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@ypbe v npeobpajoranye Dypne (148). 4.11-4. Pyuxuuw, pasnomumue o paa
Dypre I DpesCTRBHMME RHTErpancm Pyphe. TapMmonuNeckuis apanua {149).
4.11-5. Hekomﬁue c8oAcTBa Ko3pdunMerTOs Dyphe nfeodgaaoaanuﬁ Pyphe
(56, 4.11-8, HTerpanst [uphxne u Qellepa (157). 4.11-7. CyMMuponaike
f&%}}uuuu apagiMeTHseckumy (160}, 4,11-8. Kparunle pags u HETErpanw $ypho

TNABAS
BEKTOPHLIA AHANH3 *

E.l. BexTopu B eBKAEZOROM PPOCTPABCTIBE . + o 4 + o ¢ 5 0 8 s s 4 0 2 s 8 o v s o
5.2.Bcnmpﬂanur&6pa P e T LI Sy PO « - 1 ST RP ] o
5.2-1, Croxense BexTopos YMHOKCHEE BEKTOPA Ha {RefcTBHTeNBLHED) CKalAp
{162). 5.2-2. Paanoxenne BEKTOPOR MO $asHCHEBIM BeXTOpaN {163), 5.2-3. HOexap-
TORH NpAMOYTONLHLE KOOPAHHATH BexrTopa (163). 5.2-4. BexkTtopW H duanae.
CKhe pasmeprocTH (163). 5.2-5. Mogyas (uopua, a6CORIGTHAA BeHSHNE, AJHHA)
BekTopa {164). 5.2-6. Ckansapuoe (BHyTpeddce) NPOWIBEREEHE ABYX BEKTOPOR
(164). 5.2-7. Bextopuoe NpoH3deaelHe uzg BeKTOPoB (164). 5.2-8. CMawannoe
(BEKTOPHO-CKANAPItoe) Dpoxspenense (J65). 5.2-9, Hpyrue npoussegestin,
Copepsaune Goee ABYX LeKTOpOB (166). 5.2-10. Pasnomenne BEKTODA a No Ha-

DpSBACHUIO eRHHHUYHOIO BEKTOPa U K EMY NepnedHAUKYAApHOMY (166), 5.2-11,
Peuienne ypasdenun {166),

6.3. Bextopuwie pynkumn CKANRDHOTO QPIYMERTA & v v v 4 4w v v v v s e vy v s s

5.3-1. Eex-rogluue $YAKUNE B uxX npegenm (166). 5.3-2. deddepenunponanue
(166}, 5.3-3. HTErpHPOBaHHE U O0HKHOBEHHWE AHbdepenuuaIbENe YpagReR s

B.i.Cuanapuuennexmpnsenonﬁ T T

b.4-1. Bacarue zameqannq (168}, 5.4-2. CkamapHHe noxs {168). 5.4-3. BekTop-
Hbe noan (168). 5.4-4. BewTopRuil 3AEMOHT ANOHE B Anuwa ayru {163). 5.4-5,
Kphoonunefiume (nunefinme) HuTerpanu (169). 65-4-6. [loDepXROCTHHE HHTe.
rpaam ((69). 6.4-7. OGbenpne HETErpaam (J170).

B.5. Meddepennnanneme onepatopu 5 e e

5.5-1. T'pagmewr, AHBERTEHIUHA H DOTOD; AABAPHAHTHHE onpenenaiin (170),
5.5-2. Oneparop ¥V (171). 5.5-3. Honsiit AuPepetiunan, foAHAN NPOHIBOAHAA H
NPOHIBOANAA NO HANDARRLHHIO (172), 5.5-4. }'lopouanonnue BHICIIMX MODAAKOR
Do Banpapnesnrs. Pap Teunopa (173). 5.5-5. parop Jlannaca (173). 5.5-6,
Onepaunu eroporo nopagka (173}, 5.5.7. Onepauki pag npocredwuMn dynx-
UKAMRH oT T (174). 6.5-8. OYHKUHH OT ABYX M GoJee pamHycoB-pekTOpoa {i74).

8.6. Hurerpanpuue TEOpeMa Ce

E.6-). Teopema o Aumeprenunu u cBA3aHEbeE ¢ Rell Teopemu (175). 5.6-2. Teopema

O pOTOpE M CPAlAHHMWE ¢ ped Teopedu (176). 5.6-3. [load ¢ pajpwsaMy Ha no-
BEpXBocTax (176},
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123

131

139

142

146

152

170

175

OTNABNEHUE

E.7. OTLICKARME BeKTODROMG MORA TO €00 DOTODY & AABSPTEAUFH + v 4 5 4 « + 4 4 &

- ewtopaoe noae {176) §.7-2. Comewonjancwme (vpyfTa-
Eje)‘ EcE-?gg?a;%e:gi:(rﬂ)? 5.7-3, OrmcuaHine SeKTOPEOMG NOAA NG €rd povopy
u aueeprenogk (177).

FTNABASG
CHCTEMB KPHBOJSIRHEAHLIX KOOPARMAT

6.1. BAaoaAnt saMevaumsg . . . .

6.2. CHCTEME HKPHBOJHHERHBIX KOODHUHAT . o « 4 « o v + o 5 & o ¢ & s # ¢ 0 8 a &

21, KBOAKEeRRBE Koopavuare (179). 6.2-2. KoopAuHarTHHE NOREDXIUOCTH
g xoopﬁguaruue aueur (179), 6.2-3. dnemeut ENWHB AYCH H oSBema (179).

P T B R R T I O S S S I 'Y

6.3 Kpusonauefinpe KOODAEHATH BEKTODA . .+ + - « o o v v v = v o o = e e e e e s
G.3-1. KoopoawaTh BeKTOpa K AOKAALMEN (MccTHEIA) Gazae (150). 6.3-2. d:i;
IHHECKHE KOOPAHHATH BeKTopa (182). 6 3-3. KoaTtpasapuauTtdbie W xoz;tapna x
WHE KOODAMRATW BeHTOpa (182). 6.3-4. 3anuchk BexTOpHHX COOTHOWEHHA B Hp
BEQJABHEAHMX Koopaudatax (183).

6.4. CueTeMu OPTOrONaNLERX KOOPAYAAT. BeXTODRHG COOTHOLENAR B OPTOrONANh-
HHX NOODEHHATEX

- SUWEHKR
6.4-1. Oproromanbusie Koopaumats (183). 6.4-2. BekTopable COOTH R
{184). 6.4-3. KpHBoamAeRHHA HHTErpal, NOBEPXHOCTHRA HHTErDaA R OGDBEM
WHA fRuTerpaa (185)

6.5. POPMYAW ANA CHEUMANLHLIX CHCTEM ODTOTOAAABHEX KOOPAHRAT , o o v v o ¢ «

T T T R R N 2 T -

TrNABAT
SYHKOAH KOMNJAEKCHOrO NEPEMEHHOIO

T.1. BEoanos SHMCERENE: 3 o o s 6.0 0 83 v o st v 4 0% riod caw eid & &0 -

7.2. dysKon® KOMILIERCHOTO nNepeNenmcro. O6AacTd ® KOMIIeKCRofl TIIGCKOCTE

7.2-} GDYyHKUMH KOMMJIEKCHOTO NMepeMenitoro (197), 7.2-2. 2-OAOCKOCTB M 0-ILAO-
cxgocin. "bxpuccmocm. Beckodewde yaasennne Touwxn (197). 7.2.3. Kpusume H
ROUTYRS (200), 7.2-4. Tpaunun ¥ afnactu (200). 7.2-5. KoMoReKcAWe KOHTYD-
Hee gHTérpaaw (200). 3

7.3, AMaAuTHYECKHE ([perynRDHEAC, ronoMopdure) dyHkauk . , . p .. .(2.01').
o Ha AKUHE (201), 7.3-8, YpanueHnn Komd — Puamala 3

;gé Hﬁ:z:iiiec:u?;y¢y11xnnn (202). 7.3-4. CeoficTsa AHAAMTHYIECKHX $yHK-
unA (202). 7.3-5. Teopema o MaKCHMyMe moayas (203).

7.4, MACrOZHaSHLE DYHKENH . . . . . . . .
7.4-1, Bersw (203). T.4-2. Toaks pasBersMeHun € paizpesw (203). 7.4-3. Puma-
BOBH noacpxuocTd (204},

7.5. HiHrerpannnne TEOPEMb H DRINOMERAN B PAAM « + « + o o o 5 ¢ = s o v ¢ 4 o s

7.5-1. Muterpansuwe reopemu (205). 7.5-2. Panomennre 8 paag Tednopa (206),
7.5-3. Paanokense B pux Jopasa (208).

P N Y N B T T T S

7.6. ByA:n A HIONHPODAERBE OCOOME TOUKH . . « 2 o v o o v s o v = o .6. CEER .B.
T.6-1, aw (207). 7.6-2, Ocobue Tovxn {207). 7.6-3. Hyns ® ocoberuocTti
GEEKDHB{{WQT}E {2339). 7.6-4. Teopewm Beflepintpacca u [luapa {(209). ?.5-3.
Lleawe dyukuud {209). 7.6-6. Pasnowmenue nedofi GYyHKOMH B NPOM3BEfeH :
210}, 7.6-7. MepomopdAwe dyagunn (2i0). 7.6-3. Pasncwenne uepouop@uux
YHHRUHR Ha npocreAwne apodx (211}, 7.6-9. Hyauw ¥ noaocn meposopdiul

dbyreuanst (2i1).

7.7, BHYCTH H KOWTYPAWE HETEIPANH . ., . . . « » . .}. ?7‘; .B. % .e. 'e.oli'lp.e'
7.7-1. Buwera (211). 7.7-2. Teopena o pagerax (212). 7.7-3. Buuucaenn .
neneluuux uu-re(rpa)ma (212). ’?.?-4. NMpAMererne BHYETOR K CYMMHPOEAXHK
pagor {213).

7.8, ASANHTHHECKOS FDOMONKENTL . . 4 s s o o 4 v v s s s v st s s v s n e et s
7.8.-1. ApanurWuecxoe MPOROMMeAUE ¥ MOROrERHHE SRANETHIECKHE BYHKLUH
(214}, 7.8-2. MeTonw 2HanHTHOECKOMd nNpoaonmears (214).

7.9 KoRGODMHOB DTOSPAKEHUE , 4 + v v v v o s e s et e et n e e
7.%-1. KowdopwHoe ortoGpamerne (215), 7.%-2. [pobho-nrrcAHoe otodpa-

enine (npeobpasosanne) [(216), 7.9-3, OToSpamende w=glz+o 1.
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8.1.
L2

8.3,

8.4,

B.5.
8.6,

8.7

1,

9.2,

8.3

OrAABNEHHE

7.9-4. Murerpan lnapus — Rpucroddenn (217}, 7.9-5. Tabanms oroSpamenntt
{218), ‘;23-]6 Dyakord, oTOOpaKAWOLING ChellHanhHue OBNACTH HA eaHuAgAHR
Kpyr .

rnaeaas

NPEOEPA3QOBAHHE NAMNKACA H APYTHE HHTErPAJLHGLIB
NPEQBPAIDBAHHA

BROQANE 3AMERAFHA & o v ¢ s 2 2 s 8 8 v 00 8 0 s s o b rro e s onssen

DNipeofpazonanie JIBIUTACA o 4 o 5 o 4 s o o 0 ¢ 0 0 o ¢ s e v s mosnnesos

8.2-1. Onpeaencrue (228). 8.2-2, AGeodioTHAn cXomnmocts (228). 8.2-3. O6aacTs
onpenenerna (229). 8.2-4. JlocTaTounble YCJOBHA CYIMECTBOBARHS ggeoﬁgaao-
BAURA Jlannace (229). 8.2-5. OGpatmoe npeoGpasopanne Jlannaca {226). 8.2-6,
Teopeda odé:amenna (226}, 8.2-7. CywecTBopeHEe ofparTdoro npeolpasoBannyg
J‘Iannac?zéoil 0}, B.2-8. EpARCTREHHOCTD NpeoSpasopaRWs Jianaaca u ero obpa-
meArn .

CooTBeTCTRHE MENKDY OOEpANHAME Rag ODHIHHEAGNH B H3O0DaMEARAME , . .
8.3-1, Taavrua cooreercrans onepannuf (230), 8,3-2, MpeoBpazonaura Jlamnaca
NEPHOAKYECKEX PYHKUHA W NPOHIDEAGHHA ODHTHAR/I0B HA CHHYC HAH KOCREYO
{230}, 8,3-3. IlpeobpascBande NpoHIBENeHAR {Teopema © ¢BepTHe) (233). 8.3-%,
Tlpeaenbuwe Teopexu {233),

Tabannw npecSpasoaanns Jamnaca B BHYHcAenne ofpaTeHX npeoGpasosanrl
JIaNNECE . ore woonEIR 6.5 4. 1 o MR8 E el S s Sed LRI VTR « v e
8.4:1, Tebneum nﬁeoﬁpssosanna Jfannaca (234), 8.4-2. Buvncnerue odparapx
hpeofpraveann Janasca (234). 8.4-3. [IpuMenerMe KOHTYPHOTO HHTEIDHpOBE-
Ria (234}, 8.4-4, OOpartroe npeoGpasosanne Jlamiaca Aann ALHOHAABRLA
BATelpangeCcKHX BROHA; pasioxedke Xemncalna (234). 8.4-5. OGparnos
fipeodpaaosaEne annacea Aas gauuoua:{bnux anreSpanveckux GyRKoHAY
padlowene Aa npocreflmie apoGu  (252). 8.4-6. Peanowenuz a paaw (252},
B.4-7. Paanoxenna no cremerss ! (253), 8.4-8. PasnomenH” No MHOMORACEAM
Jareppa (253). 8.4-9. PasnoMenHs B ACHMOTOTHYSCKHE pRau (254},

PopHakirEce Opecfpazopanie Janmaca RMIYALCHEX GYHKOHA . . .+ . . . .

Hexotopme pApyrie by HKnnORANEHME MPEOOPAICEANER . + -« « o v o v v v v vt

8.6-1, BeonHble sameqanns (256). B8.6-2, leycroporree npeoGpasonanne Jla-
naaca (256). 8.6-3. TlpeoGpazoBarue Jlamnaca A opme HHTerpana Cruatbeca
(256}, 8.6-4. IpeofipasoBauns lakkens u Typee — Beccens (258).

KoKkeaRRe WETECDAALRHR mpeofpesobaRys, NpoHapoAgmiae DYHKUMH B z-npe-
obpajvasnne L T T T L T T T T T,

8.7-1. Pann xar_ $yHKUHOHATBAME npecfpasopandsn. Koneauue %peoﬁpaso-

P TS

B2HRA ®ypoe B lanxens (260). 8.7-2. MNpoussoasmue GyBRouy (2600, 8.7-3.
-mpeolppzopzune, Onpeaetesie H dopmyna obpamenan (263).
TNaBAcg
OEBIKHOBEHHLIE AA®PEPEHUHAJBHLIE VPABHEHUS
BROEAHE | . L i i e e e e e e e e e e e

©.1-). Beopaue Bameqapns (265), 9.1.2, OfnxHopennse Auddepesuuartuubie
ypasHenngq (268), 9.1-3. Cucramn nngxp?enuuamuux ypaBHeuHd (268). §.1-4.
Cymecreopanae pemekut (266}, 9.1-5. SmAe yKasandas {266).

YPEBUCREA NEPBOTO MOPAAKA 4 4 « & + v v v v s v o s e n e s e e e s e ns

9.2-1, CymecTsosanme B EeNMRCTBERHOCTH gemenuﬂ (266). 9.2-2. Teomerpa-
decnoe TofKoBande, Ocobue umrerpann (267). 9.2-3, [IpeoGpasomanHe nepe-
MeHHbIX (268), 9.2-4., PemeHRe cleyBaibHEX THIOB ?anueunﬂ NEPBOTO 110~
paAxa (268). 9.2-5. OGwmke Merogm HATErPHPOBAHKA {{ 0}.

Nagefirne gadpdepenunsapane YPRBRCHEA . 4 - 4 . w s 4 v m e e e e

9.3-1. Jlunefinme npddepenunatsane ypanreana. IIpHANYN RanoxeHrA (271).
9.3-2. JIRAe#RAA HeSADHCEMOOTH H DYRLAMERTANE WS CHCTEMN pewenud (371).
9.3-3. Pewenne MEeTOZOM BapHAURE MOCTORAERHIX. Oyaguun Cprua (272}, 9.3-4,
Tipupefense RBYXTOMEUHMX Kpaeamx safay K sapawaMm Kowwu (275). 9.3-5,
Juneftnbie IHPPEPCHNHANBRKEG ypaBAEHRS B KOMILIAKCHOR OOJ8CTH. Tetaopoa-
CHHE DA3NOMEHHsA DEEHHS W BAKAEHE ocobeArocTeR (275) 9.3-6. Pewenne
OLHOPOLNKIX YDaBHeluf NYTEM PASAOWEMHR B DAL B OKPECTHOCTH TDPaBAABMOR
ocoboft Towku (276). 9.3.7, Mertoam HHTerpanbAWX npecOCpasonanuft (277),
9.3-8 JluseRame ypanmrewus bTopore Dopaaxka (274;. 9.3-9, Tunepreomerpn-
uecKoe RuddiepeHunaabioe ypapnenue laycea R P-ypapRelne Pumana (2?9)

274

.4,

4.5,

9.6,

QrAABNEHHE

§.3-10. BupowaeRRue THAPreOMETPRUecKkEe GyHruKu (282). 9.3-11. Obobwen:
uble FHNSDFCOMATRHYECHHE paAR (Z83).

Aunchdpe adddepesinalbHEe YPABHCHAA ¢ NOCTORHANMA wosdhduorenrTamu
9. 4-1, Qanopofinuie AEHefRERe YPABHEHHA € NOCTOSHAMME KospdHLHERTIMH
1283). 9.4-2. HeoanopoaHnue ypaanenus (285), 9.4-3. CoepTiu v pyukuun I'puna
{286). 9.4-4, YerofiumBoctn (287). 9.4-5. Onepatopumii merod pewerus (288).
0. 4-5. [eploABuscKHe RHeNAAE WBMPYIKH H pewenns (289), 9.4-7. [lepepatou-
wole PYHRUHM R SacTroTHHe XapakTepucTHky {290). 9.4-8. Hopwmaabune koop-
annate K cobcTBeHHBIE Wodelanua (201).

Henanefintde YPAAHEHHEA ATOPOTO FAOPABRKA . v & v v « 4 4 1 1 0 5 5 5 o 0 » 8 &
49.6-1, Beonkule sameqarer (262). 9.5-2, flpapcTannesne Ha $ai10Bofl NAOCKOCTH,
Tpapuyacuuf weTod pemwendn (292}, 9.5-3. Ocolnie TOIHH K nspe,uenbuue OHKAE
(2593). 2.5-4. YeToRuKRBOCTS ggu.teuun no Jianysosy (24). 9.5-5, fIpubnamednui
ueton Kpuwaosa 4 Boronwbopa (296), 9.6-6, Murerpan mupwx cus (297).

Arddapensianwine ypasherun Mbapda . . . . . .
9.6-1. Ouddeperuuanuiue ypapHesua Ipapda (298). 9.6-2. Bnonue usterpu-
pyeMufi coy9an (298),

rnABAILD
BEHOOEPEHOHANBHLIE YPABRHEHHA ¢ HACTHBIMH NPOH3IBOAHBLIMA

10,1, BREACEBHE B ODIOP o v v v v s v v 2 s s s & & » 5 = 6 t 8 v ow P wm o w s s s

10.1-1, Beog#we saMevaARr (298). i0.1-2. [Orddependranbipe YpasHeAHS
C %aCTHLME NpoRzagABNMA {299). 10.1-3. Pemexde AnddepeduHalbHhE ypab-
HEXHA ¢ WACTAWMH TPOBIBOEHHMH, padfeaenHe OepeMerRynx (300).

10.2. JAuddepernuansaRe ypaBHeHHA C RalTHHME NpPOH3BOAAMMH DEpAGRY MOPAAKA

10.3. T'anepGonuascKns,

10.2-1, ¥papuenrn ¢ [JBYMA HEJHANCHMHMNHE TnepeMeHEnWH. [eoMerpHupcxan
HETEpOpeTaUnA (301}, 10.2-2, Sapaqa ¢ HaqanbHEMH YCAORHAMY (3anasa Koulu)
(302), 10.2-3, Noauue WATECPANH, Odmsﬂe. Ra¢THEG, 0cobble KHTEFPANH, peme-
HY A XapAKTePHCTHIECKHX ypaBHeHHA (303). 10.2-4, YpaBHeHHR ¢ N He3aBHCH-
MHXH nepeMeERBIMR (304). 10.2-5. TpeoGpasopaRHfA CONMpHEKOCHOBEHHR (I06).
10.2-6. KarokuveckHe YpABHEHEA K KaROHH4ecKHe mnpeolpasosanksa (307).
lgl.g)-?. Ypasnenne TamManbrora — HBxofy. Pewerte KANOHMIECKHX ypaBEeHnl
3103,

napedosKaeckus H  SANHNTHYeCKWS ARPPepeanmantine
YPABHGHHA ¢ SACTHHME UPOHIBOAHMMA, XAPAKTEPHCTEMH , & o v &« « w4 4 s o s

10.3-1. KpasuAngelfivee YPRBHERAHR ¢ QACTHRIMH OPOHIBROARKME ATOPOND NOPAAKA
C ABYMS ARIABHCAMWMY MEpeMeAHMMH, XApaKTepHeTHRE (312} 10.3-2, Pemenne
rRNEROONHISCKHX yPARHEHHA MeToaoM XapaxkTepuctHk (313). 10.3-3. [Npeobpe-
S0BaRKe THOEPOOJAHYECKHMX, MAPACONKYECKEX ¥ SAAHNTHYCCKHX YPABHeHMR X
KAHOBEHTECKONY BEAY (314), 10.3-4. TuttHaKbIA KPREBHE SANAAH ANR ABHEH KL
BTODOTO NOpPAARA (g 5). 10.3-6. Opuomeproe ponHpsoe ypasuewre (316). 10.3.8,
Meron Pumana — BoabTeppa AAR AUReAHMX CAREPOORYSECKHX YpABHERH{
(3173, 10.3-7. ¥papReRna ¢ TPEMA ¥ GoNec HEIABRCHMBHIMH MepeMeAEMMH (318),

10.4, Nznefiunie ypanReNHA MATEMETEIECKOR QuUsNKA, UacTHNE DEWERHA . . . . . . 4

10.4-1, Granveckne ocHosb A o63op (319). 10.4.2, JIkKeflsue Kpaeoke saaavyx
(321;. 10.4-3. YacTHWe pemeHus ypasHeHHa Jlannaca: TpexMepHmift cayuas
{322), 10.4-4, YacTHHE DeMEHRA And TpeXMEpHOro g apHersn lensMroabiia
(324), 10.4-5. YacTHnie pemenma Aaymepuwx sanay (326), 10.4-6. Ypanuenua
Lipegunrepa {326), 10.4-7. UacTRule pelleH¥s aas yYPABRERKA TeNAONpPOBOR:
HOCTH W auddyunu (326), 10.4-8. HacTAWe [eEHNA ONA BOAHOBOTO YPASHEHHA.
CxRycorpanbiiste possbl {326). 10.4-9. Pemenna kpaesodl 32489y PAINOKECEMEN
B OpTOroHaJbHMe pangsl, [TpHmepwn (328).

10.5. MeTon ARTErpambHMX MPEOBPASOBAHAR . o « « + v o o = v v o v r v oo v s

1. BROARME 3AMENAKHT . v v 4 b v - s v e w e
11.2. Bxcrpewyuu Pynrrumk oRKOrG AACTBHTEABLAOTC NEPEMEHEDRD .

10.6-1, Qb6mas teopka (329). 10.5-2, [Ipeofpasoparue Janmsaca no speMeHnd®
nepemed Aol (330}, 10.5-3, Pewerue KpacehX 38089 METOACM HHTETpAbHEA
upeotipajonaknd. [puwepm (331). 10.6-4. Copumyaru Hwasensn (332),

FAABAI
MAKCEMYMbBI H MRHHEMYMbBI

11.2-1, Jlokanbuuie MEKCHMYME & MuduMyms (333). 11.2.2. ¥oagean eym
BODAHUA BHYTPEHHUX MAKCHMYMOD W MUHBMY Wop (333).

233

202

312

519

329

£8



10

11.3.

11.6.

116,

11.8.

i1.s.

13.1.

12,2,

120,

12,4,

OTNABAEHHE

SkeTpenyME GyRKOREA BAYX R Gonbwoero wReha REACTRETENLAMX TEPIMEARWIX
§1.3-1, JloKanbupe MAKCHMYMB B MUHHEMYME (334). 11.3-2 ®opmyaa TeRaops
nha npupamwesHa GyAKGER (334). 11.3-3. Yenornsa cymecrBobadid BHYTPENHEY
MAKCHMYMOR H MURHMyMOB (334). 11.3-4. Ycnonuwe sKcTpEMYyMn. Meton
muomHTENed Jlarpamxa (335). 11.3-5. Yucaenuwe merogu (356).

Jlanefinoe NPOTPAMMHPOBAHKS, ATPH H CMEXKHBIE BONPOCH + o o o = o ¢ + » v+
11.4-1. 3agaga aukefinoro nporpammiponanus (336). 11.4-2. Cumnazke-ueron
i&'!e}. 11.4-3. Henuuefinoe mporpauusnposanue, Teopema Kyms - Taxepa (M2).
|.4-4, BpegeHue B KONGUHNE HIDH JBYX MapTHepod ¢ Hynaepoll cymmoRr (342).

BapHanAoAHOe HCewHCASRHE. MAKCEMYMH W MARHMYME ONPEAEACHIHX HHTE-
TPAMOB. + + « o o s s s v v v o s s s s 8 8 5 0 s s 4 4 st b n k4 e
11.5-1. Bapuauus (M4). 11.5-2. MaxCAMYML H MUAAMYME OOpefe/ieRUEX
BnTerpanon (345). 11 5-3. PemicEHe BapHauHonAHX 3agad (346).

prpdepeANAAMLHEX  YPABHERHA! KMNaccHIeCKaR

T T R TR T T T R I

11.6-1, Heo6xoaHmMue yCRoBHA M2KCAMYMOB I MREEMYMon (346). 11.6-2. Yeaos-
Hiie SKCTPEMYME. MeTon MHomurenel Jlarpanxa (348). 11.6-3. HaonecpuMerpu-
yeckBe saaado (349). 11.6-4. Peenne BapHauHOHHBIX 3ajad B cAy4ae, KOraa
NoANHTErpaNblas QYHKUHA CONEPAHUT BPOHIBOANHIE BHCITHX TopAakos (350).
11.6-5. Bapuaunowube 330390 € HEHIBCCTHBIMH TPAHHMHBIMH 3HAYCHHAME
HCHIPECTHLHIMH  RpelesaMd  HATerpuposanus (350). 11.6-6. 3amsuyn Bossua
1 Maftepa (331). 11.6-7. Jiomause sxkctpemanu. OTpaiKeHRe, NPerOMAGRWE ¥
OLHOCTOPOHHHE SKCTpeMyMBl (352). 11.6-8, KauoAHUeCKHe yPABREHMA W Ypas-
venHe Iamuabrona — SKoOH (353). 11.6-9, BapuauuoHHEE 3aj34H B cayyae
HeCKONBKHX HelaBHCAMBX MEPEMEREHX! MAMCHMYMH H WUEHMYMM KParHuX
waTerpaaos (354). 11.6-10. [ocTaTouHHE YCACBHA ANA MAKCHMYMa H MHHU-
MysMa B mpoctefimeft sagage (355).

IKeTpEMaTE HaK pelleHHs
TEODHA

. PeweHnte BAPHALHOHHHX 3373339 NPAMHMH METORAMH . . v . v 2 s s s ¢ o = = »

11.7-1. Tpaume Metoaw (356). 11.7-2. Meropn Penes — Prtma (357). 11.7-3.
Npubauxense y (x} NONHTOHAALHLIME QYHKUMAMH (357).

JanayB yNpaB/IeRHR ¥ TPHHUAT MAKCAMYMA & &+ o 4 ¢ 5 0 0 o2 o 0 4 2 = o v =
11.8-1. Foctanoska 3amawx (357). 11.8-2. [IpuAuun wagenuyma TourpardAs
{360). 11.8-3. Npumepw (362), 11.8-4, Marpuuswe 0603HAYEAAR B 347a%aX ynpa-
saeEna (364), 11.8-6. OrpanHueHHA-HEPABEACTAA ANA NEPEMEHHHX COCTORHUA.
¥raosHe ychaonis (365). 11.8-6. MeToR AHHaMHTECKOTO NporpaMMuEpoBaKus (366).

Iieropye 38334 yOpapBaeHds H SAAAMHYECKOe NPOTPaAMMHpOBENHE . . . . . .
I'a‘]é??,\-l' IMocranoeka sanask (I66). 11.9-2, [pusuno onruManbiocTH Belnsana
{367).

TNABAI12

ONPEAENEHHE MATEMATHYECKHX MOJENER: COBPEMEHHAA
(ABCTPAKTHAS) ANTEEPA H ABCTPAKTHBIE NPOCTPAHCTBA

T T vt et o e I o /- et e R
12.1-1. MaTemarngeckne monensn (368). §2.1-2, Oﬁaog (369). 12.1-3 «Papencrsor
H OTHOIeHHA SKBHBAaJewTHOCTH (369). 12.1-4. [lpeobpazopanun, HYHKUHH, one-
paoak (369). 12.1-5. Musapuantrocts (370). 12.1-6. NpeacTasnente ogHoft Mo~
Aeny apyrofi: romomopgnsxm u AzoMmopduIMm (370).

Aaretipa moaeneit ¢ oguofl onpepenmomed omepauMeR: rpyonE . 4 . 0 . v .. -
12.2-1, Onpeneneake ¥ oCRoRBEME cpoficTea rpynns (371), 12.2-2. Tloarpynnw
@371). 12.2-3. Lukauneckue rpynnsl, INopsagok saeMeRta rpynns (372) 12.2-4.
TNponsBeneHiA NOAMHOKECTB. CMexHHE Khacew (372), 12.2-5. ConpsawerHue
BAEMENTH H Toarpynnus. HopMansuwe peanreny. ©akTop- nnet (372). 12.2-6.
Hopuantiauh Qpa%. Kownossuronusf paa (372). 12.2-7. Ulearp. Hopmanusa-
Topn (373). 12.2-8. I'pynma npecOpaioBarufi AW oueparopos (373), 12.2-9,
Tomomopdrsvu ¥ HiomopduaMe rpyno. [Tpepcrasienue rgynn @373). 12.2-10,
ApamTuBHpe Tpynny. Kaaccw EBHYETOB B CPapHHMOcTb (374).

Anrefipa wmofenel ¢ AByMS OUpefeliRMROAME ONEPAQHAMIL KOIbOA, NONA H
QbAZCTH OSARSTHOCTH + v v - v« v 0 4 v« 4 -
12.3.5. OnpeaencHRA B OCHOEBHE Teopewmil (374)., 12.3-2. TToaKonbba W Mon-
noas, Haeaaw (375). 12.3-3, Pacwuperna (376).

Mogeay, swnwuyawmke B cebs Oonée OQHOrO KJAACCA MATEMATHRECHAX OODEK-
ToB: AHKeVMbe BEHTOPHEE NPOCTPAHCTED H Audeane anarelpht . . . .+« . - &

gfg)-l. Jluvelpne pexTOpbwe OpocTpaucTee (375), 12.4.2, AppeBane anreOpu

334

359

357

361

374

375

13
13.2

Ol NTAGAEHHE

. Mozenw, ApnyCKAMOmEMe QnpeleneAde OpenesbERIX NPOUECCOB! TONASOrHYECKHE

. Nopagor .. .

13.3.

FHPOCTPAHCTBA o+ + = =« & + o = 0 s o 0 v =«
12.5-1. Tonosoriueckte NpocTpancTea (377). 12.5-2. Merpuneckue npocrpancrsa
(378). 12.5-3, ToNoJOTHA, OKPECTHOCTH W CXOZMMOCTL B METPHYECKOM MpUCTRAH-
ctre (378). 12.5-4. MeTpHQeckHe MPOCTPAHCTBA €O CNEOHATEHLIMH CROMCTRAMH.
TeopHs TOTeYRMX WHOMectTd (379), 12.5-5. [IpHMEpH: UpPOCTPAHCTIBA YHCJAOBHX
nocaefoBatedsHocTell B yukuwnh (380). 12.5-6. Teopema Bavaxa o cigaThix Q10
SpaMEHHAX d IOCTEAOBAaTLIbEME npHOAuKenpa (382).

12 6-1. YacTuwuo ynopaaodenusie Mmuomectsd (382). 12.6-2. JinveRro ynopa-
poveHHBMe MHoKecTBa (382). 12.6-3. ¥Vpopagowewdne nons (383},

KomGuHaguy Mojenedi: Npsamoe MPORIBEAEHHE, TONOGJOFKUYECKOE NpoX3IseacHHe
IIUPRMHRC}FMNQ.‘...----......---.-

12.7-1 Oexkaprono npoussegenue (383). 12.7-2, [Tpamoe npoHasexenrue rpynn
{383), 12.7-3. llpasoe NpoHageAcHHe RefleTBUTENBHLX BEKTOPHBX NRPOCTPaucTa
(383). 12.7-4, Tonoaoruyeckoe NpoHasenenne (384). 12,7-5. [Tpavan cydma (384).

BYMCBR ZATEOPE! & . 4 4 4 = o 1 s v o v 4 & & & 4 8 b b b n e e e e e e s

12.8-1. Byaepw anrelpl (384). 12.8-2, Bynesu dbyuruud. ITpEBeaerre K Kaio-
H\!qchﬂﬂg uAy (385), 12.8-3. OrHowenpe sRAennn (38G). 12.8-4, A.wreéga
knaccon (386). 12.8-5. Haomopduam Gynesnix anre6p, Omarpammu Benna (386).
12.8-6. AarcOpu coSHTHR K cUMBONHYecKkan Jorexa (387), 12.8-7. Mpeacrasnes
Hue Gynepbix GyHKO# MCTHHHOCTHbME TaGasuamu. Kapte Kapuo (389),
12.8-8. Ilonkan anAMTHBEOCTh. AJATe0pm Meph [389).

TAABAI3
MATPHUB, KBAIPATHYHBIE H 3PMHTOBBI ®OPMbLI
BoOIMHE SBMETARHA & o v w ¢ o v v n s s ke kb s s e e n et s e s

ANreGpa MaTpHU ¥ MATPHYHECS HCHHCACHHE o 4 o o o o + o o o v o v o ¢ 8 2 a «

13.2-1. Ipawoyroabnue Marpuust (390). 13.2-2. QOcHomAne onepaunu (392),
13.2-3, Hynepaad H eIHHUAHER MATPHULL OOGPaTHwWe Marpuue (393). 13.2-4,
Llenouxenennple CTENSHH KRAAPATHLIX MATPHL %93]. 13.2-5. MaTpHus KaK CTPOH-
Tenphinie GAOKH MATEMBTHYeCKHX MWofenel (393). 13.2-6. YMHOMeHue Ha MaT-
pHUN cledkanLHoOro PMAa. MaTpHun mepecraxoBxy (394). 13.2-7. Pawur, cneqy
H ONpEefeNHTeN: MaTpHUuM {394). 13.2-8. PastHenue smaTpun (394). 13.2-9, Kne-
TOYHEE MATDHUM. [IpaMwe cyMMmm (395). [13.2-10. [IpAsdoe {Brewwdee) r:roﬂsse-
Aeuue Marpun (395). 13.2-11. Cxoguuoctsr & auddepenndponanse (345), 13.2-12.
PynkuHn maTpyu (395).

MaTpuup ¢0 CHeunatbHMMH CBORCTBAME CHMMETDHH .« « v « v o o o = o o » =

13.3-1. Tpancnorsponannan H SPMHTOBO COMPAMENHHan MaTpHua (396), 13.3-2,
MaTpHuW €O CTEUHBABHEIMM CBoflcTBaMW CcHMMeTpuM {396). 13.3-3. [Ipasuna
tl&tas;fauuposauuﬂ {3595). 13.3-4. Teopeun! o pasnomenan. Hopuansrule HaTpRUN

DKBUBANEHTHMC MATPUUL, COCCTBEHHEE 3HANZHHNA, TPHBENEAHE K AHATOAASbe
HOMY BHAY H CMEMHBIE BOPPOCHl . & 4« 4 & 4 & & = o o 0 v o a » ¢ 0 4 4 = + 4 + 4

13,4-1, OKBHBANEATHHE ¥ nofoliiue mrgnuu (398). 13.4-2. CoGcrRenune 3Ra-
HCREA K CNeTPh! KBaAPaTuwX mavpriy (398). 13.4-3. [IpHDeseHHe KBajpaTHoOR
MATPHUB K TS}&}’TOAbHOMy BHAY. AAreGpanvwecias XKpathHOCTh COSCTREHHOTD
SHaveana (399). 13.4-4. Ilpumegedue MATPHU K AuaroHaabHOMy BsZY (399),
13.4.6, CoScrRenyHe 3IHa%eHHA H XaPaKTCPRCTHYECKOE YpABHEHHE MATDHILG
(400), 13.4-6. CoficToeHHMe 3IHAUEHHS KNETOUHBIX MATpPil (NPAMEX) cyMmx
(401). 13.4-7. Teopema K3aud — TaMHABRTOHA ® CMemube sonpocH (401),

- KeagpaTuanbie H 9pMHTOBR DOPMEL & 4 4 o o v o v = o s 8 s s 5 0 2 s x5 8 » s 4

13.5-1. BhanueRsne dopuu (401}, 13.56-2. KnagpaTuunue dopmu {401), 13.5-3,
OpMHTOBN hopmul (402). 13.5-4, fIpecGpasonaHye KBaAPATHYHHX W SPMHTOBLIX
dopu, fpHBefeHde K CYyMse KBaapatos (402), 13.5-5. OauoBpeMesNOe NpKBE-
ACHME OBYX KBRJApPATHIHEX HAH SpMHTOBMX OPM K cyMMe KBaipaTtos (404},
13.5-6. (4135““““ NONOKHETETRHOR OnpeeNeBHOCTH, HeOTPHOATEbLHOCTH
H T, 8. A

. MatpuuHne 0003Ha%CRUA AAA CHCTEM muMBPEpPEeRUHaNbHLX ypaBHenrd (yiiia-

MUYECHHX CcHeTeM). BoaMyumeddas M TeopHs YCTOATHBOCTH JIHIYHOBE « + + o o

13.6-1. Cueremn o6HKHOZeHHHX AMdpepenunagzbiuy ypasHeHHH, MarpHyHble
oboananeuns (405}, 13.6-2, Jiunefnne auddeperuHainine ypagneaus ¢ nocTo-
AHHEMY KoabpHumeRTaMy (406) 13.6-3, JIuHeflHbe CHCTEME € MepeMeHHBMY
xospduusentamn (407). 13.6-4. MeToa pOIMYIMEHKT # YDADHRHUR B BAPHAWHAN
(408). 13.6-5, YeroAuHBocTh pewenuf: unll;ege.ueuux 1409). 13.5-6, anu.uu
Jinnydopa y ycroAuusocrs {410). 13.6-7, [jpunosesun W upusepst {4i1).

it

T

362

330
390

308

393

401



12

1.1

14.3.

14.4,

14,6,

14.6.

14.7,

14.8.

O MTABAEHHE

rnaBails

JHUHEAHBIE BEKTOPHBLIE MPOCTPAHCTBA H JNHHEAHBIE
NPEOEPA30OBAHHS (TMHEfAHBE ONEPATOPHI). NPEACTABJIEHHE
MATEMATHUECKHX MOJAEJEA MATPHUAMH

Baefgenpe. CHOTEMEM OTCRETa U OpeclpasOBAHHA KOODEHEAT . . - « o s = = =

14.1-1. Beogunie samenannn (414). 14.1-2, Yncaosoe onHCARHE MATEMATHIECKHX
uomenef: cucremsl orewera (414). 14.1-3. Tpeofpasosaurs Koopausar (414).
14.1-4. HupapuantrocTs (415). 14.1-5. Chcremu mep (415).

Munefiible BEKTOPHEE MPOCTPARRCTBA ., & = o v o = v o s s 4+ ¢ o«
14.2-1. Qupegennwumue cboficraa (115). 14.2-2. Junefinne MHOTOOGpAINS H
NOANPOCTPAHCTEA B Fz gllﬁ). 14.2-3, JIAHefiNO HeSAOHCHMEIE H JHHEAHO 3aBHCH-
Muie eKTops (416), [4.2-4 PasueplocTs AxuellHOr0 MHOTOCOPA3KA KK ncum[i:-
HOFG NpPOCTPaHCTBA, BAasHCH M CHCTEMB KOOPAMMAT (CHCTEMH orcyera) (116).
14.2-5. Hopaiipopanine BeKTOpHme npoctpanctsa (417). 14.2-6. Yuutaphhie
BEKTOPHHE npocTpancTea (417). 14.2-7. HopMa, MeTPHK2 H CXOAHMOCTR B YHH:
TADHMX BEKTOPHMX NpPOCTPaucTpax. InAnfepronl fnpocTpancraa (418). 14.2-8.
Teopesa o pDpoexnud (419).

Jluaefiusie npeoSpasoBanuA (AHHeRWHNe OZEPATOpH) . . . . -

14.3-1. Jiugefinne npeoGpasonagus BEKTOPHHX npocTpaHncte., JIEHefinume one-
patops (419). 14.3-2. MHOomecTRC 3RaveHEH, AAPO W PAKr JAKHeRHOTO npeofpar
sopatufn {onepatopa) (419). 14.3-3. Cho)erde i YyMHOKEHHEe Ha CKalApH.
Hynesce npeotipasopanue (420). 14.3-4. Ilpou3ReseRHe ABYX JHHEAHHX Npe-
pascBanuf (oneparopoB). ToxfgecTeeHsoe npeodpasosanue (420). 14.3-5.
Hebupomaerane auneldnbe npeodpasopanud (omepatopu). OOparHbe npe-
ofpaaceanla {oneparops) (420). 14.3-6. lleanle crenenr onepaTopon (420).

NudeAEHe omepaTcpsl B HOPMMPOBARHOM MJAH THALGEPTOBOM NPOCTPaACTBE.
DpWHTOBL ¥ YHUTAPHHE ONEPATOPH « « o 4 + s« « ¢+

14.4-1. Orpanuuenutle ArHefinpe npeotpasosarmsa (421). 14.4-2. Orpaunuuen-
Hie AMAefHHe OMepaTOPH B HOPMUPORZHHOM BeKTOPHOM TpocTpancrae (421).
14.4-3. Conpamenunsft onepatop (421). 14.4-4, DpMuTOBH onepatopu (427).
14.4-5. Ynnrapese onepatopm (422), 14.4-6. CHMMETPHYECKHE, KOCOCHMMET-
PHYECKHE M OpPTOrOHAJAbLHLHE ONEPATOPH B ASACTEMTENLHEX YHHUTADAMX Bex-
TOPHHEZ MpPOCTPAHCTBAX (422). 14.4-7. IlpapAna vouGunupomanssn (423). 14.4-8.
Teopemst 0 pasnomennn. Hopsannuue oneparopu (423). 14.4-9. Conpaxenunie
BEKTOPHBE NPOCTPAHCTBA. Dosee obuiee oUpeAcneHyde CONPAXEHHHX onepato-
poB (424). 14.4-10. BeckoBewyno wansie AuHefAHue npeofpasosanun (424).

Marlmwoe DpeACTABMICHEE BEKTOPOB M JAuReRHuMx mnpeobpaizopanuft (omeparo-
FOB,

14.5-1. MpeodpazopaAve GaIRCALX BEKTOPCB B KOODARHAT BEMTODOBR: LANTHD-
Ham» Touka apenHsn (425), 14.6-2, MarpusnAce NpeacrapieHue BEKTOPOB H AHAER-
HEX npeoGpasopanntt (onepatopos) (426). 14.5-3. MaTtpuunule o6o3HaqeHna aas
CHCTEM JMMeRHHX ypaBEeKHA (426). 14.6-4. Juaguveckoe npefcTaBiesHe AL
Bux onepatopoe (427).

L R |

P A

JAMEAR CRCTEME KDODIHART . o o & sir o wimaials o wln s #0a o dsn T siin o wim

14.6-1. Npeotpaaopante GATACHLX BEKTOPOR B KOOPAHHAT BEKTOPOB. «NACCHB-
AARA» TOYKA ppeHuA (427). 14.6-2. [IpeacTasnenss AHHeAHOrO ONEPATOPa B paj-
mzzg;lux Gaancax (428). 14.6-3. [locnegoparentHoe NpHMEHeHHE ONEpPaToOpOB
[428).

INpeacTasienue CKaNAPHEOND NPOK3REJcHNA. OPTOHOPMAPOBAHHNE GasHcu . . .

14,7-1. IlpeacTannenHe CKAARpPHOrD Npou3BeResHs (429). 14.7-2. 3amena cu-
CcTeMH KoOpAHHAT (430). H.?-g. OpTOroBANBEEE BEKTOPH H OPTOHOPMHDOBAH-
AME CHCTeMH BeKTopoB (430). 14.7-4. OpToNOpMHpOBAHHHE Ga3ncHW (NoAHMe
OPTOHOPMHpOBABHEE cHCTeMn) (430). [4.7-5. Martpund, COOTBETCTBYKOWMHE
CONpREXenHEM orrepam{aan (431), 14.7-6. Baagmiue Sasuch (432). 14.7-7. Cpap-
HeHHe oboznavenHfl (433).

ColicTBeRALE BEKTOPH H COOCTBCHEHE BHATEHEN nHHefHWX onepaTopos . . .

14.8-1. Bpopmme sameqwanssd (433), 14.8-2. HunapuaaTHme MHOrooGpasus.
Pasnoxemue suHeRHste mpeoOpasopanms (AWHedHHe ONEPATOPH) H MATPHUH
ﬁ433}. 14.8-3, CofcTnenEne BexTOpH, COGCTBEHRME SHaueHus H cOekTp (434),
4.8-4, CoGcrpennse PEXTOPH W COGCTBEHHEIE IHAYCHHRA HODMRALALX H 3PMH-
TOBWX CDepaTopoR {435). 11?.&-5. Onpenefesne ColcToeHANX SHAYEHHA M col-
CTBEARHX BEXTOPOB: KOHeuHOMepHMA caywafl (436). 14.6-6. Flpusegenme H
EHATOHAARSAQUS Matpay. I pagoRaHHE K IAABHEM ocAM (437). 14.8-7,
«Ofobmenuenr sanaga o cOOCTRERBWX SEageHHAX (439), 14.B-8. Sagawu o col-
CTBERRHX 3HAYCHHAX KAK 387897 © CTAOMOHAPHMX SHANeHHAX (439). 14.8-9,
Tpanunh pns coGCTBexHMWX 8RaveAHf ABEeRumx oneparopos {441). 14.8-10.
Heoauopoausie nuxefime BEKTOpHHe ypasmenREA (442).

414

413

419

21

429

433

M

OrABREHHE

14.9. TipeacTabAenna Fpynit B CMERALE BAOPOCH + o v v = 4 2 ¢ + a8 ¢ o o s ¢ & o &

14.10.

14.9-1. Mpencrasaesnn rpyan (443). 14.9-2. l"!pwsu)a He NPeACTABAERRR (4413},
14.9-3, Hen uaon,nﬁhtg la)enm'auenuﬂ rpymned (444), 14.9-4. Xapakrep npea-
cTaRAeRHA (345}. 14.9-5. CoOTHOWERUA OPTOrOHAMLASCTE (445). 14.9-6. [pAsue
ppoHaRefeHHA OpeacT2aeHKR (§46). 14.9-7. [lpeacrapieHs KOG, Ooaed
nunefunx anredp (446).

MATEMATHRECKOE OINHCAHHE BDAMEREAN . o =« o o ¢ 5 v 4 + 4 & 1 4 2 o ¢ 4 a4 s «
j4.10-1 gpameﬂﬂﬂ B TPEXMEPHOM eBHAHAOBOM BEKTORHOM MpocTpancTBe (446).
14.10-2. ¥roa nosopora. Ock npamennn (447). 14.10-3, [Mapamerpu Sdaepa H
pexTop Intbea (448). 14.10-4. [IpepcTapneiie BEKTOPOD H BPAU[eHAA COHRHOBLIMI
MaTphuamAd M waaTepuRodamH. [lapamerpw Koau — Knefua (448). 14.10-5.
Bpameana BOKPYr ocef koopamuar {449). §4.10-6. ¥Yraw DRvepa (450). 14.10-7.
BeCKOREYHD Mansie PPAICEKs, RenpepHBROe APAMEHH: R YMAOBAA CKOPOTTD
(452). 14.10-8, Fpyooa TpexuepHsx epameddl W ee ppegcTasnenns (454),

PRNABAIS

AAHEAHBLIE HHTEMPAJIBHWE YPABHENHHNA, KPAEBGLIE 3ANAYR
H 3A0AYH O COBCTBEHH WX A2HAMEHHAX

. Boegenke, PYRKUHOMATBENA AHAIHI . . v o s o v v s s« s v s s v 0 8 8 6 4 &

15.3.

15.1-1, BeogHbe pamesanun [456), 15,1.2. Odoanmamemna (456).
DYyHKOHR Kax BexTopul, PasgomeHHA MO OPTOFOHANDBHHM QYHKDHEEM . o o 4 o

15.2-1. KeaapaTeuno HETErps e yRHOAK KaK pexTopH. CKANApRoe npo-
RIBefleHHE H ROpME nauep(&%;. 15.24-’;. MeTpaKa H umlm 8 L. Cxogu-
MOCTS B cpemdes (458). 16.2-3. Oprorodaibina YEKLER H OPTOROPNUDOBAHENS

NoCACIORATENLADCTH AKEnd  (459), 15.2-4. ONHBE  OPTOHO mrosmnua
NeCACNOBBTENLAGCTE GYARUER, CpPTONOpMEpGBAAENa Gaskch (P459. 15,2-8.
Oproronanssaunen % ROPNRApPOBAHHE NOOCARADHATENLHEOCTE $yeEkyuf (460).

15.2-6, ADOpPOKCHMANNA M DARNCHEHHA B PAJL PO OPTOTOHANLALM HYBRKDHAM
(460). 16.2-7, JluwcAume omepanuu Bag yHdouaMmd {(460).

Janefiynwe BRTErpAnbBEe NReoGpasoBadAA 4 AHACHEWE CATETPATbHEER YPEB-
HEYAA . . P T

15.3-1. JNlgaefnme HHTErpaAbAMe MpeolpasgpanEa (461). 15.3-2. Munefirue
HHTerpadkHee ypapnendad. Qfzop {462). 15.3-3. Oanopompce HHTErpanbAce
YPAsHEHHE PPeAroALMA BTOPOro poga. CoGeTeedAtie QyHKOKK H COBCTRERELS
suagerun {463). 15.3-4. Teopeams pasnomedun {463} 15.3-6. Hrepupoaannse
Aapa {464), 15.3-6. OpwuTORH HHTerpantHue QopMe. Fagada o ¢ SHHLX
8RavedHAX KAK RapWauHoBBAR panava {460). 156.3-7. Heonnoponeoe ypesAerHa
PTpearoabMa BTOPOrD poOAZ g465}. 15.3-8. Pemicute AHWeAHOM RATETPANLHOCO
yparueuda ([6} (467). [5.3-9, Papenre AuacfHore wBterpanbBEoro YPasHEHKS
Qpe.n.ﬂ{:f;gn;a nepparo poaa (468). 15.3-10. Hurerpanbeue ypasdesds Boap-
Teppa .

LI R R

. Jleueftrsie Kpacnme 3a7894 B BEAETH O COSCTREHRAWT 9AARSERAR Ana Anddepen-

UKZARENX YPABHERAA . . o & v . v 4 v v & b 4 4 0w b 1o n e m e

15.4-). Jlpnehpwe Apaenwe 320398, [CTEACBKA 9axaTH B offoanasewirs {470).
15.4-2, HonoAaareabHoe AHW%enu.umBoe YPaPHeAHe H Kpaespe GEHA
BAR auBeluol KpaeBol safeqk. [SOPEMbt O CYDEPHOOIMUMA HTJ]. (5.4-3. Dpmuu-
FOBO COUPAMIANEC o COMPANMEHRNC KPpacsble 838aNd, JPMHTORMW OMOEDATOPH
(471). t5.4-4. Teopewa Ppearonbua of anerephatAee {473). 15.4-56. 3agaun o
COGCTRERHNR AHEYEHAAX A8 AUHeRRHX Xuddepenyuanbemx ypasHeHuf (473).
16.4-8. CHHNIE BHEYEHHA B cob8CTBRRRHEe QYHKUHY IPMETARON aajaqn
G coBCTPeARHX 3HAYEABRX, JlonAme OpTOHOPMHPOBAAHME KEGKECTRA COOCT-
Beruux dypsxurft (474). 15.4-7, DpuETORa sanBEYA O cOBCTREENBLIX SHATANMALE
K8K DpapHauHORHAs sagaqa (475}, 15.4-8, Oguosepans sageqa llrypua —
Jayapsas o coBCTREBHLX 3Ba9epuax (476). 15.4-9. 3agaya lOTYpMa — JI)?I-
BHAAA QAR ypaABRENHA © RACTHHMY n\;uuann}munﬂ BTOPONO nopaska (477).
15.4-10. Teopems cpanReEda (477). 15.4-11. PemeEne DpHCKPeTHHIX 8ajsv
o cobCrEeRabx AHATCARRX METOQaMA poadymenHB (478). 15.4-12. Pemenna
:(‘%agjaux BA%AY OOCPEACTROW {ENIOKEHRA B DAAN 00 COBCTBRAHMM PYuKLHAM

Oyuxndr T'paga. Cpssb KpacpHX 8a0A9 B 818N O cOOCTRERHHX dEaTeHRAN
¢ HETErpaALHHUMH YPRBACHRAMH . , , . . . el
15.5-1. Pyawune I'pERa 408 Kpaeoof safaqs o OJHOPOAREME KPASRHMA yCAOG-
BEAMR (480), 15.5-2. Consb KpaeBux aanaq @ saghy O COOCTEeHHHX JHAYEHHAN
¢ HUTArpafbEGUMA YypasHeuwnwd. Pesonssedra [puma (481). 15.5-3. Mprnao-
MOHHe MeTons $yxKkarft Tpuua ¥ 3&;?!«: ¢ HAYAABAMMH YUAODHAMY: of0l-
mesnoe ypashende Andsbyaun (482), 15.6-4. Metop $yuxudf [puua gzam se-
OZHODPOAHME KDAEBHX 108wl (483).
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15.6.

15.1.

16.2.

16.3.

16.4.

16.5.

16.6.

16.7.

16,10,

QrIABNEHWE

TEOPRA TOTERUAGNA + o o 5 o 2 = = & 6 s 2 o 50 o 8 ¢ ¢4 8l SERIETL L,
15 6-1. Baoegenwe. JIuddepennnaanpue ypasnesus Jlapsaca w [lyaccoms
1484). 15.6-2, TpexmepHas Teopns notenarana, KnaccHaecKHe KPAgBRIC YCA0RH g
apnauk {484), 15.6-3. Teopema WenwmHHz of HHBepcHH (485). 15.6-4. CaoficTra
TapMondueckn® dyswnnf (485), 15.6-5. Pewenus ypaouenu Jannaca ¥ llyae-
COHa KAK nBoTenunann (436). 15.6-6. Pewenre TpeXMepHHX KDaeBblX 32aaay
nocpegereoM dysxkuult Tpuua (483). 15.6-7. J[lmyMepHas TeopHA NOTEHHHATA.
Jorapudmureckuf noterunan (490). 15.5-8, [OaysmepHaa TeopHsa NoTeHuHana;
COMpAM¥eHNne CADMOAWYeCKNe GYHKuHE (490), 15 6-9. Pewenwe ABYMCPHLIX
Kpaepux safnay, Gyaxuna Fpena u xondopMnme ofobpamenna (492). 15.6-10.
PacnpocTpaHenie TeopHR Ha Gonee ofmHe auddepeHnHaTbiibie YPaBHEHH.
Sanasfupaomie R ONEpexaOWBE NOTEHLHAMH (493})-

FTABA I8

NPENCTABNEHNHA MATEMATHYECKHX MOINENEHR. TEH30OPHASA
ANIFEBPA H TEH3OPHBIR AHANH3I

BEORARHS® iy siinip iy 190 « i is e omoay o e ip od il ol o MW Tes 7 (e hs o1 kv 4 A (1
16.1-1. Boogusie gaMevadun (494). 18.1-2, CHcTeMM KOODRHNAT W SOMYCTHMbA
npeobpasusanua (194). 16.1-3. Komnonentn ofbexTon, HujaexkcHwe ofo3Have-
Hia {494). 16.1-4, CrCTeMH OTCHeTa ¥ HHAYUHDORAHHEE npeoGpaaosauns. eo-
MeTpHIeCKHe OOnekTH (493).

AbconioTHEC (MCTHHHNE) TeHIOPH R OTROCHTEABNLE TeH3ODPH (NCEBAOTLHAOPL)

16.2-1. Onpegenenne a6COMIOTHHX # OTHOCHTENBHMX TEHIOPOB, OCHOBAHHOE Ha
saKoHe NPeoGDasOBaNHA HX KoMmoHeHwt {496). 16.2-2. ubHAATEIHMANBHOR
nepeMemenide. I'paguenTt ckanapHoro noaa (495).

Tensopuan aareSpa: onpefeneHiN2 OCAOBHHEX ONEPANHA . . . . u v v s v - - o
16.3-1. Pasenctno temacpor (499, 16.3-2, Hyae-teusop {499, 1G.3-3. Choxe-
HHe TeHsopon {499), 165.3-4. Y MHOMeHnHe TEHSODA Ha abconOTHHA ckansp (499),
16.3-5. CBeprubanAe CMeWaRRoro tensopa (499). 16.3-6. ITpouspegense (BRem-
Hee} apyx Tevaopos (500). 16.3-7. BEyrpedHee npoHapesenue (500), 16.3-8. [Mpu-
sHax TeHaopa (500).

Tersopnaa aareSpa, HABaDUERTAOCTL TEHIODHHIX YDABHEBAHR , o o v o s ¢ ¢ «
16.4-1. MHBapHEHTHOLTD TERIOPHMX ypanueauft (501).

CHMMETPHEYHES B AHTHCHMMETDHYHEIE TEHIODE + 4 4 « ¢ v » s o s ¢ ¢ ¢ 4 0 5 s

16.5-1. Cuumr?ﬂmue ® ARTHCHMMETPRYABE obnexTtn (502). 16.5-2, CAMBOAN
Kponexrepa (502). 16.5-3. e-o0bexTi (chMBoas Jlean-Unsnra) (503). 15.5-4. Anb-
TePHHPOBAHEOE MPOK3IBEASHHe ABYX BexTOpom (503),

Jlokanspas cucTemMa $asHCHHX BEKTODOB (AOKAALHHA 6A3HC) . . . « v 4 v .

16.6-1. Bupamenme BeKTOPOB W TEHIOPOR UEPE3 BEKTOpPH /NOKAALROTO Gasuca
(504). 16.6-2. [IpeoGpazosaiie NQKanbHoro 0A3IHCA NPY NpeoSpa3oBaHHH Ko-
opaHHar {504).

Te#aops! B PUMAHOBHX MPOCTPAHCTBAX. ACCOUMHPOBAHRHE TEHIODPH . o + + 4+
16.7-1. PuManopo RPOCTPRACTBO H GYRAEMEATANbHEE TeHsOpH (505). 16.7-2. Ac-
CONHHPOB2HAME TeHIOPH. [TONHATHE M ONycKaHHe HRKexcos (506). 16.7-3. dknu-

BEJIEHTHOCTL 2CCOLHRPOBEBHHBIX Tenaos%os (506). 16.7-4. Omepauuu HaZ TeHIO-
PaMHE B PHMABOBHIX NPOCTPAHCTBAX (507).

- CKB}UIPHO& NpOHIBEZEHRE BEKTOPOS H CBAJIAHHEE O HAM OOHETHH o v « » v » &

16.8-1. Cranapuoe (BHYTDEHHE2) NMPOH3IBENEHHE ABYX BEKTOPOD B DPHMAHOROM
npocrpanerae (507). 16.8-2, CxalapHue OPOMIBCISHHA JAOKANLHBY GAIWCHMK
BeKTOPOB. OpToroHanbHaa CHCTeMa XOOpAR®Har (507). 16.8-3. dHanueckue

KOMAOHERTL! Tekaopa (508). 16.8-4. BexToptos NpoHage Aun: i
hasialers ol gl o KTOpHoe Mp AEHHE H CMEUIZHHOE PO

Teu3opH PAHTA 2 B DPHMAHOBOM TPOCTPAHCTBE &+ 4 v v + o n s s s s o v o v 0 s o

16.9-1. Quanuue npomamenemna (509). 16.9-2. YMHOKEAs#® TEHI0DOB panra 2
H BCKTODOR H CRA3AHRAR ¢ HEM CHCTema oboanavesud (510). 16.9-3. CoSicTeennste
BEXTOPH H coferienase akazenas (510).

Q:Iclg.g:o'rnuc MuddepennnansAoe Heducnekne  Koaapuarthoa aagdepeAuHpO-

16.10-1. Adcomorrue nuddeperunann (510). 18,10-2. AScomortamh gubbeper-
LHAM OTHOCETENLHOrO Teuzopa (512). 16.10-3, Cumsonn Kpucrodpens (512),
16.10-4. Kosapranrnoe nud epeHukposanue (513). 16.10-5. [Mpasuna wosapy-
BEHTHOM? ,a.Mdn::epclli'uuponmum (214). 16.10-6 KoBapuanTHHE NPOH3IBONHLE AL
Wwux nopamkon (5i4). 16.10-7, .E'a.ug)cbepeuuuubﬂue onepatopst H AHddepe.
uHaNbHLE HiBEpHaNTH (5i5). 16.10~8. ASCoMiOTRME (BHYTpeHHHEe) OPOHIROZ
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603

503

507

509
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17.2,

17.4,

18.3.

. Brepenne .

OrRABJEHHE

AMe # NPOKIROLREE 7O AaNpasienxio (615, 18.10-%. TeAaops, nMCTOARRER

BOSb KpKEcR, YpaBHewws napanenniMa (517). 16.10-10 HTeTPHPOBaHHKA
Tgﬂsopﬂlgx pesuaus. Snemedt obnesa (517) 16.10-11. [nddgepesudanchue
HHBEAPUAHTI: TEM3QPORE Panra 2. HHTErpanbHme TeopeMs (517)

TnABA 17
ATHOSGEPEHIUHAJIDHASA FEOMETPRSA

. RpRBHe RA CBRABNOBON TNOCKOCTH o v « o o v s o o ¢ o s s s n e s s 0 0841

17.1.1. Kacareabnan & nnocko®t wpupoit (518). 17.1-2, Hopumams x mnaockoit
wouBod (518), 17.1-3, Ocobse Touxu (519). 17.1-4. KpuansHa niockoR kpHBOI
{Splg), 17.1-5. [OpsAOK KacaHus OACCKHX KPRBHX (520). 17.1-6. AcmmMnrorul
(520). 17.1-7, OruGaoman cemeficTea OJNOCKHX KpUBHX (520), 17.1-8. Haoro-
WaabHwe TpaskTopHH (520).

KpHEH2 B TPEXMEDHOM E€BRKIHZOROM HDOCTPARCTBE 4 4 4 s s o s o+ v s + o = =

17.2-{. Bpogude samedanus (521), 17.2-2. TlogmmmHOR Tpexrpanauk (521).
17.2-3. mguynu ®pore — Ceppe. Kpuausna ¥ KpyveHue TMPOCTpaHCTREHHOR
kphBoil (622), 17.2-4. YpasRendna xacaTenbRoOf, KOpWMAaNR # OHEOpMAIH; ypas-
REHHS COMPHHCalomeca, HOPMATLHOA H cOpAMAAWueR naocKocTeR (523),
17.2-5. JlonoawHTeabnde samedanun (5231, 17.2-6. Dopagox xacaBMa (524).

TNoBEepXHOCTE B TPEXMEPHOM EBKAHAODOM NMPOCTPAHCTIBE . o o v v v w v v 0 v =

17.3-1. Broguute aamenanns (524). 17.3-2, KacarTeJabHag OAOCKOCTE H HOpMadb
K nopepxHocTH (524). 17.3-3, IlepBas OCHOBHEA KEafpaTHyHag QOpMa MOBERX-
HOCTH. Audibepednrat ANHHLE AYTH 4 JeMeHT Maomann (525} 17.3-4. Feonean-
gecKas H HOPMANbLHAA KPHBH3HA KpHaok #a momepxuocTy. Teopema MeRee (526).
17.3-5. Bropas ocHOBHER KBaapaTHANas Hopua. [raplue KPKBH3IHH, rayccosa
KpPHBNIHA H cPeAHAA KpKBHAIEA (527). 17.3-6. HexoTopHia Balpasnenka A KpHBLe
BA [OPEPXHOCTH. MEBEHMMaNLBHe noemepxHoctTA (528). 17.3-7. IloBepXHOCTH
KaK PUMAHOBH TMpocTpancTBa. TpexHujexcAnle cBMBoAL Kpucropdens u napa-
meTps Beasrpantk {§29). 17.3-8. YpasBeRHSA ¢ 93CTHBIMY NpOKIBOAHLEIME, CEAIH-
BaKUHe Koangc‘:uuueﬂ‘rhl OCHORBHX KpagpaTHYHWX dopm. Theorema Egregium
FTayeca (530), 17.3-9. OnpegefenHe NOBEPXHOCTH KOSGOULACHTAMA B¢ OCHORHEIX
KEEAPATHYANX $opu (530). 17.3-10. rodpaxenusa (530). 17.3-11. Orubaw-
wye (531). 17.3-12. l'eopeauueckae NuEMd NoBepxHoerd (531). 17.3-13. Teo-
AeaHuecKlie HOpManbibe KOOPAHHETH. [eoMerpHA Ha OOSEPRBOCTH {532).
17.3-14. Tcopema Taycca — Boume (533)

[MpocTpaBeTBA € KPBBUIRON . . . v v v v v v & v o s m v b b v e o v nnone
17.4-1. Beoaume aamegaana (533). 17.4-2. Kpuswne, pAE8H R HATIPaBAERAA
B pKManoBoM npocrpanctse (633). 17.4-3. [eomeanueckue AHHAM B pUMaHO-
BOM mpoCTpaHcTBe {534). 17.4-4. PAMadosR NpPOUTPAHETAA C HeonpeaesieHNoit
Merruxon. HaoTponukpe RANpEBAeHHS W reojesuteckHe myaesoll gnand (535).
17 4-5. Tensop KpHBH3HH pEMasoBa mpocrpancrea (535), 17.4-6, I'eoMerpuve-
CKO2 HCTOJNHOBAHHE TEH3IO0PA KPHAH3HB. fMnocxne TIPOC"T‘[)&HCTB& H EBKJAHAOBH]
npocTpadcTea (536). 17.4-7.Coenuansusle KOOPARHATHWE cucTeMu (537).

TAABA 18
TEOPHA BEPOSTHOCTEA B CAYYAAHBIE NMPOLUECCH

T I . R I B I BT B I ]

18.1-1. Beoanwe sadenanun (539).

Onpepenenie ¥ TNPEICTABAEHHE BePOATROCTAEIX MOAEAER . o . . v w v 4 - o o .

18.2-1. AareGpa coSHTHN, CBAIARRLK C AAHUGIM HCOLITaUMEM (539}, 18.2-2, Onpe-
AeneHHe BEDONTHOCTH, YeJaoBHHe sepontaoctd (640). 18.2-3. Heaarucumoers
cayqaafiHx cobuTHA (540). 18.2-4. ChaokHble HCMWTAKHA. HesaBHCWMue HCMb-
TaHKA K MOBTODHBIE HE3ABHCKMuE HenmTauus (540). 18.2-5, [pasuaa coveranuit
{541), 18.2-6. Teopems: Datteca (542). 18.2-7. [lpemcrarnenue coGuTHR Kax
MKOMECTE B MpoCTpaicTae BHGODOK (542), 18.2-8. CnywaftAxe senauwanm (542}
15.2-9, Onacauve DEpORTHOCTHRIX MoAenell Ha RILKe CAYYARHHX BEAMUHH U BX
dyrKkudl pacnpenencHus (542).

OpHomepHide pacnpedefeRHs BEPOATHOCTEA . . ., . .
18.3-1. HuckperAne oiHOMEepRHe pacHpCAefiennn BepoaTAccTed (543). 18.3.2,
HenpepwiBusie oguoMEpube pacnpengacnus BepoATHOGTeRt (543). 18.3-3, Mare-
MATHUECKOS QMMHAZHHKS H AHCNEPCHH. UncAORBC xapax-repuc-mnu CAHOMEDHOrD
pacnpeneneHin pepoRTAOCTeR (544). 18.3-4. HopMuposadue (548). 18.3-5, He-
pasencTBo YeSulmepa v CAA3AAHME ¢ HiM GOpMYAH (546), 18.3-6. Epunoe Onu-
CanHe pacnpefenesAfl BepoATHOCTEA € NOMOMEX HUTerpana CTHATBeCA (546,
18.3-7, MOMEETH OAKOMEDHOrG pacnpeAencnus brpoAtnocren (547), 18.3-8. Xa-
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18.4,

18.5.

18.§,

18.7

8.8,

18.10.

18.1L.

. Teopus chyuafinHX npousceor . . . . .

OrAABIMERHE

PAKTEPHOTHIGCKHE W Npouzmogxutie dyuxonk (548). 18.3-9, CeMUHHBADHAHTH
(549). 18.3-10. BHaKcaeune MOMEHTOB M CeMHHHBADHARTOB Hepes ¥, (gl M _(s)

R Y, {s). CoOTHOWeHNS MeMAy MOMEeNTaM¥ H ceMuHHBapHaHTaMu (549).

MuoroMepHnle pacnpefeNéHHa BepoATHOCTERA . . . . ..

15.4-1. MuorosepHse ¢ayvafivple sennvkAs (550). 18.4-2, OeymMepHHe pacnpe-
nenensa peponTHocTef. Pacnpefenends KOOPAHHAT CAYYEAHOR BEAHIUBH
(5503, 18.4-3, ducKperdse W HeOpepulBune ABYMeDHBi pacnpefedcHHa pepo-
atHocTeft (550). 18.4-4, MaTeMaTHuecKOE OMHAAHME, MOMEHTL, KOBAPHALHHA
u korxddHukent Koppeaswue (351 18.4-5. ¥Ycaoanse pacnpegenciia BocpOAaT-
nbcyell, dpR3anMbe ¢ ABYMA CAYNaRHHIMH ResuyHuamu (552). 18.4-6. Perpec-
cun (553), 18.4-7. n-MepHbie pacnpefeNieHds sepoaTHocreft (553). 18.4-8, Ma-
TeMaTHUECKHe OMHAAHHA H MOMeHTH (555), 18.4-9. Perpeccus. KosdouunerTn
RoppennuHK (556). {8.4-10. Xapaktepucrugeckue ¢yuxuns (557}, 18.4-11. He-
AABHCHMOCTh c.ngqanﬂw( pefingHH (957}, 18.4-12. ODurponHa pacEpenefeHHA
AepoATHOCcTER (558).

DYHKLEY OT CAYNARHNX BeTHYHH. 3aMeHE MEPEMEHHMX ., o o o 2 s v v o o 0 -

18.5-1, BeogHute aamewanwn (559). 18.5-2. $yHKuuu (uAH TpecHpazoBanHA)
OLHOMEDHOR caAySajiHof BeAnuuswl (559). 18.5-3. JInmefinsie npeoGpaijopadkA
ofiHoMeprofi cayuaityod Benuuuuanl (660}, 18.5-4. Dyuxuuun (Rax npeolpasona-
HHA) MHOrOMEPHBIX ¢AyHafiRLx BeNHUHH (361). 18.5-5, JTumeflnvie npeolpasosa-
una (362). 18.5-6. MaTeMaTHYeCKOe (UKHABHHE M AHCTIEDCHA CYMME CNydsHHWX
BeNHYAH (562), 18.5-7. CyMMH HE3aBHCHMHX CAYHARHBX Beakuuu (563) 18.5-8.
Pacnpefenerie CymMbl CAyHafiHOro KOAHRECTBAa caywafiHEX Beanund (564).

CXOAKMOCTE M0 BEPOATHOCTH B NPEAEAbHLIR TEOPEMBl . o . « v s » = « s + = »+ -

t8.8-1. TlocnemoBaTenbHOCTh pacnpefeicHHA BeposTHocTell. Cxomamotrs no
pepoaTHocTH (564). 18.6-2. Ilpeneanl hyHRUHA pacrnpefenends, XapakTepHCTH-
HECKKX H NpoH3BOAmuMX GYHKiuKHA, Teopemu HenpepueHocTH (564). 18.6-3, Cxo-
AMMOCTL B cpenHes (565). 15.6-4. ACHMNTOTANECHH HOPMAALHEE PACIHPEASNEHHR
veporTHOCTEA (566). 18.5-5. [Ipepencuble TeopeMu (565).

Crenianbybe MeTOAsl PEUeHHN BCPOATHOCTHHX 38889 . v v v v s 1 5 = « ¢ o &

18.7-1, Boogrue aaMeuanun (566). 18.7-2. 3afayH ¢ QHCKPETHHM g}acnpenme-
HHeM BEpoATHocTel: noAcder coSuTHA B KomOuHATOpHMA adaaxa (567). 18.7-3.
TMpuMenenHe npoH3soAAMHX dynxunit, Teopema [lofa- (569). 18.7-4, 3apmauw
¢ AECKPeTHEIM pacupefe/eHHeM BepoATHocTell: YCMEeXH ¥ HeyAAuM B COCTABAR-
WLEX HenuTaEuax (571}

Cnensansisle pacpefelentn BeposTHOtTER . . o . .

18.8-1, JHCKpeTHbie ORROMEepHME pacnpenencHns BepoaTRocTeft (571). 18.8-2,
JHCKPETHEE MEOroMepHBIE DACTIpelenenHs BepoATHocTeR (573). 18.8-3. He-
np?mnuue pacrpelenedHs BEPOATHOCTEA: HOpMAaAbHoe pacnpenensrue (Cayeca)
(675). 18.8-4. HopmanbHbe cayualiAbie BeNHUHHEL pacnpefefleHHe OTKIOHEHHR
ot ueHTpa (576). 18.8-5. Pasnuunue HENpeDHBERLIE OMOMEPHEE DACTPEILNCHHA
vepoAaTHoeTe (582), 18.8-6. [pymepHale HOpMaidpHwWe pacnpegencHun (582).
18.8-7. Kpyrosoe HopMaabHoe pacrnpejenenne (583). 18.8-8, n-McpHBe HOp-
MannHEe pacnpefenenua (563). 18.8-9., TeopeMH CiIoMKeHHA AR ChEUHANb-
HEX pacnpegencHHf (5633).

TR T T TR
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18.9-1. Chyuafiubie pponeccs {584). 18.9-2, OmHcarue ecayqaftuX npoueccon
(584). 18,9-3. Cpepuae N0 MHOMeCcTBY uabniofeHHA. KoppensuHoHHBE ¢yHK-
uHH (588), 18.9-4. Hurerpuposakde ¥ nuddepeHuupobatine CAydafHuX $yuK-
uul (585). 18.9-B. Ilpouecctl, onpenenseMsle cnyvyafinuMy DNapaMeTpaMy (588).
18.9-6, PasnoweHNe Mo OPTORODMHPOBAKKOA cHcTeme {588).

CranHoHapHHe cAyuafiBbe npouecchl. KoppenAuMoHHBE (YHKIHH H CHEKT
PAABHBE MAOTHOCTH .« 4 o o 4 o v o s » s o s s & o . e Vi L

18.10-1. Crannouapuue cayaafinme npopeccn (589). 18.10-2. Koppeasnuonube
GYHKIUME Mo MHOKecTBY Hadmoaexnd (583). 18.10-3. CnekTpaneH4d MIOTHOCTR
no MHOMecTBY HabniogeHHA (590). 18.10-4. KoppeaAunouHue QYHKUHHE H CIEKTPSI
AeRcTauTenbHBX Mponeccos (590). 18.10-5. CnexTpanbioe pasncxeHHe cpegHen
cMOUHOCTH» JeRCTBHTENBHHX npoueccos (590). 18.10-6. .EH) rie BRIH CHOeKT-
PanbBofl NIOTHOCTH MO MHOKecTBY Hadawaewnst (591). 1 .‘{0-7. Cpegnue no
BpEMEHH A sprofutdccKHe npoueccel (391). 18.10-8. KoppeasauuoHHHE dyHK-
OHHE H CREKTPaibHue NACTHOCTH No speMenn (6592). 18.10-9. dyuxunn ¢ nepHo-
AHYECKUMH KoMNoHesTamu (6593). 18.10-10. OGobmenublie npeotpasoBauns dypbe
¥ cneKTpanbHute dynxuun (595).

THNH cay9afiHEX MpoueccoB. JIPHMEDB . o v ¢ v v v v s v 0 0 v v n m s n o s
18.11-1. DNpoueccw ¢ MOCTORHNLIMH K REDHOAHSECHHMYE DeanwsaudsaMn (598),
18.11-2. INpouecch ¢ OrpaHHuesHEM ClexTpoM. Teopesa Kovennmakosa (598).
18.11-3. TayccoBckAe caydaRuse nlpou.eu:u (699). 18.11-4. Mapxoackne nmpo-
ueccl H Apouecc Nyaccona (359}, [8.11-5. Hekotopue ¢AySafune Npouecchl,
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859

564

556

571

Gt

589

5ot

18.1. BBefgHUMe B CTATHCTURECHHE METOAM . . .

19.3. Tunoetle pacnpefefeAns BEPOATHOCTER . . . . . . . .

19,6, Tposepka CTATHOTERECKHX rinoTes

19.8. CraTACTEKA R MaMepénus ciyuafidore npouecca, , .

19.0. Tposepka # oueuxa B sanagax €O cAydafHHEMR TNAPAMETPAMH , . .

OTFATABNEHHE

nopoxpsemse rpaneccosm [lyaccora (600). 18.11-6. Chyaafivsle npomrech,
NopOMIAcHEe NepuoaHIecKod BuGopwof (602).

18.12. IlefcTaus HAZ CAYYaNALIME DDOUBCCAMM . o 4 o s o o s v v 0 s« «

18 12-1. KoppenauMonHble GyHHIHE # CNeKTPR cyMm (603). 18.12-2, CooTHoO-
WEHHA MedAY BXOAHWM H PHIXOAHLIM CHTHANAMH AAR AUMeAHHX cHeteM (G604,
18.12-3. CraunonapHuifi cnyaan (604), 18.12-4. CooTHOWEN KA ANA KOPRCAALKOR-
HHX QYHHUKN H CNexTpos no mpemenu (605), 18.12-5. Heauuefigue onepaiHu
(G0B). 18.12-6. Henuuefinme onepauud uaj TayCCOBCKHMH npoueccanu (H06).

FNABA 9
MATEMATHUECKAR CTATHCTHKA

L T T N S S T T S T R

19.1-1, Cratrcraxn (607). 19.1-2. KnaccH9ecxas BCPORTHOCTHAN MOREAL:
CTATHCTHKH cayqafiHoR suGopku. ITondtre o reHepannHof comoxymnuocTh (807).
19.1-3. CpA3L BEPOATHOCTHOMN MOJE/H ¢ ONTOM: OUeHKa W npobepka (60B).

19.2. Cravucruveckoe onucaHue. Omnpeleflenue W BHIYHCASHRE CTATHCTHK cayvafinof

BRGOPKH . . iy e Al N e Y RSRAE

19.2-1, OTRoCHTENBHEIE vacToTH (609), 19.2-2. Pacnpesencnue sHGopkd. [pyn-
DUpoBaHuue gauube (609). 19.2-3. Bufopognsie cpegnue (610). 19.2-4. Bnibo-
POYNHe ancriepcun B MomednTd (611). 19.2-5. YnpomenHoe suducNenHe Bubo-
POYHHX CpeaHkx H aucnepcafi. [Tonpaexa Ha rpynnuapesky (612). 19.2-6. Pas-
Max suiGopxu (613).

e T R

19.3-1, Beognse samesanus (613). 19.3-2. Kaacc pacnpegenernf Konrefina
{613). 19.3-3. Paau I'pama — lllapause W 3mxoopta (614), 19.3-4. Yceuenuue
HOPMANbENE pacnpefdnelna 4 pachpenencHie [Japeto (614), 19.3-5. Tunu pae-
npexenennst [Tupcouna (615).

§9.4. OUCHKA NAPAMETPOB . v - 4 4 o o + s o s ¢ v s s s 8 ¢ ¢ v o s nn s sasoss

19.4-1, CpoBecraa onenox (615). 19.4-2, Hexoropsle cBofteTBa CTATHCTHK: TPH-
MeHRemHX B KagectBe oUsuok (616). 19.4-3, HaxomneHne olleHoX. Meroa mo-
menros (617). 19.4-4. Meros HauGofibmera GpasgonoaoGua (617). 19.4-5. Apy-
THE MeTOAW HAXOMJASHUA oueHoK {6]8).

19.6. BLIOOPOUHBE PACMPEREABHNA + o + « v » « » o & o o & v s = s s o o o o a0 v+ o

19.5-1. Brogaue samegadua (618), 19.5-2, ACHMTTOTHYLCKR ROPMANbRHE BWGO~
Boquue pacnpegenetna (618). 19.5-3. BLISODKH H3 BOPMAABHOR COBOKYITHOCTH.

acnpegeneHus %2, £ 4 v (619). 19.5-4. Pacnpenenense paamaxa BuSOprK (619).
19.5-5. Bubopoaruf MeTog AfA KONeTHOR COBOXYDHOCTE {620).

19.6-1, CrateetuqeckRe ruroTesst (630). 19.6-2, Kputepuw ¢ duxkcuporaunoft
suGopkof; onpenenenss [630), 19.6-3. ¥Ypomews anauumocTs. IIpasuao Hefi-
MaHa — Tlupcona orﬁ;g:a xgurepnea INRA NpocTmX runorea (630). 19.6-4. Kpu-
TEPHE 3HadumocTH (632). 19.6-5. JosepurtenbHaa obnacts (632). 19.6-6. Kf -
TEPHK CPABHEHHR HODPMANLMHX CcoBokymHocref, [HcnepcHouHuf adHanua (634).
19.6-7, Kpurepnit cornacks x® (637), 19.6-8. HenapamerpHueckoe cpapHeHHS
ABYX coBOKYNHOCTefi: KpuTepuft snaxos (638}, 19.6-9. Qdobuwenns (638).

19.7. HexoTopale CTATHCTHKH, BWOOPOYHMe DACHDPEASIERHA B KDHTEPHW ANS MHOrO-

MEPHHIX pacnpeseneHHi S A e e acbude W 0ds S

19.7-1, Beoanne saMmeqannn (638). 19.7-2. Cratucruun, fMonyyaeMue Ha ocHOBE
MHOTOMEPHEX BMSopox (638). 19.7-3. OuenkH napamerpos {639). 19.7-4. Bu-
GOpoTHEE pachpefedeHHA B CAYU8E HOpMAanbHOR comoXyndoctw (640). 19.7-5,
Briflopoynas cpefian KBRADATHYECKAR CORPKEHHOCTE Npuskaxon, Kpurepnfl
HEJABKCHMOCTH ABYX CAYRAAHRIX BENHYHHA, OCHOBARKHA Ka TaGAHKUE COMpAMEH-
AOCTH Npusdakce (642). 19.7-6. [Nopsgxosan woppenauxs no Coupmeny. He-
MEpaMeTpRYECKE KPHTEPUA HesaBHCHMOCTH (G%ZR

LI O ST

19.8-1, Cpeanue no KOHEYHOMY MpPOMEXYTKY EBpeMers (641), 19.8-2. Yepen-

(l;iaﬁnomue Habrpu (644). 19.8-. Mpusepw (G645). 19.8-4, Bubopounbe cpefuHe

19.8-{. Mocranosxa 3agavy (547). 19.9-2. QaeHxa # MPoBEpKE < MOMOKEID Jop-
Hgm Ba#teca (648). 19.9-3, CaywaA payx cocroaunfl, nposepua runored {648},
19.9-4. Quedsn 0 MeTody HAHMEHRWKX KDasparop {(690),
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20.3.

20.5.

20.6.

20.7.

OTJIABNEHHE

TAHABA 2
YHCJIEHHBIE METOAbl H KOHEYHBLIE PAZHOCTH

BBEREHRE -, fpin Aoy, = il % Po s oS HPEROR. SNBSS ANEDPRI L BV
20.1-1. Broanne samenaHkn (652). 20.1-2. Owmudxu (652).

Uncnennoe pemleHEE YDABHEHHM . o o 4 v v o o o o 4 o o v s s s v s u b v s s

20.2-1. Brognasle saamesanns (652). 20.2-2. HrepannorHue meroa (653). 20.2-3,
Buuncrenne sHayennft Muorownena (655). 20.2-4. Yncaennoe pemente anrefpan-
YeCKHX YparHeHufl, HrepauucHuse MeTonn (655). 20.2-5. Cnenxannsue Meroasl
PelleHrs anreSpangeckdX ypapHeruft (056). 20.2-6. CHeTems ypasHeHHA H
sxcnﬂauubuue 3anaus {659¥. 20.2-7. CpaguesTHHEe MerToaw (660). 20.2-8. Me-
108 Hemprona ¥ teopema KauropoBrua (661).

CHCTeMn AMHEANWIX ypaBHeRuit n oOpamenHe MarpHny. CoGCTBeHHME aRave-
HHS H COBCTBEHRHE BEKTODH MATPMIL o+ + o « 4 4 « + « 4 o o o o o « .

20.3-1. Metons nexkaonenna {662). 20.3-2. Hrepanuonuste MeTonH (663}, 20.3-3,
OGpamenne Marpui (665). 20.3-4. PemeHUe CHCTEMH JMHAGAHMX YpasHeHuf
obpaleHHe MATPHIL NPH TIOMOLLT pa3bHenn s Ha KaeTkd (B66). 20.3-; CoGeTeH-
Hbhle aHauenus i coGCTReHHBE BEKTOPH Matpun (667).

Koneunne pasROCTH 1l DASHOCTHHE YPABHEHHA + & v + o v o v s o s » s » s s »

20.4-1. KoHedHMe DAa3ROCTH H LEHTPAAbHMe cpexnne (668). 20.4-2. Omepatop-
nue ofo3uavenny (669). 20.4-3, Pa3nocTHue }rl[)anﬁemls (G70). 20.4-4, Jinnen-
Hble oOHKHOBEHHLIE DaaHOCTHME ypaBHMerus (671), 20.4-5, Jppeitusie o6HKHO-
BEUHHEG DAIHOCTHE YPAaDHEHKS ¢ NOCTOARHBIME xosduuuwentamu {672), 20.4-6,
Merogu npecSpazosadkf ANA NHEeAHEX PA3HOCTHHIX YPaRHeHHA ¢ MOCTOAH-
HBMH Kosdduunentamn (672), 20.4-7. CucTeMH OOGLIKHOBEHHHX DasHOCTHHN
ypasHeHufl. Marpuunas sanucd {674). 20.4-8. Verofiuumocts (675).

HaTtepnodanies: dyaxmued. a5 d g U nsa papegn geegadl o LLD

20.5-1. Beoguule samegamns (675). 20.5-2. O6mue dopuyan napatonpacckof
HHTEDNONRUHNE (IHATEHHA ADCryMeHTE HOryT OHT; H  HEPABHOOTCTORLUIHME)
(676). 20.5-3. Hutepnoasuuoutisie GOPMya ANA DABHOOTCTOAMKX 3HadcHAft
a&%uema. PomBiosnanne gHarpaMMu (677). 20.5-4. OGparsas uHTepmoisuus
{ . 20.5-5. HMATepnoiausa ¢ ONTHMAALHMM BHOGOPOM y3a0B (682). 20.5-6,
Hurepnonsuuna dyHROHA HECKOAbKHX nepesenusix (682), 20.5-7. Ofparsue
PA3HOCTH B MHTEPNOAAUHA PALHOHANBHEHMH ApoGsMu (683),

Annporcumanus $yukuni CPTOrOHANLANMA MHAQTOYJSHAMH, OTPEe3KaMu pAAa
Pypbe U ADYTHMH METOREMH , , . » , . .

20.6-1. Bsoamnle samedanus (683). 20.6-2, TIpROMMKEHHS HKLI  MHOTO-
9AeHAMH N0 MeTORY HAEMCHBINMX KBAAPATOR Ha wuTepeaie (683), 20.6-3. Npn-
ﬁﬂﬂ)xeﬁliﬁ Eb)fﬂkl.l.l{ﬁ MHEOrOYneHaMy no Memny HBHMeHNBIHHX KBaapartoe Ha
AHCKPeTHOM MAOMecTBe Touex (684). 20.6-4. Panuomepuuie npubmikeunn (686),
20.6-5. SHoHoMN3anHs CTeNMeHEHX DRACH (686). 20.6-6. Uucnenumd rapMOHNYe-
CKHIY aHA/H3 R TDHIOHOMETPHYECKEA HHTEPROANRUHA (687). 20.6-7. Pasnue npu-
Gaumennn (693),

Hucnennoe RuGEPERNNPORARHE H HHTETPHPORAHHE . . o » s s s s s o s s s

20.7-1. Yncnennoe pudpepennupomanue (695). 20.7-2. Uucnennoe HHATErPHDG
Bauue An4 DEBHOOTCTOAIIMX anmos (696). 20.7-3. Kpagparypusie hopMyaH
Taycca u YeSmmena (698). 20.7-2. IMoctpoenne u CPABHEHHE KBafpaTypHMX
dopuya (700). 20.7-5. BuuucieHHe KDATHHX HHTErpaica {700).

- URcnenHoe HETErpHpoOBAHHe OGHKHOBERHEIX ANGDEDENUHANEHEX ypaBHeRHR

20.8-1. Beopasle aamewannn (701). 20.8-2. Oguowarosue METOAN pelIends
sapave Kown. Mertogm 3fnepa n Pyure — Kyrra (701). 20.8-3. MRoromaro-
Brle MeTORW pemleHHs sanavd Kowwy (703). 20.8-4 Yayuwennse MROTOWAroBRa
ueroaw (704). 20.8-5. CpasHenue gaammuux MmeTonos pewedun. Konrpoar pe-
AHIHHEL WAra H ycTORUHBOCTD (704). 20.8-6. Ofmnuosenune auddepenusans-
Hble ypauHeHHd BRICINHX MNOPRAKOB H CHCTeMH AHdxbepenmManbHHX ypapHeHHA
(706). 20.8-7. Cneuuannuble hepHynr AAa ypasHenus AaToporo nopAaxa (707).
0.8-8, AHanus wacTOTHLIX XapakTepHcTHK (708).

. Uncnennoe MHTerpupopansne YPABHEHHA 0 YaCTHHNMH TDOH3BOLHBIMH, Kpacphle

S8R84H; HHTErPAAbHBE YPABHEHHA + o v + v o « « &

20.9-1, BsopAne saMeqanun (709}, 20.9-2. NMeyxroseunas wpaesasd 337a%a AaR
OOMKHOBEUREIX AnddEpeHNHANBRNX pasuenuft (709). 20.9-3 OGofSwennwfl
Metoa HuwtoHa (unaau.mﬂeapuaaunJ (710), 20.9-4. Pa3anocTHsie MEroAn WHe-
JEHHOTO DEWEeHHR YDABHEHHIT ¢ WaCTHWIMH NPOMINOAHBIMH AMR CAYWan ADYX
R?e-sasm:kuux nepemeHAwx (710). 20,9-5. [dpyMepuble pasHOCTHBIE ONepaTopH
(711}, 20.9-6. [Ipepcrasaenue Kpaesux yonoau@t (7il). 20.9-7. 3anauu, cogep-
Mampe Sonee ARYX HEIABKCHMEX MepeMeHwnx (714). 20.9-8. TIpuroaHocTs pas=-
BOCTHEX CXeM. YcnoBMs yeroRunsocts (714). 20.9-9. Meroan annpoxcaMie

§52

652

662

675

693

701

20.10

£1.3.

2.4,

e1.s,

21.6

21.8,

O NABJIEHHE

PYOWEX GYHKURA ANR THCHSHHOTO DEUICHAA KPALDHX JaRaY (715). 20.9-16. Yuec.
AEHHOS DRUIGHHE UHTErpadAbWulX ypasweHul (T16).

Meroaw Morre-Kapao . . . I
20.10-1. Metonw Monte-Kapna (717). 20.10-2. Oea MeTond YMeHLMEHHR Juc-
mepcitd owenksn (718). 20.10-3. HenonsaoradMe npejpapHTe bHOR wubopMatiu,
Meton aHauumoR sebepkd (719). 20.10-4. Hexotopsle METOAW [eUEDHPOBAHuA
caydafney wkced. Jlposepxa chAywalnoctu (719).

rnaBa
CHEUHANBHBIE ®VYHKIHA

Beegeune . v v v v w0 0.« - . . L I T B N T I I S S T S AU G
21.1-]. Bnonuuie saMeuarun (720).

IAeMeHTAPHLIE TPAHCHCARCETRBE QYRAKUME o o o o o o v o s v o o ¢ 4 5 o « o &

21.2-1. TouronomerpHaeckmne pyHxituu (720). 21.2-2. CooTHOWRHKR MeMAY TPH-
FoOROMETDHIECKHMH GyHXUHAMH (722), 21.2-3. TeopeMmul cAOMeHHA H QOPMYIH
ANR KPATHBIX lymos (723). 21.2-4. OOpaTHHE TPHIOHOMETPHYSCKHE GYHKURH
(724). 21.2-5. IunepGoandeckue dyrkuuu (725). 2{.2-§. COOTHOWIGHHH Memay
runepbonuqgeck My ynxunasd (726). 21.2-7. GopMyAn caomenua AAR rHnap-
BonHueckHx &YHKUAA (726), 21.2-B. O6paTHu: FURCpOGOAHYECKHE QYHKUMH
{721, 21.2-9. OTHOLIEHH R Mem,ﬂgf NOKa3aTenbHoll, TPHIOHOMETPHISCKHMIL H
ruTnepSoauvyeckRME gyukunsaMy (728), 21.2-10. Onpeneaeiie aorapupwma (728),
21.2-11. CooTHOWEEHA MemOy OSDATHHMH TPHIOHOMETPHYECHMME, CODATHBIMH
THMepSONUTLCKUME H nora ugmmecmn @yniunaME (729). 21.2-12. Pano-
PKEHHMA B CTEMSHRElE PHAK 8’2 . 21.2-13. Pasnoxenns 8 GECKOHEYHEME NPOH3-
seaeHnA (730). 21.2-14, HexoTopue mone3sswla HepaseHcTBa (730},

HexoTophle HHTErPAMBHEE DYHKIHE o o 4 o o s 2 o v« s s s v o s s o 8 8 8 4

21.3-1. HuaTerpannHHEe CRAYC, KOCHRYQ, AOrapHdM o nmoxalareabHad $yHK-
nus (730), 21.3-2, Hurerpasu $Ppedéns ® HHTerpan sepontHoctefl (738).

FaMMa-PyHKUAA B CBA3ABHEE 0 HeA DHYHROEH . . . v v v v v s v v s s s v 00
21.4-1. Tamua-pyuknra (739). 21.4-2. AcuMOToTHIeCKoE pasackenRe CTEpPAHAra
aan T (2} B n! (743), 21.4-3, Jlorapuduuaeckas NpOU3IBOAHAR ramMua-QyHKOHH
g’ﬁll. 21.4-4. Bera-pyskuua (743). 21.4-5. Hemosknle ramMma- 4 Oera-dyHKUHH

BuHoMHaNpANe Ko3GPaTACETE W QEKTOpHAMBHNE MWHOrOYAeAR, MuoregieHu
HogHeNS BepHyANE . v v v v v v e w e -

21.5-1. BuHomsanbuue wosphEOMENTH ¥ PAKTOpDHAABHBIE MEOCOYJeHH (744),
21.6-2. Muoro9/ieBs # gucAa BepHyaad (746). 21.5-3. ®opMyam, CBA3HBAO-
mHe Muorouwnesd Bepryaau ¥ daxkTopHadbHBE MHOToWJeHn ({747). 21.5-4.

Tipabauxennde GOPMYIs gan (ﬂ) (747).

SanauntuveckHe PYHKOEH, SAMMNTHYECKAS BHTErPAAM o COHA3ANHNE O HUMAE
GYBRURE . 5w v o 0 em e o fins s de o essn e e T
21.6-1. SnaunrRLccHAC dyHkuHu: obwHe cBORcTRa (748). 21.6-2. g-d'syuxum
Befiepmtpacea (748). 21.6-3, o» u O-dyrxunn BeRepwtpacea (750). 21.6-4. 3a-
AHOTHYSCKHE WHTErpaaw (751). 21.6-h5. [pusenenHe SAAHNTHYLSCHHY HHTETPANOR
(761). 21.6-6. HopMaAbibie SAAHATHUECKHE BHTerpadn Jiexanapa (753). 21.6.7,
Sanantuyeckne pynkoun SAweba (761). 21.6-8. Tsta-pynxunn fHxobr (765).
21.6-9. COOTHOWERHA MeMAY SIANHNTHIECKAME GyHKGHAMH Skobu, BeRepus-
Tpacca B TITa-PYHKUHAME (/67).

OpTOTOHAMBHEE MAOTOWMZH 4 4 + + 4 4 4 « 4 0 0 s s+ ¢ 5 o 2 v s s a s s 0 4 s
21.7-1. Bpegennc (767), 21.7-2. DeficroATeasWide HYDH OPTOTOMAABHEIX MHOTG-
unenon (768). 21.7-3. dyuxusk Nexanapa (768). 21.7-4, Muorounenn UYebu-
WeBa [epBore M DTOpOro poga (768). 21.7-5. OfobmerHuie MHOroYAeHE H TPH-
coeguAeHEHe GYHKUWHR Jlareppa (774), 21.7-6. ®yuxusun pmurta (7750 21.7-7,
Hekotopeie HHETerpanbBile ¢opMyaw (776). 21.7-3, Muorownens Hrolu =
TerenGayspa (776).

Unaraapudeckie yHKOAH, NpECOeAHHeRHHEe dyHkuud Jlexaripa B chepu.
qerKHe FapMoBHKH
21.83-1. ®yukuny Becceng m apyrue uquARBApuYccxue GyRkunm (777, 21.8-2,
Huterpanapusie dopuyas (779), 21.8-3. Hyau UHIHHAPHYeCKHX OYHKUHA
(780). 21.8-4. dyuxuke Beccead uenoro nopaska (781). 21.8-5. Pewenne gud-
hepeHRHaALHRX )'?aﬁﬂel{}:}'l npH noMmows QydHruni FHecceas H CBA3AHALIX
c uAMH Qyuxudd (782). 21.8-6, Moanjuouponasnse dyHxuwn Beccena u lan-
wean (782), 21.8-7. ®yukuus berpz belpz herpz, heipz, ker,,z kelgz (783).
21.8-8, Cpepuyeckre pyHxuuu Beccena (78%). 21,8-9, AcHMOTOTHYECKHE pas~

D T T T S S T B T R R e RS S
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NEPEYEHD TABAWU

ROMLARA LHAHHADUNECKRX dyuKuaf n chepuueckdx AKQHRA Beecens 1
OonbmKx 3uadeHuft [z| (785). 21.8-10. l'lpucoeauueuum PYHKUEE B unoﬁ:lo—
;J:reu?;n?eﬁm%m {?Sf;én?l.giial.m[du&rpanume caoferga ﬂpn%oenxﬂeﬂnux
(3 9 pa . e . CPRIECKHE TAPMOHHKH. TOroHARN
HocTh (787). 21.8-13. TeopeMu caoxennsn lE?SQ). ; - i

Cryneauatse $yHKIMH ¥ CBMBOMHYECKHE RMIOYALCHHE PYHKOHE ., . . . . .
21.9-1. Crynensatwe dynkunn (780). 21.9-2. CaMDonHYecKan AeabTa-QyHKIHA

21.9

Jlugaxa (792). 21.9-3. lNpousmonsne CTYNEHYaTHX B HMOYNBCHEX GYHKOWA
(793). 21.9-4. AnnpoxcaMauus uun;mcnux dyuxuuft (794). 21.9-5." Ilpen-
CTABMERH A uu-rer{'a.nou Dypoe (795), 21.9-6. AcHMMETDHUANE HMIyJABCEHS
dyuxnua (795). 21.9-7, MuoroMepuue Benbra-QyHKHK (?95).
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NEPEYEHL TABJRI
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10-1 .
10-2. Tena spawenms . . ..., ..., . ...
10-3. I1ATe npaBuAbHWMX MAOTOTPAARWKOB .
11-1. Pewenne DaoCKHX TpeyrodbHHKOB i
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P2 NPEOHCACBHE NEPEBOAYMKOB

orveneHH aseaNowxama. [TynxThl, RoNPeprwsecs anayATessnol nepepaloTke, raxwa
OTMeUeHEl 3BR3L0YKAME,

Ham npuwnock B RZUHTERBHCR Mepe 3aMEHHTH OHTAPYEMYH) AHTepaTYpy;
BD MHEOFHX CAy9aax CCHAKH JenAansch Ha HERABECTHHE HaeMy 2HTaTedmD yqeﬁubre
PyxoBolcTBa. [lpHBesesHHA B KORUE KNMTH LIACOX SATEPaTYPH (CCHAXW Ra nero
NoMemeny 8 KBAAPATALE CKOBKH) MENbIUE BCETO MpeTeRAyeT xoTA Gbl HA OTHOCHTER b-
HYIO IOMHOTY! B HEMQ JRIWDG BK/IOYEAH HaBOOJee H3BECTHHE R3NSHYA (NPH ¥TOM Mbi
COUNI BOIMOMHCHEIM HE YK&3HBATE OGLITHLE BTY30BCKHE KYPCH MaTEMatAkK).

3nauutenshofi mepepaloTKe MOABEPLANCH RONOJREHHA B KuMre, BKIIOIAIOMAS
PasHoro poxa Tabamun. Pau ymenbilenns ofbema KHATH HEKOTOphLIE WHDOKQ Pac
npocTpaHeHHHE Ta0NALL GHUTH HIBATH, 8 OCTANAbHHE NOMEMEenk B COOTRETCTBYIOULHA
pasfenn «CrpaBounnxas. [TepeteHs BCeX UMEIOMBXCE B KHHDe TabAHL UpHBENEH TIOCAa
OrJapjenud Ha crp. 20--22

My npH3naTENLEN BOEM THTATENAM, OGPATHBIINM Halle BRHMANHHE Ba T AAR BHLE
HelloyeThl KHHCH, H GylleM paln JanbEelWHM OTKAHKAM HA HOBOE H3NaHHe,

“'.'

W3 NPEAKCJAOCBHSA ABTOPOB
KO BTOPOMY AMEPHKAHCKOMY W3RAHWK)

Hosoe mananne «CNpapoyAnRa NO MATEMATAKES CYMECTBENRO PACTIHPEHO A AONOA-
HEeRO OPUIrHHANBHLIM MATEPRANOM. BKNIOTEHN ROBHE PA3JeNH, TOCBAUEHEbIE 2-1Leob-
PAIOSANILED, MAMPUCHBM MEMOGAM DElLEHUR CUCEM Cudgepenyuarsting yposnenud,
MEOPUY YCMOUYUSOCME, NPECCMAsAZHUID BDAYEN L, MAMEMAMLY LECROMY RPOZDAMMUPO-
BONUK, MEOPUY ORMUMAALHO2D YRPOSAEHUR, caydadwses npoyeccar W T, 4. [nana
O JAC/IBRENX MeTONaX NOUTR UeAHKOM NaRHcana 32080, [Jo6aneHn MEOrHe NPHMEpH
B Tal/THIN.

ATy KEATY MOKKO PACCMATPHBATE, BO-NEPBHIX, KAK HOCTATOIHO fONsoe cobpakse
MATEMATHYECKHX onpenenedufl, Teopem u GopMys ANA HAYYHWX PAOOTEHKOB, HHME-
HEPOD B CTYHNerToB. EI0 MOryT noas30BaTLCH YATATENE, CTOAUAE Ha DAIHLIX YPOBHRX
MITEMATHIECKOrD Pa3BuTHA, (ITCYTCTBHE HOXa23aTeNLCTR W CHATOCTh TaSARTROrO Oped-
CTABNIEHAA POACTBEHHEX POPMYN CIEAANN BOIMOWHEN ofbeinEeHHe Beckya Soaswora
RO offbeMY CIIPABOUHOrG MATEPHANA B QNHOM TOME.

Kunra, onraxe, npeRHasHadena Ae TOABKO LAA HaseleHHs cnpaeok; B Hell Mul
NETanRCh AT CBA3A0E OB0IPERUE MATEMATEYECKAX METOJOB, NPAMERAEMEX B Pasauy-
RBHX NpHAGKENRAX. Kawlad rnasa osarnaphedd 7aK, 9TofH quvatens Mor $HCTpo
OPHEHTHPOBATECA B A3aHROM paillene MaTemaTHkA. Takoe aanomenye JeAaeT TexcT
YEOOHEM AR NONL3OBAHHA GAArORAPA OTCYTCTEHIO NOKA3aTENBCTH; MUOrOYKCIEH B
CCBIKA OTKPBIBAKT NOCTYD K Goviee HETANBHOMY K3YHeRHIO MITEPHaNa KRHUMH,

Ocofoe BuUMARHE YHABNARTCA BHABNEHHIC BIZHMOCBA3ZH PASJMMHEX DPA3NENOR
A BX DOJIH B HaYTHHX W HAMEHEPALX NPAAOMEHHAX; 5TC AOCTHIAETCA NDA NOMOL1H
COOTBETCTBYWIIHX BBOAHWRX 3aMevyaHHi H MepexKPecTHHIN CCHJIOK.

ABTOpH NHTANHCL YAOBAGTEOPHTE SaNPOCH PASRHX KPYroB uuTaTeell, paspenus
Matepuan KRHCH A4 TPR FPyNALL

1. Hanfonee BamBue onpegefenns B GOPMyNb, cNEUBansHO BHeREsALe LIS
nanbosiee SHICTPOTO KX OGO3PCHHA.

2. OcroBHDH TEKCT, COCTOAWNA U3 RATOMD A CEAZHOMD 0630Pa OCROBULE a3yt
T3TOH,

3. Boaee setasbuoe ofcymOeHWe NONONHKTENBNHX BONPOCON, BHICAEHHOE Med-
KM wpndror. [TpE TaxoMm NOCTPOEHEH BKAKYCHHE STOMD MaTepHana He HEpywaeT
CTPYKTYPH OCHOBHOIG KBNOMERNA.

Tnasw ¢ 1 no 5 aaoT o630p ocHOBROTO Kypca Konaelwa ') no aszelpe, anaaumi-
YECKOd zeomempun W Qra4L3y; TNaba 4 COAePEKT TAKOKe KINOKEHAE urmezpatos Jebeza
u Crnuamoeca W pados U unmeepasos Dypse, 3 {1203 5 — GEKMOPHAIT QHAAUS.

Tnasu 6, 7 4 8 notBAWens KOUROAUNEIHNIM KOOPOUAAMAM, (BYNKLUAM KOMRACKC-
HO2Q nepeMeHHO0 H Rpecdpasosanunn Jlansaca, Hofagned HOBbA MaTepuan 0O Xone-
HbtM  UHMEZDARBHNM  RPeofpasteanuan d  2-npeobpasocaHiifo.

B raasax 9 n 10 H3narawTes obbucHoseRMbE OLgipepentitaisine YDABREHNR W Ypas-
HEHUR ¢ HaCHINGLMU RDOUSBOOHLI MU, BRAKYEN MEMOOL UHMEZPAISHBLX Apeobpasosanill,
MEMOD XAPGRMEPUCTIK B MEOPUI0 NOMEALAls; NPOGeMb CoBCTBEHHEIX Fnalennh
TDaKTYOTC B rhase |5,

Fnasa 11 cylecTsenio waMeuunace, B NONOARCHRRA K 0OWHHOR MeGpuL SKCMpEMY Ha
H KRGOCUNECKOS0 APUALUOMNOZ0 HCULCAPHUA 3feCh NOGABACHB Pa3fents N0 AUMEIHOMY
e —

*) Br0 NPHMCPHO COUTBEICTBYST GleMy KYPCY WATEMATHXN, B3YTaeMONY B K2IBMX BTY-
Bax, (Tpus., ped.)
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U HEAURETROMY NDOZDBMMUDOSAHI0, MEOPUU U2p, MEOPUL ONIMUMAABHO20 YNDAGRAHER,
RPUNBLURY MAKCHMYME W OUHOMUHECKOMY RPOZDAMMUDOSAHUD.

B rnape 12 BBORATCA SAEMEHTH COBPEMEHHOMQ AGCTPAKTHOTG A3BIKA H ONMUCHIBACTCH
KOHRCTPYKIUHA MATEMATHTECKAX MOTENeH, TAKAX, KaK 2pynns, KoAbla, NOAR, SEKMOPHNE
npocmpancmsa, Byaess aieebps B Mempuyecxus npocmpancmeéa. Hayuerne pyHKUAC-
HallbHW X MPOCTPAHCTE, TPOAON:KEHHOe B 14-f raase, nossonseT pacWHPRTL OpAMe-
HeHiHe MeTONOB QYHRKUBORANBHOMO BHANHIA K KPaeBwM 3alagam K npoGaeman cobcrren-
HWX 3Hd4enH# B Cnape 15.

Paafensi, AMeIoMHe genc ¢ §0Mee CRETHANLHEIMA TEMAMHA, e NPeTenIyioT B2 NoA-
HOTY; HX leNb 33KAH0U3eTcs B TOM, 9TO0H MO3HAKOMHTE 4YHTATEAN € CYUIHOCTBIO
onpefencHuit K MoGylKTe €ro K qTenyo coppeMennofl cneunanbHoff JHTEPaTyphl.

B rnase 13 pacceMoTpess aampuys:; 3aeck 106aBNeHE HOBble NYHKTH N0 MAMPUL-
HOM MemOJam PEUIEHUR CUCHIEM ODLIKHOBEHHBX AUNEUIHNX Duddeperyuaroubx |ypage-
Huid B no meopuu yemoduusocmu Janywosa. B ctnase 14 pacceMoTpesd Auttedrnie
EEKMOpHEIE NPOCIPANCBR, AUNKRANDE npeobPasoeanun (AUNeliHbe Onepamopsl), sadayu
O COGCMBEHMNX BHAHEHUAX H ONUCHIBIETCA NDUMEMSHUE sampty OAR npedemastenus
Mamesmamuveckux  modeaedt. Ilononner Matepuan N0 npedcmoassenu apauierud,
B CBA3SH ¢ ero BAXMHOCTHIO ANA (DE3HKH.

[aaBa 15 cofiepuT H3nmuedne Pasleon, CBAIAHHLX ¢ npobaemol cobCmeenHux
aHavenuil, BKnwYag sadavy Iimypma — Juysusrn, paesse sadasu AR 08y HEDHOLE
U MPEXMEpHbX OBAGCMED B AUNCOHDE UHMEZPDUALHBE YPUSHENUA.

I'napw 16 B 17 £OOTBETCTBEHHO RACAKITCA MEHIOOND20 aHataa A dupdepenyuars-
KOZ 2eomempru A BKAIOYAIOT ONKCAHUE RAGCKUX N APLOCIMDGHCMAEHHNX MRUL, N08ERX-
HOCHIET & KPUSLIHbE NPOCMPARCITIE].

B ¢Bam c soapacraouledl pojsK CTAaTHCTRYECKAX METONOD Maea 18 npeficrasiser
HOBONSHO TETARbHOR KAIMKEHNE MEOJUU SEPORAMNOCHEN H BKAIDTAET 3aHOBO HANHCaH-
HOE BBEACNHE 8 MEOQUD CAYHQINNX NPOYECCOs, KODPEARUORHNY Pyl B Crexmpos.
Iraga 19 Racaercs BAKRERMLIAX Memodos MQMEMURLNECKOl CINQMUCTNIING H BEIIOTET
nogpobyele TabaHoH GOPMYJ, ONHCHBAKMHX CNeNHAAbALE BHGODOYHNE pacnpens-
NeHNs.

B aosofi rrnase 20 paccMOTPEHE KONEYHO-PAIHOCTIHNE MEMOTu! 3 PAIHOCMINGE YDA~
HERUA Y HAIOWEHH OCROBHLIE Memods uicdexnozo asaausa. Tnasa 21 npepcrapnser
Mo cyNecTsy cobpanue GOpMyJ, ONHCHBAXIIKX CBOHCTBA BHCUILX MPAHCULHOEHM~
Melx chyrKyud.

ABTOpL HAZEKITCA A BEPAT, YTO 5T KBAIa NAcT YNTATeNO YIOGHNA NOBOR LETANbHO
ROINAKOMATECH C MATEMATHYSCKHMH METORAMH M TaRWM 00paloM PaclspHTh Caod
KPYrosop B BICAAHYTH HA CRON CHEOMANBHE 3HARNA ¢ (oNee obGulefl TOYKH 3DenHM.

TNABA 1

3JIEMEHTAPHASl ANTEBPA, TEOMETPH A
W TPHTOHOMETPUSA (MJIOCKAA U COEPHYECKAS)

1.1, BBEAEHHE. CHCTEMA NEACTBHTEJBHBIX HHCEN

1.1-1. BBOAHBIE 3AMEYARMA. 3ra rnasa nocesulena anrepel) gefcTeA-
TeAbHHX H KOMOAEKCHEIX YACeN, T. €. HIYZeHHK TeX COOTHOWHHA MexAy AeHCT-
BHTJLHBIMH # KOMNJAEKCABIMA YHCJaME, B KOTOPHE BXOAHT KOHEYHOE YHCAO Co-
MeHHA W yMHOweHuH, YpaBueHns, OCHOBAKHBE HA TaKHX COOTHOLIERHSAX, PACCMaT-
PUBAIOTCHA 3aech JAKe W B TOM CAyyae, ec/IE NPH (PAKIHYECKOM HX TOUHOM YHCNO-
BOM DellleHHH Helb2d OSOHTHCL KOHEYHHM 9HCROM CAOKEeHHI H/HAH YMHOMEHBA™).
Onpefeerds H COOTHOLWEHHA, HINOMEHHHE B 9TON aape, CAYXKAT OCHOBHHIM Opy-
IH2M BO MHOTHX Go0jee OGLMX MaTeMaTHuecKuX Monennax (cM. takxe m 12.1-1)

1.1-2. DeficrBurenshuie yucaa, CTOXeHHEe H yMHOMeHHe ACHCTBUTGNBHBIX UH-
cen 06najaoT CAeAYIOUHME CBORCTBAMH.

Ecan a u b—peficTBHTenbHME uHCna (anrepanueckHe, palKo-
HalbHue, leable, NONOKHTENBHHE Beable), TO TAKOBLIME Ke ABIRIOTCA
a-}b u ab (samxuymocms},

o+ b=>b<4a, ab=ba (KommymamusHocms),
a4 (bt+cy=(a+b)+c=a+ b+,
a (be)=(ab) c = abc
a+l=a (edunuya),
a{b+cy=uab+tac (Qucmpubymusnocms),
s ate=b+c caenyer a=#6,
H3 ca==ch, ¢£0, caenyer a=>b {cokpawerue),

} {accoyuamusnocms), (L.1-1)

Heficiprrensoe gucao 0 (Hyas) obaanaeT csoficTBaMB

wozo }

ANA KAWGOrD DeACTBHTENLHOrO 9HCAd &.
(EABBCTBEHHOE) NPOTHROMOAOKHOS UMCAd —a H (eXHHCTBeHHOE] 0BpATHOE
MHeao g l=1/a pNA AefiCTBHTEABHOIG UNCAA 4 ODPRRCARIOTCA COOTBETCTAGHHO TakK:

a-{~a@)=a—a=0, agl=| {az£0). (1.1-3)

Heaums na wyts nessan,

TMoMuno searefpanvecuixs cooficta (i), KNACC NONOKUTEABHLIX O&FBIX, RAH HATYPAAL-
Mux, yecea 1, 2,,.. ofnagaer ceOACTBOM ynopagoweHrooTd (M. 12.6-2; n «Gonbme, weMs a1,
HAR A7»m, echy A=m-} X, rjie X — REKOTOPOE WETYP2NbHOE YHCAD) H FCAHOR ¥MOPRAO-
HENHOCTA (KAMIOE HeCYCTOS MEDKCCTHO HATYDENbAKK THCES HMEST HAMMEHBLIHA SAeMenT).

NOJKECINE0 NOMEPAASHEY WlCes, (0depmauice wuctp | 4 0A% xam 0020 U3 CEOLX FAEMLNMOE N
Ao 3@ NIK FIRMEHT A+ |, codePxum sce samypassnse wucad \MpHHU YL WO A-
BOR HHpy®KUHY),

CRrOOCTRA HATYPAABHBIX QHCEN MOTYT OliTh BHSEJERH H3 TIATA ARCHOM Tleamo: 1) | ecte
RETYpanLyoe 9ACAT; D) AAR KAKZOrO HATYPEALNOre =HeAa N CyWlecTBYRT eQuHCTBEHNOE cne-
AYKOee 33 auM HaTYpaabAce aucao S(a): 3) S{(nFl; 4 #3 S(a) = S{m) caeayer n=m
H D) Kueer mecTo NpsHUEN NONHO{ BHRYKUMH, ([IpH ero GOpMYIHDOBKE SMeMeHT, CAeLYIOULAR
At L

:l CwM. Takke noacTpodAoe NpHMedanne W 1. 12.1-2,

) TepMur «4 a/vaa H» {no 2urnxficku «<2nd/or») o3naqaer, 4To AMeeT MecTo HJIE A,
Ak B, wiy A 4 B swecre. STov TePMU3 DpUMEHEETCA B AaibuefeM O4eHb 44CTQ,

(1.1:2)
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3a #, ofoszHegaerea gepes S(n).) Caomende B yMHOXeRHe, MORMAHAOMHKecA mpankaau {1.1-1),
OlUpenenAnTCA SPeKYPPeHTHRMHE» COOTHQLEHHAME

n4 L= S,
n+ S(m) = S(r + m),
Aal=n

nsS{mM=n'-m4n,

Ueauu 99CaAaMA Ra3LBAOCTCA auenma BEHA A,—A # 0, TAe n -- BaTYPANLHOE TWHOAD,
8 FAHUOHAHMME — YECNA BYOA DFF, TAC P H § — Letue ynena W ¢ =0,

FeAcTeHTe/bHEE THCAA MOKHO BEECTH, HCXOZA M3 MHOMECTBE DALHOHAABHEE FACES,
€ MOMODILIO MPeAsABHOrD Nponecca (CM,, HanpHMep, (4 2)). JledcTBHTeAbHuE THCTS, e ARARIO-
WHeCH PAUHOHANEHENH, HAIWBZIOTCH HpPPaIMOEATLHEI A,

JleficTBRTENBHBINH ANre(pPANYECKIMA YHCIAMH Ha3nBaloTca AelCTBHTENLREE KopHy anred
PARYECHHX YDABHCHHA ¢ NeSONHCAeHHWMY Kosdduinextamu (n, 1.6-3), 8 geAcCTBRTEToHUMH
TPAHCTIEHIEHTHMME HHCJIAMH — OCTANbHME AeACTEHTEALHLE HHCAA,

Knacc poex panuonansneix wHcesn cofepKHT HOpHN BCeX JHHeAHWX ypasxemnf (m, 1.8-1
€ PAUHOBAABNHMH KOMDPHUMEATAME H BXNI09AST B Celin Bee lleamc gucna, Kaace acex aeRer-
BHTENLHWX anre6paHRecKHX UHCeJ CONEDMHT AefACTHHTENbHME KOPHE BCeX anreGpaHiecKRX
YpaBHeHHAA {m 1,6-3} ¢ anrefpauveckunmd KOMpHUHEHTAMH # BRJIOYAET B Cefd BCe DANHO-
HANbHEH® uyHCHIA.

1.1-3. Ornomenne pasencrsa (cM. Takxke n. 12.1.3). Hs a=4F cregyer b=a
(cumsmempun oTHOWEHHA paBeHcTBa), a-tc=b-kc ¥ ac="bc (pooSwe f(a)=f (b,
ecad f(a) oOOSHauaeT HexoTopyw ONEPALHIO, OPHBOAALLYI0O K EAHHCIBeHHOMY
pesyaeTaty). Ha a=5 u b=c caeayeT a=c (mpanaumueHocms OTHOWEHHA paBed-
cTsa). M3 ab#£0 cnegyer a£0 u b3£0.

L1-4, OruomesHe ToxmecTes. Hoofwe roBopR, YPasHeRRe OTHOCHTENLAD KAKOA-AHSO
BEJEYHHN X HAE HECKONbKHX BEAHUHH Xy, Xy, ... OYAET YAOBAECTBOPATBCA TOABKO NpPH BeKo~
TODHX CNEeNHAMLHMX SBAYECHMAX ¥ HINH CRENRANLHWX MHOMECTBRX 3HAYEHHA Xp Xy, ... (M,
Takxe m. 1.6-2). EcAR XoTAT noguepKHEYTR TOT (AKT, uTO KaKOe-HHOYAL YPaBReHHE YAQRAET-
BOPARTCA NpH BCEX 3HANEAHRX X BAH X3,4y, ... B KISECTHHX NPefeTaBARICUWEX HHTCpEC
NDERSASX, TC BMECTO CHMBOSAE == HROFAA NOCABSYIOTCH CHMBOIOM TOMASCTEA = (NP H M e P!
(x— 1) (x--)) = x*— 1), a Npeaean H3MEHEHHA PACCMATPHBAESMEX NEPOMCHAMX BHOTHA YKa-

SHBANT crMpads OT yparueHEA. CEMBOJ @ = b ynoTpeSAfeTcd TaKme B CMMCHE: « OO Ofpa-
ACACHHIO papHO . ]

1.1-5. Hepasemcrsa (cM. 7vakme nDn. 12.6-2 u 12.6-3). [Hedcmeumessnoe
wuca0 @ mowem Gwuirms noscocumenono (a > 0), ompuyamensno (a << 0} usu paswo
Hyao (@=0). CyMMa M TIPOH3BejleHHe NOACKHTENBFBIX YHCEN NOJNOMHTEALHH.

edemsumencroe wucao a Ooavise Oedcmaumensrozo uucaa b (@ > b, b~Za),
et a=b+x, ede X~ rexomopoe OECMBUMEAbROE NOACKCUTIEABHOE HUCAD.
My axb cnexyer atex>bte, ac>be, ecnn ¢ >0, u ac<<be, ecnn ¢< 0
(a wactiocTd, —a < —b), Ifa<z1/b, ecnu ab >0 u lfa> I}h, echB ab < 0.

Maaz=bubz=c caenyer az=e, Ma a<s A u b5 B caegyer a+b<< A+ B.

1.1-6. AGcomornsle Beanynun {cM. Taxxke nm. 1.3-2 u 14.2-5). AGcomoTnan
BEANYMHA |g| ZneficTBHTeNLHOTO 4yAGCHA a NO ONPEASNEHKIO €CTh THCAO, paBHoe g,
€CIH 8= 0, H paBHOe —a, ecad g < 0. OTMerHM:

a =0 w3 |a|=0 crenyer a=0,
lal—lofi<latbl<lal+b], (1.1-4)
al—(bll<la—bl<lal+Ibk

labi=lal 15l |g|=F5 (670 (1.1-5)

Hala|=s=Au |b|=B creayer |a+b!==A+B n |ab]j< AB. (1.1-6}

1.2. CTENEHH, KOPHH, JIOTAPHOMbBI ¥ SAKTOPHAJDI.
OB03HAYEHAA CYMM H NPOH3BEAEHWA

1.2-1. Crenesn w xopun. B caygae, Korja noxasateds CTeNeRH N ecTb HATy-
PanbHOE nHCND, A-% CTENeHb NPOH3BOALHOrO AeflcTBHTENLHOrO YHCAA O (OCHOBANNA
CTENeHK) ecTe DPOM3RENEHHS 1 MeowuTedel, pasunx a. [lpy a0 Go onpeaene-
BRi0 @==1. Ecne a0 n n — uoloe HaTYpaaeHOE 9HOIO, TO ApH(MeTHYecKHA
EOpeHb f-fi CTENCHM H3 g eCTh eNHHECTBEHHOS NOAOKHTEMLHOS PeWleHue ypabReHud

it

t.2-3. 12, CTENEHH, KOPHH, NIOCTAPHEMBE H ®AKTOPHANLI 29

Id n
"= OH ofosnanaerca ckmsodoMm a/"=Ya. lps a=0, 08 =30 =0.
Ecnun xe @ <0, To KopeHb A-f CTENEHH W3 @ ONPELENRETCA NEWE OPK HERETAOM 7.

"
HMQHHOI aUnE-I/ a eCTk B 9TOM c.nyqae EAHHCTREAHOS ﬂEﬁC’T‘BHTl‘J’IbHOE (Ha £aMoM
Kenle oTphmaTensHoe) pewmelne ypaBrerRd x7=a. [lycte Tenepy az=0. Ecau
p=nfm, rAe 7 W M — HATYPaNbLHbE YACNA, TO NO QNPEARAEHAIO

af = ("™ = (amm u g P=1/aP (a£0).
TIpeE nwluix BATYPEALEHX 7 H m

&Imnfﬂ s Me~-—\nR Fil _mrx
a (}/-a)! .Infa_}ar
R =
a n n W ¥ a
ab=1/a 1 b ]/j= (bF£0).
Va=yayr, Y e= Lo
Creneny ¢ HPPANBORANBHLIMH (OKA3aTENAMB MOTYT GHTH BBEICH ¢ MOMOUILIO
HeXoTOPOro Apeientdoro mponecca (cM. Takwe n. 21.2-12). CooTHouweHus
aP.gi=af™, (aPYi=aP? (a>0), (1.2-2)

BeDHEIE I8 PInHOHANRRWX MOXalaTenell, OCTAIOTCA COPSBELRHBMMY H AXA AOOHIX
BeACTBATENbHEX p H §. Jlanee, Anf mobux pefctauTentuux p B g (@>>0u b>0)

ar=bt 2 are
aP’ !
aP

(ab)? = aPb?, (-:-)’ -5

?
damenanne. Ya (kpagpaTuul KopeHb 3 ancna az>0) ofsiaHo ¢foana-
gaeTes cAMBONoM g . O cTenednx KoMNAEKCHBLIX YECEN H KOPRAX A3 AHX oM. 1. 1.3-3,
1.2-2. QopMyan RAAR YHHNTOKEHWS HPPALMOHANBHOCTM B JHAMEHATENe ApOlM.

(1.2-1)

(1.2-3)

a a
;‘;"'?Va ' §F=T VT .29
a a — a a —_—
—————=— VT TV ), Yei—ge—ya:  (1.28
Iv’bi)’c tb—c Vb-l‘ V"." bty c

e =T T

1.2-3. Jlorapudmy. forapepm x=log.a uncaa a>> 0 npH ocHoBaHUH ¢ >0
(¢ 1) MOXHO ONpeseNuTh KK peweHHe ypasHenus

F=a. (1.2:7)

B 7atn, 7.2-1 @ B 0. 21.2-10 npasenexsl mekoTopie Gofee oOLAE CBEEHHA
O sorapupMax. Jog, @ MoxeT GHTb TPAHCLCHACATHuM WHEAOM {n. 1.1-2). Ormerum:

|
¢ 8 =g, log.er=1, log,c?=p, log, 1=0,
log, (ab) =log. a4 log, b (ocxosroe ceoidemso avzapuduos),

log, (—g»]zlogca—!ogc b, (1.2-8)

log, a?=plog, a, log, (VE) :':“}I']')gc L

log

log, a=iog_a-log et log, ¢ =

fog c'' — (3axena ocnosanun).  (1.2-9)
[+

|
]ogc ¢
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OcoGbift  HTEpeC NPeACTABARIOT GecAmiuunsie AOFapHpmsl ¢ ocHosasueM 10
Ramypaabhoe (Heneposbi) NOTapH{ME!l ¢ OCHOBAHHEM

e= lim (s+j?)"=2,71823132&.. (1.2-10)
A=+ 0a
e—TpancuenienTnoe gucno. Jlorapagw log,a oGo3nazaercs camsosoM Ing,
a Ic:gm a—ceMBosiom Ig a. Otmerum:
Ina=%%=1n10.1ga=(2,30259...) lg ,
S (1.2-11)
g o=t =lge:Ina=(0,43429..) Ina.

1.2-4, daktopwanw., Paxtopuak nl NpoR3BoJALHOrO uUenoro uncha # =0 ofipe-
aenrerca Hpopmynamy:

0N=I, n[:Hk=1.2-3.._(n—l}n (n > Q). (1.2-12)
k=1

B 0. 21.4-2 npmoegenw npubumesnsie GOPMyAR AAA BHYHCAERHA (PaKTOpHA-
NoB n! Apy GoAbWIHX R.

1.2-5. O6o3nauennn CyMM W npousseachuA, [1as moGsix ABYX ueasX 4Hcen (no-
VIORHTENLHKX, OTPHOATEIbHBIX HJH PABHWX HYMO) n B m=n

kz gy =a,+a,y Fota, _ Fam  (m—n-f1 craraemux), (1.2-13)

m
He,=0,0,,8,_,a, (m—nt] muoxurench). (1.2-14)
k=n
OtmeTum:
m m’ m’ m m m* m’ ™
E Z afk= Z Z af&| II ]]: a‘-k= H H ﬂ‘ku (1-2'15)
il=ng=n' te=n' te=n f=in f="n" k=n"i=n

Becxonennre psagst oM. a ra, 4.
1.2-6, Apudwmernyecxas nporpeccust. Ecam g, —nepsuit wnen, a d —nocToan.

HAA PAa3HOCTb MEMAY CACAYIOWMM H NPeAMAYIIHM UJeHAMY, HA3WBAEMAH PAIHOCITILO
npozpeccul, To
a;=a,-+ [d (=0, 1, 2,..),

"l

so= 3 ay="FL (20 fnt)=2FL (g 4-a,). (1.2-16)

3
J=0

1.2-7, TeomeTpuveckas nporpeccus. Ecan a, — nepsulf anen, ar 3= 1 —HOCTOAH.

HOE OTHOWEHHE CNEAYIOWEre 4ieHa K TMPENHAYILEMY, HA3LBACMOR JHAMENAMEACM
npoepeccuu, 10

m=ar/ (=0, 1, 2,...),

r
Sp== Dy 6= ) Gl =0 —y—— =T (L.2-17)

1.9-1, 135, KOMAAERCHBIE UNCILA 81

O teckoneqroft reowerpHieckol nporpeccre oM, . 4.10-2
1.2-8. Hexoropue yncaoswe cymmu (cM. Takxke [4.6])

n fT

L
k=1 k=1

w c 4n3 — 1)
Z k‘=“m+”6(2“+tl, E (k1)1 ¢ 3 .
A=l k=1

n "

2 @=M, 2 (28 — 1P =n3{2n3—1)
b=}

k=1

)
(obumyro opmyny aam cymMm ¥, &¥ oy B n. 4.8-5, d).
k=1

< 1 =1 1 S ki,
kZ E+D T A+l aft'!
=1

a

1 i _‘._.__'_.]
kZ k(k+|l(#-’g—23_2_[l-2 m+Din+2]°
=]

Becroweqane pagu cM. B 4.8,

1.8. KOMIJIEXCHBIE YHCIIA

1.9-1, Beoguwe sameuamus (cv. Takke n. 7.1-1). Komnrexcrue auenz (REO-
THa HazupaeMble MANMbBMU "MCTIAMKB) HE ABAATCA Y9HCAAMH B sJeMeHTaDHOM
CMhWICAe CO0Ba, DPHMEHAEMBMB npR noacqeTax H BaveDeHnAX, Ol cocTaBnqAwT
HOBSUI KAACC MaTeMaTHHeCKHX 00BEKTOB, ofipefefdemMblli ONHCAHAWME HUKe CBOR-
CTaaMu (oM. Takxe . 12,1-1).

Kakpomy xoMOJAeXCHOMY SHCAHY ¢ MOMHQ DOCTaBHTH B COOTECTCTBAE €AHACT-
BeHHyo Rapy (g, b) ReficTBATeNbHWX uHce] & B b B o0parno. CyMMa i npoR3sene-
HHE JBYX KOMRJEKCHHIX SHCEN ¢y ~=(ay, b)) H ¢g ~~{ay. by) OOpeReNOTCA COOT-
BeTCTBEHRO CJEAYIOULAM o0pasoM: ¢y-+cy~ (@y+ag by+4-0a) # 2104~ (mag—
== 010g,0109 b)), HeBCTBUTENLHBIG IACAA & CONRPRKATCA B KJIACCE KOMMASKCHEIX
HHcen 8 Kagectse nap (a.0). MAMmas exHwnua (, ONpElenAeMan  YCNOBHEM
{+(0,1), YOORNETBODRET COOTHOMIEHHIO

L B {(1.3-1)

Kawnoe xomnackcuoe ancho ¢~ (ah,) MoXer GHTh 23MACAHO B BHIS CYMMul
€=qa-}Ih neficTeuTeNpHOCG u¥CAa a — (a0} H 4uCcTO MuwMoro umcna ib — (0,4},

efcTBHTeNbHME qHeHs a=Re ¢ # &= M ¢ cOOTBETCTREHHO HAILBAKTCA AeficTEM-
TeNbHOR 4acTLi0 M MHHMON YACThIO KOMMJEKCHOrG qHeAZ ¢, JBa KoMIINeKCHHX

BHCNZ ¢ 2= @ - {6 K ¢ = g — ib, AMEIOUIHE OARHAKOBHE ACHCTHATENLHEE H BPOTRBO-
NONOXKWe MAAMBIE YaCTH, HA3LBAKTCE CONPAMEHAMMN KOMNJSKCAWMHA YHC/ZMA.

lpa xoMONeKCHBX YRACNA & = ay + by H ¢3 = a3 + (b; PaBHE B TOM H TOMBLKO
B TOM Csynae, eC/iH COOTBETCTBEHHO PABRH AX JeHCTBUTENBHBIE ¥ MHUMHIE JacTH,
Te € gy, AHWL eCAH Oy =03 U by =bp. Hic=a+ib=0cwmeayra=b=0
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CroXeHHe H yMHOKEAWE KOMMJCKCHBIX 4YHCEN YAOBJAETBOPAIOT MPABHAdM ER.
1.1-2 u 1.2-1, npuyenm
=—1, P=w|, {1=1,

.3-2
it o, WA= L) (|, 0= (n=0, 1, 2.0 } {158

Cl * Cg:{ﬂ; & a,)-{-l (b! + bg},
€1C3 == (0485 —b1b,) 41 {a by ~}- agby),
ey __ay + by — fasas + 5164} +¢ (@b, — ayby)
€2 Qg + ik 2 + bt
GGt CO=00 (€f6)=0/6la0), ¢=¢
e-kc ¢
s

(cg #:0), (1.3-3)

==

be=lme= o

a=Rec==

Knace prex xoMnAexcHBlX uwHcen CONEPMHT KODHW mcex anreSpRAT2CHAX ypasmeHRd
€ KOMNAeKCHEME KoshdHUuHeHTAME W BHAONEET B Celd HeRCTBHTEALHNWE YHCAA

1.3-2, Hsofpamkenne KOMIACKCHBIX YWCEA TOUKAMH HJAH PALHYCAMW-BEKTOPAMH.
Tpuronometpuueckan hopMa KOMIJIEKCHOTO 4RCJA (CM. Takxe 0. 7.2-2). Komnaexc-
foe YHcNo Z2==x~ Iy YRO6RO n3olpaxaTe TOUKOW (2)==(x, i) KIKE COOTBETCTBYIOWKM
paanycom-BekTopoM (mn. 2.1-2 u 3.1-5) Ha komnaexcHol naockocth (puc. 1.3-1).
Ocu Ox u Oy (B npAmMoyroaeHoll AexaPTOBOH CHCTEME KOOPAWHAT) Ra3blBapoIcH
COOTBETCTREHRO medAcTBMTEIbHOR H MuKMOR ocblo. Afcuucca H opaHHaTa Kamaoft
TOYKH (2) H306pamaioT COOTBETCTBEHHO NefiCTBHTEN b
HY0 48CTb X ¥ MHNAMYIO 9acTh y 9Hcaa z. Cootsercr-
BYWOLIYE OOAAPHLE KOOPAHHATH (n. 2.1-8)

resizem Vot =V 2],

7 p==Argz, e=%  (x=0)

prayzigp=d (1.3-4)

Ledembumsnonas oca

Aa3auBaTcs M HTOM
Pro. 1.3-1. MaoGpaments aK MOOYJAEM © ApPTYMEHTOM KOMONEKCHOMD

KOMMAEKCHRX 9HCEA TOUKAMKE ancna z, OTmernm:
ANH  pamMyCAME-BEKTODaMH,

Oce Ox a 0y nasepawres x=rco3@, y=arsing,
¢OOTRETCTBEHHO AeliCTBATENEs {1.3-9)
HOll H MHHMOR OCbhiD, z=x--{y==r (Cos @1 sin @),

MoByau Komnaekchbx wticen ydosaemAacpiom cOoMuo-
wenuan (1 1-4)—(1.1-6), Ecna 2 — neficTBuTenbuoe qucno, TO ero Moayas | z( pa-
BeH ero alcosoThod Benuugae (. 1.1-6).

# ADrymeHT KOMIJIEKCHOro 9HCJ1a Z ONPEeasssieTcs C TONHOCTLIO 10 caraeMoro
2kn, rae k—moboe uenoce wucao.

B KauecTBe eaasHoz0 SHavenus Argz oOHYHO BEIGHDAIOT 3HAYeHHe, onpene-
NeHHOE HepaseHCTBAMH — 7t << Arg 2 << nt. [1aBHoe gHauenus aprymeHTa 2 o6o3na-
9aioT qepea arg 2. [1pH OpHRATOM YCIOBMH arg 2em ~—argz, »

Ias nobuX ABYX MHOXecTs (AcHCTBHTENbHHX W/SH) KOMONEKCHEX YHCEN O,
Qg5 voes O B Pry Bay ooey Ba

l 2 aibi
=i

{cu. Taxme no. 14.2-6 w 14.2-5, a).

1.3-3. Mpencrasienue cyMMBl, NPOH3BEAEHRA B 4YacTROro. CTefleHd A XODHM.
CyMMe KOMIIEKCHRIX YHCEA COOTBETCTBYET CYMMA COOTBETCTBYIOULHK PAAHYCOB-
BEKTOpOB (CM, Takke 0, 0. 3.1-5 8 5.2-2). Ecnu pgaum 2y = r; (005 @) -+ {singy)

] n n
< X lap 3} 181" (uepasencmeo Koww — Bynaxoeckozo)  (1.3-6)

(=] ==
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1.6,
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TNHABAI
BDAEMEHTAPHAS® ANTEBPA, TEOMETPHA
H TPHTOHOMETPHA (IIJOCKAA H COEPHUECKAM
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1.1-1. Beopgune aamexwanua (27}, 1.1-2. [Jefictenrensnwe ancaa (27), 1.1-3,
Otromenue pabencrba (28), 1.1-4, Ornowene Tompecrsa (28). 1.1-5. Hepa-
nercrsa (26). L.1-6. AfcomoTHme BelHYHHE (28),

. CTenens, KopHu, JorapadME # daxkroprain, OG03IHATEHES CYMM H [pOR3DEs

feruft . . . .. vr e

1.2-1. Crenenn B KopAH (28). 1.2-2. PopMynH X189 YRURTOMESHHA HPPIQHOHANE-
HOCTE B adaMeRavene gpodu (29), 1.2-3. Jorapudwms (29). [.2-4. Dawropuanu
(30). 1.2-6, OfoaHavesss cyMM H nponzpegenufl (30). 1.2-6. Apadmerndeckas
niporpeccus (30). 1.2-7. TeoMeTpuveckas nporpeccus (30}, 1.2-8. Hekoropue
nHeROBME cyMuar (31).
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t.2-1, Bacnuwe aawmesansa (31). 1.3-2. HaoOpawenwe XOMIIEXCHHX wWRCER
TOUKEMR RAH )pagﬂgfcsuﬂ-nemopauu. TpRronoMerpHueckan GopMa KOMNAeKC:
Aoro wEcAa (32). 1.3-3. [TpeacTaBaedse CyMMbl, TPOK3BEAEHAHS M YacTHaro, Cre.
hera 8 xopua (32).

................... PR e e

- PRIRTHHE DOPMYAB . 4 4 ¢ v v s a0 s s s o s o v s s s s u b an e .

1.4-1. Bunox Heuloroua ¥ pomcreennse dopumyas (33). 1.4-2. [Mponopoua (34).
1.4-3. Muaoroxaeds. Cuumeprpu-teckue d:«ynm?zs: (34). RIOYOIN- R

1.5-1. Onpegenenne (35}, 1.5-2. Munops H anredpandeckue fonongenus. Pas-
JOWERHE ONPEfeNRTENS 00 CTPOKE HAH o croatoy (35). 1.5-3. [MpeEMepH. (35).
1.5-4. HenmongutensHole Meropu, Pasaomenne Jlanneca (36). 1.6-5. Pasaud-
Aule Teopemm (36). 1.5-6. ¥Ymuomernue onpeseauvench (37). 1,6-7. MameneHue
nopagka ompegensreael (37).
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1.6-1. Baopmeie 3amenannsn (37). 1.6-2. Pewenue ypasdesuda. Kopra (37),
1.6-3. AnreGpauyeckne ypanuerds (37), 1.6-4. CooTAcmennsn uem%{opuuun
R xoshdrumenramy (38}, 1.6-5. JlHCKpHMahadAT aareGpadgeckoro ypasHeads
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1.7-1, Peancxenme MRorowneHos ma MuowAtena (4}, 1.7-2, Hdeneane wnoro-
SAeRon. Octarok (41). 1.7-3. O6mne agnATend K OOMAE KODHH ABYX MEGro-
anenon (41}, 1,7-4, Pasnomesie Ha snementapake hpobe (42).

JIARcfinMe, kpaZpaTHNe, KYGHYENE YPEREEN R H YDABHENRA YeTHREPTOR cTenenu
1.8-1. PeweRne numefHux ypasnewuft (43). 1.8-2, Pemienue Rpagparrux
pasnernfi  (43). 1.8-3. KyBuunwe ypabherua: pemesse Kapgnaxo (43).
-8-4. Ky6ugyHue ypapReRHs: TPETONOMETPHYUECKOE pemenne (44). 1.8-5, Ypan-
HeHHR werBepTof cTeneHn; pemerne Hexapra — Saepa (44). 1.8-6. ¥pas-
HeHHA qeTBepTOR cTemeAw! pewende deppapr (44).

CHCTEME YPAaBMERHR . 4 v v v 4 v v v oo . AR 5 DA Ry o dedanerd

1.9-1, Cucremm ypasaennft (45), 1.9-2, CHeTeMM JAHREGAAWX ypasReHAf: npa-.
suno Kpamepa {46). 1.9-3. Jluwefinan HezasucHMocts (45). 1.9-4, Cucrems
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t-10,

1.11.

1-12,

2.2

2.3

2.4,

2.5,

2.6,

a.1.

OTCNMABJAEHHE

ARBEARHX ypaamenal! ofman Teopas (46). 1.9-5. CROTENW SHHeRALX ypets
HEHHA; # OAMOPOAMKX YPAOHEHHA € A HEKIBECTHHMH (46).

DopNy AN, OMUCHAANMES CAGCKEE HRIYPH B Teaa

1.10-1. Tpanmeuss (47). 1.10-2. ITpasnuabbbe unoroyroAbeWRE (48}, 1.10-3.
Kpyr (48}, 1.10-4, [puswu, THPaMBAM, UHAHEEDH % xoryce (48). 1.10-3.
Tens spemenus (48). 1.10-6. TNpapunrene MuoTOrpashuke {(49).
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1.11-1. Beopawe 5pMevRRWsA. [IpRuOyPeARSHE TPeyronabanxy (49), §.Bi-2.
CeofictBa MACCKHX TpeyroavBEmos (503, L.11-3. PMyAE AR PEUIEHHA
TReyTOALERKOE {B0).

ChepraecKkan TPETOROMETPHA. .+ o v v s v s v 0 v = 4 = P T
1.12-1, Bpaperns. Chepuaeckre Tpeyroabunxm (51). 1.12-2, Ceofictea c@eph-
WeCHHX TPeyroAbRHKkoe (52). 1.12-3. fipasoyronsunfl chepruccknit Tpeyronb-
HEK (53), 1,12-4. GopMyan ANN PEMERHA CPELPHUISCKEX TpeyroibHuKob (53).
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2.1-1. BaoaEme samesarun (56), 2.0-2, Hewaproea cHCcTeMa KoopaHHat (56).
2.4-3, [Ipanas AeKapTORA NP AMOYTONbLHAS CHCTEMA Koopankat (57). 2.]1-4. OcHon~
HHe HOPMYNH B ACKAPTOBHWX MPAMOYroAbHbX Koopmuuarax (67}, 2-1-5. l'l&-
ofpazoRanke NeK3PTOBHX KOOPAMNAT GPH NapaanensBoM neperoce ccek (b8).
2.1‘36. TTpeoSpRs0BEARE AEKBPTOBBIX DRAMOYrONbHEHX KOOPAHHAT OPH OOBROPOTH
oceft (58). 2.1-7. OnRobpenesHNA NEPEHCC H MOBOPOT KOODABHATRHX ocefl (58).
2.1-8. Tlonapkue Koopauuatar (59), 2,1-9. Coocodw sansuEn KpusHx (60).
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2.2é1i6?;pnuenne opausd pnuaEn (§0), 2.2-2. Jipyrue cnotofu saaanun nps-
MO .
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2.3-1. ToakH # mpaMue (62), 2.3-2. Mae @jm RecKOabKo mpswmx (62). 2.3-3.
TaRreBNMAALHBE KOOPAMHAATH (63).
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2.4-1, O6mee ypasneuse ntopoft cremern (64). 2.4-2. Hesapmasta (B4).
2.4-3. Knaccrburauns KpesWX BTOparo nopsaxa (64). 2.4-4. Ycnoswe nopo-
6N HEBMPOMASEAWY KDHBHX Broporo oopsaka (64). 2,4-5. Xapaxkrtepucraue-
cuas KDALPATEYHAA $OpMa B XapaKTepHCTHIeCKOe ypabHerue (64). 2.4-6.
1leBTpW # ARAMETPH KPESmX BTGpoOro nopapka (64). 2.4-7. Tnamsmme ocn (66).
2.4-3, Tlpupeaenye YPERHEARA KPHBOA BTOPOrO MOPRAKE K CTAHSADTHOMY (Ka-
HOHWYecKoMy) BuRy (66}, 2.4-0. l"eonelbpuuecxoe CHpeAeIcHKe HeBbpoNael-
HOR KpHBoOft Broporo nopAgxa {67). 2.4-10, KacaTenbnsie ¥ HOPMANH K KPHBbEM
sTOpore nmopaaxa. [lomock W tionapw (67). 2.4-11. Jpyrde cooCols safanns
KpEBHX BTOpOTC nNopsagxa (69).
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2.5-1. Oxpyxnrocts! boguynu R Teopewm (70). 2.5-2. Samune ® runepbona:
Popuyan ¥ TeopeMs (70}, 2.5-3, [locTposuHe SAAHNCOR W reneplon, WX KaCa-
TeALEWX H HopwmaneR (71). 2.6-4. [locTpoeEne napalosd, ee KacaredpHuX
u HopManef (73).

