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BCTYII

[lpn excnepuMeHTAIBHUX JOCHIKEHHAX YacTO 3yCTpidaeThes
3aBJIaHHA MTPEACTABICHHS SKOICh 3aJIEKHOCTI, 3aJaHOT OKPEMUMH TOYKAMH,
y BHDJISIII THaakoi (yHKIII. 3aBaaHHS ONTHUMI3alii - 3aBIaHHS, IO
JI03BOJISIIOTH BHOpAaTH Ha MHOXHHI MOMKJIMBHX HampsMKiB Ti 3 HHUX, fIKi
3a0e3neuyloTh HalOuIbm edekTHBHE ( 3 TOIJSLy MEBHOTO KPHUTEPIIO)
JIOCSITHEHHS JIO0 IOCTaBJIEHOI METH.

Y po3B'si3ky Oyab-fKOi NMPAKTUYHOI ONTHMI3AI[IHOrO 3aBJIaHHS
ICHYe KiJIbKa eTalliB.

Ha nepriomy erami BU3HaualOTh TPAHUI AOCTIIKYBaHOI CUCTEMH,
O J103BOJIsAE C(OpMyINIOBaTH JIeIKE 3aBJaHHS BUIY f(x)—min, SKe
HEOOX1JTHO PO3B'sI3aTH.

Hacrynaum eranom € BHOIp MaTeMaTHYHOrO METONY, SIKUM Ou
3a0e3mevuyBaB  OJep)KaHHS KIHIEBHX pe3yldbTaTiB 3 HalMEHIINMHU
BUTpaTaMd Ha OOYHMCIIGHHS a00 K JaBaB MOXJIUBICTh OJIepXKaTH
HaOuTbmi obcsr iHdopManii mpo mykaHuil po3s's3ok. Bubip Toro abo
HILIOTO METO/Y B 3HAYHIH Mipi BU3HAYA€ThCSA MOCTAHOBKOIO ONTUMAIILHOTO
3aBJlaHHSA, a TaKOX BUKOPHCTAaHHIM MaTeMaTHYHHX Mopeled o00'ekTa
ornrTuMizanii.

VY 1eilt yac po3pobiieHe 0e3J1iY YMCETbHIUX METOJIIB JUIS 3aBJIaHb SIK
0e3yMOBHOI, Tak i yMOBHO1 onTumizamii. [IpuponHiM € nparHeHHs: BUOpaTu
JUIA pO3B'I3Ky KOHKPETHOTO 3aBJIaHHS HalKpaliuii MeToJ, 1110 JI03BOJISE 32
HaliMeHIMi 4vac BukopuctanHs [IK onmepxaTu po3B'S30K 13 3aJlaHOIO
TOYHICTIO.

SIKicTh  YHMCENBHOTO  METONYy  XapaKTepU3yeThCcsl — OaraTbma
(akTopaMu: MIBUIKICTIO 30DKHOCTI, 4aCOM BHMKOHAHHS OJHIET iTepartii,
obocsirom mam'siti [1K, HeoOXigHMM [uis peamizallii MeTOXy, KIacom
pO3B'A3yBaHUX 3aBAaHb 1 T.n. Po3B'i3yBaHi 3aBOaHHS TaKOX JOCHTH
pI3HOMaHITHI: BOHM MOXYTh MaTH BHCOKY W Majly pO3MIpHICTb, OyTH
YHIMOJAJILHUMU 1 0arato ekcTpeMaJibHuMu 1 T.J0. Tod camuii Meroj,
edexTuBHUI U PO3B'A3KY 3aBJaHb OJHOTO THITY, MOKE BUSBUTHUCS 30BCIM
HEMPUHHATHUM JUIA 3aBJaHb IHIIOrO THIy. TOMy [ PO3B'A3KY
MOCTaBJICHUX 3aBJlaHb JIy’)KE KOPUCHO 3HATH OCHOBHI BJIACTUBOCTI,
cnenudiky MeromiB ontuMizamii. Ile 3abe3meuyye 3MaTHICTH MPABHIBLHO
OpiEHTYBaTHCS B PI3HHUX CHUTYallisIX PO3PaxyHKiB, MI0 BHUHHKAIOTH y IX
MPOIIECi, 1 MOHANKpaIlle pO3B'A3aTH 3aBlIaHHS.



JJABOPATOPHA POBOTA 1

3HAXO/IKEHHSI EKCTPEMAJIbHUX 3HAUYEHDb ® YHKIIII BIJT
OJIHI€T 3SMIHHOI

Mera poGotn: BuBueHHss Ta HagOaHHS HAaBHYOK IOJO
3HAXOJ/DKCHHS eKCTPEeMaIbHUX 3HA4YEHb (YHKIIIT f(X).

1.1. KopoTki TeopeTuuHi BizomocTi

OyHKIis f(x) Ma€e 1oKaabHUil MIHIMYM Y TOYIN X = p, SKIIO ICHYE
TaKWil BIIKPUTHI 1HTEpBAJ /, 110 MICTUTh p, IPH YMOBI f(p ) < f(x) nns
BCix x €1.

OyHKIliA f(X) Ma€e JAOKAAbHUN MaKcuMym Y TOYIl X = p, TIpH
yMoOBi, o f{x) < f(p) mna Bcix x € [. SAxmo QyHkuis f(x) mae abo
JOKaJIbHUN MiHIMYM, a00 JOKaJTbHUH MakCHMyM y TOYIi X = p, TO
TOBOPSITh, 1110 BOHA MA€ JOKAIbHUIN eKCIpemym Y TOUL X = p.

Kpurepiii mepmoi nmoxinnoi. [Ipumyctumo, mo ¢ynxmis f(x )
OesnepepBHa Ha Binpisky / = [a,; b]. Kpim toro, npumycrumo, 1o f '(x)
BU3HAueHa Juisi BCiX x € (a, b ) 3a BUHATKOM, MOXKJIUBO, TOYKH X = P .

SAxmo f(x) < 0 Ha inTepBaii (a, p)i fi(x) > 0Ha (p, b), 10 f(p) —
JIOKaJIbHUN MIHIMYM.

Axmo f(x) > 0 Ha inTepBani (a,p)i f(x) <0wna (p, b), 0 f(p)
— JIOKaJIbHUI MaKCUMYM.

Kpurepiii apyroi moxiguoi. I[Ipumyctumo, mo ¢yskmis  f(x)
OesnepepBHA Ha Bipi3ky [a, b ] 1f(x) if"(x) Bu3HaueHi Ha (a, b). Takox
MPUITYCTHMO, 10 p € (a, b) — KpuTHYHA Kpanka, y skiii f'(p) = 0.

Axmo f"(p) >0, To3Ha4eHHS f(p ) € JOKAIBHUM MiHIMyMOM

).
).

