B. E. LULHEWAEP, A. V. CNYUKUN.
A. C. LLYMOB

0/1NN MATEMATUKA
KNCLUA KYPCW

(MKKN TOM/IMK)

Il TOM

NKKUHYY KAATA ULINAHFAH BA TYNOUPUNTAH
PYCYHA HALUPNOAH TAPXNMA

TOWKEHT «YKUTYBUM» | W TeKa

W

— O
==
o



KuTo6 amii TexHnka $KyB topTiiapy annii MaTemaTVika KypeH MporpaMMaeHra MyBo-
(Hr; é3unraH. Martepuan upcua GaéH aTWaMLMra  LiapaMaciaH WMKOHH 6GopHYa LaTbuii Ba
TywyHapm gam6 bepunraH. KypcHUHr xap GHp 6ymmuaa acocuili Hasapwii - MaTepuanHm

Hamoi LIJ%T nraH Kynnaé mucasinap KeTHpWIraH.”
VTOGHVHI Ma3Kyp MKKUHYM TOMM OMp 'Heya yarapyBuM (yHKUMACUHUHT  avdidepeH-

uman x;ucoby, Kappain Ba arpu usizajaa MHTerpaniap, AUdiepeHuman TeHrnamanap. auTu-
MOSVIap Hasapusich aMieMeHT/Iapy Ba OnepauuMou  Aacob  3neMeHTNIapW  Gy/IMM.JIAPHHA 3

NTHAMR M exmnKa £uyB 10pTIapU CTYAEHTNAPU YUyH My/KaniaHran.

Ha y36eKckom f3blke

Bnagumup EBreHbeBny LLIHeiiaep
AnekcaHap Vicaxaposuy Cnyukuii
AnekcaHgp Cepreesud LLiymos

KPATKUIN KYPC BbICLLEN matemaTukn

Tom 11

YuebHoe nocobue Ansi BTY30B

TMepeBo3 co BTOPOTO MepepaboTaHHOro ',’\'Aﬂonfgée': Hor

MHWUA Haf- Ha .Bbicwas LWKOM».

TawkeHT «Y/punysun* 1987

T ; N, PognHe n
ap*ﬁ.mm;z&p,apooa XII. XIll 606nap). B. Csoem* (XIV 000)

peparropnap: M. MNagxaTad, X, Anumoe
Pacmnap pegaktopu C. Coiim
Texpepaktop E. Kap-naeoa
Koppektop X. Axmegosa

B Ne3240

Tepuwra 6epHnan 17.10.87. BocHwra pyxcaT atunau 20.10.87. dopmate 60X90/u. THN. KOross
Kernb 10" 'wnoHcua. JluTepartypHas rapHHTgfaCH. FOKkops 6ocxa ycynm,qg 6ocunan Lllaptna
o H A7, Tupakn  7000.° 3ak. 2950. bajoes 90 T.

TA2.
6. n. 21,0. Waptam kp-otT. 21,18,

«Y[UTYBUH» Hawwpnétn, 700129. TowkeHT, HaBousl kYudacw. 30. LllapTHoms 09-260-86.

awp.  n.

YaCCP wawpwuétnap, nonurpagus Ba KuTo6 caBfocu wwnapyn [aBnat  XOMHTETU TOLIKEHT
«MaTbyoT» nonaurpagms MLLNab uYnkapull GUpnallnacUHUHE boll Kopxokaca. ToLKewT. Hasousi

KYuacy. 30. 1987.

[onosHoe npegnpuate TMMO .MatbyoT» [ocygapcTBeHHOro Komuteta Y3CCP no fenaH us-

[aTenbCTB. MOAMIpaduu U KHWKHO TOProBnu. TallkeHT, yn. Hasou. 30.

e W3patenscTBo «Bbiclwas wwkona». 1978 r.

IX BOB

6up Heua YarapyBum QYHKOVANAPUHUHE  amddepeHuman
Nrcobu

1- 8§ BWP HEYA Y3rAPYBUMHVHIT ®YHKUMANAPU

1 VKKV y3rapyBUMHWUHT (DYHKUMACK Ba YHWHT THUKNAHWLI  COXacH.

| 606, 4-8, 2-NyHKTAA (PYHKUUSHUHT Tabputu GepunraH agu. Arap 6y
Tabpupga M Tynnam pgeimnraHga  (X; Y) XakuMMH cOHMap OKydqTnapH-
HUHF 6Mpop TynnamuHW, L Tynnam feBKAraHa 3ca XakuKuiA COHMapUUHT
6upop TynnamuHW TywyHaguraH 6yncak, 6H3 WKKW y31apyBUMHWHI (YHK-
UmMAcK TyLyHYacura Kenamus.

LLyHAan KWaKG, VKKU Y3rapyBUMHUHT (PYHKUMACKM [e6 LiyHAai Kow-
fara anTuncauky, 6yHAa CcoHnapHuHr \ap 6up (x; Y)EM ycygTura
AaroHa zEL coH Moc Kenagy Ba 6yHaa xap 6mp z£L coH kamupa 6utTa
(X; Y)EM XydTn mcc kenagu.

ByHza X Ba y-3pKau ysrapysuunap (EkH aprymeHTnap), r-6oramy
ysrapysun, M Tynnam-yHKUWSHWUHT CHUKACHWULW coxack, L Tynnam 3sca
(YHKUMSHUHT KW/AMaTnap Tynnamum fe6 atanagH. Bup ysrapyBUMHUHT
(hyHKUMACK GynraH Xxongary Kabu, 6ornuy, Y3srapyBumHu (MOCIMK Koupacu-
HUHT Y3uHU Xam) (yHKUMA feb6 Xam aTanagH.

VKK y3rapyBuM (DYHKUMACUHWUHT  GenrunaHuwnapH oup  ysrapysuu
(YHKUMACUHUHT BenrunanHwwnapura Yxwawap: 2= /(x, y), z= (X, Y),
r=2z(x, y) Ba X.0Kaso.

1-mucon. TomoHnapu X Ba Y bynraH Tyrpu TCPTOYpUaKHUHI 03 I —X-Y thopmyna
Gyimua .upcobnaHagn. By dopmyna vKku  53ra (DYHKLIMCUHW, STBHU  XaKuUKWiA
COHMIAPHUHT XaP Ovp (*'. Y) »ythTura siroHa mMyc6aTt I COHHVM MOC KelTUpaguraH Lovi-
JaHH aHvKnangn. by QyHKUMAHWHE JIL aHAKNaHUW  COXacK XauMUiA COMMTapHUHI Gapya
MuebaT (X; Y) XyhTnapy TynnamugaH, L kwiimatnap Tynnamm aca Gapya Myc6aT COHNap
T$nnamMHaaH méopar.

z=1f(X, ¥) QYHKUMSHUHT aprymeHTNapHuHr 6GepunraH X = X0 Ba
y —y0 coH kHiiMaTnapuga kabyn uunaguraH r0 Xycycuin LMiAMaTUHW

Tonuwpaa 6yHpaH ésunagn: z0= z\x =x0 ékH z0= /(x0, y0). MacanaH,
1y= %

arap z= /(X, y) = Xy 6ynca, y :wonga 2~ = 1= /(1, 2)= 1-2= 2.

Mab/lyMKW, COHNAPHUHT Xap GHp (T, Y) XythTura OXy TEKUCIUKHUHF
aroHa P(X\ y) HyKkTacH MoC Kenagy Ba akcuHua, Xap 6up P(x\ y) Hypgaa-
ra COHMapHUHI firoHa (X, Y) >Xy®hTH Mcc Kenagu, wy cababnm WKk ysra-
PYBUMHUHT (DYHKUHSICKHH P (X; Y) HY TaHWHr ¢yHKUMACU cudaTHaa bia-
pall MyMKWH. WYHWUHT yuayH T(X; Y) é3yBu ypHura /(/>) é3yBu niunatunagH.
By xonga QyHKUMAHWHT aHuKnaHuw coxac OXy TeKUCiMK HyuTanapH-
HUHr Gupop G Tynnamu 6Gynagn. 1
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L 6ynraH TyTpu TypTOYpyaK HO3MHW HAQOZAN0BUM T = XY (YHKLUUAHUHT
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aHWLMaHULL coXach | 4opak HyxTanapu TynnamugaH uGopat 6ynagu, 4yHKM
ha™aT Wy HyxTanap y4YyHrvMHa MKKana koopfvHata Myc6ataup (1-pacm).

Bup y3rapyBUMHUHT QyHKUMACKM GynraH Xon-
[larn Kabu MKKV  y3rapyBunm  QYHKLUACUHUHT Ge-
PUMKLL YCYNNapu Xyfda Xunma-xun 6ymmm mym-
KVH.  (yHKUMA kagsan épfamupa Gepuauium
MYMKMH  (PyHKUMSHM KajBan ycynuaa
Gepunuwv).  z = f(x, y) yuyH GyHpaii xagsan
(MKK1 yNnH Kaasan), MacanaH, ywby KypuHULL-
fa 6ynmMmM  MYMKUH:

1- paem
v 0 1 2 3 4
X

0 100 8l 63 45 28
1 100 83 65 48 32
2 100 84 68 51 35
3 100 84 69 54 39
4 100 85 70 56 42

By >afBa/HWHI Yan YCTyHW KaTaknapufa X apryMeHTHWHI KuiiMatna-
pu, toLopW caTpu KaTaknapufa aca y apryMeHTHWHT uwiimatinapu 6epun-
raH. >KadBanHWHI [JonraH Kataknapuga I QYHKUMSHUHT  LuiiMaTnapm
XolnawraH. Arap 6yHAa X HWHT UMiAMaTW i-caTp Kataruga, Y HWHE "uid-
MaTh 3ca K-YCTYH Katarmga TaHnaHaguraH Oynca, y Xonga I HWHT MOC
Xuiimatn ['-caTp Ba K-YCTYH Kecuwwmacufa ETyBuM KaTakga >xoinawuraH
6ynagn. MacanaH, X = 3 Ba Yy = 2 bynraHga z = 69 ra aramus.

FOxopugard »aaBan I HACOWIA HAMMK LMAMATAAPUHUHT (MPOLIEHT .\uco-
6nga) XYPY" TepMOMETPHUHI X Temnepatypacu (Llenbcuii rpagycu xucobu-
[a) xamfa Lypy”™ Ba Ham TepMOMETP TemnepaTypacu aivpmacu Yy ra 6of-
AMLAMIUTA MOC Kenagw.

BM3HWMHT KypcAa 3HI MyXUMU (YHKUMSHWHT aHanuTWK ycynpa
Gepunmwm 6ynn6, byHaa QyHKUMA aHanmMTuK udoga éppamupa  (hopmyna
époamnga) 6GepunagH. 1l-mucatga (yHKUMA aHanUTUK ycynpa 6epunraH
34u, Wy 6unaH 6upra YHWHI aHWL1aHULL COXac TFeoMETPUK Mynoxasanap
épgammaa TomuaraH 3au. BUpoX WMKKW y3rapyBUMHWMHE (DYHKLWACKH KyMUH-
ya hauat chopmyna épgamupa 6epunagH Ba OyHAA YHWUHI aHMLIAHWLL coXa-
CW KypcaTHAManau.

Arap VKKW y3rapyBUMHUHT (DYHKLMACK aHaIMTUK udoda épgamuaa ey
KaHfaid Lywvmya waptnapcus bepunrad 6°nca, y Xonga YHWHT aHuula-
HUW coxacn fe6 OXy TeKUCIUKHWHT Oy ndofa MabHora ara Oynagwrad
Ba (DYHKUUSHWUHT Xauu il xuiiMaTuHW GepaguraH 6Gapuya HyxTanapu Tynna-
MUHU ~cobnall 1abyn LWAMHIaH.

MacanaH, z= ax + by + ¢ 6upnHus papaxanm kynyag, r = axl+
+ bxy+ cyr+ dx -fey4-f ukkuHum pJapaxanu Kynxag Ba Xokasonap
COHNMaPHUHT Gapya (X, Y) >Ky(pTnapH ydyH, sibHU 6yTyH OXy Tekucnmkaa
aHVaHraH.

WVIKKW y3rapyBUMHWHI paLHOHan (YHKUMACK, SbHU X Ba Y ra Hueba-
TaH VKKU Kym\agHWHT Huc6atn OXy TEeKUCIMKHMHI MaxpaX HoMra aiinaHa-
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AUTaH  HygFanapuaaH Gow’a 6apua HyXTanapuja aHuiaHraH. Macanas,

r=— pauvoHan (yHKuMs OXy TEeKUCIMKHUHT X —Y —O0 Tyrpu
unMsmMLgaH 6oLLLa XaMMa epuia aHuLIaHTaH.

2-mucon. T = In(1— x2—y-) QyHKUMAHUHT aHUXMaHWLL CO™NaCUHW TOMWHT.

Eunnnwn. ®dyHkuma dakar dopmyna épgammuga bepunraH. By QyHKUMAHUHT
aHyMxiaHnw coxacn In (1—x2—y2) wudoga MabHora ara GynraH 6Gapya HyxTanap ijn-
namH, sbHn 1—x2—y1> 0 éku x2+ y* < 1 6ynaguraH Gapya HyxTanap Tynaamuaump,
x24-y2 ugoga P(X; Y) HyUTaHWHI KOOpAuHaTanap 6owmrada 6ynraH Maco(acuHUHT
KBagpatugaH mnbopat OynraHn yuyH, Maskyp (YHKUMSHUHT aHUXNaHWLL coxacura Koopau-
HaTaflap 6olmrava 6GynraH macodaniapH OHpfaH KuuMK BynraH HyxTanapruHa Kupagu.

ByHaai Gapya HyxTasnal nnamym M KOORAMHaTaT 6oL, Ba mycu  bupra
TéyH AOH[%)HMHI' yl/)I(l-IVIHI/IpT«’;IrLIyJKIAn xmnaaﬁmKa?g- paer\F}'.:l P 4 pay P

2- eM
P 3- paem
3- mucon. T = arcsin (x24- u-
Eunnnwu. ®OYHKUS -3) d)yHKLgMHHVIHF QHUXJTaHULL  COXACHHU  TOMWHT,
n)yHKLI, 9 —I< x2 1—3< 1 waptga aHuxnaHraH, 6y aca
2N Xx24-Y2< 4 waptra TeHr Kywm. QPyHKUMA aHUXNaHWLL COXACMHUHT  YerapaBHiA
SRR AAARY S —2 Ba X2+ y2= 4 aiinananap 6ynub, ynapHuHr ysnapu xam 6y

Lyungai  X»6, KUMSHVHT  aHixnanmw COXacl X24-y2= 2 e x24- y2= 4
ﬂgﬂﬁgﬁﬂwoggqlel(lggp%%w Gapya HyxTanapgaH xamga LWy ainadanapga €TyBuM HyuTa-

(*)yH%('LI,VIHCVII-l{IVlI(I!I(Il{I gﬁ)ﬁ;m%mgmﬂ?mmm rpagmrn. Bup ysrapyBun y =*f(x)
Jarv Tyrpu 6ypuaknm fekapT Koop-
[WHaTanap cHcTemacmaa, yMymaH aitt-
raHa, umswywp. VIKKM y3rapyBum
z=1(X, y) (YHKUMACUHWHT rpadu-
M Qasogarn Tyrpu OGypuakin jge-
KapT _KoopavHaTanap —CHCTeMacufa
yMyMUii Xonga cupT Oynagu.
NakuxaTaH xam, 2 =f(x, y) dyHk-
ums G coxafa aHUXmaHraH GyncuH
(4- paem). by coxaHuHr xap 6Hp P (X,
y) HYXTacura (YHKUUSHUHT  TaituH /
r —/ (P) xwiimatn mMoc kenagu. By *
I XHiimatHun OXyr  KoopauHaTanap 4. plav



cucTemacugarn 6Hpop M HyuTaHWHT annnvkatack Aeb onabim3. By HykTa-
HWUHT abcupccac Ba opavHatacy ydyH P HyuTaHuHr abcumccacu Ba opau-
HaTacuHu onamu3. (By P Hy~Ta M HykTaHuHr OXy TeKuCAWKKa Mpoek-
nacu 6ynaan aeraH_cysaup.

4 U_IyHﬁaﬁ‘qK,m'%mG, Gycg’\&l)/mr *ap 6upn P Hyutacura asoga Tyna

aHuknaHraH M Hy”Ta, BYTyH CO™aHWHT y3ura aca M HyuTanapHuHr 6upop

Tynnamu, ymymaH aiiTraHga, CMpT MOC Kenaaw.

By cupT T =/ (X, Y) QYHKUMAHHHT T g‘a)mrm neb6 artanagw.

Arap CUPT WKKW Y3rapyBUMHWUHI OMPOp  (YHKLMUACUHUHT  rpaduru
bynca, y "onga 6y (YHKUHAHW 6epyBuYM TeHrnama Teruwnu CUPTHWUHL
TeHr)avacu ﬂe6 atanaau.