YpaBHeHHA HEKOTOPHIX NAOCKHX KPABHX . . . o o v« » /A I F . B

2.6-1. TpAMepE anrefpaHyecKHX XpHBWX {73), 2.6-2. TIpBueps TpaHCOEHARHT-
EHX KpuBu:x (74).
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3.1-3. Mpapaa cacrema oceil (76). 3.1-4. Ilpasas AexaproBa NPAMOYroabHAR
cHCTeMA Koopaauar (76). 3.1-5. Puﬂyc-sﬂ(m? (77). 3.1-6. LIRARHApH9ecKan
¥ chepuaeckan cHCTEMH XGopAARar (77). 3.1-7. OcAgbHHe HopPMYAN B AeKap-
TOBWX NPAMOYIOALHMX KOOPARHATAX W B BexTOpHO{ pue (77), 3.1-8. Ha-
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9.3-). BaopAwe same3zamur (265). 9.1-2, Ofunxxorennwe Dudpepergdanbibe
pasRerun (285), 9.1-3, CrcTemu Mgub%:enunamumx ypasHenui (266). 9.i-4.
EY‘IB.&CTBOB&BHQ pemenel (266), 9.1-5. O6mue ykasesus (266).

YpanHeRUR TEPBOTO TOPAAKA + 4 « o « o s & o o 4 +
5.2-1, Cymecreopanne R eRHBCTBEHHOCTh pemenuf (2668). 9.2-2, Teomerps-
9CCKOe ToNKomanHe, Qcoume kRTerpaam (267). 9.2-3. [TpeoSpasosadHé mepe-
MeHHLIX (268). 9.2-4, Pemerne cOeusaNbHEX THAOB g?anueﬂun nepeoro no-
panka (268). 9.2-5. O6uue WeTogw HATErpRPODARAA (270).

JlanefEne AAGPEPLAUASILARS YPABESHER . 1 o o o o v o 5 # o = & b s s u

9.5-1. Nuvefinue ZuddepesuRarpEne ypanBeRAn. JIpHULKN Aadomerns (271).
9.3-2. JinneARan HelanuCHMOCTh W QYRIEMEATANhHLIE CHCTEMH pemeruf (271).
9.3-3. Pemlenne MeTOROM BapHAauHd NocTosAHWX, PyrRxund Mpuaa (272). 9.3-4,
Tpusenerde ABYXTONENANX KpaesslX 3afea K safgegam Kounp (275). ©.3.-3,
Nuncithsle auddepeiouancasie ypanAeHaa 8 KOMILIeKCHoR o6aacTd. Teftaopos-
CKHe Da3JIOMEHHMA DElUeHHA W BARARAe ccollenmocred (275 9.3-6, Peuwenwe
CLHOPOAHLLX YDABHEHHA NyTeM PoaNoXeRHA B PAA B OKDPECTBOCTH TPanuibuof
ocobol TourM (276). 9.3-7. MeToam ERTerPaALAHX npeobpasosandfl  (277),
9.3-8 Juuelvbe ypashewus sToporo nopadxa (278). 9.3-9. TrnepreomerpH-
4eckoe anddiepeHURaNbEOe Ypasuedwe [ayces R P-ypasreBde Pumana {279),

P T S T R

g8

253

263
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2.4,

a.5.

9.6.

10.1,

10.3,

10.4,

105,

1.,
L2,

OrAARMEHME

6.3-10, BupowpedANE rAnepreoMeTpHaeckne dyanuany (282), 9.3-11. Qfofmen-
KBlE FHNEpreoMeTpuueckie pAgwm (283),

Nunefinme axddeperunanbibie ypabhiedHd © NOCTOAHALMH KosbduUreHTaMK

9.4-1, OpnopOAHME AuAeAHLE YDABHCHHA € TNOCTONRHWMHM HO3pbHUHENTAMH
(283}, 9.4-2. Heoanopoauue ypabHerus (285), 9.4-3. CoepTku H dyuxusd [puda
(286;. 9.4-4. YeToRamBocTh [287). 9.4-5. Oneparopuwf Meron pewesns (283).
9.4-6. MepuonidecKHe RHeliie HATPYIKH H pemendn (289). 5.4-7, [lepeparod-
Hule HYHKAHY H S8CTOTHHIe XapakTepueruuy (290), 9.4-8. Hopwanbune woop-
AMHATE K cOGCTBEHHEE wonefanua (281).

Henageltrete ypaBHERUA BYGDOTO AOPARKA - o o o 1 « = n s + + o s v o o o » s

9.8-1, Baoauble sameqaBus (292), 9.5-2, pencransende Ha $asonoh MAGCKOCTH.
T'padugeck B MeTon pemennn (292), 9.5-3. Ocofue TOYKH K NpeacibHLe HHKEAL
(293}, 9.5-4. ¥cToRunAGCTL pewenddt no JaayHony (254), 9.5-5. [puOARKeRAMA
meTon Kpwanosa v Boronwmbana (296). 9.5-6. Harerpan smuebx cua (297).

Auddepernnansavie ypaswenun fbadda . . . . . . . . . . .. S P I

9.6-1. Nrddepenunanvune ypasrerus [dadda (298). 9.6-2. Bnonue marerpu-
PYeMRA cnyuvait (296},

rnasaio
AHDPEPEHIHANLHBIE YPARHEHHA C HACTHHLIMH NMPOB3BOAHLIMA

BRBOACEHE B OB30D . . . v i b i i h i e e et e e

10.1-1, Beoanwe saMeuanus (298} 10.1-2. Juddepennmaabiue ypasmesHn
¢ RECTHHMY NDOA3BOARWMA (299), 10.1-3. Pemenre AuddepeHUuaNsHHX ypaB-
HEHHR ¢ YaCTHWMH NpPOE3BONALIME; pajAc/ieHHe OepeMeRNuX (300).

fAgdepennuanciie ypanHeHRA ¢ VACTHEIME OPOHIBOJHHMH D8PROTO NOpAAKE

10.2-1, ¥pasHenra ¢ m;gun nes MEIMH [ ubimd, Ceomerpunecsan
HHTepqueTauua {301). 10.2-2. 3agaqa ¢ HaRaNLHHMA YEAOBHAMHE (3afaqs KowH}
(302). 10.2-3. Tonsue uATerpans. O6mue, 4acTaAme, OCOGHE HHTErpajb; peme-
HEH XapPEKTEDHCTHGECKHX ypaskeHuf (303). 10.2-4. ¥pasHeHHA ¢ 1 He3aBHCH=
MuIMH pepemednsiMB (304). 10.2-5, Tpeolpascsandd conpaxocHoseHHa (306).
10.2-6. Keuowuyeckse ypaBHeHMN H KaHOHHOeCKHe npeolpasomanus (307
1313)? ¥peeuense MamulbToBa — AKobH. PelueHHe KAHOHHYECKHX ypaBHeHut

TunepGonuueckue, napaGoHvECKNe U SAMMNTHYECKHE AMdGEPeAUHATLHES
¥YPABBHEYHA € QACTANMT OPOHIBOAHNVH, XODAKTEPHCTHNH o « + o o o o 0 0 s o »

10.3-1. Kpasunureftiole ypaBHEANR C QACTHLMY TPOASBOAHNME BTOPOMD TIopsAAKa
C ABYMA RESaBUCHMBIMYM MepeMeAHBIMH. XapakrepHcTHKE (302} 10.3-2. Pemerve
FHUERGOAHZECKHX YpaBHEHHA MeTOAOM XapaKTepHcTHK (313). 10.3-3. IMpestpas
20uadKe THOepGORHTecHuX, NapaloaHYecKEX H S/MJHNTHYECKUX ypaBHenuA o
HaROHKYecKoMy BUAY {314), 10.3-4. THRUYRWE kpacesie sanavy aiq aBHERAHd
Broparg nopaaka (318), 10,3-5. Oanomepaoce ponnosoe ypasuenue (3[6). 10.3-6.

eToq Pumapa — Boabteppa ans JARAGAHMX reneploNyaecKux, yYpABHeHR
(317). 10.3-7, ¥papEeHAA € TPEMH H GOJee HeBADHCUMEINH DEpeMeREbis (318).

Junefnne ypasdenns mareMaruveckofl duankn, YacTHWe pewen s . . . . . . .

10.4-1, DHsATecKRe ocHOBH B o83np (319). 10.4-2. JluneRnuwe xpacowle safauH
(321), 10.4-3, YacTHhe pemeHun ypasHeHRA Jlanaaca: TPeXMepHbA cayqai
(322). 10.4-4, YacTHme pewenHs AR TPEXMep HOMO ggasueunn Fersuronsa
(324), 10.4-56. YacTywe pemeHAn ABYMEDHWX Sanaq (325). 10.4-6, Ypanuenue
Wipenunrepa (326). 10.4-7. Yacrame PelllcHMA ANR YPABAEHUA TeRNONpPOBON-
HOCTH M puddyaun (326). 10.4-8, YacTHHe pelleHHR ATTR BONHOBOTO YPAaRKCEAA,
Cunyconpanniwe poansl (326). 10.4-9, Pemrenne KpaeBoft 3afavd pasNC.KeHueM
8 OpTOreHanbube PARK. [IpHMepw (328),

MeTON HRTErpaAbHBX RPEOSPEIOBAHAR . « v « o« v o v v v v v s v a e s nns

10.5-1. O6mas Teopra (320). 10.5-2, IpeoGpasonanve Jlanaaca no Bpemedus
nepeseAncst (330), 10.5-3. Peulenne KpaeswxX 23489 MeTOAOM HHTErPajbHEN
npecfpasosaEnfl. [lpusapu (3I31). 10.5-4, dopuyau Mwasena (332},

FrATABA L
MAKCHMYMEL H MAHHMYMbI

Booarue samegamss ., .. . .

I L T T

IKCTPeMYMH GyRKUMA GAROTO SEACTBHTENBLHOPO NEPEMEHHONO . . . . . . . . .

11.2-1, JToHansHme MakcHNyMH # MunuMymy (333). 11.2.2. ¥enomus tymecT-
BODIBHA BUYTPLHHLX MAKCHMYMOB U MuHHMYWoR (333),
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329
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11.3, Brerperyme dyAakukf gByx # GOALIDEro freAa RAACTRATEALARY MeDEMERAHYX

11.3-1. floKanbHue MAKCHMYME 3 MuIHMYME (334). 11.3-2 dopsyaa Tefinopa
AnA npupawekss Gyukora (334). 11.3-3. Yeaorua cymecThOBAHHR BHYTPERNHX
MAKCHMYMOB M MHHEMyMoB (334). 11.3-4. ¥cnopume sxc‘rs%emyuu. Meroa
wugauTened Jarpanska (335). 11.3-5. Yucnenuwe seroms (336).

11.4. NuERefiioe NPOrpAMMUDOBAHAR, HIPHR H CMEKHNE BOUPOCH . o o 5 4 o o o » » «

11.4+1, 3spava nunefivore vporpaMmuposanus (336). 11.4-2. Cumanere-serod
{339), 11.4-3. HenuHeAuoe nporpaMmuaposanue. Tecpema Kywa — Taxepa (342).
11.4-4, Bpefenue B KOHeUHHME HCPH JIBYX NAPTHEPOR ¢ HYAeBOR cyMmoR {342).

11.6. BapuaomroRnoe ucuydcaespe, MARCEMYMH H MEHAMYMH ONDESEACHUHX HHTe-

L T T T

TPAAOB. & = « + + + 4 b m 1 4 v e v -
11.5-I. Bapwamuma (M4). 11.5-2. MaxcAmyMil H MHHAMYMB OODSARACHHHY
unterpaaoa (345). 11 5-3. Pewmenne sapHalBoEHNX 3anaq (346).

11.6. DKeTpeMans Kak pewledss AsbdepeRnBEanbBEuX  ypapAeRBA! KAatCHIecKas

L I T I I L

TEOPHA 4. a a6 v s o o 0.8 # v & s s 4
11.6-1. HeoixoaHMue YCTOBHA MAKCEWYMOB A MEHEMYMoOR (M6). 11.6-2. ¥caoce-
HBlE SKCTDeMYMH, Metoy MHomhTenefl Jlarpawma (348). 11.6-3. HaonepaMerps-
yeckHe 3aaaqu (349). 11.6-4. PeiueHHe PAPAAUHOHHEX SaAad B cAyYae, KOrga
NOALHTErPAaNbHAA GYHKIER COASPMHT MPOHIBOANLIE DHCIIHX Nopagros (350).
1i.6-5. BapHauuoHHBE 32J3a4H C HCOH3IBECTHBIMM TPAHHUYBHMH JHA9EHWAMH ¥
HCHIBECTHRIME  TipeneiaM#  wHTerpuposanus (350). 11.6-6. 3apsuw Boasua
u Maftepa (351}, 11.6-7. Jlomanue sxerpeMann. OTpakeAne, OpeROMASHHE H
OBHOCTOPOAHKE SKCTPeMyMnl (352). 11.6-3. KaWoHnsecuue ypaBHeHus W ypap-
Henwe TamuanToHa — $koGu (353). 11.6-9. BapHauHOHHAHWE 3AJa%K 5 CAy4as
HECKOJIBKHX HE3APHCHMBX OEPeMEHHBIX! MAKCHMYMEN o 'MiIHHN.'YHI:I xparumx
wnterpanos (354). 11.6-10. Jocrarousude yolAoBHA AAN MAKCHMYMa H MAHH-
MyMa B npocreiwef zagaue (3585).

11.7. PelnenHe DAPHENHORHEIX 32089 NDRAMEME METORAME . 4 & v v « 5 « o o ¢ = & »

i1.7-1. Ilpawsie Merogaw (356). 11.7-2. Meroa Penes — Putua (357). 11.7.3.
Tpréauxenre y (x) TOMHTOHAABBLME GYHKUHAWH (357).

11,8, 3azaud ynpaBNcHAHER H NPAHOAT MAKCHMYME o o & & v s o « 4 o« 5 5 5 8 8 5 2 & =

11.8-1. TMocTanopxa aagaur (357). 11.8-2. [pasuno magcumyMa [TOHTPATHHA
(360). 11.8-3. Mpunepu (362), 11.8-4, MaTpualtie o503HAYEHAY B IARAGTAX YIOPas
Baenusa (364}, 11,8-5. Orpanndenun-HepaneacTez AaH NepeMeARHY COCTORHUA.
¥raopue yonosks (365). 11.8-6. Meroa AnHaMATECKOrD MporpaMMuposarusa (366).

11,8, Ilierosne 3a334A yDpapicHEY H RUHAMHIECKOEe TPOrpPaMMHpOBaNHe , . .

'3'@;79"' MocTtaroBKA 333898 (I66). 11.9-2. [IpHHUHT OOT HMAABHOCTH Beanmana
{367).

TnABA 12

OMPEAENEHHE MATEMATHYECKHX MOREJEN: COBPEMEHHAR
(ABCTPAKTHAS) AJITEEPA H ABCTPAKTHBIE NPOCTPAHCTBA

12.1. BRBRGHBA: w0 )i puy thivii 4 w05 & gnin AR SRt 2 s L e Ee 2o by P ko s A v A

12.1-1. MaTeMatH9eckie Mofenn (368). 12.)1-2. Obaop (369). 12.1-3 <Paeexcteor
¥ OTHOIIEHHA SKEHBAASHTROCTH (369), 12.1-4, [Mpeofpasosanda, dyHKUHH, one.
panmA (359), 12.1-6. HeaapuanTroers (370). 12.1-6. TMpeacTasnenne oguol so-
AeNE Apyroft: romoMopduans U uaoMopduaMm (370).

12,2, Anrefpa moaenefi ¢ ofHoR onpefensiomeR onepaunefl: FPYONH . . & . 4+ o . .

12.2-1. Onpegenenne B ocROBHHE ¢cnofictea rpynow {(37(). 12.2-2, l'ltmrrynmu
371), 12.2-3. LUuxawaeckve rpynma. JlopRaok shemerra rpynme (372) 12.2-4.
ITpoRsBefcHEA NOAMHOkecTB, CMexHue Kgaceel (372). 12.2-5. Conpamerrde
BeMeHTE M NoArpynnu. HopManeiwe pedarTeny. Pakrop-rpynnue (372). 12.2-6,
Hopuanpuufi pag. Kownosnusoueef pax (372). 12.2-7. ilearp. Hepmaniuza-
ropw (373), 12.2-8. T'pynmu NpeoGpajoBaHHA HAR ONEPATOPOB ‘5373). 12,2-9,
Toxomopduawe & mioMoppuaMu rpynn. Iipercrasnerue rg nn {373). 12.2-10,
ApauTHRHLEE rPpynnel. Kiaaceh ELHQETOR H CDAaBHHMOCTB (374).

i2.3. Anrefpa wofenelt ¢ ApyMs ONpelenfOMEMH OMNEPANMAMA: KOMbOE, WOAR o

o508CTH WRAQCTHOCTH . . .

12.3-1. OnpegencHna A OCROBAWE Teopesu (374}, 12.3-2. [NeakoAbae © Oox
noag. Haeanw (375). 12,3-3. Pacwypennsa (375).
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12.4. Mogenr, symouawunie a vefA Gonee oZROMD KOACCA MATEMATHIGCKHX O0BER-

TOB: NHHEfHbe BEKTOPKRME NMPOCTRPAHCTEA H AxBeliAwe anredpw: . . . . . P
132?.;)-1. JluHeBnwe pekTOPHBL OpocTpaucTaa (375). 12.4-2. JiuueRunle anrefpu
{376).
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346

353

357
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12.5.

$3.4.
13,2,
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- Ksagpatnanwe # spuutonw dopuy

- Matpuanse O00IRATEHRR JAN CRCTEM AnddepeHuransRMX

QriTABNEHHE

Monean, pomyckfwmMe ONpeASAeHNS NPeASaBLL NMPOUSCCOB' TONOAGIHYILCKHE
DPOCTPAHCTBA & » o o o o & + & 4 4 « u 4 \

|2_.5-1. Tononaoriueckre npocrpaiictaa (377). 12.5-2. Merpuueckie npocTpaHcraa
(378), 12.5-3, ToNOJOTHA, OKPECTHOCTH H CXOLUMOCTE B METPHIECHOM [POCTRAH-
crae (378). 12.5-4. MeTpHuecKHe NpOCTPAHCTDA €0 CHELHANBHLIME CBO CTBAMH.
Teopus ToueqHnx MBoxkecT {379}, 12.5-5. [pamMepu: OPOCTPAHCTES YHOJIOBWX
nochegoBaTensHocTed B pyHkuni (380). 12.5-8, Teopema Banaxa o CHATHX OTO-
CpazeHHRX K NOCAEROBATEABHME ODPHOIMMEHHA {352).
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12 6-1. YacTueno yropsgovennne Muomectsa (382). 12.6-2. Juueduo i
AOUEHREE MRoKecTaa (382), 12.6-3. Ynopagmouenwwe noaq {333), il

- KoMGuwauuu mogenef; npamoe NpOH3BEieHHE, TONONOrHYECKOE NpoR3BeALHHE
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12.7-1 ,L‘l,e_r_&aprono nNpauapesenue (383}, 12.7-2, Ipamoe npounanenesue rpyni
(383), 12.7-3. Ipawuoe npousseneHie AeBCTBHTEALHLIX BRKTOPHHX TpPOCTpaHeT
{383). 12.7-4. Tonoaoruvecxoe npoussenenie (384). 12.7-5. Npavwan cymma (384).

By:lenua.rlreépu.........................,.......

12.8-1, Byaesw anreGpsl {3834). 12.8-2. Byjiesw dynruun, [pasenenue K ka
HUBeCKOMY Buay (385). 19.8-3, Oruol.ueuge BRIIONERKUA (386), iEFE-i.eAMeﬁHO;
¥naccos {386). 12.8-5. Hzomopdusy Syaepnx aaretp, Jlnarpasmm Benna {388}.
12.8-6. AareGpn coSMTHA M CHMBONMUECKAN AOIHKA (387). 12.8-7. Mipeacranne-
Hie GynepniX $yHUKUHR RCTHHROCTHBIMEA Tabanuamy, Kaprm Kapuwo (389).
12.8-8." MoAKan AARHTHEHOCTS. Anredpun mepm (389),
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13.2-1, Npamoyroabyue MaTpuun {(390), 13.2-2. OcHonAMe OnNepauHH
13.2-3. Hysesana W eqHBwenas MATPHLL!; OUPATHLE MaTpHIM (393“,_ iéagﬂ
Lienosncnennsie crenenu KBBADETHHIX MaTpAN (393). 13.2-5, MaTpros Kax cTpox-
TeNbRBE GNOKH MATEMATHYECMHX Monenen (393). 13.2-G. YMpROMeHde va MarT-
PHUH cneqHanbHOre aupa, Martpuom nepectanonxy (3%4). 13.2-7. Paur, caey
B OTIREACRUTE b MaTPHUN (394). 13.2-8, Pasbuerue MaTpuy (394). 13.2-9, Khe-
TOYHWEe MaTpRUM. [IpaMble cymma (395). 13.2-10, MpsaMoe {(ARewHee) NMpoRzse-

AtHie Marpum (395). 13.2-11.C ] e
PR (0t XOAHMOCTE U AHddepenurporande (355, 13,2-12.

- Marpunm co cneumanbEbiuMH cBOHCTBaNMH CHMMETPHH & v o v o v u s w b o s s

13.3-1, Tpawcnonuposannag u SPMHTOBO CONpAMEHHas MaTpHoa (39 2
MaTpuusl ¢0 CHEUNAALHMMH CBONCTBAMY cnﬁnerpuu (396}? l%.St-:i.s)l"lplgﬁiné

E%a;,ﬁluunponaana (3968), 13.3-4, Teopeusl o PasAoxeHuH, HopuansHble MaTpULL

. SMBUBANERTHME MaTPHOW, cOoficTRRHANE SHaYeUnyg, NpUBERERKE K AHArONaNb-

Houysuayncxex(nuenan'pocu4........................

13.4-1, BxpusatentHye W nonobue Marprun (398). 13.4-2. Coferpenane sha-
ACHEA H CHeKTPM WBaAPATHEX MaTpHm {398), 13.4-3. TNpueeaenke Kaaapartroit
MATPHLUKW K rs;eyro.nbuouy BUAY. AAre(pauNecuas KPETHOCTL COBCTREHHOrO
?';“"e“"?; (399). " 13.4-4. [lpusesenne MATPHU K ANArGHANDHOMY BuZy (399).
(40‘0)'5' OGCTBEHUBIE AHAUEHHA M XBDAKTEPHCTHYECKO: YDABHEHHE MATPHUL
. 13.4-6, CofcTReHHWE SHAYEHRA KACTORHEIX MATPUL (MPAMBIX) cyMm
(301}. 13.4-7. Teopema Ksau — TaMuABTONE H CMEKHbie Bonpoc (401),
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13.5-1. Bunnuefuue hopyuuw (401), 13.5-2 Ka

. 13.5-2, aaparHanee dopmu {401), 13.5-3.
JpMHTOBR hopMM (402), 13.5-4, MpevGpasonanue xnanpnruqﬂnx sq sgmmagx
opM. [IpHaepeuHe K cymMe KBaaparos (402}, 13.5-5. Opunonpementoe nphune-
Tglrrue ABYX KB2ADATHHHLIY RAM IPMUTOBLIX HOPM K CyMMe KBazparoe (404),
: :ra-i. HlJEHSHaR DONOKHTENbHOR  ONPEREeNeHHOCTH, HEeOTPHIATENLHOCTH

ABHERHR (uuma-
l;(:uﬁc(lmnx cuerem). Bosuymieuns u reopus YCTOHTHBOCTH upny:cfa: “ .m. E:a.
6-1. Cucremi ofHKHOBEHHHX Anpbepenusnanbany apHeHuH. Martpu e
g:ﬁ{oﬂsnaueauﬂ (405). 13.6-2, Munefizme gadsd!epeutmam:?ge ypasdHeHud cpngcu:;-'
;oju‘;u KosdduumenTamy (406} 13.6-3, JluHeRHme CHOTEMB © MepeMeduuMy
tos ur:liuemaxn {407), 13.6-4. MeToau BAIMYUIERHA H YPABHEHKA 6 BapHaLH Y
e 13.6-5. YeroRyusoers pewrennfl: o efenendn (409), 13.6-6. dywxupu
ANyHosa ¥ yeyoAgusocrs (410). 13.6-7. rﬁpunm«euna ¥ unpudepnt {411},
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TNABA 4

HEAHBIE

AHBIE BEKTOPHBIE NMPOCTPAHCTBA ¥ NH

npsggrafsomnns: (IHHEAHBIE ONEPATOPBI). NPEACTABJEHHE
MATEMATHUECKHX MOAEJER MATPHUAMH

1. BoepeHme. CHCTEMN OTcueTa }i NPeCOPAajoBalus KOOPAMAAT . . . o « » « * * ¢

" 14 eij-ll BpopnAsie 3aMenannn {(414). 14.1-2, Yncaopoe OnHCAHHE uanum'te(c‘xl:;t

uo}lenéa: cHerembl otcuera (414). 14.1-3. [lpeofpasosanus KOODAHHAT .
I4.i-4. HupspuarreocTs (415). 14.1-6. CEcreMm mep {415).

14.2. JinpefHbe BEKTOPHBE MPOCTPAHCTBA. o+ + v o s v a v b & v @ o x o 0 0 2 " " 2 7
14.2-1. Qupegensiouine cpohcTad {415). 14.2-2, Jinwehaule unorooﬁpnsn:c“st
noanpoctpaxersa B §7 (416). 14.2-3. Jlnsefino nedaslckubie W NuHeltno saaua‘m :
uuge gem'gpu (4186). ﬁ.z--i P aamepHOCTb AKHeflHOTO WHOrOOGpasHs unua)ac?us
HOMO mpocTpakcTBa, DasAcH x CHCTeMH soop%:u:'r (»‘tﬁ?)cTef:2%Tﬂ§:aurapuué
14.2-5, HopwipopaHHMe BEKTOpHHE NPOCTPAHCTS . i bk hir

ocTpancTea (417). 14.2-7. Hopma, MeTpHK2 M CXOf i
::::lilpx“:;gxggpmfx npoc-:(ancmax. T'nasbepToRdl NPOCTPARCTEA (418). 14.2-8.
Teopesa o mpoekury (419).

14.3. Jauefiane npeobpasopauns (AnHefnmc OHEpATOPHY . -« v w s e s en

- eoGDA30BAHKA BEKTOPHHX NPOCTPARCTS. Jiuuefiaue orle-

1131}301:5 ﬂ?g}e.ml‘:‘,e.'i-g?Mugmectnosaémqé:nn. agponﬂ 3:%;‘1:::33:;0 g(p:‘nnﬁﬁr]::

a) (419). 14.3-3. OXenHe :

%«{Im:]e‘:;a g);:goa;:goa)aéne )(420). 14.3-4. nponsaen%apggog,:i:enugﬁe{?}ﬂu?‘rgﬁg

nepatopos)., ToMASCTBEHHOE Mpeo! f| .3-5.

H&?ng‘f}&ﬁuﬁ gnne?luue npecipa30BaHHA (onepavopu), O ps-rm;l;.o)npe-
ofpa’opasusn {onepetopu) (420). 14.3-6. Llenwe cTeReHH onepaTopoB i

{4.4. Jingefinne oNMepaTOpH B HOPMHPORAHHOM A ruAbLGepTOBOM npoc-rpaume:
DpMHTODH H YHHTSPHBIE OTIEPATOPH - &« » o o o v w0 0 @ v v o2 &0 0 ° A 3
14,41, OrpanRuuenHue JHsefuse npecSpasopanna (421). 14.4-2, Orpaaurgs
Hie nuHefHHE ONEPATOPH © HOPMHPOBAHEOM ReKTODHOM npocTpancree ‘(‘”).
14.4-3. ConpameHabi unepampﬂ%i;l}.1‘l1.46-4.C"B::;T‘po::lec::gpa:gg;u““e;

5. ApHBIE ONEpaTophl 4 4-B. % -
;:;':ecsxn:rﬂ:‘ro;mmuamﬁme onepaTopH B AeficTEHTENBHLX YHHTS H)“’{sie.'a‘
TOpHMX TpocTpancreax (422), 14.4-7, TIpapiaa KoMORHHpOBARHA (423). 78
Tecpesl o pasllaxendd. HopManbRrue OBCPATOPH (423). 14.4-9, Conpsg;:n“o-
BeKTOpHbe NpocTpaucrsa, Bojee ofiee Ompeneaenus COnpAMEHHEX el
poB {424). 14.4-10. Beckoueyuo Wanke nHHeRnwe TpedbpaloBaHKA { .

14,6, MaTpHiscs MpeACTABACHHE BEKTOROR H AnRefinux npeoGpaszosapufl (omeparo-
pon‘.. o
- sHNe GagHCHHX BEKTOPOS M KCOODPAHEAT BEXTOPOB: &EKT -
L:ga» thlgge::é):::ﬂu%). 14.5-2. Mnn;g]“?f snpsuﬂame::‘::gggmz;:“fzﬁnﬂ
% Npeobpasonaiufl {oneparopor) (426), 14.5-3. MatpH A
:ucreupnuupelanux ypannenus (426). 14.5-4. fuagudeckoe npencTaBAeHAS AHHERN

nHx ocnepartepos (427).

4.6, JaMeAs CHOTEME MOOPIAMHET . o « v o = » # 8 « = b » & .a. ;e;(-;o;o'a-. 4’11.;:4::1(-3-
- 308auHe GAIRCHBIX BEKTOPOD A KOODOHHAET . X
L‘Qf’,‘ﬁ:‘u‘?‘:g‘éﬁua (427). 14.6-2. [Ipefcrapnense AHHeAHOrO ONEpaTopa ngags
AURHEX Gashcax (428). 14.6-3. [MocnepoBaresibHOE npUMEeHeHHe ONEpaTop
(428).

(4.7, TipefcTanneHHe CKANRPHOrO TPOMIBEACHHH. Opmaopu;;onrrl;u: 6::::2:3‘1:.“.
Wa-1. CTARJERHE CHANAPHOTC TMPOH3IBEACEAR (429). 2. :
é:e;bll Rgoplfﬁnﬂa'r (430). 14.7-3. OpToropanbEne BEKTOPH H og-rouosurnpoo::ge
HMe cHCTeMn BeKTopoB (430). 14.7-4, OpToBOPMHPORAHHDE DA3Re M iz
OPTOHOPMHPOBANHEE CHCTEME) (430)., 14.7-5. Marpwuu, §2WF:T?-? pran-
COnPAMKERAEM onepatopaxn (431). 14.7-6, Baapmuue Gasncn (432). 14.7-7.
sende ofcanavedufl (433).

14.8. Cofcrpennmée BeKTOPH H colCTBCHEMWE 3HATCHESA NuHeRHHX ONEPATOPOB . . .

Gpasusa,
14.8-1, ontite saweuanna (433). 14.8-2, HHsapHanTHHE MHOTOO
Pmomuaiufnuueﬁﬂue npeolpasoBanuy (nHuafHpE onepaTopH) H uan:‘u‘;él‘.‘l;a
433). 14.8-3, CoGCTBEHRME BEKTODH, ¢OScTBEHHBE SREANERAA i crenTn { :
54.8-4. CofcrBeHHMe BOKTOPH H colcTperibie sHaTeHHA HO‘p!MhHHXﬁH Hspsm
ToBMX oneparopon (435), 14.8-5. OmpepeneHne COGCTBEN HRIX saaweu: ennme .
CTBEHHWX BCKTOPOB! nouewo::gaun cayqal (436), 14.8-6. Hggnen“ 57
DHACOHANMSALKHA MATDHEL. Ilpeobpa’obaHNe K TAABKEM QCAM 1 - adsacs
cOfo0mennans safava o colCTREHHHX BHANCHEAX {439). 14.8-8. Bﬂg?n A%
CTBEHNLX SEAYEHKAX KAK 88AATH O CTAQHBOHADHEX 3IHAYEHAAX ( T Nl
Tpansun pAn COOCTBEHRWX SHAREHHRA nepelEpX oneparopos (441). . N
HeogHopoaHwe ANuuefiunie BEETODHHE YpP2oHeRAA {442).
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COrJABMEHHE

14.9. [IpeacTaprenAs rPpY N7 A CMeXAWE BOOPOCH , & 4 ¢ + s 0 0 o 0 0 0 0 0 v b & 0w

14.9-1. [lpeacrasaennn rpynn (443). 14.9-2. fpreenenne npeacrasacrif {443),
14,9-3. HenpHBOAMMEE NMpeacTaB/eRHA rpynnu (444). 14.9-4. Xapawrep npeg-
cTasﬁeﬂHﬂm . 14.9-5. CooTHOmeREs OPTOroHAMbROCTY (445). 14.9.6. [Ipanwe
npouspeNeHHA OpeacTannenkit (446). 14.9-7. TlpeacTabrienns KoAel Qosed u
nunelBLx anredp (446).

14.10. MaTeMaTHYECKO® OMHCAHHE BPAMEHAN . o o o o o o o = = 2 ¢ s ¢ 4 « s v v s an

14.10-1 BpanieHHs B TpeXMepHOM eBXAHNCBOM BEKTODHOM Tmpoctpadcrne (446).
14.10-2. ¥roa nopoporta. Ock Bpaumleuns (447). 14.10-3. Napaserpu JANepa n
sexTop [rGGca (448). 14.10-4. [IpescTannense BEKTOPOD H BPADIEHHA COHHOBHMA
MATPHLUAMA H KBATEPHHOHAMH. Ilnpaue-r{m Kann — Knefina (448), 14.10-5,
Brawmesarda Bokpyr oceft woopaauat {(449). 14.10-6. Ycaw DRknepa (4501, 14,10-7.
DGechoAeqaHD Manbe BpaliéHHs, HEMPEpPLARge APANIEHHE ¥ YMAOBAA CKOPOLTH
(452). 14,10-8. Fpynma TpexmeppuX BpameBHA ¥ ee OpeacTaBnenus ($54).

TNABAIS

JHHEAHBLIE MHTETPAJIbHLIE YPABHEHHA, KPAEBBLIE 3AAAYH
H 3AJAYH O COBCTBEHHBIX IHAYERHAX

15,1, Beenenke, PYBKNHOHATLENT GHATHS . . o s o + 2 0 0 ¢ « s s s s s a8 s 088
15.1-1. Beognwe sasesanun (456), 15.1-2, OGosmaueAns (456).

15.2. OyHKUHH KAK BEeKTOpPH, Pas/oMEEER N0 CPTOPOHANBHEM GYHKOASM « o + 4 o

15.2-1. KpagpaTHuno ﬂmrpu&%euue q:gmm,lm K&K BeKTOpH. CKaaApROe Npo-
HaBefeHHe W uopau&osanae (457). 15.2-2. MeTpEKa H cxofduocTs B Ly, Cxoau-
MOCTh B cpeares (458). 15.2-3, OpToroBambiee QYHKOHH H OPTOHOPMHDGBAHHNE
nocneRoBaTeALACCTE  GYHKUHA (409), 15.2-4. TlofiEHe OPTOHROPMHPOBAHHEE
HOCAEA0R ATENDAOCTH Aknelt, OpTosopMupopanHble Gaskcm (458). 15.2-5.

TOrCHAAMSALMA ¥ HOPNRPODEHHE ROCNEAGHATEALKOCTE Syexuuf (460).
i5.2-6, ANDpPoRCHMENNE H DASSOMEHKA B PAAW N0 OPTOMOHANLEWM $YHEIHAM
(460), 15.2-7, Jimwchuwe omepaund Hag $ynxumawn (460},

16.3. Jln@efgue BHTerpanhine OpectpascBadRs & JAuaefiEue ORTErPATLHNES YpaB-

HEHMA . . & 4 v o ¢ 4 s » v 2 o =2 5 8 ¢ 8 = & ¢ 8 s 2 8 4 8 4 5 o & 5 8 4 a 5 + 0

15.3-1. JlggeRane wHTErpanbAHe npecOpasosaHEs (461). 15.3-2, Nuscfinne
HETerpaNbHbe YPABNEHEA., Odsop (462), 15.3-3. OapopojaHoe HRTErpadbHoe
yPABReMHE DpelroAbMa Braporo pofa. Coberpensyne PYHKOEH B cofeTseHume
anagedan (463}, 15.3-4. Teopemu payiomensxs (463). 15.3-5. MHrepuposapnue
fApa (4564). 15.3-6. DpMUTOBNW WHTErpaibHue $OpME. Sagaua o o BEHHNX
BHAUEHUAX KAK BEPHALHOHEAR ssaada (460). 16.3-7, Heoanopoproe ypapHeHHa
Dpearaibya BTOPOTG poga (465). 15.3-8. Pemenue AYHEREOro KHTETPAALHOCO
ypanbenun (16) (467). 15.3-9. Pemedde AHREAROTC HHTErPafbHOTS YypAEHEHHA
¢pe.nr?ilé=9|;n nepporo pogs (468). 15.3-10. Hurerpanbkble ypassesus Boan
TeppE .

15.4, JNunefirsie kpaeBHe SAca9K B eaAaqy O cofcraedaux SHANEERAX A0 Auddbeper-
LASALERX ypaa@eRAd , , . . . . . [

16.4-1. JlupeAutle 4paehblo 28149k, [TOCTRAGENA A8XARH B ofosxansnig (470).
15.4-2, DornoanAuteabuot AudpepernHaTLACE YPARBHOAHE H Kpaepne ABHA
AAR nunefluoilt Kpaesoh sepaqn. Teapewul © CYNEPOO3ALEH (4?&. 15.4-3. Spuu-
TOBG COGpAMOHHBE H COMPAMERHLIC KpasoMe AgAa%A, JDPWMETOEH OMEPATOPH
(A71). 15.4-4, Teopewa ®pegronema of anbrepuatune (473). 16.4-5. 3amasn o
COGOTRENHLLX SHAMEHHAX AAA JuyefAHE AuddepeHuRanbunx ypanHeruf (473),
16.4-6. CofcTpenHue aHageHMA H COGCTBEHHWE PYHKUHE IPMUTOROR 38%AGH
0 colcTneAAwX IBAYCHKAX. [joaHbe OpPTOMOPMEDARARHMG MEGKecTBa cobCT-
BeHHuWX dyaxuuht (§74). 15.4-7, DpuMATOBa sanaya O colCTPeEHEX IHATEHHAN
K8X papHauHOHHAA %apada (475). 15.4-8. OaHowepHas sanaga Iitypua —
JIMyBRIAR 0 cOBCTPRNMLX SHaweNHnx {476). 16.4-0, Janpuya llrypMa ~— J])T?»..
BHAAA ANR yPAOREHMRA € RACTHHMH :r?ousnonauun aToporoe nopagka (477).
15.4-10. Teopesn cpacunenun (477). 15.4:.11. Pemesne JRCKPETHHX Baaay
o coicToeRAnnX SHAYEREAX MerofamA poamymesHB (478). 15.4-12. Pemense
?40?&9?” SajaN NOCPENCTBOM Pa3AOMERAd A pAIW A0 <O CHUMM DY UKLERN

L T L R B B T

I6.5. Oyukpun Tprag, ChRap «pAeBHX BANAY A 38139 < cOOCTAGHBEX IRATEHASN
C BHTCIDANBUNMA YPABRCHEAMY . o » .« + - w g o v 0 8 o 8 v o 1 1 o s v 4 s 4+

16.6-1. ®ygxyna [pERa Ann xpacsofl sagaud O OAHOPOAREME KPASBHME YCaAO-
BHAMK (480). L6.5-2. Canae Kpaenkx aaflaq W 8afad ¢ cofCTeedHuX IJHACHHRN
¢ HHTErpaNLALIMH YPABHeHBAMEA, Peaoncsedta [puAa (81). 15.5-3. [puao-
MeAHe weTona GyHKUHA [puss K 3ajave ¢ HANAABHMMH YCaophasmu: O6os-
DeHioe ypasHeRBe aAddysnn ($82). 15.5-4. Merop byekusfl [pusa paa Hes
UAHOpOAKKR paeBWE yoaoBul (483).
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15.6.

16.3.

16.4,

15.5.

16.6.

16.7.

16.8.

18.9

16.30.

OFJTABNEHHE

Teopua NOTEHUEATA .....n
5.6-1, Baeneude, uihbepeHnnanhEne parneRkn Jlamnaca yaccony
:-2584))‘ !5.6-2.J\Tpexuep%13&r§opu no‘reﬂ:.:ﬂg'[a, KaaccHeeckHe Kpaeasie yoIo0BH R
aanaun (481), 15.6-3. Teopema KenbmuHa of HilBepCHH (485). 15.6-4. Ceofietaa
rapMONHYCCKRE dynkuuft (485), 15.6-5. Pemenun ypaoneuud Nannaca H [lyac-
cola Kak noTeHUmans (486). 15.6-6. Pewewke TpeXMepHHX HKpaeBHX 3aaay
nocpeaeTeoM bynkuuft Cpuxa (488), 15.6-7, [eyMepnan Teopus noreauua.na:
Jorapudmutecknft moTesusan (490). 15.6-8, s‘lB{'M&g‘)Haﬂ TEOPHS MOTeHUHana;
COTIpAMEHHNE TapMOMKYECKHe ¢yHRuHd (480). 15 6-9. Pewenne ABYMEDHHX
Kpaepux 28189, DyHKUMA [DHHA ¥ KOHPOpMHLE OTOGPAREHHA {492). 15.56-10.
PacTipocTpaKeRie TeopHE Ha Conee ofmme nad:%ue})euuuanbuue YPaBHEHK .
Banazgupaicie B ONEPemapmne NOTEHUHATH {4 3).

TAABA 16

NPEACTABIEHHA MATEMATHUECKHX MOQENEA. TEH3OPHAA
ANFEGPA H TEB3IOPHLIA AHANHI

BROMEHS /o5 p i d €59 « widirania s uts Apivinth o sWivipgs wuip 06
16.1-1. Bpogawe samesanua (494). 16.1-2, Cucremn Kco%}mum H AOAYCTHMEA
npeobpasopaind (494). 16.1-3. KoMmnoHeRTH ofbeKToR, HMHAeKcAMe oGoaHade-
urA {(494). 16.1-4, CHcTeMEl OTcIeTa B HHAYLHPOBAHHME npecSpaionaHug. [eo-
MeTpuuecKue oibexTsl (495).

AbconioTHHE (HCTHHHBIE) TEeH3OpH A OTHOCHTENbHLIE TeHIOPHW (ncesaoTeR30pH)
16.2-1, Onpenenenre alCOMOTHHX A OTHOCHTENLHEX TeH30POB, OCHOBAHHOE HA

saKone npeolpazoBamHA MX KoMmoHent (4981, 16.2-2. HPUAATEIHMAARROS
nepeMemierye. I pagiedT cKanaproro moaa (498).

Tensopuan anareGpa: onpejeenns OCHORHEX onepannf
16.3-1., PapexcTeo TeHsopos (499). 16.3-2, Hyas-rensop (409). 16.3-3. Conowe-
tHe Tensopod (499). 16.3-4. ¥uMuomenne Teﬂst‘ga Ha afcoMOTHRR cKanap (499).
16.3-5. CsepTeBanfe cMemanAore TeAaopa (499). 16.3-6. [Tponasegenne (srem-
Hee) asyx TeHaopos (B00). 16.3-7. BHyTpeHdHee GpoHIBeaenne (600). 16.3-8. Ipa-
adax TeHzopa {(500).

Texaopnan aiareSpa, MIHBapuaRTAGCTD TEBIOPHEX ypasHeARA , . 4 o 0 v 0w
16.4+1. VIBBADHRHTHOCT: TEHIOPEHX ypamseHHf (501).

CHMMeTPHUHHSE ¥ AHTHCHMMOTDHUEME TEHIOPH . . . 4 v s s s s s s ¢ v 1 s s
16.5-1. CHMMETPRIHHE B ARTHCHMMETPHARAWE obbextw (502). 16.5-2, Camponu
Kpouekepa (502). 16.5-3. e-oGbextol (cuMBons Jlenn-Uusnta) {603). 16.5-4. Anb-
TEPHMpPOBANHOE NPOHIREAtHHe ABRYX BekTopos (503).

JIokaanHAH CHCTeMAa GaIHCAMIX BeKTOPOB (MOKANLHHA 6a3mc) . . .

16.6-1. Bupamenne BOKTODOB W TEHIOPOB YEped ReKTOPH AoKanuHoro Gasuca
{504). 16.6-2. Ipeofpascsande AoKadbHoro GaiAca MpH npeocSpaIloaaiiy Ko
opgunar {604},

Tedaops! A PHMAHOBHWX MPOCTPAHCTBAX. ACCOUMHUPOBAHKEE TOHIOPH . « « o v o
16.7-1, PHMaHOBO HPOCTRPARCTBO H PyAAAMERTARLRME TeHIOPH (505). 16.7-2. Ac-
COUHUPOBARHHE TeHIOPH. TomHATHE ¥ onyckaxde wanexeon (508). 16.7-3. Sxau-

BANEHTHOCTS ECCOLHHPOBAHRMYX TeH30pos (506). 16.7-4. Onepaguu Laj Tedao:
paMH B pUMaHOBHX DpocTpaxersax (507).

R L

PR R
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16.8-1. Crannaproe (BHYTPEHHee) NPOHIBEmeHH:s OBYX BEXKTOROB B PHMAaHOROM
npocrpaserse (507). 16.8-2, CKanADHHE MPOH3BEAeHHA NOKANbHHX GAHCABIX
BeKTOpOB. OpTOroHANLHAaR cHeTeMa Xoopa®Hat (507). 16.8-3. <PRaudeckus
HOMNOHeATL! TeRaopa (508). 16.8-4. BexropHoe NpouapejesiHe 0 cMewadHoe npo-
HaaegeHde (508).

TeH3ops PAHCA 2 B DHMAHOROM TIPOCTPAHCTEE & « o o+ s = s ¢ o s s 8 7 ¢ » = ¥
16.9-1, [duagAde npoussesenns (509). 16.9-2. ¥Ywmuomenws Tenzopos paara 2
H BEKTODOB H CRA3AHEAN C HHM cRcTeMa o6o3uavesud (510). 16.9-3. CTBEHHHE
BEKTOPH M COGCTICHHMA aBaveRua (510),

AlconoTeoe pAdGdepenanansAce HCIUCAEHKE
BAHHE , . .

156.10-1. Abconwrnme guddeperunanw (510). 16,10-2. AScomoranh aubpepen-
LHA OTHOCHTEIbHOro TeHzopa (512). 16.10-3, Cumeoaw Kpucrodpfenn (512).
16.10-4. KosapuanrHoe prdwpepenumposaane (5130, 16.10-5. [Mpanuaa KOBapH-
anThors Audpeperukposania (514}, 16.10-6 KORAPHAUTHHE APONIBOLHLE AHC.
WHX NOPARAKOB (514). 16.16-7. [uddepeiuuasbine oneparopu un Rebdepeus
LHANLHLE HHBEPHAWTE (513}, 16.10-8. AScoaioTHee (BHYTPeHdHe) OpOHaaQgs

Kopapuautnoz arddepeaoupo-
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17.1.

17.3,

17.4.

18.3

OrNABJAEHHE

Abl: ® NpoMapogrsie ne Aampasackhxin (515). 18.10-8. Tewaopm, nocrosnrme
BACKE KPHEOR YPasHERHA DapaiienvamMa SSI?). 16.10-10 HIEFRHPOSaHHE
TeHIOPHZX Beawaun. nement obvema (517} 16.10-11. JAudpepesus anvupe
HMREPHEHTE TCHIOPOR Paula 2; HHTEerpanuvHme Teopesmuw (517),

TNABA 17
ARPOEPEHOHAJNLHAA FEOMETPHA

Kpusge HA eBKAHROBOR MAOCKOCTH . o v = = + ¢ 2 ¢ o s v o v s 0 4§ 6 6 8 0 4 ¢

17.1.1. Kacarenbnaa K naockoll kpueoft (518). 17.1-2. Hopuams ® nacexoll
Kﬁpusoa (618), 17.1-3, OcoGule ToukH (519), 17.1-4. KpHaHINA MIOCKOA KpHBOI
(B19). 17.1-5. [MopaaoK XacaHu\ NAOCKMX KpHBex (520). 17.1-6. AcEmnroTn
(620), 17.1-7. Ornfawman ceMeRcTBa MIOCKMX KpHBRX (520). 17.1-8. Haoro-
HaALhEe Tpaswtopuu (520},

. KpHBHe B TPeXMEDHOM ERKJAHAOBOM TPOCTPAECTEE . « ¢ s v s o o s = ¢ « » s &

. Bpegenne , ., .. ..

17.2-1. Bsoanwe sameunagmss (521). 17.2-2.
17.2-3. d)gguyau ©pore — Ceppe, Kpususla ¥ HDY9eHHE TIPOCTPEHCTEEHHOR
KpuBoRt (522)." 17.2-4. YpasHenHd Kacatenpuoft, HopMaAR H GHRODMANR; ypas-
HeHHN COMPHKacawmeAcn, HOPMadbHOR M COPAMARKINeR miockocTel (523).
17.2-5. donofHuTenbHMe saMenanug (523). 17.2-6. [lopAanoxk kacauun (524}

NoBepXHOCTH B TPEXMEPHOM EBKAMJOBOM IPOCTPAHCTBE .+ 4 o o v s o v 5 5 + &

17.3-1. Boanwe zamedanns (524). 17.3-2. KacaTeabHas NAOCKOCTE H HOPMank
€ MOREPXHOCTH (524). 17.3-3. Ilepaan ocHOBHAR KeajpatHyaaz GopMa NOBepX-
AocTH, Juddeperouan Anuvb BYCH W saeMedT niowagu (526), 17.3-4. Teocpean-
Teckas ¥ HOPMANbHAA KPHBHIKE KPHROA Ha noBepXrocth. Teopema Mekne (526).
17.3-5. Bropas oCHOBEAA KRaAPATHYHAA dopMa. INaBHMeE KPHUBHIHHE, TayccoBa
KPHBRIAA H CPeAHAR KDHEAZEA (527). [17.3-6. HexoTopule HANpERACHHR H KPHBHE
Ha NoRepXHOCTH., MHHUMankLaBe nopepxuocta (528}, 17.3-7. [loBepxnoctH
Kax pUMAHOBH npocTpascTaa. TpexHRJexcHHe chMeonn Kpueroddena u nmapa-
Merp Beabtpamy (6529). 17.3-8. ¥papaenss ¢ 9aCTHBIMH ADOKIBOLHKMH, CBA3L-
Bapwie KosdIHUHEATH OCHORMMX kpagpatHannx ¢opum. Theorema Egregium
Taycca (530). 17.3-9. Onpesenerue NOBEPXHOCTH KOSPOIUMEHTAMH €2 OCHOBHEX
KB3ApaTHURNX dopu (530). 17.3-10. QOroSpaxenun (530). 17.3-11, Orpbdaio-
mue (521). 17.3-12, Teopesmueckue AMAHH Nopepxuoerd (531} 17.3-13. leo-
AbIHYECKIE HOpNANbHHE KOOpAHHATH. [eomerpna Ha nosepxdocTd (B32).
17.3-14. Teapema Taycca — Boume (533)

[TpOCTPANCTRA € KPHBUIAON . . v v 4 s s s s o o s v o m v s s s s v o v o v oo

17.4-1. Baoamwe aamevapms (533}, 17.4-2. Kpubele, AHHW B HaUpaBAeRHd
B PUMAHDROM rlpoc-'r%iucrse (633). 17.4-3. leoacanuecKHe JAHHAN B PHMEHO-
BOoM MpOCTPaHCTBE | ). i7.4-4. PAMarogR NpocTpaNCTBa ¢ HeollpateneHHol
Merpuxoft. Mactponasie mRapnpasierRas W rechesndeckHe Hymesofl HHB (535),
17 4-5. Tensop KpHSHIHW DPHMAHOBa npocTpaHcTsa (535). 17.4-6, Ieometpuue-
CKOE HCTOAKDBAHHE TEHIOPA KPABHARH. [[AOCKHE TPOCTPAHCTEAE B EBKAKACBL
npocrpancTea (536). 17.4-7.CoenManpHule KOOPAHAATHBE cucTemu (637).

[eanumAach Tpexrpasrek (521).

TNABA I8
TEOPHA BEPOSITHOCTER H CAVYAAHBLIE MPOUECCH

I I T T T S S T T T T T S S S T T )

18.1-1. Beonuule saMevanua (539).

Onpepenedke A NpeacTapiexue BEPOATHOCTHEIX Mofedel . . o v o v o 0 v 0 v &

18.2-1. Anre6pa coGuTR, CBAZAHKWX ¢ AAHNBIM HeMHTARHEM (530). 18.2-2, Onpe-
AeneHRE BEPOATHOCTH. YCAOBHHWE BepoatHotTH (540). 18.2.3. HeaarucumocTh
CayIafimX coOuTHil (540). 18.2-4, Cnoxupie UenuiTaHHA. HeaaBucuMme Hofu-
T3AXA H NOBTOPHBE HelaBHCHMBE HeoHTanuA (540). 18.2-5. [lpasnaa cosetanuit
(341). 18.2-6. Teopemu Badeca (542). 18.2-7. [lpeacTanienue coOHTHA Hax
KHOKECTE B MPOCTDaHCTRe eWbopok (542). 18.2-8. yaafluue seanvRH (542).
18.2-9. Onicanye DEpOSITHOCTANX MOAeTel Ha fabiKe CAYYAAHHX BEMHYHH ¥ AX
dysikuBfl pacnpenenedun (542).

CanoMeprbe PacnpefeieHHs BEPOATHOCTER . + 4 v v v = s o o s 0 v v 0 v v s

13.3-1, JlucKkpersble ofNOMepHHe pacnpcfefeHAs sepoaTHocted (B43), 18.3-2.
Henpepuenbie opnodepuse pacnpenencuus seposthRocTelt (543). 18.3-3. Mare-
MATHUCCKOE GHMHAAHHE i AHCOepCHA. YUwCAOBHE XZPAKTEPRCTHKA OAHOMEDHOTND
PacnpepeneHun pepostRocTe® (544). 18.3-4. Hopmuposause (54§). 18.3-3, He-
PakeRcTEo YeSnmena ¥ cpazanHule ¢ HEM dopMyaw (546}, 18.3-6. Efnvoe onk-
Canue pacnpepenehufl BepoATROCTER ¢ noMomuia RuTerpana CTrATbeca (546},
18.3-7. MoMeHTH OAEOMEpHOrO pacnpepencHun BeponTuocren (647). 18.3-8. Xa-

15

518

413

524

533

839

543
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18.4,

[a.6.

18.7,

18.10.

15,11, THna exywaliusx nponeccop, TIpuMepal, . . . .« -«

. Teopus cayuafinHX ApoUeccos . . . . - .

OTNABNEHME

PAKTePRCTHUECKHE R NPOHIBOASALLIEE oyuxouu (548). 18.3-0. CeMUHHBAPHAHTH
(549, 18.3-10. Brapcaenne MOMEHTOD K CeMHHHBADHAHTOB 9epea ¥ (g1, Mxts)

L (). COUTHOWERNT MEXAY MOMEHTAMH ® CeMHHHDADH2HTAMH (349).

MUOroMEpHEE PACnpPefaleHidn BopositHOCTER L . . - . .. -
18.4-1. MHOroMmepHble caywafnble BeiHUHHED (550). 18.4:2. HeymepHue pacnpe-
BeJAeHH R peponTHocTed. Pacnpejeneids KOODAHHAT CcAydafHoR BEAHRHAH
(550). 18.4-3. JucxperHwe W MENpePLBHHE LBYMEDHEIE Dacnpefeenua Bepo-
srHocTelt (550). 18.4-4. MaTeMaTHueCKOL OMHQaHUE, MOMEHTHl, KOBapHauHR
W KOSGAHUHEHT Koppeasunn (551 1% 4-5, YcRosune pacfpepencHdn BEpOAT-
HocTell, CBRIARHEE ¢ NBYMA CAYTAMHHMY BETHNMHAMH (552). 18.4-6. Perpec-
cuy (553). 18.4-7. n-mepHule pacnpeneseHdn seporTHocTedl (563). 18.4-8. Ma-
TeMATHYECKHE DIKWIAHUA W MOMEHTH (555}, 18.4-9. Perpeccun. Kosddunuenthl
koppensunk (556). [8.4-10. X apaKkTepHCTHISCKHE Gy HKIKH {557). 18.4-11. He-
JABHCHMOCTh CAYHARHLX PBeAHYHH (b57). 16.4-12. Durponud pacipefenedun
peposTHOCTE (538).

@®yHKIHH OT CAYHAfHEX BEAHIHH. 3amMena TEPEMERHEIX . 4 v » o« v o 0 4 = 0 4
18.5-1. BBogHHE 3aMeuaHHA {559). 18.5-2, DYRKHER (HAH npeotpasonatina}
OZHOMePHOMt caydaflnol PenuuMHHE {559). 18.5-3. Jlamediune mp PAIOBEHHR
OAHOMEPHOR CAYUBANON BEIHUHHM (660). 18.5-4. PyHruns (HnH fpectpaaopa-
BHA) MROCOMEPHEIX CAYYARHBX BEMHUAH (561). 18.5-5. Jinnefnse npeoctpaaoaa-
uua (562). 18.5-6. MarematHiecKoe OMHAaHHEe H JHCTIEPCHA CYMME cnydafiHEX
penuunH (562). 18.5-7. CymMbl HeaaRHCHMBIX cnydatiubix BenHYHH (563) 18.5-8.
PacnpefejeHEe CyMMbl caAyqaitHoro KoJaHd9ecTha cnyyafiHEX BeJIHYHH (564},

CXOAHMOCTS TIO BEPOATHOCTH M NpeAsibHHE TEOPEME . . . .
18.6-1. TlocneHOBATeNBHOCTE pacnpeneiennf peponTHocTet. CxoaumacTs no
nepontHocTH (564). 18.6-2. Ipenensl pysHxKuHA pacnpenencHus, XapAKTEPHCTH-
GeCKKX ¥ NPOHIBOASMX PYHKLRA. Teopems HENPRPLBHOCTH (564). 18.6-3. Cxe-
FHMOCTE B CpejHeM (565). 18.6-4. ACHMNTOTHISCKH HOPMankLHbIE pacnpefenenusa
seponTHOCTed (565). 18.6-5. [Ipenenbuble TROpeMH (565).

CrenueibHsle METOAH PEWIEHHA BCPOSTHOCTHEIX 3BAAY . .« v v v v v v
18.7-1. Beoanme sameuauus (566). 18.7-2. 3aga9d ¢ AHCKPETHWM pacnpenene:
wHeM pepoaTHocTef: moacwer coluTRA W KoMGHHATODHHA ananwa {567). 18.7-3.
[IpiMeHEHEE NPOHIBONALMNX dyuxunf, Teopema lofta (568). 18.7-4. 3agand
¢ AHCKPeTHHM PAacTpeaeneHneM RepOATHOCTER: YCTEXH M HEYlavwd B cotTaBas-
wmyux Hcnwrtasusx (571).

Crieunanbible PACTIPEACNeRns BEpOATHOCTEA . . . . . . .

16.8-1, JAncrperHsie OfHOMepHHE pacnpeicfenns pepostHocTeR (671). 18.8-2.
JlacKpeTHBle MHOTOMEDHEE DachpejeeHud sepoaTHOCTER (573}, 18.8-3. He-
np?uauue pacnpeneneHHs BepoaTHOCTEA: HOpMankHoe pacnpeaenchue (Fayeca)
(575). 18.8-4. HopManbube caydaliBse BeNHAHHEL DAcTIPEAGNEHHE OTKIOHEHHR
ot uentpa (576). 18.8-5. Paanudusle HenpephBHLe GAHOMEpHHE pacripejieneini
peposTHocTeR (582). 18.8-6. JleyMepHEle HOPMalbAHe pPacnpencneuqn (582},
18.8-7, Kpyropoe HOPMANLRAE pacupergieike (583}, 13.8-8. n-MCcpHME RHOD-
MalpHHE PpacApelRIcHHRA (583). 18.8-9, Teopemul CNOMEHRS AAA CIEUH &ilh
HRX pacnpeagacHuR (353).

18.9-1. Cnymafiunte nponeccst (584). 18.9.2. OnHcanve cayqafidex MNpOIECcCOR
(584). 18.9-3. Cpemuue NG MHOXECTBY wadnonenufi. KoppenauuoHHpe $yAK-
wuu (585}, 18.9-4. HurerpHpopanue H ,:lHC]JIt)EpEHquGBaHKE eayHalHEX HEK-
wui (686). 18.9-5. TIpouecch, OmpeneneMeic CayuandibiMit napamerpaMu (388).
18.9-6. PainoXesHe N0 OPTOHOPMHpoBAHHOR cucreMe {588).

CraguoRapibie caysafifble Npoueccsl. Koppenaunounse OGyHKUHH H CTUeKT-
PANEHBE TIOTHOCTH o 2 4 oo =+« ¢t o s b2 = o2 o0
18.10-1. CrannoHapHue cayeafinble NponeccH (589). 18.10-2. KoppeasailHOHHBIE
DYEKUKA O MHOMECTRY HabJOAEHRA (589). 18.10-3. CnexkTpanbHaz NAOTHOCTA
nie MpomecTay Habaomgenud (590). 18.10-4. Koppeaauuounste Gy HHURH K CIEKTPH
AeACTBHTENREEX Npalneccos (590). 18.10-5. CrnekTpanbHoe paszoxenue cpejredt
«MOLLHOCTH» AefCTBHTENBHBIX TMPOUECCOB (590). 18.10-6. yrue BHAH CREKT-
panbHOfl MAOTHOCTH NG MHOMKECTBY wadmofgenud (591). 18.10-7, Cpeanue no
BpeMeHH H IproAM9ecKHe Nnpouecch {591). 18.10-8. KoppeaanuonHue $yHK-
LHH ¥ CNEKTPANbALE TADTHOCTH NO BRpeMeHH {592). 18.10-5. DyHruny ¢ NepHO-
LHUeCHUMH Kounorentamu (593). 18.10-10. Q6obmenHHe NpeobpascBanus Pypes
# chneKTpaftsHble GyHKUHA (595).

18.11-1. Tlpoueccsl ¢ MOCTOAHHEIMH W TMEPHOTAYECKHME pasuaauuamu (596).
18.11-2. TIpooecch ¢ QrpadHYeHHBM CNEKTPOM. Teopesa HOT&IBHHKGBA (698),
18.11-3. TayccoBckue ¢Aywalnbie NROUCCEH (599). 18.11-4. Mapxosckue mpo-
necehl W Dpouece Ilyaccoda (399). 18.11-5. Hekoropus caydafidse apoleccbh

550

559

564

666

571

684

539

—

e e

18.12. HefletaHa RAS CAYIRAHRMY NPOUECCAMH

15,1, BBegowHe B CTATHCTHYECKHE METOAM . . .

19.3. TunopWe peCOPEANCHAR BEPOATROCTER . o v « v v v o v v+ o s

19.4, Ouenxe napasmerpos . . .

19.5, BUGODOREE DACTPEAGACHHA . + « v 4 2 v v v m v s v v v s

19.8, ripeagpxa cTaTHCTHUECKMX runQTes

19.8. CratHeTuHA B RIMEpeRdA cayafdore npongcea .

13.9. Tlposepka M OUEHKA B $37a9aX €O CAYNANHLMN TADAMETPAMH . .

OTAABNERHE

nopoxasemsie mnponeccoM [lyaccowa (601), 18.11-6. ‘yah
MOpPOMAREMEE MepHOCURECKOA pudopuol (1602). Cryuaiuue poucccn.

15 12-1. KoppenfuHoHHWE (byHKIHHY H CHEKTPHW cyMM™ (603 - o]
WIEHHA MEXAY BXOAHLIM H DBIXOLHBM curua.ngmu ans Jltagc}ifnxitss('lt?kg%ego?gﬂﬂ-’g
18.12-3. CraunonapHut eaygait (604}, 18.12-4. CooTHOweHK A aAA Koppe.nnurwu:
HbE))E GYHKUKEM H CNeKTPOB Mo apemeds (605), 18.12-5. Heaudefldbie onepauuu
(605}, 18.12-6. Heaunelinme onepauue uan TayccGBoKHMK npoueccans {§06).

THNABAIS
MATEMATHYECKANA CTATHCTHKA

19.1-1, CratherBru (607), 19.1-2, K, AR 1 DABOTHICTRAN O A
B i -2, JACCHYECKAR BCPOATHOCTHAA MOAEAL:
?Ea'lru;mém caydafiHoR embopkH. TTORATHE © FEMePAlLHON COBOKYNHOCTH (;:30?}‘

.1-3. CBs3b DEPORTHOCTHON MOesd ¢ ONMTOM: OUeHKa H npobepxe (H08).

19.2. CraTHcTHYecKoe omucadBe, ONpefenerus u DRITHCASHHE CTAaTHOTEK cayudafunoft

BHECPKH

19.2-1. OrAoCcHTENBHEE aacToTR (609), 19.2-2, Pacn a

o 19.2-2, efenelte sHO . »

nupopalune gakume (509). 19.2-3. BulGopouHsule cpg,‘luﬁe (610). IQDQK-:' gf.ﬁg-

gg:::: il;;::g:u: ;\Huoxea-r;i (611), 19.2-5. Yopomeuuoe snuKCIedHe BubO-
cHepcHA.

e 55 o p IMonpaeka Ha rpynnupobry (612). 19.2-6. Paa-

e e e e s I e S R R R R

19.3-1. Bacmaue 3jaMesawsn (613), 19,3-2, Knacee
. 19.3-2, pacripegeneanit
(618). 19.3-3. Paaw Fpama «— lUapane u 3ambopra (614}?“193?«: vﬁg;‘::&:i

HOPMANbHBE PACOPEfSnerHa W PACH 4 r
ol Bnpcoua oy pacnpepenenee [lapero (614). 19.3-5. Tunw pac

I T I T T A T T Y

i9.4-1. Ceoficrea ouerox (615). 19.4-2, Hekoropue
. 19.4-2, cBOACTBA -
:g::::s(lg”s) Kla;ic?e Moueuou (BOISJ. 19.4-3. Hap;(oxmeﬂn:oue?{gir.“ﬂgmgna;
. 19.4-4, MeTton HauGOMBera o " py-
THE MeTOAR HBAXONWACHHR ouedHox (518). pasaogoanfan;ifih 19:4-6., ey

N T I

19.5-1. Bropuse sameqanka (618), 19.5-2, AcHMmnroT
. i AYECHH RO b po
Bo'mua pacnpegefeHis 56]8}. 19.5-3. BuGOPKH H3 aopumuoﬂﬁgﬁﬁféﬁ.
I;%npenﬁneuuﬂ ¥ {1 oot (619}, 19.5-4. Pacnpeaenerne pasumaxa saxbopru (619).
.5-b. BuiGopouanift MeTen ANA KOKEYROA COBOKYOKOCTH (620).

19.6-1, Cratucivueckre runoresw (630). 19.6-2. Kpurtepun
‘ . . . < HKCHDOB

:uﬁopuor;]. cnpejeneana (630). 19.8-3. ¥Ypomens aEaruugut’c‘ru.‘ti‘]'ll‘;‘::i\?.mmrii}g:ll"vE
e.ma — Tnpcora orbopa KpHTEPRES AAA NPOCTWX FHnotes (630). 19.6-4. Kpu-
TEPHH BHaduMocTH (632). 19.6-5. fosepurtensian obnactk (632). 19.6-6. Kpu-
Tgpéals; c;;{aauenuﬁ HOPMENbHEX cOBOKYNHoCeTelt. JIMCIepcHORHNMA avanuz {634).

.67, KpHTeprf corsacHsa x' (637). 19.6-8, Henapamerpuueckoe cpapneHue
ABRYX COBOKYNHOCTeA: WpHTepHf suakeod (633). 19.5-9. 8606memm (638},

19.7. Hexoropble CTATHCTHRM, BHOOPOYHEE pacnipelefleBdH A KPHTepHH AR MHOTO*

MEDHBIX pacnpeseseHuft . , . BB

19.7-1. Bpoanue aameyauss (638), 19.7-2. CratieTx
= AT KH, MOoayqs

g{;lorouepuux puibopor (638). 19.7-3. Qnesks napanerpoayt’&eg?.ui911;-;)?“1;)::
Bupﬁouuue pacnpefenedks b caydae HOPMANbHON COBOKYNHocrw (640). 19.7-5.
o, OpOYHAA CPeAHRA KBAAPATHUECKAA CONPRXKENHOCTE MPHAHaKop. Kpurepup
"D;:u%i;a:i!t;t‘:!rauxg:)};éé.;lyc:gﬁ;!gx ]r_slenu-znn, OCHOBAHKBIA Ha TalnKue COMmpAMeH-

. 19.7-6. Tlopaaxorad Koppeaaw .
AIGPAMETPHIRCHHT KpHTEDHA HE.SSBIIEHHDCTH (642f.P -Re, Compy,, B

15.8-1. C‘Eennue N0 KOHALHOMY NPAMexyTRy BpeMedd (643), 19.8-2, Vepen-

(léﬁﬁl%l:uue HasTpa (§44). 19.8-3. [Ipruepu (645). 19.8-4. BuGopounule cpeaune

19.9-t, [Moctanoska sagaun (547), 19.9-2, Ouenwa u o womED Seps

. 19.8.2, poBEpRA ¢ MOMO -

lllgv-g Bafleca (648), 19.9.3, Cnywaf gByx COCTORMRHA, npoaepua mﬂogxgo(gmwﬁ}f.
9.4, Ouenkd N seToAy HaHMeKLWUX Kpaaparea (§20),

613

615

615

630

638

643

G647
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20.3,

20.4.

20.5.

(=]
=]
o

20,8,

20.9.

. YUncaeuroe gudpepeAnupoBaHHe B BRTETPHROBAHHE ., .

QrNABAEHHE
FTAABAZ
YHUCNEHHLIE METOAL M KGHEYHBE PAIHOCTH
BBEASHME + v 4 4 s o o o o o 8 1 8 s a n b b b ow s e e e e s A4 e h ek

20.1.1, Beoamme saMevanus (652). 20.1-2. Omuobkn (652},

YUHCHheRKOE PRLIEHRE YPABHEHHER o o v v v o v 4 o 0 s s v s o s s s v 0 0 0 0 5 s
20,2-1, Bropnue zamesauAs (652). 20.2-2. Hrepagnonume MeToan (653), 20.2-3,
Buuncaedde anagennit mporognena {(655). 20.2-4. Unenennoe pemenne anrefpai-
qe¢KRHX ypasdHenufl, HMTepauuounsle meroas (655). 20,2-5. CnenyaabHne METORH
pelleARR anrefpannecinx yYpasuerdaf (656). 20.2-6. CAcreMHn ypapHegHit M
SHETPEMANBRLE $AAAUH (659{. 20.2-7. FpanMedTuHe MeTopm (G60), 20.2-85. Me-
ron HeioTowz W Teopema Kamtoposmua (661).

CHCTeMm nuHeARMX ypabueHnril I ofpamenue MatTpHm., CobcTseAnble 9Hane-
HHA ¥ COUCTREHHBE BEKTOPHW MATPHU .« « + & + « = « .

20.3-1. Metoast nexkawvenns (662). 20.3-2. Wrepanuonupe metoan (663). 20.3.3,
Obpamenne Marpuy (665). 20.3-4. Pemenue cHCTEMH JJHHeAHBX }?anuennn H
ofipalmesse MAaTPHIL MDY nomoul pasfHeHHA Ha KaeTkHd (666), 20.3-5. CobeTReH-
HHE JHadeHHA ® coOCTBEHHEE BexTOpH Matpuw (667).

KoHeuHME PAIHOCTH 1 PAIHOCTHHE YPABKERHMA . + . v 4 v o« w o s v 0 v s &«

20.4-1, Koreuynble pasdocTd H uentpansuue cpexnxne (668), 20.4-2. Oneparop-
HRe ofosHavenus (669). 20.4-3. PasnoctHue }r?annemm (670). 20.4-4, Jlunen-
bl¢ GOHKHOBEHHEE PA3HOCTHBE ypaBHenua (671}, 20.4-5. Jlunedwnle ofulxuo-
BeHHBLIE PAIHOCTHBE YPADHEHHSA C NOCTOAHRBIME koodwbhunentamu (672). 20.4-6.
Metonn npeofpaloBaHER AR JAUHelHHX PA3HOCTHHX YPABHERRA ¢ TNOCTOAH-
BBIMH  Kosdduuxentamn (672). 20.4-7. CHCTeMH OOHHNHODEHHHX DAIHOCTHBIN
YpasHenHA., Marpuenan sannck [674). 20.4-B, ¥YeroRunsocts {675).

HAarepnoaanks GyRAXKOHA . . .« v o . . . .
20.5-1. Booguue samewanua (675), 20.5-2. O6mue gopuyns napafonnvecxoft
HATERMNONAUKYE {(IHA9EHHS APryMEHTA MOTYT OWTh H HEPABROOTCTOAMHMH)
(675), 20.5-3. WurepnoagusonHue opMysal AR DABHOOTCTOAMIRX 3HaucHuit
a&?mema. PomGoauakne guarpaMmus (677). 20.6-4. O6paTHas HHTepNOAAUHR
h ). 20.5-5. MHTepnonauus ¢ ONMTHMANLEMM BHOCPOM y3noB (682). 20.5-8,

HTepOONALHA GYHKOHA HECKOJBKHX nNepeMeAH®X (682), 20.5-7., OOparbme
PAIHOCTE M HHTEPNOAAUMA PALBOHANBHHMH ApobaMu’ (683),

ARNpoKCcHMaUKA GYHKUMA oPTOroHaAbHEMH MHOrOWIGHAMM, OTPeIKaME Dslia
PYppe ¥ ADYIHMH METOASMM , , , . .+ . .

20.5-1. Broariie samedqanun (683). 20.6-2. [IpaSaMeHnA HKUH{l MHoro-
ANEEAME MO MeTORY HAaHMERBINIMX KBagpaToB Ha Hurepeane (§83). 20.6-3. Npu-
OaruwedRA GYEKUMA MEOroSNEHAMH 10 METONY HAHMeNLNMIHMX KBaAPaTOR Ha
DMCHPETHOM MHOMECTRe Tovex (684). 20.6-4. PapHoMepuue npuGanxkenns (686).
20.6-5. DxoNoMHBALKA cTeneHHEX pAgos (686). 20.6-6. Uncaenduf rapMoHuge-
CKHM BAAAHS H TPHIOHOMEeTpHRECKAS HBTEpnonaud s (687), 20.6-7. Pasuue npu-
Ganmenua (693),

I L T T )

20.7-). Yucnennoe paddepennuporasnne (695). 20.7-2, Uxcaennoe HATErpapo-
PAHHE ANA DPEBACOTCTOAIMX armos (696). 20.7-3. Kpagparypusie GopMmynn
Taycca ¥ UYeSwmena (608). 20.7-4. Tloctpoenue ® cpaBHeHHE KBagpaTyPHMX
dopmya (700). 20.7-5. Bulanciesde KpaTHmX uuTerpason (700).

Yucaernoe HHTErpHpOBaHAe OCHIKHOBCHHMX AiddepeRUHATBHMX ypanRerRuf

20.8-1. Beomuwe saMesanus (701). 20.8-2, OgHomwarosue Meroqs pelUeHBA
safgaad Komu. Mertogd Jfaepa o Pyure — Kytra (701). 20.8-3. Mwuorowmaro-
Brg METOAH pelleHH’ sanavu Kowy {703). 20.8-4 VYayamexnne MHOroWaroekia
weroan {704), 20.8-5. CpaBHeHHe DAIAHYHKIX METONAB peweHud. KoHTpoab pe-
AUYKKL Wara B ycTofuusocts (704). 20.5-6. ObuknogendHe AHddepesud anb-
BHE YyDERHEHHA BHCIIHX NOPAAXKOR A CHCTEML AH(GpepennHanbHwX YDPaBHENAR
(706). 20.8-7. Creunanrysie GOpMyas AAA yYpesHentd sToporo nopaaka (707),
20.8-3. Ananua 9ACTOTHEX XapPakTepPHCTHK {708).
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HexoTopsié METOAW SerBeproro NOPAAKA THNA «NPEACKAIANME — KOPPEH-

NPEAHCIOBHE NEPEBOAYMKOB

Kemry T, Kopaa a T, Kopr «CripaBouusK mo MateMaTdke (117 HaydRHIX pabor-
EMKOB H KHKEHEPOB)» OT/HYAET BeChMA WHPOKKA 0XBar MatepRana. B neft ocsemamv:
NOUTH BCe BOMPOCH KaK ofIero Kypea MaTeMaTHKA, TaK H GOIBWHHCTBA cnenaanbnh:{‘
pasienoB, mIyuaeMsiX BO BTY3aX C NMOBBUUEHHOE MPOTPaMMOfl no MATEMATHEE (B;C_H‘
mopupthi B TeH3opHuit aHanH3, KpHBONHHEHiHBE KOOPEHEATH, ypaBHEHHSA MaTeMa
yeckoh PRIUKH, DYHKIAH KOMIIEKCHOTO MepeMeHAOro H ONepailHoHHOE ACIHCAEHHE,
BAPHAUKOKHOE MCIHCASHHE, Anuefinad aarebpa, TeopHs BepoATHOCTER M MaTeMarH-
gecKan CTATHCTHKaA H T. A.). KpoMe Toro, B KHHMY BXJIOYEHH r/3BH, NOCBAIEHHEIO
cospemernoll anre6pe, Teopun unterpanos JleSera m Crunteeca, pHMAROBOH reoMer-
PHH, HETErpantunM YPABHEHAAM, CNGUAANGHEM QYHRKUHAM, & TAKKE NEOMY Dﬁﬂe):
APYrAX BOMPOCOB, N3NeK0 BWXOOAEKX 53 PAMKRA MaTeMaThueckoh OOArOTCBKH GH;_?K“.
HEPOB, HO NOCTENSHHO CTAHOBRUIAXCA Reo0XOAKMMBIN OpYAHeM AAA HAYTHBIX paM R
KGB B HIUMKeHEpos-Heenelosatencdt, patoTaomMux 8 CaMuX pasHHX 06AacTAX. MEOTO
EHHMAHKN YIEAeHO CBH3R PACCMATPHBAGMHX MATEMATHYeCKRX npoGaeM C npm;nan-
Hu\M JAHCHHOAHHAMA (METOZM PAcdera B CHATE32 SASKTPHUYSCKHX Uenedl, MHHEAHHE
A HennHefinwe KoneGamrug H Op.). 3

B toBoM K3fanHy KHACE HONBEPITACH BECHMA CytlecTEenHoR nepepaborTke. Sa-
KOBO HaOKCaAb riaBw il 4 20 B SHATKTEAbRAR wacTs rnas 13 4 18; A 6e3 TOro OOLKP-
UL M3TEpAZA KHEMH MONONERICA HODLIMH PAa3feslaMH: OACKDETHOE npeolpasopanye
Jlannaca (z-npeofpasosasue), KOHEIHRE AHTEFPAABFEE NPEOGP2IOBAAHKT, MaTP“‘l“H:
MeTOAM pelueHHA cucTeM AHPDepeRmua/icHEX  yPABHEHUH, TeOpHA YCTOHAHBOCT
JlrnynoBa, maremarraeckoe NpOrpaMMHpOBAHKE, NMPRBUAN MAKCHMYM3 [osrparuaa,
LIargshie 3a324A YNPABNEHHA B RUBAMHYCCKOe nporpammupoaaaue ~— BOT E~MEKO e
NOAHWH Nepeders TOro, 9T¢ A0GaBNeHo ABTOpaMH, KPoMe TOro, H3 JOROABEHBH B KHUCY
BHAKYEHE CIPAROYHLIE CBEICHHS N0 reOMETPHY H chepuIecxol TPHICHOMETPHH.

KoHeuHo, MOKHO HMETh PAa3IHIALe TOYKH DEHER HA TO, KaKoA MATePHan CHReLYeT
BK/IOYATL B TAKOTO POAa CIPABOYARK; KPOME TOTC, B ORHOA KHArE HEBOIMOKHO HINO-
MHTH BCe pajfenb ¢ OAMHAKOBOA CTenesbio nosnoTH. OARaxo, Kak HaM Kax{e‘rcg,
OTBeTH Ra BOTIPOCH, HE HAWGAIKE OTPANEHAR B KHHCE, ClejyeT HCKaTh yxe AHOO
B wonorpaguax, AHG0 B COLOUATHIKPOBABHWX COPEROTHHX PYKOBOUCTBAX (THUZT
OTISNTBHNX BHIYCKOB CepEY «CHPABOUHAS MaTeMaTHJecKas GAGAHOTexar, BHNYCKA
e?{oﬁ Thaprofi pepaknueil (HIEKO-MaTEMATHUECKOA JaHTepaTYpPH H3aTeNnLCTBa
*Hayxas),

B szre NpEKATa CASlyoman pySpPHKEUNA: rAavs, Naparpad, NYBKT, AAIBANARA
BCeX NyHKTOB YKa3aRH B OrAaBneAHd. CO/OUIRAA HyMepamka GopMyd (i Tabanm)
BelleTcs B Mpelenax OAHCro maparpada; COOTRETCTBEHHO STOMY, eCNH B TeRCTE ‘Wﬁ"c‘
fotnatees ka GOpMYNY 5TOMC Xe Naparpada, TO yKaIBBAETCA TOTbKO €8 HOMEp. 1/pd
TePEKPECTHRA CCRKAX YKAIWBACTCA NOABOCTHIO HOMep CJ1aBy, naparpada B nyHKTa.

KOHDE KHKM NPHBOAMTCH NoApoGHLN NpeAMerTHWA ykazatenk, 4 TEKKE yKasaTenb
BawnAehinnx ofo3HaveHRi; BO BCEX CAYYARX UHTATEAb OTCRIIZETCA K COOTBETCTBYIOWEMY
TyHKTY,

R nponecce nepesofia 6ul oSBapymer pal AedekTos B nerounocTel; KpoMe TOT0,
B HEHOTODMX CAyqaAX R3NOKEHHE de COOTBETCTBOBANO MPHEHATOMY B Haweh oTege-
CTeenaoll AHTeparype. [lepeBonuy KA yqwTalBany CNPaBoIRER XapakTep KHHrH, B ans
YRoGeTBa yuTaTend GoMbIHACTEO HONParnelHit, 3aMeH » IONOAREHAR BHOCHAQCH NPAMO
B rexer. Mpuuagnexatiye 0epeBoAMEKAM JONONHEHNHA B DOJCTPOYHHIE MDHMEHaRHA
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OTMEueHHE 38£3R0TKaMA, [TYHKTE, NOABEPrHEC 3HAIHTENLHOA nepepaloTke, Tarxe
OTMEMEHHLI 3BE3A0TRAMH.

Ham npHwaoch B SHAURTENLHON MeDe 3aMEHWT: UWTHPYEMYK JAHTEPaTYPY:
BO MHOIHX CAY92AX CCHAKH JeNafsch Ha HEHIBeCTHue HALDEMY SHTaTedl0 yieluue
PYKOBOACTBA., TIPHBEACRABR B KOHUE KHWTH CIHCOR AWTEpaTYDH (CCHIKA Ha mero
noMmellenst B KBapaTHie CKOGKY) MeHbille BCErO OpeTefiyeT XoT/ O HA GTROCHTEAL:
AYI0 BOMMOTY; 5 Hero JHUOb BKNOYEHH BanGoaee H3BECTHHE K3AABUA (MPH STOM MU
COMNH BOIMOWKHLM HE YKA3WDBATH OObITHHE BTYSORCKHE KYPCH MATEM3THRKH).

Inayutensuoli nepepalorTxe NOABEPrANCE ACTIOIREHHA B KHKTE, BKAKQTAIOUWNG
pasHoro poma taaWul, Panu ymenbieHus o0beMa KHATB HEKOTOphle WHDOKO pac-
NpOCTPaHeRHHe TAGAHIUE GBUTH HIBATH, 8 OCTA/MbAKE MOMENEHN 8 COOTBRTCTBYIOMHE
pa3nens «CopaBounukas. [Tepeuent BceX BMEIOUIMXCH B KBHre TAGNKE np¥BeleH noche
ornaBaenus Ra crp. 2022,

Mg DPH3HATENLHE BCEM YHTATENAM, OOPATHBIIAM Hale BHYMAHHE A2 TC HAH BHHE
BeJoueTHl KHHCH, B GyleM pajbl LanbECAWHM OTKAHKAM Ha HOBOS H3lahue,

\‘F

H3 NPERHCAOBUSA ABTOPOB
KO BTOPOMY AMEPUKAHCKOMY H3JAHHIO

HoBoe nafarne «CnpagounHka N0 MATEMATRREY CYIIECTRERRO PACIRYERE B DOROT-
PeRO OPATHHARLHEM MaTepHanoM. BRAICHN ROBWE pajfelinl, NOCBAMLeAHNE 2-nLe06-
POSOSARLIO, MAMPULHNM Hemodam petuentin cucmem Ouddepenyuaabhsiy ypassenud,
MEOPLL YCMOGHUSOCITLL, NPEICMASIEHUID BPAEHUT, MAMERANTUHECKOMY RPOEDAMMUPO-
BARUK, M2OPUN ONMUMAALROZO yRPASAeHUR, caydadnsim npoyeccan B 1. 1. Dhama
0 9ACACHHLIX METOIAX M0YTH HeAHKOM HamHcana 3auoro. [JodapneHn MHOTHE NPAMEpL!
H TaGAHUbLL

3Ty KHATY MOWKHO PACCMBTPHBATH, BO-NEPBEIX, KAK JOCTSTOUHO nONAOE colpanHe
MaTeMaTHYECKHX onpelefieHrdl, TeopeM K QOPMYA ANR HaydELX paloTRHKOB, HMMe-
Hepos | cTynenToe. Ex0 MOryT nonssoBaTECA YHTATERH, CTOAIRAR K2 PAIABIX YPOBHAX
MareMarHueckoro passurua, OTCyrcTare JOKA3aTenwCTB H CaTocTh TaGaHuAoro npes-
CTaBNEARN POACTBEHHLIX POPMYA CILAAH BOIMOMHEM DfbeJRHeHe pechMa Goablwor
no ofkeMy CIIPZBOSHOMD MATEPHANAA B DIHOM TOMe.

Kuura, onnakoe, fnpeanassavena Re TONLKO IMA AaselleHHd CMpaBok; B gefi MR
NuIT2ARCh RATh CBAIHGE O0OIPERHE MATEMATAYECKHX METOL0B, IPHMERAGMBIX B PasAuY-
AWX npuaokeHarX. KawnRaw raasa osarnasneHa tax, 9Tofn qHTaTeAbs MOl OWCTpO
CPHEHTUPOBATECA B JaHHOM pasfiefle MaTeMaTHKHd. TaKoe HITOMEeHHe NeNIaeT TeXCT
YIOOHHM 1A ROABICBEHHA GAAr0NapR OTCYTCTBHIO AOKA3ATENLCTE; MEOCOYHCJCHHNE
CCHTKA OTKPHIBAIOT JOCTYN K Gonee JeTaAbROMY H3IYYERWIO MaTePHaNa KHHCH.

Ocofioe PHRMaHHE YISNAETCA BHABAERHIO BIIRMOCEA3N DAGIMUALE Pasfencs
R BXx oonE 8 HEYQAKX H HH}KBHGPHHX APHAGKERWAX, STO JOCTHraeTCs OpH noMOIGH
COOTBETCTBYICMKX BBOAHMX 9aMETaHAA M TNEepPeKpecTAHX CCHJIOK,

ABTopH MMTaNRCE YAOBNETROPHTS 3aNPOCH DasHEX KPYToB autarenedl, pasie/nm
M&TE?HBJ’I KHHIH Ha TPpH CPYIOL:

.- HauBonee pawAue onpenedeHds H GopMynn, CneuBanbHO BhAeNeHHHE LA
Hanfonee OWCTPOTO BX OBOSPCHHA.
'ram[?' OcHoBaON TEKCT, COCTOAWMA U3 OKATOrO A CBASHOTO 0630P2 OCHOBEHIX Pesynt-
. 3. Bonee neranwuoe ofcywmuacHke NONONHHTENbENX BOTDOCOR, BBUIENERHOE M-
HM wpuproM, Flpd TaKOM MOCTPOEHAA BKAIOSEHME HTOMO MATEpHAN3 Be HIPYWaeT
CIPYKTYDPW OCROBHOTO HIRMKEHRKA.
wee Znaau c 1 no 5 Aa0T 0f30p CCAOBHOrG KYPCa KOMACMKE *) MO arzelipe, araruntii-
h C{co SEOMRMPUL W QHAAMSY, TNABA 4 CONEPMUT TAKNKE HIAOKEHHE Unmezpais Jebeza
muameeca W pados u wimeapeace Pypee, a rhasa 5 — gexmoprsil QHAAUS.
o Thasw 6, 7 B 8 NOCBAMENN KPUBDALUNLANLMN KOOPOUHAMOK, DYRKUURK KONNACKE-
0 RepemennD20 H npecbpasosanuan Jansaca., Hobasnen noswfi MaTepA3A DO KON~
HOIM  UHMEZDOANGHOIM NPEOBPAIoREHUAR B 2-NPEOEPA30AANIIG.
nem‘f razsaX 9 n 10 H3narawTeR ofbusosennse QupgepentUalbHpE YPOSHERUA W Ypas-
-%emoac HACMHBME FLDOUSBO0HBIME, BRIIOWAN HEMOdn UAMezpaibieis npectpasosarud,
: XQpaKmepucnuy ¥ meopuie Nomeriuasd; NpolneMil cobCTBEHRRX 3HAUETTHN
PaKTyrTCca B rnase 15.
" Ml‘naaa L1 cymneeTreHne H3MeHKHNACY; B JONONHEBHE K 0SLTHON Me0pul SKCMPEMY Ma

GLLUHPEKO20 SAPUIYUONNO20 UCHUCAEKUA 3IECh L0GABACKNE PASAENH N0 Aurednosy

_--'_‘_‘*—
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) 310 nprMepro cooTHETCTDYET OO -
sa, (om0 pfa.}p y MEMY KPPCY MATEMQTMKA, H3YVAEHOMY B balldx 8TY
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U HEAUHEINORY NPO2PAMMUDOSGHUN, MEopUd uzp, MEOPUL ORMUMALLNOLD JROOGAPHUR,
RPUHGURYG MARCUMYME § OUHAMUYECKOMY RPOZPAMMUDOSAHLI.

B rnase 12 BBOQATCA SAeMEHTH COBPEMEHHOrD aGCTPAKTHOTO A3LKA H OBHCHRACTCA
KOUCTDYKIHA MaTeMaTRIeCkRX Monenel, TAXHX, KaK epynnel, KOA6Ha, NOAR, SER/MOPHOIE
npocmpancmea, OyAcg aA2e6pal 8 MEMPUUZCKLUE RPOCITPAHCIIAA. Hayyerae QyHHUHO-
HaALUWX NPOCTPARCTR, Nponovixennoe B 14-F razpe, no3eonneT PaCIAPRT: DpuMe-
HeHHe MeTOA0B PyHKTHOHANBHOIG ARARN3A X KPaeRy 38129aM H npobyemam cobCTBEH-
Awx sHadennfi B raase 15.

P33fiensl, AMeOMHe feno ¢ Gonee CHENHANLHBIMA TEMAMR, e TpeTeRLYKT Fa nod-
WOTY; WX Ueb 3aKJouaeTcss B TOM, WTOGH 7N03HAKOMATH YHTATENA C CYULHOCTHIO
onpefencHufl W MOGYIKTL €ro K YTeHHIO coBpeMeHHof Cnenuwansnol AUTEpaTypHL.

B rnase 13 paceMoTpeRs sainpuyy; 30ech NoGaBAeHb HOBHE NMYHKTh N0 MampUt.
HOUM MeMOOLM PeUIEHUR CUCMEM OOBKHOBEHHAX AUNeIHbLY Quihepenyuarbby YpasHe-
Hutl m no meopuu yemotuusocmu Janywosa. B rhase 14 paccMorpeni AUREHbE
SEXMOpHAE NPOCMpancmea, auteduse npeobpasosanus (AHed e onepamopet), sadaiit
0 COGCMIBeHNBY BHAUEHUAX W OMHCHBAETCA NPUMENenus Mampuy Oan npedcmastenu’
sMamexamuvecKkux modeaed. JOTONHER MaTepuan No nApedcmasienwso  GpaweRud,
B CBASH C €r0 BAKHKOCTRIO Mnf hHINKM.

Tnasa 15 comepkuT Homenne Pa3leNioB, CBA3AHHLX C APOSAEHO COOCMEEHAHHE
aaverud, BRmouss saBavy Limypma — Jlugeuran, kpaessie sadawu OAR sy KepHOX
U mpexsepusix oGaacmed ¥ Aunedube UNMEPOALHLIE YDOSHENUR.

[nasu 16 1 17 COOTEETCTBEHAD RACAIOTCA MENSOPHOD aneausa B Juddepenyuas.
HOO 2e0Memput A BRINOUAXT ONHCAHHE MAOCKIY U NPOCMPANCIMBEHHIX Aurud, nosepx
HOCmell U KpuBU3HbI RPOCIMpAMCad.

B ¢Br3n ¢ sospacTalomeli ponpio CTATHCTHIECKAX METONOB [/1aB3 18 npexcrasaney
EOBOJBHO IETANBHOS HANOWEHHS meopuu sepoamuocmed W BKAIOTaeT 3aHOBO HaRHCAH-
HOe BBEISHHE B HIZODLID CAYNALNNY NPOHECCOd, KODDeARYUOHHKY hynkyuLE B cnexmpoa,
Thapa 19 xacaercs DakHeRWEX #emodos MameMamuyecxod cmamucmusy W BrA03aeT
noapobiye TAGNALH GOPMYJS, CNUCHBAIOUAX CHeNMANbARE BHOOpOuRWE pacmpeae.
NeRAd.

B rosod rnase 20 paccMOTPENE! KONEUHO-PAIHOCITHINE MEMOdsl i PASHOCMHbE YPGA-
HENUR H HINOMEHH OCHOBHHeE Memodw ducAenscse axatusa. [nasa 21 npeAcTaBiscT
no cywectsy Cofpamke (POPMYN, OBWCHBANTHX CHOACTBA 6MCLIUX mpaHcyerents
Hoix yrsyud.

BTOPB! HAZLIOTCA A BEPAT, YTO T3 KHKI3 JACT THTETERI0 yaoSurfi NOBOI AETAABHO
NO3EAKOMHTLCS ¢ MATEMATHUECKMME METORAMH M TaKWM o6pasoM pacuRpHTh caofi
EPYroacp u B3rsadyTh Ha CEOK CNelHabane 3HAHAA C Gonee oOWER TOUKH 3peHis.

FMTABA I

3NEMEHTAPHASl AJITEBPA, TEOMETPU S
¥ TPMIOHOMETPUSA (MJIOCKASL M COEPUUECKAS)

1.1. BBEJAEHHUE. CHCTEMA JEACTBHTEJbHBIX YHCE

1.1-1. BBOAHBIE 3AMEYAHMSA. 312 rnapa nocesnena aareGpe!) meficsn-
TeAbEWX K KOMIINeKCHHIX 9HCes, T. €. H3YTeHMIO TeX COOTHOMEHHN Mexiy AefcT-
BHTENBHBIMH ¥ KOMIJEKCHRIMH 9YHCIaMH, B KOTOPHE BXOZHT KOHEYHOE YHCJO CAQ-
MEUMHl B yMHOXeHHIl. YpasHenHs, OCHOBAHHEIE Ha TaKHX COOTHOWICHHAK, paccMart-
PHBAKTCH 34eCh AaKe H B TOM CaAyyae, ec/H NPH (aKlMYecKoM BX TOYHOM HYHCIO-
BOM PellleHHH HeJk3s o§ofiTHCh KOHEuHBIM YMCA0M CAOkeHHl H/HWIAK YMHOMKEHRA™)
OnpegeseHusl W COOTHOWEHKSA, HAMOKEHHHE B 9TOH rJage, CAYKAT OCHOBHBIM OpY-
RHOM BO MHOTHX GoNee OGUIMX MATEMaTHUECKHX Mogeaax {cu. Takxke n. 12.1-1).

1.1-2. JeficrenTenbhue yncaa., CNoXeRHe H YMHOMEHHe RefiCTBHTeJBHHIX 4M-
ceN 0GA2al0T CASAYIOWHMH CBOMCTBAMH.

Ecnn a u b — geficTeHTennARe YHCAA (anreGpanyecKHe, panuo-
HalbAbie, UeAue, TOMOKHTeNRERE Ue/ble), TO TAKOBLMH HKe ABAMKATCH
a+b u ab (samrnymocmes),

at+b=b+ta, ab="ba (xoumymamugHocms),
g+ (b+e)=(a+b)+c=a+b+vc,
a (bey=(ab)c=abc
a-l=a (edunuya),
a(b+ec)=ab+ac (Qucmpubymusnocms),
Ha atc=b+¢ caeayeT a=b,
M3 ca==ech, ¢ 0,  caeayeT a=0b (coxpawenue).

}(acwquamusﬂocmb)f H1.I-1)

DeiictButenskoe ancao 0 (nyav) ofaataer cpofcTamy

“Tozo }

A7 Xaxaoro fefdCTBATEALHOrO 9HCAE 4.

- {En_nlﬂcrneunoe) NPOTHRONOAOKHOE [McAD —a R {enuacTeermoe) ofparuoe
a0 a"l=1/z pan AclCTBUTENBHOrO YHCT3 @ ONPefeaRioTCA COOTBETCTBeHHO Tax!

at+(—a)y=a—a=0, agl=] (a7 0} (1.1-3)

ZLerums ra HYfAb HEAbIA.

OMHMO caarebparueckaxs cooflere (1) KA2CC NONDEHTEBHEIX x, 7 -
- gEAwx, HTd HaTypaat
H::" ﬂ'i;\‘:;-': I, 2,... otrapaer ceolicToowm Ynopaaosenaocte {n. 12.62; 1 oSoabwme, qé?i, ",
YERHOCTY (;{aemu A=r-4-x Fi¢ X — HEKOTOPQS HATYRAJNLHOE YRCAC) B MOAHOA ynopalo-
Moo AADE HENYCTGE MEOMECTREO HATYDAALHBEY HHCEN HMEET HEMMedbUUA SNeM2nT),
caedptontt HAMGODQABHME CUCed, COdepomcauee uacae 1 u QAR xaw 020 Wy COOUZ JAEMLRMOY
BOd nd )fi I;u:’xa)sneueu'r A1, codePmum &e Aamypabiee ducaa (MpHUHUHEND WO -
“a_ryg:::cma HATYDANLHUX JUCEN NOrYT CHTh BHBEJERH K3 MATH AgcHOw [leado: L) | ects
RYSmes a:-;oe QHUCAC, 2) AAA KAKROre HaTYRAALHOLG YHCAZ N CYLECTBYET eAMKCTBEHNHOE Cae-
W 5) Myee HHEM HaTYPaabHOe ukcac Sin); 3) S0yl 4) k3 Sin) = Sim) caegyeT n=m
T MECTO NpYHUMD noaHoft Kugyxuud, ([Tpr ero popNYHPOBKe SACMERT, CAEAYIOWMA
‘.l (;l_M. TAKKE GOACTROYAOS ApHMenadne # 1, 12.1.1,
M a) E;puuu <A B/MAE Bs {no aurnkRewH egndfors) 03RARAET, nuTo HMeeT MecTo HAE A,
. B A u B puecte, DTOT Tepudd OpMMEHACTCA B AaibuefAmed 09€EbL 4HACTO.

(1.1:2)
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8a n, oboanagaerck gepes S(n).) ChroMerne B ymMpoXense, NOJYHEARIHECS npanunas (|.1-1),
OOPEREBUOTCHA «PeKYPPEBTHHMH> COOTEOLEHHAMH

n--1=8(n,
n+ S(m{ = S{n 4 m),

fel=n,
A.S(my=nem-n,

Liesmxuy wACAAMR WO3WBAIOTCA 9ACAS BMAS n,—n H 0, TAe A — HATYpANLHOE THEAO,
A PARUOHGALRMMU — qBCNA BUAA PfF, TRE p B ¢ — Oesue yuena W ¢ £ 0

HeRcTBuTebHNE nHEAS MOMHO BRECTH, HCXORA HI MHOMECTRA PEUEOEAABHMX RHCEA,
C MOMOUEK RpegeAbROrg Nponecca (oM., nanpaMep. [4 2]). JencTeHTenbUN: 98c1d, He ARARD-
WHeC pANHOHAALHWMH, HAIWBATCS BPPANHOHAALHBEMME,

JeficTBRTENDAMME AITeOPAESECKEMH YHCAAMH HAIHBAKXTCS AefdCTEHTEAbLHEE KOPHH 8/Te0-
PAANECKHX YPAaBHEHRR ¢ UeAONHCHeHHHMH Kospdumuexramu (0, 1.6-3), & peACTRETEALHLNH
TPAHCUCHACHTHWME YHCJAMH ~- OCTaNbEME AefiCTBHTEAbLHME YHCNA,

Knace pceX PaNHOHAMBHBIX THCEA COAEPIKHT KODHH BCEeX NHHEARMX ypasHeHHA (M, 1.8-1)
€ PAUHOHAALHEIMY KoshdRUHEHTEMA M BKAXIAET B ceOR Boe Uenmc qucad, Knscc scex meher-
BHTEALHWX aAreSPaHUecKHX SHCEJA COAEPXHT JAeACTBHTe/IbHLE KOPHH BCEX AAMCOpPBHIECKHX
ypaBHeRHfl (1 1.6-3) ¢ aareGpanuecKuMH KospdHUHEHTaMH M BRIOYAET B cels Bee PAUIHO-
HaAbLRHE YHCTA,

1.1-3. Oruomenue pavencrsa (cM. Takwke n. 12.1-3). M3 a =6 cheayer b=a
(cummempus oTHOWIEHHA paBencTBa), atc=b-c ¥ ac=be (soobue f(a)=f (b),
ecnn f(a) obosnavaer HEKOTOPYIO ONEPAalUMIo, NPHBOAAILYI0 K eNHHCIBeHHOMY
peayasTaty). U3 a =5 u b=c cieayer a=c (mpanaumusnocms OTEOIICHAR paBed-
ctBa). M3 ab£0 cnenyer a£0 u b£0.

Li-4. OTRowenMe ToxAecTea. BooSme rosops, ypaEHeRHe OTHOCHTENBHO KaKOR-AHGA
BEAHYIHAN X BAM BECKOABMAX BESHYHH Xy, Xy, . .. SYOET YIOBJETBOPATHCR TOABKO HpPH HEKo-
TOPMX CHEUHBNBLHLIX SHAYEHHAX X HAK CIEMHANLHEX MHOXECTBEX JHANCHER K Ky, o oo (CM,
Takxe f, 1.6-2), ECAR XOTAT NOAYEPKHYTH TOT $AKT, 4TO KAKOE-HHGYAb YPABHEHHE YHOBJeTs
BOPAGTCA DPH BOEX BHAYCHHAX X RIH X1y, ... B HIBSCTUHX MPeACTABAANMEX HHTCPEC
TpeReNax, TO BMECTO CEMPOAA == HHQCAZ NOABIYIOTCA CHMBOMOM TOKOECTBA = (Mp K M & p!
(x—1J (x4 1) = x*—[), a npefesns HaMeHeHHA PACCMATPHSAEMEX NePeMERENX HHOTAR YRE-
BLIBAIOT CTpaBa OT ypapHexnus. CuMPon @ = b ynoTpeGAseTeA Takle B CMHCAE; «2 10 onpe-
AeAeHHIO parHO b,

L.1-5. Hepasencrsa {c. Takke nn. 12.6-2 m 12.6-3). JHedemaumenviioe
HUCAO @ moxcem Gums noAoxcumensio (a > 0), ompugamensno (@ << 0) wiu pagro
#gao (@a=0). Cymma ¥ nponsseflenne NOAOKHTEABNHX THCEN MONCHKHTEABEHR,

Hedemsumenvnoe wucto a banwue Oetficmsumersroeo wucra b (a>> b, b<d),
ey a=blx, 208 X— Hexomopoe OQPLCMSUMEALNOE NOACKUMEALROE HUCAO,
Us a>b cnenyer a4c>b+ec, ac>be, echn ¢=0, u ac << be, ecan ¢<<0
(s wacrwocTH, —a<<—b), lla<<1/b, ecmn ab>0 u lfa>1/b, ecan ab < 0.

Maaz=bubzzeconenyer a=c. MaacAub< B cneziye‘r atb<c AL B.

1.1-8. AGcomoTnuie BeanuMsb (cM. Takxke nn. 1.3-2 u 14.2-5). AGeomorsas
BENHYHAR |a| AeRCTBHTEALHOro 9RCAZ @ N0 ONPEeNSNeHHK) eCTh YHCAD, DP3BHOS 4,
ecay @ =0, B paBHoe —g, ecay a-<<0, OrmeTnm:

a ‘_:-..0; ua |a|=0 cneayer a=0,
lal~|bli<lat+bl=<|aj+|b], (1.1-4)
jal—l&l|=la—b|=|a|+]|b]

labi=lal [5], [g[=F1 620 (1.1-5)

Ha |al<<A B |b|=<B creayer |at-b|<<A-+B r |ab| < AB. (1.1-6)

1.2. CTENEHH, KOPHH, JIOTAPH®Mb] H ®AKTOPHAJILI.
OBO3HAYEHHS CYMM H [POH3BEAEHHA

1.2-1. Crentax M wopHH. B w1ydae, KOrZa mokasaTenb CTENERH i €CTh HATY-
paipHoe THLID, N-A CTENCHD NIPOH3BOALHOrG ALfCTBHTEALHOTO YHCAZ & (OCHOBAKNW
CTeNEHN) eCTh DpousBexeHne n MyoXutenel, pasiux o. Tlpy a0 no onpepene-
Bi a®=1. B g0 B n— Awdoe BatypafinbHoe dHCAO, TO apudmerdyeckui
Eopedb n-fi CTehenM H3 G eCTh EIMHCTBEHHOE NOAOMMHTENLHOE PelleHde ypasHedud

1.2-3, 12, CTENEHH. KOPHH, JOTAFMOME H OAKTOPH AL 29

x"=a oH ofomanaerca cmmotoM 4" =y a. Mpr a=0, 07 =YT =0.
Ecnn Xe <0, To KopeRb A-il CTENeHN U3 G ONPENEAACTCH JKIlis OpH HETCTHOM A1,

i I
Hmenno, a'/® ==y g ectv B sTOM CAYYAE CAHHCTBERROE NEACTBHTENLHOE (HA CaMOM
Aele OTpHOATeABHOE) PemEHHe ypapueHus xP=—a. [lycts renepy azx0. Ecau
P=n/m, TRe A W M — HETYPAALHHE YHCIA, TO NO OMPEASACHKIO

0P = @™V = (gm)lim w a"P=1/aP (a0).
Tpr NioSuXx RaTYpansHELIX 7 ¥ m

i Ll VO e
Va=ysyE, Y 5= % (6 5£0).

CTel'IEHH ¢ HPDSUHOHﬂﬂBHHMH NOKAJATEAAMA HO!‘YT 6HTb BBENSHH ¢ DOMOUIbLIO
HEKOTOPOTO Tpezenskoro npomecca (cM. Taxxe m. 21.2-12), CootHomerns
oF -af=aft, (P =af? (3= 0), (1.2:2)

BepHwe and DamHOHANDbHAMX noxaaa‘reneﬁ, oCTamTCA CNpaBeNREBHIMB W ANA AHO06 X
REACTBRTEALHNX g 4 q. Hadee, ans MoGHX SefCTBHTENbHEX PRGg(a>=>04 b0}

a’ =:t[— ﬁ = g9,
a?

af
33.
3auenan ¥a
Re. ya (ksanparanlfi Ropedk m3 wncna g ==0) ofuuro obo3Ea-
qaetea cumso/ioM [ a . O crenenax KoMnaeKcRuX YACe U KOPARAX H2 RUX om. 8. 1.3-3,

L2-2, $OpMyAH AAR YRRSTOMEHMA HPPANHOHAALROCTH B IHAMCHATENE APOGN.

(1.2-1y

(ab)P =aPb?, (%)" . {1.2-3)

@ a = a a n
GRS 7 s o

- = a -_— 5 a
V== 0F FV7), s

g iy a x T — X 1 x
1"/*7:'_-;"/5' _o:c(]/b ...,/bc-l-.l/'a (1.2-6)
1.2-3. Norapwpmnt, Jlorapngm x=log,a awcaa a>> 0 BpH ocHoRAHNN ¢ > 0
{c3£ 1) moxrO OUPENeHTh KaK pelleHHe ypasHeHH:

o =q. (1.2-7)

Brads. 7.2-1 m B 1. 21.2.10 MPHBEAeHH RexaTopaie fosee ofune CBeAEHHS
0 forapuduex. log, @ MOMeT GuTb TPaHCUEHAEATAM YucaoM (n. 1.1-2}, OrMernm:

log &8

i Y&—a G—yg, 028

¢ =a, log.c=1, log . e?=p, log, 1==0,
log, (ab} =log, a+log, & (ocnosnoe ceoidcmao Avzapudmos),

log, (%]:: log.a—log, b, (1.2-8)

log, a? =plog, a, log, (VE)=,’L]°&--‘I: J
leg, a H

log. a=log,a- log¢,c=?:c,. log,. ¢ =Tog o (%xera ocwosanun), (1.2-9)
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Ocobuiii unTepec nhpeactTapanior Gecrmuunsie norapudmsl ¢ ochosanueM 10 B
HOMYPaAbHKe (Henepostd) NOrapHpMbl ¢ OCHOBaHHEM

e== lim (1 +‘H)"=2,71323132&.. (1.2-10)

=00

¢~—TpaEcUeHfenTHOe ancno. Jlorapagm log,a obo3uavaerest camsoncy loa,
8 Jog o o —cumponoy Ig a. OTmeTHM:

Ina= %52 —in10.1ga=(2,30259...) g a,
';“ (1.2-11)
lga= 1" =lge-Ina=(0,43429...) Ina.

1.2-4, dakropHans. PakTopuan n! NPOA3BOABHOCO UENOro 4ducia =0 onpe-
renfercd GoOpMynaMu:

Ol=1, nl=T]k=1.2:3..(a=1Dn {n>>0), (1.2-12)
k=

B n. 21.4-2 nprpefienn nprGasmennue GOPMYAH AN BUIHCASHHA DARTODPHA-
0B al OpH Godbumix n.

1.2-b. OGosna4eHHs cymMm H nponssepcndt, dan mobux 1syX neaux 9ucen (No-
VIOMHTENBHBIX, OTPUUATENBHLEIX HJAB DaBHEX HYAW) 1 H MmZ=n

> ay=a,ta,y teta, _ Hom (m—nt1 craraempx),  (1.2:13)

Fe=n
m
Haksanaﬂ_}_r..am_iam (m—n-+1 MAoxKTEACH). (1.2-14)
ke 1
OrmeTum:
m m’ m’ m m m* m' m
Z 2 Q™= E 2 Tppr H H a;,= H I-[a”‘. (1.2-15)
l=np=n' b=n"1=n t=njg=2n" b=n'ie=n

Beckoreunsie pagsl oM, B ra. 4.
1.2-8. Apudmeraveckas nporpeccud. Ecan a,—nepeui anen, 8 d—NOCTOAH-

HaA PASHOCTE MEXKAY CREAYIOINHM H NDeAMAYUIHM 9JfeHaMH, Ha3uBaeMad paIHoombo

Apgaepeccuu, TO
aj=ao+id (.f=0| ]r 2)*")1

n T

1 (20,4 ndy =221 (3, +a,). (1.2-16)

n
.= 3 g;=
=t

1.2-7. TeomeTpuueckas nporpeccrs. Ecnn a,— nepufi anek, a r %= [ —nocToAH-
Hoe OTHQWIEHKE CReAYOWMero WAeRa K NPelnAYIUEMY, HA3LIBAEMOR SHAMERAMEALH
npozpeccui, 1o
ar=aer/ (=0, 1, 2,...),

i 4 — it o —a_r

17=F 0 n
= E a;== Z agris=ga, = =y {L.2-17)

=0 i=#

1.9-1. 1.3 KOMNAERCHBIE YHCIA 81

0 Seckoneuroi reamerpuneckod hporpeccun ou. i, 4.10-2
1.2-8, Hexorophie 4HCI0BBE cymmut (CM. TaKie [4.6])

n n
> e=ttE 3 @h— D)=,
k‘—"l kl:l

] n
Z k’*—-"(" + []ﬁ(?ﬂ-i- l!' E (212"-1)"—‘- n(l,'l’a— n .

k=1 k=]

n n
2 pr - "’(nj- 14 2 (2% — 1) == n3(2n%—1)
b=y b=

Il
(o6myo dopuyay pan cymu 31 pN oy g 1, 4.8.5, d).
k=1

n

E: e L A
. B+ T nd+1 a1’
-

n
¥ I ] i
kz. ER+FODRTD 2 [—1 2T hF it 2)]'

BecropeuBue pPRAN CM. & 4.8.

1.3. KOMIIJIEKCHBIE YHCJIA

1.3-1, Bpoanwe samevamms {cM. Takxe M. 7.1-1). Komnaexchne amrcaa (REO-
na Ha3nRaeMble MHUMMMU YHCAAMK) HE ABASKIOTCA 9HCAIAMAE B SJEMeHTaDHOM
CMBICAie CloBa, NpPHMEHACMBIMK BpY noacmeTax W HIMepenusaX. OnE cocTaBAfwT
NOBWH Knace MaTeMaTHYECKAX OGLEKTOB, ONpedenAeMblii ONHCEHABMA HHMKe CBOM.
CTBaMH (cM. Taxxe m. 12.1-1).

BeHHKamomy KOMOAEKCHOMY YHCJIY & MOMAGQ NGCTABHTL B COOTBETCTEAE eAMHCT-
A YO napy (m, b) ReHiCTBHTENLAWX YHcen a B b 0 o6paTHO. Cynma B npowspese-
ot ABYX KOMIIEKCHHX 9HCEA ¢ ~=(ay, &) u Cy v~ (dy, by} OGPEARAMIOTCR COOT-

CTBEHAOG CACAYOWAM 0OPAIOM: ¢ g+ (@y +aq, by+b) U ooy — (o123 —
n‘;‘?zbs.aﬁh +ayh;). HedcTeuTenshvie qucaa a CONEpPXATCA B KAACCE KOMNAEKCHBX
lu(a lB Kadecree nap (3,0). MwwWmas eanAnua {, COpRACNACMAn YCAOBHEM
1) yRoBaetsOpRET coOTHOWENHIO

J — (L31)

:(i}?ﬁb KOMNNeRCHOE 9ACAQ ¢+ (ab,) MOMeT OHTh 38MACAHOG B BARS CYMMBI
ehtrg REACTBHTENLAOCG HCAD a-—-&a,()) H YHCTO MAMMOrG uHcaa th — (0,6).
Texmnoh TCILHNE wieAa a==Re ¢ H b= Im¢ cooTBETCTBERNO HAINBAITCA RefcTEN-

HALTbI0 W MHHMOR 4ACTMIO ROMMJAEKCHOrG 4ACAZ ¢, [[Ba KOMNAEGRCHWX

;Li:ga C=a4 ib nc=a—ib, AMCIOILHE OAKHAKOBHE AEHCTBRTRNLALE H OpOTREBO-
KHHE MRHMIe §aCTW, HA3MBAOTCR CONDAKERABIMHE KOMMZKCHWMA TRCAEMH.
= mﬁﬂgﬂxommucmx YR ¢ =ay + by U ¢y == a3 4 {ba PEBHM B TOM H TOABKG
Aoy YHae, €CAH COOTRETCTBCHHO DABHW AX AeHCTBHTENBALIE M MEHMBME HacTh,
* A=y, Muub eCau ay =4y u by = by, U3 c==a+1b=0cneayer g =156=20.
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CloXeHWe W YMHAOKSHME KOMNACKCHBX HWCe] yAOBNeTROPRIOT (pasniam 0.
1.1-2 m 1.2-1, npuuewm

“"f::f-_!l‘;‘z:::: e!:’:*l;—-t. o (a0, 1, 2ei poas2
6 & gg=(a & a) i (b £ by),
c:Cr-*{alqa-—btbg) 41 {ahy - aoby),
%l'__:: :fg: =mnt b‘b!c:;:;g‘b‘ =L (cg 5= 0), (1.3-3)
GFa=a+0 GG=0a (Ede) =tlaia=0), ©¢=¢
“‘“RECﬁttE. b=imc=°;‘;.

Knasee peex KOMPABKCHHEYX MHOSN CONCDMMT KODPHR BCEX aArefpaRq:zcKAx ypapFeunf
¢ HOMRAASHCRWWY HoadupHuMedTaMB W BEKmouaer g ce6d NeRCTRUTRARHLE YHCTA

1.3-2. M306paxenne KOMOASKCHBIX YHCEA TOYKEMH WM PAJMYCIMR-BEKTODAMM.
Tprronomerprueckan hopMA KOMIJIEKCHOTO HACAA (CM. Takxke 0. 7.2-2). Komnaeke-
AOE 9HCAQ Z==x- [y YAOORD H3oGpaKaTh TOUKOA (2)={x, ¥) UNE COOTBETCTBYIOWIKM
pagaycoM-sexTopod {nn. 2.1-2 4 3.1-5) Ha xomnjekcwofi njaockocrm (pue. 1.3-1).
Ocr Ox u Oy (b NPAMOYrOALHOR HeKANTOBOW cHCTEME XOOPAHHAT) Ra3NBaioIcd
COOTBETCYREHHO mefcTanTeinnofl M MuuMOd Ochio. AScuuccs B opawhaTa Kawnof
TOykH (Z) B3I06PANKAIOT COOTBETCTREHHO pelCcTBWTEeNIb-
HYW 4dCTh X W MHHMYIO 4aCTh y axcan 2. CooTBETCR

- | BYOWKE OOAAPHLEe KOOPANEATH {n. 2.1.8)

= i .

g { r=lzl=V B4l 2=l

3 praqgrigg-y | . (1.3-4)
'gl Mméﬁgc;um s x ¢'=Arg2, tg ¢= - (x==0)

Pra.  1.3-1. HsoGpaxennma HA3LBAIOTCH MOXYJEM B APrYMEKTOM KOMNACKCHOrO

KOMMJeKCHME dHCeqd TOTKAMA dneng z. OTMETHM:

HAH PAaguMyCAMHR-BAKTOPAaMH,

Oern Ox n Oy nasuHBalTes

CDOTRETCTBRHHO AelicTBATENL
Hofl # MHAMOd OCBK.

x=rcoap, y=rsing,

e=x~Hly=r{cos o1 8in gL

Modyau KOMNAEKCHBIX WlUCEA YOOBAEMACPANNM COOMHO-
wenurx (1 1-4y—(1.1-6), Ecnu z— neficTenTensioe a4eno, TO eco Monyae | z| pa-
Bed erg aGeonoTHOA Benwunue (. 1.1-6).

# ADryMeHT KOMMAEKCHOTO WHCNA Z ONPENEeNfeTes C TOUHOCTHIO N0 CAEraemMoro
2kn, rhe k—moGoe uenoe quchno.

B kayccTBe eadgHO20 SNOuenus Argz OObUHO BWOHPAT 3Hagewme, onpene-
NEeHHOEe HePABeHCTBAMH =7 < Arg 2 =< 1t. [naenoe sHavende aprymeura z obo3wa-
%a10T nepe3 arg z, [lpd MPHRATOM YCAOBHH arg z=s —argz.

LA fofulX ABYX MHOKECTS (ACHICTBHTEALHHX HAK} KOMDBAEKCHWX HACEN Gy
Tgi woey @ 8 Bys By oo By

n

ZI @By

} {1.3-5

2 n n
< Y 1o X |6 ® (nepasencmao Kout — Byraxoeckozo)

==l i=f

(cM. Take nn. 14.2-6 7 14.2-6, a).

1.3-3. Openpcrasnenne cymmu, npoulseaenns o dactrore. Crenéuw & gopud.
CyMMe KOMONEKCRHX QuceR COOTBETCIBYeT CYMMA COOTBETCTBYIOWMHXA DafHyCoB-
BEKTOPOB {CM. T8KWe . 0. 3.1-56 8 5.2-2), Ccnp pgaHm 2 = r; (cos ¢ 4 ¢ sin g

{1.3-6)

8 wacrrocTh,

1.4.1. Buaov Hesorona w
HolE d/4H KOMAJEKCHHE Yueaa

L4 PAISTHUHBLIE SOPMY IR

w Zg=r{Cos @y 41 sin q,), 10

2123 m=ryrg [€08 {py @) 31 sin {p; + )],

£
fz

E;.,:’_l [cos (Pr— @) 4~ ln (@ —qx)

33

(a0
2= 7" (cos @+ sin @) =" (cos np 4 { sin ng)

(.30

(n—uenoe 98210) (doprysa Myaspa).

V2 e, =1L

V= coai-’:—“-

%
=+ fsin —,

n 2% .
.IK —1 =¢coa %4—\'511‘[ w,

(n=1 2, .0 &£=0,1, ... n—I}.
Vie=zl VZl=zy

t
_ n _2n V3
VTe{ cosf i <=0,
= M ——1¥3,
o8 F —1sin J e 502

[—l.
y=i=| e §hian j= Lo,
L Y
COGa l&in?= 3

1.4. PASJTHYHBIE $0PMYIb]

, To
(ax b)8mmaf + 2ab b3,
{g t b =a® & 3a%b 4 3ab3

1

Gror= Y el (n=t, 2,0,

F=u
e
f oo 1y Al
Cos= (f = [RERST

2 Cripasomesk o MeTeMaTuie

+ 8,

(0 £ bY =g & 4a% 4 Ga¥b® + 4ab? e bt,

(=0, 1,2 .ca=0, 1,2 .. j

CayaaR, ROTHA MOKA3ATEJR CTEMREH KOMAAGKCHE, ¢M. 8 1. 21.2.9.

Ecld 7—HaTYDENbHOS HHCAO H ¢-—= KOMOMEKCHOR nOMeNG, TO VE (KopeHy
n-f CTENEHA H3 ¢) €CTo PetJeHHE YPasHeRKr 27

=¢. [pd ¢ 0 cyuweersyer poano n
pazfiHuHalX Koprefl n-4 creneus ¥3 o. Ouu on yer e

penenawres Gopuyaamy
n n
[0 o= ”-ICE(cos@"‘fk“-;-tsinw"f“),
a
rre y le|l —apadmeruvecknf o

p=arg¢ B k=0, |
OTMETHM, 9TO

Pelb H3 NOJOKMHTEALHOrO wwcAa |¢f (o, 1.2-1y,

(1.3-8)

(1.3-9;

: (1.3-10

pexcTaenHbie popyan. Ecaa a, b 8 ¢ — nefierarrens-

: (1.4-1)
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(Eurnom Howmana pha uenoancheHBNZ noKaszatedeR n; cm. 1axme n. 2] 2-12.)
BrsoMuarsine KospdupHenTH C_‘L noipodne peccMaTpeBawtea B 0. 21.5-]

(a4 b+ )= a¥ 62 4 2 4 2ab - 2ac - 200 {1.4-2)

=P ={af-b{a—b
a?+at.=((a::-z;){(a-—i)(;). } 143
Eean n— aofioé RATYpPaABRCE 9UCAQ, 10
at = plem(g—=b) (@™ 1} o™ 2 4. Fabm 24 p), (1.4-4)
Ecny ne=uemboe DONQOKMTERLRDE QBCAD, TO
@ =P em{a 4+ b) (aPTL =" 4, a0, {1.4-5)
Fcan n~—newemnoé NONOKHTENLAOE YBCAO, TO
& b e={a4b) (8" L —a" M e @ADL BT,
OTaeTu M TaRMKE:
o - 8358 L b o= (@ |- 0b - 6°) (0% —ab + b%), (1.4-6)
1.4-2, Mponopuwk. M3 a: beeci1d wau atb==c/d caspyer:
Dat s —ZEt 22 (npouseodnsie nponopuu). (1.47)
B gacruocrn, e o L]
FooE s s {1.4-8)

1,4-3. MuorouneAn. CHmMeTpHUeCKRE QyuKumu,
{a) Muorounen (Uenan PaunoHambuas QYHKUMR) OTHOCHTENLHS Xi, Xy, 1., £,
&k £

€CTL CYMMA KOUEUHOTO GACAA ANeHOB BALA dX,'xyd..x.%, rle xaknoe k, ecte
HeOTPHUATEbAGE HeNoe YHCA0. HanGonpwee SHagenine cyMmmal itk kg,
BCTPeUdollieecA B KaKOM-MHOO H3 9AeHOB, HA3ZHWBALTCH CTeNEHBY MHOTOWJALHA,
MROrousen Ha3nlBACTCA UAHOPOAHWM, ECAH BCE €rO YNLHH WMEIOT ONHY H TY Ke
crenen (oM. 12ixe n. 4.5-5).

by MHCrOWAEH OTBOCATENLAG Fpr Xy ovoy £y HOILIRACTCA CHMMETPHRECHNM, 2Cn% AR oobos
TO MHOXKeCTAS 3BA9eHUR Ky g or, £, JRATCHUES ITOLO MHOTOWICKA HE WIMEHAESTCA ODH Kaxof
YTOLHQ NEPECTANOBKE X, X, ..., X, {370 ODPERENCHHE DACHPOCTPAHACTCR H WA molue by uk-
nHRY OT X,, X, .y ;J. SNEMEHTAPUBIMI CHMMOTPHASCEBMY HYHKEMAM OT LT S x,
BESHLAKTCA MUOCOAACHL sl, s,, 55, onpelenfeMue CACAYRIMHN OSPA3OM:

Si=x bt Hx,, SiSaatbxag ..,
} 149

LIR=ETE LTS JE 5 A S -SnEnX; Ry

ai
roe sk—ec'na LYMMa BOEX Cﬁ =(n—m|— 0poBiBeACANA, waMA0e A1 KOTOpHA OOAEpMET A
coMBOMHTERED X; O HeCOBDAASNUMME HUACKCaWR, Kamdwmll cuMsempuveckyld  Rngzo4.4e8
GIMMOCUME ABRO Xy, X3, .., , &, #owem Owime cQuncmeennsn oBpazon sanucay xax MHOZO%MR
ETNOCRMNE ALHO 51, Sr ver s gn; KOFPOHUHEATH STOrQ BOEOCG MHOrDWIEEA NEIATCE LO9e-

LpOMSECHEANE CYMNAMS OENOSHCAEHANN KPATHNX SAAEHAMI NOXPYBuHERTOS,
Koo dut] CUMMEMPUMCKILT HHOZOVAEN  DMNOCHITE ADNG Xy, X3y o o Xy MOMLM maxt

Cotine SPGMCH AOK WKOZDVAH DITIHDCHITIE ADHO KONEMHOZD MUCAO CUMMEMPUMICKUX Pyrnxqud

A it n
=0 0= 3oy 6= Yo, = 3 'r?‘ ‘-8
=1 faml J

= d==d

1.5.3, L5 OOPEAENUTENY 35

Cinserpryecxne dyakaus @ a (10} canzanm boepryrzuu Hewmona

S T oSy — e F VRS, U*RS, =0 (ra),
S L T (53 ) } ot
(cu. Tarke o, 1.6-4), 3ametuw, wro » cooryomenna (1) a ssmow suze ve Bxogur
1.5. ONPEJENUTENH
[.5-1. Qupepenenne. Onpepeanrens (aeTepmusant)
3T} au e dyp
D=det {g;]=|%1 @2 0 ay, {1.5-1)

Qa1 g ees [T

EBAIPATHOR TaONHUH (Matpamm, 5. 13.0 1}
- da2-l) ¢ m? (relicrseTensh
HHMU) 9HCNamK {soementamy) ’a- 1V ayy anneKC:
ih BCTE CYyMMa nl uiedos (— i
. ; (— 1Y ayp Bapyee Gy,
i nepagoq
nosaunwn)lén:n:éz;f&; f&' M?(%Jgeqc?rg:m; rz AR nepecr“g“apmf {SS:::
P PN v &y e HESTD 7 oects NopajoK ¢npe-

®8KT||‘|ECKDC BRYBECACHHE onpeje HTENR" 00 eérp aH AL OIS
peaen JIEMeHTa W ynponiaere ¢ Nomomsin

n n
1D0= 1 H2,
= LT (nepasencmes Adax
,I I( E:l} , apa). {1.5-2)

1.5-2. Muvopst w anres
. ARYECKHE AONOANEHRR, Pa
- v MOREHHe
nu::g?l;e nl-l:']: nno0 ;;:.:guyh)ﬂononwmmwm Mugop Dy sneuem: r:lpen.e.nnrem
€CTh  OOposeantens (n—1)-
s 7 ro nmops -
Wuiick A9 onpenennTens {1), ecas H3 mero BWYEDRHYTS }f-fO crpgxﬁxﬁ'k-;om‘:

Geu. AsnreSpansecko
; ¢ AonanHenHe A, 9408
N el 'y mm”‘ MEHTA a5 eCTb KoapPHOACHT opy a,,

A= (— 1)t D)y = 90
. ik &alk' (153}
NPerenuTens D MOXKHO ctenyiomuy o6pasom B

BOMLHOE ero CTPOKH HAH cTOAGUA M MX Mreﬁpanupam“ hpamall

¢CKHE ACnCaHEHHsA:

n el
Da:det [a,k]= ayAy=
‘é‘l Ay kélﬂm/@k (1.5-4)

(U=12,...,n (pastoxenue no CMOAS
) s Hy wAu 1o om
OTMeTyy TaKHXe, 970 ’ P

n n
apds = =
§1 irdir k§l apdg=0 (/0. (1.5.5)
i.8-3. Moumspet, Onpeseanrens 9TOPArG W TPeTEErc mopanRy
Tey Bys
&1 ag ’ = Oy — 0448y, {1.5-6)

Y 4y, oay,
% 9, g,

== 8nlnly — 81848y F G @aaay; T Geidaa - Oy a0, 3y, —

%y gy a,
o, =
:_t_‘;r (aa” (ﬂuﬂss—ﬂzaau] —dy (allﬂa:—alsa’sll+ﬂsl (Gratys —ay5a 1=
ol A . EH
W 002053 = 823891}~ 013 (@05 ~ G3aa0) 2y, 28 —agan) w1, 0 (1 -7y

24
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1.5-4. fonoauuTeaptHte MURGpN. Pasnomenne Aansaca. UnpeaefATeRs m-ro nopagks M,
NOAYUSIOWHRACA K3 ONPEAeMTENs A-TO NopAaka L {m =), ecad K3 HEPO BHYEPKHYTh Kakue-
MO0 N—m CTPOK B KaKHe-JIHG0 n—m CTONGUOoD, HA3KBASYCH MHHOPOM AT-TO MOPRAKA Uupés
zenurens D, Miwop m-ro nopaaxa M u mEuop (n—m)-ro nopaska M’ ompefenutesn D,
ROAyu2IOWANCA, eCad 19 D BRYEPKHYTH CTPOHM ¥ CToabuul, COXpaHsBuiMecd B M, nasweaiorcs
AONGAHMTECABHMMN MHHOPAMM: B 9aCTHOM CAywae m==na, M =] Aarebpanvecioe ponoasenre

I N o A A R
M wuwnops M O no onpefenermo paeno(—1) 12 m § IR mM rpa
'11-’2' . "‘m -~ RoMepa CTpOK, 8§ kl,k e ,km — HOMepa CrToabues, BxozAmux 8 M. flpeme
sadanet apbse m empox (nau cmugua&) onpedesumean . Tozda 0 pasen cpMmius Apouases
Dewut MM sreaoamoncrbex MUROPOS M-20 NopadRa M, pacnoAoHerniix 5 sellux CRIgOXUX (LR
cmoabyar), ka X 0a26paunsecnng Jonganexur M (passonenue JTGAAGEQ A0 HICKOSKUM
CMPORAM LA CROABUGR),

Onpeneauters p-ro 10pnaxks D umeeT CT radsnux MUHOPOB Mi-TO NOPRAKA,
RRAFOHANLUME SJEMEHTH KOTOPHIX SBASIOTCA H AWATOHAALHLIMH ®AemedTams D,
1.6-5. Pazauypne TeOpeMu.
(38) Beawnuna D onpedeaumesr (1) we mensemer npu ool us caedyouylx
onepaiuil;
1) sasene cmpox cnoaliasts u cmoilude cmMpoxauu (HepeMere Mec-
mamy undexcos i u k o pasercmse (1));
2) uemHOM ducag nepesmer mecmamu Awobbx Geyx cmpoK uaAu AwGLLE
dsyx cmoabyos;
3) npubasaeruu K sremenmam mpod cmpoku (uau emoaiya) coomee-
cmayoLgix  dremMenmos Kaxod-audo dpyeod cmpoxu (LA COOMBEMCINGENKO
CMOAOLT), YMHOMERNOE HA OONG U MO Ke RUCAD G,

Mpamep:
Ay iy s gy dyy fgi  «ae gy a,1+cmm T TR P
@1 sy o Ogn =)y O s Oy |=|85F- @8y @y 0 Gy | (1.5-8)
L R I B TR BN I ) & & = y p W & 8 * 5 LI ] - 4 " & 4 & By TR
Qny Gng <o dpn 8in Ogg eor Opp Ga1+Qany Gpg o0 Ay

(b} Heuemnos wucac nepemen Mecmamu mofbix dsyx cmpox wAu xoGux Oayx
CMOADHOS PASHOCUAGHD YMHONCEHLUI ORpEdeaumiesR Ha — L,
{c} ¥unoxcenne scex saemernmos Karod-aubo cMPOKH wAl cMOAOHA HO MHONCU=
PIEAL O POSKOCUABHO [MHOMEHUK ONPedeAlmers HQ O
(dy Ecau stemenmpi j-0 empoxu (uau cmoabya) onpedesumedn n-20 nopadka D
m

m m
npedcmasaents 8 aude cyMM ¥, €10 3, Crarves, Y ¢ mo onpedesumens D pa
ro=}

r==1 r=1

m
een cymme Y, D, onpedeaumered n-eo nopadxa. Boe shemenmsi Kawdozo us onpes
r==l
derumesed D, xpose saesmenmos -0 cmpoxu (emoasyal, cognadant ¢ coomaent-
cmigyouiu My saeMermasu onpedenumers D, a & j-& cmponxe onpedeaumeas D, cmorm
BACHERITUN Cpy, Cray vy Crpe

Mpamerp.
Gy tby Byt e Bptbn
a4 Oge G3n =
# ® " F 4 & 2 & W F P oo BN
Gny 1P e fpn
My O v b" bu o Bin

=00 25 .- Bn |ti0n By ... 8y | (1.59)

..... L E N

Oui Qg «ex UOpp Oxt Ogp ses Onp

7 aareSpawveckum y

1.0-3. 16 AJITEEPAHUECKWE YPABHEHHA: OBILHE TEGPEML 87

(¢) Onpedesumers pasen nyvo, eciu
1) 6ce saemenmst xaxod-aubo eso CIMPOKU UAU cMOAB
2) coomsememeyiongue  sagmenmnl  Kokux-aubo dayx
CMOAGHO8 PUSHBL UAU JHE RPONOPLLOHAILHEL
1.5-8. Yn!uoxsefme onApeAeaHTeAcH (cM. Takwe n. 13.2-
onpepeHTeneH £-ro nopaaka det [a;] v det [5;,] pasua

it it
del {ﬂ;kl det [b,-k]=det [E a,—,;b/k =det E O/gbkf =
=1 i=|

Wi pasust Hyamw,
E20 cmpoK an

2). Mpoussenenue mByx

7 n

=del ,Zla,-,b‘,, =det| Mauby |- (1.5-10)
J= f=1

1.5-7. Hameneune nopRAka onpegeAnTenelt, [lauauft onpefenutens m

O0pAIOM 3BIHCATE B BHAC OMpERe/iiTeNR Gonee BMCOKOFG nopagKa: QHUO CREAYIOUHE

a a .
1 %y v 9y, b VR TR
a a, »
B o %an Go1 Tag orr Gy, G
----- L = -
SR e b w e e a .. ¥ ([.5-”)

[
n1 s Tan Tat Gpp e Gpn G

o 0 Ve [ |

Fae ypoenma Dl npow3konbuK, Stor npeuect MOXKHO NOBTODATE CKOMBKO YTGARO paz
lopanox Raguora ONPEASTUTEAR EWOTAZ MOKEO DOUHANTE ¢ OOMOlWBX CDQTHD[;IQHKR

a a
st g vee B Qg Gy L. 0,
'l :”’ L EM 1 un’ " G’.ﬂm =

wen O 1 bn . blm
LI | t. b b

I T -y e

0 0

b mil "’m! bmm

a
11 1 vt ﬂ'!n blf bl“ cee &

=la a PR .
1 Y2 % by by el by (5412
Tn1 Cay v St by e b um

§ 1.6. ANTEBPAHUECKHE YPABHEHHA: OBL{UE TEOPEMBI

1.5-1, Beoanwe aame
. 9aHHE, Pemenne aares
mavmi ] PEHYECKME YDADBEHEA MM
e ﬂ“eﬂ:uia:;;ge-re:, 9TO K STOMY BHRY OTHDCRTCH XapiKTe Hmwecxnie;pchgguﬁ:mﬁw
iy PEeHURANGHNX YPRBHEHHA (cM. TAKME NN, 9'?44. 9.4:4 1 [4.8-5) ooﬁff;

REYa oTpencyHA
STy ua A HHA KOpHeR (BOAHNKA KA, nan(?mgep. Npa HCCABOARHHK YCTOAYHBOCTH) MOKeT

YUeHA weTOoRaMM n, ).5-
CHaTPEBaETCH B nn. 20.2-1 —9!{2‘5-5’.‘/“““ @ 1.6, TpuSauxcunoe pewene ypasHeuul pac-

1.8-2. Pewenue ypaswenns, Kopuw, Pewnts ypasweawe (cm. Takxe T, 1.1-4)
Flx)=0 (L.6-1)

€ ueussecrHam x
=~ 3HAYBT HAWTH 3HAMeHHA ¥ (KOPHH ypanHeH
Wik F(x)), YIOBACTBONRIOWIHE STOMY ypamie( & oy ot e by

NOACTaHOBKOR, i@ Pemenke momno poseputs
L.6-3. AareGpanueckne ypaeueunn, Ypasnensne {1) puna
fl=aot o™ oy xba,=0 (g, 0), (1.6-2)

e o i
0SbDAUNENTH  a; — ReficTaNTeBHME HAH KOMMJEKCRL® 4HCAA, HajuBaer-

PABHEHMCM CTCNCHH A1 ¢ HEMIBECTHMM X; [ () — muorowres
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CTeNeHK n OTHOCHTENBHO X (ueaas pauKoHa bias dynkiuna; CM. TaKKe 0OI. 422 d
¥ 7.6-5). Kosbunuent a, — cobonnsidi ey miorounena (2).

324eHHE X=X, €CTh KODEHbL KPATHOCTH (nopagka) m (xpaTHHA KOpeHb, LN
m=> 1) ypasheans (2) (uyas nopsaxa i pynxupn f(x); oM. TaKMe 1. 7.6-1) ecan
f(x)==pg(x) (x—x{)7, THE g (x) — nuorouaen u g (x) ¥ 0. Aazc6patiueckoe ypasHe-
Hue COmencNud N dsegm pasHd n KOpHEU, ECAU KODeHb KPOMAOCAUs M cHumams m
pu3 (OCHOBHAR MlcopeMa  aA2ebpol unozousenog). Tonnoe peweHHe ypapHeRHd 2)
YHKE3WBaAET BCE KOpHH 8mecTe C HX KpAaTHOCTAMH.

Uncna, ABARIOWHECA KOPHAMM oarebpaHdecKHx ypasueiul ¢ LeNOUHCAERHEMH Koaddu-
ODHeRTAMH, HE3HEBANTCA anredpamaecHuMy  YHCAAMuY {poofwe rosopd, KOMIAEKCHBINY); eCad
hOSPHUOHEETH — 241 eOpaHuecKHe YHCAa, TO KOpUH Beé e DCTRIOTCR aaredpaKuecKRMU {CM.
taxme n. 1.1-2). ObwHe GopMys. BHDANKAOWHE KOPWH aarefpaHuecKux yp2EHSHHA qeped
¥x woshduiienTa U cONepKAlHE TONLKO KOHEYHOE UHCAC CADMEHHN, BHUHTaHKA, yMHOME-
HWit, DEARHMA H HIBJEUCHHA KOpHA, CYULECTBYIOT TOJABKO AAA ypaBHEHHA CAelyouLEX cTenas
ned: nepmof (AwncAnme YpaBHeHWA, I 1.5-1), BTOpPOH (KBAAPATHEE YDADHEHKH, o, L.B-2)s
TpeTheli (KyGUuHHE aypasueuua‘ 0. 1.8+3 4 1.8-4) W 4eTBepTOR (YPABHCHURA yeteehTOR ¢Te~

nenw. nn. 1.8-5 r 1.8-6).
1.6-4, COOTHOIIEHNR MEXAY KODHAMH H KOs OHOHEHTAMA, CAMMeTpHIeC A NE PYHRUEA S*

W 5, (n. 1.4-3) KoDHERA Xy, Xy, -oov Xn anrefpauyecKoro ypapuenna (2) cBA3aHn € ero KOspdu-
UKEHTEMH D¢, G1r eour G CHEAYWUN obpaszoM:

ay ¥
iy (=13 %S5, =1 2, e ) \1.6-3)
]
kop Lag ls‘+ak_gs,+...+a¢sk—0 k=1, 2 ..., 0. 1.6-4}
Papenctea (1.6-4) npeacTaBaRT colof APYTOR BEpHAHT dopuya Howmoka (L4-11). OTmeTun
TAKHE
51 | 0 Y e 0
R 51 I | R |
ay gy — 1y
LA Nt T VRN 1 g0 30 .. O
I ] ) 1 3

Sg Sh—1 « v & e B

a; Os 0 . &+ s 0
2a, @ g 0 . . O
8* = (_ ;l'o_)k 3(]: ay ay de 0 ara ] & = '|u 2. rany ﬂ']' u's's)

kA @p 1 & 4 s e T

1,6-5. JAHCKPKMHHAWT anrelipauqeckQrd YpaBHeHHA. [OBCKpHUMBHAHT & ancepaHyecKore

YPABHEHBR {2) ecTh NPOH3BEILHEE .920“ —2 4 keappatoB Boex PA3KOLTER (x, -—xk) (¢ = R)
KopHend i,
HEQ ¢ pazHuEME BRACKCENMH);
¢=a-'~;ﬂ-2 I - xkjiua%n —2[W Ky Xge e X)) P =
i>
55 5 5 ses B w1

A —"1

on—2 | % 5y 5 e dp e

= uy
I I L AT T R L

Sn—=1 SaSa4l o %2a-—2

cae
Vong X, e x‘l“"']

i x : s Xn_]

W (51 % oo Xg) = e 3 =11 (xi— xp)
T T U T B I L "> R
i Aa xf! Ll x;:} -1

ypakHenus (xBpaiDaTHmE KOPHE DOPARKE M PACCMATDHEAOTCR Kak /1 PBZHLX KOP:

H i
=4 - 1) r R (i I 11.6-6)

1.6-8. 1.8, ANTEBPAHYCCRIE YPABHEHIT: OBIUIHE TEOPEMET 39

{9TOT ompelenHTCAR HAMWEBACTCA onpedesumesen Bandepuonda). sp — Cymuu k-r cTemeneq
A . e

kopwed Muoravaenz [ (x) (s, ==n) & R (}, I} — pesyavma
: N - st {m. 1.7-3
npomaop,nogﬁ {n. 4.5-1) ; (). OHCKDHMBEYAAT A& CoTb cuuuéwuqccéaﬁugm:;’;f; :él? Hn P40
X30 .0ny Ky OOP2I2IOWANCH B HYJb B TOM ¥ TOALKO B TOW ¢AY9ae. 2CAHK fx) uveer rgolftpaxah

Hel wepe OfAH KPATHWA HOpeHB {neot n
raxxe 1. 1.6-6, g). xoauMo AenAmwEficr ofwen Kopien fixy B F (x); oM.