Axmo f"(p) <0, 3Ha4yeHHs f(p) € JOKAIbHUM MaKCUMYMOM

Axmo f" (p) =0, To 1ei KpuTepiii He € OCTATOYHHM.



1.2 Xin podotn

1.2.1 Bwusnaumtu iHtepBanu ¢yHKOii f(x), e BOHa 3pOCTae
(3MeHIIy€eThCs) 3TiIHO 3aJaHoro BapianTa (Tabm. 1.1).

1.2.2 [osenitb abo cmpocryiite, mo GyHKIS f(x) €
YHHMOJIAJLHOIO y MEXaX 3aJiaHoro inteppaity ( tadu. 1.1).

1.2.3. Oopmutu 3BiT 3 1a00paTOPHOT pOOOTH

Tabnuus 1.1 — BapianTtu 3aB1anp

Howmep Howmep
3aBJlaHHs | BapiaHTa
1 flx) =2x —9x° + 12x— 5;
f0)=x"/(x + 1),

fx) = (x + D/

fx)=x-2;

flx) =25x° — 8" + 14x — 2;
f(x) = 14x° +2x° - 4x +52;
(x)=x"-x-2;

f(x)=x"-4x+6;

f(x)=26x"-4x+1;

0 f(x)=18x"+87x+6;

flx) =x"- 2x +1; [0:4]

Jf(x) =cos(x); [0,;3]

fx) =x-4 [1; 10]

f1x) = -x(3-x)""; [0:3]
f(x)=x"-x-2; [0;78]
f(x)=x"-4x+6; [-5;14]
f(x)=26x"-4x+1; [0;35]
f(x)=18x"+87x+6; [1; 10]

flx) =2x —9x° + 12x— 5, [0;78]
0 fx) =x"-4 [-8; 25]

1.2.1

2.2.2
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1.3 Ilpukaag aAropuTMy pO3paxyHKy

[Iporpama po3paxyHKy BHKOHYETbCS y cepenoBuini MatLAB 3a
JIOTIOMOTOK0 CTBOPEHHS Mm-(haiiiy.
Jns 3aBmanng 1.2.1. TeKCT nmporpamMu Mae BUTIIA;

dfun=inline('3."x.*2+4*x+84");
x=[-1:0.03:1];
% the sign for the first interval and store it into “znak”. The value 0 for
% "-" and 1 for "+"
k=1;
if dfun(x(k))> 0
znak(k)=1;
else znak(k)=0;
end
% store the first interval value at which the function corresponds to “znak”
interval=x(k);
% iteration for the derivative value, the change in function sign is stored
for i=2:length(x)
y=dfun(x(i));
if dfun(x(1))> 0
z=1;
else z=0;
end
if znak(k) ~= z
k=k+1;
interval(k)=x(i);
end
end
if length(interval)==
interval(k+1)=x(i);
end

Jns 3aBaanns 1.2.2. TeKCT nporpamMu Mae BUTIISIA:

a=0;

b=4;
dfun=inline('2*x-2");
x=[a:0.1:b];



y=dfun(x);
k=1;
m(1,1)=0;
flag=0;
fori=1:length(x)
if y(i)==0
m(Kk)=i;
k=k+1;
flag=1;
end
end
plot(x,y);
if flag==
fori=1:length(m)
if (y(m(i)-1) < y(m(i))) && (y(m(i)+1) > y(m(i)))
unim=1;
else
unim=0;
break;
end
end
else
unim=0;
end

1.4 KoHTpOJIbHI 32T TAHHA

1. HapaiiTe BU3HAuYeHHS JIOKAaJbHOTO MIHIMyMY Ta JIOKaJIbHOTO
MakcUMyMy QyHKIII f{x);

2 HapaliTe BU3HAUEHHsI 3pOCTAIOUOi Ta crajaidoi GpyHKIIii;

3. Hanaiite Bu3HaueHHs YHIMOAAIBHOT (PyHKIIIT;



JJABOPATOPHA POBOTA 2

3HAXOJ/PKEHHS ONTUMAJIBHOI'O 3HAYEHHS ®YHKIIII
METOAOM 30JI0TOI'O IIEPETUHY

Mera poGotu: BuBueHHss Ta HagOaHHS HAaBHYOK IOJO
3HAXO/DKCHHS ONTUMAJIBHOTO 3HAauYeHHs (QYHKI[I METOJ0M 30J0TOro0
MepeTrHy.

2.1. KopoTki TeopeTtuuHi BitomocTi

Hexaii r € [0; 1] — nouatkoBuii inTepBai. Skmo 0,5 <r <1, To
0<1-r<0,51inTepBan aAiMUTHCs Ha TpU mifx iHTepBatis: [0; 1 - 7],
[1-7;7]i[r; 1]. Y mporeci po3B'si3Ky BHKOPUCTOBYETHCSI 200 CTUCK BIPABO
W oepikaHHsS HOBOTO iHTepBay [0; r], a00 CTUCHEHHS YIIIBO i OJICpKaHHS
intepsany [1- ; 1]. IloTiM oTpumaHi mig iHTepBaIM AaNi AUISATHCA HA TPH
il iHTEpBaNiB B TAKOMY X CHIBBIJIHOIICHHI, SIK Yy BUMAAKY 3 iHTEpPBaJIOM
[0; 1].

TakuM 4ynMHOM, HEOOXiNHO Tak BUOpaTH 7, 100 OJHA 3i CTapUX
TOUYOK OyJia B MPaBHJILHOMY ITOJIOKEHHI I0I0 HOBOT'O 1HTEpBaly. I3 boro
BHUIUTMBaE, mo BimHomeHHs (1 - 7) : r Take x, sk 1 » : 1. OTxke, 7
3a/I0BONGHSE DIiBHAHHIO [ - r = /°, sKe MOXHA 3alMCATH y BUIJIS
KBAJIPATHOTO PiBHAHHS BULY 7 + 7 - I = ().

Po3B's30k 7, mo 3a10BosbHSE HEepiBHOCTI 0,5 <7 < 1, nNOpiBHIOE ¥ =
“5-1) /2.

Oyskuig f(x ) TOBHUHHA 3aJJ0BOJBHATH OCOOTUBUM YMOBaM, SIKi
rapaHTyOTh ICHYBaHHS MAIHCHOrO MIiHIMYMYy Ha iHTepBamdi, 100 MOXKHA
Oy/l0 BUKOPHCTOBYBaTH TIOUIYK MiHIMyMy QyHKOii f(Xx) MeTogoM
30JI0TOTO TIEPETHHY.
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2.2 Xix podoTn

2.2.1. DBu3HauuTH JOKAJBHUN MIHIMyM METOJOM 30JIOTOTO
neperuHy GYHKIIT BUIY f{X) 3 TOUHICTIO A0 TPETHOro 3HaKy 3 kKpokom 0,1.
Homep BapianTa 3rigno tab6mn.1.1.

