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BCTYII

[Mepiri cripobu CTBOpeHHS] KOMITIOTEPHUX TIpOrpam /il BUKOHAHHS
aHaTITHYHUX 06uMceHs Oymu 3pobsieHi 1ie Ha repiyx jamroBux EOM. TIpote ix
TeXHiIYHI MOK/IMBOCTi 3yMOBJ/IeHI Mi3epHO MaluM OOCSroM MaMm'sTi i HU3BKOMO
IIBU/IKICTIO OOUMC/IeHb He [I03BOJIWIM 1[bOMY HampsMKy PpO3BUBAaTHCS 1 [atu
peasibHi MPaKTUYHI, a He TiTbKKA aOCTPaKTHi, pe3y/bTaTH.

[oBOpUTH TpO TIOSIBY peajibHUX CHUCTeM KOMITHOTepHOi anrebpu cCTaso
MOK/IMBUAM JIvlLIe T1icst nosiBu EOM TpeThoro rokoJiiHHA Kiaacy «Mup-2» 1 « Mup-
3», sIKi Oy CTBOpeHi HayKOBOO ITTKO/IO0 akaziemika B. M. I'nyiikora. Jani EOM,
TaKOXX Majid [JOCUTb CKPOMHI TeXHiuHi XapakKTepUCTUKU, 3aTe BUKOPHUCTOBYBa/IU
MOBY TIpOTpaMyBaHHsI AHAJITHK, siKa MiATPUMY€ aHa/MiTHUHI o6umncieHHs [1].

MacoBuii po3BUTOK KOMIT'tOTepHa ajirebpa orpumaria micssi rnosisu B 80-90-x
pokax MuHysoro cromitts B 80-90-ux pokax MHHY/IOIO  CTOJITTA
MIKDOKAJIbKY/ISTOPIB 1 TepCOHa/JlbHUX  KOMITHOTepiB,  BUKOHAaHMUX  Ha
HariBIMPOBIJHUKOBUX iHTErpaJbHUX cXxeMax Benukoi ctyreHs inTerpauii (BIC) [2].
B 11eif yac BKe 3'IBUIHCS TIepIIli rpadiuHi KaJbKy/IaTOPH , 1110 Oy/Iv opieHTOBaHi Ha
HayKOBi pO3paxyHKA W MOJEIIOBAaHHSA 3 BUKODUCTAaHHAM CHUCTEM CHUMBOJIbBHHAX
obuvicieHb [7,8] i mepiii KHUTH , 110 OMUCYBaJd METOJU TIepCOHA/IbHUX MaCOBUX
oburiciieHb i kKomm'toTepHoi amrebpu [2-7, 9, 10]. 3'sBusocs Takok i Ge3siu
pO3pO00OK KOMepILiiHUX cucTteM Komimr'torepHoi wmarematuku (CKM), nobpe
OMMCaHUX y BeUKIiM KIJIBKOCTI BiMOBIHOI iTepaTypu [8-21,26-33].

be3mnocepegHiM MOTHMBOM [i/1s1 TTIATOTOBKY MIPOTIOHOBAHOI KHUTM CTaJjia 1MosiBa
HOBUX Bepciuil cuctemru Mathematica — Mathematica 8.0, 9.0 i 10.0 Ta yiskoBUTa
BiZICYTHICTb B Halllili JIiTepaTypi KHUT MO L[UX MPUHL[AIIOBO HOBUX peasi3aljisx L€l
cucteMd. Ha »kanb, SIK cTapii Tak i cydacHi Bepcii cuctemu Mathematica B
YKpalHCBKiM HaBYa/IbHIN JIiTepaTypi onmcaHi Jy>ke Majno. BapTo BUAIUTH €QuHY
KHUTY [] opieHTOBaHYy Ha BUKOPHCTAHHSI PO3paxyHKiB Ta MOZe/I0BaHHS (hi3UUHUX
riporieciB y cucteMi Mathematica 5.0, 1110 3i 3p03yMiIMX TIPUYMH € BXXe MOPaJbHO
3acrapinor. TakoK C/1iJ 3ayBakKUTH, 10 He 3Ba)KAHOUM Ha MOCTIMHO 3pOCTaruvy
norpe0y y HaBuaHHi MaWOyTHbBOTO IIporpamicra AMCIMIUTIH, TIOB’SI3aHUX 3
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BukopuctanHsM (CKM) meToguuHOMYy Ta HAyKOBOMY 3a0e3redyeHHI0 TaKOTo
HaBUaHHS [MOKU L0 NIPUIIIAETHCSA MaJjla yBara.

Cucrema Mathematica criouatky Gysa J1i/lepoM cepesi CUCTeM KOMIT'HOTepHOI
anrebpu. Bepcii Mathematica 8.0, 9.0, sk i 5.0, 6.0 gecsiTb POKiB TOMY, CHOTOZIHI €
Halbi/bII BiZJOMUMU i BUKOPUCTOBYBAaHUMU CepeJi KOPUCTYBadiB CUCTEMAMU LIbOTO
KJIacy, € CTpsMOBAaHUMH Ha 30epe>keHHsI LbOTO JIiZIepCTBa Ta PO3LIMPeHHsT cdepu
3aCTOCYBaHHS MPOrpaMHUX TMPOAYKTIB AaHoro tury. Criif 3ayBakKWTH, IJ0 XOua
TaKOXK iCHye mpomixkHa Bepcisg Mathematica 7.0, mixk crapumu Bepcisimu 5.0, 6.0 i
HoBuMH 8.0, 9.0 icHYIOTH 3HauHi BiAMIHHOCTI Ta BAOCKOHA/EHHS, sIKi HEOOXiJHO
Oyno 6 BUCBIT/IMTUA. TaKOXK iCTOTHUM € BiZICYTHICTb KHUT 3 OCHOB IPOTpaMyBaHHS
B cucTemMax kjacy Mathematica.

CyuacHi Bepcii Mathematica 8.0, 9.0 - e Bxe He 1ipocto qifep. Lle giticHo
PEBOIOLIIMHUM TIpOTPaMHUM TPOAYKT 3 BeJMYe3HWM YMCJIOM HOBalLlik, SKi
BHCYBaIOTh CHUCTEMY B 0co0/ivBe CTaHOBUINE, i 1[0 Hafa€ i MOMK/IMBOCTI, sIKi,
MarOTh 3HAaUHi TlepeBaru MopiBHSHO 3 iHIIKMMU chucTeMaMu. Lle cToCcyeTbCst HOBaLin
iHTepdeiicy AOKyMeHTIB CUCTEMM, BUCOKiM IIBUJKOCTI 0OUMC/IeHb i Be/Mue3HOro
Habopy KOpUCHUX (YHKIIiM, a TAKOX, II]0 Ay>Ke KOPHUCHO, iHTepdeiicy KopucTyBaya.

OcobnuBicTIO 1€l KHATH € Te, 1[0 BOHA B TIEPINy Uepry Opi€HTOBaHa Ha
rporpamicTiB i omnucye cuctemy Mathematica sSK NOTy)KHUM TpodecivHO-
Opi€EHTOBaHy Ha MareMaTWyHi 1 HAyKOBO-TeXHIYHI pO3paxyHKU MOBY
TporpaMyBaHHsSI Ha/IBUCOKOTO piBHSI. Benuue3He uwncio BOygoBaHUX 3acobiB
oOurcieHb [103BOJIIE PO3B’SI3yBaTH T€PeBa)KHY OI/BIITICTh 3aBAaHb Ha MOBI
Mathematica, cunbHO HabmKeHOT 10 3BUUaitHOT MOBM MaTeMaTHUYHUX 00OUrC/ieHb
Ta MoBu C++ - 6a30Boi MOBM CydyacHOro Tiporpamicrta. ToMy KOpHCTyBau 3MOXe
rporpamMyBatd B cepezoBuilli Mathematica, ¢akTUUHO, TIOUMHAKOUM 3 TIE€PIIUX
CTOpPiHOK KHUTU. [IpoTe KHura Oyle KOPHUCHOK TaKOX i 3BAYANHOMY
KOPHCTYyBaueBi, HaBiTh HE 3HaIOMOMY 3 IIPOrPaMyBaHHSIM.

3a koppoHOM cucTteMa Mathematica mIMPOKO 3aCTOCOBYETHCSI HE Ti/IbKU B
HAyKOBO-TEXHIUYHMX | MaTeMaTUYHUX pPO3paxyHKaX, a TAaKOXK 1 TPU BUKJIAJAHHI

OaraTbOX [UCIMIUTIH B yHiBepcWTeTax, Ta Koyiemkax [58-76]. MokmuBocTi



Bisyasizamii oOuvcieHp y rpadiuHOMy Ta [AWHAMIUYHOMY BHIVISIAI  Pi3KO
PO3IIMPIOIOTh MOXK/IMBOCTI OCTaHHiX Bepcili Mathematica B MojentoBaHHi, cdepi
TOUHHUX | TEXHIYHUX HayK, B cepi OCBITH.

SIK yKe Bi/i3HauanOCsi, 3 PO3IIUPEHHSM CQepu [isVIbHOCTI Cy4acHOro
IporpamMicTta BMiHHS BUKOPUCTAHHSI CydyaCHUX CHUCTeM KOMIT FOTepPHOI MaTeMaTHUK!
Mae BeqvKe 3HaueHHS. Llel mycTy Hilly B Mporeci HaBuaHHs IIporpamicra i
MOK/IMKAHWM 3allOBHUTH LIeU MiJPyUYHUK.

Marepiasn jJaHOT KHUTM MOAA€E€THCS TaKUM YMHOM, 1110 OCHOBHA MO0 YaCTHHa
MOyKe BUKOPHCTOBYBATHCSl KOPUCTyBauaMu Oy/ib-sikoi Bepcii cuctemu Mathematica,
TTOUMHAIOYM 3 TIePIIUX ii T71aB, a TaKOXK BUBUAIOUM JIMIIIE CITellia/li3oBaHi HeoOxXimHi
JUIs HaBYaHHS uyM POOOTH TIaBU. Y KiHILi MiJpyuyHUKa TpUBeJeHUN 3MiCcT Ta
MpUK/Iafid  BUKOHAHHA  jabopaTopHuX pOOIT, TPOMOHOBAHUX  CTyAEeHTaM
crnetjianibHOCTi 121 — IHKeHepist mporpaMHoro 3abe3rneuyeHHs Mif yaCc BHUBUEHHS
npeaMery  “ludepeHiiianbHi  pIBHAHHA Yy MaTeMaTMUHUAX MOZJensx’, 110
[IeMOHCTpY€ NpU3HaYeHHs Marepiasy, BUK/Ia[eHOrO B KHU3I.

ABTOp BASAYHMM CBOIM Kojieram 3 Kageapu nporpaMHoi imkeHepii THTY im.
IBana Ilymtosi 3a LiiHHY JOTOMOTY Ta 3ayBa)kKeHHsSI MPU OOTrOBOPeHHi DPYKOMHUCY

KHHI'U.



PO3a1/I1

POBOTA B CUCTEMI MATHEMATICA TA IHTEP®ENC
KOPUCTYBAYA

1. Icmopisn nosisu cucmemu Mathematica ma ii micye y 3acmyeaHHi 00

NpuK/1adHuUx 3adau

Cuctema Mathematica 1, sika 3'sBuacsi Ha rouatky 1988 p, ctana nepiiioro
Cepro3HOI0 CUCTEMOIO KOMITHOTepHOI anre6pu [22]. HactymnHa Bepcis Mathematica
2 MoI7Ia BXKe TIpalffoBaTH TIifi omeparjiiiHoro cuctemoro MS-DOS i 060/10HKOIO
Windows 3.0 [23-26]. Cuctemu BUK/IMKaIX >KBaBUM iHTepeCc 3 OOKy YuHiB,
IpOrpaMicTiB, BUK/aJayiB BY3iB 1 YHIBEepCUTETIB, acIlipaHTIB, IiH)KeHepiB 1
HayKOBLIiB ¥ BCbOMY CBITi.

Bepcii Mathematica 3/4 [26,27] 3abe3neunnu cucTemi figupyroue Miciie
cepej, CUCTeM KOMITHOTEpPHOI MaTeMarWKy KiHIg XX CTO/TTa - rnoyarky XXI
CTOJIiTTA. Bennue3He uuca0 po3B’si3aHUX MaTeMaTUUHUX, (i3UUHHUX i HAyKOBO-
TeXHIUHUX 3aB/aHb [34-57] moB’si3aHe 3 3aCTOCYBaHHSIM CaMe 1[UX BepCiii CUCTEMHU.
Yucso orepatopiB i QyHKIIM B SApi crcTeM B Iieii yac Oy/io JoBeseHO A0 OisbIl
Hi>K 1000, B maketax poswupeHHs 10 800.

Opnak Ha novatky XXI cromitra Mathematica ctana BiguyBaTW CU/IbHY
KOHKYDeHILIifo 3 OOKy iHIIWX CHCTeM KOMITIOTEePHOI MareMaTuku. B o6smacri
KOMIT 10TepHOI anreOpu B fifiepy mBUAKO rpobusiacsi cuctema Maple [20, 21], 1110
Oysa CTBOpeHa CrouaTKy /Jsi 3aCTOCYBaHHS [0 Koja BY3bKUX 3aJad B
YHIBEPCUTETCHKUX KOJIaX 1 IIBUAKO PO3BUBAETHCH.

Cepen, cucteM i 4YMCe/IbHUX PO3PaxyHKIB Ta MOZE/JIOBaHHS IPOBiJHe
Miclle 3aifHsiTa TIOTYy)KHa MarpuuHa cucteMa MATLAB 3 maketom 0/10UHOTO
MareMaTUyHOro MmojentoBaHHs Simulink. He 3Bakarour Ha 3HauHi MOXKJIMBOCTI
JIaHOI CHCTeMHU, B TMOBHOMY 00Cs3i peasi3yBaTu yCi I MOXK/IMBOCTI MOK/IUBO JIMILIE
Ta CyyaCHUX mMysbTuripoecopHux 1K Ta obunc/itoBasbHUX KaacTepax.

Benvky nonynsipHicTh 3100y/1a Takox i cuctema Mathcad 3 i iHTepdeiicom,

OpiEHTOBaHI/IM Ha pOBB’HBaHHH MdTeMdTHUYHHUX 3a[d4 i CKPYIIY/IbO3HUM Bi,[[60pOM



byHKLiH, Bxogauux [0 ii sapa [10,11]. MiHycoMm faHoi cucTteMu € ii Jy>ke By3bKa
OPIEHTOBAHICTh, 1[0 MPAKTUYHO HIBE/IOE 11 MOXIUBOCTI Yy PO3B’A3aHHI CK/IaJHUX
3ajau (pi3vKH, MOZIe/TOBaHHS (Pi3MKO-TeXHOIOTTYHUX TPOLIEeCiB.

Y 3B'SI3Ky 3 BMIlleCKa3aHUM LUM Jlijupytoue micije cuctemMyd Mathematica B
KpaiHaxX TMOCTPaJsSHCHKOTO MPOCTOPY BXKe 3[jaBajioCh He TakuM Oe33ariepeuHvM .
Hepigko mounHaroui KOpUCTyBaui BiIMOBJIS/IMCH Bifj BUKOpUCTaHH Mathematica
MPOCTO TOMY, IO iM OyB TIOraHO 3pO3yMiJiol0 MOBa (PYHKIiOHAJLHOTO
rporpaMmyBaHHSl 1€l CHACTeMM, a TaKOX iX JiKaja He3BHUUYaWHICTh (ikcarlil
BBelleHHs1 KiaBimamu Shift + Enter, He3BuuaiiHe 3aflaHHSI iMeH QYHKIIiMH,
Haripykaaja Tan[x], i3 3a3HaueHHsIM IMapaMeTpiB B KBaJ[paTHUX [Ay)KKax, i iHIIi
0CcoOMBOCTI MOBM TIpOTpaMyBaHHS, ycrazgkoBaHi Bifg moBu C. Kpim Toro mepii
Bepcii Mathematica Manu Maje UWCIO TPAKTUYHUX TMPUKIA/IiB 3aCTOCYBaHHS
cuctemud. KopucTyBauaM uacTo 37aBajocs, 110 CUCTeMa cabo i [I0Bro
MOJIepHi3y€ThCsl, OCKi/IbKM 3MiHa HOMepa Bepcii y po3pobHukiB cucremu (dipma
Wolfram Research) 3aiimasa KijsbKa DOKiB, TOZi SIK iHII CHCTeMHU-KOHKYPEHTH
OHOBJTIOBA/IMCS MPAKTUYHO i 1opiyHo. Lle BUAHO MO0 HOMepaM iX 0CTaHHIX BepCiu,
Harnpukiaz, Maple 14 i Mathcad 14.

3rajiaHi HeloMiKU cucTeMd Mathematica HepiJIKO CTalOTh B MOZAbIIOMY il
niepeBaramu. Tak, BeJIMKUM yac Mk po3pobkamu Bepciii Mathematica 6 Ta 71 8, 9
Ha TIPaKTHI[i CBiJUATHL TMPO IX peTelbHOr0 JoormpaifoBaHHs. OcobmuBo 1ie
CTOCY€TbCSI IMHAMIUHOI 3MiHU 3MiHHUX, IHTEPAaKTUBHOIO JUHAMIYHOTO iHTepdency
1 1HII fy)Ke KOPUCHI Ta LjiKaBi MOMK/IMBOCTI, IJ0 MarOThb aKTHMBHE 3aCTOCYBaHHSA
TIOYMHAK0UU 3 CbOMOI BepCil CUCTEeMMU.

Kpim Toro, mje BakuBille Te, 10 HOBI peasnisayii Mathematica 8, 9- 1e
JIIICHO yHiBepca/bHi MaTeMaTUuHi CUCTeMH, 1110 OIHAKOBO IIBUAKO, e(eKTUBHO i
HaZlilHO BUKOHYIOTh SIK aHaJ/IiTUYHi, TaK i yncenbHi obOuncieHHs. [laHi cucTemu
3aBaHTaXYHTbCsl Habararto MIBH/ILIE iHIIMX cUcTeM. € BCi MiICTaBU yBa)kaTH, 1110
Mathematica gificHo BUKOHY€e 06uMC/ieHHsI LIBU/IIIEe CBOIX KOHKYDEHTiB, 30KpeMa,

3aBASKA  BIepile  peali30BaHii  MATPUMI[I ~ MOX/JIMBOCTEM  Cy4yaCHUX



HaIIBUAKICHUX MiKpPOITPOLIECOPIiB - B TOMY UMCJIi OaraTosiiepHUX Ta 3a PaxXyHOK

0araTormoTOKOBUX OOUMC/IeHb.

2. Incmansyis i 3anyck cucmemu Mathematica 5

[HCTansLis cuctemu Mathematica 9 HiuvM He BifIpi3HSIETbCS Bif iHCTaNALT Oyab-
K01 TIporpaMu B orepariiviHii cuctemy Windows. ITicis iHcTasnsiii Ha pobouomy
CTO/ 3'IB/ISETbCSA SAPJIUK, aKTHBI3aLlifi SKOTO TIPU3BOJUTH [0 3aBaHTa)KeHHS

CUCTeMHU B TMaM'sITh KOMI'FOTepa Ta IMOsIBU BIKOH cucteMu (puc. 2.1).

.
% Woifram Mathematica 9.0 - [Virtual Book - Wolfram Mathematica] [E=REERES T EY virtual Book - Woltram M...

File Edit Insert Format Cel Graphics Evaluation Palettes Window Help F[...] Function Navigator &0 Virtual Book

VIRTUAL BOOK
SEARCH | =%

Create New... 1 h .
. .
~ 5 1z

2 Wolfram MathematicaQ  » weroon -

Notebook » Introduction
¥

Slide Show... B » Core Language
e amayplot  normal arrayrules  determina

Qthierc: ¥ New Wolfram Predictive Interface » Mathematics and Algorihms

Lot (%2
ArzagFlot[M2] Navigate Mathematica's rich functionality

Open Recent. with a suite of new usability features, » Visuzlization 2nd Graphics
including the Suggestions Bar. »
% 1 Labdnb ® Data Manipulation
L. - « 2

2. Kackag eigkpuTa.nk
P ® Dynamic Interactivity
3. Mathemati... (new).nb

 d

v

M 4.Llsb3nb » Notebooks and Documents
o

- o .. b .
- Vs,
= Ll v H ok _
5:Kackan sinkpuranb 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 '

Puc. 2.1. Ornsig moyatkoBoro iHTepdeiicy cucremu Mathematica 9

Crnouatky micas 3armycky Mathematica 3'BAsitOTbCSI TTaHe/Ib MEHIO i BeJIMKe BiKHO
pobouoro HoyTOyKa. Ha puc. 2.1 roKa3aHO TakoK BiKHO 3 BipTya/IbHOIO KHUTOIO T10
poboti 3 cucremoro Mathematica Ta HaBirarop BOygoBaHMX (GYHKI[iH siapa

(Kernel). Yci BikHa 3aKpUBatOThCS1 aKTUBI3aL[i€t0 KHOIKM 3i 3HAKOM «X».

3. I'o/108He MeHI0

[TaHesib TOJIOBHOIO MEHIO Ma€ BChOI'O [1Ba PAIKU:
* 3 Ha3BaMM CHUCTeMHU i 3aBaHTa)KeHOTO (ailsy;
* TIO3ULIISIMU TOJIOBHOT'O MEHIO.
[IpaBopyu i 3HM3y BiKHa pejaryBaHHSl MICTSTbCSl JIIHIMKA TNPOKPYTKU 3

XapaKTepHUMHU TIOB3yHKaMH, 1[0 MOXKYTh OyTH KepoBaHMMH MHUIIIED. Y CaMOMy
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HW3Y Ha M0YaTKy JIiHiKY MPOKPYTKM € TaK 3BaHa CTaTyCHUM psJIOK 3 iHdopMalliero
TIPO TIOTOYHMM pexkuM poboTu (Status bar).

['onoBHe MeHIO cucTeMH (pUcC. 2.1) MICTUTh TaKi BK/Ia/IKU:

* File - po6ora 3 ¢aiiiamu: cTBopeHHS HOBOTO (haiity, BUOIp icHyrodoro daiiny 3
KaTasiory, 3aKpuTTs (aiiny, 30epekeHHs1 oToYHOro aiiny, 36epexxeHHst (aiiny 3i
3MIiHOIO iIMeHi, IpyK J0oKymeHTa i BuxiZy B Windows;

 Edit — BUKOHAaHHS OCHOBHUX OMepaljii peAaryBaHHs (BigMiHa oriepariii,
KOTTiFOBaHHSI BU/Ii/IEHUX YaCTUH JIOKyMeHTa B Oydep 3 iX MojaabIliuM BUIa/IeHHIM
i 6e3 HLOTO, TTepeHeCeHHsT BUiIEHNX YaCTHH, IX CTUPaHHA);

» Incert — 3aBmaHHSI efneMeHTIB BBefleHHs1 (rpadikiB, MaTpullb, Tirepriocy/aHb,
JoflaBaHHsT y pobouunii HOYTOyK esieMeHTiB ¢aiiniB, BUOIp Kosbopy pobouoi
KOMIDKHU Ta HyMepaLlisi KOMipOK);

* Format - yctaHoBKa (popmary A/1s1 JOKYMEHTIB;

* Cell - pobora 3 dyHKI[ioHaTPHUMH KOMipKamMu (00'emHaHHSA i pO3'€HAHHS
KOMIpOK, YCTaHOBKA CTaTyCy KOMipKH, BiIKDUTTS i 3aKpUTT);

* Evaluation - ynpaBiHHS S/JpoOM CUCTeMH Ta KOTro KOH(iryparji€to;

* Palettes — poboTa 3 masiTpaMy MaTeMaTUYHWX OIlepaTopiB Ta (YHKIiH, 3acobu
BBeJIeHHSI MAaTEMaTUUYHUX CUMBOJIIB Ta X OMLIil;

* Window - onepatiii 3 BikHamMH i IX po3TallyBaHHM;

* Help - ynpaBninHs 3aco6amu 10BiJKOBOI CUCTEMHU.

KoxeH eneMeHT MeHIO, MPU aKTHBaLlil, BipMBa€ BUIIaJHEe MIJMEHI0, 1[0
MICTUTh MOB'A3aHI 3 HUM KomaHAu. Ha3BU BUKOHYBAaHUX KOMaH[ BUIIIAOTHCSA
YiTKUM, a Ti, fKi He BUKOHYKOTbCSI B [JAHUW YaC - XapakKTepHUM Cipum
PO3IUIMBYACTUM IIPUPTOM.

EnemenTu iHTepdeiicy, 30KpeMa BiKHO peZiaryBaHHS, MOYKHA TlepeMilljaTH 3a
JIOTIOMOTOI0 MUII Ta pO3TAryBaTd B pi3Hi 6oku. Kypcop mwuiii 3a3Buyaii Mae
BUIVISAZ, CTPI/JIKH, IIPOTE 3MIHIOETHCS NIPU CTAHOBJIEHHI Ha OKpeMi JieTasli eJleMeHTIB
inTepdeiicy. Haripukazi, 1py yCTaHOBI]i Ha BePTUKA/IbHY MEXXY BikHa BiH HaOyBa€
BUIVISIy [ABOCTOPDOHHIX CTPiZIOK <7, pO3TallOBaHUX IO TOpU30HTal. BoHu

BKa3ylOTb Ha MOX/IMBICTb TepeMilljeHHs L€l JiiHIi 0 ropyu30HTall. AHa/lOriyHO
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MO)KHa PO3TAryBaTH ab0 CTHUCKATH BIKHO II€pPEeMIIl|eHHSIM TI0 BepTHKami abo
JiaroHaJti.
Ha nouaTtky TUTY/JIBbHUX PSJKIB TOJIOBHOTO MEHIO i BiKHA peJjaryBaHHSI € KHOIIKA 3
JIOTOTUIIOM CUCTeMH, 1110 BiIKpPMBAE MiJMeHIO 3 HACTYITHUMU KOMaHJaMU:
* BilHOBUTHU - BiJHOBUTH PO3MipH ejileMeHTa iHTepdelcy;
* [lepemicTUTH - TIEPEMICTUTHU e/IeMeHT iHTepQeCy;
* Po3mip - 3ajaTu po3mipu efieMeHTa iHTepdericy;
* 3rOpHYTHU - 3TOPHYTH ejieMeHT B OMpPKY B MaHesi 3aBiaHb Windows;
* PO3ropHyTH - pO3rOpPHYTH e/ieMeHT iHTepQecy;
* 3aKpUTH - 3aKPUTH e/IeMeHT iHTepdeiicy.

Lle migmMeHIO CTBOpIOEThCS 3acobamu omeparliitiHoi cuctemu Windows.
Takox, B KiHLI L[UX PAAKIB € XapaKTepHi KHOIIKM, 1[0 [TOBTOPIHOIOTh TPU OCTaHHI
KOMaHAu. BoHU ciyxarb [/ yIpaB/aiHHA BiKHaMM BIJMOBIJHUX eJIeMEeHTIB

iHTepdency.

4. IIaaimpu mamemamuy4Hux onepamopie i pyHKyiti

|+ Woifram Mathematica 9.0 - [Untitied-1 *]

File Edit Insert Format Cell Graphics Evaluation Palettes Window Help

Basic Math Assistant

» Help and Settings

i “%ﬂ“‘“ l 0% ~

R S e _ m M
87 1 = - Expand[a]
= = [l t [ & |~ |Documentation, \Writing and Fermatting @ ¥ Calculator e
7 [ o8 o P o v ey Create New or Modify Selected Cell Basic | Advanced | \ﬁ = foy
o e o oo ey (s O o [Title Gells v ][ Section celis o et i i s e f W w Togethera]
29 20UNITEY kg2l 3 e Oy oty o oy |Text Gells x| Math Cells 7 R [ e qu—nwuu Apart[a]
P ST o0 e oy e o b b= [t ptart Slids; |End Slide) e Page Break gy [ e ] Cancel[n]
(HLIREA RZg | Tsb || Enter || TracitionalForm Call Madifications et 2o o L= i e Jlm| Eoliern 1l
ey oo ey Iiieree Geliom mmmbiviterGeilmm] | g bl ey Ly i oy ot Fjg;‘gf[;[]]
J F——— F—— .
|sPutput from Adove: | | Creste Text Cally L - I ot | Tsb || Enter | TraditionsiForm | FunctionExpand[a]
= = Text Properties
|Gemmans Comelate | Misks Temelsts | e e ] i | Ingut fram Acove || CresisinputCell | TrigExpand[a]
| Taxt Color * || 23 = |jpClasty e e T‘rrwg;a;mr[-]
5 8 » Basic Commands s i i [Gemmans Comolate, | hiske Temolate. | E”QTET”EE[[']]
e XOTaTrig[m:
Vo Vo J=m== | Background v kg JEFame —x|i=—vy TrigTeExp(a]
¥ Typesetting @
» Operators s » Navigation PonerExpand[u]
» Arrows ‘ e lea|x]e]|s ComplexExpand[a]
» Icons G [E » Basic Commands Evaluate[n]
Al Special Characters = 5 el 55 ) n{-}\
& = 4 » Writing and Fermatting
i 2
!
% Bl 2 ) e
» Typesetting
i1
LHJIHII\J[IH
» Keyboard
{o:a)
sl el ey
‘l R i = » Typesetting » Help and Settings ol
¥
E J’Il“”“ "_ L 100% «

\
2
=
J’nm} “L dxllznﬁu‘lﬂHEJ

¥ Help and Settings

Screencast: Using the Basic Math Assistant =+,

100% 100% 4

Puc. 4.1. BikHo cucremu Mathematica 9 3 BizpuTumu nasiTpamu Ta 3aco6amMu BBeJJeHHST

anrebpaiyHuUx BUPA3iB i il 3 HUMHU
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[nsi TioneriiieHHsT BBeleHHSI MaTeMaTUUHUX BHpa3iB Mathematica micTuThb
BHMBO/PKYBaHHI KOPHCTyBaueM Ta TepeMill[yBaHi 110 eKpaHy B Oyab-sike HOro Micrie
iHCTpyMeHTa/ibHI TlaHeni 3 Ge3miuuto  THKTOrpamM BBeJjeHHS MaTeMaTHUUHUX
CUMBOJIiB, (PyHKLi i KOMaHZ yIpaB/iHHS CUCTeMOK. BOHM BUBOZATHCA 3a
noromoroto migMiHto Palettes ronoBHOro meHto cuctemu (puc. 2.1).