1.6-6. JHefictenTesbHue anrefpanyeckue ypasHewus M MX KopHH. AnreGpa
yeckoe ypaBHende {2) HA3WBACTCA AEACTDHTENLHBIM, €CAH DCE ero xo'acpdm uep o
a; — AeficTBHTeNbHEe uncAa. CooTpeteTnyiowyi AefiCTBHTE sHuR MHOFO‘-}JIEL:EI ;ITH
npu BceX ACHCTBHTENBRLIX 3HEUCHHAX 2 NDHEHMAeT IeACTBHTE bHbE 3ﬂaqeuu(z)
[ns oTneneuvn Kopred (NefiCTBHe, XOTOPOE NDEARCTBYET NPHOAKIKEHHOM Y
wenre ypapnesdfi, m. 20.2-1) noJe3nn HHMecAedyiollHe Teopemu. B oy e
(b}_{-S[}Kxopeub KPAaTHOCTH m DaccMaTpUBAeTCH KaKk m KOpHel ' Teopewax

a)KoMAaRheKCcHBIE KOPHH Komnasekcrue KXo 1o
6puutecKO20  YPOSHERUR NOAGASIOMLR  AQRAMU xomnneig:ufefrﬁ%?::f qa Acee-
(n.1.3-1). He@cmgumensioc or2e0pouteckos YPAsHERue Hewemwold cmene uegn
umeern xoma ol odun Getlemanmerennd KopeHs. e

sBce kOpHH YPaBACHHR (2) ne MOAYMO HEe NPeBOCXOIAT GSRrti N-_~1+_‘i‘_
rpe A — HanGonuwwee H3 4HCeA [a;],|a. lapl; iy
1l i @alyeens i Bp | IT0O NPABHAC
B gn(&;)y'lgaaueﬂuﬁ c gomm!excuums x03¢:¢uluuen'raa?u.'a P crpaseAntize
eopema Payca—Typauuna. Yucao ko i ROMUME
, pHeEld ¢ no Aowoil deid-
CHBLMEALNOL waCmb Jedcmeumensnozo arzefipaiuecnozo ypasnerus (2) paaro -m::y

nepemen  sMaxg @ aoGod uz nocacosameabnocmed
e e ) (B npernofomzada, 410 1

ToTolt, To., In_
uau T Ty T’ (1.6-7)
eﬁg To- Tlr TI.TQ,’ T!Tm arey Tn-: Tﬂ-l' an
Ty=a, >0, Ty=a, Ty= ';1 z“,
3 2
a; dp 0 Iy dg 0 0
To=|a; ay . T,=[" @ 4 G
ag 4y & T (1.6-8)
a; dg a5 Q4

(snemenTw 4;, OTCYTCTBYIOMME B ypammednd (2), moa
. A araeM paBHeIMY
F{c.?m cpead T; ecTk paBHHe HyMO, TO MOACYET ycnomugerm IECM?BET.%)]']
mmopaonrepnﬁ Payca—Typsrua. Har mozo umobu sce kopHu deiicmat~
poed ypasxerur (2) umeau ompuyameabrse JedcmeumeAbhne vacmu, Heobxos
0 4 docmamoxno, 4mobol SHNOARAAUCS RePABZHLMAa o

Te=>0, Ti>0, Ty>0,...T,>0.
Hi nonoxurensuoctn eeex T
cAeqyeT NOAORHA
b CA: o el 1 y TeNLAOCTE Brex Koapdumuer-
nnTepratheran bopMyaRpOBKaA Bee xopat deldemsumensiozo

gpr;':;fﬂJ:ﬂ (2) R-fi cmeneHu  UMeom OMPUYAMEALHYIO JeldcmBUmetval wacmp
MOAKO § MOM CAYNGE, eCAU MO 6epHO 0AR YpasHenus (n—1)-d cmenenu

LW B W I B P PR —
Ea,x"'l+(a,—-§~: aa) X" L ggxnS —}-( a2y — —i:’— as)z"" +...=0,

o
il a "'reopeua MOMKET NPAMERATLCA NOBTODHO M A3eT NpPOCTYI0 PERYPPEHTHYO
¥, NOAeauylo, HanpHsep, NpH HecaefoBakud ycrofiyusoctd, Ecau oans #3

K
OsdprumesTos a”} paper HYMO, TO METO] YCAWKHARTCI.
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wKputepnfifleenap a— i 1 napa, Jas Gedemsumeabnoeo Ypasreiun (2)
€ NOADHCLMEABHBMU  KO3puljuenmamu sce KOpHU UMeom Ompuyameabhyio deticrn-
SUMEABHYIO UACTb, €CAU NOAOMUMERGHN UAU sce Ty ¢ uermnbiMu unGexcamil, ul
6ce Tj ¢ HEMemHbIMU UHOZKCOMU.

(Bonee ofwas hopMyaupopka sTOrO KpHTEPHA NpnBeieHa B [1.2].) *

(c) OtaeneHue leficCTRHTEAbHE X XOpHEH: NPaBHIO SBEAKOB
DekapTa. Yucao noa0xumerpRoX kopHed deddcmaumenbro2o aszelipausecKoz0 ypug-
nenus (2) aubo pasHo “ucay N nepemen siaxa & nocaedosameatHocmu do, Gy .. dp
KOSQIPUYUENMOS, RPURER HOPPURLEHMM,  PABRbIE HYMO, HE YHUMbIBAIONCR, AGO
MeHbUe qucaa N na demuoe 4ucAo.

Ecau nepeMeH SHAKA HeT, TO ypaBHEHHE (2) NONOWMTEILHEIX KODHEH He HMecT:
ecH 6oTh O TepeMeHa snaKa, TO MMeeTC B TOMHOCTH O NONOXHUTEAbHBIH
KopeHb, [IpuMeHAs 3Ty TeopeMy K f(—x), noayuaeMm aHaNOTHIHYIO TeopeMy And
OTPHUATEALHHEX KOPHEH.

() Otaenenne ReACTBRTENDHEX Kogﬂeﬁ: BepXHRA Irpa-
HHUa AeRCTBHTEABABX kopHeldl (nn. 4.3-3) 1} Ecau nepesie k xosd-
PuyuenmOs Gy, Ay, ... ,0p_y OeHCMAUEILRO0 aszebpauseckoz0 ypasHenus (2} we-
ompuyameastst (G — nepebid ompuyameApHbitl Koshuyuenm), mo gee NOAOKuMmes-

e
Hixe KODHU YPABHENUR (2) (ecAu OHU eCrb) MEHbULE, ueM 1y qlay, 282 g—nau-
B0AbIaR 4E QOCOAMUBLY 8eAUdUH OMPULAMEAGHOLX KOSPPULLERTIOB.

Mpumensn 97y TeopeMy K f(—x), MOMHO TAKHM XKe 06pazoM NOAYUHTE HHXK-
HIOW FPAHKUY OTPHLAIENLHEX KOpHeR.

« 2) Ecau npu x==C MHO04AEH f(x) u eeo npouseodnbe [ (x), P (x), e
cour V(2 (0. 4.,5-1) APUHUMRIOM AOAOHCUMEALHEE ANOYEHUR, MO € RGAREMCR sepxnedl
epanuleld Gelicmaumenbkocy kgpred ypasHeniia (2). »

{e) OTaeneHHne peficTRHTENbHHX KopHe#: Teopema Porna
(cM. Takxe n. 4.7-10) Mpouseoduaa (n, 4.5 1) F' (%) AedCMEUMEALHOG MHOEDUAEHA
J(x) umeem HeemHOe WUCAQ delicmaumensnbix Koprel Mmexcdy Deyma coceGnlimu ded-
CINGUIMEADHBIMIL KOPHAMI MHOZORAEHT f {x}.

TlycTh @ W 6 — fi5a cOCEARMX AeACTEUTENLREIX RODAA ypapmednna |’ (x) ==0u BycTs fla) #0
n } by E0 VYpanuesae f(x) =0 Mexay a i b nub0 BOBCE He nMeeT IRACTABTRALKX KOpHEd,
AHGO HMEET QLHH uenc-rnure.nbauﬁ HOpPEuE B SJBMCHMOCTH oF Tora, OyayT AH ynena | o(a)
W F{d wuwmeTs oAHHARKCRHE HJH NPOTHBONOAGKABE 3HAIKA. JIHuh QaMH AeRCTRUTEABHHIA
Kopelts ypasHerus [ (x) = 0 moMeT GHA3ETLCR OGoablle HaufoJablWero KopHA HAH MeHblue
HaHMeHbILErS KOpHA ypasnewns [7 (x) =0,

(DOTRenenne neficTBHTEAnRMXKOpHefMTEOpEMa Bioaana—
®dypee Hyemy N {(x) —ducao nepesen INOKG @ NOCAE008aMessKOC SHauerud
o, F oo, Fr®e.., F &) da aoboco DedcmeumenbHO20 QA2E0PIUNECKO20 Ypas:
wenuf (2). Toe0a wusao QedcmeumesHoix xopretl ypasrenus (2), 30KAOUEHHOIX mexdy
OBy MA OgUCMEHMERLHHIMU HUCAGMI G U b= G, He ABARIDUUMUCR KOPRAMU YPABHERUA
(2), aubo pasxo N (a)—N (b), aubo mensuie IV (a) — N (b) na wemuoe wucao. l1pu
nodeueme  N(@) waeHbl nocaedosamedsHoCmL, PAsRbE Ky 0, avepruswomen, Ecai
npu nodcseme N (b) okascemen, amo f) () =0 omk+l<isl—1,af B(b)z£0
w f (b) 5= 0, mo fOb)samernmomen ra (— 17" sgn b (b).

Unesao AeACTBRTENBHEIX KOPHER gpaanemm (2), asMmoUeHHEX MEXAY 4 ® b, BeueTHO
HAA SETHO B BaFHCEMUCTE OT TOF0, OYLYT 4k Fia) B f (b uMetb DPOTHROTIONOKHEE HIH
CONBBHOBRE BHAKH,

(g) Orzenenne NelACTRHTECABHEI kopuefi: meroa lllTypua.
MMycme dar Bannoeo Oedcmsumebrozo anzebpautecKoes YpagHerus (2) 6e3 kpamawnx
kopred (n. 1.6-2) N (X) ecrmb ducao nepemen SRAKE 8 noc 2e3080MENLHOCIMU 3RAHE-
KUt MHOZ04ACHOS (Waesbl, OOPOUAIDILLECR § Kiab, RE yuumwonwﬂ):

fol) =/ ()= (o I —hs (), Fy (D=1 (=80 () et} —Jal) L g
fo(x) =go (x} a {x) ~=fqs (XD 00

ede npu i>> 1 xascdud MHD?OHJ!EHJi {x} ecmb eaampil ¢ KoMNpGuYUENTOR —1 oema-
mok (. 1.7-2), noaysaentid npu GeaeAuu f; g (x) na fioa (x) muczouden fn x)%£0

(.7-3. 1.7. PAZNOXKEHUE MHOUOUNEHOB 4t

ecmo nocmoaHAaR. Toeda wucao SedemswmernnolX KOpKeld ypasrenus (2), aaxaonex-
Hoix  mexcly Osyms OeldcrpumespHbimy RUCAAMU G B b 7> a, HE ASAROWUMUCA Kop-
namy yposnenur (2), pasio N (a)— N{b).

Meton ILITYPM2 OpEMEHKM 4 B TOM CAYRae, eCA ANA yioficTea
M3 MHOTQUACROB [;{x) B OTHCAHROM BRIWE nponecce sauen:-|nf'nﬁncmqnjea?;:cﬁer;;n;?ﬁg)n/??gu

Fae & (X} — NOAQKHETEIBHES TNOCTORNHAA HABE MAOFOWN
e OTHOCHTEALHO X, MOROMH
fpH a = x 5 b, § OCTeBIUNECH MHOrMOUASHM MOAYSHTE, BCXOZA AS Fi{x), a He ;:"f‘;ﬂt?t‘]a

TloacOHY e ONepaludi0 MOMEO BHOBL TIPOXEASTL AR MOCLM M3 MHOrQEMenoD F;(x) » T.n,

Ecnun ypastiense f (x}=0umeer & p A T H & @ KODHH, TO | (&) A {*(x
. H
(m, 1.7-3). BTOM CAy4ee MHOrounes fp{x) we asanerca ngcmﬂutuéﬁ?imﬁ?g}m—uﬁ\’nigr:ecﬁ:

NMCAO KOPHEH MEXZY 4 B b, Npuuenm KAMZWA KPATHH{l Kopenb CYATaeTeR ToAbKG odum pas.

1.7. PA3JIOKEHHE MHOTOYJIEHOB HA MHOMHTEH
H ODENEHHE MHOTOYJIEHOB, 3JIEMEHTAPHBIE JAPOEH

1.7-1. PaanomeHue MHOrOYNEHOB A3 MHOMHTEAH (CM. T2Kke

MHOTFQUAER £ {x) MOMeT ObTh APelCTaBAEH B BHJE npougseneun,q Mng.‘OZ..ncéﬁsg.a ;‘E{(:i!;
2 (x)"”'f(s (¥). TO 9TH MHOrOYAEHHE HA3LIBAKTCH MHOMHTENRMH (anTeJIHMH)Ii\{BO:
roanena £ (x). Ecad xy=1x, —KopeHs KPATHOCTH A1 OPOHIBONLHEOrO MHOKHTEAR [; (x)
40 OH #BJARETCA B KOPHEM KpaTHocTH M == m Muorousena £ (x). Kaxcdwitl (Oelti‘cmz
SUMEAbHLIL UAL KOMIAACKCHY) MHO204AeH [ (X) Crmeneru n OMHOCUMEABHO X MOMem
boune e&s{ﬂem&ennm cnocofom  npedemagaen e sude npoussedenus nNOCMORKNOM
U R AUKEUHNX mHoxumesd (X — 0lg), UMEHHD

Flo =g +ap® ., ta, 1 x40, =a Il (x—x3), (1.7-1

B==]

edi Xp— KOPHU MHOzOWAERA [ (x); KOpHIO Xp xpamuocmu my (n. 1.6-2) coomgemcem-
syem my muoxcumenbd (x—xg) (T€EOpPeMa 0 PAINOKEHHH MHOTOIAEHA
HasuomuTean). Kamaana napa mposknrenedi x— (g, +iwg)) v [x — (az —iwy)]
COCTEETCTBYIOIAN TNape KOMMNEBKCHEIX  CONPRMENHWX KOPHed xk=a:+1m: H
Xp=a,—iw, (cM. Takme n. 1.6-6a), M i
B (o, AR [(x—ak)“-i)-mkg])f(ﬂ OuTh 0ObefHHeHa B AeHCTBHTCAbLHLIA

1.7-2. Jlenenne munoroyaencs. Ocratox. Yacrnoe F (x)/f (x) oT jdeneuns MHOro-

uneda F (r) crenens N B3 MHOrouY/jieH
ewa Fu) f {x) cTenenu # <l N MOmMeT GuTw npencTaB-

Fio) A +a¥7™ Ay
Fix) Gk Lo L .48y

= (b A F bV L pbwen) R0 (1.72)
Fle ocTaTok ry (x) €CTe MHOrOW/eH cCTeneHu, MeHbueh
R ., deM n. KosbdbHukenta b
H OCTaTOK 7; (x) ONpPeAesROTCA OAHOSHAYHO, HANPHMEP ¢ AOMOUIBIO npoueccg
AeNEHHA yTAOM (ANrOpHTMA ABAEHHR).

Qcratox ry (x
1 {X) OTCYTCTBYET B TOM W TOABKO B TOM CAyyae, KOraa -
9aen f(x) spAseTca penurenem (o. 1.7-1) muorounera F (x). 0= Hore

Ocmamox, noaywaemid npu Oesenuu w0602
P By oy 5 o mroecusena fx) na {(x—o),

1.7-3. Ofuiwe fensTead wu
ofinlHe KOpR¥ ABYX MHOr
. cunenon. Ecan myorodne
oomaf:“&?,‘L‘:;‘J;"JI“,}”Q.%'J‘”"”&") unoroueﬁ\noa F iz} B f{x), TO ero KOpHHK nnn"ng:;
H Aeyop, OTHoweHHde (2}, KOK o AECAGEYID -
THTL HA AQG0A OGIMA MHOMHTEAh YHCAKTENA ¥ sBaMeHaTeds. Y10 ApoGh, MOMHT COKpS
MHorounenn

: Fg=aAn" + AxN Vb 4 Ay

Py = as® + ™™+t gy
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oOUiHA AEAHTEAE HEHY=
# e ogun obwWwMA xopeib (1, TAKHM olipasoM, ¢
i::;o; cqrgnigi?”; mb:pu tiﬂbxo B TO CAYy4aE, ECAH GNPSARALTEIL nopagsa & +n
RiF, fie= i
Ay Ay Ay L e . L. . AN AN 0 .0 . = a y
H Ay Ay Ay e . . i PR Ap m ) Ay :
b 0 A A : e
= g o g3 . e gy 9p 1| A F . . B T g 0
0 gy @ @ e s %01 a, 1} B . . | . . -
(.) . b Q &H 8 & . H, g a,
. (.73

{peayABTANT MHOTOUNCHOB Fix) & F(x)) pasen Wynw. B npoTReHOM CAyuae Fix) g )

wau.uf °n".f;§m:ecm dopuyaa N n
RUF, Iy = (— D¥A R (1, /) = ADal ‘nl !nl (=B,

Fix) n iz =
a; ® - COOTBETCTREHHO XOpPHH
i :fauﬁﬂoxwuﬂ ot Oraumeas (DDIQHA MHOMHTEND Hanﬁon‘bmehm:;eﬂnrees;;\ n"ﬂgﬁ‘ﬁ"ﬁ:.?‘}:
eneneli ORHO3HAYHO ¢ TOMBOCTHIO A0 NOCTOAHHOLO M 4
ﬁat;‘ er:x ﬁiﬁl?ﬂﬁlfu ofipazow  leawm fix) Bma ryq {x), TAe £y (X) ONpenesEH Q)e][;:g;’no: oﬁ:;a?u
nnueu OCTATOR ryq (x), 3arem JeauM 7, {x] na nonywamnﬁu OCTa .0K Fy (xsmerpc“n “H;“
l:s"roc:a-rynpm:.eu: nc TEX nop, NOKE “eXOTOpHA OCTaTOK, cKames, ¢, {x), He oK P

HyAm. Torns ocTAroK Ty ), ywHoXeHAEA Ha OpOR3BOABKEIA AoCTORE KR unomnr:ga,“:
Oymer RCKOVRY KauOOABIWAM COMAM REABTENeN Ecan £y (%) =0, 10 HauGonbmEM I,
meauTeden GyACT C3M MROMOUACH fLen

1.7-4. Pasnomenwe Ha SHEMEHTApHbLIE npobu. JloGoe maon;gugﬁgﬂ(:)ﬁ'éx!
MAOrCuAEna g {x) cTeneHA m R MHoroz/jena F(x} crenenn n>m u:.: X Ko pn
wei (m. 1.7-3) MomeT OuTe CRERYlOUAV ofpazoM APencTanfeHe B :mr;: )yunoro-
seMEHTADHEX Apobed, COOTHETCTBYIOULIX KOPHAM xp (KPaTHOCT B
wnena f{x)

s Ty bkj i Z f"ﬁri +_£E____+“_+ﬂ-—- . (1'7‘4’
TTsz‘; j§=:] [x—xk]f— % (%7 4 (x — %) (x—x*)m#

Kosgxpuijuienmst byy MO¥RO Hadmi ofuus u3 cAedyougux Memodos waw e KoMOu-
el amux memodos: .
i 1. Ecap my=1 (xp— NpocToi KOpeRs), T bpr=g {xpMF (xg).
D’ Yunoman oGe uacTH papeHcTBa (4) na f(x) B NpHpaBRAEB3A KO-
spbuOgenTH NPE ORHHAKOBLIX cTeneHax x B 002HX 4aCTAX NOAYSEHHOTO
aBeHCTBA.
f 3. YwHoman o6e gactd papencTsa (4) Ha f(x) ¥ nocaeaopaTesLHO

. £) =1 (K)(x —xg) A
iy e e assousas o0, cpomaoneun
g (xp) =bem, Ou (X2}

g' (xa) = by, @1 (¥1)+ brmy-1P (Kx):
g (x8) = bem, 95 (¥a) + 2brmy 19k (£1) T 2Pk (xe)s

....... i gt aFa GRE g il i WE TN

ity (7 1) by a B ® ) (54 e el b ().

1.5-3. 1.8. NKHERHBIE, KBANPATHLIE, KYBHYHBLIE ¥YPARHEHIIN 43

DneMeNTapHue APOONH, COOTBETCTBYWIUHE NPOH3BOMBHON Nape KOMANEKCHLX

CONpSKEHHDY KOPHeH ay--iwy M ag-—~Iwg KPATHOCTH My, OOLIUHO COSARHAITCA 8
x4-d

Cky x+d2“ i + Cre "+:M z;++ : i m, " (1.7-5)

[{x—0ax)+0}] [(*—ax)*+0}) [(x—axp+0}) "
KosqpUUHEHTH €py W dp; MOTYT GHTL OBPefeneHH HEMOCDPEACTBEHHO ONMHCANHEIM
pwe MeTonoM 2. Ecan g (x) u f(x) —peficTeMrenbHue Muoroyaenu (n. 1.6-6), o
Bee KOapQHUMEHTH bpy, Cgyy dpy B CKOHYATEABHOM DPA3N0OMEHHH HA 3NEMEHTAPHHE
ApOGH BEHCTBHTETLHLL

Kaxdas payuoxgasHas ¢yukyua om x (n. 4.2-2, ¢) soxem Gwmb npedcmas-
ALHA 6 GUOE CYMMB MHOZONAECHG U XOHEUHO20 WUCAQ SAeMenmaproix Opobed (cm,
takse 0. 7.6-8). PasnowenHe Ha 3MeMeHTapHbe APOGH HrpaeT BaXuyld poap

B CBA3W C HHTerpHpoBanRed (M. 4.5-6, ¢) ¥ HuTerpaibHEMH npeoGpa3cBaHBT MH
(n. 8.4-5).

{.6. IHHEAHBIE, KBAJPATHLIE, KYEHUYHLIE YPABHEHHA
H YPABHEHHWA YETBEPTOH CTENMEHH

1.8-1. Peuienue auveiuwix ypasneuns. OGulee ypasrenne 0epaod CTenenw
{amHeAHOe YpaBHEHUE)

ex=0b umi ax—b=0 {as:0) (1.8-1}
HueeT peligHue

o

x= {1.8-9)

1.8-2, Pewenune kpappathbix ypasneruit. Keaapatmoe ypasHense

axt-Fbx4¢c=0 {as=0) {1.8-
BMeeT KOPHH

xlr3= == 2a ] {18‘4)

rie e cayyae, Korga @, » B ¢— A00ue KOMOAEKCHRE akena, V 62— dac ecTh onxo
H3 3HayeHK{ KBARDATHOrO KOPHA.

Ecau ypasnexue (3) pefiCTBHTEALHO, TO €r¢ KOPHH X; K X KGO ReficTRE-
TEAbHEE PAINHYHEE, AHGO ZefiCTBHTEALHNE pPaBRWeE, AXCO KOMMJEKCHBle conpss
HeHHble B JaBHCHMCCTH oT Toro, 6yaer A (n, 1.6-5) D= dI—4ac COOTBETCTBEHHO
DONOKMTENEE, PRBEH HYJA HAH OTpHUuaTened. (TMeTHM, YIO

ntx,==—ba ¥ xx,=c/a
1.8-3. Kyfusnnie ypaaredun: pewrenne Kappano. KyGuywoe ypasmense
Htaxdttbetc=0 {1.8.5)
NoACTaHORK O/ xzy—% TPHBOLHICA K ¢HEDOAHOMYY BHAY
! b
Ptpyte=0, p=—=S5-+b, ¢=2(3)-F+o (1.8-6)

Kopuu ¥1> Y1 Ys SHEMOANOros KyOManore ypamHeAHAa (6) paBhu

A+ B A—B _
n=A+8, pa=—2F2x1277y7
roe

A=Y 2LV B=y-4-vg (1.8.7)
o5+,
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nprueM B Kavectee A w B GepyTca niobbie BHAueHHA KYORUHEIX xoguiﬁsg.io?;-
RETCTBYIOILRY KOMTJICKCHBIR dHCeh, ynme(mopawauyeq::rn:g;:umo no:moxfao}
n apnesme (6] meficToHTeaAnRo, To (B TeX :
E;e;ye:pépan neﬂémmenhnue gHayenms STHX KopHefi, Eecau xyﬁauqﬁoe ypameg::
(B) OQelicmaumeAbup, MO OHO uMeem uAd odun  OellcmeUmensHbll  KOpEHb uaned
CONPRACEHNBIX KOMPLACKCHbIX KOPHR, uAl Mpu deficmgumeAbHbiX KCPHA, ND KPa
mg 80 u2 KOMOPLLX DASHG, UAL MPU PA3AUARLIX Jedcmsumenbibix KOpRR 8 308U~
Cufuocmu om mozo, byfem au Q COOMGEHICMBEHNO NOATNCLITEABHO, PASHO HYAK uAl
ompugameaeno. B mocaefnem CAaynae (tHenpHBONA ML f¥ cayuafl) MOMHO Bt:».':r!cu'u}-i
gopaThes Metogom . 1.8-4,a. OTmeThM, w70 AWCKPEMHBHaNTH (0. 1.6-8) ypaBHeRH
asne —108 Q.
w}“I(%)-f Kybuuttie ypasHesHsi! TPHTOHOMETpHHECKOE pewenue. l1yclb eHenoAKOeR
ByOHunoe ypapveHne (6) aeficTBHTENLHO.
2 (a) Ec):m Q < 0 (suenpuponHMbifis chysait), 10 p<<0'n

g a
1= ‘/ -5 cos 2=
Y I/ L uid .1 (1.8-8
Yra= ¥ —Tcos(Ti 3)'

TAS ¥

R i ——,
5% 2V = (p/30

) Ecam Q2=0, o0, TO
1= —2V 575 otg 0. vea =V 578 (cig 2 + 1 V' cosec 2a),

wa_a;lg—g(lalé%), th-% V@(]Big-‘g—)'

© Ecoam Q= 0, p=0. T

v == — 0¥ = p73 cosec 2 Ve =Y —pi3 {cosec 2a + (¥ ctg 2a),
rae ' {1.8-00)

““'m(“"é%)- una.._:l/ (_%)8 (|ﬁl€1;-).

Bo Boex caykanx GEpeTcA REACTRHTEALHOS SHANEHHE KYORUHOTO ROPHA.

rae {§.8-Pa@)

{.8-5, YpanHeHWn uerpeproil CTENEHH: pelieHHe Hexapra — Jiiaepa. ¥pasue-
HHe uyeTBepTOfl cTenenn

Ao bt cx+ad=0 {1.8-10)
N0ACTaBOBKOR % == y— 4 MPHBOIMTCH K CHEMOZHOMYY BHAY
v 4oy +qy+r=0. (1.8-11)

KopHH Yy, Ws fa 44 THENOAHOTOY YPABHEKUR yerseprofi crenenr (l1) paedu

ORHOMY B3 Bwpamenud vy
pHoy 8 PR sVasVazVa 1812

P KOTOPHX COUeTAHHS 9YHIKOB BBIGHDPAIOTCA TaK, 9To6b YR0BJSTROPANOCHL YCROBHE

p— — q s
Vo Vo Vs =—%, (1.8-13)
npHaes 2y, 23 B 23— KOPHH KyOHYBOFC YpapHeHH:A

B4l P G =0 {1.8-14)

1.8-6. ¥pasHenna weTmeproft cTemeHn: pemicune deppapu. Echd jy — npous-
BOABEEE KOPeHb KYSHUNOro ypesHEHHS

by (ac—4d) y —atd b d—F=U (1.8-15)

1.0-3. 1.9. CHCTEMbB! YPABHEHHM 45

{pesoaseenTH ypamBerua (10)), To wernipe xopma ypasoenws (10) HaxoRATOR Kaw
KOPHHE ABYX KBaApPaTHHX ypanneuuﬁ

aiserBasV (G—stn)o+{zu—c)s+5 —a. 819

rie NOAKOPeRHOe BHIPAaReAHe B Npaeoll 9acTh ABAAETCA DOAHWM KBaapatoM, Ot
METHM, YTQ EHCKPHMHHARTH (0.1.6-5) ypaenean# (10) w (15} coenagawm.

1.9. CHCTEMbI YPABHEHHKA

1.9-1, CucTemn ypapHenuR. PemernneM HESOTOpOro MHOMKECTBAE (CHCTEMM) ypam-
Henki

fi (%, %9,...)=0 i=1,2,..) (1.9-1)
€ HEM3BECTHHMA %y, Xy, .., HAILIBAETCH MHOMKECTBO 3RaueHRl HEMIPECTAHX Xy,
X3, -+, YAOBNETBOPAIOIWIAX OAHOBDEMEHHO xaxdoMy W3 ypanHenufl cucremm (l).

Cucrema (1) peweda NoAHOCTLIO, ecAH Haflfenw Bce Takue pewsennd. YacTo MOXHO
NOCASLOBATEN BHO HCKAOUAMS HEH3RECTHLIE X; H3 CHCTEMH (1), Hanpumep paspeas
OAHO H3 ypapHenH# OTHoCHTENbHO X; H NOACTABNAA NOAYYEHHOE BLIpaXeHHWe B oC-
TaswHecs ypasheHAd. URCnD ypasHeHnil H HEH3BECTHHY TAKMM MYTeM yMEHpild-
efcA A0 TeX Nop, NOKAa He OCTAeTCA PelHTe OJHO YDaBHEHHe ¢ OZHHM HeusBecT-
mum, flocne 3roro npollece NOBTOPSAETCR B OGPATHOM NOPAAKE, ANS HaXOMHJAEHHS
BTOPOrO HEW3BECTBOCO B T, h. PelleRuA MOMHO NDOBEPHTE OONCTAHOBKOM.

Yrobw MCKMORETH £y, CRakeM, W3 IBYX ypabhednf 1 (X, &) =0 u §, lx;, x;) == 0, rie
bty x9) 0 o (X3, e} — MHOPORACHE OTHOCHTEABHO Xy R Iy (0 |.4-3), paccuaTpdpaxT ofe

ETH GYHKEHY KAK MHOMORREHW OQTAOCHTENBHG X, H COCTABAMKOT uX pesyawradr R {0.1.7-3)
Torsa X; AONMHO YAOBJETBOPATE YPARHEHHIO R =0.

1.9-2. Cucremt smneiineix ypasnennh: npasuno Kpamepa. Pacemorpus gHCcTeMy
o 1HeNNEIX YDRAaBACHHE € 1N HERIBECTHHIMM Xy, Xp, «vuy Xni

anxitaypxy ... oy =5y, ”
04y % 4 Qugy ...+ AgpXp =10y, e E apep=b (i=1,2,.., 0. $(1.9-2
k=1

@y Xy QpeXg+ oot 0an =0,
Ecan onpeneaniens cacremu (2)
G Gigee Oin
D =det [apy|=|"" _"f*:':"‘:ﬂfj (1.9-3)
Op{ Tpgesilnpn
He pagen HYMO, TO CHcTema {2) KMeeT eAHHCTBEHHOR PelleNHe

2l
= -—Dﬁ {Raul, 2, ..., n) (npasusc Kpamepa), (1.9-4)

rie D, —onpenenutent, nonysaiomufica 43 D npu 3amene 9NeMeHTOB Ay, Gy =+»
ssny gy R-TO CT0A0LA COOTBCTCIBYIOULMME CBOCOAHDIME YneHamH by, by, .euy by, HAR

"
Dy= 3 Apty k=1, 2, ..., n), (1.9-8)

i=lI

The A, — anreGpawnecioe onondenwe (0. 1.5-2) sneMenta ap, e onpegenutene
(em. rakme nn. 13.2-3 w 14.5-3).
1.9-3. JIlunednaa HeaaswcHmocTe (CM. Cakwe nn. 9.3-2, 14.2-3 & 15.2-1, 3).
{a; m ypaswennB J;(x), xq .u 2)=20 (=1, 2, .., m nan m $yHKUHB

hix,, Xy, oy &p), OUPEdeNEHHWA DpH BCEX JLAMCHUAR £, X5y .um Tp,  IHHCHHO
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HEIABHCHMB, €CH
m
89 T0r0, TT0 3y Mift (Xg, ¥2u +sw %a) 50 DPH BeEX SHZIEHANX
i=l
Xy, Xgy +vny Xp CHICNYET, 9TO M=hg=..=hpn=0.

B nportnsHOM caywae 3TH m ypapHeHnfi BAR QyBKOUA Aunefino SABHCHME, T. &
no Kpaiinefi Mepe OLHO H3 HHX MOKET GriTh NMpEACTABAEHD B srAe NdielHOH KoM
GHHALH® OCTAAbHMX. 10 BCErla HMEET MeCTo B TPHBHAILHOM 4aCTHOM CJYuae,
KOFLa O4HO HAW GoAee W3 ypasnewul f; (X1, X3, +00 £5) =0 €CTH TOMALCTEQ.

f

(1.9-6)

n odnopoOnsix Auneidroix gynxtad Y, Guxy (=12 v 1) AUMBINO HEICEU-

k=
CUMb 6 MMOM I MOALKO 8 [MOM CAyHas, ecau det [a;z] £ 0 (oM. Tamxe 0. 1.9-5).

n
Boee o6liee YTREDRACHRE, M 0ONOLOGHNY AUHEIARX Fyunuud z Xy (t=1,2, .., M)
k=1

AUKE(ND HESQBUCUMN 6 MOM U moAsKD MOM CAyNas ECAU (mxu;xampuua [“Ik] umeent
pane m (n. 13.2-Ty L :

(b) m MHOXECTB, KaXIOE H3 KOTOPHX COCTOMT B3 7 GHCEA e+ g M
2, D, . £@; s 2™, 2™, L. #™ (Ranpmmep, pewena CACTEMH ypasue-
HEfl HAH BAGOPH KOMTOHEHT M INTYK A-MEPHEIX BeKTOQOB), AHHEARD HEIABMCHMU,
ecaH i

s 3 A=0 (=1,2, . m caenyer Ay=hy=..=k,=0. (1.97

(=l

Smo eninoAHsEMCA 8@ MOM O MMOAGKD MOM  CAYWOE, ECAU (m X a)-mampuia
[x}"}] useen paxe m (o 13.2-7).

1.9-4. Cucremes nuueliuwix ypassenwf: o6uas Teopur (Cit. Takxe (m. 14.8-10)
CLcmeMa M AurgdHbly ypassesull ¢ N HEUISSCRIMOIRL X1, Xy «on Xp

n
X Gk = b (=1 2y000 1) (1.9 8)
=1
UMeem: Dewienue 8 MOM U MOABKO & MOM Caydae, ecAu MAMpL4s

Gy Gy »ox Gin Qi O e Gin By

Oy Gsa + Jan Qg Qg+ Opa B2 { 9.9)

sma  mw Fra aan T e aen mEs waw

Gy Omy > Gma A1 By <+ Omn bm

(maTpHua CHCTEMM PACIIAPEHHAN MATPHLA CHCTeMbI) UMerm OJuR u mom wé
pane (n, 13.2-7). B mPOTHBHOM CNysae YPAaBHENW KECORMETIMAL.

EZHHCTBEHHOE DEWEHHe, O KOTOPOM FOBOPKAOCE B 0, 1.9-2, cvwectayer,
ecnn r=m=pn. Bonn ofe MaTpain (9) MueoT PeHr r==m, TO yP2BHENHA (8)
AUHENHO HESOBUCUMB TNPH F=m W AunedH0 3gauctme npu r <l (0. 1.9-3, a).
B caysae 7 <M HEKOTOpule m—r YDaBHERHA MOXKHQ BHPA3HTh B BHIE ARHERHGX
KOMGUHANMA OCTANBHEIX ¢ YPIBHEHHH (HEIaBHCHMEIX), H HM YROBAETBODAIOT pewe-
HEA STHK r ypaphesuft. JluHefiuo HeIaBHCHMHE YPAaBHEHHA ORPEAGAANT HEXO.
TOpHE 7 ==/ HerIBecTHHX Kak Aubelluwe PYHXUMH OCTEIGHHX n—T HeHIBECTHRIX,
OCTSIOMAXCA NPOHIROABHBIMY.

1.0-5. CHcTeMH JHkefiHbix ypapHEeHHA 7 OXHOPOAHLX YPABHEHHA C T HEH3~
BECTHMMH, B GacTHOCTE, CUCMEMa n 0OHOPOdHBX Aunginbtx ypasHenud © N neus-
GECHTIHOIM U :

n
oyl (=l 2y 1) (1.9 10)
d=)
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Meenmt pelieRue, OMTAUGHOR ON FIDUBHAALACSO (HYACS0ZD} DOIEHUR X =X,=,, . ==
=x,=0, 6§ me# u Mmoaokc € mox cagmae, ecau Da=det [a;,]=0 (cm. Tax'::x
. 193) 3)-

B smom caguae citijecnisyernt MOUKO fl——r AUHEHND NE3ASUCUMMX peluenull x“l,
oy ). @ 0 Q). . (n— - - !
A0, A0 D, D S0, AP0 8, e r—pane wam.
puyet cucmesn (k. 1.9-4), HouBosee obwum petuenues moeda AeanemeR

f—r
q=Nex') (=1, 2., n),

(1.9-14)
=l
2de ¢y — NpOUIBALHBIE ROCHOARASGE (CM. Takke M, 14.8-10).
BONCHOM WACMHOM taynae, xoeda r=n—1,
xy=cApy, Xa=CApg +ooy Xp=CApy, (1.9-12)

20¢  Apj— arzebpauncexoe donoaxenue (n. 1.5-2) sacuenmo ay o

{npuiem k enGpany max, 4mo xoms Ouw oauo)u.a Apy (,‘=lk.r2. ??fe%d{;”mﬁfwg
Om HYAR) ecia  peidenue npo AeGod ApoussoasHol nocmoaxnod ¢. Imo snawum,
WM 6Ce OMHOWENUR X;/xy onpedesensi odnoarawno; pewedns (12), noaywawowmeca
Dpy Pa3NAURHX TAKHX 3HAYEHHAX b, TOWAECTBEHHM (CM. Takxe m. 14.8-6).

1.10. #OPMYJIbl, ONKHCLIBAIWIWHE NAOCKHE ®HITYPhHI H TEJA

1.10-1. Tpaneuus (cTOpoMMW &, &, ¢, d; @ R b napaanenvHw; BeICOVa £ eCTh
paccTOfHue MEXILY a M & nnolans S)

S=L@+nh

b= ;T?.FVS (s—a-+8) (s—c}(s—d}, rae 5=a;2':—c+1'

Tpanenia s#BASCTCA NAapaAIesorpammoM OpH a=b5 (Tor
= ga ¢=d) u pomb
npH a:b:c:d, d) P o
TatGargpa 1.10-1
MpaguabHite MAOTOYTOMLHRKK (AKEA CTOPOHW PABRA a)

g Pagnyc A Pagnyc
HeAo a OMUCAHHO BnKCAHHOR Dacmazn
R N e R O I
R=ginrn| "~
3 | Tpeyroasunx %ﬁ -:—1’5 %.ﬁ
4 | Xeagpar -g 14 —;f o
1, ¥5 | g e
3 NETEYTOALHAR a l/-i-'}-—ﬁ a ]/;-}-% Ir"T‘.]r"’%ﬁ—l() ¥E
$ | MlecTwyrossnax a % Y3 %a’ ¥3
] BOCLMBYIONLHNE a '/ l-{-“’-—..‘,2 -g('l-f‘]fﬁ_) 301 {1 L ¥T)
E01) a = a —_— & =
Accardyroasnan 3 {t4+vE) 5 ]/5-}-21/5 iﬂ’ 34 2¥5
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1.10-2. Mpagwasubie muoroyroabunkd, B tadn. 1.10-1 npHsexens: suipaxenna
NS DaXUYCOB ONMCAHHOR K BHHCAHHOR OKXPYKHOCTEA B ANS MAOLLALH HEKOTO-
pBIX TPABUALHLIX MHOTOYTOABRIKOB,

1.10-3. Kpyr (pankyc r).

(a) Nauua oxpyxaocti Znr, nnowanb nrl.

(b) Llewrpanpubifi yron, pabubifl ¢ PaRKAHAM, ONpefender AYTY AMHHOE ro,

CeRTOp € MACWAAbI rip/2, Xopny LawHoR 2r sin {@/2), CeTMEHT C NIOWALLIO |

8 (p— sin 9)/2.
(¢) Taowmans Mexpy OKPYMHOCTHO PaNRYCA 7; W 33KJKOYEHHOR BHYTPH hee

{He 0893aTeNLH0 KOHUEHTPHYECKOR) OXPYMHOCTLIO PAJHYCA ry PABHE N (rire} X
X {ry—r9)

1.10-4. MpHamMbl, TMHpaMMUEM, LHAIHHAPH W KOHYCH,

(a} O6ueM NpuaMbl HIH URAHHLDA ¢ OcnoBanmem S; W BoicoTolt i pasen hS,,

(b) Obvem mupamMuibl HAH KOHYCA ¢ OCHOBAHKEM S; W BEICOTOW A paBex AS,.3.

{c) Ofrem yceuyeHHOH NUPaMHEl HAM KOHYCA ¢ OCHOBAHHAMH Sy Sy B BLICO-
roit h pasen A (S;+V 5;S;+ S1)/3.

{d) Dokosas 0OBepXHOCTL MPAMOrO KPYroOROTO KOHYCA C paHycoM ©OCHOBa-
una r # BecoTolt h pasua mrl rPLAR,

1.10-5. Tema epawenns (cm. taéa, 1.10-2),

TatGanana 1,i0-2

Tena spamedHHa

Teno Tnomagk NOBEPXROCTH

PXT

1 Chepa pasuyca 4

2 CNAKCHYTMA SAAMDCOHA
spameHnn {(cdepora) (Ocy

>0 2= B

Lo i
ppanleHAe POKpYT Madofl

: * In 1—-"-5
at
aeH.}

4 4
Z:m'-{-ﬂ; T—8 §M'b

1 BLTRHYTHA SnAMMCORA
spamendn {Ocs 22 = 2, ab s

bt 4+ 2n —— arcsine 5 nabt
53 Bpawense e 3

BOKPYD SoabWCH OCH.)

&= i—;:

4 Top, obSpatorananuf apa-
DIEHHeM KpYra paosyca r
BOKPYT ©OCH, OIcTOAWef
HA  paccTosdEy R or
ueuTpa

'R rOR

[} Chepuuecaxi CERFMERT
pantyca r, 3EKAOMeIdnA
MEMAY  NAPAANLJBHBIMU
NAOCKOTTAMH: h — pac-
CTQRRWE MEXTY NADCHO-
CTAMH: Fy, rz— PAAHYCH
GCROBABH{

2Arh + 7 (£ + 71) ’%f;(sq-g-sr:-g-m)

|
|

T —
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1.10-8, TMpapwabhbie muororpanumkn. B Tadanue 1.10-3 NDHBEIEHB OCHOBHLIE
97EMENTE BCEX MIPABHALHLIX MHOTOrpPaHHHKOB,
TaGanwaa (103

Maty TPABHNLHRX MHOMCr pAHHKKOB
(JlaHRra pefipa pasRa o) COOTEETCTEYIOULHE aucna & I altelt, £ repwur 7 K pelep
]

CBAzAHW opMynoh a\ﬂnepa E4Fa =2
fipasnits-
kelk Muo- | MHCAO W THR w pﬂﬂ“!‘"“ Panuye 5 fiaowaas
rorpan- aHeh MHCAHHD BIHCAHHY
roal rp iy chepm NOREPXIGCTH Obuem
Terpasap | 4 paBHoCTO- a = & rm = 1
DORHHX Tpe- P 14 pVe at V3 43
YroALHKKE 12
Ky6 & wp2OpaToB % V3 .:. ) o
OxTasap 8 pasuocro- a .y &5 - v aa
pOHHUX Tpe- _f 2 '-6- ¥é g V’d “u ]fg
YIGABHHKGS 8
Noaexasap| 12 mpasuhib- . — 3
RHX RATH- -:1(1-1—}’5)14'3 e Ii2|+-?-‘2—~ 3_0 X ?:“5+ 7V¥'5)
YLOALHHK OB 4 Y5 XVI:{5+ 25| 4
Wrocasap | 20 pamnocTe. | @ V*— a
. # = 5
porunx tpe- | £ ¥ L6+VEH | —— (34 ¥5) 50t V'3 22 (3
YCOALHEKOR 4 1¥3 i2 G+ ¥s)
* $opuyrs Jfreps npapeinupa A5 A06Ors BHIOYKAOIG MROTOTpAHHHRA,

1.11. TPHTOHOMETPHA HA NJOCKOCTH

LI1-1. Beoanue aameuannn. [MpaMoyrosbHme TpeyrofbHux
B3 DJIOCKOCTH ONKCHIBaeT (‘OOTHOUJEHHﬂyMeHUl_V c'rg;zuamn u“. Tn';‘l:‘fﬂﬁﬁgzm
TPeYrOLHUKOS B TEPMHARX TPUMONOMETPHIECKIX byukanf (n. 21.2-[ — 2| 2-4);
SaMeTam, WTO BCe NAOCKHE QHIYDW, GrPRHHYEHHWE NpA- o
MLIMH  JRHHAMH, MOKHO PBCCMATOMBATL KAK  KOMOHHZ-
WkH TpeyroAbrhkoe. Tak Kak xamawili nrockui TPEYrodas-
HHK MOMKHO DA3NOXHTE H3 NPAMOYrOEHbIE TPEYTON5HAKH,
TO RaHGoNee BRKHLIMH TPHIOHOMETPHYSCKHMA COOTHOUEHHT-
MH ABAAIOTCA COOTHOWRHHA MEMLy CTOPOHAMH B yraamy
NPAMOYTONLAWX TPeYFrOALHEKOB.

Mpamoyronsnsie  TpeyroNsHUKH,
YrONLHOM  TpeyroaskHKe {pHc.
FHNOTeHY30H ¢

A+B=90",  a*+b = (meopems Mudazopa),
sin A=cos 8 =1,

B xamaom npamo-

L.11-1} ¢ kaTetams a, & & P3¢

1.11-1.
YIoALERA
HBEK,

[Ipamo.
TREY oM~

s &
snB =cos A=, (1.11-1)

tgA=clgB=L, tgB=cig A=%,
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1.11-2, CpoficTsa DAOCKMX TPEYroawiHkos. B Xxamaom DAoCKoM TpeyroabHuke
(puc. 1.11-2) cymma yraos pasHa 180°. Cyvma moGLIX IBYX CTOPOH GOJblue Tpe-
Toell CTOPOHE, NPOTHE (oRblWedl u3 ABYX CTOPOH JAEKHT
Gonbmii yron.

TpeyronbHUK RA TAQCKOCTH  EAWRCTBEHHEIN  OOPaloM
onpeaensercs (C TOYHOCTRIO A0 NPeOGPIIOBAHHA CAMMETPHHK]):

) TpeMs CTOPOHaMH,

2) ppyMA CTODOHAaMA R YrJOM, 3AKJIOYEHHHIM MEKLY
HHMH,

3) cropoHoli B ABYMA NPHJEKALAHMH K Hell yraaMmu.

B HAXIOM NAGCKOM Tl}e}‘I"DJ'.FbHHKE v GHCCGKYDHCH 2rg yraos
Pug, 1.11-2. Koco nepecexaiorTca B weHTpe M BNHCaBHOA oxpyxHocTH. Tpu nepnew-
)"FO-I'IbHHﬂ Tpe'Y['OJIb‘ nuuynnpa K ero (TOpoHAM, npoxwmux qeped CepegHHBl dTHX CTO-

HHK. poM, TepeceralaTcd b KeHTPe F ONHCAMKOA OKPYKHOCTH, Tpx we-

OHaHW TepeceKakrres B deHTpe TAXecvH G TpeyrosbHmka. Tpu
BHICOTH TPEYTONBHHKA NepecekanTcA B Touxke H, nemxawel wa

oanofl NPAMOA ¢ TosKaMu Fn G, npkuem HG : GF = 2. CepeRuns CTOPOR, OCHOBAHHA BWCOT
K cepeiRHN OTPEIKOE, coefupgiomix M ¢ wamgold ua nepmub TpeyroibHMKa, JeXAT na
OAHOH OHDVKNOCTH (OXpymcHocmy OL6RIMu MoYex, oxpymuocms $edepbaxa). 'Llenrp sTOA
OKPYKROCTH BCTH CEpPefAHA OTpesKa HF.

1.11-3. Dopmyast RAR pelIEHHA TPEYTOALARKOB. B HHIKeCNeAYOWHEX COOTHO-
wenuax A, B, ABARIOTCA YTAAMH, JeXaAHMH COOTBETCTBEHRHO NPOTHB CTGpOIL
a, b, ¢ Tpeyroabnuka. [Taomans TpeyronbnyKa obcanavena uepes S; R A r spas-
KOTCA COOTBETCTBEHHO PAAHYCaMR ONHCAHHOB E BOHCAHHOR OKPYyMHOCTEH, ap=

Tadauna L 11-)

PewenHe NIoCKHX TpeyroJLHMKOR
(Bee OCTATLABE CAYYAH NONYMRIOTCA UHKAHTECHON nepecTanobkofi.)

¥CcaosHR CYIECTEOBAHHR
peeHH T

HenoaszoBaHHBE QOPMY AR
fane (A4 8+ C=18°

Cayual

A, B, C uz (2} nau (8} Cysmma ABYX CTOPOH LOMNHA

Tp® ¢TOpCAW 4, &, ¢
OuTh GOAbWE TReThel

B4+ C A

=000 — 2.
) 5

2 ABe CTOPOHR H ¥YFOA
Mem Y HEMHE &, £, A Pl

B—C

Ha 6 nas (7), saren

B u £ aau B, C a3 3} 4 ¥);
b sln A

e—bceos A

a B3 (3) wan (9

g B =

3 Opta cTopona 4 apa

b, ¢ Ba (3);
yrna a, 8, ¢

A=I180" —B=(

4 Hpe cropoil v yron | 43 (3

Janawa UmEET OAHG pelue-
ApOTHE OARCH H3 Bux

= bsln A Rue, ecAy b =¢; ABE DElle-

b6, ¢, 8B =GB’ HHA, ecaw & <, ¢3in B < b
OING pellueHHE, ecaH b =g,
cs5in B csin 8 =4; npH &<,

sinC=—b—- ¢sin B> b peweuun ner

A=180° — 8 —-C

f.12-1. 1.12 COEPUYECKAR TPUIMOHOMETPHS 51

HAasa Toro, rofh noayunTe see POPMYIL, HEOGXOIHMuE AR peleans Tpe-
YPOJILUHKOB, HYAHO MDOHIBECTH OLHOBDEMEHHYHI LUMKIHYECK YO nepectanosky A
B, C u a b ¢ Tabn. 1.11-1 no3sonfeT suYUCIHTE Bee CTOPOHB K YR Tpe—l
Yro/bHiKa N0 ONPele’dioUHY ero CTOPORAM K YriaM.

at=b2+ ¢4 —2b¢ cos A = (b4 ) — dbc cos? - (meopena kocungeos), (1.11-2)

a b a1 o —9
smA_sinB_sinC_*R (meopema cunycos),

(1.11-3)

t=acos B-|-bcos A (meopemn o RPOBKLURX) (1.11-4)

snd=+ V- G—b (=0,
b e th-;C
P =tg_”f‘3‘_’ (1.11-6)
G+adnf=acs®3C  p-gemf=asin 22 (1117
rap—a)igg=e—b)lgi=(p-otg<
=4Rsin £ sinZ oin Gueptg § te 2 g6, (1.11-8)
p=2t2t 4R cos S cos B con§, (1.11-9)
S=%-ab sin C=~% b sin A=-;;ac sin B
=Ve(p—a)p—Bp—0=
=2R* sin A sin B sin C=s 2% = pr, (1.11-10)
HOnsna  avicomnl ha=%% {S=—;—a&a}.

Naswa Guccexmpucn wa=ﬁ; Voicatb+0) (brc—a).

Dmus  nedugnss my= 3 V25T 30— gt

1. 12, COEPHYECKAA TPHTGHOMETPUS

L12-1, Baesenwe, Coepuuscxne Tpeyrofshukn. Ha pose
"Pazumaﬁmee PACCTORAME MEMUY NBYMA TOUKAaMH HIMEPHeTCH nm‘lm;f;;m;ﬂozrp;
e Otiie Kpyra, T. e. OKPYXHOCTH, MNOCKOCTE KOTQPOR NPoxagHT qepe3 UeRTD
P ofeaudeckoh, m. 17.3.12). Bepuwuu CHEPHULCKOTO  TPEYrOMLHEKA
W ohe TOUKAMH DNepecedeHRd Tpex ayMel, BWXONAIMX H3 UeHTpa wapa
Puuecxol copepxuocTd. Cropomamw g, b, & cepugecioro rpeymwui
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HASHBAIOT Te YL MeXLy JAyyaMu, Kotopwe menpwe 180" *). Kaxaofi cropone
TPeYroALHUKa CoOTBETCTBYET Ayra OoMbIUIOro KPYra HAa OOBEPXHOCTH  Wapa
{puc. 1.12-1}. ¥ram A, 8, C cheprueckoro

b, ¢ cOOTBeTCTBEHHO, Npeacrasnaio? cobofi, no
onpeseneHkio, MeHbne, deM 180°, yribl Mexny
AycaMu GOMBWHX KpYroB, COOTBETCTBYOWAMM
CTOPOHAM TPeYrofbHAKA, HKAH YTAR  Mexay
IMOCKOCTAMK, ONpefensnembiMd  AaBHbIMH  AY-
YaMH.

ChepMuscKAA TPHTOHOMETPHA 2AHRMASTCA HIY-
AEHHEM COOTHDWEHNR Me KLY r:ropmlaun H YTAaIMH
chepHYLCKUEX TPEYTONBHHKOB {HANpKMEpR, Ha NOBepX~
HOCTH 3eMAB B Ha HeGecHoR odepe). OaHaxo dH-
3HEH ™ HH}KQHQDH BO MHOCHX 34J89ax npe,u.nom-
TAOT  HCNOAL30BATH  Npeolpa3onadHHA  BpPaAWSHHR
(o, 4. 10-1). 2 ne chepuveck Y0 TPArOHOMETDHIO.

1.12-2, Caofictea chepHHECKHX  Tpeys
roasnunos. Kaxaas croposa o yroa cdeps-
UECKOrO TPEYrOJnHHKE N0 ONPEAGIEKHIO Metibe

Pue. L12-1, ChepuqeckHR Tpey- > o pey A onpet
[OAbHUK. we 180",

Feomerpna Ha nopepxHOCTH mapa RpAAETs

cA  HeeskanaoBoR (oM. rtawxke n. 17.3-13);

B KaRIOM CHEPHUECKOM TPEYroJbHYKE CyMMa CTOPOH 3aK/modexa memay 0 u 360°,

CYMMa YTAOB Sakfodena mexay 180° u 540°. B kamaoom cdepndecHom Tpeyrone-

BHKE TPOTHD GCALLIEH CTODOHK AEKHT Soapwrnfi yrod. Cyvma moGmx ABYX CTODOH

GoJpllle TpeTbeH CTOPORN, CYMMa MoOLX ABYX YrnoB senbule, uem 1307 nmoc
TPETHI YTOL. I

Coeputecknfi TpeyroasHdK €AHHCTBEHHEM 05Da30M ONPEAEAserca (¢ TOTHOCTHIO
A0 ApeobpasoBARHA CHMMETpHRH):

1) TpeMR CTOpOoHAMH,

2} Tpemd YTJaMH,

d) nByMa CTODOHAMH H 3aKAIOUEHHNM MEXIY HAMH YTJOM,

4) cTopoHol M ABYMA NPHASKAUHMY K HEl yriamn.

Sameqe nHe ANa Kemooro cpepHIeCKOro TPEYTOALAHKE MOMHO OnpeneadTh 0aMbilne
KPYrH, Krpawliye poss NepRerIRKYAAROB, NPOBEAENHWN 90pE3 CEPeANHE CTOPOR, BUCCERIPHT,
weasad B sHCOT, [aocKooTd Tpex GOALIIHR KPYTOB KEXACTO THOA NeperexacTes no npuwod,

B neOHON ARAA0IHH ¢ ODHC2HHOA ORpYMHOCTRID NAOGCKOrS TReYTOALHHKE CYULECTBYST
prucahpsill ApAMold xpyeosdd xOAYC, COAEPMENKA TPH NPRMLIE AHhEHd, ONPEASASOUHE Tpe=
YroabHEK, OCh STOMO HORYCA eCTh NPRMAaN, 0O KOTOPOR nepeceXsiorch NAOCKOCTH NEPNEHAN-
KYARPOB, MPOBEASHHEBI X GEped CePeAHHE CTOPON, CYWECTBYCT TeHME GRUCannnd RPpRUIU KDy=
206080 Ko, KACaWWKACH TPeX NACCKOCTER, COOTHATCTEYIOUIHX CHEDHYBCKOMY TPEYTOALHHKY,
QCh  FTORC HOHYCS €CTH NRAMAR, DO KOTOROR NepecexalnTeM OJ0CKOCTH GKUCeKTPHe, «PasHycs
ONHCAHROA OKPYMHOCTH H fDAAHYC® BNHCANHOA OKPYMHOCTH OPEACTEBANOT cobOA yTAN, pas-
HiE COOTBETCTBEHHD DOMCEXHAM YLAQE NpY BEDWHHAX OCPBOrO H BTOPOre HOHYCOJE.

Ecay R — pausyc Wapa, 70 0A0lAAL Sp cPepuaeckore TPEYroAbHHMA BLIPAMALTCA Hop=
myaof

§ g == Rie, .21y

rae g -~ cpepunecsmi ancoece (M3bmTox))
em A4+ A4 C—=mn 112-2

HaMepAeMEA ¥ paduanex, Beagudna d = 2n — (a2 4+ b 4 ¢} HAIHBBETCH CHEPUIECEAM AedekTOM,

MoaupHul TPEYTOALHMEK, COOTBETCTEYVOMMA LAHKOMY cPepluecKoMy TPEYTOAbHHKY, Of-
PEAGNARTCA TPeMA MYMEMH, MEDNEHAHKYN4PHEIMY K AAOCKOCTAM, CBASBHEBIM CO CTODOHBMM
ABHHOTO TPEeYroNbHEKA, Eca 0fuH ¢hHepRYECHHA TPEeYTONLUHK MOAADEH OTHOCHTRABHO py-
Toro, Yo A BTOPOA Gyaer NOAspen OTHO. ATENLHO Nepeord, CTODAHM OIHOTO HY ODOARDHMX OT-
HOCHTe/IbHO OPYT APYTE TPEyTOMLHHKOB AONOAHAKT YOAW Apyroro ao 180°. Taxww o6pasow,
KaiKA3R TeopeMa MAR QOPMYNa, OTHOCAANCH K CMPPONAM U PeAdM TDEYTOABNMKA, MOMET
GuTh Npeclpasobane B TeopeMy HAM GopMyay 00 y2iar 4 crmopoRax NOJADHOS TPEYTONLHUKA,

®y Ecam omnun W3 sTux yraoe pased 180°, TO C{pHYECKHH TPRYTGABHNK BMPOMAAETCHA
B NOAYOKPYXHOCTE GOMLDIOTO EPYrd.

TpeyroileHHKa, NPOTHBOACKAULHE CTOPOHAM &, |

1.12-4. 1.12. COEPHYECRAS TPHTOHOMETPHA 63

1.12-3. MpaMoyroavkwfi chepuyecknd TpeyroawHuk., B APAMOYFOTBHOM Cibe-
pRAECKOM TpeyrofbHHKe NG MeubuieR Wepe OAHH Yrod, Haupksep C, paseH 90°;
npOTHBONOAOMHAA CTOPONA ¢ Ha3dulBaeTcs rHToTeAy3oll. CooTRowenug Mexay cTo.
poHaMH H YrAaMH DDAMOYrofitHOTO CHEPHYECKOr0 TPeyrodsHuxa MOryT GHTE H3-
BACYEHE HI CAEAYIOLIHX ABYX MHEMOHHYECKHX npa-
sus Henepa:

B Quazpamme wna puc, 1.12-2 CURYE A00020 U3

8 HEll yzao8 pasey

1) npousselerto manzerncoe Jayx yeaos, npuiewd-
e K Memy Ha duazpavse,

2) npoussedenuw Kocunycos Jeyx yeavs, fpomueo-
AeHAUUUL EMY Ha Ougzpamme,

fipumrep. Haflth CTOPOHE R YINW NPAMOYTOALHONG
G PHIECKOrD TPEYTONbHIIKA, SHAR THOOTENYSY ¢ B CTORORY a.

3ra 88428 HMeer PElIeHEHEe TOMLKO NpH e
QBH
sin 0 < slo & TOTrRe i *

cos ¢ ga sin a -
Ot D = — o8 5 m= S e ——
coaa’ ge* sa A Gine¢ "

demevsaAue Ecan o mensue DPIBHO H
. , ax Soabme Pnc. 1122, Npasuna H
B0, To M A COOTBETCTBEHBO WOMBWE, PaBHO Ham Gon enepa.
. . bl
8, & nyolopar, P e
Ecaw nawe o & A, TO 38898 HMeeT PERIEAHE TOMBKY

B TOM CAYNde, HOCAA NPEAMAYINES yCNOBHE BENOMKEND X :
a7 A, 10 pemennn apa. ¢ KPOME T0r0, sin 0% tln A; ecnu

Ecan panw A B B, Bepada WMeeT pemiende Tous
FB IO H — 0 < A — B <00 (ew T ABy P8 BunenBenuy yosom 90° < A +

Chepraecksf TpeyroazkuR <o CTOpGHOH, padHOR 90°, BE3nBaeTCA KBAAPAHTHWM Tpe=

YTUALHHEGM W MOMET PECCMATDBEATLCS KAK 0OA3puMA r
Yeckaraon ) o P TREYTOALEHK DPANOYIGALROCC chepy-

Ko Bcem maganaM, BXKMOSaOUWAM pemerAe chepRusckiux Tpe TONsAY
:Co;,rmnhnux BAY KOCOYrONbHBIX), Hamnmantgeppexouenn;gfrgs nena?z?nscgiﬂg.
Mnoéélgszaewggn?muﬁ, GYAYT B pa3fHyHEe YrAM & CTOPOHE MEHbLIE, PaBHhL

E.12-4, PopmyAs aan pemewHs cdepHueckrx TPeyTONLHHKOB (CM. TaKme
prc. 1.12-1}. B chegyolunx Ruse cOOTHOWEHHAX A, B, C asagiores yraasu
n]gmnsonemamumn COOTBETCTBEHHO CTOPORaM &, b, ¢ chepHueckoro TpeerﬂhHHKa'
4FANBYCHD ORHCAHHOTO H BAKCAHHOTG KOMYCOB OGO3HAYCHH COOTBETCTBEHHO qepe:;
T H . Dopuyai, He BKAOMERNBE 8 nepexens, Hozym Goimb noaguenst 08nospemennoil
l:uuwwcxaa nepecmanogkod A, B, C u a, b, ¢. Tabanna 1.12-1 nolscaser su-
ogCJ'IBTb CTOPOHN B YrNI NI0G0r0 chepHUECKOro TReYTronBHHK A No TPeM DOAXOARUIHM
n D?SI%ML’MMHHHM CTOPCHAaM W/HAY yraam. HepaBeHCTBa, oTMeucHHbe B Hagane
< ity AOAKE OHTL TPHHATH BO BHAMAHHE, AAS TOrG uTOGH HCENIOYKTDL
OCTOPOHHHE PE3yALTATH NPH PeWEHRAN TPeyrofbHHKoB,

sing _ siny _ slne

Sn A =snB —snC (MEOpeMa Cunycos), (1.12.3)
€08 @ =08 b cos c-f- sin b sin c cos A {meopena KOCURKCGE dAR CHOPOK), (1.12-4)

€% A =—cos Bcos C+5in BsinCeosa  (meapena KOCuUKCoe Or8 yeaod), (1.12-5)

b4 B+ —_
e R g e 2

2 L)
b— -
g Ecs{nB—;C:tg%dnB 26‘.
B+4C btc be—e (anaaoeuu Henepa)  (1.12.6)

thcmTuctg%cos T

B—C.. 8 -
tg == sin —-%5=ctg%ﬁn37‘—;



b4 A, 1. BJAEMEHTAPHAR AJITEEPA. [EOMETPHR M TPUTOHOMETPHA 1.12-4
Tabnuna I, 124
Pewenne chepuyeckHx TpeyroabHHKos
(cM. ¢opwynu o, 1,124 ¥ puc, 1.12-D
3 YCAOBNR CYWIECTROB AHKES
b Aave TopHYAN AAS BLGUNCAEHRS peieHHR
S
4]
i Tpa CTOPOHN A, B, C u3 (8 A npKknaue- D= a+ b4 o< 360"
a, b ¢ KO} DepecTaHOBKY CyMMa ABYX CTODOH JOTKHA
Gurb GoAblie TpeTwed
2 Tpu yrae a b, ¢ r3 B 2 ourauvecxHod [80° < A 4+ 8 + C < 0%
A8, ¢C nepecTEHIBIY CyMua ABYX YT7HOB ROJXHE
GuiTh MeRbioe (8° aawc Tpe-
THA yroa
a Dse croppdw M za- B4C B=C
KAWSeHBNR  MeXpy g B4 ),
BHMH yT0J
sateM 8 » C; r ¥y \7), (8)
be, A uan 4)
4 DEea yraa v saxknw- b+e b—e
VeHHER NEXAY EHME 7 B 5~ B2 6,
cTOpOHE 2% 4 o ®
IaTeM [ B3 (M,
B.Co KAH (5} y
& Ape cTOpUEN B Npo- Cus ) Asaus § 3azaue dMeer OZHO HJH LBa
THEONEXAMHA  OAHOR PeLUleHHA, ECAH
L3 HEX YIOJI sincsin B = sin b,
b, ¢ 8 CoxpaHsaoTcs T€ H3  HeJH-
uuy C, AAR ROTOpHMX A~ B
K 88— ) HMEOT OAHHAKOBHIR
IHBK;
] A+ B —180°
8 a4 b - 180°
TakMe LOoAMBEM OWTbh ofioro
3HdKE
[ JEa ¥yraa M npoTH- ¢ By 3 AN o ey 8 Jajkua UMeeT CAHO HAM aBa
BONEMALUAR CAHOMY K3 pelieBys, ecan
HHX CTOpOEA sinhsin C=ssln 8,
SRTA COADEHRXOTCA T& M3  Bea-
4HH ¢, ANA Kotopux A — 8B
H a4-—=D BMEOT CAHEBKOBHS
IRAK;
A+ B =~ 18"
Ha-+b=I18r
TaXAe RoAMEn OMTL OSmGro
HaKa

r

1.12-4. L12. COEPHUECRASR TPHIOHOMETPHS
A b o 8=
smi-sirl 7 = i 5 cos ——,
i A b=+c a 84O
BN 5 GOS8 —5— == (08 + 0§ ——,
2 ] 2 2 (arkaroeun fdesanGpa
A b—¢ . a . B¢ u lageea)
€08 5 §il —5—=in 5 sin ——,
A b~ a . B+C
COS?COS—Q =COS;S¢II] )
atb4¢ A+B8+C
5="'T’1 S=+l
A }/sin(s—b)sints—cl
sin§-= sindsinc s
C06£=]/ $1nssin 15—a) ‘ (Popmyist norosunusix
2 sindsing | wRaron)
i 8 ]/ —cos Scos (S = A)
sn 3=} =Srgiee
& _ cos (5 —B) cos(S —=C),
cosz_V sin 8 sin C 2
ctgr=Vms(3—mcosts—sawscs—c;
—cos 8 4
sin {s—a) sin (s — 6) 51 (s — ¢)
tg':""']/ sin s ik
A_sinis—m @ __cos{S— A).
Ctg?="lg'p' l tg?j‘= ctgr *
L] 3 §—d s— & 8 —c
i=Vesuizte Tt ge,
§— b 3=
P tg—— tg
ly—7)=+ T e (hPasnenus Jiouase),
tg 5 tg
2> 2

Hexotopme TpHronomerp
BHIKCACHSA ¢ OOMOWLK W
VexHe $yHKOEY

vers A sm | «=ros A,

covers A=1-—3ln A, hav A -=--,‘l‘- {1 —cos A},

{1.12-7)

(1.12-8)

(1.12-9)

(1.12-10)

(1.12-11)

HYECKHe COOTHOIDEHAA CTAHORRTCH oralenno yI0OHBMA AN
OrapudMOB, eCAM B HEX HCAONBIOASHH Hopue TPUTOHOMETDH+

(1521

Taxuu o6 cope-
PBAOM, ECAE MMCIOTCR B HANMYRH TabanqW $yaunAe havy, To gan elesea
PHMLCKEX TPeYTONLMEMOS MOMHD HCOO/AL30BATE CASAYIOWHE Gop Ky NpE A p

B sinjg—Msinfs—o

R TR . bava=hav (6 — c} 4 sla b sln ¢ hav A,

(1.12-13

&Pl"he YHAAOTHYNEE POTHOWENAR MOMAD D0AYIATh YHKABSECKOR aepecrancakod,



TrnAaBA 2
AHBAJINTHUYECKAS TEOMETPUS HA NJNOCKOCTH

2.1. BBEJIEHHE H OCHOBHbLIE TMOHATHA

5 1.1, Booarbie aameMansa (oM. TaKKe I 12.1.1). FeoMempua 1aHM3LTCA AIYTE-
Huew  oBLEKTOB, KOTOPWE MOTYT OWiTh B TOM HIM HHOM CMEICAE OTOAUSCTBIEHE
¢ TOMKaMH, H RpeEcTasafer COGOH MATEMATHYECK YO MOALAL, BOCNPOHIBORALLYIO
GTHOWEHHA MEXJY 9ThMu obnexTamu. B ocHose Kaxzaol reoMeTpuwecKoR CHCIEMbl
AekdT OQNPEReICHHHIE AKCLOMN. OHR MOTYT GbiTe BHGPaHH TakHu OGPa3oM, qToGb
COOTBETCTBYIOUIAA MONeNp OTpaxana ¢BoficTBa peantHOro (PH3IHYECKOro npocTpaH-
cTBa. OnEake 3aiaueil reoMeTPHH ABAETCH TaKXKe JOriaecKos NOCTPOEAKRE CaMbIX
pa3KOOOPAIHEIX  AKCHOMATHUECKHX CHCTEM, B TOM GQHCAe W TAKHX, KOTOpbie
Re BCEla OTBegalgT HATAAZHEIM TPpeAclaBACHHAM. B angaumuueckon zeoMempu
TOYKE ONpENenAeTCA CHCTEMOH uHCea (ee XOOPAWHAT), H, CNEAOBATEALHO, IEOMET:
pHuecKie $akTH 3aNHCLWBAIOTCA B BULE COOTHOWEHHA MERAY KOOPAMHAAMHU.

Taapu 2 (aHAfHTRGECKAR MEQMETPHA HA OACCKOCTH) W 3 (SHaAHTHUECKAA reo-
MeTpHA B NpOCTPaHCYBe) CNefyoT ToMy cnocofy HM3JOKeHKA, KOTOpHH ApHHAD
B GOILIMHCTEE SJAEMEHTAPHBIX KYPCOB: OCHOBHble, NOHATHR TCOMETPRAU npenneia-
FAaOTCA HIDECTHRMH H 7IPOCTO MEpeBOJATCR Ha f3bK  anrebphbi, CradopAiuelics
BCAGACTRRE STOMO CPEACTBOM WCCASJO0BAHUA EOMCTPHHECKHX dopm.

B ra. 17 KpaTKo M3NOMeE H WCIONbL30BaR Gonee tAyGokeR METOL, COCTOR-
WHA B MOCTPORHUH PA3HWHBIX PEOMETPHAGCKHX CHCTEM Ha GCHOBAHHY 38A3pHEIX
axciom. B nn. 17.4-1 —17.1-0 cofepiKaTcas KpaThHE
cBefeHHA W3 AuddepeHunanLHOA reoMeTpHE OJOUKHX
KPHSHIX, BKAUAA ODPSACAEHHA KacaTeAbHoHl, BHOp-
MaJiIH H KPHBH3HBL

9,1-2, JlexapTosa CHCTEMA KOOPAWHAT, Hexaprosa
CHCTEMA KOOPAHWH&T CBA3HBAET C Kamno# Toukod P
nAoCKOCTYH, H3 KoTopod BHOpaHH 8¢ Hanpab.jeH-
hee npiMue (ocn woopauuar) Ox n Oy, mepecekaio-
iuecs B Hatane Koopgumat O (puc. 2.1-1), napy
peficTBHTE/bHEIX  9Hcesl, AGCHKCCY X B ODAMHATY
¥, DpK 9ToM mHumyT P(x, ). [pamas, npoxopAuas
opamnar Otpesks OE, m  ‘eped TOUXy P napannenpHo ocH (g, Depecekael
UE, — equunubl MacwTada B8 oo (X 8 TOuKE Pf. AHadoriuEo NpRMafd, npoxoaf-

pans was uepes Touxy P napanjensto Ox, mepecexaed
Oy 8 Touke P/, BedHuMHa HANDaBACHHOrQ OTpe3kd

OP’ =% (NONOXHTE/bHAA, €cAH HAMPaBieHHE OF‘ copnagaer ¢ nanpasaedseM
ocH Ox, k& OTpHOATeAsRas 8 NPATHBHOM caiyyae) H ONpeAeNieHHEA AHANOTHIHBIM
crocofod pepuisa OP/ =y HashBAOTCA ReKAPTOREMH KOOpAKHATAME TouKH P,

B ofmedl (KOCOYIoAbHOA) AeKAPTOBON CHCTEME XOQOpAMHAT yrol © mMexAy
ocann Ox u Oy MomeT NpRRAMATE SHauesna 0 <T < n(npasas CHCTEMA) KAK
— 5 < @< 0 (aeBas cucrema). Eciid 2nn IMEPEHHA OTDE3KOB OF n OP'* pcnone-
BYKITCA pasinyHble EAMHHUN LJHHD, TO CHCTEMA KOOpAHHAT sa3ngaeTcs ofuled
aexapropoll uny addwunol.

Ocy KoopadHAET QEANT NACCHOCTD RA JETHDO xaadpanma (pac. 2,0-1). AbcuHtca X noag«

METENLEA AAR TOMEK (X, ¥), PACMOADMEIHEY B keagpanTaz § & |V, oOTpHuATEALEA B RBaApdHe
tax {1 @ 1fi, paGua My’ anfA TO4eK OCM Oy, OPAMHATA p ROADKMETESBHY BAN 0%l

z
o e d Aixy)
£{a1)
P&
/ ) £ (1 };

Puc. 2.1-1. Tlpanan mexapTo-
3 NOCOYroMbHAA CACTEMa Ko+

o

2.1-4 %1 BBEOEHHE W OCHOBHLIE TIOHATHR 51

p xedApBHTax [ u [f, OTpALATEALHE ANA TOYEH B KB,
touer 0ocH Ox HayanoMm Koopawhat myﬂkn‘r TouKa (0, Sfpaurax {11 4 1V, pasxa nyao gan

SamcualHe AHADWIHUECKEA Ted

METPHA HA EBRAMADBOA MAGCKDC
FIaHMHO ORAOINANNOE CODIBETITHHE MEMAY TOYKAMA NPAMOR H nencn:&;zﬂzﬁ;ﬂymﬂwm
Mgo é:;mam:mm AKCHOMG, GROUOMT HENDEDMANCCIIN, T TAKKe YRCAskY
n, 431, :

2.1-3. MMpasas 0exapToRA APAMOYTOALHEAA CHCTEMA S
xoopaurat. B npasoi sexaprosel npsmoyroasHod cucte- X r Y
WMe KOODRHHAT HanpapBieind oceR snfupatored Tak, yto ¢ ’ !
nopopoT ock QX Ha W,2 B NOAOKHTEABHOM Hanpapne-
HH#, T. € B HZNPABNEHHH, NPOTHBONOJOKHOM BEpalle- ¢
HUIC Y3COBOR CTPEKH, COBMEACT NOJYOCh MONOMHTE A~ 7 z *
HLX X € DONYOCHIO NONOKHTEALALX ¢ [Ipu 5ToM yeroBHR T r
KOOPAMHATH X, 4 PpaBHbl COOTRETCIBEEHO paccTosnugm  Pac. 2.1-2. CueTemw ko-
ot koopadHaTHHX ocell Ox ¥ Oy no AasHOR Touxw P, CPAMuam npzeay pekap-
cnpeleneiHbid RO BENHYHHE H 9HAKY (PHC. 2.1-2). Tose “3&:*;2““” "

5TOd TA4BE, €CAH HE OFQBOPeRo NpPOTHBHGE, pres
BCErAA NPHMEHALTCH TNpaBAA JEKADPTOBZ NPHMOYrONbHAA  CHCTCMA KOOPKMHAT
2.1-4, Gcnopunie GopMyAbl 8 ACKAPTOBKIX NPAMOYIOAbHHX KOOPIKHATAX ’

1. Paccroawne d mexay Toukasu Py (X, ¢) # Pglxg, ye) .

d=V (% — x)2 -+ (11 — p1)% 2.1-
9. Yroa p MeMay ABYMA BanpaBheHHHIMH OTPesKaMd P P; # PgPy
CDSY=. Xy — X} Lxy — x40+ {ips — py) L0y = 1}
Yy — 02 F (7 — p1p? Yix,—~ )+ tg, —p? (21.2)

HaANpARANICUIAMH RKOCHHYCAMH HANDEBAGHBOTO OTPESKA P P, U&INBAIOTCA KOCHEYCH

N
f0R 4 —-_——
¥ ™ A av== 5 Gx’ OSpACBEHREX COTPEIXOM € OOAQMUTEALENNE HRNPABACHHEMY
BOODAXHATHRX OCefl:

cosa = L Hem. 5
Vi — 2P + e — 4.
cosa, =sina, = Y1 — th (2.1-3)

Via— 5t F (s — g

3. KoopaHRatni x, y ToukH P, peasameR manpa i F p
TouRaMl Py (xq, ’Fg : . NFH"H_OT?&”" PPy mexpy
AsoTea fDOlPLs?nam H Py (%3 yo) ® oTHOMIeRNn P\P:PPy=m:n=2:l, onpene

p= T +nxs X A
- L

m+n 14 A
- A . .
=m£'"! + o P2 + Aga o< <+CD (2.1 4)
¢ w4 n I 4+a"
KoopnunaTe: cepeannm oTpeana P P,
Xt ¥
n=tfn, =it (2.1-5)

# Mpr O << k<00 Toaka P ReXUT BH
B yTPpH oTpeska PPy, ampu—I <}
_.0$<JL < —1—nue ero. [lpr A=0 TouKa P cosnaaaé’: ¢ Toukefi P, a ;;2
: fo.o) Toqx&}P CTPEMHTCH K TOuke Py v
OpMYAk COXpalufioT CMEICH NMPH A=— 1, ecau npaman
CTREHHOI HAH <BeCKOKe9ho ' ’ O od Srmsann
LAaNeEHOAY Tov
97094“[:1»?4011 p ek gawom-l.* KGH, XOTOpaa AEAKT JioGoH OTpezoK
AoWANG S TPEYTONb
Ompenermens tbopmy?l?i; rHka ¢ sepumnami Py {(xy, g1), Py (%, go), Pa (X3, ya)
1

i =_; [*1 Wa— ya) 4 %2 (o — 1) -+ %3 {5y — y12)).

*1 1
X1
4 i

S=

-

(2.1-5)



58 A, 2. AHATTMTHHECKAA TEOMETPUR HA MACCKOCTH 2,1-8,
B nacTRoCTH, ecnd x3=yz=0, TO
x [ 9.1
S=-y ” 2{-"‘-"-,:' (x14/p — Xalf)- (2.1-7)
2y el

3uagenne S MONOMATENbHO, eCaH nanpasieHue ofxona P,P,::,H;:oana:taet ¢ MoJng-
MHTEALHENM (MPOTHE WaCcOBOR CTPEAKN) RaNPaBALHHEM npau; m‘enbmu repcdil
2.1-5. [lpeobpaszosanne LEXAPTOBLX KOOPARWAT npw hap o
oce. ITycTe ¥, y— KOOPAHHATH TIPOK3BONLHOR TOYKH P OTHOCHTEAB -
' cHCTeMbl KOOPAMHAT, MYCTb X, §¥—rxoopauu
aToll e TOUKH P OTHOCHTENBIO apyroft REKapTo«
Boil CHCTEMM KOOPRWHAT, OCH KoTOpOfi COOTBET-
CTBeHHO Mapaniefibiiid oCAM nepsol CHCTeMbl H
HanpasneHH TaK e, Kak OHH, H faqano KOTOs
pofi MmeeT OTHOCHTENBHO cscTeMnt Oxy KOOPAM=
HATH X, Yo. ECAH HAa OCAX 3THX cneteM BuiGpa-
HH OJHHAKOBHE EJHHHUH MacwTata, TO KOOpIH+

naTH ¥, § CBR3AAH € X, y CleAymamy Gopuys
2 spuu npeoSpasosaxus (puc. 2.1-3)
gL } @2.18)
y=y+Y%-:

YpapHen s {8) ponyckawT ems DARO HCTONKOBARAG,
Ecan pAcCMATPHBATE X R f Kax KOODEHH__!}TH orﬁocu;::lb-
aoxcem Gomas
-1 nepnonnanbsoﬂ cHCoreMl KOODOEFPAT (T. cRcTeMa Oxy), TO l‘!‘ltm.n:p::i .:, o:r“ Pt
noAyNeHa U3 MORK (x. y) npu NOMOULE nEpencca Ba —Xo B aanpasasHa
B HanpaBAeHRE OCH Op. TipEseneuue -.norg_
npeofpazoBaini K wanach TO9Ke neKcTopoh [;26- F
cHofl KPHEBOA MOMHO pPECCMETRHRATE KaK fp
pa’oBaEAe NePEKOC KpHBoh.

2.1-6. TipeoSipasasanne nexaprosbx npi-
MOYTOLHBX KOOPAMHAT NP mOROpOTE oced.
MycTs X, y-~KOOPARHATH HekoTopoH TOU-
K P OTHOCHTEALHO nexaprosoil NPAMO-

yTOABROE CHCTEMB KOOPAHRAT. [Mycts %,

2 S
-

% 9
? St

§=x—.r°,

i BJH -

X=X+
Prc. 2.1-3. Mapaanensanft nepe-
HOC Ocefl ROOPAMHAT.

1 — KOOPIMHATH 9TOf e TOHKK OTHOCKTEJb »
Ho HOBOY NPAMOYFGAsHOR CHCTEMb KOOD- Y
AMHAT C TeM Xe HAYANoM, paciiofoenHof -
OTHOCKTRARHO CHCTeMB Oxy TaKEM 00pa-

aoM, §ro yrox xOx wmexay oo Ox K
ocbio Ox paBe 0; yroa o-rcqn{‘ruaae;clﬂﬁa
nonokuTeNbHOM Hanpasaewuk (pAc. 2.1-4). AR
[IpH ONMHAKOBHX eNRHHIAX MacurTaba Ba oCAX KOODAMHATH X, Y CBA3AHH C KO-
OPAMHATAMH X, § CNEAYIOLHMH dopmynamy npeoGpasopanis:
g=—xsin8 4 ycosd,

y=xsin B4y cos b

Puc. 2.1-4. Tosopot ocek woopaknat.

X==xcog 0}y sin 0, (2.1-9)

un% - - .
x=xcosb—ysing,

x v ASAATHBIA TOEK OTHOCHTENBRO
WMATDHRATE X, R X, j KaK KOODIHHATH nayx p pici
ongﬂfgzc;e {?HCTE)“:I Kgopnuﬂar, 1o HOpMy A {3) CnpeaesnT npeobpalosane noaop:

{x. g} » vouny (x, ¥l
— § BOMDYT R2YANA KOOpasRaT, mapesojAnlee TOURY . ¥ .
= yr;.,i-i'. Oauospementitiii nepenoc W NOROPOT WOOPEWHATHHX OCEH. Ecns Haga

KOOpAHHAT CHCTEMb Oxy 3 0. 2,16 ue copnazast ¢ dayanion cucTeMa Oxy 8

o

2.1-8, 2.1. BEEOJEHHE H OCHOBHLIE [TOHATHA 89

uMeeT OTHOCRTENLHO HOCASAlIEH KOOPJAHHAETH Xg, Yo TO YpaBHEHHS DpenGpasopa-
EMA ODHHEMAIOT BRA

X = (¥ —xo) €08 6 + (y — o) sin 6,
§=— (x~xq} sin 6 4 (y — yo) cos 0,

i 5 2.1-10)
xe=xyJ-xcosf—ysind,
y = ijo+X sin 6+ cos 9.

dopMynn  (10) Do3poamoT AafiTH SABHCHMOCTE MEX1Y KOODAHHATAMH TOYKH

B nplux ABYX TNpaBX AEK3PTOBHX NPAMOYrQALHHX CHCTEMAX KOODIHHAT € Ops-
HaKOBHIMH eJHHHIOAMK MaclTalla Ha OCAX.

QopMym (10} onpeAeAsioT TakKe NpeoGpalgAaRHA MEpeACCa H BPRLEHHA, NepesoAamye

Touny lx, yJ B TOUKY (E W), rEe ofie TOGKH pacCMETPHBAIOTCA B OSHOE H TOA Me cCHUCTEME
KOODJAMMH AT,

Aamenaune Tpeclpaaoeauud (B, (9 " {10) He HIMERAWT DACCTORHRA (1) MeMay
ARyMA TOYKAMH HAH BEAHUHBY yraa, onpejenseMylo dopMmynof (2). CoommuoweMuRr, cocmas-
AAKHUE COJEpMaNLE X AUGOR0d ZeoMERPUL, HE HIMEHRIOMCR ApU APEOODASGaaRUY TEDENDET

u nwoptim‘né)m. €. UHSEFUANMNG ONINOCUMEALHO SMUX npeolpasosanud {CH. TarKe no, 12.1-5,
14.1-4, t4.4-b).

2.1-8, Moaspume xoopamwuare. [loaspRas cucTeMa KOOPAMHAT H3 MAOCKOCTH
sanaetca Toaxoft O (nomoc) u HanpaeaerHoH npsamoh Ox (noAspuas ocw). C Kax-
AOH TO4OH P NAOCKOCTH, Ha KoTopofl 3afjaHa noOJAAPHAs CHCTCMA KOOPAMHAT,
MOMHO CBRIATH ONpejeeHHYO Napy udcet p, @ (noAsphue Kkoopawuatw). [lonsp-
He PAIHYC p eCTh QAHHa oTpe3ka OF, a NOAADHHWA yroad @ — paiHaHHan Mepa
yrna xOP, OTCUETAHHAR B HANpPaBJEHHH, NPOTHBONOJNQMHOM BpAUIEHHID YacoRof
crpeaxn (oM. puc. 2.1-2). V¥Yron ¢ onpepeNen ¢ TOMROCTBKG 1O CharaeMoro 2&m,
rae k— motoe uence uncno. Touka (p, @) NO onpejeneHHild COBManaeT ¢ TouKoil
{—p, p & n); 9T YC/OBHE CBHINBAET ONPEAAEHNHYID TOYKY NJOCKOCTH € KaXk-
pofi papol gucen (P, @) HE TONBKO NMPH TNOJOXKHTENLHHX, HO H NPH OTPHLATENbL-
#ux asavenuss p. [lnm nomoca O mennuuEa @ He Ompejenesa.

3aMeganne B oraxude or AexapTosofl CHCTEMW, NOAADHAR CRCTEMA KOORAMAIT

HE YCTAHAEAHEAET BIaKMHO OJHOIHATHOMO COGTUETCTOMA MCHAY N4Pad yucen {p, @) 4 oy

KaMH [IJOCKOCTH, QIHAKO 8 BOTBWKACTEE GPHKAQKEHER BOZUKKAIOUIAA B DE3YJa:=TATE STOrD
HEONpEJENCHHOCTL MOMeT OWTo YCTpaHuena,

Ecnad nomoc u OoAGpHAA OCh COBNAZAWT COOTBETCTBORHO C HAUAROM On
ockio (Jx DPAMOYrOJbROA CACTeMB KoopiauHaT {¢M. puc. 2.1-2), TO Npd YCAOBHH,
UTO AAf H3MepeHHA r, X H g HCINOMb30BAHL paBuble egHHHIbLI MaCmraéa, ReKap-
TOBLl H NOAAPHEE KOOPAMHATE CBA3ALLL CALTYIOULIMY OPMYTAMH N1DeaSPaloRaHH

A=pcLos @, y=pse @,
- @111
p=V 2+, tgg==%, x50

Hueor MecTo caeayoltne Oopmyan {p, @ — NOARPHNE KOODAHHATHY):
1, PaccTosume d MemAy TOUKAMY (Dy, i} E {Py, Pyl

d =}/ 03 F pI— 2p1Pa <03 (93 — Fu).
2. Nacwagy TPeYroabUNEA © BepmENaqs Py {py, 1), PlPe, Ps), P: lPa, Puk

{2.1-12)

1 !
§= F[P1pa5In (@3 = @1} + Papa 310 (Py = Q1) + Papy si0 ({§ = @)l 2.1-13)

B uacTHogTH, ecas p, =0, 10

S= % [p1pa sin (py — @1)). (2,1-14)

Q suaxe S cw. N, 2.1-4.4,
O Apyrux XpREOAHHERHMX CHCTEMAX KOOPARBAT &M, 8 1A, 6.
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2.1-9, Cpocobut 3apawna kpuswx (cm. Taxoke nn. 3.0-13 n [T.0-1)
(2} ¥YpaeBenue KPpHBOH YpapHenue Buja
@lx, f)==0 mnan py=f () 2.1-15)

YAOBJCTBOPASTCE KOOPLHHATAMU TOMEK, NPHHASAGKZUIAX ORPEALIEAHOMY TOuey-
HOMY MHOMecTBY. B GONwHHCTBE CAyuaes, NPEACTaBASIOUHX HHTEpeC, 9TC Todey-
HOB MHOM2CTBO 0Opadyer Xpepylo (oM. Takke n. 3.1-13). O6patdo, sagsurye
KPHBYK MOKXHO ONpeleAnTs ypasHeHHeM (13), KoTopoe NOXKHO YACBNETROPATHCA
KOOPAYHATaMy BCEX TO4YEX KPHBOK M ToALKO STHX Touyck, Boamomes cayuai,
xorja xpunas mmeeT Gonce ognoli BerBu.

Kpusune, onpegensembie YPaBHEHHAMH

o, )=0 1 Lo(x, 4)=0,

rie A —OTAHYHAA OT HYAS NOCTOSHHAS, COBNANAT.
) TNapameTprueckxoe sajavHue KPHBHX.
MOXKLT 6H'l‘h JajaHa Takie ABYMA YpaBHeHHAMNH

x=x(t), g=y()

flnockaa «kpepag

2.1-16)

rae ! — nepeMenRuR napametp.
(c) MMepeceuenrne ABYX KPHB X, 3HaWeHHA KOOPAHHAT X H §, KoTo-
pH€ OJHOBPEMEHHO YROBAETBOPAKT YPABHEHHAM ABYX KPHBLIX

Pt (5 g} =0, 95 (x, ) =0, (2.1.17

OTIPEASAAICT MOuKkY nepecevenus STHX KPHBHX, B vacTHOCTH, e/ ypaBHeHue
@ (x, 0)=0 nmeer neficriBuTe/BHBIE KOPHH, TO OHH CAYKaT aGCUHCCAMH TOYeK
oepeceyelna KpuBoll ¢ (x, ) =0 ¢ oceio Ox.

Ecnu @ (x, ) ~ nonwnom cremenn n {(n. 1.4-3), vo kpusas @(x, y) =0 negeceuaer och
Ox (kak H nmﬁ'ylo NpAMYIC AREMIO, 1. 2.2-1) B A TOYKAX (KPUGAR N-20 ROPROKA); ORHAKO
HEKOTODPHE H3 STHX TOYCK MEPeCceqeHH® MOrYyT COBRAKAThH HAH DHTh MHHMHMM,

Ans moboro peRCTsHTEeABHOro A YpasHeHwe

@ ix, Ay (x, =0

anpegcafel KpHBYW, RPoXCAAulylo Yepe3 7TOUKH nepeceyenER (AefcTBHTeibHLe BAH MEERMNE)
ABYX Kpuewmx (I17),
1d) Ypasueswe

2.1-18)

DX, oy lx, ) =0 @.1-18}

YAOBACTBOPHETCA KOOPAHRATAMM TOWEK, Nbpudajinexamiux noSod xs xpuesx (I7), B He yRoB-
ACTBOPACTCH KOOPAHNATANMM ADYTHX TOUEK.

2.2, MPAMAS JIKHUA

2.2-1. Ypapneune npamol annun, Kawjgoe ypassensye, nuEefiioe OTHOCHTOALAO

AeKapTOBHX KOOPAHHAT X M g, T. €. YPaBHEHEE BHAAZ
Ax+ By+C=0, (2.2-1)

TAe A 2 B Re pagHul WYMo OHOBPeMEHHO, OTIpEENReT npAMyio nuHrO (pre. 2.2-1),
OBpaTRO, Ka¥azsn NPAMaZA JHBHA MOXET OWTb ONpefencHa NMHefHMM ypasme-
iher (1). Tlpw C=0 npaman BPoxOAYT 4epes Hayano X0OpauHal,
Ocobenro Bamno? 3HaveHde HMelT CAelylOIHE BMAW YPABHEHHA npamolt.
. ¥Ypasnenue npaMoli cyraosmMm xosdpdpunuentom [lpa-
Maf, 06Pas’ywllian yroa @ C MOACHHTeNbHNM HanpapieHmeM och Ox (puc. 2.2.1)
B nepecekalowan ocs Oy B Tauke (0, b):

y=ke-t-b, k=igo.
Koapdaunen & Hasnpaeres yraonem mospduinentod npaxoi,

i -

£.2-2. 2.2. IPAMAR THHUST 6(

2. ¥panunenne NpRMOB BOTpes
ock Ox B TO4KE (a, 0) H och Oy s TO'-IKg (O.Kbé; Jz.cfp;;{:.a;gﬂﬂ)?' fgpeceiionan

§+§=1 (a8, 65£0).

3. HopMansnoe ypas

. HedHe DpaMon, [Myers p—
RHKYAADA, ONYWEHHOr0 W3 pawada KQOPAHHAT Ba npﬂiym Pa B':Eﬂﬂfnnipge”-
PEHHEIA B ROAQXHTENLHOM Hampasnennn) mexny EOJ]OM{HTeJlb’HHM nagra- Ao
ocA Ox % Hanpaseienyem nepnesankynnpa paneren
OTYTENHOrO M3 HauaNa KOODANHAT HA NDAMYIO
[ex. phue. 2.2.1). e

Torna ypasneune NPAMOR BMeeT BHJ

xco804ysinf—p=0,

4. Ypasuenne nyuka DpAMHEX
CUEHTPOM BTOUKE (1), y):

Y—thi=k{x—ux).

9. ¥paBHeune npamMol, npoxo
Hue (Hecoananawmue) TOUKB Py(x, 5,) I’} ;f(i?g,):

~I=g

Prc, 2.2-1, ¥pasuenne NPAMOR.

Yepes ABe nxag-

x gy !

¥ =t _=X—n

=i X —x 8AK P e 1)==0,
Is iy |1

E:M NpAMan 3aNaKa OGIHM YDanHeHHey {H, o OTPE3XH & B &, OTcexseMmute
= aocﬂx, _yl;,noaoﬂ KorppHUBERT R, paccTosamme RPAMOR OT Hauana KOOpaHHaT "
¥ SMY BRPAKIAIOTCE 9ePes KOyDPUUACHTE A, B 1 C cregyiouum odpaao:-‘

~C G
1S=% b=~—p k=tgg=—3 o=g_2 22-2)
4

_ A
P=r———, = i ——
VAT B tVAa+e Mi=iUnem (229

Bo nafexanne HEONPEALNCKHOCTH SHAK Repen paguKancy BRSHDaeTCA Tak

4TOlH cobaaanccs YCI0BHE p > ),

B osrom cayuae cos B uosin © RBNATCR RATIDARARIO
TR ABTADAR MY ToA0MuTeR Ra
i p MAMA KOCHHYCA MY W a
OpManl [ AMOR — MEpReHARK YA pa QNYUILHRAOrO M3 Rauaaa Ko-);,quuar Ka np;
370

| n - Een = (r) .
N . H , 0
Cw 7.1-3 [ 0, to BNdOO AOMONCATENE HOT HaOpasieRus Wi HOpManu npod 3

2-2'2. ley[ He c“ocoﬁ“ 3ANaHNA Ilpﬂuoﬁ. Ilapanelphqecxﬂe }'paBH
CHHA HDHNOI‘

Y=a ltxg, y=a 4y, {f — nepemennwp napamertp);

Upk 3tgm 2:24)
o a2, Xy —
pct e T, =
b @ G b= *Tf“, .25
_ Qylie — ar\'l a
—— 8= — ¥
2V )t V@R (R
si9 0 fx
T m— "‘-‘——-\
Y@y (o * @2:6)

Ecan apnak ROpHS BEIGpaR TaK, 910 p =0, 10

thpapa o1 wap
PaBACHKA, B KOTOpOM
B03pacTangn P ) POM TOYKa (x,

Ha9210 KOOPAHHAT SymeT AtwaTs
¥} Mepewewlaercs no npamoil npa
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Ypasueufe NPAMOR B OOAAPHEIX KOODAMHATAX:

p (A cos ¢4 B sin )4 C=0 (2.2-7)

o (2.2-8)

pcos ('T""B)=P'

rre A, B, €, p B0 HMeIOT TOT e CMBEICA, YTO H B . 2.2-1; p, ¢—NOCAAPHLIS
KOOpAAHATH.

2.3. B3AUMHOE PACTIOJIOKEHHE TOYEK H TIPSMbIX

2.3-1. Toukd ® npamuwe, Paccrmosxkue 8 om mowu Pyl yo) B0 npamod
Ax+ 8y+C=0, onpejescHHOe NO BeJHUHHE M 3HAKY, MOXKeT OHTe Haf#QeHO No
bopuyae §= Axe + Byo+ C @.3-)

YA +B8 '
Hroraa & ma3wpand
FZe 3H@K Tepel PajHKaNOM NPOTHBOMOAOKER JHAKY C.
c#xnoueuneu TOUKH OT MpsMofi; OTKAOHEHHE MOJMOKHTENBHO, eC/M HAYAA0 KOOP-
IHRAAT K TOUKA Py (xy, o) MEKAT NO pasnuie CTOPOHH OT npAMOM, ¥ OTPEIATENLHO,
ecH N0 OAHY CTOPOHY.

Tpu meektd (%1, ), (X3 ga) ® {x3, 2y,,) Agxeam g odnod npaMod @ moM U

HOALKD 8 Mo cAyute, ecau (oM, Takge 0. 2.2-1)

4
s yy §]|=0. (2.3-2)
xy 4 |1

2,3-2. JIs¢ HAR RECKOABKO MPAMLIX.

(z) Jue npamve A B OBt bt £ -
¢ Agx+ By +Co=0 B y=hex+tbq {2.3-3b)
HEPECeNAONILA 8 MmoiKe

e e LS T e

(b) Y204 Y1q MexOy GBYMA NEPECCKAROULURIUCR NPAMBLAU (3a) B (3b) onpenends
pi @PMYJIOR A8y — A8y = ke — ks
2= Ardy 4 8.5 14 kiky

(2.3-5)

Wf HYWAC MOBEPHYTH
5 Tlof YTNOM Yy¢ NPA STOM TORUMaeTcA Yroa, ma kOTOP
npAMYQ (33)1- BOKDYl TOYKH TGepeceteHsin NPAMHX TPOTHB YBCOBOH CTPRAKH A0
HEPBOLO COBMEIGHHA € NPAMOA (35). TloMeHAB MecTamu ky Y Kg, DOAYYdM Tau-
reHG CMOWHOro Yria Yo =7ma—"Yi- *

(c) Npamwe (3a) ¥ (3b) naparserbibi, eLid

ALB"-A131=0 HAH k|=lk1. (2.3 6}
B neprenduxyIApHs, ecan
Ayt ByBy=0 B ky=— g 2.37)

{d) ¥Ypasuenus npamux, NPOXQAAWMX fqepes TouKy (% &) NOA YrioM ¥
K npamoft (3ak:
Biigy— A,

; B tgy+ A
¥=¥1=Zgvre, K AGv—B

Y=t = Agy—5 (x—x,). (23-8}

P —

2.8-3, 23, BIAHMHOE PACIOJONEHHE TOMER 1 MPAMBIX 63

B macthocTn, mopmab K npaMoi (3a), npoxoAdllaa uepes TONKY {xy, #ih
OnpeAeNARICA YpaBHEHHEM

By
y—pr=7 —x) R y—p=— g (— ).

{2.3-9
{¢) ¥pasnenne MoGoA npaMol, naparsessrod (3a):
A+ By+C=0. (2.3-10)
Parccrmoanue O mexdy naparsesouvinu npassimu (3a) 8 (10):
ke L Enenfie 2.3-11
+Vaiisl ( )

Fcan 8 (11} snak pepea panuxanoM NPoTRBOMOAOMEH 3HAKY Cy, To & Gyaer
NOROMUTENBHWM, KOrAa B39ano KOOPAHHAT K npsaMas (10) nexar mo pasuwme cro-
poul OT npaMoil (3a).

(f) ¥Ypannenne aw6od npamod, npoxodaujen wgped MUKy NEPECENEHUR RpAMBLL
{3a) B (3b), uMeer BHA

(Apx+ By +C) + A (Agx 4 Bay + C =0, {(2.3-12)
rae ) —TnocToRnHas (cM. Takwxe n. 2.1-9, ¢). OfpaTo, Kamjoe ypasHenHe BHAA
{12} onpeneaser NpAMYyw, NPOXOAAWLIYI> ©eped TouKY NEpPeceveHHd AAHHBIX npd-
Mux. Bcan (3a) o (35) mapannedwHu, 7o {12) oapeneaser npaMyw, KoTopas
B CBOW quepels HM napasnencha, COBOKYMHOCTs NPAMLIX, ONPeAcifeMuX ypas-
HenneM (12) TPy PAUYHBIX SHAYEHHAX 02PAMeTPa A, RA3BIBACTCS nyukod npA-
Metx, 4 TOYKA MX fepeceqeHHs — feRmpom nyuxa. EcAn GasHCHple NpAMbe (3a)
H (34) TMydKa 330aHH HOPMAALHBLIMK YDasHeHHAMH (n. 2.2-1), To (—A) papHo
OTHOWEHHIO PACCTORAKHE OT mobol Touky npamol (12) no Ga3HCHBIX DpPAMEIX; npH
A=1u A=—I noayueHHas npAMaA CAYXKHT GHCCEKTPHCOR yraa Memxay GasHc-
HBIMH NPAMBIMA YYKa,
(@) fHan moeo amofise mpu npAmbie
Ax+By+Ci==0, Aw+By+C=0, A+ 8yw4-C3=0 (2,3-13)

nepecexasuct 8 OOHOQ ModKke uAu ObAu napariessudl, Heobxo0ume u GeCmamouto,

wnols
A, By Cy|=0, (2.3-14)
A, Bi €,

T. e, qTo0ul AeBwe 9acTH ypasHennfl (13) Owan ausedro sgsucumw (0. 1.9-3, a).
2.3-3, TAHTEHORATLHLESG KOOPAHHATE. ¥pasHEnie

&ty +1=a0 2.3-19
onpepesner npaMyw addax €, ). Yacas § B 1 HalWBANOTCA e¢ TANTCHONANGHLIMA {AMHeR-
MHMNE, NAOXKepOBLIMK) NOOPAMHATaAMK, BcAH TOuedHme KCOPAKHATH X, V¥ PuncHponanw, 2 &,
Tl paccwaTpHBalOTCd KaKk OepemeHnue, TO (15) CTa3HOBHTCA ypaaaeHueM TO4KH (X, y), T. €.
TOSH pepecevedus 8ceXx npAMuX (15), CuMmeTpyna ypapreHEA (15) OTHOCHTEALHO TOREYAMX H
TABreHnHamuBEA KOODAMHAT BAESET 3a COGOR COOTBETCTEME (ABOACTERHMOCTH) MEMAy Teope-
'fra“' OTHOCALURMBCA K BIaHMHOMY PpacnoaoMedHic ToWeK H npAMex (nn. 2.3-1 y 2.3-7),

Pasneune F (& ) =0 onpepensier CeMeAcTBO NpAMWX, KOTOPOE, BOOOUIE [0BOpS, HMeeT
Orubaomyo, 3aBKRCAULYI0 OT BAAA $YBXUMH F (E, W) (o, L7017
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2.4. KPHBBIE BTOPOrQ NOPRIKA (KOHHYECKHE CEMEHHM

2.4-1, Oflee ypasnerue sropoil crenenu. Kpwane BTOpOro TOPAAKE (KOHHHECK#O
ceusyKu) OnpefeanioTes yPasHEHHAMM gTopol cTenedd OTHOCHTEABHO A aDTOBLX
NPRMOYrObHBIX KOOPARKAT. Obwee ypaBHenwe eTopofl cTEmeHH OTHOCKTEABHO X,
§ RMEeT BHA

a"x"‘ +'2auxy' +any= + Qﬂnx + 2agst -+ a0 =0

o (ﬂnx+ﬂny+au)x+(ae1x+aeslf+“‘a%ly+(aatx+aaw+ﬂasl'"—"0' (2.4-1)
e @ =0 (i, k=1, 2, 3}
2.4-2. Wusapuants, fns moforo ypasienHs {1) Tpn BEAHYHHH
oy i ay G iy
f=ay +ag, D=4un= ay apl A=lay an an 2.4-2
dgr dv 4y

ABNAIOTCH  HABApUANMAME OTHOCHTE/LRO MNEpesoca @ nosopora ocel (2 1-8),
{2.1-9) u (2.1 10) STH HHBapHAHTH ONpeaenrioT cBoficTBa XPHBOR BTOpOrG NO-
pAgKa, e 33BHCALIHE OT €& OONQXEeHHR Ha MAOCKOCTH.

HMusapsakT A, & Takke AHOCHA A ==8A, MaILMBIOT & (CROUMURAHMEM YDABREHKA ),
2. 4-3. KnaccHpHxau®n KpHBLX BTOPOr0 MOPRAKE, Tatn. 2.4-1 conepx4T KAac.
cHHKAUKIO KPHBBIX BIOpOro aopnaka, OCHOBAHHY Ha HX HHBAPHAHTAX (2.4 2)

p oroft Tabavue

(2.4 3

A= Qgn Gy i _‘Hz\}

23 a9 ayp Oss

A’ ABNRETCA MHBAPHAEHTOM OTHOCHTERBHQ nosopota ocefl {SeMULHBRD UARMOM)

2 4-4. Ycnosme TopeGHA WEABIPOMBEHKBLE KPHBEIX stToporo aopaaxa. [ac HEIHPOKARA-
HWE KPHBBIE ATAPOra MapAARa {A #0), 3afaHHbie ypasHeHHRMA BHIE (), nodobux, echad
D =0 0af KaMAGro W3 YpABHERRA {(r & ecad ofe KpUBLIE — napaGonu) HAR ectiH
BAA KaXaoro 13 ypaBHeNkAl ¥ OTHOWRHHA a1 du gy LAA STHX ypapHeduft cosnafawT
2.4.5. XapakTepMcTndecan KaaapaTHIHas $opMa W xaApAKTIPUCTHIECKOE YpaBHedne.
MHOCHE BAXKKHGLIE CBOHCTBA KPHBWX BTODOre MOPAAKA WOryr Guith KIYUEHH ODH MOMOULE
XZPAX TCPHCTH9SCKORA kaanpariuHod Gopmed

Fo (2, i == ayx® -+ 2auxy + Bany?

{2.4-4)

cooreeTcTaYiomeR ypanAsHA© (1) B qacTHOCTA, HeRWpPOWASHHAA KpWeasd BTOpPUre fAOPHAAKE
{A 7= 0) OKa3HIBAETCR ACACTBHTZARMLIY SAAHTICOM, MHAMAEIM 3AAHNCOM, rineptonol AAH napas
GonoR b JADHCHMOCTH OF toro, OyAeT JH Fo (2, ) AGAOAATEIBHO onpeReneHon, OTpHUA-
TeAbHO ONPEALNEeRNCA, HeonpeaeNeAHOR AIK nogyonpedensd ol KoajpartdeHod Qopuol, 4To
YCIaH2RAHBASTCR 0O HODKAM Ly, Az B XODOXMZPUCTIHLECKGE0 Y PaANERUA

a,—h g

=0 gm M—/L4+D=0 2.4-5

[: I agy — A
KopHr Ay, Ay ARARIOTCR coBomeHH Ml INAECH IR ML NeACTBHTENbHOR CHAMMETDEISCKOR MaT-
pHLE [alk] o 13 4-3, 13 5-2) u, KAK CNeNCTEHE sTOrO, Beerga AefCrBATENLHS,
% 3aMerTus, avo unsapuanTy { 3 D kpraof BTODOrO MORAAXA CARAYQUWHM o0pa3zou Bal-
paM(aiOTCH Yepe3 KOpHH XapaXTepRCTHUECKONS ypapHeRHA (5).
fe=hy+hy, O=hd4

Orciofa cASAyeT, NTO ecah OAAH A3 KODPE2A Ap, Ay pased ay.pio, 10 D =0, a eciill Ay = —Agy
T.e §=0 7o D<0 (cm TaGm. 2.4-1) X

2.4-6. LleATpW K nHAMETPH KPASHX BTOPOro NopHAKA.

{a) Aduamerpom wpusofl sTOPOro NOPARKA HA3WBAETCA MPAMAA, SAAAOMARCE
FEOMETPHUSCKUM MECTOM <epeiud naparfefbHbix XOPA [CosopAaT, 47O JAHaMeTp
conpuMed XopaaM (a Takike HAOPaBJcHHIO XOpAK), KOTOPble OH ACAHT nonosa.

2.4-6. 24. XPHBLIE BTCPOTQ NMOPAAKA (KOHHWYECKHE CEYEHUAY 65
Tagmaual.dl
KracchRanNg KpHRLIX BTOPOTO MOpRAKA
HeshpoXAeHHWE KpHAbLE BripoxaeHnuie [pacnagan-
AZED WHECH) WPHBME
A=0
DefleToaTenbuf
A BAZHNC (DD YH -
T{O f’oc'rhbecnn
=4D unn HefcTeR
TeNbAAA TOWKa ne-
D0 2t = S, G1s = O pecenennn npyx muOMEX np:-
Denrpamsmé  Hphs :h.lr:ql“aﬂ;!unc, BMpORHBUIKTCA
aple BTOPOre NOPRAEA A MERMEE saanne b
D#E0 T>0 {H ogmoR pefcr-
BATEALHOH TONKE)
TNeapa AeACTEHMTEILHEX MNe-
D <0 Ianepbona pecekaUKXCA nNpAMBIX (BB~
pPOREBWAACA rEmepdonal
Mlapa MHHUMBX nNa-
. PAANEABHBIX MPAMBX
A"=0) (un oawoA jpeleTsE-
exeurpam i TeAbHOH TOYKH]
BEE BETOPOrD NOPAAKA
‘{Jdnea UMeHTPS HMAH & He- D=0 o S flapa geAcTeHTEAL-
SAETEHH LM EHT- - apul
pog} nenT palona A’ 0| HuIX  napaaneabHBX
Do DPAMBIX
s Onxa aeACTENTOAE-
A*=0| nag npamMan {napa
COBTIZBLWIKX MNPAMKBIX)

Lnametp, conpamennul xopaas, o6pa3
neHseM ocd Ox, olpepensmerca ypaagenmm“ Jrof 8 ¢ ROTORUTEBANN HANpaD:
{81, +@1af + 19} €08 B -+ (291X +- 390y -+ Gzp) 8I0 6 =0, 2.4-6

{b} Tlpr D=0 nce pmameTpwl KpHBol BTO
pora NOPAAKA (epecexa
B%?J;;’;i;;ﬁngpaﬁp"aﬁ {(apyToe ofpenefeHne c,u? B 2.3—10). %TS:
= JENBHE HAH
D00 napait Rt s ne“m“on.cosuanamr. B cayuze D=0 kpuBan aro-

KooppuBaTh OeBTPA (Xp, by} OOPEASAAKYICA yDABHEHANMH

Qukot Gt an =0, 4254 it + dyy =0, Z.4N
OTKYZa cAegyeT, 91O
1 |a a 1
Ty = = — | T4 Y12 a1 O
*= D |an @ l‘ # =" g4 a::l @ F0. @45

Ecan kpaped neatpans
Ypaaueine Kp“o?“ B:;;R ro aepenoc (2.1-8) @avama xoopagnar B ¢e UeRTp (B} OPRBGAMT

a,.§s+2au§;+a.,;-+%=o. 2.4-0
Th# x, -~ KOODHHHATH OTHOCHTENLED HOBOR CHCTEMH,
(c) Kastam# 63 f5yXx conpwxeHHMX awameTpos denTpantnolf KpHBOH BTOpOrO

fiopagka
o 2%_2‘ ée..nu-r nonoAaM XoDAW, NAPANeNLEHE ADYIrOMY AHAMETDY (CM. Takme

3 Capagounux mo Marematxe
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9.4-7. Taapnpie ocH. JuameTp, pepResaRKYAAPHEA K CONPRKERALIM EMY X0p-
14M, HAsLIBaeTCH TNaBHOA OCHIO KpHBOIl BTOPOro LOPRAKA H ABIAETCA OCLID CHM-
MeTpuk KpHsoi. Kamaas ueHTpadibiai K[HBas BTOPOro MNOpRAKa {D == 0) anbo
HMeeT ABE B3aHMHO ﬂC‘pI’leHﬂIIK}’BRPHHB TAABHEIE OCH, ARG KE}KI\bHUt AHAMETD
ARnAeTCA TAABHOH OCLI; B NOCNCIHEM Caydae KpHBaR SEASNETCA OKPYHKHROCTHIO
Npr D=0 xpHpana HmeeT OAHY rnapayo ocb (cM. 7a6a. 2.4-1). Toux#W nepecenes

HHA KPHBOﬁ pTOPOro NopAgka < ee TIN@BHHIMH OCAMYH HAILIBAOTCA BEpIUHHAMNA ]

PTON KPUROH. .

[napHbe OcH BMENT RanpasiacHie cOBCTEEHRMIX BeXTOPOB MBTHHLUR [a”‘_] i k=12

(M. n. 14.8-6), Hpase roBops, Banpapanioulye KOCHHYCH cos §, sinf nopwaneft ¥ FAZRHBIM ‘
ocan (0. 2.2-1) YACBNETBODNIOT YPaBHEHHAM

(@, — Ay cosh 4 ay;8in §=10, @3y €08 § [y — M) sin §=0, (2.4-10 ﬁ

rpe » — oTAMGRHA OT BYAR Kopelb ypasneHrs (5). Hanpapaesns raaBybx ocefl B conpRa
MmeRImN KM XOPA BASWBAOTCA FAABRLIME HANPABJCHHAWM KpHBOR ETOPOrC nopsaka, Yroa
MeATY NONCKRTEABILM HEDPAENEHAEM OCH Ox ¥ KaMRhM u43 ABYX TABENBIX uappapnenni
KPKEQD OOpenenAeTcd gopuyaoi 7
a
ig 2qﬁ=tg23-_—-._"_; 2.4-10)
Gy = Qpg
TONBHO CKPYXMHOCTD HMEET Heonpeaciennue rAAEABE HANPABAEANA,

2.4.8, (ipHeeacHHe ypapHEHHA KpHBOA BTOPOro nOpAARd K CT2HIAPTHOMY
(xanonuuecKoMy) BuAY. EciaH BBECTH HOBYIO CUCTEMY KQOPAMHAT, COBEPLUMB MOBO-
poT ocefi Ha yrod, yAOBAETEOPAIOUAS  yPABHEHHIO (11}, ¥ noaXoAslWwHA nepeHos
waqana (n. 2.1-7), 70 ypaBreHue (1} moSoh HesmpoXnerBOA kpusoli BTOpOrO
NUPSAKA MOWeT OLiTh MPHBEAEHO X CAGAYIOMEMY CTABAADTHOMY (HAH KaHOHHuE-
CKOMY) BHRY {napamerpal g%, b2 ¥ p, BCTPERAIOUIHECA B KAHOHHUYECKHX ypaBHe-
HHAX, PecLMa MPOCTO BBIPANANTCA 4EDE3 KOPHM 4, == A, X8PAKTEPHCTHUECKOFO
ypaBHeHHs (5) H HHBADHAHTH A, D, I

Jﬁ;%g;=! (saauncy,
e LA A pre 1 A__ A {2.4-124)
=~no= "y TTTRDTTH
§—§—1~=1 (zunepboan),
(2.4-120)
g LA A gl
s D ?\.’EJL, * % D 1,13‘
y*=2px {(rapabosa),
(2.4-120)

sin) A_l ]/ A 3
P= T=% 3«-1}0' ha=0.
VpeeHenna ebrpexdennnix (pacnadaouuics) KpHaEX PTOPOTo MOPAAXA AHINOFHSHHM

cnocctoM BPHECARTCA K BHAY
x? ¥t

iy = {mowKxa),

i v =0 (NepecexaNUILECH tpAMMNE}

b RANHER @419
xl

7Y == 1 (NapaAte AbHUE NPAMBIE),

xt==0 (0dng Delicmaums abnan npRxas).

Jamenarne [TopoDpoT KODDABHATHRX ocel (2.1-9) ma yron, ynounemepmowlﬁ
ypaseeRInG  (11), DPHBOAHT K AMACOHANLHOMY BHAY MaTpHUy ‘aikl XapaKTePHCTAYECKD
xpafpaTHuBOfl Qopuu (1} {Cw. TaKKe I 14.8-6), Hauenenue & ra yrodn, Kpartiwit ®/2, co0T-
EeTCTEYET HEKOTOPOA nepecTanOBKe nepeMeHHM X, ¥, —X H —U. apOHH9ECKHE ypasHeHBHA
(12, ), (12, ), (12, £) coOTBETCTAYIOT TAXOMY gwGODY 6, mPE KQTOpPOM OKYCH (a. 2.4-9) spE~
EbX BIODOrD DOPRAK3 AesmaT HA ocd OX,

2.4-10. 24 KPHBLIF BTOPOIO NOPAAKA IKOHHYECKHE CEWEHUS) 67

2.4-12. TeoMeTpHYECKDE ONpEAeAeHde HERWDOKIEHHOA KpHBOA BTOPOre no-
g?lm:;. (I:E?ori::)qim;o% ypapHedse MoBOR IERLIPOKIEHHOA KPHBOH ATOpPOro no-
I et OpTe fpH HOMOWH NOAXOARWEro Tmpeod ;
(1. 2.1-3) rpyreieHo K BRAY N e A B

yrl==2px — (1 —g%) 2?2 {p>0). (2 4-14)

B ITOM CAYHae KPHBAf NPOXOAMT 4cPe3s HA9aA0 KOODIMAAT HoboR CACTEMB OCh

xxia.rls;ercg OChLI0 CHMMETDHH xpitBol. Ypasueane (14) Bwipaaer to?

¢: , UTD HesatpoOeHHAR KpuBAR 8MOpozD NopIDXA REASEMNCA 200MEMDUMECKUM ME-

3;3»?0&!”;:?%' OMHOWIER UE paccmonufzﬂ Komopttx  &:220 (IKCUCHTPHCHTET) ot

A ouri (okyca) u om dannod nprMod (AHpexTPHCH) nrocmoeuro.  Kpu-
ecmy gaaune npu &< o, 8 wacmMoomu, oKpyXeHocme npu e=0, 2u

Gasa npu &> | u papafoaa npu e=1. ' e
Y paomenHe Superxmpucel kpucod (14);

r
T eq , 2.4-1
KOOPAM RATH hoKyCa" el ¢ (2.4-19)
7

x=.|—+—8, y:O. {2416}

ileupu:e:;puca NepmeniAKYAAPAA K OCA CAMMCTPHH, 0povofAwed gepe3 GoKve o

PaI:;.HO p)}axpgzgz f‘ql;clr{n(a:;wan ock}). Paccrodunne memay Goxycow H AHPEKTPHCO
. 8 BTOPOre o

Bonay, re pa o PAOKA GeR/MpasbHaR (INAMOC uAd THOLP-

X==

L
—er 08 (2.4-17

ABAAETCA OCLIC CAMMETPBR KDH
soff H, cnenosa
B e oo SN P s A0B3TENALHO, RPHBAA WMmeeT fBa oxyca
Memd:'t):gfl;uuu NapameTpoM REBHIPOMIASHHON KpHBOH BTOPOro MOpRAK3 Ha3u-
Hoh ' G sunaﬁnnuuu ee XOopasl, Npoxolsmed aepe’ QOKYC o NepNeHAHKYAAD-
anpHoft ocH (oxaseras xopdo). GOKAALELIH NapaMerp paseg g,

Ja
s, Ha:;ﬂqg;:ﬂ: e, #Bu MUAN RPUINX MOS0 A0PAGKA, EOIOOMOEHRNI U NP0 A He
AOMNCEH Y (exymegomwo:'::mfzxo:;lG;K:; u;e-cenux e B enn K oneaq premadsetch Ha Many
v ngeamedone Koxyra, ECAN KPHRAS pacn

ANENEHIX TIPAMHE, TO CHeRYeT CUHTATE, 4T0 KOHYC Bupomﬂ.gerca apqa,lgxﬁiepmﬂ ke napy

2.4-
4-10. Kacarenpihe W #0pDMAAN K KpWBHM BTODOTO nopanxa. MMomocws w mo-

MRDH. ¥ pasHenue RACAME .
T0%Ke (r, y,) HMeeT BHRM’“"I {m. 17.1-1) x kpwsoft aTopora nopAxks (1) B ea

QX Xy, (X ) + amgyt - 15 (10 4 %) - Gpa (9 1) F 23 =0

AR
(Guxl “Fayatty oy} X (Gar Xy Aol - Ga) ¥ (Gn Xy - Gaglyy -H Gga) =0.

Ypagy - 3
o 40 “Mt’e’égem:i;pmu (n. 17.1-2) & rkpAsof sTOopore mopmgxa (1) B ToaKe

(2.4-18)

X — K = ¥ — i
Xy + el -F Gy @y1%y 1 Bzad1 4 T2a (24-19}

omofﬂpél‘!nﬂinoue (18) ﬁonpenenster OpsMywy, AAasLIBaCMYI0 MOAdpeR TOIKA (Z,. ¥}

T0aKa (1 b )KPHBO BrOporo nopaaxa (1), 4edasxcdMo OT TOTQ, NEHHT M

MOit (13 I+ %) Ha XpHBOW HAH HET, To4Ka (T,, y,) UE3HBALTCR NOMOCOM MPH-
). Moaspa Toukk Kpusofi ecTh xacaTedpHad K KPHBOH 3 3TOH TOuKe.

g+



%42

Tabaam:

Kacarexbinie, MOPMAMH, NMOJAPH & MOMOCH KPHBWX BTOPIrD MOPAARM

2.4-11. 2.4, KPUBHIE BTOPOCO TMOPAAKA (KOHMMECKHE CEYEHWA} 0t

YpauHerus KacaTebHBIX, DOASP A HOPMAAeR AJAR KPHBEX 8YOPOro no-

pRAKA, 33DAHHBIX KAHORW4eCKAMY ypagHeHuamu (. 2.4.8), upuseretst s 71aG-
e 2.4-2,

3amenanve {(TeopeMm O NOAWCaX K TOAAPEX).
1, Ecdu RpAMas, APOSEQERAGR weped Aoawe P, nepececaem noarpy ¢ modxe Q, a xpu-
S0 Amopode ADPARKE — & Mmoxxax Ry u Ry, mio moxkue P 4 G rapeRoHHSeCKH Ca3leARKOT

R,P L
Rou Ry, mt.e, T”tﬂ"' W;(uonoe DOpefencade MOAKpHL
2,

EraAg moxk@ ACHUN HO REXOMODOL APAKGN, M0 28 NOAIPA APOXOOUM NEPSS NOAIGE

amod AURHOG, Foad BPRMAA APOXGOUIn %EPET HEKOMOPLK [HONKY, MO 48 NPA0C AW iin xi
ROAADS $MOT MIOUKY,

3, Huesmemp gpusodl &Mopo0 NopRIKa eome noaRpd Gecxgmeund  yowagHsed  mouwsn,
REPER  KOMOD0  APOXOORM  CORDRMEHHADE EME xopdel gexmp xpussd amMopozs nopAdsa

e ROAWE Gecroneunt plaAenmod npAmod {HoBROe OTNpPEeAtJoEHE LZHBMOTDA H
nentrpa)

4 Dokye xpuaod SMoPore nopABKA romb yenmp Apekd, oBAadmoieso WM CEGGCMEO,
NmG roAloc tobod 20 APAMOG ApuAadledcum neprendukpARpHOd k kel apAMOd  nyuxa,

Hupexmpuca ecms notRpa osycs (HoBoOe OHNpefieAthHe HoKYCs W LEDEK-
TPHE W),

Ha 1—4 chefyer, 8 naCTROCTR, uTO!

(2} Ecau «efies [ouKy MoMHO nposecmi Jse kacameasnsie x kpisod, mo noaspa smad
movKL npoxodum NEDEI MOYKUE KOCGHUNR,

ﬂ[b) KacameAshpte x  XPusol 6 KoHHax OJuaMempa napaAgetbnte 0N DANCEHNL M
xon0aM,

eaty
(&) Tound NepeCcTMEHUA KOCAMEADHOLX K KDudod & XOngat Anbod e xopds, Apoxodfuwed
wapes
&

KYE, ASMCUNT WO DUPERMpPUCE,

f Kawdas xopda, RPoxcORLOR VePesd poxye, ACPRENDURLIRLHA K APRMOD, nposeden~
HOU 42pe2 haKyc U MOUKY REPRCPULAUR KACHMEALNMR & XOHYAX XOpOM.

2.4-11. Npyrwe crocofinl 3aganiA KPHBWX ETOPOrO NOpRika.

(2) Kpusas smopozo nopadka 6noaNe onpedesremes RAMbBIO COOLUMU MOUKaMU,
BCAU HUKQKIE WEMuipe U3 HUX He Aexcam Ka 00nod nprsog (n. 2.3-1). ¥YpasHenua
KPHEOH BTOpPOTO NOPANKA, DpoXxoAAwed Hepea NATE Touex (Xy, Hih, {Xg Ha)
(Xal y’)' (xd.l yt)l (xh yl):

¥ oy P x oy |l
¥oxg oyl % |1
oxy Yo op |l
X} XaYp Y3 o Xs oy | *% 420
okt HOox g
X} oxys 4y x|

o '
oy
£
4 o
4
vy +
zed 8 - A
gay T ! = EYE; -
tpsa e ol f
e = + e % i ‘S\u '| 1
dum i i .- < e S5 al, H
°qa® [l 0] X da |7 2R} 3
o - :
Eggg ! Rof]® + ! [ P }
BEEL | nln) gfe > % s | & & [ g
ST RilQ S[q ) P “
g =
prEas ¥l i :
£33 ] ¥ e L]
l-;; ok 23
L}
ﬂw l
]
—T -
]
&
g =]
E-1
] -
gg‘ < ' ry H
Teg £ + o
nﬁﬁ It:\ ] - ‘E - _:’.’.‘ ]
A - -]
:E - —I-?# 2 ':: ‘PU = a,
2328 = * - %3 i =
ag ?;-I Y =l o
"'"DOA 1 - =~ { | ol 3
FRTE 2% +1 F|=
He w |m
258 1 i I i
ot R A 3 e |5 e JH &
Y Zm + _lu N ™ "
g% Lo | e L 4 % ,
zeR i B 2
R ¥ EYE
« |
il
x -
El b - 3
§-.2' - e ry , .'.nlb'
¥ & el . N el + -y os
& s |} 5 =l + u U]“( I i R
= o hcq
P 3 a 1 ) i
Bk L
d = ® o) .&_
g o S I PR Y ] | T ozt
O/_""'\“ o Y = -1
L -] - s
" b= E -
a " o 111 =
gﬁ1m = il
e
-
&
o | ~
3 FU ~l&
o w 2 M -
q=5 & ...+.-'=°<" 1 f-‘e:l E;lu x "
5 <|{"« .
ak | ox S 3 ) L
& . « - I 5 =
a X o k- - 2 1 1
£28 | + i | + e | 1 +
gk £l ki i SAna o =
N % d z i3
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=
5 3w O LBl | &THE | SEVYs | ek | e
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3| “5° *Esa |2zzezial 2 2iFg
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] = Tem =g = =z 4a =g “”“‘3‘-&
‘ ) $Hs 3 = $Zacdiz B g |8 z25 2%
Q = r.:ug-‘t.S T HEa.y Eﬁn.:o g‘_nmh g&“; z E;g+s
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Kpusan sroporo nopsgka BupOMZAETCE B TOM W TOARKO B TOM CAY9ae, KOTAQ
TPH H3 3ajaHHWX TOWEX MeXAT Ha OAHON npaMoR.

damegaugue, IocTpoenne KpHBON BTOPOrO NMOPAAKA, NpoxoAAweR wepes NATL RAH-
RUX TO9EK, OCYMECTANRALTCH NpH NOMOWE Meopessl [TaCKAARD MOIKU NEDECERENUR DOMUSH~
NOROMCHBLX COIOPOH WIECHMUUYZOADRUXA, BRUCIHNHOZO 8 KPUAYH 8MOpOo20 NOPROKO, ALddIMm wa
00HOl nPAMON (uAN ASARIOMER OECKONEARD YORAEHHHLMY),

PHBEaA BTOpOro MOPAAKA TaXMe BMNOAHE ONPefeAAETCA NATLIO HACATENLMLIMH, €CAR
HRKakMe verwpe K3 HHX HE NEPECRKAOTCA B ORHOA Touxe, [TOCTPOSKHE RACATENBHWX
:ehon KpPHBOA TNpPONSBOAMTCA NpH DOMODH meopexs Bpucnwong: duazonalu, npoxpdAujus

P23 RDOMUBONOAOM HOE CEPUILKN WHECMULFEOADKRUKG, ONUCOHHOLO OKOAC KOUSOI 8MopD20 RO+
PROXA, nepecenuomen o 0OHON MOYKE (&AL RADEAAEADHDL).

(b) Ecan dorye HeBripomAenROR KDPHBOH BTOPOro MOPRAKA NPHHRT 34 (ORIOL,

8 0Ch cuMmeTphu — 32 TONAPHYIO OCb, TO YpaBHeHHe 3TOfl KpWBOR B noaap-
HHX KOOpAKaTax p, @ OyjeT uMeTh BHA

p=—|+spcosq|' {2.4-21)
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2.5. CBOACTBA OKPYKHOCTEA, 3JIHNCOB, I'HNEPEOJ B DAPABOJ

6a. 2.4-2).
-1, ocTh! Myaki W TeopeMs (CM. TAKke T3 )
%é? !Oéﬁe?x:;'muemﬂo Pox’;yxnocmu B ASKAPTOBRX NPAMOYTCABERX KOOPAX

AHaTaX: x3+y‘.!+Ax+By+C=0.
- (s = 9 =R @54
rae

orym—A, Uy=—B, R=VATE_L.

Touka (xq, Yo) — DEHTP OKPYIRHOCTH, R —ee pagnyc. OxpyXHOCTE (1) xacaercd
ocy Ox, ecau 4C=A2, ° ocH Oy, eclH 4C= B3, 5 :
Y pasnente OKPYICHOCI C HEKMPOM 8 HawaAe Koop UK.

A4 A=R3, {2.5-2)

(b} ¥ poeneniue OKpYHROCHIY, npoxodawed Yepes Mpu MOAKG (X3, yie (%3, 1), (%50 ¥
PN B

xf+y= x5 th ) -,
Aty x b !
R B !

2.5-9)

1
(¢) Alavua L rampofl mo KacatesibAHX, nposeleHHWX B TONKH (£1, 1) K oKpyRHOCTH ( )
2.5-4

Lowe ¥V ixs — X))+ 01— poyt — R
{d} Jee okpYyXHOCTH

a4yt Axt B+ Ci=0, B4+ Ax+ By Cy=0 2.5-5

B, = By
LHO B TOM CAYNae, Korga A=A, 8 By
ABNAOTCA KOMHEXMPUYCCKUMU B TOM H TOA

HeolXOAAMOE W AOCTATONHOE YCNOBHE OPMOZORAASHACTIY OKPYHMAOCTER HMEeT BUA

AAs+ BBy = 2(C+ Cel.

(¢) Bce OKPYWRHOCTH. MPOXOIRILRE gepes AefCTBHTENbANE EAH KHEMME TOTKER nepece”
ueRAMA ABYX OKDPYRHOCTER (5), oUpeaennTCa YPABEEHAEN

x"'l'é'"+31¥+Blb‘+cl+?~(x'+H'+Alx+BsU+Cﬂ=0. (2.5-6}

rae A — napamerp. KpEsaAa (6} cyllecTeyeT W B TOM enyqse, ROrjA OKPYMHOLTH (5) He BMenT
TOMEK REpeceTsnan.
neac%rrﬁ;;nf; -_ql ypan]:ieﬂne {6) npespamaercA B YpaBHcHIAE npanod

(A, —Ad x4+ (Br=B)p+ (C1—C) =0, @.6-N

AReTes
KOTOPas RBILBEETCR palHKatsnol oceld ARYX oxpymaocctet (5). Punxuabcna:_zﬁ ic:us;apa“oﬁ
FEOMETPHICCKKM MeCTOM TOUEK, U3 KOTOPHX MOryT OuTh MpoBe JEHH K o (xacalocs), 10
AGHMB K ABYM S2HANM OHDy®HOCTAM. Ecan gee OKPY#HOCTH Nepecexan s SllB
LHKaABHAR DCL REAAETCRA BX ofinefl xopnoR (KacareALHOR X OKPYKHOCTEM Koty
E:MKaanDﬂ 0ChK ABYN KOHMEHTPHUYECKEX OKPYIKHOCTER CAYMHT decxgs:;mﬂ:: g
npasan. TpY PRARKA/bANE OCH, CBARAANLE C TpeMR ROM3PAO PIATHIMH oxnpyu p H'“H pa -
KawTcsl B OGAOA TOYKe (PAANKAALHHA BeHTp). OToT GaKT HCHW):‘IWH %xpyxmum gl
KaAbLHOR OCH NBYX BeNepeceKaiomAXCcA OKPyMHAOCTER, ECMGQIIEHTP n? mnenamoc-r‘oewa.
#a ORNOI MPAMOR, 10 KX PANHKANLHEIM MOUTEON o) 8 NOARPNLY KOOPOUNGMR
(g) Ypaexenue OKpYIHOcMu pagEyca ¢ meHTpOM (P o) & P

(2.5-8)
2.5-14

pt — 2p Py ©08 (@ — Po) + pla= R™

2.5-2. danmnc ® runepgonaé 5¢In}:pmy.uu K Teopemul (cM.  pHC
a taxxe ., 2.5-3, Ta6a. 2.4-2 n 2.5-1}.

(a) [nunp Goapuwiof H manoif ocel anaunca (2.4-12, a) 1. €. mpeaxon:
OTCEKBEMBX SHAAMNNCOM HA €r0 OCHX CHMMETPHA (PHC. 2.5-1, a}, pasﬂhé cﬁc"r
nerersens0 2a K 26, Cymma dokarereix paduycos ry 8 ry (1861, 2.5-1,6)
moanxan (4 pasia 2a) daR kaxdod mouku SAAURCS.

I S——

2.5-3, 2.5, CBORCTBA SANKOCOB, FMAEPEOA M TTAPABOA !

(b) TunepSona Hmeer aBe acusmnmems (n. 17.)-6), nepecexarukecs B ee

nesTpe. Jlag ramepSonm (2.4-12 b) ypasuerus acumnmont;

yzi—xn y=——z—x. {2.5-9)

Yron @ MeXAY BCHMITOTAMA MHUepSons! ONpeAenAeTcs W3 ypasHenms tg {pf2) =
=bla; ecan a= b, 10 @ =nl2 (pasrocmoporrAA zunepfora).

(¢) Onvua Bedemsumenpnod ocu CUMEPGOSL, T. €. PACCTONHNE MeXIY ee Bep-

maHamA (pac. 2.5-1, b), paBHa 2a. Mwumofl ocerr HaA3WBAETCA [A3BHAA OChb,

Acumnmomat
'y
: g
g
P 2o
& g2
3
- NAF s (1
iy G F'oor —Iu F 7
12y s
SN a 2
P A ,
78 2 ye=2px
rae
al 8 P

Pue. 2.5-1 4) sanune, # renepfona, ¢) napabosna; Kamaasa H3 KPHOHX 34JaRA KAHO«
HHYECHHM YPAPHCHEEM OTHOCHTENBHEQ H30fpameHHOR BA PHCYHKe CHCTeMM KoopAiMHar, [loxa-
saun doKycul, OCH b POKANbHHA DapaMerp.

DepNeHAHKYASPRaR K fgeficterTennnoft och. Kacateneran k renmepfofe B ee sep-
IYHe nepeceKaet ACHMATOTH B TOYKAX, PACCTONEME MEXAY KOTOPLME DABHC 2h
(puc.  2.5-1, b). Pasnocms mexdy doxaseasimu paduycamu ry & ry 2unepboast
{radn. 2.5-1,6) nocmosnna: oua posna 2a dar npasod eemsu u— 2a @an aevod.

{d) Bcau dy » dy — fnuan m00NX GBYX cONpAMEHHMK amamerpos (0. 2.4-6, ¢} sAaxmca
BAE ranepfoau, TO

d.d,y slo (arcty &y — arcig k) = {ab, 2.5-10)
TRe kp by — yraosHe xoodpROKESTH TUEMETDOB,

(&) % mnepecedesun runeploanm (2.4-12 &) ¢o CeORAM ABAMETDOM Y+ fx BeO0XOIHMO
R NOCTaTONKHO BHAOAAEHEME yCA0BHA kY < b1fg1, Acusnmomy WoXEHO DACCMATPHBATB KAK
X0pay, BCTpedamwyw ruoepbony B GECKOAEMHO YAANEHHOR TOUKe H COBNAHRIOULYIO ¢ CONDA-
MEHHWM efl quaMeTpoM (8 TaXxe KaK NOAAPY GECKONEuHO YASARKHOA TORKW KpPHBOR).

(D Ompesxy cexgyieil, sundOnenmnie Xemcdy 2unepEoroll U ee Qou MAMOMani, PUSHN MeXcOy
cobod. Towxa sacawus Oeanm OMPEION RACAMEALHOL, BAKAWCEHHMI MeNCTY GCUHMNMOMANL,
Rongans. fTpouseedenus paccRosARG OM MoK 2unepbOAN 00 ACURAMOM ROCMOARKO,

) fTapuads mpeyz0aoKuxG ¢ GEOUWURRME 8 GERMPE BANINCG G 8 KOHYax AWGO] ROps
€20 conpamennsir OuaMempos nocmosxna. ITiowads MpeyeorsHuxe, BOKANNERHOZ0 Kexcdy
Waknmomany 2unepbosnt i anbod g6 xorameisrod, AOCTMIGIHAG,

2.5-3, MocTpocue BANKNCOR B FHOEPBOA, WX KACATEALBHX W HopManedh,

ia] flocmpoenue saaunca no ezo peam 2a u 2b,

. Nyets 0 — oKz n?eceuenas OBYX B3aWVAC NEPNeHNEKy ApHEX npaMsx. Ha ofxkok
B3 Hax crpounm otpesox P'OP == 20, 8 Ha apyroft — oTpesok Q'0Q = b, TeM camhiM ¥Xe noce
:"P;,';ﬁg 4 sepmHEN sananca: P, P, @, @', TiponoasM sepes roTky O npou3solbHY HaKnoH~

. OTKA.

- anuBaeM Ba Refl otpeake DR =& » 05 = g, zatem npoacaMs se rouKy R np#a-
n!ﬂo. napannensuylo PP, a uepes Tosky § — mpAMYI, napaanesbayie Q'Q. B nepecesenun
CAYTHM TOUKY UCKOMOrD BTANMCA.

2-’ Fi3 roaxm @ KAK B3 LeHTD2 PACTBOPOM OHDKYAR, panAsiv OP = g, nenaed Ha oTpe-
:;gxP?QP aacedKr A M F (pokycw snaunca). Ha orpeske P’P pufupaes npoR3IBcABHYD
¥

s . Oxpymnocty patnyces BT # PT ¢ ueuTpaMk cOOTREICTECHHO F¥ K F NEPeCEeKyTCH
ABYX T09KaX HCKOMONO SASHOCA.



Qunanc, ranepfona W mapa

T7. 2. ABRANHMTHYECKAA FEOMETPHA HA MIOCKOCTH

H OCHOBHLIE (OPMYAN
{cM. Takkeg nn. 2.4.9, 2,52 u pus, 2,5-1)

2.5-8,

Tat6anua 2.5-1

Gond. KaronuyeckMe ypaBHEHHA

OF=0OF, an b)

(b) J14R nocmpoerun XGCAME XAbHMX 4 HOpMAAe

HOAEIHBMY CAedyowLe Ceoidoman IMuUX KPUEKL

1. KacatenoHue K sanuncy (2 4.12 a) »
ock OX B TOR  Me TOUKE,

txy £ Vv —x3).

l'.I'pOHS'BOJleCIﬂ ero TORK

4TO ¥ KacaTennbHne K OKpyMHOCTH x!

e —
Snaune T'unepGona TTapabona
® ¢ 2 _¥_ ¢ = 2px
1 CranpmaprThoe (Kafo- ot = 1 o T bt
HHTeCKOE)  YpaRHEHKHE e 8 B4, @ Pl {puc, 2.5-1, &)
L=
by B g=1
2 | Bxeuentpacures E= t— <1 i l/ L+ _5;_' —_
{ae, 0, taz, 0, (_}j" 0)
3 Doxycn (— ae, 0) {(—ae, 0 ]
p
4 VY paBueHREA LHPEK= P e I J‘_=u_, gl ==
TpUC b R e £
1
B dokanbuEfA - napa- P g; pem Ll p
setp low, 1. 2,4-9) a a
6 @oKalbRbEe PALBYCH i
{paccTORHKA OT QOKY- ry= a4 BE, ry=a+ex, . el _g,
¢0B RO TPOHSBOALHOA rg=a—ex ry=—4a-+e3
JoUKK (X, y} KpHBoA}
7 ¥YpapHeARe ARAMET- i A p
i, CONpHMEHRHOTD Lenbl, P (1 L g
ﬁopnau & yrIoBHM ==z * V=g &
KOIPPHNKHEETOM &
1
8 Tlaowans cerMesta| = fab 4+
i oy R b *

I BIERO, H XOp . — g
Jrllgoxo:\ameﬁ uepea + 7 (‘: at—ad+ | n {ﬂ{_ + é’f 3 S
TOUKK (X5, ¥ ® (X, -
= <+ a* arcsin T)

2peos @
] Yparuenne B NOJIAp- B ; i ke P
HhlX KOOpAMHATEX (CD. pl= e D! = S cos —-—-——1 — o5’ §
¢ ypaBReHHew (2.4-21}) 1—¢tcost @ 1 ¢
au, F
genue eunepboant. [Dyets P'OP ~— pefcToHTeAbHAR  OCHb runepboas.,
F _ner;cmp KYChl. Ha ponenc'rnn'renbuon ocH BROHpaeM I.'IpOHSBO.:’le mp}oq:yuei_rp:‘):
91ob MORaNoth yeaoRHe OF7 =» OP., OKPYXHOCTH paiMycos P'T n 2 IERTRARY
F B F* nepecexyTca v TodWKax runepboas {CM. rata. 2.5-1, coorHow

g K sasuncax u 2unepborax oxa3bETIOMA

e {x), g1} nepecerant
4+ ' =gt b TOIKaAR

2.6-1, 26. YPABHERHS HEKOTOPHIX NAOCKMX KPHBBIX 73

2. KacaTeAbRa% ¥ HOPMaAb K $AJANCY B MO60H €rp TOuKe ACNRT NONCAAM YRNn MeXDY
APAMBYE, COLIHHANUIHMUY STY TORKY < Qoxycamd «POHAAbBHOE CROACTEGD $AAKNCA); awano-
THYHBM CBONCTEOM OONARaeT runepdona.

3. [NpoHspeAeHAe PACCTOAHYA o7 GOKYcoB Ao Mo00N KACaTensHON K BASHRCY HAR CHRER-
fone NOCTORRAD W pasHo b3, OCHORAAHA NepneHIMKY/ARPOR, OMYLIEAHNY W3 PO YCa A Kaca-
TenpHWE, NEMAT HAa OKPYMROUTH, NOCTROERHON HE GONBWGA OCH (HA REACTEHTEALHON Ou)
KaKk fa AHAMETDE; 5Ta TEOPEMA MOMET OWTh MCNOALAORAHA AR NOCTROEHHA SANKOCA HAM
runepbonp, KaK OTHO3OWE] KACATEALHEX X STHM KPHBLN.

€) Frsunc uru eunepdora xozym Golmy APUGALNCENHO AOCMPOSHN NPU MOMOLU CORLU-
KAC@OWUECR oxpyxcnocmed @ ux gepwurar (n. 17 0-4), [lenTpal KDHBHIHW SAAMNCA KA
rHnepfonn. COOTBETCTEYIOUIHE PEpMEHAM, JASKAUEM Ha (OKAJBRON OCH, Tauike J&MAT Ha
STON OCH; PAaZHYCH KPHEH3IHE B STHX TORKaX packuel Bfjg. lleBTPH KPUBHAHW LA EEPIUHH,
AEMAWNXE HA MBAOA OCY BAJAHNCSE, TAKME JEXKAT HA MIA0R OCM, PALMYC KPHBHIHK B KA NL0R
H3 9THX TOREK paBen a%fh.

2.5-4. NocrpoeHne Napabonk, ee XACATENMLHWX W HOpPManeh,

{a} Ecnu sapjaHsl oCk Napabonw, ¢ GOKYyC H paccToAdde MeXay doKyLom H AMPEKTRU-
¢ON, TO MR NOCMPOERUR AAPAGHAM MOTYT OHTh HCHOALAICBAHK ¢AEAYKUKE €& CEOACTRA:

|. Paccrmornue xemdy GoxycoM u Awbpd mouxkod P napobosw pasko poce
cmoanu sexcdy dupermpucol u mod poe mowwof FofoM. Takse 7. 2.4-9)

[paman, nepneHIHKyJADHAR K OCH mapalonn H AEARMLAN MONCaaM OTpe-
30K NEPNEESHKYAAPA, ONYLIEHHOrD K2 foKyca Ha gup&g‘gpucy, Kataetcn napatonu
B pe BepwHHe. [leépnesgHKyndp, BOCCTAaBJACHHNN B JI000A TOUKE Q T0A NDAMOR
K oTpeaky. coefusAmuesMy Q ¢ doXycowm, kacaerca pnapaGonn. ObpaTho, AwdoeAd
RArqieAb Rl W AeprenduxyaRp X Hed, rpogsedenuniil wepesr Qorye, Repecexawmcn
§ mouxe, Aencaed Ha xacamerbnol K Napadode § e¢ SEPULUKE,

3 [Odan nocTpoeNES KACATEAbHWX B HOPMAAER ¥ papadole OKA3ZHBRIOTCH NOALZdbIME
CAEAYIOIMHE e CBOACTEA:

Pocemoruue Memdy Axdbold mouxod P napabois u Goxycom paane poe-
TMORKLUIO Me DY HORKEOM H MOLKDE NePecews KUR fcu napaboad ¢ Racamersnol & P,

2. Kacamesbhan o HepMaabs Kk Rapabose & awbod e¢ mowxe P Jesmm nonotax
yean ey npoxpdaumumye wepes P duasempois napaboan u npased, coeduna-
wweld P ¢ éfnxymn; FAMEMUM, M0 8ce Duamempy napaboan napatigibhol €2 0y,
dma meopena Jaxtnyaem & cele oxaivioe ceolemes napado.s.