2.2.1. Bu3HauuTH JOKAJBHUI MIHIMyM METOJOM 30JIOTOTO
neperuHy (yHKOIl BUAY f{x) 3 TOUHICTIO O BOCbMH JIECATHUHHUX 3HAKIiB 3
kpokom 0,01.

2.2.3. Odopmutu 3BiT 3 1TaOOPATOPHOI POOOTH.

2.3 Ilpukaag airOPUTMY PO3PaxyHKy

[Iporpama po3paxyHKy BHKOHYETbCS y cepenoBuini MatLAB 3a
JIOTIOMOT'O0 CTBOPEHHS m-(aiiy.

function Maximum(a,b,eps)
function [S,E,G] =golden(f,a,b,delta,epsilon)
r1=(sqrt(5)-1)/2;
r2=r12;
h=b-a;
ya=feval(f,a);
yb=feval(f,b);
c=a+r2*h;
d=a+r1*h;
yc=feval(f,c);
yd=feval(f,d);
k=1;
A(k)=a;
B(k)=b;
C(k)=c;
D(k)=d;
while(abs(yb-ya)>epsilon)|(h>delta)
k=k+1;
if(yc<yd)
b=d;
yb=yd;
d=c;
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yd=yc;
h=b-a;
c=a+r2*h;
yc=feval(f,c);
else
a=c;
ya=yc;
c=d;
yc=yd;
h=b-g;
d=a+r1*h;
yd=feval(f,d);
end
A(k)=a;
B(k)=b;
C(k)=c;
D(k)=d;
end
dp=abs(b-a);
dy=abs(yb-ya);
p=a;
yp=ya,
if(yb<ya)
p=b;
yp=yb;
end
G=[A'C'D'BT;
S=[p ypI;
E=[dp dy];

2.4 KoHTpOJIbHI 3aNINTAHHA

1. Y yoMy momsirae METOJI 30JI0TOT0 TTEPETUHY?

2. UuM BIiAPI3HAETHCS METOJA 30J0TOTO IEPETHHY BiJ] METOMY
iHTEepBaiB?

3. Uum BiIpi3HSAETBCS METOJ 30JIOTOrO MEPETUHY BiJI METOIY
didonayuyi?
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JJABOPATOPHA POBOTA 3

3HAXOJ/PKEHHS ONTUMAJIBHOI'O 3HAYEHHS ®YHKIIII
METOAOM P - KBAAPATUYHOI'O HABJINKEHHS

Mera poGotu: BuBueHHss Ta HagOaHHS HAaBHYOK IOJO
3HAaXO/KEHHS ONTUMAalbHOTO 3HaueHHA (QyHKUOil MeTrogoM p -
KBaJIpaTHYHOTO HAOIMKEHHS.

3.1. KopoTki TeopeTn4Hi BitomocTi

3HaxoMKeHHsT MiHIMyMY (YHKIIi 32 OIIOMOrO0 KBaJApPaTHYHOTO
HaOJIMKECHHS, HEOOXIJHO 3HANUTH TaKe 3HAYCHHS Ppyin, AKE € HAOIMKESHHIM
70 p. JIns 1poro BUKOPHCTOBYEThCA MOTIHOM Jlarpamxa, sSIKUil Mae BUTIISL

b -pla—p) wl-p)x—p)

B 2h? B h? +

+:r‘:'ix —pp)lx —p,) (3.1)
2h?

Q(x)

[Moxigna Bix O(x) AOpiBHIOE

v 2x —py — ) NhE—PR —h) v (2x —py —p) .
2h* e 20 (32

Q'(x) =

Samumemo Q'(x) =0y Burisiai Q'(pot+hmm)=0:

0 Yo @l + hpin ) — oy — ) m@py + by ) — 2 —2p;)
- 2hZ h 2Rt +

v: Q2py +hmin) — 25 — 1) (3.3)
* 2n2

o 2
[MomHOXMMO KOXHMU 4iieH B (3.3) HA 2/h° Ta MOEAHAEMO UWIEHH,
SIK1 MICTSITD i
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~hmin Qyp — 4w +2v2) =@ —p1 —p2) — n@py —2pp — 2py)

(3.4)
OcTaHHE PIBHSIHHS JICTKO OJCPKATH BiTHOCHO /1,
o hidy, — 3y, — ¥,
e 4y, — 2y — 2y, (3~5)

3HAYCHHS Ppin = Po + Mpmin € KPAIUM HAOTMOKEHHSIM JI0 p, YOMY Po.
Tomy MOXHa 3aMIHUTH Py HA P, 1 TOBTOPUTH CXEMY JIBOX OIMCAHUX BHILIE
MPOIIeCiB, 00 BU3HAYUTH HOBY JOBXKHHY KPOKY /4 1 HOBE A,y ITEpamis
TPUBAE JI0 HEOOXiTHOI TOYHOCTI.

3.2 Xia podotu

3.2.1 BwusHauuTH  JIOKaNBbHUW  MIHIMyM,  BHUKOPHCTaBIIN
KBaJ[paTHYHE 1HTEPHOMOBaHHSA (QYHKIIl BUAY f(X) 3 TOUHICTIO A0 BOCBMH
JICCATUHHUX 3HAKIB. (HOMEp BapiaHTy 3a Tabi.1.1);

3.2.1. BusHauuTH  JOKaNbHUA  MIHIMYM, BHKOPHCTABIIN
KBaJlpaTH4YHE iHTeproMtoBaHHs (QyHKUIl BUAY f(X) 3 TOUHICTIO 10 IECATH
JIECITUHHUX 3HAKIB.

3.2.3. Odopmutu 3BiT 3 1a00PATOPHOT POOOTH.

3.3 Ilpukiaag aJropuTMy pO3paxyHKy

[Iporpama po3paxyHKy BHKOHYETbCS y cepenoBuini MatLAB 3a
JIOTIOMOT'O0 CTBOPEHHS m-(aiiy.

