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ΒCΤΥΠ 

CπcτeMHHH aπa.πί3 τa MaτeMaτπqπe Mo�eJnoBaHH51 e aκrya.πbHHMH τa 

Ba)l(JJHBHMH cπoco6aMH oτpHMaHH51 ΗΟΒΗΧ 3HaHb, TeXHOJioriqHHX τa KOH­
cτpyκτopcbKHX piIIIeHb. IMiτaQίiiπe τa MaτeMaτuqπe Mo�eJIIOBaHH51 cyτ­

τeBo 3MeHIIIYIOTb He τίJΙbΚΗ qac ΒΠpΟΒΜ)ΚeΗΗ51 ΗΟΒΗΧ πayκοΒΗΧ po3po6oκ 
Υ BHpo6HHQTBO, a τaΚΟ)Κ ϊχ Bapτicτb, I.QO πi�BHI.Qye κoπκypeHT03�aTHiCTb. 

CyqacHHH φaxiBeQb Β raπy3ί ΚΟΜΠ'ΙΟτepΗΗΧ πayκ τa πporpaMHOΪ iH-
... . . . 

)ΚeΗepιι Mae BOJIO�lTH aπapaTOM aHaJilTHqHoro τa quceJibHOΓO aHaJI13Y, Ma-
.. . . .. . . 

ΤΗ HaBHqκH πporpaMHOl pea.πι3aQ11 OCHOBHHX MeTO�lB τa aJIΓOpHTMlB, ce-
pe� 5ΙΚΗΧ OΠTHMi3aQί51 φyHKQiH O�Hieϊ τa 6araTbOX 3ΜΪΗΗΗΧ, o6po6κa eκc­

πepHMeHTaJibHHX �aHHX, aπpoKCHMaQί51 φyHKQΪOHaJibHHX 3aJie)ΚHOCTeH 

TOI.QO. Qe Ba)ΚJIHBO 3 �eκίJibKOX πpπquπ: 

• no-nepiue, πporpaMicτ πί� qac pο6οτπ ΗΜ pi3HHMH πpοeκτaΜΗ
Mae cπpaBy ί3 3a�aqaMH, �e ποτpί6πί He τiJibKH ΒΜΪΗΗ51 «ΠHCaTH κο�», a Η 

IIIHpoκa epy�HQt5I; 

• no-opy2e, po3po6κa apxiτeκτypπ �ο�aτκiΒ 6a3yeτbc51 πa rππ6οκο-
. . .. . 

ΜΥ po3yMtHH1 πpe�MeTHOl ra.πy31; 
. . 

• no-mpemε, κοπκypeπτποcπpοΜΟ)ΚΗtCΤb πporpaMιcτa 3aJie)ΚHTb Β

ΤΟΜΥ qucπi Η Bi� ΒΜΪΗΗ51 pea.πί3oByBaTH CTaH�apτHi qπceJibHi MeTO�H τa 

CTaH�apτHi a.πropHTMH Ha ΤΗΠΟΒΗΧ cτpyκrypax �aHHX, τaκπχ 5ΙΚ rpaφH τa 
�epeBa. 

Qi 3HaHH51 τa HaBHqκH �OΠOMaraIOTb iH)ΚeHepaM-KOHcτpyκτopaM 
. . . 

aHaJit3yBaTH οτpΗΜaΗι 3a �ΟΠΟΜΟΓΟΙΟ πaκeτιΒ πpπκπa�ΗΗΧ πporpaM 

CAD/CAM/CAE pe3yπbτaτπ Mo�eJIIOBaHH51 πpoQeciB τa πpπcτpοϊΒ, πpππ­

Μaτπ πpaBHJibHi κοπcτpyκτοpcbκί τa τeχποποrίqπί piIIIeHH51, ο6πpaτπ oπ­

THMaJibHi a.πropHTMH p03B '513aHH51 pi3HHX κπaciB 3a�aq. 
Πoci6HHK MiCTHTb Heo6xi�Hi τeopeτπquί Bi�OMOCTi προ MeTO�H, I.QO 

BHBqaJOTbC51, τa aJIΓOpHTMH πο6y�ΟΒΗ o6qHCJIIOBaJibHOΓO πpoQecy 3a 06-

paHHM MeTO�OM [1-9]. L{JI51 πporpaMHOΪpea.πί3aQiϊ 03HaqeHHX Meτo�iB 06-

paHO ΜΟΒΥ πporpaMyBaHH51 GNU Octave (MATLAB) [10-12] τa iuτerpoBa­

He cepe�oBHI.Qe (IDE) Octave. Cτau�apτπa 6ί6πίοτeκa Octave πa�ae πepe­

Bipeui pea.πί3aQiϊ ΠOIIIHpeHHX qπcJIOBHX Meτo�iB τa 3aco6H Bi3yaJiί3aQiϊ 

pe3yJibτaτiB, aJDE Octave, ποqππaωqπ 3 Bepciϊ 4.0, Mae �ocτaTHbO 3pyq­
HHH rpaφίqπππ ΒiκοΗΗΗΗ ίπτepφeπc ο�πaκοΒΗΗ �JI51 pi3HHX oπepaQiHHHX 

CHCTeM. 
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GNU Octave e BiJibHHM πporpaMHHM 3a6e3neqeHH51M, τοΜy Bci pe-

3YJibTaTH po3paxyπκiB a6o iMiTaQiHHOΓO M0�eJIIOBaHH51, I.Q0 oτpHMaHi 3 
ΗΟΓΟ �ΟΠΟΜΟΓΟΙΟ, ΜΟ)ΚΗa BHK0pHCT0ByBaTH Β iH)ΚeHepHiH πpaKTHQi τa 
πayκoBiH �ί51JibHOCTi. lcHyIOTb Bepciϊ πaκeτa �JI51 OCHOBHHX oπepaQiHHHX 

cHcτeM - Windows, Linux,Mac OSτaBSD Unix. 

Πoci6HHK MicτHTb 6araτo πpHκJia�iB po3B'513aHH51 3a�aq τa ϊχ oκpe­
MHX φparMeHriB 1 , I.Q0 ΠΟΒΗΗΗΟ �ΟΠΟΜΟΓΤΗ cτy�eHTaM Β πpoQeci po3po6 -

KH BJiaCHHX o6qπcJIIOBaJibHHX aJIΓOpHTMiB. L{JUI Bcix τeΜ HaBe�eH0 opieH­
TOBHHH πepeJiίκ cτaπ�apτHHX φyπκQίπ τa oπepaτopiB Octave, I.Q0 πa�ae 
πeο6χί�πί iπcτpyMeHTH �JI51 6e3πocepe�Hboro po3B '513aHH51 3a�aq τa πepe­

BipκH pe3yJibTaTiB, oτpHMaHHX 3a �ΟΠΟΜΟΓΟΙΟ po3po6JieHHX πporpaM, Ha­
ΠHCaHHX ΜΟΒΟΙΟ πporpaMyBaHH51 Octave (MATLAB). 

Ea)l(aHo ΒΗκοpΗcτοΒyΒaτπ aκτyaJibHi Bepciϊ πaκeτy GNU Octave. Ιπ­
φοpΜaQί51, I.Q0 πeo6xi�Ha �JI51 ποqaτκy pο6οτΗ ί3 πaκeτοΜ, 3ocepe�)ΚeHa y 

�ο�aτκaχ Α-Β. Υ �ο�aτκy Γ HaBe�eπi ocHOBHi oπepaQiϊ πa� MaτpHQ51M y 

ΒΗΓJUΙ�ί πpHΚJia�iB, 51Κί peκoMeH�Y€TbC51 BHKOHaTH, 51KI.QO ΒΗ He 3HaHOMi 
ί3 ΜΟΒΟΙΟ πporpaMyBaHH51 τa cτpyκτypaMH �aππχ GNU Octave. 

MaτepίaJI ποcί6ππκa po3�ίJieHHH πa BiciM τeΜ, Β κίπQί ΚΟ)ΚΗΟϊ τeΜΗ 

e πpaκτΗqπe 3aB�aHH51 �JI51 3aκpίΠJΙeΗΗ5Ι BHBqeπoro MaτepίaJiy. PeκoMeH­
�yeτbc51 ΠOCJiί�OBHe BHBqeHH51 τeΜ. ΠpHΚJia�H, I.QO MiT51TbC51 Υ ΚΟ)ΚΗiΗ τe­
Mi e ίJIIOcτpaTHBHHM MaτepίaJIOM τa He πpH3Haqeπi �JI51 p03B '513aHH51 6y�b 

5ΙΚΗΧ peaJibHHX πayκοΒΗΧ a6o iH)ΚeHepHHX πpo6JieM ί3 peaJibH0Γ0 )ΚΗΤΤ51. 

1 30BHiΠIHiii BI1TlliI)]; pe3yJThTaTiB 06q11cJieHb Β πp11κna,ι::ι;aχ πο,ι::ι;eκy,ι::ι;11 3MiHeHO 3
. .

..
. 

MlpκyBaHb eKOHOMll MlCU:.51 
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TEMAl 

ΡΟ3Β' H3AHml CHCTEM JIIHIHHHX ΑJΙΓΕRΡΑΪ1ΙΗΗΧ 

PIBHHHb 

Μ emo10 e 03HanoMJieHH5I cτy�eHτiB 3 Meτo�aMH po3B '513aHH5I cπcτeM 
πiHiHHHX aπre6paϊqHπx piBH5IHb (CJIAP) aHaπiτπqHHMH τa qπcποΒΗΜΗ 

Meτo�aMH ί3 BHKOpHCTaHH5IM Octave. 

π ocmaH06Ka 3αοαιιί. 3a�aHO CHCTeMy 3 Ν JiiHiHHHX aπre6paϊqHHX 
piBillIHb (1.1) 

α11Χ1 α12Χ2 

α21Χ1 α22Χ2 (1.1) 

3HaUTH p03B '5130Κ Ι.(ίeϊ CHCTeMH Υ ΒΗΓJΙ5Ι�ί ( 1.2) 

Α ·χ= b, (1.1) 

�e Α - MaτpHl.(51 κοeφίQίeΗτίΒ po3MipoM Ν χ Ν, b - Βeκτοp πpaBHX qac­
THH po3MipoM Ν, χ - IIIyκaHHH Βeκτοp po3MipoM Ν. 

Po3B'513aHH5I CHCTeM JiiHiHHHX aπre6paϊqHHX piBH5IHb e O�HieIO 3 oc­

HOBHHX o6qucJIIOBaJibHHX 3a�aq Β pi3HHX πpπκπa�ΗΗΧ o6JiaCT5IX - qπceJib­
Hi MeTO�H, MeTO�H Ha6πmκeHH5I �aHHX, cπeκτpaπbHi 3a�aqί Τ. π. πpH3B0-
�5ITb �ο Heo6xi�Hocτi ποΙΙΙyκy po3B '513ΚΥ cπcτeM πiHiHHHX aπre6paϊqHπx 

piBillIHb. lJaCTHHa Bi�OMHX Meτo�iB (KpaMepa, Γaycca) p03B'513aHH5I 
CJIAP e 3pyqHHMH �JI5I «pyqHoro» 3acτocyBaHH5I, iHIIIa (iτepaQinHi 
MeTO�H, po3ΚJia�aHH5I MaτpHQb)- �JI5I peaπί3al(ίϊ Υ BHΓJIMi ΚΟΜΠ'ΙΟτepΗοϊ 

πporpaMH [3-6]. 3a �οποΜοrοω Octave CJIAP po3B'513YIOTb 5ΙΚ y HaπiB-
. . . . 

aBTOMaτuqHoMy pe)l(HMl, τaκ 1 BHKOpHCTOByIOqH BeJIHKY KlJibKlCTb 
B6y�oBaHHX φyΗκl(ίΠ: [7, 8]. 

Memoo Γαycα CΚJia�aeTbC5I 3 Πp5ΙΜΟΓΟ τa 3ΒΟpΟΤΗΟΓΟ πpoxo�iB. Ha 
eτaπι Πp5ΙΜΟΓΟ πpoxo�y 3a �ΟΠΟΜΟΓΟΙΟ eJieMeHτapHHX πepeτBopeHb πο­
cπί�ΟΒΗΟ BHKJIIOqaIOTb 3MiHHi 3 ( 1.1) τa φopMyIOTb BepXHIO τpΗΚΥΤΗΥ 

MaτpHl.(IO (1.2), a πί� qac 3ΒΟpΟΤΗΟΓΟ - o6qucJIIOIOTb κopeHi Χί, ί Ε [1, Ν],

ποqπΗaωqπ 3 χΝ. Meτo�y Γaycca BJiacτuBo ΗaκοππqyΒaτπ ποχu6κu πpπ 
BHKOpHCTaHHi �eC5ITKOBHX �po6iB Ha πpοΜi)ΚΗΗΧ κpοκaχ Meτo�y. Peaπi-
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3al.(ί51 Meτo�y Πilll pο6οτπ ί3 πpoCTHMH �po6aMH e HeτpπBίaJibHOIO 3a­
�aqe102, ocκίJibKH 3a3BHqa:π ΜΟΒΗ πporpaMyBaHH51 He πί�τpΗΜΥΙΟΤb τaκπ:π 
φopMaT �aHHX Ha BHYTρillIHbOMY piBHi3

. 

C11X1 CιzXz 
Ο CzzXz 

ο ο 

C1N-1XN-1 C1NXN 

CzN-1XN-1 CzNXN 
(1.3) 

ο 

HaBe�eHHH aJIΓ0pHTM peaJiί3yIOTb Ha O�Hiii 3 ΜΟΒ πporpaMyBaHH51 τa 
3aCT0C0BYIOTb Υ πpπΚJΙa�ΗΗΧ 3a�aqax. OcHOBHHM He�oJiiKOM C Βepπφίκa­
Ι.(ί51 τaκοϊ πporpaMH Ha pi3HHX Ha6opax BXi�HHX �aHHX, ΤΟΜΥ �aΗΗ:Π πί�χί� 
e rapHHM �JI51 HaBqaHH51, aJie He 3a6e3πeqye yHiBepcaJibHHM iHcτpyMeH­
TOM, I.QO ΜΟ)ΚΗa 3acτocoByBaTH �JI51 p13HHX πpHKJia�HHX 3a�a11. 

Πepe� ποqaτκοΜ pο6οτπ ί3 πaκeτοΜ oπpaQIO:iiτe πpπΚJΙa�π ί3 �ο�aτ­
κa Γ, Qe �aCTb po3yMiHH51 pο6οτπ πporpaM, I.Q0 BHK0pHCT0BYIOTbC51 Υ 51K0C-
. . 

τι πpπΚJΙa�ιΒ. 
3 or�y Ha BHI.Qe CKa3aHe, �Ol.(ίJibHHM e BHK0pHCT0ByBaTH πpπΚJΙa�­

ΗΗΧ 6ί6JΙίοτeκ (BLAS4, LAP ACK5, Eigen6) a6o πaκeτίΒ cπeQίaJiί3oBaππx
πpΗΚJΙΜΗΗΧ πporpaM, HaπpπΚJia�, Octave, 51Ka Ha�ae HacτyπHi ΜΟ)ΚJΙΗ­
Βοcτί πpπ pο6οτί 3ί CJIAP: 

• p03B '513aHH51 CHCTeM 3 KBa�paTHHMH ί Πp5ΙΜΟΚΥΤΗΗΜΗ MaτpHI.(5IMH;
• p03B '513aHH51 CHCTeM Πp5ΙΜΗΜΗ ί iτepaQiHHHMH Μeτο�aΜπ;
• MaτpH1IH1 po3ΚJia�aHH5I;
• 36epiraHH51 BeJIHKHX po3pί�)ΚeHHX MaτpHI.(b Β KOMΠaKTHiii φopMi ί

cπel.(ίaJibHi aJIΓOpHTMH �JI51 p03B '513aHH51 CHCTeM 3 τaκΗΜΗ MaτpHI.(51MH. 

Oπepaτopu τa φyιικu;ίί ΜΠ poooτu ί3 Μaτpιω:mιu 

Γpyπa oπepaτopiB «.+» ; «.-»; «. *» ; «./» ; «.Λ» BπκopπcτoByeτbc51 
Μ51 BHKOHaHH51 πoeJieMeHTHHX oπepaQίii Ha� MaτpHI.(51MH. Υ 3BH1IaiiHiii 

. . 

MaTeMaTHI.(1 �o�aBaHH51 1 Bl�H1MaHH51 MaτpHI.(b BH3HaqaeTbC51 πoeJieMeHTHa 
oπepaQί51. OcκίJibKH ΒπκοpπcτaΗΗ51 oπepaτopiB Octave 6e3 κpaπκπ 

2 IcH)'IOTb πp11κna;::ιHi 6ί6nίοτeκ11, Haπp11κna;::ι, GNU MPIR, gmpy τa iH. 
3 C++ lx, Python Hapa3ί 3a6e3neqyIOTb πί;::ιτp11Μκy Ha piBHi cτaΗ,ι::ιapτΗοϊ 6ί6nίοτeκ11 
4 http://www.netlib.org/blas/ 
5 http://www.netlib.org/lapack/ 
6 http://eigen.tuxfamily.org/ index.php?title=Main_Page 
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03Ha11ae «peryllilpHe» BIIKOpIICTaHH51, pi3HIIQi Μi)Κ «+» ί «.+» HeMae. �ο
. . . . 

cτocyeτbc51 ΜΗΟ)ΚeΗΗ51, ,ι::ι:ιπeΗΗ51 τa πι,ι::ι:ΗeceΗΗ51 ,ι::ι:ο cτeπeH51, ιcπye pι3HIIQ51 
Μi)Κ "peryπ51pHIIM11 BIIKOpIICTaHH51M τa πoeJieMeHTHIIM; ουκe, He 
BIIKOpIICTOByπτe QIIX oπepaτopiB 6e3 κpaπκΙΙ πepe,ι::ι: ΗΙΙΜΙΙ. 

Ta6Jlu1ιμ1. 1.1 

Μ aτpuquιonepaτopu

Octave JiiHiiiHa anre6pa Οππc 

C=A.' C = ΑΤ TpaHcπoHYBaHWΙ 

C=A' C =Α* EpMiToBa Maτpπq51 

C=Α.ΛΒ C=A··8ίf
ιJ 

Πi,n;HeceHH5I ,n;o cτeπeH5I 

C=A*B C = ΑΒ ΠepeMHOJKeHH5I MaTpHqHe 

C=A.*B Cii = Α
ίί * 

Β
ίί ΠepeMHOJKeHH5I πoeneMeHTHe 

Χ=Α\Β ΑΧ= Β �Χ= Α-1Β JiiBe MaτpπqHe ,n;ineHH5I 

Χ=Α!Β ΧΒ = Α � ΑΒ-1 ΠpaBe MaτpπqHe ,n;ineHWΙ 

Χ=Α.!Β Cίί = Α
ίί 

* Β
ίί �ineHH5I πoeneMeHTHe 

C=A+B C=A+B �o,n;aBaHWΙ MaTρHU:b 

C=A-B C=A-B Bi,n;HiMaHH5I MaTpHU:b 

ΦyΗκQίϊ Octave ,ι:ι;π51 pο6οτΙΙ ί3 MaτpIIQ51MII: 

• [R, p, Q] = chol(A) - pο3κπa,ι::ι: XoπeQbκoro; RT R = Α; RT R =

QT Α Q; p = Ο, 5ΙΚΙQΟ MaτpIIQIO BII3Ha11eHo 5ΙΚ ,ι::ι:ο,ι::ι:aτΗΥ. 
• [L, U, Ρ] = lιι(A)-LU-po3κπa,a: MaτpIIQi Ha BepxHIO (L) τa πmκ­

ΗΙΟ ( U) τpΙΙκyτΗi τa MaτpIIQIO πepecτaHoBoκ ( Ρ) τaκΙΙπ, mo Ρ Α = LU, οτ­
)Κe Α = p

T LU 

• [Q, R, Ρ] = qr(A) - QR-pο3κπa,ι::ι: MaτpIIQi πa yHiτapHy (Q), Bepx­
HIO τpΙΙκyτπy (R) τa MaτpIIQIO πepecτaπoBoκ (Ρ) τaκΙΙπ, mo ΑΡ = QR, 
ουκe Α = QRPT . 

• ίnv(A) - o6epHeHa MaτpIIQ51 ,ι::ι:ο Α: ΑΑ-1 
= Α-1 Α = Ε, ,ι::ι:e Ε -

O)];IIHII11Ha MaτpIIQ51 . 

• det(A) -,a:eτepMiHaHT MaτpIIQi.

• norm(A, p) - HopMa MaτpIIQi. 0πQί51 p={O, 1,2, 'ίnf, 'fro'} e Βi,ι::ι:πο­
Βi,ι::ι:ΗοΙΟ MeτpIIKOIO. Ee3 apryMeHTiB ΠOBepτae eΒκπi,ι::ι:οΒy ΗΟΡΜΥ 

llbll 2 = .JΣίlbίl 2 , a yφopMi norm(A, 'fro') πoBepτae HopMy Φpo6eHiyca

IIAll 2 = Σf=1Σ�11αί,Jl
2

; 
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• [R, lambda] = eίg(A) 06ηπcπ10e �iaroHaJibHY MaτpHQIO BJiac­

HHX 3HaηeHb lambda τa MaτpHQIO πpaBHX BJiaCHHX BeκτopiB R, I.QO 3a�o­

BOJibH51IOTb piBHOCTi AR = R lambda. Qi Βeκτοpπ € HOpMOBaHHMH TaKHM 

ηπuοΜ, I.QO HOpMa ΚΟ)ΚΗΟΓΟ 3 ΗΗΧ �opiBHIOe O�HHHQi. ):ί,ΤΊ5Ι πornyκy JiiBHX 

BJiacππx BeκτopiB - [L, lambda] = eίg(A
1
). 

• sum(A), mean(A) - cyMa τa cepe�ue apπφΜeτπηπe eneMeπτiB.

• corr(x, y) - ο6ηπcπeΗΗ51 κοeφίQίeπτa κopeJI51Qίϊ �Βοχ BeκτopiB.

ΦyΙ-ΙΚQiϊ Octave LVJH po3B' Η3aιmπ CJIAP 

Ρ 03e '513αΉΉ5l cucmeM 3a oon0Mo2010 3Ήακy 3eopomΉoϊ κοcοϊ pucκu 
«\» - yπiBepcaJibHHH Μeτο�, 5ΙΚΗΗ 6e3 �o�aTKOBHX HaJiaIIIryBaHb �o6pe 
πί�χο�ΗΤb �JI51 6ίnbrnocτi πpοcτπχ CJIAP. 3HaMeMo po3B '513οκ uacryπuoϊ 

CHCTeMH p1BH51Hb 

{
Ζχ - 3y + z = 2 
2χ + y- 4z = 9 

6χ - Sy + 27 = 17 
(1.4) 

Ρο3Β'513ΚΟΜ (1.4) e χ= 5, y = 3, z = 1, Β ηοΜy πe Βa)ΚΚΟ πepeκo­

HaTHC51 3HaπrnoBIIIH p03B '5130Κ Bpyηπy. ,Ι(JΙ5Ι cπpoI.QeHH51 πepeππrneMO CHC­

TeMy piBH51Hb Υ MaτpπηuoMy BHΓJIMi Α · Χ= b τa 3Haπ�eMO ϊϊ p03B'5130K 
3a �οποΜοrοΙΟ Octave. 

,Ι(JΙ5Ι QbOΓO ποτpί6πο 3aΠΟΒΗΗΤΗ MaτpHQIO κoeφiQieHTiB πpπ χ ί 

Beκτop-CTOBΠeQb BiJibHHX ηJieHiB Υ πpaBiH ηacτπuί (πpaBa ηacTHHa 
ΠΟΒΗΗΗa 6yτπ caMe CTOBΠQeM, iuaκrne BHBe�eTbC51 ΠOMHJIKa πpο 
HeBi�πoBi�HiCTb p03Mipπocτeπ apryMeHTiB) ί BHKOpHCTaTH 3Ηaκ «\» ( a6o 

φyπκQίΙΟ mldίvίde (Α, b) ). ,Π:JΙ5Ι 3aπo6iraHH51 BHBe�eHHIO πa eκpaH 

3HaηeHb φyuκQiH τa 3MiHHHX Β κίΗQί PMKa cπί� ΠOCTaBHTH «;». 
ΗaπpπκίΗQί ποτpί6πο ο6ηπcJΙΗΤΗ HeB '513ΚΥ, 51Ka ΠΟΒΗΗΗa Ha6JIH)ΚaTHC51 �ο 
H)'JI51 ί πepeκoHaTHC51, I.QO p03B'5130K CHCTeMH 3Haπ�eHO BipHO. 

Βί� BH6opy cπoco6y p03B '513aHH51 CHCTeMH piBH51Hb 3aJie)ΚHTb 
o6ηπcJIIOBaJibHa CΚJia�HiCTb aπropHTMY τa ΗΟΓΟ cτίπκίcτb �ο Ha6opiB 

Bxi�HHX �aππχ. Πpπ po3B '513aHHi y Octave cπcτeMH πίπίπππχ 

aπre6paϊηππχ piBH51Hb 3a �ΟΠΟΜΟΓΟΙΟ 3Haκy 3ΒΟpΟΤΗΟΪ κοcοϊ pHCKH Α \ b 
πpaQIOe aπropHTM, 5ΙΚΗΗ Β 3aJie)ΚHOCTi Bi� ΤΗΠΥ MaτpHQi p03B '513ye 
CHCTeMy 3a �ΟΠΟΜΟΓΟΙΟ Haπ6ίJibIII Βi�ποΒi�ΗΟΓΟ Meτo�y, peaπί30BaHOΓO Β 

ο�uίπ 3 πpoQe�yp πaκery LAPACK a6o UMFP ACK. 
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Πpuκιιαd 1.1. ΠοΙΙΙyκ po3B'513KY CJIAP. 

3αοαι.ια -p03B'513aTH CJIAP 3a �ΟΠΟΜΟΓΟΙΟ «\». 

## Πp�κnaA 1.1 ΡΟ3Β'Η30Κ cnAP "\" 
display("Maτp��R κoeφi�ieHτis") 
Α = [2 -3 1; 2 1 -4; 6 -5 2] 
display("CTOBΠY�K BinbH�X YneHiB") 
b = [2; 9; 17] 
display("Po3B 1 R30K Χ =  Α \ b") 
χ = Α \ b 

display("Πepesipκa norm(A*x-b)") 
norm(A*x - b) 
display("Πepesipκa") 
b - Α * χ 

Pe3yJibτaτ: 

>> Maτp��R κoeφi�iEHTiB
Α =

2 -3 1 
2 1 -4 
6 -5 2 

(ΤΟΒΠΥ�Κ BinbH�X YneHiB 
b = 

2 
9 

17 
P03B 1 R30K Χ =  Α b 
χ = 

5.00000 
3.00000 
1.00000 

Πepesipκa norm(A*x-b) 
ans = 1.8310e-15 
Πepesipκa 
ans = 

9 

4.4409e-16 
-1.7764e-15

0.0000e+00



Πpuwιad 1.2. ΠοΙΙΙyκ po3B'513KY CJIAP. 

3αοαιια - Haiiτπ p03B '5130Κ CJIAP Υ CΠMBOJibHOMY ΒΠΓJΙ51,Σ(ί.

## Πp1ι1κnaρ, 1. 2 
pkg load symbolic 
## Clι1MBOJlbHi 3MiHHi 

syms χ y z 
display([x y z]) 
## C1ι1cτeMa piBHRHb 
display("C1ι1cτeMa piBHRHb") 
eqn1 = 2*χ + y + z -- 2 
eqn2 = -χ + y - z -- 3 
eqn3 = χ +  2*y + 3*z -- -10 
## P03B

1

R30K 

display("Po3B'R3oκ") 
[χ y z] = solve(eqn1, eqn2, eqn3) 
display("ΠepeBipκa, Bci pRρ,κ1ι1 Ma�τb 6yτ1ι1 True") 
display("subs(eqn1)") 
subs(eqn1) 
display("subs(eqn2)") 
subs(eqn2) 
display("subs(eqn3)") 
subs(eqn3) 

Pe3yJibτaτ: 

(sym) [χ y z] (1χ3 matrix) 
C1ι1cτeMa piBHRHb 
eqn1 = (sym) 2*χ + y + z = 2 
eqn2 = (sym) -χ + y - z = 3 
eqn3 = (sym) χ +  2*y + 3*z = -10 
P03B

1

R30K 

χ =  (sym) 3 
y = (sym) 1 
z = (sym) -5 
ΠepeBipκa, Bci pRρ,κ1ι1 Ma�τb 6yτ1ι1 True 
subs(eqn1) 
ans = (sym) True 
subs(eqn2) 
ans = (sym) True 
subs(eqn3) 
ans = (sym) True 
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ΜαmpuιιΉί οeκ0Μnο3uzιίϊ XoπezιbK020, LU U QR. 

Μaτpπqπί �eΚΟΜΠΟ3Π:Qίϊ - l(e MeTO�ll, 3a �ΟΠΟΜΟΓΟΙΟ 5.ΙΚΠΧ MaτpHQIO 
. . 

p03KJia�aIOTb Ha CΚJia�OBl qacTHHll cπel(laJibHOΓO ΒΠΓJΙΜΥ, I:QO ΠOJierIIIye 
o6qπcneHH5.I 6ίJibIII cκπa�ππχ Μaτpπqππχ oπepaQίii. Μeτο�π Μaτpπqποϊ 

�eΚΟΜΠΟ3ΠΙ.(ίϊ (Μaτpπqποϊ φaκτοpπ3aQίϊ) € OCHOBOIO JΙΪΗΪΗΗΟΪ aπre6pπ Β 
ΚΟΜΠ'ΙΟτepΗΠΧ o6qπcJieHH5.lX, HaBΪTb �JI5.[ 6a3ΟΒΠΧ oπepaQiH, τaκπχ 5.ΙΚ po3-
B '5.13aHH5.I CllCTeM JΙΪΗΪΗΗΠΧ piBH5.IHb, o6qπcJieHH5.l 3ΒΟpΟΤΗΟΓΟ ί o6qπcJieH­

H5.I ΒΠ3Ηaqππκa Μaτpπ:Qι. 
LU-oeκoMn03Ul/ί5l Πpll3Haqeπa �JI5.[ KBa�paTHllX MaτpHQb ί po36HBa€ 

Maτplll(IO Ha KOMΠOHeHTll L Η U. 

QR- pο3κπαοαΉΉ5l πpπ3πaqeπe �JI5.I 6y�b-5.IKHX m χ n MaτpHQb 
(πeo6Me)ΚeHa KBa�paTHllMll ΜaτpΠΙ.(5.ΙΜΠ) ί po36HBa€ MaτpHQIO Ha Q ί R 

KOMΠOHeHTll. 
Ρο3ΚJlαοαΉΉ5l Χοπezιbκο20 πpπ3πaqeπe �JI5.I κΒa�paτππχ 

CΠΜeτpπqππχ Maτplll(b, �e BCi 3HaqeHH5.I 6ίJibIIIe HYJI5.l, τaκ 3ΒaΗΠΧ 

ΠΟ3ΠΤΠΒΗΟ Bll3Haqeππx MaτpHQb I:QO po3ΚJia�a€TbC5.I 5.ΙΚ Ha Hll)ΚHi (L ), τaκ 
ί Bepxπi ( U) τpπκyτπί MaτpπQi. ,Ι(JΙ5.Ι ποΙΙΙyκy �eκoMΠ03HQiii πa:nqacriIIIe 
BllKOpllCTOBYIOTb MeTO� Γaycca. Po3ΓJI5IHeMO 5.ΙΚ πpπκπa� po3ΚJia�aHH5.l 

Xone:Qbκoro Μaτpπ:Qί, 3a3HaqπMo, I:QO φyπκ:Qί5.1 chol () πe πepeBip5.Ιe 

Maτplll(IO Ha CHMeτpπqHΪCTb ! 

Πpuκιιαο 1.3. Maτpπqπa �eΚΟΜΠΟ3ΠΙ.(Ϊ5Ι. 
3αοαιια - 3HaHTll Maτpπqπy �eKOMΠ03ll:QΪIO XoJiel(bKOΓO. 

## Πpι-1κ11aρ, 1.3 
## AeκoMno3ι-1�iR Xone�bκoro 
clc, clear 
display("Bι-1xiρ,Ha Maτpι-1�R") 
Α = [2 1 1; 

1 2 1· ,
1 1 2]

display("Πowyκ πpaso1 τpι-1κyτΗ01 Maτpι-1�i; Ρ=Θ Rκ�ο Maτpι-1�R 
ΠΟ3ι-1Τι-1ΒΗa: ") 

[U, Ρ] = chol(A, "upper") 
display("Πowyκ 11isoi τpι-1κyτΗοi Maτpι-1�i:") 
[L, Ρ] = chol(A, "lower") 
display("Πepesipκa: Β = U' * U") 
Β = U' * U 

display("Πepesipκa: C = L * L'") 
C = L * L' 
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Pe3yJibτaτ: 

Β1ι1χi,ι:ι,Ηa Maτpι-1'-'R 

Α = 

2 

1 

1 

1 

2 

1 

1 

1 

2 

Ποwyκ npaBOl τp1ι1κyτΗΟl Maτpι-1 .... i; Ρ=0 RK�O Maτp&ι1'-'R ΠΟ3&ι1Τ&ι1ΒΗa: 

υ = 

1.41421 0.70711 0.70711 

0.00000 1.22474 0.40825 

0.00000 0.00000 1.15470 

Ρ = 0 

Ποwyκ 11isoϊ τp1ι1κyτΗ01 Maτpι-1'-'i: 

ι =

1.41421 0.00000 0.00000 

0.70711 1.22474 0.00000 

0.70711 0.40825 1.15470 

Ρ = 0 

Πepesipκa: Β = U' * υ

Β =

2.0000 1.0000 1.0000 

1.0000 2.0000 1.0000 

1.0000 1.0000 2.0000 

Πepesipκa: C = L * L'

C =

2.0000 1.0000 1.0000 

1.0000 2.0000 1.0000 

1.0000 1.0000 2.0000 

L U-;::ι;eκοΜΠΟ3ΗQί51 MaτpHI.(b ΜΟ)Κe 6yτπ 3aCTOCOBaHa 
. . 

)J;JI51 

Πp5ΙΜΟΚΥΤΗΗΧ 1 KBa;::ι;paTHHX MaτpHQb, πpπ po3ΚJia)J;aHH1 ΡΜΚΗ ΜΟ)ΚΥΤb 
. . . 

M1H51THC51 M1CI.(51MH, προ I.QO ΜΟ)ΚΗa )];13HaTHC51 πο )J;O)J;aTKOBOMY πapaMeτpy 

Ρ. 3BepHiTb yBary Ha MaτpHQIO πepecτaHOBOK (Ρ), 6e3 ϊϊ ypaxyBaHH51 

pe3yJibTaT πepeBipκπ 6y;::ι;e 3 τοqπίcτΙΟ )];Ο πepecτaHOBKH PMKiB (;::ι;ΗΒ. 
πpπκπa;::ι; 4, MaτpHQi C τaΒ), I.QO ΜΟ)Κe πpH3BeCTH )];Ο HeBipHHX pe3yJibTaTiB 
πpπ Βπκοpπcτaππί Μaτpπqππχ ;::ι;eκοΜΠΟ3ΗQίπ )];JI51 po3B'513KY CJIAP. 

QR-;::ι;eκοΜΠΟ3ΗΙ.(ί51 Bi;::ι;pi3H51CTbC51 rapHOIO o6qπcJIIOBaJibHOIO 
cτίπκίcτΙΟ ί 3aCTOCOBYCTbC51, 30KpeMa, πpπ Ha6JIH)ΚeHHi ;::ι;aΗΗΧ MeTO)J;OM 
HaHMeHIIIHX KBa;::ι;paτiB. 
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Πpuκιιαd 1.4. MaτpπqHa ,[{eκοΜΠΟ3ΠQί51. 

3αοαι.ια - Ηaππcaτπ πporpaMy LU-.[{eκοΜπο3πQίϊ. 

## Πp1ι1κ11a,t:J, 1. 4 
## LU-,t:J,eKOMΠ03&ι1�iR 

display("B1ι1xi,t:J,Ha Maτp&ι1�R") 
Α = [2 5 2; 5 2 1; 2 1 2] 
display("Πowyκ LU-,t:J,eKOΠ03&ι1�iϊ, Ρ=0 RKl.qO Maτp&ι1�R ΠΟ3&ι1Τ&ι1ΒΗa:") 

[L, υ, Ρ] = lu(A) 
display("Πepesipκa: Β = ι * U"); Β = ι * υ

display("Πepesipκa: c = Ρ' * ι * U"); c = Ρ' * ι * υ

Pe3yJibτaτ: 

B1ι1xi,t:J,Ha Maτp&ι1�R 
Α =

2 5 2 
5 2 1 
2 1 2 

Ποwyκ LU-,t:J,eκono31ι1�iϊ, 
ι =

1.00000 0.00000 
0.40000 1.00000 
0.40000 0.04762 

υ =

5.00000 2.00000 
0.00000 4.20000 
0.00000 0.00000 

Ρ = 

Permutation Matrix 
0 1 0 
1 0 0 
0 0 1 

Πepesipκa: Β = ι * υ

Β =

5 2 1 
2 5 2 
2 1 2 

Ρ=0 RKl.qO 

0.00000 
0.00000 
1.00000 

1.00000 
1.60000 
1.52381 

Πepesipκa: C = Ρ' * ι * υ 

C =

2 5 2 
5 2 1 
2 1 2 
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Πpuwιad 1.5. Maτpπqπa �eκοΜΠΟ3ΠQί51. 

3αοαιια - πaππcaτπ πporpaMy QR-�eκoMΠ03HQiϊ. 

## Πp1ι1κnaρ, 1. 5

## QR-ρ,eKOMΠ031ι1�iR 
Α = [ 2 1 2;2 6 2; 5 2 1] 

display("Πowyκ QR-ρ,eκοπο31ι1�iϊ, Ρ=0 RKLJ.ιO MaTplι1�R ΠΟ3Ιι1Τlι1ΒΗa:") 
[Q, R, Ρ] = qr(A) 

display("Πepesipκa: Β = Q * R"); Β = Q * R

display("Πepesipκa: C = Q' * R * Ρ'"); C = Q * R * Ρ'

Pe3yJibτaτ: 

Α = 

2 1 2 

2 6 2 

5 2 1 

Ποwyκ QR-ρ,eκοπο31ι1�iϊ, Ρ=0 RKLJ.ιO MaTplι1�R ΠΟ3Ιι1Τlι1ΒΗa: 

Q = 
-0.156174 0.324957 -0.932745 

-0.937043 -0.347368 0.035875 

-0.312348 0.879624 0.358748 

R = 

Ρ 

-6.40312 -3.74817 -2.49878

0.00000 4.35330 0.83480 

0.00000 0.00000 -1.43499 

= Permutation Matrix 
0 1 0 

1 0 0 
0 0 1 

Πepesipκa: Β = Q * R
Β =

1.0000 2.0000 2.0000 

6.0000 2.0000 2.0000 

2.0000 5.0000 1.0000 

Πepesipκa: C = Q * R * Ρ'
C = 

2.0000 1.0000 2.0000 

2.0000 6.0000 2.0000 

5.0000 2.0000 1.0000 
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Πpuwιad 1.6. 3acτocyBaHIUI Μaτpπqποϊ ,[{eΚΟΜΠΟ3ΠΙ.(iΠ ,[{Ο 

p03B '513aHH51 CΠCTeM JΙίΗiΠΗΠΧ aπre6paϊqππx piBH51Hb 7

## Πp�κnaA 1.6, p03B'H30K c�cτeM� piBHRHb 
clc, clear; 
## 1 Backslash 
display("B�XiAHa Maτp��R:") 
Α = [ 8 4 8 0; -2 -9 -9 6; 1 4 0 9; 8 9 6 5] 
display("CTOBΠY�K BinbH�X YneHiB") 
b = [12; -88; 89; -11] 

display("l. ΡΟ3Β'Η30Κ Χ =  Α \\ b"); 
display("Πepesipκa norm(A*x-b)"); 
display("Πox�6κa:"); 
## 2. QR 

χ =  A\b 
norm(A*x - b) 
err = (Α*χ - b) 

## Ax=b, AP=QR, A=QRP' => Ry=Q'b, χ =  Py, y=R\(Q'b) 

display("2. QR AeKOMΠ03��iR") 
[Q R Ρ] = qr(A) 

display("Po3B'H30K Χ =  R\\(Q'*b)"); 
display("Πepesipκa norm(A*x-b)"); 
display("Πox�6κa:"); 
## 3. ιυ 

χ =  P*(R \(Q' * b )) 

norm(A*x - b) 
err = Q*R*P'*x-b 

## Ax=b,PA=LU,A=P'LU=>Ly=Pb,Ux=y=>LUx=Pb;y=L\(P*B),x=U\y 

display("3. ιυ AeKOMΠ03��iR"); [L U Ρ] = lu(A) 
display("Po3B'R30K x=U\\(L\\(P*b))"); Χ =  U\(L\(P * b)) 
display("Πepesipκa norm(A*x-b)"); norm(A*x - b) 

display("Πox�6κa"); err = P'*L*U*x-b 

Pe3yJibTaT (Β cκopoqeHOMY ΒΠΓJΙ51.[{ί, BCi Βeκτοpπ πpe.L{CTaBJieHO Υ 
τpaHCΠOHOBaHOMY ΒΠΓJΙ51.[{ί): 

Α = 
8 4 8 0 

-2 -9 -9 6 

1 4 0 9 
8 9 6 5 

b = 12 -88 89 -11 
1. P03B'R30K Χ = Α \ b
ans = -29.2690 -7.1912 34.3647 16.3371 

Πepesipκa norm(A*x-b) 
ans = 4.2633e-14 

7 https ://www.gnu.org/software/gsl/ doc/html/linalg .html#qr-decomposition-with-
co lumn-pivoting 
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Ποχιιι6κa: 
ans = 0.0000e+00 -2.8422e-14 -1.4211e-14 -2.8422e-14 

2. QR �eΚΟΜΠΟ3ιιΙ�iΗ

Ρο3Β'Η30Κ Χ =  R \ (Q' * b)

ans = -29.2690 -7.1912 34.3647 16.3371 
Πepesipκa norm(A*x-b)
ans = 3.1776e-14
Ποχιιι6κa:
ans = -4.2633e-14 -4.2633e-14 4.2633e-14 2.8422e-14 

3. LU �eΚΟΜΠΟ3ιιΙ�iΗ

Ρο3Β'Η30Κ χ =  U \ (L \ (Ρ * b))

ans = -29.2690 -7.1912 34.3647 
Πepesipκa norm(A*x-b) 
ans = 4.2633e-14 

Ποχιιι6κa: 

16.3371 

ans = 0.0000e+00 -2.8422e-14 -1.4211e-14 -2.8422e-14 

.5Ικ 6aqHMO, �.illl TeCTOBOΓO πpHΚJia�y B Ci τpΗ cπoco6H �aJIH 

O�HaKOBHH pe3yJibTaT ί3 3a�aHOIO ToqπicTIO. 3a3HaqHMO, I.QO 6e3 

BHKOpHCTaHH51 MaτpHU:b πepecTaHOBOK �JI51 MeTO�lB, OCHOBaHHX Ha 
MaτpHqHiH �eΚΟΜΠΟ3ΗQίϊ ΜΟ)ΚΗa oτpHMaTH HeπpaBHJibHHH pe3yJibTaT. 

ΦyΉκtJί5l lίnsolve Ollfl nomyκy po36 '5ι3κy cucmeM π11-t1u1-tux 

ωι2e6pαίΊ-ι1-tuχ pί6H5lHb Β HaifπpocriIIIOMY BapiaHTi BΠK JIHKa€TbC51 3 �BOMa 
. . . 

BXl�HHMH apryMeHTaMH 1 Ο �ΗΗΜ ΒΗΧl�ΗΠΜ apryMeHTOM Χ =

lίnsolve(A, b) Ta po3B'513ye CJIAP (1.1) ο�ΗΗΜ ί3 cπoco6iB, Β 3aJie)ΚHOCTi 
. . 

Bl� ΤΟΓΟ, KBa�paTHa MaτpHWJ, qH πι: 

• .5Ικmο Α - KBa�paTHa MaτpHQ51, ΤΟ πoπepe�HbO o6qHCJIIO€TbC51 ϊϊ

LU-�eKOMΠ03HQiIO ί ποτίΜ p03B'513Y€TbC51 �Bi CHCTeMH piBH51Hb 3 

τpΗΚΥΤΗΠΜΗ MaτpHQ51MH L ί U; 

• .5Ικmο Α - Πp51MOKYTHa MaτpHQ51, ΤΟ πoπepe�HbO o6qHCJIIO€TbC51 ϊϊ

QR-po3ΚJia�aHH51 ί ΠΟΤiΜ pO3B '513Y€TbC51 CHCTeMa 3 τpπκyΤΗΗΜΗ 

MaτpHQ51MH. 

,I(JI5I φyΗκQίϊ lίnsolve () 3a �ΟΠΟΜΟΓΟΙΟ cτpyκrypH opts BKa3YIOTb Ha 

ΤΗΠ MaτpHQi (�oπycTHMi 3HaqeHH51 true a6o false): 

• SYM - cπMeτpHqπa;

• LT - ΗΗ)ΚΗ51 τpΗκyΤπa;

• UT - BepxH51 τpΗκyΤπa;

• UHESS - MaτpπQ51 Γecceπ6epra;

• POSDEF - CHMeτpπqπa, ΠΟ3ΗΤΗΒΗΟ BH3Haqeπa;
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• RECT - πp5.1Moκyτua;

• TRANSA - ΒπκοpπcτaΗΗ5.Ι τpaucπoHoBauoϊ Maτpπu:i .

.5Ικω:ο MaτpHQ5.I CHCTeMH ΠΟ3ΗΤΗΒΗΟ BH3Haqeua, ΤΟ u:e ο6ΟΒ15.13ΚΟΒΟ

BpaxyBaτπ πpπ πornyκy po3B'5.13KY CJIAP, ocκίJibKH �JI5.I ΠΟ3ΗΤΗΒΗΟ 

BH3Haqeuπx MaτpHU:b p03B '5.13aHH5.I 3aCHOBaHe Ha �eKOMΠ03HU:iϊ 

XoJieU:bKoro, BHMarae MeHrne oπepau:iπ, Ηi)Κ LU-�eκoπo3HQi51, m:o 
BπκopπcτoByeτbc5.I πpπ πornyκy po3B '5.13ΚΥ CJIAP 3 κBa�paτHHMH 

MaτpHU:5.IMH 3aΓaJibHOΓO ΒΗΓJΙΜΥ-
Υ pa3ί po3pί�)ΚeHHX MaτpHU:b πpπ ϊχ KOHCΊpYIOBaHHi CJiί� 

3aCTOCOByBaTH φyuκu:ίω sparse ( ), �aJiί 3 ΗΗΜΗ ΜΟ)ΚΗa πpaU:IOBaTH 3a 

�ΟΠΟΜΟΓΟΙΟ 3Βπqa:πΗΟΓΟ p03B1513yBaqa ( «\») a6o BHKOpHCTOByBaTH 
cπeu:ίanbHi φyuκu:ίϊ. 

ΠpuισιαΟ J. 7. Ρο3Β '5.13aHH5.I CHCTeMH piBH5.IHb. 

