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BCTYII

[lepmri  crmpoOu  CTBOPEHHS KOMITHOTEPHHX TIpOrpaM Il  BHKOHAHHS
aHATITHYHUX 0OUYMCIIeHb Oynu 3po0jeHi me Ha nepmux JamnoBux EOM. Ilpote ix
TEXHIYHI MOMJIMBOCTI 3YMOBJIEHI Mi3€pHO MajJUM OOCATOM NaM'ATi 1 HHU3BKOIO
HIBUAKICTIO OOYUCIIEHb HE T03BOJMIIM I[bOMY HAMPsIMKY PO3BUBATHUCS 1 IaTH pealibHi
MIPaKTUYHI, a HE TUIbKU a0CTpPaKTHIi, pe3yJIbTaTH.

['oBopuTH mNpo TOSIBY peaJbHUX CHUCTEM KOMII'FOTEPHOT anredpu crajo
MOKJIMBUM Juie micis nosisu EOM tpeThoro mokomiHHS kKiacy «Mup-2» 1 «Mup-
3», siki OyJu CTBOpPEHI HAYKOBOIO MIKOJIOK akangemika B.M. I'mymkosa. Jlani EOM,
TAKOX MaJld JIOCUTh CKPOMHI TEXHIYHI XapaKTEPUCTUKH, 3aT€ BUKOPHUCTOBYBAJIH
MOBY MpOTpaMyBaHHs AHAJITHK, SKa MIATPUMYE aHATITHYHI o0uncieHHs [ 1].

MacoBuii pO3BUTOK KOMI'IOTEpHA anrebpa oTpuUMaiia TMIiCasl TOSBU B
80-90-x poxax wmwuHyHMOoro ctoditts B 80-90-mx pokax MHHYJIOTO CTOJITTA
MIKPOKAQJIBKYJISTOPIB 1  MEPCOHaJbHUX  KOMO'IOTEPiB,  BUKOHAHUX  HA
HaIIBIPOBIJHUKOBUX THTETpaIbHUX cxeMax Benukoi ctyneHns interpaiii (BIC) [2]. B
el yac B)K€ 3'IBUIIMCS mepull rpadidHi KajdbKyJIsSTOpH, IO OyJIM OpIEHTOBaHI Ha
HAyKOBl PO3PAaXyHKH W MOJETIOBAaHHS 3 BUKOPHUCTAHHSIM CHCTEM CHMBOJIBHUX
oOuuciensb [7,8] 1 mepun KHUTH , IO ONUCYBAJIM METOAM MEPCOHATBHUX MAaCOBHMX
oOuHuceHb 1 KOMIT'IOTEpHOT anredpu [2-7, 9, 10]. 3'aBusnocs Takox 1 6€37114 po3poOoK
KOMEpILiHUX cucteM Komm'totepHoi marematuku (CKM), nobpe onucaHux y
BEJIMKIN KUTbKOCTI BiNOBIqHOT Jtiteparypu [8-21, 26-33].

be3nocepeaHiM MOTHBOM JUIS TTIJITOTOBKH IPONIOHOBAHOI KHUTH CTajla IMOsBa
HOBUX Bepciii cuctemu Mathematica — Mathematica 8.0, 9.0 1 10.0 Ta minkoBuTa
BIJICYTHICTh B HAIIil JIiTepaTypl KHUT MO IUX MPUHITUIIOBO HOBHUX peali3allisgx Ie€l
cucteMu. Ha >xamp, sk crapmr Tak 1 cydacHi Bepcii cucremu Mathematica B
YKpaTHCHKIM HaBUajbHINA JIiTEpaTypi OMHMCaHl TyXe Majno. BapTro BUAUIUTH €IuHY
KHUTY [] OpIEHTOBaHY Ha BUKOPHCTAHHS PO3PAXyHKIB Ta MOJICTIOBAHHS (HI3UYHHX
nporeciB y cucreMi Mathematica 5.0, mo 31 3pO3yMUTUX MPUYUH € BXKE MOPAIBHO
3actapinoro. Takoxk ciij 3ayBakKUTH, M0 HE 3BAKAIOUM HA TOCTIHHO 3pOCTalouy
notpe0y y HaB4YaHHI MalOyTHBROTO TMpOTpaMicTa IWUCHUIUIIH, TIOB’S3aHUX 3
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BukopuctanusiMm (CKM) MerogmyHoMy Ta HAayKOBOMY 3a0€3MEYEHHIO TaKOro
HABYaHHS MTOKHU 10 MPUIUISIETHCS MaJia yBara.

Cucrema Mathematica couatky Oyma JiepoM cepell CUCTEM KOMII'TOTEPHOI
anrebpu. Bepcii Mathematica 8.0, 9.0, six 1 5.0, 6.0 gecsaTh POKiB TOMY, CHOTOJMHI €
HAWOUTBIII BIJOMUMH 1 BUKOPHCTOBYBAHHMH CEPE KOPHUCTYBa4iB CHCTEMaMH I[bOTO
KJacy, € CIOpsIMOBaHMMHU Ha 30€peKeHHs LbOTO JIAEPCTBA Ta PO3LUIMPEHHS cdepu
3aCTOCYBaHHSI MPOTPAMHUX MPOAYKTIB gaHoro tumy. Crif 3ayBaKUTH, IO XO4a
TaKOX I1CHye nmpomikHa Bepcigs Mathematica 7.0, mix crapumu Bepcisimu 5.0, 6.0 1
HoBuMH 8.0, 9.0 iCHYIOTh 3HAYHI BIIMIHHOCTI Ta BJIOCKOHAJICHHS, SIKI HEOOXI1AHO
Oysio 6 BUCBITJIMTH. TaKOX ICTOTHUM € BIICYTHICTh KHHUI 3 OCHOB IIPOrpaMyBaHHS B
cucreMax kiacy Mathematica.

Cyuachi Bepcii Mathematica 8.0, 9.0 — me Bxxe He mpocto migep. Lle aiiicHo
PEBOJIIOIINHUN TPOrpaMHUM TMPOAYKT 3 BEIMYE3HUM UHUCIOM HOBAllld, K1
BHCYBaIOTh CUCTEMY B OCOOJIMBE CTAHOBHILIE, 1 110 HAJIA€ ii MOXKIUBOCTI, SIK1, MAIOTh
3HaYHl TepeBard TMOPIBHAHO 3 IHIIMMHU cucTemMamu. lle crocyeTbcs HoBarliid
iHTEepdelcy JOKYMEHTIB CHUCTEMM, BHCOKIA MIBHJIKOCTI OOYHCIEHb 1 BEJIMYE3HOTO
Ha0opy KOpUCHMX (DYHKIIIN, a TAKOX, 110 AY’KE KOPUCHO, IHTepPelicy KopucTyBaya.

OcoOnuBICTIO IIi€] KHUTH € Te, 110 BOHA B MEpIUIy 4Yepry OpIEHTOBaHA Ha
nporpamicTiB 1 omucye cuctemy Mathematica sk mnoTyxHHMI mpodeciitHo-
OpIEHTOBaHY Ha MaTEMAaTUYHI 1 HAYKOBO-TEXHIYHI PO3PaXyHKH MOBY MPOTpaMyBaHHS
HAJBUCOKOTO piBHi. Bennuesne umciao BOymOBaHHUX 3ac00iB OOYHCIICHb JO3BOJISIE
pO3B’sI3yBaTH TIEpeBaKHY OUIBIIICTh 3aBJaHb Ha MOBI Mathematica, cuibHO
HAOJIMKEHO1 10 3BUYaifHOT MOBH MAaT€MaTUYHHUX OOYHCIIeHh Ta MOBU C++ — 06a30Boi
MOBH Cy4yacHOro mporpamicta. ToMy KOpHUCTyBad 3MOXXE MporpamyBaTH B
cepenoBuill Mathematica, (pakTHUHO, MOYMHAIOYH 3 NEPIIUX CTOPIHOK KHUTH. [IpoTte
KHHUra OyZie KOPUCHOIO TaKOXK 1 3BUMATHOMY KOPHUCTYBayeBl, HABITh HE 3HAIOMOMY 3
POrpaMyBaHHSIM.

3a xopmoHoMm cuctema Mathematica mIMPOKO 3aCTOCOBYEThCA HE TUIBKU B
HAayKOBO-TEXHIYHUX 1 MAaTeMaTHYHHUX pO3paxyHKax, a TakoX 1 MpU BHUKIAJaHHI

OaraThbOX JHUCIMIUIIH B YHIBepcHTeTax, Ta Koyieqkax [58-76]. MoskauBocTi



Bi3yasizallii oouncieHs y rpadiyHOMY Ta JUHAMIYHOMY BUTJISII Pi3KO PO3IIUPIOIOTH
MOKJIMBOCTI OCTaHHIX Bepciii Mathematica B MojemtoBaHHi, cdepi TOUYHUX 1
TEXHIYHHUX HAYK, B c(hepl OCBITH.

Sk yke Big3HAUANIOCS, 3 PO3MMPEHHSAM Cchepu MISUTBHOCTI Cy4acHOTO
nporpamicta BMIHHS BUKOPHCTAHHS CYY4aCHHUX CHCTEM KOMIT IOTEPHOI MaTeMaTHKHU
Mae BenHMke 3HaueHHs. llel mycTy Himy B mpoleci HaBYaHHS mporpamicra i
NOKJIMKAaHWW 3alIOBHUTH LIEH MiIPYyYHHUK.

Martepian AaHO1 KHUTH TMOAAE€THCA TAKUM YUHOM, 1[0 OCHOBHA WOTO YacTHHA
MO>K€ BUKOPHCTOBYBATHCS KOpUCTyBauaMu Oyb-skoi Bepcii cucremu Mathematica,
MOYMHAIOYM 3 MEPUIUX ii IJ1aB, a TAKOXX BUBYAIOYM JIMIIIE CHEliai30BaHI HEOOX1IH1
JUIsT HAaBYaHHA 4YM POOOTH TJIaBU. Y KIHII MIJPYYHUKA OPUBEACHUN 3MICT Ta
OpUKIaAM  BUKOHAHHSA  JabopaTOpHUX  poOIT, MPOMOHOBAHUX  CTYJEHTaM
cnemianbHocTi 121 — IHKeHepiss mporpaMHOro 3a0e3MeueHHs I 4ac BUBYEHHS
npeaMery “JludepenirianbHi piBHIHHS y MATEMAaTUYHUX MOJENAX’, MO AEMOHCTPYE
NpPU3HAYEHHS MaTepially, BUKIAJICHOTO B KHHU3I.

ABTOp BASYHHUH CBOIM KosieraMm 3 Kadeapu nporpamuoi imxenepii THTY im.

IBana [1ymtos 32 IIHHY JOMIOMOTY Ta 3ayBaKEHHS IPU OOTOBOPEHHI PYKOITUCY KHUTH.



PO3/ILI 1

POBOTA B CUCTEMI MATHEMATICA TA IHTEP®ENC
KOPUCTYBAYA
1. Icmopia nosaeu cucmemu Mathematica ma ii micye y 3acmyeanHi 00

HPUKIAOHUX 3a0ay

Cuctema Mathematica 1, ska 3'spumacs Ha modaTtky 1988 p, ctana mepiioro
Cepilo3HOI0 CHCTEeMOI0 KoMmm'roTepHoi anredpu [22]. Hactynna Bepcis Mathematica 2
MOTJIa BXK€ TMpaloBaTd IMmiJ onepariiiHoio cucremoro MS-DOS 1 000510HKOIO
Windows 3.0 [23-26]. CuctemMu BHKIWKaIM >KBaBUH iHTepeC 3 OOKYy Y4HIB,
IPOrPaMICTiB, BUKJIaa4diB BY3iB 1 YHIBEPCHUTETIB, aCIlipaHTIB, iIH)KEHEPIB 1 HAYKOBIIIB
y BCbOMY CBITI.

Bepcii Mathematica 3/4 [26,27] 3a0e3meunin CUCTEMI JTIAUPYIOYE MICIIE CEPeT
CHCTEM KOMII'FOTepHOI MaTeMaTHKu KiHIg XX cTomitTa — moudatky XXI cTomirTts.
Benuuesne uyMciio poO3B’SI3aHMX MATEMATHYHHX, (PI3UYHUX 1 HAYKOBO-TEXHIYHUX
3aBmaHb [34-57] moB’s3aHe 3 3aCTOCYBaHHSAM caMme IHMX Bepcid cucremu. Uwmcro
orepatopiB 1 GYHKIIIH B AJIpl cUCTEM B LieH yac Oyno noBeneHo 1o ouibin Hixk 1000, B
nakerax posmupenHs 10 800.

Opnak Ha mouarky XXI cromitrs Mathematica crtama BiauyBaTH CUIIbHY
KOHKYpEHIIif0 3 OOKy IHIIUX CHUCTeM KOMI'IOTepHOI MaTeMatuku. B oOmacti
KOMIT IOTEpHOI aireOpu B JiJiepu LIBUIKO Hpobumiacs cucreMa Maple [20, 21], mo
Oyna cTBOpeHa CIIOYAaTKy /I 3acCTOCYBaHHsS JI0 KOJIa BY3bKMX 3alad B
YHIBEPCUTETCHKUX KOJIAX 1 HIBUIKO PO3BUBAETHCS.

Cepen cucteM Uil YUCEIBHUX PO3PAXYHKIB Ta MOJAEIIOBAHHSA MPOBIAHE MicCIle
3aiiHsla  moTykHa MartpuuHa cuctema MATLAB 3  makerom  6J104HOTO
MaTeMaTHyHoro mozeaoBadds Simulink. He 3Bakaroud Ha 3HAYHI MOKJIMBOCTI
JTAaHO1 CUCTEMH, B TIOBHOMY 00Cs31 peasizyBaTu yci i MOXKJIMBOCTI MOYJIMBO JIUIIIE Ta
cydacHux myabstunpouecopux [1K ta oGuncioBaIbHUX KiIacTepax.

Benuky nomynspHicTh 3100yna Takox 1 cucreMa Mathcad 3 ii iHTepdeiicom,

OpIEHTOBAaHUM Ha PO3B’SA3aHHS MaTEeMAaTUYHUX 3a7ad 1 CKPYNYyJbO3HHM BiAOOpOM



¢byukiii, Bxoasuux a0 ii sapa [10,11]. Minycom aaHoi cucteMu € ii qye By3bKa
OpIEHTOBAHICTh, IO MPAKTHYHO HIBEIIOE 1 MOXJIHMBOCTI y PO3B’S3aHHI CKJIAJHUX
3ana4 (pi3UKH, MOJICTIOBaHHS (D13UKO-TEXHOJIOTIYHUX MPOIIECIB.

VY 3B'SI3Ky 3 BHINIECKa3aHUM IMM JIAUpYIOUYE Miclie cucteMu Mathematica B
KpaiHaxX MOCTPAASHCHKOTO MPOCTOPY BXKE€ 3[aBaJOCh HE TakuM Oe33arnepedyHuM
Hepiako moumHaro4i KOPUCTYBadl BiJIMOBISUTUCH Bij BukopuctanHs Mathematica
IpoCcTO TOMYy, IO iM OyB TOraHO 3pO3yMUIOD MOBa (PYHKIIOHAJIBHOTO
MporpaMyBaHHS I[I€1 CUCTEMH, a TAKOXK X JisAKajda HE3BUYANHICTh (ikcallii BBECHHS
knaBimamu Shift + Enter, He3Buualine 3aganHs iMeH QyHKLIM, Hanpukiaaa Tan[x], 13
3a3HAYEHHSIM @IapaMeTpiB B KBAJPAaTHUX MAYXKKaX, 1 1HIII OCOOJMBOCTI MOBH
nporpamyBaHHs, ycnajakoBani Big moBu C. Kpim toro mepuii Bepcii Mathematica
MaJ¥ MaJie YMCI0 MPAKTHYHHUX TMPHUKIAAIB 3aCTOCYBaHHsS cUCTeMH. KopucTyBadyam
4acTo 3[aBajocs, L0 cHUcTeMa ciabo 1 JIOBro MOJIEPHI3YEThCS, OCKUIBKM 3MiHA
HOMepa Bepcii y po3poOHukiB cuctemu (dipma Wolfram Research) 3aiimana kinbka
POKIB, TO1 SIK 1HIII CUCTEeMH-KOHKYPEHTH OHOBJIIOBAIMCS MPAKTUYHO 1 mopivyHo. Lle
BUJIHO 110 HOMEpaM iX OCTaHHIX Bepcii, Hanpukiaa, Maple 14 1 Mathcad 14.

3rajani Hemoyiku cucteMu Mathematica Hepiko CTalOTh B MOAAIBIIOMY i
nepeBaramu. Tak, BeTuKHii 4ac MixK po3poOkamu Bepciit Mathematica 6 Ta 71 8, 9 Ha
MPAKTHUIl CBIMYUTH MPO iX PETEeNbHOro aoorpaiioBaHHs. OCoOIMBO 1€ CTOCYETHCA
JUHAMIYHOI 3MIHM 3MIHHUX, IHTEPAKTUBHOTO JUHAMIYHOTO 1HTEpdeEncy 1 1HII TykKe
KOPHUCHI Ta I[iKaBl MOXJIMBOCTi, III0 MalOTh AKTUBHE 3aCTOCYBAaHHS TOYMHAIOYU 3
ChOMOI BepCii CUCTEMH.

Kpim Toro, me BaxnmBime Te, 1Mo HOBI peamizamii Mathematica 8, 9 — 1e
TIHCHO yHIBEpCAIbHI MaTEMaTHUYHI CHUCTEMH, IO OJHAKOBO IBHIKO, €(PEKTHUBHO i
HAJ(IMHO BUKOHYIOTH SIK QHAJITU4HI, TaK 1 4yucesbHI oOumcieHHs. [laHi cuctemu
3aBaHTAXKYIOThCS Ha0arato MBUALIE IHIIUX cUcTeM. € BCl MIJCTaBH YBAaXKaTH, ILIO
Mathematica nilicHO BUKOHYy€ OOYMCIICHHS IIBHUIIIE CBOiX KOHKYPEHTIB, 30KpEMa,
3aBSKH BIIEpIIE peasli30BaHid MIATPUMII MOMXKIMBOCTEH CydYaCHUX HAIIIBUIKICHUX
MIKpOIIPOLIECOPIB — B TOMY YHUCJI OaratosiiepHUX Ta 3a paxyHOK 0araronoTOKOBHX

0OYHCJIEHD.



2. Incmanauia i 3anyck cucmemu Mathematica 5

[HCcTamsamiss cuctemu Mathematica 9 HiuMM HE BIAPIZHAETHCSA B 1HCTAJAIIT
Oynp-sikoi mporpamu B ormepauifiii cucremy Windows. Ilicis iHcTansiii Ha
pobouomMy  CTOJI 3'ABISETHCS  SPJAUK, aKTUBI3alllsl SIKOTO MPHU3BOAUTH  JI0

3aBaHTKEHHS CHCTEMH B TaM'sITh KOMIT'FOTEpa Ta MOSIBH BiKOH cucTteMu (puc. 2.1).

Lo | B o)
Wolfram Mathematica 9.0 - [Virtual Book - Wolfram Mathematica] Ed virtual Book - Woifram M... &2

File Edit Insert Format Cell Graphics Evaluation Palettes Window Help F[...] Function Navigator & Virtual Book

VIRTUAL BOOK

Create New... f = SEARCH Q
. :
: Wolfram MathematicaQ — » weroos -
Notebook » Introduction
o
Slide Show... r SparseAtTay (<6457 (16 161) » Core Languzge
e arrayplot  normal array rules  determinai
Detvers N New Wolfram Predictive Interface » Mathemetics and Algarithims

ArrayPlot[%2
B eSIE) Navigate Mathematica's rich functionality

Open Recent... with a suite of new usability features, > Visualization and Graphics
including the Suggestions Bar. »
1.Lab4.nb » Data Manipulation

>
% 2. Kackap eigkputa.nb 2
» Dynamic Interactivity
2% 3. Mathemati... (new).nb
- b 4 » Notebooks and Documents

% 4 Lab3nb €3 %, *m

b «
5. Kackan eigkpuTa.nb Search Full Find Your Get Demonstrations Connect with the » Systems Interfaces and Deployment

Documentation Learning Path with Source Code Wolfram Community

Open...

For the latest Mathematica news, events, and training options, visit wolfram.com » Show at startup d

Puc. 2.1. Ornsaa moyarkoBoro iHTepdeiicy cucremu Mathematica 9

Cnouatky micnst 3anmycky Mathematica 3'iBisitOTbCSl TaHENb MEHIO 1 BEJIUKE
BIKHO pobOouoro HoyTOyka. Ha puc. 2.1 mokazaHO TakoX BIKHO 3 BipTYaJbHOIO
KHHATOI0 110 poOoTi 3 cucremoro Mathematica Ta HaBirarop BOyaOBaHHMX (yHKIIIMH

anpa (Kernel). Yci BikHa 3aKpUBaIOTHCS aKTUBI3AII€10 KHOTIKHU 31 3HAKOM «X».

3. I'onoene menro

[TaHenb TOJTOBHOTO MEHIO Ma€ BCHOTO JBA PSIIKU:
* 3 HA3BaMM CHCTEMH 1 3aBaHTAXXEHOTro (ailiy;
* IIO3UIIIIMH T'OJIOBHOI'O MEHIO.

[IpaBopyd 1 3HHM3Y BIKHa pEJaryBaHHS MICTSATBCS JIHIAKKM TPOKPYTKU 3
XapaKTepHUMH TTOB3YHKAMH, [0 MOXYTh OYTH KEPOBAaHHUMH MHUIICIO. Y CaMOMYy HHU3Y
Ha MOYaTKy JIHIMKK TPOKPYTKH € TaK 3BaHA CTaTYCHHUH PSAMOK 3 1HGOPMAIIIEI PO
NOTOYHUH pexxumM poOoTH (Status bar).

['onoBHe meHto cuctemu (puc. 2.1) MICTUTB Taki BKIAJIKH:
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* File — pob6ora 3 daiinamu: ctBopeHHsT HOBOTO aiiiny, BUOIp iCHylouoro ¢aity 3
KaTajory, 3aKpuTTs (ainy, 30epexeHHsT MOTOYHOro ¢aity, 30epexxeHHs dainy 3i
3MIHOIO 1MEHi, IPYK AOKyMeHTa 1 Buxix B Windows;

 Edit — BHKOHaHHS OCHOBHHX OIlepalii peaaryBaHHs (BiIMiHA oreparlii,
KOMIIOBAaHHS BUIUIEHUX YaCTHH JOKyMeHTa B Oydep 3 iX MmoAanplUIMM BHIATICHHSM 1
0e3 HbOTO, IEPEHECCHHS BUAUICHUX YaCTHH, iX CTUPAHHS ),

* Incert — 3aBOaHHs €NE€MEHTIB BBeIEHHs (rpadikiB, MaTpullp, TINEPHOCHIIAHb,
J0JIaBaHHs y poOouMii HOYTOYK eeMEeHTIB (ailiiB, BUOIP KOJbOPY poOOYOi KOMIPKH
Ta Hymepalis KOMIPOK);

* Format — yctanoBka (opmaty Jiisl JOKYMEHTIB;

* Cell — poborta 3 ¢pyHKIIIOHATEHUMH KOMIpKamMu (00'eTHaHHS 1 PO3'€THAHHS KOMIPOK,
YCTAaHOBKA CTaTyCy KOMIPKH, BIAKPUTTS 1 3aKPUTTH);

» Evaluation — ynpaBitiHHS SApOM CUCTEMH Ta HOTO KOH(ITYypalli€ro;

* Palettes — pobora 3 majiTpaMd MaTeMaTHYHHUX OINEpaTOPiB Ta (PYHKIIIH, 3ac00HU
BBEJICHHS MaTeMAaTUYHUX CUMBOJIIB Ta iX OMIIIi;

» Window — onepartii 3 BIKHaMH 1 iX pO3TalllyBaHHIM;

* Help — ynpasninHs 3aco6aMu TOBIIKOBOT CHCTEMH.

KoxeH enemMeHT MeHIO, MpU aKTHUBAIlll, BIPUBA€ BUIIAJHE IMIJIMEHIO, IO
MICTUTh TIOB'S3aHI 3 HUM KOMaHIM. Ha3BW BHKOHYBAaHMX KOMAaH] BHUIUISIOTHCS
YITKUM, a Ti, 5IKI HE BUKOHYIOTHCS B TAHWUHN Yac - XapaKTePHUM CIPUM PO3ILTMBYACTUM
mpudrom.

Enementn intepdericy, 30kpemMa BIKHO pelaryBaHHs, MOXHA TEpPEeMilIaTi 3a
JIOTIOMOTO0 MUIIIl Ta PO3TATYBATH B Pi3HI O0ku. Kypcop Mutni 3a3Buuail Ma€ BUTIISI
CTPUIKHM, TPOTE 3MIHIOETHCS TPU CTAHOBJICHHI HA OKpeMi JeTaji eJeMEHTIB
iHTepdeiicy. Hanpuknaa, npyu ycTaHOBLI Ha BEPTHKaJIbHY MEXY BIKHA BIH HaOyBae
BUTJISAY TBOCTOPOHHIX CTPIIOK <>, PO3TAIIOBAHMX IO TOpU30HTANII. BOHM BKa3yloTh
Ha MOJKJIMBICTh MEPEMIIICHHS I[i€l JIIHII MO TOPU30HTAIl. AHAJOTIYHO MOXHA
pO3TATYBaTH a00 CTUCKATH BIKHO MEPEMILLEHHSM 110 BEpTHKaJi ad0 JiaroHari.

Ha nouaTky TUTYJIbHUX pSAOKIB TOJOBHOI'O MEHIO 1 BIKHA peJaryBaHHS €

KHOIIKA 3 JJOI'OTHUIIOM CHCTEMH, IIIO BiI[KpI/IBaG HiI[MeH}O 3 HACTYITHUMHU KOMaHAaAMM:
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* BigHOBUTH — BITHOBUTH PO3MIpH eJIeMEHTa 1HTepdercy;

* [IepemicTUTH — IEPEMICTUTH €JIIEMEHT iHTepdeiicy;

* Po3mip — 3aymatu po3mipu eneMenTa iHTepdeicy;

* 3ropHyTH — 3rOPHYTH €JIEMEHT B OMPKY B maHeni 3aBnanb Windows;

* Po3ropHyTi — po3ropHyTH €IeMEHT iHTepdelcy;

* 3aKpUTH — 3aKPUTH €JIEMEHT 1HTepdeiicy.

[le miaMeHI0 CTBOPIOETHCS 3acobamu onepauiitHoi cuctemu Windows. Takox,

B KIHII LHUX PAJKIB € XapaKTEpHI KHONKH, 1110 MMOBTOPIOIOTH TPU OCTAaHHI KOMAaHJH.

Bonu ciyxate Uit yripaBiaiHHS BIKHAMU BiTOBITHUX €JIEMEHTIB IHTEp(ENCY.

