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Beenenve

MaTemariika BO3HHKAA Ha 3ape UUBIANZAIMN KAK OTRET 114 AMUAHCHHD
HAZKHY 10 HOTPeGHnCTE YONOBEKA B KIMBYECTBCHHONM OTODPAKEHHE OKPY-
HAOUIETO TO MIDPA: HYKHO ORII0 MOICHITLIBATI PACCTOSHIIA, RAOHLLIH
BO3ACALIBAEMBIX LONCH, COOPAIH LR vPOKail, IIOTUA0BLE JOMAWHETD CKOTA.

Camactositensitof Haykoit MaTemaTiya crata s Slpersett Tpelnn npivep-
no 8 VI a0 1. o, Bee dunocobokite 1KGABL TOI0 BPEMEHH BKAKYLTH Ma-
TEMATHKY B KPYT BOMPOCOB MHPOBO33PCHiH: CTPOrHi s3nK thopMannnolii
AUFHKN (NMEHHO OH CTal 33bIKOM MATEMATIsKH ) (hupsipasan it crpoitnoe
Muneniie. B 11 B 0o i oo MaTeMaTiiKd BLIIEnach 13 hrslocodni, yTo
orpaxero B «Havanaxs — tpyac Eswmiina, (yHaaMedte KiaccHHeckoil
reoserpitl. Bojlee TBYX ThiCad NeT MaTPMaTHRY H3YYILL 11G TOH KHUTe,

MHOFO ReKUB TIOCIE 3TOFD MATCMATHKZ 3BOJIOIHOHHPOBATL MeJIEHHD,
1 ToAekn X VI b, cran annxodt ee Gyprore pasnirtisg. Tamurell w Kenoep
NPHMEHUTH MATCMATHKY B HCCACGIUBAHNH ABMMCHIA He(CCILIX Ten, 4To
NPUREAD K DORIGHTEALHBINM 10 TOMY BPEMEHY OTKPWTHEM — 33KOHAM
askenng waaner soxpye Coatda, Tpyaw Jerapra, Hewtona u Jeitb-
1112 03HAMCHOEAN HOBbiH 3Tan pas’BHTHA MATEMJTHKH I ITOABJACHHE
MUTEMATHKH NepeMeHdLx seandnn, Hauwases neprion andubepenisanine
CAMHOH HAYKIL 114 PHA CAMUCTIITEIRIBIX MATEMATHYECKAX HAYK MareMa-
THICCKHT AUANE, AHATITHNECKY 10 TeNMOTPHIO, a1redpy. B cBolo oucpeas,
ATO MHULLNIPOBAAD HHTCHE HRHOE PAABITHE PNIMKIL TL ACTPOHOMIN,

CospeMeHHAN MATCMETHED HHTCHCHRNG NROHAKAET B ANYIHC HAyKH: BO
MHOMSM 3707 NPOLECT (IPUMCXoaNT OHarolups PRieIeq N MaTeMaTHRY
HY PAT CAMOCTOATCABHRX 06040 Teil. S3bIX MATCMATHKI! YHIIBCPCAALH, 4T
ABIARTCH ODBUKTHBILIM UTPAKEHNEM YHIDEPCALHOCTH 3AKOHOB OKpY-
KAOULETO HAc MNOFOOOPA3HOTO MIIPA.

FkonoMHKE Kaxk Hayka of) o0heX THRHRIX NPHYHELX (Y HKUIOHIDOBaMY I
i paapnri oduectsy enle co CPETHIL BEROH H0LIYETCS pasHooOpa3ib-
MH KOTNYECTRCHILIMI XAPaKTePUCTIIKaMK, a noTomy pobpana w cefa
Sonblioe MHCAD MATEMATIYCCKHX MeTofos. Tak, coBpeMelull Ovxrai-
TEPCKIT YHOT GCHOBAH R TIPHHTLTTAX, nanmkennbx ene B 1494 r. g divn-
AaseuratioM tpyac Jywy [Tavoan <Cysima apudmernri, reomerpu,
YUEIIHA O IPONOPLIAX B OTHOWTHAAX», B KOTUPOM 4acTs ), otaca &, npea-
crander cobnii rpaxrar X1 <0 cuerax o aanincaxs. Conpementan Koo

ar



12 Beegenve

MIKA HCNOABIYET MeTuah, paspaborannnic 3 XX n JTH Karropesiyes,
B. 3. Jleontiesms, E. L Cayviggna, B oo Ke BPOMA HITCHCHBHR Pasnil-
RLACA L MAVENATHICCKIET ANMAPAT, UPHMCHArMRl 3 AKOROMILE,

B upeataraesor yaednoe nocofie BAIOSCILE OCIOIILIC DU ool
MITTEAR THK L, CNCTARTAKILLHE MITECTLOIO IOl UM T atttapat skono-
MITRIL METEMATHURCKHE iz, Tnneiinas aaredpi, Teopuy seposrHi-
ETCIH W MATEMATIHIOCKAS CTATHCTIGY. B RuHECTHE MATCMATHUCUKIIX MO T
AOB IKOHOMITEN, GCROBATILY HL JTHX DISIEX MATUMATHENL JHICCMTPEH L]
AHNSRGE NPOTPAMMINORAEIE, DCHOBL (TR oRONE MATeMATHRIL 270
MUNTEE TOORHIL PICKOY M OKONOMCTPIKE. Tikas oaDopKa Tes IB s
PACCMOTPETh KAK TPALUHOHELIE METOU MATEMATIRE, HCMLIRIVEMEE
B AKOUOMITKL, TAK 1 NUBRIC METULBL ALICTIHEHO HRIMERHEMBE 1L HOCICH106
BHCMSL

B kuiire vennnR3aBalinl MATEPILLTHL, MPOIICAILIE TIPAKTHMCCKYHY HPONC]-
KV NIVHE TR THITT MO TEMATHIRI M e TR B DROHDMIIKE 18 K-
HOMIMBCKNX TOCYIINCTHCRHLIX 81 HENCYTANCTBOITLIX BYIAY UTH -
HBIX (HopM OGyderstd, B roM dHC e OB, wesepeil 1 AnCrangon o,
8 TawRe AMIONHITEIRHOIO 1 BTONOC BLICICTT 0bpainBiius

TIp0 trstoske (N8 MATEPIGLIE MRHMEHA BTN 1 TR OO0EHaue s
I TCNTITTOSL QAL

Hayaerine MaTeasatoril it 68 METOA8 0 AKNHOAMIKS, COCTARBIONNY ocrO8Y
CORPUMEHHATE IROFOMITCERNIT M P MIPTIRIL, Dosm L 0T OV HLeMY CHCi -
ARCTY ARN0GPCCTIE NCOBXOINIMLIL BastBLL THIBLKIL IS UHPILTL KEYIO0),
AONBICTTE YPRETH MBI H 00HVIo by rvpy. Bee 2T ronagodnTes
CMY 1350 OPICHTAINN B IO ccionatuioil 1eaTeaLiocTs 11 yemewnion
pado I,
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fnasa 1

INEMEHTLI NMHENHOWK anrebpb!

1.1, BeKTOpHOE NPOCTREHCTBO

1.1.1. BekTopbl W UX CBOMCTBA
Mpiseaen obabienie NORATIA REKTOPA HA A-MepEET Cayiall

Onpeaenenne {. Jwboil yuopsaoaenusiii nabop 13 71 2€HCTBHTEALILIX
UHCE fty, fg, ., O, {HABBIETCS H-MEPHAM REKTOPOM @) HCI8. COCTARIRIO-
Hte yNoMARYTHIT HaH0p. HAABIBATCA Keopduiamary (KOMIIOHE!ITAaM)
BUKTOD: &.

Onpeaenenne 2. CoBoryITHOCTE BCEX R-MEUILIN BEKTOPOR NaIbIGACHIT
n-AepubiM GEKMOpHLIAL npocmpancinaom B

K()UDHHHHTM A-MODHOrO BCKTORA MWK PHCTITERIIT anbo s LUTROKY
{UCKTOR-CTPOKA)

=l

={a,. a,. .... 4,}. {1.1)

ande B cTomben (BexTop-cTonbeu)

a={ 2| (1.2)

Onpenenrenue 3. JIs0 REKTOPA ¢ OJHIM H TEM K UHCAOM KONDAHHAT
a={a, a, .. a), h=(h, h,..h) {1.3)

HRLGELIBAIOTCR PARIILIMH, 1Y MY COOTBETOTBY GG HOUDJIMHATE DIUBHAL,
T. B,

2, = h, a, = Iy, f, = b

e
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Oopepeaenne 4. Bekrop, nre KOOPAHHATE KOTOPOIO Pamiibl HY.MKY, HAZLE-
BUETC TYIACHBIN BERTOM

0 -¢0, 0 ...,

1.1.2. Onepauum HaA BEKTORAMA
ITyens perropur @ iv b (1 3) upimnainekar #-mepinony BeKTopHoMy inpo-
CIPANCTBY K% BYTeM HASR G0 TL CYMMOR aexm0fI08 1 11 b BeKTOP ¢, KOOPILI-
HATR KOTOPOMD PRIIHLE CYAIMAM CROTRCTCTBYONNIX KOOPAMHAT ATHX BeX-
TOpUY:

c=a+h=(a +bh, a, +h, ..., a +5h) (1.4)

Myctn 3 — maboc JeiterRire s ioe snweno. fpoasetenuey sexmopa @ na

Wuean d OVIEM IASHIRBATH BOKTOP, KODPITHA ML KOTOPITT BODYHHOTC yM-

HOGKEICM COUTRETCTBYIIN EOOPAHIEIT BOKTOPA & 1 3T0 YHC
€= =(ha,. ka,. ... ia, {1.5})

Flg sreaenine takndy o0paiony anepoiindl Higl BeKTHDAMH BBITEEAKIT Clle-

Ayviouuie ceoiictna atux oepawrsii. Ilyers @, & 1 7 - npoicsoabrite oek-

TURB A-MEPLLIY BUKTOPHAIY JipocTpanc g, Toria

1} T +h =h+d— nepeMecTHTEILHNE ¢BOICTAD,

2 (A +EY+T =0 +(h + 8)- coucTaTERLIIOE COOICTBO;

3y (G + bYy= ki + Ab rae A — eiicTBIUTEALIIOE UHETO,

4) (A+p)@ =2d + pd, rac A g - JeilcTBHTEALITLE Y1 Tu;

5) () =Gy o A0 p — 3¢l TEUTEALHBIC YHCT

6) @+ 0 =4da

T} s uoforo pek ropa 4 CVILecTrYeT Taked seriop - 4, Ut
—={-1Ya. a+{-ay=1)

8. -7 =0 ans awloro nextopa 7.

1.1.3. CkanApHoe Npou3sefeHne BEKTOPOs
Dupeaenennc 5. Ckanpivis RPOUISEIUNEA BCKTOROR J 1 b {1.3) naant-
HAETCH YHCHO, COUTUHIEE WA CYMMIG NPOIABEASHI ConTaeTrTRVIONLX
KOODAIUMAT ATHX BCKTOROR!

ab=ab +ab, r .. +ab,.

n

(1.6)
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Pl Ao clpessaen it sy i NCHORHBIC ¢naiieTha CRAnAPHOrD 0po-
HABCLCHIA BEKTUDIE

Y w7 h = b a (cotmntieres TIFRIBILAO KOMMYTaTHBHOCTIL);

M (rayh=a (?‘Jj} = (B T A — ACHCTBITCI6HOE Hi5CAn:
W A+ EY=al+ai

Ay aax0 ccm d=0n aa=0 ccu a=0.

Bscaes nouaTiyg Moy nextopa (oo UHTHY 1 VR MEKILY HEKTOpaMit
B LIC GOGDIWHIA B cavaail npn o > 3

Onpeaeaenne 6. s BUKTOPOB 13 #-MCPHOTO BERTORIOIN 1POCTPANCTIA
MULYTL BCRTOMRL A 1Y FON @ MPEAY ARY ML HEHYIEERMN BERTOpaMI 7 0 b
CHPEACHSIOTCH TIO IapaTy. LM

— — — 3 .
la|=Jaa =Ja’ v+a; +.. +a

(1.7

ik

NS ‘.pzw .

(1.8)

MIGRUAL O IGKLoE CnoACTRo BekTopos. Bektopu @ n b Ovaes nase-
RiTH OPCAOHLTANMN, CCIUL HX WG PHOE BROIHAREACIHIIC DBty HYAHY.

ali =10 {1.9)

Paticue rsa (1Y) SIRASETCR ataIoros yeaoists NEPNeLHKYILH PHOCTI ek
TOPON 13 JIBYX- 31 TPEXMEIION Iy Haslx, Kurita s paseticvae (1.8) cos @ = 0.

1.1.4. IHEAHER 3aBUCUMOCTL BEKTOPOB

[0 Penressin AN LIS 30,1471, Kk IEPABILIO, NRIXOANTCS IINMETh 1610
HE £ QUL BCKTOROM, 4 ¢ NeRnTaHfrl COBUKYITHOCTHI0 RCKTOROR 0/U106
passtepioeTis. Takyio coroRyvIMoOrTh NasLM0T rucmeneit neKTopos |
BOLEMASAO T ANOIT DVKBOH 11 ¢ PUALINT DS LGELIL TONEPHMIL

A @y o Gy (1.10)

Oupenenenue 7. Munciomin xovbunarues nekropons (1.10) nassmaeres
BERTHY RILLA
h=na +d,a, +..+4,4a,. (1.11)

R g A o Ay — AROBIC JCTICTBUTCABD LI unena. (3 3Ty cayvae rosopsT
TAKKe, ITO BEKTOD h et sstpetacaemes aeped sesTops (110 non
PECLTUCETES 110 ITHAM BUKTOIAM,
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Npumep 1. Jdares tpu sexropa:
a (Ll 2.0), 4, =¢2 L Dnada=(11-2)
Hx avuneiinon xombnnamieii ¢ xoahdiuuntentami, cooTReTcTBEHHO, 2, 3
H 4 suasiercs sekrap b = (4, 11, -5).
Onpeaeaenne B. Cuvreua nenyieuws verropon {1.10) naspivacres -
HEHB0 JAUHCHMULT, €T CYUWCUTBYIIT TAKHC YIICHA A, Ay, ... Ay HE DABHbIE
OAHOBDEMEHHD HY A, 110 NiHeftst koMOTIHANHR J2H 1O CHETEMB © YKA-
JUHHBIME YHCAAM I PABI HYACBOMY BEKTURPY:
Moty F Ay dy v Al =0 (1.12)
Ecan e pusencroo €1 L2) aas aannoi cncresiw sexropos (1.10) soamox-
HO AHIG NPH A, = Ay = o= 2, = (), TO TaKa® cHCTEMA BOXTHPOBR HAZKIBALTCH
Auneilnn desauncirmoi.
Hanpiarep, ceveMa anys pextopor a2, = (1, 0) 0 a, = (0, 2} anaseres ap-
Helino HezarncuMail; enctesa aryx nextopon b, = (1,2, 1) u b, = (2,4, 2)
HBASCTCH MHNEeRKo samiwensoll, Tak xax B, - 26, =10,
Eenu eneresa nexropos (1.10) sinancres avHeino 3apuciiMoil, 1o B cyMMe
(1.12) MoOKHO BRIDPATS CAAraeMoe, 1 KoToposm soaghient 2, = O, 1t ool
PABHTE B0 HEPel OCTANBIBIE LAY MBbIE,
Yxaxkesm cBobcTUa cHCTeMbt sekTopos {1.10):
1. ChereMa, CoCTONIIan Wy BUI0T0 NEIIVICBOTO BEKTOPH, JNNeiHG nesa-
BRHCHML
2. Cncrema, coaepailas HyJICBDI BEKTOR, BCETAE TITHCAHO 3aRHCIMa.
3. Cuerema, coacpxautad douiee QAKOMO BEKTOPS, THASTTHE JaBMCHMA To-
rAa i TOABKO TOTAA, KOIAA CPOA O BeKTOPOR COACPMRNTCA o Kpaiinei
METE DAHH BEKTOR, KOTOPRIT MiHeiiHO RWPAKACTCS YERe3 NCTATLHEE,
A5 BeKTOPHOIU NPOCTRARCTRA R CHPRHEINABL LACIYIOWAN TEOPEAL,

Teopema 1.1. B npocrparcTae R™ nio0is CHOTEMiL, COACPKALLLA 7 BCKTO-
poOB, AHHEAHO BARMCHMA NP 7 = A,

1.1.5. baauc Y paHr cHCTEMb! BEKTOPOB

Pacemotpum cieremy sexropos (1.10). Maxcumaisno neansucumoi nod-
cucmestol cretTeMsl sektopon (1.10) nasusaetcs vactuyiedi 1ralop pekTo-
OB 3TO CHCTCMEL, YAORACTBORAKIIHEL ABYM VCIOBHIAM: #) BEKTUDLL 3TOFO
Habopa nHHeiiHo HeaasucMEl; O) nnboll sekTop circtemnl (1.10) auueiino
BAINAKALTCH HePes BEKTOPH aTero wabopa.
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Onpeaeaenne 3. MakCiMAAhHO HE3ABHCIAGS TIOCHCTEMA CHCTEM BEK-
topon (1.10) HagusaeTca ec dazucny, BCKTOpE, Bxojsinge o Gazic, nazu-
BUIOVCS BasueinMu GeXmapamy. Byaes HRulBaTh POHIOM CHUTEMD BEK-
TOPOR Muchn AexTopoR ee Haanca. [IOHATHO, WTO ecH NAHI CHOTEMbI
BCKTOPOD MCHBILE 9T & 0C BeKTOPOB. TO OHA MOXET {IMETh HCCKO/TBKD
Gazncou,

Onpegenenne 10. CHereMa i REKTOPOB HARDBRETES DAZUCOM HPOCTRLICE -
pa R eonm
1} BEKTOPLE 3TOH CHETEME THHETIHO HE3ABHCIIMKI;

2} pesKUH BEKTOP 4y R” Junciilo BUIPasKACTCA YCPE3 BCKTOPL! AAIHOH
CHCTeMBL

1.1.6. Pasnoxexue sexktopa no Hasucy

ITycry cactesa sektopon (1.10) apnaerca GasiicosM, a sektop f — ux an-
Hefinan kxomBHHauna, HMeeT MecTo CIeLyRiLas TeapeMa.

Teopema 1.2, Paznoskenne moforo seKTopa B Da3Ce, ofIM OHO CYILECT-
BYCT. ARAAETCA AHHCTRENTHIM.

B nponssoanion Hasnee npoctpancta KT

i, 4, ..., 4 {1.13)

i "

m0fTl BCKTOP 3TOCD MPACTRAHCTYE DOA3ATEALLO UPSACTABMM B BILAC pas-
AOHEHUA NO BAaRHCHBLIM BOKTUDIM

b=w,a +u, d, +..+n,0, {1.14)

B natiope Koadupuilnentor pazinKeH st (@, ty, .. @,) $HCHA &, HEILILAET-
o3 xoopdunamanu BexTopa b b Hagiice (1.13). 1, Kak cAcAYET HI CKASANNG-
ro, 370T HAbop eANRCTRCHHBIT Ly Jboro sexropa 8 gaimoy Gance,

1.1.7. PaanoxeHue BeKTOpa B 0PTOrOHaNLHOM basuce

Pacemotpiv Gaaue npoctpaetnin RY, B KOTOPOM KK BCRTOD 0pToTo-
BATEI CCTAARHLIN Berropas Gagnea:

£.8 ... &, &e =0 ix; Lj=12 .. n (1.15)

rr

OpTornHagbHbie (a3NChl MIBECTHR W XOPALIG NPEACTARIME HA MA0-
CKOCTU Jt B upocTpaseThe. Baanchl rakoro suia yaoGHsl npexkie ncero
TEM, YTO KOOPAHHUTH PHUAUKEHHA NDUN3RGALHOTO BEKTRPA ONpeaens-
IGTCA N0 BEChMa NPOCTOlt nmpouerype. 0e3 IMEHCHHA TPYI0CMKNX Bhi-
YEMCHLTE,
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JeltctorTeabito, NyCcTh TPeOVETCA NAalTH PA3NoXenne [TIGE0ALUOro
BekTopa b B oproronansion daznce {1.13). CocTiBuM pannaskeHne 21oro
BEKTOPA C HCHABCCTH LM NMTOKE KOODUITNATAMN PEI.LSJ'IO}KL‘HI!H A I3THHOM 63'
SHOE

b=a? +a,6, +...+aF. (1.16)
YMHOKIM 006 4ie 11 ATOIa PAUBOHCTAN, NPEACTIIVIN UL Cnboll BeKTOph,
na pexvop €. B cuay coiicrs 2 11 3 CKUIMPHOIO HPONIBEACHHE BERTOPOE
HAMEEM

bE, = o, (88 )+ 0, (5,8)+...+a, (B€)+...+u,(F,72).

QaBaKo B CHITY B3aHMHOW OPTUTOHANBHOCTN vekTapul Basnca (1.13) Bee
CKA/IAPILLE [IPOHIBCACHNA BEKTODPOR DASICA, 48 HUKIHMEHHCM {-1'0, PIRILI
HYAK, T. €. KOabhHILHeRTHL (1, OlpeaeaReTeS 10 hopMy.Ie

hé,  be,

- =L % ..n (1.17)
ee e l*

Ormeris ocofio yacTHE cayuall opTornpuIBHOre 0RI1CA, KN Bee BeK-
Topel B (1.13) UMCHT CIRHIMIYI LY ([EII =1} wan ropsuposans
no ceoci Annbe. B Takos cayyac 0asiic HasuiBAIOT ONMMONOPMUDOGANNBLIN
W KOapAUHATH pasnoxelid {1.17) nvmernT raudotee wpocToil B

«,=be, i=1 2 ... n (1.18)

1.2. Matpuub

1.2.1. ToHaTHE MaTpUULI
Onpejenenne 14, ITpavoyronsaast Talbipia uices nimn
(a, a, .. «a
a,
S a (1.19)

[ J T ¢

m | L (I L

HOILIAAETCA Mdmpuied. 3aech i, — aefleTmrrensibie yiteaa {f=1, 2, ., an
F=1,2, . 1) iaShiBACMbIE 3AEMENIHLME MATPHULL [ 1) - COOTBCTCTBEHHO,
wiAekesl cTpoK 1 ctonbua. Tlpn stoM oponsseaerne mr Yicna cTpoK Ha
YHCNC CTONBLOB HAIWBAIT pAIHERCM mamprihi A. Matpuuy (1.19) sarm-
CHIBAIOT TAKXC B COKPAILCHHOM BIAC:
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A=ayl i= 12 om j=1.2 .n (1.20)

MaTpils, see 2A0MENTH KOTOpail PARILL Y410, UARMBACTCS Miptenult MaT-
TuTtEdl.

[3 Tos CAayaae, KO M= 1 {Sein CTROK Panio ety cToabee ). Marp-
1A Hasblsaeted Keadpampote, ORI B BGBLLICTUS HOPSUKOS M-
PR,

.VIIUD.‘FI;IU'IL'HHMI COOORYINUCTE CLICMUHTON o) Qoa o SN CTES
ATHHNOT (-jfa‘(Ul')h'(f.]'h!U I{LIivL'l|]'d'I'IIUi‘1 MLETIILLL, ]‘(Ilil-l[!il’l'liil}l MU HELIRL-
MU ] E:'Hﬁ.(ﬂh‘(a'_'!h”ﬁl}. BCM HEHV T HRNGIUHS TOHLKS DHEMOUTH
FAABHOH AT,

Eedwptrontcoit MATPHIETT HAMWBREICH AHDIMDHEIBHAT MITPII. ¥ KOTOpall Bre

ANEMENTHL FIARFONT JULLEONAT PABILL CAGHHIE, & RCC APVIIE 2neMet-
TLE— AT

‘10 0
D1 D

E = (L21)
L0 |,

Onpeaensenne 12, Ape marpii A 11 B naastgamtes pannsivy {4 = M),
CCITT OHY FMULOT ITHNARUBBLIC PASMEPBL 0 UX COOTBCTCTRVHHNLIC 2CNEH T
pasusi: g, = by i= 120 omj=1,2

1.2.2. NuHedHbIg OnepaLun Hag MaTpulamm

1. Cymaa marpul. Ciysernd sarpiil A o B uiliakoBors paiseDi Hasblba-
ETCS MATPHIE O TOrO He PAsMeP, KL e MeT KOTOPOIT PABCH CYMME
POGTRETCTRYIGIINX Aa0MenTon Matpit A o B Fean

As=slal B=Jbl =120 oom Jj=12 .,n
TO cyasa i sarpg € = o+ B et [

Co= fggll e = a, + b

K i

v e=1, 2 .,om j-=1 2 . n

pumep 2. Myvers gutn sapuaw A 1w 8

('-—2 3 3 21

=
1

]
=

B -

[T T
L]
w
(]
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T oMMl CorIaeno Onpese e iing), HB e sarpHid
01 -2 8
c-131 6 ol
5 1 23,
2. ¥YMHOKCHUE MATPHIA HAa aeficTRirensHoe unein. TTPouaReaemt e
sErrintebt Al AeHerio eI BHOC THETG @ O HARBACTEY MTDHIL, KA i

AACMEIN KOTOROT DLAVHEIT YAIHCHHCM COOTRCTCTRYIGHILTG SICMeHTA
MATPHULL A 6 e o,

Mpusmep 3. 1yeTs andut marping A o vacao o

_ ) 350
A ={ e 800 J =3
8 4 -2 7,

I[DUII.’!HI"'}[E‘IHI[‘M MaTPuL k] A un uneno o 8aBseres MAT[IEH

(36 9 15)
Ceu-Asl .
Y24 12 6 EIJ

3. CeoiicTea onepaltuil CYMMUPORLBE METIHIL L LIPOBERETENHI MATDLH -
Wbl Hi YICAY, NENOCPCACTBERIO BLTEKAIOING 1L OUPEASICHIA 211X
ouepaigtit. 1yvers A, Boa €7 — starpiius, gsckniie ouiBakopuiil passep,
@ a1 — negoropie JelierrTe s yited, Tore

NA+B=8+4
NA+B+C=A+r{(B+O)

Ay altA+By=wl+ ol
Dla+PA=ad - A

33 (i) A = (e} B

Gy A+ =A, rae O - nvaesas Marpig:
A =0

1.2.3. TpaHCoHUpOBaHKE MaTpuy

Tpropeenosmposasties SArPHILLL HasLIBACTEA 3AMENA CTPOK MATRULLL 1A 2¢
CcTONOUB © COXPANCTIIEM X N0pAAKa (MM, UTO TO KC CAMOE, 3AMEeH:
cronfiuoe sarTpHubl Ha ee cTpokn). [lyems gauna wexoanast smatpuua A
{1.19}. Toraa, cornacHo onpeieeHINg, TPAlCIIOH HpoBanHag MaTpina A’
{tacra uennahaveres taxoke oboauadentte ') nseer sl
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ﬂll l(';‘IZ'I L
At a." H?? aru k]
J"ll =

ﬁ]n H.‘u ”um

'L‘-ﬁKpaiU.L‘IIIIaFI (l]l.l}].\r!é!. JANHCH GHEPUILSTE TRAHCTIOBNPOLBARNA MaTRHLULE

A=l A=l =12 om  j=1, 2 . on
Hpnsep 4. yvers annw sarpium A 1 H.
‘5 3 1 :
210 3
A=2 4 2 B:{li 4 7}.
37 0 '

(?()t]‘I‘RCTCTB_\'}DHLI[{.‘ TPEANRCIHONHPOBIIHLIE MATIMIIL NMCKT

‘2 5

0 X 1 2
A=3 4 71 B = o 4
i =2 0 o
37

CroftrTRA OUEPAHH TPAHCIIGHIPOBAHKA MATPILE

1. dBaiAb TPAHCTIOHUPOBAKKXT MATPHUA PABHIL HCXOAHDIT MaTPHLLE:

A7 = A, (1.22)

2. [aapupas JErolad e KBa.-"I,p&]TllU“ MUTDHUBL IIE MEIHETUA HPH Tpandcno-
THTOBRHIE.

Baxivio posib B aarefipe 1 ¢e NPIAGKEHHAX UTNIAIOT CLMMEMpUYecKie
MATPLUILL  KRAAPUTIBIC MATPIHILL, ¥ KOTOPBIX 3NCMEHTBL, CHMMOTPHY-
HEIC OTHOCHTUBHO FAGBNOI AHATCHATH, PARNS, T. €. &; = ;. T paicno-
HHPANAIE TAKIX MY He MEBSET WX TH2, TAK 470 PABENCTAO

A=A (£.23)
THKFC MO0 NOMUMaTh GRS ICACHENEM Cll.\lM[‘T]JlI'-l(‘L‘I(UI"I MarTpHubl.
1.2.4. NpouaseaeHK#e MaTpuy

1. YMHOKEHHC MATPINIL — 3TO CACLLIGNINECKA OIICPALLIA, COCTABAAKILAY
OCHORY AArefpsl MATPHIL CTPOKN 1T CToA0LL MATPIIL MOKHO PACCMATPH-
BATL KK ReRTOPH-CTPOKH H REKTOPR-CTOABIN CONTRETETRYIOUIX pad-
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.'b‘i("l'}llf'll"TE‘ﬁ; HHRIMI CRORAMIIL, ,'H(}{:-}'IU MATIHEY MOAKHO HITENNPEY HPIOBATD
KitK COBOKYUHOCTL BUOKTOPOR-CTROK 1AM BI"KTI‘EIPDR-('.'ITI..'IﬁIJ,OIj.

[Ivern aambt aie MaTpHIbl: A — passepa m < 2 1 B — passepa n x £ Bvaem
PACCMETPIBATL MOTPHLLY A KU COBUKYINNNCTL 7 BEKTUPOB-CTROK &, Pas-
MCPHOCTH  Ra#INT, 8 MaTpuny B — ki vosokynniocts & sekiopos-
CTOADBIOB B, COACTEAAUNK 1 72 KOOPUIHAT KAAEHIH;

. hoho B
a1, ay i bn b!? bu
A, | iy, e 4y, &, b, b.
l: K ? 1z o ) B: M| 22 1k i {]2_1]
am ‘{"ml aw'_’ o, hnl blr'.! T bni’

Aona erpokn starplings A paona shicote croalia Matpine B aotomy
CKANSPHOO OPCH3BOACHIT ATHX HEXTOPOA HMEET CMbIC.

Onpegenenne 13, [tponspeacaitem Marpin A i 8 nasnieaercs matpimia C,
WICMCHTLL KOTOPOI ¢, paning CRAIAPILIM TPONSUEAEIIIAM BOKTOPOB-
CIPOK @, Matpin A HY pekropsl-croabis b oaarpiue 8

C=A8=|r|l. ¢, =a,E_,.=ianb\,, 1=1,2, o j=1,2 .k {1.25)

Takim ofipazoM, A5 BRVHCAPHIS 2ACMERTOB NEPROT CTPOKK MatPiE C
FEOBXGIEIMO HOCACINRATEALIN NOAYHITH CRAAADILIC TPUHABCACHUA Tep-
N0 CTPOKE MATRMIBE A Ha see cTGI0UbBL MaTpIILL B, Wropas cTpoKa mat-
pitel £ NMoAVHACTes KAK CKAISNTIE TIPRbske @i BYOROIN BUKTDP-CT po-
KH MaTPHUEL A HA BCC BEKTOPL-CTONOUsI MaTpiuL B i 1.1 fAasg yaolerea
GHPEALIEHEA DAIMEYL NPOHABCACHI MATPHLE BYAHG (100e08Th APYT Ha
. mrom
APYIR PORSBEICIHA PUAMEPOE M TPHI-COMIOKITEIC — =— 1 TOr s
i
paanep sarpitited © paBen npoiaseaeHin OcTaBNXed B OTHOILEHITH Y-
cen: ma k.

3aMeTHM, 910 e A 1 B - UPAMUYIDALIBE MATPHILLL TO BROUIBENLIIHE
BA y&C MoKET HC HMETh CMBC (T, €. 1IDALLAN KOMMYTATHBHOCTIL HE CO-
Gawyneres ),

Ecan matpuusl AL 1 B KBaapaTHBIC NOPAJKS fi, HMUCT CMBICT KaK TPOH3-
peaeHie Matpuu AB, Tak 1 npouaseenie smarpiil A, npadeM paamep
DUHX MEITPITIL TAKOS e, KUK # ¥ ACX0MILX compusieneit. Tlpy orom b ub-
IUCM CYHMAC ICPCAMUKEIILE MaTPHIL IPABHI0 NCPCCTAIOBOHHOCTIE HE CO-
fuloaaeTed T. 0. A= BA.
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Npumep 5.
t -1 2 o 1
A=0 2 3 B=1 1}
N Y 2 -2

Pewenye. TlooknabEY 4neao cTonbuos Marpius A panio 4ucay CTpox
satpiiet B, o opomareaerite matpuy AR nmeet oamica. o opuvne
(1.203) muayuaes B npossieacsinn Marpiy paaveps 3 = 2:
0 -1+ 4 1-1-4) (3 -4
AB=|0 + 2 + 6 0+2-6|=|d -1].
0+ 4+ 2 1+4-2 6 3)

T[pun:mem-l-me BA me nmeet CMBICAY, TaK KaK 1HEIO cToADIO MaTpillibl B
HE COBRFGIBET ¢ SHCTUM CTPUK MATRHILIR A

S

Peuienue. 3aech MLl HATCM MPOISBETEHIS Al MaTpiy AB w BA.

AB:IE N 0;2+15 ()—G}=17 —6;
-1)\5 -2 4-5 0+2) 11 2

] 0\(2 3 2+0 3:+0° 2 3
BA-—-[ ‘ ]:[ =(2 [7}

2,14 - 10 -8 15 + 2
Kuk Buio 111 peayantara, MaTpiing HponsReieius a6McHT 0T nopaika
PACHOS UKL MATPIL, B npimseennin. B ofoux coydanx nponaneie-
HHSL MATPII UMCIOT TOT Ke Pa3Mep, UTO It ¥ HCKOIHBIX COMHOMIITCEH:
2.2,
Hpumep 7. Jaun Matpiua

Tpumep 6.

=

[

102
A={2 1 1
1 3 2

Hauii rv marprigy A*
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Pewgnue. [lyTeM nOCAIeA0BATENBHOTO YMHOKEHHS MATPHIL HAXOLMM!

1+0+2 0+0+6 2+0+ 4
A'=AA=(AA=|2+2+1 0 +1+3 4+1+2]|x
1+6+2 0+3+6 24+ 3+ 4

1 ¢ 2 3 6 6yt 0 2 21 24 24
x 12 1 I(=|54 7|2 t 1|=120 25 28|
1 32 5 9 9){1 32 36 36 45

2. Cpofictrea npousgetennst matpuw, ITyers A B i € — marpiiub cooTpet-
cTBYIOWMX padmepos (4Tolu rpousseidenns Marpiy Ouuin onpeaenens ),
a o — ZeHCTBHTEABLHOES YHLea0, Torna HMEKT MECTO CAGAYIOIINE CBOHCTRA
NPOMIBERCHAA MATPHL:

1) (AB) C = A(BO),

D (A+BYC=AC+ BC,

3N AB+C)=AB+ AC,

1) w(AB)=(cA)B=A (aB).

B uepBoM nyHKTe 310ro pasfefia BEREASHO MOHATHE EAHHMYHOR MaTpH-
ust E. HetpynHo yGemurses, uTo B aATeDpe MATPHLU OHA UTPAET POJIL &[TH-
HHLLL, T. €, MOKHO OTMETUTL €lle AR8a CBOHCTBA, CBAAHHMX ¢ YMHOKEHU -
€M HA 3TY MaTPHLY CACBA M CTIpaBa:

3) AE=4;

G) EA=A.

Munimst cropamst, npenssegerne A1obo# MaTPULbL! 1A EAMHICHYG MATDH-
Y, €CNTH OHO MMEEeT CMEBICST, e MEHALT MCXOMNYIG MATPHLY.

1.2.5. CobcTBEHHbIE@ 3HAaYeHUA W CODCTBEHHbIE BEKTOPLI MATPULbI
B atoM paaaesne Mul GyAEM PACcCMATPHBATS KBAAPATHEIE MATPHLL! pasMepa
nxnA, WK, ITO TO Ke CaMie, MATPHIH nopxdm .

Mpy yMHOMKeHUM I MATDPHIIW NOPAAKA 1t Ha n-MepHut akTop B Nnponsseje-
HHH IOJMYYRETCA N-MEDHBIT BCKTOD:

AT =4
Qunako ansa noboit MATPHLE CYLECTBYET HAa00p OCHUBHRIX BCKTOPOB, Ta-

EMX, HTO NPOHABEACHHNE MATDHI(B HA BEKTOP H3 TAKOI'O Haﬁopa PABHOCHIL-
HO YMHOKEHHID 3TOMD BEKTOPA Ha OnpeaeieHHOe YHCIO.
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Onpegenenne 14. Yncro A HasuBaetcs ¢OBCTBEHHKM 3HaUEHHEM MaTpU-
ikl A NOPAZKA N, €C/M CYMCCTBYET TakOH Henyiesolh sektop X e R”, wro
BBITIOJTHACTCS pﬂBﬁHCTBD

AT = A¥. (1.26)

ITpu atom BexkTOp ¥ HadsipaeTCR COOCTBEHHLIM HEKTOPOM MaTpiub A,
a A — coBCTREHHBIM AHATEHHEM MATPHIIH A, CONTRETOTAYICHIAM REKTOPY X.

Ypannenue (1.26) npencraaneHo B Matpivroil dopsme. Tpynnupys ace
JATaeMblE 3TOTO YPasHEHH B 1eBo# JacTH, eTd MOXKHO nepenHcath o 6o-
nee ynobros Rue:

(A-AE)x¥ =0. (1.27)

[IpofsemMa OTHICKAHUS CODCTBEHHLIX 3HAaYeHWH M cOBCTBEHHDbIX BEKTOPOB
MATPHI{ COCTABNACT OCHOBY CHENUANBHOIO pasiena anrebphl — fanee Mh
e1le BEPHEMCH K 3TOMY BONPOCY. JAECH MU OTMETHM ORMH BAUKHBLI pe-
3yAbTAT ANreQpel MaTPHIL A1 cHMMeTpiyeckix MaTpui (1.23) see 7 cob-
CTBEHHLIX 3HAYEHH} ABNAIOTCA AefiCTBUTCIBABIMM SHCTAMIL

1.2.6. Panr matpuupt

Panee yx¥e TOROPHIOCH, YTO MATPHULE PAIMEPA M % 1t MOXKHO DACCMATPH-
BaTh K&K CHCTEMEL, COCTOALINE N3 M 7-MEPHLIX BEKTOPOB (HAH U3 1 m-mep-
HEIX BeKTOpOR). [lockoanky mxbas cucTeMa BEKTODOB XapaKTEpH3yeTcs
panrom (oM. 1.1.5), TO ectecTBeHHO BCTAET BOMPOE O TAKOH MKe XapakTepy-
CTHEE H I8 MaTpIl. Tax kax 3MECh MMEKT MEeCTa ABE COBOKYTIHOCTH NEK-
TOPOR — BEKTOPLI-CTPOKH H BEKTOPLI-CTONOUB, — TO ¥ MATPHLILL, boobuie
TOBOPA, UMCETCHA ABA PAHIa: CTpO‘-IHb]ﬁ Hi CTO."[ﬁI.IUBbeI. OTeer Ha BOIPOC
off UX pPaBHONPABHM AA€T CAEAYIOUIAA TEOPEMA.

Teopema 1.3. Ctpounntii # cTonbuossi panru NioGoi MaTPHILL! PABHEL.

Crano Ouite, pasr nobolt MaTpitunl paaMcpa m x 7 MOXHO HCKATL, KaK
PaHT DAHON M3 ABYX CHCTEM BERTODOB: SHGO M BEKTOPOB-CTPOK, SO
7 BEKTOPOB-cTONOLNE. [Inf NPAMOYTOIRHOH MaTPHUL! MAKCHMAALHRIA
paHr 7= min (m, n}). MaxcumaneHbii panT KBaApaTHON MaTPHIL paiMepa
7% 71 He MOXET NPeBulllaTh A, F <1

1.2.7. MNonatue obpaTHOW MaTpULL!

TousTHe 06paTHOH MATPHLB PACTIPOCTPAHMETCA TONBKD HA KBAAPATHbIR
MaTPHLLLL,

Onpepenenne 13. Matpuua Nopagka n HaILIBASTCA BLIPYKACHHGH, ey
ee paHr r<n.
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Onpepenenne 16, Marpuua A™' wasmsaerca obparnoii N0 OTHOWENHI
K MaTpHUE A, eCTH WX TPOMIBEICHIIC PABHO £/iWHIIYHOI MaTpnLe:

AA'=A'A=E. (1.28)

Heckonpxo 3aferas Briepes, QTMETHM, UTO JUTA BRIPORAEHHGH MATPHLE! He
cyuectsyer oOparroil Matpuusl. Mubiva cnosamu, eciu das wexomopot:
MAMPULH MOPAOKA N £2 PAHZ ¥ < 1, MO OAR Hee ie Cyiyecmeyem obpamuou
MATPUIH.

1.3. Onpeaenutenu

1.3.1. Onepayum Hag ONpeaennTenamMu

JlioBoit kKBaaparioi MATPHLE A NOPRIKA 1 CTABHTCH B COOTBETCTEAE HEKO-
TOpOE 4HCA0, HAILIBACMOP ONPedeIumensM n-ro GOPAJIKA 3TOl MATPIkL.
HayneMm ¢ onpefenvrtesedl BTOPRIO H TPETHETO [IOPSLIKOB,

A= all a'l‘l
y O

TOT4a €€ ONPERENHTEAD BTOPUIC NOPALKS BhYNCAseTcR o hopmy.ae

IycTe aana matpuia

iy Ay
dy dy

A, =

= a8y —apdy, . (1.29)

Qopuyna (1.29) npeacrapnser coboil anrebpanueckyio cyMMy ABYX
MOTMAPHETX TIPOWIBEAEHNH ANeMEHTOR MATPHUL A M3 PajHLIX CTPOK
i cronbuos.

B nanbrefiniem Mul He GyaeM [IPHBOAHTL MATPHILY, LIS KOTOPOR BHYMCI-
eTCA QUPEAENNTEAL, TAK KaK B JaNHCH (NMIPEACNHTENA COACPHKATCH BLCE 3L
MEHTH COOTHETCTBYIONEH MATPHIIBL

OnpefenuTent Tperberc NOPAAKE BhMUCASETCA No Gopmyle

dy,

by=lay Ay dy|= (1.30)
@y Uy dy
Sl Oy + Ay gy dy + Qdpaty, — Q3 dy — G lypdy =~ A8y 8y
Jto anrclpadueckas cvmMa MIECTH TPOIBIX NPUHIBCICHHI 3neMetTos,

B3ATHX 0 GTHOMY H3 DA3HRIX CTPOK H CTOJ'IﬁuDB. CxeMa BuIHCTIEHHSA ompe-
DEeHTEN 3-T0 NOPAAKA NOKA3AHA ua puc. 1.1
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Puc. 1.1. Cxema sbrmcnedwn ofipefantiend 3-ru NopROka

Pacemotpum onpeaenuTels 1-T0 TIOPAIKa

a, &, - 4,
i, Q. LRSI |
] 1 2 -
A, = "l (1.31)
d, dy v A,

Teneps, ¢ YNETOM NOAMEIEHHBIX pance 3aKoHoMepHocTel, nepeiiem x on-
PEIENCHIKY LA OOIEro CIyYasn.

Onpegenenne 17. Oupenennrener Marpuibl A #-ro NOpPAAKA HazniBaeTcs
aarefpapyeckan cymma il NPOMZBCACHUH N-T0 TOPAAKA IJEMEHTOB 3TUH
MATPHLLBL, MPUYEM B KAXIOE NMPOHSBEREHHE BXOAHT 10 OAHOMY DJIEMEHTY
M3 KaKAodH CTPOKHM H KaXEoro ctonbua AaHHOH MaTpHIEE.

1.3.2. OCHOBHblE CBOWCTBA ONpeaenuTenen

M3 gautoro panee oGulero OTIPEAENeHysT CAeaYT OCHOBHbLIE CBOHCTRA On-
penesnTeneH.

1. Eca# nexoTopas ¢TpOKa WM cToNOel ONpefenTens COCTOMT HA Hy-
2elt, TO OTIPEREAHTEND PABEH YO,

2. Tlpun nepecTaHoBke 4BYX CTPOK {CTOAGLROB) OMPEISSITEIDL MEHACT JHAK.
IJTo cBOHCTBO Nerko MpOBEPAETCS HA ONPEJENHTENAX BTOPOrO U
TPeTheTa NOPAAKOE.

3. OupeageanTens, cofepxauii 1Be 0AHHAKOBLie CTPOKH (BBA OJHHAKO-
BRiX cTonfua), papeH HYMW.

JeficTBUTENBHO, TIOMEIIAB MCCTAME 3TH CTRPOKH, AOAYYaeM A, = -A,,
UTKYIa ¥ cheayer, 410 A, =0
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4. Obwuii MHoXHTeNb moOoit cTpokH (cTOADIA) MOKHO BETHECTH 33 3HAK
anpeacIuTeNs.

3. Eenw kaxamif aneMerT HekoTopoll cTpokn (croabua) onpetenutend A,
APEACTanIeH B BHAC CYMMBl ARYX CIATaeMblX, TO 3TOT ONPEesHTE Db
DAReH cyMmMe ABYX onpereauTenei. [loacHuM 1o cBOHCTRO Ha NpUMe-
pe OHPEARTHTEIR 3-TO DOPAIKA:

@ th, dyy

- ' L3 ’ ~ r L3 —_ r L —_

Ay =14y + @y, Ay +dy a4y Hdap|=Aj A =
3 a3 yy

Qy Gy dyl |4y Hp dg
—_ ) r ) o H N
=y Gp Q|| 8y 8y Ayl
Gy Oy Ayl |Gy G5 Oy
6. QupependIent He H3MERWTCHA, €CNH K 2ncMentam noboil cTpokr

(cronfua) mpuBABHTL COOTBCTCTBYIOIHE 3NeMeATH JAPYrod CTPOKH
(cTon6ua), ymnoxerube Ha To6oe viicao.

IT0 cBUACTRO ABARETCH CAeAcTBHEM CROHCTE 3—5.

7. Ilpn TpaHCTIOHHPOBAHHH MATPHUL £ ONPEACAHTEL HE MEHARTCA.

Wiz nepesucieHblX CBOHCTE CAELVET, 9TO OMPENLTHTEND PABEH HYA0, ECAH
no kpaitHeil Mepe 0aRa 13 era CTPOK (CToIO10R) ABIAETCH AMHERHOH KOM-
OuHannell Kakux-nuba apyrux ero ctpok {crondbuosr). Orcinga Borrekaet
HEOOXOAUMOE W JIOCTATOMHOE YCAORHE PABEHCTBA HYNIO ONPEIETATeNd.
Onpederumens pasey wymo mozdQ u MOAGKO mMozda, xoz0a &20 CMPOKL
(crmonGYbL} AUHETNG IABUCTMEL,

1.3.3. Munope 1 anrebpaunueckite AonoHEHNA

PacemoTpum onpeaestiess n-mo nopsumka (1.31). Beigemim s wem xaxoit-mu-
BU BIEMENT 4y H BLIYCPKNEM 1-10 CTPOKY 1 j-fi cTonbel, 112 nepeceyenny Ko-
TOPMX pactionoxed J1oT anemenT. [loayyeHHuH oupeaenstens (g - 1)-ro
MOPARKA HAZBIBACTCH Munopom M atemenma a; onpenennTens A,

Npamep 8. Hajit muaop M, onpesenuTena YeTeeproro nopaika

0 -1 2 4
1

A - 2 15
Y2 3 7 1|
13 0 9 3
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Pewenue, Munop My sneMeRTA g, NOJAYHAETCH BHIYEPKHBAHHEM K3 JI3H-
Horo onpepensrtens 3-H crpoku i 2-ro crondua. [lonyyennsiil onpegenn-
TETh 3-TO TOPSAAKA paBeH

0 2 4
M,=|1 1 5[=36+30-12-6=48
3 9 3
Onpenenenwe 18. AnrebpanueckHM JONOMHEHNEM 3JAeMEHTa 4, OfIpefe-
mirrena (1.31) wasmpaerca uncno

Ay=(-1)"'M,. (1.32)

Tax, ana upHseledHoro panee HpHMepa anrepadyeckoe AOTONHEHMe
Asy=(~1) 48 = —48. Munopst 1 anrebpanyeckue AONONHEHHS HIPAT
naKHYI0 poab 8 anrefpe W ee MPAIOKEHNAX. OAHIM U3 TAKHX TPHMeHe-
Hiit sangerea TeopeMa a cnocofe RMUHCAEHHA onpeleanTeneit.

Teopema 1.4, OnupepenTens paBet CYMME IIDOH3BEACHHE DJNEMEHTOR J10-
foit cTpokil Ha UX anrefpanyeckue IONOMHEHUS:

A =a,A +a. A, +..+a A, 1<ign (1.23)

PDopmyna (1.33) Hasninaetrca pazrowenues DOpefewTeNs No i-i CTpoKe.
AHANOTHYHOE YTBEPHKICHHE MMEeT MecTO M jNA pa3fioXeHHs onpeie-
amrens no mobomy cronbuy. Ita dopMysa CBOAHT BBIYMCIEHWE onipe-
AeUTeNs #-ro NOPAAKA K BRIYHCACHUIO 1 onpenenureneid (n — 1)-ro no-
pPAAKA.

IMTpumep 9, BolynciuTh onpenenyTens 4-ro nopsaiKa

Peawenue. B npHHumMne, Da3anoxkiTh oNpeaeInTeab MoxHO 1o A1w0bof crpo-
ke (¢Toabuy) cornacHo gopmyne (1.33). Oznako ofbeM BBIMACAEHHE
MOXHO CYLECTBERHO YMEHBIIHTE, &cnH BRIGpATe TAKyk CTpoky (croi-
Gew), n koTopoit noboisie HyaeBblX 3nemedToy. Hanboee noaxoasuei
B HAll[eM CTy4Yae ABAAETCA BTOpas CTpoka. Pasroxenue no Hell onpescnn-
TeAs HMEET BILL

Ay =0-A, +3-A, +0- A, +2- 4, =
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1 4 7 1
=3(-1)" |2 3 2{+2(-D%|2
6 1 1 6

JCR- N X
-y
I

=3(3+14+48~126-2-8)+2(4+24+36-48-9 - 4)=-207.

1.3.4. PaHr MaTpuibl ¥ CUCTEMbBI BEKTGPOB

1. TTycTh pata MaTpuua A, coctoalan Ha m cTpok 1 n cronbnos. Bugennm
B Heff TPOMBBONLHBIM 06PA3OM & ¢TPUK U & CTONGILOB. INEMEHTH, KOTOPHIE
HAXOAATCA Hi ICPECCUCHHE BLIAECAEHHLIX CTPOK M CTD.TI{)I.IOB, OGPBBYIDT
KBAZPATHYI MATPHUY B-TO MOPALKA; ONPEASSUTENb ITOR MATPHIE AR~
eTca munopom k-20 nopadka mampuypt A. OgeBNAKD, UTO B 0bOImeM crydae
TAKWX MHHOPOB £-TO TIOPSA/IKA MOXKeT BbITs HECKDABKO. TIpH aTOM MaKCH-
MUIBHEI TIOPAZOK MMHOPOR PABEH MHHUMANDUOMY M3 YHCEN M N 1, T. €.

max k =min (m, n). {1.34)

I/IL’- BCEX BOIMOAHLIX MHNHOPOB MATPHIES A HBLIAENHM TE, KOTOPRBIE OTIHY~
HBI 0T HY71s. B CBOY0 O%eNeth, CPeH 3THX MIHODPOB MOXHO HallTH o kpafi-
Hel Mepe OAUH MUHOP Hanbo/bmero HOPAaAKa.

Onpeaenenne 19, Haubomslumiy nopagox MMHOPOB MATPHUL A, OTAWY-
HBIX OT HYAISK, HA3LIBAETCH PAHTOM 3TOM MATDHIILL

Onpegenenne 26, OTaHMHBIR OT HYAA MHHOP MATPHLLL, NOPAAOK KOTOPO-
TO PABEH PAH{Y MATPHIBI, HAIBIBAETUA HAIUCTIHM MHHOPOM 3TOR MATDIHEB.
CTonfisl ¥ CTPOKW MATPHILL, YYACTEYOUHE B 06pa3oBadun 6a3ucHOTO
MMWHODA, TAKKE HAABIBATCA Ba3LCHBMUL.

JaMeTyM, uTo B oOTIEM CIIVYAR ¥ MATPULL MOXeT DbiTh HECKONbKD Badkc-
HBIX MHHOPOB,

B 1.2.6 fp110 gaHo OIpearnente panTa MaTpHUbl KAK HAHOOJIBIIEro YHeIa
AuHei{HO HE3aBHCHMAIX cC BEKTOPOR-cTPoK {cTonbuon). B xypce anrebpu
JADKA3BIBAETCA, Y4TO ITH ABa ONpeAeeHHA 3KRUBaneHTHLL [IpHbeseHoe B
JAHHOM Pas;iee ollpefefeHHe AaeT BOIMOXHOCTh BRMUCTATE PAHT MATPH-
11bl, @ 3HAYMT, H PAHT CHCTEMBE BEKTOpOB,

Iprmep 10. Hafity panr matpms! pasmepa 4 x 6

2315 42
4 22222.
3853 535
000000
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Pewenue, HeTpynHo BUACTE, YTO MAKCIIMAMbHBIH DOPSI0OK MHHOPOB 9TOI
MATPHUSGL, OTANYHLX OT HYTA, paBeH IBYM, TIOCKDABKY MITHOPbL TPETLETC
nopsgKa N0KHE O0A33TENBHO COACPMKATL IJICMCHTHL TD Kpafisesi mcpe
ABVX CTPOK MaTpHUs! A € HoMepamy 2 o 4, HO Takde ONpeIetHTeNN PaB-
HEl HYI0 B0 110 TPUMANIAKY HPONOPLUHOHAILHOCTA ABYX CTPOK. axfio mo
NPHAHAKY MUNKYIA B HITX NYNeBOd CTPOKH. ¥ 3TOIl MaTpMukE CyllecTBy-
10T 1ph BasncHbie cTpaky (¢ {-fi 00 3-10), ¥ nate ee cTONGUOB ARIIOTCA
Bagucsavu (mibo ¢ 1-ro no 5-ii, anbo co 2-ro no &-#); 13 nux i dopmn-
PyITCa BCe HA3MCHHE MHHOPh! RTDPOTO NOPANKA.

2. Kak Guino orMeveno 8 1.2.7, MATPHLA NOPAAKA 7 ABTAETCH BIPOXIEH-
HOIl W He UMeeT oHPATHOI MATPUILEL, €CAM ee paHr r < n. MakcHMaTbHBLH
IPAAOK MWHOPA KBAAPATHON MATPMILEL PABEH /2 B 3TOM CJIytae BasstcHmi
MHHOpP papeH onpeaeArTenio aTod matpuunt. Crtano 6uith, XBaapaTHas
MATPMIA AGIAEMCS BbPONOLHNON, ECRU £E ONPEOERUMERL DABEH HYH.

1.4. Cuctembl nnHenHbIX anrebpanyeckux ypaBHeHUN

JTOT paanen ABARETCA DAHHM K3 OCHOBHHIX B anrefipe. TIpyn peluennu ako-
HOMMYECKHX 33034 CHCTEMBI NMHEHHLIX ypaBHeH il nanbosee ynotpedbn-
Mbl A AMNAPATE NCCACAOBANMA U NIPH PACCMOTPEAMH YACTHBIX TTpofiiem.

1.4.1. OBwuit BUR U CEOMCTRA CUCTEMBI YPABHEHWN

Crcrema m AMHERHBIX YPABHeHUT ¢ # HEMIBCCTH MU (TTePeMEHHBIMM ) X,
Xy, -0 Xy HMEET BIA

U, X, +8,%, +..+a,x, =b,
By €+ Xy + o+ a,,x, =0,

(1.35)

U X, FU,T, +. 4+ Q% =b

3nech a, u b;— samankme wnena (i=1,2, .., mj=1,2, .., n), KoTopbie Ha-
IBIBAKITCH, CODTBETCTHENHO, KOIDBUUHENINEMY RPU NEWIGECTANDIX U (80~
6o0reinn wagnamu ypasHenuit (1.35). Ilepnntit nagexe v xoahduinienton
NP HeUIRECTHRIX OIHAYZET HOMED YPABHeNus!, RTOPOH HHAEKC COOTBETCT-
BYET HOMEPY 1EHIBECTHOIO X,

Peuwrenues cietemer ypasteduid (1.35) nasoisaerca nabop n yucen x, = o,
X3 = Qi et Xy = U NPH HOACTAHOBKE KOTOPLIX B 3TY CHCTEMY KaKaoe ypau-
HEeHMe ﬂallliﬂi‘i CHCTEMLI IIPEBPRMIACTCA B TOMXALLTRO.
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Cherema ypapdenini (1.33) HARRBAETCA COAMPCMNOL, FCAN OHA LMEET
x0T OBl 0AHO PEILEHNE; CUALL CHOTEME HE HMERT PEIEHH L. GHit HAZkIKET-
cg necognecmuoy. COBMCCTIAA CIICTCMA YPaRHeHHiT 100 HMOCT OJIHO pe-
WWEHILe 11 8 TAKOM CAYULC NRaLEACTCH enpederamol, A1bo, ecau vy dee
GOALLLE VAHOIO PCUICHHH, 01 HAIKIBAPTCA HEGRPeteIenun.

Cucremn ypapdeowsi wiaa (L35) 1niRR00ea 3kaleremnuimy, €Chy
OUI HMERT LAY §t 10 e MuaKerTi0 peieniil. Jresenmaymne npeobpa-
306aHEA HCXOIHOIL CHCTEMDBL TPHAOLIT K DKBUBAACUTHOR cucTese. K 31e-
MEUTAPHLLY NPeOBPEINsa M OTHOCH IO

& pepknBanie ypasHeuus Oy, + v+ - Oa, =0 nivaenoil ¢Tpoky,

® NOPECTAIONKY },'l’?{ll!lI{'HIII"I HJAN CAATaeMn X f?.,-’..'l U vDABHCOHHAX]

!

a npubaBaeHiie K ofein YagTaM oIHOCO VPARDETS COOTBETCTREHHO 00e-
HX YaC1eil ApYLOra ypasnents o10ii CHETeMpl, yMILOXKEIHOro Ha anboe
JCHCTBUTCALROC ST,

* YAANCHHC YPABHCTIH, HUA00Nes el koMGuiaisms apy-
THX YPABHEHIA CHCTEMAL

1.4.2. MaTpuyrasn @opmMa cuCTeMbt YPaBHEHWHA

CreneM xoagebiitnes e BPU HEH3RCCTHMY B CUCTeMe ypasHenufi {1.35)
15 MA IPILY

fy A oty

Hoy Ay oAy .
A= T ol (1.368)

.“nl {"rm! t amn‘

Jra MATPIIG COCTOHT (13 P CTRAK U 2 cTOAGI0B 11 NA3BIBACTCR Mumpuiel
LUTMENM . BH[‘;’II:"M [} p:lf'('\‘lf)’l'[_){'HHE JBe .\1-’11’]’)”ILhI'l"l"{h‘IﬁIlal Man]{l.l}' HEILq-
pecTiux X H Marpiy cpofoanibx wienoe B (seropr-croifys)

x, (!Jl
b, )
x =]t =l (1.37)
|
x {6

Torna clicremy sirednax ypasten i (1,377 MOKHO 3aMeaTh 5 MATPHY-
HOM thopsMe, NOCKOJABKY PRIMCp MUTPMIki A paneH mxn, @ pasMep
X — px 1, B 3HaqT, NPONZREAENHKE DTHX MATPHL HMEeT CMbICT:

AX =8, (1.38)

3-1222
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Mpounaeenenne marpui AX aenactes, kaw 8 5, Marprueii-cTonduon paa-
mepa #ix 1. Bee ypanuenis ciietesul (1.35) suITexaT 113 yDaBHEHITH
( 1.38) 8 cuny onpeaeaciins pavencTha ABYX Marpiit {es, 1.2.1),

Breaesl B paceMoTpeHHe el 0ARY MaTNILY ANMOARNM MaTpIUY CHCTE-

MUl AL CTOAGUOM CBOOGIUBIN AL 11 IOAYHIM OBV MaTRHUY padMepa
ma(n+ 1y

&, dy ol b]

Uy Ay o, b ,
A, =| % = S (1.49)

aml “nl! ”'HI'I bm

MaTpuua Ay Ma3n BAETCH pacipelnini Mampuned cucmesst. ITa MATPHLE
INPACT BAKHYIO POAL B BOIMRACE & PAIPCUIITMOCTI CHCTCMBL YPARHCHILI.
Teopema 1.5 (KpoHerep: — Kaream: kpiorepiiii coBMCCTIOCTH CHUTEMD ),
Carerena annelfase VRarHelnnii CORMECTHR TOA 11 TOALKO TOI1a, KOTia
PREBI MATPIIL CHCTEMB PAUEH PRy Paciibeiniadi Marpibl CHC MU,

Onpegenenne 24, Pastrom COBMECTHON clCTenbl 2nieiitm X anrefpaiye-
CKIX YPaBHeHit HASBHIETCA PDItHT €8 AGIT[RLULK),

1.5. MeTtoab! peLleHra CUCTEM NUHEHBIX anrebpanyeckix
ypaBHEHWUN

1.5.1. MeToa ofpatHoi MaTpuLlbl

B arom paspeae Mb paeeyon st SacTHB cavdidl cueresn (1357, koraa
HITCN0 YPREHEHILT PRBAO UHCTY HEHIBECTHRIN, 7. e, m =, CleTema ypan-
ITCHIT MMCCT BILY,

{ . -
(L SR 0 P R ¢
QN+, ¥, + . +a, v, =h (1.40)

a,X, b L,k - b
Knasipatiast Matpina A NOPAIKA 7 ITOL CHC FCMB) LOAYCAETCA H3 MAT]IH-
bt (1L.36) npu m=n.

B satpiunoi dopve eucresa ypannemtit (140} uvesr sua (1.38). Myvera
MATPIIA CBCTEMLE A HIASCTCH HEBBIPORCICHIION, 1. ¢, CYueeTsyer ndpit-
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Has MaTpii A7 ¥YMuokun ofie yacti toro vpasielns cresa ita A 1, no-
avuaes peueHie cuetemst {1.40) B matpuanoil popme:
X=A"B (t41)

Buusicnene odpatHOI MATDHILT MO 3aA8HHOH MATPHLE A NPOM3BOLITCH
LD AUBOALHO CROKHLIY hopaytas, B cayvae, Koraa IGPRADK 7 METRHIL A
A T 0CTAaTeN N0 BLIHK, HAXOK/ICHIE oBRaTIN MATPHIM MOKET fhith
AVHOALHY TPNAUVEMKIAL TIPOLECCOM,

1.5.2. Metog Kpamepa

Apyroit MeTol pewenid cHetemul ypasaennit (1.40) ocaosan Ha TeapeMe
Kpamepa. CocTaglM COPERENHTEAE MATPHLL cHCTEME A!

Jall By @y,

1

. ., e .
A= 2 32 in , (1.44?.)

fl,; a-r! v arm

KOTOPBITT HABBIAE ITH THRKKE QNPCOCIUMeser CUCTREMbL.

Teopema 1.6 {ntpannno Kpasuepa). [ycrs A — onpeaesnTens MaTpHILbI
cucteMsl A, @ 4, - LIDEALTE b, HOAYHENTILI I3 Onpee/srrens A jame-
Huil j-ro croabua ¢toadios csoboanux wienos B. Torna, ecan A= 0, 1o
CHCTEMa JLHETIHBIN Yparietnil {1.40) ieer egnacTBentoe peinerne, ol
PCICAACMOC 110 QPN V.M

v=AaA/4, j=102 L on {(1.43)

Mopmyant BeitcAcHIt HenzsecTHWX (1.43) nocat sassanle gopay
Kpawepa.

[Ipumep 11. Halitn pewenne cuctemsl ypagHewi

I+dy+raz=]
v+ Yy +22=2
ry-—y+3=0
Pewierue. CocTabis 11 BhISUCNIIM ONPEICANTETH CHOTEMB AR A (=X, 4, 2
1 2 1 1 21
A=|2 3 2i=-2, A =2 3 2/=-3
1 -1 3 b -1 3

3"
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111 121
A, =12 2 2|=0, A, =2 32|=L
1 0 3 1 -1 0

OnpeaeAnTens CUHCTEMBI OTTHACH 0T HYNR, CTAn0 O8Th, OHIL IMECT v/1IN-
CTRCIHOC PCLICHHE, KOTOPOE BLIMHCAALTCA 10 opmyaam (1.43):

¥=A/A=372 y= Ayl A= 0 =A/A=-1/24

1.5.3. MeTtop Taycca

Creayer 3aMeTHTb, YT Kak MeTOL uOparioil sarplilbl, Tk i mernll
Kpavepa SBngioTeA BEChMI TPYAGEMKIIMIT 110 KOMINCCTRY BLUTHEAITC b
noil patiores. Oba oHn TpelyioT nopaaka A'n! apluhMeTudec kX 1oiieT-
ol A8 NaXOMALHMA PCICHHA CHCTEMM JHefnux ypasnemni. TTpy
=3 a1y coctaBdt okoto 3000 aedcronid, npn #= 10 — okoans 36 1°
aeficteni. TIpH pemenmy cephearsiX 32131 NPUNDANTCN IMCTL Ae00 ¢
CHCTCMaMU ypaBHeHNiT mopaaka it = 100 u Guace. Lpn raknx sacwtabax
A@KC CYNEPKOMULIOTLPEM NOTPLOYLTCH QUATOE RRCAS LTS BLILMCACHIIA
peurcHug. Kpose Toro, NOrpeitiocT KOMNLIOTePLONG OKPYIICHHA YH-
CeJl UPHBOUAAT K 3BaYIT€1bHbIM OWHGKAM § PACIeTax S IcInorn pene-
BHs CHeTeM YpasHeHuil Gasminore nopaika. Mekiy tea cviugersyior
Ooiee IKOIHOMMYHME MCTOAL PEIHEHIE CHOTeM mhiieihisx vparicennit,
OCHOBRHHALIE HA TPeABAPHTCALHOM NPCORMAINIIGI PACLIIPCHHOIT MaT-
PHUD]I CHCTEMB K CTIELEIAALHOMY BHAY. B LieTnoeTn. o1HnsM 13 1ty ss-
AgeTes MeTod Faycca, NpaxTHIccioyio Peaiiis. (e KOTOPORD Ml HPIBa-
AIM JATEE.

Pacemorpim encremy ypasuenit obuero wiag (1 33Y Tyere ang onpe-
JupaeHsocTi gy # 0 {ecan a,) =0, TO MOKIUD NEPECTABHTL B OLpBEOE ME-
CTO HEHYJEROE SAArAEMOC HAN HAYATE ¢ APYIOFe ypaunciis ), YaHuxum
Hepnoe ypansenne cueteMst {(1.353) ®a anean w, /o 1 BRYTEM @O N3
BTOPGIO YPARIEHUS 3TOH CHCTEMBL. JATEM YMUOKIM IR SACTH IEPBOKO
YPABHCHHA HA UNCAC @y/@,, M BBMTEM €70 13 TPETLETO VPABUCHII
KT, jlL— T, & [IPOUect SAKAKHMAeTeH 0 NOCICIORATEALIOM DLITAHI
[EPBOTO YPABHEHNA, YMHOXASMOID HA MUCHA o, /ty), WS -0 YPUHICH WS
(i=1. 2 3 .. n). Takun o0pazom, B pesyasrarte aneMeliapiubx npeod-
PAZ0BEHINT MBI MOIYYAEM JKBHBLICHTRYK CICTCMY B KOTOPOH, Haunuad
COF BTOPOTO YPABHEHSL, OTCYTCTEYIOT COEITHEMBIE, COARNRAILLIE HCISLCCT-
HOE U
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r
QA T, Xt X, v, X, =h

[ 3 1R 1 _ {11
(', v, vy bt a e, = b (1.44)
i HAE 1 1 |
[uru,\ LNyt rally, =5

daeck pepxunit inaeke n ckoGKax o3nauaer Hosbe Koadmuietee, 1oty-
UCHELIC TOCKe 1epBuro wara. [As yMenblucHUS FPOMOSAKOCTH SaTHCH
yao0Hee ONCPUPOEATL € PACILIPEIHOE MATPHURTE CHCTEME, OTARTHA A Hell
RE(ITHKLTBHOI qepTait etoabert candinanhix waenon. Hitax, nocae meproro
Inara, coldepaauers {m— 1) aaeMentapuoty npeodpasoBaitinil CHCTeMEL,
MBl MICPUXOINA OT Pacutipentoi aatpiim (1.39) 1icxoaHoll cuetembt &
pacHpanodl matpuie

¢
,y iy A, bt W
0 (.f”' alh gl |
0 s 23 2 *
A = g (1.45)
1y} {n {1} ih
\‘{} am? am,l . aﬂlﬂ bm

Bropofl war 3aluoyudeTes 8 TOM, 9T Teneph 2-1 Crpoka Marpiusr ({.43)
HCTIOALSYCTCH A8 AHANGMHLIX 3ACMCHTADHBIX NpeofipaszoBanuit cTPox ¢

3-§t Mo -0 ATA CTPOKE HOCACAORATEARHD YMHOKASTCR Ha e al)' [al)

¥
1 BpyMTaeTes 1y B eTporu (i=3, 4, .., m). B pesyavTare stux (m - 2)
ICMCHTARNILIX NPeobpadsoBaniil H0IYHaes HOBYIO PUCUIIPENIYI0 MATPH-
Y, CLOTRETCTHVIONYIO HOBROT 2KBURAIEHTHON cHCTeMe ypaiHeHHMA. DTa

MATDH I HMEET 114

i, Ay q oy, b1

[} {1 {1 i

0 ay Ay - oAy N

4 a q bl
A =100 el ey | B (1.46)

|
e T -3 [ '
0 0 a., a,’. fr

rac BOpXHIE HILICRC n3lavaeT KoBre koadduuncenTe. B cuygae, ecnu
|
aement @y, =1, To BTOPOe YPABHCHIIE MOXKHO NOMCHATh MECTAME C APy~

CHM YDAHEIEM, ¥ KOTOPOTO DAEMEHT &y # 0.

TIpnaoaiM aToT nponece ananarrtdM ofpasom (1. e, K TPETbEM fare
NPeaORasveTes cTPoK ¢ 4-0t No M-10, Ha YeTRENTOM lWare — CTPOKY ¢ 3-H
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no M- 1 T L) A0 Tex 1op, Noka He AokideM o noecasiuitett m-it cTpoxiL
[Tacae (r = 1}-ro wara npolecea NOCARNCRATSIBNOTO HCKIKULHIA Hell3-
BECTHRIN Mh! NOAYHHM CHEAYIOUIYIO PacUlMPelHYID MATPHLY:

a, a, - 4a, M ., ‘bl
A N N L
Ay U=l 0 0 e QYT G el R ] (1A4T)
0 0 - 0 0 - 0 |5y
tr-hy
0 0 - 0 0 - 0 |

Iocreanue {(m — r) cTpox 3TOll MATPHLL COGTRETCTRYIOT YPABHEHHAM 3K-
BHBAAEHTHON CHCTEMBL Y PaBHCH I

O, +0x, + 400, =8 di=r+lr+ed m {1.18)

g YPanhennsa M()I‘_yT HOABITHCH, £CA1H COOTECTCTRVIILHE YDaBHCHHA He-
xoiHol cHereser {1.35) npeacrapisnor codoil annefinne koM
APYTHX YPARAENINT 3TOI CHCTEMEL Q SEM FOBOPISIOCH B JIPEIbLIY LM 1453
Aeie. 3neck MBI He HecleAoRany sapanee cnctemy (1.33) va conaect-
HOCTE; TOATOMY, £C.1H 318 CHLTEMA HECOBMECTH, TO XOTS Ght DAHG 13 Y11
cen &7V BN, L bY™Y we pasra nymwo. Takis ofipasom, smetox Taycca
IOZBOAAST HA QUPEALTERHOM THAFe YUTHHOBITH BOIMOXHYI HECORMECT-
HOCTB HCXOTANHA cHeTeMb AHeftibx ypanyeHiit NI BeISSBUTE It VALINTS
VPABHeHNs, SIBAANIKera THIefinMi KOMOHHALUMAMH ApYTHN vpakie-
Huit crucTeMbt {1.33), ecil 0Ha COBMECTTIA,

Hyern cherema (1.33) cOBMECTHL, TOTLA Bee Mpanté S2eTH vpartern it (1.48)
PAISH B HYIO, 1 HOCHE YEUIEHIN BYASBLIX YPAHeHi b SKBRBRNeHTHOUIT ¢
TEMC 11 HYJICBBIX CTPOK B PACLUMPeH HOH MATRHIIC IT0JVYACM MATPNILY CretiH-
hHMIECKOrO CTYMERYaTora BUAA, PaHl KoTopoil pasen r. Bee aneMenTs sTol
MATDIMIbl, CTOALLAC CJICRA (LN HIDKE AJEMEHTOR ¢, PABHEL HYH!

ay &, a4, i, b,
1 {E . %)) {H in
0 a, ay Coy, ty, h,
e _ D o WED {1y
4, " =0 0 ay’ oo ety by . (1.49)
=1 -1
0 0 0 - e A

ra PACHTHREHHAA MATPHID COUTBETCTBYET CIIETEME _Y]’.l:l]ﬂ!f!lillﬁ paHra r,
KEOFTOPDS HMEeT BHA
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o x, +a1,.1, ta.x, v a1, = by

allo, +alle, + el e, =60

(RS [ Y N iy -
', +okay e o =h0, (1.50)

Cueresy yparuennil (L3} Ve NOAHACTRE NOPOTORAPHA K NIXOMKAE-
LRI PENIEITIS, KOTOPGE Oy LECTILBIETC! CHTEY BBCX, T, €. 0T IRILA1ET
ypasteiA K nepsaMy. Tlepexoa ot cucteant (1.35) & axpnpa2icHTHOI co
cHeTeme {1,50) HARBIBAETOS APAMLM V000N, & HAXDKACRIE 1ICHIBECTHBIX
ns cHerestit {1,503 — ofpamimi aodey setos Naycea, Y kaokess Gaanieh-
HIYID OCEABRATCLITOCTD ARTICTBINII,

1. Ecan panr enetemul (1.33) r=n, To clICTCMa (1 50) nnmceT Bun

A, b, o, =,
(1) fi _ m
Q' dy + ot a's, =00
o ! (1.3
al Uy = bl

1toaHIMasCE CINESY BBEPX. NOCACIORATCILI0 NaxoaiM (obparubiil xoa
meTola layeca):

I8 HUCHEAIEND FYpasenny nenssecinoe x, = b fat ™,
— W3 (r- 1)-10 VPABHCHIG! HCIABECTHOE X, | MYTeM MOACTAHOBKIL § 3T
YRABHERHE Ye GLENI0T0 HCIABCETHONG X,

IR {70 YPRBHEUTH BRIBCCTI0C X, I HGICTRHUIKES B HErO NafAenit x
BEAMHIN X Xy (e XL

= i TAK JAM0C JIG TR0 YPaBHEHNA. 110 ROTORCTD [pn NG ICTAHORRS 1
HETO Ve HATACHEBIN BEIMYILH X Uy o e Xy HAXDAHM XL

2. Panr enreresst ypasaeminii {1.30) r < n, B avod coavaae cOLaBIsem nems-
BECTHBIE X, , 4, Xy \ g0 s X CBODUHBIMK 11 DOPMHPYEA TPARLIE YACTH VDAB-
Heuuil (1.50), 0eTinass 1 ACRIMR 4ACTHX CRUrAesMbe, cojepRanie dazinc-
HLIE FCRCMOHILI XL Xy, o X

X, P Y, b b, = e -, E
(R i i Ly - "y
Uy X, 4 o day v, = —a v - -, _
(1.532)
- -t -
at- 1!1 bi b 1r=h _a(’ )‘
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Peiuenite atoil cHCTOMBL HAXOANTER COPATHBIN XO/0M MCTOAL: TCNCPL Ha-
3MCHRIE HEM3BECTHLIE 3ABHCAT 0T CBOOOIHBIX HOHIACCTHBIX, KOTOPLIC MO-
FYT IPHHIMATE JO0LIC 3HASCHUS, a TtoTomy cacreaa (1.33) naeer Secunce-
ARNILOE MIUMKECTRG PRLITNIL

[Hpamep 12, Peunith Mernanm Faveca CHOTEMY NefIsn yvpasrenii:

(2, =8u, +2v, + 3, =]

2y, -, a, —dy =0
2y, + x, - x 0 20 =2
pdr, —2v, + a +2x, =

Pewenue. CocTasuM PACIINPCIIBYK MATRIILY DTOI CUETCMBL, (1001 1eT0
BEITICAH I COOTRETCTRVICHILHE THATN HREMOTO Yo ld MeT0/1i rﬂ}'l:{fil Hneem

f1 -3 2 31 17¢-2) (-2 (=D
2 B e o )
>
2 01 -1 2|2
3 -2 1 53,
1 o-3 2 3 1l
0 5 =3 -0 | =21 (=755, (75
1) = P : 2
D= le 7 5 @ =
0 7 -5 - ‘ 0
T T T S T
0 5 -3 -10! -2
2) = |0 —g 10;E (-1}
0 0 -’} 10 ‘ ﬂ
3 W
1 3 2 3
; N5 -3 -10 1 -
D= e v .4 M
5 5
6 o 0 o]0

[TocaeaHas, HYAERAA CTPOKA B PACINMPEHAGTT MATPHIE, TTOAYHEIIHOH 116~
CaE 300 WA, (0 BIIEIC L M-3R TOI0, YT B X000 CICTEMC YCTBCPTOe
Y pAnIee AnAseTea cyamvon -roar 3-rn vpasuennii. Cieresa consect-
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e, ITOC)Ie yaaneiny II}',-!L‘BHI\'I CTPIL SAKTOYILTC LB HIL DAL~
PEHHOH MATPHUINBL CHOTRETCTOVET CHUTEME TICN YPRBHEHUH C YeThi[ThMs
HEHABCCTHLIMA {p‘dlll‘ CHUTEMBL MUTTLLTC MCR IIt'lII!-IJE("l‘IiI:I.‘L)\ TTomanras A
cRNONHOT nepeMenii, noayiacs:

X, =4, - 2v, =1-3r,,

S, -3v, =2+ lUx,,

1 14
_l:..t‘j = —S- - lﬂ.l‘i.

Fia o170l cucteMul nonyyaes oparipiy xoaom metoan Layeen
7 25 3 19 11
X, =- X X, =~"+""x v

2t g BT e STyt

JurHag cucrema yparHernii uMeer GecicacHiDe MIOXKECTRO pelesil,
MOCKOALKY Xy MOXKCT DDHHEMATIL JII006IE 3HAYEHMA.

1.5.4. BoluncneHue ¢bpaTHOM MaTpUULI METOAOM Maycca

MeTtog [aycca bngeTes NONCTHIE YHITBEPCAALULIM A5 PCIIEHNA CHOTCM
MUHelIHNX AnredpantiecKix ypasiienuil. B 31oM pasacac Mul Opo/JeMoLLeT-
DHDYEM 11PHMEHEHIE ITOTO METONA NP BEIWICICHIT OBDATIBIX MATPINL
[lpaxTiueckn 3707 Hanboace npoctod cnocod BuivHcaeny olpaTHoil
MATPHLL COUTOMT B CHCAYIANLIX HLATON:

1. K marpuie A, no oTHOWCUNIO K KOTOROIT HueTes odpaTuas MaTisIua,
PHITRCHIBACTCH CNPaBa e3HIHUNaA Marpiuua £

2. Tlyres npeobpaaosaiilil MeTodoM 1ayeei Bl CTPORAMI PACIIPEHHOL
MATERUEL (A | £ MaTpuia A wpnisomnmen K sy eamnrinoi Marpii,
3. llocie nkEHHAHIS YKAZAHHOID BLIYNCAIITCABIOTO HIPOUCCCI, T. €. KOTAA
HAL MPCTE HCXOAHON MATPHIT A HyAeT copMipasana CUNIYHLA MaTni-
Ha, TO Ha2 MeCTe Ipunrcantol cpupa cantngnoi paipulsl E Gynet naxo-
anrees obpactan Matpinia A7 THBIMIE CAnBAMH, BMOCTO Pacipet ol
MaTpisl (A | £) B irTore noaysaetcs pacnipeniiag Matpuua (£14 1.

IIpasmep 13. 1laiiTi 06paTHYIO MATPHUY BCXOAHOI MATPH IR

."'l::‘l 2.
34

Pewenye. Brinosnusm nocaenoaarensdoe mary 1—%

+4--1322
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- ' 2 ]
(AIE)=>[' Qll ”}‘ D W = [I } 1 1(11 @)

3 4]0 1 0 —2]-3 1
{1 0|~2 1] [1 ol -2 1]
l : . 3 = :
0 =21-3 1)(-12) 0 1)%2 -12

Cxema soivpenernit no meroay [aycea noscuelia 31ech TeMy xe ofoana-
seHAMH, 9T0 1t B 1.3.3, ups 3ToM cTPesKuMil NOKA3aHY, K K4KDH cTpoke
npufapngerca naMcHeHAan cTpoka. [locneauinii aTan pelyncaeHit, noka-
JAHHBIA CTPEKOH Nepexoaa 3. COCTOHT B JeJ€HHH FIDCIBAHEH CTPOKH pac-
WIHPCHHOR MaTpHUKL Ha -2. MTak, ofipaTHans MaTpHIA HMEET BUA

A = -2 1
15 05
HeTpyaHD HENOCPENCTBEHHO MPOBEPHTD NPABUARHOCTE IPOBEASHHBIX BbI-
wycaenHi o onpenerenno obparHoit Marpitust A4 = A4,

1.6. OpHopoAaHLIe CUCTEMBI NUHERHBLIX YPaBHEHWUH

Onpeaenenne 22. CrcTeMma NuUHEAHMX YpaBHeN il Ha3bIBALTCH OAHODOL-
Hoil, ec/id BO BCEX ee YPABUEHMAX CBOOOAHBIE ‘LIEHB PABHDL MY,

B obuieM caydae 0MHOPOAHAA CHCTEMa (MJIH CHCTEMA OJHOPOIHBIX YPaB-
HELMIL) NMeeT BHA

OyX, + 8 X, + .+ a,y, =0,

=0 (1.5%)

Ayt + Xy + ..+ d,, ¥

QuroponHas CHCTEMa YPABHEHNI BCerza COBMECTHA: AeACTBHTEALHO, 1a-
Gop anayeHni HewssecTunx x,=0 (7=1, 2, .., 1) YA0RNETBOpACT BCEM
YDPARHERHAM CHCTEMBI. JTO PRUIEHHE OJHOPOAHOH CHCTEMBl HA3LIBAETCH
HYJEBLIM, HITH MIPUSULIBHLIM.

1.6.1. PeweHue cucTeMbl OGHOPOAHLIX YPABHEHWA

Bonpoc 0 CyLWecTSNBAHI HEHYNEBOTO PelieHMsT OIHOPOIHOH CHCTEMb
AnneiiHbIX vpasHeriH (1.53) paspeluaeT cleYIOULMA TEOPEMa.

Teopema 1.7. OIHOPONRAA CHCTEMA HMEET HEHY.IEBOE DEULeHIlEe TOraa H
TOABKO TOTAA, KOAA PAHT 3TOH CHOTEMbBl MEHLIIE YHCIIR €€ HEHIBECTHLIX.
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Ha stoit TEOPEMEl BLITEKAKT A3 BAKHLIX CILICTEBHS.

1. Ecan yMcao ypaBHenti oAHePOLHO CHETeME] MEeH BILIE YHCAa €€ Hens-
BECTHLIX, TO 3Ta CHCTEMA HMECT REUYJIEROE peileHHe.

2. Ecnn B 0AHOPOAHOR cMCTEME UMD vpaBHedull PARHO HMCTY Heuz-
BECTHBIX, TO OHa HMEET BCHYI¢BOe PLIUENNe TOrNa H TOJbKD TOTA:, KOTIa
OTIPeALITENE MATPHLE CHCTEMBL PABEH TIYAIC.

1.6.2. DYHABMEHTANLHAS CHCTEMA PeleHUr

Peigernis onnopoaHoi clcteMsl 06131310T CIeVIONUIMIL CBOMCTBaMI,
ecnai BeKTOp O ={a,, o,, .... 4, ) ABNACTCA penleHHeM cuereMn (1.53),
70 1 8 mwboro urcaa k sextop ke = (ko ko, .., ke, ) Taoke Gyaer
pemenueM atol cucTemsl. Eciy permenneM cieremsl (1.53) aprseTca tax-
Ke M BERTOP ¥ = (Y« ¥2» -.oc T, ) TO CYMMA & + ¥ TaKOKe OyNeT permexem
atoit eneveMbl. OTCIOAR CNeAYET, UTO 06as AUNeldni s KomBuayua peuie-
HUL 0ONOPOONDE CHCIITEMBL TAKNE RUASCIICH DEWERUEM JTIOT CRCITIEMBL,

Kak MBI 3Haem W3 1.1.4, Bcakad clicTeMa n-MCPHRIX BEKTOPOB, COCTOALIAA
Hanee yeM M3 7 BCKTOPOR, SIBAACTCA ARIEHII0 3aBncnmouil. Tuknm 06pasom,
HI MHOMXECTBA BEKTOPOB-pelleRiH ogHoponsoil cueTeMul {1.53) Moxua
Buifipars Gaauc, T. o, MO0 REKTOP-pEIIeHHe AaHHNT cCUCTEME! DYARET AN~
HeTTHolT koMOuHaitkel BekTopos aTaro Gaswca. ook Takoit Ga3nc HaIw-
Baetca yndamenmeaionoti cucmemod pewenuts (DCP) oanopoanoit cne-
TeMLl T eHb ypasieuysit, Crpanesuiss CIEOYIONEn TeNeMaL

Teopema 1.8. Ecmit paur r cucress 0nopoatnx ypasuenudt (1.53) Mens-
We YUCAA HEMBBECTHBIX /1, TU BCHKRA £€ PYHAAMEHTAABHAS CHCTEMA Pele-
R¥ cocTOHT M2 (1 — ¥} penresudl,

Yraxem Teneps cnoced Haxoxacnng GyilaamMedtaisiofl cNCTeMbl pelde-
unit. Tiyets cuerema canopogunx ypabuesinil (1.53) nveet paar r < n, To-
bla, xak cneayet W3 npasiaa Kpamepa, Ba3scHMe HEHIBECTHRIE STOH CHe-
TEMB] Xy, X, ... X, AHHEITHO BuIpaXaKITCa Heped ¢pOMIHRE MepeMEHNRe
Xy e Xyt

.............................................. (1.54)

e =Pt + ﬁr"!'rra-z t.. +Br.n-!xn'

Baigemin yacTniie pewetiis oAllopoHoi cuetesmbl (1.53) mo erefymoie-
My MpHHUHTY. A8 HaxoxaeHWs NMepBore BEKTGpa-peulcHNs X, MpaMes
SHAYEHHS CHODOAHBIX MepeMenibIX X, = L1, =X, =..=X,=0. Jarem

'
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Naxuany BTOROE DENETe X, 0 MPHITMAacs .y, . = 1.2 ncranbubie ¥ — | con-

GAAHLIE TEPEMOHMBIE TIPIMEM PaBHibLiME HY0. MHRAM coopasmn, Mol no-
CALTGIEITEIBHG HPHCBANBaey Kixani cnubonnoi repesteirHoii eunirtnoe
JHavernie, culTas ceraiLiuie HyaaMn. Takns obpasoar, yvnaasenTan-
tan enctemi peuenndt (P n aexTopHoil (pupse ¢ yuetos nepnbix ria-
BUCHBIX mepescHiex (L34) naeer nig

T AR, B P LD 0),
Ty =B Bov o Bl O LD L 0, (155)

5]

T, =By e B 0 0

MyHaaMenTanbiAg cneTeMa peinetiitt (£.33) arnuevest oasnm 13 goviita-
MenTatsuu s nabopos peuieniifl vaHopeanall coctest {1.53),

Npumep 14. Haittu peweraie i DCP cprresul vanopoaisis vpavuennii

. - - L |
] B L TP [0 IS
v, -dr, v, +a, -y <0

20+ 3, 3+, by, - =1L

T

Petuenue. Byaex peiats Aty citeremy Metodus Daverd, TTockomoky micin
VPABHEHI CHETEMBL MOHLIUE "HC. 13 NEMIBECT I, DM CHITHTS ¥, Xg V3
CRUSHCTBIMES HETABCUTIHBIAIL, B X, V5, v ¢rabu i uepesenning, Co-
CTARUM PACILI[EHENE MATPIIY CHOTCMB I LUHUTHI IeficTang, cou ras-
JAONC MO X0, Mero1a

1 -1 1 X, -x, 2, ) (-3 ()
2 -3 -2 S NPT (=
-2 3 3 e I U
IH -1 1 r-r + 20, )
n = iﬂ o e, + v, -4y, | (1) (=
ot 5 R | T R O
bl (I R S 2‘T1| .\I
(2) = [0 -1 -4 -, + Ay, —4rxg
¢ ¢ 1 \ -2y, vy )

Mol paaosiHHLA PACHIMPERHAN MATRIUS COOTRETCTAYET CHUTEME V3=
HEMILHT, KOTOPRY UKBHUZALHTIA HCXHOR D1H0poauoil cnerese:;



1.6. OQHOPOAHbIE CHCTEME! NIUHBNAKKIX ypasHeHuii 45

Kl

|.\, —¥, =y - 2,
+ 0 = A,

=, =dy = -3,

! 1
o — ") -
['l':t == + .1 -

Oipartieil soa setoa Tayera et snaucnna Gasnciigy HEUSRCCTHIIX,
BEIPLACHILIX EPes cuofnLie IepeMenine,

Xy, =-dr

pte oy, =1, —dv oy =Ty, 4 v x
Hockoabky pakr oaHOpoANO crrcTeMbr vipen Tpes. 7o (DCP L vee on-
CTOHT 1A TREx hieiino teannnesstx sekTopos. Tho (popavaam (1.00)
pi - 6 ou r s 30 0EpE HOCHEAGBATELHO A0 ¢CBOGOULLIX HEPCMUHIELLY
rpoedticar wirees (10000, (00 10 0) i (0,0, 1), novrygaes nadinp hva el
TLILADIL pene i

Yo={14,11,-2,1,0,0),

v, =(-4,-3,0.0, L)

T, =(1.0.L0.0 1)

1.6.3. XapakTepucTUyeckoe ypasHeHue

B 1.2.5. Ora0 waeiend anpeaeaeinte cobeTBennuro 3nauesus i codcTreh-
fora yeiopan sl Tvern 3 — coDorsedinil sexrop  Rgaapaiini
MaTPibl A nopsika r Toraa HseeT mecTo MATPHYHOC YDABHCH K

AF =20 wam (A -RE)E =1 (1.96)

rac A — cobeTRennoe aHadeisie Marpunnl A, a F o 0 -- cooTrereTRennn,
SAHTHYIAA MAETPUIA U HYTCRDN ReKTOP-CTri0e1L TIDCKOALKY CoBCTBEH-
HRNT BEKTOR N RIIACTCA HYACBBIM. TO 01HOpoARs cietesa (1.36) nonx-
HI HIMETh CUYIeROE PENIEWHE, T. &, R CIY ¢acAcTnd 2 (oM. padee) onpe-
ACHTTTEA B JTOE CHETEMB Pasen Ny,

la. -3 @

T e e

TR Q. —h - by, _ o
‘ M Fa E =U‘ {'1‘3?)
’ a, 0, o,k

OupeacanTean CHCTEME! SHHOPWLHLIX ypasnesil { 1.56) naskiuaeres xa-
PAKMEPUCIUNECKILIE MIGZORTEN0N, 8 Yasdenne {(1.07) — vapakmepucint -
UECREM YPAGMENLEM MATPHLL] A,

¥Yparuenite (1.537) UMePT CTCNEHB 7 OTHOCHTEIRNG HeparerTHOM 4. Ermn
KOPUI AU TA0TC CcoOeTRENHR ML Heetasi Marpin A Qupenestis nabop
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ATUX SHCEN, AMA KDKAO0TO U3 HHX MOXCHO HailTH COOTRETCTRYIONL cofeT-
BEHHbIT BEKTOP KAK peiledie DAHOPOSHON cucremyl (1.56).

Hpumep 15. Haitty cobeTBenmbie ynena H cOOCTUCHILIE BEKTOPS! Ma-

TPHLLb
32
A= .
{1 J

Pewernue. XapakTepHeTUYRCKOE YPABHERIE LA 3T0H MATPHIIRI UMECT AU
3-% 2

=0,
1 4-X

UTRVA2, pacprmaa ONMPEICAHTE b, 1100YHACM:
2 _Tra+10=0

Kopuu avoro ypasncuus A = 2, k = 3. [L1s naxoxkaenus coBCTREHHEN BEK-
TOPOB NOACTABAM HajileHHhe cOBCTREHHbIE AHAMEHHA B CHCTEMY ONHO-
poaHbX ypasresudi (1.36) npn n = 2, cooTeeTcTByINONIEN 3anannoff MaTpu-
ue A. CobeTBeHHBIH BEKTOD, COOTBETCTBYIONLH COBITREHHOMY IHAMEHHIO
k=2, ARNSIETCH PEUIEHUEM CHCTEMR]

x, +2x, =0,

{x‘ +2x, =0

[lo cyTu Aena, 370 OAHO YpaBHEHBE, NOCKOALKY OMPEIETEN, CHCTEMBL
paven Hyaw. [lodaras 1, = b coofoanol nepesMennod, nonyvaes nepewifi
cobcroenHpil BekTop X, =(-2b, b)Y = b (-2, 1). [Toactaneska Broporo cofi-
CTHUHIOTO JHAYEHHA Ay = J BPHBOAMT K CIICTEME VPABHEHME

{ ~2x, +2x, =0

X, -x, =0
KOTOPas yepea cRo0ORHY IO IEPEMEHHYID Xy = ¢ OiIpedensieT BTOpOn codrT-

BeHHDBI BexTop MaTpuusl A ¥, =(c, ¢}y=c (1, 1).

MNackonsgy & 8 ¢ — NPOHIBOABHKE UHCAA, TO OJitoMy cofCTBEHHOMY
HAYEHUIO MOXET COOTHETCTBOHRTh HECKUIBKO COGCTBEHHBIX BEKTOPOD
pasHoii anauw. Hanprsep, coficTBeHHbIE BEKTODBl, COOTBETCTBYOIIHE
thyHABMEHTAIILHBIM PENTEHHAM OAHOPONNBIX CHCTeM (B AaHHOM CJyYae
nx OyaeT oo oadoMy Ha Kaxaoe COBCTBEHHOE 3HAUENIIC), MMEIT B
T, =(-2, 1), F, = (L, 1).
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YnpaxHeHus

1.1. Ha#ta asnefinyr KoMOHHALHIL BEKTOPOB 34 + 4b -E, rae @ = (4, 1,
3-2,6=(1.2,-23)7=(10.81,-3).

1.2. Haitre mmefinyo koMfunalvo pek1opos
(@ b)Y -¥Ha rya+3bcyh,
rie @, b, ©— BeKTOpBL, FLAMNILIE B TpeAbAYIICH Jaddaue.

1.3. Haiitu annny sexkropon Z=(2, 4, -3, M) u b= (—1.2, 2% =5} nyron
MENCY HUMH.,

1.4. Bomucaurs (4 —5)2. ecnn |E| = 2..,@. ‘ .’7‘: 4, yron Mexay BeKTopa-
ant g = 135°

1.5. Ha#ém xoopannarw sextopa @ =(2, -4, 3, 5) B apTorosansHom fasm-
ce, coCTOSTIEM 113 BextopoB 8, = (-2, 0,0, 0). ¢, =(0,3.0,0). &, = (0. 0, 4,

0.2,=(0,0.0 -1).
1.6. Hafitn matpuuy C=2A - B, rae

3 -2 16 -2 10 9
A= 8 3 4 1| B=[ 2 8 3 2
-5 7 0 4 -5 367
1.7. Janbi creiyiouie Marpiibl:
-39 2 4 0 i 2 -3 3
P4 -1 3 2 _20 0 2
A= . B= , CU=t-3 4 5
0 2 -2 4 2 6 7 08
2 -1 3
3t 0 -2 3 0 -3 1 4
2 -1
{2] ?’i’ L 8 12 130
D=7’0 '1 E={3 -3, F=|4 0| C=|2 -1 3]
2 4 1 -1
2 -2 5 303 3
0 6

Haiti: a) Bee DPOU3BEASHIS MUTPHIL, KOTOPBIE HMEIOT CMbIC; §) cooTBeT-

CTBYIOIIHE TPAHCTIONHPOBAHHBIE MATPHITH; B) MaTphly 2G — €% r) MaTpu-
4

uy Gt
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] 2

1.8. 1_[““3 MATIA A :(1 i N l_Jp{JIiL‘pIITh HCHOCREACTREHEDIM BbIYHT-
[ i K

SICHHOM, KAKHE U3 NPHREALHHBLIX Jladee BeKTOROR ANIAI0TCH coficTeensu-

M RCRTAORAM aroit ATRTUEILNL 3 VEASOT L COOTBRTCTEY10UIHE cabeTBEHHRE

IUAHCHIA
1y - (2 5 (-2 =
a= , f?:[ ], c = s d =| ] ¢ = l
i 7 D) 2,
1.9, Bruncants anpeac e
2 3 -1 4
L2 2
2 , 10 2
a} ‘I 2‘- oy [2 1 =2, w) 3 5
B 2 -2 2
4§ 0 1 -
1.10. Jlara sarpnia _
3 -1 2 41
9
A= b2 3 .
4 1 3 2‘
5 3 1 -3

Hailrtt chegyouie Munopht s anredpanyeckue ANMONHEHIS 3TON MaThR-
wne Moy My My, Ay, Ay Ay
1.11. Haiiry pasr CaeAvionms MaTpHiL

t =23 4

2 -1 3 -2 4 4 a1 o f1 2 4]
A=l 25 07 Be 0 TS C=[0 24
2 -1 1 8 2 v 3 -1 2]

i 4 8 /

142, Haitrn, apiaoTes J0 THACHHO ARRUCHMBIMUY BORTUPW @, @, 9y
a) fmo=(2,-1,3). @, - (L4, -1 @, =0 -9 3

6} a,=(1,2,0), a,=(3, -1, 1), a,=(0, 1, 1.