3αοαι.ια - pο3pο6πτπ πporpaMy po3B '5.13aHH51 pο3p5.Ι�)ΚeΗπχ CJIAP 

## Πp1ι1κ11a,t:J, 1. 7 
## P03B 1 R30K piBHRHb 

clc, clear; 
display("B1ι1xi,t:J,Ha Maτp&ι1�R:") 
Α = sparse([0 2 0 1 0; 4 -1 -1 0 0; 0 0 0 3 -6; -2 0 0 0 2; 0 
0 4 2 0]) 

display("CTOBΠY&ι1K BillbH&ι1X YJleHiB") 
b = sparse( [8; -1; -18; 8; 20]) 
display("Po3B 1 R30K Χ =  Α \\ b"); Χ =  Α \ b 

display("Πepesipκa norm(A*x-b)"); norm(A*x - b) 
display("Πox1ι16κa:"); err = Α*χ - b 

display("Πeper11R,t:J, Maτp&ι1�b y po3ropHyτoMy B&ι1ΓJ1R,t:J,i.") 
display("full(A)"); display(full(A)) 
display("full(b)"); display(full(b)) 
display("full(x)"); display(full(x)) 
display("full(err)"); display(full(err)) 
display( ''L.tιo C&ι1CTeMy MO)l(Ha pO3BR3aT&ι1 aHaJlOΓiYHO np1ι1κ11a,t:J,y 1. 6, 

JJ.O,t:J,aτκoso: help lu τa help qr") 

Pe3yJibτaτ: 

B1ι1xi,t:J,Ha Maτp&ι1�R: 
Α = 

Compressed Column Sparse (rows = 5, cols = 5, nnz = 11 [44%]) 

(2, 1) -> 4 
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(4, 1) -> -2
(1, 2) -> 2 

(2, 2) -> -1
(2, 3) -> -1
( 5, 3) -> 4 
(1, 4) -> 1 
(3, 4) -> 3 
( 5, 4) -> 2 
(3, 5) -> -6

(4, 5) -> 2 
(ΤΟΒΠ'ilι1Κ BiJlbHlι1X YJleHiB 

b =

Compressed Column Sparse (rows = 5, cols = 1, nnz = 5 [ 100%]) 
(1, 1) -> 8 

(2, 1) -> -1
(3, 1) -> -18
(4, 1) -> 8 
( 5, 1) -> 20 

P03B
1

fl30K Χ = Α \ b 
χ = 

Compressed Column Sparse (rows = 5, cols = 1, nnz = 5 [ 100%]) 
(1, 1) -> 1.00000 
(2, 1) -> 2.0000 
(3, 1) -> 3.0000 
(4, 1) -> 4.0000 

( 5, 1) -> 5 
Πepesipκa norm(A*x-b) 
ans = 3.5527e-15 
Ποχ1ι16κa: 
err =

Compressed Column Sparse (rows = 5, cols = 1, nnz = 1 [20%]) 
(3, 1) -> 3.5527e-15 

Πepernfl� Maτp1ι1�b y po3ropHyτoMy Blι1ΓJlfl�i. 
full(A) 

0 2 0 1 0 

4 -1
0 0 

-2 0 
0 0 

full(b') 
8 -1

full(x') 

-1
0

0

4

-18

0 
3 
0 
2 

0 

-6

2

0

8 20 
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1.00000 2.00000 3.00000 4.00000 5.00000 

full(err') 

0.0000e+00 0.0000e+00 3.5527e-15 0.0000e+00 0.0000e+00 

u� C�CTeMy MO�Ha p03BR3aT� aHanoriYHO Πp�κna�y 1.6, �O�aTKOBO:

help lu τa help qr

Pe3ιoMe 

Πpπ BΠBqeHHi ,[(aΗοϊ τeΜΠ 03HaHOMHJIΠC51 ί3 ,[(e5ΙΚΗΜΠ 
ΜΟ)ΚJJΠΒΟCΤ5ΙΜΠ πaκery Octave .[(JI51 ποΙΙΙyκy po3B '513ΚΥ cπcτeM JΙίπίπππχ 
aJire6paϊqππx piBH51Hb. ΤaΚΟ)Κ ΜΗ Π03HaHOMΠJIΠCb ί3 pί3ΗΠΜΠ MeTO,[(aMΠ 
Μaτpπqποϊ ,[(eκοΜπο3πQίϊ τa cπoco6aMπ ποΙΙΙyκy po3B '513ΚΥ CJIAP 3a ϊχ 
,[(ΟΠΟΜΟΓΟΙΟ. 

Ρο3ί6paπί Β :QbOMY pο3.[(ίJΙί πi.[(ΧΟ.[(Π .[(Ο po3B '513aHH51 CJIAP 
3acτocoByIOTbC5Ι ί Β iΗΙΙΙΠΧ πaκeτaχ πa ocπoBi MATLAB (SciLab, 
FreeMAT), Β Python (ScyPy), C++ (Eigen) π τ. π. 

Φyπκπ;ίϊ Octave, 51Κί ΒπκοpπcτοΒyΙΟΤbC51 Β pο6οτί: chol (), lιι(), 

qr( ), norm( ), eig( ), oπepaτop «\», .[(Ο.[(aτκοΒο .[(ΠΒ. φyπκπ;ίϊ Octave 
hess( ), qz( ), schur( ), svd( ) τa iHIIIi. 

Ιbιτaιmπ ΜΗ caMonepeBipκπ 

1. Ha3BiTb πpπκJia.[(Π 3acτocyBaHH51 CJIAP.
2. 5Ικί Ηe.[(οJΙίκπ y Meτo.[(y Γaycca? 5Ικ ϊχ πο,[(οJΙaτπ?
3. Ha3BiTb ocHOBHi πpπποΜπ pο6οτπ 3 ΜaτpπQ51ΜΠ y Octave.
4. 3Μaτπ Μaτpππ;ί Α=[2,3; 4,1], b=[l3; 17] τa 3Ηaπτπ po3B'5130K

CJIAP qπcJIOBΠM ί rpaφίqππΜ Μeτο.[(aΜπ 3a .[(ΟΠΟΜοrοω Octave. 
5. 3Μaτπ Μaτpππ;ί Α=[2,3; 4,1],b= [lO; 8] τa 3Ηaπτπ po3B'5130K

CJIAP 3a MeTO,[(OM KpaMepa τa rpaφiqHHM MeTO,[(OM 3a ,[(ΟΠΟΜΟΓΟΙΟ 
Octave. 

Πpaκπμοιe 3aΒ�aιιuπ 

Ρο3Β'513aτπ CJIAP MeTO.[(OM Γaycca, Ρο3Β'513aτπ CJIAP 3a 
,[(ΟΠΟΜΟΓΟΙΟ B6y.[(oBaHΠX φyπκπ;ίπ Octave. 

ΠοpΜΟΚ ΒΗΚΟΗaιmπ 33Β�aιmπ 

1. 3ri.[(HO 3 BapiaπτoM πpπΒecτπ CJIAP .[(Ο ΒΠΓJΙ5Ι.[(Υ Α · χ = b.
2. Ρο3Β'513aτπ CJIAP 3a MeTO.[(OM Γaycca.
3. 3πaπτπ BJiacπi 3HaqeHH51 MaτpπQb Α τa b.

4. 3πaπτπ po3B'5130K y ΒΠΓJΙΜi χ= A\b τa Bi.[(XΠJI b - Α · χ.
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5. Po3B'513aTH CJIAP 3a ;::ι;οπ0Μοrο10 po3ΚJia;::ι;aHΙUI MaτpHQb

Xoπeu:bκoro, LU- τa QR-po3ΚJia)];aHb. 

6. 3a;::ι;aτπ Maτpπu:i A=(rand(5). *25). + 10 τa b=(rand(1,5). *20)'. Πο­
Βτοpπτπ π. 2. ΠpοκοΜeΗΊ)'Βaτπ pe3yπbτaτπ.

IH)]JIBΪ)J;yaJILHi 3aB.IJ;aHHπ 

3HaHTH p03B '5130Κ CHCTeMH piBH51Hb 3ΓΪ)];ΗΟ 3 BapiaHTOM. 

{
Χι - 2Xz + 3Χ 3

1. 2Χι + Xz + 7Χ 3

Χι+ 4Xz + 2Χ 3

{
Sχι - 3χ2 + 9χ3

3. 6χι + 2χ2 - χ3 

3χι - Xz + Χ 3

{ 
7 Χι + χ2 - 5χ3

5. 4χι - 4χ 2 -
Sx3

Χι - 2Xz + Χ 3

{ 
7Χι - Xz + 2Χ3

7. Χι + 2Xz - 3Χ3

Sχι - 4χ 2 - 2χ3

{
2Χι - 2Xz + Χ 3

9. 2Xz + Xz + Χ 3

7Χι - Xz + 2Χ 3

{
4Χι - Xz + 2Χ 3

11. Χι + 4Xz + Χ3

2χι - χ 2 + χ 3

{ 
Χι - 4Xz + Χ 3

13. Sχι + χ2 - 4χ 3

2χι - χ2 + 2χ 3

{
Χι+ 3Xz + 7Χ 3

15. 2Χι - Xz + 3Χ 3

Χι - 3Xz + Χ 3

3 

1 

2 

3 

{
2Χι - 3Xz + Χ3

2. 3χι - χ2 - χ3

Χι+ Xz - 7Χ3

{ 
4Χι - Xz + Χ3

2 4. 2Χι + 2Xz - Χ3

-1

6

3χι + Sx3 - χ3

{
4Χι - 2Xz + 3Χ3

-12 6. 2Xz - Xz + 2Χ3

-4

-1

5

-4

2 

5 

6 

7 

6 

3 

2 

5 

8 

8 

10 

6 

3χι + Sx2 - χ3

{
9Χι - 3Xz + 11Χ 3

8. Sχι + 2χ2 - 7χ3

3χι - 4χ 2 + χ3

{ 
3χι - χ2 - χ3 

10. Sχι - 2χ2 + χ3

6χι - χ2 + 2χ 3

{ 
4Χι - Xz + Χ3

12. Sχι + 2χ2 - χ3

Χι - 4Xz + Χ3

{ 
7χι - Xz + Χ3

14. Sχι + 2χ2 - χ3 

3χι - 7χ2 + 2χ3

{ 
6χι - Xz + Χ3

16. 2Χι - 4Xz + Χ3

Χι+ Xz - 2Χ 3

10 

3 

8 

2 

8 

7 

2 

8 

7 

-2

6

-8

-6

-2

5

-2

6

-8

1

-2

3 

2 

-3

1
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ΤΕΜΑ2 
JIIIIIHHHH PEΓPECIHHIIH AHAJII3 
EKCIIEPHMEHTAJThHHX � 

MeTOIO C 03HaΠ:OMJieHH5I CTy�eHriB 3 JiiHiMHHM MeTO�OM HaΠ:MeHIIIHX 
κBa�paTiB (ΜΗΚ) Ta aπaπί3 eκcπepπMeHTaJibHHX �aππχ 3aco6aMπ Octave

Ta ϊϊ rpaφi11πo10 πi�cπcTeMoIO �JIH Bi3yaπί3aQiϊ eκcπepπMeHTaJibHHX 
�aHHX. 

ΠocTaHoBκa 3a�a11i. Β pe3yJibTaTi eκcπepπMeHTaJibHHX �ocπiπ>ΚeHb 
οτpπΜaΗΟ Ha6ip ΤΟ1ΙΟΚ (Ta6JI. 2.1), 5.ΙΚί ΠOB'5.13aHi �e5IKOIO φyHKQiOHaJibHOΪ 
3aJie)l(HicTIO y = f (χ). 

Πo6y�yBaTπ aπaπiΤπ11πy 3aJie)l(HicTb y = f (χ, α1 , α2, ... , Cl.n,), Ηκa 
πaπ:6ίJΙbΙΙΙ Το11πο oππcye pe3yJibTaTπ eκcπepπMeHTy. 

Τα6Jιuψι 2.1 

χ 

Υ �Υ 

Haoip BXi.r.HHX .ι:.aΗΗΧ 

1 ;: ;;

OcuoBH ποοy,ι::ι;οΒΗ ;::ι;ΒΟΒΙΙΜipΗΗχ rpaφiκiB y Octave

χ: Υ 

Πpπ po6oTi ί3 eκcπepπMeHTaJibHHMH �aHHMH Ba)l(JIHBe MiCQe πί� 11ac 
ϊχ aπaπί3y 3aΠ:Mae Bi3yaπί3aQί5I 3a �ΟΠΟΜΟΓΟΙΟ 5.ΙΚΟΪ MO)l(Ha BH3Ha1JHTH 
πpπ6JΙΗ3ΗΗΠ: 3aKOH p03ΠΟ�ίπy BeJIH1JHH, a TaKO)I( πpπ6JΙΗ3ΗΟ OQiHHTH 
a�eκBaTHiCTb οτpπΜaΗΗΧ �aHHX. Po3ΓJI5IHeMO 6a3oBi MO)l(JIHBOCTi πaκeTy 
πpπ po6oTi ί3 �BOBHMipHHMH rpaφiκaMH, cποcο6π πο6y�ΟΒΗ 
τpHBHMipHHX rpaφiκiB ΜΗ pO3ΓJI5IHeMO Υ HaCTYΠHHX pο3�ίπaχ, KOJIH Β ΗΗΧ 
πacTaHe πoτpe6a. 

• plot(x1, y1 , ... ) πo6y�oBa rpaφiκy φyπκQίπ:, χί, Υί

O�HOBHMipHi ΜaτpπQί, Υ - MO)l(e 6yΤπ φyΗκQίCΙΟ κopπcTyBa11a 

• ezplot(f (χ), [Xmίn Xmax]) - πo6y�oBa rpaφίκa φyΗΚQίϊ, 5.ΙΚΥ
3a�aHO CHMBOJibHHM BHpa3OM, 5.IKIQO He BKa3aHi [ Xmίn ... Xmax], ΤΟ rpaφίκ 
6y�yeTbC5I Ha iHTepBaπi [-2π ... 2π] . Υ 5.IKOCTi 3aΓOJIOBKY rpaφiκy 
BHBO�HTbC5I φyΗΚQί5Ι. 

• fplot(f (χ), [Xmίn Xmax]) - πo6y�oBa rpaφίκa φyΗΚQίϊ, 5.ΙΚΥ
3a�aHO CHMBOJibHHM BHpa3OM a6o m-φaπ:JIOM, 5.IKIQO He BKa3aHι 
[Xmίn ... Xmax], ΤΟ rpaφίκ 6y�yCTbC5I Ha iHTepBaπi [-5 ... 5]. 

Qeπ: πepeπίκ φyΗκQίΠ: He C BH1IepπHHM. )J;JI5I Ha�aHH5I rapHOΓO 
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ΒΗΓJUΙ�Υ rpaφiκH πoτpe6yIOTb �o�aTK0BHX Ha.JΊarnτyBaHb: 
• cmUllb lliHiϊ. € qoτHpH CTHJii JiiHiH - cyl(ίJibHa ('-'), IIIτpHX0Ba ('--'),

nyHKTHpHa (': ') τa IIIτpHx-πyHKTHpHa ('-. '). ΤΗΠ JΙίΗiϊ Π03HaqaeTbC51 
. . 

Bl�Π0Bl�HHM CHMB0JI0M τa 3aΠHCY€TbC51 ποp51� 3 ΡΜΟΜ �aHHX, HaπpHΚJia� 
plot(sίn(x), χ,'-.'). L{ο�aτκοΒΗΗ πapaMeτp 'linewidth' 3a�ae ΤΟΒΙΙ(ΗΗΥ 

. . .. 

JilHll; 

• cuMeoπ mοιικu: '+' (ππ10c), 'ο' (κοπο), '*' (3ίpκa), '.' (τοqκa),'χ'
(xpecτ), 's'(κBa�paτ), 'd (poM6) ,'Λl,'v', '>','<' τpΗΚΥΤΗΗΚΗ, 'p' 
π'51τπκyτΗΗΚ, 'h' rnecτπκyτΗΗΚ. L{ο�aτκοΒΗΗ πapaMeτp 'markersize' 
3a�ae p03Mlp CHMB0Jiy; 

• κοπip πi1-1iϊ (α6ο cUMeoπy):'k' (blacK, qopHHH), 'r' (Red, qepBOHHH),
'g' (Green, 3eJieHHH), 'b' (Blue, 6πaκΗΤΗΗΗ), 'y' (Yellow, )ΚΟΒΤΗΗ), 'c' (Cyan, 
πypπypHHH), 'w' (White, 6iπΗπ); 

• 2pa1-1u14i, oci, 3G20Jl060K. ΓpaHHI(i πο 0C51X a6CI(HC τa op�HHaT
3a�aIOTbC51 πapaMeτpaMH xlim(), ylim, ΗaπpΗκπa�, xlim([l,10]), ylim([-
2,2]). Βi�ΠΟΒΪ�ΗΟ, πi�ΠΗCΗ πί� 0C51MH 3a�aIOTb 3a �ΟΠΟΜΟΓΟΙΟ xlabel, 
ylabel. Πί�πΗc rpaφiκa 3Maeτbc51 Β πapaMeτpi title. ΠapaMeτp grid onloff 
BMHKae a6o BHMHKae cίτκy Ha rpaφiκy. KepyBaTH ΒΗΓJΙΜΟΜ oceπ M0)I(Ha 
3a �ΟΠΟΜΟΓΟΙΟ cπel(ίaJibHOΓO 06' eκτy gca(); 

• πe2e1-1oa 3a�aeτbc51 3a �οπ0Μοrο10 πapaMeτpa legend, τaκο)Κ
M0)I(Ha BHK0pHCT0ByBaTH Tex-HOTal(ίIO, ΤΟΜΥ ΒΗΓ� JiereH�H ΜΟ)Κe 6yτΗ 
Ha6JIH)ΚeHHM �ο MaTeMaτπqHoϊ ΗΟΤaΙ(ίϊ; 

• pe3yπbmam y BHΓJIMi φaππy 3 rpaφiκoM ΜΟ)Κe 6yτΗ 36epe)ΚeHHH
aBT0MaτHqHo Υ ποτοqΗοΜy κaτaπο3ί 3a �ΟΠΟΜΟΓΟΙΟ K0MaMH print, 51Ka 
πi�τpHMye BeκτopHi τa pacτpoBi φopMaTH φaππiB-3o6pa)ΚeHb:, 
ΗaπpΗκπa�, prίnt f ίgure1. pdf, prίnt - djpg fίgure1. Β πeprnoMy 
ΒΗΠa�κy Ha ΒΗΧΟ�ί MaeM0 ΒeκτοpΗΗΗ pdfφaHJI, Β �pyroMy - pacτpOBHH 
Jj)eg. 

3 yciMa rpaφi qHHMH 06' eκτaΜΗ M0)I(Ha πpal(IOBaTH qepe3 xeH�JiepH 
- 3ΜΪΗΗi, ΙΙ(Ο MΪCT51Tb Β co6i Π0CHJiaHH51 Ha rpaφi qHHH 06' eκτ, oci Η Τ. π.
(τa6JI. 2.1 ). llepe3 xeH�JiepH BCTaH0BJIIOIOTb Bi�πoBi�Hi BJiaCTHBOCτi
rpaφiqHoro 06' eκτa, ΙΙ(Ο �03B0JI51e oτpHMaTH �o6pe oφopMJieHHH
peπpe3eHTaTHBHHH rpaφiκ.

L{JI51 πο6y�ΟΒΗ rpaφiκiB M0)I(Ha BHK0pHCT0ByBaTH pi3HHH 
iHcτpyMeHτapiπ (πpΗκπa� 2.1 ). Βί� ποrο BH6opy 3aJie)ΚHTb 
φyHKI(ΪOHaJibHi ΜΟ)ΚJΙΗΒΟCτί rpaφiκa τa ΗΟΓΟ 30ΒΗΪΙΙΙΗΪΗ ΒΗΓJΙΜ. Υ Bepciϊ 
5.χ CTaH�apTHHM 3aco60M πο6y�ΟΒΗ rpaφiκiB e BHK0pHCTaHH51 qt-tooolkit,

22 



5ΙΚΠΠ πί;::ι;χο;::ι;πτb Maibκe πrnι ycix Βππa;::ι;κiΒ. 

3a3HaqπMo, mo 30BHiIIIHiπ ΒΠΓJΙΜ rpaφiκiB Υ pί3ΗΠΧ πί;::ι;cπcτeΜaχ 
6y;::ι;e pί3ΗΠΜ, iHKOJIH πpπ Ι.(ΠΚJΙίqποΜy πepeΚJIIOqeHHi πί;::ι;cπcτeΜ MO)l(JIHBi 
πeπepe;::ι;6aqyBaHi apτeφaκτπ πa 306pa)ΚeHHi τa τeκcτί. He3Ba)ΚaIOqπ πa 

MO)l(JIHBiCTb πepeΚJIIOqaτπ πί;::ι;cπcτeΜΠ, 6a)ΚaHO ϊχ τίJΙbΚΠ ΒΚJΙΙΟqaτπ 3a Ηe­
ο6χί;::ι;ποcτί. 

Τα6Jluιμι. 2.1 
ΦyΗΚQίΪ .r.JHI ΡΟΟΟΤΗ ί3 ΓpaφίqΗΗΜΗ οο' €KTaMH 

ΦyΗΚQί.51 Οπ11c 

h = :<root() Πoc11naHH.5Ι Ha κopeHeBMH rpaφiqHMH 06' εκτa 
h = gcf() Πoc11naHH.5Ι Ha φirypy (rpaφiκ) 

h = gco () Πoc11naHH.5Ι Ha ποτοqΗΜΗ 06' εκτ φiryp11 

h = f<Ca () Πoc11naHH.5Ι Ha 06' εκτ, τηο οπ11cyε oci 
h = figure(,,,) Πoc11naHH.5Ι Ha ΗΟΒΜΗ 06' εκτ-rpaφίκ 

h = leszend(" ___ ") Πoc11naHH.5Ι Ha ΗΟΒΜΗ 06' εκτ-nereΗ.ι:ιv 
set(h,p) Β CTaH0 ΒJΠΟΕ: BnacηIBOCTi (p) rpaφiqHo ΓΟ 06' εκτa 

:<et(h) ΠοΒepτaε BnaCTMBOCTi (p) rpaφiqHOΓO 06' εκτa 
clf Qq11τηeΗΗ5.Ι φίrypM 

delete(h) BM�aneHH.51 φirypM (a6o iMeHOBaHOΓO φaπny) 

ΠpuΜίmκα: �Π.51 Bcix φyΗκu:ίπ rpyππ gc*() M0JΚHa πepe�aBaTM Π0CMnaHH5.I Ha 
6y�b-5.Ικy cκna�oBy rpaφiκa - φirypy, oci κοοp�ΜΗaτ, nereH� Η τ. π

)::LJI51 οτpπΜaΗΗ51 ;::ι;οΒi;::ι;κπ πο κοΜaπ;::ι;aχ y κοΜaΗ;::ι;ΗοΜy Βiκπί Octave 
ποτpί6πο ΒπκοpπcτοΒyΒaτπ κοΜaπ;::ι;π help a6o doc, πaπpπκJΙa;::ι;, help help 

plot a6o doc legend (6ίJibIII ;::ι;οκJΙa;::ι;πa ;::ι;οΒi;::ι;κa). 

Πpuκιιαο 2.1. Ρο6οτa ί3 πί;::ι;cπcτeΜaΜπ )];JI51 πο6y;::ι;οΒπ rpaφiκiB 

3αοαιια - πeperJIM τa Βπ6ίp πί;::ι;cπcτeΜaΜπ )];JI51 πο6y;::ι;οΒπ rpaφiκiB 

## Πp1ι1κ11aρ, 2.1 

## B1ι16ip πiρ,c1ι1cτeΜ1ι1 πο6iρ,0Β1ι1 rpaφiκiB 
clc, clear all 

display("ΠepBipκa ρ,οcτyπΗ1ι1χ πiρ,c1ι1cτeΜ") 

display(available_graphics_toolkits()) 

display("ΠepBipκa 3aBHTa�eH1ι1x πiρ,c1ι1cτeΜ") 

display(loaded_graphics_toolkits()) 

display("B1ι16ip: graphics_toolkit gnuplot") 

graphics_toolkit gnuplot 

display("ΠepBipκa 3aBHTa�eH1ι1x πiρ,c1ι1cτeΜ") 

display(loaded graphics toolkits()) 
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Pe3yJibτaτ: 

ΠepBipκa �ocτynH�x ni�c�cτeM 

{ 

} 

[1,1] = fltk 
[1,2] = gnuplot 
[1,3] = qt 

ΠepBipκa 3aBHTa�eH�x ni�c�cτeM 
{}(1χ0) 
B�6ip: graphics_toolkit gnuplot 

ΠepBipκa 3aBHTa�eH�x ni�c�cτeM 
{[1,1] = gnuplot 

Πpuκιιαi) 2.2. Πο6y;::ι;οΒa O)];HOBHMipHOΓO rpaφiκa (pπc. 2.1) 

3αοαιια - πο6y;::ι;yΒaτπ Ha rpaφiκy eκcπepπMeHTaJibHi τοqκπ. 

,Ι(JΙ5Ι p03B'513aHH51 Qieϊ 3a;::ι;aqί BHKOpHCTaCMO φyΗκQίΙΟ plot() τa 
xeH)];JiepH Ha rpaφiqHi 06' CKTH )];JI51 HaJiaIIIyBaHH51 30BHiIIIHbOΓO ΒΗΓJΙΜΥ 

## Πp�κ11a� 2.2 

## Πo6y�oBa Ha6opiB �aH�x Ha rpaφiκy 
## ΟΥ�cτκa 3MiHH�X τa ΚΟΜaΗ�ΗΟΓΟ BiKHa 

clc; clear 
## Ha6op� �aH�x 
Χ=[0 4 10 15 21 29 36 51 68]; 

Υ1=[63.7 71.0 70.3 80.6 88.7 99.9 92.4 123.6 145.1]; 
Υ2=[37 10 30 60 78 82 99 119 151]; 
## no6y�oBa rpaφiκa 
plot(X,Yl,'dk',"markersize", 18,"linewidth", 2.25, 

Χ Υ2 'pk' "markersize" 18 "linewidth" 2.25) 
, , , , , , 

## πi�π�c oce� 
xlabel('X'); ylabel('Y'); 
grid on; 
## oφopMneHHR oce� 
set(gca "linewidth" 2 "fontsize" 16 'gridalpha' 0.75) , , , , , , 

h = legend ('data ({\itY}_{0}Λ{1})', 
'data ({\itZ}_{0}Λ{2})' ); 

legend (h, "location", "southeast"); 
set (h, "fontsize", 22); 

## 36epe�eHHR pe3y11bτaτy y φa�ni φopMaτy png 

print -dpng data_plot 
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Πpuκrιad 2.3. Πo6y�oBa o�HoBipuoro rpaφiκa φyuκπ;ίϊ (p11c. 2.2). 
3αοαιια - πo6y�yBaτ11 rpaφiκ φyuκπ;ίϊ ua iuτepBa.Jii. 
Υ QbOMY πpHΚJia�i πoκa3auo τexuiκy πο6y�οΒΗ rpaφiκiB y oκpeMHX 

rpaφi11u11x ο6πacτ.Ηχ (subplot). 
ΤaΚΟ)Κ ΠOKa3aHO τexuiκy πο6y�ΟΒΗ rpaφiκiB, �ο MaIOTb aCHMΠTOTH 

b χ ..J1+x2 

y= α+-+-τay=--. 
χ χ2 χ-1 

Β πpHKJia�i 2.3 ΜΗ BHKOpHCTa.JIH Bi�πoBi�Hi ΪΜ aHOHiMHi φyuκQίϊ 
f = @(χ) α + b ./ χ + c ./ χ. ΛΖ τa z = @(χ) sqrt(l + χ. ΛΖ) ./ 
( χ . - 1). AuouiMHi φyuκπ;ίϊ cχο)Κί ua 3BH11aπui φyuκQίϊ Octave, a.Jie 3 
6ίJibIII )ΚOpCTKHMH o6Me)ΚeHH51MH - He 6ίJibIIIe �ΒΟΧ apryMeHτiB τa O�He 
3Ha1IeHH51, �ο ΠOBepτaETbC51. CHMBOJI «@» τaΚΟ)Κ BHKOpHCTOBYIOTb, �ο 

οτp11Μaτ11 BKa3iBHHX ua icuy1011y φyuκπ;ίω, uaπpHΚJia�: poίnter _to _f 

@sίn; 

## Πp1ι1κ11aρ, 2.3 

## no6yρ,osa rpaφiκa φyΗκ�ϊϊ 
clear all; delete(gco); clc 

subplot(2, 1, 1); % nepw1ι1� rpaφiκ 
a=l; b=-0.35; c=0.05; 
χ1= -3: 0.1 : -0.1; 

χ2 = 0.1 : 0.1 : 3; 

## aHOHiMHa φyHκ�iR 
f = @(Χ) a + b ./Χ + C ./ Χ.Λ2;
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hf = plot ( χ1 ,  f(x1) , χ2 , f(x2)); 
set(hf, {'LineWidth'}, {3.25}); 
set(hf, {'Color'}, {'black'}); 
title ( Ύ = a + b/x + c/χΛ2' ); 

xlabel ( 'Χ' ) ; 
ylabel ( Ύ' ) ; 

set(gca, "linewidth", 1.5, "fontsize", 16,'gridalpha', 0.75) 
grid on; 
subplot(2, 1, 2); �pyr�� rpaφiκ 
## aHOHiMHa φyHκ�iR 
z = @(χ) sqrt(1 + χ.Λ2) ./ ( χ .- 1 ) ; 
χ1 = -3 : 0.1 : 0.9; χ2 = 1.1 : 0.1: 3; 
hf = plot ( Χ1 , Ζ ( Χ1) , ' - k' , Χ2 , Ζ ( Χ2) , ' - k' ) ; 
set(hf, {'LineWidth'}, {3.25}); 
set(hf, {'Color'}, {'black'}); 
title ( Ύ=\surd(1+xΛ2)/(x-1))' ); 

xlabel ( 'Χ' ) ; 
ylabel ( Ύ' ) ; 

set(gca, "linewidth", 1.5, "fontsize", 16,'gridalpha', 0.75) 
grid on; 
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Πpuκιιαd 2.4. Πo6y.[{oBa rpaφiκa φyΗκQίϊ. 

3αοαι.ια - πο6y.[{yΒaτπ rpaφiκ φyΗκQίϊ, 5.ΙΚΥ 3a.[{aHo aHa.πiτπqHo. 

Ποκa)ΚeΜΟ BHKOpHCTaHH5.I φyΗκQίϊ ezplot() _[{JI5.[ 3a,[{aHoϊ φyΗκQίϊ 

(pπc. 2.3a). Ha pπc. 2.36 aHa.πoriqHHH pe3yJibTaT oτpHMaHO 3a ,[{ΟΠΟΜΟΓΟΙΟ 

φyΗκQίϊ fplot( ). 

Lί,JI5.1 36epe)ΚeHH5.I pe3yJibτaτy y BHΓJIMi rpaφiqHoro φaHJiy 

3aCTOCOBaHO φyΗκQίΙΟ prίnt() ί3 πapaMeτpaMH 8. ΦyΗκQί5.1 prίnt() C 
L{OCTaTHbO ΠΟΊ)')ΚΗΗΜ lHcτpyMeHTOM τa ,[{03BOJI5.IC BHKOpHCTOByBaTH 

BeJIHKHH Ha6ip rpaφiqHHX φopMaTiB9. 

## Πpι-1κ11aρ, 2.4 
## no6yρ,osa rpaφiκa ezplot 
pkg load symbolic 
χ =  sym("x"); 
f = inline("xΛ2*cos(x)"); 
h = ezplot(f, [-2*pi,9]); 
## HanawτysaHHR oce� κοοpρ,ι-1Ηaτ 
set(gca "linewidth" 2 "fontsize" 16 'gridalpha' 0.75) , , , , , , 

set(h "linewidth" 4 "color" "black") , , , , 

grid on 
## 36epe�eHHR rpaφiκa y φa�11 
print -dpng ezplot_ex 
## no6yρ,osa rpaφiκa fplot 
clf; 
clear all; 
delete(gco); 
fplot("xΛ2 * cos(x)", [-2*pi,9], '-k', 'linewidth', 3.75); 
## HanawτysaHHR oce� κοοpρ,ι-1Ηaτ 
h = legend(gco); 
set (h "location" "southwest")· , , , 

set (h, "fontsize", 18); 
set(gca, "linewidth", 2, "fontsize", 16,'gridalpha', 0.75) 
grid on 
## 36epe�eHHR rpaφiκa y φa�11 
print -dpng fplot_exl 

8 Υ Octave ,n;e51κi φyΗκu:iϊ MO)I(Ha BH3HBaTH y BHΓJI.51,l];l κoMaH,n;H, 5ΙΚ y ,n;aHOMY 

πpπκna,n;ι 
9 https: // octave. org/ doc/interpreter/Printing-and-Saving-Plots.html 
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Πpuκrιad 2.5. Πo6y.[(oBa rpaφiκiB ί3 pi3HUMU OC51MU κoop.[(UHaT. 

3αοαι.ια - πo6y.[(yBaTU Ha Ο.[(ΗΟΜΥ rpaφiκy .[(Bi φyΗκl(ίϊ ί3 pi3HUMU 

MacIIIτa6u oce:u κοοp.[(πΗaτ. 

Β Octave c φyπκQί51 plotyy() .[(JI51 po3B'513aHH51 Qίcϊ 3Maqί (puc. 2.4). 

3a3πaquMo, ΙΙ(Ο πpaQIOC 1.(51 φyπκQί51 .[(OCTaTHbO ποΒίJΙbΗΟ, a y MATLAB 

3aMiCTb Ηeϊ peκoMeH.[(YΙOTb BUKOpHCTOByBaTU φyΗκl(ίΙΟ yyaxίs ( ), 51Ka He 

peaπu3oBaHa Β Octave. 

## Πpι.1κ11aJJ, 2.5 
## no6yJJ,oBa JJ,BOX rpaφiκiB i3 pi3Ηι.1Μι.1 OCRMι-1 
clf; clear all 

χ =  0:0.125:2*pi; y1 = sin (χ); y2 = exp (χ - 1); 
## φopMyBaHHR rpaφiκa 
[ax h1 h2] = plotyy (χ, y1, 

χ-1, y2, 
@plot, @semilogy); 

## napaMeτpι-1 oce� κoopJJ,ι.1Haτ 
xlabel ("Χ"); ylabel (ax(1), ''y_1"); ylabel (ax(2), ''y_2"); 
set(ax,{'ycolor'},{'black';'black'}) 
set(ax, 'linewidth', 2, 'fontsize', 16, 'gridalpha', 0.75) 
## napaMeτpι-1 11iHi� Ha rpaφiκy 
set(h1, 'linewidth', 5.75, 'color', 'black', 'linestyle', ': ') 
set(h2, 'linewidth', 5.25, 'color', 'black', 'linestyle', '-') 
grid on 
print -dpng plotyy example 
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Πpuκιιαο 2. 6. Γpaφίκ φyπκQίϊ, ΙΙ(Ο 3a,[{aHa πa6opoM 3Haqeπb. 
3αοαιια - πa ocπoBi φaππy ,[{aππχ πο6y,[{yΒaτπ rpaφiκ φyπκQίϊ. 
OcHOBHa yMoBa - πpaBHJibHa cτpyκrypa ,[{aππχ. ΗaππpοcτίΙΙΙππ 

ΒΙ:ΙΠa,[{ΟΚ, K0Jil:I ,[{aHi 36epiraIOTbC51 Υ CΤΟΒπqπκaχ. 5ΙΚΙΙ(Ο ,[{aHi 36epiraIOTbC51 
y pMκax, a6o y BHΓJIMi 51KHX0Cb iHIIIHX cτpyκτyp, ποτpί6πί ,[{Ο,[{aτκοΒi 
πepeτBopeHH51 ,[{aΗΙ:ΙΧ, HaπpHΚJIM φyΗκQί51 reshape() ,[{03BOJI51€ 3ΜΪΗΗΤΙ:Ι 
cτpyκrypy MacπBy. ΟτpπΜaπππ rpaφiκ HaBe,[{eHHΠ πa pπc. 2.5. 

## Πpι-1κ11aρ, 2.6 
## CBOp�EMO CBi� Ha6ip ρ,aΗι-1Χ 
χ =  (-4*pi : 0.25 : 4*pi); 

Υ =@(χ) sin(x) ./χ;## φopMyEMO MaCι-1B τa 3aΠΟΒΗ�ΕΜΟ �ΟΓΟ 
ρ,aΗι-1Μι-1 

data = zeros(length(x), 2); 
data(: ,1) = χ; 
data(:,2) = y(x); 

## 36epiraεMo ρ,aHi y τeκcτοsι-1� φa�11 
save('-ascii', 'data.txt', 'data'); 
## '-Ιι-1ΤaΕΜΟ ρ,aHi 
saved_data = load('data.txt'); 
## cτpyκτypa φa�11y 
printf ("Cτpyκτypa φa�11y:\n") 

printf ("x\t\t y\n", data(10,1), data(10,2)) 
printf ("%f\t %f\n", data(10,1), data(10,2)) 
printf ("%f\t %f\n", data(11,1), data(11,2)) 
## 6yρ,yεΜο rpaφiκ 
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hf = plot(saved_data(:,1),saved_data(:,2)); 
set(hf, {'LineWidth'}, {3.25}); 
set(hf, {'Color'}, {'black'}); 
title ( Ύ = sin(x)/x' ); 
xlabel ( '\itx' ); 

ylabel ( '\ity' ); 
set(gca, "linewidth", 1.5, "fontsize", 16,'gridalpha', 0.75) 
grid on 

Pe3yJibτaτ: 

>> Cτpyκτypa φa�ny:
χ Υ 

-10.066371 -0.059453
-9.816371 -0.038880
-9.566371 -0.014752
-9.316371 0.011613

y = sin(x)/x 

-0.4 ..___ _ ____._ __ ___._ __ .......__�,..__ _ ___._ __ _,, 
-15 -1 Ο -5 ο 

χ 

P11cyHoκ 2.5 

5 10 15 

Μπ pο3ί6paππ οcποΒπ Bi3yaπί3aQίϊ �aππχ Β πaκeτί Octave 3a 

�ΟΠΟΜΟΓΟΙΟ πο6y�ΟΒΗ O�HOBHMipHHX rpaφiκiB aπaπίτπqππχ φyΗκQίΗ τa 

eκcπepπMeHTaJibHHX Ha6opiB �aHHX. .5Ικ πpaBHJIO, ΗΟΓΟ MO)ΚJIHBOCTeH 
�ocτaTHbO �JI51 ΠOBC51MeHHHX πpaκτπqππχ 3a�aq . .5IKil(O MO)ΚJIHBOCTeH 

πaκeτy πe�οcτaτπbο, ποτpί6πο φοpΜyΒaτπ φaiiπ �aππχ τa o6po6JI51TH 
iioro Β iHIIIHX πaκeτaχ (gnuplot, matplotlίb, plotty τa ίπ.) 
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Πooy,IJ;oBa aπa.mTJΙqJJoϊ 3aJiemπocri eκcnepHMeπτa.JILιmx ,IJ;aιmx 3a 

)];ΟΠΟΜΟΙ'ΟΙΟ ΜΗΚ 

JliΉiuΉuu ΜΗΚ. L{.illl po3B' 513aHH51 Qieϊ 3a�aqί o6πpaIOTb ΒΗ� aπa.πί­
τπqποϊ 3a.Jie)l(Hocri y = f (χ, α1 , α2 , ... , an) τa BH3HaqaJOTb κοeφίQίeπτπ
αί . Υ πa:uπpocτirnoMy Βππa�κy rnyκaIOTb πapaMeτpπ πp51Μοϊ 
y = α2 χ + α1. Βί�ποΒi�Ηο �ο Meτo�y πa:uMeHIIIHX κBa�paτiB [7, 8] y ΚΟ)Κ­
πί:u τοq�ί MlH1M13YIOTb cyMy KBa�paτiB Bi�XHJiiB 3HaqeHb eκcπepHMeH­
Ta.JibHOΪ (Υί) τa po3paxoBaHoϊ (ft) φyπκQί:u 

(2.1) 

Heo6xi�HOIO ΥΜΟΒΟΙΟ icHyBaHH51 MiHiMyMy φyΗκQίϊ (2.1) e 
aφ / aαί = Ο. 51KIQO πapaMeτpH αί BX0�51Tb Υ (2.1) JiiHiHHO, οτpΗΜΥΙΟΤb
CHCTeMy 3 n JiiHiHHHX piBH5IHb 3 n HeBi�OMHMH 

[Σ� Βφ( α1, α2, ... , an)/Ba1 = Ο, 
ι=1 ... 

ιΣ� Βφ( α1, α2, ... , �)/ Ban = Ο. 
ι=1 

(2.2) 

JliΉiuΉuu eunaooκ, Υ = α1 + α2χ. Πί�cτaπ0Βκο10 Υ Β (2.1) τa (2.2) 
οτpΗΜΥΙΟΤb CHCTeMy �ΒΟΧ piBH5IHb 3 �BOMa HeBi�OMHMH (2.3) 

(2.3) 

p03B '513ΚΟΜ 5ΙΚΟΪ e 

α
2 = 

n Υ·Χ· - Υ· Χ· n χ ? - Χ· [ Σn Σn Σn ]/[ Σn (Σn ) 2]
i=1 ι ι i=1 ι i=1 ι i=1 ι i=1 ι 

(2.4) 

α1 = .!_ [Σ� Yi - α2 

Σ� χί] ·n 
ι=1 ι=1 
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KoeφiQiCHT κopeJUΙQiϊ r (2.6) BHKOpHCTOBYIOTb �JI51 OQiHKH 3aJie)l(­

HOCri Μi)Κ BHMip51HHMH ΒeππqππaΜΗ . .5Ικmο lrl � 1, ΤΟ icπyc πίπί:ππa 3a­
Jie)l(HicTb Μi)Κ �aHHMH, a 51Kll(O lrl � Ο, ΤΟ Μi)Κ �aHHMH HeMac πίπί:πποrο 

3B'513Ky. 

�e χ, y - cepe�Hi apπφΜeΤπqπί 3HaqeHH51. 
Β pa3ί κopeκTHoro po3B'513KY 3a�aqί t-κpHTepi:π CT'IO�eHTa (2.6) Mac 

6yTH 6ίJibIIIe Τa6ππqποrο 3HaqeHH51 pο3πο�ίπy CT'IO�eHTa �JI51 3a�aπoro n 

[7] 

t = r)(n - 2)/(1- r2 ). (2.6) 

ΠpΙΙΚJΙa,ι::ι; peaJiί3au;ίi ΜΗΚ Β Octave. 

Po3ΓJUΙHeMo πpπκπa� peaπί3aQίϊ MeTo�y Β Octave. 3a3πaqπMo, mo y 
HaBe�eHHX HH)Κqe πpHΚJIMaX HaBMHCHO He BHKOpHCTOBYIOTbC51 
CTaMapTHi 3aco6H πaκeTa, a BHKOpHCTOBYCTbC51 HaBe�eHH:Π BHil(e aπro­

pHTM. 

Πpuισιαd 2. 7. JΙίπί:πππ:π ΜΗΚ 

3αοαιια - BH3HaqHTH πapaMeτpH Πp5ΙΜΟΪ Υ = α2Χ + αι 

% Πp�κna� 2.7. Πo6y�oBa niHiϊ perpeciϊ 3a �ΟΠΟΜΟΓΟ� ΜΗΚ 
clc; clear 
n = 9 % KinbKiCTb eκcnepeMeHτanbH�X ΤΟΥΟΚ

% B�xi�Hi �aHi 
Χ=[0 4 10 15 21 29 36 51 68]; 
Υ=[63.7 71.0 70.3 80.6 88.7 99.9 92.4 123.6 145.1]; 
% 8�3HaYeHHR napaMeτpiB npRMoϊ y=a2*x+a1 y B�rnR�i a*x=b 
% Cκna�eMo cnAP τa B�3HaYeMo HeBi�oMi a1 τa a2 
χ =  [n, sum(X); sum(X), sum(X.Λ2)]; 
b = [sum(Y); sum(X.*Y)]; 
% 3Ha��eMO p03B'H30K c�cτeM� piBHRb 

display(x); display("b'=" ); display(b') 
a = χ\ b; display("a'="); display(a') 
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Pe3ynbτaτ: 

η = 9 

χ = 

b'= 

a'= 

9 234 
234 10144 

835.30000 26452.60000 

62.4897 1.1662 

Β pe3ynbτaτi οτpπΜanπ piBH51HH51 πp51Μοϊ y = 62,49χ + 1, 17. ,[(JI5I 
πepeBipκπ οτpπΜaποrο pe3ynbτaτy πo6y�ycMo Bi�πoBi�Hi rpaφίqπί 3a­

Jie)ΚHocri (pπc. 2.6), 3 5ΙΚΗΧ ΒΗ�ΗΟ ΠΙΟ Πp51Ma �OCTaTHbO �o6pe oππcyc eκ-
. . 

cπepπMeHTaJibHl �aπι. 

Πpuκιιαd 2. 8. Jlίπίππππ ΜΗΚ 
3αοαιια - πο6y�yΒaτπ rpaφiκ ί3 pe3ynbτaτoM (pπc. 2.6). 

% Πp1ι1κ11aρ, 2.8 
% Πo6yρ,osa rpaφiκa 11iHiϊ y = a2 * χ +  al, 
% τa eκcnep1ι1MeHTaJ1bHlι1X ΤΟΥΟΚ Β OJJ,Hi� rpaφiYHi� 0611acτi 
Χ=0: 68; 
y=a(2)*x + a(l); 
plot(X,Y,Όk',"markersize", 16,"linewidth", 2.5, 

x,y, '--k', 'linewidth',2.75) 
xlabel('X'); ylabel(Ύ'); grid on; 
set(gca, "linewidth", 2, "fontsize", 16,'gridalpha', 0.75) 
h = legend ('data', '{\ita}_{2}{\itx}+{\ita}_{1}'); 
legend (h, "location", "southeast"); 
set (h, "fontsize", 16); 

Πpuκιιαd 2. 9. Jlίπίππππ ΜΗΚ 
3αοαιια - ο6τ�πcnπτπ κοeφίl(ίcπτ κopeJI51Qίϊ, cepe�HbOKBa;:φaτπqπy 

ποΜπnκy τa κpπτepίπ Cτ Ίο�eπτa. 

% Πp1ι1κ11aρ, 2.9 
% O6Ylι1CJleHHR κoeφi�iEHTa κopellR�iϊ 
% cepeρ,Hi 3HaYeHHR 

mean_X = sum(X) / length(X) 
mean_Y = sum(Y) / length(Y) 
% Ylι1CeJlbHlι1 Κ 

nom = sum((X.- mean Χ).* (Υ.- mean Υ)); 
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% 3HaMeHHlι1K

denom = sum((X.- mean_X).Λ2) * sum((Y.- mean_Y).Λ2); 

% κοeφi�iεΗτ κopenH�iϊ 

r = nom / sqrt(denom) 
% t-κp1ι1τepi� Cτ,��eHτa 

t = r * sqrt(( n-2) / (1 - rΛ2)) 

Pe3yJibτaτ: 

mean Χ =  26 
mean Υ = 92.811 

r = 0.98179 

t = 13.675 
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80 
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60 
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; 

,,,... .,,. 
'-r, 
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t} ;
ο 

�� 
;-

20 30 40 

χ 

PMCYHOK 2.6

; 

; 

9 
; 

; 
; 

J'; 

Ο data 

_ a x+a 

2 1 

50 60 70 

ΤaκΗΜ qΙfHOM, oτpπMaHa Πp5.1Ma ,[{OCTaTHbO τοqΗο oππcye eκcπepH­
MeHTaJibHi ,[{aHi (3 ypaxyBaHH5.IM κίJΙbΚΟCτί τοqοκ), mo ί ni,[{TBepπ»<yeTbC5.I 
οτpπΜaΗΗΜΗ 3HaqeHH5.IMH κoeφiu;ieHτiB κopeJI5.1Qίϊ τa κpπτepί5.Ι 

Cτ'IO,[{eHτa: 

• κοeφίπ;ίeπτ κopeJI5.1Qίϊ r

• κpπτepίiί Cτ'IO,[{eHτa t

py ,[{aHHX 3a,[{aHoι Βeππqπππ. 