function [p, yp, dp, dy] =quadmin (f1,a,b,delta, eps)
% - f - function

% - a, b - inteval extremal points

% - delta — admissible value for abciss

% - eps - admissible value for ordinate
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% - p - min of abciss
% - yp - min ordinate
% - dp - p-error
% - dy - yp-error
% - P - iteration vector
pO=a; maxj=20;
maxk=30;
big=1e006;
err=0.9;
k=1;
cond=0;
h=1;
if(abs(p0)>1e004),
h=abs(p0)/1e004;
end
while(k<maxk&&err>eps&&cond~=5)
f2=(feval(f1,p0+0.00001)-feval(f1,p0-0.00001))/0.00002 ; if(f2>0),h=-
abs(h);end
pl=p0+h; p2=p0+2*h;
pmin=p0;
y0=feval(f1,p0);
y1=feval(f1,pl);
y2=feval(f1,p2);
ymin=y0;
cond=0;
=0;
% h under condition yl<yO&yl<y2
while(j<maxj&&abs(h)>delta&&cond==0)
if (yO<=y1),
p2=pl;
y2=y1;
h=h/2;
pl=p0+h;
y1=feval(f1,pl);
else
if(y2<y1),
pl=p2;
y0=y2;
h=2*h;
p2=p0+2*h;
y2=feval(f1,p2);
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else
cond=-1;
end
end
J=it;
if (abs(h)>big || abs(p0)>big),cond=5; end
if(cond==5), pmin=pl;ymin=feval(f1,pl); end
% Quaderatic interpolation for yp finding
d=4*y1-2*y0-2*y2;
if(d<0), hmin=h*(4*y1-3*y0-y2)/d;
else
hmin=h/3;
cond=4;
pmin=p0+hmin;
ymin=feval(f1,pmin);
h=abs(h);
hO=abs(hmin);
hl=abs(hmin-h);
h2=abs(hmin-2*h);
% Next h value determination
if(hO<h),
h=h0;
end
if(hi<h),
h=hl;
end
if(h2<h),
h=h2;
end
if(h==0),
h=hmin;
end
if(h<delta),
cond=l;
end
if (abs(h)>big||abs(pmin)>big),
cond=5;
end
end
% Stop criterion
e0=abs(y0-ymin);
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el=abs(y1-ymin) ;
e2=abs(y2-ymin);
if(e0~=0 || eO<err),
err=e0;
end
if(el~=0 || err),
err=el;
end
if (e2~=0 || 2<err),
err=e2;
end
if (e0~=0 || el==0 || e2==0),
err=0;
end
if(err<eps),
cond=2;
end
pO=pmin;
k=k+1;
end
if(cond==2&&h<delta),
cond=3;
end
end
p=p0;
dp=h;
yp=feval(f1,p);
dy=err;

3.4 KoHTpPOJIbHI 3aNIMTAHHA

1. Y 4omy mossirae METoJ p - KBaJJpaTUIHOTO HAOIMIKSHHS?

2. UuM BiIpi3HAETHCS METOJ p - KBAJAPATHUYHOTO HAOIWKCHHS BiJ
METOy iHTepBatiB?

3. YumM BIiIpI3HAETBCS METOJ 30JIOTOTO MEPETHHY BiJl METOLY p -
KBaJIpaTHYHOT'O HAOJIVOKEHHS?
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JJABOPATOPHA POBOTA 4

3HAXO/KEHHSI ONTUMAJILHOTI'O 3HAUYEHHSI @YHKIIIT
METOJOM HEJIJIEPA-MHJIA

Mera poGotu: BuBueHHss Ta HagOaHHS HAaBHYOK IOJO
3HAXOJKCHHS ONTUMAJILHOTO 3Ha4YeHHs (yHKIIii MeTogoM Hennepa-Muna.

4.1. Kopotki TeopeTuuHi BitomocTi

4.1.1 3Hax0KeHHS eKCTpeMabHUX 3Ha4eHb QYHKIIT f (X, v )

OyukIis f(X, y) Mae JTOKAIBHUN MIHIMyM y TodIi (p, g), KO f(p,
q)< f(x,y) nngkoxHoi Touku (x,y) € R.
OyHkIis f(X, ¥ ) Mae JOKAIbHUN MaKCUMyM Y Toulli (p,q), SKIIO f{x,
v) < flp,q ) nns xoxHoi Touku (x,y) € R.
Kpumepiii opyeoi noxionoi. IlpuryctuMo Takox, mo QyHKIis f(x,
y) 1 il mepma ¥ xgpyra dvacTkoBi moximHi Oe3mepepBHI B oOmacti R.
[Mpumyctumo, mo (p, g) € R — KpuUTHYHA ToYKa, Y Kt i fu(p, ¢) = 0,1
Sy, q@) = 0. HacTkoBi MOXigHI BHUIIOTr0O MOPSAKY BUKOPUCTOBYIOTHCS IS
BHU3HAYEHHS MPUPOAN KPUTUYHOI TOUKH.
SIKWO fox () fov (P @) =F (P, q) >0 1 fu (P g) >0, 10f(
P, q ) — NoKabHUI MiHiMyM GQyHKIIT f{x,)).
SIKWO fo (P, 4 )" fiv (P, 4) —Fw (P q) >0ifuc (P g) <0,70f(p,
q ) — noKanbHUA MakcuMyM QyHKLIT f{X,)).

KO fi (P, q) S (P @) —fw (P, q) <0, 10 bynxuis f(x, y) ne
Mae JIOKQJILHOTO €KCTPEMyMY B Toulli ( p, ¢ ).

SIKWO fio (P, g ) v (P q) —Fo (P, q) = 0, ueii kputepiit He €
OCTaTOYHUM.

4.1.2 Meron Hennepa-Muna

Cummnekc-MeTon 3HaXOIDKEHHS JIOKAJbHOrO MiHIMyMy (QyHKIii
BiJl JEKUIbKOX 3MiHHMX BuHaWaeHud Hemgepom i Mugom. [lns aBox
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3MIHHUX CHUMILIEKCOM € TPUKYTHHK, 1 METOJ — 1€ CXeMa TOIIYKY, SKUH
MOPIBHIOE 3HA4YeHHsS (YHKIII B TPhOX BepIIMHAX TPUKyTHHKa. Haifripia
BeplIMHA, Yy sKii ¢GyHKOis f(x,),z,) npuiiMae HaiiOUIbIIe 3HAYEHHS,
BIIKMJIAETbCA W 3aMiHSAETHCS HOBOIO BepIIMHOI. DOpMYyeThCS HOBHMHA
TPUKYTHHK, i TOImIyK TpuBae. [Ipm 1boMy OYIyeTbcs TOCHiAOBHICTH
TPUKYTHHUKIB (BOHM MOXYTh MaTH pi3Hy (opMmy), 3HaueHHs (QyHKLIi y
BEpUIMHAX SKOi CTal0Th yce MeEHIIe i MeHme. 3MEHIIYEThCS pOo3Mip
TPUKYTHHKA, 1 KOOPAMHATH KPAIlKA MIHIMyMY 3HalJIeHi.

Y  ¢dopmymtoBaHHI  aNrOPUTMY  BHKOPHUCTOBYETHCS  TEPMiH
"cumriiekc" (y3aranbHeHHH N-MipHUH TPUKYTHHUK). 3 #Oro J0moMOror
nepeOyBae MiHiMym ¢yHKOii Bix N 3MiHHEX. BiH edextuBHMI i
KOMITaKTHUH MTpy OOYUCIICHHI.