3. Hopmase x nopaboaz & 4064 ee moske P u nepnenfuKyAnp, omyigensnd
us P NG oCb, REPECERANWM NOCAEDNNOW & MOYKAX, POCCMORAUE MeM Iy KOMOpPH kil
ROCMOAKHD U PAGHG D,

4, Jupexmpuca napoboip efWib fEOMEMPUUECKO® MECTIG MOMEK AEDECEYENUN
ESTLUMHE REpREHOURYARDHBE KOCDE RBHBLY,

) Jaa yrouredun OpMM Mapalodb MOMHO HCAGAL3IORATE CONPREACANIIYIOCA QHPY -
BOCTy xpHEOf (n. 17.1-4) B ee pepwnre. llegtp 3708 COnpuXactaloWedcs ONPYKHOCTE AT
Ha& OCH, PaaMyC paseH p.

2.6. YPABHEHHS HEKOTOPBLIX TWIOCKHX KPHBLIX %)

2.6-1. Mpumepu asrefpanyecunx KpHehix {(M. prc.2.6-1):
(2) Mapabona Hefan (moaykyGuueckas napagona): gy ==ax"/°, il
{b) Jlowon Asbesn: x¥y = 4a? (Za — y).
(c) Kowxowna Husomena: (xf -} 43} (x — a)? = x%h2.
(d) Uncconaa Inoxneca: ]

Pla—x)=x* nan p=a(c—ow - COStp).
{(¢) Jlemnuckara Bepuyann:

(4 — a2 (3 —yH =0 wan p? —aZcos2p=10.

(1) Osanm Kaccwnn: (x* 4% |- a?)? — 44222 = ¢! (reOMETPHYUECKOE MECTO TO-
BEK, 19 KOTOPHX NpOH3IBENEHHe PaccTORHHA R0 Touek { — @, 0) ¥ (2,0) papro ¢?).
{g) Crpodoupa: «®+ x (4 + ¢*) = 2a (y* 4 x2).
(h) «Kpecrs (Cruciform):
2
Bp=a (2 yH iR p= ﬁp_

(1} Kapawouaa:
(At —a)t=a?(x2 442 naw p=a(l + cos ).

*} HenGonee nospoOHLM CNPasOiHKKON 0O MMOCKHM HPHBRM CAYMET Xuurs 12.3].



74 TA. 2. AHANUTHYECRAA TEOMETPHMA HA [NJOCKOCTH 2,6-1,

(1) TpacexTpaca:

yzz%ﬁi—'—ﬂ raR p=a(4cosq>-—mw ;
k4 5 l‘ & 1
- < z 1 £ z
fapadana Hedor Haxsw Huccouda
¥ k4 &4
eaira el
: .
a»zr a<&
Semmcxamd Fhamsr  Nocouwu
5/ k
(2
gt
Hapiuoyda
4
&
23

2 & < &
Yowrwa  Hacwarn

Puc, 2.6-1. Hexortopnie anrefipaEveckHe KpHBME,

{k) Actpowpa:
£ +y3"3 =da® amm x=acos t, y=asindf.
(1) Rexapros awecr:
3ot 3aft
184 48 = 3axy Aaw X=ae y=m(—oos;,fé+m).
{m) ¥Yan1xa Mackaan:
(F P —axP =0 (-} y") waE p=& 4 acosq,
(22 prcynxe of03HaneHk ReKAPTORR KOOPIHHATL TOUEK [IepeceueHss KPUBOH ¢ ocama).
2.6-2. MMpHmepw TpancuenfeHTHHX KpHBmx (CM. pHe. 2.6-2).
(8) Uenuas awina: y= o (€99 4+ ¢7%/% =qgch =

(b) Cowpare Apxumena: p = ap.
{c) NapaGonuyecKan cOHpans: p*::igg:
(d) Jlorapupmnyeckan compans: p==ae’?,

2.6-2, 26 YPABHENMSA HEKOTOPHIX TLNOCKHY KPUBLIX 75

(€} Linkaonza (KPHBAA, ONKCAHHAA TOQKOM, OTCTOAMER HA PACCTORHRY &, OF
LEKTPA KPyra pajHyca g, kaTAlErocd 0€3 CKOMNBMCHHR RO OCH aGeukec):

x=gf —asint, yg=a-—eacost (2.6-1)

JamMesq anue. [py g, <7 a mukNOKAA HaBLIBAETCH gxopougnnorl, NpR @), > g —
sdaunednod. Ecny o) =a, T0 nonydaerca 00muYHaA uxkIOuga {(HMEHHO OHZ H30-
Gpawena Ha pue, 2,6.2}.

4 ¥

Lrupans Ageunetia Atpugmnecnar cnpans

Puc, 2.6-2, HekoTopye TPABCOEHZEHTHHE KpHBHE,

() 3nuumkaonna (KpuBas, oMHCaHHASL TOWKOH, orcroAwmed Ha paccTORHER ag
01“ USHTPA XpYra PajHyCa g, KATAUIErocs 023 CKOMBIMEHHA MO OKPYIKHOCTH
* 4 y*== 5% 8 Baxofamerocs BEE ITOH OKPYXKHOCTHN

x=(a+5) sin &t~ g, sin 2+ r.}

b
y==(a+b)cos-;-t——a1ms—a¥—
{en. samenanne ¥ (e)).
(g) Pnnounwnonna (KpHBAS, ONKCAHHAR TOUKOM, OTCTOSINSR HA PACCTOARMN 4
O [BeHTD3 KPYra pamkyca 4, KaTAWErocs 063 CKOMLKEHUT KO OKPYKHOCTH
¥+ yt=5% u octaowerocs BEYTPH Eee):

(2.6-2)

b—a

x=(b~q) sin $-f—a; sin =4,
g pas (2.6-3)
y=[b~a)w33-t+a1cos 7 !
(cM. 3aveqanne ¥ (e)).
(h) Tpaxtprea:
x=a(cosf+ln {g‘%). y=uasin, (2.6-4)



TrnTABA3
AHANIMTHYECKAA TEOMETPHUSl B NPOCTPAHCTBE

$.1. BBEJAEHHE H OCHOBHBIE TIOHATHA

3.1-1. Broanme 3ameuanus (cM. Tagxe a. 2.1.1). [aapa 3 nocerwieHa aranan-
THZECKON IeOMETPHHM TPEXMEDHOTO @BKJKACBA INPOCTPAHCTBA. TOUKW 32Aa10TCH
PAAKYCAMM-BEXTOPAMK HJAH CHCTEMAMMW fed-
CTBETEAbHWX UKCeA (CBOMMB  KOOpPAWHA-
Tamu),

3.1-2. Aexaprosa cHCTemMA xOODAMHAT
{cM  takwme n. 2.1-2). Jlekaprosa cm-
CTeMA_ KOODAMHAT {IO3BONHET CBA3ATH C
KaxIofi ToukOR P npocTPaHcTBa, B KOTO-
pOM BHOpaHLN TPH He Jekaline B OAHOR
NAOCKOCTH Hampasienuse npamue Oz,
Oy, Oz (0CH KOOPAWHAT), NEPeceKADIIHELA
B wauaae (), TPH BIOJHE OUpeASIeHHHIX
AefCTBHTENLHNY THCAA (AEKAPTOBH KOOP=
ANHATH) Z, Y, 2; OPH 3TOM DHWIYT Pz.y.3).

Puc. 3.1-1, Tlpapam JexapToda KOCO- IycTs 3aassa (B obMeW  CAyRae HOCO-
SI‘OJIBHaE CHCTEMA KOOPAKHAT. OTpeakH yroabRas) cucrema oced Ox, Oy, Oz (puc 3.1-!;5'
£, OEy n OE, — eaxpeun Macwrala  TOCAS NJAOCKOCTh, RPOXOAALIAN Wepes TOIKY

Ha OCAX, H napannensHan naockocTw Oyz, nepecexaer

ace (Ix B Touke P'. AKamOrHYHO RNACCROCTH,

MpoxogfILHe Yepes P H napannessabe COOTBET-

crpeang Oxz # Oxy, DepecekaoT ok OF B Touke £ ¥ ock O B P’ Hdaune Kamzoro 4

ARANpEBACHHEX oTpeanos OF', OF'" x OP"' npHnucHBaeTcd 3Hax NmMQC, AR Hanpasneduds
OTpe3Ka COBNARAST € HANpAaBAeHHEM COOTRETCTBYWO-

el OcH, H 3HEK MERYC B MPOTHBHOM €Ayvae. Yucaa z
x=0P!, y=0P", 2=0P'" BasnpaQTCE ACKAPTODLIMN
KCOPAMHATAMHE ToaxkH P [z, y, 7} OTROCHTEALAD ABH~ pm
HOM CUCTeMm KOOPAHMAT, obpasomanMeR ocamd Ox &
O;,.ré&Oz # BuOpal HUMH Ha OCHX egMHMUJMNE HaCWw- \\
Ta 5

3.1-3. Mpaman cucrema oced. Ocu Ox, z
Oy, Oz moryr ofpasoBnBaTE DPABYIC HAH ne- a
BYIO cHcreMy. [a% npasofi  cucTeMu  (cM.
puc. 3.1-1) nosopoT of ¢tH Ox k ock Oy Ha J) §+——=1p"
yrodl, wmeHsliMf ;, coseplieTcA B HaNpamne- / I 7
HWH TPOTHB RACOBOR CTPENKH, ecnH cMOTpPeTh i
Ha nAgckocTe Qxy M3 Kakof-nu6e TO4KH no-
AoxuTesbHOA nonyocH 02 (Uo/OMETeALHARA
croposa rAockoeTH Oxy). ]

3.1-4. Mpaeas aexkaproaa NPAMOYrOALHAS T
CHCTema KOOpEHuat. B npsMoyroastof cucreMe
KQOPAMHAT OCH B3AZHMHO NEPNERAMKYARAPKL
(pue. 3.1-2). Koopamuarst x, y, Z TOWKK
p2BHL HANPABAEHBHM DPAacCTORHEAM OT Haga-
na KOOPAHHAT O N0 NAOCKOCTER, NpoBeIeHHHX 4€pe3 TOuKYy P #apannerpHo
KOOPGHHBTHEM ArockocTaM Oyz, Owx, Oxy.

Pue. 3.1-2, CHCTeME KOODINHAT: mmpas
AR mex2pTORA MPAMOYIOMbHAR, WM-
AKAAPHYSCKAN M SpHUSCKAR

-

8.1-7, 3.1, BBEIEHKE H OCHOCHBIE NICHATHA 77

8 HacTORUIEM COPABOYMHKE, ECAM HE OrOBOPEHD NPOTHBHOE, BLErMd NpPHME-
HRETCA NpABAR REXADPTOBR npnm)yromuan CACTEMa XOOPLHHAT, NPHYEM AIR HIME~
pedun X, g, 7 NMPHMEBRETCH OAHA H Ta Meé eIMHHLA Macw rafa.

3.3-5. Paaryc-sexrop. Kaxaan rouxa P {x, gy, 2)= P (r) moxer GuiTp 334aHa
CBOHM PANHYCOM-BEKTOPOM

r=xityl+w=Ix y, 2}; {3.1-1)

STOT BeKTOD r==0F onpegesaeT npeofpasoBanie neperoca, nepegogfmee TOIKY
w3 Hauana kooPawrat O e TouKy P, Hasucusie sexmoptt i, |, k cyTh eRHEHuBbe
BEKTOPM, HANPABACHHE KOTOPLIX COBMAA3eT COOTBETCTBEHHO C HampaBieHweM oced
Ux, Oy Hsog én.H[IHOR JEKAPTOBOH NpAMUYrONLECH CHCTEMW KOOPAHHAT (CM. TAKXe
5.1 u n. 5.5-2).

3.1-6. [uaunppueccxiar # CepHYccKaR cucTeMu eoopAuHat, Ha pae, 3.1-2 nowasawy
TAKKE OHAHHAPHTECAWE KOODAHHATH P, [, 2 R cepMTuBCHHE NOODAKHATE ¢, §, @ {NoaApHE#
PAAKYC, WOMEOTA W ROAMOTE), CBEZAHNBE © JCKADTOBWME DPAMOYICIbYLMH HOODAURATIMH
CACAYIOME eH GOpMYyNaMy apecfpaaopasus:

p=Yxiq % x=2pcosp,
e TR -
r=Ya ¥+ 2. x=rsinbcozp,
cos b =_Yx$—"-—]:1i—-+7' pr=rsinfsing, (3.13)
tg¢=.ii_ zu==p cos 6.

N I([ie.wbneﬂmne cBelcAA off STEX, a TAIOKE ¢ APYTAX HPHBONHBEARHX KOODARBEATAX CM,
tn

3.1-7, Ocnosnele $opMyall B AEKAPTORHX MPAMOYTOABHLIX KOOPAHHETAR M

B sexrophuofi ropme. Mmesor MecTo cnegywoiune ¢opmyan (OOepapHHd Ha) BEKTO-
PaMH cM. B [N, B

1. Paccrosuuwe d Memny TOUKaMH

Py(xy, g1, 2= Pyi (1)

Py (xy, g, 2= Py (1)
d=V(x,—x,)’—;—(ygmy1)2+(z,—zl)“==y(r,--rl)-{r,—r,)n=lr,—r,1. 3.1-9

2, ¥ron ¥ MEHAY DPAMBIMA PPy n PyP,, RanpanfieHHe KOTOPWX ompeae-
QAeTca pexropamu PP, u PyPy

Xy = X3} (g — Xg} F (g — g ) (e — pad = {2e — 20) (20— 2, —
‘/‘Xl —xM by =)t ) Vi, — oy g — )i (2, — )0

— {Fy —Fy)=(ry ~—ry) R -
=1 fir,—igi {3'15}

3 Koopaswats x, y, z B pPasHYC-BEKTOD I Touxs P, Aexsmed sampasien-

:uﬁ oTpesok PP, » ornomenun PP:PPy=m:n=}:1, onpesersiorea dop-
Yhaun:

CO§ y=

__ Myt ax, x) - hxy

x= 7 T R B WA

— T Ay - Ay .
=g =L—r[+ . {3.1.6)
72— mzy + R2, 2y -+ Az,

a1+ h
HaK

_mry4ar, _ ri+Ar,

= =



8 £, 3. AHAMUTWUECKAR TEOMETPHA B MPOCTPAHCTBE 3.1-8,

Cu. asameaanue K SRANOCHUMBIM (QOPMYJaM ANA  reOMETPHH  HA  OAOCKOCTH
B m 2.1.4, 3.
KoopgnkaTh ¥ pagiyc-BexTop cepedumnt orpeska PPy

¥+ xy i zgt+zg.

x= v BETe gy eSS
2 2 (3.1-9

ri4 s

=

3.1-8. Hanpapadiomue KOCHAYCH.

(2) HanpasasiouikmMik KOCHHYCAMH CO03 Oy, COS Xy, COS Gy HAGPARNEHAOTO OT-
peska PP, wuasuBaoTcd KOCHHYCHl YIOB MEXZIY PiP; B DONOKHTCNLHLIME
vanpasackuaMy oceft Ox, Oy, Oz COOTBETCTBEHHO!

COS &, = Ty 51
S V= Al Ga— g F B — 2t
Es—
COs &, = . 3.1-8
¥ Vi, — x4 {yy — g3 4 (20 — 20 ¢ )
29 — 2y &
Cos ¢, =
¥ ¥ty —x )+ (g3 — 1)+ (2, — 2308 ;
cos? a4 cos? e, 3 cos? =1 (3.1-9)

Hanpasasmiomae KOCHHYCH HANPABASRROTeG OTPeska PP, ¢yTh — €05 Oy,
— C08 &, — COS Gy

(b) Hanpasnenne npaMok MOXeT OuTh TAKKE OOPEIRACHO JEOORMH  TpPEMSA
THCAAMH @y, 8y O, TNPONOPLYOHAABHEMY HANPABAAIOUMM KOCHEYCEM COS G
€OS @y, COS &gy B STOM CAydae

a,. 3

1
V 6% +ay+az

ot

Varag+a |

4

I,/ a§+a;+a§ )

3Rag fMepef KOPHEM AONKeH ObiTh OZMHAKOBeIM BO BCeX TPeX DAaBeHCTBAX; ero
BLIGOP ONPEAeasieT MOMOKHTEABHOE BANPABACHHE HA TpaMofi. Poas STHX uMced
MOrYT HPPATH KOOPAMHATH JM060ro BexTopa a (a. 5.2-Z), coBmagamere no Hampas-
aeuno ¢ PPy wam PoPy. (TIpuMep. ay=xy—X, Qy=y1—y G=23—2)
Hanpaepnmowye ROCUHYCH ABARIOTCA KOOPAHHATAMH ¢JHHHUHOTO BEKTODA, COBMA-
AAWLEro Mo HanmpapiaeHdio ¢ PPy (M. 5.2-5).

(¢) Yron y Mexay AByMA HanpaBJeHHHIMA OTPe3KAMH, HaNpasaAoliHe KOCH-
AyCcH KOTOPHIX PaBHB COOTBETCTBEHHO COS Gy, COS Gy, COS &y H €08 o, o8 &y,
cos @, MAH HAMPAaBJEHHsl KOTOPHX ONPEASNAIOTCA TPORKAMY HHCEN ay, Gy G B

a,, 4, 0, HaXOA¥TeA mo dopuMyne

CO8 &=

€08 Oy = (3.1-10)

€08 Op=

COS ¥ = €08 &Ly COS &, - Cos ayoosa;~{—cos Gg COS (@, =

8y, + 4,8, + aza;

= : (3.1-11)
Va,‘é-;—a;—}-a; a‘}+0:+z:

3.1-12. 8.]. BBEAEHME Y OCHOBHBIE [TOHATHS 79

3.1-9. MWpoeknrp. Tpoexunn RANpaBAeHHOTO OTpesKa P P, ma ocu O, Oy § 07 pasew
COCGTBETCTBRHAD

n‘x=xm—x1-=dc05ax, dymy,—yl=a’cosay. d3=za_z;‘=d°°5°‘z- } l-12

af+ df + dy = d%,

T28 CO3 G, OS T, COS U, -~ HANPIBATOMAE KOCRIYCH {8), 4 — pneRa oTpeaka (4).
flpoexnma m, B2 NPAWNYD ¢ BANDABAAWMHMY KOCRHYCEME COS u;, cos u;., ma;

tn, 3.2-1, b) pasna dcosy, TAe COS Y onpeasanercA popuyaolt (11), Ilpoexnss PP, sa nao-
CKOCTH éyz, Oxz o Ory pasRel COOTRETCTREHHO

d1=dsinax, ds=d smuy, dswdalnaz' }
1 @.1-13)
41 = ?(d; +dy+ d3).

DNpoexnaz PP, Ba nAoCKOCTH, HOpDManh XoTopoR HMeer HanpasisioliHe KOCHEHYCH cosu;.

tos u;,. cos a'z (n. 3,2-1, b}, paeua dsiny, rae cos y onpedenen dopuynoft (11),

3.1-10. BexkTOp naowands. [laomage nAockoR Gurypsl 8 TPEXMEDHOM OPOCTPaHCTRE
Moxer OHTL 3aRaHA BeKTOPOM A, MOAYMb KOTOPOTO DaBeH Nomans A HUCYDPH, a Zanpanne-
WHe COBRBRAET ¢ HANDABJNEVEEM NOJOMHTEABHOR HOpMany (n. 17,3-2) ¥ maocKocTd ¢urypu

A= AN, 6.1-14)

e N — egwuuvHeif BEKTOD NONOKKTENBHOR RopMann, Kampan H3 peKaproBHX MpAMOYTONG -
HEX KOODAHHAT BEKTOP2 A PaBHA NACWAAH NPOeKOEH PRCYDPH Ha HOOPAHHATHY OACCKGCTD,
nepneummynagﬂy!o K COOTBETCTBYWOWEA ocx Tlmomans, NapanfesorpaMma, MOCTPOSHHOTO Ha
EeXTOpax a B b, momeT OHTE 337aHa BexTOpOM A==axb [cM rTaxme n, 5.2-7)

laowans A TPeyroAbHEKA ¢ BepUIHHAME P,, P, P, onpegenserca ¢opuynod

. g Zg 12 2, Xy 19 X o Lt
A’-“i‘ Vi 20 1| A2y xa V| + |2 g 1 2.1-18
i 7 A 7 oxy 1 X b 1
Xy o %y 1
A‘“"‘E,E Xy B =—5[r1r,r,], 3.1-16)
Xl %

TAe p— paccroAHHe OT RAYAJAA KOGDAHEAT A0 UAOCKOCTH TpeyroabRm®a {n. 3.2-15), [Nnomans

A NOnoWKTEbEA, BCTH BpAaL|eHNe ADABOrD BHHTA B HANpaBASHRE P PP, coofijaer BHHTY

::c"(ryr(m-r?gnloebnsumeﬂne B HAODABAEHHH OOMOMHTENbHOH HODMANK X DJAOCKOCTH TREyIOfib-
a (1. -1, ),

3.1-11. Buynucaenne obvemon {cM, Taxxe n. §,2-8),
{a) OGvem V TeTpasapa c BepWEEaMH Py, P,, P, P,

x5 o o2 1
1]% v 2 1 1

Xy Vs Zza 1 = Y [(ea~—r) iry — ) dry — )]s 3.1-17)
ooyl

Buax V sapmcar or TOTO, B N&HOM NOPAKKE DACCMATPHBAIOTCA BEDMARW TETPRIAPE,
b) O¢rem ¥V napaasenendnea, NOCTPOEHHOrD Ka BexTopax a, b ¥ ¢,

V = [abc). a.1-18
Hioraa ofpem CRBTAIOT TOABKO RoaoXuTensANMM; Torga V = |[abe]l,

3.1-12. Mpeobpasopanwe RexAPTOBHX NPAMOYFOALHHX KOODIARHAT NpH Napes-
JEABHOM TepeHOCe H MOBOPOTE Ocefi.

(a) Mepenroc oced. Ilycts x, y, 2— KOOPRHRATH NPOH3BOMLHOH TOIKH P
OTHOCHTENTEHO feKapTOBOK NPSMOYTONbHON CHCTEMM KOODAMHAT, NYCTh X, §, % —
KOODAHKEaTH TOff e TOUKH P QTHOCHTEABHO Apyrod JekaproBoft CHCTeMal Kogp-
i““fﬂ‘- OCH KOTOpofl HampaRMeHWl TaK e, KaK OfH nepsofl CHCTEMHW, W HAYan0

OTOPOf hMeeT OTHOCHTENBHO CHCTeME Oxyz KOOPAHHATH Xy Yo, Z. ECI#
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eqMHMNL MACIUTA0a HA OCAX JTHX CHCTEM COBRAZANT, TO KoOpaHHaTH X, §, Z cefi-
SaHw ¢ X, §, 2 CACOYIOWHMH (OPMYABMH npeobpazopanui;
Re=x—xy X=ZX-+x. .
g=g—yu ¥=7t+% (3.1-19)
=g~z 2=2+2p
(b) Mepopotr oceh. IMyets x, gy, 2 W X, ., T—KOOPAHHATH oAROH am
ske TOMKH P OTHOCHTEALHO ABYX PasiHuRHX DPaBuX AEXKADTOBLIX npmoyronse“a
CHCTEM KOOPAHHAT ¢ OOIIHM Hauanom O; nycTe Bropaid H3 HHX Pachop0X
OTHOCHTENLHO cHCTeMu Oxyz TaKHM obpasoM, MTO :
0Ch O WMeeT BampapaAlOMHe KOCHHYCH Iy, tay, fa1s
ock OF MMEET HanpaBARioOUHE KOCHHYCH brgr lagi faa
oce OF HMeeT HANPABNSIOWHKE KOCHRYCH fis, fyar fsa:
Toraa OTHOCHTEABREO cHCTeMu OXJ2
oCh Ox AMeeT HaNpapARIIHE KOCAHYCH fry, lis tha,
och Oy KMeeT HanpaBJdIOILHE KOCHHYCH to1, I3z Lo

fag.
oth Oz MMeeT HanpaBisfiollHe KOCHHYCH fy1, f5. fa3
Ecni s K3MepeHHf ¥, y, 2, X, §, Z NPHMEHsOTCA ONHHAKOBHE e HHLE

MacinTa6a, To GopMyas npeobpasosanus, CBA3HBAOUIHE KOOpAHHATH X, Y, Z C KO-
OpnHHATAME X, #, F, HMewT BHA
X=tyx+ gy +tnz =12+ bl + 2
g=typx + 0y 4132, BIH § =ty X+ el + F5aZ, (3.1-20)
Z=l3x+ foalf + I z=13 R+ lssf +tsa?.

3ameqanue [Ipeofpasonanust (20) HAIHBAKT OPMOZOHAALHEMY (om. 13.3-2 5 14.4-5%
raxdoe rik [OSKG CoopMy QAze0paudrcRony Jonoarenun & OAQECERUMESE

det jipj=1 k=1 2,3) @3.1-21)
(m. L.6-2); apu stoM 5 s
1 U=, 122
igl "‘Ifrkf'hlél fﬂrfk:{o {i £ k. ¢

() OpmospeMeHnsh NnepeHoc H HGBOPOT ocef, Ecaa uaqam::
cHeTeMul KODPAHHAT OXJ2 Ae cOBNAfaeT ¢ HAYAJOM CRCTEMu Oxyz B AMEET DTH:-
CHTENBHO NOoCHedHel KOOPAHHATH Xy, Yo» Zp TO GOPMY/H npeodpasosanua  np

MR =t {x=x0)+In (y"yo)‘i‘fal(Z—zo)-
§=tyy (x— 2o+ t55 (4 — o) + s (z—72),
. B =1y (x —xg) +fsa (¢ — o) + a3 (2 20): (3.1.23)

x=1I%+ il -+ 3%+ %o
g=Inx+{nl+ 1t bo,
2=t X+ byl + a2+ %00

roe AANPABMALINE KOCHHYCH f;p YROBRJAETBODPAIOT cooTromcHEAM (21) H (22):
¥ papHenun (23) CBASMBAIOT KOOPAHEATH OTHOCHTEIBHO BioGwx ABYX NDABHX I€
KapToBblX OPAMOYTOABABX CHCTEM C OAMHAKOBGIME eLHHELAMH Macurrata Ha ocHX.
Boviee ofmye npeopasoBaBRA KOODAHHKAT PAacCMOTPEHH B T, 6

{d) Hpyroe BcToaKOoBanhe Gopmyd npeoﬁpaaoaaugnﬂé
¥pagueuus npeofpasorasua (23} (4ACTHHMH CAYUAAMH KOTOPBIX CAYXAT (19}
('Zg]) MOryT OBTe HCTONKOBAHLE eme Kak COOTHOWEHHA, onpeaeagouHe uoaya:_b
109Ky P ¢ KOOpAMRATaMH X, §, ? OTHOCHTELHO TOR Me camMOl CHCTEME! KQODAH
nat Oxyz. Tlpeofpasobasue, B KOTCPOM TouKa P cooTseTcTBYeT Touke P C KOOp-
AHHATAMH X, y, 2, COCTOHT B NOCNENOBATEALHOM BbINOJHEHHH napaafedLHore
Deperoca ¥ MOBOPOTA DPOCTPAHCTBa (CM. Takme i. 14.1-3 & 15.5-1).

3.1-14, 3.1, BBEAEHHE H OCHOBHYIE MOHATUA 8l

3amenanne PacCcTOARHA MeXJAY TOMKAMH, YIJe MeXJAY HanNpaBJeRBLIMH OTPLIKAMK
#, CABAOBATENBHO, BCE COOTHOMEHHA MEeMJY BEKTODAMH, COCTABARIOUIME COAEPMAHME €BKNH-
ROBOA TeOMETpHHM, COXDEHWIOTCA NPA NOBOPOTE H mapannejsHOM nepesoce (23), T. €. ohu
UARAAPUAHITIKN OTHOCHTEJAbHO 3THX npeobpa3oBarBR (mm. 12,1-5 n 12.1-4),

3.1-13. AsaauTHuecKoe 3afanWe KPABMX (¢M. Takxke nm. ¢ 17.2-1 mo 17.2-6).
Henpepwasoid kpHBod TPeXMEPHOrC NPOCTPAHCTBA HA3BIBACTCH MHOMKECTBO TOURK
FPx, y, ) =P (r), KOOPEAHATE KOTOPLIX YJOBJAETBOPART CHCTEME NapaMeTpHue-
CKHX YDaBHEHHH

x=x (1),

y=y (1), HIH r=r (f), (3.1-24)
z=z{) (—oh<I<l <o),

rae x(f), y{f), z(f{)—HenpepsiBHHE (QYHKOHH JefCTBHTEJIHHOTO NapaMerpa f
B 3aMKHYTOM HHTepBane [f;, #;] (napamerpuyeckoe sapande xpusod). C apyro#t
CTOPOHM, KPHBA MOMeT OHWTh Onpefieseda PaBHOCHALHOH CHCTEMOR YpPABHEHHH

P1 (x! I8 z)=:0, P2 (x, v, z)=0 (31’25)
Kpusag momer HMerb Gosee 4eM OJHY BETBb.

Kpuean (24) Hasupaercs npocTof xpueofi (mpocToR AyroRt, MpOCTHM OTPEIKOM KPHEORA)
aAE, TouEee, npocTof xpMeoR B cxucae Xopasna, echd ¢yHKAEH X (f), g (6}, 2 ({) oAwo-
BHAYAM, HEADEDWBAW B B 3aMkdyTod HATepsane [f r,] HeT TaRHX [ABYX DaFAUYHLX 3HAYE-
HEA T, B Ty, AAA KOTOPWIX CNPaBefAEBN BCE TDH DABEHCTRA:

x(Th=x{Ty), pld=gin), z{u)=2z(n). (3.1-26

JamerAM, TTO TepMEH MPOCTAd AYTE 9acTo yNorpedagercH amA oU0O0BHAMEHHE FEOMETDHRTECKROMD
MECTE TOWEK, KOODAHHATH KOTODHX X, §, Z B BEXOTOPOAl AeKaproBofl DPAMOYroAbEOR cHCTeMe
KOODEMHAAT YAOBAETBOPRIOY YDaBHeHHAM y=f{x), 2=g(x), a5 x < b, rae byrxoan [ (x),
£ (x) 0OfHOIHAYHE H HMEKT HeOpepHWEBHLE MPOHIBOLHHE B KATepbaje [a, 0], Ipocrad Xopaa-
HOBA KPHBAS COCTOMT H3 GAHOR BeTBE H He HMeeT KDaTHMYX TO4YeH, T. €, TOYeK caMonepeceselns
[pocToR 3amxeEyTol XpumoA HalMPaeTCd HENPEPHWBHAA HKDABAX, ENHHCTBEHHBIMH KDATHRMK
TOTKaWHA KU’I‘O]:IOR ABNAKWTCH €€ HavaAbHa® H KOHEUHAH TOUKE; BTO 3AAYHT, NTO eAHHCTECHHEM
pemernem ypasuenu (26) p murepsane [fy, ] CAYKHT T, = Iy, T, = {5, Kpunan (24} maam-
BaETCA peryagpaold Ayrad, ecad NDH AGHOTOPOM TAapaMETPRYECKOM 38A&HHHM 5TOA KPHEOR
bYEKOEH X (f), g (), z{{) HMOT B KaXiold ToUKe KpHBOA HENpEepRBAMWE NPpORNS&OOHWE Nep-
poro nopaaxa {a. 4 5-1) no napanerpy f, NG MeHbWERA Mepe 0AEa H23 KOTODHX OTAHYAA OT
HYAA, TOUKa XpHBOH (24) ¢ HoopauHazraMmm x (), ¥ (fg), 2 {fs) Ha3MBaeTCA ee peryaspuof
(ofSerkuoBeaH o) Youxol, echy ANA BHAMeHEA {, ROCTATOYHO GAHIKHX K {p, KDHB&R NPeNcTas-
nAetr coloR peryAApHY AYTY. PeryiRpHas KpHEas ecTh NPOCTAA KPHAAA RAE NPOCTAA JEMK-
HYTad XpEBAA, COCTRRJAEHHAR M3 KOHEQHOrO SHCAA peryfpHBX gV,

Bee ST OnNpegeicHHA RepeAOCATCA HA KPHBHE B ABYMepHHX npoctpadcTeax (no. 2,1-9 m
7.2-1}, 2 TAHKe HE KPHBNWE B NPOCTPSHCTBAX, DA3MEPHACTH KOTOpHX Somnue Tpex (n, 17.4-2),

3.1-14, Cnoco6m 3aganWs nosepxHocTell (oM, rtakxke nn. 17.3-1—17.3-13).

MuomectBo ToueKk P (x, y, 2)= P (r), KOOPHHHATM KOTOPHX YAOBACTBOPAT
CHCTeME ypaBHeHHH

x=x{u, v}, y=yu, v), 2=z(u, v} (3.1-27)

NPH OOZXOSAGRIAX 3HaYeAHAX JeficTBATENbELIX NapaMerTpoB &, U, Ha3WBaeTCHd
HENPEPLIBIOA NOBEPXHOCTLIO, BCHH RDABWE HacTd YpabHeAHE (27) ADAMOTCA Henpe-
PHBHEME PyAKOHAMH Dapamerpon, [JOBepXHOCTE MoxeT OuTh ODpeAeNcHA TAKKE
YPpapHesHeM

¢lt, y, =0 mam z=F(x, g). (3.1-28)
[MoBepxnocTe MOMeET AMeTL Gofiee 9eM OAHY BOJAGCTE.
{Tosepxnocmu, onpedesremble ypGAHENUAMY
Px p 2)=0 1 ho(x, y 2)=0, (3.1-29)

coBnadaom, ecAl MOALKD ROCMOARHAR A OMALHHG O HYAR.

flpocmod ROSEDXHOCILY HAMWEBACTCR HeTNDPEPMABan MNODEPIHOCTH, COCTORUIAR H3 oJuof
NOMOCTH A HE HMEOMAR caMomepeceseddft (KpATHWX Tovex) TIpE 3TOM ROAPAalyMeBaeTCA, urd
OPOCTHE MOBEPXHOCTE RRAAKTCA RS YCTOPOHHHME {0JHGCTOPOHHEE NGBEDXHOCTH, TAKHE, K4
aucrn MESugea, BCKMOTAQTCR),
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Toaka noBepXHOCTR (27) HaswBaercs pezysgprodl mouxod, ecnn RPR EEKOTOPOM mapas
MeTpRYUECKOM 3aJaHHE NMOBEPXHOCTH byaruHn (27) EMEIOT B nocTaToyHoR GAASOCTH K PACCMAT-
pHBaeMofi Touxe MEMpepWBHME HacTHHe RPOHIBOAHEE MNepBaro nopaAsKa ¥ o MeRbluef Mepe
OpHE H3 orpefesHTEned.

éx  du dy 92 9z oz
du  Ou du Ou du  du

L] (S-I
o oy " | | |2 x R
de o do dv du  dv

otasigen or Byaa, IpocToft KYCOK NoBepXHOCTA, orpaRAuYeRHsA peryaapaof saMHAYTOR KpA-
BOR, HR3HBAETCR PE2YASDHLIM, eCAY Bce ero PRYTpeHKHE TOUKH perynapAue, Peayagpuol
NO8EPXHOCMbic HAIWBARTCA APYCTOPOHHASA NpocTas (3aMKHyTad HIR He3aMKRYT2d) NOBEPXHOCTH,
COCTABMEAHAA B3 KOHeUHGMO 4KCAa peryAfpHbX KYcHoD © OBL{EME PeryJADHLMY AYyTanH
B TONHAMH.

§.1-15. CnegWasbHule THIB nopepxHocTeA, JlHefnaTod  MoaepXHOCTHN 23k BACTCH
noBepXHOCTL, OGDa30BaNRA ADHKEHHEeM npAMOf JNKHHH (ee ofpasywomen}, LRAMHAD eCTB
NOBEPXHOCTh, pasoBaHHan SBHMEHACM npAMofl, ocTamnleficA napaanensRol HekoTopol
fAHHOR NPAMOR M MepeceKanilefl JaHRYIO ARHHIO (HanpasARiowy), B MacTHOCTH, YDABHCHHA
Buma fix, ) e=0, f(x, 20 =0, Fiy, 2) =0 onpemensioT LATHHADE, o5pasyIINe KOTODHX
neapanienbHbl COOTBETCTBEHHO OCAM Oz, Oy, Ox. KoHyc ecTb (OBEPXHOCTB, ofpasopaMHan
ADMKeHWeM NpPAMON, Mpaxoialief yepes AAHHYIO TOMKY (BepWIMMY KOHyca) % nepecex awued
ASHEYIO nAHEIG {eTo Hanpasamomywo), MOBEPXHOCTLI0 BPALICHEA AA3HBAETCR TNOBEPXHOCTE,
o6pazopaltan BPANIEHHEM TAOCKOR KPHBOR BOKPYD HeNOABHAHON ocH, AeXalied B NJAOCKOCTH

kpepoft, Tak, Fpﬂsueﬂue z=Ff {}‘ X5 4 y’) onpeaeaser NOpepXHOCTE, ONHCAHBYIO BpanjeHEeN
Z =

Kpasof ), pokpyr ocH 0z,

p=0
3.1-16. TMoBepXHOCTR M KPHBHIE.
(2) Jlauus mepecesends ABYX nopepxmocTel

@y =0, (%, 5, D=0 3.1-31)

npencTaBasier coboR KPHBYK, TOUKH KOTOPOH (X. ¥, Z) YAOBJETBOPSIOT KamAOMY
n3 ypaprennft (31) (oM. Taxxe I 3.1-13). JiupH® nepeceteHHA MOMET HMETh
Gonee opmofi BeTBH. YpasHexns (31) MOTYT TaKKe ONpeledaTh JMHUIL OAHY HAH
HECKOMILKO MK30JRPOBAHHEIX TOUEK, NPHHAANEKAUIMX OOEHM NOBEPXHOCTHM, HAH
He ONpefennTh HH OIHON TOUKH.
Kpusne
{lD{O. ¥ 2 =0, {tp(x. 0, 2)=0, {q;(x. v, =0,
=0 y=0; z=0

npepcTaBATIOT CoBOf JHEAR NepeceNeHER {ecsM OHE CYHECTBYIOT) TIOREDXHOCTH @ tx, g, A=0
¢ naockocTAME Oz, Oxz A Oxy COOTBETCTBERMNO.

) Jdas moSoro felcTBMTENBHOrO 3HAYCHHA A ypaBHedus
@1 (% o DHA P x, py 2)=0 (8.1-32)

COOTBETCTBYET NOBEPXHOCTH, MPOXOAAUIed Gepe3 JIHHHIO Mepecedenis noBepXuo-
crefi (31), echH MOCAERBAA CYU(ECTBYET.
(c) ¥Ypapuesue
51 (x # z) 'cPs(x; 'Y 2}:0
COOTBETCTBYET MOBEPXHOCTH, 00Pa30BaNHOR TOTKAMH ofenx nosepxroctefi (31) # He
coaepmanlell HAKAKKX APYraX TOREK.

{d) YpapBenue MpoeKurH Kpapolt (3) HA DAOCKOCTL Oyz (um Oxz, Oxy) MomeT OWTH
NoAY9ekD HCKAKRYEHHEM Ka ypassHenuf (3) nepemenBof x {(COOTBETCTBERHO V), 2),

{e) KoopauHarsl x, i, 7 TOWEK OepecedeHHs KpHBO# (31) ¢ NOBEPXHOCTBLIO (28) nomHE
YOORAETHORATE BCEM TPEM YPabHeHuAM (gl), (28}, [nna mofux AeficTRUTENbHBX ki, Ay ypaBHEHER

ol D+t D=0 @l g DhAPais g D=0 @.1-33)

onpzpﬁmm HDHEYIO, NPOXOAAMYIC Heped BCE BTH TOUKH OepecedeHHA.
(f) Kpunaa ogHonapaMerpHYeckoro cemeficTBa

G lx, o, 2, =0, 5 p 2 M=0 3.1-39)

oNHCHEBAET MOBEDXHOCTE, YPasHEeEue KOTOPOR MOXeT OuWTh NOAYyuen0 OYTeM BCKMOUCBHA napas
weTpa A a3 (M)

8.2-1, 32. NNOCKROCTS 83

8.2. WIOCKOCTD

3.2-1. YpasAeHAE NAOCKOCTH.

(a) YpaBHenue, Auxednoe OTHOCHTEALHO AeKAPTOBHX OPAMOYTOABHBIX KGOD-
IM1AT, T. €. YPaBHEHHe BUAA

Ax4+By+Ci+4+D0=0 mnm A-r4+ D=0 (3.2-D

rie A, B a C He paBHH HYM0 OJHOBPEMEBHO, OfpPeASAfel MAOCKOCTH; OGPaTRO,
KaXAYI0 IUIOCKOCTh MOXKHO ONpefieATh YPaBHEHHEM NepRofl CTeneHH OTHOCUTENbHO
JAeKAPTOBBIX TPAMOYTOJMBHEX KOOpPAHHAT.

Kosdxpunmentd A, B, C papAn [POeKIMAM
BexTopa A = {4, B, C}, nepnesasxynsp-
ROTO K NAocKoeTH, Ha ocH Ox, Oy, Oz cootsercrbeddo (n. 3 1.8, b); Bextop a\pumeer aﬁnpﬁ-
:.;(eiue NOACKHTEALHOE MTE OTPHEATEALHOR HOPMAAH K MJAOCKGCTK (CM. HEME) H HasupaeTcd
pMasakaM eexmapoRr naockocmu. [pk D = mAOCKOCTS NPOXOLHT 9epes Haland KOOPRKHAT,

cxoc'rﬂ::) OcofieREO0 BaXAOE 3HATEHHE HMET CAEAYOWHe BHAN YPaBHeHHd mao-

1. YpasHeHHe NAOCKOCTH B oTpeskax. [liocxocrs, nepecexaw-
mag oce Ox n TOwke (g, 0, 0), ocy Oy B Touke (0, 6, 0) ® oce Oz B TOWKE
(0, 0, ¢), umeer ypasHenne

x ¥ ]
Tty te=t

2. Hopmanenoe ypaBHeRAe naockocTH. Ilyers p >0 - paHua
MepREHAHKYNAPA, OMYUIEHHOr0 W3 HavaNd KOODEMAAT Ha MAOCKOCTL; NYCTh COS Gy,
;t)say, COS ¢, ~— RANpaBAsiompe KocHEYCH (m. 3,1-8) sToro sanpaBireHHOro mep-

CHAHKYNAPA, AAYANOM KOTODOrO CJAYMKHT Ra9ale KOOPAHHAT, a KOHNOM TO9KE
Eﬁ:go:;; {nONOMKHETEALEZA HOPMANE ¥ HACCkocTH), Torjpa ypaBRenHe [AOCKOCTH

xcosayfyeos oy treosa,—p=0.

. 3, YpsBHeHRe NAOCKOCTH, NpPpoXoAasiief yepes JNaHHYIO
Bﬁu Ky, EciH NAOCKOCTE MPOXONHT Sepea TeKY Py (xy, ¥y, 2(=F; (r). a nanpa-
eHKe HOPMalH¥ K ONOCKOCTH 33faHO DpoekunaMB A, B, C seRTopa HOpManH A

:;egrcnsﬁxapronoﬁ NPAKOYTOABKOS CHCTEML KOOPAHHAT, TO YPaBHEHHE N/IOCKOCTH

Alx—x)+ Bly~y)+C(z2—2)=0 uma A-(r—r)=0.
4. YpaBReRHe NAOCKOCTH, Dpoxogsanmed vyepez TPH AaR-

e roarn Pyl #, 2))=P (1)), Pslxy, tg 2} =P (ry), P 2 =
‘-—':P(]‘a)' He Mexailye Ha OAHOE DPS}MOE '(l].’a.‘f-al ’é}} Huegﬁ["}agﬂ S(xai He 3)-.—-

x g z 1
2 i : i =0, maw [(r—rp) (f—r5) (r— )] =0,
Xs by 7p 1
Ram
o2 1 z x| oyl X oo
2 % l|x+|2z x Uyt v Lz—{x ¥ & |=0
ys 23 ! Zy x5 1 xy pa 1 X3 s %
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() Ecnm nAcckoCTh 3afaka YpameeAHeM OBWEro adaa (1), TO BBEAEHHHE
BLite BESHYWNE 4, b, ¢, P, COS Gy, COS Oy, COS G BupaXalorca qepeld A B, C D
cheayownM obpasom:

7 S0 bw-—%. cr—-—%; (3.2-2)
A
COSGI=='“-'_—"“B_""_‘1
Ty
[ D
Svageao PTivareso

€08 Gy ==

(3.2-3)

cos o =

rRe 3HaK Nepei KOpHeM BuHpaercs TaK, 4YToOH COOioAaloCk YChOBHE p=0.
Ecnn D=0, 10 BLiOP TONCMKHTEALHOTO HANPABJCHHA HZ HOPMAZH K OAOCKOCTH
NPCH3BONIEH.

3.2-2. TapaMerpuuecxoe 3aganue naocxoctTs, Jlwbad NACCKOCTE MoMeT Outb 3a1aHa
CASTYOMEME DAPAMETDHUECKHEMN YPABHEHHAMY {D. 3.1-14).

x=x1+axu+bxa_ y—yl+ayu+byo, z=zl+a3u+bzv.} @.24)

HAH =
r==ry 4+ ua -+ ob.
3.3. NPAMAA JIHHHSA
3.8-1. ¥YpasneHus npamod.
{(a) [lsa He3aBHCHMWIX AMHEAHWX YpaBHeHHA
® (%, ¥, 2) = Apx+By+Ciz+ D=0, } 3.3-1)
§a (%, ¥, 2) = Agx4 B+ Cyz - Dy =0
% 0]

Ay 4Dy,  Ag-r4Dy=0

(A X Ag5£ 05 o, Takke an, 1.9-3, a, 5.2.2 B 5.2-7) onpefeanot DPAMYN Kak
nepecesenye ABYX naockocredt (m. 3.1-16, a). OO6paTao, xakiasd NpsMan MOKeT
GuTs onpegedcHa ypapsenusamH BHza (1). Tipm Dy=Dy=0 {n TON:KO B HTOM
cAyuae) NpaMas NPOXOAHT uepe3 HAYBAO KOOPAHHAT. 3
{b) OcoGenno BaxHOe SEaveHHE BMEIOT CACAYIOWIES BHAW yPaBRENHH npaMoR:
1. ¥pasnrenun npamol, npoxoaamed uepes ase TOAKH

Py(xy, 91, 2} B Pa(xg g2 22

x—x.=y—y, — T— I ]
Xy— &% i e

2, ¥YpapHenua npaMofl, npoxoxamef ueped AaRAYO TOUKY
P AAHHOM HANP2BAEeHHE (KEHOHUTIECKHE YPEEREHES NPAMOR).
Ecau npAMas DpoXomHT 4epes Towky Py (xy. Uy, Z))=F{r) u napasseanHa
BEKTOPY 8= {4y, Gy, 8;} (HaNpaBAfoIINA BEKTOP opAMofi; ¢M. Takxe 0. 3.3-2),
F0 ee ypabHeHHHA MOryT OuWTe DDEBeAcHW K BHIY

— — —
Lt Y Ll
ay ay [

MAB [—Ty==al.

(c) Bextop a= A, X A, sBASETCA HaNPaBARIOWMM BEKTOPOM NPAMORA (n. 3.1-8,b),
927gHHON KaK AHARA NePeceqedHa ABYX naockoctefi (ypassesua (1)} ero npoex-
yui H3 OCH JeKapToBOh MPAMOYTOJLHOA CHCTEMW KODPABHAT PpaBHH COOTBET-

CTBERHO
By=ByCq— BsCy, 0, =Ci4y—Cydy,  a;=A;8y— 4By (3.3-2)

g4+t 34 BIAMMHOE PACTIOMOMEHHE TNJIOCKOCTER H MPAMLIX 83

Hanpazsisowne KOCHHYCH TIDAMOR W, CHEROBATEALHO, Yrabl e, Gy, O MEXALY
npanofi u ocamy Ox, Oy # Oz onpelenawtcs no ¢opMyiaam

s = (BiCy—BaC),  coscry= 7 (Crdy— Gy,
e :,:1— (A4,8;— 4284},

M={(BCa— ByC1) +-{CiA; — Co A1)+ (4,8, 4,84 n. (3.3:3)
Tor wAW HHOA BHCOP 3HAKE Nepeld KOPHEM ONPejeaseT MOAOKHTEAGHOE HAnpa-
BieHHe ka ApAMod.

Ypaprehna (2) v (3) ABAROTCR YCAOBHSAMH TOrO, 4To MPAMAf ¢ HANDARAAW0-
WHME KOCHHYCAMH €08 Oy, COSCty, COS Oy HAM C HaNpaBJAIOMAM BEXTOPOM A nep-
MeHAHKYARDPRA K JABYM B2KTOpPaM A, W Ay, 38)aHHuLM CBOAMH MDOSKOMAMH A,
B, € v Ay B4 C; HZ OCH 1eKapTOBO/A NPAMOYIONBHOR CHCTEMB! KCODIAHHAT.

(d) ¥pasHennn naockocTeR, HposKTApyYRIAX npavylo (1) Ha naockocTk Oxy, Oxz u Oya
COOTBETCTESHHO (T, €, NAGCKOCTEA, NPOXOLNILHE Heped NPAMYK H NepneHiKKYNRPHLY K cOOT-
HETCTBYOUIHN KOODAHHATERM NAOCKOCTAM), TAHOB!

(C1Ay — CA) x 4+ {08y = C8) yp + (D3 — C4D) =0,
(B Ay — BiAp 2+ (B 0y — B,Coy+(B,Dy— B,D) =0,
A8y — 4B x + {AC, — A C y+{ADy— AD) =0,
JlioSde nna w3 ypasHeHNR (4) onpefenrior npAmyie (1),

3.3-2. TlapameTpuvecxue ypapneuna npamoil. Jexaprosu npAMOYronsHLEe KOOP-
A¥HATH (X, y, Z) NPOH3BOALHOA TOUKH NMPAMO YAOBJAETBOPAKT NApaMeTDHYECKHM
ypasreunam (n. 3.1-i3)

r=xfad, y=ptaf z=z+ad wm r=r;4fa, (3.3-5)

rle &— panpapagiomuii Bestop, Py{x, p. 2;) = P, (ry) —HekoTopar ¢uKcHpo-
BaHHA® TOYKa OpAMOMN.

G.3-4

3.4. B3AUHMHOE PACNOJOMEHHE TOUEK,

NNOCKOCTER H NPAMBIX
3.4-1. ¥ram.

(8) Yzor gy mewdy Osymn npRMMU © HaNPABARIOUIHMH KOCKHYCAMH COS O,

Oosgr-,i._scosa, H o8 ty, €08 Oy, COS Gz ONpeRenseTcs no GopMynaM (cM. Taxxke
n. 3. c):
T

CO8 ¥y = CO8 CL; 008 CLx -} €08 &y COS Chy - €08 &, CO3 &z! (3.4-5)
8in? y; < (cos o, cos a2 — 008 @, cos y)* 4 (008 o, co8 @x — 08 @ €08 01g)® -
+ (cos a, cos Gy — COS Gy CO8 adt  (3.42)
4t Ecar npaMue 330aHK NADAMETPHYECKAME ypapHeRuAmu {n, 3.3-) r=r,Ffa ur =r; +
2,

A-m laxal
EXEg N lajja |’

Npambie Napasteisne, eCRE CO5 ¥y o= |, A S3MUMAO NeprendUKyARDHN, echB COs v, = 0.
(b) Yeor E. ey dsymn naocxoemasmy A+ By+Cz+D=0u A'x+B'y+

+C24-D=0, vaw A-r4+D=0 1 A’ -r--D'=0 (yron Mexay HX HOpMaJAMH),
Onpepeanercs no gopmyne

CO3Yg =

09 Yy == sin yy = @3.4-3)

AA* + BB + CC’ _ ALA
VAT L BT LV ATL B+ 01 A LAY

I}cmt MAGCHOCTH 3303kl DApAMETPAYSCKAME ypapHenHadr (N, 3.2-D r=r; -+ ua - ob n
e 4 wa” +ob’, 1o

(3.4-4)

(@ X b -ia” x by

cosf!”iaxblla:xb;l'

(3.14-5)
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(c) ¥ron yy Memay npaMol
o5 _¥—

M a, a;

ni_ 22

B nacckoeTslo Ax--By+Cz--D=0 (yron Mexay npavofi B ee mpoekiRei na
ADCKOCTL) Onpesneasercs no dopMyne

Aay+ Ba, 4 Ca,
V a4 B8 C? Y af + o)+ a}

B qa¢THOCTE, NpsMas napanfielbHa RNOCKOCTH, echK sia vy, =0 {7eMAT RA RACCKOCTA,
ecnn, kpose Taro, Ak, -+ By, 4 Cz; -+~ D =0). Apaman nepneuaHKRYRApRa ¥ AAOCHOCTA, eC/H
8ln y, == 1, ¥roll Mexpy npAMolt H HOPManAbio K DAOCKOCTH pased /2 — ¥,

sin \?3 == {3.4‘6)

% (d) 1. Yenosua mapannenbHOCTE NBYX MPAMBIX

X=Xy WF—ih T—2 <A
<t il HAH r=r,+fa,
B .
x-’x|___y—'yx=z—’zl' WK l'=l'1+h',
[ ay ay
HMET BHEI

IR a’'=)a, HAR a X a =Q.

Ecain, XpoMe TOrG, MpAMLIE BMeROT OBWYIO TOWKY, TO OHH COBR2MAIOT.
2, Npaman ":X‘=”:y‘=z:z‘, way r=r,--fa, 9 nAockocts Ax-+ By 4

X
4 Cz4+ D=0 nnx A 1+D=0 83auMB0 NepNeRIHKYAAPHL, €CIN NIpaMan Napais
JAeNBHA HOPMAAH K NAOCKOCTH (M CaM3 CHNYXKHT HOPManww), T. €. eChHH

E}=%"5=fg‘ HAH a=AA, u1d ax A=0.
3. Hdee nnockocTs
Ax+By+Cz4+D=0, unm A-r4+D=0

A'x 4 By+Ce4D'=0, vag A'-r+D'=0
napannensiel, €CAd RapannelvHbl HX HOpPMaaH, T. €. eCid

A= WM As=)A’, "an A X A‘=0.
EcAR NAOCKOCTH, KPOME TOro, HMeoT OOy TOUKY, TO OHH COBIAZAIOT.X

3.4-2. Paccroshus.

(8) Pacemoswue & om mouku Py {(xy, g, o) = Py (re) do naockecrmu Ax
+By4Cez+ D=0 ans A-r4- D=0 (onpegenessoe N0 BEIHUMHE H 3HAKY):

8 Axo +Byy+Czy + D ATy D
= ==

VAT F Bt C A
SHAK Tlepex XopHeM nNDOTHBONOAOXKeH suaky D). Muoras § masweaoT oTxmaone-
HHeM TOWKH OT NjocKoctH. OTKNOHEHHE MOJOMKHTENLHO, el HAYAN0 KQOPAHHAT

B TOuKa Py (xq, Yo, 2p) MEHAT [NO PAIHBIE CTOPOHK OT NAOCKOCTH, H OTPHUATENLHO,
ecAd [0 OAHY CTOPOHY.

Ecad OAOCKOCTE 33332 OaDAMETDHYECKHM ypasaendeM (0.3.2-2) r a=rg b ua + vb, 10

1 (3.4-7)

13.4-3)

axb
Gn(l‘—l’n}' BT

1 ax
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(b) Paccmonsue d om mouxu Py (xe, Yo, 20) == Py (rg) do nprwed I=X =
—E—H _2—2, *

— HaW r=r, i

2
d=1a><(r,—r,)1
ja]
V a, a, %+ a, a, 2+ a, a, |2

= =l 71— — 2 Xi— X, X1 — X  ¥i—fh
Va§+a;+a§

(c) Kpamuaiuice poccmoanue dy Mexdy npamsiuu

. 349

r—x v— ¥ z—z X—x gy, =z .
LI 1 1 g - L= - LI, _l'[»u[l:[ r=l’1+m, r-=r1+ta’:
l?l.r By ﬂg dx d&. az
d 1 =%, hi—4 H—Z
==X a a a
T 2 ] 3 ] 3 * i PN i
V&x+ﬂy +a} Vay +ay +oay slay| - a a’

ry—r:)aa'}l " . L {4:9:10)
nARA dl.-=][Llﬁx‘:__[L. rae sin v, onpexenserca paseHcrsom [2). Ecan

npaMie napanaeacud (sin y,=90), To d, oupegenderca paseactsom (9).

3aMevanne Ecau s onpeReniurens, CToAmMEeM B npawofl dacti pamencrsa {10), same-
WETE x,, gy, #; DepeMeABHMY X, §, Z H NPEPABHATL €r0 K HYMIO, TO NOJAYUTCHHOE YpaBRerde
GnpeleRT OAOCKOCThL, NPOXOAANLYIS Uepe’ pTOpYI0 (PAEMYIO NapAaAe/bHo UepBofl. Ecan opa-
MuE Nepecekatcs, TO NADCKOCTE NPOXOAET Yeped ode oTH npAMble.

(d) Paccmonnue dy Mexwdy napassessrbing RAOCKOCAMUY AxA-By4-Cz4-D =
=0, A2+ By+4+Cz4D'=0:

dome D=0 _1D—D]
2

YA BE L C7 A

(e} Pacemoanue dy om nsockocmu Qo napatseassod ed npssod onpepeasetcs

To gopmyae (7).

3.4:3, CenmanbHbpie CAY9SH B3AMMHOMD PACNOJDEEHHN TOUCK, NPAMMT W NADCKOCTER.
(&) Toukw. 1. Tpa mowra Py(x,, fn, 21), P2 (X1, ty, 2x) B Py (X, ph, 24) 4€KaM KG
03nolt npratosd, ecau (ECOBXOAHMOS H AOCTATOUHOE YCAOBHE)

. (3.4-11)

Ka—X1 _th—ih _Zi—#n ST . — -
HG—X g4 B—2 B Ty —Ty=A(ry—1Ty), {3.4-19
BAR (M, TaREe DABEHCTRO (3.1-16%)
o2z 1 Z x| ol
oz 1)=lz4 2, 1|=]xy po 1]=0, @419
i iy 2 1 zg X3 1 Xy ya 1
(s~ r)X(ry—= 1) =0, G414

me) 2. HYemape mouxa aexmcam a oduoil RAOCKOCTE, €CAG (ReOBXOBHMOE H AOCTATORHOS YOO~

X I

1
Xy by 2}
1
l

= 0, BAB [(Fy — ) Py — 1) (Pe —Ty)] == O (3.4-15)

5 U %y
X5 He Zy
g D,(bl flaockacTu. 1, Ecan mpu naocxocrmi Ax+ By 4 Cz4+ D=0, A'x+4B'y+C'z24
=0, A”x 4+ By 0"z 4+ D' =0 npoxedam wepes o0ny u my me APRMYK, MG
A B ¢
A! B! Cl
&!! BH’ C!i

A= =0,

(3.4-18)
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& naoexocmu Ax -+ 8 Ca+ D=0, Ax+ By+Cat0 =0 A'x+
-+ B'% -fcr:"gzq—:-mgﬂ «::3 A'”x‘:l- a2y +y{.‘"‘z +D'"=0'npofw0m vepra oOny & My oe mod-
Xy, mo

A B ¢ b
A B ¢ D
AT BT oo
A g ot o

=0, B3.4-17)

T. e, NEDLE 9ACTH AX YPaBASRHA auHefino zakdcamu (n. 1.9-3, a),

() Mopamue HJoe nprxss azxcam 4 ednod naocxocriy  {T. £, NDEPECEKAIOTCR AMH NA-
paanenLBst, ecau (HeoGXNOOMMOE M JOCTRTONHOE YCJIOBHE) «smig onpedeas ux nAGe-
xocmy yooeqemeopaiom ycaosipe (17). Ecan npusne 3afaHi DApaMeTPEUECKEMH YDIBHCHHAMA
T=r, +fa, r= ri -} fa', To ycaosHe (I7) npunEMaeT Bul

].:rI — rl) aa'] =0,

9.4-4. TAHTEHORAABHEE KO0PAMHATH NMAOCKGCTH W NPHHOIHO AROACTEENHOCTH. YpaBHEeRNE
g +iz+i=0 3418

onpégenner nacckocts (&, M, ). Yncna é, N, { Ha3EEBA0ICH €8 TAHTEAOAANLALMA (AuneR.
HE(MH, NAOKKEPOBLIMHM) KOODAKAATAME. ECHE ToueuHble KOODAHHATH X, p, Z PHKCHDOBAKH,
2 E, M, § paccmaTpHBaOTCA KBX NepeMendne, To (I18) CTAHOBETCH ypeBHEHHEM TOYKH (X, U, z),
T. €. TOUKH MepecedeHAs BCeX naockocred (18).

CuMMeTpEA yDaBHERAA (1B) OTHOUHTENbAC TOUCUHHX H TAAMEAUHANBALX KOODAAHAT NpH-
BOJMT K CACAYIlleMy NPHAUKNY ABOACTBeRHOCTH (cM. Taoke p. 2.3-3)1 napady ¢ xawdod
FeopeMa & B3AUMHOM NOAONCERHN MOYEK, NPAMBX U Al0CKocTie] cnparedagsa dpyziun meopema,
KOMOPAA AOAYRUNICA, eCAH @ POOHYAUDOSKE AEPIoll Meopesbt AUMERATIo MECTIANRL MED MEHH
u wNADCK A,

(3.4-17a)

3.4-5. HexoTopble ZOTOMHHTSIbHME COOTHOUWEHHS,
(a) Ectu @ {x, 4, 2)=0 B @y{x, y, 2)=0—ypaprenna 1ByX anockocTed,

T0 ypaBHeHHe )
@1 (2, 9, 2)+AQy(x, y, 2)=0 (3.4-19)

onpenenfieT RAGCROCTb, IPOXOAZMTYI Yepe3d JAHHHIO MEPECcedeHHR AARHBIX NAOCKOC-
delt (WA NApadneNpHYIC HM OGEHM, €ciH OHH napainenvdu). ¥Ypasnenne (19)
Ha3LBAaeTCA ypaBHEHHEM myuka miockocTedd. Ecan ofe MAoCKOCTH 3afiaHbl HOPMalib.
wuMi ypagresHaMmu (8. 3.2-1,2), To {(— ) parHo OTROLIEHHIO PaccTosEuA OT Jio-
Goli Tosku naockocTH (19) a0 sajawumx (BazncHHX) maockocTed; npw A=1H
A=—1 mnonyuendne DJNOCKOCTR ARAAOTCA OHCCEKTOPHLIMM TUIOCKOCTAMH ABY~
TPAHHKIX YrioB MEMLY NaHHLHMH MAOCKOCTAMH.

Ecan nnockocth =0 # @,=0 mapanrensin, TO hee maockecTH (19) Takxe
BEM Mapaifenshul,

(b) ¥pasneuun npamoR, nepnendusyaspuod K TAockoeTd Ax+8y+Cz 4
+ D=0 u npoxoasueh weped Touky Py (xy Yo, Zo)

x—x.,=y—y.=z—-z,

- - =5 (3.4-20)

(c) Hanpasnawiunfi BERTOP A HanpaBAfioMHMe KOCHEYCH NHHRE nepecedeHHd
RBYX TAockocTelt onpepensorest no dopuyiam (3.3-2) u (3.3-3).

(d) Touxa nepecevenns Tpex mnaockocrefl Ax+ By+Cz+ D=0, A'x+ By +
FCz4+0'=0 6 AVx-pBYy+4C"z+ D" =0 uMeeT cAeLyiOliHe KOOPAHHATHL

D 8 .C A D C
x=e—g D B O, =g A D,

Du Bu Crf AJ! DH’ Cn

A B D A B ¢ (34-28
z=_3'. A B prf|, a=lA B |

Au Bu Dn An BN Cn
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3.5. MOBEPXHOCTH BTOPGIQ NOPAAKA

3.5-1. OGuiee ypaBnenne BTOpPoOW cTenexn. IYloBepxnocTWw BTOROTO nopsaKa
{KBANDHKH)} ONPele/iRIOTCA YPRBHEHHAMM BTOPOH CTeneHM OTHOCHTENBLHO AEKapTC-
BAX NPAMOYrofbHbX koopanHaT. Obwee ypasneHne sTopoli cTefedH OTHOCHTENBHO
NEPEMERKBIX X, Y, Z HMEeT BHJ

a3 %2+ gol® 4 agy2? 4~ 2150y +- 20 gx2 -+ 2dpayz 42814 x + 280,y + 2042 - 24 =10

HAx

(@ux gy -+ 8152 4 A1) X 4 (@1 ¥ - Qgot -+ Boa7 - 234) 4+

+(B51% + Ogay +QeaZ 1 a3y) 2+ QX + ey + g2 Fau=0, (3.5-1)
rne ayp=ap; f, k=1, 2, 3, 4,
YpaEnenre (|} MOXHO 3anHEcaTh B BexTOpHOA dopume
(Ar)-r2a-t+a,=0 3.5

rie A —apdEEOD € HOODAMBATAME Ai=a£k, 2 — BEKTOD ¢ KOODIMRATAMH @, == d (oM,
Takme n, 16.9-2).

3.5-2. Hasapmantu. [as Jwoforo ypasredHs (1) seTeipe BeAHYHAR

a o a
1 nsgiy g . J=|% 2 23 G2 W G
Gyt Oy a3, daz &z Ay
4 G &3 Gy
Q1 8y py = g 4 (3.5-3)
D=Ay=|an ay ay| A= aﬂ a” z: =
Ay gy Gl n A 34

Gqp 4 Qg Oy

ABNAIOTCH UMBOPUGHMAMY OTHOCHTENLHO NapaateNpROoro ANEpeRoca A TOBOPOTA
ocelt {3.1-19), (3.1-20), (3.1-23). DTu unBapranTw onpesensor coficTBA NOBEpPX-
AOCTH, HE 3aBHCAUIHE OT CE€ MOAQXNEHHSA B npocTpancTse. JerepMHHaHT 4 Rasd-
BaCTCH RMCKPHMMMAHTOM ypasueHHa (1).

3.5-3. Kaaccudurauna momepxsiocTed sroporo nopaxka. Taba. 3.5-1 comepwuT
KAaccndMKauno NOBRpXHOCTER BTOPOro MOPsiKa, OCHOBAHHYIO HZ WX AHBAPHAH-
TaX, onpefeneHAwX B n. 3.5-2, B atoft tabauue

A'= Ay + An + A,
Atx o6oanaqaer anrefpanseckoe AOMONHEHHE 3fEMEHTa & B onpeneNaTede
A=det {az i, M. 0. 1.5-2,

t dy Qg Oy gz Q3
4 Qy d33 g Q43 Ay

A’ B A’ ApAATCA HHBaDHAHTAMHM OTHOCATEMBLHO MOBODPOTA OCeft (CeMuunea-
Duanmanu).

AJJ=

(3.5-4)

n 3.6-4. XapakTepHCTRALCKAT KuaAAPATHYHAR $opMa N XAPaANTEPHLTHRECHOE YPABHEHME,
PH DOMOWM XapaXTEPHCTHRELKOR KBAAPATHIHOA hopMm

Fo iz, o 2 = gyt 4 Gay? + 0532% 4 245000 + 221552 - 2ayap2, (3.5-3

;gﬂr;ne:crsynmeﬂ YPABHEHHIO (1}, MOTYT ObTh HiYYEHNW BaMAue ¢BOACTBA MOREpXHOCTEA BTO-
(A #Oogsnxa, B 9acTAGCTH, HeBNPpPOMASHHER LEHTPANBHAA NOBEPXHOCTL BTOPOTO NOpAAKa
2l # D) OKB3NBASTCA ASACTBHTENBHAIM JAAHICONLOM, MHKMBIM SAHNCORTOM AW rHnep-
HAOM B 3aBHCHMOCTH OT TOro, G¥RCT M £y (X, ¥, 2] COOTBETCTBENNO NOJNONMHTENBNO onipe-

ASACHNON, oTpruaTeNBHO ONPRRENGHHON AW Heom
y peaeeHEOR KBaapaTHAHOA ¥oR, wuro
YiTavapareaerca mo KopHaM Ay, Ay, As €2 XapAKTEPHCTHIECMOMY YPARHEHWR (N, %?2-5, a)
Gy~ A iy
- I S i O Mad A — A SR = O =, (3.5-6)

@ Gy Gy — A



LY

he, M
L(;)rppni:'uuh[au']' (u.‘ 13.4-3) M, Kax <CAeACTBHE

ABRARKITCA

.54,

TN, 3 AHAJWTHUECKAS TEOMETPHS B MPOCTPAHCTBE

HLNM SHAYEAHSMA TeRCTEMTEALHON CcRMMETpHYCCKOR
Sa0cTaoy 9TOr0, BCerfa AefcTBYTEALHE, HMeow;

Jemhg o+ Ay ha, o = Mka T+ Midg  Maby, D= habaRd.

TaGarnga .51 (@

Kaaccudukaura nosepxHOCTeR B8TOPOro nopaika

BHpORIEHHEE
HeppoXALHHLIE NOBLPXHOCTH DOBEPXHOCTH
A0 A<D Aol
23 S MHAMER SAAKNCOAR Toaxa {neRCTBHTEIb-
oba SoAbiWA | SAAHMCOUE Ham BADOIHEA MAH-
HyAd MOro KoRyca)
L eHTpams AL
D#0 of o4 OarenorocTed | deyaoroctHu A JeficTautennuulf
ge ofa SoMs- | runepboac, rEnepbosORA EOHYC
ma Hyan
HegeaTpase- Munepboanaeckif| BaxanTaveckud | Luiaanapu (€M, Tafhan,
Hite nzzepx- napaGoaoN napaGoaora 351 @), A" FE Y
HOCTR flapu RaockocTed
D el tex, Taba. 3.6-1 (6},
T AT =0
TaGnrnana 3,51 %
RAHHADH Mapw naocrocred
U A

AmD, Dwl, J>0

SnmnTegeckEd OH-
ARHAP (MHHMH
shavnTeReck i H-
ArAap, ecan A =0
AeficTERTEARHEE, ecnd
ATt 0)

Mapa MEHMEX OAOCKO-
nepecexan L Nx-
X 0o AeRcTBRTEALHOR

crefi,

npamoi

A=0, D=0, J<0

T nepSorRaccamd nu-
AMKAD

Mapa ALACTBATEALHMX
NEPLCeRAMULCE NAG-

crocTel

Aw(, D=x0, J=

MapaboauneckBd -
AURAP

Napa

napaTAeAbHEY

TMapa ReftcTan=

nAocKOCTER {(MAAMHX,
ecmn A7 >0 nefer-
BHTEALEWX, eCnd
AT

TENBHBWY COSMA-
AANOUWHE OHOTKO=
cred *)

Palr XBAQpATHOR MaT-
paIE {aﬂ] 4-ro No-

paaxse {n, 13,2.7)

*y Napa coBnammux nrocKolTeRd XaPaxkTepA3veTcA mofble B3 CARMYIOINEX ARYX
MPR3AAKOB: {8} PaRr [a!k] pabed 1, ) A=D=J = ]

A= A" =0 [ #

e,

8.5-0. 3.6. TOBEPXHOCTH BTOPOTO NOPAAKA 9

3.5-5. HuaMerpanbibie DACCKOCTH, AMAMETPH M OEeATPH NOBEPXHOCTER BTOPOrD
nopanKa,

() Onz mioGoli NMOBEpPXHOCTE BTOPOrO MOPAAKA (BLPOKIEHHOR NHJAH HEeBh-
POMNEHHOR) TEOMETPHYECKHM MECTOM CePeiHH MapaAieApHEX XOPA CJAYMHT RAQC-
KOCTb, KOTOpasi Ha3biBaeTcA AHAMCTPAALHOA NAOCKOCTLIO NOBEDXHOCTH, CONPAREH-
Hofi STHM XopaaM (MAH Hanpab/eHHKO 5THX XopA). [HameTpasibhad NJIOCKOCTH
nosepxHoct (1), conpaxernHag XophaM ¢ HaNpaBARIOLIHMH KOCHHYCAMH COS Oy,
€05 Qy, COS L, ONDEACAHETCH YPaBHEMHEM

(@50 + Gaglf 4 197 + 0;4) €08 Gy 4 (2g1X - Glgat) | Bag2 + gy COS 02y
+ (asx+ gy + 937+ @gg) cOS 2, =0.  (3.5:7)

(b) Ilpaman, no xoTopofi mepecexacTes ABe AHAMETPANTsRbE NJAOCKOCTH, Ha-
BHBAETCS AMAMETPOM, CONDANCHMEIM ceMelemsy napcxkeemed, NapanfessHslX conp-
KEWHDIM XOPAGM STHX IHaMeTPanbBmX naockoctedl. C apyrolt cToporw, ARamerp
RABAHCTCA TeOMeTDHYeCKHM MeCcToM UEHTPOB KPHBEX BTOpDOrQ MNOpAAKa, NO KOTO-
g’b.l.\l nepecexaoT ﬂOBprHOCTb napanneJbHue MeXIy coboli NIOCKOCTH cemefLTBa,

PaBHEHHA JHAMeTpa, CONPMMEHHOra CeMedCTRY NAoCKOCTeHd ¢ JallaBHLIME HARDaB-
AAIOUIEMY KOCHHYCAMH HopMasell c08 ay, COS @y, COS 4,

aux + 8oy + d192 4 0y, _ Onx + 2y + GraZ +- aur__ﬂnl + Aaslt + Gas2 + Gua

cos Clrx o8 Gy cos Cl-z

(c) Tipg D~ 0 Bce aAaMerpel NOBepXHOCTH STOPOTG NOPAAKAE MepeceKalTes
B onHoH ToWUKe, Hewmpe NOBEPXHOCTH (Apyroe onpenefedne c¢M. B n. 3.5-8). Ilpu
D=0 Bce AuaMeTpsl mapaANeNLHE MM JEXAT B 0AHOW TiocKocTH. B nepBoM
Caydae, 1. € OpR L) £ 0, MOBEPXHOCTL HA3WBACTCA HeHTPAALROA.

KoopIEHETY X3, §o, Zo OEHTDE OMPESEAMOTCH CHCTEMAN ypapReRud

. (3.5-8)

deexs + Grago + duafo + C1g= 0,
T3y Xo + Saglfs -+ TraZe + 234 ==0, @B
2y Xy = Guatto + BaaZa + Gae =0,
OTKYRa
iy Ty G1g 2 A P @iy Tix Gra
Xy 2w o | G245 Qpy dpa . fo=— .}_ Gyy @yq Qg \ . Iy | 2u T Qe | (3.5-10)
dgs sy Qa2 D dy day Gy Qg Gaa dag

Ecom noBepxmocts uewtpanmeaad, To nepesoc {3.1-19) Hagana KoopAumat B ea NesTtp (10)
NPEBOAKRT yPaBHEEHE TOBEPXHOCTH K BHAY

- - - - -—— A
ay, XY 4 apy® + anz® 4 20,5% § - 2057 + 2002 + = 0,
™M X, g, £ — KOOPAMRATH OTHOCHTEABHO HOBOR CHCTEMBL.

(d) Tpn anamerpa UewIpanibRON NOBEPXHOCTH BTOPOrG MOPRAKE Ba3LIPEIOTCH
CONPSMEHHLMH ANAMCTPAMH, £C1Y KaXAnf 43 HHX CONpMMEN RJAOCKOCTH ABYX
APY¥THX AHAMETDOB.

3.5-6, Frastme NADCKOCTH M THABAME OCH.

(a) OuameTpanenag NAOCKOCTE, NEPNEHAMKYNAPHAS K COMpSKeHHmM el Xop-
HaM, HajpiBaeTcs raaswol MAOCKOCTRIO [OBEPXHOCTH BTOPOTO MOPAAKa M ABARETCA
€ nrockocTho CHMMETPHH., KakAas NOBEPXHOCTh BTOPOrO NOPRIKA HMeeT 1O
MENLUreH Mepe OAHY [VIABHYIO DJMOCKOCTB H (10 MEHbIUeH Mepe OBE MAOCKOTTH CHM-
Metpiu, (I1p Kk mep: mapaCofnaeCKHR OMAHHAP KMEET ORHY IIaBHYIO (A0CKOCTEB.)

ObKG UYAHHADE HMEIOT TAQCKOCTE CHMMETDHH (nepneHAKKYAApHee k olpasylo-
UMM}, KoTopule He SBJAOTCA TRaBRHMK nAockoctAmu. Kakpan meswpoxjierkaf
loBepxnocTs BTOPOre NOPAAXa MMEeT A0 MEHbWeR Mepe ABe BIAHMHC NepmeRmH-
Kynsprwe raapnsle AaockocTH. Kawnas ueTpalerad nosepxocTe (. 3.5-5) Hmeer
No Mehbwen mepe TPE [A3BREE MAOCKOCTH (POBHO TPH, €C/IM OHa He ABAAETCH
NoBepxsocTrio Bpawerna), cpefd KOTOPHIX BCETAa CYLIECTBYIOT TPH B3aHMHO Nep-
fesaukynsphue.

(b} duamerp, sBAgoIMRCA JNEAHEA MepecedesHd ABYX IMaBALIX nJockocref,
Hadnpaerca rxaBHOR OCBI0 NOBEPXHOCTH H ABJAACTCA €8 OChbI0 CHMMETpHH., Ecad

(3.5-11)
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MIOBCPXHOCTE HMEET IBC TA4BHLIC OCH, TO OHa AMEeT W TPEThiD, NEPREHIHKYIA PHYIO
K nunm obesM. Kaknad wesHDOXIEHHAs NOBEPXHOCTL HMEET MO MeHbluedt mepe
OnNy rAaBHYKe oCh. LleATpansuas NOBeDXHOCTE WMeeT nO MeHbUleA Mepe Tpu
{pOBHO TpH, €C/H OHa He ABAACTCS NOBEPXHOCTRIO BpallieHHA) B3alMHO Nepnenns
KYAAPHLE [J2BHLIE OCH, NPEACTABARIOMUE COGOH NMOPMANbHBIE K G TVAaBHBIM M0
CKOCTAM AMaMeTPH (COTPAMEHHME Kak 9THM TIOCKOCTAM, Tak ¥ Mexay colofi,
cs. n. 3.5-4, a}; cgear rnaBHuIX oceli UeHTpaApHOH TIOBEPXHOCTH BCeria HMeloTcH
TPH B2AHMHO NePNeHAHKYAR PlibE.

Hopmang & rAsbamM MAOCKOCTAM HMEIT RANPaBienys cOOCTBEHHHX BEKTOPOS MAT=
prun {a;p]. §, A=, 2, 3 (ex. n. 14 8-5). Hanpasnsiowne KOCHHYCH STHX HopManel
€0S @y, COS Oy, €OS 0 ONPERSAATEA crCTeMoll YpaRHEHHA

(@yy — &) cOs Qp+ O1y €OS uy+a,, cos @y =0,

@py €08 Oy + {@gy — A} €03 Oy + Gy, cOS.0; =0, {3.5-12)

Qg COS Q- Gy €OS e, + {a,; —2ycos o, =0,

rae A~ oraANSERE oT HYNA (3asedoMO AcRCTBATENLHEA) KOpelb XapaKTepACTHYECKOro ypas=
HeHUR (6). WEcChAu BCE KODHU Ay, Ay, Ay YpaBRHenus (6) oTAudHMm OT Hynn, To cKcrema (12)
ONpefenseT AA¥ KEeMOOro N3 THX KOPEEA HANPABRAAOUEHE KOCHHYTH rhaanHof ocH., B Tod
cayqae, Korga A ==10 ABAAECTCH MPOCTHM KODHEM XADaKTEDHCTHYECKOre ypaenennz (6), emy
COOTBETCTBYIOT EANpPaBASKIOUIHE KOCHHYCH eauHcTBeHHoR raaswoft ocu, Ecaw we A=—0—
KparHufi KOPeHb, TO NOBEPXHOCTL ABNAETCA NAPaGONHYCCKAM UHAHMADOM HAH NapoR CAPAN+
nensusix nAockocrefl, B 3ToM caydee cuerema (3.5-12) COAGPMHT T0ALKO OAHO HEIABHCHMOS
ypapHenue. EcnH RonolHHTE ee ypasHeHHeM

Gy COS Gy + Oy £OS Gy o+ ay, cos @y =0,
T HOBad CHCTEMA OMPERSmMT HAMPaBHEHHE ofpa3yIOUIHX OAMTAHIpA. ¥
3.5-7. Mpueeaenne ypasHEeHAR NOBEPXHOCTH ETOPOTO MOPAAKA K CTAHAADTHOMY
(xauonuueckomy) BMAy. Ecay BBeCcTH HOBYI) CHCTEMY KOOPIHHAET, OCYIULECTBHE
1) nosopom koopauHatHeX oceli {n. 3.1-12, b), B pe3yaeTaTe KOTO-
POro HOPMaJb X KAKAOK U3 BIARMHO NEPHEHAAKYNADHMX nrockocTel

Pre. 3.5-1. Hesuwpomaeusnue NoBepXHOCTH BTOPOro NOpafka: a) smnuncoupd, 5) OASOMONOCT:
HH® runepbonouf, ¢) ABYOOMOCTHHRA renepbonoxp, d) sanunTMyeckuft napafoaown, ¢ ranep*
GoauvecknR napaBononn.

CHMMCTPHH NOBEPXHOCTH CTaHET MapanienpHOH OfHOR H3 HOBuXx ocedl
{npeofpasoeanue K 2ansnHbiM ociM, oM. 1. 14.8-6);

£.5-8, 35 MOBEPXHOCTH BTOPOTO NOPALKA 83

2) nogxopswnt neperoc Mawaaz (n. 3,1-12, 2),

TO ypaeHenwe {1} moGOR HeawblpomacHHOR OOBEPXHOCTH BTOPOIO DOPAJKA MOMET
OuTy TPEOBDA3OBIHO K OOHOMY H3 BHAOS, NepeyHeaeH uy 8 Ta6a. 3.5-2. 3y
NOBEPXHOCTE H300pamens! Ha pue. 3.5-1. Kawaoe wu3 NOAYIEHHBX YPABREHHA
Ha3HBACTCA CHAHGEPMHbM  (BAK KAKORUWECKUM) YPRBREHHEM COOTBETCTBYIOMEH
nopepxHocTh. B Tabn. 3.5-2 npHBegeMm TagMe OCHOBHME rROKCTRA2 NOBePXHO-
crell H COOTHOMEHHA, NO3BONAIOWME OnpenendTh NapaserpH a, 8, 3, p ¥ ¢ no
uieapHagraM A, D, ¢ w { ypaseenns ().

YPaRHeAUS aetpomcdenmux nodepxnocmed (em, tadm. 3.5-1
s . AHAAOT HSHEM 00 DpH-
BORATCA R CAEAYWOMEMY CTAHAZPTHOMY bHAYS ! ¢ pason 2P

x Py 2%

> + o -+ o= 0 {movxa},

X g

i a4 a= O (debomsumeasnmtl ronye; xpyeosod, ecan o' == b1),
xl’ b".

atE= 1 teasunmusecxuld quarundp; xpyzosod, ecauy ol == b7),
X -

v B e 1 (2unepGoauneckis yusundp),

o (3.6-13)
=4 3"; =0 {npauar), f
x? yl

Fr i) =0 (napa nepecexarwuurca niocxocmed),

i ==2px (napabo.fusecxud fuaundp),

xl

5= 1 (n8pa napGAsALRNX nA0.Kocmed),

2 =0 (edna dedemeumesvian nACCK OCML).

s

Hanpapaenun wormx ocefl Ox, Oy, Oz ONPETLANOTER
" s ypanRerdaua {12} ¢ ToswocTRIO
23501)01-31 H& }'ro.‘léc.rkpﬂ‘rﬁuﬂ /2, BOKPYr m0BOR ¥3 HORMX pced; srouy)npeuﬁpaao.anmﬂg
TBETCTE YeT NEPECTAHOBKA NEPeMeHHMWX X, — X, g, — g, 2, —
AR ¥ ¥ Z B REAHOHNYECKHN YPaBMe-

3.5-8. KacaTeibusle NAOCKOCTH W HOPMANR MOPEPXHOCTR BTOPOTO MOPSANA
Nomoeck w nonsipw. )

(a} OnpeneaeHne ¥acaTenpHWX AAOCKOCTER A HOpMAjed NOBEPXROCTH, & TaKKe
YCA0BHA HX CYUIECTBOBAHHA NpHBeaeHw. B n. 17.3-2. YpasHenme Kacareasnoli
ABOCKOCTA K NosepxuocTH (1} B Towxe Py (x4, vy, 2;) uMeeT Bup

Axi ¥+ Gasth§ -+ 8s?.2 +-a1g (X + 0y - agg (20 +x2) +
+ s (12 + 219 F 2y (- X) 09 (g1 ) 1Oy (234 2) G =0
AW {(3.5-14)
{2151+ oty - @ra21 + 1) X (@1xy + Gagtry + 32y +25) §-F
+ (@ay%1 +Gagth + g2y - 23y) 2F (84151 + Byaby 2452, +-a44) = 0.

. 3,(3313:‘)3?:“““ wopMam ¥ nosepxwocTd (1) B TOuKe (x;, y;, ;) (cM. Taxxe

£ = & e Y=k o
Giyxy 4 @yl + a2 + a5, Gy 16§ Saaly + Ggady -F 254

T— 2y
L =3 -

Ga Xy + Gpaby & Gaazy F Gay " (3519

(€) ¥papneHne (14) onpereneT NAGCKOCTS, KOTOpasA H43KBAGTCA noasproik

NAOCKOCTHIO TOMKA (X, ¥y, 2} OTHOCHTENLHO NCBEPXHOCTH BTOPOTO NMOpaAxa (1) He-

S4BHCHMO OT TOrO, MEXHT AH TOYKA (Xy, 4, 2;} HA TIOBEPXHOCTH WAH HeT, 10uKa

(X3, yp, z,) sasupaetca nomocom mwaockocTs (14). [onapuas naockocTs Toukw,
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npuwannekaueh NOBepXHOCTH BTOPOrO MOPAAKE, €CIH K3cCAaTeAbRAR MAOCKOCTh [O-
BEPXHOCTA B 3TOf TOWKE.

(d) Tongpran suockocTs B moboll Toukd B Jannoll NAQCKOCTH o NPOXOAHT
qepes momoe A ITOH NAOCKOCTH Q.

{e) LlexTp NOBEpXAGCTE ETOPOro NOPAIKE €CTh NOMAC GECKOHERRO YEENCAHOA NAGCKOCTH.
Mnamerpancean naockocrs ©0Th NOAADHAA NAoCHOCTE GeCKOHedHo y2aneHHOR TOGKH, Yepes
KOTOpYI0 APOKOART XORAW, COMPHMEHHBE STOR AHAMETPAMEHON NAGCROCTH,

(P) [MoafpruE OAOCKOCTH BCEX Towek AZHROA NpAMDH pepecexaoTcs no onnrol npAMofi; sTa
NOCACAHAR NPAMAR CORBPMET NOMOCKH BCEX NJGCKACTEN, NPOXOAAWEX deped AAHEYID NPAKYK,
JB2 NONydeHHWE NPAMAE HaIWBAOT AXPOY ACARPKO CORPANERHMX NPINHL,

{g) Huamerp nomepxHocTH BTOPOrO NOPAJAKE BCTh NPHAMAA, NOASDHRG CONPAMCABAR OECKO-
HeYHD YARNeARQR HPAMOR NPOCTPaNCTSA,

(hy Tlosapras NAGCKACTE AMTYCKAET TeOMETPHRECKOE ONPRAeACRHS, AHAI0THYHOE ONDEARs

AeaHio momEpw (oM, n. 2.4-10y.
3.5-9. HewoTophié ACNONHHTEABHBIE $HOpMYIH B TEOPEMLL,
{a)y Ypaswenge cfepw pajplyca £ € USHTPOM B ToaKe P, (xy, g, 24) == P 0

) y— T+ E— o=t gl =1 | =r, (3.5-16)
{b) O6muf pun ypasHeAus cdep:
At P2+ WBx L2y + 202+ E=0, A£0. 3.5-17

(¢ Myets P m Py — TOUKH Mepecesenus oepu ¢ npaMod (cexywed}, npoxoaanied vepes
RAHNYIR TOUKY Py (Ka, fo, Zy). TOrga NpoMaBedcHHE SEARYNH PANPARJEEHHX OTPRAKOB PyPj
M PPy NOCTOREHD AAA BCeX CeKYMEX, DROXOAAIHX Sepes Py, npuves

Fob, - PoPy = xl g 4 2b — A @518
accMmar-

TeopeMa OCTASTCR CNPABEANHROA B B TOM CAYYAZ, KOTRE P, u Py cOBRAABKT (€CH o
L5 P

PHAATDE BWECTO CEKYIEA ee TNpeme/TbAOE NOADKEHNE — KacATENbHYI K cpepe B TO9Ke
NEOXOZAMYN TLPES TOUXKY FP,). 5
) [ aof0EdK TDeX COTPAMEHAYE IHAMETPOR PNAKAcodAs (n. 3.5-B):
|, Cymw KB&EPATOE pABHA 4 4 &% o1,
2. OfneM DOCTROEHWOCG HA HEX Napanfesenunela pased abe.
(&) naswerpsSbaad NAOCKOCTD NOBEPANOCTH BTOPOrO MOPAAKA
Fel yi F4
a—,;'_"g,—:‘:c—;=l G.5-19
{SAAANCOREA, OARONOAGCCTAMA rAnepSOAGHN HAR ABYNOAOCTHMA rEnepSomOwA, oM. Taxwe TabL
3.5-2), CONpIMEHHER AMAMETPY < KANPIRAMOUEMH KOCHHYCAMH COS a,, tos ag. res g, O

PeACARKITCH YpagHenHed

kcos@, peosa, zoesa,
i +* T & = 0. (3.5-201
Hanpapnmiomae KocHHYCW TPEX CONPHKEHAWE IHAWETPOB oS @y €08 &y, COS Gy COS By,
L}
cos ﬁy, s . cos Yo COS yy, €03 ¥, YROBNCTBOPRIOT CQOTHOMEHHAM
tos uxmsﬂx cosuy cos By cos @ o3 B‘
. an i I * oF =0,
Cos 0 Cos cos s <05 a cos
™ Yy 05 4, to Yy " Yz =3 @520
ar 5 by = ¢ .
tos P cosy, cos Bg osy,  cos B coz ¥,
o =0,
g1 Ll b1 ol

3AakA 8 YpaEREEHAX (20} H (21) RO/UKHE COAMAAATH CO 3HAKOM CCOTBETCTSYIOEIAX TACHOR
B ypapuensax (19).
#*(1) Ypapreswe mrawmerpa nopepxrocTe (3.5-19), conpsamenKOro NAOCKOCTH ¢ HAampaBad-

WU MY HOCHHYCAME HODMAMH COS Gx. cos Ey. Tos U-‘. HMeeT BRI

x ¥ z
= = .
Aarcos o, + bicos a.y *otcosg,

#

r

8.5-10. 35 OOBEPXHOCTH TVOIPOCO NMOPKIKA 47
3.5-10, RapameTpanecxoe A3A4Hne nonepxHocveflt BYOPOTO Nopaixa {cuM. Ta
x=asind tos b, F=bsinuslne,
pe=>chusinp,

y=bshusinop,

‘e ook i-14)

3,522y
Z=cshu {odsonosrocmund e plocondy, (3.5-23)
2 =¢th 4 cos 0 (dsynorocmuni eunepboondy, (3.5-21
{3uaxn - B — cooreercrayior AEYM MOMGCTAM],

2= 0005 u (saanncoud),
A==achu cos v,

=4 achu,

XhﬁﬂCO\SD. y=]f&.u5jnol ==

7 W (3adeamyeecrad A pado.i), {3.5-25

- - 1
x=¥puch a, y==¥q ush o, =g u? {zunepdosgeeckad nagadoaoud), (3.5-26
* == (i 005 U, &= bu sin v, Z=cu (fedcmenmeasrui EORpC). {3.5-27

Bossokcun TaxKe Muorse gpyrae RapameTpiyecKre Sa/AEUT ITHX QOBEpPXHOCTRA,

1 Copesomuur mo MOATEMATHI:



TNABA 4

®YHKLUHWH H NMPEAEJDbL. JH®PEPEHUHAJNIBHOE
W WHTErPAJIBHOE HCYHCJIEHHE

4.1, BBEAEHHE

Sra rapa NOCHAUICHa TAABHEIM OGPA30M UHCAOBHIM dyuryuan dedcmaumerbbix
nepemennsix. Beenenne npedeios dysucyuil (. 4.4-1 —4.4-7) noapoASET QN PEACIHTR
HOBWIE MaTeMaTHueCKHe omepalkd (npenensawe npougten), TaRAE, Kak CAOKEHHe
H YMHOWERHE GECKOHEUHOTO THCIa 9ACROB, auddepeHuMPOBANKE H AHTErpUPOBAHHE,

Onpepenciks W TEOPEMBl, HIAOKEHHHE B STOf raase, MPHMEHHME KaK x aeficr-
BUTENBHBM, TAK M K KOMIJEKCHHEM (YHKUMAM R NEPEMERHBIM, €CAH CMEUHAARHO ne
OTOROPEND, WTO PpeSb HAET JWL O ACACTBRTEALHEX BEJMUMHAX. AHATHTHUECKHE
(YHKLHH KOMOAEKCHOTO NEPEMEHHONO PaccMATPABAIOTCA B ra. 7.

4.2, D¥YHKIIHH

4.2-1, DyHKUHH H NepeMednbie (CM. TaXme O. 12.1-4).

(8) Ecan Nauo npasiao coomsemomeus, OTHOCAMEE KARAOMY AAIHOMY nefl-
CTBRTENLHOMY BAH KOMIJIEKCHOMY GHCAY X H3 MHOMECTBI S, AeHCTBHTEAbBHOS HIH
KOMNAZKCHOE QHCIO

y=F ). (4.2:)

do y Raswpaetcy (ancnosoR) Hynsinies
y=y &) =f(x)

aprymenta x. PaBenctro (1) yKasuBaeT shaueHne {ann smanerad) y=Y =f (X} ne-
pemeﬂnoﬁ i, COOTBETCTBYKINEE HAMIOMY ACNYCTEMOMY 3HaqeHHIC x =X nepemeH-
HOR X; RBPH 9TOM X HA3LIBACTCA HEIABHCUMLIM depeMedHhiM, 8 § — SABMCHMEIM Niepe-
MEHALIM.

TepMEE MEPEMEHNOE ¥, 8 CYIRHOCTR, OTCHAGRY K MHOKecTeY 3RaseRAR X, a panercTso (1)
CHMEOARSHPYET MHOMECTBO COOTBETCTBHHA, CBAINIBAOMHX IUANCHAR X nepemeHHOro X W 3Ha-
aenns ¥ = f (X} nepemesnoro y. B cornacHy ¢ ofoadeneNHRMK, TIDHMEHREMLKE B (ONbIDKES
cTEE yIeOHHHOB, CHMBOAOM X Mol Gynew of03gavaTe A NEDEMEAHOE X U SHENEHIE JMOL0 NEPEMENs
HO20, ©CHA TOALKO STO HE CHOMET MPHBECTH K DYTEHEUE.

EcAH x By PACCMATPHBATE KK REKAPTOBH KOOPARRATH HA NAOCKOCTH (o.2.1-2),
70 feficTBuTenshad GYFKIAR gy = f (%) AGACTBHTERLHOCO [EpeMeHHOr0 x 1acTo
Haobpanaerca KprBoil (rpadukost QYRKOHH 4 OT X, CM. TAKXE . 2.1-9).

(b) MMopoGuniy Ke oOPa3oM QYHKIHA

g =F{x1 Xay reuy Xn)

N NEPEMERTLX X{, X3, ..., Xp OTHOCHT YHODRAOTICHHOMY MHONKeECTAy 3HaverRAf (He-
BABHCHMBEIK) TEPEeMEHHBIX Xy, Xg, ... Xp 3HAUEHHH (32BACHMOr0) NEPEMEHHOro Y.

$ypKOAA Moxet OWUTH onpeAesena mabauyed cooux SHANEA( RIM NDPAAHNOM DEIACAERHA
caofl TAGAMOM ¢ MOMOINLID WEBECTHRX ONEPANRR [KOHCHIQUKMUSHOE onpedeaenuR). DYRKUHR
MOMKET TAHME OmTh ONpeaencga @easho (1. 4.5-7) Had ¢ NOMGIEBI0 0ALedeAA0MUT CaviLmE,
ONECHASEMH X GYHKUHOHASbHEMY, AuddepeANRatbAHMHY BAA KHTerpalbEWIME YPARREHH AMH,
SHCTPEManbHLIME  CBOACTBAMK 0. 11.4-2), noBepeHHEM NPH HEKOTOPHX BREMEHHAX BPTYMERTHA
HT. f. Kadioe HEXOHCTPYKTHAHOS ONPERLNCHHE BYMASETCR B DoKATAMEALLIIE € HUECIGDEANURY
YCIRHABAUBANMEY, $T0 PYHKUHS, 00AaAKI0AR YRaJBHBLMY cpOoRCTEAMY, CYWECTBYET,

{4.2-2)

-

4.3-1. 43 TOYEYMHBIE MHOXECTBA. WHTEPBAJIBI U OSNACTH g9

(¢ B SojpliufcTae npRAGHednl
o MepPeMEHHBIE X, § HAH X, U obo3aa-

qaioT QH3AYECKHE OOBEKTH RAN BENMUMHL, Tak 9TO COOMBEMIMAYL0

. HgUe  COOMpDLLE
wan (D) onucwsawm usudeckue sakonoMepuocmu., (IIpuMep yi;?x, ecmf“x !;m R(H
COOTBETCTBEREQ 0503Ha4al0T HanpaxeHHe, CHAY TOKA U MODIHOCT: B npoc'rou Meﬁ’ll‘imq.e.cxoﬁ

KOHTYPE.)

(d) MuosxecTBo S, 3HaueHHEA x (HAN MHOMECTBO 3IHAYCHHN Xy, Xg, ... Xg)
118 KOTOpHX OnpefeNeHusl CooTHOWeuHa (i) nau (2), ecte obmacre onpenuleum;
dyH.uab f (x) #AR f (g, Xgr <oor Xn). CooTBeTCTBYIOUEE MHOMECTBO S, 3nauenuf y
eCTh MHOKECTBO SHAMEHHA PYyUKLUH. y

{e) flocaenoparenbhocTs ASACTOHTENBRMX HAH KOMONEKCHMK 9HCEN S, &,
Sg, +.. NPEICTABAART (YHKIM §,=3§(n), OUPeAeNCHHYIDO HA MHEOMECTBE HEOTpPH-
natenbHRX LEhX 9HCea n.

4.2-2. OyuKIMU €O CnelHadbHBMH cBOfcTBaMH (CM. T

. Takwe nmo. 1.4-3, 7.3-
7.6:5 1 7.6-7). P

{a) PyHxnusa oOARO3IHAYHA, €CTH KANKAOMY 3HAUCHHID ZPryMenATa cooTBeT-
CTBYST eAHRCTBCHHOE 3HA9eRHe PYEKUAH 1). D YHKUHA MHOroIRauya, eCAH XOTA 6w
OfHOMY 3HAUSHHIO APTYMEHTa COOTBETCTBYeT ABA HJH Gonee 34a9eHHA OVHKIuM.
B Oatoneduiem eciody & smod 2Aase PaOCMAMPUSIITICR MOALKD OOHOSHAWNSE dyw-
Ky, 4 smo 6CAKUL pa3 CREHUAALHO He o206apusaemcs. PYERUNA y (X) HMeew
obpathylo GYHKUHIO X (y), eciH H3 y =y (x} cheayeT x ==x (4},

(b) ¢ YHKUHS f (x) EeficTBHTENLHOrQ BAH KOMIJEKCHOre NepeMedHOro X 4eTHa,
ecnd f(—x)=f(x), neuerna, ecnnm [(—x)=—/{(x); ABAAercA nepHOARuECKOR
¢ nepuodoM 7', ecad f({4-T)=f(i).

Kaxpan $pyrrRuma [ (x), ofinacts onpefedeRan Sx KOTOPCA BMECTE ¢ HAaXIANMN BXOLAMRM
B HETO QHCAOM X COJASPHMHT 8 YRCAO0 — X, MOMET GHMT: NpeicTaBiicHa B BHAE
dyukunn (12 [f (x) -+ F{—x}] »n meversoh dywrury (1/2) [f (x) — Fi— ;r}‘]JI ﬂ:'yrl:::u::::g:
dyikuna f ¢ nepHonoM T Ha3WBEETCA AHTHNepHoAwWueckof, ecan f (f 4 T/2) =— f (/). Kaxaan
::g:gg;:;;:zgc&yénx#rq:“!(f) (ti.'ﬂr;e u[onouf 5 No¥er GniTh TpeaCTaBRJeHa B Bu.n'e c;mm

L UHH —_

DEPHGIHYECKDA © nepugnou T2, # b EE s o R RLE SR AT S T
% (¢) y=7{(x) ecTb anreGpanveckass QyRKNHA OT, X, €CJH X H y YAOBAETBOPSIOT
& l\":osmeﬂnm BEfa F(x,y) =0, rae F(x,y}— MHOTOUNEH OTHOCHTENRHO X U y

.1.4.3). B yacraocTh, y = f (x) ecTh panHoHanbHas (paunHoHaabHas anrebpangdeckan)
PYHXUHA OT X, ecad [(X) ecTh MHOTOUJeH (llenas pPAUHOHANbHAA GYHKUKA) HAK
4aCTROE: JBYX MBOToufeHoB (apofran panAoHambHAR YHKUKS). g €CTh JHHEHHAS
Pyuxuus OT x, ecam y=ax+b.

Xl. XQ..,-.

4.3. TOMEYHBLIE MHOXECTBA, HHTEPBAJIBI H OBJIACTH

& 4.3-1. Bpognuie sameuanws. [Ipw paccmorpeHnn csoficts pyrKugH f(x) jgefi-

KO?:)Tenbuoro fIePeMeHHOr0 X 9acTO TPeOYeTCR YKA333Th MHOMCEOTIE0 SHaYeNUd X, JAs

'l gux guaqer»{ne f (x) onpenenero H YAOBJETDOPAET NAHHHM YCIOBHAM. 3aMETHM,

i 4 020 HNMg o6pazoM MOryT ObiThb OMMCaHN H GYHKUHH, H MHOKecTBa. OQOmEHO

Bm;aqeuuﬂx ) AeHCTBUTENILHOTO MNepeMeHHoro X (HAH 06bEeKTOB, KOTOPEIM COOT-

nen}cr:ylm 3HAYCHHS X) TOBOPAT KaK O moukax (x) npamofi, 4 0 MHOKECTBAX TAKHX
HTEJILHHIX YHCEN —KaK O JAHHefiHRIX TO4YEYHBIX MHOXECTBax.

s (éaoﬁc'rsa byukusn f (x;, Xg, ..., X5) ACHCTBHTENbHEIX NEPEMEHHBIX Xy, Xgy ouy Xy

um,‘O Hnuu ®e 06pazoM CBRIHBAIOT C MHOMECTBOM «TOYEK» (X, X3, ..., X5) B H-MEp-
tNPOCTPAHCTEES, BKAOHAKUIEM

i |4.l-2).p , 0YAOUIEM BCe pacCMaTpHBAeMble TOMKRH (Xy, Xy, .., X,)

Hcnoawvaopanke reowver

R PHTECKOrO HINKA MOACKRAIBIBACTCA QKCUOMOR penpepuanocmu Kan-
P — [Jedexunda, DOCTYAHPYIOMEA CYUIECTBOBAHHE B3aHMHO OAHOSHANHOMO coo‘rawﬁ::n
‘-__'—-—u_—-—_

1
) MuorRe ABTODM KATErOpKAECKE HAaClTARDANT A4 TOM, 9TO NG ONPEACERKI0 kaxdaa

L4 mosmEe GHTE OJROSKAYAA, TAK 9TO0, Ha

- . npuMep, iB¢ BETEY X E—=¥ X +
EI‘J;’I c.l:[e,a\yef pacCMaTpHpaTL KAK Jee d)]"HKI.[Hd- ) +V_ 1,_ .3 “ﬁ
' Cm, Taxxe n, 4,2-1,

Pyux
B

4%



joo Th & AMEEPEHUMAILHOE ¥ WHTEFPAJBHOE HCYMCAEHHE 41.3-2

MEMAY RENCTEHTONLEBMA QHCHAMY H FOUKAMH TPAMOR, IMa <KOODAMHATHAA BHCHOMA» (1, 2.}-2)
CORMECTHMA KAK €O CBOACTEAMH Ze(CTUHTENLHMX UHCCHR, Tak K ¢ TOCTYAaTas#, ONpelendoniu.
MW EBKIHIOBY H ADYIHE reoMeTpHH.

B nn. 4.3-2 — 4 3-6 paccMaTpHBAIOTCR raBHBIM 00PalOM Te CBOMCTBA TONEURMX MHOMECTD,
KOTOPBIE HENOCPEACTREHNG JDHMEHAIOTCA B TEOPHH OYHKUMA NefCTBHTENLHLIX fEpeMeN-
Bux B nn 7.2-2— 7.2-4 pacemaTpusaioTcd o0AaCTH BB KOMANSKCHON MHcAceOll NAOCKOCTM,
Bootwe rosopA., © nfoboM  MHOMKECTEE {KA3ccel oOODBEKTOB (B YacTHOCTH, oOGBeKTOB,
COOTEETCTBYIOMMX SHAUCHHAM AEACTENTENLHOrD NEPEMAHHOTO HNW NEPEMEHHEIX) MOMHO FOBO-
PHTh HKEK © TOYRYHOM MuowecTee, TBOMCTDA TAKHX MHOMECTE pacCMATPHORWTCE HHME, B
un. 12,5-1 == 12.5-4

4,3-2. CpoficTBa MHONECTB.

{8) Anreb6pa mroxecTd (Kaaccos). OfuexT (Toura) P, conepxaummfica
B MIDKeCTBe (xJacce} S, ecTe attement muoKecTsa S (P & §). Muowmecrzo S, seas-
€TCH NOJIMHOKECTBOM ApYTOre muomecrna S, (S, comepsuren B S, S\ < S,), ecm
Kamielll 9gemeHT MHOXKECTBa S, RBASETCA 3NeMeHTOM M MHEOWecTra S, Muoxecisa
81 1 S, pagnnt (S;=35;), ecH OIK COACPHKSET ORHH B T e SNEMEHTH, T € eCaH
S;= S 8 S, 8, Iycroe muoxecrss (f} No onpeleNennio ecTh NOZMROMECTHO
Kamnoro MHoxectea 3. CobeTsennoe NOAMHOXECTBO (COBCTREHHAN YACTL) MHOMECTEA
S ecty penycroe nolMHoMecTBo S, He paBHoe S. OfbvenMuenue (NOrHUECKAR CyMMa)
$1 U S, {van 8§+ 8;) ecTe MHOMECTBO BCeX 37IeMEeHTOD, coAepXXalkxca Aubo 6
S1, aubo ¢ Sy, aub0 1 8 Sy, us Sy. llepeceyenne (0614AA YACTH, NOrUYLCKOE NPONSBELE-
uMe} S, N S, (ran 8; §,) MuoweeTB §; B S, €CTh MHOMXKECIBO BCEX 3JICMEHTOB, COREp=
Mawgxcad u & Sy, 4 # S, jfononHenwe MaOMecTBa S N0 MHOKECTEBa [/, cogepma-
merc S, eCTh MHOMECTBO BCEX SNEMEHTOB w3 [/, He copepxauwlnxcs B S. /Toomno
acecmaa A000P0 MMONermEQ (KaGoca) | ¢ ONEPRUUARUL ACRUHECKO20 CAONCEHUA U YMHO-
MeHUR  cocmasasom Oyaeey aazedpy (n. 12.8-1).

(b) Kaparuasabhoe 4CNa B CyeTHOCTb. JlBa MROKecTB2 8; H Sy
AMEIOT OIHY H TY JKe MOWHOCTh (KAPAHHAJNLHOE YNCAO), ECAH CYLIECIBYeT BIaHMBO
OHO3HAYHOE COOTBETCTBHE MEXKAY STHMH MHOMECTBAMH. S ecTh GECKOHENHOE MHOD=
WECTBO, €CAH ORO MMEET TY MMe MOIIHOCTB, 9T0 H XoTA OB OAHO H3 ero cofcreeH-
HEX MOAMHOMKECTB; B NPOTHBHOM CAYwyae S — KOHEYHOE MHOMECTBO.

Beckonednoe MHOXKECTBO S CYETHO, €C/M MOMHO YCTAHOBMTH BAZHMRO O/HOe
87a9HOe COOTBETCTBHE MEXKAY HHM K MHOMECTEOM HaTypadoHuiXx uMcel. Kamiuoe
K3PARHEALHOE YHCI0 KOHEYHOFO MHOMNECTBA TOMAECTBEHHO C HCJAOM €ro 3JeMeHTOB.
Kaxcdoe Oeckoneunoe noIMHONecmso cuemuo2e mwoxcecmsa ciemuo. OOvennHenns
CHETHOTO MHOMECTBA CYETHHX MHOMECTB eCTh CYETHOE MHOMKEeCTBO.

Kapmmam,nue 9YRCna, COOTRETCTRYKIIHE decKoReYALIM MHAQKECTEEM, RaznamoTCR
GeckoHe N KADEHHAALHIIMY THLADMH. Kap;uruammoe YROAD KAKALMD CHETHOT'D MHOMECTES

COBNEAEET & KapREEANKARM YHCAOK MHOXKELTEA HATYPAJBHER UHCEN W OGO3IHBSBETCH CHMBO=
LLUEE . P MBOMECTBO 808X HERCTBMTEALHHX 9HCER (KA MHOMETTBO Tower npauod, n. 4. 3-1)

HECQUCTRO: COOTEETCTBYIOULEd KAPDAMHAALHOE YHC/I0 OJOIMBYAECTCH CHMBOAOM 1 {aned.).

4.3-3. Ipannum,

(a) JleficTsurencnoe gucnio M ecTh BepXHAS TPAHMUA HAW HMKHAS rPanRLA
MHOXeCTBA S, JECTBHTENLHBIX 4GHCeN g, €ClH [ BCeX y & S, COOTBETCTBEHNO
g==M uan y =M MuoxecTso AeRCTBHTELHNX HAH KOMNJEKCHNX QHCEN OTpaHN-
yeno (AMeer abcomoTHywo rpannny), €CAK MHOXKECTBO alCOMOTHHX BENKIHH {MORYAEH)
HTHX YHCEN UMEET BEPXHIOIC TPAHULY; B NPOTHBHOM CAYHAE MHOXKECTBO Ke OrpaHHYeHDs

Kaxaoe (Henycroe) MBOKECTRO Sy AefCTBHTE/ILILIX YACEN y, HMEIOLIEE BepXHIOW
TPARHILY, AMECT TOUHYIO BEPXHIOK FPAHHUY (HAMMENbBIIYI0 BepXHIOI Tpanuly) sup Sy
& Kaxnoe (BEMYCTOE) MHOKECTBO S, NEACTBHTEJLHEIX 9HCE], HMEIOWEE HHKHIOWD
rpaHHIlY, HMEET TOUHYI0 HHKHIOWO Tpadkly (HAKGOALIUYI0O HHIKHIOW TpaHKuy) (nf S,.
EciH WHOMECTBO Sy KOHEUHO, TO €00 [0UHZR BEDXHAA [PaHRUA Sup Sy HeOOXORHNO
paBRa haubonniiemy yncay max S,, TpHHapfexauleMy S, max §, (maxcumymy S,),
8 To9Hafn HHXHAS rpassua il S: paBHa MHBHMYMY TN S,

Npsuep MUOHECTEO BeeX AeRCTAHTEALHWX THCCNA, MEHBIUMX |, WMeeT TOMHYO BEDXHIOD
FPABHLY 1, HO HC WMEET WAKCHMYMA.

(b) LefcTenTenbusn MAH e KOMNJeKcHan QyHKUAA y=/(x) BIM Xe y=
= f ) X8, en s X;) OTPAHBHEHA Ba MHOXKECTBE S £I0YEKD (X) HAH (Xy, Xy, +0uy Xp), SCIH

el

™

4.3-8. 4.3, TOYEYHULIE MHOXXECTBA. WHTERBAJE M OGJACTH 10l

OFpaHHYEHO COOTBETCTBYIOLUZE MHOKECTBO S, 3navenuh hyndisn y. TOYHO Tag we
feACTBHTENbNAA YHKUHA y==f (x) WM y=/Ff (x;, X5, ..., ¥,) uUMeeT BEPXHIOW
rpaiuuy, HHXHION TPAHHUY, TOYHYK) BEPXHIOIO FPAHKLY, TOYHYIO HHKHIOO FPAHKUY,
(a6conOTHB) MAKCHMYM  11/11an (aGCONIOTHBIH) MHBHMYM Ha MHOKECTHE S 4TOYeKs
(x) was (x;, X, ..., X}, €CM STO BEPHO AR COOTBETCTRYIOLUErO MHOXECTBA S
snayeHdfl QyHKUHH y. ¥

tc) JeficTBHTebHAA MR KoMniekcnan dyukusn f (x, 4 #an | (*;r Xp -u.X, i &) PARHO-
MCPHO OTPAHHYCHA HE MHOMECTBZ S «TOYEKS (X} HJH (%- *qu == Xp), BCTH adccmgruax Benq-

aHi2 (MOAYAb) QYBKOEHK [ Kak $YHKUKA OT ¥ HMEET BepXHION FpaHULY, He 3ABHCALLYIY OT x
HAH OT X;, X, ..., X, Ha §. PaBHOMepHbIe BEPXHHE MPAMHLLE H DABHOMEPHBIE HIKHHE FPAHHIM
ONpPeseNATCH AHANOTHYHO.

4.3-4. Hurepsanm (oM. Tawke nn. 4.3-3 u 4.3.5). Tlyery, x— feifcTauTeNnhon
nepeneHnoe. MHOKECTBO BCEX SHANELMA x (TOUEK), YAOBJETBOPRIOWHX ycHROBHAM:
1) @a<Cx < b, ecrb orpansueHnulii OTKPWTHA WHTEpRAA {a,b},

Z) @ <{x, eCTh MeOTDAMMMCHHMI OTKPHTHE WHTepsan (d, - ),

3) x < a, eCTb HEOTPAHHYEHHBIH OTKPLITHI KHTEpRAn (— 02, a),

4) a=x=Ch, ecTs OrpaHHueHHHA 3aMKHyTWA HaTEpEAN [a, 8].

3amKiyToilt HHTEPBAN RHA3ILIBAIOT TAKKE OMPEKOM, WIH CE2ZMEHMOM, WM

saMKAymetM  Aposexymkos. MpoxecTBa Touex (), YAOBMETBOPSIOWAX YCAOBHAM
a=sx <<b a<x=b a=x x=a, MOKHD Ha3bHBaTh NOJYOTKPHTHMH HHTEpRa-
aamu. Kawamil watepsan [y, copepmawmuiics B ApyroM HHTEDBaAS [,, eCTh waCTHY-
HHE BHTEPBAN HHTEPBaAa /.

4.3-5. Onpenenenue okpecTnoctefi.

(a} [Ilyctb a—mofoe peficTBHTeNRHOE SHCAO. (Orkpuras) 8-onpecrrocrs
TO4KH (2) B UPOCTPRHCTEE ACACTBHTE/NBLHBIX 4HCEX £CTh JioBOIl OTKpBITH HHTEpBas
sula (a—3. a-+3), coaepmauli TONKY xr=—ua, HHEIMH CROBaMH, MHOMECTBO
BCeX TGYeX (x), yAOBNETBOPAIOWMX YCAOBHIO | X —a| < 8, rae 6— nexoropoe noso-
KHTRALHOR YHCMO. OXpECTHOETH TOYKR £ ==a eCThb AI060e MHOMECTDO, CONEep KA
HEKOTODYIO G-OKPECTHOCTh sTOH TOIKH.

(b) Mnoxecrzo (M, 4-co) Beex TomeKk (x), A% HEKQTOPOr( HENCIBHTENRHOCO
9HCNa M yIOBAETBOPAIOWAX YCAOBRIO X => M, eCTh (OTKPLITAR) ONDECTHOCTL TTOYKHD
Baoe GeCKOHEUHOCTh {-|-CO) B UPOCTPAHCTBE ACACTBHTEABHUX uHCed; MHOWKECTBO
—co, N} Beex Touex {ﬂ, ANS HeKOTOPOrO -EHCTBATENLHOTO wHeNa N yjomner-
BOpHIOWAX yCnoBrIo x < N, eCTo (OTKPHTAR) OKPECTHOCTE €TONKMD MUHYC GeckOHey-
HOCTL (— 0O} B MPOCTPAHCTBE REHCTRHTEALHBX qHCEN.

{c) B npocrpancree, «TOYKa» KOTOPAro CyTh (ONKCLBAKTCS KaK} ynopagoqen-
HHE wHOMeCTRA (X3, X ... X,)} OCHCTBATEABHBIX uHCen, (oTRpUTYIO) O-OKpect-
HOCTy ToukY (), @y, ..., Gg), THE 43, Oy, ..., U; KOHEUHBl, MOXHO ONPENeaHTL Kak
MHOXKECTBO BCEX TO%EK (X1, X1, ..., Xp), YAOBACTBOPRIOUWYX YCIOBHEM {¥p—a b < b,
| X2 —~aa | <3, ..., | Xy —ay | << B, € & — HEKOTOROR NONOKHTENLHOE THCAO. Oxpect-
gocn TORKA (@4, Oy, ..., 8, ecTh M0G0E MHOMECTBO, CONEpiKalilee HEKOTOpYI
0K pecTHOCTL 5TOA TOYKH,

3aweaanue Oppegensiun oxpecTn i
BUte, WEAb3H CUNTITL COMOONEORAUMMIE 0N MORSHAIDTER ROy AGTA DRDeAsAA e
Hocra ﬁlecﬂke:‘l)erx E;'.‘.’.ﬁﬁi.f“““p"mmm fipOCTPAHCTRA (CM, Takwe n, [2.5-1). B qacr-
onpersnao aanpnwuu:m mo.zgg:ex:'nﬁtnepeieuuuxﬁ(xax Bullie 5 (b) ) OKpecTHOLTH MONRHO
P g Toqupnﬂu e g b:me( aK;( t o H o uom?oﬂ PACCMATPHBATDE KAX ONHY K
Tike subop  TaKKX onpe,ne.uem?ﬂaé Trou & m.brak:«e L L,
Sipexcranani sakbs g (xygex saanc&;T) %r xapakTepa Teéx ofnexTop, KaTopLa
8aHO ¢ onpepenenEem OTHDHTHK uuonlc'ecr:' (‘r;l.-i Sﬂé-) nﬁpe}ma?“e ":I;ECT"OCT‘!“ el
UHR KA paccmaTpuBaeMoM NpOCTpaHCTRE (M. d4e1; c;a.o'::ic);: n.ml'i’.é-s).] " IREACIOB BytK:
A 04-3-6- *OTKpHTHE H 3aMKHYTHE MHOXeCTBZ M obaactu. Bee HHKECS L VIO HE
CTSa::MCHHﬂ 34BHCAT OT TOrO, KAKHM OGPA30M ORpENENcHB! OKPECTHOCTH B Mpo-
e crae , conepikamem pacCHaTPHBAEMEIE MHOXKECTBA K 05AACTH (OT TONOACCUY

O npoctpancrea, oM. rakme nn. 12.5-1—12.5-4),

5 {(2) Touxa P ecTh mpepesuwan Touka (TOUKS KOHAGHCALMM, TOMKA HAKOMAE-

) uuowecta S C, ecan kaxnan OKDECTHOCTL TOMKE P COACPKHT TOUKH
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MHOWecTBa S, oTnanunuie oT P. Touka P ecTb BHYTPeMHAR To4Ka WHOKeCTBa S,
ecid P MMEET CKPecTHOCTb, HeHKOM cofepxamyics B S. Touka PEC, he sB-
NAOWAACA BHYTpeHHel TOUKOH HH MHOXECTBa S, HH ero JonoaHenur jo C, ecTw
TpaHH4YHAA TOYKA MHOMECTBA S. Touka P MHOXKeeTBA S €CThp €ro H3OJAWpOBAHHAN
TOYKA, €CAH ¥ HEE ecTh OKPECTHOCTh, He COLEPMAMaAs ApyrHX TOYEK MHOKecTBa S,

Touweunoe MHOKECTBO S eCTh:

OTKPLITOE MHOMECTRO, €CJ/IH OHO COCTOMT TOJMLKO A3 BRYTDEHHHX TOUEK,

3aMKHYTO® MHOMECTBO, ec/iH OHO COACpHMHT BCe CBOH nNpeAenbHbLE TOYKH)
KOHEUHO® MHOMEeCTBO 3aMKHYTO,

AHCKPETHOE (Ha-o.ﬂnposauﬂoe) MHOXECTBO, eCaH OHO COLEDMHT TOABKO H3O0AH-
POBAHHLE TOYKH; JAHCKpeTHOEe MHOMECTBO HA eBKNHAOBOA NACCKOCTE HAH B €BKAHs
JOBOM TIPOCTPAHCTBE KOHEUHO H/H CYETRO, KOHEHHOE MHOMKECTBO JHCKDPETHO,

CBA3HOE MHUOMECTBO, €CAH €70 Resib3d NPEACTABHTE B BHAE obbeAHHEHAA
ABYX HenepeceKalou i Xcs MHOMECTB, KaXA0e H3 KOTOpHX HE CORePHUT Npeneib-
HWX TOyek apyroro. (Cu. Takxe m. 12.5-4.)

{b) MuaxecTro Ha eBRARIOBON NAOCKOCTH HAH B ERKJHAOBOM NpOCTPAHCTBE OlPAHHYLHD,
ecan OrpaHHYEHO MHOMECTBO REXAPTOBMX KOOPHHAT BCeX erc Touex. Obaacth (ovKpulitan)
ecrb OTKPHITOS CBA3HOE MHOMeCTBO. OfneffteH¥e OTKPHTOA ofNacTH H ee rPAHHYNEIX TOYEK
(rpaHunn ofAacTH) ecTb 3AMKHYTaR 00AaCThL,

Ofinacts D Ra eBKAMAOBON MMOCKOCTH Ha3WNBAETCH OAHOCEA3IHOR, ecqR Mmobad npocTas
paMKHYTan ®KpuBad (n. 3.1-13), uenuxkom npHRagaexawad D, Moxer OWTb CTAHYTa B TOYKY
¢ noMmolblo HenpepwaHol pedopmauny, He BMXOAA ¥3 ofaacty D. ObGnacth e OAHOCRASHAR
HASWBACTCH MHOTOCBAIHORA,

Q6nacte V B eBKARAGBOM TPEXMEeDHOM NDOCTPAHCTRE HA3WBAGTCH:

NOBEPXHOCTHO-0AHOCBAIHOR , ecnu AK0YI0 NPOCTYIO IAMKHYTYIO KPHBYIO, Aexamywo B V,
MOMAD ¢ MOMOLIBLO HenpepHBHON AedopMalNH CTARYTE B TOTKY, He Buxoza W3 V:

NPOCTPAHCTEEHNO-0ANOCBAIHOR, ecaH A00YI0 NPOCTYI0 3aMKHYTYI0 ROBEPXHOCTL THiIE
cephl, NeKaEWYR BV, MOKHO ¢ NOMOWEY Henpephilofl JedopMaudd CTAHYTL B TOUKY, He
BhHIXCIR W3

Hapnpumep, Wap ORHOCBASER ¢ TOWKH 3penusn ofoHX Onpemenemtfi, MapoBOe KOJLUO -—
FTONLKO ¢ TOUYKH SPEHER OepBOrO ONpefeneRnd, a TOp (cfapanias) — TOALKO ¢ TOSYKH SpeHEA
BTOPOr Q. -

4.4. NPENEJILI, HENPEPBIBHBIE @YHKUHKH K CMEXHBIE BOTIPOCHI

4.4-1. Npegens yukumfl M nocnepoparempuocTed (CM. Taxwe mn. 4.8-1 g
12.5-3; cM. npumepdl B radxy. 4.7-1).
{a) DynKuus ?(x) nMeer (Heobxolumo eduucmsenntid) npenea im f (x) =L npu
X=+ g

X, CMPEMRWEMCA K KONEHHOMY 3Hauenutlo x=q (npedea 6 mouxe a; f(x)—L npu
x—a), €CAM AAf K2MAOrO NOJOHHTSABHOIO UHCAA €& CYMRCTBYeT TaKoe AONDKH-
respHoe uHedo 8, wto npe QO <<{x—a|<<d ¢yuxuns f(x} onpenerena &
) ~L|<e.

GOyuxnns f(x) NeficTBRTENLHONO NEepPeMeRHOr0 ¥ HMeeT (AeOGXOAMMO efKHCT-
peunbifl) npegea lim f(x)=L npu x, cmpesmaugemchn £ nawc Geckomewnocmu

X 00

(ko2d0a x neczpanudenno sospacmaem; f(x)~—L npd x—-o0), ecAH RAA KawAOro
NOAOKHTENLROMO YHACAA € CYIWIECTBYET TaKoe ASHCTBHTEAbHOE uHCAC N, uTo npi
x> N dynxunsa f(x) onpepenea B |f(x)—L|<Ce.

Ecnu dyukuus f(x) AMeer npeaes L, TO rosopsaT, 9T0 OHa cTpemurca K L.

(b) Mocaenorareanuocts sncen (. 4.2-1) sy, 8y, 85, ... (=5(n) ) Bueer (Heol-
XOAKMO eIMHCTBeHHHI) npedea lim $,=38 (cxomutcd K S), eCAM AAA KamAOro

=00

NOJCHATENLHOTO RHCAA & CYLIECTBYeT Taxkof moMep N, uto mpu n > N punoj-
MACTCA HEDaBeHCTBO |5, —S|<Ce. KpuTepuii CXORHMOCTH NOCJ]ENQOBATERLHOCTH
cM. B 0. 4.9-1, rae paccMaTpHBAOTCA NPHIHAKH CXORMMOCTH GECKOHESHBLLX DHAOB.

(c) DeRcTEATeanHAN GYHKUME [ (X) HEOTPaHNICHHO BOIDACTAET (CTPEMNTCA K omoc Sec-
KOHENHGCTM) !

1. Mgt x, CMPpeMAIGEMCR K KOREKKOMY InAKERUN X = a {} {x) ~ - c0 DPH X ~ &, HEeHOTO-
DHE aBTOPH NMHWYT lim !(x) = + 03)' ECNE BAA HAXMMOTO ASACTRMTENLEQCO 4YmNCcAl M Cynre-

A= Q
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ﬂ?ye;r;as;foe DONOMBTEALBOC RHECA0 6, 9T0 OpH (<} x - a | < & gyrruus [ (n OnpeAE Tena
n i :

2 flpu x, cmpeMRu MeA K aa0c Gecxogsunocma (F (1) - + oo npA x — 4 o RexoTo
MBTOPH NHIUYT . ﬂ‘TwlT{xJ =+ o), BCAH AAA KAMAOTe QeRCTBMTRMLNOrD THcna M cmmpse
ByeT TaKoE AeRCTRBUTEABAOE AKCA0 N, wro npR x> N dyduaus | chpepensia B §x

ANHANOTEYHOE Oripeleneiine faeTca B mgae nocnencnarenmo(c{r)a, z‘[’eﬁfmnmm;&}i&
MeHHOS I MAH f [X] CTPEMMTCR X MauMYC GecRONSYHOCTH (&~ —c0 B [ (¥) = — co), ecan
COOTBETCTBEHNO — X — - 0 HAK —[{(x) ~+o. B (b) B {c} YCTAHABAHBACTCA METEMATHRECHHA
'.?;!u;)n CHMBOAOE ~-00 M — 0 B CHCTEME ASRCTBHTEALRLIX YECEJ (CM, TAKMe On. 4.35 u

" Benn ) =0 mam f(x) > ~coqpE x +a {MPE X —+ 4 ¢0; OPA X -+ ~— 0 roso-
par, 910 GyRKQAR f () smANETCA GeCKOHEqHO GoAbmOR npy x-ap (cmercrj'ée;%o nnl;)s
X— o 0pd X = — o), Ecar f(x) =0 NpH X=+a (0pY X = 400} DPY X ~ —0), TO PYH&-
uns .’:x',; haznpaerce OeckoHeano marof npu ¥ —a (COOTBETCTBEARD MOPHE x—-'-f.cn‘ apeE
X = — CO), k

4.4-2. Omepauur nax npeseAamm (cM. Taxwe 08. 4.4-6,¢c B 4.8-4). Ecom upe-

AeNH B fIpaBOR 9ACTY HHIKECASAYIOUIMX DABSHCTB CYUIECTEYIOT, TO CYLeCTBYIOD
npejesan 4 B JEBOH YBCIH PABEHCTR W

hm [f ()¢ (0)] = limaf (x)4 lim g(x),

X -} A - X=+a

lim [ f (x)]=e lim f (x},

Xx—n X =il

xllrn [f (=) g (x)] =x]im fx} lim g (x), (4.4-1)
-_a —a X=—q

Iim fix)

o _x—a
! ——— R e
m e o 75

[x“_iﬂa g(x) == 0],

;ne a Mowet OuTh K4K KOHeWHHM, TAK H GeCKOHEWHHM; 5TH NpPasH.J2 npARMEeRHML
K fpefenam nocaenopatensHocrefl (m. 4.4-1), a Takke k npegen
HECKONMLKAX NepeMerunx (n. 4.4-5). d g e o

4.4-3. ACHMRTOTHHECKHE COOTHOMEHHS MEMAY ABYMA GYHKURAMY (CM. TaKKe
1. 4.8.6). Ecna paHu B¢ JeBCTBHTEALBLIE HAH KOMNJAEKCHLE $ynxuun f(x), g(x)
ZefiCTBHTENLHOTC HAH KOMNJEKCHOrQ NEpeMeHHOro x, 10 ORWYT

L f{x)=0]g (x)] (f (x) ecTs Olg (x)]); f(x) ects DYHKIHA We HH3LEro no-
PAAKE MAAOCTH YeM g (x) APA x— g, €CAH CYImecCTsYer OKDECTHOCTh TOUKH o,
B KoTopoi apH ‘qu:a oTHOmedse f (x)/g (x) orpanugeno.

2 =0"[g{0}h () B g(x) AMEIOT oMM ® TOT e nopafoK (dyHKUHR
f(x) ackmaToTHYecH TPONOPUNOHANLHA g (X)) mpu x—a, ecad npegen
xllma{f{x)fg (x)] cymecTByer ¥ OT.HueH OT HYASR.

3 f(xy~g(x); F(} B g{x) sxensanerrnm
PanEa g (£} OpH £-~a, ecad him [f (x)/g {x}]=£?yo’jr$;§ &(:ﬁyﬁrf"ﬂ"r.ffm"m'f

L g ]
hue paynocmu f(x)—g(x) x g(x) (anm & f(x)) om -
T =olg (] 1) ccte ol (s 1 (e) eere. Gumeainn bames sissomors
OpsAKka manocTy udem g(x) apa x—a, ecauw lm [f (x)/g (x)) =0. B0 whorpa
X—a

ITHOT B TaK: ehyEKOHS f(x) NpeReSpe MO K814 10 CPASHERHIG ¢ g{xh apr
X —eq.
i B kamgom B3 stux OnpefeAeddl a MoMET (WTh KAK KORSGHWM, TAK B Oec-
OHEYEWM, BeckoHeMHO MaawMa nopanKa I, 2, ... npy x — 0 uajsBaloOTCH PyRK-
5::¢qmroﬁome TOPALKA, WTO 4 COOTBETCTBRHHO QYHKOHH X, x2, .,, NpF ¥ ~(. Bege
e HO OonpllnMy mopsaxa I, 2, ... npy x — 0o HazuealoTex GOYEKEAY TOro
20pAiKa, 9TC @ COOTBETCTBEHHO YHKUEE X, A%, ... OpH X~ 400,

ACHNNTOTEYEE
i SECHEE COOTHOUIEHHE RACTO MOIDOARKIT COEAUBATH HAR OPHOAEMAETL dyi
] f’l DOMOMBIO £ (X} B HEKOTOPOA OKPeCTHOCTH TOYKY X == g, ’ dytucieo

Huwyr
f=p W+ 0[Ew] em f @ —0 i =0(g ),
Tm=p@ +o(8wl ecan {0 —y ) eolg 0k
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4.4-4. PaBHOMEPHAR CXOAMMOCTh.
() DYHKUMA f (x;, X;) CXORMTCS PABHOMEPHO HA MBOMecTBE S InaueHkd x,!
1. K dyugnsn  lim fix, xo=L (x5}, ecay paa KaXxnaore [OROKETEALHOrO
Xy —8 ;
QHCNA & CYUIGCTBYET 7TaKoe NONCHKHTeAHOe gHCAo 8, uto mpu 0 <jx—aj< d
W Apu 6cex Xy & S yHKuns f{x,, x,) onpeAeseHa H BOOAHAETCA HEDPABCHLTBO
if{xy, x)—L (%) | <& (8 He 3aBHCHT OT xy).
2. K bynkusr  him f(x,, x)=L{x), ecin An9 KaMaOFrC NOFOKHTCAb-
Xy = - 00 ;
HOrO uuCla € CYIUeCTBYeT Takoe aelicTBuTenbhoe ukcho N, urvo npw x; >N n
npu ecex xy =S Gyskuus f(x), x;) onpelesena W BLINOAHAETCH HEPABEHCTBO
g, x) — L (x| < e
{b) TlocnenovaTenbHOCTs OYHKURR s5 (£}, $;{x), 35 (x}, ... paBHOMepHO ¢XO-
JNTCA HA MHOXecTBe S 3HaueHHH x K (yHKURR

fim s, (x)==s(x),
n—co

eCAR 1A KAWAROrD MONOKATENBHOrO 9HCNA & cyulecTeyeT Takod HoMep N, gto
NpH A= N ¥ NpH Bcex X & S BRINOAHRETCA HePABEHCTBO | S, (¥} —s(x) | <& (cM.
Takxe mn. 4.5-2 y 4.8-2).

4.4-5. [lpeaenn RO COBOKYMHOCTH MEPEMeHHHX M NOBTOPHLIC NPEiEAM,
(&) ECAH TepmiH «OKPECTHOCTL MOHHMATB B CMEICAE, yKaaaHHow 5 0, 4.3-5.c, TO dynx-
nuf  f(x,, &y uwmeeT (xeoOroduso cluncmeensud) npeaen lhim [ixy, x) =L ecan pis
Ay =4y
Xy =y
HAMIOrO NONCWMRTENBROro 9HCAS £ CYmEec TAYST ToKaR OKPeCcTHOCT: D TORKA ‘@, n,), "TO
ANA BCEX TOMEK (X, Xy} € D, HCKA0OMaH, OWTH MOKET, TOUKY (A, dy). dyHxuua f (xy, i)
onpegenena H o f(x), x, ) —L | <le. Ilpu aToM g, H/MAH @y MOrYT BWTE K8H KOHEUHKMY, TEK
# GECKOHEYARIMHA. 3
Heoinad nocacfosqme sbnocme Spo, Sip, ... WMERT OpPEgen lim $nn =3 lCXOAMTCS & 3),
- o3
n - oo
echH BRR KaMJOTO MOJOMATENLHOTS YHCAA 2 CYNIECTBYIOT Tawuwe Apa Homepa M a N, at0
npr m > M B 1> N BUNONARETCA HepaBeRcTEO oz —sj<e Npefenu $yuxoui Conesa

¢ IRYX DNEPeMEeHHEX ONPEASARIOTCA AHAJOIHYHO,
(b) Ecau cywecmayem mMaKod ROAONLMEALNOE YuCA0 O, wmo

Hm  fixy, xa)=f(ay, Xy} Apu 0|y —ay| <8,
X =iy
Bm i, se=flx, a9 npu 0<|x—a j<B

X¢ = 0y

(4.4-2)

u no xpadxell Mepe & 0OROM LS SMUX npedesoHmx APOLeccoy cX0duMOCIMb HA YPXAIGHHON MNO=
DICECHIS  POOROMEPRA, NG sCe Mpu npedeaa

Hm  Fixy, x4), lim Hm fx,, x,)l
X, = a; Xy—a,[xg—a,
Xy =+ iy
]
lim fim Fix,. xt)]
Ny~ dy L5y~ 4y

rywecmagiom 4 pacnm dpye dpyey. Ananornvunie TROPeMB CNPABEAAKBM W B cJAyuae, Horpa
a; B/HOR dy GECKONEYHR

4.4-6. Henpepoignpie dynuuns.
(a) Pysxuna f{x), onpelenesnas B HEKOTOPOR OKPECTHOCTH TONKA Xx=a,
HETIPEPMBHA NPH X=a (B TOuke a), ecaK npeaen lim f(x) cywectsyer ® pa-
X =4
BeH f (@), T. & ECN¥ ENA KAMIOr0 NOJORHTENBHONG YWCAA § CYWECTBYET TaHoe
RORONKTEBROS MKCAO &, 4I0 DpH (X~@|<<d puNOANACTCRE BEPIBEHCTHO
Vi) —{(a)| <
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Touno Tak e GyNKuHa f(xy, Xy, ..., X,), ONPEACACHRAS B HOKOTOPOR OKPECT~
ROCTH TOUKY (dy, da, ..., @), HENPEpLBHA 8 TOYke (4, dg, ..., ay), eCTH
lim  f{x, 29 w0y Xa)=Flay. Gy veny @g)
Xy — 4y
Xy~ ay
xﬂ-—an
DYHKUEA ! (x., Xz ams xn) HETNPEPRIBHA B TOYKE (a., [/ PP, an) no x;, echAn $ynn-
ana [ (%1, Q. ... 0p) BeNpepwERA B fouKe X, =a;. DYHKUMR, HenpepwsEan & Touke
(85 @5 oy ) MO KIHAOH HI NEPEMEHAMX X3, X1, 1., Xy B OTACALHOCTH, MOXET He Gumn

HENPEPRBHOA B TOUKE {a., By 10 s an)_

{b) DYHKLRER HENpEPHBNA WA MHOMECTRE Touek (HANDHMEp, B RHTEpBaNe HRY
B o0NacTH}, €CAH OHa HENPEPLIBHA B KAKAOA TOUKE STOr0 MECOKECIRa.

Hedcmegumensran pynxyun f(x), Henpepuisnan KA 02panuvesHOM SaMKHYMOM
unmepease (@, b|, cepanuvena na [a, 6] u xoma 66 no odromy POy npunumaem
Kaxedoe sHaueRUe, JAXAOERN0e MexDy pe mounoll sepxued u MOMHOE HuNcred zpa-
nuyamu wa la, b (n. 4.3-3), exmovan u smu epanuyw. ABmanorkunas TeopemMa
BepHa ¥ AN NEACTBHTE/LHON (YHKLHA RAYX H GOASWErO YHCHSE NepCMEHHHX, He-
IFpepuBHOA B OFPAHHYEHHOH 32MKHYTOR OGJACTH.

Pynxunn [ (x) pas P PephiBNA HA Tee S, eCAR AMA KaKAOTO NOI0HH-
TEALEOrG GACAS B CYDIECTBYET TAKOE NONOXWATENsHOE qCN0 &, 910 Ans BCRx X =8 » X & S
npH | x — X | < 8 BuNOAuAeTCA RepagencTBo | f{x) — [ (X) | < e, @yrKkyua, Henprpusnas na
OzpanuLEHHoM DaMKKymoM unmepsase [a, b), pasHomepno Henpepwana Ha [a, b]

{c) Ecap dee @yuxquu [ u § nenpepteene e dannod mouxe X uau (xu %, .o, Tp). mo
HEADEDLisHM 8 SMol mowce u Ppuxgur [+ & f—8& u 18 ecau pyuxyus £ He ofSpawaemen
¢ smofl mouke & Myav, MO & IMOU MONKE Menpepwmsena U ynxyua [/8 Ecau dano, wmo

xli_[nayr {x)=ﬂl- i=1, 2, ,.)) a wmoe gynxiyus F(y,, Vel sepn yn) HER PEDUERA & TOWKE

(A Ay .y Ag), me
Jim Flin @, 54 0, oy tn D] =F (A1 Ase ..., Ap) 4.43

(cw. Tamwe n. £.4-2). B mactEOcTH, erau xawdan uz by id ¥ {x) menpepuanc npu x =g,
Mo ama ecpno 4 0ar F [y (2}, get3). ..., yp 0],

{1pedea 5 (x) passomepno cxodsumedon na S snauenud x nocredosame sanoeou
PUHKGUE 54 (X}, 5q LX), ..., NEMDEDMAHMY HQ S, ecmb PYRRGUR, HENPEDDHAN HG S.

4.4-7. Onnocroponnke npeAedn. OAHOCTOPORHAN HEAPEPLIBHOCTD,
(a) Dyuxnus f(x) ZeACTBHTEABLROTO NEPEMEHHOrO x RMEeT (HeobroOumo edun-

tmeennul) npegea
lim fixy= lim f)=[a+0)=L,
x—+a+0 x—~a+4

¥ TouNe g cnpasa, eCAH AAA KAXNOrO MOJOMHTENBHOrO UHCIZ € CYMECTBYeT TAKOe
Noscawrenshoe wncno 8, wro npu 0<<x—a <8 GyAxuns f(x)} onpegenena u
BHNOANnelcA wepapencTso |f (x)— L, |<Ce. Oyuxuns f(x) nMeer s Touke a ape-
Aex caepa
Im Fix)= lim f{x)==fle~0)=L_,
X qg—0D X 8=

CCHER ANS KaMROTO TONOMHTENBHOTO uyHCAa & cyMECTBYET Takoe ROAOKNHTENsHOE

Yacao 8, yro npa O« a—x <8 dysRuus f(r) oBpesesena § BuNOAHSeTCS Ke-

Pavesictny |} (x)—~L_|<Ce. Ecau cyiyecmeyem npedea lim f(x), mo npedeans
X =

Iim %} 4 lim x ecmayon
x_wﬂ!() xﬂ_u)‘{}cytu yiom 1

ti = i =
1=, i 0=
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O6patro, ecaw lim f{x)= lim fix}, mo npeden 1im f(x) cywe-
x—~a—10 x40 x—4a
crisyem.

(b} ®yukunn f(x) wenpepusAa B TouXe a cnpasa WJAH cAEBA, ©CNM COOTBETCT-
Berno fia+ 0=/ (a) wvau f{a—0)=f(a). Touxg pnspwsea nepsceo poda peficTBH-
TenpHO% @yHKOMH f(x) ecTh TO9Ka 4, B KoTopoll dyrKuua f (x) paspueaa (T, e.
He HempepbiHa) W cymecTBylot mnpenendt f{a-+0) ¥ f{z2—0); HanGonmwasd pas-
HOCTh Mexay ppyms us ducen f(a), f(e4-0) u f(a—0} ecre cxavox ynxnuy f(x)
B taxOf Touke paspuBa *). Towxu paspeiea nepeoeo poda yrxyuu f(x) obpasyom
KOHEUROE HAL cdemuoe muomecneo (n. 4.3-6,a). .

(c) Oynrura f(x}) Kycoswno-HenpepwBHa HAa HHTepBane /, eclA CHa Henpe-
puBHA B [ BCOAY, 54 HCK/IOYCHHEM KOHEYHOrO 9HCAA TOYEK Da3phlBa ePBOIG
pona.

@ yuKusa f(x,, A x,,a KYCcOYnO-RAenpepwatia B obgacty V n-MepHOre npocTpaf-

CTBa, €csAA OHAa HEMPEDPHBHA B V Bclofy, 98 ACK/MOYeHHeM, OMTH MOMET, HEXKOTOPOTO MHOMes
CTBE PEFYAAPHEX IHNEPNOBEDXHOCTER (PErYARDHHA KPHBWX ODE n=2, peryiapHNX NCoBepX-
Hocrefl nps n=3, nn. 3.1-13 1 3.1.14), pasGapanomwux V Ra KOHeYHOe YHCAO nofobaacTeft,
B Ka®Iof8 H3 KOTODHX PyHKNHS !{x,, X3, ..oy Xp) HMEET EHHCTBEHHHA OfHOCTOPOHMHA npe-

AEA NpH npRONEEEHEH K MoGof rpaHEyEOf TouKe momoGaacTH Ma3RyTpH sToft mogofaacTH,

4.4-8. MonoToHHMe (QyHKIRH H GyHKUEH orpaduyerHofl papwanww.

(a) HeficteaTennHas ?;ymmua f(x) meficTBHTeNBLHOro MepeMeHHOro X CTPOTO
MOHOTOHHA HA WRTeppane [/, ec/lH OHa Ha HeM ONpejiefieHa B echH BAR JioGuX
ABYX TOWEK x; H X, BHTepBafa [ auGo M3 x; << x; Beerja caeayer f(x;) <If (x3)
(sospacraroman ¢yHxkuus), JAnGo me M3 Xx; < x; Beerla caeayer [ (x;) > f (xa)
(yOmsaoman yrkuns). Pyrkuysa f(x) mecTporo MOHOTOHHA Ha /, eClH OHA Ompe-
deneRa Ha [ B ecod AR mobWX JABYX TOYeK %; W X3 HuTepsajga / aubo H3
Xy << xy Beeraz cnexyeT f(x)=<f(r;) (WeyGmpalomas dyuxnus), F%6o e H3
Xy <0 xy Beerga caenyeT f(x;) = (%3) (nesospacraoman $yHxuma). AHaNOrHIHHE
onpefeeHuA NANTCA NS MONGMOANNY nocredosameavrocmed (n. 4.2-1).

{(b) HefictortencHasn ¢$yAKnAd f(x) ReHCTBHTEABEOrG NEPEMEARONC X ECTh
GyRKUAA orpaHN4eHHOW DBAPHATNH 1A HHTepsaiae [a, ], ecan cymecrsyer Takpe
NoACKATENLHOS qKeae M, 4TO ANA Beex PasbueHHll 6 =Xg << &y < Xy <2 oo <S Xp=b
BuTEpRaNA &, ] BLIMOAHACTCA HEPABENCTBO

n

¥ ) —Flxn) | < M.

fe=}

Dyrxnna f{x) ecte PyAKONA ozparuvessod eapuayuu wa [4, 8] B TOM B TONLKO
B TOM C/iyqae, ecllH OH3 MOXeT GWTep Npeacrashena B mume f(x)=Ff, (x)—f; (x),
rie f, (x) B f,(x) orpanneeEs A He YOLB210T Ha [a, b).

B f(x) 8 g(x)—¢pynxyuu ozpanuvennod sapuayuu Ha [a, b}, mo u
f(x)4-g(x) u f(x) g (x)—dynxyuu oepanusennoti sapuayuu na {a, b]. Pyrkuna
f(x) ecno ynkyua o2paduvesnod 6apuayull 'HA KAWOOM KOHEHHOM URINEDSAAR
[a, b], xa KOMOpOM OHA O0CPaHUNERG U UMEEM KOHEMHOE HUCAQ OMHOCUMEALRUK
MAXCUMGMOS i munusyxcs (0. 11.2-1} u mouex paspwsa nepgozo poda {yoiosus
Jupuxaey.