0,98179; 

13,675 > (1,806 ... 5,041) ,[{JI5.I Ha6o-
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Pe3ιoMe 

Β ,ι:ι:auίπ τeMi ΜΗ ΒΠΒ1ΙΠJΙΠ ΜΗΚ JJ:JI51 Jiίuiπuoro perpeciπuoro auaJiί3y 
,ι:ι:auπχ. Ρο3pο6πJΙπ πporpaMy, ΙΙ(Ο ποrο peaJiί3ye τa οτpπΜaJΙΠ πapaMeτpπ 
Πp5ΙΜΟΪ Υ = αzΧ + αι )]:JI51 ua6opy eκcπepπMeHTaJibHΠX ΤΟ1ΙΟΚ. ΒΠΒ1ΙΠJΙΠ 
MO)Κ.JJllBOCTi πaκery Octave )]:.illl πο6y,ι:ι:οΒΠ )]:BOBΠMipuπx rpaφiκiB, HaB1Ill­
JIΠC51 πpπποΜaΜ oφopMJieHH51 30ΒΗiΠΙΗbΟΓΟ BΠΓ.illl)J:y JiiHiH τa ΤΟ1ΙΟΚ ua 
rpaφiκax. HaB1IΠJIΠC51 pο6οτί ί3 ΚΟΜΠΟΗΟΒΚΟΙΟ rpaφiκiB 3a )]:ΟΠΟΜΟΓΟΙΟ 
φyuκQίϊ subplot(). 

Φyuκπ;ίϊ Octave, ΙΙ(Ο BΠB1IaIOTbC51: plot(), fplot(), ezplot(), 

subplot( ), sum( ), «\», prίnt() 

Ιbιτaιπιπ ΜΗ caMonepeBipκu 

1. Ha3BiTb πpπΚJΙa,ι:ι:π Bπκopπcτauu51 ΜΗΚ.
2. πτο ,ι:ι:ae 3HaHH51 auaJiiTΠ1IHOΪ 3aJie)ΚHOCτi Μi)Κ ,ι:ι:aΗΠΜΠ, 51Κί 6yJiπ

oτpπMaui πί,ι:ι: τiac eκcπepπMeuτy? 
3. Ha3BiTb OCHOBHi eτaππ Μeτο,ι:ι:y uaiiMeHΠIΠX ΚΒa,ι:ι:paτίΒ?
4. )J;JUI τioro ΒπκοpπcτοΒyωτb κοeφίπ;ίeuτ κopeJI5In;ίϊ y ΜΗΚ?
5. 5Ικ cφopMyBaτπ CJIAP JJ:JI51 BΠ3HaτieuH51 κοeφίπ;ίeuτίΒ perpeciϊ?

Πpaκπμme 3aΒ�aιιuπ 

3a )]:ΟΠΟΜΟΓΟΙΟ ΜΗΚ ΒΠ3Ηa1ΙΠΤΠ πapaMeτpπ Πp5ΙΜΟΪ, 51Ka uaπκpall(ΠM 
. . 

τ�πuοΜ oππcye eκcπepπMeHTaJibHt ,ι:ι:auι. 

ΠοpΜΟΚ ΒΙΙΚΟΗaιπιπ 3aΒ�aιπιπ 

1. Βπ3ua11πτπ πapaMeτpπ JΙίuίϊ perpeciϊ 3a ΜΗΚ (2.1-2.6):
• 3a,ι:ι:aτπ Βeκτοpπ eκcπepπMeHTaJibHΠX 3ua11eub χ τa y;

• 3a )]:ΟΠΟΜΟΓΟΙΟ φyuκQίϊ plot(x, y) πο6y,ι:ι:yΒaτπ rpaφiκ ΒΠΜip51-
ΗΠΧ 3Haτieub; 

• cφopMyBaτπ CΠCTeMy piBH51Hb (2.3). Ρο3Β'513aτπ oτpπMauy cπc­
TeMy 3a )]:ΟΠΟΜΟΓΟΙΟ ΚΟΜau,ι:ι:π «\» (J:Ι:ΠΒ. TeMy 1 ); 

• po3paxyBaτπ κοeφίπ;ίeuτ κοpe.JUΙη;ίϊ (2. 5);
• πο6y,ι:ι:yΒaτπ ua ο,ι:ι:uοΜy rpaφiκy eκcπepπMeHTaJibHi τοτ�κπ τa po3-

... 

paxoBauy JΙιuιω perpecιι. 
2. Βπ3ua11πτπ κοeφίπ;ίeuτπ JΙίuίϊ perpeciϊ 3a ,ι:ι:οποΜοrοω cτau,ι:ι:apτ­

uπx φyuκQiii Octave . ΠοpiΒΗ5ΙΤΠ pe3yJibτaτπ, πο6y,ι:ι:yΒaΒmπ ua ο,ι:ι:uοΜy 
rpaφiκy eκcπepπMeHTaJibHi τοτ�κπ τa po3paxoBauy JΙίuίω perpeciϊ. 
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1. 9. 
χ 1 2 3 4 5 

2,2 2,8 3,2 3,4 3,8 Υ 

2. 10. 
χ 1 2 3 4 5 

3,15 4,65 5,1 5,25 5,4 Υ 

3. 11. 
χ 2 3 4 5 6 

11,25 9,3 8,25 5,25 4,5 Υ 

4. 12. 
χ 1 2 3 4 5 

5,63 4,65 4,13 2,63 2,25 Υ 

5-1; 1�,2 1ι9 l�,9 i: 1;,2 113.
6" �l\2 1;,9 l�,9 i: 1;,2 114. 
7. 15. 

χ 1 2 3 4 5 

4,81 5,76 6,91 8,31 9,95 Υ 

s.1� 1� l�,2 l�,6 l�o,4 I � 1,65116·

χ 1 2 3 4 5 

Υ 2,2 0,4 0,22 0,16 0,12 

χ 1 2 3 4 5 

Υ 0,25 0,09 0,07 0,05 0,04 

χ 1 2 3 4 5 

ν 3 3,5 3,67 3,75 3,8 

χ 1 2 3 4 5 

Υ 2,57 7,15 13 19 27,3 

χ 1 2 3 4 5 

Υ 3,83 2,55 2,4 2,03 1,91 

χ 1 2 3 4 5 

Υ 5,1 4,4 3,2 2,7 2,55 

χ 1 2 3 4 5 

Υ 1,1 1,55 1,9 2,25 2,5 

χ 1 2 3 4 5 

Υ 1,1 0,2 Ο, 11 0,08 0,06 
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ΤΕΜΑ3 

HEJIIHifιmlu PEΓPECIHIΠIU AHAJII3 

EKCIIEPHMEHTAJThlillX MlillX 

Memoιo e 03HaHOMJieHH51 cτy�eHTiB 3 HeJiiHiHHHM MeTO�OM 
HaHMeHIIIHX KBa�paτiB τa aHaJiί30M eκcπepHMeHTaJibHHX �aHHX 3aco6aMH 
Octave. 

Π ocma1-toeκa 3αοαι.ιί. Β pe3yJibτaτi eκcπepπMeHTaJibHHX �ocJiί�)ΚeHb 
οτpπΜaΗο p51� τοqοκ ( τa6π 2.1) τa 3a �οπ0Μοrο10 JΙίπίπποrο ΜΗΚ 3 '51cy­
BaJIH, mo Μi)Κ τοqκaΜΗ He icπye JΙίΗiΗΗΟΪ 3aJie)ΚHOCτi. Πo6y�BaTH aHaJii­
τπqπy 3aJie)ΚHicτb y = f (χ, α1 , α2 , ... , αn), 51Ka πaπ6ίJΙbΙΙΙ τοqπο oππcye 
pe3yJibτaτπ eκcπepπMeπτy, a caMe �m πa6opy �aππχ (χί, Υί)ί=ι,2, ... ,Ν 
3Haiiτπ ποJΙίΗοΜ cτeπeH51 n: 

k+1 

p(n)(x) = P1Xn + PzXn-1 + ... + Pn-1X + Pn + 1 = Σ ΡίΧ
ί-1, (3.1)

ί=1 

κoeφiu;ieHTH 5ΙΚΟΓΟ οτpΗΜΥΙΟΤb πίcJΙ51 p03B'513aHH51 3a�aqί MiHiMi3aQίϊ 

(3.2) 

ΙΗΙΙΙΗΜΗ cJioBaMH, ΒΗ3Ηaqπτπ ποJΙίΗοΜ, 5ΙΚΗΗ πaiiMeHIIIe Bi�xπmeτb-
. . . . 

C51 Bl� eκcπepHMeHTaJibHHX �aHHX Β ΤΟΜΥ ceHCl, mo cyMa KBa�paτιB Bl�-
cτaπeii Bi� 3a�aππχ τοqοκ (χί,Υί) �ο po3paxoBaHHX (χί,Ρ

n(χί)) 6y�e 

MlHlMaJibHOIO. 
Heπί1-tίu1-tuu ΜΗΚ. Β HeJiiHiiiHoMy perpeciiiHoMy aπanί3ί πepeBip51-

IOTb riπoτe3y προ τe, mo eκcπepπMeHTaJibHi �aπί ποΒ '513aHi �e51κο10 ΗeJΙί­
πίπποω 3aJie)ΚHiCTIO. Υ p5Ι�ί ΒΗΠa�κiΒ 3a �ΟΠΟΜΟΓΟΙΟ �o�aTKOBHX eJieMeH­
τapHHX πepeτBopeHb HeJiiHiHHY φyπκπ;ίΙΟ 3aMiH5IIOTb ϊϊ JiiHiHHHM 
aπanoroM τa 3acτocoByIOTb JiiHiHHHH ΜΗΚ a6o πί�ί6paτπ φyπκu;ioHaJibHY 
3aJie)ΚHiCTb (3.1 )-(3.3) τa ou;iHHTH ϊϊ a�eκBaTHiCTb (3.4). 

ΠοπίΉΟΜ k-20 cmeneHfl Υ = Σf:/pίχ ί-1. Κοeφίπ;ίeπτπ πoJiiHoMa Ρί BH-
3HaqaJOTb Β pe3yJibτaτi po3B'513aHH51 CJIAP (2.2), Β 5ΙΚΥ πi�cτaBJI51IOTb 
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MaτpπQi κoeφίQicHriB (3.3)-(3.5). 

C · p = b,

_ ι�-2 . _  . _  

ΣΝ . , 
cίJ - xk , ι - 1, ... , k + 1,J - 1, ... , k + 1,

k=1 

Ν 

bί = Σ Ykxi-1
, ί = 1, ... , k + 1.

k=1 

(3.3) 

(3.4) 

(3.5) 

)];e5Ικί φyΗκQίϊ C TaKHMH, mo πpHB0�51TbC51 �ο JΙίΗiΗΗΟΓΟ BHΓJUI,LΙ;Y 3a 
�ΟΠΟΜΟΓΟΙΟ Bi�πoBi�HHX πί�cτaΗΟΒΟΚ (τa6JI. 3.1 ), πίcJΙ51 1ΙΟΓΟ cτac 
ΜΟ)ΚJΙΗΒΗΜ 3acτoc0Baτπ niHiiiHπii ΜΗΚ. 3ayBa)ΚHMo, mo �JI51 φyHκQίii, Β 
5ΙΚΗΧ BHKOHYCTbC51 πi�cTaHOBKa τππy Υ = y-1 , oτpπMaHa MO�eJib
πpH3Haκy (y) C BHyτpiIIIHbO HeJiiHiHHOIO. 

Τππ φyHKQΪOHaJibHOΪ 3aJie)ΚHOCTi Μi)Κ �aHHMH BH6πpaIOTb 6a3YI01IH­
Cb Ha φί3Η1ΙΗΗΧ, eκοΗΟΜΪ1ΙΗΗΧ Η Τ. π. 3aKOHax a6o Β HaiiπpocriIIIOMY ΒΗ­
πa�κy πίcJΙ51 aHani3y rpaφiκa, Ha 5ΙΚΟΜΥ Bi�o6pa)l(aIOTb eκcπepπMeHTaJibHi 
ΤΟ1ΙΚΗ. Ha�ani φyΗκQίΙΟ 3aMiHIOIOTb aHaJIOΓΪ1IHHM JiiHiHHHM piBH51HH51M 
( τa6JI. 3 .1 ), κοeφίQίCΗΤΗ 5ΙΚΟΓΟ πi�cTaBJI5IIOTb Β (2.1) τa p03B '513ΥΙΟΤb OT­
pπMaHy CJIAP 6y�b-51KHMH Meτo�aMH τa 3Haxo�51Tb Bi�πoBi�Hi κοeφίQί­
CΗΤΗ Πp5ΙΜΟΪ αι , αz . ΠίcJΙ51 πepeBipκπ pe3yJibTariB ΠOBepτaIOTbC51 �ο ΒΗ­
χi�ΗΟΪ MO�eJiί τa ΒΗΚΟΗΥΙΟΤb 3BOpOTHi πί�cτaΗΟΒΚΗ (πpπκna� 3.1), πίcJΙ51 

. . . 

1ΙΟΓΟ πepeBtp51IOTb a�eκBaTHlCTb οτpπΜaΗΗΧ pe3yJibTaTtB, po3paXOBYI01IH 
iH�eκc κopeJI51Qίϊ τa cyMapHy KBa�paTH1IHY ΠΟΜΗJΙΚΥ (3.6). 

Ha )ΚaJib, He 3aB�H MO)l(Ha φyHKQiOHaJibHHMH πepeτBopeHH51MH Bi� 
HeJiiHiHHHX Mo�eneii πepeiiτπ �ο niHiHHHX. KpiM τοrο, ποτpi6Ηο Μaτπ Ha 
YBa3i, mo πpπ 0611πcneHHi πapaMeτpiB 3a ΜΗΚ MiHiMi3ycτbc51 cyMa 

. . . 

ΚΒa;::φaτιΒ Bl�XHJieHb πepeτBopeHHX, a He BHXl�HHX �aHHX. 
Υ pa3ί a�eκBaTHO πί�ί6paΗοϊ φyΗκQίϊ cyMapHa KBMpaTH1JHa 

ποΜπnκa Ha6JIH)ΚaCTbC51 �ο HYJI5I, a ίΗ.Σ(eκc κopeJI51Qίϊ R 6JIH3bKHH �ο 
O�HHHQl 

Σ[yί - Υ;] 2 __,ο. R = 1 - Σ�=1 (yί - Υ;)2 ιΣ:1 (y; - jί) 2 __, 1. (3.6)
ί=1 
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Τα6nuψι 3.1 

ΦyΗΚQiΪ, HKi npHBO.r.HTbCH .ι:.ο JΙίΗiΗΗΟΓΟ ΒΗΓJΙΗ.ι:.y
10 

ΦyHKQi.51 3aMiHM JiiHiMHe pίΒΗ.5ΙΗΗ.51 

Υ = ax becx Υ = lny Υ = Α + bX + CX

y = ax b Χ = Inx Υ = Α +bX 
Υ = aebx Α = Ina Υ = Α + bx 

1 1 Y=ax+b 
Υ = 

αχ +b
Υ=-

Υ 

1 1 1 Υ = αΧ +b 
y = Υ=-,Χ=-a

+b Υ χ 
Υ 

1 Y = Iny,X = ex Υ = αΧ +b 
y =

(aex+b) 
y = alnx + b Χ= Inx y = aX+b 

CτeπiHb ΠΟJΙίΗΟΜa ΠΟΒΗΗeΗ 6yτπ MeHIIIHM 3a κίJibKiCTb 3a�aHHX 

τοqοκ πr.rn ΤΟΓΟ, rn;o6 τaκππ ΠΟJΙίΗΟΜ 6yB C�HHHM. Ηaπpπκπa�, 51KIIJ;O 3a­
�aHO τpπ τοqκπ, ΤΟ ϊχ ΜΟ)ΚΗa Ha6JIH3HTH ΠΟJΙίΗΟΜΟΜ HYJibOBOΓO (τοqκa), 

πepmoro (πp51Ma) a6o �pyroro (πapa6oπo10) cτeπeπiB. 
ΠpπqoMy, πapa6oπa 6y�e τοqπο πpοχο�πτπ qepe3 τpπ 3a�aπi τοqκπ 

( cyMa KBMpariB Bi�cTaHeH �opiBHIOBaTHMe HYJIIO ), ocκίJibKH τpπ κοeφί-
. . 

Π:ΙCΗΤΗ KBa�paτπqπoro ΠOJilHOMa O�HO3Haqπo BH3HaqaIOTbC51 3 τpbOX 
yMoB πpοχο�)ΚeΗΗ51 qepe3 3MaHi τοqκπ. Β �aHoMy Βππa�κy, ΜΗ oτpπMa­

cMo Β)Κe πe πa6JIH)ΚeHH51 �aππχ, a ϊχ ίπτepποJΙ51QίΙΟ. Ha πpaκτππ:ί, 5ΙΚ πpa­
BHJIO, 3aCTOCOBYIOTb ΠΟJΙίΗΟΜΗ He Ha�TO BHCOKHX cryπeHiB11.

Πpuκπαd 3.1. ΠepeBipκa rίποτe3π προ 3aκοπ pο3πο�ίπeΗΗ51 
eκcπepπMeHTaJibHHX �aHHX. 

3αοαι.ια - BBa)ΚaTH, rn;o �aHi oππcyIOTbC51 φyHKQiOHaJibHOIO 3aJie)Κ-

HiCTIO y(x) =
1

1 
b' ΒΗ3Ηaqπτπ κοeφίπ:ίcπτπ α τa b.

α χ+ 

3aMiHHMO φyπκπ:ίΙΟ ϊϊ JiiHiHHHM aHaJIOΓOM Υ(Χ) =αχ+ b (�ΗΒ. 
τa6π. 3 .1) τa 3acτocycMo πίπίππππ ΜΗΚ. 

## Πp1ι1κ11aJJ, 3.1 
## Πepesipκa riποτe31ι1 3a 11iHi�H1ι1M ΜΗΚ 
clear all; clc; delete(gco()) 

Χ0=[0.56; 0.8 ; 1.8; 3.2; 4.8; 5.05; 7.1; 8.25; 9.05; 9.55]; 

ιο 3a ΥΜΟΒΜ )];OTpMMaHH.51 o6Me)ΚeHb Ha o6naCTb BM3HaqeHH.51 φyΗκr_τiϊ 
11 ,[(ΜΒ. npMKJia)];M ,ι::ι;ani Β Qiii TeMi
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Υ0=[0.46; 1.05; 1.75; 2.65; 2.83; 2.91; 2.98; 3.0; 3.03;3.06]; 
## ΠiΑΓΟΤΟΒΚa BXiAH�X AaH�X 
Υ = 1./Υ0; Χ =  1./Χ0; η = length(Y); 
χ =  [η, sum(X); sum(X), sum(X.Λ2)]; 
b = [ sum(Y); sum(X.*Y) ]; 
## 3Ha�AeMO p03B'H30K c�cτeM� piBHRb 
a = χ \ b 

printf("PiBHRHHR npRMOi: y=%f*x + %f\n", a(2), a(1)) 
## Πo6yAoBa rpaφiκa niHii y = a2 * χ +  a1, 
## τa eκcnep�MeHτanbH�x τοΥοκ Β OAHi� rpaφiYHi� o6nacτi 
subplot(2,1,1) 
x=linspace(0.1 , max(X)); 
y=a(2)*x + a(1); 
plot(X,Y,'ok',"markersize", 16,"linewidth", 2.5, 

x,y, '--k', 'linewidth',2.75) 
xlabel('X'); ylabel(Ύ'); grid on; 
set(gca "linewidth" 2 "fontsize" 16 'gridalpha' 0.75) 

, , , , , , 

h = legend ('data', '{\ita}_{2}{\itx}+{\ita}_{1}'); 
legend (h, "location", "southeast"); 
title ("niHi�H�� ΜΗΚ"); set (h, "fontsize", 16); 
## O6Y�cneHHR κοeφi�iεΗτa κopenR�ii 
mean_X = sum(X) / length(X); 
mean_Y = sum(Y) / length(Y); 
nom = sum((X.- mean_X).* (Υ.- mean_Y)); 
denom = sum((X.- mean_X).Λ2) * sum((Y.- mean_Y).Λ2); 
r = nom / sqrt(denom); 
t = r * sqrt(( n-2) / (1 - rΛ2)); 
printf("Koeφi�iεHτ κopenR�ii r=%f, κp�τepi� CτΊ οΑeΗτa t=%f\n", 
r, t) 
#### nepesipκa pe3ynbτaτy 
f = @(χ, a, b) 1./(a ./ χ +  b); 
x=linspace(0.1,10); y=f(x, a(2), a(1)); 
subplot(2,1,2) 
plot(X0,Y0, 'ok',"markersize", 16,"linewidth", 2.5, 

x,y, '-k', 'linewidth' ,2.75) 
xlabel('X'); ylabel(Ύ'); grid on; 
set(gca "linewidth" 2 "fontsize" 16 'gridalpha' 0.75) 

, , , , , , 

h = legend ('data', '1/({\ita}/{\itx}+{\itb})'); 
legend (h, "location", "southeast"); 
title ("Pe3ynbτaτ");set (h, "fontsize", 16); 
## nepesipκa pe3ynbτaτy 
y = Υ0; Υ = f(X0, a(2), a(1)); 
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reshape(Y, 1, length(Y)); 
err = sum((y - Υ).Λ2) 
R = sqrt(1 - sum((y - Υ) Λ 2) / sum((y - mean(y)) Λ 2)) 

a = 

0.14974 
0.96095 

PiBHRHHR npRMoϊ: y=0.960952*x + 0.149736 
Κοeφi�iεΗτ κopenR�iϊ r=0.951514, κp�τepi� Cτ,��eHτa t=8.749183 
err = 2.8625 
R = 0.80240 
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P11cyHoκ 3.1 

Β pe3ynbτaτi pο6οτπ πporpaMII oτpIIMaJIII κοeφίQίcπτπ α = Ο, 96 τa 
b = ο, 14. Απanί3 pe3yJibTaTiB (pπc. 3.1) ΠOKa3YC, ΙΙ(Ο Πp51Ma πpoxo�IITb 
�ΟΒΟJΙί 6JIII3bKO �ο Ha6opy �aHIIX (Χ, Υί) ί=1 ,2, ... ,Ν, κοeφίQίCΗΤ κopeJUIQiϊ τa 
κpπτepίπ Cτ'Ιο�eπτa Β rpaHIIQ5IX �oπycTIIMIIX 3HaqeHb, πpπ QbOMY aHaJiί­
TIIqHa κpIIBa y( χ) Bi�πoBi�ac BXi�HIIM �aHIIM τίJΙbΚΙΙ Β qacTIIHi �iaπa-

. 
-

3ΟΗΥ, ΙΙ(Ο Πl�TBep�)ΚYCTbC5I po3paxoBaHIIMII 3HaqeHH5IMII cyMapHOl KBM-
paτπquoϊ ΠΟΜΙΙJΙΚΙΙ err = 2,8625, 51Ka cyττcBO Bi�pi3H5ICTbC51 Bi� HYJUI τa 
κοeφίQίCΗΤa κopeJUIQίϊ R = 0,8024, 5ΙΚΙΙΗ He Ha6JIII)ΚaCTbC51 �ο O�IIHΠQi. 
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Ουκe JiίπeapH3aQί51 φyπκQίϊ y(x) Β �aHoMy ΒΗπa�κy �aJia He3MOBΪJibHHH 

pe3yJibτaτ. 

Φyι-ικu;ίί Octave ΜΠ uao.JDDReιmπ �ιmχ 3a ΜΗΚ 

• polyfίt(x, y, k). ΠapaMeτpH x,y - MaCHBH BXi�HHX �aHHX, k -

cτeπiHb πoJiiHoMa. ΦyπκQί.Η poly f ίt πoBepτae MaτpHQIO κοeφίQίeπτiΒ α,

πoqHHaJOqH 3 Ηaπ6ίJΙbΙΙΙΟΓΟ cτeπeH.H; 

• polyval (p, χ) - o6qHcJieHH51 3HaqeHH51 ΠΟJΙΪΗΟΜa Ρ Β τοql(ί χ;

• splίne (χ, y, breaks) - aπpoκcHMaQί.H cπJiaππaMH;

• polyder ( C) - o6qHcJieHH51 ποχί�ποϊ Bi� ΠΟJΙΪΗΟΜa, 3a�aH0Γ0 Βeκ­

τοpοΜ κοeφίQίeπτiΒ c. 
,Π:JΙ.Η φyπκQίϊ polyfίt() y Bxi�HHX apryMeπτax πepe�aIOTb ΒeκτοpΗ 3 

�aHHMH, a Ha ΒΗΧΟ�ί οτpΗΜΥΙΟΤb Βeκτοp κοeφίQίeπτiΒ ΠΟJΙΪΗΟΜa, πoqHHa­

JOqH 3ί cτapIII0Γ0 cτeπeH51. ΦyΗκQί51 polyfίt() ΜΟ)Κe 6yτΗ BHΚJIHKaHa �o­
�aTK0BHMH apryMeHTaMH �JI51 ΠΟJΙΪΠΙΙΙeΗΗ51 5ΙΚΟCτί Ha6JIH)ΚeHH51 τa oτpH­

MaHH51 �e.Ηκοϊ �ο�aΤΚΟΒΟΪ ίπφοpΜaQίϊ προ ΗbΟΓΟ. 

ΠοcτaΒΗΜΟ 3a�aqy Ha6JIH3HTH �aHi, 51Κί 3a�aHi MaCHBaMH χ τa γ πο­

JΙΪΗΟΜaΜΗ �pyroro-Π15ΙTOΓO cτeπeHiB 3a �ΟΠΟΜΟΓΟΙΟ cτaπ�apτποϊ φyΗκQίϊ 

polyfίt(), BKa3aBIIIH Β ϊϊ BXi�HHX apryMeHτax Βeκτοp 3 �aHHMH ί cτeπeπί 

ΠΟJΙΪΗΟΜΪΒ. CaMi κοeφίQίeΗΤΗ BH3HaqHM0 5ΙΚ MaCHBH p2 - pS, Βi�ΠΟΒί�­

ΗΟ. 

Πpuwιad 3.2. Ha6JIH)ΚeHH51 �aHHX ΠΟJΙΪΗΟΜΟΜ. 
3αοαιια - �JI.H 3a�aHHX τοqοκ 3HaHTH κοeφίQίeπτiΒ πoJiiHoMiB 2-5 

cτeπeπιΒ. 

% Πpι-1κ11a.ι:ι, 3.2 

Χ =  [2.65 2.53 2.4 1.65 1.12 0.72 0.5 0.42 0.28 0.12 ]; 

Υ = [-2.75 -1.05 0.9 2.45 2.1 1.95 0.1 -1.2 -2.4 -2.6]; 
p2 = polyfit(X, Υ, 2)

p3 = polyfit(X, Υ, 3)
p4 = polyfit(X, Υ, 4)

p5 = polyfit(X, Υ, 5)
p2 = -3.4172 9.8999 -4.2471 

p3 = -0.43212 -1.66388 8.06923 -3.83962 

p4 = -1.1801 5.8320 -12.2175 14.1998 -4.7528

p5 = -2.3980 15.4349 -35.0142 30.0179 -2.6504 -2.9016

,Π:JΙ51 πο6y�ΟΒΗ rpaφiκiB κpΗΒΗΧ, IQ0 0ΠHCYIOTbC51 oτpHMaHHMH 
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ΠΟJΙίΗΟΜaΜΠ, CJiί,[{ 3Ηaπτπ ϊχ 3HaqeHH51 Β πpοΜi)Ι(ΗΠΧ τοqκaχ, ΙΙ(Ο HaJie)l(aTb 
iπτepBaJIY, πa 5ΙΚΟΜΥ 3a,[{aHi ,[{aHi, το6το Mi)I( x(l) ί x(end). L{JI51 Qboro 
ποτpί6πο 3ΓeHepyBaTΠ Ν = 50 τοqοκ, piBHOMipHO p03TaIIIOBaHΠX Β 
o6Jiacri BΠ3HaqeHH51 ,[{aΗΠΧ, 3a ,[{ΟΠΟΜΟΓΟΙΟ φyΗκQίϊ lίnspace() τa 
ο6qπcJΙΠΤΠ Β ΗΠΧ 3HaqeHH51 ΠΟJΙίΗΟΜiΒ pC2), pC3), p(S) 3a ,[{ΟΠΟΜΟΓΟΙΟ
φyπκQίϊ polyval ( )  . Pe3yJibτaτ 36eperτπ y MacπBax f n2, f n3 , f nS 

. . 
Bl,[{ΠOBl,[{HO. 

Βχί,[{ΗΠΜΠ apryMeHTaMΠ φyΗκQίϊ polyval () Β HaππpocriIIIOMY 
Βππa,[{κy e Βeκτοp κoeφiQieπriB πoJiiHoMa ί Βeκτοp 3Haqeπb He3aJie)l(HOϊ 
3ΜΪΗΗΟΪ, ,[{JI51 5ΙΚΠΧ ποτpί6πο ο6qπcJΙΠΤΠ 3HaqeHH51 ΠΟJΙίΗΟΜa, a ΒΠΧΪ,[{ΗΠΜ 
- Βeκτοp 3Haqeπb πoJiiHoMa. L{JI5I πepeBipκπ πο6y,[{yΒaτπ Βπχί,[{Ηί τοqκπ ί
oτpπMaHi κpπΒi Ha Ο,[{ΗΟΜΥ rpaφiκy (pπc. 3.2).

Πpuκιιαd 3.3. Ha6JIH)l(eHH51 ,[{aΗΠΧ ΠΟJΙΪΗΟΜΟΜ. 
3αοαιια - ο6qπcJΙΠΤΠ 3HaqeHH51 ΠΟJΙίΗΟΜa 3a ,[{ΟΠΟΜΟΓΟΙΟ polyval( ). 

% reHepyεMO 50 3HaYeHb apryMeHTY 
χ =  linspace(X(l), X(end), 50); 
% o6Y�cneHHH 3HaYeHHH noniHOMa 
fn2 = polyval(p2, χ); 

fn3 = polyval(p3, χ); 

fn4 = polyval(p4, χ); 

fn5 = polyval(p5, χ); 

Πpuκιιαd 3.4. Ha6JIΠ)l(eHH51 ,[{aΗΠΧ ΠΟJΙΪΗΟΜΟΜ. 
3αοαιια - πο6y,[{yΒaτπ rpaφiκ κpπΒοϊ, ΙΙ(Ο oππcyeτbc51 ποJΙίΗοΜοΜ. 

% no6y�osa rpaφiκa 
subplot(2,1,1) 
plot(X, Υ, 's', 

χ, fn2, "linewidth", 1.75, χ, fn3, "linewidth", 1.75, 
χ, fn4 , "linewidth", 1.75, χ, fn5 , "linewidth", 1.75) 

% HanaωτysaHHH B�rn�HY oce� κοοp��Ηaτ τa nereH�� 
xlabel('X'); ylabel(Ύ'); grid on 
set(gca "linewidth" 2 "fontsize" 16) 

, , , , 

h = legend ('data', '{\itp}Λ{(2)}({\itx})', 
'{\itp}Λ{(3)}({\itX})'; 

legend (h, "location", "northeastoutside"); 
set (h, "fontsize", 16); 
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4 -------------.--------- �-� 
<> data 

2 ι-----t---+���-�"'-��--ι-----4 _ 
Ρ

(2\χ) 
>- Ο Ι----(dί-=----ι-----+------+--"'Ιr-1--� •.• , Ρ(3\χ) 

-4 ,..__ _ __._ __ ___,__ __ _.__ _ ____. __ __._ _ _____.

ο 0.5 1.5 
χ 

2 2.5 3 

3 r-----τ-----τ:-::::-;:;::::::::;;;ι;;.:;;�;;;;;;:J---τ-------, 

2 ι-----ι---+��r;:ι:--��ι.οο.....ι�
,_

-ι-----4 <> data 
1 ι-----+----:;---+---+-----t---"tl�------i _ Ρ(4\χ) 

>- ο -1 ι-----.ι�----+---+-----t---fllr-------i .... Ρ(5)(χ)
-2 t--,,-�-t----ι----t----t----t-�--1 

-3 ..... -----+----ι-----+------+---+-......... � 
-4 ,..__ _ __._ __ ___,__ __ _.__ _ ____. __ __._ _ _____.

ο 0.5 1.5 
χ 

2 

P11cyHoκ 3.2 

2.5 3 

L{JI51 τοrο, ΙΙ(Ο6 �ί3Ηaτπc51, HacκίJibKH �aneκo Bi�cτae rpaφiκ κpπΒοϊ 
πoniHoMa Bi� 3a�aHHX τοqοκ, το6το 51Ka 6yna �oπyll(eHa ποΜΗJΙκa πpπ Ha-
6JIH)ΚeHHi �aHHX, CJiί� BlIΚJIHKaTH φyHκl(ίIOpolyf ίt() 3 �BOMa BHXi�HlIMlf 
apryMeHTaMH. Υ πepIIIHH 3 ΗΗΧ 3aΠHIIIeTbC51 Βeκτοp κoeφil(ieHτiB πο6y�ο­
ΒaΗΟΓΟ ΠΟJΙίΗοΜa, a Β �pyriπ: cτpyκτypa 3 iHφopMal(ίeIO προ Ha6JIH)ΚeHH51 
(HopMy), qlfM MeHIIIlIH l(eH ΠOKa3HlIK, ΤΗΜ κpall(e. 

Πpuκιιαd 3.5. Ha6JIH)ΚeHH51 �aHHX ΠΟJΙίΗΟΜΟΜ. 
3αοαι.ια - ο6qπcnπτπ τa HMpyκyBaτπ ποχπ6κπ o6qπcneHb. 

## ρ,pyκ ποχ1ι16κ1ι1 
for i = [2:5] 

[p, SJ = polyfit(X, Υ, i); 
printf("CτeniHb: %d. Ποχ1ι16κa: %f, df %d\n", i, S.normr, 

S.df)

endfor

Pe3yJibτaτ: 

CτeniHb: 2. Ποχ1ι16κa: 1.931491, df 7 
CτeniHb: 3. Ποχ1ι16κa: 1.880512, df 6 
CτeniHb: 4. Ποχ1ι16κa: 1.672041, df 5 

CτeniHb: 5. Ποχ1ι16κa: 1.157744, df 4 
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Πpuκιιαd 3. 6. Ha6JIΠ)ΚeHllil )];aΗΠΧ ΠΟJΙίΗΟΜΟΜ. 

3αοαι.ια - ο6qπcππτπ 3Haqeπllil ποπίποΜiΒ 7 τa 9 cτeπeπiB. 

## Πp1ι1κ11aρ, 3.6 
p7 = polyfit(X, Υ, 7), p9 = polyfit(X, Υ, 9) 
polyout(p7), polyout(p9) 
## 06Y&ι1CJ1eHHH 3HaYeHHH ΠOJliHOMa 
fn7 = polyval(p7, χ); fn9 = polyval(p9, χ); 
for i = [7,9] 

[p, SJ = polyfit(X, Υ, i); 
printf("CτeniHb: %d. Ποχ1ι16κa: %f, df %d\n", i, S.normr, 

S.df)
endfor

Pe3yJibτaτ: 

p7 =

0.03972*s Λ7 + 4.767*s Λ6 - 43.242*s Λ5 + 143.8*s Λ4 - 222.7*s Λ3 +

159.5*s Λ2 - 40.109*sΛ1 + 0.29243 
p9 =

43.189*s Λ9 - 516.92*s Λ8 + 2574.6*s Λ7 - 6919.5*s Λ6 + 10894*s Λ5 
- 10223*s Λ4 + 5578.7*s Λ3 - 1654.9*s Λ

2 + 240.71*s Λ1 - 15.427
CτeniHb: 7. Ποχ1ι16κa: 0.275276, df 2 
CτeniHb: 9. Ποχ1ι16κa: 0.000000, df 0 
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pe3yJibTaτy. Υ �bOMY ΜΟ)ΚΗa πepeκoπaeTbC51 πο6y)];yΒaΒΠΙΠ ΠΟJΙίΗΟΜΠ 7, 

8, 9, ... , n-cτeπeHiB. Πpπ ΤΟΜΥ, ΙΙ(Ο ΠΟΜΠJΙΚa Ha6JIΠ)ΚeHllil 6y)];e 
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3MeHIIIyBaTHC51 (.[{Ο πeΒΗΟϊ τοqκπ), 5ΙΚΪCΤb Ha6JIH)ΚeHH51 ΠΟ3a eκcπepπMeH­

TaJibHHX τοqοκ ΜΟ)Κe cτaτπ He3MOBΪJibHOIO (pπc. 3.3a), ane .L{JI51 πepΙΙΙΟΓΟ 
πpπκna.L{y pe3ynbτaτ 6y.L{e iHIIIHM (pπc. 3.36). 

ΠpuκrιαΟ 3. 7. Ha6JIH)ΚeHH51 .L{aHHX ΠΟJΙΪΗΟΜΟΜ. 
3αοαιια - ο6qπcnπτπ κοeφίQίcπτπ ποnίποΜa 3a HaBe.L{eHHM anropπτ­

MOM ΜΗΚ (3.3)-(3.6). 

% Πpι-1 KllaJJ, 3. 7 
clear all, clc 
Ν = 4; % cτeniHb ΠOJliHOMa + 1 
Χ=[0.56; 0.8 ; 1.8; 3.2; 4.8; 5.05; 7.1; 8.25; 9.05; 9.55]; 
Υ=[0.46; 1.05; 1.75; 2.65; 2.83; 2.91; 2.98; 3.0; 3.03; 3.06]; 
b = zeros(N, 1); C = zeros(N, Ν); 
# Blι13HaYeHHR κoeφi�iEHTiB J],JlR cnAP 

for i = 1:Ν 
for j = 1:Ν 

C(i,j) = sum(X.Λ(i+j-2)); 
end 
b(i) = sum(Y.*X.Λ(i-1)); 

end 
printf("B1ι1xiJJ,Hi Maτp1ι1�i:\n") 
display('X ='); display(X'); display(Ύ ='); display(Y'); 
display(C); display('b ='); display(b'); 
## P03B'R30K 

printf ( "Κοeφi�iεΗτι-1 noniHoMa: \n"); p = C \ b; ( flip ( p))' 
printf("ΠoniHoM 4 cτeneHR (polyfit):\n"); polyout(p) 

Pe3ynbτaτ: 

B1ι1xiJJ,Hi Maτp1ι1�i: 
Χ =  0.56 0.80 1.80 3.20 4.80 5.05 7.10 8.25 9.05 9.55 
Υ = 0.46 1.05 1.75 2.65 2.83 2.91 2.98 3.00 3.03 3.06 
C = 

10.00000 50.16000 
50.16000 354.55360 

354.55360 2810.29537 
2810.29537 23496.66977 

354.55360 
2810.29537 

23496.66977 

2810.29537 
23496.66977 

202591.20297 

b = 
23.720 

202591.20297 1781341.44901 

143.560 1054.691 8447.629 
Koeφi�iEHTι-1 ΠOJliHOMa: 
ans = 0.010177 -0.208234 1.396564 -0.110295 
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ΠoniHoM 4 cτeneHR (polyfit): 

-0.1103*s Λ3 + 1.3966*s Λ2 - 0.20823*s Λ1 + 0.010177

Pe3ιoMe 

Β ,[(aHiH TeMH ΜΗ HaBqHJIHC51 BHKOpHCTOByBaTH HeJiiHiHHΠH BapiaHT 
ΜΗΚ ,[(JI51 aπanί3y eκcπepπMeHTaJibHHX ,[(aHHX, a caMe cΚJia,[(aTH τa 
po3B '513yBaTH CJIAP 3aco6aMH Octave ,[(JI51 po3paxyπκy κοeφίΙ(ίcπτiΒ 
ποJΙιΗοΜy n-ro cτeπeH51. 

O3HaHOMHJIΠC51 ί3 ,[(e51KHM CTaH,[(apTHHMH φyΗΚQΪ5ΙΜΗ, πpΠ3Ηaqeππ­
ΜΗ ,[(JI51 pο6οτπ ί3 ΠΟJΙίΗΟΜaΜΗ. Po3po6HJIH τa πpoτecτyBaJIΠ πporpaMH 
po3paxyπκiB κοeφίΙ(ίCΗΤiΒ ΠΟJΙίΗΟΜiΒ Ha OCHOBi aJIΓOpHTMY HeJiiHiHHOΓO 
ΜΗΚ τa 3a ,[(ΟΠΟΜοrοω φyπκl(ίϊ polyfίt( ). ΠepeκoHaJIHC51, ΙΙ(Ο 3aMiHa 
HeJiiHiHHOΪ φyΗΚΙ(iϊ ϊϊ JiiHiHHHM aHaJIOΓOM He 3aΒ)Κ,[(Π πpH3BO,[(HTb ,[(Ο 
πpΗΗΗ5ΙΤΗΟΓΟ pe3yJibTaτy. HaBqHJIHC51 πpHHOMaM CΚJia,[(HOΓO 
φopMaτyBaHH51 rpaφiκiB 3aco6aMπ πaκeτy. 

Φyπκl(ίϊ Octave, 51Κί BπBqaωτbc51 Β τeMi: polyfίt(), polyval(), 

sum( ), mean( ), plot( ), oπepaτop «\». 

Ιbιτaιπιπ ΜΠ caMoπepeBipκu 

1. Β 5ΙΚΠΧ 3a,[(aqax y Barni:u πpe,[(Meτπi:u rany3ί BHHHκac πeο6χί,[(­
πίcτb 3acτocyBaHH51 HeJiίπi:uπoro ΜΗΚ? 

πeH51. 
2. Οππmίτb aJIΓ0pHTM o6qHcJieHH51 κοeφίΙ(ίCΗτίΒ ΠOJiίHOMak-ro cτe-

3. 5Ικ ΟΙ(ΪΗΗΤΗ a,[(eKBaTHiCTb ο6paποϊ φyHKI(iOHaJibHOΪ 3aJie)ΚHOCTi?
4. 5Ικ HeJiiHiHHY φyΗΚΙ(ίΙΟ πpHBeCTH ,[(Ο JΙίΗiΗΗΟΓΟ BHΓJIMy?
5. 5Ικ cτeπeHb πoJiiHoMa BΠJIHBac πa κpΗΒΥ perpeciϊ? IIJ;o Bi,[(6yBa­

CTbC51 3a 3Haqπoro πί,[(ΒΗΙΙ(eΗΗ51 cτeπeH51 ΠΟJΙίΗΟΜa (k > 7 ... 10)? 

ΠpaκDNHe 3aB�aιnιπ 

3a ,[(ΟΠΟΜοrοω ΜΗΚ τa B6y,[(oBaHHX φyπκQiΗ Octave ΒΠ3Ηaqπτπ πa­
paMeτpH κpΗΒΟΪ, 51Ka Ha:uκpall(HM qHHOM oππcyc eκcπepHMeHTaJibHi ,[(aHi. 

ΠοpΠ,ΙΙ;ΟΚΒΗΚΟΗaΗΗΠ3aΒ�aιπιπ 

1. 3a,[(aTH ΒeκτοpΗ χ τa y ΒΗΧΪ,[(ΗΗΧ τοqοκ τa πo6y,[(yBaTH ϊχ rpaφiκ.

2. 3a ,[(ΟΠΟΜΟΓΟΙΟ φyΗκQίϊ polyf ίt() o6qHCJIΠTH κoeφil(iCHTH ,[(JI51
,[(eKίJibKOX ΠΟJΙίΗΟΜiΒ 3-7 cτeπeHiB. OQiHHTH a,[(eKBaTHiCTb πί,[(ί6paποϊ 
φyΗκQίϊ 3a ,[(ΟΠΟΜΟΓΟΙΟ (3.4). Πo6y,[(yBaTH rpaφiκH, πopiBH51TH pe3yJibTa­
TΠ 3 eκcπepHMeHTaJibHHMH ,[(aHHMH, 3pο6ΗΤΠ BHCH0BKH. 
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3. Q6qπcππτπ κοeφίl(ί€ΗΤΠ ΠΟJΙίΗΟΜa, BHK0pΠCT0ByIOqπ (3.1 )---(3.3)

τa ΒΠJΙyqπΒΙΙΙΠ Ο�ΠΗ-�Βa κοeφίQίeΗΤΠ ΠΟJΙΪΗΟΜa, Ηaπpπκπa�, �Ba cτapIIIi 
πapHi cτeπeΙUΙ. OΙ.(ΪΗΠΤΠ a�eκBaTHΪCTb πί�ί6paΗοϊ φyΗκl(ίϊ, πo6y�yBaTH 
Bi�πoBi�Hi rpaφίκπ, 3pο6πτπ ΒΠCΗΟΒΚΠ. 

4. Βπ3Ηaqπτπ aHaπiτπqHy φyΗκl(ίΙΟ, mo Haπκpame Bi�πoBi�ae eκc­
πepπMeHTaJibHHM �aΗΠΜ (τπππ φyΗΚΙ.(ΪΠ �ΠΒ. pπc. 3. 7), 3acτocyBaBIIIH 
ΜacΙΙΙτa6Ηππ κοeφίl(ίeΗτ �ο �aΗπχ (3a Heo6xi�Hocτi). 

5. ΒπκοpπcτοΒyωqπ φyΗκl(ίΙΟ splίne( ), 3Ηaπτπ cππaπΗ, mo Haπ­
κpaI.QHM qπΗΟΜ oππcye BXi�Hi �aHi. ΠοpiΒΗ5ΙΤΠ ί3 pe3yJibTaTaMH aπpoκcπ­
Mal(iϊ ΠΟJΙΪΗΟΜaΜΠ, πo6y�yBaBIIIH cπίJΙbΗΠΠ rpaφiκ. 3pο6πτπ ΒΠCΗΟΒΚΠ. 

Iu,ι:ι:uoiJι;ya.JILιιi 3aB,I:Ι;auuπ 

BapiaHT 1 

χ 0,45 0,61 1,68 2,75 3,82 4,89 5,96 7,05 8,11 9,77 
Υ 0,40 0,53 4,35 11,7 25,6 36,30 54,20 75,93 102 132 
BapiaHT 2 

χ 0,37 1,44 2,51 3,58 4,65 5,72 6,79 7,86 8,93 10,0 
Υ 5,32 6,69 12,45 14,86 18,42 29,55 47,42 69,20 94,0 126 
BapiaHT 3 

χ 0,27 1,35 2,43 3,51 4,59 5,67 6,75 7,83 8,92 10,0 
Υ 3,65 4,82 5,26 5,54 5,74 5,9 6,05 6,14 6,24 6,45 

BapiaHT 4 
χ 0,24 1,32 2,40 3,48 4,56 5,64 6,72 7,80 8,88 9,97 
Υ 0,01 0,49 3,42 5,40 6,61 7,66 8,53 9,27 9,92 10,49 
BapiaHT 5 
χ 4,60 5,71 6,86 7,97 9,0 10,2 11,3 12,38 13,49 14,60 
Υ 19,25 15,56 13,95 13,00 12,27 11,75 11,42 10,88 10,25 10,06 

BapiaHT 6 
χ 4,70 5,8 6,9 8,1 9,15 10,45 11,45 12, 78 13,35 14,71 
Υ 14,7 13,25 11,65 11,01 10,55 9,91 9,52 9,05 8,9 8,45 
BapiaHT 7 
χ 4,5 5,7 6,85 8,2 9,04 10,1 11,45 12,3 13,85 15,25 

Υ 3,21 35,3 80,3 96,2 102 107 110 113 114 117 
BapiaHT 8 
χ 4,8 5,9 7,0 8,5 9,1 10,6 11,5 12,6 13,93 14,8 

Υ 12,5 10,4 9,5 9,05 8,8 8,42 8,1 7,99 7,88 7,6 
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Bapiaπτ9 

χ 1,21 2,0 2,88 3,55 4,54 5,37 6,2 7,05 7,88 8,71 

Υ 33,2 31,5 31,0 29,2 26,5 24,1 19,7 14,3 7,1 1,25 

Bapiaπτ 10 

χ 1,2 2,12 3,0 3,75 4,85 5,74 6,75 7,59 8,5 9,4 

Υ 172 169 166 165,5 164,9 160,2 157,1 151 147 138 

Bapiaπτ 11 

χ 1,44 2,3 3,26 4,1 5,09 5,78 6,95 7,8 8,85 9,99 

Υ 31,1 40 40,7 40,4 40,2 39,8 39,45 39,05 38,9 37,2 

Bapiaπτ 12 

χ 1,36 2,27 3,22 4,2 5,02 5,88 6,99 7,74 8,65 9,33 

Υ 89,0 88,6 87,8 87,1 86,0 84 83,2 81,7 79,5 77,6 

Bapiaπτ 13 

χ 1,5 2,39 3,2 4,2 5,4 6,0 6,9 7,85 8,9 9,9 

Υ 12,3 12,39 12,50 12, 7 13,35 14,0 15,0 17,2 19,8 25 

Bapiaπτ 14 

χ 1,3 2,2 3,1 4,2 4,9 5,9 6,7 7,7 8,6 9,75 

Υ 10,0 10,3 10,7 11,4 12,6 14,7 18, 1 23,2 30,1 38,5 

Bapiaπτ 15 

χ 0,79 1,8 2,7 4,2 4,79 5,82 6,79 7,8 8,4 9,9 

Υ 116 114 112 110 107,9 106 103 100,42 97,4 93 

Bapiaπτ 16 

χ 0,8 1,78 2,8 3,81 4,82 5,9 6,8 7,8 8,8 9,8 

Υ 1,75 5 9,2 14,3 19,7 25,7 33 39,8 47,2 56 

49 



8 
'7 

6 
5 

4 

Υ 3

2 
1 
ο 

• 1

-2
ο Ι 

2 

1.5 

Υ 1 

0.5 

ο 

ο 1 

0.9 

0.8 

0.7 

0.6 
}' 

0.5 

0.4 

0.3 

0.2 

0.5 1 

0.8 

0.7 

0.6 

0.5 

Υ 0.4 

0.3 

0.2 

0./ 

ο 

0.5 1 

.. .. .. .. .. ··-··········--.. ···· 

.. ' 

α-lο (.ι;)+!J 

2 3 

χ 

1/(a·x+b) 

2 3 

χ 

! •••• 

fΙ(αΛ:+b) 

1.5 2 2.5 3 3.5

χ 

1/(a·�
x

+b) 

1.5 2 2.5 3 3.5 

χ 

24 

22 

20 

18 
/6 

)1 14 

12 

/Ο 

-- (j 

4 

4 5 0.5 Ι 1.5 

80 
--

70 -

60 

50 

)1 40 

30 

20 

10 

ο 

4 5 ο 1 

0.9 

U.8

0.7 

0.6 

_γ 
0.5 

0.4 

0.3 
--

1 0.2 
4 4.5 5 0.5 1 1.5 

1 25 
--

20 

15 

)' 
........ 10 

ο 

4 4.5 5 ο 1 

PMCYHOK 3.7

2 

2 

? ,. 