1.13. Moxuzate, gto BexTopui &, ={1,~1,3), #,=(3.-L. Yy a, =(0. 1, 1)
nbpasvioT Gasnc,

Peuwnits sietonom Kpasepa clcTesbl ANHeiiHsx ypaBHeHiii:

14 {21‘, -3r, =1

Jr, 4+ 4v, =14



YrpakHends

'r,t +2v, +x, =8,
1.15. 5 -2¢, + 3v, —3v, = -5,
] ,—Ar, +3x, =10
Jh +x, =4
1.16. {1, -2r, —x, =5.
{.ix, +4v, —)_\:‘ =13

Peumntte csteTonMul Anteinbix YRanHeHnil Metoiny Tavees;
(v, +2r, -2x, =2,

1.17. |: v, +4v, =3

|\ ix, + x, -x, =8

X, +2r, +r; =6

Ly, +3r, vy =4

=0

(2x, ¢+ 3, x, ta, =-3
3, —v, +2v, +4v, =8
Xo+x, + 3, —2v, =6,

-1+ 20 +3r, 450, =14

——
.
L)
=2
N

v, + x, -4y,

v, + ¥, -x, +2x, =3
de, —x, +2v, +x, =L
-y, +dr, =dr, +x, =06,
(G, + 4y, +4r, +6r, =1,
(3¢, -2x, +x, ~x, =0
1.2, (3, -2v, 2, +ax, =0,

X,y v 2x, 45 - 0

1.20. ¢

2, +x, ry b, =

1.22. 1 '];2 —1’1 + 2_.1_.1 :2’
2-]:[ +?._r2 + 3'["’ = 3'
(X, + X, P30, - 20, 4+ 3r, = 1,
1-23. [ 2-)[. * 2,1’2 + ’1'1‘.1 _14 -+ 3.1'_:; ::2

v, + 30, +5x, -2v, + e, =1
2, +2v, + 8y, —dr, + 8y, =2
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PeurniTh METOAOM OBPATHOH MATPHLEI CHCTEMb YPABHEHHE, [IPenapi-
TeRrHO BRIYHCAUB MeTogoM [aycca obparnyio maTpuuy.

1.24, {Ex' =l
x,+x, =8
2, -3, —1, =6,
1.25. {3, +4x, + 3x; =5,
X, X, +xy =2

2x, +2x, -x, =4,
1.26. ¢ 3v, +4x, =5,
X, +x; =-2

Haitti thyHaaMeHTanbHLIC CHETEMBE PEILEHMI ORHOPOIHBIX CHCTEM:
e [
1 2 | T

X +2, -x, +x, =0,
{2‘(, -3, +x, -2x, =0.
1.29. x, —2x, +4x; —x, =0
(x, +2x, +4x, -3, =0,
3r, +5x, +6x, —4x, =0.
dx +3x, ~2x, + 3y, =1),
|3v, +8x, +24x, —1%r, =0,
(2%, ~4x, +5x, + X, =0,
1.31. <3r, -6x, +4x, +2x, =0,
|dx, ~Bx, +17x; +1lx, =0

1.28.

1.30. «

Hattti cobcraenmsie BEKTOPL H COBCTBEHHBIE 3HAYEHHA MATPHLY.

2 4
1.32. A:[_1 _3].

1 2 -2
1.33. A=|1 @& 3.
13 0



masa 2

[lpuMeHeHe aNeMEHTOB NUHENHON
anredpel B 3KOHOMUKe

2.1. Ucnone3osanue anrebpbl matpuy

L‘TC[’[UJII:SOBBHHE aaeMeltTon erl['ErJ]Jbl MalpHl ABJARTCH OFIEIM H3 04i108-
HHIX MOTQQOB pEI.II'P-HHH MHOIHX IKOHOMIIMECKHX 32049, 2107 BQAPOC CTan
0COBEHHO RKTYANBILIM HPE Ppa3palorKe H HCNOAB30BAMH (ul AdNILX:
npu pafoTe ¢ HIIMH OOYTH BCA HUGOPMaUNA XPaHiTeA 1 obpafaTanaeTcs
B MaTpH4HOit hopme.

3aech Mil pACCMOTPHM 3aladi, HCMOMRIYIOIUHE NOHATHE MiTpNLbI,

1. TMpeanpusaTHe BRIMYCKAET €XECYTOMUMO HETHIPE BHAA M3IeNHIT, DCHOB-
HbLE NPOMIBOACTECHHO-IKQAOMEHCCKHE NOKA3WTEAY KOTODLX TPHOCACHLI
B tabm. 2.1.

Tabanuna 2.1
Hopa CToumucTs
Bra najemwn, | Koaidecrso Pavxoa cbipba, BRMCMPHIL T‘mrmm
n/m e, e wr/Tan. nIrQTOLACHIS, HAAETR R
A, Al €8, 51581
| 1 20 3 it an
| 2 50 2 K 15
3 30 7 15 43
4 40 4 ] i

Tpebyerca ONPEASIHTh CABAYIOLINE €KECYTOUYHBIE TTOKAIATENH: Pacxon
cupbn S, satpare pabovero spemenn T 5 ctousocts P BbITyvckaeMoil npo-
JYKIIHH TIPEANPHSTHA.



Pereene, T jaHiplyv rufia, 2.1 cocTasar HEThHIC BCRTORL, XAPDAKTCRHAYH-
UIHCE BUCH npUl-IBBU.’lCTECHHbIH T

= 7=(20, 50, 30, 40) — sexkTop accopraMenTi
» 5=(3, 2, 7. 4) — BOKIOp PRCSUSA OB,

» t={10, 5, 15, B)

o F=(30. 15. 43, 20)
Toriaa Heknybie REIHYHALL OVIVT NREACTARAATL cOHGI COUTBCICTBYIOWIHE
CRATAPIBIE DPONILENCHIH BEXTORL ACCONTIMEN L7 NATPI IPYITIX BOKTO-
pa, T.oe,

S=F5=100+100+ 210+ 160=570 kr, T'=3 £=1220 4,
P =g p=3500 aen oo

BUKTOPR A4Tpat |Iilﬁt}‘|L‘I'1) Hpeseng

BUKTUD CTURMOCTIL

2. B rafa. 22 npupeacith AAHRWE ¢ JHEKHOH IDOIIBOAITEIRHOCT]
3 npeanpnsTIil xONA1HMA, BRINYCKAOUHX 4 Bl poavrism ¢ noTpebae-
[IICK TPEX BHANE CLIPBR. 8 TAKKE NPOINIKHITALHOCTE PAliorbl KAXIoN
NPeASIPHATHA 34 TON H PN KAKA0C0 BIAY ChI[hs.

Tabana 2.2

Tpedveres onpeacaity

| B IIpoanpanBTeMDeTE  HPULIPUST L :I -!urp-a‘lu! WIS UhipBY,
wuzetA.| —rI_F 1 /qens e _J_ . [ BT O u.'||,1
R T4 L3 ] 1 ‘ 2 3 |
[ i 5 3 6 7o 3 i
‘ 2 \ 0 2 4 3 a 3 i i
3 | a 13 i i [ i 4 3
| s : Iu 7 5 g 5 8 6
s ausen e
R T R N i
| 200 150 170 124 110 | Al ah G0

l) VOAGBYI} NPONSUONITIENILIOCTE KEAGLOPD HPEANRDHATHA 10 KakI0MY

EHAY M3Ieauit;

2) FOIOBYHY I1('JT[)E‘.I’)II('J[‘.TI.; RiaAQOTO HPESINDLHATHY B KAKIOM BILIC ChIDIbi;
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3) TOI0BVIO CYMMY QUUAICHPOBANIE KIAJIOrO (PEATIPHATHS AR 30KYTI-
KA CLIPLH, HEDAXODIMOIT 030 BHIIYCKD ITRGAY KU YKAIAHHKIX BB |
KOALHLCTR.

Persenue. Hlymito couTapimd MATPIUIB, XAPAKTEPHAYIOLITIE BECh ITHTERC-
CYIOULNE 1020 JEORONMIMEEKIT CTICKTY HPOMARLACTRA, @ 3aTeM BRI MO
COIPTRETCTRY RULI N OHCPALLIT HaL MU HOTYMHTh PEINSUe TAHHON Sala -
un. ITpeskac RCero NPHBEACM MUATPHILY NPOGHABGANTEARHOCTH TPEIH-
ATHIY MO BCCM RILIAM TOIVEILHILE

]_[]')DH.'!-BI‘.]}'[II'I'I’_‘II LHOCTIs

1 2 3 45

4 53 36 771 Bm
1- 0 2 4 3 0|2 wanennn
T8 13 0 04 63 ¢

310 7 5 4 4

Kbt eruifent orofl s piithl CooTBETCTBYET AHEBHUIT BPOHBELH-
TCABHOCTH OTACILUOIN NPCIPIBITIE IO KAAJIOMY BILIY  NPOIYKIHIL
CnesosaTelbno, TOALEIH  HPUNABOAHTENLIOCTE f-IH1 DPEIHPIATIS (1
KAKAOMY RHAY IPOAYKIN DOAYHAETCS YMHOKEHIEEM f-ro croafily MaT-
Pl A 13 KoAtdecTao padowiey JHell 8 Toay AT 3TOTC NPCATPHATHA
(f=1. 2,3, 4, 53). Takum obOpasost, rohosas NPOHIAGANTENEHICTE KaK-
AOTG HPEATPIEATIN UC KHAJOMY B HIACIHE OIRCHBACTCA MATPHUEH
"BOO 730 510 720 9803
1 0 300 6RO 360 0
Trn T ig00 2250 0 480 840
L BO0 1500 11490 600 360

MATDHUA 33aTDAT COIPBA 1A CAHHIHILY HIIEMIA {3TH HOKAZATCTH [0 ¥LI0-
BYX OAMHAKOELE AN BeeX NpealpuaTiit) nMeer Bij

Bun vsnenns

12 3 4
72 3 4 531

B=13 3 4 8{2 Bun capea
i1 6 5 6)3
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AnesHoit PACKOIA O THNAM CHIPbS HA NPEAUPHATHAX CIIUCHBARTCHA NPOKHA-
BCACHHEM MATTMH LA B wa MAaTRILY A

35 126 53 62 58
BA=|68 165 85 89 77|,
74 167 78 92 82

Tie i-fl CTPOKA COOTBETCTBYET HOMCPY THIIA CLIphs, a j-ii cvonbeu — Ho-
Mepy IPeRNPHATHA caraacHn Tatn. 2.2 (i=1, 2, 3;j=1, 2. 3, 4, §). Hac
HUTEPECYET OTBET Ha BTUPCH BOUPOC SUAaH — OM fIOAYYAETCR, MO aHA-
aotnn © MaTpuueli A, yMHOKeHnes cronduon Matpurtel BA Ha cout-
DETUTBYIOWNE KoMyecTea padodlx AHCT B rogy A4 NPeAnpuaTHil —
BTO FO/ORAA HATPEOHACTH KKANTO NPEANPHATHA & KAKAGM BH/E ChIPbI:

11000 18300 9019 7440 8120
BA,,=| 13600 24750 14430 10680 10780
14800 25050 13260 11040 11480

Bpeacat BEKTOD CTOUMOCTH CHIILS
p=(40, 50, 60).

Toraa cTOMMOCTE OOILETO (DANBOTO 3aITACa CHIPLA JUTA KMKIOrD npei-
NPHATIA  NOUYYUETCA  YMIOMCHHEM BEKTOPR P lta MarpHuy HA..
P = pBA,, = (2008000, 3496500, 1878500, |494000, 1552600).
CheanuaTesno, cyMmet (hunancuposaliy HpeANPHATHR 15 3aKYTIKH
ChIPBA ONPCAEAAINTCS COOTBETCTRYIOWTMME KOMTIOHEHTAMH BekTopa P.

2.2. Mcnonb3oBaHye CUCTEM NUHEAHbIX YPABHEHWA

B aroM pazfgene Mul paccMOTPMM 33Ra4YN, IPUBCAALIME K COCTABIEHHI i
PCIECHMIO CHCTEM JbieiiII kX ATreDpanyecKix YPaBReHHH HAa OCHOBE TIPG-
FHN32 BLITYCKA NPOJIVKIINE IO U3BECTHLIM 3aNacanl ChIPbS.

[lpeanpuaTite PLOVCKAET TPH BUAL IPOAYKIUMH, HCOOAB3YS ChIPhe TPEX
711106, HenOX0ZIMBe XapaktePHCTHRL NPON3BOACTRA YKa3aHu! B Tabm. 2.3.
Tpefiyerca unpesenuth o6bCM BLITYCKA NPOAYKIHMH KOKIOrO Bitdd {IpH
AN B JATIACAX CHIPES, JaA0MH TAKOrO PO,La THITMYHbL IPH IIPOTHO3aX H
OLLEHKAX (PYHKUHOHMPOBAHKEA NPEATIPHATIH, DKCIBPTHBIX OLERKAX NPOEK-
TOR OCROSHUS MECTORPAAIEHHT HNAETHBIX WEKOQMAENMBIX, 3 TAKKE B TLIAHU-
POBANHH MHKPOIKOHOMMWKH TPCATPHATHIL
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Tabnuna 2.3
Pacxol cwpbr N0 BHAAM TPOIYKUMK. BeC. LM | 3500 cupbs,
Bua cuipox - - .
1 2 3 BEC. BA
{ & 4 3 2400
2 4 3 1 1450
3 5 2 a 1550

Pewenue. O00342MHM HEHABCCTHBIE 0OBLEME BEINYCKA MROAYKIIH 4eped
X, X v 2 Toraa TIpH YGI0BMH NOAHGIO PACXOAA 3aMacoB /A KUKIOTO
BUIa ChIPbA MOXKNC 34MACATL 0TaHCOBble CODTHOLUEHYS, KOTOpLIE obpa-
3YIOT CHCTEMY TPeX YDRBHEHHA © TPEMA HENIBECTHRIMM:

fix, + 4x, +5x, =2400,
v, + 3v, + x; =1450,
S3x, + v, + 3x, =1550.
Pemtas a1y cuetesy ypasHennid mobbiM cnocofOM, HAXOAMM, YTO TPH 3a-

AaH HbIX 3AMACAX CHPbA DOBEMBI RBIMYCKS TPOAYKIHH COCTABAT Y0 KaXI10-
MY BHAY, COOTBETUTBEHUG (B YCAQBULIX eAUHULAX]),

x, =130, x,=250, x,=100.
(Ob61as MoCTAHGBKA 3aA4H NPOTHO3A BbINYCKa NPOAYKIMY. 1lyers
C=le,d; i=1, 2, ., m j=1.2 ., n (2.1)
— MaTpHLa 3aTpaT CRIPbA Mt BIAOE [TPH BLIITYCKE MPOAYKUWH 1 BHAOB. To-
rA2, NP U3BeCTHHX 06BEMAY 33Maca KARAOIO BHAA CHPbS, KOTOPhIe 00pa-
3YIOT COOTBETCTRYIOMHKIE ReKTOP
G =(dn Gyr s Gu ) (2.2)

BEKTOP-LIaH X = (X}, X3, .., X,) BHIYCKA TPOJIVKIMHK OMpeaeasercs Ml pe-
UIeHWH CHOTeMR 7 )’pa_EI-IEHHf'{ C R HEHIBECTHRIMIL

cx" =7", (2.3)

TAP MHAEKC «T»> OIHAYAET TPAHCTIOHWPOBAHHE BEKTODA-CTPOKM B BEK-
Top-cTonben.

2.3. Mogent NeoHTbeBa MHOFOOTPACNEBOM IKOHOMUKN

MaxposkosoMiska (QYHKUMOHMPOBAHNSA MHOTOOTPACNeBOro XO3IAKCTBA
Tpefiver BanaHca MeXAy OTAeARHRMH oTpacnsaMd. Kaxnaas otpacs, ¢ oa-
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i1 CTOPOHEL, ABARCTCA DBROMEBOANTEACM, a ¢ Ipyroi — norpedrrenes
BPOAYKUHH, BBINYCKACMODIT APYTHMI OTpacaaMmit. [3o3dixaeTr AuBOAbLHG
HCHPOCTAH 334243 PACHETA CBA3N MEMKIY OTPACATMH HePes BLIMTYCK ¢ TMo-
TPefIICHIIe NPOAYKOHH Pa3HOro poaa. Bnepswie ata npodiacaa duaa cdop-
sysanponana s 1936 r. 0 pilae MomeMamuuec Kol MO B TRPYAAX HIDCCT-
HOID AMCPHKAHCKOTO aKOHOMICTA B. JleonToesid, KOTOPUH RONBITALICH
NPOAHMNITIHDOBATE NPASIILL DRonoMieckod qenperenn 3 CHTA 1929—
1932 11, D1a MOALIL DCHUBAHA HA WNredpe MarpHLL It ICTIOAB3YET Annapar
MATPHIHHUIU 31aN3a,

2.3.1. banaHcoBsle COOTHOWEHWA

s npoctoru Hyigem nonarate, 4o HPOHIBOACTBENHan cepa xo3siicTea
HPEICTABAHET CONON 7 OTPACIel, KM 13 KOTOPLIX TIPOIIBGANT ¢BOfi
aanopoanuii upoayet. s oGecnedenng cooero BPONSBGICTBE KA1
UPPECAD MYICAAETCH 1 B HEYRILIE Apyrix arpaciell (DPuHIsoLCTeeHnoe
irrpetienne). OBWYHO NPONECT MPOUANOACTIA PACCMATPHBALTCS 31 He-
koTophtll nepna apeMells; B PALC CIVYACRE TaKOR eQHMIeH cavKnT ros.

Bocaews I G oOURIAYEHIS:

s 1, — ofntlil odheM npoty kit - oTpacan (ee Banorslit seNyCK)

o 1, — nhbes NpoLyKLi =0 orpacan, noTpefastemotit j-i orpaciei npn
HNDOHEERACTRY I'}6'I)("MII N YKITHH 'I.

oy — 0GbeM NPLAYKINLE T OTPAC, NPEANASHAYERHBIE 1R peaunsa-
1L (NOTPeBAeHNs) B HETIDOHABDACTRENHOIT COEDE, NIK TAK KaanBae-
MBIT NPOAYKT KOHEWIore nOTPEAacH g, K #eMy 0THOCHTCR AHYHGE TI0-
TpefacHile (PAXLAH, VIORIETUOPEHIE DOUIECTRERHBIN NOTPEGHOCTER,
CO/EPKANIE FOCYJLPCTBENHNY AACTITYTOB 31 T, A4,

BaTHHCOBE H IDHHLGHN CHSTH PasINYHLIX OTPACACH 11POM BILITEHHOCTH Ci-

CTUMT B TOM, YTO BANOBOI BRTIYCK {-H OTpPacalt J0KEH OBITh PABHBIM LYM-

Me 00LEMOR NOTPEHACHUA B IPOMARDACTEERHNI (I HENPOHIBOACTRELHOI

cihepax. B camoli npocTtoii gepye {rmroTeza AMHETTHOCTLL 1L APOCTOrD

CAOHENIA) HATARCORBIE CONTHOMIEHNA HMEWT B

X=x gttty is1,02, L, on {(24)
YpusHeHun (2.4) HasbtBAIOTeS coonmotietmsimn baaanca

NucKoNbKY NPOAYKUHA PitsILIX OTPACALH HMEET PAdNBIC HIMepeHsL, Oy -
Aes 1 AaTbHelflneM 1IMETh B BHLY CTOHMOCTHBLH Butane,



2.3. Mogenb fleoHTLEeBa MHOTOOTPACTIEBOA JKOHoMMY ST

2.3.2. [lnHe#Han MoJeNb MHOTOOTPACAEBOA JKOHOMMUKK

I3, JTeonrbepes na ocrosanin aramaa akoHespnkn CLIA s nepuon tiepea
propoi Muponoit Boitanil Bt yetanonnen sakHelll GaKT: 8 Tedetie AMu-
TENKHOD BPEMCHI BEAHUMIE! @, = X, /X, MEHSIOTCS OYCHb €1abo u MoryT
PACCMAT[HIBATLCA KaK HOCTORNIBE YN, ITo ABACHINE CTAHOBHTCA NO-
HATHBIM B CBETE TATO, MTH TEXHOJOMA NPOIIE0ACTEL OCTAETCS HA OJHOM )
TOM K€ YPORIE AONOTLIU LIHTEIRIOC BPEMS, I CIEI0BATEALI0O, 0fbem
norpefstetst f-Il 0Tpacaniy MPOAYKILIG i OTPAcAH TIPH MPOUIBNICTRE
CROEIT TIPOIIYKLHH 0OBEMOM X; CCTE TEXHOTOHYECKA KOHCTANTIL.

B ocHay yKasannoro Gakti MoKHo clenath Clelymuiee JOMVILeHNe: 108
HPONSBOACTIA APOAVKILEH J-it OTPaciis o0berMOM X, KYXHO NCODALIOBATS
apeaykunm i-ii pTpacan obweMoM a.x, rae a,- nocTuAiHoe yieao. [Tpu
TAKUM ANYHIEHHY TEXHOANTUA TROHIBOACTRA [IPUHIMACTCR auneidnoil,
_d CAMO ATO TONYHCHIE HAILIBAETCH cunomesol anneidnocmu, Tlpn atom
4HCNA @, NA3BIBAKTCS Kodpuiuenmanu npaymux sampam. CorzacHo ru-
NOTE3e JNHHETHOCTH, NMUEH

a,=x,/ X, y=ak, Lj=1, 2 .. n (2.3)

Torna yparserisa (2.3) MOXHO NEPCITHCATE B BILAE CHCTEMK YPABHEHM

X, =a,X, +d. X, +...+a,X, +Y,

X, =@y, F X, + o+ X, Y, (2.6)

Beeaes o paceMorperde BEKTORL-CTOAGIN O0BEMOR TIRONEHEARHHON TIH0-
AysuuH {BEKTAD BANGRNTO BWMYCEA), ODLEMOB MPOAYKIHH KOHCUITLIG
A0TRCOMCHIIR (BEKTOP KOIEMHOIG NIUTPedaenns) | MarTpiay kopdrun-
EHTOB NMPAMEX 30TPAT:

s ; 7 :
Y [ ¥ 4, 4y -4y
x, .Y oy gy 0 By, .
=", k=T A o : (2.7)
'rﬂ Lyﬂ ani au! T ann
Toraa ciscrema ypasherdi (2.0) B MaTpHuHoh dopye HMeeT Rt
X=AX+j. (2.8)

OBBIYHC 3TO COUTHOWEHHE HES b BAKYT UNOAGHENUEM AUNCEHOL Mexempac-
apanzo 6aranca. BMecTe ¢ omHcaiveM MaTDHYHOIO [IpeocTan TCHEHA (28]
I VPARACHHE HOCHT HMA3IBAHHE Madean Jeonmeesa.
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Y paBHeHie MeXOTPacIeBoro fananca MOKHO HCLOABIOBATS 1 ABYX 11253X.
B nepaoMm, Hanfingee NpOCTOM cly'ae, KOrJa H3BECTCH BEKTOP BATOBOID
shinveKa X, TpeOYeTed paccyHTaTh BEKTHD KOHEMHOMG nOTpebnenis 7.

Bo BTopoM cayude ypaBHEHHE MCKOTRc/eBury HanaHca MCIoNe3yeTes
A48 Heneil NJAHHPOBAHUA ¢O caeaykaiell QopMyHpoBKOR aanavi: At
nepuosa Bpemetet T (HAMHUMED, FOA) 3BCCTEN BEKTUD KOHETHOrO nuTped-
e ¥ W Tpefyerca ONpeaesiTh seKtop ¥ BACIOBOIO BRINYCKA. SALCD 11e-
COXOANMO pelIATH cueTeMY AHHeinnx ypagreHuil (2.8) c uasecTsoil Mat-
pHUCH A H 3a7aHiLM sekrapus . B pwnneliiem Mot OyieM uMers aeno
HMENRD € Takoil 3anadeil.

Mexny Tem cuctema (2.8) vimeer paa ocobennocrell, BRITEKIONIX 13
NPHENEIHOTD XapaKTepa J,ELHHUl"I 3334475 HPeRAT BCEIMQ — BCE DJCMETH
MATPHILEl A i REKTOPOB T M § A0NKHB! (bITh HEOTDHLUATENLHBIMIL

2.3.3. MpoaykTuBHbIe Mogent NeoHTbera

Matpriia A, BUE 2ACMEHTH KOTOPOH MeOTPHUATE b, HAIBIBALTCH npU-
dyxmuaoti, eCAW A0 T000TG BCKTOPA § ¢ HEOTPIHIATENLHLIME KOMTIONEH -
TaMi! CYILCCTBYET pemenne ypasucHus (2.8} — sexop ¥, pre 3neMeHTwl
KOTapOro Henrpiilateldsisl. B rakoM aaywac n moient JcoHTheBa HA3wI-
BRETCA TPMAYKTHEROH.

Jua ypasaeuns tana (2.8) paapaboraud CoutueTCTBYIOMAs MaTeMaTIIYe-
CKAS TENPHA HCCALDBAHIA PCLICHNSA H £ro ocobeiHocTel. YKaKeM Heko-
TOPBIC OCHOBHBIE 28 MOMEHTLI.

Lepennuaies cictemy (2.8) ¢ nenonb3osamicM €AHHNMNON MaTRHIL F
B BHAa¢

(E-A)x =j. (2.9)
Eeau cywecrayeT ofpatias Matpiua (£ A)Y ', To cyweeTsyeT W eanseT-
BCHHOE peilienne yparHenis (2.8)

I=(E-A)'y (2.10)
Matpuna (£ - A)' nasbluaeTcs Mampuyel nom Jampam.
CyliecTBYeT HECKOMRKG KPHTEDHER ITPOAYKTHBHOCTIL MaTpliuL A. [lpiac-
JEM B3 N3 HNX.
[. Marpuua A NpoaYKETHBHA TOTa 11 TOALKO TOTAA, KOTAA MATpHOa
{E =AY CYIECTRYET 1t o6 9AEMEHTRH HOOTHIATEN BRI,

2. MarpHua A ¢ HeoTPUUATEABREIMIE JIEMEHTEMI HPULYKTHBHE, €k
CYMMEA BNEMEHTOB TIO NoboMy ee cToafuy (CTPOKC) 11E NPEBOCXGAKNT CAW-
HHUDBL.
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I
> a <l
dd

i

(2.11)

npHYCM XOTH Obl AU OTHOLO cToIfH1a (CT[’)()‘KII) ATA CF¥MMI CTOMO MCJILLNG

EA1HHIIBI.

PaCCMDTpHM HPNMCHCHHE MODETT Je0NTLERD HA HOCTOKTTLIX MRHMUPEX.

Hprimep 1. B rada, 2.4 npnseaciuos qannne 1o dananey i nekoTopalii He-
PHOI BPEMEHH MCAULY MATHIO OTPACASAIT NpoMbinzaciiactin Haiity sek-
TOPH XGIEYHOre NoTPeBICHIst 1 BULNOBOID OBITIVCKA, A TAKKE MATPILY
KO NEHTOB IPIMBIX BATPAT 1 ONPLICTI T, HETHETCS T O IPOIVE -
THRHOT B CODTBETCTANN ¢ NPURELCILIBEMLL BLIIE KPITUDHMIL

Tadnnua 2.4

{ orpefiienme
Ne Crrpacas i e Sl
[
| | 1 I—E 3 1, i
_'_ .
1 CrankneTporciue 13 12 | 24 ! an
2 Lhwepremnea 1] 3 33 15
: F
3 |Mawsnacrpockne o 5 | mooo
' |
i | ArToMoOHILHZA G . 3 1 1 k]
HPUA BUETEITHOL Th |
5| alolinr s inepepadaoka 7015 15 3
| YIACBUOPORDH N |

Ianopwi |

_ Konewnmie . N
aponv ey | BBIVOE
R poit aen. e,
[ | !
Loib it 100
i | |
7 i 104
! 10 i, M ‘
I
| 3 15 I 3
|
|
.3 a0 ‘ 104

Pewenue. B 1alba. 2.4 npuBeaensl COCTABTARAUNE BANAHCY B COBTBETCTHHII
¢ cooTH@mNeRnAMK (2.7) X, — HEpBMe NATL CTOAMIOB, &, — tHeCTol ¢TOA-
Beit, ¥, — nociaeaundi cvoafien (4 =102, 3040 5). Comacun hopsyaam
(2.3) 0 (2.7, nmaeem

1007
100

501,
50 |
moJ

=

100

30
§-| 5

13

30

015
0,10
010
0,10
007

012
03
Ok
005
0.15

' A

048 046 016
070 030 057
B 020 010
020 010 005
030 020 003

Bee aacMenThl MaTPILL A MOACKUTENL UKL, (HHAKO HeTRY,LI0 BUAETE, T0
MX CVMMED B TPErReM 3 detsepdrasm cTogahinax Goasue enHuub. Caeaom:
TEAGIK, YUNOBHA BTOPOCD KPHTEPHA UPOIYKTHEHROCTI He COOMLEHh,
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PMETPUIE A e SIAACTCA IXEIYK rIBRNE, DR0NoMIMeCKas 10 3Toil
HEHPOAVETHEROCTH BAKAKMACTEL B OTOM. IO DUYTPeIRCC NOTRebIeHie
orpracach 3o 4 eannEoN BeanRD § e HEme i © iy EUTORRIME BRITTYC-
KM,

Mpusiep 2. Tadcnn 223 coacpmut Jutiee Guiea rpex otpaca npo-
MBRLLICHIIGUTI 38 BEKOTOPRIT Bepuoa spesinin, Tpedyeres naiimn oivbes
RILRORNED RENIVURD KON GG HPOAVELITH, Ccatt kadedoe aorpedre-
NN 1O OUPUCISM YREANYTb, coutreterseiie, a0 §0. 70 w30 yvenonmmx
JWHERURBIX ETHHINL

Tabanua 2.5

. ’\- O, [_l""|-’”)"'“‘_“"'_"‘ . lﬂ‘lllll:‘llll_‘lf'l ! Hn.':::m_-l.ﬁ
i ! 9 4 N VET ITAEIS S
1 Aafiana o TL P RN 3 | 3 ) 0 | A1) 1) i
|} RO AN _ | : | | .
P SR T H LONER T 1) 1) B fi | 10 l|
! 3 IMurmwerpovhee 30 __l_ L L U _‘ - 50 J

Pewtene. BRInnies Be€rophl BrUoRnrg KhEVeKR 31 KOReIHorn aopefiae-
i I aarpiy goadunnenton e srpat. Coraacno dapyayaas
C20 0 (47 e

100 40 (005 0.35 n,.ww
y=le]. §=|ee], .*l=‘0.10 010 0401
50, 1) 020 010 020

Marpii A yaoietvopser odmis KrTepnas upoaveTiunocti. Boeay-
UHC BLAAINIOID VRLGTHYCTTIH KOUCYIOTO HOTRCOICHIT HOBBIH BEKTOP KO-
HCTHOTE NPOAYRTA OVAET IMETL B
iy ﬁo N
F.=[70]. {2.12)
I8 3“{

TpefyeTes HafiTit OB BCKTOR BAIOROIO BLINYCKA T., VAOBACTROPAL-
IJLH}I‘IJ COOTHONTCH TN ﬁil.?li-l HCR 1 TR AR ST Yo MaTpriLi A e nase-
nmeres. Boragos oyyae KUMIINHCH L 1, . Xy HEN3BeCTIOre ReKTOP: .
HAXORTUS M3 CHOTCMBL YPABICHITL KOTOpas o Marpidiioi QopMe nsect
CIAVINIINHT By

Fo=AY, - gonan {F - =i (21



Marptina aroli cHertesu)
NG5 -035 041
(£ -Ay-| =010 080 -0.40
=020 =010 D80

Pewenie enerenb anneinns ypanuennin (203 api taanies pesope
npasofl gactn (2.12) (nanpnaep, seroann Finviecad @ r nokalii Rektop
KK PUILCHHE YRasieiiii Mexorpaeie o Dananci
13267
Y.o=[ 13581,
925 ]

Taxus ofpians, 1750 Toro 91oisE oNCC HEMITEL FNTTOC VECTICHIIC KOM-
TIPHENET NCKTONA KON UHIT L IYETI, 0D Y0 b CONTRETE T
BVIOLIHE BLTORKE PHNVCEIL MO0y 0 0epepadoTky Ve uoA0noIos Ha
322 % YPORCHE BHERPE i — R 358 T I BRYCK S oeT poe g —
Ha 83 % — 00 CPasMenine © NeXiCUInaTe B HESMIL VELSAHIBIMIE 8
Tafut. 16.5.

YnpaxHeHus

21, Tlo sams tab1 201 cooTniiTh nonyio T uy nRsnEno1e rsen-
HO-IEOHOMHYPCKUX NOIGUSATRIRH [0 COes iy HLNM YEIOIIM!

— KOIMYCCTRO 101G BeeK 81,100 YOI saeTes #a 20 %%;

— AOPMA IPENMEH I NBSUOTOLITELIE 10O BOCM TRV yselbunwetes ua 20 %
— TREeHIL HA HCC BILID! ILEIETHIT ymenbiideted Ha 14) %,

Hafl i esecy Tty Ngasa1 e, VRASAHHBe 1 3ataue boies 200, a0 rjoske
HX TIPOUCHTHEIC HIMCHCHL

2.2, TTo fanmnts rata 2.2 coeramir e iovrn cafuinimy o O Ie i
VCAOBIAM:

— AHEBIG DPOILBONTUI LI T Y BOLX ORCANPUATIN VBN DTHROCTeS 1
100 %,

— B (RO LT 1B PON ST 00 P U TS Y BT ISUETC 1
S 4. a 1A ocranniidy — na A %,

— HEHLL L BB CRpP VMe DB IS0 Te s, ConT et actin, ua 10, 20w 30 %
OIPeaTiTh CYNMLE (Bl HHCBPOITTE GPCILT I T T T COnTIRETe By -
e II|_'IIH1(‘!I'i'Hb|(.‘ TEAMCHENTIH.
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2.3, Crrpac.ah coCTolrT 3 HeTbiPex IPCUIPHATIN: BeKTOD BRNYCKA Mpo-
AVEINS 1 MATPHIL KosxdnBiinenTon apsiMalX 3aTPAT UMEIOT AL

[ 100" 025 010 024 023)
__[s00] . [020 015 036 017
250 013 020 020 045
| 300, 030 015 020 015

Haiirn BCRETONR AOBEMOB KOTICYHOTO UPVIYKTA. NMPEAHAIHAYCHIIOTO AR
[T BHE OTPRAcHL.

2.4, [I})L’j!ilpllﬂTllf‘ BLHTIYCKALT TP BRI TPOJANVKIITN € HCHOILSGBIUIINeM
TRUN BILTOR CHILS, XaPAKTOPICTIRRD OPOUBAGETRA YIRA3alihl B Ta()"’lllll(_‘.

Bacsod Clpha e BiClas TIPUAYKIINIL ey, L U3l Janac cipes
By enipun — — ) . '
| ) ] 3 BCC. b4
! [ 3 12 7 2350 _‘
| a 1 ] 8 2060
| g . y I § L 2270

Hadtrir afvbest sblyekd NAYKIUNT K000 BILA TPH 3UIAHABIX 3amacax
ChipLA.

2.5, D yeaounx npisepa 2 13 2.3.3 onpeaeante 1pupocT o6beMon BATO-
BhIX BRUIVEKOE M0 KLKAON aTpacsi (R IPONEHTAN), ecll KOHevHne no-
TPEDALHNE ¥EEIHEHTL I oTpacass, courgercTrenno, ma 30, 16w 50 .
Peomnte auwtativ metnaonm ofipatiodl Matpini v vetoaos Tayeca.
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asa 3

MHoxecTBa BELLECTBEHHbBIX YUCEN

3.1. BewjectaeHHbie uucna

3.1.1. CBoicTRA BELLACTRENHLIX YUCEN

MEOKCCTBO BOIECTECHHLIX MIce guistencs Gecxolleditsist, Giio cacront
#3 PAHOHANRHBIX H 1PPANIOHATLHEIX YIICe. MAUUONGIRNGM HASHLBAETUH
WICAD Bt PSg, TAE p Y g — itensie dileaa. Besikoe pelecTBeHHOE YHeo,
1 SIBTAIOIECCY PILHOHAIbHBIM, HASKMRRETCS Mpaaguonzisnty. Beakoe
DULHONANLIOE e ando gpasercd ueaws, anbo npeacrapiser cniod
KOHEUHYIO 111 OCPHOAHYCCKYIOo Dockonednyio gecatuunywo gpodu, Ha-
HpHACP. PauHodansioe dieaoe 1/3 moaiio npeactannto 8 suae 033333
MppaunioHansiioe Yueno NpeaAcTanAsLeT coboii HECKOIESIYI) HETEPHOLITYE-
CRYIO AECHTHHINY 0 ADO0nL; IanpiMep, V2= 1 41421356.., n =3,14159265. .

YRRKEM OCHOBHRE CUDACTHL BEIICCTHEHHRIX Yncen,
A. Chroxellne ¥ YMHOKEHHE BEUECTREHHBIX 4HCe,

Jas moBoi napul BelecTREHILIX 9HCe g 11 D DUPEREAEH D] BABHCTBEHHBIM
oDPUIOM B4 BOHIECTBERHLIX 9HEIA @ + A 11 ¢ - H, HAA6IHACMbIC, COOTBETCT-
BUHHO, ILX cymmoit y npouagedennen, Jm A08eix yncea a, b 1 c 1Meor me-
CTO CAeayowse cuolicTea:

Lo+ b=b+ g (nepeMectureahHoe, My KOMMYTATHEHOE, CROITOTRO).
2 a+t(b+ro)y=(a+hy+c a(he)=(ah)c (coueTaTeaLsHOC CBOHCTBOY).
3. {a+ D) c=ac+ be (pacnpeacanTennune csofierso).

4. Cvutecrsyer eanncTaentne uiean 0 Takoe, ute a + 0 =a gaa moboro
HCNA a.

5. Aas moboro yneiia g cywecTBYeT Takoe o { a) aroa + (-a) =0,

6. C}’I-IIL‘(."I'B_VET edHueTReHIOR wnean 1y O riroe, 1o aqst suohiora 4ucna
O HUMEET MECTO DABCHCTBO o - 1=qa.
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7. dns aoboro smicna o = O cyieetsyer rakoe qucan @, wro a at' =1

4 1
Yneiao @' odo3HavacTen Takke ,'Ipﬂf)hlﬂ —.
o

B. CpamHerue ReNECTBREHHBIX HHCR.

Aas MBI JYX BOMCCTRCHHBIX YIICCH YCTINNDASND €110 113 TPEX COoT-
HOWEHHH: a = b {a pasia £), @ = b (@ Hoasme b)Y wan a <2 (a sMensing b).
OrHoneHre parencTna oDIRIET Challc Teost mpraremurioem: cean a = b
ub=c,10a=c

Ordolgene sBanswe» abuuglaer careayionmmn csolicrsasn. Jaxn mobux
uicen a, b n ¢

. Ecama=bub=¢ 100>,
2. Ecoma>htoa+c>b+re
3. Eemta=0nb=0, raah>10.

Baecto cootnowenita a > b viiotpebagnt takxe b<a. dannce a2 b
(b < gy oanauaer, yro aubo a = b, Anbo ¢ > b Coutiomenna co aagamn >,
<, 2 1t € HAZLAIKTCA HOPARCHOTRAMLE, A[MIEM CONTRCGIPHNS Trna 1-—3
ABNHIOTCA CTPOIMMH HEDABEHET BN,

4. Jlwbue BelecTBeiIor MHCA0 MK HPROIHBETE PaUTIONLILILIMH
HCIAMH € NPOMEROABRGI TOUHOCTLKD.

Taknm 0OPUION, BULILCTHEHHLIL YHCIR NPEACTABISIOT LoBofl MHOAKUCTHO
AJIEMEHTOB, eONaAa LR CROTicTBAMIT A— B, T4KOr ONPCABACHNE, 113 KOTO-
POrO BRIBOAATCS OCTAALHEE CBORCTBA, HUALIBLCTCH aNCHOMUMIENEOKIAL,
a cniMi croiteTRA A— B — grrioMann BENPCTREHITRIX S1ICEM.

3.1.2. Yucnosas npsMan

3aech HAM NOHAAORNTCA MOHATIE O COOTRCTCTRINE MixecTA. Dyaen ro-
BODHTD, 4T MOXAY MAOKeCTRAMI X U ¥ yoraHopIenn canmeememaue,
COTH 110 KAKOMY-1100 JUKONY WAH HPABIAY KAAIOMY JICMEHTY X 113 MIU-
#ectoa X (oboznaucuuc x € X} cootsetetayet anement i € Y. CooteeteT
BHE HARKARETEA Aatmln othinandunhy, et 2100oMY v € X cOnTRETOTRY-
ET TOABKO OAMH AAeMEHT 12 ¥ i Hanbtpot — maGamy iy € ¥ eoateeretayer
TONBKO OAMH 2NeMeHT X € X

OKa3bIBASTCA, UTO MEATY MHOKCCTBOM BCIICCTBCHHLIX YICEN U MAO®ECT-
BOM TOUEK HA MPAMOT MOMCT OWTh YCTAtORIEHO RIAINHO CAHOIHAMHOE
COOTBETETBHE, IT0 ARET HOIMOAKHCOCTS HAMBSLIHOTO MeOMETRHYEEKRrS H3Q-
HparkeHds HEWECTREHHBX YHCeN Ha dncansoil oci. Ha npamoil nyxcHo
BHOPaTh TOUKY 0 Hayan OTCUCTA, YRAIATL HATPARICHHE 0TcueTd (obpa1io

5-1222
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£NERA HAMPABA) W eAMHWILY HaMepenua wir MacwTal (puc. 3.1). v pu
ALITCTRHA NOJHOCTBIO ONPenenfnT Yuenosy (KoopavHaTye) ook, Ha
Heft BEILECTREHHbIE YHL1A HSDG]JEI}K'EHOTCH B Bithe TOUYEK.

h 1 M

Pue. 3.1. Yucnosen ot

Mycte A — nponasesenas Touka sa oT1oii ocn. [Mecrasum efl B covrserer-
BHe YHCag ¥, paBHOt‘ 11U BEJIYMIIE AJLLIE DTPESKA DA L0 Jtlakom +, eCimn
TUOMEKa :“1 HaXOAHUTCA CNIpiBa 0T Hauvanla ortcvetd, HJOH CO 3HAKDM —, eCTH
TOMKa A PACIION0XKEHA CACBA OT TOYKH 0. TO[‘,L['A HIENO X 1IaGLAACTCH Kean -
dunamor_} TOMKH A. Cnpaﬁeﬂ:umn nﬁpzmme }"l‘BL‘p}K;lE‘HHEZ KaAXJOMY DEULL-
CTBEHHOMY YUCNY X COOTRETCTRYET QMPCACNEHHAA TOUKA HA KOOPAMHAT-
Hoit oci, KOOPANHATAE KOTaROH panna x.

¥ Kaxces HEKOTOPbIC HAHGOIEE HACTO HCNOLIYEMBIE YNC/0BbIE MHOXECT-
ra. Mycth @ 1 & — aRa yncaa, npuaem a < b. Menansayenm caeayiowme obo-
BHIAMEHHA:

1) MHOKECTBO BCEX UHCEN, YORACTROPAIONNX HERAREHATAY @ < ¥ < &, Ha-
BWEBAETCA OTPE3KOM (cermenToM) ja. b);

2) MUOKECTBO BeeX 4HCE), YIOBJAETBOPAIOIMX CTPOroMy HEPARCICTBY
a < x< f, wasnipaetca vuTeppaiom (a2, b);

3) MOOKECTBO BCEX BEECTBEHALIX (AcHCTBHTEABNLIX} Yncea Byacy ofio-
HAUATE — 0 < X< o0 UM (- o, w);

4) aHAMOrHYHO MOXKRO OTPCAETHTD THCIOBLIC MIGAKCCTBA THA
(a, B], [a, b}, (a. +e), (=, b), [& +m0) 1t (w0, 4]

Bre aTy MHOMECTRE HASLIBAIOTCA NPOMCKYTKAMMI MPOMEKYTKH THitoB [
M 2 i nepBhie OBa N3 M. 4 HA3IGIBAIOTCA KOHEYRBIMH, A 4MCIa @ W b ux
KOMLAMH; OCTA/ALHLIE NPOMEKYTKI HadneaoTes OeckoseunmiMn. IIpe-
MEKYTKI NEPULIX JBYX THMOB W3 N. 4 TawKe Ha3RBAKTCA NONYHHTEpIa-
NaMH.

HNCInRLIM NPOMEKYTKAN COOTHETCTBY T NPOMEAHITKH HA KOOPIAHHATHON
oci. Cervenrt [a, b] uzobpaxaeres orpearom M M, Takim, 4To Touka M,
MMECT KOUPAMHATY a, TO4Ka M, — koopaunaty b. Bea koopanuaTHas nps-
Mast AUIAETCA HIODPAKEHHMEM MHUMKEUTBA BCEX UPILECTBEHHLIX YHCEN, H
NOTOMY MHOMKECTBO (— o, 00) HAZBIBAETCA wucA080d npayvol {(oceo}, a Jia-
60e UHCAY HAULIBABTCH MOUK0E 3TON NPAMOIL,
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3.1.3. ABconmoTHaR BENWYWHA Y1Cna

[Tprzesem ontpeaesenue abCoMOTHON BEIHUYHHb] BEIIECTBEHHOMD YRCNL X
{MOUYIH vBCTa):

; ={ x, ecmn x 20, (3.1)

—x, ecAn x <),

Or1cioaa cheayeT paa ceoficTs abCoMOTHON BETHIHHEL, KOTOPHEHA MLL TPH-
BOMHMM (JOKA3ATEIBCTEA 3THX CBOHCTB MbI ONYCKaeM):

1. |x |z
2. |x|=|-xl
3 —|xigxs<|x]
4. Ilyctiy @ — noroxuTenbHoe 4uncao. Torada HepascHCTBA |.r] <4 n
—2 £ ¥ = g paBHOCH.IbHBI.
30 das afex Auyx 1eHCTORTERRNBIX YHCST X W ¥ CIPAReIMED HepaBeH-
CTBO
lx+yl<lx|+|yl (3.2)

B 210 ¢BOHCTHO MOXHO BKIOYHTE TAKKE H JPYToe HEpABERCTRO!

lx—ylslxl+]yl (3.3)

6. dans juolpix gbyx ACHCTBUTESRHBIX YHCEN X H i CIPABELIIIBO HEPUBEH-
CTBO

e ylzlx) -yl (3.4)

3.2. Yucnhoeble NocneaoBaTenbHoOCTH

3.2.1. “Yncnoebie NOCNeAORATENLHOCTH U ONEPaLMIA HAA HUMK

UHCIORKE HOCAEANRATENLHOCTYH NpeACTARIAKT coboll feckoHeyHEIE MHO-
MecTBa yncen. [Ipusephl DOCHEM0BATEABHOCTEN! TIOCAEA0BATENBHOCTE
BCEX WICHOH apMpmeruueckell H reoMeTpivetkoll nporpeccHii, nocaeno-
BATEALHOCTb NPMIMIGKCHHLIX 3HaYeN i V2 (=1, x=14, 33=141.),
MOCAENOBATCBUOCTE TTEPHMCTPOR NMPaBHIBHLIX H-YTOIBHHKOD, BilHCaH-
HBIX B [(aHHYI0 OKPYKHOCTh.

Onpenenenne 1. EcAW KaXI0MY YHCAY 72 M3 HETYDATRHOTO PAJA HHcea 1,
2,3, ..., b IUCTARAPHO B COOTBETCTAME BENECTBEHHOE YHCAO X, TO MEOXKE-
CTHO BEUIECTBEHHBIX YHCEd

5"



TR TP T (15}

HABKIBACTCS] YL eR0800 BOCEAVGAIRE THHOC BN WIH RPUCTD HOCATIORLTY b
HOCTTH).

Yicaa v, v, Xy e X HEIRIBARYFCA 23R8 @KL, 1 3¢, TOC1 0
BATETHHGCTE (30 ) CHAIROGE U, — GOMREAE LAEMETTON, U L 0M, Lo ge-
AOBATEILHOCTH, & MU 4 — 0o aovepas. Cospnlenpo Bocde 0w -
ocrs (3.5) Ovaem obosnavats cuMesoaos Led. Tak, cnimeos (L)
oODINATAET NOCACTODATEABHOCTE HUCE

Lo moeae osateIblnCTREG MOAID DO L Oresnie T HOE  AHHNRCC T80
HPOHYMEPOLLIBLX aaevmer ob, [Tocieaosareanoory curmees saal-
aaft, ceon ykasan cnocof noavuaenna mofors ce aoeseinmin Hanpiiaen,
dopyyaa x, =1+ ( 1Y onpeleaser nocIe/omiteteioets 0, 2, 00 20

3.2.2. Cxogswpecs NOCNegoBaTeNbHOCTH
Onpesenenne 2. Haeao q BdlblBactcd npedeindt aocie JOGameTiinoe g
fb, e a8 060r HDTOAITETILHOID THCIN G 1 theCTIVCT TaRoil 1A ep
Nouro tpn Beex 1 2> N BBIITOTINACTCS, HEpa e e o

|v, —af<n (3.6)

Hloraelosareannoeth, MCELa Npeie, ot cxodamedes. Fean
HOC TR TCIBUUC T TIMECT CICIM TTRTe ) 1 T 1 of, T80 3TO mUHe M-
eTCs TaK:

lima, =a van &, > upnow o> {3.7)

l-iUL'.TIt‘,'[L'lllEth"."limI‘[ﬂL‘Tb. He PIMCHAHUAS Dpeialla, HAALRA0To pnr.m{im,u;m}m_
0npe;leﬂelmc 3. nUL'.JICII.(][!El'l'I’.',‘IbIlUL"l'b, PP CROHM NTRETE0NA 1M Th

(a ~0), nasupacTes  SeckoMewNo  MEION  NOCTeUBAme OO, A
O, = WIEMENT SECKONCIU MIL10§T BOCHCAOBATCALHOCTIL {a ) {pnc. 3.2).

’ 174173 172 i

Puc. 1.2, Noumep Beokoneusa MARDR NOCTIELORATEMHOCTY
Flepagenerpo (3.6) AKBILHACIN HO HCPABCHCTREM (CM. ¢BOAC B 4 Moy, 15
e e 300

no< i, R C B P T R B £ Al ML A R A B 8

3



3.2. Yucnossie nocnagoratenbhocty 69

GO OFHAYEET, O P A 3 N BCE DACMEHT L NOCACI0BITCHLHOCTH {X,} Ha-
NOLUHVCH B E-OKPRCTIIGOTNG TOREN ¢ 31O B ILITCPBaC (@ g o + E), UpHUeM
HEMED N OTPEICIHETCS 1 BELIMIHE €.

Mpiue1es reoseIpiiecKy o repnperating atora onpejaencdisa. [To-
CROLKY HOCICI0BATEALLOUTE IPUACTURTHCT COf0i GCCKONCUHOC MIUIoKe-
CTBO HMCLE, T4, CCA1 OHA CXOIRTCR, B8 Moloil £-DKPecTHNCTH TOUKN 2 Ha
HHETORGET TPAMOU HAXOAH 1O OCCKOHEMHOE YHEIO TOUCK-2ALMEHTOE 3700
NOCACAOBATCIANHOCTH, TOME KiK. BHY E-0K[WRCTHOCTH DCTACTCA KOHEYHOE
HUCAO AAEMONTOR, TJoaTaMy npeited noeisosaTe bHOCTI HACTe HARLIRA-
o mowkal coyeniy (i, 3.3

— ,_{__.._ —-— -

-k L g

Pug. 3.3 Tousa crywleHuR

Hr?t'Jr‘.U(H{'h"H.’JHH}‘J’I' HOUeGEInNGC G He UNGUT KGNSU IR npedie.ta. O;’l'
TR OO MIYLECT HMOTE ﬁf'{?KﬂJH“h‘h‘hH} TIRCACA, 0 ZaTHChIBARTCA 1 Cle-
JUVHINITO A B

limy, == (3.3)

LI

Eean TR 2T, HAYINAA © NCKOTARGIO 1IOMODI, BO0 WWICHRT TTOCTE 00 -
TEARIOCTH MONCEKHTER L] {UTPI-IIIRT{,',’II-IIhI)‘ T NIV

limx, =+=z limy, = ~r,-).

4 oee vk

Ecnn {x,} — GCCKGHOMAO Manns nocaemsnaTeaniacTs, o {1 /x,) — Hecko-
HeyHL NALILAY TIOCALIISTE L NCTL, SRS Beckereauil npeden o
caalcae (3.8, 1 Haohopor, coan Ly} — BECKOHOUHO MANAN ToCAeI0BITC b
HoeTh, T0 {170} — Oecknieuns HOABINET TOCTEANRETEIRIGCT R,
H})IIHL‘,’H'.\I JJ|“J'|1Mt'phI UL S i PilL‘NU,’lﬁllIl!X(‘f—l l'l(JL‘,".[U.'_IUBZITEJIBHG(_'TE'I”I
punep 1. Horasrn, neloneays GUproiedae iinge mpete it oI 0610 -
. n
necrn, 9o lin—— = 1
Lol

| »
Pewene. Bosvmes mofoe wnene s> 0. Tax waxly, -1 :‘—i —1‘ =
"+

i "o
— T L VROBIETRODeRNS Hepabentc rsy (3.0) ocTaTonin pennith
PR

nepagencTen 1L{n + 1y <g, orkyia weivaaem r > (1-g)/e. lpumes
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N=[(1-g)/e} (uenas uncth unena {1 —e)/e), 4TOOH HEpPABEHCTBO
{x, - 1| <& penoaushack mpa seex 1 > N,

Tpumep 2. TlokazaTh, SITO NOCAEAQBATETBROCTL {X,} = {—1)", nas -1, 1,
-1, 1., ne nMeeT npeaea.

Pewenne. JIeReTBHTEIBHD, KAKOE R 9HE0 Mbi MU NDEANOIOKIIN B Kave-
cree npeseaa, 1 wan —1, npu g < 0.5 neparedctro (3.6), onpeneaswouiee
Npedaen NeCAeA0BATENLHOCTH, HE YROBASTBOPHETCS! BHE £-OKPECTHOCTH
FTUX MUCEN DCTAETCSA BECKOHCYHOE YHEIIO 2JIEMENTOB X, TaK KaK Bee ale-
MEHTB ¢ HEYETHbIMH HOMBPaMH PaBlbl -1, 8 3ACMERTDI € YETHWMI HOMe-
paMy pantm 1.

3.2.3. OCHOBHbIE CBOWCTBA CXOAAWMXCA NOCNEA0BATENLHOCTEM

B aToM pasflene nepevuiedk 0oCHOBHBIE CROIICTRA CXOAMUIMXCA NOCAeL0-
Bare LHOCTEN, KOTOpble chopMYAHPOBIHEL B KYPCe RRICLLEH MaTEMaTHKy
K3K CODTECTCTBYIGLUNC TECOPEMBL,

. Ecau pee aneMentsl GecKOHEYHO MANOIl IOCIEA0BATEALHOCTY {1, } pan-
HB! OHOMY H TOMY Xe uicay ¢ 1o o =0.

2. CxXojstinasicst nocieloBaTeslkHOCTh UMEET TOJXBKO OAHH Npe/len.
3. Cxonawmascs NOCIeA0BATCIBHOCTh OrPaHIIYCHA.

4. CymMa (pasHOCTE) CXOAALUIMXCA NOCAeA0BaTeALHOCTeR (X} 1B {1} ecTh
CXDAALAACH TTOCAEROBATEABHOCTD, (IpEAea KOTOPOH Paser cymMe (Pa3no-
CTH) NPCACAOB NOCAERDBATEALHOCTCE {X,} 1 {¥,).

3. Tlpodasenenie CxQAAWMICS OochesosaTesbHocTell {x,} # {y.} ecTs

CXOAALIASACH NOCAEN0BATCIBROCTE, IPLAL] KOTOPUH PABCH IPOHIBEALHH K
NpeAeoB NMuciesopatenskocteil {x,} u {y,}.

6. HacrHoe ABYX CXOAALMXCH TOCAEAOBATENBHOCTCH (x,) i {i,} npa ycno-
BBN, 9TC NPeAeT NOCAEAUBATENLHOCTH {,) OTIHYEH OT HYJI8, €CTh CXOAH-
MAKCA MOCAEAOBATEABHOLTD, [IPCACH KOTOPON PABCH YACTHOMY RPCIESIoB
neciaesosareasaocredt {x,} 1 {#,).

7. Eeaw snemenTh exonsweiica nocieansaTensineTy {x,} yA0BAeTRODS-
10T uepasedeTsy X, 2 & (x, < b) HauMuan ¢ HEKOTOPOro NOMePd, TO M [pe-
Aesl @ aTol NOCAEAOBATEMBROCTH YAOBNETROPAET HEPaBEHCTBY az b

(ash)

U ChMood @] oanavaer Uenylo uacts wiesa o, T. ¢ HARGOABLIGE UeGE MWCNQ, HE
npenacxonsitee 4. Hampusep, [2] =2,[25] =2, [0.8]=0.]-0.5] =~1,]-23,7| = -24.
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. 1—1])0]-13BE,U,EH}!€ feckoneuann Manod NOCIeANBATENLHOCTH H OTPAHNYEH-
HOT DUCHeAUBATENBHOCTID IIL YHCa £0Th HeckoHeUHO Manas nacaeansa-
TeARHROTTH,

9. [IpowamedeHHe KOHEYHOTO YHCAD GECKOUEYNO MBI NOCIEI0BATENb-
HOCTEI €CTb fECKOHBUHN MATAS ITOCACTOBATEILHACT b,

3aMeTHM, 4To B CHAY ¢BGHICTBA 4, ECUH NOCAeRoBaTenLnocTs (X, mMeer
CBOMM NPEICTOM YHCNO 12, TO NDCTEAORITENRHOCTR Ja,} = {v, — a) ecTs Hec-
KOHEYHO Manad. Tax Kak 110005 aqeMent ¥, CxolAlelica NocneoBaTe h-
HOCTH, HMEIOWEH NPCALH ¢, MOKHO TPEICTARUTH B BINE
X, =a+a,, (3.9)
PaceMOTpsM MpHMEHEHHE 3THX CBORCTS HA PHMEDIX,
. ' +2n 4 4
IIprmep 3. Haittu npeaen hm——m——.
40t +n-3
Pewenue. Tipit n 5 o gicanTeb W ananenutess Apodn crpemares k dec-
KOHEYHOCTH, T, €. NPHMENHITh CRATY TEOPEMY O [IPEAEAE YACTHOMND HEMn3A,
TAK KaK TeopeMa NPeAnofaraeT CYHIeCTROBAHIE KOHEUHX [TPEneans no-
caejpouBatenpiocTell. [peolpasyvem 3Ty nocnefoBATCABHOCTS, PA3IESHB
YHCANTE D 1 3uMenaTes a n'. [IpimMenas 3aTeM TEopeMy O npedese ua-
CTHOTD, MPEAETE CYMMBL H CHORA 1DEIETE YACTHOTO, MOCAEA0BATEbHO Ha-
XOJLETM:
o , - . ; o8
2n° +2m+ A 24n+ dint M2+ 2n+4in")

e

lim — — = lim - — = =
At 4+ n-3 " A+ Vr-3Fn limld+1in-%r)

]

lim2 + lim(m + im(4/2°) 20,0 |

L. s

" lim4 v lim(yny~lim(Fn®) 4+0-0 2

nCosn
pumep 4. Haltvu npeaen nocneposatensuocTi {x,) :————l— npu
n+

n— .

Pewenue, 3a6ck, KaK H B 11PEABILYILEM [IPHMEPE, YHCANTEAD 11 IHaAMEHA-
TeNb HEe HMCKIT KOHCHYHBIX HPUACAOE, H MIOTOMY CHAMANZ BBIIOMHUM Heol-
xoambie npectpusosanid. JToaeaus YHEIIFTENL H AHAMEHATEND Ha 7, [10-
Ty raeM:

! . lim(1/vn)cos n
lim{x } = lim(L&)(Usn = ’*"‘( v )

n-s e+ n *lim_1+]im(1,*'n)
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[lockon bEKY & UL HTeNe CTONT OPGHABELeR NG HeCKOHEYHG Manoil nocne-
AQBATEBIGCTH 1 m‘paHu'iem-ml"l NOCeN08aTLIBHOCTH, TO B CHAY CBOJCT-
R B OROIIYATCABIIG OOV,

. 0
fim{r, }=—— =
=T

Q

IEpumep 3. Haittn npeaes mocregomoresasioctn =R+ 1 —+'n npn
no—=rr

Pewtenne. 3ech UPIMEHHTE RETINCPEICTREHHO TEONEMY O NPEIETR CYMMDI
(PA3NOCTH) NOCARANBATENRHACTEH HPEABIA, THK KAK KOHeUHBIX npeieson
canraesax b oqrapyyae a (v} He CYIeCTRYeT. ¥ MHOKIIM 1t Pasieniny
GopMyNy 205 {5,) 118 CONPAMKEHH0C BoIPILKCHHC o+ dn:

, . (-Jn+l—\}';}{~dn+1+-\f;) . n+l-n
lim{x } = lim — =lim =
N e 'J”'" 1 +\I'Ir; Hoea "ﬂ+ 1 + \/P_'.'
llm{ 1;' \,ff;?) 0
= [im —-= . i T ——

e Jnel v n _I_im{\11+ Lin)+ 1im{L»’r\/;) 140

J.24. Yucho e

PAccaio rpist NocALA0BATCALHOCTL {1, ), Ofuni yleir KaTopoll nupakaer-
ca GopMynoi
1
x,=[1v—1.
"

B EVPOE MATUMATIHCCHKOTO AHATHIA JIOKLALIRALTCHA, 9T 2Ta [TOCHeT0BA-
TEABHOC T MOHRING 8OAPACMAent, OTPAHHYCH {.1‘" < ?}) H MMECT NReeT.
Aror HUPCICT HAIBIBLIOT MIICTIOM €. C.?IE_II[)B;ITEII!J]IH, oG OUPENEIICHITH,

LELFS 7

rf:lim[Hi] . (3.10)

Hyco € urpaeT omntiyio poab B Matemarike. Jdanee Synet pacemoTpen
crocod ero Barnrcaenns ¢ nboil TpebyeMoil ToMHOCThI, OTMeTIM 31ecs,
MTO MIICA0 & ABMAETCH HPPALMOHATLELIM, €70 NPIKLTIKENHOE 3HATEH 16!
¢ = 27182818,

PacesorTplsM 20 NALI0HOHIA B AKONNMIIKE HCIOTEIORAMIE YHCAD .

Ipumep 6. [saceTno, aTa di



Ynpaxrenwa 73

Q= Q|[ (3.11)

1[}{)}

rae Qp — NepPBOHAYANBHAA CVALMY BIAXAR 138 DaHi, 2 — NPOIEHT Hagicae-
1L 33 QRPEALALINBIA 1EPHDI BPeMEN K {MeCHL, TOL), 1 — KOJHYECTBO lle-
PNOOB BPEMEHH XPAHEHHA BKAAAA, @ — cYMMa BKALIA N0 HCTCYCHNN A
meproaos Bpemeny. Qopsyas Tima (3.11) HEMOILIYIOTCH TAKKE B 10MO-
rpaiyecKux pacueTax (APHPOCT HAROACHICETEHHSA} 1T B [IPOrHO3AX 3KO-
HOMuKH (YReTHUeHME BANOBOTD HALNMOHATRHOTO TpoAykTa). I ofmem
CayHAR, CCTH P — ROICHT HAULLIENA 1t raa pasfiT Ha # yacteil, To uepea
E T CYMMA ASTOMITA JOCTHIHET ARAUEHIS

Q. =Qﬂ[1 +£)“.

rac r=p/100. To BEIPRKEHHE MOKHO RPenfpPazOBaTL:

"
Il

Q, =af[1+4]

n

"

BBE’ILEM HOBYHD NNENEMCHHYH) /7 = — | TP 1 — =0 TIOAYMIIM 771 — 20, [UJTH

e

¥
th = ]m1QO[ 1+ ~ =Qoe". {3.12)

PacyeTsl, sunoanedubie uo dhopsyie (3.12) HI36IBAKDTY BhIMHCIEHHAMI
MO HCHPEPHBEBIM TIPOLCITAM.

Ipumep 7. Tiycrs Temn wupaninn cnerannger 1% 8 nens. Hackonbko
YMOHBIINTCS NEPBOHETAILHAN CYMM2 1epPea NonroTa?

Pewenue. lpumenerve doprmymn (3.12) npit r=—-0,01 1 =182 naer
- ! LA
Q = Q(J 1€
Tiae ;, — neproHadathiag cymya, 182 —uiteno xueil § noayrogin. Ta-

KM aBpazoM, 1dIsims vMenmT NepROHATLILIYI0 CYMMY 1IPHMCPHO
B 6 paa.

YnpaxHeHus

O]’IPE,I[E.TII-[TB MHO®eCTB2 3HadeHnii x, YAOBJICTOORAKIINE (A4 KL A
YCNUBHAM,

|x[<3.3.2. °<16.3.3. 2> 25 3.4 |r-3|< .35 (' +1) <26

5-1223
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36, (¥-3)21.37.x->0.38. - 2+7>0.39. ¥ -2xr+5<0.

2
3.40. 5 I8 341 ¥~ 5¢— 10020,
x! —8x+6

Hajiti npefenn nociaefonaTebHOCTEH.

2 3 _
342 lim AL 343l 3L 344 i 10123
Wy x 3?1__1 - 3”4' 1 Py 2?]'2 +3ﬂ
? - 1 - 3 2
nox pt g e nt - s + 47
3.48. lim(Vn+3-v7) 3.19. lim /3n i_ﬁ;ﬁ .
e e n

3.20. MpupocT HaceNeHNsa CIPAHE COCTABASET P NPOLCHTOR B rod. da
CKONBKD JTeT HacesieHHe CTpaHbl yasourea? Jdath oTeer npH p=32%
up=5%.

3.21. KomMepaeckuil Dank akKyMy IHPYET CREACTBA NPEANPHATHI B cpea-
HeM 1a 6 mecsnes. 3a 310 BpeMA OH YCMERAET TPH pada eMPOKPYTHThs BTH
AerblCH B BHAE KPATKOCPOHIBIX KPEAWTON, HLUIABHEMBIX YAUTHBIM Lpen-
[IPHHHMATENAM Ha TPH MecAua 7108 4 % B mecAn. CKOMbXQ DPOIEHTOR
npulinny nosyvaer Gang Ha 3ToH onepaunu?

3.22. Tlo ycnoBHsM OpeALIYUEH 334340 PACCHMTATD, YTO BBITOJHEE HaH-

KY: KPEANTOBATE W3 COOCTLENHBIX CPEACTB [PeAlIPHATIIE HA YCJAOBHAX
cTaBkH 20 % MGAOBBIX LMY 33HIIMATRECA yKaaaHHnﬁ RBHTEJ'.IBHOCT]:H)?



FnaBa 4

OYHKLIUK OQHOW NEPEMEHHON

4.1. OyHKUUOHENLHAR 3aBUCUMOCTD

4.1.1. OcHoBHbIE NOKHATUSA

Onpeaenense 1. [yere X 15 ¥ -+ HEKOTOpLIE YHCIOBLIE MHOXECTBA H
NYCTL KaKAOMY DaemenTy x € X no kakomy-nubo saxedy [ nocragiceu
B COOTBETCTBNC TOJBKO OAMH anemeHT y € Y. Torna onpeneneda gynnyuo-
HAALNAA ABUCLAMOCME Y OT X Mo 3aKoHy y = f (x). IIpu 3ToM X HasbIRAOT
NEIABUCHMOY NepesMentoi (Wil aDEYMERTROM), ¥ — JUOUCUMOU TIEPEMERNOT,
Muoxectae X — ofinacmsro onpederenust (CYUECTBOBAHMST) (YHKIUMN,
MHOXKecTBO Y — afaacmbio snayernuti (M3MEREHHA) (DYHKLMH,

Ecan muoxectso ¥ anavesuit diyuxuin orpasiyete. 10 GyHKUMA Ha3bl-
BAGTCS OTRAHIMERAOH, B NPOTHRHOM CTyYae — HENTPAHHMYEHHOH.

3anaTh DYHKUWID — QUAYHT, YKa3ATh 3aKeH [ clpeaeaeHHd 3apHcHMol ne-
pEMEHHOﬁ AMA Kadxaora 3Ma4eHiA apryMenTa Ha OﬁJIBCTH CITpERCACHEA
thyukunn. CyuiecTsyer TPH ocHOBHMX crocoda 3agamns QyHKIME,

1. Tabmruneti cniocof. 10T cnocof KMECT IIMPOKOE IIPHMEHEHHE B pad-
HbIX OTPAC/SX 3HAHNI 1§ IPHIOKEHIX: SKCNEPHMEHTATLHLIX H3MEDEHHAX,
Tabnunax Gyxranrepckoil OTUETHOCTH H DAHKOBCKOH ACATENALHUCTH, CTa-
THCTHYECKHX AaHNKX U T. . Kak npaspio, B Takux Tabawniax no kpainedl
MEPE OAHY H3 [EPEMEHHBIX MOXIO NPHHATL 32 1E3aBMCHMYRD, TOrHa
APYTHE BEAMMHHE §YAYT ABAATLCA (hYHKUMAMK OT 3TOrC aprymenTa. Kom-
bTEpHBE HA2R JaHH KX DCHOBARST Ha TAGHTHOM cnocole 3anaHMR, Xpa-
Henus 1 ofpaborky mwopmaunn, 7. €. Ha radanunoit dopme PyHKUHO-
HANMBHON 3ABHCHMOCTH.

2. Anaautrueckril enoco®, J1oT cnocol cocTOMT B 3aAHMM CBA3H MEX-
Ay apryMeHToM H GyYHKIMeH B BEAe GOpMYILL HAH Habopa dopmya.
IIpyBene™M TPUMEPLL aHANHTHYECKDTO 3a0aHNA HYHKIHI.

5*
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lipumep 1. y=x" Irta dYyHKUMA 3233HA HE ORCKOHEYHOR [PAMO
—0 < x <oo. MuoxecTno anwicnuii atail dvukiste — toxe GecxolleyHa
YHCANEAS UpAMan —x¢ < ¢ < oo DyHKkiisst nassraeca kKyGuiecxkold napa-
doxoi (pire. 4.1).

S e RRE
v §

Puc. 4,1, Tpadiie dryrsumn p = v

Npumep 2. y=v1i-x". DryHKriua 3aaaHa na arpeske | -1, 1], Muoxectao
ge anadeHdi — orpesok [0, {]. ITo noaumRg ORpyRUOCTH, AEXKalAS B
BEPXHEH KOOPAHHATIION noaynaockoeTi (e, 4.2).

-
x

1 o i
Puc. 4.2, Mpadw thyym ¥ = +1- »?

-1, ecan x <(,
llpumep 3. iy =signr =4 0, ecmrx =40,
L ecurx >0
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Hasparite sign npotexoaT oF AaTHICKero signum — 3Hak. Dyuxums 3a-
Aana HA BCeM OPCKUHEYHOM HPOMEKYTKE (-0, 20}, 4 p0aacTh ee Juaneisdh
COCTOMT 113 Tpex uicen: -1, O, 1 {pue. 4.3). Crpenxn 031a4aloT, 410 NONY-
OPAMBIC HE JIOCTHTANT TORIEK HA OCI) OPAHHAT, TaK Kak npn x = [ apagenne
PYHRILHH CITPeEAes0 IO ZPYTOMY COUTBETCTBHID.

¥t
e

-1, ecanr <@,
y=sgnr={ Decmr=1,
I, e x>0,

o T

Puc. 4.3. M'pacmk dymxymm y = sign x

3. Fpadmuecknii crocob. CoorseTcTsHe MeXIy aPTYMEHTOM W (py HKIIHeN
33JaeTcA MOCpeacTBOM rpacthuia. Itor cnocolh ofLIYHD WCnoMbL3YETCA B
IKCTIEPHMEHTANBHBIX HAMCPEHUSX © VNOTpeOeHenM caMonHuLyItux mpn-
Hapos (ocunmrorpadm, ceficmorpacu H 1. n.). B aROHOMEKE WHPOKO
HCMTOABIYINITCA rpadiitiit, XAPaKTEPHIYIoLIKe ANHAMHEKY IKOHOMHUYECKHX
napasMeTpon: obuema BBIL, shipyuku, KYPCOR BAMIOT, KYPCA aKUKHH H T. N.

4.1.2. OBnacts onpefenekus hyHKUMK

B atoM pazenene Mol QIIHILEN NPOLEAYPY HAXOKACHHS OAJACTI O pelene-
MERIEIG(TS

1. B oM cayuae, koraa (fYHKWIIE 3292113 B AHANNTHYCCKOM BHAE {1Iocpea-
CTBOM (QopMyIIn)

y=/{x) {4.1)
H B0oMee HUKAKHX OFpaHitdeH il He LMeeTes, 01acTs te GIIPCASACHIS Ha-
XOAMTCA TOALKG (10 COOMINACHHIO JAKOHNOCTH BBINDTHENHS MATEMATIYe-
CKiX onepaitii, Bxoaaumnx 8 hopMyny /6 (4.1). ITH OrpaliMYeiiMs Xopy-
LD H3BECTHb: NOJAKGPEIINOE BRIDAXKEHNE A KOPHe YeTHOT cTenmeHn He
MOXeET BbITh OTPHIIATERHBIM, ZHAMEHATENb APodIt He MOKeT ORITH Pan-

LIBIM LY AKY, BBIPKCHKE 110 3HAKOM J]OI"é'lpI-{EbM& JOAHD HUITH TOMBED MO~
JOMCHTCIBILIM, — d TAKEKE HCRUTURBIE APDYIHE, npl'lljt’ﬂl_‘l\'l Alsel npuMepa.
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Mpumep 4. y =log, (x° -5x +6).

ObnacTs onpeaeneus hyHKIMMH HAXOAHTCR 13 yciobusa X% - Sx + 6> 0.
KopHu xBaaparisoro Tpexysena X = 2 4 x = 3, ¢J1€20BaTeAbHY, 3TO YEIOBHE
BBITGAHACTCH HA ABYX 1101yDecKOHPUHEIX HHTepBatax: (-, 2) # (3, «).
I'pachsk yukLuKn oTeyTeTRYET B uuTepnaie (2, 3).

Ipumep 3. y = arcsin
xr+2

Qfnacts onpefenesys sToN GYHKIAN HAXOAUTCA HI COROKYTHOCTH ABYX

YCAGBHHN; APTYMEHT TIDJL 3HAKOM ATCSin He MoxeT 6uiTh IO oAy 6oablue

EAMHILDLI 1 3NAMEHATERE apTYMEHTa HE J0DKEH PABHATHCH HYT, T, €.

-1« <l xe-=2.

X+

Pewast a1y CHCTEMY HEPABENCTB, TOAy4YaeM, 4To ofJacTy onpedeietis
BYHKLUHHY COCTORT H3 ABYX M0OJNYOECKOHEUHBIX NpoMexyTros: (-, —3] u
[-1, =). 3anpetnan Touka x= -2 cioga He MONAIAET.

2, OfzacTh onpeaesenus hynKUMH 3a8aHa BMecTe ¢ byrxuieit [ (x).
Ipumep 6. y=3x17+2 1 <x<4
3. Oynuxuus MMeetT onpeereHHsIH TPHKIaHOM XxapakTep, 1 obaacTe ee

CYLIECTBOBAHNA ONpEAEIAETCA TAKNKE U PEANbHBIMA BHAYEHUAMM BXOISA-
L[HX NapaMeTpoB (HanpiMep, MPHIOKEHHS B DKOHOMUKE).

Onpenenetine 2. Oynkunsa y =/ (¥) HassiBaeTCs vemuoi (CAMMETPRA OT-
HOCHTEALHY ocK Uy), ecitn aag Mobux snavenn it aprymenTa U3 obactu ee
OTIpeAeNeHNA BROIOAHEHD paBeHCTIO

f(=x)=f (). (4.2)
Onpeaenenme 3. Dyrxuug y =/ (¥) HasblRaeTCH Mewemuol (CUMMETPUS
OTHOCHTENMLHO HAYATY KOOpAMHAT O), €CTH BHINOJIHEHG YCNOBHE

S=x)==f (). (4.3)

HanpuMep, GyHKURE ¥ =¥ M ¥ =C08 X SBAAKTCH YETHBIMK, 2 PYHKUHU
y=2" 1y =sin 2r — HEULTHLIMH.

4.2. Mpepen OyHKL M

4.2.1. MNpepen thyHKUUK B TOHKE

Iycte dyHkiMa f (x) onpenesena Ha HekoTopoM MHoXecTre X. Boanmem
13 X BECKOHESHYID MOCASI0BATENBHOCTD TOYEK
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CXONANIYIOCA K ToUKe @, upHYem a € X uin a ¢ X. CooTBercThyloulke 3Ha-
HCELIA [i))'HKLI.PfH B TOYKAX 3TOH ROCILACBATENLHOCTH TAKKE oﬁpasymT Hi-
CAOBYK: NOCNEA0DBaTENLHOC T

Fx) S [(xn), o f{x). (4.3)
PacemoTpuM BOMpOC & CXOAUMOCTH NOCASAOBUTENRHOCTH (4.5),

Onpenenenne 4. Hucno A sazwnaercs npedesom pynryuu f(x) B Touke ¢
(1as npeaenom GyRxuMK pw x —» a), ecnu 114 aoboil cxoasueiics K ¢
nocaezosatelbHocTi (4.4) snadennit apryMeHTa X, OTAHYHBIX OT 4, COOT-
BETCTEYIOINASA NOCIEIOBATETRHNCTh 3HAYEHHH PYHRIKY (4.3) cxoautes
K 4Hcay A.

ILas oBoaHaveH s NPEIENBHOrQ 3HAYEHHA (DYHKITHH HCIONbIYeTCs Cie-
AYIONIAA CHMBOAMKE: ]nnf(r) Anan f{x) = A OyHrums f(x) moxmer
HMETL B TOUKE 2 TO.I'LbKD D,[LHD npeacnpHOL 'ﬂ‘ld‘iEHHE NOCKONBKY NOCI2RQ-
patensHocTh {f (x,)} MMERT TONLKO oauH npensen.

Tlpumep 7. @ynkiis f(x) = C = const HMeET npeen B KakA0H Touke 4u-
cnoBoit npamoit. JeleTerTensHo, Mmool nocaeaosatentiocty (4.4), cxo-
AALICHCA K TOYKE (2, COOTRETCTEYCT NOCJIeA0BaTensROCTs (4.5), cocTonamasn
M3 OJHOrO H Toro xc uucaa C, oTKyaa caepyver, uta f (x,) = Cnpu n — o

Tipumep 8. Myninua f (x) =x r 10doil Touxe @ Yook npamall HueeT
npeaes, paBHsi 2. JledcToiressHo, Toche AoBaTebHOCTY aprymenTa (4.4)
U dyaxumn (4.5) B 3TOM C/TyYae TOXAECTBEHHE], H €CJIH NOCNEN0BATENh:
HOCTD {X,} CXORMTCS K @, TO W NoceaoBaTeasHocTs {f (x,)} Takoke cxoamT-
cd K a

x? er +2 _
Ilpumep 9. Oyuxins (1) = —————— umeeT B 104Ke x = 0 npene, pas-

2r —
HBH —2. JleRCTBATEILHO, NYETD {x,,} — Juofias IuCIeJoBaTeIbHOCTE apry-
MEILTY, CXOUAMARCE K hyaio, T. e Lm x,=0 npy n — = Tora B cHay
cHOICTE nocaenorateasdocred 1—9 (cM. 3.2.3) nmeem

2
limr, ) -4(limx, }+2 4_
]ln‘lf(:t.‘ )__hm n 4']: +2 ™ AT ) :0 0+2:__2.
e v, -1 2 lim,r,,)-1 0-1

0

4.2.2 Nlegbin W npaeoli npeaent! yHKUWKA

Beeaem v 8 ganshefimes Oylem MCnoAb3IOBaTE TOHATHA DAHOCTOPOHKMAX
npeaenop GYHEUNN: XOIAA BCA NOCNEATBATEALHOCTh 3RAREHWH apryMeHTa
x, — a 2bo cnepa ot TOYKK a (Aeswid npeder), 1vbo cnpasa oT Bee {npa-
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swi npedea), 1. e, ambo a, < a, nubo x, > a npu Beex 1. Jlas npasoro (eso-
TO) Npeaean (hyHKIEH HCNOABAVETCH CHMBOMHIECKA 3aANHCh

li‘n! fi{xy=4 ( li'nlf(,l') = .4).

Hpumep 10. Pacemotpirn pymanino f(x) =sign x (n. 4.1.1, upnmep 3).
B rouke x = 0 ota ynHxuns nmeer aesslil M upapsf npelens:

limsign r=-1, limsign x=1.

L—afb— L=
HetteTartensin, g sboil cxoaielics K HYLw MOcieN0BaTENhHOCTH
{t.}, ¥ KoTopoil Bee aaeMmrHTel x, << 0 (&, = 0), cooTRETCTUYONERA Nocae10-
BATENhHOCTE 3HAYMCHHHE (DYHKUMH COCTOHMT TQJIBKO M3 OAHCOTO Yncia —l
{+1). v, e.apenen cnesa (CUpaa) s vodKe = { TAKKE PABCH ATOMY YHCITY.
Kposme nionsaTia npeaenia y1IKIHHE B TOHKE, CYLIECTBYET TAKKE H ILOIATHE
Hpeaeg GYHRIME NPY CTPEMIEHHH apryMenta ¥ DeckoneuynoctH. s
oboanayenua npeaeta VHKINY OpH X — o0 UCNOAL3YETCA CHMBOMHKA

i/ ()= A (Jim/ ()= 4)

[IpureneM mpumep npenena pyHKiGH mpH X — oo, [lyets f(x) = 1/x. Bra
BIVUKLIS MMEET HPEAE LIPIL Y —3 6, PABNLL iy, JeRcTBNTERLIY, eCan
(4.4) — BeckoneyHo GONLLIAR MOCAEAOBATENLHOC L 3HAYEHMIA ApryMesTa.
TO COOTBETUTBYIDUIAA MOCAGRORATENBHOCTE (4.3) 3HaveHMH dYHKOMY
iMeeT on1a 1/x,, 1/x,, ..., 1/x,...; ona apnaetcs GeckoHeuno Manoit (oM. 3.2),
T. b, €8 NPENESS PABEH HYIIID, WAL I CHMBOAHMECKOH 3011MCH Ei_{lzl(lfx) ={.

4.2.3. Teopembl 0 npegenax pyHkymi

B aroMm pa3fene Mhl YKOKEM CCHOBHLIE CBOIICTBA mpeneiaoB hyHkUMH,
COPOPMYANPORARTELS B BUIE TEOPEM, ACKAIATEIBCTEA KOTOPHIX ONYCKAEM.
Teopema 4.1, DyHKUHA f(X) HMECT B TOMKE ¢ NPEAEN TALKA M TOJBKO
TOI'AA, KOFAZ B 3TOI TOYKE CYLICCTBYIOT JCBBI M NPABLUL NPeaca], T[i-
yeM ot paBibl. B rakom caydae npeica pylKiIHE paBeH 04HOUTOPOHHHM
npeaeaan.

Teopema 4.2, [Tyers chynkuny f{x) n g (x) HMCKT B TOUKE & Mpeaets A 1
B. Toraa dwukuwent f{x) £ g (x), () g (X} n f(x)/g (x) (npu B = 0) ume-
WY1 B TOYKE g 1UPpeACbl, pasiible, coorseTerseiino, A+ B AB 1 A/B.
SaMeThnM, 4To Teopema 4.2 CnpaBeAsHBa M B TCX CNVYAAX, KOTAA 8 SBIAET-
€f oo (+oo ILNA —eo).
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3ayacTyo BHIMHCAEHHE TIPEAEInB By HKUWH CBH34110 ¢ NPOCTBIMH TPHCMY-
MU: PR3IOKEHHEeM YHCTUTENS 1L 3HAMEHATELA HA COMHOMHTENN, NENCHHEM
HUCAMTENA W AHAMEHATENA HA CTENEHL X 11 L PReeMorpis aTo 1a mpn-
MCPaX.

Sr+0
INpnmep 11. Hailtu npesen hmi
=t -3y 42
Pruiernue. H.BTIJ_Y,EIHD BHLAETH, HTO HENOCPSJCTREIHAS MOACTARNBKA TIPe-
JAeJibHOrG 3HAYeHnA y=2 8 ,’Ipﬂ()!) NaA AHAKOM Apefena npiiacanT K penn-

0
Pere At HIoCTH BIL 6 Pasiomiin KOLPATHLIE TPEXMAICHLL HNCTUTENA N

JHAMEHATENN HA COMHOMKITC H COKPaTHM 0OULIL COMIIOXHTETE, TIOCTE
4ETO YKe NO/ICTABUM [1PeAeIbHOE 3HaveHe X = 2!
! _5y+86 r=-2%x-3) . r-3 2-3
lim = lim (x = 2)( ) =lim =
=2t 3y 42 (-2 x-=3) —~iyxy-1 2-1

IIpumep 12. MHaiitn opeaea lim i +12 .
F=E b+

=-1.

Pewenve. B 3a0a4ux TUKOID THHE CALAYET PasaciiiTh YHCTITCAL | 3HaMe:
HATETh HA CTAPIIYID CTEMERL X {8 AAHHOM CAMVIAS 3TO TROCTO 1) # 32TeM
NPUMEHUTE TeopeMy 4.2 0 nepexoie K npejleny 1y HNCHTENe Y 3HaMeHaTe-
Je C MOCNCAVIOUHM Tepexo]oM K mpeaeny caaraeMbix. Mueem:

y Ax +2 i §+%x 1im(4 +2L‘r) 4+1im(2/x) 4.0
jull = lam LELL] = -
o=yl ey Y I:m(t + ¥x) T1x Iim(l,",r] 1+0

PR
Mpumep 13. Haidtir npenea Lim-:lf * ':+—l
R T |

Pewenue. [logeamy YHCAHTEND H IHAMEHATETL ADOOH (01 3HAKOM NPEALIA
Ha x* {310 cTaplas treneHs ), NAcAe YErD ROCTOIbayeMes TeopeMmuii 4.2:

2ty +l . Zvslxt U _0+0+0 0
lim . = Hm

- -=0
ot x? el mt (pyr+ by’ 14040 1

ToAcHUM Takse packpblTHE HCONMPEREICHHOCTY Bila @ ~w. PaccMoTpiM
xapakTepHslil npimep,

INpumep 14. Hadtu npenen lim(vx + 3 - J;).

Pewienue. 30pch CREAYET YMHOXNTD M PasilemiTh BLP@XKeHHe 10 3Ha-
KoM Mpenena Ha CONPSKEHHOE BHIpaXkeHHe — B AaHHOM ciivyac 1a
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(\KI+3+‘J—;), TOCAE Yerd BOCTINNLIDBATLCA [lpHeMOM JAeJdeHHHA YHCIH-
TeMA M IHAMEHATENS HA CTAPUIYIO CTEMEHb v, B AaHHOM CTyuae Ha Jr.
Hueewm:

" . e+ 3-x
lim{vx + 3-/x i . S
bt ) I=m ||'x+3+,ir

. 3 . 3‘iv'x ]
= lim = lim = =0.
= fr i34y et le¥r el JI+0+1

4.2.4. [1pa 3amevatencHsIX Npefena

B aToM pasnesne npHeofaTcs ABA npenena GyHKIMG, KoTopbte Hanbosee
IMHPOKG UCONB3YIOTCA B MaTeMarHke W ee npiLidgexuax. Jukasatens-
CTBA CONTBETCTRYIOUINX TCOPEM MDL ONYCKAEM,

sinx

Teopema 4.3. Tlpeaen dyukumy —— B Togke 3= 0 cytiecTsyer H pasen
eqNHUnE, T. €. T

. sinx

lim=—— =1. (4.6)

=+l
Tpenen (4.6) Ha3bIBaeTCA nEPaWM 3AMENaMers M npedeiom. JToT ape-
nen TpHMEHRSIETCS TRH BLIYHCAEHMH PAAa ApYTHX Tipedenon. PaceMoTpism
HECKUJIBKO IIPHMEPOE €' JIPUMEHEHHS,

Ipumep 15. Haliti npegen divHrusu sin (ax),/cx npux — 0.
Pewenue. IpecGpadyem manuyio npobsb Tax, uTobnt B 1HamenaTese Ol ap-
FYMEHT CHHYCA; TONBKO TOCMA MaWHO GYileT NPUMEHHTL TePBHE 3aMeyva-

TeInHEBIHA npenien, NMoCKOARKY TIpH X —» G HPCHE‘HOM X TARAKEe ABNALTCA
Hyab. [lonyvaem:

. sin{ax . sinfarya . sin{ax),. a a a
lim ( )=hm ( )-—=llm-(—-—J]tm—-=l-—=—.
rf cx x—ll an s aif} our -+ '] ¢ '
. 1-cosx
Ipumep 16. Hajitu lim————.
=0 _Tz

Peweniue. Teopemy 4.2 3AECh HETOCPLACTBEHHO NPHMEHHTE HETB3IA, TaK
Kak mpH x — ) wcTens | aHaMexaTe s gpofn ctpeMsTea K Hyaw. daa
PeINEHMA 3aJaMM HEOBXOMWMO CHayana NpenbpasnBath JaHAY0 Apods, a
AATEM yKe BRITOAHNTL NpENenbHbId Aepexol

VI . a2
liml—cusx _ lim?sm Ex;?) - hml(sm(:rﬂ} _

x0 x ES) x =0 3

xi2
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—llimSin(x’;z) limsm(I’Q) 1 1 i=—,
20 /2 ket x/2 2 2

Teopema 4.4, (Bmopoii samevamesvnmii npedes). Tlpezen ¢yHkuuu

f(x) =[l + l] [PH X — o€ CYIECTBYET U PRBEH &, T. €.
x

lim[l . l) e (4.7)
el x

Yicno e ssnsercs 0AnOH M3 QYyHAAMEHTANBHBIX BETHYHH B MATEMaTHKE.
IMokasaTensnan dvHKuMA BUA3 € HA3LIBAETCH IXCROWeHmMoU, AorapHd™M
¢ OCHOB2HHEM € HASBIBAETCH HaMyparbtuinm 1 0bo3navaeTcs CHMBORLOM In.
B teopry BepoATHOCTEIH U MaTeMaTHYECKOlt CTATUCTHKE (DYRKUWS &7 AB-
HHeTCR OCHOBOMOAATRIOWE]E,

PacemoTpHM nprsepsl npumeneritd npeaena (4.7).
Hpumep 17, Haiirn lirﬂ(l +4/x)".

Pewenue. 3amenns nepesennyio, npunsas x = 4y. [lpu x — o 1 y — o no-
CAEROBATENLHO NOJYYAEM!

lim(1 + 4/xy = lm(1+ Yy)* =Hm[(1+ Vy)* ] =[]im(1 + Yy :I‘ =e*.
ao= y—m pre Pt

Mpumep 18. Haiitn li_r{}l(logd(i+x)/x}.
Pewenue. Crayana nipeobpasyem Apofib MDA 3HAKOM Npeaesa, a 3aTeM re-
peiiieM K npeaery npy x — [ ¢ 3amenoit y = —, ¥y - =

x

IimM:]im[_j‘ Ingn(1+x)‘} = lim log, (1+ x)*" =
x ) I

=+ T r—+0

log, [lim(1+x)* | = log, e = 1

Ina

4.2.5. beckaHeuHo Mansie n 68CKOHEUHO Bonblure hyHRLUK

Onpegenensie 5. Oynxuua f (1) Hasuinaerca Seckonewro Mot Qyuxyueti
{wnu npocTo GecKOHEYHD MAIOW) B TOMKE X = @, ec/ll (IpElen €€ B 3TON
To4ke pased Hymo: lim f(x) =0

T—d
AHAROrMMNO ONpeaensioTCA GeCKOHEMHD Maible QYHKUHH NPy X = %,
r»twyx—satnxr—a-,
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Teopema 4.5. AnrcOpaniecKas CyMMa H HPOHIBCACHHE KOHEYNOD Yitcny
DECKONeYHO MANBIX MVHKIHI B TOUKE &, KAK U (POHIBCACI L BUCKOIEYHO
MAAOH H ACPassse I Hoi (PYHKLUHIL SRITIOTCSH OBCKOHENHO MARKIME hyIik-
IUHSAMH A TOUKE 4.

Onpenenenue 6, Oy [ (v) HAIBIBACTC Ferkoneunn Doabmon hyix-
getr g mouke @ (LAN DPocTO HecKnHCcuHo DOALIIOIT), eean anr meboll cxo-
JUIETICH K @ NOCNeAORATCALHOCTH {X,} RUAYCHIE APIrYMEHTa COOTBETCT-
BYIONIA TOCHEAORATEALHOCTE | {x, )t snauchuil hynkuun  astoetes
HeckuneaHO BOALLIN.

B aram cayvae owuiyr him f{x) = m( lim f(x) =+ wan lim f(x) = -ao]

i MOBOPAT, UTO QJVVHKU,HH HMeeT B TOUKE ¢ DCCKOHEYHbIE npeacT (* O 1AM
—O‘:-]. Flu agamoriu ¢ KonedHeIMIt QAROCIGPOHLILMIL TPeABNQMIL GO ne-
BB GAHDCTOROHHHE fiec KOHe T HLIE npeaeThi:

lim f{x)=+x, lim f{x)=—%, lim fx)=+=, limf{x}=—-x.
L T2 L LI A~ YaiOn

Ananornyho unpeaensiores Geckonedin Bodsune HynkiImn npit X > e,
X teo, X 3 -m,

Mexiy GECKOHEYHO MajLIMM 1 HECKOHEYHO DOBIINMIL QVHKITHAME Cy-
ICCTBYET Ta XKe CRA3b, 'ITO I MEKAY COOTBCTCTRYWOLIHME TOCAeAnBATENb-
HOCTAMM, T. €. ecmt a () — BECKOHEUHO MANIH (DY HKIHS TP X — a2, T

J ) = o {x) — Beckoneduo boapwas GyLHRNA, ¥ 1avdupor.

4.3. HenpepbigHbie YHKLUM

4.3.1. HenpepbIBHOCTE (hyHKL M B TOUKE

[TonaTie HenpepeBHOCTH QYHKLIH iseTest Dy AaMeHTanbHLIM B MATE-
saTike. CHHOpMy/IMPYeM €0 Ha s3ske NocaegobatensHocTed. Ilyern
dynkuus /() onpeactcHa B HEKOTOPOC OKPCCTHOCTH TOUKH 4.

Onpenenenne 7. QyHEIUHA f(¥) HAIWBIACTCA HERPePmBIOn B MotKe a,
eciiH HpeaeA 3TOM YBRILM TIpH ¢ — @ PABEK £ IHATCHIK B 2TOH TOUKE:

lim f(x) = f(a). (18)

Tak kag hinxy = @, TO ITD PABENCTHO MOXK)IO NCPLIHCATH B CAEAYKLIE
/]
thapste:

s ()



4.3. Henpepbiautie ynkuma  BS

Onpenenenne 8. DyHkium [ (Y) HaIRIBACTCA wenpephianoil crpasa (cie-
8a) B TOHKE 4, CCAN NPaBelil (JICBLIH) npeaen 3Toli (PYHKLUHHA B TOYKE & pa-
BCH SHAMCHN G PYHKIIHN 1 1ol Touke, T. €.

1[‘i_r‘tl_m‘f(.r}:j'l[a) i f(a +0y= f(a),

(4.9)
lim fexy= fa) wn fla=0)=f(a).

Ecnu bysxing [ {X) HEnpepsIBHa # TOUKE @ £1€Ra N CTIPABA, TO IHA HENpe-
PHIBHZ B 3TOI TOMKE,

Toukn, B KOTOpLIX hYHKIME He ARIACTCA HeNPeprhsRoll, HazpBamTes
movKaMYd pAIBIss (PYHKIHM,

PaccMoTpHM npuMep TOUYKH, B KOTOPBIX (DYBKUNS Re ABINSCTCA HETpe-
PHEIBHO.

Tipumep 19, Dyuxans f(x) = sign x (em. 4.1). Kak Oniuto nokasaHo panee,
B TouRe X =0 CyIeCTBYIOT HeBhif M NPABNi npefensl 370t hyHKIMY, paB-
tible, caoTeeTerrento, —1 n +1. Cama xe touka x=0 asnserca Touxol
padpbiBa Py HKUHH, NOCKOJIBKY IPEALTILl CJAEBR H CIPABA HE PABHBI 3HAYe-
wmo f(0)=0.

JeflcTBUA HAR HENPCPLIBHEIMN B TOYKE QYHKUHAMH ONPCACANIOTCA C1e-
Aywielt gyHARMEHTANbKON TeOpeMaii.

Teopema 4.6. 1lycts hyurunn £ () 11 g (X} HenpephlBHbL B TOuxe a. Toraa
dyrrunn f{x} g (x) f () g () 0/ (0)/8 () Taroke HeTpephIBHKL B TR
Ke @ (MacTuoe npst verosuy g (a) = 0).

4.3.2. HenpepblBHOCTL INEMeHTapHbIX HYHKLUA B TOUKE
TTocTunnnas Gy f () = C apnsietes HenpepbisHOH B Miboil rouke
urcaonnil mpamoii. Jeficreuteseno, lim f{x )= C = f {4}, uto cooteercTBy-

T OHPEICIL I NENPePBIBLOCTH (.Ll\' FIGLLEL 18 POy Ke,

DyHKIMA f(X) =X HeNPEePLIBHA 1B KON TOUKE 4 YUenoRNii nPAMOIT, TaK
Kak npeaea (PYHKIMH B TOYKC & PaBeH CU 3HAYCHHIO B 3TOH TouKe:

!Ln;f (x)=a=[(a).

