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Bsenenue

MHorue BONPOCHI E€CTECTBO3HAHHUS NPHUBOMIAT K PACCMOTPEHUIO TAKOU
3aBUCUMOCTH MEXAY HECKOJIBKMMH MEPEMEHHBIMUA BEIMYMHAMM, IPH KOTOPOM
3HAYECHUE OJHOM M3 OTUX IEPEMEHHBIX BEJIWYUH IIOJHOCTBIO OIPEHEISIETCS
3HAYEHUSAMM OCTaJIbHBIX IEPEMEHHBIX.

Tak, Hampumep, ©OpU  pPacCMOTPEHUH  KAKUX-TUOO  (PU3MUECKHUX
XapaKTEPHUCTHUK TeJa (IUIOTHOCTU WIIM TEMIIEpATyphbl) HAaM MPUXOJUTCS YUYUTHIBATH
U3MEHEHHUE 3TUX XApaKTEPUCTUK IPHU MEPEX0Je OT OAHOW TOYKH Tejla K JAPYrou.
[lockonbKy Kaxkaas TOYKa Tela ONpelNensieTcs TpeMsl  JIeKapTOBBIMHU
KOOpJIMHATaMHU X, Y,Z, TO pPAacCMaTpPUBAEMbIE XAPAKTEPUCTUKHU OINPEIECISII0TCS
3HAYEHUsIMU TpexX MepeMeHHbIX. I[Ipu paccmorpeHnn (U3HUECKUX MPOIIECCOB,
MEHSIOLIUXCA BO BPEMEHHU, 3HAYCHUsI (PU3NUECKUX XapAKTEPUCTUK OIpPENEISIOTCS
3HAYEHUSAMM YETBIPEX MEPEMEHHBIX: TPEX KOOPAUHAT TOYKHU X, Y,Z W BPEMEHH t.

JUIst u3ydeHHsl Takoro pojia 3aBUCMMOCTEN BBOJUTCS MOHATHE (DYHKIHMH
HECKOJIbKMX TMEPEMEHHBIX M pPA3BUBAETCS ammapar [js HCCIECIOBAaHUS TaKUX
¢bynkuuid merogamu guddepeHunansHoro ucuucienus. Ha cnywail dyHkumun
HECKOJIbKMX MEPEMEHHBIX PACHpPOCTPAHSIIOTCS MHOTHE MOHSTHS U YTBEPKICHUS,
cripaBeiJIuBbIC JJIs1 (DYHKIIUW OJHOU MEPEMEHHOA.

[Ipumepom (yHKIMH ABYX NEPEMEHHBIX, B YaCTHOCTH, CIYKUT IUIOLIA/b
OpsIMOYrOJIbHUKA, a OO0OBeM MPSIMOYTOJBHOTO MapajuleNieNuIe a MOXKHO
paccMaTtpuBaTh Kak (QYHKIHUIO TpeX MEpeMEHHbIX. B 3KoHOMUKE mNpuMepaMu
(YHKIIMM HECKOJIBKUX MEPEMEHHBIX MOTYT CIYXUTh TaKUE€ MOHATH, KaK (PYHKIIHUS
MOJIE3HOCTH, TPOU3BOJACTBEHHAS (PYHKIIHSI.

[TonsiTust M3 pasgena pyHKIUHA HECKOIBKUX MEPEMEHHBIX HEOOXOIUMBI IS
U3YyYEHHUs KPATHBIX U KPUBOJIMHEWHBIX MHTErpajoB, cucteM IuddepeHranIbHbIX
ypaBHEHUH, ypaBHEHWIl  MaTeMaTuyeckoW  (usuku, Teopun  GyHKIUN
KOMILJIEKCHOTO TEPEMEHHOTO M OINEpPAalMOHHOTO HCUUCIEHUS, MHOTOMEPHBIX
CIIy4alHBIX BEJINYUH B TEOpUHU BEPOSATHOCTEN 51 T.J.

Ecnu ¢ momolpi0 4acTHBIX MPOU3BOJHBIX MOKHO OMNPEIEIUTh CKOPOCTb
U3MeHeHUs! (PYHKLIHUU B TOUKE B HAMPABIEHUU OCH OX, TO MOHATHE IPaJMeHTA JIaeT
BO3MOYKHOCTh BBISICHUTH HAINpaBJIEHWE HAMOOJBIIEr0 BO3pAcTaHUs M yOBIBaAHUS
bynkuuu. 1 Opou3BOACTBEHHOM — (PYHKIMH — 3JaCTHYHOCTh  (DYHKIMH
OTHOCUTEJIBHO X, TIOKA3bIBAE€T OTHOIICHHUE MPEETbHON MPOU3BOAUTEILHOCTH i-TO

pecypca K cpefHel MPOru3BOIUTEIBHOCTH 3TOTO pecypca.

®opmyny  moiaHoro  auddepeHnrania MOXHO — HCIOJIb30BaTh  IMpH
MPUOIMKEHHBIX BhIYKMCICHUH. Kpome Toro, monstre monHOro muddepeHmnnana
MO>XHO HCIOJIb30BaTh JJIS OMpPEACIICHUs TOJHON MPUOBLIA MHOTOMPO(UIBHOTO
OPEINpHUsITHS, TA€ 3a KAKIbIA apryMeHT MOXXHO TIPHHATH KaXKIbId BHUJ
JESTEIIEHOCTH TPEINPUATHS, a 32 YaCTHBIC MPUPAIICHUS — YaCTUYHBIC MPUOBLIH
10 BHJIaM.
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[locobue oxBaTbiBaeT Bce TeMbl up(EpEeHIINATBHOTO HMCUYUCICHUS
(GYHKIMNA HECKOJBKMX IEPEMEHHBIX, MPEAyCMOTPEHHBIE MporpamMmoil kypca. B
Hayaje KaXJ0ro paszzeiia MPHUBOIATCS KpaTKHe TEOPETUYECKHE CBEACHUS, 3aTeM
pa3bupaercs JOBOJBHO OOJNBIIOE  KOJIMYECTBO CTAaHAAPTHBIX IPHUMEPOB,
JIEMOHCTPUPYIOIINX MPHUMEHEHHEe TeX WM HHBIX ¢opMyn U TeopeM. [l
CaMOCTOSITENIbHOW PabOThl B KOHIIE IOCOOMS TpPHBENEHBI BOMPOCHI  JUIA
CaMOKOHTPOJIS, BApHAHTHI TUIIOBOTO 33JaHUS U TECTHI ISl CAMOTIPOBEPKU C OAHUM
u 0oJiee BapuaHTaMU OTBETOB.



1 OcHOBHBIE TTOHATHS

Omnpenenenve. Ecnmm kaxkmod mape (x,y) 3HAYEHUH JBYX HE3aBHUCHMBIX
MEPEMEHHBIX BEIMYMH X W Y H3 HEKOTOpOH 00JacTH uX H3MEHEeHHs D
COOTBETCTBYET OMPEICICHHOE 3HAUECHWE BEJIMYHMHBI Z , TO TOBOPSAT, 9TO Z €CTh
(GYHKITUS IBYX HE3aBUCHUMBIX IIEPEMEHHBIX X H Y , ONpe/IeIcHHas B 00jacTi D u
0003HaYaIOT

z="1(xy).

3HayeHUs] apryMEeHTOB X M Yy, JJIA KOTOPHIX (YHKIUS OTmperesieHa U

CYIIIECTBYET, Ha3bIBACTCA O0JACThIO OMpeneeHuss (PYHKIIMU ABYX MEPEMEHHBIX H
oOo3Hauvaercsa D.

Omnpenenenue. Ecim KaxI0H COBOKYIMHOCTH HE3aBHCHUMBIX IEPEMEHHBIX
X,X,,"+, X COOTBETCTBYET ONpPEACICHHOEe 3HadYeHHue BenmuumHasl U, 1O U

Ha3bIBAETCS (PYHKIMEH N TEpEeMEHHBIX U 0003HAYAETCS
U= (x,%,.%,).

MHOXeCTBO 3HAYCHHH X;,X,, -+, X,, AJS KOTOPHIX (pyHKIUs U ompeneseHa,
Ha3bIBACTCS 00JIACTHIO onpeesieHus PyHKIUM N — MepeMEeHHBIX.

OYHKIMU JIBYX U TPEX MEPEMEHHBIX, KaK U (PYHKIUS OJHOW NMEpEeMEHHOM,
MOTYT OBITh 3aJIaHbl PA3JIMYHBIMU CIIOCOOAMU: aHAIUTUYECKUM, TPaUICCKUM, C
MOMOIILI0 Ta0NuUIl (PYHKIUS IBYX TEPEMEHHBIX ).

1. SIBHOE 3amanue QyHKITUH.

DyHKLMS ABYX TepeMeHHbIX: z = f(x;y). Hanpumep, z=¢e".
DyHKuUs TPEX TepeMeHnbIx: U= f(x;y;z). Hanpumep, u=2x*-3y?+427°

2. HesiBHOE 3a7aHre (DYHKITUMA.

DdyHKLyUs ABYX IepeMenHbIx: F(x;y;z)=0. Hanpumep, e +e” -2=0
DyHKuUs TPEX epeMeHnbIx F(x;y;z;u)=0. Hampumep, e +e” —2u® =0,

[Tpumep 1. Haiiti 001acTh onpenenenus GyHKIuu Z = |n(4 +4X — yz).

Pemrenune. Jlorapudm ompeneneH TONBKO MPHU IMOJOKUTEIFHOM 3HAUYCHHUU
ero apryMeHTa, I03TOMY

4+ 4x—y* >0 wm 4+4x>y?,
UTo0bl M300pa3uTh TE€OMETPUYECKH 00JIACTh OMpEeeHUs, HalleM cHadajia e
IpaHUILy
A+4x=Y° ym y° = 4(1+ X).

[loTy4eHHOE ypaBHEHHE ONpPEAENIAeT napaboily, BEpIIMHA KOTOPOH PacIoIoKeHa
B Touke (~1,0), a OChb HampaBJIeHa B MOJOKHUTENbHYIO cTOpoHy ocu OX. Touku

nepeceyenus mapadonsl ¢ oceto Oy momywarorcs us ycinosus X =0, orkyna
y>=4,1.e. y==22 (pucynok 1).
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Pucynok 1 — O6nacts onpezaenenust yHKIUU

[Tapabona nenauT BCIO IIOCKOCTh Ha JBE€ YACTH — BHYTPEHHIOK U BHEUIHIOKO
M0 OTHOIICHHUIO K Mapabose. [[ns Todek OJHOM M3 ITUX YaCTEeW BBIMOJHACTCS

HEPAaBEHCTBO Yy’ <4+4x, a it gpyroit y°>4+4x. Ha camoil mapabone:
y? =4+4x. UToObl yCTaHOBHUTb, KaKas U3 STUX JABYX yacTeil sBseTcs 0071acThIO

OIPENCNCHNs NAHHOW (DYHKLHH, T.C. YIOBICTBOpSET ycnoBuio Y’ <4+4X,
JIOCTAaTOYHO TIPOBEPUTH O3TO YCJIOBHE MJIA KaKOW-HUOYAb OJHOW TOYKH, HE
Jexaiei Ha mapabone. Hampumep, Hadamo KoopauHAT (0,0) JIKUT BHYTPU
napaboJIbl U yIoBIETBOPsieT TpeOyemomy yenoBuio 0<4+4-0.

CrnenoBaTenbHO, paccMaTpuBaemasi 00J1aCTh COCTOUT M3 BHYTPEHHUX TOUYEK
napabosnsl. Cama mapabosia B 00J1aCTh BXOJUTh HE MOXKET, TaK KakK JJIi TOYEK
napa6onsl 4+4x—y? =0, u gorapudm He onpeseeH.

JIuHUIO, OTrpaHUYMBAIONIYIO JAaHHYIO 00JIacTh Oy/leM Ha3blBaTh T'PAHMIICH
obonmactu. Toukum o6nacTu, He Jexalue Ha TpaHUle, OyIeM Ha3bIBaTh
BHYTPEHHUMHU TO4YKaMu oOjacTu. OOnacTh, COCTOSIIAS W3 OJAHUX BHYTPEHHHX
TOYEK, HA3bIBACTCS OTKPBHITOM WM He3aMKHYTOM. Ecnu k 0o0iiacTv OTHOCSTCS U
TOYKM TpaHMIBI, TO OOJACTh Ha3bIBaeTCs 3aMKHyToW. OOnacTh Ha3bIBaeTcs
OTpaHUYECHHOM, €ClIM CYIIECTBYEeT Takas KoHcTaHTa C, YyTO pacCTOSHHE JHO0OM
TOYKU 00JIaCTH OT Hayasia koopAauHaT O meHsbie C, To ecTh |OM |< C.

[Ipumep 2. Haiith m m300pa3uTh Ha IUIOCKOCTH OOJACTh OIPEACICHUS

dyukmpn Z=R* —x*-y?.
Pemenne. ®yukmus Z =R’ —Xx°~y’ reomerpuueckn MpeacTaBisieT coboii

BepxHIOK moiychepy pagmyca R ¢ obmactsio ompenenerus E : X2 + y? < R,
SBIISIONYIOCS KpyroM pannyca R B turockoctu XOV.
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Pucynok 2 — Bepxnsis nonycdepa

I'padukom GyHKIMHU IBYX HMEPEMEHHBIX, 3aJaHHON ypaBHEeHHEM Z= f(X;y)
Wik F(x;y;2)=0, ABISAETCSA IOBEPXHOCTH B MPOCTPAHCTBE, NMPOEKTUPYIOMIAACS B
oOnacTh onpeznenenust D pyHKIMY Z HA MIIOCKOCTH OXy .

2 JIuHUYM ¥ TIOBEPXHOCTHU YPOBHS

Onpenenenne. Jlunneit ypous ¢ynxmuu z= f(X,y) Ha3blBaeTcss NTUHUS
f (x, y ) =C ma mrockoctn OXy, B TOYkax KOTOpOW (DYHKIMS COXPaHSICT
NOCTOsIHHOE 3HaueHue C.

[pumep 1. Haiitu muauy ypoBHS GyHKIME Z = X° + Y°.

Pemienne. VYpaBHeHHMe  ceMeWCTBA JIMHUM  YPOBHS  HMMEET  BHJ
x*+y?*=C(C>0). Ilpunasas C pa3nuyHble IEHCTBUTEILHbIE 3HAUEHHUS, TTIOJYIUM
KOHLIEHTPUYECKUE OKPYKHOCTH C LIEHTPOM B Ha4aJie KOOPAMUHAT.

v
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Pucynok 3 — JIunuu ypoBHS QYHKIHA Z = X + Y



Onpenenenne. [ToBepXHOCTBIO ypoBHs (yHKIUM u= f(x;y;z) Ha3piBaeTcs
MHOKECTBO BCeX TOueK mpoctpancTBa OXYZ, misi KOTOPBIX JaHHAs (DYHKIHSI
MUMEET OJTHO U TO K€ 3HAYCHUE.

[Tpumep 2. HaliTit moBepXHOCTH ypoBHs QYHKINH U = x° — y° —2°

Pemenne. VYpaBHeHue ceMelWCTBA NOBEPXHOCTEM YpPOBHS WMEET BHUJ

x?*—y?—z*=C. Ecim C=0, To monyunm KoHyc x°—3y?-z°=0; ecoiu C>0, 1O

x*—y*-2*=C - ceMeiCcTBO NBYMNOJOCTHBIX rumepoomonaoB; eciaum C<0, TO
x? —y? —2% =C - ceMelCTBO OJHOITOJIOCTHBIX THIICPOOJIOHIOB.

JIuHun un IMOBCPXHOCTHU YPOBHA ITIOCTOAHHO BCTPCYAKOTCA B (1)I/ISI/III€CKI/IX
BOIIPpOCax. HaHpHMep, COCAMHHMB Ha KapTC¢ IIOBCPXHOCTHU 3emMad TOYKH C
OIIHHaKOBOﬁ CpGI[HGﬁ CYTO“IHOI?I TGMHGp&TYpOP'I HJIK C OJHMHAKOBBLIM CpPCIHUM
CYTOYHBIM AABJICHHUCM, IMIOJYYHM COOTBCTCTBCHHO HU30TCPMEBI H H306ap51, Ba’KHBIC
JJIL IIPOrHo3a IIOroAnl.

3 YacTHble TpoU3BOAHBIC (DYHKIIMH JIBYX MEPEMEHHBIX

3.1. YacTHble 1 OIHOE MIpUpaIeHHs PYHKIINN
[Iycte nana ¢QyHkuus z=f(x,y) B HekoTopoi obmactu D. Ilepeceuem

MMOBEPXHOCTh IIJIOCKOCTBIO Y =CONSt, Torma Mbl MOJAYyYUM (QYHKIIUIO OJIHOM
nepemenHoit X . Ilpumagum aprymenty X mnpupamenue AX. Torma dyHKIus
z=f(x,y) Takxke IONYYHT TPHUPAIIEHHE A Z, KOTOPOE HA3bIBAETCA YaCTHBIM
npupaiieHueM QyHKIuu mo X :

Az = f(x+AX,y)-f(Xx,y). (3.1)

X

AHanoruyHo, mnepecekas MOBEPXHOCTh IIOCKOCTBhIO X = CONSt, moy4um
YaCTHOE IIPUPAIIEHNE OTHOCUTEIBHO IEPEMEHHOM Y

Az =f(x,y+Ay)-f(x,y). (3.2)

Ecin 00e mepeMeHHBIE MOJIyYaroT NpHUpanieHus, 10 GyHKuus z = f(X,y)
TaKKE MOJIYYUT NPUPAILEHHE, OHO HAa3bIBAETCS TOJHBIM IIPUPAIIEHHEM (PYHKIIUH:

Az=f(X+AX,y+Ay )-f(x,y) (3.3)

[TonHoe mpuparieHue GyHKIUHU, BOOOIE TOBOPS, HE paBHO CYMME YacTHBIX,
T.C. AZ#AZ+A,Z.
[Tpumep 1. HaiiTi yacTHbIe U OJIHOE IpUpaIIeHUs QYHKIUU Z = Xy .
Pemrenne. A z=(X+AX)-y—Xy =Xy +y-AX—xy = y-AX
Az=x-(y+Ay )—xy =Xy +X-Ay — Xy = X- Ay
AZ=(X+AX )-(Y+AY) =Xy = Xy + X- Ay + AX- Y+ AX- Ay — Xy = X- Ay + Y - AX + AX- Ay



Iomyunnu, uto Az #A,z+Az.