2 

.. ···� .. al:r.+h --

.. 

.... -� ... .... ' ....... � ........ , .. 

2.5 3 3.5 4 4.5 

χ 

a-x
b 

--

3 4 

χ 

-� . . . : . 

1/(alx+b) --

2.5 3 3.5 4 4.5 

.χ 

3 4 

χ 

5 

5 

5 

5 

50 



ΤΕΜΑ4 

ΙΙΡΗΜΙ l\ιlETOLt;H ΠΟΙΙΙΥΚΥ ΜΠΠΜΥΜΥ ΦΥΗΚΠ;ή 
Ο)];ΗΙ€Ϊ 3ΜΠΠΙΟΪ 

Memoιo e 03Ha:UOMJieHH5I 3 Πp5ΙΜΗΜΗ MeTO,[(aMH ΠΟΙΙΙΥΚΥ MiHiMyMy 
. .. . .. . . 

O,[(Hlet 3Μ1ΗΗΟ1, OCHOBaM πporpaMyBaHH5I aπropHTMlB OCHOBHHX MeTO,[(lB 
ΟΠΤΗΜΪ3al(ίϊ τa 3acτocyBaHH5IM CTaH,[(apTHHX φyΗκQίπ Octave. 

Ποcmα1-1οeκα 3αοαιιί. Hexaπ QΪJibOBa φyπκQί5Ι y = f (χ) e φyπκ­
Qίeω Ο,[(Ηίeϊ 3ΜΪΗΗΟΪ Χ τa Mae MiHiMyM Ha 3a,[(aHOMY iπτepBaπi [ α, b ]. BH-
3Ha11HTH MiHiMyM Ι.(ΪJΙbΟΒΟΪ φyΗΚΙ.(iϊ ί3 3MaHOIO ΠΟΧΗ6ΚΟΙΟ ε. 

3a,[(a11i Ha ΠΟΙΙΙΥΚ MiHiMyMy (MaKCHMYMY) φyΗκQίϊ 3ycτpi11aIOTbC5I Β 
6araTbOX ΓaJIY35IX πayκΗ τa τexHiKH τa ΒΪ,[(ΟΜί 5ΙΚ MiHiMyM 3 aΗΤΗ1ΙΗΟΪ Γpe-
1.(ίϊ. Teopί5I eκcτpeMaJibHHX 3a,[(a11 πο11aπa pο3ΒΗτοκ 3 πο11aτκy 17-ro cτο­
pί111Ι5Ι. Υ [ 17] HaBe,[(eHO ίcτοpίΙΟ pO3BHTKY ,[(aΗΟΓΟ HaΠp5IMKY MaTeMaTHKH, 
11HCeJibHHX ΜeΤΟ,[(ίΒ, a τeπep Π πporpaMyBaHH5I. KπaCH11Hi MeTO,[(H ΟΠΤΗΜi-
3al(ίϊ 6a3yIOTbC5I πa ol(iHκax iπτepBaπy icπyBaHH5l MiHiMyMy τa ποcτyπο­
Βοrο ΠΟΓΟ 3By)ΚeHH5I. Β ,[(aHiπ TeMi ΜΗ 3Ocepe,[(HMOC5I Ha p03ΓJIMi τa pea­
Jiί3aQiϊ ΜeΤΟ,[(ίΒ Πp5ΙΜΟΓΟ ΠΟΙΙΙyκy. BMiHH5I peaπί3oByBaTH ΚJiaCH11Hi aJIΓO­
pHTMH e κopHCHOIO BπpaBOIO ,[(JI5I πporpaMicτa, pO3ΙΙΙΠpΙΟΙΟΤb ΠΟΓΟ CΒίτο­
ΓJΙΜ τa ΠΪ,[(ΒΗΙΙJ;ΥΙΟΤb ΠΟΓΟ κoπκypeHT03,[(aTHΪCTb. ΠpHΓa,[(aeMO 3 κypcy Ma­
TeMaTHKΠ: 

• το11κy Χο Ha3HBaIOTb ΤΟ1ΙΚΟΙΟ JIOKaJibHOΓO MaKCHMYMY φyΗΚΙ.(iϊ
f: D � R, 5IKIIJ;O 3Uv(x0): \fx Ε Uυ(x0)f(x) > f (χ0); 

• το11κy Χο Ha3HBaIOTb ΤΟ1ΙΚΟΙΟ JIOKaJibHOΓO MlHlMYMY φyΗΚΙ.(iϊ
f: D � R, 5IKIIJ;O 3Uv(x0): \fx Ε Uυ(x0)f(x) < f (χ0). 

5Ικω;ο 3Ηaκ HepiBHOCTi cτpΟΓΗΠ, ΤΟ OΊpHMaeMO cτpΟΓΗΠ JIOKaJibHHΠ 
MiHiMyM a6o MaKCHMyM. 3Ha11eHH5I φyΗκQίϊ f (χ) Β T0111.(i MaKCHMYMY Ha-
3HBa€TbC5I JIOKaJibHHM MaKCHMYMOM, 3Ha11eHH5I φyΗΚΙ.(iϊ Β ΤΟ111.(ί MiHiMyMy 
- JIOKaJibHHM MiHiMyMOM ,[(aΗοϊ φyΗκQίϊ. JioKaJibHi MaKCHMYM ί MiHiMyM
φyΗΚΙ.(iϊ Ha3HBaIOTbC5I JIOKaJibHΠMH eκcτpeMyMaMH.

Bci MeTO,[(H ΠΟΙΙΙΥΚΥ MiHiMyMy φyΗκQίϊ, rn;o 6y,[(yTb pO3ΓJI5l,[(aTHC5I Β 
TeMax 4-5, He BHKOpHCTOBYIOTb iHφopMaQίIO προ ποχί,[(ΗΥ φyΗκl(ίϊ, ΤΟΜΥ 
He BHMaraIOTb CKJia,[(HHX 0611HCJIIOBaJibHHX πpoQe,[(yp. 

3ara.JILua cxeMa πpmm:x Μeτο)];ίΒ πomyκy Μί.ιόΜΥΜΥ ua ίιιτepΒaJΙί 

ΦyπκQίΙΟ f(x), χ Ε D = [α, b] Ha3HBaIOTb yπiMO,[(aJibHOIO πa D, 
5IKIIJ;O icHye τaκa το11κa χ* Ε D, m;o 
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f (χι) > f(x2), χ* > Xz > Χι, 
f (χι) < f (χ2), χ* < Χι < Xz, Χι, Xz Ε D. 

(4.1) 

5Ικmο yπiMO,[(aJibHa φyΗκl(ί51 C HeπepepBHOIO, ΤΟ BOHa Mac C,[(HHY 
Toqκy MiHiMyMy πa D, 51Ka cπiBπa.[(ac 3 x*(pπc.4.1 α). 

/(χ) 

fixz 

fixι 

ο 
α 

/(χ) 

[(χι) 

f(Xz) 1 

-.- - -.. -

1 

1 1 

ο
1 

χ* Χι Xz b χ α Χι Xz

a) 6) 

χ* 

P11cyHoκ 4.1 - Jioκani3aQi51 iHτepBany πornyκy MiHiMYMY 

b χ 

,I(JI5I ποκαπί3αιJίϊ ίιπnepeaπy, uιο Micmumb ΜίJ-ιίΜyΜ, o6qπcJIIOIOTb 
3HaqeHH51 φyπκl(ίϊ y .[(Βοχ Toqκax Χι Ta χ2 πa iHTepBaJii [α, b] (α < Χι <
Xz < b ). l3 BJiaCTHBOCTi yπiMO,[(aJibHOCτi ( 4.1) MO)l(Ha 3po6HTH BHCHOBOK, 
I.QO MiHiMyM pO3TaIIIOBaHO a6o Ha [ α, Xz], a6o Ha [ Χι, b ]. 

5Ικmο f (χι ) < f (χ2), ΤΟ MiHiMyM He ΜΟ)Κe 3HaXO,[(HTHC51 Ha Bi.[(pi3KY 
[Xz, b], ,[(JI51 ΗΟΓΟ BHΚJIIOqeHH51 πpΠHMaIOTb b = Xz (pπc. 4.1 α). 

5Ικmο f (χι) > f (χ2), ΤΟ MiHiMyM He ΜΟ)Κe 3HaXO,[(HTHC51 Ha Bi.[(pi3KY 
[ α, Χι], ,[(JI51 ΗΟΓΟ BΠΚJIIOqeHH51 πpHHMaIOTb α = Χι (pπc. 4.2 6). 

Υ ΒΗΠa.[(κy f (χι)= f (χ2) MiHiMyM 6y.[(e Ha [χι, Xz], ΤΟΜΥ α = Χι, 
b = Xz. 

KoJIH BeJiπqππa iHTepBany, I.QO MiCTHTb MiHiMyM, CTac MeHIIIOIO 3a 
3a,[(aHy ποχπ6κy ε, o6qπcJieHH51 πpΗΠΗΗ5ΙΙΟΤb. 

Aπ2opumM ποκωιί3αιJίϊ ίJ-ιmepeaπy, uιο Micmumb ΜίJ-ιίΜyΜ. 
3a.[(aTπ Toqκy χ0 ί .[(e5ικy .[(O.[(aTHY Benπqππy Δ. 
Κpοκ 1. 5Ικmο f(x0 ) > f(x0 + Δ), Το k = 1, Χι = χ0 + Δ, h = Δ. 

ΙπaκΙΙΙe, 51KI.QO f(x0 ) > f (x0 - Δ), ΤΟ Χι = χ0 - Δ, h = -Δ. 
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Κpοκ 2. h = 2h, Χk+ι = xk + h. 
Κpοκ 3. 5ΙΚΙΙ.(Ο f(xk) > f(xk+ι), ΤΟ k = k + 1 Ta ΠOBepTaIOTbC51 �ο 

κpοκy 2, iHaKIIIe Bi�pί30K [χk-ι, Χk+ι] MiCTHTb Toqκy MiHiMyMy. 
MeTO�H O�HOBHMipHOΓO ΠΟΙΙΙΥΚΥ Bi�pί3H5IIOTbC51 cπoco6oM BH6opy 

( o6qπcJieHH51) Τοqοκ Χι, Xz .Ha ΚΟ)ΚΗiΗ iTepaQίϊ12. EφeKTHBHiCTb Βi�ΠΟΒί�­
ΗΗΧ aπropHTMiB 01.(ΪΗΙΟΙΟΤb 3a κίJΙbΚΪCΤΙΟ o6qπcJieHb φyΗκu;ίϊ, ΙΙ.(Ο Heo6xi�-

. 
.. . 

Hl �JI51 �OC51ΓHeHH51 3a�aHO1 TOqHOCTl. 
Memoo pieH0MipH020 noιuyκy. IHTepBaπ [ α, b] , �e 3Haxo�HTbC51 

MiHiMyM, �iJI51Tb Ha O�HaKOBi Bi�pi3KH p03MipoM Δχ = ε. ,I(JI5I Ν-Τοqοκ 

(Ν = (b - α)/ Δχ) o6qπcJIIOIOTb 3HaqeHH51 φyHκQiϊ Ta 3Haxo�51Tb HaiiMeH­
IIIe 3 ΗΗΧ, apryMeHT 5ΙΚΟΓΟ ί e OΠTHMaJibHHM 3HaqeHH51M χ. U:e �OCTaTHbO 
HeeφeKTHBHHH MeTO�, ΙΙ.(Ο BHMarae BeJIHKOϊ κίJibKOCTi o6qπcJieHb. 

Memoo ouxomoMiϊ (πepIIIHH BapiaHT). 3a�aIOTb ε > Ο, BH3HaqaioTb 
πoqaTκoBe Ha6JIH)ΚeHH51 χ0 = (α + b )/2. 

Κpοκ 1. 51κll(o b - α < ε, ΤΟ χ* = ( α + b) /2 - Toqκa MiHiMyMy, 3a­

κiHqyioTb o6qπcπeHH51, iHaκIIIe Χι= (χ0 + α)/2 Ta χ2 = (χ0 + b)/2. 
Κpοκ 2. 5ΙΚΙΙ.(Ο BipHOIO e ΥΜΟΒa[(χι) < f (χο), ΤΟ BHKOHYIOTb πpH­

CBO€HH51 b = Χο Ta Χο = Χι, ΙΙ.(06 BHΚJIIOqHTH iHTepBaπ [ Χο, b], Ta ΠOBep­
TaIOTbC51 Ha Ha κpοκ 1, iHaκIIIe - κpοκ 3. 

Κpοκ 3. 5ΙΚΙΙ.(Ο BipHOIO e YMOBaf(x2) < f (χο), ΤΟ BHKOHYIOTb πpH­
CBO€HH51 α = Χο Ta Χο = Xz ' ΙΙ.(06 BHΚJIIOqHTH iHTepBaπ [α, Χο] Ta 

ΠOBepTaIOTbC51 Ha κpοκ 1, iHaKIIIe α = Χι' b = Xz Ta ΠOBepTaIOTbC51 Ha 
κpοκ 1. 

Memoo ouxomoMiϊ (�pyrπii BapiaHT). Τοqκπ Χι, χ2 po3TaIIIoBaHo Ha 
Bi�cTaHi Δ< ε Bi� cepe�HHH [ αί, bί] 

(4.2) 

3a Ο�ΗΥ iTepaQίIO HTepBaπ HeBH3HaqeHOCTi 3MeHIIIY€TbC51 B�Bi­
qί (4.2). 3a n-iTepaQiH ΗΟΓΟ BeJIHqHHa 6y�e �opiBHIOBaTH (b - a)/2n . 

3a�aHy ToqHiCTb oτpHMYIOTb 3a n > ln((b - α)/ε)/lη 2 iTepaQίii. 
Ha KO)l(Hiii iTepaQiϊ QίJibOBY φyΗκQίΙΟ o6qπcJIIOIOTb �Βίqί. 

A.JiropHTM Memooy OUXOfnOMiϊ (opyzuu 6apiaHm). 
3a�aTH ε > Ο ,  Δ< ε, BH3HaqπTH Βi�pί3οκ ποκaπί3aQίϊ MtHlMYMY 

[ α, b ]. 

12 JiaT. iteratio «ΠOBTOpeHWΙ», Ο)];ΜΗ πpοχi,ι::ι; U:MKJiiqHQΓO anropMTl\11)'
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Κpοκ 1. Q6qHcJIIOIOTb Toqκy χ0 = (α + b)/2. 3a φοpΜyποΙΟ (4.2) 
o6qHCJIIOIOTb Χι, Xz. 5ΙΚΙΙ(Ο f(χι) > f(x2), ΤΟ α = Χο, iHaKIIIe b = Χο, 

. . .

ΙΙ(Ο πpH3BO,[{HTb ,[{Ο BHΚJIIOqeHH51 Βl,[{ΠΟΒl,[{ΗΟΓΟ lHTepBaπy. 

Κpοκ 2. 5Iκll(o b - α < ε, ΤΟ χ* = (α + b )/2 - Toqκa MiHiMyMy, 
3aKiHqyIOTb o6qHcJieHH51, iHaKIIIe - κpοκ 1. 

Μ emoo 30llomozo nepemu1-1y. 
ΤοqκΗ Χι Ta χ2 ,[{ΪJIHTb iHTepBaπ [ α, b] 3a πpoπop:QίcIO 30llomozo 

nepemu1-1y (4.3) 

(4.3) 

3a Ο,[{ΗΥ iTepaQίIO iHTepBaπ HeBH3HaqeHOCTi 3MeHIIIYCTbC51 πpH6JIH3-
HO Β 1.618 ... pa3iB. Ha HaCΊ)'ΠHiH iTepaQίϊ φyΗκQίΙΟ o6qHCJIIOIOTb Ο,[{ΗΗ

κ. . . . v 

Ιη((b-α)/ε) 
6 pa3. 1π1>κιcΤ1> tTepaQtH n > Ιη ((-vs-ι)/z) 3a e3neqyc 3a,[{aHy ToqHιCTb

pe3yπ1>TaTy. 
Μ emoo l./UCell Φί601-1αι.ιι.ιί. 
ΊlHCJia Φi6oHaqqί BH3HaqaIOTb 3a ,[{ΟΠΟΜΟΓΟΙΟ peκypeHTHHX cπiBBi,[{­

HOIIIeHb: Fn+z = Fn+ι + Fn, n = 1,2,3 ... , Fι = F2 = 1. 
3a MeTO,[{OM qHceπ Φi6oHaqqί Ha πoqaTKOBOMY iHTepBaπi [ α0 , b0 ] 

o6qHCJIIOIOTb ΤοqκΗ 

Fn-2 Fn-1 
χ1 = α0 + F. 

(b0 - α0 ), χ2 = α0 + R 
(b0 - α0 ) (4.4) 

n n 

,[{e n o6qHcJIIOIOTb 3 (b0 -
α0 )/ε < Fn . 

)];πΗ 3aπo6iraHH51 peκypciϊ13 qHcπa Φi6oHaqqί po3paxoByIOT1> 3a φop-

MYJIOIO EiHe Fn "' [((1 + fs)/2)
n 

- ((1- fs)/2)
n

] //5. 
Ha k-My κpοQί MeTo,[{y ΤοqκΗ Χι, Xz pO3TaIIIOBaHO CHMeτpHqHo Bl,[{­

HOCHO cepe,[{HHH Bi,[{pί3κa [ak , bk] 

13 3 MipκyBaHb ΠIBM)];KOCTi τa πepe,ι::ι;6aqyBaHOCTi πpou;ecy 06q11cneHb 
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Fn-k-ι 
Χι

= ak +--(b - α),
Fn-k+ι 

Fn-k 
χ2 = ak +--(b- α). 

Fn-k+ι 
(4.5) 

Ηaπpπκίπ[(ί πpoQecy o6qπcπeHb k = n, a τοqκπ Χι τa χ2 cπiBπa;::ι;a­
IOTb τa ;::ι;i.JUITb Βi;::ι;pί3ΟΚ [ak, bk ] ΗaΒΠΪJΙ. 3ί 36ίJibIIIeHH51M n, 3 ΟΓJΙΜΥ Ha τe, 
Ι[(Ο ΒΪ)];ΗΟΙΙΙeΗΗ51 Fn/ Fn+2 e HecκίπqeHHHM ;::ι;ec51TKOBHM ;::ι;pο6οΜ, CHMeτpί51
iπτepBaπiB πopyIIIyeTbC51, Ι[(Ο πpH3BO,[(HTb ,[(Ο ,[(O,[(aTKOBHX ποχπ6οκ Μeτο­
;::ι;y. ,Π:.JUI Μeτο;::ι;iΒ 30JΙΟΤΟΓΟ πepeτππy ί qπceJI Φί6οπaqqί )];ΟΤρΗΜΥΙΟΤbC51 
rieϊ )Κ cτpaτeriϊ BHKJIJOqeHH51 iπτepBaπiB, Ι[(Ο Η Β Μeτο;::ι;ί ,[(ΗΧΟΤΟΜίϊ. 

,Π:aπί p03ΓJI51HeMO 5ΙΚ πo6y;::ι;yBaTH Ο,[(ΗΟΤΗΠΗΗΠ o6qπcJIIOBaJibHHH 
πpoQeC 3HaXO,[()ΚeHH51 MlHlMYMY φyΗκ[(ίϊ Ha iπτepBaπi 3 ypaxyBaHH51M 
cπiBBΪ)];HOIIIeHb ( 4.1 )-( 4.5). 

Pea.Jή3au;iπ a.Jll'opuTMiB nomyκy ΜίιιίΜΥΜΥ y Octave

ΜeτοΙΟ e 03HaHOMJieHH51 ί3 MO)ΚJIHBOCT51MH πporpaMyBaHH51 πο;::ι;ί6-
ΗΗΧ 3a;::ι;aq Υ Octave ί3 BHKOpHCTaHH51M cτaπ;::ι;apTHHX aπrοpπτΜίqππχ ΚΟΗ­
cτpyκQίπ. Τaκο)Κ po3Γ.JUIHeMo ;::ι;e5Ικί yπiBepcaπbHi φyπκ[(ίϊ πaκeτy )];.JUI πe­
peΒιpκπ ΗaΙΙΙπχ πporpaM. 

3 ypaxyBaHH51M ΤΟΓΟ, Ι[(Ο ΜΗ πpaQIO€MO 3 MaTeMaτπqHHMH φyπκ­
QΪ5ΙΜΗ, πpπpο;::ι;ΗiΜ e ΤaΚΟ)Κ BHKOpHCTaHH51 φyΗΚ[(ΪΠ κopπcryBaqa Β πpo­
rpaMax, Ι[(Ο po3po6JIIOIOTbC51. Ha ΜΟΒί πporpaMyBaHH51 Octave e MO)ΚJIH­
BΪCTb peaπί3aQίϊ πpοcτπχ aΗΟΗΪΜΗΗΧ φyΗκQίπ τa "ποΒΗΟQΪΗΗΗΧ" φyΗΚ[(ΪΠ 
κopπcτyBaqa y BHΓJIMi m-φaππiΒ. Β ποπepe;::ι;πίχ τeMax ΜΗ Β)Κe 6aqπππ 
πpπκπa;::ι;π BHKOpHCTaHH51 φyΗκQίπ, τeπep p03Γ.JUIHeMO Qe ΠΗΤaΗΗ51 6ίJibIII 
peτeJibHO. 

Α1-101-tίΜΉί φy1-1κι,ιίϊ κopucmy6aιιa BH3HaqaJOTb 3a ,[(ΟΠΟΜΟΓΟΙΟ 
CHMBOJiy@: 

@(CΠHCOK apryMeHTiB) BHpa3. 

ΑΗΟΗΪΜΗΥ φyΗΚ[(ΪΙΟ ΜΟ)ΚΗa ΤaΚΟ)Κ πpΗCΒΟΪΤΗ ;::ι;e5Ικίπ 3ΜΪΗΗΪΠ Η BH­
κopπcτoByBaTH 3BllqHHM qπΗΟΜ, 5ΙΚ 6y;::ι;b-51KY ΪΗΙΙΙΥ φyΗΚQΪΙΟ. 

CπMBOJI@ 03πaqae ποcππaΗΗ51 πa ;::ι;e51κy cτaπ;::ι;apτπy a6o κopπcτy­
BaJibHHQbKY φyΗκQίΙΟ, Ηaπpπκπa;::ι;, re f _sίn = @sίn, τeπep πpπ BHKOpH­
CTaHHi 3ΜΪΗΗΟΪ-ΠΟCΗJΙaΗΗ51 6y;::ι;e BH3BaHO opπriHaJibHY φyΗΚQΪΙΟ, Ηaπpπκ­
πa;::ι;, ref _sίn(O,S) = sin(x). Τaκί φyHKQΪOHaJibHi ΒΚa3ΪΒΗΗΚΗ BHKOpHCTO­
BYIOTb ΤaΚΟ)Κ ,[(.JUI a;::ι;aπτa[(ίϊ φyΗΚ[(ΪΠ πpπ ΒΗΚοpπcτaπί ,[(e51KHX aπropHTMiB 
(;::ι;οκπa;::ι;πiΙΙΙe ;::ι;πΒ. ;::ι;οΒi;::ι;κy Octave ). 
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3a3uaqHMO, τηο BHpa3, 5ΙΚΗΠ MiCTHTbC51 Β τίJΙί aΗΟΗΪΜΗΟΪ φyΗκQίϊ Mae 

6yτΗ πpoCTHM, το6το 3a6opoHeHO BHKOpHCTOByBaTH ΥΜΟΒΗ, QHΚJIH Η Τ. π. 

Πpuκιιαi) 4.1. AuouiMHi φyπκQίϊ. 

3αοαι.ια - BH3HaqHTH aHOHiMHi φyΗκQίϊ κopHcTyBaqa τa πepeBipHTH 
po6ory a;::ι;aπτepiB φyΗκQίϊ )J;JI51 aJIΓOpHTMiB. 

## 1 - φyHκ�ioHanbH�� a�anτep 

a = 1; b = 2; quad (@(χ) betainc (χ, a, b), 0, 0.4) 

## 2 - aHOHiMHa φyΗκ�iΗ 

f = @(χ) 2 - log(x) - χ; 
χχ = linspace(l,10); 
plot(xx, f(xx), '-k', 'linewidth', 3.25) 

grid on 
## 3 - aHOHiMHa φyΗκ�iΗ 2-χ 3MiHH�X 
xy = @(x,y) sin(x .Λ 2+y Λ 2) 

χ=0.5; y=0.5; 
printf("3HaYeHHH φyHκ�ii xy(%2.2f,%2.2f) = %f\n", χ, y, 
xy(x,y)) 

Pe3yJibτaτ: 

ans = 0.13867 
xy = @(χ, y) sin (χ . Λ  2 + y .Λ 2) 

3HaYeHHH φyHκ�ii xy(0.50,0.50) = 0.479426 

Υ πepmoMy ΒΗπa;::ι;κy φyΗκQί51 quad() πpHHMae Ha ΒΧΟ,ΙJ;ί τίJΙbΚΗ 
φyΗκQίϊ ο;::ι;uίeϊ 3ΜΪΗΗΟΪ, ΤΟΜΥ CTBOpIOeMO aΗΟΗΪΜΗΥ φyΗκQίΙΟ, a 

πapaMeτpH α τa b e CTaJIHMH τa BH3HaqaJOTbC51 y o6Jiacri πaΜ'5Ιτί 

ΟCΗΟΒΗΟΪ πporpaMH. Υ ;::ι;pyroMy - 6yJio CTBOpeHO aΗΟΗΪΜΗΥ φyΗκQίΙΟ 
. .. . .. . 

ο;::ι;uιeι 3ΜtΗΗοι, y τpeτboMy - ;::ι;Βοχ 3Μ1ΗΗΗΧ. 
3a3HaqHMO, τηο 3 MipκyBaHb πpο;::ι;yκΤΗΒΗΟCτί κpaτηe BHKOpHCTOBY­

BaTH ΒΚa3ΪΒΗΗΚΗ )J;JI51 icHyJOqHx φyHKQiH Octave, a He BH3HaqaτH aHOHiMHi 
φyΗκQίϊ, 51Κί 06ropτa10τb icHy10qy φyΗκQί1014. 

IMeuoBaιή φyι-ικu;ίί κopπcτyBa'la, cκpιπιπι τa φaiίJΠΙ-φyι-ικu;ίί. 

,[(JΙ5Ι BH3HaqeHH51 φyΗκQίϊ Υ Octave BHKOpHCTOBYIOTb )];Βί OCHOBHl 

φοpΜΗ 

14 
ΦyΗκr_τί51 f = 

@(χ) sίn(x) 6y�e 06q11cmoBaη1c51 �oBIIIe HiJΚ re f _sίn 
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function name (params_list) 
τίπο φyπκQίϊ; 

endfunction 

function [return _value _list] = name 
(params _list) 

τίπο φyπκQίϊ; 

endfuncti on 
ΠpΗΜiτκa: params _list - cπΜcοκ πapaMeτpiB, ω;ο πepe;::ιaIOTbC.51 y φyHκU:iIO, po3.n;ine­

HMX ΚΟΜΟΙΟ; return _value _list - CΠMCOK iMeH 3MiHHMX, po3.n;ineHMX ΚΟΜΟΙΟ, Β .51Ki 
6y.n:yτb 3aΠMCyBaTMC.513HaqeHH.51, ω;ο ΠOBepτaIOTbC.513 ;::ιaΗοϊ φyΗκu:iϊ. IJ;eπ CΠMCOK Μaε: 

MiCTMTM I.U;OHaHMeHIIIe ο;::ι;ΜΗ eneMeHT, a ΗΟΓΟ o co6JIMBiCTIO ε: τe, ω;ο 3HaqeHH.51, ω;ο 
πo BepτaIOTbC.51 M0:JIC)lmb Mamu pi3Hi munu ma po3Mip. 

3a Heo6xi�Hocτi MO)l(Ha oτpHMaTH �οcτyπ �ο KOHKpeTHOΓO ΒΗΧi�ΗΟ­

ΓΟ πapaMeτpy (nthargout(n,func))τa ΚΟΗΤρΟJΙΙΟΒaΤΗ κίJibKiCTb BXi�HHX 

τa BHXi�HHX πapaMeτpiB. Υ Octave He ποτpί6πο BKa3yBaTH ΤΗΠ πapaMeT­
piB. Τππ πapaMeτpiB ΜΟ)Κe 3MiHIOBaTHC51 Β πpoQeci BHKOHaHH51 πporpaMH, 

τοΜy BH3Haqeπi cπeQίaJibHi φyπκQίϊ rpyππ πpe�πκaτiΒ ( ίsnumerίc (), 

ίsbool( ), ίscomplex( ), ίsmatrίx() Η Τ.Π.) 3a �ΟΠΟΜΟΓΟΙΟ 5ΙΚΗΧ MO)l(Ha 

πepeBipHTH ΤΗΠ πapaMeτpy Β πpoQeci BHKOHaHH51 φyΗκQίϊ. ,[{oπycκaeTbC51 
BHKOpHCTaHH51 peκypciϊ, aπe 3 o6Me)ΚeHH51MH �JI51 �e51KHX B6y�oBaHHX 
φyΗΚQί:Π. 

Ba)ΚJIHBO 3aπaΜ'5Ιτaτπ, mo y Octave apryMeHTH φyπκQίϊ nepeoa­
ιombcfl 3a 3Ήαι.ιeΉΉ5lΜ, το6το ΚΟ)ΚeΗ apryMeHT 3aMiHIO€TbC51 JIOKaJibHOIO 

κοπίeω πepe� ΤΗΜ, 5ΙΚ πepe�aBaTHC51 φyπκQίϊ. Β �aππ:π qac HeMae cπoco6y 
BKa3aTH, I.QO πapaMeτp φyΗκQίϊ ΠΟΒΗΗeΗ πepe�aBaTHC51 5ΙΚ ΠOCHJiaHH51, a 
Qe 03Haqae, I.QO HeMO)ΚJIHBO 6e3πocepe�Hb0 3MiHHTH πapaMeτp φyΗκQίϊ Υ 

φyΗκQίϊ, BiH ΜΟ)Κe 3MiHHTH JIHIIIe JIOKaJibHY κοπίΙΟ Β τίπί φyΗκQίϊ. 
.5Ικmο φa:ππ πoqππaeτbc51 3 BH3HaqeHH51 φyπκQίϊ, το τaκπ:π φa:ππ BBa­

)Κa€TbC51 φa:ΠJΙΟΜ-φyΗκQί€ΙΟ Η Ha ΗbΟΓΟ HaΚJia�aIOTbC51 �ο�aτκοΒi o6Me­
)ΚeHH51 - iM'51 φaHJiy �opiBHIO€ iMeHi φyΗκQίϊ τa He ΠΟΒΗΗΗe cπiBπa�aTH 

3ί CTaH�apTHHMH φyΗκQί51ΜΗ Octave. ,[{JI51 ΤΟΓΟ, mo6 πaκeτ cπpHiiMaB 
φaiiJI 5ΙΚ cκpunm15 

- Ha6ip KOMaH�, Υ φa:ππί πepe� πepIIIHM BH3HaqeHH51M 

φyΗκQίϊ, MaIOTb 6yτπ me 51KίCb BHpa3H (πaπpHKJia�, 1;).

EίJiblll �οκπa�ΗΥ ίπφοpΜaQίΙΟ προ oco6JIHBOCτi BHKOpHCTaHH51 
φyΗκQί:Π MiCTHTb OHJia:ΠH �oκyMeHTaQί51 Octave16

. 

15 Octave τa lvlATLAB MaIOTb pi3Hi 06Μe1ΚeΗΗ.5Ι Ha cτpyκτypy cκpΜπτa
16 https://octave.org/ doc/v5. l .O/Functions-and-Scripts.html 
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Πpuwιad 4.2. Bπ3πaqeHH51 τa po6oτa ί3 φyπκQί51ΜΗ. 

3αοαιια - πaππcaτπ φyπκπ;ίω �JI51 o6paxyπκy πapaMeτpiB ο�ΗΟΒΗ-
. . 

MlpHOΓO MaCHBY, a caMe - cepe�HbOΓO 3HaqeHH51 eJieMeHTlB. 

## Πpι.1κ11aJJ, 4.2 
## function example 
clear all; clc 
function [a b c] = m_avg (vector) 

a = sum(vector) / length(vector); 

b = length(vector); 
c = vector(1); 

endfunction 
ν = linspace (1,10,10) 

a = m avg(v) 

Pe3ynbτaτ: 

>> my_avg
V = 1 2 3 4 5 6 7 
Βι.1κ11ι.1κ i3 ΟJ],Ηι.1Μ Bι.1XiJJ,Hι.1M napaMeτpoM: 

avg = 5.5000 
Βι.1κ11ι.1κ i3 JJ,BOMa Βι.1ΧiJJ,Ηι.1Μι.1 napaMeτpaMι-1: 

avg = 5.5000 len = 10 
Βι.1κ11ι.1κ i3 τpboMa sι.1xiJJ,Hι.1Mι.1 napaMeτpaMι-1: 
avg = 5.5000 len = 10 val = 1 

8 9 10 

KepyBaHH51 ΠΟΤΟΚΟΜ BHKOHaHH51 KOMaH� πί� qac pο6οτπ πporpaMH 

3�iHCHIOIOTb 3a �ΟΠΟΜΟΓΟΙΟ CTaH�apTHHX �JI51 ΜΟΒ πporpaMyBaHH51 aJIΓO­
pHTMiqHifX κοπcτpyκπ;ίπ τa oπepaτopiB (τa6n. 4.1 ). Πpπκna�π ϊχ 

BHKOpHCTaHH51 6y�yTb HaBe�eHi πmκqe, πpΗ peanί3au;iϊ aJIΓOpHTMiB 
πornyκy MtHtMyMtB. 

Τα6nuψι 4.1 

ο nepaτopu .[t)ΊΗ κepyBaHHH ΠΟΤΟΚΟΜ ΒΗΚΟΗ3ΗΗΗ

Koncτpyκ�iπ Πpuκ.rιa.r. KoMenτap 

ΥΜΟΒΜ τa Β116ίp 

if (yMosa) if (rem (χ, 2) == 0) rinκ11 elseif τa else 

then-onepaτopι-1 printf ( rnapHe\n,); ΜΟ)Κ)'Τb 6yτ11 

elseif (yMosa) elseif (rem (χ, 5) == 0) Bl)];CYTHlMM. 

elseif-onepaτopι-1 printf ( rκpaτHe 5\n,); 
else else 

else-onepaτopι-1 printf ( rHenapaHe\n,); 
endif endif 
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KoHCTDVKQiH 

switch (Χ) 

case Μiτκa 1 

onepaτop1ι1; 

case Μiτκa 2 

onepaτop1ι1; 
otherwise 

JJ,iR j

endswitch 

while (yMosa) 

onepaτop1ι1 

endwhile 

do 

onepaτop1ι1 

until (yMoBa) 

for 3MiHHa = 

Btι1pa3 

onepaτop1ι1 
endfor 
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Πp HΚJia.r. 

Α = rem(x,2); 

switch (Α) 
case 0 

printf ( (napHe\n'); 

otherwise 

printf 
( ΉenapHe\n'); 

endswitch 

lJ;MKJIM 

fibo = ones (1, 20); 
i = 3; 

while (i <= 20)

fibo (i) = fibo (i-1) 

+ fibo (i-2);

i++;
display(fibo(i))

endwhile 

fibo = ones (1, 20); 

i = 2;

do 

i++· ,
fibo (i) = fibo (i-1) 

+ fibo (i-2);

display(fibo(i))

until (i == 20) 

fibo = ones (1, 20); 

for i = 3:20 

fibo(i) = fibo(i-1) + 
fibo(i-2); 

display(fibo(i)) 

endfor 

Π pooo6:JΙCeΉΉR ma6JZ. 4 1 

KoMeuτap 

Ha Bl)];MlH)' Bl)]; 
ΥΜΟΒΗΟΓΟ 
oπepaτopy, MlTKM 

ΜΟ)Κ)'Τb 6yTM 

PMKaMM 

IJ:MKJI BHKOH)'E:TbC.51 

ΠΟΚΗ YMOBa BιpHa 

IJ:HKJI BHKOH)'E:TbC.51 

ΠΟΚΜ YMOBa He 
CTaHe BlpHOIO 

y .5Ικοcτι B11pa3y 
BMKOpMCTOBYIOTb 
,ι::ι;ιaπa3οΗΗ 3HaτieHb, 
CΠHCKM 3HaτieHb. € 

oco6JIMBOCTi, .5IKI.U;O 
3MlHHa - Beκτop­

CTOBΠeQb, ΤΟ BOHa 

6y,ι::ι;e ΒeκτοpοΜ 
CTOBΠQeM Ha 
KO%Hiii iτepau:iϊ, 
)];JI.51 lHIIIMX 

(,ι::ι;iana3oH, Beκτop­
p5I,LΙ;oκ, cκan.51p) 

3MiHHa 6y,ι::ι;e 

cκaJI5IPOM. 



Koncτpyκ�i.sι Πpnκ.rιa.ιι: 

break if (a == 0) 
break; 

endif 
continue if (a == 0) 

continue;; 
endif 

Πpοοοωιceι-ιι-ι.fl. ma6n. 4.1 

KoMenτap 

πepepMBaε 

ΒΜΚΟ HaHH51 QMKJIY 

Bl,1];pa3y 

πepexo,n;MTb ,n;o 
.. . . .. 

ΗacτyπΗοι nepaψι, 

πpoπycκaJOqM Βcι 

oπepaτopM HM)Κqe 

ΥΜΟΒΜ 

Πpuκrιad 4.3. ΠοΙΙΙyκ MiHiMyMy φyΗΚΙ.(ίϊ O�Hieϊ 3ΜΪΗΗΟΪ. 
3αοαι.ια - Ηaππcaτπ φyΗκQίΙΟ, ΙΙ.(Ο peaJiί3ye ωι2opumM ouxomoMiϊ, Ha 

ΒΧΟ�ί φyΗΚΙ.(ί51 ΠΟΒΗΗΗa πpΗΗΜaτπ iM'51 φyΗΚΙ.(iϊ, Bi�pί30K JIOKaJiί3al(iϊ 

MiHiMyM τa 6a)ΚaHy τoqHΪCTb. 3a OCHOBY Bi3bMeMO πepIIIHH aJIΓOpHTM. 
Β l(bOMY Η ΗaCΊ)'ΠΗΗΧ πpπκπa�aχ ΜΗ CTaBHJIH 3a Meτy ΠOKa3aTH 

6e3πocepe�HIO peaJiί3al(ίIO HaBe�eHOΓO aJIΓOpHTMY, ΜΟ)ΚJΙΗΒΟ, Ηeχτyωqπ 

ΗΟΓΟ eφeKTHBHiCTIO. Pe3yJibTaτ po6oτπ πporpaMH Bi�o6pa)l(eHO Υ ΒΗΓJΙ5Ι�ί 
rpaφiκa (pπc. 4.2). 

## Πpι.1κnaρ, 4.3 

## peani3a�iH anropι.1τMy Μeτορ,y ρ,ι.1χοτ0Μiϊ 
clc, clear all 
function [ res, χ, err] = bisect(f, a, b, tol) 

while (b - a > tol) 
χ0 = (a + b) / 2; χι = (χ0 + a) / 2; χ2 = (χ0 + b) / 2; 
if (f(xl) < f(x0)) 

b = χ0; χ0 = χι; 
else 

a = χι; b = χ2; 
endif 

endwhile 
χ =  (a+b)/2; 

endfunction 
res = f(x); err = b - a· 

, 

## nepesipκa 
f = @(Χ) Χ.Λ4 -
[res, Χ, err] = 

32 * Χ Λ 2 + Χ +  4• ,

bisect(f, -8, 0, le-3) 
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Pe3ynbτaτ: 

>> bisect ex2 min
- -

res = -256.0038986168802

χ =  -4.007812500000000
err = 9.765625000000000e-04

Πpuκrιad 4.4. ΠοΙΙΙyκ MiHiMyMy φyΗκl(ίϊ O�Hieϊ 3ΜΪΗΗΟΪ. 

3αοαιια - Ηaππcaτπ φyΗκQίΙΟ, IQO peanί3ye a.JIΓOpHTM Ha OCHOBi 
Memooy l./UCell Φί601-1αιιιιί, Ha ΒΧΟ�ί φyΗΚΙ.(Ϊ51 ΠΟΒΗΗΗa πpHHMaTH iM'51 

φyΗκQίϊ, Bi�pί30K JIOKaJiί3al(ίϊ MiHiMyM τa 6a)ΚaHy τoqHΪCTb. 

Β πpHΚJIMi BHκopπcτoByeτbc51 φyπκQί51 fibo(), �JI51 ποΙΙΙyκy 

3a�aπoro qπcna Φί6οπaqί, ΗΚΥ πpoπoπyeτbc51 pο3pο6πτπ qπτaqeBi 

caMocriiiπo. 

function [y, χ, err, iter] = fibonacci_opt(f, a, b, tol) 
n = 1; 

while ( (b - a) / tol > fibo(n)) 
n += 1; 

endwhile 

χ1 = a + fibo(n-2) / fibo(n)*(b-a); 
χ2 = a + fibo(n-1) / fibo(n)*(b-a); 

for k = 1: n 

if (f(x1) < f(x2)) 

b = χ2; χ2 = χ1; 

χ1 = a + fibo(n-k-1) / fibo(n-k+l)*(b - a); 

else 
a = χ1; χ1 = χ2; 

χ2 = a + fibo(n-k) / fibo(n-k+l)*(b - a); 

endif 
endfor 
χ =  (b + a) / 2; y = f(x); iter = n; err = b - a; 

endfunction 

Pe3ynbτaτ: 

>> fibo main

y = -256.0038978583761
χ =  -4.007678818032224

err = 4.516995161409909e-04 

iter = 21 
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P11cyHoκ 4.2 

-2 ο 

Φynκ,ι.ίϊ Mini.Mi:Ja,ι.iϊ Octaνe pea.Jii3YIOTb ocHOBHi a.JiropHTMH 
πomyκy τa xapaκτepH3YIOTbC51 pi3HOIO o6qπcJIIOBa.JibHOIO CΚJia�HiCTIO. 
Hmκqe HaBe�eπo πepeJiiκ φyπκ:Qiii, ϊχ κοpοτκy xapaκτepπcτHκy, a τaκο)Κ 
πpHΚJia� 4. 4, Β 5ΙΚΟΜΥ ΠOKa3aHe ϊχ 3acτocyBaHH51. 

• [x,y, cvg, ίηfο] = fmίnbnd (fun, a, b, control) - ποmyκ MiHiMy­
MY yπiMO�a.JibHOΪ φyΗκ:Qiϊ Ha 3a�aHOMY iπτepBa.Jii MeTO�OM 30JΙΟΤΟΓΟ πe­
peTHHY i πapa6oJiίqπoϊ iπτepπoJUIQiϊ, control BH3Haqae �ο�aτκοΒi πapa-

. . .. 
MeτpH ΟΠΤΗΜ13aQιι. 

• [x,y] = fmίnsearch (fun, χΟ, control) - Μeτο� 6e3yΜοΒποϊ oπ­
THMi3aQiϊ HYJibOBoro ποp5Ι�κy HeMepa-Mi�a (Nelder-Mead). 

• [χ, fval] = fmίnunc('myfun', χΟ, control) - 6e3yMoBHa MiHi­
Mi3aQi51 φyΗκQίϊ. )J;JI5I BHKOpHCTaHH51 Meτo�y πepmoro ΠΟΡΜΚΥ 3a�aIOTb 
οπQίΙΟ optίmset('GradObj', Όn') (�ΗΒ. πpΗΚJΙΜ 4.2.), πapaMeτp control 

. . ... 
BH3Haqae �o�aTKOBl πapaMeτpH ΟΠΤΗΜ13aQιι; 

• [χ, y, ίηfο, iter, nf, lambda] = sqp(x0, fun) - πoBepτae pe3yJibτaτ
p03B'513aHH51 3a�aqi KBa�paτπqπoro πporpaMyBaHH51. Υ 3aΓa.JibHOMY ΒΗ­
πa�κy - Qe 6araTOBHMipHa OΠTHMi3aQί51 3 o6Me)ΚeHH51MH (g, h, lb, ub ), 51Ki 
3a�aIOTb �o�aTKOBHMH πapaMeτpaMH φyHKQiϊ sqp( ). 

• [x,y, ίnfo, output] = fmίnbnd(f, α, b)- ποmyκ MiHiMyMy yπi­
MO�a.JibHoϊ φyπκ:Qίϊ. 
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Πpuκιιαd 4.5. ΦyπκQίϊ MiHiMi3aQίϊ Octave.

3αοαι.ια - 3Haiiτπ MiHiMyM φyΗκQίϊ Ha iπτepBaJii 3a �ΟΠΟΜΟΓΟΙΟ
cτaπ�apτππχ φyπκQiii Octave.