Ha crazarnore panee H Teopemn 4.6 chenyer, 9710 8 1060l Todxe YU
BOH npsimoit diyrkuis 1F = ay, ' = Xy L 7 =2 (i — naTypanbhoe yne-
JIN} HENPEPhIBRAL

Anrefpanyeckuii MHOTOUNEH

Pry=ax"+aa" '+ax" '+ . +a,
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TAKXKE SIBAAETCA HeTpepsieHOH divHKImed B MO0 TOUKe YHCIOBOR TIPSK-
MOI D cHAY Teopemsl 4.6, NockoabKy npeacrapager coboll cyMMy NpoHa-
BeneHHI HEMpepbIBHBIX (PYHKIKI,

B cuny Teopemu 4.6 apofHo-paunuoHanbeHaa QYHKIHA

R(x)

Qxy’

rae P(x)y u Q(x) — arrefpadveckne MyoroEiaelbl, HEIPEPrIBHA BO BCEX
TOYKAX 4HCA0BON NpAMOI 33 MCKII0UEeHHeM KOPHell 34aMeHaTens.

Rix)-=

TpuroromeTpHueckie PYHKIMN SI11 X H Cos X HepephiBRb i M0G0 Touke
X YHCIOBOH BPAMONR, 3TV CJAEAYCT M3 ONMPeReNCHHS 7.

Henpeprisnocts dbyakusii tg x = sin x/cos ¥ v sec x = 1 /cos x cobninaaer-
CA DO BCEX TOMKAX, X # /2 + N, AHANOrMYHO HENPEPHBHOCTL (QOYHKIIMH
cig x=cos x/5in x o cosec x = 1/sin x ofecnereda Bo BCeX TOMKAX # # #x
(n=0,41,12..).

PaccsioTpeduste pavee HyHKUHH (OHK DTHOCATCA K KJIACCY dAeMENmap-
Heer (PYHKUNIA) HePephlBHE B KaXAOH TOYKE, O OKPECTHOCTH KUTODOH
ohY onperenedsl. B cuay reopemul 4.6 dyuxuny, nonyyaenmele 13 HAX TPH
HCOOAB3DOBa MK KOHEeYHOTO YHCTa apmhme'chc[{nx nnepam{i’r, ARNAKTCR
TAKKE HEMPEPHIBHBIMM.

4.3.3. HenpepuigHOCTL yHKYMM HA MHTEPBANE W OTpe3Ke

['onopat, ure $yukuus [ (x) HENpepLHIBHA B AHTePBANE {4, b), EC/IH OHA He-
IIPEPHIBAA B KLKAOH TOYKE 3TOTG HHTepsans. DyHiams f (x) nenpeprinta
Ha oTpeake [a, b], eci ona HenpepuinHa B uyTEpBAnNE (2, ) N HENPEPHBHA
B TOYKe @ CTINABa, a B TOYKe b cresa:

lim f(x) = f(a),  lim f(x)= /(b).
4.3.4. Knaccuukalua ToveK pasphisa hyHKUUm

ToukK pAIpLIBa, B KOTOPLIX DY HKUHA 11e ABASCTCH HENPEPRIBHOMN, KIacCH-
(RURPYETCA CAERYIOUIMM 06 pasom,

1. Touka a HasnlpaeTcs mowxod yompanumoze paapwea GyHxuuu f(x),
eCaH Tpeaesl (DYHKUMHM B 3TOR TOYKE CYIECTBYET, HO B TOUKe 2 QyHKIHA
S(x) nubo ue onpeaenena, aubo ee 3wayeHne S (a@) He paBHO mpeaeny
B 3TOH TOYKE,



. |inx
Ipumep 20. Oyuxkip f(x)="—" B Toyxe ¥ = (), KAK HIBECTHO, HMEET

npedc, PEBELLA cAMHIIEe (TepBbli 3aMeyaTeasHhill npexen). Onnako B
caMoft Toyke x = 0 o1 dypxiMA He ONpeaEnena, T. €. 30eCk PasphIB HEPEO-
o BUAA. JTOT Pasphid MOXKHO YCTPAHHUTE (NOTOMY OH U HaaKBaeTCA YCTDa-
HHMBIM )}, €M AOOTIPEAEINT BYEKUHID B 2T0H TOUKe 3dadeHreM NPeaeaa
B HEH, T. €. BBECTH HOBYIO (DVHKUKIO

S—HEE, r=0

glx)y={ x
, x=0

Dy g {x) apnseTss HenpepLBHON Ha reell TucIosoi mpaMoil,

2. Touka @ HaseeTes TOYKOEH paspuBa nepeozo poda Gywxumn f{x),
ECNH B 310 TOvke (DYHKIIHA MMEET KOHEYHRBIE, HO HE PABHBIE APYT ADYIY
BBl W J1paBLIi npeaenst

Hm f(x) = lim £ (x).
Npumep 21. PaceMotpuM dyukumio f (x) =sign x (cM. npumepnl 3 w 10).
Jns Hee Touka x = 0 ARNAETCS Touxol paipwea 1-ro poaa.
3. Touka g HA3KBAETCH TOMKOH PagpbBa 2-20 poda hysxunu (1), ecm B
aToft Touke QyHKIHSA [ (X) He HMeeT 110 KpafiHedl Mepe OlHOTO H3 OJHOCTO-
POHHHX NPEAENOR WA XOTA 6bf 0AKH K3 HUX GecKoReyen.
Mpumep 22. Tna pyuxipn f(x) = 1/x Toura x =  ABAseTCA TOUKO pas-
PwiBa 2-ro puad, IDCKDNbKY lirtg( Yx)=+o, litg}(i/:c)z —c0,

Mpumep 23, Laa dyunun f{x) =sin (1/x) Touxa x = 0 apasteTes ToIxoif
pazpeiza 2-rg poAd, TAK KaK HH JeBOrQ, HH [Papory npedeia GyHxuui 8
ITOH TOUKE HE CYLIECTBYET:

4.3.5. MNoHaTne CNoXHoR DyHKLUM

Onpeneneuse 9. Ecnin Ha HekoTopoM npomexyrke X onpeneneHa GyHk-
uMa z= @ (x) ¢ MHOXKECTBOM IHAUYCHWI £ M Ha MHOXecTBe Z oMpeAeneHa
dyukuna y = £(2), 7o hyukuua y = fle (x)] HaanBaeTed cnoxHON QyHK-
uuedt ot x (MW cymepno3nuHel HyHKIHIT), a mepeMeHHas 2 — MPOMEXY-
TOYHOH nepeMeHiofl CauAHOR hYHKLMH.

IIpHeenem npusmepsl crOKHbIX QYRKILHTH,

Hpumep 23. y = cos (/1 —x)— ciaoxHad (PYHKILKA, ONPEeIeHHAN Ha 11D~
ﬂyj&cgﬂeqﬁom wHTepnane {(—w, 1], Tax Kak y=/(2}=cos z,z=¢ (x)=
=+/1-x.
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32
1+x -
Tipumep 24, y =| —— — enoA0ian VHKILS, uhpeleeHHad HA noay-
X

fiECKOHEMHLIX HuTepEatax (-0, 0) W (0, +o), Tax wak y=f{(z)=7""
z=g(x)=(1 +x)/x.

Teopema 4.7. TIyeTs GYHKIMA 2 = () HENPEPhIBHA B TOUKE Xy, 2 PVHK-
g i =f(z) svenpepuipHa B Terke z,=1 (X,). Torma caomkHas dhyHKisA
y = 1o ()] nenpepuinia 1 TO9KE Xy,

Mpumep 25, Oynxiwmg y = (8 (17 + X} venpepoiuita B Touke 1= 0, Tak Kax
yixung 2 =17 + £ nenpeputna B Tozke 1 =0, a hyHKIHA y = tg 2 nenpe-
pumia B Touke 2= 0.

4 4. JneMeHTbl aHaNUTUHECKON reoMeTpum
Ha NAOCKOCTH

AHBINTIYCCKAA [COMCTPIS NPCACTARLACT c0O0H PA3ACH [COMETPIH, B KO-
TOPUM MEUMCTPHYECKHE VOBERTEL WCCTEAYIOTCSH MCTOAaMH airefipnl Ha oc-
1OBE METOAA KOUPAHHAT. BaxsedilinM nousTIICM aHAAKWTHYCCKOR TeoMeT-
PHIL SABASIETCS yPABHEIINE AUHMA (KPHBOIT). AHAAMTHYECKAN TEOMETHA
PELAET Ju¢ B3ANMHO 0ODATHRIE 3A/1AUIC 10 30AAHHLM TEOMETPIHECKHM
caoficTnas KpHEoH TpelyeTca COCTARITh o€ YpaBHeHe B 33481HOH CHeTe-
ME KOOPAITHAT; 110 3aJaliHOMY YPARBEHHD KPitBoit TPpuOyeTcsa BLIACHITS o8
reoMeTpliserKie cnoitctua (dapay).

[lycTh Ha ILIDCKOCTH 3a1ali CHETeMA KoopUTHAT. PaceMoTpHM ypadHelie
TTHE:

Fix. =0 (4.19)
Vpavnedne (4.10) unpracager (1anaet) Tannw L 3 cHeTeMe KOOPAMHAT

Oy, BooGue rusopa, AHHHH Ha KOOPAMHATRON 1A0CK0CTH MOryT §BiTh ca-
MBIMH PASAHYHBIMH,

4.4.1. TIMHAW Nepeoro NopazaKa

K AuHUAM NnepBore nopRAKa OTHOCATCA TE NUHIM, AAA KUTOPLIX 3aao-
llee ux vpasieniie (4.10) conepsxur nepeMernnie X H ¥ TOALKD B NepBoi
arenesd. FlHeiM cronasin rTakine MHHIH OIHCLIBAIOTCH YPDABHEHHAMH Biila

Ax+ By +C=0, (4.11)

ree A, B € — noctoandne ynead. M3 atoro ypaBHeHHA MOKHD RBIPA3HTH
HEpeMEHRYID ¥ KaK iYHKILIO 0T aprymerrrs v apy B= 0
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y=hkrih {4.12)

I ypasHeile NPAMDIL ¢ garoswms kosghuyienmmom k= €@, C1e @ — Yo
HAIUINHE NPAMOE K NI0ANKNTENLIOMY HANPaBAchimn ney (i

B atom Pazicne Mbl QIPCACTHM CaMbIC Ht’!l")ﬁ)\'(),'lll&-ﬂ:lt‘ ANeMEHTB 3HAHIIA
O NPAMBY Ha TWIOCKOCTH,

1. KpoMe skracchieckornes ypaatenis npssMoii (4.12) coeaver suarns et
TPH ere paanosgiocTy, Tleprad s nix — 0o ypapuewne upsyofi ¢ aa-
HAHRBIM YTA0BLIM KoadhiuneaToM &, NPOXOEAMET Yepes HLIAHHY IO TOY -
®y My (1, wp

¥ -y RO -x). (4.13)

Apyroi Bita — 370 YPasUEHHE NPHMOR. HPOX0ZHACH YePed 4B 3AAAHHLIL
Ha mAaekoc T Taukd My (v o) W M, (v o)

— _
¥-U, = M (-r L ) (‘111)

X, =X,
TpeTuli BUA — &0 vpagueHnd npayoil & napaMerpitdeckoil dopve. Quu
cneayiaT ua ypanHenus (4.14):
- X -,
Y4 . 3 ¢, (4.15)
¥io—¥%. Y —X,

e DABHBY OTHOWEHHS 0dUIHAYLH LI HAPAMCTPOM L

2. Yroa smexiay npaMuiMi. PacoMoTpuM ase NpAMble, 3aiaHnbie vpap-
HeHssMH =R x+ b, m y=kxt 1l sne b =tg ¢, 4 k=1 g, [lyers

g -t
=@y — @ 5T MBI TIOTYYAEM, NTO LE @ = t2 (@, —¢ )= B0, T8O, . HJH,
1+ g o8 ¢,
M TO KL Cadlog,
b -k
wo=——2= (4.10)
B ke,

Dopmyaa (4.16) onpearIfeT OUHH H3 YIJIOB MCKAY NEPECeKAITUNMIICH
OpsiMBIMI; BTopoH yron pareH n— ¢ (pic, 44). Fa (4.16) rutekant
YOAOBUA IWPATNENBHUCTH 1 DEPReHANKYAAPHOCTH npsiMbix. B casom
Jenie, cC NPAMLIE TAPRJUICILIIL, TO

’(l = kz;

ECHAH MPHMblE TEPNEHAHKYAAPHREL Ta @y = /2 + @, 0TKvAA 1 9, = —Clg @, =
= —1/18 @,, H1H OKOHYATETLHO
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y.l

Pre. 4.4, ¥Yion mesgy npsMeiva

by =——.
2 kl

IIpumep 26. Hailti yron Mexay NpAMBIMHE, 3aZaHHLIMH YPaBHEHHAMH
y=2x-Swuy=-3r=4
Iloactasnasa 8 Gopmyny (4.16) anaveuns k, =2 n k, = -3, umecn

-3-1
go=—-=1
1-6
DTKYAd OAMH M3 YTJIOB piuBCH §p=m/4.
3. Paccroauie or Toukl Ao npaMoil. [Tycrs npsMas 3agasa ypasHeHHeM
ofittero Buaa (4.11). Torna pacctosnnne d oT NpousENThHGH Touk M, (x;.
Yo) 40 npamodl (puc. 4.53) paerca popmynoci

d=|Ax, + By, +('3|/w.r’f-1‘5 + B

vl
Mﬂ(-tat ?n}
e
1S
a0
Av+ By + (=0
0 <%
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4.4.2. NuHuK BTOPOTO NOPAAKA

Paccmorpum 3gech Tpu nHaubGonee HenoAb3VeMbrx #WAR AMHAIL 2AAMNC,
runepboay i napabony.

1. Bnmme. JInaua, 1719 BCEX TOUEK KOTOPOH CyMMa PaceTOANHIL 0T ABYX
NaHHBIX TOYEK, HalkiBaeMbiX (POKYCAMH, €CTh BEAMYWHA IOCTOAHHAS M
HoabUIAA, YeM PACCTOSHAE MEKIY (DOKVCAMH, HA3bIBAETCS JALIUNCOM.
CoruacHo onpeAeneHHI0 JLTHICA, CyMMa PACcCTOAHNN UT HPONsHOALIGIT
Toukyt M na sroid muuu a0 ere dokycor F, » Fy nocruauna (puc. 4.6):

Pue. 4.6, Jnpung

FI + r2:2(1<

OTcio1a MOKEO BHIBECTI YPRBHENHE JAIHICA B BT0 OCHOBHON { kanonyue-
cxoii) opme:

3 2
L (4.18)
7] b
rie a u b — noxyocH anamunea, b = a® — 2 Touxa O (0, 0) — uenTp anmunca,
€ — TIQJIABHHA PaccToaHHa mexay doxycamy aanunca. M3 ypaenenws
(4.18) cneayer, YTO OCH IIHICA ABAAKTCR €10 OCAMH CHMMETPHH, & TOY-
K3 MX NEPECEMEHNA ARNSETCH USHTPOM €11 CHMMETPHH,

XUpaxKTePHCTHRON IBIICA, MOKAILIBAIOUICH! MEePY €rD BLITHHYTOUTH, AB-
NAETCA IKCUCHMPUCUMEM — REAUUHHA, OTIDEETAEMAA DTHOLMEHILEM

B yacrHoM cayuae, Koraa a = b, GokycH aanfca CAMBanTes. 1. €. =0,
HMEEM OKPYXIOCTD PaaMyGa @ ¢ USHTPUM B HAYANe KOCpAHHAT.

2. TunepOona. Tunepboroti HASLIBALTCA THHHR, [T BCEX TOMEK KOTOpOi
MOIY.Th PA3HOCTU PACCTOSHHH OT ABYX AAHHBIX TOYEK, Hasbisaesmu X hoky-
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CANMH, ECTh RETEHTHY NOCTOMN AN 1) MEHBULASE. YOM PACCTORHITE Mexay G-
KYLUNILL

Ha puc. 4.7 nokasiis Boe OCNORHLIC AICMCHTI runepdoas, Pasnocry
pACCTOMIINIT 0T npoHIBLALIGI Tedaky M na toepbhaae 1o Gokycon FLu F,
COEARCHO OMPELeieilin, oCTb BEAHKIN G VOCTon G

l = l = 2“

Ve S Mty
bl T .
—_ ?’A;-- —.‘ —_— -
Fal oo 1D 0 A Fa.ny s
¥ = -E-,'l W= :‘

Puc. 4.7, Mwneofory

T4 ovoid ocnonnll NPpeamuChlIRN BUBOIITEH KANOHUHEUKOP YPoCHenlie Ji -
REpOLALL, KOTRDOE IMeTT B

vyt
— -—: L (4.19)

@ oW
! ) 5
rae =c  a
b
Tlpsistbie y = £— 1 ABASHOTEN HAKTGHHLIA Al roTasi rpaditca gyiig-
a
it TUNERRona NMEET JIRE BN CHMAICTPEGL TOWK IEDECENCH S KOTO bl X

HILESETOH ILEIITROM € CHAMCTPIN,

3. Mapabona. Tlapaforai HAIKMBREICS TUHDA, BCC FOMKE KATLPON Haxo-
JHTCA D OANNAKOBUM PACCTORIN OT 2alHOIF TOUKI, Hi3hiBacMall thaky-
£OM, I OT AEHofl HEsModf, ashpaestoll Upeypicoi o ne npoxaanied

)

yened POKYE (BepTIIGINILNAS IPSIAAR HA Pacerrsiig 1 eAens o ocn Oy o
TOYKL F Hy ooy U,

Cordacho eprpeaeaedniy, Tovka M (x, ) gemnt na napalone, cCas 7y = f.

DTI‘.‘[U;I'EI H BLROJINTCA KGRINUHCCKOT BDAHREN L fltfp{.’fjf).’h‘.lt. EOTODOS HMOCT
B
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w = ipr. (4.20)

I'pachnk mapadonsl fokaaan ua pue. 4.8, HeTpyvanoe yruae re, 2o nepesena
OCCll KOOPIUIHAT NPRBOALT K OOICC NPUDLIMEOMY 103 KYPEA INKOIRHOL
MATCMATHKI ¥PARHEHNIO tapabosni Bicia y=AC, re A — uncrasyios
qHEao,

Puc. 4.B. Mapadona

Odugee Ypasuenne KEmoil TTOPore NORSIKG IMeCT Bl
Avt 128y + Cy* 4+ 2Dy + 2By + F =10, (4.21)
vac A 2 C D EF— nponasoanivie Aeiic1gNTeabHBIC TN, HRHYUM
xoTa Gnl oano wa uieen A, B wan Cne papio uyvmg, Ypasierne (4.21) ou-
[ICTCAAET CARAVIHILY TR KRB
BUNNTHYCCKOTD THIL, ccan AC B =
rueploTHnecknro i, ecan A0 - BT <0,

— naprhonygeckor r, eran AC- B =0,

4.5. Mpnunoxenus B 3KOHOMUKE

4.5.1. Kpusble cnpoca M NPEANOXeHns. Touka paBHOBECUA
Pacesmorpiny sanicumaery enpoca 1 (demanid ) i npeaanaeuns § (sup-
oly) or nene na Tosap P price). Mes Menume wena, tes onse cipoc
NP NOCTOARHONR DOKYHaTeABHON CnocnBbrocTH naceredis. (0w uuo aanm-
camMncte D om P useet i NHCHAAIONLEN STHHWGL, HANPHMeD HPSMOET
D=—uPre. a>=0, =0 {4.22)

B era ouepers, NPEARONEHIIE PACTET ¢ VBOTHNCHHEM {IEHB Ha TOBAD,
W NOTOMY SauiCHMOCTb S o7 P HME0T CAeiyRIuya XapakTepnyio hapmMyv;
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S=hP~d, b>0, d>0 (4.23)
B dopmynax (4.22) 1 (4.23) a, b, ¢ v d — T4K LL3BBAEMLIE IKIUIEHH b Be-
JHUMHLL OHU 3ABHCSIT OT Psiia ApYIHX npuunn (baarococtosHie obmect-
pa, ponytuieckas oGernHoeka W T, 1.). Tlepemenunie, pxoasuine B fOpMy-

av {4.223 n (4.23). nonoxuTeaALnB, MoIToMY rpadiuri divirusil umerorT
CMhIC TOALBKD B Mepaoil KoopAnnaTHoR yeTpepTH.

ﬂ.Jl}I FJKAONOMUKH NPEACTABRJACT MHTEPEC YCADBHE DABHOBCCNA, T. €. DABEH-
CTR CNROCA M NPESTOXKCHNA] 9TO YCNOBHAC JACTCH YRABHCHMEM

D(P)=5(P) (4.24)

N rooreerernyeT rouke M nepeceveris kpuux D1t § — 2To rak HaszhiBae-

Man Toyka pasrovecsd {pue. 4.9). Hena Py, upH KOTOPOH BHULICAHEND ITO
YOa0Ble, HA3bhIRACTCH paanoeemm&.

D.§ )

1
1
1
I
1
|
|

Do P

Puc. 4.3, Toura pasiosecua

Mpir ysemsyennu GIarococTOANNA HACCRRILIH, YTO COOTRETCTBYET POCTY
BedHMUHL ¢ B hopmyne (4.22), Touka parHosecia M cMEUIAETCH BIIpaBo,
T4dK Kak KpHBas [ NoginMaeTes BUEPX; UPH 3TOM LUCHA TOBApa PAcTLT [IPH
HEHAMEHHON KpUBOH Mpesaowkerus 5,

4.5.2. TlayTMHHaA MOABNL pPbiHka

PacesoTpus npocteffluyio 331a4y NOMCKa palHOBECHOH 1{eHBI, 3TO 0AHA
3 OCHUBHBIX MPoONEM PHIHER, 03HEYAOILAR TOPT MEKAY MPOHIBOIHTENEM
n mokynatenem (puc. 4.10).

[TycTe cuayana uedy P; Ha3biBaeT MpoHABomMTens (B npocrefiutedi cxeme
u1y oxe 1 npogapen), Lena P, Ba camom Jene pollle pasHosechoil (ecTect-
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BEHHO, ACAKHA MPOMIBOAHTENL CTPEMUTCA MOIYURTh MAKCHMYM BHITO/Tk
13 csocero upouasoactsa). [oxynartens ouenweaer conpoc D, npu 3ol
LeHe i CHPeaeIaeT cow eny Py, 1py koTopol arot enpoc D, pased npej-
aoxens, Uena P, Hioke papnopecHOd (Boaxsi 110Ky IaTeAb CTPEMHTCH
KYNHTE oaetesse). B oo vuepeab, NPoUIBoanTenb OLEHHBAET CRpoC
D,, coorrercrayouni uene P, 1 onpegenneT csow UeHy Py, IPH KOTOPO#
CTIpOC PaBeH NPCIJURENNIO; 3Ta LeHa Brine pabHosecHofl. [Ipotece Topra
OPOAGKAETCH 6 PU ONMPEAETEHHBIX YCIOBHAX IPUBOAMT X YCTOMYUBOMY
APHOJIMAKEHHIO K PABNOBECION lleHe, T. 8. K «CKPYUMBAHMIO» CIIMPATW.
Ecny paccMaTpMBATL MOCNMEROBATEABHOCTL YHCEN, COCTOALIVIO K3 HASHI-
BACMBIX B MPOIUECCe TOPTZ LeH, TO DHA MMEET CBOUM MIPEIEIOM PaABHOBEC-
vy weHy Py (puc. 4.10, 2). Cneftyer 3aMeTHTh, YTO B JaHHON CXeMe cu-
pailb TOpra CKPYHUHBAETCS, eci b < . B mpoTHBHOM C1ydae HMEET MECTO
Inbo UMPKYIEPOBAHIE 1O 3aMKHYTOMY UHKAY (b = a, puc. 4.10, 6), a1ubo
«DaCKPYYMBAHNCH CIHPIM M YXO4 OT paBHoBecHoH wdeHRt (d<a,
puc, 4.10, 8).

D5 D8 Ds i D
S 1

I : £ k) 0, " g

Dy T H Dy eeee ’ .

DD = E DO 4 + Dn H

FAM N NS .. o, Pl W D, A
Py PoPz P1 p Pa P M p " PoPi p

a § o

Puc. 4.10, Mouck paBHOBBCHON LBHL

YnpaxneHus
Hastrit oOnacrs onpegesteria Gynxumni, 3atandux GopMyhaMi,

41.y=3x-242 y=2'-5x+6 43,y :23’;—*_;.4.4.;, N
49, y=+x-3-Jr+346.y =V‘r—3+;.4.7. y=vx’ -4x+3.

Jx -6
I|| 2
48 y= —:%_—3 4.9. y=x"+cos 2v. 4.10. y=arctg {2x + 1).
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Gt y=2" 442, 5= — o8 4B y=lng 2 -

¥ —-3r+2

414, y=log(3v - 27). 4145, f(x)=arceos (g x), waiirn f(1/10), f(1),
fUL0). 4.16. y = \Sinx - 1.

Hauiiru II[}L‘,U.t"]J.ul By HKI,

2 - . .2 i 0}
A7 imS—2 418, lim—2 =2 e, fimF T E =2
sl =3 i =yt By d
% —= !
4.20. lim 2= ;.4.21. Iim(vu i x| 4.2, ]irnLJ.r' + 4y — 1)
1—x '1.- . Tl _-'I 12T
2 s vt .
423 lim = 22E 1 ey hm‘/ Pl 495 im0 4 96, [im S0
e 1‘? -6y +5 r x| R v+ ginJx
} - . Hrel
427 1m2Y £98 1im 20 420, i LESE 430, hm{z" *1] .
L+ _.._ - -" '“5 i 1—0-” x° =T 2;1— - J

4.31. Jnn[‘— | .
i

1' —
[laitTi Toyt RFadpblR2 1 OTIRCICTHTE THHN ELAPLIBOL.

432y = -'1—} £33,y =2"" 434, y=tp x. 4.35. y=¢**
X+

. - [ X’ -5x+8
436 y=e®i 437 y=—— 438 yp="__" —

rt =de+2 ¥ -3r+2
4.39. Cupoc 1 npeasoxeyic 114 HCKOTOPLI ToBAD HY PRIHKE OLHCBIBAKIT-
CH LNNCHHBMY 3aBicuMocTasn siiaa D (Py=a - bP, S(Py=dP+c.
L. Onpeaeauts pasvosecivio teny. 2. Hattmi rpadurteciinm cnocofiom, sa-
JAETCN I MOTE HAYTIILONO PUHKD «CKpYyYHBaoueiicas. Bapnantut da-
A3HIA TAPAMETPOR 3aBHCHMOCTEN COPGCA 11 APC/LIKeRIS:
4y a=2.h=5¢=3d=2,

6y a=5b=3,c=1,d=4.
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OcHoBb! anddepeHUnansHoro
NCHYUCTIEHIS

5.1. Qudpbeperyuposanme

5.1.1. NonaTHe NPaU3IBOZHON

Hycts bynkuun f(2) onpedenena ua nekoropum npomexytee X. Ilpnaa-
2I0M JHAYEHHIO APTYMEHTA B TOUKE Xg € X [POHABOSEHOE MPHPAIeHHE Ax
TAK, YTOObI TOUKA Xy + AY Takme npuHasnexana X. Torna conrsereThyo-
inee npupainenue gysaruun f(x) cocrasnr Ay = f{x, + Ax) — [ (x,).

Onpenenenne 1. Tpousgoduoti hyuxuun £ (x) B Touxe x, HazpiBABTCA [Tpe-
Jes DTHOWEHHA NpHpallenns (DyHKITHN B 3TOA TOUKe K NPHPAISHHID aj-
ryMenTa ope Ax — 0 (ecau 3T0T Npegen CyLlecTEYCT).

Jna ofioavavesniug npomaRoanol MYHKIHK AY yuoTpebasiaT CHMBOTR
¥' (%) man [ ().

Sy = Jim B < g L0 7 AD = EX)

Ay A Ax (3.1)

Ecny B nexorapoll Touxe X, npenen (5.1) beckoveuen:

. A . A

lim e P 1 et @,

Ar-aft m- Ar-si} Ar
TO COBOPHAT, UTO B TOMKE Xy GYHKLNA f (X) 1IMEET HECKOHENNY0 NpOu3a00-
H0.
Ecau dynxist f(x) MMeeT Npou3soiHyIo B KAKANHE TOUKe MHMKecTBa X,
TO ripoManonan [ {(x) Takike aBaAeTcs Gy KUKell 0T apryMenTa ¥, onpeac-
JeHnoit ua X.

7-1222
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5.1.2. TeOMBTPUMECKMA CMBICH NPOUIBOAHON

JINis RBCHEHHA FEOMETPHUECKOrD CMBLICta NPOHaBOAROI Ham noHasnGHT-
cA onpeaeneHie KacatenbHoll k rpachury thymxiiu /8 fannoil Touke.
Oupepenense 2. Kacameavnot ¥ rpahury Pyuuny ¥ = (x) B Touke M
HA3LIBACTCA Npeaeabtue IwKeHHe cekvinelt MN, koraa touka N crpe-
MITCA K Touke M mo kpHeoii ¥ = f (x).
MTyerk Touka M Ha kpuBoil f (1) COOTBETCTBYET 3HAYEHUID APTYMEHTA X,
a Touka N — 3HaueHnio aprymenta x + Ax (puc. 5.1). 13 oopeaeneins ka-
catenbHUl CIBAYET, WI'Q 5 €8 CYULECTBOBAHMN B TDUKE Xg HYRHO, UTo6b
CYULECTROBAN Mpeaes Iiﬁ}‘tp(:r) = @, KOTOpHTl paBeH yriay HAKIOHA Kaca-
Av-+
reapoit kK ocn Ox. Hs tpevronsnnka MANA caeaver, vyro

tg p{x, + Ax) :% - Slx, + Axy—f(x, ).

Ax
y i
AF
Ay
M n l
¥ =1f(x} Ax A
g plAx) _
0 X T+ Ax x.-

Pue. 5.1. TeoMeTPMNEtHIR CMBICN NPOMIBOaHGR

Ecan npouasontas dynkiie f(x) B TOUKE X, CYLIECTRYET, T, COMACHO
(3.1), noayuaem:

=S (xg). (52)

OTcioaa caedyeT BEBOR, 4T0 npoussooius {(x,) paena yraoeomy kopdu-
yuenmy Kacameabkou K pachuxy ynxyun y = f(x) a mouxe M (xg f ().
[Npw 270M yron Haxkaona KacaTeanHol anpeaensaercs 13 hopyyaw {5.2):

¢y = arctg S €x,). (5.3)
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5.1.3. GUaU4ECKUA CMLICN NPOUIBOAHOK

Tpeatnomoxny, uta chynkuia { = [ () onHCLEBACT SKOH ABYWKEHIA MaTe-
PUATEHON TOUKK [0 NPAMOE KAK 3ARHCHMOCTh 0yTH { 0T BpemMenw !, Toraa
paznocth Al = f(t + Ar) — £ (1) — ato myTh, NpoRICHALEL 30 URTEPBAN Rpe-
MeHH Az o atHoterne Al/AL — cpeanss CrOpaCTh 33 BpeMa At. Toraa npe-
aen lim{Al/AL) = ['(¢) ONPCALNACT MZNOBEHNYH CKOPOCMB MOUKU B MO-
-.xlelt'rwfs'ﬁemenn I KK TIPOMANOAHYIG 1IYTH TTu BDEMEHY,

B onpepenenHoM cauicie MPOoHIBOARY IO PVHELUBHA i = [ (X} MOXHO TaK®e
TPaKTOBATE KAK CKOPOCTE MAMeHeHus ivHKNMI: veM GOanlile BesHYMHA
[/ (2) |. Tent BnsTBILE YFOA HAKIOHA KacaTenhHON K KPUBail, TeM KPYYe ma-
Gtk [ (x) 1 dvicTpee pacter (Ybbinaer) pyugiis.

5.1.4. Npaeas ¥ neBas NPOU3BOLHbIG

TTo aHAOLMIL € TOUHTHAMH OAHDCTOPOGHITHX TPELenos (PyLRIAN BBOINTCS
NOHATHA NPpaseil 1 Neroil IPeH3BONULIX (YHKLUHE B TOYKe.

Onpegenenne 3. Hpasni (aeacit) nponzroannds yukium y = £(x) B Tou-
K¢ X, HaabtsaeTes upankilt (neswii} npeaen otnomienms (5.1) npn Ar — 0,
£C.1H 3TOT TTPCIeA CYLIECTBYCT.

Aast 0B031RYEH I QAHOCTOPOHHUX APOMIBCGANLIX MCNOMEIVETCH CeTYIO-
HI3A CHMBOINKA:
Six, )= lim &y [f’(.\'u }= lim ﬁ) (3.4)
il Ay ar-l- A
Ecan Gyaruna [ (x) umeet Brouke X, npu-
H3AOAHYIO, T OHA HMEPT JIPRYH) H TTPARYK) ¥
NPOHM3REBIC B ATOIH TUYKE, KUTOPHC COB-
NERHTG a
lIpusencm npnmep pyHRIMH, ¥ KOTOPOIl
CYUICCTBYIOT  DABGCTOPGHHENE  TPOHIBOI- -1 0 i x
HEIE B TOUKE, He DABHEE APYD APYry. JTO
f(x)=|x| HdeiictButensho. B Touxe x=1 ¥hy
imeeM (0=, fI(x)=-1 (puc. 3.2) u fe—
SN0y = [7{0), 1. e shyurums He nmeer 0po-
HIBOAHO upi v=0. 6
. _ 0 I

Puc. 5.2, NpUMER DY-RLMY, HWMESIOWER OOHOCTOPOHHWE
NPOMIBOAHLIE B TOUKE, HE DABHBLIE APYF ApyTY:
a — rpadomk. diyregaN fx) = | x|,
fi— NPagas ¥ NEBA NPOUIBOAMbE QYWY B Towe X =

L
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OnepalHo HAXORICHHA MPOHIB0IHOIL (DYHKILI HA3BIBAIOT ¢C dudhpepen -
yupodanues; [PYHKUNS, HMEOU@AsA NPOU3RAGIIVID B TOUKE, [143bIRRETCS
Judipepenyupyemi.

Caase mewdy AvdpepentiipycMocTR} B HENPEPMBHOCTHIY PYHELILIIL B
TOUKC YCTRHABMBACT CIACAYIOUIAA TeCPCMA.

Teopema 5.1. Ecan Pyuruns anpdepeHipyema b TOYKE Xy, TO DHA 1 Tie-
MREPBIRAE 1 3TOH TOUKE,

O6pariee yToepkieHHe nepepHo: hyHKuNa [ {¥). Henpepninnas B To' ke,
MOCKET HE HMeTh MPOH3BOAHYIO R 370H TovKe. TaK0 apaxeTcd QyHKUHA
¥ =| x| otra nenpepsirka B Touke ¥ =0, HO HE HMEET LPOUREDAHDTT B aT0fi
TOYKL,

Taxum ofpasos, Tpeboranne yuddeperimpyesict By HKILIH TRIIETEY

Gonee CHILNLIM, MICM T]JC()UBZIHHE HOMPEPLIBHOGCTH, AGCKOTRRY I3 NENGOra
cheiLyeT BTOpoe.

5.1.5. YpasHeHu1e KacaTenbHON K rpachuky QyHkuumn
B J3HHOW TOUKE

Kak vkasano B 4.3.1, ypasdetue npasoll, upoxuzauwii vepes toaxy M (1,
¥y) ¢ yraoseim koabdunnenrom k, umeer sng

¥—ta= kix - Xa)

Myerte aagana gpvuxuna y = f {x), ampeperivgwenas b rodre M (v, i),
Torsa » cuay cooTHoMEHHH (5.2} 11 reoiw PHUeC KOt CMOICTR TpolanaiL-
HOI Chedyer, YyTo ypasHellle KkacaTedbtod K rpaguky hyuwum S ) o
atofl Touke UMeeT rH

== f () (x - ) (5.5)

5.1.6. Npasuna anpPepeHyupoBaHUA CYMME,
NPOU3BEREHWA ¥ YACTHOTO

I_IDI{BQHGM Bea AOKAZATCIIRCTBRA GAHY 13 OCHOBHAIX TEODEM ,111d1r|)&|}em[u-
ANBHOTS HCYWCASHNA,

Teopema 3.2. Ecou diyrwunn u (x) w o (1) jurhhepeHispyemil s ToKe 1,
T CYMMA (PA3NOCTL), NPOHSDEALTIHE W HacTine JTHX (ynkinit (yacTHor
npn yenosra v (a) = 0) Tarske audrhepenuiipyemul 8 aToi TOUKe, TPHICM
CHPABE/ BB CERVIOUING POPMY Ak

r ]
. u u'v —uw .
(te) =w o', (wo) =u'v+ur, [—] —— {5.6)

7 o
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5.1.7. TaBnuua npov3s0AHLIX NPOCTEAWNX 3NEMEHTaPHBIX BYHKLWA

[Tpoussuanse Beex NPOCTCHINX 31EMCHTAPHEX iy IKUME MOKHO CBECTH
R CACAYHNNY K Tabmy.

1.{C™y=0. rac C — nocraniHee 5o,

L ()Y =ax"'; 8 yacTiOCTH [1] = (JxY ==

T

M1 (log, x)' = — lvg,, & » sactaocTn, (In vy = L.
s

V. (&Y =a"Ina, 8 nacTiocm, () = ¢".
V. (sinxY =cos.x.
VI feosa)y =-sinr

VIL {tgar)':—g—_
cos’ x

VITL (elgey =—— 21—

sinT X

. 1
[X. {arcsiny) = —.
1-x°

)
1

i-a

X, (arccusy) =-

X[ (arcig .t'}'=——-1-—2.
1+x

XL (arcetgay = - .
tat

Mopsyns:, npiseseHnne B Tabaiue Bvecte ¢ mpaBntami audidepe-
unpoBaHid (TeopeMa 3.2}, ABARKIOTCH DCHOBHBIMM (hupMyaismi Andide-
peHianbioro Heuscnenus. OTe1a MOMKHO cacnaTh BamHbil BLIBOL
HOCKOALKY (lpoizssoAnid uodoil anemeHTapiol OVHKLHH eCTh Takke 2e-
MERTAPHAA (PYHKI(HA, TO OMePaurs AUMOCPEHUHPOBAHH HE BRIBOANT LA
K1ACCH DABMCHTARHBIX QYHKAHHA.

5.1.8. QudbtepeHumpoBaKne CNOXHON YHKLMK

Teopema 3.3. Iyers dvaruns x =@ (2) #IMELT TPOK3BOZUYIO B TOUKE £y,
0 PYHKIIE ¥ = f (X} MMCET NPOH3IBOANYIO B COOTBETCTBYIOMEH TOYKE
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Xp =9 (&), Toraa croxaas byHKuHA [ [0 ()] HMEET NPONRROIHYIG B TOGKE
ty W COpanejnNBa cAeAYWAs (opmya:
dy o ey
yi)==2 = f1ie, 0 (4. (5.7)
dtlr=1,
B reopese 5.3 paceMoTpera cynepiuosining Ay (FyHKLUD, L 3apuciT
OT ! 4epe3 NPOMEKYTOUHYR hepeMehiyo X Boamoxua i Goace Caoxnas
IABHCHMOCTh ¢ JABYMA 1 Hoviee NPOMEKYTOIILIMH NEPEMEHTTIIMH, NIHAKD
Hpasiio gudupeperiunposanii cnoxnoft pyukuHn octaeres tes ke, Ha-
npuMep, ecar y = (1), r =@ (), = w (), To nponasumEA ¥ () Beucia-
cTes o qopMyne
W)=y (e W)y () (3.8)
Puacemorpim neckosnko upumepon na aicpeperciposarne c1omnon
thynkunn,
[Ipumep 1. Haiitn npoussoanyio Gyuiuio p = 1g (2%).
Pewenue, ITY PyKIing MOKHO IPEACTABHTL 4ERES IIPUMEKYTOUH YD 1T¢-
PEMENHYIO & KaK = {8 u, u =¥ Toraa no Gopmyne (5.7) nmeen:
1 2y

H) =y @ a) = —— 2 = —— .
cos™ u cos " {xr)

Iipumep 2. Haiitn npoussognvio hyuiuo y=e® ',

Pewenne. 3nech hyHELIA NREACTARASCTCR £ TOMOLLHI TPEX NPOMOKY-
TOUHLIN TEPEMENHMIX: ¥ = ¢, ¥ =17, v = tg e, w = 4x. [IDUMCHAS TTPaBiA0
{5.8) muchdpeperiporanns caoxHol hyHKUHN, TOCABANBATE RN T0-
Ay HRAeM:

¥ (x) =y () e’ () e R e (e ' (x) =

Y- 1 4= Bfgd’t e‘gt“,

cos’v  cos® 4x

Tipumep 3. Hality vron haknona k ocd 01 kacaTeswHOR K CRAgUE
: J [y ¥
hyukunu i = e ™™ + tg 4x B Touxe ¥ = 0.

Aannas myHKWIA SBasieTea cyMMolt asyx croaneix iysknnil, npeacras-
AAEMBIX YEPEI MPOMEKYTOUHBIE NEPEMERHBIE KAK

y=e'+1g o ow=-w, w=sin 2, z=3v, a=Axr

IMpusmenas npapiia And@epeHLpOBALNST CYMMbBL (PYHKLUIIT 11 CTOXHBIX
YHKLITIA, noaydaes:



w(x)=e"u'(w)w'(2)z"(x)+ 1¢ a'(x)=
cos” a

=e'(-1)cosz- 3+ 42 =-3-cosdr-e " 4 4

cos? a cos’ 4x
HoCKoALKY TANTCHE YENA HAKAOHA KAacaTeasHol Kk ocn Ox npu x = 0 panen
3HAUEHMIO NPOMARGIHON B DTON TOUKE, M3 (LUC/TEANETD PABERCTBA NOMYYa-
eM., DOACTARAAS B lieru x = {:

tgp=y'(0)=-3-1-1+

%=~3+4:1.

OTKYAa ¢ = arctg 1= 43°.

5.2. Qudpepenunan hyHKLM
5.2.1. OnpepeneHue n reomeTpudeckiit cMeicn guddepeHuynana

Onpenenenne 4. Juipepenyuaiomn byukimu ¥ = f (¥) B TOYKE Xy HAILBA-
eTCH rTABHAA THACHHAA OTHOCHTEIRHO AY HaCTh MPUPALIEHHS (ByHKUMH B
aTail Touke:

dy= f () Ax. (59)

Tak xax andbpeperunar dy He3aBHCHMOI nepeMennol ¥ ABASETCA NPUpaA-
wenuem Ax 3Tolt nepeMennoi, 1o cooraoinedde (5.9) nputiiMaer suad

dy = ' (xq) dx. (5.10)

M3 pasencraa (5.10) nponssoanyio [ (x) B moboit TodKe ¥ MOKHO BRYHC-
AUTH KaK OTHOWeHHe hubepenunana Gyukunn dy & audideperumary
HE3aBUCHU MO epeMeHnif dr.

(ry=%
fey=_2 (5.11)

Andbeperunan  GynkunM  HMeer YeTKMA eOMETPHYECKKH CMLICH
{puc. 5.3). Touxa M na rpaduxe dykins ¥ = f (X} coOTBETCTBYET amave-
HHKD apIryMCHTA Xp, TOYKA N — 3aqenio apryMenTa xp + Ay, M5 — xaca-
TenpHAS K KPHBoH f () B TouKke M, @ — yroa Mexay KacaTeaLioki ¥ 0Celo
Ox. Toraa MA — npupaitenue aprymMenTa, AN — COOTBeTCTBYIDIEE RPH-
pawieane gyrkuny. Pacematpiias TpeyroisHur ABM, uoayqaem, uto
AB=Axtg o= (x,)0x =dy, 7. € 9TO [MABHAA [0 NOPAAKY IHAYEIRKA AX U
JNMHefiHaA OTHOCHTEIBHD Hee JacTh MpHpamenHs dvicuue Ay. Octas-
LASACA YACTE, BoAEe BHCOKOID NOPHAKA MUTOCTH, COOTBETCTEYET OTpe3Ky BN,
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Ay

=
A

T

o Xg Xp v Ax

Puc. 5.3, MeOMETOHUSCKHA CMbICH AnddepaHigana

5.2.2. NpuEnuieHHble BuiuMCNEHUA C NOMOILLLK Juddeperumuana

TTpuéunskeliHbie BBIYMCASHHA ¢ TpHMEHeHeM AH¢upepeniiana GyHKLHH
OCHOBRHB Ha NpHOTHKeKAOH 3aMeHe TPHUPAILEHNS (PYHKIUH B TOUKE Ha
ee Anddepeunnam

Ay = dy.

ABCOMOTHAS NUIPCIDNCCTL OT TAKOW 3aMEHD ABIAETCA, KaK CHEIyeT w3
pHe. 5.3, npit x — 0 Becxoneyno Maroét Holee BEICOKOID MOPAAKA (10 CPAB-
unesie ¢ Ax. [loactaensa 8 370 npufaickentoe cooTnomeue GopMyny
(5.9) 11 BuIpaxenne LTA Ay, NoTyHaeM:

Sy +Ax)= flxy )+ f'(x, ax. (5.12)
Dopmyna (5.12) 2Ba9€TCA OCHOBHO B NPHONHAKEHHBIX BHIMNCIEHNAX.

Mpumep 4. BurdHeuTh opuSIMKEHTIOE 3HaYeHHe KOPIEA 4/ 107,

Pewenue. Pacemorpus Gyrkuno f{x) =1 OHPCCTHUCTH TCYKH Xy = 1.
[Tockonsky npoM3BOAHAA 3TOH YVHKIMKW BhsUcageTcd Mo dopMyne

ftx) = —21—, To, nputiMan Av = 0,07, noayuaes s gopMyns (5.12):
x

F(1+007) = /1007 = f(3)+ (1) 007 = 10035.

5.3. MMoHATHE NpOW3BOAHON N-I'0 Nopaaka

(Iponsnoanaa f7 (x) dyurimn f(x) cama sengercs hyHKUHeH aprymedTa
X W10 OTHOMEHHE) K HEH TAKOKEe MOXHO CTABHThR RONPOC @ ITPOU3BOIHOH.
[Ipon3eoaan ot mepsoii NpoOM3BOAHOH HEKOTOPOH (hyHKLUKY ¥ = [ (x) na-
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3LIBABTCS SMOPOL NPOU3BOUNOU, WAk npousecdnol 8mMopozo nopadkd, atoH
dyHu. TipoHssoaHas oF nTopo# NMPOHIBOZHON Ha3bIBAETCA MPEmbE
npou3ceINol. NAN NPOU3sodiul mpemvezo nopsika. DTOT TPONCCE MOKHO
HPOAQAXHTY, [IpoNIB0ANRKIE, HI'ITHAA €O BTOPOH, RRIMBRIOTCA HPOHIEML-
HBIMIL BRICIIHX 1I0pskos. g oO03HaMeH s NCTIONRRYKT CHMRAOALE &',
gL YL ™ (ams BTORO 0 TREThENl 1PDIABOAHBIX COOTBETCTRENHN
ewe u ¥yt wan smecto y monyt £k 70 £ (on L S (0,
llponsBoanas n-ro NOPAAKA GNPEACAACTCS, TAKHM 0DPAAOM, KAK TPULI3-
BOHAA OT NPOH3BOANOIT (7 - 1}-ro nopaaxa: y™ = ("7 1y,

PECCMOTPHM HECKOTLKY [IDHMEPOE 1A PBINHCACHIE HPONIBOULILIX BhIC-
WHX NOPRANKGE,

Ipemep 5. HaiiTv DpoMsenvywy BToporc NopsSaka oT  (PYHKILHN
y= 2y

Pewenne. Tlocnea0BaTeNsHo HAXOAIM NepaYHy NPCH3RGIHYII, a 38aTeM H
NPOHIROABYHY BT MO

¥=3r+2, ¥ =6y

’ '1
Ipumep 6. Hailitit nposano/inyo RTOpOre nopska oT qyHkuus y=e ' .
CHavana HaXOAHM MEPBYIC POHIBOAHYE CAUKHON DYIKUM;

y=-2re

3arem inuen BTOPYO NMPON3BORHYVIO, ANDepCHUITPYR T0AYYeHHOE 1pD-
napeaetie PyirKUitii

y" =-2e +dxtet =207 (27 - 1).
IIpumep 7. HaliTi npon3po/iHyo TpeThero nopsiaka OT iyHKIIMH
y=xkn x
Pewenue. [1GC1eA0RATEILHQ HAXOMUM:
y=lnx+1, yg"=1/x, y"'=-1/2"

Mpumep 8. Haiitt npowaraanyio n-ro mopaaka of ynkuun y=e™. Ha-
XOOHM!

¥ =26, y" = de®,

T. & Kxaoe Andupepentusposarie Gpnbapisiel K MCXOJHOR QyHKIMK ¢o-
sMuonTens 2. OTe0Aa NoayyaeM:

y(n: - 2"63..

8-13323
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B aaxsiodeHre npupesseM GopMYIsl A48 BNYHCIEH NS TPOHIBO/HBIX R-TO
nopanka aas dyukamit sinx u cos x. Herpyano yBeaurved, uto

T ] - b8 L) n
31N X =SIn I+ﬂ§ cos X =cos X+ﬂ§

YnpaxHeHus

Hafitu npomasagabie hyrxinii.

50 y=2+3-2r+ 1,52, y=5r"+3 - dr-1.53. y = —11- + x.
32 |

54.y =3f;+1—33—+1“.5.5.y =4t = -—=-2
X ox ¥ x
56.y=3r +2sinx+5tgx. 5.7. y =¥x® —42® + 2Iny —ctg x.

3.8. y=logyx—3logs x. 5.9. y= 3" +arctg x — arcsin x,

340, 5 =5" +67 -}[1) Lol =g x 542, y ZTJI_!}III.

—

o

i 6 _
543.¢y = 3_J;_;+ e +xwrccosx. 5.14. y=x"log,x - e tg x.
x? 41 Inx Jr
545.y =" 516,y = +xtgx. 547,y = :
¥ x? -1 4 COsS X & ¥ Jro+l
5.8,y = Y1BE 549 5= 1t? 500,y - CO5X
1+2° 1+e~ 1+ 2sinx

520,y =x? —-2—:-?—, mabity M (2) - f(-2).

522, y=xInx, naitru £(1), le), f(1/e). £ (1769,
5.23. y=sin 4x. 53.24. y=cos (2? - 2v + 1), 5.25, y =sin’x.
5.26.y =2x —sint.5.27. y =t x. 5.28. iy = In(.:t" + JE).

5.29.y = arctg%. 5.30. y=Inlnx. 3.31. y = arcsin*_ .

V3

5.32. y = arctg” +.5.33. y= "7 5.34. y=Insin . 5.35, p= 2"
.

5.36. y = ¥,
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CocTaBuTh YPABHEHHA KAacATEJbHWX K rpacb:-n{a.m (t)yl-lKLlllﬁ.

5.37. y=2? B Touke M (1, 1). 5.38. y=In x & Touke M (1, 0). 5.39. y=¢"
H T0UKE epeceyerns ¢ ochk Oy

5.40. Haitrn yron nakaona k ven Ov kacatedenoft K runepboste y = 1/x
s Tovke M (1, 1)

5,41, Haitry npubmskennoe npupainende hyHKEIRH §=x", pean x=2
nAr=001.

5.42, C nosmouthio axchdepesinanon HallTy NPUAINKeHHue BHAEHHSA
a) V101; 6) V104; 8} 48 r) Y9 1) V33
Haitret nponssoarsie RToporo nopajaka oT gyHkumnii.

5.43. y=tgx. 5.44. y=sin"v. 5.45. y=¢" . 5.46. y=xsin .
3.47. 4 = 1}

Tox -1
Haiitut nponsnoaHbe TPeThEr0 NOPRAKA OT YHKIMA.
3.4B. y=xe™ 349, y=¢"sinx. 5.50. y=xInx
Halru npanasoinsie n-ro nopaaka o1 gyaximii,
551.y=1Inx 5.52, y=5in2x. 5.533. y=3. 5.534. y=2*Ilnx

5.53. y=xcosx, 3.56. y=x'e".

ar
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NpUNoXeHUs annapaTta NPOU3BOAHbLIX

6.1. PackpeiTie HeonpeaeneHHocTed

6.1.1. Nparuno Monutans
J{x)

Bynem ronopiite, YTo OTHOWEHAC ABY X (YIKLin

npnx — 4 eCTh He-

0
ONTEAENEHHOCTH B 0 ecau

lim f(x) = limg(x) =0,

I I
Teopema 6.1 (npasunc Jlonutans'). yets dyitkuus /(1) 1 ¢ (x) onpe-
AeneHnl 1 jpddiepeHUMpYeMB B HEKOTOPOI OKPECTHOCTH TOUKH @, 34 UC-
KAloueHueM, OpTh MOXeT. cadall Toukit 4. KpoMe Toro, nivets Takke
lim f(x) =limg(x) =0 npuuesm g (x) = 0 B vKaza11110it OKPECTHOCTH TR
Y—aef 1=t

. A
, TOI‘JI&, CCANM CYUICCTRYCT [IPEACT OTHQUICHS ]iI'I'if ( )

{ KoHRFYHDL AN

()
BeckonesHmil ), TO CYUIECTBYET W npeaen lim'f;—":. HPHYEM COPancAaRa
Nt g ."'
thopsyna
limiﬁj = limi—(g. (6.1)

f+a g (t) ke g’(lr)

dameuanue. [lparuno JflomuTana MOXKHD IPHMENSTH NOBTORHO. CCAY
S(x) g (x) YIOBNETBUPAIOT TCM € TpebUBAHKAM, 9TO ¥ NCXOAMLIC
thynxumny f(x) 1 g(x).

Tetepl paceMoTPHM IPIEMEpLL.

" Pirdios Dpadeya Auryan ac Floniraas — hpanuvackinil maremarton {1661— 1704).
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Mpumep 1. lim l—r.njs: ol
v-sl) 21 -

~sinx . COSX
= lim =[im =

L
T R . =0 4 Z

JaecE MBI ARUKAB HOCAEIORATEThHO JIPHMEHMAH JHPABHIO JY]UIIH'I'EUIR. H L

CKALKY JIRA Pa3a HUMeall Aena ¢ HeonpeaeneyHocThio BiLAd 6

LR Jr
Ypumep 2. lim At lim de 3
e T r—+i} ]
L SRR B
TMpumep 3, lim Y=l & a’ Ina =a" (1 Ina).
[T X - 1o

6.1.2. HeonpepenexHoCTL BUAA ®
oo

By,ElCM H23bIBATh OTHOWICHIHE 1BYX (‘b_.VHK]l]-lﬁ

o
S i 2
Alx)
o . . . . .
HEQUPERENeHHOCTHIO naa —, et lim f(x) = limg{y) = w, o2 wan +o.
o [T [
B 3toM cryuae npaanac JlONUTANS OCTACTCA CTPARCAIIBRIM DU 3AMEHC
yenorua lim f{x) = limg(x) =0 nz yerosue lim f(x) = limg{x) = .
Yti) REET I Vb d y—d

Tipumep 4. IirnIE = limir- = lim2 =0,
=3y ) 1 153y
Hpamep 5.
. T . :
Hmln(.x 1 _ lim 1/ {x ‘ 1 __l lipSin” w :_limsm2m -0
Tl L-[g o 1l —T{Sin_z Ty P i L 1 Tl

6.1.3. Qpyrve Buabl HeonpeACNEHHOCTEH
HeonpeaenentoeTi Buia ¢ - 9 1 20 — © MOXKHO CRECTH K HEONPEIEAEHHO-

0 o= o
CTAM uuﬂaa i — . [Tokamem 010 Ha npsMepax.
e u]

Ipumep 6. Haiitin npegen limxInx.

1-el4
Pewenve. 3necs neonpefenennocts BHAa 0.« [IpeabpasyeM dyrkitHo

nx
HOA SHAKOM TIDENeRY. ¥ Inx = 1—; TEMEPE M HMEEM HeOTIDEIARACHROCTh

on
sia — npi x — O+ TIpusMensa npasuwno Jlonutana, nomyyaem:
oG
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I1mx Inx = lim (]ur) = lim v limx =0.
it sl (L 1— vl _Lr'_‘.z 1l

TNpumep 7. Halitn I_irg (cosec x — ctg x).

Pewenue, D10 HeonpeaeaeHHOCTE BHAA © - oo, TIprodpasys QVIKINIO 1105

1 cosx  l-cosa
3HAKOM NIPENENA, NOJYYArM: COSEC X ~ Clgy=—— - ——— = — .Te-

siny sinx siny

0
M€ pb 3TO HECTI PeReNeHLOCTE mutaa mps x = 0. [Ipumensnne npasuna Jlo-

ANTANA JAET

) {—cosx SiNY
lim(cosec x - etgx) =lim——~ = lim =0
] £l 511'1 X J—}U cHs Y

PaccmaTpis reanpesenednoctr suaa 09, 17, o0, uMeone Mecto npu pac-
CMOTPEHHY npeneank GyHkunil y=u ()9, HeonpeeseHunceTy 31orn
BHAA CBOAATCA K HCONMPCIEICHROCTH BHAR 0- oo, YHEe pacmm‘rpcunoﬁ Pa-
HEE, ¢ NOMOUILE TOXKICCTBCIIHOID npeuﬁpa:sonamlﬂ:

u (".)r{r}=er1‘-) I u(r}. (6.2)

Hpumep 8. HaiiTy npesen limx”.

1=

Peutenrie. 3ta npeaea suaa 0% nenonhays dinpmy.y (6.2), Hyeen ¢ yueTom
pellenns IecTaro HpHMepa:

llm at lilél et =gt o
Itpumep 9, Haitrn npenen
lim(+ x)™? .

x—al)
Pewenue. 3to npegen suaa 17 Halinem npenen dyuxis

y=ctg xIn{l+x) npy x—0.

B coorseTeTBHY ¢ ipeacTasnetinem (6.2) HMeem caeayIolLyed 1EToHKY pa-
BEHCTR!

. N e _ e (XY
!1_{93; LJILrQIn (1+x)og 2v = lﬂlﬂ\—t;,’—ﬂ_—- =
— lim Yd+x) .mcnqzlr s

"'"2"(:09 2r '“—*“2(1 +.x)

CreaosatenbHo, HCKOMEI Mpeae pareH

hm e’ = e

1—+0
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6.2. ®opMyna MaknopeHa

OaHna 113 OCHOBHBIX NPHHELHMNOB MATEMATHKY RBAAETCA NPeacTasRente
clloxHoOro genes Honee poctoe. Gopmyna Maknopena' Kak pas u apnseT-
ca peanH3atedi atoro npuausng. JIobste byHkim, zinddepenumpyemuie
JACGCTATOYMHOC YHCAD Pa3 B TOUKE X' = 0. MOCYT 611['['[) MpesCcTARACHEL B BHAE
MHOTO41eHOB HekoTopoll crenenn. [locaesnne asnaores naboaee npo-
CTEIMH 3JIEMEHTAPHLIMU (DYHKUMAMH, HA| KOTOPLIMY YAOGHO BHUTOIHATE
apHbMeTHYeCKHe ASHCTEHA, BLIYHCAATE JHAYEHHS B Mo00N Touke ¥ T. 1

Hrak, tbynkuns f(x), umeloman (n+ 1) nponasoanyw o todke x=0,
NPEACTABHMA TI0 CIJOPM}"J'IE MBIU'[OPCHE BMECTC C OCMAamoiiibiM WIeHOM:

1= (0 LD LD, SO 000, 63

Qopsyna (6.3) gaeT DO3MOKHOCTE NPeACTABHTE YHKWAN f (x) B BHAe
MHOCOYNEHA, KOSD(HIMEHTB KOTOPOTO BEMUCANIOTCA NOBOALEG RPOCTO.
I7ta hopMyaa WHPOKO HCUOAL3YETCS i ANA TPHONIOKEHHBIX BLIUNCIEHHH
JHAYEHMH PasIUYHEX (YRKUME; MPH 3TOM MOTPEIMHOCTL BRMHCAEHHH
QUEHUBAETCH MO OCTATOUHOMY YNery pasnoxedns 0 (x),

PaccMotpum nipumept pasaoxenns ynkudi no gpopmyae Maxnopesa,
Npumep 10, f(x)=¢".
Pewenue. [lockoauky e (x) =¢', 7 (0) = &' = 1 aas awbora n, dopmy
Maxnopena (6.3) umeer BuA

E| n

T S A S L
¢ h1+1!+21 b 31+...+n1+o(x ). (6.4)

Dopmyna (6.4) NCToAL3YETER AN BRIMMCTEHUS YMCTA e ¢ moboit weobxa-
2uMoif ToudacTbo. Oraoaa npd x = 1 nonyuaeM nPUOINKEHHOE 3HaUeHUe
yueaa e = 2,7182818..

Tlpmmep 11. f{x)=sin x.

. T
Pewenue. Herpyano nposeputs, uto ' (x) = sin [x +n 5} QT¢I MMeeM!

0 TIPH 1 HEeTHOM,

iny ﬂ =
S = 51“[ 2) (-1 apn n neuernom,

! Koaun Maknopen — wornanncknfi Matematk { 1698—1746).
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Moactanosxa B pupmy.ty {6.4) OpUBOANT K BEIPAKCHHIO
K| A 7 Fr-]
, ¥ ¥ ox ol X
SNy =xX-———+—-"— + .., +(=-1)""

31 51 71 (27 -1
Hpumep 12. f{x)=cos 1.

+ofx ). (6.3)

. " ' n
Peusenue. Tlo ananorun o dbyurunel ¢iitnyca wmeem [ ':cos[.r +n§}

OTKY A MORYIacM

in) 0 = cos E]:
TR (1)) ma(nz

{(}, R — Heuethoe,

(-1, n— uemoe.

MNoacranoska B popmyay (6.3) IPHADAHT K DASAQNKEHHIO no dopMyae
Marxopens;

? i & e
X x ox x
eosy=l~-"—+ ="+ (-1

2! 41 6! (2m!

Tpumep 13, /(x)=In (] + 1),
Peurentue. Tak Kag

+o(c"y (6.6)

. o ta=1)!
1l =01y | ,
S =(-1) —(1+.r)"
0 f(0)=0, fM0=(-1)"""l; noacranopka B dopvyay (6.3) nproonus
K pasaoxkennw gyrgun o (1 + 1) no dopmyne Makaapena (ipn atom
0=1y

In(1+x)=x L —‘T o1y X +oulx"). (6.7
n

Mpumep 14. f(x) = (1 + ¥)° rae @ — velwecTrEHHDE YIICTO.

Pewenue. () =alo - -D-(a-2+ D1 +2P" 1. &
(M=ol )-(a-nt+l), « dhopmyra Maxnopera ana panuoli
thyHKLILH HMeeT BHA

(1+x) =1+ St ala q”xz + ..
i! 21 (6.8)
aasDetasnat) oo

nl

B aacTinM cayvae, Korda o= # — uetoe ubeao, 0 = 01 opayna (6.8)
nepexoiur s dopmyay funosa Huomona
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(l+x) =1+ :Tx n(?_;;l) +.+x", {f.0)

T, & GHHOM Hb0TOHA ABAAETCA HACTHEIM CayYaeM hopMyta Makiopena.
Dopuynet (6.4)—(6.8) npeacrupnanT coloil acusnmomuuecxkue Gopmv-
Ab (1 ouen K} coursereTien R upn X — 0. ARanOTHYHLIC PABAUKCHIA
MUOKHO IDIYSHTS ¢ HCNoABL30Bames dopmyasl (6.3) 1 Ais Apyrux tynk-
Wi, Acumomorsaeckue popMyanl apdoKTHEIG BCTRNRIVIOTCA MPH Bl
yucaedur aperenos hyitkunil, Hokaxem 310 na npismepe.

ITpumep 15, Haiiru [IIH#

=0 1
Pewenve. Ipumenss chopmyny (6.3) npis n =2, noayuaem:

i} H
cox—xt3 ol ) —l3'+o(r ¥t 1
iy =l - s

8.3. Mccnepoeanve dyHKumi

6.3.1. Npu3KaK MOHOTORHOCTU QYHKUWM

Oau0i M3 CYUECTRCIINLIX XAPAKTEPHCTHE (PYHKIINN HBASKETCR €6 NUBCae-
HHE Ha GTACILHDIX HHTEREATAX — BOSPACTAHHE HH yﬁbmamm. ITa {HIpe-
ACHARETCA NPHUBOAKMOH iiLree TeoneMoit.

Teopema 6.2. Fran dynuxus [ (&) audnbeperimipyema n S {(x) >0
(/" () £0) Ha wnteprane (2. ), To 0HA He yOLBAET (He BOIPACTAET)
Hil DTOM HHTEPRANE.

HOpu 2y > 0 (ry <) ameenm npu3nax crporail MouoToRNOCTH, T, €
hyHKLEA BoIpacTAcT (YERBACT). [COMOTPHYECKAS ITHTCPIPETAUNS CAAZN
AHAKA NPOM3BOABOH (DYHKIMK M XapakTeNa ef NAMEHEHMS OMEHHAHA
(puc. 6.1) ecny YUNbl HAKNOHA KacaTebHbIX 13 KAKOM-TO ifHTensane sap-
JAOTCR OCTPRIMH, TO (hynXuNg Ha 3TOM MHTeppate bozpacTaeT: tg o > {;
OpH TYIOM YrJie HakJioHa kacaTenstoli dyikuusa yoeidaer, ntg ¢ <Q

Pwc. 6.1, Cerab meMay HaxOM NPOUIBOAMON DYHKUAM W XBDAKTELOM £€ WIMBHEHHA
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6.3.2. TouK# NOKANBHOTO IKCTPEMYMA

OIIDEIIEJIEHHC 1. Toyxa Xp H2EARIBAECTCH TOYKOHA AOK@ILNOZ0 MANCLLMUMO
(munumyma) $yurunn £ {x), ecan Lns moboro x # x; B HEKOTODOH oxpecT-
HOCTH TOMKH X, BHTIOJIHEHO HepaneseTro f () > f (2} (F () < F (x)).

JIoXanbHLH MEHHMYM H TOKLILHLIA MakcrMyM o0neaunens obums ia-
IBAHNEM JOKANBHBIT SKCMPEMYM.

Teopema 6.3 (uecHxoanmoe yClIosme JOKanbHOTD 3KcTpeMyMa). Ecnn
dryHuma f(x) anpdeperispyeMa B TOUKe Xy M MMEET B 3TOH TOUKE JD-
raanimit skeTpeMyM, o f (&) = 0.

leomerprueckutit cMbich Teopembl 6.3 1okasan Ha pic. 6.2: eciu B ToUKax

NOKRABHBIX SKCTPEMYMOB CYWECTBYIOT KACATCALHEE, TO OHH NADALIENh-
He ucn Ox,

\

r

Xy % Ty

Puc. 8.2, Mokanbk| INCTREMYME DyHKLMM

Touki, B KOTOPEIX KACATEJILHEIE MapannenbHbl ocd Ox, a 3HaunT, npous-
BOAHAH PABHA HYIIO, HASLIBAKT MUYKOMYU GUIMONCHOZO INCTIPEMYMA, UTU
cmayuonapisimy monkavi, Loav xy — TOYKAL DO3MOXKHUIO 9KCTPeMyMa,
T. €. f {x3) =0, TO DHa MOXET M He DbiTL TOYKDH JIDKAMTbHOID IKCTPEMYMA.
Hanpumep, 115 dyrginn f (x) =1° (puc. 4,1) nponsaoatas nps x = 0 pae-
112 HYJI0, OAHAKO B 3TOH TOUKC HET JIOKANBHOrC 3KCTpeMyMa. Takim abpa-
aoM, TeopeMa 6.3 He uIAETCH ACCTATOMHGLIM YCTOBMEM CYLLeCTBOBAHMS
JOK2bHOTG IXCTPEMYMA.

Teopema 6.4 (AocTaTounOe VCIOBHE CYLICCTEUBAHWI JIOKANBHOTU 3KCTPE-
myma). Nyerh dyuruns f (x) andehepennnpyeMa B HEKOTOPOI OKpecTHO-
¢ TOYKH Xy Ecan upn nepexoae uepes Todky x, CJ1€B2 1a0paBo Npo-
HaBoARas f (x) MeHSeT 3HAK C NII0CA HA MHHYC (C MWRAYCA Ha 1ai0c),
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TO B TOUKE X, (hyHKUMS [{X) HMPCT NOKANBHLI MAKCHMYM (MBHEMYM)
B IIPUTHUNHOM CAYYAC JAalHad (PYHKUHT HC (IMCCT JIDKLTHHOTG SKCTPEMYMA
B FOYKE Xg.

PaceMoTpHM nprMeHeHMe YREIaHHMX TEOPEeM HA IPHMEPaX HaXOXNeHMs
TOYEK JIOKALLHLIY IKCTPEMYMOB IVHKLIHH.

Hpumep 16, Halim Toykn nokaaIsiHoro sKCTpeMyMa H HHTCPBATILEL MOHO-
ToHHOCTH GyHKIHE f (X)) =x" — G + 9x.

Pewenue. Chagwia naxoany upoussodnyo f (1) = 3x° - 12v + 9. [Ipupas-
HSB €€ HYJIIO i1 pelllas ypasHetne ¥ — 41 + 3 = 0, naxoaum 1se TONKK 503~
MOKHOTO axeTpeMyMi: ¥y = | 0 x; = 3. Hetpyano veiaers, uyto f(x) npn
NEPEXOIE HEPEea TONKY 1) = 1 MEHAET € «++ 1A ¢—», T. &, B 370 TOUKE HMeEeT
MECTO NOKANBHK] MAKCHMYM, aHATOTHIHO VCTAHABAHBAETCS, YTO B TOY-
ke ¥, =3 pyukuia f(¥) hMeer NOKANLHBIE MITHIEMYM.

Halijem Teneps HHTEPBLIEE MDHOTOHHOCTH AaKHOI thyHKUWHW, [lockoasky
S (x)>0npu x e (-0, 2), TO B clTy Teopemst 6.2 (pyHKNHA MOHOTOHHO
HO3PACTAST 12 3ToM wHTepBase; (2, 3) ABAKETCA HUTEPBAIOM MOHOTOHHO-
ro youBanma f(x) (Ff (x)<0), a na unrepoaie (3. +eo) (ByHKIRS MOBU-
TOHHO Ro3pactaet (1 (x) > ).

6.3.3. BeinyknocTe 1 Touka neperuba rpadnka dyHKUu

Onpenenenne 2. HyieM roBopute, wro rpadmx dyurilus y = f () uMecT
Ba nureppane {a. b) cunyxIocms, nanpasiciiyn vnus (ALEPT), €CAH OH
PAcTONoKeH He Hivke (He Boie) moboil kacaTeanHod k rpaduky GyHK-
unn Ha (a, b) {pnc. 6.3).

(=]
-8
o=
R‘F
o
o
=3
k“

o )

Puc. £.3. BurmyknocTs rpatwa thyHKUMH K3 wHTEpBANnE (2, b} 8 — HANPARNEHHRR BHAI,
§ — HanpaBnNeHHaR BREDX
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Cnocob onpeaeienus lanpaBiedus BuNYKIOCTH rpiahHka hyHRIHN ARa-
ETCA TeQPeMOoil.

Teopema 6.5. Ecar hyHiitis i = £ (2) itmeer na waTepuie (a, &) BTopyo
nponsBoaRY 1 () 20 (f" (x) € 0) Ha (g, ). TO rpathnk GyrKIMYE 1ae-
e 1 {2, b) BEIHYKAKTE, 1UNPABICHNYI BHHS { BECPX),

Onpeaenenne 3. Touka M (x;, f{1,)) HaspluaeTcs movko nepesula rpa-
thika yngunn y = £{x), ecan B Touke M rpadiK HMEET KACATELRHVID H
CYUIECTEYET TAKAA OKPECTHOCTE TOMKI Xy, 8 Npeasnax kotopofi rpathHk
thvixusts /() HMECT DABUBIL HANDABACHHS BLINYRIOCTH.

B rouke neperisfa kacareapnast nepecekaer cpiix YHKILM, NOCKOABKY
ol NEPEXCANT ¢ o0l CTOPDHB KacaTenbholl Ua JIDYTYIO, T. e eNepe-
rufaercys vepes nee (puc. 6.4).

v

X

0 o T b
Puc. 8.4. Neparub rpadvika DyHkiu. M — Touka nepermfia

Teopema 6.6 (Heobxoanmoc veaosue Tousn nepernfa). [Tvets rpadnis
drvHENHI i = {x} nMecT nepernh 8 Touke M (xy, / (x,)) st pynkuns f(x)
HMECT T TOUKE X), HEMPEPLIRRYIO BTapyi Hpolseoanyio. Toria

S ) =0. (6.10)

OrMerus, 4TO He Beerta yenoune /7 (4) = 0 0311a4aeT HATWTIe TOYKI (le-
peruliz va rpaprre dynrunn ¥ =f(x). Hanpusep, rpadpnk divurips
y=x" {n e N) ne unecr meperiba 1 touxe (G, 0), xoTa npu x =0 Bropas
npuH3BoAHan panHa Hyto. [Toromy pasenctso (6.10) ApasieTcy TOALKO
HeoOXORIMEM Yeaosiem neperiba, Touki rpaghika, L8 KOTOPsIX Yeau-
Bite (6.10) BLMOAHCHE, GyIACM HAIBIRATE KPUMINOCKIMI.

Teopema 6.7 (accravoqnoe veaunue Toukn nepernda). [vers dyukunn
¥ = [ () BMEET BIOpYIO TPOHSHOAH VIO 1 1IEKOTOPUIT OKPeCTIOCTI TAYKIL Xy,
KOTOPAA MMeeT pa3Hbie 3HAKM CAeBd M CIDasd 0T X, Torfa rpafik
y = { (x} uncer neperih B Toure M (X, f (X))



Teapema pepia 1 LA ciywas, Korsa f” (X)) CYUecToyer o HEeKOTONOH oKpe-
CTHOCTI TOMKH Xy 3@ HCEAGHCHIEM CAMUH TUYKIN Xy M CYILECTBYET KAacd-
TesibHas K rparthuky chynkisnt 8 Touke M. Hanpimep, dyuxign f(x) = '
B Touxe x =0 uMeeT DECKORCYMLIC NPOM3ROIHElC; B Touke O (0, 0) kaca-
TembHas coenander ¢ ocklo Oy, Oanaxa rpapHi 100l GyHRINY MMeeT 1e-
perufl B Hauane KOOP/MHAT, NOCKOALKY BTOPad npoiasogHan M ()=

= -2/(92°) umeeT pasHLIe 3BAKI CACE 3 cIpasa oT Touks X = 0 {puc. 6.5).

-1

Puc. 8.5, Tpadue dyHam [{x}= x'? ¢ ToukoW nepervba
B HAYaNg KOOpOMMAT

PacoMoTpim apusepst: HATTH Tk 1tepernba W HANPABIEHHS BUTTYKITO-
CTH rpadmKuy caetyownx GyHrmil,
HOpumep 17. F{x) = exp (-37).

Pewenue, TlocneouaTeAnn HaXOJIMM!

£ {x)==2Zwexp (-1%), f"{x)=2exp (-7 - 1).
IlpsupaBritBad HTOPYIO NPOMIBOANYIO K HMYJIO, NOJIYYAEM KPHTHYECKHE
ToUKM ¥ =+ /2. B cnay wetiocTn QYHKUIN ZOCTATOMNG HCCAGIOBATH
Touky x = 1/+4/2, HeTpyano yanaeTs, 4to npit nepexoe Hepes aTy TOUKY
cACBa Wanpasa /* (x) MeHSET AHAK © MHHYyca 1a nainc. CaeaoBaresibHa, Ha
aes0H serun hynk touxa M, (- 1/v2, e ) apaseres Toaxoi nepernba
rpacpiia QIVHKILK C0 CMEHON BRIMYKJIOCTH §HH3 CJEB2 HA BLINYKIOCTh
BREPX chpasa (puc. 6.6). Ha npasnil seran r Touxe nepernuba M, (- I,/Jf

& ") rpadhuka (pYUKUHN BhUYKIOCTE BBeNXK CHEBA MCHACTCH HA BhITYX-
JA0CTb BHH3 CTIABA.



Tpumep 18, [ (x) =[n (a* ~ 2x + 2).
¥y
1

/YT 0 1 /N2 5

Puc, 6.6. Mpathux dynnguu f{x) = ™ ¢ Toukok nepervba
B HAYAME KDODAWHAT

Il -x)
(x7 -0 +2)°
INpupapuupan ee K =YK, HONYSAEM KPUTHYECKNE TOYKH X1, =0, 1= 2.
B rouxe nepernba M, (0. In 2) rpauk dyHKUnN MENSET BMIYKANCTS
BUCPX CREBA Ha BLIAYKAOCTbL BIM3 Cripasa; s Apyroil touke nepernfa
M, (2, In 2) BotmyxnocTs rpadstka GyHKIHY BHI3 €02 MEHACTCA HA BHI-
TIYKAOCTE BBEPX CrpiDBA.

Pewenye. Bropast nponapoanans pasta /7 (x) =2

6.3.4. AcumnToTh rpachuxa GyHKL Ui

YacTo OKA3BIBAETCA, UTO rPAUhHK (DYHKUHMH HEOMPatiyeHHD Bnako opi-
OankaeTes K ilerotopoli npamoi, T, e. paccTosnne or rpaduka oo arofl
npsgMol (AJNIKMKA NMEPRERANKYAAPA, OMYIEHHOM HA ITPOHAROALEON TOUKY
rpadHKa Ha NpAMy) cTpeMuTed K uyaie. Takoro poga npaMule HasbiBa-
HOTCA QEUMNIMOMAMLYL.

PazmainT TPY BHAA acHMNTOT BCPTHKATHIEIE, TOPHIOHTAARHAE W Ha-
KJOHHBIE,

Onpepenecnne 4. [IpaMan x =g HaIuBACTCA FEPMUKAALHON ACHMIITOTUNA

rpathika Gynruun y = f (1), ceau £0TH DLl QN0 K3 TPeARIBHLIX 3HAYCHUH
lim f(x)uan lim f(x) pagHO +0 tnn —xc.
r—as r—a-

Bepruxanbsnsie aciMRTOTH 00LINAD COUVTCTEYIOT TOMKAM PRIPHIBL BTOPC-
ro poaa. Hanpimep, rpadui dyusuih ¥ = ' uMeer BEPTHKANLAYIO aciM-
sty x =0, tak kak £ (x) = o0 upy v - {3+,

Onpenencure 5. [Tpaman y= kv + b 5a35IBaeTCA HAKIOHHOR ACHMITTOTON

rpachuxa hynxkumn y = f (XY upn 1 -+ 1o, echn f (1) MOXNO HPEACTABHTD B
BHAC
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f(xXy=kr+b+a(x) (6.11)
rae oo (¥} — 0 npu x = o,

1o onpeacAerHe OTHOCHTCS KAK K HAKTOHHOH, TaK W K [OPH3CHTaABHOHN
ACHMMTOTAM: B C/1Y4ae TOPH3OHTAALHOH acHMnToTHl YI0B0H KoadpHLH-
et £ B {6.11) papen uymmo.

YxameM cnocob Haxowaenus xoapduuwedton & u b B ypapHEHWM Ha-
KNoHBei acuMaToTh. Pasacans o6e wactn pasenctsa (6.11) va x v iepe-
X0/18 K DPEAESY MPH X —> 0, NOIYINM:

lim 2% i [k+ “{”} BT e k= llmf(x) (6.12)

Ty FEY x o

Jatem 13 paprencrra (G.11) noavuacu:
lim|b+ ee(x)] =& =lm]f(x)—rr]. (6.13)
2
Opumep 19. f(x) = x ;: :
A

Pewenue. Hafinem mepritkanesywoo acuMnoToTy. Touka x= -1 g8iaercs
ToukoH paspelpa 2-ro poaa. npHueM

i fe) = lin f(x) =

JaTeM HaXOANM HAKJTOHHBIC aCHMITOTH:

= hmf( ) - lim - —4 limj MY g,
L L S o EE) 1 + 1(!'1..
2
b=]im[f(x)—kx]=lim|zr 4~.1}:—Iirn‘1t 4
T e I A S 1 —r oy g 1

Tuxum ofpasomM TIOAYYAEM YPABHEHHS HAKGIOHHON aCHMTTOTBL

y=x-1

6.3.5. Cxema nccneposaHua rpaduka yHKUMu

TMpaBeieM cxemMy HCCAeIORAHUA TOBEEHWA GOYHKIHE U NOCTPOCHHS €6
rpadika.

1. Haitty obnacte oupeaenesnss hynxumn y = f (x).

2. Onpenenauts BOIMOXKHBIR THIT CHMMETPHH YHKUHK: YeTHOCTL HAR He-
4eTHOCTH Pynkuny (cM, 4.1.2).
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11pH HATH'IE CHRMMCTPIH AUCTATOYHO OOCTPOHTL FPAGUK (YHKUILK HAa
MPaBoil KUOPAULET IO HOAYIVOUKOCTE H 3aTeM BTOeOPIINTS Cro N Aenyiu
NOAOKITHY: BePKAALHG OTHOCHTEThHR 601 Oy » eryuae wetrocty f(x) nan
€ LeuTpanbHoll cuMMeTpUell Npu HeweTHNne T f (X).

3. Hajirn Touxy tepecedenns rpadprka hyaribin ¢ ocasn koopawaar 0x
i Oy, . ¢ PeMNTS CONTRETCTRENHO yparHeis y= (1) u f(x) =0

4, HaiTh acuMnToThl

3. HalTi TouKi ROBMOKIIONO JKCTPEMYMA.

G, Hadti kpHTHYecKUe TOUKH,

-

7. HeenenoBath akakH neponil n propaii NPOHZBAAHBIY, OTIPEASTHTH yua-
CTKH MOBOTOHHOCTI (DYHKILMH, NANPREACHIIE BRITYEI0CTH Thahik, THy-
KIf 2KCTPEMYMA 11 epertiba.

8. OnpenesHTs MaxcHMys U MHHIMYM QYHKLHY 12 odacTh ee vlpeie-
nenns. Ecan obaacteio onpegenerits gynkiim saasetcs otpeiok [a, b,
HEODXOI1HMO BLEIMIICANT:L 3HAMEHNA (OYHKIGNT B €70 KOHIAX H COTIOCTABHTE
HX ¢ TOKATLHBIMIY QKUTPIEM Y MaMH.

9. Mocrpovte rpadk (pvHEUHH ¢ YYCTOM NPOBEACHNOIG 1CCACILBALLA.

[pumep 20. HeencgosaTh 1 nocTponth rpagiuik GyHKIMII

y=" (6.14)

Pewenue. JeitcTeyeM 1o IPHBeICHHGI pance cxemMce.

1. OB6,1acts onpegenenna dyvuaxuril; ¥+ 0 i x e (—oo, 0) w2 (0, ).
2. yuruun (6.14) spngerca veneTHoll, Tak Kak [ {-v) = ~f (¥).

3. Hepeceuenwid rpahinea drynknnn ¢ acsamn G v Oy ner.

4. FimeeTcst repTIKATBITAR ACHMITOTA — och Oy, Tax Kak npeaen £ (x) npy
x = 0 Oeckaneven: f(x) - +x nprx — 0, f(x) = - npux —» 0+,

DI'I])E‘,'I.E-H HEM HAKTOHHYHY aCHMILTOTY:

,
Jl]‘l’lf( ) =himt - Hl =1,
T 1=4x .T"
b=hmlf(ry-kx]=lim x -x|= ijl =0.
1tk poaT T -y

YpariueHHE NAKADHIGH RCHMOTIYIbE ) = Y.
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o xr -1
5 f(x)= —— T- €. IPONIROINAS PABHA YO B TOTKAX x==1; oHa Me-

HHET MK C «+p HA <—3 [PI UHEPEXOIC YEPL3 TOUKY ¥ = —1 (AoKansbil
MAKCHMYM} H € «—» Ha <+¢ [IpU NEpeXoiie Hepes TOUKY X = | (oKATbHLI
MI-IHHM_VM). JuaueHna C]))'HHLI.I.II.I B 3THX TOUMKAX PABHLI, COOTBETCTBLHHO,
~2ul

6, /M (x)=2/x" — KPUTHYLLKLIX TUHEK HET.

7. @ynxuun (6.14) vodpacraer na HHTEpsaaax (-2, —1) u (1, o) 1 ylinr-
Baer Ha wHrepnaTax (~1. ) 1 (0, 1)

B nepoil KoopanHaTHN NOAVIIOCKOGCTI! BLWNYREADCTL rPathHKa (PYHKINN
nanpasteua psepx (M (1) < 0), B npanoil 10ayMAGCKOCTH BHINYEAOCTS -
npasnena seepx (7 () > 0).

8. HanGojbluero ¥ HaHMEHbUICTO 3HAYERUD (PYHKIMIL HC CYWCCTBYET,
MIOCKDALKY C0M4CTh C8 SHAYCHHE HCOIPAHITYCH.

9. Tpadik pynsunn (6.14) npusenen na pac. 6.7,

¥

"y
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6.4. NpuMeHEHWe B IKOHOMUKE

6.4.1. MpeaenbHbie NOKA3ATENN B MUKPOIKOHOMUKE

[IpiBenem b 3TOM pazaesTe IpHMep IBYX MpeACcHbHRIX MoKadaTenell B Muk-
POAKOHOMHUKE.

1. llepsntii H3 HUX CBA3AH ¢ 3ABHCHMNCTLID cebecTolMocTH C NPOHIBCAEN-
H0ii NPOIYKIH oT ee obbema & C = (Q). Tak nasbloaeMas npedesviss ce-
Gecmousocm XapaxkTepuayer cefectaumocts AC UPHPOCTa NPOAYKIML A

AC

MC=—.

AQ
B npeanoaoxenu 0 uenpepusiol sabienMortH AC 07 AQ ectecTneHy
HAMPANIMRAETCSH 3UMEHA PAIHOCTHOMD OTHOHIEHNH €ro (IpeaenM:

. AC , .
MC = J&’%A_Q- =C"{Q). (6.15)

OOMYHO B NPUADKEHHAX ¢ UCHILIB30BAHHEM ANTIAPATA MATEMATHKY NOA
IPeACAbHON cefecTOMMOCThIO MOHHMAIOT (IMeHHO BeauyHuy (6.15).

Mpumep 21, [1ycTb 32BICNMOCTL N3AEPKEK NPOMEBOACTBA UT 00BEMa BLL-
TYyCKAaEMOl NPOAYKIDN BEpaKarTes Gopmyioit
C=20Q - 0,05Q
ACHEXABLIX eaniHl. Onpeaenm Cpeatie i NpeieibIbic HHICEKKI TPH
o0BeMe TpOIYKUNH cToHMocTR0 (0= 10 aen. oL
1. DyuKUs CPEHAY KATEPKEK Hd & TRHHILY MPOAYKIMY ONPEARNSIETCS 1T0
topmyne € = C/Q, nau B Hameym cayuac,
C =20-005-Q°%,
arKyna C(10)=20-005-100 = 15 aen. ex.
2. Tlpefeanunte uagemkkH anperensares, coraacko (6.17), no dhopuyne
€7 =20- 0,015 &%

oTiyza npu Q= 10 noayaacm C (10) =3 aen. en.

HHbiMY CIIOBAMMH, TIPH CPEAHWX HIAEPKKAX HI MPOHIBOACTRO €/IMHHILLI
NPpOAYRUIK B 15 4eH. el AoneadHnTeNbUbie 3UTpATh Ha RPOHIBUICTBO EAH-
HH1b! AODOAHHTEARHOM [IPOAYKIINN COCTARKT I A€, e/l H HE TPeBhANIT
CPEAHNUX WILEPKEK.



6.4.2. ANacTUYHOCTL IKOHOMMUEBCKWX NOKa3aTeneh

B anannae i NPOTAO3aX LEHOBOH NOVMMTHKH MPHMEHACTCA NOHATHE UC-
munnoemu capoce. [yets D= f{P) — dryHuma cupoca or nenbt Tosapa P
(cm. 4.6.1), Toraa 104 3MACTHYHOCTBIG CNPOCE TOHHMACTCA MPOiICHTHOE
H3IMBHPHUHE CIPOCA TPH HIMEHEHHH LEHLL TOBAPA HA O/MH NPOLEHT:

_AD/D 100%
APIP 100%

Kax 1 b npeipiayliem cilyyae, B £1yyae HEMPepbBHOH JABHCUMOCTH AP
oT AQ yaobmo nepeiity k npeaeny npu AP —» 0

Dp)

E(D)=P iR

(6.16)

ARLIOTHYIHOS NOHSATHE MOXHO BREECTH U QNA (;')yHl(U.I‘[H ADEATOKEHHA
S (P). Hanomuam, 910 dyaxuus D (P) yompaer, a dynkuna S (P) sospac-
TaeT ¢ POCTOM Ltk P.

Hpumep 22. [ycTh cOPOC HAa TOBAP OMPEAEIACTCS GOPMYNaI
D(P)=100-3P.

Hafitit 3nacTHIHoCTh CHpoca npH tere Ha Tosap P=20 aen, ex,
Pewenue. Cormaciio dopmyae (6.16),
E(D)=20-(-3)/(100-3-20)=-1,5.

JTO D3HAYAET, YTO NPH MOBLINCHKH ( IOHMKCHME) NeHn Torapa Ha 1 %
CIpOC HA HEro MoHW3HTea (nomeiciTes) va 1,3 %6,
¥xaxeM HeKOoTOpLe cRoficTBa anactTiuHneTH, Kak crexyer va GopMyiin
(6.16), ce MOXHU BEHIPadHTh Tak:

E(DY=P(InD(P)). (6.17)
Ha pasencrsa (6.17) cneayer, uyro E (D) cOaagaer cpoficTRamMu norapedi-
M3, A IHAUMT,

E(DML)=E(D)+E(D,), E(D/D)=E(D)-E{D;). (618)

3aMerTiM, 4To nockoauvky yukuna D (P) ybwsawmas, o I (P) <0,
a tora, cornacHo dopmyse (6.16), 1 £(D) < 0. Hanpotus, nockoapky
GyHKUMA TIPeUIOREHHA BUSLACTAOAS, TO COOTBETCTEYIONAs DAACTHY-
HocTe £E(5) > 0.

| ED):
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a) ccant | (DY | > 1 (E(D) < —1). TO 1IPOC CHHTACTCH AFaCTHUHBIA;

0) ecan | E(D)| =1 (E(D) - —1), 1u cnpoc neiitpaien;

) ecan | E(DY|[ <1 (E£(D) >~ 1), To CHPOC e RIACTHYMBIA.

Tpumep 23. Hafim navedetie BuipydIc ¢ YHCTHYEIINEM LWERK HA TORAD
HPI PAHLIY BURHAHTAX IAACTIIYHOCTIE CHPOCD.

Pewenye. Bupyirka T pasttt mponssegeiino uens £ TORaps 0 Bealriiy
cupoca Lk

HPM=D(Mm P (£:.19)
Haiiaes uponssoanyio stoll pyiKLY:
F{PY-D(P)+ PIY . (6.200

Tenepn MPOABATSIPYEM BCE BAPIGIITH DACTINIOCTH CHPOC, TPHDCeIeH-
Hbfe panee, ¢ yueToM thopyvnnt {6.16),

1. E(DY < —1; rorna, nogetasassd (6.16) B 310 HepaBeHCTBO, NOAYYRCM,
JTo [pasag uacts vpanuemna (6.20) arpinareasua. Takus obpason, npi
DAACTHHIOUTH CAPOCH NOBLLLECTTHE UUHT P Relel K CHUKeHHKG BhIPYYKH
HanpoTHB, CHIZKCHIE 1EHK TeBApa YRCAIMIIRACT WLPYIKY.

2 FE(Dy=-1. Ha (6.1G) crcayeT. ato mpasad dacto (6.20) pasna HyTio,
1. €. 1Tp1 HETITPRIRHOM CAPACT H3MEHEHHE LN TORAPE He WIMAET HA Bh-
PYURY.

3CEDY 7 -1 Toraa F{PY > 0, 7. ¢, rypnt RE AT 1Y UUM CLPOCE NINBRHILe-
HIC WCHB! P TORIPA IPHBOAMT K POCTY BLIPYUKIL

[TorsiTie 2NACTHYHOCTH PACTIPOCTPAHACTCT B 1A ApyTHE 0DIacTH JKUH0-
MUKIL PaceMatpiist 0/l XaparTepHhiii Ipame).

[Ipumep 24. Tlyeto sapncnMoeTs MERAY CebecTuNMOCTLIO mpoaviamt O n
ofrbestomn ) ee IPONABLACTEA BriPREAcTen thopMy o

C=30-050Q
TpedyErest CHPEACIHTE JIAUTHMBOCTE CCOCCTRIMOETH HPH BLIYCKE Rpo-
aviy @ - 30 aen. e
Pewenue. o Japsiyvac (6.16) noayuaes:
05 ¢

E(C)=-—"<_,
© 50-05Q

oTkvas npit =30 weroMaa AtacTHrorTh coctagnt oknloe —042, 1. e,
VHOTHUEHEE AA110rG DTheME BEIYCKD LPoAYKILM Ha 1 % npuseser
K CHHAENNG oro cebecTisvortH npmnsepno ma 0,42 %.
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£.4.3. Makcumwaayws npubainu

[ycre - xomrgecrso paunisoBuinoit npogvkuny, R(QY  dyvuswis
Aoxoia, C () — vk 30Tpa1 Ha NPOHBRRNACTER TRoAVKIINH. B peans-
BOCTU BILT 3THX VKT SARUCHT B NEPRY K OYepeas nT crocoda npous-
BOACTRIL, GPrANHAALI sippactTpy RV el 1T 1 [pnfelin or perinaanan
HPORSBEACHIOH NPOAYKLNK HAXNINM 10 (pojpsyae;

11(Q) = R(Q) - C(Q). (6.21)

B MHKPOZKOHOMMKE MIBECTHO VTUEPKRACHHE 418 TOTo 4Told IpHiuib
OB MBKCHMATRINH, HOOGXOUHMO, HTOOS! MPEACTLHBLIT L0X0,1 H IPEAE A b-
uhle HaAepREH OBUT paEan. (064 YIOMAHYTEIX IIPCICALHBIX TOKA3ATEIA
ONPEALAATCH O sHanoriti ¢ (6.15), Tak YTo 3TUT NDHBLET MOKHG 3a0-
cats B Bide R {Q) = C () Jlefersiretsio, H2 HeolX0aHMOro yeaoss
arcTpeMyma ang thvukunn (6.21) cacaver, wro [T (Q) = 0, oTkvaa v noay-
YACTCH UDIBCACHHEL Pace ochsuioll tpHriin,

YnpaxHeHun
Haiitit l]pcm:.l‘[b] CCNONLIOBAHITIEM [IDABILTA Jeonutana.
ot a2
4. lim & 62 |II}17 6.3. Imn . 6.4. lim> —.
SR & v ndt +xd I R L
6.5 im ™Y 6.6, im%. 6.7, lim D g, i FZACE Y
LI 3 L=x - [EH "L{i'- Ty r-—;n T
6.9, lim L7200 ¢ 0 lim BOU2) oy i InU=y
&g R 1 in{l-x}) Fsin

6.12. Pasaoknes nuw hopmyse Mawmpena hyrkiio S (x)=1g 1 a0 9acna
s BRSIGUNTEThHG,

6.13. PaanexuTe no thopMysre Makaopena vk f (x) =™ no ynena
€ X BRIIOWITEALIL.
Haiirn npeieast © dcuoibsnbaHbes pasnoxeduil 1o opsyne Makao-
Pena.
) -1 ] - 1
L8 = =2y . COS X +e ' =1
6.14. m——— = 6.15. hm—— 6.16. llm R

=y -k it e %

6.17. lim B Y

[ v
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HaiiT HUTepBaibl BRItYKNOCTH M TO4KH neperHBos rpadpuros hynxui.
Fi

618. y =x’ —6x? +1.6.19.y = oo .6.20, y =2x7 + Inx.
+X

Haiitn acumntoret rpadimkos qiyHKIME.

3r -1 x?

6.2,y = .6.22, y=xe". 6.23. y =
Y x+1 Y y r+l
HeenenoBats i DOCTPONTE MPaiHEN By HMKUMIL
4 L2
6.24. y=r'—6r 6.25. y=2_ 24?626 y=1 1 627 y=
4 Tox+l x? -1
ER e -t
6.28. y=xe* 6.20. 5= "% 630.y=— 631 y=" .
et et x4 x-2

et
632.y=e".
PewuTe 3a8aus Ha HANBOALMEE 1 HANMEHBIECE IRAUCHNA,

6.33. Oupeaenuts pasMepst oTKprTuro HacceiiHa ¢ KBAIPATHBIM AHOM
obneMoM V, IpH KOTOpLIX Ha 00IILOBKY €10 /1Ha H CTCH N0HAET HauMeHb-
iiee KOMHJECTRO MaTepHaia.
6.34. /lann Toukn A (0, 3) u B (4, 5). Ha ocer Ox nailTit TOMKY, CYMMa pac-
CTOANNA OT KOTOPoR 10 Todex A »w B nanmennias,
Pertinte 3afauu ¢ IKOHDMUHECKHM COALPAKAITNICM,
6.35. 3aRHCHMOCTE MEXY HATEPAKKAMH NpoHEBoIcTEA C 1 06BEMOM f1PO-
Ayxuun ( seipakaetca pynkiseli C=30 O - 0.08 (. Onpeaennts cpei-
HHE M MPEAChbHEIE MFIEMHKM npu nfbeme npoayxumi: a) Q=15 ea.,
6) 0=10en.
6.36. QyHKUHM goarospeMenioro cnpoca D 1 npeanoxKesina S 07 UeHB p
Ha MUPOBOM Pbikke HedTU MMEIOT, CODTBETCTIRHHY, BUL

D=30-09p. 5=16+172p.
Haittu anacTHYHOCTE CHPOCA B TOYKE PABHORECHOH Hersl. Kak nameHstes
PAaBHOBECHAA LEHA H 3JaCTHYHOCTE CRPOCA IPH YMeHBINEHMH LIPEAA0XKE-
HitA HeiTH Ha pnke Ha 25 %,
6.37, Oyukunn cnpoca D W npeanwmkenis S 0T IeHH p BHPAXKAIOTC, €O
OTBETCTBEHHC, YPABHELLHAMK

D=9-p §5=1+p

Haiiti 2nacTH4HOCT, COpoca W MPEAA0MKCHHA [PH paBIOBCCHOI HeHe,
a TAaKXKe M3MeHEHHE AOXOAE (B IIPOLIeHTax ) M+ YBeTHYeHHH Uenbl #a 10 %,
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WHTerpans!

