0,02559 762 0,03578 669 11 117
0,000 - - - - 0,510 0,5356 0,001

0 5 313 0,00099 0,0252 0,00081 0,16179 624 43 036
0,000 - - - - 0,012 0,6766 0,000

17 5 0 649 1,2E-05 0,00488 0,01913 0,67652 422 39 649
0,000 7,56E - - - - 0,6897 0,000

8 6 5 62 -05 0,00163 0,01919 0,68467 0,08351 45 625
0,000 0,000 0,001 - - - 0,7001 0,000

9 7 0 [587 154 472 0,01881 0,67731 0,17755 96 606
0,000 0,000 0,004 - - - 0,7078 0,000

0 8 S5 b49 224 404 0,01804 0,65529 0,26774 77 593

Jlns moctpoeHusi opOWTHI IiaHeThl BeiensseM sueiiku G2:H20. M3 mactepa auarpamm
BbIOMpaeM Tun auarpammbl “ToueuHas™, panee “ToueyHas AuarpaMMa CO 3HAYEHUSIMHU,
COCJIMHEHHBIMHU CIJIQKUBAIOIIMMHU JIMHUSAMH 0Oe3 MapkepoB”. B 3arojioBke yka3biBaeMm
Ha3BaHue rpaduka “ Tpaextopus opoutsr”. [lonydeHHas TpaekTopusi OpOUTHI IPUBEICHA Ha
puc.3.3.

UToObI MONYYUTh TpauK yAaJIeHUS TUTAHETHI B Pa3IMYHBIC MOMEHTBI UTEPAIUH, BBIICISICM
aueiiku 12:120. M3 macrepa quarpamMm BeiOMpaeM Tur auarpammsl “JlemecTkoBasi”, naiee
“JlemecTkoBasi quarpamMma sIBJIsIeTCS aHajIoroM rpaduka B MOJSPHON CHUCTEME KOOPAMHAT
...”. B 3aronoBke yka3piBaeéM Ha3BaHWE AuarpaMmbl “ Ynanenue miaHetsl oT ComHia“.
[Tony4yennslii rpaduk npuBeaeH Ha puc.3.6.

Jliist moctpoenus rpaduka 3aBUCUMOCTH YCKOPEHHUSI OT BpeMeHH BhifeisieM sueriku C2:D20.
N3 mactepa guarpamm BeiOupaem Tum auarpamm “I'padux”, namee “I'paduk orobpakaet
pa3BUTHE Tpoliecca BO BpeMEHHU WU 10 KaTeropusm’’. BeiOupaem “aajiee”, BbIagaeT MEHIO
“auana3oH JaHHBLIX’. B MeHI0 “amana3oH JaHHBIX BbIOMpaeM “psax’. B “moamucu ocu
X” nHadbupaem =JIuctl!$B$2:$B$20. Ykazarenb MbIIIH MOBOIUM K “A00aBUTH”’ U IICIIKACM
JeBOM KHOMKOW MbIK, B “UmMsi” Habupaem — A, B “3HaveHMss”’ HaOupaem
=JTuctl!$1$2:$1$20. Vka3zarenp MbIIM NOABOAMM K “maJjee’” U IIEIKAEM JEBOU KHOIIKOU
MBIIIM. B moxamucu gaHHBIX BBOAWMM Ha3BaHWEe jauarpamMmbl “I'paduk 3aBUCHMOCTH
YCKOpEHHUsI OT BpeMeHHW . YKazaTelab MBI IOJABOJUM K “TOTOBO”, IIEIKAaeM JIEBOM
KHOTMIKOW MbImu. ['paduk roros. Puc. 3.3. YBenudyeHue konuyecTBa IIaroB UTEpaIMd JacT
0oJiee MOoJTHOE PEIICHHE 3a1auH.



Mpad MK 3aBUCUMOCTH YCKOPEHUA OT
BpeMeHH
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Puc. 3.5

YaoaneHuwe nnaHeTbl oT ConHUua

Puc. 3.6

Hcnonp3oBaHue AIEKTPOHHBIX TAOMUI[ MPU MOACIUPOBAHUU (HU3UYECKUX MPOIIECCOB HE
eIUHCTBeHHasi 00jacTh. [IpuMeHeHHe 3IEKTPOHHBIX TaOJNHI] MPU MPOBEICHUH PACUETOB
JAHHBIX JTA0OPATOPHBIX pabOT MO3BOJSET ClleNlaTh OCHOBHOM yMOp Ha MOCTAHOBKY OMNbITa
(3KCIiepUMEHTa) W aHaliW3 TOJYYEHHBIX pPE3ylbTaTOB, T.€. (OPMUPOBAHUIO HABBIKOB,
HEO0OXOUMBIX (PU3UKY-IKCIIEPUMEHTATOPY.

B kadecTBe mpumepa mpuBeAEM pelIeHHE 3aJauM «J[B)KEHHE Tejaa B IMOJI€ CHUJIbI TSHKECTH
3eMiny.



3agaya 3. CBuHLOBBIA Wapuk Maccoid m = 0, 54 r nagaet B Macie (INIOTHOCTh CBUHLA O¢ =
11,3*10"3 kr/M"3, minotHOCTh Macia Oy = 0, 92*10"3 kr/m”3, Bsa3kocTh Macna ty, = 0,95
Kr/(MC)) ¢ Ha4aJIbHOM CKOpPOCTBIO U, HalpaBieHHOW mo BepTukanu. [loctpoiite rpaduku

CKOPOCTH, YCKOPEHMSI U MEPEMELICHUS LIapUKa OT BpeMEHHU. Bappupys U0, YCTaHOBUTE C
MTOMOIIIBI0 KOMIIBIOTEPHOM MOJIENIN XapaKTepHbIe 0COOCHHOCTH JIBMXKEHUS [IapUKa.
Maremaruuyeckass MojaeJb. byJieM cunuTaTh, 4TO HA ABWXKYIIUMKCS LIAPUK B Tra30BOU WU
JKUJIKOW Cpele JECHUCTBYIOT CUJIa TPEHMS, TSHKECTH M apXUMeNoBa CWia. BennuyuHa Cuiibl
COIPOTUBIICHUS CPEABI IPU MAJIBIX CKOPOCTSX MPOIIOPLHUOHAIIBHA CKOPOCTU U UMEET BUJL
Fconp = kl L, (32)

Jlns mapuka K1 = 6771 ¥, Tae 4 - TMHAMHYECKast BI3KOCTh Cpejibl, I' — paauyc mapuka. Cua
Apxumena F, = p,Vg =. poprr® g/3

3212KOH HproToHa B HampaBiieHUs ABUKEHUS IIAPUKA UMEET BUJT

y
m dt_2: mg—-F.—F,
C Y4YEeTOB (3.2) u cuibl ApxumMe/ia MoTy4yuM ypaBHEHHUsI IBHXKEHUS IIapUKa B
BSI3KOU Cpefie
dv
=g-k,o/m=p Vg /
dt m, (3.3)
dy b L '
dt

Ot YpaBHCHHA U COCTABJIAIOT MAaTCMATHYCCKYIO MOJACJIb ABUKCHUA TCJIa B BSI3KOU cpeac.
Pemenue. BB@IIGM 0003HAUCHHUS H IMpUCBOMM UM 3HAYCHHUA H BbIYUCIIUM HCKOTOPBIC

BCIIOMOT'aTCJIbHBIC BCIINYHUHBI.
OG6o3HaYeHHe BEIUYMH U IPUCBaUBaHUE UM 3HAYCHUH

N AB C D E F G

1 11,13E+04 Kr/ n 1un|0,95 Kr/ m 5,40E-04 xr
cC = M3 Bsisk — (MC) -

2 19,50E+02 KT/ Vo= -0,5 M/C
M = M3

3 @9 9,81 M/C Dt = 0,001 C
= n2

Brrancnenne paguyca mapuka, kodddumnuenra conpotusieHus K1 = 671 r,o00peMa mapuka
Vuap = Ml p- ipoBeiensl B siueikax B4, BS u E4