HanMT reome%llnﬂ Kypcuga WKKW y3rapyBuud  (yHKLUANAPUHUHT
rpajuknapugaH néopat 6ynraH, 6ab3v cupTnap ypraHwaraH 3gu. Ynap-
HUHT 6Gab3unapuHW 3cnatné ytamua.

AnmnTuK napadonoung 1 = Yy + (YHKUHAHUHT  rpadmrnavp  (p

p
Ba  6Hp xun wwopann ysrapmacnap: | Tom, 101-pacmra rapaHT).

vnep6onvk napa6onomwg I = ETRETS (DYHKUWUSHHHT  rpadmrnamp
il

(6y epga p Ba q 6vp xun uwopanu ysrapmacnap; | Tom, 102-pacmra “apaHr).

— + — + — = 1 30MNCOWMAHWHT roBopu Oynmarm T =
ar bl c2

c=C 1— — —E)yHKUMAHHHT rpadmrit, YKUHT nacTtku Gynaru sca

r=—cl]/1— (YHKUMSHHHT rpadmrnamp (1tom, 97-pacmra ra-

paHQ. Y4 Ba yHOauW optu”~ COHAArW  Y3rapyBUMIApHUHT  (hYHKLWSNapU.

Bu3 VKK Y3rapyBUMHWHI (DYHKUHSACKU Ba YHHHT aHWnaHuw coxacu Ty-
LWyHYanapuHH 6atadeun Kypub umkank. BupcK mpakTvkaga yd Ba yHAau
OPTWK COHAArW Y3rapyBUMHWHT (yHKUMANApW Xam yuvpaigu. MacanaH,
Tyrpu 6ypyaknu napannenenunegHUHr XaXMH YydTa KaTTanukka— napan-
nenenunes acocHHUHr Gyiin a, aHu b Ba napannenenunep 6anaHgamru h ra
Gornuk, sbHn V = abh,

Y4’ y3rapyBUMHUHT (PYHKLHACK TyLlyHuacura Tabpud GepamHa.

M —xa™umii  coHnap (X, Y, 2) YUIMKNapHHWHT Gupop Tynnamu, L
aca "aUM™AN  COHMIAPHUHT BHPOP  TynfiamMu  GYNCUH. Y4  Yy3rapyBUUHUHT
hyHKUMACK [e6, LUYHAWIA yonaara aliTunaguky, 6yHaa ~ap 6up (X,y,r) £/
yuamkka aroHa UEL coH Moc kenagm Ba xap 6up UEL coH kamuga 6mT-
Ta %r, y, T) £/11 yunukka MoC Kenagw. )

yHAa X, ¥ Ba r apkan ysrapysumnap (kv aprymeHTnap), u —o6or-
/WL, y3rapyBUun €k (OYHKUMSA (MOCMHK ~OWMJACUHUHT y3uHW “am), M Tyn-
nam (YHKUWSIHHHT - aHUUMaHUW coxack, L aca (yHKUMSHHHT LuiimaTiap
Tynnamun feb atanagu.

\4  y3rapyBUMHWHT QYHKLMANApU 6Up KN MKKW Y3rapyBUMHUHT (yHK-
umnnapn kabu GenrunaHagn: M =3}(X, y, 1), w= w(X, y, r) Ba ”oKaso.

Yy y3rapynuHHuHr L =/ (X, Y, T) QyHKumscuHn OXyr  asoBHiA  Ko-
OpAMHaTanap cuctemacuga A Y, Z Koopaunatanapra ara 6ynradH P (X, y, I)
HYUTaHHHT (yHKUpMACH cudatuia Lapawl MyMKHH.

6

WVIKKM Y3rapyBUMHUHT (YHKUMACKM YYyH Labyn LMAMHraH reoMeTpuK
TepMUHONOrMAra yxwatl TepMuMHonoruagaH gowganaHnb, GyHgai aita ona-
mu3: U= f{X, y, I) BYHKUNAHHHT aHHL1aHWLL cOXacH (hasojary uyLitanap-
HHHI Bypop TyAn&Muanp.

Yu ysrapysuum n= f(X, Yy, 1) GYHKUMACUHWUHT  GEpHAWULW YCynnapw
XKyfa XunMa-Xungup, NeKWH BU3HUHT KypCAa aHalUTWK YCYN 3HT MyXUM
6ynn6, 6yHaa (yHKUMS aHanUTWMK ndoga (hopmyna) épgamupa Gepunagu.
ByHAa KynuHYa (YHKUMAHHHT aHWMaHHL coxacu Kypcatunmaign. by
XONfa (MYHKUMAHHHT aHW™aHWW coxacw (asoHHHT 6y mofa mabHora ara
GynaguraH Ba W (YHKUHAHUHT ~a™UHIA UniAMaTuHM  GepaguraH  6Gapua
P(x, y, I) HykTanap TynnamugaH néopar fe6 ~vcobnawl Kabyn KuamHraH.

Y- MHCON. V' gy | —x* —y* —T* (yHKUMAHHHT aHUKMAHWLL CO™acHW  TOMMHT.

EuyHnvwwn By upoga 1—n2—yr—r*> 0 ékv wyHuHr yam, x° yl-fr2~ 1
6ynraHga Ba ha™aT LUyHAArMHa W HUHT XaKUKUA KuiAMaTnapuHu Gepagu.

LLIyHAaid KHAWG, (YHKUHSHAHT aHMKIaHWULL COXacH MapKasu KOOpAHHaTasap 6olumaa

Ba Hycy GHpra TeHr wapavp. YerapaBuii Liap cupTU HyxXTanapy (QyHKUHSHUHT aHUK-
FRHB OO Ternmnmgv'l)& P s ap cap o Pu byHKu

joo.joom—e 'e * |[|l|/f’f
napyu TywyHYanapLill KUpUTULL MyJMKJI/IH. ¥ M
M Ta y3rapyBun (YHKLUUSCUHWHT aHUKNaHuwW coxack M (or,; 18; . . . X,,)
XaUVKHH COHMap cucTeMasiapuiaH méopat Gupop Tynnamgup. N Ta yasra-
pyBUM (DYHKUMACUHWUHT GenrunaHuLLiapH MKKW Ba Y4 y3rapyBuu qyHKLUs-
NapHUHT GenrunaHHWnapura yxwawamp: u =/(ge,; Xr\ . . .; xn) Ba X0Kaso.
Kynaii reoMeTpuy TePMUHONOTHSHU cauiab ~onulw makcaguga n > 3 6yn-
raHga N Ta y3rapyBuM (YHKUMSCUHM XaM KymnuH4Ya N yn4yoeam  haso
(I1 606, 7-8, 5-nyHKTra rapaHTf) HY\TaCUHWHI DyHKLMACK cudaTmuia uapa-
Nagn Ba OyHAal €3unagH: u = (Py.

Anr<o-[N ®YHKUNACUHUHE NINMUTWA.
PYHKUHAH/HT Y3NYKCU3NTN. Y3 HYKTAJIAPU

1..Acocuii Tabpudnap. BHp y3rapysum y =f(X) GYHKUMACUHWUHT Nn-
MHTUHM TEKWWPWLWAA HYLTaHUHT aTpodu TYLYHYaCW KUpUTWAraH 3au. Y
epAa HYKTaHWHT aTpotn AednniraHga 6y HYKTaHU Y3 uunra oflyBud WHTep-
BaN TywyHunraH 3gn. Wkku Ysrapysuu r = {(x,y) =/ (P) tyHKumscu-

HUHT. IMMWTW TYLUYHYACMHH KupuTUWwaa 613 OXy TEKUCAMKAA HYKTaHWHT
aTpoUHY KapaMus. . <

P,,(x0; HYUTaHVUHT  aTpodm 0, N 6
,D,OI/IpaHg-IHF yv%KMyHyKTanapm T{/)nﬁ)amﬁg MapKas Ly Hy"TaRa bynrar

aiitunagn. Arap 6y JovpaHHHT paguy-
cn S ra TeHr b6ynca, y “onga y Hyk-
TaHWHT  0-aTpou Tyrpucmia ranvpuna-
oH (5-paem). PasuaHku, A0 (vn;{/0) Hyu-
raHyHr S-atpodura Ternwam GynraH wuc-
TanraH P (X\ y) Hy~Ta 6y HykTagaH i
[aH KWYHK Macodafa  étagn,  SbHH

V (x pg02-f (y—ynr<C i1



Arap wucTaimraH I COH YyyyH P9(x9;y0) HyuTaHMHr wyHgan &
aTpodwm Tonuncaku, 6y aTpodHuHr ucTanradH P(x,y) HykTacu (PO
HyuTa OGyH4aH UCTUCHO OY/MWIM  MYMKWH) Y4yH

[/(/>) —b\<r éxn \f(x, y)—b|< e
TEHrCU3IMK ypuHam bynca, y xonga b coH nkHu y3rapysum r =f(x, y) =

= f(P) coyHKUnACUHUHT P-*-PQ Parm mMnTa fieb aTanagu.
ByHpa uyhngarnya éunagw: mf(P) =b éku HLuf(x y) =b, uyHkn

y
P (x\'y) +mP0(x9,y0) aga, paslaHku, X -»X9, y-*yO0.

Arap PO HyuTaHuHr 3-atpcdm |/|(P0I 8) opkann GenrunaHaguraH 6\n-
ca, y 2onga 1 —f(x y) =f(P) dyvkumsHuHr P-*P 0 paru AvbinTuem
OyHaain é3mw MyMmK

V (e> 0)3 (8> O) V {A£bI(A0, 3)} (A, Hyuyta 6yHAaH WCTUCHO Oy-

e
nmwm MyMKI/IH) =|/ (P —bI< e.

WKKH y3rapyBun (YHKUMACUHUHT MMUTU HOMra TeHr 6ynca, y “~onga
YHN YEKCK3 KUK CI:)?/HKLI.VIH fe6 atanagw.

Arap b coH 1 —f(P) dynKunsHUHT nuMuT Bynca, y Xonga /SMMnT-
HWHr TabpHdura kypa P Hy~ta PO HyuTara uerapanaHmaraH xonga
UxTnépunini pasuwpa smHnawranga f(P)—b alipma uekcns Kuumk
(hyHKUmMa Bynagw.

. 14-ya

1-mucon. lim y

CFOKXR+ K+ 1 -»

EUyHAUW K. PYMKUMSHUHT rummtn P (x\ y)-*-P&0; 0) ga, sibHm p-*0 pga Tomu-
nagw, 6y epga p= PJ* —wy PO Ba P HyuTanap opacHzarn macoa. Maskyp xonga P»
HyKTa KoopauHatanap Gowmavp. femak, p= Y X‘+ yl LlyHgali umnH6,

p* P<0 P*+ 1+ O

0o YXH+ V24 1—1 pRoYp+ 1—1 P prHI—1
= lim(vpr+T+1)=2.
p»0

HW TOMNWHT.

X*+ Yl i
By epaa abTU6OpP Gepaii/mMK: MUconaa: (yHkupns - Pt (0; 0)

VyKTaja aHLyuHMaray, fekuH P 0 pa smmvuTra ara.
2- MHeOA. [ = -t---e- - — (DyHKUMA KoopauHaTaiap 6owmpaH Tawapu ByTyH Te-

Xx -f yr
KUCAMKAA aHTyloHraH. P (X; y) HyuTa KoopavHaTanap 60wmra sikvHiawraHia [hyHKums
JMMWTTA 3ra 3Mac/MIMHA  KypcaTamma. “aupkataH Xxam> Koopp,MHaTangp 6owmra” OX yK
x*

6yiinab skvHnawwnagurad Gynca (6y epga y = 0) Ilma = xn*u‘Jox*+ -
6yH1Ya ﬂKVIHI'IaLIJI/IﬂaAI/IFaH 6ynca (6y epga x= 0),

l. Arap ko-
opAvHaTanap 6ou1|/|ra Oy

lim.r :-}Illgb U'

ra Typnm MyHanHmnap Gyiivya AuMHNalraHga yHKUMS Typam JMMAT - KuiAMaTiapra ara
6ynagn Ba, fiemak, x-*-0, [a nMMuTra ara amac.

N yN4yoBNH (hasofia HyLTaHWHI 8-aTpou TyLIyHYacu KupUTUnaguraH
6%nca, n> 2 6MraHga N Ta ysrapyBuu (YHKUMACK NUMUTUHWHT Tabpu-
(M MKKW Y3rapyBunM (PYHKUMUSCUHWUHT JIMMUT» TabpH(U 6unaH aiiHaH 6up
XUngmp.

=>— 1. WyHgaii knam6, P(x\y) HykTa KoopavHaTanap GoLw-
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N ynyoBnH hasoga PO(X°; ndy .. .; A Hy/ TaHuHr 6-aTpodm
ne6, P,, Hyutaraya O6ynraH  MacodhanapH 8 fgaH  KMUMK,  SibHU
V(Xi—** + (xt — x$)r + + (X, — x°)3< 8 6ynraH Gapua
P(x,; g2 ... ;Xn) Hyb(Tanap Tynnamwura aitunagn (Il 606. 7-8, 5-NyHKT-
ra LapaHr).

PaBlaHkK, y4 ynuoBnH Oxyr (n= 3) dasoga PO(X0; y0; r0) Hyura-
HUHT 8-aTpotn mapkasH POHy”raga Ba paguycH 8 GynraH LUapHUHT bapuya
MUKW HyKTanapu Tynnamuamp.

Bup y3rapyBUMHUHT (DYHKLHSANApPU Y4YyH UCOOTNAHTaH UMUTIA YTULL
uoHgatapy (V 606, 1-§, 6-nMyHKTra uapaHr) 6up Heya Y3rapyBUUHUHT
(YHKUHANAPU YUYH XaM YPUHAUAMP.

2. Bup Heua ysrapyBUM PYHKLMACUHWHT Y31YKCU3MUrK. Bup Heva y3-
rapyBunm  (YHKUMACUHUHT  Y3NYKCU3UTY  TYLUYHYACU JMMWT  TYLLYHYacu
épaamunga Kuputunaan.

Bup Heva ysrapyBuuHuHr n —f (P) diyHkymscn yayn Mw/ (9)=/(A0

6ynca, y x.onga {(P) ¢yHkums PO Hyutaga y3nykcus ,qeg atanagm.

LLyHH acnatn6 ytamusku, PO Hyutaga y3nykcus 6ynraH f(P) dyHk-
ums 6y HyuTafa Ba YHWUHI 6Mpop aTpodmpa aHwyTaHraH OyluWH 103UM
(akc ?(onga numuTra ytmé 6ynmac 3gu). bup Heya y3rapyBUMHUHI U =
=/ (P) dyHkumscu y3nykcus 6ynraH PO Hyuta 6y (YMKUMSHWHT Y3YyK-
CU3NWK HyLTacy aeb atanagy.

Y3nyKen3 PyHKUHANap ydyH ywoy Teopema YpUHAW.

Teopema. Arap n Ta y3rapysumHuHr h (P) Ba /2(P) dyHKumsinapu
PO HyyTaga y3nykcus bynca, y xonga ynapHudr /, (P) + /, () iurvx-
,qmcm IX(P) —ft (P) aitmpmacn Ba ft (P)-f2{P) kynaiiTmacu xam LV

yuTaga y3nykemsgup, arap 6yHgaH  Tauwapu /2(P0) d 0 6ynca,
fx(P) Ifr{P) 6ynmHma xam PO HyuTaga y3nykcusgup.

By TeopeMaHHHI WCOOTU GUP Y3rapyBUMHUHT (PYHKLMANGpU Y4yH Xoc
6ynraH Teopema mcbotura yxwail (V 606, 2- § 2-nyHKTra uapaHr) 6yn-
raHu cababnu, 6u3 yHu KenTupmaiMms.

By Teopemara acocaH KynruHa QyHKUWANAPHWUHT Y31YKCU3AUTMHKA, Ma-
canaH, WKKW y3rapyBuHra HHcbaTaH Kyn. afHuHr OXy TeKWeNHKHWHF wuc-
TanraH Hyurtacufa Y3nyKCUsNUIVHW. pauyoHan (QYMKLUAHUHT TEKUCWK-
HUHI  Maxpax Hofra ainaHMaiguraH —HyuTanapufaH Tawuapu 6apua
HyuTanapuga y3nykCusnurmHW ucboTnail OCOH.