7.1. HeonpeaeneHHbiid uHTErpan

7.1.1. Neppocbpasran

IIpeamaytiye pasaennl OBLAM NOCABANIEHE 0HO HA OCHORHBIX 3334 AHh-
PePEHIHANBHONO  HCHHCAEHNT — HAXMKALHUK [IDUOMSBOAKHON 3aganHol
cyrkum. OnHako cie Hoablue npunkeHith o pa3hoobpazHbiX HAYKax
HPHBOAAT K APYroil sanave no JauHoil drynkumd f(x) wafltn Takywo
thyHkUMI0 F (1), OpOMIBOARAR KOTOPOIl pasra ivHkuiu f{x).
Onpeaesennc 1. Myuruna F(x) naswisaerca nepeoodpasnaid nna dyH-
unn f (x) Ha mpoMexyTke X, ecnn aas moboro x € X vekuns F (x) and-
thepenunpyeMa 1 BLIMOARACTCS papeneTsn Fi(x)y = f(x).

[pumep 1. Dyuxnus F{x)=Inx nepsoofipasHas ANA  OYHKUHH
J(2) = 1 /x va nposesyTie (0, +20), TAK KaK B KOKAGE TOUKE ATOMD HHTEP-
Baa ablnosHeHo panetcrro (In x) =1/%

JaMeTM, UTO 331243 OTRICKAHHA TI0 3aA2HHOH chynkimy f (x) ee nepBoob-
puanol  neoauodnayta; ecaw F{x) nepsoobpasnas, to A thydxnua
F(x)+ C. rae € — npoHasosiloe TOCTOSHAOE QicA0, TaXKe Nepsoobpas-
tas A5 dywrumnn f(x), Tax kak [F(x)} + O]’ =S (x).

Onpegenerme 2. COBOKYIHOCTE BeeX NepBoohpasHuIX (yHKIGUD ma
dbyukimu f (x) Ha npoMexyTie X HAIWBAETCH NeONPeOeReniibiMs uimespa-
Ao oT GvHELEH [ (X) HA 9TOM NPOMEXKYTKe W 0003HA4aeTea CHMBOIOM

JF(xyde =Fxy«C. (7.0)

B arom oboanayenun suak j HASLIBALTCA IHAKOM UNmespala (3'['0 CTHNH30-
BaHHAK MATMHCKAR 6vEDa 5, o3Hananman cymusuporanse), f {x) — nodun-
mezparwnoid Pyniyuel, [ (x) de — nodenmezpasnnsv aupaxcetiuem, a ne-
PEMEHHAA X — REPEMENHON NHMEPUPORINILL,
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Ottepalis HAXKIeHNS Nepuooha3noil Mo ce NpUNIBOANGIH 11N HevlIpe-
ACAEHDOF0 WIITErPAJTA 110 JA/IAHHOI TOABIHTEPATbHOH (DYHKUNH Ha3kIBa-
eTea unmecpuposaiier 3Tol pyHKIoi. NHTCrMIposanite ABnAeTes one-
panwelt, ofiparnolt andepertmponanywy. /112 NPOBCPKN [(PABHALHOCTH
BBITICHCHIA ITHTCIPIPOBAHNA 1HYKHO NPUAdEPpYHIIPOBATL Pe3Y.ILTAT
1L SLKTYHITTE TIDI ITOM HOALINTErPLIbHYK (QYHKILER),

Nprimep 2, IZ.T dr = x* + C upowepka: (x* + O)' =2x,

[pumep 3. Isin.r dy = -cosx + C:npopepki: (—cus x+ &) =sin x.

+ C; nposepxa: [:—1333" + C} =™,

A

i
Mpumep 4. | eV dy =~ 2°
pumep 4. | 3

7.1.2. OCHOBHbiE CBOWCTBA HEONPEENEHHOro MHTerpana

Ywxamesm cpoiicTBa, KOTODLIE HEAOCPEACTBOHH BREITCHAKDT H3 DIPCALAEHHA
HeanneeneiHore HHTernna:

Lod([ 7y de) = foden ([ /(e m—)’: .
2 [dF(x)=F(x)+C

Creaywuime apa cBONACTEA HAIKBAIOTCR AUHEUNBIMUY CEOUCMOLMU BEOTIPE-
NeRenHaro NHTerpana;

3. [ kfixy de = & f(x) d.
4. jmx; + g(x)| dx :jf(x) dy J_rjg(.r) dx.

3aMeTiM, 4TO MOCASAHES CROHCTEO CNPaBeiiBa Ans JI60I0 KOHEHHOIO
HYHCTd CaAReMblX 83 ﬂﬂﬂbTHTEi'pa."]bHOﬁ [1)_\'1|Klllll-l.

7.1.3. Tabnvua OCHOBHBIX HEONPEAENBHHLIX MHTErPaNnos

Panee Mol meaydiuul Tabanny OCHOBHKX NPOHABOAHMX SJIEMEHTAPHbIX
dynrimil. Tpusonuman aatee Tabanua ocosnbix Heonpedeacitbix uime-
Zpeing TPeAcTasiaeT coGOH BLIMHCIMTEABHLH ANNAPAT WHTErpPAILIIY
HUCYHCTeHHS, MacTh hopmya Talmiutist HeNOC PEACTBEHHO CABAYET H3 anpe-
AeACHHSA NATETPHPOBalMsL KAk onepaitsy, obpardof andrepeHunposa-
Hitie, CripaBelAMBOeTL Boex (PUPMY.T JIETKO I POBEPHTE ANgMpepEHUNDURA-
HUEM.

I.Ix" dr =

a|

SN, {a = -1).

o+ 1
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1I. J’ & _ Infxd+C (x=0).
x

e
dx
1V.
==

v.ja*d1-=]”—'+c (O<az1) [e'dr=e +C

na

- =arctgx + C (—arcetg x + O).

=arcsinxy + C {—arccosx+ ) (-1 <=x <),

V1. jsinx dx=-cosx + (.

VIL. jms.rdx =sinx + .

\mj —tgx+C (I#E+mt, n=0, £1 2, ]

cos’ X 2
e .

IX.J — =—ctgax+C (x=nt n=0, +1L +2 ..)
sin® x
dx 1 xr-a

X. =—|In +C (I £ M.

‘[1'2—02 20 lx+a (Idea ax0

XL J =lnjx +4x* + [+ C (|1:| > Vm ups k <D).

Haurerpamm 310t TabanuLl TPHHATO HAABBATE MASINNHBMY.

Kax Guno ykasano s 5.1.7, onepanua anbdepeniunposanna He BRBOSHT
Hac M3 knacca ameMenTapHux (qynkunil. C cnepaunell vuTerpuposaina
neno afCTOMT MHAYE: NHTErPATBl DT HEKOTONHX SACMEHTARHBX QVHKUMI
YHE HE ABAANTCA 2aeMCHTapHBIMI vkl TIprvepst HexoTopbIx
13 HUX:

1) I e dv — umTerpan Tlyaccona (HHTerpat ounmbor);
2) jsin (x*)dv — unrerpanr Openenn;

3) I cos(x? )dy — wHterpan @penens;

d)f {h — HHTETPARLHEHT Jorapudm;
Im

sinx
3) I —— d¥ — MHTErPAALHBIH CHHYC;

@-1227
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cos x

6) I — HHTETPATLHLIH KOCHHYC.

Kammﬁ M3 ITHX MHTErPANos ecTh (hyHKUMA, KOTOPAA HE ABISETCH Ble-
MEHTApHOH, XOTS MOJBKTETPadhHne QVHKWIN B ITUX MHTCCpantax HB-
JSOTEA 3MeMEHTAPHBIMH, OHM HEpawT O0abIIYIO POIL B MPHUKNAAHBIX
HayKaxX; TaK, MHTerpant 1 aBAfeTcA 0JHHM N3 UCHOBHEIX B TEOPHH BEPOHT-
HocTelt ¥ cTatHoTHKE,

HHTEFPMH, DOﬂOﬁHHE NPHUBEACHHLWM paHee, KaK Hp]lHﬁTD TOBCPHTL, AB-
naeTCH sHebepywnmucss, TeM He MeHee, CYUECTBY T A0BOABHO XOPOLIG
paspafioTaHHLI annapat nprETKEHNA GOPMYA ¢ HCNONB3OBAHHEM 3J6-
MeHTApHLIX DYHKLUHE, 4 TakXKe MeTOAM NPHOMKAKEHUbIS PACYETOB, 10IBO-
ngcUie £ moboil cTeneNnbo TOUHOCTH OUEHHEATE H BHMUCIATE «Hebepy-
UWHECA» HHTETPathl,

7.1.4. OCHOBHBI® METOABI MHTErPUPOBAHUA

1. HenocpeucTBeHHOE BHTErPHPOBANNE

Brruucnenne HATEFPaJoR ¢ HCNIOAb30BAHHEM DCHOBHKIX C2OMICTR Heompe-
AeJIEHHBIX MHTErPATOB W TabjauUbl NPOCTENLHX HTETPANOB HA3bIBAETCA
nenacpedcmeentpii wimezpuposaniem. JI0KAXKeM 310 Ha NpHUMepax.

Mpumep 5. I(?sinx+ﬁ—3r2)dx =2J-5inx dx +GJ- fi'.t‘—3’|-l'2d.1' =

=-2cosx+b6r-xt+ (.

l'Ipmmepﬁ._[{lJr +sin’ de 2_[

dx +_|-Ll —lcostdx =
l+x? 2 2

1 1.
=2arctg x + —x ——sinx + C.
BXF5% 75

2. MeTtor nogCTAHOBKH

JaMeHa nepeMeHHON HHTErPHPOBAHKA ABMALTCA OQHUM H3 CaMHIX 3(pdek-
THAHBIX TIPHEMOB CBEJEHHS HEONPESARAEHHOrD MHTErpaia K TabAHYHOMY,
Taxo$ npueM HA3BIBACTCH MemOGOM NOOCMAN08KY WITH MEMOODM 3AMeHb
nepemeynotl. OH OcHOBaH Ma caezpyollelt Teopeme,

Teopema 7.1. [lycrs dyukuus x = ¢ {¢) onpegeseda n auddeperunpyema
Ha HewoTopoM mpomexyTtke T, a X — MHOXecTRO 3HaueHHH 3ToH (hyHK-
IIMH, HAa KOTOpOM onpesenena yHKims f {x). Torna, ecan dyuxuns f{x)
UMeeT MepBooHpasHyio Ha MHoxecTBe X, To Ha muoskecTne 7 cripaneniuea
dopmyna

[ f(xyde =] fle()o' () dt. (7.2)
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Buipukenie (7.2) Haspioaetes ropmyoi Jametol REpemsenou ¢ neonpede-
AEHHOM utimespane. PAcCMOTDHM NMPHMEHEHNE 3TOO [TPHEMA.

Mpumep 7. jx {x -1 dx.

Pewenue. [pnmenenne pawitomenns Guuoma Huotona npeactasnserca
BecbMa TIpOMO3AKHM. Bweaem noaywo mnepemennyw f=x- 1. Toraa

x=¢+ 1, dx=dr, v ucxoanblii WHTerpar npeofpaayeres ceaywomnHM adpa-
30MC

Ir(r—l)" dx —j‘(r+1)c'? dt = j(c“ +¢ Y de 7+£_+C.

Caenas ofpaTHYIO 3aMeHY TIepEMEHHOHN, TOSYYaeM OKOHYATe LI OTRET:

e {312 e ogs[ X1
f,z(x DY de=(x-1) [14+182)+C

3
Npumep 8. dr.
puviep I (2-x)
Pewierne. llpumem t = 2 — x; torpa x =2 - ¢, dx = —dt. Orciona no dopmyae
(7.2) nonyvaes:
.3 5 eyd .
[ dr =[S e (8 1207 w6 —1yde -
2 -x)°* t
=42 12 -8 lnt+t+ C=4Q-xy? -122-x)" -
~6In{2~x)-x+C

Tpumep 9. _[
cosT
Pewsenue. TlpeofpasyeM 3TOT HHTECPLI, EDLTTUCAB €10 B BHAEL
J- cosx . _I cclsx
cos’ x 1-sin? x

W3 srina nonuurerpanbhoii yHKIMH CEAYET, 4To Neecoofpasiio BBeCTH
HORYIO TIepeMenHyio £ =sin x. Torga 1 - sinx=1 ~ %, dt = cos x dx; nox-
CTAHOBKA B HHTETPAs ,.Ela(‘T

J- dx :}_h,|1+‘ C_—] ‘Hs?nx M C o
Cos X t: 2 |1-¢ 2 I-sinx
=1ln tg[£+EJ+C.
2 2 4

3aeck Henonbzoear TabAHYHLL naTerpan X.

g
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1y

{Ipumep 10, I% (n=1).

, dt .
Pewenue. Tipumem ¢ =02 + 1. toraa dr = 2v dv uan v dy = R H AaHH LG -

Terpat OPIMACT BHA Taluns oo e st
X dy 1¢di 1 ne t 1
I = = py L

P+ 29 2 n-1) -1y (e

+

3. Huterpnpopauile o ractsim

Teopema 7.2, 1lycte dyviuxuint & (X} 0z (x) onpeaeaens i middepenust-
pyemul Ha npoMesxyTke X 1 (hyHrUns & (x) 2 (X) Mect neppoodpany
HA 3TOM npoMewyTKe, Toraa pyHKIMs ¢ (1) ¢ () TakKe HMECT Teproch-
PANYIY HIL IPOMEKYTKE X, 1PIYCM Clipiseaansa thopMya

ju (O () de =ulvie(x) - j s{x)u' {x)dr. {7.3)

C yuetom suaa pupdepenunana hynkisn o' (O dyv = dv o @ Q) dry =du
papcHeTra (7.3) MacTo MCNoAbIVIOT B (hopae

_[u e - uw —jr.’ die. (7.4)

PPaserncrio (7.3) (s (7.4)) HaswBacTCs DOpMYIoH LR PHPOCAHUS N0
YeCIN M.

B IIHTCDUIPOBIHHM 114} YACTAM CANBIM CTOKUBIN HYIKTOM 9BASCTCS BbI-
Gop B NOARMHTETPAARHOM BuipaXeliin coMuomenTean @ (x) dv=du. 1ot
dnar arepeILiLT: o MONKHO. B UPHHIIIE, BHECTH BCE vTO yroano. Oa-
HAKO BRIGOR Joaxel GhITh TaKiM, SToOL HHTErPLT B npaBoll yacric (7.3)
Db Gol pome gexoanore. B atom eablcae MeTOA IITerpHPOBalS 110
TACTA NOIBOAACT CRECTH MHTENPAR Iu dv K nirrerpiny jrl du. shancac-
HH{¢ KQTOPUIO A0AHHO ObiTb 60A0¢ NpocTLiM.

Npumep 11. j In x dv.

Pewrenye, 3uecs Sepest u {x) = lna, v = dv, 1. e. v =1 Tlo gopmyae (7.3)
TeAYYaen:

IIn.\' dv=xinx —I.l fluxyY dv =x Inx - I lde =x(lny -1+ C

B oftwes corvieae HTErpatsl mia J-x "I dr,rae e~ — gesane uncao,

DCPYTCA TOALKO ITUTCIPHPOBANIEM No YacTaM: #=In x, v dv=do, T. e
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v=x"""Am+ 1), Ananorngusim ofipazom Depyrest B HMHTEAIN B3A
I,r" arveg x dr.

Iipumep 12, J.\' e’ dx.
Perenne, B atoM enyyae 4 = 1, ¢ dr = do = o (€'), Tarna no dopsyac (7.3)
HMEPM:

Ixe' dy = xe' —I(e" (x))dr =xe' - _[ etdv=e'(x-1)+C

urerpain migL J'.r"e" dy, re >0 — yeaoe ypean v k20 — swboe

YHENO, GEPYTCR A-KPaTHRIM MHTRIPHPORIHHEM 110 YACTAM JI0 HCYRIHOBE-
HHA CTETIeTI X 3 lIU.II,bIHTt‘FpHJH»IIOﬁ LIJYHKH}.II.I; g1 a7oM KEJKIlb[[uI pas [neA

anax d snocures et e e dy=do = % die* ).
INpumep 13, J_r” cos.v dy.

Pewenue. Muterpanit e _[.1: " cos Av dy j.r "sin kv dy, rae kb aoboe

4ucno M n > () — Ledne YHEJ0, BLIYHCLIOTCS TiK Ke, KaK ¥ dHTelpan ol-
Hiert BHAA. TpuBeacHEbH B npimepe 1. [Tog 3Hax & kax ALl pas BHOCKHTCA
TPHIOHOMETEHECKAR QPVHKUII, 11 IPOLSIYPA HTETPHPOBRHMA 11X 13CTHM

NOWTHPACTCA K pas: cos krdy= dv:% d (sin kv), zaTem sin krdv=dv =

i
"y d (eos kr)u 1.4, B aannom cayuae Mu nmees:

_[.r-z cos ¥ dx :J.rzd(sinr) = a7 ginx —IZrRin,t dy =
=x¥siny + 2[ vd(cosx)=x?siny +2rcosy — ZI cosy dx =
=y siny +2vcasy - 2siny + C
4. Paunonanehad hyiskuus or sinx u cos x
PaceMoTpum MHTEIPAN RHAA

IR(sinr. cos.x) dy, (7.9}

rAc R — pauuotianuuas pyukuang. 3707 sHTrerpat 0epeted YHUBEPCAib-
HOM NOACTAaHOBKON

X .

z=[g§, -n<r <m, (7.6)
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2
cos X =]—_—r3-. x=2arctgt, dy =- 2(1’:! .
1+t 1+1

-+

sinx = (7.7

'

NoacraHonka Gopmyn (7.7) s wunterpar (7.5) raeT
2 1=t ] 2dr

1+2 14?1+ d?

j' R{sinx, cosx)dx = _f R[ =I R (1) at,

rag Ry (£} ~ npyras pauncHanbias (PyHKUHR apryMenTa L,
IIpumep lé.j dv

1+cosx
Peuiene. [loncrasass croga GOpMYIIB YHHBEPCATbHOR MogcTanorkn (7.7},
nOCC OYEBHAHLIX YRIPOUIEHAR MOIyuaeM:

IL=IdL:t+C:tg;—_+C

1+cosx
PaccMOTRHM MHTErpan Isin"‘ x cos” X dx (m 11 1 — HaTypaJbHBLE MHCNA).

YHHBEPCANAHAS NOACTAHODKA TIPHBELET 31€Ch K [POMO3/KKM BHIKIAIKAM;
ropasao ynobHee NpUMEHHTE METON 3aAMEHBI MepeMerHail, B 3arHcoMocTH
OT HCTHOCTM M H N }'TIOTPE&HMI:I TPH CIEAYICUIMX GapHAHTA!

a) m — 4eTHOP, 1 — HENETHOE, TOACTAHORKA [ =Sin x;
6) m — HedCTHOE, # — YETHOR; TANCTAHNRKA ¢ = COS X;
B) m ¥ 1 — oba HeueTHbie; JIo04A H3 ABYX ROACTRHUBOK, & WiH 6;

r) m H n — 00a YeTHLE, IOHH3HTL CTENEHH TPHIOHOMCTPHUCCKHX (DYHK-
uuh U B MOAyYeHHOH CyMMe NPOAHANHIHPOBATH K:KAOE CiaraeMoe (1o
ITHM ITYHKTaM.

Mpumep 135, Jsin15 cosx?® dr.
Corsacuo T 6 BHANOAHMM NOACTAROBKY (= C0s X; ToTAa df =—sin x dx,
sin' x = (1 - £2)% oTciona HMmeeM:
jsin5 xcos’x dr = —_[(1—:2 ¥ ottt =—J‘{r2 ~2t et ydl =
2.5 1., 1, p [2 2 1, 1]
=—t" ==t -t +C=cos” x| zcos" x——cos” x—— |+C.
5 3 7 5 7 3
3. PauuoranbHast pyHKUNs o1 €
Hurerpan suaa

jR(e‘ Y dx (7.8)
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Bepercs NOACTAHOBKOH

t=e", (7.9)
ar
orkyaax =int, dr=—.
t
'ir
Npsumep 16. Hafitu nmerpanj dx
et v 1

TIpumenag noacranosxy (7.9), nomyass:

Jc +1_I(r+1) ¢ _jc+1 _I[t ~t% et 1+de£_

f fﬂ £ i.ar PSJ 7:
?—§+—2——.~:+Ln(r+1)+c_ i 3 +T-e +In{e” + 1)+ C.

7.2. OnpegenexHbl# uHTErpan

7.2.1. OnpepeneHve onpeaeneHHoro wHTerpana
Hyery dryuxuns f (x) aanaxa Ha otpeske [a, ). PasobreM otpesox [a, b)
Ha 71 MPOUIBONBHBIX YACTEN TOWKAMI

a=x, <x, <x’ <..<x <x, <..<x, =bh. (7.10)

Brifiepem B kaXzoM U3 4aCTWIHBIX OTPE3KOB [X, X;.,] MPOHIBOALHYIO TOY-
Ky &,

X, 2§ sx,, 0sign

Tenepb afipajyem CyMMy NPON3BEACHHH:

6 = f(5)Ax, + f(&,)Ar, + .o+ fE)Ax, =3 f(5)Ax,, (711)
ial
KOTODYIO (ydeM HaswWBaTh unmezparsnot cymmol 1as Gynkuny f(x) ua
orpeake [a, b).
06031‘13‘!1‘“&! Hepes A AMHHY MaKCHMaJIBHATO YaCTHYHOO OTPE3KA JAHHOrO
pazfuenun

A = max{Ar }. (7.12)

154
Onpenenenne 3. Koneynsnt npegen I HETErpanbHoil CYMMbL G IpH A — §,
CCJIM Ol CYLIECTBYET, HAILIBACTCA ONPEOCACHMbIM UHIREZPAIOM OT (hyHK-
uwH f (x) no otpeaxy (4, bf:
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L
I=lim ;.f(a. JAY,. (7.13)
OnpefcteRHbil MHTErPAN 0BO3HARASTCS CHM KM

]
/= [f(_-r) dx. (7.14)

Ecan onpesenenubit nurverpan (7.14) eywecrsyer, ro diynruus f {(x) Ha-
SLIBUCTCA wnmezpupyemon Ha otpeaxe |a, b, 4necaa a n b — cOOTBETCTREH-
HO, HMuRCHUM & depXnise npederanu bumeptpnganus, f (1) — noduisme-
PRI (e, X — NEPeMEeNioN UNINeZPUPUGANTIR.

BenpuitHa OnpesenciiHoro UHTeMPana, Cornaclo JANHOMY PaHee onpefe-
JEHHIO, OJIHO3HAYHO onpengtsercs BHAOM hynxuin f{x) 1 HHeAamH ¢
b OupeaencHHBIT HHTEIPILL HE 34BHCHT OT 00N3HAYCHUA NCPEMEHHOIT
HHTETPHPOBAHIA, T, &,

3 L] [
Jlfunde=[fyde={7)dz,
7.2.2. Knacchl WHTErpupyeMeuix dyHKUMA

CooTReTUTRYHIIUME  TEOPEMBL  MATEMATHUECKOID  AHLIH3A  OAPeAEJNKT
dyHKLNLL, BuTErpHpYeMble Ha oTpeaxe [, b) (1. c. cyiecteoBadne onpe-
AcHeHRore HHTerpana {(7.14)), B 4acTHOCTH, TAKOBbiME ABISKTCA:

= JenpepuBuele Ha otpesxe fa, b] dyuxunm;

o orpanuyenunic Ka oTpeake [a, ] GyHKURYN, MMRIOHIHE KOHEYHOE 1uL10
TOMCK  PAPNRWRA;

* MONOTOHHBE Ha OTpeare [a, ] dwnriuim,
7.2.3. OcHOBHBIE CBOWCTRA ONpefenaHHOro WHTerpana

h
1. Murerpan I_f(.r) ey Guin unpeacacn anA caydas, Koraa g < b.

ol
Q6oHIIHM TOHATIE QUPCACACHHOTO HHTETPANZ H Ha ARyrie Cnyuay,
Mo onpeaeaennio, nearaes

[ /Gy ds =0 (7.15)

Kax OnpeatieH Huiit HHTETRAR T ib}}HKILHH Ha 0rpedKe liyﬂelﬁﬂﬁ JUTTIIN LA,
Thuke no ONPEACTCHHEY, [IOTATacM, 9To
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[ £y de = -f fx) dv, (7.16)

MOCKOJbKY NpW ABMKEHWM OT & X @ BCE AAMHBI YACTHUHMIX OTPESKOB
Ax,=X;_ | — x; AMEIOT OTPHLATeAbHBIH 3RAK B wiTerpatsioi cymme (7.13).

2, Jns nobuix yucea a, b W ¢ MMEeT MeCTO paBelicTso

fffr)dr=jf(r)dr+jf(x)dx. (7.17)

3. TloCcToAHHLEH MHOXHTETb MOXKHO BRIHOCHTD 33 3HAK ompenenNeHHOro HH-

Terpana:

L] h

j'kf(x) dv =k f(x) dx. (7.18)

& o

4. Qupeneneustit wuTerpan ot aareGpanyeckoil cyMmsl dyaxunit pasen
anrefparyecKoii CYMME MX ONpeaeteHHEX HHTerpaion:

[[f eyt geNde = [ f(x) dr + [g(x)dr. (7.19)

3ameTHM, YTO CBOHCTBO 4 cofumiofaeTca JJIA J1060To KOHeYyHoro YyHeaa
CAATAaEMhIX.

Byaem nonarats ganee, uto 2 < b.
5. Ecnu dynxums f(x) = 0 soogy Ha orpesse [a, b)), 10

_Tf(:r)dx z0.

6. Ecn f (x) < g (x) Bcony Ha otpeaxe [a, b}, To
|4 ]
[fxydes[gixyax.

7. Ecnn yrxums [ (x) nurerpupyema Ha [a, 6], T0
b 3
[ ftxyde| < [l ()] dx.

8. Ecnt M 11 m — COUTBETCTBEHHO, MAKCHMYM ¥ MHHHUMYM QyHIIHH f (x)
Ha arpeske [a, 5], TO

m(b—a)sif(x)dx < M(b-a). (7.20)

10—-1232



7.2.4. OcHoBHan OpMyNna MHTEFPAnbHOMO WCHUCTEHNA

Teopema 7.3. Henpepsisraa Ha oTpeac [a, b] dyukia f(x) nmeer Ha
aToM oTpeske mnepBoobpasuyw. Oauol W3 neppoolpasHbix ABNseTCH
PyHKUMS

F(.r):jf(f,)dr. (7.21)

B dopuyne (7.21) nepeMenHas nuTeTpHpoBaniia oboinavena OyKBo# ¢,
47005 H3IOEKATH MYTAHNIILL C BEPXHKM TICPEMEHHSIM TIPCACIA0M X.

CornacHo Teopeme 7.3, HempepsiBHas Ha oTpeske [a, b] dyHrumus f(x)
HMCET NePBOOOPasHYID, KOTOPas onpegesercsa hopMyJtoil

]’f(c)dt =F(x)+C, (7.22)

rae £ — HexOTOpas MocToARHAA. [JoncTaBnAs cloaa ¥ = @, NoNyyaeM ¢ yue-
TOM CBO{icTAa | OTTPEAENEHHOTO MHTEIPana;

[ryd-Farec o-F@yc,

oTkyaa C=-F(a).
Tarna 3 (7.22) umeen:

jf(r) dt = F(x)Y-F(a).
[Monaras x = b, nonyuaem opmy:y
jf(.r) dx = F(b)- F(a). (7.23)

PaseHcTra (7.23) HAaIWBRETCA 0CHOBNON GOPMYNOLE WHMEZPAINI0Z0 UCHUE-
aenus, unv gropmyrod Heamona — Aetibruya.

Pasocts F(b) - F(a) ycnomso 3aniucuiBaioT CHMBOIOM F(x)|f: . T. €.
b
[fyde=Fol. (7.24)

Dopuyna (7.24) faeT WMPOKME BOIMOXKHOCTH BLMUCAEHUS CNPEAEEH-
NBIX Utrerpanon. Hyxno pel4uchuTh Heonpeleaennui narerpan i 3ateM
HaHTIH PA3HOCTE INaYeHKH neproafPadHoil B npeiesax HHTErPHPORAHUA.
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TlpxMep 17.j§ =lnaff =lhe-nt=1-0=1
x

Mpumep £8. 5 = arctg A’, =arctg 1 —arctg (-1) =T JH—“ =
‘ § L4

.'I.'

pumep 19.

L dx 2+45
=ln¢r+Vl+ad ) =in2+5)-In(2 - .
‘[Jnx "Vt =l @2 " "B

7.2.5. OcHoBHbl® npagwia UHTErpupoBaHKa

1. 3amena nepeMeHHOll B DTIPEAENCHHOM HHTECpPANE

Teopema 7.4. Ilycts: 1) f (x) — HenpepsiBHan HYHKIHA A4 0Tpe3ke |4, b);
2) tiyuxunsa g {t) — audupepenunpycesma Ha [o, B, npitdes 9 (£) nermpe-
polEda na [a, B] b MuoxecTponm aHaven i GyHKLRW @ (£) sBAsieTCA OTe-
a0k |a, b 3) @ (e} =a, @ (B) = b. Toraa cnpaseivpa opmyna

P
[ fxydr =] [ lo()]o (1) dt. (7.25)

Qopmyia (7.23) HAALBACTCA DOPMYI0H IaMert nepemennol, I nod-
CRAROBKY, B DNPEEIUHEOM HHTErpane.

JameTis, 4To NpPM BLIYHCACIIME ONPEAEIEINOT0 HHTETPASA C [IOMOULLIO
3aMennl ITepEMEHHON HeT HYRIE ROIBPAUIATLCS K BpeXHeil mepeMerHol,
KelK 3TO AEN210CH IIPH BLIY HCJIEIME NEOIIPEAIRIIuro niTerpana, Tak KaK
orpeaeienubtii uHTerpur npeacTasafeT coboit YHCIO, KOTOpOE, COTITACHD
opmyse (7.25), panHo 3UAYEHHID KaKIOC0 H3 PACCMATPUBAEMbBIX HHTE-
o, Teneps mpit O/CTANOBKE ciedVeT CHAYANa HaiiTH HOBHE TIesess!
HMITEFPHPOBANNS 1 BbUNDIHHTE HROGXOINMEIE MTPeodPAAOBAUNA MOALHTE-
TPATILHOIT chyHKIN.

3aMeTHM TakiKe, YTO TTPH 3EMEHE NePEeMEN1Ioil B anpeaeieHHOM LIHTerpane
HeolOX0MMO CODIIIOAATL YCI0BHs TEOpeMbl 7.4, HHAYE MOKIO MOJYYHTh
HEBEPHBIR peayasTaT (0cof0e BHIMAHWE CJIEIYET YALIATh BRITOJHERUID
YCIOBHS 2 T(‘Opf.'Ml:l)

lta'_x
1+xt

Mpumep 20. [

Pewenne, Buinoanum noacranosxy = | + 12 Toraa de=2x df. t=1 npw
=0 u t=2 npu x=1. Tlockonbky (hYHKUHA x = v1-+* HenpepbiBHA

1
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Ha [1, 2}, To ¥ HOBaA MOAMHTErpafibHaf (PYHKUMA TAKOKe HENpephIBHA,
H 3HAUMT, ANA Hee, B CHAY TeopeMut 7.4, cyulecTsyeT nmepeoobpastias

Ha 3TOM OTPE3KE, Honyqaew
2

j1 J =lnd? =In2.

Tpumep 21. j va' -x? dx.
[

Pewenye, TIpuMenuM 30eck MOACTAHOBKY x = g sin ¢, Torka dy =a cos t d,
. X R
Va' -x? =acostt=arcsin =, t=0npux=0,¢ =3 pH x=a. Noacras-
a

JISIA BCE 3TO B HCXOﬂHHﬁ HHTCTpAN, NOTyUHM:
n/2

a %/2
'l'\m2 -xt de =a? J cos’ t dt = a’ _[ %(14- cos2t) dt =
D 1]

[pumep 22. J’ dx.
1]

Pewenue. Tlo dopmyne Helotona — Jleiifvuia nmeem
fdr =) =n.
D

Tenepk BWYUCTUM ITOT MHTErPAT NPH TOMOINN 3aMeHbl NepeMeHHOI:
t=tg x. Torga ¢=0 npw x=0 n t=0 npn x=m x=arctg ¢ T e
dx=dt/(1 + £*). lloacraHobka p chnnnuﬁ HHTEIPAT JaeT

jdx Ii+t =0

[Tony4ensoe npoTHROpeTHe DOBACHAETCA TeM, YTO (hYHKUMS 3aMeHBI Tle-
peMeHHOI! £ = Ig X NMeeT paaphlB MpH X =1/2 U He YAORAETBOPAET YLNO-
auo 2 Teopemsl 7.4,

2. UHTerpupoBanie 0o YacTAM B OpeAeNeHHOM HHTerpane

Teopema 7.5. Iycts hyHkumn & (X} W ¥ (X) HMEIOT HETIPEPRBHBIE NPOU3-
BOAHLIE HA OTRe3KE [a, A]; TOI'}IE. cnpane,unﬂna topmyna

udv=uv|’-| v du. (7.26)
I I

T
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Papenctno (7.26) HaswBaeTes opmyaol urmezpupoeaNun no HACMAM

g onpeaeneu HOM UNTREZDAIC.

1
Ipumep 23. Ixe" dx.
b

Peuienue. Tpumenm afeck u=x, v=¢ " uan dv=—e™" dr; Torna
i | 1
Ix e 'dy = —j.‘c d(e*)=-x e || + Ie"'dx =
1] U 1]
== —e'|,=—t-e" +1=1-2¢",

7.2.6. leoMETPUMECKWE NPUNOXEHWS ONPEAeNeHHOTO UHTerpana
1. laoweany nrockoil Grrypn

PaccMoTpuM Ha niockocTH Oxy durypy, orpanHuyeHHYIO FpatpHKOM Henpe-
PHIBHOH W ostoxENTensHOM ynKkimu £ (x) Ha oTpeske |a, b)), orpeakoum [a,
b)] ¥ BepTHKAMTBHBIMK TPAMBIMH X = a B X = b (puc. 7.1). I1a durypa Hasu-
BAETCA KpABonxieifHoH Tpanenwel,

¥3

e
X

0 4 b

Puc. 7.1, NpuMep \PUBCTIMHEAHCHA TRARaLm

Inowady xpusoruHednOT Mpaneyuu pasia ONpedeneHHOMY UHMEEPARY OM
ynryuu f(x) na ompeaxe {a, b):

&
5= j f(x)dx. (7.27)
Ecnu durypa orpanH4eHa CBEPXY W CHHIY HEOTPHLATENERBIMH (QYHKLHA-
MU f (x) 1 g (x) COOTRECTBEHHO, HENPEPHBHEMHK HA OTPe3ke | g, b}, To nAo-

wanbk S KpUBOJIMHEMHOA (PUIYPH paBHa Pa3HOCTH IJIOLaRel KpUBOIM-
HeliHHX Tpaneuui, OrPaHMYEeHMLIX CBEpXY rpatukamy f (x) u g (x):

] ] b
S=[fe)de-fgxyde=[[f(x)-g(x)ldr.  (1.28)
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yi Mpumep 24. Haiimn naowane durypsl,
orpadnvenrolt  rpaukoM  dyHKIME
#=Inx2z0, ockn Ox W NpaMoii x =2,

Pewenue,  Ope3ok HHTETPUNOBAHKA
% 1 £x <2 {puc. 7.2), TaK 4TO HCKOMAA Nao-

0 | 2 x©  Wadk, cornacto dopyyte (7.27). panna:

In2

Puc. 7.2. Mowans gHypat, Opans- F T
HBHHOR 1DAdIMKOM dyHKLpmM y = In £, §= I lll LY ff:\' =t ln.llt -I 1 d.l.’ =
ocei Ox a npaMoR x =2 I

1
=224/ =2In2-1

Ilpumep 25, Haitri naowanes hurypet, or-
1 PaHHYEHHON TunnaMi i = J.;.y =x*.

4’ Pewenue. Bptancaum  abounces  Toudek
NepeceyeHNs YKA3AHHBIX KPHBLIX, AAA YEro
NpupagHAemM 1lpaBme YacTH 3THX ypas-
nenufl x* =Jx. Kopiit atoro ypaencuna
3" x; =0, x, = 1. CeaBaTeiabHO, TAOWANL -
a & Typol {puc. 7.3), orpaHaueHHoR cuepxy
diyrkuped y = Jx v cnusy dyiamedi y = 2%,
Pre, 7.3, Nnowade Wrypst, OFpaHK- .
VEHHOR HHUAMH ¥ = /K, = 19 NAETCA ONPENLTEHHEIM HHTEMPAIOM HA OT-
pezke [0, 1]:

N [ T
’ 3 4 12

2. Ofihem Tera BpaEHHA

Pacemurpim Tedo, kotopoe olpasyercs upy spaunehMi sokpyr ocy Ox
KPUBOANHEEHHON TPATEIINN, OrPAHUYEHROIT CRepXY HENMPEPBIBHOH W T10N10-
KHTeRLHOH HAa oTpeske [a, b} dyvuxumed f(v) (puc. 74). Obrem srore
TC1a DPAMEHHS DI PENCAAETCA POPMY ol

h
V= njf? (x) dx. (7.29)

Ecau Tero oOpasoBaHO BPAEHHEM KPHBOMKHCHHON TPaneuu® BOKPYT
ocy Oy, To, BRIPaxKana X 1eped ¥ KaK ofpatHyo hyHKIIIIO, ML MOXeM NoJy-
YHTDh AHAJOTHYHBIM 0OpazaM GopMyay 11d o6beMa TENa BRAUIEHMS:

o
vznjx*(y)dy. (7.30)



7.2. Onpenenenuei witerpan 143

rae [¢, d] — obaacTs wamenena gyaxupn ¥ =/ (x).

yd

o

R“

PO P

.

Puc. 7.4. Teno apauewin

Tpumep 26, Kpnsste y = 2%, y = Vx Bpamarnrca pokpyr ocy Ox.

Peuwsenue. Vickometlt 06beM Tella BpaileHMA DABBH DAJHOCTH O0BEMOB,
00pascBAHHLX BPALIEHHEM KPUBOAHHERILBIX TPAMCLMii C BEDXHIMH Ipa-
HHUAMH, COOTBETCTBEHHD, i = Jx Hy =x° llpegess NHTETPUPOBAHKA ON-
PEAENAITCH 110 TOUKAM Nepecedenus arux kpusux ¢ =0 b= 1. ITo dop-
myne (7.29) nonyqaes:

V:uj{JE)* dx-nj(x’)’ d\z':ﬂj'x dx—njx" dr =
[/ ] 0 (]

A
x| XX s =03n.
2 5

Tpumep 27. y=¢", x=0, x=1, y =0 — BokpyT ncn Dy.

Pewenue. Buipaxkaem x uepe3d iy x =0 i NPOMEXYTOK MHTErPHPOBaHHA
{1, 2] onpesenserca ouesngunM ofpasoM. ObweM Teaa BpalieHUA
{pyc. 7.3) parcH pasHoCTH 66bEMOB COOTBETCTREHHO UHTHHAPA pagHyca 1
4 BBICOTHI € W TeNa BpalileHua BOKPYT oc Oy KprEoAWHeHHOH TpaneuM,
orpattiyennedi coepxy xkpupoil x = ln y. Coraacno gopmyae (7.30), oony-
YaeM:
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)

.
Fememmme
S

i
1

pmm—————

Pue. 7.5. Onpagenghve ofiuema Tana
BPALIEHWA NO A3HHaM Npmepa 27

| =ne+nj'ln2 y dy = ne -ny In* ylf+nj2lny dy =
1 1
=2y Iny|f - IZ dy =2ne —2ne + 2n = 2m.
|

7.2.7. HecobcTeeHHbIe WHTErpanb

{Ip1 paccMOTpeHUH OINPERENEHHOTO HHTETPala KAK NPeesaa WHTerpaih-
HEIX CYMM NpeAnoaaranock, 470 NoALHTErpabHas (yHKIIMS OrpannyeHa
f3a KOHEYHOM OTpe3Ke HHTerpHposaHs. JaHHOe patee onpejeaendue on-
PERCTEHHOTO MHTETPANA He MMEeeT CMbICHA NMPW HEBRIMOIHEHKH XOTa Oni
OAHOrO W3 aTux ycnoeuil, Hensss pasburte GeckoHeyusld WHTepsan Ha
KOHEYHOE YHCAD OTPEIKOB KOHEeYHoii AMNHB; NPH HeorpaHU4eHHoH hyHK-
HHH HHTelpambHAA CYMMdA HC HMEeT [Mpegeia. Tem ue MEHEE, ROSMOXHO
0606LIJ,]'!T11 MOHATHE ONpEae;IEHHOTO MHTErpana M Ha 3TH CHOyYaH, C IeM H
CBA3AN0 OHATHE MECOOCTRERINOZ0 UHRIEZDARA.

Onpepenenve 4. Ilvern dyvuxkuua f{x) onpeaeseHa Ha NPOMEXYTKe
[@, +eo) n urrerpupyema Ha mobom orpeake [a, R, R > 0, Tak yTo uHTerpan

[roax

umeet cMuicn. [Ipesen aToro WHTErpata npH R — <« HaawBaeTes necobom-
BEHHHM UHMEEPATOM { GRCKONENHbILM NPLOEROM UNmezpupasarus (UNH He-
COOCTBEHHAIM HHTEFPAJIOM NEPBOIG POAAY:

[ £ de=lim | 7o (731)
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B CA¥YAL £CAH ITOT MpEJEeT KOHEUCH, FOBODAT, 'ITO HeCOBCTBEHHBLH HHTe-
rpan {7.31) cxodumes, a dynkitmo f(x) BaanRaorT uwmezpupyemoll ne
becxoneunom npomexymxe [a, ), ecan npeaen B (7.31) 6Geckoneyen uau
HE CYULECTBYET, TO TOBOPAT, YTO HecODCTBEHHLIT HHTETPAN pacxodumcs.
AHanorugHLIM OGDBBGM BBOITITCA NOHATHE HecoOCTBEHHO MO HHTErpana no
NPOMEXKYTKY (~=, h]:

b n
j‘f(x) dr = Rl_lﬂjf(t) dx. {7.32)
—x s

HHKOHE']J.. ]!E‘CDF)CTBCHHHI‘;{ HHTCIPATR © ABYMHA ()L‘CI{GHB‘{H‘I:[MI-[ HPEK&.‘IB.MH
MOXKHO OTPefeitTh KAK CyMMy HecoBeTHeHHWX udTerpanos (7.31) u
{(1.32)

[fyde=[feydes[f (), (7.33)
rie ¢ — moboe yHeao.
l‘eomerp}mecxuﬁ CMEBIC HBCUE)L‘TBEHHOI‘D HHTETpda NCPBOTrd pozl,a: aTo

nacwaib Geckorevnolt obractH (puc. 7.6), orpaHHyeHHGE Ceepxy HEOT-
puuaTenbHoit gyuxuni f (x), cuiay — ocbo Dx, cresa — npamoit x =g,

¥

%

Rom

] a

x

Puc. 7.6. [pOMBTPMUBGMA CMLICT HEOROCTEAHHOMD
WHTEIPANE REPROVD pOAA
- ®
Ilpumep 28. J'sin:z' dx = lim [ sinx de =-limcos ®fj; = ~limcos R
Kevx Raw H-+x
1 Q
HO npeaen pyHrunl cos R npu R — o He cyliecTBYeT, T. €. AaHHbIW HHTE-

rpan pacXoinTCH.
R

Hpumep 29. Ie"’ dr =lim|e™ dv =-limd;* =-Lime'" +1=1]
) )

e

T. €. JAHHLIA HHTeTpaJl CXOAMTCA.
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o fil .
Ipumep 30, _[-—; T7€ ¢ — HEKOTOPOC [TONUAHTESBHOE THCAQ,
T X

Pewenue. PaccMOTDHM PA3HBIE CAVMAH 18 YHCAS .
1. MMpn =1 gra .nmﬁoru R >0 nmeeM:

J—-llm -——llmlnxl = limIn R -0= +x,
R—;;—_I x R Hsx

T, €. KOHEYHOT NPRAENA HE CYIECTRYET H HeCobCTBEIIBI HHTErPAT pac-
XORHMTCA.

2. [Mpu a = 1 gaa moboro R > 0 nonyuaes:

j dx = lim (& =limE |" - (R —1)=
" Ram R aan

y X A B 1-a

b npy o > 1
=1o-1

w npit o<l

C1e1083TeMBHO, ZRHHBIR MHTETPAT CXOMETCH (Ipit & > | M pacxoaHTCa Lpi
asi.

B npuBeaeHHmx panee MpMMepax cHauyala ¢ NOMOLILIS DepBoohpa3HoM
BBIYHCAAACA MHTErpa O KOHEYHOMY NPOMEXYTKY, 4 JaTeM OCYLLECTH-
ARTCA REPeXoA K npeaeny. Moxay TeM, ecmt aaa QiyHKuMR () cywecT-
ByeT nepeoobGpasnas F(r) Ha BCEM IPOMEXYTKE HHTETPHPOBAHHA [@, =),
MOXHO HEMOCPEACTREHHO NpMeHMYs opMynry HuloTopa—J/leifimia
1pr R — o, T. €. AC1DALIOBATD €€ B 3alNCH:

[ £y de = Folz = ) - F (o) (7.34)

AHANOTHUHWIL BREBOA CNPRBEATHR W AFA HecDACTHEHHBIX MHTErpatan
suaa (7.32) u (7.33):

jfde=FO), [f@de=Fln. (135

Tpumep 31. Il_-%z_ = arctg x]=, :g -[—g} =n
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YnpaxHeHus
Buiypemure HHTEIPATHL MCTGADM HENOCPEACTBEHHOM HHTETTHIDOBAHKWA.

TAfx’ + 2 v s ax 7.2, j[r“ N RS TR i?]dx_
x

X

]alr. 7.4. j(zf +3° +de' ) dx.

2
7.3.
".[1+t +.)1 -x?

7.5 [(Vx + ) (e + Ve - 1) dv. 7.6. [ (sinx + Beos x) d.

: 1 vt x+dr +3fx
7.7. (:r* valfx - =+ J {x.7.8. dx
j‘ e RV 'J_ ‘ '|- .1'2
7.9, [0 o .40, [2E08 T g qq B4
sin X Cos” X x5+ x™)

7.42. [tg'x dv. 7.1, jmd 7.14. j—”ldr.
r’+1 i +1

Bunueante HHTErPAIE METOIOM NOACTEAHOBKH,

7.45. [sin5x dr. 7.16. [ cos (3r + 5) dx. 7.17. j““‘r

7.‘18.!1‘(2;‘4-1)" fim-.7.|9.jé-r3—.7.20j X g9, J’JE,H S d.
i

2+ x)

Vx sinx
7.22, dr. 7.23. dr.7.24. | —— — dv. 7.25. dx.
IJ_+ J'tgz J’1+ 2cosx jr:os 22
7.26. jsin rcusy oy, 7.27, _f ’ 28-1 te -1 dr. 7.28. _[-s'm” siny dx.
"
I
e . dx arctg'x
7.29. j? m.?.so.j — 731 | o .
7.32. [ V2 + cos5xsin 5x dv. 7.33, j
—.’lr +5

Borancnuts HHTETPATH METOIOM HHTEPHPOBANMA 11O HaCTAM,
7.34. jx arctg x dx. 7.35. [ xInx dx. 7.36. j (2! +1)lnx dv.

7.37. j'"" dx. 7.38. [ xe " dv. 7.39, [xe™ dr.



arctg J_

7.40. [ x arctg ¥5x —1 dxhﬂj dx?-ﬂI

C()S X

7.43. [ In? x dv. 7.44. [In(x? +1) dx. 7.45. ja*’? dr.

BrisisesnTs DNPEAENEHHBIE HHTCIPAABL.

7.46. i(aﬁ —1) dx. 1.47. [l 1f‘;= .7.48. T(Jz_r-%’?c) dx.
] o 0

P 2 an
7.49. j[xz +_12_J dx. 7.50. [x(2-x)" dx.7.51. [xsinx dx.
1 ¢

X n
. i ) J_
7.52. [ In? x dx. 7.53. [arctg x dx. 7.54. [ Y5 dx.
f. z [
af2 ' 1
7.55. j sinx cos’ x dx, 7.56. j’ sindr dv. 7.57. [xe " dx
o o 1)

Hafiti nnomaay yryp, orpaHueHHbIX THHHSAMN;

758.y=4-x% y=075% y=x" y=1760.y=Inx, y=e y=0
76l.y=V¥, y=x762.y=VYx, x=1 r=3

7.63. y=tgx, x=0,x=n/3.7.64, y=2", x=0,x=2.

7.65. y=sinx, y=2" - nx.

Hafitn obbemul ted, obpazopaunuy BpatenneM soKpyT ocv 0x Gmrypu,
OQrpaHHYeHHON AHHHAMMK.

766, y=1-2, y=0,x=0.767. y=¢" x=0, r=1y=0
7.68. y=4x -2, y=x.76% y =r —x.7.70. y=1% y=1,x=0.
7M. y= y=o2

Buirtacants HecobcTBEH e HMRTEPANEL B CAYYae UX CXOAHMOCTA.

7.72. j—_ 7.73, je-* dr. 7.74. Ilnxdx 7.75. Ilnxdx'??ﬁ jxe
7.77. Hajity maowmaib, 3aKmOMEHNYIO MEXTY KpWBOH y =xe™ Y1y ee
acnMnToToR npu x = 0.

7.78. Haiity oObeM Tena, o0pasosaHoTo BpalulcHHes BOKpyT ocl Ox ayru
KpuBoit y =g oty =0 g0 xr = +m.
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PemnTh 331 ¢ 3KOHOMHYHECKHUM CONEPMKAHHEM.

7.79. Haftu cToMMocTs nepescaxkn M TOHH IPyaa 1o wenenioil nopore Ha
paccTOAHME L KM DpH YCIIOBHM, YTO TApHM y mepeBO3Ki OAHOIT TOHHDI
vBLIBAET HA g Py, HA KUKAOM NOCAEAYOIEM KUIOMETPE.
7.80. MounoeTs y notpefiascModl ropoAoM 3NeKTPOIHEDPIHH BRIPAKILTCA
hopMynoii
& <6,

b= . =X

a+ bsin 18 {t-6), tz6,

rae ¢ — Texyuee ppemst cytok. HailtH cyroynoe norpebienne anextpo-
anepTiu 11pu @ = 15000 kB1. b= 12 000 «Br.
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(DyHKLIMM HECKONbKWUX NepPeMEHHbLIX

8.1. EeknuoBo npocTpaHcTeo Em

8.1.1. EBknupoBa NNOCKOCTL M €BKNWMAOCBO NPOCTPAHCTBO

Kak Mbl 3H2eM, MHOMKCCTRO BCEN VYTOPAAOYEHHLIX RAD BCLICCTBCHHBIX
yHeem (X, ¥) Na3bIBaeTcAd KOOPMITHATHOH RAGCKOCThIO, I KaX/aR TOuKa
#a Hell xapakrepHayercs napod csoMx KoopanHaT M (x., y).
Onpeaenenne 1. KoopiHHATHAS MIGCKOSTh HARKIBACTCA eanaudogoid nio-
CKOCMDbIO, eCIH PACCTOAHWE MEXNY JIBYMs NoBBIMU ToukaMi M, (X, #,)
u M, (2, 1,) onpeneseHo N0 hopMyne

piM,, Mz}:\f(-r: - X, b +(¥, — 4, ¥

ArasoriyHo BUBOJAKHTCA N TOHATIC EBKSIMAUDRA TIDOCTPFAHCTEA, B aroMm Cay-
yae KaaJad TOUKA KOODIHHATHOTO NpOCTPAHCTBA XapakTepi3yeTes Tpoi-
K0il uMcen, H TOrja pPACCTOAHNE MEX Iy ABYMA molLiME ToOYKaMI TpG-
cTpancTaa M, (¥, vy, 200 1 M, (&, yo. 2;) onpeaenaetes popmymod

DM, My =fx, -5, Y +(y, —1,) +iz -z) . (81)

Crano @b, COERNM1AOBA HAOCKOCTE H EBKNMAUBG NPOCTPACTRG DIPEgE-
JROTCH CRocHboM HIMUDETIHS DROCTORIAN MOXGLY MoOBIMK CBOMMH TOY-
KaMH,

8.1.2. NoHATHE M-MEPHOro eBkNWACBA NPOCTPAHCTBA

Oupenenerde 2. MHOMXECTRO BCEEDAMOKHEX YIODEAOUCHHLEX COBOKYII-
HoCTeH m ACHCTBUTEAbHBIX YHCET (X, Yo Xa oy Ly} HATBIBAETCH M-MEPHHLY
xoopdunaminiy npocmpancmsnx A™,

Kamayto YHOPRAGUBHHYIO COBOKYHHUCTD (X, ¥y, ..., X} HASBIBAIOT MOUKGH
Froro npucTpatcTea H obusnananT ogHoi Gyrsofl M. Hpi srom vucaa x,
Xy v Xy HAZWBAKOTCS xOOpdunamesu todxn M, wrn cuMpaniieckH 3anm-
chtRacTeR caeyInieM obpazos: M (x), xy, .. )
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Ounpeneaenune 3. Koopanuartoe NpocTpaHcTBO A™ HAAKBAETCA M-MEPHHIM
esrnudognm npocmpancmeom E”, eCad MEXALY IBYMS MIOOBIME TOYKAMH
M (x;, xy o X du M%(x), x], ... x,)npocrpanctsa A" onpegese-
Ho pacctossie p (M, M) no dopmy.e

p(M, MYy = J(x —xTY +(x, —x3) + . +(x, -7 ). (82)

OLIEBHJ'.IHQ. 41O BBEACHHLIC TIOHATHH M-MEPHOID KOOpAMHATHOIQ Npo-
cTpaHcTBa A™ i m-MEPHOTO eBK/TH/IDRA MpocTpatcTha E™ apaswTea 06ob-
WEHHAMHA NOHATHH, COOTBETCTBEHNO, KOUDANHATHAIX NJOCKOCTH o NIpO-
CTDAHCTRA H EBKTHAOBHX TOCKOCTH W RPOCTPAHCTDA.

8.1.3. MHoxecTBa TOYEK eBKNVA0Ba NpOCTPaHCTBa E7

ByaeM cHnanayath citMBoioM {M} HEKNTONOE MHOXECTBO TOYEK M-MEPHO-
ro npocrpancTea £7. PaceMOTpHUM PAJ NPUMEPaB MAOMKECTB B 3TAM Npo-
CTPAHCTBe.

t. Muoxecrso {M} BCEBOIMOXKHBIX TOYEK, KOODAMHATH X, Xy, ..., X, KOTO-
PHIX YIOBRETBOPAIT HEPABEHCTBY

A2 . 42 . b y2 2

(, ~a0 )Y+, ~x )+ o+ (x, ~x ) SR, (8.3)

HA3LIBAETCH MI-MepubiM  Wwapom paanvea R ¢ uedtpoMm B TOYke M,
i} 1] ]
(v, xy, .., X2
ATOT NPHMED ABJSETCS M-MEPHEM 0OOATLEHIEM, COOTRETCTBERHO, KPYTa
HA eBKINAOBON IDINCKOCTH H LAPa B TPEXMEPHOM EBRJIMIUBOM IPOCTPAN-
CTEE.
Hepagerctro (8.3} Moxkuo nepenucarts ¢ vuetoM (8.2) B BHAC
plM, M)<R (8.4)

B cmyuae cTpororo Hepaseuctea p (M, My} < R muoxecrro {M} Haaemaer-
CH OMEDHIMbLIM m'M&'p‘HbM( Wapom. YacTo 3T0 MHUIKECTBO TAKKE HAIBIBAWOT
R-oxpecmuocmmo touky Mp. B cayyae (8.4), ecnn uepanencrsc ue cIpo-
TOR, MHOMKECTBO {M} HAIKIBACTCA IAMKRYMbLM M-MEFHLIM WAPOM, ITH TTo-
HATHA OePeHOCHTCA Ha cayyail noboll pasMepHocT npu m 2 2,

2. MuoxecTso {M} TOYEK TAKMX, YTO PACCTOAHME OT KDKAOH #3 HHX 10 He-
xoTOpoil Toukl M, yaoBneTeopser paseHcTey p (M, M,) = R, Haznipaetca
m-mepnod cohepol pamyca R ¢ uentpoM 8 Touke M,

AHANOTHA: A8 IGCKOCTH — QKPYRHOCTB (X — X)) + (¥ — yy)* = R® paauy-
ca R ¢ uentpom B Touke M, (x, 4p), ANd npocTpaHcTBa — cepa



152 Tnara 8. GyHKUMAW HECKOMBIUX NEPEMEHHEIX

(x = x¥ +{y - yo)* + (2 — 2, = R* paanyca R c 1uentpoM B Touke M, (X,
Yo T}

8.2. MoHATME DYRKLWNA HECKONLKUX NEPEMEHHbIX

Brenem noHsitHe iyHKIUMI HECKONBKHX NepenCchHbIX,

Ompeaenense 4. Ilyets Kawao# Touke M w3 mioxecrna touek {M} esxmu-
AOBa NpOCTpancTea Em [Q KaHUM}(‘JlllﬁU J4K0HY CTANNTCA B COOTBETCTBHE
HEKOTOPOE YME0 ¥ B3 YHenoBoro Muoxectsa U Toraa 6yaem rosopurs,
41O A mutokectTse (M} 3anana gpyakuus = (M). TIpe 3tumM MEOXECTRA
{M} 1 U naswsamres, COOTBETCTEERHO, OBAACTHIO OGN peaeIeHnA {3aMaHu)
v 06aacTeiv Hamenenna GyHxuan S (M),

Kax nanecrio, dyuruist odnoitl nepemennoii ¥ = f{x) naobpaxaerca na
NTOCKOCTH B BiAe AMHNH. B ciyyae ABYX mepeMeHHNX ofnacTh onpeaese-
uua {M,} dyuruny 2 = f (1, ¥) npeacrasageT coboil HEKOTOPOE MHOMKECTRO
TOYEK Ha KoopiHHarHol nnockocTH Oxy (puc. 8.1). KoopavHata z naanisa-
eTCA QRAARKAMOL, 0 TOrAA camMa hyHris HaubpAKIeTea B BHAE HEKOTO-
POl noBepxrocTH B OpocTpancTse £Y. AnanornuHoiM o6ipazom dyHKIIHS
OT M [ePEMEHHBIX

u=f(x, x;, o Xk

onpeneiennas ha muokectse (M} ennauaosa npocrpancrsa E™, npeactas-
nget cofoll rHmepraEepxHocTs B eBKAKAOBOM NpOCcTpaneTne E™°

z j
2= flr.y)

=Y

LD

Puc, B.1. OBnacTs onNpeaeneHMa HyHKLMA [BYX NEDEMBHHLIX

x
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8.2.1. Hekotophie BUAM DYHKLIMA HECKQNLKWX NEPEMEHHbIX

Pucomurprs nposepst thynguiil NecKogLKiEX NCpeNelinpx 1 nafaes mx
LOJACTIE BHPEALACTTIA,

*

Ipumep 1.z = 1" + y

Pewenue, Jro — HOBEPXHNCTH R €BKANAOROM NPncTpaHeT e £ Qfaactuio
pRpeaenelits 9Tui BYHKIHK HBAEETCH BOC MIUKECTNO TOMEK ILTOUKUCTH
Gy, OGaacth adadenni aroit byl — npomexkytsox {0, =), dannan
yuxuus npeactagader coboi mapabonona spaucta (prc. 8.2): 8 pepTi-
KATBHLIX COYEHIISY 3TOH TOBCPXHACTH MIocKocTHMi Oxz u Oyz moxyvanT-
CA. COOTEeTCTBEINY, Hapaboa =1 1 2=y

2“

Puc. B.2. Moaduk dywrgwn 2= x8 + )2

Tpumep 2,
A=t (8.5

Pewenue. 370 NOBEPXHOCTL B EBKANAOBOM npoctpancrie £5. Ofracts
orupefcnerus JaHunt DYUKINH — BCe MHOXKCCTEN TOUCK eBKIRACRA TP~
cTpaHcTa £ it npockoetit (xy. ra ivHKINA S8geTen Tax Ha3kBae-
MbIM FUTHRTHYCCKHM KOHVEOM ¢ Bepwiinoii 1 navane koopasmuat 0 (0. 0,
0% npiteeaeHHan DOpMYAL CYMMUPYCT ABC (YKL, Jaiammne gB¢ erg
CHMMCTPHUHBIC OTHOCHTERRHD nAnckocTH Oy vacTi (pre. 8.3):
IH y!
=g+ (B.6)
a b
B ceuenusx 3T0 NOBEPXUOCTH MAOCKOCTAMM, NAPANICIbHEIMH ILIOCKO-
¢t Oay, IOAYMAKTCA FUTHCKHL
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S~

Puc, 8.3, Tpathue dymanys 22 = xigt + Wih?

HPHBC,’lCM TETEPD Hardo1ee yacTa BCTREYMANCIHECA B PR3 THYHBX TPNII0-
HEHAX 811kl (by'I-IKLlHﬁ HECKOABKHUX MEPEMEHHBIX,

Y]JHBI'I(‘IIHE' BILIA
Ar+By+Cz+D=0 (8.7)

HASLILAETCH ODUM YPABHENUEM TLAOCKOCTU B CHETEME Koopzuuat Oayz.
Bektop N =(A, B, C)nepnesuxyasaper nacekocTH (8.7); oH HA3bIBaeT-
CH HOPMABHBIM gekropos 970H naockocty. Echy HaeecTNo, HTO 1WLI0C-
KOCTH TIPOXOIHT Yeped HekoTopyo Touky M, (xg, I 2p), TO OHR MOXKeET
OuITh 3a1aHd YPABHEHNEM

A(.x—xn)+B(y—yn)+C(z—zo)=0_ (88)
[Ipivep 3. CocTaBnTs ypaBHeHHC [TTOCKOCTH C RePIEHANKYIAPHLIM BCK-
topom N=(1, 2, -1), npoxoaanicH gepes Touky M, (2, 1, 1)
Pewenue. Cornacuo gopmyae (8.8), nmeeat
Kx -3+ 2y -D-1(z-1)=0, v x+2y-2z-3=0.
Dyukuua Kobba — Jyzaaca — npou3BoAcTBEHHAA DYHKUMA, MOKAZHBAO-

utas ofvem BeINYCKa NpoAYKIIMKE ¥ npi 3aTparax kanutana K W Tpyaosbix
pecypeus L. Jna cayuas 3Byx NepeMeniibix OHa HMEeeT B

¥ = AK=L™, (8.9)

rne A > {} — napamMerp MPOHIBOAHTEIBHOCTH KOHK[ETHE BAATOH TEXHORO-
rus, P < o<1 — JoJ8 KanMTana B Joxofe.
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8.2.2. JluHnu ypoBsHs

TMoHATHE TUHHI YPOBHS 1UHDOKO MCIONRIYETCH NPEKIE BCETO 1 (PQLE3HM,
KapTorpachi#, COCTABACHHH CHHONTHYMECKIIX KIPT. a TaKke B OUHCAHUH
PR3AUYRLIX (PHIHYECKKHX Mosed (Temitepatypa, JaBaedue n np.).

Onpepenenue 5. Junuew yposns hyHKUHH ABYX NepesMeitiblx z = (X, ¥)
Ha3BIBAETes! NNOCKAR KPHEAd, NoAyUAoMUica npi nepeceseHuu rpadixka
ITOR DYHKIMU TOCKOCTHIO, TIAPAUIEARNGH KOODIUHATHOR II0CKOCTH
Oxy z= C, rae C — noCTosinias BCAHYBHA.

QOBMAO NHHHH YPOBHA, COOTBCTCTBYIOME PLAIHBIM 3HAYEHHAM MO-
CTOAHHAOIN Bt HHE C. ORIELUNDYIOTCA Ha QAHY NAGCKOCTh, HATPHMED, HA
KOOPZHHATHYIO Niockocrh Oy, roraa ux yaodio aHaIUIMPOBATE H ¢ HX
NOMOLLLY UCCAEA0RETE CAGKHLIT XapaKTep NORCPXHOCTH, ONUCLIBACMOLT
hynxumei 2= (x, y).

Takum 06paOM, MOKHO CKa3aTh, YTG AHHMM Yponxs diyHrtt z=f(x,
4} — 3T0 ceMellCTBO HENEDECCKANNIHXCS KPHBAIX HA'KOOPANHATHOH N10C-
ROCTH Oly, OIHCLWEIEMOC YDABHCHHAME BHIG

fx p=C (8.10)

O6Liyno Gepyt apudmeTHIeckyio nporpeccilie uucea C, ¢ MOCTOAHHOR
PAIHOCTLH h: TOrAa N0 B3aMHOMY RacnoloXInuK AUHKEL YPOBHA MOMKHO
MOAY4HTE NPEACTABNEN HE O DOpye HOBEPXHOCTH, CITHCHIBREMOL PYHKIIH-
eii z=f(x, y). Tam, roe Gyuxuus uamensiercss OLICTREE, JTHMIH YDPOBHS
CTYINAKTCA, 4 TaM, CAC NOBEPXHLCTL NOAQras, JHHHNE YPOBHA pacilOidra-
ioTest pewe (puc. 8.4).

2

————

——
- -

[=-3
w
¥

Puc. 8.4. flunun yposnn doyHaine SBYX NEPEMEHHLIX
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INMpumep 4. Haiity aAunusn ypoasa GyHkuMt 2=1" + ¢ — 2x — 2y,

Pewenue. JInunn yposid AanHoH HYHKIK — 210 ceMelCTBO KPHBLIX HA
ADCKOCTH DXy, OUMCBIBABMOE YpaLsHeiem

oyt -2 -2y=C wm (x-1¥ r{y-1)" =2+C.

Nocieskee yparHeHHE QNNCHEAET CeMeICTHO oKpyRHBocTeit © nenTpom
s Touxe €, (1. 1) pamityca r = /2 + C. flopepxuocts spamenns {napado-
AoML), anuesipaeman AaHHON pYHKLUHER, CTRHOBHTCR «K[\\1es NIO Mepe ee
YALTCUHA OT OCH, KOTUPAA OIIPCeAeHeTca ypaaienitapn v =4, g=1.

8.3. YacTHbie NPOM3BOLHLIE (BYHKUWN HECKONBKAX
NepeMeHHbIX

8.3.1. YacTHbie nponasoaHbie NEPBOro nopsaka

[ycTb hyHKIHA ABYX NEpeMeHHBIX 2= f (X, ¥} onpenencHa B HCKOTOPOH
OKpecTHOCTH To4KH M (v, i) esxnuacsa mpoctpavcrna B, Yacmuaa npo-
wasodnas HYHKUIH 2= [ (X, &) 10 apryMenty x ssageres obblkHOBeunRuR

npanzseAHG! hyHKIUM oanoit nepesenHoi x npi (hrrcnpoBAHHOM 3HA-
Pl 9

. dg of

YCHNH NEepeMeHHCH ¥ 1 0b03HagaeTes Kak —. 6—

Yy o

0GpaIoM orpeLensteTea YacTHas npoHgsosdan pyumsn [, ¥) no nepe-

.2, f1. Ananoruaunsv

y ¢z ¢ :
MeHHOH ¥ 1 Touke M. obosHaucnuua: —, —. z,, /. DyHKuHa, iseonan
&y dy

YACTHLLE IPOHIBOLILLE, HA3WEBAETCH Judhepenyupyemort.

CoBEPUIEHHO AHAOTHYHD QNPEIENAnICA HACTHIEG IIPOH3BOAHKE $YHK-
uri Tpex W boiace mepeateHAnix. MactHas npounssogHas (pyHKMIGL He-
CKOABKHX NEPEMEHHBIX XAPAKTEPHAVET CKOPOCTb P& MIMEHEHHA HO JuH-
HOH KDUPAHHATE NPH (hUKCHPORAIIHIIX 3HAYCHUAN ANYTHX KOOPAHHAT.

Opumep 5. 7 = x* —2vy + 2y~
Peuwienie. luhhepenuupyeM dynxis 2 =/ (1, ¥) cuavana 5o x, noaaras

¥ (OHKCHDOBAHAOH REMNYHHOT, TOTOM NOBTOPACM ATY XKe NPOIBLYPY., Me-
uAa pwil x u g [onyyaem:

£ 2oy -2y, @ 4y - 2v.
i 3y
oz H oz X
Tipnstep 6. 2 =arctg xy, — = _, == -
P S a Ty 1y
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Opumep 7. u =ye* +In(x? -2y + z).

Pewene, “1a0THBIE HPOMIBONHLIE 3T0H DYUKUHIT TPEX [IEPCMEBHBIX BAIPA-
MAKTCH CACAVIOWIIMU (DOPMYNEMIL

ctt 2r v, r 2
—=—0——. — =(lty2)e" —————,
fr ' -2y+z Iy 1" -2y +z
cu __yg(,_w + |
2 ' Xy

Tpumep 8. HaiiTn npejenbtbie MaxasaTenl BrITYCKA MPoAyKIHK Y npu
M3MEHEHMSIX O,lHOI0 N PAKTOPOB: JATPUT KAUTTAnd K Wit BEIHUIHD TPY-
aosnix pecypeos L — no hyukipnr Kofifa — fyrhaca
Y =AK"L'"".
Pewenue. HarTHEIE PONZROIHKE 3TOH (PYHKILHH
Yy =sAaK*'U, V) sA(l-a)KBL®

ArT peliedde CQOpMyANpoOBAHHGE Beiuie 3xiaun. OYeBUAHD, 410 B
thyaxnmt Kobba — dyraaca nokasatean cremereli a i 1 — « upeactanis-
1T cofoil, coaTeeTcTBeHY, KexbDUUNERTLL snacTuHocTH £, (V) 1 £, (1)
M0 KDEAOMY HI BXOJARIHY B HEe ADTYMEHTOR.

8.3.2. ['panuexT

PaceMoTpum hyHKUNH D Tpex epeMentbx 4 =] (1, #, 2), audbiheperunpye-
MYI0 B HexoToRoil Touke M (1, y, 2).
Onpeaenenne 6. fpaduenmos hyukuun u = f (x, y, 2) B Touke M HaaniBa-

CTCH BEKTON, ROUPAHHATR KOTOPOUD PabHLl, COGOTHUTCTRCHHG, HaCTHLIM

du cu Cu "
MPOHARGAHBIM — , —, — H 3Toll ToUKe.

Ay dy Oz

das aboznauenna rpaanelta GyKLIN nenoasaverces chmbon grad

grad uz{@ cu %}. (8.11)

L) 1 -
ox dy ¢z

AHANDTMYHO, B CJVIAE (PWHKILHHK JBYX NEpeMeHHuX 2=/ (x, i) HMeeM:

grad z={g§. %} (8.12)

I'panuedT dyHEIME XapakTepHayeT HAMPARNEHHE W BENMUITHY MaKcu-
MAABHON CKOPOCTH BOADACTAHHE ITOH (PYHKIIWH B TOUKE.
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N5 onpefencHIs TEOMETPHYCCKOrD CMBICZ IPaaneHTa PYHKLUMM BieseM
JIDHATHE (OBEPXHOCTH YPOBHA. 3TO DOHATHE aHATOTHYHO MOHATHIG M-
HIfN YPOBRHSI, paceMoTpetiaomy B 8.2.2,

Onpenenenne 7. ogepinacmoro yposns ynkunn w =/ (x, i, z) Hasusa-
eTCA MOBEPNHOCTH, Ha KoTopoil aTa yHKIMS caxpadaeT MocTRsAHRNE 3HA-
yedite

f{x, y, 2y=¢=consl, (8.13)
B xypre MaTeMaTHUECKOrD QITaN13a JJOKA3EIRAETCS, YTO IPAHEHT B AaH-
HOIT TOYKE OPTOroHATIEN K 3TOH MOBEPXHOCTH.

B cavuae drykuui 18yx nepeMeHHLIX BCE CKa3aHHOE paliee 0cTaRTCA B CH-
7e, TOABKO BMECTO MNBCPXHOCTH YPOBHA GYAeT (hUTYPHDOBATL JIHHMUA
yPouHA. PaccMOTPHM HEKOTOPLIC IIDHMEDLL,

Tlpamep 9. Halit rpaienT ¥ ero MoAyah (PyHKINIH 2 = ———@-——1 B TOUKE
Xty+t

MO, 1).
Pewenue. o chopmyie (8.12) umeenm 209 hvAKUHE ABYX MepeMeHNbIX

grad z= oz &) | yly+h) x{x+1)
(x+y+ )P (xry+1y

ax’ &y

Npu x =01 y=1 noavaaem:
grad zjon=1{1, 0} Jgrad zj=1.
Mipumep 10. HaitTi nOBEPXAOCTH YPOBHA (PYHIKIMM
w=x'-2x+y? +2y -2

Penienue. Cornacuo oupeagiennn nosepxuocty yposins (8.13), siveem
-2yt 2y -z=0, otkyaa z=(x 1¥+(y+1)-C rae C=c+2.
CrenonaresbHo, BOBePXHOCTAMH YIOBHS JAHHOW YHKUMN ABAKIOTCH na-
paboAcnan Bpalleddd ¢ oceio X = 1, g = —1, napannensuoit ocr 0z, pepmn-
HB1 KOTOPBIX NeXAT [ TOUKAX ¢ KoopaiwaraMu (1. -1, - ).

8.3.3. HacTHble NpoM3BAAHLIE BbICILMX NOPSALKOS

YacHnle TPOM3RALHEBIE TIEPBOTG MAPALKE 0T GYHKUKHN ARYX H Gonee nepe-
MELLILLIX TAKKE NPeActauasisT coboil (PYHKUHH HECKOABKHX NEPEMEIHBIX,
H WX TAKKE MOKHO (pouthdepeRitipoBaTs, T. €. HaliTH TaCTHHE [IPOHH-
AOHRE oT aTHX yrxini, Tak, An QyHKUMY IBYX OepeMeHiblx i
2= f (X, ¥) AD3MOXKHDI YeThIPE BMIAA MACTHBIX TLPOW3BOHBIX BTOPOTO NO-
priLKa:
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522:_5'_[EEJ &'z _E[E] 82 o (a) &z 2 (2

ox? ar\dx) dyox dyl\ox) oy ax\aw) oyt oy l\dy)
YacTHble 1pOHIBOAHRIE, B KOTOPEIX AXdihepeHIHpoBaHHEe NPOHIBOANTES
0 pAIHBIM NEPEMEHRHBIM, 1IA3LIBAIOTCH CMEANTIBIMNIE npuu.?aoa?fbf.uu. AHa-

JoTUMHEM 06PazoM AN QYHKUHE RECKOMLKHX NePEMEHRER ONPEIeasoT-
€SI 4ACTHRIE NPONIBOAHBIE HOJIEE BLICOKNX NOPSAKOD.

PECCMUTPHM ABa NpHMEDd HaXO0¥(EHMA YACTHRIX TIPOHIA0HEIX BTOPOrO
NOPAAKA U HYHKLUHH ABYX NEPEMEHHRIX.
Mpumep 1. z2=x" -ay” +x+y +y*.
Peweniue, Tlocnennsarensno andihepeHiipys, NoyuaeM:
&

oz 2 2 'z 3
Z =Rt oyt el == -2ay + 1+ 4y0,
o Y 1 ; XY Y

2 2 2 2
oz =6, &z _ -2y, 8z =-2y, &z 12y4% —2x.
o’ &r dy By ox oy’

[pumep 12, 2z = &' sin2y.

Pewenue. Tlo npaBunaM auddepeHLINPOBAHKA MNOUIBETCHHA BMEEM:
d . & ] %z .
Fo g”siny, — =2¢' cosy, —— =&’ sindy,

24 oy ar?
2 2 2
92 _ 2e” cos2y, oz _ 2e" cos 2y, d i = -4e” sin2y.
ox By By ax By

B paccMOTPRHHLIX NpPUMEPaX CMEIAHHEE NPOHIBOANLE OKA3aRHCL Dad-
HLIMM APYT APYTY, X0TA 3T OnBaeT u He Bcersaa. OTBET Ha BONPOC O HEdd-
BHCHMOCTH CMELUAHHEIX BTOPBIX LPOUIBOAHEIX OT llopsaaka dughdepeniu-
POBaHKA PYHKUNKM ABYX TIepPeMeHHRX JacT CAeIylomas TeopeMa.

Teopema 8.1. Ecan dyukuwns z=)(x, ) asaxan avddepenunpyema
8 Toure My (¥, i), TO €€ CMELANHBE TIPOHIBOIHLIE 18 9TOH TOYKE PABRAL

8.4, NoxantHbii IKCTPeMyM BYHKUNN HECKONbEMUX
NepeMEHHbIX

8.4.1. HeofxoauMble YCNOBMA NOKANBHOMD 3KCTPEMYMa

Nycts hyaruus z=/ (x, y) onpeaesena #a mMAoxectse {M}. a M, (x,
Ya) — HEKOTOPaA TOYKA 3TOrC MHOMKECTBA.
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Oupepenenivie 8, Dyviuund z = f (v, y) nMeeT 1 Toure M aokatnistit Mak-
CHAMYM (MHHHMYM). CCILE € YLICCTRYET THKAR OKPECTHOCTE Toykn My, npy-
naaaexauan {M}, urto s anboll Touk My ») 13 a1oft pKpecTIIOCTH
uninoaserca nepasenerso S {M) < f (M} (/ (M) 2 /(M.
Jaa eayuan yiuripis 1pex it Hoace NepeMEnHELE JIOKAN6HBHT 3KOTREMYM
ONPCaeAACTCA AHATUTIIHHD.
Cuornacin ABIOMY OHPEIEIEHIG JOKLILNGI 3KCTPEMYMA {Mlllll.iMyMa
WM MAKCHIMYM), RoaHoe npHpaedne divikain Az = S {M) = £ (M)
YAOBALTBOPSICT GHOMY W3 YCIOBHIl B OKPCCTHOCTI TOMKN My
e Az, pemy My — rONKRL DKAABHOTO  MUKCHALVMIE
o Az2 0, ecaur My — TOUKL TOKLNLHOMG MUY MA,
Teneph YCTAHOBIIM HEOBXOAIIMBIC YCAOBI AOKLTRIOTD BKCTREMYAMIL
Teopema 8.2. Ecan hvnstiin 2= f{x. g) imaver B rouxe M, (v, 1) no-
KWIBHBI AKCTPEMYM |1 FACTHLE MPONABOAHLIC NOPROLD NOPAiKL, TO RCe
ATH YACTHBIG NPOHIBOANLIE Paslibe 1y

£z 'z

arlM, el

AL eneotas hyHKWIGL ABYX 1t O0aee NepeMcit X neofixoiiMoe yenosne
JOKATLNUFD 2KCTPEMYMA HMeeT g, ananornanmii (8.14): pre yacrioe
MPON3RGHELC (IEPROG NOPAKA AOAKH LI GAPANATICS B HYIR B TotKe M,

(8.14)

Creayet ocofio oTMeTitTe, 410 voaoBia (K.14) ne gBas0Tes 10cTaToMHE-
MU YCI0BSSIMI BKCTPeMyMa. Hanpumep, aas dhvnsin 2 = x4 — g2 yactinte
HpoHasoaiLe pastsl nyue 8 Togke 000, 0). vitiako 8 370l Todke (yuK-
IHA (KOTOPan ARASETCN YIARHEHHEM rnepdoiuteckaro napafiniouaa),
He usmeer akerpemysma; £ (0, 0) = 0, 1o n 2ohoil okpectnoeris Todkl O ecTh
INAUEHHA QYHKLHH Kik NOJNOKMTEAGHBIR, TiK 1t OTPHLATEN bHLIE,
Touxn, B KOTORWX BuUIOMOTE yeaonis (8.14), na3npakrres rorkan
BOAMOMHOID IKCTPEMYMA, HAH CMALUDHADNBIMY TUNKIMU,
Haftaes TouKY BOIMORIOTO JKCTPOMYMA CACAVIOY (hyHKIA.
Tpumep 13. 2z =x7 + 47 +.5y -4 -5z

Az 0z
Pewsenne. Cornacno yenoritss (8.14), nveess — = b — =0, orkyaa no-

-

oy Ay

JAYUAEM CHCTEMY ABYX AMTefipaiOeCKIK YPUMIENHT 12 ABYMS HEHIBECTHRIMM:
2+ =4,
2 v ¥ =3,
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PeureHue aToH cHCTeEMBT = 1, = 2, T. e. TOMKA ¢ Koopauuatamu (1, 2) as-
JAETCA CTAIMOHAPHDN AAA JaHHel (DYHKIUM 1BYX NEPEMEHHBIX.

Mpumep 14, u =x" +2x + y” + 22y + 2° + 2y.
Pewenue. Cornacho HeoOGXOAMMBIM YCIADBHAM 9KCTPEMYME, BCE TPH 11€p-
BblE MACTHE UPUHEBOANGIE (BYHKIE PaBlitl B AT0li TOYKE HYJIO, 0TKYAd

MOAyYaeM CHCTeMY TPCX JHHCHHEIX anreGpalMecKWX ypasHeHuil ¢ TpeMsa
HENIBECTHBIMH!

x4y =-1
v +2y+2=0,
y+2z=0

Pewenue otoli cnereMm AaeT E,CLI-UJCTBCHILVI’U CTAUHOHAPHYO TOYKY BO3-
MoKHOTO BKeTpeMyMa: (3, —4, 2).

8.4.2. [10CTaTOUHLIE YCNOBUA NOKANKLHOID SKCTPEMYMA

PaccmoTpum caydait dynkums gsyx nepeMeHnbix z=/(x, ). 4acTo uc-
nonkayemuiit #a npaxture, O003HAUNM BTOPHE YACTHHIE TPOUAROIHLIE
. 2’z &z @'z .
aToR (PYHKIHE ——, ———, —— B HEKOTOPOH Touke M, uepes &y, dy,. Gy
dr’ dx dy oy

cooTreTeTRENHO. Toraa J0cTaroduoe yCJA0BHE NOKATRHOMG JKCTDEMYMa
dopmyaupyeTes ciezyiouHM cOpaaom.

Teopema B.3. [TyeTh B Toure M, (x5, yp) BOIMOKXHOTO 3KCTpeMYMa (yHK-
und ¥ = (x, y) 0 B HEKOTODWIT 0 DKPECTHOCTYH BOE BTOPRIE YACTHLIE OO~
M3BOAHLIE 3T0H PYHKUKK HenpepuBabLl. Toraa, ecan

a,@, —a, >0, (8.15)
10 $yHKUAA 4 = [ (x, i) nMeeT B TouKe M, IOKATbHbBI 3KCTPEMYM: MHHM-
MyM mTpit @, < 0 0 Maxcumys npu a,, > 0. Ecan ke g,,a,, —al, 0,10 ga-
Hast (pyHKUNR He HMeeT JOKATHHOMo IKCTPEMYMA B TOuKe M,
Ilpumep £3. Hafirit TO4KH J0KANBHOTO 3KCTPEMYMA H 3HAYEHMA B HHX
dbvHKuMK 2=2" - i — 3xy.
Pewenne. Cnadana HAXOAHM CT2LHMOHAPHYIC TOUYKY H3 YoIoBRit
% S0 0. [Toayyaem cHerTemy JBYX axredpAHYECKUX YPABHEH W ¢ XBY-
M HEMBRECTHRIMIAL

[13 -y =0
le+y? =0

1-1222
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PEUIEHHA KOTOPOH 20T KOOpAHHaTH AnyX Tovek {0, 0) u (-1, 1). Haltzem

BTopLIC II[JOHSBD,&HMEZ

_ 'u
ox?

&u 8'u

=6y, a, = -3, a, =

12 ax ay
OTKYIA A = a,,a,, — 4, =-36xy —% B Touxe (0, ) iumeem A < 0, 1 aHaywuT,
s Heil wer jJokanbROro sxctpemyMa. B vouke (-1, 1) nosywaem. uto
A=27>0, 1. e. B 9100 TOYKE AaHHAA DYIKLMH HMEET JOKANBHALH aKCTpe-
MYM; NOCKDIABKY @, < 0, T0 370 TouKka Makcinyma, JHauerne hyHKIWY B
Heit u,,, =f (-1, 1)=1

ﬂ”

8.5. MNpumeHeHue B 3a4a4aX IKOHOMUKK

8.5.1. NMpubbine 0T NPOM3BOACTBA Pa3HbIX BUAOB NPOAYKLUKM

PaccMOTPHM THIMYHYIO 3a0aWY HAXOWKASHUA 3KCTPeMyMa YHKIMH He-
CKOJIBKHX NepeMeHHMX, BOZHHKAOWYI B 3KoHoMBke. Tlycts x|, a9, ...
Xp — KOMWHMECTBO NpOMaIBOAMMEBIX M [)3.3HDBl'[III‘IDCTEﬁ OPROJOYKLUIM, 8 HX
LEeHBL — cOOTBeTCTREHKG P\, Pa, .., P, (8ce P — nocTogHHbe BETHYHHbL),
IlycTh 3aTpaThl Ha NPOH3BOACTEO ITHX BHAOR TTPOAYKIHH 33JaK0TCA dyHK-
uuel Hagepxex

C=5x, x,, ... 2,)
Taraa gynkia DPHORAK WMEET BHI
M=Px, + P, + . +P.x, — S(x,, x5 o0 X, (8.16)

MaxcHMysM NPHGELIM CUTECTBEHRO KCKATbh KaK YCAUBHE JIOKATLROIC 3KC-
TpeMyma GyHKIMY MHorix epemeHHbX (8.16) npu x; 2 0 (mpw oTeyTeT-
BHH APYTHX CIPAHMYEHHHA)

M bizt2 . m
ox,

JT0 yCHORME TIDHBOAMT K CHCTeMe anrefipaRveckitx ypanHeHui oTHocH-
TENbHC NEPEMEHHBIX X;

p o35 _

> = 0, i=12 .., m (8.17)
ax,

Cucrema ypasHennit (8.17) peanuayeT M3BECTHOE NPABHNO IKOHOMUXH:
lipefedbIad CTOHMOCTL (Leka) MPOAYKLMH PABHA NPEACAbHBIM H3ICPXK-
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KaM Ha NPOXH3IBORCTBO 9TOH NpoayKuui. Pemennamn 31oil cHCTeMnl ypas-
HeHUi ABTADTCA HabOPLL, COCTORIHE U3 i 3HaYennil Kasani. Hyxno aa-
METITh, 4T0 CaM l'lp('lIIE‘CC HAX A LCITH ST pl_"l]I[’H HA CHCTEMBE _YPE‘I.BHE‘HHH
(B.17) saBHCHT OT BMAA QVHKUHH H3ACPKEK Il MOXKCT OhITb AOBOABHO
CROKHBIM.

ITpusesem konkpeTibli npumep. [lyets NPpoHIDOANTCA ABA BHAA NPOAYK-
UK, 0BO3HAYIM NX KONMUECTRA deped X 1 . [TycTy leHs 370l npoayk-
WHH, cooTseTcTrenno, P, =8 u P, = 10, a dbyukuny savpar C=x" + xy + /%,
Torua, coraache (8.16), npu x| =x, 13 =y npubsiab Auanercs pyAkUHel
ABYX TIEpEMEHHBIX:

M{x, y)=8c + 10y ~x* —xy -y°.

YenoBrs SI0KRMBHATO 3KCTPEMYMA TIPHNIOASAT K CHOTEME JIMHEN KLY anref-
PANYECKILX YPaBueril
' {2.1’ +y =5

a+ 2y =10,

pertrcie katopoii onpegenser touky (2, 4). [ockoawky
3 _ - _nl =
i, =—2<0, a, =-2% g, =1 A=a,0, —a; =30,

T HARAEHHAR TOYKA ONPEICTAET JOKAThHEI MAKCMMYM (YHKOHH TTPH-
Bbeni, XoTopbiil panen (1, = 28.

8.5.2. Maxcumuaauua npubeinu npon3eoacTea
OOHOPOOHOW NPOAYKLMU
MyHkins npufinny obbaR0 BRYKCNRETCH N0 $HOpMy e
M{K, L)=PF(K, L)- WL~ RK, (8.18)

riae F (K, L) — npouspoacreensas gy, P — ueHa npoaysumu, Wn
R — cootpercreelino, PAKTOPHLIE UEHbE HA TPYIL ¥ KANHTARLHBIE 34TPaTHh,
L w K — cooTnetcTBeHHD, 3aTpaTul TPYAOBBX PECYPLOD M KanuTana. Pac-
CMOT[IUM ABE 324411, CRAZAHHbIE ¢ DIPELEACHHEM MAKCHMYMa NPHOBLIR.

1. Touka (K L) vaoblBaeTCH onmuat@tnnbis naguos, ec b pelt hyHxums
npuosiny (8.18) apsAUMaeT MaxcuManeHoe 3xavenne. Halitu npezens-
HYK) HOPpMY 3aMCLUCHHA NPUi3BoacTBeHHol PyHKUHH F NpH onTHMans-
HOM ILRAHe.

B Touke SORLTEHOTG SKCTREMYMA MEPBLIE POHIBOAHLE HYHKIEHH MPpHDLL-
m MM (K, [) paBHu HY/110, 0TKYAAa HMEEM CHLTEMY ABYX ypaBHeusi:

PFL(K, L))-R=0 PF(K, L)-W=0

it
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Kax W3BeCTHO, NpefenbHas HOPMa 3aMEILeHHs TIEPROTO PECYPCA RTONLIM
BEIYHC/ATeTCA M0 opMyie i = —F) /Fy . 0TKYEN NPH ONTHMAALHOM TaHe
nonyyaem: p = —~W/R.

2. Makcumuzauns yurizuy npubelan. Haiimh vnmiMansubii noan H Max-
cumys dhynxunm apuénian (B.18), ecan F(K, L) =2 (KLY

Taknm o6pasom, thyHKUHMA TPHOBITH B TAHHOM CTYUAe UMEET B
(K, L)=2P(KL)"* -WL-RK.
Ycnorys NOKANBHOTO DKCTPEMYMA TIPHBDAST K CHCTEME JBYX NHHe{lHbIX

anrebpaHyecKHX YPaBHCHH OTHOCHTEIBHO KoopannaT Ky n Ly omrumans-
HOIO [TNANE:

2

SPLKTT =R

OT(.'K)ﬂa nOAYHAcM KOODIINIATE OIITHMa1RIEOC0 TLAdHAT
K, =Q2P/3/R*W, L, =(2P{3)"/RW*.
HOHCTH.HOBKE ITHUX BEJIH4YNII B C})}'HKu}ﬂU npuﬁhmn Ja€T €C MadKCHMY M

M. =@P/3)"/RW.

8.5.3. MeTog HauMeHbIIMX KBAAPaTOR

METD,’J. HaiiMEeHLLOMX KBaAPUTOB OTHOCHTCH K MCTOZAM CMRROKCUMIUUN,
WA NPUOARMKEHHOTO BOCCTAHOBAEHHA $YHKUHH 110 II3BECTHRIM CEB 3HAYE-
HUAM I pAae TOYEN, Ha NPAKTHKE HACTO BUSHMKAET Jada9d O Hadayuwem
HOAGOPE aMnupuLecKiy (hOPMyA, TOIHCNMIOUIIX IPEACTABHTE B AHANHTH-
4ecKol Gopme AaHHBE CTATHCTIIYECKHX HabamaeHnH, MaMeneu il 1 T. 4.
3agaua opMyAUPYETCS CAEAYIDNMM 60PAsOM: HMEIOTCA TaHHRe HabiK-
Aenuil B » Tovykax

M, My . M, (8.19)
HEKOTOPbIE BE/MMYHHNHL ¥, ¥ TOTYYCHB! COOTBETCTBYIDUINE IHA9CHMA
Uy Uy et (8.20)

Hyxo nmopobpars by onpeaeternoro euaa u = (M), urobm ona
H0 BO3MOXHOCTU Haufosee TOHHO OTPAXANA HEM3RECTHYH) SaRMCHMOCTS
uaMepsTemMol BEAWYHHB 4 OT [apameThon (KOORLIHAT) TOMeK HaMEepe-
st (MG}
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Takum 0HPa3oM, 320a4A KAXOK/EHHT IMIHPHIECKHX (BOPMYN COCTONT M3
ABYX 3Tanos:

1) copesencnus obwero snaa sasucumocti f (M) nan suga Qyukuun f
C TOYHUCTBIO [0 TNOCTOAHNIBIX NapaMeTpos (KoahHUMEHTOR), BXOAATHY
B HEE;

2) noabopa rux HenzBeCTHLIX KoadBHIUHenToR Takum obpasaM, yTobe
B Touxax Habnogennit (8.19) nogobpannas GyHKINA HATYYINHM CTIOCO-
6om oTBeyana JaHHRIM W3aMepeHnil (B.20).

Hraxk, IycTs HA nepROM ATane onpefteseno, YTo aMnpHueckas GopMymna
AOIKHA BKAKMATH COBOKYTTHOCTL M3RECTHRIX Ga30BbIX iyHKIIN

o (M), @, (M), ... 0, (M), {8.21)
T. €. o7a GOPMYNA LOJIKHL HMETh T
[ (My=a9,(M)+a,0,(M)+...+a,p, (M) (8.22)
rae
), U o fy (8.23)

~ EH3BECTHLIE NAPAMETPLE MK PYeckoil diynKung,

Bropoil 37an cOCTOMT B ODAPEAENEHNMH HeN3BeCTHLIX apaMerpos (8.23).
Hx creaver emdpaTh TAKHMH, YTOOLI 3HaYeHns (ynruy (8.22) no sos-
MOXKHOCTH HAHMEHCE BCErD OTKADHANMKCH Obt B Toukax (8.19) or uamepen-
HEX 3navenud (8.20).

u

&n

g

—--

0 M, M, M, A
Puc. 8.5 Mpadi-eckan HHTERNPETALUMS METONa HAMMEHLILMX KBALDATOR

Memod naumenniuiux k8adpamas COCTONT B MHHUMH3ALHN CYyMMBI KBAJIpa-
TOBR nozpewnocmei (oTEnOHENNit) & (puc. 8.5) dvaxumn (8.22) p Touxax
(8.19) kax pyHKUHW OT M aPryMEHTOB — HEHIBECTHLIX NapaMeTpos:

S(a, 8y oy a)=3 8 =3 [u, - fM)] =

n m 2
=Zl:ui _'Zatq:'t(Mi ):| . (8.24)

=1 b
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Ana yeranorneHWs Touku MitHUMyMa (GyHKUWH (8.24) M nepeMeRHLIX
(8.23) nvxdo HAfTH YacTHBIE MPOHIBOONLLE HTOM (DYHKUIN 110 HeeM m ap-
CYMCHTAM H NPHPABHATE UX K HYMO, OTC0a NONYUASTCa CHETEMA M M-
HeHHBIX anTe0panuecKuy ypasHeHMi DTHOCHTEALHO M HEM3IBCCTHLIX Napa-
meTpon (8.23):

Aga +Aqa, +.+A,a, =B, j=1 2 .., m (823)

Koathdmnenrnl o coofioAHbe YNeHt YPaBHCHHN ITOH CHCTEMDI GTIpeae-
ASKIOTCA N0 (POPMYTEM

A, =4, =30, (Mo, (M), B =Yu o (M) (826)

i=!
Johk=1, % Lon

flockoabky dyuxis (8.24) ApASeTcs n0M0MKITeALHOH, BEIYKAOH BHHI
H HEOTPAHHYEHHON B eBRAHADROM NPocTparcTie 7 TO pelllesne CHCTeME
ypasHennii (8.25) npeactasaseT coboit Koop HaTht TOMKN €¢ 10K 1611000
MHAHMYAMA,

Tps oOpafoTke AaNHEIX IKOHOMHYECKOH CTATHCTHKY Hawlosee Pacipo-
CTpaHeHHKIM ABAAETCH TPHONMKEHHe IMNUPINIecKoit hopMyaoii B RHAR
JHHEANOI GByHKIITH ool nepeMentiodi {1anpMMep, 3T0 BIHPUKD HCIIWIb-
3YETCA B TPEHADBOM aHATH3E), B 3TOM CTyvae COROKYTIHOCTh TOUEK NAME-
nerus (B.19) apeactaniser coboil nabap aHadcHiil apryMenTa X;, 1y, ... X,
a copoKynmirocTs Gynkmshi (8.21) cocronr na auyx $yukuuii: x v 1. Imnn-
puveckas giopmyna (8.22) umeeT nia

u=ax+b. {8.27)

Hettagec THLie MApaMerpsl @ ¥ § ONPEIeNTIOTCR U3 CHOTeME JIBYX AuHe(i-
AIBIX ypasitenHit

An,a+ A,b=8,

8.28
Apa, +Ayb =By, (8.28)

B KOTOpPOA KoahMUUCHTE 1 cBOOOAHLIC YCHK BWpRXAWTCS (opMy-
HamMu

Ay =0 B =Z“i x, B, :Zr“r (8.29)
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YnpaxHeHus

Haiity oGaacTi onpegenetins dbyHKUHIL

8$.1.2= 21 -.82 7=y 83.z2=Ja' —x* -y . 84.2=Vr -y

xt+y
1 1
85.z=——— 86.2=————— 8.7.z=In(x+y).
f+x7 +yt Pyt -at x*¥)
8.8, 2=t
x-y

TocTpeiT: THHRK YPOBHA hyHKIMA.

8.9. 2=xy. 8.40. 7=x+y 841 2= Jy —2*.8.12. 2=
Yy

~x?

8.13.7=4
.

Haiitu nacrHee IPOH3BANHbIE 0T QYHRKIMITL,

844 z=x" + Ity —y". 8.15. 2= Y 8.146. 2 =sin (x + ¥).
X -y

8.47.2=x'y’ —x%y* 8.18.z —arcig ¥ 8.19. 2= ¢¥.8.20. 2= n (x + ).
-

8.21. 2z = In(Vx + ). 8.22. 7 =aye™ 8.23. z = Jx + y2.
8.24, u=+x" +y* + 22,

HaliTyt IPaAMENT 1 ero MOAYE J1A (PYRKINMIt B YKRIAHHBIX TOYKAX.
8.25. 2=4 -3 - %, B Touxe M (1, 2).
8.26. z=(x -y . M(0.3).827. u=x*+y* - 2 M(1, -1, 2).
8.28. u=xyz, M (3, -1, 2).
HafiTh ©acTHRIe NPOHM3BOAHKE BTOPOLO OPAAKA.
x!

