Практическая работа № 2,3

 «Построение математических моделей, используемых при описании сложных систем»

Цель работы: научиться строить математические модели в физике

Образовательные результаты, заявленные во ФГОС третьего поколения:
Студент должен 
уметь: 
            -    подбирать аналитические методы исследования математических моделей;
            -    использовать численные методы исследования математических моделей;
            -    работать с пакетами прикладных программ аналитического и численного исследования математических моделей;
 
знать: 
-    основные типы математических моделей, используемых при описании сложных систем и при принятии решений;
-    методику проведения вычислительного эксперимента с использованием электронной вычислительной техники.


Краткие теоретические и учебно-методические материалы по теме практической работы
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Задание 1.
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Задание 2.
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3anava 1. CBOGOHOE MaJleHAE IPH 3aTSLKHOM NPBLKKe

TIapaImOTHCT COBEPIACT 3aTAKHOH IPSLKOK. CHHTAR MAcCy TapaImioTHCTa
3amaHHOM (m=80 k2), OUPENEITHTS, HATHHAL C KAKOTO BEMeHH, IOCTE Hatata
HOZCTa CKOPOCTS 4e7OBeKa B 3ALTKHOM NPEDKKS CTAHOBHTCH TOCTORHHOH.
TT0CTPOHTS TPAQHK 3ABHCHMOCTH CKOPOCTH NANeHIS «0e3apalNioTHCTa» OT

BPEMEHH.
Pemenne

HyKHO ONPETeTHTS XaDAKTEp HIMHEHH CKOPOCTH €O EpEMEHeM, eClH Bee

N@pAMCTpSL, BXOMMNHC B ypaBHOHHA CHCTeMsl (1), samamst LIpH Taxoif
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TIOCTAHOBKE MOJENh HOCHT [€CKDHITHBHBIH XapakTep. SICHO, 9TO NPH HATHYHH
CONPOTHETEHHS, pACTYIIETO CO CKOPOCTGK), B KAKOH-TO MOMEHT CHIA
CONPOTHBIEHES CPABHACTCA C CHIOH THKECTH, TOCIE Hero CKOPOCTh GOTBII
BospacTaTh He Oyfel. BriGepeM IyTh SHCTEHHOTO MOMIETHPOBaHHA. ITak,
MaTeMaTHIeCKas MOJelb BHPAKAETCH CHCTEMOH TH(depeHITHATHHEIX ypaBHeH
(1), OmHaKO, TOCKOTGKY HyXeH TPadHK H3MEHEHHS CKOPOCTH, TO GyleM
PacCMATpHEATH TOTBKO BTOPOE ypaBHeHHe CHCTeMSI (1).

CKOpOCTh JBHJKSHHA TOCTaTOYHO GOMBINAd, TIO3TOMY BKITANOM JTHHEHHOH

COCTABIAIOMEH CHIEI COMPOTHBTSHI KV MOKHO mpeeGpeds. Torda MOMyMHM

cHCTeMy AH((hepeHIHATEHBIX YPaBHEHHH:

dh _
dt
v mg —kp?
; m

v,

V3 JaHHBIX ypaBHeHHH GyIeM pacCMAaTpHBAaTh TONBKO BTOPOE YDaBHEHHE.
371eCh v —CKOPOCTB, ¢ — BPeMS, /i — BBICOTA, /11 — Macca, g — YCKOPEHHe CBOGOTHOTO

nazenns, k; — Ko>GHITHEHT KBATPATHHORH COCTABOMEH CKOPOCTH.
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Koa()pHITHERTS 10G0BOTO CONPOTHBICHI

— ) Tonycdepa c=133

— Q Ilap c=04

Karurernaroe
—
Teno

Tabruya 1
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BemamHa K IPONOPIHOHATEHA IVIOIIATH CEYeHHS Tena S, TOMEPEedHOro 1o
OTHOIIEHHIO K TIOTOKY, H IVIOTHOCTH CPEZIBI ppp:; H 3ABHCHT OT (JOPMBI Tea. OFBrHO
npencTaBior ky=0, 5CSPepose, THE € - KOIDQHIHEHT T0GOBOTO CONPOTHBICHHS -

GespasMepett. HeKOTOpble 3HAMEHH ¢ TIPHEEIIEHH] B TabHIe |




image8.png
Tab1uya esskocmu u nIOMHOCM HcudKocell

Kuoxocms " P, K2E
Bersm 0,65 07510
THmeprH 1499 1,26:10°
KepocHi 217 0,78-10
MasyT 3870 0,810

‘Ta6/THLa IIOTHOCTH PAZHBIX BEIIIECTR

TaGauya 2.

