Tema NeS UnrerpupoBanue u 1u¢pepeHuMpoBaHue

Jlekumsi 2 {nddepenunpoBanue
2.1 IuddepennupoBanue. Ilepasi npousBoguas.

C momompto Mathcad MOXHO BBIYHCISATH TMPOU3BOAHBIC CKASIPHBIX (yHKIIAN
JH000TO KOJWYECTBA apryMEHTOB, OT O-TO JI0 5-TO TOpsAAKa BKIIOUHTENbHO. U
byHKIMA, ¥ apryMEHTBl MOTYT OBITb Kak JCUCTBUTCIBHBIMU, TaK W
KOMIUIEKCHbIMU. HeBo3moxHO nuddepenirpoBanue (QyHKIMA TONBKO BOJIHU3U
TOYEK UX CUHTYJISIPHOCTH.

Beruncnutensnpiii  mpoueccop  Mathcad  oOecneunBaeTr  IpeBOCXOHYIO
TOYHOCTh 4HCIEHHOro auddepeHnupoBanuss. Ho Oosblie Bcero moiab30BaTeNb
OLICHUT BO3MOXXHOCTH CHMBOJIBHOTO IIPOLIECCOpPa, KOTOPBIA IO3BOJSIET C
JETKOCThIO  OCYIIECTBUTh PYTHHHYIO pabOTy BBIYMCIEHHUS IPOU3BOJHBIX
TPOMO3JIKMX (PYHKIUH, MOCKOJIbKY, B OTJIMYME OT BCEX JPYrHMX OIlepanui,
CUMBOJIbHOE JU(PPEpEHIIMPOBAHNUE BBINOIHIETCS YCHEIIHO JUIsl MOAABIISIIOLIETO
OOJBIIMHCTBA AHATUTUYECKH 33JaHHBIX (QYHKLIHM.

B Mathcad JUISl YCKOPEHUS M TOBBIIIEHUS TOYHOCTH YHCIEHHOIO
mupdepeHupoBanus  (QYHKIMM, 3aJaHHBIX AHAJIWTUYECKH, ABTOMATUYECKU
3aJIeHCTBYETCS CUMBOJIbHBIN mporieccop (cM. "OnTummu3ariis BeYucIeHui").

IlepBasi npou3BoaHAS

Jlst Toro ytoObI npoaud depenmpoaTh GyHKIMIO f (X) B HEKOTOPOH TOUKE:

Omnpenennure TOYKY X, B KOTOPOH OyJET BRIYHMCIICHA TIPONU3BOIHAS,
HarpuMmep X: = 1.
. Beeaute onepatop auddepeHIupoBaHms HAKaTHEM
kHomnku Derivative (ITpousBoanas) va nanenu Calculus (Berarcnenus) wim
BBEJIUTE C KJIABUATYPhI BOITPOCUTEIBHBIN 3HAK ?.

. B nosiBuBmmxcs MmecrozanoaHuTensx (puc. 1) BBeaute GyHKLHUIO,
3aBUCSIIIYIO OT apryMeHTa X, T. € .f(X), 1 uMst caMoro aprymeHTa X.
. BBeauTte onepaTop = YMCIEHHOTO UM > CAMBOJIBHOTO BBIBOJA JIJISI

IMOJIy4YCHUA OTBCTA.
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Puc. 1. Oneparop nuddepennnpoBanus

[Tpumep nuddepennupoBanus Gynkiuu f(x)=cos(x)In(x) npuBeneH B
auctuHre 1.