## OΠT�Mi3a�iH pi3H�M� Meτo�aM� 

display('ΦyHκ�iH fminbnd') 
[Χ, Υ, INFO, OUTPUT]=fminbnd(f, -8, 0) 
display('ΦyHκ�iH fminsearch') 

[Χ, Y]=fminsearch(f, -6) 
display('ΦyHκ�iH fminunc') 
[Χ, Υ, INFO, OUTPUT, GRAD, HESSJ = fminunc(f, -6) 
display('ΦyHκ�iH sqp') 

[Χ, Υ, INFO, ITER]=sqp(-6, f) 

Pe3yJI1>τaτ: 

>> ΦyΗκ�iΗ fminbnd
Χ =  -4.007790061006447
Υ = -256.0038986502489
INFO = 1
OUTPUT = scalar structure containing the fields:

iterations = 11 

funcCount = 12 
algorithm = golden section search, parabolic interpolation 
bracket = -4.007823394339782 -4.007756727673112 

>> ΦyΗκ�iΗ fminsearch
Χ =  -4.007812500000000

Υ = -256.0038986168802
>> ΦyΗκ�iΗ fminunc
Χ =  -4.007789718579470
Υ = -256.0038986502559
INFO = 3
OUTPUT = scalar structure containing the fields:

iterations = 8 
successful = 7 
funcCount = 14 

GRAD = -1.903641419156349e-06
HESS = 128.7543429497616 
>> ΦyΗκ�iΗ sqp
Χ =  -4.007789753970393
Υ = -256.0038986502558
INFO = 101
ITER = 7
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Π pooJieMa nomyκy r JiooaJILHoro ΜίιιίΜΥΜΥ 

Πpuκιιαd 4. 6. EaraτoMOJJ:aJibHi φyπκQίϊ 

3αοαιια - πa 3a;::i:aπ0My iπτepBa.πi [Ο; 30] 3HaiiτH MiHiMyM φyπκQίϊ 

12 · (χ - 24) + (χ - 24) · sin(x - 24)1. 
OcHOBHOIO πpo6JieMOIO Qicϊ φyΗκQίϊ c ϊϊ 6araTOMOJJ:aJibHiCTb, το6το 

. . . . 
Ha 3a;::ι:aHOMY lHTepBaJil ΒΟΗΗ MaIOTb ;::i:eκtJibKa MlHlMYMlB, cepe;::i: 5ΙΚΗΧ ΜΟ-

)Κe 6yτΗ rπo6aJibHHH MtHtMYM, Β 110My ΜΟ)ΚΗa πepeκoπaτHc5I 
πo6y;::ι:yBaBIIIH rpaφiκ φyΗκQίϊ(pΗC. 4.3). 

# Πp�κna� 4.6, rno6anbH�� MiHiMyM 
y = @(χ) abs(2*(x-24)+(x-24).*sin(x-24)) 
χ =  linspace(-20, 60, 160); 
plot(x,y(x), 'k', 'LineWidth', 3.25) 
title('ΦyHκ�iH i3 6araτbMa noκanbH�M� MiHiMyMaM�') 
legend(' l2{\cdot}(x-24)+(x-24){\cdot}sin(x-24)1 ') 
grid on; print('theme_2_global.png', '-r600', '-dpng'); 

Φyaκuίπ iJ 6araTbl\-Ιa JIOKaJJbHHMII MiHίMyMaMιt 
140 ----�--------------

l-I2·(x-24)+(x-24)·sin(x-24)1 1 
120 

100 

sυ 

(,() 

40 

20 

ο .._ ___ ---L, ____ __.__;:!Ιιιι&... ___ ...,L_ ___ ___, 

-20 () 20 4() 60 

P11cyHoκ 4.3 

Memoou, 5ΙΚί ΜΗ BHB1IHJIH Β ;::ι:aπίπ τeMi, He MO:JΙCHa 3acmocoeyeamu οο ma­

κux φyHKtjίU, Β 1ΙΟΜΥ ΜΗ πpοποπycΜΟ πepeκoHaTHCb 1IHTa1IeBi caMocriHHO. 
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Τaκο)Κ l(ei-i πpπΚJΙa� πι�τΒep�)Κyc τe3y προ τe, ΙΙ(Ο po6oτy ί3 

φyΗΚQΪ5ΙΜΠ, 3a�aHΠM aπa.πίτπqπο a6o τa6JΙΠΙ.(5ΙΜΠ CBOlX 3HaqeHb, 

ποτpί6πο ποqππaτπ 3 πο6y�οΒπ ϊχ rpaφiκa. 

Pe3ιoMe 

Β �aHiH TeMi ΜΗ BHBqHJIH MeTO�H ΟΠΤΗΜi3al(ίϊ HYJibOBOΓO ποp5Ι�ΚΥ, 
. . . . . .. 

HaBqπJIΠC51 Jioκa.πι3yBaTH ιπτepΒa.π ποΙΙΙyκy MtHtMYMY yπιMo�aJibHoι 

φyΗκQίϊ τa Ha πpHKJia�i pea.πί3aQίϊ MeTo�iB �HXOTOMiϊ(6iceκl(iϊ), 3OJΙΟΤΟΓΟ 

πepeTHHY τa qπceJI Φί6οπaqqί 3aCBOΪJIH po6ory ί3 φyΗΚQΪ5ΙΜΗ κopHCΊ)'Ba­

qa τa oπepaτopaMH κepyBaHlliI ΠΟΤΟΚΟΜ BHKOHaHH51 πporpaMH Octave. 
Ρο3ί6pa.πΗ Ha πpHΚJia�ax BllKOpHCTaHH51 CTaH�apTHHX φyΗκQίΗ MiHiMi3a­

l(ίϊ Octave, πo6aqHJIΠ, ΙΙ(Ο po3po6JieHi HaMH φyΗκQίϊ, �aIOTb πpH6JIH3HO 

τaκππ )Κe pe3yJibTaT o6qHcJieHb, ΙΙ(Ο Η CTaH,D;apτHi, ΙΙ(Ο C HeΠp51MHM πί�-
. . ... . 

TBep�)ΚeHH51M πpaBHJibHOCTl pea.πι3al(ll aJIΓOpHTMlB. 

Β TeMax 1-4 ΜΗ πpHCB51THJIH 6araτo qacy OCHOBaM πporpaMyBaHlliI 

πa ΜΟΒί Octave. Teπep ΒΗ Macτe Υ5ΙΒΥ προ oco6JIHBocτi Ι.(ίcϊ ΜΟΒΗ 

πporpaMyBaHH51 τa BMicτe pea.πί3oByBaTΠ aJIΓOpHTMH �JI51 pO3B '513aHH51 
pi3HHX 3a�aq. Ha�a.πi ΜΗ 6ίJibIIIe 3Ocepe�HMOC51 Ha �OCJiί�)ΚeHHi MeTo�iB 

τa aJIΓOpHTMiB, πpΗ l(bOMY He 3a6yBaJOqH προ ΗΟΒί ΜΟ)ΚJΙΗΒΟCΤΪ ΜΟΒΗ 
Octave. 

Φyπκl(ίϊ τa oπepaτopH Octave, ΙΙ(Ο BHBqaωτbc51: ίf .. else .. endίf, 

whίle .. endwhίle, do .. untίl, f or .. endf or, fmίnbnd( ), fmίnunc( ), 

f mίnsearch() , sqp() , plot() , aπoπiMHi φyΗκQίϊ, φyπκl(ίοπa.πbΗί 

ΒΚa3ΪΒΗΗΚΗ, 3BHqai-iHi φyΗκQίϊ κopHCΊ)'Baqa. 

Ιbιτaιmπ ω-.π caMoπepeBipκu 

1. CφopMyJIIOHTe 3a�aqί Ο�ΗΟΒΠΜipποϊ ΟΠΤΗΜi3aQίϊ, 51Κί BHHHKaIOTb
. . .. 

Β πpol(ecι Mo�eJIIOBaHlliI πpol(ecιB τa πpΗcτpοιΒ. 
2. ,Π:aπτe BH3HaqeHH51 yπiMO�aJibHOΪ φyΗΚΙ.(iϊ Ha iπτepBa.πi.

3. ΟπΗΙΙΙΪΤb 3aΓaJibHHH aJIΓOpHTM 3MeHIIIeHH51 iπτepBa.πy HeBH3Haqe­

HOCT1. 

4. ΟπΗΙΙΙΪΤb MeTO� �ΠΧΟΤΟΜίϊ, �OBe�iTb πpaBHJibHiCTb pea.πί3al(ίϊ aJI­
rop ΗΤΜΥ Β πp HΚJia�i 4 .3. 

5. ΟπΗΙΙΙΪΤb MeTO� 3OJΙΟΤΟΓΟ πepeTHHY, �OBe�iTb πpaBHJibHΪCTb pea­
Jiί3al(iϊ a.πrop ΗΤΜΥ Β πp πΚJΙa�ί 4 .4. 

6. ΟππΙΙΙiΤb MeTO� qπceJI Φί6οπaqqί, �OBe�iTb πpaBHJibHiCTb pea.πi-
3al(ίϊ aJIΓOpHTMY Β ΠpΗΚJΙΜΪ 4.5. 

7. Ha3BΪTb xapaκτepHi He�oJIΪKH MeTo�iB HYJibOBOΓO ΠΟpΜκy?
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Πpaκnιque 3aΒ,ι::ι;aιπιπ

,[I;ocJii�HTH φyΗκQίΙΟ Ha 3a�aHOMY iπτepBaJii, 3HaHTH MlHlMYM 

φyΗκQίϊ 3Γi�ΗΟ 3 BapiaHTOM: a) 3a �ΟΠΟΜΟΓΟΙΟ πporpaMH Ha ΜΟΒί Octave; 
6) 3a �ΟΠΟΜΟΓΟΙΟ B6y�oBaHHX φyΗκQίΗ.

Ποpπ,ι::ι;οκ ΒΗΚΟΗaιπιπ 33B)];aHHH 

1. ,[I;JUI 3MaHoro Bapiaπτy ΒΗ3Ηaηπτπ φyπκQίΙΟ κopπcτyBaηa τa πο-

6y�yΒaτπ ϊϊ rpaφiκ 3aco6aMH Octave. 

2. ΒΗ3Ηaηπτπ iπτepBaJI JIOKaJiί3aQίϊ MiHiMyMy.

3. ΥτοηΗΗΤΗ 3HaηeHH.H MiHiMyMy 3a �ΟΠΟΜΟΓΟΙΟ 3a�aHOΓO Meτo�y.

,[Ι;ο�aτπ πa rpaφiκ πpoMi)ΚHi τοηκπ MiHiMyMy ί rpaHHQi iπτepBaJiiB �JUI 
πepIIIHX 5 κpοκiΒ aJIΓOpHTMy. 

4. ΠopiBH5ITH pe3yJibTaTH 3a π. π. 3-4 3 aHaJioriηHHMH pe3yJibTaTa­

MH, oτpHMaHHMH 3a �ΟΠΟΜΟΓΟΙΟ B6y�oBaHHX φyΗκQίΗ Octave. 

5. ΠοΒΤΟpΗΤΗ π. π. 1-4, p03IIIHpHBIIIH iπτepBaJI πomyκy MiHiMyMy
Β�Βίηί, CΗΜeτpπηπο Β o6H�Bi cτopOHH. ΠpοκοΜeΗΊ)'ΒaΤΗ pe3yJibTaTH. 

IH)]JIBΪ)J;yaJILHi 3aΒ,ι::ι;aιπιπ 

1. f(x) = χ4
- 48χ2 

+ 22χ + 5, χ Ε [-8; Ο] .
2. f(x) = -χ4 

+ 48χ2
- 22χ + 1, χ Ε [-5; 5] .

3. f(x) = χ5 
+ 10χ2 

- 10χ + 5, χ Ε [-1,5; 2].
4. f(x) = Ο,75χ3 

+ 2,5χ2 
- 8,25χ + 0,5, χ Ε [-2,5; 7].

5. f(x) = Ο,25χ3 
- 5χ2 

- 8,25χ + 3, χ Ε [-3; 25].
6. f(x) = 3χ4 

- Ο,8χ3 
- 1,2χ - 15χ, χ Ε [-4; 4] .

7. f(x) = Ο,01χ6 
+ 2χ4 

- 55χ2
, χε [-7,5; -2].

8. f(x) = χ3 
- 5χ2 

+ Χ, χ Ε [1; 5].
9. f(x) =-χ3 

+ 7χ2 
+ Χ, ΧΕ [-6; 3].

10. f(x) = χ5 
+ 25χ4 

+ 7χ3
, χ Ε [-11; 10].

11. f (χ) = x 2 ln Ο,25χ + 5, χ Ε [1; 6].
12. f (χ) = sin 0,5x 2 log Ο,5χ , χ Ε [2,5; 3.6].
13. f(x) = arctgxcos0,25x, χ Ε [-7; 1].
14. f (χ) = ex sin cos Ο,75χ, χ Ε [-5; Ο].
15. f (χ) = 3χ sin ex/3

, χ Ε [-10; 2].
16. f(x) = 0,5/χ -χ2 

+ 5χ, χ Ε [Ο; 2].
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ΤΕΜΑ5 
ΙΙΡΗΜΙ l\ιlETOLt;H ΠΟΙΙΙΥΚΥ ΜΠΠΜΥΜΥ ΦΥΗΚΠ;ή 

Ο,π;ΗΙ€Ϊ 3ΜΙΗΗΟΪ. METOLt;H ΤΟΊΙΚΟΒΟΓΟ 
οu;πποΒΑΗΗΗ 

Memo10 e 03HaHOMJieHIUI cτy,[{eHTiB 3 MeTO,[{aMH τοqκοΒΟΓΟ ΟΙ.(ίΗΙΟ­
ΒaΗΗ51 ,[{JI51 πornyκy MiHiMyMy Ο,[{Ηίeϊ 3ΜΪΗΗΟΪ 3aco6aMH Octave. 

Πocma1-toeκa 3αοαι.ιί. YHiMo,[{aJibHa l(ίJiboBa φyΗκ:Qί51 y = f (χ) e
φyΗκl(ίeΙΟ Ο,[{Ηίeϊ 3ΜΪΗΗΟΪ Χ τa Mae MiHiMyM Ha 3a,[{aHOMY iHτepBaπi. 
ΒΗ3Ηaqπτπ MiHiMyM Ι.(ΪJΙbΟΒΟΪ φyΗΚΙ.(iϊ ί3 3MaH0IO ποχπ6κοΙΟ ε. 

Memoou mοι.ικοeο20 011i1-t10ea1-t1-tfl. Ρο3ΓJΙ51Ηyτί Β ποπepe,[{Ηίπ τeMi Μe­
το,[{π ,[{03BOJI51l0Tb 3Ηaπτπ MaJIHH iHτepBaJI (Δχ < ε), Β 5ΙΚΟΜΥ 3HaXO,[{HTbC51 
MiHiMyM φyΗΚΙ.(iϊ, BJiaCTHBOCτi 5ΙΚΟΪ B3araπi He BpaxoByIOTb. 3a iHIIIHM πί,[{­
ΧΟ,[{ΟΜ BHKOpHCTOBYIOTb κίJibKa 3HaqeHb φyΗκu;ίϊ Β πeΒΗΗΧ τοqκaχ ,[{JI51 ϊϊ 
aπpoκcπMal(iϊ 3ΒπqaπΗΗΜ ΠΟJΙίΗΟΜΟΜ Β o6Me)l(eHiii ο6πacτί. OcHOBHa ί,[{e51 
Meτo,[{y- MO)l(JIHBicτb aπpoκcπMal(iϊ rπa,[{κοϊ φyuκl(ίϊ τa ol(iHIOBaHIUI τοq­
κπ eκcτpeMyMy ΠΟJΙίΗΟΜΟΜ ΒΗCΟΚΟΓΟ cτeπeIUI . .5Ικίcτb Ι.(ίeϊ ΟΙ.(ΪΗΚΗ M0)l(Ha 
ποκpamπτπ ,[{B0Ma cπoco6aMπ - 36illbtueHHflM cmeneHJι ποπiΗοΜa a6o 
3MeHtueHHflM iHmepeωιy aπpoκcπMal(iϊ. Πpπ l(b0MY, xapaκτep ποΒe,[{ίΗκπ 
φyΗκl(ίϊ, 5ΙΚΥ MiHiMi3yIOτb, BpaxoByeτbc51 πpπ Βπ6οpί ΒΗΓJΙΜΥ ( cτeπeH51) 
ΠOJilHOMa. 

Memoo κeαοpαmuι.ι1-tοϊ anpoκcuMatJ,iϊ (Memoo Π αyeππα) 6a3yeτbc51 Ha 
πpππyI.QeHHi, I.Q0 Β o6Me)l(eHOMY οκοπί 3HaqeHb χ φyΗκl(ίΙΟ f (χ) M0)l(Ha
aπpoKCHMyBaTH KBa,[{paτπquπM Π0JilH0M0M . 

.5Ικmο ,[{JI51 3a,[{aHoϊ ΜΗΟ)ΚΗΗΗ τοqοκ Χ = {χι, χ2 , χ3 } Bi,[{oMi 3HaqeH­
H51 φyΗκl(ίϊ Β Ι.(ΗΧ τοqκaχ f(χι) = fι, f(x2 ) = [2 , f (χ3) = [3, το,[{ί
κοeφίl(ίeΗΤΗ ΠΟJΙίΗΟΜa ασ , αι τa α2 Ι.(ΗΧ τοqκaχ BH3HaqaIOTb ί3 piBHOCτi 
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φ(χ) = α0 + αι (χ -Χι)+ α2(χ -Χι)(χ -χ2). 

HaππrneMo po3B '513οκ (5.1) y BHΓJIMi (5.2) 

fz - fι 1 
( f3 - fι fz - fι ) αο =fι,αι =---,αz =--- ------- ·

Xz - Χι Χ3 - Xz Χ3 - Χι Xz - Χι 

(5.1)

(5.2) 

ToqHΪCTb aπpoκcπMau;iϊ 3 ,[{ΟΠΟΜΟΓΟΙΟ KBa,[{paτπqHoro ΠΟJΙίΗΟΜa e 



�OCHTb BHCOKOIO, ΤΟΜΥ BpaXOBYI011H yπiMO�aJibHΪCTb φyΗΚ[(iϊ f (Χ) Ta 3a­
CTocyBaBIIIH Heo6xi�HY ΥΜΟΒΥ icHyBaHH51 eκcτpeMyMy 8ψ(Χ) / 8χ = 0 �Ο 
(5.1), oτpHMYIOTb οQίπκy MiHiMyMy 

�e 

χ2 + Χι αι 
χ*= --

2a2 2α2 · 

Πί� ηac pea.πί3aQiϊ a.πropHTMY 6y�eMO 0611HCJIIOBaTH 

A+B+C 
χ*=------

2(Αι + Βι + Cι)' 

Α = (χ� - χξ)f(χι), Αι = (Xz - Χ3)f(χι), 
Β = (χξ - xf)f(x2), Βι = (Χ3 - Χι)f(χ2), 
C = (xf - x�)f(x2), Cι = (χι - Xz)f(x3). 

(5.3) 

(5.4) 

Aπ2opumM Memooy Π ayelllla 3acπoBaHHH πa ποcπι�οΒΗΟΜΥ 
Ha6πmκeHHi �ο MiHiMyMy 3a �ΟΠΟΜΟΓΟΙΟ (5.1)-(5.3): 

Κpοκ 1. 3a�aIOTb Χι, ποχπ6κy ε > Ο Ta κpοκ h > Ο. 
Κpοκ2. χ2 = χ1 + h.

Κpοκ 3. 5IKIQO f (χι) > f (χ2), ΤΟ Χ3 =Χι+ 2h,

ίπaκΙΙΙe χ3 = Χι - h.

Κpοκ 4. O611πcJIIOIOTb 3Ha11eHH5Ι Fmίn = min{f(x1),f(x2),f (χ3)}, 
51Ke Bi�πoBi�ac πpoMi)l(HiH T011Ql ΜΙΗΙΜΥΜΥ Xmίn

Κpοκ 5. 3a φopMyJioIO (5.4) BH3Ha11aIOTb χ*, 5ΙκΙQο Ιχ* - Xmίnl < ε, 
ΤΟ ΠΟΙΙΙΥΚ 3aKiH11YIOTb, ίπaκΙΙΙe πepexo�51Tb �ο κpοκy 6. 

Κpοκ 6. 5ΙκΙQο χ* Ε [min{X}, max{X}], ΤΟ πaπ6ίJibIIIe 3Ha11eHH5Ι ap-
ryMeπτy Β �aHiH T011Qi Χ= arg max f (χ) 3aMiH51IOTb Ha χ*; 51KIQO 

χε{χ1,Χz,Χ3} 

χ* ft. [min{X}, max{X}], ΤΟ πpππΜaΙΟΤb Χι = χ*. ΠίcJΙ51 3po6πeuπx 3aMiH
πepeBip51IOTb, IQO He 6yπο Bτpa11eHO iHTepBa.π 3 ΠΟΤΟ1ΙΗΟΙΟ ΤΟ1ΙΚΟΙΟ 
MiHiMyMy Χι < Xz < Χ3 , f (χι)< f(x2) < f(x3) Ta ΠOBepTaIOTbC51 Ha
κpοκ 4. ΚpοκΗ 4-6 C OCHOBHHMH �JI51 MeTo�y Πayeππa. 

MeTO� KBa�paTH11HOΪ aπpoKCHMaQiϊ 3a3BH11aH 3aCTOCOBYIOTb πίcJΙ51 
JIOKaJiί3aQiϊ ΤΟ1ΙΚΗ MiHiMyMy Ο�ΗΗΜ 3 MeTo�iB, p03ΓJΙ5ΙΗΥΤΗΧ Υ TeMi 4, Τaκ 
5ΙΚ �JI51 φyΗΚ[(iϊ, IQO �Bi11i �HφepeHQΪIOCTbC51, ΠΟJΙΪΗΟΜ �pyroro ΠΟΡΜΚΥ 
�OCTaTHbO �o6pe aπpoKCHMYC φyΗκQίΙΟ Β οκοπί ΤΟ1ΙΚΗ MiHiMyMy. 
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Aπ2opumM iΉmepnoll5llιJίUΉ020 Memooy ,l{eeίca -CeeΉa -KeMni 3Ha­
xo�)ΚeHH51 MiHiMyMy φyΗκ:Qίϊ Ha iHTepBa.πi: 

3a�aIOTb �oBίJibHY Toqκy χ0, ποχΗ6κy ε > Ο Ta κpοκ h > Ο. 
Κpοκ 1. BcTaHOBJIIOIOTb HaΠp51MOK y6yBaHH51 Ι(ίJΙbΟΒΟΪ φyΗκQίϊ. ,[(JI5I 

Ι(bΟΓΟ 6epyTb Χι = Χο + h . .5ΙΚΙΙ.(Ο f(χι) > f (χο), ΤΟ h = - h, Χι = Χο + 
h, h = 2h. 

Κpοκ 2. ΠoBTopIOIOTb: 

• Χ3 =Χι+ h;
• 5ΙΚΙΙ.(Ο f (χ3 ) < f(χι), ΤΟ h = 2h, Χο = Χι, Χι = Χ3 , iHaκrne h =

h/2, χ2 =Χι+ h Ta πepexo�51Tb Ha κpοκ 3.

Κpοκ 3. BHπyqaIOTb HaiiBi��aJieHirny Bi� MiHiMyMy Toqκy, a 3 
peIIITH τpbOX b e l(eHΊpaJibHOIO ΤοqκοΙΟ, α = b - h, C = b + h. 

Κpοκ 4. ΠpoB0�51Tb KBa�paTHqHy iHTepΠOJI51QίIO �JI51 BH3HaqeHH51 
ΤοqκΗ ΜΙΗΙΜΥΜΥ 

h f(a) - f(c) 
χ*= b +-. --------

2 f(a) - 2f(b) + f(c)" 
(5.5) 

.5ΙΚΙΙ.(Ο f(c) < f(x*), ΤΟ Χο = c, h = h/2 ί ΠOBepTaIOTbC51 Ha κpοκ 1,
iHaκrne χ0 = χ* Ta πepexo�51Tb Ha κpοκ 1. Q6qHcJieHH51 πoBTopIOIOTb �ο 
ΤΗΧ πίp , ΠΟΚΗ pί3HHQ51 �ΒΟΧ ΠΟCJΙί�ΟΒΗΗΧ ΟΙ(ίΗΟΚ Ιχk-ι - Xk * 1 > ε.

Πpuκιιαd 5.1. MeTo� οπΤΗΜi3al(ίϊ ΠayeJIJia. 
3αοαιια - po3po6HTH φyΗκl(ίΙΟ κopπcryBaqa, ΙΙ.(Ο pea.π13ye MeTo� 

Πayeππa. 

## Πpι-1κ11aρ, 5.1 

clc, clear all 

function [y, xa, err, iter] = powell_opt(f, 1, r, tol) 

iter = 0; h = 0.5; χ =  zeros(1, 3); 
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χ(1) = (r + 1) / 1.25; 

χ(2) = χ(1) + h; 

if (f(x(1)) > f(x(2))) 

χ(3) = χ(1) + 2 * h; 

else 
χ(3) = χ(1) - h; 

endif 

do 

iter += 1; 



Α = (χ(2)Λ2 - χ(3) Λ 2)*f(x(1)); Β = (χ(3)Λ2-
χ(1)Λ2)*f(χ(2)); 

C = (χ(1)Λ2 - χ(2) Λ 2)*f(x(3)); 
Α1 = (χ(2) - χ(3)) * f(x(1)); Β1 = (χ(3) - χ(1)) * 

f(x(2)); 
(1 = (χ(1) - χ(2)) *(χ(3)); 
xa = (Α + Β + C) / (2 * (Α1 + Β1 + C1)); 
χ = sort(x); 
if (abs(f(xa) - f(x(1))) < tol) 

y = f(x(1)); err = [ abs(f(x(1)) - f(xa)), abs(x(1) 
xa)]; 

break; 
endif 
if (xa <= χ(3)) 

χ(3) = xa; χ =  sort(x); 
elseif (xa >= χ(1)) 

χ(1) = xa; χ =  sort(x); 
else 

χ(1) = xa; 
endif 

until (iter > int32(1 / tol)) 
endfunction 

Pe3yJibτaτ: 

f = @(Χ) Χ.Λ4 - 32 * Χ .Λ 2 + Χ +  4; 
[y, χ, e, c] = powell_opt(f, -8, 0, le-3) 
>> 

Υ 
χ 
e 
C 

= 
= 
= 
= 

-256.0029740617852
-4.007789899710401
9.245884689335071e-04 3.787859424764228e-03 
10 

Φyιικu;ίί οπΠΙΜί3au;ίί 3 naκe'I)' optim ( Octave) 

Β πoπepe�Hi:u TeMi ΜΗ Π03Ha:UOMHJIHCb 3ί CTaH�apTHHMH φyΗΚQΪ5ΙΜΗ 
οπτπΜί3aQίϊ Octave, ΙΙ(Ο BΚJIIOqeHi Β 51�po (core) πaκery. ;ι::(ο�aτκοΒο e 

oκpeMH:U πaκeτ optim, Β 5ΙΚΟΜΥ peaπί30BaHi πoπyJI5IpHi aπropHTMH, HH)Κqe 
HaBe�eHO �e5Ικί 3 ΗΗΧ. 3a3HaqHMO, ΙΙ(Ο �e5Ικί 3 HaBe�eHHX Meτo�iB ΜΟ)ΚΥΤb 
BHKOpHCTOByBaTHC51 �JI51 MiHiMi3aQίϊ φyΗκQίϊ �eκίJibKOX 3ΜΪΗΗΗΧ τa 

Heo6oB '513ΚΟΒΟ HaJie)ΚaTb �ο Meτo�iB ΤΟ1ΙΚΟΒΟΓΟ OQίHIOBaHH51. 

70 



• [χ, y, cvg, iters, nevs] = powell (fun, χΟ, control) Μeτο� 
Πayeππa (6araτoBπMipππ:u Βππa�οκ), Cτpyκτypa control πpπiiMae 
"TolX", "Μ axFunEvals", "Max/ter", "SearchDίrectίons". 

• [χ, y, cvg, ίnf ο] = nonlίn_mίn (f un, χΟ, control) - iπτepφe:uc
�ο Meτo�iB lm_f easίble (Levenberg - Marquardt) , octave_sqp ,
sίman, d2_mίn.

• [χ, v, nev, h, args] = d2_mίn(fun, d2f, args, control, code) -

Bi�HOCΠTbC51 �ο rpyππ HblOTOHiBCbKHX Meτo�iB, Μeτο� φyπκu;ίϊ 

nonlίn_mίn. 

• [x,y, cvg, ίters] = bf gsmίn(fun, args, control) - Μeτο� Epo:u-
�eπa-Φ πeτqepa-Γ OJib�φap6a-Illaπo (BFGS).

• χ= nrm (f, χΟ) - Μeτο� HbIOTOHa-Paφcoπa.

Πpuκιιαd 5.2. MiπiMi3aQί51 3a Μeτο�οΜ ΠayeJIJia. 
3αοαι.ια - ΒΠ3Ηaqπτπ τοqκy MiHiMyM 3a �ΟΠΟΜΟΓΟΙΟ B6y�oBaHoϊ

φyπκu;ίϊ powell(). 

## Πp1ι1κ11aρ, 5.2 
clc, clear all 
f=@(x) -sin(x) % φyHκ�iR 
Χ=0:0.1:3; 
plot(X, myf(X)) 
hold on 
Χ=1.0; % ΠOYaTKOBa TOYKa 
ο =  optimset('Maxiter', 100, 'TolFun', 1Ε-10); % napaMeτp1ι1 
[x,y,convergence,iters,nevs] = powell (f,x,o) 
plot(x, y, 'dk') 

Pe3yJibτaτ: 

>> 

myf = @(χ) -sin (χ) 
χ =  1.570796326794911 

Υ = -1
convergence = 1 
iters = 2 
nevs = 32 
(arg: 0) 
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Pe3ιoMe 

Β �aHiH τeMi po3ί6paJIH po6ory ί3 Meτo�aMH ΟΠΤΗΜi3aQίϊ Ha OCHOBi 

τοqκοΒοrο ο[(ίΗΙΟΒaΗΗ.Η, �οcπί�πππ πa πpπκπa�ί peaJiί3aQίIO Meτo�a Πay­
eππa, ΙΙ(Ο �03BOJI51C �ocτaTHbO ΙΙΙΒΗ�ΚΟ 3Haxo�HTH MiHiMyM φyΗκQίϊ. 

Πpο�ΟΒ)ΚΗJΙΗ ΒΗΒqaτπ φyuκQίϊ Octave: powell ( ), mίnίmίze () , 

nonlίn_mίn(), plot() τa ίπ. EίJibIII �οκπa�Ηο ί3 οcο6ππ:Βοcτ.ΗΜΗ Meτo�iB 

QHX Meτo�iB OΠTHMi3aQiϊ, ΜΗ Π03HaHOMHMC51 Υ HacτyπHHX τeMax. 

ΠκτaΙΠΙπ ;::ι:mι caMonepeBip:κu 

1. Υ 5ΙΚΗΧ ΒΠ:Πa�κaχ 3aCT0C0BYIOTb MeT0�H τοqκοΒΟΓΟ ΟQΪΗΙΟΒaΗΗ.Η?

2. OτpHMaifτe po3paxyHKOBi cπiBBi�HOIIIeHH51 (5.2) ί (5.3).

3. qOMY 6a)ΚaHO ΒΗ3Ηaqπτπ ποqaτκοΒΗΗ iπτepBaJI JIOKaJiί3aQίϊ
ΜΪΗΪΜyΜy? 

4. ΟππΙΙΙiΤb Μeτο� οπτπ:Μί3aQίϊ Πayeππa. 5Ικί πe�οπίκπ τa πepeBarπ

Qb0Γ0 Meτo�y ΒΗ M0)ΚeTe Ha3BaTH 

5. ΟππΙΙΙiΤb Μeτο� οπτπ:Μί3aQίϊ ,[{eBica-CBeHa-KeMπi.

ΠpaκΠf1-ΙΗe3aΒ,ι::ι:aΙΠΙπ 

3uaHTH MlHlMYM φyΗκQίϊ 3Γi�ΗΟ 3 BapiaHTOM: a) 3a �ΟΠΟΜΟΓΟΙΟ 
po3po6πeuoϊ πporpaMH Ha ΜΟΒί Octave; 6) 3a �ΟΠΟΜΟΓΟΙΟ B6y�oBaHHX 

φyπκQίΗ. 

Ποpπ;::ι:οκ ΒΗΚΟΗaΙΠΙJΙ 33Β,ι::ι:auuπ 

1. ,[{π.Η 3a�aποϊ φyπκ[(ίϊ (�π:Β. τeMy 4) ΒΗ3Ηaqπτπ φyπκQίΙΟ κopπcτy­
Baqa τa πο6y�yΒaτπ ϊϊ rpaφiκ 3aco6aMH Octave. 

2. PeaJiί3yBaTH ο6π�Βa MeT0�H τοqκοΒΟΓΟ ΟQΪΗΙΟΒaΗΗ.Η, ΠΟ.ΗCΗΗΤΗ

oco6JIHBiCTb pο6οτπ ο6οχ aJIΓOpHTMiB. Cκπacτπ πopiBH5IJibHY τa6JIH[(IO 

BΠ:Bqeuπx Meτo�iB OΠTHMi3aQiϊ, ΒΗ6paτπ κpπτepίϊ �JI51 ΟQΪΗΚΗ τa ΟQΪΗΗΤΗ 
pe3yπbτaτπ �JI51 pο3pο6πeππχ φyπκ[(ίΗ y τeMax 4-5. 

3. Ποκa3aτπ πa rpaφiκy πepIIIi κpοκπ pο6οτπ aJiropπτMy 3a

�ΟΠΟΜΟΓΟΙΟ subplot () ί3 6 rpaφiκaMH. 
4. ΠopiBH.HTH pe3yJibTaT 3a π. 3 3 aHaJioriqHHMH pe3yJibTaTaMH,

oτpHMaHHMH 3a �ΟΠΟΜΟΓΟΙΟ B6y�oBaHHX φyΗκQίΗ Octave. 

5. ,[{οcπί�πτπ po6oτy φyuκQiH MiHiMi3aQίϊ ί3 πaκeτy optim.
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ΤΕΜΑ6 
ΜΕΤΟ)];Η ΙΙΕΡΙΙΙΟΓΟ ΤΑ ,π;ΡΥΓΟΓΟ ΠΟΡR,Π:ΚΙΒ ,IJ;JI.H 
ΠΟΙΙΙΥΚΥ ΜΠΠΜΥΜΥ ΦΥΗΚD;ΙΪ Ο,ΙΙ;ΗΙ€Ϊ 3ΜΠΠΙΟΪ 

Memoιo e 03HaiioMJieHWI cTy.[(eHTiB 3 MeTo.[(aMH πepIIIoro Ta .[(pyroro 
πopMKiB .[(JUI ποΙΙΙyκy MiHiMyMy φyΗκQίϊ Ο.[(Ηίeϊ 3ΜΪΗΗοϊ 3aco6aMH Octave. 

Π οcmαΉοeκα 3αοαιιί. Hexa:u QίJibOBa φyΗκQί51 y = f (χ) e yHiMo­
.[(aJibHOIO, 6e3πepepBHOIO Ta TaKOIO, ΙΙ(Ο .[(HφepeHQiIOeTbC51 ( a6o ,[(Βίqί ,[(H­
φepeHQiIOeTbC51) Ha iHTepBaπi ΠΟΙΙΙΥΚΥ MiHiMyMy. BH3HaqHTH MiHiMyM Qi­

JibOBOΪ φyΗκQίϊ ί3 3a,[(aHOIO ΠΟΧΗ6ΚΟΙΟ ε. 

MeTO,[(H ΟΠΤΗΜi3aQίϊ, ΙΙ(Ο BHBqaJOTbC51 Β ,[(aHi:u TeMi BHKOpHCTOBYIOTb 

iHφopMaQίIO προ πepIIIy (πepΙΙΙΟΓΟ ΠΟΡΜΚΥ) Ta .[(pyry (.[(pyroro πop51.[(Ky) 

ποχί.[(Ηί φyΗκQίϊ. ΠpHra,[(aeMo ί3 κypcy MaTeMaTHqHoro aHaπi3y Heo6xi.[(Hi 
. . 

Ta ,[(OCTaTHl ΥΜΟΒΗ 1CHyBaHH51 eκcτpeMyMy. 

Ηeο6χίοΉα yMoea icΉyeaΉΉfl eκcmpeMyMy: 5ΙΚΙΙ(Ο φyΗκQί51 f(x) BH-

3HaqeHa Β οκοπί ΤοqκΗ χ0 3a BHKJIJOqeHWIM ΜΟ)Κe caMoϊ ΤοqκΗ χ0, Mae Β 

ToqQί χ0 eκcτpeMyM, ΤΟ Β Qiii ToqQί f' (χ) = Ο a6o f' (χ) = οο. 
J(ocmamΉi yMoeu eκcmpeMyMy φyΉκ11,ίϊ οοΉίεϊ 3ΜίΉΉοϊ: 

.5Iκll(o φyΗκQί51 f (χ) HeπepepBHa Β Τ. χ0 ί .[(e51KOMY δ-οκοπί Qίeϊ Toq­
KH, Mae ποχί.[(ΗΥ, κpiM, ΜΟ)Κe, Β caMi:u Τ. Χο ' ΤΟ.[(ί, 5ΙΚΙΙ(Ο f' (χ) πpΗ πepe­

XO,[(1 qepe3 Τ. χ0

• 3ΜΪΗΙΟ€ 3Ηaκ 3 + Ha - , ΤΟ Χο e ΤοqκοΙΟ MaKCHMyMy;
• 3ΜΪΗΙΟ€ 3Ηaκ 3 - Ha +, ΤΟ Χο e ΤοqκοΙΟ MiHiMyMy;
• 3Ηaκ He 3MtHIOe, ΤΟ χ0 He e Τοqκο10 eκcτpeMyMy .

.5ΙΚΙΙ(Ο φyΗκQί51 f (x) BH3HaqeHa ί ,[(Βίqί .[(HφepeHQiiioBaHa Β ,[(e51KOMY 

οκοπί Τ. Χο , πpHqoMy f' (χ) = Ο, a f" (χο) * Ο, ΤΟ Β Τ. Χο φyΗκQί51 Mae 

(pHC. 6.1) 
• MaκcHMYM, 5ΙΚΙΙ(Ο f" (χ0) < Ο;
• MiHiMyM, 5ΙΚΙΙ(Ο f" (Χο) > 0.

ΤaκΗΜ qHHOM, MeTO,[(H OΠTHMi3aQiϊ 
• HYJibOBOΓO ποp51.[(ΚΥ He BHKOpHCTOBYIOTb ΠOXl.[(Hy;
• πepΙΙΙΟΓΟ ποp51.[(ΚΥ BHKOpHCTOBYIOTb πepIIIy ΠOXl.[(Hy;
• .[(pyroro ΠΟΡΜΚΥ BHKOpHCTOBYIO .[(pyry ΠOXl.[(Hy.

Μ emoou ιιuceJlbΉ020 ouφepeΉ11,ί10eaΉΉ5l OCHOBaHi Ha BHKOpHCTaHHi 
BH3HaqeHWI ποχί,[(ΗΟΪ Ta aπpoKCHMaQi51X φyΗκQίϊ ΠΟJΙίΗΟΜaΜΗ Β IIIyκaHi:u 
ToqQι 
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. 
f (χο + Δχ) - f (χο) 

f'(x0) = lιm ------.
Δχ0 �ο Δχ 

(6.1) 

ΠoIIIHpeHHM e cπoci6 aπpoKCHMaQiϊ φyΗκQίϊ ΠΟJΙίΗΟΜaΜΗ HblOTOHa 

a6o JiarpaH)Κa ( R - ποχπ6κa ( 3aJIHIIIKOBHH qJieH))

f(k)(x) :::: p(k)(x), Ο< k < Ν,

f(k)(x) = p(k)(x) + R, Ο< k < Ν.

/(χ) f'(x}<O 

f"(x)<O 

f(x) f'(x)<O 
1 

/ '(χ)>Ο

f"(x)>O. f"(x)>O 

1 

1 

1 1 11 
1 

1 

1 

1 

P11cyHoκ 6.1 

φ ο ΟΡΜΥJΙΗ ΜΗ ο qucJΙeHH.H ποχι.ι:.uuχ πepιιιΟΓΟ ποpιι.ι.κy

Τ11π ΦopM)'na 

Hec11MeτpWIHa o6epHeHa (R(h)) 
f'(χί) = 

fi - !ί-1

Hec11MeτpWIHa o6epHeHa (R(h2 )) 
f'(χί) =

3fi - 4fi-1 + !ί-2 
?.h 

Hec11MeτpWIHa πp51Ma (R(h)) 
f'(χί) = 

fi+1 - fί

h 

Hec11MeτpWIHa πp51Ma (R(h2 )) 
f'(χί) =

-3fί + 4fί+1 - fi+2
?.h 

C11Meτp11qHa (R(h2 )) 
f'(χί) = 

fi+1 - fί-1

2h. 

(6.2) 

χ 

Τ a6Jlu l,fJl, 6.1 

C11Meτp11qHa (R(h4)) 
f'(χί) =

-fi+2 + 8fi+1 - 8fί+1 + fi-2
12h. 

Ha πpaKTHQi BlIK0pHCT0BYIOTb οτpπΜaΗι 13 (6.1)-(6.2) πp.ΗΜί 
(Bπepe�), o6epHeHi (Ha3a�) τa CHMeτpπqHi OQiHKlf ποχi�ΗΗΧ (τa6JI. 6.1-
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6.2), CHMeτpHqHι cxeMH MaIOTb MeHIIIY ΠΟΧΗ6κy Υ πopiBH5IHHi 13 

HeCHMeτpHqHΙfMH. 

Τα6nuιμι. 6.2 
φ ο OPMYJIH .LΙ:JIH ο qucJieHHH ΠΟΧΙ.LΙ:ΗΗΧ .LΙ:ΡΥΓΟΓΟ πορπ,ιι:�y

Τ11π ΦopMγna 
Hec11Meτp11qHa o6epHeHa 

f" (χί) =(R(h)) 
Hec11Meτp11qHa o6epHeHa 

f" (χί) =(R(h2)) 
Hec11Meτp11qHa πp5rMa (R(h)) 

f" (χί) =

Hec11Meτp11qHa Πp5rMa 

f" (χί) =(R(h2)) 
C11MeTpJiqHa (O(h4)) 

f" (χί) =

fi - Ζfί-1 + Λ-2 
h2 

2[;_ - Sfi-1 + 4fί-2 - Λ-3 
h2 

fi+z + 2 Λ+1 - fi 
h.2

2 Λ - s Λ+1 + 4 fi+z - Λ+3 
h2 

fi+2 + 2 [;_ - fi+1 
?.h 

C11MeTpJiqHa (O(h4)) 
f'(χί) =

-fί+z + 16fί+1 - 3Οfί + 16fί+1 + Λ-2
1 ?.h2

3 πpaκτΗqΗοϊ τοqκΗ 3opy, πί� qac o6qHcJieHb ΚΟ)ΚΗΥ τοqκy ΜΟ)ΚΗa 

BBa)ΚaTH 3a Χο , ΤΟΜΥ BCi φopMyJIH ΜΟ)ΚΗa πepeΠHCaTH �JI5I Qieϊ τοqκΗ 

(6.3), aπe 3a BHKJIIOqeHH5IM πepΙΙΙοϊ τa OCTaHHbOΪ, Β 5.ΙΚΗΧ BHK0pHCT0BYIOTb 
Bi�πoBi�Hi φopMyJIH Bπepe� τa Ha3aπ 

1 1 
f'(xo) = 

Zh (
-3fo + 4f1 - fz) + 3 

h2 f", 

1 1 
f'(x1) = Zh (f2 - fo) - 6

h2 f", 

1 1 
f'(x2) = Zh (fo - 4f1 + 3f2) + 3 

h2 
f". 

(6.3) 

3a3HaqHMO, ΙΙ(Ο iCHYIOTb iHIIIi cπoco6H πο6y�ΟΒΗ φopMyJI (Ha OCHOBi 
ποπiΗοΜiΒ JiarpaH)Κa τa CτipπiHra) τa pi3Hi cxeMH �JIH qΙfceJibHoro 

. .. . . . . . . 

3HaXO�)ΚeHH5I ΠOXl�HOl Ha plBHOMlpHHX τa HeptBHOMlpHl cιτκaχ, πpΗ 

l(b0MY 0CH0BH0IO πpo6JieMOIO e τe, ΙΙ(Ο 3ί 3MeHIIIeHH5IM κpοκy h ΠΟΧΗ6κa 
�HφepeH[(ΪIOBaHH5I ΜΟ)Κe cyττeB0 3pocτaTH, ΙΙ(Ο ποτpi6Ηο 3aB�H MaTH Ha 

YBa31. 
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Πpuwιad 6.1. 3HaXO�)ΚeHH51 ποχi�ΗΟΪ Β qπceJibHOMY BHΓJIMi. 

3αοαιια - Ηaππcaτπ πporpaMy 3Haxo�)ΚeHH51 ποχi�Ηοϊ φyΗκπ;ίϊ sίη χ
Ha 3-χ BY3Jiax 

Ha pπc. 6.2a HaBe�eHo rpaφiκ φyΗκπ;ίϊ τa ϊϊ ποχi�Ηοϊ, a Ha 6. 26 -

ποχπ6κa o6qπcJieHb 5ΙΚ pi3HΠIJ;51 Μi)Κ τοqΗΗΜ τa o6qπcJieHHM 3HaqeHH51MH 
. .. 

ΠOXl�HOl. 

## Πpι-1κ11aρ, 6.1 
## Yι-1ceJ1bHe ρ,ι-1φepeH�i�BaHHR 
clear all; clc; 
##pkg load symbolic; 
## ρ,ι-1φepeH�i�BaHHR πο 3-χ το�κaχ 
function [dy] = diff_3p (y, h) 
## φopMyllι-1 
Ν = length(y); 
if (Ν < 3) 

error("Π0Mι-111κa! Po3Mip Macι-1Bi MeHwe 3-χ eneMeHτiB") 
return 

endif 
direct = @(y, i) -3*y(i)+4*y(i+1)-y(i+2); 

back = @(y, i) 3*y(i)-4*y(i-1)+y(i-2); 
## ΟCΗΟΒΗι-1� �ι-1ΚJ1 

dy = zeros(1, Ν); 
for i = 1: Ν 

if (i < Ν-2) 
dy(i) = direct(y,i); 

else 
dy(i) = back(y,i); 

endif 
endfor 
dy /= 2 * h 
endfunction 

Pe3yJI1>τaτ: 

## nepeBipκa 
f = @(χ) sin(x); ## φyHκ�iR 
df = @(χ) cos(x); ## ποχiρ,Ηa 
Ν = 25; a = -2*pi/2; b = 2*pi/2; ## ρ,iana3oH 
χ =  linspace (a, b, Ν); h = (b-a) / Ν; ## κpοκ 
y = f(x); y1 = df(x); ## 3Ha�eHHR φyΗκ�iϊ τa το�Ηοϊ ποχiρ,Ηοϊ 
dy = diff_3p(y, h); R = (y1 - dy); ## �ι-1(. ποχiρ,Ηa τa ΠΟΜι-1J1Κa 
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CπMeτpπqHi φopMyJiπ )];JI51 ΟQίΗΟΚ ;::ι;pyrπx ποχi;::ι;ΗΠΧ 
BΠKOpΠCTOBYIOTb πί;::ι; qac p03B '513aHH51 κpaΗΟΒΠΧ 3a;::ι;aq )];JI51 3ΒπqaπΗΠΧ 
;::ι;πφepeHQίaJibHΠX piBH5.IHb ί ;::ι;πφepeHQiaJibHΠX piBH5.IHb ί3 qacΤΠΗΗΠΜΠ 
ποχi;::ι;ΗΠΜΠ. HecπMeτpπqHi o6epHeHi φopMyJiπ 3aCTOCOBYIOTb )];JI5.I 
aπpoκcπMaQiϊ πeprnπx ποχi;::ι;Ηπχ y rpaHπqHπx yMoBax )];JI51 κpaiioBπx 
3a;::ι;aq ί p03B' 513aHH51 )ΚΟpcτκπχ 3ΒπqaπΗΠΧ ;::ι;πφepeHQίaJibHΠX piBH5.IHb ί3 
ποqaτκοΒπΜπ yMoBaMπ π τ. π. 

Υ Octave e ;::ι;eκίJibKa φyΗκQίπ )];JI51 o6qπcJieHH5.I ποχi;::ι;Ηοϊ 
. . 

qπceJibHΠMΠ Μeτο;::ι;aΜΠ τa Β aHaJilTllqHoMy ΒΠΓJΙ51)];1: 

• dx = deriv (f, χΟ, h, Ο, Ν) qπcJioBe ;::ι;πφepeHQiIOBaHH51 (optim), f
- iM'51 φyΗκQίϊ (a6o ΒΚa3iΒΗπκ), h - κpοκ, χ0 - τοqκa, Ο= 2(4), Ν =
1 ... 4 - ποp51;::ι;οκ ποχi;::ι;Ηοϊ.