A

4 I 0,002251 M V iiap = 4,778 M
= 17 E-08 3
5 k 0,040311 Kr/C
= 93

3amoaHUM MIECTYI0 CTPOKY TaONMUIBI JaHHBIX HAadalbHBIMH JaHHBIMH. B ceapmoil cTpoke
MOJIyYUM TME€pPBbI€ 3HAUEHUS CKOPOCTU U YycKopeHus. OcTaibHble 3HAYEHUS MOJIy4aeM,
pacTIruBas MBbIIIBIO, BBIJICICHHYIO CEIbMYI0 CTPOKY I[E€PBBIX 3HAYEHHUM [AHHBIX II0

BEPTUKAJIH.
[TAB/IMLIA JAHHDBIX |




dt, ¢ IV, M/c dV, m/c y, M dy, m/c a, M/c"2
0 -0,5 0,04705 0 -0,0005 4,63E+01
2
0,001 -0,45295 0,04353 -0,0005 -0,00045 4,28E+01
9
0,002 -0,40941 0,04028 - -0,00041 3,95E+01
9 0,000952948
0,003 -0,36912 0,03728 - -0,00037 3,65E+01
1 0,001362357
0,047 0,113845 0,00122 - 0,000114 4,87E-01
7 7 0,002099431
0,048 0,115072 0,00113 - 0,000115 3,95E-01
8 6 0,001985586
0,049 0,116208 0,00105 - 0,000116 3,10E-01
9 1 0,001870514
0,05 0,117258 0,00097 - 0,000117 2,32E-01
0 2 0,001754306
2 a2
Yol Qé
o~ DT -016-51g g 15
3 = 1
2 DY =023
&0l \ >3j 5
0 ﬁ 'Q5 [
10 D [0]05) 1 ans 06
tc tc

Puc. 3.7. I'paduku 3aBUCHUMOCTH YCKOPEHHS U CKOPOCTH OT BPEMEHHU
3anaua 3. JIBrkeHHe 3apsKEHHOM YaCTHIIBI € 3apsAI0M ( U Maccoil M B KyJOHOBCKOM I0OJI€
IPYro dacTuilel ¢ 3apsagomM Q , mosokeHue KOTopou 3adHUKCHpPOBAHO. MaTeMaTH4eCKyIo
MOJEJIb MOKHO MOJIYYUTh Ha OCHOBE 3akoHa HproTOHA

F=m

n 3akoHa KymnoHa.

Eo_

dov
3.4
o G
1
A, r

135

B cucteme koopanHaT, HaYaa0 KOTOPOI MPUBSA3AHO K TeNy ¢ 000N Maccol u 3apsaaoM Q,

YpPaBHCHUA MOACIIN NMCIOT BU:

dox / dt = - Qq x / ( x2+y?)%2

doy/dt=-Qqy/ (x*+y?)*

dx/dt = wx
dy/dt = vy
Hauanbunie

YCIIOBUSA

CKOPOCTBIO H YTJIOM O .

OMPENIEIAI0TCS

JBYMsI

napameTpaMu:

(3.6)

HaYaJILHOU




X(0) = X,, y(0) =0,

D,,= U,C0SQ, L (3.7)

o = Usina,

Pewenue. 3amady pemmMm MeTtogoMm Oisiepa. PopMmysbl 0 KOTOPBIM
MIPOBOJISITCS] BHIYUCIICHUS UMEIOT BU/]I
Ty =Ty +H;
X=X +H* Vg 5 Y=Y +
H*V\.1 v;
R|=KOPEHB()(| *Xi +Y, *Y|).
A x= -g*Q*Xi IR"3; Al v= -
q*Q*Y, IR"3; Vi, x=ViL, x — A,
x*H;
Vi y=Viyy — A y*H;
Beengem 0003HaueHUs U MPUCBOUM MM 3HAYEHUS U BBIYUCIUM HEKOTOPBIC
BCIIOMOTaTEIbHbIC BETUYUHBI.
2. B sueiike C1 3amaHo 3HaueHHe IepBoHavaapHoro yria =B2*3,14/180
3. B siueiikax B2-B6 3a1aHbl BXOJIHBIE TAPAMETPbI
3. B sueiike All 3agaH0 HauanIbHOE 3HAYEHUE KOOPIUHATHI X
3. B sueiike B11 3amano HayanpHOE 3HAYEHUE KOOPAUHATHI Y
5. B stueiike C11 Borunciaeno =B3*COS(C2)
6. B stueiike D11 Berunciieno =B3*SIN(C2)
Brruncnenust nmpousBostes B crpoke Nel2 no popmynam
7. B siueiike Al12 mo ¢popmyne =Al1+C1l1*B$7
8. B stuciike B12 mo popmysne =B11+D11*B$7
9. B stueiike C12 no popmyre
=C11+(Al11*B$4*B$5*B$7)/(B$6*KOPEHDb((A11"2+B1172))"3)
10. B suetike D12 no popmyie
=D11+(B11*B$4*B$5*B$7)/(B$6*KOPEHb((A11"2+B1172))"3)
OcranpHble 3HAUEHUSI KOOPAUHAT U CKOPOCTEHN MOJIy4aeM, PACTATUBASI MBIIIbIO BbIIECIECHHYIO
cTpoky Nel?2 3HaueHMil JaHHBIX 110 BEPTUKATIH.

A B C D
1 [Vron 1 0,017444
2 |ckopocTh 10
3 papanl 79
4 papsan2 2
5 |macca 4
6 |mar 0,001
7
8
9
10 x(i) y(i) V(i) vy (i)
11 |1 0 0,999848 0,017444
12 |-0,9995 8,72E-06 0,980098 0,017444
13 -0,99901 1,74E-05 0,960328 0,017444
14 1-0,99853 2,62E-05 0,940539 0,017444
15 |-0,99806 3,49E-05 0,920731 0,017445
16 |-0,9976 4,36E-05 0,900904 0,017445




17 -0,99715 5,23E-05 0,881059 0,017446
18 -0,99671 6,11E-05 0,861196 0,017447
19 -0,99628 6,98E-05 0,841315 0,017448

JIns mOCTpOeHMsI TpaekTopuu JBHKEHMs BblaensieMm sdyenkun All:A50. U3 macrepa
auarpaMMm BblOMpaeM THN Juarpammbl “Toueunas”, nanee ‘“Todeunas auarpamMmma co
3HAYEHUSMH, COCJUHEHHBIMHU CIJIQXKUBAIOIIUMH JIMHUAMH O0e3 MapkepoB”. Ilomyudennas
TPAEKTOPUS IBHKEHUS 3apsHKEHHOM YaCTUIBI B KYJIOHOBCKOM IIOJIE SiApa IPUBEEHA HA PUC.
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Puc.3.8.

JlaGopaTropHasi paGora No2
Tema: «3ydyenue komang cucreMsl Maple».

Ha mnepcoHanpHOM KOMIIBIOTEPE CETOAHS MOXHO pellaTh 3aJadyd HAy4YHO-
TEXHHUYECKOTO XapakTepa, He IMpuberas K MX KOAMPOBAHUIO HA KAKOM-HHOYIb
AJITOPUTMUYECKOM  SI3BIKE (beiicuk, [Tackanp, cn. Hcnonb3zoBanue
UHTETPUPOBAHHBIX  MPOTPAMMHBIX CHCTEM  aBTOMAaTHU3allUd  MaTEMAaTHYECKUX
pacuetoB (Eureka, Maple, Mathematica, MatLab, MathCAD u nap.) mo3BoJsiOT
pemaTh IOCTaBJICHHbIE 3aJa4d Ha BXOJHOM SI3bIKE€, KOTOPBIM MaKCHUMAaJlbHO
npUOIMKEH K €CTECTBEHHOMY MaTeMaTUUYECKOMY S3BIKY.