3.2 [Ipenen u HEMPEPHIBHOCTH QYHKITMN HECKOJIBKUX TIEPEMEHHBIX
Onpenenenue. OKpPEeCTHOCTBIO paguyca r TOUYKH M (X,,Y,) Ha3bIBaeTCA

COBOKYIIHOCTb BCCX TOUYCK M(X, y), KOOpOWHATBI KOTOPBIX YIOBJICTBOPSIOT

HEPABEHCTBY \/(x—x0)2+(y—y0)2 <r, TO €CTb TOYKH, JEXKalue BHYTPU Kpyra
paznuyca r, ¢ HEHTPOM B TOUKE M, (X, Y,)-

[Tycte mana ¢ynkums z= f(x,y), onpenaeiacHHas B HeKoTopoi obiactu D
wiockoct Oxy . IlycTh Touka M, (X,,Y,) JEXKUT B o0nactu D unu Ha ee rpanuie.

Onpenenenue. Yucno A HasbiBaeTcs mpeaenoM (QyHkuuu f(x,y) mnpu
CTPEMIIEHUN TOYKH M(X,y) K TOYKE M,(X,,Y,), €CAA I KaXKA0ro 4ymcia &>0
HaWJIeTCs TaKOe YUCIOo r >0, 4TO I BCEX TOUEK M(X,y) U3 OKPECTHOCTH pajnyca
I TOYKU M, (X,,Y,) BBIIOJHSAETCS HEPABEHCTBO:

| f(X,y)—Alke.

Ecau umcino A sBmsercs mpeneiaom GyHKOuU — f(X,y) IpU CTpEeMIICHUU
TOYKH M(X,y) K TOUKE M;(X,,Y,), TO IIHAIIYT

lim f(x,y)=A
X—>Xg

Y—=Yo

CgoiicTBa mpeneiaoB (yHKIHH OJHONW TEPEMEHHOW COXPAHSIOTCS M IS
(GyHKIMA MHOTHX MEPEMEHHBIX, TO €cTh eci QyHkiuu f (M) u g(M) uMeroT B
Touke My KOHEYHBIE TIPEIEIBI, TO:

1) lim c-f(M)=c- lim f(M);

M—->M, M—-M,

2) lim [f ()£ g(M)]= lim f(¥) lim g(p);

M—-M,

3) lim f(M)-g(M)= lim f(a)- lim g(a);

M—-M,

lim (M)
4) lim f(M):M?M‘) , ecmu lim g(M)=0.
MoMo g (M) lim g (M) MM,

M—-M,

3ameTMm, 9TO mpeen PYyHKIUU ABYX MEPEMEHHBIX HE JOJIKEH 3aBUCETh OT
TOr0, O KaKOW JIMHUU TOYKa M (X,y) CTpeMUTCS K TOUKE M, (X,,Y,) -

10



IIpumep 1. Beruncauts npenen Iin? tgzxy :
X— X y

Pemienue.

. tg2xy .
lim = lim =1.2=
x—-1 X2y x—1 XZyCOS 2xy x—-1 ny x->1 X COS 2xy
y—0 y—0 y—0 y—0

MDY i SN2 iy 2 1027

y
[Tpumep 2. Berauciuth npeaen Iing(1+ xy2)
X!
y—3

1 xly 1y

Pemenwue. IlpencraBum ¢ynkmnuio B Buge [(L+ xy2) W Y Z [+ xy2) Y T

Tak xak z=xy> >0 nmpu x—>0 y—>3,TO

1 1

. 2 . -

lim(L+xy®)? =lim(l+2)? =e.

x—0 x—0

y—3 y—3

Torna

y 1y lim—~— 9
- 2 2 . 2 —Q
lim(l+ Xyz)xy Y =lim[@+ Xyz)Xy 1" =e®  =e%3 =¢”.
x—0 x—0
y—3 y—3

Omnpenenenue. [lycts Touka M, (X,,Y,) TPUHAIICKHUT 00JIACTH OMPEACIICHUS
byukiuun  f(x,y). DyHkuus z=f(x,y) Ha3bIBa€TCid HENPEPHIBHOM B TOYKE
M, (X, Yo) » €CTIM UMEET MECTO PABEHCTBO

fim £06,y) = £ (%, ),

Y—=Yo

npudeM Touka M(X,y) cTpeMuTcs K Touke M (X,,Y,) MPOU3BOJIBHBIM 00pa3oM,
OCTaBasiCh B 00J1aCTH onpeaeiaeHus: GQyHKIUU.

N3 omnpenenenust ciemyer, 4Tto Uil HENPEPHIBHOCTH (YHKIIMU B TOYKE
JIOJDKHBI OBITH BBITIOJHEHBI CIEAYIOIINE YCIOBUS:
1) bynkuus z= f(x,y) omnpeaenena B Touke M,(X,,Y,) ;
2) cymiectByet npeaen lim f(x,y);

Vo
3) mpenen paBeH 3HaYCHUIO (PYHKITUU B TOUKE lerQ f(x,y)= (X Y,) -
Y=Yo

Ecnu B HEKOTOPOI TOUKE HE BBITIOJIHSIETCS XOTS OBl OJTHO U3 yClIoBHiA 1-3, TO
TOYKA Ha3bIBAC€TCSI TOUKOM pa3pbiBa GyHKIMHU z = f(X,Y).

[IpuBenem erie oHO onpeneeHne HEMPEPIBHOCTH (PYHKIIUU B TOUKE:

Onpenenenne. @yHkuus z= f(X,y) Ha3bIBAETCA HENPEPBIBHOM B TOUYKE

M, (%, Y,) », €CIIH:
1) yHK1Ms onpeeneHa B 3TON TOYKE;
11



2) OECKOHEYHO MaJbIM MPHUPALIEHUSIM AX,Ay COOTBETCTBYET OECKOHEYHO Majoe
IpUpalieHue Az.
Onpenenenne. DyHKIMs, HEOpEpbIBHAS B KAXKIOM TOYKE HEKOTOPOMU

O6J'IaCTI/I, Ha3bIBACTCA HGHpGpBIBHOfI B 00JIacTH.
1

Pemenue. Jlannas ¢yHKIMS He ompeneneHa B TE€X TOYKaX, B KOTOPBIX
3HAMeHaTe]Ib OOpaliaeTcs B HyJdb, T. €. B Toykax, rae X’ +y’—-4=0. 3Oto
OKPYXHOCTh C IIEHTPOM B Hayaje KOOpAUHAT U paauycoM R=2. 3nauut, nuHuein
pa3pbIBa HCXOIHON (QYHKIIUU OyIET OKPYKHOCTh X° + Yy =4.

[Tpumep 3. HaiiTu Touku paspeiBa QyHKIHH Z =

3.3 YacTHble MPOU3BOIHBIC

Onpenenenve. YacTHOM Mpou3BOAHON (PYHKIMU HECKOJBKUX MEPEMEHHBIX
0 OJHOM M3 OTUX INEPEMEHHBIX  HA3bIBAECTCS  MPEIed  OTHOLICHMS
COOTBETCTBYIOLLIETO  YAaCTHOTO  MPUPALIEHUS  (PYHKIMM K  [PUPALICHUIO
paccMaTpuBacMOM HE3aBUCHUMOWM INEPEMEHHOM NPU CTPEMIICHUM IIOCIEIHETO K
HYJIIO (€CJIM ATOT MPEET CYIIECTBYET).

., 07 01 of of
O06o03HauaeTcst YaCTHbIE MPOU3ZBOAHBIC TAK: Z,, Z, WM —,—, WId  —,—.
OX oy OX
[Ipou3BoHAs MO NEPEMEHHOM X :
A _ i T A% y)- fxy) f/(x,y) (3.4)

OX  M&x—0 AX

AHanoruyHo onpeaensercs Npou3BoaHas 0 MEPEMEHHOH Y !

2 _ i L0y V)= FO0Y) gy (3.5)

ay Ay—0 Ay

[IpaBuino BBIYKCIEHUS YACTHBIX NPOU3BOJIHBIX: YaCTHOW MPOU3BOLHOU
byHKIIUU Z = f(x,y) 10 HE3aBUCUMOM NEPEMEHHOM X Ha3bIBAETCA MPOM3BOHASA,

BBIYMCJICHHAsT B IPEIIOJIOKEHUM YTO Y IIOCTOSIHHAs; YaCTHOM IPOM3BOJHOMU
Gyukiun z = f(x,y) M0 HE3aBUCUMOI TIEPEMEHHOM y HAa3bIBAETCS MPOU3BOHAS,

BBIYUCJICHHASI IPU MIOCTOSTHHOM X .
[Ipu BBIYMCIEHUH YACTHBIX MPOU3BOIHBIX CIPABEIJIMBLI OOBIYHBIC MTPABUIIA
u hopmyisl qudPepeHIMpoBaHu.
[Tpumep 1. HaiiTu yacTHBIC TPOU3BOIHBIC (YYHKITHIA:

a) z=In(Vx +.y) 6) z=x" B) z =arctg 2
X

12



Pemenne. a) UToObl HaWTH YaCTHYIO MPOU3BOAHYIO MO X, CUYUTaeM Yy

y y , , 1 1 1
MOCTOSIHHOM  BeiauumHoM, T.e. Yy =0. Torma 1z =

dx+y 2x 26+ w)

AHanoruyno, nuddepeHuupyst mo y, cuuraeM X IOCTOSHHOW BEJIMYUHOM, T.€.
11 1

Vx+y 20y 20+w)

06) Ilpy moOCTOSIHHOM Yy HMeEeM CTeleHHylo G¢yHKuuio oT Xx. Torma

r__ r_
X'=0.12, =

2. =Jy-x""*. TIpu MOCTOSHHOM X HMeeM IIOKA3aTCIbHYI0 (YHKIHMIO OT y U

N

i
y

! 2 J—
B) z;:%(ZJ = 2x 2’(%}2_ 2y 2
1+(yj x), x"+y° \x X +y
X

[Tpumep 2. [lana ¢yukuust z=In(x+e™”). [I[poBeputh, yIOBIETBOPSIET TN OHA
JJAHHOMY YPaBHEHHIO!
@ o _a dr_g
OX Oxoy Oy ox?

Pemenune. HalineM yacTHbIE NPOU3BOIHBIE:

oz 1 oz -e’ 02 e’ 0’z 1

X xte’’ a_x+e_y’ 6X8y:(x+e_y)2’ 6X2__(x+e’y)2'

HOI[CTaBI/IM Haf/'II[eHHBIe YaCTHBIC ITPOU3BOJHBIC B TAHHOC YPABHCHHC:!

['eoMeTpryecknil CMBICIT YACTHBIX MPOU3BO/IHBIX.
O0o3HaunM dyepe3 I, IUIOCKYHO KpHBYIO, IOJYYEHHYIO @PH MEPECECUCHHH

IOBEPXHOCTH z = f(X,y) IIIOCKOCTBIO Y =const. [lycTh KacarenbHast K KpuBou I', B
TO4YKe M 00pa3yeT yroja « ¢ MOJOKUTEIHHBIM HampaBiieHneM ocu Ox . Toraa
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g—tga
OX '

AHasiornyHo, 00O03Ha4YMM uepes [, - cedYeHHWe MOBEPXHOCTH z= f(X,y)

IJIOCKOCTBIO X=const, A - yroj, oOpa3oBaHHBIH OCh0 Oy U KacaTeJIbHOU K
kpuBod I' B Touke M . Torma

0z
—=tgp.
S 9p

01
Takum 00pa3oM, YacTHas MPOU3BOIHAS 8_ B TOYKE M 4YHCIEHHO paBHa
X

TAHI€HCY YIJla HAaKJIOHA KacaTeJIbHOM B TOYKE M K KpPHUBOW, NOJYYEHHOM NpPH
MIEPECEYEHNH  TOBEPXHOCTH  z= f(X,y) TUIOCKOCTBIO  y=const. YacTHas

0z
IIPOU3BOIHAS ~ B TOYKE M YHCJIEHHO paBHA TaHICHCY VyIJla HaKJIOHA
y

KacaTeJIbHOM B TOYKE M K KPUBOM, MTOJYYEHHOM MPHU NMEPECEUYECHUU MOBEPXHOCTHU
z= f(X,y) IUIOCKOCTBIO X = cCONst.

PucyHok 4 — ['eoMeTprUeCKniA CMBICIT YACTHBIX MPOU3BOAHBIX

3.4 MuddepenimpoBanme CIOKHBIX (PYyHKIIHMA

Myets z=1f(xy), rae x=9(t), y=y(t) n ¢ymxuwn f(x,y), o), y(t)
nuddepentupyemsl. Torma npousBofHas CiaoKHOW GyHKIUKH 2z = f(oft),w(t))
paBHa

dz oz dx oz dy

dz _az dx (3.6)
dt ox dt oy dt

Ecmu z=f(x,y), rae y=¢(x), To MpOU3BOAHASA OT Z MO X HAXOMUTCS IO
bopmyie

14



dz _az o dy (3.7)
dx ox oy dx

y
b

X

Pemenune. Haxonum npons3BoIHbIE:

a__ x .1j__ y . a__ x .E)_ X
OX szry2 x? x2+y2’ oy x2+y2 X szry2

%—Ze” U Q:Ze”.

dt dt

[Mpumep 3. z=arctg =, e x=e* +1, y=e* 1. Haiitn %

[Moacrasnsem B popmyiy (3.6):

dz Y 2t X 2t 2e2t(x_y)
e s s B T AC e S B
dt X +y X +y X +y

Bripa3uB x u y yepes t, HOIy4UM

dz _2e*(e*+1-e"+1) 2e*.2  2¢*
dt  (e* +1)%+(e*-1)°> 2e"+2 e*+1

[Tpumep 4. z:ln(e“‘+ey), rae y=1/3x°+x. Haiitu % : g_z
X dx

Pemenne. Mmeem a__e , 9 _ x*+1. Torma mo popmyie (3.7) moayanm
oX e"+e’ dx

X y X y 2
dz_ e e .(x2+1):e +e’(x +1).
dx e"+e’ e"+e’ e'+e’
ITpumep 5. Haiitu o 51 %, €Cly z :arcsini, rae y=+v1+x° .
OX dx y
Pemenne.
. ' 1 X y 1 1
—=|arcsin—| = =~ | =— = ——,
X Y. 1_()(} Y. \/y -x° Y \/y —X
y

15



[lonnas mpousBoaHAs

G _o ady 1y (_Lj_l 2% -
dx ax oydx Jy?—x* Ly -x2\ V' )2y1+ %

X2

1
_\/yz—x2 y\/yz—xzx/ljtx2 '

[TockonbKy y =+/1+X%x* , TO y*—x* =1, TOT/Ia

dz x? Lo x 1
dx V14X V1+ X2 1ex? 14x3

3.5 luddepennupoBanne HESIBHbIX (PYHKITUN

PaccMmoTpum citydail HesIBHO 3aJJaHHOM (PYHKIIUU OJTHOM TIEPEMEHHOM.

OyHKuus y=f(x) Ha3pIBACTCA HEABHOMW, €CIM OHA 3aJa€TCsl YPAaBHEHUEM
F(x,»)=0, Hepa3peuleHHbIM OTHOCUTENBHO y. Haiiném mpous3BoaHYI (DYHKIIUH

g—i. Jnst aTOrO0 mojAcTaBUM B ypaBHeHUE F(x,y)=0 BMmecTo y (pyHkuuio f(x) u

MOJYyYUM TOXKAECTBO F(X, f(x))=0. OueBUgHO, UYTO NpPOU3BOJHAA (DYHKIIUH,
TOXKJIECTBEHHO paBHOM HYJI0, TaK)Ke paBHa HYt0. Cle0BaTENbBHO,

d oF oOF dy dy F
deron-F P o O F (g 3.8
dx (6 T(9) 8x+6y dx dx F! (F/#0) (38)

y
YacTHblE TPOM3BOAHBIE QYHKIMH IBYX MEpEMEHHbIX z = f(X,y), 3amaHHOM
¢ moMmompl ypaBHenus F(x,y,z)=0, roe F(x,y,z) - auddepenuupyemas
(YHKIUS IEPEMEHHBIX X, Y ¥ Z MOTYT OBITH BBIYUCIIEHBI ITO (POPMYIIAM:

oF oF

o __ox a__ oy (oF

oo o F G #0). (3.9)
0z 0z

[Tpumep 6. 0,5In(x* + y*) —arctg(y/x) =0. Haittu '

Pemenne. Ilpencraum ¢Qynkumoo B Buae F(x,y)=05In(x*+ y?)—arctg Y.
X
Haiinem

x X2 +y? . (yjz(_?szerﬁx%yz'Fx2+y2
+



oy x+yr xXP+yr x xX2+y?
dy _ x+y . y-x _ x4y X+y®  x+y

dx  x2+y?2 xX2+y? X+y? y—x X—y

oF _ y x> 1 y-x

[Tpumep 7. HaiiTi yacTHbIe POU3BOAHBIE GYHKITUH Z IN(X + 2) Y _o.
z

Pemrenue. 3nech F(x,y,z)=zIn(x+ )~ Haxomum
z

oF 7y 7°-y(x+2) oF X

X X+z z z(x+z) oy oz

3
ﬁ=In(x+z)+i+ﬁ= 2xy(x+2)+2 .
0z X

+z 7° 2°(x+2)

[Ipn ympomeHuM MOCIETHETO BBIPAXKEHUS BOCIIOIB30BAINCH TEM, YTO

In(x+2) = X—Z Torna
z

az_ P-y(x+2)  7’(x+2)  _ yz(x+2)-7°
ox 2(x+2)  2xy(x+2)+2° 2xy(x+z)+Z°’
oz _x  Z°(x+z)  _ xa(x+2)
oy z 2xy(x+2)+72° 2xy(x+z)+2°’

4 Tlonusiit nuddepennman GyHKIuN

4.1 lonubiit quddepeniman GyHKIUNA HECKOIBKUX MTEPEMEHHBIX

Onpenenenne. PyHkius z=f(x,y), NOJHOE INpUpALIEHHE KOTOPOH B
JJAHHOW TOYKE (X,y) MOXET OBITh MPEJCTABICHO B BHUJIE CYMMBbI BBIPA)KEHUS,
JIMHEHHOTO OTHOCUTENBHO AX,Ay M BEJIMYMHbI OECKOHEYHO Majioil 00Jjiee BBICOKOTO
nopsiika, 4eM Ap, Ha3bpiBaeTcs nuddepeHmmupyemort B naHHOW Touke. [maBHas
YacTh TIOJIHOTO TpupameHus GyHKIWWA, JUHEHHAs OTHOCUTEIBHO  AX,Ay,
Ha3bIBAa€TCs MOJIHBIM JudPepennnanom GyHKIuU U o003HavaeTcs dz unu df .