3. Cojga TywyHyacn. Kenrycmpa kepak bynaguraH 6up Heva Tabpud-
NapHN KenTupamus.

Co*a (ounl coxa) ge6 TEeKUCNUKHULL YLi-

Oy MKknTa xoccara ara 6ynraH HykTtanapu
Tynnamura antunagu:

1 Co3BaHWHI 3'ap 6Up HyuTacH YyHra 6y
HyLTaHUHT 6upop aTtpou 6unaH Guprannkga
Termwanamp (04 ML MK Xoccacu);

2. Cos(aHuHr 3'ap uaHga!! Mkkuta HykTa-

CWHW GYTyHNai LWy coxara Teruwnm ysnyk-
cn3 wmr( 6unaH TyTawTMpuw MyMKuH (60 f-
NUKAWNK Xoccacw)
TeKUeNnHKHUHI énuy, L KOHTYp nuHga ét- 6- paem



raH uwcmm (6-paem) coxa 6ynagu, 4yHku: 1) L numga étraH mctanraH P
Hyuta ydyH L nuupa étyBum atpcd maBxyg; 2) L wumga étysBum mcran-
raH P Ba QHyurtanapsu L uumpa éTyBum y3nykcus umsnl, 6unaH TyTall-
TUPULL MYMKMH.

1-8 HWHr 1 Ba 2-muconnapuga KentmpuaraH QyHKUUANaPHUHT aluly-
NaHWLW co.anapy cuuy, coxanapamp (1 Ba 2-pacmnapra uapaHr). ByTyH
TEKUC/IMK XaM, paBLUaHKW, Ou4MX coxagmp.

Arap PO HyxTaHWHr wcTanraH atpogy G COXaHWHI HyxTanapuHu Xxam,
Oy coxara Tervwu 6ysMaraH HyxTanapHu xam y3 udura onca, y “onga
PQHyxta G coxaHuHI 4erapasun HyLTacu feb atanagu.

ConaHvHT Gapya YerapaBuii HyKTanapu Tymaamy YHWUHT yerapacu aeb
atanagu.

6-pacmga L KOHTYpHWMHT ucTanraH PO HyxTacu uerapaBuil HyxTagump.

1-pacmparn coxaHuHr yerapacuin Ox Ba Oy yxnapHWMHT MaHduiimac
X/eMrapn Tallkun - uunagu.

Ounx coxara YHWUHT YerapacvHW LywuWwaaH Xocun 6ynaraH HyxTanap
Tynnamu énuy, coxfl ne6 artanagm.

1-§ parn 3-mucongarv OyHKUMSHWHT aHWXNaHUW coxacn énux co’a-
amp (3-pacmra xapadr).

Arap 6GepunraH coxaHu Tyna “onfaiguraH, sSbHU COXaHWHr 6apua
HYXTalapuMHU Y3 Muura onaguraH [OVpaHy TaHnaw MyMKWH 6ynca, y x°n*
Ja 6yHpain co.\a yerapanaHraH coxa fe6 artanagu.

Arap coxaHu Tyna xonnaiguraH AOVpaHu TOmWW MYyMKWH Bynmaca, y
Xonga coxaHu YerapanaHmaraH. coxa fe6 atanagu. 1-8 garn 2 Ba 3-mu-
connapfa "apanrav (yHKUMANAPHUHT aHWUXNaHWLL coxanapy YerapanaHraH
coxanapamp (2 Ba 3-pacmnapra xapaHr). AKCHHYa, 1-8 HMHr 1-MHCOMM-
farn (OYHKUMSHWHT aHWXNaHULW coxacu YerapanaHmaraH coxagup. G coxa-
fa (oumx ékun énux) ETyBUM UCTanraH Enux KOHTYp 6unaH 4erapanaHraH
TEKUCIMKHUHT uucMm ByTyHnali G coxara Tervwnu 6ynca, G coxa 6up
6ornamnn coa ge6 atanagn. 1 Ba 2-pacMnapfa TacBMpfaHraH coxanap
paBLUaHKy, 6up 6ornamnu coxanapamp. AKcuH4a, X* y2= 2 Ba x2-f yr=
= 4 aiinaHanap opacuja €TyBum coxa (3-pacmra kapaHr) 6up 6ornammm
coxa amMac, YyHKW, MacanaH, 6y coxaga éTyBusm Xr+ y* =3 aiinaHa y3
nyura 6y coxara Tervwin GynmaraH HyxTanapHu (MacaiaH, KoOpAuHata-
nap 60WWHKM) Y3 nuura onagu.

N30x- By nyHKTAa KupuTunraH 6rpya Tyllywuyanap ydq Ba yHAaH
opTux $n4oBAM hasonap yuyH xam [espiu X3rapullens Kuputunagu.

4. Y3 HyxTanapii. hyHKUUANApHU ypraHriuaa 6ab3aH ynapHuHT

Y3UULL HyXTanapyvHW TeKwmpuwra Tyrpyu Kenagu.

Arap PO HyxTa f(P) (yHKUMSHMHT aHUKNaHWL coxacura €KW YHWUHT
yerapacura Teruwnm 6ynca Ba Y3NyKCU3NIUK HykTacu 6ynmaca, PO 6y
DYHKUNAHUHT y3I/U'II/IlLLI HyuTacu fe6 atanagu.

L mwucon. - — m PyHKUMA SroHa  y3uwvw  Hyutacura $3u - alluiaHmaraH
0(0; 0) koopaHatanap Couwmra ara. P (x\ y) HyuTa KoopavHaTasiap Golumra YeknaHvia-
raH .yonja skawaLlrar.Haa ———1cbyHKu,vm YEKCU3IMKKA UHTUNag (7- paem),

*4

2- mwcon. r> HKUMAHUHT Y3UNIMLL HYLTTNIBPUHH OMUHT.
20+ y+ 1 yHKLY Y; yurrnapl
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Eunnu wn. By QyHKUMs KoopauHatasiapum 2X + 4+
{.1=0 TeHrnamaHu LaHoaT/TaHTUpaguraH HyxXTaslapfaH Talu-
f\apn Xamma epia aHUKTanraH Ba y3nykcus. by TeHrnama aca
(DyHKUMSI aHWK/AHULL COMNACWMHWHI YerapacugaH ubopat 6ynraH
TOKPN UM3nKVp. By Tyrpu umsnuHuHr XaP Cuvp HyxTacu — ycu-
NnW HyxTac'wgaH mbopat. LLyHpaidi kunub, ysunuw Hyxtana-
1 GYTYH 6Up Tyrpu YvsuMxHU — GepunraH  (PYHKUMSIHAHT Y3H-
WL YHBUTVHW XOCWT XUnagu.

5. YerapanaHraH énux coxafa Yy3nyKcu3 (hyHK-
umsanapHuHr xoccanapu. V 606, 2- § 3- NyHKTAa
CermMeHTAa Y3nyKcu3 (yHKLWANApHUHT  Xoccanapy
uapanraH agu. YerapanaHraH énux coxaga y3nyk-
CW3 VKKV Ba YHAAH OPTUX COHJAru ysrapysuwniap-
HUHT (PYHKLMANApU XaM aiiHu Ly Xoccanapra ara.

r—f@ y) =f(P) dyHKuma oumx ékm énux
COXaHUHI Xap 6up HyxTacufa y3nykcus 6ynca, 6y
(hyHKUMA LWy coxaja Y3NyKcu3 feb atanasu.

ByHaa uerapasuii PO Hyxta yuyn MT/(/>) = 7- paem
0

= f (Po) Tenrnmkga P Hyxta PO HyxTara Maskyp coxara Teruwau wucrtan-
raH Wyn 6yiinab wHtunagurad 6ynca, f (P) dyHkuns uyerapasuii PO Hyx-
Tafa Y3nyKcu3 xucobnaHagH.

Teopema. Arap 1 = ft()P) (byHKUMS derapanaHraH cnuy couaga y3-
nyKcus bynca, y xpnga 0y ‘thyHKums wy couaga:

1) uerapanavrav: \f(P)\< N; y

2) 3HI KM4MK T Ba 3HT KaTTa M kwiimaTnapra ara;

3) co.\aHuHr kamupa 6uTTa HyuTacuga T Ba M opacuga Tysuu
ucTanraH CoOH UMUMaTHW Labyn uunagw.

MacanaH, I = V~1—x1—y1 dyHKUMA YerapanaHraH Enumx ** +
< 1 coxafa (Mapkasu koopauHaTasiap 6owwupa Ba paguycn 6upra TeHr
[lonpajia) aHWXnaHraH Ba y3nykcus 6ynmo6, y
Teopemafarn 6Gapya xoccanapra ara 3kaHu-
rv pasllaH. >"axuxataH xam; 1) |z|< 1 2)
(YHKUMA 3HT KW4MK m = O Xxuimatura aHux-
NaHULL COXaCMHWHI  Yerapacuia, sibHHal-4
+«/*= 1 poiipa HyxTanapuga, aHr katta M =1
Xwuiimatura aca O(0;0) koopauHaTanap 6owwmaa
apuwaay; 3) Honb Ba GHp opacugarn (T Ba M
opacuiary) uctaaraH CoH (DYHKUMAHWUHT  6u-
pop X»Amatuamp.

By (YHKUMSHWHT  rpadmry, paBLUAHKW,
Mapkasu KoopfuHaTanap 6owuga Ba paguycu

Gupra TeHr toXopu spuM chepanap (8- paem). 8- paem
3-8 XYCYCU XO( H/IAJIAP
1 BupuHun TaptMonn xycycuit  xoclanaP- WIKKM  y3rapyBUMHWLL

z —f(x, y) (YHKUMSCUHH XapaiiMu3. Y3rapyBumnapfiaH GWPWMHWHF, Maca
NaH, y HWHr xuitkatnkn y = y0 ae6 o/l <6, thHKcupnaimms (ysrapuilew;



~ongupamus). Y Monga f(X, yO dyHKUMA GUTTa X y3rapyBUMHUHT  (DYHK-
umsacu b6ynagu. Y A0 HydyTafa “ocunara ara 6yncuu:

Mufoh+ /X — Y] (1)
[ar*0 AX
By “ocuna 2 —f (X, y) dyHKUHSHUHT PO(X0; y0) Hyuyraga X GyiiHua
Xycycuid \ocunacy (EkH GUPMHUM TapTwubaM Xycycwii xocunall) feb ata-
nagu Ba fx (90, y0) cHmBonu 6HnaH GenrunaHagn. f (x0-f- A.r, yO) —f(x0y0)
alimpbla z ~ f (X, y) @yHKuHsHUHT PO(X0 yO Hy~Taga x 6yiiHuya Xycy-
Cuil opTTUpMacy fe6 atansay Ba [X2 cHMBoOnM GHnaH CcnrHnaHagw.
Axr =f(x0+ &x, y0 - f{x0,y0. )
By 6enrunawinapHu xucobra onmbé, GyHAan E3HLW MYyMKUH:

Ix (o> ©)

Ax-»0 ax '
z=1f(x,y) oyHkyHaHuHr PO(XQ vo) HyuTtaga Yy 6yiiHua Xycycwuii
OpTTMpPMacK Ba Yy OyiHYa Xycycwii ~ocunacu LyHra yxiawl aHLlynaHagu:

h,z= /(XO, yo + piy) - f{XQ yo) (2‘)
[;<*.».) Pl

LUyHAaid Lammb, VKK y3rapyBuM PYHKUMACUHUHT YHUHT apryMeHTnapu-
JaH 6upn Gyinya xycycuii \ocunacn 6y (PyHKLMS XyCycuid opTTupMma-
CWHW Wy OpTTWPMaHn GepraH aprymeHT OpTTvpMacura HUCOaTUHUHT
aprymeHT OpTTUPMAacK HOAra WHTWIraHgary MMMUTUra TeHr.

XycycuiA XOCUNaHWHT upiAMaTi y3u xucobnaHaétraH P(x\ y) HyuTa-
ra 6ornuu. LY ca6abnm uWkku ysrapyBum z = /(X, Y) GYHKUUSCUHUHT
Xycycuwid “ocunacu, ymymaH aitradfa, P (X; Y) HY TaHUHT (yHKLMscuanp,
SBHW YHWUHT Y34 .yaM MKKUTA X Ba Y Y3rapyBUMHUHI (PYHKLMACUANP.

WKKW  y3rapyBUMHWHT  (PYHKUMACKM cudaTuia LapanaguraH Xycycuii
Locunanap Lyiugarmya GenrunaHagu®:

XX, y), 1;(*. y) éku r; Ty ékn
M> 2 pa N Ta ysrapyBun (YHKLWACUHUHT Xycycwidi opTTMpManapu
Ba XyCycwil Kocunanapu LyHra yxwail TabpudnaHagu Ba OenrunaHagu.
MacanaH, y4 Y3rapyBUMHWHI bl==/(*, Y, T) ¢yHKumsicn yuyyH PO(X0
Yo r0) Hyutaga X OyiiHuYa Xycycuii opTTMpMa X aprymeHT [jc opTTvpma
016, JonraH aprymeHTnap aca ysrapmacfaH LO.MaHuga Xxocun bynagu:

OxU —f(XOT AX, yo, 200 f{x0, Yo 20).
u="f(x, y, ) dyHkuHsaHuHr PO(X0; yQO\ r0) HyuTtaga X aprymeHT
Oyiimya Xycycuidi ~ocunacn "ylnparura TeHr:
uaar.. A= 0T

lar r
A Ba a nthoganapH 6Hp ysrapyBUM (YHKLMSICMHUHT - XocunacuaaH thapxnv yna-

poOK Kacp Aeb Kapall MyMKvH 3Mac. By wdoganap xycycuii  X°ewnanw GenrvnaiigHraH
CUMHONIAPAMP.
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LyHpait uunmb, 6up Heya ysrapyBuUM (DYHKLWSICUHWUHE XYCYCWiA Xocu-
nacu Oy ysrapyBuwnapgaH OGUPUHWHT QYHKLUMACUHWHE XOCHNAcH cudatnga
Tonunagn. BYHUHT HaTwxacupa 6up ysrapyBuUu (YHKLMACUHUHE XOCWna-
napyu yyyH Kentupmb umapunraH 6apya guddepeHumannaw hopmynana-
pv Ba Loudanapy GUp Heua y3rapyBuM (YHKUMSCUMHWHE XyCycuid Xocuna-
napn yyyH xam caufiaHagu. By eppa cauat GHpop aprymeHT Gyiinua xy-
CYCHI XOcunaHH Tomuw yuyH 6y “ouganap Ba (opmynanapHH LynnaHu-
naéTraHga [onraH aprymeHtnap Ysrapmac fe6 XucobnaHWMHLIMHH éana
TYTULL JI03UM.

1- mucon. r=f (X, y) = X-y—3(/s + S j; (PyHKUHSHUHT XyCycWii Xocunanapumm
TOMWHT.
Eunnuwmn. fx(x,y) xycycuit x°cunaHu y = const ge6 tapas xunm6, f(x, )
(PYHKUHAHUHT X GyiiMya xocunacy cudatvga Tonamms. LLUYHUHE yuyH
fx (X. <N]= X'y —3y*+ 5x)x= 2xy —0+ 5= 2xy + 5.
LUyHra yxwaw,
fy(x,y) = (xry —3y*+ 5x)y = xr—6y+0 = x’ —6y.

2- mucon. f(x, y)= x+ y—~1/x1+ y- CepuniraH. /~(3, 4) H/A TOMHHT.

Eunnuwn. factnab f(x, y) hyHKUHAHUHT X GyiiMuya Xycycwid xocunacuHu TO*
namH3:

fx(x. y):*(x+ Y—Vx*+p )’\ (F+*)'—(Yx*+ y*) = /

=1+ 0~2yTnp7 fXi+yAX=1~Ti"T?2x=1~VATF"'
SHAW TOMUAraH XyCyCWid XOCWNaHWHT X = 3, Yy = 4 pgarm Xycycwuit KuiAMatvHm Xu-
CO6naiimmn3:

2
/*(3. 4 [l-n/-%-b =3=1- -
( ) L VvV X+ MJly=4 1/3" + 4* 5'
3- mucon. OX yxza CTepxeHb >oinawiraH GYNcuH. CTepXeHHUHr mxtvépuii M (X)

HykTacugard O Temnepatypa M(X) HyKTa X KOCPAVHATacCMHUHr Ba | BaKTHWHI (DyHK-
umsicnagmp: 0=/ (x, /), x = x0 ga0 = /(x,,, O yHKUMSI CTEPXKEHHWUHI MasKyp HyKTa-
cuga TemnepaTypaHuHr U BalTra 60rvL, pasulyia  y3rapuumHM  udoganaigu. by HyxTa-
'u'améf XyCycuit xocuna TemrepaTypaHWHI BaxT [JaBOMWA Y3rapHLU Te3/MrMHW 6epagu.

SHgn | = t0 aeb onuHca, y xonga 0= /(*, t@ (hyHKUMA BaxTHWHr GepunraH t0 mo-
MeHTVUAA TeMmrepaTypaHuWHI CTepxeHb Oyiinab TaxcuMOT XOHyHWHU Gepagu. By x°nga

— xycycuii xocuna saxTiuwr SepunraH tO MOMEHTWAA TeMMEPaTYpaHUHI CTepXKeHb Byii-
nab ysrapuwl Te3amMruHu udoganaiam.