3arajibHa KiJIBKICTh CHOel[ia/IbHUX MaTeMaTUYHUX 3HakKiB (TpeupbKux i
NaTUHCBbKUX OYKB, orepartopiB, (GyHKIIM i KOMaH[), 1[0 BBOASATHCS 3a JIOTIOMOIOIO
nanitp, Oimeiie 700. barato ormepaijii Ta CMMBOJIIB MalOThb a/IbTEPHATHBHI
BapiaHTH iX BBeIEHHS 3 3aCTOCYBAHHSIM KOMOiHaI[ili K/IaBilll - iX MOXKHA 3HAMTH B
JIOBiZIKOBiM 0a3i maHux cucteMu. JIOI[iTbHO KOPHUCTYBaTHUCA He Oinbime HiK 2-3
MaHe/IIMM OJIHOYACHO (HamNpUK/a[ 3arajbHOI Manitporo Basic Math Assistant).
[Tpu HeoOXigHOCTI BUAA/NEHHS HEMOTPiOHUX TMaHesel B MPaBOMY BEPXHBOMY KYTi
KOXKHOI T1aHe/ii po3TallloBaHi MasleHbKi KHOIIKM 31 3HakoM «X». Bci manesi
MaKCHMa/IbHO KOMITaKTHi i MOXKyTh OyTH TlepeMill[eHUMH 3a ZOTOMOTOI MMIII B

HalOinbIT 3pydHe MicIle eKpaHa.

5. ITepwi Haguuku po6omu ma noHsTIMmsi npo HOymoOykK sik po6oue nosie @

cucmemi Mathematica

Pobora 3 [OKyMeHTaMHd 3BOAWTbLCS [0 Habopy B KOMipKaxX BHpa3iB
(HarpuK/aj, mMareMaTUYHWX) i IX BUKOHaHHS. [/l BUKOHAHHSI BHpas3iB [IOCUTHb
HaTUCHYTU KomOiHarjito knagimn Shift + Enter omHouyacHO (OCKiJIbKM KJ/laBillla
Enter BUKODHCTOBYETHCSI TiJIbKU [/l TlaZlaHHS TiepeKnaly psiika BCepeivHi
TIOTOYHOTO psifiKa BBejeHHs). Hampukiaz, 11106 obuuciuty cymy 5 + 6, Heob6xXigHO
CTiouyaTKy BBECTH 1ieii BUC/IB B PSi/IOK BBefleHHs. Y Mathematica psifiok BBe/leHHS
dbopmyeTbCs Mo Mipi BBefeHHSI 00'eKTiB Ay BUpasiB 5 i 6. ITicis HaTHCKaHHS
kasii Shift i Enter orpumaemo:

In[1]: =5+6
Out [I] = 11.
Crip 3ayBaykUTH, 1110 TIpU TiepiiiomMy oburcieHHi Mathematica BUKoHye 1ioro

3 BiguyTHOIO 3aTpuMKor0. lLle mMOB'S3aHO i3 3aBaHTa)XKeHHsIM siipa CUCTEMHU
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(Wolphram Mathematica Kernel). Tloganbiii  obunciieHHs1 BifOyBaroThCA

MPaKTUYHO MUTTEBO.
HokymeHT cuctemu Mathematica cBoiMU psijkamu (KOMipKamu) BBeJIeHHS i

BUBEJIEHHS], TEeKCTOBUMHM KOMEHTapsiMh, Ma/IFOHKaMM [Oy)Ke HaraJye CTODPiHKY

6rnokHoTa BueHOro abo imkeHepa (puc. 5.1). Came ToMy BiH i Ha3WBa€ThCS

HOyTOyKOM (Bij aHmitickkoro notebook). HoyTOyku 36epiratoTbCst 3 po3ImypeHHsIM

*Ha3Ba (ainy*.nb.

'ﬂ' Untitied-1*

IOBYIIOBA TPASIKA &YHKIII tg (x) |

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

; 1 ‘ |
6
| [ 7 ‘

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

150% &

Puc. 5.1. Bikao cucremu Mathematica 9 BizkpuTM HOyTOYKOM Ta NIPUK/IaZOM MOOYZOBH
rpacgika

OxpeMi KOMipK{ 3 MaTeMaTUYHUMM BUpa3aMHu i pe3y/bTaTaMH iX 00UMCIeHb
M03HauyaloThCsl B TIpaBil UaCTHHI TOJIOBHOTO BiKHA pelaryBaHHsS XapaKTePHUMU
TOHKUMU KBaJJpaTHUMU AYyKKaMU CHHBOTO Ko/bopy. Lle fo3Bosisie BifcTeXyBaTh
Te, /710 YOr0 BiHOCATHCS MaTeMaTW4Hi BUpa3u - [0 BUXiJAHUX JaHUX abo
OTPUMaHUX pe3ynbraTiB. KpiM Toro, KOMipku oOurc/ieHb MOKYTb MaTU Pi3HHM
CTaTyC, AKWAW M03HAYAEThCS BiTIOBIIHUMY 3HAYKAMM HaJl KBaIpaTHUMU Jy>KKaMH.

s Toro, 100 [JOKyMEHT MaB HaouHWM BHA O70KHOTa (HOyTOyKa),
HeoOXiHO 3pobuTH TIeBHI omepailii 3 opMaTyBaHHSI JOKYMeHTa i HaflaHHSI oMy
noTpibHoro BuUr/sALy. [lepiin 3a Bce, KOKeH KPOK 0OUHC/IeHb CJTij] CyTIPOBO/IKYBaTH

MOSICHIOBa/IbHUMH HamucaMu. BoHu MOXXYTb MICTUTHCS B PAOKdX BBEOEHHS, ajie
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MOTiM IX HeoOXiZiHO BimdopmaryBaTH 3rifJHO TeKCTOBOTO (hopMaTy BiJIIOBiJHOTO
CTWI0. 1711 LIbOr0 BUAIIAETHCS PSALOK BBeJEeHHs 3 TeKCTOBUM HamucoM. [Ipoctip
ycepeiuHi AYKKU TIpU 3aTeMHIO€TbCAA. [loTiM BUKOHyeTbCcs kKoMaHzga Format -
Style - Text (Alt + 7). BoHa 3azmae TekcToBUMl (opmar Hamucy, SIKU € He
BUKOHYBaHUM.

3a JomnoMorow iHmMMX KoMaHz omniii Format rosoBHOrO MeH, MOXKHA
33/laT¥ HaMMC pi3HUM IIPUPTOM, Pi3HUM KOJLOPOM 3 BUJi/IeHHSIM (oHY. K yxe
3a3Hayasocs, [Jisi BBeJleHHSI MaTeMaTWYHOro BHpa3y 3rifHO 1wabsoHy i A
TpeficTaB/ieHHss MOro B TIPUPOAHiM MareMaTUuHii (opMi BUKOPHUCTOBYETHCS
craHgapTHuli (popmat StandardForm komipok BBefieHHSI.

Y pobouux OokHOTax Oa)kaHo, 100 QopMa mMoAaHHS MaTeMaTUUHUX
BUpa3iB xoua O yaCTKOBO HarajyBasa 3arajabHONpuiHATY. Mathematica mo3Boisie
33/laBaTl (OpPMM TIOIAHHSI [TOKYMEHTIB, TIPUMHATI B TaKUX MOTY>KHUX MOBax
nporpamyBaHHs, K Fortran, C i HaBiTh TeX (MoBa [j1s1 TIporpaMyBaHHSI 3aco0iB
tunorpadiuHoro  Habopy  CK/IaHMX  HAyKOBUX  TEKCTiB, [0  aKTHUBHO
BUKODUCTOBYETHCS] B HAYKOBUX JKypHa/lax).

KokeH Harvc, MaTeMaTHYHUN BUpa3 abo rpadik 3aiiMaloTb OKpeMy KOMipKY
- Cell. Komipka Mo)ke 3aliMaTé OfMH ab0 KifbKa PSAKIB i 3aBKIU € BUAIIEHUM
CBOEIO0 KBa/IpaTHOIO [Y)KKOI. BakK/MBOIO B/IACTUBICTIO KOMIPDOK YCiX CHUCTeM
Mathematica € MOX/IUBICTb IX eBOJIIOLIIT 110 BCbOMY poO0YOMY [JOKyMeHTY. Takum
criocoboM  3AiNCHIOETHCST AWHAMiuHWK OOMIH JaHUMM B XOAi CHUMBOJIbBHUX

TIepeTBOPEHb.

POBOTA 3 ®AWNTIAMMU (FILE)
6. OcHogHi 8udu ¢aiinie i nakemu po3wiupeHHs

Y HoBux Bepcisx Mathematica 8/9 OCHOBHMM TUIOM [JOKYMEHTIB €
6nokHOTH - notebooks. Im Bignosigarote daiimu TekcToBOrO (popmary 3
posimmpeHHsiM .nb. Li daiitu MOXyTb pefaryBaTtucsi Oyb-sIKHM TeKCTOBHUM

penakTopoM, 10 miaTpumye dopmar ASCII. dPalinu MicTATh AOKIaJAHUM OMMUC
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JIOKyMeHTa 3 BKa3iBKaMU THIIiB IIPUGTIB, feTaneili oopmMaeHHs Ta po3TalllyBaHHS
OTpalbOBYBaHUX 00'€KTIB.

KpiMm Toro, crcrema Mae psifi HakeTiB pO3IIUPeHHs (B OPUTiHasIi JOTIOBHEHHS
-AddOn) cucremu, po3taiioBaHux B KaTano3i ADDON. /laHi makeTu po3IIMpeHHs
MICTSITh 3HaUHY KilbKiCTh 6i0ioTeuHnX (haiisiiB 3 po3MIMpPeHHSIMU .M, B KOKHOMY 3
SKMX BHM3HaueHO DpsJ HOBUX (QYHKLiM cucTeMU. 3 IiX J[OMOMOIrOK MOXKHA
peasiilyBaTM HOBI aJrOPUTMH PpO3B’sA3aHHS MaTeMaTUYHWX 3aJay 1 IOCTIMHO

PO3LIMPIOBATU MOXX/IUBOCTI CUCTEMM.

7. Komanou no3uyii File meHto

st pobotu 3 aiimamu cnyxuth omniis File menro. BoHa 103Bosisie 3a7jaBaTy Taki
KOMaH/Iu:

* New (Ctrl + N) - BifpuBaHHS BikHa HOBOTO JJOKYMEHTa;

* Open (Ctrl + O) - BiiKpuBaHHS BikKHa 3aBaHTa)KeHHsI IOKYMEeHTa;

* Close (Ctrl + F4) - 3akpuTTsSl TIOTOYHOTO BiKHa;

* Save (Ctrl + S) - 3anuc JoKymMeHTa 3 MOTOUHUM iM'sIM;

* Save As ... (Shift + Ctrl + S) - 3anuc goKyMeHTa 3i 3MiHOIO iMeHi;

« Save Selection As — 36epe>keHHs1 BU/Ii/IeHOTO (PparMeHTy;

» Install — iHcTasnsIIis [OMOBHEHDb 710 3ac06iB Ta HAOOPiB iIHCTPYMEHTIB CUCTEMU;

» CDF Preview - norepesiHiii neperssif BMicTy pobouoro HoyTOyka y hopmari .cdf.
» CDF Export — ekcriopt ¢aiiniB y dopmari .cdf.

* Send To — BiAmpaBKa BuineHoro dbparMeHTa JOKyMeHTa [0 BiIKpUTOro (aiiny
omnepaLjiiHOI CUCTeMU;

* Printing Settings - ycTaHOBKa ITapameTpiB JPYKY;

* Print (Ctrl + P) — agpyK BMicTy BiKHa ITIOTOUHOT'O JOKYMEHTAa;

* Print Preview — rnornepe/iHiii meperisifi BMICTy BiKHa TTIOTOYHOTO [JOKyYMeHTa, 1110
Oyzie HaZIpyKOBaHO;

* Exit (Alt + F4) - 3aBepitieHHs1 poOOTH 3 CUCTEMOIO.

Bubip Oygbp-sikoi KOMaHAW B 1[ii i B iHIIKUX OMIJiIX TOJIOBHOTO MEHIO MOKHA

3AiMCHUTH KOYKHUM i3 YOTHPHOX CTIO0COOiB:
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» Bubip mo3wmijii migMeHI0 3a [JOMOMOrOI0 K/aBilll TiepeMillleHHs Kypcopy i
aKTHBI3aLlis i€l Ol HaTUCKaHHAM KiiaBini Enter.

* Bubip ol HaTucKaHHAM KiaBin BuOopy (BOHa Bifj3HaueHa B TIO3UL[isX
TiIMEHI0 TOPHU30HTA/IBHORO JIIHI€I0 3HN3Y) | HATUCKAHHSM MOTiM KaBimi Enter.

* BukopucTraHHsa KOoMOiHallil K/aBilll IPSIMOTO JJOCTYITy [0 KoMaH/u (He moTpebye
aKTHBI3allil TOJIOBHOTO MEHHO).

» Bubip ormmii migMeHr0 3a [OMOMOrO MUILIKHM TepeMillieHHsIM 1i Kypcopy i
IIBU/IKMM MOJBIHUM HaTUCKaHHSIM JIiBOI K/IaBillli MUILIKM B MOMEHT, KOJTU KYpCOp
3HAaXOAMWTHCS Ha MOTPiOHIM MO3MITii. «

Cnig  3a3HaunTH, 1m0 Xoua OibmioTeuni aiid po3UIMpeHb MOXKHA
3aBaHTa)KyBaTH, SIK i (paliii 3 pO3IIMPEHHSIM .Mmda y BIiKHI peflaryBaHHSA, Ta $IK
TIPaBWJIO, 1le POOUTHCS TiILKY TIPM iX MiATOTOBLI Ta pejaryBaHHi. 3razaHi daiimm
3a3BHYall 3aBaHTAXKYIOTbCSI B TIOTOUHUM IOKyMeHT Oe3 BiZoOpaskeHHs iX TEKCTiB 3a

JIOTIOMOTO0 Crielfia/IbHUX KOMaH[.

8. Po6oma 3 ¢patinamu 0okymeHmie

Komanzia New BHKOPHCTOBYETHCS, KOMM MOTPiOHO ToYaTH PoOOTy 3 HOBUM
JOKyMeHTOM. Llg KOoMaHJa TMOBHICTHO OYMIAa€ eKpaH i3 3aluiTOM IpO Te, UH
MOTPiOHO 3amycaTh TTOTOUHHM JOKYMEHT, sKIIO BiH € i OyB pemaroBaHUM.
HokymeHnt otpumye im's Untitled-N, me N - moTouHuii HoMep JOKyMeHTa.
BaXnuBO BiJ[3HAaUMTH, II[0 I KOMaH/Ja He CKaCoBye 3MiH, 3po0yieHUX B
rorepefiHbO pe/laroBaHUX JOKyMeHTaX i B paHillle 3aBaHTa)keHi (hail/ii MakeTiB
po31MpeHsb. JIville TTOBHe Tepe3aBaHTa)XeHHS OrepaLiiiHOI CUCTeMH CKaCcOBYE Lii
3MiHH.

3aBaHTa)KeHHsI TOTOBUX (DaiisiiB /1Jisl paHillle CTBOPeHUX JJOKYMEHTIB - OJ[Ha 3
HalibinbIl MoIMpeHimMx orepaiiiii. BoHa peani3yeTbcss KomaHzjoro Open, sika
CIYTy€ [/ 3aBaHTa)KeHHSI paHillle CTBOPEHOr0 [JOKyMEeHTa 3 MOro MOILIyKOM B
daiiioBoi cucteMi kKomm'torepa. LIS KoMaH/a BUBOJWTH CTaHJapTHe [lia/ioroBe

BiKHO, TUIIOBe Jjisl orepaliiiiHol cucteMu Windows i mpu3HaueHe /il 3py4YHOTO
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noiykKy (aiisiB. Pobora 3 1M BiKHOM [ KopucTyBaua Mathematica mobpe
3HalioMa i ZJ0IaTKOBOTO OMKUCY He TIoTpedye.

[Ticsis poboTH 3 JOKyMEHTOM BHUHHUKae HeoOXigHicTb 36epertu ioro. s
I[LOTO CIy’KaTb KOMaHgu Save i Save As. KomaHzia Save BUKOHye 30epe>keHHs
JokyMeHTa 0Oe3 3MiHM ¥oro imeHi. ToMy BOHa BUKOHY€ETbCS IIBUAKO i 6e3 Oy/b-
AKUX ZIOfATKOBUX Zik. 30epeskeHHsI BUKOHYEThCS ¥ dhopmari notebook.

KomaHngia Save As [103Bosi€ 3MiHUTH iM's (paiiy i TTIOMiCTUTH Hi0TO B Oy/b-
dKe MiCle Ha JOBIJIbHOMY AUCKY. Llg KOMaHJa BUKJ/IMKAE TIOSABY CTaHZAPTHOIO
JianoroBoro BikHa. Y I1[bOMy BiKHi KpiM HajalliTyBaHb [AWCKAa i TIOTpPiOHOTO
migkatangory Tpeba 3azaTtd  iM'a  3amucyBaHoro (Qaiy abo ImATBepAMTH

MPOMNOHOBaHe iM'd. 3anuc He B popMari notebook.

9. Komanoa 3aeepuwieHHst po6omu 3 cucmemoio - Exit

Komanza EXit BUKOPHCTOBYETbCS AJis 3aKiHUeHHS pOOOTH 3 CHUCTeMOIO.
SIKIII0 BCe IOKyMeHTH, 3 IKUMU KOPUCTYBay TIpalitoBaB, Oy/v 30epeskeHi Ha JUCKY,
TO TIpYM BUKOHaHHI 1i€i KoMaHAW BiZiOyeTbCs 3aKPUTTS OFHOTO 3a JPYTOM BikKOH
I[UX JOKYMEHTIiB. SIKI[0 sKHICh i3 [IOKyMeHTiB He OyB 30epeXXeHUM ITiC/ist
BHeCeHHS1 3MiH, TO KoMmaHja EXit BUKOHa€ 3amuT IpPO HeOOXiAHICTh Takoro
30epexeHHsI. BukoHaHHs1 koMaHgu EXit 3aBepIiyeTbCsi BUXOAOM KOpPHCTyBaua B
060s10HKy Windows.

Yuu3sy onuii File ronoBHOro MeH0 BUIHO TakoXK Mepeik (aisiB, 3 SKUMU
OCTaHHIM YacoM TIpalfoBaB KopucTyBau. Bubip 6yap-sikoro 3 daiiniB Befie [0 HOTo0
3aBaHTa)XeHHsT B TIOTOYHOMY BikHI pefaryBaHHs. lle pobuTh A8 aKTHBHOTO
KOpHUCTyBaua poOOTY 3 CUCTeMOO OisbIll 3pyUYHOIO, OCKi/IbKU T1030aB/sie MOro Bif

TIOLIYKY Hal0i/ibIn moTpibHUX (aiiliB Ha AWCKAX Y TarKax.

PEJJAI'YBAHHSA JOKYMEHTA (EDIT)
10. OcHo6Hi noHssmMms npo 00KyMeHmu i ix cmusx

PemaryBaHHsIM JOKYMEHTa YBa)Ka€ThCsl Oy/b-sika 3MiHa TEKCTYy KOMEHTapiB,

BUXIZIHUX MaHUX i MaTteMaTHYHUX (OPMY/ 3 METOI HaJlaHHS JOKYMEHTY OisbIil
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MiAXOAALLION0 BUAY Ta OTPUMaHHS HOBUX pe3ynbTariB. 1o peparyBaHHS
Bi/THOCUTBCSI TAKOX i 3MiHa (popMaTy rpadikisb.

Y  3araJlbHOMYy BUWIIQJKy [JOKYMEHTHM  XapaKTepusylHTbCsd  CTUIEM
opopmsienHsi. Bix BuOOpy cTum0 JOKyMeHTa 6araro B UOMY 3a/le)KUTh WOTO
HAOYHICTb i ecTeTUuHicTh cripuiiHATTSA. ToMy B Mathematica mepejbadeHi 3HauHi
MOXX/IMBOCTI 10 3MIiHI CTWIIO [OKYMEHTIB i IX uyacTMH. BOHHM 30cepeikeHi B
nigMiHio komaHau Format rosoBHoro meHro. [IpoTe BenvKa KijbKicTh 3acobiB
YCTaHOBKU CTW/IIO TIOPOKY€ TpobsieMy CyMiCHOCTI CTW/IiB, OCKibKA Hepiiko
ctwii OyBarOTh HecyMmicHUMM. 11 BUpillleHHs 1ji€l MpobieMyd BUKOPHUCTOBYHOTHCS
crierfiabHi  3acO0M TIepeTBOpPeHHS CTW/IiB. [l KOMIipOK BOHM PpO3MillleHi B

nigmenro omiii Cell romoBHOro MeHto.

11. BudineHHs 6 00KyMeHMax i BUKOpUCMAHHA Muwi

ITpu pemaryBaHHi JOKYMeHTY KypcOp MHII HeoOXiIHO mepemiliaTy 3 omHOi
KOMIPKHM B iHIIy i 3BepTaTvCs [0 KOMaH/, I'0JIOBHOTO MEHIO /JI1 BUKOHAHHS TUX U
iHIIMX omeparliii, HampWK/a/ KOTilOBaHHS BMICTy KOMipKd B Oydep uu 3miHM
mwpudTy. Crif BpaxoBYBaTW, 10 BUIVIS[, KypCcOpy TpU I1IbOMY 3MIiHIOE€TbCS i
[I03BOJISIE BCTAHOBJ/TIOBATH MOT'0 MiCL|@3HAXO/PKEHHS.

Ba)KTMBUM MOMEHTOM B POOOTi 3 IOKyMeHTaMU € BU/Ii/IEHHS iX e/leMeHTiB -
KOMIDOK BBeJ€HHSI 1 BUBeJeHHs, 1X BMICTYy 1 T.A. [ BUJUIEHHS KOMIipKU
[IOCTaTHbO BCTAHOBUTH KypCOp MHUILI Ha il AYy)KKY 1 HaTUCHYTU JIiBYy KiaBilly -
Ay’KKa BUJUIATBCSA CUHIM KOJIbOPOM. SIKILO MpU [JbOMY HAaTMCHYTU IIPaBy KHOIIKY
MM, 3'IBUTHCS KOHTEKCTHO-3a/Ie)KHe MEeHI0 IMPaBOi KjaBilli 3 MiAMEHI0 MO3ULIiT

Copy As, 1110 ZI03BOJISIE CKOTTiFOBaTH BMiCT BU/Ii/IeHOI KOMipkU B Oydep oOMiHy.
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n2i= Plot[Sin[x], {x, -2 Pi, 2 Pi}]

1.0F

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

Puc. 11.1. Bik"o cucremu Mathematica 9 BigkpuTiM HOyTOYKOM Ta BUZi/IeHUM rpadikom

MoX/IMBUM TakKOXX € BHU/JIEHHS BUpas3iB BCepelWHI KOMIPDOK, a TaKOX
BUliieHHs rpadikiB (puc. 1.4). [Ins BupiieHHs rpadika AOCTaTHBO yBeCTU KypCOp
B 00/acTb Ma/llOHKa i K/al[HyTH JiBOIO KiaBillero Mwuiili. MasoHOK Oyze
o0BeZIeHMM paMKOI0 3 XapaKTepHHMH TIPSIMOKYTHWKaMH . Tofi, HaTMCHYBIIM i
yTPUMYIOUM JiBy KHOIKY MHUIIi, MOYKHa pO3TAryBaTy rpadik B pi3Hi CTOpoOHU i
MIHATU HOro po3mip. B 1jbOMy BUIaJKy TakKOoK MO)KHa BUBECTH KOHTEKCTHO-
3asie’KHe MEHI0 MPaBOi KHOIKY MULLII.

KoHTeKCTHO-3a/1e)kHI MeHI0 TIpaBOi KHOTIKM MHUILII [y)Ke 3pYuHi [pu
nipocdeciiiii poboti 3 cucremoro Mathematica. BoHu fai0Th TOBHUH MepetikK
KOMaHZ, $Ki MO)XKHa BUKODHUCTOBYBAaTH /MJii BUZi/IeHOTO 00'ekTa, He
BUKOPUCTOBYHOUM T'OJIOBHE MEHIO.

Konmm Kypcop 3HaXoguThCSI B MeXKaX KOMIDKH BBeZleHHs a00 BUBeJ|eHHS,
HAaTHMCKAHHS JIIBOI K/aBillli MMUILI BUK/IMKAE BHUAIIEHHS [esSKOI 4YaCTHUHM L€l
KOMipKU. BuJijieHHsI IpU 1IbOMY MOXKHa PO3LIMPIOBATU TOBTOPHUM HATHCKaHHSIM
miBoi KHOMKA MUIM. Mo)KHa pO3IIMPIOBaTU 00/7acTb BUJiIZIEHHS i TIPOCTO
riepeMillleHHsIM MapKepa BBeZIeHHSI IMPY MOCTIMHO HATUCHYTIM JTiBiK K/IaBillli MMULLII.

AKIIO Kypcop 3HaXOAUTHCS B KOMIpLIL BBe[E€HHS, TO BiH BUKOPUCTOBYEThHCS
[/ TOYHOTO 3a/laHHS MiClisl, B SIKOMY TOUMHAETbCS pefaryBaHHs. [ns dikcariil

KypCOpYy Ha LIbOMY MicCLli TTOTPiOHO HAaTUCHYTH JiBY KHOIKY MMILi - Kypcop TpH
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I[bOMY TIEPETBOPIOETHCS B JKAPHY BePTUKA/IbHY PHUCKY. 3a MeXaMmMu pobouunx

KOMipOK KyPCOP MHIIKWA Ma€ 3BUYalHUI BUIJIS]] IOXUJIOT )KUPHOT CTPIJIKU.

12. ITiozomoeka meKkcmog8ux KOMeHmapie

Ba)kn1Bo0 yacTUHOIO MpodeciiiHO CTBOPEHO i OmMpalboBaHOTO HOYyTOyKa €
TeKCTOBI KOMeHTapi (guB. Puc. 12.1). be3 HUX JOKyMeHT uepe3 JesIKHUM 4acC CTae€
HEe3pOo3yMiMM HaBiTh 1Oro po3poOHUKY. ToMy MpaBUIOM XOPOIIOTO TOHY €
3aCTOCYBaHHS JOCUTH JOK/IaJJHUX TEKCTOBUX KOMEHTapiB.

TecToBi KOMeHTapi BBOJATHCS MPSIMO, B TIOTOYHUM PSIZIOK BBeAeHHS. OfHak
He CJIifi 3aBepIllyBaTU BBeJIeHHS HaTMCKaHHSM KoMOiHailii knaimn Shift + Enter,
TaK K Lie npu3Bee [0 BUCHOBKY KOMEHTaps B PSJOK BUBOAY 3 MOX/IMBUMU
TOBiJOM/IEHHAMM TIPO TIOMH/IKY. BoHU 0OyMOBneHi THM, 1[0 B TEKCTOBHX
KOMEHTAapsIX 3a3BWYall He [JOTPUMYIOTbCSI CUHTAKCUCY BXiJHOTO MOBH CHUCTEMH
Mathematica, 1110 i CHpUYMHSIE TIOSIBY TIOMUJIOK.

[IJo6 3a3HaueHa CHUTYyallis He TOBTOPIOBAsacs, [JOCTaTHbO BCTAHOBUTU
KypCop MHUILLI IIiJi pSfOK BBeJeHHs 3 KOMeHTapeM, a IOTIM KJ/IaljHyTU JIiBOIO
K/IaBilllel0 MMILI; B HOBOMY PSAKY BBeJeHHS MO)XHa pO3MilllyBaTU HOBUU
KOMEHTap UM MaTeMaTUuHi BUpa3u /i/is1 00UMCIieHb.