TaGauya 3.

Bewecmeo p, kAL | Bewtecmeo | p, k2ot
Bosayx 1.29 Onoso 7310°
Boza 110° Tatan 4510°
TmHmeprs 12610° |Pesmma | 1.2-10°
Amomunmi 2710 Crams 7.710°
Cepetpo 10510° |Hmkem  |8,810°
Tyrye 7810 Somoto | 19,310
Keapliegoe cTekio | 2.21-10° | Mexs 8.89-10
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BBIMHCTHM 3HaueHHe K03 dHIHeHTa k; U1 1aHHO#H 3a1a1H. CpeHHi pocT
9elOBeKa BO3BMEM cpemHEH - 1,7 M, a TOMyoGXBaT TIPyJHOH KISTKH —

XapaKTepHBIH pasMep — 3T0 MPHOTHIHTENBHO 0,4 1.

BriGepeM THCTO ¢ = 1,22 Kak cpe/iHee MeKITy Koa(hHIIHEHTAMH 1 THCKa
H 1714 nomycdeps! (BBIGOp A1 KadecTBEHHOH OLEHKH MpaBIomnofo0eH). OmeHHM
IUIOMaIb TONEPETHOTO CedeHHA:

§=1,7-0,4=0,7 [+/’].

Prser= 1,29 [k2r’).
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Torma k;=0,56S Papesss =0.5+1,22:0,7-1,29 = 0,55083 [2/].
M — Macca mapamioTHeTa, m = 80 k2.

£ — YCKOpeHHe CBOGOIHOTO MazteHs, g=9.8 [x2/3’]
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Borunciaenns B Excel

Ha paGowem mcre Excel B sueiikax D2, D4, D6, D8 GyaeM XpaHHTs
COOTBETCTBEHHO 3HAYEHHA: MAra BEMHCIEHHH - T, MACCH «Ge3NapalIioTHCTaY -
M, BeNHMHHBI - /Mg, Kod(QHUHeHTa k;. Bce KOHCTAHTH YIOOHO XpaHHTb B
OTZEeNBHBIX A9eiikax. ByJeM BBIMHCIATE B CTONOLE A — 3HadeHHsA EPeMeHH — I, B
CTONGIE B — 3HAYEHHS CKOOCTH - V;. B sieliky A3 3aHeciM HaYATBHOE 3HATEHHE

sTaefiky B3 3aHeCEM HAIATBHOE 3HaeHHe Vg = 0 . TOTAa A BBITHCTEHHA

smaveHmA v, B Aueiike B4 HyKHO sammcaTs GopMyry: =B3+$D$2/2%((SDS6-
$SD$8*B3/2)/SD$4+($D$6SD$8*(B3+$D$2*(SDS6SD$S*B3/2)/$D$4)"2)/$D$4)

H NPOH3BECTH ABTO3ANONHEHHE CTOT0MA B. B cTon0le A B siefiky Ad HykHO

3amHcaTh GopMyITy: = A3+SDS$2 H IPOH3BECTH ABTO3ANOTHEHHE CTONOMA A.
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IlocTpoenne rpaduka B Excel

BBUISTHM THAMA30H ek B3:B20, CoTepkami TaHHbIe UK OCTPOSHHL
rpadHKa. 3HateRHt H3 CTONOUa A (THamasoH A3:A20) GyIyT OTKIATHEATECH TIO
ocn OX (0ch BpeMeHH), 3Ha%eHHA H3 CToIOUa B (THamason B3:B20) — mo oc:

oY.

BaiGepenm komarmy Beraska, JlHarpamva. C IOMOIIBIO MacTepa IHArPaMM
TOCTPOHM rpadHK B YeThipe sTana (mara):

IMar 1.