• dx = dif f (χ) - o6qπcJieHH5.I κiHQeBπx pi3HΠQb. .5Ικmο χ -

Ο)];ΗΟΒΠΜipΗΠΗ MaCΠB ΒΠΓJΙ5Ι)];Υ, ΤΟ dif f (χ) - Βeκτοp pi3HΠQb cyci;::ι;Hix 
eJieMeHτiB. AπpoκcπMaQieω ποχi;::ι;Ηοϊ n-ro ποp5.1;::ι;κy e Bi;::ι;HorneHH51 
dif f(y, n)./dif f(x, n). 

• df = dif f(f(x,y, ... . ), n) CΠMBOJibHe ;::ι;πφepeHQiIOBaHH51 
(symbolic). 

• [f χ, f y, f z, ... ] = gradient(f, h) - o6qπcJieHH5.I rpa;::ι;ieHτa. �JI51
o6qπcJieHH5.I ποχi;::ι;Ηοϊ Β τοqQί χ0: gradient(@f, χ0, h), ;::ι;e h -τoqHicτb. 

1.5 

1 • • • f (χ) = sin(x)

0.5 -f'(x) = cos(x)

ο 

•••

-0.5
•• 

-1
••• 

-1.5

-4 -2 ο 2 4 

α) 
0.1 

0.05 

-R = cos(χ) - f'(χ) 

ο 

-0.05

-0.1

-4 -2 ο 2 4 

6) 
PMCYHOK 6.2
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Πpuwιad 6.2. O61n1cJieHH5Ι ποχί;::ι:ποϊ Β τοqQί 

3αοαιια - πaππcaτπ πporpaMy o6qπcJieHH51 ποχί;::ι:ποϊ y cπMB0JibH0MY 

τa Β qπcJioBoMy ΒΠΓJΙ51;::J:ι. 
3Βepπίτb yBary πa cyττeBi ποχπ6κπ qπceJibHHX φyπκQί:u y Βππa;::ι:κy 

ΒπκοpπcτaΗΗ51 cτaπ;::ι:apτππχ HaJiamτyBaHb. 

## Πpι.1κnaρ, 6.2 

pkg load symbolic; pkg load optim; 
format long; 

function f = myf(x) 
f=sin(x); % ποχiρ,Ηa -> cos(x) 

endfunction 
syms s; 

dx=diff(sin(s),s) % ποχiρ,Ηa Β C&ι1MBOJlbHOMY B&ι1ΓJ1RJJ,i 
vpa(subs(dx, s, 1)) % po3paxosaHe 3HaYeHHR 

% po3paxoBaHi 3HaYeHHR Υ Y&ι1CJ10BOMY B&ι1ΓJ1RJJ,i 

deriv(@myf,1, le-10) 
gradient(@myf, 1, 0.00001) 

gradient(@sin, 1) 

Pe3yJibτaτ: 

>> theme 6 ex2

dx = (sym) cos(s)
ans = (sym) 0.54030230586813971740093660744298

ans = 5.403022473871033e-01 
ans = 

ans = 

5.403023058569989e-01 

4.546487134128409e-01 

Πpuwιad 6.3. Q6qπcJieHH51 ποχί;::ι:ποϊ Β τοqQί. 

3αοαιια - πaππcaτπ πporpaMy o6qπcJieHH51 ποχί;::ι:ποϊ ί3 Βπκοpπcτaπ­

Η5ΙΜ φyπκQίii derίv() τa gradίent(). ΠοpiΒΗ5ΙΤΠ pe3yJibτaτπ. 

Pe3yJibTaT πpe;::ι:cτaBJieH0 Υ rpaφίqπoMy ΒΠΓJΙ51;::J:ί (pπc. 6.3), 3BepHiTb 

yBary πa ποΒΟ;::J:;ΚeΗΗ51 φyπκQίϊ derίve() πa rpaHπQi iπτepBaJiy. 

## Πpι.1κnaρ, 6.3 
clc; 

pkg load optim; 
function [dy] = f2(x) dy = sin(x); endfunction 

f=@(x) sin(x); 
a=-pi; b=pi; h=0.1; x=a:h:b; 
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dy = cos(x); 
dfl=gradient(f(x), h); % noxiAHa 
df2=deriv(@f2, χ, h); 
subplot(2,1,1) 
hfl = plot(x,f(x),":", χ, dfl) 

hl = legend("f(x) = sin(x)", "f'(x) = cos(x)"); 

hx = xlabel('a)') 
set(hl, 'fontsize', 18, 'location', 'northwest') 
set(gca, 'linewidth', 1.75, 'fontsize', 16, 'gridalpha',0.75); 
set(hfl, 'linewidth', 3.5, 'color', 'black'); 
set(hx, 'fontsize', 22, 'fontangle', 'Italic', 'fontname', 
'Times New Roman'); 
grid on 
subplot(2,1,2) 
err = ((df1-df2) ./ df1)*100; 
hf2= plot (χ, err) 
hl = legend("BiAHOCHa nox�6κa,{\\Delta}df/df1,%"); 
hx = xlabel('6)') 
set(hl, 'fontsize', 18, 'location', 'southwest') 
set(gca, 'linewidth', 1.75, 'fontsize', 16, 'gridalpha',0.75); 
set(hf2, 'linewidth', 3.5, 'color', 'black'); 
set(hx, 'fontsize', 22, 'fontangle', 'Italic', 'fontname', 
'Times New Roman'); 
grid on 
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ΠepeH.[(eMO �ο pO3ΓJIMY Memooί6 οnmuΜί3αzιίϊ nepι.uo20 ma opy2020 
nοp5ιοκί6. MeTo�aM HYJibOBoro ποp5Ι�κy BJiaCTHBO πaκοππqyΒaΤπ 
ΠΟΜΗJΙΚΗ, IQO πpH3BO�HTb �ο BHHHKHeHH51 �o�aTKOBHX ποχπ6οκ. 5IKIQO 
φyΗκl(ί51 Ha BCbOMY iHTepBaJii [ α, b] C yπiMO�aJibHOIO Ta 6e3πepepBHO 
�πφepeHI(iHOBaHOIO, ΤΟ Toqκa MiHiMyMy χ* C κopeHeM piBH51HH51 f' (χ) = 
Ο. )J;JI5I Bi�myκaHH51 χ* BHKOpHCTOBYIOTb MeTO�H p03B'513aHH51 HeJiiHiHHHX 
piBH51Hb, a Ηaπ6ίJΙbΠΙ κpHTifqHoIO oπepal(ίCIO, IQO πpH3BO�HTb �ο 
�o�aTKOBHX ποχπ6οκ Ta rpy6πx ΠΟΜΗJΙΟΚ, C qπcJIOBe �πφepeHQiIOBaHH51. 

Memoo cepeo1-1boϊ mοιικu πο6y�οΒaπππ aπanorίqπo πp5ΙΜΗΜ 
MeTo�aM BHΚJIJOqeHH51 iHTepBa.JIY, τiJibKH Ha ΚΟ)ΚΗiΗ iTepal(iϊ πepeBip51IOTb 
BHKOHaHH51 ΥΜΟΒ f'(x) = ο Ta (a6o) f'(x) < ε. 

Κpοκ 1. 3a�aIOTb ε > Ο Ta �Bi Τοqκπ α1 ί b1 Taκi, IQO f'(a1 ) < Ο Ta 
f'(b1 ) > Ο. ΠpππΜaΙΟΤb χ1 = (α1 + b1)/2, k = 1. 

Κpοκ 2. 5ΙκΙQο f' (xk) = Ο a6o f' (xk) < ε ,  Το χ* = (ak + bk)/2 c 
myκaποω Τοqκοω MiHiMyMy, o6qπcJieHH51 3aκίπqy10Tb. 

Κpοκ 3. 5ΙκΙQο f' (xk) < Ο , ΤΟ αk+ι = xk , bk+ι = bk , iπaκme 

αk+ι = ak, bk+ι = xk , xk = (ak + bk)/2 Ta πoBepTaIOTbC51 πa κpοκ 2. 

)J;aHHH MeTO� ΠΙΒΗ�ΠΙe 3a Πp51Μί 36ίraCTbC51 �ο 3HaqeHH51 χ*.

Πpuwιad 6.4. MeTo� cepe�Hboϊ Τοqκπ (pπc. 6.4) 
3αοαιια - πaππcaΤπ πporpaMy Β 5Ικίπ pea.Jiί3yBaTπ anropπTM MeTo�y 

cepe�Hboι Τοqκπ. 

## Πpι.1κ11aJJ, 6.4 
clear all; 

format long g % 15 3Haκis nic11H κpaπκι-1 
function [y] = f(x) 

y = - sin(x); 
endfunction 
a = 0; b = 2; h = 0.25; 

x=a-h:h:b+h; % JJ,aHi JJ.llH no6yJJ,0Bι.1 rpaφiκy 
plot(x, @f(x), ':k', 'linewidth', 2.75); 
hold on; grid on; 

eps=0.001; k=1; 
a0 = a; b0 = b; 
do 

ya=deriv(@f, a, 1); 

yb=deriv(@f, b, 1); 
plot(a0, ya,"kv", 'markersize',14,'linewidth', 1.5, 

b0, yb,"kd", 'markersize',14, 'linewidth', 1.5) 
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xl=(b+a)/2. 
df1=deriv(@f, 
plot(x1, df1, 

a, @f(a), 
b, @f(b), 

if (df1 < 0) 
a=x1; 

else 
b=x1; 

endif; 
k++; 

χ1, 1) 
11 k 11 

. , 

llk>
II

, 

llk<
II

, 

until (abs(df1)<eps) 

'markersize',36, 
'markersize',16, 'linewidth', 1.5, 
'markersize',16, 'linewidth', 1.5) 

hl = legend('-sin(x)', 'y_{a}', 'y_{b}', 
1

1 f'(x_{l}) 11

, '\itf(a)', '\itf(b)'); 
set(hl, 'fontsize', 20, 'location', 'eastoutside') 
set(gca, 'linewidth', 1.75, 'fontsize', 20, 'gridalpha', 
0. 65); 
hold off 

Pe3yJI1>τaτ: 

>> 

χ1 = 1.5 
dx1 = -0.05952330274987677 
χ1 = 2.25 
dx1 = 0.5285898769428473 
χ1 = 1.875 
dx1 = 0.2520487544363031 
χ1 = 1.6875 
dx1 = 0.09797999045831812 
χ1 = 1.59375 
dx1 = 0.01931315396878247 
χ1 = 1.546875 
dx1 = -0.02012718272531056 
χ1 = 1.5703125 
dx1 = -0.0004071261936942072 
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<t> 

φ 

1 � 

f, 

. 

�· 

2 

. 

=sin� 

'ν Υ 11 

2.5 

<> Υ12 
• f'(x

0
) 

ι> f(a) 

<) f(b) 

Πpuκrιad 6. 5. Oco6JIHBOCτi pο6οτΗ 13 φyΗΚΙ.(Ϊ.ΗΜΗ qπceJibH0Γ0 
�HφepeHl.(ΪIOBaHH51. 

3a�aqa - �ocπi�HTH ΒΠJΙΗΒ Ha pe3yJibTaTH o6qπcJieHb �o�aTK0BHX 

πapaMeτpiB φyHKl.(iH qπceJibHOΓO �HφepeHQiIOBaHH51. 
Pe3yJibTaT, τηο oτpHMaH0, πoκa3ye Heo6xi�HiCTb Β �o�aTK0BHX Ha­

JiaIIIryBaHH51X 6ί6πίοτeqΗΗΧ φyHKQiH τa τecτyBaHHi πporpaMH0Γ0 κο�y. 
ΠepIIIi �Ba pe3yJibTaTH 3Haqπo Bi�pi3H51IOTbC51 Bi� τaκπχ .ιΚe, oτpHMaHHX 
Meτo�aMH HYJib0Boro ποpΜΚΥ, Qe cτaπocb 3aB�.HKH πeπpaBHJibH0MY πa­

JiaIIIryBaHHIO φyΗκQίϊ Octave. BHCHOBOK, a6o BHKOpHCTOBYHTe CTaH�apτ­
Hi MeT0�H, a6o yΒa.ιΚΗΟ qπτaπτe ΟΠΗC φyΗκQίϊ y �oBi�KOBiH CHCTeMi 
Octave. [(ίκaΒΗΗ τaκο.ιΚ τpeτίπ pe3yπbτaτ, .ΗΚΗΗ οτpπΜaΗο BCboro 3a 2 

κpοκπ pο6οτπ aπropπτMy, a ποχπ6κa 3'.HBHJiacb τίJΙbΚΗ Β τpeτboMy po3-
p.H�ι pe3yJib τary. 

## ΠpΙΛKJlaJJ, 6.5 

format long g % 15 3Haκis nicnR κpaπκ1ι1 
function [y] = f(x) 

y = χ.Λ4 - 32 * χ .Λ 2 + χ + 4; 

endfunction 
function [χ, iter] = mid_point_deriv(f, a, b, h, eps) 

iter = 1; 
do 

ya=deriv(@f, a, h); 

yb=deriv(@f, b, h); 
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X=(b+a)/2.; 
dfl=deriv(@f, χ, h) ; 

if(dfl < 0) a=x; else b=x; endif; 
++iter; 

until (abs(dfl) < eps 11 iter > 1e3) 
endfunction 

a = -8; b = 0; eps=le-3; h = 1; 

[χ, iter] = mid_point_deriv(@f, a, b, h, eps); 
display([iter, χ, f(x)]) 

h = 0.5; [χ, iter] = mid_point_deriv(@f, a, b, h, eps); 
display([iter, χ, f(x)]) 
h = 0.25; [χ, iter] = mid_point_deriv(@f, a, b, h, eps); 
display([iter, χ, f(x)]) 
h = 0.1; [χ, iter] = mid_point_deriv(@f, a, b, h, eps); 

display([iter, χ, f(x)]) 
h = 0.01; [χ, iter] = mid_point_deriv(@f, a, b, h, eps); 
display([iter, χ, f(x)]) 

Pe3ynbτaτ: 

18 -3.88128662109375 -255.0059127554973 ΥΒΑΓΑ 

19 -3.976531982421875 -255.9414906161229 ΥΒΑΓΑ 

2 -4 -256
20 -4.006546020507812 -256.0037991060724
19 -4.007781982421875 -256.0038986463916

Μ emoo XOpO. 3a QHM MeTO�OM φyΗΚQΪΙΟ 3aMΪHIOIOTb XOp�OIO Ha 

iπτepBa.πi [α, b ]. Hexaπ 3HaqeHH51 πeprnoϊ ποχί�ποϊ πa κίΗQ51Χ iπτepBany e 

pi3HHMH 3a 3ΗaκοΜ f' (α) < Ο τa f' (b) > Ο, το6το φyπκQί51 e οπyκnο10 
πa iπτepBa.πi (pπc. 6.1, pπc. 6.2). 3a ποqaτκοΒe πa6JIH)ΚeHH51 χ0 06πpa10τb 
τοπ κiπeQb iπτepBany [α, b] , �e f (χ0) • f" (χ0) < Ο . Πocni�oBHicτb 
Ha6JIH)ΚeHb �ο MiHiMyMy BH3HaqaeTbC51 peκypeHTHOIO φopMyJioIO 

xk = b - f'(b)/(f'(b) - f'(a)) · (b - α), k = 0,1,2, .... (6.4) 

ΑπrοpπτΜ 3By)ΚeHH51 iπτepBa.πy HeBH3Haqeπocτi aπa.ποrίqπππ �ο πo­
πepe�Hboro. 5ΙκΙ.Qο f' (xk) = Ο a6o f' (xk) < ε o6qπcneHH51 3aκίπqy10τb, 
χ* = xk e τοqκο10 MiHiMyMy. 

Memoo oomuιιJ-Ιux (HblomoHa) - Μeτο� �pyroro ποpΜκy. 3a QHM Μe­
το�οΜ �yry κpπΒοϊ y = [(χ) πa iπτepBani [α, b] 3aMiHIOIOTb ϊϊ �οτπqπο10 
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f' (χ) � f' (χ0 ) - f" (χ0)(χ - χ0) . 3a πoqaTκoBe πa6JimκeHH51 χ0
o6πpaIOTb Τοπ κiπeQb iHTepBa.πy [α, b], �e f (χ0 ) · f" (χ0 ) > Ο. ΠocJiί�oB­
πicTb Ha6JimκeHb �ο MiHiMyMy BΠ3HaqaeTbC51 peκypeHTHOIO φopMyJioIO 

(6.5)

OcHOBHa πpo6JieMa - πpaBΠJibHe o6paHH51 Τοqκπ Χο . ΥΜΟΒΟΙΟ 3yππ­
ΗeΗΗ5Ι o6qπcJieHb e Ιχk+1- χk ι < ε. 

Memoo κeaopamuιιJ-toϊ anpoκcuMazιiϊ. Hexaπ �JI51 yπiMo�aJibHoϊ οπyκ­
JΙοϊ Ta �Βίqί 6e3πepepBHO �πφepeHQiHOBaHOΪ Ha Bi�pi3KY [ α, b] φyΗκQίϊ 

f(x) Βi�οΜπΜπ e Υ1 = f (α), Υ2 = f (b), Υ11 = f'(a), Υ12 = f'(b). 
5ΙκΙ.Qο y11 · y12 < Ο, ΜΟ)ΚΗa πo6y�yBaTπ e�ππππ iΗΤepποJUΙQίππππ ποJΙί­
ΗΟΜ τpeTbOΓO CTeπeWI (κy6ίqπππ iHTepΠOJUΙQiHHΠH ΠΟJΙίΗΟΜ EpMiTa) 

Ρ3(Χ) = Co + C1(X - α) + Cz(X - α)(χ - b) + C3(X - α)
2
(χ - b) (6.6) 

�e Co = Υ1 ; Cι = (yz- Y1)/(b - α); Cz = (Υ2 - Y1)(b - α)-2 -
Υ11! (b - α); C3 = (yιz - Y11)(b - α)-2 - 2(yz - Y1)(b -
α)-3 .3acTocyBaBIIIΠ �ο (6.4) πeο6χί�πί yΜοΒπ icπyBaHH51 eκcτpeMyMy
a Ρ3 (Χ)/ a Χ = Ο, οτpΠΜΥΙΟΤb piBH51Hilll 

C3 (x - α)2- 2 (Υ11 + Υ12 - 3c1)/(b - α) + Υ11 = Ο, 
p03B '513ΚΟΜ 5ΙΚΟΓΟ e 

χ0 = α + μ(b - α), 
μ = (ω + z - Υ11)/(2ω - Υ11 + Υ12), 
z = Υ11 + Υ12 - 3(yz - Y1)/(b - α), (6.7) 

ω = ) z2 - y11y12, μ Ε (0,1), χ0 Ε (α, b ).

Aπ2opumM Memooy κeaopamuιιJ-toϊ anpoκcuMazιiϊ (6.6)-(6.7). 
3a�aIOTb ε > Ο, 3a yΜοΒπ f'(a) · f'(b) < Ο 3Haxo�51Tb �Bi Τοqκπ α 

Tab. 
Κpοκ 1. Q6qπcJIIOIOTb φyπκQίΙΟ Ta ϊϊ πepIIIi ποχί�πί Β Toqκax α Ta b. 

3a φopMyJioIO (6.1) o6qπcJIIOIOTb κoeφiQieHTΠ ΠΟJΙίΗΟΜa Ρ3 . 
Κpοκ 2. Q6qπcJIIOIOTb χ0 Ta f' (χ0 ). 5ΙκΙ.Qο lf' (χ0) 1 < ε, ΤΟ 

o6qπcJieHH51 3aκίπqy10Tb, a Toqκa χ* = χ0 . 5ΙκΙ.Qο f' (χ0 ) < Ο, ΤΟ α =

Χο , ίπaκΙΙΙe b = Χο Ta ΠOBTOpIOIOTb 3 κpοκy 1. 
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Pe3ιoMe 

)J;aHOIO TeMOIO ΜΗ 3aKiHqHJIH p03Γllil� Meτo�iB ΟΠΤΗΜi3aπ;ίϊ φyΗκ:QίΗ 

O�Hieϊ 3ΜΪΗΗΟΪ. Μeτο�Η πepΙΙΙΟΓΟ τa �pyroro πop51�KiB 3a6e3πeqyIOTb 

�OCTaTHbO ΙΙΙΒΗ�κί:u ΠΟΙΙΙΥΚ MiHiMyMy φyπκπ;ίϊ, aJie πpΗ QbOMY 6epyτb �ο
yBaΓH τa BHKOpHCTOBYIOTb 3HaqeHH51 πepΙΙΙοϊ τa ( a6o) �pyroϊ ποχi�ΗΟΪ

φyπκπ;ίϊ Ha ΚΟ)ΚΗΟΜΥ κpo:Qi pο6οτπ aJIΓOpHTMY, I.QO ΜΟ)Κe πpH3BeCTH �ο

cep:uo3HHX ποχΗ6οκ pe3yJibτaτiB o6qπcneub.
)];.π5Ι φyπκπ;ί:u O�Hieϊ 3ΜΪΗΗΟΪ, 5ΙΚ πpaBHJIO, He �)Κe CΚJia�HO 3Ha:UTH 

auaniτHqHHH BHpa3 �llil ποχi�ΗΗΧ πepΙΙΙΟΓΟ τa �pyroro ΠΟΡΜΚiΒ. )J;llil 

φyπκπ;ί:u 3aJ:(aHHX τa6JIHQ51MH CΒΟΪ 3HaqeHb τa �llil Ha6opiB 

eκcπepHMeHTaJibHHX �aHHX BHKOpHCTOBYIOTb MeTO�H o6qHcJieHb Ha 

cίτκaχ. Β �aπi:u τeMi ΜΗ πpo�HφepeH:QiIOBaJIH κίnbκa φyπκπ;ί:u 3a 
�ΟΠΟΜΟΓΟΙΟ φopMyJI, oτpHMaHHX ί3 MHOΓOqJieHa HblOTOHa τa πo6aqHJIH,

I.QO ΠΟΧΗ6κa o6qHcJieHb �OCTaTHbO BeJIHKa. ΤaΚΟ)Κ ΜΗ πo6aqHJIH, I.QO πpπ
πe�οcτaτπί:u YBa3i �ο πapaMeτpiB φyπκ:Qί:u Octave ΜΗ oτpHMaJIH Benπκy

ποχΗ6κy o6qπcneHb.

Peanί3yBaJIH Μeτο� cepe�Hboϊ τοqκΗ τa Bi3yanί3yBaJIH πpou;ec 

πa6JIH)ΚeHH51 �ο ΙΙΙyκaποϊ τοqκΗ, a πopiBH51BIIIH pe3yJibτaτπ o6qHcJieHb 
. .. .. . 

Y3HaJIH, I.QO �51 �OC51ΓHeHH51 τιeι )Κ caMOl τοquοcτι, Meτo�aM BHI.QHX 

ΠΟΡΜΚiΒ τpe6a MeHIIIe iτepau;i:u. 

Φyπκπ;ίϊ Octave, .Ηκί BHκopπcτoByIOτbc51 Β τeMi: fmίnunc(), 

dίf f ( ), derίv(), polyder(), gradient(), nrm(), nonlin_mίn( ), 

plot( ). 

Ιbιτaιπιπ ΜΗ caMonepeBipκπ 

1. 5Ικί He�oJiiKH Πp5ΙΜΗΧ Meτo�iB ycyBaIOTb MeTO�H BHI.QHX
ΠΟΡΜΚiΒ? 

2. 5ΙΚΗΜ κpHτepi51M ΠΟΒΗΗΗa 3a�OBOJibH51TH φyπκ:Qί51, mo6 ΜΟ)ΚΗa

6yno 3acτocyBaTH MeTO�H πepΙΙΙΟΓΟ ί �pyroro ΠΟΡΜΚiΒ? 
3. )J;a:uτe πopiBHMbHY xapaκτepπcτπκy Meτo�iB xop� ί �οτΗqΗΗΧ.

4. ΟcποΒΗΗΗ πe�οnίκ Meτo�y Hb10τoua?

5. ΠepeBarπ τa ue�oniκπ Meτo�y κΒa�paτπqποϊ aπpoκcHMau;iϊ Β
πopiBH51HHi 3 iHIIIHMH Meτo�aMH? 
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6. Πo51cHiTb φopMyny (6.4) ί3 Meτo�y χοpπ
7. Πo51cHiTb φopMyny (6.5) ί3 Meτo�y HbIOTOHa.



Πpaκnιque 3aΒ,ι::ι;aιπιπ

3πa:πτπ MiHiMyM φyΗκQίϊ 3Γi�ΗΟ 3 BapiaHTOM: a) 3a �ΟΠΟΜΟΓΟΙΟ πpo­
rpaMΠ Ha ΜΟΒί Octave; 6) 3a �ΟΠΟΜΟΓΟΙΟ B6y�oBaHΠX φyΗκl(ί:Π. Πpπ 
po3po6Qί a.πropπτMiB �JI51 �πφepeHQiIOBaHH51 φyπκQί:π ΒπκοpπcτοΒyΒaτπ 
φοpΜyππ ί3 τa6π. 6.1, 6.2. 

Ποpπ,ι::ι;οκ ΒΗΚΟΗaιπιπ 33B)];aHHH

1. Απ51 φyπκQίϊ ΒΠ3Ηaqπτπ φyπκQίΙΟ κopπcτyBaqa τa πο6y�yΒaτπ ϊϊ
rpaφiκ 3aco6aMπ Octave. 

2. Πpοaπa.πί3yΒaτπ πpπκπa� pea.πί3aQίϊ Meτo�y cepe�Hboϊ τοqκπ τa
aπa.ποrίqπο pea.πί3yBaτπ Μeτο� xop� ( 6. 4). 

3. Πpοaπa.πί3yΒaτπ πpπκπa� pea.πί3aQίϊ Meτo�y cepe�Hboϊ τοqκπ τa
aπa.ποrίqπο pea.πί3yBaτπ Μeτο� Ηbωτοπa (6.5). 

4. Ποκa3aτπ πa rpaφiκy πepIIIi κpοκπ pο6οτπ a.πropπτMy.
5. ΠopiBH51Tll pe3yJibTaτπ 3a π. π. 2-3 13 aπa.ποrιqΗΠΜΠ,

οτpπΜaΗΠΜΠ 3a �ΟΠΟΜΟΓΟΙΟ fmίnunc( ). 

6. Πο6y�yΒaτπ rpaφiκ 3a.Jie)ΚHocri κίπbκοcτί iτepaQi:π Bi� 3a�aποϊ
τοqποcτί. ,Ι(π5Ι πο6y�οΒπ rpaφiκa πpοΒecτπ 1 Ο BΠMipωBaHb, ποqaτκοΒa 
ποχπ6κa ε = 0.1. 
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ΤΕΜΑ7 
IIP.Hl\fl ΜΕΤΟ,ι:ι:Η ΠΟΙΙΙΥΚΥ ΜΠΠΜΥΜΥ 

ΦΥΗΚΠ;ΙΪnΑΓΑΤbΟΧ3ΜΙΗΗΗΧ 

Memoιo e 03HaΠOMJieHH51 cτy�eHTiB 3 Πp5ΙΜΠΜΠ Μeτο�aΜΠ 6e3yMOB­
HOΪ ΟΠΤΠΜi3aQίϊ φyΗκQίϊ 6araTbOX 3ΜΪΗΗΠΧ 3aco6aMΠ Octave.

ΠοcmαΉοeκα 3αοαιιί. Hexaπ 3a�aHO φyΗΚΙ.(ίΙΟ f(x): IR{n � lffi., �e Χ
Βeκτοp (χ1, ... , Χη). 3πaπτπ MiHiMyM Qieϊ φyπκQίϊ f (χ) � χ �ι;n 3 3a�a­
HOIO ποχπ6κο�ο ε > Ο.

3α2α!lbΉα xapaκmepucmuκa Memooie npJιM020 noiuyκy. Υ Meτo�ax
πpHMoro ποΙΙΙyκy �JI51 BH3HaqeHH51 πaπpΗΜΚΥ cπycκy �ο τοqκπ ΜΙΗΙΜΥΜΥ
He BHKOpHCTOBYIOTb ίπφοpΜal(ί51 προ rpa�ieHT φyΗκQίϊ a6o ϊϊ MaτpHQIO
Γecce l 7. Haπp51MOK MiHiMi3aQίϊ ΠΟΒΗΪCΤΙΟ Bll3HaqaeTbC51 ΠΟCJΙί�ΟΒΗΪCΤΙΟ
o6qπcJieHHX 3HaqeHb φyΗκQίϊ. 5Ικ πpaBHJIO, 6e3yMOBHa MiHiMi3al(ί51 3a Me­
TO�aMH πepΙΙΙΟΓΟ ί �pyroro ΠΟΡΜΚΪΒ 3a6e3neqye ΒΠΙQΥ ΙΙΙΒΠ�κίcτb 36ί)Κ­
ΗΟCΤί, aJie, Ha πpaKTHl.(i, aHaJiiτπqπe Bll3HaqeHH51 ποχi�ΗΠΧ φyΗκQίϊ 6ara-. . TbOX 3Μ1ΗΗΠΧ He 3aΒ�Π ΜΟ)ΚJΙΠΒe, a 3acτocyBaHH51 qπcJIOBHX MeTO�lB
Be�e �ο ποχπ6οκ ί ΠΟΜΠJΙΟΚ . Β iΗΙΙΙΠΧ ΒΠΠa�κaχ, κpπτepίπ OΠTΠMaJibHOCτi
ΜΟ)Κe 6yτπ 3a,[(aΗΠΠ He Β 5ΙΒΗΟΜΥ ΒΠΓJΙΜi, a CHCTeMOIO piBH51Hb, IQO
ycΚJia�HIOC a6o yπeMO)ΚJIHBJIIOC Bll3HaqeHH51 ποχi�ΗΠΧ.

ΠepeBaroio Meτo�iB πpHMoro ποΙΙΙyκy e πpοcτοτa peaJiί3aQiϊ y ΒΠ­
ΓJΙ5Ι�ί ΚΟΜΠ1ΙΟΤepποϊ πporpaMΠ, πpπ QbOMY He ποτpί6πο 3Ηaτπ l(ΪJibOBY
φyΗκQίΙΟ Β 5ΙΒΗΟΜΥ ΒΠΓJΙΜi τa Jierκo BpaxyBaTΠ o6Me)ΚeHH51, 5ΙΚ Ha oκpeMi
3ΜΪΗΗi, τaκ ί Ha o6JiaCTb ΠΟΙΙΙyκy.

Υ Πp5ΙΜΠΧ MeTO�aX 6y�yIOTb ΠΟCJΙΪ�ΟΒΗΟCΠ ΒeκτοpίΒ ΧΟ , Χ1 , ... , Xn,
τaκπχ, IQO f(x0 ) > f(x 1) > ... > f(xn). ΠοqaτκοΒy τοqκy χ0 o6πpaIOTb
a6o �oBίJibHOIO, a6o τaκy, mo po3TaIIIoBaHa πaπ6JΙπ)Κqe �ο οqίκyΒaποϊ
τοqκπ MiHiMyMy. Πepexi� (iτepal(ί51) Bi� τοqκπ xk �ο τοqκπ x k+l ,
k = ο, 1, 2, ... , n, CKJia�aCTbC51 3 �ΒΟΧ eτaπiB - Bπ6opy HaΠp51MKY pyxy 3
τοqκπ xk τa Bll3HaqeHH51 κpοκy Β3�0Β)Κ Ι.(bΟΓΟ HaΠp51MKy.

,Π:οcJΙί�)ΚeΗΗ51 φyΗκQίπ �ΒΟΧ 3ΜΪΗΗΠΧ 3pyqπo pο3ποqaτπ 3 πο6y�ΟΒΠ
rpaφiκiB. ΦyΗκQίϊ �ΒΟΧ 3ΜΪΗΗΠΧ 3pyqπo πpe�cτaΒΠΤΠ rpaφiκoM Υ ΒΠΓJΙ5Ι�ί
JΙίΗiπ piBH51. JΙίπίeΙΟ piBH51 φyΗκQίϊ f (χ), Χ = (χ1, Xz) Ha3ΠBaIOTb reo­
Meτpπqπe MΪCl.(e τοqοκ ΠJΙΟΙQΠΗΠ, Β 5ΙΚΠΧ φyΗΚΙ.(ί51 f (χ) = const. Ίlepe3
3Βπqaππy τοqκy ΠJΙΟΙQΠΗΠ πpοχο�ΠΤb ΠJΙbΚΠ O�Ha JI1H151 piBH51. Τοqκπ

17 MaτpMU:51, eneMeHTaMM .5ΙΚΟΪ Ε: ,ι::ι;pyri qacTMHHi ποχi,ι::ι;Ηi
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MaKCHMYMY ί MiHiMyMy ΜΟ)ΚΥΤb 6yτπ οτοqeπί 3aMKHYTHMH JiiHi.HMH piBH.H, 
Β cί,[t:JIOBHX τοqκaχ πepeτπHaIOTbC.H ,[ι;Βί a6o 6ίJibIIIe πίπίϊ piBH.H. 

Γpaφίκιι φyuκu;iiί )Ι;ΒΟΧ 3Μbιιnιχ 

Υ πaκeτ Octave BΚJIIOqeπo Βeππκy κίπbκίcτb φyπκQίii ,[t:llil Bi3yaπί3a­
Qiϊ φyΗκQίΗ ,[ι;ΒΟΧ 3MiHHHX. Μπ p03ΓllilHeMO qacτππy QHX φyHKQiH, iHIIIi 
peκoMeH)];yeτbC.H qπτaτieBi cπpo6yBaTH caMOCτiHHO, κopHCΊ)'IOqπcb ,[ι;ΟΒί,[ι;­
ΚΟΒΟΙΟ CHCTeMOIO πaκeτy. 

• surf (Χ, Υ, Ζ) , mesh(X, Υ, Ζ ) - πo6y)];oBa rpaφiκy ποΒepχπι

Ζ =f(X,Y), a [Χ, Υ] = meshgrid (χ, y ), χ, y - Βeκτοpπ 3Haqeπb. 

• contour (Χ, Υ, Ζ) - πo6y)];oBa πίπίii piBH.H.
,Π:JΙ.Η πο6y)];ΟΒΗ rpaφiκiB ,[ι;ΒΟΧ 3MiHHHX ποτpί6πa πί,[ι;ΓΟΤΟΒqa po6oτa,

a caMe cτBopeHH.H cπeQίaJibHoϊ cτpyκτypπ meshgrίd - cίτκπ, πa .Ηκίii 6y­
)];YTb 6y)];yBaTHCb Maii6yτπiii rpaφiκ, Ηaπpπκπa,[ι;, ΠOCJiί,[t:OBHiCTb KOMaH,[t: 

χ = y = linspace (-10, 10, 25); [x,y] = meshgrid (x,y) 
CTBOpIOe cίτκy 25χ25 eJieMeHTiB Β ,[t:ίaπa3oHi 3HaqeHb [-1 Ο; 1 Ο] πο ο6οχ κo­

op,[t:HHaτax. ΜΟ)ΚΗa CTBOpIOBaTH pί3 pi3HY κίJibKiCTb τοqοκ πο κoop,[t:HHa­
τax, 3BiCHO )];ίaπa3οΗΗ 3HaqeHb τaΚΟ)Κ ΜΟ)ΚΥΤb 6y)];H pi3HHMH. 

Πpuκιιαd 7.1. Πo6y)];oBa rpaφiκiB ποΒepχπί. 

3αοαιια - πο6y)];yΒaτπ rpaφiκ ποΒepχπί ,[t:JI.H φyπκQίϊ, .ΗΚΥ 3a,[t:aHo Β 
. . 

aπaπιτπqποΜy BHΓ.illl,[t:t 

## Πpι-1κ11aρ, 7.1 
clear all; clf; delete(gco()) 
function plot_setup(plot_handler) 

xlabel('X'); ylabel("Y"); zlabel('Z'); 
set(gca, 'linewidth', 1.75, 'fontsize', 20, 

'gridalpha', 0.75, 'FontName', 'Times New Roman', 
'FontAngle', Ίtalic'); 

set(plot_handler, 'linewidth',2.5) 
set(get(gca, 'zlabel'), 'rotation',0) 

endfunction 
## πiρ,rοτοsκa rpaφiYHoϊ cτpyκτypι-1 
χ =  y = linspace (-10, 10, 25)'; 

[χ, y] = meshgrid (χ, y); 
## function to plot 
f = @(x,y)sqrt (χ . Λ  2 + y Λ 2); 
Ζ = f(x,y); 
##1 
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subplot(2,2,1) 
hsp = surf(x,y,z); colormap("gray"); view(3); 
title('Γpaφiκ f(x,y)) - \rm{{surf}()}', 'fontsize', 16); 
plot_setup(hsp) 

##2 

subplot(2,2,2) 
hsp = surfc(x,y,z); colormap("gray"); view(3); 
title('Γpaφiκ f(x,y)) - \rm{{surfc}()}', 'fontsize', 16); 
plot_setup(hsp) 

##3 

subplot(2,2,3) 
hsp = mesh(x,y,z); colormap("gray"); view(3); 
title('Γpaφiκ f(x,y)) - \rm{{mech}()}', 'fontsize', 16); 
plot_setup(hsp) 

##4 

subplot(2,2,4) 
hsp = waterfall(x,y,z); colormap("gray"); view(3); 
title('Γpaφiκ f(x,y)) - \rm{{waterfall}()}', 'fontsize', 16); 

plot_setup(hsp) 
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Β HacτyπHOMY πpΗΚJΙa;::ι;ί 7.2 ΠOKa3aHO BHKopπcτaHH5I φyΗκQίϊ 

peaks (), ΙΙ.(Ο 6y;::ι;ye Ha BH3Haqeπii1 cίτQί 3HaqeHH5I 3ΜiΗΗΟϊ Ζ. ,I(JI5I πί;::ι;πΗcy 

JiiHiH piBH5I BHKOpHCTOBYIOTb φyΗκQίΙΟ clabel ( C, hsp ), Β 5.IKiH C - MiTKH, 

hsp - BKa3iBHHK Ha rpaφiκ, πο6y;::ι;οΒaΗΗΗ 3a )];ΟΠΟΜΟΓΟΙΟ contour(). ,I(JI5I 

πο6y;::ι;οΒΗ rpaφiκiB (pHc. 7.1) πeο6χί;::ι;πο 3aΜiππτπ surf() τa mesh() πa 

contour(). 

Πpuwιad 7.2.Γpaφίκ πίπίπ piBHi )];JI5I φyπκQίπ ;::ι;Βοχ 3MiHHHX 

3a;::ι;aqa - πo6y;::ι;yBaTH rpaφiκ φyΗκQίϊ )];ΒΟΧ 3MiHHHX )];JI5I φyΗκQίϊ, 
.. . 

3a)];aH01 aHaJilTHqHo. 

## Πpι.1κ11aJJ, 7.2 
χ =  y = linspace (-10, 10, 50)'; 

[χ, y] = meshgrid (χ, y); 
z = peaks(50); 

[c, hsp] = contour(x,y,z); 
clabel(c, hsp, 'fontsize', 16); 

title('Γpaφiκ f(x,y) - \rm{{contour}()}', 'fontsize', 16); 
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Πpuκιιαd 7.3. Bί3yaJiί3aQί51 MaτpIIQi 
3αοαι.ια - Bi,[{o6pa3IITII MaτpIIQIO y BIIΓJIMi KOJibOpOBIIX πiκceJiiB. 

L{JI5I QbOΓO BIIKOpIICTaCMO πceB,[{OKOJibOpII τa φyΗκQίΙΟ pcolor()' ΙΙ(Ο 
3aJie)l(aTb Bi,[{ BMicτy ΚΟΜίpοκ18.

## Πpι-1κ11aρ, 7.3 
z=-peaks(30) + 6; 

colormap('gray') 

pcolor(z) 

Πpuκιιαd 7.4. Πo6y,[{oBa rpaφiκiB Ha OCHOBi ,[{aHIIX ί3 φaiiπy. 
3αοαι.ια - 3a,[{aHO φaiiJI ί3 ,[{aΗΠΜΙΙ, cτpyκτypa 5ΙΚΟΓΟ ΒΪ,[{ΠΟΒί,[{aC 

ΒΙΙΜΟΓaΜ ,[{Ο meshgrίd, πo6y,[{yBaTII rpaφiκ ΠOBepxHi 
Πο,[{ί6πy 3a,[{aqy ΜΗ piIIIaJIII ,[{JI51 O,[{HOBIIMipHIIX rpaφiκiB (πpIIKJia,[{ 

2.6), HJI)l(qe HaBe,[{eHO llJibKII φparMeHT ΒΪ,[{ΠΟΒΪ,[{ΗΟΪ πporpaMII. 

## Πpι-1κ11aρ, 7.4 

## nepwi JJ,Ba CTOBΠ�i (x,y) ΠΟΒι-1ΗΗi Μaτι-1 yHiKaJlbHi 3Ha�eHHR 

## τpeτi� z = f(x,y) 
## 10 0.1 200 

## 15 0.2 300 

## 20 0.3 250 

m=2; n=2; 
data = load('data.txt') 

Χ =  reshape(data(:,1),m,n) 

Υ = reshape(data(:,2),m,n) 

Ζ = reshape(data(:,3),m,n) 

mesh(X,Y,Z); 

Memoo κoopou1-1am1-1020 cnycκy (nίouoMy) 3aCTOCOBYIOTb Υ pa3ί, 5ΙΚΙΙ(Ο 
,[{OCJiί,[{)l(yBaHa φyΗκQί51 C yπiMO,[{aJibHOIO. 

Aπ2opumM Memooy. 

3a,[{aTII Βeκτοp χ0 Ε ]R{_n τa ΠΟΧΙΙ6κy ε > ο. Β 51KOCTi κpΙΙτepίΙΟ

3ΥΠΙΙΗeΗΗ51 o6qJicJieHb BII6IIpaTII 11:x
k

+
l - Xk 

11 2 < ε a6o lf (.x k+l ) -

tcxk)I < ε. 
Κpοκ 1. ΠoBTOpIOIOTb ,[{JI51 ί = 1 ... n, ΠΟΚΙΙ He BIIKOHaHIIH κpIIτepiii 

3ΥΠΙΙΗeΗΗ51: 

18 ,ι::ιΜΒ. τaκωκ φyΗκr_τiϊ ίmage( ), ίmagesc()
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• φίκcyΙΟΤb 3HaqeHH51 Bcix 3ΜΪΗΗΠΧ, κpiM χί ;
• O�HOBΠMipHa ΟΠΤΠΜi3al(ί51 οτpπΜaΗΟΪ φyΗκQίϊ.

Pe3yJibTaT Xk 
= (Χ1, Xz, ... , Xn ), �e k - κpοκ ΟΠΤΠΜΪ3al(ίϊ.

5 1D 15 2D 25 3D 

P11cyHoκ 7.3 

Πpuκιιαd 7.5. Μeτο� κοοp�ππaτποrο cπycκy. 

3αοαιια - peaJiί3yBaτπ Μeτο� κοοp�ππaτποrο cπycκy ί3 Bi3yaJiί3aQie10 
κpοκiΒ pο6οτπ aJiropπτMy πa rpaφiκy. 

Pe3yJibTaT HaBe�eHO Ha pπc. 7.4a - MiHiMyM 3Haii�eHO, 7.46 -

MlHlMYM He 3Haii�eHO. 

## Πpι-1κ11aρ, 7.5 
clear all; more off; 
function [z]=func(xl, χ2, c) 

z=-(c(1)*x1.Λ2 + c(2)*χ2.Λ2 + c(3)*x1.*x2); 
endfunction 
k = 1; kmax = 100; % 11i�ι-111bΗι-1κ iτepa�i� 
eps = 0.001; % ποχι-16κa 
c=[-2, -5, 3]; % pass, τaκο� ρ,ι-1Β. πpι-1κ11aρ, 8.1 
## c=[-3 -1 -3]; % fail 
χ=[-30, 30]; % πο�aτκοsi 3Ha�eHHR 
xt = [χ(1), χ(2)]; % τpacι-1posκa 3ΜiΗι-1 χ 
% ΟCΗΟΒΗι-1� �ι-1ΚJ1 Μeτορ,y 
do 

χ(1) = fminbnd(@(xx)func(xx, χ(2), c), -40, 40); % cnycκ 3a 
χ(1) 
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xt = [xt; χ];% �o�aEMO ΤΟΥΚΥ

χ(2) = fminbnd(@(xx)func(x(2), χχ, c), -40, 40) ; % cnycκ 3a 
χ(2) 

xt = [xt; χ];%% �o�aEMO ΤΟΥΚΥ

until (norm(x, 'fro') <= eps 11 ++k > kmax) 
## Πo6y�osa rpaφiκy 
χχ = linspace(-40,40); yy = linspace(-40,40); 

[Χ, Υ] = meshgrid(xx, yy); Z=func(X, Υ, c); 
colormap (gray); contour(X, Υ, Ζ, 20, 'fill', 
Όff', 'linewidth',5); 
hold on; 
## HaHeceHHR ΤΟΥΟΚ

plot(xt(:,1), xt(:,2), '.d-k', 'LineWidth', 3.25, 
'markersize',12); 
text(x(l) + 0, χ(2)- 11, strvcat(['xl = ' num2str(x(1))], 
['χ2 = ' num2str(x(2))], ['k = ' num2str(k)]), 
'FontSize', 18, 'backgroundcolor', 'white'); 
xlabel('X'); ylabel("Y") 
set(get(gca, 'ylabel'), 'rotation',0) 
set(gca, 'linewidth', 2.5, 'fontsize', 24, 'gridalpha', 0.75, 
'FontName', 'Times New Roman', 'FontAngle', Ίtalic'); 
hold off 
## 36epiraHHR φa�ny 
print('theme_7_ex1_coord_good.png', '-r600', '-dpng', ' 
S600,600'); 
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3α MemoooM Xyκa-,l{:JΙCU6Ca HaΠp51M0K cπycκy Bπ6πpaeTbC51 IIIJUIX0M 

�ocJiί�)ΚeHH51 οκοπy τοqκπ, 3HaMeHoϊ Ha πoπepe�Hb0MY κpo:Qi. ΑπrοpπτΜ 
. . . . 

Meτo�y CΚJia�aeTbC51 3 ΠOCJil�OBHOCTl κpοκιΒ �OCJil�Hll:QbKOΓO ΠΟΙΙΙΥΚΥ 
(Bπ6opy τοqκπ) HaBK0JI0 6a3ΠCΗΟΪ τοqκπ τa ΠΟΙΙΙΥΚΥ 3a 3pa3K0M. 

Pe3yJibTYIOqπ:u HaΠp51M0K Ha k-H iτepaQiϊ e ΒeκτοpοΜ xk 
- xk -l _ Ha eτaπί 

. . 

�OCJil�)ΚeHH51 BHKOpHCTOBYIOTb Βeκτοp πepeMιmeHb, ΜΗΟ)ΚΗΠΚ 

πpπcκopeHH51 ί MaCIIITa6HHH κoeφiQieHT, Ha 5ΙΚΠΗ �ίJI51Tb κοοp�πΗaτπ 
. . 

Beκτopa Β ΤΟΜΥ ΒΠΠa�κy, 51Kmo Β pe3yJibTaT1 �OCJil�HH:QbKOΓO ΠΟΙΙΙΥΚΥ 

aJiropπτM He 3Mir 3ΡΥΙΙΙΗΤΗ 3 πoπepe�Hboϊ τοqκu. Πί� qac ποΙΙΙyκy 3a 3pa3-

κoM BHK0pHCT0BYIOTb �aHi, mo 6yJiπ oτpπMaHi Β πpoQeci �OCJiί�)ΚeHH51, a 

MiHiMi3aQί51 φyΗκQίϊ 3aBepIIIyeτbc51 ποΙΙΙyκοΜ y Haπp51MKY, 3MaHoMy 3pa3-
κoM. 