Dyukyul ozpadunexnoll eapuayuu Ha [a, b} ozpanucena ua [a, 5] u umeem
MOoAbKO MOUKY paspuisa nepsozo pods (n. 4.4-7).

B pR2ENLCKEX NpHAGKEHRAX ycnonRe, wTolu f (r) 6maa QyaxnHef OTPARAYEHHOR BapH~
ROHA HA KAKAOM OTPIKBYCHHOM WPOKEMYTKE, BupaXkaer 10T fakT, ure dyuwuus f (¥} orpa-
HHYSHE W 9T¢ HOMDOHEHTL! G9eHk BHCOKOA HACTOTA HE WMOryT CYWeCTBeHHO BAHETE Ha ee HH-
CeECHBHOCTE (0. 18,10-8),

#) Yacro ckaqox dymrruAm f (x) B TO9Ke & ONPEREARIOT KEK paznocts f (@ 4-0)—fia—0),
IlA8 MOHOTOEHOS ¢YHRLUHH P10 ONPeAC/EHHE B JEHACE B TEKCTE COBOSJLENT,
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4.5. JHeQEPEHUHANBHOE HCYNWIEHHE

4,5-1. Tiponasonuste U AudeperurpoBarme.

(a) [lyete y=f(x)— nelicTanTennnan GyHKUKR HeACTRUTENLHOrO nDepeMeH-
HOTO X, ONPEjeNeHHaR B HEKOTODOK OKPECTHOCTH Touxy x. [lepsas npowasonHan
{npoH3BOAHAA REPBOro RopAlKa) ¢ynkumn f (v} Ro x B Touxe x oCTe npegen

"—{ME lim —=EE~f(xJEf’(x)EEy’. (4.5-1)

lim —

Ax -0
B kamio# Touxe x, B KoTOpoi npegen (1} cymectayer, npoussoinan j—fzf’ (x)
ecTb MEDPA cKOpOcmu wiMexenus gy omuocumeasno x. Tlponssoinas ' (x) ecTw
yeaveor Kosppuduenm kacameavnon (0. 17.1-1) & 2paguxy pyskyuu y=F (x) (cm.
n. 4.2-1, a} ¢ mouxe x.

CoOoTBeTCTAYIIME ONHOCTOPORRKE npeneay (N, 4-4-7,8) n23we2i0TeA neaoh nPon3a0AHOA
f. (%) u npasoh npowszoanck [ (x} dyukuun | (x) B Touke k.

{b) Bropan, TpeThA, ..., -7 [NPOHIBOAHKE (TPOMIROEHBIE BTOPOTO, TPETHETO, ...
viey AP0 NOPAAKE) GyHKUMH y=F(x) D0 x B TOYKe X COPEALAAIGICA COOTBETCT-
BEHHO q)opmy.ﬂa.\m

d ’ .—-‘diy-_- £

Lrwm=5= ),
4.5-2)
d & d o n (

Gl =TS F = = (),
€CNy% COOTBETCTBYIOWNE NPRIeAs CYUIRCTBYIOT.

{(c) Ouepauka oThicKaKus npousponnoft f' (x) mawnofi bynxuux f(x) Bazs-
Baercs AMdipepenunposankem Pyrxuny f (x) no x. yrkuug f (x) anddepeHunpyema
NpH Tex 2HAYEHHAX X WAH HA2 TOM MHOMECTBE 3HAueHHH x, NPH KOTOPHX Cyuie-
cTByeT npoHaBoanas f' (x). ®ysxuka f{x) Henpepunmno AuddepenumpyeMa, €CAH
npoxasoaHa® f' (x) cymectayer H HenpepuwBHa. Oyukunsa f(x) Hasbipaercs Ky-
CONHO-rAAAKOR RA npoMexyTke [, ecau QyHxOwa f(x) Hempepwpna Ha /[, & ee
npoxssoaHas f' {x) Kycouwo-nenpepusRa (1.4.4-7,¢) na /. Huepepenyupyenas
Pyriyur Henpepuara,

MponaBoaHbe GONBUIOrO 9HCNZ HBCTA BCTPERAICWHRCA (PYHKUHA NpHBeReH:
B rafa. 4.5-1. [lporaponnue or KoMOGHHausil 9THX $YRKUHI MOrYT GuiTe HakAeHn
¢ momollel0 mPaBi akddpeperukpobanrg u3 0. 4.5-4,

4.5-2, YacTHue MpaH3IBOAHBE.

(a) [yctb y=f(x\, L3 ..., x,) —AACTRATEILAAA OYHKOHA TePEMeHHMX Xy,
Xg, ..., Xp, OTIPEAENEHHAR B HEKOTOPOfl OKPECTHOCTA TOMKH (X, Xz ...+ Xp)-
YacTuasn nponapoauas (nepsoro nopaaka) GynKuMM f(x,, X, ..., ¥,) 00 x; B TO4KS
(xy, X, ..., Xn) €CTh Dpegen
. Fre -+ Axs, Xao 250 oy XY —F (&1, Zge ooy X
lim [ i Xg. Xy . n) ( 1 H}E
hey =0 Xy
. 4 gy __ o
'=a_£;‘r§'3}‘.=f’x. (xh Xy «nny xn)‘ {45'3}
&y _ [y o
Dpouzsoguan 07;=(a_n)x,. i ..'.x,,zfxa {*1, X3, +u, Xp) B H2WAOH TOUKE
(x), x5, ..., x,), B KOTOPOR cymecTeyer npejed (3), ects Mepa cxopocmu UIMes
HERUR f OMHOCUMEABHO X1 NPH  QUKCUDOBAHKOLX INQUERUAX OCIMQALNNX HEIEBUCU~

é a
Mux pepemenssix. YacrHue NpPOE3BOAHBE Exi' 379, . -:Ty- OnpeneaaAKTCs AHA-
1 a1 n

noruuko. Kaxdad dacmuas npoussodnos (%"— Movcem Goims Raddena nocpedcmaon

Oupepenyuposanun Gyuxyue f(xy, X oo., Xp) 00 Xy, ecan ocmadense f—1
KEIGGUCUMINE REPEMENHON PACCHAMPUSGITG KOK NOCIROAKKYE NAPAMETipY,
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flporaroaHBe 93ACTO BCTPLUALOLLMXCH (QYHXUNH
(ext Taioxe o oA, 2] OpPOHIBOAHBE HEKOTOPHX CTEUHATBELIX hYHKUHK

(a)

Fix ey P
£ ax® L Glg— D@ =2 ... l@—~r+ 1) 227
- o~ o
a* a*ina a* (tn ay"
1 — !
1 — (—1 r — Iy —
Bx A Yoo 7z
1 r~1
o [ DL I P 1]
®a xina L lna
n
slnx cos x sin (x +r-§)
n
o8z —sinx ms(x-{-r —5—)
n
{ P i ! ix) ¥ P (x)
! sin x _l"_
gx cos’ x e Vi—o
]
! Arceos X ——
ctg x T ¥i— x?
L
sin x arctg x .
500 X o ] +lx
o arcelg x = ]
cosec £ ] ke 1
sh x ch x } x’i+ I
arch x oy,
¢ch x shx - |
h ! ih 1
ths Thrx T =«
i
1 arcth x T
— — Xt
cthx o x !
'y &0+ In oo

(M) Yacmuue npousdsoduve Goage swicokozo nopadxa gyaxyuu y={f (xy, ..., x5)
onpeasnioTes GopMyaamH

i PP R B, FR . RN TN .
oxf KWk Oy 0%y Grpdxy T xpry o Ox, Oxf

doy . & gy
—_— = = i —-g——— HT. A
ox; ax;- oy f;l.xfx* gxg Bx; ax, !
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ECAH CODTBETCTRYIONHE NPENCasl CYNIECTBYIOT. B KamaoM cnysse aweno npouwase-
AeHHDIX IHGPePeHHPOBANKIT €CTh NOPAROX COOTBETCTBYILEA YacTholl npoMasoa-

neit, OTMetuM, uto
92y dry

G i, g er  GFR (4.5-4)
ary
ecau: 1) npoussolnan TR oy SLRYecmayem & Hexomopod  OKpeCMHOCMU  mowsH
i
(X1 Xz, v1i) Xp) U NEAPEPUWENG & mouKE (Xy, Xp, ..., X,) 4 2) apouseodnas axaI;,
2
cytjecmayem 8 mouke {(X(, Xqy 2o., Xp).

4,5-3. Hadgeperuunannt,

(a) ¥Ilycts dyuxuua y=F{(x) onpenenena p HEKOTOPOA OKPECIHOCTH TOYKH X
H NycTy dx-—NPHPalEHHEe HE3ABHCHMOTO NEPEMEHNOTO X (INQMpepeHUNAT Kesaad-
cumpzo fepeMennozo x). PYHKUHR y==f (x) HMEET B TouKe x (nepanii) Oupdpepens
HugA, €CAW €¢ DPUPAIEBUE B STOR TO9X® MOMET OMTL DPEICTABALHO B BNAS

by =] (x+ds}—f(x)=Adx+o(dx),

rae A We 2aBucHT OT dx. B sTom caywae (nepeaiM) puddepernranom $YRKUHA
y={(x) BasupaeTcn raAEBAR AWHeRHAR YACTH Bpupamenss QyHxknuy dy=A dx.
Dynryun y=1F(x) umeem & mouxe x Jupdepenyuas 8 mom u MoOIKE 8 mOR cay-
NGe, ecAu OHQ uMeent 8 smod mouKe (nepeyi) npoussoluyo; ee dudeperyuan

pasen dy= df—_-% dy = f’ {x}dx. Tax gro

Ay =] x+dr)—f () =F (x) de-+o (dx)=dy+o (dx).

TlonoGuwm e 06pasoM DycTs pyRkIES y=F (X, 1y, ..., Xp) DEPEMEHRBIX Xy,
X »e. . Xp OTPEACNEHE B HEKOTOPOA OKPECTHOCTH TOUKK {X|, X;, ..., Xp) 8 NycTe
dry, dxs. ..., dr,-—NPHPAWEHRA HEIABHCHMEX nepemenHux  (aMpdepenurana
REIABUCHMEIX MEPEMENHBIX) Xy, Xy wvoy Xp. DYBKIME y=f(x,, 2, ..., X,) HMeed
B 109Kke {x;, x5, ..., x;) (nepanit} nudbepenunan (noanuh andrpepenunan), ecam
€ NpupauleHne 8 STOR TOYKE MOMKeT OWTL NPERCTaBACHO B Bie

AyE;(xl‘l‘dxl: xﬂ"'dxb e Xn+d}'ﬂ)—f[1’t, Tzr sees X”}'—=
= Ay dxy+ Ay diy ook A, dxy o ip),
the p=V d3-+dad+...+dk 8 Ay, Ay ..., A, He 33BECHT OT dx,, dx,, ...
.o dx,. B sTOM enyuze (nepeuim) IHGHEPERUNAnOM (BONAM  ABOGEPEnNAN0M)
REE:H y=F(x1, x3. +»., X,) HA3AWBEETCA T/IABRAR JHHCAHAR 43CTA NpLpaUe K
4 dg=A, dn+Asde ... 4 A, dxg.

Ormerum: 1) Ecau ynnyus y="F(x1, X ..., X5) umeem & mouxe (x,, %3, .00y xp)
3u¢¢epem;uaz. MG OHO HENPEPHIGNG & MO MOuKE © uMeenm § ed 60¢ waCTIHLE
fApoussodnbie repsoee nopsdxa. 2) Ecau pyregur y=Ffie, 13 ..., x,) umeem
8 mource (x|, x50 ..., Xn) 8C€ MEDPEDUGHBE “GCMINBLE RpOUBgOTHNE REDROZO nOPAOKS,
Mo oMa umeem ¢ smod mowxe (nepswi) Gugpdepenyuaa. (M3 ofHoro $axta cyme-
CTBOBaHHA Beex 4ACTHWX MPOHIBOAHMX CUIE HE CAegyeT CYIUECTBOBAHUS OOAHOTG

Andwpe periunana.) Audxpepenusnan yHxusd y={(x;, %5, ..., x,), €CAB 0H cywe-
CTByer, umeer BRA .
= 3 9 é
dy=df=a—;;d.z,+adx,+...+-§:—-ﬂ dx,, {4.5-5)
T2¢ npousaopnme Gepyres s paccMaTpuBAeMOl Touxe.
Cynkuna y=F(x, rg ..., Ap) BAMQPGEPEHUNPYEMA B TONKE (X1, X, ue, Xn),

€CAR OHa mmeer B STOR TonKe (neperit) auddeperunan. B sTom cayqae

AyE!(x,-}-dxl. Tpd-dzy, i BaF 820 — (3, 2y, ..., T,)=

of i 9
o Bt G Bt g day o) =dy +olp)

[—3
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DyHKUNA Yy =f{r, 3 ..., %) nud:d:epenunpqua HA MHOXECTBe TOUeK

(x4, Zoy ..., 2,), €K OWa AudxPepeHI¥DYEME B KaXK/0H TOUKe STOMO MHOMECTBA,
DyRRUHSA y=f (2], 2y, ..., Ty} HeNpepaiBHO RHPDEpeHuHpYEMa Ba REXOTOPOM MHO-
WECTBE, €C/H HA 9TOM MHOMCCTBE BCE WACTHHE HPOHIROANLE 2y fig—...., B
dx, dxy Gxp

CYMECTBYiOT M henpephislint. OYHKUMA y={ (xy, #;, ..., ¥,) HaabiBaeTCA KyCOYHO-

raagkoR B oGaacth V, ecan OH2 HENPepWBHA B V, a te 9acTHHE NPOHIBOZHBE
éi—f, %‘:—’,..., a‘iin KYCOuHO-Henpephizn B V (n. 4.4-7, ¢},

(b) Anddepenuuar xamiore He3BHCHMOrO MEPEMEHHOrO PACCMATPHBICTCR
KBK focToaHan, Tak 910 dix=d (dn)=dr=d () =...=0. Nuddepenunan
3ABHCHMOrO NEPEMEHHOTO ecTh PYHKIHR OT He3aBHCHMOTO NMepeMEHHOTO HJH Nepe-
MeHHEX. Bropoft, Tperwd, ... iH@depenumaiu HYXHoe YHCAO pas gHddeperumpye-
MO YHKUAH HaXONATCS FIOCAENOBATe/NBHMM AnddepeHUMPOBAHHEM NepBOro
E¥dpepenunana, HanpuMep, echi @, z; B 7, — He3ABHCHMBIE NepeMeHHLE, TO

P @=ddf)=d(fLd)= L am, (4.5-6)

& (2, 2 =d (df) = a‘i—sf a2t +2 32 drey + g% dzd,  (4.5:7)
= 4 & -_.ﬂ_ r—k

&F (21, 23) =z axT~koxE dzy ™ da (4.5-8)

OTMeTUM TaKXKe
n

& luy (), v (e g () =d (@ =Ghan= Y (d (%;) duy +a—i%d=u,,) =
=

% . asf 4 I f
* 4y duy af  aruy
= —— o — el gyer 3 5
- Eaa;a% ot e | 4 (45:9)
1= A=l b=l

() Bee dynxuuy o7 dxy, day, ..., dz, TOTO e NOPAAKS, ¥TOH dz:. dz‘;; s g’
[

npR dzy — 0, dry —0,..., dz;— 0, cyTh OecKOHEYHO Maawe BOPAREKA ot o
=+ ..o+ g (1. 4.4-3). B wactsocth, r-i seddepetunan d'f dyuxoun f (z, 2y, ... x,),
€CAH OH CYUWIECTBYeT B He PaBeH HYJIG B JaHHOR TOYKE, €cTh GeCKOHedHo Majiad
uepAEKa r.

4.5-4. Mpasuna puddepenunposannn, B Tabn. 4,5-2 nepeuncienn nautoses
BaMHHE Npasunia AMddeperurpopapks. TopMyNn w3 Ta6n. 4.5-2, a g b npHMe-
HUMB H LPH BBIYHCACHHR YaCTHRIX NPOH3IBONHALK, €C/TH B KAMAOM CAYYSE BMECTO

% nucats -, Tak, ecan

dx ax
up = by (xy, 2 TR xn) (i=1, - P m),
0
9 < o @
17
5;;)‘(% Ugy ey Upy) == El a—u‘F; (h==1,2,...,n). (4.5-10)
==

VuA0KAR KaMEYIO QODMYXY B3 Taba. 4.5-2, a B b B2 dx xR 28 A%, GOXYRECK 2HAe
#OrERHYE APABHAG AN BHVECASHHA noAnnX Juddepesyuaice (oM. TAKMG 0.4.5-3); rak,

dig o) = du + do, d uo) = o du+ u do, 4.5-11)

[papnaa paddepenunponsansy BATEerpalios YKE3aEW B vala, 4.5-1, o Qudpepenuapobas

HAR BECHOHEIHEX PAROR — B 1, 4.8+4, ¢,

4.5-4 4.5 IMGGEPEHUWANBHOE HCUUCIERHE tit

Tadarmaa 452

lpapuna AndupepesmporanMa
{m. 4.5-% b ®axzow caylag CYmESCTEQOBAHES COOTRERTCTRYRMAX MPOADBOAAWE

DPEANGAr 48TCH)
o
(2) OcHowBRGE DpaPHAS ")
d of duy of duy of du,,
a“;f[“t(-ﬂ- ug {3, oy By (ﬂ]=a—u;‘a—; 6?‘—?;-4*...4-%-—‘1?,
] ] 1 1
e = ) = 2h (Y L e

(b) Cymma, npoMaseeHNe H 9acTHOS, JlorapHdmMHaecxoe Augdepenqupasaunet

d de  do 4 du
H[H{X)+UU)]=H+E;. ales@l=a—

d 1 do d | uix) 1 du dyp
E’;[H(x)vtx)1=02}—+“3;.d—;l_vm]=;; DH—"IE') [v (0 30,
d y' (%)

E:t-lny(x)n T

3aMenans e Yrofu npotEddepeRnEpopaTs HYRKONO BHAA ¥ == “‘—M
Uy (X Uy (8D .

MOEET OKAIATSCA OONEIHAM HafTH CHAYATA €2 AOrapHMARLCK yio DPOTIBDLH Y.
r

d" du d__rl_:!_ 5’_ __2 Ck dr_kudku
P Ao el S S S At AN B o T R

k=0
(¢} Obparvan oyuxausd. Ecnr $yRERER ye= y (v) BmeeT ofpatayic $yHKuSW
r=x@r B S0 T
_I_- ” o, Vx

v X —
P SR

@) Heanuas dyaguns (cM. Takxe m, 4.5-7). Bcar dymkuus 94JaHA HEARHO JOUMX-
BuM 0OpasoM pHdlepesuAp yerba cooTAomennes F (2,0} =0, rae Fb‘ #0, 10

&
1

¥y =

’

dy Fy diy 1 + 5

o — -, ———mae= —— [F? F - 9F" FF F* F

dx F:y. dx1 p'(uy ExyF:\: y+ Wx).
¥

{) ©yHuORA, 2ANAHHAR C DOMOMLY DapameTpa !, Ecid Jadu 2o x (), ygp @ v
. d . _d - _.d% = _ diy
xu)sﬁ#&uﬂ:-&% TOEg5. v NS5y T
dy g dty _xO0®h—35 @O
dx a."{!)' dx? u- (;)la

*) B nepsoft dopuyne {3} npA m > | creAyeT ApeRnonarats gEdubepeRnBp yeMacTs
Pynanua !(u,, Lg, reey “m) B COOTBETCTBYWILEA TOWKE, AAA SEro AOCTATONHO Henpepus-
BOCTH B STOR TOYKE BCEX &2 HepPBRX YACTHHX MPOA3BOAHWX! CM. O. 4.5-3.

**y Ecnd QYEKONS g (¥) Ba BEYTEPRaNE 4 & X < b CTPOr0 MOHOTONAA H HENpepuBHS,

TO B 3aMKHYTOM HHTEPBAlE ¢ KOHUAMH [ (2) B ¥ (O) oHa umeeT ofpaTHyn QYHKNHIO X (¢,

TaKE REAPEpMBEYY. BonH, HpoMe TOro, yHKOBR y (X) B TOUKE Xy, TAE 4 < Xy < b, wke-

T DpORIBORHYW 4 [x) =0, To $yEKUER X {) B COOTASTCTBYIOLIEA TOUWE pp = g {Ky)

TEKME HMeeT MpPOBSBOREYK B CNpases/uBe NEPBaf S MAXKEeCJeAYIOMAX $opHya Ecm
SYBKOKA p (X} BMeeT ETOPYKr DPORRBCAH YO, TQ HMeeT MECTO M BTODAR M3 STHX JOopMyN,




)

1i2 TN ¢ OHGGEPEHIMANBGHOE W HHTECPANBHOE HCUMCAEHUE  4.58.

4.5-5. Oanopossme pynKkuus ., DYNKUHA FXg, X1...., T,) ECTH CAHOPOAAAR GYHKOKA CTEMERY
r OTROCHTEALHO ADFYHEHTOR Xy X3 wov , ¥p. €CAH f {Lry, QFpp ..., ux,) = a’f (X124, o0y Xp) (e,
Tamen |.4-3,2). Ecnuf (%4, x4, .-, £5) - HEOPEPREHO ARGdepeHUUpYeran OAHOPOLHER GYHK-
iR CTenedy 7, TO

of , af o
¥ R 4 e 1y Pt rFenuge, oo 2p) {4.5-12)

{meopena Fidaepa o6 odnopodastx dyuxguar},

4.5-6, HAxkobnany u PyHKIHOHAILHAA 3ABECHMOCT: (CM. TakXe ni. 4.6-12,
6.2-3, b u 16.1-2), Ecan dbynKukH

yi=y£{;l'l, Loy rnny :c,,) (£-= lr 2; LY ﬂ] (45'131

HeRpepuano AHxhepeHUHpYeMs! 8 HEKOTOPAH OOAACTH n-MEPHOrC UPOCTPAHCTBA
i ecay sxofMan HAH QyRxuHOHANLENA onpefeAHTENb

d{yl- LTI Uﬂ}_ oy, x
W F S ki [-g;] (4.5-14)

orngqed 8 Hell T HYAA, TO ypasuenua npeolipazosanun (13) (cM. Tawme n. 14.1-3)
B JOCTATOUHO MANOH OKPRCTHOCTH KAMKEOH TOUKK OGNaCTH CONpeacnfdoT BIaHMHO
OAHO3HAYHOE COOTBETCTBHE 3TOH OKPECTHOCTH ¥ MHOMECTBA TOYEK (Y4, Vs ..., Ynh
o6pa30BanHblX 3HAYSHHAMH QyHKUBE (13}, NPpUHAMAEMBIME B STOK OKPeCTHOCTH.

Ecan aundrbeperunansl
”

dy »
dy; = 267; dzg  (i=1,2,...,n) (4.5-15)
B=1

NHHeARO 33BUCAMH B AanHOH oGsacte (n. [.9-3), To sAkoGuad (14) B 97ofi ofaa-
CTH TOWASCTBeHHC panen Myaw. Ecan B V uetr Toukm, B XoTOpOH BCe SNeMenTH
axofHaHa (14) ongoBpeMeHHO OOpPAmAKTCA B HYJAb, TO sxobuan (14) momdecmsenno
pases Kywo ¢ obagemu Ve moum u moALKO a mom caydae, %0200 Y kaudod moexi
smod oOagciul CYLECMBYEM MOKGR OKPECIMAACTS, 8 Komopod Guakguu y; cer3ansh
HEKOMOPOIM uenpgpusuo Ouppeperiyupyenvin coomaowenues O (¥, Ya ., ¥a) =0,
2de npaumamﬁ He ece oORospemenn0 pasite Ryao. B srom caydae rosopAr,
910 pyHkoHE (13) $ynKknHOHAALHO 3aWMCHMM B 9TOA OKPECTHOCTH (CM. T2KKe
n. 4.5-7, c¢).

4.5-7. HegpAne ¢rynsuun.

(a) Ecan dyukuna y==y{r) 2ajdHa ReABHO AOMKHuM ofpasom NHdpepeds
HHpyeMbiM COOTHOWIEHHEM F (z, ¥} =0, 10

xx Ty xy' x

ke, SO N —=—T(F" F—2F; F P, + F. F3 (F,#0. {4516

(b} Ecnu m dysrush gy =y, (T1, Ty - 2 Tp)e Yo = Y3 (T10 Tae oo Tahs on s Y =2
== Ym (%1, g0 -1 Tp) OT R HE3ABHCHMEX NEDPEMEHHBIX Xy, Ty, «.. » Tq 3882HE HESBHO
m COOTHOMWEH AMY

Filpuym i Umi T, Ty =0 ((=12,...,m), (4.5-17)
rae F; — yenpepupHO auddepermHpyeMee GyUKIHK B PaccMaTPHBAEMOR 0G1acTd, 10
L. Orddepenunanst dy; 9 dx; CBA3AHK m JMHEAHWMY YPaBHEHHRME dF| 6=0.

)
dxy
MOryT GuTh NOAY9eHn mo mpasHRy Kpamepa {m. 1.9-2) 63 m nueeBHuiX ypasHerud

2. Das xawnoro suasesHa k=1, 2,..., n BCe m RPOH3BOMIILIX

oF;  dy, OF, .
Z.‘E 3;;-_1_ 75, =0 {i=1,2,....m) {4.5-18)
1=l
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ecnd TOMLKO

@ IFy, Fy, v Fr) =4 aF[
T o = el [_"-W ];&0 (4.5-19}
ANA PACCMATPHBACMHE 3HAUEHHE Xy, Xy, ..., ¥y, JHODepesunpys ypasuenns (18),

nonyuaes COOTHOWMEHKA, AADULHE OPOHIBOZH&E G0 BLICOKOro nopanKa q))'I{K-
LHH y}‘

B 920THOCTA. B3 HCADCPHBHO LRgpepeHIMpYRrEX  CooTHOWEREA F (g, =0
B G ix, ¢, 2) =0 pawy ..
Fy F,
Gy G,

F, Fy Fy Py

d, G, Gy Gy

% EchAu, HanpuMep, nepruid u3 onpeaeArTeneft CRUpABA QTABMNEE OT HYAd, TO SJAHNEHS

COOTHOMIEAHA OAPEIRAAIQT J,; H Z Hak QOYHKOHY OT X (CM. (¢)} ¥ ypasHerus (20) nospoasor
2

dx: dy dz = B (4 5-20n

BafiT NpoOHiRO ue——d‘y ] b
o dx dx’
{c) T_Sopeua CYMECTBOPANHA REABFWXG YR KO E A (oM. TatoKe i1, 4.2-1. b}, TycTs para
TOUKE P = {X5 Xpo vou o Xt Yio #y oo 0 ) D KOTODOR BMAOAEAKTCA COOTHOWERHAT (%C) ® (19).

Ecau we Fp u 8F; /&y., HERPEDWAHYN § HEKOMOPOD ORPECMHOCMY D mouxy P, me m coomuo-
wenud (17} e vexomapod oxpeemnocmu mowxu {x, Xau < JXp) ORpEJEAROM ¥} KAX HENDE PUAHLE
DYASLUY O Xy, Ko oo, o Xy ECAE, KPOKE Mo20, & D Henpeposns 4 age 1pouseodsse F¢ fixy,
e ¢ yraIann0d SXPECMNOLMU MOYKL (Xq, X, ..., Rn) CLURCMSLNOM (i HERDEPHAHL NPON3sod-
Hive dy,;,ld:k. Ecrd rkofean (19) 8 D TomgecTsedso pasen HY AW, TO NeRLE YaCTH COOTHO-

wesrd (17) s rReKoTODOA OKpecTHOCTE TORKH P dYHKUHOHANBAD 28BBCHMH (1. 4.5-6), TaK
9TC ¢, He QUPEAGNCHEER OLUGAHAWHO.

4.6. RHTErPAJTbl H HERTETPHPOBAHHUE

4.6-1. 3 Onpepencnnbie unrerpamd (Murerpaa Pumana).

(a) Tycre meficTBuTeAbHan ¢yHxnas [ (x) onpefieeHa H OrpaHvgend Ha orpa-
FHICRYOM 32MKAYTOM HHTepBane [a, b]. Pa3lobueM STOT HHTEPBAaJ HA n YACTRUHHX
HHTEPBANOB TOUKAMH

q4==3X, <x1 <xg<...<x,,=b.

Buficpem B K2XIOM B3 UaCTHGANX HHTEPBAJOH @O OPOR3IBOALHON TOUKE E; (7, <5
a
b =S x) B coOCTAaBEM cymMy (unmezpassnan cym)‘z;:lf (&) (e — x:_4).

Ecau e npedea unmezpaaskol cymMN Npu CMpeMAeRuL X Ky A0
Otuntt HAUBOABIILZD HOCTMUAMOZ0 UKMEPSAAG DPAIBUEAUST MAX (x; —x;_) 0, mo
ﬁyuxqus f{x) naswsaemca wurerpupyemoft B cumicre Pumana wa unmepsase [a, b].

peaer 9ToH cyMaul -

n b
= lim F &) (e —xig) =11 (x) dx, (4.6-1)

max {x‘ -_— Xl_”-vo =] a
DaduiBaeTca oONpeAcREHABIM MuTerpaacm OT f(t}) no WaTepsaAy [z, b) m cumicae
Pumana (wrrerpan Pxmana). 3710 onmpegenehne 0IHA%aeT, HTO AAS MoBOrO NOJO-
KUTERLHOMO YHCAE 8 CYWECTBYST TaKkoe yncao 63> 0, 9T0 nps moSoM pasSuennu

Hutepnana (a, b] BA 9ACTHUHME METEpBAAH, AAHHLL KOTOPHX MeHpie §:

max (x; = x;_) < §,
B npd nioGoM BLGOPE MPOMEIKYTOUHKE TOUEK £ BHUTONHRETCA HEPAREHCTBO

ft
EfGA—x)—T|<e.
(=1
DQyurnaA f(x) AzauBaeTes nodesimezpaasnod Gyrnyued, a8 a b — npederans

Lhmezpuposarun B tada, 4.6-1 OepeurCeHsl BaKHedlllHe CBOHCTEA ONpefeqes-
Uwx WHTerpanos.
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Tadanna 4.6
CaoficTBA MHTErDAMOE

(a) JNeMEHTAPHRE CEORCTBR. ECAll URMEPAA CYUWECTBYHOM, MO

b a & ¢ [}
Jlmds=~[twaz*, [Fhde=[f(x)dr+ || da,

a & @ a &

3 b b b &
flatntomldr=Jumdrtfomds, [aumdr=aux)dx
a ‘a a a a

(b) HaTerpuporaAme no YacTaM. Ecau HKLIL U U v (x) nen Big. -
BUppeAb HO LHMEDBAae o = k b, mo Pynsy ) () Renpepoiano Juddepen

b PR

Jum e dx=u(x;o(x}|a—ju(x) u’ (x) dx
a

AL .

] b b
jadv:uo] — fvdu.
a a a

{c) ¥ IameLHa nepeMeEHOTO (HHTETPRPOBAAWE TOACTAHOBWON}. Ecau pynxyur x = x ()
renpepogns duipdepenyupyema NG UNMepease A= U =@, a qummus (x) Henpepwiena
T unmepsgae m e x S M, 202 M — MOYRAR KUNCHRR, 8 M — mowsan sepINRA zpanuya
PyHRKUM X (U} HG uHmMEpIGAE G & u = f, mo

x (B} B %
i) dx=§1£x @) 5 du.
x{a) a "

d) ¥ Mndpepenanuporanne Mo napamerpy. Ecau Pyuxyua f (x, A) u 2 4acmuas npoussod-
HaR = [ (%, A) senpepmonss Ka Kuowecmse G R XS b do Kh K h @ Pynnyus u (M u
v {A) auqmpepemuéyem NG UHMEpsase Dy 2o A 5 Ay 0 yd0sAeMIopANM RO HEM FCACIURM

assu(A) &b, a oMb, moenpu by SSAE A,
it 2 a
alrana={grunae
a d
7@ IO
do a

Y S ta nax= § Srenasromng—rem nig

u (A) u(A)

(Apaeuse Jedbnuya),
flepear gopruyaa oumzemcx 8 cuAg U AN HecODCMOLHHDY (NMEZPAAOS, £§AU RPEOROAD-
McUmb, YN0 LHMELDIA I.F {x, M dx cxodumeR, o unmezpaz I -t% f (x, M) dx pasnomepno cxo-
dumca K8 unmepea.ms aA, S A KA. (Hou smox d:yrwafl T, M) u e npoussodnor

Y f (x, A) npednosgeammen HEMpepHONBIMG  MND KO MHDNCEZCTEE QS X< b, My A My
UAH NG RHOMCeCISe O <L X % b, A g A &S Ag)

b
) DT0 pASERCTBO CAejYeT DACCMBTPHRATE Kak ONpeacAcHAE an‘r&rpmaj fix) dx
: o
nps & < a. Hs Bero Tawke suitexaer, avo [ f (1) dx =0,
a

4.8-2. 46 HHTETPANE B HBTErPHPOBAHHE 115

Tutnune 461 (npodosscenus)

Bropofl caydall SacTo MOMHD CBECTH K O2pBOMY MoAxXoAAWeR SaMeHoA nepeMeHax,
QTMeTHM TaKEKe, 9T0
x 7 of of
d
Ll na=r([favta-af +e-a T
a a
(e) HepasemcTma (cM, Tawse 1, 4.6-19), Ecau unmezpaams cywecmsynom, mo {npi
a-<. b
vy f(x) = & (%) wa [a, &] caedyem

4 3
ffode<[gnax
a a

Beau |F(x) | &5 M na ospanusernom uumepsass (6, g}, NI U9 CNECMECAHUA UK
&

2paag _|' F (%) dx e5MERGEM U CYWIECMEGEARLE UHMEZPAAR j 1fix)[dx s
a a
&

b
Jfmax < [IFaidzs M @O —a).
a a

b
Eean $YAROEA g = f (x) 58 HRTepRane [a, b] HeOTPHUATELRA, TO urrerpan | fix) dx
a

BRpaA2e? nlowads, OFPARAYEHE Y0 KPHBGR ¥ = f (), 0cbo abeasce B ABYMA TPRMLIMA X =g
ux=2~&, Ecan f(x 20. TO HHTEI'PAS BLPAMALT 5TY MAOWAEL. BAATYK CO 3HAKOM MHHYC.
{b) PyHxyuR } (%), DZPARUNEHNOA KO OZPORUNERHOK 30 MENYMOM unmepsas [a, 5], unmea-
PUDYEMA KA HeM 8 cMmucae PuMara & moM I MOALKG 8 MOM CAPMGE, eUAL OHQ MENDEDUENA
nowmu scwody e [, b1 (0. 4.6-14, b). 3To. B wacTroCTH, Bepro: 1) ecan pynxgur [ (x) nenpe-
pusng wa (g, &); 2} ecau pyaxyus [ (X} ocpanuwsna ka (BI. &) v umeem na [a. 0] xoneunoe
LA ceemioe  MAEOMWCECE Mmowex paspuea; 3 ecan Qurnyus [ (x) monomonna wna [a, b);
4) reau fix) eems Pynxyua pzpasudexnof sapuaygud na [, b) (oM. TaKXKe 0. 4,4-8), Ecau
Syuxyur | (0 pwnecpupyemda xa [a, b], mo oRO UnMEIpUpEMG U HO xancdom unmepagae,
codepacaue mes ¢ [a,

4.6-2. HecoGcreenynle HHTErpatH

(a) EBcnu dyuxkuss f{x) orpanxuens W BETerpHpyeMd Ha KaX1OM OrpaHd-
UCHHOM WHTepBaAe, COZepwaueMca B (e, b}, TO NOHATEE ONDPEALNEHHOTO HETEr-

pana |f(x)dx (0. 4.6-1) MOXKO DECWIHPHTL T&K, 9TO OHO CTAHET NPHEMCHHMHM
[

B KOfja

I. ®yaxoes f(x) €e orpamEdYera B Mo0oH OKPECTROCTE DAHOTO H3 UpeAenoB
BHTerpupoBanEA a Bau b (oM. Takke m. 4.6.-2, b).

2, Huteppan (a, b) He orparnues

Tak, ecam dysxous f(x) OrpaHuueEa H RHTErpUpyeMa Ea KAMIOM KOHedEOM
Butepeaae [a, &), rae a << X <&, T0 no onpebesentuo NOJAraQT

& X
if(x)dx—xﬂgl_ogf(x)dx (4.6-2a)
B, B wacTHOCTE, IPA b=+ co
oo X
§ fde= tim § 7(nde. (4.6-28)
g X+t g

Toauo Tax e

4 b b b
Jmde= um ;f CEASRICEES l‘i"mi”‘) dr.  (4.6-20)

—2
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Kaxauit necoberBednpmf uuTerpad, onpeaeredruf raxum obpaiom, cyluecr-
BYET HAM CXOAHTCH, €CAM CYLleCTBYeT Npelief B NpaBofl wicTy papencrtea. Heco6-
CTBEHHLIH HHTETPal OT pyHKuBH f (¥} cx0AnTca aBcoAwOTHO, eCAH CXOAMICA COOT-
BETCTBYIOWKE HecoGeTBeMHuE Huterpan ot 1| f(x)|. Hs aficomomnod cxodumocmu
cagdyem ¢xodumocme (oM. Taxxe nn. 4.6-15, e w 4.9-3). HecobeTaeunudt wuterpad,
KOTOpHIl CXOANTCH, HO He alCOMOTHO, HAAHWBAGTCS YCROBHO CXOAAUIKMCA.

{b) % Mpasiaa unmezpuposarus us mabr. 4.8-1 npumenumn & Goamrom obpa-
S0M cxo0RujumMca necobemaermbim  unmezpaaas. Ecan dywnxkuna f (x) onpegeaena
B OrpaHHueHHOM HJAN HCOrPaHHYeHMOM HRTepBale {(a, b) BAH [a, b], 33 HCKIO-
yeHHEM, GRITE MOMET, KOHEYHOIrO UHCAE TONEK o =% ¢ = 63 < ... <% ¢, <L b, He arpa-
HMueHa B mobOR OKDeCTHOCTH u; XAXAOK Touks x=g¢fi=1, 2,.., ,ng, a BHe
o0BELNHEHKA OKDecTHOCTEH H,), Uy, ..., U, OCPAHHYeBd, TO HeCOGCTBEHHKLHA HHTEr-

b

pan S 7 (x) dx MOKHO ONpefeHTL KK CyMMy Heco0CTBEHHEIX MHTErpaiom suaa (2).
7

Hanpumep, ecan ¢;=4a B ¢g=b M npejesin B npasofi YacTH paBeHCTBA
CYWeCTBYIOT, TO

& d Xy
{f@ar=_tim {fmar+ 1im [ f@x)ay (4.6-3)
H Xi—at0 %, Xgeb—0 3
rpe d — NPOMSBGALEAR TOUKa WATEpBanN: (&, b).
Ecat a=— o A b=-}o0, 10

o0 d X

{ f@de=_Im ,5 fx)de+ lim  { f(x)d. (4.6-4)

— Xy—+—co . Xy—+to0

Ecan f(x) He orpannuena B OXPeCTHOCTH TOYKH '€, JeXaimedl BHYTPH HHTEp-
Bana (a, b), 1O

b X b
{f (0 dx= lim {f(x)dx+ lim ;f(x)dx (a<<e<<b).  (4.65)
a a Xr"b+0 i}

B cayuse, €CAH HHTErpaan (4) B 15} BE CYUIECTBYIOT, MOTYT BCE Mé CYMECTBOBATH COOT-
BETCTEYWIONAE TAABHLIE SHASEHME wuTerpasa no Koww

g =0

X c—d b
Um [ fedx 8 Wm Jimde+ [ timdx|s .6-6)
X—=4w —X d~+4+ 0L g ¢40

ecnn  kaxofi-anGo ua mHTErpanor (4) m (5) cymecTsyer, OE He0OXOAHMO DABER CBOEMY IASR-
BOGMY DHATEHHIO.

(c} HecoGerpenrulft wuTerpan 31,-‘ (%, #)dx paBHOMEDHU CXOANTCH HE MHOXE-
cTee S snauermd y, ecan comae-?craywmnﬂ onpeaeaeHERA HH‘T&IPSJ; CAOARTCA
K cpoeMy npeaeny (mm. 4.6-2, 8 u b) paBnomepno Ha S (n. 4.4-4), Ecau Sf(x, y)dx

a
npu xawGoM g u3 UKMEPEAAd g, <C Y << fh ecmo urmeepas euda (2a) u ecan Pynr-
;{uﬁ fix. y) nenpepwsra wna MHOMGeCgE @< x < b, yo<y<g41, a uHmezpan

5! (x, y) dx pasnomepro cxDOUMER § UHTIEPSAAE Lo << Y << ffy. MO Sf(x, y) dx ecmb
a &

KENPEPHBHAA (PYNKYUAR O Yy 8 SmoM unmepsase (TCOPEMA O HeNpephB-
fLOCT K} AUAAOrHYHLE TEOPEML BEDHH W A HHTerpanos suga (26) u (20).

{d) Tipuasaku CROAMMOCTH H pPaBHOMEPHONi  CXOMMMOCTH  LEPEYHCIEHH
5 00.4.9-3 v 4.9-4,

ey 46, HHTETPANIN H HHTEFPHPOBAHUE 117

4.5-3, Cpennee 3navenwe. Cpeinee anavenne ¢ynkuuu f{x) Ha wuuTepBanax
[a, b}, {0,400} ¥ {—oo, 4-00) NO Onpeiefieltky COOTBETCTEEHHO PABHO

X

E] . X .
=Viwan, M (i@ w M Sxf(x) dx, (4.6-7)
g u

gCAH 3ITH BEAHYHHB CYWICCTBYIOT.
4.6-4. Heonpeneaennnie nuterpanel. Oynkunsa f(x) umeer B muveppane {a, 6]

HeOnpeae e bR HHTErpan Bf(x) dx, ec/iy CyWeCTBYeT Takas QyHKuuA F (x), uto
F (x)=f(x} na {a, b]. B strom cayuae ¢yHKuUHMA F (¥) 0AHO3HAYHO OTMpejeneHa
B |a. B] € TOURGCTHIO A0 TPOH3BONLHOA AANMTHBHON NOCTOANHOR £ (NOCTOARHORN
uuTerpHpoBaHun); Mofan Takas (gyuxaug £ (x) nasueaerca nepaoolpaznol (npw-
MATHEHOR) QyHKuxy [ (x) na {a, 4]. [onarawt

{t@dx=F@+C (g x = b). {4.6-8)

3amernM, 970 pasuocTe F (x) —F {(0) =F {x) J; 0K @<= x =< b onpefeieHa OAHOA-
HaqHO.
Crmeris TaKKe, U410
Jlaum+powide=cfuimdetp[omndsg {4.6-9
Jew e wdx=umovm— [ 0o @ ds, 4.6-10
€CNM 3TH HROMPENeN:AHHe WHTETpaAw CYWECTBYOT {CM. Takwme vabn, 4.56-2 n 4.6-1).

4.6-5. OcHoBHAS TeOpeMa HHTEIPANLHOrO HCuHCAenHA. Ecau | (x) — Pyuxiun,
OPPUNHHENNASR U UMMEZPUPYEMAR HA uxmepeant [a, b|, u ecau cyuecmayem nepeo-
obpasnar F (x) ggrxyuu f(x) na (e, 6], mo

x x
@di=F@)| =F(—F@ (xr<b) (4.6-11)

B wacTrOCTHE, 9mo sepro, ecau ¢yncyun f(x) Henpeposna wa[a, b]. fpu smox
X

siea=tmn (@<z<w). (4.5-12)
a

Bonee ofulee yTeepXacHEe: ecan dyixiun [ (x) ozpanuvena u unmespupyema ne (o, b,
x
Mo uHmezpax jf(&] dt maanemen pphnyued ozpanusenrold eapuaguu e [a, 8], u dar noemu

a
®exr £ ous [a, ¥) (n.4.8-14, b) usmcem mermo pasencmae (12),
3amMmedanne OCHOBAAT TEOPEMA HHTETPAALHONO HCIRCAEAH R NaeT BOIMOMHGCTE BRYHC
A8Th onpefeseHike HHTeTpaan, ofpaniai npotece AHdxpEpeALHPOBAHUA,

4.8-5. MeTonw HHTErpHPOBAHHS,

(a) HuTerpHpopanHe eCTb ONEPAUHA OTHICKARHA {ONpeieNEHHOr) HAH Heonpe-
JencHHoOro) HKHTErpata OT AAHHOH OOJBHTerpadbHoi GyHkuuH f {x). Onpegenentne
HYTerpansl MOXHO BHIYHCNATL HEMOCPEACTBEHHO KakK Npeleib HHTErpafibHBIX CyMM
(wicnedroe wutTerpuposande, nn.20.6-2 u 20.6-3) HAK DYTeM BHYHCIEHHRA Bhue-
ToB {1.7.7-3). Yalle OmTAWOTCA HARTH 1CONpefeNeHHW HHTErpaj ¥ 3aTeM NOAb-
3yvworea popmynol (11}, YUrolw nafith neonpepeseHkbift uATerpat, JaHHYK NOAbIY-
Terpansnyo QYHKGRIO f(¥) ByxRo ¢ NOMOLM(BY) €MPEBHA RHTErPHPOBAHKA», Mepe-
Sneredunx B Tabu. 4.58-1, a, b, ¢, mpeacTaBKTE B BHE cyMMu B3BECTHHX OpPOH3-
BOAYNX.

B ganbHefimen OepeNHCAAIOTCA METONR HHTEFPHPORAHKR, DPHMEHUMEE K HEKO-
TOpbIM CREUdAAbHDM THMAM OOAMHTErpasbHolX QyHkusk. CylWeciBywoT pasHof
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CTENECHH MOJHOTH TAGJAHILL ONpefeleHHbX H HeQNPeieNeHRLX UHTErPasoB (CM,, Has
npumep, [4.6]).
{b) Hurverpuponanne MHOTQUAEHOB!

§ (@ +an_ it ag st aox”) dxo=

1 | i
=anx+-§- a,,_hlx'z-{--a- Ay _ox3-+... 4

net

agx T+, (4.6-13)

() MuterprpoBaHHe PAUKHOHAABHLX ¢ yHKULHR Metoas, omi-
canpnpe B nm.1.7-2 B 1.7-4, CROIAT HATCCPMPOBAKHE Kax10{ PallKOHAILHON QYHK-
UHK K HHTErpHPOBAHHIO CYMMbl MHOrO4Jeia (n.4.6-6, b) H HEKOTOPOTO 9HCaa 94e-
senmapunx dpobed (1.7-0) m/uan (1.7-6). Snemenrapueie fpodH NMOCNEI0BATENLHO
HETETPHPYIOTCA ¢ NOMOMBIO CJAEAYIOUHX (OpMyY.L:

—_————eee L 0 (D),
SL’"‘= (m—l){x—xnm_l‘i_ (1)
) Injx—x!+C (m=1);
dx I x—a »
S[{x_a)w-mn:'aamtg 5 T
S dr -
[tx— a)t + o™ 7t L (4.6-14)
_ X-— 0 ?m—lS [£] i
T 2mat [x— @)™ tmer J [(x ~ o)t 4 0™
S xdx —
[tx — a} -+ o™ F1
e alx —a) — @i +r2m—nag dax
Tomaet fixr —a' + 0™ | T Imar  d [{x— a)? L o™ J

(d) PyaKUIRH, HRHTECPHDPOBAHHE KOTOPHX ¢ OOMOLLI
3aMeHy NEPEMEHHEEX CBOAHTCA K MHTErPHPOBAHHIO Paluyoe
HanbHbix QYHKILHIA

V. Ecau nodowumezpoavnas yrxyua f(x) ecme payuonasenas dyrxyus omt sm 8

£
W C08 X, TO NoAarawT u=tg---, T2K uTO

2u t— ut __ 2du
Traw =1 &= (4.6-15)

5N x= un?

2. Ecau nodewmmeeparsnan ¢ynsyua f {x) ecme payuonaasnar dyaxyua om shx
u chx, To noasranT 4=th-3, Tax 910

sha=_ che=lF8& g, 248 (4.6-16)

(= | — ut’ ST

Gamevarne Eco f{x)—paunonancuan pyskusz or sintx, cosdx, sinxcosy u tg &
(HAA OT COOTBETCTBYOWHKX runepboanveckKuX ¢yHKuMA), To BHYMCNEHHA YNPOCTATCA, ecad
CAenaTh 3aMeHy u= tgx (BEaH 4 = th x).

3. Ectu nofstmmezparssaz pynktus f(x) ecms payuonartenas Qyaxkyus om X
u aubo om YV 1—x2, aubo om YV x2—1, ango ot YV x®4 1, To 3agaua ceegercs ¥
cayuawo 1 HAK 2, ec/ii COOTBETCTBEHHO CeNaTh NOLCTAHOBKY X =C08 U, HaK ¥==cho,
g x=shuv.

4. Ecau nodowmmezpasbnasd dyaxgua f(x) ecms paluorarbrad dyuxyus om %

u aube om VXEY, aubo om YV x3—1, TO MOMHO TOAOKETE COOTBETCTBEHHO

u=x-4} x* & |, Torpa

1w l) yEET=L(us
X 3 +“)s xex | = (ﬂ_,_

), dx=§(l¢$)du. (4.6-17)

1
]
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B. Eeatt nodvinmespatenan ysrqus f(X) ecmb payuonasvnan Gynxyus om g

z om V axt--bx-c, 70 33n292 caepercd X caydaie 3 (vam 4), ecos cgeasTs noy-
CTANOBKY

__ lax+& _vVilec—bi ;b
ey 2 : (4.6-18)
6. Ecau nodewmezpatenas ¢ynxygur f(x) ecmp payuonarenas pynkyus om x
ax 4 &

wom u= |/ . npuen ad — be£0, To B KauecTBe BOBON MEpeMeHEOH GepyT 4.
7. Ecau BiHMEZPUALHAR (hyRKHUA [ [x) ecmp PRIUDHOALHAR PyHKHUA om x,
Var+6 u Vex+d, rae as£0, 1o B KavecTse ROBOf DEPeMeRRON GEPYT i ==
o Var5b.
B pasnAunniX COSOMaibHHX CAYYasX NPAMEHRKT MHOTOYRCACHHWE JPYTHe
N0ACTAROBKH.
{e) HeTerpans ot $yHKnuA BHAA
x"e?*,  x"lnx, x"sinx, x"cosx (nFE-—1)
sin"xcosmx (n4mz£0), &*sn”x, eFcostx
PHAHCASIOT € MOMOWILIO UHMezpuposanun no dacmam (taba. 4.6-1, b), npumensag
€ro, ecliH HYMHO, HECKOMLKO pas,

{fy MRAorge mETerpantl HefML3 BWPA3IHTL B BALE HOHEUAMX CYMM, COAEDMAIHR TOALXKO
anrefipas9eckie, NOKEIETEALHEE H TPHrOHOMeTPHRECKHEe GYHKUHH H $YHKUKRN, HM oSpaTHule,
B srox cnywide NOAWHTErPAALAYIY GYHKONI0 MOMHO DAINOKHTL B (eCHOREqHHA pAa (nn. 4.10-4,
4.11-4, 15.2-6) RAg Me OPHOGErHYThH K WHCAEHHOMY HATErpsposardl. B ra. 2 nobmuo HaflTa

x

OpKMeDl «HOBBIX» PYHKIKA OT X, ONpeAeNSeMEX KAK HETErpans BAZA S FE8) dE mau S,‘(x. o dn.
a a

4,6-7, JAAHOTHYECKHE HHTETPANH. l%c.rm f (x)— pauuoHaibHaa QyHKOEA OT X

B or V'aor‘+alx5+azx’+a,x+a4, TO S,f(x)dx HajWBAETCH SJUHNTRYCCKHM MWH-
a

TErpanoM; MOMHO HCKMOWHTR TPHBHANBHRAM cyqafi, Korja ypasHerpe
Gpx* +ayx* - 8% +agx + 0, = 0

EMeeT KpaTHue KopHE, Kawmdord staurtmuveckud UHMe2pan MONCHO GupASUND YEDES
BACMEHMAPHLE (PYHRYLL L HODMQAbNbE SAAURMudeckue uxmezpaaw (0. 21,6-5);
SHaYeHHA NOCAEAHHX NpPHBEIEHH B TaGAHUAX.

4.6-8. Kparnue wnterpans {cM. Takme nu. 4.6-11, 4.6-12 » 1.6-13).

(a) Nyers ¢yuxusa f(x, ) Kycouro-HenpepusEa (N. 4.4-7) B orpanBuenHod
SamMenyTOR oGaacty D, onpelesseMOfl KAK YCAOBHAMK a=Sx<=b, g (x) Sy=<cgy(x),
T2K 4 yoaoBRAMM asSy<< B, vy () Sx=Svaly). rae gi(x), %s(x)' 1@ Yo &) —
Kycoquo-HenpepuBHEe JYBKOHH B YK23aHBHX HHTEpBaJax., lorpa

i B[ b g
?ay f f(x.y)deS[ Swf{x, y)dx]dy=§dx { Fir pdy=
LA Y 17 aly a g

=§j§f (x, y) dx dy. (4.6-19)

ARaNOrHYHBE TEOPEMH CNPABEA/HBE AJR TPOAHLX, YeTHPEXKPATHHX H T. A,
HETErpanon.

! SD r:‘?mlﬂe{}?’;1 Ecag D — obaacms, ocepanuxennan okpyacrocmde 14 P e, U Ppusyus
1 ¥) = ¢ RocmoRHAQ, D

Yi-—x 1

1
ij{x,p}dxdy:igdx § cdy-:!cg‘ﬂ—x'a‘x—sc.

. -
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{b) Ecau puaxuyus [ (x. ) nenpepmena na aLy<s 4o, @2y, 8 unmee
=+ oo

paa S Fix, o) dx pasmosepne cxodumen pa unimepsade 0 =y =B, mo
o

-+ o2

-+ co
Edy S fix, ) dx = S
o a

a

dx §f tx, y dg. 4.6-200
[+3

ARaROTHUHBE TEOPoMM BEPHM A HecpOCTREHHLX RETErDanok ApYrax THNOB,

4.8-9, % Jlauna gyru copamagemoRk xpupod (oM. TaKike mm. 6.2-3, 6.4-3 u 17.2-1),
[ycts C—payra HenpepuBHOK KpHBOR, JeXawad B KOHEYHOH WaCTH NJNOCKOCTH
wAR npocrpancrea. Jauwod s(CY smod Syeu naswigaemen npedea dawnnt Aomanod,
snucannod 8 smy Oyey, Npu yoaosut!, Wno JAuNa nauboabiueso 36ens 5ol soMaHOl
cmpesumes K Hyao. ECAH YKazaHHLR Npejes cyIEecTsyeT, TO AYra Ha3wsaeTcd
CApAMAREMOH.

Has peryaspuoft KpupoH B3 €BKAMAOROH NJAOCKOCTH RJAH B €BKJANAOBOM RHpO-
CTpPaBCTRe, ONRCHBAEMOR B NOAMOUZOALANK GeKAPMUeHx K0OPAuUHAMAax YpapHeHn MR

x=x(), y=y{l
x=x{t), y=yg

(n. 3.1-13), anvna GeckORENHO MANOH JYTH, COOTBETCTBYIOMER BPOMeXYTKY [f, f -+ di],
eCTb SAeMenm Oyzu

Vet =Y (@) a=V G+ a=5 ¢

Ha AJOCKOCTH,
varrdpra=Y (3 +H@ +(E)  a=%a

B OPOCTPABCTEE,

Ha TMHOCKOCTH

nay B NPOCTPRHCTRE } (4.6-21)

=z ()

ds

(i

(4.6-22)

3HaK KOpHA BHOEpAETCH OOHSHO Tak, 4TOGH NPOH3BOAHAA §° ({) Guaa == 0. Janna
2yri s (C) KpHBOH, COOTBETCIBYIOIEH KOHEWHOMY HuTeppandy [lo, #], PaBra

f
s=s(Q)={ as={ Far=s1). (4.6-23)
[N

b

Hanra Ayre s{C) ects reomeTpuaecknfi ofmeKT, e 3apHcAAl OT cECTEMH XOOP-
AMEAT H OT BRGPAHHOrO AMA onucanud Kpusod napamerpa {. B nn. 6.2-3 1 6.4-3
npuBefieHE GOPNYAH, Bupakajoune ds (2 SHAuET, H § (f)) B KPHPONHHEHMBIX
KOOPAHHATAX.

ynxyuana o2pa-

Asuna dyeu & (O) cyweemayem, ecan Punuxuny (21) sessmmer na U}' sy g g
¥ 4 3 #a G.

uxensold SGPUAUUL; 8 SMOM CAgAE Srcmenmt ds anpedeaen nowsty 6CK
Kanedor pezyiApnas KpUEAR CHPAMARENG.

4.6-10. Kpusoxuuehinme naterpass {cM. Téxme nn. 5.4-5, 6.2-3 n 6.4-3, rae
BBEJIeRY BEXTOPAME OBOSHANEHHS M HCNONBLIYWTCR KDHBOAMBEAHLC KOGPAHBATH).
Ins pauuod cApaMAgeMof Ayra C, onacHBaemoll ApH a=!<<b ypasHenuamn (21},

upwpoMncANNA WHTErpaa §)‘(x. 4, 7)ds ot orpanpveunod dyexuuu f(x, y, z) N0

OnNpefeneut0 PABEH

™
gf(x, pDds=  lim 3 flxia, v (v 2 (5)] As,

max Asy ~ 0=
rae

Asj= ¥ (x (()—x G )P+ [y G —y G DB+ 2 —2 (6P

fa=f <<l <l <..<lp=b L_i<sy=sy =1,2, .., m), (4.6-24a)

LRl
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ecAH Npenen cymecTBYeT (CM. Taioke 1, 4.6-1). Kpusonugefunf mETerpas (24a)
MOKHO BHIYHCHKTL (RAH HENOCPEACTBCHHO COPEHESRHTE) KaK HUTErpaa no &

b
{ren g aas={flx @, v, 2N 5 a,
c

[

i4.6-246)

cac sRhemeuT oyrw ds HaxoauteR W3 (22). Omyckas B (24) unenw, oTHoCAuiRecA
K 2z, NoAy4aem KPHBOAKHeHHLIA HHTErpan IANA  KPHBOH, pacnoAoMeHHOH Ha
anockocty Oxy. HecoGeTBeHRRIE KPHBONHHEIHHE HHTETPANK ONPENENAIOTCA NO CTo-
cofy 0. 4.6-2.

4.6-11. Nacwagn » ofvemw (cm. Takwe nml. 5.4-6, 5.4-7, 6.2.3, 643
17.3-3, rne BBEJEHH BEKTOPHNE O00IHAYEHHS H KCRCOABLIYIOTCA KPHBONHHEARME
HOOPAHHATHI).

{(a) [(lycTe §—orparuyenHan 3aMxkHyTan OGJIACThL HA EBKAHAOBOA MJIOCKOCTH.
Echn TouHa® BCPXHAA CPaHHUZ MHOXKECTBa NAOMAReR BceX MHOTOYroNLHHKOB,
cofepHAUMXCA ¥ S5, M TOURad HHMHAR rpaHuila MHOMecTBa nJaomajefi Bcex
MItOrOY MO LHHKOB, COAEPKAIUNX S, PaBHH, TO 0GMAcTh S HaJkiBaeTCH NBAAPHpPYEMOR
(xsmepumol no Koppawy), a ofulee 3H3NEHHE THX rPaHHU HA3LIBILTCA MAOMANBIO
A abnactn S. B dacTeocTd, ofsacmis 8§ Gzpanuseniar npocmaed SARKRYMOd peayanp-
nod gpugod, keadpupyesa, O6nem U orpanuuednoil zamxeytoli ofnacti V B Tpex-
MEDHOM EBKAHAOBOM NDOCTPEHCTBE ONpEmenAeTCH AHANOTHUHO.

Mnowass A orpaHHuseHHON perynapHofA noBepxuocTH S (n. 3.1-14) ompege-
AReTCA CAEAYIOUIHM 00pazoM. PasolpeM S Ha KOHeqHoe 4HCAO uacTel; B kawaoR
wacTy pulfepeM No NPOKIBOABHON TOYKEe B ODTOTOHAILHO CHPOEKTHPYEM 9TY 9acTh
H2 HacaresibHylo TJIOCKOCTh K MOBEPXHOCTH B BLGpaksoll Touxe (n. 17.3-2).
MNaowan, noBepXHOCTE A ecTe nNpeien (ecAH OH CYLUECTBYET) CyMMb maomanefi
NOMyHeHINX TakKkM o0pasoM Mpoexnull, Xoraa nuamerp HauGosbwed M3 paceMar-
PHBABMEX 42CTeH CTPEMHTCA K HYAI.

s NwsmeTpom mHOXecipa E 8 merpugeckom mpoctpanctee C (n. 12.5-2),
B UACTHOCTH, B EBKJNACBOM NDOCTPANCIBE, HAIWBAeTCA TOWHAR BEPXHAS rpaHRUa
paccroaHufl Memay JbuMH NEYMA TOIKaMH MHoxecTBa E. %

(b} TMaoulaad 9 05beMbl MOMMO BHIYHCAATE (WA [aXe HEMOCPEACTHCHHO

ONpenenaTs) Kak Apofidble WAW TPORHWE MHTErpals B COOTBETCTEYIOUAHX KOOPAH-
Harax:
A=§dAx=Ss§dxdy B eBKJABIOBON NMAOCKOCTR, {4.6-25)

U= s/dv = jis dx dy dz B €BKAMACDOM NPOCTpaRCTBe. {4.6-26)

Tlnowans » o6HEMM HE 3ABHCHT OT BROOPA CHCTEMM KOOPAHRST. B KPHBOAMHERARWX Hoop-
Bhpavax x3, x?, x¥ |0, 6.2-13 4

] i, v 3
vefav= SSS Oy dx dxt A @ 6-2)
13 v
n. Takwe nn. 4.6-13, 6.2-3 u 6.4-3).
B kpueonuuednmx HOOPAMEATAX &, O fa MAOCKOCTH BAR noBepxEoCTE (M. §.1-14)
4.6-28

A=[dA=[{Va@& o du do,
S kS

Fae a (u, o — ¢$yHKUEA, onpenenAeMan B 5. 17.3-3, ¢.
g ) MpocrTwe YaCTHHE cAYuau, [lhomans naockofl ofAacTH, orpaHuachnof
PAMMMY Xx=a W x=b, tAe a<b, H bAB)‘Hﬂ KPUENMH g = £, (X) ¥ g =, {X], BpRyen

Q<0 npr aKx b pasms | {8 () = £ (0] dx (A >0 Maomage Daocxod
e . B

' 3aeeh |, 2, 3= Re noKalsTenE cCremekw, & HEAEKCH,
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o8AaCTH, OrpaHENeHHOR RPOCTOR $aMKEYTOR KpusoR C, ONMCHB2eMOR YPABAEHHAMM X =
=x(f}, y =y ({{) ANE ypasueHMem r =r (¢} (0. 2.1-8), rae $YAKUMH YAOBNETEOPAIOT A0nK=
HuM YCAOBHAM, Paeba

| di ax -
Am?@(;;ﬂ—.—ya)w A 2§f'(w)dq?. 4.6-29
¢

Tie CHMBOA g'J YREJWBAET, 9TO HATerPHPOBAARE MPORIBOARTCA Ne saMKEYTOR wpaaoh A0,

ecnd ofixoa Kpueoft £ coBepliaeTc? NPOTAE YacOBOA CTPEMKH.
[nomaae nosepXHocTs A, ofpasopafnofl spayesuen kpaaoh pe=f ) =0 ia = x 5 5}
BOKpYr ock Ox, B ob6beM U, OrpaRuseBHnA 5TOR NOBEPXHOCTHIO, DABHBL

& b
A= (1) 14+ () dx ven [1 630
a a

4.6-12. Haterpain mno noeepxsocTR M no oS5bemy (cM. Takwe nn. 5.4-6,
5.4-7, 6.2-3 B 6.4-3, rze BBefeHb BeKTOPHHE 0003HAYEHHSA H PacCMATpHBAKOTCH
KpHBOJANHeRHbIE KOOPAHKATH). HATerpans no nosepxHocTH o um‘erga.nu no oGO LeMy
MOXHO ONpeAenHTh KaK npeled cyMM no ¢focody nn. 4.6-1 a 4.6-10. Hx moxHo
TKMe BBECTH HeNOCPeiCTEeHHO KaK ABOHHLe H TPOHAWE wHTerpadnl ¢ MNOMOLLLI
BJIEMEHTOB TVIOMAAH H ofbeMa, onpefeleHHnx B 0. 4.6-11.

Muterpad no ROBepXHOCTH OT KyCOWHO-HenpepuBHOE ¢yHKoHd [(u, v) 1O
YAOBJE1BOPAOUIEH AOMMNHEM YCAOBHAM [OBEPXHOCTH S ¢ KPHBOJHHCHAHBIMYE KOOP-
ILHHATAMH &, U paBeH

£,f(u, %) dA=S§f(u, v) Valg, o) dudo. (4.6:31)

Ciofla B Ka9ecTBeé GacTAWX C/yuaeB BROAAT H HATerpaiu No MIOCKHM 061acTaM
{rme, B SAaCTHOCTH, BOaMOXeH n cayuafi u=x, v=y, V ale, v)==1).
Hurerpan mo ofbemy OT KycouHo-genpepuBHOI (GyHKIHH
fx, g, Desflx (2, 22, x3), y (&, 2%, %), 2 (x!, x%, x%)]

no orpanndeHHoR ofnacta V pasen
s{;‘ (x5 2 dV=S§jf{x. ¢ 2 dvdyde=

dlx, ¥, 2}
(4.6-32)

HecoGetpeRHNe HHTErpadkl 10 NOBEPXHOCTH HAR 10 00beMy {HeorpaumIeHARO
(ysEUHK HAH ofaacTn) onpegengioren no cnocoby . 4.6-2,

$opMyLl, CBA3RIBANNIHE HHTErPAAW NQ TOBCHXHOCTH # HHTErpaAW no obuemy,
pacemarpuBaoTes 8 nn. 5.6-1 B 5.6-2. OrMeinM wacTHue caydak 3THX opMyd,
CBASKBAOIINE KPEBOAHHEAHNR RHTETPadbt H HHTErPaAW Mo nAockolt ofaacrd
(C—rpansua obascty §; olxoa ¢ copepliacTCAd NPOTHB 4YACOBOR CTPenKH):

([ReD P L ag=§P(x, ) dr+-Qx 1) dy
S [

=S$f[x {x1, x%, x%), y(x*, a%, x’}. z (2%, 22, 2]

oy

(¢opuyaa [ puxa), 4.6-33
§ (w¥0—o72) dAn(gu(u Mg (4.8-53
&

c
(Geymepran 2-3 gopuysa puna),
5]

__d% | dto do L. du dv
VWi =t s B= g g
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4.8-13. 3ameHa NepEMEHHWX B HHTErpazdx Mo ofveMy H 710 NOREPXHOCTH.
Ecap c noMousio HenpepelHo AM(DepeHUHPYEMOro NPeopazoBaHsa KOOpPAMHAT

xl=x1 (31, X2, X9),  at=iP(X), X2, X%), aB=u8(X), %3, X9,
[ 3ix', x2_ x%) S 0]

2 (;1'1 ‘;2) :.3)

BBECTH HOBHE KOOPAMHaTH X', X%, X% {cM. Takme oo 6.2-1), To HETerpan no
obpeMy (32) MOMHC NCpenKcaTh B HOBWX KOOPAKNATEX:

Sf oy dY= 55,5 P (x4, 5%, x%) dxldx3dx®=
v

-=5§5 Qe (x, 23, &%), 22 (2, 32, 39), o8 (R, %2, 29) TN Goaypag,

QG 2, %)
(4.6-34)

l?g’rg{panu GO 0OBEPXAOCTHE TPeOGPasylTCsd 2HANOMBYHO (CM. TaKXe
m. 17.3-3).

4.6-14, Mepa JleGera, Hamepumuie dyRKuRE.

(28) Mepa 7T09¢9BOro MHOKeCTBA. Buemnss mepa JleGera m, (S)
NPOH3BONLHOrO OrpaHHIeHHOro TO9EYHOro MHOMKECTBA S Ha NPAMOIT ecTe TOuRasy
HHKHEA rpanHna (. 4.3-3) cyMMsi LAHH KOREYHOrO HJM CUeTHOrO MHOMKeCTBa
HHTepBANOB, TOKPHBAKUIHX S. BayTpennaa mepa Jlebera m;[S) muomectsa §
€CTh PA3HOCTL MEXAY AMHHOR b—a mobOro OrpanHueHHOro WHTeppana [a, b),
coaepiKamero S, A BHEMIHER MepOR fononneHna MHOxecTea S 10 [a, b] (0. 4.3-2, a),
S ecTh nsMepHmoe MuOMECTBO ¢ Mepoil Jlebera m |5, ecan M [Sl=m, [S}=m[S5)
(koncmpyxmusnoe  onpedeagntie  meps  Jlebeza),  Heoepaoruwensoe MHONECTRO S
RHa npaMoli HIMEPHMO, ecaH ana Beex X > (0 u3mepuMo mepecesenne (— X, Xins.
Hpu s7ux mpesnoackerrax 1m0 ODPefeNeHHI0 HONAraIOT

m [Sl=xlillwm[(—x- X108k

Mepa m (5] MOReT GbITh KaK KOHEWHOM, TaK M GecKoHewHoil.

PaccwaTphBawT n Sonee olmee onpelenenne: Mepa M [S]. onpeaeNeHHAN BA NOAXO e
knacce (Booiae RAMMTHEBHOR Syaemoft earefpe, o. 12.3-4) rouévNMX MHOMECTB S, eé?bﬁg.":;f
Lya waoRecTBa €O cBoficTBaMA

M(S]=20, M[p)=0, (4.6-35)

R ana Rawpore KOREYHOMD HAH (YETROr0 MHOXEECTEZ I'lOTIapBO AENEPECEKAKIIIAXCE TOYEYE
waomecte S, Sg, ... n o

MSUS V.. )=M[SI+MIS ]+ .. (4.6-36)
Meps flcGera m (S} To1evy0ro MBOKECTES Ha npaMol obaiiaer ZOUQAHRTEAbHEM CBORCTEOM
ml{a, hl=b—a 4.6-37)

gggéxamnoro OrPARHACHBROrO uwTepBana (g, &% TammM_ofpasow, Mepa JieGera apaserca
ligAkeM ATHEW HETEDBAJA {AKCUOMATINYGEEKOR onpedesenue Mme Jebeca; c¢M, TaN
un. 201, 12.8-4 1 18 2-9). pe ’ e
A Mepa JSlefera ToveuNnx MEOMECIB B TPQCTDARCTRAX ABYX, TDEX, ... HIMEPENUR onpepe-
RETCs {AMBO KOHCTPYKTHEHO, NHGO SKCHOMATHYECKH) C MOMOUBLI0 ABATOrEMHHX wbodure sy g
Raowadn 5 obzeng.

(b) Kamdoe oepanuuennoe omxpamos muoxecmes (0. 4.3.6, a) uIMepUMO.
Moo puckasars Gosee obluke yTRepxaeHnA. Bopenesckoe mnoxecTso na npamoi
SCTL MHOMECTRO, MONYYeAHOE NOCPEACTBOM KOHEQHON HJH cYeTHOR A0CAen0BaATEN b-
:Oc'ru 0GLefMBEHAN, MEPECeYEHRH R/UNM BIATHA ACHOAHEHWA MATEPSaN0s u nony-

dINBXCA B Pe3YALTATE KOMOHAANNA, Kance BOPEACSCKUX MNOWECMS eCmib 8noAne
umusnat Oysesa aazedpd uIMCPUMBY MAGIHECMA. Kaxdoe usMepUMOe MNOMECMED
€me ofiveduneniie HERQMOPO20 0OPEASBOR020 MHONECMEn N MHoXecmea  aebeepeod
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MEPB HYyab, KAadoe KOMEUHOE UAU CHEMIHOE MHONCECINEO UFMEPUMO U UMEEM réfe2oay
Mepy Hyae. AHaJlornupele TeopeMbl CNPABeLAHBLI H B MHOFOMeDHOM CJyuvae.

Ecan kakoe-AuS0 CBOACTBC BLIMONHRETCA AN KAKAOGH TOGKK NAHHOTO MHTEp-
pana, oSAaCTH HAM MHOIKECTBA, HCKAWOU9AA, OHTL MOMKeT, JHIUE MHOMECTBO Jele-
rOROfi MEePH HYAb, TO [OBOPAT, 970 9T0 CEORCTBO BLINAJHRETCA H& RAHHOM
MHTEPBANC, OGNACTH HAH MHOWECTBE ACWMU 6CiO0Y (MAH NOMTH BO HCEX TOMKAX
5TOr0 HHTepBada u T. A.).

fc) Mamepumue pYHKIHH, PyukumAa f (x), onpeneseHnan Ha HHTEpBaAE
|a, 6}1), uamepuma Ha [a, b], echy xIM KaXKIOT0 JEACTBHTEJBHONC YHCAA ¢ MHO-
HKCCTBO TOReK x HHTEpBana [a, &, v xotopsix f(x) < ¢, H3MEPHMO,

B aToM onpeAsneHks ycaoEHe [(x) &c MOXRO 3aMeHHTb AKOHM U3 ycnoBHA f(x)<Ce,
fixyzze, Flxy>e.
Gynxyus, Henpepusran na (a, b), vasepuxa ra {a, &). Ecau wna [a, &) usmepusst Hyrk-

yui fy (), fa(x), ..., mo wna [a, b] ussepums u @éﬂmuau fun+faix, afy(x, F () (0,
a maxxe o lim fﬂ (x), erau amom npedes Ka [a, &) rywecmeyem (u daxce ecau smom npe-
-0

Pea cyupecmeyem na [a, b] amup nosmu écrody).

AvadorHykble onpefdeneHHd H TeopeMbl CNPABEANHBH R QNA  H3IMEDHMLIX  DYRKUHE
!(xl, Xgr am xn), onpeReACHHEIX Ha NPOCTPAaUCTEe TOREK {xl, Xy, ven .xn), AONYCKaKIeM onpe-
pencuue Mepw JleGera.

4.6-15. Hurerpan Jlefera (cMm. Takxe nn. 4.6-1 u 4.6-2).

{a) Uurerpan Jlefera o1 orpaHuyen ol byskudu. Ilyers
neficTBATENbHAR byukiua y=f (x) usmepuma um ozpanuveHa HKa OrpaHAYCHHOM
nurepsajie [a, &) ¥ A H B —CoOTBETCTBEHHO £ HHMHAA H BepXHAH TOUHHE rpa-
HHEH. PazofeeM uuTepsan [A, B], conepxaulHii MHOMeCTBO 3HaYeHHH QYHKUHH
f(x) ma [a, b], Ha a yacTen:

A= <t <y <... < Yp=25, (4.6-38)

W 0003Ha¥AM 4epPe3 S; MHOMECTBO TO4YeK x HHTepBania [a, b), B KOTOPHX gy ;<<
<< f(x) <y Cocrapum gpe cyMMH (uameepoavhse cysun Jebezn):

2 amlS) v 3 ymiS)

=] =l

Ofe UnME2PAALHBIE CYMMB CIPEMAMCA K OOHOMY U momy Me npedery, ne el
cauemy om goifopa sMawenud y;, ecAl mMoabKo Kauboabwias t3 pasocmed gi—tiy
cmpemumen & Kyao. Yueao

n b
I=  lm D% vim [Si={f (0 dx (4.6-39)
1

max(yi——y!_ﬂ—oog____ a

ecTn onpepencuutafi WaTerpan of ysxumm f(¥) 0o HWTEpsANy [a, £] B CMmCH®
Jlebera (unterpan JleBera).

3r0 onpeigNeniie O3HAYAET, 4TO, KAKOBO Gbl HH GBIAO MONOKHTENEHOS QHCIO &,
MOMHO YK33aTh Taxoe 4uc1o § >0, 970 npu AGoM pasGHeHdH WHrepBaia (A, Bl
Ha YacTH TaKHe, UTO MaX (y; —yi_y) << &, OyayT cnpaBenJHBal HepPaBeHCTBa

n

I~ piam[S]
i=1

<& h

1]
=3 pim [s,-;‘<a.
=1 |
4 3HASHT, H HEPABEHCTRO

‘ IF—E qim{slli<as

i==1

1} Gyukuua f{x) Momer Gurn onpegencka da [a, &) Be scioAy, 8 AUWL NOYTH BCIOAYs

4,6-186, 46. UHTECPANB W HHTETPHPOBAHMHE 125

PRE Gy €= W =5 Ui (uarerpan Jlefera MOXHO OOPCACABTL B KAK NPefe] CyMMu

2"] Ty M [Sl])
=1

(b} Huterpan JleGera oT BeorparnMeAnol byakaru. Ecm
dynxuna f {x) usMepHmMa N He OrpaHMuCHA A OrpanHueHHOM HMTepBade f{a, b,
10 ieTerpaa Jiebera ONpeneNnerca KAk

b b b
éf (x)dx=A_1:nlw§fA ) dx+B_l:Tm§fB (3) dx,

rae
0, ecauw f{x)=z0,

falry=1 f(x), ecam O <Cf(x)=cA,
A, ecnu f(x) > A;
0, edéas f(x)=0,
fgix)=1 f{x), ecam 0>/ (x)=8,
B, ecan f{x)<IB.

(4.6-40)

b
Ecnd RATECpaa Sf(x) dx cywmecteyer, 10 $pyuxuusa f(x) unterpupyema no Jlebery

a
[cymmupyema) na Wntepsane [a, b)
{c) UsTterpan JleGera no Heorpananennum HETEpBaAnaM

Ecap ans scex X >0 cymecTByeT HHTErpan Sf(x) dx, T0 uuterpan JieGera
aQ

-+ o
§ 1 () dx onpesenserca ycnosuex
‘ + oo X, X,
§ e Nim § h+ um j fs () d,
roe
fy ()l N O f) =<0,
1= ), com f0>0,
{4.6-41)
0, ecan f(x)=0,
f mc{ Fx), ecau f(x)<0.
] 4o
Hxurerpan S F(x)dx onpepenneTca aHANOrHYHO, & BHTETpan S f{x) dx — papen-

— —o
CTBCM  (4) Ba c1p. 116,

i Hueterpen Jlebera no To9e9noMy MHoXecTey Kpasrtema
¥nterpaam JeGere Hurerpaa Jicbera I!(x)dx N0 APOUIRONLHOMY HIMEDHMAMY

5
MRomecrey Toqex § onpeAcanercd O3 H3IMERCHAA TAK Me, Kak uw p nn 4.6-15 8 & b. Kpar-
HuR unrterpan Jiefiera nNo 06AacTE AME HIMEPHMOMY MUQWECTY TOUEK {x!. Ky, s .rﬂ) gnpeé«

AEAfieTeR AlbApOrH9HO.

{e) CymecTsoBaHuRe R ceoficTea HRTerpana JleGera, Cpas-
Heuye ywrerpaas JeGera B purterpaia Pumasa Koxdea
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O2PARUMENHOS LOMEDUMAR DUHKAYUR HO A0DOM OZDQHUMEHNOM ULIMEpUMOM MHONECITSE
CYMMUDYEMA, DPYNKYUR, CYMMUDYERGR HA UIMEPUMOM MHoXecmae S, cyMMupyema
U HE KQHOOM UIMEDUMOR 820 NOJMHONCECMEE,

Ha onpegenenui nn. 4.56-15 a, b, ¢ # d coenver, gt0 unmezpaa Jlebeza

S F(x) dx cyiecrmsyem & mom U moAbKD § MOM CALMAL, €0 CYUECTBYEM UHMEZPOA

3
Jebeza §|f(x)]dx. Ecan nobold cobomsenns] uau  wecobemsennoil, npocmol uau

xpamawii tameapar Pumano  cywecmsyem & cmsicas  abcomomuoli  cxodumocmt
(n. 4.6-2, a)), mo coomsemcmayrowuld unmezpan Jebeea cyuecmayem u  pasen
unmezpary Pumana,

Teopesvs iz mabs. 4.6-1 8 no, 4.6-5 5 4.7-1, ¢, d onpasedausnt u Das uAmes
epaaa Jiebeaa,

AR Kawdoze KOHEMHOZ0 HAN CNENTHOZ0 MADICLCHIGE NONGPHO REREDECERIHOUUYCR UIMP=
PUMNE WHOHECTES 51, S¢, .

| fizy dees [ dx+ [ Jnadx+ ..., “.642)
S US:0 .. Sy S,

Al URmEpAAM cylermseyom. Hamezpar Jiebeza no awloMy mromecmay (aefezon0d) meph
HyfAv DOSEN HEAR,

Bamenanne JieberopcHot HRTETPHEPOBAHRS APBMEARAMO K Sogee ofmemy KJIaccy
pYRKUME, uYeM PAMAROBCKOE HHTEFDAPOB2HAE, H YNPOUAST JOPMYNHPOBKE MHOFHX TeopeM.
MHOTHe TeopeMmbl, DRCKAAGHHLIE B TEPMEHAX WATerpana JleGera, HenocpefcTBEHAO NPAMEHHMA
K BOCOMIOTHO CXONSIKEMCR HecOBCTRRER M HHTErpEnaM PruMana (cm. Takie nn, 4.5-16 1 4.8-4, b),

4.0-16. TeopeMul O CXCUAMMOCTH (TEOPEMbl O NEMPELPRBHOCTH; CM. Takwe T, 12.5-1)

(a) Ecau nocaedosameannocms gynrgud S, {x), $1(x), §; (1), ... Kawdax u3a xomopwx
DIPQHUNERT U UHMEZDUPYEME § CMNCAE PUuMANG KA oapauuwex;:os unmepeae [a, &), pasro-

aepno cxodumes na [a, B] x dyrxgan 8 (x), mo rpedex 1Im j's_..1 {x) dx cywecmayem u pases
- O a
&
wmsapuayj 5 (x) dx.

a
(i Cregyoman Somee oSMaR Teopesa GOPMYARPYETCR ¢CNEUBATLAC ENA HHTerpala Jlefie-
ra: nayoms s, (), 50 (x), s {X), ... U sesmputometenad GurquR spagreHuR A L) CHMMUPYEMD
HO UIMEDUMON MHONECMBE S‘, K NytTh f 8q (X) ! A (&) npu scex 0 u npu noumit seex x € 8

(n. 4.6-14, b). Tozda us moean, wno Ilm s, (x) =5 (X) Az nowmu ecex x € S, caedyem, wmo
n—+ o

apedea Wm [ s, (%) dx cpecmayem u pasen [ 8 (x) dx (meopexsa cxodumocmu Jebeea; CM.
o= ol 5 5

vakke m 4.8-4, b,

4.6-17. Harerpan CTAaTheca.

(a) WEterpaa Pumana—Crrartoeca Harerpan Pymana—Craarseca
ot diyuKuds f(x) ¢ waterpupyiomied Qynkined g (x} no ceposimiennomy LRmMEpaaay
la, b] mo onpeienenkIo eCTh

b m
1) dg ()= Iim DR g—g iyl (4649
a max (xy—xf_ ) =0/
rag
O=1Xq < X < X3 << c0r <L Xy =0

4 OTMeTEM, YTO $YRAKRAR | g .

= 1N 2 A
f&):ﬁ(){‘ﬂﬂ;—,):h&ln-ﬁ—- T cos 5

B¢ CYMWEpYEMA B4 EETepdane (0, 1), HeCMOTPA Ha 10, 5T0 mecofcTPeHEmA BRTerpaa Pumana

1 !
JFmax= _1m [ (0 ds=sial
o X405

CcymeTTayeT,

4 8-17. 4.6. UBTETPAAB U HHTEMPHPOBAHHE 127

8 Xy == &<t xy (00 onpelenenun npexesa om. n. 4.6-1). Fcau g (x) — gyrxyus
czpauudennol sapuagtte (n. 4.4-8, b), a f(x)—nenpeposnos dynxyun ua (4, 6],
mo npeden (43) cywecmeyen.

Hecoterenunie wnrerpana Pruvana — CTuATbECA ONpeledfioTcd, Kak K B ol
4.6-2.

by Hrterpaan Mebera—~Crunrbeca Kaxian dyHKunn £ (x), Rey6upaimsa a
Herpe; ?1335331:365119333 (M. 4.4-7, b) Ha Orpaunneiion EKRTeppeae (¢, b], ¢ DOMOWILK COOTHO-
meln 3, H

Mlo<zxpi=g{P) —2() @< a<p<h), {4.6.44)

rae B KBAAPATHEX CKOOKAX YKA3aHO MHOWECTBO 3HAUERAR X, onpefenneT Mepy (mepy JleGera—
Cruarbeca) M [S] waixporo GopeqeBckoro muomecTsa (m. 4.6-14, b) Ba uuTepsane [a, b]-
OTMETHM, 49TO

Mo <Bl=aB—gla—0), Mla<x<B)=g(h—0—&(m,
Mo<x<Bl=8@R—0—gie—0), Mr=cl=gio—ga—D(a<a<p<s. }
H.6-45)

Ormnpapassce 0T uespu JleGera—CTuATbeca OFpaHyYea NN RATEPBANOD 1O cnocoly n. 4.6-14, a,
BponAT mepy M [5] JleGera—CruaTheca MpOMIBONLHATC MIMEPHMOrD MHOMECTBA K2k oflee
spayenAc BHYTPeRACR ¥ pHelWHed Mepal.

Ecsin 2anana $YHROWA y==f{x), orpannuenHas M HamepHMad Ha MHTepRane [a, 4], 10
AuTerpan JieGera—Cruateeca no [a, 4] oF Gyuunux f(x) ¢ xHTerpupyowed dyuxoued ¢ (x)
0o OTpeneAeHiD ecTh

& m
[findein = Hm S M [S§; i4.6-46)
a max(yf_yi—i)_'ofc}:l L

LA% OPORABOABACro pasliAeHna (38) uutepsana, COREPRCAErD MROMECTRBO IHAUEMHA GYHXUHA
fixy: S‘; 2 31ech eCThL MAQWeCTEC 3HAYEBHA I, B XOTOPMX g __ ) < f(x) e‘:;yj (ol onpenene-
A4 npenena <M. n. 4.6-15, a).

uierpasi Jlebera—CrBATheca OT OTPAHHYERHOR HAR HEOrPANAYERHOR dYHKOAH f {x) no
MoGomy MIMEPHMOMY MHOMECTBY MOMHO TeNeps ONPeRSAHTH No cnocody nn. 4 6-15, b, ¢ w d
fpeangaaran, wre YHMUHA £ (x) OrpaEHueHa Ha KOKIOM PaC<MATDEBIEMOM OTDaHHAEERGM
WioxecTae. B MAoromepuHoM cayuae GyHHUNS € {X) saMeHseTcH DyRKuHef, reylinpawner ne
RautgOMy apryMenTy. QHAY, Adsee, NPHMEHAR PaACHCTRG (48]!1’ X CYMME ABYX MOHOTOHHWX

Pyuxupf (m. 4.4-5, b}, copeaeants Anrerpan Jefera—CTHATnECE f f (x) 4 (x) ¢ moBoRt wuTers

a
Prpywoniest dyHHnneR £ (x) OrpakHeeHHOR RapRAuURA. Ecau urmezpeas Pumana — Cmiampeca
?wamgem ¢ capicae aficaomnod CXGORMOCTU, MO CODMeEMemSyulil unmeepar Jlebesq—
MUATIBECG EMY pOsEN.

(¢) Ceofictsa RaTerpana CTAATbeca (oM, Takke Tabn 4.6-1).
Ecan {a, b) —OrpaHHYeHHbit HAK AeorpaBAveHAL HHTepBAN, AN KoToporo
CYWeCTBYOT pacCMATpPHBAeMble HHTECpanbl, TO

& a & [4 b
5fdg=—§fdgl). $idg={iag+17de. (4.6-47)

b b ] b & b
SGith) dg={Fdg+{hds  §fd@te)=rdz4-{7des (4.6-48)

b b L)
Yandg={id@n=afid, (4.6-49)
a a &

b b

Sfdg=fg[: - Veat {4.6-50)

a i

'-\—-_.__-_—
% Cu. cvocxy ma orp. Lid,



128 TN 4 NUQOEPEMUUMAALHOE f HHTEMPAALHOE HCUHCAEHHE  4.6-18
Ecau g (x)— neyboigaouias ¢yhxyus wa (2, 0), mo
]E;‘dg|éfj’mdg (a = b). (4.6-51)
a a
Ecau g (x) — neybosarowar ynxqunt u f(x) =< F (x) ua (o, b), mo
?fdgsing (0= b). (4.6-52)
a &

Hurerpanst CTRATHECA 4aCcTO HMEXT <CHATARNHBIEY CMbICN (KPHBOMKHERHHE
HHTerpafhl, WKTErPaAsl MO TIOBePXHOCTH, N0 0GbeMY; HHTErpansl no pacrnpeiede-
HHED MacChl, 3apRAa u BepoaTyoctu, n. 18.3-6). Jamemun, wmo usmeepar Cmusmp-
2Ca § KONECIMGE HOCMMOLL CAYUGEE BKAIOYIEM & CEOR GOLMHNE UNMEZPAAN U CYMMBL

b b
(Fdgio=\fx g (x)dx, (4.6-53)
ecan GYHKUHA g (x) HempephisHO Hudwpepenuupyema ra (2, 6) ®
e 0, ecan x << 0,
Zk,’(k}=_§mf(x)dzkuﬂ (x~k>[a_ (ry= {]_ o 0], (4.6-54)

4.6-18. Caeprku. CoepTaa CraaTeeca ARYX dbywkunil f (X} n € (x} 1o KHTepsaay (a, b
&cth o GNPeAcneHRIO HytKiuua
b b
vo=fit—ndgw= fgu—xdw {4.6-56)
[+ a

FAR sceX SHAUCHHA F, AAA KOTODHX STH LEA EATErpana cyil.{ec‘raylo'r A panNe. Kaaccuuecxas
cBEpTHa f () ¥ £ (£) no (2, &) nogeldumm Ke OfpasoM Onpegeatercs Kak

& &

TOS[ft—nemwa=et~-nfmdz
a a

B sateparype E (35) A {56) 2acT0 DpocTe RasuWBAOT eepmixod GYAKONR f (v m g (0 Do (a, b}

{4.6-56)

B oSy 43 sTEX QYEXIHR (55) u {66} oboadaqaoT camaanox [ % & uas F ¥ & Tounui cuped

a
OSHUHG OYERANCE HI KOHTEKCTa (oM. Taiowe nm. 4.11-5, 8.3-1, 8.3-3 u 18.57).
Ecord HMeloT MeCTo paneHcTaa (55) u (66, ro

ERTSI XL IR EXDSU XD XS R %A [ RBTH=IXE4 T XA (4.6-5M)
pa ¢ == — o0 B/RAR b= 00, erdAu uAMespaant cpuiecmloyom, mo p (67 cnpa-
ded pueed,
Caepraa AEYX KOREYHHMX WAR JeCROHEANMX NOCALACRaTeARHOCTeR & (§), 4 (1), a (2), ... H
&0, &), b (), ... CT NOCASADDATENLHOCTE
¢=0 1,2 .. (4.6-58)

axb=Yal—mow
k

4.6-19. HepaaencTsa MuuxoecKkero ® Teasaepa.
(a) Ecau (@, b) — 0ZpANUYLCRNDIT UAW HEdzpanuNenumd uamepsas, Jan Xomopoey UNMES
pasnl ¢ apasoll waemy cpEomeIOm, mo

b Lip & Lip t Lip
Jihh+tode| <\fifhiPag| +[[th1Pag 4.6-59)
-l 2
(1 & p << - o0} (nepasencmao M unxosckozo],
b ] Lip[& (o — Lijp
|Jhfidg]=<|f11cPae [11aplle =Y ag
Q a
{1 < p <+ o) (Hepasencmse "eandepa), (4.6-600

11, 47 TEOPEMM O CPELHEM SHAYEHWH 29

9vH HeP3BEHCTAA CITPASEAAHBE], P RACTHOCTH, LA OOLINHWX HHTerpanos Pawaps 8 JleGera A,
Gomee offillQ, OAR MHOTOMEDHNE AHTerpados. llpo o = £

- I
WAeTCA B HepaseHcmio Koy « Hisapya 115.2-3) %
(%) M3 nepasencre (59) 1 (60) BRITEKAIOT COOTSRTCTBY!OMIME WBPAREACTBA ANR CYMM H ANA
CXOLAMKXCA BECKOHSURINK DRAOR. ECau CyMMu ernpasa CyhsCmg o, MO

= 2 Aepaseuctmo (601 dpeeps.

[E e 40 Ip]“P &[E 194 :p]““’+[2 ) e 1P)1P (4651
2 R &
(15 5 < + o) Inepaarnemee Muonxoscxozo),
2"*“'5 [Zrak i”]”" [EI’% jpie — b ]“’ = hiz .66
& & ® ’

(1 p < 4 o) [(vepasenced [eandepa).
flpn p -.=-~’°:--l--=-2 HepaBRHCTEO (B2) UpedpamaeTcA B HepaBeHCTan Kowy — 5YNAKOSCK 020
fco, Takwe a, 1, 3-0y

4.7. TEOPEMb! O CPEAHEM 3HAYEHHHM. PACKPBLITUE
HEONPEAEAEHHOCTEA. TEOPEMBI BEAEPIITPACCA O NPHENHKEHUH

4.7-1. Teopemw o cpeaHem JHaueHMH (CM. TaKiKe Q. 4.10-4), Huxecaeayw-
HE TeOPeMsl NOJ23HG AAA OUEHKH 3HAYEHHA W (PenenoB HSHCTBHTENLHHIX YHK-
0uA, NPOKIBOAHLIX H KETErpance.

() Ecau @ynxyur [ (x) nenpeposna wa (6, b] u dupgepengupyema ra (4, b}
mo ¢ unmepsase {(a, b) cyuwiecmayem makoe uucro X, wno

F(o)—Fla)ml’ (X} (b=—a) {4.7-1)
(meopexa Jlazpanwa, meopema o ongwnom npupaweryu). Yncap X aacto sanw

CHBAICT B Bpde X==o-+8(b—a) (0 <8 <1). Ilpn F{a) ==/ (b) 31a TEOpPexa Ha-
SuiBaeTCH meopemod Poaad (cM. Takoke n. 1.6-B, e).

Beau oynrqun [ (£, x,,... , X ) menpeprena Apu o, = x, =y u Juddepenutipyens npu

QK Kby =1, 2 L n), Mo Cyuwcmeyem wabop moxux wuced X, Ky oom Xy wmo
ath"{bt =l 2, va, MYy
% of
H flud 2
(Op bp o by~ T2y @y . a )= Z 5, L 1= (4.7 -2
t=1 1 e nre g

b Ecau 1) Pyacuun u (1) a v (xr qenpepsiona wa (a, 8], B o {6) £ o (@) g 3) apoussod
Hble u' () u O°(X) cgemayom o qumepatize (4, 61 & 00NOSPERENNT NE OBPAIRADITES b,
MO ¢ uninapaqas (G, {1 CHURCTIAYEM MaXot HUcAD 5(, Yo ? " g e

a b)) —uia u’ (X

T~ @ P n WS

fMespena Kowy).

(<) Ecau ynnyus f (x) nenpepmena na |a, bj, mo & unmepsare {a, b) cyweem-
eyem maxoe wucao X, umo

b
Sf(r] dx=} {X) (b ~a). (4.7-4)
[

(@) Ecau dynryuu |(x) n g{x) nenpeppisus #2 |a, B] 4 g (+) =0 xa [a, b|
‘(‘fw“ g(x) <0 ua (a, b]). mo & uamepsase (a, b) cyueclneye%t masos wucto X,

b ]
§rwamaca=tx) §g s (4.7-5)
e U a a

L
B
uxx“::“or:ﬁwecrseuuon AWTEPATYPS FTO MSPABSHCTED HAINEBAOT HepaBeucTaOoM Kowa — By-

b Cipancarmm no maremarmne



120 . . NUOSESEHUHARBHOE 1 HHTECPAJILHOE WCUMCIEHHE  4.7-2,

Ecap crpnxyun [ (x) u 2 (X} HENpEpUERE Ha [a, &) u pynkyua £ (x) & SMOX uxmepaose

He gospacmag (AN ke ybwgaem}, mo 6 UHmEpsdle {g. by cyuecmeyen RaKoe wucdo A, &g
b A &
{fmewarme@ iwaxtre® [ .76
a G X
Ecau, xpome moze, §{x) =0 na (4, b}, Mo ¢ uRMEpeaie (a, b) cyuiecmeayem maxoe ducao X, 4mo
X
b £142) S f(xy dx, ecan g (x) He BOSRACTAET,
" d
5 Iy gix) dx= 4.7-T
[}

b
g ib) ; f(x) dx, ecan g (x) ge yOmpaer.

4,7-9. PackpuiTHe ReonpeaencHnOcTed (NPHMepHW cM. B Taba. 4.7-1).
(a) Tlyers @ynxann [{x} suaa %'%:* wix) v x), [u@@'™ uix)—v (¥

0 oo o
B TONKE X == @ He ONpeaenena ¥ NPHRUMACT BUI -5, =, 0-co, 0, co?, 1% wan oo—oo.
Jvo sHauHT, 4TO f{x):m. e lim 4(x)=0 8 lim v{x)=0 B nepsoM
! uix) x—a Xx—a

cayqae; f(x)= ‘;—:’%, rae lim u(x) =o0 n lim v(x) =cc — 80O BTOPOM}
X—ad X
fey=ug (x) ©(x), rae lim u(x)==0 u lim v (x)=cOo—B TpeTbeM, B T. 1. TepMBH
X =i x—a 2
¢DACKPEITHE HEOTIPEACCRHOCTE /P C3HANEET, UTO OTHICKABAETCA NPEfed lim f (x). Ecmil

x—a
8TQT Tpeaed CYWSCTDYeT, TO 9aCT0 [0 ONpefeneniio MoAaraior f (@)= lim f(x)
X=d

Ta6bnaua 47-1
Hexoropsle 4acTo BCTpevaiouiHecs OpeReas (n. 4.7-2)

E3
—1
1Im (I+-l)n=e=2,7'|828_ Ilm (l.-i-x)]f‘ze, lim £—-;-—=|-n c, = O
Rty n =D =0
th
lim %=1, tm 30E L A e E e D e,
=01 =0 * x—=0 X x—=0 * =0 *
im 208% @ (— 0 < 0 < 4 ),
s e K
Hm Plhr= ldim xfinr= Hm 2£LiF=0 (a>0).
x—0- Z—too X—++4-00

(b) Cayuau 0/0 u aojeo. {lyems lim u (x)=1lim o (xy=0. Ecau cywecrnt=
X =4 X =
syem OKDeCMHOCMb MOuKU x=a, ¢ xomopod Apu x @ 1) v(x) 70 u 2) npouss
sodubie u' (¥) u ' (0) cywgemeyom u o' {x) 0, mo

L u' (%) .7-8
imgemng L i

ecan nipedea & mpagoid wacmu pasercmsa cywecmeyem (ApasuAo Jonumana).
Hyeme 1im u (x)= lim ¢ (x)= co. Ecau cywiecmsyem ORPECTIHOCIMb mosKi
X g X =t g

x=u, 8 xomopotl npit X 5&a npouseoduse u (x) u v° (x) cyuecmeylom u U’ (x) =0

4,841, 4.8. BECKOHEUHBIE PAJMIbI K MPOHIBEAEHUS 131

mo pasencmac (8) cnpagedaugo, ecan npedes & npuasofl uacmu MO0 PASEHOMER Cy-
wecmeyem {3Ta TCOPEMA TAKIKE Ha3nlBaeTcR npasuiom Sonumpas),

EcAu caMp omAowenle 2 ((;; npedcmasazem cobod  MeonpedesernOcms, TG yKa-
SaHHBIA METOL MOMKeT OHTh B CBOK OUepefb NPHMEHEH H K %:—:%, TaK 4TO
; [€3] u’ 1x) s u” (x)
lim 222 = jim E38) _ jjp 2.5 4,7-9
P L S < e g U] f ¢ )

9TOT MPOLECE, eCAH HeOSXOAEMO, MOXeT OHThH MPONCANEH H Aajblde,

() Canygaal-oo, 0 & I® u co—co. Bupamenna « (x) v (x), fu (x}}mm
B i (x) —v(x) ¢ NOMOWBIO KAKOro-AHGO B3 COOTHOICHHH

— 4 _ vin
u(x)f?{x}—"uu Wizt
VIX) = BT X) lngx __ o
[a (x}} =e [g (xy= Yol T Ynuixn)?
1

: (4.7-10}
—_—— —— drx
s —v () =" 28 =15 g (x) [g(r) E%r;:]

$::: , H TOTAZ K HHM CTAHOBATCA DPMMEHHMHMH

9acTo MOMXHO NPABECTH K BRIY
meroaw n. 4.7-2, b,

(d) Tlpy BLITHCAEERH TIPEAENOB HEOMAA OLBAST TOALIHO BOCOONB30BATECA
dopmyaoilt Teiknopa (n. 4.10-13,

{e) Metoam an. 4.7-2, 3, b, ¢ W d NPpAMEHEML H AAA OTWCKAHHA OOHo-
CHOPoHHUL  Hpedenss llmaf () B lim of (x) (o. 4.47), [lonssyrcy Tem, uro
L X—a— X g
lim f(xy= lim f{l/y}, aaxopAT lim f(x).
¥-boy - X =t~
. 12457;:;. Teopemu Befieprtpacca o upubmixenmn (cM. Takxe nn. 4.10-4, 4.11-7

h i1 g.{r:ma f (x)— Dedcmaumensnan GyaxyUA, RERPEPHEHAR HA DSPAAUSLHRON FOM-
Kuymon unmédpease [a, b). Toeda das kamdoeo 3adaHHOZ0 NOACMUMEALHDZ0 KUCAD B
(Maxcumym  nospeminocmu  npubaudcenus) cyugeomsyem maxod  Oeticmeumeabustil

n

HHoeouren P (x) = 2 apx®, umo |f ()~ P (x)| <& npu écex x < [a, B

k=0
2y 3¢ flgeme unsqus f(x) yOosremappsem donoanumencuosy ycaosuro f (b)) =
=f(a) u w=2n/(b—a). Toeda Haidemer maxoti delicmoumeapisul TPRATOROMETPU-
m

Seckuh mroroumen T (x)= D) (@ cos kwx+ By sin kox), wmo |[f{)—Tx)|<e
=0
npu secex x = [a, b).

i ARanoruvHue TEOPCMB! CHPABSAANEN M X187 dyRKuui ASYX M GOMBUIEro dHC/IA fepeMeH-

A Teopemw Befiepwrpacca ¢ NpROTEKEeHMM D03BOARIOT PAIAKTIHHE CBOACTBA HEMpepus-

vl DYHKUHA BWDOAMTL M3 COOTAETCTEYIOMIMX ¢BORCTE MHOTOUAEEOE HAH TPHIOROMETpHYEC-
MHOPORMRHOB.

4.8. BECKOHEMHBIE PAMbl, BECKOHEMHDLIE MPOH3BEAEHHA
H HENPEPLIBHBLIE APOEH

4.8-1. Becuongwubie prgkt. CxogumocTb (oM. Taxie R. 4.4-1). BeckoneuRmf
E“ﬂ Qo+ ay a4 ... AeACTBHTEMEHHX KAH KOMNASKCHMWX 9HCER (NJICHOS8) @, 81
2 - CKOAMTEA, €CAH NOCNBAOBATEARHOCTR Sp. 514 Szp «vx €70 HACTHMUHEIX CYMM
%3
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n

E,= Z dy KMeeT mnpegea §, T. € B TOM B TOABKQ B TOM CAy4ae, eC/n nocae-
k=0

AOBATENLHOCTE OCTATKOE Mpyp=S5—S$; CXORHTCA K Aymo. B srom cayvae s=

= lim 5, uA3NBARTCA CyMMOA DA, H DPASPELDALTCH DHCATH
R—=Co n

o
-t o+ a3 = E ap = lm ay== lim s, ==§. (4.8-1)
k=0 A= p=p 1~
Pan ap-} 0+ ay-+... (HeabxonnMo cxoasdmuficd) Baswsaercs aBoOAOTRO €XO-
RAwMMcH, ecan cxXopuTcs psA lagl-4-|ay [4-{ayi+4... Ecan pas xe cxopuTed, 10
OH HA3LBAETCA PAcCXOAAUIMMCH (OH pacxOmMTcs; M. Takke n. 4.8-6). B nn. 4.9-1
k 4,9-2 NPHBOAATCA HEKOTOPHE NPH3HAKH, TIO3ROJRIOUIAE HCCAEACBATD CXOIHMOCTh
S3JaHHOTG GECKONENHOFO PAAS
4.8-2. Papn ynxumii. PasHomepHas cxoawmocTs {cM, Takxke n. 4.4-4), Paa
DYHKIBR go (x) 4@, (x) 4y (x)4-... cXogATCA K Qynxuud (cysme) §({x) npu Kak-
AOM 3HAUEHHH x, NPH KOTOPOM
a

hm Z ap (x}= s{x).
A0 b
Pag pamnoMepno CXOAWTCA K S () ma wHowecTme S5 3HauenMil x, €cAH HA MHO-
mecrpe 5 K GyHKUMH $ (x) PABHOMEPHO CXOABTCH DOCAENOBATEABAGCTE €T0 YACTHI-
n

BHX CYMM 5, ()= 2 ap (x). B n. 4.9-2 npHBefens HeKOTOpHE NPA3IHAKH pas-
k=10
HOMEPHOR CXOAHMOCTH.
4.8-3. Onepauny Han CIOASMIWMMCH DARAMY,

oo oD
(8) Cromenxe n yMuoXeHnne 8a gvucno. Boau 2 ay B 2 by =
k=0 E=0

cxoduuecn pRou ¢ Gelocmsumephbimi LAY KOMAAEKCHEME yACHERY 4 & — Delicmau-
FEAGHOE LAL KOMNACKCHOE MUCAO, R0

oo o o ol o
52 ap+ Y] by= Zo(ak-f-b,), a 3 o= Y, aa. (4.8-2)
=0 K=

k=10 k=0 k=10

B kamdon a3 smux cAguaes U3 CXOGUMOCTIU HAU QECOMOMHOL Cx0DuMNOCTmIL PRG0S
8 AeBOll wACTU SHIMEKGEM CXOOUMOCTE LAY COOMOEMCMAERHE aboonomhad cx0dumocmb
pada ¢ npasod wacmu.

(b} TlepecTanoBKa uneHoB KOMMYTATMEHO cXOARWMACE PAn €CTb
DAN, XOTOPHA CXOAHTCH W WMEeT OARHY H Ty Xe CyMMy ApH mMobof nepectanoBKe
Erg QRCHOB, SMQ LMES WECTO & 7IOM I [MOAGKD ¢ IMOM CAywae, &cAd pad abeo-
Aomuo cxodumer., Kaxcdud pad, noagsaowuic’d 43 maxeed pada, ecAu w3 Heeo
SOPOCUME KOKue HEOORO ¢aekbl, MAKMe AbCOAKMAD cxodumes,

CaonawMRca, Ho He abSCOAWTAD CXOASDIAACA pAL RA3WBAETCA ¥CAORHO CXOAAUIHMER
Yaenbl Kawdocoe ycaosHo cxodsiuecocs pada © JedcmEurEApHblMy HAEHIMU KO KO NEDCCMASRME
maK, swmo: 1) ROCALODSNMEAbNOCTE 20 VACTMUNKBLY CyMM cmanem cxodumeca X dakiromy npeé
ey, 2) aocaed JBHOCME 20 %dC: BLX CifMM CaneM HEOZDAHUYEHHO €03pdcmame, 3) Aoc-
AeDOIAIMEABHOCTE €20 WACMUYHME CYMM CMAREM KeOZpaNUdenne potgams u 4) nocaedosameavs

HOCTTG €20 MACHIRNAVLE (MM CMAHEM XoaeOomurs sexcdy Ospxg AwOwMu axxeieu sucaamil
{meopema Pusdna

oo o0
(¢ Adsohnme paju. JAeoRuok paa E E a,,; CXORKTCA K § (MMeeT cyMMy
i=0k=0

m A
"‘IT}W r§0 kgo i
f — oo

§), echn
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(n. 4.4-5). Ormernm, gto

g g "ikii(ﬁmo a[,,)= E} (f} am). (4.8-3

(=0k=20 R=0 =0

ecar 808 mpu  pada cxo0amea  (meopeMa  [TpusiceedMa o cyMmMupOSGHUL o

anomiau U no cmpekas). B Q4CTHOCTH, eC/IH paceMaTpeBaeMuil HBoliHoA psa
o

[+ o
2 z djs CXORMTEH AGCOMOTHO, T. €. ECAH CXOAMTCH pRA Z Z |8, TO sTOT
im0 K=o {00

PAA HMEET OABY W TY Me CyMMY OpH 4000M ROPRAKE CYyMMHPOBAHHA.

o
(d) poussencune 15yx Geckonevnnusx paaos Ecy 3 a

w k==Q
u 2 by — alicoriomun  cxodfuyueca pAdK ¢ OelicmawmebHotin UAL KOMRABKCHALN L
& =()

[+=] <0
uachamu, mo deolinod pad Y . 0,6y ecmw abcoromuo cxodauubics pad ¢ cym-

f=0k=0
HOU 20 a,,)( z bg, .

k=0 )

Bonee obuo:

o o3 \ o] t
(E ﬂn) (kzo bsjw D 3 awbny (npasuo Kow), (4.84)

|- 3=} el k=0

ecau smu mpu pada cxodames,
4.8-4. Onepaums Han GecHOHEUHBMH PRAAMH BYHMUHA,
(B) CnoXeHde W YMHOMEHHKE HAOTPAHHUCHAYIO OY UK UH 0.
a2

[= =]
Ectu padm 2 ay (x) u Z by (x) cxodrmer poswomepro (0. 4.8-2) xa snoxcecman
k=0 £=0
S Bnguenud x, M0 pasHOKePHO HG MHOMeECTEE S CxodamLa 8 pAO

> lag 5} + by (x)] & D 90 a (x),
£=0 =0

e P (x) — RPOUIBOALHAR OEPARUKEHNAR HA S PyrKyuA.
(b} ITpexenn, HeMpepPWBHOCTL AHHTETPHPOBARRE {CM. TakKe

o
N 4.4:5). flyems pad 2 Gy (X) DOSHOMEPHG CXOOUMCA HG OZPANUGEHNOM OMKDbL-
k=0
MoM unmepsare (a, b), X=xy U x=x, —d8 A0bne mouxa 3Moeo unmepsara. Toeda

o o

L. lim a, (x)= lim ag(x),
=% kga - k-z——)o‘-"« )

ol o0

lim E Gy (X)= Z lim  a(x),

=X +0 "9 § =0 X—+Xa 0

o o

lim 2 0 (X)= 2 l'l:l oa;, (%) g

=X -Uop b0 S X
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ecaw mpu k=0, 1, 2, ... apuecmeyom coomsememeyouie  npedeatt
lim ap {x), lim  ag (z), iim a6y {x).
X=X xweXg+ 0 X 35— 0
fe =]

2. Cymma pada Y| Oy (x) HERPEpUIGHG & mOwWE X=X, ecAl & SMOd MONKE
k=0
HENDEPbIgEn KamOud waen pada ay (x).
oo

3. Psad Z ay () PagHOMEpRO CXODUMER HE SQHXHYMOM UHMEPSOAL [E RS

iy X o - ¢
f E ag () | dx= E j‘ak (x) dx,
Xo Lk =0 k=0 K,

ecar Kamlolil waer ay (x) renpepuised KA (x5, x;]. Ha caenakRux ApeAToNoXeHAN
BWTEKAET CXONMMOCTE DANIA B MPaBOK TacTy KBMAOTO HS 9THX PaBeiCTR.

HAaxecnelyouian TeopeMa (GOPMYSHDYeTeA C(NeuBanbio ANA uxmespasd Jebeza. OnRA
MOXET DPHMRHATLCA H K AQKHEM 006P230M CXOLSUIMMCE AecOSCTBERALM WHTErpeaaM PruaRa

o0
fem. Tanke 0. 4,6~16). Ecau pad E ap (%) QuHKyud, CpMMUDYEMHX HA (02PANUREHHOM
k=0
LLAH KEOIDOHUYENHOR) LIMEDUMROM MHONCeCMae {8 4QUmMyocmy, na ulmepsare) §, € i A HO §
nowmy scwdy, mo
[=+] o
S Nagtn |ax= 3 go* ) dx, 4.8-5)
SLAk=0 k=0

ECAL Cpuyecingyetnt n:m: deticmeumensnos wucao A (uag PyHEuRA A (X), CHMMUPpYeRAR HE S,
n. 4.6-1G}, wmie E ag {x) < A 3ag scex n u nowmy 048 6cex X € 5, 3aMeTM, S0 pAEHO-
MepEan cxoﬁ.uuog:l?e npeanosaraeTca, £
(¢}% Audpdepennuponanue [Iycms pad E ay (x] cxodumen no Kpalls
wed mepe @ odmold mouxe ¢ (a, b). Toedg, euukﬁz(;muaecaﬂm a, (x), a; &)
a0

a; (), . cyuecmeyom ra {a, &) u pad Z @, {X) PASHOMEDHO cxodumes & unmep-
k=0

oo
sase (a, b), mo pad 3 ag(x) cxodumes ¢ (a, b)u

k=0
L3 = Faw @<x<b). (4.8:6)
£=0 k=v

A.5-5. ¥aywwedns: OOAEMOCTH B CYMMHDOBAHHE DHADE, CyMMB HeNoTOPWX pRACE
(¢cM, Taxoxke mo. 7.7-4 ¥ 20.4-3).
{a) (Ipeo6pasosanue DMpuepea Ectu pad o seeod wacmu pascnimea

=] o

.
& Rﬁ 2,
E:(—- 141 dg = E {— 11 ﬁ, 4.8
E=0 E=0 2

cxodunica u pazromu r.\.kao anpedeArwmen, kax & n, 20.4-1, 2, Mo sMo pasencmeo (npoged-
Augo. P8J B Dpabof YacTH DBBEHCTBA YACTO CXOABTCA CLICTDER, SeM DA CACEA.

4.8-3. 4.8. BECKOHEUHBIE PSB! H NPOMIBEIEHMY 135

(M Tpeodpazceanpge Kyvwmepa Eoiu 61y casdruinca pados

=] o
3= Zﬂk 4 &= Ebk

=y b=
cpukecmaysm dgedea y s=lim(a, /b ) %0, 0
=00
o2 on b
§ = ap = yS 4+ -y E
Dea=w+ 3 1=y 8o w8
k=1 F=0 -]

Ecna cyMms § migecTea, 1o npeotpaios
. auKe Kywsepa MoM2T OKa3aTbeR Noneagul
THCMOBRX GMKAagfLax, 4 P henn GocaiiL

5 rabnnue 4.8-1 NPHBEOLHL CYMMB HEKOTODBIX HHCADEHX DA a n
TACTALE TAKOrD poRa ¢ B (4.6 Y H Rasos (RIMRATS Thmgcmme
Tabaunuua 4.8-1
Cymmn HEXOTOPLIX YACAOBMX pAfOR

-+ i L=e I+ v (—“k 1
L o5 IR
k=1 k=1
Sl - &
14 — eoht =h" _
i = L 3 T = e
b=l k)
i L=t =0t
@e—mr — Cr =Ty =L
= =1
[+v] o w0
2 I____ﬂ'_z | o Z (- e+l
PRl el -1
Py} Py (22 1 ! & 2
o o o
5 i Lz L
50 PR T 29'9'3?0'
ksl Roem | 4 Py’
- el = o
Zﬂ-mz i il Et-n"" w
& -1 [ 2k — Df 32"~
R oum | | k=1
oo | o i
1
2 k4 Iy -1 2% 1 2k o | 2 ——l—"“——'=§|
- +h 2 (e—D4+D 4
= P
) ) i o6
1 1
2 YT E S IR R Fe+ Do mmr LR
kel by |
)
y 1 1
ZJ aF - T—o |a!1<C1 (Becxonenno ybusawuman reoMeTpuneckas mporpeccus)
k==l

a0
i dopMyna cyMMApOBABER flyaccona. Ecau pad Z f(?nk_—;-n

& 5= e 00
Pasio, G .
fox ;@f’ﬁ‘ ‘ﬂfo?:omcn Na ummepease 0=t <IN X dynryuu, pairgedowedc’ o pad Dypes
el | T -
E f(nk = == 2 S Fin e~ 177 g3, (+.8-9
t=—o A —o0 —ob

Y018 wamigepat 3 npeod <acma paIHomsa CyLgECisyent.



1% ra. 4. ORGEEPEHUMANBAGE H WHTETPANBHOE WCUWCAEHUE 4.8-8,

ty Copmyas cyMMEPOBaRRSA Shaepa-—-Maxaopeha. Ecau npoussod-
wag FIM 42 1) cpmeemayem u xenpepuonc npu 0L X = A, me

. A

0 i tm
sz=§ gy YOI
£=0

mog nB
Cak koL o pEETL) DM AMET) (g
+ kZi gor U () — F 0+ ot

ma=1L12_..7 08T, 4.8-100

20 B — wucan Bepuyasu, onpedeazemue b o, 21.5-2,
dopuyna (10) wacTo no3pOAACT AaTh 3BMKHYTOR BHpAMEnue AAA NpUGIRMeHROD npegk-

4
CTEEMEHHA KOBEUHORA CYMMR E t (k) 4AB ODEACTSBATL €& B BRfZe (XQORWEroc? BAE ACAY-
k=10 :
cropatmeroca {n. 4.8-6, a) pana Ora $OpMYTA NPUMEHAETCH TaKMe ADR FULAEBHOrO 2aTEr PR

7 20.7-2, «). 3
Dosa’g’méﬂm Cnenw](;mue GopMyAH AT CYMWM CNEUMpAbBOrD BKAS (RAcTHNE CIyuaH STHE

opMyn ophpezens B 0. 1.2-8 8 Taba. 4.8-5)

n N
[ A Nyl—k .8
Saverh B haetn e
k=] bom ]
fl 2N
(R vl PRARG . ol ¢.8-12)
Z 2R T ENYI N,
k=1
© mprtt e NFLEIN=L gy 2N s
2 N T 2N
it F “.8-13)
i f (—I)N +I m?N'_n 2V Bon
L]
2N 22 ! ‘
k=1 2e—10
= ¥N=1,2...
B dm&‘;y?;:‘\:a ,ta en s, CReAyOwaR ReMMa WEOFNA OXaeuB3ETCA MOTEaRoR ANA OOERKR
QECTHMHEX CymM. JTIgcms nocArG0eame onotme Oy, Ay Qay -+ o ACIONCUMEALADT aedimsumxa-
HOLT WUCEA YOORKEMNGOPALT) LCADSHAM Uy 2 0y = 0y 2. .. QR Z. ., Torma @S = Z “k"kﬁ
k=0
=S, S uS —~¢ HHO HERMNENIIAR O RQUOOALIOR CCAUNUNE UF 1L ACO0I0MEAD=
r
HOCAUL Sl MM E a, npu r =0, L% ...
k=0

n

Creone cagayer, 9TO €CNH 4AR MOGOrQ A CrpRBEIAMEN HepaBouCTEA M = E ok&fd .
k=10

n
W oM = Z ukakﬁqu‘ Takxe aas moboro o,
=0

4.8-6. Pacxopsumecs OGeckoHenmwe pRam (cM. [4.2], T. 11, ra. XI1, § 6L
(3) MonycxoanMocTy Pacxoamumnicd pad do~-ds g4 ... MOXET EWTH
NONE3eR LAA NPRONEKEHAS DEAATHHLL S, €CIH AGCOMOTILAR NOFPEKIBACTL [§ —5,| =
i
=|5— z ay|, Apesne aew BROBL HaAMHAET BO3pACraTe, YOWBAET A0 HEKOTOPO-
-0
™ no—:T;-roqno M2JOFC MAHHMYMa, AOCTMFAENMOTO NpY ODPEeNIEHBOM SHAUEHUH fi
HOMEPE f1 {MOAYCXOMALUMACA pRA}.
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n
Ecau TpR 9T0M NOCAEAOBaTE/NbHEE 9aCTBIHEE CYMMb! Z g DOU%EpEAHD TO
k=0
foNplie, TO MEHLIUE BEJAHUMRBLL §, TO PAJ Ha3uBaerca ofeeprmeawmum, Coceznne
GaeHN TAKOTG PAAa o023aTENLHO HMEIOT [ailue IHBRH {Inaxouspedomuics pAg),
o

() AchmMOToTHuecRhe pRAb, Pacxorammfica pagn Z (%) €cTE

k=0
ACHMATOTHUECKHA pag, ONHMCHBAOWMA nomexedHe QyukMu f(x) npE x—x,
[=1]
{tflx)~ E ay(x) NpH x —+xg), €CAM CYLWECTBYET Takod Howep A, 9T0 OpR Mo
k=10
60n (PEKCHpPOBAHHOM 12> N
L]
; 1
lim: e i E = :
Reelf By T Fx) ay(x} | =0 {4.8-14)
=10
oo
Pacyoanmufica pah 2 aglx) €CTb ACHMNTOTWYECKHA pgPa, ONWCHBAWMME
b =0
[+ ]
nopenenne GyHxikn f {x) npn x —»-+co {f (x) ~ Z a,(x) npn x — -}-ooc}, echH Cy-
k=0

wecTeyeT TeKoH womep N, 910 Opu AwGoM GUKCHpOBARHOM a 2> N

Hm x| fix)— apix) |=0. {4.8-15)
ot } #Z‘,o £ {x)

AcpMnToTHuecKRM{l PAA AdeT NOAYCXOLAUIMECS NpHOAMKeHnd dynxuunr [(r), vpr-
GEM NPH X — ko BAH X — -} OO HOMEP Ry — 0O (CM. TaKMe AN, 4.4-3 1 8.4.9).

fe}] CywMMHpOoBaHRE CPENHHMHE 3pndMeTAqeCcxnun CXoA5MWACH

RAX PECXCARMKACE PRA dg =+ dy -+ Gy 4 .. . CYMMEDYEM CDCARMMH ARUPMET REECHHMM (CYM-
MHDYEM N0 weTOAY Yeadpo cptAHMME NEPEOTO DOPAAKE, CYMMHpYe™ C,, cymmupyem IC, 1)
X ("CYMMEe S, BCAM NOCABZOBATRABHOCTE O, 0Os, Oy, -+ - CPEAHMX BPBPNETHRECKHE

n— L
|
Sy = r 2 g (rne Sp= E a,) cxomrres K S; Kowdoid cxodawulcr pai cysxmu-

k=0 =0
PREM cpednnau  GPUGMEMURICKUME B 51 = 5 PR £ n0A0MLINEACHSLNU YAPHIRU M MU DYeM
Cpﬂznuuu GPUBMEMUMEEKUMI & MOM U MOABKO & MON CAyHaE, ECAU OH CXOOUMCR (CM. TaKme
i 1¥-7Y,

4.8-7. Beckoneunble NPOHIBEACHHA.
(2) Beckopeuynoe npoHIBEAEHHE

o0
(1-fagd (l4a){ttay..= H (14-a4)
=0

RefCTBYTEALAKX  HAH KOMNJAEKCHBIX MRowuTeRef ! 4-ap, 0 CxOAWTCA K wACAY

o
D=H {1 +-a5) #0 (3payennio GECKOMEYHOIO RPOHIBEIEHKA), eCchx
F=0

lim TI 0+ad=0

A= Q0 o
o
3M0 umeem MECMO & MOM U MOASKO 6 MOM CAyuae, ecAu pRO 2 1n{) 4 ap) cxodumen
b=
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L}

x oduony us smauennd In p (oMo 0. 21.2-10). Em“nimm H {1 4+ ag)=0,

k=10
TO FOBOPAT, 970 OECKOHETHOEC OpoH3BEAeHHE PACXORHTCA K HYAIO.
oo
{b} Beckonegiioe npoHIBCALHUL H u-f-ak] (HeofXO0AHMO CXOAMIEECA) CXOAKRTTH aGeos
=0
o2
JMOTRO, CCTA CXOIHTCA MpoHIncienue H (I+1aplh BaA amozo Reodxodumo 8 JocmamotHdy
k=0

o

HICA KOMMYTa-

wmobot abcotfomng cXOOUACR RO Z a,. Berkoneynoe npouseederus  CXOA]

k=0 n
THEHO (M. €. e20 IHGUENME Ne Basucum om nopAdxa MHONUMEALAY & MOM U MOALKO & MIOM
CALROE, FOME OHO CXOGUMER aGCO0MIe (CM. TAKMKE I 4.8.-3, b}
) © 3
(c) Becuoneguoe npodiBefenue I I [1+4 oF {x)] paBHOMEPHO CXOMKTCR Ra wEOWecTRe §
k=0

aHAGEHRA X, AAA KOTODWX DPH BCeX k BHAOAHARICA YCIORHE 1+ay x %0, ecnr OOCAEAOBEs

n
TeNLHOCTE QVAKUHD H {t4-ay (x}] paBHOMEQHO CROLHTCR Ha S K GYHKuMa, HE OPERHME«

k=0
wined Ha S apaqenna, paBHOre HyMO Mo, § LaCATHOCMU, WMEEH MECMIO, eCAd &g S paswno-

o
xepHO crxedumer  pRO E layix) .
k=0
4,6-8, Heopepwpswe (uenrse) Apobw. [lognelopaTenspHOCTh BHAR

a
Sp=1bp: 51=ba+%—:'. h=bo+_‘

ay "
b+ 7,
5= bo + ala sy (4.8.-16)
b, +_'a
byt 52
7
HAaIHBASTCH IOCMENOBSTENBHOCTEN, ONpelenmomed LARAYID MenpepHBHYIO apobs: n-A sHA-
MeaaTens pasen &,_ |4-a,ib,.
¥ CoxpaleRu0 HENDEPHRHEA Apole 00uWeHD 3aNHCHIBARTCA TAK!
a ay ay Un

be By 4 T B sk B o o

a

Ipobe —51 HEANBAIOT A-M cHox wenpepmpaod apods. Henpepspuan apofh HAIWBRETCH
A

XOMeUNODl, BCAM OHA HMEET KOWQUHOE YHCOAO 23BEKLER, B Gecxorewnod, ecnn OHa HMeeT HX

GECKOHEYADE HHLNO.

PasioWeHRe HEHOTODHX GYHKUHA D HENPEPHBHYIO APOCL CXORHTCA GHiCcTpee, veMm CGOT-
BETCTBYNOMICE pa3neIKenHe B CTenelnol pag, W cKazHBachf; nOoNeaHbM B HEKOTODRWX NPRAO=
WMENHAX {Pacuet SMACKTRMIURCKHX oeTefi; oM Taxke n 20.5-7h

¥ I!]pp wMep bl L[IPHBLASM [azfoXMeAHA HEKOTODHX GYHKUHA B HeODEePHBYYIO Apoln
{cRefyeT KMeTh B BUAY, YO TaHOE PadAocMenHe He eHHCTBENAOG)

‘x"]""ix_—g’+%‘-'%+'%—...~%+2n{|-;«-...“
=‘=—_':|("+'§-_%+ + ;-—Enil-!-.. e e
Y S b T B,
tzx=-';-__ —’—g—_ -§-__“_2—;%_m (x Fa/2 4 k),
eretg x = - L At (—oa<Co) ¥

L4 34 6 4.t 2ap104..
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4.9, IPH3HAKH CXOAHMMOCTH U PABHOMEPHOH CXOJHMOCTH
GECKOHEYHBIX PAAOB U HECOBCTBEHHBIX WHTEMPANOB

4.9-1. TpusHaku cxopumocTH Geckoreynbix paaes (n. 4,8-[).

() HeoSxonmumoe ¥ MOCTATONHOE YCNOBHC CXOAHMMOCTH.
TTocredosamesnocme GelicmaNUMEREHX UAY  KDMILIEKCNOLX HLCEA 85, 81, $g. ... (Ha-
NIPEMEP, MOCAeQUSIMEABHOCHS YACMUSHNX cymM  MeRomopozo pada, n. 4.8-1) cxo-
JumeR 8 MOM U MOABKS & oM CALYHAEL, ol aﬁfi KGJIC(}OZO HOAORCUMEAEKO20 HUCHT &
cywpeemayemt macold Hoxep N, wmo w3 m>> N u n >N casdyem |, — 8y <<
(xpumnepud Koutu crodumocmu nocacdosamersHocmell uau pados).

(b} ITpaswakn CXOAHMODCGTY PAJACD C NMOJNOMKHTENbHHEMER
9AeHAMH (3TH ADH3HAKY AOAE3HB H Kak npusdaxu aboomomuot cxodumocmy
PASOB ¢ OPOH3BOSLENIME NeRCTBUTEbHBIME HAR KOMILIEKCHHMH YaekaMy, nn. 4,8-1
% 4.8-3). Pan gy + a1 4ay ... © ROADKUMEALHOLAN HAEHAMIE CXOOUMCR, eCAU
cuecmeyem maxoid Homep N, «wmo npu a >N ennoansemca xoms Got 00HO u3
Cazdyioix Yeanai: s

4,
Lo, M, u[mu”T':ls ;—n‘“, 20e My -+ My+ My + ..o cx0-
ORujudcr pAO CPAGHERUA € ROAOKUMEALHOMU HACHAKU (NPUIHAK CPASHERUA).
2. Tlo spafinel Mepe OfHA U3 BENHUHMH

G,iy N 2n4)
+ » V 8n, n( =

- 12,
% )
Fn1
[u(i- l)+|]lnn+2
8a
LMeem MOYRYID sepxioo epasuyy A <l 1.
YerBeDTHA A3 STEX RETHOEX MPRIRAKOB CHILHee TpeTbero {(mpusnaxa Paale),
KOTOpHE B CBOIG OHED cHAbHee BYX TMepBHX (Apuinaxa Hasambepa B <padu-
Kastbro2os npusnaxa Keuwiy),

3. gy =] (n), 2de f (x) —nosoxcumeabnan uempac+mmow PyHKG uA,
o

(4.9-1)

darn xomopod cxodumen {Necobomeennsud) uxmezpan S Flxy dx (unme-

NF1
2paAbmblll hpusrax cxofumocmu Kowu; ¢M. Takxe n., 4.9-3,D).

Prd ay + a + @z + ... pacxodumes, ecau cywecmsyern manold soMep N, umo
npu o> N ewnoansemcx zoms G 09RO u3 caedyiouux yeaosud:

a d
1. ap=dy wfusu -—Eﬂ-a -;—*1, o8¢ dy+d; +dy ... — pacxoduudica
n n
PAD CPASHEHUR € NOAOXCUIMEALHOIMY HaeHamy (IPHSHAKH CPaBHEHHA
anA pacXxogMMOCTH)
2. flo xpadsell mepe 03Ha u3 geausun yeaveus 1 umeem modHyo
duxcroln eparayy A = 1.
3. ag=f(n), ede | (}2 — MOAOHUIMBALHAA HEGOIPACMAIOWAR PyNKLUR,
-]

dan xomopod urmezpaa _S’- f(x) dx pacxodumen,
N P
1

3aveanpe B magectse paga cpepacHss sacro ONEBAET DOAeSeH pAR Z ?,

k=1
EOTODME NpR AeRCTHETENLHOM A CXOOMTCA, ecqd A D» i, B DACROAETCH, ecan A K 1.
(¢} £ad gyt aydag+... ¢ Oellcmeumenbromy 4AEHaMU CXOFUMER:
1. Ezcnu Cocednie 20 YAeHs UMeom pasaul sxax (Inaxosepedyowuicn
pad), ezo obuwudl «aeH @, He 803PACTGEM N0 ablQAOMAQU BEAUNUNE U

fim a, =20 (npuskax Jledbruya),
g = o2

-
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2. Ecau ROCALIGEAMEALHOCTE Sq, S, Sy, -« E20 SACAIUHHLX CIIMM 0200~

HUueHO L MOHOMONNG, 5T4 AOCHeNOBATENBROCTH MOHOTOHHA, JAHUE ec/

YAeHa DAKA HMET OfHE H TOT Xe 3HAK. Cl. B STOM u:y-lae NPHAHAKH

K3 (b).

(d) Dgems oy, oy, Ay, ...~ HEEOPACTRAIOUAR 1OCAPGOBAMEALHOCTIL TIOAOK LMEAD-
Hoix wices. Prd tyly—+ @ydy—+ ey .. EXOOUMLR:
1. Ecau cxodumca pad gg+ 0,4 ay+... (npusnax Abess; o TAKME

0. 4.8-5, e). ;

n (8

2, Ecau lim ay=0ucysuna Y] Gy KGK PYNKHUR Ot I OEPGHUNENS |
1= k=0

{(rpusrax upixae). a

4.9-2. ipusuaxm pasuomepuod CXORMMOCTH Gecxomedmmx paaos (m. 4.8-2).

(a) Heo6xogHMOEe ¥ ACCTATOUIHOE yC/O0BHE pasuoMepraokl
CXOAMMOCTH, [locsedosamersnocms 8y(x), 6 (x). &(x), ... OedcmsumersHEE |
AL KOMAACKIHGX  Pynkyuld  (HARPUMED, ABHOCIL  CACTIUNKNE  SYNR
wexomopoes pada Qyrxyud, N, 4.8-2), onpedescnnbix Hit RHONECTISE S anauenud %,
DOBHOMEDRD CXOOUMCA HA MHOWeCTSe S 6 MOM G MOALKO ¢ MOM CAyiae, ECAl
AR KANIO2D NOADHUMEALNDZ0 HUCAG & cyulecmayem maxol nomep N, ne
om x, wmo uz M>Nu a>N dan scex x= S caedyem |3, (x)—8m (1) | <8
(xpumepud Kowts possoMeprol cXoduMocm  noCAeO08aMEAGHOCMEN Ul  PAoos).

(b} Pad a, (x)4-ay (x) 4 0y (X)-+... Qedcmaumeasusis uAy KOMMASKCHOE PyHR=
QUi POSHOMEDHD U AOCOANOMNG CXOTUMER KB KAMIOK MHoxecmse S suavenud X
HE KOmOpom PUHKYUY a4, (X) onpedesennt, U NPU BCEX N1 SLINOARASIMCR HE|
18y (£} | 5= My, 206 My+M+-My+... —cxodmuyniica pad cposnenin ¢ NOAONCUMEAD
HOMI SASROME, MANOPUPyouud prd (npusnax Betepumpacca). CXORYUMOCTD PAAR
CPABHERMA MOMET GHTL HCCALNOBAHA C NOMOMLIO NPHIHAKOB M. 4.9-1, b.

(c) fTgems &y, @y, . ... ~—HEZE0IPACMAOU{AR ROC ALHOCITIE NOAOIMCUIEARDS
sox wucer, PR3 ay ay (x) 4oy ay (v) @y & (£) 4. pasHomepro cxOduUmes KG KHO:
mecmse S naeerud X

1. Ecau psd a,(x)+a1(x)+a,{x)+... paaONEpHO CXODUMLR KB 8
(npuzas Abean, cwm. taxke n. 4.9-1, d)

2. Eeau lim  a,=0 & cyuwpcmsyem maxoe «ucao A, M0
n—o
n
Y, oa(x)| <A npu scxx n u npu ecex x & S (MPUINAK Rupuxael,
k==0

x [pranags AGens & JupHX/e Y3cTO NMOJACIHO OPHMEHATs B B Gonee obmel
pPME, PACCMATPHBAA BMECTO OOCNEAOBATEABLHOCTH Oy, Gy, ... noc/ef0BaTeibHOCTE
yaxaufi. Cu., Haopamep, [4.2], 7. II, ctp 451 %
4.9-3. MNpusnakxk cxoaWMOCTH HECOJCTBEHHMX NHTErpasoa (CM. raKme o. 41.6-2).
B no. 4.9-3 1 4.9-4 npusOAATCA TPHIHAKH cxo;)x‘uuoc-m HecofCTBEHHNX HATErPE
+ o b
A0 BHAA I flx)dx =& Sf(x)dx:nx lim os f(x)dx. HecoGcTeepnue HETE
a a —b—=05
rpaau Apyr#x THOOB CBOAATCA K HHTerpanas sroro sHaa (n. 4.6-2).
Mpeanoxaracres, 970 AeACTSATCABAR Gyusuua f (¥} orpaumdena m marerphe
PYEMA HA XKARMZOM OrpaEMdtuHom muTepsaic |g, X|, ne coiepwmauied acpxuwd apes
AEN WATerpaxd.
{(a) Heo6Xxozrnmoe B8 gaocTaroagoe ycAomape cxonuMOCTHE
+ o

(xputepuad Kouwma) Hecobcmsenstd unmezpanr S f (x) dx cxodumen @ mom

a

MOAGKD 8 MOM CAYNGe, eCAU OAR KOWD020 ROSONUMEALHOZD WHCAG € CYUECTISYEm.
2 J

maxoe sucap M >a, umo w3 Xg> X, > M medyemljf{x)ax <&
I
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b
ANANOTHYHO LNMEZPOA S,f(x) dx cXCOUMER 6 MOR U MOALKD 8 FIOM CAPHOE, ECAL

a

Bin KAWGOZO NOAOKUMENGHOZ0 wUCAQ & Cywecmayern maxoe wucae O (0 < & < b—a).
Xe
} fix) dx l <e.

}

(b [Ipradakn CXOAHMOCTH HECOOCTBeHHHWX BHTErpaAOB
0T HeoTpHATATEeABANX dyuKuuil (3T8 OPHIHAKA NOACINH B KAK Hpus-
paxy abcomomuod cxodumoomu HNBLX UMMEZpaAcs OT MPOE3IBOAbHEX Aef-
CTBHTENLEHX WA KOMIJEKCHHX GYHKUNA; Samemum, «mo us abeomomnod cxodusocmu
capdyem cxodumocms), Ecau yrxyus f (x) ?0 § UHNMepaaAe UMMEZPUPOSANLR, MO

+o

X
necobcmeennsil unmezpaa S fx) dx wau S{(.t) dxs== lim S! (x) dx cxodumen
a X

a —-b—0g

wmo k3 b—8 < X, < Xo < b caedyem

¢ MOM U MOALKO & MOM CAYHQE, eCAL UMmEeZpas S f{x)dx xax cpynxyusn om X
a

D2POHLYER & LUNMEpeas: UAmezpuposanun. B 9acTHOCTH, ecau unmepeas unmezpu-

posanun codepwum maxoe wicao M, wmo npu x> M (cooteevcrenud npu M <

<< £ b) eninoanaemca nepagencmoo f(x) <X g (x), ede g (x)— PynRqur cpasHenun,
-] b

-+
048 xomapofl cxodumcs unmeLpan S g{x)dx (un COUTBETCTBENHO z g(x)dz).
M

M0 NEPACHAM QALK UHMEZPAA cxofumes {TPHIVAK CPEBUEEHNA).
+ 4
Aranorasno, ecan g (x) = 0 n marerpan ]' £ ix) dx uan Igu) dx pacxogurcs, TO
M

M
us f )= g (1) cnenyer. wro pac:_:,_mm ¥ cooTBeTCTEYOmNE wuTerpaa or f (a).
©

S3ueyanme. Harerpaa S %{—-, rae @>» 0. cxpaMTces opw A1 B pacioAwTcs

a
b

BpR A 1, & mETECD AR S ax
it —xh
a2

CXOANTCA nph A« | 3 pacxosures npa A > L. Bcan

b
T = (1/53) 2 1) pr X—+ 4 oo, TO WHIerpan [l ) dx cxommrea ebcomorrHo. Ecam
a

b
=g W/ - .\']A] (h< 1) opa s—~b — 0, o wuTerpaa j } ) dx cxoawtcs  alicomorag
KN Takse 0, 4.4-3). a
+ m b
() Ecau necobiomsennend unmezpas S Jix)dry eeau ‘. F(x) dx exodumen abico-
a a
m‘;z;t:x C:t (X) — Pynxyun, ccpanuiennaR HG uHMEDBAAE UHMEZDUPOSAHUR L UNHmIE
0 KaMOoM KOMEMHOM uHmepsate |a. _')_( l. e codepacaiyem oepxvezo ape:
©

de
42 unmezpasa, mo HECOOCMBER KL LHMEZPAA S a(c)} (x) de wau coorhsemncm-
a2

b
o
o ga{x)!(x) dr cxodumen (a6ooaomuo).
(@) Tyema Gyryua o (X) gepanunena i MOROMORAA ha URIMEPOQAE Q=5 X < | O
“%c:m* -
HHD urmezpaa s a |x) J (x) dx cxodumei.
a
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+ o
t. Ecau unmezpan S f(x)dx exodumes (awaave npusnaka Abeas,
a

n. 4.9-1, d) wan

2. Ecau unmezpaa S Fix)dx xax ¢yaxyua om X oceporuuen Ha
unmepeare a << X <+c?o u x_ljﬂw a.(x) =0 (arnaroe npusnaka dupuxae,
n. 4.9-1, d).

{e) B n. 8.2-4 cM. psa nprACKeHuH.
4.9-4, TlpusHaxkH paBAOMepHOH  CXONRMOCTH HecolcTseHHBIX HHTETPAR0D

{ca. Take 0. 4.6-2, ).
(a) Heo6xoakMOe H JOCTATOUHOE yCAOBHEe paBROMEepROM
cxoaumocTH, Kpumepud cxodumocmu Kowu us n. 4.9-3, a npespawaemcs

o
6 KDUMEPUL PABHOMEDROG cxoduMocmil HecobCmeenHozo  uHmezpasg Sf (x, yndx
a

b
uAL Sf(x,y) dx wHa muomecmae S 3naderud y, ecau GonoAHUMEAGKO yKa3ame, Mo

a
wucao M yau 8, noxodumoe no smomy xpumepwo npu Kaxdom y < S daR 406020
ROACKEUMEALHOZO HUCAQ B, Ke 3asucum om I (cM. Taxmg n. 4.9-2, a).

4w
(by Hecobicrmeennntil unmezpas S Fx, y)dx wau g flx, y)dx pasnomepHo G
a

a
abooaomuo cxodumca HE xancdom muoxcecmase S sHauerud y maKkom, «mo npu

a00om Y= S u achoM X U3 UNMEPBAAd UNMEZDUPOBARUA SHMOAHSEMCR Hepaser- |

cmgo |flx, ) |=g(x), 20e g(x):@yuxqua CPOSHERUA, UHMEZPAA OMm Komopod
+ 0
S g {x) dx (mnu cooreercreenno [ g(x)dx) cxodumen (anasce npusnaxs Bedep-
a

w:tpacca, a. 4.9-2, b).
+ o

(¢} Hecolomsennwld urnmezpar S al(x, pfx, y)dx pasxomepuo crodumen

a
KO MHOXecmee S dnauenud gy, ecal rpu Aolox ¥ S 5 pynxyus o« (x, y) He 803
DOCMGEM NG UN/MEDBAAE Q<5 X < -00 U DASHOMEDHO CripeMumcd Hd 5 K nyao

F 4
npu x— =00 U ecAN RPU x==a U Y S alcoMOMmHaR BeAUNLIAQ 'Sf(x. ¥) dx | 0zpa-
a

rutena Koucmanmod A, He sasucAwed HU om X, Ku om Y {(aQxaaoe npuanaxa
Aupuxase, n. 4.9-2, ).

4.10. PA3JIOKEHHE ®#YHKUHA B BECKOHEYHDIA PAA
H MPENCTABIEHHE HX HHTEMPAJIOM. CTENEHHGIE
PAAb M PAR TEAJOPA

4.10-1. Pasnomense byaxnxfl 8 SeckonednHHt pAf W NPEACTABAEHNE HX HHTe-
rpanoM. PYHKIAWD f(x) wacTo pasALrawT B COOTBRTCTBYIOWHA Oeckoneunufi paAl
o

D% @z @y (x) BBALY TOTO, wTO
k=0
1. MocneaopaTenbROCTE 92CTHORMX CYMM (RAR CpeXHAX aphdmeTH-
geckiX, 0. 4.8-6, ¢ v 4.11-7} 3TOr0 pARa MOMKer AABAThL NOACIHHE
ANA BHYACASHUR mpuGAMMenun dyuxusd [ (x).
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2. Onepauns Ban ¢yHxudefi f{x) MOXKeT OxasaThca BOIMOMKHBIM
ONHCaTb B TEPMHHAX G0/Aee DPOCTHX ONEpaUHH HEQ PYHK HHAMH @ (x)
HAKB RHAA xosdxpuurentamd o) (METONG RDeQGpazoBauuil oM. Taxme
. 4.11-5, b w 8.6-5). PyHKUHA Qg (X) 0 KOIGPHUHEHTH &y MOLYT
UMETh KaxOH-N1460 Harnsauud (PuamaecKHil) csuich (M. 4.11-4, ,fJ)_

MopoGiue Xe upeumyg:ecrﬂa MOMeT AaBate [TPEACTaBNeHHE PYBKUKA B Bige (oOwTA0

AecOBCTBREHOrO) WETErpaNa _[ct (h) @ %, ) dx {cM, Takxe An. 41144, ¢, 4113, ¢ 8 ra8)
a
BO3MOMHEOCTE PEAAKIALAR OZAOTO RAX oGOWX NPeRMYymects, NepensdeHAbX BEMe,
9aLTD HY?K,HE&‘TCS{ B CXOmNMMOCTH HIH e paBHOMEPHBR CXORUMDITE PALA HAN BHTEFPAAA
{OTCIOES —— BAMHOCTE NPESHAKOB CXOLRMOCTE E3 mi. 451 — 4.9-4), HO sTO OTHOCHTCA He
KO BCeM cayvwasAM (np. 4,86, 4.11-5 n 4.11-7),

4.10-2. Crenenngpie pags.
{a) Crenennodi psap oTHOCHTENLHO {AeHCTBATENLHOrO UNE KOMIEKCHOTO) nepe-
MEHROrG X eCThb PAA BHAS

[+]

()
3 ap(x—a)* mam gfax-tepdt...= Y ap® opa a=0,  (4.10-)
k=0 X=0

rie KOpOHOHEHTH do, 21, dy, ...—ACHCTBRYGJbHEE HAH KOMTNAGKCHHE uMCAA.
lan moboee cmenennoeo pada (1) cywecmayem maxce Oedcmeumesbioe SUCAO
r (D r = o0), umo smom pad cxodumen abcoromno npu [x|<r, u pacxodumen
npu | x]|>>r,. Unrcho r, Ha3zHBaETCA PARHYCOM CEXONHMOCTH J3HHOTO CTEOEHHOrQ
paaa. Kaxoso Oe Hu 66A0 uiucao @, y opmoniee yeaosuwo O <X g << r,, cmenens
Hoid pad (1) pasromepuo cxodumea npu | ¥ | =5 ¢ (M2 BuTepBane, eCAH x — AeBCTEH-
TellbHOE MEePEMEHHOE, H B KPYre, eCAR X —KOMILIEKCHOS NEPEMEeHHOE),

Hy cxofumocmy cmenexnozo pada (1) npu x=—x, ssvmeracm e20 cxodumnocms u npy | x)<
<ixpl, @ U3 €20 pacxoduMocmiu NP Xo9 X, ENMEXUEN €20 pacxodusocms U npu | x| xgl.