Jluctunr 1. YucienHoe u cumMBosibHOE AUdQepeHIIMpoBaHue:



x:= 0.01

d_ cos(x)-In(x) = 100.041
dx

j_xcos(x)-ln(){) — —5i11(1.- 10-2)-111(1.-1()-2) + 1.-102-(:05(1.-1(]-2)

He 3a0bIBaiiTe mpeaBapuTEIbHO OMPEACNIATh TOUKY, B KOTOPOH IPOU3BOIUTCS
qucIIeHHOE AU(PEpeHIIMPOBAHKE, KaK 3TO CACIaHO B MEPBOM CTPOKE JIMCTUHTA 1.
WNuaye Oymer BbIaHO cooOImeHne o0 ommoOKe, MoKa3aHHOE Ha pHC. 2, riacsiiee,
YTO MEepEeMEHHAs WM (PYHKIIWSI, BXOJSIIAs B BBIpKEHHUE, paHee HE OIpEJIeIICHA.
Mexay Tem, cuMmBONIbHOE Au(QEpeHInpoBaHUEe HE TpeOyeT 00s3aTENbHOTO
SBHOTO 3a7aHus TOYKH JuddepeHnupoBanus. B 3ToM ciaydae BMECTO 3HAYCHHS
IIPOM3BOIHON (YHCJIa MM YHCIOBOTO BBIpaKeHUs) OyJeT BbIIaHA aHAIUTHYCCKAs
3aBHCHMOCTH (CM. BEPXHIOIO YacCTh PHUC. 2).

d_ sin(x) — cos(x)
dx

d_sin(){) = nn

by

Thiz vanable ar function
iz hot defined abowve.

Puc. 2. Omubka B mpuMeHeHnu ornepaTtopa nuddepeHmpoBanus

KoHeuHo, MOXHO, KaK ¥ TIPH UCTIOJIb30BAHUH JIPYTUX OMEPaTOPOB,
MPEABAPUTEIHHO ONPEACIUTh (PYHKITUIO B OTACIIBHOM BBIPOXKEHHH, a 3aTEM
MOCYUTATh €€ MPOU3BOJIHYIO (CM. JINCTUHT 2); NI IPUMEHUTH OIIEPaToOp
nudepeHnupoBanus s ONPECICHUs] COOCTBEHHBIX (DYHKITUI TOJIb30BaTEIS
(cM. mucTHHT 3).

Jluctunr 2. CumBoIbHOE U YUCIeHHOE auddepeHnupoBanue QyHKIUN

ITIOJIB30BATCJIA.

f(x) = -

d 1

45 -
(x) — 3

X

x:=01

9 fx) = -100

dx

4 fx) 5 -1.10
dx



JIuctunr 3. Onpenenenue PyHKIUM yepes oneparopa auddepeHImpoBaHus:

f(x) = =

X

s(x) = L f(x)
dx

2(0.1) = —100
g(0.1) = —1.-10>

B o0oux nuctuHrax mepBod cTpokoi ompenensercs ¢yukiusa f (x)=1/x. Bo
BTOpPOIl CTPOKE JHUCTHHTa 2 C IMOMOIIBI0 CHMBOJBHOTO IMPOLIECCOpa HAXOAUTCS
AaHAJIMTUYECKOE BBIPAKEHHE €€ MPOM3BOJHOM, a B OCTaBIIECHCS YacTH, MOJAO0OHO
JUCTHHTY |, CHayasia 4YMCIeHHO, a 3aTEM aHATUTHUYECKU OMPEICNIAIOTCS 3HAUYCHUS
3TOM mpou3BogHON B Touke x=0.1. B muctunre 3 yepe3 mpousBojHyto oT f (X)
OTIPE/IETISICTCS eIlle OJHA TMOIb30BaTeNbCKast PyHKIMS (X) M 3aTeM HAXOJIUTCS ee
KOHKPETHOE 3HaYE€HHE B TOM ke Touke X=0.1.