1+ 2y

8.33. z=arctg xy. 8.34, z = &' (siny +xcosy).

8.29.:= .8.30. z=xe’ 8.31. z=1In (x + €¥). 8.32. z=x".

HaiiTit akcTpemyMul QyHKIUIT:

8.35.z=x? +y* +xy-4x -54.8.36. 2=y (1 -x - y).
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B37.z=x" -y -y 8.38.z=3r+6y -2 —ay + .
8.39. 2 =2v" 2 + 507 + i 840, 2= 2ay - dv - 2. 8.41. s =€ (x + ).

8.42. lewnwl ABYX RAHAOB TOBAPUB PaBHBL, COOTBETCTBElHO, P, =32 W
Py =24 nenexHule efRHYR. OUpPeeniTe, NDH KAKHX KOANYECTRax ¥ U ¥
TpoAan aTHX TOBAPOE NPHEBLLIL GylleT MAKCHMANLHON, 6N (PYHKINS HA-

Aepxex timeeT pia C = ;—zx?' + 2y gt
8.43. B peayiuTate SKCHEPHMERTA A0 ONATH 3HAMEHWIT apryMenTa v nniy-
HeHB MAThL 3HRIEEW) BETHUREL 4

x =2 0 1 2 4

w 05 1 15 2 3

MertosoM HAUMENBILLX KRIAPATOR HANTI (DYHKUMOHANLHYID 3aBHCH-
MOCTh MEXGLY X ¥ 4 B BI/le auxelsofl Gynki u=ax + b.
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INEMEHTbI TEOPUMN 0OLIKHOBEHHbIX
anddepeHUnanbHbIX YpasHEHUM

JndpepeHiMaibiime YpaBHEH S 3aUUMAIOT 0c0008 MECTO B MaTeMaTHKe
. HMCIOT MHOFOQUIICJIEHHBIE MHDHJIMKEHHMA HO MHOCHX HaYKax. ”C(‘J’Ie-
JAOBAHHA NPUPOINHLIX IPOLECCUB L HAVUEHUE 3aKoHoMepHocTeil olmecT-
HBEHHGIX Tlpl)L[ECCOH l'[pHBD.ﬂ.ﬂ']' K I'[OCTPOEHFIIU MAaTeMATHHEUKHAX MU;'J,E‘J]EH,
UCHOBOMH HOTODLIX ARARKOTCH mﬁd)fbepenunanbume YPaRHEH KA.

B auddepeHuiaibHble ypaBHerisa HEH3BECTHA hy HKLUNA BXOIHT BMeCTe
€0 CBOMMH TIPOM3RNAHEMHI. QcHOBHOI 3afaqeft Teopii jtnibdepenLinans-
HEIX YPABHEHNH SABAACTCA M3yyerWe OyHKIN, NPeACTABAKIOWNX coboi
pelenust ITHY ypasnennil.

Teopua ofiwrnosenmy nnddepeHUNanbHBIX YPaBHEHHA HCCASAYET CTY-
yail, Korsa HeusnecTHRE GhYHKUHH 3aBHCAT OT niHOit nepemedHoit, Teopns
AMQhCPEHOHAIBHBIX YPABHOHII, KOTAA HEWIBECTHRIE (DYHKUHH 33BH-
CAT OT HCCKOJIBKHX IIEPEMEHHBIX, — YPAaBIICHHA C YACTMHMMU npﬂu.;m&um-
Mu — ABAerca fonee cAOKHON B NpeacTABIAET 0colLLL miTepec.

9.1. YpaBHEHUA NEPBOTQ NOPAAKE

9.1.1. OCHOBHbIE NOHATUS
Onpeaencune 1, YpasHetne BHAA

F(x, y. y)=0, (9.1)

FHE ¥ — HEZRBHCHMAN EPEMEHHUA, If H i’ — COOTBETCTBEHHO, HEMIBECTHAUA
YHKLHA W ee TIPOM3BOAHAN, HA3MBaeTeA AMdubepCHUNANEHBIM YPABHC-
HHEM Repa20 NOpRoKa.

TTpuMepbt audepenunabHbIX YpaBHenuil nepsorg nopaaka:

12-1222
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WYy + 2y =0, y=3"siny, (x+yy=Jy

B cAyyac KUra 13 YPABHCHITHE MOXIIO BLIPASH L _I'j', OHO HMeRT AN

y =f{x, ¥). (9.2)

Vpasacuie (9.2) HazeiBaeTcsa yPaBHEHHEM HEPBOTU NGPALKA, PaIpewen-
HbLY ommocumersie npowssodnoi. B nansHcilnieM GyaACM paccmaTpHBaTh
YPABHEHHS MEPAOTO NOPAAKS HMEHHO Takoro euaa. TIpuseps! ypasHeRHIT,
PA3PCWCHNLIX UTHOCUTEIBHO IIPUHBBOAHOIN:

Y=+ y=x/+eg@y). y=2+y

[IpHBeaeM NpHMeps YPaBHeHMH, KOTORbIE MDKHO PAIPEnigTh OTHOCH-
Tes1bHD MPOHIBOIHON HeH3BecTHOH yHKUWN ',

Mpumep 1. ('Y =x° + y% oTKyaa 0AYHAEM ABA YPABHEHHS fIEPBOTO MO-
paaka: y' =xJx’ + 47,

Ipumep 2. J? =x +siny, otkyaa ¥’ ={x +siny ).

Onpepenenne 2, Paueriues AndubepenitisanbHoro ¥ paBHetys oepsoro no-
pA/Ka Ha3bIBaeTCR QPyNKUMA ¥ = @ (X}, ORPeLCcAeNNad HA HEKOTOPOM 11H-
Tepeaie (@, b}, KOTopast NP3 [10CTAHOBKE B ypaBHeHue odpauiaer £ro B T0-
AutecTeo. Tpadvi pelletta HAa3 BAETCT Wimezpaabuoi KPusoil,

Npumep 3. Dynxuus y = 2% ToxaccToeRHO 00PALLACT B HYJIb AEBYIO YaCTH
yparHeHns xy' — 22 =0 » notoMy npeactasaset cobofi peureHue ITOrG
ypamenua,

B teopuu andibepetunateHbIX YPABHENHI OCIIOBHOH 3anavefl ABseTcd

BOYIPOC © CYLLECTBUBZHWK M SAMHCTREHHOCTY pelueHia. OrpeT HA Hero
AaeT TeopeMa Koii, KoTopyio Mal NPHBOAMM (23 10Ka3aTeNLCTEA.

Teopema 9.1. Nycrs nano audpepenunaisioe ypasHetite (9.2). Ecan
dyHKURS [ (X, ) 1 ee vacTHAN NPOHAROTHAS f; {x, Y)HerpeprIBHE R He-
roTopoit obracr D naockoctst Dxy, To 6 HEKOTOPOH OKPECTHOCTH A0A0IH
BIYTPCHKEH TOYKH (&, Yy} 3TOII OBJACTH CYUICCTBYET €NHHCTBEHIIOE pe-
urenue ypaseHHna (9.2), vAoBReTBOPAIOLLCE YCADBHIO ¥ = Iy DI X' = X5,
Ye10Bia, KOTOphle 3a4a10T 3uadense QYK iy B (DUKCHpPOBAHHON ToY-
KE Xy, HABLIBAIOT MAWAIbHWMU yoroawsimy (ycaoeusmu Kowu) 0 3amuceiBa-
0T 1 Takoi dopme:

yl,, =Yo- (9.3)
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3aaay4a HaXOKICHHH PeLlcHNs ypaBHeHua (9.2), yRoBIeTHOPAIOWETO V-
Ao (9.3), HasviBaeTen sadaven Kot — 13 MHOKECTRA HITETPa/lbHBIX
KPHBBIX BRIENSLTCSH TR, KOTOPLE NPOXOANT Yeped JWAaHHY 0 Touky (X, ¥q)
obiactu D,

Onpegenensie 3. O6uum pelgenitess ypapnenns (9.2) nasuvinactea Gpynk-
HA i =@ (x, C), YA0BICTBOPAIOWLAS ITOMY YPABICHHID TIPI MTPOHAROTA-
HOM ZHAUEHHN nocTasHHON C, — 310 ceMeficTs0 MRTErpatblibly KPBBLIX
na naocxocte Qry.

9.1.2. YpaBHenvs ¢ pa3aenatowyvMUCca nepeMeHKbIMY

Onpeaeneune 4. Judipeperunannioe ypagHeHHe g2
¥ =5i(x) f2(y) (9.4)

rae f, (x) 1t f, (¢} — venpeprinLe GyHKILMH, HAILBASTCS YPABHEHHEM C
PRIALIMOULIIMNCH NEPEMEUTRIMH.

MeTo;1 pellleHns TaKOTO R YPARHEHBH HOCUT HA3RAK e pasderenis ne-

peseniibr. 3anHieM NPOHIBCAHYIO i B ee 3rEUBAICHTHOH OpMe KaK o1

HoweHne AH(epeHInana gy KN & AudgepeHuHaTy He3asHCHMOIT me-
.

peMEHHOH r_ii ¥unoxuy obe uactn ypasuexus (9.4) Ha dr u noacaum ofe
»

ero yacTi na f, (yY (f, (¥} = 0); nonvuaem:

dy )
= f,(x) dx. (9.5)
f:.' (u) f

B 271oM ypamies i nepeMenHag ¥ BXOJAHT B NEAYI0 4aCTh, A llepeMeHnas
X — TOXBKG B NPaBViQ, T. €. NepeMeHuBe pazneaeHsl. [lpn atom aea nud-
drepeHLHANA PaDHEl APYr APyry, TOILKO B NpaBoi Yact anyxbepeHunan
RBIPAXEH Yepe3s HERABMCUMYIO MEPEMEHHYIO X, A B JeBOH YACTH — Yepes
tPYHKUKIO y. CApJ0BATENLHO, WX HEOUPEASIEIHbIE HHTEIPAIL PATIHYA-
10TCA HA ADCTOAHAYIO BEAMYHHY, T. €., WHTETrPHPYA CIEBa M0 NepeMertoi
¥, & CpaBa — No nepemennol x, nonyuaem;

_dy de+C 9.6
[ Ihedt 0O

rae - NPOH3BMIWIBHHUA NOCTOAHHAA,

INpuuep 4. 7 - y =0, 1aifTi ofwee peiteHne ATOMQ YPaBHEHMAL.

Pewenue. Paanenim nepeMerne, A 4eTO MePEHECEM ¥ B TIPABYIO HaCTD,
nogeanm 06e yacTH NOAY4EeHHOI0 YPaBHEHMS 14 AY H YMHUAKHM HX Ha &Y,
NOTYHHM:

12
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dy dx
¥y x

Hurerpupys obe vactu 31010 ypasueiis (1Ipasywd o X, 4 JIEBYI0 — 10 Y),
HMEEN

In|xl=

rne C— MPOH3BOJIBHAR NNCCTOMHHAA. l'lpu NOTEHUNMPOHAHHH ITOTYYaeM!
lwl=1Cxl,

YTO 3KBHBUEHTHO ypabheHHio y =+ Cx nin y = Cix. Cemelicteo nhve-
IPATBEBIX KPHBBIX B MALIHOM CaY4ae MPeArTARBICT NYYOK NPAMBIX. NPOX0-
AHILMX YEPEd Nayiio KOUPAHIAT.

r,p‘yz +1

pumep 3. ' = . Haiimit wacruoe pewenste, npoxoaniuee qepes

Touky (0, 1).
Pewenue. Paznenas nepeMensbie, MOMYUAEM YDARHeHHEe B JHdkpepe:-

HTiDme X

% =X EiT
NVMES|

Hurerpupya. nmeem

I y dy Ix‘ dr + C,

Byl

rie  — Mpou3BONLHAd MoCTOAHHAA eelnynia. [locae wHTerpuponanus
(MHTETPAI B NPABOH MacTH BePETcH LRI HOMOUIN SAMERN IEPEMERIIOIT)
1MeeM YPaBHEHHEM CeMeiiCTBa HHTErpaiblibX KPHBLEX

: {
MyP 1l ==x? 4 C
Y 2

Belienedye yacTHoTo pelleRds, npoxoaaulere yepea Touwy {0, 1), npuso-
AUT K ORPEAEACHHIO IPOR3BOBHOI NocTOsHHOM: = V2.1 e ata KpMBag
ONHCLIBAETCA YPABHEHMEM (€ y4eToM Bolf0pa aHaKa)
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8.1.3. HenonHble ypaBHeHUS

Onpeaenenne 3. JudbepetiutaibHoe ypanrenne uepsore nopaaxa (9.2)
Ha3LIBACTCA HEMOAMbLM, oC.Mt PYNHKUMS [ 2BHO AABUCHT TOABKO 0T O;U10H
nepemeniodi: msHo ot x, anbo o1 g,

1. [Iycts dyHKumMs f 3aBUCHT ToAbKL oT X, Tlepenucab ato ypaBueHue B
BHAC
dy=f(x) dx.
HETPYANO YOeaHTLCH, HTO €TO pellelneM ABIACTCA yHKIus
¥ :jf(.r) dv+C.
2. Tlyers hyrones £ 3aRHCHT TOARKO OT y, T. €, ypaauesie {9.2) nueer g

¥y =1 (5.7

JdnipheperIMaAnbHOR YPARBHEHHE TAKOTO BH1d HAILINACTCH Q@EMOHDMMBLM.
Ta!\'l:'[e YPBBHEHHR HacTo YI]D'I'pt"ﬁJ'IHH)TCH B ﬂpaKTHKE‘ MarTeMaTilHeCKoOT0
MOJENNPOBLHNA B 2KOHOMIIKE, KOCAD NE3ABHCHNMAA TICPEMEHINH T HYDAET
[*0AL BpeMEeHH, 1€ BXOJAMErQ B COQTHOOIeHHA. B atom Cirydae ocoﬁmi’{ HH-
TL‘DEC NREeICTARTIOT TAK Ha3 LIBACMBIR HIOUKY PAGHOBCCUS, WAH LTa ummap-
Hele TOYKH — 1y.T8 pyHKkaun £ (i), vae nposasoaHu y' =0,

Petuenne ypasHeRus (9.7) MeT0a0M pasaeTeH s [IePEMEHHEIX TPHBOIHT K
(DVYHKUHORRIBHOMY YPRBUEHKID T8 ONPeACNeHHs REH3BeCTHOM (PYHKLUIM

Y= (X) (nan =y ()

dy
Y = . 9.8
If(y) tr ©8

9.1.4. fluneinbie ypaBHEHXA NEPBOTD NOPAAKAE
QOnpenensenne 6. YpasneHne BUAa

¥ rp(xyy=g(x), (9.9)

rae p{x) v q (x) — HeopephBHLe (GYHKIUN, HAILIBAETCA RUNEdHbM DH-
(epeHINAILHEN YPABHEHHEM [LlEpLOTO NOPAAKE.

HeuasecTHast pyHKUMA H £€ MPOMIBOAHAR RXGJIAT B YKA3AHHOE YPaBHEHHe
B NEPBOMH CTEMEHH — JIMHEAHO, 9T0 B OOBIACHAET HAJTBAHWE YDaBHEHWA.
Ecnn g (x} =0, To ypaBHenste (9.9) Ha3bIBAETCA ANHEHbBIM 0OHOPOdNBIM
YPABHCHHEM; ecan Ke DYHKUHA g (X) He pasna TOXNASCTBEHHD HYAH, TO
ypaBHeH e (9.9) HasRBACTCA AHHEHHEIM HEOOHOPOOHbLM YPABHEHHEM.
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Tlpuseaen Hes BuBoga odwee pewenie ypasueria (3.9):

y(x):e"f“”‘"{c+jq(x}gl~"“’“‘dr} (9.10)

ChenyeT QTMETHTD, Y4TO HEKDTOPHE HEMHHEHHLIE YPaBHEHNSA TIRHBOAATCA
K AMBCAHRM YPARMEHIAM COOTBETCTBYIOUIHMT 3AMEHAMH HEWARacTHOM
thyriunn y (&), K TakoBsIM OTHOCHTCH ypasuenue Bepnyiau

Y rpy=9x)y. (9.11)

/e P | ¢ — HERPEPBIBHKIE (DYHKIIMNY, @ #f — HEKOTOPOE MOCTOAHHOC 9HCA0.
Mlyere n= 0, n = 1. Beejes nosyio dyHKIMD

z=y' ", (9.12)

roriy Hosyuus mieitnoe anddrepeuHanbioe HeOAHOPOAHDE YPABICHHE
OTHOCHTEALHO HeM3BCCTIOH hynkunn z ()

Z+(l-mypz={1-n)gq (9.13)

P':ICCMOT]J}IM NPpHMEDDL PCIUCHHAA ReOAHOPOIHBIX ypH.BHEliJ*Iﬁ HEPBUTD 1O~

PAAKA.
Npamep 6. ' + Xy =27,
Pewenue. 370 mHHENTHOE HEORHDPOAHOE YPaBHEHHE TepBoro nopaaka. Ia-
cleloBaTeNbHOe MHTerpuposanue & (opmync (9.10) apu p(x)=27 u
A

a “ 24
q (x) =22 gaeT J-x:’ dx = ey jx "¢"'R dy = ¢ 4 C (3rOT MuTErpPAN fe-
peTes noacTakoskoil = '), MToacranoska B hopmyny (9.10) tpuroamT K
dopMyne pewenns puddepeHLianLHOTO VPABHEHHH

y(x)y=Ce™'™ 41.

Iipumep 7. i + xy = xi/°.

Peutenue. ladnoe peaduednoe ypaBUee NPeACTanaeT cuboH ypuste-
une Bepnynaw upu n = 3. 3amenoit nckomolt dyrxumnn z =y % cornacHo
(9.12} » (9.13), nonyvuM auACAHOC HCOAHOPOAIIOE YPABHEHMC OTHOCH-
TenLHo z {X)

dz
22 _9vr =3¢
dv ol

Ho opmyae {9.10) nomyyaes ofwee pemenye 3TOro ypaBHeHHs



9.2. DvdhbepeHuMantHble YpaBHeHuA aTopora pagxa 175

2(xy=Ce" +14

Teitepn, BRINOMHAS oBpatHyIo 3aMeny y = +1/+/z, moayuaem pewenue uc-
XOTHOMO HENHHEITHOrO ypanHeHHs:

y=t(Ce” + 1)

9.2. udhdepeHymnanbhble ypaBHEHUA BTOPOrO NOPALKE

9.2.1. OcHOBHBIE NOHATHA

Ompegenenne 7. TuddepeliunansliLiM ypagHeHUEM gmopozo nopaoxa Ha-
3BIBAETCA YPABHERHE BHA

Flr, v, ¥, ¥ =0, (9.14)
rde X — UeSABICHMAR NepeMenias, ¥ — uekoMan drylikwts, ¥’ u i — cooT-
BETCTBEHHO, €€ IEPBAd W BTOPAA NMPOWIBOAHLIE.

NMpumepbt aidbdepeHIMATRHLIX YPABHEHIH RTOPOTO NOpAIKa:

y ity —xy® -sing’ =0, yy" vy +xteosy =0,

Bj’ﬂL‘M PACCMATPHBATL YPARNECIINHA, KOTODBC MOBINY J31HCATL B BHAER, pd3-
PEEHHNM OTHACHTEARNO BTONGH OPOIIRIHON:

y'=1(x y ¥ (9.15)

Kax o B cayvac YPAaBHCHWA NCPROrQ [OPAAKA, DCILCHHEM YPasNEHHA
(9.14) wmazniRaetca GYHKUMA K =@ (X). ONpedesieHAAA HA HEKOTOPOM
unreppane (g, b), koropasa obpalaet ato ypashenne B roxaectso. [padutk
PelEeHNH HA3LIBACTCA MHTerpanbnoil kpuuoil. Hmeer mecto reopema
CYIIECTEDBAHNSI N EIWHCTBEHHOCTH DEIleHRA YPABHEHUA BTOPOro no-
pRAaxa.

Teapema 9.2 (Teopema Kown). Hycrs Gynxuns f(x, i, ') W ee vactisie
npouseonHme f; W/ RenpeprBHbn B RekoTopoit obaacrin D apocTpancTea
nepeMentbix (1, y, ¥'). Toraa a9 aoboit sHyTperell Toukn My (. yo, #5)

atoil obnactv CymecTByeT eXHHCTRERHOe pewenite ypastenns (9.133,
YAOBACTROPRIOUILE YCAOHRAM

X=Xp5 Y=Y ¥ =Y (9.16)

Yenopus (9.16) HadslBAOTCA HANAILULIMUE YCTOSURMU, A 32Jauy OTHICKA-
HHS pelleHHs ypapHenHs Bria (9.13) no 38anubiM HAYATBHEM YOITOBH-
AM HAMLBAIOT 3adauel Koww,
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B abutem cayyae ypasaenus (9.13) nMeeT MuoORecTRO pelteHHH, Nockoib-
KY B HEI0 BXOASIT JIBE HEONPEAEISHHBIE NOCTOAHHMIE, NOABIKIOLINCCA
13-32 ABYKPATHOTO HHTEIPIPORAIHA.

9.2.2. [IuHeRHbIe YpaBHEHUS C NOCTOARHBIMKY KO3(PULUeHTaMM

Onpeaeacnne 8, Iimeiinusm ambdepenimainimsy ypaseHileM BTOpoOro
NOPAIKA 11236IBAETCA YpaBHeHie B1ia

y Hp{x)y +g{x)y = f{x), (9.17)

re y — vekoMas dyHs, p (), g (0 1 £ (V) — uapectre PYHKIMN, re-
NPEPHIBHLIE Ha HEROTOPOM HuTepBane (a, H).

Ecaw f(x)=0, o ypasuenne (9.17) HasbiBaeTCA Aunetineim odnopodtbis
YPABHCHHCM, B IPOTHBHOM CJIYYAC OHO HA3BIBACTCH AuHeilbiM Heodopod-
HBLM YPARNEHHEM.

B atom Pajmcnc Mbl aCCMOTREM BRXHLIA M BeckMa ]JaCIT]JOCTpaH(—.‘HHb!ﬁ
cAayyaM, Koria a ypasHenuu suaa {9.17) dyuxuuu p () u g (x) — nocra-
SHHbIE HEJHYHHBL YDaDHeHps TAKOTU BHIA HAILIBAIOTCH AHHERHRMH
YPABHECHHAMI C TIOCTOAHHLIMHI KDa(‘I)CI)HLIHEH‘[‘EIMH. [’]T?.K, Mb]l PACCMATPH-
RaEM YPABHEHHE BHAA

y"' tpy +gu=[(x)

UE 3 0 f — BELICCTRCHEBIC YMCTA. Janee mul 6}'}'[(.‘M HMETD J1€JI0 TOAbKO
VPABRHEHHAMH TAKOTO THOA.

9.2.3. JIuHeiHOE 0QHOPCAHOE YPaBHEHWE

paCCMDTDHM JWHeitHoe QIHODOIHOC YDABHOHIE

Yy Hpy+au=0, (9.18)

Tae p 1 g — pewecraeHnele wicna. Tineiinoe aAnddepenunantioe ypan-
HEHHE BTOPOIO NOPALKL MOKET HMETL MUOXKecTso peurenuit. Oanaxo cpe-
MM HMX BLLIENSIOT DA3HCHBIE Penlents, IO KOTOPBIM CTpoHTes ofiiee pe-
uienne ypapHenus. Tukux peumenuil ond ypasuetvd BTOPOro LOPALKA
ABa — KAKOB H NOPAICK YpaRrHeHAs,

Bynem uckars pewense ypapienns (9.18) s suze y = e, cae k — sexoro-
poe yicao, Tloactanass oty (hYHKLIO B YPabienye, IoIyYaes:

k2e® + pke" + qge* =0

Coxpaian ofe YacT¥ 3TOTO PABEHCTRA HA €7, IONYUAEM KBARPATHOE YPaB-
HEHHE OTHGCHTEIbHU kb
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B +phkig=0 (9.19)
Yparuenne (9.19) HaukBReTCH YAPUXMEDUCMUNCCKUM YPAGHENUEM IS
girpdepenunaisiorn ypasHenus (9.18),

Bua ofiulero peserna ypasrenis (3.18) cywecTBEHNO SaBHUAT OT ToIw,
KAKHE KOPHH MMEET XapakTcpucTimeckoe yparHeHle ($.19), Ofioznauum
ITH KOPHY Yeped b, 1 b, Cnpanenmisa caeAyiolas TEOPEMa.

Teopema 9.3. 1. Ecay KOPHH XapakTepueTHUECKOTO YPABHEHHH DellecT-
BEHHKIE 1 &, = k;, T 0Digee petieHHe DAHOPBAHATO AlppepenHanLHOro
ypaenenna (2.18) umcer aug

y=C'e" +CTe"". {9.20)

2. Ecan kapHH ypaeaeris {9.20) semectpennsie W paprsie (B, = &, = &), T0
obutee pewenne ypapuenus (9.18) umeer sug
y=Ce® +C,xe"; (9.21}

3. eciti KOPHM  XapaKTeDHCTHYECKOTO  YPABHEHWA  KOMIUIEKCHEIE
(ky=a+bi, ky=a— bi,rae i=~—1 — smuunaa edunuya, a v b — BenlecToeNR-
HEIE YHCA), TO 0DULEE PELIEHHE UMEET BHA

y =e“(C, cosbx + C, sinbx), (9.22)
tae a=—-pfl.h=q-p° /Z Ba acex tpex cayuyasx C, 1 £ — NPOM3BQIISL-
HbIE [IOCTOAHHEIC.

Ipumep 8. y" -5y’ + 4y =0

Pewenue. XapakrepHeTHReCKOe YPaBHeHHe aaHHero A ddepernna sHoro
YPAaBHCHUA HMePrT BHA

k2 —5k+4=0

Erc KOpHH BEIIECTEEHHBIE M PAazAHE: &, = 1, b, = 4. Creanpatenbho, 00-
I[1eE pPeLIeHHE JaHEOTO YPABHCHUA HMEET BUA

y=Ce' +C,e"".
Hpumep 9. " —6y" +9=0.
Peiwrenue. Coctarum NANAKTCPHCTHYLCKOE YPaBHEHIIE!
B —6k+9=0 uan (k-3) =0.

QHo MMecT XpaTHRLT KopeHs k= 3; cieforatensHo, obiuee peweHue fan-
HOTG OAHOPOIHOND YPABHEHHA HMEET Bl

y=¢e"(C, +C,x).
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NMpumep 10. " -2y4" + 2y =0
Pewenue. COOTRETCTBYIOBIEE XapaKTEPHCTHYECKOE YPADIERHE
kY =2k +2=0

HMEET AHMCKPHMILAUT, PABHBI — 1, H 3HAYHT, KOMILTEKCHO-CON PAXKEHHBIE
kopHu By =1+ 1, k=1 — 1, rae i = V-1 — MHHMan eauniia. Crejgosareis-
HO, ofiiiee peuleHHe JAIHOTO YPARHEHHA JAeTCH (hopMyToi

y=e"(C sinx + C, cosx).

9.2.4. [lnHesnsie HEOLHOPOAHBIE YPABHEHUR

Paccmorpus HeoaHopoHoe TudipeperiHanbHOE YPABHEHKE BTOPOTO 110-
PAKKA ¢ NOCTOSHHBIMH KO HuenTAMK

¥y gy = S0, (9.23)
Teopema 9.4. Qfuiee pewsenns HeoaHOPoAHATG ypasHenua {9.23) cocto-
HT M3 CYMMEL €10 4atTHOTO PetleHHs M 0Oero peluends CooTBeTCTBYIO0-
ers oaMOPHNAROro ypanHenus (9.18).
Npofiaenma pemenun ypasuenus (9.23) coctout B ToM, 9Tabbl N0ACGPATL
QACTHOC PelUeHile HEOLHUPUAHOIO YPUBHCHIM T10 BRAY CI'o NPaBoil 4acTu.
Ipumep 11. 4" -5y’ + 4y =8

Peutenne. CooTRETCTRYIOINEE OUIDPOAHOE YPaRHEHHE BbLAO PACCMOTPEHO
B npumepe 8. Mexoas M3 puaa npavsoit vacty, Sy1eM HCKATbh YacTHoE pelle-
HUC JRHIIOTO HEG/IHOPONHOFD Yypasilewus 8 ruie KoHcvautw § = C, Hoa-
CT4BJIAA 3TO pelieHHe B YpaBHeuue, nodyduem C = 2. Orciona cheayer, yro
UGI.L[CC PELOCHNE HEQAHOPOAHOrO YPaBHEHIIA HMELT BWA

y(x)=Ce" +C,e™ +2.
Mpumep 12, 4" —6y" + %y = I,

Peuenue, 3060k ANA DTHICKAHHA YACTHOLD PEILCHHSA 3TOID HEOTHOPOAHOTO
YPABHEHHH BOCHOJb3YCMCHA METOAOM Heonpedenenisy koagdiuiuenmaos,
HE COLCPMALUMM [IPOLECCE HHTETHIPOBAHNA. B}’ILEM HCKATh 3TO PENICHUE
B BhiAe MHOTOYACHA TUfI e CTCNEHH, YTO # npapad 4acTe, T. €. _a‘ = Ar + B,
rie A u B — HenaugectHbie xooddnunenrel. Anddgepenunpyn apwxas ¥ 1
MOJICTABAAA B MCXDAHDE y'paBHCliHE. lTDJ]_V'-IaEM:

—64A+94x + 98 = .

ITpupapHuBAn KO3GhHITMEHTH! NPH HAHRAKOBLIX CTENEHAX X B 0GeHX vic-
THX @roro paBeMcrua, Haxoaum: 94 =9, -64+98=0. Grcwaa A=1,
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B=2/3, 7. e.§ =x+2/3 Coeaunasn aTo pewienne ¢ obuiim peluensem co-

OTBCTCTOYIOUICTO GAHOPOANOTO YpabHeHus (M. npuMep 9). noryvaem ob-
Uiee pelenye HEOAHOPOAHOTD YPasHEe iHa:

y(r)=e™{C + Cox)+x + 23

Mpumevanse 1. B ofiugem caygae, ecny XapakTepHOTHYECKDE YPaBUEHWE
(5.19) conepHT HyAeBolt KOpeHR KPATHOCTH 5, & NPalas Yacth HEVAHO-
POJIHOTO YPaBHEHHS LIpeacTaBAset coboi Muorowned P, {x) creneau 71, To
YacTHOC PENIEHNE ITOTO YPABHEHKA HUleTes B BHAe (O, (£) &' rne Q, () —
MHOTOWIEH CTENMEHH 72 C HEH3BECTHBIMH KO3pDHUMEeTAMN, KOTOPEIE Onpe-
JeNSH0TCA BHIUEYKaIAHHLIM METOA0M.

pumevanve 2, B obuem crydvae, ecay npasas YacTh BEOAHOPOAHOMD
YPaBHEHNSA HMECT BHA €%, TO €ID YacTHOC pellleHMe WIIeTCA B BHae
g(x)=x"e™.rde 5 — KPATHOCTb KOPH3 & = 7 B XAPAKTEPHCTHYECKAM YPaB-
xenuu (9.19),

9.2.5. 3anaua Koww 1 xpaepan 3agaus
OJ1A YpaBHEHUS BTOPOro Nopagka

Jns oNHO3INAYROCD ONPeAesICHHA pelleHUs JudupepeHtHanbHOTe YpaBHe-
KIS BTOpOCD MOPARKa HEoOXOAMMO 3a0aTs ABA YCI0BHA, YTobhl HaiiTy He-
onpeseneinpe nocyeatitue O, vy Cy 3aech BOIMUMNUEL ABA Cyyas.

1. 3anaua Kowru (9.16), xorja, cornacHo Teopesme 9.2, B oMHOH ToOUKE X, 3a-
310TCA 3HAYMEHHSA HCKOMOH (DYHKIHWH W ee NPOH3AORHONH — ABa HAYATH-
Hu yeaosus (9.16)

2. Kpaesast 324344, KOraa B KOHCYHLIX TOUKAX HATEPBANA PELICHKA 337a6T-
€S (10 OJHOMY YCI0BHIO (/1Ba MPAHUYHLIX YCNORUS), HAIPUMED:

X=X, Y=Y X=X Y=Y, (9.24)
Ilpumep 13. Halitu peulerue ypasHeHuA

y"-Sy' + 4y =8,

YAOBRAETBOPAIOEE KPAEBHIM YC/AOBHAM

x=0, y=1, x=In2, y=2.
Obee pewrerie 3roro ypapHenua 6bum Haliedo s upumepe 11

y(x)=Ce" +C,e*t +2.

Jlna OTBICKAHMA YACTHOTO DPElIEHWsA, COOTBETCTBYIOWETC NAHHBIM Kpae-
BbIM YCJIOBHAM, NTOACTABHM 3TO peliteHHe B 3tu kpaeanle yeaonns. Tlomy-
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YieM CMCTEMY JIMHEHHbIX YpaBHeHHH OTHOCHTENBHO NMPOHIROJIBHAIX NO-
craauHeix C, u Oy

C +C, =-1,
2C, + 4C, =0
Wi sroit crcTemst naxoaum: C; = 1/3, €, = -4/3. Orciona peuicHHe 4ankoi

KPaeBOi 3a1a4M KaK yacTHoe perucHue AidbepeUHaIbHOTe YPABHERNS,
mpoxoaaiuee wepes touxw (0, 1) u (In 2, 2), nseet Bun

4.1,
=2-—¢" +-¢"".
¥y=273% 73

YnpaxdeHus

Haiiry obiue pewerna addeper UHAILEBIX YPABHEHU I METOLOM pasie-
JIeHHA MEPCMEHHRIX.

91 xy -y=0.92. gy +x=0.93. 2% +y=0.94. y' = y.
95, (1 +y)de=() +x)dy. 9.6, /' = 1 - ¥
9.7. (1 + Xy =x (1 + ). 98 yy' +x=1.9.9. (x+ 1) i +xy=0.

Hafitsn qacThhble peulenns ypaBHeHHIT EPBOTO NOPAAKA, YAOBNETHOPG-
HIME YKa3AHHBIM HaYaAbHBIM YCJIOBHAM (3aaa'ta Kowmw).

9.10. 2y'Vx =y.u, =1 npn x, =4,
9.11.:(1_1;' +y2 =0y, =1 mpn x, =-4.
912. (1+e" )y’ =€y, =1 mpu x, =0

5.13. 1y’=ﬁ.yo =1 mpn x, =e

9.44, (1+y* )dr—xy dy =0y, =1 npu x, =2,

9.45. (2x+ ) dy +y*dx =0y, =1 npu x, =4.

Haittn oburie pelrelins annelineix ypanHeduit.

916,y -y =e".917. y' =x+y. 918, 3y’ +y =3 919, y +y =2ve ™",
3.20. y' —% =x.9.21. ' +y —cosx.

PeiunTts ypaeresna Deprymm.
922, ' +ay =xy>. 923 pr+y =y . 924,y +y =3y,
9.25, ay' + 2y =x’y’.
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Hadimi obline pelteRHs MHHEHABIX OJIHOPOARBIX ypasHeHHH ¢ NOCTOAN-
HEMU KoadubhunesTami.

9.26. y" -5y' +6y =0927. " -3y ' +2y =0

8.28. y" -4y’ + 4y =0,9,29, " -8y’ + 25y =0.
9.30. " -2y +2y =0.9.31. y" + 4y' =0.

932,y +3y' +2y =0.9.33. " + 2y' + 5y =0.
934.y" -y =0935. 4" +y =0

Haiitn ofmue pemienns 1e0JHOPOIRKIX YPABHEHH if.
9.36. " + 2y +y=e".937. 4"+ y' -2y =4,
9.38. y"+ ' =% 9.39. y" -5y’ + 6y =6x.

9.40. " +y' -2y =2e 9.41. y" -5y’ +6y =e*'.

Haiitv peurennsa ypapleitstii BToparo nOpAAKE, YAOBIETROPAIOIIHE YCIO-
BHSAM 3azayy Koww.

9.42. y" -5y" +6y =0y, =0, y, =1 mpu x, =0
943. " -3y +2y =0y, =1 ¥, =0 mpu x, =0
9.44. y" -Ty' +6y =12y, =1 y,=4 npu x, =0
G45. 4" -4y + W =3r+2y, =0, y, =1 npw x, =0

Haiiti penteHnn ypasHeridi BTOPOro MOPSAKA, YAOBIETROPAIOLIHE 3a]aH-
HLIM KPAEBBIM YCAOBHAM.

9.46. y" -Ty' +6y =12y, =2npu x, =Gy, =64 npu x, =In2
9.47. y" -5y +6y =2¢" .y, =2npux, =0y, =—6mpux, =n3.

9.48. y" -6y + 9y =9y, =0npux, =0y, =%npu.r, =1

949, 4"+ ' + 2y =6e".y, =T npux, =0y, =4npu x, =1n2.
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OnemeHTbl TEOPUM BEPOSTHOCTEN
W MaTeMaTU4yeckom CTaTUCTUKK



Fnasa 10

OCHOBHbIE NONOXEHUSt TEOPUN
BEPOSATHOCTEM

Cryuainnis OTHOCHTENLHO KOMILNEKCd YCA0BUH S HasmBaerca cabuitue,
KOTOPOC NPH OCYICCTRAPHHHN VKAIMHHOTA KOMMNJEKCA YCAOBHIt muxer
Ao nponsoiity, Aubo e nponsoiiTy. Teopna BepoATHOCTEN I1MEET 2010
cO CAyURliHBIME COBBTHAMM, QAHAKO OHA He MOXKET NpeACKAzaTh, Npo-
WIOILTET A4 eannnyuoe cobormie s vet. Teopls BepoATHOCTEH nayuaer
GEPORTNOEIIILIE JAKOUDMEPNOCIIL. MACENBBLY DTHOPODIBIX CAYLATBIY CO-
Oumud. B nocasaiiie roal angapar TCOPUH BEPOATHOCTER aKTHBHC HC-
LOBIYETCH B IKOHOMHRKE.

10.1. OCHOBHbIE NOHATUS TEOPUN BEPOATHOCTEN

10.1.1. Hekotopoie GopMynbl KOMEUHATOPUKY

[lyeTe 3a0AHO KOHETHOE MHOMKECTBO 3NEMEHTOE HekuTopolt npHpoan. Mz
HNE MUKHO COCTaBANTL ONPEACICHHELE KOMDIIHALMM, KOJIHYeCTRA KOTO-
PhIX M3YuaeT KambuHaToprka. Hexoropeie ee hopMyabl HCNOABIYIOTCA B
TEOPHN BEPUATHOCTH; NPUBEIEM HX.

1. KOMﬁJ—IHallHH, COCTOANLIE U3 BAHOH H TOI ¥Ke COBOKYTIHOCTH 1 padjiiy-
BhiX AMEMENTOL M PARAIHYAGWHECS TOARKO TIOPAAKOM HX DACTIONOXKEHHA,
HA3LIBAKTCA RNEPECTRANOCUNAMU. Uicno Brex BO3MOKHLIX MMCPCCTEHABOK
ONPeALIACTCA APOHIBEIEHHEM YHced 0T SUHHELILL &0 7

P” :1.2.3...”:}11

2. KomOMHALHK 110G M 3A8MEHTOB, COCTANJRHHBIE 113 71 PA3HMIILLX 3ICMEH-
ToB {1 < A), OTAMUAILKECS APYE OT ApYra MO0 saemenTami. Audo Hx
HOPHOKOM, HA3LIBAIOTCR pazMeuenuami, U1eia0 BCeBOIMOMKULIX pasMe-
LHEH
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Al =n{n-1){(n=-2)---(n-m+1).

3. KOMﬁI'IHaL{HH, CONEPAULAY 1O 7 RICMeHTOB KiKA2A, COCTABIEITHEIE N3
1 PAZTHYHBIX AAEeMEHTOR {'m < ?7) H PasnaIMINEeECA X0Ta 6bl DIHHM 308-
MCHTOM, HA3BIEATCHA COUSMANIAMIL. Yo coaeTanuil OMMEACNAETCA
chopmy ot

_— !

S=—, =", AN =P O (10.1)
m!t (n—m)!

B yacTHOCTH, BTOPYIO 13 GOPMYA YAOHHO HCNDAb30BATE B PACHETAX, KOTa
m>nl2

Hanosmuns dopsyity 6unoma Huworona, 3 KoTopolt yHacTeyior Koathdm -
wierrtar (10,1}

(prg) =Crp"g* 1 C7p" g L Clpg" + Clp°g". (10.2)
Mpumep 1. Cranskunmi cnocobamy Maxio sufipats: a) no 2 kaptw; 6) o
32 Kap1bl U3 KONOALL, COLepRIILel 36 mpwisimx kapt?

Peutenue. ckaMoe qUcno Cnocobon:

aych = 361 3536 o0 oo o

) 36!
21 341

=58905.
32!

10.1.2. Bugbl cny4amHsix cobuiTi

Panee fni10 mBeaenno nolisitite cayyvaiinoro cobutis. O6u1IE0 B TeopuH
BEPOATHOCTEN BMBCTO TePMIIIA €COBOKYMHACTh YCAOBHH» ynotpebaator
TEPMMH «MLNBITALHEs, H TArA cOOLTHE TPAKTYCTCS KAK PEIVALTAT HCNbI-
TOHMA.

Onpeaecnenne 1. CobuTna HAILIBAIT NECOBMECTIHBIMIL, €CIH B OJHOM H
TOM SKE MCHBITAAMIL NOSBASHHE 0NGI0 A HNX KCINIOUEeT [0S BIeH HE
apyrix. Hanpisep, asiagetite «opias ape noabpachigate MOHETR 15C-
KTOYAET TOABAEHIE B 3TOM Ke HCTBITAHMI «pellkie, H HaoGopoT.
Onpenenenne 2. Heckonbko coObmnil 0OpasyoT NOIHYIG ZpYRANY, €CTH B
PE3YIRTATE HEHBITAHUSA MOABTIEHHE XOTH (bl GAHOTO U3 HUX ABAALTCH A0C-
TaBepHbiM cobnititem. HanpiiMep, mpH Tpon3BeeHH It BRICTPEIA TI0 MULTe-
HH {scnbitanue) ofigsateswin Hyaer aibo nanaaanile, H6o NPoOMax; 3TH
ABa cobuTHA ofpARYIOT TOHYI TPYIINY.

10.1.3. MNoHATUE BEPOATHOCTH

HarobeM KaxkABI M3 BOIMOKHEIX DEIYARTATOR WCHWTAHHA MMeMEHMAapD-
noew cobvimuens, UAH ucxodom, Te sieMenTapHEIE HCXOAbL, KOTOPhIE, UHTE-
PECYIOT Hac, AA3LBAIOTCA &GZUHPMW'HMH COOLITHAMH,
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Oupeaesenne 3. Ornowednre yucha OAILONPHATCTEYIOWHY COOwTHI A
2TEMEHTAPHBIX HCXOGAOR K Uﬁ]ﬂ.E‘M}' HHCAY pAaBUOBOIMOAENLIX HCCOBMECT-
HBIX ANEMEHTRDHBIX NCXOAOE, OOPAIYIOUINX NOAEYI TPYIILY, HAILIBACTCA
SEPORMIDCTRLIG cobWmus A.

Bepoatuoctk cobimtus A obaznataerea P(A). Honatne sepoATHOCTH AB-
JACTCA QUHHM H3 OCHOBULIX D TEOPHA BEPOST HOC T, ﬂaunue patice ero
onpeaeficHHe ABJSeTCR KNACOHMeCkHM. T3 Hero ubiTeKamT Hexkorophie
CBUNCTHA.

Cnoiictro 1. BepoaTnocTs AGCTOBCPHOTO COOBITHA PABHA €TMHUILE,
Croiictro 2. BeposiTHOUTh HEBO3MOKHOTO cONBITHA pagHa HY.TIO.

Ceoiictso 3. BeposatHooTn Cayvalfioro coBLITA CCThb ROJOXKHTERLHOEC
oo 0 < P(A) < 1,

Cien0uaTennbHO, BCPOSTICTE MOBUre cOBLTHA YIOBNCTBOPACT HCPABLH-
CTBY

d<P(A)< L, (10.3)
IIpnmep 2. B xopobke fexar 10 wapoe: 6 Hexsix u 4 uepuatx. Hajiti gepo-
HTHOCTDL TAO, YTO M3 [IATH B3ATHIX Hayran wapos Gyaer 4 Genbix.
Pewerine. Hafinem uneno GAarampHATHLIX MCXOAOE: YHEID CNOCOHUE, KO-
TOPRIMIE MOKIO BIATH 4 OLALlx wapa n3 6 MMeminuxcs, pagHo

6!

Co=Co =317y

=13

Oburee 4Mca HEXOON DUPEAEAAETCA YHCAOM coveTannil ua 10 mo 5
1 =252 Cornacho onpesedenio 3, ACKOMast BEPOATHOCTS

P=15/252=0,06.

10.2. YMHOXeHNe BepOATHOCTEN

10.2.1. NpouaseneHue cobbITUA U yCNOBHAR BEPOATHOCTb

Onpeaenerne 4. Ifpauzsedenuenm asyx coOmitit A u B Haspipaetes coGh-
THe AB. o3HavaOIee COBMECTHOE TIOABJEHHE BTHX COOBITHIL

FHaupumep, ecau coburrie A — map, cobbiThe B — Heablit wser, 1o Mx Opo-
uanefenie AB — Senbiil 1ap. AHANOIHYHO ONPEREASETCR HPOHIBELEHME
HECKOAbKUY COBBITIH K4K COBMECTHOC NOSBICHIE BCEX MX.

Ecau npit aMUCAEHHH BEDOATHOCTH COOBITIHSE MHKAKHX APYTHX OCPAHM-
yeHHH, Kpame HeobXeanMoTo KoMILIEKCa YCIOBHI S, 116 HAMATRETCS, TO Ta-
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Kasd BEepPOATHOCTE HasbiwaeTen Bedycavenon. Ecm ke vanaraiotes apyrue
AONOAHMTENLHBE VCIOBNS, cOfePxaule ciaydaihie cofisrma, ty geposT-
HOCTS TRKOTO COOLITHA HA3BIBAETUN YCAOBHUE.

Onpenenerme 5. BepoaTHOCTE co0nTHA 8 8 NPEANOMOKEHHHE O HATUYLHHA
co0OuTHA A HashIBAIOT YCJOBHOH BEPOSTHOCTREY P, (B).

Ipumep 3. B suuike nexar 11 geraneld, 3 w3 wux wectangaprine. Uz
SAIMKA MBAKAL GepYT N0 oAxail AeTann, He roaspalilas wx obpatro, Haid-
TH BEPOATHOCTL TOI'G, YTO BU UTOPOI pad M3 AILHKA OVIET HaBjeducHa
HECTaN/apTHAA JETanb — COObITHE B, ¢ B nepBWA Pa3 AIANM HECTAH-
AADPTHYH.

Pewenue. Tlocne nepoolo nunieueina § ammee 1w 10 aetanell nmeetcs
8 CTAHJAPTHLRIX, W CJIeA0BATETRHO, HCKOMAH BERORTHOCTDL

P, (BY=08.

[TycTh Temeph HaBeCTHA BepaaTHOCT P (A) cobbimits A i venosdas sepo-
wToetl Py (B) colisrris B. Torua enpaveanusa cienymomas Teopema,
Teopema 10.1. BepoaTHOCTL NPOHIBELEHHI ABYX COOBITHE ONPEAERACTCA
opmynoii

PABY=P(A) P, (B). (10.4)
B teapHH Z0KazeILABTCH, 4TO COPABERAHNO PABENCTBO

P(A) Py (B) = P(B) Py(A).

Tipusmep 4. B veanausax npuMepd 3 nailte BepoaTHOCTH TODN, UTO B 11ep-
BLUT Pag H3BINEYeHa HECTAHAAPTHAA HeTalb, a BO BTepoil pa3 — cranaapr-
Had.

Peawenue. Urak. cobuirie A — 310 napnedeHue u3 SUWKa HECTAHAAPTHOH
aetany, a4 cobwmitue B — cranaapthoil. Toraa seposmwocte £(A)=3/11,
a ycnosuas sepoatHoCTs P, (B) = 0 B. Mrxoman mepoATHocTe npousscie-
HHA ITHX COOBITHH {HX COBMECTHOIO MOABIEHHS B YKAa3aHHOM NOPALKE)
paeia, cormacHo Teopeme 10.1,

PIABY=P(AY P, (B)=(3/11}- 08 =022

Teopema 10.1 ponyckaer ofofitenne Ha cayyait nponasefeHns soboro
yucaa cobuTuit A, As, Ay, ... Ay

P(AAA;AY=P(A)P, (AP, (Ay) P, 4 (A (10.5)
T. €. BEPOATHOCTH COBMECTHOD NOABAEHHA 1 cOOMITHIT PARHA MPOMaBEAE-
Huto 71 seposithoctedt, rae P, (A, ) — yelosibie BepOsTHOCTH cobbi-



188 nasa 10. OCHOBHMLE NONOXEHUS TEAPU SEPOUSTHOCTER

THI A, B NPEINOJIONKEHHH, 4T0 cobbrmist A, Ay ... A4, yXKe TpoOHIOLULIAH
(k=12 .., ).

IMpumep 5. B ypue naxoaarea 4 Bensix mapa, 5 kpacubix n 3 cHuix. Ha-
YAAYY W3BAEKANT N0 OJIHOMY apy, He noaspawas era obparno. Hafimy
BEPOSTHOCTE TOMD, ¥T0 8 NEPBbI a3 nossuren Henuit map (cobeTidt A),
BO BTOPOH pas — KpacHalil (cofisitHe B), R TpeThi — chsni (cubuirne C).
Pewenue. BepoaTHocTh nodwenns Bejoro 1apa B REPBOM HBBACYEHHN
P{A)=1/3; ycnoBHas BCPOATHOCTE TIOABACHIIA KPACHOr0 Wapa BO BIOpoM
H3BEYENHH NPH VCHOBMH 1OABACHHA B Tepeeiii paz Benoro wapa
P, {B) = 5/11; ycavsyas seposTIOCTE NOABACHHY CHHETO Wapa # TPeThEM
HABJIEUEHH NPH VCAORHAX NOABIEHHSA B MPeALLIYUIHX H3BICcYcHHAX Heno-
ro W KpacHoro mapob P,y () =0,3. HMexoMmas reposTHOCTE onpeaenseTca
na copsmyne (10.3) npy =1

P(ABC) = P (AP {(BYP,, (C) = (1/315/11) 0.3 = 0,045.

10.2.2. HezasucuMble cobbitus

Onpeaeaenne 6. Cubbitie B Hasmisaerca #edgsucumMbis OT cobbITus A,
€C/lll YCIOBHAA BEPONTHOCTE coBBITHA B piriia oro GEe3YCIOBHOE BEPOAT-
HoCTH {nosipiedde cobuivud A oe sarteT da sepostrdocth codrrens B):

P (B)=P(B). (10.6)

Aaa nesapucumpx Cco0pITHH TeopeMa yMHumensa seposthioctell 10.1
B obuteil papse, KOToDaa ietyeT Ha (10.3), HuseeT Bia

PUA A A A =PAYPA)D PLA Y- P(AD) n> 1 (10.7)
Pasencrao (10.7) upninmMaeTtcea sa 0IpeaCACENC HEIABHEHMBIX COOBITHIL.
IIpumep 6. HaiiTiz BepoaTHOCTL NOPWKEHHA 11€JLIL TIPH COBMECTHOR CTPel-

6&‘ TPCMH Dpy,lIHH_MH. CCaH BEPD}ITHOCTH nopa}Kerm ey Dp}’,’.’[HHMH paB-
uet 0.9, 0,8 u 0,7 coorsercrsenno (cobdsrtun A, B v C).

Pewenue. [lockoasky cofiniTusn A, B i C Apasi0TCS HE3ARMCHMBIMH, TO HC-
KOMag BeROATHOCTh BRIHCAAETCA, coraacho hapsyne (10.9), npu n=13:

P(ABC) = P(A) P(B) P(C) =09-08-07 =0504.

Korza B peaysbTaTe MCNLITAHMUS MOTYT MMETh MCCTO 71 HA3ABUCHMLIX CO-
ObITHH C HIBECTHBIMM BEPOATHUCTAMI KX BONBAeHMS, 0colbil HuTepec
MPEACTABAAET CAYYaH HAXOAUIEHHA BEPOSTHOCTH HACTYNAEHNA ROTH O
OIHOTO W3 HUX (HatipHMep, B caysiae Tpex codbiTHE — HaliTH BeposTHOCTL
HACTYTIIEHHA ANGQ oAHoro, Ao apyx. anbe Tpex cobuitiit). Ofoanauns
310 cobnTHR gepez A. CripaBeiuissa CAeaYIUIAA TEDPLMIL,
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Teopema 10.2, BepoaTrnocTs 11oARAenHs XOTH Obl OAHOTO H3 HE3ARUCH-
MbiX COBBITHE A\, Ay, ..., A, OTIpeeageTcs popay ok

PLAY=1-Gqq, (10.8)
e ¢, =1 — p, — BCPOATHOCTH COOTBETCTBYIOUIK NPOTHRONOJIOKHBIX CO-
Burust A, (i=1,2, ., n).

B uacrnom cayuae, korna Bee cofpITHA A, HMEIOT OAMMAKOBYIO BEPOAT-
HocTh p, 13 thopMyanl (10.8) creaver, uro
PAY=1-4" g=1-p. (10.9)

Tpumep 7. Ha nepesosky rpyza Hanpariedsl 4 arTomMobinng. BepoaTHocTs
NAXUMTETMA KORAON Hd MANIMH B sChipasnoM coctoanuy pagua 0.8, Haii-
TH BEPOSTHOCTH TOMO, UTO B paloTe yuacTayeT XoTs Gt O/IH U3 BhIjIENEN-
HLIX 4182 OTOro auTuMobied,

Petwenue. BepoaTHOCTE NPOTHEOINCIORHOTO COARITIA (MAalitiHa HEUCITPAR-
na) pasa g =1 - 0,8=0,2. Uo dhopmyne (10.9}) HaxoauM HCKOMYIO BEpO-
SATHOCTb IpH 1 =4:

PAY=1-g'=1-02"=09984.

10.3. O60buieH1E YMHOXEHNA U CNOXEHUA BEPOATHOCTEN

10.3.1. CnoxeHve BEPOATHOCTEN COBMECTHb!X CODLITUM

Onpenenenne 7, Cobuitia A It B HAZBIRAIOT COGMECMHDIMY, CCTH B OJTHOM
H TOM K€ HCIILITAIUIN DOABACHIE ORHOIO H3 HUX 1€ KCKAIOHAET NOARTEHHe
aApyrare. Jlas axux cobnITini cnpaseiira CIEAVIOULAT TeOpeMa.

Onpepenenve B. Cyamofi ayx cobbitiii A n 8 naswiBant coburrue
C=A + B, KoTapoe CocTORT B MOABACHHN AMO0 cobbrTia A, nubo colbmua
B, nubo A v B oaHOBPEMEHHO,

AHANOIKY 110 OLPELEAHLTUA ¢yMMa Heckorsruy cOBMTHHA, COCTORAIAR B NO-
ABABHHH X0TH 6B O/1H0T0 M3 ATHX CoBLITHIR,

Teopema 10.3. BeposmocT, CYMMBI COBMECTHBMX COBBITHH paBlia CyMME
ux peposTaicTell He3 RePUATHOCTH HX IPOH3BEICHUS:

P(A+B)=P(A)+ P(B) - P(AB). (10.10)

Mz dopmynu (10.10) noayyaeTes paa cASAYIOWHX HacTHBIX CayHaey:

1. Jdns nesasucusux cobpimitit ¢ yvetom dopmyast (10.7):
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P(A+BY=P(A)+ P(B)- P(A) A(B). (10.11)
2. [daa zapucumbix cobuetuii © ysetoM dopyyan (10.4):
PA+B)=P(AY+ P(B)Y-P(A)YP(B). (10.12)
3. dna necosmecrnnx coburruit P{AB) = 0, 1 v s1oM cayuae nmeeM
P(A+B)=P(A)+ P(B). (10.13)

ITpsimep 8. BepoaTnoCTi nopaxenig Hean NepsuiM 1 BTOPLIM OPYAHAMH
pasdel, contretcteelnio, 0,8 1 0,9, Haiiti reposteacts nopaxetlid nienu
HPH 3asIe.

Pewenue, Ilockoabky BEPOATHOCTY MAPKERIST 11611 OPYAIISMHI (COBRITIA
A u B cooTBETCTEENNG) B JABHCAT OT PEIYNbTATOR CTReanbnl Kakaoro U3
HANAPHUKOR, To 2T cOOMTHA rerasncimbl. MckoMan seposithacte pac-
cauTnIBacTes 1o Gopmyne (10.11):

PA+BY=P(AY+P(B)-P(AYP(B)=08+09-072 =098
B cayuae nonnoit rpynns coOntvhit Ay, Ay, 0 A, CyMMa HX BePOATHIOCTEH

papid CIHHHLIC!

P(A) +P(A)+ ..+ P(A)=1. (10.14)

10.3.2. ©opMyna nonHoA BePOATHOCTM

iIycts cobmiTia By, Bs, ..., B, HeCOBMECTHM 1 aBpa3yIOT NOJHYIO IPYNRY,
T, €. BelnumieTcs pasenctso (10.14):

PBY)+P(B}+..+P(Bg)=1

.n_\r'l."['b TAKKE COBBITHE A MOXCT H3CTYIIUTL ORI YCIO0BHI MTOABEH A 04-
HOMO K3 cODRTHIL B, npiieM NABeCTH R KaK sepoaThoct P{A), Tak W yve-
noBuHsie RepoaTROCTH PR (A) (i=1, 2, .., #). B takoum cayuae chopmyia 18
DepOATHOCTH CODLITHA A onpesenaeTca caeiyvioueil TeapeMoi.

Teopema 10.4, BepostHocTdh cobbiTHs A, NOABNEHHE KOTOPOTO BOZMONHD
JAMWE MPH HACTYTUIEHHH OIHOCD 3 HECOBMErTHRIX coOniTil B, ofipaayio-
X MOANYIO rpynny {(i=1, 2, .., n), PaBKO CyMME MOMAPHBIX MTPOHIBEAE-
HHUR KadA0I0) H3 JTHX COOLITHI HA COUTLETCTRY ICLLYIO VOIUBHYI BEPUAT-
HOCTh MOSABAEHNA COBLITHA A:

PAY=P(B )Py (Ay+ P(B,) P, (Ay+ ...+ P(B,) P, (A).  (10.13)
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Tpnmep 9. B asyx ypuax Haxoaarcs Deame # kpacHble wAPH: B OEp-
BOH — 4 GeARX W 5 KPacHKX, BO BTapoit — 7 Beanx o 3 kpactmx. HMa sro-
poil ypHBI HayRauy B3RJTH (AP H EPENOKHIM €10 B [IEPBYI0 YpHy. Hakta
BEPOSTHOCTL TOCS, 9TO HAVAAYY BIATHIHA MOCAE 3TOTO N3 NEPBOH YPHEL LIAD
Byaer GenbiM.

Pewrenue. IlepexnagmBanne 13 BTOPOR YpHL B nepeyio Henoro utapa (Co-
OurrHe B)) v kpacroro wapa (cobuitie B,) ofpisyvior NoAnyio rpyany ne-
saBHCHMBX coDuTit. Mx meposatnoctu, cootsercrsesno, P(8,)=07 u
F{B,)=0,3. YcaoeHbIe REPOATHOCTH HABRAEUEHHA K3 MePRoit YPHE Benoro
wapa (coburrite A) npn gobabaeuss ryia HGER0ro LAY KPacHoro wapa 1
BTOPOT yprbl pandt Py (A} =05 Py (A) = 0.4 cooTretcrsentto. Mckomasn
REpOATHOCTD HaxoauTen no qopmyne (10.15) mpy n=2:

P(A)=P(B) P, (A)+ P{B,) P, (A)=07-05 +(.3-04 = 047.
10.3.3. ®opmynbl baieca

ITycTs cobutaa B, B, .. B, RecOBMCCTHE 1 06pa3yioT TOMNY0 CPYHNY,
a co0BITHE A MOXET HACTYNUTL NPH YCAOBHH MOSBAEHHR OA1IOTO H3 HIX.
CofiniTia B, HA3BIRAKOT UNOME3TMU, TAK KAK 33PaACE HCH3BECTHO, KAKOC
13 X HacTYRUT. [TycTh npou3aneaeHo HCMbITAHWE 1 B Pe3yALTATE NORBH-
nack cofipitie A. Torj1a OKaipiBaeTcA BOIMOKHLIM ONPEIEINTS YCIOBHEE
BEPOATHOCTH rUNoTes B; no cnesywnmus hopmy.an:

P(B,) P, (A)

O B By PUB) Py Aye .+ (B, Py

=P(B )P (A)/ iP(‘B# } B, (A)=P(B )P, (A)/ P(4), (10.16)
]

al

i=1, 2. ..., n

Qopmyabl (10.16) vazbibaloTes gopuyaramy Bbaliera, mo MMEHH MX ABTOPA.
OHH N03BUIAIT DUEHHTH BEPOATHOCTh THMIIOTE3R B, BO BCeX MCTIRITAHHAX,
rae nactynaer coburie A. MusMi cnoBaMit, anast seposaTtrocTs P (B) ao
l'l]}DBEﬂEHHH HCHRITAMA, MLl MOXKEM [ICREONEHHTE €€ NOCAE NMPOBEICHA
UCHWTAHNA, B Pe3YJIbTATE KGTOPOIe NOABMAOCE coOnITHE A,

pumep 10. B cpegrem Ha kaxanx 100 xmuedtos otrenenns Hanka 60 of-
CATYHBADTCA MEPBREM ONEPALHOHIICTOM U 40 — STODRIM OIePALIMOMHCTOM.
BepoATHoCTs Turo, 9Ty KAKeHT Oyiaet obciyken He3 10MOILIR 3ABELY OLIEND
OTAEAEHUEM, TOJILKG CAMHM OOEPALIHOHUCTOM, coctaehaioT 0,9 W 0,75 coar-
BETCTBEHHG 1A MEepBOTO ¥ BTOPOrO cIyaanmx tavxa. Haiitn seposTHOCTS
TOMHOND COCAYHHBANH KANEHTA NEPBbIM OHEePALMOHHCTOM,



Pewenue, BepogatiHocTs TOID, 9T0 KAHEHT MOMVIAET K TEPEOMY DIIePaHo-

HICTY (cobrrtue B)), coctapaser 0,6, ko sropomy — 0,4 (codrtie By). Me-

KOMAas BEPOATHOCTE NGIHOTO 0GCAYKUBARNS KJINCHTA MEPBLIM O11EpaLio-

uncrom (cobbirue A) onpegessiercs no opamyaam (10.15) n (10.16):
P(B,) Py (A) 06-09

P(B)= £ e =064.
a5 P(B,) P, (A)+ P(B,) P, (A) 06-09+04.075 ’

WMupisn caoBamu, 64% KIHEHTOB, NOMABIINX Ha 00CAYIKHBAHME K 11EPBO-
MY orepatnonieTy, 6yaer obeTyREHO HM NOTHOCThIO.

10.4. Cxema He3aBMCUMbIX UCTIbITAHUIA
10.4.1. dopmyna bepHynnu

Onpegenenne 9. Ecan upn nposedenint HECKOABKHX WCIBITARWI REPOSIT-
HOCTL CODBITHA A B KOKAOM HCMLITAHUY HE 3ABICHT OT NCXOA0B APYIHX
cOOBITHI, TO ITH HCHBLITANNA NASHIBLIOTCH HEIAGUCUMBIMU OMUOCUMETHHO
cofmmus A.

Byaesm pacematpuBath TOABKO TAKHE HE3ABHCHMBIE MCIBITAHHA, I} KOTO-
PBIX COBLITHE A HMEET OIHAKOBY 0 BEPOATHOCTE. [lyeTh nponasoauTtes n
HEZARMCHMBIX HCTIBITAHHH, B KAAK/IOM H3 KOTOPBIX coObITHE A MOKET NoA-
BHTLCH ¢ BEPOATHOCTEIO p. Tora BepoaTHOCT HPOTHBONONOKHOTO coObL-
THS — HEHACTYIUTeHHS cOOmTIHS A — TAKIKe NOCTOAHHA B KaXA0M HCIBITA:
HIW 1 paBHa g=1—p. B Teopin sepogTtHocTell npeictapaseT ocodblil
niTepec caydail, korga B n uenurannax cobuitiue A ocyiecrsiserca k pas
W HE OCYLIECTBUTCS 1 — & pas.

BeposaTiocty 9T0ro c1oxHoro coduITis, COCTOSUETO 13 7 HCNLITANNI, 1d-
erca hopuyaon Bepnynu:

P(ky=Clp'q"™ nnu P, (k)= ﬁ g "t (1047)
Tipumep 11. Konrposasusiii tect coctont na 4 sonpocos. Ha kaxapii so-
MpoC NpeTaraeTes 4 BapHaHTa OTRETOR, CPEA KOTOPWYX TOJRKO OJHH
npasuabKblit, Halttu seposTnocts npasiasnoro orseta Ha 2, 3 1 4 Bonpo-
ca TecTa ANA HEMOArOTOBIEHHOTO YenoBeka (Bbibop oTBeTa Hayaady ).

Peutenue, ickomble 3Ha4eitnst BEpOATHOCTH Haxoastea 1o opmyse bep-
nynau {10.17) € yaerom Toro, 4to BeposTHOCTL cobprTia A (npasiabHbiii
OTBET) B KAZKAODM HCIBITaHUH ( BRIBOP 0TBeTa Ha BoTpoc Tecta) pasHa 0,25,
a g =075, Orcona noavaaem:
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P(2)=C7 (025 - (075) =02L
P (3)=C(025)" -(075) =Ci(025)" -075 =0047;
B (4)=C(025) -(075)" =C](D25)" ={025)" =0004.

10.4.2. UnTerpancHas Teopema fNannaca

Onare NPeArOAOKIM, 4TO B KARGDM H3 (POHSBEASHHBIX 77 SCHBITAHUE co-
Burrie A NOABIHETCA ¢ OAMHIKOBEH BCPOATHOCTHIO p. B NPIKA2AHBIY BO-
NPUCAX TCOPHH BEPORTHOCTEN Hanhioaee YyROTPEOHMb QIPEAENEN ST BEPO-
ATHOCTH COGBITHA A B 71 MCTIWTANKAX, KOV & U3MEIBETCA B SaaaHHoM
HHTEpBAL 3HadeHHil { <k < m. CooTBeTCTBYIONAA BepOSTHOCTh 0OHOIHA-
vawt P, (I, m). Mopumyaa nag npubarskennoro sbbinezeHus uToll nepoaT-
HOCTH YCTAHADANBAETCA CARAY el wmeeparsnal menpesol Janaaca.

Teopema 10.5. [TycTs BEPOATHOCTR P HACTYILNEHIA CODRTHA A B KKAOM
HCORITAHKH fOCTosHuE, npndeM (< p < 1. Turga seposTnocTbs TOTY, YT
cnbetTie A nos BUTCH B 1 MCTIBMTAHWAX 0T 1 a0 m pas, I'lpl[ﬂ.."!l!)KE'HHU [raBila
QNPETEIEHHOMY NHTerpuny.

Pl m)= g, (10.18)

1 h
ik
rae a={1-np )/anq, h=(m-np }K,.l'npq.

Popmyaa (10.18) nupumennsa s caydae Goabiunx 3Havednit # 0 & Tpy
REIYHCIEHMSX 10 3Toi (DOPMYTE NOABIYIOTCH COCINATEHRIMH TafiHuaMy
ANA MHTErpana
- 1 b )
¢(.1-}=—_je~ dz, (10.19)
JEP i

NOCKWILKY COOTBETCTBYKUIHI HEONPCACICHIBIIT NITErpat e BHpaXacT-
cx gepes anemenTapruie pyurimn. Tabmiua anauennit yvakwm & (x)
UPABENEHS U HIPHACKEeHTH, JTa PYHKUHA ABIARETCS HEYETHOH, N0ITOMY
B Tabmiax oberdHO NMpHBOAAT 31avenHd @ (X) AAA NOTUWKHTEALHLIX 3HA-
YeHuil BepNHero npegena nuTerpHpoBanua x. Bonee yanGio scanaeio-
Bath popmyay (10.18) e suae dopuynm Hesotomsa—Nedbisia:

P my=0b)y-d(a), a=(1-np) npg.
b =(m-np)/\/npq.

[Ipumep 12. B crpaxusoll xoMnadu 10 THC, KNHEHTOR, 33CTPAXOBABUINY
cBol HeasuAnMocTh. Crpaxonol msnoc coctansser 2000 jen, ea., sepoar-

(10.20)

13 1221
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uacTh crpaxoneto cayuan p=0,003, cTpaxopas BpINaTd KIHEHTY 11PN
Crpaxosom caydae coctasaset 200 toic. aen. ed. Onpeaeuts paamep fnpi-
ObLAH CTPAXDRON KOMITaHHK ¢ BepoATHoCTRID £ a) 0.9; 6) 0.995.

Pewenue. le[ﬁblﬂb KOMNAHWHN 3ABICHT OT 9NCiia CTPaXOBLIX Abinaar k
DPH CTPpaxonsix Clyvanx. BY.C[CM NOAAT2Th, 4TS ROJIHMMHA €€ DdBHa PAa3Ho-
CTUH MUHILY CYMMAMBE CTPAXUBLEX BINHOQCOE M CTPAXOBLIX BLHIAT

R =(20-02k)

Teneph 3a1a4a COCTOMT B HAXDAUIEHMN Takoro uuena N, urofinl pepodaT-
[IUCTL CTPAXOBOIO cAVYas Py (£ > N) Guina find ne Goatiue saaanioll pe-
arditasr § — Powag, 4To To Ke camoe, 4ToOBLl NRITOAHSIOCH YCnonie

Powa{N <k <10000) < 1-P.

Toraa ¢ BepoATHOCTHID P UPHARINL KoMmanma cocTaBut (20 -02N)
st pyb. [peasapatensHnle BeMHCTENNS JHAYEHHIT apryMenTa (byHKLHY
¢ (x) npn = 1000, /=N v m=10000 no chopmynam (10.20} aapor

a={N-—np)upg = %Q b =9350/705 = 141134

s raba. 2 naxogum, uto @ {x) = 0,5 npy | x| > 5. [loactasnas B npHBeACH-
HO® PAHES HEPARPHCTRA, MOAYMAEM:

os-w(”‘fo}sj-n

A

B orom CAYYHUAE HMEEM [LLPABEIICTBO

N -50
05 -®
. (?.05

]5 01 mau Q{h —30

703

1204
/

iTo vaba. 2 waxoaum, YT npH 3HaveHHH hyHKLKH $ (X) apryMeHT x pasen
1,28; nockonpky (hyukuns O {x) ApiaseTes MOHOTORHO BO3PACTAKIWETH, TU
HEPUBEHETBO MEKAY 3MaUYEHNAMH D (I) NEEXOIAT B HEPABCHCTRC TAKOIO
He CMBICTE # A CODTBETCTRYICIHX APrYMEHTOB!
N-50
705

= 128

Crecwna noayuaes, yro N = 530+ 9,02, uaun ¥ = 60. B xrom cayvae ¢ sepo-
srHocres 0,9 crpaxoncii KoMITaiy rapasTipoBalla IpndLuy

R=20-02-60=8 Mar jcH. eA.
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[poRnas ANS 3TOMO CHy9as aHAIOMMYHLIE BLIYHCACHHS, TOAYUHMM, 4TO
Nz 69, B atosm chyiae ¢ eposTHecThie 0.995 koMipanny rapantepoBana
npubbLIL

R=20-02-69=62 Man nen. ed.

Hz pemennofl 3a71a7 Xopowo BAAHO, 4TO YREIHYEIe PHeKa Clpaxosa-
HHA MOMET [IPHOCCTH K BOGIPACTAHNKE ﬂpl-[ﬁb[."l}l KGMOAHIKH, 3T0 €CTh [ea-
AH3AUMA MIRECTHATO NMPHHIDYIA B IPEATPHHMMATEIbCKON JeATe/LHOCTH:
MEHEee PHCKOBAHNLIE, RO fionee HA/EXKHRIE q‘nmanc‘nnme Ofiepauin He Npu-
HOCAT chepxnphbbLied,

YnpaxHexus

10.1. Haitru vneae cnocofor HaBaevenwa 13 36 HrpiulbHbIX KAPT ABYX TY-
3J0B M ABYX KOPOREii.

10.2, Jsa fywunscra obMennuaores Apyr ¢ Apyrosm mapasat kidr, Haidu
wHcno crocofos ofiMeia, ecny nepeari Gykmnner ofimenvsaeT 6 Kmur,
a sropoit — 8§ Kuur.

10.3. ABoneHT 326810 ane HpoMexYTOUHbE LHPTE HOMEpPa TeAeOHL H
Habpan ux Hayvrad. Hafitit gepogTHecTs TOTO, UTQ HoMep HabpaH TPaRHIL-
HO B CJIVYasx: a) ABC pasHele WHGDDH PACTONOXKERb B HOMEDE PAI0M;
6) ofe LHdPL PACTIONOMKEHS! B PA3ILIX MECTAX, 38 HOKTOUEKHEM NEPnoH
T3 AL

10.4. B ypre naxogaresa 10 wapos, 7 13 koTopux Gennix. Haitmi seposT-
HOCTE TOTO, 4TO H3 6 B3ATLIX Hayrai wapos Hymer 4 Gearx.

10.5. B sunke umeerca 15 neranedt, ua xoropsix 10 crawzapranix. Chop-
nuK vayraa beper 3 aetans. Haiitn BeposiTHOCTL TOTO, YTO BCE B3ATLIC A€-
Tahy GYAYT CTaHAEPTHBIAI,

10.6. B ypue 40 wapos: 15 Beawix, 15 kpachinx v 10 ennnx. Hality Bepo-
ATHOCTL MOABACHHA LBETHOTO AP,

10.7. B norepee paswrpmpaerces 200 pewesnrx 1 50 aenexinnix BuUPHI-
weit Ha Kakaole 10 Toic. HSuneron. Hemy pasna BeposTHOCTb BbEHIPLILE
pobuge?

10.8. B unTansHoM 3a1e uMeetea 6 yuelHIIKOB, #3 KOTOPLIX TPH HOBOFQ
BhIIIYCKA. Ll]-‘l'l'ﬂ'l'f.‘ﬂb MOCALA0BATEIRHD, OOWH 34 APYTHM, B35 2 yweﬁmn\'a.
Hasitu BEPOATNOCTL TGO, HTO 06E BIHATHX KHHTH BOBOI0 BLOYCK,

10.9. Tpy apTOMAWIMHE HaNpaBieRbl HA NMepeBO3KY IPy3a. BeposTHOCTH
HCAPABHUID COCTORNMA nepbolt M3 HMX coctasaster (.7, sropoit — 0.8

i3
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W Tperbell — 0.5, HaliTi BeposgTHOCTR TOTO, HTO BCE TPH aBTOMALINKE) Ha-
XOLATCA B IKCTLIYATALMH.

10.10. I3 apToxoadiicToe UMCIOTCH ABe aBToUncrepin. Bepodrnoers rex-
HHYECKOH HCMPaBHOCTH ATHX MALLMH COCTABIACT. CONTBETCTBoHHO. (.9
n 0.8. HaiiTy BCPOATHOUTH MCOGANCHIR BTOPOL asrouuctepuod paborst
SAKUIHHKY, cAeTasIleMy HAKRLIYLLE 3AKa3 Ha ABTOUHCTEpHY.

10.41. Mupecrop petnn RIGKUTL NOPOBRY CPCACTE B TPH NPCATIPHATH
1PH YCITOBHH BOYEPATY CMY KlXKALIM HPCANPHATHEM YCPCs ONpeaC/1IEHHb] i
cpok 150 % ot paoxkeHnon cymsst, BeposthocTh BaHKPOTCTBA KAMAOTO 13
npeanpusriti 0,20 Hafim sepoarnocss 1010, 470 1O HCTEYEHHIT CpuKa Kpe-
AHTORAHIIA WHBECTOD OOAMYUHT OG}JHTIH‘J TG I{[)P.liilli:l'jl MEPE BJOMKEINY H)
YALMY.

10.12. TIpu npoBepke U3AEINA HA COOTBETCTBHE CTAHARPTY BEPOATHUCTD
TOTO, MTO OHO RPOILAeT vepea nepBoro KoHTpaaena, parma (L35, a nepes
sToparc — 0,45, Bepoathocts npuananns uzaeaa bes Opaka CTANAART-
HhiM ¥ MepBoro KoHTpoaepa pasha 0.9, a y sopore — 0,98, Kontponeps!
HMCIOT PARTHUHY IO KBambukanie. CTanaapTioe sienie upH npesepke
GLiA0 TPIBHAHO CTAHAAPTHRIM, HafiTi BePoATHOCTh TOrO. 110 3T0 H3A1e
LPOILID YEPE3 BTOPOTO KOHTPUACPA.

10.13. Tpn cTpeaxa BLICTPEIILIN 3ATI0M S0 1ENL, 11 ABC IVAH Nopaznan
ee. HafiTi BepoATHOCTE TOro, YTO NEPBLIA CTReIOK ROPAIILT LI L, €CAH Be-
PUSITHOUTI MUNAZEHNA B uehb crpenkavn paonit 4, 03 1 0.3 coorsercr-
BEHII0.

10.14. BepoaTtaocTe poxaentia Aenovkil pasna 0.51. Haiitn scpoathoeth
Toro, 410 cpeaH 100 nosoposiennsy Gyaer pouno 30 Lenovex.

10.15. BepostHocTs nossRenHA codnTis pasna 0,7 B kaxaom 1a 2100 we-
dasucuMets wensrramit. Haiimu sepostnocts noswienns cofumns: a) ne
smence 1470 pas; 6) ve menee 1470 u ne Boaee 1300 pax: 8) ite Hosee
1469 paa.

10.16. BepostHocTh o6pauleHHa b HOMBIKANHHKY KAXKAOTO B3POCIOND Up-
ANBEKA B MEPHON AMUEEMHH rpunina pasua 0,8. HalT, cpean kakoro vuc-
2 B3PUCIbIX YETOBEK MOXHO OXKIIATH, YTO B HGIHKANHIIKY OVACT He me-
Hee 75 ofipalleHui.

10.17, B fanke, ocymecTBAMOICM KpeAHTABANNE HAcenenna, 1000 kan-
enTor. KaxjoMy M3 KAWeRToR RwlacTea kpeanT MM} Thic. nen. e, npw
yedosnH nosepata 110 % o7 97001 cymMmbt, BepoaTHocTh Hepo3sparTa kpe-
ANTA KaXIALIM W3 KIHENTOB B cpeates cocraraser p=10.01. Kakas npn-
Gblis FAPaHTH poBada Ouuky ¢ seposrhiocTeo; 2) 0.8; 6 01,9957



nasa 11

CrnyyanHble BeSIMYUHBI

Onpenenenne 1. Bestunay HALIBAWT CAYHAUHON, BT B PC3YALTATE MC-
MLITAHHA OHA IPHMET JHINB OJHO BO3MOXKHEOE IHAYEHHE, 3apaHee He Ha-
BECTHDE 51 JABHCALLEE OT CAYUANiNLIX [IPHYHH.

Kaxaofi coyyaiioll BensluMHe COOTRETCTRYET MHMKECTRO aHAYEHHEH,
KNTOPBIE Ol MOKET NPHHAMATh. Hanpumep, wicie Mameduxos cpean
100 HOBOPHKAENHLIX ~ 3TO CAYYAHHAR BCAMNYHNA, KOTOpad MOXKET TPHHH-
MaTh uease saadestisn o 0 a0 100, Janee fiyaem ofioadavarb cAyYaiHbie
REAMMMHN CTPOUHBIMY DVKRAMH, 2 HX RO3MOKHBIE 3BaveIntd — TPOmHe-
HutnviM OyKBamH, Pasan+atoT 483 BiJa CivHaiiibiX BeHYHH.

Onpeaenenne 2. Cayualinas BEAWYAHA, MTPHHNMAONIAA OTAEABHBIE BO3-
MOXHBIE JHAYEHHA ¢ OIPCALTICHHEIMH BePOATUOCTAMM, Ha3bIBAETCH duc-
xpemuotd cayuainoi aeauvunol,

Onpeneneune 3. Henpepuignow Ba3blBacTCR cAyJYaliHas BeJHYHMR, KOTD-
pas MOKET LPHHUMATh BCE 3HAYCHIS H3 HEKOTOPOTO NTPOMEAyTKa,

11.1. QuckpeTHble cnyvyainHbie BENNYUHBI

11.1.1. TabnuuHblA 3aK0H pacnpegeneHus

Onpenenewne 4. COOTBCTCTBHE MEXKAY OTACABHBIMH ROIMOMHRIMH 3HAUYE-
HMAMH M HX BEPUATHUCTAMH HA3bIBACTUA 3aKUNOM pacnpedenenus duc-
Kpemnol CAYNGUENOE BEAUNLRYL,

PaceMoTpus 3aKoH pacnpenenerys UCKPeTHOR cnyualiHoH BerMYHHbl
B BIe coorgercTayIoweit tabauiiel, corTOAmEl H3 ABYX CTPOK; NepBas
YKa3LIBACT BO3MOMKILIC SHAYEHIA, A BTOPAA — HX BEPOATHOCTH:

X ¥ x; o-oX

" (1.1
Popop oD,
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[Nockonpky B 0JHOM HCIBTANHK CAVHANHUH BENHYHHA TPHHHMAET TOJLKD
OAHO BO3MOKEOE aHagense, To cobeitna X =x . X = x5, ..., X = x, obpazyior
(OTHYIO TPYILLY, T. € CYMMa HX BEPOATHOCTEN PARHA eaUNHILE:

Porp,boovp, =1 (11.2)

Ecan MHOKECTEO BO3MOMKEHBIX sHAYEHHI X AHCKpeTnull caydaiinoh seid-
YHHLI (eCKOHEUHD, TO COOTRETCTBYUNI DAL BEPUATIEOCTCH CXOAHTEA A
ero CYMMa pantHa CRHHIIUE

poEp, v p +o=1 (11.3)

Npusep . BepoaTHoCTHEI HpOMIed AiA neanyitul X — NPOUEHTHOTO
H3MEHEHHA CTOMMOCTH AKIKIE 00 OTHOWEHHI K HX TEKYUIEMY KYPCY B Te-
HEHNE IeCTIS MecAlled — aH B BI/Ie 3UKOHA PaclPCACIEHIS

X o 10 15 20 25 30
P 01 01 02 03 12 01

Haftut geposTHOCTS TOTO, Y4TO DOKYIIKE aKiuit HyaeT Gosee BLIFOARA, YeM
moMelliette JeHer Ha Gankoscknil Aenoaut nog 3 % 33 MECAL CPOKOM Ha
6 Mecauen.

Petenue, TIpHpocT cymmat HA GaHKOBCKOM JEMO3HTE MPH yCIoBHH 3 7%
1 Mecal cactapnT wepes 6 mecaues |{1,03)" — 1]- 100 % = 19,4 %. Beponr-
HOCTh TOTO, 4T NOKYNKA axuiil BoirojHee HAHKOBCKOTO ACMNOAWTA, ONpe-
JARARETC] CYMMOIN BEPOHTHOCTEN, COUTBETCTBYIOWUY (0Aee BHCUKOMY
pocTy Kypra axiuit:

P(X>194)=p, + p; + p, =03+02+01 =06

11.1.2. buHOMWaNbHOE pacnpenenexiue

TT¥CTh NPOMSROAHTES 1 HE3ARNCMBIX HOTTHITAHHE, H B KRIKADM H3 HHX CO-
ORITHE A MOxeT AHOO N0ABHTHCA, b0 He NoABNTLCA. [yCTh TAKKE BCPO-
ATHOCTb P IOSBAEHHA cOBBITHA A B K2ZXA0M HCNBITAHHH TOCTOAHMA (CM.
10.4.1). B kauecree AUCKPETHON CIyyaduoil BEIMYHHLL X paccMOTPHM
YHCNO NOABIEHHS COBBITHA A B ATHX 7 NCOWTanHax. ODueBHAHO, 4T6 X, = 0,
X;=1,0=2, .., X,y = 1. BEPOSTHOCTH 3THX BOIMOXKHRX IHAYEHHI & 1A10T-
e hopmynok Bephyaum (eM. hopmyay (10.17)):

P (k)y=Cyp'q™". (11.4)

tae ¢ = | — p — BEPOATHOCTD NPUTHBONGRHKUOI0 COOBITHA (enossaeine
cobprrin A B oauom scumTaunn ). Qopmyna (11.4) npeacrasaser coboil
aHATITIECKYHY (hOpPMY 3AKOHA pacipenedeHHs caydaiinoil sesudntsm
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(vHCAY HOABReHHA COGRITHN A B 77 HESABHCHMBIX MCIILITAHHAX ), KOTOPOE
HAABIBACTCH GUHOMUATILRLAM, NPaBan vacTh B (11.4) npepctapagct coboil
oK aned padaokenus tiroma Heworona. Henoassys gopmyay (11.4),
MOMKHAO COCTaBHTh Tabuuy OMHOMHANDHOIO PACIIPEACAEHIR,

MoskHo noxasaTh, UTO CyMMA BCCX ReNOATIINCTE GisHOMUANBIOFD pacTipe-
JeaCHWA PABHA CAHHHUE, T, &.

iC:p'q"'* =p"+mp g+ ..+ Ciptg"™ + 1 g" =1L (11.5)
pur

TIpymep 2. Bank BhutaeT 5 kpeauTon. BeposdTHOCTE HeposBpaTa KpeliuTa
pasHa (0,2 204 K&KICCG M3 32eMILHKOB. (OCT2BHTh TAOAHUY JaKOHA pac-
NPeseieHHS KONHYECTBA 3A8MUIMKOB, HE BEPHYBLLX KPEAMT N0 OKOHYA-
HHH CPOKY KPeAHTOBANHZ,

Peutenue. Tlpumes 3a A coBRITHC HERO3BPATA KPeAWTA. 1aK KaK 3aeMOIMKH
AEHCTEVIOT HERARICIIMO, TO BMAZTY KPEINTOB MOXHO CHHTAThL 33 2= 3 He-
J3BUCHMBIX CODRTUE. Bepogmocts Kesosspata b KPeANTOS M3 5 OnMCH-
BaeTcA BMHOMHANLHDBIM paciipeaencuuem {11.4), rae p =02, ¢ =0,8. £ npn-
HHMaeT 3HaveHHa OT NynA o 5. [Ipuaanad nncaeaoraTehHo B hopmyne
(11.4) k 3naucuns oT Hy 18 A0 3 10 HCNOAL3YS DOPMYIE I75 pacdeTa C:
{cm. 10.1.1, popuyaret (10.1)), noayyaem:

X 3 4 3 2 1 0

P 000032 00064 00512 02048 04096 032768

11.1.3. Pacnpegenenue MNyaccoka

ycTs B KAXAOM H3 7 MPOHIBOAMMBIX HCNBITAHHI BEPOATHOCTL NOARTE-
s cobuTHA A paBHa p. [nR ciyyas MaIBIX 31R4CHNHA p i G0AbILME dHa-
ucHUN 1 HCTIOABIYETCH gocumpmomuweckan gropayan Hyaccona. I1a dop-
Myna BhinelEHa NPH BAXHOM JONYIEHHI, UTO HPONIBCAENNE D ABAAETCA
ROCTOAHHON BeAHYHHOH, T. e, #p= L. Torna BepOSTHOCTE ToTO, 410 Cobl-
THe A HACTYMHT poBHO & pa3, Aaercs QupmMy.lol, KOTOpas npeAcTABRHET
co6oit aaxon pacnpedesenun Ilyaccona seposmnocmell MACCOBMY U PEOXILT
cobbimiit

Pky=2et/k1. (11.6)
TMpumep 3. Ha sy otnpasnero 10 000 wsgemmii. BepoatrocTs Toro, ¥To

H3AEHHE B NVIH NoAywIT espexaedne, pasia 0,0003. Hafrn seposT-
HOCTB TOTO, YTO Ha Dasy npubYAYT 4 NOBPEXKALMITLIX HiHIEMMs,

FPewenye. No yonosuw aagaun n=10 000, p=0,0003, # = 4. Haxoanm i,
a 3ateM no copMyie (11.6) 1 HCKOMYI BEPOATHOCTh:
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A=np=10000-0,0003=3, Piyoa(4d)=2"% /4 =0.168.

11.2. YucnoBbIe XapakTepUCTUKY QUCKPETHBIX CRYYaiHbIX
BEMUYHH

Yeranosaerbbll 3aKOH PACiIpeasaIenis HOIICTBIO XADAKTEPHIYET CAY-
uafiHyl pennduEy. OAHaKo YacTo HCIOAKIVIOTCR HUCIORbE XQPaKme-
CRIUKH CAYYARNOH Gett b, KOTOPBIE JA0T HUKNTO[HIE BCPEAHEHHOR Q-
caHile caydaiinoii  BesunlHLL,  MEJAYMAEMOE 2 OCHDBC 3aKOHA €
PACTIPEULTICHHA,

11.2.1. MareMaTuyeckoe oxuaaHue AMcKpaTHON
CNY4ANHON BEMWYHHI

ITyers cayyaitnan sesnynna X useet 3akou pacnpeaenedysa (11.1)

Oupeaeaenne 5. Mamemamuecrin oxudanues ucKpermman cryHaunon
BETUNUIBE HA3KBARPTCR CYMMA TPOH3BEICHMIT BCEX e BOIMOXKHLIX 3Ha4e-
HUIT 11 MX BUPUATHOCTIE

"
M(x)=xp +x,p, +...+X p, :ZI;F’.- (11.7)
i
His 31oro onpeaciaeHia cNeayer, YTo MATEMATHUCCKOE OMHARHIIC €CTh IEe-
KOTOPIST BOCTORHHANY  (Heciyualinas) senpnusba, BepoarnocTumil ke
CMbICT MATEMATHYECKOTO OMAAHHA COCTOMT 3 TOM, YT0 OHO TPHOIIKCH-
HO pashn (B ocoberdoctit Ana HoAbWGre Y11caa nensiTanuil) cpedueny
apubMENTUNECKOMY INAYEHIN0 CAywainGl eexuyunbt. ITO XOPOILO BIJHO
B COy4aE, KOLZA BEPONTHOCTIL DCEX BOIMOMKIILIN 3HAUSHHH MHcKpeTHoil
cAySadnoil pesnnamt panio g, =p = 1/7 8 popmyae {11.7).
[[pumep 4. lafith mareMaTHYCCKOC OXHAAHHE HEBOIBPATA KPEAMTOB 110
LAHHBIM ITPHMERa 2,

Pewenue. BocnoasayveMca nToropofl Talaniell pacnpeaenesns JHCKPeT-
HOR cAY Al HON REAMUIIHEL, Aatail B aTOM npisepe | shopmyaoii (L1.7)

M(X)=5-000032+4-00064 -3-0,0512+
+2.0,2048 + 104096+ 0-0,32768 = 1.

VYKaXeM OCHOBHLIC CBONCTRA MATCMATHYCCKOI OXITAAHES,

1. Martemarsyeckoe oHAHNE TOCTORHHON DeAludbb € pasno C
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2. TTocTeAHALIT MHOKHTEE MOXKHO BLIHOCHTL 30 JaK MATCMaTHUCCKOTO
DKHAAHHAD

MCXY=CM(X). (11.9)

3. MatematinHeckoe XHIAHKE CYMMB CVHARHEBIX BEJIMMIH PRBHO CYMME
NX MaTeMaTHMeCKIX ORHAAIHIL

MX, 4 X, v+ X )= M)+ M(X 00+ MOX, ) (11.10)

4. MarcMaTHUEeCKDE DXHAGHHC TIPON3BRACHHSA HEBABHCHMEIN CAYHARILIX
BEIWYHE PABHO NPON3HEEAEHII0 MX MATCMATHUYPCKIX KIAAHIIT

M(X X, X, )=M(X)OM(X,)... M(X,). (1.1

HMpamep 5. TTyc1b eaesneBHbIC PACXOABL HY O0CHYKIBAHNE K PEKJIAMY dB-
TomoOunel B ARTOCANIONE COLTABNAGT R cpejidem 12() Thic. AeH. 4., & Wuic-
o apoaax X ABTOMAUIHH B TCYEHHC AHA NOAYHHACTCA 3aKOHY pacnpeac-
JEHHA

X 0 1 2 3 4 35 6 7 8 9

P 425 02 01 01 01 01 00> 005 0025 0025
HaitTi maremariueckoe OMHAHME eXEAHeBHON NpHOLLIN (pH 1teHe Ma-
wisKbt B 150 Thic. aen. ea.

Peweuue. E}KE‘_.'IHGHHHJI l'[[')Hﬁh[.le TMOACYNTERIBACTCAH TIO rbopmyﬂe:
= (150X - 120).

HMckomaa xapakrepitetrka M (I1) Huxogitred ¢ clioNp30Bal I #EM YKAaH-
HEIX paHee CBOITCTE MAaTEMAaTH'ICCKOT OXWIAARIA {B ThIC. IEH. €1.):

My =M{30X - 1201 = 150M (X} - 120 =
=130 2.675- 120=28125.
11.2.2. lucnepcus QUCKPETHOR Cy4aiHON BENMMYMHD!

Onpeneaende 6. Panocts Mexay cnyyaiinoit BesTHUHHON | ee MAaTEMaTH-
JeCKMM DILAHHEM HazbIRaeTCa omyionenuem: X - M (X).

Cnpegeiende 7. MaTemaTHyeckoe oXuganHe KBAApaTa OTKJIOHEHHS Ha-
IBLIBAETCA JUCnEprual, WK PAcCERHUEM:

D(X)=M[X - M) (11.12)
@opmyad AHCOEPCeHE B PA3BEpHYTOM BUAE:
DGx)=(x, - MO p, +[x, ~MQOF p, + ... 4
+Hx, -MX)p,.

(11.13)

15-12322
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[Ipy BRIMMCIENMA AACTIEPCHH YZO0HO BOUIIONLIUBUTLCA GOpMY DO, koTo-
pis HEeOCPEACTBEHHA BEIBOAHTCS 13 thapMyam (11.13):

X)=M(X*)-[M(X)HF. (11.14)
Npumep 6. HaiiTy 1ucnepciio exeaneBHol MPOgAKH YHCNE XBTOMAIINH
110 HAHHSBIM TIpHMepa 5.
Pewenug, 3aKon pacnpesenetta cnyyaiiHoli sesumitnl X° uMceT BHA
X? 0 1 4 9 168 25 36 49 64 81
Po025 02 00 01 01 01 003 005 0025 0025

Maremaruyeckoe oxiiatne M (X*) noacuurbisaerca M3 3T0H Tabauubl:
M{X»=0-025+1-02+4.01+9-0,1 +16-0,1 +25-0,1 +
+36.0,05+49-0,05+64.0,025 +81-0,025=13.475.

MaTtemarnyeckoe oxMaanme M (X) = 2,675, CaeaosatenpHo, coriacko
thopmyite (11.14), moTydaem HCKOMYIO BEIHYNHY AHCTIEPCHN:

D(X)=M(X")-[M(X)]" =13475-7,156 =6,319.
H]JHB(.‘,’_'I,(_‘M OCHUBHLIE CBOJiCTBA AHCTIEPTHN.
1. Oucnepews noctosuauoli sennynibl € paBHA HYJIKY:

D(C)=90. (11.15)

2. ITocToMHHBI MHOXETENh MOXHO BHIHDCHTE 34 3HAK AUCTIEPCHH, BOIDO-
A% eTo B KBaApaT:

D(CX)=CD(X). (11.16)

3. ducnepcna cyMMB 1e3aBUCUMBIX CAYSalHEBIX BEAHYHE PABHA CYMME uX
AUCIEpCHI:

DX, + X, + .+ X,)=D(X,)+ D(X,)+ ...+ D{X, ). (11.17)

Ha cpoiicts 1 1 3 cegyeT saxustli sasoa: D (X + O) = D (X), rae C — no-
CTOAHHAA BEAMMHHA. KpoMe Toro, aAMcnepeus urena NoABNeRUs cobuTis
A B 1 HE3ABKCUMELIX HCIBITAHUAX ¢ BEPUSTHUCTEIO IOSBAEHHA P B KAKAOM
113 HUX 3T0r0 cOOBITHA BRIYHCAACTCS 10 diIopMyne

D(X)=np{1-p)=npgq. (11.18)

Ipuscaem 3aech elie ABa BAXCHLIX PESYALTATA: NS Cay4alHO! BenMsHE,
pacnpefeneusoi no 3akony [lyaccosa (11.6), MaTemMaTHuecKoOe OKHAAHKE
H ANCHCPCHA DABHLL NAPAMETPY A Z4HHOTO DUCIHIPCAETENHSL
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Iprmep 7. Banx obaan KPeasTLl 7 PasHaM 33eMILHKAM B paamepe § 1Aeu.
€. KOXAOMY [16] CTARKY CCYANOD mpoleHTta r. Hafts matemarnyeckoe
oXRIRAIe 0o ancnepenio npubbit Galka, a Takxe YCROBHE Ha CTaBKy
COYAROMO [MMHICHTA, €CAH BePOATHOCTh BOXBPATA KPEAMTA 3AEMIILHKOM
PABHA p.

Peuenue. [lockonhky aaeMILHKN MEXRAY cof0I HE CRIBANEL, TO MOXKHO 10-
JAFATH, UTO MBE LIMEEA 7 HEIABUCHMBIX HenmTanuil. BeposTHoeTh yTepn
Kpeta 408 Gahka B KaxIom HembiTanny pagHa g=1-p. [ycrs X —
YHCJIO 3aeMUIMKOB, BO3BPATHBUIHX KPEANT €O CCYANLIMI BPOULHTOM, TU-
raa npubwiw Ganka onpegenserca GopMynoH

IT={t+ 100} 85X - nS.
X aBidercs cAy4aiiHoi Beany ol ¢ OIHOMHALHBIM 3aKOHOM pacnpe-

Aenenns. Toraa MaTeMaTHYECKOe 0XHaaHue npubnan, cornacho (11.7),
PaBHL:

My =(1 + 7/100)8 . M(X)—nS = (1 + r/100) Srp — Sn = Sn(rp/ 100 — ¢).