B mHanoropom okHe THI THATPaMMBI Ha BKTagke CTAHIAaPTHBIE BHIOPATh THI
muarpavvsl ToweqHas W BHX — TOYEMHAN AMATPAMMA €O 3HATCHHSIME,
COENMHEHHBIMH CTIAKHBAIMAME JTHHASMH. [[eTKHYTH Ha KHONKY Jlatee.

Iar 2.
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B oxue HCTOYHHK NAHHBIX THATPAMMBI Ha BKTaike JIMANA30H IAHHBIX
TIPOBEDHTB, UTO [THANA30H [JaHHBIX BEIODaH NPABHIBHO H YCTAHOBIEH (QIakoK
ommaH Paael B cToa6max. BeiGpate BKTanky Pax u B mome HMs: BBECTH
HasBaHKe rpadHKa 3aBHCHMOCT v OT £ VCTAHOBHT KypCop B Tole «ITommucH
och X» H 3aHeCTH HANA30H fYeeK MO TIepeMeHHOH { (CTONGEN A — HANasoH
A3:A20). IL[eTKHYTS Ha KHOTIKY [{atee.

Iar 3.

Ha >TOM Imare 3agal0TcA TApaMeTpsl AHArpaMMsl (OkHO IlapameTpel
amarpammbl). Ha BKIagke 3aro/loBKH BBECTH HasBaHHE [JHAIpaMMBl H
HAHMEHOBAHHA OCeH KOODIHHAT C YKA3aHHEM eHHHII H3MEDEeHHA BEITHTHH,
OTKIa/IbIBASMBIX TI0 STHM OCSM:

& noe Hasganue THarpaMver — TPaduK 3aBHCHMOCTH v OT £;

& mome Ocs X (kateropwit) — Bpewst , (c);

B IoMe Ock Y (3RaverHit) — CKOPOCTE ¥, (3/¢).
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Illar 4.

TIoc/IeIHHH mar ompeIensieT MeCTONOIOKEHHe THArPAMMBI — OKHO PasMelmnenne

AHATPAMMBL. BHIODATh BADHAHT — HA TOM :Ke JHcTe. IIETKHYTb Ha KHOMKY

TotoBo.

Pe3y b TATEL BBIHCICHAH, BBIIOHERHEIX B Ta0THTHOM IPOLCCOpe:

BI__ v =B3+$0302"(D36-SDSE'BI2)S054+(SDS6 D85 "(B3+5082 (8D I5-§DIEI 2S04 2/5084)

A [ B ] Gl D E F 3 H 1 J
|1 t v h T P ¢
2 9 12 129
3 0m0__0m 011 m
[&-sav5052 [
|5 mg
|6 0498
[z K2
[8] 0562012
9
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V4TeM, 9TO IMar 7 AIA PasHBIX 3a7ad HY/KHO BEIOHPATh HHIHBHIYATHHO.
EcnH B 3a7ade 0 Ge3NapalIioTHCTe MOKHO 7 B3ATh PaBHBIM 2 ceK., TO B 3ajade O
napammotHcTe (pH k,=20) 7 paBHo 0,2 cek, T.K. CKOPOCTS NAXeHHs MeHbiIe. TIpH
[Ma7IeHHH B BA3KOH Cpelie CKOPOCTH Ape3BEIAHHO MaTa, 03TOMY 7 GepeTcs OueHs
MaTeHBKHM — Hanpryep, 0,01 — 0,02 cex. TIpH MafeHHH B BAKOH Cpelie HY’KHO

YHTHBATS THHEHHYI0 COCTABIONYIO CKOPOCTH B CHITE CONPOTHBTSHEA.
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TIpHMepHO depes 20 cex. IOCHE Hadala IONETA CKOPOCTh CTAHOBHTCH
HOCTOAHHOH H OCTaeTcs Takod [0 TpH3eMIeHHA. OTMETHM, 40 B
paccMaTpHBAaeMOH CHTYallHH CONPOTHBISHHE BO3TYXa PAaTHKATEHO MEHAET
XapaxTep JBHIKEHEA; TIH OTKa3e OT €0 ydeTa rPadHK CKOPOCTH 3aMEHHICH GBI