2. Vikkn ysrapysum xycycuii XOOM1adaPHHHT reomeTpuk  mabHoCH.

WKKn Y3rapyBumHUHI T —f (X,y) thyHkUnsicn xycycmii xocunacn — "HUHT

reOMETPUK MabHOCUHU aHLLyTaliMu3. Matnaymkn, Z —f (X, y) GYHKLUHAHUHT
rpadmrd 6upop cuptamp. OXy Mkucnnkaa PO(XO; y0) HY TaHH Ba cupT-
aa mcc MO (@O; yo\ r0) HykTaHu Kapaiums (9- paem). HAHrM  Koop-
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yO\ 0) Hyutasm o0nn6, yunapHu
napanien Ky4mpamus Ba CUPTHUHT
AHMM KoOpAuHaTa Tekucanrn OxXZ
("BHM  3cKM  KoopAMHaTanap Ccuc-
TemacHgaru y = y0 TekHcAnK) 6u-
NaH KecvuwwMwmMpaH xocun 6ynraH
AMOB siccu arpy umsnuHKM “apaid-
Mu3. By arpu umsuHm 6up ysra-
pysun z =/ (x. y0O cyHKumscK-
HUHT OtXZ Tekucnukgarum (SbHu
3CKW cucTeMasa y = YN TeKHCNWK-
farv) rpajury Aeb b;apal Mywm-
KUH. Y ;yanga 6up y3rapyBun ¢yHK-
LmMACKN  NOCMNACUHWHT  FeoMeTpuK
dfg\x,yO) ,

MabHOCHra acocaH — " --—-=tga,
6yHfa a —touopugarn AMOB ar-
pn umsmuua MO wnyutaga yTKa-

3UnraH ypuHMaHuHr OtX yu 6unaH, €ku 6apubup LWyHUHT y3n, OX yu,

6unaH XoCHN umnraH 6ypyarv. VKKWHYM TOMOHAAH:

df(x, yo — i /(x0+ Axyo) —f(x,,,y0)
X =, ,EEL-% AX
ByHpaH |~ )p, *=tga. LWyHgaid umnmé, ~ xycycuin xocunaHuur PO(x0, y0)

HyuTagary uniimaTun r =f(x, y) cupT 6unaH y = yO TEKUCAUKHUHT Ke-
cvwmwt ymsnwra MO(x0; y0; r0) HyuTaga yTKasuiarad ypuHmaHuHr Ox

ar o
GunaH TawKun KanraH GypuarvHUHT TaHTeHCUra TeHr. —  XyCycuii

r
XOCUNAHWHT TEOMETP MK MabHOCK aHa LWyHAan M60paT. A Xycycun
XOCUMaHWHI TeOM3rpuK MabHOCK Aam LWyHra yxuatu OVIﬂ,VIHI'IaLUTVIpVIﬂa,EI,VI.

3. KO"opn TapTUGNM Xycycuit xocunannp. b r? Heua yarapyBun (yHK-

LIMACHHWHI XyCyCWiA XOocunanapy fHa ylla Y3rapyBUunapHUHT (YHKLMA-
napu 6ynagu. By dyHKuusnap y3 HaBbaTuga Xycycuil xocunanapra ara
OynuumM MyMKUH, By Xycycuid x.ocwunanap [acTnabky (PYHKUHAHWHT  WK-
KWHUM Xycycwid xpcuianapa (EKW MKKWHYM TapTubnu Xycycuin yHocwia-
napw) peb aranagu.

MacanaH, WKku ysrapysuumHuHr z=af(X, y) dQyHKuuscn TypTTa UK-
KVHYM TapTWOAnM Xycycuil xocunara ara; ynap “ynagarmya aHunaHagm
Ba GenrunaHagu:
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Y4 y3rapyBUMHUHT U —jyX, Y, 1) uwiyHKuumicn *Y*Ynala niwvwnnnn toy-
TMGAM XyCycuid Xocunanapra ara:

TAX) A Hi ay
ax = 57 = Ee(*. ¥ 2); py  ToAxay = (@YY
\ax dm - .

ar =W r=blXY'r)

Ba_XOKaso.

]

"By Heua Y3rapyBuu (DYHKUMACUHMHT YUMHYM es YHAAH HOKOpW Tap-
TWGAWM XYCYCUI XCCunanapy LyHra yXLWril TabpKdnakran es GenrunaHa-
an: 6up Heya ysrapyBuu (DYHKUMSICUHWHT M- Taprrm6am Xycycuin xocuna-
cu;ne6 ywa', hyHkums (n-1)- Taprrmbam Xycycuii \oCMNacuHUHT 6un-
pyHYM TapTubau xycycuii \ocunacura aiTunagu.

MacanaH, z =/ (@, y) QYHKUHAHUHT YYuHUN TapTm6am Xycycuii

X.0CUMac UKKWHYM TapTubnm ~  Xycycuil xocunafaH y Gyimnya onvHraH

GUPMHYM TapTUGAM XyCyCUii XccHMaamp:

AT A‘AXM)-
axpy3 oy
Bup Heya YsrapyBuu Oyiinya CNHHIaH WKKUHYM €3 YHAaH HOKOpW Tap-
TMBAM Xycycwid Xccuna apanall Xycycuin \ocwia fe6 atanagu.
MacanaH:
a-r o oo boa-r
AXAY’ AXBY3’ BXBYAX " ByAX
XyCycuidi xocunanap WKKU y3rapyBuu T = / (X, Y) (YHKUWSCUHUHT apanawl
Xycycuii xocunanapuamp.

Mwucon. 1= X'-y3 GyHKUMAHVHI UKKUHYM TapTubam apanall Xycycuid Xocunanap vHu

TOMWHT.
E 4ynnvuwn. BUpMHU TapTUG/IM XYCYCUH 3yXWnanapH/ Tomam us:

~ “O2xy3, N = 3xFy*.
ax x }ly v

CYuWrpa VKKUMHYM TapTUGAM apanialll XCCUMaiapH/ Teramms.

ar Kﬂ y2xy3) = bxy- 1
Axay- py ( Ayax
KypH6 Typnbmusku, GepunraH QYHKUHSHUHT — OKp-6upmarH tauar gvd-
(hepeHuMannall TapTMby 6unaH, SbHU Typau  y3rapyBumnap Oyiuya ud-
(hepeHUMannaw KeTMa-KeTAUrH 6GunaH apy, KunaguraH WMKKUHYW TapTuob-

=Ox-y% = 6r".

m ~ Ba I I apanaw Xycycuin “cwunanapu ailHaH TeHrgup. By Hatu-
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Xa Tacoamum amac. Apanawl Xycycuili XOCHnanap yyyH ywoy Teopema
YPUHAN Bynnb, 6M3 YHH UCBOTCU3 Kabyn Kunamus.

Teopema. BuTTa (OYHKUMAHWUHT hauaT auddepeHumanal TapTu-
6 6unaH thapk LunaguraH apanawl Xycycuii Locunanapn ysnykcus 6yn-
ca, y.rap y3apo TeHraup.

XycycaH, WKHW y3rapyBUMHUHT Z = f(X, y) GyHKUMACK YuyH:

AT _ g
maxay  ayax

4- § BUP HEYA Y3rAPYBUU OYHKUUACUHVHE TYNA ONOOEPEHLINAIN

1. ®YHKUMAHWHT Tyna opTTupmacu. Xycycuidi “ocunanapHu Tonuwga
6Hp Heya y3rapyBuM (YHKLUMSCUHWUHI XyCyCcuidi OpPTTUPManapH Tekwwupu-
NHG, y epfia aprymeHTnapfaH 6upu ysrapap, LONraHnapH 3ca ysrapmac
6ynn6 konap aau. OHAM 6U3 (YHKUMAHUHT Gapya aprymeHTnapu ysrap-
raHga y onaguraH Tyna OpPTTUPMaHW Kapaimus.

Wk y3rapyBumHuHr  z = f(X, y) dyHKumscu GepunraH GYNCHH.
YHHHF X Ba Y aprymeHTnapu moc pasuwga g Ba [ly opTTupmanap on-
enH. Y xonga z = f (X, y) dyHKumus [z Tyna opTTypma onagu Ba y Y-
6y thopmyna 6yiHYa aHHL/IaHaAu:

Az =f(x + Ax, y + Ay)-{(x, Y). @)

z =f(x, y) QyHKUMAHWHT [T Tyna opTTMPMacy reoMeTpuK HyuTaun
HasapgaH P(x\'y) HykTagaH Px(x+ [AX.y+ [y) HyuTara ytvwga qQyHk-
uma rpadurn annavkataCUMWUHE opTTupmacura TeHr (10- paem).

MacanaH, z —Xy2 (QYHKUWSHUHT X aprymeHT [1X opTTupma, Y apry-
MeHT 3ca AY OpTTWpMa onraHfa onaguraH Tyna OPTTUPMAacUHH TOnamus.

(4) chop.mynagaH hoiiganaHn6, KynngaruHu KOCWUA KUnamms:

Oz = (x+ OX) (Yy+ Ay)2—xyr= xy- + yrAx + 2xyAy +
+ 2yAxAy + X(Ay)°- + Ax(Ay)n—xy2=:ybAx + 2xyAy +
4- 2y AXAY —x (Ay)y*-f A* (Ay)2

BepuaraH dyHKUusHUHT Ar Tyna
OPTTUPMACVHH HKKU  LlyLUWYBYH-
HUHTAHIVHANCA KypuHULLIKAA ndo-
fanawl MyMKWHAUIMHW Kypub Ty-
PUBMH3: aprymeHTNap opTTUpMana-
pn Og: Ba Ay napra Hwuc6ataH
ynsukim bynrad y2Ax + 2xyAy
OVvpUHUM  UywmnyBuM  Xampa [ v
Ba [ly ra HwucbaTaH HOUM3NLYIN
2y AX Ay n- V(4y)*-f Ax (4y)2
VKKWHYH KywunyBun. By ukkana
KyLInnyBuM, pasllaHky, AX-*-0
O (y->0pa Honra wHTMnagn. bBu-
POK OyHAA WKKUHYH KyLIWIYBYN
OupuHUM K> winagyvnumra  KaparaHga
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Honra TE3POK WHTUNagW. By ywby xaaBanfaH SKKON KypuHWG TYpuOAM:
yHaa 6epunraH yHkuuaHuer J1,(1; 1) Hyutagarm AT Tyna opTTuMpMa-
cunnnr iAMaTnapy, WyHWHraek, AX Ba [y HUHI Typau LMAMaTiapy yuyyH
YHUHr O+ 20y umsvknu umcMuHvHr Ba 2 AXAy + (Or/)a+ Ax (Ay)2
HOUMBMLYIN LWCMUHUHT  KUAMATNapu KeNTUPU/raH:

Voo Tl i

ax Ay ar

0,1 0,1 0,331 0,3 0,031
0,01 0,02 0,050804 0,05 0,000804
0,001 0,01 0,0211201 0,021 0,0001201

2. OYHKUMAHUHT Tyna auddepeHumani. ONAMHIM NyHKTAQ 6U3 Ky-
PG YMKKaH MMCONAA WKKM Y3rapyBUW (YHKUMACUHUHT OpPTTUPMAcu WK-
HA LyLWWAyBYMA AUrMHAMCK, SbHM AX Ba [ly ra HucbataH umMsvKaM Ba
HOUM3LLYLL  KYLUMYBUMAGP WATUHAMCK KypuHWLWMAA udoganaHraH sau, wy
6unan 6upra Ax->-0, Ay-*-0 ga OpPTTUPMAHUHT HOUM3U AWM LMCMU um-
3N umcmura Kaparadga Honra Te3poK WHTMAraH agu. LY kabu xoc-
cara Kynuunuk dyHkuymanap ara. (By qyHkumanap gudgepeHupannaHysym
thyHKumanap fed atanagu.

Arap z —f(x, y) yHkumsHuHr P(X; y) HyyTagarm Tyna opT-
TUpMacu H1

Az = AAXH BAy+ co(d* Ay) ®)

KypuHWKaa udoganawl MymMkuH £$nca, 6y dyHkums P(x; y) HyuTaga
andbcbepeHumannaHysun fe6 aTanagn, 6y epga Ax Ba Ay — Teruwm
X Ba'y aprymMeHTNapHUHT P HyuTaHuHr 6v|pop aTpodwmaarm ucTanraH
opTTupManapu; A Ba B—Eapmacnap AbHM [a: Ba Ay ra 6ornuk
GynmaraH Kattanuknap); en(Ax, Ay) wy P(x; y) Ba P1(x-]Jr Ax; y4-
4- Ay) HyuTanap opacugarn p =  Ax24- Ay2 macodhara Laparadga

KKOpU TapTubAM YeKCU3 KUYMK MALLOPAMP. (SbHU pI‘IJ (! 0 = 0).

WyHpaii umnmé, z=Tf(X, y) dyHKuns 6epunraH HykTaga auddepeH-
unannaHysum 6ynca, y xonfga YHWHr 6y HykTagaru Tyna opTtupmacu (5)
thopmynara acocaH [ g Ba Ay ra HucbataH umsuknu 6ynraH A AX 4-
4- BAy opTTMpMaHWHr 6OW K1CMUGaH Ba OPTTUPMaHWHI 60w  Kucmura
KaparaHga toKopy TapTubau 4Yekcw3 NeHunK mukgop 6ynraH (X, Ay)
HOLWIBI/IK}WI KHC H un6opar.

g/ YHKUMAHWHT Ax Ba Ay ra HucbaTaH umsuyin Gynra
60Lu u,mcmm (PYHKUMSHUHT Tyna andichepeHumani feb aTanagu.

Tyna ,qmq)cbepeHuMan dz ékn df(x, y) cumBoim 6unaH GenrunaHagu.
LLyHpain kunm6,

dz = AAx+ BAy. (6)

OudpdepeHumantmnHr A Ax —B Ay undogacuga A sa B katTanuknap
Ax Ba Ay ra 6ornuk 6ynmacfad, 6anku wy AuddgepeHuman Kapanaér-
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raH P (X; y) Hyutara GornHkaup. Bow™aua antraHga, A Ba B kattanuk-
nap X Ba Y HWHT (YHKUMACHAMP. By (yHKUHANAPHHHT KYpPUHHLUM YyLLGY
Teopema OpKain aHWKNaHaau.

Teopema. Arap z= f(x,y) dyHkuma P(x; y) HyuTaga guddepen-
unannaHyeun 6ynca (sbHM A Ax —B Ay gudbdbepeHupanra ara 6ynca), y
xpnoa y P (X, y) HykTaga A Ba A XyCycuil yocunanapra ara, Ly 6u-
naH 6upra

MNc6oTun. BepunraH dyHKLWs Teopema Liaptura kypa P(x, y) Hyu-
Tafa AvddgepeHumannaHyEYH 6ynraHn yyyH YHUHT 6y ;HyuTtagaru Tyna
opTTvpblack (5) dopmyna 6unaH wctaganaHagn. by opmyna uctanraH
etapnmya kKnumk AX es Ay yuyH [puHnan. XycycaH, Ay =0, Ax"O
6%$nraHga *am T$Tpunurnya ycnagu. bupcy y *cnga QYHKUMAHUHT AT
opTTMpMacu AN Xycycwid opTTupMara akfiaHagn Ea (5) TeHrnuk yweéy
KYPUHWULLHU ONafH:

Aar = AAX + (o
By TEHIMKHWHT WKKana uucMuHM [O* ra 6ynamms Ea O*-*.() ga nw-
MUTra yTamus:

A

I|n;>0—AX— = A+ IImT~

£,=0 6ynmwmnHn  KypcaTamm3. Xa”ataH *am, Ay = 0 6ynraHu
yuyH p = \/ AXx+ bY1=\Ax\. [emak.

limf = +tHm =+ lim—= 0.
n* OAx “1mA-*0 Ax p.,0 p

LLlyHaaH L|,V|n|/|6 IlmJ" L mMaBXxys Ba J1 ra TeHr. Bupok lim n** _

oF fe nx"oAx
= ;XM UMH yuyd P (% y) HykTaja — Xycycuii Kocuna MaBXyp Ba
A ra TeHr. WyHra yxwaw, P{X, y) HykTaga ™ Xycycuin XocHna Mas-
Xyf, Ba B ra TeHr akaHnurHu uc6otnawl MyMKVH.

3Han (5) Ba (6) topmynanapga /1 Ea B vm ~ Ba ~ Xycycwii "ocH-
nanap 6unaH anMawTupub, KyimaarinapHu XOCHA ~Mnamms:

Ar=E A+ nny> 9
ta , o

r o Yyxy' 8)
Teckapy Teopema, YMyM:.H aWTraH.a HOTYrpu SKaHAWMMHH HCOOTNaL
MYMKWH, YYHOHYM, XyCyCWiA XOCUNanapHWUHI MabXygaurngad m\“na  aHdg-

~epeHLMaNHUHT MaBXygmrn kenuwb umumaigu. Bupo”™ xycycuin xocuna-
Nap ataT maBXxypn 6ynub “onmacfaH. 6anku y3nykcus xaMm aeb apas
KunuHea, y “onga dyHKums auddspeHuvannaHysum 6ynagu. bow’ava
anTranga, ywby Te3p3mM3 YpWHAH 6ynn6, 6u3 yHI/IHr HCOOTVHM  KenTump-
Laimn3.