Ecimu ¢ynkuus z= f(x,y) ¥MMeeT HeNpephIBHLIE YAaCTHBIE IPOM3BOIHEIE B
JAHHOW TOuke, TO oHa nuddepeHnrpyemMa B ITOW TOYKE M UMEET TMOIHBIN
nudepennman:

{3
OX

of (x,y)
A Ay. 41
X + Py y (4.1)

[Ipupamenust Ax,Ay Oynem Ha3biBaTh IuddepeHiaraMu He3aBUCHMBIX
NEPEMEHHBIX X,y W 0003HauyaTh dx,dy, Toraa
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dz = XY g, ATY) dy. (4.2)
OX oy
Onpenenenve.  Jlupdepennuanom  GyHKIME  Ha3bBIBAaCTCS  CyMMa
NPOM3BEICHUN YaCTHBIX TNPOU3BOAHBIX OSTOM (yHKUIMM Ha MpUpPALICHUS
COOTBETCTBYIOIUX HE3aBUCHUMBIX MIEPEMEHHBIX.
AHaJIOrH4HO, MONHBIN tuddepeniman GyHKIUN TpeX apryMEeHTOB
u=f(x,y,z) BeramciseTcs no GpopmyJie

dzzaf(x, y, Z) dX+af(X’ y’ Z) dy+af(x’ y, Z) dZ. (43)
X oy oz

Teopema. ®yukuus z = f(x,y) HassiBaercs AUpPpepEeHIUPYEMOI B TOUKE
(X,y), €CIIM €ro TOJHOE MPUPAIIEHHE MOKET OBITH PEICTABIECHO B BUJIE

AZ=dz+a-AxX+B-Ay, (4.4)

rae dz - aupdepenuman pyHkuud, a(Ax,Ay) , S(Ax,Ay) - GECKOHEUHO Majble
npu Ax —0, Ay - 0.
Ortcrona crenyer, 4To Az ~dz .

Hpumep 1. Haittu nonnstit quddepenmman pyskuun z = X* - ar sin% .

Pemenune. Haliiem yacTHbIC MPOU3BOIHBIC:

oz . 1 ' . X2 . x —

P _oxarcsin Y+ x2——=—.[ Y] —2xarcsin 1+—__2y =
X
X

OX X 1—(yjz X X /XZ_y2
X
y Xy

=2xarcsin = —

oz, 1 (yj' x>-x 1 x°
=X — .| L — = .
oX 1_(3’)2 X), \/XZ _yz X \/Xz _yz

Torna:

Y Xy x?
dz =| 2xarcsin = — dx+ dy .
( X \/Xz_sz \/Xz_yz

4.2 Tlpumenenue nojaHoro auddepeHimana B NpuOIUKEHHBIX BEIYUCICHUSIX
Ilycte Az ~dz, TOorma
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Az = f(x+Ax,y+Ay)—f(x,y)zaf(ﬁxx’y)Aerafg;y)Ay’

CJIEI0OBATENBHO,

AX +

f(X+AX, y+Ay) ~ f(x,y)+af(axx’y)

NXY) 5y 45
5 Y (4.5)

[Mpumep 2. Berancnauts npubimkenHo 3/1,02° +0,05% .

Pemenwue. /lanHOe BBIpaskeHHE MOKHO pacCMaTpUBaTh Kak (PYHKIIHIO ABYX
IEPeMEHHBIX BHJIa z=3/x+y’. Torma HCKOMOE YHCIIO €CTh HapalieHHOEe
3HaueHue GQyHKIMM 1npu X, =1,Ax=0,02,y,=0,Ay=0,05. Haxoaum 3HaueHue
bynkuun npu X, =1, y,=0: z —3/1+0=1. HaiizeM uacTHbIE MIPOM3BOJHBIC
GyHKLIHH:

o_ = a2y @(1-0)—g @(1- )=0
x R4y’ N Py x 3y ’
2

dz :§-0,02+0-0,05 ~ 0,013.

Torna o popmyne (4.5) umeem:

3/1,022 +0,05% ~1+0,013=1,013.

5 IIpousBoaubie u nudPpepeHIranbl BRICIIUX TOPSIKOB

5.1 IIpou3BoiHBIE BHICIIETO MOPSIKA
[Iycts 3amana (QyHKOUS ABYX HEPEMEHHBIX z = f(X,y), HenpepbiBHas U
MMEIOIasl HETPEePhIBHBIC YaCTHBIE TPOU3BOIHBIE B 001aCTH D :

0z 0z
= f, b ) = f’ 1 .
== fixy) = f(xy)

[Tpou3BogHBIC MPEACTABISIOT COOOW HEKOTOpPHIE HEMPEpPhIBHBIE (DYHKIHH

JIByX apryMEHTOB, UX MOXHO mNpoauddepeHurnpoBaTh M0 MEPEMEHHBIMU X U Y.
Takux TpoOU3BOAHBIX BTOPOTO NOpsAKA OyAET YeThIpe:

o(ez) oz ,
=——=1/(x,y) - BTOpas IPOU3BOIHAS IO X

ax\ox) o
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0’z ,
I G . = f7(x,y) - CHa4aga 0 X, HOTOM IIO Y
0yoX

ooz oz £
—| = ~(x,y) - cHayana mo y, 3aTeM MO X

oy

g(gl— Tz _ g (x,y) - BTOpast pOU3BOIHAS TIO Yy
oy\oy) oy

Btopoe u TpeThe NpPOM3BOJAHBIE BTOPOrO MOPSAKA OTIUYAECTCS TOJIBKO
NOPSIKOM U] PepeHIIPOBaHUS 110 TepEMEHHBIM. Takue Mpon3BOHbIE HA3BIBAIOT
CMELIaHHBIMH ITPOU3BOJHBIMH.

Teopema. ITycth 3amana ¢yHkuus z= f(x,y), HeNpepbIBHAS ¥ WUMEHOLIAS

HEIPEPHIBHBIE CMEIIAHHBIC MPOU3BOAHBIE BTOPOTO MOPSAKA, TOTJa OHU PaBHBI
MEK]Ty COOOM:

o’z 01
OX0y  0YyoX

(5.1)

IIpumep 1. Halitn mpon3BOAHBIE BTOPOTO MOPAAKA Z =xe .

Pemenue. % =e” +xe?(-y)=eV(1-xp) , % =—x’e™
0%z . Cw w
5~ e Amw) et =—yet (2-x)
2 ’
% = (— x’e™ ) y =—x’e ™V (-x)=x%",
azz Xy ' Xy Xy Xy
axay:(e (1_xy))y =—xe (1_)0})_'_6 (—x)z—xe (2_)0})1

2
VA ! , _
0 (— x2e™ )x = 2xe ¥ +x’ye ™ =—xe ™ (2—xp).

ayox

AHAJIOTUYHO OMNPENENSAIOTCA MNPOU3BOAHBIE TpEThero, 4erBeproro u M-
MOpsJIKA:

0’z
v IPOM3BOIHAS JBAK/IBI 10 Y , 3aTEM IO X
X
o'z
vl IPOM3BOJIHAS 110 Y , IOTOM TPHIKIBI 110 X,
X
0"z
pYEEv npou3BoHas k pas o y, 3areM (n—k) pas mo x.
X
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[Tpumep 2. HaliTit TpOM3BOAHBIE TPETHETO MOPSIIKA Z = X* + Xy* + X°y + 2.

Pemnienue.

oz oz

— =4y 2xy , —=4xy 4+ %2,

o y Xy Py Xy

0%z 0%z 27 0%z

— = =12x* + 2y, =4y3 + 2x =4y*+2x, — =12xy°,
> y o y y Py Xy
3 ’ 3 '

822 :(4y3+2x)x:2 , 8—22:(12x2+2y)y:2

ox%oy OyOxX

0%z N ) 0%z 3 Y 2

=12 =12y°, —— =4y +2x)y, =12y° ,

sy ~127) =12yt = (ayt 2x), ~12y

3 3 ’

T2 (125 4 2y), =2ax , 0= (2xy?), = 24xy.

3

ITpumep 3. Haiitu —— 02 ,ecin Z=SIinxy .
oyox?

Pemenue. Iuddepennupyem nannyro GyHKIUIO ABAXKIBI IO X U 3aTeM elIé
pa3mo y:

!

== =(sin xy)'x = cos Xy - (xy) x = ycos xy
ZZ . ’
o7 = Ysiny () =-y*sinxy
0%z
oyox?

= (— y?sin XY)y = —2ysinXxy — Xy>cos Xy .

5.2 uddepenimansl BRICHINX MOPSIKOB
PaccmoTpum nosHblil nuddepeniman GyHKIMN IBYX NEepEMEHHbIX

[Tonmueii muddepenman auddepeHimaia MepBoro MOPsAIKa HA3BIBACTCS
nuddepeHnranom BTOpOro NopsiaKa;

62
ddz:dzz=—d2 5.2
(02)=02= 72 52)
Haiinem tpetnii nuddepenumai:
3 3 3
d3z=d(d22)—a—d +92 gyedy+3-27 _dxdy’ +22 dy? (5.3)
ox° X2 ay X0y’ oy°

[lepenmiem nuddepeniman TpeTbero MopsIKa B BUIE
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3
d’z = idx+idy -z,
OX oy

3/1ech MOJ CTENEHbIO IMPHU PACKPBITUM CKOOKH MOAPAa3yMEBAETCS MOPSAIOK
NPOU3BOJAHONM W TMOJ NPOU3BEACHUEM PA3IMYHBIX CTENEHEH MOApa3yMeBaeTCs
CMEIllaHHasl TPOW3BOJHAS PA3NMUYHBIX TOpAnKkoB GyHKuuU. Juddepenimanst
BBICIIIUX MOPSAIKOB A1 PYHKIIMH ABYX NMEPEMEHHBIX CUMBOJIMYECKHA HATIOMUHAIOT

OUHOM.
Takum 00pa3om, 10 aHAJIOTHH

d"z:(%dx+%dyj -2 (5.4)

Ipuwmep 4. Haiitn mudepeHiman BTOpOro mopsiaka z =2 -,
Xy

Pemenne. Haxonum Bce mpon3BOAHBIE BTOPOTO MOPSIAKA:

, y 1 x> +y° , 1 x xXP+)y?
ZX=__2__:_ > ) Zy=—+—2= > )
Xy Xy Xy Xy
" _x2+y2 '__2x3y—2x3y—2xy3_2_y
xx 22y ) Xt y? P
o _x2+y2 ’__2y-x2y—x2(x2+y2)_xz—yz
Xy x2y } (xzy)z x2y2 1
o x2+)° ’_2xy3—2x3y—2xy3__§
yy ny , x2y4 y3 '

Torna o popmye nmeem

2

2 .2
dzz:z—fdx2+2x J dxdy—z—);dy2 :
X Xy b4

6 [IpousBoaHas o HanpasieHuto. ['paguenT GyHKIMH

Onpenenenne. [lpousBoaHoit ¢yHkimu z=f(x,y) B Touke M(x,y) 1O

HAIPaBJICHUIO BEKTOpPA a HA3bIBACTCS MPEJENT OTHOLICHUS MpUpaIIeHUsT PyHKITUU
B 3TOM HAIIPABJICHUH K BEJIMYMHE Aa MPU CTPEMIICHUU TTOCIEIHEN K HYJIIO, T.€.
oz A,z

da %0 A3
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[Ipou3BoAgHass MO HANPABICHHUIO XapaKTEPU3YET CKOPOCTb H3MEHEHHUS
(GyHKIMY B TAHHOM HalpaBJICHUH.

Ecimu ynkius z = f(x,y) muddepenuupyema, To MpoU3BOIHAS B JAHHOM
HaIpaBJIeHUN MOKHO BBIUUCIUTH IO opMyIie:

2 " :@|M -COSa+Q|M .cosa (6.1)
ox oy

oa

IIe o - yroi1, 00pasoBaHHbI BEKTOPOM a C OCHIO OX.
B cinyuae ¢ynknmu Tpex mnepeMeHHbIX U= f(x,y,z) dopmyra (6.1)
MPUHUMAET BUJI:

a—EM :a—u|M-cosa+a—u|M-cos,B+a—u|M-c05y, (6.2)
oa OX oy oz

rae CoSa, cos/f3, COSy - HAIpaBIAIONIME KOCHUHYCHI BEKTOpAa a , KOTOPBIX MOKHO
HaiTu 1o popmynam

QD

a'x a)’
CoOS = , COSB=—- , cosy =

| 4|

Z

=
g

e ‘a‘ = a;+a;+a’ , a,, a, , a, - KOOPIMHATBI BEKTOPA a .

Onpenenenne. I'paguentom ¢Qydkumu  z=f(x,y) B Touke M(X,y)
Ha3bIBACTCS BEKTOP, BBIXOMANIMA W3 TOYKA M(X,y) ¥ HUMEIOIMHA CBOUMHU
KOOPJIMHATAMH YaCTHBIE TIPOM3BOAHBIE QYHKIMK z = f(X,y):

0z - 0z -
radz=—|, i +—|, -] . 6.3

I'pagrieHT QyHKIMHM W TPOW3BOJHAS B HANPABICHUM BEKTOpAa a CBSI3aHBI
dbopmyroit

a—i =np-gradz. (6.4)
oa 2

['pagueHT yka3pIBaeT HampaBlieHWE HauObICTpeillero pocra (yHKIHH B

o 0z
naHHou Touke. [Ipom3BomHAs — B HamNpaBIICHUMU TPATUEHTA UMEECT HanboJIbIIIEE
oa

3HA4YCHUC, paBHOC

0 oY (ezY
P =|gradz| = (&j +(5j : (6.5)

Haub
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B citydae QyHKIMH TpeX mepeMeHHbIX U = f (X,y,z ) TpajueHT paBeH:

ou - au -
5|M'J+EM'k (66)

gradu—a—u| 0+
aX M

[pumep 1. HaiiTn pou3BoaHYIO GYHKIMU Z =X —xy+Yy? B Touke M(1,1) B
HaIpaBJIEHUU BEKTOpa a = 6i +8] .
Pemenue. Haiijiem 3HaueHMs YaCTHBIX TIPOU3BOIHBIX B Touke M(1,1):

@=2x_y,2=—x+2y. Torna
OX oy

(@j 211, (aZJ —1+2=1.
OX N

Brerauciaum HarpaBJIAIOINEC KOCUHYCHI:

COS Ot = —— _3 ,C0S 3=

=— Tor;[a
\/36+6 10 5’ \/36+6

a—E.|M _1.3,0.4.7 =14
oa S 5 5
[Tpumep 2. Haiit mpou3BOAHYIO (PYHKIIMH U = arcsin %2 | B Touke
VX2 +y?
M(1,1,1) B Hanpasnennu BekTopa MN , rie N(3,2,3).
Pemenue. Halinem BekTOp MN  ero HAPaBJISAIOIIAE KOCUHYCHI:
={3-1;2-1;3-1}={2;1;2}, cosq=—>"___ -2
V22417427 3
1 1 2 2
COSf=————==, CO0Sy=—rr—o--=—.
V22412422 3 22412422 3
BbIunciisieM 3HaUEeHHs YaCTHBIX TIPOU3BOJHBIX B Touke M(1,1,1):
(5_‘1) S S —X __ Xz |y === =—=
Xy 1— 22 YOy (Y)Y Yt -2 T2 2]
2

(8_UJ _ 1 . —yz L vz ‘ 1
oy M \/1_ 72 (x2+y2)\/xz+y2 (X2+y2)\/xz+y2—zz (L11) 2.1 5
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(auj ~ 1 1 | 1_,
. = : L) — 7 =
az 2 2 2 1
M \/1_ 2z : \/x +y
X +y
Torna
ou 12 11 2 1
_,|M =—-.-_-.= +1.===.
OMN 23 23 3 6

[Tpumep 3. HaliTu BenmnuuHy U HaIlpaBJICHUE TpaiMeHTa PYHKIIUU U= Xyz B
TOuKe M (211).
Pemenune. Halimem yacTHbIe IPOM3BOIHBIEC B TOUKE M:

(&)M = YZ‘(z,l,l) =1.1=1, (5JM = XZ‘(z,l,l) =2-1=2, (EJM = Xy‘(Z,l,l) —2.1=2.