]α MemOOOM oeφopM06GΉ020 6α2αmο2pαΉΉUΚα (Memoo Heπoepa -

Μίοα) �JUI MiHiMi3aQiϊ φyΗκ:Qίϊ f (χ) Β n-BHMipHOMY πpocτopi 6y�yIOTb 

6araτorpaHHHK, mo MiCTHTb ( n + 1) BepIIIHHY, 51Ka Bi�πoBi�ae �e51K0MY 

Beκτopy. Q6qπcJIIOIOTb 3HaqeHH51 QίJibOBOΪ φyΗκQίϊ f (χ) Β ΚΟ)ΚΗiΗ 3 
BepIIIHH 6araτorpaHHHKa, Bll3HaqaIOTb MaKCHMaJibHe 3 QΠΧ 3HaqeHb τa 

Bi�πoBi�HY ΗΟΜΥ BepIIIHHY xh . lJepe3 QIO BepIIIHHY ί QeHτp Barπ iΗΙΙΙΠΧ 
• V -+ 

BepIIIHH πpoB0�51Tb Πp5ΙΜΥ, Ha 51Klll 3Haxo�HTbC51 τοqκa X
q 

3 ΜeΗΙΙΙΠΜ

3HaqeHH51M QίJibOBOΪ φyΗΚQίϊ, Ηi)Κ y BepIIIHHi Xh . Ha�aJiί BepIIIHHY Xh

BHJiyqaωτb, a 3 peIIITH BepIIIHH ί τοqκπ Xq 6y�yωτb ΗΟΒΠΗ 6araτorpau­

HHK, 3 5ΙΚΠΜ ΠOBTOpIOIOTb oπucaHy πpoQe�pa. Υ πpoQeci ΒΠΚΟΗaΗΗ51 

�aHHX oπepaQiH 6araτorpaHHHK 3ΜίΗΙΟ€ CΒΟΪ p03Mipπ, mo Η 3ΥΜΟΒΠJΙΟ 

Ha3BY Meτo�y. 
3α MemoooM Ρο3eΉ6pοκα ΠΟΙΙΙΥΚ ΟΠΤΠΜaJΙbΗΟΪ τοqκπ 3�iHCHIOIOTb Β 

ΚΟ)ΚΗΟΜΥ Haπp51Mκy. BeJiπqπHa κpοκy Β πpoQeci ποΙΙΙyκy 6e3πepepBHO 

3MiHIO€TbC51 3aJie)ΚH0 Bi� peJibeφy ΠOBepxHi piBH51. Πoe�HaHH51 o6epτaHH51 

κοοp�πΗaτ 3 peryJIIOBaHH51M κpοκy pο6πτb Μeτο� Po3eu6poκa 
eφeκΤΠΒΗΠΜ �JI51 p03B '513aHH51 CKJia�HHX 3aB�aHb ΟΠΤΠΜi3aQίϊ. 

3α MemoooM Π ayelllla BHK0pHCT0BYIOTb BJiaCTHBiCTb KBa�paτπqHoϊ 
φyΗκQίϊ τaκy, mo 6y�b-51Ka πp51Ma, 51Ka πpοχο�πτb qepe3 τοqκy MiHiMyMy 

φyΗκ:Qίϊ, πepeτπHae πί� piBHHMH κyτaΜΠ �οτπqΗί �ο Π0BepX0Hb piBHOΓO 
piBH51 φyΗκQίϊ Β τοqκaχ πepeτπHy. 
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Πpuκιιαd 7. 6. MiHiMi3aQί51 φyΗκQίϊ ,[(ΒΟΧ 3MiHHHX. 

3αοαιια - πaππcaτπ πporpaMy MiHiMi3aQiϊ φyπκQίϊ ;::ι;Βοχ 3MiHHHX 3a 
,[(ΟΠΟΜΟΓΟΙΟ φyHκQίϊfminsearch( ). 

## Πpι-1κ11aρ, 7.6 
clear all; clc; pkg load optim; 
function cost = foo (χ)% min=(l,1,1), f=3.0 

χ--; cost = sum (-cos(x) + χ.Λ2/9); 

endfunction 
χ0 = [-15; -15; -15]; % ΠOYaTKOBa TOYKa 
format long 
χ =  fmins ("foo", χ0); 
display ('fmins (3a 3aMOBYaHHRM)') 

display(x') 
## ρ,nR po3yMiHHR 3HaYeHb y Beκτopi napaMeτpiB 
## optim_doc('fmins') (Βι-1χiρ, i3i pe�ι-1M Υι-1τaΗΗR - Ηaτι-1cΗyτι-1 

Τ q Τ) 

χ =  fmins ("foo", χ0, [0, le-3,0,0,1,0,0,0,0,1000]); % Nelder 
& Mead simplex 
display("Nelder & Mead simplex"); 

display(x'); display(foo(x)); 
χ =  fmins ("foo", χ0, [0, le-3,0,0,1,1,0,0,0,1000]);
display("Multidirectional search Method"); 
display(x'); display(foo(x)); 
χ =  fmins ("foo", χ0, [0, le-3,0,0,1,2,0,0,0,1000]);

display("Alternating Directions search"); 
display(x'); display(foo(x)) 
χ =  nrm(@foo, χ0); 
display("Newton-Raphson Method"); 
display(x');display(foo(x)) 
opt=optimset('TolX', le-15, 'Maxiter', 1000); 
[χ, fval]=fminsearch (@foo, χ0, opt); 

display("fminsearch"); 
display(x');display(foo(x)) 

Pe3yJibτaτ: 

>> 

fmins (3a 3aMOBYaHHRM) 0.99962 0.99954 0.99989 
-3.0000
Nelder & Mead simplex 0.99962 0.99954 0.99989 
-3.0000
Multidirectional search Method 0.99976
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-3.0000

Alternating Directions search

-3.0000

Newton-Raphson Method

-3

fminsearch 

-3

1.00000 

1.0000 

1.00000 

0.99602 

1.0000 

1.00000 

Pe3ιoMe 

0.99602 

1.0000 

0.99602 

TeMa MiHiMi3an;iϊ φyπκπ;ί:u 6araτbox 3ΜΪΗΗΗΧ cΚJia�Ha τa 6araτo­
rpaππa. Πp51Μί MeTO�H πomyκy He BHKOpHCTOBYIOTb �aHi προ πoxi�Hi, ϊχ 

Bi�HOCHO πpοcτο peaJiί3yBaTH, He ποτpί6πο 3HaTH n;ίJibOBY φyπκη;ίΙΟ Β 5ΙΒ­
ΗΟΜΥ BHΓJIMi τa πerκο BpaxyBaTH o6Me)ΚeHH51, 5ΙΚ Ha oκpeMi 3ΜΪΗΗi, τaκ ί 

πa o6πacτb πomyκy. 

Ee3yMoBHa MiHiMi3an;ί51 3a Meτo�aMH πepmoro ί �pyroro ποp51�κiΒ 19

3a6e3neqye BHmy ΙΙΙΒΗ,L(κίcτb 36ί)ΚΗοcτί, aπe, πa πpaκτΗη;i, aπaπiτHqHe BH-
3HaqeHH51 ποχi�ΗΗΧ φyΗκQίϊ 6araTbOX 3ΜΪΗΗΗΧ He 3aB�H M0)ΚJIHBe, a 3a­

cτocyBaHH51 qHCJI0BHX MeTo�iB Be�e �ο ΠΟΧΗ6οκ ί ΠΟΜΗJΙΟΚ. 

ΜΗ Π03HaHOMHJIHCb ί3 CTaH,L(apTHHMH φyπκπ;ί5ΙΜΗ - f mίnsearch() 

τa powell( ), Β 5ΙΚΗΧ peaπί3oBaHi πp51Μί Μeτο�Η πomyκy, a τaκο)Κ po3po-

6HJIH πporpaMy �JI51 Meτo�y κοοp�ΗΗaτποrο cπycκy. 
Φyπκπ;ίϊ �JI51 iH�HBi�yaJibHHX 3aB�aHb - cπen;ίaJibHi φyΗκQίϊ 3 pi3HH­

MH oco6JIHBOCT51MH, ΤΟΜΥ ϊχ BHK0pHCT0BYIOTb �JI51 τecryBaHH51 aJIΓ0pHT-
. . ... 

MlB ΟΠΤΗΜ13aη;ιι. 
ΤaΚΟ)Κ ΜΗ HaBqHJIHC51 6y�yBaTH rpaφiκH Π0BepX0Hb τa rpaφiκH Υ 

ΒΗΓJΙ5Ι�ί πίπί:u piBH51, mo 3a6e3neqye rapπy Bi3yaπί3aQίIO τa ίπφοpΜaη;ί10, 
�OCTaTHIO �JI51 aHaJii3y ΠΟΒΟ�)ΚeΗΗ51 φyπκπ;ίϊ Ha 3a�aHOMY iπτepBaπi.

Φyπκπ;ίϊ Octave, 51Κί BHκopHCT0BYIOTbC51 Β pο6οτί: f mίnsearch() ,

powell( ), nonlίn_opt( ), surf ( ), contour( ).

Πκτaιπιπ wiπ caMonepeBipκκ 

1. OπHrniτb aπropHTM Meτo�y κοοp�ΗΗaτποrο cπycκy. 5Ικ 6y�e

ce6e BeCTH u;i:u MeT0� �JI51 φyπκπ;ί:u 3 MaJI0IO κpΗΒΗ3ΗΟΙΟ Β ο6πacτί 
MiHiMyMy? 

2. ΟπΗmίτb aπropHTM Meτo�y Xyκa-,Π:)ΚHBca.

3. ΟπΗmίτb aπropHTM Meτo�y He.JI,ΙJ;epa-Mi�a.
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4. CφopMyn10πτe πepeBarπ ί πe�οnίκπ Meτo�iB πp51Moro πornyκy.
5. 5ΙκπΜ qπΗΟΜ BΠJIHBac Βπ6ίp χ0 Ha pe3yJibTaT τa κίJibKiCTb

o6qπcneHb? 
6. lloMy πpπ πo6y�oBi o6qπcJIIOBaJibHOΓO πpoQecy ΟΠΤΠΜi3aQίϊ

φyπκQίϊ 3a3Bπqa:n o6Me)ΚyIOTb κίnbκίcτb iτepaQίπ? 
7. Πο6y�yπτe rpaφiκ 3aJie)ΚHocτi n = f (ε). 5Ικ πoB'513aHi ποχπ6κa

τa κίnbκίcτb o6qπcneHb? 

ΠpaκTWΙHe3aB�aιιuπ 

3πaπτπ MiHiMyM φyΗκQίϊ f(x,y) Ha Bll3HaqeH0MY iπτepBani. ,[(JΙ5Ι 
φyHKQiH, ΙΙ(Ο πpππΜaΙΟΤb 6ίJibIIIe �ΒΟΧ apryMeHτiB, peκoMeH�YCTbC51 πί� 
qac ΒΠΚΟΗaΗΗ51 pο6οτπ ΒΒa)ΚaΤΠ ϊχ 3a φyΗκQίϊ �ΒΟΧ 3ΜiΗΗΠΧ [11, 12]. 
Βapίaπτπ �πΒ. y ποπepe�πίπ τeMi. 

ΠοpΜΟΚ ΒΙΙΚΟΗaΗΗΗ 33B�aHHH 

1. Πο6y�yΒaτπ rpaφίκπ �OCJiί�)ΚyBaHOΪ φyΗκQίϊ 3a �ΟΠΟΜΟΓΟΙΟ
φyπκQίπ surf( ) τa contour( ). 

2. Ηaππcaτπ πporpaMy ΟΠΤΠΜi3aQίϊ 3a MeT0�0M κοοp�πΗaΤΗΟΓΟ
cπycκy. 

3. Peanί3yBaτπ τa �οcnί�πτπ Μeτο� Xyκa-,[()ΚHBca [10].
4. ΠοpiΒΗ5ΙΤΠ pe3ynbτaτπ ί3 π. π. 2 ί 3 3 pe3ynbτaτaMπ pο6οτπ φyπκQίϊ

Octave f mίnsearch( ),Β 5Ικίπ peanί3oBaπππ Μeτο� �eφopMoBaHoro 6ara­
τorpaπππκa. 3Μiπίτb Bxi�Hi πapaMeτpπ - χ

0
, ε, Δχ τa πopiBH51:nτe pe3ynb­

τaτπ. 
5. ΠοpiΒΗ5ΙΤΠ pe3ynbτaτπ 3a π. π. 2 ί 3 3 pe3ynbτaτaMπ pο6οτπ

φyπκQίϊ Octave powell() ,Β 5Ικίπ peanί3oBaπππ Μeτο� aπpoκcπMaQiϊ 
Πayenna. 3Μiπίτb Bxi�Hi πapaMeτpπ - χ 0

, ε, Δχ τa πopiBH51:nτe pe3ynb­
τaτπ. 

Ιιι,ι::ι;ιmi,ιι;ya.JΙLΗi 33B;:nlHHH 

3πaπτπ MlHlMYM φyΗκQίϊ f(x,y) Ha Bll3HaqeH0MY iπτepBani. ,[(JI51 
φyΗκQίπ, ΙΙ(Ο πpππΜaΙΟΤb 6ίJibIIIe �ΒΟΧ apryMeHτiB, peκoMeH�YCTbC51 πί� 
qac ΒΠΚΟΗaΗΗ51 pο6οτπ ΒΒa)ΚaΤΠ ϊχ 3a φyΗκQίϊ �ΒΟΧ 3ΜiΗΗΠΧ [11, 12]. 

1. ΦyπκQί51Ρο3eΗ6pοκα f(x) = Σf;/[100(χ ί+ι - xf)2 
+ (χί -

1) 2
], mίnln=Z = f(l; 1) = Ο, -οο < χί < οο, 1 < ί < n.

2. ΦyπκQί51De Jong (cφepa) f(x) = Σf=ι xf,
f (χι; ... ; Xn) = f (Ο; ... ; Ο) = Ο, -οο < χί < οο, 1 < ί < n.
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3. ΦyHκQί5lBeale f(x,y) = (1,5 - χ+ xy)2 + (2,25 - χ+ xy2)2 +
+(2,625 - χ+ xy3 )2 , f(3; 0,5) = Ο, -4,5 < x,y < 4,5. 

4. Φy1-1κ1Jίfl Goldsteίn-Prίce
f(x,y) = [1 +(χ+ y + 1)2(19 - 14χ + +3χ 2 - 14y + 6xy + 3y 2)] χ

χ [30 + (2χ - 3y)2(18 - 32χ + 12χ 2 + 48y - 36xy + 27y2)], 
f(0;-1) = 3, -2 < x,y < 2. 

5. ΦyHκQί5lBooth f(x,y) = (χ+ 2y - 7)2 
+ (2χ + y- 5)2

, 

f(l; 3) = Ο, -10 < x,y < 10 

6. ΦyHκQί5IMatyas f(x,y) = Ο,26(χ2 + y2) - 0,48xy, f(0; Ο)=
Ο, -10 < x,y < 10. 

7. ΦyHκQί5IMcCormίck f(x,y) = sin(x + y) + (χ - y)2 - 1,5χ +
2,5y+ 1, f(-0,54719;-1,54719) = -1,9133, -1,5 <χ< 4, -3 < 
y< 4. 

8. ΦyΗκQί5Ι Powell f(x) = Σi=ι[(χ4ί-3 + 10Χ4ί-2)2 + 5(χ4ί-ι -
Χ4ί)2 + (χ4ί-2 - 2χ4ί-ι)4 + 10(χ4ί-3 - Χ4ί)4], Χί Ε [-4; 5], ί = 1 ... d,
f (χ*) = Ο,χ* = (Ο, ... ,Ο). ΠpΗΗΗ5ΙΤΗ ί = 1, rpaφίκπ πο6y.[{yΒaτπ L{JUI

φίκcοΒaΗΗΧ 3HaqeHH5IX Χι = χ2 = const a6o χ3 = χ4 = const. 

9. ΦyΗκQί5Ι Styblinski-Tang f (χ) = ½ Σf=ι (xf - 16xf + 5χί),
t(x*) = -39,16599d, χ* = c-2,90534; ... ; -2,90534). 

10. ΦyΗκQί5Ι Hίmmelblau f (χ, y) = (χ2 + y - 11)2 + (χ+ y2 +
7)2 , χ Ε [-4; 4],y Ε [-4; 4], f(3,2) = Ο, f(-2,8051; 3,1313) = Ο, 
f(-3,7793; -3,2832) = Ο, [(3.5844; 1.8481) = Ο. 

11. ΦyΗκQί5Ι 3 L{BOMa ΓJI06aJibHHMH MiHiMyMaMH ( two-hump camel)
f(x,y) = 1,0316285 + 4χ2 - 2,1χ4 + χ 6 /3 + xy- 4y2 + 4y4, 
χ* = (0,898; -0.7126), (-0,0898; 0,7126). 

12. ΦyHκQί5lBranίn-Hoo:
f(x) = α(Χ2 - bx; + CΧι -r)2 + s(l - t) COS Χι+ S + 5Χι, 
α = 1,b = 5.1 / (4π2 ),c = 5 / π,r = 6,s = 10,t = 1/(8π), 
Χι Ε [-5, 10], Χ2 Ε [Ο, 15], 
χ* = ( (8,8893; 1,8893), (-3,6891; 13,6296), ( 2,5939; 2, 7409) ). 
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13. ΦyΗκQί51 3 τpb0Ma ΓJI06aJibHHMH MiHiMyMaMH (three-hump
camel): 

f(x,y) = 2χ2 
- 1.05χ4 

+ χ
6 /6 + xy + y2

, χ ε [-5, 5], 

y Ε [ -5; 5], f (Ο; Ο) = Ο, f ( -1, 7 4 7 5 3; 0,8 73 81) = 0,2 98 64, 
f(l,74753; -0,87381) = 0,29864. 

14. ΦyΗκQί51 cyMH pi3HHX cτeπeHiB f(x) = Σf=ι lχίι ί+ι ,
χί Ε [-1; 1], ί = 1 ... n,, f (Ο; Ο) = Ο. 

15. ΦyHκQί51Eason: f(x) = - COSXι COSXze-Cx1-π)2-(Xz-'Π)2 ,
χί Ε [-100; 100], ί = 1,2, f(O; Ο) = Ο. 

,Π:JΙ5Ι pο6οτΗ Bcix CTaH�apTHHX MiHiMi3aτopiB φyΗκQίϊ �eκίJibKOX 
3MiHHHX ΠΟΒΗΗΗi πpHHMaTH Ha ΒΧΟ�ί Βeκτοp 3MiHHHX χ, ΤΟΜΥ φyΗκQί51 , 
5ΙΚΥ MiHiMi3YIOTb Mae 6yτΗ πpHBe�eH0IO �ο Βi�ποΒi�ΗΟΪ φopMH.HH)Κqe 
HaBe�eπo πpΗκπa� peaJiί3aQίϊ πa ΜΟΒί Octave φyπκQίϊ Po3eH6poκa, .Ηκa 
πpHHMae Βeκτοp χ τa πoBepτae 3HaqeHH51, rpa�ieπτ ί MaτpHQIO Γecce20 . ().

3a�aHi 3ΓΪ�ΗΟ 3 BapiaHTOM φyΗκQίϊ peκoMeH�yeTbC51 peaJiί3yBaTH 
aHaJiorιqHo. 

Oco6JIHBicτ10 τaκοϊ peaJiί3aQiϊ e τe, mo ϊϊ pe3yJibτaτ 3aJie)ΚHTb Bi� 
KΪJibKOCτi BXi�HHX τa ( a6o) BHXi�HHX πapaMeτpiB, �JI51 Qb0Γ0 
BHKOpHCTOBYIOTb CTaH�apτHi nargin �JI51 aHaJiί3y BXi�HHX, τa nargout -

. . 
BHXl�HHX πapaMeτpιB. 

,Π:JΙ5Ι cπpomeHH51 πpHHMaeMO, mo BCi φyΗκQίϊ - φyΗκQίϊ �ΒΟΧ 3MiHHHX, 
mo �03B0JIHTb πo6y�yBaTH rnpaφiκ τa �OCJii�HTH po6ory aJIΓOpHTMΪB. 

MO)ΚJIHBi Η ίπrnί BapiaHTH, HaπpHΚJia�, �JI51 φyΗκQίϊ sqp πoxi�Hi 
ποτpί6πο πepe�aBaTH y BHΓJIMi MaCHBY (cell array), �ΗΒ. πpHΚJia� Β 
�oκyMeHTaQίϊ GNU Octave.

Πpuκιιαο 7. 7. ΦyΗκQί.Η κopHcryBaqa �JI51 Meτo�iB οπτΗΜi3aQίϊ. 
3αοαιια - πaπΗcaτΗ φyπκQίΙΟ, mo πoBepτae 3HaqeHH51 φyπκQίϊ, ιι 

πeprnoϊ ποχi�Ηοϊ τa MaτpHQIO Γecce. 

## Πpιι1κ11aρ, 7.7 

function [f g Η]= rosen2d(x) 

if nargin == 0; 

20 https://github.com/probml/pmtk3/blob/master/ demoslrosen2d.m 
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[f g Η]= rosen2d(randn(100, 1)); return; endl; 
if isvector(x) % φyHκ�iR 

f = 100*(χ(2) - Χ(1)Λ2)Λ2 + (1-Χ(1))Λ2;
else 

f = 100*(Χ(:,2) - Χ(:,1).Λ2).Λ2 + (1-Χ(:,1)).Λ2;
if nargout > 1 % rpa�iεHτ 

g = [-400*(Χ(2)-Χ(1)Λ2)*Χ(1)-2*(1-Χ(1)); 200*(Χ(2)­
Χ(1)Λ2)]; end 

if nargout > 2 % Maτp��R Γecce 
Η =  [1200*χ(1)Λ2-400*χ(2)+2, -400*χ(1); -400*χ(1), 200]; 

end 
end 
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ΤΕΜΑ8 
ΓΡΑ,π;Ι€ΗΤΗΙ J\ιΙΕΤΟ)];Η ΠΟΙΙΙΥΚΥ MIHll\,fYMY 

ΦΥΗΚΠ;ΙΪnΑΓΑΤbΟΧ3ΜΙΗΗΗΧ 

Μ emoιo C 03Ha:UOMJieHH51 cτy.[(eHTiB rpa.[(iCHTHHMH MeTO,[(aMH 
6e3yMOBHOΪ ΟΠΤΠΜi3aQίϊ φyΗκQίϊ 6araTbOX 3ΜΪΗΗΠΧ 3aco6aMH Octave.

ΠοcmαΉοeκα 3αοαιι.ί. Hexa:u 3a.[(aHo φyπκQίΙΟ f (χ): ]R{_n � ]R{, .[(e χ -

Βeκτοp (χι, ... , Χη) . ΦyΗκQί51 f (χ) ΠΟΒΠΗΗa Bi.[(HOCHTbC51 ,[(Ο KJiacy 
6e3πepepBHO .[(HφepeHQί:UOBaHHX ( a6o ,[(Β1111 6e3πepepBHO 
.[(ΠφepeHQΪ:UOBaHHX) φyHKQΪ:U. 3Ha:UTH ΜΪΗΪΜΥΜ QΪCΪ φyΗΚQΪΪ f(x) �

mιη . 
6 Ο

Χ Ε ]R{_n 13 3a,[(aHOIO ποχπ ΚΟΙΟ ε > 

3α2αJ1.bΉί eίOOMOCmί npo 2pαοίεΉmΉί Memoou. Γpa.[(ΪCHTOM φyΗΚQΪΪ 
f(x) C BeKTOp (θf(χ)/θΧι, ... , θf(x)jθxn) 

"
f _ 

a f (χ) _,. + 
a f (χ) _,. + + 

a f (χ) _,. 
ν - a 

eι a e2 .. . a 
en , 

Χι Xz Xn 

,[(e eί = (eι, e2, ... , en), ί = 1 ... n - Ο,[(ΠΗΠ1ΙΗΠ:U BeKTOp. 
Βeκτοp, πpοτπJΙe.ιΚΗΠ:U Γpa.[(iCHΊ)', Ha3HBaIOTb aHτπrpa.[(iCHTOM. 

Γpa.[(iCHT πepπeH,[(HKYJI5IPHΠ:U ,[(Ο JiiHi:u piBH51 τa cπp51MOBaHΠ:U y6ίκ 
Ha:UIIIBH,[(IIIOΓO 3pocτaHH51 φyΗκQίϊ Β ,[(aHi:u T011Qi. Υ T011Qi MiHi­
MYMY(MaKCHMYMY) rpa.[(icHτ φyΗκQίϊ .[(opiBHIOC ΗΥJΙΙΟ. Ha BJiacτπBocτ51x 

. . . ... . 
rpa.[(lCHTa 3aCHOBaHι MeTO,[(ll ΟΠΤΠΜ13aQιι πepΙΙΙΟΓΟ ποp51.[(ΚΥ, 51Kl 
,[(03BOJI5IIOTb ΒΠ3Ηa1ΙΠΤΠ το11κy JIOKaJibHOΓO MiHiMyMy φyΗκQίϊ. Υ pa3ί 
QίJibOBHX φyHKQi:U 3 CHJibHO ΒΠΤ5ΙΓΗΥΤΠΜΠ, ΒΠΓΗΥΤΠΜΠ a6o τaκπΜΠ, I.QO 

. . 
MaIOTb rocτpι κyτπ, JΙ1Η15.ΙΜΠ pιΒΗ51, Μeτο,[(π πepIIIoro-.[(pyroro ποpΜΚΥ 
ΜΟ.ιΚΥΤb ΒΠ5.ΙΒΠΤΠC5.Ι He3,[(aTHΠM 3a6e3πe11πτπ πpocyBaHH5.I ,[(Ο ΤΟ1ΙΚΠ MiHi­
MyMy. 

3α2ωιbΉUU ωι2opumM 2pαοίεΉmΉUΧ ΜeΤΟ,[(ίΒ. 
1. 3a,[(aIOTb πο11aτκ0Βy το11κy xk Ε {Χ} (k = Ο) ' BH3Ha1IaIOTb

rpa.[(ίCHT (Vk), o6πpaIOTb ΗaΠp5.ΙΜΟΚ pyxy 3 Qicϊ ΤΟ1ΙΚΠ ,[(Ο ΗaCΊ)'ΠΗΟΪ ΤΟ1ΙΚΠ 

.[(e y
k 

- Βeππ11πΗa κpοκy, k - HOMep iτepaQiϊ. 
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2. ΠepeBip51IOTb yMoBy 3aκίΗqeΗΗ5Ι o6qπcπeHb. )::(π5Ι 3aB�aHb
6e3yMOBHOΪ ΟΠΤΠΜi3aQίϊ (χ Ε ]R{_n) Β TOqQί eκcτpeMyMy HOpMa rpa�iCHTa 

He πepeBHIQYC 3a�aHy ποχπ6κy ε: IIVf(xk)ll
2 

= Σ1=1(af(xk)/axj)
2

<

ε. Υ pa3ί TOqHoro p03B'513KY Β TOqQί eκcτpeMyMy IIVf(xk)ll2 = Ο. 51KIQO 
�οπycΤΠΜΥ ΜΗΟ)ΚΠΗΥ {Χ} 3a�aHO, ΤΟ Β TOqQί pO3B '513κy (51KIQO BOHa Ha 
rpaHHQi) HOpMa BeKTOpa-ΓpMiCHTa ΜΟ)Κe 6yΤπ 6y�b-51KOIO, a κpπTepi:u 
3ΥΠΠΗeΗΗ51 o6πpaIOTb, o6Me)ΚyJOqπ 36ίJiblIIeHH51 QίJibOBOΪ φyΗκQίϊ Ha �ΒΟΧ 

. . . ΠOCJil�OBHHX 1TepaQ151X. 
Β 3Maqax 6e3yMoBHoϊ οπΤπΜί3aQίϊ 3a cπoco6oM pyxy �ο eκcτpeMyMy 
. . . . rpa�lCHTHl MeTO�ll MO)l(Ha po3�1JIHTH Ha �Bl rpyππ: 
• Ha (k + 1)-Η iTepaQiϊ ποcπί�ΟΒΗΟ, O�Ha 3a Ο�ΗΟΙΟ, o6qπcJIIOIOTb

κοοp�πΗaΤπ BeκTopa (k + 1)-ϊ Τοqκπ (ΜeΤο�π κoop�πHaTHoro cπycκy); 
• Bci κοοp�πΗaΤπ (k + 1)-ϊ Τοqκπ o6qπcJIIOIOTb Bi�pa3y.

Κpοκ MeTo�y ΜΟ)Κe 6yΤπ: 
• nocmiuHUM, 3a�aIOTb �ο πoqaTκy po3paxyHκiB;
• aoanmueHUM, BHKOpHCTOBYIOTb y pa3ί HeMO)ΚJilfBOCTί Bll3HaqlfTH

MlHlMYM C 3a�aHHM κpοκοΜ γ0 

' 
ΤΟ6Το IIVf(xk)ll

2 
πoqπHac 

36ίπblπyBaTHC51 3 κpοκy k;

• 06ιιucπ10eαΗUΜ Ha ΚΟ)ΚΗΟΜΥ κpOQl 3a ΚΟ)ΚΗΠΜ HaΠp51MKOM
. . . Bl�ΠOBl�HO �ο Bll3HaqeHOΓO κpπΤepιΙΟ. 

Memoo κoopouHamH020 cnycκy (Γaycca - 3euoell5l). Ha qeproBiH 
iTepaQίϊ ΠΟCΊΥΠΟΒΟ 3�ίHCHIOIOTb cπycκ Υ3�OΒ)Κ ΚΟ)ΚΗΟΪ 3 κοοp�πΗaΤ, a 
κpοκ yk o6qπcJIIOIOTb n-pa3iB Ha ΚΟ)ΚΗiΗ iTepaQiϊ. 

Aπ2opumM Memooy. 3a�aIOTb BeκTop χ0 Ta ποχπ6κy ε > Ο.
Κpοκ 1. ΠoBTopIOIOTb: 

• po3paXOBYIOTb KpOK γf = arg �ίη f ( xf - γf\7 f ( xf)) ,
Υί �ο 

ί = 1 ... n - Βi�ΠΟΒί�ΗΠΗ eJieMeHT BeKTOpa Xk ; 
• po3paxoByIOTb xf +ι = xf - γf \7 f (xf );
• 51κπτο llx

k - X
k 

11 > ε ΤΟ Xk +l = Xk k = k + 1 · iHaKIIIe 3aKiH-......., n ο 
2 

, ο n, , 

qyIOTb o6qπcJieHH51, a Toqκa χ* "' Xk C rnyκaHOIO ΤοqκοΙΟ MiHiMyMy. 
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Πpuκιιαd 8.1. Πornyκ MiHiMyM φyΗΚΙ(ίϊ �eκίJibKOX 3MiHHIIX. 

3αοαιια - πaπucaτu πporpaMy �JI51 peaJiί3al(ίϊ Meτo�a οπτuΜί3aΙ(ίϊ 
κoopou1-1am1-1020 cnycκy (Γaycca - 3euoell5l ί3 Bi3yaJiί3aQίao pe3yJibτaτiB 
o6qucJieHH51.

Pe3yJibτaτ HaBe�eπo πa puc. 8. Β ποπepe�πίπ τeMi HaBe�eπo πpuΚJia� 
po6oτu aHaJiorίqπoro Meτo�y HYJibOBoro ποpΜΚΥ (puc. 7.4). 5Ικ ΜΗ 
πaM'51τaeMo, τaΜ πpu Bu6opi ίπrnοϊ ποqaτκοΒοϊ τοqκu πe 6yJio 3Ηaπ�eπο 

p03B '5130Κ. Β �aHOMY ΒΙΙΠΜΚΥ Μeτο� 3HaUIIIOB MiHiMyM, aJie 3a �OCTaTHbO 

BeJiuκy κίJΙbκίcτb κpοκiΒ (puc. 8.16). Β I(bOMY πpuΚJia�i ί �aJiί 6a3oBoIO e
πporpaMa �JI51 κoop�uHaτπoro cπycκy ί3 τeΜΙΙ 7 τa πporpaMa 3 I(boro πpu­

ΚJia�y, �aJiί 3MiHII BHOC51TbC51 τiJibKII Β ΟCΗΟΒΗΙΙΠ po6oquπ Ι(ΙΙΚJΙ. 

## Πp1ι1κ11aJJ, 8.1 
clear all; more off; 
function [z, df]=func(c, χ, y) 

if (nargin==2) 

z=c(1)*x(1).Λ2 + c(2)*χ(2).Λ2 + c(3)*x(1).*x(2); 

endif 
if (nargin==3) 

z=c(1)*x.Λ2 + c(2)*y.Λ2 + c(3)*(x.*y); 

endif 
if (nargout ==2) && (nargin ==2) % rpaJJ,iEHT 

df(1)=2*c(1)*x(1) + c(3)*x(2); df(2)=2*c(2)*x(2) + 
c(3)*x(1); endif 

Z=-z; 
endfunction 
c=[-2 -1 1]; 
g = 0.2; 

Χ=[-30 30];% ΠOYaTKOBi 3HaYeHHR 
% nocτii1Ha κpοκy 

d = 0.00001; 
k = 1; kmax = 100; 
xlt = [χ(1)]; x2t = 
xt = [χ(1), χ(2)]; 

% ποχ1ι16κa 
% 11iΥ1ι1J1bΗ1ι1κ iτepa�ii1 
[χ(2)]; % npoMi�Hi ΤΟΥΚΙι1 

do % OCHOBHlι1i1 po60Y1ι1i1 �Ιι1ΚJ1 
[temp, gr] = func(c, χ);% cnycκ 3a nepwo� κoopJJ,1ι1Haτo� 
χ(1) = χ(1) + g * gr(1); 
xt = [xt ; χ]; 
[temp, gr] = func(c, χ);% cnycκ 3a JJ,pyro� κoopJJ,1ι1Haτo� 
χ(2) = χ(2) + g * gr(2); 
xt = [xt ; χ]; 

until (norm(gr, 'fro') <= d 11 ++k > kmax) 
## no6yJJ,oBa rpaφiκa, JJ.Ιι1Β. τeMy 7, np1ι1κ11aJJ, 1. 
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Γpαοίε1πn1-1uu Memoo 3 nocmίUJ-ΙUM κpοκοΜ. 

Κpοκ 1. 3a,[{aIOTb Βeκτοp .χ0
, κpοκ γ > Ο, ποχu6κy ε > Ο τa k = Ο. 

Κpοκ 2. ΠοΒτοpωωτb: 
• po3paXOBYIOTb BeKTOp Γpa):(ΪCHTa 'vf (xk);
• 51KI.QO IIVf(xk)ll2 < ε, ΤΟ χ* ,_ xk - πpΗΠΗΗ5ΙΙΟΤb 0611ucJieHH5Ι;

iHaKIIIe 061IHCJIIOIOTb χk+l = χk - yk'vf (.xk).

Πpuκιιαο 8.2. ΓpMiCHTHHH Μeτο,[{ 3 πocτi:uHHM κpοκοΜ. 
3αοαι.ια - Haπucaτu OCHOBHHH �ΗΚJΙ rpa,[{ίCHTHOΓO MeTo,[{y. 

## Πpι,,κnaρ, 8. 2 
do 

[temp, gr] = func(c, χ);% cnycκ 3a o6oMa κοοpρ,ι..1Ηaτο� 
xt = [xt ; χ]; 

until (norm(gr, 'fro') <= d 11 ++k > kmax) 

EίJibIII ΓΗΥ1ΙΚΗΜ C 2paoίε1-1m1-1uu Memoo ί3 aoanmueJ-ΙUM KpOKOM.

3a,[{aIOTb Βeκτοp χ0
, κpοκ γ > Ο, ποχπ:6κy ε > Ο τa k = Ο. 

Κpοκ 1. Po3paxoByIOTb Βeκτοp rpa,[{ίCHTa 'vf(xk). 
Κpοκ 2. ΠοΒτοpωωτb: 
• po3paxoByIOTb ΗΟΡΜΥ rpa,[{ίCHTa IIVf(x

k
)ll2 ;

• πpο6ΗΗΗ κpοκ .xk+l = xk - yk'vf (xk);
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• 51Kmo IIVf(xk+l)ll
2 

< IIVf(xk)ll
2 

Ta IIVf(xk)ll
2 

> ε, ΤΟ k =
k + 1; 

• iπaκrne, 51Kmo IIVf(xk )II < ε, ΤΟ χ* ,_ xk - Toqκa MiHiMyMy,
πpΠΠΠΗ5ΙΙΟΤb o6qπcJieHH5I; 

• iπaκrne, 51Kmo IIVf(xk+l)ll
2 

> IIVf(xk)ll
2

' ΤΟ Bi�HOBJIIOIOTb
3HaqeHH51 BeKTopy xk+l = xk 

+ ykVf (xk ) Ta 3MiHIOIOTb κpοκ Υ = Υ · δ, 
�e δ - MaCIIITa6HΠH ΜΗΟ)ΚΗΠΚ, ΗaπpΠΚJΙΜ 0,5. 

Πpuκιιαο 8.3. Γpa�icHTHHH MeTo� ί3 �po6πeHH51M κpοκy. 
3Maqa - ΗaππcaΤΠ ΟCΗΟΒΗΠΗ QΠΚJΙ rpa�iCHTHOΓO MeTo�y ί3 3ΜiΗΗΠΜ 

κpοκοΜ. 
ΠopiBH51HO �ο MeTo�y ί3 φίκcοΒaΗπΜ κpοκοΜ (pπc. 8.2a) οτpπΜaππ 

3MeHIIIeHH51 κίJΙbΚΟCτί κpοκiΒ Ha 20% (pπc. 8. 26) .. 

## Πp1ι1κ11a,t:J, 8. 3

[temp, gr1] = func(c, χ); g = 0.5; 

do 

χ =  χ +  g * gr1; % πpο6Η&ι1� κpοκ

[temp, gr2] = func(c, χ);% nepeaxyHoκ rpa,D,iEHTiB 

if norm(gr2, 'fro') < norm(gr1, 'fro'); 

gr1 = gr2; 
xt = [xt ; χ]; 

else 

χ =  χ - g * gr1; % Bi,t:J,HOBJleHHR 

g = 0.5 * g; % ,D,po611eHHR κpοκy 
end 

until (norm(gr1, 'fro') <= d 11 ++k > kmax)

Μ emoo ΉaUtu6UOtu020 cnycκy Bi�HOCHTbC51 ΤaΚΟ)Κ �ο MeTo�iB 
�pyroro ποpΜκy. ΑπrοpπΤΜ MeTo�y πacΤyππππ. 

Κpοκ 1. 3a�aIOTb πoqaTκoBπii BeκTop χ0 , ποχπ6κy ε > Ο Ta k = Ο. 
Κpοκ 2. BΠ3HaqaIOTb BeKTOp rpa�iCHTa Vf(xk) ί HOpMOBaHΠH 

BeKTOp rpa�iCHTa Vf(xk)/IIVf(xk)ll
2 ·

ΠepeBip51IOTb ΥΜΟΒΥ 3aκίπqeΗΗ51 o6qπcJieHb IIVf (xk)ll
2 · 

Κpοκ 3. ΠoBTopIOIOTb: 
• po3paXOBYIOTb yk 

= arg mίnf(xk - ykVf(x k))-κpoκ Β o6paHO­
yk�o 

. . .. . ... ΜΥ HaΠp51MKY - Ο�ΗΠΜ 3 MeTO�lB O�HOBΠMlpHOl OΠTHM13aQ11. 
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• po3paxoByIOTb .x k+l = .xk - ykV f (xk );

• 5.ΙΚ�Ο IIVf (.xk)ll2 > ε, ΤΟ k = k + 1, ίπaκΙΙΙe χ* ,_ xk - τοqκa

MiHiMyMy, πpΗΠΗΗ5.ΙΙΟΤb o6qπcJieHH5.I. 

_,fQ -10

-40 -20 ο 20 -40 -20 ο 20 40 

χ χ 

a) 6) 

P11cyHoκ 8.2 

Πpuκιιαd 8.4. Μeτο,[( πaiiIIIBH.[(IIIoro cπycκy. 
3a,[(aqa - Ηaππcaτπ OCHOBHHH Ι.(ΗΚJΙ MeTo.[(y ΗaΗΙΙΙΒΗ,[(ΙΙΙΟΓΟ cπycκy. 
Pe3yJibτaτ pο6οτπ πporpaMπ HaBe.[(eHo πa pπc. 8.3. 

## Πpι-1κ11aρ, 8. 4 
do 

[temp , gr] = func(c, χ);% οτpιι�ΜyεΜο rpaρ,iεHτ 
g = -sumsq(gr)/(2*c(1)*gr(1)Λ2 + 

2*c(2)*gr(2)Λ2 + 2*c(3)*gr(1)*gr(2)); 
χ =  χ +  g * gr; 
xt = [xt; χ]; 

until(norm(gr, 'fro') <= d 11 ++k > kmax) 

3a MemoooM Hb10m0Ha (.[(pyroro πop5.1.[(Ky) BHKOpHCTOBYIOTb τοqπί 
a6o Ha6JIH)ΚeHi 3HaqeHH5.I .[(pyrπx qacTKOBHX ποχί,[(ΗΗΧ QίJibOBOΪ φyΗκQίϊ 
.[(JI5.I o6qπcJieHH5.I ΜaτpπQί Γecce Η (.x k) τa Beκτopy .x k
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MaτpHQ51 Γecce. 
Aπ2opumM Memooy Hb10mo1-ta. 

Κpοκ 1. 3MaIOTb BeκTop χ0 , ποχπ6κy ε > Ο Ta k = Ο.
Κpοκ 2. ΠoBTopIOIOTb: 

• o6qπcJIIOIOTb Vf(xk) ί 51Kmo IIVf(xk)ll2 < ε' ΤΟ χ* - xk -

rnyκaHa Toqκa ΜΪΗΪΜΥΜΥ, πpΗΠΗΗ5ΙΙΟΤb o6qπcJieHH5I; 
• o6qHCJIIOIOTb MaτpH:QIO Γecce H(xk) . .5Ικmο He ΒCΪ ϊϊ BJiaCHΪ 3Ha­

qeHH51 e ,[{O,[{aTHHMH, ΤΟ πpΗΠΗΗ5ΙΙΟΤb o6qπcJieHH5I; 
• o6qπcJIIOIOTb HaΠp51MOK πornyκy βk = -H-1 (xk)Vf(xk);

. .. 
. 
.. 

• MeTO,[{aMH O,[{HOBHMlpHOl M1H1M13al(ll rnyκaIOTb κpοκ 

yk 
= arg mίη f (Xk 

+ ypk) Ta 3a (8.3) o6qHCJIIOIOTb χ k+l , k = k + 1.
γ�Ο 

Υ Ο 

-20

-40 ..._._.__.JΙ.......,;:�.__ ____ ι;,___,ι�:.....ιΕ..L.Δ.L..";:..:::...., 

-40 -20 ο 
χ 

P11cyHoκ 8. 3 

20 40 

Μeτο)Ι;Η ue.JΙίιιίfuιοϊ onΠΙMi3au;i.H Β Octave 

)::Lπ5Ι 3a,[{aq ΟΠΤΗΜΪ3aQίϊ BHKOpHCTOBYIOTb B6y,[{oBaHi φyπκπ;ίϊ 
( aπanorπ φyπκQί:u Μ atlab) Ta πaκeΤ po3IIIHpeHb optίm . ΦyπκQί51 
nonlίn_min() 3 Hboro e iHTepφe:ucoM ,[{JI51 3a,[{aq ,[{aHoro ΚJiacy (3aMΪHIOe 
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3acτapίJiππ mίnίmίze()). Υ πaκeτ BKJiωqeπo φaπJΙ optίm_problems. m, 

Β 5ΙΚΟΜΥ C πpπΚJΙa;::ι;π 3a;::ι;aq ΟΠΤΠΜi3aQίϊ. Υ Bcix φyΗκQί5Ιχ: 

fun - φyπκ:Qί5Ι, MiHiMyM 5ΙΚΟΪ IIIyκaIOTb (a6o ΠΟΚa)Κqπκ Ha Ηeϊ); 
χΟ - ποqaτκοΒa τοqκa (Βeκτοp); 

control - cτpyκτypa optίmset ,ΙJ;JI5I ycτaποΒκπ πapaMeτpiB 
ΟΠΤΠΜί3a:Qίϊ21 ; 

χ - 3Ηaπ;::ι;eπa MiHiMaJibHa τοqκa ( a6o Βeκτοp ); 

Υ - 3HaqeHH5I φyΗκQίϊ Β τοq:Qί MiHiMyMy; 

ίnf ο - ;::ι;ο;::ι;aτκοΒa ίπφοpΜaQί5Ι προ pe3yJibτaτπ o6qπcJieHb; 

cvg - ίπ;::ι;πκaτοp ycπiIIIHocτi πpoQecy οπτπΜί3aQίϊ. 

Πpuκrιad 8.4. MiHiMi3aQί5I φyΗκQίϊ ;::ι;eκίJΙbΚΟΧ 3ΜiΗΗΠΧ 
3a;::ι;aqa - πaππcaτπ πporpaMy MiHiMi3aQiϊ φyπκQίπ ;::ι;eκιJΙbκοχ 

3ΜiΗΗΠΧ 3a )];ΟΠΟΜΟΓΟΙΟ 6ί6JΙίοτeqΗπχ φyHKQiH Octave 

ΒπκοpπcτaΗΗ5Ι Β6y;::ι;οΒaΗΠΧ φyΗκQίΗ MiHiMi3a:Qiϊ (,ΙJ;JI5I πopiBH5IHH5I 

;::ι;ο;::ι;aΗΟ φyΗκQίΙΟ f mίns(), I:QO C φpoHTeH)J;OM )J;JI5I ;::ι;eκίJΙbΚΟΧ Μeτο;::ι;iΒ 
ΟΠΤΠΜi3aQίϊ, )];03BOJI5IC o6qπcJIIOBaTΠ MiHiMyM φyΗκQίΗ 6araTbOX 3ΜiΗΗΠΧ 

τa Βπ6πpaτπ ποτpi6ΗΠΗ aJIΓOpΠTM. 

## Πp�κna� 8.5 (nonlin_min()) 
## Πp�κna� 1, τecτoBa φyHκ�iR 
clear all; clc; 
pbl = optim_problems ().general.schittkowski_281; 
[χ, objf, cvg, outp] = nonlin_min (pbl.f, pbl.init_p, 

optimset ( "algori thm", "d2_min", 

'Όbjf _grad", pbl. dfdp, 'Όbjf _hessian", 
pbl.hessian)); 
display('nonlin_min => Standard Schittkowski 281'); 
display(x); display(cvg); 
## Πp�κna� 2, τecτoBa φyHκ�iR, φyHκ�iR κop�cτyBaYa, 
min=(l,1,1), f=3.0, 
## ��Β. �oκyMeHτa�i� optim 

function cost = foo (χ) 
χ--; cost = sum (-cos(x)+x.Λ2/9); 

endfunction 
function dc = diffoo (χ)## nepwi Yacτ�HHi noxi�Hi 

χ =  χ(:)' - 1; dc = sin (χ)+ 2*χ/9; 
endfunction 

21 ( https: // octave .sourceforge. io/ optim/ package doc/ C ommon-optimiz ation­
options. html 
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function [d2c] = d2foo (χ)## ΑΡΥΓi YaCT�HHi ΠOXiAHi 
d2c = diag (cos (χ(:)-1) + 2/9); 

end 
χ0 = [ -15; -15; -15]; 
[χ, objf, cvg, outp]=nonlin_min (@foo, χ0, 

optimset ("algorithm", "d2_min", 
'Όbjf _grad", @di ffoo, 'Όbjf _hes sian", @d2foo)); 

display('nonlin_min => sum (-cos(x)+x.Λ2/9)'); 
display(x);display(cvg); 

## Πp�κnaA 3, τecτosa φyHκ�iR + sqp 
function r = g(x) 

r = [ sumsq(x)-10; 
χ(2)*χ(3)-5*χ(4)*χ(5); 
Χ(1)Λ3+Χ(2)Λ3+1 ]; 

endfunction 
function obj = phi (χ) 

obj = exp (prod (χ)) - 0.5*(χ(1)Λ3+χ(2)Λ3+1)Λ2; 
endfunction 

χ0 = [-1.8; 1.7; 1.9; -0.8; -0.8]; 

[χ, obj, info, iter, nf, lambda] = sqp (χ0, @phi, @g, []); 

display('sqp => exp (prod (χ)) 
0.5*(x(1)Λ3+x(2)Λ3+1)Λ2');display(x); display(info); 

## Πp�κnaA 4, τecτosa φyHκ�iR 
xin = [-2; 5]; 
obj_fun =@ (χ) χ(1)Λ2 + χ(2)Λ2; 
constr_fun =@ (χ) χ(1)Λ2 + 1 - χ(2); 
[χ, objf, cvg, outp] = nonlin_min (obj_fun, xin, 

optimset ("equc", {constr_fun})); 
display('nonlin_min => χ1Λ2 + χ2Λ2'); display(x); 
display(cvg); 

Pe3yJibτaτ: 

>> 
nonlin min => Standard Schittkowski 281 
χ = 

0.9169552012980494 
0.9999999990379179 
0.9999999999999999 
1 

1 

1 

1 
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1 
1 
0.9999289237761456 

cvg = 0 
>> 
nonlin min => sum (-cos(x)+x.Λ2/9) 
χ = 1 1 1 
cvg = 3 
>> 
sqp => exp (prod (χ)) - 0.5*(χ(1) Λ3+χ(2)Λ3+1)Λ2 
χ = 

-1.717143465253209
1.595709568430945
1.827245948287367
-0.7636431065046502
-0.7636430732426371

info = 104 
>> 
nonlin min => χ1Λ2 + χ2Λ2 
χ =  -1.090917451549388e-08 0.9999999999999981 
cvg = 3 

Pe3ιoMe 

Β �aHiH τeMi ΜΗ pο3ί6pa.ππ πpπΚJΙa�π πο6y�ΟΒΗ πporpaM �.JUI BHKO­

pπcτaHH5I Meτo�iB πepmoro τa �pyroro πop5I�KiB �.JUI MiHiMi3aQiϊ φyΗκΙ(ίϊ 
6araTbOX 3MiHHHX. Ha πpπΚJia�ax φyΗκQίΗ 3 �BOMa 3MiHHHMH HaBqHJIHC5I 
Bi3yaJiί3al(iϊ pο6οτπ a.πropπτMy Ha �BOBHMipHOMY ΚΟΗΊ)'pΗΟΜΥ rpaφiκy. 