Teopema. Arap r =)(X,y) OYHKUMAHUHT " Ba
napy P(X;y) HyuTaHuHr 6upop aTpodmia y3nykcus 6ynca, y .yonga
6y dyHkuma P(x\y) HyuTaga aundd3peHumannaHyBYHANP.

Bup y3rapy3uMHuUHr (yHKUHACK OynraH “ongarn kabu, apknu $3ra-
PYBYHMAPHMH." OPTTMPManapy yuyH ywoy 6GenrunawnapHi Kuputamms:

4 x -mdx, Ay =xdy. ¥ “onpa auddepeHuman yuyH wudoga ywéy Kypu-
HULLUHH onagw:

Xycycn i Kocuna-

dz =7-dx -r ~ dy, 9
T ©)

ékn
dz = fx(x, y)dx A-fl(x, y) dy. (99
FO™opuga aiiTunraH (HKpP Y4 Ba YHAaH OpPTWA COHJaru Yyarapysuu-

NapHUHT (OYHKLHACK yuyH .\am ocoil yTkasunagu. MacanaH, y4 yarapys-
annunr AugdapeHynannadysun n = f(x,y, r) dyHkuHsacn yuyH Au Tyna

opTTMpMa Iim—— 0(p= Ax-+ Oyr+ [Ar2, waptga
-op
An=% Ax+rAy+rAz+u"Ay Ar) (10)
‘ax » oy

thopmyna 6unaH wg3agan3Hagn, YHWHr Tyna AuddepeHumann 3ca ywby
KyPUHHLUra 3ra:

+ +
ax dy ar (1
l-mucon. 1= Xy- QyHKUMSIHUHT UXTUEPUN Hy‘Tagarn Tyn3 AHMGepeHLU3IMHN To-
MUHT.
ar ar arooar
Eunnuuwn gr = — dx+ '—dy Tyna gudipepeHuman —Ba — XyCyCUH Xocvsianap
0 0X

y3nyKeu3 GynraH ~onjarHHa maexyg. AHbgarnnapHu Tonamms:

-(*n;-n$-(uc);B2x*

TormnraH xycycuii ~ocunanap 6yTyH OXy TEKUCMKAA Y3NYKCKU3 yHKUMANAP SKaHanrn-
m Kypub Typubmms. LLYHWHr yuyH 6y thyHKu,MﬂHMHr avdepeHUman javMa epia Mas-
Xyfa, Wy 6unad Gupra Ar = y:dx+2xydy.

2- mucon. n = (hyHKUMS Tyna paddepeHwnanHver X =\, y = —2,r= — 1,

Ax =01, Ay= 0.2, Ar= 05 garn KHHMaTVHW TOMHHT.

Eunnuwn. Xycycuid ~ocunanapHi Tonamms:
/x+J*' 1 pda (x+Y"\ _ x+9
arw\y roo'r o

mo (x+y o oan_
AXAM[~T~)x~ 77 gy=, r Jwr'

19



oHay Typa AHapervelTi TInasm.
1 1 X+ Y,
du = TAX+ TAy__rE Vs

By Tyna pudxpepeHupanHvHr X = 1, y = —2, r= — 1, Ax= 01, Ay—0,2, Ar= 0,5
[arv KVHVTUHW Tomamus:

1—2

1 1
du= — - 01+ — +02- — +05=02

3. Tyna puddepeHUManHUHr Takpubuii ~vccbnawnapra Tatéuum. bup
Heya y3rapyBuM (YHKUMACMHUHT Tyna AuddepeHuranmgaH — Takpuoumii

Acobnawnapaa horganaHn MymMKuH. AunddepeHupannaHysun z —f(X,y)
(YHKUMA GepunraH GYyNCUH. YHUHT Tyna opTTMpMact

Az = fx(xy) Ax-f fy(x,y) Ay + w (Ax,Ay)

thopmyna 6unaH udoganaHagn. by epga <o(dmr, Ay) p= Y (4N *+(4N)a
ra HucbataH Honra »Tespoy, MHTURAAW. LiJy cababnn Kuuuk p nappa, SbHu
knavk | 4, x| Ba |O«/| napga <o(4x, AYy) uylmnyBuMHM ~mcobra onmMac-
[faH, GyHgal é3uw MyMKUH:

Azatf'x(x,y)Ax + fy(x,y)Ay, (12)

ABbHU  (PYHKUUAHUHT OPTTUPMACHHU YHUHT Tyna AuddepeHumant 6unaH
aNMaLLTMPULL  MYyMKUH.
CYwrpa z = /(X, y) 6ynraHun yuyH

Lz=1(xx+ Ax, y + Ay) —f(x, y).

Az yuyH 6y udogaHn (12) dopmynara ryyinb, AyimgaruHn >peun uy-
namus:
f(x+ Ax, y+ Ay)-f(x, y)« I; (M y)Ax-r fy(x, y) Ay,
6yHaaH
I(x + Ox, y+ Ay)&f(x, y) + fx(x, y) Ax + fy(x, y)Ay. (13)
Arap MKKW y3rapyBuu (YHKLMSCUHUHT Ha YHWHT Xycycwidi “~ocunana-
pUHUHT P(X: y) HyKTagarn uwiimatiapu mabnym 6ynca, y *cnga (13)
topmynagaH 6y dyHKuusHUHT P(x\ y) Hy*tara sumH P(x + Ox; y +

+ Ay) HyKkTajaru UuiAMaTHHH Taupubuii xucoGnawga doliganaHuw mMym-
KWH.

LyHra yxwaw topmynanapHi n> 2 fa N Ta y3rapyBUNHWUHT (yHK-
LMACU YUYH KenTupub umuapuil MyMmKuH. MacanaH, n *=3 6ynraHga Ly-
AnparmHn >ocun Lmnamms:

f(x + Ax, y+ Ay, z+ Az)zsf(x, y, z)+f'x(x, y, 1) Ax+
+iy( y, NAY" ft(x y. AT (14)

1- mwmcon. arctg » — 1 ) mm Tyga andibepeHuyan  épaamHaa Tauoaii .yHeob-

naHr.
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ESAWAUWN. [ (*, ¥)= arciy® — — i | «yywywunn

chopMy/iaH/ K?1N1aHHG, KyWgaruH *ocin Kwiamys:

Hee(r+ 17 _1)*ad8(i _ 1) +['rclg(f
© [w"Yy-D]4

e (F- DA 4-?27T1a--s8
mmm je= 2, Y = 1 pe6 onamms; y >jonga Ax = — 0,03, [ 4= 0,02. Oemak,]

éKn

“« (T 5 _')*ACET-|)* ..+ 20 1H5"-0i> -

0,02
%+ (2 —
aun
irCtg( M)2~ 1) * arctB1— 570,03 —0,02 = J —0,015—0,02 * 0,75.

2- mucon. [lovpaBuii CeKTOPHUHI 80° ra TeHr mapkaswii GypyarvHu 15' ra  kudpaid-
TapHAMOKYM. HO3HW y3rapTMpMacivk yuyH = 30 CM ipaguycHM LaH4a ysaiTupuwl Jo-
3nm?

Euynnvwwn [ovpaBwii CEKTOPHUHT S to3n S = dopmyna 6unaH udogana-
Hagu, 6y eppa I — foiipa paguycu, <p— rpagyc 5nuoBugary mapkasuii Gypyak.
Arap 103 ysrapuwm (opTTupma) S Hu Tyna audipepeHuman 6unaH (Takpubuii) an-
MaLuTupunca, y yonga ’
AS ds Ar+ 6S A
» — —_ <P.
dr b P
LapTra Kjpa, Mapkasvii 6ypyak Knupaiiné, paguyc opTraHuga AS Honra TeHr Gynu-
LWH Kepak. Llly ca6abnu

ds ds
@ AT+ .ClF) Ag!
ne6 onamuns, 6yHgaH
ds | n'-2p\# -+
At Jkp 1 360]c* b 360" Ad r- O
Ar= — dS ~ rrxd y ' U ~ 2¢ ¢
dr [ 360 )r 180

r=30 cm, 0 =80°; A= — ) [eb onnb, KyinparvHH ~ocun Kunamms:

Ar~ —m H \ ctM= —cm & 0,5 mm.
2-80 64
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XaToNnK n

A=~ \T(\Ax\ + \Ay\)'

COHAaH KaTra GY/MacnfarMHH KypcaTuw MyMKuH, 6y epfa M — MKKHHYH
xycycuii xocunanap Px{x, y), fxy (x,y), fuy(X, y) HHHr aprymeHtnap moc

paBuwga X faH X+ AX raya Ba y faH Yy + [y raya ysrapraHgaru
abCcoMiT UMUMATAaPUHMHE 3HT KaTTa UuMiAMaTu.

OHAN 6up Heua y3rapyBuu (QYHKUMACK AUDHCPEHLUHANMHUHT Ta pu-
6uiA “vcobnawnapia abcoMtoT Ba HUCOWIA XaTONMKNAp uYerapasapHHH To-
nuaa “aHgaid  uynnaHunawsHm  kypcatamus (VI 606, 3-8 5-nyHKTra
rapaHr).

N KaTTanuMK (aHWLMK YYyH) ydTa X, Y Ba T Yy3rapyBUYHHHHI audie-
peHumnannaHyBun Ba Myc6aT (YHKUMACKH OYNCuH:

n—f(x, y, 1. (15)
YauHr aprymsHTAapuHUHT X, Y, T aHu” uuiimatnapyu Hamabnym GyncuH,
6,Ipo™ _ynapHHHT Ta’pmbnin ~Hitmatnapu X0, yO, r0 \amga ab6comoT AX,
Ay, Ar xatonsaknapvHWHI 4erapanapH Mabiaym 6yncuH. (15) dopmyna

6unaH “ucobnaHaguraH U (DyHKUMS abCOMOT Ba HHCOMI  XaToNMKnapu
yerapanapyHu ~aHgaii TomuL MYMKWH?

x —x0=3Ax, \y—y0"Ay, r—r0=3Ar 6enrunawnap KupuTcak,

abCoMOT XaTOMMK Yerapacu Tabpudura Kypa “yHuZarunapHH KOCU/ Lufa-
Mu3:

[Ax|< Ax [Ayl< A |4 2[< A4, (16)
U (YHKUWAHHHT abCONKOT XaTONWUrH, paBluaHky, YHUHr Aun = f (x04-
+ Ox, y04-Ay, z0+ Ar)—f(x0, y0, rO) opTTvpmacvHuHr Mogynura
Ba U (hyHKUMA Tyna AvDQIpeHUManvHuUHT mMogynura TannbaH TeHr:
[Bwul»|/;(r0 yo, zQAX + fy(xQ y0, zQAy -f IT (x0, y0, rQ) Ar|.
Ab6cantioT MMiMaTnapuMHI Xaccacura Kypa:
Yo. 204x + fy(x0 y0 zQAy + fz(x0, yO, rQA4r| <
<LIXCY ¥ 20[-14 x1+/y(xe, YO, rQ|-| Ay| - [F'F(x0, yO, r) [*] Arl.
LUyHWHT yuyH (16) chapmynsnapHy uynnaHn6, ~yiamgarueu \ocun Ku-
namms:
10 1< Ifx(*> Yo. 201\ + ITy (*o-Yo ro)l 4=, + if z(*0. Yo ro)l
By aca

O«= Ifx(*o. Yo r.) I3 x+ |[Ty(x0. yO cO (Ay+ |[f; (X0, vy, r,) Ax a7
22

CCHHM W HWHI abCcaoT XaTanurH yerapacu CVI(*)aTH,U,a cnvwl MyMKUHANUTA-
HW aHrnaragu.

TN HUCOWIA XaTonWK Yerapacy Tabpudura kypa

5. = A, f,(*0. Yo.r0) 1— fy(xQYo.rQ I—
T o Yor)l 00 o) K*0. vo. %) AY +
+ ! r(x0, Yo. *o)
K*o. Yo. 20)
C>Hrpa
4lnn v_Alnu din u

oy VAR ar
3KaHIUTUHH b'bTVI60pFa oncak, Kyr.K,Cl,aI'ILLIVI XCCUM Knnamma:

_ | & In f(XQ Y. 20)I—  |dIn/(*0. Yo. *0)|-r- 141n f(X0, Yo. *0)| —
6- = l--—-- Temmmmmme 1A**H Ty IA«+ J---mm-- A rr

By TEHIMKHHHT 5Hr  ToMmMcHuga TypraH Hdoga Infix, y, r)  1mbl
(YHKWLWILWHE abcantoT XaTonurn yerapacuamp. LLYHWHT yuyH

6, = O (18)

AbHW 6MPOP (DYHKLMS abCcoMOT XaTOMMIMHWHT Yerapacy cudpaTuga 6y
(OyHKUMA HaTypan noraputMbl a6COMOT  XaTOMMIVHWUHT - YerapaciHu
OMT MYMKWH.

3-MUCONM. PUMK FAaH MabllyMKU, MasTHAKAMMAT TebpaHuw faEpn T yw6y T =
«29 j/~— TeHrnukgaH aHw™naHagy, GyHAa | — MasiTHUKHHHT  KenTupunraH ysyHnu-
™, g —OUP/MK Ky4n TeanaHuwm. By TeHrMkHM g ra HucbataH eyuo,

g = 4n4/T* (*)
HA ~OCWAT KMaMm3.

(*) dopmynagaH Ep CUPTUHUHT Typ/iM WyKTanapuja Crip/imMK Kyuu TesfaHULLMHA Xu-
cobnawl yuyH corpanaHunagmn, 6ybuMHr ydyH Oy HyuTanapfa MasTHUKUMUT KenTUpUIraH
y3yHnuru | Ba yHWHr TebpaHu fJaspn T pnyaHagu. $ nuawap Hatwkacupa | Ba T
yuyH KyBugary Ta™pubwii uuiivatniap cnuHrad 6yncuH: /0= 50,00 cu; To_= 1,4196c.
LLIyHUHr aeK, abContoT XaTOMMKHUHIE Yerapanapy Mabnym fAe6 apas kunamus: [°=0,01 Ba

O T= 0,0001. (*) chopmyna Gyiimya g OrMPAHK Ky4u Te3MaHWLLMHA Ba g HWHI  Tonws-

raH uMﬁMaTMHMKF abcontoT Ba KuCOUiA XaToNMKAapy YeTapacuHn Xucobnawl Tanab Kaiw-
n

E uynnunwun. XatonuknapHu aHuknawga (*) depmynaga s coHHvHr S0 TakpH6Uia
KAbIBTUHA  CAMLIra TATPU KeNHLWLMMKM xuccbra cami nosum. By cowm 0,0001 rada aHvik-
nvMKga onamms, sibHy Ak A0= 3,1416, A4 = 0,001 pgeiimm3. Y konga (18) es (17)
thopmynanapra Kjpa Kyhuganium Kocun Kunamms:

6a*="tnS= /(ln?)n]ZF=|ﬂ. m-A* + I(Ing)il.lt_='&. '0/+ 1(In F)FI/FI-FI, X
- T._ r>T, r. T
— 2 * B 2 Ar  2-0,0001 0,01 2-0,0001
XO0TB- "4--(N.— = — e + — 0,00040.
A l.+'T, 3,1416 1,4196

SBHW HUCOUIA XaTonmk uderapacyt 0,040 % ra TeHr.
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3Han (*) thopmyna 6yiiMua g HWHM TaupHGHH ~WMbmaTH GynraH
o= 4.(3,14114--50.00 _ 9795 cuic
(1,4196)»

KaTTasmkHy Tonamms. CyHrpa Af, = g06e = 979,50-0,00040 fa 0,4 cm/c* 6ynraHu yuyH
y3un-Kecun Xyimuparura aramHs: g = 979,5 + 0,4 cwm/c*.

MHpoBapanaa TaypubuH yucobnalufapHUHE 6ab3n youaaiapuHu KypHo
unyamn3. Ynap (17) Ba (18) copmynanapgaH HaTwxka CcHdatuga yocun
6ynaau.

Y )E:A Ba Y MycbaT xaTONMKnapHU ynyaw éku yucobrnawl HatuxacHga ab-
COMIOT XaTONMKNapM uyerapanapy mex: pasvwga Ax Ba Ay 6ynraH x0 Ba
yO TaypubHiAi yuiimatnap OnMHraH G6YyncuH.