4.2 Xin podoTn

4.2.1 Bu3HauMTH JIOKAJBHUA MIHIMyM, BUKOPUCTABIIA METO]
Hengepa-Muna nans ¢yHkuiii Buay f{x,)) 3 TOUHICTIO OO BOCBMH
JeCATUHHUX 3HaKiB. (HOMep BapiaHTy 3a Ta0bm.4.1);

4.2.2. Bu3HAUMTH JOKaJIbHUH MIiHIMyM, BHKOPHCTAaBIIH METOJ
Hengepa-Muna nns ¢yHkuii Buay f(X,),z) 3 TOYHICTIO A0 BOCBMH
JECITHHHUX 3HaKiB. (HOMEp BapiaHTy 3a Tab1n.4.2)

4.2.3. OdopmutH 3BIT 3 1a0OPaTOPHOT pOOOTH.

Tabnuusg 4.1 — BapianTtu 3aBnanHs

Howmep Buj ninboBoi GyHKIIT Ta MOYaTKOBI YMOBH
BapiaHTa
1 flx,y) =x" +y-3x3y+5; (1;2);

f(x,y) =xX"+y+ x-2-y-x'y + 1; (2;0);
fx,y) = x’+x'y*-3x"y; (2;1)

f(x,y) = (x-y)/(x’+y + 2); (0;2)

f(x,y) = 100(y - x*)+ (1 - x)’; (0;2)
f(x,y) = x2+24‘X‘y2-3X‘y; (2;1)

fx,y) =4x +7-y-3-x-3y + 5; (0;2);
f(x,y) = 4(y - X))+ (1 - x)’; (02)

XA | N | BN
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[Mponosxenns Tabmuiti 4.1

Howmep Buj ninpoBoi GyHKIIT Ta MOYaTKOBI YMOBH
BapiaHTa
9 f(x,y) = 4x"+4xy>-8°xy; (3;10)

10 f(x,y) = 4 (x-y)/(x’+y” -1); (0;2)
11 f(x,y) = (x-y)/(x+y” -1); (0;0)
12 fix,y) = (v° - x)+ (1 - x)%; (0;0)

Tabnuus 4.2 — BapianTtu 3aBIanHs

Howmep Buj ninpoBoi GyHKIIT Ta MOYaTKOBI YMOBH
BapiaHTa
1 f(x,y,2) =X +y-3-x-3'y + z; (1;2;2);
2 f(x,y,2) =Xty + Z+x-2-z-y + 1; (2;0;0);
3 f(x,y,2) =2-x+2-y+72-2-x'y+ z'y-T-y-4-z; (1;1;1)
4 f(x,y,2) =2-x+2-y+7-2-x'y+ z'y-7-y-4-z; (0;1;0)
5 f(x,y,2) =2-X+2-y'+2°-2-X'y+ z'y-7-y-4-z; (0;0;1)
6 f(x,y,2) =x"+y+72°-4-x-y+ z'y-7-y-8-x; (1;1;1)
7 f(X,y,2) =x"+y+7°-4-x-y+ z'y-7-y-8-x; (0;1;0)
8 f(x,y,2) =Xy +7-4-x-y+ z2'y-7-y-8-x; (0;0;1)
9 f(x,y,2) =2 X’ +4 y-7-z-3-y + 5; (1;2;2);
10 f(x,y,2) =2 X’ +4 y’-7-z-3-y + 5; (0;2;0);
11 f(x,y,2) =2-x"+4-y’- 4-74+x-2-z-y" + 1; (0;0;0);
12 f(x,y,z) =x"+y"+ z2+x-8-x-y + 7; (0;0;0);

4.5 Ilpukaan aIrOpUuTMY PO3PaxyHKy

[Iporpama po3paxyHKy BHKOHYETbCS y cepenoBuini MatLAB 3a
JIOTIOMOT'O0 CTBOPEHHS m-(aiiy.

MoyaTkoBi AaHHi: f(x,y)=————; (1;2), (2;0) n (2;2).
x®+y?+2

function z=F(V1)

z=0;

x=V1(1);
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y=V1(2);

Z=(X-y)./(x.A2+y.A2+2);

®yHKUIA AN TPbOX 3MIHHUX BU3HAYaETHCH HACTYMHUM YUHOM:
function e=F(V1)

z=V1(1);

x=V1(1);

y=V1(1);

e=[2*X.N2+2%y N2+2.A2-2"X . *y+y.*Z-T*y-4*Z];

function [VO0,y0,dV,dy]=nedler(V,mini,maxi,epsilon,show)
if nargin==5
show=0;
end
[mm,n]=size(V);
for j=1:n+1
Z=V(j,1:n);
Y(j)=feval(@F,2);
end
[mm,lo]l=min(Y);
[mm,hi]=max(Y);
li=hi;
ho=lo;
for j=1:n+1
if(j~=10) && (j~=hi) && (Y (j)<=Y(li))
li=j;
end
if(j~=hi) && (j~=lo) && (Y(j)>=Y(ho))
ho=j;
end
cnt=0;
% begin
while((Y(hi)>Y(lo)+epsilon) && (cnt<maxi)||(cnt<mini))
S=zeros(1,1:n);
forj=1:n+1
S=S+V(j,1:n);
end
M=(S-V(hi,1:n))/n;
R=2*M-V(hi,1:n);
yR=feval(@F,R);
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if(yR<Y(ho))
if(Y(li)<yR)
V(hi,1:n)=R;
Y(hi)=yR;
else
E=2"R-M;
yE=feval(@F,E);
if(YyE<Y(li))
V(hi,1:n)=E;
Y(hi)=yE;
else
V(hi,1:n)=R;
Y(hi)=yR;
end
end
else
if (yR<Y(hi))
V(hi,1:n)
Y(hi)=yR;
end
C=(V(hi,1:n)+*M)/2;
yC=feval(@F,C);
C2=(M+R)/2;
yC2=feval(@F,C2);
if(yC<Y (hi))
V(hi,1:n)=C;
Y(hi)=yC;
else
for j=1:n+1
if (j~=lo)
V(j,1:n)=(V(j,1:n)+V(lo,1:n))/2;
Z=V(j,1:n);
Y (j)=feval(@F,2);
end
end
end
end
[mm,lo]=min(Y);
[mm;hi]=max(Y);
li=hi;
ho=lo;
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forj=1:n+1
if(j~=10)&&([j~=hi)&&(Y (j)<=Y(li))
li=j;
end
ifj~=hi)&& (j~=10)&&(Y(j)>=Y(ho))
ho=j;
end
end
cnt=cnt+1;
P(cnt,:)=V(lo,:);
Q(cnt)=Y(lo);
end
snorm=0;
forj=1:n+1
s=norm(V(j)-V(lo));
if(s>=snorm)
snorm=s;
end
end
Q=Q"
VO0=V(lo,1:n);
y0=Y(lo);
dV=snorm;
dy=abs(Y (hi)-Y(lo));
if(show == 1)
disp(P);
disp(Q);
end