4. Ilanimpu mamemamuunux onepamopie i hynkyii

Wolfram Mathematica 9.0 - [Untitled-1 *] LJ
v: s Window

0T TVOUXY

TAGAZNIYSY
0Q20UMNZIvsp
w® ridethAs
¢HLIRCARZYD

HNEEES
» Operators
» Arrows
» Icons
Al Special Characters =

Ve Va

v Calculator @ 2

Basic | Advanced

Il leveut fstsa lst (o \Bopumentation;
74 k8 9 v B i [ e
[y 6 ey o [y 09 ot
Lot 2 (B [y (ot e ooy
{0 [ oo [y oy o =g by
| Tab || Enter || TraditionalForm |
| Input from Acove || Ceeate Input el
| Cuteut from Acove || Craste TexCall |
(Commans Comelsts | Isks Temelats

m

» Basic Commands

¥ Typesetting
e [oalxf=]al
s ] g e
(5 o e |
|| s \

l o l\u:)”

b s 12
(5 b @
8 Lol

| wic

t
Is JM \“11 oo ®

J
|
!
|

[ |
a 2
gy regE=
! Jode \lj’a:é—“ Eoeza “n,
¥ Help and Settings
Screencast: Using the Basic Math Assistant»
100% -

v Writing and Formatting @ -

Create New or Modify Selected Cell

| Title Cells v || Section Cells ¥
| Text Cells v ||.Math Cells >
tent Slioe |Eno Slice; | PegeBrask
Cell Modifications

| MegeCalls || DiviesCell |

|« Group Together |- Group Nomally. |
Text Properties
Bt ot bbby [ pky fg Bty

|:Text Color |23 ¥ ppCleaty

Cell Properties
|:Background - ¥|.Frame ¥ = ¥
Paragraph Properties

v Calculator

sasic | Advanced |

| e

et e

| |[Documentation;

P 6873 9 v s gl ey

el (a5l ls6ul b

o
*3 =7 =

110 et

el (524 (6B jo=) W ot vl ool
(60 g (o [y Wy g o= by
| Tab. || Enter || TraditionalForm |

| Input from Acove. || Creste Input Cell |
| Ouiput from Acove || Craste Text Cell |

|Commana Comolete |

hske Temelsie

» Navigation

» Typesetting

» Help and Settings

100% »

e e s

Notebook Properties and Actions » Basic Commands

k Fina... Jl Spelling.. | =

(:Content | ) » Writing and Formatting
L iblaahash . » Typesetting

k Drawing Tools... |

» Keyboard

» Help and Settings

100% ~

P DOxv ~aDm L o ™

Expand(a]
ExpandAl[m]
Factor[s]
Together(s]
Apart[a]
Cancel(a]
Power(m, -1]
Simpify[u]
FullSimpiifyu]
FunctionExpand(a]
TrigExpand[u]
TrigFactor[u]
TrigReduce[m]
ExpToTrig[s]
TrigToExp[m]
PawerExpand[a]
ComplexExpand(s]
Evaluate[a]

100% -

Puc. 4.1. Bikno cucremu Mathematica 9 3 BiipuTUMu najgirpamMmu Ta 3aco6aMu BBEICHHS

anreOpaiuHuX BUPaA3iB 1 1l 3 HUMU

Jlns mosieriieHHs BBEACHHS MaTeMaTMYHUX BHpas3iB Mathematica MiCTHTh

BUBO/DKYBAHHI KOPUCTYBauyeM Ta MEpPEMIIyBaHl MO €KpaHy B Oyib-sfike HOro micie

IHCTpYMEHTaJIbHI MaHe i 3 0e3J1Y4i0 MKTOrpaM BBEJICHHS MAaTEeMAaTUYHUX CHMBOJIB,

GyHKIINH 1 KOMaHJ yIpaBlIiHHS CHUCTeMOIO. BOHM BHBOIATBCS 3a JOMOMOTOIO

niamiaio Palettes romoBHoro mMenio cuctemu (puc. 2.1).
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3arajibHa KUIBKICTh CHCIIaJbHUX MaTeMaTHUYHUX 3HaKiB (TpeupKux 1
JATUHCHKUX OYKB, orepaTopiB, (PYHKIIIH 1 KOMaHJ), IO BBOAATHCS 3a JOMOMOTOIO
nanitp, 6uteme 700. baraTo omepariiii Ta CAMBOJIIB MalOTh aJIbTEPHATUBHI BapiaHTU
iX BBEJICHHS 3 3aCTOCYBaHHSIM KOMOIHAIlIN KJIABIll — iX MOXHA 3HAWUTH B JIOBIJIKOBIH
0a3l nmaHux cucteMu. J[OLITPHO KOPUCTyBAaTHCA HE OUIbINe HDK 2-3 maHensMu
OJHOYACHO (HAMpHKIaJd 3aranbHOI0 maniTporo Basic Math Assistant). Ilpu
HEOOX1JHOCTI BUJIAJICHHSI HEMOTPIOHMX NaHEJeH B IPAaBOMY BEPXHbOMY KYTl KOXKHOI
MaHesl po3TallloBaHI MajeHbKl KHOIKHU 31 3HAKOM «X». Bci maHen MakcHMallbHO
KOMITIAKTH1 1 MOKYTh OyTH MEpPEMIIIEHUMH 3a JOMOMOT0K MUIII B HAWOUIBII 3py4YHE

MICIIE €KpaHa.

5. Ilepwii nasuuku pod6omu ma noHAmMmMA PO HOYMOYK AK podoue nojie 8 cucmemi

Mathematica

PoGotra 3 pgokymMeHTamMu 3BOAUTHCS 1O HAOOpPy B KOMIpKax BHpa3iB
(HampuKIam, MaTeMaTHYHUX) 1 iX BUKOHAHHA. [[s BUKOHAaHHS BUpPA3iB JTOCUTh
HATHCHYTH KoMOiHamiro kiraBim Shift + Enter ogrowacHo (ockinbku KiaBima Enter
BUKOPUCTOBYETHCSI TUTHKU JJISl TAJaHHS TEPEKIaay psIAKa BCEPEIWHI MOTOYHOTO
psaaka BBeaeHHs ). Hampuknan, mo6 obuwmciutu cymy 5 + 6, HEOOXiqHO CIIOYATKy
BBECTH 1I€¥1 BUCIIB B psA0K BBeleHHS. Y Mathematica psanok BBeaeHHsT (OPMYEThCS
1o Mipi BBeaeHHs 00'ekTiB aisi BupasiB 5 i 6. [licns Hatuckanus wiaBim Shift i
Enter orpumaemo:

In[1]: =5+6
Out [I] = 11.

Cnin 3ayBaKUTH, 10 TIpU niepiioMy o6ducienHi Mathematica Bukonye ioro 3
BiIUyTHOO 3aTpuMKOI0. Lle moB's3aHo i3 3aBaHTakeHHsM siyipa cuctemu (Wolphram
Mathematica Kernel). IToganbiii o0unciaeHHs BiiOyBarOTHCS MPAKTHYHO MUTTERO.

JoxymeHnT cuctemu Mathematica cBoiMu psjgkamMu (KOMIpKamMHu) BBEIACHHS 1
BUBEJICHHS, TEKCTOBUMH KOMEHTapsIMH, MATIOHKAMHU JyXe Haraaye CTOPIHKY

O70kHOTa BYeHOro abo imxkeHepa (puc. 5.1). Came ToMy BiH 1 Ha3HMBAETHCA
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HOyTOYKOM (Bia anriiiickkoro notebook). HoyrOyku 30epiratoTbest 3 pO3IIUPEHHAM

*Ha3Ba airy*.nb.

IIOBYIIOBA T'PASIKA $YHKIIT tg (x)

n(t]= Plot[Tan[x], {x, -2Pi, 2Pi}]

l | 6 ’ I
| |
| Il “

/ ;
B )

outf1]= + nﬁ PR R e ,//, . ; P I (‘
= 2 / 2 /!

frame v axes~ imagesize v plotstyle.. more = 5]

150% -

Puc. 5.1. Bikno cuctemu Mathematica 9 BiikpuTUM HOYTOYKOM Ta MPUKJIAA0M MOO0YI0BH rpadika

OxpeMi KOMIpKM 3 MaTeMaTHYHUMH BUpa3aMH 1 pe3yjibTaTaMu iX OOYHUCIIECHb
MO3HAYAIOThCSI B TMpaBid YacTHHI TOJOBHOTO BIKHA peNaryBaHHS XapaKTEPHUMHU
TOHKMMHU KBaJIPaTHUMHU JTy>KKaMU CUHBOTO KOJIbOpy. Lle m03Bosise BijicTeKYBaTH Te,
JI0 4OTO BIJHOCSTHCS MaTeMaTW4Hl BUpa3W — JO BUXIJHUX JaHUX a00 OTPUMAHUX
pesynbTariB. KpiM Toro, komipku 0OUYMCIEHb MOXYTh MaTH PI3HUH CTaTyC, SKH
MO3HAYAETHCS BIMOBITHUMU 3HAYKAMU HAJl KBAJPATHUMH 1Y KKaAMHU.

Jyis Toro, mo0 JOKYMEHT MaB HAOYHHM BU OJIOKHOTA (HOYyTOYKa), HEOOX1THO

3poOuTH TIeBHI omepairii 3 ¢popMaTyBaHHA JOKYMEHTA 1 HaJaHHS MOMY MOTPiOHOTO

Bursimy. llepm 3a  Bce, KOXKEH KpOK OOYHCICHb CHiJl CYIPOBODKYBATH

NOSICHIOBAIbHUMH HamucamMu. BOHHM MOXYTh MICTUTHCS B pPsIKax BBEICHHS, alie
NOTIM 1X HEOOXIZHO BiadopMaTyBaTH 3rITHO TEKCTOBOro (opmaTy BiANOBIAHOIO
ctuimo. JIJig 1bOro BUIUISETHCS PAJOK BBEACHHS 3 TEKCTOBUM HamucoM. IIpoctip
yCepeauHl AYXKH MpU 3aTeMHIO€ThCs. [loTiIM BHKOHYeThcs KomaHnma Format —

Style— Text (Alt + 7). Bona 3amae TEeKCTOBHI ¢opMmaT HamuCy, SKUHA € He

BHUKOHYBAaHHM.
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3a JoIIoMororo 1HIMMUX KoMaHf omiii Format roaoBHOro MeHro, MOKHA 3a4aTH
HamuC pI3HUM MPUPTOM, PI3HUM KOIBOPOM 3 BUAUICHHSIM (oHy. Sk yxke
3a3HAYaJIOCs, JJIA BBEJACHHS MATEMaTHYHOTO BHpa3y 3TIJHO MAOIOHY 1 JyIs
MPEACTABICHHS WOro B TPUPOAHIM MaTeMaTHYHIH ¢GOpMi BUKOPUCTOBYETHCS
cragmaptHuii popmat StandardForm komipok BBeIEeHHS.

Y pobounx 610kHOTaX OakaHo, mo0 (opMa MOJaHHS MaTEeMaTUYHUX BUPa3iB
xoua 0 4acTKOBO HarajayBayia 3arajibHompuitHsATy. Mathematica no3Bossie 3anaBaTu
dbopMH TMOJaHHS JOKYMEHTIB, IPUIHATI B TAaKUX MOTY)KHUX MOBaX MpOTrpaMyBaHHS,
gk Fortran, C 1 HaBiTh TeX (MoBa Juisi mporpamyBaHHsI 3ac00iB THUHOTpagpIyHOrO
HAOOpy CKJIQJIHUX HAYKOBHX TEKCTIB, 110 aKTMBHO BUKOPHCTOBYETHCS B HAYKOBHIX
KypHajax).

Koxen Hanuc, MareMaTuuHui BUpa3 abo rpadik 3aiiMaloTb OKpeMy KOMIPKY —
Cell. Komipka Moxe 3aiiMaTi OJUH a00 KiJbKa PAIKIB 1 3aBXKIU € BUIUICHUM CBOEIO
KBaJIPATHOIO JYXKOH. Ba)kiIMBOIO BIACTHBICTIO KOMIpPOK ycix cuctem Mathematica e
MOKJIMBICTh iX €BOJIIOLII 1O BChOMY pOOOYOMY JOKyMEeHTYy. Takum crocobom

3MIMCHIOETHCS JUHAMIYHUN OOMIH JaHUMH B XOJ1 CHMBOJILHHX I€PETBOPEHb.

POBOTA 3 ®AWJIAMM (FILE)

6. OcnoeHni euou ¢haiinie i nakemu po3uIUpPeHH

VY noBux Bepcisx Mathematica 8/9 ocHOBHUM THUIIOM JJOKYMEHTIB € OJJOKHOTH —
notebooks. Im BinmoBizalTs Qaiinu TekcToBOro (opmarty 3 posmmpenssM .Nb. Li
daitnin MOXYTh pefaryBaTHCS OyIb-sIKHM TEKCTOBUM PEAAKTOPOM, IO MIATPUMYE
dbopmat ASCII. ®aitnu MICTATh JOKIAAHUN OMUC JOKYMEHTa 3 BKa3iBKAMHU THIIIB
mpuTiB, 1eTanel opOpMIIEHHS Ta pO3TallyBaHHS ONpPallbOBYBAHUX 00'€KTIB.

Kpim Toro, cucrema Mae psiJi MakeTiB po3IIUPEHHS (B OpUTiHAII JOIOBHEHHS -
AddOn) cucremu, posramoBanux B katano3dl ADDON. Jlani nmaketu po3MIMpEeHHS
MICTSITh 3HAYHY KUIBKICTh 010J10T€UHUX (DAilsliB 3 PO3IMIUPEHHSAMHU .M, B KOXKHOMY 3
SKMX BU3HAYECHO Psi HOBHX (PYHKIIN cucTeMH. 3 iX JOMOMOTOI0 MOKHA peaii3yBaTh
HOBI aJTOPUTMU PO3B’sI3aHHS MaTeMAaTHYHUX 3aJa4 1 TOCTIHHO PO3MIMPIOBATH

MO>KJIMBOCTI CHCTEMH.
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1. Komanou no3uuii File menro

s pobotu 3 daiinamu cinyxuth omiist File Mento. Bona no3Bossie 3aiaBatu
TaKl KOMaH/Iu:
* New (Ctrl + N) — BimpuBaHHS BikHa HOBOI'O JOKYMEHTA,;
* Open (Ctrl + O) — BigkpuBaHHS BiKHA 3aBaHTAKCHHS JTOKYMEHTA;
* Close (Ctrl + F4) — 3akpuTTs MOTOYHOIO BiKHa;
« Save (Ctrl + S) — 3anuc 10KyMeHTa 3 MOTOYHHUM iM'SIM;
e Save As ... (Shift + Ctrl + S) — 3anmc qokyMeHTa 31 3MIHOIO IMEHi;
« Save Selection As — 30epeskeHHs BUILIEHOTO (parMeHTY;
« Install — incTansIisa JOMOBHEHB 10 3aC00IB Ta HA0OPIB IHCTPYMEHTIB CUCTEMH;
» CDF Preview — noriepeiHiii meperiisig BMicTy po6odoro HoyTOyka y ¢popmarti .cdf.
» CDF Export — excriopt ¢aiinis y ¢popmarti .cdf.
« Send To — BiampaBka BUAUICHOTO (parMeHTa JOKYMEHTa JIO BIAKPHTOTO Qailry
oIepariitHol CHCTEMH;
* Printing Settings — ycraHOBKa apaMeTpiB JPYyKY;
* Print (Ctrl + P) — npyk BmicTy BikHa IOTOYHOTO JOKYMEHTA;
 Print Preview — nomnepeaHiii meperisia BMICTy BiKHA MMOTOYHOTO JOKYMEHTA, IO
OyJie HaJJpyKOBaHO;
* Exit (Alt + F4) — 3aBepiieHHss poOOTH 3 CHCTEMOIO.

BuOip Oyap-1Kk0i KOMaHIM B LiH 1 B IHIIUX OMNIIAX FOJOBHOIO MEHIO MOKHA
3MIHCHUTH KOXKHUM 13 YHOTHUPHOX CIIOCOO1B:
 Bubip mno3umii migMEHIO 3a JONOMOrOK KJaBIl MEPeMIllleHHS Kypcopy 1
aKTHUBI3aIlIs I[1€] oMLl HATUCKAHHAM KJaBiml Enter.
* BuOip onuii HaTUCKaHHAM KJIaBillli BUOOPY (BOHA BiA3HAYEHA B MO3ULIAX IMM1JAMEHIO
TOPU3OHTAIBHOIO JIIHIEI0 3HU3Y) 1 HATUCKAHHAM TOTIM KiaBimii Enter.
* BukopuctanHs KoMOiHAIli KJIABIII MPSIMOTO JTOCTYIY JO0 KOMaHIu (He motpelye
aKTHUBI3aIlli TOJIOBHOTO MEHIO).
 Bubip ommii migMeHIO 3a JOMOMOIOI MHIIKH MEPEMINIEHHSIM 1i Kypcopy 1
MIBUAKUM TOJBIMHUM HATHUCKAHHSM JIIBO1 KJIABIII MUIIKA B MOMEHT, KOJU KYpCOp

3HAXOJIUTHCS Ha MOTPIOHIM TO3HUIIii.
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Cnig  3a3HauudTd, WO Xouya Oi0mioTeyHl (¢Galam po3MUPEeHbh MOXKHA
3aBaHTaXyBaTH, AK 1 (alaum 3 PO3MMPEHHSIM Ma Yy BIKHI peJaryBaHHs, Ta SK
MPaBWIIO, 1€ POOUTHCS TUTBKM TPH iX MIATOTOBII Ta peAaryBaHHi. 3ramaHi Qaiiu
3a3BUYail 3aBaHTAXXYIOTHCS B TIOTOYHHUI JOKYMEHT 0€3 B1IOOpa)KEHHsI iX TEKCTIB 3a

JIOTIOMOT'OIO CITEIlaJIbHUX KOMAH/I.

8. Poboma 3 paitnamu 0oxymenmie

Komanmga New BHUKOPHUCTOBYETHCS, KOJU MOTPIOHO MOYaTH PoOOTY 3 HOBUM
nokymMeHTOM. Lls1 koMaH/1a TOBHICTIO OYHUIIAE €KPaH 13 3alUTOM MPO TE, YU MOTPIOHO
3amucaTi MOTOYHUN JOKYMEHT, SIKIIO BiH € 1 OyB penaroBaHuM. JJOKyMEHT OTpUMYye
iMm's Untitled-N, ne N — norounuii HoMep AOKyMeHTa. BaxXJIMBO Bi3HAYUTH, IO 115
KOMaH/]a He CKacOBY€ 3MiH, 3p00JIEHUX B MOIMEPEIHHO PEAArOBAHUX JTOKYMEHTaX 1 B
paHile 3aBaHTaKeHi (pailii MmakeTiB po3mmMpeHb. Jlumie moBHE nepe3aBaHTAKCHHS
oTiepaIliiHoOl CUCTEMU CKAaCOBYE II1 3MiHH.

3aBaHTa)XKeHHSI TOTOBUX (DalJIiB JJIsl paHillle CTBOPEHHUX JOKYMEHTIB — OJHA 3
HalOUThII TMOMMpeHimuX omepaniid. Bona peanizyerbcs komanmoro Open, ska
CIyTy€ JUIS 3aBAaHTAXKEHHS PpaHIlIE CTBOPEHOTO JOKYMEHTa 3 WOTO TMOLIYKOM B
GbaiinoBoi cuctemi komm'toTepa. L komaHa BUBOJUTE CTaHAAPTHE J1aJ0T0OBE BIKHO,
TUINIOBE I onepatiiiHoi cucremu Windows 1 mpu3HayeHe A 3pYYHOrO MOLIYKY
daitniB. Pobota 3 muM BikHOM Juisi KopucTyBada Mathematica moOpe 3naiioma i
JI0JTATKOBOT'O OMTUCY HE MOTpeOye.

[Ticns poOOTH 3 TOKYMEHTOM BHHHKAa€e HEOOXIAHICTH 30epertu Horo. Jlis
IBOT0 CiyXaTh KoMaHau Save 1 Save As. Komanga Save BUKOHYe 30€peskeHHs
JIOKyMeHTa 06e3 3MiHHU Horo iMeH1. ToMy BOHAa BUKOHY€ETHCS IBUAKO 1 6€3 OY/Ib-IKHUX
JIOJTIATKOBUX J11. 30€peKeHHsI BUKOHYEThCA ¥ hopMati notebook.

Komanma Save As 103BoJisi€ 3MIHUTH iM'S hailily 1 TOMICTUTH HOTO B Oy/Ib-sKe
MICIIE Ha JOBUIBHOMY JHMCKy. Lld KOMaHIa BHUKJIMKAa€E TIOSIBY CTaHJApPTHOIO
JaJoroBoro BiKHA. Y I[bOMY BIKHI KpiM HaJlalITyBaHb JUCKa 1 MOTPIOHOTO
nijKaTagory tpebda 3agaTu iM's 3anMcyBaHOTO (ailiry abo MiATBEPAUTH MPOTIOHOBAHE

iM's1. 3anuc e B popmarti notebook.
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9. Komanoa 3aeepuwienns pobomu 3 cucmemoio — Exit

Komanna EXit BUKOpUCTOBYETHCS ISl 3aKiHYCHHS pOOOTH 3 CUCTEMOIO. SIKIIIO
BCE JOKYMEHTH, 3 IKUMH KOPUCTYBad IpalioBaB, Oyiu 30epexeHl Ha TUCKY, TO IpH
BUKOHAHHI I1i€1 KOMaHAW BIAOYACThCA 3aKpPUTTS OJHOTO 3a JPYIOM BIKOH ITUX
JOKYMEHTIB. SIKIIO AKUKCH 13 JOKYMEHTIB HE OyB 30€peKEeHUM ITICIIsi BHECEHHS 3MiH,
To KoMaHaa EXit BukoHae 3amuT nmpo HEOOXIiAHICTh TAKOro 30epekeHHs. BukoHaHHS
xomaHu EXIt 3aBepiyeTbest BUX00M KOpUCTyBada B 00010HKY Windows.

VYuuzy onmii File rosoBHOro MEHIO BUJIHO TakoX Tepelik (auiiB, 3 SIKUMU
OCTaHHIM YacoM IpaIfoBaB KOpUCTyBad. Bulbip Oyab-sikoro 3 (haiiniB Beae A0 HOTO
3aBaHTaXEHHS B IOTOYHOMY BiKHI penaryBaHHs. lle poOuTh is aKTUBHOTO
KOPHCTyBaya poOOTY 3 CHCTEMOIO OLIBIN 3PYYHOIO, OCKUIBKH I1030aBIIIE HOTO BiJ

MOTIIYKY HAOUIbII MOTPIOHUX (aiiiIiB HA JUCKAX Yy MarKax.

PEJIATYBAHHSI JOKYMEHTA (EDIT)

10. Ocnoeni nonammsa npo 0oKymenmu i ix cmunax

PenaryBaHHs M JTOKyMEHTa yBaXaeTbCsl Oy/b-sIKa 3MiIHA TEKCTY KOMEHTapiB,
BUXIHUX JAHUX 1 MaTeMaTUYHUX (POpPMYJI 3 METOK HAJAHHS JOKYMEHTY OUIbII
X0 AIIOT0 BUY Ta OTPUMAHHS HOBUX Pe3ysbTatTiB. Jlo penaryBaHHs BiTHOCUTHCS
TaKoX 13MiHa (popmaTy rpadikis.

VY 3araJibHOMY BHUIAJKy JTOKYMEHTH XapaKTePU3YIOThCS CTHIIEM OQOPMIICHHS.
Bin BuOOpy cTuio J0OKyMeHTa OaraTo B 4YOMY 3aJIeKUTh MOr0 HAOYHICThH 1
€CTEeTUYHICTh cpuiiHATTI. Tomy B Mathematica nepenbaueHi 3Ha4H1 MOKJIMBOCTI 11O
3MiHI CTWJIFO JIOKYMEHTIB 1 iX 4YacTuH. BoHU 30cepepkeHl B MiJAMIHIO KOMaHH
Format romoBHoro Mmenro. IIpoTe Benuka KUIBKICTh 3aCO0IB YCTAaHOBKH CTHUITIO
MOPOJKYE TMPOOIEMy CYMICHOCTI CTHJIIB, OCKUIBKHM HEPIAKO CTWIlI OyBaroTh
HecyMmicHUMU. st BupimieHHs 11i€l TpoOJeMU BUKOPHUCTOBYIOTHCS CIEIialIbHI
3aco0M MmepeTBOPEHHS CTHIIB. [l KOMipoK BOHM po3wmilieni B miaMento omiii Cell

I'OJIOBHOI'O MCHIO.
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11. Buoinenns ¢ 00KymeHmax i 6UKOPUCM AHHA MULLL

[Ipu pegaryBaHHI JOKYMEHTY KypcOp MHUIII HEOOXIJHO MEpeMIlaTH 3 OJHO1
KOMIPKH B 1HIIY 1 3BEpTATUCS JO KOMaHJ TOJOBHOTO MEHIO JiII BUKOHAHHS THUX YU
IHIIUX OTeparliii, HampukiaJ KOIIIOBaHHS BMICTY KOMIpku B Oydep uyu 3MiHH
mpudty. Cii BpaxoBYBaTH, 10 BUTIISLL KypCOpPY MPHU IIbOMY 3MIHIOETHCS 1 JO3BOJISIE
BCTAHOBJIIOBATH MOT'O MICII€3HAXOIKEHHS.

BaxxiuBuM MOMEHTOM B pOOOTI 3 JOKYMEHTAMH € BUAUICHHS iX €JIEMEHTIB —
KOMIPOK BBEJICHHS 1 BUBEJCHHS, X BMICTY 1 T.1. [[11 BUIJIEHHS KOMIPKH JOCTaTHBO
BCTAHOBUTU KypcoOp MHUIIl Ha 1i MYyKKYy 1 HATUCHYTH JIBY KIaBilly — JIyXKa
BUJIUTUTHCS CHHIM KOJIbOPOM. SIKIIO TpH I[bOMY HATHUCHYTHU TMPaBYy KHOIKY MHUIII,
3'SIBUTHCSl KOHTEKCTHO-3aJIe’)KHE MEHIO IIpaBoi KJaBimi 3 migMeHto mo3umii Copy As,

10 JI03BOJISIE CKOITIFOBATH BMICT BUIUIEHOT KOMIpKH B Oydep oOMiHYy.

In2:= Plot[Sin[x], {x, -2P1i, 2Pi}]

1.0F

05+

-1.0}

frame ~  axes v imagesize v plotstyle.. more =

Puc. 11.1. Bikao cucremu Mathematica 9 BiTkpuTUM HOYTOYKOM Ta BUIUICHUM T'padikom

MOXIMBUM TakoXX € BHUIUICHHS BHpa3iB BCEpeAMHI KOMIPOK, a TaKOX
BuzUTeHHs rpadikis (puc. 1.4). Insg BuaiieHHs rpadika 10CTaTHRO YBECTH Kypcop B
00JlacTh MaJIOHKA 1 KJIAIHYTH JIIBOIO KJiaBiliero muili. MamtoHok Oyae oOBelIeHUM
PaMKOIO 3 XapaKTepHUMHU NPSIMOKYTHHKaMH . ToJ1, HATUCHYBIIH 1 YTPUMYIOUH JIIBY
KHOIIKY MHILI1, MOKHA pO3TATYBaTH Ipadik B pi3HI CTOPOHU 1 MIHATH ioro po3mip. B
bOMY BUMNAJKy TaKOX MO>KHAa BUBECTH KOHTEKCTHO-3JIE)KHE MEHIO MPaBOi KHONKH

MHIIII.
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KonTekcTHO-3ameHI MEHIO TMpaBOi KHOMKH MHUII JIy’)K€ 3py4Hi TIpHU
npodeciiiai podoTi 3 cucremoro Mathematica. BoHn 1aroTh MOBHUI MEpeTiKk KOMaH]I,
K1 MO>KHa BUKOPUCTOBYBATH JJI BUAUICHOTO 00'€KTa, HE BUKOPUCTOBYIOYH TOJIOBHE
MEHIO.

Komu kypcop 3HaXoauThCcs B MeKax KOMIpDKH BBEJCHHS a00 BHUBEACHHA,
HATUCKAHHS JTIBOT KJIABIII MUIII BUKJIMKAE BUAUICHHS JCSIKOT YACTUHU IT1€1 KOMIPKH.
BuninenHs npu 1poMy MOXHA PO3MIMPIOBATH IMOBTOPHUM HATHCKAHHSAM JIIBOi
KHOIIKM MuIll. MokHa po3muproBaTi 00JacTh BUJLIEHHS 1 IPOCTO NEPEMIIICHHIM
MapKepa BBEJEHHS PHU MOCTIMHO HATUCHYTIHN JIBIM KJIaBIII MHUIII.

SAKmo Kypcop 3HaXOAMTHCS B KOMIPI BBEACHHS, TO BIH BHKOPHCTOBYETHCS
JUIsl TOYHOTO 3aJlaHHs MiCIls, B SIKOMY IMOYMHAEeThCcs penaryBaHHs. g Qikcarii
Kypcopy Ha LIbOMY MiCIll TOTPIOHO HATUCHYTH JIBY KHOIIKY MHIIL - Kypcop IpH
[bOMY NEPETBOPIOETHCS B )KUPHY BEPTUKAIIbHY PUCKY. 32 MEKaMH POOOYHNX KOMIPOK

KypCOp MHIIIKY Ma€ 3BUYAHUI BUTJIS]] IOXUJIOT dKUPHOT CTPUIKH.

12. ITiozomoexa mekcmosux Komenmapis

BaxnBoro yacTtuHOIO Mpo¢eciiiHO CTBOPEHO 1 OMpallbOBAHOTO HOYTOYKa €
TeKCcTOBI KoMeHTapi (muB. Puc. 12.1). be3 HMX JOKYMEHT 4Yepe3 JesSKHH 4ac CTa€e
HE3pO3yMUIMM HaBiTh HOro po3poOHUKY. ToMy MpaBWIOM XOpOIIOrO TOHY €
3aCTOCYBaHHS JOCHUTDH JTOKJIQJHUX TEKCTOBUX KOMEHTapIB.

TecToBi KOMEHTapi BBOAATHCS MPSAMO, B IOTOYHUN PSIOK BBeACHHSA. OHAK HE
CJIiJ] 3aBepIIIyBaTH BBEJCHHS HaTUCKaHHsAM KoMOiHanii kiasim Shift + Enter, tak sk
Il TpPU3BEIC JIO BHUCHOBKY KOMEHTapss B PSIJAOK BHBOAY 3 MOXJIHMBHUMH
NOBIAOMJICHHAMHM TMpO TMOMUJIKY. BoHuM o0OyMmOBII€eHI TUM, IO B TEKCTOBHX
KOMEHTapsiX 3a3BUYail HE JOTPUMYIOTHCS CHHTAKCUCY BXIJHOTO MOBH CHUCTEMHU
Mathematica, 1110 1 CIPUYHUHSIE TTOSBY TTOMHUJIOK.