Kak Ber 3amerunu, onepatop au@@epeHIUpoBaHHUs, B  OCHOBHOM,
COOTBETCTBYET €ro OOLICHPUHATOMY MaTeMaTHUYeCKOMYy 00o03HaueHuto. OqHaKo B
HEKOTOPBIX CIyyasX TIpd €ro BBOJE CIEAYET NPOSBUTH OCTOPOKHOCTB.
PaccmMoTpuM OuH TNOKa3aTenpHBIM MpUMEp, NpUBEAeHHBbIM B suctuHre 4. Ero
NEPBbIC JBE CTPOKU BBIUMCISIOT MPOU3BOAHYIO sin(x) B Touke x=0.5. [locneqnss
CTpOKa JEMOHCTPUPYET HENPaBUIIbHOE IpUMEHEHUE oreparopa
muddepennrpoBanusi. BMecTo BhIUMCICHUSI IPOU3BOIHOM SIN(X) B TOU ke TOYKE,
KaK 3TOT0 MOXXHO ObUIO OXHUAATh, MOJYYEHO HYJIEBOE 3HAYEHHE. DTO CIyYHJIOCh
MOTOMY, YTO apryMeHT (PYHKIMU Sin(X) BBEJEH HE B BUJE NIEPEMEHHOM X, & B BUE
yucna. [loatomy Mathcad BocnipuHUMaeT MOCHENHIOI CTPOKY KaK BBIYHMCIICHUE
CHayajla 3HaueHus cuHyca B Touke x=0.5, a 3ateM auddepeHurpoBaHUE 3TOrO
3Ha4YeHUs (T. €. KOHCTAHTHI) Takke B Touke X=0.5, B COOTBETCTBUU C TpeOOBaHUEM
nepBoil CTpoku JmctuHra. [loaToMy oTBEeT, Ha caMoOM Jelie, HEeYAUBUTEIEH — B
Kakoi Touke HU AuddepeHIupyil KOHCTAHTY, pe3yJIbTaTOM OyAEeT HOJIb.

Jluctunr 4. [Ipumep npaBUILHOTO U HEMPABUIHLHOTO MPUMEHEHHUSI
nudepeHupoBaHus:

4
Il
o
Lh

sin(x) = 0.878

sin(0.5) = 0

gle gl=



Hns  gucnennoro nuddepenuupoBanus Mathcad mnpumMenseTr g0BOJIBHO
CJIOKHBIM aJITOPUTM, BBIYHCIIIIOIIMN ITPOU3BOJHYIO C KOJOCCAIBHOM TOYHOCTBIO
no 7-8-To 3HaKa Mocie 3amsaTo. DTOT anroputMm (Meron Pummepa) omwmcan BO
BCTPOCHHOM CIPaBOYHOMN CHCTEME Mathcad, JIOCTYTHOMN qyepes
menro Help (Cnpaska). Ilorpemnocts auddepeHnmupoBanuss HE 3aBUCHT OT
koHCTaHT TOL unu CTOL, B mNpOTHBOMOJOKHOCTh OOJIBITMHCTBY OCTAJIbHBIX
YHCIIEHHBIX METOJIOB, & OTIPEACIISAETCS HEMOCPEICTBEHHO aJITOPUTMOM.

HckitoueHne coCTaBiAiOT (YHKIHUHM, KOTOpbhle Au(depeHIupyoTcss B
OKPECTHOCTU CUHTYJIIPHOM TOYKH; HAIpUMEp I pACCMOTPEHHOM HaMU (DYHKIIMH
f (x)=1/x 310 OynyT Touku BOIM3HM Xx=0. [Ipy mombITKEe HAWTHU €€ MPOU3BOIHYIO
npu x=0 OyeT BbIJIaHO cOO0IIeHHE 00 0HOM M3 OmMMUOOK AesieHus Ha HoJib "Can't
divide by zero" (JleneHue Ha HOJNb HeBo3MOkHO) min "Found a singularity while
evaluating this expression. You may be dividing by zero" (Haiinena
CHUHTYJIAPHOCTb MPU BBIUYMCICHUU 3TOTO BhIpakeHusa. Bo3moxkHo, Bel nenure Ha
HOJIb). Ecnu monpoOoBaTh YMCICHHO OMPEIEIUTh MPOU3BOIHYIO OUYEHb OJNM3KO K
Hymo, HarmpuMep, npu x=107"% 1o Moxer mosBuThCA CcoobmIEHHME 006 OIMOKE
"Can't converge to a solution" (HeBo3MoxkHO HaiiTu pemieHue). BerpeTuBmucs ¢
OJHOM W3 YHNOMSHYTHIX OIIMOOK, TPUCMOTPUTECh MOBHUMATENbHEE K
mupdepenuupyemoit GyHKIMM U yoeauTech, 4To Bbl He mMmeeTe Nen0 ¢ TOYKOU
CHUHTYJIIPHOCTH.