4.6 KoHTpOJIbHI 3aNIUTaHHA

1. Hapaiite BH3HAa4YeHHSA JIOKAJIBHOI'O
JIOKaTbHOTO MakcUMyM (pyHKIIT f(X,));

2 Kpwurepiit npyroi noxigaoi ¢pyHKuii f(x,y);

3. OcobnuBocti metoxy Hennepa-Muna.

MIHIMYyMY

Ta
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JJABOPATOPHA POBOTA §

3HAXO/UKEHHSI OITUMAJIBHOI'O 3HAYEHHSI ®YHKIII
METOAOM HAUIIBUAIIOT O CITYCKY

Mera poGotu: BuBueHHss Ta HagOaHHS HAaBHYOK IOJO
3HAXO/KEHHS! ONTHMAJIBHOIO 3HauYeHHA (YHKIIi METOJOM HAaWIIBHIIIOTO
CITyCKY.

5.1. KopoTki TeopeTn4Hi BitomocTi

3BepHeMocs 10 MiHiMizanii Gynkmii f(X) Bin N 3MmiHHUX, 16 X =
(x1,x3 .., xy). DI'pamiear AX) — wue BekTop (BEeKTOpHa QYHKIs),
BU3HAYECHU SIK:

grad(fi, f!: ey ﬁ".l'}v (51)

Jie YacTUHHA NOXifHi f; = df / dx,, o0uncioThes B TOUIl X.

I'pagienr (5.1) yka3ye HampssMOK HaWOUIBIIOI  MIBUIKOCTI
3pocranHs  ¢QyHkuii f(X). Omxke, - grad f(X) yka3dye HanpsIMoK
HaOLIbIIOro yoyBaHHs:.

[Momyk mounHaeThCcs i3 TOYKU Py y310BXK JIiHII, 110 MPOXOAMUTH
yepes Py y HalpsIMKy

Sy =- 6/ |Gl
ne G =grad/(Py).
[Mpu 3HaxomkeHHi Touku P;, e mepedyBae JIOKAILHUA MIHIMYM,
Touka X 3MylieHa Oyne norpanuTH Ha JiHito X = Py + ts,. [lotiMm MoxHa

obuucnutu G= grad f(P;) 1 pyxatucs B HanpsaMmky S; = - G/ ||G||. [Ipu
3HaXOMKEeHH1 TOUKH P, Kpanka X 3MyIlieHa Oy/ie MOTpanuTy Ha JiHiro X =
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P;+ ts,. Iteparist mopomKye MOCHIIOBHICTh TOUOK {P)}, 1O BOJIOIIIOTH
BJIACTUBICTIO

1Py > f(P) >... >[(P) > ... (5.2)

Axmo limy..Pr = P, 10 f(P) Oyne ToKalTbHUM MIHIMyMOM JUISI

f(X).

Cxema MeToay rpaaienra

[Ipumyctumo, o nociioBHICTh TOUOK Pj, oTprMaHa.

Kpox 1. O6uucnenns rpajgieata G = grad f(Py).

Kpox 2. Buznauenns HanpsMky nomyky S = -G/ ||G].

Kpox 3. BuznauaeTbcst eiuHMI napamerp MiHiMizamii @(7) =
f(P, + ts) HaiurepBam [0, b], ne t = h,i,. g @(t) nepedyBae
nokanbHUi MiHiMyM. CriBBigHOmeHHS D (A1) = f(Px + hyins) BU3HAUAE
MiHiMyM utst f (X ) y3a0Bxk o0panoi JiHIT X = Py + M.

Kpox 4. TloOynoBa HacTyIHUX Kpaniok Py .3 = Py + hyins.

Kpox 5. BuzHauaeTbest KpuTepili TOCTaTHROI MiHiMi3alii, TOOTO 4u
JIOCUTh Onu3bKi 3HaueHHs QyHKUl [ (Py) 1 f (Py+1) 1 UM JOCUTH Mana
BifacTaub ||[Pxr; - Py

5.2 Xia podotu

5.2.1. Bu3HauMTH MaKCHUMaJbHE 3HA4YeHHS WiIbOBOI (QYHKII]
PE30HAHCHOTO KOHTYpPY 3a CBOIM BapiaHTOM, BHUKOPHCTOBYIOUH METOJ
HAWIIBUAIIOTO CIYCKY. 3aBAaHHS BUKOHYEThCS IJIsl JABOX Ta TpPbOX
3MIHHUX 3a Ta0i1. 4.1., Ta Ta61.4.2.

5.2.2. OdopMuTH 3BIT 3 1a00PaTOPHOT POOOTH.

5.3 Ilpukaag aAropuTMy pO3paxyHKy

[Iporpama po3paxyHKy BHKOHYETbCS y cepenoBuini MatLAB 3a
JIOTIOMOT'O0 CTBOPEHHS m-(aiiy.
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\ . 3 XV
Moyvatkosi AaHHi: f(x,y)= X ———;
x2 +_1.-‘2 +2
. L. —x2+2>=x*_}r+yz+2 —xz—z*x*y+_}-‘2—2
YacTkoBi noxigHi: dz/dx= dz/dy=
(x®+y2+2)% (%2 +y2+2)2

Po= (1; 2).
®yHKUIA AN ABOX 3MiHHUX BU3HAYaETLCA HACTYNHUM YUHOM

function z=G(V)
z=zeros(1,2);
x=V(1), y=V(1);
g=[(-X.A2+2*X*y+y. A2+2)/(X.A2+y A2+2). A2 (-x.A2-2*x*y+y.N2-2)/
(x.A2+y.A2+2).A2];
=-(1/norm(g))*g;
AnropvTm nporpamu:
function [PO,y0,err]=grads(P0,maxi,delta,epsilon,show)
if nargin ==
show=0;
end
[mm n]=size(P0);
maxj=10;
big=1e8;
h=1;
P=zeros(maxj,n+1);
len=norm(PO0);
yO=feval(@F,P0);
if len>1e4
h=len;
end
err=1;
cnt=0;
cond=0;
P(cnt+1,:)=[P0 yO0];
while(cnt<maxi) && (cond~=5) && ((h>delta) || (err>epsilon))
% direct search begining
S=feval(@G,PO0);
P1=P0+h*S;
P2=P0+2*h*S;
y1=feval(@F,P1);
y2=feval(@F,P2);



cond=0;
J=0;
while (j<maxi) && (cond == 0)
len=norm(P0);
if(yO<y1)
P2=P1;
y2=y1;
h=h/2;
P1=P0+h*S;
y1=feval(@F,P1);
else
if (y2<y1)
P1=P2;
y1=y2;
h=2*h;
P2=P0+2*h*S;
y2=feval(@F,P2);
else
cond=-1;
end
end
=it
if(h<delta)
cond=1;
end
if(abs(h)>big) || (Ien>big)
cond=5;
end
end
if (cond==5)
Pmin=P1;
ymin=y1;
else
d=4%*y1-2*y0-2*y2;
if(d<0)
hmin=h*(4*y1-3*y0-y2)/d;
else
cond=4;
hmin=h/3;
end
Pmin=P0+hmin*S;