Yacto B XOfl pejaryBaHHsS [OBOAUTHCS 3MIHIOBAaTHM TEKCTOBI KOMeHTapi,
HalpUKJ/aJ BeJUKI HaluMCU B JOKyMeHTax. [lyid IbOr0 [OCTaTHbO BUIUIUTU TY
K/IITUHKY, B SIKii 3HaXOAUThCS Hamuc. s 1boro HeoOXifHO TiZiBeCTH Kypcop
MUIIKA B KBaZIpaTHIM AYXKIli B TIpaBOMY KiHI[i KOMIPKA - KYpCOp MpU LIbOMY
TepeTBOPIOETLCA B CTPUIKY 3 BepTUKA/IbHOK JIiHi€r0. BkasaBiliyd CTpPiIKOHO
HeoOxifiHy KOMipKy, Tpeba HaTHCHYTU JIiBY K/aBillly MUIIKU. [JyKa BUAiIeHOl
ocepe/iKy 3all0BHIOETHCS YOPHUM KOJIbOPOM.

Psap po3mmpeHMX MOXX/IMBOCTEM pefaryBaHHSI IIPeJCTaB/sIOTb KOMaHIU
niMeHr0, 10 BigHOcUTbCs Ao ormuii Edit ronoBHoro meHwo. B ocHOBHOMYy 1ii
orepailii TOB'si3aHi 3 0OMiHOM iHdoOpMalliero Mi>XK BuUfiIeHOT (3a3HaueHoT)

ocepeIkoM ab0 TpPyTIor0 OCepeiKiB i crieliia/ibHUM Oydepom.
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POBOTA 3 KOMIPKAMMU (CELL)
13. ITonamms npo Komipku 00KymeHMig

Otxe, koMmipku (Cells) € ocHoBHMUMM 00'ekTamu [10KyMeHTiB. Komipku
BiZIPi3HSIOTBCST IX CTAaTycoM, TOOTO CYKYITHICTIO BIACTMBOCTEM, III0 BH3HAYAIOTh
MOBe/IHKY KOMIDKHA B Pi3HUX CUTyalifiX 1 ii TUroM. Ba)KJIMBUM TOHATTAM, L0
BiTHOCUTBCSI 10 KOMipOK i BifoOpakae 0coOiMBOCTI poOOTH CHCTEM CHMBOJILHOI
MaTeMaTUKH, € TIOHATTS 3MiHU (eBo/toLliT) i MogudiKallii BMiCTy KOMipOK.

Hampuknaz, KOMipKYA BUBeJeHHSI MICTATH TEKCTOBI HAalMCHU - KOMeHTapi He

eBOJTIOL[iIOHYIOTh, TOOTO He 3MiHIOIOTHCS B XOJ[i BUKOHAHHSI JOKyMeHTa. Komipku
BBe/IeHHS, HaBMaKW, €BOMIOLIIOHYIOTh (i iX 3MIiCT 3MIHIOETHCSA) i TTOPOMKYHOTh
KOMIPDKU BUBEJEHHA 3 Pi3HMM BMICTOM; HarpUKIaj KOMipKa, BUpa3 KOl MiCTUThb
dyukuito fIx1, Gyge 3minroBatucs BianosigHo a0 3minu fIx1, Komipku MOXyThb
Oytu 3absokoBaHMMH Big Moaudikailii i po3bmokoBaHuMu . CTaTyc KOMipOK
TOCTIMHO TIepeBipsIETbCS 3a JOMOMOIOK0 Orepallil OL[iHFOBaHHS B XO/li BUKOHAHHS
JIOKyMeHTa.
CraTyc KOMIpOK MOyKHa pO3Mi3HaTH i 0e3 BHWKOHAHHS [JOKYMEHTa TIO PsDKYy
XapakTepHUX O3HakK. OIWH 3 HUX - BUJ KypCOPY MHUILI MPU HMOT0O PO3MIllEHHI B
obmacti komipok - OyB omucaHui Buille. IHIIa O3HaKa - MaJIOTIOMiTHUM
pO3Mi3HaBa/lbHUM 3HAaK y BEepPXHIM YaCTWHI KBaJpaTHOI [AY>KKH, IO oOpamiisie
KOMIpDKyY. BiICyTHICTB 3HaKy O3Hauae Te, L0 Lie 3BMYaliHa KOMipKa BBeJleHHs. 3HaK
«-» (KOpOTKa ropv30HTa/lbHa PUCKA) Bii3HaYa€ KOMipKYy BUBeJeHHs 3i CTaTyCOM
Innactive. 3abmokoBaHa (3akpurta) KoMmipka (Locked) rmo3HauaeTbCsi 3HAKOM «X», a
inirfianmizoBaHa komipka (Initialization) - 3HakoM «T». Kpim ToOro, 1o
€BOJ/TIIOL[IOHYIOUM KOMIDKH BiJ|3HAaUatOTbCSI MajleHbKMM TPUKYTHUKOM. IIpo Turm
KOMIiDKM MOXXHa TaKOXX CYIUTA TI0 IX CTWIO, 30KpeMa 3a IIpudTom
BUKODUCTOBYBAHUX B Hill CUMBOJIIB.

715 TlepeMUKaHHsI Ha MOTPiOHUN TUM KOMipKW JOCHUTH TIOMICTUTH KYPCOP
MHUIIT Ha TTOTPiOHMIA HATKC i HATUCHYTH JIiBY K/aBillly MULLIKU. BifmoBigHuii Hammc
PO TUTT KOMIPKHU 3'IBUTHCS ¥ BIKHI Ce/IeKTOpa TUIIIB OCepe/IKiB.

14. Komanou onyii Cell 20108H020 MeHI0

22



Komipku (cells) - 1je HaibisbIll XapakTepHa JeTaldb HOYTOYKiB CHCTEMH
Mathematica. ¥ no3wuriii Cell rosioBHOTO MeHI0 nepefioaueHi KoMaHAM Ajsi poboTH
3 KOMipKaMH.

[Tpu aktuBHiM no3ulii Cell rosioBHOTO MeHIO 3'AB/SETLCS TiAMEH!O, 1[0 Ma€ psif
KOMaH/I.

* Convert To - nepeTBopeHHs (PopmMaTy KOMipOK;

* Cell Properties - ycTaHOBKa B/IaCTUBOCTel KOMipOK;

* Cell Tags - ycTaHOBKa TeTiB /ijisl KOMipOK;

* Grouping - rpynyBaHHs KOMipOK;

* Notebook History — icTopisi peiaryBaHHsI BMiCTy KOMipOK JJOKYMeHTa;

* Delete All Output — Buzla/IeHHS BMIiCTy KOMIpDOK yBeZJeHOrO Mifi YacC MOTOYHOI
po6OTH 3 JOKYMEHTOM;

* Show Expression — 1oka3 BMiCTy KOMipKH/ Y PO3TOPHYTOMY BUIVISIZI.

Komanza ShowExpression cioy>KuTb [Jis YIIpaB/aiHHS [10Ka30M BHpasiB B
CTaHJapTHOMY Ta PO3TOPHYTOMY BUIVISIZI.

Haripuksiaj, 1ipy BiIK/IFOUeHili KOMaH/Ii YBeleMO Y KOMipKy MPOCTHM BUpa3
Sin[x]/Log[x].

Sin[x]/Log[x].

TyT BUIISL KOMIPOK € CTraHjapTHuM. [lami, BUAUIMBIIM LI KOMIDKHA Ta
BUKOHaBIIM  KoMaHay Show  Expression  (Shift+Ctrl+E) orpumaemo
TIpe/iCTaB/IeHHs LIUX BHUPAa3iB B PO3rOpHYyTOMY (pOpMari:

Cell[BoxData]|
RowBox [ {

RowBox[{"Sin", "[", "x", "1"}1, "/",

RowBox [ { "Log-" , " [" , "x" , "] " } ] } ] ] , " Input" ’
CellChangeTimes—>{{3.680553853375*"9, 3.6805538589375*"9}1}]

Cell [BoxDatal

FractionBox|
ROWBOX[{"SiD", l'[", "X", "]"}],
ROWBOX[{"LOg", n |:", "X", "] "}] ] :| , "Output",

CellChangeTimes—>{3.680553928109375*79}]
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Takuii ¢dopmaT € BHYTpIllIHIM B TOMY CeHCi, 1110 BiH XapaKTepHUM AJIsi
BHYTpILIHBOTO TIOJaHHS BHUCHOBKY HAa €KpaH [OUCIUIesi, TPUMHATOIO B MOBI
rnporpaMmyBaHHs cucteMu Mathematica. Lle TurmoBa mporpama /s BUBEAEHHS
BUOpaHMX BHUpa3iB. YUM CK/IaHIIIIMM € BUpa3, TUM [IOBIIIe i MEHII 3PO3yMiJIilIM
[UISL HEeMiArOTOB/IEHOTO YWTaya BUIVISIZAE PO3TOPHYTE YSIB/IEHHS Y BHYTPILIHbOMY
(dopmari.

YIIPABJIIHHS POBOTOIXO S/]PA CUCTEMMU (KERNEL)
15. Komanou no3uyii Evaluation 20/108H020 MeH10

[Tosutiis ronoBHoro MeHi Evaluation cnyXuTb Ajig ynOpaB/iiHHA AisiMA
CUCTeMU, BUKOHYBAaHUMH SIIPOM CHUCTeMHU HaZi KOMipKaM{d po0OOYOoro JOKyMEHTY.
Po3risiHeMO KOMaH/I1 I[bOTO0 TTiMeHI0 Oi/IbII JOKIaHO.

16. YnpaeniuHsa npoyecom o0UUC/1eHb.

3aranbHi KOMaH/[1 3 YIIPaB/IiHHS MPOIL[eCOM 00UrC/ieHb 30Cepe/i>KeHi B MeHI0

Evaluation:

* Evaluate Cells (Shift + Enfer) - BukoHaHHs BUOpaHO1 KOMipKU;

* Evaluate Place (Shift + Ctrl + Enter) - BUKOHaHHSI BU/Ii/IEHOTO BHpa3y 3Ti/IHO

MIiCL[I KIOTO pO3TalllyBaHHSI;

* Evaluate Subsection (F7) BukoHaHHS CyOCeKIlii JOKyMeHTa;

* Evaluate Notebook - BUkoHaHHSI BCbOTO JJOKYMEHTa;

 Evaluate Initialization Cells - BukoHaHH# iHil[ililOBaHMX OCepe/IKiB;

* Find Currently Evaluating Cell — nomyk noToyHoi BUKOHyBaHOT KOMipKH.
laHa rpyna KOmaH7, yIipaB/si€ eBOJIOLi€I0 (BUKOHaHHsSM) KOMIpokK. [lepepn

BUKOHAHHAM KOXXHa KOMIpKa OL[IHIOETbCA 3a CBOIMM O3Hakamu. KomaHza

Evaluation Cells or1jiHl0o€e BCi BHU/[i/eHI OcCepeJKM, BUKIUKA€E X eBOJIIOL[iIO i

TIOMILLIA€ pe3y/bTaT eBOJIIOLl KOXKHOIO ocepeiky Bijpasy micias Hel. Lle ogHa 3

HaWOinbIl TOMMpeHUX KoMmaHz, KomaHz. Ciig Tam'ataTd, 1Mo, 3aaBasiocs O,

TPUPOJHe HaTUCKAaHHA KiaBilli Enter BUK/IMKAae juille repepuBaHHs psfKa, a He

€BOJIIOL|it0 BUZIJIEHUX KOMIPOK BBefleHHs. 11py yrpaB/iHHI 3 K/1aBiaTypu eBOJIIOLIis

oOpaHUX KOMIpOK Bi/[OyBa€ThCsl TPH OJHOYACHOMY HaTHCKaHHI Kiagimi Shift i

Enter. [Tepeq 1i€to koMaH/1010 Ma€ OyTH 3aBaHTa)KeHO SIIPO CUCTeMH. SIKITIO 1[bOTO

24



He Oy70 3po06/eHo, TO MO)Ke TIPOWTH TIeBHUM Yac [/ 3aBaHTa)KeHHs sifipa, TepIil
HiXK /laHa KoMaH/ia Oy/ie BUKOHaHa.
17. Bu6ip sidpa cucmemu

CyuacHi Bepcii cicteMu Mathematica MarOTh MOXK/TMBICTE POOOTH He Ti/IbKU
3 YCTaHOB/IEHUM JIOKAQJbHUM SIIDOM, a ¥ 3 iHILIKMMHU siipaMu, Opi€EHTOBaHUMM Ha
GesrocepeHbo Ha criety@iuHi k1acu obuucieHb. Lle mpu3sBesio 10 TOSBU DSy
HOBUX KoMaH[:
» Start Kernel - 3aae crapt o6paHoro si/ipa;
* Quit Kernel - 3agae Buxiz 3 obpaHoro s/pa;
* Default Kernel - 3az1a€ s11po, sike BUKOPUCTOBYEThCS 3@ YMOBUAHHSIM;
* Notebook's Kernel - 3a7ja€ siipo po604oro oKymeHTa;
* Kernel Configuration Options - BUBOJUTh BiKHO YCTaHOBKU BJ/IaCTUBOCTEM
ANEP;
* Parallel Kernel Configuration — koH@irypauis mnapanenbHux siep (ripu
HasiBHOCTi GararosiepHoro mpoijecopa Ha [1K);
 Parallel Kernel Status — craryc napanenbHUX sifiep TIpU BMKOHAHHI KOMipOK

JoKyMeHTa (TIpy HasiBHOCTI OaraTosiiepHOTO Tpoiiecopa Ha I1K).

IHTEPAKTUBHICTSG 111/T YAC POBOTHU 3 CUCTEMORO

18. JunamiuHa inmepakmueHicmb npu cUM0/AbHUX 00UUC/IeHHAX

NyHamiuHa iHTepaKTUBHICTH - HOBa SKiCTb HOYTOYKiB  CHCTeMHU
Mathematica, mourHaroun 3 moctoi ii Bepcii. BoHa mossirae B 3acTocyBaHHI
JOCUTDb MPOCTUX 3ac00iB, 110 03BO/SIOTH TIePeTBOPIOBATH HOYTOYKH (IOKyMeHTH)
CUCTeMU B JianoroBi (iHTepakTHBHi) BikHa 3 ejleMeHTaMH, III0 J03BOJSIOTh
JUHAMIUYHO YTIPaB/STH TapaMeTpaM{ BUXiJHUX JaHUX st oOurcieHb (B TOMY
YKC/Ti CUMBOJIBHUX) i TOOY70BY rpadikiB.

OpHuM 3 Takux 3acobiB € kepyroua (yHKuUis Manipulate. Ile Tumosuii

TIpOrpaMHUN MOAYy/b, SIKUM Oyze AeTanbHO OIMMCAHWK B ToAaibiioMy. TTokM >k
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PO3I/ISHEMO TIPUK/IAJ, MOro 3acTOCyBaHHSI [yisd OOUYMCIeHHS iHTerpamy 3
mifiHTerpasbHO0 QyHKI[ier0 cos(x™) mag pisHux mimmx N Big 0 go 10, mpo
rnokazaHur Ha Puc. 18.1. ®@ynkijiss Manipulate B ocepeiKy BUBe/leHHSI BUBOJUTH
iHTepaKkTUBHe BiKHO 3i craiifiepom, OIryHOK SIKOTO MO)KHA TiepeMilljaTé MUIIEro i
BIKHOM BUBe/IeHHs pe3y/bTaTiB aHa/JiTUYHOro iHTerpyBaHHdA. [Ipu npomy n
3MIHIOETBCS | MiHSIETBCSI CUMBOJIbHE 3HaueHHs iHTerpaty. Ha Puc. 18.1 noka3anuu
BUIA/JIOK, KO/ C/ak[epoM 3aJaHO 3HaueHHsS n =1. BoHO BHBeJEHO B KiHLi
cnaiiziepa.

Inf1]= Manipulate[Integrate[Cos[x"*n!], x], {n, 0, 10, 1, Appearance - "Labeled"}’

" —B :

Sin[¥]

out[1]=

Puc. 18.1. /lunamiude 0GuKC/IeHHs iHTerpaa 3 IiJiHTerpaabHor QyHKLie cos(x™) npu
n =1

s nemoHcCTpaLiil AUMHAMIYHOI IHTEepakKTUBHOCTI Ha puc. 18.2 1 rokas3aHo
npukIaau g h =2 1 n =3, [li 3HaueHHsA Il OTpuMaHI TepeCyBaHHAM ITOB3yHKa
cnaigepa. /lobpe BUAHO, 1[0 TIpU 3MiHi 11 3MiHIOETHCS PopMysia, sika BU3HAua€e

CHMMBOJIbHE 3HAUeHHSA iHTEFpaJIa.

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

outf1]=

;2: Fresnelcl f% xJ

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

out[1]=

Puc. 18.2. [TuHamiuHe 0GUMC/IeHHs iHTerpasa 3 IigiHTerpanbHor0 GyHKIjielo cos(x™) TIpU
n=2in=3
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MOXTMBOCTI  aBTOMAaTHYHOTO OOUMCTIeHHS 3alaHOTO  iHTerpajsia pasoM 3

PO3TOPHYTOIO TIaHE/ITI0 aHIMalLliIMHOTO MporpaBadya oOuMCc/IeHHsT HaBeleHO Ha Puc

18.3.

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

=
i 8

I
=
8 ekt [

out[1]=

40320 1/40320 [ . 40 320} V) / (apgap (x80640) /40320y
/ ] / \ | / /

Puc. 18.3. [unamiude OGUMC/IeHHs iHTerpajna 3 MifiHTerpaabHOI (yHKLicr0 cos(x™) 3
PO3TOpPHYTOO TIaHeJI/TI0 aHiMalliiiHOro mporpaBaya

19. YnpaeniuHsa 2pagpikamu 3 00nomoz010 muwi

I'padika cucremu Mathematica AoBruii yac Majsia SIBHUM HeZJOJIK -
Bi/ICYyTHICTb MOXJIMBOCTI MOBOPOTY TPUBUMIpPHMX rpagikiB ¢iryp muiero. Lg
MOXK/TUBICTb B)Ke JaBHO Oy/sla peasi3oBaHa B IHIIHMX CHCTEMaX KOMIIIOTEPHOI
matematvku Mathcad, Maple i MATLAB. IlpaBga, B8 Mathematica 4/5 MoxHa
Oy/7i0 3aBaHTa)KUTH HOYTOYK 3 TPOLIEAYPOIO, 10 [a€ TaKy MOXKIUBICTh. OfHaK
TiJIbKM TIOuMHatouM 3 Mathematica 6 i mofanbIIMX Bepcisgx CUCTEMU MOK/IHBICTh
ynpaB/iHHA rpagikaMy MUIIEH0 TPUCYTHS BKe $IK BIACTUBICTb TPUBHUMIPHHX
rpacdikiB, mobyzoBa AKUX 3a/jaHa B si/Ipi CUCTEMU.
Ha Puc. 19.1 noka3aHo K/JIaCUYHUWM MpUK/aZ Ha MoOynoBy MOBepPXHi, OMUCYyBaHOT
dyHKIliEt0o ABOX 3MiHHUX - X +y°-1, TloBepxHs (mapabomoin o6epTaHHS)
Oynyetbcs 3a gornomororo (¢yHkiii Plot3D i mokaszaHa mnpu 1oOygoBi 3a

3dMOBUYYBdHHAM - OHYK]'[iCTI-O BHUS3.
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n1]= Plot3D[x*2+y*2-1, {x, -1, 1}, {y, -1, 1}]

Puc. 19.1. TTo6ygora mapabosoizga o6epTaHHs.

Ao BBeCTU Kypcop MMUILL BCepeAuWHY MaJ/ltOHKa, BIH 3MIHUTBCA Ha
300pakeHHsI [BOX BUTHYTUX CTPI/IOK, 1110 BKa3ye Ha obepTaHHs. HaTuCHYBILY /TiBy
KHOTKY MMII i yTpUMYyrOUH ii HaTUCHYTOIO, MOKHA IlouaTy IoBepTaTu ¢irypy i
cnioctepiraru ii obepranHs B nmpocTopi. Ha Puc. 19.2 noka3aHuii pe3ynbTaT TakKux
MaHiMyJssiii, B pe3y/ibTari Koro rnapabosois BUsiBUIacs mo0ya0BaHUM OMYKJTiCTHO
BIODY.

MoxuBicTe  0bepTaHHS TPUBUMIDHUX rpadiuHux 00'€KTiB MHUIIIE0
JIO3BOJISIE PO3IVIAAATHU IX 3 PI3HUX CTOPIH 1 BUSAB/ISITU CIIOYATKy HEBUAMMI 1X
ocobmuBocrti. ko HatucHyTH Knagimny Shift, To mpy HaTMCHYTIN fiBiM KiaBimi
MHUIIII MO)KHa Tiepemiliatd rpadik mo mnomwo rpadiuHoro BikHa, a, yTPUMYHOUM

kaBitny Ctrl MmoxxHa ri1aBHO Habsmkaty abo BiggansTy rpadik (orepariisi Zoom).
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2= PIGEBD[R™2 + ¥~2 -1, {%; ~1, 1), {¥: -1, L}]

Puc. 19.2. TTobynoBa obepHeHoro nmapabonoizia obepTaHHsS

20. TuHamiuua inmepakmueHicmb npu 2pagiuniti eizyanizayii

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

out[1]=

3 A > _ 2 U

Puc. 20.1. TTobyznoBa rpadika dyHkii sinnx/nx i3 ciatizepom A 3MiHd Tlapametpa 11 s

BUMAAKY n =1
MoxxnuBicTe 00epTaTy TpUBHUMIpHI Girypy Ta rpadikyd MUIILIEIO - 1je JIUIIe
OAVH 3 KOMIIOHeHTiB rpadiuHoi guHamiuHOi Bisyasizaiiii. Po3pobHUKH

Mathematica minu fani i BBe/lM MOK/IHMBOCTI CIIOCTEPEXKeHHSI 3a TTOBe/iHKOIO
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rpadikip pi3HOro THIy (B TOMY UYMC/Ii TPUBHUMIPHHX) TP 3MiHi Oyab-sIKOTO 3 iX
napameTpiB. Lli Moxx/BOCTI Takoxx 3abe3rneuye ¢dyHKiliss Manipulate.
Ha Puc. 20.1 noka3aHo no6yzoBy rpacdika 3a BUCJOBOM Sinnx/nx3a J0TIOMOTOIO
¢yskuii Plot i Manipulate. [1pu 1jpomy 3agaHo 3MiHy napametpa 1 Big 1 go 10.
I'pacdik Ha Puc. 20.1 noOygoBanuii gyast n =1.

Temnep, mepemiljarour MOB3YHOK CJlakjiepa, MOXKHa CIIOCTepiraTv 3a 3MiHaMu
rpadika, 1110 iCTOTHO TiJIBUIIY€E HOro HaouHicTb. Ha Puc. 20.2 moka3aHuii Tou e
HOYTOYK, ajie TIpU TIOJIO’KeHHI TOB3yHKa cjaijepa, BifAnoBigHoro n =3,65. Ilpu

1[bOMY XapakTep 3MiHU rpacdika OueBUIHUM.
In[1]= Manipulate[Plot[Sin[nx] / (nx), {x, -2Pi, 2Pi},
PlotRange -+ {-0.3, 1.3}], {n, 1, 10, Appearance — "Labeled"}]

n = i 3.65

1.0

outj1]=

/—\/\/\ TS

RENEY \/g\\/}v s

Puc. 20.2. TTobygosa rpadika ¢yHKIii sin nx/nx i3 cnaiigepom st 3MiHu Tlapametpa 1 st
BUMAaAKy N =3,65
Yucio caiigepiB i 3MiHIOBaHHX TapaMeTpiB HEBAXKKO 30i/BIIMTH, TTPOCTO
HaJlaBlIY BIAMOBIJHI IapaMeTpu [eKUIbKOM 3MIHHUM B CIMCKY [apaMeTpiB
¢yukuii Manipulate. Ha Puc. 20.3 moka3anuii nipuksaz no0ynoBu rinepbosiuHol
TIOBEpXHi, y SIKikl 3MiHIOIOThCS [iBa TlapaMeTpu - Koedil[ieHTH 71, i 1, npu 3MiHHUX
X i Y. IloBepxHsi nmobOynoBaHa [Jjisl 3HaueHb N, =n, =1 i TTOBepHeHa MHUIIIeI0 A/ist

OTpPUMaHHS Oi/bIll HAOYHOTO 306pa>keHHsI.
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Infii= Manipulate[Plot3D[nlx*2-n2y*2,
{x, -2, 2}, {v, -2, 2}], {nl, 1, 10, Appearance - "Labeled"}, {n2, 1, 10, Appearance - "Labeled"}]

Puc. 20.3. IToGyzoBa rinep6osiuHOi TOBEPXHi NPY JBOX 3MiHIOBaHMX TapaMeTpax (Iipu
n, =n, =1)

Ha puc. 20.4 noka3aHa Ta > IIOBepXHIO MIC/s TepeMillleHHsI [MOB3YHKIB
C/aiifiepiB 3 yCTaHOBKOKW 3HaueHb N, =-0,62; n, =156, [lobpe BUAHO, SK
3MIHIOETBCS BUIVISAZ [TO0BepxHi. Mo)KHa CriocTepiraty IyiaBHy 3MiHY Lii€l [TOBepXHi
Mpyd MepeMillleHHI MOB3YHKIB cjavjepiB. [Ipu 3ycuinsg Ha iX BUBEJEHHSI €
MiHIMa/JIbHUMHU — BOHHU 3a/]al0ThbCs MapameTpamu ¢yHKLii Manipulate. B iHmmx
cucTeMax Il peasti3aliii TaKuX iHTepaKTUBHUX MOXK/IMBOCTeH mJoBesocs O
CKOPHUCTAaTHCsl TpoLeAypHUM abo Bi3ya/lbHO-OpPiEHTOBAaHKMM IPOrpPaMyBaHHSIM,
rornepeHLO OCBOIBLIU KOTO.

OpHak i Ha UbomMy MOXIMBOCTI Mathematica 9 He 3akiHuytOTbC. MoxkHa
peastisyBaT aHiMarliro mobynoBaHux rpadiunux o6'ektiB. Ha puc. 20.4 moka3aHo
MEHIO Orepaljil, siKe 3'SBJISE€ThCS PY aKTHUBI3aLlil MUILIEI0 KPY>KKa 3i 3HAKOM «+» y
BEePXHBOMY TTPABOMY KYTKy HOyTOyKa. BHU3Y 11b0T0 MeHrO € oriiisi Autorun, BUbip

SIKOI BUKJIMKAE TOSIBY 3BepPXY BiKHA IMaHeJli aHiMaLliiiHOro mporpaBaya Autorun.

31



2= Manipulate[Plot3D[nix~2-n2y~"2,
{x, -2, 2}, {y, -2, 2}], {nl, -10, 10, Appearance - "Labeled"}, {n2, -10, 10, Appearance - "Labeled"}]

ik ! | —0.62 Hide Controls
L o Paste Snapshot
L I I S Add To Bookmarks...
@ Initial Settings

Paste Bookmarks
Animate Bookmarks

Autorun

Puc. 20.4. IToGyzoBa rinep6osiuHOi TTOBEPXHi NP JBOX 3MiHIOBaHHUX TapaMeTpax (Iipu
n, =-0,62; n, =1,56)
3a 3aMOBUyBaHHsSIM TIporpaBau Autorun 3abesrieuye repersss aHimMailii
TOBepXHi MpU I[UIABHOMY aBTOMAaTUYHOMY [epeMillleHHI CII0YaTKy OJHOro
MOB3yHKA, a IOTiM Jpyroro. MoKHa BTPYTUTHCA B Ppo0OOTy TiporpaBaua,
HalMpUK/a/, 3yNMMHUBIINA MOT0, 3MIiHMBIIM ILIBUAKICTb i HAaNpsIMOK IepeMillleHHs
MOB3YHKIB, i, HapellTi, 3aKpuTH uoro. BiAMOBigHI KHOMKKA 3 OYEBUIHUM

MHEMOHIUYHHM 300paKeHHSIM € Ha TaHeJTi porpaBava.
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PO3/ILJT 2
MATHEMATICA SAK CUCTEMA ITPOI'PAMYBAHHSA
1. [Tonammsn npo éxioHy Mo8y cucmemu i Mogy peanizayii

Cucrema Mathematica 3maTtHa 0e3 3arajJibHOMPUMHSATOTO TPOrpaMyBaHHS
pPO3B’s13yBaTU BeJIUKY KIUJIBKICTb MaTeMaTUUHUX | HAyKOBO-TeXHIYHMX 3aB/aHb.
OpHak Bci 3acobu cuctemu (BKtouaroun asdapit 11 BXigHOI MOBH, Woro OyKBH,
1udpy, oreparopu i UWCAeHHi creljiabHi 3HaKW) MO CYTi € YaCTUHOMO
1Ipo6/IeMHOMY Opi€HTOBAaHOI MOBM TTPOTpaMyBaHHS Ha/IBUCOKOTO piBHS [34,45,46].
3a CBOIMM MOJK/IMBOCTSIMM y BUKOHaHHI MaTreMaTMUYHUX | HayKOBO-TEXHIUHUX
obuncyieHb 1 MOBa Habarato TmepeBepillye 3BUYalHiI YHiBepcajbHi MOBU
TporpamyBaHHS, Taki sk Fortran, Basic, Pascal abo C.