(b) CxodRuguecs creneunbie paGst MOXCHO CXAGOMGME 6 COGMBANCMBUL ¢ PAGCH~
cmgom (4.8-2) u nepemwoncarns & coomsemcmeuu ¢ npasuaon Keww (4.8-4). fipu
x| < r, cymma cmeneanozo pads (1) ecmo nenpepbignan u cxOAbKO y20OHO pas Oug-
epenyupyeman Gynxyun x Cmenexnod psad (1) moxcno nowserno Puddepentupo-
samo npu |x| < r, 4 uHMEPUPORAML HA MOGOM 3AMKHYMOK UNMEpsane, cOOEpXA-
WemcR o ummepgdAe (— ro, 7.). Hoamorouuecs & peayssmame nowaennozo Jugppe-
Peryuposanus uau nowaennoes urmezpuposanu’ om 0 do x pRdu umeom mom e
paduye crodumocrnu .

Hekotopuie npanuaa jgeficTeufi co  CTROGHEMMH PANAMA  RPHABELEHB!
B Tata. 4.10-1.

(c) Ecau cyuwecmeyerrn maxoe ROAOKUMEALHOE WucAO r, 4mo npd écex X, ydos-

(=] oo
Aemsopiouyux yeaoewio | x | << r, dea cmenennsix pada Y apxk u ) byx® umeom
E=0 k=0
odvy u my oce cymmy f(x), mo go=by, G =>0y dy=by, ... (meopema eduncm-
SenRGCmIL).

Il peMep Becxoncenan LOMMPUNECKAR RPOEPECCHUR
o

o BHx+ aqx? + ... = q, 2 % = a,
k=0

1
I —x

{lel=s)y (4.10-3

ey, taxwe nm 1,247 1 1.7-2) cxodumer abicomomune npu | x ) << 1 y pacxedumennpu | x) 22 1,
u;m Modoro ¢, YROBACIDOPEIOWErs yenosmo 0 < ¢ <1, Mporpescr pasHoMepHo CXOAHTCA
dix|=q,
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- 4.10-3, ¥ Teopemm Alenn B TayGepa.
2 - o2 %
— bl " T tar Myems r>0. Bean prd 3, akrk ckodumes U uMeem cymuy S mo pad Y ak"k
v e o k=0 B Y
: =88 4+ & B &
= | + o + | I,, ¢ amxmuymon  unmepsaas [0, r) cxodumon  paskoMepHt i lim E ‘}k‘k = 5
= T o b = g = Ty X r—f =0
o -3 = . o=
b o+ ki AT L 2 & g 3 j‘a = (meopema Abear), -
+ ti: Mi— Eif‘ ar | 'l: 4+ + :"' 2 B Tyems r >0, Ecan pad E aki' cxedumen & uuwmepease [0, 1), npuses
P - B AT - A T el ¥=o -
a =} Py -
& 1‘ —lo =] i‘ B M _T_ + ;t‘ k. im ¥ akx*=-s g lim kakrkzn, me pad N akr“ cxodumis ¢ 20 CyMae
0 3 I E 1 = e - a L] r—r—0Qp=p k= oo E=0
. lw - ] g —IX % I S paswa s (mecpemn Taybepa).
e 2 ? £ | + g g 3ameganue Ocobull uuvépec npeacrananer cnynatt r = 7o
IR AP0 b o i e o S 4.10-4. Pax Tefinopa (cm. Takxe m. 7.5-2).
lﬂe "; | '*; _:: g 8 o ~l {2) [Tycme [ (x) — Oedcneumeasnan GynKyuR, WHOOWAR & URMEPBArE @ << x < b
T o 5 2 + 0 | r-0 apouviodnyo 1 (x). Toefa
el e P, 8 fy="F @+ (@) (x—a) +3 " (@) (x—a)* 4.+
. +IT;I——“—, FAl(a) (x — &)L Ry (X) (assx<< b)), (4.10-3)
- . t:a
= et —g®
= o+ _T_ ede 1R, ) B2 n,a sup | &) (Popmyra Tedaopa). R, (x) Ha3eizaeTcA
E. % 1 5 ol a<t<lx
.8 ;.. % - g t‘; CCTATOMHEM 9nenom fopmynsr Tefaopa.
¥ 4 +_‘!‘_ e ) o Boaee TouH0, cympecmsyen maxoe wucao X =a-+8{x—a), wmo << X <Ix
= -2 w2 s o S (Ran 08
= LR - g + e t; H < < l) %
E 43¢ ) w2+ T O L x §
g o4+ T o AR iy, ol i + 1
AR S PR B G Row={&t\ ..\ Fm @ at=5F"(X)(x—a)" (asx<b) {4.10-4)
E E.E. 1 T oS ol == —l' - -+ 't +- E a a a
£ ++ _T_ L ' I R - ;-‘- :_., T‘" n pas
o - ] ) e
g 3 E % :: :: NS g... g il ey I (Ocmamounsid «waen popmyan Tedropa ¢ dopwe Jiazpanwa). X n @ 3aBHCAT oT 4,
E -t Ay gt + I R £ uon (oM. takxke n. 4.7-1). Dopuyast (3} u (4) ocTAOTCA CAPABSANUBEME H
B €CAH QyakunA f(x) HMeeT n-10 NPOH3BOAHYIO B HHTEDBaNe —b < x =i a, NPH4EM
A TR = 3Aeck b x < X < a.
- = % (b} Mycme ynnyun f(x) umeem @ ummepease (@—r, a+r) éce nPouIsOGHbE
+ 3§ & 4 myjcme daq Hee 8 smom unmepeaas  lim Ry (x)=0. Tozda
‘a_. q" G. + + s—- :;: ] -0
o o o s s & 3 ‘; !
o e e 3L -k =l Ho= 3 g™ @@—ar,  lx—ai<r (4 105)
T e | el $=0
¥ I R —-T“ By B 8 . ¢ pad pagnomepso cxofumen x f(x) na mobom npomewymee | x —a|==gq, e g<<r
(pazaomenue ¢pynxyuu |(x) 8 pad Tedsopa 8 oxpecmmocmu mowku @). 3jechb 00
G e i i ONMpefenennto noaoxena Ol =1 n [ (ay={{a).
o -] = =t
N T a | | S bl Ecau & (5) AMECTO @ HENKHC4TE X, B GMECTO I—4d HAMHCATL AX, TO COOTHOWSHME {5)
[ T o + 1 oo
S 89 & d MONHO HepefidcaTs A aufe | (x 4 Ax} = 2 kll FR o ax® (nn, 459 w 1,21, Tps a= v
= k=
| ke 1
E & & = PAZ TeRkaopa 61 2 m!”“ O +® wasmseerea pados Maxaopenc.
a ey = £ o ; A=0
o (R ::‘... L- g LS 5 {0 Kamioe pasnomenne GYHKUHE }(x1 8 pAd No CTeneumM (X — g1, cxoafwnfca npe
6 it = A—r<tx< a4 s, deobxoguwo TomAecTRerna ¢ (5) (. 4 i0-2, ), Eenn f (@) — pausonant~
[ ] i [} i 0 4 1 R ¢ yHKUWA, TO €€ PBINOKEHEE NO CTEMEHSM X MAH DO CTENIEHAM 1/X YaCTO NOAYWEWT, He-
s & o o - OTPSHHUEHHO NPONONKAA NpPOUEST ASACHHA (M. [,7-2, cu. TEKKe pavewcrso (2)), [Ipuweps
Paznomenun o crenedanch pra cm 8 n. 20 2-12.




146 TN 4 OAWGAGEPEHIIHANLHOE H HHIETPAARHOE WCUHCNERHME 4.10-5

PaanoMenRR B cTenesBofl paj JORYCKAOT NOWNERNOe guddepentrpoBaane # WETETPADO-
panne (Cd, 4.10-2, b) ¥, 7aKAM oGpaaoM, OKasHBaOTCA NONRIHEIMY AN HHTErpHpoBaHi# GYHK.
una § {x) B pna pewexus AHGdEpEENHENbENN YpaBHEeRHA (N, 9.2-5), 3amerHu, ofHIKO, WTO

n

n- 9ACTHYHAA CYMMa E %f'k' @) {x— a)"" paja Tellnops we ofaaztenwno Oymer HemAyd-

k=0
mﬁuo é‘lpndﬂmeﬂﬂeu dyexoys | (x), RBAAKUEMCA MBOTORNEHOM A-f CTeneHd (CM, TAKRE
n, 20.5-1),

QOynkdaa f (x), KoTopas MOWer GRTE pagiomena b CTENEHHOR PAN, CXOAAMMECHA B HEKO-

2opoRt OKDPeCTHOCTA ¥OYKH @, HAIWBASTCH aHAAKTHZECKOR B 5TOH OKpECTROCTR (CM. TAKMKQ
n, 7,3-3).

4.10-5, Kparsuit pag Tefaopa.
{a) Tiycts !(x,, iy oo s Xy) — gellcTonrensnad HYHKDER, EMEI0INAR BCE HENpepEHBHHS
SACTHEE NPOUSOJEHS TOPRAKA &5 /m B HEKOTODOR OHPECTHOCTH D Togkn a4, Torpa

l
d
!("1' Xar eve y Xn) .._..!(ﬂlr oz see s ﬂn)‘i' 2 “'!‘

éx. (X‘-—ﬂi)'i'
=] *
> n n 3
+35 2 Z Ex‘-ﬁx).

(3g Ggs o5 Gp)

i@ (5= ) F e T Ry (¥ 2y o0y 2p)

fam | fu=1 (34 9 vee s 9g)
{("1' Xy v £) = D) (dopuygaa Tedaopa), (4.10-6)
Ocraroanul  waen Rm ("v Xgr wwva xn) YACBJETBODPAET COOTHOIMEHHN), AHANOTHIHOMY

pasercray (4).
Copuyny (6) moxro sammcat: TpH Noweina Anpdepennsancs
f(a,+dx;, o, + dxg, a, + dxy=1f(ay 8y wenag) =
1

1 m-1
= df by i et o= 4T T Ry .10-)
rRe ace ANpepeBEnBAnNE BHIECAHIOTEN B TOKE (“1' ot wun s a“). a
! 3
Ry o s d7f | (Kj=ah6dn, Dbl I=1, 2 o, n). (4178

X Xt X

®) Ecne dymxuas f (£, x, .., 1) Bueer B D Bce AENPEpPREDLE HaCTREE NPOHIBORRHE

B lim R (x, X3 e, X )= 0 8 D, 10 papencTso (6] DpHBOIAT K pasfomenuic GyRKunK
Mmoo B m

F(xy, X1, s Xy) B kpaTHuR crenenHOR pag (xpamasd psd Tedasopa). Ecam dyuxuns
% %40 ons %) woner GHTL PasnoMena b cTenenuofl pax, cXOXAMEACA B AEROTOPOR oK pecT-
HOCTH TOSKE (), Gy «ye ) 8.}, TO OHS HASHBAETCH RHANHTHIECKOR B 9TOR OKpECTHOCTH.

4.11, PAOBI ¢YPbE H WHTETPAJIbI ®YPLE

2.11-1. Beoprule samesannn, Panu ®ypre u HHTerpasn Oypre BCHOALIYIOTCA
A npepcTaBAeHdn B/RAH DpROanMenHa Gysxkumrf (n. 4.10-1) Bo MBOrHX PAaMHHX
npeaoxesnax. Pasnoxenne b pag Oypee ecTh 9acThu caywall paatoxcenun 8 pad
n0 OpMOZORAAbHLIR Pyukyuasn (cv. nn. 15.2-3—15.2-6).

4.11-2. Papu @ypre.

(a} Ecnm saped HHTePBaA DAsNONeRHA — R <<{ <7, o0 pAn Pypse, NOPoX-
nerBNH peficTBHTenbHOH QyHKuned f(f), Ana KoTopod cCyecTBYeT HETErpad

L]

S [f(x) {dt}), ectb GeckomeswMB TPHrOHOMETPHSECKNR PRA
~n - .
% a5+ Z {ag cos & 1 by, £in &f) e E cpetht,

(4.11-1a)
ke i

k=—c0

1} Bo MHOrEX DPHNOKEERAX NOCTATOURO pPACCMATPHDATH BHTErDATH B STOM Raparpade
k4K HHTerpans Pamara (1. 4.6-1), Ho HenonusobaHHe HHTerpana JleGera (W, 4.6-15) neaaer

TEOPHID IHAYHTENLHO WHPe DPHMEHHMOR, Cm, B ni. 15.2-3 — }56,2-6 pBj TeopeM, dopmyau-
pYeMBIX ClleudanbHo Ang BHTErpana Jlebera,

4.11-2, 411, PALS! OYPBE ¥ WHTETPAJB OYPLE 147

KO3qpULHEHTH KOTOPOro OUPEAEMAIOTCA TO gopmgaan Jisepa—Pypbe

19 "
Ghmal- Sf(t)ooek’tdt. bka-',; Sﬂf(ﬂ sin k7 dr,
-1 o

¢=0,1,2, ..} (£11-18)
n
Ch =0 g =—;— (ap—1by) = ‘é'}': S fx) etev do
—_

Bheck g A by AeficTBITeNbHHE, @ Cp —BOOOWE TOBOPA, KOMILICKCRME THCAA

n, 4,11-2, d).

( {b) Ec.w) 3a0aH HUTEPBEN DasnoXenua ~TR<t<T/2, 10 PIA Dypse,

RopoXNeHHuR AefcTBuTeAnHOR Gymrmueh f(f), N9 KOTOPOR CYLICCTBYET HHTE-
T

rpan |f {t) | dt, ecTh Geckoueunsid TPUrOHOMETPHYECKHA PRY

—

© +o i
Lagt ) (opcos kunf-+ by st bogt) 37 cae® (o0=TF ) (41120

k=1 k= —oo
i T , 8
oy =13 ST [ coskards, by=T7 | f()sin kogtds,
~TR =3 (4.11-2b)
1 - 1}
~Tr
B nacTROM caydae, HOTHa T = 271, papeHCTE2A (2) NpenpamaoTcd 8 paseHCTEA (), Eenn

B Ka9eCTse HHTEPBANE PA3NOKEHHA BHODaTh MuTepBAN (4, 4+ T), 1o HETerpanu b {20 cne-
Zver Gpate ue wemay — I/2 8 T/2, a uexay ¢ u a4-T,

T
(¢) % Ecau cyuiecmeyem Gxmezpas f [f(t)]9 dx, mo cpednrs keadpamute-
~Ip
CKAR NO2PElHOCTb 5
¥ § U@=P e,
=T

n
t
ede P, {{)=% T+ Z (ak cos k %-Hlk sin & Eﬂr)—npommmud TPHIOHOMETPH-
A=l
HeCkut MAOPOYACH, NPoY xawdon n RpuURUMaem HauMexbiles wenue, koeda 6 Ka-
wecrmee Kosuyuenmos e, By Muozousena P’,, S!) Gepymea coomeememayiouue Kosp-

Quiuenm. Pypee (20) ap u by pynryuu f(£), m. e xozda mpuzonoMemplieckul
MHo2ousen Pp () ecimb SACMUNAGAR CHMMG

A i
h{f)a—i—ab-}-E (a,coskg,.ﬂ-l-bksink—f
e |

PRda dypee dynrgus f(£) (cw. Taxxe n, 16.2-6),

e ————————



148 rA. 4. AUSSEPEHUMANLHOE B MHTETPAABHOR HMCWNCAEHHE  ¢.11,

Ecat mpuagHORempReckul pag IEGL ;goéﬁm K [0 & unmepenar (— T72, T/2) poctioe
MELRO, MO £E0 RO urientn Heobxod Rspmomer xosfpuyuenmanu Pypve (20} dynxe
et f }? {meope ua AL00).

()Y ¥ Ecau abcovomnuas sesununa | () } HHMEZpUPYERT HG HRMEPEAAE PAINOWERLR, MO
k0ddcpunuenmo Pypee a, u bk puxguu | () Apu k— o0 CHPDEMRAMCR K HyAw (meopeug
Pusana — Slebeea), Ecau pynagua [ () A 802M SQMRHYMOM URMEPEG s PAIAONC: HUA L MEET)
HERpef np J dg {m — [}-20 fopadxa_ sxawsumeisne, npuves Kawdad us smugx
APOUIBOTHNX & KOHUAX IMO20 HRMEPSAAA LMEEM GOMO H M0 XCE BHOYEHUE, U £CAU M-A NPOUd=
eodsan Kyeouno-rnenprpondg, moe xoapduguenms Sppos g, u bk dynanun | () npu k- o
§Ousamm ne Medaennce, vem =9, m. &,

4 C
%<z %<
ede C — nocroannan,
(¢} Heficreurenpinie KodphHUHEETH o u drk H EOMILTEKCHNE KOoMPPROEEETH £y am-
BABM HOPMYRIMU

Gpmcpte g bpmifey—c )

| i . =0, 1,2, .. @.11-3)
Sp= g (G — M) c_p = 5 (G T 10)

TRe by =10, Pag ®ypre (2) TeTHON AAH Ke HeweTHOR dyuxugs f{H (0. 4.2-2, b) cpopsTCH
COOTRETCTREHED K PARY D yphbe DO MOCHEYCEM H K pRAy Pypbe Do CHAYCRM.

4.11-3. Hurerpan ®ypwe »  npeofpasosanne Pypbe (IpEMEpH CM,
B Taba, 4.11-3—4.il-5).

(a) Hurerpan ®ypre, nopoxmenuufi feficysntensuofl ¢ynkumed f(f), abeo-
MOTHAA BeJHYHRA |f (f) | KOTOpOf HHTerpHpYyeMa HA BETepBale — QO < { <4 0
{nuTeppan pasnokenna) 1), 00 oNpeAesieHUI0 ECTh

4+ oo

1 b 4 +
- S do S f(t)eoa o ({—1)dv=
0 -0

=)
6 (v) IV AV =
o0

+> Jo
e | C@é¥ =g § 0@ d, @ll4a

rae
40
M= [ Vg,
1 e 1
C("’)Er_ﬁ s f(x) e-ia"dxs-‘-[—ﬁ.-c(%). | (4.11-40)

—_—

-]
Q= S f(t}d““dten(%)(m-ﬂav}.

4

DYRRDER ¢ {¥) HAILBAETCA B mmem Pypoe ¢ (vi=F [} ()] dyrrngs [ (0.
3aueTHN, TO NpeoSpasobanues Dypue GYHENMR f () BAsHBANOT He TOABKO & (V).
o 8 C(©) ban xe Q (w),

1) Cu, cmotsy x o, 4.11-2,

AR 4.11. PAOH OYPbE H UHTECPAMS O¥PHE 149

(b} Kocmuyc- B cnnyc-uATerpasw Pypse, NOPOKAEHHNE AefCTBHATEALAOR
dyseudefi f (£, alcomorEan Beauansz |f(f)| KOTOpOH HHTErpHpYeMa HA HHTEP-
pane pasnowenHs 0 </ <400, OOPEASANKTCA COOTBETCTBEHEO KAR

+ea +=
2 § cc(v}cos%vtdvs'l/% § Ce(0) e ot do,
[} 0
oo o (4.11.5a)
2 S c,(v)smsz:wtdvs]/_i_ § €, () sin ot do,
Q Q

fie

4o
c‘g(‘\')E2§ f (5) cos 2nve d7,

4

c.w=)L} f('r)cosmdt-ﬁ,%ﬁcc(v).
0
i (4.11-55)

o, (v =2 § 1 (7) stn 2nove A,

e
C@=)I§ f@mad=rsc6 @=2)
0 E

Neficrearencaue pynkune ¢, (V=F (f ()] 8 ¢, (M =F,[f ()] masusaworcs
COOTBETCTBEHHO KOCHMHYC-npeoSpazosaunes Pypee 8§ cunyc-mpeobpasosanmem dypes
$ysrnur f{7). Yacro Kocusyc- ¥ cHEYc-npeoGpaloBanned Dypbe BAINBANT BMECTO
soro C_(0) B C, (@),

4.11-4. ®yaxun, passosavue 8 pax Pypbe # MPEECTIBHMEIE HETErpason Pypoe.
Tapuonmuecami anaan3 (npumepei cu. 8 Ta6m. 4.11-1).

(3} PR Pypee uau unmezpat Pypse, nopomdennmil Oedcmeumessrol dynx-
fued [{6), afCOMOMROR SEAUHG KOMOPOl UHMEZPUPHEMT KO COOMSSMCIISLOWEN
kamepease paisomenus [,

1§ cmdumx&:-w KO Ka00M OMKPUMOR LAMEPSOsE,

ede dynxyus f () u ee npouseodnas [ (£) xycouro-nenpepoionnt (0. 4.4-T, ¢y
npu WO KA X BQMKHYMOM UNMEpSAse, 8 KOMOPOM PyrKyuA He-
npepusng, PRI Pypee posrosepro cxodumes k [ (6);

2) cxodumes pasnomepuo « f(f) nHa xaxdom maxou urmepsase (a, b) =
c(a—0, b4-8) =/, 20¢ 60, wmo na (a—8, 6-+48) Pynxyus [ ()
HENPEPUSHE & uMeam Oeporisennyio sapuayuw (0. 4.4-8,b);

3) cxodumen « w HE KOXOOM OMKDUMOR UMHMEpadse,

codepxagencn & |, na xomopox yrsyur f(f) usmeem ozpanutentyO
sapuayuwo (npusiax Xopdana).

Hanounam, «mo @yuxyun [ (1), 02paniieenian & uMeOaR KOKEXHOE UERD OMA0s
CUMZADHALY MAKCUMUMOS, OMHOCUMEABHMT MUHIDAYNOGY U MOUEK DEIPHEG NLPEO0
poda ua wewomopom Koweunom unmepsase (ycaosus Jupuxae, 0. 4.4-8, b), Asasemen
MO smom unmepsare ymnxyuell espaHtvenHOl sapuayl.

(b) Tapmonmruecxksd sdanu3s pepuofmdIecKEX GYyHKIOHA,
flyemo | (£) — dedcmaumensnan nepuodunecran Pyanyus ¢ nepuodom T (0. 4.2-2, b),

b &
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T
dan Komopol cywecmeyem uURMEZPan ; {f (%) | dv. Toeda
—Tr

=]

fH= -% ag+ Z (ag c08 k! 4-by sin kwgf) m D) e =
k=]

R =—0c0

o
=co+2 D) leafcos (bl +arg cpls
k=]
T/
ay= = Smf(r) cos kagt 4%

b,=;_;mf(t)sjnkmutd1:,

T/2
S f (T) = it a1
— T/ J

Ha KaRAOM OTKPHITOM TpOMeRyTKe, HAa Kotopou f (f} & [ (/) RycONRO-ECNIpepHBEEY,
ecau B Kamaod Touke paspuBa f(f) N0 onpeieNeHEK) NOJONHTE

2

{cM. Taxme m, 4.4-8, b}, Taxam obpazom, ¢ynxums f(f) nmpeacraBAeHa B BALO
CYMME
1) nocmosnsozo wigna {2,/2) = ¢y {cpeOne20 snauenus Pynxyuu [{f)y
cM. Tarxe nn. 4.6-3 A 18.10-9) &
2) HeKOTOPOro MHOXECTBA CuHYroudaabHbx Rien08 (CERAYCOANANbERE
KOMNOHEHT) 9 qacToTaMi vy=[/T (ocHomuoit gactotal), 2v;=2/T (2-2 raps
MouKveckod vactoTs), dvy== /T (3- rapmonnveckoll YacToTH), ...

k- eapmontiecas komnonesma 2| cp | cos (k ?—’TE-l-arg c,,) HMeeT 9acToTy kv =

= £/T, KPYTOBYI0 HACTOTY ko, =m21kv,=s2mk/T, amoautysy 2|cg|= ) of+b} 8
«aayr arg gy =2— arctg (bp/a).

HeqerAne rapuMonusecxye wiepd P pasnomesss (§) ondcwsawy auTARCPHOAESECKYW
QacTh GyAkund f{f) (o, 4,2-2).
Ommemun, wmo

O 1 < -
m=i § Vordi=gd+s 3 (3= 3 [4p @
m

k=] kowm— ol

ecAl pnmezpoa 8 Aegod wocma pasescmsd cyyecmeyern {meppesa ITapcedaan,; oM, TAKKE
n. 15,2-4), B rada, 4.11-1 npHEeneHn KospduugenT @ yphe H CPRARKE 2HAReNHR KBampara N
Hexm?aﬂ DepUOAKIECRAY GyRKUEA, [lo nosogy edCARHHONO rapMOHHEMECKOrO aHAzR3a CM.
nl . .

4,51-4,

nepnognyeckux QyHKuKa
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Tadbaroa 4111
Kosprunrenter $yphe W cpeanexnagpaTHueckne SHAYEHHN

(m0=2;, k=0, 1, 2, ) ! (4.11-6)-

_ sin mx
[S x) =T]
Cpennee H(;Efg’:fg
Hepuognueckan dpyrkuns 3RayeHuUe, 5l -
+ & weCHoe
fo=tg+D Kospouumenrst Sypse | 20 | savenne,
¢ ¥
1 Mpamo- = A T & a ﬁzﬂﬁ s('."_&) T T
yroasiwg A - T Tr A Le Al L
HMRYALC Tl 3 T Fil
FiF3 w
7] Ciwme- - o 670 A aT,
TPHYARA =_ il I Rl
rp%y:o:b- _Z 7 e Ak (2 )' A T Al.{.‘.
Wil A £l s mo 2T aT
BumyAbe 77 a
_ s Te+ Ty
3 a, = A T X
CamMue-
TpRARLA T 5! g [-‘z (To— Tul] X
Tpane- T S 27 Tt T 2Te4+7
OeHaadE- 7T rlr A _':} LAY ] 03‘*;; !
Hbif hhhh t w5 [1LTet+ Ty
BMITYABC 2222 |
b,=0
Ty
ﬂ'n=l A T »»
4 |Noayrrry| - o __ 1 /T,
COHRANb- f A Xz T L+ 2 T Ta
Dyare A 1 /2T AT | Aar
oyawc 1) Jo ¢ el R ]
g +e[z (5 )]}
b, =0
e et—
T i 2 1 T ! 1
4 n Tp= — 0= v - — = — o i
y Mpu Ty T m.f(f) - A(g + 4 el o coslof 7§ o8 dof+
i
+ 53 cos!'imf--..,) e TEK T PO3AIUAA» CHEYCOHAA,
Npi Ty T = 22 LD (l_ . R 3 .
pa T, ral Fi) = A 3 + 3 cos 2uf i cos 4f 35 cos 6ef — ...
CRENPAMACHNAA> CHH YOOHQR.
g.
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4114,

TaGamuaa 4.1001.1 (apodosnenus

" Cpenaee | Coomne,
epBOlBYecKRs $yuKNES, BEaUCHRE, i
[h=f¢+D KoohdmerTa St | i B0 | sancaed
? un
b Cpesaruan °+
CARYCOBAD y i
AsTs - 5~
— @ = E'*Ii--. —
) n T [ -
i~ T §oams| 2 e
W _n s e
8 e x{s [w=n]+ §|J&i“‘ Sl
o o
U AL B LR R R T A
- IR 2 0% h|h Bl
< 2 nTy 4] L
: SRR AN CO) B Rl
—|n
< -5
T a, =D
61T i f? aon = e
szwp':a A A n=12,. _‘2_ —A-..
CHrheaa i Py == ' 3
() ©yHKDHE, MpeACTAaBARMHE HATCLPAaAQM ®yphe.
?ym f () — zeficTBuTeNbHad ¢GYHKUMA, BAA KOTOPOH cCyuecisyeT nuTerpad
(o]
{ 1/ (x)ids. Torae
—o
+ @ 4+ o 3
fn=§ cmema=_ | C)eda=
Cieh ¥Van _J_
i
= S Q (o) &% do,
—
+ @
ety= | fx)etuvigy, - (4.11-8)
—
I s 1
C (w)== —_— T i = — .l
=gz | 1oced= e (3)
+

2 (ey= § f('r)r““d‘:Ec(%) (0 =2nv)

- o

F,

Ha KaMEOM QTKPHTOM HHTepBane, Ha KotopoM }{{) r f (f) RycowHQ-HCNpeDHBHH,
ecnk B Kawpok TOYKe paspupa f(f) Do onpenelenvic DOACKETH

It —0
!{t]:“ { J-;-ftH-OJ.

4114, 4.11. PAAB OYPBE W MHTETPARK SYPLE 153

dyuxukn f (£, BMenowan_ npeoGpasopanne Dypre ¢ (v), RadwpaeTcH OOPATHLIM
npeofipazosannem ®ypre F (e (v)] GyHKRRA ¢ (V); DPR RanRHZ GPEANODKEHHAX,
ecal Gynruns f(f) venpepwsta, pPaBeHCTBO (8) onpeaenser F7L [¢ (v}] canoanavuo,

PagencToa (5) MOXBO DEpeOHcarh b PasAHIBNX (OPRAEX, EanpHuep;

+ 2 &+ w 2+ao
m=% S do S fmesop—na=} = § 1€ () ) cos [of + rg C (@)} 4oy =
- -

+ o

=2 S (4 () ¢os 27wvt + B (v} sln 2wvi] dy ®= 2. @119
]

IefcreptebHEE dyHRONA A (¥) B B (v} » () ¢ooTBeTCTEEHAO ABAAOTCA HOCHHyC-RDE-
obpasopaymeM Yer«oR Aacta (0. 4.9.9) dyuxonm f{f} ¥ csuyc-ppecSpasosadmen EEeTHO#R
wacTE pynuxuna f (@)

4+ oo
cw)+2cl-‘f‘1.=.¥¢ [r(r)+2f(— 0]- S f (%) cos 2mevr d1,

Al =

W= 0 #1110

+ o
‘-'B(V)=chﬂ_2f(-_v’u|?s [”n_s“_”]— S f (9 sin 27ovs 4,
—_—

ey m e (— V)= Al =18 W

A (r)“E_GO.hecm Pyrkyua F nesgmug, 8 B (W =0, ecau Qurxgun i) meTaa (cu, rakme
n. , D),

Mpepcrasneane anterpanod @ypee CONACHDaeT GYRKOHID f(f] raR CyMmy GecKoBeTHO
MBAB X CHMEVCOBAANBE WX XOMIIOHEHT ¢ 9acTOTOR ¥ AAH KPYromnofl yacroToRl @ = v (v 2> []]
LSO QTc W | B arg ¢ (V) COOTBETCTREEAG DIpefensiol AMNRATYRY B Qaay eTHE cHuY.
COHAINLAWA KOMTIOHEHT,

OTueruM, aT0 ¢ (=W =¢ W), C{—a = € {w) 8 w10

1€ ) It da,

+ o + o + <0
jumrd= [ temirav= | @.11-31)
«a -

—_ —

ECAN unmezpad & Aeol Nor P mag CHw (meopema apeecatn; ©d TEXXe
Tabn, 4,11-2, '

() $yBKUMR Goses OOMIErD THHA XOPYT OWTH NpefcTaBAeHs B BHIE CYMuu PYEKLEN ()
B ReHOTQpOro MEGHKECTEA OepEORHYNCKHEX dyaonl {6), TEK 9TC ¥ HAX CYmMECTEYHT XaK
CLUCKpEeTHRN CNEHTPs, Tak A «HENPEDMBHHA CNEKTp» (CM. TAKXNE 1. 18,10-9}. PaccMorpense
praor Dypbe B HuTerpascd Pypre MomeT OuTh QOpMAARHO YHHPBOAPOBAHO € NOMOLLBID
BRenennR obobuennozs npeobpaiosanus $ygee (0. 18,10-10%

{e) Teopema e — Bunepa, fTyems @ (©) — dedemeums AbAOR KEOMPULBMEALHAR (PyHK-
oG

Hus, onpede teHHAR NDU — 03 < O < 00, @ I @ (@) dio cymecmayem, Qa3 moeo wmobu cyuie-
—
teoeaa Jelicmanmessnal HAG KOMDAEXCROSHOUHAR Dynxyur } (1), poenas wyaw npu i 5 0
Y maxan, mo ¢ Hpeobpasoaanus Pypee C (@) yo0sAemeopRemt Yrroaun
. 0
G lm==| § Fa ¥ al=om,
vin| 3

o

HeoSxaduue a docmamowns, Ymodt ARMespad s Hln_f ‘:,) '

—_
Mpamevanse Teopewy Mann — Bunepa nna npeolipasopaind Pypee 3 koMnaesca ol

obnacth cm, & n, 7.6-5.

di Goid AR Men




T

Tadaena 442

Ceoftctaa mpeofpasonanun Gypre
(cM, rawme §, 4.11-3 ¥ tabn 8.3-1)

Mycre

+ o2
FUMI= [ [tre 2V gt =c v = VT C @av),

—cO
+ @ +
Fif) = S v esmvrdv= S C(m)em’rd’a}
—0 -_—
4o
F. U =2 [ Ihcosinvfdt=c (¥,
0

o3
FoFO1=2 [ f{)sintnvidf =c ()
0

H OPeUOAGHKEM, YTO paccMarpusaeMue npeodpalosaunz Oypre cyuecrayiot,

o Flalhih+BfH ) =a Fhi )+ 6 F if (O] (aunednocms),
FiFm=it—w
F e = —é—‘— ¢ (%) (a>0 (mepprma mocmmaba, meopexs nodobui),

.?[f, t+1]= LSTUNT, (V) (meopema o cauze).

®) Ecns ¢yaxous [ () Renpepuwoma, To us F[f¢, o]l - F (] npy a=a

cnenyeT [ (f, a) —f {f) (meopesna neapepvisnocmyu), AKRAOrEYALIG TEOPEME CHpaBeiRHBH
B QAR KOCHHYC- H CRHYC-npeoSpaszoBagull Pypoa.

O FHOIFFOI=FLho *%hH 0L .
F OB O] =F (s ) % F 1 ) } o S ek A

roe
+ o +
hirkhoy= [ kmht—ndi= j it =7l (0 dx
S =
B
+ @ 4 o
cqiviaiv= f ey (A) ey (v = &) dh == [ gg (V=4 &5 (A} d&
_— -_—
(r. 4.8-18),

F i thy AVl | =g (v — vy,

1
FIF (f) cos 2avyl) = T le®@—=va+eiv+w) (idoriha ¢ dod Dugian,

1
S [F (5 sin 2xvpt] = o=} =ctlv 4 va))
@ Fl"n]=euw Fyu r=0,1,2 ..
{meopema o duppepenyuposanai),
eCAR MPEANOJIOKATE, IT0 nponsso;‘uaa F7' (v eymecreyer npt scex f B 4TO BCA mpoK3.

BOARKE MEHBIIETO NODAgZKA upy |f + o crpeMsTeAa K HYalw.
o

+
{&) Ecnu uaTerpanm _f i@ isdat a | (fa(0) it ¢ aymecrayior, To
- -

[ o R — + @
| Fr.olFf.mdv= J Rkt dt (neopena Mapcesasm,
—_— —_—
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TaGnuos 4113
Ipeobpazoeanna Pyphe

o
i et
f -—_—--f_—;- C {m £ Y0 C{m) = ——— Fihe O a
0 = o= S ) @) == {
—_ 0 —_—0
f & C (W)
1
I w»o (3) 10i<n,
49, @ {>a
» ; Afwmm _ip -
1
. e<i<y A o—a » @ # 0,
g—p
a, I<p, > —_— a=4a
¢ (@ny'/e
~cf + feef
£ . t>0. (C)O] '_l'—
0, £ <0 en'fric—o+ o

=P Repn0), @py—remw'iip,

o~ —o2

w? f)J
dait ar—Yee (- T}
tos aft, o0 2oy~ '/t cos (?—; - -’g— .
sin ofe 2a— 1 slp (T - %’.é)

jere O<<Res< I},

(%)"' T (=sisin (—;- sn) for [*78,

1t lo='/

e—alll @S0 [ta2 + wn's 1 o}Ya

1i llfl (ﬂ’+ﬁ)’]l-‘f8

ch af 23\, cos (a/2y ch (/DY
ch nf =wlaam (_:?) ch & -+ cosa
sh af

Y sina
AR AR (?ﬁ) chotcosa

=
2
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Tatneoa 4.11-3 (rpodoswenas

o L+
1 iw! 1 ~if
- d Clo) st ——rv i df
1= S < ) 0 () = = S e
— — o0
F i C ()
ch at 1 \Y2 sh @
3k id —n<a<m (ﬁ) i{ch & 4 cos a)
sh of 2 %4, sin (a/2) ch (/)
W 2 CE<e<n (?) 7ich @ + cos a)
@~  f1<g ¢
0, 1£]>a /2y e}, lae)
s [ {a® 4 13)Y4) 0, lo>8,
@ 4 ' w'h s Ve —w?), (w)<s
eos (b Var — it
—_—— fl<<a, —_
@t —i1)'/s i n'h g Vol +5)
0, H]|>a
ch(éi"a‘—f’) t1<a,
(® =)' " wn'ls 1y (Vor—=5%)
0, 1Hl>a
F_in, 1=,
" =l g
0. |‘i>1 w ﬂ+’fl[@)

4.11-5. Hexotopue cBoficTea wooddnunenTos dyphe w npeolpasoeznnn Pyped
(cm. Tawwe on. 4.10.1 u 8.3-1).

(a) Teopema ennncreesnocTa. HomkuoM ofpa3oMm uuTerpkpyeMas
dyrxnua f(f) oxuossaamo onpeaenfer ceod Kosppruuentdd ypve (25) BrE CBOR
npecSpasapatne Pypbe. OOpaTHO, noansd wabop roxpuyuenmos Pypve UAU
npeobpasosanie Pypee oduoanawno onpedensem coomsemcmayiougo dyrryuo f )
nowmis sci0dy {n. 4.6-11, b) s uamepsase pasaomenur; 8 vactvoctn, Pyryus f(
OOROHAHHO Onpedeaend 8 KexXAO MOLKe HENDEDMEHOCIE § LHMEPERAL DASACHENIR.
Dra TeOpeMa EZHHCTBENHOCTH COXDaHAET CHAY ARKE B TOM CAY9ae, erau
Pypee uau unmezpar Oypee He cxodamed (eM. Takme o, 4.11-7).

SameTHM, ¥T0 Be KANAWR TPUroROMETpRYECKHS DA (AaXe Re xawauhk cxoAROiRACA THA=
CORDMETPHIECHAR PHA) ABARETSA pAAoM Pyped € He Kampaad GyHKUHR ¢ (V) REASETCH mpeods
pasopakved Dypoe (0K, TEwke m. 4.11-2, ¢,

(b)Onepauru RagpAaamMu ODypue [Jyons [ — ycyun o xosde
puyuenmany Pypoe ay, by, oy U @ ({) — PyHRGUR ¢ KONpPUGUEHMANS Pypoe Gk

4.11-8, 401, PAON $¥PHE M MHTErPANH GYPLE 157

v Yi OAR 00HO20 U MO0 W8 UHMEPSOAG DASADNCENUR, U nycms b, & p— deid-
Erieummowe wucaa.  Toeda yuxyun LD+ @ () umﬁm KoS@Prey et
Dypoe oy -+ poy, Aoy -+ gy Aoy pyy (MOLIEAHCE CACKeHpe H  yMHOMEHWE
Ba SRCNO).

Hodrennoe unmezpuposanue padne Pypoe (2) 1o umpﬁaﬁy {to, ), codeprmays-
MYCR 8 UNMEPEAAS Pasaodenitn, Oaem pAd, cxodauguics K 5)‘(':) dv. Ecman f(h)—

3
TepHOSMYecKkan GYBKURA ¢ necpacAoM Ty TO 5Ta Teopema cOPABeINNB2 AAS MOOHX
SHauYesnd {, W L.

SamerAu, TTO HTH TEOPEMM He TPEOYOT CROAHMOCTE N&REHX pafoe Typws Mo nosony
prPdepenun pOBIBHE GEecKOMRIHNX PEAGH CK. N, £.8+4,

(c)CooflctBanpeobpasoeanna ¢ ypbe. Hanubonee pamnue coofi-
¢TBa Npeobpasopannn ®ypoe Mepedcnaesst B Taba, 4.11.2 (oM. tawke n. 8.3-1).
[lpumeper npeoGpasobanuil ®ypne NpABeAcHH & TadA. 4.11-3-—4.11-5. 3naunTensHo
Gonee monpobaan TabnEba npeoGpasopaunil npuseiesa 8 (8.2] v [8.7].

OrmeTsn TaxHe, 9T0

Fe U ) cos 2mval] = ‘;’ [c (P H ¥y +e (v — ¥,
3;- H

o [t sin Znvet) w= o [65 (¥ V) — &5 (v — %],
F .

x [F40 cos Zrvgt] = 2 [es (¥ + vn) + ¢y (¥ — Yol

Fy U t0) 8o 2nvy] = % [ee (¥ = ¥o) = 20 (V4 Yo

r—1
Flf™ nl=c v eaw¥ Fefu—2 3 (— v ¥ (U1 g o,
j=0

,
F MV il mi— 1Y @ F g mi—2 ¥ Y eV IvT¥igo,
f=0

Felitt i) wmony Fo 1770 )

ODA F=0, 1,2, .., , DpEANOMaTaR, UTO NPORIBOPANE B JEBNA YALTNX PABERCTD CYLIECTs
i‘-"o"' npr gt -3- 0 W TUTO BCE NPOMSBASHLIE MEHBLIUEFD NOPSAKE NpH { — 4- 00 CTPEMATCT
Bymo,

4.11-8. Hurterpaaw Jiupuxne u Pefepa (cu. Takme 1, 4.31-7). YacTHuHHe Yl

"
i i ent 2
B W= a8 () ;a.+kz (agcos s Bt b an e 2
s |
(el %,...}) @WH-I2)
r—1
R COOTRETCTRYIOMEE CPeABUE 8PHGMETHYECKHE 0, 0= —,:- 2 2, {30, 4,86, ¢)pAga Pypue
k=0
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Tadanua 4114

Kocruyc-npeobpazobanug Pypoe

__CID
Fih = V—%S ct(m)cosmfdm
Q

=]
C_ —V—ES!U tdt
r.“”'_ = ycos

1]

£

Cc {w?

L,o0<t<a,
0 t>a

(%)r/, sln@ma

o< Ras <y

(%)1/; T{a—9sln (_; m) @51

coa d, Q<Ci<a,

(2%)'/, [aln a (Ll — w) + sinea{l + m)}

0, P=a l—w |+ @
@) v

=1 _4_ 004

on (4 1) (5-4)

sln (-%— — E);--)

-, o<i<ly,
90, (3|
(Rav>—1

Privdho—v="hr, L,

MpeMe<enAuA,

npeolpasoBakie AAa Cc {1,

nee Typbe aaa £ i) (0 =

1) Ecpu € (w) — kocunyc-npeobpasonanune Qypws gar f (N, 10 [{a) — KocaHye-

2y BEcnn f(:‘} — ueTHan yﬂxuua B HHTepBad® (— 00, 00), T¢ HOCHNYC-npeodpascBa-
& o) ects (W),
3) Kocspyc-npeotpasosanne Dypoe an [ {{/a), rae a0, ecTh 2 ¢, (qu),
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Tadngoa 4,11-4

Curyc-npeofpasosanrs Pypee

f (N sin @f &1

o
Hf)‘»:VgS Cy () sin of do c3(<,>3=V—?2‘_
H

Ot_.--—.a

fi Cy (@)
1, o0i<a, (i 1 — cos a@
0, (>a :1) w

£ 0<Res<? (%—)‘/'P(l—s)cos(-%-m)wﬂ

- (it

(5)7 0= 1 (ot + 00— 172 x
% sln in erclg w/a)

AL asp

te— 1172 e w2
Sil;l.l‘ {23.‘_’/’]9! :iﬂ)l
0, 0, (n h
— J
@ —allih, IS 2) o (@)

tn=mY, o<,
a ix1

, AS U S VPt Sk O IR )
(Rew™ =1

NpEMesanns,
Y Ecar C; (@) ~ cERYC-upeoSpasongare Gypse mag (N, 10 [{@) — cruye-npe-
o8pasosanne aan Ly (),

2) Ecan f () ecrb RewerHan QYEHUHA P HATepEAJE {— 00, o0), TO CBEYC-Tpeofpe-
sonanne Qypoe aam f (N (0 <1 < o0} ecTh € (W),
3) Caeye-npectpasosanie Pypoe ang [{f/a), raea> 0, ecrb & Cy (o).

——
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{5) MOMEOQ ZAAACATN A BAAE

T ~ T T
‘ 2 e smczn.;-nrh 8 ﬂr(r-n+!(t+n slnﬂn-}-t)rd
L,0=F S o P =T S ] 3 i
- Ty sln-ir 0 biﬂ—f

T T
(-F<i<zra=onz L) @

T Ty’ T ATyt
T {f} = 1 ¢ i i T dr:.?- n!("_ﬂ+!(‘+n e T de
A-1 AT S ¢+ P aT é 7 S

—-Tr Sil'lT 7

(_.:‘;.<;1<%; a=l, 8, ) @,11-14

{eM. TaKme HnTerpanbEY®0 dopuyny Haprxae, m, 21,944, b,

4.11-7. CymmupopasiHe CPERRMMH ApUIMET HUECKHMA,

(a) Yacrsukste cyMmbl paja @ypbe dynkuns f({) MOryT Re TpeAcTaBasTe cofoflt
noAe3HbIX APAGAHKEHRR QyHKUMY f(f). 270, B 4ACTHOCTA, MOMET CAYUHTBCH, eCHH
PAA PACXONMTCA KA ECJH STH YACTHUHEE CYMMBl «OTXONRTH OT QYRKIHH f (f) BGAR-
3H ¢e TOYKH Pa3pLIBa (HEpPIBHOMEPHaA CXOOHMOCTE BGJAHAR TOYKH paspeliaa, Asdes
wae [ublica). B 3TOM chyuae MOKHO NpHOSrHYTs K CYMMHPOBAHHIO CPEIHHME aDH(-
MeTnueckKEMH {n. 4.8-6, ¢).

Kamdall pRI wypse (2) cymmupyesm cpeduumu apubmemuneckuny K PyRKLLY

FEY npu ecex t 8 unmepsaae (— T2, T/2), g»m komopslx Pyakuud f (£, Henpepwena;
8 mowax padpusa nepsoco  poda  cpeBnue  apumemuueckue  cxofRmen &
F¢~0)4-f(¢+0)
T 75— {meopena Pedepa). Cpeange apHdmeTHuecKEe cxonAtea K f{f)
NoYTR BCIAY B ENTEPBANE Dpad/IOMEHHH, OHH CxofATcAd X f(f) paBHOMepuo Ha
KawaoM TakoM exrepeans {a, §) = {a—03, b+8) < {~—T/2, T/2), rae 820, 4ro
yukuna F{f) a (a—38, &4 3) Begpepusua.

+ o0
(8) Touso man ke, ecau cyuecmeyem unmezran § | ()] dt u pyuxyua
F (D) #enpepugra scody, mo cpeduue apupmenuneckue -
AE +c0 ATy
—= (& | coevdo= | fu4) i PP TR
L¥En J : on ( Xt -
- —_— T

passonepro cxodzmes nptt Ao & dyanguu F() Ra kawdom 0epanierton
usmepsase, Ecnm dyukumn f () paBHOMepHC HeOpephlbRZ HA BCEM HHTEpBAJE
(—o> +oo), TO H paBHOMEDHAA CXOJHMOCTH PACOPOCTPANRETCA HA UHTEpBAA
{(—co, +oo).

4.11-8 Kparaote pagal M uaTerpans $ypoe,

(a) Ecau 3afiana n-mepHag o6AacTh pas/ioxedns, oNpeseaemas Rep aABeHCTBAMA
@< ty<<aj4+Tp [=x1, 2, ..o n, To xpamusil pag Pypbe, LOPOKACHEHA Pyuks
ured f(fy, 19, «on f2)y AN2 KOTOPOH CylUecTBYET RMHTErpAA

al+ Tia'-{»- T’ au+ Tn
§ e § 1 (G Ta ey ) T ATy dry
ay gy %

€114, 411, PASN GYPHE ¥ HHTELPAJIB @YPBEE 161

fio QNpeAeAeHHI0 €CTh

o o =] 1 :

/

2 2 “on 2 ckl*e'“*n exp [Qm’ Z kr T"]'

k=@ fy=m— k= —o0 Joal
1 GtTia+Ty g +T,

Chphger b, =T T T, S S S Fu T oy Tad X 1 (4011-16)

a e | 4y

i :
X exp [—- 2n 2 &y -Jf}] 4Ty dTg o0 dT,,
i=l

!

(b) Kpamnoil unmeepas Pypoe, nopoxnernnl dynxnsed f(fy, & ey I)
BAA KOTOPOR CyDIECTBYET RHTerpan

+oto 4@
§ § e § 100 o ones 7o) 15y Ty undtgg
—0 —00  —00

0O ONPEREICHAK €CTh
1 42 4o o n
Vo S S S C (@1, Dgs vens ) exp[f D 0#;| dodo, ... dog,,

—_—0 —00 - f=i
1 +oo 43 oo
C{©y, Wgy vy Vp) = § j § Fon T e T X 4.11-17)
VIt L, 0,

n
» expl:— { Eﬁ)ﬁ';] dt,dty wes dTqs
fmm]

Kzx w o pasencrse (4), MOXKHO BReCTH V)= (/f(2r). [laa ofaactelt AHTErpHpoBa-
Bidg, onpeeaacMblX HepaBeHcTBAMH O < §; < 4~ co BAR — 00 < {; <0, 0o auanorus
c 1m0 4,11-3 noayuaiorT KpaTHbieé CHHYC- H KOCHHYC-HHTerpanu dypse.

{c} Ecann 3ajana ofnacTe Padfoxedn — oo < fy << 4-co, qg <<l <a;+ Ty,
O gan yuxund f{fy, &) MOKBO OOAYVHTE <CMCWIanyOer pazaomenns Qypea:

'—;;" +§° .Sjm Gy () sr(w‘r‘ + k%)dml,

VIR o pieo (4.11-18)
C tiy) =1 Ta'”'f R A e“‘("'“""* 2‘r‘ﬂl) drydv
&) = Tgl/fi...m LTS i

Apanorguio MoXHO CKOMOAREPOBSTL RATErpaAu ®ypee H prinl Oypoe (2 TaKKe
Culyc- B KOCHHYC-HHTerpain Pypbe) H B CAywse 0Oodee uey AByX H3MEpenHit.

{d) [Tokasateabirste byskadu 8 (16}, (17) u {18) ¢ nomomsic pasercrs (21.2-28)
MOryT OmTh NPEACTABASHM B BENE CYMMBl CHHYCOB M KOCHRYCOB., Bee Teopemnl
o 4 11-2—4,11-7 soeym Goitny 0f00igentt na Caysad xpamuoy pados u uxmez-
Paaos Pypos,

§ Capasomaux no MareMarHie



FJABAS
BEKTOPHbIA AHAJIM3

5.1. BEKTOPbI B EBKJIHA0BOM NMPOCTPAHCTBE

B kaMA0M KJacce BeKTOpoB (HanpuMep, nepexelernfi, CKOPOCTER, CAJ, Hals
pAMeHHOCTE!l MArHHTHOrC MNOJRA) MOKHO onpeienyTs ONEPaUNH, naBecnm};zxkax
CACHCERLE BEKMOPOE M YMHONCEHIIE UX RO (Peticmeumebnoez) CKAARPLL (n. 5.2-1),
4 TakKe KAK CKOAADHOE YMmnowcenue gexmopos (1, 5.2-6), Knraccw DeHTOPOB,
BCTPERAIOIAHECS) B TEOMCTPRH M (pn3HMKe, yauie BCero CBE3aUb ¢ IBYX- WY TPeXs

NPOCTPAHCTBOM,

HepHE eﬂmnﬁo B;e):{-rogbz J?IOGOFO KJAacca AOTNYCKAOT ORHO3HAuHOe NpelcTaB/enHe
B pujie nepemguienud (T. ¢ HANPAGACHAROLX OMpPe3Kos) B reQMeTPpHYECKOM
npoctpancTse. ST0 NPLACTABACHHKE COXpanieT COOTBETCTBAE MEMIY CYM=
MaMK BEKTOPOB, NMPOH3BENCHNAMH HX H3 CKafApu 11 cxampﬂgbx?n npoHa-
BEIeHHAMH BeKTOPos (cM. TaKMe NL. 12.1-6 » 14.2-1 — 14.2-7).

9. B 6oMLIUHHCTEE NPHACKERHA BeKTOPH MOABARIOTCH KaK ynkyul
MoK B TEOMETPHTIRECKOM NPOCTDARCTBE {sexmop-(PyAKYLU MOYKL, TI. 5.4-1}).

Tagne BeKTOPH, KAK CKOPOCTA M CH/B!, OGHTIRO BIIEPBHIC onpeaensoTcA Ha
FEOMETPHYECKOM R3WKE KaK «BCAMUIHBL o6aafaomue AMHHOH H HATpPABJAEHHEMS,
WAH, HECKOMBKO TOUHE?, KAK BEAWHHE, KOTODEE MOTYT SbiTh NpescTaseHsl
B BuAe HaNpaBAeHEHX OTPE3KOB, CKAAAHBAIOWHXCA 010 Crpapuny Napanieno-
rpammas. Taxoil [EONETPHYECKHE JIONXOR, OOUMEA RNA GOJBIHHCTER sAeMeHTap-
HEX KYPCOB, HCOOJb30OBAaR B . £.2.1 u 5.2-8 npu BBeNEHAH QCHOBHHX onepa;
nrit Haa BEKTOPaMH. ‘Paccmo'rpenue BeKTOPOR ¢ Sonee obwiell TOYKY 3IpeHusn AAH

. 12.4-1 v B ra. 14, '

2 Bexmoptvill anaau3 W3ydaeT BeRTopHbE (B ckaanpusie) dynknug, JloGol BeKs

T0p MOKET GmTh 3ajan HaGoPOM GHCAOBRIX ysKunfk (xoopduram eexmopa) B CO*

oTBeTCTBYlomeM Gasuce (nm.5.2-2, 5.2-3, 5.4-1 © 6.3-1).

. CaHRe HAASECKOTO COCTORARHRA BEHTOPHEMHA BEJATHHIMH Cﬂu}'“
paccui:p::a:ba:e“énbggunsx cno?:’oﬁ COKpallleHROR 3anHCH CHCTeMM KOOPAHRAaTHLIX ypa;u:;
HuM OAHHM YP&BBGHH&M, HO A KaK TDpAMep MAaTeMaTHUECKOA MOmeny, sNeMeHThH ::T(;pg“um
OrpaNHOMBAKTCA YHCTaMu. JFaMETHM TaKke, ¥TO KJMace oUBEKTOB, p.onycxaj:me s:.nsrrhcs
COHOAHAUHOR COOTBETCTEHE € KAACCOM HaNpaBlenihix omeaxoa;eﬁmomﬂ 3 [ pd
BeXTOpHMM TNDOCTHAHCTBOM, ECAH Y BErc He¥ ODUCAHHHX solie ANrefpakIecKBX CBO 4

5.2. BEKTOPHAS AJITEEPA

5.2-1, CroxeHme BEXTODOB H YMHOMCAHE BEKTOpa Ha (xeficrenrenninl) cnae
anp. Bextopnas cymMa a b nBYX BexTOPOB 2 ¥ b ORHOrO KJacca €CTh BEXTOR,
CCOTBETCTBYIONHA TeOMeTPHUecKol CYMMe COOTEETCTBEHHEIX HAMpABJASHHMX oTpes-
woB (npasuio napasseavzpasuna). Tlpowssepenne BEKTOPa A A AefcTBRTEALHOE
ypcho (ckaanp) & ects BEKTOR, COOTHETCTRYOIUME HAanpasJjennoMY mpesxy:
B Ja| pas Gofee RAHEHOMY, 9€M OTPEIOK, COOTBETCTRYOUIHA BEKTOPY 8, H HAN
PABNEHIIOMY B CAYy4ae OTPRHATEALHOrG & B CTOPOHY, NPOTHBOMNOMOKRYK) BEKTODY 8.
Hyuegail sexmop 0 KamAOTQ KAacca BERTOPOB COOTBETCTBYET NEPCHEUIEHHIO HYJer
BOH AamHB, 1 & 4-0= 8,

5.2-4, b.2. BEKTOPHAR AJICEGPA 163
Onpeneneyusie TaKnM 00PasoM CNOKEHHE BEKTOPOR ¥ YMHOMEHHE HX HA CKd-
fAApBL yﬂOBJ’leTBQPﬁEOT COOTHQIDEHKRM:

a4-b=b+4a a+t+(bte)=(a4+b+c=atb+e
a(ﬁa):(aﬁ{a; (e +Pra=ca -+ Pa; a(a 4+ b)=cat ab } {5.2.1)
= a.

la=a {—1)a=—3a;0a=0;, a—~a=0;, a4+
OCabenye BerTopHOA anreBpm ex. nn. 14.2-1 — 14.2-4,
5.2-2. Paanomenne BexTopos no GA3HCHUIM BEKTOPAM. /M BEKTOPOB 2, 43, ..., 85y

ﬂ]{HeﬁHO HE3IABHCHMM, CCAR H3
Mag + Aot o0 b Apan =0
11=M=,,,=1m=0.

cnesyer

B npoTHBHOM c/Tywae $TH BEKTOPSl MuHeAHO admmcume (CM. TakMe nm 1.9.3
H 14.2-3). JlwoGol BEKTOP A MPeXMePHO SXMODROZG RPOCMPAHCMGN MOXKET OnlTh
pasnuxen NO TPEM NHKEAHO HEIABHCHMLIM BEKTOPAEM €, €y, €5, T. €. NPEACTABACH
B BHJe EX AHHEeAHOH KOMOUHAUHH

8= aye; -+ czeg + X583, (5.2.2)

Kospdrunentst e, o6, 0y HALBITCA KOOPAHHATAMHM BEXTODA & M0 OTHOWEHUO
K fasncy, onpepesieHHOMY Ga3ncHbBIMM BEXTODEMH €, &g, &3 {CM. TakMe n, 14.2-4).

Ecnu Gasncnass CHCTeMa 33134a, TO BeKTOpH &, b, .., DpencTapifiorca ynopsd-
AOEHHLIMH TPofikamu (@, © o5), (B Psv Ps) ... HX KOOPARHAT, NPy oTOM
8+ b 4 ma MPeACTABARIOTCH COOTBETCTBEMHO TPORKamu (o + 0y, ¢t + Ba, &3 + f5)
B (o), ey, cotg). CoomHoweniun Mencdy eKmopamt mo2ym Obims sMpaNcens: 4eped
coomaememayowie cucment coomuienuld mescdy ux wooplunamamis.

BekTophl, NPHEaANEXKAMHE IBYMEPHOMY BEKTOPHOMY TIPOCTpPAHCTBY (Hanpamep,
DADCKHE MNEpeMelleHHa), NPeacTaBARIoOTes NOAOCHEIM 0G0a30M YOOPRAOYCHHEIMU
napamt KOODAKHAT.

Iag paanomeHnis BeKTOpOB, ONpeACNEHHMX B JanHo# Towke NpocTpanctsa {(m, 5.4-1)
OSHYHO BLIGHPAOT 5a3He, CBEIZHEHN ¢ HCHONbIYEMOR XOOPAMHATHOA cucTeMoi. B m.é
CNEUBANLHO DACCMATPHRASTCA PA3JNOMEHHE BEKTOPOA NO BRKTOPaM NOKAILHOMG GagHCa, Ran-
PABNEHHHM NO KOOPGHHATHMM JHHHAM HDHBOAHHEHHOR CHCTEME MOOPAMHAT 8 Kampmol Touke
H NepresAdkyAADHO K EMM; BeOHYHHN ¥ Ea8NpaBieHud BeKTOpOD hAoxaibnoro Sasuca, aocbue
FOBODA, paiAHYHW B DAIAHTHHA TOTKAX. (gopuynu npeadpaioBaEua KOOPABHAT BLKTOpE,
380311 x B pasAdMIHmy (Ga3ucax, BAHW B Tals, 6.3-1 w a o 14,6-1.

6.2-3. MlexapToss NpAMOYTOJbHBIE KOOPAWHATH BekTopa., Ecan 8 ApocTpanctae
3ajana NpaBaR NPAMOYFOABHASA CHCTEMA JeKAPTOBWX Koopawwar (®. 3.1-4), 1o
eIuHUYHLe BeKkTopw (m. 5.2-5) I, j, k ocell Ox, Oy B Oz cooTBETCTBEHHO 06pa-
BYIOT yaOGLYio CHCTeMY Ga3HCHMX BeKTOpoB. KoODAHRATH 4y, 8y, a; BeKTOpa

a=a,4ay)4ak {5.2-3)
HAa3LBAOTCA AEKAPTOBBIMH NPAMOYTOJMLHMMH KOODAWHATAMM BEKTOPA A.

JameTeM, WTO STH KOUPAMNATE

ay=a-d, ay,=a-|, da,==ak

{0, 5.9-6) spasroren npoeKkOKANE BexTopa a; xoopAuxate u- |, o +J, v« k Anboro edunuinoso
BeKTOpa u #aaAOTCA ero HANDABAMOMHUMH KOCHHYCaMH {11, 3.1-8).
6 5,2-4. BexTopw M PHINTECKME PAIMEPHOCTH. BexTopH MOMNHO YMAOKATL He TOJLKO HA
e3DRIMEDPHKE CHRAADH (HANpUMED, NOCTOAHHMWA BEKTOP CKOPOCTH YMHOMAIOT Ha HHETepBas
BpEMEHK, uTOOH MOAYYHTL BEKTOR DepeMmemenun), Eetu qguxuqerxas feAudUND ecib BENmOp {2)
:‘“ (3), mo ee Pusuneckyr pasmeprocme yerecoodpaswo Rpunucame xoopduHamax sexmopa,
“m’ Casucntin sexmopaM, TIpH 5TOM ROCAENHHE PACCMATPHBATCA Kax DeapajMepHue Beny-
88 ¥ MoryT OmTb HCNOJb3OBAHH B KadecTse obwef Gasucsoll CHCTEMM BAA DAIAHUHBIX

lé‘daucos BEXTUDOE, EMOMAX PAINHYANE DHINTeCKUE DazgMepHOCTH (HANpEMEP, OePeMellennd,
OPOCTH, cuab K T, A.; €M, Taxike o, 16.1-4),

§=
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5.2.5. Moaysb {nopma, AOCOMOTHAR BEJiWYMHA, AZRRA) BEXTOPA. Mozym
{a] mextopa 4 B EBXJHZOBOM DPOCTPEHCTBE €CTh CKahap, RPONOPIHOESAL-
Wit ANHHE TEPEMEUICHUA, COOTBETCTBYIOUICTG BEKTOPY a {n. B.1-1; alcrpakThog
onpeneaenke cM. . 14.2.5 g 14.2-7). MoLy/ie BEXTODA yIOBACTHOPAET COOTHO-
wennam (1.1-4). Bektop, Moayse KOTOPOTQ pasen I, Ka3mpaercsd eARHHWHLIM
pextapod WAH oprom. ([Tomapeo NEPNEHAMKYASApHLE) Sasucusle sexTopH i, §, k
{n. 5.2-3) ARAAOTCR EAMHUYHBIMH, T3K UTO

lagdl=]asl. lajl=layl, lak{=|z], 6.24)
lale=) a0} +ap+a}

5.2-6. Cxadspnoe (BHYTpeuMoe) NPOMIBEREANS ABYX BexTopom. Cxaispmoe
npoNssencHNe a-b [Apyroe oGosnavenwe {(a, b)] APYX BEKTOpOB & B b ecrs
ckansp

a-b=la| |b]cosy, (5.2-5)

rAe ¥ — Yron Mex iy BexTopamM a B b (aGcTpaRTHOE ONpeReNeRHe cM. TN. 14.26
u 14.2.7.

Ecnv a # b — QH3anTecKHe BeAHUHEL 7O PRIHUECKAA PAIMEPHOCTL CKaAAPHOro
npouspeacHEA 8-b foMksa OwTh ykasama (cM. Takke m. 5.2-4). B rtaba. 5.2-1
TatGnauuabil

CeoficTBa CKANADRONG NPONIBENICHNA

{a) Oc¢ COOT

abe=ba; a+ci=abtac (oa)b=alaby

b
apmale= gt 20 abies]al-{b; o8 ¥ = —
P20 |abi<]al T
) Bupa B Tp YIOABHLY EEXAPTOBLX KoopaWnarTax (1. 5.2-3)

‘-I-] jnk-kﬁl; |-]-]-k-k-iﬂ0:
b (o + ayj + a'll)-(bxl + ay] + b‘k) =ab.+ ay&y +ab

nx—n-l, ay-;-j_ a‘ua-lt

MIPUBEACIE. OCHOBREE COOTHOWCHES AN cKaAApHOro nporseepennn, [Hea weryie-
gox arkmopa 8 M D gaaumio RepnenduKyAApHE mozda 4 moaexo moeda, Ko20d
a:+b=0.

5.2-7. BexTOpHoe npONIBEAEHME REYX BEKTOPOB. BexTopnoe nponsseneHne

a X b (apyroe oboinsvexre {a, b)) ABYX BexTOpOB 4 H b ecTn BekTop, MoAy/Ab
KOrOpOTO papeH

faxbl=|a| |b]sny; (5.2-6)

€70 HANPaBAEHNE NEPNERARKYNAPHO K 060HM BeKTOpam a ¥ b B coBnajaer ¢ Hame
]')ﬂBJ'IEHHEH NOCTYNATENLHEOO ABHMEHEH NpaBoro BHHTA NPH €ro NoBOROTE OT & K b
ua yron, mennwnfi n. Jea sexmopa sunedno sasucumsi (0. 5.2-2) mozda u moavks
mozda, Kko20a ux eexmopwoe npoussedenue pagio nyme. B Tatn. 5.2-2 npusejeHtd
CHOBHEE COOTHOWDEHHAA JANA BeKTOpHOro NPOH3BEAEHHHA, Bonee oﬁm,ee onpene.ne-
HHe BeKTOPHOTC MpoH3BemeHHs cw. n. 16.8-4; p on, 3.) 10 u 17.3-3 papu ppejts
CTagICHUS NAOWAAM 00NACTH Kak BEKTOpa,

5.2-5. 82 BEKTCPHASR ANrEGPA 1485

TeBarunea 522

Ca0RCTBA BEKTOPROTO NPOK3IBEREHAA

{a) OCHOPHGLIZ COOTHOWICHUAL
aXbem—=bXa aRdia=axbtaxc @pxdb=giaxb;
gMa=0;, as{axbl=b+(axbr=0
$} Buipamenne m noBom Gasuce ey, &, ol
4 =08 3 Ga&4 + Ge2y; b= Pie; + Bues + Betae
& Xe a B
e Xe oy By
Moy @ 6
&) Bupameduc B NPAMOYLOfbHbX AEXAPTOABR KOODHMHATAXS
Ixlmx j=k Xkm0, {X ]|k [Xhkeml, kxlwmfl

AX b

I }J] k a, @, a, a, a4, 4
axbm G‘ a a‘ [ ] i + i + k=
bx b’ b' by b' b, b_‘_ bx by

= (e, —abyld(ab —abyi+ (acly =tk

5.2-8. Cmewannod (BCXTOPHO-CKAAAPHOE) TPOKIBERCHKE,
& (b X ¢} = [abc] = [bea] ={cab] = ~— [bac| = — |cba] = — [acb], (5.2-7)

[abcjPem((a X b} (bXc) (c X a)] =a%0%" — a¥ (b )2 — b3 (c - a)» — c¥(a-b)* 4

aa a:h a-c

. Ry . - . o| (onpedesumess pama, cu. 3.2-8
+2@-b)(b-c)fcra)=|ba b-b b.c| PHETA .2-8
c-a ¢c:b c.c

a.e a-f
b-e b-fj. (5.2-9
c.e ¢of

[abc] [def] =

o o ow
& G o

B mofou Gadnce e, ey, €; (M. 5.2-2, cm. takse on. 5.2-3 g 6.3-4)

a B
labe)= |y By ¥a|[e: & &4l (5.2-10)
2 By Ty

B mpasoRt cucreMe AexapTOBHX NPAMOYTOIBEWX KOODRHAAD

ay by o 0
i (>0, ecru sextopu a, b, o
[abel =14y By | CSpasyior npanyo Tpohxy)e 621

2y Pg Cg
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B.2-9. Jpyrae npouspefeHnn, colepkawee Gomee ABYX BELTOPOR,

b c
{asb) tare) l 6.2:12

(a&oﬂﬁog BEX D npoLasederle)

aXbx=b{a.y=clab)=

faxBelexh=tacb-d—(a-d b-aed P, 6.2-13
(a X b)t = a®b? — (a - b, 6.2-19
{2 X b) ¥ (e % by == [acd] b — [bed] & == [abd] ¢ — [abc) 4. 5.2-19
5.2-10. PasAoMcHMe ESKTOPA & N0 HANPARJIEHHUIO eIMHHYHOTO HEKTOPA U B eMy MEpneHs
Hrasyppuomy! ge=p (g u) 4 ax{axu) 6.2-16}
5.2-11, Pemenge ypapnesal ([abc] & 0. !
@ :x::: } s=aly (axm%,: 6.2-19)
[b} X+amp, 1
% bmg, x_p(bxd+¢{:xa)+r<:xb)= 6.219)
XiCm=r, [abc}
(e artbytcat+d=p,
[dbe) | {adc] - [sbd], .
bt T L bt 7T L 1 T N -
tdy bxe) x4 (exa) p+ {axb} 24+ d=0,
d-a d-b | = d-e
bl T R A 7 T L [y ©.2:20)

E.5. BEKTOPHbBIE $¥YHKUHU CKANAPHOTO APTYMEHTA

5.3-1. Bextopubie dynktau u ux mpedemu. BexropRas $yERIRA v=v {f) CKa-
AAPHOFO APTYMEHTA ¢ CTABBT B COOTBETCTBHC KAKAOMY SHAUEHUIO APryMeH7a £ 83
o6nacTE ohpelenewBs (cM. Takxke 0. 4.2-1) oaso (onmosmaunas QyRKOus) HAH
HecKONBKO (MAOro3HAURER (YBKUHA) €IHATeHRd BeKTOpPa V. B npaMoyroipHuz
JEKaPTOBLIX KOOPABHATAX

v=v{=o, () i+o, ()]t Nk (5.3-1)
BexTop-pyBKUBA V ({) OrpamMuena, €CHR OrPaEHYEH ee Monyam | v (f)|. Ond
RMeeT Npefen v;=t]inf1 v ({), ecnip RMA EAXJOTO NOJNCKEBTEABHOIC SHCAS B Cylles

¢TBYET T8Koe BacAo §, 110 H3 0 < {—14; | << § caemyer | ¥ (f)—vy | < & {cu. TaKHe
nn. 4.4-1 ¥ 12.5-3). Ecar ttir? ¥ (f} CymecTByeT, T0
=i

}_i’n}‘\' (=1 f"_.ﬂ}lvx O+ :IE";, oy () +k tllﬂ}‘ g {1 (5.3-2)

[Tpegen cymMu! BEKTOPOB, CKAAAPHOIO B BEKTOpPBOTG BPOM3seleRAR HaXOZATCA N0
OpMYAAM, BHANOCKANMM GopMynam m. 4.4-2,
CHTOP-PYHKLRA ¥ (f) venpepuipna OPE {=={;, CAR ranl v (f)=v(f;) (cu. Taxxe
-5y

on, 4.4-6 7 12.5-3).
5.3-2. Mwddepenunposanne. BexTopHan dyeruud v () raddepennnpyema nph
AAEKOM SHAYEHuH f, €CAE CYUISCTBYET HoHeWHAA [IPOKSBOAHAN (CM. Taxkme M. 4.5-1)

aviy _ lim vii+ Al —v (1) 5.3-3)
i " ar o af ¢
Ecng npom3popnan dvw/di? ot dv/d! cymecTyeT, OAa HASLIBAETCA aTopoft

npowszopmol o3 V({), B T, A Taba, 6,31 copepmut OCHOBAWE MpaEnda ARpHe:
perunpopanni.

B.8-3, 6.3. BEKTOPHOIE ®YHRIUIHH CKANSIPHOIO APTYMEHTA 167

Tadnaoga 5.3
Hupdepentinponanne BexkToPHOR BYHKUHH CKANSPHOTO APryMEHTA

(8} OCHOBHEE APABHIAI

d dv dw d d
—‘:T[V(Oiw(f)]““ﬁ_":—ér: E—fav(f)]=u7:-(a=const):
d _df dv d dv
S UOvO=grv+iOG . FvOwOl=G Wty 2
d_ o a4y dw | d dv  d}
g WA X e D= KW Ry XS WV Ol= 5 gt
4 dv d
—aT[vm wiui{]l= [‘E:‘w"] + [V ‘g?“:[ + [W%].
(b} B npAMOYroanHsIX SeKapPTOBLX KOODAMHATAX
dv () ” dv . {f) : do, du, (f)
7 TR T R A
{c} Ecam GasucHele sekTopbi €, {f . - =
PUSN g B i L Y € € (), ey () — Qyuruns or f 8 v () =y () e {6+
dv () da da , da d d
& E‘( d-nt et 7 e’)‘*‘(“‘ﬁf’*‘“"ﬁ%"‘“'%)'

AHAROTHUKLIE NDABHAZ NPHMEHKMB K BEIRACACHAIO YACMHLIX NpO00usx Ov/dly,

Ov/dty, ... BexTODHO# OQYHKUHH V=V {{, f, ...} OT ZBYX WIM GDAGe CKAZADHMX
BPryMedToR #;, fgy .»e

Jamenasrae Ecas v () — opr sedTopa v ()}
vii=lvinvw o,

Ly
dvt £l dv  dlvi cdve d v
=XV 8 =g v tIlvigg =g v texv (5.3-4

e EeKTOR @ E&MpannacA (No Mpasaay NpaBoro BAATA) BROMb OCR, BOK KATODOR nNoBOpA-
SHBAETCR BEKTOP ¥ {{), B HMPET AAKBY, Pabiyil preaosod exopocmu noeogzrma sex?mpa v np;o
%THOLIJEHB!O K £, PHEMER scxmop peaosdu cropocmu b PH3IHHE: CM. Takme o, 17.0.3),
mmpeﬁige H& neggziecn:;‘aemoe XHDEKTEDH%YW H3MeHeHBEEe AAHHK BeKTope ¥ {f), 2 BTOpOR
- HAMT s HappaBJeBHA, [} =
SMTIatoe - el o [v #) )] = consl, mo sexatopa v {f) u dv/dl
5.3-3, HaTerpuposanue B ofnxugperune AuddepeHnAANLHIE YDABHERUA. Heonpeaes
Aeuueth muTErpan V(f) = _[ v (/) d! ot pekTopHOR dyHKOME v {f) oapedenfeTca Kak peilledHa
BekTOpHOre ABddepeinaaAbore ypapaelan {cM, Takke o, 9.1-13;

d
F vV =vin (5.3-5)

KoTopoe MomHO SaMCEHTE CACTeMOfl auddepennEanvHeiX ypanaeBER AAT K
DOPRARAT BEKTODA
¥ (0). Opyrse ofuxaopeatne An(depedUBabube yDaRHeRAR, cORepHAUEE ?spon.aaomme ?n
BCKTODHOR GyHKUKH CHANADBOLO aDTyMeHTa, TPAKTYIOTCA NOJoOHRM Ke 0GpaioM,
UpcAcIcHHE BuTerpan

& n
[verdim lim B0 (=1
(e 6,30

ac=iy <ty <Y, KL Rig=b
[ ] rl_létl\ifi;b-max l!‘—-t‘_tf

(Cw, Tamue p, 4,6:[), MOXKET OWTh BRIDLKEH Reped KOODIKEATH

b b & )
£'m“='£°xmd‘+j£°ﬁrmﬂ'H‘i",(‘l‘“n 630
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5.4, CKANSIPHBIE H BEKTOPHLIE MOJIA

E.4-1. Boolusie sameuyanna. KoHen 5TOA rA8BH NOCBAWEH CKQARPHBIA U deKs
PLopHBH PUHKQURK MOUKE 8 e8KALO060M NPOCTLPOHCTSE, Ecan He OroBOpeHO 0po-
TuEHOC, CKANAPHLE H BeKTODHWE QYHKUEHK DNPEANOJNaralwTcs OJHO3HAUHLIMH, He-
NPePHIBHEMH - JH(peperiipyesMEME  AOCTATOURO? WHCAD pas. CooTuowenns
MEMAY CKaNSPHBIMH M BCKTOPHBIMH GYHKOHAMH YCTZHABAHBAOTCAD

1) B HusapxauTHON (opue (He3aBHCHMO OT CHCTEMBI KOOPAHHAT) H

2) B KoOpaHHATHOH opME NO OTHOWEHKIO K npasod nPAMOy2eabHol KEKApTQ«
Bofi cueTeme woopiaMuat (n. 5,2-3), rax urol)

F)=F(x, g, ) =Fylt, y, Di+F 5y 214-F 6 0 2 k., (5.4-1)

CooThowe HuA B ni. 5.4-2—5.7-3 He 3aBHCAT OT BRIGOPA CACTEMH KOOPAKHAT
B NPOCTPAHCTBE. 33NHCh BEKTOPHBIX COOTHOWEHHA B JOKAAbRHX aaucax CcHCTEM
KpHBOANEENHEIX KOOPAXHAT paccuaTpipaercs & . 6

5.4-2. CHanspHbie noAs. CxansapHoe Noje €CTb CKARAPHAA QYHKUHE TOUKH
Q(N=®(x, g, ) smecre ¢ cBNACTHIO €€ ONPEJLNEHHR. [MoeepxHocTH

Q= (x, y, 2)=const (5.4-2)

(n. 3.1-14) BA3LBAIOTCR NeaepXHOCTAMM YPOBHA NOAA; CHE NO3IRQARIOT OpepcTas
BHTL NOJIE TCOMETPHYECKH.

5.4-3, Bewropnwe noas. BekropHoe nose eCTe BekTOpHas GiyHKUMA TOUKH
F{r)=F(x, y, 2) pmecTe ¢ 00nacTbi0 €& ONPENLICHEA. BekYopHHE AHHHH (NHHMH
TOKa) B KaXJO# Touke (r) KMexT HanpapieHie BEKTO)a BOJA F (r} 5 onpejes
AROTCA AndxpepeRUHANBHMY YP3BRCHUAMM

dx dy il dz
drxF{n=0 nan FL v @ = F 0 v 2 TR ey @

(5.4-3)

Bektopuoe none F (r) Moxer OwTe NPEACTABACHO [EOMETPHUECKE CBOMMH
BCKTOPHLIMM AHHHAMH, OTHOCHT/LHAA OJOTHOCTL KOTOPHX B K2mUOH TOUKe (r)
nponopuKkoransha Moaymo | F (r}|.

5.4-4. BeKTOpHMIA S/€MEHT NMHMM M Aauwa RyTA (cM. Tamke 0. 4.6-9).

(a) BexTopHuii saemedT JuHuW (anddepeHuHal papuyca-gpextopa) dr BIOJb
kpusoil C, OnHcwBaeMOH YPaBHEHHAME

x=x{{),
=r{f) wm =y} (5.4-4)
g=2z (1),
onpeneaserca B Kamaod Touke (r) =[x (f), y(f), 2({)] dopmynoh
ar=axi-;-dyj+dzk=(§j-‘i+f?§-’g+‘;'—jk)dz=“;—j"d:. (5.4-5)

BexTop dt Hanpapien N0 KacaTedbdod k xpusoft C B KaxIoA PerynqpHOA Touke
{cM. Takme B. 17.2-2).
{b) Damua pyrw s cnpamaremo xpumoill (4) (n. 4.6-9) supamaercs popMyaok
t

s-==§ds,

L
s=virrarraa=V (5)+()+(G) «=

das dr d
=g di=Vdr dre |/ Tt (6.4-6)
s xampolt peryasphod Touxe (r) =[x (), g {f), 2 (N} rRpaBok C.

rae

W Booay & ra. 3 M 6 sigekes B 06o3RaveHARX £, F
GEPEHUNPOBANKE N0 £, ¥, 2, -

¢ Fyu e e yH2IBBAWT HA gHO-

5.4-8, 5.4. CRAJIAPHBIE ¥ BEKTOPHBIE MOASR (69

5.4-5. Kpupoamnciinwe (anvednwie) murerpanw {cM. tawxe n. 4.6-10), Jdas
copsuasgeMoll AyT8 €, 3apannoll ypasuensem (4), craaapubie HHTerpain

[0 dsem (0@ g Das={O L), 500, 20} S at,
¢ < ¢
§F(,) -dr=§""x (. g Q) dx+Fy (2, 9, Y+ Felx, gy, 2 dz= (6.4-7)
= Vrm 5 at= YR+ RGP e
¢ 2

MOXHO OfIPEJe/HTs HENOCPEACTBEHAO KaK NDEACNN CYMM TeM Ke cnocolom, dto
n B n. 4.6-10) opuaxo Goaee ynoGuo noacTasaTh GYHRUHM X (1), ¥ (), 2 ()}
dxjdt, dyidf, dzjdi n3 dopmya (4) B ¢opwyny (7} 4 WHTerpHposate no f.

Nopobann xe o6PA3cM QNPERENANTCS A BEKTOPHEE KDHBONNHeARWE wHTelr panbl]

[owdr=1 [®x, p,z)a’x+jJ¢!(x. o dp+ ki@, g ndz=
< ¢ [
dr dx [ 4
.=§mr>3,-m= S[ou. b AGlE 0w g D F )+ O g z)d—fk]dﬂ .49
&

dr
S F (r)Xor e CS F [r)x-d—!- di =

=1 S(Fydz—F:n‘y)q-j S(P‘dx—dez)-FkCS(de'g—Fydxla
¢ g
dz du dx dz dy dx
“CS[(F;:.—?:'_F::ZE l+(F‘E}-—de—r)}+(Fx§-—f’yﬁ)k]dh ©.4-9

SHGuENUE (KAARPHOZO UAU BEMOPHO20 KPUBOAUNEIN020 UMMEZPAAR Sa8UcUM
om ngmu unmeepuposanur C, ecal JROALNO HE BUADAREMN CTIEHUOALHOE YCAOSUA
o b.7-1.

[TpumeneBRe KpHROAKACAHWT XoopAnHAT oM. nm. 6.2-3 v 6.4-3.

Semegan e YacTo OHASWAASTCE NOJLINWM B KA9ECTEE AOCOND DAPEMETDA B RHPA-
Bonun (7}, (B}, {9) BBECTE LNAAY AYTH § ¢ DOMOMLK GopMynn (6).

5.4-6. MMovepxnocTrble MuTerpaas (M. Takme no. 4.6-12 » 17.3-3,¢).

{2) B =xampofi perynspHoN TOYKe ADYCTOPOHHEH NOBEPXHOCTH, 3aZaHROA
ypasueuueM T==t (4, ¢) (m. 3.1-14), MOMMHO OBPENE/HTL BEXTODHMII 2JE€MEHT MO«
BEPXHOCTH (BEKTOpP DACLIALKH)

ar _, dr
ds = EX%) dit du =

dy da  dz Ay dz Iz dx 2z ax 4 gy dx
=[(a*na—a_u$) I+ (5 ) 1 H e o= 2 k| dudo. (5.4-10)
B cnynae saMiuyTOfl NOBEPXHOCTH KOOPAXAATH u, 0 Ha NOBEPXHOCTA o6WAHO
YNOpAAQUHBAIOT TaK, 4TOOW HanpaBhenxe BeKTOpa dS (RanpaBherue NONOMETENRbe
HO¥ HOPMAAM K NOBePXROCTH, M. 17.3-2) GOm0 enewtnum no omuiguien o & meay,
epanueRHOMY OGKHOL NOSLPXROCIIG.

SaemenT MAOWAAH OORBEPXHOCTH B TO2Ke (U, U} Onpejennelcs TaKl

45 =108 | =| &= x 2 | du do, (5.4-11)

B sactoctn, npr u=x, ve=y, 2=2(x, g)

@S =(— 2 1—2 J+ k) dudy, a5V (Y +(Z) +1dray. G412
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(b)Y B panpHedieM npexnosaraeres, NTO BJIOMAzns §d8 (n. 4.6-11) paccma.

TPHBACMON NOBEPXHOCTH S CyuleCTBYET; B 5TOM cayuae dopmyna (10) onpeneaser
anement dS mouts Bewdy wa S (n. 4.6-14,b). Cransipsubie DOBEPXHOCTHbiE RU-

Terpads
§®(r) dS B §F(r)-d$ (5.4-13)

E BeKTOPKulE NOBEPXHOCTHBIE HHISCPANH

§®(r) ds u §F(r)xd5 (5.4-14)
ot ¢yakutii © (r) u F (r), 3a12HH6X HA NOBEPXHOCTH, MOTYT OuITH ONpenesieHH
HEMOCPEICTREHHO Kax NPejess CyMM Tak e, xax B nn. 4.6-1, 4.6-10 n 5.3:3.
Qgnako yaobuee npumennte ¢opmyay (10), uTobbl BLIPAsHTe Kamiuld NOBepx-
HOCTHWIFl HHTCIPaN uepes nBOMHOA HHTErPaJd NO KOOPAHHAaTamM &, v (CM. TaKKe
n. 6.4-3,b), Huorga B ¢opmynax (13) # (14) BMecTo OpHOre aHaka MHTErpana
QHWYT OB4, HBanpuMep g}m(r) d4S. CxanApHHl OOBCPXHOCTH&  HHTerpas

SSF (r) - dS Ha3nBae1CA DOTOKOM Bextopa F (r} depes nosepxuocts S, 3amerwm,

gT0
‘SSF{-‘:: I8 z)'dS=S§Fx[x(ys 2), y, Z]ldydz+

+{§ Py e g (x, 2, z]dxdz+§SFz %, z2(t Nldrdy.  (5.4-15)

B nepeoM RHTErpaie HE3aBHCHMBIE NEPEMEHRME U =[, U==Z, BO BTOPOM HHTEr-
pane u=z, v=x n T, A {CM. Takxe popmyny (i2)).

QOpMANLAO K TAKOMY JKe pe3yJbTaTy ADHBOAHT sanuck dS=dydzl-
4 dzdx j4+dedyk, HO oHa TpefyeT cnellalbHLIX OrOBOPOK OTHOCHTEALHO CMEICAS
dx, dy, dz.

5!.{4-7. O6bvemusle uHTerpanst (cM. Takike N. 4.6-12), Ecan pana obnacte V
B TPEXMEPHOM €BK/BJOBOM HpPOCTPAHCTBE, TO cKanapHui O0DbeMuLL HHTErpas

éﬂ)(r)di’=“5¢}(x, Yy, 2)dxdy dz (5.4-16)
v

R BeKTOpHbIi OGLeMHEA HuHTerpan
5?(r)dlf=£§§ (Fxtx, 4 2) iHFy (0 0 2] 4+Fele, g 2)kldedydz (5.4:17)
¥

MoryT ObITh OnpemefleHkl Kak MPefenbl CYMM TeM e CNocofoM, 970 A B 0. 4.6-13
OHH MOTYT GHTL TaKKe BLIDaXKEHH HENOCPEANCTREAHO uepel rpoﬁuue Hmerpa.m
to x, §, 2. O NPEMeHEMHN KPHBONHHeHHHIX KoopjunaT cM. mm, 6.2-3,b u 6.4-3,¢

6.5, AHPSEPEHLHAABHBIE ONEPATOPb

B.5-1. [papment, AMBEpreHnHA W pOTOD; WHRADHAHTHMe onpenencHra. [papgwe
eAT CcKaARpHOH dyukuMK Toukk D () =T (x, g, ) ecTb GKMOPHAR (YHKLKA
TOYKE, onpejeadeMas Qopmynoi

J @ riyas

&
ad @ (N=v0= lim =*————
gr ( ) v B0 j‘ dv ]

L

(5.5-1)

5.5-7, 55. DUOOEPEHIIMANLHEIE GIIEPATOPH! 171

rne V¢—006aacTe, cogepmaman Touky (r), Sy —JaMKHyTafl NOBEPXHOCTL, OrpaRH.
gxparman odnacte V), d—HauGosbluee paccTORHME OT TOYKH (I} JO TOYEK DO-
BepxHOCTH Sy

Oneeprenons  sekTopaolt QyHkuuE ToukH F{r) ecTw ckawipnan ¢yuxoia
Touky, onpepenneMan GopmMynos

J d8.F )
divE{) =V F= lim 22—
30 j ay
Va

gaynxunn To9ka F (r} ecte sexmopnas ¢yHKmER TOYKH,

. {5.5-2)

Potop sexroproft
onpejensneMan GoOpMyAo

d8 xF {rq)
ot F{r =V xFmu [ =L d B3
® Jim = (6:5:3)
Ve
SBawmevanage B xamgof Touxe, TIe cywecTsyer sextop grad O (r) #£0, ero mozyan
ve =V (%) +(5) +(B) ®.5-4)

pager sanfodpmel NPpoRIBCNAGA Ko RampapaedEy SO/d1 B STOR TOIRE, 2 &r0o HANDABAEHEHE
coBnalaer ¢ BampampneHueM, B KOTOpoM oTa AaddonbmaR NpoassogHag aocTAraered (0. §.5-3,¢).
Bigroprme Avuay pons grad O oOpafenAiOTed ypaBHeHHRME

XD =0 mam dridgldze=S2,90,00

TR T T

Jlugao epaduenma, oopejenneMue STHME YDABREHEAMA, DEPOCAJRKYNAPHE R [10BEDPXe
BocTAM yporEa (6.4-2),

6.3-9

5.5-2. Oneparop V. B DpAMOYroabHEHX feXapToBHX KoOPAHHATAX JAHBeRHuA
oneparop V (naGna) onpegenserca ¢popuynof

g a d
V.T_—a?i-i-gi-j-]—a—ziﬂ. (8.5-6)
Ero npumesesse K CRAANDHLIM B BeKTO[AWM QYHKNHSIM TOSRA (GOPMaJLHO COOT-
BETCTBYET REKOMMYTATHBHOM ONCPAmMH YMHOMEHRHA HA BEKTOP € ACKapPTOBLIMA
kooppRHaTaMB d/dx, 0/8y, 4/0z

[l 0 80
VO(r, g ) =grad Oz, y, D= I+5 |+ 57k

-

aF aF éF
VP, p =divF (x, g, z)=#" a_:'..[.?z!..q
VXF(x, y, 2)=totF(x, p, 2) =
1y K
aF  OF P, oF oF, GF
= (T _ %y %, o 2 |} .
—(af 62)’ +(gf a;)i+(-é;'i—-af)k_ % w | (5.5-7)
Fy Fy Fy
é d
(G»V)®=Gx£+o”_:’+cz%‘32‘

(- 9)F=G 4 Gy -4 G, 5 =
=(G-VF )i+ (G VF) ] +(G . VF) k. |

B rabmuue 5.5-1 npusegenm npaseaa geficreudt ¢ oneparopoy Ve
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Tabamoa 56

flpannna gefictani ¢ oaepatopom V

{a) JIwseAnocTy (O = const)
VD 4+ P =V + ¥ Viod) =a Vi
V. (F+G) =V F+V-0 V.-(@F)y=o¥¢- P
VX{IF+W=¥XF+¥xG VAP =a¥ x P,
(b) NePcTANA ¢ MPOUIDEDEITHRAMK
V(D) = ¥ 9D + O VY,
ViF . GO =(FP-VIG+{(0 - MPLFX(VXG+OX{VXP)
P+ iDF) =T V. F 4 (VYD) + F;
V- (FXO0)=G.¥YXF~F: % xQ;
GO MMOFP=F({(0- YO 4+ D(Q. W F;
VX (P = OV X F 4 VD x P;
VX (Fx@={(Q - V)F—(F- MO+ P(P-C)~G(V Fy

G NP =g [VXEXDLVE-C=F ¥V G +0(V. )~
— PX(YX0) = G X (VX)L

JapeTHM, TT0 REKTOPHUE cOOTHOMednA, copepmamine YO, ¥«F 1 ¥ P, ne sasucAt oF
BRG0P CHCTEMI noopémna-r. Bupamxeuse oncpandd VD, V-F a VxF 8 pasAudaxx CHCTENAR
KOQDAHHAT cM. 3 A, 6 B o, 16.10-7.

5.5-3. Moaumfi Anddepenunan, €0ARAN NPOMIBOAHAA M APOH3BOAHAA N0 Wis
OPARACHMID,

(a) Momufi anddepenunan 4O cxanapuol Pyuxnud Ttouxe @ (r), cooTsers
creyiowinll nepememestio Touke dresdei+dy j-Hdzk, ects

a
do=5}’dx+%%dy+%‘;’dz-dr-grad0=(dr-ncn (5.5-8)

{cm. Takxe n. 4.5-3,3).

(b} Noanas npousaomnas dD/df dpyukuns @ (r) BEOAL KPHBOA r==r (f) ecre
CKOPOCTh M3MeHcHdd ¢yrkuvs O (r) no OTHOWERHK K OapaMerpy !, xorga f
HIMCHAETCA KaK QYHBKQuA OT § (cM. Takuke Taba, 4.5-2,a)

db _dDdx D dy , D43 [dr i
w=matyatua=(av)o 659

rae fa==t (f) Ban x=x(f), y=y (), z=2z ().
dawMenanude Ecny pyukuus I fpuo 3apucat o7 {, . e, D=Dir, O), T
d® rd i
- (é-v) ° + 5 65100
() MiponInopnan no manpasaeamo d@/ds oT ckaanprOR bymkhua toaxn @ (r)
eCTh CKOPOCTh HaMeHeHsA q)yl{K].lHH 10 OTHODIEHAK) K PeNNYnHe nepeMelneyns 8 TO4=
Ku (r) BAoAB BHOpaHRoro Hanpashaenus. Ecnu HATlpasieHAe 3aJaH0 eAHHKIHN BeKs
TOPOM WI=C008 O, i--Cosay ] -cona, K ¢ HAamPaBARIOWHME KOCHHYCAMH C09 Gy
€03 @y, €08 &, {M. 3.1-8, a), To apouapoanan no sTomy BANDABACHHIO PaBHA

ap
a=a @t P e+ Losa, =090, (.5-11)

d®/ds ects noaras npoxsBosnan o1 pyskudu @ (r) 00 AnKHE Ayrd s Kpusod,
&30A0MEACH BeKTOPA U==dr/d3,

5,5=6. 88 JHOOEPEHUMANLHBIE ONEPATOPH 173

() Nonaw® nudxpepenunan, moawas npomssoznas m Npok3BOAHARA NO HBNPAS-
neyH0 OT BeXTOPHON yHKUHH ToukE F (r) onpemeanoTc? aHAZOrMYHO:
dF ={dr . ¥) F=(dr . V) F, i+ (dr.V) Fyj4(dr-V)F k=
wdFy j4dF, |4-dF, k,
4F  7dc dr 4 ar
@ =@ V)P =G V) P+ (5 V)P (2:" ‘7) Fak=
daF, ar, ar,
=ar itk (661D
F
=@ V) F=(.V) Fl(u-V) Fy i (0 V)F ke
2F dr 4F dr
X ¥ 2
= It l+-gk ("= E)
£.5-4. [ponasojnme EWCIIKK NOPEAROE Mo Hanpasacuuw. PAR Tehaopa. ﬁpunano,uu'e

AOpEAKE R oT dHOHE P v F ng nampagdeny
<o Oy pae K QIOHUNHOrD BEKTOPA U OHPEALAAKTCR $HOops
an

n
7 Q)= -MHAD(r} n ml’tn—(u-?)"?(r}. 5.5-13)

Ecpn paccMaTpHBaeHme HUME PRAN CXOAATCH, 19 (M. TAKKe 0. 4.10-5
D it 4 A1) = @ (r} + (Ar - v)m(r)+;—l(ar-w=0 H+.,, -

. d
= VOO A L O AN IO,y Gl

PUtanof M+ @ - NP @O+ o Br- NP+, =
. d 1 d1
=8 VIF (1) = P (1) + AF PN+ Ao P, G&SHY
FRE BC& NPOAIBOAKEIE N0 BENPABJACHHI® CEPYTCR B TORKE (r) 3 EARNPaRICRUR Ar, 8 Ar =] Ar], )

5.5-5. Oneparop Jlansaca. Oneparop Jlannaca (naniacuan) Vi-=V.V (o6oana-
9aeMLI WAOrAa Yepes A) BHPAXKATCH B NeKapToBWX NPAMOYTONLEHX KOOPAKLas
Tax gopmynol

g

_ __ as
V==V-v=§;—,+@+a—; (5.5-15)
{npyrue pwmpamenna oM. ra. 6 m m 16.10-7). Bror ONepaTep MOMET GWTh NPH-

MEHCH K CKANADHHM H BEKTOPHLIM (PYHKUMAM TOUKH ¢ OOMOWILIO HEKOMMYTATHB~
BOFG CKANAPHOTC (YMHOMKEHNAR:

VO=(Gt it )0y 0, } 6516
2F = V3 3
Siersn, w0 VIF = V3F, {4 V3F, |+ V2F, k.
Vi(a®+ ¥} =a VIO V¥ (anuelinoets), 5.517)
VHOV)=TF VXD 42 (VD) - (VI) - D VIV, (5.5-18)

5.5-8 Onm KH BTOPOrD DOpagxa,
noro npuuene:g:uonepamp:a v: paaks. OTueTiM clergioule mpaseaa i
divgred D=V . (VD) = 2,
grad div F=V (V. F)=VF +¥x(¥YxF),
rotrot Fe ¥ X(VXF)m ¥ (V. F)— V'F, (5.56-19)
rot grad D=V x (VO =0, .
divit Fea ¥ (WX F)=,
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5.5-7. Ouepalnm ®Haj npocrefiwinmMm QYHKUHAMH OT F. B Ttatn. §.5-2 n 5.5-3
npusefeRt pe3yAbTaThl NPUMEHCHHA pudpepeHiHanpielX  OMepalHd K HEKOTo-
phid NpoCTefiliky CKanfphuM H BEKTODHHM QYHKUKAM ©OT DajHyca-BeKTOpa f.

Tatauwnoa 6.5-2

Onepatnl Hajl CKAASPHWMH YHEIHAMH
(reijr}], a=const, n=0x1,%2.)

@ vo Vi

asr a 1}

P nr" Y PRSI L
r i

lnr 3 ry

Ta6énunabb3
OnepauHe HAJ BEKTOPHBIMH QyHKUHAMH

P v-F VXF G+ W F veF V(P
r 3 0 Q 0 It}
axr [ 2a ax G 1] 7]
n.rﬂ“ga-f
n-3 A=g nind X ¥,
o | e n | A" R exe [P a| e, [ ez X
Hir.ayr
G 4
nin4 3K
" (n+3)r" 0 o+ g a—g Alr+3 2
K r r
X(rG)yr
r-a rxa G-r)a a _n__?[r-l)r
alnr 2 2 FE S 2 X

ononnutensusie $OPMYAE MOTYT OHTE NOAYYEHR ¢ DOMORbIO Ta6, §.5-1, Ormetum
esie GopMynH {F {r). ¥} r=F (1), (5.5-20)

V'—‘,}"-=--Vx’ff,r npu a=const, (5.5-21)

5.5-8. OyHKOKA oT ABYX W G0Ate PaAMYCOP-B¢NTOPOR B TROHWAOM cayuae apyX puﬂew-
oB-BeKTOPOB F =3 (x, ¥, Z) R 0 E= (§, N, {} K dyaxunan suga @ (r.¢)=D (x. ¢. 5 § 0, &b
f:(r_ o=F gz g 7, §) MOTYT OHTH NpPHMEHEHN ABA PASAMNHHIX ONepaTopad yi

¢ 8 9 =2y 0342
B 4acTHOCTH, BMeeM
VOU—Q==Vy®(r—a)
V-Flr—0=— ¥ Flr—a), (.5-22)
VAFr— Q== ¥exXF{r—o).
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5.6. HHTEIPAJIbHBIE TEOPEMBbI

5.6-1. Teopema o amgeprenimu ¥) u ¢madannbie ¢ Hell Teopemut,

{a} B TaGn. 5.6-1 cobpann saxueflupe TEOPEMH!, CBRILIBAIOUIHE DOLEMARIG
paTerpansl no 081acTy VM MOBepXHOCTHBIE HRYECPAMAL RO [FpaHune S 3ToH 06-
nacti. Ofnacre V' npeanosaraercs OrpaHHueHHON W NPOCTPAHCTBEHHO-ONHOCBA3«
woft (R, 4.3-6), nOBEPXHOCTh S — 3aMKNYToH H peryasapuoi (n. 3.1-14), dyrkagu —
OMHO3HAUHMWMH B HeNpepnBHHMH B V B Ha S, DpHUCM oce wacmAbe npoussodruig,

Tadbnnugs b6l
Teopemnl, cBu3mBawmAE 06BEMANE H TOBEPXHOCTHME HHTETPANM

i. Teopema O AMBEPreHDAH {, VR dv = £ 45 F i)

2. Teapema o poTope

—

VXF(r)dvudexF(r)
5

3, TeopeMa O rpajsiente {, V& 40) dY, - £ s @.(r)

va-vww-i- JEvoav =] ¢5. wvo) =
v 5

a2

an 4s,

gSw
5

4, TeopeMun [prHA
15 J 9o — oV = [dS . (T VO — O V) =
5

v
_ oD oy
—S(“’"aa‘—‘”*a?)“

B Al § d5 « VO u§ %? 458 (meopema Nayeea),

5, YacTHEe cayyan

i
[
v

(YO PV + [© VDIV = [dS « (D ¥D) =
v §

D
=§0—a—:?ds

ECTNDENAIOWULCA 8 OGBEMHHIX UAL NOSEPXHOCIMNX URAMEZPAAGx, NPEONOAGRAIOMCA He-
npepsighetMy coomgememeenino 8 V uau na S, Beoe meopenst 0cmawomes cnpasediusssg
U dan neoepaxuventoll ofiaacmu, cAl NODNHMEZPAABHLE GURKYLL & NOSEDXNOCTIHLY
unmezparax umeom nopsdox O(1/r%) npn r —oo (N, 4.4-3). dopMyau 1A nobepx-
HECTHELIX W O0BeMHBIX HHTErpaloB B CHCTeMaX KPHBOAHHERHHWX KOOPAHHAT CM. M. §
kB n. 17.3-3; npunoxenss ¢d. on, 15.6-5 u 15.6-10.

ChobecHad $opuyanpPOBKa Teopemu O gusepreRumn (Teopemu ['aycca-OcTpos
Tpaacrore) Takowa. [lomox sexmopa uepes samxxymyio nosepxiocms (n. 5.4-6) pa-
8ex unmezpoay om Qusepenyuu no 06oeMy, 02PaHUYEHHOMY SMOU NOSEPXHOCIBIO,

() 3amMenanse o ROPMAALBON OPONSBOAHOHE Hopmanshas
DpoR3BOjias oT CKalspuoH QyHKEEY @ (1) 8 perynspuoit TQUKe NOBEPXHOCTH S

*) 2vs Teopens B OTEUCCTBEHHOR /MTeDaType Hadweaerch meopesod [ayeea — Ocmipo-
tpadexozo.
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ecTh TPOH3BOANAR MO RANPABACHHIO NONOKHTeNnHOR HopMan®, T. e, dS (ecan
NOBE PXHOCTL JBMKHYTA, TO OOb4HO OepyT enewrow Hopaats, n. 17.3-2).
Hopmaneuad npoHssopran ofoadavaercs obeiuno 4epes J@/0n, tak Y10

2 4S=(dS V) .

5.6-2. Teopema 0 porope H cansannbie ¢ Heft Teopemut. Ecna Bextopuas dysk-
mas F (1) 0ARO3HAYHE K BMeeT HelpepHIBHLIE YacTHLIC MPOHIBOAHBIE BCIOLY B KO-
HEUHOH NOBEPXHOCTHO-OANOCBAIHON 06AacTH V u ecan aAexamas B ofaacta V
NOBEPXAOCT, S CAHOCBA3HA, PErynapua H OrpaHHYeNa peryanpuoll aaMxHyTOd
xpupoil C, 1o

§ ¢S - [VxF () =§ dr «F (r) (meopesa Crmokca), (5.6-)

T. . Kpusosunelntid ummeepar om F {r) no sasmxnygmosy xonwmypy C pased no-
moxy pomopa VxXF uepes noscpxnocms, saomangmyw wa xkoumyp €. Opsenranus
BEKTOPA TJCWaAXs d5 RoAKna OwTe COTAACOBAHA € OpHeHTaureld xoHTypa C mo
npaguAy npaporo BHETA. (To4Hee, TAKAA ODHEHTANHA DPOUIBOARTCA Y KpaA
DOBEPXHOCTH, & SATeM RPOC.TKAETCA 0 HENPePHIBHOCTH.)

{lpa Tex e ycnonwdx, 49T K De,

§{ds XVIKFE (r}n§ drxF (). (.82

R &n2 nwofofl oqnoinacacl ckanApacl dyanuka P {r) ¢ HeapepHDFHEME TACTHHME OpOHIBEON-
HulwE B GOAacTH ¥

§a’5x?® (r) =§>dr O ). 5.6-B

Dapuyma (13, (D), (3 OCTAOTCE CMpABEAXABNMA A AAR ReorparfAqcaoofl ofizacte ¥V, ecad
ﬂoﬁuﬂ'l'el‘p&:li:%&ﬂ DYEKUHA B KpHEBOAKHeRHOM URTErpané Cnpapa Kueer Dopazok O (i/r3) npa
F— o (n. 4.4-3),

5.6-3. lofA ¢ paIpWBAME Ha TOBEPXHOCTHX (ch Tatke m, 15.6-5, b). [ycts cranapmad
GyariHa D (r) HAB KOOPAHHUATH BEKTOPHGCH d)gﬂ!(ﬂﬂﬂ F (r} Heapepws#a AB PeHIHp yeurd
N0 008 CTOPOHG OT perymAApHOA MOBEDXHOCTH &,, HO pR3DHEAW Ha 5,, DPHYICH CYMRCTBYKT
npeneALHEE JHENCHHA KAk Ba ool (JOAMKETENLHOR) CTOpOBE NOSEP XHOLTH

Py it)
Yak 4 B2 Apyrofl (OrpuOaTensEof) CTOpOHE OOBERXHOCTH
@_ir) ame F_n.

B kaxpoff TodKe {f) mopepxAocTH 5y onperemum dyaxnum
0? (f) [@y (£} = D (1]  (nosepxuocmumd epaduesm), }

Q4 (1) BAE

B (1) - (Fy () =P ()] (A0sepanocmnan Ousepennug),
n® (N X[Py () — P_ (1)) {nosepxroctmand pomeop),

.64

rde 6® — ODT NONOMHATENbADA HopMaAA K MOBEpREOCTE S35 B Toake {r) {m. [7.3-2). Toras an-
mezpddenee meogems malbd, 56-1 ocmanymica & ciie d idlm maeux Hynngid, ecau & MoinaxE
ROSEPEHOCMY S BUMEHUNE 8 OOBLMANE BHME2pAAQX 2paduchim, QUSepZenyu® & pomop Ha 4F
NOBEPIROCINRYIE AHAA02Y.

§.7. OTBICKAHHE BEKTOPHOI'Q NOJIA NO ETC POTOPY
B JHBEPTEHLIHH

5.7-1. Beasrxpepoe BexTopHoe mone. Bektoproe none F {r} gazwsaerca Ges+
BuxpestM B oGJacre V, ecqig B xaxpoft TouKe prof obnacth

VxF (r)=0,
T, 8 G.7-1)
it oy 2 S, O

5.7-3. B.7. OTLICKAHUE BEKTOPHOIO MOMS 177

floae F (r) reagemen Gessuxpeosim mozda u moavko moada, xoeda ~F
epaduenm VO (r) wexomopod cxarRprod Pyrxgun  mowcy (D'(’r} 8 m&rhﬁm
obaacmu V' {cx. Takme popmyay (5.5-19)); ‘¢ smom caguae SHpaNcEr UL

F(r)edr=Fy(x, gy, 2) dx4-Fy(x, y, 2)dy+F, (%, y, 2) dz =
=—dr-V0 (1) =—d0 (5.7-2)

ecms noannl Juidepeniiuan (n. 4.5-3, a), Qyaxumo O (r) yac
.2, y + TO BAa: -
AAPHEM NGTEHUMAN0M 663BHXPQBOF0 BEKTODHOrO noAs, ( ) Pl
Ecau obracms V' nesepxrocmuo-00nocessna (n. 4.3-6. b}, mo @ (r) — o¥rosmau-
rad rpyxm;u;. onpedeaseman no l;(r) ¢ mowhocmon do adumugnod nocmosnmoil
u xpueosunedund uxmezpas om F () no xpused C, aemawed ¢
BUBLICUIM OM AYMU UAMEZPUPORANLS: ) ; el 4 o04acme V. s

§F (p) < dp=—|D (r) — @ (a)). (5.7-3)

B oTom caymae YHEIHBAOT TONLKO AHWREHG H Be
2 PXHHA MPENeN WATErPAPOBAHHT,
Kpusonngeiaui wurerpan $F (p)-dp oo npGomy 3aMKHYTOMY n}Ir)mpC (oup-
kKyaauua vextopa F(r} saoanr ) = obracta V pages wyrwo. Eork oboacen V
MHOrOCBA3HA, TO $pyakuas @ {r) uomer OuTs MHOrCIHz4YHOL,

B vacriocru, yeacsue
aF aF

x ¥ _

HCOGROANMG H AOCTATOYHO AMA TOro, 9TOfM KPHBOAHHSAHEA BHTErpaA

(5.7-4)

in{X- o) d'x-[-Fy {x. ¢ dy

He BABRCEN OT OYTW EHTErpHpoPEHWA, T. €, 108
Ham Tabepenthamon pHP . o TOTHHTErpaab00e BLPAKERNe SEN0 DM

5.7-2. Conenounansanie (TpySuatee) seKTo
pALIe noas. Bextopyoe noae F (r
lla3p1BaeTCA  coneHOWAAMbHNM B OfaacTH V, ecay m Kan(Iok TOuK® 9TOf oﬁnac'(ru)

v.F o ar, OF, 9F,
L (r]= . T. &, -E;*+—ar+?=0. {5-7-5)
¢ Bextopmoe nose apasercs cOMCHOHIANDHLM TOTAZ H TOALKO TOFA4, Koraa
(r) ecTh poTop V X A (r) HEHOTOPONA REKTOPHOR BYHKUHE Toaxd A (r} {cesm. Taxme
t{i;gﬂ;{yl.;n&lr)(.'i.EJQJL KATOPAR HASHBACTCA BEKTODHMM NOTCHUHANOM BEKTOPHOIo

5.7-3. OruickauHe BEKTOPHOMG NOAN RO ero POTODY M AMBEpPreHUHH.

(a) Mycre V —koueqnan oikpuitas ofracth npocrpaucraa, OT PaBHNCHHAR
peryaaphok noeepxuwocteio S (n. 3.1-14), nonomuTesbras HOPMais KoTopod
O4HO31aYHO OMPEXS/iCHA B RENPEPWBHA B KAXKAOH TOUKEe NOBEPXHOCTH,

. Ef'm Busepzenyur u pomop noas P {f) onpedesenm & xawdod mouke (r} oSaa-
e V, mo scwody 8 Vo unxyus F (r) moxcem fwmb npedcmassens & sude CoMAn
Grasuxpesoeo noar Fy(t) u cosenoudarbrozo noan Py (r):

F(0)=Fy(r)+ Py (1),

rae s

VXFi(f)=0; ¥.Py(r)m=0 } {5.7-6)
{(meopena pasnoxenun eavmeorsya).

————

1) Cu, cpocky K m. B.4-),
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@ynryua F (1) onpedeasemea oauoau%no npu donosnumensron yeaosut Sadge
RUR NOpRaALHOS cocmasassoued F (r) s T35 Pyrirguu F (1) 6 kaxdod moxe nosepre
1
nocmu S {meopema edurcmsennocmu).
BgppexrunBoe oTwexanne dyrnnna F (r) no sTuM JaHEWM CSORUTCE R pemennio Aapdepeds
OHANBHEX ypaBRei‘IHﬂ C NACTHEIMH NpGH3BOAEBIME DOPU  HEx o
BaxHRE VaCTHHE CAYd9aR, B KoTOpPoOM E i PIRPIE KpArux TS

V. F(t)e=0 VXFPin=0
A, SHAWHT, BCHOAY 2 V
FO)==¥0(), V@ =0,

PaccMATPRBARTCE B TEODHR ROTegnsana (om, 15.6-1—15.6-10).
(b) Ecnn B Ramgolt 0uke (r) mpocTPancTBA 8a4aHH (YHKLEE
V.P@=41Q(r) VXF(D=dnl(), 6.7
to dopmymt (6) onpezeasior Fy(r) m Fi(r), 8 cae10paTeNLnO, H Fg}, OfHO-
8HAWHO C TOYHOCTHIO A0 Takoro caaraemore Fo(r), ana xortoporo V2 F, (r)=0.
Humewor Mecro caepyiomse GopmyNsl:
Fy (1) =—VQ (1),
F(N=Y X A{r),

o @)= -2 av, (6.7-8)

1

A(r)uslrfﬂ dv,
FAe ERTerpemm cnpasa {oxaaspubd u sexmopuuid nOMEXYIA LN TMperNonaranoTes
CYMECTBYOIMAME (CM. Takxe O, 15,6-5); uBTerpuponanye Mpou3pAuTes Mo BeeM
ro9KaM (p) DPOCTPanCTBA,

F'MABA 8
CUCTEMB] KPHBOJIHHERHBIX KOOPAMHAT

6.t. BBOJHBIE 3AMEYAHHKSA

B rhase § gaeTcA ONUCAnWe CKAJNAPABIX H DEKTOPHBIX ¢yakumli TouxA
fes. Takme an. 6.4-1—5.7-3) 5 kpusosunednbix woopfuramax (n. 6.2-1). Bek-
TOPH SyayT pasioxeHb N0 RanpAaBJERKHAM KOOPAHHATHWMX JMHHUR WAY nepredfs-
Kyagpno K muM (AN, 6.3-1—6.3-3). TlpusmeHeuue KPHBOJAHHENHHIX KOODPAMHAT
YOPOULAET MHOrYE 33]12%H; HANDHMED, MOMHO BHODATH TAKYIO CHCTEMY KOOPAMHAT,
yToSh H3 KOODAMHATHOH NOBEDXHOCTH PACCMATPHBaeMad GYHKUHSN GbINZ NOCTORH-
nok (on. 6.4-3 § 10.4-1, ¢).

CHOBHOE BHHMAHHE B MMl 8 YICARETCA ODMOSOHAAGHBIM CUCIMEMIM KoopOU#Gm
(nn. 6.4-1—86.5-1), xax nanfofee BakHuiM AAR (Hanueckux mpuaoxwennii. [lpea.
CTABAeHKE BEKTOPHHX COOTHOWEHHH B HeOPTOTOHAMLHMX KOOPEHHATAX PACCMOT-
peHo GoJee MOLPGOHO B TeHSOPHOM &Hamude (ra. 16).

8.2, CHCTEMB! KPHBOJHHEAHSIX KOOPAHHAT

6.2-1, Kpueoauuefinne KooppHeath. CicreMa KpPHBOAHHEHHHX KCOPAHAAT,
8ajaruad B o6jacTH V TpexmepHOro €BKJHAOBOLO NpPOCTPAHCTRA, CTABHT B COOT-
BETCTBHe Kawaofl TO9Ke (x, y, 7} YNOPAAOUCHHYIO TPOAKY JefiCTRHTEALEHX YHCed
xt, g2, x91), KpHeoauueinnie XOODRHHATH xl, x3, x¥ Touxy (x, g, 2)=(s1, 2, x%)
CBA32HAH € ¢ OPAMOYCOJIBHEIMH ACKAPTORHIMH KOODAWBATAME X, 4, £ (QOPMyJasu

K=xlx, gy 2, L=x2(, g 2, L=2(x g 2), (6.2-1)

rie dyukuna (1) Bcoay 5 V' 0JHO3RAYHE H EENpepuBAO AndubepeRIUpYeMb,
L : ] +

apHgemM AKoGHan aé’:;—’;“;)]a&o {Jonyemunnie npeobpasveanus, M. TAKKE @n,

4.5-6 7 16.1-2).

CueTeMa KoopureEaT x!, xi, xd Gyjer dexapmosed (m. 3.1-2: HO, Boofuie ropops, He
OpRMOYroNbHOR) B TOM H TONbKG B TOM ¢lyuae, Korja bce ypaBieHHA (1) muHeAHm:.

6.2-2, KoOpiuHATHHE TNOBEPXHOCTH M KOOPAMHATHME JAHHHA. Ycjosue xf =
e=xt (x, y, 2)=ronst onpenenseT KoOPAHHATHYW0 nosepXHocTb, KoopiMHaTHHE no-
BEPXHOCTH, COOTBeTCTBYIQUIHE DAa3THIHLIM 3HAYeHHAM OJHOH H TON Xe KOOpAMHATH

, he mepecekawres B V. [Jse xooplHHaTHele NOBEPXHOCTH, COOTBETCTBYIOWHE
PasnuarslM KOOPAWRATAM X', x/, [epeCeKardTCA MG KOOPAMMATHOR AHHKM, COoTBET-
CTByloweft TpeThell koopirHate xF, Kampas Touka (x, g, 2) =(x1, x2, x¥) uz V
MOMET OBlTs NPeACTABJEHA KaK TOYKA NepeceueHHBA TPEX KoOPJAMHATHBIX roeepx-
HocTell HAW TpeX KOOPAMMATHHIX MAMHHA.

6.2-3. JpeMeHTH JAHHM AYrA A oGnema (pHC. 6.2-1; cM. Takwe mn. 6.4-3
u 17.3-3).

(a) 3aeMEHT ATHHH AYTH d$ MOKAY ABYMSA CCOCeNHHMAY TOUKaMH (¥, Y, 2) =
=(x1, 28, ) 6 (x4-dx, y4-dy, 74 dz2) = (2 -dxl, 224 dx®, 24 dx®) safaerca

1) 3HAvVKE

1, 2, 8 5 obo3zuadenuaAn X', x%, X* Re RBJAAKOTCH NOKASATEASMH CTCHEAM)
CM. Takme nn, 16,1-2 # l

18,1-3.
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weadpamunnod Ouppdeperyuaronod dopmod
dst=dx? |- dy? |- d2¥ = ;‘él ,&il Gin (81, 23, 2% dxt dx?, (6.2-2)
rEe

(i, k=1, 2, 3).
Dyuruan g (x1, 1, x3) —xoMnonenmp Mempuveckozo menzopa (n. 16.7-1)y

] =g (51, 23, 2%
{xt, x%, x%

Keopduw. sunun T3

! 120 dz? ¥ 6’13)
(z!'r?edxizd)

Koopduw, mvwun 3°

Puc. 6.2-1. BpemenTn KOOPRAHHATHMX AMAHA, NOBEPXHOCTER B O6BEMI B CHCTEME KPHBOJIA®
HelHEX KOOpAHHAT.

&b} UlecTs KoOpARRATHLX MOBEPXAOCTeA, COOTBETCTBYIOMHX ToukaM (x1, 12, x%)
H (4-dxl, x*4dx2, 234 dx®) (pac. 6.2-1), OTpaAMHUMBAIOT sStemenm oOBeMd
(napansienennneaa)

dV:ga-i{'—M—dxldx’dxa‘ 6.2-3)

(xt, 2%, x%)

s 2
[%f,'—fﬂ]’sdet (gur (51, 2, 2%)] =g

{cw. Takme nn. 5.4-7, 6.4-3, ¢, 16.10-10). Cucrema KOOPAMHAT HA3WBEETCA npa-
Boi B o6nacTH ¥V, eChi KacaTedoHble BEXKTODPH K KOODAHHATHHIM ARHNAM xI, X3,
x¥%, OPHCGHTHPOBAHHHE B CTOPOHY BO3PACTaHKA COOTBETCTBYIOUIMX KOOPAHHAT (4TO
ONpELeNAeT NONOMUTETLHLE nanﬁumeuna KQOPAHHATHEIX JHEKI), 06pasyloT npa-
Bylo TpofKYy (Kak H opTd 1, J, k mpasod ZexkaproBoll chCTeMH Koopaknkat), llas

npaBoff CHCTEMH KOOPAHHAT fKOGHaH J (x, g, 2)/d (1, x%,x8) =} g > 0.

Onucaipa BEKTODHHA SMEMECHTOB AMHHA M NoBepxHocred B KPHBONHHeAHMX KOCDOH-
vatax oM. oo, 6.4-3, 17.3-3 » 17.4-2, PA

rae

6.3. KPHBOJIMHEAHBIE KOOPAWHATLI BEKTOPA

6.3-1. Koopammars mextopa M soKanpEWH (mecTuwA} Gasme. B rn, 5 pexrop-
WHe (yBEKUEH TO9KM OWAH pasfomenn no Gaskcy 1, |, k cRCTeMH AexapToBuLiX
KOOPAHHAT, MOAY/Ab K HaNDaBAEHHE KAMAOLC BEKTOPS STOrO 6asuca OLHH H Te Xeé
B Kaxaofi Touxe. Ecam BekTopuas byuxuus F (r) omucuiBaercsn B KPHBOJHHEH.
HuX KoopiuHatax xi, x%, 1%, To ynoGHee NpHMEHATH JOKAaJbHHE 6asHc H3 BeKe
TOPOB, KACATENbEWX K KOOPAMHATHHY JHEHAM B Kaxaok 1odxe (x!, xZ, «9) waf
NCPNERAYKYARPHEX K HHM. TaKue 6a3ucHie GLiMOpH CGMU REARIOMCR eexmopriiid
ynxyurmy mouxy, B K&KIOR CHCTeMe KPMBOAKHEHHBX KOODENHAT MOMHO YKa-
84T TPB cnocoba BpGopa AoKaabHOre Gazuca (nn, 6.3-2 v 6.3-3),

§.3-1. 6.3. KPHBOJNIMHEMHLIE KOOPIHHATS BEXTOPX 181

Tabrega 631

Coorrowenns mMexay SaiucHHMH BEKTOPAMH H KOODAWHATAMM
SEKTOPOE B PASTHNHMX JOXKANBHBIX CHCTEMAX OTCHETA

(o) Coorowennn moxay |, ], kK 0 sexTopama Jokamuux Gassncos !i' e ¢ cHeTemu
KPERGAMHERHET KOOPAMHAT X1, X4, &%)

. ox dy dz
1l= e ei—";rl“i‘a'fl‘l‘sjk.

Ve 8
: o :
ax’ 4 ax’
s=F i+ u=12 0,
3 3 3
9z dx ax of
tm X e Vaay= Y = Y 2
i=1 i=l1 f=1
3 s 1 3
axi i, = _o.x_gu iﬂ_g"
i= LAl o pw
{=l i=l i=1
g 3 3
ast a 3z ol
- Y S vay= X 2
feu] fem1 {=al

(5 CooTHomIeNMN MeEXY Px' Py, F,, OGRaMdecEuMN KOOPHMHATANN ﬁ;, KOHTpARE~
PHANTNMMNE EOOPARHATAMY F; # K0SAPHANTHEIMN KOODENHATAMM Ff s cucrems EPHEQAN-
HeflRMX KOOpANHAT £, X7, X%

— art &’ at
=V F’a—EFx+-a—;Fy+—‘,-;-F‘.

dx By a2z
Pom ZF 4 p 4 " p =13 %
o ad x+ax1 y+axt [ u #
3 3 3
P [ ,e‘ ax v 6:" P
*-Eaﬂ V@'Za}? ax v
i=1 =i =1
3 3 3
A\ A, v o .
T LW Ve T LW T Lt
Al L] 4
=y =1 =i
5 3 |
o P dz ar*
P - — . ksl —Fy
s ; o Vg laﬁ i &2
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Tadaana 68 {apedotwenud

() COOTHOINEHHR MEMEY BEXTOPAMA JOKAMHBIX GAIHCOB W NOOPAMAATAMH BEXTODOR
B ABYX CHCTEMAX KPHEOIHHeRHWIX KOOPARHAT (6aSHCAWE BEKTOPH ¥ KOODABHATH BEKTOPOR

LAR CHETEMH X1, E’. X OTMENCHR nepToll SBEpXY, €M, vaKae n. 16,2-1)

> i ot
== ‘_n‘=2-fi' g = Y& gy,
Vg” axt 9x

i=1 =1

3 3
—k
A = =p = ox ., B 61‘
Fom Vg Fim z: = Fly Fpes 2:_35?‘(&“1.2. 3,

i=1 =1
3 3
- o) i
=2 Y rmwes GA=lo.

f=1h=1

6.3-2, dusdueckHe KOOPAWHATH BeKTOpa. B xadecTBe BexTapos AoKafNbHO-
ro Gassca B Kamloh TOuKe %x’-, X% ¥%) = (r) BulepeM eIMHANHLIE BEXTOPH
1«1, %% &%), i;(x, 2%, x%), 13 (x, 2%, x¥), EacaTeNbHHeE K KOODAWHATHHM JHHHs

: AM x1, x3, x% (cM. Takke n. 16.8-3)
Koopluw auviih 2 Kamas  BeKTOpHaz  QysKuHS
F(r)=F («1, x3, 3) womer OuTh
CIHO3HAYHQ OpefCTaPAeHa B BHIE

F(r)=F (x1, #3, 2% =
= Pl Fiig+ Faly (6.3-1)

B KamIol Toure (r)={(il, x3, &%),
DPHIAIECKHE KOOPARHATH

ﬁ1.=_P1 (21, 23, 13,
Pa=F, 2 ), (639
Fs=Fy (21, 22, 1%} J

BekTopa F A JNoRansHwe GasHCHLIG
pexTopd I; (x1, 28, x%), I, (x1, &%, x8), I3 (s!, &% +9) MOryT OuiTe BUpPAXERH Be-
nOCpeACTBERHO Uepes KOOpIHHaTR £y, Fy, F; Toro xe Bekrtopa u opin i, }, K
NpPAMOYTO/AsHO AeKaPTOBOA CHCTeMH KoopAmRaT (cM, Tada. 6.3-1),

3amervd, 9T0o GyHKAARA 9% L G 1.9 gpn;01c8 sanpasasmios

t

Vol Vigad ' Ve o
IWMR  KOCERYCAMH opta I {T. e. i-B KOODARBATHOR JNHEEE) Mo OTHOMEHAW
x ocam Ox, Oy, Oz (cM. Takwe pre, 6.3-1).

6.3-3. KOATpamaPRAATHME W KoBApHAATHHE KOOPAHEATH BeKTopa. B HagecTse Joxadbe
BOro §a3kca MOMBO Takxe sulparh ABG0 TPOAKY BekTopOB

Koppdun. suvig I3

Koopdus. st T'
N\

Pre. 6.3-1. Paanomenne pexropa F mo cAHHRAR-
HuM BekTOpaMm 1y, 1y, iy ¢naudeckde xooppuiias

TH Fiy ﬁn s BEXTODA.

gzl 2, A mY Il e, &, )y =V s } €58

ey (21, 28, 2 ==V B iy,

HANpABNERERY O KOODAZHATHEIM AHHRAM, Aulo TPORKY BEXTODDR

€y X By,

= €y X &g
i) = v —_——
) [319233]

3 (x1 xt =X
Teeres] e (xr, xt, xY) == (6,3-4)

1 1 ) ]
it 3L {eieres]

e XY, X%, xY) ==
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BATMPABNEHHNX TIEDMEHANKYJAAPHO K KOOPAKMATHHM MOBepXHOCcTAM, Kawmiamh sexrop F(r)
MOoEeT Omib (PEACIEBACH B OAHOA KA caefywuwux $opsu

F(n=F G, x, 2%) = Flg, + Fley -+ Fley= Fret - Fyet 4 Fret (6.3-5)

p Hamjeld Touke (r) == (X', x? x*), Kak wmoaynk, Tak B HanpasacHus Oa3sNUCHHE DEKTO-
PoB £y B € MeHAIOTCA OT TOUKE K T0YKe, 34 UCKAKUEHKeM TOMO caydas, Korga xb, &%,
¥ — RerapToBul KoopAuHaTH (n. 16.6.1, a). i

KOHTpasapHanTHLe X00PANHATL F =F (3 2 F)=F.¢ u xosaprantume xoop-
REHATH Fi;.-: Fi (%, x¥, XV = F'ei (t=1, 2, 31 o CHCTeMe HOODMMHAT x', X!, x¥ W CooT-

1
BeTCTYEYIOULHE 6a3ncibie BCKTODM BIHQ MoryT OwTh BHIDAMCER HENOCOEJICTRCHHG 9epes

F'x. Fy. .“z o oopTs 1, ), K npamoyronsbe ol NekapTOBOA CHCTess woOpaMuar {rads, 6.3-1),
OrMerud eme GopMyan (cM. TakKe on. 16.6-1 u 16.8-4x

e,=%§;—: "'_'e[’e?:s::]: £ =Fell:(=;‘f 6.3-6

fere,e,) = [ereter]™! = (1,11 YV gl = 2V 5 8,3-7)

o=y %|=VE; '°k={ ,; EE: ::: (6.3-8)

E qECTROM GAygZac NPAMOYroTbHLX ACKAPTOBLA KOOPARHAT xlesx, x1 =3y, 1 =2 mMecw:
e =e =i =1l ey =ef=I,=[; eg=mel =l =k, 6.3-9

I'naeAoe MPEHMYUCCTDO RPEACTABNEHUR BEKTODOB B KONTPABAPWARTHRX H KOBAPHAHT
RHX KOQODAHWATAX 3aKAKUASTCA B OTHOCHTENBHOR MpPOCTOTE COOTHOMCHUSA, CHAINAANWMX
ST HOGPAMHATW B PA3THUHBIX CHCTeMaX KOOPAHHAT {ratnm, 6.3-I: oM, TaxKe o. 6.3-4).

6.3-4. 3anuch BEKTOPHMX COOTHOMEAWA B KPHRONMHEAHWX KOOPIMHATAX,
Kamaoce BeKTOPHO® COOTHOWIEHHE, 3aNHCAHHOE B I, 5§ B NDAMOYIOABHBIX JEKap-
TOBHX KOODAMHATAX, MOMXET OHTb 3a8NHCAHO B KPHBOAHHEfiHWX KOOPIAMHATAX C M0
molpo Taba. 6.3-1. Econ paccMaTpisaeMoe COOTHOUIEHHE CONEPMKHT NPOH3BOLAHBIG
WK HUTETPANbl, TO cAefyertt yaumoieame, 4mo Ga3ucHNe GeXMOPS 8 CUCTEME KpLEo-
AUHEIHOX KOOPOUHAM caMu R8ARIOMCR PURKYUAME MOUKL.,

Mporge NMPaKTHYECKH BaXKHBE 3ajayH JOMYCKAKT NpHMEHEBHE cucmemMti 0pmo-
zonasbnelx xoopdunam {(n. 6.4-1). B stoM cayyae dopMyast non. 6.4-1—6.4-3 u
ratun 6.4-1—6.5-11 nalor cpaBHHTeNbHO NPOCTOE BHPAXEHHE JJA BEKTOPHLIX
COOTHOLWEHHA HernocpeACTRCHHO B (H3IHZeCKHX KOOPAHHATaX. B Tex cnyvasx, kor-
Da TAKHE ChelHaNbLHBIE METOAN HeNPHTOMHE, HENecCoSpasHee NHMERATE He QH3HYe-
CKNle KODPAHHATH BEKTOPOB, 3 KOHTPABADHAHTHLE i KOBAPUANTHEIE KOOPAHHATE; dop-
MY AL POBKE COOMNOULER U SEKMOPRO0 GRAAIUIA 8 KOKMPUSAPUARMAE U KOSAPUAHIMHOIX
KOOPOUAMMAX USAOKERA NOTPOGHO 6 2. 18 Kax wacinbid cagwail Goaee obujux coorns
HOHEHUE MEHIOPHO20 GHOAIE.

B 9actHocTH, npAaMerenxe dopuyn nm, 16.8-1—16.84 A1R BLYHCACHHR CKAARD-
AOTC H BEKTOPHOrO NpOH3Bejenufl M NPAMOR MeTOR xosapuanmuezt duddepenyuposanur
(vl:n,Flsi?lO-ir— 16.10-8} RaT BwpamxenHs paa fuddepeHuHaisHAX OOEPATOPOB THOa VO,

+F, VX F,

6.4. CHCTEMbBI OPTOTOHAJIBHBIX KOOPOHHAT. BEKTOPHBIE
COOTHOWEHHA B OPTOIOHAJIbHBIX KOOPAWHATAX

6.4-1. Oproromaapubie XoopauHath, CHCTeMZ RPHBOMMHEAHWX KOOpAHAZY
£, %%, x® (n. 6.2-1) naswsB4aeTCA OpTOrOHAMBNON, ecin ¢yHKuER g (x1, £%, x%)
YACBAETBOP AT COGTHOLWEHHRM

Gig (&L, x®, x8)=0 npa (%4 (6.4-1)

B Kax ol TOYKE (¥, x%, x¥). KoOpAWKATHLE NWEWH, 4 3HAGHT, H BEKTODH JOKaJL-
HOro Gajsca iy, Iy, 13 OYAYT DPH 3ITOM NEDUSHAHKYNRADHHMH APYL K ApYry
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B KawfAol TowKe, Ka¥Aal KOOPAMAATEAA NHPHA NEPNEAABKYAAPHA KO BCEM KOODAH.
HATIBM 0OBEDXHOCTEM, COOTBETCTBYIUIEM OOCTOAHEEIM 3HAYEHHAM DPACCMSTPHBAE.
MOR KOOPAHHATHL

6.4-2. BexTopHne COOTHOMEHHN.
{a) B Taba, 6.4-1 npupenersl Ranbonee BAXKLIE BEKTOPRBIE COOTHOLICHAA B

OPTOTOHANBHEIX KoopZHHATaX., QYRKOHR g, ==gy (X!, xI, x%)=]e, |? 218 KamIof
CHCTEMH OPTOTOH3ABHEIX KOOPAMHAT NOAYRAT #H3 GopmMyss (6.2-2). B oTHX ¢dop-
MyJax 2HAKH D/OC H MHHYC OTHOCATCS K NpaBoil B JeBOW CHCTEMAM KOOPAHLAT,

Tedaroa 641
Bekropute COOTHOWEHHA B8 OPTOTOHANLHBIX KOOPRHHATAX

{3HaKR OMQC B MEHYS OTHOCATCA K DP3boR B feBON CHCTEMAM OPTOrOHafbBNX HOODs
HuHat )

(2) CEKanfpHOT R BEXTOPHOC NPORIBEACHUR

Fom At Bt Bl IR=VArH+ B

Lxt, £ & [P A
FxG=|l,x1, £ G.|==|8 & &|

L, %1, B 6, 8, & &

ﬁ; 6‘. 5’, 161 a! ﬁl
o= |4 6 B losdd=x (A & &,

ﬁa é, B, ﬁa aa RI

() AnddepeHnunatbiuie onepaTOpH 1) (£ = £,18;:80)

1 80, ., 1 80 1 -6_93’

T R i e i

?oFm{—]_—g [5% (’31 VE)"‘B%(‘E' VE)"—?%(P‘ 1/;!::)]’

VE::': Vg ly Vg_:l.s
VXPE+~—]:- it 3 "@‘a »
Vs dxt Bxd dx

fYEn AVEs PVE,
H e, A o, A g@)'

(F-V)CDE.“_‘.( g1 Oxt 'Vg_“é; ‘7‘3-—;—‘3*'
VE aco) 3 (v’é‘ 6¢)+i(""‘_ ""“’H.

1 [} vg oo
it 7y [5x‘t (ET /7w, o T aA g B

!} Bupaxenre nn2 V2F noaysawor us dopuyan VIF 2= V(V.F)— ¥V X (VX F) nan
H3 napa}ialt:pn. 16.10-7, Bupamerne pas (F-¥) G Roaysmor s taba, 5.6-1 was 25 npasna
o, 16.10-7,

aMenaane Dopuyaw ans 9O, V- P uv X F wMoryt SuTs DOAYYEAR H HENOCPeRs
c-rnen]:op na nnnapunmuuxognpe.qeneuna N, 5,51, NDHMEHERHWX K BAEMEHTSDHOMY OGLEMY,
paolpakenuany ka pug, 6.2 L
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(b) Lan awoboR cucmemtl opmozonaisnes xoopdunam:
. 1 npu i==t, i1>(]g=32i3; ig X ig=1 |}, iinlﬂ_‘tlg,
ljrdp= 0 ) C o - } (6-4-2)
npw 52k [ 1) X i iy X ipesiy X ig=0: [iodg) == 13

1 _ a I
I:=_‘Vg—ﬂ =% Ve, Fi=VgiFex _th:zFI i=1,23); (643

[eéezesl =[S = iG] V gngnge=2V g (6.4-4)
d [:] | ] 1 2 1 a

= ——+ —_— —_— —_— —+—-i — —_— —_— -
v=e ax éaxz'*'eaax« * (Vgu b o Yy ! ax=+qu 's dx.)' (G45)

8.4-8. Kpusonuneinsit Murerpaa, NOBEPXHOCTHLIR HiTerpan # o6 neMumll HuTe-
rpaa (cx. Takike pHe. 6.2-1).
(a) ina capavnfemoR KpRBOR C 8exmopmsid siemedm Aunuy dr HMEET GH3H-

veckie Koopannats ds; =V gy dvl, ds, ==V gy dxd, dsy= gz dx, 1. e,
dr=GF di=dxitdy |4 dzk=ds, lyb-dsy Iy ds, g
=Veudat 4+ Vg de? ly+- ¥ Laz A 1. © (6.4-6)

Nozxonamee supanenne (6) Ans dr moAXno GuTh NOACTABAEHO B KPHROJHHEHRRLI
HHTErpan, onpesesenuwii a f, 5.4-5. Jar opmozonaasnux koopdunam xi, x3, x3

. ds god5y ds
(Peare=(p g5 B, dogtFody = (F 2+ 5 S g Ay D)t 647
< [ C
BanetBy 910 dan 40Bofd cucmemn KQUSOAURETHNY Koopdunam
dr e= ey dx! ey dx? 4 e, dxd
M. Terie 0. L7.2-1; 340 opmozorarvheix xeepduram xb, oxt gl

(P -dr= fPigxt 4 Fydet 4 Foap = [&nFrdet + gyyF5 der + . Ft dxv,
[ % c

(b} Onscaune nnomany NOBEPXROCTH S H BEKTODRORO 3JeMeHTa NoBepXHoCTH
dS B KoopawHaTax Ha OOREpXHOCTH Jano B on. §.4-6 » 17.3-1, B QACTHOCTH,
€Al CUCMIEMG OPIG2OHAAGHNX KOGPJUHGm snbpana mak, wno noeeﬁoxawm § ecme
acmy xoopduramiod nosgpxrocmu x® =const, To KoOpAKHaTR £! W x/ obpasyior
Ha STOA NOBEPXHOCTH CRHOTEMY OPTOrQHAALHAIX MOBEPXHOCTHLIX KOOPAHHAT, H

ds=V giigy dxt de! 1y =ds; ds; lk=;i£dxi dxi e,
kR

Gajz2k=ti k=1, 2, 3), (6.4-8)
OshocuTensaan npocrora 0NV HAIOWHXCA QTCIORE BIPANEHAR AAT MOBEPRAOCTHBIX
IRTErpance (5.4-13) w (5.4-14) 9acTo CAYKHT OCHOBKMM MOAOJACOM 118 BEEJeHHA
CHCTCMEl KPHBOMMHEAHWX KOOPAHAT (cM. Takke m. 10.4.1, ¢}. 3uak xBaaparnora
KOpRIT B opMyne (8) onpeneaseTCR BHSOPOM NONGKHTENLHOIO Hanpapaesns
Hopwaan (0. 17.3-2): 3nar + cooTseTcrmyer NpaBoli ¢HeTeMe KOODIKKAT,
() Sacmenm ofvema dV, nossnsiouwsiics s bupaenunx (5.4-16) a (5.4-17}
AR 06emnoe0 unmezpasa, paetcs (opuydof (6.2-3) wau

2
V=gt dd dedded a3 VG dotd did dd = V Entote drt det dd m

=k dsgds; dsz.  (6.4-9)
Ecng cuerens koopaxHaT apabad B dopMyne (9) GepeTcR sHak amwc.

6.5. POPMYJILI AN COEUHAJILHBIX CHCTEM OPTOMOHAJBEHBIX
KOOPOHHAT

B ratn. 6.5-1—6.512 gauwm (OPMYAN IAA AEHOTOPHI CMEUHAaNLHHX CHeTen
OPTOrOHaNbHLIX KOODAHMAT. B SACTHOCTH, AR KamAoE TaKod CHCTeMH TabyAHpg-
B8N Qyukuna gy (¥, &% A =]
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Tabanwge 6.5-2
O6mue suHpconpaaLHLe KOODAMBATH A, By ¥

{a) KOODAHHATHNE MOBEPAHOLTE (A » —cF o L > = H7 22 ¥ 5 = g¥)

X1 L‘. Fil
iy + et + o 1 (saauncouds),
4B 2 | (oduonosocmuma sunep6o.ioudn
Frp B En o+nm e S
xt gl z? e
T + + STy 1 (dsynosocmupig atinepsaapude).

() NpeoGpazokanMe X PAARNCORAANLHEM NOOPAKHATAM
PPN Gl o N e o DA Gl 0 8
(a? — b7) {a* — ¢%)
e BUEN) 004 ) 00 4y,
& & — ) b = a7}
e th ettty
G-y =

=

{c) CneoMaabMAN  CHCTEMA SANMACOHARALHWX NOOPANFNEY o, 0, @ EBBOJETCA
SOpMyNaNH

;\=4p(u)_w'
u=4p(o)——°'+g'+",
va:-l-P{w)—E’_'%_

Tak qro {cw. 0, E1.6-3)

du an

dh dy
= —— d!?:n—-——-—_ do = ———
Yim Yio Yie'
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-l h—v) P _p—vu—3
4f (A) B 4f (1)
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Tabanuyga 653

Koopiruatu 0, T, @ BHTARYTOrQ SAAROCORNA BPALIEHHUS
(ocb 0z — ocb BpalleBuA CM. Takme pue, 6.5-1)

a @6\

“’-9
a{s+ ) & (%)
7
F 0 n
& ; 0 o i P

® 1

q
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#pusas B z-NAOCKOCTH €CTh NoCNeRoBaTeILHOCTE TOUEK z=x-+ Iy TaK4iX, 97O

g=z(f) raH x=x[!), y:—_-y({}
(—ooshi<i= lg == €0, (7.2-2)

rre x(f) ¥ y({)—HenpepuEHHE $ysKLas neficTBHTENLHOr0 napaMerpa . Henpe-
phiBHAA KpHBaa (Ran ee 9acTsL) &CTh NpoCTas KpHEaa (HOpA3HOBA ayra), ecad
OHA COCTOMT H3 EAWHOH DETBR E He CONEpMAT KPATHHX TOYEK; STO SHAUAT, qTo
Gyuguun x{f) # y(f) oAHOSHASHH B 3aMKBYTOM BETEpBaJE [t;, ts] HET Taknx
IBYX pasaudnbix SRaueHEA T, U T AR KOTOPHX CNPaBeaHShl ofa papeHCTBa

x(F)=x{t) B y{v}=¢ {Ta)-

Mpocras samkHyTaA KpHBai (saMkuyTaf XOpA3aHoBd KpHBAA) ecTh HedpephlB-
Raf KpuBan, COCTORULAS HS eannofl BeTBR Oe3 KpaTHBIX TOUEK, KPOME COBTalak0-
WEX HARaAbLHOA B KOHEgHOA Tanek.

[MpocTas KPRBAR HAH BPOCTaR 3aMKHYT4A KpHBAan HaSLBACICHA {npocTHIM)
KOHTYPOM, €C/E OHa CnpaMaAeMa (n. 4.6-9)1). DneMeHT PAacCTORRUA MEeXAY COOT-
BETCTBYIOUMIHMH TOUK3MH 2 H z4-dz woutypa (2) ectb

ds==| dz | =V I+ 0g*.

7.2-4. Ipansnm m ofascru (cM. Takxe Oo0. 4,36, 7.9-16 m 12.51). TeoNeTDHEA KOMM=-
AeKcHOR ONOCKOCTR (BHMNOYaA onpesencHae paccToAHEA B yraa) ToaAecTeenBa C reoMeTpuef
eEKJHAOBOA MAGCHOCTE TOUex (x, y) BAA gexTopos = x| + gj AR KoReRRmX sHaUEHER X B
¥, KpoMe ONpeAeNEMER TOUKM 2 =0 (. 7.2-2)*). Towxd XOMNJEKCHOR NAOCHOCTH 2 npeas
CTaBAROT FOMeonOpgEOE {N. 12.5-1) oTofpaKenEe TOYRH chepiR ¢ JONTOTCA Afg Z & mupoToll
-g -— 2 arcig L;_J (emepeozpapLYecKaR NPOEKYLA) AP STOM TouKK 2 =0 @ Z = O COOTRETCT-
BYOT DPOTHBONOACKEMM MOMLOCAM. Tonkk Kaxfoft npocrod saMKeyTOl KpEROA C pRIAendT
MhocKGoTh HA ABe CBRZEHE OTKPHTHE OOMACTH: KaWAAR HeNpepHaHan KpuBad, COAEPAALIAR
rouxH oGesx obaacTeRl, COARpPXKET TOHKY ux ofmeR rpaBunH (Mmeopexa opdana),

EchE { Me COASPHEAT TOUKY ¥ =00, TO OlHa K3 nByx obasctell orpagumena {T, €. Haxo-
LHTCH LENBHOM B KOHeuHol RACTH NAGCKOCTA, rhe | 2} orpanuged), a Apyran He orpaHHNSHS;
eeny € coAepET TOUKY Z =¢0, TO ofi1acTH He oTpaHARCAL.

B Gonee ofSIMEM caygZae FpaHRUA € ofbpacte [ momeT OWTE MHOMECTBOM Renepecexaio-
muxcA DpocThix KPHERX (MHOroCEAsAas obnecTh, CM. Taioke n. 4.3-6). B atoM chaydae noJo-
MUTEILHOS HANpasACHUE (nonox ureabHu i ofzoa) rpaEMTROA KpuBOA oOmpeReAeTCH KK
octapanowes of2aCTs D (RBYTPERHOCTE rpasugaol KpEROH) cnesa (NpeTAB qacaBOR CTREAKH
AAA RApYXKHOA KOMMNOBEHTM FPaHHDM, oM. raxoke Bmwe puc, 7.5-1). Omxpeitoe KEOX ECTBO
TOZEK TIO OAKY CTOpPORY OT rpakRyHoR KpuBOR O ecTb pTApHTAR obnacTs; noleeansa ¥ STOMY
MHOMECTBY TOUKH, JeXalnneé Ha caMof FpaRuOe, MmoayqecM SAWKAYTY ofnacTk.