1) Arap r =x +y 6ynca, y xonga (17) dcopmynagaH doiiganaHHb.

r r
'q_ = 1 Ba 'U'_: 1
X ay A
LLyHaain ywnm6, uuFundu abCconmloT XaTOMMIMHWHE  Yerapacu Kyliu-
nyBuMnap abCconoT XaTONMKNAPUHUHT Yerapaniapn WUrvHAMCHUra TeHr.
2) Arap r =x —Yy 6ynca, y yonga

HW TOnMamus, 4yH Kt’lJ

ar ar _ igri_
YyHKM — = 1, =—= —T1Ba = =1
4 X By bl
LUyHpaid ywnm6, aiimpma abcontoT  XaTONUMUHUHT yerapacu kama-

H0BUYN Ba aﬁpvmquM abeconoT XaTO/IMKNAPUHMHT Yerapa.rapyu nmrmdaucura
TEHT.

3) Arap r = xy 6ynca, y xonga Inr = InX+ Iny, LWYHUHI Yy4yH

(18) chopmynara Kypa

ABHM KynaidTyua HUCOMIA XaTONMIMHUHI Yerapaci KynaidTysuunap — Huc-
6l XaTOMMKNAPUHUHT Yerapanapn WnrnHaMcura TeHr.
4) arap z =xly 6ynca, y yonga royopugarura yxuat

6.= 15+6",

hii YOCUN YWWL OCOH, fbHM BYNMHMA HUCOMIA XaTOMMIMHUHT  Yerapacu
6%nMH¥pqm Ba 6$yBUN HUCOMIA XaTOMMKNAPUHUHT Yerapanapu NWUTMHAN-
chra TeHr.

5-8. mypakka6 eBa owopmac PYHKUUNANAPHN guddeperumannaw

1. Mypakkab thyHKumMsnapHu auddepeHumannawl. VIKKH y3rapyBYHHUHT
z —f(X. y) ®yHkupsicn 6GepwnraH, Wy 6wunaH 6upra Gy GYHKUMSHUHT
aprymeHTnapy 6utTa t y3rapyBUHHWHT yHKLMANapU GyncuH: x = x (t),
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y =y (). Y xonga r 6urra t ysrapysBuHHMHr Mypakkab ®yHKuuscu oy-

nagH — Ba — XyCYCUiA XOcunanapHu xampga Ba yocunanapHu
ax ay

6unraH yonga 6y mMypakkab (yHKUMSHUHT — YOCUNacuHW TOMWLL Macana-

CUHU KysiMu3. By Macananu eumwga x = x(/) Ba y = y(t) dyHkuusnap

t HyyTafa yocunanapra ara, MKKH y3rapyBUHHUHT z = f(X, y) ®yHKUMACK

aca mMoc (X, y) HyyTaga AuddepeHumannaHyBum ae6 (apas yunamus.

t apknn ysrapysuu [t opTTMpma OnewH, y yonga X Ba Y y3rapyBuH-
nap moc pasuwga Ax Ba [y opTtupmanap, I (yHkums aca Or opTTup-
Ma ofnagn. T (YHKUMA (papasra Kypa AudgdepeHunaniaHyBun 6ynraHu
YUYH YHHHT [T Tyna OPTTUPMacuHH Yoy KypuHULLAA E3ULL MYMKWH:

Ar= R'D'X+ Eﬂ.)/’f o@x, 4y), ")

wy 6wunaH 6upra =0, 6y epfia p= j O**+ Ly» (19) TeHrnmk-

HUHT MKKana ymcmuHn At ra 6ynm6 Ba [t-A) ga numutra yTue, yyiu-
JarvHW yocun yunamms *

3f£.="»£.. HAin (20)

. . A
Hu lim_ii+ f . el + Hm
Ot—0At  |ax 'A< *oAt gy kfw0At  A<OAI
Arap 6y TEHI/IMKHWHT YHI TOMOHWAA TypraH /SUMUTNApPHUHT Xap 6u-
pn MaBXygd 6ynca, y yonga Ly TEHIIMKHWHT 4Yan TOMOHWAa TydraH nu-

MUT yaM, SbHU yocuna yam maBxyg 6ynagu. Bupoy Mt — = —

Ba M b asra Kypa MaBXyg. SHAu
1 oA —'D(']%/ bhap yp YA al
Hu — = Hu (—e—)= Hwu — g
,qlél-J»oAt ,qluio\(p At]) ,q/HJo p %’meT\z

WTonamms.  ABBaN WKKWMHYM NIMMUTHW yapaiimus:

m E- = Huw 3rAX* + Ayr— [jm
,U,I?,,O t a4 At n

N

I(E)'+(£)*
Ba N yocunanap MaBXygd OynraHu yuyH Gy UMWAT  MaBXyA.

e _*_| - -
A|l<%p HU TonuwpaaH onguH At-*-0 6ynraHga p->0 6ynmwuvHu [yam aii

M6 ytamms**. Bupo onga HT —= MNT1— = 0 Ba, Aemak,
yT poy y yonaa HT —= O%% A
* ‘er ar .
OX” Ba p._y_ Xycycuin yocunanap Atra 6ornmx GynmaraHB ydyH YnapHH AvMnT 6en-
IHewpaH Tawapura Yvxapuil MyMKUH.

=+ XaxuxataH Xa* p=V Amg*  Alf*. X bl Y auddepeHupannaHysum Ba, fe-
MakK, y3nyKcua GynraHn yuyH O/-+-0 ga [Ox-*-0 Ba AY~*0 (sbHu p-*-0).
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AR = b Ggeadge =0

ByHH fgucobra onmb, (20) dopmynaHu ywoy KypuHLLLAA E3MW MyMKWH:

fk =aif 4.~ N /911
dt ax dt A gy dt’

1

dz
1-mucon. Arap z= xv, x=sin/, y=P 6>nca, — [ocunaHn TOMUHT.

Eunnuwwn. (21) dopmynaym doiiganavmé, LyingarnHy [ocun SHNamu3:
dx, .. » j
d/« = d/ + »d/
+ xy 1nx(P) ' =yxv *cos/-f x*Mnx»2/ = [*(sin/) lcos/+
+ 2/ (sin/)“insin/ = /(sin//”~ 1(/cos/+ 2sin/*insin/).
SHan y =y (X) 6ynraH waptga r —f(x, y) ¢yHKUMsHU JapaliMus.
By epfa I ysrapyBuM G6M/rTa X y3rapyBUMHWHT (yHKumsicu: z = f(x,

y (oc)). By fpon togopwpa KypuwnraH fonra Kentupunagu, Ly 6unad 6up-
ra 0y epga t ysrapyBum ponvHu X Gaxapagu. (21) copmynara Kypa:

dz _ar dx ar dy »

dx ox dx oy dx

Bupog o = 1 wy cababnu

w91 singy +

das dz , ar_~dy

dx ox gy dx
By hopMynaHWHr YHr Ba 4anm TOMOHMapuAa I HHHI X GyHHYa gocunanapH
Typuan. YnapfaH 6upyn Y- — HKKU Y3rapyBUMHUHT (yHKLmMscn z = [(xy)
HHHI Xycycwii focunacu, y aprymeHT X ra 6orawg avac peraH  (ha-
pasga Tonunagn. YHpaH (apinH ynapof (22) (apMynaHWHT YHr TOMOHH-
fa TypraH o JocHna 6up ysrapyBum z = f (X, y (.r)) MypakkaG yHK-

X )

LHACUHHHT  focunacnuaup. By gocunaHn 6u3 Tyna yHoows, fAeb ataimus.

SHan z = f(m y) QyHKuMs GepunraH, wy 6unaH 6upra X = X(u, V)
Ba Yy=*y(u, V) ge6 chapas gunamvi3, y onfa Z MKKWTa 3pKNH Y3rapyBuu
W Ba V HHHI Mypakkab (yHK wuscugup. By Mypakkab (QYHKUUSHUHT —
Ba ' XYCYCUIn [OCUNaNapHHN TOMamu3. W

ar A X

(22

quy“ Xycycun x/cunanap r, X Bay 6uTTa M ysrapyBuH-
HUHT cbyHKLms-mapm [e6 papanH6 Tonmna,qm Bupog y ponga (21) dopmy-
naja —, — Ba & [ocunanapHu Mor 2 B gy A Xycycuil  jocuna-
nap 6vu1aH anvawTpmo, Ly dopmy/lagaH qoiiganaHLul, MyMKUH:

2

AN o AT AX g Ar Ay f (23)
Aan aX gn oy an

LUyHra'yxwaw WugogaHn — YUYyH XaM XCCUA AWML MYMKWH:
o

AT _ Ar Ax " Ar <y (239
dv ox dv gy dv

OnuHraH 6y HaTHXanap WUCTaraH YekKnu COHAarn aprymMeHTNapHKHT
MYpaKKab,, PyHKLMACK YUYyH YMyMAaWTUPUAULLA MYMKUH. MacanaH, yd
y3rapyBUMHUHT U ~F (X, Y, I) yHKUMUACK YUyH:

— + (24)
dt ax dt oy dt ar di
oy epga x = x (), y=y® r=z().

2-mucon. r= arcty  hyHKUWA
* * u—v
mA dv n*+v*
MyHOCa6aTUH [JaHOATNaHTUPMLLIMIA HLLIOHY JI0CU AWIMHT, By eppa
X—un+v, y—un—V.

ar Ar

Eunnmwun. = Ba=- HM TONamms:
on dv
ar oaraxoargy [ Cox\E, / (FIYPK o1+
» * K k455" (Y I+ + T '*T ), “¢e-T+n7
ix/u)".. 1ly — Xxly* Y—x
r\+ xUy> w  1+xUy* 1+ xryr X*+ M
y: y ry W
Ao+ " “ “ . “ X*1y*
Bo-U W+ -0 - (" cl87 1 (“+eY+ ( ce7) Lo LT
-xly*
X g pwipenr (- D 04
SHan fyinparHra aramms:
2o An-y
AOpE_ y-x +  NbEs
du'dv~ x* )t AT~ X2T R (< PR

2un—0) n—y <
2+ 09 —m2+ o*

AHa WYHH HcboTnaw Tanab AvnamnHraa *aw.

2. Tyna
Ysrapysun Y = LIX) dyukumscuHuHr  gnddepeHun™p  topmac  MHBapu-
aHTauMp. By pgeraH cys, auddepeHuman yHuHr dy = j'(X) dx wudogacn X
3pKNN Y3rapyBunm €kH 6upop t ysrapyBUMHuMHr X=d (/) dyHKUmsCcH by-
NHALWAAH AaTbH Hasap TyrpunHrHya gonagn (VI 606. 3-8, 4-nyHkT).

bup Heva ysrapyBuMHUHr U = (X, ¥, I, .. O  yHKUMACK YUYH LIyH-
ra yxwaw aaiBo ypuHmmaump: n Ta ysrapyBuum U*=f(X, Y, T........ /)
(DYUKLMACUHUHT »7

(hOPMAEMHHHT MHFapuaHT/ M. Mabaymku, Gup



du = didx+ *dy £+ *dz + ...
o oy ¥"A r

Tyna guddepeHynan» X, y, ... t apkau ysrapysuunap ékm 6ow”a ysra-
PYBUMAAPHHHT  (DyHKUMANapU OynHIWHAAH "aTbW Hasap Y3 (DOpMacuHH
caunangm.

Bu3 6y [abBOHM WKKM y3rapyBum I = f(x, y) dyHKUMSCU YuYyH wC-
6oTnaw 6unaH YeknaHamus. MabnymKu, x Ba Y 3pKAU y3rapyBuunap
6ynca, y “onga Tyna gvddepeHupan

+ *<ff
at

dz =,ydx + *dy
Ax Ay

KypuHuwga 6ynagu. AuddepeHupanHuHr 6y ¢apmacH X Ba y SHIM y3-
rapyBYHMApHUHr X = X (W, V), Yy = y (1, V) dyHKunsnapu 6ynraH “onga
Kam canaHHWKWHM Kypcatamu3. By “onga I sHrM U Ba V y3rapysyunap-
HHHI Mypakkab (hyHKUMsiCHTa alinaHagn. by Mypakkab hyHKUMSHHHT aud-
(hepeHuanm

dz = —du + —dv
o dv

thopmyna 6unaH udoganaHagn. bupok (23) Ba (23') dopmynanapra Kypa
B _Bropx~ dro By -

" X an "
JlemaK, o ax A ay A dv ax dv gy dv
— 1 1 1 IN AN 1 = AN i
RCCAS I & B |C A ERTRF B AT
+8Mdu +”"-fto = d(ddu +fdv)+ Aid'du + éydy) =
oyan oy adv ox\an dv )" gy\du av )
r Aar
—=dx —dy,
YYHKU w i
~du + Adv —dx, ~-du-\--udv =dy.
du dv du dv
Oemak, dz Tyna gudepeHuman dz = —dx + — dy ucxoma X Ba Y sHM

3rapyBYHNAPHUHT QYHKUMANapK 6 rlraﬁlhX ~on aﬂy\aM 3 (hOPMaCUHH Yy3ra|
¥mpw?3|(/|8p,m. p YHKL, pu 0y fa \am y p ysrap
3. Owkopmac (hyHKUmMsnap Ba ynapHu AudidepeHumannawl. Yoy

2 v—r—1=0 (25;

TeHrnama 6epunraH 6yncuH. YHga X Kuur \ap 6up Xaueuin ~viAmaturr
Y HUWHI AroHa myc6aT uuiAmarm mMoc KenagukH, arap X Ba Y HUHM 6y Kuii
matnapuHu (25) TeHrnamara uyivnaguraH 6ynca. y “onga Yy aWHWATIT
aiinaHagn. MacanaH, X —0 “wiimatra y = 0 “wiimMaT Moc Kenafau, YyHKH
X Ba Y HWHr Oy uuiAMaTnapuHn (25) TeHrnamara uyicak, 2°—0*—
— 1=0 aliHuATHH Kocun umnamms. LLyHra yxwaw, X = 1 “niimatra y =
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1 uwiimar, X = 2 kuiimatra y = logsb uniimMaT mMoc Kenagu Ba .yXaso.

BollKaua aiitraHga, (25) TeHrnama opuanu (yHKUMA 6epunraH, YHWUHr
aHUWIaHMW co.\acu G6YyTYH COH yKW, KuiMatnap Tynnamu 3ca 6apya MaH-
tuiiMac coHnap Tynnammaup. by (yHKUMsA olwKopmac qyHKLus Aeiinnagu.

YMmymun Konga

F(x,y)=10 (26)
TeHrnama GepunraH 6yncuH, 6y epga F(X, Y) — WKKW y3rapyBUUHUHT
hyHKupscn. Arap X HuHr 6upop M (X £ M) Tynnamra Teruwnum kap 6up
AMAMaTUra Y HUHF SITOHa KuiAmMaTu Moc Kenwb, X 6unaH Gupranukga (26)
TeHrnaMaHu LaHoaTnaHTupca, y y>nga 6y TeHrnama M Tynnamga y = <(g)
OLUKOpMAaC (YHKUMSHW aHUuaiigH geb ranvpunagy.

LyHpaid umnnb, (26) TeHrnama 6unaH aHwWnaHraH y = p(X) OLKOp-
Mac (OYHKUMA YYyH Oy (PYHKUMAHHHT aHWKnaHuw, cokacu M parm Gapua
X nap yuyyH Tyrpu 6ynraH

Fix, 0p(x)]==
aliHVAT  YPUHANAWP.

OwkopmMac (yHKuusgaH Gap™am ynapou, Y ra HucbataH eunnaguraH
TeHrnama 6unaH GepunraH y = f(X) dyHKuMs OWKOpP (yHKUWA [eb aTa-
nagn.