[Tockoaeky BbEAaYa KPEAHTA UMEET CMLICH JHILL HPH OAUKHTEALHOM
MaTEMATHYECKOM (KITaHIM PGB (NOAOXKHTENSHAN CPefHss Bej-
unna npubeain), to Ha yeiorua M (11) > 0 BuTekaeT yeaosie Ma crTapKy
COYAROTa NPoLeHT:

r>100g/p nm r> 100(L-pYp.

Jducnepcna npudsay Hanxa, cornacno dapmyae (11.18) w ceaiicream
1--3,

DMy = DO + 7 10MIX —ndy=(1 + r/H)[})?‘ Szrrpq.
11.2.3. CpenHee KkBagpaTHYECKCE OTKNOHEHHE

Onpeaenensie 8. CpeIHiiM KBAAPATHHECKHM OTKJIOHEHHCM CAyyaliHoi Be-
AuHsl X (CTARIRPTOM ) HAABIBACTCA KBALPATHBIH KOPENh 13 68 AHCTePCHH

s(X} = JD(X). (11.19)

M3 croiicTa 3 1 dhopayasl (11.17) ca1eayeT, 4To B £IyYac CYMMBI B3AHMHO
HE3RBHCHMBIX CAYYaiHLIX BENHYITH cIpaBeutea thopsyna

o(X, +X, +..+ X,):J&? (X)) +c? (X)) +..+0" (X,) (11.20)

TMpumep B. B yrenoeusax npuMepa 7 HalTH MaTeMaTUYECKOE OXFjlaHHe
t cPE/lHeE KBAAPATHIECKOE DTKACHeHWe npufinny npi n= 1000, p=0.8,
§=100 Toic. aek. en. u r=30 %.

14
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Pewenye. CTARKA CCYNHOTMO TIPOLEHTA YNOBIETBOPAET YCIOBHID, HTOOR Ma-
TEMaTH4YECKOE OXXMARNKe npHbLIN OBIn0 noaoxHTehHbM: 30 > 100 (1 -
- 0.8)/0,8. MaremaTiyeckoe okuaanie mpHiibLIH

M (I1y=Sn (rp/100 - g) = 100 - 1000 (30 - 0,8/100 - 0,2y =

=4 MJH jJen. en.

Cpentee XBaapaTHYECKOe OTKIOHEHHE NprObLTH

o(X)=/D(X) = (1+r/100) S Jnpg = 13- 100 /1000 - 08 - 02 =

=1644.38 Teic. aeH. eA.

11.2.4. KO3 OUUMEHT KOPPenALMMA

Onpeaenenne 9. KoadbuiunerToM xoppeasiahi, HAW KOpperanuonmsy
MoMmenmoM, Cydalinuex sennuud X M Y (Unn koeapuaylell) HaARBAETCR
MATeMATHTECKNE OHUAAHHE TIPOHIBENEHITH HX DTRADHEHHH

H, =Cov(X, Y= M{X -MUOI[Y -MT)]). (1121

Kﬂpp{’JIHIIHDHHHﬁ MOMEHT CJ]y}KHT ALY ONBCAHHS CRA3H ME)KI.[_V c.r[yqaﬁ-
HbIMH peHYEHaMit X u V. M3 caoficTh MaTeMaTHYEC KDI'Q OXMIAHMWA JETKD
yOEANTHCA B TOM, YTO M, MOKHO JLIUCATL B CACAYIOLEM BHIE

Hy =MXYI-MOOMY). (11.22)

Sl BEDCPEACTAEHHANO BB UMCAEHHA HCBLALIYCTCH DapMyia

A n

By =2 2xu,p, - MIXIM(Y), (11.23)

PR

Mz dopaynw (11.22) cnexyer, uTo KOppensiiNOAHLLT MOMENT JIRYX He3a-
RUCUMHMX cayuafiias neaddud pasen Hymo. ECOH Koppensimonibil mo-
MEHT W, HE PABEH HYNK. TO BAHYHHB X W Y ARAAOTCA 3aBUCHMBIMY.

Onpenenetive 10. Kosdpduunenrom xoppensunn chivuaiinbix Beanguq X
1 ¥ HAIKIBAETCA OTHOINEHME HX KONDEASUHOHHOM MOMEHTA K NPOHaBese-
HHIO CPEIHIX KBAAPATHUCCKHX OTKADHEHMI 3THX BEANUHH!

r, =u,/(c,a,)=n,/JDXY D). (11.24)

Koadspnunent xoppeasunn apnaetca 0e3pasMEPHEIM W HE 3AHMCAT 0T
BrHOPA CHCTEMBL HAMEDCHUA CAYHARHEX BENHYIH, 2 €T aficoNTHAA Be-
JHYHHA HE NPEBOCKOALT eHKENILE

lrls1 wm -1<7, 1. (11.25)
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Onpeneaenne 11, [Ipe cayuaiinsie seasinnet X v Y vassibaerca xoppeau-
POAINNAMY. BCHU HX KOPPENAUMOHHBIH MoMenT (koaddmunenT Koppens-
i) OTIIMYEH OT HYNs; CCHH KE HX KOPPEASLHMOHHLIL MOMEHT paBen
Hy10, To X ¥ Y HasniBa1¢s nexoppeauposantbiu.

Taxsnm ofipasoM, ase koppepoRaliHble CIy4aiinble BeanyrHel (T. €. upn
roy # 0) ABLAKTCA TAKKE W JARACHMBIMU. (JBpaTHOC YTREPK/ICHHE HeBEp-

O, T. €. [IBE 3ABSICHMBIE BEIHYHHB MOTYT GLITH KaK KOPPEIHPOBAH HBIMH,
TEK W HEKOPPESTHPNBRHHULIMH,

11.2.5, l\nHenHan perpeccus

[yers (X, ¥) — apysephan cyqaiinag sesnuning, tae X n ¥ — sasucusate
('JI}"!BIT[H[:IE gemiiL. JKasnBacTca BO3MOKHbBIM I'II)IIE}.TIHH(EHHDC npea-
CTRRASHWE BEAHYMHBI ¥ B BIU/IC ANHeiiHol dyrki sesmuns X

Y sg(x)=aX + b, (11.26)

rie a i b — 1apaMeTpsl, rnoatexaltte onpetenexno. (JHEUHO 3TH BEAR-
YHILK OTIPEREIRIITCA € NOMOUIBI0 METOIA HAMMEeNsIiX Ksaaparos (CM.
8.5.3). @yukumio g{x) HA3LIBAKT cpedueraadpamuveckol pezpeccued Y

na X.

Teopema 11.1. Juueiivas cpennaa ksagpaTuieckas perpeccns Voua X
HMEET BHI

&(X)=m +r, U—”(X—m,)‘ (11.27)

¥
rjie 7., onpeaeasetca Gopmynoi (11.24).m, = M (Y) u m, = M (X) — mare-
MATHHEC KM OMHIAHHAE, COUTBETCTBEHHO, (‘."]}"-laﬁ]ihlx BesHdHH Y X

Koadyhuunenr b =7, o, /o, uaswnaT xosdiduyuenmos peepeccuu Y 1a
X, a npamyo, PeRiAYONLY 0 AHHeHHY0 3aBHenMocTs (11.27) caydaiinoit
BeTHINNEE Y OT cayuaiinoit pemtunnn X,

y-m, =rmgi(.r—m). (11.28)

a

— npamun cpednexcadpumuteckol: pezpeccuu Y sa X. Iockoibky 3asuen-
MocTs (11.27) grascred TPUOGINKEHHOH, TO CYU(ECTBYET IDIPELIHOCTY
ITOTO UPHOJIUKEN NS, HASLIBAEMAS OCMAMOUNNL Qucnepcuell:

e =oi(l-rl) (11.29)

JAng OLeHKH CPeHEKBAZPATHYHON MOIPENDCTH JNNEiiHOH perpeccHn
ODBIYHO HCMOABIVIOT BETHYHHY &.



206 Tnaea 11. CnyyafHbie BENA4UHE

11.3. HenpepkiBHble CNyYaiHbIe BeNUYUHbI

11.3.1. OyHKUMA W NNOTHOCTE pacnpeaeneHus BEPOATHOCTH

MyeTs X — venpepbipHasd cayyaiivas peisurHa {cM. onpeienentne 3), 3Ha-
YeHHST KOTOPOH CIUIOWD 3anoRHA0T nHTepean (a, b).

Onpenenenne 12. Dynuxuuei pacnpedesenus cayyainaoy semeunot X -
abiBaeted pyaxuna F(x), olpeseiiinmas BeposTHOCTE TOMD, Y4To X npu-
MET 3HAUEIINE, MCHBILCC A

Fix)=P(X<x) (11.30)
@yHKUIA pacOpeAcicHua of1anaeT pAAOM (hYHIAMCHTANBHLIX CROICTB:
1. O6nacTh 3Ha4eHi HYHKIUH paclipelenenn JexxHT Ha oTpeske [0, 1]:

IzsF{xvy< 1. (1130
2. (DyHKUHA pacnpeacacHEua ABASeTCR HeyOhBalowed, 1. .
F)=F(x) opn x> x,. (11.32)

3, Ecast BO3MOKHBIE 3HAYEHH CAYMAITHON BeTHUHHBL HEXOAHTCA HA HH-
Tepeane (2, h), 7o F(x}=0npux<au F(x)=1npna2h,
M3 yKasatusix ¢BONHCTB BHITCKAIOT BAKHBIC CACICTBHA:

1. BeposTHOCTE TOCO, YT Cavvaiiiasg pennuitia X NpHAMMAET 31avenng,
Jak/OMCHHBIE BIYTDH UHTepBaTa (o, (}), pABHA PAIHOCTI 3HAYEHHIT QyHK-
IHH pacTIpeleeHis Ha KOHUAX 2TOrD UHTEpPBilT;

Pla € X <P)=F(P)-F(a). (11.33)

2. BepoATHOCTR TOPO, 4TO HETIPEPLIBHAR CNYYatIAAA BeTMYNHA X MpRMeET
QAND QMPCAIEHROE 3HaMeite, paBia Hyno.

3. Ecne posMoxHbIe 3HaUeHHa HEUPEPHBHOIT caydaiinodl Beiiunne X

PACTIONOXKEHR! Ha BCEH YMCIeBOH OCH, TO CHPEBELTHBE CABAYIOULIE -

BEOLL

lim F(x)=0, ImF{x)=1, (11.34)
I—x

Ipaduk dysruinn pacnpesenetins Henpepueioll caydafinol BeIHsMHE
nokaiad ba puc. 11.1.

Onpeaenenue 13. TTposasoanas or hynxunn pacipeaelenis nenpepobiy-
HOH cayuafuol peandniel X Ha3blBacTeA NANTHOCTBIO PACNPeAe1eHH I Be-
poATHOCTERH X:

fx)=F' (2. (11.35)
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F{xph

7

(] x

Puc. 11.1. fpadwr Gymnuan pachpesencHun
HENPEPLIBHOA CAYSARHOA BEMMYMHLI

W3 storo onpeaeneHua cienyeT, 110 GyHKUKA PacTIpEIeNeHNS ABNRETCA
neppoobpasnoil And IWIOTHOCTY PACTIPEAEREHNE HAM HEOIPEASACHHBIM
WHTerpaiom o1 Hee, OTCI0MA CPABE/VIMBO DABEHCTBU

B
Pla<X <p)=|f(x)dx. (11.36)

CaaAsb Mexkay dynkuneil pacnpeaenenus (11.30) » naoTrocTLIO pacnpe-
JENEHHA BepoATHOCTell yeTaRapAHBaeTcH (rapMyaoit

F(x)=P(X <x)= | f() dz (11.37)
YKaKeM OCHOBHLIE CBOMCTBA TUIOTHOCTH PACPENCACHHA BEPOATHOCTH,
1. fixy=n0. {11.38)
2. [Fixyar=1. (11.39)

3710 pPAaBEHCTRO O3HANAET AOCTOBEPHOCTH TOTO COGBITMA, YTC Coydaitnas
e X NPUMET 3UavenHe, npHuaiexauee HHTepBaly (-, ).

Ecai Bee BO3MMKHLEE 3HAYCHUA CHYIAFHOH BeTHUMHB X NeXAT BHYTPY
untepsaia (¢, b), to

if(x)dxzi. (11.40)

11.3.2. YucnoBbie xapakTepHeTUKK HENPRPLIBHbIX
CIYYARHBIX BEANHUH

Onpe}zenemm IHCIOBBIX XANAKTEPHCTHK AHCKDETHBIX CJTy"ia]‘iHle BENH-
HHH PACHPOCTPAHAKTCH H HA HETIPEDBIBHBIC BETUNHHBL. Paznuifa coctout
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B TOM, YTO BMecTo cyMM B dwopayiax (11.9) 0 (11.14) Bepyrea ux unre-
TRAJIbHELIC ARaT0TH. CDODM}"."IH AAA MATCMaTHHCCKOIO ORMIKHEEA M JnC-
nepcHH

L &
M(X)= I.rf(.t') dr. D(X) :j|_r—M(X)|"f(.r) dx. (11.41)

B Tom cavuae, KOIId BUSMOKIBIE 3Na94eHus Cavsaitol sennunmn X 3a-
MOANRIOT BCH) OCL OI. TO MPLACIL HHTCTRUDOBAINA 4 ©# b ()t'(.'KUHt.“{l[blZ
= =, f):GO. BDSMU}KIIN TdkXKE CAYYAH, KOTAd Q4N 13 Lpeaes oy -
Terpupunuiia Beckunedent (Bosmoxaie suadeised X oaeKar na noay-
npPAMOii ).

Cpeasiee KBAZPATHYCCKOC OTKIONCHHE HelIPePLIBHUIT Cayyalinoi peand-
Hbl OAPCALAAeTCN, Kax i npesxae, Lo gopamyae (11.19):

a(X) = /D{X).

Jna peiyucneHus jucnepcuu ynorpebnsetcs doace yaodnas thopmyna,
KOTUPAs BRIBOAMTCH U3 BTORO dopmyam (11.41):

]
D(X)=j_r1f(x)dr-|M(,x')|?. (11.42)

Ipusmep 9. Hafttw Mmartesmaruueckoe oxiasHue, JHCHEPCHIO W cpeaHee
KBaJIPaTHYECKOC OTKICHCHEE CIYYAITHOH BeanuiHEl X, 3a4aHH0 nhoTHo-
CTbIO PAclpeacnenns Ha oTpesse |0, 1]:

fo=1, xel0 i}
Peurenue. Cornacuo dopmymam (11.41), (11.42) u {11.19), nocnenosa-
TEABHO BBIYNCTACM HCKOMBIC BCITHYIHLL

I 1
M(X)-——j.r flx)dy =J.r dv :—;.1'?

i 11

1
0 2

1

1 1
R WP 2 (2 gyt o1 _1_
D{X)—!;.l F(x)dv - M(X)} _{.1 dr —(Y/2) RitTT

5(X) = /D(X) = 1243 = 1289,
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11.4. OcHOBHbIE pacnpefeneHus
HenpepbIBHbIX CNY4aiHbIX BENUUMUH

11.4.1. PasHoMepHOe pacnpesenesue

Onpeaeaenne {4, Pacupeacacie BeposTHoCTCH HAILIBACTCR prasiomep-
HOLM, €CAM 133 HITEPHLIE BOBMOKIBIX 3Havcnuil cavuialinodl semssnm
HSOTHOCT PACHPLIEICINIH ABIACTCA HOCTOARNOH,

M3 papencrea (11.39) creayer. ntn ma0TIOCTH PARHOMCPIONO pacnpeile-
AeHis 1aeTea Juopsyaoil

0 r<a
fY=91b-a) a<x<h (1143
0. xt>h

T ratbH R HIATHOCTI PASHAMEDHAOPO PACTpeiesieris ANnBeaed v pne. 1.2,

Ao
1/¢h - aYf-.-

b

b

[ S

9

Pue. 11.2. Tpadik nnOTHGCTH
PSEMCMEPHOID PacpeseneHva

Hpusep 10, Hafiti cpepiiexsaapatineckoe oTKJIORCHIC cyyaiioi se-
ainns X, pacnpedejesion pasHoMepno na nutepete (1. 33,

Pewenue, CoraacHa dopsyie (11.43), naoTHoeTh pacnpe/ie/IeHNsS YKa3aH-
HO{ Cayuaitnolk BCAYINILL HBIAeTCH HeRyaeroit 1 paunoi 0,25 na nutep-
gane {1, 5). TTo chopmvaas (11.41) » (11.42) necnenoraTenbHR BLIMNCIA-
emmpua=1nb=4

=0125 (25 -1) = 3

1

M(X)= [ v 025 dv =0125 x*
1

5 et
D(X)= 27025 dx - 3* =0,25£3-
l

9=133; @(X)=133 =112,
1
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11.4.2. HopmManbHoe pacnpejenexune

Onpegenenne 15, Obuwtiv HopMaRsHLM PacTIDEREREHMEM BEPOATHOCTEN
HENPEPRBHON CAyqafuofi Beawqnin X HAIWBAETCH pacnpesesiemus ¢
ITOTHOCTEID

LR Gl (11.44)

1
avin
I'pagpux niotHocTH HopmansHoro pacopescnenns (11.44) aia pasnoix
3HayeHNi ¢ nokazan va puc. 11.3.

f(x}=

St

o 4 b

Put. 11.3. [padHK NNOTHOCTH HOPMAnLHOrG pacnpensneqka {11.44)
ANR PAMLIX IHEHEHWA O

HopmannHoe pacnpeaenenye 3aaaetcs IAYMA NapaMeTpaMi: a H o. o on-
PRABNGHHAM MATEMATHMECKDTO KHAaHuA W ascnepcuu  (Gopmy.in
(11.41) n (11.42)), noche BHNOAHENKA COOTBCTCTBYIVIUIMX HETETPAPOBA-
HHil MOMHO BBIBECTH, UTO A3 HOPMATLHOTO DacipejeneHHa cipaneinu-
Bbl UOPMYIBL

M(X)=a, D(X)=¢, ao(X)=o. (11.45)
Onpeaenenne 16, Hopmameioe pacnpenenenye ¢ mapametrpamu a=0 n
< = | HA3LIBALTCA HOPMUPOSAHHDIM, €10 TINOTHOCTE

f () :—;-e‘*lh. (11.46)

V2r

Jna cnyyaa HOPMHPOBAHHOTO HORMANEBHOTO DAClpefeteHdn (hyHKIMUs
pacrmpeneicHss HMeeT BHA

F(;r)=ff(z}dz=7%_— e dz (11.47)
—x ;T -=
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[Mocknasky dyuknma (11.46) szaaerea weTholl, To HeonpeaAeteHHIail Uk -
TErpAs OT Hee AWTAETCA HOUETHON. N BMECTO HETO LICNONLIYETCs! thy KNy
Janaaca, yacto obosHavaeman kax N{1, 13 (cu. 104.2)

1

V2n

je dz. (11.48)

4]

Myurimy (11.47) v (11.48) rafivanponaner (oM. npraoxedue 2).
B sakawueHne 31050 PAsaesa LPHBCIEM jJBE BIKILIE XAPDAKTEPHCTHIH,

Modoi My (X)) uaabioaeres BOUMOKHOL JIIEYCHNC CAYYARHDA BEIMYHHBL
X, upH KOTOPOM |IMOTHOCTE PACUPEIEAEHHA HMEEeT MakcHMym, Meduanoi
M, (X} HazbiRaeTLH TAKOE BUIMOMKHOR 3Ha¥eH e clydaiuoil seinmmim X,
YTO BEPTHRAIBHLA npsimas X = My (X) ZenuT nonoaaM MAGLILAIL, OrPilitt-
YEHHYIO KPHBOIt IIOTHOCTH PACTIEIENeH HA,

Hpamep 11, Marazirn npogaet MyKCKHe KOCTHOMLL 110 Ja8HHBIM CTATHCTH-
KH M3BECTI0, YT0 PACIIPEALICIHE 1O PAIMEPaM RINIAETCA HODMANBILIM C Ma-
TEMATHYECKHM OXKHAAHIEM H CPEAlMM KBaAPaTHYECKUM OTKAOHEHHEM,
pasuabiMK 46 W 2 cooTeeTeTenno, OnpeeiTh NPoHEHT cupoca Ha J0-#
pasMep Npd ycaosuy pasbpoca sgaveHdit oToil BEAHYMHE B HHTepRane
(49, 51).

Pewsenue. [lo yeaosun sanauv a=48, =2, a =49, B =51. Ucnonksya
thopayay (11.36). noayyaem, 41 veposTHOCTL copoca Ha bH0-# pasmep
3AAAHHOM HHTEpBANE

P43 <X <50y=a ((3] -48)/2) - D ((49 - 48)/2) =
=@ (1,3) - & (0.5)=04332 - 0,1315=0,2417.
Caepopateanto, cnpoc Ha 50-1i paamep KOCTIOMOB COCTABUT OKoa0 24 7%,

11 MATA3HHY IYKHO HPEAYCMOTPETL 3T0 B 06lieM 0BbeMe 3aKYTIKH.

11.4.3. PacnpeaeneHue 2 MupcoHa

Mycre X, X,, ..., X, — HOPMANLHO PACTIPCACTENHBIC HE3ABHCHIMDIE CIYYaK-
Hule BEAUMIHL ¢ napamerpamn @ =0 n o= 1. Toraa cymma ux ksagpatos

X e X4+ XD (11.49)

HalhlBaeTCa x‘-pacnpe,ac.uem-lcm € N CTCNICHAMH CROOOALI. JokasaHo, yTo
IVIGTHOCTE ITOHN0 DACPeACACIHE OnpejenasTcs (b('.'lp.\’!}’ﬂoﬁ

F{xy=x""e ™ ;2" T (2)), x =0, (11.50)
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rae I (x) = I t*'e 'dt — ramma-thynkins,
]

Pacnpeneierne y? OnpedefseTca TUALKO OANHM NaPAMETIOM — YHECAOM
crenened cuoboas 7 Upadeion $yncun (11.50) 405 pA3HBLX 7 OKLIEHL
Ha puc. 114,

06 l
050 — . B I I
04 ne?
03 |
02 n=23
AN a0
.{} T R
0 0 20 30 40

Puc, 11.4, Mpadwen Dywawn (11.50) anA paanuix 3HaHeHKA N

11.4.4. Pacnpepenenune CToiogenTa

[MycTs Z— Hopmanshan coysafinas peansnna ¢ napaMeTpama a=0 u
o= 1,a Y — nezaBucHMan oT Z BENHIHHA, PACTpeaeeHHan Q0 3aKoNy ¥° ¢
r crenerasMi ceoboan. Toraa cayyaiipan senifuHHa, PACNPeseienHIA No

3akaHy
T =2/JVin, {11.31)

HUILIBAETCH pPaclpeaciCHHEM C'['bHIJ,L{(‘HTa (]'[CCB,’.]DHI[M. aHFNHICKOTO CTA-
Tuctuka B. Foccera) ¢ n cTenenamu ceofoanl. [aoTHocTs 97070 pacnpete-
nennd aaerca opMynod

; g ot
J(x)= I'((n+1)‘,2)(1+x J 1))

Nanr(m2y\ n

C soaspacTaHdeM n pacrnipeaesienie Croiodetita HLeTpo HprdiHKaeTes K
HopMaTbHOMY {pHe. 11.9).

(11.52)

N T
F

. \Y
_/ \\-. Itn)

0

Pug. 11.5. Pacnpaganguwe Crpogedta
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11.4.5. Pacnpenencune Guwepa

Mycrs M1t V — HesagucHMBIe Caydafinbie DENTHYHHLL, pacNpeaenelnble 1o

zakony 3 co cTesenamy csofoint m ¥ 1 couToeTcTBeHHD. Torsa Benu4u-
HY, PacnpeaAcACH Y [0 3aK0HY

U,r’m

F= ret

n

(11.53)

Ha3LxBaiT pacilpticiledicm (DHI.LIE])H. CO CTeneHAMH CBt’JﬁORhI mH n
[InaTHOCTR sTOrO pacnpeaeneHHs aaeTes GOPMyNoH

T ((n+ myym™ n™

f ) == o

2" £ YTV 2200 (11.54)

YnpaxHeHuus

11.1. W3 xopobrn ¢ naThia JETANAML, CPejlid KOTORRIX METhIPe CTAHAADPT-
HBIX, HAaviaavy BaATe TpH AeTand. COCTasnTh SaKOH PACTIPEIENeHHs AHC-
KPCTHON cAyyailHoil Beanynnsl X — KOJIHYCCTBA CTAHZGpPTHBIX aeTaneli
CpetH orafpansnix,

11.2. Knirra nanana tupakos 100 twic. axaemnaspon. BepoatHocTs Hpaxa

B ak3emnsipe pasHa 0,0001. HaliTir ReposaTHOCTL TOro, 4TO THPAK coAep-
RUT POBHO 5 PAKONAHHEIX KHWT.

11.3. Cnyuaiinas cocTapnAmolian AoXoda pasHa 2X, a cnysailnas cocras-
asoinast savpar pagka S0Y. Haftmn aucnepeuic npuoBIAN MM VCIoBHAX:
BEMHuUMHE X pacnpeseneda 10 GHHOMHANBHOMY 3UKOHY € NapaMeTpaMy
n =100, p=0,5; pemruuna ¥ pacripezenena no saxkony Ilyaccona ¢ napa-
MCTPOM A = 2; cayuaitape BeaudHHEl X M Y HBARIOTCH HE3uBHCHMBIMH,
11.4. Haiity ancnepeuno o cpeiee KBAAPATHYECKOE OTKIOHEHHE CIyyal-
HOH PeNHTEHE!L X, 33,1aHHOI1 A2KOHOM PacTpeAcIeHnd

X -3 2 3 4

P 04 03 01 02

11.3. Hafttu jucnepcnio AMCKpeTHOH ciaydyaiHol BeanuiHE X — ydcia
DTKA308 3J1EMEHTA HEKDTOporn verpoierea B t0 He3aBHCHMBIX OMBITAX,
£CTH BEPOATHOCTL OTKA3a 37EMEHTA B KaiaoM onkiTe pasia 0.9,

11.6. HenpepwpHras cnyuafinas Benuditna X 3axada Ha aceft ocu Ox pyHk-
unelt pacopepenens F{x)=1/2 + (arctg x)/n. Hal1y BepoATHOCTS TOTO,
4TO BREeSTHUMHAA X NPHMeT 3HaYeHHe, 3aK/noueHHoe & yATepsane (0, 1).
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11.7. Cayuafinas senuuuna X aajana pyHkuuelt pacnpeaencHus
0 xr<2
F{x)=<05x-1L 2<x <4

I, r >4

HaiTn pepasTHOCTL Taro, 4To X npuset ziaventis: a) medee (.2 0} MeHec
3: 8} vHe McHee 3; ) He MeHee .

11.8. Juekperhas chyyafinan BEANYSIHA $daild JAK0II0M Pactipeldesientis
X I 4 7 10
F 02 01 04 03

Halirn dyHxumio pacnpeiesens 4 NGCTROHTL £ rPagik.

11.9. [lana ohoTHOCTE Pac npejlenens HeTlpepblBHOM cayualiHol Beainu-
Hul X

0, x <6,
F(x)=+3sindxr, /6 <x < xf3
0, v>nld

Haitrst hynxusno pacupeacaewses £ {x).

11.10. Cayyaitnan seanuitia X 3anana Ha NOAOKHTebHGI noayocy x
drynguueit pacnpegeacuus F(x)=1-e * (a>{1). Halttn maremamie-
CKUS DRMUTLILIE BEINHIHL X.
11.11. Cayuaiisag sennuuda X 3agaHa Ha urtepsane (0, 3) NAOTHOCTLIO
pacrpetedenns f(x) = 2x/25; sHe atoro wuTeprana f{x) =0, Haitrie asc-
nepcuo X.
11,12, Chyuaiivan senvumma X 334aHa [LMOTHOCTBID PaCHPEACICHUA
f(x) =e 1172 Haifri MaTeMaTiUeckoe o)HAANNE M AMCNEPCHID,
11.13. Cayvaiisan se-nunHa 3a1a0s GyHKIHelt pacrpeenesns:

0 x<x,.

F{x)= L
) 1-x3/x* xzx, (x, >0).

HaiiTH MaremMaTHYeCKOE tKMAAHME, JHCTIRRCHID H CPe/IHee KBafApaTnye-
CKOC OTFTOHCHMC.

11.14. Hailty ascnepeuio u cpeaHes KBaADATHHECKOE OTKJANHEHNE CNy-
Yailloi BeAMYHHEL X, PacIipeaeacHueil papiomMepuo B HuTepsaae {2, B).



11.15. Pasmep My#XCKUX COPOYEK ABNAETCA CAYYAHOA BETHYHHOR C HOp-
MATLHAIM 3AKOHOM PACTPEIEIEEIS, MATEMATHUECKMM KUAaHUeM 39 w
mucreperedt 9. Kakoit npouent or ofiuero obsema akasa clIeAyer npely-
CMOTpeTh MarasuHy ass copouex 40-To pa3mepa BOPOTHHYKA 1IpH YCIO-
IBHEL, YTO ITOT pasMen HANOAMTCS B unTeppane (39,5, 40.5)?

11.16. Haittin ¢hopMyay NNOTHOCTH BEPUATHOCTH HOPMATLHO pacrnpene-
Jernoll caywaiisell seauyriel X, eCTH MATEMATHYCCKOE 0XKHAZHHE PABHO
3, a mucnepcnsa paena 16.

11.17. Cryuafinag penyunia X paciipeleNena HopMaabhia ¢ MRTeMaTHye-

CKMM owuiaHHem a = 25. BeposTHoeTs monananus X 8 untepea (10, 13)
pasua 0.2, Haitu sepostHocTh nonaaanua X i warepsan (35, 40).



Mnasa 12

SreMeHTbl MaTeMaTUYECKON CTaTUCTUKK

MareMaTHueckas CTATHOTHRS STRAACTCA SACThi0 ofiiell nprurTanHON MaTe-
MATHYECKON  ABCIHHILINHL < Teopust peposaTHOUTEN 1 MATCMATHYCCKAs
CTATICTIIKA», OHAKO 33334y, peluacsbie e, nocar cretdginmeckitii xa-
paxtep. Ecust Teopua vepoaTHOCTE ICCAEAYET SBUELUMA, AOANGCTEN 3
RaHHbLE X MOJEABE, T B AMATEMATHUCCKOH CTATHCTIIKE REPOATHNCTHAS
MOAEB QUPEIEIeHA C maurocmont du neusgecmisk napasempoa. Oteyr-
CTRHE CREASHUH O MAPAMCTPAX KOMIEHCHPYCTCH «NPOBHLIMIIS (HCHBITA-
HHHMH, HA DCHOBE XOTOPBIX 1 BOCCTUNABIMBACTCA nejocTaomas nap-
Manng, Llenb MaTeMaTHuecKoil CTATHCTIIKI COCTONT B CO31a111 MCTOAOB
chiopa 1t 06paboTKIE CTATICTIMEC KX JAHHMX NS NOTYHCHIA 1YYRLX H
NPAKTHYCCKIX BbIBOADOL,

lleprag 3aaata MATEMATHYECKDTT CTATHCTHRIL COCTOUT B YKAXIHIN METO-
Ao chiopa W CPYNNHPOBKH CTATHCTHYLCKHUN CBACHHE, KOTUPHIE 1104 y4E1IL]
B pesyasTare IKcnepumenton wan #Halbmoacrdi. HBropas 3anaqa — am
Pa3pabuTkd METOL0B ABAMMAA CTATHCTHUECKIX JdHIIbIX! ULICHKH HEeImBecT-
HhIX BOPOATHOCTH CODBITHA, 4 TAKKE (hWHKI 1L TapaMeTpaB pacnpelene-
HIA, QUEHKA 33BHCHMOCTH CAYYAHHON Besstyiibl 0T APYTHX Cayvaillbix
BEIMYNH: IPOBCPKA CTATACTIIYECKNY THNOTE3 0 AL I BENNMIMIAXN Oapa-
METRIOB LIEHIDCCTHOrO PaciipeasaeRys. Pace Murpiia HEKOTOphIe U3 9TNX
BOITPOCOY,

12.1. BoibopouHbin metog
12.1.1. Buibopxu

Ha npakTIKe CNAGIIHOE HCChCAUBARNe {KDEAOID ODLERTa B HHTEPECYI)-
uietd 1A COBOKY ITHOCTH) MPOBUAAT Kpadiiie peako. I ToMy ke, eCiul 3T Co-
BOKYIIHOCTh COZEPXKIT GONBUIOE YHCA0 DEBEKTON MU HOCAEAORAHE ofih-
CKTa 'I.T)F'F)}'ET liilpymemm ero d’)}'HKIlH()I-lZUU-HDTﬂ CTAOHAPTS, Ty CTIITGLIH O
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HUCACNORAHNEe Hepedatno, B Taknx cayuasx n3 BCeil COBOXYRHOCTH Cay-
Yl HO 0TOHPAIOT OrPRFITYEHOC YHCa0 DOBEKTOB M NOARCPIART X HCCAC-
JOBAHIHIQ.

Brenes nCHOBHEIE NONATIA, CBASAHHEIE ¢ BRGOpKaMH. Tenepaumnmi cogo-
KYRUGCIRBH) HAILIBae sl COUORYIIOCTE ('.I()'bé'K'l'(J[i. H3 KOTUORLX TPOHA-
DOANTCS Bui(ipKa. Bubapounai CoBOKYUHOCTRIO (ahGopKoil) 1#A3hIBAETCSH
COBOKYTHOCTE ¢1v4aitao orafpaviiIX o6beXTOR N3 TelepLTHON CoBo-
KYIIHOCTH. Uncno ob6LeKToB B COROKYTHOCTH MHajdhlBaeTCcHa ec 0ODEMOM.

TTpumep 1. [Tyers 13 2000 nzemuit ornbparo ans obeneropaua 100 ua-
acauit. Toraa obvem renepanshoi coroxymincty N = 2000, a nfbes Bw-
Gopkit # =104,

Brifiopky MoxHO ocyinectsants asyms cnocotamu. Ecnl nocie weeaeno-
BAHNA OOTEKT i1 UBIBOPKI BO3BPAULAETCS B [CHOPANBIYIO COBOKYIHOCTD,
TO TAKUH BLIGOPKL MABLIBACTCH rogmopnoid (BosapaTio ); const vObeRT N
ROABMAIACTCA B CEHEPAALHVI) COBOKYNHOCTh, TO nmﬁnpm Ha3kIBAETCA
Gecrosmopiot (GFaBo3BpaTHOI).

Buibopka HassiBacTea penpesenmamuenol (NPeACTaBUTCALKORY, Lean 1o
€e AAHHBIM MOMNHO AOCTATOYNO YBCPCHHO CYIHTE 06 HHTEpPECYIOIEM HAC
NpH3HAKe TCHEPRALIOI COBOKYITHOCTN.

12.1.2. Cnocobel oTBopa

Paznuuator asa sipa cirocabor orGopa: Ges pacuneness reHepaibiail ¢o-
BUKYINOGCTH Ha MACTI 1 C PRCICHE M. K HEPHGMY BILAY UTHOCATCA Apo-
cmbie caywalione oTHopL {NoBTOPHMC AHGL BCCTORTDRHEIC), Koraa odLeK-
Thl MBBACKAGT 110 OIHOMY N3 FCREPANhROH CORDRYNHOCTH; TakoH oThop
MOPKNO 1TPOI3BOAITL C NCIUALIOBATICM Taliulu ciysaiiipx dnce.

Bropoii cnocod otéopa sKNOUAET B ceba CABAYIOMHE Pa3HORKAHOCTH ca-
UTBETUTBENIID CHOCO0AM PaCuIeHeHUs reHepaltbHoR cosokymHoctH, Ot-
6ep, 1pit KeTopoM OOBERTEL OTGHPAKTUH U3 KDKNOI «THIHYECKOH» 4acTH
TEHCPATBHON COBOKYNHOCTN, HAIWBaeTea munuyeckiy. Hanpusep, o1bop
Aeranell U3 NPEAYKLIHL KaXXA0I0 CTALKA. & Ue W3 11X oOWere konmyecTsa,
ARMIETCS THTHeckiM. Foait Tenepanbiyo COBOKYMINCTh ABAST Ha SHCIO
rpyin, pasnoe olbeMmy AWTOPKIL € HOCACAYIONNM OTHOPOM M1 KaKA0H
TRYIUIEL 1O OAHOMY 0OLeRTY, f0 1Kol 0TBOP HAIBIBAETCR MexanunecKum.
Cepuiiinim 1aznipieres otDop, npn koTopos odbekTs DTOHPAIOTE 1e TIO
0/IHOMY, & CePHAMIL ATOT CNOCOD HCIUAL3YETCA, KOrAA HCCICAYEMDIT npi-
3HAK HMEET HEZHAMUTENLNLIE KOTeOAHIA B PABNIUHEIX COPIAX.

Ha npaxruke dacro ynorpetsercs woMOUHUDOBaHHE NEPEMHCIEHHBIX
cuocobus orbopa, Haupivep, redHepaiuitys COBOKYIHOCTh pasGuBaT
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HA CEPHH ONMHAKOBOTO nbemd, 3arTeM CAydaliHeM obpasoM oTOHpaIoT He-
CKOJIBKO Cepui B B JageplieHHe CIVYRHHBIM HIBACUEHHWEM OT/IEIbHhIX
obbwexton cacrasaawt subopxy. Kotkpernan xomBuiuna cuocobor ot-
Gopa 00bEKTOB U3 TEHEPANBHON COBOKYTIHOCTH olipesensercs Tpeboaaru-
eM penpe3eHTATHRHOCTH BRIGOPKM.

12.1.3. CraTucTiyeckoe pacnpegeneque BelOOpKU

[IycTb ¥a TeHepalibHOfi COBOKYDHOCTM HaBjeueHa BeiGopka ol0bema n,
B KOTOPLIH AnAYeHUE X; HEKDTOPOTG HCCAEZYEMOTD npHAHaka X kabamaa-
ROCh M, Pa3, 3HAYCHNE X; — My Pad, 3HBHEHWC X, — 1, pad. JHaueHus X,
HAILIBSKITCR agpuaninaMi, a X Nocac/0BATECALHOCTE, 3aANCAHHAN B BOd-
PACTAIOLEM IDPHAKE, — sapuayronybim psidom. Hueaa f; RaskmaiTes wa-
cmomdvid, a X OTHOINEHHA K OG'I:CM_Y BhlﬁUpKH

W, =a,/n (12.1)

- OmHocumebiuiMy yacmomamu. Tlpy sToM Zn, = n. Modoiz M, naswea-
€TCA BAPHAHTA, HMEIOLAA HAHGOABMY K YACTOTY. Meduannii m, HasslhacT-
CA BAPUANTA, KOTOPAR Ae/HT [ONONAM BAPHALKORHLE PAA HA [8€ YacTH
€ OAMHAKOBBIM WHCJIOM BAPHAHT B Kaukxoil. Ecori wicno sapyanT HevetHo,
T.e. k=2I+1, To m,=x,,,; ecin ke uucno sapuant detno (k= 20N, o
m ={x, + X, Y2 Parmuxom eapuuposanis HAZRBAETCR PAIHOCTL MEMITY
MAKCHMATEHOK M MMHEMLTLRON BAPHAKTAMH WA ARHHA HHTEPBATA, KO-
TOPOMY NIPHHAIERAT BCEe BAPHAHTH BHIGOPKI:

R=x_ —x_ . (12.2)

max min

Ilepeuens BapuaHT i COOTBETCTBYIOLIMX MM YACTOT HAShIBACTCA CIMAmMit-
CIUtECKUM pacnpedeienuem anBopxi. 3ReCh HMEETCS aHATIOTHA © 3aKOHOM
pacnpesenedns cayuailnof BeIHUUHBL B TCOPHH BEPOATHOCTEN — 3TO £O-
OTHETCTBHE MEXIY BOAMOMHHBIMH FRAMEHNAME CIVIARHON RETHYMHN K IX
BEPOATHOCTAMM, & B MATEMATHYECKOH CTATHETHKE — ITD CODTRETCTENE ME-
KAy HADNOZaCMLIMH BAPMAHTAMIT M HX 4acToTaMil (OTHOCHTCALLLIMH
yacTnTamn). HeTpyaun RHAETH, 4TO CYMMA OTHOCHTENBHLIX YaCTOT PARLR
SAHNHLE: ZW_,. =1

Ilpumep 2. Buifopka 3ugand 8 BHAEC PACTIPEIEACHHA YACTOT:
xr, 47 8 12 7

n 2 45 6 3

Haittnin pacnpeae/JCHHE OTHOCITENLHEIX HacTOT H OCHOBHAIC XapaKTepi-
CTUKH BAPHANWOHROTO Psijia.



12.1, Buibopouusin metog 249

Pewenue. Haltaem obbvem enibopku: n=2+4+5+6+ 3 =20, OrHocu-
TEIBHBIC YacToThl pasHe: W, =2/20 =01, W,=4/20=0,22 W,=5/20 =025
W, =6/20=03; Ws=23/20=0,15 cootrerctsenso. Kourpoan: 0.1 + 0,2 +
+0.23+ 0,3+ 0,13 =1. MexoMoe pacnpenesiedite OTHOCHTENbHBIX YaCTOT
HMULeT B

X 4 7 8 12 17

w01 02 025 03 015

il

Moaa 3T0TO BapHaMuNHOre psiaa pasna 12, Uncne BapHaHT B AAHHOM
cayyae HedeTno, k=2 - 2 + |, noaromy Meauana m, = x; = 8. Paamax sapLu-
popaans, cornacHo ropsyne (12.2), R=17 -4=13.

12.1.4. 3Mnupu4eckan PyHKUMA pacnpeaeneHus

IMycts n, — uncao pabaaend, npy KoTopuix Nabmosrocs anadeHne
npuanaka X, Merblice ¥. 1pil 0fbeMe BuBOPKH, PRBHOM 71, 0THOCHTEABHAS
qacToTa colinTisg X < v pasa n/n.

OIIPEII&‘IEHSIC 1. (DYHKLI.HH, onpefedamiEe N8 KaRNoro 3HaUeHud X oT-
HOCHMTEABKYR 4acToTy cobbltus X <x,

F*(x)=n, /n (12.3)

HAIBIGAEMCA  aMnupueckoli kel pacnpedesenust, wnu thyHrimeii
pacnopeleleHHAa Bblﬁﬂpi(!i.

B otanune ot amnnpuveckoil pynxung pacnpeaenenvns F* (x) ambopri
QYHEUNA pactpeacierua F{r) reHepiLibHoN COBOKYTHOCTH Ha3LIBALTCH
megpemuyecKol (hynxyuet pacnpedenctius. Paamirdine MCKIY M COCTO-
HT B TOM, 4T hynkuna F(x) onpeienner pepoATHOCTE cobuTHA X < ¥,
a F* {x) — OTHOCHTENbHYID HACTOTY 3Toro cobmmua. Ha teopetiieckux
pesyaAsTATOB WGIeN TEOPHH BePOATHOCTEH (3aKod BOnbILHX dHCe) Cae-
JYeT, 4TO NPH GOJARINIMX 1 BEPOATEOCTh OTAMYMS 3THX QYHKUNN APYT OT
Apyra DIN3Ka K e4MHIIC:

'l'i_'rilP[|F(.r)—F‘(.r)|<£]=L ¢ >0 (12.4)
Herpyano ysuaers, uto F* (1) obaanaer seemu caoiictramu F{x), 410 BHI-
TeKAeT M3 ee onpeacienuna (12.3):
1) anavenma F* (x) npuuagaexar orpeasy [0, 1)
2y F* (x) sBnacres neybuisatowedt Ppyuxuued;

3) nycTb x, M Xy — CODTBETCTBEHHO, MUHMMAhifad H MAKCHMalhHas Ba-
PHAHTE, Toraa F* (x)=0mpr r<a, ¥ F* (x)=1 NpH X 2 X3,
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Cama xe QyHKUMA F* () CAysiT 418 OUCHKH TEOPETHIECKOI dryHKLH
pacnpenenenust £ {x) reepaihioll CoBOKYMacTH.
IMpumep 3. TlocTpontt aMnuputeckyr (PYRKIBIO 110 3LUIHOMY Paciipe-
AeaeHHI0 BLIOUPKM:

X, 4 6

n, 10 15 25

Pewenye, Haxoaum ofven puiboprs: n =10+ 15 + 25 = 50. Ianmennasn
BAPHAHTA papHa 2, noatoMy F* (x) =0 npit v < 2. 3nauenne X <4 (s
x,=2) nabmonanocs 10 pas, awaunt, F*{(v)=10/50=02 opn 2<x < 4,
Jnavenns X < 6 (a nuvendo x; =2 11 x, = 4) pabaoaanvcs 10+ 15 =23 pas,
ahauHT, ipr 4 <x < 8 pyuxrw F* (x) = 25/50 = 0,5, [Tockomxy r="56
MAXCHMATRHAA BAPHANT, To F* {x) = | npu x > 6. [fanmnem Gopmyny ne-
KOMOI1 aMIINPHYeCKol GyHKLMMN:

0, v <2
02 22y <4,
F* )=
(x) 05, 4 <x <6,
L v =>6

I'pathirx atoil hyHKLui noKa3an Ha pue. 1201

Frix) &

| f""_'_

05 —

027 ——
-—Pi—-——1——|———-h-
0 2 4 8 x

Pac. 12.1. Tpacdux IMnupHuerkDd yHKUMK
G fakHeM NpuMepa 3
12.1.5. TIONUron W THCTOrpaMma

Kaxayio tapy ataveisst (x;, n;) w3 pucnpenenesus sulapKy MOXHO Tpak-
TOBATL KAK TOYKY HAa KOOPAMHATHON naonckocTH. TOMRO Tag Ke MOKHO
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paccMATPUBATE H TIapw sradennit (v, W) oTHocuTensHaoro pacnpenene-
rits erbapku. JloManas, OTPE3KN KOTOPOH COBAHNRIT TouskH (T, 1), Ra-
IBBIETCH HOAUPONOM vacmon. JJOMaHL, CoeAHHAI0IUAT Ha KOOPAHHATHOMN
tnAoCKocTH ToukKN (X, W,), HABBIBRETCH NOAUZGHNM OMMHOCUIMETEHEIY Yac-
mom. Ha puc. 12.2 noxa3as noamrod 0THOCHTEABNLIX YACTOT ANA PAcIpe-
ACJACIHIIA. MPHBCACIHOMG B 0pHMepe 2.

W, §

0.3
0.2

0.1

0 4 B 12 168 20 Tz

Pre. 12.2. Monurod OTHOCKTENbHBIK MACTOT
PACTIPESENBHMA MO AAHHLIM DPWMepa 2

Hast cayuan nenpepusuocn npusnaica X yaolHo pasOnte sutepsan (X,
X} £T0 HAOMIOAAEMBIX 3HAYEHIN HA HECKOJIBKO YACTHMYHAIX UHTEPBANOB
ANHAOH A KaxRT 1 HANTI 1A KAHA0TO H3 ITIX HHTEPBATOE CYMMY Jac-
TOT A, NOTIIABIIHX B HCTO. CT}'I'IC}ILIHTB.H

([Jm}ﬁ.l'd. COCTUALIEA M3 UPHMOYrodh-  n 4

HHKOB € OCHOBAHHAMH JLIWHOI i 1 nhl- 4
COTAMII ﬂ)./h {NJIOTHOCTB  4aCTOTHI), 3
HAZLIBACTCA  2HCTMOZPAMMG  HACMOM. 2

IeoMeTpINPCKUit CMBICA  FHCTOCPAaM-
MbIL HETPYAHO YEHAETH, YTO MI0LILL

|

im.

£€ PARHA CYMME ACEX MACTOT, IH DOh- D 10 20 30 40 50 60 70 1
K 2 -

emy BotOoprd. Ha puc. 12.3 maobpa PG, 123 Tpawep thcrorpamss BBopcs

KeHa THCTorpamma snibopkn ofibema ofvema 1= 100

n= 100,

AHAROTIMNBIM OGPBBGM OTNPEAEAARTCR H EUCmOospadMMa QRuOCumeToinly
wacrian. BoieoTht MPAMOYIOIBHUKOB, COCTARIAMNIHY (TT}’HCH‘I&T}’EO fbl*l-
CYPY, ONPEAEIHIITCR DTHOWEHHAMH CYMM UTHOCHTEABHRX YacTOT, WO-
MAJAIUIMX B WHTEPRAN (Xpny + (- 1} A, Xo. + jA), K AnrHE MHTENBANA A,
T. e. peniaHaMy Wik B srom cayyae nnollaas ructorpaMmbl 0THO-
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CHTENBHEX YACTUT PaBHa efAMHUUE (CYMME OUTHOCHTEILHLIX HYACTOT Bbi-
Hopxn).

12.2. CTAaTUCTUYECKME OUEHKN NapaMeTpos
pacnpejeneHus

PaceMoTpisy 3naseHia KRMmIeCTREHHOID NPU3HAKA X, Xy, ..., X, B Baibopke
KaK HEe3aBMCHMBIC cydaiinpie seanuinu X, X, .., X, Toraa naxoxaenne
CTATUCTHYECKOM OLEHKY HEHMIBECTHOTU TapaMeTpa TeOPeTHUeCKara pac-
MPERCTICHIR O3HAYACT OTLICKaHHe YNKUAN 0T HaAnLaeMbIX CAYILHHBIX
BEHYHH, KOTOPaA i JacT HAM MPHGAINKEHHOE 3HAYCHHE HCKOMOTO Tiapa-
METDA.

12.2.1. Buas! CTATUCTHHECKKX OLIEHOK

Hemteu.;emmﬁ HAARBAECTCH CTATHCTHYCCKAR oLlelKa Ok, MATEMATIIUECKOE
KHAANKE KOToPpoi paBRHO OUeHIIBaeMDMY mapaMeTpy B npu nodnit sbr-
Gopxke;

M (84)=0. (12.5)

Cyetiennod HARBIRGETCA OLEHKA, {pl KoTOPoit yennsue (12.5) He BN
Heno. Idhexmuenoll HA3LIBAETCA OLUEHKA, KOTOPAs HMEET MUNWMANLBHY!0
JHCTIEPCHIO NPH 33a2HHOM 0BbeMe BRIGODKN 1 Cocmormeisnal Ha3m paeT-
CA CTATHCTHYECKAST 0eHKa THNA (12.4). KOTapds NpH 7 — 2 CTPEMHTCS N0
BEPOATHOCTH K OUEHHBRASMOMY DapaMeIny.

Teneps yKaKem SMAL YHCAOBHIX XAPAKTEPHCTHE mieHoK. [Ipexae rce-
TO — AT0 cpefnme. Jenepainas cpeduas AN HIYLAeMOT0 KQ/HecTBeHHO-
rO npMaHaka X no re’epanbRoil COBOKYITHOCTI

To=(x, +x, +..+x, )/ N
1 goifopounas cpeduan
I, ={x,+x, +..1x,)/n

Eei AHAYEHHA [IPHUIHAKA X;, Xy, ... X, B BRIBOPKE UMEHT, COOTRETCTREHHO,
YACTOTHI 72, M3, 0y My, TO HOCTENHION QOPAYITY MOXKHO MEPETTHCATE B HHIE

1 £
I, ==} nx. (12.6)

Moo noKa3ats, uTe BuIfopodHan cpegHan {12.6) gBaACTCA HeCcMeIeH -
HOU DUEeMKOH; 3TO aHATOr MaTeEMaTHUECKAOTO (KNAAHHA aTyvaiHol Benn-
qHHu X,
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BBt‘ﬂ.EM B DACCMOTPREH ¢ BUIHYHHD], XaPaKTEPHIVIOTIHE OTKIQHCPHHUY 3HY-
e KONHIECTBENHOTO NPH3HAKA X OT CBOETO CPEAHErD JHaYeHKs. JTo
2eNEPAILNAN Jucnepeia i antboponias OuCnepens

1 & -
D, =§§‘(x,- - ),

Dn _li(:"-l _'_fn)2 - inl('ri _'?n )2-
H

!
L

(12.7)

ﬂJ‘lH BRHHCTICNHA OTHX XdPdKTCPHOTHK HCHDJABIYIOTCH 60.’19@ }’I.LO(SHHE
GOPMYIBL ANHANONHbIe ZMCHEPCHI cAYYRIHOT RENHNMHB, TaK, BTODAN
dropmyaa (12.7) s uniGopodnoil AMCHepcHH NpUMsMAaeT B

¥
D, =23 nxl (¥, ¥ (128)
ooy

CouTpeTeTBCHEO OMNPEACIHMITCR LENCRATBI0E | 80{60100’{?(0& cpe()nue xago-

pPamuMecKue QmKlonenus.
0' :'!IDJ'GH :"‘DH' (129)

[Ipumep 4. Buibopka 3aaana tabanuedl pacnpeleeHin
x 1 2 35

n. 13 20 10 5

Halitu amﬁopotmme XaPAKTEPIICTHRW. CPENHIOK), NHCHEPCHIY U CREHES
KBaapaTH4YeC KOe OTKICHEeHHE.

Pewenne. Uo dopmyae (12.6) cHayana naxolnM ¥, :

o _15-1+20-2410-3+55 _uo .,
e 15 +20+20+5 50 '

3atem no cdopmysam (12.8) n (12.9) naxeAuM ABe JIPYIHe HCKOMDIE BETH-
YHHKL

D, =(15-1+20-4+10-9+5-25)/50-22" =62 - 484 = 1,36,

6, =D, =136 =~ L166

12.2.2. IMNUPUHECKNE MOMEHTRI

Jna BUYMCISHHA CBOAMKIX XAPAKTEPHCTHK BRIDOPOK MCNONb3YIOT SMIIN-
PHYECKHE MOMEHTHL. JHAIOFHUHBIE COOTEETCTEYIOUIMM TEOPETHYECKUM
MOMEHTaM. OSbruusiM AMHUPUNECKUM MOMERMOM HOpA0KA § HASLIBAETCS
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cpedHee 3HaueHKe s-X cTeneneli paatiocreil x, — C, Tae x, — Habnlonaemas
BapuanTa, ' — NPoOH3IBONLHAY NOCTOANNAA (HUKHSEY By s — anbo mona,
G0 NI0HaA BAPHANHTE, PACHCAMKeNHas SIPUMEPHO B CepeaMiie BapHALY-
OLLLOTO PATA):

b
M = 12&- (x, -C). (12.10)
-

T]I_)“ =0 nMeeM nauiisise AMPUPHIYCCKNE ADMEHI ﬂﬂ‘!?ﬂl’.l)xfi 5; B 4ucTt-
HOCTIL, B £AYy4ae § = 1

£

M, =—12ﬂ:x, =F,.
n =1

Henmparonpis sMRUPHIECKEM MOMENMOM NGPAIKA $ 1A3bisue e obbin-
bt mosent (12.10) upn O =¥

1 ¢ = w .
m o=y onlx, —X,). (12.11)
oo
B YACTHOCTH, Ll(.’HTDﬂ.u‘[hHl:lﬁ MOMEHT BTODGID [I0PAIKaA

]
m, = EZHF(I‘ -r, Y =D, (12.12)
ni |

HHBIMIL CAOBAMH, F10 COBDRILAET ¢ BUOOPOUHOH JicTepenedt.

12.2.3. ACUMMBTPUS W IKCULCC IMNUPUHECKOrQ paclpefeneHun

[opaanshoe pacnpefeaenic ABNKCTCS O (13 CAMBIX PACMPOCTPAHCH-
NHBIX B BPHMEHEHITAN MOTeMaTHYECKOH CTaTnoriki. [Lis oueHKit oTRIoHe-
HNM OMUNPHYSCKOTO PUCTIPCARIEHHS OT HOPMATRHOTO HCNUALSYIOT che-
AVIOWNIC NRPAKTEPHCTHRLL.

Acusmvempus aMREpUAcCRRIe PArmpetesenis OUPCICIRCTE CHU LY R IM
PABEHLTBOM:

u, =mjct (12.13)

FHCUErT AIMRUPUNECKO20 PACEPEJeAR A DIPEACASETCH CACAYHN MM JaREH -
CTBOM:

g, =m, /ol -3 (12.14)
B QGopyyas (12.13) 1 (12.14) BXOIAT NeHTPAIbULIE AMITHPNICCKHE MO-
MEHTH, OlTpefenaexMue giopMyasna (12.11), a Taxwe BRGOpOUHOE CPE/THEE

KBaapatuieckoe oTAaeRne (12.9). AcuMMCTPUS 1 BKCIECE CAYKUT L4
CPABHEHHS JOAMIOHA UMIHPHYECKOIO PACICAEIEHRA ¢ HOPMATLHbBIM
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pacnpeneeHHeM: 3HAK ¢, YKAabIBAeT HA PACNOACKEHWE QLTHHHOH YacTH
NOMALOR OTHOCHTE/IBHD MUTCMATHYCCKOTD OXKILIaHiA (cnpasa opu a, > 0
u caepa npn a, < () £, xapaxrepsayer «KpyruaHy» Jgomaloif (npu e, > 0
CPaBHHBAEMAn KPiRAA Bonee BHCOKLA M OCTRas, NPH €, < 0 una Gosee HH3-
Kas M IJIOCKAA ).

pumep 6. Hafivir acHMMeTpHIO §1 AKCLET 3MITPHYECKOTO pacTipesene-
HHA:
Bapvauta 1 2 3 4 3 & 10

YaCTOTA 510 15 35 16 15 4

Pewenue. Halthem cnavana ¥ » o, 1o gopmysam (12.6)—(12.9)

= _31+10-2+415-3+35-4+16-5+15-6+4-10

o 5410415435+ 16+15 + 4 =4k
D, =5-l+20---1+15‘9+35-:g;16-25+15-36+4-100=422 - 356

o, =356 = 1887,

Janee, ucnoms3aya dopmMyaar (12.11), onpeaenacs UCHTPAILHBIC IMITHPH
YECKHE MOMPHTH TPETHETO M HETHENTAD NMOPSANKOR:

m, =(5-(-32)" +10-(-22)" +15 . {-1.2)* +35-(-02)° + 16 - 08 +
+15-18% + 4.3 8*Y/100 = 579,6/100 =5,796;

m, =(5 - (-32)* +10-(=22)* + 15 (~12)* +35-(-02)" +16-08" +
+15 - 18% + 4-58%)/100 = 5180.32/100 = 548032

3atem no gopmyaam (12,133 n (12.14) vaxo; M HCKGMbE BEAKUHKEL
a, =5796/1887" =0863 e, =548032/1887" = 4324

12.2.4. [loBepntenbHelit MHTEPBAN

SQMGTHM.NTO Bﬂ%nleKH.ﬂpHBEﬂPHHHE paHes, DRPEJenAnTCE 0AHHM
YUHCHAOM, T. € 4BAAKYCH Mmouewisoiy., [Ips Maatx obbemax subopxu TO-
eUMHEA OleHKa MOHET IHIBOANTH X 6[’_)."IhI[[I!M DIIIIJlﬁKEIM H 3Ha4YHTe ILHO
OTMUIMATHCA O aueHuBacMorg napametpa. Boaee nupoxkoe npumenenye
MOTYYH.T METO/ AOBCPHTC/IBHBIX UHTEPBANOE, pa3spaboTaHHE i aMEPHKAH-
ckiM cTatucTHrOM ). Hefimanom. B aansHeiiliem satoT MeTo HaM TTOHA-
noburca.

Onpepenenue 2. Josepumerntivesm unmepearom das napamempa B ¢ Ha-
ACKHOCTLIO OLEHKH P HA3bIBALTCA YKCAOBOH TpoMexyTok (8* — §, 6* + §),

15 13222
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COAEPHKATUMA HCTWHHOE 3HAYeHMe RAHHOTD TIaPaMETpPa ¢ BEPOATHOCTBED,
pasuait pr

P(O* - 5<0<p*+8)=p, (12.15)

rae 0% - oueHKa HewssecTIoro mapaMerpa 0 (HanpuMep, Todeynas ouel-
ka), & > {f — uexatopoe HUCHO.

QObtuio NadeXHOCTh DUERKH P 3342eTes YHcaoM, QAMIKHM K eqHHMLe.
HnuimMu cnosami, ﬂDBE]'JI'[TEJTbeIﬁ MHTEPBAT NMOKPLIBAET HEM3BECTHLI
napaMeTp C SaﬂaHHOﬁ HAJTeKHOCTBIG. Yncao a=1 — P Ha3blBaCTCA YpObB-
HEM IHAYHMOCT, 061.1.13.9. CXeMd NOCTPOEHHS JIDBECPUTEALHBLX THTEPBAIOR
CROOWMTCA K CIICAYIOLLEMY:

1. PaceMaTpUBAIOTCs TeapeTHYECKHE BEIGOPKIL cCnyYaliHbIX BeNYWH, ¢ pac-
fIpeaenel HAMH KOTOPRIX cBR3as llapaMerp 0.

2. TloafiupaeTcst caydalinas BeMUMHA ¥ € M3BECTHBIM paclipeaeleHHeM,
IRAYEHUA KOTOPOH ONpecasioTes ButbopraMH i napaMeTpoM 0: V= ¥ (0).
3. Ilo u3rccTroMy pacnpedcaeriio ¥ noabupawotes uucna ¥, u Y, Taxue,
yT0HB BRINOANAAoCs pasencTso P(Y, < Y ()< Y,)=p.

4. Ilo 3nauennam Y, u ¥, onpegenaerca wucao § > ( npn H3BECTHOM 3Ha-
uennu B*. Taxum ofipazom venosue (12.15) 6yACT BROIHPHG H A0BEPH-
TeaBHBI HHTepBaj MOCTPOCH.

Mpumep 7. Haditit nosepuTenblibie NHTEppanbt uajexuocta p, = 0,95
1 p; = 0,99 ana nopmasiuHoii cryvaiinoit senrunnn X ¢ dyaxuuei pacope-
acaedna N (0, 1) — oM. depmyay (11.48).

Pewenue. B nepsom cayvae p/2 =0,475; ua pasenctoa O (x)=0,475 no
tafi I1.1 onpepenasem x= 1,96, 1. e. upn ypoane anagumoctn o = 0,05
Xe( 196, 196). Bo sropoM ciyyae M3 aNANOTMMHOTO paBeHCTDA
@ (x) = 0,495 noaygaem x =238, T. c. npu yposie 3HauuMocTH o = 0,01
X e (-2.58; 2,58).

12.3. CratucTuyeckne OUEHKU CTaTUCTUYECKUX TMNOTes

Ofurinio B MpakTHMECKHX 3aAa4aX He BCTPEHANTCH CAYYAHHLIE BeJHY HITbL,
PACTIPCICTEHHSA KOTOPLIX TOUHO COOTBETCTECBILTH Oil TCOPETHHECKIMM pac-
NMREIETCHNAM. HOC.?IE.[[HHE ABRJIAIOTCA MATEMATHHECKHMH MOAENAMH pPe-
anbHbix pacripegeneditt. [Toafiop Takitx Mofeneil W avadus WX anexraT-
HOCTH MOJEJIHPYEMbBIM C.'ly‘JaFIHBIM B&JIHYHWHaM, UTO ABRJIAESTCA OIADA 13
OCHOOHEX 3a1a4 MaTeMaTiHIecKeil CTATHCTHKY, KOTOpad, B CBOKD oHe b,



CUHOIHTCH K NPOBEPKE IPEITIDI0MER i (I'HI'[OTES) O BUIE MOAEAH pACnpe-
ACAeHILA i 0 CTrO MapaMeTpax.

Onpeaenenne 3. Cmamucmuveckol HA3bIBARTCH THNOTEIA O DHE HEHA-
BeCTHGra PAcnNpe/lenedina, a mapameTpax M3BeCcTHLIX pacnpefenedyii, ob
OTHOMEHHAX MEXAY CAYHATIBIMI BEAHUHHAMI H T. 1.

12.3.1. Buabl CTaTUCTHYECKUX TMNOTEA

Onpeaenenune 4. Hynesoli (ocnosnoii) TnnoTeaodl HAZRIBAETCA BRIIBUHY-
Tas runoresa Hy.

Onpenenenne 3. Konxypupyrowesi (@wmepnamuanod) rfnoTesofl Ha3bi-
BaeTca runoresa My, kotopas NpoTHBOPEYHT HYIEBOIt THIOTe3e H),
Harnpumep, ecr Ry1eBasA [HOOTE3a COCTOMT B APCANOADKEHIH O TOM, MTO
MATEMATHYECKOE DHMHAANHE HOPMATLHUTO PACTIPERENCHHA d = 3, TO KOH-
KYPHPYIOIAS [HIOTE3N MOKET COCTOSTh B HPEANOMOMEHHY, 4TO 4 # 3.
B kpatkoii 3anncu: Hy a=5;, H a1,

FunoTesn pasniiyaor Ha rpocmuie {(CoaePKAUMME TOXBKD OAHO NPEANOAC-
KEHHE) W orosnbe (COCTOALME M3 KOHeYHOro By Deckoneytoro yucaa
npocThix runotes). Hanbonee pacnpocTpaHeHHBIMY ABAAKTCS ABA THNA
THITOTES:

1. fTapamempuvecue unmomess: NPH MIBECTHOM BHAE DPaCITPEAENEHHA
TIPCANUAOMKCHNA O HEH3BCCTHBLX XAPAKTEPHCTHKAX 3TOTD PaclpeaeNne i,
2. [Ina uzpectHolt cayualivoil sesWuuHsl (BHIGOPKH) NDEANOJIORKEH S
0 BMIe ee pacnpesgeIedns.

12.3.2. Obwwan cxema npoBepky CTAaTUCTUYECKHX rHNoTe

Onpenenenwe 6. Cmamucmuneckum Kpumepues (W TPOCTO KPITEPHEM)
HA3HEBADT chyualilyio seanduny T, KoTOpas CIy®uT Anf NPOBEPKH CTa-
THCTHUHECKHX THTIOTRR.

YrameM 0CHUBH e MOMEHTHI NPOBEPKH CTATHCTHYCCKMX CHTIOTES.

1. s ocHobuel rinoresw Hy dhopmysHpyercsd aibTepHaTHBHAs THIO-
Teaa H,.

2. BuibupaeTcs Ma10e NOTOKITEALHOS YHCAD O — VPOBPlIb 3HaUHMOCTH
nuposepki. Obuyim o kunelneTea b npenenax or 0,01 no 0,05,

3. PaccMaTpHBAOTCH TEOPeTHYECKHE BHIGOPKK 3HadeHN] oy raiinpy he-
NHUMH, 0 KUTOPAIX cpopMyanposana rsioteaa Hy, w snibupaercs (Gopmu-
pyercst) cayvaitnad sensunua T, 3nadenns u pacnpeaeheine T NOLHOCTLIO
ONPefeAAITCS N0 BHGOPKAM NPY NPEANVAOKENHH O BEPHOCTH FHIOTEIN
Hy. Besmmavaa T nasesaeTcs cmamucmuxold Wil Meacmom KPUTepHa.

15
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4. Ha uncnoroli ocH 3anant wHTepsat D Taxol, 4TQ BEPOATHOCTS MONaia-
HHS TekcTa T B 3TOT unrepran pasHa p=1 —a;

P(TeD)=1-q. (12.16)

Wirepran D naameaetcs ofiraembn npunamist 2unomeant Hy, a ocrasmas-
ol ODAACTB UHEOBOR OcH — Kpumuneckoi v6aacme. B pane cnydaes 3a
ofiacts L IpHHMMAIOT OZRH 13 BATEPBAIOD: {~o0, £]. [~ Lol (L ),
[%¢ YHCIIO {,, — Kpumuueckoe masenue mecma nposepiu. COuTBETCTReHH
ATHM NPOMEKYTKaM KPHTEPHI NPOREPKH HA3BIBAETCH NIPABOCTOPGHHIM,
ABYCTOPDHNHM WIH aeBocToponuuM. CooTeercTByoue ofracTi oTKno-
HeHHA THnateasl Hy (4 00, (=, —4 )Y U (¢ ®) W (-, £,).

5. Mo peasnzaunaM aHLIM3HPYEMBIX TEOPETHYECKHX BLIGOPOK BHYRCIA-
#1Csl KOHKpeTHoe (HaOmonaemoe) snavenne tecta T (oboanayim ero £,) 1
npesepsetTces BuanoadchHie yeaosus (12.16): ccnn odo BRInearsAeTcs, To
CHIIOTC3a I]ID npummaerc:—l 0 TUM CMBICAL, YTO OHA HE NPOQTHBOPCYHT
OHBITHLM ZaHHBIM; ecilld e yeaobye (12.16) ne Bunoansercs, to noxata-
©TCA, 4TD rMnoTe3a Hy HepepHa ¥ BEPOSTHOCTE ITOro coOLITHY ONpeas1eHa
HEBCHO.

M3 npencrapjeHHOl paHee CXeMbl CEAYET, YTC (P NPOBEPKE 'HHOTESH
Hy Boamoxusl caegyiciuMe 0IHOKM:

¢ OwubKA NEPROZo Poda — OTBEPIHYTH THMOTe3Y H, MMM €€ MpasiARHOCTH,
BEPOATHOCTD 9TOI OMOxyu pasHa o

o QuUBKA BMOP0o Poda — NPUHATHE THNOTRAB H, ITpH IIpABHIhHOCTH
ANLTepHATRBHON runutesw H,.

ITycTb BepoATHOCTL OMULEOKH BTGPOrD PoAa pakHa P, Torad 4ucio 1 — B Ha-
SBUAKT MOLWHOCIbLIY KPHTEPNA. Hem Gonime MOIOQHOCTL KpHTEPDHA, TEM
MeHbile BEPOATIOCTS OuBKy Broporo poaa. Ipw bubpansom yposue
IHAYMMOCTH KPHTHYECKY O 061aCTh CaeayeT CTpOHTh Tak, ‘JTOﬁb[ Mo~
HOCTH KPHTCPHA fiulna MAKCHMATLHOIN.

MoxHO moxasaTh, UTO B CAyYae OTPAHHMERHOrO MHTEPBANA oflacTH npu-
UMTHH THNOTe3: Hy (ABYCTOPOHHCH KpnTiHvecxkoil obnacTu) cyulecTryer
cBaA3b WHTepsta D, oupenensemoro no (12.15), ¢ A0BEPHTENBHEIM HHTEP-
RAOM, ofipelefaeMuiM o hopmyne (12.14).

12.3.3. TUnkl CTATHCTUHECKUX KDUTEPUEB NPOBEPKU rHnoTea

Jlioboli xpuTepHI He AOKa3KWBAET CNPABEATHBOCTD NPOREDAEMOIl THNOTE-
upt Iy 2 MHUIE YCTAAABANBAET Ha NPHHATOM YDOBHE SHAYHMOCTH ee COTa-
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CHE WIH HECOTAaCHe ¢ AaHHhMK I{H.GJIIOI.[EHIII'-'I. YuaxeMm 3gech HanBonee
yI!DTpEGHTE.TIbeIE KPHTEPHH NPOBEPIKH CTATHCTHYECKHX THIIOTES:

1. Kpumeptui ¥*, wan xpumepuii Hupcona.
2. Kpumepuii Cmwodenma.

3. Kpumepui Quuepa.

§. Kpumepuil Koamozopoea.

O6bLIMHO ONMH M3 YKA3AHHBIX KPUTEPHER H YNQTPESASIOT NpH cocTane-
HHH TECTA KPHTEPHA NPOBEPKU (CM. M. 4 CXEMB! POBEPKH B IIPERBLAYIIEM
pasaene). OCHOBOW ANS cOCTAWVIERHA COOTBETCTBYIOWHX GOpMYn KpliTe-
puee [hipcona, Cteinenta 1 Ouinepa ABNAIOTCH LOOTBCTCTRYIOUIME CO-
urnowmeHus (11.49), (11.51) u (11.53).

PaceMOTPHM NpHMEPEL NPOBEPRH CTATHCTHYECKI X THITOTED C HCOOAB30BA-
HueM kpurepues x° m CToioneHTa.

HNpumep 8. 3a73Hbl BMNUPHYECKUE H TEOPETHUECKHE YACTOTH (1, ¥ 1)
PR THCIIE FPYNT BRIBOPKH 5= 8:

n, 6 13 38 74 106 85 30 14
W, 3 14 42 82 99 76 37 13

[px yposne anauismocty 0,05 nposeputs runotesy Hy ¢ HopMansHom pac-
NPEACEHUH TEHEPATRHON COBOKYNHOCTH.

Peuwienue. Haﬁmo,uaemoe JHAYeHHEe KPHTEPWA BLIYHCAALTCR NG il)()pMy.ﬂf.'

3

Yot =200, =AY [n,, (12.17)

M, YTO TO JKE CaMOoe, N0 YHpolteHHoll hopmy.e

X oot =i(nf/n;)—n (12.18)

=l
rae n=9 n =9 n, —ofibeM BHGOPKM. B nautem cmyae n=366. Mc-
HOAB3YA GaHHBIE HCXOAHOM TabJMUB!, 1OAYYaeM:

1 1e =36/3+ 1614 + 1444/42 + 5476/82 + 11236/99+ 7225/76 +
+900/37 + 196/13 - 366 = 37319 - 366 = 7,19

Janee naxopum umcno crenenefl coboam k=5-3=8-3=5 (yncao
(PYFIN BIGOPKHY MHHYC OZMH — 3TO 9HCI0 cTeneHeit cBoboxE pacmpeaene-
HHA HHDCDH& — H MHHYC £lllg ABd, T2K KAK HOPMAJLHOL pAciipe/leieH e
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XAPAKTepH3IYETCS ABYMs [@PAMETPAMH — MATCMATHYECKHM OXHAANHEM
u ancnepenteit). Mo Tabnuue KPATHYCCKHX ToueK pacTipeaeaenns ¢* (npu-
nokerue 3) mo yposHio asaunmocty a = 0,03 it uncay creueneit coobogu
5 HAXOnM KpMTHUeckoe sHavenne Tecra ¥ 2, = 11E Tax kak y 2. <x5.
T6 OCRUBAHHI OTBEPraTh HyAeBYIO TUIOTE3Y Hy HET. T, e. PACXDMICHIe
AMIHPHYECKHX M TCOPCTHUYCCKHX H2CTOT He3Haunmoe. MnuimMu cnosam,
(HAOTE3A O HOPMAJbHOM PACTIPEIENEHMH TEHEPAIbHON COBOKYNHOCTH He
NPOTHROPEYUT RABMBIM HalAWACHUIL,

] A
[Ipumep 9. Lna nesapucumeix HabmoleHUH X, Xy, ...y X, NPOBEPUM IHTOTE-
3y {y MaTeMaTHYECKOe DNHIAHME 71 = I, IPH ABYCTOPOHHEH LTEPHA-
THBHOI THIOTE3e F2 m # my. Y pOBEHb 3HAYNMOCTH O 3aJaH.

Pewenue. 3 kavecTBe KPUTCPHA TPeBEPKH HYACBOH TMIOTE3Rl MPHMEM
CAVHARNYIO BETHUHHY

T=(X-m)jnls, {1219

TAe 5 — DUEHKA CPENHEID KBALPATHUeCKOTD OTKAOHeHusd. Beawunna T
umeeT pacrpesenenme CToiofeHTa ¢ m — 1 cTencusmu csoboan. [To Taban-
ue pacnpegenenus CTHIOAEHTa NPH 3aNAaHNOM 721 HAXOAHM KPHTHYECKYIO
TOUKRY ¢ =1, ONIPEAC/IOUIYIO JOBEPUTCALHLI HHTEPBAT
PiTn-1<t,)=p=1-u

Toraa kpuTHueckas obaacTs onpeneaserca nepasencreoM | T(n ~1)| > t,.
TunoTesa H, He OTRAOHAETCA HA YPUBHC 3HAYHMOCTH O, 8CH

|(i‘—m.ﬂ)\[;43l<tp i my e{¥ ¢, sfxﬁr. I+t sivn).  (12.20)

1-u.m-1

B npoTHBHOM cayuae, ecu THHOTETHULCKOS 3HATEHHE My He TIOKPBIBAETCA
AOBEPUTENLEBIM HTepsanoM (12.20) ¢ aananuoll HAAERHOCTHIO P, TO CH-
noreaa Hy OTKAQHASTCR,

YnpaxHeHus

12.1. Haltu rpynmosme CpeiHHe COBDKYTIHOCTH, COCTOATIIHE W3 ABYX
rpynu
Ln rpyina x, 01 04 08

n 3 2 3
2-5 rpyuna r, 01 03 04
n, 10 4 6
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12.2. Mo ycnonuam mpeasiayinedi 3anauy aiity oGulyo cpeatco.
12.3. [na pacupeneaeHis CTATHCTINECKO COBOKYTTHOCTH
x 4 7 10 15

n 10 15 20 5

HaliTH ¢ AHCTIEPCHID,

Jlns 3amannaIx CPEAHEre KBAAPATIMECKOrD OTKIOHEHHS O, BHOGPULHOTO
cpeaHero &, i obbeMa BLOOPKH 71 HANTH AUBCDUTENBHDIE HHTEPBATH HE-
H3BECTHOTT MATEMATHYECKOTO OXKIAAHUS € 3a1aHROK HAENHOCThIO p.

124.6=2,%, =54, n=10, p=095.
125.6=3, %, =20.12, n=23, p=0.99.
12.6. Hafiti achMmeTpiio H BKCUEUC SMIMPHIECKOre PacrpegeleHns

x, 106 108 110 112 114 116 118
m, 5 10 17 30 20 12 6

12.7. W3 nopMassHoil reHepansHol COBOKYITHOCTH ¢ HIBECTIBIM CDEAIIHM
KBAAPATHURCKUM OTKAoHeHHeM o = 2.1 uapsedesa srbopka o0nema n = 49
i No Hell waiacHo cpeanee X, =4,5, [Ipu ypowsne snavyusmoctn o = 0,05
[POBEPHTE HYNeBY: runoTesy Hy a=13 (pareHCTBO MAaTEMaTHYECKOro

UKMAAIHA THNOTETHHECKUMY AHAYEHHIG) NPH anbrePHATHBIOR MMOoTC3e
H:.a#3.

12.8. /Ina seibopkn ofizema n =16, MaBneueHHOl U3 HOPMATLHON re-
HEPATRHOH COROKYIHOCTH, GNpefeieHnl BuopouHas cpeaHas ¥, =124
H CpCAHe: KBAAPATIMECKQE OTKIOHEHHE = 1.2, JIpn ypoBHE 3HAUMMOCTH
0,05 npoBEpPHTE HyNeny THNOTe3y Hy a2 = 11,8 npi ankTepHaTHBHON rH-
notese /- a= 118

12.9. Tlo 100 upesapncumbIM HCNIBITEHNAM OIPEAeNelld UTHOCHTEbIAN
gactota m/n = 0,15, Upy yvposhe straunmoct a = 0,05 nposeputs uyne-
By runetesy Hy p=0,17 npu anerepratipuoit ranotese H,: p= 0,17,
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MeToab! pacyeTta PUCKOBbIX CUTyaLnK
B 3KOHOMMUKE

Jwban cdepa HeNDBEHECKOT ACATCABHOCTH, B 0CO0EHROCTH 3KOHOMITKA
¥ GHINeC, CRA3AHA £ NPIHATHEM PEILestil B VCIOBIAX HEOAHOTh sthap-
MaILHH, KOTOPAA, B CBMO DUEDellh, MoxKeT OblTh 00yCnonneHa pasHooOpas-
HLIMH NPHYHHAME — K&K 0ObeKTHBItEIMH, Tak H cyObekTiBHMMH, (co-
fieHHO PACTIPOCTRAHEHELIMH ABMAIOTCA CHTYAUHM, KUTa Bbibop peiuetms
CCYLLECTRAACTCA B VCJIOBHAX PHCKOB: CYIIECTEYPT HEORPEAEARHHDCTE B BIl-
e MHOMKCCTBA YacTULIX HCXOAOR PEIYALTATA NPUNATHR PCIUCHHA, TIPHYEM
REPOSITHOCTH [OARNEHMA ATHX HCX0A0B AUB0 QUPCRenAcMbl TCM HAK
HILIM CNOoGOM, JTHOO HEMSBECTHEL HAH HE 1IMEINT CMEIC/A,

13.1. nemeHTLI TEOPUM WP

B npHAI0XeHHAX Teopul! ORTHMHAALEM PACCMATRINATER 34/1a4, Korita
BLBOD PELIEHIA OCYLIECTBISCTCR O/AHOM CTOPUIIOA (MAKCHMIIEZANNA NPy~
Oblalf (IPOM3BOAHTENS, MOACIH DBOTPEORTEALCKOrO Abbopa w up.). B pe-
ABBOCTH ITMEETES CTONKHOBCHUE THTCPLUOB IICCKOALKIIN CTRPON. KuXLas
H3 KOTOPEIX SKENAeT ONTHMH3NPODATL CROKW HERTE/NLHOCTE HA PHIHKE,
KoTaceMYIecKMMH TPHMCPaMM TAKOH CHTYULHH ALAKTCA: TIPGIaneit — No-
KyITaTeab;, HOCKONBKO TMPOM3BOANTeAcll HAa PLNKC, BO3AeiicTBYOINX 1A
ueHy ropapa (0AHrononuir}, 0ObRIHHEHHA NAH KOATHIHN, YUACTRYOIIHE
B CTOAKHOBCHKY Pa3HWY HHTEpecoR. MHOre noaofnbix nprMepos verpe-
qaETC i GHOROIHH, COIHMAOTHH, TCHXOAOTHII, B BOCHKOM Jleae, B PA3IHY-
IILIX HIPax T, i

MaTeMaTHYECKAA TCOPHA MTP BEACT CBOC HaY:0 UT aHaIuza 0ObMHbIX
HIP — CANOHHBIX, KApTOdHLIX, CTIODTHBHBLIX. 13ncpBsie Teopus wrp Oouta
cHeTeMaTHYeCKR nanoxena [k don Hedtvanos i O, MoprenmrepiiosM s
1944 r. Hx kHHMA cCoaemRani 8 DCHOBHOM BKOBOMMECKHE NPHMPREL, TaK
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KiK JKGHOMHYECKYIO CHTYAIHID OTHOCUTENRIHD JETKO (HIMCATE B YUCTEH-
HO{t thopme. Yike BO RpeMn RTOPOH MHpOBOH BOMARL TeOpHA urp OnLIa
IPHMCIENHA B BOCIIHOM AC/e 18 LI CIeAGBARNA CTNATETHHECKHX [)t".‘llIEHlfﬁ.
Bo Bropoil noaapnHe XX ¢ rhasioe sHHMANKE B TEOpHH D CTAID yae-
AATLCA JKOHCOMIHECKHM NPIEKEHLAM.

13.1.1. OCHOBHBIE NOHATHS K KNACCUPMKALMA

JI00e COUMAABHO-2KOHOMHYCCKDE ARAEHHE BOCKHT B TOH M WHOH cre-
Nend YeprTl KORBIUKT, §f S8a41T, COOTBETUTBYIUIAS MaTeMaTHUeCKas
MOJAENb, KOTOPAs HARBBALTCS Hepoll, ADAKHA 3TO 0TpaxkaTsh. Bresem Heol-
XOAUMBbLE HIUHATHH,

1. B urpe y4actayeT BexoTOPOC KOIMMECTBC (MHOMECTBO) SANHTEPECD-
BalHLLX CTOPOH, KoTOpLIe 06LIYNO HasslnaleTes wepoxavu. Ecav uncno
WTPOKQD KOHEYHE, TO OHH [R3AHYAKGTCA MHo no noMepam, mibo no Ha-
sBaHKAM (-1 MrpoK it 2-H HCPOK 8 urpe B opastuky, [lpoaasen n Moky-
ratenh B CHTYALWN MOHONDJINA — MOHOTICOHKAY

2. BoaMoxuble AeHCTIHA KadAOH 13 cTOpO (MIPOKOR) HAIWBAKTCH X0+
da.uu HAH CPpame ARSI,

3. HMuxTepecul cTOPOH NeACTARASHL! AN KAXAOTO H3 HIPOKOR (hyrKyus-
MU sbuepbiia (nanmewal; 2T DYHKUHH MOXKHD TPAKTOBATE KaK
hYHKIHE NOJEIHOCTH A1 KaArolt i1y cTopol. B Teopun virp nosaraer-
CA, HTD YHKLNI RWUMPBILA H MHOXECTBO AOCTYITHRIX 104 KaXIoTo
HTPOKA CTPATEeriil 13BccTHR. FHBIMM ca0BaMK, KaXBIH HIPOK 3HaeT
Kax CBOW (PYUKLHH BhIHIPsia H 1a00P HMEIOUINXCA B eF0 pacTopsKe-
HHUY CTRATCTHI, Tk 1T thyHKLIIN BuIMIPEILR ¥ CTPATErHH OCTAbHBIX
urpokos. B cootsercrrin ¢ 3Tolf HudopManeit 01 1 apraitdyer csoe
NIOBEACHIE, T. €. CNPLACAAET BHOOP ¢BOCH CTPATETHH.

Hrpn kascCHhMIHPYIOTCH 10 PAIHLIM NPHIHAKAM; I MIICAY MIPOKOB, 110
CROAMCTRAM hHyH KUK BEIPRUILE, 110 CHOCOBY B3AMMOACHCTRIS MEKLY WT-
pOKEMH B XOAC [TPBL

A, B 3apHcHMOCTY OT 9104 38HITEPUCOHAHHBIX CTOPOH PALNHYAIOT HIPHI
© ARYMA, TpeMsi ¢ Donee yuacTiikamiu. Hanpasep, ontumusatmio gefcr-
BHI NOTPeOUTEaRs WA TIPUHBHOANTENE, HIIKEHHYO B MPEALIAYUIHX Pad-
JAEMAX, MOXKHO PACCMATPHMRATE KakK TCOPHI HIP ¢ OJANHM UrpokomM. Boz-
MUKHE TAKKE HIPbL ¢ GECKONEUNBM YHCIOM HITPOXOB.

E. llo xom4ecTsy CTPaTErHii DAITNYAIDT HIPL KOHENHBE U DerKoHeynyie.
B koHeuHBEX HTpax B PACAOPSAKEHIH HTROKOS KOHEYHOE YHCAO BOBMOXK-
HBIX cTparerHil (HAMPMMED, <Ope/ls HWAM «pellikas B WIPe B OPVIAHKY).

R
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B rakom CJIY4ae caMi cTpaTerni HasblBAOTCH HUCMbAME CTPATEMHAMM.
B GeckoHPUHEIX HIrpax HrpoxkH 06;’[3,[[3[0']' HECKOHEYHBIM YHCA0M BO3MOK-
Hblx crparernii (8 cnryvauun ponaseu — Tokynatens kas#antii 13 urpo-
KOB MOMXCT HAa3BaThb J'[HI)6}"K] VCTPpaIBamuyio ero ey 1 KOJIHYecTBo npo-
JAABACMOTO TN NOKVIAeMOro mnapa),

B. [Mo cooiicTram hynKUNIT BEIMPPLILA HIPBI PASIIUAIOTCH 110 CAeAYIo-
M TpeM kateropuss. Iepras — KOrjla BeIUTPEIL OHOTO HTPOKA PABel
TPOHTPBILTY APYTOro (HiH of1ag cyMma BuHrpuina pasra obutell cymme
TIPOMTPBILIA); TAKHE UIPhI HABBIBANOTCA UZPAMU € NYACBOU CYMMOT, WA alt-
mazonucmudeckuMmu UrpaMn (IIrpa B opasHKky, Kaprounsle urpot). Ko pro-
PO KATCTOPHN OTHOCATCH UIPBI € NOCMOANHOU PUIHOCHIBIO, KOTAQ HEPOKH
BLIHTPLIBAIOT ¥ [IPOHTPHIBAIOT OJHOBPEMEHHO W [IOTOMY MM BBIFOLHO 1011~
CTHOBATL COLDLIA; MIPLl ITOH KATEIOPHH ABIHIOTCH HPAMOH TPOTHBOMN-
JDKHOCTBIO HTPaM nepsoil kareropun. K Tperweil kateropuu oTHOCS TN
WIPhl MEAJLY ATHUMIL IBYMS KPAITHHMI CAYHasMH — MHOKECTBO HIP € 1€ -
MYAeso CYMMOR, KOT/Ia UMEITES W KOH(UIMKTEL, i COrTacOBanHLIC ACiICT-
BHA HIPOKOD,

I'. B s3asHcuMOCTH OT BO3MOMKHOCTH HPeABAPHTEALHLIY HCPeroBopon
MEFKILY HIPOKAMH DA3THYAI0T KOONEPAMUGHbe 1| HEKOONCPAURIbIE NTPLI,
B xoonepaTHBHbIX Hrpax HrpoKH A0 Hadala HIPsl 00pasyioT Koaauuni i
MPHHUMAIOT B3aUMO00A3LIBAIOLIHE COMAIIEH I O CROMX cTpaTternax (od-
pasoBaHne KOAUTHUHI W Py B napaamenTe). Ecan ®e HIPoOKH He MOTyT
KOOPAHHNPORATH CBOM CTPATErHM TAKHM OOPA3OM, MIDa HA3LIBAETCA He-
Koonepamuenoil (Bce aHTArOHNCTHYECKIe HTPLl ABAAIOTCSA HEKOONCPATIHB-
HBIMIL UTPaMIT).

13.1.2. ®opmansHoe npeacTaBnexue urp

3 CAayHac UTphl ABVX HIPOKOR Q)}'}[Kllllﬂ BhIHTPAIIIA KaXA0TO F3 HUX }"I.ll)ﬁ'
HO NPECTABIATE B BUJIE MAMPLULb smuzpmweﬁ AW Mampuyb nAAImMENCE,
B KUTOPOI'-i CTPOKH NPEACTARNAKT CTPATErHH OJIHOTO HIPOKA, d cTonb-
LI CTPATCrHM APYTOro HIrpoka; B KJeTKax MaTpPpHUbL YKA3bIBalOTCH Bbi-
HIPBILH K100 H3 HTPOKOB 1715 KasKJ0i CHTYALIHH, paCCMUTpiIM JTO 1
MPHMEPAX HI'D PadHBIX KIACCOB.

1. Mirpa ¢ nynenoii cymmoil. Hanpusmep, nps urpe B opasiky Kaxsil ua
UTPDKOB HMeeT jBe cTpatervi — «Opens i «Penikas. Eco oba smbnpa-
10T OaHNakoBsie crpaterun (oba ropopat «Opens nan «Pemkas), 1-# nr-
pok nbinrpeiBaet 10 geH. e, a 2-if nponrpeisaet 10 nen. ea.; ecjin o Bobi-
O11PAIOT pasHkie cTpaTeruu, To 2-i urpok srnrpaBaet 10 geH. ca., a 1-if
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npotupeisaer 10 ten. en. B peayaestate MaTpiiua H, seiHrpbliibeid 1-ro ir-
POKA IIMEeT cleayonsif ni:

Crparerun 2-ro nrpoxa
Open Pemixa
Open [ 10 -10}

Crpateruss 1-ro srpokit
P P ~10 (0

UK
CooToeTeTBEHHO, MATPHUA BLIMIputtnell proporo wpoka H,=—H,. das
HAMHOCT MATPH LB BLTTPBILIE] GO0UN HIPOKOR 00LEAHISIT 8 OZHY
GuaarpHLy, KoTORas J@er oy nHGopMaliiw o seel nrpe

Crparerint 2-tu HrpoKa

Open Peutka
Open [{lﬂ, -10) (=10, 10) ]

Crparersut 1-Tu strpoka (=10, 10) (10, -10)

1*euka
2. Urpa ¢ Aenynennii cymmeit. Jlee hapMel BhVHKIGIOHHPYIOT Ha DHRKE
OAHOBPEMEHHO € DAMHAKOBLIM TOBANHKM oObemom V. Y olienx dmpm no
coobpaXeHHaM peHTAbe bIOCTH €CTh CACAYIOWe CTpaTerH: aubo Ber-
GpocuTte Ha perox noausilt obsem Tosapa V, mbo pedpocHTL NOAOBNHY
ofisema 0,5V, Ecaun 1-st dutpma BeibpachisaeT Ha pelHOK ModRR ofbeM
V, a 2-9 — nosoeuny ofseMa 0,5V, o 1-s noaysaer 100 % sannauupo-
BaHHO#t TpubuimL, 4 2-9 — ToAeKo 25 %, M Haobopot. Ecan obe diuapMsl
BLIOPOUAT 1A PhIOK 1o nuanomy obeemy V) ro noayyar uo 15 % npo-
Obinin; ecan no 0,3V, 1o npubuian kaxaol vy dupsm coctasrt no 30 2% or
3aNAanuposanich. BuMmarpHua BBIMIPBILE ANy HIPOKOB HMeeT cle-
AVIOULHE BIT:
Crparerin 2-ro urpoxa
1% 05-V

v [(15' 15) (100, 25)]

C 1- ¢
TRATETII TR HIDES 051 25, 100) (50, 50)

3. Beckoneunad nrpa. B coyvae ayonoauy KorAB H3 HIPAKOB MOKET Hi-
duarth Heny p, no KUTI)DUH OH Xa4eT MipofaTh HpelefeHHGe KOImeeTan
tapapa. [Ipn stam sloaaracTes, 4To notpefiTenit HpHOOPETYT ToBap ¥
thpmbl, 0OBABHBIE MEHBLIYIO UEHY; B CIyuar 00hAGICHUS 001 HAKOBOH)
ueHst ciipoc £ (p) pacnpedenserca Meay hupsamu nopaeHy. Oynkums
BHUUTPLILEN HIPOKOE (BEAHYMHR ANX0OJ3) UMERT BHAI



238 rnasa 13. MeToabl pACYETA PHCKOBbIX CHTYAUMM B BKOHOMHKE

p:D{py po<p,
A(p,. p,y=qpDp Y2 p =p;, U=} i j=12)
p,D(py p >p,.

13.1.3. AHTaroHUCTUYECKNE UrPhY

B OGIII(‘M cAayqae ABYX naprHepol-COMepHHKOB, NMCKNIHX B CHOEM DACTIO-
PAKEHHLL, COUTBETCTBEHLIO, 11 ™2 L"I'PZI.‘I'EJ'I-Irl. [AATEXHAA MATPHIA Hume-
7 Bl

o by o By,
B | P hﬂ' h’* . (13.1)
}Z“ hn.! : hw

OcHoproe ZONYIIEHHE TCOPHH NIP CUCTORT U TOM, YTO KIKARIA MoK
CTPEMITCA OheCTIONtiTh Cefle MAKCHMAALHO BOAMOKHLIL BBIHIPLIL 11DH
MmobLix AefeTBRAX apyrux uipokow. [lyers MaTpuua Betirpeiwefi 1-ro ur-
poxa H, Toraa ana 2-ro urpoka mMarpuua swisrpsiwei - H. Hrpok 1 noaa-
CHeT, 9TO B I0O0M ¢lyuite srpok 2 BudepeT cTpaTernn, MakCHMHRU Y-
UIYH CubCTBEHHBIT BOIMMPINL {MIRHMIDNDY NG BLIMCpLILe Hrpoka 1},
T. €. CTPATETMA MIPOKA | COCTONT B BLESODC CTROKN 1 B niell vaemenTa mar-
prike M.

m?x[rr:in huJ. (13.2)

AHATOTHYHBIM ODPAIUM CTPOHTCA W CTPATENHA HIPOKL 2 — MAKCHMM3HPO-
BAaTh BEHYMHY CHOETO BRUIPHINZ (MMHMMIINPABATE €I0 NPOHIPEHILL),

T. €. TIOICK MHHHMYMA TH0 BOZMOXNBIM MAKCHMyMam B cToafuax mavph-
bl M

min (t'nax h, ) (13.3)

!

Yraaaunwii nubop crparverift HABLIBAETCH MAKCILMURNOL CO CTOPOHB! 1-r0
HIPUKA — €10 BLIHTPBIL B 000M cayvae GyAeT He MEHBLIE MAKTHMHIMHO-
FO SHAUMEHHST (ALAH HewHen ennt Uzpm ),
h, = max(mln h, |

¢ \ !
An% 2-r0 MI'POKA BeiDPanHLA CIPATECMA HA3BIBACTCA MUNUMAKCHQN, W €70
TPUHIPBIL He DYAET MPeBOCXOHTE MITHMAKCHOMO 3HANEHHH {1AH gepx-
Metl uenbt uipu):
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h, 2 min[max h".].
4 1 :
M3 anre6Hphl MaTpiu HMIBECTHO, HTO JUIA MPOHIBOABHON UPSIMOYTOAbHOL
MATPULL BCErAA BHTOAHEHO HePaBeHCTIO
max ( min ﬁv) < mil [mzu; A, ) (13.4)
! ' '

LR
Ecnu BCPXHAA 11€HA HTRhl 2aBHA HMKHeil, T. c.

max [m,'" hg) = inin (11‘}& hu} = hy, (13.5}
To aHavEHBe A, HASWBACTCH HENOR MZPBe, D ANEMEHT fi; MATPULIBL BHEUIpLI-
WeH, paBHblii y. -~ cedaosoll moukod Matpyusl H.

IIpumep 1. llycTs y nrpoka | ane cTpaTernn, a y Mrpoka 2 — TpH cTpate-
CHi, NPHYEM MATPHUA BBIHIPLILER ANS HIPNKA | nMeeT By

H={315.
-1 0 6

HaitTe ceiopyiry ToOYKy MaTpunld ., T. ¢ o1penesnTs Heny HIpLL.

Pewenue, Bribop urpora 1 — 3710 nepsas cTpoka Matpuust H, nockoasky
npu seibope 2-i cTPOKN UrpoK 2 VAET NPUACPHKHBATECA CTPRTETMH [IPO-
Wrpnila Oepeoro urpoka, pasioro —1. Coraacno xpurepma (13.2), ar-
pok 1 mpHAepiKnBaeTCA cRocl mepBoi cTpaTeriy, ofecneunBamICH emy
Bulrpetiy, pasHelll L. Mrpox 2 paceMaTpHBaeT cBoM Xy/ALIME BAPHAHTH
TPH yeaokul Beibapa WTpokoM 1 cocit mepRoil CTpaTervu — cTpokH |

MATPUTIR —
-3 -1 -5
1 0 -6

Hrpor 2, cornacuo kporepito (13.3), pribeper cuoio wropyio CTpaTerism,
COOTBCTCTBYIOILYH0 BTOPOMY CTOAGLY MaTpHULL —H, T. &. KOTZa ero TpoHr-
obitd MiHisManed H pagen 1. Takim obpazom, CeIoBUH TOMKON MATPHLIb]
BRIUIPEINE ABAACTCH 3nement h,= 1.