B aznbHelimeM, ecas o6nacTh D ponojAnetcs ee PaHHUEBME TOTHKAME, TO NOAYYHB~

mywes 3EMKHYTYI0 06aacTs Gymes 0603yagath .
7.2-5%, KoMnaekchbe KONTypHMe MiTerpaw (CM. Taxxe . 4.6-1 v 4.6-10)
Mo onpeneneHnK

n
{f2)dz= lim 3P @ —ziah (7.2-3a)
T mat bz —2 1|01 =1
TAE TOUKH Zo, 2y, -++ Zn PECHOAMKEHD OAHA sa Apyrofi BOOAL KOHTYPE C,a=2;—

_—

1 I;exompue aBTOP TUPHMEHSIOT TEPMEH  KOHTYP TONBKO K DETYJAPHEM KpHBHM
{a. 3.1-13).

“ B HOMNAEKCHON NAOCKOCTH BBONHTCA tonnKa odna OecKemeaHO yAaneHAds TOUKE.
B nposxTHBROA TIOCKOCTH, T, & B EEXIHLOBOR MADCKOCTH, A0R0AHeRAOA HeCOOCTBEHHLIMA
sacueRTaMY (GecKOHEYHO YRZACHHBIMHE TouK My} Nobar COBOX yIHOCTL 0apaAseIbERX MPAMBX
CnpescaseT CROW GecKOHEYHO YAZNEHMYIO TOUKY; STR TONKR oGpa3yRT (ecKoense yaaned-

HY!0 NFRMYIO.
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Hi:iﬁ:axﬂ Htl;%?a ROHTYpa, b=z,-xouegnan. Kawnas as towek {; nexar ma
Y o p [£:_t. Z;] B MOMeT coBmajaTe ¢ OAHAM M3 ero KOHUOB.
3 QNPERS/IeAns BETErpana (Ja) chepyer, 4TO

if(z) d?,:niu (x. Pas—oix, y dy+i§v(x, ¢) dx4-u (x. ) dy, (7.2-35)
c

fle IeACTBATENbHEE KDKBOAMARHRHE HHTErpanw O
R R
970 R KOMNAekCebfl meTerpan  Ceotdcmsa Emnwapalga méz.ngylm;piigﬁ
HO POCCMOMPUSCEMBE LHIMEEPOAL!, B UACTHOCTH, M3IMEHEHHE HANDABJCHHA BHTETr-
pznoEB?:nneaua KOhType C HIMEHAET 3HAK HHTerpana.
# edoas kowmypa C dyhxyuu wix, y) u vix

K . Y) HENpepuisHM (T. B. RENDe-
puBHe QyHRONA & {x (), y ()] 1 e[x (B, y (O], roe x (f), y({)—napa(m‘rpﬂqecgua
ypaageunﬂ KokTypa (cM. (7.2-3)), mo unmezpas (3a) cyujecmsyem.

cau npu smom gauna wonmypa C paswa L w wa xormype

@1 M,

[if(z) dz lsg ML, (1.2-4)

Ecag koutyp C co

MEpHWHET TOIKY Z=0c5 WAH ecan [ (z) He
o amean KOHTYP ) He orpawAvena Ha C,
o pan {3) MOMeT CHTB ONpPEAe/IeH KAK RECOSCTEEHHBIA HHTErpan B CMECHe

7.3. AHAJIHTUMECKHE (PETYJIAPHBIE, FOJIOMOPOHLIE) ¢¥YHKLHH

7.3-1. Npoussognas GyHKOHs (CM. Tarxke 0. 4.5-
Baetcy andrpepentMpyemolt B Toqxé z=a, eCJ'IH‘prJléJ?I. s @ =[2) nags
dw _ — fe4an—f@
72 F {2 al@ e {7.3-1)
(npomaeognas f{z) no 2) ¢
YIHIECTBYET OPR Z=¢ B Ee 3aBHCHT OT CTocofa cTpeM-
ng;g}m Az ¢ Hymo. DysxuHA mOWeT OuHiTe Avddepesumpyema B TOUKe (HB?‘IpKEI:M
7ngn2 z;u ), Ba K]%HBOF] H B0 BCeR 06aacTH. b
.3-2. ¥panreuna Kourn -~ Pumana, Jas mozo wmod =
; [:: v(x, ﬁg): ontpedesenmnan ¢ Hexomopol ofiiacmu, Mwé‘%’geq;e’:{éé?yfmfd(xé ?rioj
smot obagcmu, seobxodume u Jocmamouno, wmobv dyrrguu (X, ¥) 4 v (x, )

Geiau @ eyl .
e au¢¢»ep yupyesot *) & mod e mouke U wnoObl, KPpOME MO0, SHNUAMRAULH

du dv éa 2

o
® =, 5=~ (easuenua Kowu— Pusana). -
Toraa v % . ! (7'3‘2}
dwe  da dn  Jdo dn  da 2]
dw _da . 00 Jo  da_Ou_ oz v  dc
dz ax+ dx — ay ‘6y ox {dy=d_y+‘3;; (7.3-3)

* [lpu nepexofe X DONADHOR CACTEME KOOPAMHAT x==rc0d @, y=r sin @, rue
L

Fe=lz =
('#LDLH p=arg z, ypasHenud Komw —PuMana npuHuManT clelyousii pHA

du L 0z o L du
gr r g 57G_73$-

llponasopuan F (2) papua
r fdu o i {da [}
2= — = — °
Fo=1 G+ =-3 (@i *
T
Bomu& 3 2. s‘nem'l uo(.rmue aR{pEPERUHANN; 4IT 3TOM0 ROCTATAUHO, 4TOOHW 94CTHHE NDOH)-
e uy, Gy, Tx vy Guay HEOpepasSHH B PACCMATPHBASMOR Towne (CM. 4. $.5-3).



202 [N 7. OYHKUMH ROMIEKCHOTO NEPEMEHHOTO 7.3-3.

- WrHHeCKHE QYHKILMA, 5
ga? 3('311‘:}::33}:16*411519 ¢Y$iyuﬂﬂ f(z) masbiBaeTcA anaanTueckod (peryaspnof,

-
ronomopdRof) B TOUKe T=4a, ecTH oRa Judgepenyupyenda 8 HexOMmopoL OKpE
ROCHIL TOUKY @

£(2) — aHaaMTHuECKAR B TOUKE
o>

o oxpectt=
suma cmenennoin proos f(2)= Y o (z—a)%, crOORYUMCR 8 HexomOpod OKpe
k=0
= npenedienne).
M moeKi 2=a (paBHOCHABHOE O "
"o Dyurund RapipaerTca aua.nmuqogcmﬂ g orkpuTOfi 0GaacTH D, ec
g xaxdol mouxe smod obaacmu. g
wmuoaii?:aem « on. 7.4-1—7 4-3 Ana pacwiHpeHns STOTO onpefenerns np
TeNlbHO K MHOrosHaunbiM @y EXUH M. . o Rt
HH {b) f(z) nazbipaeTcy anaAuTHuecKofl B GECKOHEYHOCTH, e hyHKOH (2)

= (l — aRANHTHYECKAA TOGKE z--—-O‘

f }"2} b an ®

(py'HKI.‘U,ﬂ (2 QuHaAUmuuRo 8 Gec KOHeHHOC U ”[0360 i MOAEKD Hlaaaﬂ. ngé
f ) a

ong moxem Goime npedemasaena padox f{z)= ! byz7* no ompuyameabHolx cimé:

k=0 T
nenaM 2, CXOORUMCR 0AR GOCMOMOdnO Boasutix dnakend | 21 (cM. TaKKe M. 7.5-3).

a moeda u moaeKe moeeda, kozda oma npedcmas

opHMenis
Tepmunn JupdepeRyupyemar, AHAAUTLUNKECKGR, DESYARPHGR & 2040 MopPHAR O

gACE B OIHOM H TOM XK€ CMEICTe PAzRbIMR ABTODAMH,

7.3-4. CooficTBa aMAANTHuECKHK QyRKUAE. fycms f(2)— onaaumuseckan 8 ome

AT oﬁmm;z;z 5_&::;2?3?3 ngCufﬁ -«c-’-ﬁ ;ﬁiﬁiap (2) ydosacineOpAIOMIR {sepxo n of-

pan%e m?p:;ﬂe?e);v (%, y)— conpRIEHRLE 2apMORUMECKUE PyHKyul

i 135)‘ 6;2; npoussodnee Gynxyun f(2) cyuecmagion U REARIOMCR anaAus
muveckumy yrryuAmny (Cv. Takxe O 7 52-1);

4) 8 odnoceR3nod obaacmu D unmezpon S F (L) dL ne sasucurt om KORMY:

a
A ANHBY #
oeasts, eCAH TOABKO STOT KOHTYp WMEET KOuEWHYIQ
ﬁgsl?{?(?fiap;epmm 8 obnacth D; npoussodnas uwmeepaiq ecmbo F(z) (cM.
. 1.5-1)
Tamif‘ie) nsua:cgnu)n f(2) na Aunuy uan 8 noGoBAGCIMU, YEAUKOM Agxamuxs
ofaaemu D, onpedessrom [(2) eQUHCMBEHHBM obpasom scody ‘:m s
Bee ofbiunbie NpasHaa AHGMpepenuMpoBAnUS W uuterpuposanua ( 0;0 .
4.6-1) NpuMenHME K BHATHTHYECKHM GYVHKUHAM KOMILIEKCHOTO nfpemiluo = @)
cau ynkyud w=F(2) anaAUMULHG 8 MOuKe z=<?t 2u2,¥a(a] onpéae:zexayro
umeern  anaaumudeckyo  obpamuyo  yrxyuo 2 (W) (n. 4.2-2, a),
w="{(a).
’ OKFECCAHLMO‘?Z ;u(}:ﬁuu w{——(f](z)—oée angaumuseckue, Mo W 2cme auaaumuiec
KOA QUHKNUR Om 2.
ggm“nmaeaoeammmocmo (uas pad, n. 4.8-1) dyrryud fr ) a:ca;:ém;wg
Kux ¢ omxpsmed obagcmi D, cxodumen pOSHOMEDHO K npedeay ;{6 (2) ; usg oamu':
Mo | {2) — anaAumuMeckan QYRKYUS i nocae00samersrocis (Had p ;ﬂg:}
fp (2} cxodumes pasHOMepHO K F(2) scody ¢ D {meopema Beitepuimp .

% Ecnm diynumn [p (2} — aHaAuTAVECKEE B ofnacty [ # HenpepuwBHH B D, 7o paehos

™ D
MepRas CXOAEMOCT: MOCTEJORATENLHOCTH {HAH panar [y (2} 8O Bcefl 9eMKHYTOR o6nac

roll oSnacTh. [IpHE 3TOM MOXHO
aTh H3 &BBOMQpHOR CXOLHMOCTH Ha FpaHkle 5 gy
?E#::t:ggggsb cxon,ugom NOCABIOBATEABLEOCTH NPOHABORHMX TOMKS 2 oTKpHTOR ofn
D o#®
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B ycnoseR teopemm Befiepwitpacca noceedosameteracnts (win pad) koHmypHbte
UHME2PAR0S i,‘,, (2) dz, 20e kormyp C — xoHewno Jaunwm u aexcum & D, cxodumen

pasqoMepro k \ f (2) dz.

7.3-b. Teopema © makcumyme moayan. Abcoasromroe swauenue | F(2)) ynns
yut f(2), anarumuseckod ¢ omxpsimod ceparusennold ofaacmu D, ne soocem docrny-
2amo HakcumyMa Hu ¢ odnod mouxe obaacrmu D, ecau moawko f(2) ne xoxcmanma,

Ecim, kpoMme Toro, GyrKnus f(z) HempepuBHa B 3aMKRYToli o6nacth D u |f(2)|<=M
Ha rpansoe, 1o |f(2) | << M Boiony BRYTPH D npx ycagewn, uto f(2) =£ consh

* Ecau ¢yHKUMA f (2) NpPH HPHBeAeRHBIX YC/NOBHAX He 00pamlaeTcA B Hy/b
8 obaacty D, To M wMuEUMYM |f(2)| He MOMeT ROCTHraTeCd BHYTPH o6AacTH. ¥

7.4. MHOTO3HAYHBIE ¢ YHKLHH

7.4-1. Bermn. OCoSlenHeM TeODHA aHAARTHYSCKNX PYRKUHA sBAAeTcH pac-
cMoTpensie geteedt f, {2), f; (2). ... MHOrO3R39HOR DYHKUHY f(2), KOTOpHe ompede-
ARAOTCA  KAK OAHOIHAUHLIE HENpepubHWe (QYHKUHH B OOJACTH HX ONpeAE/eRHf.
Kaxnas BeTBb MpPUHKMaeT HEKOTOPOS MHOMECTRO SHauexnyi dYHKUHH f(2) (cM.
Takxe n. 7.8-1).

7.4.-2. Touk¥ pa3peTBAEHHA W Paspesm.

{(a) [lycr, muoroanagran ¢yukuud f{z) onpeaenera scloay B OxpectHocTH D
TOukH Z=a, KCKJIOYaA, OHTb MOMeT, CAMY TOUKY @. Toraa TOYKa @ HazbliBaeTcsd
ToukoR passeTBAeHHn (touxoRt BeTeaeHuA) $yHKUHMM f(2), ecan f(z) nepexomur
OT oxHOR CBoefk BeTBH K APYrofi, KOrAa NepeMeHHad TOUKA 2 ONHCHIBAET B OKPECT-
RoetH D 3aMKHYTYKo XDHBYIO BOKPYT ToukM @. Ecau nocsie m-xpathoro obxola
9TOfi KPHBOA B OAHOM H TOM K€ HENPABJCHHK MH CHOBA BMEpBLIE BEpHeMesd K
MePBOHASAMLHON BETBH, TO WHCJAC m—l HA3LIBAeTCA NMOpAAKOM TOYKH pA3BETAJe-
una. Ecnu f(z) onpeneneda 8 Touke pasBeTBACHWSA, To 3HaveHue [ (g) ecTn obuiee
ANA peex BerBell, MOAYY4eHHWX npH ykasanHoM ofxose. (Ipumeps. dyuk-

OHR /2 MMeeT TOUKY pa3speTBAGHHR NOpAAKa 2 npu z=~0; Bce TPH BeTBH paBHH

Hymo & Touke pasgeTeienns. ®ynkums 1/} 2 TakkKe Wmeer TOYKY paspeTBACHHMA
mopsiaka 2 npH z=0; Bce TPH BeTBH B STOH TOUKe He onpefeneds (cM. n. 7.6-2, b).)

# EcnM z==a-~TOUK2 pasBeTBACHHA nopAaka m—1, 1o dyrxuus O (L) =
= f (™ -La) 04KO3HAUHE B OKPECTHOCTH ToukE {=0; ec/H 3Ty OKPeCTHOCTL pas-
OuTb Ha m cekTOpoB AyuaMH arg{=2nkim (k=0, |, ..., m—1), To 3BadeHHs
$yrgune @ (£) B KaXKAOM H3 TAKHX CEXTOPOB COBMAJAKT ¢ COOTBETCTBYIOULMMH
SHaueHHAMH OAHOA u3 Bermefl f(2).

Ecau, ONHCHIBAR KPHBYID BOKPYT TOUKH Z=ga CKOALKO YTOAHO Pas B OOHOM
H TOM e HAMPaBJeHHW, MB KaXIWA pas 6yjaeM MOAY4aTb HOBble BeTBH, TO
TOYKA @ HA3L/BAETCA TOYKOA passeTBAcHHA GecKoHeyHOTro MOpPAAKA HJIH Jorapudmu-
veckofi TouwoH passermaenuw. {(fipumep: w=inz npu z=0.) *

Touka 2==0C eCTb TOMKA PA3BETBAEHHA ?yuxuuu f(2), ecnn Hayano KooOpAH-
HAT ecTh TOUKA PAa3BETBACRHA ANA dyHKuHW f(l/z) (oM. Takwe n. 7.6-3).

Myems dar dynxyun | (2) obpamuaa ¢gyrxyus O (@) cyecmayen u oBuosnaina scody
& oxpecmupemu mouku w = f (a), To2da z == a # 0O REARENICR MOYKGH passenaextin Nopadka m
dan f(z2), ecau D (W) umeem nyis 1opudxa m . 7.6-1) wau noswe nopsdka m-+2 (n. 7.6-2
Apu w=Ff(@). (Mpuvep: w=V7 1 w=1/¥z a=0)

NonoGruM ofpasow, ecau O (W) cymecmeyem y odnosnauna scr0dy 8 GKpecMAOCU MOY-
i owoa=j(0), mo Moxka I=cO AsARemcs MOouKod paseemsdextf nopadxa m dgpnxyuu | {2),
ecau O (w) uMeEm AL roprdxa m <+ 2 wan noawc nopadka m npu w=Fiw). (Ipumep:
®= 7y w=1/Vz}

¥ Ecan toaka @ aBAfeTcR TOUKOfi passeTNenun QyRuuna f(z), To B ee
OKpecTHOCTH GYEKUHA f(2) MOXKeT HMETP HeCcKQJbKO paaMSHLIX TPYnNn BeTsef,
2 TAKHKE BeTBH, AHAJNHTHUECKHE HJH He aHANHTHYeCKHE B TOUKE 4 H JJR KOTODHX
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9Ta TOMKA HE ABAXETCA TOUKOH passersyenHd. Kaxpas rpynna seteelt BAH OTAeAB-
HAA BETBb ONPEAEASAIOTCA BHIGOPOM HaualipHOTO 3HaueHus dymkumH f (z) (3nementa
dynxaan f(z), cu. n. 7.8-1). Tlpw ofxofe TOYKH @ BeTBH BHGPAAHOH TPYNNW
nepexoAsT APYr B APYra; BCC BETBH STOH TPYNUBI KMEIOT OHHO H TO XK€ SHAYSHHE
B TOUK® a, HJM OHH B Hell He onpejenedsl.

Ecan B OKPeCTHOCTH TOSKH P33BETBACHHA 2=—=a PYHKOUA f (2) HMEET HECKOALKD
pasulx rpynn BeTmel, T0 roBopaATr, UTO QYHKURS F (2) wmeeT Bax Toukoil a posube
TOuKH pasBeTBAeuns. lHa prMaHoBoi noeepxHocTH @yAKuHM f(2) (oM. n. 7.4-3)
HM CQOTBCTCTBYIOT paanble TOUKA. [las kamnol TOUKH a GyHKOHA f(2) MOXer
MMETh He GoJiee CueTHOrO MHOMKECTBA PA3AWYHRX TPYNN BeTseil.

Npumep. OYySKUNE w = Vi + ¥’z umeeT derHpe BeTBA. B OKpECTHOCTH Toukk Z2=0
BTH BETBH pDACNAaR8KITCA R& ABE TPYnnst. No Abe BeTRH B KaxiAcod. BeTsm nepsof rpynna
O0LEeRHARTCE SHAYeHHEEM W lz0= [, 2 BeTBH BTODPOMl FPYNOR SHEG9EAHEM o !z-&! e=— | [lnw

X2XKA0A rpYNNn TOYKE 2 == 0 ABAAETCA TOUKOR pAlBYTBACAHA MNEPBUNO OOPAAKA.
B oxpecTHOCTY TOSKH z = | BETBH PACNAJAIOTCA HA TpH rpynnu. Jlee seThH, ofpasyiouiEe

Repeylo rpynny, ofbepuusioTcn yenosmes ¥z |, js=—1 (Torma @ =0); nan oTof rpymunM
To9Ka 2 =] CHyHArT quo@ pa3BeTRACHYA Nepeoro NopsAxka. Bropas 8 Tperhs rpynne, noay-
salcuEecs NpH ycaopan ¥z ];_1=I, COCTOAT Kampaasn H3 offoR aRajETHSEcKOR B TouKe Z==|}

BETBE, COOTRETCTRENHO NPHRHMAWIER sHadeHns w lz..l =¥Y2nw yz.-l =—V¥3,
Bonee ¢aoMHBle npuMepn oM. & [7.7]. %

(b) OrnenpHble OofHO3uauAuie BeTBH (yHKuHE f(2) onpesenedst B o6nacTax,
OTpaHNMYEHKNX pa3pesamu, KOTOPhie ABJHIOTCA MPOCTHIMA KPHBHIMH, BHODAHHHMA
TaK, 9TO HH OJH3 ISMKHYTAR KPHBAA, OKPYREAIOWAA TOUKY PasBeTBieHHS, He JEKHT
B ¢6JacTH OnpeneneHna Kakofi-auGo ofHoaHauHOk Berpd. BuGop peTneil w paspe-
80B AJa samanHofl ¢yHKkmu¥ f(2Z) He eAMHCTBEH, OZHAKO TOMKR Da3BeTBACHHS B
GHCIO BETBH ONpefensloTcA €AHHCTBEHHHM OGPa3OM.

Mpueuepwu. Ao dpynkouf wu';/z B @ =102z paspesoM MOMeT CRYMETs MODER

NpocTan KpHEBas, COSOMHAIAIA TOYKA DA3BETREACHHN 2 += (0 B Zr=c0, HAOPHMED, NOMOKHTENbL
HEH AR OTPHUATENbB2R YacTH JefCTBHTEMBEOR ocH.

Han pynxonfl w =1 — 2! 5 @ = Arcsin z pa3pesoM MOXET CAYKUTH mofan npocTas
KPHBaA, COEIMAAKIIIAA TOUKA (A3BETBACHHA — 1 B |, HaOpEMep, OTPE3oK ReficTBHTENbHOR
OCH (NpoXoARWEA Sepes TouKy 2= 0 BIR qepes TOSKY Z = o).

And d)ﬂyuxnnn w=F14 z* U w=Arclg z paspesom MOKeT CAYXKHTh, RANPHMEp, OTpe
80K MEEMOH OCH, COBEHHAKMAA TOYKH DPAIBETBACHHA — ( B L.

Bce BeTBE MonoZeHHOO awaAumuseckol Punxyuu MOTYT GHTH MOCAEAORATENLHO NOMYYIeds
BHBANTHYECKAM NPOIOAXKeHHeM ee sneMenta (n. 7.8-1).

7.4-3. Pumanoem nopepxHocTH. Yacro OGhiBaeT No/e3HO NPeACTABHTL MHOTO-
SHAYRYIC QYHKUMIO KAK ONHOIHAYHYID, ONPefeNeHHYIO HA PHMAHOBOfA IOBEpXHOCTH.
Taxas noBepXHOCTL COCTOMT M3 HEKOTOPOTO YHCAA Z-MAOCKOCTeH, HJW «IHCTOBS,
COOTBETCTBYIOULHX BeTBAM PYHKUME f(Z) ¥ COSRHHERRHWX BACAb COOTBETCTBYIOWLHM
o0pa3oM sHGpaHubiX paapesos. O cnocoBax NOCTPOEHHY PHMAHOBHX NOBepXHOCTER
e, {7.2], [7.4]. 3amerum, 4TC KOHCTDYKHHS PHMAHOBWX NOBEPXHOCTell ANS
OPOR3BONBHNEX OYAKUAA MOXeT OnTh BecbMa CAOXKHOA W TpeboBaTth Gonswof
H300PeTaTeNbROCTH NPH NBOCTPOSHHH.

Ecan dymxuas w=/[(2) u efi ofpaTHan offe MHOTO3HAYHM, TO Z-NNOCKOCTH
B @-IJIOCKOCTh MOJKHO 3aMEHHTh COOTBETCTBYIOMHMH PHMAHOBHMH NOBEPXHOCTAMH;
npn 9ToM GysKuHA w=[(z) GyleT onpefe/inTb BIAHMHO OAHO3HAYHOE COOTBETCT-
BHE MEHJY TOUKaMH oGeMX PHMAHOBLX NOBepPXHOCTeR, HCKAIOYas TOYKH pa3BerTs-
RCHEA.

3amevanne PAMaROBE NOBEPXHOCYD AAY MOBHOTEHHOR ARANUTHIECKOR QYHRUAD
(noTy9CHHOA BHAMMTHICCKHM DPOAOANKeRAeM, 1. 7.8-1) GyfAeT CRA3HOR; TaKHM OGpA3OM, MHMO-
rospeunen ¢ynkous f(2) =1 |, necworpa ma anarMTHYHOCTE Kaxpofl BeTEM, HE Arndercs
MOHOMEeAHOR EHAAHTHIECKOR QYKKUHER,

% Bojee cRoXHAMA nphMep NpeacTaBAser MEOrosnausad QyHKuMa w = lin &, pacnagaK-
mMancA §8 GeCKOAEYHOE MHOXECTBO DASMHUHWY OAHO3HAYHHX BeTBel W=z -+ 2k (k=20, |,
2, ...). Oa dyBKOHA Be uMeeT TOYEK pasBeTRIeHHA. X
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Bcoay B sToll RMure, uckmowas chelnaab

Hbie YTBEDMACHAMS, DPHMeHHMbIE
K MHOPOIHAWHLIM GYHKUMAM, peud WJeT TONLKO 06 OAHOIHAHHBIX AHANHTHYECKMX
GyaKIHAX MM 06 OJHOIHAGHMYX BETBAX AHANMTHHECKHX $ynxuné (cM. 0. 7.8-1).

7.5. HHTETPAJIbHDLIE TEOPEMbI H PAINIOXEHHA B PAALY

7.5-1. Hurerpaibame teopemu, [Iycrs F(2) —byakoas, amannTHYeckan B He-

ROTOpPoR ofnactd, C —gaMkayTul KOHTYD,

OprRAATEXaMAL TOH ofuacTh BMecTe

C0 CBOCH BHYTPEHHOCTHIO [, B 2 — AI0GAA TOUK2 B3 D). Torga

%fﬂ;)dﬁwo (usmeeparsuas meopesa Kouss), (7.65-1)

1

@ =4 S g@;d{ (unmeeparsian gopuyaa Kowu),
C

F@ =g e,
c

’ 21
F (2 ) — E (;’_(Dz]: ¥
c

LI R N I e e ™

4 -.ﬂ _f@_
o () w; — o &

q (7.6-2)

Prg. 7.6-1 RAMOCTPHpPYeT npEMEHERREe BHTErPanbBOR Teopemsl Komm & mzoro-

cBA3ROfd OGNacTE (cM. Takme n. 7.7-1).

Pasecrsa (2) pupaxainT dynrmuo
f(z) n ee OpoRsBOfEMe uepes rpaBBYEHe
sEaqeryq f(2). B uacrroera,

1—9_3?- 2. (7.6-3

Haterpaneman reopema Komm o60G-
MEeTCA HA TOT cAywafi, kKorga ©a EoH-
Type C JyERuEs [ (z) mepecraetT Owrs
4HAMRTEYECKO, OCTABAACH HEUPEpPHBHOMN:
ecan GYHROEA f(2) ABAJHTHOHA B OAHO-
CBA3H0d 00XacTH D B HenpepwBHA B 2aMK-
#yTofi ofnacta D, To mETerpas (1), eas-
THll go ee rpademe ¢, pases Eyawo.

% Vimrerpan suaa a_l:ts tq’_fm dt, rre
c

z

C—3aMKHYTHA WAH HesaMKHYTWA KOB-

Pro, 7.5-1, Teopema Komm gas muoro-

oBasEoft olnzcra (po. 7.2-4 m 7.5-1). OG-

faoTh D OrpaHEveda BHEMINAM KOE )

C B PHYTPEHHHMH KOHTYpaMms Cy; Cy, ...

- Cpt BADpaBRenns XOoa KOHTYPOB
YHA3aHH B3 DECYHKE:

J:mdwéw[ifm«m

TYp B ¢ (0} —dyERnas, aenﬁepmnas Ha KoBTYpe C, HASHBACTCA UNME2DOA0M

muna Kout, Vgrerpan mana

OWH OpeAcCTaBAReT QyEXUAW F (2), AEaNHTHICCKYIO

8 kaxgofl ofaacts, 8e cojepmamel ToweK koHTypa C. [Ipn stom F' (2) =

,:g'_s X0
Q‘TUC i —2)
(7.1], ra. 3, § 3. %

mr % O cpoficTBal ¥ DpuAOKeBRAX WETerpanop TEna Komm ou.

u&m%ﬁm f(2) nenpepowna & oasomgwa obaacmu D u pasencmeo (1)
BMeem 06080 aomrymoes Konmgpa C, Aexa D — anatu-
mivecxkan ¢ omod ofracmu { meopesma Mopepa). ; WL R @)
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. 4.10-4).
7.5-2. Paanokenne B pap Tednopa (cM. Takme n. 4 1

(a) Ecau f(2) aHOAUMUWHA BHYMPL OKPYNCROCHL K podugca r ¢ Uenriposm &
mouke z=a (@ = CO), Mo cyujecrmsyern eQUHCMBEH Kb pR@ no cmenenam (z—a), pas-
noMepHo cxodauudcr x f(z) npu lz—al=sr'<<r

fa= Y a(z—a)* (7.5-4)
k=0
ade
! )

f— KuocTe |z—al=r'.
§ KHa;?gopnybmnﬂ xer Kcl(]z-a|5rc), Bce BHYTpeHHME TOWKH KOTOPOre
nexaT BHYTPH 06AacTH, B KoTtopoi f (z) ananuTHyHa, ABAAETCH xpyr}?lu cdxonmi::g
cTenerHore pana (4); re ecrb paasyc cxozumocTd (M. 4.10-2, a). Haubonee
Hpie pasnoenns GyHKUH{ B CTenedHble DAAW NPHsEAeHbl B n 21.2-12.

(b) Ecan M {r')—msepxuss rpansua |f(z)| na K’, o

1 M
!an!= m”lm(ﬂ)[‘é T

(nepasencmea Kouwiu). (7.5-B)

(¢) Ecom B pane Tefknopa (4) oT6pocuTh BCE YACHH, crosiuiAe 3aa, g (z —a)* %,
10 ocrmamounsitl waen Ry (2) paseH

z—ayt f (&) 45
o K @G—a*(E—2

(7.5-6)

IR ()1{(“'“')" M
, I

r

R, (2)= rf—lz—al

EM (D
T i

(Ec.rm nonokuTh |2z—a|=*kr, Toe k<<1l, 0 Ry (A =

7.5-3. Pasnoweune 8 pan Jlopaua.

(a) Ecau [(2) arasumuuta 8 Koavie Mencdy OBYMR KORUENMPUWECKIMU ORDYH-
nocmamu K, u Kg ¢ yenmpamu e mouxe z=a (@ c0) u peduycarmu r; v ry <r1:
mo cywecmeyem eQuHCIMGeAH0e paskoxcenue & pRd no NOAOHCUMBABHDIM U OMPULa
MEALHOIM CMenerAm (2—a)

Ho= 3 o -+ 3 byz—a P h<iz—ai<r), @5

k=10 k=1

AN FG) d

Qp= T
k 2!‘6}'('] (;_mk-rlr

bk=;;‘ ,g;(c-—a)“f(-:) dz,

K —oxpyxcrocms | z—a|=r, < ry u Kj—oxpyxcrocnio {z2—al=r;>ry

Hépeaa CYMMO 8 PABEHCIGE {71} puasrosepro cxodumea 048 | z—a | ‘_<:__r5 u ana-
aumuuna ehympu Ky; 6mopan cysma (TAABHAA YBCTb PANONERUR daa [ (2)) passo-
MepHD cx0dumca 9aR | z—al == vy 4 GRAAUIMUKLRG 80 BHEWROCTIL OKpyNcHOCMU K.

Sameqanne CAyIaft a=co NPEBOARTCA K NDERHAYIIEKY APE NOMOUN UpecGpase-
BEAHR En— lfz, nepepoIatmerd 2 =00 B HARASID Koopxuuar.

# Pag (7.5-7) MoXHO sanHcaTh B BHAE

[aa]
o= 3 a—ak, c,,ﬂgiﬁiﬂ__ &,

P, < W g—aft!

rae T'—an6as OKpyKHOCTE, pacnodoxennas mexny Kj H Kg. %
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ity Ecam B nepeofi cymMe pasenctsa (7) OrpaHHUHTBCA QIeHAMH TIO
@p_y (2— @)} BKAUHTENBHO, TO OCTaTounw] YieH R, (2) Gyjer paBeH

R () E—af F @ dt

%) 2ni ;§; ¢—ag—2"’
2 C M (r

ar(z)lag('z ,a[)n it

— Tz —a1 *
v 7 |z [

(7.5-8)

Ecar  Bo  BTOpPoii  cymme pabenctBa {7) TN0CASAHAM CAAraeMbiM  B3ATh
ba_i{z—a)y ™1, ro ocratounntfi unen R} (z) SyAer pase

i f C—a™®
miz—at K, t—z %,

| R (z]:{( ’:.1 \ln r;M (r;)
i T \lz—aij 1f—@l=1y "

o= (7.5:9)

Mir) » M{rj)—eepxuue rpaunusi ana | f(z)| Ba K| w K; coOTBETCTBEHHO.

7.8, HYJH H U30JHPOBAHHLIE OCOBBLIE TOUKH

7.8-1. Hyam (cM. taixke n. 1.6-2). Toukn z, ans koTopwix f(2)=0, nasw-
BaloTcAd nyasmu  GyHKuuM f(Z) (kopuamu ypaeuenHa f(2)=0). Pysxuas f(z),
dHanyTAYeCKad B TOUKE Z=q, HMeeT HyAb NOPKAKA 71, TAE 1 -—I1en0e MOJOMH-
TeNBHOE YHCJIO, €CNH B TOYKe Z=—a fepBhie /M Ko3QPHUHEHTOB gy, @y, Bay -vv ) By
paaiomenns dyukuun f (2) 8 pan Tefinopa (7.5-4) pasuw uymo. [pu atoMm f (2) =
= (z—a)™@(2), rae @ (2) aHAAUTHUHA B TOYKe a@ H @ {a) %= 0.

Hyne ¢yrkoky | {2), agaanrthveckoll B offacTR 0, Bece M3oIRpoBansl JPYT OT Apyra

T. e, HBKAWE HYTh MMEET OKPECTROCTE, BAYTDR koropof f(2) £ 0, ACKANYER caM AYAL), HAW
{X) TOMIECTBEEHO paBEA RYAW B ofnactn D,

% HRAavwe rosopa, RYAR dysxou# [ (2}, A¢ pepAof TOMOECTECHHC HYJIO, HE MOTYT HMETh
npenenbhofl ToSKE B o6aacTH D TO WMC BPEMS OHH MOPYT HMeThb NDEAENLHYX TOMKY Ha
rpanmue obaacte D. Hanpamep, nyc™ D — Kpyr | 2 <C1 u f{z)==sin

BMEIOT NPeResbHEYI0 TOYKY Z2=1. ¥

Eeau [4(2) u fa(2)—~ anasrumuueckue & o0HoceRaHo cepanusennod obracmu D
it na ee Koxnuype é u ecan 1fa(2) | <<} /(@550 na C, mo dynxyuu f(2) u
5 (2) -+ g (2) umerom oBunarodoe wueso nysed & obracmu D (meopema Pyute).
KaxcQoidi Mn020906H CIIERERI 1 uMeEm R KyAed © yuemOM  ux KPamHocmu
{ochosnan meopesa aseebpet, oM. Taxxe n. 1.6-3}.
7.6-2 %, UcoGuie TOuKH.
(a) OcobGue TouX® OAHOBHAMHBIX AaHAJAUTHUECKKRX HYHK-
Luik. Ocofol Toukofi HAH ocobenuocTew QyHKIMH f(2) HasbiBaeTca TOUKA,
B KoTOpPOR f(z) we anaxWTHuma. Todra z=ga Ha36IBaeTCR! H3OIMpORAHHOH OCOGeH-
nocTei0 f(2), ecam cymecteyer aeficTeuTensroe wnedo d == O Takoe, wro f(z) ama-
NuTHuHA npe Q<C|2z—a| <8, HO He B camOit TOuke z=a HM3oauposannbie oco-
CeHHOCTH ANS z=a £ oo MOTYT OHTb TAKHMA!
1. ¥crpanamas ocoleHHoCTL, ©CB OYHKUOHA [ (2) orpaHH4YeHa B
HEKOTOPOfi OKPECTHOCTH z=ga, HCKM0UAR, BO3MOXKHO, CaMmy TOUKY 4,
T. &. KOrda Bce KospduUHEHTH by, pasnoxenus B paa Jlopana (7.5-7)
¢yerOny f (2} B TouKe a papHH HYMMO.

Mpumep. =277 umMeeT ycTpanumyio 0cOGerocTs fipn z=0.

B paneHefiweM yCTPaHHMble Ocofble TOuKH oOubMHC He CyHlawoTcH
0COGRMH.

2. Nomoc nopspka mi{m=1, 2,...), ectn B pasnokenus Jlopaua
(7.6-7) pyrKuHn })(z] no crenensas (z2—a)

bm#& bm+1=bm+n=---‘=0

1
Tz Hyan z_l_-k_rr
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(r72BHAA 92CTb PasfOMenHs CONEDNHT JMAML KOHEWHOE qHCAO 9JEHOB),
B stoM cayuae lim f(z) =00 npH MoGOM CTPeMeHHE Z K @ TIpu avom

z_.fpf ) 6 Ha B HexoTopoill OKDecTHOCTH
dyukuna F (2)=1/f(z) OyAeT &RaIBTHY

Touxke @ (ecnw monoxHTs F (a)=0) w HMeTL B 9TOR TOuKe WYJb
nopatxa m. PyHknmio f(z) B OKPECTHOCTH TOUKH 8 — MOKCA nopAaka

2
M- MOMHO NDeACTaBATL B BHAE f(2)= . A rae ¢ (2) aHanHTHYHA H

z —a™'
v(a)s£ 0.

Mpemepu. w=g

__._IT)' AMeeT ToMoc 3-ro mopsdka npn z=2;
@ = {g z uMeer NOMoCH 1-10 NOPsIAKA B TOIKAX 2= %—}-kﬂ (g=0,+1,..)
3. CymecTpenno ocofag TodKa, €CaH B PASTOKERHH Jlopauna (7.5-7)
dbynxouA f(z) umeercAd OeCKOHeSHOE UHCJIO HWICHOB, COMSPAMKX OTPH-
HATe/NbHBIE CTemeHH (Z—4); NPH STOM HE CylWecTByeT HH KOHEUGHOrO,

HE Geckoneuroro npeaena QyHKuuH f(2) npn 2, cTpeMAlleMCd K a. 4
MMpume pg. ®yuxnue sin (1/2) u e 1/2 AmeloT CyillecTBeERO 0C00YI0

aky npu z=0,

-)e(b)TBchbEe Z-roqr(n MEOrosmaumoro xapakTepa. QOcobue
TOUKH MHOrO3RAYHOr0 XapAKTePa MBAAIOTCA MOUKAMU DPASSEMEALHUR MHOSOSHAL-
nod ¢pynkyuu f (2). OnpenenemAe TOUKH pPA3BETBJEHHA KOHEeYHOrO TopfAaka H
JoraprdMAUecKofl TOYKM pa3BeTBJIEHHA ZAHO B I 7.4-2. o

[Tycrs Touxka paspeTBAEHHA Z=a HMCET KOHeUHH NOPAAOK, paBHHIN m 'm&;
7. e. OGLefWHReT rpynny A3 m==2 serseft QyRKkumu f(2). Ecnn Bceé 9TH Be
#MeIOT KOHeuHm HAH GeckOHeGHH Tpele] NpH z— g, TO TOUKA 4 HasuBaercd
anreGpanueckoli Toukofi passeTBaenns. B stom caynae ofHOSHA9HAA (PYHKUHA
(cM 0. 7.4-2)

FQ=f({"+0) (7:6-1)
smeer npu [ =0 npasusbryic mouxy WM NOAKC.

Ec.qll){ B%TBH -birsxmn%i (z) He ynmesor npegena NpR 2 —4&, TO TOYKa 4 Hasui;
BAeTCH TPAHCUECHAEH THOR wlmgﬁ PasBETENEHHA ;)5 % mg:zm cJydae OJHO3HATHA

HKuua F umeet npH {=0 cywecmsaenno ocoby :
3 Plzs.rzomg{)ne CD}'HKI[E{H () Byié{KpQCTHOCTH TOYKE C=Oyn pAA Jlopana Mopo-
A2eT npeAcTapJeHHe MHOrO3HAYHON (QyHKOMM [(2) B OKPECTHOCTH TOHKH pasBer-
BJACHHS KOHEYHOro NODAAKA

o

f@= Y e—a™"

A=—u0

(a5 o).

Ecap a--anre6paHuecKas TO9Ka Da3BETBIEHAA, TO JIHUIb KOHeYHOE HHCAO
KO3((PHIHEHTOB €, C OTPROATENBHBMA HHIEKCAMH OTRHUHO OT HYXd; B {IPOTHBHOM
cayuae g— TPaHCUEHJEHTHAA TOUKA PasBeTBACHHA.

Npamepn Pynxnun “/ Z — | mMeeT afrebpantuecKylo TOIKY PBIBETBJEHUR nopAaKka 2
npE z==1. 5Ta TOUKa €cTh HyJb AMNA BCEX TPeX BeTBefl
Ons GyHKUHE 1/Vz— T rouKa z == | TaKkke ABARSTCR anreGpandeckod TOUKOA palserss

JeHHA NopsAKa 2; npeflen noGol BeTHH NDH 2z —+ | papen 2. COOTBETCTE YIOIIAR LLEGEREL LR
dyuknas @ (§) = 1/ #meer B Touxe { = { momac.

DyrKaKa sin (l/%/i_) AMEeT TPAHCOeRASRTRYIC TOUKY PASBETBACHAA NODHAKA 2 Mpd z==l),
CooreeTcTayowan dynknus @ (§) = sin 1/} AMeer OpE £ =0 CymecTBEHRD 0OCOGyH0 TOMKYE
Ec/AH B OKPECTHOCTA TOUKA a GYHKOHA f(Z) RMEET HECKOABKO PASHHX rpygtl
geTBedt, T. €. €CAH Rap TOUKof a4 nemar pasnble TOUKH pasgeTBIeHAA (CM. M. 7.4-2)
T ToBeleHwe KAXEON Takoill FPYNON BeTBeli WYWHO DaCcCMAaTpHBATE He34SHCHMO

*) JlorapugMuiecKne TORHH PaIDETBACEHA OTEOCAT H HNCHY TPRHCOSHACHTURE.

r
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npyr}p&)ﬂpyra; INR KaXIOH Takol rpymobl CTPOMTCA C€BOA OJHO3HAUHAR GYHK-
s - ¥
7.6-3. Hyan m ccofenHoCTR B GeckoweunocTH, QPyHKUHR [(2Z) aHaNHTHUHA
B GeckoHeuHOCTH, eca f {1/2) — ananuTHueckas B Hauale koopgwHat (m. 7.3-3, b).
Touka z=00 €CTh HY/b HIH 0COGRHHOCThL OMHOTO H3 TROOB, YKajauHuX B m. 7.6-2,
ecnd f (1/2) uMeeT COOTBETCTBEHHHA XapaxTep B Havanae KoopiunaT. [Nopenenne f(2)
B §eCKOHEUHOCTH MOXET OHTh HCCAefoBaHO C MOMOWBIO paznoxkenna f(l/z) 8 pan,
Jlopana B okpectHocTE 2=0.

7.6-4, Teopemu Beliepwrpacca w Muxapa. [lycrs f (z) —onnosnaunas dyex-
OHS, AMEIOM[AN H30JHPOBARHYIO CYIECTBEHHO 0COGYIO TOMKY WpH z=a. Toraa

1) dar aoboeo xomnaexcrozo wucsa A (Bxmovas A = oo) cywecmsyem
ROCAE008AMEALROCG MoveK 2, — a makad, wmo Hm f{zp) = A {(meopena
[l

Beilepumpacea *)):

2} dan mobozo KoMnaekcHogo yicaa A £ 0o, 3@ ucKmouerueM, Guimo
Moocem, 00020 sHauenust A = Ag, Kaodas oxpecmuocms mouxy a codepocum
Becronedroe MHOXcecmeo mouek 2 maxux, «mo f (z)= A (meopema [Tuxapa)

¥Mpumepn Oyakura ¢l/2 ameer cymectsenno ocobyn rtouky z=0, Ypasue-
me el/Z= A aueer » KaMoRk ORPecTHOCTH 53TOH TouxH OecKopendHoe uHCAO KOpHell AAR mo-
Goro A4 # oo, wpome A =0. [as dyukank sin (1/2), Taxme uMenwed CyUEeCcTREHHO 0COBYHD

Touky z=0, HCKMOYHTENbHBX 3HaUCHHA AA9 A HeT. ¥

7.6-5. Ueame dynkunu.

(a) Wenoi dynxnuedl f(z) AaswBaercs ONHO3HAUHAA AHAIHTHIECKass QYHKOHA,
He HMewllas oco0ubX TOYeK B KOHeUHOfl YacTH nMockocTd. Ona npepctaBasercd
BCIONY CXOAAIMMMCR CTENeHHBIM pafoM [ (2)=a,4-a;z24...4a,2"+...

Takum ofpasom, nenas GyHKUKA MOXKET HMETh eAHHCTBEHHYIO 0COGYIO TOUKY NpH
z=co. Ecau sma ocobennocms ecms nomoc nopadka m, mo [ (2) — mrozoisen (yeras
payuonasbhan pyrkyun) cmenesu m. Ecau z=oco—cyuwecmeenno ocobas mouxa,
mo f(2) maseisaemen yesotf mpancyendenmnol ynxyued. Ecau, HGKOReY, 2=00—
npasussnan mowxa (1. €. f(2)— anaaumuseckan dan ecex swavenud z), mo f(2)
ecmb Korcmarma {meopema Jluysuaas).

tenas TpancuenfeETHas (GyEKHHS NPHEAMAET MobG0e 3HAYGHHE W, HCKMOYas,
BO3MOKHO, OIHO 3HA4EHHE, B GECIHCACHHOM MHOXECTBE TOUEK Z.

%(b) XapaKTepPHCTHKH PocTa NeauXx dyurun k. [lyers f{2)—

nenan QyeknHa B M (r)= max |f(z)|. B cuay Teopemw o MaKkcHMyMe m0ayas
lz|j=r

(n. 7.3-5) M (r)—sospacmaiowias pynxyua ot r 1 lim M (r)=c0, ecaH TOALKO
F—o0
f (2} —ue woncranta. Ecia M (r)=0 (#), T0 f(z) —mMHOrouNen CTeMeHE He Boune
[K] (genas gacte p).
ITycrs f (2) — nenas TpancueHAeHTHAA GYBKUMA. £cau cytyecmsyerm sucao >0

maxoe, wmo M (r) <<€ Oar ecex Oocmamouny Goaswux r, mo f(zZ) Hasweaemen

pynryued xoneurozo nopadka. Uncno p=inf f == 0 RaswBaetch nopsaxoM LeJOH
DYHKIOHE,

2 ] ez
NMpumepun, £, sinz, cosz— dyaxuen nopagke 1, ¢2” — dynkuda nopaaxa 2, e
Aé BMEET KOHEYROTo NopAAKa (Mendd GyRKLAA SECKOREQHOTO OODROKA).

Ecau yrntus [ (2) umeerm nopadox p u cyuwecmeyem wucao K > 0 makoe, umo

M (1) <&, mo f(2) nasesasmen dynxyuett konewnoeo muna. Ygeno o=inf K=0
Ha3bBAETCS THNOM LeAOf QYHKIHH.

®j Ore Teopema GpNA pAAee JoKalaHe PYCCKEM MaTeMaTHHOM K. CoxogXuM H HTalh«
ABCKHM MaTewaTEKoM C. Kasopammu.

eTHM, 3TO TeOpeMa <NpaseAiuBa 4R HEHIQUEPODAKACA oCoCofl TOUKH, ABAAKMEficd
Opefenbuoft aan Doaocos.
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Ecag 00, 1o f(2) —by#knus HOPMAJpHOrO THNA, ecan 0=0, TO MAHH
MAfLHOrO THNA. 78 QyHKOHH GeCKOHEYHOr0 (MaKCHMAALHONO) THOA [NONA
rair ¢=co,

Ecan npenesst CnpaBa CyUleCTBYIOT, TO

p==lim Inln M (r) o= lim InM (n}
F -0 inr . F =0 o

Lenas dpyrkaous f(2) nasmBaercs ¢ynkuHed BKCNOHEHUHANBHOTO THRA, €CAH OHA
NEPBOro NOpAzKa ¥ KOHewHoro Tena (p=1, 0 << co}, @ TakKe ecan p<< 1.

(c) [lpeoGpasoBpanve Dypre H neAue Pyuxruny (s n. 4.11-3),
gg;‘r:é ¢yukuua f(f) obpamaerca B HyaAs npu [#|=¢. Toraa ee npeoGpasopanue

a
QM:SiUH*“ﬂ

€CTE UeNdd aHANRTHYeCKan (PYHKUAR OT § IKCOHEHURATBHOTO THNA ==& (p=1 &
C="a, uik p << 1).

Teopema Bunepa—Tlsau [lyemo ¥ (s)—yeran PYHKUUR SKCROHER-
o
HUabHO20 Muna == a U MaKax, «mo S [P (x) 2dx <Z oo (HHTErpan Gepercs

—_—
RO jefictautensuoft ocu). Teeda cymyecmayem dynxyus f(f), pasnas HYMO NpU
V] == a, npeobpasosanue Dypoe xomopoi pusno P (s). %

7.6-6. Paszoxenue nerofi Qynxumuu 5 nponssenenme. s xaxnoR noclenoba-
TEALHOCTH TOUEK Zy, 2y, Zy, ..., HE HMEIOLHX NPENeNbLHOA ToukH (1. 4.3-6,3) B KOHeU-
RO UaCTH TROCKOCTH (T. €. HMEWOUINX 2z=00 CcBOel eNHHCIBEHHON npexefbHOM
TQYKOR), CYWECTBYET neNan GYHKIHA f (z), KOTOPAS CBOHME 1HHCTBEHHBIMA HYAfiMH
MMeeT HylH NOPAAKE Mg, B TOuKaX z=2p. [Iyetb 2,=0, 2,50 (k > 0); ecan

;0;'29*"3 ABNAETCA nyneM, T0 me=0. PyuKuua f(z) MoKET OWTh NpeACTABIEHA

o= 1 {1 g (4 e 4

| (7.62)
k==1] ki

rae g{zj— HexoTOpas uwenas GYHKIOHS, 4 ueable YKHCAA rp BHOHD3IOTCA TaK,
9700k GECKOHEuHOE NMPOW3BEAEHHEe PABHOMEPHO CXOLMJIOCH B JHOGON Or parHueHHOH
oGnactk (meopema Belepwmpgcca; fIPHMEDH! CM. B II. 21.2-13),

o
Ecan n 4
* OX AELOBATENLHOCTE 2y, 23, ... TAKOBA, 910 pag ]Z_G CXOZUTCA LIS HEKO=
]
; n=|
TOPOre ULA0re NoJOMHTENLHOrD YHCNa £, TG 808 WHCAA f# MOMHG MOSOMHTE DEBHBIMH p— 1.

]Ecms ;oenenanarenbnoc"rb {"k} OPORZEGABHAN, TO MOMHO BSRTH fp = [1n k] (uenan wacte
n k.

7.8-7. Mepomopdusie dyskunn, Oxno2naunas $yuxuua f(z) sasupaercs mepo-
MOpHOR B 00NaCTH D, €CM ee AHNCTBEHHBIME OCOBEHIOCTAMH B D SBASIOTCA
noaoce. Yreno sTHX moncos B KaXJ0f! KoHeYHOH 3aMKNYToA 4acTH D) ofsaa-
TenbHO Kokeuno. [lonmock MoryT yamers npeaenbHYI0 TORKY Ha rpanume obiacty D,

B uacthoctd, D MOXeT <oBNAZaTh €0 BCER KONWeuHOH KOMRJEKCROH 0Mo-
CROCTBIO (HCKMIOYAA 2=00); TOrAa B Mmool KOREUHON RaCTH NACCKOCTH HMEeTc

TOTBKO KOHEYHOE HHCAO TIOJIOCOB, H EIMRCTBEHHON NpeAebHON TOY
Koil pns nonwo-
€oB MOXeT ONTb (ECKOHEUHO YHa/NCEHAR TOWKa. F
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Kam o GyHRERI, MEGOMODPNG & xoneanol AAGCKOCMYy, Kowcwo apedemasume ¢ sude
omaowieryf Jagx yeasx dyusgud, ne umemgux ofwux nyaed, u, caedosameano, o sufie om-
HoweHtA deyx npoussedenud suga (7.6-2).

Dynkous, MepoMODOHAS [ XOHeuHOHN NJOCKOSTH B HMewinans p GeckoHewHOCTH NPIBHIL-
AYI0 TOHKY HJAH MOADC, eCTh PAYUORAINNAR ar2e§paudecsal (byHKLYUA, NPEACTABHMER B BHAS
OTHOWEHHA ABYX MHOMOUNEHOB (CM. Takxe i, 4.2-2, ¢}

7.8-8. Paaaoxense mepoMopdHuix GyHKnuA Ha opocTrefiwike Apobu (cm. Tawke n. 1.7-4).
Tycms (2} — Puuxyur, HEpOMODHHAR & KOKEUHOU MAOCKOCHN U UMEnWaA Aoawes ¢ sadan-
My
HELMU 2AQIHBIMU YacmAME (N, 7.2-3) E bk,.- {z— 2kj“"f 8 MOYKAK Z =Zp 4UCAQ KOMODLLX
‘l _—
KOHEUNO WAl DeckOMEMND H KOMOPME He UMERM RNPe0gALHBX MOYEX § KOHENMOH Racmu nao-
exoemu. To2da momno walmu maxue MHO20NAEn Py (2Y, Py (2), ... 8 Heayw Purkyuw £ (2),
L Lyt

2

fa= 31 34, tz-*zk)_f —pp (2} |- 2(2). (7.6-3)
& Li=1

Frd pasromepwo cxodumer 8 xaxdod opanusenxod ofaaemu, & xomopad f (2} anaaumuqang
(meopema Mummaz-Jedpacpa).

7.6-9. Hya u momocs mepomopduex dyukunll. [Fycmy f(2) — mepomoppran
dyrnyus ¢ nexomopod ofiagemu G u C—samkngmoul xkonmyp, npuxadsexcauiud
emecme co ceoefl SHympexrocmeis obaacmu G u He npoxOduyud  Hu wepes MY AU,
nu uepes nomoctt dyskguu f(2). yeme N—aucao nysed u P —ducao noaocos
[ (2), aexaugux sniympu G, RPUYEM HyAb wAu ROAOC NOPAGKG M CHUMABMCR m paj.
Toz0a

A JArg f (2}
L¢P @ »_ € :
N—Pmmsﬂﬁa_ = (7.6-4)
c
ecau P=0, mo popmysa (4) daem wucao nyaed
acﬁrgi [F4]
o = b (7.6-5)

ede A Argf(z) oGoswanaem uamenerue apeyMenma f(2) npu ofxode mowkod 2
Koumypa € 6 ROAUMCUMIZALHOM HANDABAERLU (RPUHYUN apzysenma).

Qopuyna (B) oszmauwaet uro w =/ () oTofpaKAET NBHMYWYIOCK TOWIKY 2, OMACHEBANULYI0
OguE pa3 KoATYp £, HA ABHMYUIYIOCA TOMHY t, OKPYMAKOLYIC B W-TJOCKOCTH HAYano Koop-
EBHAT CTONLHG pE3, CKOABKO Hyaefl HueeT GyHHUBA | (Z) BHYTPH XOHTYDPa C B Z-NAQCKOCTH.

TopMyan (4) 8 (5) HrpaioT BAKHYI POk NAA ONPEIEACHHT N0J0KEHHR HYARH H HONOCOB
f{z] 4 NeXaT B OCROBE reOMETPHIECKKX Kprimepues [omolinuagemu (CM. [7.1}.

7.7. BBIMETbI H KOHTYPHBIE HHTETPAJIbI

7.7-1. Buyert. [lycts 8 Touke z=ga QyHKUHA f(X) WIH AHAMHTHYHA RJH
HMEET H30JIHpOBaKHYI ocobeHHocTh., Torga swuerom Resf(a)!) dyHkuum f(2)
B TOUKe g Ha3bIBAeTCH KogbdHUMEHT OpH (z—a)™! B pasnoxesnd Jlopara (7.5-7),

HAH
Resf (@ =gn- { F () L,
c

(7.7-1a)

rie C—KOMTYD, OKPYXAOWAN TOUKY 2 B He cofiepiauledl sHyTpH celd OcoOCH-
gocTeff f(2), OTAHYHMX OT &

'} Buuern oloapavawmrces ranme Res [f (z); a) maw Res [ (2).
Z=g

’



e

rIe HHTEPHPOBAHHE MDOHSBOAMTCA B OMPUYAMEALHOM HATIDABNEHRH MO KOHTYPY
C (B 9TOM cJayuae BHeMKOCTE KOHTYp2 ocTagTcA CNieBa}, 3aKMOTAIOIEMY
BHYTPH cebs ece ocoObie ToMKH f(Z), Jewauiye B KOHEIHOR 9aCTH NAOCKOCTH.
310 awaunT, 9TO 2z2==cO MBAACTCA A8 QYHKUMA f(2) HAE OpaBeAnuofl, HAW
H30JMHPOBARHOK OCOGOHR TOUKOA.

Resf(co) pabeH B3ATOMY CO 3HaKOM MuHyc Koa(pdmumerTy mpw z™! B pas-
AOWenun Jlopana B OKpecTHOCTH OeconedHo ynanseHHofi Touxu. OTMeTHM, 91O

Res f (o)== llm |— z} (2)] 7.7-2)
- OO
ecllE 3TOT npellen CYLIECTBYeT.

Eeau [(2) wau QrROAUMUGNG, GAUd UMEEM  GOMPAHUMYIO OCODEHKOCmb npu
z=a 5=, mo Resf{a)=0 (cm. Takme dopuyay (7.5-1)). Ecau z=a + oo ecms
noafoc nopadka m, mo

Res f (@) = — lim 47~
(m—Dl z—=adzm—

: [(z—ay" f(2)). (7.7-3)

B 4acTHOCTH, nNycTs Z=a 5= cO—MpoOCTOA noatoc # [ (2) =p (2)/q (2), FEE
p(z) B g(z)—aHardTAYecKHe QyHKUAH B TOuke a ¥ p{a) = 0. Toraa ¢(a)=0,
g (@a)s%0 n

£ lar
Resf (@) =2 (71.7-4)

*Ecna GecxoAe9HOCTL —Ip@BHALHAR TOUKA AAR YRKUEE [ (2), TO Bhiver
Resf (oo} momer W He pasEsTchR wyimo. Hanpuwep, ecaw fF{2)=1l/z, T0 z=0c0
€CTh HYJb, a Resf(oo)=—1.x%

7.7-2. Teopema o awyerax (cM. Takme 0. .5-1). {ycms odnoswauron Gyns-
yus f(2) asaaumumna ¢ ofscomu D, 38 UCKAMOERUEM UIOMPOSGHNHX  OCOOBX
mouex, a samkaygmout kormyp C npuMoOiexcum sMecme o0 £e0ed SHYMPERNOCTILIO
obaacmu D, cofepicum grympu CeOR KOMEUMO? QUCAD Zy, Tg1 ..., Z, OCOOLIX mOUeR
u xe napoxodum mu uepes odny u3 nux. Toeda

n
ar V[ @ &= Resf(zs) (meopera o ewsemar). (7.7-8)
[ Ll

C o060l 0cmopomHOCmo Kyxcno cacumb, wmolnt xonmyp C He ngpecexa A pas-
peani 38 f(z) (cm. Tamske n. 7.4-2).

*Ecm dymsusn fJ2) 04BOIAAYHA H AEAANTAYHA 50 BCefl KOMINIEHCEOA OAOCKOCTH, 3a
HCKMOYEHHEN TONLKO AADAHPOBAHEHWX OCOOHX TouSex (BeolXOAMMO KOHEYHOTO YECAA, TAK Kak
BHage cymecTeoBana Onl KoHeuHAA AR CecHOEESTHO YIANEHHAA NPEleALAAR TOTKE MHOKECTRS
ocoBuX TOGER), TO CYMMa BCeX ee BHYeTOR (BKMOYAs awdeT Re. f (oo)) pasHa nymwo.»

7.7-3. BuuucacHNe oHpepeAentnlX RHTEIPAAOB.
(a) Yacto MOKHO BHUECNATE AefCTBATENBHMN oONpefefenRWE EATErpa’

S,F(x) dx, PacCMATPABAA €rQo KAk 94CTe KOMOAEKCHOrO KOBTYPHOrO HETerpaia
a
J(z)dz npr ycaosAM, 9TC KOHTYp C BKJOSACT AHTEPBAA (4, &) AeACTRETeNL-

Hoit ocn, Teopema © BbuigeTax (5) MOMKET OOMOraTh B TaKHX BLMACTeHUAX B
MOMKET, B 4aCTHOCTY, CBOAHTL HEH3BECTHHC HHTErPaJu K yXe HIBECTHHM,

213
212 £, 7. SYHRUUKM ROMIIEKCHOrO MEPEMEHHOO 1.7-2. 1,74, 77, BHIYETB! W ROHTYPHBIE HHTErPAJIE
o0
Buuer Resf{co) dyukuun f(2) 0py z=00 ODpPele/ifeTCR KaK 4 k-
¢b) A% suupcheRAs ACKOTOpHIX HETErpazos BRIA f{x)
1
Resf(o) =5 | FQ 4L (7.7-15)

-0

— R, R) nefct-
MeHHTH wmyay (5) & goutypy €, cocroAmemy A3 HHTEpBana ( , .
Bwre.nbncf’f%cz gnyl‘a Cp OKpYXHOCTH |z!=R 8 BepXHei AOJYMAOCKOCTH. Cne

AyiolliHe AeMMbl 93CT0 TO3BOARIOT oTOpOCATL RATETpaie [0 AyTE Cpopu R — oo

1. lim f{2) dz=0, ecau f(z) anarumusng apu lz| >Ry

R—*WC

R -

2f (2) cmpesumes & Hymo npd |2 | —~~00, xo2da y = 0; nocaenuer, B
QACTEOCTH, BHRINOAMALTCA, €CAM ]f{z)|<7iq_~u—, rae >0, npH BCeX

QCcTaTOMHO GOABLWIHX | 2]
8 9. Jlemma Mopdana. Ecau F (2) anasumudna 8 sepxmed noaynAoc-
KOCMU,  UCKAOHAR, BOBMOXCHO, KOHEUHOE WUCAD ROACCOS, 0 cmpewumca K
synio npu | z|—co, xo2da g=0, mo 928 amobozo DeiiCmEUMERLHOZO
NOAGHCUMEABHOZO HULAQ M

lim c§ F (@) ™ ay=0.
R

R—m

Meron KOHTYpHOTO ENTErPHDORAHRA MOMET A2B8TH rnaBHOe SHaYeEHEe HHTErpasa no
fo]
Eown (cM. 0. 4.6-2) aAnn ] f (x) 4x, ROrAR CaM BRTErpand OGHTROM CMBICAE He CYIeCTBYeT.
—_— 1
Nesuz Xopaana ¢mpaer ocoleHRo TONeIHa ARA apHeAeREA BecoOcTReHNEX BHTErpa

ngp BUAA [ F (1) X gx B cornacuo dopuyne Bhaepa, ¥BTErpRAOR BHAA

™ - :
[ Fcosmxdsw | F (0 sinmx ds
—_— -

5T# BRTErpAAN BCTPENAwTCd MpA npeog_;gsosanuu @ypbe 0. 4.11-3 &5 B dopuyne ofpame-

panma Janaaca, o. & 3 ™
e ni:‘.!)ﬁ Eu‘;p:uw?a—”mm-mdo ROAYOXDNCHOCTE KpY2o |2 — 8| =g, 2ie moyKa 2 ==& — RPOCc-
mon Aoaoe dyuxyuu Jiz), mo

tm_[F () df = ni Res } (@)
g0

#0! aM, ROra MTPAXO=
Bro EcTOALAYETR, BO-NEPBHX, NP BUSYHCACREH RHTErpaics nO. HTYP

[ 5
ANTCH corEGaTEr NPOCTOR NOAIKC (BanMpHMEp, OPH BHYHCACHHH S e dz MO KOHTYPY, COCTO!

{ aizf=Ru|zl=r
— R eficTEHTEALAOR OCH H ROAYOKPYMAOCTE
:l::};?“: g%ﬂ;‘ié) é'so-}nrgpux, an8 DWAHCACRHA FAABAOrC SAZIEEAR OO Kome HeKOTo~
Hi HecoOCTEENHHX MHTErPANDE,
g (d) Teopemy O BLReTSX MOMAO NPHMEHSTS K BHTErpastad DESA

n
] Ricos @, sin @} do,
0

rae R — paunomsntRag GYHEKNES OT Cos @ H 4N @, ecH COBEPWIKTL MOACTABORRY
I
d@ - E dl,
1 +_1_ slnq;.’_l.(z,__l)
cos =5 z z /) 5 s

axm
- aLwETOR § CYyMMEPORAHHIO pAod. [1yCTh KaHTYR C OKPYMAET 70
= i:!:?l"= !;ymu;n:em +92, u., 20, TRE M — ReAce W00, ¥ pycrs [ (2) aBaABTRGHS

* g el®
iy @.7-6
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BRYTDH c 33 HCKAWTCHHEM, ObTH MOMET, KHOBERHOrO 9HCAL NOMCLDB @, d,, ... GN H}
ROTOPHX HHE OLHH Re COGTERaeT C TOUKAMH 2=m, 2=m -+ |, 2=2m< 2, 1 ,nz = ﬂ T{;rna
A N
I
N twe g {ntwegatd— 3 Resg(ay, 7.7
k=m [ f=1
rae Res g (a) — swver pynxunn € (2)=n f (2} ctgnz B TOUKe 2 = ay
n | N
kz —LEF = o] S nl @) cosec mf df — Z Res £, ({a)), (.78
=m c r=1

rae £, () = nJ (2) cozec Mz, Hnorga GuBaeT BOSMO
. KRO Bebpa HT
B pasoft 9acTk dopmyns (7) nng (8) mcaeaaer. 4 pate KowTyp € Tar, 9ro WATerpan

7.8. AHAJIHTHYECKOE NPOAGIHKEHHE

7.8-1. Anaa
(¥, raxme M H;;?;ﬂ:jﬂ-;ﬁégg?ﬁﬁnxenne H MOHOTEHHWE AHARARTHRecHREe (YHKIRR
6513} IMycTe onuo3dayran QyHKUHA [, (2) ONpemeseHa H AHaAATHYHA BCHOAY
B o6nacTv Dy, ysKkOuz [, (2), ONpenefieHHas W AHAAHTHYECKaA B o6aacTH Dy,
€CTh ARAANTHYECKOE TIPOADJIKEHHKE ) (2), ECAK CYWIECTBYST nepeceucHne obnactel 5
B D, cogepmaue OTKPuTYW 006AacTe D, B KOTOPOH hyHKUHH h nf (zi
COBNAAAIT.

o jmummecxoe npodoancenue [ (2) onpedeasemca eOUKCMBEHALM 00PUIOM 10
venusM fi (2} ¢ D (cMm. Takse n. 7.3-3). Ceepx TOro, asasymuveckue npodor-
i::::uﬂ gg) y@ogﬂemeopmm KawOomy QUAKYUOHAALHOMY YPASHERLIO i, 8 HACHIHO-
p {;m.-( omy Ouddepenyuarsromy yrasmenwo, Komopomy ydogiemsopsem fy(2)
Ba{)nc;m szcepﬁsamma QuHKLUORAABHOX Ypaarerud). MOXHO TakXe BOCNONL30
pacc“a'r(gx:a::? (fz)(z) ;:.n(n) paciunpesss o0aacTH onpeaenesus f (z) u o6paTHO!
3 Th [1(2) K fy (z) K8K 97eMEHTB! €AHHON aHaNHTHue
onpeaenesHon acioay 8 Dy v D J wol pynni
fy (2) H/HAH f, (2) moryT agonmyckath fadpHefillee aHaJIWTHHeCKOe MpPoOJOMKes
HHE.(:;m\yﬁu.&ee K ADYruM siementam @yHKuMu f(2).
MBOrosHaunwme ¢pyHKUHH 3ametum, 9T
3 ;i . 9T0 fi(2) n f; (2) ne ofd-
ssg:nbngr COBNAAZIOT BO BCEM MepecedeHuH ofaacTedl HX onpe,ue.nem«u'-:.]If2 (2} mo-
.uasouf; b a}uanuﬂmecme npoaosKenne f, (2), onpereaensoe b D), Ho He coBna-
e e;c i/ (2). Arasumuueckoe npodosxcenue moxem npouseodume sieMenmbl,
65(: g QUUE K POZAUUNBIM 6EMBAM MROZOZHAMKOD axarumuweckod ynxyuu f(2);
pmﬂww:u:y:; (e:ifr,).c nongmm agpu ONGAUMUHECKOM NpodosXcerull [y (2) 8doab deyx
t u cognada
e " tom, ecat C u Cy He OKpYMaom mouky passem-
Mom{::gﬂfolzmgﬁme aHATHTHYECKHE NPOAOMKEHHS NaHHOTO saementa oOpasyioT
monore! Ogéooeﬂﬁnu-mqecxmo c[_:ymtumo f(z), onpeaeseHHylo, HCKIWO4AA H30JAHDO-
Bantie O oca-g. BO BCEA MNJAQCKOCTH HAH B cBA3HOMN 00J3acTH ¢ ecrecimeH-
Jzenarourux ufngn. TO BpeMA Kak BHI0OP NOCACNOBATEALROCTH 3MEeMEHTOB, ONpe-
e 2), He ABAACTCA  GHKCHPOBAHHBIM,  RDUNHUA KONCED: GMUING
Y HKY DHBLX YDASHERUL MPDUMEHUM KO 8CeM SAeMEMmION i Kandwd maxon oful

saemenm eQUACMBeNHBM 06 [a30M )
y ; onpedeaRem gce 6emey, L3I0
u ecmecmuennyo apanuyy [(z). b GG ocoben i

7.8-'2(.:*MQTOJ1H _AHANHTHYECKOrO NPOAOUKEHHA.
¢YHI§ZLH Tfa{g;lapé‘ghlﬂ METO] AHANHTHUECKOrO TPOJCAKEHHA OTNPABAASTCH OT
i Iiﬂﬁ {:(eaﬂeﬂeguon cTenmeHHbM pAAOM (7.5-4), CXONRUWHMCA B Kpyre
H3BeCTHo! u‘onpeﬂenn;ﬁlo e oo I L AR R L
o pasiomenne B paa TeliNopa B OKpecTHOCTH 2=0. Ho-
Off PAX CXOZHTCR BHYTPYW KDyra |z—b | <Ir’, KOTOPHIl MOMET UMETh

7.9-1. 7.9. KOHOOPMHOE OTOBPAMKEHHE 215

%3CTh, PACNONOKEHHYIO BHE nepsoro Kpyra. Toras sbl Nolygaes anajRTAHECKOL
npoao/Kenie QYsKUHA f(2) B wacTL Kpyra ¢ LeHTPOM B TOHKE b, AeXaulyl BHC
Kpyra ¢ UEHTPOM B TOUKE 4 2T0T npouscs MOMKeT BpTh MPOLOMKER BIJOTH A0
ecTeCTBeHHBIX Fpannu QYHKUHH; KaKIblf cTenennof PAl eCcTh 3neMeHT F()

Jamenanne PYHKIAA, onpelencEnaf  CTENCHHBM PALOM € KOHEYHHM DafHycom
CROABMOCTR, HMEeT 00 ipafinefl wepe oAHY o0cO0yio TQUKY HA rpaHALE KpYra CXOLUMOCTH.

{b) IlycTe A2HB ABE OLHOCBAIHAEC obaacts D, 1 D, Ge3 oflulux Touek TaKHE,
aTo ¥X [PaHulE HMEKOT OnHE OOuMA KYCOK ¥ Ecan oyuxunn f (2) 1 _fo(2)
ansANTHUNG COOTBETCTRERKO B obnactax Dy # D, Henpepuibibi B D4y n Doty
{(r. €. BAAOTH A0 ARHNUW Y} # cOBUAlAT BA BeRX TOUKaX Kpusoft y, TO dyHruuu
F(2) v fy (2) ABARKOTCA AHATHTHHECKHMH 1PONO/KEHHAMA APYF ApPYTa.

() Npuaunun CHMMESTDHR Mycts f{z) ONpeReneRa W aWAAHTHAHA
B oGNACTH [, rpaHHIA KOTOPOR COZSPIKHT OTPe30X ¥ OCH Ox, nenpepusus 8 D+y
W MPHANMEET H3 Y NefiCTBHTEbRHE 3HAULHHA. Torna pynkuns f* (2), onpeaedes-
Rag B obnactk D®, cummerpudncil ¢ 06A3CTbIO D oTHOCATENBHO AeRCTBHTENLHON
oCH, COOTHOLIEHHEM

=l (7.8-1)
ABNAeTCS aHAAUTHIGCKHM Tpopomwensen f(2) 8 olnacta D*. Bonee oflo, Aycnib
[(2) onpedesena u aMAAUMUUHG 6 obagemu D, epanuya xomopod codepycum dyey
OKPYNCHOCMY LA RPRMOAUHERRbIA  OMpesox. S, na xomopom f(Z) nenpepbigna i
RPUAILMOET SHQHENUR, Aexaliue HE HEXOMOPOLl Oyee OKPYIMHOCMU LAY npAamoautel-
HpM Ompedke Sy 8 naockocmu w. Tozda Pynxyus [ (2) moocem Goimo aHAAUMUAECKI
npodoaxcena & obaacme D *, cummempuiryio ¢ obagcmet0 D omuocumensro Sz,
RPUNEM €€ SHAMERUA 8 MONKAX, CUMMEMPURHOL amuocumeasso S,, Gydym cummemn-
pusib OMHOCUMEABHO Sy,

7.9. KOH®OPMHOE OTOBPAXEHHE

7.9-1. Kondopmuoe oTolpamenne.

(a) Dynkuus w={(2) 0TOGpaXkaeT TOMKH 2-MJOCKOCTH (HAH pHManopoft mo-
BepxHocTH, 0. 7.4-3) B COOTBETCTBYIOWHE TOUKH W-NAOCKOCTH (KA PHMaHOBOH
nopepxkocTi). B kamnoh TouKe 2 Tako#, uto [(2) amanautuuma u f’ (2) #0,
omobpaxcenue ©==f(2) WOR(OPMHO, T. € ¥ro Mexay ABYMA KPHBHIMH, NpoXOif-
mixMH Yepes TOYKY Z. MEPexoiuT B paBHBIfl Mo BeAMUHHE W MO H2NPaBACHAIO
OTCYETA Yran Mely COOTBETCTBYWOUHMMH KDHELIMH B AACCKOCTH @&

BacKOoHEYHD MEANA TPRYroNpHHE OKOAO rakofl TOUKE 2 oTobpsmastes g NoAoGaE Getr -
HEMEO MANMA TPEYrOABKUK W-TIOCKOCTA, KaMAan CTopoud TReYrofibHHKa <PACTAMHBRAETCDY

B oTEomeHHR | (2)|: 1 n fNopopasHBaeTes MR YTOR &I I7 (2). KoshdupuenT HCKAMEHURA
{AOKAALAGE OTHOWEHHE MAAWX aapwagefi) NpH oTOSpaMeHRH W = Fimmulx, p+inix @
pasey
ou du
du, ©) dx dy
4 £ el

1# 4 Fan - o oo (7.9-1)

dx Gy

B ka0 Touke 2, rfe OTOGpamenHe KORPOPMHO, Kondopuuoe otobpaenne npeobpasyer
Nruuy x = const, ¥ = const B ceMefCTRO OPTOT OHAALHNX TpaexTopHA B w-naockocTh. OOpaTaL,
ARRRE 4 (x, y) =const, ©(x, y) = const  COOTBETCTRYWOT OpPTOrOHANbHBIM TPAEKTOPHAM B
Z-NHOCKOCTH (cM. Takxke Tatda. 7.2-1).

C6aacth Z-NAOCKOCTR, orofpaxaiolasca Ha BCo W-MJAGCKOCTE hydkiHeR | (2), HaauibaeTcd
bynpamenTanbiof o6aacThio GYHKLEK f(z). Toukn, raef’ (2) =0 HasuRaLTCR APHTHICCH UMM
Toakamu orobpaxenus w=/[(2)1). QOtobpaeHne, KOTOpOE COXpaHAET BemHuHAY, HO H&
HanpaBAeHHe OTCHETA YTAa MEXAY ABYM? KDHBHMA, HAILBAETCH WIOrOHANLHEIM HAW KOR-
dopMELM oTofpaNeHAeM BTOPOro PORA (MPUMED HIOZDHAALHOZO, MO NE KOHGODMHOZ0 omoelpa-
O ERELT w=12z}

——

B HeroTopHE ABTOPH nanwe gkt ccolbote TOYKH, TAE 1717 \2p = 0, rak®e HPUTHYCCHEMH

TouKamu {2},
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(b) OroGpamende @w=/{(2) xondopMuo s GeckoHedno yaaNeHHOA TOuKe, ecln

$yuxkuas
w=f(l/zg)=F (2}
oToGpawaer aavand z2==0 xordopmino B @-NIOCKOCT.

HBe KpHByle NepeceKaloTed MOA YTAOM ¥ B TOUYKE Z=c<0, €CA8 npeolpasoBa-
Ane z=}/2 nepeBoAMT HX B NBe KPHBHE, NePECEKAOMHECA MOX YLAOM y B TOUKE
z=0. Ananoruano @==f(z) oToSpamaeT TOUKY z=a KOHQOPMHO B TOUKY W=C0,
ecnn w=L/f (z} oro6paxaer z=a xoHPOPMEO B TouKY w=0 (CH. Takke 0. 7.2-3).

7.9.2. poGuo-aunefinoe orobpaxenke (npeobpasosauue).

{a) Apobuo-anueiinoe oTobpamenne

w=f_§-_':_'—: (bc—ad) £ 0 (7.92)

YCTaAABNKBACT B3aWMAO ORHO3HATHOS COOTBETCTBHE MeXAy TOUKAME Z-NAOCKOCTE
U TOUKAMA W-DA0CKocTH. COHO HMeeT aBe HHBADHAHTHLIC TOHKH

1= lla—ad) £ Via—ad7 5] (1.2

(KOoTOpHE MOTyT # COBIAZATh), oToSpakaiomuecs camr B ceba. Orobpamenne
KOHQOPMHO BCIOAY, HCKAI09aA TOUKY 2=-d/c, KOTOpPOH COOTBETCTBYeT W =00,
[MpaAMmM # CKPYMXHOCTAM 2-IAOCKOCTH COOTBETCTBYIOT NMpPAMBIE HAM OKPYXKHO-
CTH W-TIOCKOCTH M OOPAaTHO; B 9TOH CBA3H MOXKHO TpSMule pacCMAaTpHBaTE Kak
OKDYKHOCTH ¢ GeCKOHEUHBIM DAARYCOM, OPOXOAAlline yepe3 SeCKOHEUHO yNaNAeHHYO
TouKy. s kamporo ApoOHO-NuHeRHOro oTofpamerus, orofpaxalilero yeThpe
TOGKK Z), 25, 23, 2 COOTBETCTBEHHO B W, Wy, Wy, W,
B —2 21—y W= Wy -y (7.9-4)

Zx— 2 (2 — 2y Wy — W T, — iy

(MHBAPHAHTHOE NBOAHOE OTHOWEWHE AAR AHFApMOHWYECKoe OTHOWenne l)). PaBed-
creo (4) onpemensieT eduncmaennoe Opobuo-atneiinoe omobpadcerie, nepesodRuLes
Mpu OGHHBIE MOYKU 2y, 2, 2Z; COOMGEHICINBENHO 6 MPU OauHbE MOMKU W, W, Wa
Cywecrnsyem  Opobro-aunednoe  omobpadcenne, Xomopoe npeobpasyem 3a0aHRY0
ORDYXHOCMb WAL NPAMYI0 8 Z-NAOCKOCMU 8 3A0QHHYI0 OKPYNICHOCMb WAU NPRMYL
¢ W-naockocmu (eM. Takxe Tabn. 7.9-2 w m. 7.9-3).

YacTeme ¢cNydan. OToSpamerHe
@We Az 4 B, (7.9-5)

rae A B B — npou3noAbHLE ROMUNEKCHNE 9HCAA, COOTBETCTBYET spaQuieMux Ha yron arg A,
pacmaxcentio 8 1 A | pa3 ® napaaienbHOMY CABHTY Ha eexTop B. Jusednce omobpamcenue (B)
gmb caude oliujee KOHPOPMHOL OMOBpANCEHNE, KOMOPOE COXPanRem nodobu: 260 MEMPUNECKUT
HEST
OrolpageHne

) (7.9-6)

MPEACTABARET IeOMeTDHUECKH 4Msepou® TOYHE 2 OTHOCHTEALHO SQHHHYAOR OKpYXHOCIR
C OeHTPOM B Ea%afie KOOPAMHAT C NOCACAYIOIHAM CHMMETDHYRHM OTOOpAaKEH HEM OTHOCHTEAbRO
AeficrenTenbaolt oca, OmobSpaxcenue (6) npeobpasyen:
l} npAMume, npoxopsulHe 4epes HagaNo ~OODAKMAT, 8 GPAMEHE, TAKMXE NPOXO-
nAmEe [epes HASANC KOOPAHHAAT;
2) OKpYMHOCTH, NPOXOAAILHE YeDes A34a40 KODPZHAAT, B OPAMHe, He NPOX0-
BAllHe 9eDe3d Havan0 KOOPAERAT, W Ha0OODOT (NpAMue, HE NpoXoaAmHe wWepead
HAYaM0 KOODAWHAET, B OKPYMHOCTH, NPOXOAAUIKE Yepes AEYaro))
3) OKDYXHOCTH, KOTODHe Me NPOXOHAT uePes HAYANO KOODAHHAT, 3 OKPYM«
HOCTH, TAK¥E He NDOXOAAINNE Sepe3 HITATD KOODRHHAT.

) AscfiRce oTACMERHE (4) DEACTBHTENL RO, eCAR TOWKEK 2;, 2y, 2y, % (3 CNEQ0BaTEAbHO,
TOSKM U, Wy, G4, W) AEMAT HA OXDYMHOCTH BAW DPANOA,
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{b) JNpoGro-hmAefinnte oToSpaxenns (2) ofpasyloT rpynmy; ofpaTHHe 7peol-
pascBavMA W TPOKIBEACHHA NPOSRO-AHBefHRX OTOODAKEHWA TaKke ABIAIOTCR
ApoGRo-nmHeiEnmd (0. 12.2-7). Kaxknoe ApoGuo-hiRefnoe otobpaxerye (2}
MOWeT ObiTh OPEeACTABNENO KaX Pe3y/ibTaT {NpoY3BeleHAe) TPeX NnocaelosaTeNbHbIX
npocTeRuBX Apobko-akRedanX OToOpaxensl:

2=z +—% (napassesoHsid nepenoc), (71.9-Ta)
= ;l,— {UHEZPCUR U CUMMEMPUR), {7.9-76)
w=—bc—;-£ z'+—‘: (epawenue u pocmaxenue ¢ nocAedylowum napar-
ACALHLIM NePENOCOM), (7.9-7¢)
7.9-3. Orofpamedme w= ~2L (z+ Z',-) *). Orobpamenne
1
w=o (z+ }} (7.9-8a)
SKBHBAJEATHO CAeaylouwMM:
w1 z2—1\ _ — H
w+|=(z+l) mm z=w+VeA—1 (7.9-85)
)
| ] 1
u=?(|z|+m)costp, v=%(lzl—m)dnq). {7.9-8)

MlpecSpasoazane (8) xosMOPMEO, 82 HCKMOYERHEM KDPHTHUECKHX TOYEX
2=1

=—1
W BRemIHQCTb, H BRYTPEHEOCIB EORHER3HOA OKDYKHOCTH
jzgl=t
OTOOPAXKAVTICA Ha BCKY MAGCKOCTH @, H3 XOTOPOR YAajeR NpPRMOAHRefHNA OTpesoK
— l=muesd,
COOTBETCTOYIOMHN €AHHEIHON DKPYXHOCTY
|2 {==1.
Hekoropule paxuple caoficTBa mpeoOpasosauns (7.9-8a) npusepems B TaGa. 7.9-1.

8 7.9-4. Hurerpan lnapua — Kpucroddenn. Hamezpar leapya— Kpucmods-
eAR
2

w=A S {2 —x)% ! (z—x,)as_l... (z—x,,)an_' dz+ B,
F (7-9“‘9)

n
E Gy=n—2

=1

0TOGpaKAET BEPXHION NOAYMAOCKOCTL ¢ =» 0 KOHQOPMHO BO BRYTPEHHOCTb MHOTO-
YTONLEHKA B W-IINOCKOCTH; KOHTYD MHOTOYTONLHHKA COOTBETCTBYET AeHCTBHTEJLHOR
OCH, BEPIUHEN Wy, Wy,..., W, COOTBETCTRYIOT PASAHUHHM TOUKAM Xy, X3,....Xn OCH O
B BEYTpenuudl yroM MHOTOYrOAbHHKZ B BePUMEE w; pabe ag (j=I, 2,..., n). daa
KAKIOrD NEAROTO MHOTCOYTOBHHKA B W-IAGCKOCTH TPE M3 TOUEK X, MOLYT OuTh

%} 270 OTOUpAMENUE OOLINHO BEIWBERT 0molpascenuem M ynoecsoso,
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Tadnuuna 7.981

CeoficTea orolpamenNHn W = % (2+ -2'—)

{cM, vaxde taba. 7.9-2 w 7.9-3)

z=xtlp=12:% we=utiv=re

1

Toaxa, xpusas {uie} HAU
abaacTs B F-NAOLKOCTH

Toaxa xpuuas (ue), «au
obhacTe B W-NAGINOCTH

i
1'
|

JaMesanua

OKpYXHOCTH c genTpOM & 0

I2|=ea-_.—r.onst;tl

2annncw ¢ horkycamu )

ut o* i
ch'n * shta

Ecau ¢ sospactaer, 1o 8
BoapaciieT pas | zi>1 8
yGunaets oan | z|< |

Tpssoauneliiue nyun, enxo-
ASULHE HI HAvANA KOODAWHAT

¢ = conal 3£ 0

Tunepbonn ¢ hoxycamy £ |
u* o!

— e —— |
£OsT @ sin® @

EfanuKugan nonyokpyKEOSTS
lzi=1 =20

MpAaMoarHeiHWA OTPEIOKR

—Il=sa=l

Ecan @ Bo3apacTaer, To &
yOwEaeT

Easrvanan nonyawpyxEOCTE
Tzy=1 y&£0

{IpAmoanHeARKA OTPESOr
-l

Ecau ¢ Boapacyaer, To 8
BOSpACTAET

TpAMONHHeAH We OTPeaxH
ARRCTEHTENBROA QR g =0,

Mpamonune AHpe aTpesky Aefi-
CTRHTEILROA ocw ¢ =0

pocTed

COOTRETCTLYIOINAC HHrépLanay —m e~ |,
—w e~ |, - -,
= 1=<{x=<I0 w1,

O x= 1, | < u<m
1< x <

NUAHH TOK2 A5A  JedeHHS,

ofiTeRA0MErD eIARBYHLI o = cons!

KPYT CO CKOPOCTBIO */y B o0

COOTEETCTBYIOLWINE AKHUA OO~

CTOSHKOMG  NOTERKUWATd CKO- B = CONs

8uGpanel  NPOM3BOJBHO, OCTAJbHHE TOYKH X; W mapaMeTpw A 4 B onpeneasiorcs

SITHHCTBEHHBIM 00PasOM.

Ecan onsnofl #3 BEPIIEH MHOCOYTOABHHKS COOTBETCTBYET (CCKOHETHO YAANeARAS
TOQYKA, HANPUMEP, X, =00, To0 (OopMyAa (8) NpHBOAMTICA K BHAY

2z

w=,4'§ —x)*™ e—x)n T =, )0 T 2 8,

L]

A" n B —nocTonudbe NApaMeTPW W X, Xy ... X, _

{7.9-10)

) — BOBWE Touky ocH Ox.

DEKTAIECKOE ONpeAsAEHEE TOURK X, KR Xy BECbMa CNOAHO, 38 HCKAKYEHHEM HAEKOTO:
palx BHpOMAEHHMX CAYYR2EE H KOO8 OfiHH HJH EBECKOAbLKG YTJAQBR am ofpamemTcs B HYAb

{em. [7.6]).

Npkaoxenur dopmyan Msapus — Kpuctoddens & otolpaxesxio uaFaanenor{paunos -
DpPAMOYTONALHHKOB B W-NAOCKOCTH NPHROAAT K SAJMHNTHYECKHM GYRxupaMm {n, 21.6.-1),

Orotpamenns 26 — 30 g Tally,

Todwbens.

.9-2 cyTe vacTHWe cayeas ¢opyas Ulesapus — KpHe-

7.9-5. TaGawna ovobpamennf. TaGn, 7.9-2 uamocTpupYeT HEKOTOPWE OTOOpa-
MeHHH, YacTo BCTPEYAOUIMECH B PA3NAMHMIX DNDHAOMEHHAX.

7.8-5.

7.9 ROH®OPMHOE OTOBPAMEHHE

Tprmeptl koHGOPMHEIX OTOGPAKERHT

219

Tebawoa 7.52

Puc. 2. =2

Puc, 4, w=1/2




220

T/, 1. $¥YHKUHHR KOMMIAERCHOIQ [EPEMEHROMO T.9+5,

Tadauwue 7.92 (npodosmenus)

Puc. 9, we=gsin2

7.5-5

79. KOH®OPMHOE QOTOEPAREHMER 22

Tabaana T.5-2 (npadordcesns)

—u

Puc. 10. @ =sin 2.

PEc. 1}. w=slnz; BCD ; y =4, B'C’'D’ ecTy MOAyIMANNAS

(@) +(wa) =




rJ. 7. @¥HRKUHWH KOMOMAERCHOTDO MEPEMEHHOMO 1.9-8,

Tacague 792 (npodoamenus

—a -=1+X|XQ+P(1—X{)(|_X§}1

= T X+ x

z
Puc., 4. we=
az

Ry~ ! —x:xs+V(l—X?}(l—*§)
L5~ X

Wl o Ree L, teay —~ 1 Sap=<Sx, < )

127, L.
Puc. ts.wga?z—_“i: a=l+z,x,+lf(ir’_f_:l)—(-x§_-l_}=
=Xlxs—l-|/m—_:j

R
X =~ Ay
Wy <L @<l & B O~ Ry 1, ecum b= xy < x))

y v
i £ [ g'

A
I
£lA 2 /f

Pac. 16.w=z+—;—,

7.9-5. 7.8. KOH®OPMHOE OTOBPANKEHHE 223

TaGanuas 792 (nppdvamenun

i W
£ ] AL TEY (¢ &8 wd

Puc. 17. w=z+%,

y U r
e
7457
Y i Y : _ﬂ%
£ Ik E’ F’ A; i

JADy

Pue, 18, w=12+ -zl—- + B'CrD' ecThb moaydaauoc

wir) +(FET) -
W ¥ > b’ gm’ -
mirw B
A B & B £ T I’y A’ g 2

z . 10
PRe. lQ.w:lnm. Z——-C(h-é—.

Y U
FOEln jid
Iy A r
\1\] £ r‘,f A ki [
o e i
]
|

2 -
20w =1
Pac, 20. w nTF

OHPYHHOCTH X1 -+ ¥ — 2 elg k= |

. ABC ecTh AyTa

Z2 41

Paec. 2L w=In T UCHTRH OKPYWKHOCTER

1
she,

z—1

B ToeKkax z = cth €n PANRYCH =1 2
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Tabanrua 7.92 inpodoswenue)
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Tatauma 7.9-2 (npodotncerue)

Puc. 20, w=F1n ]:‘ +n2{l -4 —~kin24+ H—
“~{(l~-Hilng~) n=2%—1

¥

£ F& ABC B°

y
A £
)
5 c
.t
2

Puc. 23. w=w%=%’¥;}.

Wl ./

-4
Puc. 24, @ = cih = = £ il P
2 & —1

Prc. 25, w = |ocih —-;- .

AN

8¢

-

A g D

2+ D'

Pac. 7. w=2(z4 N1 1n .
? = z+ Nty

.

A

' l+=kl |+:. Iy
Puc 8. we=—lng +n—F: r.“(z+k,) .

y
7//%_//%%1 /%
A B c 7

Puc. 29, w e % [tz —

133 & Arch 2}.

D pere

Puc. 30 w= Arcb( =

& CnpapoInsy DO MATEMATHRE




MpRMENE AUHHAMY (MEHO-
royToALHNK)

Weapnz — Kpuctoddean
(0. 7.9-4} ¢ orobpamenuem |

226 P 7. @YHRUHM KOMIIEKCHOIO MEPEMEBHOID 7.9.5,
TaSannosg 7.9-3
KongriopMume oTofpamensn Rexoropuix ofaacred D
Ha enruuaHnB xpyr (|w|=< )
i i
zu-z-i-l‘y-:izu'q’. r.nur-=-z.l+ﬁ:r-=|t:r:rzB
ObaracTe D
B ZNAGCKOCTH Npeobpasopanue damMeqaHun
| Bepxprag nNoAyRAOCKOCTL hi—a FE T
? 7= g bl s -2 npeoo.ﬁ)a;y;?cn
B
(A neRCTBEHTEALAD) w0
2 | MipaBaa NoAynaocHooTh w = g E _f
x=0 z4+a
(A nefcTBRTEMLHO)
fl K z—a z = a mpeolpasyeTcl
3 Enuﬂa“r‘z | éylf‘ o ==m—-—] a2 8 TOUKY =10
(A DeRcTRHTENBHO)
w— | Yacrawh caywai npe-
4 | Neoacca mrpawoft n = e ‘su b Bt L
tsxsm 08 — Kpuctoddean
-0y {7.5-9)
5 | CeKTOp cAHKHAHOrO KpyTa (|_tzl/u)8_‘(|_,l/u)!
frist = T75)8 T7a)h
0 g e (+zl/24i(1—2
6 | 2-nnackocTE € paspesoM Vz—i
or 2=0 70 2 =02 BROAL O == —
EOAGKHTENLAOA QRCTH Vzt
AeflcTRETENRHCHA OCH
& CM. Tarxe n. 7.9-3
7 | BaewnocTs, saAANCca z=_% [(a —-by w4 a: ]
x1 9
R T
3} Bremnocts napatoan i 2 )5
P CRS
| 3] cost o = |
2
9 | Buytpennocts napafoan @ =gt (% VE)
| 2| cost % =1
10 | Meayxpyr SR 7+ 2Rz — R*
2[R x>0 22 — 2Rz — R2
11| O6necTh, OrpanHteRBam | KoumGuuaups  oToSpameRus

7.4-8. 7.9. KORGOPMHOR CTOBPAXEHHE e

7.9-6. ©ynr0rW, OTOOPAKAXWHE CHRUHALHNE OONACTH HA eAMHHANMA Kpyr.

(@) Teopewa Pumana o6 0ToGpamerdn. g xawdol 0dnocsaanod
obaccrnu D g 2-nacckocmu, Kpome éced z-nAccKOCMU U -NAOCKOCTI, 143 KOMOpOL
yOarena 0IHG MOMKA, CHUeCmelem KoMGPOPMKOE 0mobpaNenus w e f(2), xomopoe
YCMARBEAUGGE BITUMHO OOHOSHAYNOE COOMSEIICINEUE MeXTY BCeM mouraMy obaacmi D
U eRYMPEHRUMU Mmoeukamu eOunurozo kpyea W << |, Axoaumuvecxas e iR
{(2) onpedesena eduncmsennoin oSpasom, ecau sedan obpas mounu o obincmu
U y20A NOGOPOIMG WGOOH KPusol, npoxOORIEH REPSS SMY WUNKY, . e.

Flaywtw, & argf (2)=a,

ede Wy & 00— Sudonmble seALMUND,

Ecaw D orpasknera peryasphofi kprsodi (n. 3.1-13) €, 1o bynkman f(z)
BENPEPHERS Ha € ¥ YCTARADAHDSET BIAMMEO ONHOSHAYHOE COGTBETCTBEE MEXAY
BCeMi TOAKAMY C B TONKZMY EQMMEUHON OKPYBOCTH {w]|=1.

3aueyenhns i) Orobpaxenne sazaeTes cupeneseasos ABANMTHOECKON HYEXRuLR | (2);
2) 32 HCKMIOREHHEW OTMEYSHHRX BMILE TRHAHAALHMY CAYHNGEB, KOXRyw 86necTh O, orpavu-
ICHEYI0 NBOCTHM KOHTYDOM, MOMAC OTOODSINT: HBHPODMHO RS Apyryw 0078cTs O  Takme
OFPaEHNEHHYIO MPOCTHM KOBTYROM,
Mpotnens xuniopumro oTelpakenns o6MaCTy D ®n efMMuYAWDA KPYr TECHO CPASAHA
¢ pelleHHen KpaeROR B3ajayt Mupuxne gaz obaecty D (pn, 15.6-9), Yacro Tpebyenoe KOBHOPM-

AGe OTOODHMCBHE MOEET OuTh OOJYIEHd NOCHEL0BITENLELM DPENEHERREM OPOCTHE npe06~
PaICBBHEAR,

(b) B tabn. 7.9-3 npuBeaent HEKOTOPHE KOHJOPMEBE OTOOpAXKEHEH 32,18HHI X
obaacrefl D Ha enMHRupnf Xpyr,

3%



TJIABA 8

NPEOBPA30BAHHE NANJIACA U JIPYT'HE
HHTETPAJIbHBIE [NIPEOBPA30OBAHHS

8.1. BBOAHLIE 3AMEYAHHA

TpeoBpaaopanue Jlannaca (n. 8.2-1) ceaamBaer oAuo3HavAYw GyRKHAK F (8)
ROMDACKCHOR nepeMeHHOR s (usopuxcenue) ¢ coorpercrbywomed dyuxumed f(f)
neAcTBETeNbHOA TNepemennof ¢ (opusunas). STo COOTBeTCTBHE, MO CYUIECTBY,
B3AHMHO OHO3HAYHOE A5 GOMBIUMHCTBA NpakTHvecknX nedek (n. 8.2-8): coorser-
eroyiolliye napw f({#) ¥ F(s) wacto onpenensioTed nps nomoms tadaun. IpecGpas
sopagHe Jlannaca XapaKTepHo TeM, 4To MEBOTHM COQTROWIGHASAM H ONepanHAM
Haj oparunanami f(f) coorsercTBYiOT Gonee NPOCThie COOTHOMIGHHA # ONepandd
Hajy RX H3oOpameHRHAME F (s) (nm. 8.3-1 —8.3-4). Ono npEMerseTCs, B 9aCTHOCTH,
Ena pemennn JRGPEepPeHnHaNbEMX H WETErpaduliiX YPaBReRBH; MeTO peimeHHS
aagMmovaeTcs B npeoSpalIOBaHHH JaHHOFO YPaBHeHRS, ColepiKamlero opRreaant f {f),
B 9KBEBAACHTHOE YypAHHEHHE OTHOCHTEJABHO COOTBETCTBYIOUWBX H3oOpamendfl
Jlannaca F(s). (OnepanEonnoe Hcufc/eHHe, OCHOBAHEOE Ea Opec§pasopanHi
Jlanaacz, on. 9.3-7, 6.4-6 8 10.5-2.)

8.2. NPEOGPA3IOBAHHE JIATINTACA
8.2-1. Ounpexencrme, lpeoGpasosaune Jlanaaca (0RHOCTOPOHHES)

o

Fe)=2[f {m=-§ fFnesat (8.2-1)

CTABBT B COOTBEYCTBHE KAMNOH opmosnaunod ¢ymwuue (opurumwary) f(f) (! peficrps-
TeNbED), AAF KOoTopofi HecOScTBenEmfi BETeTPan (1) cXoauTed, €AHHCTRBEHRYKD
dynuuuue F (s} gnsoﬁpaxeuue) xoMnAekcnofi nepemensolt §= 0 .

Harerpan (1) BaswBzetcs AATerpanom Jlandaca, 8 GyHKUES F (5)— npeolpa-
sosdnneM Jlanaaca (ogEocroposnusM) @yBKOEE f (f). Yacro ymoTpefngioTes sanHcH

Fsy=Zif(f), 8] mae F(s)==](8)-
8.2-2. AGcomOTHAR CXOORMOCTL. Feau unmezpas Janaaca (1) abcopomro
exodumes npu GC==0y, M. & cyujecmsyem apedea
[+=]

-]
tim § | () 160 at= § | (&) 1~ at, (8.22)
b=

mo ox cxodumes alcOMomue u paswomepno daR O =0, u uaolpaxenue F(s)—
anasumuseckar gyuxyun (0. 7.3-3) npu Re s=0 322 0p. TOIHAd HIDKBEAA IPIHbL Og
ACRCTBATENBALIX YHCEA Oy ONA EOTOPHX 9TO YCAQBHE COGMONAETCH, AE3WBAETCH
abcunccod abcomoTroll cxoxnMocTe npeodpasonakua Jlaoaaca ¥ (f ())]; e nonymwio-
ckocTh Re s> 0, B3oOpawmesne F (5) —QyHKOMA AHANETHUECKAN.

XOTA HEKOTOPHLIE TEOPEME, OTHOCAMESCS K NpevdpasoBauio Jlagnaca, g}uma TONBED
[ cﬁymmaosmn npeoipasgpaans (GPocTod CXOXHMOCTH), CYmecTBopagnae OECCH A0CO/DOT
gcft cxoquMocTd OYAeT DpEENONATATLHER B0 BoeM janbhefmien BaaowmeRwEH, Taw, rae Reolxos
FAMO (menqaigsE0 OTMeRaTh 06aacts sGCOMQTHOA CXOQHMOCTA, CAASAHAYW € COOTROMERHEM,
BRIOTSIOEINM TpecSpasoBanne Jlannace, OyAeM GHCAETHL a>oa capaba OT HCcaepyeMoro
COUTROMeHES, KAk B Hopuyae ),
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8.2-3, OGaacth onpepencHna. O6RACTE ONpeAe/iCHAs aBaRHTRYSCKON GQYHRLEHK
FEO=XZ(F@) (0>04) (8.2-3)

O0LTHC DACIMAPAETCR NPH OOMOULI BHAAHTAYECKOro IPORONNKSHHS (oo, 7.8-1 u
7.8-2) 0o MosnHOK $-MACCKOCTH, 33 HCKAIOMEHEEM OCOOHE TOYeK {em. n. 7.6-2),
PACcOAOKEHHEX CACBA OF DPAMCH O=0,.
Takoe paciuBpesne 0GJECTH QNPEARNEHHN BCETAa NOAPAIYMEBARTCA.
" 8.2-4, lloﬂcramuun% y[fuztunna cyuiecTeorauns npeolpasosanus Jlannaca, f7pe-
pasgsanue Jlansaca , onpedesennoe xyaod (1), cyuecmeyem 9 cmoiong
abcorsomund cxodumocmu (u.Jg.Q-Q; Ch. Taxm?:i g.9-3}(: il

o

1 dn 6 =0, ecau § V()] df cyugecmayem;

2) 948 G > Gy, ecau unmezpar (BOIMONKHD, Eeco0cTBeHRW)

£
1=5|umdz

eywecmeoyem 0A8 Kawdozo xoxeusioeo f>>0 u |f[t)]£!{s°“’ 0ar t > ly =

& 0 (f (f) uMeer skcnomeEmAanbBEE nopagox BRE f(f) =0 (eaﬂr) npu
{— oo, n. 4.4-3);

3) das 0> 0 usu g >> 0, (Kaxas us rpanun Goasme), ecau £ [F (9]
cyrqwna> yem (He o06A3aTeNBHO B CMHCAE alconoTaol CXOANMOCTH) 345
0 > 0g.

8.2-5. Ofparaoc paanc Jlannaca., O6patnoe npeoSpasorasue Jlannaca
L1|F(s)] dpynknas f (s) xoMniexcHOR nNepeMeHEOA §=0-(® ecTs YHKOHS
{ (f}, wan koTopol mpecfipascnanme Jlapnaca (1) ects F (s). He raxnan pyakuas
F (5) aueer 06paTHoe NmpeoSpasopasme Jlannaca,

8.2-6, Teopema obpamenus. Tycme F ()= [f ()], 0= 0, moeda & xaxcon
OMKpOUTION unmepease, 208 | (f) OePanusena U UMM KONEYNOZ WUCAG TONEK MaXK-
CUMYMA, MUNUMYMG U MO paspbiea (wnsd, Gonee ofmo, f(F) umezm oczpanuses-
ko sapunyso (n. 4.4-8, b)),

01+£R
f; tyms o 1im S F (5) e¥ds =
R-oma’._m
F U —0)+f ¢+0)) mas £0,
=\ 5/(0+0) me =0, {G1>00.  (8.240)
0 ana b0
B wacmnocmu, 9an xoxdozo {30, ade [ (f) Nenpepusna,
o4 iR
=gy lim  § Fetas=t®)  (0,>0,). (8.2-45)
Rowg 2R

Tlyrs Buterpapobatus a dopmynax (4) Jl&xgi:;npasa DT BCeX OcofLY TOueH
LU
F (s). imTerpan upmpoguTea K EETErpany ,‘,,—L g F (s) e%ds, ecan nocnezsmd

Ty — i
LymecTayeT; B npoTHBLOM CRY3ae f, (f) ecTb raanhos sAAdEHEE ugrerpana no Kown
{n. 4.6-2,b).
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8.2-7. Cymecrronannt o6parnore npeodpasosanud Jlanasca, Ocofo cReayer oSpatTh
PHEMABHE Ba 70, TG CYMECTBOBEHEE mpefens (4) emle Be JOCTATOURO ANS Toro, 4rolm F {s)

»
WMeno obpaTHOe npeobpasosanne Jlanaaca. \llpumep: F (s =’ ) CymecTeoBanme
FV[F(5)] ponmAo OWTH NpOPEPEeHO RAA KAKAGTO NPHMEHENHA TeopeMu obpamienrs, Che-

u;nﬁg -n}zopemu Aa10T Bocrmamountie (H0 Ke NeobxoOUMME) YoAOSHR OAR CUHECMBCOaHUR
1[F i)
1. Ecau F (5) guaaumusng dan 022 T, U umMeem nopadox << —1 1. 4.4-3), mo

a_t
FL1IF (9)) cymecmayem; ono nenpeptisho Gan scos t U f () =0 (e ¥ ) npu { ~»o0
u cooMeememayouias abcytcca abcoswmuedl cxodumocmu ecms o g 3aueri, aro
RpU SMUX pEA0SURX PopMyaa (45) tmpasedausa u

SR )] =0 dan &0,

D fMyems F(sh=@[F (s, Fot9, .., Fp )], mox wmo @ (2g, 24, ...p 2,)

QHOAUMUNAG OIROCUTMEAbHO KON020 2, U PASHT HyAw Diaa 2, =z, =. =2z, =0, u
Fk (8)=£[fk (f)] (U}Uq*: k=1, 2 ..., nn
mozda SE1[F (5)] cyuecmeyen u youwee Apeclpas Hanaaca umeem

abcyucey aicoaromued cxpdumocmu.

8.2-8. EpnucreennocTs npeofipasosanns Jlanaaca W ero obpamenun. f1peofpa-
sveanue Jlanraca (1) eduncmaenno Oas xamdod ynsyun f({), umeowed marxoe
npeobpagosanue. OGpatho, dee ¢ynryuu fy (1) u fq (f), uwmerowgue odunaxvene npe-
obpasosanus Jlanaaca, coenadwom Oia ecex >0, 88 UCKMORENLEK, GOSMONCHO,
muoacecmea mepw Hyao (0. 4.6-14); f () =fy () Oaa ecex (>0, ede obe ynxyunu
nenpepoisint (meopena Jepxa). f(f) onpenensieTcs eSHHCTReHHWM 00pasoM no npe-
o6pazopaun0 Jlanhaca pns Doyt Beex ¢ >0 (0. 4.6-14, b); naruas dyaxnus F (s)
He MOMeT umeTh Sohee ompore ofpaTtaEoro nmpecOpasosands Jlansaca, wenpepuis-
Horo ang moex { >0,

Parau98He pR3DHBENE GQYHKOEE MOTYT HMETH BAKORO® TPecdpe3CBAEES Jlanasca,
B uacTHOCTE, mguuaa ¢ym%x {cM, TAKXe 1. 21.9—?ﬁmqﬂm T ufof -l?.m 20
uMeLy npeodpasonanee Jlannace 1/5 ResaPECHNOC OT PEAVSHES, OPHERMESMOro f (f) Opa £ we (.

8.3. COOTBETCTBHE MEXAY OIEPAHHAMH HAJ OPHTHHANAMH
H H30BPAXXEHHSAMH

8.8-1. Tabamuz coorsercrsna oncpaumh, TaGn. 8.3-1 comepXBT Eexoropuie
TEOpeML, YCTAHABIMBAIOINKE COOTBETCTBRE MeXAY ONEPATASME HEA OPHTEHAJAME
f(f) b onepanmims RHan HX u3OOpaxeRHAME F(#) B ofpaTHO. BTH TeopeMu
COCTABMIAIT OCHOBY OpHMEHeHHA npeolpasoBaHHA Jlannaca (onepanKoHHOrO HCRMC:
7€k, OCHOBAHAOTO HA ymoTpelneHHH npeolpasosasea Jlanaaca),

8.8-2. [Mpeofpasopanna Jlannaca nepuoamvecxux Gymxunii B npoussepenud
OPMTHHENOH BE CHHYC RNHE KOCHHYC.

(a) Ecau }(f)—nepuopwvecuss ¢Gywua © nepuwogom 7T (0. 4.2-2, b} @

§ 1} ()| dt cymecmayem, mo

T
LUi=—=r{10 "2 ©>0. (8.3-1)

Bamewamse Hererped 5 opasoi sacrs pamsacTse ecTe gemad $yaKnEa (m, 7.6-5),
TAE 4TO [f )] ne mueer ocolenuocTell LA KORETAMR 1, 34 RCKAXTeAHEM OPOCTLIX DOJDOCOR
HA MHHNOA OcE.

8.3-2.

TaGaouwa 334

TeopeMbl COOTBETCTBHA ONSPAUKA BADN OPHTHUHAAAMH H HICOPAMEHHAMA

CAefylOmHe TeOpeuMn BCE CNDAMEALMAL, €CAR Opeobpasopanae Jlanasca .cg}-mecraya'r B cMRcEe a0COANTHOR CXORUMOCTH

8.3-2 m 20.4

(cM. TAKMKSH TUT.
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) Ecag | g;)i;— AUTHNEPHOAHIECKAR HYHKEAA (O, 4.2-2,0) ¢c vepmoaom T, T e U+ T/2) =
=—t0* u [ IF)]dt epmecmayem, mo
1]

rp2

—-—-—_—i—T—f-g— S Fitye™ % ar (o >0, 839
142 & 0

FUom=

) Ecaa | (I} — aATANepROARTECKAn QYHRNHA, AOAONUMEALHAR Oar 0 <1 < T2, a pymx-
guR @y () ROAYNENRE & PesyAvmame e JeMEXMUpOsAnLS, M, £.

o { F apr Fi)=>0,
¥ 0 apm Fa) <O,
e §
&L @ ] = L {t @ @>0. 8.3-3

(@ Beau | (f) — AMTHOLDHOAUTICCKAR GYHKTOER, notoumedsnas Oag 0-<t<T/2 u
Pynrgur Qg ({) ROAYNEHE & PESYADINLINE fe BHADRMAINDR, M. &.
fy aopa f@y>0,

e “’=‘{ ~1 npa F(h <0,

me

Emn=chd 2r@®1  w>o. 6.3-4

(¢) IIpeofpasosaEBe NPORSBEeReHHY OPHrEHANOD Ha CHEYC
BEAB KocBEBYC Ectu F(s)—npeobpagosanue Janasaca 9z f(f). mo

2 1f (1) sin o] =g [F (s—i0)—F (s+iw)],
. (8.3-5)
L1} () cos ot =5 [F s—10) +F (s-+ lo)).
8.3-3%. Tpeofipasossane upon3seneuna (veopema o csepre). [lycrs
Fi@=X1h{] (>0, Fa(s) =2 {fs (0] (0 > 0y).
Toeda
A ot
m | A@FRG-DE A>0).  (§.36
Lhonoi=! o
m § F@AG—E (>0 @37
A = leo

B obenx QopMyneX clefyeT cIHTaTs, 9710 Res> 0;4-0y 5r0 3@auur, 910
BagpOpakeRue NpoBssefeHBr fL{O)f, () —aHanuTHTecKan PYRKOHA B MONYILIOCKOCTH
d=Res>s 0,4 0y

8,3-4, flpexeanuete TeopeMst, Ecau F (§) —npeobpasosanue Janaaca das (1)
w L [f (O] cyasecmegem, mo

lim sF(8)==f (0+0). {8.3-8)

5= ol
Ecau, xpome mozo, cywecmayen npedea f () npu f— o, Mo

Hm ¢F ()= llm [ (). (8.3-9)
{ = co

¥ -0

2} Tekyln OyBKOEK HaSLBANT eme oysMusesl ¢ SePKANbHO CABMHYTHIME DOAYBOJIHEWNY.
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8.4. TABJIHUBLI NPEQBPA30OBAHHA JIADJIACA
H BbIYHCIEHHE OBPATHbLIX NPEOBPA3OBAHHA JANJIACA

8.4-1. Tabanun npeobpasossuns Manaaca. Tadaunu npeoSpasosaunn Jlanaacs
UMEIOTCA BC MROTHX Ciipasouuuxax, sanpismep, [8.2) [8.7]. B raGa. 8.4-1 & 8.4-2
TPRBEICHR HAHSOASe TACTO SBCTPenalOHecs DPeoSpazoBaRKs.

B.4-2. Buuucaenwe ofipatnbix npeobpasopawnd Jlamnraca. B no. 8.4-3—8 4.9
ONRCHBAKTCSE pa3/IR9HHe ApHeMul OTHCKaRd4s oDKreHana f({), COOTBETCTBYyOMmEro
sajaHBOMYy H3obpaseusio £ (s} (cM Takke am. 9.3-7, 9.4-5 # 10.5-2).

3amenanne Ecir cymecrsoraune o 1 (F {5)] sapaRee HeUIBECTEO, TO De3YNLTATH,
nonyaeHrue NPHMeHEHAEM TeopeMi oOpslleduA {8 1-4), HOoMHHN SWTh OpoREpeRN © NOMOIILIG

Mpuénm {8.2-1).
Cofaf CLTOPOKROCTE PEKOMCAAYETCR DU MDHMEACHAH DadfOMENRs B DREE AR NOAY-

2enBs o 1 [F (5)]; NO-BRARMOMY, HEMOCPEACTBENNGE ACHMATOTHYECKOS RAA faMe cXORSUIeech
PA3AGHEHHE MOTYT RE GPHBECTH K DDARMALHOMY DEIYALTATY, &ChE Fis) B [ (¥} Re yooBaeTno-
PRIOT CHEUHANHELK CIPAHKARTENLANN YOAOBRAM.

Hekorapue AocTATONRME (HO A¢ HEOSRIABMNE) YCNOBRA Aa% COPAREAARNOCTE PAMICIKERHAS

B pin oF L{F (5)] npHseneHn » nn 8.4-6—84-9. Bo wmormx cnysaax, Tvae dyuxmes [ ()
OOAOSPRBALTCA Kak L [F (5)), s7T0 moser GuTE NpPoBEPEHO MOACTAHOBKOR B HeXOZHOE JRY-
$EpeNIEANBEOS YPRBHENKE! NOSTOMY SBPACTENCCKHE METCR OTHCKARRHA L[F (1) womer
DKAFATRCA BEChMA NMOALIHBIM,

8.4-3. Mpumenenne KONTYPHOFC HHTErDHPOBABMS. 3BaveHHe KOETYPHOrO HHTE-
rpaiz (8.2-4) wacTo yjpaercA ROAYYHTH OPH AOMOLIH TROPEMH 0 BuueTaX {nn 7.7-1—
7.7-3) 1 nemmet opasea (no. 7.7-3, b).

Ecan F (s)—mMuorossavHas ¢YHKOHA, TO KOBTYPH He RO/AMHH, KOHEUHO,
nepecenaTs paspesn 1iS £ (s) (n. 7.4-2),

8.4-4. Q6parnoe nqoﬁpaaomne Jlanaaca Ads paunoHAsbEbEX BhrefpanveckHx
dyninnili: pazromenue Xepwcafipa.

(a) Ecau F (s} — payuoRasbdnos areefpaudecnan  PynryUR, eupONEHNGR OMHO-
WeRLEM O8YX MHOBOMAZHOE 5

F(s)=2 é’)’ (8.4-1)
npasen cmenexo Muoeowaena D (3) enaue cmenenn mnozourena D, (5), mo £ |F (3))
pasro cymme somemos (M. 7.7-1) Pyaxyuu F ($) ¢3! no eces ocobus mowxam (noso-
cax} F(s). Ona buuAcnenas obpartaore mpeoGpasopamus Jlannaca £1(F (s)]
CHARANA HaXOOHM KOPHH §; ypanuenna D (s) == 0 (koTopue onpeneamar nomock F (3))

MEeT0AaMH, onucaHEnMH B no. 1.8-1—1.8-6 mam 20.2-2—20.2-3; Toraa:
I. Ecna D{(s)=ap(s—$) (854} ... (8 —8,) (BCe KOpHE YypapHEHHS

D (8)=0 opocTee), To

n
LF ()] = [?l;_t‘::] - ﬁf—g:—; ¥ (>0 {8.4-2a)
keat

iy

2. Ecan D(a)=ao(s—-sl)m‘ (s—sg) ... (s—-s,)m", T

LF =2 5] =
n m, — |
2 1 [(;_;kaﬂl {3)¢ * )
= {my )i D (s} -1, =
he=]
nom

A my — | 8,0
=2 Y Hut * e¥ >0, (8.4-28)

box] Je=]

roe

Hy= : il [(’ —)"*0, (‘)] ‘

(F = )i (m, — 1)) dart D (1)
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Tadasega S4-1
TaGanua npeobpascaannd Jlanmaca
{2, b ¥ ¢ — paNHAAME NOCTOARHALE)
F (s Fih >0
1| s 1
3] 1. 1
n o1
| " (a2, .0 =T
i
4| 1T
Vi
8 | s~ :Viim
a1
8| s~ B+ Wia=12..0 2
1:8.8...¢2n—0) ¥
3
7 r_(*).{h‘;-l]) ¢
3
1 at
8| —= ¢
1 at
il B fe
l i -1,
o a—a =120 m=rf e
" Tk h> 0 1,0
s — a)k
. L
8 | s=ea=H 5 =
[ 1 a
B | s=aa=n e - 82
“ I oo tie-—afra—ns
=) 6—8 s—20) a=—5b—0i—a
1 1,
15 s —‘—smcd
1 ]
-] s cos al
i 1
0| o - hat
1
B | o= ch at
[ 1
v 2 _u-
3 TET A = (1 — ¢cos aty
t 1
20 m ?-{at—sinaf}
I 1
11 Yoy W(slnd af coa afy
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Tatoarna 8.4-1 (npodosmcenus)
F(s fn¢>m
8 ¢
2| wrar N st
2 s* ]
_(S’—I-—G'}‘ -E{sinm‘+m‘cosa.r)
£ — a1t
*| oy Feos of
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. s+ d, . s+ d,y . s+dp,

Ts—ar+ o’ s—av+ot” """ TR e —ap 4 oo']'"x'

CHE My — KPAaTROCTS XODHEA #y==0 X [, £ [F (5)] BAXCARTCA KK cyMma ofpar=
Heix npeodpazosannfi Jlannaca taxax caaraemux (Tatn 8.4-2).

8.4-8. Pasaoxeuns 8 pagnl, Ecnm ¢yexmus F{s) croxnas maz ecag F (s)
3aJana MEABHO, BEOPAMEp, KaK pemenne ARpHEPERIUANBHOIO yganneua (n. 9.4-5),
TO HHOMJAS BO3IMOMHO HaxOauTh £ 1[F(s)], packnragupan F (s) & cxopampecs
paan ¥ Gepa ofbpaTHOE npeofpasosanse Jlansaca NOCACAOBATE/LELE TACHOB PAAA.
3TOT DPONECe MOMKAC TaKXKe NPUMEHATh LA anmpokcEMaurd &£ 1[F (8)]. Yacro
METOJ Pa3fIOMeHHS B BMH ONHpaeTCA Ha CJEfYIOMYK TeOpeMy.

3 Mycme $ynkyuo F (8} moxno npedcmaosums o noagnaocxocmu Re s == ¢ sude
pria

Fio)= 3 Fal®)
ko)

eda
Faie)=Xthi)l wmas k=0,1,2 ..

1 (YD (8)

8.4-8, 8.4. OBPATHOE NMPEOBPAIOBAHHUE RATJIACA 253

0
Mycme Oates e unmesponv §'|h, (N} 60 dt cywermayom u cxodumea pad

=T - -]

o
> § \fs (61 €9 at. Toeda pad Y, }u () cxodumes abcomomuo x pynxyus | {f)
k=0 ka=()

nowny 048 ecex ¢ (0. 4.6-14,b) u

k=) o o2
$U(f)l=$|:AZ I UJ]= X L= D Faley=F(s) (0>0,). (8.44)
=] R=c} k=0

8.4-7. Pasaomenns no creperam f. Ecam naoGpaxenue F (5) Momer Outh
PAMIOMEHO B PAN 0 OTPHIATENBHEM CTENEHAM S

FO=2+%3+ ..., (8.4-5)

cxppamEdca opHE |5| > r >0, To opH Bcex { >0

N ._
FO=ZLF O =bitbyfok 5 04 et B, (BA49)

{(Paa copaBa CXOHATCA APH BCeX SHA%EHRAX f.)

Pasnoxenue (8.4-5) 9acto MoxHo noayuats Kak pasnoxerse Jlopana (n. 7.5-3)
B OKPECTHOCTE TOUKH $=00 AHH, B CJAYYae PANHOHAJILAHI afTelpaAvlecKHX ynx-
ned THNA PACCMOTPENEOro 8 m. 8.4-4, OpPOCTHM fekcHHEM.

Ecar Fis) Opa | 5| o> ¥ OPpeACTABMNETCE CXOAAMAMCH DAION

o
1 €
F (§) == 0y, 4=
k=|]
10 1)
1 - a1 %% .
LHF @)= kEom-m’ @3>0, 648

B QacTHOCTH, €CJA PRJ cnesa CXOAATCA, TO

o
| c | [ &
1 L3 P 2 en+—em
?}7&20?] VEE[‘H-J s et

‘4
] o
1-3'5(2'] +...] ¢ >0, @49

B.4-8. PasNomeHE# OO0 MBOrowiedam Jiareppa. Kamgas Qpyernus

Fiy=2UN (0>0,,

AHaNATHYECKAS B TOUKE $=00, MOKeT OWTL pASnoMeda B alCOATHD cXOXAMERCHT pAn no
CTenenaM

§=~0,~ Y
Z=S—-Ta‘i‘—"7: (8.4'10’

RS 0205 coornercrayiomad paj Tedsopa cxosten am |z (<1, B sacraocrs, gus 0,=0
Wiolpaxerne F (i) MOXKHO OpeACTABHTL B bRje

<a o
e k
Fuy=il~2) EE‘] i =.‘+]% kzn N (:_,_ :;:) (9>0,). G411
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rae R
1 i
= 3 € £ (5) *h=0.1,2 ..
Je=D
EBeau peavsns 0. B A6 swnosngwomes, mo 948 novmu ocex £ =0
cply D

o
fym P @)=t 3 BE—, 8,41
k=10

rae Lk () — poaRBoME Jlareppa, onpefencrupe a o 21.7-1

8.4-9. Pasnosennn B ACHUMNTOTHHECKHe pain. AmApokcamannio % (f(f)] =
SEVIF(s)) meorna yRaeTcR DNOAYYHT: NPP  OOMCIIH ACHMITOTAYECKHX paloB
n. 4.8-6, b).

( s{a) ACBMNTOTHE9ECKOE Pa3AoxKesn Ae RaobpaxeRrna flyoms
F(5) =L f ()| u opueunar [{) moxem Goims POSAONER B OKDECMKOCTU  MOWKE
f g) ¢ abcomomwo cxodnuulicr pad eude

=]
f(t)-z gty =] gl < e = O) (8.4-13)
-0
Toeda F (s) umeemn npu §-— CO GCUMRMOMUNECKOE DAIADIERUS
SN
Fi)~ '2 oy — e, (8.4-14)
: N F+1

Papn cnpapa $OPME8ALEC NOJAYRASTCS NOSNEHEWM mnepexozom #3 paaa (13)
pyrem npecSpasosanua Jlannaca
(b)) AcuMNTOTHOECKOR POINOMEHYE OPHPH Y aAA [Tycme

FO)=X1f()] (0>0q

SUAOAHRIOMER CAeD, Ue YOAOSUR
" nF (sg’ofmemycxuwa USCAUPOSARKYIE OCOBNE IMOWKL ~— ROXIOCH U arseD-
POUNECKIE MONKL POSBEMEALHUR,
2) F (s) & noaynaoenocmu Re 8 < 0 cmpenumer K wya0 npu | 8| — o,
3} qucao ocobex mowek §e=55 ¢ RauboAbiued U MEABHOU HACMbIO
noneuro (kmal, 2, ..., ) u passoxenue F(s) & oxpecmuocnu xowdold
maxofl mouxy daemes padox

o

»
/Z o (s —s5) f? (—Ne<AMP <A® < .. —~c0).  (8.4-15)
-D

Tozda opusunas f () umeem npu [ — O GEURNMOMULECKOE RPedcmasrerHLE
/ o c}a;
—~ Iyt e
) 2 € 2 > J»)")+1 i (8.4-16)
¥l =0 r(-a)e

28¢ —(-LS"T).:O, ecau M =0,1,2 .9

r{—»

CheayioilEll 98CTHNA THN ACHMNTOTHWECKOTO PAsNOMEHES BSXeH B CBASE
¢ pentegneM HeXoTopmt AnddpepesnmaibunX ypaBHeHHR C YACTHHMN NpPoH3BON-
aumMA (0. 10.5-2),

£.6. POPMAJIEHOE (TPEOBPA3OBAHHE JAGJACA 268

Ecan Qynrsunio F(s) B OKPeCTHOCTH TOYKH §==0 MOXHG PaINOKHTb B CXOAR-
wWHACA psil BYHOA

oo
Fe)=tlap+as tastas’ )= T ag, @417
f=10
& BCe OCTa/bHME 0COOHE TOUKE F (5) (eC/H OHK HMEIOTCA) DACIONOMEHH B NOAY-

nAockoeTd Res <0, 10 oprruman f(f) Mcer NP £ —» 0O BCHMNTOTHYECKOS npeg-
CTap/JeHye

o
1 T+ 1/
f(r}~an+“—ﬁf§0 (— 1) Gy L, @.4-18)

(l'lpa nepexoge ot gopmyan (16) K q:opuy.rle_(IB) Y9TEHO, 4TO

I -1 f.
ey =S v (i+4).)

BoJee ToHKEE OCTaTOTWHE YCAOBES ANA CHPABSNAHBOCTE ACHMIITOTHTIECKHX
paanoxennll ppusegens B [8.3).

§.5. ®OPMAJILHOE NPEOBPA30OBAHHE JIAMJIACA HMIYJALCHBLIX
S YHKLHA

(2) 3ameran, yro e Gopmyne (8.4-13) m B AHANOrAYHWEK PASROKEHHAX s}am
OGPamoe npeobpasapanAe Jlannaca oTHenBWHIX CReraeMuex, paBRHX g, as'/ as,
as'’t, .., CTPOroQ rosops, He cyulectayer, TaK KaK 8TH (QYEKUHE He CTPEMATCR
X HYMO OPR s~ co. BO MBOTMX NPANOMEHAAX WICHH TEKOrQ BUAA MOTYT NMO-
ABAATLCA TWOA BHAKOM CYMME BAH EHTErpada, HeCMOTDA Ha TO, TTO CAMA CYMMa HJIH
HETErpaa EMelor ofpatAoe npecfpasosanne Jlamaaca.

(b} Ecnm npumenuTe HpeoSpasopanme Jlamaaca (8.2-1) X onpecAeRusM
HMNYabCHNX dyuruuf 8{f) w 6, () *) » ux «npoussosswxs (mm. 9-4-3 w 21.9),
TO GOJYSHM PopMAALHEE Pe3yAbTaTu:

L8 B]=Y L8, (=1, L[5 (D=5, LB (OD]=5, ...,
LB —a)=Z 8, (f—a)|=e* {a>0), 3.5-1)
xlﬁfk'(r—a}]=$[6§> (f—~a)l=ea%s% (a0, k=1, 2, ...)

4, ecay [ (f) nenpepoiBHa Ana f=a =0,
& 18, t—a) [ () =e55f (a). (8.5-2)

Pasercrsa (1) B (2) ynoTpeSamioTes BO MHOCKX MNPHADMEHRRX, XOTH HEAbIR
8a0upath, 9TC STE COOTHOMEHHA HE KMEIOT CTPOTOND MaTeMATHYECKOrO CMuCAa,
Hoile pesynbTaTe, nosysesnble npuMesernes papescts (1) # (2), AOAKuM
Beerla npopepATHCR ¢ TOYKH 3PeHRA SAKORROCTE MaTeMaTHUeCKHX JeficTBRA *)
{eM. Takse n. 8.2.7 w 21.9:2, a?.

—_— e ————

'} ORHOCTOPOREAA HMOYALCHAR GYEKOHWS 6+(i) Sonee TOZXOAMT AAR ynoTpeGnemus

B Rasu ¢ opMOCTOPOHREN TpeoSpajosaNueM Jlansaca, WeM CHMMETDHYECKAR HMOYJAbCHAN
Syukyua 6 (1), ;

*) B macrommes BpeMs $oMblice pasBHTHE MOAYYRAA TEODHA «GOSUESHN QYHKUKHE,
ERAK7al0man B cefN SATPOEYTHS 3gecs soupocs {eM. [8.6], [13.6), (21.6]}
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8.6, HEKOTOPBIE APYTHE ¢ YHKUHOHAJILHBIE NPEOBPA3OBAHU A

8.6-1. Beogmuste saMeuanns. TlpeoSpazosaune Jlannaca (8.2-1) ects gyaxyuo-
HAABHOE Npeobpasnsaniue, CBAILIBAIOUIEE €TOYKH> F (S} B NPOCTPAHCTBE H30Gpake-
Hnk ¢ eTouxaMu» f(/) B DpocrpancTBe OpHrEHanoB (cM. TakXe nn. 12.1-4 &
15.2-7). Ta6a. 8.6-1 u nn. 8.6-2 —8.6-4 3HaKOMAT ¢ HEKO1OPHIME ZPYTEMY QYHK-
MROHAASHLME NpeobpazopaAAME (M. Take n. 4.11-5).

8.6-2. Jleycroponnee npeofipasosanse Jlannaca.

{(a) Leycroponnee npeoSpasopanne Jlanmaca

L 0l= § tOesdt=21 )y I+ZL(— —sl.  (B6D)

—_—

BCTh SaMaHukBoe o6oGuienye npeobpasoBanua Jlanasca, npaMeHHEMOS, nOROGHO
npeoSpasopanue Pypee (on. 4.11-3—4.11-7), & aapauwaM, rae YIacrBywT 3Ha-
wepusA f{f) ana § <0 Lp(f () s} cxodumen abeoaomuo moeda U moabko moeda,
koe@a oba unmezpara L0 s} u L[f(— 1) —sl abcomomuo cxodames, Tak
4TQ 06/12CTb a6COANTHOY CXOANMOCTH, €C/H OHA CYIIECTBYET, €CTh H040ca B 5-NAO-
CKOCTH, ODOpelenenHaR Asyms aficmuccaMu  abcomoTHo# cxoaumocTH. Maosue
eeodemasa deycmoporticzo npeolpaaceanua Jlanaaca Apocnio NOAYHAIOMCA U3 COOMeent-
cmagrowux ceolicme odrocmoponneze npeobpasosanus Manasaca, B uacragery,

Eplf N=2 If 1)}, =0, (8.6-2)
Llf D=L (N]—<, ecan [ (f)=c mrn 0. (8.6-3)

ecnn f{NH=0 pas ¢

(b) 3eaueEns ofpaTHOrO NPEOSPE3OBAHKS xg’ [F (5)] He o6gaaTenbro paBHH
aymo aas <0, Tax %o .ZE’ [F (s)] cymecTByer a1 Goaee LIAPOKOTO KAaces

dyuaxush F(s), vem £ [F (9)].
Ecau dane usobpanceriie

Fa) =Xl (0}

mo dan xaxedoes sHaucrus {, umeowess oxpecmuocme, & xkomopod f () — dyrxyun
ozpaxueNAod eapuayin,

(crﬂl <Oo<C0,),

o, +(R
f (:):%RleW Smﬁ(s) e ds=== [f (¢—0) 4/ (t+0)} {8.6-4)
a0, -

{meopema obpauienis).
Teopema ofpatllennn AN OAHOCTODORHErC NpeoGpaaosanasn Jiannaca (u. 8.2-6)
MOMET PACCMATPHBATLCR KaK HacTHWH cayuafl ¢opmyan (4).

Asycroposree apeolpasosanue JIannaca E er0 NPHJOKEHHR ACTAALHO pac- -

cuaTpusawotces 8 [8.3].

§.6-3, NpeoGpasosanse Jlannaca » GopMe mHTerpaaa Cruareeca. NpecGpasosanue Jlan-
2aca § popme neTerpazs CYHATheCA

[+
Lo loHl= £ st dg (¢ ®.6-5)

AneT BOSMOMKOCTE ¢PODMYNHDOBate B GoJee ofiluem BAJE MHOrHE TeapeMy OSHKBOBEHRHOMN
apectipasosanks Jlannaca {(cM. TawKe n. 4.64(7).

Ep‘_ﬂ";{e GYHHURORSALHME NPeodpUl0DAREA, OpEBeAcHENE B TadA. 8.6-1, TaoKe mory?
OuTh 3ANHCAEN B HOPMe HETerpanca CTuaThecs.

JameTuM, 9To F (5) == 8¢5 Momuo npeacrasuTh B dopMe (B), HE ynorpedans zMnyibe
chux dpysknull (n. 8.5-1). [NpeotipasoBanue Jlanaaca — Kepconas (tadn, 8.86-1,1) mBorgs ynote
pefaferca aad NogodRuX nenred,
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8.6-4. TpeoBpasopanna Manxens M $ypre — Becceas.
{a) Onpepenerue ¥ TeopeMu obpauleunn. Hnterpanproe apeod

pazosanue
o>

[ =K ntf OI=Fnll @ s1= § FUE S (s (8.6-60)
{(npeobpasosanue [anxeal nopadka m),
rae f(f} — ACRCTBHTEABHEA dyRKNLHA H J o (2) —~yuruna Beccens nogpﬂnxa m

(n. 21.8-1), cyiecTByeT B CMbICAS abcoNOTHOR CXOAKRMOCTH, KOria ‘ 1f(H|de
B

cyuiectayer. Ecait, Kpome mozo, () — pyrKiur GepanUNCHHOA BAPUGHIL 8 OKpECTT:
socmu mouxy 1, mo umeem secmo GOPMYAG o6 pauenus

o
i @={7 @5 Jn 60 ds= {f (E—0)+] (400 8.6:60)

(m = —1/2) (meopema afipawenun [arkeas},

xomopan onpedeanem o0pamyoe npeobpasosanue eduncmeennoim o6paaoM 6 Mmodke

HenpepusHocmy
(p CeoficTna npeoGpasoBaHAl Cauxean OTMerdm Cleiyioliue

LOCTHOWEHAA

Hom [ (@l); s = o [P0 5 (8.6
Hon |41 O] =55 [} O Fma [ O (8.68)
Homll = o= (=D F o [ O] = (D) Hmilf Ol 869
Hnll O+LF O 10 |=— S Hnl O (8.6:10)

o
§swm F 1K mlg®l ds=\ tfg)d  (m=—172) @.6-11)
[1]

(meopema [apcesaan 0AR npeo6pasosasus [anxeas).

[Tpumepst npeofpasosanuii [aRKeaA CM. B taga. 8.6-2.

ey lpeaGpaIcBaBRHA Gbypre—Becceasn {cM. Takde wrn, 20.8-1 ® 21.8-2)
Crepyi0tilie NAapHE HETErpanbibR npeopascBadas CBA3IHN © HHTeC panbibin npeofpasoba-
Huen [enkean (6):

o

Fiog = Featdg, (st
o

(m=0, 1, 2, .. @.6-12

() 54 g (1) ds.--;_uu_o;+f(r+o)1

—

L gy, DAL
st {1
(me=i, 2, ) @.6-13

5 1
f(SJ—ﬁJm.;_:;,tmsws— -;-[r(t—e)+r(:+m;

O6a WHTECPEALARX NPEOSPA0RAHNS OTROCATCA K aaphuM Mpeodpasonafi ®ypbe ~ Heccedif:
ann m = 0 GOpMyIn (13) cpomATcA K Eyn yc-npecbpaaoBauk Pypne,

8.8-4. ;
86. APYTHE O¥HKUMOHANBULIE [TPEOBPAIOBAHIR 259

Tetbanuws 862
NpeoGpasosanna Tankens

s}
Fihe=[ sT® v _shd f T
(I, m 13 Hs)zg tHin g, (sh dt
b m Fis
LS 0<i<a my
—1 |2
0. isa |7 5 Tme B9
I8 O<t<a a
0, i>a O fatas
(at — £
: o bt 0 Ja 2a1
I>a ?'_"" tsa)—;-,fo{sa)
v
M= it - s T (m/2 4+ /) m i T
TP TGRAF T () fom) W (T'f'"?—-. me 1, — ‘;;)
Mo pi >—1 s "'ESF’
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Tadaana 8.56-2 (npedorwente) -
™~ o & — -
] = 5 N 3 & | =
fn " F(s) : E o He ;t =] g g
o N & a—
= 5 = +5] % 4 * |
© ] [ s = = ~ N o
scmmcalllc 0 P = g - < 5 E 5 )
tar + 8% ~ %3 + e = < % Q 4+ g
4 I T I T Tl R N I A N
=Y ') - " —— l e g *(‘
sin af . @ —sn— ', D<o ° §§ e e » +q 9,& = "l" T ?_,:u_
7 5 n -~ E it
¢ 0, s>a It 2 < < | ~ I S B
n o @ .
o 2 § | £ six | | by
% EY S ) CO § 4 + *
sin o 1 & | ® S - 1 N N ™ +
; TS P LI I Y 5 5 b
St ol /e o fl Vs oo Py we. 3
= <] X ow ) o e gy
-]
s <t g gl 45E T8, i i
= ° o L > go 8| | =2k 505 3 g
aresin P | g‘/\: "“EEE o X _gw *—;3 3
‘g © £ - . E
=g 2 <R
8.7, KOHEYHbIE HMHTErPAJBLHBLIE [PEQGPA3SOBAHHSA, NPOH3BOOANIHE $3 5 1 . . ,5;;
PYHKUHWH K 2-IPEOBPA30OBAHHE - 1‘ I N o= E‘E
z S a = 2 b9 C‘.f 2 3 "
8.7-1. Paau xak dyHxunonaabHke npeoSpasosanus. Konewunle npeobpa3zosa- 8 : 298 < = p < g T
ann Pypre n Fanxeas. Roneqnas cyMMa HJAH cxopmmufica pajx 9 = 5+ =2 = ~hE Sl
2 - - = —_=
= ' a5 329 Y = x K
5 2| o! * 801 - of (~y
O (x] = Z fk g (x. k) (3.7-1) 5 & 5 L “I“ . BNE e -:,E
b — 0o E E g 2 + ol “ o
npeactapanet GYHROHOHANRHOS NpeoGpa3oBanHe PyYHKIHA (MOCAeAOBATENbLHOCTH) ‘é = - 2= ~i% SN?
fr =/ (k), ocupeseneHHO} Ha AMCKPeTHOM MHOKeCTBe 3nauenifi k=0, + |, + 2, ... R = -
3kaue‘mu, wro Ana HexoTopHX [y B W (x, k) 5TOT pAj MOXKHOC 33NHCATH KAK HHTEl. % : %o
paavsoe npeofpasosadnie B Qopme uHrerpaia Cruarseca (0. 4.6-17) g- N .
«© 4 X s - hy s
5 * ® ® a
D= | ¥ &) dg &) £ B = e & &
- F .‘-4 § -E A‘E B
Pagu (1) A dopMyan rena (4.10-5), (4.13-6), (1.5-4) B (7.5-7), onpeaennios = - M 5
mue koppRIEEATH fp no GyHxknAA @ (x), COCTABAAT COOTBRICTHYIOUWHE BIAKMHO 3 3 5 R
ofpatiHre GYRKLUHOHAALHEIE TpeoGpa3oanua. B Ta6a. 8.7-1 npHeeaeHH CODTHO- = ui ] “e' 5
WeHns Jan Kosddrlunentor pagon Pypbe H panos Pypee — Becceas, paccMaTpH- = < T e y
BaEMBIX KaX WHTETPafbHWe (PeOCPAIcBAHHA C KOHKEYHHM KHTEDBANOM HHTerpHPO- = 4 _— =8
B3HWA (XOHEuMWe wHTerpanbHuie Npeolpasosanwms). B KaMAOM Chyuae NprpejeHo , . o
Rpeofpalopande NOAXOARIErs fxHefirore AH(GEPEHOHATLHONG ORBEpATApA BTO: s bw > ¢ § 8 o I
POro nNopaaka b CBA3H ¢ NPHMERCHASM METOAd HHTerpaisialx npeoSpazopanufi S gﬁ B g 29 |a
ANg pemenHs KpseswX 3ajay (cM. nn. 10.4-9, 10.5-3, 15.2-4, 21.8-4,d v [8.5]) 2go? g;go 2,9 %‘“c ‘g i
8.7-2. TNponamogsuue dyukuke. Ecan pyaruaoasacice npecbpasosanue (1) g& o gﬁv_ﬁ:‘ §§ b 235/\ E &
HMEeT BHJ CXOAALICCOCR CrgRerico pada ggéé u§'§;' ogét’. zg.w . x>
o 255 235 £C Ny L
4 = -l € Ia i
ver= 3 hist ®.7-3 858 | Bz | BgR | 3RS
k=0 — “ES= xe8s ¥28e | ZEZa%y
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TC y(s) HaIWBaeTcn npoussogsmeds QYRELMER ARA DOCAENOBATEALHOCTA ko3tdH-
3 = = & "33 adenton fe=f (k). Oyuxnnz
x [ [+ -] [-=] f
v a w = &
3 i 8 *oE =3 kst (8.7-3)
3 3 | = + = - oy
2 5 = 0 g .= < =
E Z ) s ° | 8 HASLBAETCA SKCMOREHIMIAbNOR npoussoafwed dynkuued. Mpumenensna wu caofl-
I £a % i '_?_ X [ CT8a RPOMIBOAAMMX dyurnufl ¢M. B no. 18.2-8 g 18.7.2.
> 43 S . :- & o A Mpauep. Yucna Dadoyawqu ORPEACAAOTCA PEKYPPEHTHRME COOTHOMWE-
=a » ] a & P HUAMH
o o W E o N L) L
E $E ) PR ¥ :“ < & fo=h=1  fa=f_i+fo, k=2, 3,...). 8.7-9
- -
k, 3 F I|J + & : ¥ Blx  ~F % Hnrs uax npoussozsmas dymxuas
1] o 1%
= a - - +
Q. ) ] » x I
- = 3
2 § 5 P e ' YO =t = 5420 360 55t 4 B ... (8.7-5)
Ll = [
L ot 2 8.7-3. z-upeo6pasomanue. Onpesesenwe n dopryaa oSpawmenns. g-npeobpaso-
= S % [ + 0 BAAMEM NOCHEAOBATENBHOCTH f, HAIMBACTCH (YHKUMA KOMONEKCRORO BepeMeEHOro
% o E%% 0 i g gl Z[frs 2] =F, (2}, onpesenennan panom
-4 "iok 5 5 S 3
. 2 I . fo b
E WEgd & = =3 % 2 ZUs 2l=Fy @=f+24+04.. (2>, (8.7-6)
-] - Sza e ] < U,Q
= = i
§° i) i CIOAAMAMER {abcoMoTHO A DABHOMEDHO) BHE HEKOTOPOrO Kpyra paanyca rg,
= ;’: ] = SABHCAWErO OT AaHHOB NOCNeAOBATENBHOCTH,
2o _ : . s i Tax, ecnnt | fy | Me®®, To pag (6) cxogates npH |z | > e2.
& & <l <5 =|> I Tonpasymenaetca, sro ofnacts {2) > r, onpepenennn ¢yuxman Fz(2) pac
1 » = — -
. ? o S+ w4 <% % QIMpeHa ¢ MOMOUILIO AHANKTHYSCKOTO MPOAOMKEHHS, KK H B m. 8.2-3.
S & & | s i < Coorsercrsyioman dopuyna o6pamenns umeer Buj
— = =
G 3 Pl et &= = |« ~
o = 5 “aln & | @ G ] t -
o O -5 il e e~ e fa=sm {22251 2 (k=0,1,2,..), (8.7-7)
= 4 = | | @ g | <= ~ C
3 - 1P = 5, + 3
3 g P 8 n SNE = 5 tie C— noboli zamxuyTaf ROATYD, ORDPYRAWIAE sce ocobme TOTKH tysROun
g = V‘\]q > = 5 Fy(2), B uacTROCTH, MOGaR OKPYHHOCTH 2] > rg.
g = o = 3Nu 3aagenue nuterpana (7) sacro YAACTCA MONYQHTE ¢ NMOMOM{LID TEOPEMb O Akt
o o wetax  (ma. 7.7-1—7.7.3)." Ecau fz(2)--pankoranphas GyHKuAs, T0 MOKHO
2 H TIONBL30BATLCA PAINOKEHHEM HA ApPOCTEfWwHE apoSn (xaw p m, 8.4-5). O6pamenne
2 S X = OCOGEHAO NPOCTO, BLRH Fo (2} momer 6ute pasdomero mo creneRam 1/z2.
3 » % :« B 1abn. 8.7-2 colpamw Rawuelimue cBoficrsa z-apeofpasosannd. Hx npmao-
f o = - JKEUNS K PRUICHE PRSWOCTHMX YPasHeRwEA w x 4H3NR3Y CHCTEM YNPaBAeHHA
= 28 2 g E NO BuOOPOYHLIM JARHWM NDHBENCHH B 0. 20.4-6; rtaw e o0CyKAaeTCd CBAID
= <} = M MEXKZY z-NpeolipazoBasdeM H ‘mpeofpazoBanden Jlannaca CTYneHuaTeiXx ¢Qysrugi.
&, g £ B raba. 20.4-1 npreefenu HEROTOPLE Z-NPeospalosanun,
® e
AT b da L g— Z-0pecOpa’soBaNAs CBR3AHM ¢ npeoSpasonanned Meannna By Ta6a. 8.6-1, 3amerus, qr0
CER MENCZY CTEMEHHLMH DAfAME M npeofipaoBadueM MenAKHEA2 aMAROrHYHAR CBA3M Mexmgy
o3
4 y .é‘“ Dpadaxn Jupuxae Z“ !ke_k" ¥ npesdpasoesanes Jlanaaca
e Yo 3 Ee=0
Im b= R
gx HE ]
H v 3 35 *¥3ameua nepemensol z=e¥ NPHBOAKT K AHcKpeTHoMy npeoGpasosanuw Jla-
83 88 ig Zaaca
E,g §.§ 3 o
1] L] —
£2 23 3 Fr@y=Fz( =3 fene. %
®e e = =0
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CooTBeTCTRME ONEPALMA NpH Z-TipeoBpalosdnnn

CAsayomAe Teopexbl cApaBed HEE B offaacry abeonloTHoll cxoauMocty npeoﬁpaaoas_nnn;
BtE NpPefenn NPERNONaraloTeR CYIMECTBYMEMY (CM. rakixe Tada. 8.3-1) u fa=f_,= ..

o =R g =fgy = . =
Howmep acnenosaTedbsALCTE z-npeofipasopalHe
TEODE- Onepankn (OpHCREINY {R3clpaxenne)
M
1 Awnefroets (0, f— vo- afy, + B, eFzin+86z )
CTORHNMEY
— 2 Fz i) —~ /2
!k'i'l = Efk" Z 1]
2 OnepexeHre ¢ = &' Fioot
{em. . 20.4-2) ker = & szZ @ — z {;'2,—‘
r=1, 2, ..} i=0
="} ~
3 JanasnwEARNE foor & 7Py
=1 12, ..)
KORCIHLIE PATHOCTH @—1Fzin=f2,
{ow. 1, 20.4-1) fk+1—kaMk‘ 2 o
da | Hucxopdwmne  (npanme) 2~1 Py
DA3HOCTH fp—Ty_1 =l 7 ‘2
44 | Bocxojamme pasmocTa
& C poOBAHWE nNOCNERO s Z F
¥MMH -
BATENBHOLTH IEG !I =1 2 =
) CBepTHa TOCASAOBATEAR el Fz 2107 2}
[ ks =
HocTeh I T P Z z
{=0
"7 HenpepbiBROCTE (2 9e 3a- Hm fﬁ {a) lim Fzi(z o
BHCAT QT & H 2 T—a e+ q
¢ 2
—f. (@, = Fg(z, a},
] LndbepeHnuposanse = da !k( ) da"2
HHTEMrpHPGRAHHE Nno na- a4 o
AMETPY @, He JashCaA-
Rteny o7 & u 3 J Iy @) da ] Fz iz, ) da
@y a,
lim F‘z 2),
fc. Z2—0
% | Npeneasume Teopemm m f, Nm (z~1) Fz ()
R = 21
d
—2-- Fgi2),
16 ArddepeHnrpoBanne k'fk' . dz
waoOpaxeHus £ _ =14 .
ifk(f—‘.i’. e} —zEz[k "k' 2]

FNABA 9
OBBIKHOBEHHBIE JH®®EPEHUHAJIbHBIE YPABHEHUS

8.1. BBEJEHHE

9,1-1. Beoguue samesanms. Ouddepennnansirie ypasHeRnsl DO3ROATIOT Bhl-
P&SETe COOTHOIWCHAA MCHKIY H3IMEeHSHHAMH @HSH‘I&CKHX HEJIHOHH, H IOTOMY OHH
WMERT G0MblIoe¢ SHAYEHHE B NPHAOKeHHAX. B §§ 9.1, 9.2 u 9.3 pano kaaccrue.
CHOR BBEACEHE B TeopBio. B § 9.4 paccmarpupaiorcs aumefinme nupdepeHIHANE-
HEE YOZRHCHRSA C NOCTOAHHBIMA KOMphHUKeHTaMH, NpHueM YOOp xmenaerTcss Ha
PEIGCHHE X METOAOM Npeobpazcsanhn Jlannaca. B § 9.5 peus Hier 0 HenHHeds
EbXx YPaBHEHHAX BTOpore nopaaka. B § 9.6 npubegenm AnbdepeHnBannENe
ypaesenus Tipadga, x0ra onn B ke apamores OSHKAOREHNBIME  ApepEHIHA L
HeMH ypaBHEHHIMEY,

Hexotopue ponpocul, oTHOCAmMESS K OMdxpepeunHANLHEM YPABHEHRAM, pac-
CMaTPHBAOTCA B ApYrHx raapax: npeoGpazosanfe Jlangaca—3 ra. 8, KDaeBhia
32l1a9y ® 327294 0 COGCTBEHMLIX 3HAUEHHAX —B M. 15, guddpepennaansane ypas-
BeHYA, OOpejenAloliHe crenlanbiule GYHKIEA, —~B ra. 21,

[TpkMennerue Ranee o8a3Haverns eudpean Tak, 4Todnt offerdaTs comaKE Ha obMus
yueGawkn. Moyrouy AeficTBuTENLAWE DepeMenntle 000IRATMQTCR }pes X, [y {(x); KoMIAeKes
HLE NepeMcAELe, BCTPERANMALCE # OO0l TeODHM JHHCAHHX AADPEPeRUEAALHLLX ypaBBe-
TUR, ofoFadaotTes qepe3 z, w =w (z). HesasucEMoe nepeMeEHos 5 §§ 9.4 1 9.5, ofuudo
UPEACTAEARNUIES ppend, 0003HATeH0 Yepes f.