FONopuga KypunraH muconra KawWTainmk. (25) TeHrnamaHuw Y ra Huc-
6aTaH eunw MyMKUWH:

Y= log. (**+ 1) (25"
By —owkop tyHKunaaup. Ly 6unaH 6up BauTaa y touopuia wnarapu
(25) TeHrnama 6unaH GepunraH OWKOpPMAc MYHKUMAHWHT XYAAU Y3uaump.
Y (25) TeHrnamaHu aiiHaH KaHoaT/aHTMpagu. “~auuuataH K?m, (25) MyHo-
cabatga Y HWHT ypHura yHuHr (25') copmynagarn undogacuHn  KYicak,
HnuarmHn Kocwun uunamms:

2105, (ot _ X*_

Bab3n nonnapga xap 6up xgAf uwiimatra y HUHT 6Mp Heua uuiAMaTK
MOC Kenagu Ba ynap wy X 6unaH 6upranvkga (26) TeHrnamaHu LaHoat-
NaHTHpagu. Y “onga 6y TeHrnama 6up amac, 6ankm 6up HeuyTa OLLKOpMac
YHKUMAHU aHuW™nakan. MacanaH, Xr+ y2— 1= 0 TeHrnama MKKuTa OLU-
KopMac (PYHKLUMAHW aHwynaign, ynapHn x*+ y2 1=0 TeHrnamaHu y
ra HucbataH eumb, Lyhngarnya OLIKOP KypUHWLLAA E3HL MYMKVIH:

y=11-x\y=—/1-x\

Bupow, \ap LaHgai oLkopmac (DYHKUMSHWM OLIKOP 3nemMeHTap (yHKLuMA

KypUHULLAR Hhodanall MyMKVH Aeb ;yimaw MyMKUH 3mac, MacanaH,
-2y +x*~ 1=0

TeHrnama y OLKOpMac (YHKUMAHW —aHWuaidiay, YyHKU X Ba Y HUHT Oy
TeHrnamaHu ~aHoaTnaHTUpaguraH Kuiimatiapy Xyrnapyu masxyg (MacanaH.
*=0,y=0 x=1 y=1Ba xoKa30). bupok 6y TeHrnamaHu Yy QyHK-
LMS X apryMeHTHUHT 3neMeHTap (yHKLMAnapu opkanv  udopanaHaguraH
Kuwmb, y ra HucbataH eund bynmaiigu.

laxt+ I _ = o.
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du=*dx+*dy + *dz+ ...+*dt
AX dy Lo 0%

Tyna guddepeHuman X, Y, ... t 3pKAW ysrapyBuunap éku 6owiua ysra-
PYBYHJAPHWUHT  YHKUMANapH OynuwmgaH uaTby Hasap y3 (hOpMacuHH
caunanan.

Bus 6y AabBOHU WMKKW y3rapyBuu T = f (o, y) (YHKUMACH YyYyH Wuc-
6oTnaw 6unaH ueknaHamH3. MablyMKW, X Ba Yy 3pKIu y3rapyBuuniap
bynca, y “onga Tyna auddepeHyman

dz="dx + —d
ax ay y
KypuHuga 6ynaan. AuddepeHunanHuHr 6y apMacm X Ba Yy SAHIU y3-
rapyBuMnapHuHr X =x(u. o), y =y(u, v) dyHKunsnapH 6ynraH “onga
\am ca™aHWLWKMHW KypcaTamus. By Xpiga I sHrM W Ba V ysrapyBuunap-
HHHI Mypakkab (yHKLMACHra aiinaHagn. By Mypakkab hyHKUHAHUHT Aud-
thepeHuyamm

dz = —du -f_dv
du dv

thopmyna 6unaH wdopanaHagu. bupo” (23) Ba (23') topmynanapra Kypa:

—asZ— ooy AT .ar.px, prpy
[lemak, Mmoo axan gy Awn dv  ax dv gy dv
dz = al>3( EIVI+ gy'%)\'cm*_ \dr dv dy dv) - dx du * gk*gvldv'l-r
* dy du dy dv _dx/\\dngu + AdV} * d*du V)? -
UyHKM - ﬁde Eyd%
audu + Svdv =dx, i N mly.

Oemak, dz Tyna guddepeHuman dz= —dx + — dy ndoaa X Ba y SHIK
ax ay.
¥a5%h)¥vllaﬁﬂmapnm|r hyHKumanapH 6ynraH “onga \am y3 opmacuHu y3rap-
3. Owkopmac hyHKuMAnap Ba ynapHu auddepeHumannawl. Ywoy

2 V—g—1=0*" (25)

TeHrnama GepuaraH GYnCUH. YHAA X HUHr \ap 6up “auuumii “miimatura
Y HUHT SiroHa Myc6aT UHAMarM moe Kenafvku, arap X Ba Y HUHI 6y "wii-
maTnapuHu (25) TeHrnamara “yiwnaguran Oynca. y *onga y aiHuatra
aiinaHagn. MacanaH, X = 0 uyuimatra 'y = 0 ~umiAMaT MOC Kenagu, YyHKW
X Ba Y HUHr Oy uwiimaTnapuHH (25) TeHrnamara uyiicak, 2°—OL—
— 1=0 aiHuaTHH "ocwn umnamus. LyHra yxwaw, X «= 1 “uiimatra y =
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A1 uwiimar, X = 2 yuiimatra Y = logb uyuiivat moc Kenagn Ba “OKaso.
"owkKaya anTraHga, (25) TeHrnama opuanu GYHKUMA GepunraH, YHWHT
SHLIYLLIHULL €O.Aack BYTYH COH YW, LH/AMaTnap Tynnamw aca bapuya MaH-
¢uiimac coHnap Tynnamuamp. by dyHKLWS olKopmac GyHKLuMA Aeidnnagm.

Ymymuin “onga

F(x,y) =0 (26)
TeHrnama GepunraH GyncuH, 6y epga F(X, Y) — WKKM y3rapyBUMHUHT
thyHKumscU. Arap X HuHr 6Hpop M (X £ M) Tynnamra Teruwnu ~ap 6up
AviAiMaTra Yy HWHI AroHa uuiAMaTn Moc KenH6, X 6wunaH 6upranvkga (26)
TeHrnamaHu LaHoaTnaHTmpca, y “onga 6y teHrnama M Tynnamga y = (x)
oLIKopMac QYHKUMAHU aHuuiaingn feb ranupunagu.

LyHaal umnmb, (26) TeHrnama GunaH aHuunaHraH y = <p(X) oLwkop-
Mac PYHKUMA Y4YyH Oy (YHKLHAHUHT aHu™naHuw co™ac M pgarm 6Gapya
X nap yuyH Tyrpu 6ynraH

Fix, d(*)1= ©
aiHWAT  YPUHANAUD.

Owkopmac (yHKUMSAaH (apuanm ynapou, Y ra HucbartaH eumnaguraH
TeHrnama 6unaH GepunraH y = f(X) ¢yHKUMs OWKOP (YHKUUS Ae6 aTa-
nagw.

tO™opuga KypwaraH muconra KaiTainuk. (25) TeHrnamaHw Yy ra Huc-
6aTaH eun MyMKUH:

Y= log. **+ 1) (25"
By —owkop tyHkuusgup. Ly 6unaH 6up BaTAa y touopuga wnrapu
(25) TeHrnama 6unaH GepunraH OLIKOPMAac (YHKUHAHUHT Xyaau Y3uaup.
Y (25) TeHrnamaHu aiiHaH LaHoaTnaHTMpagH. ~a“nuataH ~?M, (25) MyHo-
cabatga Y HWHI ypHura yHuHr (25') dopmynagary HogacuHu Lyiicak,
LlylingarHm \ocun upunamms:

olor,p)*+0_ x*_ 1=+ |j _ =0

Bab3n nonnapga xap 6up XEM “uiimatra y HUHr 6UMp Heya ~MiAmMaTm
MOC Kenaau Ba ynap Wy X 6unaH 6upranukga (26) TeHrnamaHu “aHoar-
naHTUpagu. Y “onga 6y TeHrnama 6up amac, 6asku 6Mp HeyTa OLUKOPMAc
(YHKUMAHU aHu™naign. MacanaH, x2-f  — 1= 0 TeHrnama WKKuTa OL-
KopMac (YHKLMSHWM aHWywWwidan, ynapHu xX*+ y*— 1=0 TeHrnamaHu y
ra HucbataH eunb, UyiHAarnya OLWKOP KypuMHWLLAA E3HLI MYMKUH:

y=11—x\y= —/1-x*.

Bupos™ "ap LaHaall OLIKOpMac (YHKLUUSAHW OLIKOP 3NeMeHTap (yHKLWs
KYPUHWLLAA Hofanall MyMKWH fe6 $iinall MyMKWH amac, macanaH,

Y2y + x*—1=0

TEHrnama Yy OLWKOpPMac (YHKLUMAHW aHLyraian, YyHKU X Ba Y HUHT 6y
TEHrNamaHW LaHoaTNaHTUpaauUraH KuiiMatnapym XyhTnapH Masxys (MacanaH,
#=0, y =0, Xx= 1, y = 1Ba xokas0). bupo™ 6y TeHrnamaHu Yy (yHK-
UM X apryMEHTHUHT 3neMeHTap (yHKumanapH Opkanm  udoganaHagHraH
mnnb, Y ra HucbataH eunb Gynmangu.
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F (it 1)) = O KypyHMWgarn xap UaHfai TeHrnama xam owwkopmac (yHK-
UMAHU 6epaBepMaHayu. MacanaH, X2+ y2+ 1= O TeHrnamMaHH X Ba Y HUHT
3{ey MaHfan xauH A UwiAMaTnapuM  KaHoaTnaHTMpMaiyn Ba [eMak, y Xeu
XaHgan owwKepMrce yKKLUAHU aHMKnamaiaw.

P(x,y) =0 TeHrnama firoHa y OLIKOPMac (PYHKLMAHU'aHUKNALWMN Y4yH
F (X,y) yHKuMa Kakpan LapTnapHW KaHoaTIaHTUpWLLK Kepak? By cason-
ra ywoey OLWKopMac (YHKUMSHUHT MaBXyL/IMK TeopeMacu >xaBc6 Gepaau.

Arap F (T, y) dyHKuma Ba yHUHT Fx(x,y), Fy(x,y) Xxycycuii xocuna-
napu PO(@T0, y0) HyuTaHuHr 6upop aTpodmia aHuunaHraH Ba y3nykcus,
wy 6unaH éupra F (11,,y0 = 0 Ba Fy (x0,y0) ® 0 6ynca, y xonga F (x,y) =0
TeHr.rama PQx0; y0O HyuTaHuHr 6upop aTpocdmaa y —y(x) AroHa oww-
KopMac (DYHKUMSHM aHuunaign Ba 6y yHkuma X0 HyuTaHu y3 umuura
onraH 6upop opanmuga y3nykcus, audpepeHunannaHysum, Wy 6GunaH
6upra* y (x0 = y0 6$nagn.

By TeopemaHu MCGOTCM3 Kabyn Kunamus.

SHAH owkopMac (YHKUMAHM AuddepeHumaniall Macanacura yramns.
(26) TeHrnamaHWHr 4an “McMU Teopemadary LUapTaapHU LLaHOATIaHTUPCHH.
Y xonga 6y TeHrnama y —Yy (X) owkopMac (YHKUMSHW aHWLiaignm Ba by
tyHKuma yuyH PO(x0; t/0) HyuTaHuHT atpcuaa * ra HucbataH F (x, y(x)) eeO
aliHUAT ypuHAM Gynagu.

AllHaH Honra TeHr (YHKUMSHUHT XOCWMacH XaM Honra TeHr 6ynraum-

F
SN YYyH Tyna XOCW/a XaM HOMra TeHr: 9 0. BHpox (22) myHccabart-

dF dF
ra acccaH — - . T- A —
o ?q(y JX Ba Wy cabapnm a1y dx Q 6yHaaH
dF
fy _ Bx
& dF- @n
oy

By topmyna opuanu owkopmac (YHKUMAHUHT' (BUTTa y3rapyBuu OLLKOP-
blaC (PYHKUMACUHHHT) “ccunacu Tonunagu.

Mucon. J**—2x+ 3y2+ xy — 1=0 TeHrnama 6unaH GepuniraH y oLIKOpMac (yHK-
UMSHUHE XOCWMIACUH TOMAHE Ba YHUHI P (2; — 1) HyKTagarym XOCWIaCcHHW TOMMHT.

Eunnunuwse. F{X,y) = x-—2n 3y* Xy — 1 6carunaw kvputamma. Y “~onga
N o= 2T 24y, — = 6y + x. [Ocmak, (27) dopmynara acocaH
dy dF/px 2n—2+y
dx dF/gy 6y + X
XycycaH, P (2; — 1) HyKraga
fyl 22 —2—1 |
dx\ » ~ 6.(—D+2-4"
1 18=-1

'FEOMGT%K HyKTaH vasapgaH 6y F(X,y) =0 TeHrnama 6unaH awufiaHraH arpu

YM3NK 3 HYKTaHUHI  aTpoupa  y3nykcus Ba guddepeHumaniaHyBum Yy = W <n)
YHKUMAHWHI TpadiurH 6ynnwTil 6unanpagy.

30

6- §. CKANSAP MAIAOH

|. Ckansp MaiiloH Ba YHWHI TeOMITPSK TacBHpraHuWwu. PasoHVHI xap
6up P HyuTtacura 6mpop W ckansip KaTTaIMKHWHE COH LMAMAaTH MOC  Ke-
fanurad Kucmu (Ekn Gupop 6YTYH (DasOHWHT y3u) cKansp MaigoH pfe6
aTanagy.

' MacanaH, xap 6up HyxTacura 3WUYAVKHWHT TaliH GWP LHHMATH MOC
KenaguraH >XWCMHU CKansp MaiifoH cudaTuga uapaw MyMKHH. Bepunrad
XUCMfa TemnepaTtypa TaLucuMOTW MalfoHW, 3MeKTP MNOTEHUMANHHHHT Tall-
CHMOr MalfOHH Ba XOKa3afnap -\av ckanap MaiigoHnspra Aoiip MHconamp.
Bapua xonnapfa xam W ckanap KatTanuk BaTra 6ornvy 6ynmachad,
6ankn P HyKTaHWHT (hasogaru BasHATUra 63rnHX Ae6 dapas “nnamus.
Bolwkaya ainTraHaa U KatTanuk P HYKTaHUHT dyHKumscu, svHu n = F (P)
ne6 kapanagu. By yHKuMs MaiifoH dyHKuuMsicu ne6 atanagu.  Arap
33042 O XY I KoOpfHHaTanap CUCTeMacu KHPHTHACA, y Xonga P Hyura
Oy cucTemaga TalwH X, Y, I KoopfauHaTanapra ata 6ynagn Ba W ckanap
KaTTa MK 6y KOOpAHHaTanapHWUHT (YHKUWACHra aiinaHagw:

n—F(@P) —F(xY,r).

AKCUHYA. Y4 y3rapyBUMHUHT U = F (X, y,r) (yHKUMACM 6GUpOp cKansp
MalifjloHHH Gepagu.

Ckanap MaiifioHnap KynuH4Ya reomMeTpuK HyKTau HasapfiaH caTx cupT-
napy éppammpa TacsupnaHagM. Ckansp MalfoHHWHr caT.\ cupTu (Eku
Wur.oTeHyman cupTu) feb, tasoHuHr u = F(X, y,I) MaiigoH yHKums-
cn 6up xun C yuiimatra ara 6ynaguraH 6apya HyuTanapH Tynnamura
aiiTunagu.

CaTx cupTW TeHrnamacu

F(x,y,r) —C
KypuHnwHra ara. C ra Typau uuiimatnap 6Gepcak, caTx cupTiapy ownacu-
HH XOCMN K.1namms.

MacanaH, MaigoH U = X2+ y2+ 12 yHKums 6unaH GepunraH 6yn-
CVH. Y X0nja Mapkasu KoopfHHaTanap 6owwmpa 6ynraH x2+ y2+ r2= C
Ccthepanap carx cuptnapu Gynagu.

Arap ckanap MaiifioH (hasoHWHr 6upop LUMcMMZa TemmnepaTypaHuHT
TaucuMoT MaingoHupaH nbopat 6\mca, y xonga 6y MaiiJOHHUHI caTX CHPT-
napu W3OMeTpWMK cupTnap fe6 aTanaguraH cHpTnap, sbum Xap 6upuga
Temnepatypa foumuii GynraH cupTnap 6ynagu.

dasogarn ckansip MaiifoHnap 6unaH 6up LaTopga fCeH CKanap — Maii-
[OHNap Xam Kapanafu. $iceH ckanap MaidoH TEeKUCIUKHWUHT Xxap 6up P
HyXTacll a I CKanap KaTTaIMKHWHI COH XWIAMaTW MOC KenaguraH LucMn
(Bkv BYTYH TEKWMCIMKHWHT y3un) cudaTaa aHWKnaHagn. $IceH ckansp MaiifoH
(yHKUMsICU MKKKM S3rapynuura 6ormmk,: z = f(x, y).

FceH ckansp MalijoHnap reoMeTpUK HyKTau HasapfiaH caTX yusuuiapu
6unaH TaceupnaHagy. CaTx UM3UrM TEKWUCNMKHWHT ACEH CKanap  MaiidoH
(hyHKUMACKH 6Up Xun xuiimatra ara 6ynaguraH 6apuya HyxTanapu Tynnamu
efiaTHAa aHWKNaHagu. FceH CKanap MaifoOHHUHI caTX uu3uKnapu

[ (> Y)—o0
KypuHuwpaa 6ynagu, 6y epga C —“3rrpmac.
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MacanaH, = g*—Yy2 @yHkK-
uns 6unaH 6epunraH ficeH ckanap
MaiifloH y4yH caT-Sumsm™napu X2—
—f2—C TeHr TOMOHAM runepbona-
nap 6ynagu (11- paem). C = 0 6yn-
raHga: Xxr—y2—0 ékun (X —y) x
X (x+ y) = 0. by aca runep6ona-
napHuHr X —y =0 Ba g+ y =0
acumnToTanapH (koopguHata 6yp-
YaknapuHWHr  buccekTprcanapu)
XaMm KapanaéTraH MaifloHHWHT caT.y
UM3MKNapW  LaTopura  KupuLIVHM
eunampagn.