BaxnuBo MiJKpec/jvTH, W0 TYyT MOBa MJe MPO MOBY IIPOrpamyBaHHS
cuctemu Mathematica, a He mTpo MOBy peasnisalii camoi cuctemMd. MOBOIO
peavti3aljii € yHiBepcasibHa MOBa nporpamyBaHHs C++, fKa 1mokasasia CBOIO BUCOKY

ﬂbEKTPIBHiCTb AK MOBd CMCTEMHOI'O ITPOIrpaMyBaHHS.

2. Mooicaueocmi moeu npozpamyeaHHs cucmemu Mathematica

[TepeBara cuctemn Mathematica, sk 3acoOy mporpamyBaHHSI PO3B’SI3KiB
MaTreMaTUYHUX 3afiad, 3yMOBJ/ieHa He3BHYHO BeJUKUM (B TIOpiBHsSHHI 3i
3BUYAaiHUMHM MOBaMH IIpOrpaMyBaHHs) HabopoM GYHKIIN, cepef; SKUX YWMAasio
TaKUX, SIKI peasli3yroTh CKJIA[HI i TIPAKTUYHO KOPUCHI MaTeMaTU4Hi TepeTBOPeHHs
Ta YWCeIbHI Ta aHaMiTU4YHi obuucioBanbHI Metogu. Yucio ¢yHKUIM B
Mathematica 6 gocsrae 4000.

Moga nporpamyBaHHs1 cucteMyu Mathematica € TUIIOBUM iHTepHpeTaToOpoM i
He € MpPU3HAYeHOR /71 CTBOPEeHHS BUKOHYyBaHUWX (aiiiB. [IpoTte, a/isg okpemux
BUpa3iB 11 MOBa MO)Ke BUKOHYBAaTU KOMITiJisILiito 3 foroMororo ¢dyHKiii Compile,
10 KOPHUCHO TIpM HeoOXigHOCTI 30inbIIeHHS IIBUIKOCTI paxyHKiB B CTapuXx
peasii3aLisix CACTeMH. Y HOBUX BepCifiX ajJrOpUTMH IIOJIILIeHI HaCTi/IbKH, L0

ocobmBoi HeoOximHOCTI B 3acTocyBaHHi ¢yHKI(iT Compile maike Hemae.
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Mogsa cuctemu Mathematica yBiOpasa B cebe Kpaiifi 3aco0u psily TTOKOJIiHb
MOB MporpaMyBaHHs, Takux K Basic, Fortran, Pascal i C. 3aBasiku 1jboMy BOHa
[l03BOJISIE JIETKO peasi3yBaTd BCi BiZJOMi THWIIOBI KOHLIeILii IIporpaMyBaHHS:
dbyHKLiOHa/IbHe, CTPYKTypHe, 00'€KTHO-Opi€eHTOBaHe, MaTeMaTW4He, JIOTiuHe,
peKypcuBHe. Y  HbOrO BK/IWOUeHi i 3acobu  Bi3ya/ibHO-OPi€EHTOBAHOTO
TpOrpaMyBaHHS Ha OCHOBi 3aCTOCyBaHHsS 11ablIOHIB MaTeMaTMUHUX CHUMBOJIIB,
TaKMX $SK 3HaKW [JudepeHIifoBaHHSA, iHTerpamy, MiJICYMOBYBaHHs, MJ0O0YTKY,
PO3KJIaIaHHA B psif i T.A.

BHyTpilHe mpejcTaB/ieHHs BCiX 00unciaeHb 0a3yeThCsi Ha 3aCTOCYBaHHI
MoBHUX (popM BUpa3iB, Npe/icTaBieHUX QyHKLisiMU. | B3araiii, PyHKI[isM B cucTeMi
Mathematica HanexuTb BUpilllajibHa POJib B OpraHisaijii Oyab-KUx 00OUHC/IeHb.
Tomy, Mathematica akTHuHO criouaTKy peaii3ye sIK r0JIOBHUM (PyHKI{iOHA/IbHUH
MeTo/, MporpaMyBaHHSA - OJUH 3 Hale(eKTUBHIIIMX | HafilHUX. HasiBHa Besvka
KIUJIBKICTh JIOTIUHMX OMeparopiB i (YHKLM [03BOJIsS€ MOBHOLIIHHO peasi3yBaTH
JIOTIYHUK MeToJ, TporpamyBaHHs. be3miu onepauiii mepeTBOpeHHS BUPa3iB i
(GYHKLiA [03BOJISIIOTH  3[IMCHIOBAaTM MpPOrpaMyBaHHSI Ha OCHOBI HpaBHJI
IepeTBOPeHHs.

Crtig TakoXK BiZj3HAUWTH, 1[0 MOBa CHUCTEMH JI03BOJISIE PO30MBATH TTPOTrpamMH
Ha okpeMi Momymi (6sioku) i 36epiraty 1ji MoAysi B TeKCTi JoKyMeHTa abo Ha
JKOPCTKOMY [AWCKY. MOyKBe CTBOpPEHHSI TIOBHICTIO CaMOCTiMHMX O/OKiB —
rpoLeyp 3 NPUCBOEHMMH iMeHaMH i (PyHKLiM 3 JIOKaJIbHUMM 3MiHHUMU. Bce 11e,
T1I0psiZ, 3 TUTIOBUMHU CTPYKTYpaMU YIIpaB/liHHS, [J03BOJISIE peasli3yBaTl CTPYKTypHe
1 MoAy/IbHe [IpOrpamyBaHHs.

HacTinbku >K TpPUpPOJHO MOBY CHCTEMM peasti3ye 00'€eKTHO-OpieHTOBaHe
IporpaMyBaHHs, 1[0 CTa/I0 HOBOIO BiXOKO TerepilHboro yacy. BoHo, rmepii 3a Bce,
0a3yeTbCs Ha y3araJbHeHOMY ITOHSTTI 00'€KTa i MOXKIMBOCTI 3aBAaHHsI Oe3miui
TIOB’si3aHUX OfWH i3 ogHuUM 006'ekTiB. B cucremi Mathematica kokHa Komipka
JOKYMeHTa € OKpeMUM O00'€KTOM i TIOPO/PKYEThCS iHIIMMH, TIOTepeHiMU
o0'ektamu. IIpu 1bOMy BMiCTOM 00'€KTiB MOXYTb OyTHM MaTemaTHuHi BHpa3W,

BXI/IHI | BUXiZiHI AiaHi, Tpadiku Ta Ma/lFOHKH, 3BYKH 1 T.71.
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3 TOHATTSM 00'€KTa TICHO TIOB'Si3aHi TPU OCHOBHUX BJIACTHUBOCTI:
iHKancyaanisa, ycnagkyBaHHs i nosiMopgi3m. Bci BoHM opraHiyHO mpUTamaHHi
o6'ektam cuctemu Mathematica i He moTpeOytOTh AJis1 CBOET peartizalii OyAb-sIKUX
crierfiaTbHUX 3aco0iB.

ITHKancyasALisa o3Hayae 00'elHaHHS B oflHOMY OO'€KTi SIK ZlaHWX, TakK i MeTO/iB IX
orpaLjfOBaHHS.

YcnagkyBaHHA O3Hayae€, 1[0 KOKeH O0'€KT, OTpMMaHuUi Bif iHIIMX 006'€KTiB,
YCIaJKOBYE iX BJIaCTUBOCTI.

IMTomiMopdism - BracTuBicTh, 10 [03BOJISIE  TlepeJaTH  psiay  00'eKTiB
TOBijOM/IeHHs, sKe Oyme oOpoOIATHCS KOKHHUM 00'€KTOM BiJITIOBiJHO [0 HOTO
iHAMBiAyanbHUX 0COOTMBOCTEH.

HaBesjeHuii HiKue TIPUK/IaZ 00'€KTHO-OPIEHTOBAHOTO TMPOrPaMyBaHHS fa€
TPU BU3HAUeHHS], acollifioBaHi 3 06'ekToMm h:

h/:h[x _]+h[y_]:=hplus[x,y]
h/:plh[x_],x]:=hp[x]
h/:f_[h [x_]]l:=fh[f, x]

B npuHnumi, MoBa rmnporpaMmyBaHHSI cucTemMu Mathematica crerjiaJbHO
CTBOpeHa JJisi peanisaniii OyAb-fKoro 3 T[epepaxoBaHUX IiAXOAiB [0
MporpaMyBaHHs, a TakOX [0 PpsAAy IHIOUMX, HaNpuKiaL PeKypeHTHOro
TporpamMyBaHHs, TPU SKOMY HACTyMHUN KpOK o6OuMciieHb 0a3yeTbcsi Ha
indopmatlii, orpumaHili Ha TmomepegHiX eTarmax oOuuc/ieHHS. MOXIUBUM € i
pPeKypCHBHe MPOrpaMyBaHHs, KO (YHKLisl B 3aralbHOMY BUMa/JKy HEOZHOPAa30BO
3BepTaeTbCs [0 cebe camoi. HaouHUM TIpUK/IaJOM L[OTO MOXe CIYXKUTb
obuncieHHs pakTopiany peKypCUBHUM MeTozoM: n'=n -(n- D!,

3acobu MoBu Mathemntica /103BO/SIFOTL peasti3yBaTH i eJleMeHTH Bi3yabHO-
Opi€HTOBaHOrO MporpaMyBaHHsl. Moro 3MicT mossrac B aBTOMaTWuHil reHepariil
MPOrpaMHUX MOZAY/IIB LIISXOM BKa3iBKU Bi3ya/lbHO 3PO3yMIJIOTO Ta IIPOCTOrO
o0'ekTa - Halyacrile KHOMKWA. Mathematica [103B0JisSi€ CTBOpIOBATH MasiTpu i
raHesi 3 pi3HUMU KHOTIKaMU, II0 [JO3BOJISIFOTH YIIPABJSITU TIPOTPaMoro, abo

BBOJIUTU HOBi MpOTrpaMHi 00'€KTH.
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3. Cmpykmypa cucmem Mathematica

[IJo6 3po3ymiTH, SIK BUKOHYIOTbCS OOUMC/IeHHs B cucTemi Mathematica,
noTpibHO Xoua 6 y 3arajJbHMX pUcax 3HaTH CTPYKTypy cuctem Mathematica. i

MO)XHA 3pYYHO TpeZICTaBUTU B HACTYITHOMY BUIVISIZI:

Pack
a(l: ges

Kernel—— Front End — Help

)
Library e

[nsi opieHTallii cucTeMd Ha KOHKPETHY MalllMHHY IUIaT)OPMY CIY>KUTh
intepgericani mipouecop Front End. Came BiH BU3Hauae, SIKMM BUIVIS[ Mae€
inTtepdelic kopucrtyBau cucreMu. IHTepdelicHi mipoiiecopu cuctem Mathematica
IS pi3HUX TU1aThOpM MOXKYTb MaTH CBOI HIOAHCH, ajie 0COOMMBUX BigMiHHOCTEH
TIOPIBHSIHO 3 iHTep(ercHuM poLecopoM cucteMd Windows Hemae.

Came uepe3 iHTep(elicHUI MPOLleCOp 3[iMCHIOETLCS 3B'SI30K KOPUCTyBaya 3
cucTemMor0. KopucTtyBau BBOAUTE 00UMC/TFOBaHI BUpa3M 3a /I0NIOMOTOI0 KaBiaTypu
i cmiakye 3a BBe/leHHsSM 3a [IOMOMOro aucriies. IHTepdelicHul TpoLiecop
3aMiTy€e y sApa MoTpiOHI omeparopu, (yHKINi i mpaBuia iX ITepeTBOPEHHS,
o0umC/TIoe 3 IX JIOTIOMOTOI) BHpa3, i pe3ynabraT OOuuMC/ieHb BUBOAWTHL Ha eKpaH
JVCILIes.

LleHTpasibHe Miclle B cucTeMax Kiacy Mathematica 3aiiMae MalllMHHO-
He3ajie)XHe siIp0 MareMaTuuHux ornepaiiii - Kernel. BoHo wictuts Habip
oriepatopiB i (yHKIIiN, IpaBUI 00UYKMC/IeHb i TepeTBOpeHh MaTeMaTUUHUX BUPa3iB.
SAnpo 3po0/ieHO AOCUTH KOMIIAKTHHAM JJIs1 TOTO, 1100 Oyab-ska (YHKIJisi 3 HBOTO
Mornia OyTM BUK/IMKAHOK AOCUTH IMIBUAKO. [lnisi po3mivpeHHsi Habopy ¢yHKLiN
cnyxkutb 0ibmioreka Library i Habip makertiB posmmpenHsi Packages. [Taketu
po3irpeHsb (OPMYIOThCS BJIaCHOK MOBOIO NporpamyBaHHs cucteMu Mathematica
i € ToMoOBHMM 3aco00M PO3IIMPEHHS MOXK/IMBOCTeHM CHUCTeMH i iX agamTarlii 7o

BUpillieHHs1 Oe3rocepeiHiX KaaciB 3afiau KoprcTyBaua. KpiMm Toro, cucteMy MarOTh
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BOyZioBaHy /10BifKOBY cucTemy - Help. BoHa MicTuTh psifi elTeKTpOHHMX KHUT 3

BeJIMKOIO KiJIbKICTHO TIPUKJ/Ia/iB.

4. Ideonoeis cucmemu Mathematica

Ineosorisi cuctem Mathematica 6a3yeTbcsi Ha ABOX TOJIOXKEHHSIX:

* pO3B’s3aHHS Oi/NBIIOCTI MaTeMaTWUUHUX 3aJau B CHUCTeMi MO)Ke Bi/I0yBa€TbCsA B
[1iaJIorOBOMY pekuMi 6e3 TpaZuIiiHOTO MpOoTrpaMyBaHHS;

* BXiJHA MOBa CIJIKYyBaHHSI CHUCTEeMM € OJHUM 3 HaAWMOTYKHIILIKX MOB
(GyHKI[iOHa/TbHOTO TIPOrpaMyBaHHSI, OPIEHTOBAHUX Ha PO3B’Si3aHHSI Pi3HOMaHITHUX
3aB/laHb (B TOMY UMCJ/Ii MaTeMaTUUHUX).

BuHyKaroua 3 mepuioro Tmorisily CynepewIuBiCTb LUX TI0JI0KeHb YHUCTO
HoMiHa/ibHOW. Hacnpapai Mathematica - TumoBa cucTema MNporpaMmyBaHHS 3
1po6/IeMHO-0Pi€HTOBAHOK MOBOIO NPOrPaMyBaHHS HAJBUCOKOro piBHsA. 11 MoxHa
BiZJHECTU [0 KJacy iHTepriperatopiB. K BiZjoMO, MOBU TakKOI'O THUIIy MOC/IiJOBHO
aHa/Ti3yl0Th (IHTEepIpeTyIOTh) KOXKeH BHpa3 i TyT >Xe BUKOHYHOTb MOro. Takum
YMHOM, poOOTa 3 CHUCTEMOIO BiOyBaeTbCsi B [iaioroBomy (iHTepaKTUBHOMY)
peXXUMi: KOPUCTYBad 3a/la€ CUCTeMi 3aBJlaHHS, a BOHA TYT >Xe BUKOHYE HOTO.
Mathematica MicTuTh JocTaTHIiM Habip KepywouuxX CTPYKTYp IIpPOLieypHOTO
TporpamMyBaHHs [Jid CTBOPEHHSI YMOBHMX BUpa3iB, PO3rajiy)keHHs B Mporpamax,
IUK/IiB i T.4., [lia TI0BHOI aBTOMaTH3allii oOuMC/IeHb i JIETKOTO CTBOPEHHS
KOpUCTYyBaueM CBOIX MpoLeAyp i PyHKIIiH.

Y HoBux peasizaijisx Mathematica 10 BKa3aHMX [BOX IIPUHLIATIAMH
JIO[AHWH LMK PsiJi HOBUX MPUHLIUMIB:

* 3a paXyHOK YCyHeHHsI 0OMesKeHb T10 IIBHIKOCTi peaJtizallii urcebHUX MEeTO/[iB
cuctemMu Mathematica craqu ~ yHiBepcalbHUMH CHCTEMaMHK KOMIT FOT€PHOI
MareMaTHKW;

* CCTeMU CTaJTM iCTOTHO PO3IIMPIOBAHUMMU 3a PaXyHOK 3aCTOCYBaHHS BOYZOBaHUX
(Add-On) i 30BHIIlIHIX MaKeTiB PO3IIMPEHHS, a TAaKOXK IaKeTiB PpO3IIUPEeHHS,

CTBOPHOBAHHUX KOPUCTYBd4YEM;
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* CHCTEMHM peaJli3yloTb HaMBHIIY SKiCTb ITi/[TOTOBKH HOYTOYKiB - JOKYMEHTIB, II0
MiCTATb OFHOYACHO TEKCTOBi 3arMCH, aHaJiTHUHi BHWpa3W, Tabiuili, rpadikwu,
MaJIFOHKY Ta iHIII KOMITIOHEeHTH;

* (CUCTeMM [J03BOJIAIOTb CTBOPIOBaTHM [IOBHICTHO 3aBepllieHl BUCOKOSKICHI
e/IeKTPOHHI YPOKH, CTaTTi Ta KHWIU 3 BUCOKWM piBHeM Bi3yasi3allil BCiX BUJIB
00uliC/IeHb;

* CUCTeMHU CTa/lli IHTe/IeKTya/lbHUMU CUCTeMaMy HaJaHHA 3HaHb B ranysi
(yHaMeHTa/IbHOI Ta MPUK/IaJHOI MaTeMaTUKH.

Bce 1e iCTOTHO pO3MMpIOE MOXKIMBOCTI cuctemMyd Mathematica i poOuth ix

3aCTOCyBaHHS OL/BII MPUBAaOIMBUM MOPIBHSHO 3 iHILIMMU CUCTEMaMHU.

5. Konyenyiss ouHamiuHoi 3miHU 3mMiHHUX @ Mathematica

+  Wolfram Mathematica 9.0 - [Untided-1 *]

File Edit Insert Format Cell Graphics Evaluation Palettes Window Help

Infil= Table[Slider[Dynamic[x]], {4}] _| =
Dut[1F 4 ﬂ " U r
B B ]
|
Infzi= {Slider[Dynamic[x]], Dynamic[x] }

()

G D . 0.oo08)

(%= {51lider[Dynamic[x]], Dynamic[Plot[Cos[5vyx], {v, -2Pi, 2Pi}]11}

[&H]
| QN | i 4
m

sort  reverse = = E

100% =~

Puc. 5.1.3apanHa jyHaMiyHOI 3MiHHOT X
MogBa mnporpamyBaHHs Mathematica Mae Taki Ao0pe BigoMi 00'€eKTH 5K

3miHHi. Criif Bifj3HauMTH, 1[0 3MiHHI MalOThb iMeHa-ifjleHThU(iKaTopu i iM MOXKHa
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TIPUCBOIOBATH Ti YW iHII uWcesbHi, CTPiukoBi ab0 CHUMBOJIbHI 3HaueHHs. [Ipu
I[bOMY 3MiHHi JinsaThCsl Ha robasnmbHi (X 3HaUeHHs [if0Tb Y BCbOMY HOyTOyIIi) i
nokasbHi (ix obmacTb il oOMekeHa 3a/[aHUMH TIPOTrPAMHUMU TIporiefypaMu abo
(byHKLisIMU 31 cClTMCKaMy TapaMeTpiB - (opMaTbHUMU 3MiHHUMM).

[Toku oOMexuMocsi 06roBopeHHsSIM I7100asbHUX 3MiHHUX. TakuM 3MiHHUM,
MOKHA TIPUCBOITH [IOBi/IbHe 3HaueHHS B Oyab-skoMy Miciii HOyTOyKa, i 1ie
3HaueHHs1 30epeXkeTbCsi B HACTYITHUX YacTHHAaX HOYyTOykKa aX [0 ueproBOro
repenpucBoeHHs. [IpoTe yacTo BUHMKAE HeOOXiAHICTh 3MiHUTH 3HaUeHHsS 3MiHHOI
Tak, 11100 HOBe 3HaUeHHsI 30epiranaocs sK ITiC/IT MOMEHTY TPUBJ/IACHEeHHS, Tak i J10
Hboro. OcobmBo 1iHHOIO Oysia 6 Taka MOK/IMBICTb MPU BUKOPHCTaHHI 3acobiB
JUHAMiuHOI 3MiHM 3HaueHb I7100aIbHUX 3MiHHMX. CaMe I1i MOK/TMBOCTI i BBe/leHi B
cuctemy Mathematica. Bonu peanizoBani ¢yHKIJi€t0-03Hakor0 Dynamic.

3actocyBanHsi QyHKLUii Dynamic intoctpye HOyTOyK (puc. 5.1). Ha HbOMY
TIpe/iCTaB/ieHi: MoOyoBa Tab/MUIli 3 YOTHPMA CjakiepamMH, OAVUHAYHUM ciakjep i
cnaiiziep 3 rpadikom cuHycoifanbHOi (yHKIjii. Ckpi3b 3MiHHa X BKa3aHa K
napameTp ¢yHkIjii Dynamic. Ile o3Hauae, 1110 3MiHa T0/I0KeHHSI TIOB3yHKa Oy/ib-
sKoro ciaizepa (abo mpocTo 3MiHa 3HaueHb 3MiHHOI) aBTOMaTHYHO Beje i 3MiHM il
3HAYeHHs BUIe | HWKYe TOUKM IIPUCBOIOBAaHHA 3MIiHHOI 3a/laHOrO 3HaueHHS.
[HmMMY coBamu, 1ie O3Haya€, 110 TOJIOKEeHHS TOB3YHKIB BCiX CJaWjiepiB
3a7la€TbCs 3MIiHOIO TIOB3YHKa Oy/b-sSIKOro craiiiepa. Ha 1ie BKasye iIeHTUUHICTb

TI0JIO’KEeHHSI TTOB3YHKIB BCiX C/1ali/iepiB.
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+ Wolfram Mathematica 9.0 - [Untitted-1 *]
File Edit Insert Format Cell Graphics Ewvaluation Palettes  Window Help

1i1= Table[Slider[Dynamic[x]1, {4}] i
i i
il 5 U s |_| "
] |_I
= . =
Irj2i= {Slider[Dynamic[x]], Dynamic[x]}

(&)

s | D L0iage]
[#= {51lider[Dynamic[x]], Dynamic[Plot[Cos[5S vyx], {¥v, -2Pi, 2Pi}ll} -_|'

.-F(\ 1\ L;T”H ,/ \Iﬁ".

0 I
|r:|I 8] 4

L
m

sort reverse

100% -~

Puc. 5.2. [lunamiyna 3MiHa 3HaueHHs 3MiHHOI X
Ha Puc. 5.2 mnokasaHuid [pyrdd BUMNAZOK - T[epeMillleHHsI TTOB3YyHKa
HIDKHBOTO CJlaiifiepa, 1[0 BUK/IMKAE 3MiHy Tpadika cuHycoifanbHOI dYHKINHT TTif
HUM. JIerko mOMiTUTH, 1110 3ajjaHe TMOJI0KeHHs ciakepa (i 3HaueHHsT 3MiHHOI X )

aBTOMATHYHO TI€PeHOCUTRLCS Ha BHILi KOMipKH HOyTOyKa.

6. DyHKyii cumeonbHUX 06Uuc/ieHb. [Tonamms npo aHaaimuyHi 06UUC/1eHHS

CuUMBOJIBHI Oriepatiii - e Ta O3HakKa, fKa KapJWHAJ/IbHO BiJIDi3HSIE CUCTEMY
Mathematica i inmri mogibHi iti cicTeMy KOMITIOTEPHOI MaTeMaTHKH) Bifl CUCTEM
[JI1 BUKOHAHHSI UYMCE/IbHUX PpO3PaxyHKiB, HarpuK/iaj TakKuX, SK [PUMITUBHI
TabmunHi Tiponiecopu  Excel. CucreMu 3 CHUMBONBHMMM OfepailisMM  4acTo
Ha3UBaIOThCS TAKOXK CHUCTeMaMH KOMIM'FOTepPHOI anrebpH, 1[0, OfHAK, He IIiJIKOM
BifloOparkae Kyau Oi/bIii MOXKIMBOCTI crcTeM Kacy Mathematica

Po3srissHeMO — feski  TIpOCTI  TIpUKJIAAM  3aCTOCYBaHHS  CHMBOJIbHOI

MaTeMaTUKH, sKi peani3yloThcsi B cucTemi Mathematica. Ilpu cUMBOJIBHUX
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oreparfisgx, fKi TaKO)X HA3WBAIOTh AaAHAITUUYHWMHM, 3aBAAHHA Ha OOUMC/IeHHS
MOJIal0ThCA Y BUIVISIAI CHUMBOJIbLHUX ((DOpMy/IbHMX) BUpasiB, i pe3ynabTaTu
o0uKc/ieHb TaKOXX OTPUMYIOTHCSI B CHMBOJIBHOMY BUIIsAi. UucesnbHi pe3y/ibraTil
TIpY LIbOMY € OKpEMUMH BUTIAIKaMU pe3y/bTaTiB CUMBOJBHUX 00UMC/IEHb.

Hanpuknag, cnpoba o0OuMcauTy B 3arajibHOMy — BUIJISI  BUpa3s
sin” x + cos’ x =1, L]0 € TOTOXXHICTb 3 IOMOMOTOI0 UHMCeTbHUX MaTeMaTUUHUX CUCTEM
abo mporpaM Ha 3BMYaliHMX MOBaxX IIPOrpaMyBaHHSl [0 YCIiXy He TIpUBe/e.
3aMiCTh OUIKYBAHOIO pe3y/bTary 3'ABUTHCSA MOBIJOM/IEHHS BUAY: «3MiHHa X
HeBH3HaueHa». ToMy Komr'totep Oyne ueKaTH BBeJeHHS KOHKDETHOTO 3HaueHHS
anss X . Tak Oyze He 3a7e)KHO Bifi TOro, UM 3amporpaMoBaHe OOYMC/IeHHSI Ha
npocTeHbkOMy Basic abo moBowo mpodecioHaniB-riporpamictie C++. 1 e
CUCTeMHU CHMBOJILHOI MaTeMaTHKH TpU OOUMC/IeHHSX AafyTh [JOBroOuiKyBaHe i
abcomoTHO TouHe 3HaueHHs 1 (Puc. 6.1).

IIpu po3misgi HaBiTH HAUMNPOCTILIOTO MPUKIALy, MoKa3aHoro Ha Puc. 6.1,

MO)KHa 3pOOMTH Ki/lbKa Ba)K/IMBUX BHUCHOBKIB. Ilepiil 3a Bce, BHUAHO, 110 cripoOa
BUBeJleHHS He3aje)kHoi 3MiHHOI X fjae caMmy 3MiHHY. DyHKOii sinx i COSX B
cucteMmi Mathematica mo3HauaroThcs sk Sin[x] i Cos[x]. Lle BigmoBizae aBOM
BaXX/IMBUM OCOOMMBOCTSM CHCTeMU: iMeHa (YHKILiM 3a3BUuaii MOUMHAIOTHCS 3
BeJIMKOI JIiTepHy, a MapameTpyu (PyHKLl 3a/ar0TbCsl B KBaJIpaTHUX, a He KPYIVIMX
AyKKax. OcTaHHI BHUKOPUCTOBYIOTBbCS [JI1 KOHCTPYHOBaHHS BUpasiB 1 3aBiaHHA
TpiopyTeTY OreparLji.
Bupa3z sin’x+cos’x TMicAs  BBeJeHHS TMPOCTO  TOBTOPHOETbCSA, a  [JJid
6e3mocepefHLOT0 0OUMCIeHHSI BUKOPUCTOBYEThCS yHKIisi Simplify (cpoctyTh),
apryMeHTOM $KOI € 3HaK %, L0 O3Haya€ IiJCTaHOBKY IOINepejHbOr0 BUpasy B
apryMeHT (YHKIIil BAKOHYBaHOI B TIOTOUHi 0OUMC/TIOBa/IbHIN KOMIipIi.