[I1o6 3a3HaueHa cuTyallisi He MOBTOPIOBANACS, JOCTATHHO BCTAHOBUTH KypCOp
MHUIIII 1T PSJIOK BBEJACHHS 3 KOMEHTApEeM, a TOTIM KJIAITHYTH J1BOO KJIABIIICK MMIIII,
B HOBOMY DSIIKY BBEJIEHHS MOKHA PO3MIIIyBaTH HOBUN KOMEHTap YU MaTeMaTU4HI

BUpAa3U JyIsl O0UHCIICHb.
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YacTto B X0l penaryBaHHs JOBOJMTHCS 3MIHIOBAaTH TEKCTOBI KOMEHTapi,
HAMPUKJIA] BEJIHUKI HAMUCU B JOKYMEHTax. i1 1bOro JOCTaTHHO BHUAUIUTH Ty
KIITUHKY, B SKiM 3HaXOAWThCA Hamuc. /[ 1bOoro HEOOXITHO MiABECTH Kypcop
MUIIIKA B KBaJpaTHI AYXKI[l B MPaBOMY KIHIII KOMIPKH - Kypcop MpH IbOMY
MIEPETBOPIOETHCS B CTPUIKY 3 BEPTUKAIBHOIO JIiHIEI0. BKa3aBIm CTPUTKOO HEOOX1THY
KOMIpKy, TpeOa HATHCHYTH JIiBY KJIaBilly MHUIIKK. Jly’Kka BHAUIEHOI OCEpeIKd
3aIOBHIOETHCS YOPHUM KOJIBOPOM.

Psn  posmmpeHux MOKIMBOCTEH pemaryBaHHS TMPEACTABISIIOTh KOMaHIH
HiJIMEeHI0, IO BimHOCHTBCS J0 omiii Edit romoBHoro menio. B ocHoBHOMY I1i
orepailii Mo'si3adi 3 00MiHOM 1H(OpMaIIi€I0 MK BUAUICHOT (3a3HaYEHO1) OCEPEIKOM

abo0 Tpynoro ocepeKiB 1 creniaibHuM Oydepom.

POBOTA 3 KOMIPKAMMU (CELL)
13. Ilonammsa npo KOMIpKU 0OKyMeHMi6

Otxe, womipku (Cells) € ocHoBHMMU o00'ekTamu 1MOKyMeHTIB. Komipku
BIJIPI3HAIOTBCS iX CTAaTyCOM, TOOTO CYKYIHICTIO BJIACTHBOCTEH, IO BH3HAYAIOTh
MOBEAIHKY KOMIPKM B PI3HHUX CHUTyaliaxX 1 ii TUMoM. BaXIuBUM MOHSATTSIM, IO
BIIHOCHUTBCS 10 KOMIPOK 1 BiJoOpa’ka€ OCOOJMBOCTI pOOOTH CHUCTEM CHMBOJIBHOT
MaTEMaTUKH, € TIOHATTS 3MiHM (€BOJIOIIT) 1 MOAM(IKAII] BMICTY KOMIPOK.

Hampuknan, KoMipKkd BUBEIIEHHS MICTSATh TEKCTOBI HAlMCH — KOMEHTapi He
€BOJIIOIIIOHYIOTh, TOOTO HE 3MIHIOIOTHCS B XOJ1 BHKOHAHHS JOKyMeHTa. Komipku
BBCJICHHS, HAaBIAK{, CBOJIOIIOHYIOTh (1 1X 3MICT 3MIHIOETHCSI) 1 TOPOKYIOTH
KOMIPKHA BUBEJIEHHS 3 PI3HUM BMICTOM; HANpPUKIA] KOMIpKa, BUpPA3 SIKOI MICTUTH

dyukiito f[Xx], Oyme 3minroBaTrcs BiamosigHo g0 3Mminu f[x]. Komipku MoxyTh

Oyt 3abnmokoBaHMMH Bl Moaudikamii 1 po30nokoBaHuMHu. CTaTyc KOMIPOK
MOCTIHHO TEPEBIPAETHCS 3a JIONMOMOTOI0 Omepallii OI[iHIOBAaHHS B XOJiI BUKOHAHHS
JIOKYMEHTA.

CraTtyc KOMIpOK MOXHa pO3Mi3HATH 1 0€3 BUKOHAHHSA JOKYMEHTa 10 PSIKY
xapakTepHux o3Hak. ONWH 3 HUX — BUJ KypCOpy MHUIII TpHU HOTO PO3MIIICHHI B

obOnacti Komipok — OyB onucanuii Bume. [HIma o3HaKa — MaJOMOMITHUN
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pO3MI3HABAIBHUN 3HAK y BEPXHIM YaCTUHI KBaJpaTHOI OYXKKH, IO OOpamiise
KOMIpKY. BiJIcyTHICTh 3HaKy O3Haudae Te, IO 1€ 3BMYaifHa KOMipKa BBEJCHHS. 3HAK
«-» (KOpOTKa TOPU30HTAJIbHA PHICKA) BiJ3HAYa€ KOMIPKY BUBEICHHS 31 CTaTyCcOM
Innactive. 3abiokoBana (3akputa) Komipka (Locked) mo3HagaeTbes 3HAKOM «X», a
imimiamzoBana kowmipka  (Initialization) — 3makom «1». Kpim TOrO, mI0
CBOJIIOLIIOHYIOUM KOMIPKM BiJI3HAYAIOTHCA MAaJeHBKUM TPUKYyTHUKOM. [Ipo Tum
KOMIDKM MOXHA TaKOX CyAWTH N0 1X CTHIIO, 30KpeMa 3a MpUPTOM
BUKOPUCTOBYBaHUX B H1il CUMBOJIIB.

Jlnst mepeMHKaHHA HAa MNOTPIOHMM TUN KOMIPKH JOCUTH IMOMICTUTH Kypcop
MUII1 Ha MOTPIOHUI HANKUC 1 HATUCHYTHU JIIBY KJaBIIly MUILKU. BiIMOBIqHUN Hamuc
PO TUI KOMIPKHU 3'SIBUTHCS Y BIKHI CEJIEKTOpPA TUITIB OCEPEIKIB.

14. Komanou onuii Cell zonoenozo menio

Komipku (cells) — me HaiOLIbII XapakTepHa JeTallb HOYTOYKIB CHCTEMH
Mathematica. ¥ nmo3wuii Cell ronoBHOro MeHro nepeadoadyeHi KoMmaHIu ik poooTH 3
KOMIpKaMH.

[Tpu axtuBHIN no3uilii Cell ToloBHOr0 MEHIO 3'SIBISE€THCS MiJMEHIO, [0 Ma€
PsSiI KOMaH]I.

» Convert To — nepeTBopeHHs popMaTy KOMIPOK;

» Cell Properties — ycraHoBka BIaCTHBOCTEH KOMIpPOK;

» Cell Tags — ycraHoBKa TeriB JUIst KOMIPOK;

» Grouping — rpymyBaHHS KOMIpOK;

» Notebook History — icropist pegaryBaHHs BMICTy KOMIpOK JIOKYMEHTA;

 Delete All Output — BumaneHHs BMICTY KOMIpOK YBEIEHOTO ITiJ{ 4ac MMOTOYHOI
poOOTH 3 JOKYMEHTOM;

» Show Expression — moka3 BMicTy KOMIpPKH Y pO3TOPHYTOMY BUTJISIII.

Komanga ShowExpression ciy)XuTh ISl YOPaBIIHHS I10Ka30M BHpa3iB B
CTaHJAPTHOMY Ta PO3TOPHYTOMY BUTIISAII.

Hanpuknaza, npu BiIKJIIOYEHINM KOMaHAl YBEAEMO Yy KOMIPKY IPOCTUN BHpa3
Sin[x]/Log[x].

Sin[x]/Log[x].
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Tyt BurIsa KoMmipoK € craggapTHUM. Jlami, BHIUIMBIIM IIi KOMIPKH Ta
BUKOHABIIHK KoMaHy Show Expression (Shift+Ctrl+E) otpumaemo nipectaBiacHHS
[IUX BUPA3iB B pO3ropHyTOMY (hOpMAaTi:

Cell [BoxData |

RowBox [ {
ROWBOX[{"Sin", n[n’ an’ H]"}], H/",
ROWBOX |: { "Log", " |:", "X", ":| " }] }] ] , "Input",

CellChangeTimes->{{3.680553853375*"9, 3.6805538589375*"9}}]

Cell [BoxData|

FractionBox|
ROWBOX |: { "Sin"’ " |:", "X", ":| " } ] ’
ROWBOX [ { "Logﬂ , " [" ’ "X" , ":I " } ] ] :| ’ "Output" ’

CellChangeTimes->{3.680553928109375*"91}]

Takuit popmar € BHYTpIIHIM B TOMY CEHCi, IIO BiH XapaKTepHUH s
BHYTPIIIHBOTO TIOJIAHHS BHCHOBKY Ha €KpaH JUCIUICs, MTPUHHATOTO B MOBI
nporpamMyBaHHsS cucteMu Mathematica. lle TumoBa mporpama i BUBEIEHHS
BUOpaHUX BHpa3iB. UMM CKIaHIIIMM € BHpa3, TUM JOBIIE 1 MEHII 3pO3yMUIIIIAM
JUTSI HETIATOTOBJICHOTO YHWTada BHTJISIAE€ PO3TOPHYTE YABIEHHS y BHYTPINTHBOMY
dbopmari.

VIIPABJIIHHA POFOTOIO AJ/[PA CUCTEMHU (KERNEL)
15. Komanou nosuyii Evaluation zonoenozo menro

[MTo3uriiss romoBHoro MmeHio Evaluation cnyxuth UIs yopaBlIiHHS —JiSIMH
CHCTeMH, BUKOHYBAaHHMH SIIPOM CHUCTEMH HaJ KOMiIpKamMH poOOYOro JOKYMEHTY.
Po3srissaeMo KOMaHIU 1IHOTO IMIMEHIO OUIBII JOKJIAIHO.

16. Ynpaeninnua npouecom oéuucnens
3aranpHi KOMaH/H 3 YIIPABIIHHS ITPOIIECOM OOUMCIICHD 30CEPEKEHI B MEHIO
Evaluation:
« Evaluate Cells (Shift + Enfer) — BukoHnanHst BUOpaHOT KOMIPKH;
» Evaluate Place (Shift + Ctrl + Enter) — BukoHaHHS BHALJICHOTO BUpPa3y 3TiTHO
MICIISI HOTO PO3TaIllyBaHHS,
 Evaluate Subsection (F7) BukoHaHHs cyOceKIlii TOKyMEHTa;
 Evaluate Notebook — BukoHaHHS BCHOTO JIOKYMEHTA,;
 Evaluate Initialization Cells — BukoHaHHSI iHIIIIIHOBAaHUX OCEPE/IKIB;
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 Find Currently Evaluating Cell — nomyk notouHoi BUKOHYBaHOT KOMIpPKH.

Jlana rpyna KOMaHJ YIpaBiisi€e €BOJIIOLIEI0 (BUKOHAaHHAM) KoMmipok. Ilepen
BUKOHAHHSIM KO’KHA KOMIipKa OITIHIOETHCS 3a cBoiMU o3HakaMu. Komanma Evaluation
Cells omintoe BCi BHIICHI OCEpPENKH, BUKIUKAE IX €BOJIOIIIO 1 IOMIIA€ Pe3yIbTaT
€BOJTIOIIIT KOKHOTO OCepenKy Biapasy micis Hei. Ile ogHa 3 HalOLIBIT MOMUPEHUX
komaHa koMauz. Crning mam'statu, 10, 3AaBanocs O, MPUPOJHE HATUCKAHHA KIJIaBilli
Enter Buknukae nuiie nepepuBaHHS psi/iKa, @ HE €BOJIOLII0 BUIUIEHUX KOMIPOK
BBeJIeHHA. [Ipu ynpaBiliHHI 3 KJaBilaTypH €BOJIIOLIS 0OpaHUX KOMIPOK B1JOYBa€ThCS
npu ofgHOYacHOMYy HaTuckanHi kiapim Shift i Enter. Ilepen miero xomanoro mae
OyTH 3aBaHTaXXEHO SAPO CUCTEMHU. SIKILO LOro HE OYyJI0 3p00JIEHO, TO MOXKE IPOUTH
TIEBHUH Yac JJIs 3aBaHTaXEHHS si/Ipa, MEepIl HiXK JaHa KoMaHa Oy/ie BUKOHAHA.

17. Bubip adopa cucmemu

CyuacHi Bepcii cucremu Mathematica mMaroTh MOXJIHBICTH POOOTH HE TUIBKH 3
YCTaHOBJICHHM JIOKAJIBHUM SIIPOM, a ¥ 3 IHIIUMHU SApaMd, OpPI€EHTOBAaHWMH Ha
oe3rocepeiHb0 Ha crnenudiudi kiacu obuucieHb. lle mpusBesno 10 TMOSBH PAIY
HoBux Komansn:

« Start Kernel — 3azmae crapt oOpanoro sjpa;

* Quit Kernel — 3amae Buxin 3 o0paHoro sapa;

» Default Kernel — 3agae siipo, sike BAKOPUCTOBYETHCSI 38 YMOBUYAHHSIM;
 Notebook's Kernel — 3azmae siipo po604oro JoKyMeHTa;

» Kernel Configuration Options — BUBOIUTH BIKHO YCTaHOBKHU BIIACTUBOCTEH siziep;

« Parallel Kernel Configuration — xoHdiryparis mapaixensHux suep (Ipu HasTBHOCTI
OararosepHoro npouecopa Ha [1K);

» Parallel Kernel Status — cratyc mapanenbHHX sAep NPH BHUKOHAHHI KOMIPOK

JIOKyMeHTa (IIpy HasiBHOCTI OaraTosiepHoro npoiecopa Ha [1K).

IHTEPAKTUBHICTH 111/l YAC POFOTHU 3 CUCTEMOIO
18. /lunamiuna inmepaxkmueHnicms npu CUMEOIbHUX OOUUCTICHHAX
JluHaMiyHa 1HTEpaKTUBHICTh — HOBA SIKICTh HOYTOYKiB cucteMu Mathematica,

NOYMHAIOYM 3 IIOCTOI ii Bepcii. BoHa mossirae B 3acTOCYBaHHI JOCHUTH TMPOCTHX
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3aco0iB, MO JIO3BOJISIOTH TIEPETBOPIOBATH HOYTOYKHM (JIOKYMEHTH) CHCTEMH B
mianoroBi (IHTEpaKTHWBHI) BIKHA 3 €JIEMEHTaMH, IO JO03BOJSIOTH JUHAMIYHO
VOPaBIATA TMapaMeTpaMd BHUXITHUX JaHUX JUIsi OOYHUCIEeHb (B TOMY YHCII
CUMBOJIBHUX) 1 TOOY0BH rpadiKiB.

OmanM 3 Takux 3aco0iB € kepyrda (yskiiss Manipulate. Ile TumoBwmii
NpOrpaMHHUIl MOJyJib, KUK OyJe NeTallbHO OMUcCaHuii B mojanbiiomy. [loku x
pPO3MJITHEMO MPUKJIAJ WOro 3acTOCYBaHHSA JUIsi OOYMCIICHHS IHTErpany 3

miginTerpanbHo0  Gynkimiero cos(X") mis pisux mimux N Bim 0 mo 10, mo

nokazannii Ha Puc. 18.1. ®@ynkuis Manipulate B ocepenky BuUBEIEHHS BHBOJUTH
IHTEpPAKTUBHE BIKHO 31 ciaiiiepoM, OIyHOK SIKOTO MOXHA IEPEMIlaTH MHUIICIO 1
BIKHOM BHUBEJEHHS pE3yJbTaTiB aHAIITUYHOrO I1HTerpyBaHHsA. [Ipu npomy n
3MIHIOETHCS 1 MIHSIETHCSI CUMBOJIbHE 3HaueHHs iHTerpany. Ha Puc. 18.1 moka3zanmii

BUIMAJIOK, KOJM cllaiiepoM 3afaHo 3HaueHHd N=1. BoHO BUBEAEHO B KIHIIl

cnauaepa.
In[1:= Manipulate[Integrate[Cos[x*n!], x], {n, 0, 10, 1, Appearance - "Labeled"}]
n D 1
out[1]=
Sin[x]

Puc. 18.1. JlunamiuHe 06UMCIIEHHS iHTErpana 3 miliHTerpansHo0 GpyHKIiero Cos(X™) mpu n=1
Jnsa neMoHCTpallii IWHAMIYHOI 1HTEpaKTUBHOCTI Ha puc. 18.2 i1 mokaszaHo
npukiaaam it N=2 1 n=3. L{i 3Ha4eHHs] N OTpUMaHi MEepeCyBaHHSAM IOB3YHKa
cnaiinepa. Jlobpe BuIHO, 10 TpHU 3MiHI N 3MIHIOETHCA (PopMylna, sKa BU3HAUYAE

CHMBOJIBHC 3HAUYCHHAA iHTCFpaJ'Ia.

In[1:= Manipulate[Integrate[Cos[x*n!], x], {n, 0, 10, 1, Appearance - "Labeled"}]

out[1]=

f% FresnelC /% XJ
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In[1:= Manipulate[Integrate[Cos[x”*n!], x], {n, 0, 10, 1, Appearance - "Labeled"}]

out[1]=

Puc. 18.2. /luramidae 0OYMCIICHHS IHTErpaia 3 MiIIHTerPaTbHO (DYHKITIEO
cos(x") mpu n=2 in=3
MoOXIMBOCTI aBTOMATHMYHOTO OOYHMCIEHHSI 3a/IaHOr0 1HTErpajia pa3oM 3
PO3TOPHYTOI0 TMMAHEJUII0 aHIMaliHOro mporpaBaya OOYUCIEHHS HABEJACHO Ha

puc 18.3.

In[1:= Manipulate[Integrate[Cos[x*n!], x], {n, 0, 10, 1, Appearance - "Labeled"}]

g ‘: L i‘ \3 i‘ i:\
out[1]=

(o [ {3 40320 1/40320 [ ok
:_L ! G I T ey =
{ ( X ] am.ma-40 320 ’

. _40320) 1/40320 >
(-1 x*"2) Gamma | ————, 1 x

g0320|\) / (806 (80640 1/40320)
L 20320 } (R = / /

Puc. 18.3. Jlunamiune oG4MCIeHHS iHTerpaa 3 migiHTerpansHo GyHkiico cos(x™) 3
PO3TOPHYTOIO MAHEIUTI0 aHIMaIlIHHOTO MporpaBayva

19. ¥Ynpaeninna cpagpixamu 3 oonomozorw muuii

I'padika cuctemn Mathematica 1oBruii yac Majia SBHUM HEJOJIK — BIJICYTHICTh
MO>KJIMBOCTI TIOBOPOTY TPUBUMIPHUX TpadikiB (iryp murmiero. Ll MOXKIHBICTH Bke
JTaBHO Oyna peaji3oBaHa B IHIIMX CHCTeMax KoMmI'toTepHoi matematuku Mathcad,
Maple i MATLAB. IlpaBaa, B Mathematica 4/5 mosxHa OyJi0 3aBaHTaKUTH HOYTOYK 3
IPOLIEIYyPOIO, IO JAa€ TaKy MOKIMBICTh. OHAaK TUIbKHM ModyuHarouu 3 Mathematica 6
1 TOMANbIIUX BEPCISIX CHUCTEMH MOXKIJIHUBICTh YMPaBIiHHA TpadikaMu MUIIEIO
IPUCYTHS BKE SIK BIACTUBICTh TPUBUMIPHUX IpadikiB, moOya0oBa sIKUX 3a7aHa B Spi
CUCTEMU.

Ha puc. 19.1 mnoka3aHo KiIacHMYHUN TPUKIA[ HAa MOOYAOBY TOBEpXHI,

onucyBaHoi (QyHKUico aBOX 3MiHHMX — X’ +Yy°—1. IloBepxus (mapaGonoin
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obepranHs) OyayeTbes 3a gonomororo ¢ynkiii Plot3D i mokasaHa mpu moOy/a0Bi 3a

3aMOBYYBaHHSM — OIYKIIICTIO BHU3.
i PTOEID [R22 o 722 « 1, 1%y =15 1k T¥: —1; 113

out[1]=

Puc. 19.1. [To6ynoBa napabosnoina ooepTaHHs

S0 BBECTM Kypcop MHMIII BCEpPEAMHY MAaOHKA, BIH 3MIHHATHCS Ha
300pakeHHsI ABOX BUTHYTHX CTPUIOK, IIO BKa3ye Ha oOepraHHs. HatucHyBIM niBy
KHOTIKY MUII 1 YTPUMYIOUYH ii HATHCHYTOIO, MOKHA MOYaTH HoBepTaTH Qirypy 1
cnioctepiratu ii obepranHs B mpoctopi. Ha puc. 19.2 mokaszanuii pe3ynbTaT TaKux
MaHIMyJISIIH, B pe3yabTaTi SKOTo Mapabosoin BUSBUIACS MOOYTOBAHUM OITYKIIICTIO
BrOpY.

MoxuBicTh 00€pTaHHSI TPUBUMIPHUX rpadiyHUX 00'€KTIB MHILEIO JO3BOJISIE
pPO3IJIAIATU iX 3 PI3HUX CTOPIH 1 BUSBIATH CIOYATKy HEBHAMMI iX OCOOJIMBOCTI.
Skmo HatucHyTH KiaBinry Shift, To nmpu HaTUCHYTIN NiBiM KIaBilli MHIII MOXHA
nepemimaty rpadik mo moiito rpadivHOro BikHA, a, yrpuMyroun kiasimy Ctrl moxHa

TUIaBHO HAOMWkaTu abo BigmansaTu rpadik (omeparis Z0oom).
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2= Plot3D[x~2+y~2-1, {x, -1, 1}, {y, -1, 1}]

out2]=

Puc. 19.2. [ToGymoBa oGepHEHOro mapadonoiga ooepTaHHs

20. lunamiuna inmepaxkmugnicms npu zpagpiuniii eizyanizauii

In[1]= Manipulate[Plot[Sin[nx] / (nx), {x, -2P1, 2Pi},
PlotRange » {-0.3, 1.3}], {n, 1, 10, Appearance -» "Labeled"}]

n 1 1.

out[1]=

Puc. 20.1. ITo6ymnoBa rpadika ¢pyHkitii SINNX/NX i3 ciaiiaepom i 3MiHK TapaMeTpa N st

BUMNaaky N=1
MoxiuBicTh 00epTaTH TPUBUMIPHI (QIrypu Ta rpadikd MHUILEIO — L€ JIMILIE
OJIMH 3 KOMIIOHEHTIB IpadivyHoi quHaMI4HOI Bi3yanizaiii. Po3poOHukun Mathematica

MIIUTK 1l 1 BBEJIM MOKJIMBOCT1 CIIOCTEPEKEHHS 3a MOBEAIHKOI rpadikiB pPi3HOTO
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Tuny (B TOMY YHCI TPUBUMIPHUX) TPH 3MiHI Oyab-skoro 3 ix mapamerpis. Lli
MO>KJIMBOCTI TaKOXk 3a0e3rneuye pynkiriss Manipulate.

Ha Puc. 20.1 mnokazano mnoOymoBy rpadika 3a BHCIOBOM SiN NX/nx3a
noromororo ¢yskin Plot i Manipulate. Tlpu oMy 3amaHo 3MiHy mapamerpa N Bij
1 mo 10. I'padix Ha Puc. 20.1 mobynoBanwmii ams N =1.

Tenep, mepeminmaroy MOB3YHOK Claiepa, MOXHA CIIOCTEpIraTé 3a 3MiHAMH
rpadika, Mo iCTOTHO miaBHIIYe Horo Hao4HicTh. Ha Puc. 20.2 moka3anwmii To# ke
HOYTOYK, ajie TpHW TOJIO)KCHHI TOB3YHKA cCiainepa, BimnmoBigHoro N =3,65. Ilpwu

IIbOMY XapakTep 3MiHHU Tpadika OUeBUIHUI.
In[1= Manipulate[Plot[Sin[nx] / (nx), {x, -2P1i, 2Pi},
PlotRange -» {-0.3, 1.3}], {n, 1, 10, Appearance -» "Labeled"}]

n f 3.65

Out[1]=

Puc. 20.2. [To6ynoBa rpadika ¢pyHkitii SINNX/NX i3 ciaigaepom st 3MIHU mapaMeTpa N s

BUMaaKy N = 3,65
Yucno cnaiifiepiB 1 3MIHIOBaHUX MapaMEeTPiB HEBAXXKO 30UIBIIUTH, MPOCTO
HaJaBIIX BIAMOBIIHI MapaMeTpH AE€KUIBKOM 3MIHHMM B CIIMCKY IapameTpiB QyHKIII
Manipulate. Ha puc. 20.3 noka3zanuii npukiag noOynoBu rinepOoaiyHO TOBEPXHI, y
AKIA 3MIHIOIOTBCA JBa NapameTpu — Koe(imieHTd N, 1 N, mpu 3MIHHHX X 1 Y.
[ToBepxHst moOy0BaHa Ui 3HAYEHb N, =N, =1 1 MOBEPHEHA MUUICIO JJIs1 OTPUMAaHHS

OUThII HAOYHOTO 300pa’KEHHS.
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Inf1}= Manipulate[Plot3D[n1x*2-n2y~2,
{x, -2, 2}, {v, -2, 2}], {nl, 1, 10, Appearance -» "Labeled"}, {n2, 1, 10, Appearance - "Labeled"}]

Qui[1}=

Puc. 20.3. [ToOymnoBa rinepOoigHOT MOBEPXHI MPH ABOX 3MIHIOBaHUX MapaMeTpax (mpu N, =N, =1)

Ha puc. 20.4 mokazaHa Ta > TMOBEPXHIO MICHS TMEPEMIIICHHS MOB3YHKIB
claiiiepiB 3 ycTaHOBKOIO 3HadeHb N, =-0,62; n,=156. JloOpe BugHO, SK
3MIHIOETBCSL BUIJISJ NMOBEpXHI. MOXHa CIOCTEpIraTv IJIABHY 3MIHY L€l MOBEPXHI
Opy TEpEeMillleHHI MOB3YyHKIB cnaiinepiB. Ilpu 3ycunmnss Ha iX BHBEIEHHS €
MIHIMATPHUMH — BOHHU 3aJal0Thecsi Napamerpamu (ynkiii Manipulate. B ixmux
cucTemMax Ui peajizaiii TakuX I1HTEpPaKTUBHUX MOXJIMBOCTEH joBenocs O
CKOpUCTATHCS TpOIeaypHUM abo Bi3yaJbHO-OPI€EHTOBAHMM IPOTPAMYBAaHHSM,
IIOIIEPEIHBO OCBOIBILIM HOTO.

Opnak 1 Ha 1bOMY MOXJIMBOCTI Mathematica 9 He 3akiHuyrOTbCS. MokHa
peanizyBaTH aHiIMallilo MmoOymoBaHux rpadiunux o0'extiB. Ha puc. 20.4 mokaszaHo
MEHIO OIlepallii, sike 3'IBIS€ThCA MPU aKTUBI3allll MUIICIO KPY)XKKa 31 3HAKOM «+» y
BEPXHHOMY MPABOMY KYTKY HOYTOyKa. BHU3y 1boro MeHro € ommist Autorun, su6ip

SKO1 BUKJIMKAE TIOSIBY 3BEpXY BIKHA MaHe 1 aHIMaIIiHOTO TTporpaBaya Autorun.
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In2;= Manipulate[Plot3D[nlx*2-n2y*2,
{x, -2, 2}, {yv, -2, 2}], {nl, -10, 10, Appearance - "Labeled"}, {n2, -10, 10, Appearance » "Labeled"}]

nt “ ‘[ ~0.62 Hide Controls
=

s Paste Snapshot
L " ‘ 1o Add To Bookmarks..

@ Initial Settings

Paste Bookmarks
Animate Bookmarks

Puc. 20.4. ITo6yznoBa rinep0osiuHO1 MOBEpXHi IPU ABOX 3MIHIOBAHUX MapaMeTpax
(mpu n, =-0,62; n, =1,56)
3a 3amMoBUyBaHHsIM mporpaBad AuUtorun 3abesmedye meperysi aHiMailii
MOBEPXHI NPU TIABHOMY aBTOMAaTUYHOMY IMEPEMIILIEHH] CIIOYaTKy OJJHOTO MOB3YHKA,
a moTiM Japyroro. MokHa BTPYTHTHCS B poOOTy TmporpaBada, HaIpPHUKIA,
3YNUHUBIIK HOTO, 3MIHUBIIM IMIBHAKICTh 1 HAMPSIMOK IMEPEMIIIEHHS IMOB3YHKIB, 1,
HapemTi, 3aKkpuTd Horo. BiAMoOBiAHI KHOMKKA 3 OYEBUJHUM MHEMOHIYHUM

300pa’KEHHSM € Ha MaHesl Nporpasaya.
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PO3/ILI 2
MATHEMATICA SIK CACTEMA ITPOTPAMYBAHHS

1. Ilonamms npo 6xiOHy mogy cucmemu i MO8y peanizayii

Cucrema Mathematica 37aTHa 0e€3 3arajJbHONPHUNHSATOTO MPOrPaMyBaHHS
pO3B’SI3yBaTH BEJIUKY KUIBKICTh MAaTEeMAaTHYHHX 1 HAYKOBO-TEXHIYHHMX 3aBJIaHb.
Opnak Bci 3aco0m cuctemu (BKiIO4aroun andapiT i1 BXigHOT MOBH, HOTO OYyKBH,
1udpu, OepaTopy 1 YMCIIEHHI CTETiaIbHI 3HAKHN) TI0 CYTi € YaCTHHOIO MPOOIEMHOMY
OpIEHTOBAaHOI MOBH TIpOTpaMyBaHHs HaJaBUCOKOro piBHsA [34, 45, 46]. 3a coimu
MOJKJIMBOCTSIMA y BHKOHAHHI MAaTEMAaTHYHUX 1 HAYKOBO-TEXHIYHUX OOYHCIICHH IISI
MOBa HabaraTo NHepeBepllye 3BHYaliHI yHIBEpCAJIbHI MOBM NPOrpPaMyBaHHSA, TaKl SIK
Fortran, Basic, Pascal a6o C.