9.1-2. OfuKuosenabte KuddepentinaIbHLE ypasaeanq, OOutkHOBeHHNM Audde-
PERTMATbHBM ypaaaeﬂnem MopRAKA ¢ HAIEBALTCH YParRBeHAES

Fle, g0, y" (1), «.oh 97 (3)] =0, 9.1-1)
KOTOpOE CBASHBZCT RE3ABHCHMOS NEPEMEHHOS X, HCKOMYIO GYHKIAIQ y=y(x) dea
MponssoAnse 4 (x), ..., ¥ (x). Pemenne (wHTErpHponanwe} andepeHtBaNLHOrO

ypasucHuA (1) sakamqaerTcd B OTHeKauud dyHKuHH {pemennfi, murerpanos) y (x),
KOTOpHE YNOBJIETROPAIOT STOMY YPABHEHHK BN BCEX SHasedufl X B ONpeXeJeHHOM
KONERHOM HRH GeCKOReaHOM puTeprade (a, b). 3aMeTuM, uTo pewesus Mozym
Oty npodepens nodcmouosxod @ ypasHense.

Obwiee pemenne GOLKHOBERNOrO ZE(DEPERUHANBHOIO YDABHEUHS [OPALKA £

BMEET BY)]
y=ylx; C Co ..., Cp), {9.1-9)

rae C;, €y ..., C,—npoussosvnsie nocmoanssie {NOCTOABKEE WHTETPHPOBAHKN,
oM. Taxge o, 4.6-4). Kawcamft qacTHWA BWOOP STHX NOCTOAHHMX 13eT 4acTHoO®
peilienne. B sapaue Komu (mawamnoll samave) TpeSyerca mafiTeE 9acTHOS pelrense,
YAOBALTBOPMONSE £ RAYAJABHBIM YCAORHAM

Yt =gn, ¥ (=g wr, g7V (2 =y D, (9.1-3

0O kOTGPUM oNpeNenistorcR r mocTosHENX Cy, Cy, ...y C,. B Kpacaofl 3anaue Ha
§(x) B ee MPOHIBONHME BAKIRWBAKOTCA £ KPAGBMX yCAOBMA B TOUKAX f==g M
Xx=0 (coL raxme 0. 9.3-4) 1),

-

') CTpare rosops, E4NaNMbHWE B KPACENE YCAOBHE OTHOCHTCS K GAHOCTODOAHUM ADPIUN~
Bofau (3, £.6-1),
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Ipaduk KEKAOMO TFCTHOrO PERICHET HASHBZETCH WHTEIPANbHON XpHBOR, COROKYTAOCTM
BCEX TAKKX FPadUX0B ofSpasyeT r-NapaMeTpuecuoe CeMa(Icmer UrMespaAvHilY KDUSHX,

OSpaTRE, €C/H DARC F-NAPAMETPHYECKOE CeMe#CTBO jocTAaTONACE 4YHCAG Pas arbdepen-
nepyeMuX QYBRGLE (2}, TO, wcxawwan nactodaawme C,, Oy, ..., €, 43 r 4 | yppavenuh

Y=g P (0 €1y Con e Ty U =0 L2,
nonysum Anddeperapnannloe ypasseHne £-r0 NOPAAKE, ONHCHDAKIICE ITO CEMEACTRO.
Hekotopsle paddepernraibibe yPABHEHKR HMEIOT eWle AQNOAHMTeAbRmE PelIeNHd —
ctobne WATErpanM, KOTODHE Ke BKJOYLOTCH B o60iee peweide (2 {(cM. Taxme 0. 9 2-2.b).

9.1-3. CHcTemu audpdpeperumanbunrx ypasueHuit (M. Takxe nn. 13.6-1—13.6-7).
CucTema oGbXliopeH X ANGdEPENLLHANLELX YPABHEHAR

Filts gu o b g U ) =0 =12 ..) 9.1-4)
CBASHBACT OfHO HE3aBUCHMOE NepeMeHHOE X § HECKOJAbKO HCKOMBIX (yHKUME
1=t {x), yy=gy(x), ... 4 uX npouzeopuniXx. [lopsaxoM r; Kaxporo YpaBHE-

H5 (4) BASHBAETCH HAMBHICIIHA MOPRKNOK BXOXAULCH B Hero nponasoauoil. Boobuwe
roBops, TPefyerca n ypapHeRHA (4) AAS OTbICKaHWA n uCKOMuX Gyukunii g (x)}

obuiee
wiee peweHHe Yi=1t (X)s  Ya=1Uy (X), ...

LOMKHO COfepwath r=ry+47y+4...-r,; NPOH3BCALHBIX OOCTOSHHEIX.

HMrterpuposanne cHereMtl (4) 9acTC MOMHO CBECTH K WHTErPRPOBARHIO
oaHOro 06HKHOBeHHOTO ZubpepeHIHaNsHOrO YPaBHEHHS NOPAJKA 7 MYTEM HCKJIO-
2eRAA A— | NepeMemmMX y, ¥ NX Nponssojublx. [opa3po Baxnee, uro Kawdyo
cucmemy (4) MoxcHo csecrnu K pasHocuavrof el cucmeme r ypasnenud nepacee
nopAdka NyTeM 3aMeéHH BHCUIMK [POH3BOJHLIX BCTOMOTATEJBHEMH HEH3IBECTHBIMIE
DYHKIAAMH.

9.1-4. Cymecrgosanwe pewennli. 119 KODPeKTHOCTA NOCTAHOBKE HauanLHOH
BASE KpaesO# 3anaun TpeGyercs JAOKA3ATEALCTBO CYLIECTBOBAHMA pELIEHHS, YKAa3bl-
Baolllee HHOTAA @ NYTbL ero nocTpoeHnd. CyllecTBoBaHHE (HHINYECKOro ABJCHHA,
OMACHBAEMOro RaHHALIM JAHQbepeHUHANEHBIM YPABHCHHEM, MOMET JAWmle MNOACKa-
3aTh, HO He IOKA3aTh CYUISCTBOBAHHE pEINEHHMA; J0KA3ATEJbCTBO CYLIECTBCBAHHA
TUPOBEPALT (OCMOAMEABNOCE Mamemamuveckold Modeauw (oM. Takke nn. 4.2-1,b #
12.1-1; npumepu TeopeM cywecrsopaHks cM. B nn. 9.2-1 m 9.3-5).

[lpapnasHO NOCTPOCHHAA MaTeMATHSCCKAP MOAGAs AOJIKHA HFONYCRATh peme-
HHA B PBfie HEOPEPWBHWX (byHKUKA OT NapaMeTPOB, HAYA/NbHHX SBAveHHi H T, 0.

9.1-5. ObmRre yxasanAra.

{a) MoAcTanopxa paga Teftnopa (n. 4.10-4) AAR APYTHX PRAOB ZAA y (X) B RaRBOe XHdge-
peHUAANLEGE YDABHEHHE MOMET JaTh ypaBHeHHA XA HEHIBECTHBIX noa@%uuneuma {cM. Taxme
om, 9.2-5,b 1 9. . Herotopue ar peHlHaNbEBE YPABRHEHHA MOrYT OWTh YOpPOWESHW saMe-
HOR nepemenHux (mm. 9.1-5,b, 8.2-3, 9 3-8,¢c}). Kamnoe muddepeAriansHoe ypaswedne RAH
CHCTeMa TAKEX ypabHeHWA MOryT OuThL cBefedbl K CACTeMé YypaBEHeHudl Depsoro mopsnxa,
¥ KOTOpHM DPHMEHAME MeTOgW I, 9.2-5.

(b) Cazdywoigie muns HenOARNX Supdrperyuasvibix ypasHeRul 4e2xk0 Ce0dRMCA K ypae-
HENUAN RUBLUX nopROkod (oM, Takxe pn, 9.2-3, 9 5-6):

Flx, '™, g0 L ) _ 0 (nogcramosxa y = y™'),
F{y, o e M=o
- - dy dy dy  dy -
0o, = - ' * 2 [l Mad -4 T.
( ACTABORKA X == g, p == o' TOTZA T s ﬂ"=diy HT L),

Ecan pupdeperuusnsuoe ypasrenne £ (x, gy, ¢, .o\ ¢'7') = 0 vonopoduc ne apaymer-
max y, ¢ vy ¥V B cMucse DL .55, T BBOANT y = /).
8.2, ¥YPABHEHHSA NEPBOTO NOPAIKA

9.2-1, CymecTsoBAHRE H EAHHCTBEHMOCTL pewenud.
{a) Hupdeperjuarcnoe yposnenue nepsozo nopidxa euda

f=tz 9 0.2-1)

9,2-2. 8.2. YPARHEHHUS MEPBOCO NOPSIAKA 257

uscem peuterue geay (), yosremeopriomes yoaoawo ¥ (Xo)m= o, ecau fix, y) re-
npeprisna 8 sexomopod oxpecmusemu mowxa {%g, y,). Bonee onpepenenro, ecau
fix. &) nenpepsisna & omxpumoli ofaucmu D u ylosaemeopsem 8 smod obAacmu
yeaoswo Aumuuya

Wi, y—fx, s Miy—nl, (9.2-2)

28e M — nexomoper nosoxumenwnas nocmosnnag, mo Buppepentuarnnoe yposre-
nue (1) npu AwboM Ha4QALNOM ycavsuu g (x)e=ify, od2 mowxa {Xg, Yo) Rpunadie-
wewm obagemy D, umeem eGuncmeennte p.tucHue y=y(x). Kamaoe peienue
MOMET GHTh MPOJOMKEHO OO0 FPAHHEN abaacTA D.

Ceomerprueckun GOPMYARPOBKA TeOPEeMB TAKOBA: £pes xawdyo mouxy obaa-
emi: D npoxodum eGuncmeenkan urmezpoabras Kpusas.
qe"a}!:"ncn:;:;aégzrs;{;usr%;‘y;unneraopne-rca, B GBCTHO ¢TH, ecaB f (%, (n aMeer B D orpasu-

(b) (cu Tawme m 9.1-3). AHAnorHAmas TcopeMa CYIECTROBARHR CcODabenfHBA B s
cUEmEM UPPLPERQUI BRI YDRININUI 14 P02 ROPROKA 6 KODMAADHOA cuaep:‘ o

dy,
Zr =R g g e i) =12 @), ©.2-9

ecak yoposde JIvowena (2) sameduTs Ba

n
He(s b~ tg) =1 (x npe oo mp) [ '”kz Loy = ®.2-0
=]
Yenopue (4) coSmopaetca, n 9aCTHOCTH, eCRE Boe afl;ap, OrpAAHEEHE,

8.2-2, Feo ugeckoe ToaxonaHMe, Ocofke AnTerpagW (CM. .
c 17.1.1 no IY.T?TT{ el ¢ ratRe

(a) Ecan x, y—nekapToBd NPAMOYTOABESE KOQPIMHATH TOUKH, TO Andpe-
PeHOHaABAOS YPABHCHHE NEPBOro HOOPAAKa

F(x, g, p)m0 ( -=~j—f) (9.2-5)

ONHCHAALT HOAe HATIDABACWNA EAH mode AMAeRRHX SAcwmenToB (r, Y, p), mpOXOAA-
mAX neped TOYKY (¥, y) ¢ YOAGBMM Kosjduumentom p=dy/de=Ff(x, ). Kaxaui
JARYCREHE 9/eMEHT KECATERCA K HEKOTOPOR unmezpaibnoll Kpusolt ONBOMAPaMeT-
pryeckoro ceMeficTBa pemennufl

y=sy(x, A} uns @z, g Ay=0. (9.2-6)

flone RanpasAesift O0IBONAET NPHOJAKEHRD CDPAaPHYECKH WOCTPORTS HATErPAThHBE
KpuBLe; OGMER XpPAKTED CeMeACTEA WHTErPANBEME KDUBLX MOMAT GWThb WCCAZAOBAH METO-
zoM B. 9.5-2. [Ipu NOCTPOSRAA MHTErPAALEWX KPHBHX MOCYT OKAIATLCA MOACIREIME HSOMNRHbE
Fuo, g pd=0uau [ix, ) =p,, n? maoruux HHTEr PAAbELE KPUBLE BEMAIOT GuUKCEPORARAKA
yraopod kosbboneest p,. Kpupas = <+ ﬁf = AT ZEOMZIMPURECKOE MECHIO ITONEX SOSMOM-
Hozo napesnla.

(b) Ocobue RATerpaan (oM. raxme n, 9.1-2), [yors F(x, g, p) e
Npepeisro pudepepernupyema, Hexmosesse p ¥ ypapensi

F(x, g, pym0, Ghm0 ©.2:0

AZeT MHCKDUMHHAHTHYW KPHAYIC NIAHOTO AH(OEDeHNHANBHONG YpaBHEHEA (reo-
MeTPHUECKOE MecTC OCOOBX AWHeABHX sfeMentoB). KpHBasf, onpefenseMas ypas-
HeyusMu (7), ectb oCofan wuTerpanbias KpHRaR, ecam B2 370l Kpasoft

5t gfp-o. nprdeM ofe opomseoantie OF/3x k dF/3y Be o6pamMATCR B RYAL

OAHOBpemerno. Oz ceMedoman unmeepasHoty xpastix (6) Beerza ABARETCH
0COCOA HHTETPANsROA KpHBoH; OHa MOMeET GHTH HafjeHA DO OGIMEMY HHTErpady
meropoM a. L7.1 7.
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9.2-3. *MMpeoGpasoranne nepemenunn (DpAMepH cM. B 1. 9.2-4).
(a) 3amena nepemeHRHX (ToaeyHoe ApeolpasjoBayne)

x=X(2 0 y=Y& 5 [‘6_(.:, » ?"0].

a(x, o)
LA _ (9.2-8)
_dy  dx O — 4y
=-S5t (=%
ax | ady

npeopdpaayer panxoe ypasaenne (1) nam (5) B HoBOe ARdxpepeEUHA/IBHOE YDaBHE-
RAC OTHOCHTENLHO X K F. KOTOPOE MOMeT ORKajaTecd npome HEXOAHOTO. Haﬁm
peteRre §=72(X), Mbl MOJYyq9aéM HCKOMOE pEHICHHE B TapaMeTpPHYEeCKOM BHAe:
x=X (% (XN, y=Y (%, 7(X)). Ecau pemwenne npeo6pazopagHOro YpaBHeHudA
MOJYSeHO B HeABHOM BHAe u (%, §)=0, To HCKOMAa# CBA3b MEWAY y H X MOKeF
OuiTh HafifeHa HCK/AIQYEREEM X H § H3 Tpex ypaBHEWnH:

X=X(2, g)' y= Y(x, g) L H(x. m=0.

) KoRTaxTiwe npepobpasoBannag (cd Tawre mo. 10.2-5, 10.2-6 & 1(.6-8).
3amenn OepeMeHanX

- - - . d
Xx=mE oy o F=F 00 (p o 3%) ©.2-90
OPR YCACEHE _ - _
& (oy EE) =% (95 ‘3_-') 2-9
E(ax“’ay w\a TPy i
ONpenenseT KORTAXTROE npeelGpaszonanne, COQOCTABASKG: MEAGARNLE BNCMERTH %, i, 7 B
. %, %, 4y
i ntu’ &
4 dx  ox , dx dx

xhoy? @

TAKAN O6Da30M, YTO JAnKefiAne SMAEMEETH, OSpasywNiAe CAafKyls AYTY, OTOGpamanTcy AN
FAARKYIO AYTY B Kacanue AYyT COXPAHAETCA.
KoHTakTHOe Npeclpa3opaRHe MOXeT OLTh 3afaR0 GOpPMYNaME

= ] i ok -y = a ‘-I _! p
r=x(x 4, P =y WP, P=pix g p) [%%—%,liﬂ]. (9.2-8c}
TUpPE YCACPAR

dy—pdx=g @ 4 p)dy—pdn [£(x y, p) =0 (9.2-9dy
Tipr sroM opuynu p = dy/dx u P = dj/dx sxsupansentnn.
6B 9aCTHOCTH, £ (%, 4, P) = —1 peeT ferko oSpaTHNOe RORTAKTAGE npeobpasceanus Je=
acandpa iy 5
¥=p p=px—y P==x (9.2-10%

KoTOpoe Npecbpa3yeT norBoe aRddepenun snuioe ypasaenne (5) o

Flp, px~yp, x)=0. (9.2-11p

¥panrenne (I}) Momer onssaThcn Gonee NPOCTHM, QeM Ecxoproe. Bcam ero pemenme OyAeT
E2RpeHo, TO PEIEBHE HCXOAKONG YPAsHEHHA noayawTes ofpamentem dovnya (10).

0.2-4. Pemenne cnennanbubix Tl ypaEReRME mepsoro NOpsAKa.
(a) Caepyiomse yP4BHEHKH HHTErPEDYIOTCA B KBaAPATYPAEX:
1. Ypasuenwe ¢ pAsAeAmIOmMMMHCH nepeMenmsMu  y’ = [y (x)/f; ()
OGmaf uATerpan S)‘, ) dy==5 fi (x) dx4-C.
2. «OnHOpOANOE> YPABEEHHE NepbOro nopaaxd: y' =F (y/x). 3amena
¥

§=y/x DpHBOANT YpaRHEHHE X TEmY 1: ga=l x-— .
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3. ¥Ypasuenue B nomwex aAndgepentuanax ecTb YPaBHeRse Buja
Px, y)de+Q(x, y)ydy=0, (9.2-12)
Cae Jepad qacTe mMpefctasaner cobofl NoaHME Andpepenndan dg; 3710

8RAYAT, 9TO BLINOJHEHO YCNo8ie %—ES—; (0. 5.7-1). O6mrA mucerpan

x y
e =P det §Qxo ay=C.  (9.2.19)
o LL

op Ec.gnq Aepas 9acTe ypaBHennsn (12) se ABaAeTcR noAHsM AH(DEPEHUKANOM
(a—yséa}). TO MOMHO HAWTH HATETPHPYOWMA MHOMHTeAL p=p{x, y) Tako#, yTO
npoussencrue W (P de4-Q dy) 6yner noausM ardbepernnaiou. Hurerpupyrowud

MHOKHTENb P (X, ¥} YROBAETBOPALT IRPCPEHIAZNLHOMY YPABHEHHIO C 4aCTHBIMH
ApOK3B0ABEMA

3P 30\ _du po
”(a‘;’ EI)_Qa?_pa‘__ (9.2-14)

4. JiuneRnoe ypasuenwe nmepsoro nopaaka g - (X) y=f(x) (cM.
Takoke NN, 8.3-1 w 9.3-3) monyckaeT UHTErpHpYIOWRE MHOMHTENL

=) = el 2
OGuee pewenne
v=i |} I n waxrc]. 9.2-15)

Heroropue ypeenenyn NEPROrD TIOPAAKA MOXKHO NPUBECIH K OAHOMY B3 YKaaaMdmXx
THNOE 3aMEHOR Nepeeddnx (M. 9 2-3), B uwactmocrw, ypaaugnne ¥ = {0x + By} npuBoguTCR
- . %X + By + 1
K THAY | 3aMedoR g = ax . ¥pasue = ( £ ! -
v + By Ypasuemue ¢ f Gor T Bag ) "P% TiBs — Gafhy O
NPHEORHTCR K THNY 2 SAMRHOA X =Y — Xp, § ==Y — l, (NApaTALNsKNMA HnepeHoc ocefl Koop-
RMUAT), rAe Xo, Y¥g — TOUKA {18PRCEHEANA NDHMEX GX + Buy -- ¥y = 0 ¥ 0% -+ By + v = 0,

Econ e 0By — @:f; = 0, TO 5TO YPAEHEHHE NPEBOAKTER K THOY | 3amedod g = ax + Puy.
_ )'l'pinnehue V' =hx) g+ F (0 ¢ (yposnenue Bepugasu) npuBOAKTCA K THIY 4 3aMeHOR
y=g ""nF)
(b) ¥ Ecan ypsBWebHe Nepeoro OOpAAKA BAaHO B BRfe
g=hir g, (9.2-16)

T0 HHOTAZ OKA3WBAeTCA YIOOAWM nNpoaHdGepedUHDOBaTE OO8 ero 4acTH N0 X ¥ NoAYIHTE
raddepeHUHANLHOS YPABAEHNE OTHOCHTENEHO ¥ oixn

: 0k ah dy
¥ “W-i-&_;}’_ s (9.2-17

Ecan nocaegnee YPasBeRHe YAEeTCA peilATh B HAATH ¢ =y (x}, TO NOAFTAHOBKA STOrO
Pe3yaLTaTa B ZaHHOE ypasHeHnHe (16) N03BOJAAET HafTH HCKOMYID dyrruno ¥ (x). Ecau pewe-
HHE ypaBueara (I7) nonywaeres e mHRe u (x, i) =0, TO COOTHOWEeNAR MEWAY X W y DAETCH
B napaMeTpuyeckod dopme weped napamerp p = i

glx, py=90, y="h (x, p)
Ana}fornur}f ygannenae x=h {g, ¥") RUbDePEHUIPOBEHREM IO I NPHBOANTECA K YpasHERHID
= -—a? -g-ng "&? C REIABHCREMOA nepeMeHHOH ¥ W HCKOMOA dyHRuHeR g (4).

Mpwwepw, Juppeperyuaisnos ppasnente Kaepo y= y'x 4+ f (&) umeer odwee pewe-
=Cx /1 (C) # 0coBRR naTerpan (b NapaMeTPHIECKOR POPME) X = — f* ), y=—nf (&) +

t‘l -

He u

e
fis).
Hudgpepenyuarbnoe ypasnenue Jazpanxa y = x| ('} 4 & (4') NPHEOAKTCR K YPABHEHHIG

¥e=fe)F ey +2 ) . fanucap nocaeasee 3 mnze (f () — i’} d—firi, + P whre+

+ & (') =0, ponyvaeM nuKeAHOE ZHPGEDEHUHANBHOE YPABHEHHE OTHOCETENLHEO X W
i) Ypabwvenune PuxkaTth. O0uee ypasnenue Puxskamu

yF=ax) yP+b@ptein (92-18)

4z
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EROMa YNPOMASTCA nojcTaHoekoll ¢ = |/y . 3amena

MR SR AN Bl S

ax) i
OPHEORHT K OHOPGLHOMY NHHefHOMY YDaBHEHHIO BTODOr0 MOPAfKa OTHOCHTENsHO y= g {X)
P [ 9 4o m] T tawe =0 9.2-19)

Ecin HIEECTHD 0AKO “acTHOE pewleHie ¥, (X} YpPaBuEHHA (18}, To MOACTaHOBKA
l
y=u @A)+ =
¥

TPHEOZHT K AHHEANOMY AuddepeHUHATEHOMY YpasueHuwio. ECAH H3BECTHH 82 4aCTHHX
PEIUeHHA gy, [y HJAH TPH 9ACTHHIX PEWEHHA Wy, {y, Wi, TO HMEEM COOTBETCTBERHHO
¥ — U

g1y — )+ Cun (g — ) (9,2-20)
I+Ceprd(r} (4 — go) dx )

s — 00 +Clgn — gy °

=+

AAf o0nx YeTHPeX RACTHHX peuenud yi. ¥ ¥y Fo ABGAHOE (2ACADMOHUWUECKOR) OTHOWEHAS
1~ th  Vs— s

- OCCTORHHD,
# -é/; Ho— i
Rey A AbHOE pasHEkUe Puxxumb
¥+ oyt =ba™ 9.2-2h
4
0pA m o= 0 OTHOCHTCR K TRy |, a npp m = I-kﬁ (hm* |, 2 ) OPUBCAHTCA K STOMY

THNY NYTeM &-KDATHOrO MOBTODERHA ORKOA W3 yHaiaHHHX HHMXE DOAcTaHoBok [Ipu k=0
O04CTAHOBK A

r=xm+3 y=—t —
Xy ax
Raet A
4 T p=FFm, (© 2-223)
dx
rae
= b v e, 2o mady 2 92h
Gﬂm.b—m_i_a.m mEI (9.2,226)
fipa &~ 0 nopcTaoRKE i
X=_i_m+[’ - b

Fox gt mth
RaeT ypspueHne (22q) ¢

—_ ] —_ a — 3m 44
e M ke w e Tk oras

% Hakodew, npR m == — 2 ypasHenye (21) NPHBOZHTCA K THRY 2 NOACTAHOBROA y= |/ gs
MHOMYHCACHELE NPEMRDYW CHEeLHAAbBHEX THNOB uddepeHUHANLHBIX YPAaBHEHH] NpHBR-
nenAw B {9,437, ¥

9.2-5. O6Uine MEeTOAW HMHTEIPHPOBAHHA,
(a) Meton nocheznoBaTedbRbLX OpHOAHXKeHuft Nrxapa
Ina purerpupoBanns AuddepeHunansHoro ypasHeHHA y =f(x, y) Opu DaHHOM

HAYasHOM YCAOBHHE ¥ (Xg) == ¥, BHOHPAIOT HEKOTOPYIO HAYANBHYIO QYHKLHIO y[O] (=)
¥ BHYHCARIT MOCACAOBATE/ILHLIE NMPHOMHMEHHA HCKOMOro peileHHR:

X
Wt w =g+ [fin I wla 0=0,1,2..) (9.2-23)
%0

Smom npoyece cxodumch npl avinoaxeruu yeaosud 1. 9.2-1, Meroa INukapa oto-
GeHEC YAOGeH, ecas HHTErpain B dopMyae (23) moryT OWTh BHUYHC/ACHHW B 3aMK-
HYTOA (GOpMe, XQTA B NMPHHOKNE MOMHO MPHMEHATH W UHCIEHAOS AHTErpHpOBaHHE.

9.3-2. 23, IHHEAHBE NHOSEPEHUMANLHLE YPABHEHHA N

Bnoame awanornunsi MeToa mpaMeufeTcss K CHCTEMam (3) andupepeHTAaABHBER
ypabhenwf 0epsoro nopaaka.

(b} Pazaaoxenne pewenune paa Tefinopa (em. Tarme n. 4.10-4).

Ecan nawnas dywxuus {(x, y) AndbepesunpyeMa I0CTaToquoe YHCRO pa3, to
KOIPPHUKEHTE y M (xg)/m! paxa Teftnopa

YO =y )+ v —x) + 5 v () (x— P .. (8.2:20)

MOKRO NONYUHTE NOCAEL0BATeNsHbIM AHDDEPeHUHDOBANUEM AAHHOMG Auddepes-
UHATLHOMO YP3BHCHHA:

Y )=/ (x, ),
re d, . daf 8
¥ (x)..--,,?}‘[--}-?;-y =?;+-3-J—f(x, ¥h

L I T T S R S -

H nochenyowedl NoACTAHOBKON X = Xo, ¥ =Y (Xo) = ¥o.

_ AHanOrHUBMA METOA NpuMEHSETCH X CHCTEMaM AndxpepeHIHAABHEX YpaBHe-
IHi TepBOro ROpAAKa.

9.3, IHHEAHBLIE AH®SEPEHIHAJILHLIE YPABHEHHSA

9.3-1 Juneiinpie auddepenunambitie ypasuenHA. [lpHHUHN HanoXenus (CM.
Takxe nn. 10.4-2, 14.3-1 » 15.4-2). O6uknosennoe nuneiinoe IudepeHInaIbHOE
Ypasrens#e nopajka r, CBA3MBaOUlee RCHCTBHTENbHHE HAK KOMIJIEKCHbE nepe-
MEHRBIE £ H 7 = 15(2), BMEET BHA

sz%(z)j—; +a,(3) —-—.jj_“]’ Foda @Qu=F@E. (9.3

Obuge peusenue ypasnenun (1) ccme cymma xoxozo-aubQ ezo 4ACMNO20 petleHus
u oliugeeo peLiERU coOmBememeyItea) 00ropodHo0 Aunednozs Judgeperyuabrozo
Ypaererun

L = q, (2) %4-::1(:) %-}-...-}-a,{z)w—-—-(). {9.3-2)

Tlo  OTHOWEHRIO K HEONHOPORHOMY YpaBHeHH:O (1) ypasnerse (2} wasupaercs
OpHBEIEHHIM.

Ecau wy (2} U w, (2) — wacmubie petnenun auncinozo dupdepenyunsnozo ypas-
nexus (1) oaa npaswe wacmett f(zy==f,(2) u f(2) =/ (3) coomsemcmaenno, mo
@, (2) 4- B w, (3) Bydem <acmubim  pewenuem ypasnenur (1) 928 npagod wacmu
fY=saf, (2) + BFs (2) (Rpunyin nasexcenus, cynepnoduylia). B vactrocTH, kaxdas
Aunzdnan ko wbunanus pewenud odnopodnoee suneino2o Sugibepenyuatonozo ypas-
Henug (2) MAKKe REARCMET 820 PEWECHUEH.

* Ouepnpnoe pemerve w==0 ypaBHeMus (2) HaILBAETCH Hyteebld HAH MpU-
SUAABHYIM,

B nafemefines npeanonaraercn, §ro poe PYHKIKH ay (2), ay(3), ..., ¢, (3)
B f(z) nempepsigubl B HEKOTOpoH OGAacTH D H3MeHEHHR BeIABHCHMOTO nepemeH-
HOro, fpH4eM B TouKax 9Tok 0Ba2cTH Kosdduuuest a, {z) ve pasen Wymo. Touxw,
B XOTOpHX a4 (2)=0. AsamioTes ocobumn Aan ypasweuus (1). ¥

9.3-2. Jlwnefinas wesaBucHMoCTs M yRAAMEHTASLHEE CHCTEMH pelieAnd
{ew. Tarke nm 1.9-3, 14.2-3 y 15.2-1).

{a) TTycTs w, (2), w, (2), ..., w,{2) cyTs r — | pa3 HenpepuBHO AHdKbepEHLH-
pyeMue peUleRHA ARBEAHOre ONHOPOAHOrD ZddepeHUHaNLHOr0 YPaBHEHHA

x

F peesul wy (z) HAILBAOTCA AunedHO He3aBucumtinu B D, ecan Z hpwy(z) =0
k:l
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B D fomeko npu Ay =R, =...=h,=0 (n. 1.9:3). 3mo umeem mecmo mozda
u moapke mozdn, xoeda onpemenntens BpoHckoro (BpoHckuaw)
wifz)  walz) .. @, (3)
w (z) wy(z) ... w,(2)

W (05, 0y, ..., 0] =| . ’ (9.3-3)

wg"'_” w%{'”{a)... w'(,'_n {z)

omautert om Hyas ecody e D, Pasenctso W =0 B kaxofi-na60 Touke z 3 D BJe-
qet 33 coboit TopmecTeo W =0 ana Beex z M3 D1).
(b} Odnopcduoe sunetinoe Oudpepenyuarsroe ypasuerue (2) noprdxa r umeem
He Goavtue r  aunedno rezasucumplx pewienud. JlioGue r NYHEAHD HEe3aBHCHMBIX
pewesuil wq (2), wi(z),..., v (z) cocTasNA0OT QPyHEAMEHTANLEYIO CHCTEMY Delle-
r

guil, AnHefigblie KOMOHWHALHKE KOTODHIX E“k ,(z) AAOT BCe YacTHble pelieHHA
k=1
ypasueHus (2).

) ¥XHcneoars30paHHE AZBECTHL X YACTAMY PLMEAHR ANAGOR M
MeHRA NOPALK 2 Ecad HIBECTHC OJHO METPHBMAALHOE PIMEARE W\ GIAOPOLAOTO yPaR=
Renns {2), To npeotpaionanue w ==y J v dz NPHBOAHT 5TO YPABH2HKE K OAHODOAHOMY MuHedR-
RoMY AuddeDeHUHANEHOMY YDABHeHHN NopaAKa r—1, T, . MORAXAeT Ero NOPALAGK Ha efH=
HHLY. Ykaaa’nﬂoe npeoﬁpaacaauue BKBHBAMRUTHO NBYM TNOCALAORATENLAWM NDROODAZOBAHHAM
o= Wy B o=,

Ecan uagecTHO M nHHeN RO He3aauCHMWX pewednf W, Wy, v, Wy YPABHEHHR (2}, To
MOXHO MOHH3INTL €ro NOPAAOK A0 7—pt NOCAEOBATSAbLHBM NPUMEREBHEM CASRYIOUIET0 Npo=
necca. [1peoGpazoBaune w=w I 0 4z NDURCART K YPABHEHHK) MOPAAKE r — | ¢ H3BECTHLIME

m
NHBCITHO REIZBHCHMUME DemERHAME

w, ’ w,y fl wm__1 ’
= ol = W) Um.1 = w, f°

IToBrTOpAA $TOT npouece m pas, NPHZEM K AMKefHOMY DEHODOAHROMY YpaBHeRHlo TNOPAAKS
F— %

9.3-3. Pewenue MEeTOROM BApHAUNH AOCTOAHHBX. Pynsunn TpHua.

(2) Ecny Qynkunn wy (2), wy (2), ..., w, (2) NPEACTABARIOT r SMHEHAHO HE3AaBHCK-
MEIX DEIIeHHA OJHOPOAROTD JHHefinoro AvdxpepeHMaNpHOTO YpaBHeHda (2), 1o
ollilee peuIgHHe HeOAHODOIHOTO ypaBHeHHd () ecTe

w==_C 3w (2)+ Colzywg (2} +... + C, (2) w0, (2), (9.3-4)

rne

Y @wP@=0 ¢=01,..,r—2),
ey (9.3-5)

F
’ tr—1 _ &
k§1 Frlilzil L @ (2

Pemus cHCTeMy r ypaBHemrAfi (5) OTHOCHTeMTbHO HERM3BECTHHX NpPOH3BOLHMX
€% (2), NpOCTHM MHTErpHPOBAHKEM HAXOJHM 3aTeM

Cp ()= €}, (a) dz + K.

B npuumune smom memod csodum pemiente Aw060z0 aunelrozo Oupdepenyuarnrozn
YpasHenus K peuteHu 00HOpodnoze Aumednozo Ougibeperyianbhoz0 ypasHeHuR.

Y JaMeTHM, NTO 5Ta TeopeMa HenpuMEHUMa K JKGOMY MHOKecTBY £ — ! pas Henpe-
PHEHO nnddeperunpyeMux QYHHUXA wy, (2); oHE ROMMHM GHTb pELICHHAMH TOLXOASILErD,
EudbdepenuuanLEOro  ypaBHenHnA (2} wodpdunHeHTH KQTOPOre YAOBJARTBODRAIOT yCAOBURM
cdopMyAEPpOBEAREM B M. 9.3-1,
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(bY B crywae meficTBuTeNbHBIX NEPEMERHBIN 2==x W 10 == v (¥) YACTHOR pelue-
HEE HEOANOPOAHOTO YpadHeHus {l) vacto GuBaer YAoGHee npeACTABHTL B BHae

&
w=J;G(x. DIEdE (a<x<b), (9.3-6)

rRe G (x, &) ects dyuxuun Tpuna (n. 9.4-3), zaowan « 1
rye. Tlpy stoMm ofwee pewenne ypasuenus %l) eCTB e e i

b r
W=£ G (x, %lf@}dﬁ-{-kgll‘lk wy (£} (9.3-7)

rhe wy (X) — AUHERHO HEIZBHCHMLIE PelWeHts ypasse
HHA (2), a Ay — NPOH3BOJIL-
Bhi¢ NOCTOSHHRIE, OTpeNefieMbie N0 BaYyaJLHHM Hiay xpaesu;u ycnoaumﬁ
Qyoxuue Fpuna G (x, E) MoxHO BbIPAsHTL Yepe3 Jiobble r AHHEAHO He3apH-
CHMWX peilleHHE wy (X) ONHODOAMOTO YDaBHeHHS (2):

r

Gl D=1 B C BV —, ©.39)

rie O, (x) nonyuaorca ua ypasuehdd (5), a U ({#) — eamunauan dynxunsa, onpe-
Aenennsn 5 n. 20.9-1 (U(i}: {?* :‘é';: ;;g)

A aunzinux dugppepenyuaronsix ypasxend nopad =
Jaemen popuyaod (4) uau (7), #de ol prene =2 ok pecindy

C, (1) = — 2 @, (x)
1 @ {x} wy ) w, (x} — w, {xw (x)
f @, {
C(x) = 1 {X)
2 (%) % w 0w ) —w, (1) AT (9.3-9)

Gl l)=——L_ @@~ wed
(xg) a, (&) w, &) w:_ (§]—--wa (E)w':(%) U(X_E:l-

(¢) % B 1o Bpema kak obinee pewmene {7}, non

: yualweecs ¢ noMoulsio GyHK-
nug Fpuka (8), ects ToaskO Apyrofi ctiocoS sanpjck dopuyns! (4), 4acmo oxasvi-
saemcs méaomum nocmpoums @yskyuio Fpura G {x, E) max. wnobu wacmuoe
%emeuue (6) yOveaemsopsto onpeescrinsin nasgisnsist HAL KPACSHM  HCADBLAM.
n;gzgﬂ;c;::‘iue YCACBRA ;;smeﬁﬁu rﬂ OAHODOJHEI OTHOCHTEJLHO w (X) M ee

» TO HCKOMan dynkuua puna & (x, 0J13KHA BJIET
AYIOUWRM YCAOBHAM: i e 8L.2 il i i
1. G(x, &) npu duxcrpopanHOM 3maueRan £ sBnaerca menpepuBHOA
Eg;t;‘mnei OT X H YAOBAETBOPSET 32AaHHMM OAHODOAHMM KPacBhIM YCJO-
2. Tpoussonrue 5o r-ro mopazka BR/IO9ATENsHO oT G (x, E) no x
HeMpepuBHLl A% x € [4, b}, 3a nCKAOuERHeM ToOYKH x==f; B 3T0f TOuKe
HENPEPRIBRLI NPOH3BOAHBIE 10 {r — 2)-r0 MOPRAKaZ, a {(r — 1)-a npous-

BOAHAA HMEET Pa3phLIB MEPBOrO POA3 €O CKAYKOM

¥ g ¥ la
o amp 4o 07 1smt—0 @ C<E<H- 0310

3. G(x, §) xax dyukuus or x BCioAy B {a, 5], 332 HCKAWYeH
IR He
TOSKA x =}, yloBRNeTBOpAer YPpabHeAmo et ] o *

LG{x, B)=0 (x =Ly, (9.3-11})

Qyuxume Ipraa Glx, &) mMomea onpegenuts vemosnewm LG (x —
=08 (x~¢), rre 8 (f) — pyuxnna Hnpaka, on][;egeaenaaaya n. 21.9-2, i
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Orcions coegyer, w10

b
LG(x.0)=0 (xB 8L =1 (9.3-11a)
a
CyecteoBarfe n casoficrBa Takux ¢yekubf [prea paccwatpusaores c Gonee
obued Touxu sperns B 0 15.5-1; eM. Tarxe n. 9.4-3. B taba. 9.3-]1 npHsegeHy
dynxunr FpAra AN% HexOTOPHX KpacsuY nafad.

TeGnuna 931
Gynxuyn MpHHa anA aMHEARLIX Kpaephix 38189

&
Kamaes npupefeHHad HHMe KpaeBafd 38]a43 HMERT pewedne w (x) =J'G {x, &) [ (E) dE.
a
Popuyna (9.3-7) MO2BOTAET MONYMHTh DEIEHHEe TPH LPYrAX HAYAJBHHX HJE XKPAeBHX yCAO-
BERX {CM, TakXe Om. 9.3-3, 9.4-3, 10.4-2, 15.4-8, 15.5-1). Pewelras oaA APYrHEX HHTepBaAoOB
{a, &) noayuaoTCcR HI TeOAHYELX © DOMOUB AHEeRuOro npeobDziobaRAA KOODAMHET.

M| On peaugaaneace | Hureppan G{x, x = B
n/n %ameune (a, %] Kpaeane ycnosus G{(f,_ E'))(l'.«\'?:i)
la wil=wil)=20 — 1 —&=x
4= w0 =10 i
o b =1 @ (i) e i
Lo
I @ (0} = — e (D) S et b ¥
’ A w' (0 = — w (1) Fe—-b—g
—| =i
dx1
id wie ) =t (1) =0 ._-;_ b=t F D)
P | 1
b=1 wi(— 1) = (1) — 5 G- b
fe Lo B I—x 15y
(= w' {1 g &=y
dww a=—qc0 W KOHEYHa I ox-
A A Vgl g - &
a=0 sin 4x sin & {1 — £)
3a b ao w0 = (=0 | - ——— o —=
= d—;;+k'w=f{x>
® == @ (= |} = w (1) cos kix —EF 1)
be=] w (— D =w (1} 2ksink
ie :=l s _shkxsh:(kl—k)
dw o, = o
—| & Twemim
® d=—1 | w(—D=wilh _chkg—t4 1)
b=1 @’ {— 1) = w’ (1) Tk sh &
1) 7o ectn obobujennan dyhnyum Fpuno & expicae . 15.5-1,b; oBa xe yAprnermO-
paer ypaedeAno (9.3-10).
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Tabauna 9.3-1 (npodosncenue

M| On peduxaabioe | Hatepean Gix, Bir=E
n/n d)d‘.:f)anueuue ta, &) Kpaesue ycaomus & :g f) Ex :‘32)
d dw _
rrag Er-) ink{m=0
_m - a={ w (0) KoReako _ {i m_ m]
8 = ey oy @ (1) =0 am[\g) 8
(keodnapodnoe {m=l, 2, ..}
poaanenue Secredf)
1
d dw 5 In{l =2+~
ir [{l — XY 3‘;] e 2 :
m? 5| Grea— | w (=), w (D) —n24+—-— (m=01Y
¢ pu v et A ) W KOHEeYR N :
1 fl+x 1—E\my2
{reodnopodnoe VL ( __)
wpasnenue Jdewandpa) mi\l—x 14E
m=1, 2 ..
d_“!f- a=0 w{0) = {0) = _x*(&—l}' 4t
! de =1 b1 =w (1) = {l)=0 7 2t =N

9.3-4, Tlpupeaenxe ABYXTOSETHHNX KpaeBmx 3ajad x 3anavam Koww. O6mas Teopus
KpaeBhx 3a4aY H 3afau O coOCTBeHHMX 3BAYEHHAX, BKAKNALZR K OOHKAODEHHME RHD-
%epeulmsnbﬂue ypaBHeHHs, paccsorpesa B nn. ¢ 15.4-1 no 15 5-2 {cM. Takxe n. 9.3-3).

CBA3M € METOA2MH YMCICHEOrD PElIEHHA 4YacTo GnIBAeT NOJe3eH CASRYWULHA TPHEM.

Ecny gaso andefinoe Zuddepennnanbuoe YpapHeHHe r-T0 nopRgka Lw = f {z) ¢ r Kpae-
BHMH YCAOBHAMH, HAENOMEMHLIMH Ha w(Z) W €€ NPOKAIBOAHNE B ABYX TOYKax Z=4, 2 = b,
TO pewleHHe 33294 IANHCHBACTCH B BUNE

.
w=uy 2+ I | %2 T @ (9.3-122)
& =
Tae $ydAngua w, (2) maxoaaTcA Bma {r - |)- sadauu Kowu'
Lw, (@) =f(x) opu @i (@) =0 (f=0, ), oo, r =1y,
0(f£h—N]U=0,1, .,r=L (9.3-126)

Lo, #) =0 npu ”fen“”"{lu=k-n k=12 .., 7

Nogcrasana 3ajangbe Kpaeals yoiosdAa B ofee pemexke ()20), DOAYRalOT CHCTEMY f
YPABHEHHA C 7 HEHIBECTHHMH KOMQOHOHERTAMY .,
Mpumwevaurne Ecay Kpaesaf 3ajana Ke puneldind, HETNPHMED,
d*w
d—z—,—!(z, W, w) OpE wig=w
TO 9aCTO MOMEO BHYHCAHTL SHageRHA w (b) AAF ABYX HAH Tpex BHOPAHHHX SHaueHHA

Heu3peCTHOrO Ha9aNbHOro YCAORHR W' (@) B 38TeM ACNpPEDNTE: IJHANEHHE @' (3) ¢ [NOMOIKLID
EBTEpIOAALHH

o OO =wy (9.3-13)

9.3-5. JluneAnue puddepenuranpHbe ypapHesna 8 xomnaekciod ofaacrs. Ted-
JAOPOBRCKHE PAIIOMEHHA PEWCHHA H aanahre ocofeHHocTed.
(8) Aunednos Supdeperyuarsnoe yposuente

P r-1
St @+t @e=l)

uMeermt guoAumuMeckoe peienue W=w (2) ¢ Kaxdod peryaspuoli TouKe 2, 20e
Pynxyuu ay(2) u f(z} arasumudss. EcAu smu  Qyuxyuu 0OKOIKGNN U egau
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ofracme D 0OHOCGRIHA W COCIONM IMOALKO 43 PecyARpRUIX MHOHeX, Mo 3adanHbig
Ha<aiannie Snauerus w(zg), W' (z,), ..., TV (2) ¢ wofod mowe 2, = D onpede.
Amom cduHemeennoe peentie w(z) 8 D

Yrolhl NOJAYYHTh 5TQ pewiedue B Bule pAna Tehnopa (oM. Taxike 0. 4.10-4),
Hano NOACTABHTEL

w () =0 (2)+ W' (2) (Z—2)F5;@" (2o} E— 24 ... (9.3-14)

F =1 @) +F (20 (z—20)+ 5,1 (@) (2— 22+ -,
a, () =a, (2) + 8, (20) (2 20) + 5, 67 (@) =2}t (=1, v\ 1)

B JanHoe audxpeperunaibHoe YpaBHEHHe; cpaBHeRHe KoypRUHEHTOB noNyyaoUmn X
cTeneliHelX PALOB JACT PeKYPPEHMKbE COOMHMUEHUR LN HeH3BECTHHX Ko3ddu-

1
nHentos - w* (2) (k=r, r+1....). (3vaveHus 0pPOA3BOMNBIX w'k (2,) #AA

£=0,1, .., r—! 33aan B BRAe HAYANLHLIX ycaobuii.) Paau (14) cxonarcs
aGcoMOTHO H pABHOMEPHO B KaXXIOM Kpyre | 2 —2,| < R, Aexauem » D

(b) AmanutHuecroe mpoxo/nxesue moboro peuwleHna w(z) Aunedsoro gudide-
PeHUMAMLHOTO YPABHEHHS BOKPYD QCOGHIX TOYEK OJHOrO HJH HECKOJBKHX KO
UHEHTOB 4y (2) Aact, BooGlle roBOpS, PA3/AKUHEIE BETBH HEKOTOPOTO MHOrO3HAY-
HOro peineHns (cM. Takwe nm. 7.4-2, 7.6-2, 7.8-1).

-

B aactHocTH, noaHui ofxoa BoKpyr ocoGOR TouwH npeofpasyer GyHIAMEHTANLH YO
CHCTEMY peednfi w, {2), w, 2, -, w, {z) ogsopoAnOre AxvefiHoro AsdpdepeHlHAMBHOTO

1
dynlaMenTadbine CHCTEMi OGR32TeNBAED CBA3AMA HEBRIDOMIEMHMM AHHeARHM npeobpazo-
BAHHEM

YPanHeHHR B uoBYl DYRIAMEHTAMBHYK CHCTEMY w_ (2), Ez (2, -+, t?r (2). 9tv pape

e
W, (2) = kEI 8w, (2 =12 ..., 1

ColicToeERbe JHATEHHA MaTDHUL I"uu' {n. 13.4.2) He 3aBHCAT OT 4aCTHOro BHbopa dyH=
AAMCHTEALHAOR CHCTEME @, (), @, {2}, - --, w, {z).

9.3-6. % Pewsenne OLHROPORHBIX YPURHEHHE OYyTEeM PARIFOMEHHA B PAR B OKpECT+
HOCTH APABHALKOA ocoBoR TOuUKK.

(a) OcoBan ToyKa z=2, CAHOrO HAH HECKOJbKHX KoadHIHeHTOB aj (2) Ra3L-
BaeTCH M30AHPOBanARoK ocolok Toukod oOJHOPORHOTO AHHeRHoro awdxpeperuwnasip-
HOTQ YPABHEHHA

0y 0 @2y fa, () w=0, (9.3-15)
dz dz

€CIW B HEKQTOPOf e OKPeCTHoCTH HeT ApYrHx ocobbix Towex. Hsoaupomauuas

ocoffad TOWKA 2=z, Ha3BLIBAETCA npasHabHOH (ciabo ocobod), ecan, Bte xoapdu-

UHEHTH dg (2) MMEOT B 2TOH TOUKE NOMIOCHl MOpPANKA He BHWE AR, T. €. gy ()=
2y, (2)

=—f ", rje Bce Py (2Z) aHAMHTHYHS! B HEKOTOPOH OKpecTHOCTH D) Touxu z;1).

B stom cayvae ypaphenue (15) MoMHO 3anKcaTk B BHIe

d’ ry dr—l
(2—a) F+HE—2) " p (&) Sy

bz g, (2) ‘j—‘f-ﬁ-pr (Hw=0.  (9.3-16)

1) E¢AW  HCKDTODHE Py (2} MME&OT BYAH B TOWHE &), TO COOTRET(TBYIOMHE KOsdqnpH-
OueATH G, (2) GYIyT MMeTh MNOAGCH NOPAAKA MEHBLINEFOC SeM & OHB MOPYT paxe GuTs
PErYAADELIME QYHKUMAME B OKDECTHOCTH TOYKH Eg.
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Ocrantnue A30AKpOBAHAME 0COOME TOWKH HA3HIBAIOTCA CYMIECTBERHO OCOGWMH.
Eeag 2==2, ecmt npasuabnaR 0coban mouxa (4au PezyASpHan mouxa), mo odHOpod-
woe Aunednoe dugpdepenyuaionoe ypasnenue (15) donyckaem pewsenve suda

=]

w=(z—2,)* 3] a, 2—2)% (9.3-17y

k=0

Ecna p—ne nenoe uncno, 1o (2—z,)H 0snanaeT Karyio-1860 ONHO3RATHYIO
BETBL MHOrO3HAUHON (QYAKUKH, PEryFfpHYIO B KOMILIEKCHON NJOCKQCTH ¢ paspe-
B0M BIOAL HEKOTOROrC JAyua, BHXOAAWNEro B3 TOUKH 2, (oM. n. 7.4-2). TToxrsaa.
Tenb P ROMKEH YAOBACTEOPATL anrefpanuecKoMy YDABHEEWW CTENeRB r — onpe-
GeARIOIEMY YPaRHENLK

=D (=7 D=1 o (p=r+2) oy (2) +...
o WP @R (2) =0, (9.3-18)

Kosdpunnesr ay5¢ 0 momer GuTb BHOpaB TPOH3BO/BHO, OCTAMBHBIE K03d-
QruneHTH g ONPEARNRIOTCA NOCAEAOBATE/BHO HS PEKYDPEHTHLX COOTHOWEHHR,
NoNYIaMEKXCs NPpH NOACTaHoBKe pAaza (17) B ypasuewne (I15) wam (16). Paw
B (17) cxonatea a6COMOTEO H PaBHOMEPHO B KaKAOM Kpyre az—z1 | << R, nemxa-
wmem 8 D '

Paannunbie KOpRA p==l;, pg, ..., W, oODpelensiouere ypasnenns (18) Aaor
MHHEAHO He3aBHCHMBIe pemeMust (17) AauHoro AndxpepentnansHoro ypasHeHs,
B2 HCK/IIQHEHHEM TeX CJYyuaes, KOTAa HEKOTOPHE H3 HHX OTAHUAOTCH HA Ues0e
SHCAO. B TaKMX ¢hymasx, a Takke B ¢y9ae pasyWX xoprefi ORpeAefIOUIerc
YpaBHEHRA MORKO HCHNONBL3OBATL HIBECTHblE pEUleHNA AAS NOHHXKEHHA NOPAEKa
AZHEOTO  AAPRepennyatLHore ypasuens {(n. 9.3-2, ¢) NAH OTHCKRBaTh pewens
oo merony ®pobennyca {cM. Takke o, 9.3-8, a).

Nokasatesin 1, CBA3aHEI ¢ COGCTBEHHEMM 3HAYEHHSMH Ay MaTpHue npeoGpa-
80BaHHA (4;) n. 9.3-5,b ana oasoro obxoma mpaBuALEOH 0COGOH TOYKH Z, COOT-
HOWENAEM Ay==g Hat

() [Tpapnpable Ocobue TOYKK Ha GeCKOHEUHOCTH (oM.

Taxxe 1. 7.2-1 n 7.6-3). 2=oc0 unaseiBaetcs npasuasrod ocofoll mouwxoed ypabe-
uhg (15}, ecanm npecSpasopaBue

=% w(z1=w(2—1)=5(5),
do 8 dw i oo dE (9.3-19)
gz d; dz1 T dE' Ty v

OPREBOART K ARQPEPERUNaAbHOMY YpPaBHEHHIO ¢ NpaBHJILHOR OCOBOE TOYKON Z=
=0. B sToM ¢Nyuae pemeHne npecSpaloBaNHOTO YDABHEHHS MOXHO NOJYYATE,
¥AX NOKAJAHO BhILE,

(t) Qtobmenge. BeAr zm 3z, He aenserca npapAnLaof ocofoft Touxof, n
, TpuTem
byARDER Py (2} BMEOT MOAXCH B 2=y, TO BCe e MOMAO WCKATh pemenne B BHEE,

andaorrInoM  (I7), 3aMeRAR CTeReHHOR PSR, afom Jlopaua 7.5-
H OTPpHOATENLHWN CTemeHAM (2 — z,). V. e P (0, 7L DOMPUIERR R

9.3-7. MeTOAM nuTerpanbHmx npeolpasceannf, ECAH B AureBron AHGdrepenIHaNL BON
YpavHeHRH (1) KOPPOUUMCHTAMA CAYMAT MHO20YAeHH a, () =Eahk2 , To &re nuTerpu-
h

POBIRRE NDW HavanbAnX yoaosaAx w'h (0)=mgﬂ 98CTO Y APOMACTSR TpEMeHehdenM OpEol-
Pasoesnua Jlarnaca, nag 8 m 9.4-5. Tpruelsa dopmyay
] &—1
R Ry hd
L [a® @y o] = it L wan 51~ ) T 0 by,
d J= 0
9.3-20)
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MOXHO NOAYIHTH NOBOE H, MOMKeT OuTwh, Uoace npocroe guddpepenn@arbBo¢ YpanHesHe
&nf miobpaxedns ¥ [w (2); s] pewmenns.
Boace ofmue wsuTerpainume mppeolpajonanusa (rada. §,6-1) wmoryr OETE NOROGHLM
ofpa30M OpPEMEHEHH 0 PARMMTHLX onedKanbMuix caAydam (oM. Takwe n, 10.5-1 ® [10.4]),
9.3-8, Jlunefiume ypasnenua Broporo nopapka {(cM  taxke nn. 156.4-3e
fa 15.5-4%).
(a) Peayneratst ofwied TeopsR APHMEHHME, 8 93CTHOCTH, X AHHEAHMM ypas-
HEBHAM BTOpOro nopagka. [NaBHWB uHTepec MOPeNCT2BAAET 3AeChH ORHOPOAHOE
ypasredue

Lo =T +a, (2) 740 () we=0. @.3-20)

¥papuenue (21) papHoCHALAD ypaRHEHHNIO
# [P @ S +e@w=0,
py=explo, (2}dz, q{d=a(2) 0 (2).

Ecan H3BeCTHO OIHO pewenne w, (2) ypasHer#a (21) man {22), To ofumee pewe-
HHE eCTh

(9.3-22)

w (2) =1, (2) [c, 358, Sﬁh] (9.3-23)

) Paanoxeane pewennn B pajg (oM. takwe nn. 9.3-5, 9.3-6,
9.3-9 1 9.3-10) B BamuoM uacTHOM cAyd9ae ypaBHewus BTOpOro HOPANKA, Dped-
CTaBHMOrO B BHIe

(2—2))t 2+ (2—2)0, (2) G2 +-ps () w =0, (9.3-24)
TAE Py (2) B Py (2) SHAANTHUHE B 2= 2;, onpegensiowee ypasrenune (18) cBozuTCA K
uitp oy (2) = 1] 4= p, (21)=0. {9.3-25)

310 ypasnenue wmeer nsa Kopus. Kopews p=y, ¢ Goabwed AedcTBETEALLHOR
9acThio NPHBOAHT K PPUWCHEK) BKAA

o
w=w (2) = {2~z " 2 ag (2— 2", {9.3-26)
E=a(

Bropolt xopens pg NpHROLHT K AHHefiBO He3aBHCHMOMY OT wy (2) peweHnio Nogol-
HOFO BHA&, eI W, He COBNEfaeT C W, MM He OTAHYAETCA OT HEro Ha mesoe
arcno. B apordoHoM cayuae aunefiHo HelaBHCHMOE OT ®, (2) peweHHE MONED
OWTE 3a0dCal0 B BHAE

o
w=Aw, (2)In(z—2)+(z—2)" D} bplz—2)" (9.3:27)
k=0

Togerasnas kawaoce w3 pewennd (26) uaw (27) 8 gawnoe AndpepeAnkansHO®
ypanueHue (24), MoAyHaeM pekyppeHTHelE COOTHOWRHHA AAA KODDHUHEHTOB,

(c) llpeodpasosanue NepeMednd WX Chaenywoue npeoSpasoBanua
MOCYT HHOTAA YMPOCTHTL faWKoe HuddepeHuwansHoe ypasHedue (21) uau mpu-
BECTH ¢ro K AH(pepeHUUANbHOMY YDABHRHH!O ¢ HIBECTHLIM pelleHHEM.

k. MoacTanoska w =1 exp scp(z) dz paet
‘j—§+ ta1 (9 +2¢ (2)] ﬂ—f + [ay (2} 4a( (2) @ (D) +¢" (2)+-¢* ()] @=0.
{9.3-28)

Hapo nonpoSosats ewmfpats @ (2) Tak, utofu NOAYuKTs Godee MpocToe
nooe Anpdepenuradbuoe ypaBEeEKE; B GACTHOCTH, ewfop ¢ (2)=

v.3-9. 8.3. IMHERHLIE NHSGEPEHLIMANIBHBIE YPABHEHHUSA 79
. _
= — 5 a, {2) uckauaem xospdutuenm npu %5:-. Togxponsawman noacra-

noska z=2{2z) Takme MomeT 13Tk HeKOTopoe ympouewse EMGNpepes-
OHATLAOTD yPABHEHHS,
2. TlogcTanopka

w=dd TP g (9.3-29)

npecfpalyeT ypaeHenwe (21& B auddepenunaliboe ypabHeHHe NepBoTO
BopAiKa THRs Paxkaty (o. 9.2-4, ¢).

) CymecTrnonanke PeMERAX B Cro NYAK BpK AeRCTERTE b~
WOM aprywmenTe. [lycT x — RefcTRHTeNbHOe nepeMesnoe. QJNopodHDE AUHSONOE
duipbe penyuasbioe ypaenese

LWE:T;:""‘GI (x)j,—:’+a, iw =0 (9,33

BMEET Dowente W == (X) 4 xexdok unmepease (@, b], 20¢ a, (2} u ay (%) Geidomaume avHb
U HENPEpUSHb, Pprusenide DTNOSHAYHD OAPeORAREINER HANG ALHOLMI TNANEHUAME ® (X, ), @’ (Xy)
Gan 06020 InquenuR Xo € (@, b]. w{x] KOMEM UMERE AUUIS KOHEXHOE WiLeAD ny.ugl & andos
Kortanon unmepgase [a, b), 6 xomopox 0 () O syan Oayx aunedno mesasucumwiix peuertd
acpesmesanmnes & [a, &),

9.3-8. lanepreomerphyecxoe AHpHEPeHLMAILHOE YPADHENHE lFaycca w P-ypan-
genne Pumana (oM. Takke no. 9.3-5 u 9.3-6).
(@)% lunepzcomemnpinecxoe Sudepenyuaronoe ypasrenue

t{l—2) ZE+le—(a+b+41) 21 %2 — abw=0 (9.3-31)

BMEET MPaBRABHHE OCOOBIE TOUKM Z=2CO (¢ NOKAJATEARMH p=a, 5=b). z=1
(¢ nokasatensup p=0, p==c—a—5) n 2=0 (c nokasatensmn u=0, p=1—r)
M B¢ AMeeT ApyrHX ocobux Touex, Pewenun ypasHeuna (31) copepxaT B Raue-
CTBE 4ACTHHX CAYHaeB MHOTHE SJeMeHTapHue PYRKUHH B ClHeliHanbHue $ynKuny,
paceMoTpeHnste B ra. 21,

Paasiomerue B pAl BOARSH Zz=2,=0 paer THOEPTEOMETPHYSLKYI0 HYHKUNND
Bhga (17) apg p=0 a p=1l—c ¢

atu+nw+nla
t+u+rni+uti
Tpn p=0 no:g'qaem CNEMHE/IBHYKY TFUNePreoMeTPRYSCKYIO GYHKUKIO -~ 2uneee0-
Mempuderkoid p.

w=F (s, b & )=142 z+21|°‘°—+c';‘:_‘L“+ﬂz=+... (9.3-32)

Gpy1= ap.

{c ¥e R0aMHO PABHATECA HYAI0 WAB LEJOMY OTPHUATENBLROMY SHCHY). JT0T pan
CXOAHTCA AGCOMIOTHO W PABHOMEPHO DPH | Z[<C [; CXOAHMOCTE PacnpocTpanfeTcs
H N2 eARBHYHYIO OKPYXHOCThH, ecan Re(a-4b—c) <<01). Pap (9.3-32) ceopnt-
€A K reoMeTpHyeckofi HPOrpeccHH NPH d==1, b==¢ H K MuozowitnaM Sxoiu
{n. 21.7-8),echu a paBRC UenoMy oTpHmATEABHOMY uHCAY, SicHO, aTO F (a, b; ¢ 2)=
=F{b a2

Bropoe (anEelno de3apHcnMOE) DeweHHe ypaBHeRNA {(31) MOMET Gurh BOMYyYERn COO-
:géou, ¥xazauauW B 0. 9.3-8,b; B sacreocTu, THNERreOMEeTPHYSCRAR PYHEQME BTODOND

Aa
P, b Nen
Tla—e+NTh—c+NTie—1N
ST ra—a

AdvAgeTC R peieHBEN YDABHERHA, €CHE { QTAHYHO OT UeNONC INCHAA.
-

" Ipas 0L Reia+ b —c)=C | pAR YCAOBHO CXOMHTCH DO BCEX TOMKSX eaXHWGHOR
OKDYMHOCTE, KPOME TOUKH 2= [,

=

AT A —ct bt 2 D 0.3
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OTMeTaM caclylouue cooTHomelnn (| z|<<Ip

Filab, ¢ o = i

- G a-1 ee0=1, _ =D 9,330
“—t‘(a)f‘w—m§z’ g=0 (l—z) " d3 [Rec>» Rea>0], ;

dF _ab .. 4D _ab ] )
Em?-ﬁ‘(a+1,b+l:c+l. 2); -a—z-=-cd>(a-[-1. b4+l c+ L 2, (9.3.39
Pyl ie—~a—6
Te—a) P c—0

Fla. by & Boll—n" % %Ffc_a c=b & 2.

Fea, o1 ¢ = {Re i@+ & —a <0], 9.3-35)

fIpreegeM wekoTophe AHHeRH&C nspMGpHSDBaHHKF(d. b; ¢ ) {(NoAHNA nepedYent TB-
KEX mpeofipazoesHud opeeeges B [21.3]:
z

Fa, & ¢ z1=(1—z1"'F(a, Ry T z—z_";)"“""-l-bf(b. PR E,___1)'
{9.3-In
Sopumyas (37) OO3BOARIDT AHANMTHTECKS ApOgoAXHTL F (8, b & 2z B OOAYOADCKOCTH

|z—iT|<1. T e Rez<l/2.
) T —a—h
fla. b6 =T —b
_gfre b L@@ b= o s gb bl -2 @33

Al — 2} @ T c=a c—bic—a—b+1; @
[larg{l —2) <3 a+b—c£0, 1, £2, .-

C oomompio dGopMyaw (38) rEnNepreoMeTpHYECKYW) G(YHKUHKO MOMHO ODDOACIEHTE

B Kpyr |z—1]|<1 ¢ paapesom no oTpesky L1, 2], 3 TaKXe SwABHTE XApaKTED ee 900~
GeHHOCTH B To9Ke Z == |,

FPla, b a+b—c+li l=a+

o LT th—a - 4 i .l)
F(ﬂ. b e ZJ—r—w]—ﬁm!—ﬂ P(a- l ce4am 1 b+ @ z +
TiyPia =

L —cdb l=atb + 85
trare—o % F("" lmcdbi l—atb 3) 0D
flarg(—a <  a—=b#0 Tl £3 -]

Gopryaz (%) nozpoaser NpoNoaKETs Fla, & € 2) B0 BHOWHROCTD CAEHWIEON OKpYEs
HOCTR [ 2|1 € gaapeaom oo aywy [1, ol

B rata. 9.3-¢ npuasierw ROGOABHTEALENS GOpMynu,

) P-ypasmeufe PUmara YpabHeude (31} RBAAETCA NACTHHM CaAylaeM
P-ypanuekuf PrMana

dwuw i—e—a’ 1—f—PB  1—y—¥\adw
da¥ ( z—2 + Z 2y + z— 2z )dz
aa’ (g, = 2y} (20 — 2,5} BAY (2 — 24) {Zy — 2Z0)
+[ 2— Iy t zZ— 1 T
¥Y (23— 20) (25 — 24) o = 3-
+ z— 2 1 2—z) E =2y (2 —29) o o588

KOTODOE HMeeT TPH PASAKHYLNE NPABHALHHE OCOSHE TOUKH! Zz =2, (¢ NOKASATEALMN &, G
Z2=2z, (¢ Qoka3aTeaasws P, B') B z =232, (¢ OOKA2areARMH Y, Y); 34ech

eta +B4P vy =L
Pewenne ypapaeHuA (40) ofioapigasTcA TAK:
21 L o
wizl=mPL ¢ B oy 2z},
u' B( Y‘
OpEAM K3 pemeddd CAYXRET GYIKOQEE
(’_"'_21)“ (L‘i)"’?(uﬂa +v. a8 Ay 1+a—a” (L':..’l‘_('e:_‘f‘..) ©.3-41)

2—1I) Z— 12 2 — 29 (2, — 21
S0 pemerke cBOASTCA K (3% apr # =0, z=c0, & =) 4
=0, =g ¥Y=0 o =l=¢ § =b yy=c—~a—4
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Tatnmuoa 9.3-2

Jonomurensubie HopMyas pas THDEpreoMerpAdeckuy HyNKIHA

1. dopmynu NpHsefesHr laycoca.

clea—W Fla b eadd—ale—0Fla+ 1, bie-12)+

cle—bz—al Fla, bie; ¥ ~ctwe—a) Fla—1, b 1 21 +

cle—a@-—b Fig biga—~cle—MFia b—1;¢ 2) +

cla—=@w=bB2]F(e, i) —acil —2) Pla4), & o 2) +
clb=fc—ayz] Fla, by ot 2y —beql —2) Pia, b+ 1165 2) +
cle+NFla, s nn—~Fla b+ lic+ 1 2]+

ee+ BFla, by —=Fla+ ) 41 14
+bie—arzFoasl

2, Paanuwe dpopmyand.

Fia, b 2b; z)=(1—i)"“r"[" 8. Lok 1?: ( Z

1
8. BoipameHNe HeXOTOPHX SAEMERTADPHRLIX #wKOHA 9cpes
(cw, Takme Tadauny 21.7-1). had
t+0"=Fi—a 11 1; —x,
Imil+n=xFfil, I 20 —x,

It 3
l = — o
arcsin x X'F(g' T 2_,;:)_

1 L4
aretg x-axF(-év_ 1 7 —x‘),

cFa, b—lLia—cFla—1, b +ia—b 2Fia b;cF1:2)==0D

+bic—a)Fia b+liet+112)=0

cfe+N[Fle, ian—Fla, e+l Dl—abzFilatt,b+Let+2ar=0

cFfg, e tl—le—a@Fla b+ e+l y—a(d—21Fia-t1, bFlic+ 1 2) =20
eF@ entd—aFatl b ety —bd—aFitat+!l brlice+l:2)=0

fabzil =z Fla+ L, b+ LeF i D=0

t+abzil—anFlatt, b+ e+ =0
¢Fag by —ceFig b+ o toeFledtl b3 iek =10
cFfag, biaad—cFlat+l, b aa4dzFflavl, btlict iz =0

Fle—alle—MzFia b et =0
Sfe—ayle—MeFia b+ =0
Fag~BzFla+l, b+ Le+ =0

Vb e 420 =0
cF b == Fla, et Lay—bFla, b+ tied i 2)=0
¢Fla, e )—(c—a)Fla, e+l —aFta+!l, et L =0

=) )

] S LER]

2 1 y k- S § | ) 4z
(+2 F(a, ath g — 8 b zl)__Fi.a. 6 2 Gl
= PN
A+2MF s 2t 1= e =Fla atgia ]

F(a, b a+b+-;—: sint 0)=F(2a, 2b; a+b+—§—; sin? -%—)

THNERTEOMETPRACCHHE
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Tabdawua .32 {(npodosnwenye)

slnu:nsinxﬁ‘(]t“, I;"; :—: sin'x).
mu:?(—;-, -—-g-; ;—: stn'x)-
=cosxP(l-2E'ﬂ, j;", -;-: s(n’x)=
EWG“F(—%-: s -;—-: —tg'x).
i :"‘T;=2xr(;—, 3 x’).
d_”=(2chx)'"thxa°(l+-—;-. #; [ +n: E‘H’-_x)
Km=—2’iﬁ(-;—. 5t a-). E(k]u-;i!?(—-;—-_ o m)

9.3-10, BuipoxaeHHme runepreomerpuyeckie dyHkunn, Ocobyio Toury z=al
CEnepreoMeTpreeckoro JudupepeaqHaNeHOro yYpasHeHHA (3]) MOKHO nepeAsHHYTH
B z=04 3aMeHOR z ua z/h, Torgs WpA b — oo ocoBan TouKa z=0 Gyjer crpe-
MHTBCA K yMe uMeimefica ocobofl Touke z=co {sepomcderue ocobod mouxu).
UpHBOAKT K JuipeperyuartuoMy YpasHenure swpoxdennod eunspzeoMempuveckol
gyragui (Kiymnepa) o ‘

w w
’ t ot e—2) -7 —aw=0, (9.3-42)

€OTOpOe HMeet ORIy HPAaBHAbLHYIO 0CoGYI0 TOIKY 2=0 # OAHY CYUHECTBEHHQ O0CO+
Oy10 To9Ky z=o00. Mnorue cneudanshale QPyRKUHH RBAMOTCA PElOEHNEM YpaBHEs
KA {42) npr vaciHom BwGOpe auawenrnfl a H ¢ (ra. 21).
Pazaoxenne pewenust B pAg B Toure z=0 gaerca gopMyaoi (17) npa p=0
a4 p=l-—rc rae
a . a+ U4k a
ATt Rt O+uth OF

Ilpr p=0 ronysaes BHPOMAECHHYI0 FHNEpreoMeTpRYeCKyls dyHXumio Kymmepa —
ausipoocdennstt eunepecomemnpuneckied psd (cm. n. 21.7-5):

—_ . a ltetat+i) 5
w-F(a.c;z)snl+cz+m TSR (lz] <o) (9.3-43)
Bropee {(anmeano HMDE) P HE MOMHO NOIYYHTs T Xe cnocobou, 910 B
0 0, 9.3-8 b B YACTHOCTE, BLIPOMACHHEAR rHICPIEOMETPHYLCKAS DYHKAHR STOPOCS POXR
. _Fla—e¢+4+bl{e—-N j1-¢ _ .
TS T A Fa— 2= D) (0.3-44)

ADACTCA pElleHHeM, ECAH TOABKO £ — He uenoed
OTMETEN CASTYRMIHE COOTHHUEHHR

|
r —
fFea *’=W~%-—a;§c" La—0 LR g Rec>Rea> 0 (9.848)
arF
GESFEttet; ‘-;—zsgo(a+l:c+l;z}; 9.3-46)
Plo i deme®Pie—or oo — ), ®.3-47

B 126a, 9,33 npuBsAcHH RONOAHETEALKME GOPM yIb,
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Tatnona 9.3-3
Honommitenphsie GopMyIl ENA BHPOMIEHHBX TANepreomeTpuyecknx QyHKLHA

a_-l.—{_:!(a__l...) _I-_g (f-’l)
Fla: 20; 22) = 2 2, 2 ¢ 1‘(a+—2l—)c‘z2 4 | e 2/,

Fla; . &) =82F{C—ﬂ:€1 —2),
aPla+ hed i Bd=w@—aFfla e+ L a+efim oz,
gFla+ L =+ la—aFilaadtie—ayFiua—1 a2,

A+l

1 2 gla+ b ... {a+a—=1Dn 1 o
1 — F g &, 2, = F a+ l; 2, 2)
G o R CEET erhad B
=0, 1 2 ...
Fos=t g
. il - 79 P Gl | G-
F(a.c:z)-—r(a)l_w_me Se 1] ] ] -4

0« Rea «{ Re o),

o o v+(‘.‘.
Tia4v+D . gl S B WY A
B e Fi—via+1; 2)=¢2 OSe £ JG[2V§)L‘H

|[Reta4+v+ >0 Jargz| < n/2).

9.3-11. O6o6menyme runepreomerpuaccxne pasw. Crenennsle paad (32) r (43)
ABAAGTEA YACTELIMH CAYYEAMB pAlOB

.INF:I (a‘li g, vary Oy O Cos veey £ps Z)E
o ! (s (%)n - (Crmbi &
d ) =1, 2 .., 9.3-48
= Eﬁ BT, (6% - Fada z {m, n=1, 2, ...) { )

roe (X)p=x{x4 1. (x+k—1). B smux ofosnauenudx 2un2pieoMen plvecKie
pros (32) u (43) soniauymces coomsememsenno Kok F (2, b ¢ 2) u F, (4 ¢ 2).

9.4. AMHEAHbIE JH®®EPEHUHAJBHLIE ¥YPABHEHHA C NOCTOAHHBIMKH
KO3¢OHUKBEHTAMH

8.4-1. OnMOpOAHBE JMHelHBE YPABHEHHA ¢ OOCTONHHWIMH KOMpPHLHENTAMM
(eM. Tarxe n. 2.3-1)
(a) ¥ pasnenue nepsoec nopadka

00% +ay=0 (g #£0) 8.4
HMEeT peleHne
iy

y=Ce % [C=y (0} (9.4-2)
[pn ap/a, =0 (8y/8; HA3LIBAETCH HHOFAA OOCTOSHHOH BPEMeHH)

yagio) =y 0) e = 0,374 8), y{dayay) = 0,02y (0)
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(B Ypasrenue smopoze nopadxa

ao%',—*,'+al%+a-.y=0 (an Z0 9.4-3)
HMCeT pemenHe
y=Cre" e,
o VA e | (000 £ 0N o4
5,2 ™ = 2a,
Tl

.

y=(Ci+Cel)e (@} — dayay ==0). (9.4-4b)

Ecnn a,, o, 2, ASHCTBHTENLRE, TO OPR a} —4aya, << 0 KOPHA 5,, $3 OYAYT KOMe
NACKCHWMR: B 9TOM cnyuaae ¢opMyay (4a) ynobHee apefCTasdTe B BHJE

=" {A cos i B sin of) = Re¥ sin (wi+ a), (9.4-4¢0)
TAS BEAHARHH
P N S .44

HA3LIBAWOTCA COOTBETCTBERAO NOCTORHHOA saryxamws R colcrmennoR kpyrosol aas
croroli. {locrosuume Cy, Cp, A, B, R, & onpenensiorcs 00 HaYaAbHbM HAH Kpa-
€BLM YCNOBEAM (oM. Takke m. 9.4.5, al.

lag

Ecan ap, a3 > 0, 70 sesnqEba [ = " req _ ToM 3aTYXL + npn

4aea, s "
I>1, =1 0<f <1 nonysaem conTBerche'uno anspuoduyecxoe damyxaxue (4g), Kpumuye-
cnoe aampxanue (40), somyprapuue cossBanusz  (42), nocneAHeM cAydae aorapudmusecxnfl

AEKPEMERT 2710 /1) BCTb HATYPanbRulA J0rapudu OTHOMERMA NOCASHOBATEALHWX MaKCHMYMOB
peeain g ().
YpapHende (3) SANMCHBAKT HROTHA B Seapasmepuox sude

1 diy L dy
arant o w0
= olto VUi—§

NpA caabon aaTyxagnA ((F « 1) HHeeM @ = Vagjay o 0,

(c) LA uuTerpupoBAHHA YpABMCHMA TOpPAAKA £
4 P!
Lymag=2t o —f b oy=0 (g #£0) (9.4-5)
RA10 HaliTe ROPHU XAPAKTEPHCTRUECKOrD YPABAEHHS — ANreGPaU9ECKOTO YPARACHREA

CTeNeHy r:

3 + 18 oo g5 -0y ==, (9.4-6)
Ecnu Bee ROpRE 8} &, ..., S, 2TOr0 ypaBgesss pasAdvRe, 1O olllee pewmesne
anddepeHnuanbHOTe YpaBHenus (D) ects

I ')
y=Cie¥ +Ce™ +...+C,". (9.47a)

Ecns REKOTOPHI KODeHs 85 HMERT KPATHOCTL Mg, TO COOTBETCTAYIOMAS AAeHH
B (7a) BalC 3aMEuBTH HA

(Cn+Ck.f+Chﬂ+...+c,,(mk_,)t”'k“)esi'. (9.4-76)

Paz/n9HLe WEAR B peweHkA (7} HainlBaoTCA cOGCTBEHHHMH Konebanuama. r No-

CToRHHEX Cp 8 Cpy ONPERenmOTCA [0 HAYAALEMM HAH KPAEBblM yCAobuaM {(CM.
Takxe D. 9.4-5, a).
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Ecap xosppunuents ypasnesnn (5) AeACTBHTENABLHH, TO KOMIAEKCHEIE KOPHY
¥APAKTEPHCTHYECKOTO YDPABHEHHA BCTPeualOTCH CONPAMEHHHMH HapaM{ 0 * o,
CooTBeTCTBYIOULHe Napel YAGHOB B peICHHK TakKe GYAYT KOMILIEKCHO COnps-
HeHbl H MOTYT OblTh 3aMeHeHb! BeRCTBHTENbHLIMH YJeHAMH!

(MCelOH®IE | fMmCeio=ioit = fm g0t (A cos wf + B sin of) = REMeO sin (of + ), (9-4-7¢)

rie A B B unn R B o —HoBhle (neficTBHTeNbHWe) NOCTOSIHHKE HHTErpAPOBAHEA.
(d) Ecnw nana cucmema n 00nopoOusix Aunetinste QuipepenyuabHbix ypasHe-
wuld ¢ NOCIMOARHOMUY KOSPGuyUEnRmany

@i (d%)yl-i—qah (}r)yﬂ!"‘“-'i'q}!n (&d?)yn_-—_o

rae @y (d/df) —mnoroasners 0T d/di, To Ramnas H3 n dyakiud, cocTaBARIOMAX

(=1, 2, ..., n), (9.4-8)

pewenne y,=—=y, () (k=1, 2, ..., n), ameer ang (7); noKkasateau s; GyRYT TENEPL
KODHAMM XAPAKMEPUCTILMECKOZ0 YPASHERUR CUCTTEMbE
D (s} = det |@yg ()] =0. (9.4-9

Tloacrasnay Beipawenrusa prRAa (7) B ypapRenud (8), Mp NonydyaeM COOTHOWIEHMR
MeMay xosbpuuuenTamy; xodpPUUMEHTE, OCTABIIHECH NPOUIBOALHBIMK (NOCTOAN-
HBlE MHTECDHPOBAHHA), ONPEJEIRIOTCA N0 HaualbHHIM HAH KPacBbiM YCIOBHAM
{cM. TakKe n. 9.4-5, b w n. 13.6-2).

9.4-2. Heopoponnwe ypasvenus {cM. Takxe n. 9.3-1}.

(a8} Meroau, nanomennwe » nn. 9.3-1--9,34, npaMesliME Ko BeeM' THHEHHBM
AsdpeperunansHuy  ypassennaM. [losToMy ofilee pelleHHe HEORHOPORHOTS

YpaBHeHna
d}‘—l

e tay=f 0 (9.4-10)

dy
lLy=ay,—=+a
Y °dz’+ 1
MOMRO NPENCTABHTE B BUAE CYMMn o0Mero peweBust (7) ApABEAeHHOro ypPaBHe-
HHA (3) W kakoro-AKGo 4aCTHOro pereHHs ypassenws (10).
Ecaun, XaK 5T0 4acTo OniB3eT B NpuaokeHusnx, f(H=0 npu =01}, To vact-

HOS peuleHAe y =y, ({) ypabBHexud {10) Taxoe, uro yN=y:V=...=yE§"“==0
apA {2 0, HasLBaeTCA HOPMAALHONA peaxuMed Ha mwewmow parpysxy f(f). Peuie-
nue ypasnesusn (10) npu 300a6HbX HANAAGHBIX SHONEHUAX deAUNuN Y. ¢, ..., g™ 1

€CTMb CYMMA pewtenus copmsemcemeyionjed Hawaasnod seOauu Gan odnopodnoeo ypas-
weaug (5) u Hopuaabnold peaxyuu Y, ().

Bo MAOrAY NpEACKeHHAX (VCTOAYHBHE SJACKTDHGEcKHZ Oenu, Koaelanna) BCe HOPHEA
XAD3KTEPHCTHYECHOrD ypasHerusa [(6) wam (9)] MMeOT oTpHuaTeNbbe EACTBHTEALHNE JaCTH,
R obmes peuenre ypasHeHHA (5) Hezesazer Gonee AR MedHee GuceTpo (VCTORYHBHA enepevon-~
Hull nogueccs), B vakHx cHiyvanx raaBAbA MEMTepec npefcrTasafer OGHIUHO «yCTaHOBHRWIHACH
npoueccs :,.rup” i) ~— 98CTHOS pemeAHe, BH3REBNOS gasuof marpyskoft f{f}), B apyrux ¢ay-

4aa ¢ r.r”(f) ONPLASARETC EE TOABRKO AsHHNM fMPdepeHunanbHuY YPaBBeHHEM, HO H Ha4adib-
Huuy yenoBhawd, Hopwenehan peantud &y (f) MOkeT waw COREPIKATE, Tak ¥ HE CONEPXKATh
NepexoaRue gNeun,

(b) Beakoe pewenne yp=yp(f) (=1, 2, ..., n) neoOnopodnoid cucmems
AHHEANHX undeDenuaalibHBX YPaBHEHHA

o (5) v+ 0n(5) et tom (5) =@ (=12 ..., n @411

€CTh CYMMa 9acTHOrQ pewernna 3Tofl CHCTeMm W OOLMEro pellleHKs COOTBETCTBYIO-
el onnoponsoft cHeremn {8). Hopmamwuas peakuws cHcTeMH (11) Ha MHOMKECTBO
BReWwnuX HAarpy3ok f; (f), pasHuX uymo npH £ =<0, €CTb YacTHOS pelleHHE, B KO-
TopoM npa =<0 Bce QYHEKOHH ¢ BMECTe CO CBOMMM COOTBETCTBYIOUHMH NpPOH3-
BOAHEMHE DaBAH HYMO.
_— s

'y 3T0 o3nHavaeT, 410 PACCMATPHRAIOTCA MpAsHe 9acTH  TOALKO sHA2 [ (f) =3[ (H Uy,
e Uy (f) — eanpnyuas QYHROHN, onpejenennan e . 21.9-1,
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{¢) Ecam npasam vyacTb COMEDIKHT MePHOIHWECKHR GJeH, 9ACTOTa KOTODOro CoBnangaer
€ 2acTOTON He3laTYxallUlere CHHYCOHAZAbBHOrO Yhena B oluieM peLEHUH COOTBETCTS YIGULETO
OHOPOAHOrO YDaBHEHHA HNH CHCTSMHE, TO JaHHO@ YypaBHEHHE WAK CHCTeMa He OyjeT Hmers
OTPAHHYSHHOTO PeWeHNA (pe3oHaH),

9.4-3. CeepTkn u ¢ynskuun Tpuna (cx. Taxke nn. 9.3-3, 9.47 u 15.5-1),

(a) ®usuueckn peanusyemuwe zagnaur Kown. [Ipumenenne
metoda ¢yHkusn Upuma (n. 9.3-3, b) k anddeperunanbromy ypasueduio (10)
NMO3BOJIAET MpelCcTaBHTL HOPMAJbHYK PeakUMi0 Ha BHELIHIW Harpy3ky f(f) p Buge
unmezpara [woamers WIK cepriky

£ f
Y=gy () = g hy (E—T)f (¥) dT =§ hy (%) f (E—7) d, (9.4-12)

eC/TH TTPEANoAoKaTs, uto f (f)=0 npr f=0 u A, (f—1)=0 npu f= T, TaK 4ro
«6yaymuer 3HaveHns f({) He MOTYT BO3NEHCTBOBATL Ha «Gofiee DaHHEer IHANSHHS
¢ (£) H «MrHOBEHHHEs BAHAHUA HCKJIOYAOTCA ((husuuecki PeaiuIyembiz CUcmembl).
Iipu atom

¢ m
o (:)_—_gg"rﬁm ¢t—7)fde  (m=0, 1,2 v, ), (9.4-13)
0

€C/H CYHIECTBYIOT NPOK3BOAHLIE B npapof wacTA. Pynxusa ki (f—71) ectp yacT-
Hutli cayvad ¢pyakudu [pHHE B OOpejeldeTcsd yCHOBHAMY

o
LAt —1)=0 (> 1); §Lh+(t—t) di=1 (¢t>0), (9.4-14a)
he(f =ty =h (=D =0.=hD f =1} =0 (f<<1).  (9.4-140)

h, ({—1) ecome nopmasswas peaxyuf Ha edunuunsid umnyase 8, (E—7) (0. 21. 9-6);
ypaeHeRHe {14a) MOXHO 3anMcaTh B CHMBOJKYeCKOH dopue

: L, ({—T1)=§, (t—7). (9.4-14c)
3amerumM, 9TC Sh+ {({ —7) dt ecTs HOpMaJbHAA peakUHA Ha eXMHHYHYI) HATPY3KY

0
Uy(f—7) (n. 21.9-1), 1. e. h, (! —7) ecme npoussodnar om HOpMAASHOD peaKxyud
Ry eQumuvnyo  Razpyaxy. CHmBONHueckoe andpepenunanvHoe ypaeeenude (ldc)
HaCTO JIETKO pewaercs ONepaTOpHLIM MeTOmoM n. 9.4-5; Apyroli UyTe HaxoMmae-
HHA A, (f) 38K/M0MaeTCA B MHTErpHPOBAHHH oFnopoduozo AuddepeHLHANBHOTO

)’paBHeI{HR
Lh,(h=0 (>0 (9.4-144)
TpH HaSalbHEX YCOBHAX
hy (040) =h, (04+-0)=...=hY~2 (0 4+0) =0,

W= (0+0)=E.; (9.4-14¢)

Mpurmep. Maa Lyza%--{-y HMeeM: h+(f}=%e_”” (¢ =0

(b Illpy aBanormuamX YCAOBHAX HOPMAJBbHam PRaKUAR cucmesitt nddeAREx auddepeds
ORANLHWX ypaBHedEA (11) Momer OWTh iIpeicTasieHa B BHJe

n
vp= 3 [ty =Dl @ dv (h=1, 2, v, 0, (9.4-15)
Fe=l 0

rae (h.gk, {f — T} — pewendn  cucTeMsl (1), cOOTBETCTBYWLME HPRBMM TACTAM f, =0
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tf & &, fpift = 64 {f — 7). Marpana ¢yurouit [(""*)k! ¢ —1)] ecTh TacTHEE cAYYAR MATPHOE
IpHHa.

() Ceeprua (12) J8eT HOpDMasSbHEE peaKUWE TAXHKe K B TOM caysae, korja [ () a y (O
cBR3al AxdPepeHIUANEHMM YPABREHHEN BUAA

d'y ar—ly aof 48— Lf
/] £ ——t - ——— —_— e [ B
0t o e = by b by — e e By ©9.4-16)

Takre COOTHOMENMS MOT'YT NOAYUATHCH, B JaCTHOCTH, KOrjga cHcreMa (1) npRaoaereas U
onumg YPABHERHIO NYTEM MCKAW0GEHHR {4 — |) BCKOMRX SYRKUEH,
EKOTOpHE (h.q-)” ({), 2 sHA9HT, H {f), B cAyRae cooTHOmenyRt TANA (16) MOryT CORep~

#xaTh ocobeNROCTR THRA gensta-pymxuse (ofobmepnwe pypxura Ipena, m, 15.6-1, b). Ecau
OpH STOM

() medy (=1 +cabp (8 —10) + oo - ha (D),
0 hopuyna {12) cBOEETCA K

t
payy ) =cf (t_:d.i.c‘f (f—t)+ o + ]‘ho {t—xnf@de (£ > 0).
]

(d) Bonee ofmee sagxaun, «CEMMETPUYECEKREY H «CACEMMeE:
Tpuyeckner GyRxuers Fpuana. B cayvae, korga npaeas wacTk NpE
{0 OTARURA OT RYAA, MOKEBC BBEECTH (CHMMETpHUetKyis (YEKIHMIO A ({—1),
onpegesneMyio ypaBHenuem {cM. m. 21.9-2)

La(t—1)e==8 (t—1) 9.4-17
B OOAXOAAUINME HaYdApHLIMHY BNH KPAcBuMH YONOBHIMA, Pemenge
o o
y=§ he—nimdr= | h@f¢—7)dv (9.4-18)
—cn —co

Gyner, B WACTHOCTH, YIOSBRETBOPHTH ypasmemisa (10) mpm #1220 =
y(0=0)=y’ 0—0)=...=yp" 1 (0—0)=0,
ecan F(H)=f(OU{) {o. 21.9-1) & ecng
h{f—rt)=H ({—T)m...=h"V ({—7)=0 ({{<T). {9.4-19a)

sAcnmMerpHueckaes QyHKuHA £, ({) ynoSBee OpHMeHATH BMeCTe ¢ MpeofpasoBa-
niem Jlapnaca, a scammerpudeckder ki (f) —c¢ npeoSpasosanneM Pypoe. B ofbed-
HNX  PUIUNECKILX NDURONCERURX coxpansiom yesoeua (19a), max xax «6ydy
SHOYONUA QUHKYUU He MOZYym GAuRMbL Ha Pertenus; BPHE S5TOM R ()  A{{) cos-
naaawT B TOYKaX HeNnpepuBACCTH, Yacro pHelmRAA HArpyaxa He¢ MOMKET OKa3aTh
MTHOBEHHOr0 JeACTBHA HA pelIeHHE, TaK 4TO A (f--1T) yaosaeTsopseT Sonee cRAb-
HhiM YCAOBHAM

hf—t) =k ({ —T)m=...=h" D f—)=0 ((=<7) (9.4-190)
B A (f) cosnamaer c A, (f).

fiprmep. B snextpuvecxoft hem, cogepmamel TOIBKG CONPOTHRNERWE R, cuna ToXs
¥ ) B wanpaxeue [ () cassane: cooTRomenuen y (f)==f{N)/R, Tak uTO smecs A (=B (/R

+
B k(=8 {H/R. Ho pan Lyﬂag?y + iy miees b () == A (D) a%c_f‘/a.

9.4-4, ¥Ycrodunpocrs. Jinaefroe ARGpepenmransaoe ypaseenne (10) wan crme-
Tema (11) ycroAyMBM, eC/M BCE KOPHH COOTBETCTBYIOLErG XapaKTePHCTHUECKOro
Ypagrennn (6) uan (9) HMeIOT OTPBEATENbRWE ACACTBATENLHNE UACTH; TOFNA MaJoe
H3MeHEHHE HAYA/MBHBIX YCAOBEA He MOMKET BH3BATL GO/ABMIMX H3MEHEHHH pemleHAA
(Gosiee ofinee onpepenesEe ycTofuHBOCTH CM. M. 9.5-4, a), XapaxTep KOPHERA MOXKET
CuTh yeeaeRoBal meTozamy nn. 1.6-6  7.6-9 (KpHTepER YCTOBYHBOCTH ANIA SACK-
Tprueckgx uened ¥ cycrem ympasaeHuda), Hugdepenyuassnoe ypasnenue (10
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[=s]
yemoduusp moada u moseke moeda, Koeda cyuecmeyem S 1A (v) ] de (sma COOTRET-
i

L=
CTBEHHO S |h(1:)idr). Anasorguste ycnopaa AAS Kamaok ¢yEKumen Agp(t)

cucremut (11) (m. 9.4-3, b) AeARwoTea HeOOXCAHMWMA H AOCTATOYHHUMA aA% yeTof-
THBOCTHE 9TOH CHCTEME!,

9.4-5. Onepatopumit MeTol pewenus (cM. Takke n. 8.1-1, 8.4-1 —8.4-5, 9.3-7,
10.5-2 u 13.6-2, ¢).

(a) Oan uuterpuposanua nupehmoro paddepeHosansHoro ypuaeueuus (10)
¢ Ba9adbupiMn  3HaveHnaMH Y (D4-0), v (040), ..., ¢~V (04-0) npumensior
npeclpasodanue Janaaca (8.2-1) x ofenM 9acTAM YpaBreEHS, noJaras fy ()=
=Y () n LM =F(s). Nonysawmescn Auneliioe aszebpauteckoe ypaBHeHHE
(8criomozamensioe ypasHenue)

(aos"+ays ™t .. o) Y (s)=F (s)+ G (s},
G =y(04-0) (as™ a5 ... +a,y) +
I ¥ 0+0) (™t a4 . ta,,)+ (9.4-20)

...... L T e O I B I S}

+ 477 (0~+0) (a5 +a1) a2 (04-0)

JIETRO PA3PelUNMO OTHOCHTENbHO H30OpAMeHKA BCKOMOrO DELIeHBN:

Yis) = F (s @ (s) ; L
S aos’-{-als"_l-i-«...+ar+a°s’+als’_‘+...+a’ .48

3nech nepBk WIER ecTs ugodpaxcenie Y y (s) Hopsaaouok peaxyuu gy (B (0. 9.4-2, a),
8 BTOpOAl W1eH NPeXCTaBNseT BJHRAHHE HEMYJEBHX HAUAMBAKIX 3HAUeHWH GYAKNAM
y () 7 ee npounasoAHbX. PemeHns v (f) B #y (f) Baxonstca no ceouM H3OGpawme-
HHAM ¢ nomowsk Taba. 8.4-1 wam 8.4-2 mamr no npasunam nu. 8.4-2-—8.4-9,
B YacTHOCTH, KAMAKE Ha r u/eHQs pasicKeHds HKUHH 2.

p ¢y od (ausr+ a‘sf'-i SR ar)
Ha ppoctefiwe ApoSH (m. 8.4-§) naer cootTBercTBylomm# unew B pewemwu (7).

10T MeTOX DemweRAA MNpHMeRsercd Gea CYMECTBEHHBLIX HaMeyenufl u & AHd-
dEPECHURAILHEM YPABHEHUAM puna (16).

(b) Ilpumesenue npeoSpasopands Jlammaca K cucreme snddlepeRuHanEHbIX
ypagrenkA (11} ApuBOANT K cuCTEME NHHeRHWX aJNrefpaHdecKHX ypaBreuuf
P s) Vi (8) 910 (8) Ya (s}t oon 401 (8) Yo () =F (5)+ Gy (5)
(=1, 2, ..., n), (9.4-22)

rae QYHKIKE Gy (s) 32BRCAT OT HasanbhblX yeAoBHA. Pemas NonyueHwYo cHcTeMmy
no opasuny Kpamepa (1.9-4), HaxonsaT M306pameHss HCKOMOro pelesds

) A ) Oy A ts
1k N A )
Vels)= E T Freo+ 2 - Grls) (kw=1, 2, ..., n), (9.4-23)
f=1 f=1

rae Az (s)—anreGpanueckne LOMONHEHRR INEMEHTOB (yg (5) B ONPEASAHTENE CHCTEMB
D (s) = det {gyy (5)] (cM. Tawxe n. 1.9-2). Tlepsar cywma s popmyne (23} ecrb
"iﬁdﬁa’g‘e“e HOOMa/NLHOA PeaknuuH, a BTOPAas NpeacTapasel BAYAHHE HATARLHLIX
yCAOBUH.

s Mckowoe pewmenue gy (£) uaxomares OyTes ofpailesua npeofipasosaina
nAaaca.
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B sapavax, COASpXKAWMKX Heycro#nusoe audxpepeHunanbHOt  YpasHenwue
(n. 8.4-4) 4AH HMOYAbCREIE BHOIIRHE HATPY3KH, PEHICHAE MOXET MMETu CCOlEH-
UOCTH THOa jenpTa-OynkoHf (cM. takxe mn, 8.5-1 u 21.9.-6).

0.4-6. MepnoaHyecKne BHELINHE HATDY3KH H pELUEHHA.

{(a} CRHYCOHNAaNbHEE BHEWHHE HACPY3KH K pEWeHHR.
Cudycomfanabhue YCTAHOBHBIWMHECH pemennd Jwbar cucmema
sunettnowx Qupepenyuanonbix ypasnenud (11) ¢ Odellcmaumendusini  Kospduyuen-
MAMYE 4 CUMYCOUGABHBIMG BHOIIRILRL HaZpY3Kany odnod wacmomar

iy (5 == Bysin (wf +Bp =12 ..., R) {9.4-24 a}
donycraem eDuNCMEERKOE HACMAOE petuenue auda
ye () == Ay sin (0! + o) (=1, 2, ..., ) (9.4-24 b)

{(ecAm HeT pesoHawca, T. 8. ecan ol He ABAAETCA KOPHEM XAPAKTEPHCTHHECKOrD
ypasueusf). B YaCTHOCTH, e€cty 6 KOpAL XAPAKmepucmuueckoe0 ypoagrenun (9)
umelOm Ompuyanmetbubie OelicmetmensHoe wacmy {yermoivugax cucmena, n. 9.4-4),
mo cungycoudasvnoe peuenus {24 b) bybem eOURCMELHREM  YUMAHOBLSUIUMER  PELle-
niem (o 9.4-2),

{b) MeTol KOMNACKCHNX aMNARTYA CHHYCOHRANbALC BHRWIRMNE
RACDPYSKR # PelleHHs (24) MOXKHO MOCTABHTH BO B3AUMHO OJHO3HAYHOE COOTBET-
CTBME KOMOV/IEKCHEIM THCAAM (KOMALBKCHEM amnaumydam)

p ) fPr B =12 s )

== = =z /P =l & aeny »

‘f ‘f = (9.4-25)
_ e uy_ Ap _

Y“_ffe 7 ay (k=12 ..., n).

ABCOMOTRAA BeAHYHHA K2XKACOR KOMRAGKCHOA AMTNJAHTYI PAPHA CPEAHEMY KBaapa-
THYECKOMY 3HAUEHAIO COOTBETCTBYIOUIER CHHYCOHMJsl, 8 €€ aDryMeHT paBeH HauaAb-
uolt Qase cuuycoHgn. Komnaexcwse amnaumyds (25} carzans (KOMNAGCABMU)
AUHELHOIMU QACEOPAUYECKUMU YPABHERUAMU

P2 (i) Y14 @z (10) Yyt oo b Ppa (i) Yo =Fy (=1, 2, ..., n), (9.4-26}

¥oTOpHe oTBesaor cHereme (11) M MOTYT OHTh pelleHH OTHOCHTELHO HEH3BECTHHX
KOMIJeKCHRX aMnautys {cp. a. 9.4-5, b):

A,-'k (fw)

Y, = 2 e B k=L 2 ., n) (9.4-27)
=1

B cnyqse pesonapca (0. 9.4-2, €) pupaxkenne (27) MOmET He HMETH CMBICAA.

(&) Cunycoudasonne scaasunn (23) pdosremsopasom dannod cucmeme duPdepenyitarbrnux
ypangrerud {[1) moada u moAsxko moda, X020 SMUM He CAGECHGOM 05 A3IQR0M KOMNALKCHE
2P MORURLERUE DHYHKYUL

1,4 EB,«‘ (@4 B) FRYVE g=12....m,
i . ; 9.4-28)
yk(ﬂﬂﬁket{m +ak}s\’kem ¥i k=1,2 ...,0),
HOTOpMe uecTo Gonce YAOOAW B PACYETEX, HeM CAMH CHHYCOMAR (24).

() Bonee ob6WHE NepHOZRYECKHE BHEUIHHE HATPYy3KH
(¢M. 7arore no. 4.11-4, 4.11-6 & B8.4-5, b). Ecaw pama ycrofluupas cucrema {11}
€ OepHOAKYECKEMH BHEWHHMH HACPY3KAMH BHla

oo
F =%+ 3 (ay cos hat+ by sin i), {9.4-29)
h=]

10 CopasowRuk oo METEMATUKE
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TO METOJ KOMMAEKCHBX AMOANTYQ MOMHO DPHMEHHTH K KaMIOMY CHHYCOMLAAb-
HOMY 4leHY OTAeNbHC B 22TeM [YTEM HAJOMERAN NQAYYHTh YCTAHOBHBILIEECH
DePHOAHYECKOE peleHHe., 3ToT MeToj MOMeT oka3arbesl Gosee yAoOHbIM, uem
metol npecbpazcsavns flannaca, ecay B peweHdn Hazo HafiTH TOABKO HeSonbuioe
CHCAO TAPMOKUK.
9.4-7. MepepaTounbie GYHKUHH H YACTOTHbIE XAPAKTEPHCTHRH.
{a)TepenaTounme dyHKknuu Ilepenatounod ynxumed naseipaercs
GYRKUHSA
1 Y (s)

r r—1 e '
a, + a8 + ... +a, F (s

fem. dopmyay (21)). [Nepenarounan GyHKUHA DpencTapAAeT HeroToPwft NHneRHbIl
onepatop (n. 15.2-7), KoTOpHA NpeoSpasyeT BHENIOK HATPY3IKY HA BXOLE B HOp-
MaJbBHYK peakuuio Ha Beixoae (puc. 9.4-1).

(s} Y is) hets) Zy(5) | Zuls)
R /{;C&‘)_‘z £(s) Hzfs}am ——

Pre. 9.4-1, JIpencrapnetue AksefHux  AnddepenukaibiHux  ypasHeRRR ¢ DOCTORBIHMK
KozphUUBEHTIMHE ¢ NOMOWBY NepPeaTouAuX Gyuruul. Ecan yy {f) cTAHOBATCA vHEmBeR na-

rpyskoil ARy BTOpOro AHGPEDEHUKAALHOID YPARHERHA ¢ HOPMaALHOR peakunedl zux (1), 10 aBe
DEREAATONHEE PYHKUHE NEPEMHOMIWTCA, T. €.
£ py (8}
T = Hyts) Hy s
F i) gt ) 3¢ 1
Ap ©8)

Bonee ofwmo, Kawaas ¢ysKOHR S ® dopmyne (23) ccTs nepefarognan
GYHRUEA, OTHOCALLAA HOPMANBHYWO PeakuHio Yy {f) cucremel {11) Ha BeIXOgZe BueLw-
sefl narpyske f; ({) Ha sxope, Koraa sce oCTaflbHbiE BHEIWHHE HArpy3Kd OTCYTCT-
BYIOT. 3TH nepepaTodHne QYHKUHH o0Pa3yioT AEpepaTOuHYI0 MATPHLY.

[lepeaaTtounag ¢yHKNHA p4R ypaBHeHus (I6) ectb

-1
bosP 400"y +2,

H(s)= .
) aos’+a's"1+ e Fa,

(9.4-31)

(b) YacroThue xapaXTepucTEKA (cM. Takxke 0. 9.4.6, a). Yacror-
Ay, ey

RbE xapakTepHcTHkn H (iw) u B Gy CBASHIBAIOT KOMIIEKCREE aMNAUTY M, Apes

CTABAMONNE CHHYCOBAANBHBE BHEUIAHE HAarpysXH, K YCTAHOBHBLIKECH pelIeHHS
€ ofHOMt H TOR e dacToTolt w. B wacrnoctd, aficomomuan eenuduna u apeymentit
HACMOMMON XQPAKMEPUCMUKY  cOAsMBaom axnaumyds u dasst cunycoud Ha 6xo0de
u esxode: echd f({)==8sin (of4B), ¢ ({)=4 sin (& 4 @), TO
1A () 1=, (9.4-32)
Dan cxembl, mpenctapnerHOd wa pue. 9.4-1, aMOAETYAALIE XAPAKTEPHCTHKM
| H (iw) | nepemuoxamoTea, a ¢a3chule xapakrepuctdnd arg H (fw) ckjiagbisanTca.
{c) CoOTHOWEHNSE MEXAY NEPEAATOUHMMH GYyHKUUSMI,
QACTOTEHMH XaPAKTCPHRCTHKAMH H byHKunamu [puura (oM.
raxxe N. 9.4-3 u TeopeMmu o cBepTKax B Tabn. 8.3-1). [lepedamounan Pyuxyua
H (s) ecmov npeoGpagosanue Jlansaca om acumsempuvecsold pyaxiyuu by (1)

arg H (o) =a—f.

o

H(s) =§ hy (4) &% dt, (9.4-33)

e
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Hacmomuas xaparmiepucmuxa H (fa) ecme npeelpasnsanue Dypoe om cummempy-
weckold ynxyun h(l):

o0
H tlo)= g # (8) e~ dt.

—_—

dopuyau (33} a (34) yKa3slBAIOT BOIMOKKOCTE NoAYuenna dynkuult b, (£) u A (8
Kax ofipatieunit npeoSpazosanuir Jlansaca aan ®ypee ann palHoBaNbHBIX GYHKUKN.
9.4-8. Hopmaneuue koopauiar W coficTeenHble xonelanus,
(a) CBobGonnue koneGaHuHAa Manue selaTyxaouHe KoneGaHHA Mexa-
HHYECKHX HAH SNeKTPHYECKHRX CHCTEM HacTo ONHCKIBAITCR CAcTemoll n JAumefinnx
AnbdepeiiudansublX ypasHeHnd BTODOrO NOPSAKA

(9.4-34)

L
a1
D (bugm+om)pe=0 (=12 .. m,

A=1

(9.4-35)

B KOTOpoR ofie marpuum [ae] v (by,! ComMMerTpUun, TONOKATIALND oONpEARACHE
(r. 13 5-2) ¥ TAKOBHW, 9TO XaPaKTepHCcTHYecKoe ypasitenve (9) nveer 2a pa3nuuusix
ledynesslX GHCTO MEHMBIX KopHedl & fuy, & imy, ..., + {0, Takue 2 nap KopHei
COOTBETCTBYIOT CHOOONHEM CHHYCOHARNBHHM KONEGZHMAM ¢ 1 COBCTSEHHLIMH HACTO-

@y )

1 —
AN T AN T

Jna hannoll cucTembl (33) MOMHO BRECTH HOPMANLHEE KOOPAWHATH §, 7}, ...
vers §a € DOMOMbIO AndeAHOrG DpeoSpa3oBanus

TAMH

l
o=, taln k=12, ) (9-4-36)

h=1

¢ TakuMd KodbDHUOREHTAME fpp, 9TOOE nspuaecm OLHOBPEMEHRO Ofie MaTPROY [ayy)
H [b2) K AHaroHaneHomy euzy (o0, 13.5-3 u 14.8-7); npeoSpazosanuas cHcTema
GyieT HMeTs MPOCTOH BHK:
d'gh
Zm T olgy=0 (8.4:37)

Nonyvaowaecs 3necs cBoSoAHLE CHUYCOHAANBHEE (COOCTREHNLIE) KONESANHA

k=1, 2, ..., n).

yn=An sin (0al -+ 2a) (=1, 2, ...0} (9.4-38)

HE BAMAIOT OJHO Ba ApYroe (pasbegnHeHH). HopMansase KOOPAHHATH MOCYT KMeTs
senocpeacTselidoe (PH3KYECKOE WCTOJNKODABYE.

Npuuep Oaa cEcTems

diy

diy;
ar ===t = S = —aln—o" -0

HODMAALHRIME |}00pgi1ﬁ31suu ABARWOTCA 5‘, = i1 4 I, g, =3y — gty T1pH BA%afLAWI YCAODMAK
=i, =0, TI% = %-;5 =0 apR {={ YpaBHeRHE AJA HOPMANLHWX KOOPguHAT

arg drd

?;"“’—{Dgglf ?{,‘_3==_{u)0!+2a’]g‘
lawT

= cos w & Jymcos ¥V of + 20,

H CQea0BaTeabHo,

i ©: + 20¢ — o, o + 20t 4+ @
h=='-§(91+91)=cosl/ L °tcosV 2 0,

y:=%@1—§':}=sm

},/mg-i-zcﬂ—nouf CVelt e+,
7 sin 3 i,
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Lipk @7 < G (C12037 CAAIL) STH Peliendsd ONUCHEAIOT TaK HAIWHALMOE ADACHHE DEIOHAHCA,

¥f  egs0 -1 -3 -3

JATE 25
] =

+f 48 0 ~f =3
Puc. 9.5-1. H3oknuuu, HsNpaRAeAHd OOAR H
HEKOTODLE peledtud AxpdepenilHalLuorgG ypas-
BeEHS
LY oy g — .-‘.L’
dy ¥
COOTREICTRY OUNEra Ypansesuo Baa gep [loas

dry Sy
I st (=1 I
rge 23X =), o= 1, MNoxasana Amus Opapas

df
BOXY HAGOKOCTE,

pamnzs dynsmus f{t, g, 5}) He COmep®uT
B stom cayuae cucTena (2

b Bunympagenuuve Koaefa-
HHA, BETCTBYIOOLZA 3afZa9a O Bhi=
HEYMEECHHLX KOAeGapnAX

i -

o
2 (omam+ o) vn =l @

=12 ..., m 9.4-3%9

MOMET OhiTe pewena B ApAHILYNE MeTO-
Rom p. 14.8-10 nytes pasnoxerus Bheus
gefl warpyssn f, (1) no coScTvenuuM dyus-

uuam. Obuuno Godee yaoben onepaTop-
HolB MeTOox O. Y.4-5.

9.5. HEIHHEAHBIE YPABHEHH S
BTOPOIr0 NOPAAKA

8.5-1.  Beopuwe sameyanun,
B nn, 9.5-2—-9.5-5 BeoauTcs obuas
TEPMHHOJIOTHA H HanGoAee NPOCTOH
MeTOA NPRGAKRMKEAHOrO pOLICHHA H3
TEOPHH  HeNHHefiHLIX  Kosebawuil.
Ona panenefiwero uaydesds peko-
Mengywres (9.6}, [9.7). Muorue me-
TOAW pRILEHHA TECHO CBA3aHH €O
CNEUHPHYISCKUMH DIPBACKEHH AMH.

Meton poamyweHsql uz n 10.2-7, ¢
H3CT0 MpBEMEHASTCA Ahw YNPOLUEHHA He-
AHHEARNX 3afad, ocoGeRHo B HeGeCHOR
MeXaHHKe. UNcneRBme MeTon peleHHs
¢ nn. 20.7-4 w 20.7-5.

9.5-2. Mpeacrasnenne na Qa3lo-
B80A NAOCKOCTH. Tpaduueckuft Meron
peitenns (CM. Taxxe n. 9.2-2). fup-
epeHuBaNLIOe YPABHEHHE BTOPOre
oopajKa

F=i(ts ) ©51

PaBHOCR/ALHO  CHCTEMEe  YP4aBHeHHH
nepeoro nopaaxa
g . a5 .
Dehy Wef(, g )
{9.5-2)
Obuiee pewenne y=y(f), y=4f)
ypaBuetudi (1) ann (2) moxker Suth
OpPeAcTaBAeHO reoMeTpHYecKy cemel-
CTBOM ODRACHTHPOBAHHHWA (HAIOBMX
TPaekTOPHA Ha $a30BOR MAOCKOCTH
Oyy. Takoe opeacranienne nosiea-
Hee BCEro B TOM (Aysag, Xorja
ABHO He3aBHCHMOrMG nepemexnoro f.

OTHOCBTCA K CHCTEMaM BHAA

Bopl i H=QU, ) 9.5
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{ABTOHOMHAA CHCTEMa) H (pa0onble YPAeKTOPHH YACBACTBOPAOT nﬂtpd:oepeﬂuuanb-
HOMY ypaBHeHH'K) nepeoro nopaaka

di_ Qly. ) (9.5-4)
- TR =,

dg Py 9
kotopoe Kaxaofh Touke (y, 4) CTapAT B COOTBETCTBHE HAKAOR MpoxoAsimel weped
wee muterpanerofi kpusofi. [losywarweccs noae wanpapaesuil («H300p2XKeHHe>
xuppepeHUMANBHOTO yPaBHenns Ha ¢aJoBod NAOCKOCTH) NO3BOJAET CAenaTe Ha-

Gpocok y(y) # OTCIORA ¢ ({) N0 33/aBHBIM HAYEALHWY 3HAYCHHAM ¢ B i MONHO

HauaTh ¢ NOCTPOEHHSA rEOMETPHUYECKOro MeCTa TOueK NOCTORHHOrO BAKJAOHA dy/dy=m
{uzoxaum, pyc. 9.5-1).

9.5-3. Ocobnie TOUKH B npeeAbHbe UHKAHE (CM. Taxxe n. 9.5-4).

(a) O6BlKHOBEeHHHE HOCOOLE TOAKH GA30BOAH NAOCKOCTH,

Touka (y, ¥} $asoBof naocKocTH CHeTewd (3) Ha3dwBaeTca obnikHOBERHOA TOMKOH,

ecan Py, o) v Qly, ¥} muddepenmipyembl n ve oOPAWAKTCA OAROBPEMERHOD
B UYAR, 4EpE3 KAXOWIO OOWKHOSeHnyxy Mouky npoxedum eduncmeenraa pasvsasn

mpuexmopus. Touxa (y,, §) Hasupaerca ocobOA 104KofH, ecay

P(yth !;(0)50; Q(yor .’;‘0)=0 (95-5)

Ocobme TOUKA kAACCHGROMPYIOTCA Mo Xapaxtepy ¢(aloBwix TPaexToDHA B uX

&
)

\/

D G

) 4)

N

AN

Pure, 0.5-2. ®s3opme TRACKTOPHE B OKDeCTQBOC'rH ocobuix TOMeK mecTh THMop (Mm. 2.5-3 w
G4}

oy ¥YerofuubmS yaca; 0) veycToHuuBm{ ¥3en; ¢} yeroRuwewh $okyc; d) neycrofvupsmi goxycs
¢} ceano; fi ueutp

OKPECTHOCTH; HAHOGOMEE BaMHLIEe THNH 0COGHX TOuSK H3obpameHn Ha puc. 9 5-2,
Drauueckn ocalble TOUKK eCTe Mowku noxoR (PaBHOBECHA), ACNYCKAwlWwHe yCToi-
UHBWE WAW HCYCIORHMBLE BOAONKEHUS PABHOBECHA ==y, (k. 9.5-4},
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(b) [lepronuwueckhe pewenns  npegeapine UK au. llepro-
ARSECKUE PewerHA K=y (f) COOTBEICTBYIOT 3AMKKYTHM (a30BLIM TRACKTOPHAM,
# o6paTho. 3amMkHyTas asopas TpacKTOopusn € HA3LBAETCA NpPeletbHBM LHKIOM,
ecid OHA MMEET OKPECTHOCT: K3 OOMKHOBCHHBIX TO9€K, B KOTOPON BCe (Pasosbie
TPEEKTOPHH CIHPajeBHilo npubauxawtcs kK C (ycroHunsoi# npefeashbidl  WKKJA)

g g

—>

=~

RN
] %__::f/ ¥

a) 8}

Puc. 9.5-3. @) Yeroitunpeil npefensHulfi LHKA, 33KN0NAKCMEN HeyCcTONYHRYIO ocoly TouKy
E Hauane., WMArKoer caMmoBoAdYmAcHHe KONeGanHui TIPH NPONIBOABLAO MaAWX HAMANLNWX 3Ha-
qeHHaX y M ¥ ¥) YeroRuHBbl npelenbHbA LHKA, 3aKAK1a0WHA YeTORYERYIO Oocofyo TOYKY
v Hayadae 1 HeYCTOMUMBHRK NpeienbRmfl UHKA (NOKa3aBHHL NYRKTRPOM), K ECTHOS CANOHD3=
GymaeHHe KORCOAHKA MPH H4Ya bHAIX 3HAYCHHHX BHe UEYCTONIMBOro UHKTA.

F

HAH yasAsiores o7 £ (HeycToRYMEBWE MpelenbHblll UHKA) BAW 0pHOANXKaloTea Kk C
€ OKOK CTOPOHE H YAandioTes ©T Hee ¢ Apyroil (nonyycto#iuMeuid npenenbubli
unxa). [pumepa cm. na. 9.5-4, ¢ u 9.5-5 (cM. Takxe pHc. 9.5-3).

fc) Hngexe fTyaugape w veopemy Bengnncona Bo MHOTHX NpRAOKEnNNX
NpPEOCTARARET HHTEPEC CYUIECTBOBAHME NPEASNbHHX RHKAOD (ycTofiunbmX Konebanuf), B po-
NONHEHARE K SHATHTHYECKOMY HKPHTCPHIO N, 9 5-4 [one3Ha HHOrAa CAEAYIOMIAA JeopH4a,
HuaekcoM 3aMKHYTOR Kpxecl O, cacToAwell Ha OOKKHOBEHHBX TOYeK $R30POR NACCKOCTH,
HA3MBAETCR YHCAOD TOJHMX 06OpOTOB BEKTOPs, 3BABKILLEr0 HanpapieHse NOAR, npe ofxopne
TOYKOR (y, y] KaHTYRa €. HHACKEOM HI0ABPOBAHMOA 0cobOR ToukM P HS3WBIETCR HHACKE
alllloﬁon SaMKHYTON KpHEOR, oxBaiwaamwmed TOTKY P M He cofep:amed APYrax ocolux ToueK.
PH STOM:
I Huaexke 2aMkHyYTOR KPHEOH € DRBEH CYMMe HHAEKCOE LieX (HIOANDOBAHHLX)
GeoGnX TOWEK, AeAUMX BHYTPYH () ECAR BHYTPH € Bfe 104KH OORKHOBEHHGE, TO
e¢ YHOEKC DABEH HYIK
2. HHilexc vaha, ¢ORYCA HAH UeNTPa paBeB 1. WHiexc ceana pased — 1
e, pue. 9.5:2),
3 Hupexe mobol dasosot Tpaektopri paser l; cnepomaTtensHo, npedeasnsid
YK dosxcen codepxamo no Kpadwed sepe ofny ocobyw mouxy noxuxe cedia {puc.

8.5-35.
Buympu awbont o@aocmu gazosol raocxocmu, &de 9P + a—g COXPANAEM BHAOK, CLUECHI-

¥
BN NEIOMKRIMBE (hajoswe Mpaekmopuy (Repeas meopesa b‘mgum:ona). Tpaexmopus, Komos
POR UCAIGETNCA GRYMpU 02partiicrnod obAGCmU u ne apubaiuxaemcn nu X Kakod ocobed mouxe
Apu 0 ={ < co, Aubo asiremca samrnpmod, audo atumnmomuverxu apubauncaenmics x wexonio-
poi samxnymod mpoekmopuu (smopar mespesa Benduxcona).

9.5-4. % ¥YcToilynpocTs petwennit 1o Jlanysory *) (cum. Takxe nn. 13.6-5— 13 6-7).
(a) Pewenne y;=yg; (f}{i=1, 2, ..., 7) cHCTeMB OOMKHOBERHWX AHdxbepeHLi-
anbHX YD2BHEHHA BHA3

4y g
i =il g1 o oo Yn) (I=1,2, .., n) (8.6-6)

COOTBETCTBYIOIEE HAYAABLHEIM YCAOBRAM ¥ (fo) =Yg, HA3EIB2ETCA YCTOHYMBWM NO
Nanyuosy, ecaw Ans noSoro 2> 0 woXuo nalith Takoe §=08(c) >0, uro w3
CHCTEMBI HEPABEHCTE | X — Yy | << 6 OyayT caegosatn HepaseHcTBa [x; (1) —y () | <6
AnA BeeX f={, rle x;(!)—peiueHHe, ONpPEIENACMOE RaTANLHBIMB  YOUNOBHAMK

*)

opupep, (3.1], [9.3),

TeopHa yCTOAUKBOCTH 00 JINNYHOBY HINOMEHE BO MHOIMX DYHOMOACIEEX, CM., Hd-

9.5.4. 85 HEJHHENHLIE YPABHEHHS BTOPOTO MOPAAKA 235

X, ) =xjp. ITO SHAUMT, UTO MOA02 UIMEHENUE NAHOADNLIX YCADBUG HE MOMem
sutsamb GoAblUX uIMERERUd petirnus,

Nemotiausoe peitenue y; {({) HA3WBaeTCA ACHMATOTHYECKH YCTORuMBLIM, €CJOH
MOKHO YHKAZaTh TAKOe SHUCAO I, HTO H3 HEPABEHCTB |Xjp— Y9! < r GyayT chego-
BaTb cooThowenns lim |x; ()—g (D=0 (i=1, 2, ..., n). AcuMnToTHYeckH yc-

{—oo

TOHYRBOE pellcHiie HAZLIBACTCA ACHMNTOTHYECKH YCTOR4HBHM 8 uetom (BnOJHe Yc-
ToflumeBIM), €CAl r=0co, T. €. eCAH NpPH A06ux HAYaNLULIX YCAOBHAX X,, PelUeHHe
X, (f) — y, () opu {— 0.

B uacthocTa, ace pewtenun yomodwusod cucnembt Auncsoix Jubdepenyuaibusit
YPABHEHIHT € NOCAICAHKOIMY KOSDPUYLERMAMU ACUMRITIOMUNECKE YCMOLYUSHL 8 HEAOM
(Bce KOPHH XAPAKTCPHCTHYECKOTO YPABHCHMA TAKOH CHCTEMB HMCIOT OTPHUATEAB-
HH€ DEeHCTBWTERLHLIC HacTH, oM. n. 9.4-4).

(b) ¥cTofiuyBoCcTE NOJNOXEHHA PABHOBECHA 2HTOHOMHRORA
cuctremu. [lycin

dgi N
Z=h gpen ) (=1,2,...0) (9.5-7)

— aemoHOMHAR Ccucmesa AHDGepPeHOHANbHBIX  ypasueHuA (8ce PYHRKUMH f; He
F4BHCAT ABRO OT {) # (Y0, y%“' von Ypp) —KBKAR-AMG0 e TOYKZ NOKOA, T. €.
b Whes Yoor oo Unod =0 (i=1,2, ..., n). TpusuaisHoe «pasHOseCHOSY peuteHue

1) =i (=12 ..., m,

coomgememgipouee JAHHOL MONKE NOKOR, ABAREMCR  QCU MAMOMUMECKN  HOmOIHUEnN A,
e Al AUREAPUINEAHHART Cacmema (CHUCTEMA NEPBOro NpHGAHIKEeHHA)

a
dy daf ,
7= () Ge—mo =L 2 .m (9.58
k=1

ycmodsusa (BCce YACTHHE UDOH3BOAHME GepyTCA B HecleRyeMmofl Touke NOKoA
{i10: Yayr -+ -+ Yno))- ITO HMEET MECTO TOFAA, KOTId BCE KODHY S XaPAKTEPHCTHYECKOrQ

ypapHenHs "
aet[( b} —s8,]=0 9.5-9)

HMEIOT OTPHOATEABHME AeRACTBHTEbHWE dacTH. TpHBHAALHOe pewenwe Gyler se-
yemoduussisn, echu ypaBuenHe (9) HMeeT Xx0TA O OZHH KOPeHB C MOAOKUTEALHOR
NEfICTBHTENLHOR 2aCTBI0, €CAH HeT KopHedl ¢ NoAoMHTedsHON JeRCTBHTENLHOH
RacTbio, HO CPeAH KOPHel eCTb 9HCTO MHHEMHE, TO TpeSyeTcs ROMONHHTEABHOE MC-
caeposanue (oM. n. 13.6-7).

B vyacTHOCTH, AA% CHCTeMn (3) XapaKTepHCTHYECKOS YPABHEHKE eCTs

ar a9 0P 8 oF 14}
5’—(w+f s (—-“,——‘—':"—') =0, 9.5-10
g I 2y G 9 5 PSR B

The BCe qaCTRHE MPOH3BOAHLIE GepyTea B Touke MoKoA (yg, o)
Ilng ypaBHeRns BToporo nopaaka y=f (y, y) u Toukn moxos (g 4o) (3na-
uut, | {gg, Yo} ==0) XapaKTeDHCTHNECKOE YPABHEHHE MOMHO S3NHCATH, UG HEPEXond

K cucreme (3): i o
=Gt (Gh ="

Touxa noxoa cucremw (3) ects (oM. pic. 9.5-2)

— yemodaugnii uAu HOYEMOURUgoid y3en, eClH ofa KopHS §; H 5, ypaBHeHHR]
(10) meficTBHTENhHE # COOTBETCTBENHO OTPHLATENbHH HJH NOAOKHTENRHY,

—¢e0A0, BCAH 5 H 3p ACACTBHTEABHGI H UMEIOT Pa3Hbie 3HAKM,
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— yemoltuestl au  HEYCMOEUuEtd GOKYE, €CAH §; H 3 KOMIEKCHO CONpH-
HEHE M HMEKT COOTBETCTBEHHO OTPHUATENLHYIO HAK NOJOXHTENbHYIO LelCTBHTE -
HYIO YaCThk,

Ecay kopun ypaeseunn (10) YHCTO MHMMB, TO AAN NHHEAPHIOBAHHOH CHCTEMbl
TOYKa NOKOH ABJARETCA yewnrnpos. Beisicuenue xapakrepa TOYKH NOKOS A3HHOW He-
JNHEAHON CHCTeMbl TpebdyeT, KaK yMe OTMeYalNoCh, AONONHHTEALHOrO HCCNeN0BaKNS .

) YCTOAYKMBOCTL NepHOAMUECHKEX Petie b A YCTOAUKBOCTE DepHORH:
HECKOIO pelleus y=g4 (I, y=y () cucTemsr (3) 348HCHT OT YUTORMBBOCTE TaKorgQ
e pEelEHRA -’IHHEED!ISOHBHHDH CHCTEME

db ap P .
_Ji=~—0y+ = B s
dt dy By @510
g oY aq o, da
By, o S Bptie i
ai d Y
KOTOPEAl  yAORRETEOPAIGT Manwe sapHaudg (. L14-17 Oy, 65} NeNHOAHYECKOND pEOIEHHN.

(3!18(!3 BCE UACTEBE NPOHBOAHWE GEpyTCA B TOUKe (yp i) jrp (ﬂ)-) STO — cuCTeMa RHHEA

HuX aubdepeHiHaibHHY YPaBHeHHA ¢ nNeproAHYECKHME KOsPGHIHEHTAMH, HMEIMHWMH TOT
#e NepHOR T, 4TO W DadHGe pelleHHe;, ypasHedua (11) AONYCKAWQT A83 AMHCAHD HE3APHCHMEX
pElUeAHA BUAA

By =Ry (B, B = hps 063 Oy =M ny iy, 04 = €M hyy 1), 9.5-12)
tag hg, {) — nepuoAKYeCHBe GYHRURH, B

T

1.,%5 (%‘3 +£‘;ﬂ)| dt. ©.5.19
0 Y1y =y, m, y=i, @

Mepuofusechde pelnenue pemodunse npu b < 0 o wegemodvyge apd b > 0 cayqsll L =0 rpe-

GyeT AONOIHETENLKOIO KCCACNOBABWR,
Mpuwep, lwppeperunanssioe ypasHende Ban gep [lona
diy s G¥
?r,-+y—uu-y;a,——0 >0 9.5-14)

HMeeT YCTORYMBWA npeAenbHuA UHKA B OKPECTHOCTH NPUSAHXKEHHO NEPHOANYSCKOrO PelIeHUA
v=y, =2 cost: ¥ =¥ My —2s8inf wh=—pn(l -+ 0] e rasme n. 9.5-5)

9.5-5. Mpubanmennntit metTog Kpmaosa w Boroswboga.
(a) flepeoe NpuOAnKenHe DKBHBEAEHTHSA PEryAapHIa.
oy 5. Pewebue andxpepenusaNnhOro ypasHeHds BHA3

di a
E_-?i_ _l._miy.l..“f(y. d_f)=0, (9.5‘]5’
ri¢ p—Manas MOCTOAHHaA, TaK YTO NOCAGAHUN 4AER NPEICTaBAALT MaJoe He-
AHREHHOE BO3MYyLUCHHE, HULYT 8 Buae
y=r{f cos ). (9.5-16)

[penebperan owmybroA NopAAKa @, HAXONHM AMOJIMTYAY? 7 ({) H enonuyiw gasys
¢ {{} u3 angpdepedusalbRLX YPEBHEHWA AepHOre Nopaaka

o
g?’=ﬁ’i&s t{(r cos &, —rw i A.)sinld?«=-‘—%a1(-’)-
I » (9.5-17)
99 ot g1 11 coth o o0 N conk A=V BT
g

Opw _AgHnoM nRavanouoM 3Havenun r {0)=r, pewleHHe INOUBAACHMHOZ0 Al-
Hedno2o Ougbdreperyuarono2e YPABHERUA

TE oy (ro) 5+ aatrg) y =0 (9.5-18)

5.5-6. 0.5 HEIMHEAHLIE YPABHEHHS BTOPOTO HOPRIKA 287

ANNPOKCHMEPYST pelUeHHe AARHOrC EAGQepeHUHANLROTO YpaBhenua (15} © oums-

kol nopsaka pE  [EAR NepHOAKYCCKOMD pelieHNs THNAZ OpeielLHOrO UHKAA

(1. 9.5-3, b} npuGanxennan aMnAnTYZa fi HaXounTea K3 a (r;)=0, a Kpyrosaa
L

YacToTa NpHDANMKEHKko pasha V"z {re) 310t npesebubill UHKA YOTOUHS, CCAH

da da
“Fr |r=ry >0, u weycrofluua, ecan — 1|, rp <0. Hna camososSysnenns no

COCTOANHA MOKOA AOMKKEO OuTh a, (0) << 0.

¥KasauHoe nepsoe nDROAHKEHHE NPEICTABNAET HUTERLC B CBAIA C MepHOLHHECKHMH
HeAYHEAHAME KoAeO2KRAAMH, B TakuX CAyuanX SKBHBaAeliTHOR NHHefHOE THdDEpEHUHATLHOE
ypasnente (18) [QAeT TO e HAKQNAMKE H PACCEANWE SHEPTLHK GO UMKAY, STO W RAHHOE Ae-
niHelinoe ypapserne (155, Mo0ITOMY 3KEKBINEHTHOE AUHENHOE ypaBueHise MOXKeT NPHMEHATLCA
B HCCABHOBAHHAX HBAEHUH HCAMHERHOLG pexoHanda.

b) Ynyawennoen EE HOE NP HOAN MeHHNE ¥iyuleduoe NpuGAHKEHRE Mep-
8oro nopAaka aaeTcA dopMyac

o
B} oasin
¥ r () cas @)+ piey "—2—~+ Z [@g (r) cos k@ () + B, r) sin 2g ] 1 9.5-19
k=l

cae r () B p () onpexensoTcA W3 ypaouenuh (17), a

2n
o, tr) = n'_—"_(k: g S Fircosh, —rwsind)cos b dh th=0.2 3, ...,
:?n {9.5-29
By )= sl fecesa —rosaninmar w=25 ...
v 2
an n[;lgru wep. B eaywse auddepenumannrore ypamnennn Bap nep [Maaa {14) ypapuenun
a4 ( - '{) ri = roeki/? @524

]/a+}r%(e’*‘-u'

Npu re=ry =% uMeerca ycToflunpuf npegensAnil uuks, Bee Koappuunenta (20) ncueasior,
88 HCKJWHeHHeM f,; yAyYLWEeBHOE NepRoe NpHONHMEHHE eCTh

a
2= rif) cos if + ot — . | 3(2” sin 3¢ 4 oo, .52

Npudanxenne Kpunoea — Boroawgosa {19 ects yaydweuue Gonee NpocToro METORa
Ban pep lNoaa, koTOpHA cTpOKA MpHGAMKEHHA BHia

F=a(f) cos wf - b {) sin wi.

Metont Kpuposa — Boronososa woxer SuTe PacnpoeTpaned Ha eayuadl aepHOgKSEcKof
BNe@AEA HArpY3KH B Npasod wacTH RuddepednHannvHora ypabheiing ({5} (BeaHuednue ph-
HYMACHUHE KOneJanun, CySTapHMORAHYLCKHA Pe3oHanT).

0.5-8, Hurerpan wuamx cva, [IHddepesunansuoe ypasueune Buja

diy
= fw, {9.5-23)

NPpeAcTaBNNOWEs SHAYHTENBHLA HUTEDRC B NHHAMHKE, MOKET OHYh OPHBEAGHO K YDABHEHHW
Oepugre OCpAAKE yMHOKeBHCM Ha dyfdl W wuTErpHpoBaNHEM;

dy 2

(&E) =21t dy + Cu, {9.5-24)

i= S N S 19.5-25)
Viftway+c,



298 FAN. 9. OBLIKHOBEHHLIE IHMOOEPEHUHAMLEME YPABHEHHSA 0.8-1,

9.6. AH®PEPEHUHAJIbHBIE YPABHEHH S NOATDA

8.6-1. [Oudidieperunarvivie ypaswenus [Mdadda (cu. takxe nn. 3.1-16 g
17.2-2). Andupepenunasproe ypapuenne Nipadda

Plx. y, 2Ydx+Q(x, ¢y, D)ay-+R (x, y, 2 d2=0 (9.6-1)

¢ denpepuisno Anddepesudpyemuyy  Kosdpuurenramn P, @, R MOXeT OuTb He-
TONKOBAHO TFEOMETPHYECKR K3K YC0BHE OPTOTOHANLHOCTH KHTErPajlbHBIX KPHBGLLX
(c KacateabsbiM eexkTopom (de, dy, dz)) 3ajaHnoMmy foMo HanpaeaeHui (P, Q, R).
U106 HafTh dHIerpanbuyic KPHBYIO, AeXallvio Ha NPOH3BOALHON (peryAsipHoil)
DUBEPXHOCTH

}x, @ 2)=0, (9.6-2)
Naj0  peWMTE OGhKHOBERHOS AH(ERPEHUNAABHOR YDABHEHHE, NOAYYAIOILESCA NPR
HCKMOYEHHH 2 W dz W2 ypasnens® (1) » d) {x. ¢, 2)==0. IIpn 3TOoMm unTErpasb-

ME KpHBBE OYILYT ONKCHIBATLCH ABYMH YDaBRERUAMILT (£, 7, 7)==V, g {1, ¥, 2, C) =0,
rfe { —OCTOAKHAS BHTECPKPORAHUA
9.6-2. Bpoane wurerpapyemui cayuah (oM. 1akme 0. 9.2-4). Dudrpepenunans-
woe ypaeweuue [ladpa {1) snoane mHtrerpapyeno, ecin CyWeCTBYET urALzpUpYy:
U RO po=y (K, g, 2) TakoR, ato P{P dy-Qdy -+ R dz) ecte noanwil
drdbepenunad d@ (x, y, 2); 3T HMEET MECTO TOYA3 H TOMLKO TOFA3, KOCA
3y 4R ok oP 9p o
P(F-g)+e(5-5%)+R(5—%)=0 (8.6-3)

ar
B 3tom chynse RaMAzA NYHHA H3 BHTErPAALHOA NOREPXHOCTH
@lx, ¢ 2)=C, {9.6-4)

OPTOTOHANBHOA CeMeRCTBY KPHBLIX, OfHCHIBAEMBIX CHCTEMOR

fj,,“'-‘“ dz

PU TR {9.6-5)
ABNAGTCA MHUTErpaibhod kpsBok. OTcroAa crefyer, uTO pewenns, AafileHHNE Me-
10808 N, 9.0-1 N0 DOAXOAAWHM 0GpAIOM BLIOPABHOMY ccHedomay NOBePXHOCTER
{oGhuuo BACCKOCTEH)

Hx, g )=z, g, 23 V=0, (9.6-5)

ARMAT H2 HEKOTOPOA KNTRrpasbHOA NOBepXHOCTH (4), nMonyuyarolieRca nyTeM ue-
kaauenna A K3 petiennn [ (x, y, 2 A=0 g (x, p, 2, C; X)) =0 (memod Madepa).

JOpyrofl METOA HaBXOMACHHR RHTErPANLHOR NeBEPXHOCTH (4). cuuman 2z nocmo-
AHKOIM, HAXOAAT  peweHHE OOWKHOBENHOrG nHdePeHiHIARHOO  ypaBHEHUA
Pix4+ Qdy=08 sane ulx, y. 2)—K=0. Toraa HHTErpassuas NOBEPXHOCTH
CIIECHIBACTCY YDABHEHHEM

tp(x. o, Z}Eu(xr 8 Z]-‘IJ{Z)-:-C, (9.6‘7)

roe P (2) — pewespe oOKHOBEHROre AH(PPepeHUHRAALHOIO ypaBHeHas, NOAy4awlle-
roCE OYTEM dCK/UCYeHHA X H i B3
Lou 30w ) (dn_av
Pixr  Qay  R\dz dz)' (9.6-8)
3ameTaM, 9TO Ofiliee 3Havenne OTHOmenHR B (8) €CTH YHOMAHYTHWA RHTErpHPYIO-
Wi MBOXETEDS WM (x, §, 2).
Nlppnomenun & TepMOAHABMMKE BAUAGATHYECKOE YCAOHHe O =l mmeel em} ), ua-

TErDKPYIOWNM MHOMUTedem caymutr I/ 7, rae T — abcosomuas memnepamypa, O nog-
weR) aHpdEpEBUEAN InmpOnii, pams, % ¢

F7ABA 10
AHSSEPEHUHAJIBHLIE YPARHEHHA C YACTHLIMH POU3BOAHLIMHA

10.1. BBEAEHHE H QB30P

10.1.1. Brognwe samevanus. [IyusTe 10.2.1—10.2-7 nocsauens auddepen-
WHANEHEIM YPABHEHHAM C YaCTHEIMH NPOU3BOAHBIME ICPBOTO NOPSIKa W HX TEQMET-
prueckoll HKTEDPNDETAUMH M BRAKYAKT sAcMenTw  Teopud [amuastona—Slkoou
KBNOHHRECKHX ypaBreHuil.

B an. 10.3-1—-10.3-4 naysawrca xapakTepuCTHKH M KpaeBble 3a1au AAR Tu-
NepGoAHIECKHX, NAPAGONHYECKHX H BANHNTHYSCKHX YPaBIeHHR BIOPOro NOpAJKA.

B no. 10.4-1—10.5-4 npeicTaBJent PpelleHKS HaHG0AECe BamHbIX JHHEANLIX
IxdxpepeniiHansublx ypapuennl matemaruveckoit Qu3NKH (ypaBienHe TEANONPOBOA-
HOCTH, B0JHOBOE YPABHEHHE W T. A.} ¢ SBPHCTHYLCKOT TOUKH 3DEHHR H MPOCTEN-
WUHE [PHMEHEHHA MEeTOAa HHIErpaibHHX npeofpasosannfi. Bonee ycaomHeHHasa
TEOPHA JHHEHHBIX KpaeBMX 33Aau H NpobaeMu COLCTBEHHBIX IHAYEHUHl OMHCHIBA-
wTea B ra. 15

10.1-2. Hudipepernnansupie ypasHeHHs ¢ HaCTHbHIMH NPOH3IBOAHMWMH {CM. Tak-
e n. 8.1-2).

{a) AndepeRunansnoe ypanbeHde ¢ YACTHWMH UPOHMIBOAHKWMHE r-T0 NOPAAKA
eCTh $YHKHHOHANBHOS YPAaBHEHHE BHAA

C 9D o g ¢*D
F (xl, Xy wver ¥mi @ g T Gt oRr )

=0, {10.1-1)

BRAYAOLIEE NC MEHbWER Mepe CIHY YACTHYH DOPCHIABOIHYHR r-r0 NOPAAKE OT

HenspecTHON GYHKUHE @ (%, Xy ..., X4) ABYX HA GONGE HEIABHCHMBIX DEpeMeH-
HBIX X3, X3 -+ Xp.

Synxuna O (¥, Xy ..., Xp)h YIOBNETBOPAWOWEA favHOMY YpasHenHio (1) B He-
KOTOpOl 06MacTH TOYEK (X, X3 ..., X,), HASLIBACTCA DELIEHHEM HAH HHTErPANOM

AndxpepeHUMaNEHOTD YP2BHEHMHA C 9aCIHHME NPOH3BOAHLIMA,

Ofuee pewenye (00uiui HHTErpas) AaHHOTC ypaBpesnna r-ro nopajka (l)
CONEPHKHT, KaKk NpPABRHAD, MPOUIb0AbANE