Crig 3BepHYTH yBary Ha Te, IO CHCTeMa BUJiIsi€ 00/acTi BBeAEeHHS
Bu3HauHUKOM In[N], a obmacti BuBeseHHs - Bu3HauHukoM Out[N], me N - HOMep

pPSAKa, SKUKA aBTOMaTUYHO MepeBipSEThCS.
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g Wolfram Mathematica 9.0 - [Untitled-1 *]

File Edit Insert Format Cell Graphics Evaluation Palettes

| E] untitied 1=

| -
In{i}= Cos[x] *2+ Sin[x] *2 ] F
. : o | [
outfii= Cosix]® = 5in[x]® 'I_|=

Infzl= Simplify [%] il

outzE 1 i
binary form |~ prime? perfect number? Roman numerals o0 ¥

100% =~

Puc. 6.1. OGurc/ieHHs 3HaUeHHst BUpasy sin” x + cos” x B cricremi Mathematica
KoMipku HyMepyroTbCA MO Mipi iX BUKOpUCTaHHA. [Ipy LjbOMy MOXHa 3
KiHL[sl JOKyMeHTY TTOBepHYTHCS 10 MOro rouatky abo cepeiviHu i, 3MiHUBIIIN BMiCT
paHillle BUKOPUCTOBYBaHWX KOMIDOK, 3HOBY BUKOHaTH oOumciieHHs. [Ipu 1jboMy
KOMIDKHU MiHSIIOTh CBOI HOMEPH BBe/leHHs1 Ta BUBeZieHHs1. [Ipy 3aBaHTa)keHHI (hainy
KOMIDKH [epeHyMepOBYIOTHCSI B CTPOrO MOC/IiOBHOMY MNOPSAAKY. TakuM UvHOM,

HOMepH KOMipOK He € cTporo (hiKCOBaHUMM i € CyTO TeXHiUHUM 3aC000M.
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[MTPUKJIIAIN BUKOHAHHSA JIABOPATOPHNX POBIT

JIABOPATOPHA POBOTA N 1

"TUDPEPEHIIIA/IBHI PIBHSIHHA B MOJAEJIOBAHHI ITPOLIECIB
KOJIUBAHb ®IBUYHUX OB’EKTIB"

1. Di3uuHa nocmaHoeka 3aoaui

Po3rsija€TbCsl TeXHOJIOTIYHUM TIpoleC AUQY3iMHOrO pO3UMHEHHs1 (COJi, COJIOAY,
TOILI0) Y BOAHOMY PO3UHHI.

2. MamemamuuHa mooe/nb npoyecy: ougepeHyiabHi piGHAHHSA

npoyecy

[Tpouec AuQy3itHOrO pO3YMHEHHST MPOAYKTY OIMUCYETHCS 3a JOMOMOIOH

HaAUWIpPOCTIillIOl MaTeMaTUUHOI MoJiesTi AU(y3iMHOTrO TUIY Y BUIVISI:

oC
= kcC
=& =k (1)
3 [IOYdTKOBOKO YMOBOIO:
cw|_, =G, (2)

Tyt C(®)— po3mofin NpUBeAeHUX KOHL[EHTpALliii pPO3YMHIOBAHOI PEUOBHHU Y
TBepAik das3i Bif uacy t; K, — KOHCTaHTa MIBUKOCTI Auy3iHOTO pO3UMHEHHS
TIPOAIYKTY, 1[0 BU3HAYAETHCS i3 laHKX (i3uuHOTO ekcriepuMeHTy; C, — rouaTkoBe

3Ha4YeHHs NPUBeIeHO] KOHLIeHTpaLlil pO3YMHIOBAHOTO MIPOAYKTY Y TBepAil (as3i.
3. BxiOHi OaHi
t =1, 10..1000 - njamia30H 3MiHU yacy € [J1 BU3HAUeHHS HellepepBHOIO PO3MOLTY

KOHLIEHTpALliil PO3YMHIOBAHOTO TIPOAYKTY;

n =100 - KiJILKiCTh TOYOK OOUMCJ/IeHHS;
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t, =10 - mouaTkoBe 3HaueHHs yacy ! [l BU3HAUEHHS HelepepBHOr0 pPO3MOLLITY
KOHLIEeHTpaLliil PO3YMHIOBAHOI'O TIPOAYKTY;
At =10 - KpOK 3MiHM yacy € g BU3HAUeHHS [UCKPETHOIO PpO3MOAINY

KOHL[€HTpPAaL|ill pO3UMHIOBAHOTO MPOJYKTY;

i =1..1000;

+ —¢ +i.A¢ - Alarna3s’oH iHTepBa/liB 3MiHM 4Yacy /sl PO3paxyHKy JAHUCKPETHOIrO
i — o

KOHLIEHTpALlil PO3YMHIOBAHOT'O TIPOAYKTY;

C,:=1 - rouaTKOBe 3HaueHHs TIpUBeJeHOI KOHIIeHTpallii pPO3YMHIOBAHOTO

TIPDOAYKTY.

4. Ilapamempu i 3a1excHocmi 015 cumynayii pi3uUHO20 ekchepumeHy

k. :=0,005 - mapameTp, 1110 CUMY/THOE €KCIIOHEHIia/IbHUI picT(Craj) KOHIeHTpaLlii;

@ :=0,0045 - papameTp, W0 CHMY/IKE CTYIiHb IMIY/JIbCUBHOCTI BUIAJKOBUX
BUMIpIOBaHb KOHLIEHTpallilj;

RandomReal - reHepaTop [iiCHUX BUIaJKOBUX Be/IMUVH.

3a/IeXKHICTh KOHLIEHTpAaL[ii pO3UMHIOBAHOI PEUOBUHU Y EeKCIIepUMEHTI 3a[a€TbCs

CITiBBITHOLLIEHHSIM

— - k, (1+a Random(t; ))t;
Cexp, - COe .

3ajlaHa 3a/1e)KHICTb Ma€ BUIJISA/:

St
3] IDI C
—+0— Calt
% e(®
0,8 O
Q
D
O
0,6 2%
SO
al
0,4 O%’i
)
0,2 [}%ﬁw
N
+ Ol
O
0,0 " © ég%@w@w%mw 1
>0 200 400 600 800 1000
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Puc. 1 - I'padik ekcrieprMeHTaJbHUX 3HAUeHb
5. Anzopummizayis nodyooeu po3e’s3Ky MamemMamuyHoi mooesii

Po3B’si3kOM MaremMaTMyHOI MoOZesi, 10 OMNUCYETbCA AUQepeHLiiaIbHUM
PiBHSIHHSAM MepLIoro nopsiAky (1) Ta moyaTKOBUMM YMOBaMU (2) € 3a/1eXKHICTb:

C(t) =C,e” " 4)
Jle 3HaueHHsI KOHCTaHTW IIBUJKOCTI Oudy3ilMHOrO pO3UYMHEHHSs, 10 BU3HAuvae

BHYTPIILLHIO KiHEeTUKY MPOTIKAHHS TIPOLIECY, BUSHAUAETLCA i3 eKCIIepPUMeHTa/IbHUX
naHux (puc.l) nusixom po3B’si3aHHSI 3BOPOTHOI 3a/aui:

Ce (t) :Coe- k, (1+a Random(t))t (5)

6. Ilepegipka mamemamuuHoi MoOdesi HA adeKeamHicmb

3 MeTO MepeBipKU MaTeMaTWUUHOI MOJe/li Ha aJeKBaTHICTh (BiAMOBiAHICTB)

eKCIiepuMeHTa/lbHUM ZiaHUM (pHcC.1), BUKODUCTOBYEMO MaTeMaTUUHWK PO3B’ 130K

C
k. =- 1lnH e H
t C

i 0

3BOPOTHOI 3a/iaui:

Tyt K, - TOukoBi (AUCKpeTHi) 3HaUeHHS KOHCTAHTH IBUAKOCTI Audy3iiHOro
PO3UYMHEHHS TIPOAYKTY, 110 O/|ep>KaHi Ha OCHOBI eKCIepUMEeHTa/JIbHUX PO3MO/i/IiB
KoHLeHTpaiiii C.,, (puc.1). Jam, 3a ofepKaHWM 3HaueHHsM K, OUIIXOM iX
ycepeHeHHsI BW3HAYa€EMO 3HAueHHs KOHCTAHTW IIBUJKOCTI  Audy3iliHOro

pO3urHeHHs K, , 1110 Bi/IMOBiZla€ BKa3aHUM eKCIIepUMeHTa/IbHUM JaHUM (pHc.1):

1 &
kr :_Zkl .
ni=a

Ta OyayeMo ix BifmoBiaHi rpadiuHi po3mozinm:
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i
0,025

0,020

0,015

0,010

0,005

0,000
0

200 400 600 800 1000

Puc.2 - I'padiuynmii po3noziiji KOHCTAHTU LIBUAKOCTI AUGY3iHOTO pO3UMHEHHST
k =0,0108

7. Ilepegipka mamemamuuHoi MoOe/i HA adeKeamHicmb

3 BUKOPDUCTaHHSM pe3y/bTaTy MepeBipKU MaTeMaTUYHOI MoJe/i Ha aZileKBaTHICTh,

BU3HAUUBIIYA KOHCTAHTY IIBUJKOCTI AMQY3iiHOrO pO3UMHEHHS TPOAYKTY K, siK

po3B’s30K 3BOpPOTHOI 3ajaui (1)-(2), o#ep)XyeMo MoOAe/JbHUN  PO3MO/LI

KOHI[eHTpallii po3urHeHOl peuoBWHU (B TBep/iii (as3i) (puc.3):

C_,(t)=C(t)=C,e".

modi

,0

0,8

0,4
ol %

0,0 %% cascedaet

0 200 400 600 800

|
@
{
O
I\
@]
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o
@]
Q

1000
ti’ C

Puc. 3 - MopenbHUM PO3MO/i/T KOHL[EHTpaLlii pO3UMHEHOI peYOBUHU

8. IlopiensiabHULI aHAI3 3 0AHUMU eKCnepuMeHIy
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HaknaBuii Ha rpadik MoJensHOro po3Mnofify KOHLeHTpali (puc.3)
eKCIeprMeHTa/IbHi TOUKHY (purC.1), OTPUMY€EMO MOPIBHS/IBHY SIKICHY KapTHUHY 110/0
Bi/ITIOBi/THOCTI pe3y/bTaTiB MareMaTuyHoro MojentoBaHHs (Ci..a) pe3yibTaTam

diznunHoro ekcriepumMeHTy (Cex ) (puc.4):

T
expi
757 modi
R
400 600 800 1000

Puc. 4 - TlopiBHSIHHS pe3y/IbTaTiB MaTeMaTUYHOTO MOZe/IF0BaHHS i (i3MYHOro
eKCIIePUMEHTY
Sk BugHO 3 puC.4, pe3ylbTaTh MaTeMaTUYHOTO MOJe/toBaHHA [obpe
KODEJIIOIOTh 3 pe3yabraTaMu (Di3MuHOTrO eKCriepuMeHTy. BennunHu abCosOTHON
noxubku AC; 17151 KOKHOI 3 pO3paxOBaHMX TOUOK 3asie)KHOCTel BU3HAYAIOTHCS 3a
dbopmyrnoto:

AC, =C,,,, - C

exp; | e

Pe3ynbTaTh PO3paxyHKy MOXHOKH, II[0 XapaKTePU3y€e OLIHKY e(eKTUBHOCTI

MareMaTU4yHOI MoZeJli TToAaHo Ha Puc. 5.
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Puc. 5 - 3anexHicTh NOXUOKU abcomoTHOI moxubku AC; TIpH OIfiHIf

e(heKTUBHOCTI MaTeMaTU4YHOI MojieJTi

Ak BugHO 3 Puc. 5, Ha TOUaTKOBOMY eTami Tiporiecy (cTazis
eKCIOHEeHI[ialbHOT0 CNycKy — pianma3oH 4yacy 0—50 c¢), criocrepiraerbcs
JOCTaTHLO A0Opa KopeJsisillisi pO3paXyHKOBUX (MOJeNbHUX) i eKcriepuMeHTalbHUX
rnapaMmetpiB. [l TIpOMi>KHOTO  fiama3oHy (CTafjii  MOJOTOTO  3HWKEHHS
KOHLeHTpallii, aiarna3zoH 200 - 300 ¢) cnocTepiraeTbCsi Maiike TOBHE HaKJ/IaJaHHS
MOJIe/TbHUX 1 eKCIIepUMEeHTaTbHUX 3ame)kHocted. [lns  crazii  crabimizariii
(giama3zoH yacy Gisbiie 400 ) criocTepiraeMo TPAaKTUYHO TIOBHE CITiB MaJiHHS
MO/Ie/IbHUX 1 eKCleprMeHTa/IbHUX 3HaueHb PO3pax0BaHUX 3a/1eXKHOCTeu.

BucHoBkH. Pe3synbrarom IMpoBefjeHOTO [JOC/II/PKeHHSI 3 MareMaTUYHOI'o
MOJIe/TFOBAHHS TPOLIeCYy PO3UMHEHHS 3 BHUKOPUCTAHHSAM [JlaHUX (Pi3MUHOro
eKCrieprMeHTy € po3poOka e(eKTHBHOrO TPOTrpaMHOr0 iHCTPyMeHTapito [/ist
OLIIHKKA e(eKTUBHOCTI BHUKOPUCTOBYBAaHOI MaTemMaTWuyHOI Mogesi. Po3paxoBaHO
TOYUHEe 3HaueHHSI KOHCTAHTH IBUJKOCTI Au(y3iiiHOrO po3urMHeHHS, 1110 BiAmoBigae
TPOBe/IeHMM eKCITeprMeHTaM i 3abe3reuye BHUCOKWM CTYITiHB BifTIOBigHOCTI i
Y3rOP)KeHOCTI MOJEe/bHUX 1 eKClepUMeHTaJbHUX PO3MOZIIIB  KOHLEHTpAL|iM
PO3UMHEHOr0 MPOAYKTY BIPOAOBXK BCi€l TPUBAJIOCTI MPOTIKAHHS TEXHOJIOTIYHOIO
rpoLiecy. 3arporoHOBaHWK SIKICHMM 1 KIiJIbKICHUM aHasli3 KiHeTUKU MpoLecy

A03BOJIA€ CYTTEBO 3HU3UTU 3dTPATH UYdCy Ha IMIPOBEAEHHA EKCIIEPDHMEHTA/IbBHUX
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JOCITi/IKeHb, MiABUIIUTH iX SAKiCTb, OTPUMATH ONTHMAJbHI eHepro3tepiraroui
TeXHOJIOTiUHiI TTapamMeTpH, II[0 3a0e3reuyroTh JOCTiIKyBaHOTO iHTeHCHUpiKallito
TIpoLiecy B L{IJIOMY.

Hoaarku.

JTlictuHr nporpamu y cepegoBuini Wolfram Mathematica j/1a Moje/1r0BaHHA

l'IpOI.lECiB Bi/IBHUX Ta BUMYII€HUX KO/IMBAHb MeXaHIYHOoI CHCTeMH
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Equations
Dsolve[{C’[t] = -krC[t], ¢[0] =CO0}, C[t], t]

[{ert] = coe™*}}

Problem data

a:=0.0045;
Cexp[t ] :=COBxp[-ke* (1 +a+RandomReal [t]) t]:

Experimental dependence

SetDirectory["f:\\"];
a= U3
i = O;

For[t =10, t < 1000,

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

gwe = OpenAppend["Ce.dat", DOSTextFormat -» True];
WritesString[gwe, t, "\t"];
Close[gwe] ;
gwe = OpenAppend["Ce.dat", DOSTextFormat ->» True];
WritesString[qwe, CForm[N[Cexp[t]]], "\n"];
Close[gwe] ;

-1
a=a +N[— *Log[Cexp[t]]];
t

1=1+1;

kr=ai/fi;

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

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

Print["krec= ", CForm[krec]];

t=t+10];

LigtLinePlot [Table[{t, Cexp[t]}, {t, 10, 1000, 10}], PlotRange -» {0, 1},

MaxPlotPoints —» 100, Mesh » Full, MeshStyle » Directive[PointSize[Large], Red],

PlotLegends -» "Expresgsions", Frame —» True]

10 T

08F

06F

024 1

00

0 200 400 600 800 1000

Modelling dependence
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CcO == 1;
kr :=0.0108;
Cmod[t ] :=COExp[-kr«t];

LigtLinePlot [Table[{t, Cmod[t]}, {t, 10, 1000, 10}], PlotRange » {0, 1},

MaxPlotPoints —» 100, Mesh » Full, Mesh8tyle » Directive[Point8ize[Large], Black],

PlotLegends —» "Expressions", Frame -» True]
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00 0 200 400 600 800 1000
SetDirectory["£:\\"];
For[t =10, t <1000,
Print[8tyle["t= ", 14, Blue, Bold], Style[ t, 14, Blue, Bold]]:
gwe = OpenaAppend["Cmod.dat", DOSTextFormat ->» True];
Writestring[gqwe, t, "\t"];
Close[gwe] ;
gwe = OpenAppend ["Cmod.dat", DOSTextFormat ->» True];
WriteString[gwe, CForm[N[Cmod[t]]], "\n"];
Close[gwe] ;
Print["Concentration= ", CForm[N[Cmod[t]]]]:
t=t+10];
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JIABOPATOPHA POBOTA Ne 2

"MATEMATUYHE MO/JEJTIOBAHHA TEXHOJIOI'TYHOI'O IIPOLECY
APYTI'OI'o I TPETBEOI'O ITOPAAKY 3 IIEPETBOPEHHSAM
ITPOAYKTY"

1. Di3uuHa nocmaHoeka 3aoaui

Po3misijaeTbCcsl  TEXHOJIOTiUHHUM Tipoiiec Apyroro (abo TpeTboro) TOPSAKY 3

YTBOPEHHSIM MPOAYKTY LIISIXOM XiMIiUYHOTO TTepeTBOPeHHs (peakuiil).

2. MamemamuyuHa mModenb npoyecy: ougepeHyiaabHi pieHSIHHSA

npoyecy

[Tpotiec Takoro TeXHOJIOTiYHOIO TIPOLIeCy MOXKe OMMCYBATHUCS 3a [I0IIOMOTO0 TaKol
MareMaTU4yHOI Mojesii 3 AudepeHiiialbHUM PiBHSHHSIM THUITy APYTOro TOPSAKY Y
BUIJISI/II:

oC
o k.(a- C)(b- C) (D)
3 [TIOYdTKOBOKO YMOBOIO:

c®)|,, =G, (2)
Tyt C(t) — po3n0/i/1 NpUBeJeHUX KOHL|eHTPALlid YTBOPIOBAHOTO MPOAYKTY BiJl Uyacy

t; k. — KOHCTaHTa IIBHU/KOCTI T€XHOJIOTIUHOIO TIPOLieCy, 1[0 BU3HAYAETHCS i3 JaHUX
Gi3uHOrO  eKkcriepuMeHTy; d, b — TiouaTkKOBi 3HaueHHs 6Ge3po3mipHUX
KOHIIeHTpAllil BUXiHMX KOMIIOHEHTiB CHPOBHHH, III0 OepyTh yuyacTb V

TEeXHOJIOTIYHOMY TIPOLIeCi.

3. BXxioOHi OaHi

t =1,10..1200 - niana3oH 3MiHW yacy € A/1s1 BU3HAUeHHSI HerlepepBHOTO PO3MO/iay
KOHLIEHTpaLil MPOAYKTY;

n =120 - KiJIbKiCTb TOUOK OOUUC/IeHHS;
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t, =10 - mouaTkoBe 3HaueHHS yacy t [/ BU3HAUeHHs HellepepBHOTO PO3TOAiTy

KOHLIEHTpaLill MPOAYKTY;

At =10 - Kpok 3MiHM uacy € 1 BU3HAUeHHS [JUCKPETHOIO pO3MOALUTY

KOHL|€HTpPAaLill TPOAYKTY;

i =1..1000;

- —, +i.A; - /iamasoH iHTepBajiB 3MIHM 4acy [/ PO3PaxyHKY [JWCKPETHOrO
i — "o

KOHLIEHTpALlil PO3YMHIOBAHOT'O TIPOAYKTY;

a =0,003631

b =0,00005 [Mo04YaTkKOBe€ 3HAUY€HHS IIpUBEAEHMX KOHLEHTPAdIllM BXI1AHHX

KOMIIOHEHTIB.

4. Ilapamempu i 3anexcHocmi 015 cumyasyii pi3uuH020 ekcnepumeHmy

k,:=0,003631 - mpapameTp, II0 CHMY/IIOE€ eKCIIOHEeHI[ialbHUK PpicT(craf)
KOHLIeHTpaLlil; :

@ :=0,0005 - mapameTp, L0 CHMY/IKE CTYIiHb IMIYJIbCUBHOCTI BUIIAJKOBUX
BUMIpIOBaHb KOHILIeHTpallili;

RandomReal - reHeparop [iliCHUX BUTIaJJKOBUX BEeJIMUHH.

3a/Ie)KHICTh KOHLeHTpallil pO3YMHIOBAHOI PEUOBUHM Yy EKCIIePUMEHTI 3a[a€ThCs
CITIBBIJHOIIIEHHSIM

_a(b - 1)ea(1+0!Raﬂd0m(ti))kefi - b(a _ 1)eb(1+aRand0m(ti))keti
exp; (b - 1)ea(1+aRandom(ti))keti _ (a _ 1)eb(1+aRandom(t,-))keti

3a/iaHa 3a/1eXKHICTb Ma€ BUIVISIA;
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T

Puc. 1 - I'padik ekcrieprMeHTabHUX 3HAUeHb
5. Anzopummizayis no6yooeu po3e’s13Ky MmamemMamuy4Hoi mooesii

Po3B’SI3KOM MaTeMaTH4HOI MOJesi, 10 OMNUCYETbCA AudepeHLiaTbHUM
PiBHSIHHSIM Mep1iiIoro rnopsaxy (1) Ta moyaTkoBUMM YyMOBaMHU (2) € 3a/1e)KHiCThb:
a(b- 1)e™ - b(a - 1)e™

4
(b _ 1)eaket _ (a _ 1)ebket ( )
Jle 3HaUeHHS1 KOHCTaHTH IIBUIKOCTI BHYTPIIIHbOI KiHETUKHU TIPOTIKaHHS TIPOLIeCY

C.(t)=

BU3HAYAETHCSA 13 eKCIepUMeHTalbHUX [JaHuX (puc.l) LHuigXoM pO3B’si3aHHS
3BOPOTHOI 3ajaui.:

_ a(b _ 1)ea(1+aRandorn(t))ket _ b(a _ 1)eb(1+aRand0m(t))ket
e( ) - (b _ l)ea(1+aRandom(t))ket _ (a _ 1)eb(1+aRandom(t))k(,t (5)

6. Ilepegipka mamemamuuHoi MoOdesi HA adeKeamHicmb

3 MeTO MepeBipKU MaTeMaTWUHOI MOJe/li Ha aJeKBaTHICTh (BiJAMOBiAHICTB)
eKCriepuMeHTa/lbHUM JJaHuM (puc.1) BUKOPUCTOBYEMO MaTeMaTH4YHWI PO3B’S130K

3BOPOTHOI 3a/aui:

a-aC 120
k =- n oo DU g 180k =0,0006
tHl- bH b-aC,, a niz .
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TyT ki — TOukoBi (AUCKpeTHi) 3HaueHHSI KOHCTAHTU IIBUAKOCTI MPOTiKaHHS
TEeXHOJIOTIUHOTO TIpOLieCy, OfiepKaHl Ha OCHOBI eKCIepUMEHTa/IbHUX PO3IIOALIIB
3MIiHM KOHLIEHTpaL[id BXiJJHUX KOMIIOHeHTiB (puc.l). [ami, 3a ofep’kaHuM
3HaueHHsIM k;, LIISIXOM iX ycepeJHEHHs BH3HAaua€EMO 3HAY€HHS KOHCTaHTH
IIBUJKOCTI K;, 110 BiJJITOBiJJa€ BKAa3aHMUM €KCIIepUMEeHTaJbHUM JaHuM (puc.l) Ta

Oyayemo ix rpadiuni po3noaisu (puc.2):

1. —0.0doc R

o.0004a

oooooo

oooooo

o Zoo a00 oo BOoO 1000 1zo00

Puc.2 - Po3nofiy po3paxyHKOBHUX 3a/IeKHOCTEN KOHCTAHT IIBUKOCTI MPOTiKaHHS

TEeXHOJIOTIYHOI0 TIPOLieCy i IX cepefHbOr0O 3HaUeHHs BiJ| yacy
k =0,0006

7. Ilepeeipka mamemamuuHoi MoOe/1i HA A0eK8AMHICMb

BukopuctoByroun  pesysibTaT — [e€peBipKM  MaremMaTU4yHOl  MoOJesi  Ha
a/leKBaTHICTb, BHW3HAUMBIIU KOHCTAHTY LIBUJKOCTI TPOTIKAHHS TEXHOJIOITYHOIO
riporiecy k. SIK po3B’si30K 3BOpPOTHOI 3ajaui (1)-(2), ofep>KyemMo Mope/lbHUMN
PO3MOAiI KOHL[eHTpaLil PoAyKTy (puc.3):

a(b- De™ - b(a- 1)e”™
(b _ 1)eaket _ (a _ 1)ebkgl

C s (1) =C(0) =
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modi

1,0

" %%

0,6
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0,2
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t,c

Puc. 3 - MogenbHUM PO3MOLT KOHL[EHTpaLlil MPOAYKTY

8. IlopieusiabHULI aHAI3 3 0AHUMU eKCnepuMeHIy

HaknaBuim Ha rpadik MOAe/NbHOTO PpO3MNOAiAYy KOoHLeHTpalii (puc.3)
eKCrepuMeHTa/IbHI TOUKH (prc.1), OTPUMY€EMO TOPIBHSAIbHY SIKICHY KapTUHY 11010

BiZITIOBiTHOCTI pe3y/bTaTiB MareMatuuHoro mogentoBaHHS (C...q) pe3ynbTaTam

¢iznunoro ekcriepumenTy ( Co., ), (puc.4).:

expi’ modi
3

—o04C .
expi

0,8 —o—

modi

0,6

0,4

0,2

0 200 400 600 800 1000 1200
t,c

¥

Puc. 4 - IlopiBHs/IbHWI aHaJIi3 MO/Ie/IbHUX PO3IOAIIIB 3MiHM KOHLIEHTpaL[il
BUXiIHUX KOMITOHEHTIB 3 JaHUMU (pi3MUHOTO eKCTIepUMEHTY
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Sk BugHO 3 puC.4, pe3ylbTaTW MaTeMaTUYHOTO MOJe/toBaHHA [o6pe
KOpeJTIOI0ThCS 3 pe3y/braTaMy (PisMUHOro ekcrieprMeHTy. BennuvHa BiIHOCHOTO
BigxunenHs (rmoxubku) AC; Bu3HauaeTbcsa 3a Gopmysoro (5). Ha puc.5 moka3aHa
rpadiuHa 3a/1e>KHiCTb ITOXUOKH 17151 OLIIHKY e()eKTUBHOCTI MaTeMaTUYHOI MOJETi.

-C

mod; exp; | e

AC, =[C

Pe3ynbTaTh PO3paxyHKy MOXHOKH, I1[0 XapaKTePU3y€e OLIHKY e(eKTUBHOCTI

MaTeMaTUYHOI MOoZeJii rofaHo Ha Puc. 5.

0,04

OO
O 0
—
=0

0,02

of |l
AR

0 200 400 600 800 1000 1200
t,c

@)
000

Puc5 - 3ane)kHicTb MOXHOKHU abco/moTHOI 1MOXHUOKU AC, MpH OLiHII

e(heKTUBHOCTI MaTeMaTU4YHOI MojieJTi

Ak BuaHO 3 puc.4,5 , Ha TMOYATKOBIM cTafii mporiecy (cTagis
eKCITOHEeHIia/TIbHOTO CIycKy — Aiara3oH 0-350 c), MM crnocTepiraeMo BiZJHOCHO
n00py  Kopesisillifo  pO3paxyHKOBUX (MOfenbHMX) 1  eKcrepuMeHTaTbHUX
rnapameTpiB. MakcruMasibHe 3HaueHHsI BiZJHOCHOT MOXWOKM Zijisi [IbOTO BUTIAZKy He
nepeBuilye 2%. [lyi1 OpPOMIKHOTrO [iara3oHy (CTafisi TOJOroro 3HW>KeHHS
KOHLIeHTpaujii, AiarmazoH 350-900 c) crmocTepiraeMo Maibke TIOBHE CITiBITaJiHHS
MOJe/TbHUX 1 eKcrieprMeHTallbHUX 3HaueHb. Haiibisbille 3HaueHHS MOXUOKW ISt
I[bOTO BUTAAKy He miepeBulllye 4%. [ns crapii crabimizamii (miarmazon 900 c i
BUIL[e) CIOCTEpIraeMo  TPAKTUYHO TIOBHE  CIIiBMAZiHHSA  MOJEIbHUX 1

E€KCIIEPpUMEHTA/IBHUX 3HdU€Hb, 3HAUEHHS Bi,Z[HOCHO'l' TIOXUOKU B OKpeMHX TOUYKdX
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LIbOT0 Aiarna3ony pocsirae 4%, 110 3HaX04UThCA B JOMYCTUMUX MeKaX pO3paxyHKiB
IH)KeHepHOI'o aHaslisy.