BaxxnuBo migkpecauTH, Mo TYT MOBa HJe PO MOBY MPOTrpaMyBaHHS CHCTEMH
Mathematica, a He mpo MOBY peaiizaiii camoi cuctemMu. MoBOW0 peanizaiii €
yHIBepcaJibHa MOBa IporpamyBaHHsa C++, sgKa mokasajia CBOK BUCOKY €(EKTUBHICTh

K MOBa CUCTEMHOI'0 IIPOrpaMyBaHHS.

2. Moscnueocmi moeu npozpamyeannsn cucmemu Mathematica

[lepeBara cucremun Mathematica, sik 3aco0y mporpamyBaHHS pPO3B’S3KIB
MaTeMaTUYHUX 3a]a4, 3yMOBIIEHA HE3BUYHO BEJHUKHUM (B MOPIBHSIHHI 31 3BUMaHUMU
MOBaMH TIPOTpPaMyBaHHSA) HaOOpoM (yHKIINA, cepel SKUX YMMajo TaKuX, SIKi
peani3yroTh CKJIaJHI 1 MPAaKTUYHO KOPUCHI MaTeMaTH4HI MEPETBOPEHHS Ta YUCENbHI
Ta aHAJIITUYHI 00uMCIOBaNbHI MeToau. Yucno ¢ynkuiit B Mathematica 6 mocsrae
4000.

Moga nporpamyBanHsa cucteMu Mathematica € TUIOBUM I1HTEpPIIPETATOPOM 1
HE € TPU3HAYCHOIO JUIS CTBOPEHHsS BUKOHYBaHuX (haiimiB. I[Ipore, mis okpemux
BUPA3iB I MOBAa MOKE BUKOHYBATH KOMIIUIALIO 3 noromororo ¢pyukiii Compile, o
KOPHUCHO MpHU HEOOX1HOCTI 30UIbIIEHHS IIBUIKOCTI PaXyHKIB B CTapuX peajizailisax
CUCTeMH. Y HOBHMX BEpCIAX aJrOPUTMH TIOJIMIICHI HACTUIbKH, IO OCOOIMBOI

HeoOXiHOCTI B 3acTocyBanHi pyukiii Compile maitke Hemae.
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Moga cuctemu Mathematica yBibpana B cebe kpaii 3acoOu psily MOKOJIHB
MOB IIporpamyBaHHs, Takux sk Basic, Fortran, Pascal i C. 3aBasku mpomy BOHA
JI03BOJISIE  JIETKO peai3yBaTH BCl BiIOMI THUIOBI KOHIIEMINi MpOrpaMyBaHHS:
GyHKITIOHATBHE, CTPYKTYpHE, OO'€KTHO-OpIEHTOBaHE, MaTeMaTU4HE, JIOTIYHE,
peKypcuBHE. Y HHOTO BKJIIOUEHI 1 3aC00M Bi3yallbHO-OPIEHTOBAHOTO MPOTPAMyBaHHS
HAa OCHOBI 3aCTOCYBaHHS ITaOJOHIB MaTeMaTHYHHX CHMBOJIIB, TaKUX SK 3HAKU
T epeHIIIOBaHHs, IHTErpaty, NiACYMOBYBaHHs, J00YTKY, PO3KIaJaHHs B psia 1 T. ..

BHyTpilllHe mnpeacTaBiIeHHS BCIX OOYMCIEHb 0a3yeTbCcsli Ha 3aCTOCYBaHHI
NOBHUX (OpM BHUPA31B, MpeACTaBIeHUX QyHKUIAMU. | B3araii, QyHKIIIM B CUCTEMI
Mathematica HanexuTh BHUpIIaJbHA pPOJIb B Opradizauli OyAb-sIKHX OOYHCIICHbD.
Tomy, Mathematica ¢akTHuHO Cro4aTKy peanidye SiK TOJOBHUN (PYHKUIIOHAIbHMIA
MeTOo/]l MPOrpamMyBaHHsl — OJIMH 3 HailleeKkTUBHIMMX 1 HaAiiHUX. HasBHA Benuka
KUIBKICTh JIOTITYHHUX OIepaTopiB 1 (QYHKIIA JO3BOJIAE MOBHOI[IHHO peali3yBaTH
JIOTIYHUM MeToJ IporpaMyBaHHs. besniu omnepartiiii mepeTBopeHHs BUpa3iB 1 QyHKIIIN
JO3BOJISIFOTH 3/1IHCHIOBATH IPOrPaMyBaHHS HAa OCHOBI MPABWJI I€PEeTBOPEHHS.

Crig TakoX BIJI3BHAYUTH, 1110 MOBA CUCTEMH JI03BOJISE pO30MBATU MPOrpaMu Ha
okpeMi Mojaym (Oi0ku) 1 30epiratd 11 MOAYJIlI B TEKCTI JOKyMeHTa abo Ha
KOPCTKOMY JUCKY. MOKJIMBE CTBOPEHHS MOBHICTIO CAMOCTIMHUX OJIOKIB — MPOLIEYP
3 MPUCBOEHUMH 1MeHaMHu 1 (QYHKIIA 3 JOKaJbHUMHU 3MiHHMMH. Bce e, mopsia 3
TUTIOBUMHU CTPYKTYpaMu yINpPaBIiHHA, JO3BOJISIE peali3yBaTd CTPYKTYpHe 1
MOJyJIbHE [TPOrpaMyBaHHS.

Hactinbku K TPUPOAHO MOBY CHCTEMH peali3ye 00'€KTHO-OpPIEHTOBaHE
pOrpaMyBaHHS, [0 CTAJI0 HOBOIO BIXOIO TEMEpimHbOro dacy. BoHo, mepmr 3a Bce,
0a3yeTbcsi Ha y3araJlbHEHOMY TIOHSTTI O0'€KTa 1 MOXJIMBOCTI 3aBIaHHsA Oe3inivi
MOB’si3aHUX OAWH 13 OoAHUM 00'ekTiB. B cucremi Mathematica koxkHa Komipka
JOKYMEHTA € OKPEMUM 00'€KTOM 1 MOPOIKYETHCS IHIIUMHU, TONEPETHIMUA 00'€KTaMH.
[Tpy npoMy BMICTOM O0'€KTIB MOXKYTh OyTH MaTeMaTH4H1 BHpa3H, BXIAHI 1 BUXI1JHI
naHi, rpaiKy Ta MaJllOHKH, 3BYKH 1 T.[I.

3 TDOHATTSAM 00'€eKTa TICHO TMOB'SI3aHI TPU OCHOBHHUX BJIACTHUBOCTI:

iHKancyasuia, ycnaakyBanusi i mojimopgizm. Bci BoHM opraHiyHO NnpuTaMaHHi
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o0'ektam cuctremu Mathematica 1 He TOTpeOyIOTh IS CBO€I peaizailii OyIb-IKUX
CreriaTbHuX 3aco0iB.
Inkancyasimisi o3Ha4ae 00'eqHAHHS B OJHOMY OO'€KTI SK JIaHMX, TaK 1 METOMIB iX
OIpAaIfOBaHHSI.
YcenaakyBaHHSl O3HA4yae, MO KOXKEH O00'€KT, OTPUMAaHWN BiJ IHIIUX OO'€KTIB,
YCTHAJKOBYE iX BIACTHUBOCTI.
IoaiMop@dizM — BIACTHUBICTH, IO JO3BOJISE MEPENATH PANY O0'€KTIB MOBIIOMIICHHS,
ake Oyne oOpoOnsATUCS KOXXHUM OO'€KTOM BIAMOBIIHO JI0 MOro I1HAMBIAYyaJbHHUX
OCOOJIMBOCTEH.

HaBenenuii Hu»x4e npukiiag 00'eKTHO-OPIEHTOBAHOTO IPOrPAMYBAaHHS A€ TPU

BH3HAUYCHHS, acOIIIM0oBaH1 3 00'ekToM h:

h/:h(x J+h[y ]:=hplus[x,y]

h/:plh[x 1,x]:=hp[x]
h/:f [h [x ]]:=fh[f,x]

B npunmuni, moBa mporpaMmyBaHHS cucreMu Mathematica cneriaabHO
CTBOpPEHA JJIsl peatizallii 0yab-sIKOro 3 IepepaxoBaHUX IMJAXOAIB 0 MporpaMyBaHHs,
a TaKOX JO pSIy IHIIMX, HalPHUKIAJ] PEKYpPEHTHOTO MPOTpaMyBaHHS, MPU SKOMY
HACTYIMHUIA KPOK OO4YMCIIeHb 0a3yeThcs Ha iHQopmallii, OTpUMaHiil Ha MoNepeaHixX
eTanax oO4HCIIeHHS. MOXIUBUM € 1 peKypCUBHE MpOTrpaMyBaHHs, KOJIU (YHKIlIS B
3araJpHOMY BHWIIQJIKy HEOJHOPA30BO 3BepTaeThcsa 10 cebe camoi. Haounum
MPUKJIAJOM I[OTO MOXKE CIY>KHTh 00YMCIIeHHS (pakTopiady peKypCUBHUM METOOM:
nl=n-(n-1!.

3acobu moBu Mathemntica 103BOJISIIOTH peani3yBaTH 1 €JIEMEHTH Bi3yaJlbHO-
OpiEHTOBAHOrO MPOrpaMyBaHHsA. MOro 3MicT mojirac B aBTOMATHYHIH reHeparii
IpOrpaMHUX MOJYJiB NUISXOM BKa3iBKH Bi3yaJIbHO 3pO3yMIUIOTO Ta MPOCTOTO
o0'ekTa — HalyacTime KHonku. Mathematica 103BoJisie CTBOPIOBATH MAJITPH 1 TTaHE1
3 PI3HUMHU KHOITKaMH, IO JTO3BOJIIOTH YIPABIATH IPOTpaMoro, a0 BBOJUTH HOBI

IIporpaMHi 00'€KTH.
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3. Cmpykmypa cucmem Mathematica
o6 3po3yMiTH, $IK BUKOHYIOThCA oOuucieHHss B cucrteMi Mathematica,
noTpiOHO Xoua 6 y 3aradbHUX pUCAaX 3HATH CTPYKTYypy cucTem Mathematica. Ii

MOJKHA 3PpY4YHO IIPCACTABUTU B HACTYITHOMY BI/IFJIH,Z[iZ

Packges
i ,
Kernel—— Front End ~ Help

t
Library

Jlnst opileHTalii CUCTEMHM Ha KOHKPETHY MAaIlMHHY IUIaTGOpPMy CIIY>KUTb
iHTepdeiicuuii npouecop Front End. Came BiH BH3Hauae, SKUH BHIJISA Mae
iHTepdeiic kopuctyBau cuctemu. IurepdericHi npounecopu cucreM Mathematica ans
pi3HUX TUIATHOPM MOXYTh MaTH CBOi HIOAHCH, ajieé OCOOJMBUX BIIMIHHOCTEH
MOPIBHIHO 3 iHTepPeiicHu# nporuecopoM cucteMu Windows Hemae.

Came uepe3 iHTepdelCHUN TPOIEeCcOop 3IMCHIOETHCS 3B'I30K KOPUCTyBada 3
cuctemoro. KopuctyBad BBOIUTH OOYHMCIIIOBAHI BUPA3H 32 JOMOMOTOI0 KJaBlaTypH 1
CIIIKY€E 3a BBEACHHSM 3a JIOTIOMOT'OI0 AuCIUIes. [HTepdelicHuI mpoliecop 3amuTye y
anpa moTpiOH1 omepaTopu, GYHKII 1 MpaBWia iX MEPETBOPEHHS, OOYHCIIOE 3 iX
JIOTIOMOTO0 BHPA3, 1 pe3yabTaT 0OUMCIICHb BUBOJUTh Ha €KpaH JUCIUIES.

[lenTpanbHe Miclie B cucTeMax kiacy Mathematica 3aiimae MamIMHHO-
He3aJekHe sSapo MatemarmuHux oreparii — Kernel. Bono wictute HaOIp
orepaTopiB 1 (pyHKITIH, MpaBuJI 0OYMCICHb 1 TIEPETBOPEHh MAaTEMAaTUYHUX BHUPA3iB.
Anpo 3po0JIeHO AOCUTH KOMITAKTHHM ISl TOTO, mo0 Oynb-ska (PyHKIIiST 3 HBOTO
Morja OyTM BHKJIMKAaHOK JOCUTh WIBUAKO. Jlis po3mmpeHHs Habopy (QyHKIINA
CIy>)kuth Oi0mioreka Library i waOip maketiB posmupenns Packages. ITakern
po31IMpeHb (POPMYIOTHCS BIIACHOK MOBOIO IIporpaMyBaHHs cucteMu Mathematica i €
TOJIOBHUM 3aCO00M pO3LIMPEHHS MOXJIMBOCTEH CHCTEMHM 1 iX ajanTaiii o

BUpIIIEHHs 0e3MOoCepe/IHIX KJIaciB 3aja4 KopuctyBada. KpiM TOoro, cucTeMu MaroTh
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BOy/s0BaHy J0BiKOBY cuctemy — Help. Bona MicTUTh psii €ICKTPOHHUX KHHUT 3

BEJIMKOIO KUTBKICTIO TTPUKJIAIIB.

4, Ioeonozia cucmemu Mathematica

Ineomnoris cucrem Mathematica 6a3yeTbcst Ha ABOX MOJOKEHHSX:

* pO3B’si3aHHS OUIBIIIOCTI MaTeMAaTHYHHUX 3a7ad B CHUCTEM1 MOXXE BiIOyBa€ThCs B
J1aJIOTOBOMY PEKUMI 0€3 TpaJUIliiHOTO MPOTpaMyBaHHS,

* BXiJlHA MOBa CIUJIKYBaHHS CHCTEMH € OJHUM 3 HaWMOTYXHINIUX MOB
(GYHKI[IOHATBHOTO TPOrpaMyBaHHS, OPIEHTOBAHMX HA PO3B’SI3aHHS PI3HOMAHITHUX
3aBAaHb (B TOMY YKCII1 MATEMAaTUYHUX ).

Bunnkatoua 3 mepmioro momsiIy CYNEPEeUwIUBICTh IUX TOJOXKEHb YHUCTO
HoMiHanbHOIO. HacmpaBmi Mathematica — TumoBa cumcrema TmporpaMyBaHHS 3
Npo6IEMHO-OPIEHTOBAHOI0 MOBOIO IIPOrpaMyBaHHsS HAaJBHCOKOrO piBHsA. 1 MoxkHa
BITHECTH JIO KJIACy iHTEprpeTaTopiB. SIK BIJOMO, MOBH TaKOTO THUITYy IOCIIJOBHO
aHAMI3yIOTh (IHTEPNPETYIOTh) KOXKEH BUpa3 1 TYT XK€ BUKOHYIOTH Horo. Takum
YUHOM, p00O0Ta 3 CHCTEMOIO BiZIOYBA€THCS B JIAIOTOBOMY (IHTEPAKTUBHOMY) PEIKHMI:
KOPUCTYBA4 3aJla€ CUCTEMi 3aBJaHHS, a BOHA TYT e BHKOHYye Horo. Mathematica
MICTUTbh JOCTaTHIA HAOIp KEPYIOUUX CTPYKTYp HPOLEIYPHOIrO MpOorpamMyBaHHS HJis
CTBOPEHHS YMOBHHUX BHpPAa3iB, pO3raly>K€HHs B ITporpamax, UUKIIB 1 T.J., 11 MOBHOI
aBTOMaTH3alli OOYMCIEHb 1 JIETKOrO CTBOPEHHS KOPHCTYBayeM CBOIX HpOLEayp 1
byHKIIIH.

VY HoBuX peanizamisx Mathematica 10 Bka3aHMX JBOX MPUHIUIIAMH JOJaHUI
LUIUH psAJl HOBUX MPUHLUITIB:

* 32 paxyHOK YCYHEHHsI OOMEXeHb IO IMIBHUIKOCTI peaiizailii YhCeIbHUX METO/IIB
cucteMd Mathematica cranu  yHIBEpCAJIbHMMH  CHCTEMAaMH  KOMII FOTEPHOT
MaTEMaTUKH;

* CUCTEMH CTaJld ICTOTHO PO3IIMPIOBAHUMH 32 PaxXyHOK 3aCTOCYBaHHS BOYJIOBaHHUX
(Add-On) 1 30BHINIHIX MaKeTiB PO3IIUPEHHS, a TAaKOX IMAKETIB pO3IIMPCHHS,

CTBOPIOBAHUX KOPHUCTYBAYEM;
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* CHUCTEMH peali3yloTh HAWBHUIY SIKICTh MIATOTOBKH HOYTOYKIB - JOKYMEHTIB, IO
MICTATh OJHOYACHO TEKCTOBI 3allMCH, AaHANITHYHI BHpa3d, TaOmuIl, Trpadiky,
MAaJTFOHKH Ta 1HII KOMIIOHEHTH;

* CUCTEMH JI03BOJISIIOTH CTBOPIOBATH IMOBHICTIO 3aBEPIICHI BUCOKOSKICHI €IEKTPOHHI
YPOKH, CTATTI Ta KHUTH 3 BUCOKUM PIBHEM Bi3yasizailii BCiX BUIAIB OOYUCIICHB;

* CHCTEeMH CTaJId IHTCJICKTyaJbHUMU CHCTEMaMH HaJaHHS 3HAaHb B Taly3i
(yHIaMEHTANIbHOI Ta IPUKJIAJIHOT MATEMATUKH.

Bce 1me ictotHO po3mmproe MoXIuMBOCTI cucteMu Mathematica 1 pobuth ix

3aCTOCYBaHHs OUIbII MPUBAOIMBUM MOPIBHSIHO 3 IHIIMMH CUCTEMaMHU.

5. Konuenuin ounamiunoi sminu 3sminnux ¢ Mathematica

+ Wolfram Mathematica 9.0 - [Untitled-1 *]

File Edit Insert Format Cell Graphics Evaluation Palettes Window Help

B Untitied-1* e o0 e S
e 1N
ni*l= Table[Slider[Dynamicix]], {4}] \
Qut[tfE < = I3 =r
il | ]
] [
ni2i= {Slider[Dynamic([x]], Dynamic([x]} 1
cuti2 D , 0.008} E
{Slider[Dynamic[x]], Dynamic[{Plot[Cos[S5vx], {y, -2Pi, 2Pi}]]} 1

sort reverse > L= @

100% =

Puc. 5.1. 3apganns nuHaMivyHOT 3MiHHOT X
Moga nporpamyBanHs Mathematica mae Taki 100pe Bijjomi 00'€KTH K 3MiHHi.
Crnin  BiI3HAYUTH, WIO 3MIHHI MAalOTh IMeHa-iieHTudikatopu 1 iM MOXKHa

MPUCBOIOBATHU Ti UM 1HII YHCENBHI, CTPIYKOBI a00 CMMBOJIBHI 3HaueHHs. [Ipu npomy
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3MIHHI AUIATHCS Ha ra00aibH1 (1X 3HAYeHHS TII0Th Y BCbOMY HOYTOYII1) 1 TOKabHI (1X
o0nacTh il 0OMeXeHa 3aJlaHMMU MPOTPAMHHUMH TpolenypamMu abo (QyHKIissMU 31
CIIUCKaMHU MapaMeTpiB — GopMaIbHUMU 3MIHHUMHU).

[Toku oOMeXMMOCS OOrOBOPEHHSIM TJI00ATBHUX 3MIHHHMX. TaKuM 3MiHHHM,
MO>KHA MPHUCBOITH JOBUIbHE 3HAUEHHS B OY/b-sKOMY MiCIll HOYTOYKa, 1 1€ 3HAUeHHs
30epeKeThCsl B HACTYIMHUX YaCTHHAX HOYTOYKa aX /10 YE€pPrOBOTO MEPENpPUCBOEHHS.
[IpoTe yacTo BHHMKAaE€ HEOOXIJHICTh 3MIHMTH 3HAYE€HHS 3MIHHOi Tak, 1100 HOBE
3HaYEHHA 30epirajgocs sk MICIs MOMEHTY MPUBIACHEHHS, TaK 1 A0 HhOro. OcoOIMBO
LIHHOIO Oyna O Taka MOXJIMBICTh NPU BUKOPUCTAHHI 3aCO0IB JUHAMIYHOI 3MIHH
3HaueHb rio00anbHUX 3MIHHMX. Came 11 MOXJIMBOCTI 1 BBEIEHI B CHCTEMY
Mathematica. Bonu peanizoBani (pyHKIIi€r0-03HaK0o0 Dynamic.

3actocyBanHs ¢yHkmii Dynamic imroctpye HOyTOyK (puc. 5.1). Ha HbOMY
IpeJICTaBNICHI: MO0yI0Ba TAOJMMIl 3 YOTHpPMa cjaijepamMu, OJUHUYHHNA clanjep |
craiiiep 3 rpadikom cuHycoiganbHoi (yHkiii. Ckpi3b 3MiHHa X BKa3aHa SK
napametp ¢ynkmii Dynamic. Ile o3Hadae, 110 3MiHA IOJIOKEHHS TOB3yHKa OYIb-
AKOTO chaiepa (abo mpocTo 3MiHA 3HAYEHb 3MIHHO1) aBTOMATHUYHO BeJe 1 3MIHM i
3HAYEHHSI BUIIIE 1 HU)KYE TOUYKU MTPUCBOIOBAHHS 3MIHHOI 3aJJaHOTO 3HaYeHHs. [HImmmMu
CJIOBaMH, I1¢ O3Hayae, 0 TOJIOKEHHS MTOB3YHKIB BCIX CIalJEpiB 3a4a€ThCS 3MIHOIO
MOB3YHKa Oy/b-SIKOTO ciaiiepa. Ha 11e BKkaszye 1IeHTHUHICTh MOJOKEHHS TTOB3YHKIB

BCIX CJIanaepiB.
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Wolfram Mathematica 9.0 - [Untitled-1 *]

File Edit Insert Format Cell Graphics Evaluation Palettes Window Help

1:}= Table[Slider[Dynamic([x]], {4}] 1]
Gulltis " [ = ~
L O § U r U r

M M
= ¢ =

rzi= {Slider[Dynamic{x]], Dynamic[x]} ]
outizr { B , 0.346} 11|12

1= {Slider[Dynamic[x]], Dynamic[Plot[Cos[5vx], {y, -2Pi, 2Pi}]1} il

sort reverse ) = E]

100% =

Puc. 5.2. JlunamiuHa 3MiHa 3HAYCHHS 3MIHHOI X
Ha puc. 5.2 nokazanuii qpyruii BUMaa0K — MepEMIIIEHHsI MOB3YHKAa HUYKHBOTO
ciaijepa, 10 BUKJIMKAe 3MiHY Tpadika cuHycoiganbHOl QyHKIi mig HuM. Jlerko
TIOMITHTH, IO 3aJaHe MOJIOKEHHS cianaepa (1 3HAYeHHS 3MIHHOT X) aBTOMATHYHO

MePEHOCUTHCS Ha BUIII KOMIPKH HOYTOYKa.

6. @yukuyii cumeonvrux oouucaens. Illonammsa npo anarimuyHi 00UUC/IEHHA

CuMBOJIBHI omepallii — IIe Ta O3HaKa, sika KapJUHAJIbHO BIJIPI3HIE CHUCTEMY
Mathematica i inmri noiOHi 11 CHCTEMH KOMITTOTEPHOT MATEMATHKH) BiJI CUCTEM JUTSI
BUKOHAHHSI YUCEJIbHUX PO3PaxyHKIB, HANPUKIAJ TAKUX, AK TPUMITUBHI TaOJIM4HI
nporecopu Excel. Cuctemn 3 CHMBOJIBHUME OTIEpallisiMUA YaCTO Ha3WBAIOTHCS TaKOX
CHUCTeMaMH KOMIT'FOTEPHOI anredpw, 1110, OJHAK, HE IUIKOM BioOpaXkae KyIu OUIbIII
MOKJIMBOCTI cucTeM kiacy Mathematica

PosrasineMo niesiki mMpocTi MPUKJIaAM 3aCTOCYBaHHS CUMBOJIBHOI MAaTEMAaTHKH,

K1 peanizyroThesi B cucteMi Mathematica. [Ipu cuMBOJIIBHHX omeparisix, Kl TaKoxX
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HAa3WBaOTh AaHAJITUYHUMH, 3aBJaHHS Ha OOYMCICHHS TIOJAOTHCS Y BHUTIISAL
CUMBOJIbHUX ((DOpMYIBHUX) BUPA3iB, 1 PE3yIbTaTH OOYHCICHb TAKOX OTPUMYIOTHCS
B CUMBOJIbHOMY BUTJIsAI1. UKCeIbHI pe3yabTaTy MPH 1IbOMY € OKPEMHUMH BHIaIKaMU
PE3yJIbTAaTiB CHMBOJIBHUX OOUYHCIICHB.

Hampuknan, copob6a  o0uMciuTd B 3arallbHOMY — BHTJISIAI  BUpa3
sin®X+c0s’X=1, mO € TOTOXHICTH 3 JOIOMOrOK) YHCEIBHUX MATEMATUYHHX
cucTeM abo MmporpaM Ha 3BUYAHHUX MOBaX MPOrpPaMyBaHHS 10 YCIIXy HE MpPHUBEC.
3aMICTh OYIKYBAaHOT'O pe3yJbTaTy 3'IBUTHCS TMOBIJOMJICHHS BUIY: «3MiHHa X
HeBHU3HAYCHa». ToMy KOMITHOTEp Oy/e YeKaTH BBEICHHS KOHKPETHOTO 3HAYCHHS IS
X. Tak Oyme He 3ajexHO BiJ TOro, YW 3alporpaMoBaHe OOYHUCIEHHS Ha
npocTeHbkoMy Basic abo moBow mnpodecionaniB-nporpamictie C++. 1 nurie
CUCTEMH CHUMBOJIbHOI MaTeMaTHUKW MpU OOYMCICHHAX JaAyTh TOBrOOYIKYBaHE 1
a0CcoI0THO ToYHE 3HaueHHs 1 (puc. 6.1).

[Ipu posrisal HaBITH HAWIIPOCTIIIOrO MPHUKIAAY, MOKa3aHOro Ha puc. 6.1,
MOKHA 3pOOWTH KUIbKa Ba)XJIMBUX BHUCHOBKIB. Ileprn 3a Bce, BUAHO, IO cIipoba
BUBEICHHS HE3aJIEKHOT 3MIHHOT X Jae camy 3MiHHy. DyHKIIT SIN X 1 COSX B cHCTEMI
Mathematica mosnauatotecs sik Sin[x] 1 Cos[x]. Lle BiamoBigae ABOM BaXKIMBUM
OCOOJIMBOCTSAM CUCTEMU: IMEHA (YHKIIIH 3a3BUYail TOYMHAIOTHCS 3 BEIUKOI JIITEPH, a
napameTpu GYHKIII 3a7al0ThCS B KBaJApPATHHUX, a HE KPyraux mayxkkax. OcrtaHH1
BUKOPHUCTOBYIOTHCS JUIsl KOHCTPYIOBAHHS BUPA3iB 1 3aBJIaHHS MPIOPUTETY OTEPAITii.

Bupa3 SiN?X+COS*X Mmcas BBEJEHHA MPOCTO MOBTOPIOETHCH, a IS
0e3mocepeTHbOro OOYHUCIICHHS BUKOPHUCTOBYeThCs (yHkis Simplify (cnpoctuth),
apryMEHTOM SIKO1 € 3HaK %, 110 O3Hayae IMIJCTAaHOBKY IONEPEIHbOrO0 BUpPA3y B
apryMeHT (PyHKII1i BUKOHYBaHO1 B TOTOYHIN 00UYMCITIOBAIBLHIN KOMIPIIL.

Cnig 3BepHYTM yBary Ha Te, IO CHCTeMa BHAUISIE 00JacTi BBEACHHS
BuszHauHukoM IN[N], a obmacti BuBeneHuss — BuzHaunukom Out[N], ne N — HOMED

pAIKa, SKUl aBTOMaTUYHO MEPEBIPSIETHCS.
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Wolfram Mathematica 9.0 - [Untitled-1 *]

Inf1}= Cos[X] A2+ Sin[x] A2 ]

P z

Cutitj= Cos{x]“ - S5in[x]

= Simplify[%] i
2= 1 1

binary form '~/ prime? perfectnumber? Romannumerals mo Y
100% =~

Puc. 6.1. O6uncnenns 3HadeHHs Bupasy Sin° X +C0S” X B cuctemi Mathematica
Komipku HymepyroThcsl O Mipi iX BukopuctanHs. [lpu 1ipoMy MOXHA 3 KiHLSA
JOKYMEHTY IMOBEPHYTHUCS 10 HOro Mo4aTtKy abo CepeuHu 1, 3SMIHUMBILIU BMICT paHillie
BUKOPUCTOBYBAaHUX KOMIPOK, 3HOBY BHUKOHATH oOuucieHHsA. [Ipu mboMy KOMIipKH
MIHSIFOTh CBOT HOMEpHU BBEICHHS Ta BUBEACHHS. [Ipu 3aBaHTa)keHH1 (ailily KOMIpKH
NEPEHYMEPOBYIOTHCA B CTPOrO MOCHIZIOBHOMY MOPAAKY. TakuM 4YMHOM, HOMEpH

KOMIPOK HE € CTpOro (piKCOBAaHUMH 1 € CyTO TEXHIYHUM 3aCO00M.
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[MPUKIIAIN BUKOHAHHA JIABOPATOPHUX POBIT
JABOPATOPHA POBOTA Ne 1

"TH®EPEHI[IA/IBHI PIBHAHHA B MOAE/ITFOBAHHI ITPOIIECIB
KO/INBAHb ®IBHYHUX OB’EKTIB"

1. @i3uuna nocmanoexka zaoaui

Posrnsgaerbest TEXHOJOTIYHUN mponec audy31MHOrO0 pO3YMHEHHs (Codl,
COJIOZy, TOLIO) Y BOAHOMY PO3YMHI.