C xaxnoii HOBOHM Bepcuerd Maple 1o6aBIsIFOTCS HOBbIE MAaTEMATUYECKHUE TTAKEThI
pacIIMpeHus U IpUMEHEHHs NS penieHus 3anad. [lo nu3ydenuto npuemam paboThHI U
METOJIMKHU perieHus: Gu3nuecKux 3agad B cucreMe Maple Mbl OTChlIaeM K KHHTaM
[15, 19].

3uaxomemso ¢ cucmemoti Maple. UnTepderic naHHON CUCTEMBI aJIanTHUPOBAH
TUTsE pabOoTHI TIOJL30BATENSI, UMEIOIIETO dJIEMEHTapHbIE HAaBBIKA paboThl ¢ Windows-
MPUIOKEHUSIMU.

[Ton naTEpdEiicoM mOHMMAaeTCst HE TOJIBKO JIETKOE YIPABICHHE CUCTEMOM, KaK C
KJIABUIITHOTO MYJIbTA, TaK U C MOMOIIBIO MBI, HO U MPOCTO HAOOp HEOOXOIUMBIX
CUMBOJIOB, (OpMyJl, TEKCTOBbIX KOMMEHTApUEB C MOCIEAYIOIIUM 3allyCKOM
nokymeHnToB (Worksheets) B peaabHOM BpemMeHuU.
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3anyctuB cuctremy Maple n3 Windows, Bbl yBUIUTE Ha SKpaHe okHO (puc. 3.11).
Hag HuM BHIIHa CTpoKa ¢ OCHOBHBIMH 3JieMeHTaMu uHTepdeiica. Onuuu riiaBHOTO
MEHI0, COJIepKallliecs B 3TON CTPOKE, JETKO U3YYUTh CAMOCTOSATEIBLHO Yepe3 OMIUI0
Help; HekoTopple M3 HHMX OYEHb IMOXOXXM Ha CTaHAAPTHBIC ONIMHU, MPHUHSTHIE B
TEKCTOBBIX pefakTopax Windows.

OcrtanoBuMmMCcsT Ha  NPUMEHEHHH  CcUCTeMbl  Maple s pemeHus
muddepeHanbHbIX  ypaBHeHUH. J[Ja  pemieHus  NpoCThIX  OOBIKHOBEHHBIX
muddepennmansabix ypaBaenuit (O1Y) u cucrem (O]Y) ucnons3yercs mpoienypa
naketa Maple dsolve, koTopas B 00111eM BH/IE 3aITUCHIBACTCS KaK:

dsolve ({ ODE, nach }, { funcs }, type solution).

3nece ODE — unentudukarop, koTopomy mpucBauBaercsa auddepeHuaibHoe
ypaBHenue (cuctema O[Y) unm camo 1Y;

nach — HagabHBIC YCIIOBUS;

funcs — onpenensiembie QyHKITUY;

type solution — ommms, 3amaromas METOJM AHAJTUTHYCCKOTO WA YHUCICHHOTO
pemieHus. DTOT mapaMeTp ONPeAeIieT TUIl UCTIOIB3YEMOT0 METO/1a aHATUTHIECKOTO
unu yncnerHoro pemenus OJ1Y. Ilpu 3aganuu 3T0ro napameTpa B BUJE:

explicit — BbIJAET SIBHOE PEILICHHUE;

formal series — perenne B hopMe CTEIICHHOTO MHOTOUJICHA;

Series — pemeHue B BUJIC Psjia C OPSIKOM, KOTOPOE YKa3bIBASTCS BICPEIH
¢ynkiuu dsolve B Bune Order:=S;

integral transform — penrenre Ha OCHOBE HHTETPABHBIX TPEOOPA30BAHUIA
Jlarmaca, @ypbe u ap.;

NUMeric — pereHue B YNCIICHHOM BHJIC.



Ecniu Mbpl He yka3plBaeéM J3TOT MapaMeTp, TO CHCTEMa camMa BbIOMpAET
MPEANOYTUTENbHBIA METOJT PEIICHHS IO YMOJIYAHUIO.

PaccmotpuMm B KkpaTkodl (¢opme mpouecc pemieHus AU depeHIruaTbHbIX
ypaBHEHHM M MojAenupoBaHus (puznueckux 3amay B cucteme Maple [12, 28] Ha
pUMEpPEe ypaBHEHUS

dy _
dx

Cpena nomyckaer IpOU3BOJIBHYIO 3allMCh HAaXOXKJAEHUS pemieHns. OHa MOKET
OBITH OpOpMIIEHA Yepe3 ONepaTophl MPUCBOEHUS, HATIPUMED

—ay (3.8)

ODE:=diff (y(x) ,x)=-a*y(x)
Nach:=y (0)=5; (3.9)
dsolve ({ODE,Nach} ,y(x)) ;

NI YpaBHCHUA, Ha4dyaJIbHBIC 3HA4YCHMUA, ONIPCACIISICMBIC @yHKHHH,

UCIIOJIb3YEMBIA METOJ PELIEHHUS 3alIUChIBAKOTCS B OJHOM CTPOKE, HAIIPUMED
dsolve ({diff (y(x) ,x)=-a*y(x),y(0)=5},y(x)); (3.10)
BO3MOXKHa Takke uX KomOuHamus. [lonmydeHHOe pelieHue MOXKET OBITh

PHUCBOCHO KaKOMY-THOO0 OomepaTropy
F:=dsolve ({diff (y(x) ,x)=-a*y(x),y(0)=5},y(x));

HOCTpOGHI/Ie Fpa(l)I/IKa MOKET OBITh IIPOBE€ICHA C IIOMOIIBIO OIIIMKU B BUJIIC
with (plots) ;
odeplot(F, [x, y(x)],0..200);

HJIA UCIIOJIB30BaTh paBHO3HAYHYIO 3aIIUCh
plots[odeplot] (F, [x, y(x)],0..200);

Pemenne nuddepeHimanbHbIX ypaBHEHUH BTOPOTo U 60J1ee BRICOKUX MOPSIIKOB
MOKET OBITh OIKMCaHO ¢ moMoIIslo GyHKuHU diff, HO B TPOU3BOIHOM IO
apryMeHTY CTaBUTCS 3HaK $ ¥ MOpsAa0K mpou3BoaHoi. Hanmpumep

dsolve ({diff (y(x) ,x$2)=-a*sin(x),y(0)=5,y(1)=0},y(x)); (3.10)

Pemenne cucrem nuddepeHIHaIbHBIX YPaBHCHHH MOXET OBITh IPOBEICHO
pa3IMYHBIMH METOAaMM BbIOOpOM mapamerpa type solution [15,19], B sBHOM BHjE, B
BUJIC PA3TOKEHUS B P WIM WHOTO BUAa. Yamie Bcero s HAdadbHBIX OIICHOK
UCIIOJIb3YETCSI PAa3INYHBIC YUCIICHHBIC METO/IBI.

Eciim MBI B OIIUU dsolve TIOCIE THMA pEHmICHUS NUMEriC yka3biBaeM
method=classical, To cuctema Maple BbHacT pemieHHe ¢ TOMOIIBIO OIHOTO W3
BOCBMH BEpCHH KIIacCHYecKoro Meroja. B cucteme Maple umerorcs u apyrue
METOJIbI PEIICHUS:

rkf45 - meron Pynre — Kyrra —®eiixcoepra 4-5 mopsiaka

dverk78 - meronx Pynre — Kyrra 7-8 mopsiika

gear - ogHomaroBeid metos ['upa

Isode - omna w3 Bepcuit JluBeHMoOpckoro pematens auddepeHIHATBEHBIX
yYpaBHEHU

taylorseries — meron paznoxenus B psja Tewopa.