2.2 HpOI/I3BO)IHLIe BBICHIHUX NNOPAIAKOB

Mathcad nmo3BossieT YUCIEHHO ONPEEATh MPOU3BOJHBIE BBHICIINX MOPSJIKOB,
oT 0-ro 10 5-r0 BKIIOUHUTENBbHO. UTOOBI BBIYUCIUTH MPOU3BOAHYIO (GyHKUIUHU f (X)
N-ro mopsjika B TOYKE X, HY’KHO MPOJENATh T€ K€ caMble JCHCTBUSA, YTO U MpHU
B3SITUU NEPBOM MPOU3BOAHOM (cM. pa3z. 7.2.1), 32 TeM HCKIOYEHUEM, YTO BMECTO
oreparopa MPOU3BOJHON HEOOXOAMMO NPUMEHUTH omneparop N-il Mpou3BOIHON
(Nth Derivative). JtoT oreparop BBOJUTCS C TOM xKe
narenu Calculus (Berurcnenust) nubo ¢ kimaBuatypsl Haxatnem kinaBuin CTRL
+? U COIEPXHUT eIlle JIBa MECTO3AlOJHUTENS, B KOTOpBIE CIIEAyeT IMOMECTUTh
gucio N. B NHOJHOM COOTBETCTBMM C MAaTE€MaTUYECKHM CMBICIIOM OIlepaTopa,
OIpEJENICHUE NOPSKA POU3BOIHON B OJJHOM M3 MECTO3AIOJHUTENEH NIPUBOJIUT K
aBTOMAaTHYECKOMY IOSIBJIEHUIO TOTO K€ YHUCIIA B APYTOM U3 HUX.

"ITpouzBognas" mpu N=0 mo ompeneneHuo paBHa camoi QyHKIUHU, pu N=1
noyiyqaeTcsi O0ObIYHasi TmepBas mpou3BoAHas. JIMCTHHT S5 JeMOHCTpUpyeT
YUCJIEHHOE MW CUMBOJIBHOE BBIYMCJIEHHUE BTOpPOM mpou3BoaHOU. OOpaTute
BHUMaHHE, 4YTO, KaK W MPHU BBIUUCICHUM OOBIYHOM MPOU3BOJHOU, HEOOXOIUMO
nepes omneparopoMm auddepeHurpoBaHUs TMPUCBOUTh apryMEHTY (YHKIUU
3HA4YCHUE, IS KOTOPOTo OyAET BEIYUCIISITHCS MPOU3BOIHAS.

JIuctuHr 5. YUCIEHHOE U CUMBOJIbHOE BBIYMCIICHUE BTOPOM MPOU3BOIHOM:



x=0.1
2

d_zcns(x}-xz = 1.94

dx

o 2

— cos(x)-x — 1.99-cos(.1) — .4-s1mn(.1)
dxl

YO6enuThcs B TOM, YTO CUMBOJIBHBIN Tiporieccop Mathcad B mocieaHeid cTpoke
JUCTHHTA S5 JaeT TOT K€ pe3ylbTaT, YTO W BBIUYMCIHMTEILHBIA IPOIECCOp B
NpeIbIIyIIeld CTPOKe, MOXKHO, YIPOCTUB ero. JIJIs 3Toro clieayer BBIACIUTH
MOJTyYEeHHOE TOC/IeIHEe BhIpaXKeHHEe W BBIOpaTh B MeHI0 Symbolics (CumBoimka)
nyHkT Symplify (Yopoctuts). [Tociie 3Toro Hrmke MOSBHTCS €IIE OJHA CTPOKA C
YHUCIICHHBIM PE3YJIbTaTOM BBIJCIICHHOTO BBIPA)KCHUS.