2. WyHannw Gyinya 3peuna.
Ckansp MaigoHHuHr u=F (X, v,
r) auddepeHUnannaHyBun GyHK-
umsacu GepunraH 6yncuH. By maitgoHHuHr P(X, Yy, T) HyutacuHn Ba P
HyuTagaH

11- paem

1= cosa*i -f-cos0*j + cosy k

GUpPNUK BEKTOp WyHanvwmMaa uvuyBuM / HYypHW Lapaiimus, 6y epga a, O Ba
V— Ly BEKTOPHWHI KOOpAMHaTa yufiapu 6unaH Tawkun “maraH 6ypyak-
napw.

Pr@4-Ax,y+ Oy, r+ Or)—O6y HypHWHr 6owua 6upop Hyutacu
6yncuH. Ckanap MaiigoH U dyHKumsicuHuHr P Ba PX HykTanapgaru umid-
maTiapu aiinpMacuHu 6y YHKUMSHUHT / MyHamuw Gyiivya opTTupMach
ne6 ataimms Ba [;n 6unaH Genrunaiimus. Y xonga A, n=F(x+ Aa
y-\- 4y, r-f-4r) —F (x,y,r). P Ba PX HyuTanap opacugar# MacodaHu
0/ ophann 6enrvnaimns: 41=PPT.

nr H“IIVIMVIT u—F(x,y,z) ®QyHKumMsHuHr P HyuTagarn | iyHa-

Ar—o
MW Byinya x,ocunack 4e6 atanagu.

U YHKUMAHWUHT /| AyHanuw 6yiinya  3™ocHnacu cumBonM  GunaH

i

6enrunanagn. LWyHpaid "“mnnb,

ay _
/ 6l ,EI/I nam (28)

Arap U dyHKUMsSHUHT P (X,y,r) Hy~TagarH Gepwunrad / iyHanuw 6yiinua
xocunacu mycébat 6ynca, y \onga 6y WyHanmwiga M DyHKUMS  YCULLMHW,

araP 0 6ynca, y 3y3nga U GyHKuua [/ lyHanuwgda —KamaiuwvHu

aiiTné ytamus.

ARTAW  MyMKHHKW, / AyHanuw  Gyiinya  “ocuna U (OYHKUUSHUHT 6y
AyHanmMwaa ysrapull Te3MrHM Gepaam.

MyHanuw 6yiinua ~ocunaHH xucobnawl (hOpMynacuHii Kentupné umka-
pamu3. JHr assasio P HyuTa KoopauHatanapuuuur g, Oy sa Ar opTTupma-
napn PxP — [/ kecMa y3yHAurn *amga 1 BEKTOPHUHT  AyHanTUpPYBUM
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LlocuHycnapu 6unaH yweéy myHoca- 2,
6atnap opuanu 60rnaHraHIMrMHU
anTné ytamms (12-paem):
Ox = A/cosa; Ay = AlcosO; 14
Oz = O/cosy. (29) p
N QyHKUMS WwapTra K\pa aud- Az/
thepeHUmannaHyBum 6ynraHn yuyH ax

YHUHT ~(gr; Y\ T) Hyutagaru [u /
(A3TTMPMACKHN

xl—‘

E(

+Fy(xy.z) fy +
+ FZ(X,y,1) Ar+ o (30)
KYpuHMLLAa  udoganall  MyMKWH,
wy 6unaH 6upra w wdoga Honra
p=Y Om2+ Oy2\- [172ra KaparaHga Te3po™ MHTUNaAMW, SbHW Iim 1P—= 0
-*o,
[(10) cdopmynara “apaHr]. e
Arap QYHKUMAHWHT / BeKTop WyHanuwm 6yiinua Hyp 6yiina6’opTTup-
MacuHM LUapaTaguraH 6ynca, y xonga Au ~ Atu, p—Al, Ax, Ay ;Ba Ar
aca (29) dopmynanap 6unaH mudsganaHsgn. Y \ongs (30) TeHrnuk ywoy
KYPVUHULLIHW Onagu:
Oju= Px(x,y,z)Alcosa -j- Fu(x, y,z)Al cos 0-f- Fz (x,y, zZ) Alcosv +

By TEHFMKHUHT ukkana uucmuHn Al ra 6ynu6 Ba [/—0 pa £/m.mutra
yTCcaK, LyingarHn 3peun LuiaMns:

12- paem

w=1" £7? +
" (Ve e .
+ Fz(*>Yz) a®y] -f IA}_T;OLr
Bupok; Fx(x,y,z), F'Ix,y, 2); Fz(x,y,z) Ba iyHanTMpyBYM KOCUHYCNap

y Z)cosP:+

Al ra 6ornuy smac xamga A= lim -
4 A oA T pio p

M - Px(x, y, 2)cosa + Fy(T,y, z) cosO+ Fz(m,y, z)cosy. (31)

) GynAraHn yuyH

(31) copmynagaH KypuHub Typubawmkw, arap 1 Bektop I, j ékm K opT-
napfiaH 6vipyn 6unaH ycTMa-ycT Tywea, y 3"oiga W HuHr / iiyHanuw 6yiin-
ya xocunacu 6y (PYHKUMSIHWUHT  MOC XyCycuid Xocunacu 6unaH 6up xun
6ynagn. MacanaH, 1 =i 6ynca, y 3*onga cosa = 1, cos0 =0, cosy =0

: == F @, nr).
B3, ,qemakel (@, )

1-mucon. U= x2— 2arr-|-rrr yHKuvaamdr — Pi (1,2, — 1) HyuTagarn P, HyuTagaH
P2(2,4, — 3) HyuTa TOMOH MyHanuL Gyiinya 3™0CUNaCMHN TOMHHT.

Euyunnuwn PiPa BeKTOPHM Ba yHra MoCc GMP/IMK BEKTOPHW Tomamua :
PrPa= (2- OH-(4-2)j+ (-3+ 1)k =1+2J-2k
3—2950 33



1-P.P. - 1-4-2J — 2k L«+ Ai— gfc
|AN1 Y1*42» + (—2* 3 3 3
LUyHgaid ~mnnb, | BeKTop ywwi6y MynManTupyBuUM KOCUHyenapra ara:
cosa = W3; cos[J= 2/3; cosy = —2/3.
OHAM « = — 2XT + Y* PYHKUUSHHHT XyCYCUIA 3"ocunaniapyHy Tonamus;

B( = (—2r+ yx = x—2r; X,y: (xr—2xr + y*)' = 2y,

— = (X« —2xr+ y*)' = —2X.

ar
YnapHuHr P,(1; 2,-1) Hyutagary uviAimMatiapuHi Tornamms:
—1 = @x—2) ii— o B o L2
dx Ip, =1, A y-2 ik w1

Xycycuii gocvunanap Ba AyvanTupyBYM KOCWMHYCMApHWUHI TOMWAraH upiAmMatnapuHm (31)
opmynara KyiiH6, u3naHaéTraH XocuiaHu Tonamus:
7 1 2 . .0 2\ 16
Mo Svafw-2)(-5= 1

Arap ckansp MmalifjoH $CeH maii-
OoH 6ynca, y xonga MaAgOH (yHK-
umacK ouopuia anTké yTuaraHugek,
WKKKN y3rapysuura 6ormmu; r =/(*,y).
1 Bektop 6y xonga OXxy Tekuc-
nvkga étragn  (AbHH cosy =0) Ba,
gemak, l=Icosa + j cos{5 éku 1=
=icosa --jsina, uyHkucosp = since
(13-pacmra uapaHr). WyHanHw 6y-
WwMa uyccuna ydyH (31) dopmyna fic-
€H ckanap mailgoH 6ynraH uonga yuw-

13- paem 6y KYPUHULLHWU onagw:

- = /' (x, y) @Sa + fy(y, y)sina (32)
2-MHcon 1= 1n!x-"-2u) dymkumauvHE y = XY2 napa6onara Termwnu Pt(l; 1/2)

HyKr’cugan! 6y nasaConmara ypuHMa MyHanmm Gyiinya AoCMIacHW TOMUbI.
™Eunanw,, T* ))Lin (X + 2y) hyHKUMSHHHT XYCYCUM XOCUNanapyvHU Toramma:

e yy=7+Ty M N =x+ 2y

YnapHuHr P, (1,1/2) HyHTagaru puviiblaTniapyH* Tonamus:

P ) s Ui - b A {1 2)==+ T2 = &

(32) dhopmynara KMpYBUM COS @ Ba *‘M® *WHr LHYUMaT/apuMHu Tonuw yuyH P, (1; 1/2)
«yaTagarn ypHIvakvHr 6ypyak KO3(MUMEHTUHN Tomamu»:

k=Wa= v T

W = 45 Ba a.—225° Oynap YpHBMaHWHI WKKWTa Lapama- LapLuy yHanHLwnapura

Moc kenagn. Oj = 45° 6ynraHpga cosa, = cos45°= Y 2/2; sino =sin45°= 1/2/2.
| [Oemak, (32{

TLIJyHAale,Mﬂmﬁ, tga= 1, 6y epgaH Gypyak @ HUHI HKKATA KWAMATUHW XOCW XUNamins:

hopmynara acoca
ac_ 1l oyr Y2~ 3yr
Al ~ 222+ 102

a» = 225° 6ynraHga, toopugary \x 3au, AA___3yT HU pocun Knammy,

3. MpagveHT. Ckansp MaJOHMAPHM ypravuwaa U = F (X, Y, I) yHK-
Uy 6unaH 6up uatopaa 6y GyHKuMs OWIaH y3Buii 6 cpra BEKTOp — CKansip
MaiiioH rpagueHT! Xam LppasiaiH.

u=F(x, Yy, r) addepeHusaniaHyBuM dyHKUMAHHHT P (T, y, 1) HyuTa-
farn rpagueHTv paeo,

KXy nl+ Fyx,y,2j+ T @y, Nk

BEKTOpra aitunagy.
n—F (@ y. r) OyHKUMAHHHT rpagueHTuHn grad F(x, y, 1), grad f(P),
grad 1 cumBonnapugaH 6upn 6unaH GenrunaiimH3. [lemak, Tabpudra Kypa
grad F@ny, = @y ni+ Fy@y nj+ ' xy.nk  (33)

&K1 K/CLYa é3nra,

<S3">

LWyHpat unnmb, u —F (X, Yy, 1) AgHbdepeHUMannaHyBun (yHKuma 6Gunau
GepunraH ckansap MalgoHHWHT uap 6up P (X, y, r) Hyutacura dauat 6y
(DYHKUMSHHHT UMAMaTUIMHA MOC Kenub LaamachaH, 6anku Tyga aHuuiaH-
raH grad F (P) BekTOop uam Moc Kenagu.

1-mucon. U= X’ 4- 2y%—r*—5 QyHKUMAHHHT P,, (2; — 1; 1) HyuTagaru rpagveH-
TANN TOMWUHT.

Euunnuwmn. P(X,y.1) = xX*+ 2y»—»>_ 5 6enarHnaw kHputn6. px (X, y, r) =
T 2x: Py (Y1) = 4y; Pr(x,y,r) =*—2r nm Tonamms. Cywrpa ;(33) chopmynara aco-
caH: grad U (PO) = Fx (2, - L1)i+ Fy(@2 —11)JI-FFx(2- L1 It= 4i- 4J—2k

W= F @@y, r) QyHKUMSHHHT Gepunrad nyuTagarv rpagueHTu Ba Ly
ByuUTagarn WrHanuu: 6yHuya— uocuna opacufary 60naHull MaBXys 6y-
by ywby Teopema OpuUanH aHuuianag;:.

Teopema, grad M BEKTOPHUHT \ = icosa + jcosp+ kcosv 6Upamk

BEKTOPra MPOEKUMSCU U (OYHKUMSHUHT | fiyHanmw Byiinya xocunacura
TeHr:

no, grad «==1- | 34
McboTu m=F(x,y.z) 6Gepitfircm 6yncH. Bekrapnap anre6pscn-
[JaH MabnymMKH, OHPOpP KKTOPHWHI GApnHK B?<Toii:a;npoekumsacu 6y Bek-

1ppnBpHUHT ckanap Kyngitmacura TeH: [l 606 (74') cdgpmynara uapaHr].
bunPOyY
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gradn= Px(x,y,ni+ Ff(x,y,2)j+ Ft(xy,2)k
LUYHWHT  yuyH
np;gradn = gradunel= Fx(x,y,z)cosa -f- Fy(x,y, z) cosp +

+ Ft(x,y,z)cosy= jt-

[(31) dopmynara bapaHr], aHa WyHM wucboTNaW Tanab LHAWHIaH 3AU.
Mynanuw 6\'iinua kocuna 81 GepunraH u= F(X,y,r) ckanap MaiaoH-

HHHT Wy AyHanuw Gyinya ysrapuvil Te3IMFHHH HdoganawmHn ~Hcobra
0116, GyHAai alTU MyMKWH: grad W HUHT 1 BeKTOpra npoekuuen v =
= F(X,y,T) MalgoHHUHI 1 BEKTOp MyHanuuwga ysrapuw Tesurura
Tele'6V|pn|/|K BekTOp Ba grad W opacugaru 6ypuyakHu ¢ op~anu Genrunaii-
mu3. Y \onga np, grad n —\grad bi|-cciidp. LLyHUHT yuyH (34) dopmyna-
ra acocaH:

A= d . 35
a | grad n|cosd (35)

Arap 1 Ba grad W BeKTOpPNapHWHIr yHanuwnapu 6up xun bynca (p = 0),
y “onga ™ lyHanuw 6yiiMuya Kocwna, paBluaHKu, |grad M| ra TeHr 3Hr

KaTTa UHimatra ara 6ynagu.

LyHpa umnnb, 6us yu-
6y xynocara kenamus: grad u
BEKTOP MalfoHHWUHT bepun-
raH HyuTajarm 3Hr KaTTa
YCULL  iiyHaMMWMHN  Kypca-
TyBun Ba Mogynn 6y ycuw
Tesnmrura TeHr 6ynraH Bek-
TOpAnp.

ByHaaH Kennb unuaguku,
cKansp maigoH n = F(x,y,z)
(YHKUMACUHUHT gradu Bek-

' TOPU MaRAOHHUHT y3H GunaH
aHnK.faHagn Ba MaioH (yHK-
uMsAcK LapanaéTraH KoopaH-
HaTanap cuctemacura 6oram®
Gynmaiign.

BepunraH PO(x0, y0, rQ
Hy*Taga grad u= grad F(X, y, T) HUHIr Ba LWy HyuTta op”ann CryBun
caT. CUPTUHWHI y3apo LaHAald >KOWNalHWUWHW aHuunaimmns. By cupt
TeHrnamacH ywoéy k$pHHMWAa GyNncuH:

F(y, r)= COékmn F(x,y,r) - C~*=0. (36)

14- paem

(36) cvpTtpa étyBum Ba PO Hyuta opuanH yTyBun L arpu umsunuHn
uapaimns (14-paem). By arpu umsuy ywby TeHrnamanap 6wunaH 6epwn-
raH GyncuH:

36 >

6y epga x(I), y(t), z (i) nap t HuHr guddepeHuMannaHyBun  QyHKUMSA-
napu, wy 6unaH 6upra x0 =x (/0), y0= y(to). ro= z(/0).L arpu uHanL-
HUHF xap 6up Hyutacn X (t), y(t) Ba z(t) koopauHaTanapra ara 6ynwuo,
ynap cat.\ CMpPTUHUHT (36) TeHrnamacuHW LAaHOATNAHTUPULLIL NIO3UM, YyH-
kn L arpy umsH” 6yTyHnaH wy cuptaa étagu. LUyHpaid umnmb, ywby aii-
HUAT GaXXapUAWLLH N03NM:
FIx(t), y(t), r(01 —Co0= 0.

By aHHWATHHHI WKKana uucMuHu t Gyiinya auddepeHumannaiimMms; y
"onga (24) dopmynagaH oiiganaHn6 sa (CO)' = 0  3KaHAHTMHK .\Mcobra
0716, KyWHAarvHW ~ocun ~Mnamus:

io)% sw + ’M'W + "Ozt'v ) =0.
XycycaH, t = /0 6ynraHga:
Fx(x0,y0 rQx’ (t0 -f Fy (x0,y0,z0Q)y' (/0) + Ft @0, y0, rQr' (t0 = 0.
By TEHTAWKHHHT Yan LpMcMM
grad n (PO) = Fx(x0,y0, r0 I +\Fy (a0,y0,z0) j + F[ (x0,y0 r0) k
6unaH L arpy unsmaga ypuHma 6yiinda NyHanraH
r 