JlabopaTopHas pa6ora Ne3
Tema: «<MoaeaupoBanue ¢puzndyecKkux 00beKTOB B cucreme Maple.»
[Mpumep 1. /IBu:keHHe HeOSCHOI0 TeJIa B TPABUTALIMOHHOM I10JI€
ONUCHIBAETCS CUCTEMOW YpaBHECHUI



=-GM — ,
dt (x Ly2)ere
de =-—GM Y ’ (3.11)
dt (X2+y2)3/2
oy Yoy
dt X dt y

C HAaYAJIbHBIMHU YCJIOBHA OIPCACICHHBIMU ABYMS ITapaMCTpaMu: Ha4vaJbHOU
CKOPOCTBIO M YI'JIOM CL.

x(0)=x,, Y(0)=0,

_ i (3.12)
U, =0, COSE, 1, =0y SINC.
0 Maple 7 - [[leuxeHHe HeGecHOro Tena B rpasur none Maple. mws - [Server 1]] =B
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[ h:=30 sGi=6.67;M:=3;x0:=-10;v0:=1.2:;alfa:=a*3.14/180;

a =30 j

3 =667
M=73
x0=-10
vil=12

aife = 5233333332

(> sys:=diff(¥x(t),t)=—G**x(t)/(x(t)"2+y(t)"2)"(3/2) , diff(Vy(t) , tI=—G*r*y(t)/(x(t)"2+y(t)"2)"(3/2),
diffix(t) t)=vx(t) diff(y(t), t)=vy(t) fons:={¥x(t) Vy(t) x(t) v(t)};

a =4} a yit) a a
Vs :=§VX(£) =—-20.01 —3 a\fy(f) =-20.01 —3 ax(f) = Wu(), ay(f) =Wylt)
3 )
() +3(0)%) (=) + 3%

Jons = {Vx(£), x(£), v(£), Vv (£)}
[> F:=dsolve({sys,v¥(0)=0,x(0)=x0,¥x(0)=v0*cos (alfa),¥y¥(0)=v0*sin(alfa)}, fons, numeric) ;

I F=proc(xif45_x) ... end proc
[> plots[odeplot](F, [x(t),v(t)],0..32);

[[ Time: 085 [Bptes 300M | Available: 1635 |
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Puc.3.10

Jluctuar mnporpammbel B Maple mpuBenen Ha puc.3.10. Hwmwke mnposeaeHo
MCCJICIOBAaHNE JBMKEHUS HEOECHOTO Tea B 3aBUCHUMOCTHA OT HAYaJIIbHOW CKOPOCTHU

vO.



v0:=2;sys:=diff (Vx(t),t)=-G*M*x (t) / (x(t)*2+y(t)*2)*(3/2), diff (Vy(t) ,t)=-
G*M*y (t) / (x(t) *2+y (t) ~2)~(3/2) , diff(x(t),t)=Vx(t), diff(y(t),t)=Vy(t):
fons:={Vx(t) ,Vy(t) ,x(t),y(t)}:
F:=dsolve ({sys,y(0)=0,x(0)=5,Vx(0)=vO0*cos (alfa),
Vy (0)=vO0*sin (alfa) } ,fons,numeric):
plots[odeplot] (F, [x(t) ,y(t)],0..200);
v0:=2

5_

44

-1

v0:=3.5;sys:=diff (Vx(t),6 t)=-G*M*x (t)/ (x(t)*2+y(t)*2)*(3/2), diff(Vy(t),t)=-
G*M*y (t) / (x(t) *2+y (t) *2)~(3/2), diff(x(t),t)=Vx(t), diff(y(t),t)=Vy(t);
fons:={Vx(t) ,Vy(t) ,x(t),y(t)};
F:=dsolve({sys,y(0)=0,x(0)=x0,Vx(0)=vO0*cos (alfa),
Vy (0)=v0*sin (alfa) } ,fons,numeric) ;
plots[odeplot] (F, [x(t) ,y(t)],0..30);

v0 :=3.5

20 40 BD a0

v0:=0.005;sys:=diff (Vx(t),t)=-G*M*x (t)/ (x(t)*2+y(t)*2)*(3/2),
diff (Vy (t),t)=-G*M*y (t)/ (x(t)*2+y(t)*2)*(3/2),
diff (x(t),t)=Vx(t) , diff(y(t), t)=Vy(t): fons:={Vx(t) ,Vy(t) ,x(t) ,y(t)}:
F:=dsolve({sys,y(0)=0,x(0)=x0,Vx(0)=vO0*cos (alfa),
Vy (0)=vO0*sin(alfa) },fons,numeric): plots[odeplot] (F, [x(t) ,y(t)],0..650)

v0 :=.005
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Ilpumep 2. /{BHkeHHe 3apSAKEHHOIO TeJia B KYJOHOBCKOM IoJie siApa .
PaccMoTpuM TexHoNoruio penieHus 3agauu (3.6) ABMKEHUS 3apsKeHHOM YacTUIbl B
KYyJIOHOBCKOM MoJe sifpa B cucteme MAPLE

>Q:=79;q:=2;m:=4;v0:=14;a:=10/180*3.14;
Q-:79

2

4
1

OB_Q

4
a.—.1744444444

>yz0:=y(0)=0,x(0)=-1,vx(0)=v0*cos(a) ,vy(0)=vO0*sin(a) ;

yz0:=y(0)=0,x(0)=-1,vx(0)=13.78752359, vy( 0 ) = 2.429854566

> sys:=diff (vx(t),t)=0Q* (q/m)*x(t)/ (x(t)*2+y(t)*2)~(3/2),
diff (x(t),t)=vx(t),diff (vy(t), t)=(Q/m)*g*y(t)/ (x(t)"2+y(t)*2)*(3/2),
diff (y(t) , =vy(t) Hgincs:={x(t) ,vx(t) Y(t) Vy(t)}, 79
sys:= VX(t)— X(t) O w(t) =vx(t )= y(©)
ot 2 XOPF @0t X(t) =vx(t), 8tvy() 2 5 @)

. y(t)) x®+y® )

—y(t) =wy(t)

ot

fons:={vx(t), x(t),y(t), vy(t)}

F:=dsolve ({sys,yz0}, funcs,numeric) ;

F := proc (rkf45_x) ... end proc
>plots[odeplot] (F, [x(t) ,y(t)],0..0.5);




IIpumep 3. /IBOiTHOM MaAITHUK

[Iponiecc koniebanusi TBOMHOIO MasTHUKA (HA MaTeMaTHYECKOM MasiTHUKE C
OJIHOW MaccoM, MOJIBEIIeH JPYroil ¢ MEHbIIEH Maccoil) OMHUCHIBAETCS CUCTEMOU
b depeHnraIbHbIX ypaBHEHUH

K =0 (L+24) X+ po’x, X (0)=0,X 0) =X,
X =—-w’x+w’X,x(0)=(0)=0 , (3.13)

rne X U X - OTKIIOHEHHUS TSDKEJIOT0 U JIETKOT0 MAsTHUKOB OT ITOJIOKEHHS
m
paBHOBECHA, H= - Mavioe dHeno, a m u M - Macchl JIETKOTO U TSKEI0r0
g
MasITHHKOB, ®? =", (¢ — ycKkopeHue cBOOOJAHOro najeHus, | - miuHa nerkoro

MasiITHHUKA. Hpe):[nonaraeTcsI, 4TO NPUBCACHHBIC NJIMHbI MajdTHUKOB PaBHLI, T.C. L=l.