BucHoBku. Pe3ysnbTarom MNpoBefeHOTO AOCIIIKEHHS 3 MareMaTU4HOIo
MOJIe/IFOBaHHSI TEXHOJIOTIYHOro mnpouecy 2-ro (3-ro) mopsaky 3 XiMiuHUM
TepeTBOPEHHSIM TIPOAYKTY 3 BUKODHUCTAHHSIM JIaHUX (Pi3MYHOTO eKCIIepUMEHTY €
po3pobka e)eKTUBHOTO iHCTPYMEHTapit0 AJist OL[iHKK e(heKTUBHOCTI MaTeMaTHUHOI
MoZeJsii. Po3paxoBaHO TOYHe 3HAueHHS KOHCTAaHTH IIBHUAKOCTI TakKOro BUAY
MacoriepeHoCy, II0 BiJMOBijla€ TpoBeJjleHUM eKCcliepuMeHTaM i 3abe3reuye
BMCOKUM CTYIIiHb BiITIOBIIHOCTI i Y3ro/pKeHOCTI MOZe/IbHUX i eKCIIepUMeHTaTbHUX
PO3MOAIMIB  KOHLEHTpalil  BUXiJHAX  KOMIIOHEHTIB  TEepPeTBOPEHHS  Ta
YTBOPIOBAHOIO TPOAYKTY BIPOJOBXK BCi€l TPHUBAIOCTI MPOTiKAHHS TEXHOJIOTIYHOIO
rporecy. Takui SIKICHUM | KUIbKICHUM aHaji3 KiHEeTUKHU TIpoLieCcy A03BOJUTh
CyTTEBO 3HU3UTH BUTpPaTM Ha TMPOBEAEHHS EKCIepUMEHTAa/IbHUX [OC/Ii/IKeHb,
MiABUILUTA iX sKiCTb, OTPUMaTU ONTHMMaJbHi eHepro3bepiraroui TeXHOJOTiuHi

rapameTpH, 1110 3abe3reuye iHTeHCHDiKaIlito MPOIieCy B ILIi/IOMY.
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Joparkwu.
Jlictunr nporpamu y cepegoBuii Wolfram Mathematica s mogeroBaHHA

HpOHECiB BiJIle/lX Td BUMYLLI€HUX KO/ITUBAHb MexaHi‘-IHOi CUCTEMHU
Equations
Dsolve[{C’[t] = -krC[t], C[0] =CO}, C[t], t]

[{elt] »coe™ ")}

Problem data

c0 :=1;

ke := 0.005;

a:=0.0045;

Cexp[t ] :=COBExp[-ke* (1 +a+RandomReal [t]) t]:

Experimental dependence

SetDirectory["f:\\"];:
a=20;

i=0;

For[t =10, t < 1000,

Print[Style["t= ", 14, Blue, Bold], Style[ t, 14, Blue, Bold]]:
gwe = OpenAppend["Ce.dat", DOSTextFormat ->» True];
WritesString[gwe, t, "\t"];
Close[gwe] ;
gwe = OpenAppend["Ce.dat", DOSTextFormat ->» True];
WritesString[qwe, CForm[N[Cexp[t]]], "\n"];
Close[gwe] ;
-1
a=a +N[T * Log [Cexp[t]] ] 3
1=4+23;
kr=ai/fi;
Print["Concentration= ", CForm[N[Cexp[t]]]]:
Print["i= ", CForm[i]]:
Print["a= ", CForm[a]]:
Print["krec= ", CForm[krec]];

t=t+10];

LigtLinePlot[Table[{t, Cexp[t]}, {t, 10, 1000, 10}], PlotRange » {0, 1},
MaxPlotPoints —» 100, Mesh » Full, MeshS8tyle » Directive[PointS8ize[Large], Red],
PlotLegends -» "Expressions", Frame -» True]

10 T

0 200 400 600 800 1000

Modelling dependence
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CcO == 1;
kr :=0.0108;
Cmod[t ] :=COExp[-kr«t];

LigtLinePlot [Table[{t, Cmod[t]}, {t, 10, 1000, 10}], PlotRange » {0, 1},

MaxPlotPoints —» 100, Mesh » Full, Mesh8tyle » Directive[Point8ize[Large], Black],

PlotLegends —» "Expressions", Frame -» True]

Wy

08r

06F

0.4 1

0zf

00 0 200 400 600 800 1000
SetDirectory["£:\\"];
For[t =10, t <1000,
Print[8tyle["t= ", 14, Blue, Bold], Style[ t, 14, Blue, Bold]]:
gwe = OpenaAppend["Cmod.dat", DOSTextFormat ->» True];
Writestring[gqwe, t, "\t"];
Close[gwe] ;
gwe = OpenAppend ["Cmod.dat", DOSTextFormat ->» True];
WriteString[gwe, CForm[N[Cmod[t]]], "\n"];
Close[gwe] ;
Print["Concentration= ", CForm[N[Cmod[t]]]]:
t=t+10];
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JIABOPATOPHA POBOTA Ne 3

"MATEMATHUYHE MO/JIE/TFOBAHHS HEJIIHIMHOI'O
TEXHOJIOT'TYHOT'O ITPOLIECY JIN®Y3Ii /HATPIBY/ CY CITEH3IN
31 3SMIHHUM KOE®IIIEHTOM JU®Y 31 /TEIVIOIPOBIJHOCTI/

, 10O BPAXOBY € BIAXW/IEHHS PEAJIbHOI'O ITPOLIECY BI/j]
K/IIACUYHOI'O"

1. dDi3uuHa nocmaHoeka 3aoaui

Po3rnspaeTbcd  TeXHOMOTIUYHMK mpouec Audysil XapuoBHUX CyCIIeH3id, L0
CYTNIPOBO/I)KY€ETbCSI HarpiBOM CycrieH3iu. Lle MpU3BOAUTL 10 AeAKOro BiJXW/IEHHS
KIHEeTMKW TIpOLleCy BiJ K/IaCMYHOI cCxeMUd. BpaxyBaHHSI LbOr0 Ba)K/IMBOI'O
(hi3YHOr0 UMHHKKA BPaXOBYEThCS IIISIXOM BUKOPHUCTAHHS 3MIiHHOTO Koe(illieHTy

mudysii, K QyHKLT BiJ KOHLIeHTpaLii cycreHsii (po3uuHy).

2. MamemamuyuHa MoOe/nb npoyecy: ougepeHyiabHi pieHIHHSA

npoyecy

[Tporjec Takoro macoriepeHoCy Moke OyTW OmMcaHuWi 3a JOTOMOrOK TaKoi

MaTeMaTUYHOI Mogiesli [U(y3iiHOro TUIY Y BUITISII:

% =k (©)C == (D, + O)C 1)

3 [I0YaTKOBOIO YMOBOIXO:

c®|, =C, (2)
Tyt C(t) — po3mofis npUBeleHNX KOHLIeHTpaLiid JU(PyHZ0BaHOI pEUOBHHU BiJl yacy
t; Do, B — KoOMIIOHEHTH KoeditjieHTy audys3ii (KoHCTaHTa IIBHUAKOCTI MPOIECY, 1[0
BU3HAUAEThCSA i3 JaHuX (i3MUHOro ekcriepuMeHty); Co— MOYaTKOBe 3HAYEHHS
TipuBe/IeHOl KOHL|eHTPaLlil AU(PYHJ0BAHOTO MPOJYKTY.

3. BXxiOHi OaHi
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t =1,10..1000 - niana3oH 3MiHW yacy € [/s1 BU3HaUeHHsI HerlepepBHOTO PO3MO/iay
KOHIIeHTpalliil [udyHI0BaHOI PeUOBHHUY;

n =100 - KiIbKiCTb TOYOK OOUMC/IEHHS;

t, =10 - rouaTkoBe 3HaueHHsSI yacy { [T BU3HaueHHs HellepepBHOI0 O30Ty
KOHIIeHTpalliil [udyHI0BaHOI PEUOBHHUY;

At =10 - Kpok 3miHM uacy € [ BU3HAuUeHHsS [JUCKPETHOTO PO3MOJUTY

KOHLIEHTpALliii PO3YMHIOBAHOT'O TIPOAYKTY;

i =1..1000;

+ —¢ +i.A; - /4amasoH iHTepBaMiB 3MiHM 4Yacy [/ PO3PaxXyHKY [JWUCKPETHOTO
i T Yo

KOHLIeHTpaLiii [u(yHA0BaHOI PEUOBUHY;
C,:=1 - rouaTkoBe 3HaueHHS TIpUBeEHOI KOHIeHTpallii gudyHA0BaHOI
PEUOBUHY;

B =0,5 - 3HaUeHHS1 KOMITIOHEHTH JUuPy3il.

4. Ilapamempu i 3anexcHocmi 015 cumyasyii ¢piz3uuH020 ekcnepumeHmy

D, :=0,005 - mapamerp, [0 CHUMY/IIO€ eKCTIOHeHI[ialbHUM  picT(criaf)
KOHLIeHTpaLlil; :
«:=0,002 - papameTp, L0 CUMY/IKE CTyMHiHb IMOYJIbCUBHOCTI BHUMNAaJKOBUX

BUMIipIOBaHb KOHILIeHTpallil;

RandomReal - reHepaTop /iiCHUX BUMAZIKOBUX Be/TUUMH.

3a/ie)KHICTh KOHLeHTpallii Ju(yH0BaHOI PEUOBUHMU Yy €KCIIePUMEHTI 3a/Jja€ThCs
CITiBBIJHOLLIEHHSIM

D

—_ 0

Cexpi __ /J) + eD0(1+a»Random(ti))I; (D + /J)) :
0

3a/laHa 3a/1e)KHICTb Ma€ BUITISIL;
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Ce i
0,20
+0— Cq(t)

0,15

0,10

o1o—°7]

0,05

0,00 %&%Q@%Wm 7

0 200 400 600 800 1000

Puc. 1 - ExcriepumMeHTanbHi fAaHi po3noiiy KoHLeHTpallili AudyH10BaHOT

PEUOBUHU
5. Aneopummizayis noGyooeu po3e’si3Ky mamemamu4Hoi mooei

Po3B’s13KOM MaTeMaTHM4HOI Mojie/i, 1[0 OIUCYETbCS udepeHIiiaTbHUM
PiBHSIHHSIM MepI1Ioro nopsaky (1) Ta moyaTkoBUMM YMOBaMHU (2) € 3a/1e)KHiCThb:

D,

C(t) =- Fre EDO ) 4)

Jle 3HaueHHsl KOHCTAHTH IIBHUAKOCTI [u(y3iHOrO pO3UMHEHHS, 10 BH3HAYae
BHYTPIIIIHIO KiHETHUKY TPOTiKaHHS MPOLIeCY, BU3HAYAETbCA i3 eKCIIepUMeHTaIbHUX
JaHux (puc.1l) nuigsxoM po3B’si3aHHS 3BOPOTHOI 3a/jaui.

6. Ilepesipka mamemamuuHoi MoOdesi HA adeKeamHicmb

3 MeTOr0 TepeBipKM MaTeMaTM4YHOI MOZe/i Ha aJ|leKBaTHICTh (BiAMOBIIHICTb)

eKCriepuMeHTa/lbHUM ZiaHuM (puc.1), BUKODUCTOBYEMO MaTeMaTUUHWK PO3B’ 130K

3BOPOTHOI 3a/aui:

D, + pC
p =luf Dot
ti Cexp, (DO + /5)

Tyt D; — TOUYKOBi (AMCKpeTHi) 3HaU€HHS KOHCTAHTU LIBUAKOCTI MPOLIECY,

oZlep>KaHi Ha OCHOBI eKCIepUMeHTaTbHUX PO3MOALUTIB KOHLeHTpaUik Ceypi (pUC.1).
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Hami, 3a ofepKaHMM 3HaueHHsIM Dj, LIIAXOM iX ycepeAHEHHS BH3HAUYa€EMO
3HaueHHs KOHCTaHTWM LIBUJAKOCTI mpouecy Do, 10 BiATOBiJae BKa3aHUM

€KCIIEPpUMEHTA/IbBHUM [JdHUM (pI/IC1)
100

D, ==Y D,, D, =0,00735.
nia

Ta Oyzayemo ix BianoBigHi rpadiuni po3noginu:

0,015

0,012

0,009

0,006

0,003

0,000 - - - -
0 200 400 600 800 1000

Puc.2 - I'padiuHnii po3mno/iiyi KOHCTaHTU MIBUAKOCTI AM(Y3iMHOTO pO3UMHEHHS

D, =0,00735.
7. Ilepeeipka mamemamuuHoi MoOe/1i HA a0eK8AMHiCmMb

BukopucToByrour  pe3ysibrarT [epeBipKM ~ MareMaTU4yHOl  MOZesi  Ha
a/leKBaTHICTb, BU3HAUMBLIU KOHCTAHTYy LIBUAKOCTI 0 D , 9K po3B’s130K 3BOPOTHOI
3agaui (1)-(2) omep)KyeMO MoAe/NbHUI pO3MOAIA KOHIeHTpaLii AudyHa0BaHOI
peuoBuHH (puc.3):

DO
p+e™ (D, +p)

Co (6) =C,(0) =-
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modi

0,20

o)
0,15
0,10 \

1
0,05 <

o)
0’00 %(U({ 7 e

0 200 400 600 800 1000

Puc. 3 - MopenbHUM pO3MO/Aia KOHLIEHTpALlil MPOAYKTY
8. IlopieHsaabHUL aHa/1i3 3 0AHUMU eKcnepuMeHmy

HaknaBiii Ha Trpadik MoJensHOro po3Mojiay KOHIeHTpaliii (puc.3)
eKCIeprMeHTa/IbHi TOUKHU (prC.1), OTPUMY€EMO MOPIBHS/IBHY SIKICHY KapTHUHY 1100

Bi/ITIOBi/THOCTI pe3y/bTaTiB MaTeMaTtuuHoro MojentoBaHHs (C...q) pe3ynbTaTam

diznunHoro ekcriepumeHTy (Cexw ) (puc.4):

e)gxi’ Cmodi
>

0,15

0,10

\

-O

\

0,05 |
O

0,00 %@mm\

0 200 400 600 800

Puc. 4 - TlopiBHAILHUM aHaJTi3 MOZAEJIBHOTO PO3MOAiTY KOHLIeHTpaLlil

I1dyHI0BaHOI PEUOBMHU 3 JaHUMU (Di3MYHOTO eKCIIepUMEeHTY
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Sk BupHO 3 puc.4, pesylbTaTd MaTeMaTUYHOTO MOAeIoBaHHsS [Jo0pe
KODeJIIOIOTh 3 pe3yabraTaMu (i3MUHOro eKcriepyuMeHTy. BennunHu abcosmoTHON
noxubku AC, 17151 KOKHOI 3 pO3paxOBaHMX TOUOK 3ajie)KHOCTel BU3HAYAIOTHCS 3a
dhopmyiioro:

-C

d; exp; | e

AC, =C,,,

Pe3ynbTaTh PO3paxyHKy MOXHOKH, I1[0 XapaKTePU3y€e OLIHKY e(eKTUBHOCTI

MaTeMaTUYHOI MOoZeJii rofaHo Ha Puc. 5.

AC,
0,0020 - i—ACﬁ
@]
0,0015 Olﬁ
O
0,0010 5 I
/
2000
0,0005 H L %(
UIY Hrel,
% o 9 © mwf&)m%ﬁm
0,0000 ' s hfou:
0 200 400 600 800 1000

t,C

Puc5 - 3anexkHicTb MoXuOKuU abcosmoTHoi 1oxubku AC, mpu OLiHIT
e(eKTHBHOCTiI MaTeMaTHUHOI MojieJTi
Ak BUAHO 3 puC.5 , Ha TMOYATKOBiM cTagii mponecy (crapis
eKCMOHeHLiaTbHOrO0 CcnycKy — aiama3oH 0-100 c), Mu crioctepiraeMo BiJJHOCHO
n00py  Kopesisllito  pO3paxyHKOBUX  (MoOfenbHMX) 1  eKcrepuMeHTalbHUX
rapaMmeTpiB. MakcuMasibHe 3HaueHHS Bi[HOCHOI TMMOXHUOKH [jIsi IJbOTO BUITQJIKy
ctaHoBUTH 0.1%. [lng mpoMi>KHOTO Jiara3oHy (CTaZisi MOJIOTOrO 3HMKEeHHS
KOHIleHTpawjii, miana3oH 100-600 c) cnocTepiraemo maike TOBHe CHiBOaAiHHS
MOJIe/TbHUX 1 eKcrieprMeHTallbHUX 3HaueHb. Haiibisbille 3HaueHHS TMOXUOKWA [Jist
1[boro BUMa Ky He nepesuiye 0,13%. as crazii crabinizauii (aiamason 600-1000
C)  CrOocTepiraeEMo  TMPakKTUYHO  TIOBHe  CIIIBMAJiHHS  MOJEeNbHUX 1

€KCIIEpUMEHTa/IbHUX 3Hd4Y€Hb, 3HAUYE€HHS Bi,Z[HOCHOI TIOXUOKU B OKpeMHX TOUYKaX
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uboro pgiana3ony gocsirae 0.03-0.01%, 1m0 3HaxoguUTHCA B JOIYCTUMMX MeKax
pPO3paxyHKiB IH)KeHepHOI'0 aHasIi3y.

BucHoBku. Pe3ysnbTarom MNpoBefeHOTO AOCIIIKEHHS 3 MareMaTU4HOIo
MOJIe/TFOBaHHS  mpolecy Audy3ii 3 BUKODUCTaHHSAM  JaHUX  (Pi3UUHOTO
eKCTIepUMEeHTY € Ppo3poOKa edeKTUBHOrO iHCTpyMeHTapilo [ijid  OI[iHKU
e(eKTUBHOCTI MaTeMaTU4YHOI Mogesi. Po3paxoBaHO TOUHe 3HAaueHHS KOMITOHEHTIB
KoeditienTy audysii, 110 BiJTOBi/ja€ MpOBeZeHNUM eKCrieprMeHTaM i 3abe3meuye
BUCOKHWH CTYTIiHb Bi/JJTTIOBIIHOCTI 1 y3ro/pKeHOCTi MOZIe/IbHUX 1 eKCliepruMeHTaTbHUX
PO3IMO/IJIiB KOHI[eHTpalliki AudyHI0BaHOTO TPOJYKTY BIPOAOBXK BCi€i TpUBAIOCTI
MPOTIKaHHA TEeXHOJIOTIYHOrO mnpouecy. TakWi SKICHUM 1 KIiJIbKICHUMA aHaJli3
KIHeTUKU TIPOL|eCy [03BOJIMTb CYTTEBO 3HU3UTHM BUTpPaTM Ha IIPOBeJEHHS
eKCTIepUMEeHTA/IbHUX JOC/ipKeHb, MiJBUIIATU IX SIKICTb, OTPUMATU OINTUMaJIbHi
eHepro30epiratoui TeXHOJOTiUHi MapameTpu, 110 3abe3mneuye iHTeHCH(iKaLlitO

Tpoliecy B Lii/iomy.
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Joparkwu.

Jlictudr nporpamu y cepegoBuini Wolphram Mathematica ansi MoaeroBaHHA

HeJIIHIMHOIr0 TeXHOJIOriYHOro npouecy Augysii /HarpiBy/ cycneH3iu 3i 3SMiHHUM

KoedinieaTom qudy3ii /TenI0npoBiAHOCTI/ , 1110 BPaXx0BY€ BiAXU/IeHHS

Qut[1]=

P€a/IbHOI0 1rpouecy Bl/:[ K/IdCUYHOI'0

Equations

- Fullsimplify[DSolve[{C’ [t] = - (DO+B+C[t]) +C[t], €[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. =

e - 22—

B+elt (Do +pB)

DO
FullSimplify[Solve[ =1 ; Dl”
-f+@Pt (DO + B)

21mwC[1] +Log{M]

C1 (D0+8)

{{Dl - ConditicnalExpression , C[1] = Integers] }}

i
Problem data

6 I )
DO :=0.00k;
o :=0.002;
B:=20.5;
Do

Cexp[t ] == H
- -B+ EDD {1+a RandomReal[t]) t (DO + B)

Experimental dependence

5= SetDirectory["f:\\"]:

a=20;
1 = 03
For[t =10, t <1000,

Print[Style["t= ", 14, Blue, Bold], Style[ t, 14, Blue, Bold]]:
gqwe = Opendppend["Ce.dat", DOSTextFormat -» True] ;
WriteString[qwe, t, "\t"];
Close[gwe];
gwe = Opendppend["Ce.dat", DOSTextFormat -> True] ;
WritesString[gqwe, CForm[N[Cexp[t]]], "\n"];
Close[gwe];
- [ DO+Caxp[t] 2 ]
Cexp[t] (D0+8) ] i

t

a=a+N[

=1 +1;

kr=a/i;

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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|= LigtLinePlot [Table[{t, Cexp[t]}, {t, 10, 1000, 10}], PlotRange » {0, 0.2},
MaxPlotPointe —» 100, Mesh —» Full, MeghStyle » Directive[PointS8ize[Large], Red],
PlotLegends -+ "Expressiong", Frame —» True]

0.20 ————

Cutf30)=

0 200 400 800 800 1000
Modelling dependence

nzap= ¢Q 2= 1;
DO := 0.00735;
B:=0.5;
DO

Cmod [t ] := H

-B+eP't (D0 +B)

22 - ListLinePlot [Table[{t, ¢mod[t]}, {t, 10, 1000, 10}], PlotRange —» {0, 0.2},
MaxPlotPointse - 100, Mesh » Full, Mesh8tyle » Directive[Pecint8ize[Large], Black],
PlotLegends -+ "Expressions", Frame - True]

0.20 ————

0 200 400 800 800 1000

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

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

gwe = OpendAppend["Cmod.dat", DOSTextFormat -» True];

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

Close[gwe];

gwe = OpendAppend["Cmod.dat", DOSTextFormat -» True];
WritesString[gwe, CForm[N[Cmod[t]]], "\n"]:
Close[gwe] ;

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

t=t+10];
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JIABOPATOPHA POBOTA Ne 4

"NTUOEPEHIIIAJIBHI PIBHAHHSA IPYI'OI'O ITIOPAKY Y
MOAE/IFOBAHHI EHEPTETUYHOTI'O CIIEKTPY 3AKPUTHUX
HAIIIBITPOBIJHNUKOBNX HAHOCTPYKTYP"

1. ®Di3uuHa nocmaHoeka 3aoaui

PosrnsimaeTbest Gi3uuHMil NpoLeC TMOIMIMHAHHS eIeKTPOHIB HarliBIPOBiJHUKOBOIO

HaHOCTPYKTYPOIO 3 BiJOMMMH reOMeTPUUYHUMU Ta (i3MUYHUMU TlapaMeTpaMu (puc.
1).

U(z)

U

Z, Z, Z
@
0 b

Puc. 1. IToTentjianbHUX Mpodiab 3aKpUTOT HAHOCTPYKTYPHU

\/

2. MamemamuuHa mooe/nb npoyecy: ougepeHyiabHi piGHAHHSA

IIIpedinzepa

[Tpouec TOIVIMHAHHSA eJ/IeKTPOHIB 3aKPUTOIO HaIlBIIPOBiJHUKOBOIO
HAaHOCTPYKTYPOI OMUCYEThCS ArdepeHLlia/lbHUMU PiBHSIHHSMU JIPYTOTO MOPSIAKY
— piBHsiHHsAMU  lllpexpiHrepa, 3amydcaHUMU  [JJIs KO)KHOI 3  obmacreit

HaHOCTPYKTYDH :
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Ae

5= /2me(U;- E); K= /ZmSE .
h h

[nst po3B’3KiB piBHSIHB (1) BUKOHYIOTBCSI TPAHUYHI YMOBU:
le(z)L:O :wz(z)L:O’

1dy,(2) _dy,(2)
1 d |, d |

I
1y, (2) , =w,(2) .

I
1dy,(2)| _dy,(2)|
i dz |, dz |

P03B’513KH PiBHSAHb (1) MAlOTh BHITIAL;
ly, =Ae”, 7<),
H% =A coskz + B, sinkz, 0 <z <b,
H% =Be”, z>b.

Topni 3 cuctemu (2) 3HaX0IUMO:

A:Av AAJ 1

(4)

(1

)

3)
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CnekTp eneKTpoHa B TOTeHIlia/bHIM SMi BHM3HAUA€TbCS 3 YMOBH OJHO3HAUHOCTI
icHyBaHHSI PO3B’sI3KiB cuctemMu (4), ToOTO 3 yMOBH, 1[0 BH3HAUHUK CHCTEMH

piBHMUIA HYJIFO, TOOTO:

1 -1 (0] 0
-k (0] 0

0 cos kb sin kb -e”

O - ksinkb kcoskb xe *

abo (BukopucToByrour GyHKIit0 Det [] a1 o6urcieHHs] BU3HAUHUKA):
A =e *(2ky coskb +sinkb)(x’ - k*). (6)
ExepretTnunuii CTIEKTP efleKTpOHa  BH3HAUa€TbCS  PO3B’sSA3KaMM
TpaHCLIeH/IeHTHOTO PiBHSAHHS (6):
e " (2ky coskb +sinkb)(x* - k*) =0
30KpeMa 3pa3y 3HaxXOAWMO JBa aCUMIITOTUUHI po3B’si3ku E, =0, mio He Mae
¢i3nuHoro 3Mmicrty, Ta E. =U .
3. BXiOHi OaHi
b =10 HM - TOBII[MHA TTOTEHIia/IbHOI SIMU;
m, =0,04585 10™ Kr - e(peKTHBHA Maca eJIeKTPOHa;

7 =1,055 10" Ik -c - crasa [11aHKa.
4. Anzopummizayis nodyooeu po36’s13Ky mamemMamuyHoi mooeii
3HaiieMo rpadiuyHO KOpeHi TpaHCLieHAeHTHOro piBHsAHHA (6). [ns upboro

nobyayemo rpadik 3anexkHocti A =A(E)  ne 0 <E <U :

sp 0l
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Puc. 1. I'padix sanexmocTi A =A(E)

3Haxo/JMMO KOpeHi piBHSIHHS, KOPUCTYOUKCh (PyHKIjiero FindRoot:

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

5. ModentoeaHHs 3a1ex3cHOCMI eHepzemMu4YH020 CeKmpy e/1eKImpoHd 8i0
2eomMempuy4HuUX napamempie KeaHmMogoi Amu
3 MeTor0 OoTpuMaHHs 3anexHocti E =E(D) Gygemo 3miHIOBaTH BelnunHy b
y MeKax:
2 am <b <10 HM
3 KDOKOM:
O =1 Hm
KO)KHOTO pa3y 3HaxO[suud KOPEHi TpaHCLIeHZEHTHOro piBHsHHA A =A(E)  nnis
KOXKHOI 3 TOYOK:
b =néd, i =1,..10
BUKOPHMCTOBYIOUM MeTO/], [ii/IeHHs BiZipi3ka HaBITi/I i BOyoBaHy ¢yHKIjiro FindRoot.

Pe3ynbTraTom po3paxyHKiB € rpadiyHa 3a/1e)KHiCTh:

meB

= 500

E

400 -

300 -

200 -

100 -

2 4 6 8 10

Rb, HM

Puc. 1 - 3aye)xHiCTh neplumx TpbOX eHepreTUYHUX PiBHIB eJIeKTPOHA BiJi IIUPUHU

MOTeHL[ia/IbHOI MU
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Ak BupHO 3 Puc. 1, 3a71€KHOCTI MeplUIMX TPbOX eHepPreTUYHUX pPiBHIB
e/IeKTPOHA, JIOKa/i30BaHOrO y TIOTeHL|ia/IbHiM KBAaHTOBIM sMi 3i CKiHUEHHORO
BMCOTOK) 30BHIIIIHIX IOTeHI{ialbHUX 6ap’epiB € OJHOTUIHUMM. [X TOBefiHKa y

Me)Kax BUKOPHCTOBYBAHOI MOZe/Ti KOpPeJIto€ 3 TEOPeTUUHO 3a/IeXKHICTIO, 3TiJJHO 3

2

n . .
AKORO En "’g, Ae b - IIMPpWHA TI0TEHL[1a/IbHO1 MU, n - HOMED €HEPreTU4YHOro

piBHs. IIpu 1jbOMY BCi eHepreTHYHi piBHi po3MilijeHi B iHTepBasi: 0<E, <U,
BucHoBKH. Pe3ynbTaToM IIPOBEEHOrO [AOCTIPKEHHS 3 MaTeMaTUYHOro
MOJIe/TIOBaHHS €HEePreTUYHOrO CIIeKTPY eJIeKTPOHA JI0Kasli30BaHOTO Yy 3aKpUTIH
HAaHOCUCTeMI 3 TMOTeHL{la/IbLHUMU CTiHKaMU CKiHUEHHOI BMCOTU € OTpHMaHa
rpadiuHa 3anexsicte E, =E,(b); mo pobpe Kopemoe 3 TeOPETUYHHUMHU
pe3ysbratamu. Po3risiiyBaHa Mozenb Mo)ke OyTH BHUKOPUCTaHa /ISl pO3PaxyHKY

CTIeKTPY e/IeKTPOHa B OaraToliapoBUX HarliBIIPOBiAHUKOBUX HAHOCTPYKTYypax.
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Joparkwu.

Jlictunr nporpamu y cepegoBuii Wolfram Mathematica s mogeroBaHHA

e€HepreTUYHOro CIeKTPy 3aKPUTHUX HAMIBIPOBiJHUKOBUX HAHOCTPYKTYP

Dipgersgion equation

= FullSimplify [

1

Det[ X [En]
0 Cos
0 - k[En]

-1
0

[k[En] Rb]

sin[k[En] Rb]

0 0
-k [En] 0
Sin[k[En] Rb] - @ X[En] Rb ”

k[En] Cos[k[En] Rb] x[En] e x[En]Re

ougn= e ®*IEn] (5 Cos [Rb k[En]] k[En] x[En] + 8in[Rb k[En]] (-k[En]?+x[En]?))