CnenmoBaTtesbHO,
T a7 ~ _\/ﬁ _\/— _
gradul,, =i +2j +2k , |gradu|, =+v1*+2%+2° =49 =3.
7 KacarenbHas INIOCKOCTh U HOPMaJIb K TOBEPXHOCTH

[TycTh HMeeM OBEPXHOCTh, 3aJaHHYIO ypaBHEHUEM BHaa F(x,y,z)=0.
Onpenenenue. [IpsimMast TMHUSA HA3bIBACTCS KAacaTEIbHOW K MOBEPXHOCTH B
HEKOTOPO# ToYKe M, (X,,Y,,2,), €CAM OHA SBISETCS KacaTeIbHOW K KaKOW-JIHOO

KPHUBOH, JIe)KAIIE Ha OBEPXHOCTHU U MPOXOIALIEH yepe3 ToUuKy M,. Uepes Touky
M, m0poxoauTr OECKOHEYHOE YHCJIO Ppa3JIMYHbIX KPUBBIX, JIE€XKAIUX Ha

MOBEPXHOCTH, TO U KaCaTENIbHBIX K MOBEPXHOCTH, MPOXOMASIINX YEepe3 ATy TOUKY
OyneT 6€CKOHEUHOE MHOYKECTBO.
Bce kacarenbHble TIpsAMBIE K MOBEPXHOCTH B TOUKE M, JIe)KaT B OOHOU

IIOCKOCTH. DTY MIIOCKOCTh Ha3bIBAIOT KACATEILHOM IIIOCKOCTHIO.
Onpenenenne. Ilpsmas, npoBeaeHHas 4epe3  TOUKy  My(X,, Yo, Z,)

MIOBEPXHOCTH MEPIEHMKYIIIPHO KACATENBHON MIIOCKOCTH, HAa3bIBAETCA HOPMAJIBIO
K OTOU IIJIOCKOCTH.
Ecnu ypaBHEHHE TIOBEPXHOCTH 3a1aH0 B popMme F(X,y,z)=0, TO ypaBHEHHE

KacaTeJIbHOM INIOCKOCTH UMEET BHU/I.

0

VYpaBHeHUE HOpMATIH:
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&l (5 (&L

Eciu ypaBHeHHE MOBEPXHOCTH 3a1aHo B hopme z= f(x,y), TO ypaBHEHHs

X=X _ Y=Y _ -1, (7.2)

(7.1) u (7.2) npuMyT BHJ COOTBETCTBEHHO:

OX

0

X=X _ Y=Y _Z_Zo_ (7.4)

[GZJ (a2 o
X ), @ "

[Ipumep 1. HanucaTh ypaBHEHHE KacaTelbHOM IJIOCKOCTH M YpPaBHEHHE
HOPMAJIH K IIOBEPXHOCTH Z = X* +xy—Yy? B TOYKe M,(1;2).

Pemenue. HalineM yacTHbIE IPOU3BOIHBIE!

Q=2x+y, @:X—Zy,
OX oy

M BBIYHCIIMM MX 3HaueHHE B Touke M, (1;2):
0z 574
—(My)=4, —(M,)=-3.
OX oy

Haiinem 3nauenue QyHkuum B Touke My: z,(1,2)=12+1.2-2% = 1.
CrieoBaTebHO, YpaBHEHHE KAcaTeIbHOM MIOCKOCTH UMEET BT

z+1=4-(x-1)-3-(y-2) wmm  4x-3y-z+1=0.
YpaBHEHUE HOPMAJIU:

x=1 y-2 z+1
4 -3 -1

[Ipumep 2. Hanucare ypaBHEHHs KacaTENbHBIX TUIOCKOCTEH K AJUIMIICOUIY
x* +2y? +3z% = 21, mapajiebHBIX IJIOCKOCTH X+4y+62 =0

Pewmenue. Haxonum YacTHBIE IPOU3BOHbBIE byHKIIUN
F(x;y;z) =x*+2y* +3z* - 21.



Tak kak W3 yCIOBHS MAPAIUICIBHOCTH KacaTeIbHOM IIOCKOCTH W JaHHOU
IJIOCKOCTHU CIENYET, UTO

oF OF oF
ox _ % _ o
1 4 6

rue N(1;4;6) - Hopmais TIOCKOCTH X+4y +62z =0. [Tomyunm
2x 4y 6z 2X Yy 1z
==—2=—" wm —==

1 4 6 1 1 1

TCHGPL peIInM BMCECTC JAHHOC YPABHCHUC U YPABHCHUC JJIJIUIICONIA:

x? +2y*+3z° =21

2 2 2 2:21
{x +2y°+3z y = 2x

2 = =
x=y=z 7=2X

U Harigem nBe Touku Mi(1;2;2) u Mo(-1;-2;-2).
CremoBatesbHO, YpaBHEHHUS KacaTeIbHBIX IUIOCKOCTEH MMEET BH/I;

1-(x+1)+4(y+2)+6(z£2)=0 wim x+4y+62+21=0.

8 DkcTpeMyM QYHKITUN ABYX MTEPEMEHHBIX

8.1 DkcTpemyM QyHKIIUH

PaccMoTpuM (DYHKIMIO JBYX TepeMEHHBIX Z = f(X,y).

Onpenenenne. Ecian B J0CTaTOYHO MAJIOM OKPECTHOCTH TOYKH M (X, Y,)
BBINOJIHSAETCS HepaBeHCTBO  f(X,y)< f(X,,Y,), TO B DOTOH Touke (yHKIUS
NPUHUMAET JIOKATBHBIA MaKCHUMYM.

Onpenenenne. Eciau B J10CTaTOYHO MAJIOM OKPECTHOCTH TOYKH M (X, Y,)
BBINOJIHSAETCS HepaBeHCTBO  f(x,y)> f(x,,Y,), TO B DOTOH Touke (yHKIUS
IPUHKUMAET JIOKATBHBI MEHEMYM.

Touku, B KOTOPBIX JOCTUTAETCS MAKCUMYM WJIM MUHUMYM Oy/ieM Ha3bIBaTh
TOYKaMH IKCTpEMyMa.

Teopema 1 (HeoOxogumoe ycnmoBue skcTpemyma). Ecimu M (x,,Y,) - TOYKa
JIOKAJIHOTO dKCTpeMyMa PpyHKImMK z = f(X,y ), HMEIOIIEH HENPEPLIBHBIE YACTHLIE

of of .
MPOU3BOIHBIE x'y B DTOH TOYKE, TO
X

(% ¥0) _ g oY) g (8.1)

OX oy
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Toukn, B KOTOPBIX YaCTHbIE MNPOW3BOJHBIE PABHBI HYJI), HAa3bIBAKOTCS
CTallMOHApHbIMU TOYKaMU. He Bceskas cranuoHapHas TOYKa SIBJISETCS TOYKOU
DKCTpEMyMaA.

Teopema 2 (moctatoyHoe ycioBHE SKcTpemyMa). IlycTh B HEKOTOpOM
00nacTH, cojiepkaiieid TOuKy M ,(%,,Y,), PyHKIus z = f(X,y) UMeeT HelpEePbIBHbIE

YaCTHBIE ITPOU3BOJHBIE BTOPOTO IOPSAAKA, IIyCTh, KPOME TOTO, TOUKA M (X, Y,) -

CcTallMoOHapHas, TO €CTh g(MO) = 0,%(M0) =0. O6o3HaYUM
X

% f(x,,y o7 f(x,,Y 02 (x,, Y,

1 A=AC -B?. Torna:

1) ecmu A=AC-B*>0, A>0 (C>0), To B Touke M ,(X,,Y,) QyHKIHA z= f(X,Y)
HMEET MUHUMYM;

2) ecii A=AC-B?*>0, 4<0 (C<0), To B Touke M ,(X,,Y,) GYyHKIHS z=f(X,Yy)
UMeeT MaKCUMYM;

3) ecmu A= AC —B? <0, TO 3KcTpeMyMa B TOUKe M ((X,,Y,) HET;

4) ecii A=AC—B?=0, TO SKCTPEMYM B 3TOH TOYKE MOXKET OBITh M MOXKET HE
ObITh (TpeOyeTcs AalibHEeIIee UCCIET0BAHKE).

[Ipumep 1. HccnenoBars Ha ADKCTPEMYM (G YHKLIHIO
Z=X"—xy+y +9x—6y+20.

Pemenue. 1) Halinem yacTHbIe TPOU3BOAHBIC TIEPBOTO MOPSIIKA:

g:2x—y+9, g=—x+2y—6.
OX oy

Pemmm cucrteMy ypaBHEHHI U HAAEM CTAlMOHAPHBIE TOUKHU:

2Xx—y+9=0 X, = —4
~X+2y-6=0’ Yo=1"

Torma M (—4;1) - crauMoOHapHas TOYKa.

2) Haiinem yacTHBIC MPOM3BOIHBIC BTOPOTO MOPSIKA U OMPEACIUM XapaKTep
KPUTUYECKON TOUYKH:

2 2 2
8_5:2’ 0z :-]_’ 8_5:2
OX Ox0y oy

3) BblumcasieM AMCKPUMHHAHT: A=2-2—(-1)*>=3. Tak kak A>0 w
A=2>0 (C=2>0), To QpyHkuus B Touke M,(—41) umeer muaumyM. Haxomum
3HaueHue (PYHKIIMU B JTAHHOU TOYKE:

28



Zyn =(—4f +4-1+1°+9-(-4)-6-1+20=-1 .

[Mpumep 2. Haiitu sxcTpemymbl QyHKIHN z = X* + y* —2x* +4xy —2y°.
Pemenne. Haxonnm dyacTHbIe IPOU3BOIHBIE:
oz

— =4x*—4x+4y w® g:4y3+4x—4y.
oX oy

HpI/IpaBHI/IBaH HX K HYJIIO, HAXOAUM CTAalIHOHAPHBIC TOYKU:

43 —4x+4y =0
Ay* +4x -4y =0

CkuiaipIBasi 3TH ypaBHEHUs, moyryduM x°+y® =0, T.e. x* =-y° WM X =-y.
Torma nmeem x°—2x =0, OTKyza x=0 U X = +./2 , cnemoBarenabHOo, Yy=0 "
y=FJ2. Takum o00pa3oM, HMeIOTCS TpH CTalHOHApHBle Touku M, (0,0),
M,(v2,~2) u M,(-2,42).
Haitnem yacTHbIe TPOU3BOAHBIE BTOPOrO MOPSAKA.
0°1 0’z 4 0°1

212 -4, =4, —=12y’-4.
OX oxoy oy

JImg  KaxIoW  CTAlMOHAPHOM TOYKH  BBIYMCIIEM 3HAYECHUSA  OTHUX
pou3BOAHLIX. [l nepBoit Touku M,(0,0) umeeM:

A=(12x*-4), =-4, B=4, C=(12y*-4), =-4.

Torma A=AC-B°=16-16=0, CJeI0BaTCIbHO, IOCTATOYHBIA IPH3HAK
OTBETA HE JIA€T, HY>KHO JIOMOJHUTEIBHOE UCCIIEA0OBAHUE.

Jnst Toukun MZ(\/E ,—\/5) AMEEM:

A=(12x*-4),,=24-4=20, B=4, C=(12y*-4), =20.

A=AC—-B*=400-16=384>0, cleIoBarellbHO, Tak Kak A=20>0, TO
(GyHKIUS B 9TOM TOYKE UMEET MUHUMYM.

J1st TOuKH MS(— V2 \/5) MEEM:

A=(12x"-4),, =24-4=20, B=4, C=(12y*- 4] =20.

3

A=AC-B*=400-16=384>0, u Tak kKak A=20>0, TO (QyHKIHSI B ITOH
TOYKE TaK K€ UMEET MUHUMYM.
B sTux Toukax 3HadeHHs PYHKIIMU PaBHBIL:

2o =4+4-2-2+4.(-2)-2.2=-8,
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8.2 YcnoBHBIN 3KCTpEMYyM

Onpenesnenne. YCIOBHBIM KCTpeMyMoM QyHKIUK z = f(X,y) HassiBaeTcs
SKCTPEMYM 3TOM (YHKIMH, JOCTUIHYTHIA IPH YCIOBUH, YTO IMEPEMEHHBIE X H Y
CBA3AHBI YpaBHEHHEM ¢(X,Yy)= 0, KOTOPOE HA3BIBAIOT YPABHEHUEM CBS3H.

OTBICKaHHE YCIOBHOIO 3KCTPEMYyMa MOXKHO CBECTH K HCCIIEIOBAHHMIO Ha
OOBIYHBINA YKCTPEMYM TaK HasbiBaeMoll pyHkimu Jlarpamka u= f (x,y)+1-o(xy) ,

r7ie A — HEeOINpeAeTICHHbIA TOCTOSHHBIA MHOXKHUTEIIb.
Heob6xoaumbie ycinoBus skcTpemyMa (pyHkiuu Jlarpan:xa UMErOT BUJL:

au_d e _,

OX OX OX

u_ 0 g 8.2)
oy oy oy

o(x,y)=0

M3 3T0#1 CUCTEMBI ONIPENEISAIOT HEU3BECTHBIE X, Y U 4.

[Mpumep 3. HaliTi ycinoBHBIN dKCTpeMyM (YHKIHUA Z =X +Y’ —xy+x+y—4
IIpH yCJIOBHUH, YTO X U y CBSA3aHbI YpaBHECHHUEM X+Yy+3=0.

Pemenue. CoctaBum ynkiuto Jlarpanxa:

LG Y;A) =X+ Y2 —xp+x+y—4+A(X+y+3).

Nmeem %:Zx—y+1+/1, %:Zy—x+1+l.
OX oy

CocTaBuM crUcTeMYy YpaBHEHUH U PEIINM €€:

4+ 1 3
y=-—3" y==13
2X-y+1+1=0 y=2X+1+1
2y—x+144=0 = dx=2y+l+l = x:—% - x:_g_
X+y=-3 X+y=-3
a=2 A=1
2
2 2 2
Tak kax 8—5:2, 5—5:2, al':—1,T0 (yHKMs B 1aHHOM Touke (—3/2,-3/2)
X oy OXOy
JIOCTHIaeT HAaMMEHBIIETO 3HAUEHUS:
9 9 9 3 3 19
e 4=——
474 4 2 2 4

[Tpumep 4. U3 Bcex NpsIMOYTObHBIX TPEYTOJbHUKOB C 33JJaHHOM IIOIIA IbIO
S HaWTH TakoH, TMIOTEHY3a KOTOPOTO UMEET HAauMEHbIIEe 3HaYEHUE.
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Pemenne. Ilycte x M y - KareTsl TPEyrOJbHUKA, & Z - TUIIOTEHY3a. Tak Kak
2> =x*+y?, TO 3aJ1a4a CBOJAUTCS K HAXOXKICHUIO HANMEHBIIETO 3HaUeHHUS (DyHKIIUU

x*+y® TIpH YCIIOBHUH, YTO X W Yy CBS3aHBI ypaBHCHUEM %: S, T.e. xy—25=0.

Torma B KkauectBe ¢yHkuu Jlarpamka MOXHO paccMOTpPETh (QYHKIHIO
u=x’+y?+A(xy —2S). HaiizieM 4acTHBIE IPOU3BOIHBIE U COCTABUM CHCTEMY:

8—u:2x+ﬂu-y:0
OX
8—u=2y+/1-x=0
oy

X _g

2

Tak kak x>0, y>0, TO U3 CHCTEMbl ypPaBHEHUW MOJIy4aeM PELICHUE

A=-2,x=y=+2S. Torna runorenysa paBHa z =+/2S +2S = NER
Takum 00pa3om, TMNOTEHY3a UMEET HAaUMEHbUIEE 3HAYEHUE, €CIIM KaTeThl
TPEYroJIbHUKA PABHBI MEKY COOOIA.

8.3. HaubGonpIiiee 1 HauMeHbIlee 3HaYeHHs] PYHKIIMHA B 3aMKHYTOH 00J1acTH.

JUis HaxokJeHusT HauOOoJIbIIEro M HAUMEHbBIIETOo 3HayeHUs (PyHKIUU B
3aMKHYTOM 00JIaCTH MOKHO MPEAJIOKHUTH CICTYIONTUI alIrOPUTM

a) HAMTH CTallMOHApHBIE TOYKH, PACIIOJIOKEHHbIE B JAaHHOW 00yacTH, U
BBIUMCIIUTH 3HaUCHUs (YHKIUHU B 3TUX TOUKAX;

0) HaiiTu HauOoJiblliee W HAUMEHbIee 3HA4YeHUs (PYHKIIMM Ha TpaHHUIAX
o0acTH;

B) M3 BCEX HAJIEHHBIX 3HAYEHUM BHIOpAaTh HaWOOJbIIEE U HAUMEHbILIEE
3HauY€HUA (PYHKIUH.

[Ipumep 4. Haiitu nHauOonblliee W HaWMEHbIIEE 3HAYEHUS (QYHKIUU
z=x"+y®*-3xy BoOmactn 0<x<2 , —-1<y<2 (IPIMOYTOJLHUKE).
Pemenue. 1) Haiinem cranmmoHapHbie TOYKHM (GYHKIUA U3  CHCTEMBI
0z

P _3x2 -3y =0,
OX y
@:3y2—3x=0
oy

[Tomyyaem nBe cranroHapHBIX TOYKKA M, (0,0), M, (L1) . 3HaueHus GyHKIUU B
OTUX TOYKax z(M,)=0, z(M,)=-1.