CaeayeT 3aMeTHTh, 4TO [t BCETAA CYLIECTRYET CeAN0BAH TOYKA MATPHLAI
Bmurpmmei‘{, 4 3HA'THT, He BCerja eCrTh Bbl60p MAKCHMUHHON CTPaTErny
HJTH PeUTEHHE MaTPHYHGH HIDS! & YLCMLLY emprameuay. TOTAa IS KakN0-
re H3 HIPOKCR CTEHORMUTCH BaXKHDEM, yTQORI CONePHAK He yraaal Bbﬂéﬂpa
ery CTpTerHH. B Takom CAYMAY HCAONBIYIOTCA CMEwadnike CTPaTerHH,
IIPH KOTOPBIX PEATHIYETCH CXEMA CIydYaiiHOrO BLIAUPa YNCTRH CTpaTerHy.
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Ira cxema npeacTasnaeT coboii BEPOATHOCTHLIL PACIPLALACHHA Ha MILC-
KeCTRe CcTparerni nrpokos 1 1 2, aasapaenmbe, COOTRETCTREHIIG, BEKTOPA-
MIL PR

P={p. Py o P 0 G=G, Gy o G,
Spo=1 Yg =1 (13.6)

Ha wmHoxeoTBe cMeulaHHRIX CcTpaTerdii nrpok 1, cTpeMAwMiica JocTiyn
HAHADIBINETO 13 FAPAHTHPOBAHHKX BEIUIPhILTet, BRIENPAST REKTON BEPO-
ATHOCTEH [ TaK, 4TOOB NDAYUITE MAKCHMYM MITHIIMAILHBIX 3HANCHIIT
UHKM/IUEMBLX BRIUIPLUOCTT, 1. ¢ PEIIaeT salaky MAKCHMIHA MATeMATHYe-
CKOTO OXHARHIS

M:ﬁH@"" (13.7}
T. €. MOHCK BeKTopa F * TAKoTro, uTo
M, =M(p*)=maxmin p I/ §". (13.8)
P4 g

CooTBETCTBEHHO, HIPOK 2 PEaeT 3ajfally MIHIMAKCR MATeMAaTI4eckoro
oxHAaHNA P H g7 — noHck BexTopa § * Takaro, NTa

M, =M({@*)y=minmax p H §". (13.9)
1 4

B coornowennax (13.8) u (13.9) nepxuitft nuacke sT+» o3HavaeT TPaHCO-
HUpDBaHHE. B TeopHi Brp GyHIaMBHTLILHON ABIAETCA MEoPeMa o MU
Maxee, COMMBCHO KoTopoit aatavy {13.8) 11 (13.9) ara urpokos 1 n 2 aeeraa
HMCWIT pelrcH e 18 1oboil MaTpuust Bsinrpuiueit £, npuues

M, =M, =M,

Kasx 1t 2151 cayyas peiicHHa B MHCThIX STpaTerisay, cTpaTeris 7 * urpoka |
HA3bIBAETCA MAKCHMUHHOH cTpaTerkeit, cTparerne § urpoxa 2 Hazblgaercs
MLEtEHHMAKCHE]! CTpaTerned, 3 3avcHe M, — nentefl HIpot.

Hpumep 2. Haitrh pewende nrpsl, HMCOIER 1L1ATEKHYI0 MATPHLY

{3 )

Peenue. Herpymo yeuaers, 41 Aaed MalDilLE e MMeeT CelJoBoH
TOMKH, Tak kak M, = -2, a M, = 3 1 kpurepnii {13.5) He seinonken. Cheno-
BATENBHO, faHHast HTPa HMeeT peuleHHe B cMeluanHnx cTpateriax. Tlycrs
OITHMANbHEE CTpATelrNy HIPOKOD ONPelenHioTC], COOTBETCTBCHHD, BOK-
TOPAMIL BCPRATHOCTCH F =(p,. p,) 1 § ={q,. G, ), KOMIOHEHTB KOTO-
PLIX YIOBICTBOPAKIT YCJIOBHAM 110DMIPOBK

ptoy =l g +gq =1L
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Cornactio dopmyiae (13.7), dynrina Bunrpenua HMees aun
M=a{-2p, +3p, 1+ q,(3p, - 4p,).

TTockoabky, corhacko kpurepiin (13.8), ioieTcA MakcHMysM Gynkunn Bul-
HIPpbiLa AN%E 1-To NTPOKA. FO B CHAY TECPEMbl 0 MUHKMAKCE, NOACTABASA
B AT0 parenctau nmecto Af auaveHne M, rmosvvaes. uTo JUTH OTTHMAE-
HBLX BEPOSTCHOCTEH Py 1 p2y 2013010 GBITh BLIHUILLHO PABEHCTBO

'?I{_:Zp'l. + 3p: ) + q:(3p1 - 1.\0'.' )_ ’wn =1
C yueTom  BTOPOID  HOPMIPORNUHOTO  YCIDRUA  HMeeM, 9To M, =
={g, + q.} M,. It TOrNa NOACTANOBKA B NOCNCIHLE DABEHCTRO JaeT

q,(-2p, +3p, -M,)+q,(3p, ~4p, -M,)}=0,

[TockoabKY 3TO PABCHCTBO AOTKHO BBINOMIIATLCA AR 1IPOIIBONILIBLIX TI0-
JOKNTCABHLIX ) W Fy TO O1CHLI HEOGXOANMO HLAYYREM, YTO
-2p, +3p, =3p, —4p,.

CUBMCCTHUOC PUIICHIE DTOCO YPABHENHA ¢ IFOPMHPOBOYIIBIM YCIGBHEM 1034
D\ M oy TPHBOAIT K PLLESTILO 408 ONTHMANLIOH CTpaTerHi nepeore Hrpo-
ka: p, =7/12, p, =5/12. AHANOMMYHBIE PACCYXACHHS MPUMCHHTETBHO KO
BTOPOMY HMIPOKY TNPIBOIAT K TICAYVYEHHIO OUTHMANBHKNX BEPOSTHOCTEN:
g, =7/12,q, =5/12. TloacTanonka BEIMHCIEHHKX ONTHMATBHBIX REPOATHO-
CTEH CMEWaHHBIX CTpaTernii B PYHXIMIC BLIUIPBILIA AAET IEHY WIPBI
M, =112, Hseuno Takyxo pesii4MHY BBIHIPBILA NPH WCTOIB3OBAHWN CRBO-
€H ONTHMAaABNGI CTPATErHH HOAVIAST NePBhiH HIPOK HEJABMCHMO OT TOTY,
KAKON CTPATerii 1pnepxHsaercy vlopoid Mrpok, BepHo i apyroe: eciu
BTOPOl UrPoK OyACT NPIACPXKHBATECA CBOell DITHMUILHOA CTPATerHy, To
HEIABMCHMO OT HIPH CCO CONEPHHKA PEIYALTAT HIPbI OYICT TAKHM XKe.

13.1.4. Wrpsl € HeRyFEBOM CyMMOR W KOONEPATUBHLIE UIphl

B 3toM cayae HIPOKH MOMYT BRIMTPHIBATL H [IPOMTDLIBATL ¢4110BPEMEH-
HO. Teneps viKe HHTEPECH HIPOKOB HE ARNAINTCH HOABOCTRIO NPOTHBOMNO-
ACKHLIMIT, WY A0BRIENNE CTAHOBHTCH Ooaee pasnuubpasusiv, Takas
CHTYAIUA BECHMA NUPAKTEDIld 408 PRIHOYHEX aThoweHIA. B uTpe ¢ Heny-
Aenofl ¢yMMOIT CTEHOBNTCA XeNaTeTbHLIM KOUPIHMHWDOBATEL CBOM JeHCT-
nits ¢ mapTiiepoM Jbo kKakim-To 00RA30M BAUSTL Ha ero AciicTena. Mrpu
¢ HERYJIRROIT CyMMOTT MOTYT ORITH KOOTIEPATIIBHAMI {B ¢O0BIUICCTBC) T He-
KOGHERATIBHBIMH {TPH I TITE pentekstit HezaRicHwM jipyr oT apyra). Ilpu-
pegennbti B 13.1.2 cavual asyx ¢mpM 1@ peinke npegcrasiaser cobol
HPHMEDP UIPHI JIBYX UTPOKOB ¢ Henyresuil cymMmoli. B aapuckMocTy oT we-
XOJMBIX YCIOBHH B3AHMOAEHCTRKE HTPOKOB NGO BOIMOKHO, THO0 HeBo3-
MOXCHO.
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B Coaay'ae HEKQOMEPATHRLIAIX HUITI BAXKH MM MOMUIITOM ABRTALTCH ONPEALIe-
HHE MOYEK PABHOBECUSA UZPBL BOD()U.{E‘ NOHATHE DABNOBLCHA B TEORMY HITY
UTHE MOHATHR QOTHMH3ZIIHH B BKITDYAET NOCHCANES B KA'IECTBRE HacTHEID
cayuad. B ofnem cayuae napa erpaternit X* u ¥Y* ana wrpokos 1 i 2 Ha-
IWBALTCH mouKon pagnosecns no Hawy, eca ofienm WrpokaM HeBBITOARD
OTICIOHATLCA 07 CR0efl CTPATETHN B DANLOYKY, T. &
* * L]

AN Y S h (X5 ")

h(X"Y)<h (X*Y") (13.10)
Ans mabeix X it ¥

Tlpumep 3. Onpegeniims TOUKIL pABIGBCCHS 438 0P ¢ GuMarpiiueit au-

HI{BHIUER
[(4. 1S I M D)]
(0, ) (1, 4))

Pewrenwe. HeTpyato pifieTs, UTo U 0Tl urpe HiIpoky 1 {(2) nepetrogho or-
kaouarees ot 1-i (2-i) crpateruir, ecau ee npiaepxRusaeTea urpok 2 (1),
B reopun HIp aokazawo, uto 418 MebHod KoHEeTHO HEXKUOMCPATHBHOH
HIDhE ¢ HEHYAEROI CyMMOt BreTjia cyllecTRYeT Mo Kpafinell sepe DAHA
[PABHORECHAA Napa CMELIAHHLIX CTPATRCHIE; B OfHieM ClLyvae panioBeciue
peiiesse MoXeT DhiTh HEeHHCTBCHHBIM, TTPHYCM KAMKAGMY 13 HHX MOYT
COOTHETCTBOBATH PA3HbIC 3HAMCHHM BLIHTPHILLEI ¥ HIPOKOS.

B coryyae KoomepaTHBHON WIPEL ¢ ARYMA MIPOKAMH MDELMOAAGACTCS, ITO
HTDOKH He MOTYT BOFIeficTROBATh APYT HA IPYTA A0 TEX Mop, MoK He N[H-
AYT K HCKOTUPOMY cornauienuio. B atom cayvae urpa (Bepree, ee Hexosnl}
[IPEACTARIACTCN KaX MHOMECTRO S

P, T Ha ILIOCKOCTH OO BhIMTpBIILCH A,
it i, (pite. 13.1). agawTes 3Havenus
puinrpiiweli Ty n T, KoTOpBIE MOTYT
HOJYYHTL, COUTBETCTBENIO, 1-H 1 2-it
L R e I HIPUKIL (€3 KOORePIUMH ¢ HapTHe-
pos. B npesnoaoxenssn o ToM, 4o
MHOXECTBO S ABMIETCH BEUIYKIILIM,
3AMKHYThIM H OTrpaHH4eHHbIM CRep-
XY, MOKHO JOKARATD, UTO ONTHMATE-
i T 'h'l Hhie pe:uuemm HAXOAATCHA HA 1PaBui
BEPXEER PAHHUE ITOrD MIKECTBA.

Puc. 13.1. MuowecTee wexopos soonepatwanch  Ha »Toil rpaitiue BAENSETCRE MHO-
R L wectuo P Hapemo-onmuvainiiny pe-
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wenll, HA KOTOPOM YBEIUMCHHC BRIMIPHIIA OJTHONO I3 HIPOKOB ROIMOXKHA
TOJBKO 32 CYET YMEHbLUICUILA BulUIphilE cre napriepa. Ha mmomectse P
toukamu T, 11 T, OrpaHiueno nepecosoproe munxcecnan N; OHU XapakTep-
10 TEM, YTO HIPUKAM HET CMBICIA BECTH MEPETUBUPL] OTHOCHTEIBHO peine-
HHA BHE ero, Tak Kk JAHOD NOADKENHE OANOIO HI KIPORUE MOKET OuITh
vayqueso fiea yinepba s uaptiepa, aubo 01 MOXKET A0CTHYb Jy4Iuero
BUUIPBILGA B 0jUtH04KY. Ha neperosopHoM MAOKECTRE BHAETAETCA TOUKA
N*. coorseTerRYIOILAS paBHOBCCLIO o Hawy, — mouka Hawa, & ueit no-
CTHTAETCH MAKCHMYM LIPON3BeALHHA

max (h, =T, )(h, -T,), (13.11)

B KOTUPOM COMHOMHTENN NPEICTABASIOT cOO0H NTPeBLILenA BEINIPbIWETH
KaAGIONe 13 HIPOKNS HAJ| LAATEXAMH, KOTOPHE MOTYT 65iTh TOMYYEHR Wr-
pokamu Oc3 koonepa. Touka Hama agnactea oanus B3 BOIMOXILIX
pelterIli KoonepaTHrHOR HIPL, HauboONCe (IPURAEKATEIRIILM LIS NapT-
HEPB,

Ipumep 4. KoonepaTueHaa urpa naetca GMMaTpHUCH BRINPsILeil

[(&2) (0, 0)]
(4 4) (2,8))

Oﬂpeﬂe.'IHTh OCHOOBNLIC XaPaKTEPDHCTAKN HIPSLL

Pewenue, Ha nacckoctn k0, MROXKeCTBOM S, ONPLACTSIONINM HIPY, B~
JIACTCA TPEYTOMBHHK € BEpWHHaMH, manuoiMM B Gumarpuue: 0 (0, 0,
A(2,8). B (8, 2) — 3ro MHOXECTRO $1BJIseTCA BINYKINM (puc. 13.2). Cro-
poHa AB 3Toro TpeyronbNKKa npen-

cTapaser cofioii TlapeTto-omTimans-  Azh 42, 8)

HOE MHOMCCTBO: YBEHIYEHIE Bhl-
HIPHILA OJHOTG NTPOKA BOSMONCHO T
TONBLKD 3a CYCT naptiepa. To4Ka ;
T (4, 4) onpenensaer pLUCPRINH, KO-
TOPBIE HIPOKH MOTYT NOIYy4HTh Dez 4 p---f-m—=-----n t
BIAUMOZEItCTBIA ¢ napTHepowm. [le- :
peroBopuoe Muoxectsn N (oTpesok |
T 73) aexarr wa avnun AB. Ha i
37Ol AWHEM HaxoantTes Touxka Hoa-
ura N* (5, 5) — ® ueit nponasesenne 4 4 >
(h, - 5) (A, - 3) ana touex (A, hy), !
nexauury nHe MHMKecTBa N, mpH- PHc. 13.2. XBpaKTEDHETIG! KDONGPATHRHOM
HHMAET HauboAbIles 3HaUEHHe. WPbI ns Rpuwea 4
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13.1.5. MNoanynoxHbie urpsb!

“IT)I:I B KOTOPLIX 33JdCTCA NOCACN0BATEILHOCTL TIPHHATIA p(ﬂl[L‘IIIIﬁ nr-
PORAMM, HAIBIBAOTC A ??OI??JNIHU”HNJHJ P, Yneno li'rpm\'m! A HIX MO-
KET BAPLUPOBATE OT JIBYX 1 Hoaec. Ecan s PanCe pACCMODTPRENHBIX COYHAAX
HOJATHIOCE, YTO HIPOKIT DPHIHMAOT CHOIL PCINCHES OAHORPeMEHNG, He
3HAA O pCOICHH NapTHepa, To B IAHHOM CayHae HFPOK TPHHIMACT CROC
PetneHHe, Ve 3HAS O PeTeHnn MapTHepa {cnnvpmu{a), T. €. B OTBCT Ha €10
PCUICHHAC, K noanitmoniisiM MEOTOHITATOBRLIM HIPaAM ABYX THL, 11e HIPOoKH
HPIHNMADT CBON PCOICHIA, JHAH O BCeX HPEAbLAYIHN PELEeHHsX naproe-
[ OTHOCATCS, HanpUMep, Laxyarbl i DK,

Hosuwnonny o nrpy, B iy oraedeniofi ocobetiocTin ee CrpyK1ypbl, i
NIAAHGO NPeiCTaBaaeT depeso pewenutt (3 oOllem caydae — epafh peue-
HUL), TPHBOJISLLCE IHCPOKOB I3 HCXOAHOIT To31n B koneynie. Bepumnul
Aepend HEpnl HaSplBaored nosuguame Tlosmuin, HenocpeacTaedyy cie-
AVIONIE 33 HeKOTOPoil Moauiueil, — aT0 ibmepHamuent; TO3MIHE, He
HAEHOUILNG AILTECPHATHB. HA3LIBAIOTCA GROHMATIENDNSIMU, & BEAVUINE B HIX
NyTi — napmussu. MacTs gepesa petteniil, onichRanmas 1rpy 13 He-
KOTOpOIT noampin (KoTopast MozKeT CYUTATLCA HAvHaNbHOIL). HA3LIBatoT
noduepon. Bewo vurpy noa4ac Mo#HO pasiiinT v pAA NOABID, 1 PEHICHIA
Kok 13 X npedctassAor coboil camocrodtensibie sutadn. Ipise-
POM AOJBITPRL ABASIOTCA IHAXMATHBIE AT,

Hoznmmonukie HIPLI MOACANPYROT NoBeacHne dJHpM B YCAOBNAX DbITIKA,
HIOTOMY 9707 KAACE HEP ITHPOKD BCIONTh3VeTest U IKOHOMIN K, Pacemor-
THIAM OHATHS PLINOYMHOTO NOBCACHHA JIBYX (I]HPM Ha npiMepe.

IMpumep 3. [lycTb Ha phiHKe QOMIHIPYET NpoHaBoanTenL — duipMa I,
M MOHOHOALHOE HOMoKenHe puiocnt ef npionas 10 Mapa ged. e
Dupma 2 pemaer BONPOC O BHEAPCHINE HAL ATOT PBIHOK NP CAeYI0HIHX
HARECTHRIX Npearnocsiakax. 3 cayuse getynaenus upMel 2 Ha pPhIHOK
hitpma 1 MOKeT OTpearnpoBath ABOAKO: d) CHN3HTE 06BEM CBOETo Mpoi3-
BUACTBE I TOTME HOALANTE ¢ hipmoil 2 csoo npndullb 10 5 MAPA i Kaxk-
AOF0 KOHKYpeHTa; ) He veryiath B oObeMe IPOHABOACTEA — TOrIa npH-
ObL1b PUPMBL | DOMMEITCH 20 3 MIPA BCIEACTBIE CHIGKEHIA PhIHOYHOL
Henut, a dhpma 2 nonecer YOLITKE B paaMepe 2 MAP/L TOXKe H3-3a Da1eHNs1
PBINOYHOI [E1bI HA TOBAP, & TAKKC 13-3a TOrO, YTO NPeABAPHTENLHbIE 3a-
Tparkl Ha npopaborKy pobliHKa M OPTaHM3AIIO HPOH3BOACTBa e Oyavt
KoMmIencupoBatisl. Ecii e dhiirpsa 2 BoagepkipaeTces OT BCTVI/IEHUS HA
PLIIOK, TO OHJ HHYELO HE BLUUPLIBART 1 HE [POHIPLIBALT, T. . e 1pHiLib
OyaeT Hyderoil; B aToM caviae aa hupMoii 1 no-npemxHesy ocTanTes jra
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AAPHAIITA ROBEJABHHAT 1 chirkaTh DOBLEM TPOHIBRACTEA ¢ NPHALLILIO
10 aupn 1 cHUBNTL 06LEM NPON3BOACTRA CO CHICKCHNEM Opudsiin Ao
8 mipa den. e,
SO KONSUNAH NEANTATCHICTIFICCRLA 310760 AUYX DAPITHCPOB MeoKLT ObITh
Onicata HUMarPHUel BellTPRueil:
Crpareris guipati |
COXBINITH CHIBHTL
BUTYTHITD (3. -2) (5, 5)]

CrpaTerisst chipmu 2
P Pp ne vervanrs L (10, 0) (8 0))

BaecTe © Tes ATV HIPY MOXKUO NPCICTABNTL TAKKE AeRCBOM PCUICIHI,
BOTHII KOTOPOTO COUTBETCTBYIUT PeUICHITAM NAPTHCPOR. & BRIMIPLIILT M-
POKOR VEAIATK OKONO KOKAN 13 Bircau sepurid (pue. 13.3).

Durpma 2 Gupma 1 Boiniprtlumn
CoxpaHuTh (3. -2)
/; HTh o

Bcwnuﬁ/"-c‘.»—mamb e {5,5)

Boaaapxa:c}”“m.__ Coxparine o (10, 0)

CHManTe (8.0

Pre. 13.3. [lepesn peliesuit KOMBYHOR HEAHTAFGHWCTHMETKON WPk
fBYX NAPTHEPOR MO ASHHRIM NpWMEPa 5

TIpsBeactis paaee 10pa « BUryioeuse g peiiioke 11MeeT ABE DapLl Crpa-
TENI (ABC NapTI, UPHBOJSUNN K PaBHOBCCID no Hawy: upn orkaoc
HHPMBE 2 OT BUCAPCHHA Ha [IDOK BHPain 1T HE AMRTSHCT GO LUM DPUH3BOACT-
BR; B CYURE BCTYICINE upsus 2 na puitok dpsa 1 cnigskaet obben
CROETO NPHIEROACTRI. B HENG3HIHOHION (1rpe, KOTAD MIrPOKIL TRHEMIKOT
PEUICHHA GANGBPCMCHAD N HE3ABNCHMO IPYT OT APYLd, PLanH3wiNA ohenx
crpaternit Onaa Gn papxopepoaTHA, B mosHimionsnii urpe neafxomimvo
YUUTBIBATE. 4TO MHMPMa | EPIHHAMAST CHOH PCLISHIS, YHC S0 6 PLUIC
A thitpmer 2. Cormacno TPALANY MAKCIIMINA, ithme 2 caenoiana (bl
13bpaTs CTPATCIIIN OTKAIA 0T BCTVILTCHHA 1A PLUIVK: B UTOM CAVILE be
PHOLLTHE cocTannT U MApA, 2 310 Goauine, ucM -2 MIPA B CNYyYae BCTVN-
aer . (ANHAKE 3CCL B VHITBLBEETC NPENOANKCHIe 0 PRLIDHRALION
NOBEASHHK UCPOKNR, DCHOBOH KGTONOTO SABAACTCH CTPEMAPHEE K MaKSH-
MHBULIHMK CHOMX BRIAMPBILIEH — B ganiom cayvdae (pnlman. C yvetom
avoro ofcTesTeRCTRBA Bonee paunonansHoi cTparerneil thupmul 1 mpu
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BCTYNAEHUN (PRPMbE 2 HA PHIHOK SBASETCH CHIvKEHUE MPOIIROACTDA, TAK
KAk HpubBLIE 5 MAPA BCE-TAKH GOABUIE, ter Npubntis 3 Mapa. MaerHo
3Ta mapTiua Haubomee nepodTHA AN peaTniauum, korda dupma 2 Bery-
NHT H2 PHHUK.

pueeaessusit ApuMen onMekBaet cayyail Tak HasnBacMoil Heycmortiyu-
60% MONONOILUY, KOTAL (PIPME-MOHOMNOINCT HC B COCTOAILT axpecriii
NPOTHBUCTUATL BHEADCHHIO KOHKYDPEHTL (4 PLIlok. QUHAKO BosMakey -
BA[HIAIT FCAPOHCITIEa MONHORUALY, KOTAA (NPMA-MOIOMGIHLT, 8 CHIY YO0~
BHH OPraHsalWH CBOCIO NPUHIBOACTEA, B COCTONHIN aeKTHEHG pea-
NN30BATL NORABALHNE NOTENUHATLHBIN cOHepHKOB. B 1o cityyae, ecan
NP BCTYILAEHILL (ipMil 2 HA PRIHOK COXPAHCHIE OOBEM MPOU3BOLCTHA
npuHecet npme 1 Homhwe npuOLLTH, HCM €F0 CHHIREHHE, TO HMCIIHO T3
uapTHa byaeT Haubotee BEPUIUTHOMN; TorAa L1 (hupMel 2 nanbonee pauno-
HANLHOH CTPATErHEN ABISETCH ROZNEIHKANIE 0T BCTYNIEHHA HA PhHOK,

13.2. PuckoBble cutyauuu

13.2.1. Buibop ¢ nomoulb fepesa PeweHuin

MHorHe cliiTyauiy TPeGYIOT TPHIISTHA PEILENHS B PESYALTATE Al -
CACAOBATENRHOCTH BO3MOMKHbIX PEUICHITH R PRIHOYHOR 0fCTAHOBKE, KOraa
012 COBOKYTIHOCTE PelteHIO i, mpuHNMaitero penteHist (JATIPY, 1 co-
CTOATLL PLIHKE MOPOXKI4eT APYIDe COCTOMHNE ANARSIHYHOrO THiR, B Mo-
MEHT TaKOID NCPeX0a Tpedyercs NPITHATHE PELUCHIA ¢ ULCHKOH BOIMOK-
Hbix nochefcTBUil. [Ipyt uncae DOCTEA0BATEALHBIN MHIQKECTB pedreruil
Bonee oIHOTO, KOCAA NOCACYIOUIHE PEILENNR NPIUHIMANTCR TIO Ne3YIbTa-
TaM TiPeAbLIYHHX, HCHDIL3YETCA EPeBn peLeryil.

HPOJ.IL‘CC MPHHATHA PLIOSNITA COCTOMT M3 CACIVHRILNX 3TAN0B:

1. Dopmyswposka apasy. Ona COCTOMT B POPMATHIALUK 3KOHOMITYe-
CKOrD OOLEKTA H CeMeKLIHY oCHoslix olipesetsoinnx drakropon. He-
ofiX0IUMD MpeReCTil €Hap HYXKHOT HHOPMALME, COCTABHTL NepeyueHt
cabeiruil, KOTOPRe MOUYT NPOM3GHITH € DNEILJIEHHLIMI BENOATHNCTS-
MH, YCTAHOBUTE NOPHAUK cnepouatus cobsirnit ¢ wudopmaumei of sux
MCXOJAxX, YCTAHOBHTD NOCNEAORATENBHOCTL BOIMOKHMX AeHCTEHIH.

2. QOueHka BEPOATHOCTE COLTOXHUH cpeibl (BO3MOKHOCTD MCX0/la KaK-
Aoro cobbiTHA).

3. ¥YcrauomaeHie BHIMIPHILCH WM NPOHCPLIMEH (KAK BHUIMPLIIEH CoO
SHAKOM MHHYC) A8 K2XA0H BOIMOKHON KoMOHHALNY aelicTaunil (ans-
TEPHATIIB) H COCTOAHHE Cpe/al.
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EnarcnpuaTHar

9 250 000
Npoay A1 < onTyauun (Q,5)
HefraronpsTran
curyauws (G,5) o -170 000
EnaronpyaTHan
a 140 0L0
2 o 05
nop Mpoext b Tyayns {0,5)
HebnaronpHaTHan
cuTyauna (D,5) o -300a0
TOproasLIl KOMNREX: o 25000

Puc. 13.4. [lepeen pewenud Wps AR npamepa 6

4. Hoctpoenne jgepesa peelHid,

A [IPOBEJ.IE_‘HHE PACHETOR 1 NPHHATHC DELICHHA KaX JBMWHKCHHE oT BED-
WHH AEPERa PENTEHKA K ero KOPHAM (CNPana HaneBo) ¢ AHATHIOM Ba-
pUanTon,

PaceMoTphs npoueaypy MpHHATHA Peieliynit Ha MpUMepax.

Mpumep 6. AmmuumeTpatis komnarin (JITTP) pensaer ronpoc off uise-
cTHPOBaHNN. MoKIIO NIBECTHPOBATL CPCACTEA B NPOCKT A, npoekT B, nan
B AelICTBYKHUHIE TOProBeii kosnaexe, C sepoaTHocTsMIL 0,0 HHBECTHILH
B IIPoeKTH A # B MOTYT NpHHeCTH BRIMPRINK §, 1 S; B enpeaeneltisix ge-
Heacnx eannnuax: 250 000 ainbo —170 000 i1 140 000 nubo -30 000 coor-
geTeTReHHD. MHBCeTHRORAHNE ToproRoro kaMnaekea (npoext B) npune-
CeT TapaHTUPARAHHYID pHbeLTE B paamepe 25 000). OnpeacanTs peweryce
JiTp.

Petenue. TIo AaHHBIM 328344 NOAATAEM, VT 3Tansl | —3 NPOUECCA (PAHA-
TiLA peulenns BhuloAHedn. [epeno pelueninii npusesero va puac. 13.4. On-
PEACAHM TElEPL ORMAZEMYIO HPHOMND B KOKAOM DO3MOMXHOM CAYNAE KK
MATEMATHYECKOE OMWIAHNE CAVSaitHol BEUTHUMHK, KOTORAS MOMCT NPH-
HHMATE B8 SHAYCHHA € BEPUATHOUTAMM ) W fhy

Prf=5=58p, +5,p,. (13.12)
Torna jna sepluyid 1—3 sepesa pemennit CpelHne OXHIIEMBIE BRIHIPLI-
ILHT coCTaBsAT, copTreTcTReHHO, 40 000, 53 D00 1 25 D00. Ecan 8 KayecTne
KpuTepHs BROOPA MPHHATE BeTUIHY oxuaaeMoii pideutn Prf, To cne-
Ayer BuIbpaTh npoekt b,

OtHako B peaTBHAOCTH PERHOBENOATHYIT MCXOA TPATUROMNOIONKHKLIX COOR-
THH M0 MpHeMIeM AJS CepheIHHX pelteRHii (N0 cyTH Jena 3T Hrpa
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R «Opaa saw peltikye ). OBBMia B cooTtaeTcTBIM C 1. 1 1 2 TpiBcAeHHOI
CXCMLI MPUBOIATCA TUATEABHBIH AHAN I HMenuleiion HRGOPMAIL, & TIPH
HCORXOANMOCTIT ente W IIPEATPHHIMAKITCS NOMBITKH TPHBACTCHIIS 1005
HUTE Lo HHbOPMaLIL. PaccMOTPHM peiuenne Jagats) npil oTas 1peal-
NOAGHCHHILL

Hpumep 7. B yenosnax npeaptayweru npisiepa: JTITP pemaer notpariry
10000 Ha vTouHCHIC HHMOPMALG! (FKCOEPTH3A. TPOTHO3, KULGIICHILN-
aneHLe uctourien). fycre, yrounennas mrbopyausa 3agkmoTacTes B
CACTYIGUICM: CHTYANMA OvaeT BraronpnATnui ¢ sepoaruocteio 0,35 11 e-
GAarsnpuUATHOR ¢ BeposaTHOCTLI0 0,45, IPIUEM B DTHX CAYYANX BEPOATHO-
€T p, U py Berpeuteil s npoektos A u b ococtanst (08:0,2) u
(0.3:0.7).

Aepesa pewennft nproeaens na pire. 13.5. Pacyer oxiaaeMoil 1pudslan
€ YHMETOM 3ATPAT U JONESTHHTELH VIO MISEOPMALTHIO ITPOBUIITICH T HOpMvae

bnaronpuATHaRA
i \ ntyous (0.5) < 250 000
156 000 Hebnaronpuamias
A e o —170 D00
BnaronpuatHas
BriaronpuATHbiH anp |—poecr 6 curyaups (0.8) ? 2000
nparkaa (0,55) 96 000
HebnaronpuraTHas
156 000 wiTyan (0.2) ° ~30000
Tnp:ﬂ::;;w"ﬂm ———o 25000
nnpe | 92550 bnaronpusTHan
fooert A o 10.3) o 250 000
~54 000 HeBnaronpuaTHan o —170 000
chTyauus (0,7} -
EnaronpuaTHas
14
Hebnaronpwsreih | oo, | fipoedt & Gimyaa (030 14000
nporkos (0,45) 11 000 HeBnarorpvaTHas
o 000 evryaA 0T ~30000
Toproawid KOMOAEKS —_— 25 000

15 000
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Prf =S,p, +5,p, —10 000 (13.13)

Bee sgaucuna Prf npinepenst Ha rpace. Ma anaauan peayabTaToB, Kak
NIPH ABIOKEUHY OT BEPLITH APPCBA K €ro KOPHAM C Iepedbopos RAPHANRTOR,
caepyer: ecan JITIP cxaonseres K ToMy, «to cntyauua SyaeT Gaarenpus-
HOM, TO emy ciedyer BuGpats [Tpoext A (oxcnaaeMan apubnias 156 000);
ecan xe JIOP npeanonaaer nebiaronpusatayo CUTYANHIO, TO CASAYCT
pabpate [lpoext B (umwmpaemas, 1ipwueM rapautupobannan npubnib
15 000). O6mas oxuaaemad Nprbsins o ITUR 3a1aue, Coraaciio hopmyne
(13.12). cacrarut 92 550,

13.2.2. Mepa pucxa

B npHMBeZeHHEIX paHee MpPHMENAX MpH BuiBope PEUICHHA Mbl OCHOBBIBA-
JHCE Ha BEIHYHHE DKIAEMOIT BRI HTPRIIOA. ME}I{JJ,Y TEM B MPHHATHH KAK-
AOrQ PELeHN CYIECTBYeT ONpelefenHLil pHCK.

B sToM TUTaNe MpofiieMa COOTHOIEHHSA MEKTY PHCKOM W TIPHBLIALIO ABNS-
eTCA OJAHON M3 KJIIOMERLIX B 3KOHOMHYECKOH JesaTe1LHOCTH H, B 4YaCTHO-
cTi, B ynpapaenun dmnancam. Choso «piicks B OYKBAABHOM [EPEBOAE
O3HAYAET MPUHATHE PElNEHKA, PE3VIBTAT KOTOPOTO 3ADPAHeE HEHIBECTEH H
MoxeT OuiTe Hebeaonacew. [1oa puckom MPHHSATO MPUHAMATE YIPO3Y NOTC:
PH neRCTBYIOIMM (I HAHCOBBIM JIHIOM YACTH CUOHX PecypCoB WH 1LOAB-
TeHIA JOMOTHUTENLHAIX DACXO/0E B De3YALTATE OCYUECTRACHUS onpeae-
nenHoi durancopoll nonuTuin. Janee Mut 6yaeM paccMaTpUBATh PUCKH,
CBA3ARMbIE ¢ KOHKYpenuued, IpunaTieM QHHAHCORMYX peiueHi, a Taioke
prgecmutuownbtl puCK, obYCNORIEHHBIL BO3MOXKHBIM odeCHeIIMBaHHEeM
MHBECTHUHOHHO-(HHAHCOBOIC MOPTELR, COCTOALIETD U3 COOCTBEHHBIX
IPROBPETEHHEIX LEHHBX OyMar.

Onpegeneune 1. Mepod pucka HITHAHCOBAMO NEWeHHA HyaeM CYHTATD
CPeRee KBA/IPaTHYECKOR OTKIOREHHE o OCHOBHOTO MMAKR3IATENS 3TOTO pPe-
LIeHHA.

Ha npaxTHke Y46TO HCNDb3YIT GE3PA3MCPITYIU BEITUYIHY PHeKa of 5, na-
MEPQEM}'I{) B IpOLEHTAX. le'l OJHHAKOBBIX AN CPRBHUMBIX 00 BeJIHYHHE
cpeanux 8 0OLYHO BLOHPAILT TO peIleHHe, MPH KOTOPOM & MeHRIIE.

TToscHMM cMBICT BBEAEHHOrD ONpeaeneHHsa Mepbt pucka. OOwyHO pes-
TEJLHOCTE B 3KOHOMHYECKON cipepe MLIaHUPYETCT MO PAAY ANPHOPHRIX
OUEHOK, B TOM 4HC/E H 110 CPEAHHMM [IOKAIATENAM NAPAMETPUB, KOTOPLIE
JapaHee He U3BECTHA IOCTOBEPHO (HANPHMEP, NpHOLUILE) 0 MOTYT MEHSITh-
cn cayvafiueiM obipasoM. J1as n060ro NpeanpHHUMATens, B TOM uHCae



250 Inapa 13. MeTons paceTa PHCKOBEIX CHTYBLIAR B BHOHOMMKE

n JITIP, kpajine HexenaTeNbra CUTYALIHA € PCAKHMM H3MCHCHHAME BTHX
NoKazarteJNeld uT X CPeNHery YPUBHA, YTO OIHAYACT YIPO3Y YTEPH KOHTPO-
a0, HeM Menblue CTaHAAPTHOE OTKIOREHUE OT CPEAHETD 3HAURHHS, TEM
Oossure cTadusisHaCTh PRIHOYHOH 06CTAHOBKLL

Ipumep 8. B ycnosuax opiiMepa 6 onpeaenndTs Mepy pUcKos NPOEKTOB
AT NPHHATHA PRUIEHHA.

Pewenue. Aucnepcun ana [ipoextos A 1 B cocraeaser COOTBETCTEEHItO
D, ={250000 - 40000)* -05 + (40000 + 170000) -05 = 4,41-10",
D, =(140000 -55000)" -05 + (55000 + 30000) -05 =0,7225-10".

CooreercTBenng, o, = 210 004; o, = 83 000. Ha srore caeayer, 4To HyxHoO
DCTanoRUTE cBoil nmbop na Ilpoexre B, Tak Kak nps Gonee BHCOKOI 0XH-
AacMoit NpHOLIIK PICK STOTO MPOEKTA MEHHMATLHBI,

IIpumep 9. Oupma MPOUIBOANT TPOAYKLMIO C OMPEHMYEHHLIN CPOKOM
roaHocTH, TlocTaska ee NpON3BOAKTCH KOHTeHHepaMn. 3arparsl Ha 0po-
M3BOJACTEBO W TPAHCHIOPTHPOBKY NOPOJAYKIIIM B OAHOM KOHTeihepe co-
crawsler 23 T, AeH. ea. Qupma npopaet kamawi kouTciiHep 3a
33 TwC. med, en. ECH B TedeHHe CPOKA TORHOCTH NPUAYKUHMA He hpuia-
CTCA. TO OHA NOPTUTCH # dupma e nonyyaer joxoda. BepoaTHoeTH
CIIPOCa Ha OPOAYKUMIO B TEUEHME CPOKA FOAMOCTH B KOAudecTme 3, 6, 7
Hax 8 KunTeHHepos pasmel, cootaetcToenuo, (.1 0.4; 0.3; 0,2, Oupeae-
NiITh, CKOJBKO KOHTEHHepoD JIPUAYKUWH 11YKIIO 1IPOH3BOEHTL B TCUCHNC
CPOKA [OAHOCTH,

Pewenue. [InuOLUL DT KaX10TO NPOARHHOTO KaHTeiTHEPA MPOAYKUHH ¢O-
cTawset 30 ThC. AviL. Bl OT KAXAOTO KCTPOIRHHOIO KOHTEiHepa ¢upmMa
Hecer yOhToK 25 Thc. 2en. ed. CoctaBiM Tabauuy (raba. 13.1) upudbnian
/AJiA BCCX CAYYAeB TPOAAKHM (B ThIC, JAEH. 1.} — TO aH3NOTKA [aTEeNHOM
MaTpuubl. B OOCAEIHX TREX €2 KOJOHKAaX YKaiaHhl CPCAHASA l'lpl-{ﬁhl.l']h,
CpeJiHee KU 1PaTHUeCKOe UTKTOHCHUE | Geapa:mcp}ioe CTAHAAPTHOC OT-
KIDNEHHE KAk Mepa prcka. [Py aToM A%A pacieTon YHOIOBLLL XaPakTepn-
CTHE cayqafinoll Bemsuibl S (NpubLtin oT NpogaskK TPOAVKIIUNY HMC-
noAs3yeM (hopamynnt

M(5)=3=im5., DESY=M(§*)-5% o=+D. (13.14)
&=

rae §; — NpulEib B KAOKAOM CHydae, p, — COOTBETCTRYIONAA BEPUATHOCTD
atod pnlpan,
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Tabauwna 13.1

' \ Chpoe Ha —!— T
‘ ~. xouTefinepu| 3 G 7 8 5 ! p ofS.
| NPONIBONCT p=0l|p=04|p=031p=02 e %
‘KnHTEHHEpOR
5 150 | 150 | 156 | 150 | 150 0 0 0
G 125 180 160 et | 1745 | 2723 | 1685 9.5
7 C100 | 155 210 | 210 177 [ 1331 | 365 | 206
| [ 1
3 | 75 130 185 240 163 2541 | 504 | 309

TloscHUM pacueT NpufLLAY, HANPHMER, B CIYYae NPOM3BOACTEA 8 KoHTeit-
HEPOR IPOJAYKUHN, A NIPOLAKH TONBKS 6 M3 HuX. [loxoa OF Npoj Ky 6 KOK-
teiinepos covtasnt 330 e sen. e, o uponasoactso § golttefinepon
ofofinetcs thipMe B8 200 Toic. AEH. O] CNEAOBATENBHO, IPHOBLIBL COCTARMT
130 roic. AeH. er. AHATTHA NOAYYERHBIX Pe3YIbTATON IOKAIBIBALT, YTD OIT-
THMATBHBIE ‘Bh[ﬁ()p COCTOHT B MPONIBOICTRC 6 KOHTEﬂHCpOB NpoayrlENA:
cpeanss oxpAaeman npubuab cocTasiT §77 Thic. neH, el NpH OTHOCH-
TEMLHO HEBBICOKOM CTAH/IAPTHOM OTKJIOHeWHH (phex oxora 9,53 %). [pn
MPOM3BOJICTBE 7 KOHTEHHEPOn § NOBLIIALTCH HEIHAYHTEBHO, TOTAA KAK
PHCK BOIpACTaeT ﬁO."'IEE geM B AB2 paasd.

13.3. [NopThenuHuli aHanus

Hauano nopmipenvrozo ananusa 6uino nonoxedo s paborax Hobenescko-
o haypeata B o8aacTH SKOHOMHKH, Tpodeccopn Unkarckoro yrupepeHTe-
ta T. Mapkoriia 8 1932 1. iTm Bnepeele Gulna npeanoKena Moaenn hop-
MHPOBANKHA ONTHMAABIUIO HUPThe1A 1 Buiii AaNB METOADBE TOCTPOCHHS
Taknx noptheseit,

13.3.1. GopmupoBaHue MHBECTULMOHHOTO NOpTaens

Hockoisky ueHbie Gymari pasnAHIHbX BUAOE PAASTHMAIOTCS N0 JOXOIHOCTH
1 CTEMEHH HAJEKHOCTH, WHBECTOPBL BKJIAABIBAICT cpeactea ¢ npuolpere-
HHE TEHHLIX HYMar HCCKONBKNX BHAOB, CTREMACH FOCTHHbL HAHJYYILETO
COOTHOIEHHA «PHEK — NOXOAHOCThe. [IpuHuMan peuretiic o npiobpere-
HMH 11200pa HeHHLIX GYMAr, HHBECTOD INJKEH HMETh 8 BHRY, ITO AOX0A-
HOCTH MOPT¢ICNA B MPEACTOAILMA IepHOA BARZCHHS HCHIneCTHA, OAN2Ko
MOSKHO DMIEHHTH MPEANDARFACMY I JOXOAHOCTE PAsiHYHEIX HEHHLLX GyMar,
UCHOBKBAACH HA HEKOTOPLIX MPEANONOXREHHAN. YPOREML AOXDAHDCTH
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ABJAETCA CAYYAHHOI BENWUMHON, 1 OCHOBHBLIMH €€ XapPaAKTEPHCTHKAMHM
ABMAOTCA OKHAIEMOE, IWTH CpeiHee, FHAYEHHE H CTAHAAPTHOE OTKIOHE-
Hue, MMer#o Nocnealon XapakTepUCTHKY NPeanaraeTcs HCloAsIoRaTh
KaK Mepy pHCka. HupecTop MakCcHMHIMpYeET OXMAAEMYIO ZOXOOHOCTL M
MUHHMHKIHPYET DMCK, T. e. HeompeneneHHoceTs. [loaxon I Mapkosmma x
IIPHHATHIO Pellel}s AaeT BUSMUKHOCTL AAEKBATHO Y4ecTb obe uenm, npo-
THBOpEYAlHe APYT ApYTY.

13.3.2. JoXOAHOCTL K PUCK NopTdhena

Metoa, npumeHseMpiit a1a euifopa Hanbonee KenaTedbRoro noprdens,
nenoan3yeT KpuBsle Gespasznnunus. MHbiMK cnosamy, NS HHBecTOpa cy-
wecTByeT (DYHKUUA NONE3IHOCTH, 3aBHCALLAN OT ABYX apTyMeHTOB — OXH-
AAeMOH NOXOAHOCTH NOPT(REIN 1y ¥ CTRHAAPTHOTO (CPERHErO KBAZpaTHYE-
CKOre) OTKJAOHERHA O, KAK MePH PHCKa:

u=u(r,, o,) {13.15)

Bee noprdens, gexaime Ha ofHolt JWHEM Oe3pa’iiMYHA, wad JMHUH
ypopHs yHkum (13.13)

u(r,, o,)=1, (13.16)

ABJBLUOTCA PABHOLIEHHBIMH A WHBecTopa. JIwnuy Heapasnuuus oTpaxa-
10T OTHOIWEHNE MHBECTOPA K PHCKY M A0X0ANoCTR noprdens u npeactas-
ast0T coboit KPHBLIE b KooPAURATAX o, — 1, (puc. 13.6), Huvsecrop canraer
mioboil noprdes, nexaunii Ha tnnun Gespazanyns Bbille ¥ Jesee, Hoiee
LIPHBNEKATENLHBIM, YeM [TODTHENH, NEXAUHE Ha THANY Be3PaaTHYHA, KO-
Topas Hixe H npasee, (JKA3EMan A0X0AHOCTh TIOPTGhERA COCTOAIIETO H3
n nenHsx Bymar, papna

E ]

P

Puc. 13.8. JocTuxnmos MHONEBCTBO NopTiensd
M3 N BHOOE LaHHBX Oywar
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ro=3 a7, (13.17)
=1

rie x; - AOAA HAYaNbHOH CTOMMOCTH NopTdiens, HNBECTHPOBAHHAS B i-i
BUA LEeHHBIX ByMar, r; — 0XHIaeMas IOXOAROCTD i-TO BHAA 11eHbiX Gymar,
N — KONHYEeCTEC BUAOB HEHHMX Dymar B noprdene.
Cranzaprioe oTkAoHERNE nOpTdes 6 {r,) BHMUCIAETES CIEYIOUHM 06~
pazoM. JHcnepeHa AOXOAHOCTH NOpThena — 310 AHCTEPCHT CYMMBL Chy-
YAHHBIX BETHUHH; KAK WIBECTHO M3 TEOPHH MATEMATHIECKOH CTATHCTHKH,
OHa PaRHa KOBapHADKMY;

D(rp)=Cov{ix.r,, Z":xjrj]sii x.x,Cov(r,. ) (13.18)
i=1 i

1=l - 1 j=1

3aece Cov (r;, ;) — KOBapHALKA OXHUAAEMANI A0X0AHOCTCIH UEHHRX OymMar
i W J, BHYHEAAEManA no dopmy.ie

Cov(r, r)=u,;yD(r)D(r,)=p,0,0, (13.19)
Li=12 .., n

Tae py — KOAMDQUIIMEHT KOPPENAUIMN MeX Y ROXOTHOCTAMH (-t U j-# 1en-
Hux Gymar, £ M 6 — COOTBETCTBEHHD, AMCTIEPCHA M CTaHAapTHOE {Cped-
HEKBAPATHYECKOES) OTIJIOHEHHE A0XOAHOCTeH LeHubix Bymar, Kak u3-
BECTHO,

~tsu, <1.

Dopmyna s CTAHAAPTHOTO CTKJNOHEHHS TIOPTQENs HMEeT BHA

a(r,)=/D{r,). (13.20)

Hpumep 10. HaliTh oxnaaeMyr A0X0QHOCTE M CTARIAPTHOE OTKAOHEHNE
noxorHocTH noptdeas, coctoduero W3 30 % akuuit komraauu A w 70 %
a‘KI_IHﬁ KOMIIAHHH B, eCHTH HX A0XOMHOCTH HEKDPPGJIHDOBHHH H DaBHu, CO-
oTeeTcTBenns, 25 1 10 %, a cTangapriele oTKNoHeHHA — 10 n 5 %,

Pewenue. To opmyne (13.17) nonyuaem:
7,=03-25%+0,7-10%=14,5%.

Mockonkky noxogrocTH GyMar Hekoppenupobaubl, T0 p;=0 npu f#7,
o TOraa

o (7,)=+/009- 100+ 0,49-25 =46 %.
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13.3.3. Aneepcudukauus noptdens

Tlpuseacnnmit opusMep noxassisaeT, 4To noprdeas UeHnmx Gymar obna-
AaetT MEHBUIMM DPHCKOM, YeM HEKOTOpWE OT[eNbHble COCTARNADUIME eTo
frymar. ITo cpoiicTEe NOPT(e 1A HAsLIDAeTCA dusepcnuxayuet: yueiin-
YeHHE KONMYeCTRY DIAOE HEHHGLIX Bymar fiph 0AHOBPEMeHHOM COKpalte-
HItH HX J0Jedt B 06iel 0KHI4CMOIT JOXGIHUCTH YMENBINAET PHCK NOPT-
Hens. TIponamocTprpyeM 3To elte Ha OIHOM NPHUMEpE.

Ipumep 11. HailTi oxuAacMYI0 JOXOJHOCTE B EC CTARAAPTHOE OTKSIOHE-
nue g noprdiens, coctoaero u3 10 Buaos uenHsix fymar ¢ Hekoppent-
POBAHHLIMH ZuxoARocTAMY. Joan ueRHEX OyMar X, MX JOX0ANOCTH 7, M
CTAHAAPTHLIE OTKAOHEHWA O; NPHBEACHL B Talnnue.

Homepa nerHwx Gywar §

Tlapametpol - —- - —=
N 3 i |5 | Gj 7 g | 9 |10
1% 0 | w1 | w0 ] el 22| w 5 5
e % 15 | 15 | 18 | 12 | 25 | @ 10 | 28 | 35 )| S0
G, % ] 8 | 0 7| 12 10 |I 515 | 20 | 25 |
Peweniue.

rp=01-15+01.15+01-18+0,1-12+0,1-25+0,1-20+0,2-10 +
+0,1-28+005-35+0,05-50=1955%.
Tax xak cayvaiivsle BEXIIHHR JOXOJHOCTE GYMAr ABIATCA HE3ABHCH-
MBIMH, TO ZHCTIEPCHS AOXOAHNCTH TIOpThen

D{(r,)=001-64+ 001 64 +0.01-100+{,01.49+0,01-144+ 0,01 %
« 100 + 0,04 - 25 + 0,01 - 225 + 0,0025 - 400 + 0,0025-625=11.02.

Toraa o(r,) =/D(r,) =332 %. Buanm, 410 crangapTHoe OTKIDHEHWe

AOXCIHOCTH MOPTGeNA OKa3ataCh HMIKC MIHHMANABHOTO 3HAYCHHA ANA
tieHHoft Oymary ¢ HoMepoM 8, a <NUKOBLIE» 3HAUSHHA CTAHAAPTHRIX OT-
KIIOIEHL Uennpix HyMar ¢ Homepami § 1 10 noupocty 4pacTeopuincss o
obureit Beanynne o (r)

ITpHBEAEHHEIH TPHMED MOKAILIBAET, YTO KPYNHLIE KOMIAHHUI Ha PhlHKE
HHBECTHIIHIT nyBCTRYIGT cefs ropaafo Goner yRepeHIO, HEXEM IIX Mel-
KHE KOHKYPEHTL, IOCKOIBKY KPYNHBIE HITBECTIILMU TO3BUAKIOT NpHobpe-
cTh Hosee AnpepcHOUIHPOBAHNBIE TIOPTHETH I TEM CAMLIM B 3HAYMTCIL-
HOiE Mepe 0DEBDIACHTE KOMITAHHID OT PEIHOYHEIX PICKOB.
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13.3.4. Buibop ontumansHore noptiens

Ha puc. 13.6 noxazano ducrmaocimoe muoxcecmso, npeacrasisome cobo
pee HOPTdrenss, KOTOPbIE MOXIIO CPOPMHPOBATEL HA 7 BIIOB BeltherX GyMal.
Muoxectao moprdenei, obeciedMBAIOWIY MMHHMANBHBI DHCK MPH Me-
HSUOU(EMCS YPOBHE OKMAAEMON MOXOHOCTH, HAXOANTER Ha neBail 4acTi
IPaHsiLL AOCTHIKIMOTD MH(DKECTBA, PACNOAHKEHHOH Mesy TouKaMmis A 1
C. Cnpaeeannpa Teopema 0f aghghexmuenon smoxecmae nopmgened: WH-
BecTop BhlfiMpaeT CBOH oNTHMAnbHBIE noprdens H3 Takoro MHOXecTsa
noprdeneil, Kax bl U3 KOTOPRIX: 8) MAKCHMUZUDYET 0XIAAEMYI JTOX0A-
HOCTh A/IA HEKOTOPOEO YPOBHA PHCKA; §) MHHNMHUIKPYET PHCK 4718 HEKOo-
TOPOra YPOBHR oXMaaemoalt Joxoanocth. Coritacno atol TeopeMe, HHBe-
CTOPA YAOBJETROPHIOT TOJRKO NOPT(esnd, HAXOANUMECH Ha BepXHelt M
AEBON TPAHNIE JOCTHRUMOCO MHOKCCTRA, T. €. ap(CKTHBHOE MHOXKECTRO
noptdeneii npeacrasaser coboil ywactox rpannunl AB. Ha atom muoxke-
cree nupectop Gyaet pblOUpaTs caMblit aNTUMAABHBLLUA.

Haa puibopn oNTUMBASHOTO TOPTETN WMHBECTOR ANMREH COBMECTHTD
cBoM MHHUY Be3paaiuyng ¢ adnbex THBHEIM MizoKecTBOM (pHe. 13.7). On-
TuMabHEA noprdeis ByAeT CnOTBETCTRORATE TOMNKE, 8 KOTOPO$H KpuBad
Bespasanuua KacaeTes aherRTHEHOro MHD¥ecTEa — nopThens O* Ha Kpu-
Boll Geapaznndnn f,.

7 4

af

1

1

ary,
0 H 3

Pue. 137, Buifiod ONTHMANLHOID NOPTRERA WHBECTHLMM

TMeHATHO, 4TO OMTHMAThER TopTdenn O cyiecToeHHO 3aBHCHT OT hop-
Mbl aunnit Geapazinuiy (13.16), KoTopwe, B crol ouepen, 3aBUCAT OT
dynxuin nonessoctn (13.13), Avasonieiics xapakTepHCTILKOH CTpaTerny
uHBecTopa. Ec/1 HHBECTOP OCTOPOXEN 1T TRIOTEET K YMEHLLIEHHIO PUCKa
37 CUET CHUMEHHA DMKAAEMON AOXOMHOCTA Toprdens, To THHUKY Geapas-
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b

n 5
f]

Pue. 138, DopML KprBuix GeIpanMa B I3BKOH-
MCCTH OT MOBEIBHHR WHAGCTOPa

YnpaxreHus

JAWYHA RABAAKTCR MEREE BLUIYKIbi-
M BHHs (cemeficren avmuuit € Ha
pue. 13.8). [loselnenne pucka HHee-
CTOpa Aa8 LOCTIDREH U GoNnee sblco-
KOrQ VPODHA OXHIAAEMOH JOXO,HD-
CTH BHIPLKACTCS A TOM, *ITO BLINYK-
ANCTh BHN3 THHMHA Heapasnvunn yse-
muuneaerca {cemelicteo auHni R).
JTA TPaKTOBKZ COOTBETCTBYET NO-
naruo dyHkaH nonesnocrn Heil-
mana — Moprenwrepsa, senosassye-
Mol s oueHkH aeitereiil sume-
cropa.

6 2

10
13.1. Haiitn ceanoByo touky naarexHod marpyusl =[ 2 0 12].

-4 6
13.2. HaltTi penmreHHe vrph ¢ maatexHol matpuned H =[ ]

6 -4

13.3. Husectuunonnoil dwipMe npetaractess TPH NPOEKTa, HMCIONIHe
Pa’styI0 CTerelih PHCKA, CO CIeAYIOUIHMH PeLnH3AUMIMH IDCTYTILIERHA de-

HEHhIX CPRACTE!

Liapameyp (porkr 1 llpoext 2 Npocxt 3
Bepoatioety cobeiTis 0.2 | 06 | 021040204 |03 03|04
CyMMa IKeTYMenHE, Man pyl 40 | 50 | GO 4 0 | 30 | 100 20 4G | TO

1. ]4306[)2131-1'1'1: KOTHYCCTBCHNHLIC DACHCTHI Ha TIJTOCKOCTI 40K MIAEMO8

CPCAHCE NOCTYIAEHIE — [HICK».

2. Kaxo# npoexT caexyer subparth spme (oTBer o00CHORATL).

3, 3anaua 2 ¢ AONOAHHTENLHBIM YCNOBHEM: ¥ MHBECTHUMOHBOH dmpMul
nmeeTes aoar GaHky B pasmepe 70 Man fend. en.

13.4. Dupma MOXET NPHHATH PELIEHNE O CO3ABHMM MAIGTD MK CPeaHErD
NPEANPHATHA N0 NPOHIBOACTBY FEROTOPOH Opoaykwid. Pewenne onpe-
AensieTcA OyAyIHM COPOCOM HAa MPOIYKLMK), KOTOPYK) NpenoiaracTcs
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BLINYCEITH. CO.’i,\laHHE‘ CPedBere IPpeANPHATILA OHMPABAAHD N HLICOROM
clipoce. (JAHAKO MaT0C IRCATIRHATHE MOMKIHD HCRC3 2 roja PaClIHGHTE,

PYKOROACTBO PN BACCMATRUBACT JANKYI0 30141V B NEPCIEKTHRE Ha
(0-meTHiit nepro, ARARNZ PRIHOYIGIT CHTYAIUNT ¢ NDHBJICYEHHEM AKC-
MEPTOR MOKAIBIBAET, “TO BEPUSTHOCTH BHICOKOMO 31 BU3KOMD ypoBlel
cnpoca Ha irpoxyrkumnie pans 0.7 v 0.3 coorsercrsenno. Cozaanwe cpea-
HETO HpeanpusTHs vboitiercs o 4 Mad aen. ex. a Matoro — 8 1 Man jged.
€. JaTPATHL Ha PUclUDesHE MALOr0 UPEIprsTUa uepes 2 rona ouesusa-
wrea 8 3,5 Man jeu. ea.

ORHAGEMBIE eRETOAHBIE AOXOUBL AN KAKAOH 13 ROIMOAHBX AThTE[-
NATHE:

s cpefHee MPeANnpuATHe [pll Becokom {1m3Ekos) cupoce aaer 0.9
(0.2) MnH aenH. ea;

* Manne npeAnpuATHE TIpH HudkoM copoce aaer 01 san gen. e

* ALK OPEANPHATIC Y BEEDKOM CIIPOCS 36T 02 MAN ACH. &4, B TOYe-
Hite 10 aer;

® DACIIHPEHIOC NPEIIPHATIC BRH BHCOKDM (makos) copoce gaer (0.8
(0.1) mMan den. en

& Mo HpedipHATHE fiea [RCWHPEHHA TINH HhICOKUM CUPOCe B TeEHEHHe
ABYX [ICRBBIX JICT B MOCNETVIOWEM HTTARGM CIHPOCC JA6T 0.1 MJIH OEH. /1.
L rod o sa OCTaAbLIIRIE 8 aer.

(]HDGHCJIHTI: OITUMATLHYIO CTPATUTIIKY q_)lf.p!\-ibl B CO3,IdliLtit npennpuﬁmﬂ

13.5. @upma «@apyaniesrs HUAACTUS NPOIABOIITELCA MEANKAMEHTOH
1 OHOMECOHIMHCKIN nsaeanii 8 pernone. Masectuo, 4To muk cnpnca Ha
HEKOTORBIE APKADCTBEHRbIE NPCNARATH NPHXOANTCS HA AeTHHE neping
(HpermapaThl CEAEHO-COCYAIICTON TPVIIbI, ANATLICTIKH ), HA JIPYIiE npe-
oapaTe [k capoca #afonosacTes 8 acesnnil i acce Uil HCPpIOABL (3HTH-
HHIDCKIIAHEBIE, HIDOTIBOKALIIICBLIC).

3aTparhl Ha NPOHIBAACTHE OAHGIT YCAORHON STtk NPOAYKILHH 33
CERTAOPh—RKTADPE COCTARHAIL 0 tepinil rpyiie GO gew. e, no sropoil
rpynne — A5 aen. o1 Ho aauis cayxOe MapKeTHNTA (pipMEE 33 1e-
CKOMBKO NOCACAHUX LT VCTANORASHO, 4O Ol MOKET PRAIN208aTL B Te-
YeHHE ITHX ABYX MCCAILCE B YUI0BU4X TeNTai noroan 14 200 vea. e, npn-
AYkubs nepsoii rpynne it 4400 vea. e npoayxuilH sTOPoR IPYOINLL,
B yca0BI#X X010AHOM NOTOAB O0LEML TTPOALK COCTABAAKT, COOTRETCT-
peino, 6100 v 14 760 yea. ea.

17-1212
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B cBAan ¢ BOIMOMHLIMU H3MEHEHHAMY [OTOIR CTABHTCRA 337a4a; Onpefe-
JHTh CTPATErKIO HPMEl B BEITYCKE [IPOAYKLIHK, 0OECIEeYUBAIDILYH MaK-
CUMANbILIE JOXOA OT peand3auny InpH ueie mpofaxd 120 nen. en. sa
| ycu. ea, npoAyKuqH nepsol rpytne 1 80 gen. ex. — sropoii rpynmne.

13.6. [lana tabruia HEKOPPENHPOBAHHBIX AOKOIHOCTE ¥; H CTANAAPTHRIE

OTKJUHEHKA ) ANIA UHBECTHUMONHOIO TOPTdheiy (aHKa, cOCTONMLero H3
10 BugOR LeRHRX BYMAT, 2 TAKKE 0NN X, ITUX LeHTnX Gymar B noprdene.

Homepa ucrtnmx Hywar |

ltapumern 7

i 1 2 3 | 4 3 B 7 B 9 16
|

| au 5| ol wlw w|w|w| 5| s

% 15 | 15 | 8 1225 | 20 | a0 | 28 | 30 | 40

——" - - — .

‘ o, % 8+ B 10 ‘ 7 12 10 3 15 B2

1. Hafiti oXuaaeMyw LOXQAHGCTL H B CTANAAPTHOE OTKIOHEHHE KAk
CYMMApPHBI puek nopTdens.

2. Ecnut B cKIOHHB X PUCKY, Kakie 3 BUAA NeHHblx Oymar sbl 0w noMec-
TILAM 1A 3 nocnead e NOARIMY B YKasadHol Tabnuue? PaccyuTaTth & atomMm
CAYYHEE OKHAREMYIO AOXOAHOCTD H €€ CTANAAPTHUE UTKAGHEHHE,
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J[InHeHOE NporpaMMUpoBaHue

OcHopHON Ledbx) IKOHOMHKH SBIHeTCH PALHOBAIBHOY (PYHKUMOHIIPO-
Banue X03AHCTRYIONMX CyOBEKTOB, T. €. ONTHMATBHAA AeATEILHOCTY TIPH
GrpaHHueHHBLX pecypeax. OaHHM HI OCHOBHBIX HAYYHLIX HarlpaBJCHHI
1 3TCH 0b1aCTH AVANETCA ARBEITHOE TPOIPaMMHPUBAHNE, METOLbL KOTOPO-
M AKTHBHO HCOAR3YIOTCH B TIPOTHO3HBIX PACYETAX, [MNAHHPOBAHNE W Op-
raHH3aNHH TPCHABOACTAERHLIX RPANECCOR, A TaKKe 8 (prHanconol cdepe.

Onpeaeaenne §. Juneidnoe npozpammuposariie — 310 o020 Th MATEMATH-
YECKOI'D IPOrPAaMMHPOREIH IS, SBAAIOILETOCH PLLIEIOM MATEMATHKL, B KO-
TOPLM NAYHATCA MCTUALI HLCHEZ0BANHSA H DTHCKAHHA 3KCTPEMaNbHLIX
{HaHOOIBLIIHX 1 HAIMEHDLILIX ) AHAMeH Ml HekoTopoil Anneiinoii hyHkU,
1A APCYMEHTH KOTAPOH HANGKENR JHKEHIble UrpaHude s,

Taxasa nuneinan GYHKWILE HasbiBaerca yedesol, a wabop Koandectsen-
HEIX COOTHOWEeNI MUKAY [IePDEMENTIBIMN, DBIPaKAIOUIHX OIpEaCaCHEILbLIE
Tpf‘ﬁ()ﬂa[[ll’ﬂ IKDHOMITSECKOH SAJNI B DIae ypam{cmrﬁ N1y HepaBencTs,
HARWBACTCR chememoti orpanuneniti, CNORD porpaMMHpoBaties BReE-
113 B CRAAM C TeM, YTO HCHARECTHBIE NEPeMeHHIE, KOTOPbIE HaXOAATCA
B IIPGUECUE PLIHIEIERA Silladq, oOLIMHD anpeacaamnT leﬂFpaMM}'.. HJH 1321
PAGOTH BEKOTAPOTG BKOHOMIIECKOrD CYyineicTa,

Oupenenenne 2, CoBoxynHOCTe COOTUOLICHUNE, COAEPKaUINX LHeNeBYID
(b}’HK].lHI'O H OFPArHYCHNA Ha ©C aPTYMCHTbI, HA3LIBAETCA MQMEMamuye -
CHOH MOOEIDI0 SKONOMURECKOI 30Ut ONMUMIALRIY.

[ ofuiem BUJe MATEMATHHCCKAR MOIERb 33Aa4H JHUHCIHOTO MPOTPaMMui-
posauns { 3J11) sauncwpaeTcs ik

L{¥)y=cx, +e,0, +..+€,X, +.. +0,x, - max(min} (i4.1)
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AT, +@uXy + 4@ X, ko ta,x, =h
X, +lpXy + .+ G X + @, X, =y,

(14.2)

x, 20 i=Lm j=1L n
TIe ¥, — HEMRBECTHHIE; @, b, €, — 3A1aHHEIC NOCTOAHHLIC BEAHYHHLL

Haufonee pacupocTpaHEHHan HHTEpOpeTails chopmynrporankodt 3ana-
YH COCTOMT B CNEIYIOWEM: HMEETCA ff PECYDPCOE SIPH HEKOTODBIX 11 OTPaHM-
YCHHAX; HYHUD ONPEAETHTh OlneMbl 3THX PECYDCOD X, IPH KOTOPAIX Hee-
Ray (IyHKUMA OyAeT AOCTHIATE MaKCHMYMa (MMHMMYMA), T. €. HaiiTi
DNTHMATLHOE PACTIPEETENNE OTPANHYEHHBIX pecypeoB. [IpH aToM Boani-
KAIOT TAKKE W QrPAHMUEHHR, KOTOPblE HAZKIBAIOTCA ECTECTBEHHLIMM:

x>0

Cneayet 0cofo OTMETHTE, Y4TO 3KCTPEMYM UECBUN (YLK HWETCA Ha
FonyCmUMOM MuoXeCmae PENEHHE, OTINCACASEMOM CHCTCMOR orpanuye-
tift. TIpit aToM BCe WM NEKQTopbie YRPAaBHEHHA CHUCTEMBbl OrpaHiyeHHi
MOrYT DLITL 220UCANLE TAKKE § BUIE HEPABEHCTR.

MaremaTnyeckas Moaeas B Bosce KpaTKoil 3anHcH MMEeT BUI

L(¥)= Zw: £,%, — max(min) {14.3)

=1
{IPH DIpadHiidYeHHAX
Yax, <b, (14.4)
=t
G0 islm jein

Jlna cocTaBRedst MareMaTHveckoil Moaens 3JITT necbxoammo BeIIOA-
HIitTh CAEAYIOUIHE ITANLL

s 0DOIHAUMTL [TEPEMENHbIE;
¢ COCTABHTL UENCBYH) (BYHKINNO B COOTBETCTBHY ¢ LEILK 341a4H;

® JEMHCATL CHCTOMY Orpéll-ll'l‘I(‘Hliﬁ C YHETOM HMCIQUIHXCA B YCTIOBIH Jalad-
Ui noxazarene.
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Ecny pre orpaHHueRMs danadi 3anainbl YPABHEHWAMM, A 1€PEMEIHBIE X,
HEOTPHIATERBHRIE, TO MOAENh TAKOTO RHIA HAABIBAETCH NKTHOHUMECKOU,
Etati X0TA 6B 0HO OrPAHHYEHME SBIAETCA HEPAREHCTBOM, TO MOAENb Ha-
IniBAETCH nexanonuveckon. Jlanee mpl ykwxeM navboaee pacupoctpanen-
Hble METOIBI PEIHEHIS 33134 JHHEITHGI'S NPOrpaMMHpOBalitA.

14.1. lpadvueckni meTog

Haufionee npocTeim M HarmAAHBIM MeTonoM pelserus 3J1T] asasercy rpa-
thryeckii MeTon. Od npuMendceTen ans pewenns 3J1I0 ¢ apyma nepemen-
HLIMH, JATAHHBMMH B HEKLHOHHYECKUH (JOPME, M MEHOTHMI 1EPEMEHIILIMI
B KaHOHHYECKOH hopae NIPH YEAOBIH, W0 Gl coACpXxaT He Duaee aByx
CBOBOAKEIX TEPEMEH HbIX.

C reoMerpitycCKoil TOMKE 3PEHMA B 33/a4e JHHCHHOTD NPUTPAMMHDO-
BAHHSA WINETCA Takad YrI0BaR Touka M Habop TOHEK U3 JONYCTHMOrO
muoswectea pewenuit (O/[P). na xoropoll aocturaercs caman gepxitss
(HIKNAS) ANHHA YPOBHA, pacTiofmkeHnad aaasuie (61Ke) ocTalhHbX
B AT IBAEGH HANCKOpeHmero pocta 1eneBoil GyHEuHN.

Ja HAXOXACHAS DKCTPEMANBHOIO SHAYLITUA LeeBoll YHKIM TPy rpd-
¢uneckow pemennn 37 ucnonssywr sexmop grad L 1ua niockocty
X ,0X,, koropsiit obosHaunM C. ITOT BeKTOP NOKa3LiBAET HAMPABJIEHHE Hal-
HCKODETiLero HAMCHEH A NefeBON BYHKUMI, OH DABCH

rZe €, H 8, — eAHHKYHEIe BEKTOPR 10 ncaM 0X u 0X,. KoopanHaTamy eek-
Topa ¢ apmaorea koaddmnnentm uenesoit gyHruin L{¥).

14.1.1. AnropuTm pewaHKa 3anadm 1171

ANTOPHTM pemseHus 3aAa% rPAQHYECKUM METOADM COCTUHT H3 cHexyro-

LHX geficTanii:

1. Haxoaum ofaacTs DOMYCTHMRX peuieHiii CHCTEMBl OrpaHiYeH T 3a-
Raym,

2. Crpoitm sextap C.

3. Tlposoaum HeKOTOPYI0 JMBMI Ypobua L, dyuxuun LX), xoTopan
nepireHAuKynapua C.

4. JIKHHIO YPOBHA TIEPEMEILAEN N0 HANPARAEHHIO BexTopa C s 3ajar
HA MAKCHMMYM A B HATIPABNEHHH, NPOTHBOMOAOMKHOM C. ng 3a0a4 Ha
MHHHMYM.
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3. TlepeMewmenne AMHNR YPOBHA (T. €. EPEXO] OT OFHOH AHHKI YPOBNA
K JPYTOH ) MPOWIBOANTCA AC TEX NOP, MUKA V 1166 DKARETCA TONBKO G2
0buaA Touka ¢ 064aCThID ASIYCTUMBIX pelllennii. ITa To4Xa ollpeaens-
eT eanicTettoe pewerte 3anadu Al v Gyaer Toukol axcmperyma.

Ecait oxaxeTcs, uT0 AHINS YPOBHA COBNAdaeT € OIHUN M3 ClopoH
OJ1P, 10 saaaun JIIT Gyaer HMeTh Geckonednoe MuQXecmas peuenu.

Ecnu OIP npeactannsnet neozpanueniym obaacmy, To ienepas Gymnk-
UMSA MOXKET ObITh HEQZPUAHUYERNG.

Japaua N1 moxet BHTL Hepaapewesa, KOTI2 ONPeERICIIIIE €€ orpa-
HUIEHUA OKAKVTCH IPOTIHBOPEYHBDIMIL

6. Haxomim Koopamats: TOYKN JKCTPEMYMA (9TA TOMKA HA3LBAETCH TOY-
KOH ONTHMYMA) i 3layenue uesesoi gysguiu B el

14.1.2. Onpefenenue ocNTUMANEHOTO NNAaHa BLINYCKa W3REHNA

PaceMOTPHM Ha KOWKPETHOM NPHUMEPE METOA IPathieckory pellenss aa-
AAE DMAEfiHOTG MTPOTPaMMIPOBAHML

Mupma sunyckaeT 2 BMIA MOPOKEHOTO! CIHROYHOE H INOKONAAHOe. [lna
N3TUTOBACHHA MOPOKEHOTO HCIOJALIYIOTCH J1Ba HCXOIHBIX NPOIYKTa: MO-
JADKY H HANQAHHTEIH, PACXOAL KOTOPHIX K3 | XM MODONKEHOrO H CyTOYUbIE
3anacsl CXOAHBIX TPOAYKTOB AaHBl B Tabumiie,

Pacxos NOXOANWX RGIYKTOR Ha | Kr
Hexoanuit mpoywr MOpaREHOTO Janar, kr
Cransuqyroe Nokoaaanoe
Manoxka 0.8 0.5 400
Ilanoauserenu : 04 0.8 l 65
L

Nayuenme paiHka cOLTa MOKAIAN0, 9TO CYTOUHLIA CRPOC HA CIMBOYHOE
MOPOXKCHOC MPCELINIACT CNPOC HA NIOKGIaAHoe lie Gonee vem Ha 100 kr.
KpoMe Tore, yeTanoBaeio, Yo CIpoc HA LIOKLIRAHOS MOPOXKEHOE HE npe-
suiwaer 350 gr B cytkn. OTnycknag uena | Kr cAMBOYHOTO MOPOXCHOTO
16 zen. ea., wokonaR0ra — 14 aem. en,

OH]JB,I[CJULTB KOWIHYECTBO MOPOMNECHOMO HAXKAOTO BHAA, KOTOPROE AOMXKHA
[IPOHABOAMTD (.]JH]]MB.. yrobbl goxan ot pPead A NMPOAYKIUHH OuL1 Max-
CHMATRERIM,
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Pewene,

OboaHagHm: x; — CYTOYH LT O6BEM BLIEYCKA CINROUHOID MOPOKEHOCO, KI',
Xy — CYTauHbIfT 0GbeM BhINYCKa [NOKOJIaLII0T0 MOPOXKEIIOTo, KT. Coctannm
MATEMATHULCKYIO MOAETb IR,

Heneoan pynrunm Oyaer UMeTsb Bi
L(X)=16x, +14x, - max

MPH OIPaHHIEHHAX

08x, +05x, <400 (orpannyense mo MOAOKY), {14.5)
0.4x, + 08x, €365 (orpanmyenve no HaponuwTeaam), (14.6)
¥, —x, <100 (punouroe orpaHMeHue NO CAPOCLY), (34.7)
x, €350 (paiHDYHOE OrpaHMyeRKe no cnpocy), (14.8)

x, =20, r, 20

ViaxkeMm 061acTb  ZOMYCTHMBIX  (MEOTPHUATEALHLIX) PeLieiidi; Ha
pue. 14.1 noKasaHsl OrpaHHYHBAIOLIME THHHH, COOTBETCTBYIOULIE paBeH-
cTram B cooTHolmenuax (14.5)—(14.8); crpeitxu yxasmpuwor obracth, Ko-
TOPLIE 011N GTPAHMYHBANT.

.
EJI.

S~

Puc. 14.

O0ABDEF — obnacts AonycTamMbix pewenuit. Ctponm sextop € (16, 14).
Jhviks ypoBHA Ly ONpeseIfeTCA ypaRHeHeM (OHA NOKA3aAHA IUTHXOM)

{6x, + 14x, = const.

Fepemenaes aHHMIC YPOBIA NO HAMpaRAelHo sekTopa C. Touko# BEIXO-
xa Ly us ofutacTit AOITYCTHMETX pelUeH it senseTcs Toyka [, ee KoOpAHHa-
TH CNIPECASIOTCA KAK NEPECEYEHHE NPAMBIX, 3AXaHHBIX OTPAHHYEHHAMH
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[08+, +05x, =400,
0.4x, +0&x, = 365.

Peuast a1y cucremy, nonyynM koopantarel vodk D (312,5; 300). kara-
P48 HBAACTCA ONTHMAILHBIM PELICHECM, T. ¢

T, =(312.5 300,

ITIED UM

L(F). . =16-312,5 + 14 300 = 0200 new. en.

i

Hrak, MarcManbH el Aoxoa o7 peaandauni cocrasnt 9200 zen. ea. v eyr-
KH TpH neinycxe 312,03 kr enusoynoro o 300 KrowoxoAagHnra Mopo-
HCHOTI.

14.1.3. SxOKOMWYECKUA aHanu3 3anay

HporegeM aKGROMINEUKITT AHLTIG PRCCMOTPURNHGH pattee 3344411 0 npo-
HARGJCTBE MOPOXKEHOTO.

Onpegemy, Kak BMGIET Ha ONTHMLIBHOU DELUEHNE YBEJIHHEHIY HAW
VMEHGIIEHIC 33aNacoB UCX0ANKMX NPOAYKTOR. Ay aHanm3a 3ajaun mphi-
MEM, YTO HEPABEHCTBIL CHOTEMBL OFPANNIYelnil MoryT GLITE axmumibiu
AN peccuskbiuy. ECIR IPAMARA UPOXOANT Yeped THUKY, B KOTOPoil Haxo-
LT ONTHUMLILHOE priieiie, 10 OVAEM It e, 910 OHA NpeacTanaset
AKTHBHOC OrpalmycHiic. B npornBiosM Cayuie 1IpaMas OTHOCUTCA K ad-
CHBHUM)’ QIPaLNHMER LK.

Ecau orpaduyenne akTHURIGE, To GYieM CaUTalb, YTO CODTRETCTBY IO
PECYPr ABIAETCH Jehuuumubiy, TAK KAK i HCHOMbIYETCH UDIHOCTELK).
Ecun orpaiidpHHe NacoHBHOe. TO DECYPC Nededuuyuminiti m HMeercs
B thupMe B H30RITKE.

PaceMoTpin ypesiuedie pecypea paBail dacti orpatuedis (14.5) no
MOToKRY (pac. 14.6). [1p1n nepesMelueHin TAPasaecahin caMoil cebe upamoil
(14.5} anpaso a0 pepecedenna ¢ npasnesit (14.8) s (14.7) B Tavke M
orpanndenne {14.5) Gvaer ocranatues aktusubiM. Toury M onpcaenim
Kak Ty nepeceuennst npamex (14.6) o (14.7)

04x, + 08y, =365,

X, -x, =100,

OTKYAS onpexenses todky M (370,83; 270,83).

Noacrasasist koopansater Toukn M e Hepasnserso (14.5), nonyuum npe-
AeJBHO AONYCTIMDI CVTOYHEIN 3anac MOAOKa:
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OFx, +05x, =08- 37083+ 05 -270.3=432,07% «r,

llpl'l UTOM BEIBYHIA J0X048 COCTaBHT
L(E)=16-37083 + 1427083 = 97249 nen. ea.

) 7,
\\ (147

A B

E

(14.6)
A - -

0 F (145) X3 Ay

Puc. 142 Pue. 14,3

PaccMoTpiM yREMEHEHHE aorpatiMuyeniis 1o Hanosnwreaam {(me, 14.7),
[Ipn nepeMelieHuil Mapaine sio camoit cebe npamvoit (14.6) sipaso 10
MmepeccuerHd ¢ paMaiMi (14.3) 1 (14.8) 8 Touke N orpannuchie (14.6)
OyIeT oCTAaBaThCH aKTHBHBIM. ToOUKy N DIpeleslM Kak ToUky nepeceve-
HHS MPAMBIX

{U.S.l‘l +05x, =400,

x, =350,

OTKYAA onpefensoTea xoopautate Toukn N (281,25; 350).

TTpenentHe ACNYCTHMBIR CYTOUHRIT Aanac HanoARMTENEN MONMHO YBEIH-
YHMBATE 10 AHAYEHHA

04r, + 0,8, =04-281,25 +08-350=3925 k.
NPH BTON BETINH ANX0a COCTABHT
L{xY=16-28125 +14-350 = 9400 nen. ea

PaccmoTpiy BOIMIBKHOCTE HAMEHENHE DPABGH Yac Tl HACCH BIBIX OPPAHH-
uyeHHH (14.7) »1 (14.8). He namenns ontumancnoc pewense (pic. 14.8),
mpamyio (14.7) moxio depeMeware napaniensio caMufl cele bepx Ao
nepecevenns ¢ Toukoi D (312,5; 300), 1. e, npasy 9acTbh orpaHHYeHEA
(14.7) MOXHO YMelLIATe A0 Renvunkn 312,53 - 300= 125 «r.

Mpsisyio (14.7) Mo#110 TaKKE NEPEMEUIaTh APATNEABHO CaMOLL cefie BEHIA
A0 nepecesern ¢ ocsio 0X| B Touke P {300; 0), r. e. tpasyio 4acTh orpaHi-
yerns (14.8) Moxno yeeangnsare 10 500 wr.

#1222
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Takiim 0Opa30M, TPH HEU3MEITHOM OITTEMANLHOM PEIIEHHH PA3HITLA B M10-
KYNATENBCKOM CIPOCe MENY CAUBOUHEIM I [IOKORA/HEM MOPOMEHbIM
MOXKET HAMEHATLCH B anallasoke ot 12,3 ao 300 kr.

AHANATHYHO, HE W3MEHAsSl ONTHManbHoe peutenue (puc, 14.3), npamyio
(14.8) MOXLO [IEPEMEDAT MAPAAAETBHO camnil cebe BBEPX D Mepecee-
#ua ¢ oceio 80X, 8 Touxe R (0; 456,25) s srins au ilepeceqetitsi ¢ n1pAaMoil
(14.6) u rouxke 17 (312,53 300},

[ (14.5) x
Puc. 14.4 Pue. 14.5

Taxunm obpasoM, MpH HEM3MEHHOM ONTHMAIRHOM PENIEHHT MOKYNATENb-
CIHH COpOC HA WOKDAALHOE MODOAKEHDE MOXKET HAMEHATHCA B JIHAMAIOHE
or 300 g0 436,25 1.

IlpOBE)lf‘?M Ternepb aHann3 3a0a4H Mo OpcicaaM BOIMCOKHOC HIMCHCHHA
KOAPPIIeHTOB TiesIeRol PyHKILAN, T. . N0 MHATIA30HY OTTTORRIX 1111 Ha
MODOXKEHOE, MPH KOTOPOM He MPOMCX(SIMT MAMeHeRNe DITHMANBHOTO fe-
iwenud, Hamenenne kosdupHIMEHTOR LleneBoll (PYHKUHN OKAINBAET BAHS -
HHE HA HAKJAOH AMHHN YPOBRHA, Y PABHEHKE JIWHHIT YPORHS 32[MCHIBALTCA
B OGIUEM BUAE C,X, + £o¥, = CONSL.

Wa pae. 14.6 sujtHO, 4TO NPH yBEBINEHNH €,
HIH YMCHBIUCHHH £ JIHHHA YPOBHA BPALLacT-
ca poxpyr TouxH D no uaconoil crpeaxe.
Ecait no yenosuio 3anauu ¢, = 14, To ¢, M0OX%K-
HO ¥YBENIFINBATH A0 COBI3JAEHHA THHWY YDOB-
ua ¢ npaMeit (14.5). ¥rioso# koaddunneHr
E Ly JIHHITN YPUBHA
(14.5) K=-t/e, =-¢ /14

¥ranoeoh xopddgmuuentt npamoi (14.5)

)
{14.6

Puc. $4.6
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K“) = “8/5.

Tax xak mpAMble coBNaaaoT, K = K, 0TKYIA 6y, 4,y = 22.4. Koopiprunenr
€y MOMNHO YMENLIUATH A0 COBNAALHHA JHIN YPOBHA © rnpaMoll (14.6),
TIOATOMY

C“.‘.‘fld = 1\’;2' c\\‘plwiu = 7'

TIlKHM OEIPEZJOM. HITHMANBHOE DEILCHME 3aJ34H 11¢ HAMEHHUTCA, £CAN OT-
TI}’CKHBH 1eHa 1 Xr CAHBOYHOIO MOPOME OO 1eXHT B AHANAICHE OT 7 A0
224 nen. ea., npy aToM Aoxod gUpsel Hyaer ot 6387,5 a0 11 200 aen. ea.

AHANOTHYHBIE PACCYKACHNA 1A CAVIaA €, = 16 TO3ROASIOT CAEAATS Bbi-
BOA, YTO DOTHMAMLHOL PEUICHWE 33/1a4H He HAMEHWITCSA, €CAH OTIYCKHAS
LeHa 1 K@OWWOKOALTHOIC MOPOMKEHOR0 ACXMT B Jnamazonc ot 10 an
32 nen. eq., npy atosm Aoxod upmMel Gyaer ot 8000 a0 14 600 aen. el

14.2. CuMnneKkcHbIn MeToq

Hzea cHMIUICKCHOTO MeTOAA (Memoia ROCAEO0GAMELLHO20 YRYHILEHIA) 32
KJOUAETCS B TOM, MTO, HAYIITAA ¢ HEKOTOPOTO UCXOAHOTD GROPHOZD pewe-
1A, OCYUIECTBNAESTCA MOCASLOBATENEHO HalpanieHHOe TepeMellerKe no
GIOPHBIM pellieHHAM 33,1a4H K OTITHMANbHOMY, CHMIAeKC-MeToj sIBARET-
CSl YHHBEPCAALHBIM, TAK KaK TTO3BOMALT PELIMThL NPAKTHYeCKH N100YI0 3a-
/a4y NHHEfIHOre OPOTPAMMSIPOBAHUA, 33J31NIYH) B KRHOHUYCCKOM BMAE.
3uaueinte nerepodi pyHKIUHH IPH 9TOM UEpEMEIICHNN AR 34134 HA MaK-
cuMys He yhneaet. Tak Kak HHca0 ONOPHBIX pelleHHil KoHeuHo, TO yepea
KOHEYHOE YHCIID WArOR NOIYUHM ONTHMAIRHOE OIOPHOE PelteHHe.

14.2.1. CumnnekcHuie Tabnuyebl 1 anropuTm pelenvs

HPHBCJICM 3hech AAMOPHTM PENICHNA 3anaY CHMIIACKCHAM METOI0M,

1. MaTteMaTHueCKas MOJENL 3a[249H NONXHA ObITh KaHoHwueckoi. Ecan
8 McxogHoi hOPMYIUPOBKE 331a4a HEKAHOHMYECKAA, TG € HAJLO IPHBECTH
K KAUOHHYECKOMY BM,LY.

2. Haxoamm HCXOZHOE OTTOPHOE PCIIEHWE H TIPOREPACM €T0 HA DITHMANL-
HOCTD. s 3TOrG 3an0AHAEM cumnrexcryw mabauuy. Bee crpoky Tabnu-
wpr 1-ro wiara, 32 HCKAKMEHeM CTPOKH A, (MIEXCHAR CTPOKA ), 3aNOIHA -
€M N0 JaHHBIM CHCTEMB! OFpaHHUeHHH H 11e1es0H PYHKUHK.

CuMnnexcuas Taﬁ.‘llﬂlﬂ HMCCT CJID,E[}'K)UHIﬁ BHI.

18"
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i Busnena | g € Coy Crm - | e, | L(T)
r AepeMe-
| Hay k4 Xy - X Xy Xy f:l,-
£ 1, \ 1 0 0 [ Aimed| - B i
o, Ty 0 1 0 hymer]| o s 5o
{-‘m Im 0 0 | _ hm,m +1 hmn fm
_ RS N B S L - N B R L Y I

Hraexchan crpoxa A; 495 NepeMeHIbIX HAXOAHTCR Mo dopmye
M —
4, =Z¢‘-hg —C j=Lm
=

¥ no hopMy.e

AA8 croboaoro YaeHa.

BuaMoxHB cABRYIONIME CAyYAH MTPH PEINeH MM 3a4a4il HA MaKCHMYM:

* ociH Bee oleHKH A 20, To HalijeHHOe pelIeHME ONTHMAThHOE!

® €caM XOTA Ol 0ANa ollcHKa A, < 0, HO Npi cONTRETETBYWINEH MEPEMEH-
100 X, HET HW OIHOCD MONOKHTEIRHOTO KoahdiiitenTa, pelenne 3ata-
YN MpeKpallacTcs, TaK kak L{¥ ) —» o, T. c. nancsas yYHKIHS HE OrPaHH-
yeHa B 06jACTH AONYCTHMBIX PELIEH T

» euily XOTA Bbl 0HA DUCHKY OTPHUATENLHAR, d IPH COOTBETCTBYIOWLEN
ICPCMEHUOIT cTh X0TA Obl OAMH NONOMHTENLHBIE KOAPGIMUUERT, To
HYANO DepeifTh K APYroMy OMoOpHOMY Petlienun;

* eCAH OTPHILATEABHBIX OUEHOK B HHACKCHON CTPOKE HECKOAbKY, TO
8 cronberl GasucHol nepemennoit {BI1) BsoasT TY NepeMeHHY O, KOTG-
puit coorsercrayer namboaswar no alconlTHON BeswynHe OTPHLA-
Te/IbHAA CLEHKA.

[Tycre vana onedka A, < wnn HauBonswas no abcomOTHOR BENUYHHE

A, < 0, Torsa A-ff cTonbcy NpUHMMaEM 3a IAo4eBoil. 3a Kauesyio cmpoky

HPHHHMAEM TY, KOTOPOIl COOTBETCTBYET MHHHMANLHOE OTHOIWNEHHE CBO-

Goanbix wnaenon (B) Kk nofoxHTeabHBIM KoadupHumenTam k-ro croabua.

JneMest, HaxoARWMIACH Ha NepecedUeHniii KMOUEBLIX CTPOKH H cmnﬁua,
HIIbIBEIOT IHAUeaM 2 IEMENTNAL.
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3. 3anonuaeM camniaexchyo tabnuiy 2-to wars
* [TEPETTHCHBAEM KNWYERY K CTPUKY, PAIEIIE e¢ HA KIIYEBOI aAeMeNT,;
o saluiHzes Daspcisle cToadus;

« ocTaneRuie KOSQBUUUENTH TROIKIW HAXOANM N0 NPABUAY «APAMO-
yeovnuxas. OUEIKH MUNKHEG CUNTATh M0 APHREIEHHHM paHee dopmy-
flam MW [0 TpasHny enpAnMoyroaLAWEar. [lonyraem HoBoe onoproe
PELIEHHE, KOTUPDE MPOBEPAEM HA ONTHMAABHOCTE H T. A

[puMeyanus:

1. Ecnn uenesast dryuxiss L(¥) rpefyer HAXOKAEHHS MHHHMLILHOID
3HAYNEHWS, TO KRPUTEPHEM OHTUMANLHIOCTH 33AA4M ABNACTCH HENOOXKH-
TEABHOCT OUPHOK A, TIpH BeeX f =1, &

2. TlpaBuie «npasoyz0asnukas coctadT B caeiaytowem. [Tyere kioyesum
3JeMENTOM NPEeALIAYILEro Wara seagercs saemetT 1-i etpokn {m + 1)-ro
cronbua & . ;. Toraa anesmenr i-il crpokn (m + 2)-ro cTonbua nocaedyn-
LIErO LIAra, KOTOpPuH obo3HaynMm k) .. 10 OPABRNIY ¢NPAMOYTOORHHKA»
pipeaensetcs 1o hopmyne

hl = (h kl,:n+2 - h]. Mﬁhl. m+? )Xhl. el !

I.m=12
THE Ay sy Hime o Byme g — BTEMEHTHE IPEABILYIIEND UIEFA,

1. ma+l

14.2.2. TipumMeHeHWe CUMNNEKCHOrD MeTeaa B 3agadyax M
HOHCHHM II|)II.ME‘I'IE‘HHE‘ CHMITAESKCHOID METORY,

IMpeanpuaTHe pacnolaraer TPesMs NDOHIBOACTREHHBIME PECYPCAMH (Chipb-
eM, UGO]J)’I[DBH]H-IQM, EJ.TIEKTD(JE)H{‘]JI'HC.ﬁ) H MOXCT ORT4AHH30GBAaTh TINOM3-
BOACTHO NPOAYKUHH ABYMA PasmsynbiMu cnocobiami. Pacxoa pecypeos
It AMOPTH3AIMS NHOPYANRAHNS 32 DAMH MECHATL M ODIMEA PECYPC NPH Kax-
A0M clnocohe HposIBOACTBA dan B Tabadue (B AeH. el).

Tipavasaacraemmh Pacxon pecypuon 33 1 mecau Obuuii pecypr
preype i1 cnocof 2-fi enacoh i
-Ehlpbe | L o 2 | 1 B
Obopyansanite l 1 3
INCKTROAHERTIA 1 1 8

[1pn nepeom cnocobe TPOS3R0ACTRA IIPEAMPHATHE BLITTYCKACT 33 OHH Me-
can 3 Thic. M3lenuit, Npy BTOPOM — 4 TEIC. H3AETHH.
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CKOALKO MECALLEB NMLTKHO PabOTATL NPEANPHATHE KAKIRIM U3 ATHX CHO~
C06DB, ‘!Ti)ﬁhl l'IpH HaIHNYHBIX pECpr&X OﬁBC]Ie'-JHTh MaKCHMH..’ibIIbIFI Bhbi-
NYCK NPOAYKUIH?

PE’HJBHHE'. COCTBBHM MaTCMaTH‘IECK}'[(J MOOeAL 3aaadil. ,11;15'[ ITOrG ypanem
ofioanayend;

* x; — BpeMs pabuTbl IIPEANPHATIA (EePBLIM CHOCODOM,
e Y, — Bpema paloThl APeANPHSATHA RTOPHIM CrnoCoboM.

Toraa sapava JIT dopMynupyerca creayrnim abpaioM: HaitTh MaKCK-
MYM LEJICBOIT PyHIKUHM

L{(¥)=3r, +4xr, > max

TIp# OTPAHITYLHHTX '
x, +2x, <4,
x, +x; £3,
2x, +x, <8,

x 20 x, 20

[Tpuseem Janady K KAIOUMYECKOMY BIAY, ANA Yel'0 400aBkM B npasble
HacTi UI']"JEIHI-[‘IEH‘I-Tﬁ JAOIMOAHHUTENLHLIC HEHIBECTHRIC Xy, Xy H X {6@?&?1’60'
aLIe NepeMeNHbie) NPH OrPAHHYEHMIX

X +2x, +x, =4,
X +x,+x, =3,
2%, +x, +x, =8,

x, 20 J= 15.
Tenepsb cocTaguM cHMIeKcHYIG Tabmuy 1-ro mara:

B . - 3 4 0 v o | L@

I Xy Xy X x5 3

0 2 _1 l 2 1 0 U 4

0 Xy i| 1 1 Q ! 0 3

1] 5 ]! 2 1 a 0 1 8

A -3 —4 0 0 0 0
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¥ o=(0 0 A 3 B L(F)=0

B nnaexchnol crpore Aj HMeOTCT A€ OTPHUATENLHBIE GIEHKH. JHAYHT,
HaﬁﬂEHHDC PEilCHHE HE ABRIACTCA OGIOTHMAMALHBLIM | €10 MOKHO YAVYIIHTDb.
B kauecTme KTIOMEROMD CToRfila cAeyeT npuHATH cronbely GazucHoit
EPEMEHHDH X, 4 32 KIKYEeBYIO CTPOKY — CTPOKY TepeMeHHoll x;, rae
min (4/2, 3/1,8/1)=min (2, 3, 8) = 2.

Knouespim saemenTuM apisiercs «2». BeoauM w ctrosben BIT nepemen-
HYH) X, BBLBOAKM 3. COCTagAsEM CHMITEKCHYI Tabnity 2-ra wara:

\ 3 4 ) 0 0 L(F)
£ 1|
X Xy EE] Xy .\.’5 bl'
4 2 12 1 1/2 0 0 2
0 X 142 0 -1/2 1 [
4 372 i -172 0 1 8
l.:I / _ 4__ /__ o R ___i_‘ 1_—
4 -1 ¢ ! 2 0 o 8
,=(0201L6), L(Z,)=8

B HuaekcHoi CTPOKE HMCETCA 04lla OTRHUATCARHAA OUEHKA. HOJI}""-!EHI[OC
peulel e MOMHO YAYIILHTb, KaouesnM aeMerToM ariiserca «1/2y, Co-
CTanafaes CHMIICKCHYIO Taﬁm-u:y 3o LTS

[ | 3 4 0 P T
| & BN | : - e — T —
, , X X3 Ty .r,i *3 bi
T : T/ s
4 Xy 0 1 1 -1 0 1 |
a Y 1 0 -1 2 0 2
0 v 0 0 1 - 1 3
L A 0 Q 1 || 2 o 10 l"

Bee oucrku ceofoanbix nepemenipx A2 0, ciefosaleibHo, HalixeHHOE
ONOPHOE PelieHHe ARAACTCS ONTHMANbHEIM:

B =(2 1,0, 0. 3), L{Z)py =10,

UHT

Oteer. [lepauiM cnocofoM NpeanpuaATHE A0NKHO pabDaTaTh AR Mecsua,
BTOPEIM — OJWH MECHAL], [P 3TOM MakKCHMATEHAIH BRITYCK TPOIVKUNH CO-
crasuT 10 Thic. en.
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14.3. [1BOACTBEHHLIE 3aaa4u

Ka}K.IlDﬁ Janade JIHHCHHOTO nporpamuupnuatum MOXHO QHpeieneiinbiM
OOPUIOM TIOCTABHTL B COUTHETCTRHE JIPYIYI 3AJauy TOWKE AHHEHHOPO
HPUIPAMMUPOBAHHI, KOTOPYIO HAIWBAIOT G804CMEeHNod 10 UTHOIEHHID
K Zauuoil (nexcddoil) sanave. Mexoanar i ABoileTREHHAs 3a0441f TECHO
eBa3bl Meway cobolt 1 o6paayioT edunyio napy ABONACTAEHHBIX 3adav.