26
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ymin=feval(@F,Pmin);

hO=abs(hmin);

h1=abs(hmin-h);

h2=abs(hmin-2*h);

if(hO<h)
h=h0;

end

if(h1<h)
h=h1;

end

if(h2<h)
h=h2;

end

if(h==0)
h=hmin;

end

if(h<delta)
cond=1;

end

e0=abs(y0-ymin);

e1=abs(y1-ymin);

e2=abs(y2-ymin);

if (e0~=0) && (eO<err)
err=e0;

end

if (e0 && e1 < err)
err=e1;

end

if (e2~=0) && (e2<err)
err=e2;

end

if (e0==0) && (e1==0) && (e2==0)
err=0;

end

if (err<epsilon)
cond=2;

end

if(cond == 2) && (h < delta)
cond=3;

end

end
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cnt=cnt+1;
P(cnt+1,:)=[Pmin ymin];
PO=Pmin;
YO=ymin;

end

if show ==
disp(P);

end

end

5.4 KoHTpOJIbHI 3aIMTAHHS

1. Hapaiite BH3HAaYeHHS JIOKAJbHOTO MIHIMyMYy Ta
JIOKaJTbHOTO MakcUMyM (pyHKIIT f(Xx,));

2 Kpwurepiit npyroi noxigHoi ¢pyHKuii f(x,y);

3. OcoOaMBOCTI METOIY HANUIIBHIIIOTO CIYCKY.
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JJABOPATOPHA POBOTA 6

BUBYEHHS METOIIB ONTUMI3AIIIL 3A IOIIOMOT OO
3ACOBIB OPTIMIZATION TOOLBOX MATLAB

Mera poOOTH: BHBYMTH Ta OCBOITH MOXJIHMBOCTI TaKeTy
optimization toolbox nporpamtaoro 3acody MatLAB.

6.1 KopoTtki TeopeTruuni BizomocTi

B Matlab icHye Oarato MerojiB MiHIMI3allil SK OJHOMIPHHX
(fminbnd), tax 1 GaraTtomipHux (fminsearch, Isqnonlin, fminmax, fminuns,
fmincon) GyHKIIH, sIKi peali3yIOTh Pi3HI YUCEIIbHI METO/IH.

Y o¢yHkil fminsearch BukopucToByeThbes Meroy Hempepa-Muna.
[epeBaroro 1i€i GpyHKIIT € MOXIIMBICTh TI BUKOPUCTAHHS JJIsl HETJIAJIKUX 1
PO3PHUBHHX HITHOBUX (YHKIIIH.

®dopma 3BepTaHHA A0 Hi€l PYHKIIT Mae BUTIISA:

x = fminsearch(fun, x,, options, p;, p2,...). (6.1)

VY ToMy BUTIIaJKY, KO (YHKIIS € JOCUTH TTIAAKOL, ISl MOMYKY il

MIHIMyMY MOXHa CKOPHCTaTHCS TpOUEAyporo fminunc. Jlana (QyHKIS
peainizye meron HetoroHa.

OyHKig [sqnonlin 3acTOCOBYETBCS B THX BUIAAKaX, KOIU MJIHOBA
(GyHKIIIS Mae BUTIIAL;

F=12-%f% (6.2)

VY upomy BUnNanky rpagieHT g i reccian H ¢ynkuii F BUpaxkaloThCs
uepes sskobiaH J éexkmop-Gysxuii fFfi, fa, e finl':

&= J'Hf; (6.3)

H=J'%J+R. (6.4)



30

3anuiukoBuii wieH R BKiIoYae apyri noxinHi Big F, ane B okoiuii
MiHIMyMy iM 3BHYaiiHO 3HeBaxaroTh y mopiBHsHHI 3 J'xJ. lle nae
MOXIIUBICTh HE OOYHMCIIOBATH JpPYyTri MOXiJHi, IO 3HAYHO MPHUCKOPIOE
pOOOTY 3 TIOPIBHSAHHSAM 13 3araJIbHUM BHIIA]IKOM.

Cuctema piBHSIHB JUIsl BiIIYKaHHS BEKTOpa 3pymeHHs Hxp = -g
nipu 3amini H Ha J'%xJ neperBoproetbes B J ' ®Jxp = -J'%f . Lleit criocio
Ha3uBaeThCca MeToAoM ['aycca-HproToHa.

Y w™eroni JlesenOepra-Mapkeapnara wmarpuns J'xJ y miBii
YaCTHHI CHCTEMH piBHsAHb 3aMiHseTbcss Ha J'®J+AxK, ne I -
OJIMHWYHA MaTpuls, a 4 — JAeske Big'emMHe uncio. /s BekTopa 3CyBY
3aJIa€ThCsl OOMEKEHHS |p|<A, 1€ A 1.4 B3aEMO3aJIeKHI.

B ynkuii Isgnonlin 3acTocoBYIOTBCS 00MIBA METONA: METOA
laycca-Hrlorona it JlesenOepra-Mapkpapra.

VY 3BepHenHi 10 x=Isqnonlin(fun,xy) MiHIMI3yeTbCS cyma
KBaJIpaTiB KOMIIOHEHT BEKTOpPA - CTOBIIIIS, sIKUI BUpoOsie ¢hyHkiis fun (1e
MoOXe OyTH Takox marpuis). [pyruil apryMeHT X, - CTapToBa TOYKa IS
MOLIYKY.

[Tpu BukopucranHi QyHKUil Isqnonlin, y kil niIboBa QyHKLIA €
3rOPTOK BEKTOpa, MOXKHA 3ajgaBaTh oOMexeHHs. s dyukuii Isgnonlin
JOCTYIHI TUTbKM HalTpocTiii oOMexeHHs Tuny /b <x<ub. 3BepTanHHs 10
¢byHKUil Isqnonlin y 1bOMY BUNIAAKY Ma€ BHTIISA;

x=Isqnonlin(fun, x,, Ib, ub, options, p,p2,...) (6.5)

Oyukuis Isgnonlin MOXXe TOBEPHYTH JOCHUTH 0araTo BHXITHHX
napamerpiB:

[x, resnorm, residual, e flag, inform, lambda, jacobian]=Isqnonlin(...)