2. Mamemamuuna mooenv npouecy: oughepenyianvHi pi6HAHHA nPoUecy

[Ipouec nudy3iHHOTO PO3UMHEHHS MNPOAYKTY OMNHCYETHCA 3a JOMOMOIOIO

HAWUIMPOCTIIIOT MAaTEMAaTHYHOI MOJIe1 TU(Yy31HHOTO TUITY Y BUTJISI:

oC
—=-k,C 1
=k @
3 IOYAaTKOBOIO YMOBOIO:
), =G, ()
Tyr C(t) — po3monin nMpuBeIEHUX KOHICHTPAII PO3UYNHIOBAHOI PCUYOBHHU Y

TBepAiii ¢aszi Bim wacy t; K — KOHCTAaHTAa IMIBHAKOCTI AU(Y3IHHOTO PO3UMHCHHS

NPOAYKTY, II0 BU3HAYAEThCS 13 JaHWX (¢izuuHOro ekcrnepumenty; C, — modatkoBe

3HAYEHHS MMPUBEICHOT KOHIICHTPAIlil pO3YNHIOBAHOTO MPOAYKTY y TBepin (asi.
3. Bxioui oani

t=1,10..1000 — miama3oH 3MIHM 4acy t JJIi BU3HAUEHHS HEMEPEPBHOTO PO3MOJLTY

KOHIIEHTpAIlil pO3YUHIOBAHOTO MPOIYKTY;

Nn=100 — KUILKICTh TOYOK OOYHCIICHHS;
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t,=10 — TMOYATKOBE 3HAYCHHS 4Yacy t JJs BU3HAYCHHS HEMEPEPBHOTO PO3MOILTY

KOHIEHTpAIlil pO3YMHIOBAHOTO MPOIYKTY;
At =10 — KpOK 3MIHHU 4Yacy t JUIsl BU3HAUEHHS JUCKPETHOrO PO3MOJALTY KOHUEHTpAIii
PO3YMHIOBAHOIO MPOAYKTY;

i =1..1000;

_ — JIiama3oH IHTEPBAJIB 3MIHU Yacy I PO3PAXYHKY JHUCKPETHOTO
T, =1, +1-At
KOHIIEHTpAIiil pO3YNHIOBAHOTO MPOIYKTY;

C,=1 — noyaTkoBe 3HaYEHHA NMPUBEIEHOT KOHIEHTpAI[ll pO3YNHIOBAHOT'O MPOIYKTY.

4. Ilapamempu i 3anexcnocmi 011 cCumyaauii Pisuuno2o ekcnepumeHny

k, :=0,005 — mapameTtp, 1110 CUMYJIIOE EKCTIOHCHIIIATBHIIA PicT(CIIa ) KOHIICHTPAIIIi;
o '=0,0045 — mapamMerp, IO CHUMYJIOE CTYIIHb IMIYJIBCUBHOCTI BHUITaJKOBUX
BHUMIPIOBaHb KOHIICHTpAITii;
RandomReal — reneparop miiicHUX BUIIaKOBHX BEIHYWH.

3alIe)KHICTh  KOHIIGHTpAIli PO3YMHIOBAHOT PEYOBHMHH y  EKCIIEPUMEHTI

3a1a€THCS CITIBBIIHOIIICHHSIM:

_ —ke (1+a-Random(t; )t;
C, =Ce :

EXp;

3a1aHa 3aJIeKHICTh Ma€ BUTIIS;

Cexpi
1,0
—0— Cq(t
% e()
0,8 +©
o)
o)
0
0,6 %
00
ol
0,4 Bile
k|
d
0,2 @%\@/%
Te)
T o\@l\
© Mo §
0,0 , OO0 Ptz 7
0 200 400 600 800 1000

t,c

Puc. 1. I'padik ekciepuMeHTaTbHUX 3HaYEHb
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5. Anzopummizauin nodyoosu po3e’a3Ky mamemamuuHoi mooeni

Po3B’s13koM MaTeMaTHYHOI MOJEINI, IO OMHUCYEThCS AUdepeHITIaTbHUM
PIBHSHHSIM miepioro nopsaaky (1) Ta moyaTkoBuMu ymoBamu (2) € 3aJ1€XKHICTb:

C(t)=C,e™ (4)

JI€ 3HAYEeHHS KOHCTAHTU IIBUAKOCTI JU(Y31MHOrO pO3YMHEHHS, LI0 BHU3HAYAE
BHYTPIIIHIO KIHETUKY MPOTIKAHHS IPOLIECY, BU3HAYAETHCS 13 €KCIEPUMEHTAIbHUX

naHux (puc. 1) nuaxom po3B’s3aHHS 3BOPOTHOI 3a/1ayl:

Ce (t) — (:Oe—ke (1+a-Random(t))t (5)

6. Ilepesipka mamemamuunoi mooeni Ha a0eK6aAmMHICMb

3 METOI TEPeBIPKM MaTeMaTUYHOI MOJEIN Ha aJeKBaTHICTh (BIAMOBITHICTH)
€KCIEPUMEHTAIBHUM JIaHUM (pucC. 1), BUKOPUCTOBYEMO MAaTEMAaTUYHHUN PO3B’SI30K

3BOPOTHOI 3a/1a4i:

exp;

1
Zn| ==&
t C

i 0

k =—

Tyt K, — ToukoBi (IUCKpETHI) 3HAYCHHS KOHCTAHTH MIBUIKOCTI AUQPY31HHOTO
PO3YMHEHHS TMPOAYKTY, IO OJIEpKaHl Ha OCHOBI €KCIEPUMEHTAIBHUX PO3MOJILIIB

xonnentpanii C, . (puc. 1). Jami, 3a onepkanum 3HaueHHAM K;, muisxom ix

yCepeIHEHHS BH3HAYAEMO 3HAYCHHS  KOHCTAHTHM  IIBUAKOCTI  AUQY31HHOTO

po3urHEeHHs K, , [0 BiAMOBIIa€ BKa3aHUM CKCIIEPUMEHTAIBHUM JdaHuM (puc. 1):

1k
k. ==)> Kk .
=13k

i=1

Ta OyayeMo iX BiAMOBiAHI rpadivHi PO3MOMLIH:
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i
0,025

0,020

0,015

0,010

0,005

0,000
0 200 400 600 800 1000 ¢
, C

Puc. 2. I'padiuanii po3noAis KOHCTAHTH IIBUIKOCTI UG Y31HHOTO POZUMHEHHS
k., =0,0108

1. Ilepesipka mamemamuyunoi mooeni Ha a0eKeaAmHiCcHb

3 BUKOPUCTaHHSM peE3ylbTaTy TMEpPEeBIPKHM MaTeMaTHYHOI MOJENl Ha
aJIeKBaTHICTh, BU3HAYUBIIM KOHCTAHTY IIBUJKOCTI JU(PY31HHOTO POIYMHEHHS
npoaykTy K sik po3B’s30k 3BOpoTHOI 3amaui (1) — (2), oaepkyemMo MoOACIbHHIA
PO3MOIT KOHIICHTpAIlii po3unHEeHO1 peuoBUHU (B TBepAii dasi) (puc. 3):

C t)=Ct)=Ce™.

modi

1,0

0,8

|
'
\
Ke
1
O
\
@)

0,6

1

O

@)
04+
I QO
o2l %

O O * %@K@”Wu{ (adaae
’

0 200 400 600 800 1000

t,c

Puc. 3. MoaensHuil po3n0oa1 KOHIEHTpalli pO3YMHEHOT pEYOBUHU
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8. Ilopienanvhuii ananiz 3 0aHUMU eKChepuUMeHmy

HaknaBmm Ha rpadik MOAEIBHOrO PO3MOAITY KOHICHTpariid (puc. 3)
CKCIIEPUMEHTAIbHI TOYKH (pHUC. 1), OTpUMYEMO MOPIBHSUIbHY SIKICHY KapTHHY IO

BIJMOBIIHOCT1 pe3yJIbTaTiB MaTemMaTHuHOro wozemoBanus (C, ,) pe3yiabTaram

(hismunoro excriepumenty (C, ) (puc. 4):

expi’  modi
1,0
0,8 _(f_ Cexp|
| bc
modi
0,6
04
0,2
@]
o,o L n ’Fa‘?‘%u{(/uu (ddda
0 200 400 600 800 1000

t,c

Puc. 4. TlopiBHSIHHS pe3y/bTaTiB MaTEMaTUYHOIO MOJIENIOBaHHS 1 (I3UMYHOTO
€KCIIEPUMEHTY
Sx BuIHO 3 puc. 4, pe3ylnbTaTH MAaTeMAaTUYHOI'O MOJEIIOBaHHS J00pe
KOpPEJIOITh 3 pe3yiabTaTaMu (PI3UYHOrO eKcrepuMeHTy. BenunuuHu aOcostoTHOT

noxubku AC, mus KOXHOI 3 PO3PaXOBaHUX TOUOK 3aJIEKHOCTEH BU3HAUAIOTHCS 32
bopmyIioro:
AC’i = C:modi _C

exp; | *

PesynpTaTé po3paxyHKy MOXHOKH, IO XapaKTepU3y€ OIHKY €(EeKTHBHOCTI

MaTeMaTHIHOI MOJIEJIi IT0JIJaHO Ha pHC. 5.
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AC.

1,0
Tw
0,8
0,6
0,4
(@)
072 it O 9
OQ&% OO o

5 Mg
0,0 i A NN etz .

0 200 400 600 800 1000

t,c

i
Puc. 5. 3anexnicth moxubku abcomotHoi moxubku AC, mpu OIiHIl €heKTUBHOCTI
MaTeMaTUYHOI MOJIE]

SAx BuUAHO 3 puc. S5, Ha TOYaTKOBOMY eTami rmporecy (cramis
€KCIIOHEHIIaJIbHOTO CIycKy — Aiana3oH 4acy 0-50 c), crocrtepiraerbcs ITOCTaTHBHO
no0pa Kopemsilisi po3paxyHKOBUX (MOJIEIbHUX) 1 €KCIIEPUMEHTAIbHUX IMapaMeTpiB.
JIist TpOMIDKHOTO JT1ana3oHy (CTafisl MOJOroro 3HW)KEHHS KOHLIEHTpallli, J1arna3oH
200 — 300 c¢) cmocrepiraeTbCs Maibkeé TIIOBHE HaKIAJaHHSI MOJCIbHUX 1
eKCTIepUMEHTAILHUX 3ajiedkHocTer. [l cramii crabimizanii (maiamna3oH yacy OuibIiie
400 c¢) cmocrepiracMo TPaKTMYHO TOBHE CHIB MaJiHHA MOJICIBHUX 1
eKCMIEPUMEHTATBHIX 3HaYCHb PO3PaX0OBaHUX 3aJICKHOCTEH.

BucHoBku. Pe3ynbTaToM TpOBEACHOTO JOCTIKEHHS 3 MAaTeMaTUYHOIO
MOJICTIIOBaHHSI MPOIECY PO3YMHEHHS 3 BHUKOPHUCTAHHSIM JaHUX (HI3HYHOTO
EKCIIEPUMEHTY € Po3poOKa €(h)eKTUBHOTO MPOTrPaMHOI0 IHCTPYMEHTAPIIO JJISI OI[IHKH
e¢()eKTUBHOCTI BUKOPHUCTOBYBAHOI MaTeMaTH4YHOI Mojeni. Po3paxoBaHo TOUHE
3HAYEHHA KOHCTAaHTH IIBUJKOCTI JAUQPY31MHOTO PpO3YMHEHHS, 110 BIANOBIIAE
NPOBEJCHUM EKCIEpUMEHTaM 1 3a0e3nedyye BHUCOKUN CTYMIHb BiANOBIAHOCTI 1
Y3TOJDKEHOCTI MOJIEIbHUX 1 EKCHEPUMEHTAIBHUX PO3MOAUIIB  KOHIICHTpAIIii
PO3YMHEHOT0 TPOJIYKTY BIPOJOBX BCI€I TPUBAJIOCTI MPOTIKAHHS TEXHOJOTTYHOTO
npolecy. 3arpornoHOBaHUM AKICHUH 1 KUTbKICHUN aHa13 KIHETUKU MTPOLIECY A03BOJISE
CYTTEBO 3HU3UTHU 3aTpaTH Yacy Ha MPOBEACHHS EKCIEPHUMEHTAIbHUX OCIIIKEHb,
MIBUIUTH X SKICTh, OTPUMATH ONTHUMAaJbHI €HEpro30epirawdi TEXHOJIOTIYHI

napaMeTpH, 110 3a0e3MeUy0Th JOCIKYBAHOTO 1HTEHCH]IKAIIIIO MPOIECy B IIJIOMY.
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onarku
Jlictunr nmporpamu y cepenoBuii \Wolfram Mathematica nis Mmoae/iloBaHHsI

NPOLECIB BiJIbHUX Ta BUMYIIEHUX KOJIMBAHb MeXaHIYHOI CHCTEMH
Equations
DSolve[{C’[t] = -krC[t], C[0] = €O}, C[t], t]

{{clt] »coe™"}}

Problem data

co0 :=1;

ke := 0.005;

a:=0.0045;

Cexp[t ] :=COExp[-ke * (1 +a ¥+ RandomReal [t]) t];

Experimental dependence

SetDirectory["f:\\"];
a=0;

i1i=0;

For[t =10, t < 1000,

Print[Style["t= ", 14, Blue, Bold], Style[ t, 14, Blue, Bold]];
gwe = OpenAppend["Ce.dat", DOSTextFormat -> True];
WriteString[qwe, t, "\t"];
Close[gwe] ;
gwe = OpenAppend|["Ce.dat", DOSTextFormat -> True] ;
WriteString[qwe, CForm[N[Cexp[t]]], "\n"];
Close[gwe] ;
a=a +N[T1 # Log[Cexp[t]] ] ;
i=1+1;
kr=a/ti;
Print["Concentration= ", CForm[N[Cexp[t]]]]:
Print["i= ", CForm[i]];

Print["a= ", CForm[a]];
Print["krec= ", CForm[krec]]:;
t=t+10];

ListLinePlot [Table[{t, Cexp[t]}, {t, 10, 1000, 10}], PlotRange » {0, 1},
MaxPlotPoints -» 100, Mesh » Full, MeshStyle » Directive[Point8ize[Large], Red],
PlotLegends —» "Expressions", Frame —» True]
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Modelling dependence
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¢o 2= L
kr :=0.0108;
Cmod[t ] :=COExp[-kr«t];

ListLinePlot [Table[{t, Cmod[t]}, {t, 10, 1000, 10}], PlotRange » {0, 1},
MaxPlotPoints » 100, Mesh » Full, MeshStyle » Directive[PointS8ize[Large], Black],
PlotLegends —» "Expressions", Frame -» True]

1.0

il e
oE |
%

0.4F 1

200 400 600 800 1000

SetDirectory["£:\\"];
For[t =10, £t 1000,
Print[Style["t= ", 14, Blue, Bold], Style[ t, 14, Blue, Bold]]:
gwe = OpenAppend["Cmod.dat", DOSTextFormat -> True];
WriteString[gwe, t, "\t"];
Close[gwe] ;
gwe = OpenAppend["Cmod.dat", DOSTextFormat -> True];
WriteString[gqwe, CForm[N[Cmod[t]]], "\n"];
Close[gwe];
Print["Concentration= ", CForm[N[Cmod[t]]]]:
t =t +10]:
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JJAEO0OPATOPHA POBOTA Ne 2

"MATEMATUYHE MO/IETIOBAHHA TEXHOJIOT'TYHOI' O ITIPOLIECY
JIPYI'OI'o I TPETBOI'O IIOPAJIKY 3 IEPETBOPEHHAM IIPO/AYKTY"

1. @izuuna nocmanoeka zaoaui

Posrasimaerbest TeXHOMOTIYHUE Tporiec Japyroro (abo TpeThoro) MOpPSAKY 3

YTBOPEHHSM MPOAYKTY IUITXOM XIMIYHOTO MIEPETBOPEHHS (peakiii).
2. Mamemamuuna mooenv npouecy: oughepenyianvHi piGHAHHA nPpoUuecy

[Tporiec Takoro TEXHOJOTIYHOTO MPOLIECY MOXKE OMUCYBATHUCA 32 JTOTIOMOTOIO
TaKOi MaTeMaTUYHOI MOJieNl 3 udepeHIliaTbHUM PIBHIHHSAM THITY APYTOTO TMOPSIKY
y BUTJIAL:

oC
=k (@-C)b-C) (1)

3 MOYaTKOBOKO YMOBOIO:

C),, =Cs 2)
Tyt C(t) — po3moain npuBeACHUX KOHIIEHTPAIiil YTBOPIOBAHOIO MPOAYKTY BiJ 4acy t;
Kr — KOHCTaHTa IIBHAKOCTI TEXHOJOTIYHOI'O MPOIECY, IO BU3HAYAETHCS 13 JTaHUX
(hi3UYHOTO eKCIIepUMEHTY; 8, b — mouaTkoBi 3HaYCHHS OE3PO3MIPHUX KOHIICHTpPAIIil

BUX1JHIX KOMIIOHEHTIB CHPOBHHU, IO OEPYTh y4aCTh Y TEXHOJIOTTYHOMY TIPOIIECI.
3. Bxioni oani

t=1,10..1200 — nmiama3oH 3MiHM 4Yacy t I BU3HAYCHHS HEMEPEPBHOTO PO3MOILTY

KOHIICHTpAIiil MPOAYKTY;
N =120 — KIIBKICTh TOYOK OOYHCIICHHS;

t, =10 — mouaTkoBe 3Ha4YCHHS 4Yacy t JUIS BHU3HAYCHHS HETICPEPBHOTO PO3IMOMILTY

KOHIICHTpAIIIil TPOJIYKTY;
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At=10 — kpok 3MiHM dYacy t JJ BH3HAYEHHS JUCKPETHOTO PO3IMOALLY

KOHIICHTPAII! TIPOJIYKTY;

1 =1..1000;

) — Jiama3oH IHTEpBAJIB 3MIHM 4Yacy JUIsl PO3paxyHKY IHUCKPETHOTO
T, =1, +1-At
KOHIICHTpAIIil pO3YNHIOBAHOTO MPOIYKTY;
a=0,003631 ‘ '

— TIOYAaTKOBE 3HAUCHHS TMPUBEICHUX KOHIICHTPAIIM BXIiTHUX

b =0,00005
KOMITOHEHTIB.

4. Ilapamempu i 3anexcnocmi 0na cumynauyii izuunozo ekcnepumenmy

k,:=0,003631 — mapameTp, II0 CHMYJIIOE€ EKCIOHEHI[iaJIbHUN picT(cran)
KOHIIEHTpAIIil;
o '=0,0005 — mapamerp, MmO CHUMYIIOE CTYMiHb IMITYJIBCUBHOCTI BHIIAIKOBUX

BUMIPIOBaHb KOHIICHTPAIIiif;

RandomReal — reneparop ailficHUX BUTIAJAKOBUX BEJIUYKH.
3alle)KHICTh  KOHIIEHTpallli PO3YMHIOBAHOT PEYOBHMHM Y  EKCIEPUMEHTI

3a/1a€THCS CITIBBIIHOIIEHHSIM:

B a(b _ 1)ea(l+aRandom(t. Dketi b(a _ 1)eb(1+aRandom(ti Mkt

exp; (b _ 1)ea(l+aRandom(ti )Keti _ (a _ 1)eb(l+aRandom(ti DKet;

3agaHa 3aJIe)KHICTh Ma€ BUTIAL:

expi

1,0

Jf Celt)

0,8

y _ %%@mm

0,2

0,0 - : : : : :
0O 200 400 600 800 1000 1200

t,c

Puc. 1. I'padik ekcnepuMeHTaTbHUX 3HaYEHb
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5. Anzopummizauin nodyoosu po3e’a3Ky mamemamuuHoi mooeni

Po3B’s13koM MaTeMaTH4YHOI MOJENI, IO OMNUCYEThCA Au(epeHIiaTbHIM
PIBHSHHSIM miepioro nopsaaky (1) Ta moyaTkoBuMu ymoBamu (2) € 3aJ1€XKHICTb:
a(b —1e*" —b(a—-1)e" 4)

(b _l)eaket _ (a _1)ebket
7€ 3HAYEHHS KOHCTAaHTW IIBUJKOCTI BHYTPIIIHBbOI KIHETHUKU MPOTIKAHHS MPOIECY

C.(t)=

BHU3HAYAETHCA 13 EKCIICPUMEHTABHUX JaHUX (pHC.]l) MUIIXOM po3B’si3aHHS 3BOPOTHOI
3a7a4l.:

3 a(b _ 1)ea(l+aRandom(t))ket _ b(a N 1)eb(1+aRandom(t))ket
= (b _ 1)ea(1+aRand0m(t))ket _ (a _ 1)eb(l+aRandom(t))ket

C. (1) ()

6. Ilepesipka mamemamuyunoi mooesi Ha adeKeamHicmb

3 METOI0 MEepeBIpKM MaTeMaTUYHOI MOJENl Ha aJeKBaTHICTb (BIAMOBITHICTD)
€KCIIEpUMEHTAIbHUM JaHuUM (puc. 1) BUKOPHUCTOBYEMO MATEMATHYHHUUA PO3B’A30K
3BOPOTHOI 3a/1ayl:

120

a—aC
k=——1 o0 D1 18k —0,0006.
. (1 ~ bj b-aC,, a ns

a
Tyt ki — ToukoBi (IMCKpETHI) 3HAYCHHS KOHCTAHTH HIBHAKOCTI MPOTIKAHHS
TEXHOJIOTIYHOTO TIPOIECY, OJIEp’KaHI HAa OCHOBI EKCIEPUMEHTAIbHHUX PO3MOJILIIB
3MIHM KOHIIGHTpaIlii BXimHUX KommoHeHTiB (puc. 1). Jlam, 3a oaepxaHuM
3HAYCHHSM Kj, IITXOM IX ycepeTHeHHs BU3HAYa€MO 3HAUYEHHS KOHCTAHTH IIIBUIKOCTI
Kr, 0 BigMOBi/la€ BKa3aHUM EKCIIEPUMEHTATbHUM JaHuM (puc. 1) Ta Oymyemo ix

rpadivHi po3noainu (puc. 2):
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0,0010
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0,0002
0,0000 - - - - -
0 200 400 600 800 1000 1200

t,c

Puc. 2. Po3nonin po3paxyHKOBHX 3aJIEKHOCTEH KOHCTAHT IIBUAKOCT1 MPOTIKAHHS

TEXHOJIOTTYHOT'O MPOLECY 1 IX CepeaHbOr0 3HAYEHHS BIJl 4acy
k, =0,0006 .

1. Ilepesipka mamemamuunoi mooeni Ha a0eKeamHicmo

BuxoprctoByroun  pe3yiabTaT = TEPEeBIPpKA  MaTEMaTHYHOI  MOJenl  Ha
aJIeKBaTHICTh, BU3HAUMBIIM KOHCTAaHTY WIBUJIKOCTI MPOTIKAHHS TEXHOJIOTTYHOTO
nporecy Kr sik po3B’s30k 3BOpoTHOI 3amaui (1) — (2), omepKyeMo MOJICIbHUN
PO3MOIT KOHIIEHTpaIlii TpoaykTy (puc. 3):

a(b-1)e*" —b(a—-1)e*
(b—1)e™ —(a—1)e™

Cro() =C(1) =

modi

0,8

0,6

ey

0,4

0,2

0 200 400 600 800 1000 1200

Puc. 3. MoaenbHul po3no/iii KOHIEHTpallli MPOAYKTY
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8. Iopisnanvnuii ananiz 3 0AHUMU eKCREPUMEHNLY

HaknaBmm Ha rtpadik MOAEIBHOTO PpO3MOAUTY KOHICHTpamid (puc. 3)
eKCIIEpUMEHTaIbHI TOUKH (pHUC. 1), OTPUMY€EMO TOPIBHSUTBHY SKICHY KapTHHY IOJ0

BIAMOBIIHOCT1 pe3yNbTaTiB MaTemMaTHuHOro wmozemoBanus (C, ) pe3yiabTaram

¢isuunoro excnepumenty (G, ), (puc. 4):

expi’  modi
0

expi

08 o

)

modi

0,6

0,4

0,2L— : : : : :
0 200 400 600 800 1000 1200

Puc. 4. [lopiBHsUIBHUH aHaJII3 MOJICIBHUX PO3IO/ILIIB 3MIHM KOHIIEHTPAIIH BUX1THUX
KOMITOHEHTIB 3 JaHUMHU (DI3UYHOTO EKCIIEPUMEHTY

SAx BugHOo 3 puc. 4, pe3yabTaTH MATEeMAaTHYHOTO MOJICTIOBaHHS J00pe

KOPENIOIOTHCS 3 pe3ysibTaraMu (PI3MYHOTO EKCIEepUMEHTy. BennunHa BiJHOCHOTO

BimxwieHHsa (moxubku) AC; Bu3zHavdaeThcs 3a dopmynoro (5). Ha puc. 5 mokazana

rpadiyHa 3aJICKHICTh TOXHOKHU JUIS OMIHKK €(heKTUBHOCTI MATEMAaTUYHOI MOJCITI.

AC, =|C,,, —C

exp;

Pe3ynbTaT po3paxyHKy MOXHOKH, 110 XapaKTepU3y€ OIHKY €(EeKTHUBHOCTI

MaTeMaTHYHOI MOJIEJII IT0JIaHO Ha puC. 5.
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t,

Puc. 5. 3anexnictb moxubku adbcomotHoi moxubku AC, npu oImiHIl e(heKTUBHOCTI

MaTeEMAaTUYHOI MOJIEN]

Ak BumHo 3 puc. 4, 5, Ha TMOYATKOBIM cTamii mpouecy (cramis
€KCIOHEHIIIaJILHOTO0 cycKy — niana3zoH 0-350 c), Mu crocTepiraeMo BiJIHOCHO J00py
KOPEJALII0 PO3PaxXyHKOBUX (MOJIETbHMX) 1 EKCIEPUMEHTAJIbHUX IapaMeTpiB.
MakcumalibHe 3HaY€HHs BIAHOCHOI MOXUOKH JUIsl IILOTO BUMAJKY He nepeBuIrye 2%.
Jlns mpoMDKHOTO Aiama3oHy (CTaais IMOJOTOro 3HM)KEHHS KOHIICHTpAIlii, Jiana3oH
350-900 c¢) cnocrepiraeMo Maike TIOBHE  CHIBIAIIHHA  MOJCIBHUX 1
EKCIIEpUMEHTAIbHUX 3HAaYeHb. HailOibie 3HaueHHs MOXUOKH JIJIs ILOTO BUIIAJKY HE
nepesuirye 4%. ns craxii craburizamii (miamazon 900 c¢ i BuIe) criocTepiraemMo
MPAKTUYHO TIOBHE CIHIBOAAIHHS MOJIEIBHUX 1 EKCIIEPUMEHTAJIbHUX 3HAYCHb,
3HAYCHHS BIIHOCHOT MOXMOKU B OKPEMHUX TOUYKAX I[bOTO Jianma3zoHy npocsrae 4%, 1o
3HaXOAUTHCS B JOMYCTUMHUX MEXKaX PO3PAXyHKIB 1H)KEHEPHOTO aHATI3Y.