KacaTe/IbHOH K HeMy B Hadalle KOOPIHHAT.
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TIapalmoTHCT COBepIIAST 3ATTKHOM NphKOK. CWNTAZ Maccy, pocT,
HOTyOGXEAT TPYAHOM KISTKH SATAHKGIME (IAHHBIe NPHBSICHHl B TaOThue),
ONpeeIHTS, HATHHAT C KAKOTO BPEMEHH, NOCTe HAWATA MOTETa CKOPOCTH -
«Ge3MAPATOTHCTA) CTAHOBHTCS TIOCTOSHHOM. TI0CTPOTS Tpadik 3ABHCHMOCTH

CROPOCTH NaZenms «GeaMAPAMOTHCTZY OT BPEMCRH H BBICOTH HOTETa OT

BpeNeHIL
Nepapuarta Macca(2)  Poct (u) Tomyo6xEar rpyHot KTeTkH (1)
1 60 1.65 035
2 50 140 03
3 80 1.65 033
4 65 1.65 035
5 80 18 045
6 70 1.65 04
7 60 17 03
8 64 153 04
9 65 15 05
10 80 1.62 037
1 50 1.65 035
12 60 1.65 04
13 67 172 032
14 60 1.65 035
15 54 1.68 032
16 61 1.65 045
17 100 195 055
18 50 155 030
19 920 185 0.40

20 100 185 045
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1. B KaKoff MOMEHT CKOPOCTb CIOPTCMEHa CTAHeT MOCTOSHHOH, eClH OH
MPEITAST ¢ MAPANOTON, MMIOMIM (GOpMY Iapa, pAmAYC KOToporo R = 2,5 i,
Macca criopTeMeHa m = 60 Ke.

2. TIapammioTHCT MpEITAET ¢ BBICOTSI 1 Ki, CPAsy OTKPEIEaeT Napamior. Kaxosa
CKOPOCTS IpH IPH3EMIICHIN, eCIH PATHYC IIApAIoTa 2,7 1, a Macca 75 x2?

3. TIapamnoTHCT TPHICAST N CPA3y OTKPHIEAST NAPANIOT. B KAKOH MOMEHT
CKOPOCTS NAPANKIOTHCTA CTAHET TIOCTOHHOM, CTH PATYC TapamioTa R = 2,7 1t
Macca napammoTHeTa 1 = 80 K.

4. TIapaunoTHCT TpBIAeT I} CPA3y OTKPHIBAST NAPAIIOT. B KAKOH MOMEHT
CKOPOCTS NGPANIIOTHCTA CTAHET TIOCTOSHHOM, eCIIH PATAYC T2PAITOTA R = 2,5 11,
Macca napammoTHeTa m = 70 K.

5. TIapamnoTHCT TIPBICAST I CPA3y OTKPHIBAST NAPAINOT. B KAKOH MOMEHT
CKOPOCTS NIADAIIOTACTA CTAHET NOCTOSHHOR, eC PAZMYC NapamioTa R = 2 1,
Macca mapammoTHeTa 1 = 60 K.

6. TIapamnoTHCT TIPBICAeT H CPA3y OTKPHIBAST NAPAINOT. B Kaxoil MOMEHT
CKOPOCTS NGPANIIOTHCTA CTAHET TIOCTOSHHOM, eCIH PATAYC T2pammioTa R = 2,2 11,
Macea NIapammoTHeTa 11 = 65 K.

7. TIapamnoTHCT TIPBICAST I CPA3y OTKPHIBAST NAPAINOT. B KAKOH MOMEHT
CKOPOCTS NGPANIIOTHCTA CTAHET TIOCTOSHHOM, eCIH PATAYC T2PAIIOTa R = 2,5 11,
Macca mapammoTHeTa m = 75 K.

8. B KaKoif MOMEHT CKOPOCTh CHIOPICMeHA CTAHT HOCTOSHHOM, €CTH OH
MPEITAST ¢ NAPAIOTOM, HMEIOIIM (BOpMy WIapa, pATHYC KOTOporo R = 2 i,
Macca cropeMera m = 80 ke.