Pemenue
>ml:=1; m2:=0.001; mu:=m2/ml; g:=9.8; 1l:=1; omega2:=g/1l;

x0:=1; apply(xl,t); apply(x2,t);
apply (diff(x1(t),t),t); apply(diff(x1l(t),t),t)’

x0:=1
x1(t)

)%(&)xl( t) (t)

5

07 X1 t% ()

ot

sys:=diff (x1(t),t$2)=-omega2* (1+2*mu) *x1 (t) +mu*omega2*x2 (t) ,

diff (x2(t),t$2)=-omega2*x2 (t)+omega2*x1(t) ;
2 2

0 0
Sys = ﬁxl(t) =-9.8196 x1(t) +.0098 x2(t), oy X2(t)=-9.8x2(t)+9.8x1(t)

> nach:=x1(0)=x0,x2(0)=x0,D(x1) (0)=0,D(x2) (0)=0;
nach :=x1(0)=1,x2(0)=1,D(x1)(0)=0,D(x2)(0) =0
> fun:={x1(t) ,x2(t)};

fun = {x1(t), x2(t)}

>F:=dsolve ({sys,nach}, fun,numeric) ;

F := proc (rkf45_x) ... end proc

>with (plots):

> odeplot(F, [t,x2(t)],0..80,numpoints=25) ;
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> odeplot(F, [t,x1(t)],0..80,numpoints=25) ;
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> odeplot (F, [x1(t) ,x2(t)],-20..20);

IIpumep 4. BoinpsimiieHue nepeMeHHOro HaAnpsikeHus: ¢ GpuiabTpauuneit
OMUCBIBAETCS MATEMATUYECKOW MOJIETIBIO

du(t) 1Y Ooro /
—dt—=+C-'E(t)-01+ —Lu(t)w (3.14)
< o Rwo g
u(0)=0.
3nece C — eMKOCTh KOHJAEHcAaTtopa (WIbTpa, I' — COMNPOTHBICHHE CXEMBI

¢unbpTpa, Ry — conporuBnenue Harpysku, E(t) — Bua BBIIPSIMIIEHHOTO HAMPSKEHUS
MOCJIE€ OJHO WJIY JIBYX MOJIYIEPUOJHOTIO BBITIPSIMIICHUS.

>r:=1;R:=40;C:=0.1;

r=1
R :=40

c=1

>E(t) :=abs(sin(t)) ;

E(t):3sin(t)

pr:=diff (u(t),t)=1/r*C*(E(t)-(1+xr/R)*u(t)) ; fons:=u(t);

F:=dsqlve ({pr,u(0)=0}, fons, type=numeric,output=listprocedure) ;

pr .= &u( t)="1|sin(t)|-.1025000000 u( t )



fons:=u(t)

F:=[t=(proc(t)...end proc), u(t)=(proc (t)...end proc) ]
>Y:=subs (F,u(t));

Y :=proc (t) ... end proc

>plot (E(t) ,t=0..30,color=blue,labels=[t,U]) ;
plot(Y¥,0..30,0..1,color=blue,labels=[t,U]) ;
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>r:=2;R:=40;C:=0.1;E(t) :=((sin(t)+abs(sin(t)))/2);

2
40
1

E(t) := 5 sin(1) +; sin(t)

pr:=diff (u(t),t)=1/r*C* (E(t)-(1+r/R)*u(t)) ;fons:=u(t);
F:=dsqlve ({pr,u(0)=0}, fons, type=numeric, output=listprocedure) ;

r:
R:
C:

pr:= _ u(t)=.02500000000 sin(t) +.02500000000 |sin(t)| - 05250000000 u( t)

ot

fons:=u(t)
F:=[t=(proc (t)...end proc), u(t)=(proc (t) ... end proc) ]
>Y:=subs(F,u(t));
Y :=proc (t) ... end proc
>plot(E(t) ,t=0..30,color=blue,labels=[t,U]) ;
plot(Y¥,0..30,0..1,color=blue,labels=[t,U])
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Pexomenanum npu MCIoib30BaHUU cucTeMbl Maple:
CUCTEMa Pa3IMyaeT 3arjiaBHble U MaJeHbKHE OYKBbI;
HEOOXOJMMO CTPOTO COOJIOJATh OTKPBITUE M 3aKpbITHE KakK (UIYpPHBIX, TaK U KPYIJIBIX

CKOOOK;
Heo6xomumo akkypaTHO CII€IUTh 32 3HAKaMH JIBOETOUME U TOYKA C 3aISTOM.

JlabopaTopHblie padoThl Ne4-14
Tema: «M3yyenne nporpammupoBanus B Mathcad ».

Paccmotpum B kpatkoit hopme mporiecc MOASTUPOBaHUS (PU3UYECKUX 3a7a4 B
cucreMe MathCAD. B s1o#i cpene omnucaHue 3amucu U perieHUus MaTeMaTHYeCKHUX
3a/1a4 JAeTCs C MOMOIILI0 MPUBBIYHBIX MaTeMaTHYECKUX (OpMYJ M 3HAKOB. Takoii
e BHUJ HUMEIOT W pe3yibTaThl BbluucieHui. [loatomy cpema MathCAD Bnosne
onpapasiBaeT abOpeBuarypy CAD (Computer Aided Disign), roBopsiiy:o o
NPUHAJICKHOCTH K CIIOXHBIM W TMPOJABUHYTHIM HWH(GOPMAIIMOHHBIM CHUCTEMaM
npoektupoBanus U MmojenupoBanus (MCITPuM).

[lonpoObHo wu3yunTh mnpuembl paboTel B cpeae MathCAD wmoxHO 10
crieliMaibHbIM pykKoBojcTBaM [20, 22, 23, 27, 52, 54,55, 69-70].. Mbl xe
OCTAaHOBUMCSI Ha  TNPUMEHEHHM TaKeTra JUIsi  pelIeHUs  OOBIKHOBEHHBIX
muddepeHManbHbIX  ypaBHeHUH. OTMETHUM, YTO TEXHOJOTHS pPabOThl B JIAHHOM
cpene mpocta U o4eHb HpaBUTCs cryneHtam. “O6menue” ¢ MathCAD mnoBeimaer
UHTEpEC CTYIEHTOB K MaTemaTuke, nHdopmaTuke U pusuke. CTyIEHTHI MOJIY4aloT
HavaJbHbIE, MPO(PECCHOHAIbHBIE 3HAHMUS M MPUBBIKAIOT K MNPOodhecCHOHATHLHOMY
A3BIKY.

3uaxomcmeo ¢ mamemamuyeckum naxkemom MathCAD. Untepdeiic nanHOTO
MakeTa ajanTUPOBaH JUIsl padOTHI MOJIB30BATENSI, HMEIOIIETO dJIEMEHTAPHBIC HABBIKU
pabotel ¢ Windows-puioKeHUsIMH.

[Ton untepdeiicom moHMMAaETCs HE TONBKO Jerkoe ynpasinenne MathCAD, kak ¢
KJIABUIITHOTO MYJIbTA, TaK U C MOMOIIBIO MBI, HO U MPOCTO HAOOp HEOOXOIUMBIX
CUMBOJIOB, (HOpMyJl, TEKCTOBbIX KOMMEHTApUEB C MOCIEIYIOIIUM 3allyCKOM
nokymeHToB (Worksheets) B peailbHOM BpEMEHH.
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3anyctuB cucremy MathCAD u3z Windows, Bbl yBUANTE Ha dKpaHEe OKHO (pHC.
3.11). Hag HMM BuJHA CTpOKa C OCHOBHBIMH 3JieMEeHTamMu uHTepdeiica. Oniuu
[JIABHOTO MEHIO, COAEPKAIIMECS B ATOM CTPOKE, JIETKO M3YYUTh CAMOCTOATENIBHO;
HEKOTOPBIE U3 HUX OYEHb MOXO0KHU HAa CTAaHAAPTHBIEC OILIHH, IPUHITHIE B TEKCTOBBIX
penaktopax Windows.