BucHoBku. Pe3ynpTaToM TPOBEACHOTO OCHI[KEHHS 3 MaTEMaTUIHOTO
MOJICTIOBAaHHSI TEXHOJIOTIYHOTO Tmporecy 2-ro  (3-ro) NOpsAAaKy 3 XIMIYHUM
MEPETBOPEHHSAM TPOAYKTY 3 BUKOPHCTAHHSIM JaHUX (HI3UYHOTO EKCIIEPUMEHTY €
po3poOka e(PEeKTUBHOTO IHCTPYMEHTApitO JJIsi OLIHKK €(PEeKTUBHOCTI MaTeMaTUYHOT
Moneni. Po3paxoBaHO TOYHE 3HAUYEGHHS KOHCTAHTH IIBHJIKOCTI TaKOro BHUAY
MacoOTIEPEHOCY, IO BiJMTOBIIa€ MPOBEJACHUM EKCIIEPUMEHTaM 1 3a0e3Meuye BUCOKUN

CTYIIHb BIAMOBITHOCTI 1 Y3rOXKE€HOCT1 MOACIIBHUX 1 eKCIIEPUMEHTATBHUX PO3MOILTIB
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KOHIIEHTpAIlill BUXITHUX KOMIIOHEHTIB MEPETBOPEHHS Ta YTBOPIOBAHOTO MPOAYKTY
BITPOJIOBXK BCI€T TPUBAIOCTI MPOTIKAHHS TEXHOJOTIYHOTO Tpolecy. Takuil SKiCHUH 1
KUTbKICHUM aHai3 KIHETHKW TPOLEeCYy JO03BOJIUTH CYTTEBO 3HU3ZUTU BHUTPATH Ha
MIPOBENICHHS EKCIIEPUMEHTAIBHUX JOCTIKEeHb, IMIBHUIIATHA iX SKICTh, OTPUMATH
ONTUMAJIbHI ~ €HEepro30epirarodi  TEXHOJIOTIYHI  MapaMeTpH, 1Mo 3abe3nedye

1HTEeHCU(DIKAIIFO TPOTIECY B IIIJIOMY.
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Honarku
Jlictunr nmporpamu y cepenoBuii \Wolfram Mathematica nis Mmoae/iloBaHHsI

NPOLECIB BiJIbHUX Ta BUMYIIEHUX KOJIHMBAHb MEeXaHIYHOI CHCTEMH
Equations
DSolve[{C’[t] = -krC[t], C[0] = €O}, C[t], t]

{{clt] »coe™"}}

Problem data

co0 :=1;

ke := 0.005;

a:=0.0045;

Cexp[t ] :=COExp[-ke * (1 +a ¥+ RandomReal [t]) t];

Experimental dependence

SetDirectory["f:\\"];
a=0;

i1i=0;

For[t =10, t < 1000,

Print[Style["t= ", 14, Blue, Bold], Style[ t, 14, Blue, Bold]];
gwe = OpenAppend["Ce.dat", DOSTextFormat -> True];
WriteString[qwe, t, "\t"];
Close[gwe] ;
gwe = OpenAppend|["Ce.dat", DOSTextFormat -> True] ;
WriteString[qwe, CForm[N[Cexp[t]]], "\n"];
Close[gwe] ;
a=a +N[T1 # Log[Cexp[t]] ] ;
i=1+1;
kr=a/ti;
Print["Concentration= ", CForm[N[Cexp[t]]]]:
Print["i= ", CForm[i]];

Print["a= ", CForm[a]];
Print["krec= ", CForm[krec]]:;
t=t+10];

ListLinePlot [Table[{t, Cexp[t]}, {t, 10, 1000, 10}], PlotRange » {0, 1},
MaxPlotPoints -» 100, Mesh » Full, MeshStyle » Directive[Point8ize[Large], Red],
PlotLegends —» "Expressions", Frame —» True]
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Modelling dependence
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¢o 2= L
kr :=0.0108;
Cmod[t ] :=COExp[-kr+t];

ListLinePlot [Table[{t, Cmod[t]}, {t, 10, 1000, 10}], PlotRange » {0, 1},
MaxPlotPoints —» 100, Mesh -» Full, MeshStyle » Directive[PointS8ize[Large], Black],
PlotLegends —» "Expressions", Frame - True]

10— Tt — %
i

08'* 1

081 1

0.4r 1

0.2F 1

0 200 400 600 800 1000

SetDirectory["£:\\"];
For[t =10, £t 1000,
Print[Style["t= ", 14, Blue, Bold], Style[ t, 14, Blue, Bold]]:
gwe = OpenAppend["Cmod.dat", DOSTextFormat -> True];
WriteString[gwe, t, "\t"];
Close[gwe] ;
gwe = OpenAppend["Cmod.dat", DOSTextFormat -> True];
WriteString[gqwe, CForm[N[Cmod[t]]], "\n"];
Close[qwe] ;
Print["Concentration= ", CForm[N[Cmod[t]]]]:
t=t+10];
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JIABOPATOPHA POBOTA Ne 3

"MATEMATHUYHE MOJIEJTIOBAHHS HEJITHIMHOT O
TEXHOJIOTTYHOT'O MMPOLECY JU®Y3Ii /HATPIBY/ CYCINEH3IM 31
3MIHHUM KOE®IIIEHTOM AU® Y31l /TEIVIONPOBIIHOCTY/ , IO

BPAXOBY€ BIIXUJIEHHA PEAJIBHOI'O ITPOLECY BIJ
KJIACHYHOTI'O"

1. @izuuna nocmanoeka zaoaui

Posrnsimaerbest TexHONMOTIUHMN Tiporiec audy3ii XapdoBHX CYCIEH3IH, 0
CYNPOBOJIKYEThCS HArpiBOM cycmneH3ii. lle mpu3BoauTh 10 AESKOro BIIXHJICHHS
KIHETUKH TIPOIECY BiJ KIACHYHOI cXeMH. BpaxyBaHHS 1IbOTO BaXKIUBOTO (HI3UIHOTO
YUHHUKA BPaXOBYETHCS IIISXOM BUKOPUCTAHHS 3MIHHOTO KoeimieHTy audys3ii, sk

¢dyHKITIT Bi KOHIIEHTpAIlii cycnieH3ii (po34uny).
2. Mamemamuuna mooensv npoyecy: oughepenuyianvHi pieHAHHA nPoUecy

ITpouec Takoro MacomepeHocy MOXe OyTH ONHCaHUM 3a AONOMOIOI0 TakKol
MaTeMaTUYHOI MOl TU(y31i1HOTO TUITY y BUTJISAIL:

‘Z_f =—k,(C)C =~(D, + C)C 1)

3 ITIOYaTKOBOKO YMOBOIO!:

)., =G, ()

Tyt C(t) — posnoain npuBeACHUX KOHIICHTpAIi 11U} yHIOBAHOT PEUOBHUHH BiJl
yacy t; Do, f — komnoHeHTH KoedilieHTy audy3ii (KOHCTaHTa MIBUJKOCTI MPOIIECY,
0 BU3HAYAETHCH 13 JMAaHUX (I3UYHOTO eKkcrepuMmeHTy); Co — moyaTKkoBe 3HAUYCHHS

IIPUBEJICHOI KOHIICHTpaIlli 11 yHIOBAHOTO IIPOIYKTY.
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3. Bxiowni oani

t=1,10..1000 — miama3oH 3MiHM 4Yacy t I BU3HAYCHHS HEMEPEPBHOTO PO3MOILTY

KOHIIEHTpaIliil Tu(pyHI0BaHOT PEUOBUHU;

N =100 — KUIBKICTh TOYOK OOYHCIICHHS;

t, =10 — mouaTkoBe 3Ha4Y€HHsS 4Yacy t JUId BU3HAYEHHsS HENEPEPBHOIO PO3MOALTY
KOHLEHTpaIiil 1M(pyHI0BaHOT pEUOBUHU;

At=10 — Kkpok 3MiHM Yacy t [ BHU3HAQYEHHS JUCKPETHOTO PO3MOALLY

KOHIEHTpAI[lil pO3YMHIOBAHOTO MPOAYKTY;

1 =1..1000;
] — Jlafa3oH IHTEpBaJiB 3MIHM 4acy JUIsl pO3paxyHKY AMCKPETHOIO
T, =t +1-At

KOHIIEHTpaIliil Tu(pyHI0OBAHOT PEUOBHHU;
C,'=1 — noyaTkoBe 3HaUYEHHS MPHUBEICHOT KOHIIEHTpaIii 11 yHI0BaHOI PpEUOBUHHU;

£ =0,5 — 3HaueHHS KOMIIOHEHTH AU Y3ii.

4. Ilapamempu i 3an1excnocmi Ona cumyaayii Qizuuno2o ekcnepumenmy

D, :=0,005 — mapameTp, 0 CUMYITIOE €KCITOHEHITIATBHUHN picT(CIa) KOHIICHTPAITIT,
o '=0,002 — mnapamerp, N0 CHMYJIOE CTYMiHb IMITYJIbCUBHOCTI BHITQJKOBUX
BHUMIPIOBaHb KOHLEHTpAIIlil;
RandomReal — reneparop niiicHUX BUTIAJKOBHUX BEJIUYHH.

3aJIe)KHICTh  KOHIEHTpalii AU(PYHIOBAaHOI PEYOBMHU Y EKCIIEPUMEHTI

3aa€THCS CITIBBIIHOIICHHSIM:
Cc. = D,
exp; _ﬂ+eD0(1+a-Random(ti))ti (DO +ﬂ) '

3a1aHa 3aJIeKHICTh Ma€ BUTIIA;
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Cex i
0,20

i 10— Cg(t)
D
0,15
0,10 \
1
0,055
O
0,00 %W!
0 200 400 600 800 1000

t,c

Puc. 1. ExciepuMeHTanbHi 1aH1 po3MOALTy KOHLIEHTpaLii JUPyHI0BaHOT pEHOBUHU
5. Aneopummizayisa noodyooeu po3e’a3Ky mamemamuyHoi mooeni

Po3B’da3k0M MaTeMaTH4YHOI MOJENI, IO OMNUCYEThCA AU(EepeHLIATbHUM

PIBHAHHSM NepLIoro nopsanaky (1) Ta noyaTkoBUMH YMOBaMH (2) € 3aJI€KHICTb:
DO
_ﬂ—i_eDOt(Do +IB)

JI€ 3HAYEeHHS KOHCTAHTU IIBUAKOCTI JUQPY31I{HOrO pPO3YMHEHHS, IO BH3HAYAE

C(t) = (4)

BHYTPIIIHIO KIHETHKY MPOTIKAHHA MPOLIECY, BU3HAYAETHCS 13 €KCHEPUMEHTAIbHUX

naHux (puc. 1) nuisixoMm po3B’si3aHHS 3BOPOTHOT 3a]1aul.

6. Ilepesipka mamemamuunoi mooeni Ha a0eKeaAmHiICHb

3 MeToI MepeBIpKM MaTEeMAaTHYHOI MOJENl Ha aJeKBaTHICThH (BIIMOBIAHICTH)

€KCIEPUMEHTAIBHUM JTaHUM (puC. 1), BUKOPUCTOBYEMO MAaTEMaTUUYHUW PO3B’SI30K

3BOPOTHOI 3a7a4i:

D =

1 In DO + ﬂCexpi
t (Ce, (D, + 1)

Tyr Di — To4kOBi (AMCKPETHI) 3HAYEHHS KOHCTAaHTH MIBUIKOCTI TPOIIECY,
OJIcpKaHi Ha OCHOBI CKCIEPHUMEHTAIBHUX PO3MOAUTIB KOHICHTpAIid Cexpi (puc. 1).
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Hami, 3a onepkanum 3HaYeHHSIM Di, uissxom ix ycepeaHeHHS] BU3HAYAEMO 3HAUYCHHS
KOHCTaHTH IBUIKOCTI Tportecy Do, 110 BIAMOBITA€ BKAa3aHUM €KCIIEPUMEHTAIbLHUM
naauM (puc. 1):

100
D, = %Z D,, D, =0,00735.
i=1

Ta OyJyeMO iX BIANOBIAHI IrpadiuHi po3NOALUIH:

Di
0,015
0,012
©)
0,009 —O
’ —0.007 o
D,=0,00735 e &%\9 é\ﬁ @é

0,006 . i \U’\?m

_&I@% o B
0,003
0,000 : : : :

0 200 400 600 800 1000 ¢

, C

Puc. 2. I'padgiuauit po3noai KOHCTAHTH MIBUAKOCTI AU Y31HTHOTO PO3UMHEHHSI

D, =0,00735

7. Ilepesipka mamemamuunoi mooeni Ha adeKeamHicmo

BukopucToByr0uM pe3ynbTaT NepeBipkd MaTeMaTUYHOT MOJIeN Ha aIeKBAaTHICTb,
BU3HAYMUBIIKM KOHCTaHTY mBUAKOCTI 0 D, sik po3B’s30k 3BopoTHOT 3amaui (1) — (2)
0JICPIKYEMO MOJICIIBHHIA PO3MOILT KOHIIEHTpaIii JudyHI0BaHOT peuoBUHU (puc. 3):

D, |
_ﬂ+eDOti (Do +ﬂ)

Cmodi (t) = Ci (t) =
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modi

0,20

@)
0,15
0,10 i

1
0,05 1<

O

o,oo %{HN{ ((daddddaaaas

0 200 400 600 800 1000

t,c

Puc. 3. MoaensHU pO3IOIiI KOHIICHTPAIIIl MPOIYKTY
8. Ilopienanvnuil ananiz 3 0aHuUMU eKCHEPUMEHMY
HaknaBmm Ha rtpadik MOJAEIBHOTO PpO3MOAUTY KOHICHTpamid (puc. 3)

EKCIEPUMEHTAIbHI TOYKH (pUC. 1), OTpUMYEMO MOPIBHSIBHY SIKICHY KapTUHY LIOJ0

BINOBITHOCT1 pe3yJbTaTIB MaTeMaTH4yHoro MozemoBanHs (C, ;) pe3ynbTatam

bisnunoro exciepumenty (C,,) (puc. 4):

Cex i’ Cmodi
0,20

expi

0,15 —O—

modi

0,10

0,05

0,00 (UL dadadadadadaaadai
0 200 400 600 800 1000

t,c

Puc. 4. [lopiBHATBHUY aHAII3 MOJEIBHOTO PO3MOIUTY KOHIIEHTpAIil 1 yHA0BaHOT

PEUOBUHU 3 JaHUMU (HI3UUYHOTO EKCTIEPUMEHTY
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SAx BugHO 3 puc. 4, pe3yabTaTd MATEeMaTHYHOTO MOJICTIOBaHHS J100pe
KOPENIOIOTh 3 pe3yibTaTaMu (I3UYHOTO EKCIIepUMEHTY. BenwyumHu aOCOMtOTHOT

noxubku AC, s KOXKHOI 3 pO3paxOBaHUX TOYOK 3aJIEKHOCTEH BU3HAYAIOTHCS 32
bopmyIioro:

A(ji = Cmodi _C

exp; | *
Pe3ynpTaTé po3paxyHKy MOXHOKH, IO XapAKTEPHU3y€ OLIHKY €(EKTUBHOCTI
MaTeMaTUYHOI MOJIEJIi TTOJIJaHO Ha puC. 5.

AC

L ac ]

0,0020

0,0015

0,0010

0,0005

0,0000 : : L=
0 200 400 600 800 1000

t,cC

Puc. 5. 3anexnicte moxubku adbcomoTHoi nmoxubku AC, mpH OLIHII €PEeKTUBHOCTI

MaTEMATUYHOI MOJIEI

Sk BUJIHO 3 pUC. 5 , HA MOYATKOBIM cTaii mporiecy (CTajis eKCIOHEHIIATBHOTO
cnycky — miamazoH 0-100 c¢), Mu cmocTtepiraeMo BiIHOCHO J00py KOPEISIIiIo
pPO3paxyHKOBUX (MOJEIbHUX) 1 EKCIEPUMEHTAIBHUX TapameTpiB. MakcumaiibHe
3HAYCHHS BIJIHOCHOI IMOXUOKHU JIJIsI IbOTO BUIAKy cTaHOBUTH 0.1%. JIJIsi mpOMIi>KHOTO
niama3oHy (CTalis IIOJIOTOTO 3HFDKEHHS KOHIeHTpamii, aianazon 100-600 c)
CIIOCTEPITAEMO Maibke TIOBHE CIHIBIAJIHHSI MOJEIBHUX 1 EeKCIePUMEHTAIbHUX
3HaueHb. HaliOinpine 3HaueHHs MOXUOKM s 1h0T0 BUTNaAKy He nepeBuirye 0,13%.
st cranaii craGimizamii (miamazon 600—1000 c¢) cmoctepiraeMo MPaKTHYHO TOBHE

CHIBMAAIHHSA MOJIEIBHUX 1 EKCHEPUMEHTAJbHUX 3HA4Y€Hb, 3HAYEHHS BIJIHOCHOI
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MOXUOKH B OKPEMHUX TOUKax 1poro gianazony gocsrae 0.03—0.01%, mo 3HaxoauTbes
B JIOITYCTUMHUX MEXaX PO3PAXyHKIB IH)KEHEPHOTO aHaJi3y.

BucHoBku. Pe3ynpTaToM TPOBEACHOTO OCHIKEHHS 3 MATEMaTHYHOTO
MOJICTTIOBaHHS TIporiecy Audy3ii 3 BUKOPUCTAHHIM JaHUX (HI3UIHOTO EKCTICPUMEHTY
€ po3poOka eheKTUBHOTO THCTPYMEHTAPIIO JJIS OIIHKHA €(DEKTUBHOCTI MaTeMAaTHIHO1
mojeni. Po3paxoBaHO TOYHE 3HAYEHHS KOMIIOHEHTIB Koe(diuieHTy audysii, 110
BIANOBIJAE TPOBEJECHUM EKCIEpUMEHTaM 1 3a0e3nedyye BHCOKHMM  CTYIIHb
BIMOBIJHOCTI 1 Y3TO/PKEHOCTI MOJIEJIBHUX 1 €KCIEPUMEHTAIbHUX PO3MOALIIB
KOHLEHTpaliil U yHAOBAHOTO MPOAYKTY BIIPOJIOBXK BCI€I TPUBAIOCTI MPOTIKAHHS
TEXHOJIOTTYHOTO Mporecy. Takuil SKICHUM 1 KUIbKICHMM aHaji3 KIHETUKH IpoLecy
JO3BOJIUTh CYTTEBO 3HM3UTH BUTpPAaTH Ha TMPOBEACHHS EKCIIEPUMEHTAJIbHUX
JOCJIJPKeHb, MIJBUIIUTH iX SKICTh, OTpPUMAaTH ONTUMaJIbHI €Heproszoepirardi

TEXHOJIOT1YHI TTapaMeTpH, 110 3a0e3neuye IHTCHCU(DIKAIIIIO POIIECY B IJIOMY.
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onarku

Jlictunr nporpamun y cepenosuii Wolphram Mathematica s Mmoae/Il0BaHHS

HEeJIIHIHHOT0 TeXHOJIOTiYHOro npouecy nudysii /HarpiBy/ cycnen3ii 3i SMiHHUM

koedinienTom nudysii /TenJIONPoOBIAHOCTI/ , 10 BPAXOBY€ BiIXWJIEHHS

t1)= {{Dl - ConditionalExpression

= Fullsimplify [Solve[

peaJibHOIO NMpolecy BiJl KIACUYHOTO

Equations

- FullSimplify[DSolve[{C’[t] = - (DO +B*C[t]) #C[t], C[0] =1}, C[t], t]]

Solve::ifun : Inverse functions are being used by Solve, so
some solutions may not be found; use Reduce for complete solution information. =

{2 )

-B+eP°t (DO + B)

DO

_/3+eD1|: (D0+/3) = C1' Dl]]

2 1riCd] +Log[m+—m]

C1 (DO+B)

= i @[L] = Integers}}}

Problem data

= 00 w=l;

DO :=0.005;

a:=0.002;
B:=0.5;

DO
Cexp[t ] :=

-B+ eDO {(1+a RandomReal[t]) t (DO o /3) H

Experimental dependence

- SetDirectory["£:\\"];

a=0;
i=0;
For[t =10, t <1000,

Print[Style["t= ", 14, Blue, Bold], Style[ t, 14, Blue, Bold]]:
gwe = OpenAppend|["Ce.dat", DOSTextFormat ->» True];
WriteString[gwe, t, "\t"];
Close[gwe] ;
gwe = OpenAppend|["Ce.dat", DOSTextFormat ->» True];
WriteString[gwe, CForm[N[Cexp[t]]], "\n"];
Cloge[gwe] ;
[ D0+Cexp[t] 8 ]
Cexp[t] (D0+8) ] .

t

a=a+N[

1= 4wl

K¥'=@a fd;

Print["Concentration= ", CForm[N[Cexp[t]]]]:
Print["i= ", CForm[i]]:;

Print["a= ", CForm[a]]:

Print["krec= ", CForm[kr]]:

t=t+10];
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n20l= ListLinePlot [Table[{t, Cexp[t]}, {t, 10, 1000, 10}], PlotRange » {0, 0.2},
MaxPlotPoints —» 100, Mesh » Full, MeshS8tyle » Directive[PointS8ize[Large], Red],
PlotLegends -» "Expressions", Frame -» True]

B——— — T T

ol

Qut[30]= OIO—L
[l
L

( E N R, L0 RSO N N G A K Y I N O L

0 200 400 600 300 1000
Modelling dependence

Inf291= €0 2= 1;
DO :=0.00735;
B:=0.5;

DO
Cmod[t ] := i
-B+eP’t (DO + B)

n@2= ListLinePlot[Table[{t, Cmod[t]}, {t, 10, 1000, 10}], PlotRange » {0, 0.2},
MaxPlotPoints -» 100, Mesh -» Full, MeshStyle » Directive[PointS8ize[Large], Black],
PlotLegends -» "Expressions", Frame -» True]

e ————r——————

0.05

=3

i

=
T T T T T
B AR O (B B VA R e e ol

0 200 400 600 800 1000

@4 = SetDirectory["f:\\"];
For[t = 10, £ £1000,

Print[Style["t= ", 14, Blue, Bold], Style[ t, 14, Blue, Bold]];

gwe = OpenAppend["Cmod.dat", DOSTextFormat -> True];

WriteString[gwe, t, "\t"];

Closge[gwe] ;

gwe = OpendAppend ["Cmod.dat", DOSTextFormat -> True];
WriteString[gqwe, CForm[N[Cmod[t]]], "\n"];
Close[gwe] ;

Print["Concentration= ", CForm[N[Cmod[t]]]]:

t=t+10];
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JIABOPATOPHA POBOTA Ne 4

"TUO®EPEHUIAJBHI PIBHAHHA APYI'OI'O ITIOPAAKY Y
MOJAEJIOBAHHI EHEPTETUYHOI'O CIIEKTPY 3AKPUTUX
HAINIBITPOBIJHUKOBUX HAHOCTPYKTYP"

1. @izuuna nocmanoeka zaoaui

Posrnsnaerscs b13uuHm polIeC NOTJIMHAHHS €JICKTPOHIB
HAIBIPOBITHUKOBOIO HAHOCTPYKTYPOIO 3 BIJOMUMH T€OMETPUYHUMU Ta (PI3UUHUMHU
napamerpamu (puc. 1).

U(z)‘
U

Zi Z, Z

@

0 b

Puc. 1. IloreHuianbHux Npodiib 3aKPUTOI HAHOCTPYKTYPH

\ 4

2. Mamemamuuna mooenv npoyecy: oughepenuianvni pienanns Illpeodinzepa
[Iporiec  morJMHAHHS  €JEKTPOHIB  3aKPUTOK  HAIMIBIPOBIIHUKOBOIO

HAHOCTPYKTYPOIO ONMUCYETHCS NUQPEPEHIIATTBHUMHU PIBHSAHHAMU JIPYroro MOPSIAKY —

piBasaHHsAMEU peainrepa, 3anmMcanuMu JUIsl KOXKHOI 3 00JIacTeld HAHOCTPYKTYPH:
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E£2+ka:QOSZSQ (1)

ae
Jl1st po3B’s13K1B piBHSHB (1) BUKOHYIOTBCSI TPAaHUYH1 YMOBU:
v, (7)), =v. (D],
dy,(@)| _dv.(d)]
dz |, dz |, @
w,(2),_, =vs(2)
dy,(2)| _ dy,(2)]
dz |, dz |,
Po3B’s13ku piBHSIHB (1) MatOTh BUTIISIA:
v, =Ae”, 2<0,
w,=A coskz+B,sinkz, 0<z<b, (3)
v,=B,e",z>h.
Toni 3 cuctemu (2) 3HaX0IUMO:
A=A, A-A =0
YA =KkB,, YA —kB, =0, @
A, coskb+ B, sin kb= B,e ™, A, coskb+ B, sin kb—B.e *,=0,
k(=A, sin kb+ B, coskb) =—yB,e”, |—kA sin kb+kB, coskb+ yB.e” =0.

CrnekTp eneKTpoHa B TOTCHIIAJbHIA SMi BU3HAYA€ThCA 3  YMOBH
OJIHO3HAYHOCTI ICHYBaHHS PO3B’s3KiB cucteMu (4), ToOOTO 3 yMOBH, 110 BU3HAYHHK

CHUCTEMHU PIBHUH HYIIO, TOOTO:
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1 -1 0 0
—k 0 0

o -0 (5)
0 coskb sihnkb —e™®
0

—ksinkb kcoskb e

abo (BuxopuctoBytoun ¢yHkiiro Det [] 1y o0urcieHHs: BUBHAYHUKA):
A =e?(2ky coskb-+sin kb)(y* —k?). (6)
Eneprernunuii CIIEKTD EJIEKTPOHA BU3HAYAETHCS pPO3B’sI3KaMu
TPaAHCIIEHACHTHOTO PiBHSIHHS (6):
e (2ky coskb+sin kb)( x> —k?) =0,
30KpeMa 3pa3y 3HaXOAMMO JBa acUMOTOTHYHI po3B’si3ku E, =0, mo He wMmae
¢13uuHoro 3micty, Ta E, =U .

3. Bxionui oani

b =10 HM — TOBIIMHA HOTEHIIATLHOI IMH;
m, =0,04585-10"" kr — edekTrBHA Maca eNeKTpOHa;

h=1,055-10"* JIx-c — crana [lnanka.

4. Anzopummizauia nodyoosu po3e’a3Ky mamemamuiuHoi mooeni

3HaiineMo TpadiuHO KOpEHI TpaHCIEHIASHTHOTO piBHSAHHA (6). s mporo

nobymyemo rpadik 3anexnocti A=A(E), ne 0<E<U:

61 1011 [
41 10111

21 1011}

O Y o
120 101}
141 1011}
160 1011}

180 1011}

0 100 200 300 400 500
Puc. 1. I'padik 3anexnocti A =A(E)
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3HaxoAMMO KOpEH1 PiBHSHHS, KopucTyrounch ¢yHkiiero FindRoot:

E, =51,777 meB, E, = 201,937 meB, E, = 424,688 meB.

5.  Mooentwesanns 3anexcHocmi eHepzemuuH020 CHeKmpy e1eKmpoHa 6io
2e0MeMPUYHUX NAPAMEMPIe K6AHM 080T AMU
3 meTor0 orpuManHs 3anekHocTi E = E(b) Oymemo 3miHoBaTH BenuuuHy b y

MEXax:

2 amM<b <10 am
3 KPOKOM:
0=1uM
KO)KHOTO pa3zy 3HaXOJsI4d KOpEHI TpaHcHeHIeHTHoro piBHsHHA A =A(E), msa
KOHOI1 3 TOYOK:
b.=no,1=1.10.
BUKOPHCTOBYIOYH METOJI AUICHHS BiJjpi3ka HaBIILI 1 BOypoBany (ynkmiro FindRoot.

Pe3ynbTaToM po3paxyHKiB € rpadiuHa 3aj1exHiCTh:

=)
o
=

E,.,
o
S
S

T

400 |

300 |

200 1

100 |

2 4 6 8 10

R, am

b,

Puc. 1. 3anexHicTh mepuIux TPhOX CHEPreTHYHUX PIBHIB €JIEKTPOHA Bl MUPUHU

[MOTEHIIAIILHOI MU

Ak BuUAHO 3 puc. 1, 3ameXKHOCTI NEPIIMX TPHOX EHEPreTUYHUX pIBHIB

€JICKTPOHA, JIOKAJII30BAHOTO Y MOTEHIlIaIbHIA KBAHTOBIH sIM1 31 CKIHUEHHOIO BUCOTOIO
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30BHINIHIX TMOTEHIaNbHUX 0ap’€piB € OJHOTUITHUMH. IX MOBEMiHKA y MexkKax
BUKOPUCTOBYBAHOI MOJIENII KOPEIIOE 3 TEOPETHUYHOI0 3aJICKHICTIO, 3TITHO 3 SIKOIO

n2

E ~—, me b — mmpuHa moTeHIiaabHOl IMH, N — HOMEP eHepreTuyHoro pisHs. [Ipu
b2

n

IbOMY BC1 €HEpreTHU4HI piBH1 po3MilleHi B iHTepBaii: 0 < E <U.

BucHoBku. Pe3ynbraToM NpOBENEHOrO JOCHIKEHHS 3 MAaTeMaTHYHOIO
MOJIEJIIOBAaHHSI E€HEPreTUYHOTO CIIEKTPY €JIEKTPOHA JIOKATI30BaHOTO Yy 3aKpUTIN
HAHOCHUCTEMI 3 MOTEHI[IaIbHUMHU CTIHKAMU CKIHYEHHOI BUCOTH € OTpUMaHa rpagiyHa

sanexHicte E =E (b), mo moOpe kopeimtoe 3 TEOPETUUYHUMH pPE3YJIbTATaAMH.

PosrnsimyBana mojiens Moxke OyTH BUKOPUCTAHA JUIsl PO3PAXYHKY CIIEKTPY €JIEKTPOHA

B 0araTtonrapoBUX HAMIBIPOBIIHUKOBUX HAHOCTPYKTYpaXx.
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onarku
JlicruHr mporpamu y cepenoBumii Wolfram Mathematica niast MmogeoBaHHs
€HEPreTUYHOr0 CIEeKTPY 3aKPUTHX HANIBIPOBIIHUKOBUX HAHOCTPYKTYP
Dipsersion equation

(= Full8implify [

1 -1 0 0
x[En] 0 -k [En] 0
Det[ 0 Cos[k[En] Rb] 8in[k[En] Rb] - @-x[En] R ”
0 - k[En] Sin[k[En] Rb] k[En] Cos[k[En] Rb] x[En] e *[ErlR>

outt= @ RPXIEn] (2 Cos [Rb k[En]] k[En] x[En] + Sin[Rbk[En]] (-k[En]?+x[En]?))