BuxigHuX apryMeHTiB:

X — BEKTOP-PO3B'A30K;

resnorm — 3HaueHHA IbOBOT PyHKIIIT B 3HAHAEHIH TOYI];

residual - xomnonentu ¢ynkuii fun(x) y 3HaiigeHiit Toui;

e flag - e flag=l - posp's30k cucremu 3Haiinenwmii, ¢ flag=0 -
PO3B'A30K cUCTeMHU He 3HaiaeHwid, € flag=-1 - gocsrHyTHII MiHIMyM HE €
PO3B'SA3KOM CHUCTEMH;

inform — MicTUTB Tpu MO

iterations - KiNbKicTh iTepalliii, BAKOHAHUX MPH TOIIYKY KOPEHS;

funccount - KiIbKICTh 3BepTaHb 10 QyHKIi fun;
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algorithm - HaliMeHyBaHHS aJrOpuUTMy, BHKOPHUCTaHOTO s
3HaXO/KEHHS KOPEHS;

lambda - BekTOp MHOKHUKIB Jlarpanxa;

jacobian — sxo6ian ¢ynkuii fun y 3HaliaeH i Tovi.

Ho dyskii Isqnonlin inelino Onusbka QyHKIS fininimax, B 000X
CKaJIsIpHA 1[iTbOoBa (YHKIIIS HE 3a/Ja€Tbcsi Oe3MocepelHbO y 3BEPHEHHI, a
(opMy€eThCS UUISIXOM 3TOPTKM 3 KOMIIOHEHTIB BekTopa (abo MmaTpwuiii),
nepenanoro Qyskmii. B Isgnonlin  MiHIMI3yETBCSI CyMa KBaJpaTiB
KOMIIOHEHT, a B fminimax - MaKCUMaJbHHU KOMIIOHCHT. AJITOPUTM,
peanizoBaHUil B fiminimax, 0araTopa3oBO BHKOPHUCTOBYE KBaJpaTHUYHE
MpOorpaMyBaHHs, a TAKOX MOIIYK 3a J0TIOMOTOF0 TpajiieHTa i reciaHa.

VYci yHkOii onTEMizallii BKIIOYAIOTh Y CHHCKY CBOIX BXiJIHHX
MapaMeTpiB MEpPEeTiK BJIACTUBOCTEH, IO BIUIMBAIOTh HA XiJ| iTEpalliiHUX
npoueciB. Lli BTacTHBOCTI MpencTaBiieHl CTPYKTYpOIO options, Mois sIKOi
(dhopMyrOThCs 3a 0omoMorow (GyHKIT optimset. 3aBaaHHs 3HAYCHHS OYb-
SIKO1 BJIACTUBOCTI TPOBOJUTHCS MAPOI0 IMapaMeTpiB (QyHKIIi optimset,
Mepmnid 3 SKUX MPENCTaBiisic HAWMEHYBAaHHS BJIACTHBOCTI, a JPYTWH -
HOro 3HaYCHHS:

options=optimset('namel’,vall,'name2’,val2,...); (6.6)
x=fxxx(fun,xo__options,p:,pz,...) (6.7)

Ilepen BXigHMM TapaMeTpoM oOptions MOXKE PO3TAIIOBYBaTHCS
JesKa KUTbKICTh BXIJHHX MapaMeTpiB, MEPeliK SKUX Uil KOKHOI QyHKIii
OITUMI3allii 1HAUBIIyaIbHUH.

[Mapamerpu p;, pa,..., PO3TAIIOBYBaHI CIIIOM 3a CTPYKTYpOIO
options, MepeAaroThCs ONTHMI3OBaHii (yHKIII pa3oM 3 He3aleKHUM
aprymentoMm x — fun(x,pLp2,..). Y Tabn. 6.1 HaBegeHW#l CHHCOK
napaMerpiB, KEPYIOUUX MPOIECOM 3HAXOKEHHS MiHIMYMY (DYHKIIIH.

6.2 Xia podotu

6.2.1. BuBunTH 0COOIMBOCTI KOPHCTYBaHHsI TakeTy optimization
toolbox nmporpamuoro 3aco0y MatLAB.
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Tabnuus 6.1. [Tepenik mapaMeTpiB, siKi KEPYIOTh MPOLECOM MOITYKY
MiHIMyMY QYHKIIIT

MaxFunEvals MaKCHUMallbHa KiTbKICTh 3BepHEHb A0 pyHKHii fun
Maxlter MaKCHUMallbHa KiTBbKICTh iTepalliii
TolFun MPUITUHEHHS iTepaliii mpu JOCATHEHHI TOYHOCTI IO

3HAaYeHHIO (PYHKIT

TolX MPUITUHEHHS iTepaliil Mpu TOCATHEHHI MIHIMaJIbHOTO
KpOKy 1o X

6.2.2 BiamoBimHO CBOro IHAWBiIyaJdbHOTO 3aBJAHHS CTBOPHTH
LUIbOBI (DYHKIIIT JIJIS1 3aCTOCYBaHHSI METO[IB ONTUMI3aIlii.

6.2.3 BwusHauuMTH ONTHUMAaNbHI 3HAYEHHS WILOBOT (QYHKIIT
MerosoM Hennepa-Mua 3actocoByroun (yHKIIIIO fininsearch.

6.2.4. Bu3HaunuTH ONTUMAJIbHI 3HAYEHHS IIIHOBOT (DYHKIIIT METOJ
laycca-Hetorona u JleBenOepra-MapkBapaTa, 3aCTOCOBYIOUU (DYHKIIIFO
Isqnonlin.

6.2.5. [lpoBecTr MOPIBHSUIBHUN aHATI3 JBOX METOJIB ONTHMI3aIlii
npu 3ajmaHoi TowyHoCTi le-3, le-5 Ta le-10 3a kpuTepisiMuU: KUIBKICTH
iTepaliii Ta yac po3paxyHKy.

6.3 KonTpoubHi 3anuTanHs

1. Ynm, Ta B SIKMX YMOBaX 3aCTOCOBYIOTHCSI METOJM OITHMi3amii
Hengepa-Muna ta 'aycca-HpioTona u Jlesen6epra-MapkBapara?

2. ¥V skiii ¢popmi Mae BUTIISA LUTbOBA (QYHKIS MPH 3aCTOCYBaHHI
merona Henmepa-Muna?

3.V sxiit popmi Mae BUTISL LiIbOBa (DYHKIS MPH 3aCTOCYBaHHI
Mmerona ['aycca-HpioToHa Ta JleBenOepra-MapkBapara.

4. Sxuii Meron Mae HaWMEHIIY KUTBKICTh iTepamii Ta  d4ac
po3paxyHKy?
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