Problem data

= ¥ :=516; (+¥potential barriers)

mo

ab :=0.529%10"%

Ry := 13605 (* meV %)
hp := 6.58% 107 (% meV ¢ «)

el :=4.8+107%%;

Rb = 10.0 +1077; («KNL+)

mQ En
k[En ] := Sqrt[
Ry

mo (V
X[En ] := Sqrt[

dispeq[En ] :=

]/ab;

TEH)]/ i

0.04585 ; (+¥electron effective masss)

e ™ xIEa] (3 cos[Rb k[En]] k[En] x[En] + Sin[Rbk[En]] {-k[En]®+ x[En]?));

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

6x 101
4x 10" F

2x 10t E

w0t
—4x 104 |
—ex 10" [

“gx 1M |
=l | | L | |

0*'_ ™

0 100

FindRoot [digpeq[En]

[En —+51.7726)

200 300

=0, {En, 50}]

400 500
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FindRoot [digpeq[En] = 0, {En, 200}]

FindRoot::Istal :
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 .6868)

- SetDirectory["f:\\"]:
For[Rb = 1.5%1077, Rb s 10.0+% 1077,
Print[Style["Rb= ", 16, Blue, Bold], Style[ Rb, 16, Blue, Bold]]:
gwe = OpenAppend ["energy.dat", DOSTextFormat -> True];
WritesString[gwe, CForm[Rb], "\t"];
Close[gwe];

jmax = 4;
st :=0.1;
b=0;
i=0;
Table[0, {i, 1, jmax}]:
For[En = 10, En = 516§,
If[i==0, £1 =Re[dispeqg[En]]; £2 = Re[dispeq[En+st]]; i=1+1];
If[i>0, f1 = £2; £f2 = Re[dispeq[En+st]]; 1 =1+1];
If[(fl1+f2 < 0), (*Print["En= ",En," El= M fl,M £2= ", £2]; #)
a = FindRoot[Re[dispeq[u]] = 0, {u, En}];
x[[++b]] = a[[1, 2]];
gwe = OpendAppend|["energy.dat", DOSTextFormat -» True];
Writestring[gqwe, x[[b]], "\t"];
Close[gwe];
Print["E= ", x[[k]]]:
17 (#If%)
If[(b-jmax) =0, En = 1501];
En = En + 8t;

x

1: (#fors)

gwe = OpenAppend ["energy.dat", DOSTextFormat -> True];
Writestring[gqwe, "\n"];
Cloge[gwe] ;

Rb =Rb+0.1%1077];
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JIABOPATOPHA POBOTA Ne 5

"MMPEPEHIIIAJ/IBHI PIBHAHHSA B MOJAE/IFOBAHHI ITPOITECIB
KOJIMBAHD ®IBNYHUX OB’EKTIB"

1. ®Di3uuHa nocmaHoeka 3aoaui

PosmnsifaeTbesi (isvuHMN TIPOLIEC KOJIMBAHHSI [AWUHAMIUHOI CHUCTEMH, sIKa
3HaXO[UTHCS TTiJ] BIVTMBOM 30BHIIIIHEOTO 30y/PKYIOUOTO HaBaHTa)KeHHSI, BeJTMUMHA
SKOTO 3MIHIOETLCSA 3a MepioAUYHUM 3aKOHOM. [IpukiazHi acrekTy 3aCTOCYyBaHHSA
avdepeHLiiaTbHOI MareMaTUUHOI MOjiesli, 110 OMWUCY€E TaKi Ba)K/IWBI TIPOLIECH,
MOXKHa TIPOZEMOHCTPYBaTU Ha [JOC/I[)KeHHI BUMYIIEHUX KOIMBaHb  MOCTa
CK/IaZIHOT KOHCTPYKIIiI TIiJ] Ji€to mepiofnyHO 30yprOIOUMX TIOTOKIiB aBTOMOOi/IiB
(puc.1). BHacniok HejOCTaTHBOI KEPOBAHOCTI TAKOTO PYXy KOHCTPYKLIiSI MOCTa
MOyKe 3a3HaTH TOMIKO/PKeHb aX /10 pyWHyBaHb B HaMOi/IbII HABaHTaXKeHUX TOUKax
KOHCTPYKLiI 3 paXyHOK BUHUKHEHHS SIBUILA Pe30HAHCY.

B npumyiijeHi, 0 Takol0 HaMOi/IbIIT HaBaHTa)KEHOI0 TOYKOKO € I[€HTP Mac
CUCTeMH i Bcsl Maca cucTeMu M pa3oM 3 IMOTOKOM aBTOMOOi/IiB 30cepekeHa B
L[iid TOUYLli, KOJIMBaHHS TakOl CHUCTEeMM MOXKHA aHaJ/Iori3yBaTh 3 KOJMBaHHSM

TIPY>KHOI JIiHIi 13 CKOHLIEHTPOBAaHOK Macoxo .

2. MamemamuyuHa MoOenb npoyecy: ougepeHyiabHi pieHIHHSA

npoyecy

[Tporjec BUMYIIIEHMX KOJIMBaHb TaKOi OJHOMACOBOI CHCTeMH Oyze
OMMUCYBAaTUCS AudepeHilialbHUM PiBHSIHHS 2-TO TMOPSJKY 3 MPaBOK UYaCTUHOLO,
III0 BU3HAYA€ BIUIMB IepiognuHO 3MiHHOI 30ymKyrouoi cumm (ii rmpoekifii Ha

HarpsiM MOTMepPevyHOro KOJIMBHOTO PYXY) Y BUIVISIAI:
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2

Cult) +¢u= By, osax (1)

3 IIO4dTKOBMMH YMOBaAMH

d
u(t)|t:O=U0’ Eu(t)|t:0=V0 (2)
Tyt u(t) - BenMuMHA TIPOTMHY CepeJMHHOI TOBePXHI MoOCTa TMpU
1

KOJIUBHOMY pyCi, M; ¢:—m (c') - BmacHa uyacTOoTa CHCTeMH, IO ii

BHYTPILLIHBOI) XapaKTEPUCTUKOI (€ (PYHKLIE€K BiJi OJUHUYHOIO TMPOTHMHY Ta

Macor Jjig HalMpOCTIIIMX KOJMBHUX CHUCTeM),® (c') - yacToTa BHUMYILIEHMX
KOJIMBaHb (MepiofuUHOro 36yproruoro rnoTtoky aBToMo0inis, c'; P, - amriityga
30yprorouoro moTtoky; U, (M)- BemMurHa TOYAaTKOBOTO BiZIXWIEHHS CepeirHHOI

TOBEPXHi MOCTY BiJ TIOJIO)KeHHsI piBHOBaru, VY, (M/C)- TiouaTKOBa IIBU/IKICTh

KOJIMBaHHSI TTOBEPXHI MOCTY.

3. BxioOHi OaHi
t =1, 10..1000 - piaria3oH 3MiHU yacy € /i BUSHAUeHHs HellepepBHOIr0 PO3IIOALTY
riapaMeTpiB KOJIMBHOTO PYXY;
n =100 - Ki/IbKiCTh TOUOK 0OUMC/IeHHS;
t, =10 - mouaTKoOBe 3HaueHHs yacy ! /51 BU3HAUeHHsS HelepepBHOr0 pO3MOJiTy
riapameTpiB KOJIMBHOTO PYXY;

At =10 - KpOK 3MiHU yacy U 11 BU3HAYEHHS JUCKPETHOI'O PO3MOALIY 3MIl|eHHS;

i =1..1000;

. —¢ +i.A¢ - AlarasoH iHTepBa/liB 3MiHA Yacy Ajsl PO3PaxyHKy AWCKPETHOTO
i — o

po3noily GyHKIIil 3MillleHHST;
U, =1 (M) - ammuiiTyjHa BeJTMUMHA POTUHY;
Vo =10(m/c) - ammtiTy[He 3HaUeHHSs IIIBUAKOCTI;

¢=10 (') - yacToTa BJIACHUX KOJIMBaHb;

w=1,1(f") - yacToTa BUMYILIEHUX KO/IMBAaHb yCepeJHEeHOI 3MYIIYIOUOi CHIN;
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Py, =1,1 (M) - 3HaueHHsI aMITiTyAd BUMYILIEHUX KOJIMBaHb.

4. Anzopummizayis noGyooeu po3e’si3Ky MamemamuyHoi mooesni
Po3B’sI3KOM ~ MaTeMaTM4HOi  MOZedi, 1[0 OMUCYETbCA AudepeHiliaTbHUM

PiBHSIHHSAM JIPYTOrO MOPSIAKY Ta MOUYaTKOBUMHM YMOBaMU (2) € 3a/1eXKHICTb:

V. P,
u(t)=U, cos ¢t+$°sin ot +—r

G ( cos @t —cos ¢t (3)
5. HucenbHe ma zpacgpiuHe MoOe1106aHHSI NPoYecié KoIUBAHHSI MeXAHIUHOI
cucmemu ma 00C/AI0HCeHHA s18UWA Pe30OHAHCY

5.1. MopesoBaHHA NPOLeCy BJIaCHUX KO/IMBaHb MEeXaHIUHOI CCTeMH.
BUKOpPHCTOBYHOUM OTPMMAaHUM aHaJTITUYHUX pO3B’s130K 3ajaui Ko aist

HeOJHOPiJHOI MoJle/li BHUMYILIEHUX KOJIMBaHb mMoBepxHi Mocta (1)-(2), mo

BU3HAYAETHCS 3aleXKHicTIO (3), mobyayemMo rpadiku 3a/e)KHOCTeH KOMITIOHEHT

OJHOpiAHOrO po3B’sa3Ky. [Ipy 1[bOMY MPOITIOCTPYEMO BHECOK KOXKHOI 3

KOMITIOHEHT B CyMapHY 3aJIeXKHiCTb, II[0 OIMKUCYE€ OJHOPIAHY Mojenb, 0e3

ypaxyBaHHS BIUIUBY [I0[,@HKa, 1110 BU3HAUYa€ B/IACHI KOJIMBaHHSI CUCTEMH.

v
U () =U,cosdt+ ?’sin wt (4)
Vi . ; .
Upoge (1) =U, cOS P, +$sm ot; 7. =t,+i@t; i=1.1000. (5)
v
-
1,0
— U, cosit.
0,5 H — (U, /p)singt.
0,0 \1
-0,5 -
-1,0 C . 1 1 1 1 1 . 1 .
0 200 400 600 800 1000
t,C
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Puc. 1. 3a/eXXHOCTi Biff yacy ¢ KOMITOHEHT 3MIllIeHHS Unode () BiIBHUX KOJIMBAHB Y

OJHOPIiIHIM MOZeTi.

5 C

1,0

0,5

0 200 400 600 800 1000

t,C

1

Puc. 2. 3a/eXHiCTh BiJj uacy ¢ 3Mill[eHHS Upoe () BITBHUX KOJIMBaHb Y OJHOPIiJHIM

MOZeJIi.

5.2. MopgenroBaHHA NPoLeCy BUMyLIeHHMX KOJIMBaHb CUCTEeMHU Ta ABMIIA

pe3oHaHcy (0UTTS).

BukopucToBYHOUM TTOBHMIM aHATITUYHUM PO3B’ 30K 3aaui Korri /151 HeogHOpigHOT

Mo/ieni KolMBanIbHOTo rpotiecy (3), BUKOHaeMO 11o0yoBy rpadikiB 3ame>kHoCTel

3MilT|eHHs Bifi yacy, 11[06 TIpoifoCTpyBaTy T/IMB MepioguuHOl 30y/Kyr0Uoi CUIM Ha

MeXaHIUHy CUCTEMY, 30 CIIPUUMHSE BU/IbHI 3aTyXaroui KOJIMBaHHS CUCTEMM.

B
Uy (6) = Uppge () + W(

cos@r, —cosgt,); T, =t,+i@t; i=1..1000.
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1,0

—U

Vym
0,5 H
0,0
-0,5 |
-1,0 . ! . ! . ! , \ :
0 200 400 600 800 1000
t, C

1

Pric. 3. 3aexHiCTb Bij yacy € 3MileHHs Uym (D) y Mogesi crcTeMu 3 BiTbHUMU

KOJIMBaHHAMM 1pU ¢ =10 (i) i o=1,1({").

10 vam(ti, 1,001¢)
S va m(ts 1,0100)

° U (€, 1,0020)
_Z VAVA AVAV AWAVA\\ et

0 200 400 600 800 1000

t,cC

T

Pric. 4. 3a/eXXHiCTh Bif yacy € 3MileHHs Uy, () y Mogesi cucTemu 3

BUMYILIEHUMU KOJIMBAHHSIMU MPU [IJIs1 Pi3HUX 3HAUeHb YaCTOT 3MYLLYIOUOI CUIu @ .
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p—
(=]
T

U, (t, 0,999¢)

vym

—U___(t, 10¢)

vym

—U___(t,0,950)

vym

U, (t, 0,995¢)

vym

— U, (t,0,998¢)

vym

-10

L 1 L 1 L 1 L 1 L
0 200 400 600 800 1000
t,C

T

Puc. 5. 3anexHocTi Bij uacy t 3MimneHss Uy, () y Mogesi cuctemu 3
BUMYILIEHUMU KOJIMBAHHSIMU [IPU [JIs1 PI3HUX 3HaUeHb YaCTOT 3MYLLYIOUYOI CUIU @ .
AHasti3 mapaMeTpiB, 1[0 BU3HAUAKOTh AABUIIE Pe30HAHCY.

SIK BUAHO 3 MoOyzgoBaHuX TpadikiB 3aMe>KHOCTeM BeTMUMHU 3MIITIeHHS ISt
Pi3HMX YaCTOT 3MYIIYIOUOi CH/IM, a TaKOXK /s BiIbHUX KOJMBaHb, HAOMM>KeHHS
YaCTOTW BUMYIIIEHUX KOJIMBaHb CIpaBa [0 YaCTOTU BJIACHUX KOJIMBAHb CIIPUYUHSIE
TIOCTYTIOBUM PIiCT aMIUIITYIX KOJIMBaHb. B Me)Xax HaO/MKeHHSI YaCTOTH KOJIMBaHb
3MYLLUYKOYOI CUIM [0 YacTOTA BIIBHUX KoMBaHb y Mexax np0 0,1 %
criocTepiraetbcst 6iibi HiXK 10- TH KpaTHe 36i/blieHHsT aMIIiTyAd KOJMBaHb, 10
3a peaJlbHUX YMOB CIPUUMHSIE PYMHYBaHHSI KOHCTPYKLii. AHasoriuHa cuTyaLlis
BUHUKA€E TIpU HAO/MMKeHHI YaCTOTW BUMYIIEHUX KOJMBaHb CTpaBa [0 4YaCTOTH
BJIACHUX KOJIMBaHb CIIpUYUHSAE 3/iBa. CJiif 3ayBakuTH, 10 Tpu 1opsaaky 0,1 %
HaOMKeHHI 4YacTOT B/IaCHUX KOJMMBaHb 1 3MYyIIyHOUOi CWIM, MalTh Micle
OCLIWJIALIIT aMIVIITYAU KO/TMBaHb.

BucHoBku. BukoHaBim jaboparopHy po6oTy, Oyno 34ilicHeHO MaremaTHuHe
MO/Ie/IFOBaHHSI TIPOLIECIiB BiJIbLHOTO KOJIMBAaHHS MEXaHIUHOI CMCTeMU MiJ] BIIJIMUBOM
30BHILIHBOI  OCLW/IIOKOYOI  cuir. OKpemMO PO3IVISHYTO TIPOLIeCH  BiJIBHOTO
KOJIMBaHHSI Ta KOJIMBAHHSA MiJ| JI€I0 30BHILLIHLOIO HaBaHTaKeHHs. BcTaHOBIIEHO,

1110 TIpYU Hab/M>KeHHi 4acToTy 30yprOrOUoil CWIIM [0 YaCTOTH BiTbHUX KOJMBaHb SIK
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3/1iBa Ta CIipaBa BUHUKAIOTH SIBUII]A PE30HAHCY, IT]0 TTPOSIB/IAIOTHCS Y 30i/IbIIIeHH] Ta
OCLW/IAILIISIX aMIUNTYAX KOMMBaHb Ta HAa TNPAKTULI BUK/IWKAIOTh PyWHYBaHHS

MeXaHIYHOI KOHCTPYKLIii.
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Joparkwu.
Jlictudr nporpamu y cepegoBuini Wolphram Mathematica asnsi MoenoBaHHS

l'IpOI.lECiB Bi/IBHUX Ta BUMYII€HUX KO/IMBAHDb MeXaHIUHOoI CHCTeMH

Fullsimplify[Dsolve[u’’ [t] +¢? u[t] =Pv«Cos[wt], ult], t]]

PvCos|t w]

u[t] = C[1] Cos[t ] + +C[2] sinft ¢]
{{ 1}

32— w?
FullSimplify[

Dsolve[{u’’ [t] +$*u[t] = Pv Cos[wt], u[0] = U0, u’ [0] =VO}, u[t], t]]

V0 8in[t @]

{{u[t] = (- (Pv+U0 (-9 +w?)) cost ] +Pvcos(tw]) / ((¢-w) (p+w)) +
(oo

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

{{u[tj S TO Cos [t B] + -

Collect[

(- (Pv+U0 (4% +w?)) cos[t ¢] +Pvcos[tw])/ ((¢-w) (d+w)) +w, pv]

U0 (-¢?+w?) Cos[t ¢] Cos[t o] Cos [t @] Vo gin[t é]
= +HEW |= + &
(@-w) (¢+w) [ (p-w) (¢+w) (p-w) (¢+w) ¢

U0 (-¢* +0?) Cos[té]

(p-w) (¢+w) ]

Fullsimplify [—

TJo Cos [t @]

Cog[t ¢] Cog[t w]
FullSimplify[Pv [— ]]

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

@2*(,02

Pv Cos[t w]

D[C[l] Cos[t é] +
¢2—&)2

+c[2] sin[t¢], t]

Pvw3in[t w]
¢ C[2] Cos[t @] ~¢C[1] 8in[t¢] - —————

B2 — w2

U0 :=1;
VO :=0.4;
$ :=10;
w:=0.999¢;
Pv:=1.1

V0 8in[t ¢]
ulft ] :=U0Cos[t¢] + ———;

ulsym[t ] :=U0Cos[t ¢]:
VO sin[t ¢]
ulant([t ] := ——————;
¢

VO 8in[t ¢] Pv (Cog[tw] —Cos[t¢])
uft ] :=U0Cos[t o] + + :
¢ #% - w?
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Plot[u[t], {t, 0, 1000}]

10F

-10

SetDirectory["£:\\"];
For[t =10, t <1000,
Print[8tyle["t= ", 14, Blue, Bold], 8tyle[ t, 14, Blue, Bold]];
gwe = Openippend["u.dat", DOSTextFormat -» True];
WriteString[gwe, t, "\t"];
Cloge[qgwe];
gwe = Openippend["u.dat", DOSTextFormat -» True];
WriteString[gwe, CForm[N[u[t]]], "\n"]:
Cloge[gwe] ;
Print["vibration= ", CForm[N[u[t]]]]:
t=t+10];
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JIABOPATOPHA POBOTA Ne 6

" JUOEPEHIIIAJIBHI PIBHAHHSA /IPYI'OI'O ITIOPAAKY Y
MO/JE/IFOBAHHI KOE®IIIEHTA ITPO30POCTI TA
EHEPI'ETUYHOI'O CIIEKTPY IBOBAP’€EPHUX BIIKPUTUX
HAIIIBITPOBI/IHUKOBUX HAHOCTPYKTYP "

1. Di3uyHa nocmaHoeKa 3aoaui

Posrnsimaerbcst  (isvuHUE  mpoljec  TYHEJIOBAaHHS  €/IeKTPOHIB  Kpi3b
HariBIMPOBIJHUKOBY HAaHOCTPYKTYPY 3 BiJ[JOMMMM TreOMeTPUYHUMHU Ta (i3MUHUMHU
rapametpamu (puc. 1).

U(z)
lu

A\ 4

z, Zy Zy Z

0 b

Puc. 1. IToTeHrianbHUX Mpodink BiAKpHUTOI B0OAp’€PHOI HAaHOCTPYKTYPH

2. MamemamuuHna modenb npoyecy: ougepeHyianabHi piGBHAHHSA

IIIpedinzepa

[Ipouiec  TyHe/rOBaHHSA  €JIKTPOHIB  Kpi3b  BIJKPUTY  HariBIIPOBIJHUKOBY
HaHOCTPYKTYPY OIHUCYEThCS AUdepeHLia/IbHUMU PiBHSIHHSMM APYTrOro MOpsiKY —

piBusiHHsME [Ipeginrepa, 3amicaHuMu fjii KOXKHOI 3 06/1acTeli HAHOCTPYKTYPH :
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0d%,
|:| dZ2

+k*yp, =0, 2 <0,

2
Hdd;pzz - Xy, =0,0<z<d,

d% +k%y, =0,d, <z <d +b, (1)

I
I
I
0d
1= X, =0,d +b<z<d +b+d,,

[
E dws+k1p5 =0,z>d +b+d..

_ 2me(U-E).k_ 2mE
S

Inst po3B’sa3KiB piBHSIHB (1) BUKOHYHOTHCSI TPaHUYHI YMOBHU:

Ae

le(z)‘zw :1/}2 (Z)‘zzo’

1dy,(2)| _dy,(2)
U dz |, de |

0
0y,(2),., =¥5(2),_, >

0
ndy,(2) :d%(z)\
{ dz |, dz ‘Hl’

@, =), @)

dy,(2)  _dy,(2)
0 dz |, dz )]

I
Dw4(z)‘z:z3 =Y (Z)‘z:z3 ’

14y, _dy.(2)
i odz ., dz |

Y (2): z, =d;; z, =d, +b; z, =d, +b +d,,
Po3B’a3ku piBHAHB (1) MarOTh BUIVISAL:
Iy, =" +Be™, 7<),
=Ae" +Be”,0<z<d,
1y, =Ae” +Be™, d <z<d +b, (3)
W, =Ae" +Be”,d +b <z <d +b+d,
Hy, =Ae", z>d +b+d,.
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Topi 3 cucrtemu (2) 3HaXOAUMO:
11+B =A +B,,
Jik(1- B) =x(4, - B),
HAZe”I +Be ™ =Ae" +Be ™,
J(Ae™ - Be ™) =ik(Ae" 0Be ™),

|:| i - - 4
DAge’“z +Be ™ =Ae" +Be ™, @)
. ikz, ~ikyy — , -1
k(A" - Be™) =y(Ae" - Be™),
[Ae™ +Be ™ =Ae"™,
|:| - Xz . i
1X(Ae™ - Be™) =ikAe™.
3Biacu:
0B - A- B, =1
kB, + A, - B, =ik
UAze’“l +Be™ - Ae™ - Be™ =0,
[ ){Aze”“ yBe ™ - ikAe"™ +ikBe ™ =
0. | 5
qu3 ikz, +B e A4e){lz B e X — ( )
H1'kA3e‘ *- ikBe™ - yAe™ +XB4e'XZ2 =(),
DA e” +Be™ - Ae™ =
l o ha o
1)Ae” - yBe™ - lkASQ =0,
3HaxoauMo 3rigHo Metoay Kpamepa:
A A A A A A A A
B :71; :72; B :73; :74; B :75; A :76; B :77; :78’ e
AT R T AT T OAT BT AT A
1 -1 -1 0 0 0 0 0
ik X - X 0 0 0 (0] (0]
0 e e - ek e k 0 0 0
0 xe®™ - xe ™ - ike' ike ™ 0 0 0
A =
0 0 0 e’ e - e” -e 0 ) (6)
0 0 0 ike™ - ike ™ - xe* xe ” 0
(0] 0 (0] 0 0 e e s - et
o © 0 0 0 xe - xe - ike™

Yci BU3HAUHUKKA A, A,, A;, A, OTPUMYIOTBCS 3aMiHOIO Bi/ITTIOBiJHOTO CTOBOLS y

(6) cToBOIEM Bi/ILHUX U/IeHiB 3 cucTemH (5).
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KoedilieHT 1Tp030pOCTi HAHOCTPYKTYPH BU3HAUAETHCS SIK:
D =D(E) =/A, )
EHepreTuHMi1 CrieKTp e/IeKTPOHA BU3HAUYAETHCSI MAKCUMyMaMU KoedillieHTa
TpO30pOCTi Ha 1iKaji eHeprii E (7):
E, =maxD(E), (8)
['ycTiHa WMOBIDHOCTI 3HaxOMKeHHS €JIeKTPOHAa B MeXaxX HaHOCTPYKTYpHU
BU3HAYAETHCSA KBAZPAaTOM WOr0 XBW/IbOBOI (DYHKIII [/ BiJIMOBiAHOTO 3HaueHHS

fioro pe3oHaHcHOI eHeprii £ =E, :

y
y
[, d <2<d +b, 9)
[ 4 +b<z<d +b+d

w :Aseikz’ s d1 +b +d2'

29

3. BXxioOHi OaHi
b =10 um - TOBIIMHA NOTEHLiaIbHOI SIMU;
d, =d, =2 HM - TOBU[WHH MOTeHIlia/IbHUX 6ap’epiB;
m, =0,04585 10™" kr - epeKTHBHA Maca eJIeKTPOHa;

A =1,055 10" Ik -c - ctana I11aHKa.

4. Anzopummizayis nodyooeu po36’s13Ky mamemMamuyHoi mooesii

[Tobyayemo rpadik 3anexkaocti P =D(E) (7) nis 3HaueHb eHeprii eleKTpoHa

0<E <U:
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D(E'n)

L

0 100 200 300 400 500
Puc. 1. I'padik 3anexxnocri D =D(E)

3HaX0UMO Pe30HAHCHi eHeprii — Makcumymu dyHkiiii P =D(E) | KopuCTyOunCh
¢yskyiero FindMaximum:
E, =44,6269 meB, E, =182,392 meB, E, =418,62 meB (9)

5. ModenioeaHHs 3a/1eHCHOCMI eHepzemuYHO20 CneKmpy e/1eKmpoHa 6io
2eoMempuyHuUX napamMempie KeaHmMo8oi amu
3 mertor0 orpuMaHHs 3anexHocti E =E(b) Gymemo 3miHioBaTM BenuuuHy by
MeyKax:
2 HM <b <15 HM™M
3 KDOKOM:
6 =0,2 Hm
KO)XKHOT'O Pa3y 3HaXO/sTUM MaKCUMYMH 3a1e)KHOCTI D =D(E) | ny1st KOYKHOI 3 TOUOK:
b, =né, i =1,..10
BUKOPUCTOBYIOUM BOyzi0BaHy yHKIlit0 FindMaximum.

Pe3ynibTaToM po3paxyHKiB € rpadiuHa 3a/1exHiCThb:
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meB

E,
o

400 A

300 - o
o LA%
200 ©

2% %QA

(99 e
C(‘((( %w Vv

100

G
CCeee
Qi
(CC((C(((C(((((((C((C(

ccacecccc
0 ) 1 " I . 1 " I L 1 . 1

2 4 6 8 10 12 14

R, HM

Puc. 1 - 3ane)xHicTh replmnx TpboX eHepreTUYHUX PiBHIB e/IeKTPOHa BiJ| IIMPUHU

MOTeHL[ia/IbHOI IMU

Ak BupHO 3 Puc. 1, 3a71€XHOCTI MepLIMX TPbOX EeHepreTUYHUX piBHIB
e/IeKTPOHA, JIOKa/Ii30BaHOTO Yy TMOTeHLlia/lbHIA KBaHTOBIM sMi 3i CKiHUEHHOIO
BMCOTOI 30BHIIIHIX MOTeHIia/bHuX 0ap’epiB € OJHOTUIIHMMM. IX MOBeJiHKa y
Me)KaxX BUKOPDHMCTOBYBAaHOI MOZe/li KOpeJto€ 3 TEOPeTUYHOK 3a/1eXKHICTIO, 3TiHO 3

2
n . .
skoto E, ~ o e b - mwpyHa moTeHIlianbHOI MM, 1 - HOMED eHepreTUYHOTro
piBHs1. [Tpu 1jbOMY BCi eHepreTHuHi piBHi po3MiliieHi B inTepBani: 0<E, <U,
[ns KokHOrO i3 3HaueHb eHeprii (9) moOyayemMo  3aneXKHOCTI

W =W(E,) =, (E)[, n =12, 3.
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140

W1

100+

80

601

40+

0 2 4 6 8 10 12 14
Puc. 2 — 3anexuicte W =W (E,) njis nepiimvx TpbOX eHePreTUYHHUX PiBHIB

eJIeKTpOHa

BuCHOBKH. Pe3y/braToM IIPOBEJEHOr0 [JOC/Ii/PKEHHS 3 MareMaTH4HOIO
MO/Ie/TFOBAaHHS €HEePreTUYHOIO CIIEKTPY eJIeKTPOHA TYHE/IbOBAHOIO KPi3hb BiKPUTY
HAHOCHCTEMY 3 TIOTeHIiaJbHUMH CTiHKAMW CKiHU€HHOI BHUCOTH € OTpUMaHi
rpadiuni 3anexsocti E, =E,(b) i W =W(E)), mo pmobpe KOpemOwTh 3
TEOPeTUUYHUMH pe3y/bTaTaMu. Po3misayBaHa MoJe/Ib MoKe OyTH BUKOPUCTaHa [JJist
PO3paxyHKy CIIeKTPy €JIeKTpOHa B 0araroIlapoBUX  HarliBIPOBIJHUKOBHX

HaHOCTPYKTypax.
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Joparkwu.