Problem data

nfj= V :=516; (¥potential barrierw)
mo0

0.04585 ; (v¥electron effective masss)

ab :=0.529%10"°

Ry := 13605 (% meV %)

hp := 6.58 % 107% (4 meV c )
el :=4.8+107%;

Rb =10.0#%10"7; (+XNE+)

mO0 En
k[En ] :=Sqrt[ S ]/ ab;

m0 (V - En)
X[En ] := Sqrt[R—]/ ab;
24

dispeq[En ] :=
e ®xIEnl (3 cos [Rb k[En]] k[En] x[En] + Sin[Rbk[En]] (-k[En]?+ x[En]?));

nzzl= Plot [dispeq[En], {En, 0, 500}, PlotStyle » {Thick, Blue}, Frame » True]

s S | S 7 P e P s e o ) s R e PR e |

ex 101 F -
4x 101 f ]

2x 10" F .

0 [erm—
o f ]
-4><10“; .
—6><10”; .

—gx 101 [ ]

CL L L L L 1 " L L L 1 L L L L Il L L L L 1 L h L L 11

0 100 200 300 400 500

FindRoot [dispeq[En] = 0, {En, 50}]

(En = 51.7726}
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FindRoot[dispeq[En] = 0, {En, 200}]

FindRoot::Istol :
The line search decreased the step size to within tolerance specified by AccuracyGoal and PrecisionGoal but was
unable to find a sufficient decrease in the merit function. You may need more
than MachinePrecision digits of working precision to meet these tolerances. >

{En - 201.937}

FindRoot [dispeq[En] == 0, {En, 420}]

FindRoot::Istol :
The line search decreased the step size to within tolerance specified by AccuracyGoal and PrecisionGoal but was
unable to find a sufficient decrease in the merit function. You may need more
than MachinePrecision digits of working precision to meet these tolerances. >

{En - 424.688}

- SetDirectory["£:\\"];
For[Rb =1.5%1077, Rb < 10.0% 1077,
Print[Style["Rb= ", 16, Blue, Bold], Style[ Rb, 16, Blue, Bold]]:
gwe = OpenAppend [ "energy.dat", DOSTextFormat -> True];
WriteString[gqwe, CForm[Rb], "\t"];
Closge[gwe] ;

jmax = 4;
st :=0.1;
b=0;
i=0;
Table[0, {i, 1, jmax}];
Por [En = 10, Bns 516,
If[i==0, f1 =Re[dispeq[En]]; £2 = Re[dispeq[En+st]]; 1 =1+1];
If[i>0, f1 =£f2; f2 = Re[dispeq[En+st]]; 1=1+1];
If[(fl+f2<0), (¥Print["En= ",En," fli= Ml £2= W £27 i)
a = FindRoot[Re[dispeq[u]] = 0, {u, En}];
x[[++b]] = a[[1, 2]1;
gwe = OpenAppend|["energy.dat", DOSTextFormat -> True];
WriteString[gwe, x[[b]], "\t"]:;
Closgse[gwe];
Print["E= ", x[[b]]]:
1: (#If%)
If[(b-Jjmax) =0, En = 1501];
En = En + 8t;

X

1: (#fors)

gwe = OpenAppend ["energy.dat", DOSTextFormat ->» True];
WriteString[qgqwe, "\n"];
Cloge[gwe] ;

Rb=Rb+0.14107];
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JIABOPATOPHA POBOTA Ne §

"IN®EPEHIIAJIBHI PIBHAHHSA B MOJAEJIFOBAHHI ITPOLECIB
KOJINBAHDb ®I3BUYHUX OB’EKTIB"

1. @izuuna nocmanoeka zaoaui

Posrnsimaerbest  Gpi3uyHui  mpolec KOJMMBAHHA JUHAMIYHOI CHUCTEMH, SIKa
3HAXOJUTHCS MiJl BIUIMBOM 30BHIIIHBOTO 30Yy/XKYHOUOrO HaBaHTAKEHHS, BEJIMUYMHA
SKOTO 3MIHIOETHCS 3a TMEPIOAMYHUM 3aKOHOM. [IpuKianHi acmeKTH 3acTOCYBaHHS
mdepeHIliaTbHOT MaTeMaTUYHOT MOJIENI, IO OMUCYE TaKl BaXKIUBI MPOIIECH, MOKHA
OPOJAEMOHCTPYBAaTH Ha JOCTIPKEHHI BHMYIICHHUX KOJMBaHb MOCTa CKJIQJHO1
KOHCTPYKIIii TiJ Ji€l0 MepioJudHO 30yprOIOYMX IOTOKIB aBTOMOOUIIB (puc. 1).
Bracnigok HegocTaTHHOI KEPOBAHOCTI TAKOTO PyXy KOHCTPYKLIS MOCTa MOKeE
3a3HATU TOIIKO/DKEHb aX N0 PYyHHYBaHb B HalOUIbII HaBaHTAXEHUX TOYKaX
KOHCTPYKIIi 3 paXyHOK BUHUKHEHHS SBUIIA PE30HAHCY.

B mpumymieHi, mo Takow HAWOUIBII HABAHTAXKEHOIO TOYKOIO € ILIEHTP Mac
CUCTEMH 1 BCA Maca CUCTEMH M pa3oM 3 MOTOKOM aBTOMOOLIIB 30cepeKeHa B L1d
TOYI[l, KOJUBAHHS TAaKOi CHCTEMH MOXHa aHAJOTI3yBaTH 3 KOJWBAaHHSAM MPYKHOI

JIHIT 13 CKOHIIEHTPOBAHOK MaCOIO .

2. Mamemamuuna mooenv npouecy: ougepenyianvHi pieHAHHA nPpoyecy

[Iporiec BUMyIIEHMX KOJIMBaHb TaKoOi OJHOMAacoOBOI CHUCTeMH Oyjie
onucyBatucs AUdepeHIlialbHUM PIBHSIHHS 2-TO MOPSJIKY 3 MPAaBOK YACTHUHOIO, IO
BHU3HAYA€ BIUIMB TEPIOJAMYHO 3MIHHOI 30yKyrodoi cuiau (1 mpoekilii Ha HampsaMm

MOTEPEYHOTO KOJIUBHOTO PyXY) Y BUTJISIIL:

—u(t)+¢°u =Py, -cosat (1)
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3 II0OYaTKOBHUMH YMOBaMH

U(t)|t:o =U,, %U(t)hzo =V (2)

Tyr u(t) — BenmM4MHA MPOTUHY CEPEIMHHOI MOBEPXHI MOCTA IIPHU KOJIMBHOMY

. 1 . e .
pyci, M; ¢= J_ (cl) — BmacHa wacTOTa CHCTEMM, INO 1i BHYTPIIIHBOKO
11

XapaKTepUcTUKow (€ (QyHKI€I0 BiJ OJAMHUYHOIO TMPOTMHY Ta MAaCOK JUIs
HAMIIPOCTIIINX KOJNUBHUX CHCTEM),» (C!) — 4YacroTa BHMYyLIEHHMX KOIMBaHb
(mepiomuuHOrO  30ypIOOYOro IMOTOKY aBTOMOOLNB, c¢?; P, — amIuiTyaa
30yproro4oro motoky; U, (M) — BeJMYMHA TOYATKOBOTO BIIXUJIEHHS CEPEIUHHOL

MOBEPXHI MOCTY BiJ TMOJOXKEHHA piBHOBaru, V, (M/C) — moyaTKOBa IIBUIKICTb

KOJINBaHHA HOBerHi MOCTY.

3. Bxioui oani
t=110..1000 — miama3oH 3MIHMA 4Yacy t JUisi BU3HAUYEHHSI HEMEPEPBHOTO PO3MOJILTY
napameTpiB KOJIUBHOTO PYXY;
n=100 — KIIBKICTh TOYOK OOYHCIICHHS;
t,=10 — MOYaTKOBE 3HAYEHHS Yacy t JUIsl BU3HAUYECHHS HEMEPEPBHOTO PO3MOILLY
napaMeTpiB KOJMBHOTO PyXY;

At=10 — KpOK 3MIHHU 4acy t JJig BU3HAYEHHS AUCKPETHOTO PO3MOALTY 3MIIIECHHS;
1 =1..1000;

Ceiat Jlana3oH 1HTEpBadiB 3MIHM 4Yacy JUIsl PO3PaxyHKY JUCKPETHOTO
T, =t,+i-

po3MOaLTY PYHKIIIT 3MIIICHHS;

U, =1(m) — aMIUIITyJHa BEJTUYMHA TPOTUHY;
V, =10(m/c) — aMIUTITYTHE 3HaYEHHS TBUKOCTI;
¢ =10 (ﬁ‘l) — Y4acToTa BJIACHUX KOJIMBAaHb,

©=11 (") —9acTOTa BUMYIIEHUX KOJIUBAHb YCEPEMAHEHOT 3MYIIYIOUOT CUIIM;

P,y =11 (M) — 3HaYCHHS aMILTITY/IM BUMYIIICHUX KOJUBAHb.
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4. Anzopummizauia nodyoosu po3e’a3Ky mamemamuuHoi mooeni
Po3B’s3k0M MaTeMaTH4YHOI MOJENI, IO OMNUCYEThCA AuepeHIiaTbHUM

PIBHSHHSIM JPYTOTO MOPSAKY Ta MOYATKOBUMH YMOBaMHU (2) € 3a1€KHICTb:

u(t):Uocos¢t+\%sin ot + v CoSs wt —Ccos gt ) (3)

( ¢2 _ wz)(
5. Hucenvne ma cpaghiune mooenroeanns npouecie KoJaueaHHa MeXaHiuHol
cucmemu ma O0CIOHCEHHA AGUWLA PE3OHAHCY
5.1. MoaenwBaHHsI Polecy BJIACHUX KOJMBAHb MEXAHIYHOI CUCTEMH

BukopucroBytoun oTpuMaHUN aHATITHYHMX pPoO3B’s30Kk 3amaui Komn s
HEOJHOPIIHOI MOJIeNll BHUMYIIEHMX KOJMBaHb IoBepxHI MocTta (1) — (2), mo
BU3HAYAETHCA 3alekHICTIO (3), moOyayemo rTpadiku 3ameHOCTeH KOMITOHEHT
OJTHOP1THOTO po3B’s3Ky. [Ipu 1IbOMY MPOUTIOCTPYEMO BHECOK KOKHOI 3 KOMIIOHEHT B
CyMapHy 3aJIeKHICTh, IO OIMHUCYE OJHOPIAHY MOJElb, 0€3 ypaxyBaHHS BIUIUBY

JOJaHKa, IO BU3HAa4Yac BJIACHI KOJIMBAHHSA CUCTEMH.

U o (1) =U, cOs gt +\%sin wt 4)
v, -
Upnoger, () =U,, COS gt +gsm #t; 7, =t,+i-At; i=1..1000. (5)
(&)
S
1,0
— U cosopt,
0,5F — (U,/d)singt.
0,0 <
05}
-10 ! . ! . ! . ! .
0 200 400 600 800 1000

t,c

Puc. 1. 3anexxHocTi BiJy 4acy t KOMIOHEHT 3MIIIEHHS U, (t) BUIbBHUX KOJMBAHb Y

model
OJTHOP1/THIA MOJeTi
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-
1,0
0,5F
0,0
_0’5 L
'1,0 C L UI L 1 U 1 U L UI U
0 200 400 600 800 1000

t,cC

Puc. 2. 3anexHicTh Bif yacy t 3MIMICHHS U, (t) BUTbHUX KOJMBAaHb y OJHOPIAHIN

Moienl

5.2. MoaeaoBaHHs npouecy BUMYIIEHMX KOJTUBAHb CUCTEMH Ta ABUIIA

pe3oHaHcy (0UTTS)

BukopucToByrouM TIMOBHMH aHAIITHYHMA PO3B 30K 3amaui  Komni  jms
HEOJHOPIMHOI MOJEN KOJHMBAJIBHOTO Tporecy (3), BUKOHaeMO MoOyIoBy rpadikiB
3QJIEKHOCTEH 3MIMICHHS B dacy, mo0 MPOUTIOCTPYBAaTH IUIUB MNEPIOAUYHOT
30yIKyr04uoi CHUJIM Ha MEXaHIYHY CHCTEMYy, 30 CIPHYMHSAE BUIbHI 3aTyXaroul

KOJIMBaHHA CUCTCMMU.

Uy (£) = Upoge (t)+%(coswti—cos¢ti); 7, =t,+1-At; i=1..1000.
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> 1,0
- vam

0,5H

0,0

05}

'1,0 C L 1 L 1 L 1 L 1 L

0 200 400 600 800 1000 ¢
, C

Puc. 3. 3anexHICTb Bi yacy t 3MINIEHHA U, () y MOJEN] CUCTEMH 3 BIIbBHUMHU

KOJIMBaHHAMU IpU ¢ =10 (i) i @ =11 (i)

°

© o} Uyym(t, 1,0019)
Uyym(t: 1,0100)
—U,ym(t, 1,0020)
Uy ym(t; 1,0040)
vym(ti’ 109)

20!
0 | 2(I)0 | 4(I)0 | 6(I)0 | 8(I)0 | 1000

t,c

Puc. 4. 3anexHIcTh B yacy t 3MIIIEHHA U, (t) y MOJEl CUCTEMH 3 BUMYIIEHUMH

KOJIMBAHHSMH TIPH IS PI3HUX 3HAUYEHb YACTOT 3MYIIYIOUOT CHIIA ©
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>

10} Uyym(t, 0,9999)
Uyyr(ts 100
Uyym(t, 0,95)
Uyym(t, 0,9950)
Uyym(t, 0,9980)

10}

0 | 2(IJO | 4(I)0 | 6(IJO | 8(I)0 | 1000

t,c

Puc. 5. 3anexnocTi Bij 9acy t 3MIIEHHSA U, (t) Y MOZAENI CUCTEMH 3 BUMYLICHUMM

KOJIMBAHHAMU IIPpU TJIA piSHI/IX 3HAa4YCHBb 4aCTOT BMYIHYIO‘IOI CHIIN w

AnaJi3 napaMeTpiB, 0 BU3HAYAKOTH sIBUIIEC PEC3OHAHCY

Ak BumHO 3 MoOyaoBaHUX TpadikiB 3aJ€KHOCTEH BEJIMYMHU 3MILIEHHS IS
PI3HHX YacTOT 3MYIIYIOYOi CHJIM, a TaKOX JJs BUIBHUX KOJHMBaHb, HAOIMKEHHSA
YaCTOTH BUMYIIEHUX KOJMBAaHb CIpaBa J0 YAaCTOTH BJIACHUX KOJIMBAaHb CHPUUYMUHSIE
MOCTYNOBUM PICT aMIUNITYIM KOJMBaHb. B Mekax HaOMMKEHHS 4YaCTOTU KOJUBaHb
3MYULIYIO4Oi CHJIM JI0 YaCTOTH BUIBHUX KOJIUBaHb y Mexax 10 0,1 % crnoctepiraetbcs
outemr HiK 10-TM KpaTHE 30UTHIICHHS aMIUTITYIM KOJIMBAaHb, IO 32 PEaIbHUX YMOB
CIOpUYMHSAE PYHHYBaHHA KOHCTPYKLIi. AHaJIOri4yHa CHUTyaliss BUHUKAE MpHU
HAOJIM>KEHHI YaCTOTH BUMYIIIEHUX KOJIMBaHb CIIpaBa J0 YaCTOTU BIIACHUX KOJIMBAHb
cnpuuuHge 3miBa. Cnig 3ayBaxuTH, mo npu nopsaky 0,1 % HaOmuxkeHH1 4acToT
BJJACHUX KOJIMBaHb 1 3MYIIYIOYOi CHJIM, MAalOTh MICIIE OCHMJIALII aMILUIITYAH
KOJIMUBaHb.

BucnoBku. Bukonasmm nabopatopHy po0oTy, Oyio 3/1iiiCHEHO MaTeMaTHYHE
MOJICJIFOBaHHS TPOIECIB BUILHOIO KOJMBAaHHS MEXAaHIYHOI CUCTEMH ITij] BILIUBOM
30BHINIHBOI OCIMITIOI0UO0T CHiTH. OKpeMO PO3TISHYTO MPOIIECH BIIBHOTO KOJWBAaHHS
Ta KOJIMBAaHHS TiJ] JI€I0 30BHINIHHOTO HaBaHTaXEHHs. BcTaHOBIEHO, 110 MpuU
HAOJIMKEHHI 9acTOTH 30YypIOI0YOi CHJIM JI0 YacCTOTH BUIBHUX KOJMBAaHb SIK 3J11Ba Ta
CIpaBa BUHUKAIOTh SBHUIIA PE30HAHCY, WIO MPOSBISAIOTHCS Yy 30UIbIIEHHI Ta
OCHWIAIISX aMIUTITYAX KOJMBaHbL Ta HA TMPAKTUI[l BUKJIMKAIOTh PYHHYBaHHS

MEXaHIYHO1 KOHCTPYKIIIi.
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onarku

Jlictunr nporpamu y cepenosuii Wolphram Mathematica nist Mmoae/iloBaHHst
NMPOoLECiB BiJIbHUX Ta BAMYIIEHUX KOJIMBAHb MEXAHIYHOI CHCTEMH

Fullsimplify[DSolve[u” [t] +¢%2u[t] = PvsCos[wt], ult], t]]

PY Cos[L W]

uft] - C[1] Cos[t ] + +C[2] sin[t ¢]
{ }

@27(‘[)2
Fullsimplify[

Dsolve[{u’’ [t] +¢*u[t] = Pv s Cos[w t], u[0] = U0, u’[0] =V0}, u[t], t]]

Vo 8in[t ¢]

{{u[t] = (- (Pv+U0 (-¢? +w?)) Cos[t @] +Pvcositw]) /((p-w) (d+w)) +
(o)

Fullsimplify[Dsolve[{u’’[t] +¢®u[t] =0, u[0] = U0, u’[0] = VO}, u[t], t]]

Hu[t] 5 U0 Cos[t @] + m}}

o
Collect[
Vo sin[t
(- (Pv +U0 (-¢% +w?)) cos[t ¢] +Pvcos[tw]) / ((¢-w) (6+w)) Wi il Y Pv]
¢

U0 (-¢? +w?) Cos[t ¢] Cos [t ¢] Cos [t w] Vo Sin[t ¢]

== HBRE | = + +
(P -w) (P+w) [ (P-w) (¢+w) (p-w) (p+w) ¢

U0 (-¢% + w?) Cos[t @]

(¢ -0) (d+w) ]

Fullsimplify [—

U0 Cos[t @]

(¢-w) (p+w) (d-0) (¢+0)
Pv (-Cos [t o] +Cos[t w])

Cosg[t ¢] Cosg [t w]
FullSimplify[Pv [— + ]]

05270)2

Pv Cog[t w]
D[C[l] Cos[t¢] + ——————= +c[2] Sin[t ], t]

2 -w

PvwSin[t w]
¢ C[2] Cos[t @] -~¢C[1] Sin[t¢] - ——898M8—

2 — 2
0o &= 13
V0 :=0.4;
¢$ 2= 10;
w:=0.999 ¢;
By g= 1w
V0 8in[t @]
udf[t ] :=U0Cosg[t ] + —

1]
ulsym[t ] :=UO0Cosg[t ¢];
V0 8in[t ¢]

udant[t ] := —
¢

VO Sin[t ¢] Pv (Cos[tw] -Cos[te¢])
uft ] :=UO Cos[t ¢] + + ;
o] ¢2 - w?
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Plot[u[t], {t, 0, 1000}]

10F

-10

SetDirectory["£:\\"];
For[t =10, £ £1000,
Print[Style["t= ", 14, Blue, Bold], Style[ t, 14, Blue, Bold]];
gwe = Opendppend["u.dat", DOSTextFormat -> True];
WriteString[gwe, t, "\t"];
Close[gwe] ;
gwe = OpenAppend|["u.dat", DOSTextFormat -> True];
WriteString[gwe, CForm[N[u[t]]], "\n"];
Close[gwe] ;
Print["vibration= ", CForm[N[u[t]]]]:
t=t+10];

82



JIABOPATOPHA POBOTA Ne 6

"TUO®EPEHIUIAJIBHI PIBHAHHA APYI'OI'O ITIOPAAKY Y
MOJEJIOBAHHI KOE®IIIEHTA ITPO30OPOCTI TA EHEPTETUYHOI'O
CIIEKTPY ABOBAP’€EPHUX BIIKPUTUX HAHNIBITPOBIIHUKOBUX
HAHOCTPYKTYP"

1. @izuuna nocmanoeka zaoaui

Posrnsnaerbest  Pi3MUHMNA  TPOIEC  TYHEIIOBAHHS  EJIEKTPOHIB  Kpi3b
HaIIBIPOBIJHUKOBY HAHOCTPYKTYPY 3 BIJIOMUMHU T€OMETPUYHUMHU Ta (I3UYHUMHU
napameTpamu (puc. 1).

U(z)
lu

\ 4

Z Z Z Z
&2 36 )

0 b

Puc. 1. [ToTenmianbHUX Mpodisib BIAKPUTOT ABOOAP €PHOT HAHOCTPYKTYPH

2. Mamemamuuna moodenw npouecy: oughepenyianvhi pisuanus Ilpeoinzepa
[Ipouiec TyHemOBaHHS €JNEKTPOHIB Kpi3b BIIKPUTY HAIMIBIPOBIIHUKOBY

HAHOCTPYKTYPY OINUCYEThCA AU(DEPEHITIaTbHUMU PIBHSIHHAMH JPYTOTO MOPSIKY —

piBusiaasME [1Ipeninrepa, 3anucanuMu Ui KOKHOI 3 00J1acTelt HAHOCTPYKTYPH:
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dw, .,
L+ k'y, =0, 2<0,
d22 l/ll
9V, o —0,0<z<d,
dz
dZV/3 2
1 g TKwa=0d,<z<d, +b, 1)
YA
dzl//4 2
P w,=0,d, +b<z<d +b+d,,
ddwz5+k21//5=0,z>dl+b+d2.
z

Jc

2m (U -E). 2m.E
S

Jl1st po3B’s13K1B piBHSHB (1) BUKOHYIOTBCSI TPAHUYH1 YMOBU:

l//l(z) 0 Yo (Z) 2=0"'
dy,(2)| :dl//z(z)|
dz 7=0 dZ ‘Z:O’
v, (), =w.(2)_,
dy,(2)| _dy.(2)
dZ ‘z:z1 dz ‘2211 |
l//a(z) =1, = l//4 (Z) z=7,’
dy,(2)| _dy.(2)
dz =1, dZ =2 |
v, (Z) 7=14 =Vs (Z) =25
dy,(2) :dl/js(z)| _
dz |, dz |, (2)

Y(2)z=d;z,=d,+b;z,=d, +b+d,.

Po3B’s13ku piBHsIHB (1) MarOTh BUTJIS:

w,=e“ +Be™, 2<0,
v,=Ae”+Be”, 0<z<d,
w,=Ae"“ +B,e™, d <z<d, +b, (3)

v,=Ae”+Be”,d +b<z<d +b+d,,
w,=Ae"“, z>d +b+d,.
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Toni 3 cucremu (2) 3HAXOUMO:
(1+B,=A, +B,,

Ik(l_ Bl) = }((Az - Bz)’

Ae™ +B,e ™ =Ae" +Be™,
7(Ae™ —B,e ™) =ik(Ae"0B,e™),

, : 4
Ae" +B,e " = Ae™ +B,e ™, 4)
ik(Ae" —Be™) = y(Ae™ —B,e ™),
Ae” +B,e ™ = Ae',
7(Ae™ —B,e™) =ikAe"".
3BijcH:
B-A-B,=-1
kB, + yA, — B, =1k,
Ae” +B,e ™ — A" —Be ™ =0,
yAe™ — yBe ™ —ikAe" +ikB,e™ =0, -
Ae" +B,e"™ — Ae*™ —B,e ™ =0,
ikAe' —ikB,e™ — yAe™ + yB,e ™ =0,
Ae™ +B,e ™ — Ae"® =0,
yAe™ — yBe —ikAe™ =0.
3Haxoaumo 3rigHo MeToxy Kpamepa:
A A A A A A A A
A AT B AT B ST AST B =T A e
1 -1 -1 0 0 0 0 0
ik y -y 0 0 0 0 0
0 e”™ e e g " 0 0 0
0 se® —ge™ —ike' ike™ 0 0 0
A= _ _ . (6)
0 O 0 ' e e* g7 0
0 0 0 ike"”  —ike™ - e e 0
0 O 0 0 0 e* e e'®
0 0 0 0 0 g -y —ike™
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VYeci BuzHauHuku A, A,, A,, A, OTpPUMYIOTbCS 3aMIHOIO B1JIMOBIAHOTO CTOBOLIS

y (6) cToBOIIEM BUIHLHUX YICHIB 3 cucTeMH (9).

KoediieHT mpo30pocTi HAHOCTPYKTYPU BU3HAYAETHCS SIK:
D=D(E)=|A|, (7)
EnepreTnuHuil cekTp €J1eKTpoHa BU3HAYAE€THCSI MaKCUMyMaMu KoedilieHTa
npo3opocTi Ha mikaii eHeprii E (7):
E. =max D(E). (8)
['ycTuHa WMOBIPHOCTI 3HAXOJDKEHHS €JIEKTPOHA B MeEXaxX HAaHOCTPYKTYpH
BU3HAYAETHCS KBAJIPATOM HOro XBUJIBLOBOI (DYHKLIT AJI BiJMOBIAHOTO 3HaYEHHS MOro
pe3oHaHcHoi eHeprii E = E
‘1//1‘2, z<0,
‘wz‘z, 0<z<d,

W =W(E,) =|w,(E,) =4lw,|", d, <z<d, +b, 9)

.|, d, +b<z<d +b+d,,
=Ae"“, z>d, +b+d,.

‘2

|2

3. Bxiowni oani

b =10 HM — TOBIIMHA [TOTEHI{IAIILHOI SIMH;
d, =d, =2 BHM — TOBIIWHH NOTEHIiaJIbHUX Oap’epiB;
m, =0,04585-10"" kr — edekTrBHA Maca eNeKTpOHa,;

h=1,055-10"* JIx-c — crana Ilnanxa.

4. Anzopummizauia nodyoosu po3e’a3Ky mamemamuiHoi mooeni

[To6ynyemo rpadik 3anexnocti D=D(E) (7) ans 3HaveHb eHeprii eleKTpoHa

O0<E<U:
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1.0} D(En)
H
0.87
0.6
0.4r¢
0.2| L L
0.0 J
6 160 260 360 460 560
Puc. 1. I'padik 3anexxuocti D = D(E)
3HaxoauMoO pe3oHaHcHI eHeprii — wmakcumymu ¢QyHkuii D =D(E),

Kopuctyrounch ¢pyHkiiero FindMaximum:
E, =44,6269 wmeB, E, =182,392 wmeB, E, =418,62 wmeB. 9)

5.  Mooentwesanns 3anexcnocmi eHepzemuuH020 CREKmpy e1eKmpona 6io
2e0MeMPUYHUX NAPAMEMPIE KEAHM 080T AMU

3 Meroro oTpuMaHnHs 3anexxHocti E = E(b) Oynemo 3minroBaTH Benmuuuny b y

MCXKax:

2HM<b<15am

3 KPOKOM:
0 =0,2 am

KOXKHOTO pa3y 3HaXoAs4u MakcuMymH 3aiexxHocti D = D(E), ans koxkHOT 3 TOYOK:
b =no,1=1.10.

BUKOPHUCTOBYIOUM BOyI0BaHy dyHkiiito FindMaximum.

PesynpTaTom po3paxyHKiB € rpadivyHa 3aJexKHICTh:
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meB

n’

E

400 -

300

200

100

R, M
Puc. 1. 3anexHicTh nepmmx TpbOX EHEPreTUUHUX PIBHIB €JEKTPOHA Bl IHUPUHU

MOTEHIIAJILHOT IMUA

Sx BumHO 3 pHC. 1, 3aNEKHOCTI TMEPIIUX TPHhOX EHEPreTUYHHX piBHIB
€JICKTPOHA, JIOKAJII30BAHOT'O y MOTEHIlIaIbHIM KBAHTOBIH sSIM1 31 CKIHUEHHOIO BUCOTOIO
30BHIIIHIX MOTEHI[ialbHUX 0ap’epiB € OJHOTUITHUMH. IX TMOBEAiHKA Yy Mexkax
BUKOPHCTOBYBAHOI MOJIEI KOPEIIOE 3 TEOPETHYHOKO 3AJICKHICTIO, 3TITHO 3 SKOIO

n2

E, ~ b’ ae b — mmpuHa noTeHIiabHOT IMU, N — HOMEP €HepreTU4HOro piBHs. [Ipu

IbOMY BCl €HepreTHYHi piBHI po3MirieHi B iHTepBaii: 0 < E <U .