Ha πpHΚJIMaX Π03HaHOMHJIHC5I ί3 pο6οτοΙΟ HeJiiHiHHHX OΠTHMi3aτo­

piB - nonlίn_mίn(), mo c φpoHTeMOM �JI5I �eκίJΙbκοχ Meτo�iB, τa sqp(), 
. . 

mo myκac MtHtMYM Ha οcΗοΒι 3a�aq1 κBa�paτπqHoro πporpaMyBaHH5I. 

ΦyΗκΙ(ί5Ι sqp() Micτπτbc5I y MPi πaκeτy, a nonlίn_mίn() - y πaκeτί 

optίm. ,[(.τι5Ι τοqΗΟΓΟ HaJiamryBaHH5I nonlίn_mίn() BHKOpHCTOBYIOTb cπe­

I(ίaJibHY cτpyκτypy optίmset (�πΒ. πpπΚJΙa� 8.4). 
,[(JI5I Meτo�iB ΟΠΤΗΜi3aΙ(ίϊ, mo 6yJIH p03Γ.JUΙΗΥτί Β �aHiH τeMi, aKTHB-

. . . . 
ΗΟ BHKOpHCTOBYIOTbC5I qacTHHHl ΠOXl�Hl, �.JUI 3HaXO�)ΚeHH5I aHaJilTΙfqHoro 

ΒΗΓ.JUΙ�Υ 5ΙΚΗΧ �.JUI CΚJIMHHX φyHKQiH ΜΟ)ΚΗa Βπκοpπcτaτπ πaκeτ 

symbolίc. 

ΦyΗκΙ(ίϊ Octave, 51Κί BπBqa.ππcb - sqp( ), nrm( ), surf ( ), 

contour( ), nonlίn_mίn( ). 
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ΠpaκTWnΙe3aB.lJ:amIH 

3HaHTH MiHiMyM φyΗκQίϊ f (χ, y) Ha BH3HaqeHOMY iπτepBa.πi. ,Ιί,π51 

φyHKQiii, IQO πpHHMaIOTb 6ίJibIIIe )];ΒΟΧ apryMeHTΪB, peκoMeH;::ι;yeTbC51 πί;::ι; 
qac BHKOHaHH51 po60TH BBa)ΚaTH ϊχ 3a φyΗκQίϊ )];ΒΟΧ 3ΜΪΗΗΗΧ [11, 12]. 

Βapίaπτπ )];ΗΒ. y πoπepe;::ι;πiii τeMi. 

Ποp.ιι,rι:οκ ΒΙΙΚΟΗaΗΗΗ 3aB.lJ:alΠIH 

1. Πo6y;::ι;yBaTH rpaφiκ )];OCJIΪ)];)ΚyBaHOΪ φyΗκQίϊ 3a )];ΟΠΟΜΟΓΟΙΟ φyπκ­

QΪΗ surf () τa contour( ). 

2. ,Π:ocJii)];HTH πpHKJia)];H 1-4 πporpaM, 3ΜΪΗΗΤΗ ποqaτκοΒi ΥΜΟΒΗ )];JI51

pea.πί30BaHHX Μeτο;::ι;iΒ ΟΠΤΗΜΪ3aQίϊ Χο, ε, γ τa πopiBH51TH pe3yJibTaTH. 
ΠpΗΗΗ5ΙΤΗ c= [-3 -1 -3] τa πopiBH51TH MeTO)];H ΟΠΤΗΜΪ3aQίϊ. CκπacTH 

πopiBH5IJibHY τa6JIHQIO, 3po6HTH BHCHOBKH. 
3. 3MiHHTH πporpaMH π. 2 )];JI51 po60TH 3 3a,ΙJ;aHOIO 3ΓΪ)];ΗΟ 3 BapiaHTOM

φyΗκQίeΙΟ, )];OCJIΪ)];HTH ΠΟΒe;::ι;ίπκy πporpaMH 3a pi3HHX ποqaτκοΒΗΧ ΥΜΟΒ. 
4. ,Π:ocJii)];HTH φyΗκQίϊ Octave, Β 5ΙΚΗΧ peaπί30BaHO MeTO)];H πepIIIOΓO­

;::ι;pyroro πop51)];KiB. 3HaHTH MiHiMyM )];JI51 CBoeϊ φyΗκQίϊ 3a )];ΟΠΟΜΟΓΟΙΟ 

nonlίn_mίn() τa, sqp() πopiBH51TH 3 pe3yJibτaτaMH, οτpπΜaΗΠΜΗ Β π. 3. 

5. Pea.πί3yBaTH Μeτο;::ι; HbIOTOHa-Paφcoπa ;::ι;pyroro ποpΜκy.

ΠopiBH51TH pe3yJibTaT ί3 iΗΙΙΙΠΜΠ MeTO)];aMH. 

Ιbιτaιπιπ ;:�rιπ caMonepeBipκιι 

1. ΟππΙΙΙiΤb MeTO)]; κοοp;::ι;πΗaΤΗΟΓΟ cπycκy.
2. ΟππΙΙΙiΤb MeTO)]; rpa;::ι;ieHTHOΓO cπycκy 3 ΠΟCΤΪΗΗΗΜ κpοκοΜ.
3. ΟππΙΙΙiΤb MeTO)]; rpa;::ι;ieHTHOΓO cπycκy 3 a;::ι;aπΤΗΒΗΠΜ κpοκοΜ.

4. ΟπΗΙΙΙΪΤb MeTO)]; ΗaΗΙΙΙΒΗ,[(ΙΙΙΟΓΟ cπycκy.

5. ΟππΙΙΙiΤb Μeτο;::ι; HbIOTOHa-Paφcoπa ;::ι;pyroro ποpΜκy? 5Ικ
ο6qπcππτπ ΜaτpπQΙΟ Γecce? 
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,lJ; Ο� Τ:ΚΠ 
,lJ; Ο� ΤΟΚ Α ()]; ΟΒΙ)];ΚΟΒΗΗ). 

ΠΙΤΕΡΦΕΗC IDE GNU OCTA VE 

ΓpaφiqHHΠ iHτepφeπc πaκeτy GNU Octave (pHc. Α.1) cΚJia,[(aCTbC51 
ί3 BiKHa 3 ,[(eKiJibKOMa po6oqHMH o6JiaCT51MH: 

1 - τeκcτοΒΗΠ pe,[(aκτop τa cepe,[(OBHI.Qe ,[(JI51 Haπaro,[()ΚeHH51 πpor-

2 - ΒΪΚΗΟ ,[(JI51 BBe,[(eHH51 KOMaH,[(, τyτ )Κe Bi,[(o6pa)l(aCTbC51 pe3yJibTaT 

pο6οτπ πporpaMπ; 

3 - icτopi51 KOMaH,[(, I.QO 3a6e3neqyc ΙΙΙΒΠ,[(Κe ΒΠΚΟΗaΗΗ51 ΚΟΜaΗ,[(Π 

ΠΟ,[(ΒΪΠΗΗΜ ΚJΙΪΚΟΜ MHIIIi; 

4 - o6JiaCTb 3ΜΪΗΗΗΧ ί3 ϊχ φaκτπqΗΗΜ 3HaqeHH5IM; 

5 - φaπποΒππ MeHe,[()Κep, ,[(e Bi,[(o6pa)Κacτbc51 BMicτ po6oqoro κaτa­
πory. 

1:1 rJ;�[. ::y(:-<); <li!'sfΙΙ,η:{,":V')J; Fx� =
ι&tι.•f,';;t� ·:ιι:s :ιιτηΗΓr ::�,,.t··.ι " 

Ξ''" ΞΞ''"'''::'Θ:� 

l'J ." ... t J.μi:ι,J.,.ι.u. :!1 1r:r:.ιιv�, ,}γι.ι>�i11, �y.ι�ι:ι..i�- ι•.i.J':λ'-"Lγι.�,�..ι, .u,_ι:-11,:,_1, 1-·J,'J, 
ι • 'Ft n11-n. ,ωι-:οt'-1;--1••,.; t 1(1 ι,:: .. iιt 

,:,.. .,ι.,.,ι,,., 1,.1 ,J 
1.,,,,, 1. ,1,,.,1,1� ;, 1 ·-c\r,ι!'! r,,':'tf.:o;,. :<'" , . . .  , ..... '''"' 

""' ,) 
nf <loublt Ι>:1 i "· ,., ''-"'" _, ,.,,,. ,-.�•><(><ι•--< •• 1, .. , 
ot, Ι,:Ι ,.-.c.ι,:��;,.,;,, � • 
.. ,::,, (, . .,; .... , ....... ,,, . 
• ,,., .. ,,,,c., .. �.,, .... \ 
, ... -= 

, : 
fJ ,, 1 
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... 1;� •. --�-:-1,, ·�,,: 
•:> 
" � 
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Θ 

P11cyHoκ Α.1 

ΤaΚΟ)Κ C o6JiaCTb 3ΜΪΗΗΠΧ, Β 51Κiπ 3a,[(aIOTb 3HaqeHH51 3ΜΪΗΗΗΧ Β πpo­

Qeci HaJiaΓO,[()ΚeHH51, τa ΒΪΚΗΟ ,[(ΟΒΪ,[(ΚΟΒΟΪ CΠCTeMH, 51Ke Ha pπc. Al πoκa-
3aHe y BHΓJIMi 3aΚJia,[(KH «)];οκyΜeπτaQί51» πί,[( ΒiκποΜ pe,[(aκτopa. )];.π51 aκ­
THBaQiϊ ,[(ΟΒΪ,[(ΚΟΒΟΪ CHCTeMH ,[(OCTaTHbO y KOMaH,[(HOMY BiKHi Ha6paτH κο­

ΜaΗ,[(Υ doc HaπMeHyBaHH51 _ φyπκQίϊ, πapπΚJia,[(, doc sqp. )];π5Ι ,[(e5Ικπχ πa-
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κeτίΒ C CΒΟΪ ,[J;OBi,[J;KOBi CΠCTeMΠ. Τaκ ,[J;JI51 φyΗκQίπ πaκeτy optim Βπκοpπc­

ΤΟΒΥΙΟΤb optim_doc πaπMeπyBaHH51 _ φyπκQίϊ_ πaκeτy _ optim, πaπpπκπa,[ι;, 
optim_doc nrm. 

KpiM ΤΟΓΟ ΒΠΚΟpΠCΤΟΒΥΙΟΤb ίπτepφeπc Ha OCHOBi ΚΟΜaΗ,[ι;ΗΟΓΟ PMKa 

(pπc. Α.2), aπe BiH, ΜΟ)ΚJΙΗΒΟ, He τaκππ 3pyqHHll. 

[]Ι D:\Oενelop\Octaνε\OCTAVE-1.G'lmιngw64\bιn\octaνe-guι.εxe 

dditional information about Octave is available at https://www_octave.org_ 

Please contribute if you find this software useful. 
For more infoι·mation, visit https://www.octave_org/get-involved-html 

Read https: //www. octave _ org/bugs _ htn1l to l earn how to submi t bug repoι•ts _ 
For information about changes fι•om previous versions, type 'news • _ 

arning: isdiι· is obsolete; use isfolder or dir_in_loadpath instead 
octave:l> pkg load symbolic 
octave:2> syms χ y 
Syn1bolic pkg ν2.8_0: Python communication link active, SymPy vl-4_ 
octave:3> diff(sin(xΛ2)/xΛ3) 
ans = (syn1)

/ 2\ / 2\ 
2*cos\x / 3*sin\x / 

2 4 

χ χ 

octave:4> help diff 
'diff' is a built-in function from the file libinterp/corefcn/data.cc 

-- diff (Χ) 
-- diff (Χ, Κ) 
-- diff (Χ, Κ, DIM) 

If Χ is a vector of length n, 'diff (Χ)' is the vector of first 
differences Χ(2) - X(l), ___ , X(n) - X(n-1). 

P11cyHoκA.2 

Β πpoQeci pο3pο6κπ cκπa,[ι;ΗΠΧ πporpaM ΒΠΗΗκae πeo6xi)J;Hicτb ϊχ 

HaJiaΓO,[J;)ΚeHH51, ΙΙ.(Ο ΜΟ)Κe 6yτπ BHKOHaHe 3aco6aMΠ IDE. ,[{JI51 QbOΓO 
po3CTaBJI5IIOTb KOHTρOJibHi τοqκπ Ηaπpοτπ ποτpί6ππχ PMKiB πporpaMΠ τa 

Βπκοπyωτb πporpaMy y ποκpοκοΒοΜy pe)ΚΠMi (pπc. Α.3, Α.4). 
ΠaHeJib iπcτpyMeHτiB Υ pe)ΚHMi pe,[ι;aryBaHH51 τa HaJiaΓO,[J;)l(eHH51 

3a6e3πeqye Ηacτyππί ΜΟ)ΚJΙΠΒΟCΤί: 
• 1-5 - CTBOpeHH51 τa 36epiraHH51 φaππiΒ;
• 8-1 Ο - po6oτa ί3 6yφepoM o6Miπy;
• 11 - πornyκ τa 3aMiHa τeκcτy;
• 12 - 36epiraHH51 φaππy τa 3aπycκ πa ΒπκοπaΗΗ5Ι;

• 13-16 - po6oτa ί3 τοqκaΜΠ OCTaHOBa ( ΒΪ,[ι;ΠΟΒί,[ι;ΗΟ ,[J;O,[J;aTH ΗΟΒΥ

τοqκy, πepeπτπ )];Ο πacτyπποϊ, πepeπτπ )];Ο ποπepe,[ι;Ηbοϊ, οqπcτπτπ Bci); 

• 17 - ΒΠΚΟΗaΤΠ p51,[ι;ΟΚ (κpοκ);

• 18 - ΒΠΚΟΗaΤΠ ί3 3aXO,[J;OM Υ φyπκ�ίΙΟ (pπc. Α.3);

• 19 - ΒΠΚΟΗaΤΗ 6e3 3aXo,[J;y Υ φyΗκQίΙΟ;
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• 20 - πpο):{ΟΒ)ΚΗΤΗ ,[{Ο ΗaCΊ)'ΠΗΟϊ ΤΟ1ΙΚΗ 0CTaHoBy;

• 21 - 3ΥΠΗΗΗΤΗ HaJiaΓ0_[{)ΚeHH5I.

,Π:JUΙ Bi):{cJii):{KOByBaHH5I 3a CTaH0M 3ΜΪΗΗΟϊ ποτpi6Ηο BHK0HaTH

KOMaH.[{y openvar Ha:ΠMeHyBaHH5I _ 3ΜΪΗΗΟϊ, πicJI51 τioro aKTHBYCTbC51 

o6nacτb «Variable Editor». Β pe)ΚHMi πa.πaro):{)ΚeHH5I ):{emo 3MΪHIOCTbC51 

«O6JiaCTb 3ΜΪΗΗΗΧ», Υ 3ΜΪΗΗΗΧ 3'5IBJUIIOTbC5I aτpπ6yτπ, τaΚΟ)Κ M0)l(Ha 
ΒΚJΙΙΟqπτπ Πi):{cBiqyBaHH5I ΤΗΠΪΒ (pπc. Α.4). 

�awi Ωpasκa Yiew Qebug �HKOHaHH$1 tfelp 

• � ίJ � � : } 1 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

Ρe.ο,.ικτορ 

t"eιne 1 e>: ι:.,ιr .Χ lhe-ie a :χ 4.1'1 Χ l�I 
51 l,I UJιιι,s-.J !E'.Jt '-'-n.ι-,eL.i.!Jll-L::, W-Llι Κ=oLleLΙ 
s:ι Η Ο.ι.ιι:ιJ 9,.::.ιt:1ί, �ν«-tΡ2ί, 
53 tf C-p�:.onal Ό:t:.;,π:�:�=s ::ο= tunc�1:l!'ι ιt"Ο1:{ι:} 
�� jj 
�!) i# @cnct ι:.�1� 
;,r, i• (iι-,-,,-1 ; ... fr.�7>,..F-
57 
sεg.:,u.v.-ιlun L=-L-!iιiln: (Cw1.:w1, xc,, u:1ιi.ι:ι,s, 'i1-<Ι'-'·, ν«�«.:.yl.:ι) 

,�·59

1 

sιοpιι = ιιs-.J. 1.n::, 1.n.r •• , -� -11: 
tu ιuαι:u.n - �:,ι : 

61 
r., if" l"l'!.T)in < .1: Ι'"f!Τ:;ο",ΤΙ."<•(]; t'll'l'i 
63 
64 i.C l.=-η;.ιL1111.γ.i1.η::ι;>-

�
; ::,ιuι.ι.i.ι 15)- '-1-'-i'-η::ι(.1.;; ι:οw.\ 

�s 1t len�th1c�0:1cτ:s:r.:; s�ορ1ι,1)= c�0:1cr.s(3:; end 
tt 1t .!.�njt!\ ιc�0:J.cr.�( :--�: 
6; J if cν:icn:1(6:-;: r,iinfu.n- 'r.ιι.:..,,),a : 
r.n·-Ί if" .-.r,,..innl";.�)-; -.r."l�i-:(�, ... ,.; 

ι I nc ;9 :ο� 1 c1odin;: S\'S:M coi: .F 

P11cyHoκ Α.3 

ι::ιrn:ιn:Ι vνndow � �... v:;r1::b� t::ιt:r 
warning: · nrr,smex' has been deprecaτed, and wilι be remoνed i11 the fut • � , r-ι �-

...._ 
wa rnιn�: caι ιed f rcm � <") -" ι.:..ι r-�· ...-

ιιnι;;ιι,dχ al Ηιιe 61 ι:uιυιικι 5

1

-= ================;;=" 
fmins aτ 1ine 79 coιumn 9 :,ιι:••xno:rou,d 
then;e 7 ex 4 aτ 1.1ne 7 col.umn 3 

tmins {aa -adι.to81 ιcHHRM) 

Ο. 99962244J2θ5499S Θ. 999544σJ1Θθ0609& Θ. 99900639θ0710&JΟ 
-2.999999778389738 '-c.-,.-n.-,.-i_"-'"--------------�----', 

Ne6���9�2��:�2��:g��
x 

Θ. 999544σJ1ΘθΟ6e9& Θ. 99900639θ0710&JΟ ""'' _J Η 
·?. 9999CJQ771!3f\()7:11! 

Μυ ι tiόi rec tionό ι sea rch Method 
Ο. 999755059375 1.0015069140&25 Θ, 999755859375 

? .1)�1)�()3:'!Rl!1 �1,?'Ι 
debug:, 1 

;i.() 

,ιιqιι 

P11cyHoκ Α.4 

do.ιbl: 

(";)' 
doJbl: 
ι:11 

Uιmcn-.ι:,n 
J,Ι 

Ιιι3 
ωσ 
(1,0 

,i11�'tc 1111 Attn:utc 
r-·S:-IS;-151 fun:tio .. , 
"fv(.>• .. .ιulvr11cliι 
fο:ι fun:tio,. 
rc,,,:.C,()1,C•,C, 1,,. furι:tio,. 
σ fu11�ιiv1 

Biκuo 3 rpaφiκaMH (pπc. Α.5) Mac φyπκQίϊ πο κepyBaHHIO ϊχ 

30ΒΗΪΙΙΙΗΪΜ BHΓJUl,[{OM (Tools), a τaΚΟ)Κ Ha,[{aC MO)ΚJIHBOCTi 3 pe,[{aryBaHH5I 

(Edit) τa 36epiraHH51 φa:πny, a.πe ΒΟΗΗ ,[{0CTaTHb0 o6Me)ΚeHi. Ha πaHeJii 
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cτarycy ΜΟ)ΚΗa cπocτepiraTH 3a 3HaqeHWIMH φyΗκQίϊ πί,ΙJ; ΒΚa3ΪΒΗΗΚΟΜ 

MHIIIi. ΠpoφeciiiHHH ΒΗΓJΙΜ rpaφiκaM ΜΟ)ΚΗa 3a,[l;aTH JIHIIIe 

BHKOpHCTOBYJOqH πporpaMHHH ΚΟ,[Ι;, aHaJioriqHo ΤΟΜΥ 5ΙΚ ΜΗ po6HJIH l..(e Β 
πp HΚJia,ΙJ;ax. 

3ayBa)ΚHMO, mo πpπ 36epiraHHi φaiiJIY 3 rpaφiκoM BKa3YIOTb iioro 

p03IIIHpeHH5I, I.QO aBTOMaτπqHe πpH3BO,[l;HTb )];Ο BH6opy ΒΪ,ΙJ;ΠΟΒΪ,ΙJ;ΗΟΓΟ 
BeκτopHoro a6o pacτpoBoro φopMaτy φaiiJiiB. 

; . Fιgure 1 - Ο Χ 

fιle fdit Ι ools 

Ζ+ z. + lnsertText Axes Gιid Autoscale 

100000 _ 

80000 

60000 _ 

40000 

20000 

ο 

6 

ο 
/ 

-2 
-,,, 

-4 
--

.e 
6 

P11cyHoκA.5 

• 2 

4 

Πpπ pο6οτί ί3 πporpaMaMH qacτo BHHHκae Heo6xi,ΙJ;Hicτb ππcaτπ κo­

MeHτapi a6o τeκcτ, I.QO 6y,ΙJ;e BHBO,[l;HTHC5I Ha eκpaH yκpaϊHCbKOIO ΜΟΒΟΙΟ. 

Ha )ΚaJib, τaκί Ha,ΙJ;ΠHCH ΜΟ)ΚΥΤb HeπpaBHJibHO Bi,ΙJ;o6pa)l(aTHC5I, τοΜy ποτ­

pi6Ηο BCTaHOBHTH κo,ΙJ;yBaHH5I (Text encodίng usedfor loadίng and savίng) 
Ha System (pHC. Α.6), ΜΟ)ΚΗa πpoeκcπepHMeHΊ)'BaTH 3 KO,ΙJ;yBaHH5IM
Unίcode (UTF-8), mo ΒΗκοpπcτοΒyΙΟτb y Lίnux. 

Βί,ΙJ; πpaBHJibHOΓO BH6opy KO,ΙJ;yBaHH5I 3aJie)ΚHTb 30ΒΗΪΙΙΙΗiΗ ΒΗΓJΙΜ 
pe3yJibτariB pο6οτπ πaκeτiΒ po3IIIHpeHWI, τaκπχ 5ΙΚ symbolίc (,ΙJ;ΗΒ. 
pHC. Α. 7, Ha 5ΙΚΟΜΥ BepxHiH pe3yJibTaT - KOHCOJib HaJiaIIITOBaHO πpaBHJib­

HO, ΗΗ)ΚΗΪΗ - Hi). 
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' Preferencεs 

General Command Ρe,αaκτοp Φai7ι11os1,1� MeHeιvκeρ 06nacτb 3ΜίΗΗΙ<tχ Variable Edίtor Shortcuts Network 

File handθng 

Restore editor tabs from previous session on startup or ννhen editor is sho'Λ'fl again after dosing 

Create nonexistent files without ρromρling 

Reload externaly changed files without prompt 

_ Close aα files wben the editor widget is dosed/hidden 

Defuult EOt. mode 1 �/indoννs {CRLFl____:_I 

Text encoang used for loading and saving 1-SY-STEM-------.... �I 

PMCYHOK Α.6

octave:4> diff(sin(xΛ3/(2*tan(xΛ2)))) 
ans = (sym) 

x
4

,(tan
2

(x
2

) + 1) 

tan
2

(x
2

)

+ 

3·χ 

2 

·cos

octave:5> diff(sin(xΛ3/(2*tan(xΛ2)))) 
ansl = ( sym) 

/ 4 / 2/ 2\ \ 2 \ 

1 χ *\tan \χ/ + 1/ 3*χ 1 
/ 

1 

3 

χ 

3 \

χ 1
1 - - - - - - - - - - - - - - - - - - + ---------Ι*cοsΙ---------1 
1 2/ 2\ / 2\1 1 / 2\1 
\ tan \χ/ 2*tan\x // \2*tan\x //

PMCYHOK. Α.7



,lJ;OMTOK R (,ι:ι;ΟΒΙ)σ(ΟΒΗΗ). 
CΠCTEMA ΠΑΚΕΤΙΒ GNU OCTA VE

GNU Octave - Qe MOBa πporpaMyBaHH51 cyMicHa ί3 ΜΟΒΟΙΟ 
πporpaMyBaHH51 Μ athWorks MATLAB Ha piBHi φyΗκQί:u 51,rφa cπcτeΜπ. 
ΟcΗΟΒΗΠΗ πpπκJΙa�Ηπ:u φyHκQioHaJI Α1 athWorks MATLAB 3ocepe�)ΚeHπ:u 
Β �ο�aτκοΒπχ πaκeτaχ (toolboxes), HaπpπΚJia�, Control System Toolbox. 

AHanoriηHo �JI51 GNU Octave icHye peπo3πτopi:u πaκenB 
OctaveForge (https://Octave.sourceforge.io/ Ha MOMeHT cτBopeHH51 
ποci6Ηπκa). Β 3aJie)ΚHOCTi Bi� cπoco6y BCTaHOBJieHH51 �ο�aΤΚΟΒΠΧ 
πaκeτiΒ ΜΟ)Κe He 6yτπ 30BCiM (ηepe3 flatpak) a6o BCTaHOBJieHHH Ha6ip 
πonyJI51pHπx πaκeriB (Windows). 

)J;JI51 κepyBaHH51 πaκeτaΜΠ ΒΠΚΟpΠCΤΟΒΥΙΟΤb KOMaMy pkg.
Po3ΓJI51HeMO �e5Ικί ϊϊ MO)ΚJillBOCri. 

1. Πepelliκ ecma1-1oeJle1-1ux πaκeriB pkg list (pπc. Ε.1)22

�. Command Window 

Command Window 

» pkg list

Package Name 1 Version I Installation directory 
---------------------+---------+-----------------------

convnunications 1.2.1 f d:\Develop\Octave\OCTAVEN1.0\mingι�64\share\octave\packages\communications-1 
control 3.1.0 f d:\Develop\Octave\OCTAVE-1.0\mingι�64\share\octave\packages\control-3.1.0 

data-smoothing 1.3.0 1 d:\Develop\Octave\OCTAVE-1.0\mingw64\share\octave\packages\data-smoothing-1 
database 2.4.3 1 d:\Develop\Octave\OCTAVE-1.0\mingi�64\share\octave\packages\database-2.4.3 

dataframe 1.2.0 1 d:\Develop\Octave\OCTAVE-1.0\mingw64\share\octave\packages\dataframe-1.2.0 
dicom 0.2.1 1 d:\Develop\Octave\OCTAVE-1.0\mingι,64\share\octave\packages\dicom-0.2.1 

financial 0.5.3 1 d:\Develop\Octave\OCTAVEN1.0\mingιi64\share\octave\packages\financial-0.5.3 
fits 1.0.7 1 d:\Develop\Octave\OCTAVE-1.0\mingι,64\share\octave\packages\fits-1.0.7 

PMCYHOK Ε.1 

2. Bcma1-1oeJleΉΉfl naκemy 23
, iM'51 (IIIJI51X �ο πaκeτy) ΜΟ)Κe 6yτπ

ΠOCΠJiaHH51M Ha ca:uτ, I(JIJOη -forge BKa3ye Ha ΟCΗΟΒΗΠΗ peΠ03HTopi:u 
OctaveForge pkg install [[-local 1 - global 1] - forge 1 -
verbose] iM

1R_AO_naκeτy 

Octave:7> pkg install -forge optim 

For information about changes from previous versions of the 

optim package, run 'news optim'. 

Octave:8> news optim 

optim 1.6.0 

22 Μωκe He Bi;::ι:06pa)Κaη1c.s1, .s1κω;ο πaκeτ cτaBMBC.51 13 apxιBy, BMKOHaiiτe post­
install. bat ί3 πaπκΜ Octave 
23 1Iacτo ποτpi6Ηο BpyqHY BCTaH0BJHOBaTM 3ane)ΚHOCTi πaκeτy 
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** Build fixes for Octave 5.1 and some bug fixes. 

** With Octave from version 5.1 on, a parallel cluster 

established 

L{JUI BCTaHOBJieHH51 πaκeτy symbolic y Windows24 ποτpί6πο cκa11aτπ 

Βi,τι;ποΒi,τι;πππ πaκeτ 3 caπτy Symbolic Package for GNU Octave 25 τa 
BCTaHOBIITII ΗΟΓΟ, Ηaπpπκπa,τι;, ,[J;JI51 penί3y 2.8.0, Qe 6y,π;e ΚΟΜaΗ,τι;a 

pkg install symbolic-win-py-bundle-2.8.0.tar.gz 

Πaκeτ Mac 6y,τι;π y πaπQί, 5ΙΚΥ Βπ6paπο y ο6πacτί «ΠpοΒi,τι;ππκ φaππiΒ» 
IDE a6o 3a ,τι;οποΜοrοΙΟ Βi,τι;ποΒi,τι;ππχ κοΜaππ Β Linux Qe po6πτbc51 
cτaπ,π;apTHIIM IIIJUIXOM 11epe3 OCHOBHIIH peΠΟ3ΙΙΤΟpίπ. 

Πpπ pο6οτί ί3 ποcί6ππκοΜ ποτpί6eπ πaκeτ optίm, 51κ:1�0 ΒΙΗ πe 

BCTaHOBJieHIIH, ΤΟ ποτpί6πο BIIKOHaTII ΚΟΜaΗ,τι;y 

pkg install -forge io statistics struct optim 

3a ,[Ι;ΟΠΟΜΟΓΟΙΟ 5ΙΚΟΪ πaκeτ 6y,π;e BCTaHOBJieHIIH ί3 BCiMa Ηeο6χi,τι;ΗΙΙΜΙΙ 
3aJie)ΚHOCT51MII. 

3. BuoaJleΉΉ5l naκemy, πepe,π; BII,[J;aJieHH51M πepeBip51IOTbC51 3aJie)l(HOCTi

Βi,τι; Qboro πaκery ί BII,τι;acτbc51 ποπepe,τι;)ΚeΗΗ51 pkg unίnstall iM 1.H_πaκeτy 
4. 0Ή06JleΉΉ5l naκemί6 Β 3aJie)ΚHOCri Βi,τι; κίJΙbΚΟCτί πaκeτiΒ ΜΟ)Κe

3aHH5ITII πeΒΗΙΙΠ 11ac pkg update , πpπ QbOMY, yBara, πaκeτπ 

κοΜπίJΙΙΟΙΟΤbC51 πa BaIIIoMy κοΜπΊοτepί. Βπχί,τι;uππ κο,τι; πaκeτiΒ 
aBTOMaTII11HO cκa11ycTbC5Ι Υ ΒΙΙΓJUΙ,[Ι;ί apxiBa Β κaτaποr, I.QO BII6paHIIH Υ 
o6πacri πpοΒi,τι;ππκa IDE Octave. 

5. ΠίοκπιοιιeΉΉJι naκemy ,τι;JUΙ pο6οτπ 3 ΗΙΙΜ pkg load iΜ
1

Ή_πaκeτy

6. ΒίοΚ!lιοιιeΉΉ5l naκemy ,τι;π51 pο6οτπ 3 ΗΙΙΜ pkg unload iM
1

.H_πaκeτy
L{JUI aBTOMaTII11HOΓO 3aBaHTa)ΚeHH51 Β πaM'51Tb ποτpi6ΗΙΙΧ πaκeτiΒ

,τι;ο,τι;aΙΟΤb p51,τι;κπ pkg load iM '5ι naκemy y φaππ .octaverc, τηο 3Haxo,τι;IITbC51 

Υ ,[J;OMaIIIHbOMY κaτaπο3ί κopπcτyBa11a. 3ayBa)l(lIMO, I.QO BIIKOpIICTaHH51 
,τι;ο,τι;aτκοΒΙΙΧ πaκeτiΒ ΜΟ)Κe HeCTII πeΒΗΙΙΠ pII3IIK 6e3ΠeQί KOMΠ'IOτepa, 
oco6JIIIBO, 51KI.QO BCTaHOBJIIOBaTII πaκeτπ ΗeΒί,[Ι;ΟΜΟΓΟ ΠΟΧ0,[Ι;)ΚeΗΗ51. 

24 IJ;e o6yMoBJieHo Heo6xi,ι::ι;Hicηo BCTaHOBMTM iHTepπpeτaτop Python τa SymPy
25 https://github.com/cbm755/octsympy/releases 
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,lJ;OMTOK Β (,ι:ι;ΟΒΙ)σ(ΟΒΗΗ). 
BCTAHOBJIEHIUI GNU OCTA VE

GNU Octave e BIJibHHM πporpaMHHM 3a6e3πeqeHH5.IM, τηο 
πί;::ι;τpΗΜΥ€ΤbC5.Ι cπiBTOBapHCTBOM po3po6HHKiB 3 pi3HHX κpaϊΗ CBiΊ)'. 
Pe3yJibTaTH, τηο οτpΗΜΥΙΟΤb 3a )];ΟΠΟΜΟΓΟΙΟ πaκeτy, ΜΟ)ΚΥΤb 6yτπ 
JieΓaJibH0 BHKOpHCTaHi Β πpol(eci HayκoBHX τa iH)ΚeHepHHX po3po6oκ. Β 
3aJie)ΚHOCTi Βi;::ι; oπepal(iHHOΪ CHCTeMH e pi3Hi cπoco6H BHK0pHCTaHH5.I 

. . .. . .. 
πaκeτy - 13 BCTaHOBJieHH5.IM τa Υ ΒΗΓJΙΜΙ πopτaTHBHOl Bepc11 

OcHOBHHM caπτοΜ )];JI5.I cκaqyBaHH5.I GNU Octave e caπτ Octave Ha 
Maii;::ι;aHqπκy GNU 26

, ;::ι;e e πaκeτπ ,ΙJ;JI5.I GNU/Linux, macOS, BSD τa 
Windows, τaΜ )Κe ΜΟ)ΚΗa cκaqaτπ ΒΗχi;::ι;ΗΗΗ κο;::ι; τa 3ί6paτπ πaκeτ 
caMocriHHO. Ha M0MeHT HaΠHCaHH5.I πoci6HHKa aKΊ)'aJibH0IO e rίπκa 5.χ. 

OcτaHHiM Bepci5.IM πaκeτy BJiaCTHBa 0)];HaK0Ba ΠΟΒe;::ι;iΗκa τa 
yHiBepcaπbHa IDE )];JI5.I pi3HHX oπepau;iiiHHX cπcτeM. 

)];JΙ5.Ι Window s peκoMeH;::ι;yeTbC5.I BHK0pHCT0ByBaTH 64-po3pMHY 
BepcίIO (6e3 pi3HHI(i - ποpτaΤΗΒΗΥ qπ τaκy, τηο BCTaHOBJIIO€TbC5.1). Ϊϊ 
oco6JIHBicτ10 e τe, τηο Β Ηeϊ iHτerpoBaHo 3HaqHY κίπbκίcτb πaκeriB 
p03IIIHpeHH5.I, 3a Heo6xi;::ι;Hocri ϊχ ΜΟ)ΚΗa )];0)];aBaTH (,ΙJ;ΗΒ. )];0)];aT0K Ε). € 
τaκο)Κ ;::ι;e5.Ικί πpο6πeΜΗ ί3 UTF-8 τa iHτepφeπcoM27, HeMae τeΜΗοϊ τeΜΗ. Β 
Ι(ίJΙΟΜΥ, BCi πpHKJia)];H, τηο HaBe)];eHi Β πoci6HHKY πepeBipMHCb caMe Ha 
Bepciϊ )];JI5.I Windows τa BHK0HYBaJIHCb 6e3 πpο6πeΜ. Ρ5.Ι;::ι; πaκeτiΒ 
p03IIIHpeHH5.I BHMaraIOTb BCTaHOBJieHOΓO Python BH3HaqeHOΪ Bepciϊ, 
HaiiπpocriIIIHM IIIJI5.IXOM e ΠΟΙΙΙΥΚ Β Mepe)Κi Bepciϊ πaκeΤΙΒ 13 lHTerpoBaHHM 
Python. 

)];π5.Ι Linux τpa;::ι;HI(iHHO πί;::ι;τpπΜκa πaκeτa κpaτηe τa ποrο ΜΟ)ΚΗa 
BCTaHOBHTH 3a )];ΟΠΟΜΟΓΟΙΟ CHCTeMHOΓO MeHe)];)Κepa πaκeΤΙΒ τa oτpHMaTH 
3acτapiπy Bepci10 πporpaMHoro 3a6e3πeqeHH5.I ( Ubuntu 19). 

Υ Linux BCe 6ίJibIIIe ποπyJΙ5.ΙpΗΗΜ cτae BHK0pHCTaHH5.I Bipryaπί3al(ίϊ 
πporpaMHHX )];Ο)];aτκiΒ Ha OCHOBi TeXHOJioriϊ flatpak (KOHTeHHepiB LXC). 
CπepIIIy ποτpi6Ηο BCTaH0BHTH πaκeτ flatpak 3a )];ΟΠΟΜΟΓΟΙΟ MeHe)];)Κepa 
πaκeτiΒ, a πoriM Β)Κe BCTaH0BHTH πaκeτ Octave28

flatpak ίnstall flathub org. octave. Octave 

26 https ://www.gnu.org/ software/ octavel download. html 
27 ΙΗο;::ιi πicJI51 πepmoro cτapry πporpaMH HeMaε: p5Ι;::ικa 3aroπ0Bκa BiκHa, ;::ιm iioro

Bi;::ιτBopeHH51 ;::ιocτaTHbO HaTHCH)'TH Alt+Space τa p03ΓOpH)'TH BiKHO 
28 https ://flathub. org/ apps/ details/ org. octave. Octave 
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BcτaHOBJieHH51 3aUMae �e5ΙΚΗΠ qac τa BHMarae 6e3JiίMiTHOΓO 

πί�κπωqeΗΗ51 �ο Mepe)Κi Ιπτepπeτ. 
L{JI5I 3aπycκy BHKOHaTH KOMaH�Y 

flatpak run org. octave. Octave 
ΠίcJΙ51 3aπycκy 3a �ΟΠΟΜΟΓΟΙΟ pkg ποτpί6πο BCTaHOBHTH Heo6xi�Hi 

πaκeτΗ p03IIIHpeHH51, ΤΟΜΥ 11(0 ϊχ HeMae Β KOHTeUHepi πίcJΙ51 ycτaHOBKH. 
Octave ΜΟ)ΚΗa BHκopHcτoByBaTH y ποπyπ5ΙpΗοΜy πaκeτί 

κοΜπ'ωτepποϊ aπre6pH SageMath29
, 5ΙΚΗΠ po3ΠOBCIO�)Κyeτbc51 y BHΓJIMi 

Linux live-CD τa πe BHMarae BCTaHOBJieHH51. 

ΤaΚΟ)Κ ΜΟ)ΚΗa BHKOpHCTOByBaTH OH-JiaUHOBi cepBiCH - Octave­
online30, tutor ialspoint31 τa iHIIIi. 

Ha pecypci GNU Octave Wiki 32 po3τaII10BaHy aκτyaπbHY 
ίπφοpΜaQίΙΟ πο BHKOpHCTaHHIO πaκeτa, ΠΟΓΟ BCTaHOBJieHH51 Β pi3HHX 

oπepaQiHHHX CHCTeMax τa iHIIIi κopHCHi ΠOCHJiaHH51. AκτyaπbHa 
�oκyMeHTaQί51 po3TaIIIoBaHa πa caπτί Octave.org33. 

29 www.sagemath.org 
30 https://octave-online.netl, πicm: peεcτpau:iϊ ;::ι;ocryπHa po6oτa 3ί cκp11πτaΜ11 
31 https:!lwww.tutorialspoint.com/execute matlab online.php 
32 https://wiki.octave.org/GNU Octave Wiki#Getting help 
33 https:// octave. org/ doc/interpreter/ 
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,Π:ΟΜΤΟΚ Γ ()];ΟΒ])Ι:ΚΟΒΗΗ). 
ΟCΗΟΒΙΠ ΟΠΕΡΑΙJ:ΙΪ 11Μ MATPlff(HMH Υ GNU

OCTAVE 

Πpuκτιαd Γ.1. BH3HaqeHH5I MaτpHQb, oπepaQiϊ 31 cτpyκτypo10 

MaτpHQb34

## Πp�κnaA B�3HaYeHHR Maτp��b, onepa�11 3i cτpyκτypo� Maτp��b 
v_in_row = [1, 2, 3, 4, 5] % Beκτop-pRAOK 
v_in_col = [1; 2; 3; 4; 5] % Beκτop-cτoBne�b 

Α = [1 2 3 4; 0 2 6 5; 7 9 7 8] % Maτp��R 
Α( 2:3 , 1:2 ) % 3pi3 Maτp��i 
display "CτBopeHHR Maτp��i 3 OA�H��b" 

C = ones(3) % 3χ3 
D = ones(3, 2) % 3χ2 

Ε = ones(3, 3, 2) % 3χ3χ2 

display "CτBopeHHR Maτp��b 3 HyniB" 
C1 = zeros(2) % 2χ2 
D2 = zeros(2, 3) % 2χ3 
Ε2 = zeros(2, 2, 3) % 2χ2χ3 
clear all; 
display("3anoBeHHR Maτp��i Β�ΠaΑΚΟΒ�Μ� Y�cnaM�") 
a = rand(4) 
b = rand([3 2]) 
ν = rand([4;1]) 

w = rand([1;4]) 
z = randi([-20 20],4) 
## AOAaBaHHR eneMeHTiB, PRAKiB τa CTOBΠY�KiB 

display(ΆoAaBaHHR y Maτp��� cτoBn�R') 
a = zeros(3), a = [a, ones(3,1)] 
b = zeros(3), b = [ones(3,1), b] 

display("AoAan� He πpοcτο eneMeHτ, a �in�� cτοΒnΥ�κ") 
b(1,5) = 7 % 
display(ΆoAaBaHHR y Maτp��� pRAKa') 
a = zeros(3) 
a = [a; ones(1,3)] 
b = zeros(3) 

34 ,l(llil MaTpHU:b «,» Heo6oB'513KOBMH po3,ι:ι;inoBMH CMMBOJI MiJΚ eJieMeHTaMM pi,ι:ι;κa, «;»
- 0606 

1Jl3Κ06UU CMMBOJI po3,ι:ι;ineHH51 Maτp11u:i Ha p51,ι:ι;ΚΜ . .5Ικm;ο «;» CTOΪTb HaπpHKiHU:i
p51,ι:ι;Κa πicllil BM3HaqeHH51 MaTpHU:i - BOHa He 6y,ι:ι;e Bi,ι:ι;o6paΉ<:aTMC51 Ha eκpaHi Β κο-

. . 
ΜaΗ,ι:ι;ΗΟΜΥ BlKHl 
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b = [ones(1,3); b] 
display(ΆoAan� He πpοcτο eneMeHτ, a �in�� pRAoκ') 
b(4,1) = 7 % 

clear all 
## B�AaneHHR eneMeHTiB 
display("B�nyYeHHR eneMeHTiB") 
Α=[5 5 5; 3 10 2; 2 8 4] 
display("B�AaneHHR Apyroro PRAKa") 
Α(2,:)=[] 

display("B�AaneHHR τpeTbOΓO CΤΟΒΠΥ�κa") 
Α=[5 5 5; 3 10 2; 2 8 4] 
Α(:,3)=[] 
display("B�AaneHHR ΑΒΟΧ ocτaHHix eneMeHτia") 
Α=[5 5 5; 3 10 2; 2 8 4] 

A(2:end) = [] 
display("B�AaneHHR τpbox eneMeHτia") 
Α=[1 2 3 4 5 6 7 8 9] 
Α(4:6) = [] 

## cne�ianbHi Maτp��i 
display ( 'ΌΑ�Η�ΥΗa AiaroHanbHa Maτp��R") 
e = eye(3) 
f = eye(4,5) 
display ("MariYH�� κBaApaτ") 
m = magic(5) 
q = eye(5) 

display ("ΦyHκ�iR BiA Maτp��i") 
display ("sin(m)") 
sin(m) 
display ("sqrt(m)") 
sqrt(m) 

display ("m + 3") 

Πpuκιιαd Γ. 2. ΠoeπeMeHTHi oπepal(ίϊ Ha� ΜaτpΠΙ(5ΙΜΠ 

## Πp�κnaA. ΠoeneMeHTHi onepa�iϊ HaA Maτp��RM� 
clear all; Α = ones(3), = randi([1,7], 3) 
display("A.+B"); Α.+Β 
display("A.-B"); Α.-8 
display("A.*B"); Α.*Β 

display("A./B"); Α./Β 
display("A.\\B"); Α.\Β 
display("2*A.ΛB"); (2*Α).ΛΒ 
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Πpuκιιαd Γ.3. Μaτpπqπί oπepaQίϊ 

## Πp�κna�. Maτp�YHi onepa�iϊ 
clear all 

Α = ones(3), Β = randi([l,7], 3) 

C = [3 4 5], D = [2; 4; 5] 
display("A+B"); Α+Β 
display("A-B"); Α-Β 
display("A*B"); Α*Β 
##display("A*C");A*C 
display("A*D"); A*D 
display("A/B"); Α/Β 
display("A.\\B"); Α\Β 
display("AΛ3"); ΑΛ3 

Πpuκιιαd Γ. 4. Ποmπpeπί φyπκQίϊ ):{JI51 pο6οτπ ί3 MaτpHQ51MH 

## Πp�κna�. Pi3Hi Maτp�YHi φyΗκ�iϊ 
Α = [1 2; 3 4; 5 6] 
display("sum(A)"); sum(A) 
display("sum(A,2)"); sum(A,2) 
display("sum(A,1)"); sum(A,1) 
display("sum(sum(A))"); sum(sum(A)) 
## 
display("prod(A)"); prod(A) 
display("prod(A,2)"); prod(A,2) 
display("prod(A,1)"); prod(A,1) 
display("prod(prod(A))"); prod(prod(A)) 
clear all; Α=[1 2 3; 4 5 6; 7 8 9] 
display("diag(A)"); diag(A) 
display("diag(A, 1)"); diag(A, 1) 
display("diag(A,-1)"); diag(A,-1) 
display("rot90(A)"); rot90(A) 
display("fliplr(A)"); fliplr(A) 
clc, clear; d=l:12; size(d) 
display(d); display("size(d)"); size(d) 
display("reshape(d,3,4)"); d=reshape(d,3,4); 
display(d); display("size(d)"); size(d) 
display("reshape(d,4,[])"); d=reshape(d,4,[]); 

display(d); display("size(d)"); size(d) 
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