Pa6ora ¢ pgokymentamum MathCAD o00sdHO He TpedyeT o00s3aTeIbHOIO
UCIIOJIb30BAHUSI BO3MOXKHOCTEM TJIABHOTO MEHIO, TAaK KaK OCHOBHBIE H3 HHUX
OyOnupyroTCs KHONKaMHu (MUKTOrpaMMaMiy) Ha TaHENd WHCTPYMEHTOB, KOTOpPbBIE
PaCIONIOKEHBI B YIAOOHBIX, TIEPEMEIIAEMbIX C MIOMOIIBIO MBI HAOOPHBIX MaHEIIX—
nanutpax. HabopHbie maHenu mosBisSIOTCS B OKHE PEAAKTUPOBAHUS JOKYMEHTOB MPU
aKTUBU3allMM KHOMOK. OHU cIOyXaT Mg BBIBOJA 3arOTOBOK — I1a0JIOHOB
MaTeMaTUYeCKUX 3HAKOB (Iudp, 3HAKOB apu(METUYECKUX ONEpAIHii, MaTpHII,
3HAKOB MHTErpaja, MPOU3BOAHBIX, IPUAEIOB U Ap.). YKa3aTelb MBIIIM MOABOJUM K
“Bun” B 1JIaBHOM MEHIO, IIEJIKAEM JICBOM KHOIIKOW MBIIIHU; yKa3aTelb MOJBOJIUM K
“ITaHenn UHCTPYMEHTOB” W ILIEJIKAEM JIEBOM KHOMKOW MBIIIH; BBIMAAAET CAEAYIOUIEE
MEHIO. YKa3aTelb MBIIHN MOABOAMM K “MaremMaTnka” M IIEJIKAaeM JIEBOM KHOIIKOM
MbIITU. BbinagaoT HaOOpHbIE TAHETU MO Pa3IUYHBIM pa3eiaaM MaTeMaTUKH.

Texnonozuu mooenuposanusn ¢ MathCAD. KomnbloTepHOE MOJIETUPOBAHUE B
MathCAD MOXHO MPOBECTH Pa3HBIMH CIIOCOOAMMU:

C UCIIOJIb30BAHUEM JUCKPETHBIX aHAJIOTOB MAaTEMAaTUYECKOW MOJIETH,

C UCIOJIb30BAHMEM TOTOBBIX MPOIIEAYpP MAKETA,

C COo3/1aHheM COOCTBEHHBIX Mpoueayp (MpOorpaMMUPOBAHUEM ).

PaccmoTpum 311 ciocoObl Ha TpUMEpax pelIeHs] KOHKPETHBIX 3a4a4.



3agaya 1. Pemuth 3amauy JBMKEHUS Tena, OpOIIEHHOTO MOJ YIJIOM K
TOPU30HTY U MOCTPOUTH €ro rpadux

Cucrema nudpepeHranbHbIX YpaBHEHUH, OMUCHIBAOIIAS TaHHBIN IPOLECC,
UMEET BUJ

X= —kx, x(0)=0,cosa, x(0)=0,

y=—-ky—g, Vy(0)=0vesina, y(0)=0.

Pewenue c ucnonvzoeanuem PA3HOCMHbBIX ypaenenuﬁ . I[J'ISI peICHuA 3aJa4n
BBOJMM HaydalibHbIE 3HaueHus U napameTpbl B okHe MathCAD.

v:=05 g:=9.38 a:=3.14/4

X0:=0 y:=0 h:=0.01

i:=1..1000

Anroputm peuieHust AuddepeHraibHbIX YPaBHEHUH, OMUCHIBAIOLIUX MPOIIECC
ABUXKCHUA TCJIA 6p01HCHHOFO moJa yrijioM K ropu3oHTy, UMCCT BU/]

X1:=V-C0Ss (a) Y1 . =V-sin(a)
Xi+1 1= 2-Xi—Xi-1 yi+1:=2-yi—yi-1—h2-g

3/1€Ch Mbl, 3aMKUChIBAsS PA3HOCTHBIE YPABHEHMUS, MTOJy4YaeM PELICHHUE.

Busyanuzamnus pemenus (moctpoenue rpaduka) TPOU3BOAUTCA CIEAYIOIIUM
obpazom

VYkazatenb MblM ToABOAUM K mnukTorpamme “Iloctpoenue rpaduxoB” u
BXOJIUM B Hero, aktususupyem ““JlexkaproB rpaduk”’. IlosBusercs mabmon ans
noctpoenusi rpaduka. Ha Hell BbieneHbl METKH. YKazaTelb MBIIIK MOJBOJUM K
HIKHEH MeTKe, akTuBU3upyeM. Habupaewm X j. [ToSBISIOTCS 110 TOPU3OHTAIM €IIIE IBE
METKH, TJI€ MbI JJOJDKHBI YKa3aTh HHTEPBAJIBI IOCTPOEHUS rpaduka. YKa3zaTeab MBIIIN
ITOJIBOJIUM K JIEBOM METKE, IIEJIKas JEBOM KHOMKOW MBIIIH, AKTUBU3UPYEM U BBOJIUM
neByto rpanuily 0. Ykazatenb MbIIIHN MOABOIUM K MPABOM IPAHUIIEC, AKTUBU3UPYEM H
BBo MM 300. YBoAMM yKa3aTeab MBI K METKE OCH Y, aKTUBHU3UPYEM €TI0 U BBOJIUM
Yy i. [losiBAsITOTCS METKM HIDKHEH M BepHel rpanuil ocu Y. B Hmwkuel Habupaem O, B
Bepxaeir 100. OTBoguMm ykazaTenb MBIIH OT IIabioHa sl TpaduKoB, IIETKaeM
7eBOM KHOMKOM MBI, [TosiBisieTcst uckoMblit rpaduk

100 I I

100 200 =00

Puc.3.12



Pewenue ¢ ucnonvzosanuem onyuii (npouyedyp) MathCAD. Yame Bcero aist
pemienus O[Y u cuctembl OOBIKHOBEHHBIX YPaBHEHHU HCTONIB3YIOTCS BCTPOCHHBIE
oruuu (mpouenypsl) odesolve, rkfixed, Rkadapt, Radau u npyrue.

[Ipy wucnonp3zoBanuu onuuu odesolve BHauvase BBOAATCS IOCTOSHHBIC
napamMeTpsl ypaBHEeHHs, 3aTeM mocie ciaoBa Given, nuddepeHnuanbabie ypaBHECHHS
Y HayaJbHBIE YCIIOBUS 3aMKUCHIBAIOTCS B IPUBBIYHOM BUJIE, HAIPUMED:

g:=9.38 a:=3.14/4 k:=0

Given

X= —kx, x(0)=0ycosa, x(0)=0,

y=-ky—g, y(0) =vcsina, y(0)=0.
b:=60 Y:=Odesolve(t, b)

Buzyanuzanuio pe3yiabTaToB IPOBOJMM AHAJOTHMYHO MPEABIAYLIEMY MPUMEDPY.

3nece | mepemennas wuHTerpuposamms, D - KkoHeyHas Touka oTpe3ka
UHTCTPUPOBAHHSI.

Pewienue c cozoanuem coocmeeHHbIX npoyedyp (npozpammuposanuem).