2) Uccnenyem ¢GyHKIMIO HAa rpaHUIIax 00JIACTH:

a) [lpu x=0 mmeem z=y°. Dra (QyHKIHUS MOHOTOHHO BO3pacTacT U Ha
KOHU@Ax oTpe3ka [-1,2] mpunumaet 3Hauenus z|,_,=-1 z|,_,=8;
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0) npu x=2 umeeM z=8+Yy’-6y. Haiinem 3HaueHus stoil QyHKIMH B
CTallMOHAPHOM TOYKEe M Ha KoHIaXx orpeska [-1,2]. Umeem z'=3y° -6;z'=0 npu
y® =2, WU B JJaHHOM 001acTH, pu y=\/§ Z‘y:ﬁ =8—4\/§; zZ ‘y}l =13, z ‘y:_z =4,

B) [Ipn y=-1 mmeeM z=x*-1+3x U z'=3x"+3>0. OyHKIUI MOHOTOHHO
BO3pacTaer ot z|,_,=-1 1o z|,_,=13.

r) IIpuy y=2 umeeM z=x"+8-6x U z'=3x*-6, z'=0 OpH X=+/2;
L 3=8-M2 z| =8 =z|_=4.
3) CpaBHuBasi Bce HaiiJiecHHbIE 3HA4YeHUS (YHKIMHU, 3aKII0YaeM, 4YTO
z,.. =13 B Touke (2,-1); z,,,. =-1 B Toukax (1,1) u (0,-1).
[Ipumep 5. HaliTu HauOomnbpLiee 1 HAaMMEHbIIee 3HaYeHUS! (QYHKLIHUN

z

Haum

o . 1
z=x’y+xy’+Xy B 3aMKHYTOW OOJIaCTH, OTPaHMYCHHOW JIMHUAMHU: Yy =~ , X=1,
X

X=2, y=-15.
Pemenue. [TocTtporum aHHyI0 00J1aCTh:

A

y

XV

Pucynox 5 —O06nacts onpenenenust GyHKITUU

HaxoauMm dacTHbIC POU3BOIHBIC Z, = 2Xy +Y° + Y, Z, = X* + 2%y + X.
1. Halinem Bce KpUTUYECKUE TOUKH:

y(2x+y+1)=0

X(x+2y+1)=0
Pemenuem cucremsl siBisirotest Touku (0,0), (-1,0), (0,-1), (—%—%] :
Hu 071Ha U3 KPUTHYECKKMX TOUEK HE MPUHAIIEKHUT 3aJaHHOM 00IACTH.
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2. Uccnenyem Ha Tpanuiie obmactu, cocrosiieit u3 yuactkoB AB, BC, CE u
EA.

Ha AB: x:l,z=y2+2y,ye[—g,l}, 2, =2y+2=0=y=-1. 3HadeHus

ynxuun: z(-1)=-1, Z(_ng_% , 2(1)=3.
Ha BC: y=E,Z=X+1+1,XE[1,2], 7l =1-—=0=>x=1,x=-1¢[12].
X X
3uauenus Gynkuun: z(1)=3, z(2)=35.

Ha CE: x:2,z=2y2+6y,ye[—g,ﬂ, z’y:4y+6:0:>y:—g. 3HaueHUs

byHKIUU: z(%j =3,5, z[—gj =-4,5.

Ha AE: y=-2,z=-"+2 x€lt,2], Z':—3X+§:0:>X=1¢[1,2].
2 4 4 4

3uauenus Gpynxuun: z(1)= —% , 2(2)=-45.

3. CpaBHHBAs MTOIYyYEHHBIEC PE3YJIbTATHI, UMEEM:
=3,5u z,,=-4,5.

ZHau6

9 MeToa HAaMMEHBIIIMX KBAJPaTOB

[lycTh B pe3ynbTaTe ONbITa MOJIy4eHA TaOJMLA 3HAYECHUW QYyHKUUU Y IS
pslla 3HAYCHUN HE3aBUCUMOU NIEPEMEHHOM X !

X X, X, X, . X

n

Y1 Y, Ys cen Y

[peanonoxkum, uro Toukd M,(x,y,), M,(X,,y,) ® TJ., TIPUMEPHO
pacnoJiaratoTcsi Ha OJJHOM MPAMOM. ITO 03HAYAET, YTO 3aBUCUMOCTh MEXAY X U Y

Oim3ka K JuHeWHOW Y =ax+b. [Togbepem HemsBecTHBIC KOADOHUIIUEHTHI & U b
TaK, 9TOOBI TIpsIMast Y = ax+b Jiexkasia mo BO3MOXKHOCTH OJIMKE K KaKIOHW TOUKE U3
HAHECCHHBIX TOYEK. Ha3oBeM OTKIOHEHHEM B TOYKE X, Pa3HOCTh Y, -V, TIe

Y, =ax +b, a y, - 3HaueHWEe (PYHKIHUHU B TOYKE X , IOJYUYCHHOE U3 OIbITA.

CymHOCTh METOJIla HAUMEHBIIIUX KBAJAPATOB 3aKIIOYACTCS B TOM, YTO HCKOMYIO
npsamMyi0 Y =ax+b BeIOMparoT TakuM o00pa3oM, UYTOOBI CymMMa KBaJpaToB
OTKJIOHEHUU Y,—Yy, Obuta Obl HauMeHbINEH. TakuMm o00pa3oM, HEU3BECTHHIC

n
K03 GUIMEHTBI & U b HAXOIAT U3 YCIOBHU, 4TO CymMmma  » (ax, +b—y,f uMena 651
i=1

HauMeHblee 3HaueHue. [IoCKombKy X, W Yy, - MOCTOSIHHbIE (JaHHBIE OIbITA), TO

yKasaHHast CyMMa eCTh (yHKIMs mapaMeTpoB @ u b: > (ax +b-vy, ) =F(a,b).
i=1
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YroObl HaAWTH ST 3HA4YEHUs TApaMeTpoB d W b, BOCHIOIb3yeTCA
HEOOXOJUMBIMHU YCIOBUSMH 3KCTpeMyMa (PYHKIIMNA HECKOJIBKUX EPEMEHHBIX:

aa_FZZZn:(aXi+b_yi)'Xi =0
l‘j (9.1)
& =23 (ax +b-y,)=0

CnenoBaTenbHO, TapamMeTsl d W b, I8 KOTOPBIX OCYIIECTBISAETCS
Haujyuliee NpuOImKeHUe, ONPEACIISIOTCS U3 cucTeMbl ypaBHeHu# (9.1), koTopyto
MOYHO MEPENUCATH B CICIYIOIIEM BUJIE:

azn:xzi + bzn:xi = Zn:xi Y,
i=1 i=1 i=1

n n ©2)
ay x+b-n=>y,

JUist onpeneneHus yucesl a U b MbI MOJYYUIIM CHCTEMY JABYX ypaBHEHHIA
nepBoil creneHu. MOXKHO J0Ka3aTh, YTO 3Ta CUCTEMA HMMEET E€IUHCTBEHHOE
pellleHre W 4YTO JJIi HalWJeHHBIX ducen @ u b dynkuus F(a,b) mocturaer
MUHHAMYMa.

[ToacraBnsis HalileHHbIE 3HAUeHUS & U b B ypaBHeHUE Y =ax-+b, noydum
JUHEHHYI0 (YHKIHUIO, HAMIYYIIUM 00pa3oM OTPa)Karollyl 3aBUCHMOCTb MEXIY
BEJIMYMHAMU X U Y, IOJIYYECHHYIO U3 OIbITA.

Ecnu onbITHBIE JaHHBIE TAKOBBI, YTO MpPU NOCTPOEHUM Trpaduka OHHU
IPUMEPHO paclojiaraloTcss IO KBaJpaTHOM mapabojie, TO MOXHO HCKATh
NpUOJIMKCHHYIO 3aBUCHUMOCTH B dopMme Y =ax’+bx+c. Jlnsg HaxoxaeHHs
3HaueHUU Kod3(pPuimenToB a, b u C HyXHO HANTH MUHUMYM

n

Z(ax,2 +bx, +c—y;f = F(a,b,c).

i=1

Haxoxnenne MUHUMYMa YHKIIUU TPEX EPEMEHHBIX CBOAUTCS K PELICHUIO
CUCTEMBI TPEX YPABHECHUM:

azn:x“i +bzn:xi3 +czn:xi2 = Zn:xiz -y,
i=1 i=1 i=1 i=1

azn:xf+bzn:xi2+czn:xi =D %Y, (9.3)
i=1 i=1 i=1

azn“xi2 jtbzn:xi +c-n= Zn:yi
i=1 i=1 i=1
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13 KOTOPBIX ONPENEIAI0TCS HEN3BECTHBIE mapameTpel a, b u C.

[Ipumep 1. TlosydeHHble U3 OMbITa 3HAYEHUS (DYHKIIMU TPHU PA3TUUHBIX
3HAYCHUAX HE3aBUCUMOM MEpEeMEHHON X MpHUBENEHHI B TaOIHUIIE:

X

0

1

1,5

2,1

3

y

2,9

6,3

79

10,0

13,2

[TocTpouB COOTBETCTBYIOIINE TOUYKH, YOEKIAEMCsI, YTO OHH PACIIONOKECHbI
IPUMEPHO HA OJHOM OPSIMOM. DTO 3HAYWT, YTO 3aBUCUMOCTb MEXIy X Hu Y

Onu3ka K JIMHCHHOM y:ax+b. HpI/IMeHHH MCTOA HAUMCHBIINX KBaJApPaTOB,

HaﬁﬂeM HEHU3BCCTHBIC MAapaMETPhbl d U b. CocraBum pPaCuYCTHYIO Ta6J'II/II_[y2

CoctaBuM cucTeMy ypaBHeHHi Bua (9.2):

7,6a

2

Neo X Yi X; X - Yi
1 0 2,9 0,00 0,00
2 1 6,3 1,00 6,30
3 1,5 7,9 2,25 11,85
4 2,1 10,0 4,41 21,00
5 3 13,2 9,00 39,60
> 7,6 40,3 16,66 78,75

+5b

{ 16,66a + 7,6b = 78,75

=403

pemias KoTopyro, HaxoauMm a=3,42 u b=2,86.

Takum oOpaszom, y =3,42x+ 2,86
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10 Bompocs! amsi CaMOKOHTPOJIS

1. Chopmynupyiite onpenenenne GyHKIUU ABYX IEPEMEHHBIX.

2. Yro Ha3bIBaeTCs 00JaCThIO ONPENETICHUS PYHKIIMHM HECKOIBKUX TEPEMEHHBIX ?
3. Urto Ha3bIBaeTCA JMHUEH YPOBHS, IOBEPXHOCTBHIO YPOBHS?

4. Yro sBasercs rpa@ukoM (pyHKLINU ABYX MEPEMEHHBIX?

5. Yto Ha3bIBaeTCs NpeaesoM QyHKIUI 1BYX IEPEMEHHBIX ?

6. Uro Ha3bpIBaeTCsl YAaCTHBIMU MPUPALECHUSAMU (YHKIUU ABYX IEPEMEHHBIX.
[Tomnoe mpupaimeHne GyHKIUN ABYX MEPEMEHHBIX.

7. JlaiiTe ompezelneHUE YACTHBIX MPOU3BOAHBIX U CHOPMYNIHpYHTE MpaBuia UX
BBIYHCIICHHUS.

8. 'eomeTpryecKkuii CMBICT YaCTHBIX MPOU3BOIHBIX.

9. Yactueie nuddepennmansl GyHKIUH IBYX MEpEMEHHBIX. | eoMeTprudecKuii
CMBICIL.

10. Kak waiith mnonubii auddepeHnuan (QyHKIMUA JBYX TEPEMEHHBIX.
['eomeTprUeCcKrii CMBICII.

11. Chopmynupyiite noctaTounoe ycioBue AuddepeHnpyeMocTd QyHKIUHI IBYX
IIEPEMEHHBIX.

12. B ueM COCTOMT MpaBWJIO NPUMEHEHUs NOJHOro auddepeHunana s
BBIUMCIICHUS] IPUOJIM3UTEIBHOIO 3HAUYEHUS (PYHKITUH?

13. Kak HaifTu mpou3BOHYIO0 (PYHKIIMKA OJHOI MepeMEHHOMN, 3aJaHHON HESIBHO?
14. Kak HailT mpon3BOHbIE PYHKIMU ABYX NEPEMEHHBIX, 3aJAHHON HESIBHO?

15. Yro HaspIBaeTCA MPOM3BOAHON GYHKIMU z= f(X,y) IO HaNpaBIEHUIO BEKTOPA
07?

16. 3anumure ¢dopMyny IS BBIYUCICHHUS TMPOU3BOJHON 10 HANpPaBJICHUIO
BEKTOpa.

17. B yem cocTouT (hU3HUUECKUI CMBICI TPOU3BOJIHOM IO HAMPABIEHUIO BEKTOPA?
18. Yto HasbIBaeTCs rpagueHToM QYHKIMU Z = f(X,y) B JaHHOM TOUKe?

19. CBA3p MeX) 1y IPOU3BOAHOM IO HAIIPABJIEHUIO BEKTOPA U TPAJUEHTOM?

20. [Ipon3BoAHBIC BBICIIIUX MOPSIIKOB.

21. KacarenpHas MII0CKOCTh K TOBEPXHOCTH.

22. YpaBHEHUE HOPMAJIHU K TOBEPXHOCTH.

23. Onpenenenue skcTpeMyma QyHKIUU JBYX MEPEMEHHBIX.

24. HeoOxonumoe yCIOBUE OJKCTpeMyMa (QPYHKIUMU JABYX IE€PEMEHHBIX.
CranmoHapHbie TOYKH.

25. JlocTarouHoe yCIOBHE HKCTPEMYyMa.

26. HauOomnpliee u HauMeHbllIee 3HaYeHUS (PYHKIIMH B 3aMKHYTON 00J1acTH.

27. JlaiiTe onpeneneHue yCIOBHOTO AKCTPEMyMa.
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11 3amganus 1uist CaMOCTOSATEIBHON PabOThHI
1 BAPUAHT

1. Haiitu u n3006pa3uth 0061acTh cymiecTBoBaHus GpyHkiuu. [locTpouTs TuHUN

YPOBHSI JaHHOM QyHKIMH  Z =+/100 — X? — Y’

2
2. Iokaszare, uto X’ 2 Xy - a +y*=0,ecmu Z= ;/— + arcsin(xy)
X

OX oy
3. Haiitu monuetil nuddepenmnuman pyakiuu  zZ=Y - X’

4. Bpuucaute NOpUOTMKEHHO C NPUMEHEHHEM TMoJHoro auddepeHimana

arcsin
1,01%

5. Hammcate  ypaBHEHHME  KacaTElbHOM  IUIOCKOCTM K  IOBEPXHOCTH
z=X*+3xy+ Yy’ BTouke A (1;2)

6. Haiitu HamGonpliee ¥ HauMmeHbpliee 3HaueHus Qynkumu Z=10+2xy —x° B
o v 2 )
o0JlacTu, OrpaHMYeHHON nmapaboyoit y =4 —x" wunpsmoit y =0

7. Haiitu npoexuuu rpaauenta yHkuun Z = X> —2xy +3y —1 B Touke 4 (1; 2).
Haiitn MakcuManbHYI0 CKOPOCTh U3MEHEHUS (DYHKIIUU B 9TOM TOUKE.

8. Haiiti npousBoxnyo GyHKuuH z=arctg2 B Touke M (1; 1) B HanpaBicHuH,
X

UAyIIeM OT 3Toi Touku K Touke N (6; 5)

9. MeToioM HaMMEHBIIUX KBaJpaToOB HAWTH Gopmyny V= 10 JAHHBIM

ax+6
OIBITA
x |1 2 3 4 5
y |42 37 35 29 11
10. Jloka3aTh, UYTO BBIPAKEHHE 3x*e’dx +(x’e’—=1)dy ectp momHBIHA

nuddepeHran HeKoTopoi GyHKIIMK Z | HaWTH ee.
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2 BAPUAHT

1. Haiitn m m300pa3uTh 00nacTe cymiecTBoBaHUS (QyHKIUH. [locTpouTts nuHUH
YpPOBHS JaHHOHN (YHKIIHH z=In(x*+vy)

1l oz
y . Iloka3atp, yTO — - — +

Yy lo_z
(X*—y?) X ox y oy Yy

2. Jlana pyHKIMS Z =

3. Hatitu monubIi quddepeniman PyHKIn 2 =X- Y~

4. Bpruucauth OpUOTMKEHHO €  TOMOIIBI0  MOJHOro  auddepenimana

1
tg (1,05° ———
g ( 0’99)

5. Hamicars ypaBHEHHUE KacaTebHON IIOCKOCTH K IIOBEPXHOCTH Z = Xy + Yy* — 2X
B Touke 4 (2; 1)

6. Haiitu HauGoubliee U HauMeHblIee 3Hadenus QyHKmU Z =X’ +8y’ —6xy +1 B
IPSIMOYTOJBHHUKE, OTPAHMYEHHOM IIpsiMbiMU Yy =1; y=-1; x=0; x =2

7. Haiitu npoekuuu rpaauenTa Gynkauu Z =5%’y —3xy® +y* B Touke 4 (1; 0).
Haiitn MakcuManbHYI0 CKOPOCTh U3BMEHEHUS (DYHKIIUU B 9TOM TOUKE.

8. Haiitu npousBonnyto GpyHkimu Z =arctg xy B touke M (1; 1) B HampaBieHUU
OMCCEeKTPHUCHI IEPBOTO KOOPIAUHATHOTO yTia

9. MeTogoM HaMMEHBIIUX KBAJpaTOB HAUTH (HOpPMYyITy y=ax+6 IO JIaHHBIM
OIbITA

x |1 2 3 4 5

y |48 58 43 23 28

2 .
10. Hoka3aTh, 4TO BBIpAKECHHUE [3x2 +—00s— |[dx——C0s—dy  €CTb IOJHBIN

yo oy
muddepeHnran HekoTopor GyHKUMU Z U HATH ee.

gj 2x 2

3 BAPUAHT

1. Haiitu u u3o0pa3uth 00nacTh cymectBoBaHus (yHKuuu. [loctpouts nuxHum
1

YPOBHS JAHHON (PYHKIINH I=——-
X +y

38



2 2
02 +8 £_0 , ecma Z=In(x*+y® +2x+1)

aXZ ayZ -

2. IToka3atnb, 4TO

y

3. Haittu monnetil nuddepennman pyakmuu  Z =Intg=
X

4. Bpruucauth TOpHOTMKEHHO € TOMOIIBI0  MoiHOro  auddepenmnmana

e3w/1,06—4,/0,96

5. Hanucats YPaBHCHHUC KacaTelIbHOM IIJIOCKOCTH K IIOBCPXHOCTH
z=x"+y*—Xx+Yy Brouke 4 (-2;2)

6. Haiitu HauGoJblnee ¥ HauMeHbIee 3HadeHus QyHKIMU Z =X +Y> —xp + X+ Y
B TPEYTOJIbHUKE, OTPAaHUYEHHOM TipsimbiMu x =0; y=0; x+y=-3

7. z=+4+x*+y* Haiitu npoexuun grad z B Touke A (2; 1). Haiitu
MaKCHMAJILHYIO CKOPOCTh U3MEHEHHS (DYHKLIUK B 3TOM TOUKE.