YroObl  BBIUMCIAUTH NPOU3BOAHYIO TMOpSAAKA  BhINIE  5-TO,  ClEAyeT
IIOCJIEOBATEIBHO IPUMEHUTh HECKOJBKO pa3 omeparop N-i NpOU3BOIHOM,
noJJ0OHO TOMY KakK BBOJWJINCH ONEPAaTOpPbl KPaTHOro HHTErpupoBaHus. OmHaKo
JUIsL CUMBOJIbHBIX BBIYMCIIEHUH 3TOr0 HE MOTpedyeTcss — CUMBOJIBHBIN Ipolieccop
yMEeT CYUTaThb IPOU3BOJAHBIE MOpsaKa Bbile 5-ro. CkKazaHHOE WILIIOCTPUPYET
JUCTUHT 6, B KOTOPOM CHayajla YHUCJIEHHO, a 3aTeM CHMBOJBHO BBIYUCISIETCA
ceabMasi IPOU3BOJIHAsA CHHYca B Touke X=0.1.

JIuctunr 6. YucneHHOE W CHMBOJILHOE BBIUHCIICHUE CEABMOM MMPON3BOTHOM:

x:= 0.1

5 2
d_id_sin(x) = —0.995
dx” dx

7
—TSill(X) — —cos(.1)
dx

Pacuer mnpow3BOAHBIX  BBICHIMX  IOPSAKOB  INPOU3BOAUTCS TEM XK€
BBIYMCIIUTEIBHBIM METOAOM Puanepa, 4yTo M pacyeTr NepBBIX NPOU3BOAHBIX.
[Tpruem ans mepBOM MPOU3BOAHON ATOT METOJ OOecreurnBaeT TOYHOCTh A0 7-8
3HAYaIlMX pa3psA0B YUCIA, a IIPU MOBBIIICHUH MOPAAKA IPOU3BOJHON HA KAXKIYIO
€AUHUIY TOYHOCTh MaJacT IPUMEPHO HA OJIUH pa3psia.

N3 cka3aHHOTO SICHO, YTO TMAaJICHUE TOYHOCTHU MPU YUCICHHOM PACUYETE BBICIINX
MIPOU3BOIHBIX MOXKET OBITh OYECHB CYIECTBEHHO. B 4aCTHOCTH, €CIIHM MOMBITATHCS
OTIPEJICNTNTh JIEBITYIO MPOU3BOJHYIO CHUHYyCa, MOJAOOHO W€ JHCTHHTAa 6, TO B
KauecTBe pe3ylibTata OyJeT BbIJaH HyJb, B TO BpPeMs KaK HCTHHHOE 3HAYCHUE
JEeBATON Mpon3BoAHOM paBHO cos (0.1).



2.3 HacTHble NpOU3BOAHBbIE

C momompo o6oux mporeccopoB Mathcad MOXHO BBIYHCIATH TPOU3BOAHBIC
byHKIMil TI000r0 KONMMYECTBA apryMeHToB. B 3ToMm ciydae, Kak M3BECTHO,
MIPOM3BOHBIC TIO PAa3HBIM APIYMEHTaM Ha3bIBAIOTCS YaCTHBIMU. YTOOBI BHIYMCINUTH
YaCTHYIO MPOW3BOJHYIO, HEOOXOAUMO, KakK OOBIYHO, BBECTH OIEPATOP
npomsBogHoit ¢ manenu Calculus (Beruucienuss) W B COOTBETCTBYIOIEM
MECTO3allOJIHUTEJIE HaleyaTaTb UMsI MEPEeMEHHOW, M0 KOTOPOW JOJKHO OBITh
ocymiecTBieHO AuddepeHurpoBanue.