Hwxke mnpuBeneH NHCTUHT TPOTpAMMBI pEIICHHS 3a7add JBYIKEHUS Tela,
OpOIIIEHHOTO IO/ YIJIOM K TOPU30HTY U C YY4E€TOM CONPOTHBICHHS cpeibl (TaJeHne
HapaIroTuCTa).



LeuwxeHue mena, 6poweHHO20 MO0 yaIloM K 20pU30HMYy

g:=9.8 n:=2000 alfa:=40—
180

v0:=10 tMax— 2-v0-sin(alfa)
g
tMax
h =—_— =— X 0 = O
" ki=-1 9 yo

V)é =v0cosalfa)  F(\):= k-Vx

Vyo :=Vv0-sin(alfa) Fy(W) == k-Vy— g

= |X «X
(xy):= [X, <X
yo yo StaCk(XT,yT) =0

V>(<) <« Vv0-cos(alfa)

0 1 2 3 4

Vy0 « V0-sin(alfa)

1.5

fori € 0..(n—-1)
ax « F>(Vx
i .

ayi <« F){Vy)

VX <« VX+ hax O
i+1 i i 0 o5
Vy  « Vy+hay
i+1 i i

X <« X+hVX

i+1 i i
Yy
|

<~ y+hVy
+1 i i

break if (yi+1 < 0) 05 | | | | |

G ) (o
X
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LeuxxeHue mena c Yy4EMOM corpomuesrieHusi CpeOb/

(X ybbieaem)

n:=4000h:=0.1 ¢g:=98 Vo= 0 m:=60 mu:=0.95

c:=04 p:=129 S:=04 X = n-ht 0=0 KLi=6mmur

(xvat):=

0

40

20

X<« X

r:=0.0025

k2:=0.5-c:S.p Fx(v):=g

~ (k1-v + k2-v-v)

0 0
Vo < VY T T) 0 1 3 4
stack 'x ,v " =[
;<9 T
tO «0
k2 < 0.5.¢c-Sp
for ie0..(n-1)
(kl-vi + k2-vi-iv)
a. < g-
! m
vi+1<—vi+h-a ;
X X+ h-(—v?
i+1 i
ti+ 1€ ti +h
(S « 20) if (ti > 3)
k2 « 0.5-c-Sp
break if (Xi+1 < 0)
(xvat)
40
i V<(} 0
| 0 |
0 20 40 ~200 200 400
(0 (0



JlabopaTopHasi pa6ora Nel5

Tema: «MopgeJupoBaHue OJHOKOHTYPHOH CHCTeMbl aBTOMATHYECKOIO
peryaupoBanusi B VISSIM».

HE/b PABThI

Hent panmoii naGopatopuoil pafoTe - wenonkiye nakeT nporpams VISSIM,
CMOIEIHPOBATE CHCTEMY asToMaTHueckoro peryimposanna  (CAP) ¢ onTumanbisiye
HACTPOHKAME PErYIATOPOE H ONPelennTs kavecTeo CAP npn BapeHpOBAHKH e€ NapAMETPOB.

L CTAHIAPTHRIE BJIOKH HAKETA HPOIPAMM VISSIM

Maker nporpamy VISSIM npennazwaven nna MoJernpoBaHHs NPOLECCOE B CHCTEMAX
VIPAETEHHA OOLEKTAMH, KOTOPLIE MOGKHO ONHCATE ARddepeHUHANLHEMHE VPAEHEHHAMH HIH
nepetaTouHsiMy ynsramn. Pabota naketa nporpavm VISSIM onncana e [1]. Jannwii naker
NPeIOCTARNSET MCCIE0BATEND GOraTyio GHONHOTERY PAVIMYMHOTO poda GIOKOE CTPYKTYPHBIX
cxem M BcnomoratensHsx Gnokos (blocks) ana mongennposamis guHavmgecknx cucres. Hinwe
NOAPOGHO ONHCAHE! PYHKINE GIOKOB, KOTOPLIE NPEJOCTARNAET JAHHELT NAKET OPOTPIMM.

1.1, bnokn apsoramnil (Annotation)

Marer VISSIM conepamt creayiomme Gnokn aHHOTALN:
- Comment - GA0K KOMMEHTAPHA;
- Date - Gnok Texymieil JaTel H BPEMEHH;
- ScalarToVec - rpynOUPOBKE B OIHY IHHHK HECKOVIEEHX COCAMHATCIEHE THHMNE;
= Variable - Gnok nepemennoii;
- WireLabel - oanocTpoanilii KoMMeHTapPHIT;
= VecToScalar - paciennense rpynnoBoro coeInHENNS;
- WirePositioner - 8nok NOIMUHMOHHPOBAHMA CcOeIHHEHHIT HA OJKpaHe A0S YIYYlIEHHS
HATTTAAHOCTH.

1. Annotation/comment - GI0K KOMMEHTAPHA,

JofagnseT OKHO KOMMEHTapHA K cXeme. Jlnd BBOOa TekcTa B OKHO KOMMEHTApHA
menknnTe [TK summ na Gnoxe. Kypcop menmm masenntes Ba [-3nak (murawommil kypeop B
nafiopioy nose G00kd), NOKALIBAOIINI, YTo GN0K HAXOJHTCA B peskiMe BeTaskn. Jng Bexoga
W3 pemuMa BeTaskd cHosa menkaute [TK sennm na Gnoxe.

2. Annotation/date - Gnox gaTw.

CTodpasEacT TCEVIIYED JATY M EPCMA B (ROPMATE. JCHE, HOMCD MOCALA, 4, MHH, C, Tod. [L18 xoppexTHpoREn
BPSMCHN WK JATH mepeiinnme & System Control Panel. JroT ook e HMEeT napaMeTpos.

3. Annotation/scalarToVec - Gnok obLenHHEHHA CHIHATOR,

OfLeIMHBCT BEXOIHEIC CHIHANE B OOHY BexTopHysd ceAzk. Henonesyime EditAdd Input n EditRemove
Input 473 HEMCHCHNA YHCIL BXOIHEX MeTok. [lo ysomaanmo - Tpe. “roT GA0K He MMesT MApAMCTPOSE.

4. Annotation/variable - 1ok nepenoca nepeMeHHOIi.

[lepeaact zHAYCHHR AAHHLX Hcpel cxesy Oc: rafemx ces3cii. BnokH HMCHOT HAIBAHWA COBMCCTHO
HCNOIEIYeMEX cHrHanoe. Tonsko ogus Onok, D8Rl HMA NCPCMCHHOE, MORCT HMCTE BXO, B0 Oa0KR
NEPEMCHEON MOMYT MMCTh HeckoNkkD Bux070B. llepemennas onpepenser umA Gnosa. Ecam sme nepeseHAodd
HAMHHACTCA JBROCTOYHEM (), TO 3T0 NOKATEHAR NEPEMCHHAR, HI KOTOPYI) MOBHO CCEUIATECH TOALKD HA TEKYIEM
VPOBBE CXEMEL, 4TO MOIBNIRCT BAM HCNOTEI0ORATE GI0KH © OIMHAKOBEIM HMCHEM B PEVIHYHEX COCTAEHEIX DUI0KLY.
HuooTea TpH CHICUHATLHEIX HMCHE IEPCMCHHLIX, BCTpocHHEEX B VISSIM:

- %firstPass - resepHpYeT HANANLHENT ST HMITYILE HA NEPBOM WANS MOIETHPOBIHNA;

- SlastPass - resmepupyer 3aKmOUHTENBHBIT EIMHHYHEND HMOVILC HA [OCIEIHEM LIare
MOJEIHPOBAHHE]

= SmunCount - conep®NT CUETYHE KOJNHYECTBA HTEPALMI NMPH MHOTOKPATHOM ERMOIHEHHH

mogemnposannd. Henonesyiite »Ty nepeMennyio ¢ napaMeTpoM aBTOMATHYECKOIND 3anycka



i SimulmieChange Parameiers . ans aumomssms uoaennpoassis uetoaos Mooe Carlo

H DOACTROKH MEpaseTPoR
3. Annoiationvec ToScalar - Gnox peagerenis odLeINESHELIX CHIMELION.