8. Haiitu npomssognyro ¢ynkmun Z=x’y* —xy°—3y—1 B Touke (2; 1) B
HANpaBJIEHUH, UIYLIEM OT 3TOM TOUKH K HAYalay KOOPIAMHAT

) ax+e
9. MeToioM HaMMEHBITUX KBAJpPaTOB HAWTU GopMyry Y =é€ [0 JAHHBIM
OIIbITa

x |1 2 3 4 5

y |46 56 41 21 26

10. Jloka3aTh, 4YTO BBIpAKCHHUE (Bx2 +4y2)dx+ (8xy +e”)dy CCTh  ITOJIHBII
nuddepennman HekoTopor GyHKIIMM Z ¥ HAWTH ee.

4 BAPHAHT

1. Haiitu m m300pa3utTh 00nacTh cymecTBoBaHus (QyHkiuu. [locTpouTs nuHUM
YPOBHS ITAHHON (DYHKIIHH z =In(G?+x)

0’z 0%z
2. Jlana pyaxkiuma z=In(e™” +x) .IlokazaTre, 4T0 ¢ — + =0
Hana $yHKI ( ) o axay

3. Haittu nonnsiii nuddepenunan pyukinun  z =In (tg i)
y
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4. Bpruucouth TOpUOTMKEHHO € TOMOIIBI0  mojiHOro  auddepenmnmana

\31% +3,99°

5. Hamucatp ypaBHEHHE KacaTeIbHOM IMJIOCKOCTH K MOBEPXHOCTH Z = 2Xy — y° +2x°
B Touke A (1; 3)

6. Haiitu HanGoubliee 1 HaMMEHbIIIEe 3HAYCHUST PYHKIMHA Z =X +8y +2xy—4x B
IpSIMOYTOJIbHUKE, orpaHideHHOM npsimeimu Y =0; y=2; x=0; x =1

7. Haiitn mpoeknuu rpagueHTa QyHKIMH z=Xx°+Yy’ B Touke A (3; 2). Haiitn

MAaKCHMAJIbBHYIO CKOPOCTb N3MCHCHUA (1)YHK]_II/II/I B 3TOM TOUKE.

8. Haiitn mpou3BoaHyr0 PyHKIIMK 2z = arcty % B Touke M (g;%) B HAIIPaBJICHUU
y

OMCCEKTPHUCHI IEPBOTO KOOPAUHATHOTO yIia

9. MeTo/IoM HaUMEHBIIIUX KBaJpaToB HaWTH QopMyny y =In(ax+e) MO JTaHHBIM
OTbITa

x |1 2 3 4 5

y |44 54 39 1,9 2.4

10. Jloka3aTh, 4YTO BBIpaKEHUE [Zx -1- lzjdx - (Zy - 1de €CTh IOJIHBIN
X X
muddepeHnran HekoTopor GyHKUMM Z U HAWTH ee.
5 BAPUAHT

1. Haittu u u3o0pa3uth objacTh cyuiecTBoBaHusd (GyHKUuUU. [locTpouTh JNHHUM
YPOBHS JaHHOHN (yHKITHH Z = arcsin (xy)

0%z

2. Iloka3atp, 4TO VY-
OX

=@+yln x)g, ecnmd Z=X’
OX

X
3. Haiitu monueii quddepentman yukiun  Z2=1In 1+ —)
y

4. BprucauTh TPUOIMKEHHO € MOMONIBIO MOJIHOTO nTuddepeHinana
1,04 2% +2,02 1%

5. Hanucath ypaBHEHHE KAacaTEIbHON INIOCKOCTHU K IIOBEPXHOCTH Z = X~ + 3Xy — Y*
B Touke A (1; 3)
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6. Haiftu nauOonblliee W HauMeHblIee 3HauY€HUS QYHKIUH Z=2X+)y—Xxy B
kBagpate 0 <x <4 0 <y <4

7. z=arctg Y Haiitu grad z B Touke (1; 1). Halitu MakcMMallbHyI0 CKOPOCTh
X

U3MEHEeHUs1 (YHKIIUHU B 3TOM TOUKE.

8. Haiitu mpomsBoguyo ¢yakuuu Z=In(e* +e’) B Hauajge KoopauHAT, B
HAIpaBJICHUH OUCCEKTPHUCHI BTOPOTO KOOPIHUHATHOIO yTJja

9. MeTomoM HAaWMEHBINMX KBaApaToB HaWTH (opmMyly y=ax’+6x-+c mo
JTAHHBIM OITBITa

x |1 2 3 4 5

y |28 38 23 03 08

Y

COSZX

10. Jloka3aTh, 4TO BBIpaKCHHE ( v+ )dx + (2xy+tgx) dy  ecThb MOJHBIH

muddepenHnran HekoToport GyHKIMU Z U HAWTH ee.
6 BAPUAHT

1. Haiitu u u3o0pa3uth obsacte cyuiectBoBanus (yHkuuu. [loctpouts auHUM

YPOBHS JaHHOUN (YHKITHH Z=,/sin(x* +y?)

2Z 2 2 y
2. TTokasaTk, 4TO X25_2 +2Xy 0z +y26 sz, ecimn Z=X-e*
ox X oy

3. Haiitu nonueiid nuddepentman pyaknun  Z=In (1+ X)
X

4. Bpruucauth nOpuOMMKEHHO C€  TOMOIIBI0  MOdHOro  auddepenmmana

e(3w/1,03+44/0,98—1)

5. Hammmcath ypaBHEHHE KacaTeIbHON IJIOCKOCTH K TTOBEPXHOCTH Z = XY + 2X — Y
B Touke A (2; 2)

. 1
6. Haiitu Haunbonpiiee 1 HauMeHbIlIee 3HAYCHUS] PYHKINUA Z = 5 Xy B o0OmacTu,

. . 1 o
OrpaHUYEHHON MapadoJIon ==.X* mwopsmoii y=3
p p 3 p y
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7. z=arctg Haiitu grad z B Touke 4 (1; 1). Halith mMakcumalibHYIO

xX+Yy
CKOpPOCTb UBMCHCHUSA Q)YHKHI/II/I B 3TOM TOUKE.

2

. 1
8. Haiitu npousBoaHyo GyHKIIUU Z = Y 5 touxe 4 (ﬁ; 0), mo HampaBJICHUIO
X
OCH 0X
. 1
9. MeromoM HaWMEHBIIMX KB3JpaToB HaWtH GopMmMylnry y=———— TIO
sin (ax + 6)

JAaHHBIM OIIbITa
x |1 2 3 4 5

y |41 51 36 16 21

10. Jloka3aTh, 4YTO BBIPAKEHHE (3x2y +2y+ 3) dx +(x*+2x+3y°)dy  ects
noJIHBIN AuddepeHIman HEeKOTOpoil PYHKIIMU Z | HAWTHU ee.

[ BAPUAHT

1. Haiitu 1 u3o0pa3uth o6sacth cymiecTBoBanus GyHkmuu Z =./XY . [loctpoutsh

JIMHUY YPOBHS JaHHOW (PYHKITUU

2 2
2

2. Tlokasats, 4To0 % _2 2 , ecmn  Z=SIn(X+ay)

2 aXZ

y

o o X
3. Hatitu nmonubiit auddepennman pyHkiuu  Z = arctg — + arctg —
X

4. BplYuCIUTh NPUOIMKEHHO C TOMOIIBI0 mojiHOoro  auddepeHunana

1,03*%

5. Hammcate  ypaBHEHHME  KacaTelbHOM  IUIOCKOCTH K  ITOBEPXHOCTH

z=3y? —9xy +y B Touke A4 (1;3)

6. Haiitu nambonpliee W HauMEHbIIEEe 3HAYCHHUS (QYHKIHH Z=Xy —2X—) B
kBaapare 0 <x <3 0<y <3

X
x+y
u3MeHeHUs! (YHKIUU B 3TOM TOUKE.

7. z=arccos Haiitn grad z B Touke 4 (3; 4). HaiiTi MakCUMaJIbHY O CKOPOCTb
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8. Haiitu mnpowsBoanyto ¢yHkmuu z=In(X+y) B Touke A (1; 2), mo
HATPABIICHHIO, cocTaBisitomteM yroa 30° ¢ ocbio ox

o ___ax+e
9. MeToioM HaMMEHBIIMX KBaJapaToOB Halth opmyny Y =€ 10 JTaHHBIM

OIIbITa
x |1 2 3 4 5

y |4 5 35 15 2

10. /{oka3aTh, 4TO BBIpAKCHHUE . 1 + 1 dx + J + 1 = dy

/x2+y2 X y x2+y2 % y2

€CTh MOJIHBIN nudQepeHIan HeKOTOpod GYHKIIMK Z U HaWTH ee.

8 BAPUAHT

1. Haiitu u wu300pa3uth 00JacCTh CYIIECTBOBaHUS (YHKIMH Z = arcsin .
X
[TocTpouTs MMHUY YPOBHS
o’z oz .
2. Tokasark, uto  (x — y) =— ,ecm Z=cosy+(y—Xx)siny
OX0oy Oy

. y Y X

3. Haittu nonusiii nuddepennuan pyHkuuu  Z = arcsin— +arcsin—
X y

4. Boruucnute npuOMMKEHHO C  MOMOIIBI0  ToHOTO  auddepennuana

/4,052 + 2,932

5. Hanucatpe ypaBHEHME KacaTeJIbHOM MJIOCKOCTH K OBEPXHOCTH Z=X) + X—Y B
touke A4 (1; 2)

6. Haiitu HauOoJIbIIee 151 HavMEHbLIEEe 3HAYECHUS byHKIMN
Z=X"—2y? +4xy —6X —1 B TPEYrOJLHUKE, OTPAHUYEHHOM IpAMbIMA X = 0 ;
y=0, x+y=-3

7. z=x-3y++/3xy. Haiitu grad z B Touke 4 (3; 4). Haiitu mMakcuMaabHYIO
CKOPOCTb U3MEHEHUST (DYHKIIMH B 3TOH TOUKE.

8. Haiitu npousBoaHyo QyHKIMU Z=x’y’> B Touke M (2; 1), mo HanpaIeHHUIO
ocu oy
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9. MeTo10M HaUMEHBILIUX KBaJpaToB HaWTU GopMyiny y = ax” +ex+c 1Mo JaHHBIM
OIbITa

10. Jlokasath, 4TO BHIpaKEHHUE (Sin2x —2cos(X+ y)) dx—2cos(X+y) dy €CTh MOJIHBIA
nuddepeHian HeKoTopoi GyHKIIMU Z | HaWTH ee.

9 BAPUAHT

1. Haittu 1 u3o0pas3uth o6sacTh cymiecTBoBaHusg GyHKuuu. [locTpouth JTHHUU

YpPOBHS Z= lz
X
o’z 0z
2. Ilokasarp, yr0 — +— =0, ecom  Z=arctg Y
oX° Oy X
= . o2 Y 2 X
3. Haiitu nonubeiii auddepenuman yHkuuu Z =SIN° =+ COS" —
X y

4. BRIYUCIUTD MPUOTHMKECHHOE 1,053 +0,98?

5. HamucaTh ypaBHEHME KacaTENbHON MIIOCKOCTH K IMOBEPXHOCTH Z =Y’ — Xy — x°
B Touke A (-4;5)

6. Haiitu Haubosbllee U HauMMeHbINee 3HaueHUS (GyHKuMU Z=X>+)° —3xy B
npsmoyronbauke 0 < x <2 0 <y <3

7. z=xsiny—ycosx. Haiitu grad z 8 Touke O (0; 0). Haiitu mMakcuMajbHYyIO
CKOPOCTh M3MEHEHUS (PYHKIIMH B 3TOM TOUKE.

2 2
. X+
8. Haiitu npou3BoaHyO QYHKIUU Z = rEy B Touke M (1; 2), B HampaBJIeHUH
X

Bekropa a = (3; 4).

9. MeTogoM HaMMEHBIIMX KBAJpPaTOB HAUTH (HOpMyny y=ax+6 IO JJaHHbIM
ombITa




2
2 X 2 X o
10. [loxa3aTh, 4TO BBIpaXKCHHE (xy +?) dx + (x“y —?) dy ecte mONHBIHI

nuddepeHian HeKoTopoi GyHKIIMK Z | HaWTH ee.
10 BAPUAHT

1. Haiitu u u3o0pa3uth 06sacTh cyuiecTBoBaHusa GyHKUuUU. [locTpouTh JTHHUM

. X
YPOBHS Z=arcsin—

y

oz oz y
2. Iloka3ats, 4TO x-a—+y-5=xy+z, ectm Z=Xy+X-€

X

X

4. Bpruucauth NOpUOTMKEHHO €  TOMOIIBI0  MOJHOro  auddepenimana
2,02
0,977

3. Haiitu nonubii guddepenuman pyHkuun Z =

5. Hammcate  ypaBHEHHME  KacaTelbHOM  IUIOCKOCTM K  IIOBEPXHOCTHU
z=x"+y*—x—y Brouke 4 (1;-3).

6. Halitu HauGoJblee ¥ HaMMEHbIIee 3HadeHus QyHKOuU Z=X"+3y° +x—Y B
TPEYTOJIbHUKE, OTPAHUYECHHOM NpsIMbIMU X =1, y=1; x+y=1.

Xy +1 . .
7. 2= 2= Haiiru grad z B Touke (0; 1). Haiitu MakcuManibHYHO CKOPOCTBH

U3MeHeHUs! QYHKLUU B 3TOU TOUKE.

x’+y?

8. Haiitu npou3BoaHyO QYHKIUU Z = B Touke M (3; 1), B HampaBiIeHUH

OMCCEKTPHUCH TPETHETO KOOPUHATHOTO YIJIa.

9. MetogoM HaMMEHBIIMX KBaJIpaToOB HAWTU (opmyny y= 0 JAaHHBIM

X+ 86
OIIbITa

x |1 2 3 4 5

y |34 44 29 09 14
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3y? 2 y
10. [doka3zaTh, YTO BBIPAXKECHUE £—2+L4 dx——);dy €CThb  IOJIHBIH
x° x x

nuddepeHian HeKoTopoi GyHKIIMK Z | HaWTH ee.

11 BAPHAHT

1. Haiitu u u3o0pa3uth 06sacTh cyuiecTBoBaHusa GyHKUuUU. [locTpouTh JTHHUM
Y

OBH Z=-"—.
yp P
2. Iloka3atsp, 4TO x-g—any-g =2, ecmn Z=In(X*+xy+Vy?).
X
3. Haiitu nonubiii guddepenuman pyHkuun 2z = 2y =
X +y

4. BblyucauTh NOPUOIMAKEHHO C TOMOIIBI0 mojiHOoro  auddepeHunana
2,99
1,02

5. Hamucath ypaBHEHHE KacaTelbHOM IJIOCKOCTU K MOBEPXHOCTH Z =3X* — y° + x
B Touke A (1;2)

6. HaliTn HauGoubliee ¥ HAMMEHbIIEE 3HAYCHNsT QYHKIMU Z =X — Xy + Y —4X B
TPEYTOJIbHUKE, OTPAHUYECHHOM TIpsIMBIMH X =0 ; y=0; 2x+3y-12=0

3
2

7. Haiitu grad z B Touke 4 (3; 4) min dynkumu z=(x*+ y°)?. Haiitu
MaKCHMAJILHYIO CKOPOCTh U3MEHEHHS (DYHKLIUK B 3TOM TOUKE.

X+

8. Haiitu npousBoaHy0 QYHKIMHN Z = arctg y B Touke (1; 0), B HampaByieHUH,

0
cocrasistonieM ¢ oceto OY yrom 30

9. MeToj0M HaMMEHBINNX KBaapaToB HaiTh Gopmyny y=In(ax+e) mo gaHHbIM
OITBITA

x |1 2 3 4 5

y 32 42 27 07 12

1 N
10. Jloka3aTh, 4YTO BBIPAKCHHE lz CcoS y dx — (= cos Y +2y)dy €CTb IIOJIHBIA
X X X

X
nuddepennran HeKoTopol GYHKIIMKM Z U HaWTH €e.
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12 BAPUAHT

1. Haiitu u u3o0pa3uth obnacth cymiecTBoBaHuA GyHKUUH. [locTpouTh IUHUU

YPOBHSI JAaHHOH QyHKIMH  Z =+/400 — X? — y°

1l oz
y - . [lokasatp, 410 — - —

1 oz
2. Jlana ¢pyHKIMSA Z:W < 8X+§.5 ¥

y

3. Hatitu monueiii quddepennman pynaknun  z=Intg =.
X

4. BblyuCIUTh NPUOIMKEHHO C TOMOIIBI0  MojHOoro  JauddepeHnmana

V317 +3,99%.

5. Hanmcath ypaBHEHHE KAacaTEIbHON IIOCKOCTH K IIOBEPXHOCTH Z = X~ + 3xy — Y*
B Touke A (1; 3)

6. Haiitu HauOosplllee W HaWMEHbIIIEE 3HAYCHUS QPYHKIUU Z=—X —X) B

. . 1 .
00J1aCTH, OrpaHUYEHHON napaboyiol Y = 3 X* u npsamoii y = 3.