[Ipumep mpuBEAEH B JIUCTUHIE 7, B MEPBOM CTPOKE KOTOPOTO OMNpEAEIICHA
GbyHKIMS JBYX NEPEMEHHBIX, a B JIBYX CIEIYIOUMX CTPOKaX CHUMBOJIBHBIM
00pa3oM BBIUMCIIEHBI €€ YACTHBIE TPOU3BOIHbBIC 0 O0EUM NIEPEMEHHBIM — X U Y —
COOTBETCTBEHHO. YTOOBI OMNPENEIUTh YAaCTHYIO MPOU3BOAHYIO YHCIECHHBIM
METO/10M, HEOOXOAMMO MPEABAPUTENIBHO 33]1aTh 3HAYEHHS BCEX apIyMEHTOB, YTO U
CIEJIaHO B CIEOYIONIMX JBYX CTpoKax JucTuHra. IlocienHee BbIpaKeHHE B
JUCTUHTE CHOBa (KaK U B TPEThEH CTPOKE) OMPEAENSAECT CHUMBOJIBHO YaCTHYIO
Npou3BOAHYI0 10 y. HO MOCKOJIBKY NEpeMEHHBIM X M y YK€ IPUCBOEHO
KOHKPETHOE 3HAY€HHE, TO B PE3yJbTaTe MOJYYAETCS YUCIO, & HE AHAIUTUYECKOE
BBIPAKECHHE.

JIucTunr 7. CHMBOJIBHOE U YHCIIEHHOE BBIYUCICHUE YACTHBIX MPOU3BOTHBIX:
2.
f(x,y) =x Yy cos(x)-y

d_f(x_.}’) oYY sin(x)-y
dx

X

d_f(x,y) —> Z-ley-ln(x) + cog(x)

x:=1 y:= 0.1

4 fx.y) = 0.54
dy

d
—f(x,y) — cos(1)
dy
YacTHble IMPOU3BOAHBIC BBICIHIHUX IMOPAAKOB PACCUHUTHIBAIOTCA TOYHO TaK XKC,
Kak U OOBIYHBIE ITPOMU3BOAHLIC BBLICHIMX ITOPAIKOB. JIuctuHr 8 HWIUIIOCTPUPYCT

pacyeT BTOpPBIX MPOU3BOAHBIX (YHKUMM W3 NPEAbLAYLIEro MpuMmepa Mo
[IEPEMEHHBIM X, Y U CMEIIAaHHOW IIPOU3BOJIHOM.

Jluctunr 8. Beruucienre BTOPOil 4aCTHOM MPOU3BOTHOM:



2 2
d_(XEI?+ cos(x)-}f) — 4-X2.F-Y— - E-Xg.?-i — cos(x)-y
dx2 2 2

X X

2
d_z(xz'y—k cos(x)-y) — 45>V, 111(:;{)2
dy

2y

d_d_(xz'?—k cos(x)-y) — 4-){2'?-2-111(){) +2. 2 sin(x)
dxdy X X

Bo3moskHo, Bel 00paTuim BHUMaHue, 4TO B 000MX JUCTUHTAaX 7 U 8 omeparop
muddepennpoBanus 3anucaH B ¢Gopme vyacTHOM mnpousBoAHou. [logoOHO TOMY
KaK CYIIECTBYeT BO3MOXHOCTb BBIOMpaTh BHJ, HalpuUMep olepaTopa
MPUCBAaWBAaHMsI, MOKHO 3alHChIBaTh orepaTopbl AuddepeHiupoBaHus B BHUJIE
OOBIYHOM WJIM 4YacTHOM MPOM3BOJHOW. 3amuch olmeparopa HE BIUSET Ha
BBIUMCIICHUS, a CIYXKUT JHIIb Ooyiee MPUBBIYHONW (HOPMOM MpeAcTaBICHUS
pacyeToB.

Jnsg  Toro 4ToObl HM3MEHUTh BUA oneparopa auddepeHurpoBaHus Ha
MPEJICTABICHUE YaCTHOM MPOU3BOIHOM, CIIEAYET:

. BbI3BaTh KOHTEKCTHOE MEHIO U3 00JacTH omneparopa AuddepeHuupoBaHms
Ha)KaTHeM MPaBOW KHOMKU MBIIIIH.