Jlictudr nporpamu y cepegoBuini Wolphram Mathematica asnsi MoenoBaHHS

Koe(inieHTa MPo30poOCTi Ta eHePreTUYHOr0 CIEKTPY e/IeKTPOHIB y BiADUTHX

- ¥
me

HaMiBIPOBiAHUKOBUX HAHOCTPYKTYP

516; (xy BHyTpiwHeoMy 6ap'epix)
@.04585 ; (xB AMix)

ml = ©.@8856" ; (xy 6ap'epaxx)
x1 = ©.53; (xAMax)

ab :=9.8529

Ry :=136@5 (x meV =)

R = 10; (*AMU* )
11 = 2.0; (x6ap'epux)

12 = 2.0;

Al ;=11 (x6ap' epux)

A2 1=12
z1 :=Al1+R
z2 1= z1 + A2

k[En_] := Sqrt[m@x En/Ry] /ab

ml (
x[En_] :=Sqrt|

TO[En_, z_] :
Tl[En_, z ] :
B2[En_, z_] :
®3[En_, z_] :

B4[En_, z ] :

determ[En_]

¥ -En) ]/ab

Ry

(@Ik En] z + BO[En] e-Ik[En] Z) 3

(Al[En] @*lEn z . B [En] @ *[EN] z) .

(AZ[En] eI KIEN] (z-a1) B2[En] @ Ik[En] (z- Al))
(A3[En] ex[En] (z-z1) BB[En] @-X[En] (z- 21))

A4[En] eIk[ErI] (z- ZZ)

:=Det[

(1 -1 -1 1] 1]
i k[En] X[En] _ xlEn] L) )
mo ml ml
2] eAlx[En] e-Alx[En] == -1
0 e2txlfnl y1En) etx[fn] yEn]  _ ik[En] i k[En]
ml ml [ 2] md
) e e @i k(En] (z1-a1) @-ikEn] (z1-a1)
0 9 9 4 elik[En] (z17A1} kl'm _ ]-leflik[En] {1141} k rE_n'L
2]
e e e
%] e e
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(-1 -1 -1 e e e
i k[En] Xx[En] _ X[Enl e -] 2]
™) nl nl
o eALx[EN] @-A1x[En] = = <]
P etxlEn yien] _ gftxlnl yiEn]  _ dk[En] iklEn] e
nl nl e o
B@[En_] :=Det [ y y o @l KIEN] (z1-a1) -1 kIEN] (z1-A1) _1
e 0 9 o) elik[En] {1141} k[ En] _ ie—l‘lk[En] (sz) I [ En] _ xIEN]
™) ™) nl
o o @ eX[En] (-z1+
gilenl ) g
\0 e ] ol
(1 -1 -1 @ 2] @
i k[En] i k[En] _ x[En] e e -]
=) =) nl
2} e e-Alx[En] -1 - ]
) ) _elel yeny akiEm) aklEn] e
nl o o
Al[En_] := Det [ 2 o o @l KIEn] (z1-a1) -t kIEn] (z1-a1) _1
0 0 0 4 el k[En] {1141} k rE_n'L _ 4 e—lik[En] {1141) k!’E_n'L _ ZJE_"L
o ™o nl
o ) ) e o @X[En] (-71:22)
o o o ex[En] {-z1+22} [En]
\ nl
r 1 -1 -1 -] e e e
i k[En] X[En] ik[En] L) e 2] <]
o ml1 o
) er1x[En] @ -1 -1 e @
0 e2tx[Enl 1 Eny e _ i k[En i k[En] ) )
nl o o
B1[En_] :=Det [ o o e el K[En] (z1-A1) -1 kIEn] (z1-41) -1 _
o 0 @ hetklenl 2121} kren)  pe ®k(fnl (ZaY) kiEn]  xlEn] x
e ™o ni
o 0 e @X[En] (-z1-22) e
o o o Ex[En] (21422} LEn] a
\ nl
(1 -1 -1 -1 2] (] e
ik[En] x[Em] _ xlEm] LkiEn g 0 0
o nl nl o
P @ALx[EN] @-A1x[En] ) -1 ] )
o eux[En]lxrm _ e-Aix[En:]lxrm 0 4 km[g n] e -]
m. m
A2[En_] :=Det [ o o e y -1 kIEn] (z1-a1) -1 -1
) 0 e e _ 7 g ik[En] {z1-a1} k[En]  x[En] X[En"
™) ni nl
0 o 0 o eX[En] (-21+22) e-xl
o o o o X [En] {-z1422) LEn] B e*
\ ml
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1 -1 -1 e -1 e e
G kEn] Xx[En] _ XlEnm] ) i klEn] e )
mo ml ml [ 2]
e ot x[En] @-A1x[En] =i e 2] e
@ eAix[Enller_n-L _ efalx[En:]lxrm _ o k[:n] ) @ @
; [} 1
B2[En_] := Det[ o y 2 @l KIER] (z1-a1) e _1 -1
e e 8 i et K[En] (z1-21} 1 En) 8 _ xI[En] x[En]
2] ml ml
-] e e -] e ex[En] (-z1+22) e-x[En]
6 0 0 0 ex[En] (—zl+12) [ Ef] _ e—x[En]
\ ml
(1 -1 -1 @ e -1 @
Ak[En] X[En] _ XILEnm] e ) dk[En) e
mo ml ml [ 2]
0 efLx[En] @-A1x[En] -1 <iT @ (]
@ etLx[En] x[En] a-21x[En] x[En] _ ik[En] i k[En] @ e
ml ml ne o
A3[En_] := Det[ o o y @l KIER] (z1-a1) -1 kIENT (z1-A1) e _1
9 0 0 i et k[En] (sz} k!’E_n'L _ ]-le—lik[En] {1141} kI'E_ll'L 9 ZJ_E
2] 2] m
e e e @ 2} e
\9 e %] e - &
(1 -1 -1 @ e 2}
Gk En] X[En] _ XILEn] ) ) )
mo ml ml
2] eAlx[En] e—Alx[En] -1 -1 2]
@ etLx[En] x[En] a-21x[En] x[En] i k[En] 1 k[En] @
ml ml ne o
B3[En_] := Det[ o o oy @l KIER] (z1-a1) -1 kIENT (z1-A1) 1
9 0 0 i et k[En] (sz} k!’E_n'L _ ]-le—lik[En] {1141} kI'E_ll'L _ :[En]
2] 2] ml
e e 2] @X[En] (-z1+
9 0 0 9 0 ex[En] (711+12)
\ ml
(1 -1 -1 [} e @
A kIEn] x[En] _ xI[En] e e e
%] ml ml
2] eAlx[En] e—Alx[En] -1 -1 2]
@ etLx[En] x[En] a-21x[En] x[En] i k[En] 1 k[En] @
ml ml mo mo
A4[En_] := Det[ e Py 2 @l KIEn] (z1-a1) -1 kIENT (z1-A1) _1
9 0 0 i et k[En] (sz} k!’E_n'L _ ]-le—lik[En] {1141} kI'E_ll'L B :[En]
[ [ ml
2] 2] 2] eX[En] (-z1
e e e ex[En] {-z1+22}
\ ml

T[En_] := Abs[A4[En]]?%;
W[En_, z_] :=
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Which[(z < @), Abs[2@[En, z]]%, (z > @) & (z s Al), Abs [@1[En, z]]?, (z > Al) && (z s 21},
Abs [@2[En, z]]%, (z > z1) 8& (z < 22}, Abs[®3[En, 2z]]?, (z > z2}, Abs[®4[En, z]]%];

Plot[T[En], {En, &, 516}, PlotRange » All, PlotStyle - {Red, Thick},

Frame » True, PlotlLabels —» Placed[{"D(En)"}, Above]]

7 5 D(En)ﬂ ]

06 B

041 .

U |

0.0~ 1

1 I | L 1 1 I | L | 1 I | L | 1 I n L | 1 I n L | |
0 100 200 300 400 500

FindMaximum[T[En], {En, 4@, 6@}]
(1., {Eﬁ —+ 44.62691}
FindMaximum[T[En], {En, 18@, 210} ]
1., {Eﬁ %152.392}}

Inz4r= FindMaximum[T[En], {En, 38@, 500} ]

oupa= {1., {En - 418.62}1
ngap- F 1= which[ (z<@), @, (z>0)8& (z <11}, 135, (z >11)8&z < (11 +R),

@,z > (11+R) &z < (11 +R+12}, 135, (z>11+R+12),0];
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In[54

{z, @, z2}, PlotRange —» All, PlotStyle -+ {Black, Red, Blue}, Frame —» True,

PlotLabels » Placed[{"lW1", "W2", "W3"}, Above], Filling —» Bottom]

L B
1205
1005
305
eof
40f

20

SetDirectory["G:\\"];
For[R =1.4,R < 15,
Print [Style["R ", 16, Blue, Bold], Style[ R, Blue, Bold]];
qwe = OpenAppend["Ed_3.4 x 1.6_21.4-x_3.4nm.dat", DOSTextFormat -> True];
WriteString [qwe, R "\t"];
Close[qgwe] ;
qwe = OpenAppend["Gd_3.4 x 1.6_21.4-x_3.4nm.dat", DOSTextFormat -> True];
WriteString [quwe, R"\t"];
Close[qwe] ;
(xPo3paxyHoK eHepriiix)
jmax = 5;
imax := jmax;
st :=9.1;
bl = Q;
b2 = Q;
b = Q;
i-= Q;
X = Table[®@, {i, 1, jmax}];

(#Print [Style [eHeprii,16,Red,Bold] ] ;%)

For[En = @, En s 15@e,

1= Plot[{W[44.626854479774984, z], W[182.39195776466073, z], W[418.61976777425434, z], f},

98



Label [povtor];

I'F[ ((Max[T1, T2] -Min[T1, T2]) /Max[Tl, T2]) > @.01, st = st x@.9;
GoTo[povtor], st = st x1.1];

T1=T[En];

T2 =T[En+st];

If[i==0, fl=T1; f2=T2;b2= (f2-fl);i=1i+1];

If[i>0, bl=b2; fl=2; f2=T2;b2= (f2-f1);i=1i+1];

If[(blb2<e)8&& (b2<8),

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

x[[++b]] =a[[2, 1, 2]];
(xPrint ["E= ",x[[b]11," maxT= ",T[x[[b1111;%)

quwe = 6penAppena ["Ed_3.4 x_1.6_21.4-x_3.4nm.dat", DOSTextFormat -> True];
WriteString [qwe, CForm[x[[b]]], "\t"]1;
Close [qwe] ;
]; (#Ifx)
If[ (b - jmax) = @, En = 1501];
En = En + st
] (xforx)
jmax = b;
(#Print [Style [ "WMPHHA MAKCMMYMIB",14,Blue,Bold]];*)

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

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

s =@

x[[e]] =@;

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

step = -Min[yl, y2];

Em2 = x[[1]];
Label [zanovo];
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For[l=1,1<« 2580, 1++,

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

s =5+1;

G[[i, s]1] =Abs[t[[1, 211 -x[[1]1];
1; (xIfx)
1; (xFors}
If[s =1, step = -step; Goto[zanovo]];

Gam=2%Min[G[[i, 11], G[[i, 2111}

Print["En= ", x[[i]], " G= ", Gam];

qwe = OpenAppend["Gd_3.4 _x_1.6_21.4-x_3.4nm.dat", DOSTextFormat -»> True];

WriteString [qwe, Gam, "\t"];
Close[que] ;

i=1i+1
] (+Fors)

qwe = OpenAppend["Ed_3.4 x_1.6_21.4-x_3.4nm.dat", DOSTextFormat -> True];

WriteString [qwe, "\n"];

Close [gwe] ;

qwe = OpenAppend["Gd_3.4 x_1.6_21.4-x_3.4nm.dat", DOSTextFormat -> True];

WriteString [qwe, "\n"];

Close[qwe] ;

R=R+0.2];
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JIABOPATOPHA POBOTA Ne 7

" JUOEPEHIIIAJIBHI PIBHAHHSA APYI'OI'O ITIOPAJIKY B
YACTHMHHUX IIOXIJHUX Y MOAE/IFOBAHHI ABUILTA
INEPEHECEHHS TEIUVIA Y HAI'PITUX CTEPXKHAX METOJOM
oyp’e "

1. Di3uyHa nocmaHoeKa 3aoaui
Po3risigaeTbest isHUHMIA TTPOL[EC OXOJIOKEHHSI CTEPKHS JOBXKHUHOI [ sKuii OyB
rorniepeJHLO HarpiTuéi 70 TemriepaTypu U,. B momeHT uyacy t=0 cTepxeHb

. v . . . 0 .
TEeryI0i30/I00Th, a WOro KiHli yTpumMytoTh npu Temreparypi 0° C. HeobxinHo
BCTAaHOBUTH 3aJIEKHICTh 3a SIKOIO BifIOyBa€TbCs OXOJOMKEHHsI CTep)KHs, Ta

TeMIlepaTypy BCepe/ivHi HbOTO /11 3aZIlaHOT0 MOMEHTY vacy {, (puc. 1).

v

0

u, Uy

Puc. 1. 'eomeTpuyHa cxema Terui0i30/1b0OBaHOIO CTEP)KHS, TOPL{i AKOI'0
YTPUMYIOTbCS [IPY MOCTIMHINA TeMIiepaTypi
2. MamemamuuHa modenb npoyecy: piGHAHHS men/i0nepeHocy ma
2pPAHUYHI yMO8U HA KIHYSX CIMepXHCHS

KpaiioBa 3azjaua, TOOTO 3ajjaua B $IKiki 3afZlaHi TpaHWYHI YMOBHU i (YHKIi

PO3MO/iNy TeMIiepaTypH B ¢ cTepxkHi U(X,t) mae Bursz;

R
©® @
(0,t)=u(L,t)=0, (1)
(x,0) =u,.

ne k - koedillieHT TeTUIOMPOBiAHOCTI MaTepiay CTepKHSI.
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P03B’s130K KparioBOi 3aiadi (1) 4151 HarpiToro CTep>kHs1 3 HYJIbOBUMH 3HAYeHHSIMU

TeMIlepaTypy B MOT0 KiHLSIX LIYKAETbCS y BUITISIAL PSALY:

u(x,t)=61n exp(—n27r2kt/L2 sin%, 2)
n=1
Je 4, - koeQinieHTH poskiany 3a B psag dyp’e 3a cuHycamM  QyHKLT

f (x)=u(x,0) , o 3a/a€ MouaTKOBMI1 PO3MO/iN TeMIepaTypy B CTepsKHi. 3HaueHHs!

1[UX Koe(il[ieHTIiB BU3HAUaIOThCS SIK:

2! nx
a =— X sm—dx 3
: L()@t ) 3)
B Haiomy BUNazaxy:
F(0) 0 0<X<L, A
X)= _
, —L<t<O. “)

Toni migcraBnsitoun (4) B (3) i BUKOHYIOUM iHTerpyBaHHS:

L
nzx 5 nrwx 2u, @E nmwx
——ax)sm dx=2 @) dx =——"€—cos—| =

L nr L |,

—-— 2u, %OS nzl _ m[ Q% cos Nz — Cos 0) —%( -D" —1) =
nrw

nw

_ 2u, ( n=2k+1, k®Z

1-(-)") =enn’
.n=2k, k®Z.
(4)

Lle#1 >ke pe3y/bTaT MOKHa Oy/I0 OTPUMATH 3 BUKOPUCTaHHAM crcteMyd Wolphram

Mathematica:

In[1]:= Assuming[n € Integers, {E jLue S:i.n[ n er] d]x]-]
L .Je

2 (14 (=1)"") ue

AN G S St A S|

Out[1]= 1 |
noT

TakyvM 4yMHOM, PO3B’ 130K KpPalOBOI 3a/aui:
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4 1
u(x,t) = ﬂ&exp( —n’’kt / L sin%, (5)
V3

n=1

3.  BxioHi 0aHi
L=50M - nopxuna cTepxHs;

K

k =0,15 P - Koe(piLlieHT TeryIoNpOBITHOCTI CTep>kKHS (BiATOBilae MaTepiany
M

3a/1i3HOTO CTePXKHS);
0
u, =100 "C - TemnepaTypa CTepKHSI;

t ={0, 2000c} - niamasoH uyacy Bif MOUAaTKy OXO/IOKEHHS CTEPIKHS.

4.  Aneopummizayisi nodyoosu po3e’si3Ky mamemamuyHoi mMmooeni

Tobyayemo rpadik 3amexusocti U(X,t) g TemmepaTypu MOCepeAvHi CTEPXKHS

L .
X= E 1S p13HUX 3Ha4yeHb 11:

U (t)

‘ ‘ ‘ {
500 1000 1500 2000
Puc. 1. I'padik 3ane>xxHocti U = u%,tg

SIK BUJHO 3 pUCYHKa IIpu n =25 i npu n =25 rpagiku 3anexHOCTel U = u%,tg

y’Ke Maike CIiBIaZialoTh, ITI0 CBiUUTD TTPO 30DKHICTE psazy (5).

[TobymyemMo 3amexxHOCTi U = u(x) [T pi3HUX MOMEHTIB yacy:
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[ 1 20 T T 5
— u(x, 500,25)
— u(x, 1000,25)
— u(x, 1500, 25)
— 4 (x, 2000,25)

Puc. 2. Tpadik 3anexusocti u=u(x)

SK BUAHO 3 rpadikiB 3a1eXHOCTI U =U(X) 1Py 0XO/I0[KEeHHI CTepP)KHSI MaKCUMYM
. . o L
VIOT0 TeMIlepaTypy 3MILYETbCA 40 UOT0 CepeJuHU X = 5"

Y3ara/ibHIOKOUM OTPUMaHi BHIIlEe pe3y/bTaTd TMOOyAyeEMO MPOCTOPOBHM pO3MOfIi
Temmeparypu U(X,t):

2000
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Puc. 3. IIpocTopoBuUiA pO3MOAiN TeMITepaTypHy B CTEPKHI BUTOTOBJIEHOTO 3 3ajli3a

[ouisbHO BUKOHAaTU pPO3paxyHOK MPOCTOPOBOTO PO3MOALTY TemrepaTypu Ajis

CTEp)KHS 3 IHIIOrO Marepiany, SIKMA XapaKTepu3yeTbCS MEHIIMM KoeQillieHTOM

TETUIONPOBIJHOCTI, HAaNpUK/IaZ, s 6eToHy 11 sikoro, k = 0,005 ’Zzl)K& .
M
Maewmo:
U(x, t)

Puc. 4. TIpocTopoBuii po3Mofi TeMnepaTypyd B CTEP)KHI BUTOTOBJIEHOTO 3
beToHy
SIK BUJTHO 3 TIOPiBHSIHHSI PUCYHKIB 3 i 4, [7Is1 CTep)KHS, BUTOTOB/IEHOTO 3 OeToHy
OCTHraHHS BiZiOyBa€ThCS TIOBINBHICTb, HXK /T CTEP>KHS, BUTOTOBJIEHO 3 3aJli3a,
OCKiJIbKU Koe(Dill[ieHT MOro TerIoNnpoBiJHOCTI MeHIIIUA.

Binblil HAOUHO Lie MOXKHA TI0Ka3aTH OOUMC/UBILIY TeMIIepaTypy BCepeAnHi CTepKHS

L
X= 5 J/1s1 OCUTD BEJIMKOTO 3HaueHHs vacy t.

ITpu tc=10000  maemo:

U, =97,516°C;
=0,341°C.

u3aﬂi3o

TakuM UMHOM MOKHA 3pOOMTH BUCHOBOK, 1110 6€TOH € XOPOIIIMM TeI/I0i30/IITOPOM.
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BucHoBKH. Pe3y/nbTaToM TMpOBEIEHOTO AOC/IKEeHHSI 3 MaTeMaThYHOro
MO/Ie/TFOBaHHS TerUIONepeHOCY B HarpiTUX CTEeP)KHSX BCTAHOB/IEHO 3a/1eXXHOCTI
TeMIlepaTypyu B CTEP’)KHI BiJj 4acy Ta pPO3MOZiN TemIepaTrypyd BCepeuHi CTepyKHS.
[Toka3aHO, L]0 OCHOBHMM YMHHMKOM /I IUBUZJKOCTI OCTUTaHHSI CTepXKHS €

TETJIONPOBIHICTE MaTepiay, 3 SKOro BiH BUTOTOBIEHUM.
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Joparkwu.
JlictuHr nporpamu y cepegoBuini Wolphram Mathematica gi1s moaenroBaHHA

ABUIIlA NTePpeHECEHHA Tell/Ia Y HaniTI/IX CTEPIKXKHAX METOAO0M (I)yp’(-:

"PospaxyHok koediuieHTie posknagy y paa Oyp'e”

] ax}]

nmaXx

L

2 L
Assuming[n € Integers, {—J. ue sin|
L.Je

2 <1+ (4)“") ue

j

nsm

"BxigHi paHi sagaqi’

ue : = 1ee;
L :=5@;
k=0.15;
4u9 01 iZn?kt _ oLimx
ufx_,t_, n_] :=—Z_—Exp[— ] sin[ ]
r Hi L2 L

"PospaxyHOK 3aieKHOCTEeW TemnepaTypu BcepedWHi cTepwHA Big 4acy"

Plot[{u[L/2,t,1],u[L/2,t,5],u[L/2,t, 25], u[L/2, t, 50]}, {t, @, 2000},
PlotRange » All, AxesLabel -+ {t, U[t]}, PlotLegends - "Expressions"]

"PospaxyHoK po3noAiny TemnepaTypu BcepeWH1 cTepXHA
Plot [{u[x, 5@, 25], u[x, 1@e@, 25], u[x, 1508, 25], u[x, 20ee, 251},
{x, @, L}, PlotRange » All, AxeslLabel » {x, U[Xx]}, PlotLegends » "Expressions"]

"MpocToOpoBKiA poznodin TemnepaTypu ANA 3aAi3HOro CTepkHA"

Plot3D [u[x, t, 5], {x, @, 5@}, {t, 1@, 2ee@}, PlotRange » All, AxeslLabel » {x, t, U[x, t]}]

"MpocToOpoBHiA posanoain TemnepaTypu ANA 6ETOHHOro CTEpXHA"
k = 2.005;

Plot3D[u[x, t, 5@], {x, @, 5@}, {t, 5@, 2000}, PlotRange -» All, AxeslLabel —» {x, t, U[x, t]}]

"TemepaTypa BcepeAWH1 6eTOHHOro cTepkHAa"

k = ©.005;
N[u[L/2, 10000, 50]]

97.5161

"TemepaTypa BcepeAWH1l 2aAl3HOro cTepkHA"

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

@.341288

107



JIABOPATOPHA POBOTA Ne 8

" CUCTEMM HEJITHIMHUX IU®EPEHIIAIBHIX PIBHSIHD
JIOPEHIIA Y MOJE/IFOBAHHI 'EHEPATOPIB JMUHAMIYHOI'O
XAOCY "

Po3misimaeTbCsl AMHAMiIUHA CUCTEMA, CTaH SIKOI OMUCYETbCSI CUCTEMOIO HeTiHIMHUX

Iv(epeHLiaTbHUX piBHSAHB JIOpeHLia, 1[0 reHepaTopoM JAUHAMIYHOIO Xaocy.

1. MamemamuuHa Mode/ b 2eHepamMopa OUHAMIUHO20 XAOCy
MaremartiuHa Mojieflb TeHepaTopa AWHAMIiYHOTO XaoCy 3a/la€ThCsl CHUCTEMOIO

HeJIiHIMHUX AudepeHLlia/ibHUX piBHSHB JlopeHIia:

X
=—ax+ay,

t

)tlz—xz+bx—y,

” —xy—cz

¢ VT

(D

pe x=x(t); y =y(t); z=z(t) .

HNana cucreMa € K/JIaCAYHOIO, TPUBUMIPDHOI Ta 3abe3redye OTpUMaHHs
[BoIeT/ieBOro arpakropa JlopeHua g 3ajaHUX 3HaueHb IlapaMeTpUYHUX
koediwienTis d, b, ¢ Ta npu 3miHi aprymenra t.

Inst moOyioBM MaTeMaTHUUHOI MoziesTi 3a/adi, s cuctemMu (1) 3aCTOCyeMO MeTo[,
CKIHYEHHUX PI3HULIb.

Hagamo dynkuism X = X(t); y = y(t); z=z(t) npupoctie AX, Ay, Az no BuxigHux
rapaMeTpax Ta JJisi IPUPOCTy aprymeHTa At .

Topi cucrema (1) HabyBae BUTTISAY:
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=—ax,_, +ay_,,
=-xz_,+bx_—y. ,, (2)
=X Yia —CZ

3BIJIKU:
=(—ax,_, +ay,_,)At,
= (_Xzi—l + bxi—l - yi—l)b’ (3)
= (Xi—lyi—l - CZi—l)b'
Y (3): i - Homep moTOUHOI TOUuKH, [ =1..N , At - CKiHUeHHHWM NpUPicT aprymenHTa t

2.  BxioHi OaHi
a=5;b=1c=1 - 3pauenns napameTpuuHKX KoeilLlieHTIB;
At =0,05 - Kpok po3paxyHKy I10 aprymMeHry t;

N =1000 - kinbKicTb pOo3paxyHKOBHX TOUOK;

t={0..1000} - gianason 3miHu aprymenTa t .

3.  Anzopummizayis noGyooeu po3e’si3Ky mamemamuy4Hoi mooesi
[ToOymyemo pAWHaMiuHi aTpakTOpW 3a/laHi CHCTeMOlO0 piBHSHBL JlopeHIla y

Tpe/CTaB/IeHHI MeTOAy CKiHUeHHUX Pi3HULb [/if Pi3HWX 3HaueHb NapameTpUUHUX

apryMeHTIB.
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Puc.1. Artpakrtopu JlopeHila, reHepoBaHi 3 cucTteMu (3) A/s1 Pi3HUX 3HaueHb

mapameTpuuHuMx aprymentiB. a) a=Lb=Lc=1; ) a=2b=Lc=1; ()

a=1b=1c=2,
[ToOyzyemo aAvHaMiuHi aTpakTOpPW 3a/laHi CcHCTeMOlO0 DpiBHSHBL JlopeHra y

rpe/CcTaB/leHHl MeTO[y CKiHUEHHUX PI3HULb [Jid Pi3HOTO 3HaYeHHSA KiJIbKOCTi

BUTKIB y TeHEepOBaHOMY [WHAMIUHOMY aTpakToOpi TIpU 3HauyeHHiI 3HadyeHb
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napamMeTpuuHMX aprymenris d =1 b=1c=1,

Puc.2. Artpakrtopu JlopeHila, reHepoBaHi 3 cucteMu (3) /51 Pi3HUX 3HaueHb
KIJIbKOCTI BUTKIB Y TeHEPOBaHOMY JIWHAMIUHOMY aTpakTOpi MPU 3HaueHHi 3HauyeHb
napamMeTpUuHUX aprymenTis d =L b=1c=1,

BucHoBku. Pe3ynbrarom MpoBefeHOTO [OCTIPKEHHSI 3 MareMaTUYHOIO

MO/Ie/IFOBaHHSI TeHepaTopiB JWHAMIYHOTO XaoCy Ha OCHOBI CUCTeMH HeTiHIMHUX
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piBHAHb JIOpeHLla € MPOCTOPOBI aTpakTOpPW, OTPUMAaHI [Jisi Pi3HUX 3HAaYeHb

rapamMeTpUUHKX Koeil[ieHTIB Ta pi3HOro Aiana3oHy aprymeHTa t.
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Joparkwu.

Jlictudr nporpamu y cepegoBuini Wolphram Mathematica /s reHeparopiB

AUHAMIUHOI0 Xaocy

(*Po3paxyHOK NpOoCTOpPOBUX 3Ha4YeHb KOOpAMHAT
AWHAMi4HOro aTpakTopa 3rifgHo mMeTody CKiHYeHHMX pi3HuUubx)

n74= data = Table [With[{N = 1000, dt =0.05, a=1, b=1+J, c =1},
NestList[Module[{xX, ¥, z, X1, y1, z1}, {X, Y, Z} = #;

x1=x+a (-x+y) dt;

yl=y+ (bx-y-zx) dt;

z1=2z+ (-cz+Xxy) dt;

{x1, y1, z1}] &, {1, 1, 1}, N]], {3, @, 25}];

(#MapameTpuyHa nobyaosa NpoCcTOpPOBOro AMHAMiYHOrO aTpaKTOpax)
Graphics3D@MapIndexed[ {Hue[@.1 First[#2]], Point[#1]} &, data]

out[75]=
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