7. z=arccos . Haiitn grad z B touke A (3; 4). HaiiTu makcumasibHYIO

x+Yy
CKOPOCTb U3MEHEHUS (DYHKLIMH B 3TOM TOUKE.

8. Haiitu npousBognyo GyHKIMU Z=xy’> B Touke M (2; 1), Mo HanpapiIeHHIO
ocu OY.

9. MeTooM HaMMEHBIIMX KBaJApaToB HaWTH GopMyly y = ax+eé MO JaHHBIM
OmbITa

x |1 2 3 4 5

y |36 46 31 11 16

X Y
—t y |[OX | X+ ———
lx2+y2 lx2+y2

MOJHBIA TuddepeHIral HeKOTOpor QYHKIIMU Z U HAWTH ee.

10. [loka3zaTh, 4YTO BBIPAKCHHUE dy ectp
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13 BAPUAHT

1. Haiitu um wu300pasuth 001acTh cymectBoBanus (ynkuuun Z=In(x*+vy).
[TocTpouTh TUHUK YPOBHSI.

2 2
2. IlokazaTts, 4TO aa ZZ +% =0, ecmu Z=In(X* +y’ +2x+1).
X
. . X
3. Haittu monueiit muddepeniman dpyakinun z =In tg —

y

4. Bpruucnuth OpUOTMKEHHO € TOMOIIBIO  MOJHOro  auddepennmana
1,04 292 4+ 2 02 104

5. Hamucath ypaBHEHHE KacaTeIbHOW IIOCKOCTH K TTOBEPXHOCTH Z =Xy + 2X— Y
B Touke A (2; 2).

6. HaiiTu namOonpliee W HauMEHbIIEe 3HAYECHUS (PYHKIMHM Z=Xy—2Xx—) B
npsamoyroibHuke 0 <x <3 0 <y < 3.

7. z=x-3y++/3xy. Haiitu grad z B Touke 4 (3; 4). HaiiTu mMakcuMaabHYIO
CKOPOCTb U3MEHEHUSI (DYHKIIMH B 3TON TOUKE.

2 2

X" +y
X

8. Haiiti mpon3BogHYIO QYHKIIUN Z = B Touke M (1; 2) B HampaBiICHUH

Bekropa a = (3; 4).

9. MeroioM HauMMEHBIIMX KBaApaTOB HalTH (Qopmyly y = 10 JAHHBIM

ax+e
OIIbITa

1+ 1- .
10. Jloka3aTk, 4TO BBIpaKCHUE ny dx + )20/ dy ectb noaHbIN AUdGepeHIna
X'y Xy
HEKOTOpOW QYHKIIMA Z | HANTH €e.

14 BAPUAHT
1. Haiitu u wu300pa3uth 00JaCTh CYIIECTBOBaHHUA (YHKUUU Z=

[TocTpouTh TMHUM YPOBHS JAHHOU (DYHKIIUH.
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2 2
2. Jana ¢pynkuus z=In(x+e™). [lokazate, 4to a oz _@8_: =
OX oxdy 0Oy Ox

o o X
3. Haiitu monuenii quddepentman pyakauun z =In (1+ —)

4. Boluncnuth npuOAMKEHHO C  MNOMOUIbI0  TosHOro  auddepennnana

1n(3/1,03 +4/0,98 —1)

5. Hammcate  ypaBHEHHME  KAacaTEIbHOM  IUIOCKOCTM K  IOBEPXHOCTH
z=3y* -9xy + y BTouke A4 (1;3)

6.  Haiitu  wambonbilee ¥~ HAaMMEHbIIEEe  3HAYEHWsAs  (DYHKIUH
Z=X*—2y? +4xy —6X —1 B TPEYrOJLHUKE, OrPAHUYEHHOM IPIMBbIMA X = 0 ;
y=0; x+y=-3

7. zZ=xsSiny—ycosx. Haittu grad z B Touke O (0; 0). HaiitTn MakcuMaabHYIO
CKOPOCTh M3MCHCHHMSI (PYHKIIMH B dTOU TOUKE.

2 2

X +Yy
y
OMCCEKTPHUCHI TPETHETO KOOPUHATHOTO YIJIa.

8. Haiitn mpon3BoaHYI0 (PYHKIIUU Z = B Touke M (3; 1) B HampaBJIcHUH

9. MeTo/10M HaMMEHBIIUX KBaApaToB HaWTH Gopmyny y=In(ax+e6) mo maHHbIM

OTIbITa
x |1 2 3 4 5
y |32 36 29 25 02
dx x+vy? .
10. Jloka3aTh, YTO BBIpAXKEHUE — — v dy ectp monHbli guddepeHiman

HEKOTOpOM (GYHKIIMM Z U HAWTH ee.
15 BAPUAHT

1. Haiitu u u3o0pa3uth obsacTh cyuiectBoBaHusd GyHKUUU. [locTpouTh JTHHUM
ypoBHs nanHOM pyHkumu  Z = In (2x+ y?)

0%z
2. Iloka3atp, yTO V- .

=@+yln x)g, ecnmd Z=X’
OX
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. . X
3. Haiitu monusiit nuddepennman GyHkuuu z = arctg \/i
Y

4. BpruucauTh NOpuUOMMKEHHO C€  TOMOIIBI0  MOdHOTOo  auddepenmnmana
2,98
1,02

5. Hammcath ypaBHEHHE KacaTeIbHOW TUIOCKOCTH K TTOBEPXHOCTH Z=Xy+X—) B
touke A (1;2)

6. Haiitu Haubosblnee W HauMeHbllee 3HaueHUS (GyHKuuM Z=X> +)° —3xy B
npsamoyroibHuke 0 <x <2 0 <y <3

7. z:InXerl
y

U3MEHEHUS (YHKLMHU B 3TOU TOUKE.

. Haittu grad z B Touke (0; 1). HaliTi MakcUManbHYIO CKOPOCTh

xX+Yy

8. Haiitu mpou3BoaHYIO QYHKIIUN Z = arcin B Touke (1;0), B HampaBlieHUH,

_ A0
COCTABJISIFOIIEM C OCBIO 0X Yroil & = -45

9. MetogoM HaMMEHBIIMX KBaJpaTOB HAWTU (opmyny y= 10 TaHHBIM

ax+e
OIIbITa

x |1 2 3 4 5

y [81 39 25 19 14

b% xy+1
_de_T

10. Jloka3aTh, 4TO BBIpAKEHUE dy ecTh mosHbIA auddepeHmran

HEKOTOpOM QYHKIIMM Z U HAWTH ee.
16 BAPUAHT

1. Haiith m wu300pa3uTh 00JacTh CymiecTBOBaHUS (yHKIMK Z =arcsin(xy).
ITocTpouTts TMHUK YPOBHS.

2

0°z 0’z
+2xy - +y?
o Ay Y

y
X

2. IlokazaTh, uTo Xx° - =0, ecitu Z=X-€

Ox0Oy oy’

X
3. Haittu nonnelil nuddepennman GpyHkuuun  Z = arctg y + arctg —
X y
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4. Bpruucouth TOpUOTMKEHHO € TOMOIIBI0  mojiHOro  auddepenmnmana
/3,967 + 3,057

5. HanucaTh ypaBHEHME KAcaTENbHON IIIOCKOCTH K IIOBEPXHOCTH Z = y° — Xy — X~
B Touke A (-3; 2)

6. Haiitu HauGosbllee ¥ HaMMEHbIIee 3HadeHus QyHKIMA Z =X +3y* +X—y B
TPEYrOJIbHUKE, OTPAHUYEHHOM NIpsIMBIMU X =1 ; y=1; x+y =1

3
7. Haiitu grad z B Touke A (3;4) mna dymxkmum z=(x°+ y®)?. Haiitu
MaKCHMAJILHYIO CKOPOCTh U3MEHEHHs (PYHKIIUH B OTOM TOUKE.

8. z=y-x". Haiitu npousBognyto pyukiuu B Touke M (1; 1), B HanpaBieHuw,
UAyIIeM oT 3Toi Touku K Touke N (6; 5)

9. MerooM HaWMMEHBIIMX KBAAPAaTOB HAWTU (POpMyTy y = ax + 6 MO JIaHHBIM
OTbITa

x |1 2 3 4 5

y |54 48 41 29 26

1 N
10. Jloxa3arb, 4TO BBIpaKeHue (xe* + lz) dx —=dx ectb momHbI TUDdEpeHITIAT
X X

HEKOTOpOM QYHKUUU Z | HAWTH ee.

17 BAPUAHT

1. Haiitu m wu300pasuth o0nacTh cymectBoBanus (ynkuuu Z =In(y* —4x).
[TocTpouTh TMHUK YPOBHS (DYHKITHH.
0’z , 0z

2. IToka3aTsp, 4TO ~=a’-—, ecnu Z=Ssin(x+ ay)
OX

X
3. Hatitu monubiit auddepeniman pyHkiun Z = arctg y + arctg —
X y

4. Berancmuts npubmmkennoe 1,05 % + 0,98 1

5. Hanucats YpaBHCHHUC KacaTelIbHOHU IIJIOCKOCTH K IMOBEPXHOCTHU
z=X"+y*—x—Yy BTouke 4 (1;-1).
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6. Haiitn HanOobIee U HaUMEHbIIEE 3HAYCHNS QYHKIUHA Z =X —xy + Y’ —4X B
TPEYTOJbHUKE, OTPAaHUUYCHHOM MpsiMbiMu x =0, y=0; 2x+3y-12=0

7. z=x*-2xy+3y—1. Haiitu grad z B Touke 4 (1; 2). Haiitu MakcuMaabHYIO
CKOPOCTh U3MEHEHUS (DYHKIIMH B 3TOH TOUKE.

8. Haiitu mnpousBoanyro ¢yHkimun ~ z=arctgxy B Touke M (1; 3 ) B
HaNpaBlIeHUU OMCCEKTPUCHI IEPBOTO KOOPAMHATHOTO YTIIA.

o ___axte
9. MeTonoM HaMMEHBIIMX KBaApaToB Haith dopmyny V=€ II0 TaHHBIM
OmbITa

x |1 2 3 4 5

y |53 43 39 25 24

10. Jloxaszate, uro BeIpakeHue (10xy — L) dx + (5x* +
siny

€CTh MOJIHBIN nuddepeHiran HeKoTopor GYHKIIMK Z U HaWTH ee.
18 BAPUAHT

1. Haiitu u u3o0pa3uth obnacte cyuiectBoBanus (yHkuuu. [loctpouts auHUM
YPOBHSI TaHHOM QYHKUMH Z =/4 — Xy

2
2. ITokasate, uto  (x — ) oz _a ,ecmu Z=cosy+(y—x)siny.
OXoy Oy
3. Haiitu nonueiii quddepenman Gyakuun  Z =Sin’ — + cos X
Yy X

4. BpUCAUTH, TPUOMMKEHHO C TIOMOINBbIO  MOJHOTO  auddepeHiyana
0,97°+2,01*

5. Hanwmcats ypaBHEHHE KaCaTEIbHOMN MIIOCKOCTH K MOBEPXHOCTH Z =3X” — y° + X
B Touke A (1;2)

6. Halitn HamOospmiee M HaumMmeHbIee 3HadeHUs ¢yHkumu Z=10+2xy—x B

00acTH, OrpaHUYeHHON mapabonoii Yy =4—x* u npsamoi y = 0.

1. Z=X-y*. Haittu npoekuum rpagueHta B Touke A (2; 1). Haiitu
MaKCHUMaJbHYI0 CKOPOCTh U3MEHEHUST (YHKITUHU B 3TOH TOUKE.
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8. Haittu mnpomssognyro (Qyskumu z=x’y° —xy°—3y—18 Touke (2; 1) B
HAIIPABICHHUH, HIYIIEM OT STOM TOUKH K Hadaly KOOpAMHAT.

9. MeTooM HaMMEHBIIUX KBaapaToB Hath Gopmyny y =In(ax + 6) mo maHHBIM

OIIbITa
x |1 2 3 4 5

y |44 51 3,9 2.9 1.9

xdy

10. [lokazaTh, 4YTO BBIpAKCHUE (%+ex) dx — >

x*+y X +y
mugdepeHnran HekoTopor GyHKIMM Z U HATH ee.

€CTh ITOJIHBIA

19 BAPUAHT

1. Halitu u wu3006pasuTh O0OIACTH CYIIECTBOBAHMS (DYHKUMU Z=,/x’ —4Yy.
[TocTpouTh TMHUM YPOBHS AAaHHOU (DYHKITUH.
o’z 0’z y

o o =0 , eciu  Z =arctg L

2. ITokazatnb, 4TO
3. Haiitu nosnubii quddepeniman GyHkuun — z = In (x+/x* + »?).

4. Borunciute npuOMMKEHHO C  MOMOIIBI0  ToHOTO — auddepennuana
1,01%°+0,98°

5. Hanmcath ypaBHEHHE KACATENbHON IJIOCKOCTU K IIOBEPXHOCTH Z = X* + 3Xy + Y
B Touke 4 (-1; 2).

6. Haiitu HauGonblIee U HaMMeHbLIee 3Hadenus QyHKuU Z =X’ +8y’ —6xy +1 B
MPSAMOYTOJIBHUKE, OTPAHUYECHHOM NpsiMbIMU Y =1 ; y=-1; x=0; x =2

7. Jns ynkumu Z=./4+ x° + y* Haiitu npoekuuu rpaguenta B Touke 4 (2; 1)
Y MaKCUMAaJIbHYIO CKOPOCTh UBMEHEHHS (YHKIIMU B ATOM TOUKE.

V3

1
8. Haiitn mpou3BOIHYIO z=arctgz B Touke M (75) B HaIpaBJICHUU
X

OMCCEKTPUCHI TEPBOTO KOOPAMHATHOTO yria.

9. MeTOIOM HAWMEHBIIMX KBaApaToOB HaiTu (opMylny y=ax’+e6x+C 10
JTAHHBIM OITbITa
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10. Jloxa3ath, uTo BeIpakeHue e€’dX+ (Cosy + xe’)dy €CTh  TIOJHBIN
nuddepeHan HeKoTopoi GyHKIIMN Z | HaWTH ee.

20 BAPHAHT

2
o X
1. Haiitu u u300pa3uTh 00JaCTh CYIIECTBOBaHHUS (DYHKIUHU 2:1/1—1— y.

[TocTpouTh TMHUM YPOBHS JAaHHOU (QYHKIIMH

o’s 0’s 1 11

2. IIpoBeputsb, uTO + == g S=In(=-°).
POBED ot o X G?

3. Haiitu nonubit auddepennman QyHkuu Z = 2y -
X +Yy

4. Bpruucauth nOpuUOMMKEHHO C€  TOMOIIBI0  MOJHOro  auddepenimana
0.05

1.02°

5. Hanucath ypaBHEHHE KAaCaTENLHOM IIIOCKOCTH K TIOBEPXHOCTH Z = Xy + X — 2V
B Touke A (1;-3).

6. Haiitu HanGoJbinee ¥ HauMeHbIee 3HadeHus QyHKIMU Z =X + Y> —xp + X+ Y
B TPEYTOJIbHUKE, OTPAHUYEHHOM IpAMbIMU~ x = 0; y = 0; x +y = -3.

7. Hnsa pynkumm Z =+/x> —y° . HaiiTu npoexuuu rpaguenta B Touke M (3; 2) u
MaKCUMAaJIbHYI0 CKOPOCTh U3BMEHEHUs (YHKIIUU B 3TOM TOUKE.