9. B Kaxol MOMEHT CKODOCTb CIOPTCMeHA CTAHET NOCTOSHHOH, eCTH OF
MpHITAeT ¢ MApAIIOTOM, HMeromHM (OpMy Mapa, pamEyc KOToporo R = 2.5 i,
Macca cropeMera m = 80 ke.

10. B KaKoif MOMEHT CKOPOCTh CHIOPICMeHA CTAHT HOCTOSHHOM, €CTH OH
HpHITaeT ¢ NMApamIoTOM, MMeromM GOPMY Iapa, pamEyc KoToporo R = 2 i,

Macca criopTeMena m = 70 k2.
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CBOBO/JHOE IIAJEHHE TEJIA C YUETOM COIPOTHBJIEHHS
CPEJIBI

Bropoii 3akon HeloToHa
B paccMaTpHBaeMBIX HiDKe (H3HUMECKHX 3a7aTax (yHIaMEHTATSHYIO POTH
HTpaeT BTOPOH 3akoH HbI0TOHA. OH TTACHT, 9TO YCKOPEHHE, C KOTOPBIM JBHIKETC
TeI0, PAMO MPOTIOPITHOHATEHO AeHCTBYIOMEH Ha HEro CHIe (€CITH HX HECKOJBKO,
To pasHOZelcTByiomeH, T.e. BeKTOpHOH CymMe CHi) H  OGpaTHO
TMPOTIOPIHOHATHHO €ro Macce:
F

m’

B CHIyalHH, KOIJa CHTa HIH Macca He SBIAIOTCH BEIHIHHAMH IOCTOSHHBIMH,
HeOOXOZHMO 3AIINCATH 3TOT 3aKOH B Golee OGNl MaTeMaTHHeckoH (opue.
TIOCKOMBKY YCKOPEHHe eCTb MpHpAIIeHHEe CKOPOCTH ¥(Y), a CKOPOCTh —

IIpHpAITIeHHE MepeMeIeRnA 5(7), TO

ds (), v F(f‘,f)
dt dt m(t,v,s)
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‘CeoboaHOe NajieHHE Teaa

MaTeMaTHIeCKas MOJIeTh CBOGOIHOTO MaTeHHs Tela CeyeT H3 yPaBHeHHS

BTOPOTO 3aK0Ha HEIOTOHA C y9eTOM JIBYX CHI, TeHCTBYIOMHX Ha afaommee TeIo

_ cmm toRectn m emmst conpormmems cpems: = K+ F. . e

B, =k vk F_ =mg.

conp

PaccMaTpHBaeMOe JBIKEHHe ABTETCA OHOMepHEIM. TIpoernpys crty 7,

ckopocTs V H mepememenre /I Ha OCh, HATPABIEHHYIO BEPTHKATHHO BHH3,

nomydaeM
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B KOHKPETHBIX 3371a9aX MOKHO OJHOH H3 COCTABJISIONIHX CHITBI COTPOTHBICHHA
TIpeHeGpeTh (€CTH OHa 3aBEIOMO MHOTO MeHBIIE APYTOH).

EcmH CcKOpOCTh IEMEKEHHA Mama (v = 0,1 o), T. e. kv=2kpy’, To
OTOpackBaeTCA KBaJpaTHIHAs COCTABIAIOMAT CKOPOCTH B (OpMyTe CEUTB
COTPOTHETEHHA.

ECIH CKOPOCTh IBHKEHHi BemHka (Vv =1000 M/e).T. e. kv<<kpy’, o
OTOpachiBacTC THHeHHAT COCTABIOMAZ CKOPOCTH B  (OpMyTe —CHIBI
COTPOTHETEHHA.

YaCTHTHOE TECTHPOBAHHE MOJSTHPYIOMEH MPOTPAMMEI MOKHO NPOBECTH VLT
JBHKSHHA Oe3 CONpOTHEIHHA. AHATHTHIECKOS DEIIeHHe E STOM CTydae
OBIIEH3BECTHO.

BXOZIHBIE TADAMETPEI MOJEITH:

— HaganbHad BeICOTa Tena;

~ Ha"amsRas CKOPOCTS Tema;

—  BeTHMHHBI, OTIpeIeTONMHE K03((hHITHEHTEL COMPOTHEIEHHS CpETL.