. BeiOpath B KOHTEKCTHOM MeEHIO BepxHuid nyHKT View Derivative
As (IToka3bIBaTh MPOU3BOAHYIO KaK).

. B  nosBuBmemcs noamenro  (puc. 3)  BeIOpate  myHkT Partial

Derivative (YactHast mpon3BOIHAs ).

4 fx.y) = 0.54

d}F Wigw Derivative As  F =T
c',"o Cuk Derivative
Copy Partial Derivative

Properties. ..

Disable Evaluation

Puc. 3. 3menenue Buna oneparopa audepeHunpoBanus
UToObl BEpHYTh BHJ MPOU3BOJHOM, MPUHATHIN MO yMOJIYaHUIO, BHIOEpUTE B
nogmenro myHKT Default (ITo ymonuanuio) nubo, aas TpPEACTaBICHUS €€ B
obsruroM BHe — Derivative (ITpousBoanas).

3aBeplIMM pa3roBOp O YAaCTHBIX MPOMU3BOJHBIX ABYMS HMpPUMEpPaMU, KOTOpbIE
HEPEJIKO BCTPEUYAOTCS B BBIYMCIMTENIBHOM NpakTuke. [Iporpammuas peanuzanus
MEepPBOTO W3 HHUX, TMIOCBAIICHHAS BBIUMCICHUIO TpaaveHTa (QYHKIUH ABYX



NepeMEHHBIX, NpUBeeHa B JucTuHre 9. B kadectBe mpumepa B3sita ¢yHKuus f

(x,y), ompezensieMasi B IepBOil CTPOKE JTUCTUHTA, TpapuK KOTOPOl MOKa3aH B BUIE
JMHUHI YPOBHS Ha pucC. 4.

Puc. 4. I'paduk nuauit ypoBHs ¢pyaknuu f (X,y) (iuctunr 7.9)

Kak u3BectHo, rpaagueHT ¢pyHkuuu f(X,y) gBiseTcs BEKTOPHOU (QYHKIHEH Tex
e apryMeHToB, 4To H f (X,y), ONpeaeeHHO Yepe3 ee YacTHbhIE MPOU3BOTHBIC,
COIJIaCHO BTOPOM CTpPOKE JIMCTUHra 9. B ocTaBmiencss 4acTd 3TOTO JIMCTUHTA
3a1al0TCAd  PAH)KUPOBAaHHbIE [EPEMEHHbIE M MAaTpPULbl, HEOOXOIUMBIE IJIs
NOJIrOTOBKU IpauKoOB (GYHKLUHU U €€ TPaJUeHTA.

Jluctuur 9. Beruncnenue rpagueHTa:



f(x,y) = Xz + llll.l-}F3

(5 \
—1(x,y)
0x
grad(x,y) =
0
—1(x,y)
\ Oy J
N:=35
i=0.2N j=0.2N
Fi,j=1f1-N,j-N)
Vi,j=grad(i—N,j - N)
Xi,i = (Vi,j), Yi,j= (Vi,j),

BektopHoe moJyie paccuMTaHHOTO TpagueHTa PyHKIMU f(X,y) MokazaHo Ha puc.
5. Kak MoxHO yOenuThcesl, CpaBHHB pUC. 4 U 5, MATEMAaTUYECKHUI CMBICIT TpaueHTa
COCTOUT B 3a/IaHUH B KaXJIO0W TOYKE (X,y) HAIpaBJICHHs HA IUIOCKOCTH, B KOTOPOM

¢bynkuus f (X,y) pacter Hauboaee ObICTPO.
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Puc. 5 BekropHoe nose rpaauenta ¢pyHkiuu f (x,y) (uctunr 9)

Takum 00pa3oM pacCMOTPEHBbI CKAISApPHbIE (YHKIHMU, K KOTOPBIM, COOCTBEHHO, U MOXHO

MPUMEHSThH onepaTopsl TuddepeHIpoBaHUS.