8. Haittu npoussomnyo ¢yakiuu Z=In(e™ +e”) B Hayame KOOpAWHAT, B
HanpaBJIeHUU OUCCEKTPUCHI BTOPOTO KOOPIUHATHOTO YIJIa.

9. MeTo10M HaMMEHBIIIUX KBAJIPATOB HAUTH POPMYITy ) =————— TIO JIaHHBIM
sin(ax + )

OIIbITa
x |1 2 3 4 5

y |54 41 29 24 14

10. doxasate, uto BeIpaxkenue ()°+cosx)dx+ (3xy’+e’)dy ecrb momHbIA

nuddepeHran HeKoTopol GyHKIIMK Z | HaWTH ee.
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12 TecTsl 11 IPOBEPKU 3HAHUI

Bapuanr 1

X2
1. Jlano z =—. Haiitu Zé.
y
a) X

2

X
B [
) 2y
2?2
C) 7

2
X

a X
yZ

e) —x°-y

1
f —
) X 2y?
22
g) —
y

-2

2. Jlano z = (X2 + yz)s. Haiitn 2,
A) 6xy(x2 + y2)2

B) 2\/§x(x2 + yZ)2

c) 2(x2 + y2)3

d) 3)@/(x2 + y2)2

e) 3\/Zx(x2 + y2)2

f) 6y(x2 + y2)3

9) 3x(x2 + y2)2

3. 3uauenue nonHoro audpdepennunana Gpyakiun z=x>+y* B Touke P(1;-2),
ecim Ax=-0,01, Ay =0,02, IpUHAIICKUT IPOMEIKYTKY:

a) (0;3)

B) (3:0)

c) (-4;-1)

d) (1;4)

e) (-1;2)

f) (-3,0)
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9) (-21)

4. Ins pysakuun z = 2x° +xp” +5x° + y* +1 BepHbI YTBEPIKICHHS:
a) (-1;-1)-Touka MakcuMyMa

B) (2;2)-TouKka MUHUMYyMa

¢) (-1;2)- skcTpemyma HeT

d) (1;1) -Touka MUHUMYMa

e) (0;0)-rouka MuHIMyMa

f) (-5/3;0)-Touka Mmakcumyma

5. OmHO W3 3HAYEHWH YACTHBIX IPOM3BOIHBIX IIEPBOTO TMOpPSAKA (DYHKIHH
u=In(xy—z) B Touke A(2,1,0) paBHa:

A)0,5

B) -2

c) 1

d) 2

e) 2,5

f)-0,5

6. [IpubmmkeHHoe 3Hauenue yncia 1,03*% npuHaIIeKUT IPOMEKYTKY:
A) (255

B) L4)

C) (-4-1)

D) (-12)

E) (-30)

F) (3:6)

7. lana QyHKIUA u (x, y, z) = x? + y2 +z? B Touka M (L11). Tornma:
A) (gradu), =2i—2j+2K

B) (gradu), =i+ j+k

C) |gradu| , = 243

D) gradu= 2xi —2y j+2zK

E) (gradu), = 2 +2j+2k

8. Eciu f(x;y) = x’y+y®, TO yacTHasi MPOU3BOIHAS UMEET BU/I;
A) f! =2x
B) f; =2y+6y’
c) f/=2xy+3y?
d) f; =6y
e) f, =xy+3y’
f) f; =x*+3y’
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g) f,=2xy

9. 3naueHme MakcuMyma (QYHKIHUH Z=X+3y—-X° —Xy—y’ TPHHAIJICKHAT
IPOMEXKYTKY:

A) (47)

B) (-2,1)

C) (-3,0)

D) (2:5)

E) (3:6)

f) (-1,2)

10. lana uesiBHas ¢yHKIus e’ —e* +xy=0. Torma BepHOU SBISETCS YacTHAsS
IIPOU3BOIHAS

d —e +
AY__ y

dx el —x

dy
B) X _
)dx

d
C) o=
X €’ +X

dy e*+y

dx el +x
) oo

y e -y

dy —e*+y
9) dx e’ +x

11. Tana ¢pynxuus z=3x* — x* +3y* + 4y . Toraa BTopas IpoM3BOIHAs PABHA:
A) 7" =6x-3x" +6y+4

B) 2, =6y+4

) 27 =6x—3x"+3y° +4y
d) z7. =6x-6

e) z;, =0

f) 2] =6x—3x* +6y+4
) 27, =6

12. OgHa W3 CTAUMOHAPHBIX TOYEK HKIUA  Z =2X° +x° +5x% + y* +1 uMeer
p y Xy y

KOOpJAUHATEI;
a) (2;-1)
B) (1;1)
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c) (-1;-1)
d) (-1;2)
e)(2;2)

13. /laHa NOBEPXHOCTb z= X2 — y? +3xy—4x+2y—4 U Touka M(-1;0;1). Torna:
a) z/(M)=1

B) X*1 _ ¥ _ 2-1 ypapHeHuWe KacaTelbHOM IIIOCKOCTH K JAHHOM MOBEPXHOCTH B
6 1 1

Touke M

) z(M)=-1

d) 6x+y+z+5=0 YpaBHCHHEC HOPMAJIH K JaHHOH MOBEPXHOCTH B ToOuke M

€) 6x+y+z+5=0 yYpaBHEHUE KacaTeIbHON K JAHHOW MOBEPXHOCTU B TOUke M

14. lana GyHKIUA u (x, y, z) = x? + y?+z? U TOYKa M (1,1,1). Torna:

(2

OX
B) gradu=2xi +2j+22k
C) (gradu),, =2i —2j+2k
D) (gradu), =i+j+Kk
E) gradu=2xi —2yj+22zk

(i)

15. Nana dyukiuu u(x;y;z) =ze® u touka M(0;1;1). Torna:
A) uy(M)=1
B) U, (M) =2
c) uy(M)=-1
d) uy(M)=0
e) u(M)=-1

16. Jlna pynxumu f(x,y)=x°y +2x+3y—1 npoussoanas f’(1,0) paBHa
a)-1

B) 10

¢) 10/5

d) -2/1

e) 2/1

f)o

g) 5/2

17. Ecnmu u = x%y + y®z — z°x, TO:
A) U, = 2xy+2yz
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B) u = 2xy-7°

C)u, = 2xy-2zx
D)u, = y*z-2xz
E)u, = 2zy -2 xz
F) U, = 2x —2z+2y

18. lana ¢pyHkmus z (x, y) = x° + y*-3xy. Torna:
A) (0; 1) kpuTHUEeCKas TOYKA JAaHHOW (DyHKITUH
B) (0;0) Touka MuUHMMYyMa TaHHON QYHKIIUU

C) (-1 -1) xpurnyeckasi TOUKa JaHHOW (yHKIIHH
D) (0;0) Touka MaKCUMyMa JTaHHOW (YHKIIUN

E) (0;0) kpuTndeckas ToUKa JaHHOW QYHKIHH

19. Nana pysknus z (x, y) = 3x*—x* +3y” +4y. Torna:
A) Zyin = 2(01_2/3) = 4/3
B) 7/, = 6x—3x* +6y+4

C) zj, = 6y +4
D) z,,.,=2(0;—2/3)=-4/3
E) 2, = 6—6x

20. Mns pynxuu f(x, y) = x’y+2x+3y—1 npousBoanas f/(0,0) paBHa
a) 31

B) 84

c) 1449

d) g

e) \/9

f)5

G)O0

Bapuant 2

1.Ecnn u = x?y + y?z — z%x, To0:
A) u, = 2xy+2yz

B) u, = 2xy-27?

C) U, = 2xy—-2zx

D)u, = y?z-2xz

E)u, = 2zy -2 xz

F) U, = 2x —2z+2y
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2. 1nst yHKIuU Z =tgxy crpaBeaJIuBbl COOTHOIICHHUS:

A2 Y g
OX COS” xy
0z 1

B) —=—
OX COS” xy
0z X

C) —=—
0y COS° xy
0z

)
OX CO0S” xy
0z X

E) —=—
oy cos°y
0z y

F) — =

) OX  COS® X

3. Jlnsa ynkmun z =X’y + XSiNy crpaBeuBbl COOTHOIIECHHS:

0z
A) — =co0s
) 5 y
B) @:y2+cosy
OX

C) g:x2+xcosy
oy

D)§2~—x2:xcosy
oy

0z

F) Zoy-1
)axy

4. Haiitu st yHkuuu Z = 7x°y —\/W 3HAYCHUE BBIPAKEHUS Z| B TOUKE A(L1;1):
A) 6,5

B) 14

C) 13/2

D) 39/3

E)1,3

5. lano: z=(x*+y?)°. Haiitu: Z!:
A) 20 +y°)’

B) 2v9x(x? + y?)?

C) 3x(x* +y?)?

D) 6xy(x* +y*)*
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E) 3Jax(x? + y?)?
F) 6y(x* +y*)’
G) 3xy(x* +y*)?

z
6./lana QyHKIHS U = —m u Touka M(0;-1;1). Torna 3HaueHHUe YaCTHOU

IIPOU3BOJIHOM B TOUKEe M paBHO:

A) U(M)=2
B) u;(M)=0
C)u,(M)=1
d) u,(M)=0
e) uy,(M)=0
flu,(M)=2
g) uy(M)=2
0z . ) )
7. IllponzBoaHas — HesiBHOM (pyHKIMU X° —2y° + 2z —5=0 paBHa:
31
A) Ja
B) /4
C) ¥/8
D) -2
E)-1
F) 12
g)8

8. 3HaueHne MpoM3BOAHON QyHKIMK Z = x°y* B Touke M(-1;1) B HanpaBIeHNH
BekTopa d(4;3) NpUHAMIEKUT UHTEPBAILY:

A) (-3,0)

B) (-4;-1)

C) (3;6)

D) (-2;1)

E) (-1,2)

F) (2:5)

9. Nana GyHKIMS Z =5Xy — Y2, HaliTn 3HaYeHWe BRIpaKeHUs Z| B Touke M(-2;1)
A)5<7 <6
B) 5<z/ <6
C)5<z, <6
d) 5<z/ <6
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e) 4<z! <5
f) 0<z! <5
g) 0<z. <5

10. s pynxumn (X, y) = X%y +2x+3y —1 npousognas f/ (3;2) pasHa:
A) In?2

B) 2In2

C)In2

d) 2In%1

e) Inl

f) 2In0

g) In%1

11. OnHa U3 CTalMOHAPHBIX TOYCK PYHKIUU Z =X’ + y° —15xy MMEET KOOPIUHATHI;
a) (0;-5)

B) (0;0)

¢) (-5;5)

d) (50)

e) (5:5)

12. IpubamkeHHOE 3HaUYeHKE Yrcia 1,02 mpHHAICKUT IPOMEKYTKY:
A) (-4-1)

B) 4)

C) (-30)

D) (-12)

E) (2:5)

F) (3:6)

X2 +y?

13. lana pyukmus z=e** . Toraa

A) 2/ =1+ 2x%)e?’
B) z, =2(1+ 2y%)e Y’
c) 7\ =21+ 2x2)eX Y
d) 27 =e>

e) z! =4xye*

f) 2 =e

0) z,, =4xy

14. Ecin z =x*+2xy—6x+1, TO 3Ha4eHue z, +z, B Touke M(1;2) nexur B
IPOMEKYTKE:

62



A) [0;1)
b) (-8;8)
c) (-10;2)
d) (-80]
e) (7;15)
f) (-4:0)

15. Jlns hyHKIOMHA f(x,y) =~ Tpou3BoAHAs f/(1;0) paBHA:

xX=y
A) Iné¢?
B) In1
C) 2Ine
d) 2in1
e) 2

16. Jlns dyHkuuu z = 2x°y +xe’ BEpPHbI yTBEPKIACHUS:
A) 2’ =12xy + e’

B) 748 =3x% + xe’

c) z =6x’y+e”
d) Z;} :x3 + xe”
) z7, =6x° + e’

17. Jnst GyHKIMKH Z = 5% —3y°x +8y —2 HAWIUTE 3HAYCHHUE BhIPAKECHUS Z| B
touke A(1;1):

A) 2210

B) 22

C) 2,210

D) 2,2-102

E) 0,22-10°

F) 0,22-10

G) 2,2

18. Jlna gynknun  f(x,y) =x"y+2x+3y—1 npousBoanas f,(0;,0) paBHa:
A) 3lne
B) /3
C) 3In¢’
D) V9In+/e
E) V9
F) 3.2
G) V9Ine?
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— 2 _ 2 _ T '
19. Ina pynkuum z =4x* —2y°x+6y—5 HAWTU 3HAYEHUE BHIPAKEHUS Z, B TOYKE

A(1;1)

A) 2<z) <3
B) 2<z7/ <3
C) 1<z <2
d) 1<z, <2
e) 0<z <1
f) 2<z <3
g) 0<z,<3

20. Eciu z = x* —xy, TO 3Ha4eHUe z, + 2, B Touke M(-1;2) IEKUT B IPOMEKYTKE:

A) [0;1)
b) (-8;8)
c) (-10;-2)
d) (-8,0]
e) (7;15)
f) (-4;0)
OTBeTHI:
Bapuanr 1
1 2 3 4 5 6 7 8 9 10
ef be efg | cef | acf bd ce fg d bd
11 12 13 14 15 16 17 18 19 20
e d ce ab de ce b e e ae
Bapuanr 2
1 2 3 4 5 6 7 8 9 10
b acd dc ac be bcg ac de abf C
11 12 13 14 15 16 17 18 19 20
be bd be b ace ce b ae bcg abf
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13 I'noccapuii

HoBrle moastug

Conepxxanue

D yHKIYS HECKOJIBKUX
MIEPEMEHHBIX

z=1(4,%, %)

Brionne OIpeJIeIIEHHOE 3HAa4YeHUE
INepEeMEHHON z, KOTOpPOE COOTBETCTBYET
KaXJIOMY Ha0Opy N MEPEMEHHBIX X ,X,, "X

n

N3 HCKOTOPOI'0 MHOKCCTBA X

Oo0macTb

byHKIIIH
epPEeMEHHBIX

OIIPpCACICHUA
HCCKOJIbBKHX

MHOXECTBO  3HAQYEHUU X, Xy, -+, X, ,
GyHKIUS u=f(x,X%,X,)

TUTSt
KOTOPBIX
ompeJeseHa.

I'paduk dyskIUH  IBYX
MNepEMEHHBIX,  3aJaHHOM
ypaBHEHHEM z = f(X;y)

[ToBepxHOCTH B MIPOCTPAHCTBE,
MPOCKTUPYIOMIAsAcs B 00JIACTh OIpPEACIICHUS
D ¢yukiuu z Ha iockoctu Oxy .

JIuaus ypoBHA (PyHKIUH
JIBYX IIEPEMEHHBIX

z=f(x,y)

MHO0XECTBO TOYEK HA MJIOCKOCTH, TAKHX, YTO
BO BCEX TOYKaxX 3HaueHHE (YHKLUUHU OAHO H
To *€¢ 1 paBHO C. Uucno C B 3TOM ciyyae
Ha3bIBAECTCSI YPOBHEM

[TOBEPXHOCTBIO  YPOBHS
yskIun u = f(xy;2)

MHokecTBO Becex Todek nmpoctpancTBa OXyz,

JUISL KOTOPBIX JaHHAsl (PYHKIIMS UMEET OJHO U
TO e 3Hauyeuue C.

IlomHoE

byHKIIN
MIePEMEHHBIX

IIpUpalleHue
HECKOJIBKUX

Az = f(x+AX,y+Ay)-f(x,y)

YacTtHbie IIpUpaLLEeHUA
bynkumu z = f(x,y)

Az=f(x+Ax,y)-f(xy)
Az=T(x,y+ay)-f(xy)

YacTHplE  TIPOU3BOIHBIE
Gynkuun z = f(x,y)

X

f(x+Ax,y)- f(x,y)
AX

_im F Ry +ay) - f(x,y)
Ay—0 AX

!

. =— =

OX

lim
AXx—0

z

’
y

2|2

IIpenen byHKIIH
HECKOJIbKUX MEPEMEHHBIX

Uucno A HaspBaeTcs mpeaenoM (QyHKIUU
f(X,y) Ipu CTpeMJICHUH TOYKH M(X,y) K
TOUKE M,(Xy,Y,), €CIM I KaXIOro 4Yucia
&>0 HaWaeTcs Takoe YHUCIO r >0, 4TO A
BCEX TOYEK M (X,y) M3 OKPECTHOCTH paauyca

r TOYKHU M (X5 Vo)

BBIITOJIHACTCA

HEPABEHCTBO
| f(x,y)—Alke.

HenpepsiBHOCTH (yHKIIUU
HECKOJIbKUX MEPEMEHHBIX

Ecnu nmeet mecto paBeHCTBO

lim f(x,y)=f(X,Y,), HIpuyem TOYKa M(X,Yy)
X—>Xg

Y—=Yo

CTpEMUTCS K TOUKe M,(X,,Y,) MPOU3BOIHHBIM
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06p330M, OCTaBasICh B 00JacTH ONpCACICHUA

byHKIIH.
10 |Ilonmueit  muddepennuan | [1aBHas 9acTh  IMOJHOTO  IIpUpPAIICHUS
bynkumu z = f(x,y) (GYHKITNY, TUHEHHAST OTHOCUTEIBHO AX,Ay ,
11 | Popmyna  HaxoxneHms | ,, _of . Of dy
nostHoTO Muddepennnana OX oy
12 | IIpumeHenue TOTHOTO | ¢y . Ax v+ Ay) ~ f (X, y)+ A (XY) 5y, T xY) Ay
muddepennuana B OX
pUOIMKEHHBIX
BBIYHCIICHHSIX
13 | IIpousBoxaHas no ~ a—i=§~c05a+@~cosﬂ,
HaNpaBJIeHHIO BeKTopa a | 0a X oy
= a
Gyrrm 2= 1(x,y) rae cosa=_%, cosf=-—.
ja d
14 | I'pamueHT QyHKIUH Bexkrop, onpenensieMblii paBeHCTBOM
z=1f(xy) gradz:i-i*+i-1T
X oy
15 | KacarenbHas miockocts K | [Imockocts, copepxkamas B cebe Bce
MIOBEPXHOCTH z = f(X,y) |KacaTenbHble K KPHUBBIM, MPOBEICHHBIM Ha
IOBEPXHOCTH YEpe3 3Ty TOUKY
oz oz
2—2y=|—| (X=%)+|—| -(y-
(5], (5] v
16 | Hopmans k mnoBepxHoctd | [Ipsmasi,  mpoBeieHHass  4epe3  TOYKY
z="f(xy) M,(X,, Y, 2,) TIOBEPXHOCTH IEPIIEHIUKYISIPHO
KacaTeIbHOM TIIOCKOCTH
X=% — Y—Yo — -1,
(az j (azj -1
19)4 M, oy "
17 | Heobxomumoe  ycnoBue | Ecmu M (X,,Y,) - TOYka JIOKAJIbHOI'O
dKCTpeMyMa sKcTpeMyMa QYHKIUH z = f(X,y ), HMEIOMIEH
HETIPEPLIBHELE JACTHBIC MPOMSBOMHBIC — ,—
X oy
B ATOU TOYKE, TO
%, Ye) _g 0 ¥) g
X ’ oy
18 OCTaTOYHOE CJIOBUE 2f 2
A y A=AC-B?, rie A:a—z, _of ,
AKCTpEeMyMa oX Xy

2
CZ%ECHI/I A>0, To mpu A>0(C>0)
oy

¥MeeM MHHMMYM, a mpu A< 0(C <0) umeem
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MAaKCHMYM.

19 | YpaBHeHue cBs3u VpaBHEHHWE,  ONPENENAEMOE  PABEHCTBOM
g(x,y)=0.
19 | Yci1oBHBIN 9KCTpEMYM DkctpeMyM  Gynkinuu  z=f(x,y) npu
bynxoun z = f(x,y) ycnosuu g(x,y)=0.
20 | dyukiusa Jlarpanxa ®DyHKIMA, ~ ONpenenseMas  PaBEHCTBOM

L(x,y.4)= f(x,y)+(g(x.y)-C)
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