FPaslsmasT BeETOPYH CREL HA CRAMPHLIE BLXOSHWe cHrHamd. Henoaeayfite wosesau
Edit'Add Output w EditBRemove Outpul 18 veTssosaeHss yucn awuxoopedy setol. [lo
FMTHAHMEED - TR, 3ToT (10K B HMEeT NapaMETpoa.

. AnnoiationwireLabel - vescTosill wossESTRPNE B MO MOETH.

WIE mEEER cipueear snnrpine oepsctp Bon Weslabols @ masomses sow EddProforenes .

Wrelshe] mpescascTon rmmcETIm@E
1. AnnoiationwirePositioner - G0k N8 NOIHEROHEPORAHNS NPOROI0E.

[lmponseT pacnonarate rofENe CREWH ¢ MMM SANLELSH EMPOMOGKIEHIEG HE P&
Bnok cocTomT H1 RXopeof B BUNOOHME WETOK, CosnEHam LY kol camwo. Ol ue Tpeivior
AMIUEHHTEIRHOMT BPesieii HE RUUNCISEE B RPeMS MOBSIHPORaHNA. FroT Anok e meeeT

(ST AP
1L Apngurtawcens faac | Arithmiic

Maxer VISSIM coaeper caeryoupse api§uenirsecine o
I - muBepcEs ExodHol BAONYEHLS BRVOZHOA CHIHAE papes oOpaTHOR SenHuERS

axoguoro: y=r (He OyTaT C dnokom aeleHE ).

<X = WHIRC[ITOR THAED, THAK RLIX0A2 NPOTHERONOBGKEH BEKY X003 = -1

* - finoK VeHOMS N, EONSSCTRD HN0300 MOEET B mofuy: y=1 =, .

i« finoK BETEHES HMEET QN EXOAZ, 670 BRNOY ORSHE OTHMMISHED REIHYEH REpXHErs |
HECKHETT X DMLY CHIHADOR. ¥ = xfoy .

altrs - fison, BEranCEROULER AICOTKITHOE EHEMEHIS RXOAHONO CHIHARL =

BRI - ABOK-FCITHETEN ¢ OFHNM RUOBOM, RRICOEHSST YMIBOREHNE CHIHATD B KOHCTRHTY,
EOTOPAS ERTHTCE & Meln Bnosn: y=ar.

pow - finoKk C OEVHE ENOSIMME ROIRSIEHHS NEPROTO CHIELTE 1 B CTENEHW, PARHYR
REENYNKE RTOPOIG CHTHANE Ty (ATOPOR CHNELT MORET OTCYTCTROANTR, & FTOM CAYHDS CTENEHL
M0 VASUFEIHMGG PARHA Ay ) y =1,

EEE - SIPESCTIECT THEX ELSCHET CHIMLIL P=mignith

Semmingluncdibon - CYMMATOP, EQONMECTRO HEOSOE § 1HEIKH CHMACHWY  MOEHD
ST P ™ EpF ¥reoo= D, HMBST HOUAELHDE CHENEERE Baogs O, EDTopo

YCETOHORTHEILTCA B sieHE fnoks.

1.5 lerwseooer £ oem |Baslcan )

Maxer VISSIM cogepamr caeqyoipse nonmecnse GooKN © ONYHE EXO0MH © osHs
R0, EOTOPLE MOEET MM HHMET. Sadedu 0w 1

= |z GoanIe, 9esl =y §;

< my MEHRIDE, B2 =

= | r; Boanme nnu passo x; K

£ 1 MEHLIDE WIH PEmE0 13 |;

== [ PEEER 3 |

=[x W panmo = );

and - mopaspanmne “H" 5 w o=, ;
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jpopumposaiie cxes @eT. Hasoawre [K siwmm @ cocresicn Saoke ans npocsoTpa ero
crpyuTyvpid. Jima sowspams @ sepooiill vposeds vomumme (1K ssamn @ ceofioguos none
EPaAHA.

Yrofiw congere cocTamecdl deox, chmmnn seelepure dBoaM, EOTOPWE B XOTHTE
CIPYTIEHPOMETE | HHERNCYEPOMETL]. YoTamoaere KypoOp & Nesos Repames yTay odancTa
APAHE, KOTOPVED AMEHMEOT rEnnepyeside Gooke, o eeoarre JTK swom. Yoepaunes
KnaMEnry, cuauaiTe EVpoop & NpOTERNMOBOERLA yron ofaacTH, mpEH GToM M1 JKpase
OTIPCEAHIES i Goose, cogepacaupiecs B koEType, OyayT meelpamu | RLCensorcs
Kpaciie uReToM)  Bilepare wommnay sesmo BditCrepie Compound Block, npe avom
MCARHTCH OEHO SHABGIE, KYAR Ak WOESTE MReCTH HuE cocTamsore Gnooka. Hss jomsmoe
mt“uuﬂmmuumm“cm{.h
CHCTena  DepepnooBJideT CcreMy ©  OToOpameHEcs  OOLHHOND  CoCTaRHoro  dnoka,
MPCOCONRAET METHH TROVASUNN COCSHHETERS] W AETOMATHUYESCKN COVARET REYTPCHHENE
COSTHEENNE N8 RCEX HECREMBEHLY METOE TalynsunE coegnuETened Ha MnTpennEt dnomx
(KpONie BXOEHWY ooegMHETERSE H2 Modaniy Nepessmike] @ 118 REX METOR Ty NEmN
cospEHHTenel & memmn Anokas Jlm npocsorpa cocTaanero Aaoke mmoanme TK saom wa
daowe.

A orumng EancyEnm seoliin s, B EYTRR CHIEHNT a0, COMEpoLITE. LI IERCUSTTE TR
cazury o o Gpjep cscroma ousesdi Edivcopy man Edivoel, wmos, muiizs m scprmil yposos scpapamm,

yaRIHTS CormaHu fox n porammTL cogrpEuer cummen foors i Erdepa couangod Edt'pasie. [lpn ou
ECT EHEILEHE COSSHACHER YOTIHORCEH HOH SCTH SLCM BOniinoe] M BcC TIRmETE  Epy I Eye

R IAHHE K IAEOPATOFEOE PARDTE

I. B pafomet ofbmcern nacera VISSIM  cofipare ceewy ompeowonmypecil CAP,
mpeacToRseHnoll  ma pecyse 2], rae  mecnosa  cnemyioanue odomsucHNE:
F - Wamomer aoageficTRee (yoTamks);, o = MHYTPCHESE BOOMYLDSHES N0 KMy
PEYINPORMHNS; © - CHIHAE ol U - yOpaasnme: eascficTane @ ofuesr ynpakseiE
(O%); » = swoguoll curuea OY; By - nepenarounss dosoags (TRD) peryasTopa; W in =
iy pdeexTa yIpaRseHE N0 VIPARTSHILENY RO TRIN0.

L4 £ i r
sl Waals ) -

H-'dlylntﬂ_;r-\"dh {Ib
Tahr +

rae ko - sorsjppmnenr epesaem O T - mocrosnma spescmn O, o r=a+ fm - smasccons nepeucHas
npooii P A Jnss,
Toil - TREHCIOPTER T OF, .
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JlabopaTopHas padora Nel6
Tema: «3-D mogesmpoBanue B KOMITAC»

Co3snate 3 Jl mozenb.

25 34 .
=
SE : N~
I}
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~ o =
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1 w2
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