Jns xokHOro 13 3HaueHb eHeprii  (9) moOyayemMo — 3aJIeKHOCTI

W =W(E,) =|w, (E,)|’, n=12,3.
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140

Wi1

100+

80+

60+

40+

0 2 4 6 8 10 12 14

Puc. 2. 3anexnicte W =W (E,) ams nepmmx TppOX eHEPreTHYHHUX PiBHIB €JIEKTPOHA

BucHoBku. Pe3ynpTaToM MPOBEACHOrO JOCHIKEHHS 3 MaTEMaTUYHOTO
MOJICTIIOBaHHSI €HEPreTHUYHOTO CIEKTPY €JIEKTPOHA TYHEIbOBAHOTO KPi3b BIAKPUTY
HAHOCHUCTEMY 3 TIOTCHITIAIbHUMH CTIHKAMU CKIHYEHHOT BHCOTH € OTpUMaHi rpadidHi

sanexxnocti E =E (b) i W=W(E,), mo mo0pe KOpemOTh 3 TEOPECTHUYHUMH

pesynbTatamu. Po3risgyBaHa MoJenb MOKe OyTH BHKOPUCTaHA ISl PO3PAXYHKY

CIEKTPY €JIEKTPOHA B 0araTolapoBUX HaIIBIPOBIIHUKOBUX HAHOCTPYKTYpax.
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JomaTku
Jlictunr nporpammu y cepenosuini Wolphram Mathematica nist MmoaenroBaHHs
Kkoe(dillieHTAa MPO30POCTi Ta EHEPreTHYHOI0 CIEKTPY €JIeKTPOHIB Y BiIpUTUX

HANBIPOBITHNKOBUX HAHOCTPYKTYP

- V 1= 516; (xy BHyTpiwHboMy 6ap'epix)
me = ©.04585 ; (B AMix)
ml = ©.08856 ; (xy 6ap'epaxx)
X1 = 0.53; (xAmMax)

ab :-0.0529
Ry := 13605 (x meV x)

R = 19; (»amMuUx)
11 = 2.0; (x6ap’ epux)
12 - 2.9;

Al := 11 (x6ap' epux)
A2 :=12

zl := A1 +R

z2 :=z1 + A2

k[En_] :=Sqrt[me En/Ry] /ab

1 (V-E
x[En_] := Sqrt[m(R—n)]/ab
Y

TO[EN_, z_] := (e’ (*"* . BO[EN] e T*IfM*);

T1[En_, z_] := (AL[En] e*!®Z + B1[En] eX[F" %}

GZ[En;_; z_] #= [AZ[En] eFHitnl 276 ., BaTER] e thitnl (ostiy
@3[En_, z_] := (A3[En] eX!® (-1 4 B3[En] e ¥ x-21)} ;
T4[En_, z_] := A4[En] elklEn (z-22) ¢

(1 -1 -1 (] e (]
A k[En] X[En] _ XLEn] L) ) )
o ml ml
(2] e.Alx[En] e—Alx[En] w# =1 2]
0 ettxltnl yiEn]  e2txlErl yiEn]  ak[En i k[En] 0
nl ni o no
determ[En_] := Det[ 0 e e el kIEn] (z1-a1) -t kIEN] (z1-21) =

‘ 0 0 0 jetklen] (202} kiEn]  de-ik(enl (2124 kiEn]  x[En]
e e n1
2] <] (<] @X[En]
\e L) ) ) exlenl
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BO[En_] :=Det|

AL[En_] :=Det|[

BL[En_] :=Det|

A2[En_] :=Det|

akEn]

@ @ 00 O @

(1
k[En]

@ @@ OO0 ®© O

(1
Ak[En]

®@ @ 00 & ©®

-1 21 ] e e
xZLEnl _ xlEnl 0 2] e
n1 n1
@ALX[EN] e-ALxIEN] -1 -1 e
ettalenl yiEny _ ertixlfl yiEn)  _ ik[En] iklEn] 0
nl n1 no o
o P @l KIEN] (z1-a1) -1 KIEn] (z1-a1) ol
0 > peiklenl (#1-0) ien)  peik[Enl (a0 kiEn] _ y[En]
o o nl
a o @X[En] (-z1+
g 5 e75[!1-] {-2z1+22}
n1
-1 -1 ) 2 e
ik[En] _ xI[En] e %) 0
no nl
0 @-A1X[EN] -1 =T ]
0 _etxlel yreny _ aklEn) aklEn] 0
n1 wo wo
o o et KIEn] (z1-a1) -1 k[En] (z1-a1) -1
o 0 4 @i k[En] (z1-a1} | [En] B i @-ik[En] (z1-21} | [En] _ x[En]
no o n1
o 0 X [En] (-z1+22)
a o e)([En] {-z1422} ([En]
n1
-1 -1 (2] e %] e
X[En] ik(En] q %) 2] 2]
n1 no
AL XIEN] o -1 =4 <] o
el yien g _ik[En] iklEn] ) )
nl wo wo
o o et kIEn] (z1-a1 -1 kIEn] (z1-a1) -1 _
0 o ietklen] (z1-21) kiEn]  de-ikEr] 2124 kiEn) _ x[En] P
no o n1
o 0 ex[En] (-zl+z2) o
8 o ex[En] (-z1+22} ([En] _
m1
_1 =] = 2] e e
x[En] _ xIEn] ikiEn] g 2] (]
n1 nl wo
@A X([En] @-A1x[En] 0 -1 2] (%]
e“"[f“] x[En] e»Alx[En] x[En] 0 ik[En] e L)
n1 n1 no
0 ° 0 -t klEn] (z1-a1) -1 =31
0 o 0 _petiklen] (21-M) kTEn]  x[En] XI[En
o m1 nl
o 0 0 @X[En] (-71+22) e-xl
8 ° 0 ox[En] (-z1422} ([En] _ g%
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B2[En_] :=Det|

A3[En_] :=Det|

B3[En_] :=Det]|

A4[En_] :=Det|

T[En_] :=
W[En_, Z_] HE

A k[En]

® ®© =0 © ©

i k[En]

®@ ®© 0O=0 0 @

ak[En]

@ ®© 00 OO0 @

aklEn]

®@ ®© 00 © ©

-1
x[En]

nl1
eALX([En]

@21x[En] 5[ En]

ml

@-A1x[En]

_ e2x(En] yEn]

ml

® ®© 0 O

-1

X [En]
nl
@A1XIEN]

eAix[En] [ En]

®© ®© O O

ml

X[En

ml

@-A1x[En]

ml

® ®©@ @ o

-1

X [En]
nl
@A X (EN]

eAix[En] x[En]

e~A1;¢[En] X[En]

® ®¢ @ o

ml

_ x[En]

ml

@-Alx[En]

e-21x[En] X[En]

ml

®@ ®© @ o

-1
X[En

ml
eA]-X[E“]

e21x[En] X[En]

® ®© @0 o

ml

-1

X[En

ml

@-A1x[En]

e-Aix[En] X[En]

ml

® @ @ o

Abs [A4[En]]%;

® ®@ @ ©

ml
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Which[(z < @), Abs[2@[En, z]]%, (z > @) & (z s Al), Abs [21[En, z]]%, (z > Al) 8& (z < z1),

Abs [92[En, z]]?, (z > z1) && (z < z2), Abs[®@3[En, z]]1%, (z > 22}, Abs[®4[En, z]]?%];
Plot[T[En], {En, @, 516}, PlotRange » All, PlotStyle -» {Red, Thick},

Frame -» True, PlotLabels » Placed[{"D(En)"}, Above]]

T T T L T T T T L B3 T T T L v T T T T v T 15 > T v T
D(En
i (En)

0.8

06 E

04+ .

L\

L 1 L 1 L 1 L 1 n 1 14
0 100 200 300 400 500

FindMaximum[T [En], {En, 40, 6@}]
s {En - 44,6269} )
FindMaximum[T[En], {En, 180, 210}]
{1.,‘ {En _>M1;32.392}}
inz41= FindMaximum [T [En], {En, 380, 500} ]
outf34)= {1:., {En » -;18.62}}
nse- F i=Which[(z< @), @, (z>0)8& (zs11), 135, (z>11) &z s (11+R),

0,z> (11+R)&&zs (11+R+12),135, (z>11+R+12),0];
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In(54] =

Plot[{IAI[44 626854479774984, z], W[182.39195776466073, z], W[418.61976777425434, z], f},
{z, @, 22}, PlotRange - All, Plotstyle - {Black Red, Blue}, Frame —>Tr'ue,

PlotLabels - Placed[{"wl" "lW2" "w3"} Above] 3 F1111ng - Bottom]

140 F1 ' ' ' l . ' 5
1205
1005
sof
sof
405

20[

SetD1r‘ector‘y [ "G \\" ] 3
For[R : 4, R < 15,
Pr-1nt[Style[“R *5:.165 Blue, Bold] Style[ R, Blue, Bold]],
qwe = 0penAppend["Ed 3.4 x 1.6_21.4-x_3.4nm.dat", DOSTextFormat -> Tr‘ue],
Wr‘1teStr‘1ng [qwe, R "\t“]
Close [qwe] 3
qwe = OpenAppend["Gd 3.4 x 1.6_21.4-x_3.4nm.dat", DOSTextFormat -> True],
Wr1te5tr1ng [qwe, R "\t“] 3
Close [qwe] 3
(xPo3paxyHoK eHepriix)
jmax = 5;
imax := jmax;
st :=0.1;
bl = Q;
b2 = Q;
b= Q;
i-= °H
X = Table[e, {i, 1, jmax}];

(*Pr'lnt[style[eHepr:LJ. 16,Red, Bold]],*)

For[En - @, En < 1500,
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Label [povtor];

If[ ((Max[T1, T2] -Min[T1, T2]) /Max[Tl, T2]) > @.01, st = st x0.9;
GoTo[povtor], st = st 1.1];

T1 =TI[En];

T2 =T[En+st];
If[i==0; Fl=TL3f2=T25b2= (f2-f1)ji=1+1];

I-F[i>0, bl = b2; f1 = f2; f2 = T2; b2 = (-Fz-fl);i=i+1];

If[ (b1b2 < @) 8& (b2 < @),

a = Findvaximum[T [u], {u, N[En-2 % st], En}];

x[[++b]] =a[[2, 1, 2]];
(xPrint["E= ",x[[b]]," maxT= ",T[x[[b]]1];%)

quwe = OpenAppena [';Ed_é.4_x_1.6_#1.4—x_3.4nm.dat", DOSTextFormat -> True];
WriteString [qwe, CFor'm'[x[ [bj TT.5 “NEM]S |
Close[éwe];
];’ (*If;) |
If [ (b - jmax) = o, ‘En = 1501] ;

En = En + st}
] (xforx)
jmax = b;
(xPrint [Style [ "WAPUHN MAKCUMYMIB",14,Blue,Bold]]; %)

Riv[En_, i_] :=T[En] -T[x[[i]]1]1/2;
G = Table[®©, {i, 1, imax}, {j, 1, 2}];

For[i=1, i< imax-1,

s = @;

x[[e]] = @;

yl = Abs[(x[[i]] -x[[i-1]])] /5@;
y2 = Abs [ (x[[i]] -x[[1+1]])] /50;

step = -Min[yl, y2];

Em2 = x[[1]];
Label [zanovo];
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For[l=1,1< 250, 1++,

Eml = Em2; Em2 = Em2 + step; hl = Riv[Eml, i]; h2 = Riv[Em2, i];
If[h2 < @, t = FindRoot [Riv[Em, i] == @, {Em, Eml, Em2}];

1l-= 251;
s=s5+1;
G[[i, s]] =Abs[t[[1, 2]] -x[[1]1];
15 (xIfx) | o
1; (%Forsx) |
If[s = 1 5 ;s.»tep = -step; Goto[zanovo]];
éaa;bé;ﬁiﬁtét[i,1]],G[ti,2]]];
Print [“En‘=ﬂ , ).<[ [A] 15" G= ", Gam];
qw.é = OpenAppend["Gd_3.4 x 1.6 21.4-x_3.4nm.dat", DOSTextFormat -> True];
writeS‘;‘rﬂing[qwe,’ G;ﬁ, \t], |
Cio;e [qwéi;
i‘=i+1‘ S
]; (xForx)
qwe = OpenAppend[“Ed 3.4 x_1.6_21.4-x_3.4nm.dat", DOSTextFormat -> True];
Wr‘ites;tr‘in’g[qvu’u'a, "'J‘\n‘"‘]b; . B
élosé[qwei ;‘
qwe = 0'.)/ebnl-\)p‘pe‘nAd ‘[‘"Gd_3.4_x_1.6_21.4—x_3.4nm.dat", DOSTextFormat -> True];
Writesffing [qw‘e,‘ \n], H .

Close[que] ;

R=R+&2b
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JIABOPATOPHA POBOTA Ne 7

"INO®EPEHUIAJIBHI PIBHAHHSA APYTI'OI'O ITIOPAAKY B YACTUHHUX
HOXIAHUX Y MOAEJIIOBAHHI ABUIIIA ITIEPEHECEHHA TEIVIA Y
HATI'PITUX CTEPKHAX METO/IOM ®YP’€E™

1. @i3uuna nocmanoeka zaoaui
PosrnsnaeTbest Gpi3udHMNA MPOLEC OXOJOMKEHHS CTEPXKHS JOBKHUHOIO L skmii
OyB momepeaHbO HarpiTuii 1o Temmepatypu U,. B moment wacy t=0 crepxeHb

TEII0I30/I0I0Th, a HOTO KiHIi yTpuMmyioTh mpu Temmepatypi 0° C. HeoOximHo

BCTAHOBUTH 3aJICKHICTh 3a SKOIO Bi,II6YBa€TBC}I OXOJIOMKCHHA CTCPIKHA, Ta

TEMIIEpaTypy BCEpEAMHI HbOTO AJIs 33JaHOT0 MOMEHTY 4dacy t, (puc. 1).

v

0

U,

u,

Puc. 1. 'eomeTpruyHa cxema TeI0130J1b0BAHOTO CTEPHKHS, TOPLI IKOrO
YTPUMYIOTBCS TIPU MOCTINHINA TeMIepaTypi
2. Mamemamuuna mooenv npoyecy: pi6HAHHA MENI0NEPEHOCY Mma
2PDAHUYHI YMOBU HA KIHYAX CHIEPHCHA
KpaiioBa 3amaya, ToOTO 3ajada B sKiM 3ajlaHl TpaHUYHI YMOBH Il (DYHKITI1

PO3MOLTY TeMIIepaTypu B ¢ cTepxHi U(X,t) Mae BUrIIsI:

au_, o
ot ox?
u(0,t) =u(L,t) =0, (1)
u(x,0) =u,.

ne K — xoedilieHT TEIUIOnpPOBIIHOCTI MaTepialy CTEPXKHSI.
Po3p’s30k  kpaiioBoi 3amaui (1) A Harpitoro CTEpKHS 3 HYJIbOBUMH

3HAYEHHSAMH TEMIIEpaTypy B HOTO KIHIISX IIYKAETHCA Y BUTIISAIL PAAY:
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u(x,t) =ian exp(-n’z°kt / Lz)sanLX ()
n=1

ne a, — koedimienTu poskiany 3a B pan @yp’e 3a cunycamu ¢pynkmii f (X) =u(x,0),
o0 33Ja€ TOYAaTKOBHM pPO3MOALI TEMIEpaTypd B CTEp)KHI. 3HAYEHHS LMX

Koe(iIieHTIB BU3HAYAIOTHCS SIK:

j £ (x)sin @dx 3)
B Hamomy Bunaaxy:
Uy, O0<x<L
f(x)=4 " g 4
9 {O,—L<t<0. )
Toni miacTaBsiroun (4) B (3) 1 BAKOHYIOUH IHTETPYBaHHS:
Nz X nzX 2u, L x|
:—If( )si n—dx_—.[s n—d =——2.—cos—| =
L nz L |,

-2 (cos 7L _ cos m.oj -2 cosnz —cos0) - ‘%((‘1)n )= @
. L L Nz

¥4
4u,
,nN=2k+1lL keZ
(1 (-D)" )= nz Thre
0O,n=2k, keZ.

2u
Nz

[leti >xe pe3ynbTaT MOXHa OyJIO0 OTPUMATH 3 BUKOPUCTAHHSM CHUCTEMU

Wolphram Mathematica:

. 2 L I 1
In[1]:= Assum:l.ng[n € Integers, {— j ue Sln[
L .Je

—] ax}]

2 |1+ (-1) l'”: ue
Out[1]= [ |
=1 .- J

TakuM 4MHOM, PO3B’SI30K KpaoBoOi 3a1a4i:

1) =—2 e 22kt 1 12)sin 22 5
u(x,t) ﬂ;nxp( Jsin =" (5)
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3. Bxionui oani

L =50 M — 1oBXXHHA CTEP)KHS;

k =0,15 MJ';[ < — KOe(III€HT TEIUIOMPOBITHOCTI CTEPXKHS (BIAMOBIAE MaTepialy

3aJ113HOTO CTEPIKHS);
U, =100 °C — Temmeparypa cTepikHs;

t ={0, 2000 ¢} — miama3oH 4acy Bij| MOYATKY OXOJIOKECHHS CTCPIKHSI.

4. Anzopummizayia nodyoosu po3e’a3Ky mamemamuuHoi mooeni

[ToGynyemo rpadik 3anexxHocti U(X,t) mwist TeMuepaTypu MoceperHi CTEPHKHSI
L

X= P JUIS pI3HUX 3HAYEHb N

u(t)
120 -
100
— )
ot t9
60 u(g t, 25)
560 1060 1560 2000 e u(g’ t’ 50)

Puc. 1. I'padik 3anexxsocti U=U (%,tj

SAx BugHO 3 pucyHka mpu N=25 i npu N=25 rpadiku 3anekHOCTEH

L . . : .
u=u (E,tj yKe Malke CIiBIaJaloTh, 10 CBIAYUTH MPO 301KHICTD sy (5).

[To6ynyemo 3anexxHocTi U =U(X) as pi3HUX MOMEHTIB 4acy:
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U(x)
100

80+
60 r
40+

20+

! 10 20 30 40 50
— u(X, 500, 25)
— u(x, 1000, 25)
— u(x, 1500, 25)
— u(X, 2000, 25)
Puc. 2. T'padik sanexnocti u=u(X)

Sk BuaHO 3 TpadikiB 3ameKHOCTI U=U(X) [OpH OXOJOMKCHHI CTEPIKHS
. : . L
MaKCUMYM HOTO TeMIIEPaTypH 3MIIIY€EThCS 10 HOTO CePeIUHH X = >

V3aranpHIOIOYM OTPUMaHi BHIIE pPE3yJbTaTH MOOYAYEMO TPOCTOPOBUI
posmoin Temmeparypu U(X,t):

X
20

150

100

U(x, t
(X)50

2000
Puc. 3. IIpocTopoBuii po3no/iin TeMrepaTypy B CTEpkKH1 BUTOTOBICHOTO 3 3aili3a
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JIOIIbHO BUKOHATH PO3PAaXyHOK MPOCTOPOBOTO PO3IMOAUTY TEMIIEpaTypu IS

CTEp>KHS 3 IHIIOTO MaTepialry, SKUH XapaKTepHU3ye€TbCs MEHIIMM KOe(illieHTOM

Jx

M

TCILUIONPOBITHOCTI, HANPUKIAA It OeToHy mis sikoro, K = 0,005 >

Maewmo:

Puc. 4. TIpocTopoBuii po3moIii TEMIEPATyPH B CTEPKHI BUTOTOBIICHOTO 3 OCTOHY

Sx BUIHO 3 TOPIBHAHHS PHUCYHKIB 3 1 4, sl CTEP)KHs, BUTOTOBJICHOTO 3
OETOHY OCTUTraHHS BiIOYBA€THCS MOBUIBHICTh, HIK JUISl CTEP’KHS, BUTOTOBJIECHO 3
3aJti3a, OCKUTbKU KOE(IIIEHT HOTO TETUIOMPOBIAHOCTI MEHIIIUH.

binbll HaO4YHO 1€ MOXKHA MOKa3aTh OOYMCIMBIINM TEMIEpPaTypy BCEpEIrHI
L
CTEpXHS X = 2 JJIs1 JOCUTh BEJIMKOIO 3HAYEHHS Jacy t.

[Tpu t =10000 ¢ maemo:
U, =97,516°C;
=0,341°C.

u3ani30

TakuM 4YHMHOM MOXKHAa 3pOOMTH BHCHOBOK, IO OETOH € XOpPOIIUM
TEIJI0130JIITOPOM.

BucHoBku. Pe3ynbTaToM nOpOBEAEHOTO JOCTIKEHHS 3 MAaTeMaTHYHOIO
MOJICTIOBAHHS TEIUIONIEPEHOCY B HATPITUX CTEP)KHSIX BCTAHOBICHO 3aJICKHOCTI
TEMIIEpaTypyu B CTEPXKHI BijJ Yacy Ta PO3MOIUT TEeMIEPAaTypH BCEPEANHI CTEPKHSI.
[lokazaHo, 10O OCHOBHMUM YMHHUKOM JUIsl IIBUJIKOCTI OCTUTAHHS CTEpXKHA €

TEIUIONPOBITHICTh MaTepiaily, 3 SIKOTO BiH BUTOTOBIICHUH.
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onarku
Jlictunr nporpamu y cepexosuuii VWolphram Mathematica nis moaeoBaHHst

SIBUIIIA NEPEHECEeHH TelJIa Y HATPITUX CTePKHAX MeTo10M Dyp’e

"PoapaxyHok koediuieHTiB posknagy y psa Oyp'e”

Assuming[n € Integers, {%JLUG sin| L fx] ax}]
[ a
2 (1+ (-1)“”) ue
}
nsx
"BxigHi paHi 3ajgayi”
ue := 100;
L :=50;
k = 0.15;
4ue o1 i2x2Kkt, | . inx
uix_, t_, n_J :=T;;Exp[— - ] sin] . ]

"Po3paxyHoK 3aneXxHocTel TemnepaTypu BcepeAMHL cTepxHA Bia 4Yacy”

Plot[{u[L/2, t, 1], u[L/2,t,5], u[L/2,t, 25], u[L /2, t, 58]}, {t, @, 2000},
PlotRange —» All, AxeslLabel » {t, U[t]}, PlotLegends » "Expressions"]

"PospaxyHoK po3noAiny TemnepaTypu BcepeAUH1 cTepXHA
Plot[{u[x, 5@, 25], u[x, l@ee, 25], u[x, 15@@, 25], u[x, 2000, 25]},
{xX, @, L}, PlotRange -» All, AxesLabel » {x, U[Xx]}, PlotLegends -» "Expressions"]

"MpocTopoBMiA posnoain TemnepaTypu AnA 3anaiszHoro crepxHa"

Plot3D [u[x, t, 50], {x, @, 50}, {t, 10, 2000}, PlotRange » All, AxeslLabel » {x, t, U[X, t]}]

"MpocTopoBuUiA po3nogin TemnepaTypu ans 6eTOHHOro cTepxHA"
k = ©.005;

Plot3D [u[x, t, 50], {x, @, 50}, {t, 50, 2000}, PlotRange » All, AxeslLabel » {x, t, U[x, t]}]

"TemepaTypa BcepeAuHi 6eTOHHOro cTepxHa"

k = ©.005;
N[u[L/2, 10000, 50]]

97.5161

"TemepaTypa BcepeAWH1 3anizHoro crepxHa"

k = @.15;
N[u[L/2, 10000, 50]]

©.341288
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JIABOPATOPHA POBOTA Ne 8

"CUCTEMM HEJIHIMHUX JJUPEPEHIIAJIHAX PIBHSAHD JIOPEHIIA
Y MOAEJIFOBAHHI 'EHEPATOPIB IUHAMIYHOI'O XAOCY"

PosrnsimaeTbcsi AUHaAMiYHA CHCTEMA, CTaH SIKOi OMHCYETHCS CHCTEMOIO
HeMHIMHNX audepeHiialbHUX piBHSAHb JIOpeHIla, 0 TeHEepaTopoM JIUHAMIYHOTO

Xaocy.

1. Mamemamuyuna mooenb 2eHepamopa OUHAMIYHO20 XAO0CY
MatemaTuyHa MOJENIb TeHepaTopa JAUHAMIYHOTO XaoCy 3aJa€ThCsl CHCTEMOIO

HeNHINHUX TudepennianbHux piBHsAHb JlopeHna:

%——ax+a

dt 4

dy

— =-—XZ+bx-vy, 1
ot y (1)
g—xy—cz

dt ’

e X=X(t); y=y(t); z=1z(t).

Jlana cucteMa € KIACHMYHOK, TPUBUMIPHOKO Ta 3a0e3leuye OTpUMAaHHS
JBOTICTIIEBOTO  aTpakTtopa JlopeHna mims 3amaHuX 3HA4YeHb MapaMEeTPUIHUX
KoedimieHTIiB &, b, C Ta mpu 3miHi aprymeHTa t .

Jlns moOynoBu MaTeMaTHYHOI Mojeni 3amadi, st cuctemu (1) 3actocyeMo
METOJ CKIHUCHHHUX PI3HUIIb.

Hamamo ¢yukmism X =X(t); y=y(t); z=z(t) npupoctiB AX, Ay, AZ 10
BUXIJHHMX MTapaMeTpax Ta I MPUPOCTy aprymeHTa At .

Toni cucrema (1) HabyBa€e BUTIISY:
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AX
A —ax, +ay;,,
Ay
At ==Xz, +bX = ¥y, (2)
Az
E =Xi1Yi1 —CZiy,
3BIJKU:

AX = (-ax;_; +ay; )AL,
Ay = (_Xzi—l + in—l - yi—1)b’ 3)
Az = (X 4Yiq —CZi4)b.

Y (3): I — Homep morounoi Toukw, I=1..N, At — CKIHYEHHHU NpUPICT

aprymeHnra t.

2.  Bxiowui oani
a=>5;b=1 c=1 — 3HaucHHS mapaMeTPUIHUX KOC(II[I€HTIB;
At =0,05 — kpok po3paxyHKy IO apryMeHry t;

N =1000 — KiTBKICTh pO3paXyHKOBUX TOYOK;

t ={0..1000} — niana3on 3MiHu aprymeHTa t.

3. Anzopummizayia nodyoosu po3e’a3Ky mamemamuunoi mooeni
[ToOynmyeMo auHaMi4HI aTpakTOpU 3aJlaHl CUCTeMOl piBHsAHb JlopeHma vy

MPEICTABICHHI METOJy CKIHUEHHUX PI3HMIIb JUISl PI3HUX 3HAYCHb MapaMeTPUIHUX

apryMeHTIB.
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/ //
/ / ‘ //

~<—————

Puc. 1. Atpakropu JlopeHiia, reHepoBaHi 3 cucteMH (3) il pi3HUX 3HAUYCHb

napaMeTpUYHUX aprymenTiB. a) a=1;b=1,¢c=1;6) a=2;b=1c=1;

c)a=1b=1c=2.

[ToOyayemMo nuHAMIYHI aTpakTOpu 3aJaHi cuUcTeMolo piBHSIHb JlopeHua y

MpeACTaBICHHI METOy CKIHUEHHUX PI3HUILL JJIS PI3HOTO 3HAUYCHHS KIJIbKOCT1 BUTKIB

y TEHEpOBAaHOMY AMHAMIYHOMY aTpPaKkTOpl MpU 3HAYEHHI 3HAYEHb MapaMeTPUUHUX

aprymenTiB a=1,b=1, c=1.

N
P =1
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V4

Puc. 2. Atpakropu JlopeHiia, reHepoBaHi 3 cuctemH (3) AJis pi3HUX 3HAYCHb
KUIBKOCTI BUTKIB Y TEHEPOBAaHOMY IMHAMIYHOMY aTPaKkTOp1 NpU 3HAYCHHI 3HAYECHb

napaMeTpudHuX aprymeHTiB a=1b=1c=1.

BucHoBku. Pe3ynpTaToM TPOBEACHOTO OCHIIKEHHS 3 MaTEMaTUYHOTO
MOJICTIIOBaHHSI TE€HEPaTOpIB JMHAMIYHOTO XaoCy Ha OCHOBI CHCTEMHU HETIHIMHHX
piBHsHDb JlOpeHIIa € MPOCTOPOBI aTPAKTOpU, OTPHMAHI IS PI3HUX 3HAYEHb

napamMeTpUYHUX KOE(IIIEHTIB Ta PI3HOTO J1ana3oHy aprymeHTa t.
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onarku
Jlictunr nporpamu y cepenosumi VWWolphram Mathematica nas remeparopis

AUHAMIYHOTO Xa0Cy

(*PO3paxyHOK MpOCTOPOBUX 3Ha4YeHb KOOpAUHAT
AVHaMi4YHOro aTpakTopa 3rifgHo mMeToAy CKiHYEHHMX pi3HULbx)

n74- data = Table[With[{N = 1000, dt = 0.65, a=1,b=1+j, c = 1},

Tabn--- [ucno--- | YncneHHoe npubnmxeHne
NestList [Module[{X, Yy, z, X1, y1, 21}, {X, Yy, 2} = #;
CMUCOK W= | NpOrpaMmHblii MOAY b

Xx1l=x+a (-x+y) dt;
yl=y+ (bx-y-zXx) dt;
z1=2z+ (-Ccz+Xxy) dt;
{x1, y1, z1}] &, {1, 1, 1}, N]], {3, @, 25}];
YNcneHHoe npuonmxeHune
(*MapameTpuyHa nobyaoBa NMPOCTOPOBOrO0 AUHAMiYHOro aTpakToOpax)
Graphics3D@MapIndexed[{Hue[0.1 First[#2]], Point[#1]} &, data]

3-mepHas r--- | npeobpasoBar-- | TOH nepBblii TOUKa

out[75)=

107



HaBuanbHO-MeTOIMYHA JTiTEpaTypa

HHerpuxk M.P., boiiko 1.B.
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