“facra OBriBaeT Tak, o aa1aua nonexoanoit QopMynnpasKe cIosHa ana
pemenits — pponge nepeliTi & ABICTECHHEH 32134, PEWHTD CC 1L 34TeM
NEPECHUTATE # HCCNEAOUATE POLICHUC HCXGIHAN 3373411

B 3aBHCHMOUTH OT CTPYKTYPH MOHTETH 1ICXOTHOH 3a8av pashiualor s -
MEMPUYHBIE, HECUMMERIPUHNKE || CMEWaN e deotcmaennsie 3adavu.

14.3.1. Bugel MateMatyveckux mogenei A80UCTBEHHbLIX 38484
CvMMETPHYHLIE JBOWCTBEHHLIE 33084
PaceMOTPHM HEKANOHIIECKYIO MoAeIs HEXoAnofl Ragavn JITL
Hueten Maxensym neaensait dyHKILS

L{X¥)y=cx, + 0,0, +...4C 0, = Max (14.9)
HPH UTPAHKYEHHAX

a,%, +a,X, .+ a4, r,

J

§b1 I.‘?l'

QX + ApX, +..+ i, X, Sh, |y,

(14.10)

CocTagliM MaTeMaTHUCCKYIO MCACAL ABUICTBCHHOIL 3a8auN CACAYIOOIHM
olpason:

* RAXKJIOMY HEPABCHCTRY CLICTEMLI (.'Il"pf'.lllll‘-lf.‘llll'ﬁ HCXQIHOIT 33aa4n 1pn-
BOIHM B COUTBETCTBHE NEPREMEHNIYHY 4

» COCTARAACM Heaeny i) GyrrunK, koxbhuientamy KoTopoil ABAAKTCH
{'Btlﬁﬁﬂ}lbl@ QIEHB CHOTEMI €‘J]‘“|').'41HI-I110HHI:"'I }I('XQJ'IHCIH Adnan

® cocTapaies cHeresy arpariryennii, Koaduhinunentst ¢nereMsr orpaHu-
SCHIT OIPABYIOT MPANCROHUPOSAHNYIO MUTIPULY KOMEUUNEHTIOR CHC-
TeMbl orpaHudeHitit exoHoil 3anaqu. TTpH 3ToM 3HAKH HepaBeHCTB
MENSIOTCE 1A [MPOTHBRONOAMKIILE, CuoDoAnLIMIE uAeHaMn CHCTeMb
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OTPAHIYEHRHA Tenept ARAAIOTCA KoabpHUHeHTE LeaeBoR QyuRUMK
nexoanoii sagavn. TpeboBaruie MaRCHMU3ZAINH UEAeBUH GYHKIUH 3d-
MEBASTCA Ha MHHWMHIRIIHD H HE.O()ODU'I'. Bee MepeMEHNLIe ﬂuOﬁC'EBEH'
oW 3aja4y HeoTpHIaTeibHEE,

MartemaTuucckas MOAETh IBOHCTREHHON 301441 MMERT CHIEIAYKILME RILL
HafiTH sunnMyM Lteaesoil yYAKUM
S(g)=hy, +by,+...+h y — min {14.11)

Opd OrpansyYCHIIAX

Ayl T Ayl .ty 26

Al +Guly + .+ A, 20,

(14.12)

alrryl + aZnyE 4ot amnym 2 Cn‘

y, 20, i=L m j=1 n

HecUMMeTpYHLIE ABONCTEEHHbIE 33Ra4H

PaccoMoTpHy MATEMATICIECKYID MOASAL WCXOIHOM 3a7avH B KAHOHMYC:
ki opue.

JaHa ucxoHan 33044 HAXOMACHHA MAKCHMYMaA neaenoit Gynkiny
L{X)=cx, +cx, + ...+, X —max
MPH OrPaHHYEHHAX

a,X, tdpx, +..+@¢, ¥, = bw! b,
X, + 8yXy + o+ dy, X, =by |y,

amixi +€3m2.1'2 LTI anm‘rn :bm'|ym

x,20 i=lm jf=ln
CocTaBuM MAaTeMATHYECKY K MOJENS ABOHCTREHHON Jand4H.

Ans ec cotTasaeiva NUAL3YIFTCA TEM Xe MPaBHIoM, MTO W JITA COCTaBITE-
HHST CHMMETPHYHON 32/l € YUETOM CABAYIOIMX ocobeHHoCTel:

* OrpandyeHUAMH ABCHCTBEHHON 3a/taun OyayT Hepasenctea. Ecaw a ie-
sesoit QyHrUMK ABOHCTBEHHON 3anayy TpefiyeTcs HallTH MUREMYM, TO
JHAK HEepaBeHcTBa 2, €CM MaxKCHMyM — Ta <
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& [IepeMeHHbBIE Y, NDMGIAB0AEHLIE 0 3HAKY, T. €. MOTYT NPHHHMATL KaK [0-
NAOKHTEAbHbIE, TAK H UTDHUATENBHLIE SHAYEH M.

MaremaTiiuerkan MoaenL ABOWCTBCHHUH 3a1a4H TAKKE COCTOMT U3 COOT-
HoweHnH (14.11), (14.12), ¢ Toit AMurb pazunnei, 4T0 TeNEp: MepeMeHHbe

Y, - HPUHA3BOJBHEIE (0 3HAKY, i = 1, m.

CorMecTnoe PaccMOTPENHE HaPsl ABUHCTBEHHBIN 3a0a% MMEET HUPRKTisye-
CKOE 3HAYECHME, TAK KaK, UMEA OIITHMANbROE peuieHne OAHOME 3aAa4n, Ha
CGCHOBAILHHN TEOPLM I.[BDﬁETB(‘HIIUCTI-I MOXKHC 1ATITH OITHMANLI 10 peue-
HHUE APYTOH, He pellas ee

CMEWaHHble BOMCTEEHHEIR 33034

MaremaTiyerkas MOIE b HCXOAHON 344341l HMEET YCJIOBHA CHMMCTPHY-
HEIX ¥ HECHMMETPHUHRX 33/(a4. [Tpy cocvapnenuy anoffcTeeHHol 3anaun
HeoBX0/IMMO BLINOAHATE MPABXIR COCTABJEHHA CHMMETPHYHBLX # HECHM-
METPHYNBIX JiLIad.

IpiseseM oCcHOBHBIE TeOpeMbl, HeoQXo MMble AJA PeleHH] ABGICTEeN-
X 33/1a4.

Teopema 14.1. Ecnnt oana 13 Ae0fcTEEHHNX 33124 UMEET OMTHMabHOE
pelieHe, TO APYIas TAlKe IMEeT UNTHMATLHOE DeUleHRe, LIPHYeM 1A
n106btx DOTAMANBHLEX Peweniii T 8 §F BRNONHACTA aBeHcYso

L(f)mﬂ = ‘s@llm- '

Ecan oana w3 ABORCTBELHLIX 33144 wepaipewuMa wua-3a L(X¥),, — =

(i S(¥F),_,, — —®), To Apyras 33724a TAKKE le HMECT DOnyCRmUMnLY pe-
enu.

Teopema 14.2. [Ina onTHMansHOCTY AONYCTIMBIX PRIUEHHI X R i naphl

AROHCTBEHHDIX 3ala4 HeoBXOAUMO M AGCTATOYHO, YTOGH OHM YIOBJIETBO-
PAIH CHETEME YpanHeEHRMiT

(—rnlu )J(i a” (ym" }: b L-J' J = 0.

1=1

(14.14)
(ynlll ); iﬂq(rmn }; ._bl =0‘

=1

Teopema yTeEpXKAaeT, 4TO eCH B ONTUMAIRHOM pellcHtH oHail 13 NBo#-
CTREHHAIX 3324 Kakas-1u00 nepeMenHas crporo GoMpllie HYAS, TO CO-
OTBCTCTEYIOIMEES eit OrpaH4eIrHe B ﬂ,p_YI'Oﬁ IlBOﬁCTBE‘HHOﬁ 2a23a4¢ BbINOA-
HACTCH KAK CMPoZoe [RAdencman, HaO()OpOT. ecad npH ONTHMANBHOM
peleHun oaHoff 13 ABOHCTEEHHAIX 32144 1(51:((::;-;[1160 OTRAHHYEHKE BRI -
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NOMHAETCA KaK CRpozoe RePAsencmso, TO COOTARCTCTBY IO LUAA eMYy epeMer-
Hasg B ATHMANBHOM [EIHIEHHAH ,Ilpy[‘()ﬁ 3a/ld4H paBHa HY/L0.

Cootrouedus (14.14) npeacraBasior coboit opMyasl nepecyera pente-
HUH ABOHCTBEHHBIX 3asat,

14.3.2. PelleHve JBRORCTBEHHLIX 3873y
PeweHve CUMMETPHYHBIX 3aaad

PaccMmoTpiM Ha MpUMepe pemende 3ajad ¢ MCOOAb30BaHMEM TeopeM
JNBOHCTBEHIOUTH.

Hexoanas sanava JIBolcTReMHAA 3ana4a
L{¥)=x -x, - max S(¥) =2y, + 2y, + 5y, —» min
npH OFPaHHYENNAX TIpH OrpadideRnax

~2x, +x; <2y, 2y, vy, vy, 21/ X,

x —2x, £2y,, {y, -2y, vy, 2-1/x,,

X +Xx; S3/Y,, y, 20, i=13.
x 20 x, 20

Penins HexoaHyio 3aaa4y rpathHIecKnyM METOIOM, TGIYYHM
X,,(41) npu atom L(¥) . =3
Ha ocHoRaHHu Teopeaal ABoHCTBeHHOCTYH 4.1
LX)y = 5(F)pim =3,

TaK KaK X, X, >0, no Teopeme asolficTBednocTy 14.2 cucteMmy orpanuye-
unii gpoicTselHOM 3aaa4 MOXKHO 3aMTHCATh B BHIE PABEHCTS:

{“291 tY, tyy =L

¥, -2y, +y, =-1

[MogcTasum ¥, B CHCTEMY OrpaHUqenwil UCXOAHOH 3aaaxss:
-2-4+1<2, -7 <2 nosromy y, =0,
4-2.1<2 2=2 nostomy y, >0
4+1 <35 3=5, noaromy ¥, >0

Torna cucrema orpanM4eHHH ABOACTBEHHOH 3a1a4M IPHMET BA

Y +¥s = L
-2y, +3, =—L



278  Tnaea 14. NuieRnos MPOIPAMMUDOBArE

Ot«yna i, =(0, 2/3, 1/3), npn stom S{i),,., =3.
[lvet, pano pewenne apolcTBennod Janaun y,,=(0, 2/3, 1/3),
S (i )n = 3. HAHNEM DEIUEHHS HOXOAHOMN.

1o Teopeme Asolicreenttoctn 14.1 L{¥) = 5(7),,, =3 Takkaky,>0n
y; > 0, mo teopeme gouHcTHEHHOCTH 14,2 BTOPOE U TPeThe HePaBEHCTBA HC-
XDAHOWE 331341 BRINOJHAKTCA Kak paBeHcTha:

X, —2x, =2
X +x, =0

Qrkyaa X, = (4,1) npst atom L{¥), =3

PaccMOTpUM pellzeHHe 3a4d4 METOIOM, OCHOHANNILIM Ha 83aumio odno-
MAUNON COORGEMCMABLUL MENKY NEPEMCHHBIMIU OCHOBHBIM TIePEMOHHEIM
HEXOAKOI 324324 COUTBETCTBYIOT BAMAHCOBLIC NepCeMeHHBle aBoifcTeen-
HoW W uaobopor.

A. PeursM gBOHCTBCHHYK) 3aa4y CHMILICKCHLIM METOAOM:
S(Fy==2y, +2y, +5y, — max
OpLl OrpaitiedHax
{—2;;, U, Y, =1L
Yo =2, vy -y =

20, =15,
Tabnuua 14.1
o d | B m ‘_ ¥z ‘_f:’!__T_-'“ LY |_ 4
! 2 t -1 0 T i
¥s e -1 } 0 1 \ !
5 o3 -2 l ! 1 L -1 o 1
0 ¥n -3 i 3'_ H _—l_- __xl_ J!__2 o
A, -12 i 3 i 5 & 3
1 -.!J:; 1__ 0 1 273 -1/3 173
3 ¥2 i l 1 0 | -v3 | 13 2/3
I IO R L T I L
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Wz rabaunm caeayer, vro gy, =(0, 2/3, Y. 5y, =3

L

Ha ocHosanur Teopemm apolicToeHuoctd 14.1 nmees:

L(f)m:m = S(.g)mln = 3

Penrenue ;ipyroi 3azays HallzeM 10 cOOTBETCTBHE MEXAY NCPEMONUEBIM N

Moxonkan sanadga CuHuBlbEe  Uepeseliibe Baaaneouse NEpeMCHHmE
Xy Xy Xy Xy X

Heniteraciinan xaana Banawenente nopeMiisite | OUIGBRWE ACPEMUITE BE
Yai Hs i ¥ N3

Jnauenne x, onpoAcAZEM NO NOCISAREH CHMIICKCHRI Tabaule B cTpoke
A, B COOTBETCTBYIOMEM cTOADLE, NTPHYCM 3HAMENNA 1; DepeM 110 MUAYAK0
N = oy X =8 =] 4]=4,
1y o Ys H=|Asl=] —1]=1

TuakuM 0Opasom, peLieHne HOXOANON ALY
X ={AD, upn arom L(¥),., =3
Echu wexoaHas 337aua pewleHa CHMILIEKCHBIM METOAOM, TD pelietne
ABOHCTREHHOMH 3a1a4M MoXeT OLITe Hallaeuo no dopmyne
Yurn = CA—"

rae £ -- MaTpuua-cTpoka koodubiuselTos NpH H43uCH b NepeMeHHBLX te-
AeBoil YHKIIH B ONTHMAIBHOM PEIUeRInT HEXOAHOM aznats; A~ — ob-
paTHax MATPULA LISl MATPHUIA A, Apasoueiics MaTpimuel koaddmunsen-
T0B 02IMCHLIX NCPEMCHHBIX CHCTEMBI QIpaniderilil WCXuAHOH sazauH B
OMTHMANEHOM PELIeHN.

6. Terepb peminM CHMILTEKCHBIM METOAOM HCXOTHYIO 34344y
L{xr)=x, -x, - max
NPH OFPAHHICHIAX (€ YNCTOM DATZHCOBLIN NEPUMEHEIX)
—2x, +x, +xy =2,
X, -2t +x, =2,
*

, P X, by =0,

x, 20, j=15

CooTBReTCTBYOIAA TAOMIA PEINEHITR NMEeT CAeAVIOILWN BUL.
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Tatanua 14.2

- 1 _I_ a i} B o L)
G Bl . |
| X3 13 L X3 b,
i} x3 -2 1 I 0 _ 0 2
S L - .. B S ]
o x 1 -2 0 1 o 2
0 T i 1 0 | o 1 5
| 8 -1 1 | ] 0 Q
o 23 0 -3 L 2 a B ]
1 X 1 -2 0 1 0 2
0 X 0 3 0 _ —_l— 1 __3_ N
- 4 0 -1 0 1 0 2
D 11_ 0 0 ) 1 1 o
! B 1_ ) 0 | 0 143 238 |
-l ¥y 0 1 o 173 1/3 , 1
i - Ay 0 a 0 2/3 303

Mz tabnnum cnepyer, wro ¥ =(4,1), L(F)_, = 3. Bunuuem marputst

(TepecueTa:
-2 11 0 13
C=(1 =1 O}y, A=| 1 -2 0| , Torma A =|0 -1/3
1 1o, 1
0 Y3 3
Y,, =CA”" =(1 -1 0) [0 -3 y3|=(0, %3, ¥/3).
1 1 1

Taxus 06pasom, pewlenne ABCHCTBENNOI 3aaauiL

¥ =(0. 2/3, 1/3), npn atoM S(¥),,, =3

2/3
/3],
i
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PetlieHue HeCHMMETDRUHWX 33aay

l’acc.\mTpn.\; Ha IIPHMEPC PEUICHHE HECHMMETPRHIHBIY 3334 ¢ HCTIOLTh30-
BAHMEM TOOPeM ABOKCTREHHOI T

Hexonnan safava JsoiicTennan sanava
L{¥)=3v, +x, + I, +x, —> min, S(ij) =%, +6y, - max
2, - 26+ 3 - =9y, 2y + <31y,

Xy + 2, - 6x -2, =6 | b 2ty sy,
szl}.j=ﬁ 3y, -6y, <3 | x5
-2 -y <1 | x,

3nech nmepemeHnbie ABOHCTBEHHON 3aJaYW Yy, W i, — [IPOHIBONBHDBIE 6O
3HAKY.

Peurim ﬂBOﬁCTB[‘HH)’EU sa1auy rpatbsmccmm MCTOZOM, IMOTYHHM!
yur(r(u2‘ 2)! up” ITUM S(E )ma( = 33’2'
Na reopeme asaiternenuocty 14.1 L(x)_ = S, =3¥2.
[Moacrarmsl i, B CMCTEMY OTpANNueNKE AnOHCTBCHHON Janat .
2-12+2<3, 3=3
2. 42+2<1 1=1,
3-42-6.2<3, -24/2<3, —rx, =0,
-2:12-2<1, -3>1 »x, =0

Tax xak x;=x,=0, TO CHCTEMA QUPAIHYCIMI HCXOAI0H 3aga4H npH-
MET BHY

2x, -2x, =9
X, +x, =6

Prian HABHYHY CHCTCM Y, DRAYHITMI

T, =(21/4, ¥4. 0. 0), npu »rom L{X)

Ium

- 332

Pewenue 3anay MopKHO TakxKe NMOAYTHTLE ¢ 1CTOARIOBAHYEM Gﬁpaﬁlﬁﬁ
MATDHLULL.

min

HycTs peleHte HCXOAROH 3a0a4H:
X =214, F4, 0, 03 opu avom L(X),,, =3F2.

Prwenne apoiictBenHol 3aaun HalieM no dopmyne
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Y., =CA™,
race
_ (2 -2y L (Va2
-0 1).,4_[1 J'A ‘[,—1/4 u2]'
. 4y
Vor =03 1)[_1“ 1/2]*(”2 2).

Takum obpazom, 7, =(V2, 2), npu atom S(ij),.. = 3¥2.
PaleHne CMeWaHHIX JBONCTBEHHEIX 3adad

CMeliatnbie JABOACTREHHBIE 3aa%H TAKKE MOKIID peuiaTe ¢ HCNOJIb30BaA-
HHAEM TCODCM IlBU.ﬁCTBCHHDCTH. Mosticuum 210 ua UPHMEDC,

HrY

Hexoanan aagava ABoilcreendan sanada
L(¥y=x —Bx, —x, — max, S(y)=3y, +4y, » min,
x4+ 3y, +dx, =3 [y, o2, 21 |,
2r, + 3y €4 |y, 3y, z2-6 |,

X, =0, }=1.—i 3y, + 3y, 2-1 |-T3.

¥y — NPOHIBOIBHAR fIU 3HAKY, iy 2 0.
Halizem emtiMansHoe pelueinte 1BoRcTBEHHON aatasqn:
frmm = (1" U‘ 2/3)’ np" ATOM L(f )m;nx = Us'
ITo teopese asoicTaennoncTi 14.1
L('i:)lﬂill = S(g)lllll! = 1;3'

[lo Teopeme nroficroennoctn 14.2, Tak Kak x; = 0, x, > 0, v 1-e » 3-e orpa-
HHMEHIH ﬂB{l,ﬁCTBEHHDn Jadaif BLHKKINAKTCH B 131,18 paBeHCrs:

{yl I-Eyg :1.'
3y1+3y2 =-1

OTRYHA i, = —5/3, Y. =4/3, 1. €. §,., =—3/3, 4/3).

14.3.3. 3KOHOMUYECKUI aHaNWU3 334344 CNTHMANBHOTO
WCRONb3OBAHUA PECYPCOB

[JECCMOTDHM 33081y ONTHMAIBHOIQ HCNDAB3GRARHA DECYPCOR, 3alHILEM
€8 MATEMATHYECKY ) MOARN B!
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L{vy= i €,¥, —» Max
a=1

NP GrpallHYeEHHAX

za'}i"erbr' |y| .1'"2[}. l’=1,_.i';1, }:i_n

=1

JBolicTBeHHAA 3a5aua HMeeT auAa
L]
S(Fy=23 by, - min
i=1

NpH OrpaHtMeHHAx

IV

€,

.o}
Z a.y,
1=

0, i=1m

%

¥,
Teopema 14.3.
3HAYEAWs TIEPEMEHHRIX If; B ONTHMASKHNM peluenit AnoiicTReMHOIN 32na-
YR NpelcTaBAnT coboil OUEHKH BIHANNS CBOOCAHEIX YIEHOE CHCTEME
Dr]JaHI-IHCH]Iﬁ HCXOAHOH 3a/iayM 12 OMTHMANLHOC 3HAYCHHE €0 ]J,CJICBDﬁ
(hYHKIIN, T. €.
&L

= 14.15
Y, m ( )

Mpumes 8L, = AL, &b, = Ab,, Torna AL =y Ab .

Aag 320840 OIITHMANBHOTO HCNGbIOBAHNA CLIPbA TG YPABHEHHE NOKa-
3LIAACT. YTO MPH HIMEHeNNH {-TD pecypca OMTHMANLKDLIE 10X0d ABAACTCA
AuHetiHoi GiyHKUHEH 0T ero NPHPALIeHHa, NpuYes KoQQPRUBEHTOM Cay-
HHT Y, — i-H KOMTIGHEHTA ONTHMATEHOTO PELLCHHH ABOHCTBEHHOH 3adaun.

Ecau g, M40, TO 3HaUUTEALHOMY YBeXKUenrino i-ro pecypea Syaer coort-
BETCTRORATH HEOOXbLIGE YBRAUUEHHE GITHMAMBHOTO AOXGAA, # LRHHOCTh
pecypea Heseanxa. Ecan y,=0, To npu yBeaudeHH i-ro pecypea ogth-
MiLAbHEI QUXULL QUTAETCH HENSMEHHLIM, H LEHHOCTb 37000 Pecypca pasHa
nyaw. B camom gene, cuipbe, 3an0ackl KOTOPOro NpeBLILA0T noTpebrocT
B HEM, HE ITPEACTARNAELT MEHHOCTH A MPOHIROACTEA, if €70 OLUEHKY MOX-
HO TPHHATE 332 HYAb. ECM Y, BETHKO, TO HE3HAUMTEIRHOMY YBEIMUYEHHIO
I-ro pecypea DYIZET COOTBETCTROBATH CYIMECTBEHHOE YRENWYEHHE ONTH-
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MATLHOCO A0X03, H LEHHOCTL PECYPCa BRICOKA. Y MeHLUICHHC DECYpPea Be-
AT K CYLECTUERITOMY CORPAILCHITH BBITYCKa HPOLYKIHMN,

Beawunny y; CHHTAOT HEKOTOPOH X4PAKTCPMCTHROH UWEHIDCTH i-10 pecyp-
ca. B yacTHOCTH, NpH YBEZIHMEHHH i-r0 pecvpea Ha eanenny (A b = 1) on-
THMEILHBIT A0XOA BO3PACcTALT HAa Y, YTO MNOIBC.IHCT PACCMATPHBATL ¥; KdK
SYCAVBIVID UEHYD, DUCHKY eaHUHLDL {-1u pecypea, o0bexTHBHG nOYCIoR-
JeHHYIO n1ieHKY. Tak Kak ¥, npeacTtasnset cobodt YacTHYI0 NpoH3Bo;IHYI0
0T OOTHMATLHOMD JAOXUAA MO -MY PECYPCY, TH OHA XaPAKTERUIYET CKO-
POCTE HAMEHEH I QUTHMANLHOIG NOX0ID TIPH HAMEHEHUY -T0 PECYPCa.

C HOMOLLLIC ¥, MOXHG ONPEACAHTL CTCHCIIL BANARKA orpadideniii na
3navene 11enenoil (hyHr ., [peaeinapic 3HaNCHUA (HIDKHAS  BENX1iss
FDAILILEL} CIPAHNYEHHIL POCYPCOB, A1A KOTOPLIX ¥, DCTAIOTCH HCHIMEHNLI-
MU, QOpEAengoTes 1o GopMynaM
X 1
A" =min| -~ |, A’ =max| L

du i
TAC X, — 3HAYCHHE NCPEMEHNOH B ONTHMATEHOM PEUIEHMN; dy — INEMEHTH
oOpatnoit MaTprusl (4} =A™ fiaznca oNTUMAABHOTO PEIEHKRA, JUISl ROTH-
pait A = (@), (T. & A — MATPIIA NOPsIKA m % 7).

Loy B NARH BRAKOYAIOTCH HOBBIE HRALL HPOAVKIL, TO HX QUEHKA MUXO-
AITCS o hopmyae

m
ol

Ar :Zauyﬂnﬂ -
-1

Ecau A < 0 (7. e, npu6olith npeBsiiiaet 3aTpaThi), To HOBBIH BHA TPOLYK-
M yayawaet naad. [Ipt A > 0 velenecoofpaio sKNIOYATL HOBBL BH
NPoAY KL,

14.3.4. NpuMeHeHne Teopun ABOUCTBEHHOCTH
B SKOHOMUKE

MogcuuM #a nhuMepe LUPpHMeEneHie TeOPHU ABOHCTREIIOCTH.

DupMa BBEITYCKAET TPH BMAQ WIZeNMH, PACTIONArAA TIPH 3TOM CLIDLEM
4 runos; A, B, B, I b koauvectsax 18, 16, 8 u 6 T cuoreetcrento. Hopmm
3ATPAT KAXIOMD THMA CLIPLA HA 1 e, Ha/IeAUA NEPROTD AAAA COCTARTAIIT,
coateereTReHHo, 1, 2, 1, 0, rroporo anaa — 2, 1.1, 1 ¥ TpeThero puaa — 1,
1, 0, 1. TIpuOeian o1 peanwsaunn 1 e ¥3a¢MA TEPBOrO BHA2 PABHA 3 ACH.
¢i., sTapora — 4 jeH. ed.. rpersero — 2 qed. en. Tpefyercs:
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1) COLTABMTL MNAH NPOHIBOACTEA TPEX BUAUR, MAKCHMUIMPYIOMKK [1pH-
Ouab;

2) onpeaenuTs ASPUUHTHOCTL CRIphS;

3) veTaHOBUTh PAIMEDHL MAKCUMATHKON NPHOBAH MIPH H3MEHEHHM KO-
gectpa copbr A a8 b —nad3 1, B —ua 2 v, £ — ua 2 1. Quennrs pas-
Denbl0e RARAHHC 3THX WIMEHEHU H CYMMAapIoe 1IX RIHSHHC HA TpH-
OLLL;

4) OUCHRTY UEACCONBPAsHOCTH BBELENHSA B TAAH NPON3BOACTBA (HPME!
HOBOTC BHIa H3aenns (MeTBEPTUTO), HOPM:I 3aTpat Ha 1 ea. xatoporo
PaBHbI, cOOTBeTCTBERAHO. 1, 2, 2, 0, a npubbinb coctaBnger 15 vea. en

Pewenue.
1. Obosuayum ¥ = (x,, X,, X, }tnal poH3BOACTEY HIIEAHIT TPEX BHIOB,
TOIAA MATEMATHYEC KA MOJAeNh 334a4H NPHMET B
L(X)=13r, + 4x, + 2vy, — max
NPH OTFPAHKIEHHAX
X+, +a; €18
v+ x, +x; 216
x+ x, <§
X, +x; 56
x, 20, j=13
Pewraesm 3afauy CHMTIIIEKCHBIM METOAOM, MPH 3TOM NOCTeAHAs TadauI
OYeT IMETE CASAYIOWNHA BRA;

£, BII X Xz Xy A s g Ty h;
0 Xy Q 0 0 1 | -1 -1 4
2 x5 0 0 1 a 1/2 -1 172 i
3 X, 1 0 4] 0 i 172 0 -172 ] |
4 1 0 1 0 0 . 12 1 12 | 3

A 0 o 0 0, 1 2 3/2 ] 3,

Hz rabauum caegyer: X =(5, 3, 3, 4, 0, 0, 0), nput arom L(X),_, =33
Ve, B
Carracio Teopemanm ABOHCTBEHHOCTH,



¥ =0 172, 2, 3/2, 0. 0, 0). 1upn arom S(#),.. =33 yca. ea

2. Hautonee nE(hHIlHTHbIM HBTAETCH Chiprbe TIINA B. AAs KOTODROre ABOMHCT-
neliHast olleMKa Y, = 2. Menee aethitiutao cwipbe Biaa b, ans kotoporo
#,=1/2 CoBeem He gediHTHMM ABAReres caphe A (i) = 0).

C uenbiy onpejessHi: MBTEPBLTE YCTOHYHBOCTI OUPHOK Hafiaes ofifar-
HYIG MATPHILY /LN MATPIELLT KOAhGIINeHTOR 11PH HAZHCHMX MepeMeHHRIX
B ONTHMATEHOM PEWIEHIIN CICTCMh] ()I'[)E]HH‘IEIIH“. BBBHC]I]:IMI-I nepeMen-
HBIMH 8 GHITHMANGHOM Peitenitl ARNAIOTCH Xy, Xy, Xy, X Matphua xood-
thI.H-[CHTDB NpH 3TUX ODCPEMEHHNX @ CHCTEME Ol'pa.HH'-lElll-lﬁ HMEET BHA

1211
2 110
A=(a) - .
@)=l {0 o
6110
Ofpatias MaTpiia HMCCA BIA
0 Y2 0 -y2
0 12 1 2

At = :
0 2 -1 172

S| QS

HailaeM usrepnat yetolivusocT! OHEHOK o BUAAM Chipbs:

b X umg 3
AB" = min] 2 |z = =
i d 6'

'T'm:r' 4
BEELINE.

Ab = max :
: Y

s

1-’1]1TCPBBJ] }’CTDH‘{HHUCTH OUEHOK MO OTHOIBOHIIKY K TTepROMY orpaldiie-
I

(b, —br: b +b)=(18-6; 18 +8)=(12; 26).

AHBNOTHUYHO ONPERETIM HUTEPBAJL YCTONYUBOCTH ONCHOK 0 OTHOLIE-
HHK K Pl MMEHHAM OCTLILHBIX BUADE ChIPbA:
.13 4 3
ARy =min| = - |=3, Aby =lmax —|=8;
112 "2
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Aby =min —3— 4 =6, Ab? = ma.‘c£|=3,
I lf:2 L'f2 ’ -t

Y
Ab) = max[%J:S. Aby = min%; il|=3-

HliTE‘]]Ba.a"lbl }'f‘Tﬂﬁ'lH'HOCTH OUEHOK D OTHOLICH MK KO BTOPOMY OTpaHHYye-
NN

(16 - 3; 16 +6)=(13; 22),
K TPEThEMY OMPAHHUEHIIO
(8—6,8+3)=(2; 11).
K YETBEPTOMY OTPAHNYLHHID
{(6-56+3)=(1.9).
J. MaMeHeHHsa KoanuecTsA CLIPLA COTAACHD YCIDRUIM 334K Ha +6, -3,
+2, 42 T APUPOAAT K DIPAHHYPHMIO 3alaca chlpba no 24, 13, 10, 8 T, cowr-
peTcTBEHHO. FlUCKONLKY 3TH IIMENCIEA HAXOIATCA B IPCICAX YCTOiyi-
BOCTH OLEHOK, HA 4TO YKAIKBAKT HHTEPBANE. PAVIENHHOL HX BIHAHHC Ha
NpHBBIL QUpeReTAeTesa No hoparyne
L, = (Yo 2P,
TOrNA
Lo =Wom 1B, =0-6=0,
Lymay =W om Do b2 = Y2-(=3)=-F2.
L =Y 1Dy =2-2=4
Ly =W )b, =32-2=3.
CynmyapHne RANAHKE Ha TPHOKLIL PaBHaQ.
L =1 + 1 + L + L =0-3%2+4+3=112 yca. ea.

X 1t max =8 BRIH) 4 miax
Ecam uamenenve ChipbA He HAXOAHTCS B IPeieNax yCTONYHBOCTH OLEHOK,
TO HE(‘rﬁXﬁ,"l'H.\‘IO HAMTH HOBKIC YCADBHBIE OLCHEKN, T. €. PEIHTL 33484V CHM -
NACKCHBM METOADM ¢ HAMEHEHIeM KOMIMYECTBN CLIPLA COOTBETCTEYOIIHX
BHAORB.

A nax

4. JLas oenki LenecondpaIHoCTH BBE/LEHHA B 1L 15 POU3B0IACTBA hHp-
MbE JCTBCPTATO BilAd (BACIUA HCILOAb3YeM opMyy

i
Ag=>a(y,,) —¢c =1-0+2-42+2.2+40-32-15 =-10 <0,
i=t
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Tak xak npubbiae 11 peUbILALT 3ATPATH, T BREJIEHUE B MNaH MPOITIBOACTEA
YETBCPTOCO BHAA HAZeNRA Uenccocdpaano.

14.4. TpaHcnopTHaA 3agava

Tpam:nopmna.a 3&6&‘!‘.0 — 0flHa H3 pacnpiCTRAHENHBIX daiad ANNERNor
nporpamsiposannd. Be tent — pazpaboTka Hanbonee paloNATRHRIX 1Ty-
TEH H cnomﬁon TPAHCNOPTHPOBAHNA TOBAPOB, YCTRANCHHE YPESMEpHD
LLIBHIX, BCTpeUlibix, HUBTOPHBIX Nepean3ok. Bee ato cokpauaeT BpeMsa
NPOABHMXKEeHHS TOHAPOR, YMEHDLIIIAET 3ATPATHL TIpEIl]'IpI‘[HTHﬁ, CbHDM. ChA-
Saitbe © OCYINeCTBARUHEM L POLECCOR CHHG}KGI!H.‘H ChipbeM, MaTep1anaMil,
TONJANBOM, oﬁnpynnsam-lem T A B atom paiiaciac Mbl pacCMOTPHM Hall-
bogee }'HDT[JEGHMI:IG B HSKOHOMHYECKHX NMDHIWKEHIIAX BN TPAHCNORT-
HLIX 39,034,

14.4.1. 3aKpuITan TPAHCNOPTHANA 3aaava

B ofuieM ange TPAHCHOPTHYIO 3234y MOXKHO (IPEACTARMTh CICAYIOULHM
OBpayOM: B M1 IYHKTAX mpou3Boactia A, Ay ... A, HMeeTea odnopudig
[PY3 B KOANYECTBAX, COUTBEICTBEHHO, 4, @3, ..., &, JTOT IPY3 HeobXDIHMO
ADCTARUTL 0 A NYHKTOB Hagnavenus B, B,, ..., B, B koriuectsax, cootber-
CrBenno, by, by, .. b, CronmocTs nepesusky 1 ea. rpyza (mapudh) ua nyHk-
Ta A; I8 UYHKT B; panea .

Tpebyerea cocTaBMTb NJIAH NEPCBO3OK, NO3BGISOLUE BEIBCITH BCE TPY-
3k, ANOCTBI YAORARTBOPHTE NOTPeORTENell o HMeN ManKHMaNDL-
HYH CTUHMOCTh.

B saBsceMocTY OT COGTHOLICHILA MOAAY CYMMAPHRME 3ANACAMH [PY3a N
CVMMAPHLIMH [lUT}Jl‘.‘GIIUCTHMI-l B IEM TPANCHODTHRIE 3dAd4H MOIYT BTl
JAKPHLMBEME U OMKPBIMBIMU.

Onpenenerne 3. Ecan cymMa aanacos 1pyaa pasna cyMMapHol notpebiio-

CTH B REM, 7. &,

b, (14.16)

i

[::]a
1]

i= a=1
T Tpiiili‘.‘ll(]p‘]‘H&H 303043 HAZLIBASTCH BRKPHTUﬁ.

Onpeaeaeune 4. Ecni yonosite (14.16) He BMNOAHEHD, TO TPaHCNOPTHAS
341843 HAABIRAETCA OTEPHITOMN,



O603Ha 1M 1, — KGANYECTSO TPy3a, NEPEBOUMUID W3 NYHKTA A, B TYHKT
B, PaccMoTpum aakpeITY TRAHCIOPTHYIO 3agauy. Ee yeroBua aaminiem
B pacapedequmensryio Taluiy, KOTOpYIo Hy1eM HCNOTL30BATE A8 Haxo-
ANEHHA PELUICHISA.

MaremaTHueckas MOACNh 3AKPLITOIE TPaCROPTHOH 32434H HMeeT B

!.(X)=i icn,ry — min (14.17)

el

TIpH orpaitreHnsxX

X =a, ixu =b,. {14.18)
1-1

v, 20, i=lm j=Ln
n ycaosnn {(14.16).

OnTUMansHbIM pelueHiem 10l 331aUH ABAAETCS METPILLE

A’OI‘I‘I = ("V'y' )JJI L

YAORNETBOPAIOLIASN CHCTEME CIPAHHYEHHH 11 ROCTARANIOMAN MHHHMYM Lie-
aesoit divakii. TpaHcmopTiar sazaYa Kak safavya IHREITHOTe Nporpas-
MHPOBUIMA MOXKET OBITh pewiena CHMNAEKCHBIM METOAOM, KO HANK-
yue BOABWNTO YUCaA MEpeMeMtLIX H OrpaHHeHdil NeaacT RhYUCICHHS
momozikHmH. [TosToMy AMA pemeHns aToro xaacca sanad paspadoran
CHEHMATEHRIT MCTOM, HMEWLINH T¢ e 3TAND], UTa H CHMAJeKCHBLE ACTOA,
A HMCHHO:

* HAXOAAEHWE HCXOIHArQ OMOPHOIG prilesHs;

* [POBCPKE 3TOTO PEIIEHHA NMa ONTHMATBIOCTD]

» [IePeXN/l 0T OjHOTO OTOPHOMD PELICHAA K APYTOMY.
Haree Mbl paceMoTpM KaXGILE 153 3THX 2TAN0SE.

PelleHke 3aKPLITOR TREHCNOPTHOA 33Jaqn

YeanBius aa1aqn ¥ pe BeX0Noe onapHoe peiiende DyaeM 3an8ebiBiTh B
pacripefeirenbiym tabiniy. KAeTkH, B KOTOPBIX OMCCTIM CPY3B, Ha-
ILIBAIOTCH FGHAMBLMY. (M COOTBCTCTOYIOT DA3HCHLIE I¢PEMUHIILIE ONOPHO-
ro pemtesis. OCTANLIBIC KIETKIU HEIQHATING, /UL HYCUTBIE, [IM COUTBETCT-
BYIOT cBODUAHEBIE TIepeMeNHble. B BepXHeM (IPRBOM YIiy KaaioH KIETKH
fiyaem 3anHCEIBaTE mapudsi. CYV1LeCTBYET HECKOMLKO cNocobOR RAX0XKAL-
HHA HOXOJAHOPO ONUPHOTO PeluTeH HA,
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PACCMOTPMM DIHH U3 HUX — Mem00 MUHUMAALH020 mapuga (IICMEHTa).
CoraacHe 3TOMY METOLY, [PY3ul PACHPERENAIOTCA B IICPBYIU UUEPCilh B TE
KJARTKH, B KOTOPSIX HAXU/HTCA MUNRMAAabill thapudg TIEPeBOaok ¢;,. Janee
MOCTABKH PACHpefeNaoTca B HEARIATLIE KJICTKH C HRHMEHBINIME TapH-
thavi € YHETOM OCTRRUMMNCA 3ANACOR ¥ MOCTARIUNKOR 1 YAOBAETROPCHLLA
cnpoca noTpebnTenedi. [Tpolecce pachpeferelna NPOANIKANT JI0 TEX TOD,
HAKA BCE TPYARL OT AOCTARIMKNE He BYNYT RBIREACHLL, 2 NOTReDITCI e
GYAVT YANBAETROPENhL.

[TpH pacIpefeTeRty MPY30R MOXKET OKAJFATLOA, YTO KOMMYErTBO JAHHTHIX
KNeToK MeHswe, yeM m + i — 1. B aToM cayuae Hef0CTAIICE X HHCO 3d-
MOALACTCH KAETRAMHE € HASUWMUY TOCTIUEKAME, TAKHE KAETKH HA3IbIGAOT
HCROGHO 3ausmboiMi. TaKad TPAHCITOPTHAR 324243 HA3LIBACTCA SuM -
derihol,

PaccMaTplIM HAXOKACHNE MCXOJLLOTO OMOPHOIG PEUIEHMA HEeREIPOK/1eH-
noit rparcnopTHeii 3anati #Ha KOHKRETHOM NIPHMERE.

Hpumep 1.

Ha cxaaaax 4, Ay Ay HMewTesa 3amacst MPOAYKOUMK B xonHyecTsax 940,
400, 110 r cootpeTcTeenno. Morpeburenn B, By, By 100KHb O0AyIHTh
ATY NPOAYKLLED B KoanuecTRax 140, 300, 160 t coarnetersenno. Halditu
TAKOLL BAPHIAHT NPHKPCILTCHNSA NOCTABIINKOB K NOTReOUTENAM, TPH KOTO-
PUM CYMMA SATPAT Ha (lepesoakH Obiaa Obl MUHUMALHOHA, Pacxoasbt no ne-
peposke 1T npoayguig sananst Marpiteil (y. o)

25 2

4
3

g W

1
6
Pewenue.

A. Tlpopepis, AmaHeTcy NH AaUHAN TPAHCUOPTIEA 341348 3aKPLITOH:

4
za, =90+ 400+ 110 =600 T,
t

3

> b, =140+300+ 16 =600 .
IeY

b'v

4
1

o -

3
i=1 4=
CAEAORATEN hHO, ARHHAS TPAHCTIONTHAR 3AJaMa AmmeTes aakpotroit. Halt-
NEM HCXDIHOE ONOPHOE pelleHye No MeTeady MinnMantbHoro Tapiga. Tud-
MITHA ICXOARUH TPANCIUPTIOIL Sadaq4 i HMERT CIeAVIOUIil Br.
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HH“‘H\“‘“-H____ bj : - 2 _ 3_ J—
7 ““"'\“H,__“‘H 140 300 160 |
- —_—— Ty
2 5 2 l
t 90 :
90 |
1 1 A
: 400 !
300 0o |
3, 6 8|
i 110 |
30 G0 ||
HCAD 32HATRIX KIeTOK B TaDAMe paRun 5, m+n—1=3+3-1=51. ¢

YUTOBHE HEeBhIPOARLACHIIOCTH BRUTOAHEND. nU.?l}“-{l!M HUXOAHGE QLUOPHDE -
HICHHE, KOTOROE 3anMuenM B BMAC MaTpHOLL:

790 0 0
X, =| 0 300 100]
50 0 60

CronmMocTb Mepesoakis TPy MCXOLHOM OJIOPHOM PELIeH N CUCTABISAET
L{X,=90-2+300.1+100-5+50-3+60-8=1610 ven. en,
B. TlpoBepka pelueHis Ha ONTHMATBHOCTh

Haiiaetinoe nexoaHoe 0ROpHOE peILENHE NPOBEPAETCH 113 ONTHMATBHOCTD
METOAOM ROTEHLLANOE TIO C.rlCI[yI'QL[lCMy Kpl".lTEpH‘HJ: QCTIH (HIORHOE pEILIE‘
1H1e T]]aHCJlUpTHOﬁ SAAATH ARNRCTCR ONTHUMAIBHEIM, T E".\{y CQOTHETCTBY'
eTCucTeMam + »n ﬂeiiCTUHT(.'.TIbelI YHLUNR U M Uﬂ;. }'ﬂDBﬂt‘T[lOpﬂmmHK }'Cﬂn'
BUAM &+ T, =C, AN 3AHATLIY KACTOK it i+ 2, ¢, $0 — A csoboannix
KACTOK.

Yucna u, 1t 7 5a3bIBAIOT NOTEHLHATAMK. B pacnperemirreapnyio abiuiy
A0BaBASIOT cTPOKY & K cTobell ;. TloTenLnaitb & W v; HAXOUAT K3 paBeH-
CTBa i; + i'-’_, = (T'ﬂ CIIpﬂBEﬂJllif]OTU HAA SAUATHX KJI8TOK. Oﬂ,HOM)’ H3 TIOTeH-
MHATOB JaeTCAH IIPOHSBUHIJHUE SHAYCHHE, Ha.HPH ME']J, by = U_. TArLA OCTANb-
HBle NOTEHITNATL ONPeACAAKOTCA O, THO3HAYAQ, Ta.'l{, CCaM HagecTen HoreH-
nHan &, T2 Z;‘J; ={'.'[-" — U, eI H3BeCTeH MOTeHIIHan ¢, ro i, = CI'} - Uj'

OBoana4nM A, = u; + 1) - Cy, KOTOPYID HA3BIBAIOT OLEHKOR CRODOIHBIX KIIC-
Tuk. Ecnn pee oneHks cnobojHBIx Kaetnk A, <(), 70 pnoproe peiseHue

19—-3222
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ARISETCS ONTHMANBHLIM, Ecan xoT4 Dul OfIHa 13 oueHok A, 2 (, Ta onop-
HUE DEIUEHKE He ABNARTCH QNITHMABHRIM ¥ €10 MOKHOQ YAVUILHTE, Nepei-

AA 0T OAHOTO OIOPHOTS PELeHA K ARpYTOMY.

[Tponepum HaliaeHHOE ONOPHOE PEUIEHNE HA OHTHMANBHOCTE, A10GARUR B
pacnpedeanTeapyo Tabanuy ctoabed u; 1 tTpoKy v,. Tereph J1onoaden-
#ad tabrMua HMeeT CACAYIOUIMA ama:

T b, 1 2 3 u;
T _ - = ]
o T~ | o 300 160
90 2 5 2
1 0
40
4 1 5
[ 2 400 -2
! 300 160
i 3 6 23
! 3 o110 | !
| ' 50 60 ' '
| y, . 2 3 7

[Tonaraem u, =0, 3amuwes 3TO 3HaYeHUe B nocaenHem ctonbie mepnoi
CTpoKH Tabmrusl. PRcCMOTPHM 3an13TYI0 KATKY NEPROH CTPOKH, KuTopas
pactioaoeia p nepoos croabue {1, 1), 494 HEe BLINOMHACTCH YCNOBHE
u,+p, =2 Otcwpa npw u, = | noay4aeM, 4To o, = 2, 370 JHAYEHUE JATIH-
IeM g MOCKEAHeH cTpoke Tadanier. [laee HAA0 PRCCMATPHUBATD Ty M3 3a-
HATHIX KNEeTOK TabIULBl, 118 KOTOPHIX OAWHH W3 MOTEHLMAKOB HIBECTEH,

Pacemorpum sansryio kaetky (3, 1)yt o, =3, v =2, otryaa uy = 1.

Adas gaetkn (3, 3 ua toy=8, ua =1, 0,=7.

Ana knetrn (2, 3y u, +y,=59. =7, u,= -2,

Aas wretkn (2, 2y wptv,=1, u=-2, 0y =3.

HaiineHele 3HAYEHIA NOTEHIMATOR 3aHOCHM B Tabuny.

BomucageM OUEHKH CHOGOAHBIX KIETOK:
Ap=u+1y-cy=0+3-3=-2<0,
Agzwy+oy—0=0+7-2=5>0,
Apg=uw,+o,-¢;=-2+2—-4=—-4<10,

Apy=ti,+1y - Cp=1+3-6=-2<(
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B. [lepexos oT OAHOFO DEIEHHA K APYTOMY.

Hamuune nosoxurensnoi ouenkit ceobomioft kaetkn (A, > 1) upn npe-
BEPKE OMOPHOTO PEUIEH T HA OTITHMANBHOCTh CRUALTEMBCTRYET 0 TOM, UTO
NOAYVYEHHOE PEILEHHE HE ONTHIIMATLHO H AN YMCHBIICHHA 3HAYEHA LEAC-
BoH hyRKUHKM 1210 NepefitH K ApyroMy onopnomy pelenno. [lpn atom
HALD [ePePacnpeRcaAuTb FPY3bl, NEpeMeliast HX #3 JaHATHIN KIOTOK B Cl50-
fioanble. CeoboaHas KIBTKA CTAHORHTCR 3aMSTOR, a NAHA M3 paHee 3aHs-
THIX KJETOK — CBODOAHOIN.

g epobonnolt knerku ¢ A;> 0 cTpouTes nikt (LeMh, MHOMOYTONBHHK),
BCC BEDIUMHBI KOTOPOTD, KpOMe OOHQL, HAXOAATEA B 3aHATHIX KIeTKax;
YIVIBL NPAMLIE, YHCI0 Bepluli deThoe. Oxoao ¢solosnof KIeTki UiEna
CTARMTCS 3HaK {+), 3aTeM MOCUCPEAHO MPOCTARASKIOT 3HakM (=) B (+).
Y BepuImH co 3HAKOM (- ) BBIONPAKT MHHIMAABHEI rPY3, ero upubannsa-
KT K rPY3aM, CTOSALMM ¥ BEPLHI €0 31aK0M (), B OTHHMAT 0T rpy3as
y BepIIiH €0 3HakoM (~). B peayabTaTe nepepacnpeiesedus rpysa noesy-
4HM HODBOE OMAPHOE peuleltie. D70 PenleHHe NPOREpseM HA OMTHMATb-
HOCTB, 1 T. A. 10 TCX MO], [I0KA HE MOAY4YHM ONTHMANLHOC PelleHHe.

PacemoTpum nepexoa 0T 0IHOIO ONGPHGTO pellleHIIA K ApYToMY Ha 3aqaH-
HOM [TpUMepe.

CrponM uHKA gad etk (1, 3), Haeowel IOR0KHTETRHYIO D1teHKY, ¥ pep-
HWINH MK cTaRUM 3Haki {(+) B { ) W 3aIACEBACM TPYILL.

= o g +

50+ =1 BO

¥ sepinn co aHakom (-} BROHMPAEM MHNUMATLHEIR IPy3, OH paBer 61k
Ero npn6asasem K rpyaaM, CTOAUMM ¥ (0A0XKHTEAEHLIX BEPLIIH, H OTHH-
MAEM OT BENNUHR IPY30D, COOTRETCTBYIOULHX DTPHUATENbHBIM BEPLIHHAM,
MomyuaeM HOBBI UMK

30+ -] BG

10 L= *

Hosae OHOPHGE PCILICHHAC HMEET BHI

30 0 60
0 300 100
110 Q0 0

X

[T 3

(R
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TTpoRepuM ronyyYeHHO peLireHe Ha OMTHMARBHOCTD. [l14 3Toro aanminem
EQNYYEHHDE PEWIEHHE B HOBYI) pacnpefeinreaslyio Tabanly U nahnem
NOTEHUNaN B 3aHATHX H OLIEHKH CBOBOAHKY KIETOK,

P\\‘-u,\\ , ; " 3
Hi
a, T 140 200 (60
2 5 2
{ 90 ¢
30 60
4 | 5
2 400 3
300 100
3 B 8
3 110 2
[ 110
& i 2 -2 2

Onath BLIMUCAAEM OUEHKN (‘-BDGCIII,HHX KNeToOK:

[locTpaisM UHKA AT KARTKI! € NOJONKKETENbHOH aleHKoH Ay = 1

ITpaitageneM nepepicnpeieseHHe [PY30E 10 YKA3AHHOMY PaHee MPaBHAy:

TToayulM HOBOE petlenie, KOTOPOMY COoTReTCTBYET HOBas Tabanua. [po-

3a

30

+

+

+

-

BEPHMM £TD HA ONTHMANRHOCTH:

Bee oueHKi cpofoatbx KIeTOK OTPHUATENLREIE, CICIOBATENBHNO, HallleH-

a, =-

A, =-T7.

HOe DEUTEHTE ONMTHMAThHOE.

A, ==7. By =150, Ay, =-7. A,

60

50

70

By =6 Ay

0 0 99
X, =| 30 300 70|
10 0 0

-4,
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[ |
“*-H‘ b) 1 2 3
2, \\\‘
H\-\.‘__‘ 140 300 160
2 5 2 I
I S0 0 I
90
4 ! 3
2 400 | 3
an 300 70
3 [ 8
3 . 110 2
110
T 2 -2 2

CTOMMOCTD TPAHCMOPTHAIX PACXOROB COCTABIALT:
LX), =90-2+30-4+300-1+70-5+110-3=1280 aen. ea

ITo cpasHEeNHI) € HCXOAHBIM MIOPHLIM PEILEHNEM TPANCIIOPTHEE PACKOb]
yMmeHbmuanee Ha 1610 - 1280 = 330 aen. ea.

BLipOKOEHHOCTL B TPAHCTOPTHLIX 338auax

B cayvae sppoxAeHHOH TPAHCTIOPTHOMN 3aiaul HHUCIO JaHATRIX KCIETOK
Menbie, uem m +n — 1. 31ech 1e1eco06pazHO NOMEHATE MECTAMHA [0-
CTABUIHKOB W HoTpedutesiell MAK BBecTH B cBODORHYI KICTKY C HaH-
MEeHBIIMM TapHGOM HYNeBy o nocTaBKy. Hyh MoMewameT B Takyw Kaey-
Ky, wrobsl B KaxAoH cTpOKe K cTonbUe OLINO ue menee oLHOH 3aHATOH
KJICTKH.

PaceMOTPHMM BHIDOKAEHHOCTL B TPAHCTIOPTHOHN Jafade Ha npHMepe.
Ipumep 2.

Qupma ocylecTBAALT TOCTABKY OYTLIACK Ha 4 3ABOMA, 3AHMMAOLIMXCS
[IPOMIBOLCTEOM [IPOXIAAHTENBHEX HanHTroD. Owa uMeeT 3 cknazta, mpu-
yeM Ha ckaane 1 Haxomntes 6000 6yThinok, Ha cknaze 2 — 3000 GyTrinox
¥ Ha cxnage 3 — 4000 6ytenox. Tlepsomy saBoay Tpebyercs 4000 OyThi-
NoK, BTOPOMY 3asoly — 3000 GyTeunok, TpetseMy 3aroay — 1000 SyTu-
Aok, versepromy — 3000 6yTinok. MaTpuileli 3a1aHa cTOMMOCTE Mepe-
BOAKH OTHONH HYTRUIKH OT KaR/AOr0 CKALLA K KAMIOMY 32BOAY:
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65 4 98
5 3 2 8|
2 368

Kax CACAYET OpraHizoBaTh I0(TapKy El}""l'h[.'"lf)l( Ha 3aa0/ihbl, STOALI CTOW-
MOCTh NEPCBO3KH HnL1a MUHNMANRHOH?

Pewetiue.

3annnem HCXOAHEIE AHHLIE B PACITPEACAHTEALIYIO TaluirLy, Hallaes ne-
XOAHOE DAOPHOE PELIRHUE NG METOAY MIHUMANLHOTD Tapudd. Yncno 3a-
NOMHEHHRIX KNIETOK paBHo 3, m + n — 1 =6, cite0BaTeIbHO, 334343 ARAA-
eTCA BRIPOAILCHHOIT.

A8 MCKAIOUCHEA BRPOKICKHOCTH 1e0DX0ANMO B KAKYID-TQ KIETKY Hue-
CTH HYJACBYIO MOCTABKY. Taxad xieTKd CTANORHTCH YCAOBHC 3AHHTUH, e
UeTeconbpasto ONPEIE/NTD PN BBIMHCICHHE TOTEH IMAMOB 3aHMThIX Kie-
TUK, OH3 AO/KHE HMCTL HAMMCHBIIMHA TapH) N0 CPABHEHHIO ¢ APYTHMH
KJICTKAMH, KOTOPLIE MOMYT ObITh YCAOBHD JaHSITLIME.

Tak, AaA HaxoKIeHUS NOTEHLHANA Hy TIOMECTHM HYJICAYEY TINCTARKY

p kAetky (1, 3), nocne 4ero npeaAcTABIAETCAS BO3MUKHBIM BEMMCINTD
QCTANLILEIE NOTENLNATL.

‘\‘\ \
~ b ! 2 3 4
a . i ot - - —— — I,
' \“‘\q 4000 5000 1000 3000
1
6 4 9 8
{ 6000 0
3000 3000
| _
5 3 2 R
2 3000 1
2000 1000 |
. 2 3 § 8! |
3 l 4000 : -1
0 .
N SN o A L _ '
l
v 3 4 3 8

Ouenrn cBOBOAHBIX KALTOK OVEYT DABHBI
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A, =-3 A, =-0. A, =-3 4, =-1 Ay =4, by =-L

HDCK()J‘]I:K}’ HIEHKH CTPHUATENbREIE, TG Mbl NOAYYHIN GIMTHMULTRHGS pe-
weHHe:

0 3000 0 3000
X, =| 0 2000 1000 O
4000 ¢ 0 0

CToHMOCTh TRPAHCTIOPTHRLX pacxojson cocTasuT L (X ) = 28 000 aen. en.

Hif

14.4.2. OTkpuiTas TPAHCNOPTHAA 334243

TIpst e pi1Toi TPAaHCNOPTHON da1ave CyMMa 3ATAcCOB He COBNANAET € CYM-
MOH MOTpebHOCTE, T, ¢,

Va2 30, (14.19)

12 =

[Tput aToM. 0 coows OYEPeilh, BUSMOMIEN BBA BAPHAHTA:

a) ecan
L2 L]
da >>0b,. (14.20)
i i=t

T. €. O0BEM 32MACOR MpeBLIlaeT ofiheM MoTpedneHHs, TO BCE ROTPEOHTERN
GyayT YA0BAETEOPEHB! ROJIHOCTBIO W YACTb 3aNacOB OCTAHETCH HE BuiBe-
acuHOl. 1 pealeHusd sanaduy BBOAST gurmuenozo (n + 1) nompeGumeng,
MoTPeSHOCTH KOTOPOro PaBHL! PasHoCTH 0OBEMOB JaTiaca H NoTpebienns:

b =30, -0, (14.21)

ie| F=l

Mogean Takoit 3asaws OyAET MMeTh BH DOHCKRZ MHHWMYMa LCIeBOil
chynkiid (14.17) npi omanm e

n
i‘ru =&

il

&) ecau
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Sa <3b, (14.22)

1=1 FCll

T. . hbes foTpedieln upesuiuaer odbeM sa1acoB, TU HacTk NOTpebHO-
cTeli ocTaHeTest HeyaoBaeTeopeHnoil. [Ina peuleris 3anaun BBOINM ghux-
mugito2n (m+ 1) nocmagyuxg ¢ OFBEMOM OOCTABKH, PABIILIM PAZHGCTH
DG'I:L'MUB I[UTpL‘ﬁ."ICI-IHH i NGCTAROK!

L
a,. :ib,« - Za,.
a=h ICH

Muojteah takoli 330894 HMERT BUA NOWCKA MHHHMYMA Teaenol qHKIHN
CTOMMOCTI TpancnopTiux satpar (14.17)
MPH OTPAHMIMEHUSIY

-
|
=

r=1
x,>=0 i=Lm+l j:i_n.

n]’]“ BHEAEHITH (bIIKTIIBHh!X NOCTABULITKA 11N HOTPGF}HTE.TIH OTKDBITAA
TPANCIOPTHAA 3a4a4a CTANOBHTCA 3AKPHITON K pelacTes no paHee pac-
CMOTREHHOMY AATOPHTMY AN 3AKPhITHIX TPARCIIOPTHRIX 32034, TpHYeM
TAPH(PL], COOTBETCTBYIOIHE (PUKTHBHEIM ACCTABIIKKY WK (0TPeduTEMO,
TIDHEHBMA0TCA 6{Jﬂbl.lIHMH HAH DABHBIMH Hal'[f)o.f]hl[[EM_v M3 BCCX TRaHC-
NORTHRX 'l":lpPI{bOB. HHOT/A UX CHHUTAKNT DARNLIMIL HYV A, B HaﬁﬂPlII'IOM on-
TUMATBHOM peltettist neaesoit (pyuxitny GUKTHBELIT TIOCTABUYIK MM N0
1pedUTENs HE YHHTHIBAGTCSA.

Tlpumep 3.

CocTaENTE OITHMANBHLIH 112N MePEBOIKH IPY30L OT TPEX NOCTABLIHKOS ¢
rpyaanu 240, 40. 110 v x wernipem norpefiurenss ¢ aanpocamy 90, 190, 40
11 130 1. Tapndii #a nepenoaky CANNNMLE IPY3a 0T KAKAOIO NOCTARONKL K
KAaAOMY TIOTPeANTENO ZaHbI MATPHILEH

7 13 9 8

14 8 7 10|,
315 20 &
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Peuiernue.

i
Jariachi TPY30B ¥ TOCTABILHKOR Zar =390 1.

17]

1 A i
3anpocsl noTpefureaeii Z h, = 450 T, TaK Kax Zal < Z b,. T0 BBROANM
1=t =y =
HKTHBROTO MOCTABIIMKA € [PY30M &y, = 450 — 300 = 60 7.
Tapnup puxrisnoro noctariivra 4 npumes pamieam 20 aen. ea.

Tabanua a4 H uMeeT C.T[L’ﬂ}’lﬂlllilﬁ BILA.

“““\ by I 2 3 4 1
- h— - _ h— u,
i T 90 150 40 130
7 13 9 8
! 240 0
130 L
1 8 7 10
2 40 -5
0 40
3 15 20 6
3 110 -2
90 20
20 20 20 20
&p RO 7
G0
|
| r} 5 13 12 #

Tak kak m + n — 1 =7, 3 YHCID 3AHATHIX KNETOK Pasdo 6, TO ANA HCKAIYe-
HUA BWPOAACIHIHOCTH BBCAEM B KUeTKy (2, 2) Hynenyo noctaery. OueAxH
CBOOOANBIX KAETOK DARHHL:

8= =2 A =3, Ay = 14, Bye= =7, Ay = ~4, Ay = ~10, Ay = -8,
A'irp.'t =-1, '344;4 =-3.
Querka ceoboaroil ketku (1, 3) Doabiue ny s, mepepacopeJc.1dM rpysu:

T

3anuieM OAYYEHHOE IEPEPACIPEACTEHHE IPY30B B HOBYK) Tabawiy.

130T— + 90

oL+ =140 40

20-1222
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— b i 2 3 4
T N ™ e v B
5 7 1 9 8
o 240 90 40 10 0
.[ 14 8 7 10
B 40 40 5
| 3 15 20 6
3 o (90 20 2
20 30 20 20
i 60 60 7
& 3 13 9 8

Teneps ollenki CROBOXHLIX KICTOK BCE OTPUILATENBH K

Ap=-2 8, =14, A= -3, Ay =-7 Agpp=—4, Ay=- 13, Ag=-17,
Ap=-—4,4,=-5

TasuM oBpazoM, TONYUEHD ONTHMATRHOE PEleHHE

0 90 40 110
X,.,=| 0 40 0 o
9 S¢ 0 20

P KOTOROM  CTOHMOCTh  TPAHCNOPTHLIX pacxyJoBR COCTARMSAET!

L(X,..}=3120 nen. en.

MpUMEHBHWE TPAHCMORTHLIX MORENEA B AKOHOMWMECKWX 330248X

AJITOpPHTM ¥ METOABI PEUIEHIA TPAHCTIOPTROM 3a4a4H MOTYT BhITh HCTIONL-
3ORAHRI TIPH PPUIEHHE HEKQTOPBIX IKOHOMHYCCKHX 3aa4, HE HMEIHX
OTHOLUEHTIA K TRAHCHODTHPOBKE IPYJI0B. B atom CIy4ae BETHYHUHHW TapH-
(OB ¢ HMEIT PasryHbIl| CMBICT B 303HCUMOCTH OT KOHKPETHOH 3aaaun.

1. OntimannHoe BAKPLTUIEHHC 34 CTAHKAMH onepamii'r ma 06])&160TK(’. Ae-
Tanei. B HAX BeaHUMHA £y SBASETCA NPOH3BOANTENBHOCThIO, 3aja4a
[I03HONACT ONPEACHHTE, CKOIBKO BPEMEHH H HA KakoH orepauiis my#-
HO HCHOJILIOBATD Ka}Kﬂh[ﬁ H3 CTAHKOB, yT0OR 06paéorarb MAKCHMAaN -
HOE KONMNYECTBO AcTaneil. Tak Kax TpaucnopTHas 3anada TpefiyeT Ha-
XOHACHHSE MHHUAMYMA, TO AHAYEHUHS ¢, OCPYTCH € OTPULATEILHBIM
BHAKOM.
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2. OnruManbHble HasHadeHHs WM npodnema Buibopa. UMeercs m mexa-
HH3MOB, KOTOPHE MOTYT BHINOAHATE N1 Pa3nKunLEx pabot ¢ npousnosm-
TEALHOCTHIO ¢ 3anaua NO3BOIAET QlIPeaennTh, KAKOH MeXaHH3M i Ha
Kakyo pabory 1ano HadnavuTs, YTodu KoBHTECA MAKCHMANTLHON Npo-
HUIBOANTEILHOCTH.

3. 3anava ¢ COKpaNn(EHHH MPOMIBOACTBA € YUETOM CYMMAPHBIX PACXOAOB
Ha H3MOTOB/CHNUE 1 TDANCNOPTHPOBKY MPO/YKILLLL.

4. VYpenanuenie NPOMAROHTENLIOCTH ABTOMOOHIBHOMG TPAHCNOPTa 3a
CYET MUHMMHIALSIH TIOPOXKHETO Npodera, cOKpaleHUe KOTOpOro Mo-
BBOJRT YMEHBILHTE KOAMYECTBD anTomobmilell 418 NepesosokK 3a cuer
YBETWYEHHA WX MTPOM3BOAHTEIBHDCTH.

5. PemeHne 3ajgad ¢ (OMOLLbI MeTOAR 3APemeHs neperoduk. Henonb-
ayeTca B TOM CNyYae, £CAH IPY3 OT HEKOTOPOro NOCTABOIHKA IO
KAKHM-TO NPHYMHAM He MoXKeT OblTh HANPARNEH OAHOMY U3 noTpebu-
Teneil. Jannoe uTPaHUYEHNE MOKHO YYECTD, IPHCBOHE COUTBETCTEY!IO-
mell KNeTke AOCTATOMHG BOJIbIIOE SHAYEHHE CTONMOCTH.

Ipumep 4.

Ha npeanpuaTiy HMeeTes TPH CPYTIBI CTRHKOB, KAXK/IAA K3 KOTODHIX MO-

HKET BHRUTOIHATD MATL anepauui no obpaboTtre AeTancit (onepaunu MoryT

BHUIICUIHATBES B 210608 nopanxe). MakciManbHoe Bpems paBoTht Kaxiolh

rpynnu ctaikoe papHo 100, 250 » 180 v cooTeeTcTREHHO. Bpems Bai-

NOJHEHUA KOKAoH onepadii coctaansger 100, 120, 70, 110 u 130 v coat-

BETCTBEHHO.

Onpeaenurs, CKUAbKO BPEMEHH H HA KaKO# OnepatiHil HYXCHO MCHOAb30-
BATL KXY 'PYRILY CTANKOL, 4TO0B 06paBoTATh MAKCHMANLHOE KORHEE-
CTBO JdeTtanett.

[1poMAROANTENBHOCTI KAk 0N PYIOLL CTAIIKOB Ha KaXkKAoH ooepaund 3a-
Batbpl MATPHLEH

3 5 11106 5

s 10 15 3 2|

4 8 6 12 {10

Perterve.

Bocnosib3yeMcesi afiTOPHTMOM pellteHHR 3aKpuToif TpaHeiiapTHoil 3agauy
(14.16)—(14.18), npy oroM 1pa TapudoM GyaeM TOHMMATE HPOUIBOIN-
TEAGHOCTh CTAHNKOB (10 ONCPALILAM.

Tax kax B sasade TPeOyeTos HAHTH MAKCHMYM, 4 COTNACHO aNTOPHTMY
TPAHCTIOPTHOI 333a4H AAXOANTCA MHHUMYM, TapHdn: yMHoxuM Ha (—1).

pioky
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CoctaBuM TaOaHIly 33aYH COrNacHO NTPABKUIIAM, H3NOKEARKM B 14.4.1.

T by [ 2 3 q 5 )
I - |
6 100 120 70 110 130
-3 -5 -1 -10 -5
1 100 0
40 60
-5 -10 -15 -3 -2
2 250 -2
60 120 70
-4 -8 -6 -12 -10
3 180 -5
1D 70
Y -3 -8 13 -7 -5

IIHXO}IHM NOTCHITHAILI CBOﬁDﬂ,HHX KICTOK.
Al? = _3. A!:;: _2. Ailﬂ = 3, &g_‘ = _6, &2_.] = _‘5, A3] = _‘4. AEQ = :"'5, &33 = _12
Tax kak &, = 3 > 0, HeoBX0AKMO MPOHABECTH IEPCPACNPEAENEHHE TPYROB;

noAyYdeM:

110

ST

+170

60

50

130

[MoayyeHHae mepepacnpeaeseHue omepaliil 3aHeCeM B HOBYIO TahmvLly.

T ]
- b 1 2 3 4 5
\"\\\ 1 1
i T "
' 100 120 70 110 t30
-3 -5 -11 -10 -5
1 100 0
40 60
-5 -10 -15 -3 -2
2 250 -2
60 120 70
-4 -8 -6 -12 -10
3 180 -2
! 50 130
T -8 -13 -10 -8




Ynpaxnewna 3

OLI,EHKII cBODOAHBIX KAETOK COCTABANIOT!
&u = —3. ﬁ]_-._l: —2, A|5 = -3, Ag" = "9, Aﬁ: —8. A:” = —1, A.‘i}': —2. ﬂ;ﬁ = —g

HalaeHHOe pelleHie ABSETCH OfTHMAILHLIM, TaK KAK DCE QUENKH CRO-
6Dﬂ,l{blx KIICTOK OTPHUATENLHLELE, 3TO p(‘LLIEHHE 1IMEET BHA

0 0 060 O
X, =|60 120 76 0 0
G 0 0 50 130

Taxum ofipazoM, Ha NEpROil IPyNNe CTaUKOB NeACCO0DPAZHD BLUTOIHATS
onepaiit 1 1 4 nporomknTensHoctsie 40 0 60 4 cooTBeTCTREHHG, Ha BTO-
po#i tpynne — onepaumnu 1, 2 v 3 nponenxurensnoctoio 60. 1201 70 4 co-
OTBETCTBEHHD, HA TPETLER rpymne — onepauvi 4 ¥ 5 NpoZoTKUTEabHO-
cteid S0 M 130 u cootreercTBeHHO. TIpH oTUM MaKCHMARBLHOE 4HCNO
ofpaforanHmnx aetameH coctaguT 5170 wr.

YnpaxHeHus

Peinh 340a4n ¢ Henoasossem rpadiiMeckoro MeToa.
14.1. L(¥) = 3¢, —6x, — max (min) opy nrpaHHmenusx
x -x, 20
-2r+x, <G
4x, =7,

x,, 20

14.2, L{x}=2x, + 3r; — max (nin) npu orpainyednx
x +4x, 28
x, sS4,
2x, 25,
x,, 20

14.3. L(X) = 4x, +6x, — max {min) npy orpariennsax
3, +x, 29
x, +2x, 28
X, +6x, 212,
x .20
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t4.4. L(¥) = 4x, — max (min) npit OrpasgyeHMsAx

3r, +5x, <18
2x, ~x, 20,
bx, -3r, €15,
x ., =

14.5. L{¥)=2x, + 3x, — max (min) NP4 OrpaHHYLHMHK
Sx, +3x, <15,
Sx, +4v, 210,
X, 5,
X, , 20
14.6. L{X)=Tx, —x, — max (min) opH OrpanugeHx
3r, +5x, =18
iy, + 1, =0,
Jr, -2x, 2-12,
~Tx, +x, €2
X, z0
14.7. L{X)=2x, + 3r, —» max (Min) Np#t oTpaHH'IEHHIX

x, +2v, 26

14.8. B cyTouHB} pALHON URINAAT BRANANT &BA OpoayKTa iwiTannsa, I,
H I, npuuem npoaykTa I, No/KHG BOHTH B AHeBHOI Dalkon te Donee
200 ea. CrouMocts 1 e, mpoaykra I, coctaniser 2 den. e4., APOAYKTA
1, — 4 aeH. ex. CoaepiKaHHe NUTATENLHBIX BellecTs B 1 e, NpoaykTa, Mu-

HUMALHEE HOPMB ROTpebReHUs yKazanw B Tabhnile.

OIIDEI[CJ’IHTI} DITTHMRNbEH BIT FUMON OHTaAHHA, CTCHMOCTE KOTOROCQ 6}'}!{"]’

HaMMeHLeii.
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M HItHMAN b AR COA?pJKﬂH ";‘ NHTATENLEH Y BEILECTS [
H::z::;::;oe HOPMA ROTPEBACHUA, B 1 ea nmpoaykTa
ea/nei, 1, 11
120 0,2 . 8.2
i B 150 0.4 0.2

TlpoBecTH aHANMU3 337134 € MCNO/L3I0BAHMEM MPatiHYECKOTD METORR.

14.9. Pupma prNyckaer naaenus asyx tunos, A H B. [lpy atoM uenone-
IYETCA CHPBE YETHIPEX BHR0B. Pacxol CchIpha KOKAGTO BHA A2 M3TOTORAE-
HHe eAHHMLIL MPOAYKLMM M Janachl CWPLA 3amatu 8 Tabmie.

| Cuipue |
; HManenue
L 1 2 3 4 ;
a 1 0 | 2 |
B 3 0 | [ |

danacw ceipba 1-To Buna cocraensior 2t en, 2-ro Buaa —4 ea, 3-ro
U — Sed. n 4-ro snna — 10 e1. Beimyck oanoro u3aeaus tHna A npuyo-
¢cuT aoxon 300 neH. ex., onHoro uagesnua tana B — 200 new. en.

CoCcTaBuTL A DPON3BOACTRa, obecneunpalounii ¢upMe Hanbosblunii
NOX04T.

14.10. Ob6padorka netaneii A n B M0eT NPOH3BOAHTLCH Ha TPeX CTaHKaX.
IIpHycM KaxKgas ZETATh NPH €8 HITOTOBAEHHM JONXHA NOCHeJ0BATEALHO
0OpPabaThIRATHC S HA KAXGIOM W3 CTAHKOB. [IpUfisiIb OT peaindanui JeTanm
A — 100 pen. ex., yerann B — 160 aen. ex. Hexoanse gamisle npabeaeHs
8 Tabnuue.

Onpeaeantn NPOH3BOACTHEHIYIO TIPOrPaMMy, MaKCHMHIHPYIOUYIO NIPH-
GRUTB NP YCAOBHIL CAPOC Ha AeTank A He meHee 300 uIT,, Ha perans B —
ne Gonee 200 wr.

Hopma spemetin Ha obpalioTky ool
Cranck AETAAR, ¥ Bpems puboru
CTaHKA, Y
A B
1 0.2 0.1 100
2 0.2 05 180
3 0.1 0.2 100
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PelluTs caenyoulmMe 3alagn CHMILIEKS-METOAOM,

14.11, L(¥)=2x, + x, + x, —X, — Max 1P} OrpaHHYeHHAX
X, o—Xx; +xy =1,
2r,+x, +x, =3,
x, 20, j=14

1442, L(¥)=x, +2x, + 2x, + x, +Bx, —» min npH orpaHuveHHAX
2v, +x, +2x, =4,
x, +x, +4x; =3,
X, hx, =3

x, 20 j=15

14.13. L(¥) =3+ 2x, + x; > Max IPH OrpamHenax
2¢, —x, +x, =2,
2v, +3v, +x, =6,

X -2y, +x; =2,

1

x, 20, j=1,
1444, L(¥)=6-2x, +x, -3, +2x, + 10x, — min npn orpanituenunx
X, Fx, A =4
Xy vy, 4x, =3
2, +x, +3r, =8,
x, z0 j= 1,5.
14.15. L(¥}= 3x, + x, + 2x, —> min 0pH orpaHHYEHUHX
2v, +x, +x, =40,
X, +2v, +2¢, =10,
x, 20 j=13.
14.16. L(X) =x, + 2v, + 2x, — Min NpH orpasHyeHux
X, +Xx, +x, 24
X o-x, tx, 22

X, =0, jzfl
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1447 L(X)=3x, + x, + ¥, + X, —> Max IIpY OTPAHHYCIHAR
2v, +x, + 4z, +3r, £3,
3, -x, +2x, 453, =1,
2,20 j=14
14.18. L(X) = x, -5x; —x, — max IIpx OrpaliHYenax
x, o+ dv, + 36, =3
2x, +3r, €4
¥, 20, j= 13.
1449, L(X)=x +x, +X, +X, 5 MINLAPM arpaHHYesHsx
Jr, +2x, +x, 28
X, +6x, + 0, + 13, >4,
x, 20, j= 14
14.20. L{xX)=3x, +5x, + 4¥, -—> max np# orpaHHueHHAX
e, +4x, +2x, €9,
2x, +5x, + 1, <8,
x +2x, +4x, 27,
x;200 7= 13.
14.21. AO «Mexauuyecknil 338015 NPHU MATOTORICHUM ABYX THTIOR [ETA-
nefl Henoss3yeT ToKapHoe, (hpesepHoe K cBapoutoe obopynopanne. IIpn
aTom ofpaboTky KaKA0H AeTam1 MOXKHO BECTH IBYMS] PA3/ITIKEIMHA TEXHO-

AoruueckuMp criocobavi. Heo0X0AMMbIe MCXOANBIE JAHHAE IPUBELEHE! B
rabauue.

CocrasiTh ONTHMANBHBIR MUIAH 3arpy3xk obopyaopauma, obecneunsao-
mufi 3aB0IY MaKCAMANLIYIO NpMbLEInD,

B i ﬂ.e_1'a.ub - N
' 1 ' 3 LivaesHuii
Otopyavsa e L hona BpeMeRss,
Texunoaoruuecxsbi coocol CTAHKD-4
1 2 { 2
(peaeplios 2 2 3 # 20
Toxapnoe 3 1 1 2 37
Cuapowioe 1] H 1 4 30
lipiBeiin, nes. en. 11 6 5 6 -
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14.22. Toproeas ¢upma U NPOADKH TOBAPOB TPEX BUACB MCAO.MB3VeT
PCCYPCE BPEMA W ILTOLIAAL TOPTOBLIX 3aN0B. 3aTpaTol PCCYpPCoOB Ha Npo-
JaKy OZHOH DapTHM TOBAPOB KAX(LATO BIIa AaHm B Tabmnue. [Tpnbuus,
[OJIY4acMan OT PeATM3ANHH OJHCH TapTHH TOBApOB 1-ro BIIFa, - 3 ACH.
cd.. 2-10 Buaa — 8 aen. ea., 3-ro suaa — 6 AeH. en

Onpefe/iHTe OITHMANLHYI CTPYKTYPY TOBApochopoTa, 06eCcTTeuMBAICIIYH)
(PHPME MAKCHMAILHYID 1IPHOLLb.

— . R -
Busx Tomapa O6uem
Pecype R
l 2 3 iy peod |
Bpemd, wen.- 0.5 07 0.6 370
Nacan, w2 01 .3 0.2 90

14.23. @upMa BIIYCKAET 4YeTHPEe NOALAVILINNCH CHPOCOM M3AesHS,
APHYEM MECAUHAS MporpaMMa BbIIycKa cocTasaneT aa 10 uapemtd tana 1
1 3, 200 nagenmii Tuna 2 v 120 nanenuii rina 4. Hopmst pacxozaa cbipost va
EAHMHHLY PasIMYHBIX THROB M3AeKil NpHBelent B rabaHLe.

- -
| Hopma pucxena wa | nzavane Janac
Bua cmpos boo— o e o e e s e
| : ) 3 4 CUPLA. e,
R _ _ 4 .
| : 5 1 ] 2 1204
5 4 5 9 b 600
3 L o 7 1 150

[1pubrnab oT peanusamme wagenwii Tvna 1 panxa 6 aew, en., Hanennil Tu-
na 2 —? Rew, e, H3memt tHa 3 — 2,5 med. en. o wanenwii Tama 4 —
4 aew. en.

OnpeaenHTh, ARIACTCA Tif MeCAYHASA NPOrpaMMa BhIMycKa H3ZEMIH ONTH-
MaJIBHOH; €CAlK HeT, TO ONPEIEAHTE OIITHMAIBIIYID MECALHYRY 1IPUIPaMMy
W JOMOAHUTEALHBIA 10X0A, KOTOPbiH (bHpMA MOXKET NP 3TOM IOAYSMT.

14.24. 3A0 «Meranayprudeckitit 3anods U3 MeTanros A, A, A, MOXeT
BEIMYCKaTh craaebl By, B, By B Teyenue nnanupyemoro nepHoaa 3apgod
IADJIXKEH DCBOHTD He MeHee B4 T merautia A, W B0O 1 MeTanna A, npw atoM
MeTannd A, MoKeT BhiTh H3pACXoUoRAHO He Oaaee 860 T,
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OnpeneniTs MEAMMATEHLIC 3ATPATAL; AaHHLIE (& HOPMaX pacXofa M cefe-
CTOMMOCTD AAHB B Tabanue.

TexHLARMINECKSA NOPM3  pacxulda
Bua meranna MCTAINZ WA YO e, CHAand Haamune aaniuca
- 1 MOTARA ¥ A3BDAA
8 B, B
Ay L0 4.3 26 640
A 50 1.3 1.0 800
Ay 0 39 4,3 §60
CelecToumneTs 18 ! 15 13 -
1 T crpasa, aeil. en

14.25. Txaup Tpex apTHKYAGB NPONSBOAMICS Ha TKAUKHX CTaHKax JBYX
THIIOR € Paz\HIROMH 1IPOHIBUANTEALHOC T, 118 MIrOTOBACHHH TKalH HC-
MONBLAYIOTCA APRKA U KpacHTeAH. B Tabanne yKa3aHb MOULHOCTH CTAHKOB
B THICAYAX CTAHKO-MACOHB, PECYPCH RPAXH W KpacHTeelt o 1000 kr, npous-
BOJAUTEIBHOCTH CTAHKOB B METPAX 32 Yac, HODME Pacxoja npsaxi W Kpac-
kit B Kitnorpamsmax Ha 1000 M o newna 1 M Tkanm.

_ Obnent HupMa pacxoaa
Bun pecypra

pecypcon 3 9 a
Craskn l-ro Tvna 30 20 10 25
Cranxy 2-ro TROA 45 8 20 id
ilpama 30 120 1580 210
Kpacwreau | 10 5 8
llena, nen, ej. 15 15 20

Mo 3THM HCXOAHBIM ZAHHBIM PELIHTD CAEAYIOUIHE 3H1AUM;
1) onpeseanTt ONTHMAABHEIL ACCODTUMENT, MAKCHMUSHPYIOWNE olbem
TOBAPHO NPOAYKLMY NPEANPHATHA,

2) TR YCNOBHH, UTO KOJIWYECTBO TKAHEeH TPeX apTHKY/IGR HAXOMWTCA B OF-
nomeuut 2: 1: 3, onpeAesnTh, Kakoe MAKCHMAALHOE KOHYECTRO TKa-
HH MOXeT BLIOYCTHTL NPEANPHATHIC;
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3) onpenenxTh ONTHMANLHBIA ACCOPTHMEHT, MAKCHMMWIHPYOMKH noxon
NpeAnpPUATHA, eci UeHa | & TRaHKW cocTasaaer 8, 5 u 15 fmeu. en. coot-
BeTCTBEHH:

4) pelHTh 32024y NPH YCIAOBHH, YTO CTAKKH 1-T0 THIIA TKakb (EPBOCO ap-
THKYJa He MPOR3BOAAT.

COCTaBHTh MATEMATHYECKYIO MOAENb ABOHCTBEHHBIX 3A0aY, PElIMY LAHY
H3 HMX, HAHTH ONTHMANBHOC PEUIEHKE APYTOM.

14,26, L(Z) =2x, + x, + X, —> MiD IPH OrpaHHYEHHAX
X+, tx, 24
X, -, +x; 22
X, 20, j=13.
14.27. L(®¥) =2x +x; -3, +x, — Max f1py oTpaHyueNnax
X, +2x, -x, £4,
X, -Xx, +x, + 3, €1,
x, 20, j=i4.
14.28, L(¥) = 3r, +x, + X, +X, — ThaX NIPH OFPAHHYCHHAX
2, +x, +4x, +3r, £3,
dr, -x, +2v, +5x, <L,

x, =0 }:ﬁ

14.28. L(X) =2x, + 3r, +2r, — min UpK OrpaHHYEHHAX
X, —x, +2x, +3r, 29,
¥ +2v, v, —2x, 28,
X, z0, j= I.Ti
14.30, L{X)=x, - X, + x, — ™aX TIPH OTPAHAULHIAX
X, 42y, +x, =2,
x, —2x, +x, =1,

x, 20, j=13.
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14.31. L{xX) = 2x, -x, + 3x,; +x, — Max NPH OrpaHiIeHIX
2y, +x, —dx, =10,
X +X, +Xx, =4,
x, 20, j=14
14.32. IL(x)=-x, + x, + Bz, —x, — min npn orpanHycHUAX
2, -x, +2ry +x, =2,
-2x, +x, +3dr, +5x, =6,
x, 200 j=14
14.33. L(X)=-3x, + x, —x, — MaX NIpPH OIPaHUYEHUAX
dr, +5x, +x, +x, =32,
X+, +x, -x, =8
x, 20, j=14
14.34. L(X)=x, - 3x, + 2x; — nin 0pH orpaHMyeHHHX
X k3, —x, +2x; =7,
-2y, +4x, +x, =12
—4x, + 3, +8x; + x5 =10,
x; 20, j= 5.
14.35. L(¥)=-2x, + ¥, — min npn OrpaHAYEHHAX
2r +x, <8
x, —-3r, 26
dr, +2x, 23,
-x, + Ik, £-5,
I‘f 20! j=ﬁ‘
14.36. [Iaa npouanoxcTaa Tpex haneanit A, B u C HenoapayioTes TPH BHAA
Chiphsi. Kakami %3 BMO0B CHiphs MCTOABIYETCA B 00beMe, He TTPERRILAY-

utem 180, 210 1 236 xr. Hopmsl 3aTpaT KaXaorc H3 BHAOE ChIPbA Ha DAHO
u3esane H UeHa eJIHHHUBL H3AeANE npHBegeHt B Tabnuue.
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: Hopma sarpaT cwpbg 12 0ann iojeme, xr
Bux cuwpea —_—

A B &

1 4 2 1

2 3 i 3

1 H 2 3

Lena sageaus, 10 14 12
ACI. ¢,

OsipegeniTh Naall BLINYCKA n3aeInil, obeciediBaoiHil nonyuene Mak-
CHMANBHOTS ROX0aa.

CocTaruTh JUIA AanKoi 33734 JBOHCTRENNYIO W HaHTH clegviouine pe-
IEHHA:

1} anTUMATHHBI naaH ABOHCTEREHHOM 3adavlt;
2} HHTEPBAIK YCTONYMBOCTIL ABOHCTBEHHEIX OLEIIOK;

3) ypennyenne MaKCHMANLHOPD AOXOMA fPH YBEIHYEHHH KOTHYecTsa
ChIpLA 2-ro 1 3-ro BUaoB Ha 80 it 160 K cOOTRETCTBEHHO H NPH YMEHK-
WeHMH KOMHYecTBa caipss 1-ro suaa na 40 kr. Ouenwurts pasnenshoe
H CYMMADHOC BINAHWE 3THX H3MEHEeHHIT;

4) 1enecoodPUIHLCTD BEAEHRS B NAAH NPOUIBOJICTEA 4-T0 H3AEAHS, HOp-
Mbl 3ATPAT CHIPBLH HA OHD M3neanse KoTopord cocTasaniT 2, 4 u b kr, a
ueHa M3IeNUR pasHa 18 gew. ca;

5) OMNTHMATBRBIE NJAHK HCXOAHON ¥ ADGHCTREHHON 3anay, ecan Kouye-
cTRo chtpha 1, 21 3 panvo 140, 250 1 240 kr cOOTBETCTREHHO,

Peunits CIEAYIOIHE TPAHCNOPTHRIE 3aA34H, 3aaHHbIC PACIPEACAHTCNL-
HLEMH Ta()JIHLIaMH.

14.37. 14.38.
. o o
0y b X b,
\, so | 40 | ev | 70 I N w0 | 40 | 90 | 120
a, L@
) 3 1 4 3 | 180 | 12 | 8 6 5
5| | _ I R
70 5 2 3 ( 80 | 15 | 10 7 8
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14.39. 14.40.
b !
il 1 80 60 \\»\_’1 240 0 110
d, a;
100 2 1 2 94 7 ia 3
70 5 5 G 1990 13 8 15
- ——
70 A & 3 40 9 7 20
a9 G 3 1 £30 8 10 6

14.41. Tpefyerca ¢naaHnpasatTh NEPERN3IKY CTPOHTEITRHOTO MATEpHANA
€ TpEX 3aBOJORB K HETRIPEM CTPONMTEILIIAIM MLAGIHIAAKAM, HCITOIILIYA Henes-
HOROPOXRHYIO ceTh, B TeveHile KAX/1aro KBapTana Ha YETHPeX NAomAIKax
Tpebyetcsi, cooTReTcTReHHa, 3. 10, 20, 15 BaroHOR CTPOMTENLHBIX MaTe-
puanos. Bosmoxnoern 3asoon panim 10, 15 » I5 paroHoR B WeapTal
COOTBETCTBEHHO. YCnOBHA 3ada9H MPHBEACHR B Tﬂf).’]}llle. Yuena Ha nepe-
CCHERHA CTPOK H CTDHGHOH Ta.fmlﬂl'bl GARAHAOT CTOHMGCTh TEePeBO3KH
QUHOTO BarcHa (eH. en.).

[oTPeGHOCTE CTPOHTRIBHNX NIOIMALCK
| r
oo 2 3|
i 3 10 20 ! 15
1 i0 8 3 3 2
2 15 1 1 & 4_
3 23 i 5 4 3

14.42. Dupna NoIYYHIA 3aKadbl HA 3 BUAA BEINYCKAEMOT C10 IPUAYKUHH
(60KAnkl, YAKH 1 Ba3ki), KOTOPEIE HEOOXOAMMO H3rOTOBHTL B TCYEHHE
cneaywnicit Hegean. OOneMm daxkasor: Oogans — 4000 wr, vamgn -
2400 ., Bazm — 1000 wr.

YyacTok 1o W3roTORMEANID NPOAYKIHN UMeeT 3 CTAHKA, A KaXAOM U3 KO-
TOPEX MOXKHO [TPONIBOANTE AI000H H3 3MKAJAHHBIX BMAOB MPOIVKLIMIL
C OAMIIAKOBOH MPOHIBOAHTEABHOCTBIC. EAMHWYHBIE 3aTPaThi 110 KAKIOMY
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BHAY HPBAYKUAM PASAMYHDl B 3ABKRCHMOCTH OT HCIOARIYEMOIG CTaHKa

H 34/18HDI TaGJIHL[E‘ﬁ.

i' Cranak Bokanu Hawixi Biswi
1 1.2 1.3 11
’> 2 id 1.2 : 1.3
3 N 1.0 r ‘I

1.3

K].}CJM[‘ TOrQ, N3BECTHO, YTO NPOM3BOACTBEHHLIE MOLHOCTH 2-v0 1 3-to
CTAHKOR HA CASAVIILYID Heaenw coctassy 3000 mr. a cranxa 1 —

2000 wr.

Hcnonways Moaens TpaHcHopTHOH 2afauy, HallTé ONTHMATHHLIA MLTal
POM3BOACTRA, OOECHEYHBAOWHI MUHUMYM 3ATPAT APH M3TOTOBJIEHIH

A3KAZ3HHBIX BHAOR NPOTYKLIHH.
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3NeMeHTbI (PMHAHCOBON MATEMATUKM

Jhiobaa buHAHCOBAS, KPEAMTHAR HAH KOMMEPNECKS OIeDALNI (Ipeanoa-
r2eT COBDKYMHUCTL YCAOBMIL, COrAAacOBAHHBIX ee yuacTHHKAMM, K Takum
YCAOBHAM OTHOCATCA: CYMMA KPeasTa, dafimMa mil HHBeCTHLIH, neta To-
Bapa, CPOKH, criecodm Hasncnens NPOUEHTOLE B IOranicHuAa Aoara i T. 4.
ConMectHoe BANSHUE HA IMHAHCORYIO ONepalliKy Muorux ¢akTopon ae-
JHET KOLeYHBli e PCIYABTAT HECHEBHAHEIM; JLIR €10 GUEHHBANINA feohxo-
AHM CI'IEuHa.u'lbllbiI"I KOMNHECTBCHHLIA AHANHI. COBOI{}'IIHDCTB METONORB
ITOTO AHANM3A H COCTARBIET NPeAMET thHHAHCOROIT MATEMATIHXIL.

B aanioli raase paceMaTpiBaoTe pruaiconsie seincacnns, neabxon-
MBIE LTS AHATI3A CAETOK, RBITIORAKIUNX TPH OCHOBILLX 3MCMEHTA — pa3-
MEP 1LIaTesa, CPOK ¥ CTABKY (1POLEHTOL.

HMenHo OHE COCTABAHIOT OCHUBY KOAHYECTBEAHOI'D (PHHAHCOBOIG AHANN-
34, UEALID KOTOPOTO SIRAACTCH Pellente IHPOKONO KPYra 3a4ay: oT 3Je-
MEHTAPHOTO HAYHCICHHA IIDOUEHTOB [0 AHLIH3A CHOMHLX KPEAHTILLIX
I KOMMepUeckuX onepauuit. K aToMmy xpyry 33/1au MOMXHO OTHECTH:

* pacYeT KOHEUMBIX (HAHAHCOBBIX PRAYILTATOR DNEPALHY AN KOKACH U3
YUACTBYIOUIHX B Hell cTopon;

s cpaBHeHie HPOHOEKTUBHOCTH PaaTHUHbLIX onepalllif WiAH BAPHAHTOB;

¢ BRIABJICHHE JABHUHMOCTH KOHEYHBIX PC3YyALTATUB UT OCHOBHLIX napa-
METPOR BREPALHH, CAGIKH, KOHTPaKTa;

¢ pa3paBoTKa NNAnoB BLINOJHEHHA GIHHAHCOBLIX ONepauuii;

« pacyeT NapaMeTpoR IKEMBAIEHTHOTO U3MEHEHUA YCIOBUI KOHTpaKTa.

3neck paccMATPHBAITEN DCHORHHE NOHATHS, KOTODBIMU ONEPHPYIOT
B QHHAFCOBETX BBIYHCIEHHAX: MPOLEHT, CTAKA NPOULHTA, YYETHAA CTas-
Ka, coppeMeHHas (TeKyUulaf) CTOMMOCTE FUIATEXKA. MEeT0Ab HAapanieRudA
I AHCKOMTHPOBAHUA MNaTexell, NPMHLHMIN, TeXAINe B OCHOBS (PURAHCO-
BHIX BHIUMCAEHWH, CORDEMEHHAA NMPAKTHKA PacyeTos.
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B rAagy BDILTH TAKKe OCHORK KOAWUYLCTRCHHOTG aBANH3a nNOCICIoBa-
TEALIOCTH (BOTOROB Y LLARTEKE, B MACTHOCTH, q’]l-lHaHCOBb[X penT (EHHYH‘
TE'I'OH). [ToTOKN ACHEXRHBIX ILIATeH Cll YacTo LOTPCYAIOTCA B NRAKTHEKLS. Ma-
TIpHMen, Perynsipabhie 3I3HOCH /N3 [I)CIDM HpORdIHA Kakoro-auio (jnm;la
(IIIIBL’CTHIjHOHHﬂ!"O. crpaxaporo, NepCHOHNOre,. 394 naraeHus ﬂO.’]T‘Z’I},
NCRHOMNTHICCKAA YInaTa IpoUCHTOR, 10X00h T OBINMTAIHMAM AN NEHHBIM
Gyhiaram‘ BhIMAaTa TIE‘HC]-IIVI, TMOCTYTUIEHNE LOXO,T06 0T KDMME]:I‘IECKOﬁ Jen-
TEABHDCTH, HANOTOBWIE [LRATENM, d TArKe MUTOALI pactiueTa, paB[}'d(}DTaH‘
HuBIe 205 ARAAW3A PRATHYHBIX DRILOD {b'l-il'lali(.'UBth PERT (B TOM YHCAE ¢ Tie-
PEMERHBIMI PAMCPAME IIJTBT(?}KIE?}"I)_

HanoxenHble METOAB i NPHEMbBl MOIYT GbITL NPHMEHEHB B pacyeTax Jig-
OBLX (hITHAHCOBHIX QIIeNalMiT: B NHANHZE HHRECTIIBOHHEIX MPOEKTOR, pac-
yeTe KPCAHTHBIX H KOMMEPUecKly onefaunii. mpi anamiae ahdexTHaRO-
CTH TPEAN PINMHMATEALCKOH ACRTCNBROCTH, paboTe ¢ ueHHEIMN GyMaraMu,
B CTPAXOBOM fene.

15.1. MNpocTble NPOUEHTL

B MPAaKTHYCCKHX [I)HIIHI[COBI-;[X 11 KOMMCRQYCCKIHN aMepaniax CYMMB AeHer
obA3aTENBIN CHABLIBAKOTCH C HECKOTOPBIME KOUKPETHRIMY MOMEHTAMH FUTH
HHTepRANAMY apemertl. JIna 3Tero a KOHTPRKTAX H AOrOROpax (pHUKCIpY-
WITCS COOTHETCTBYTON{ME CPOKH, JATH K JIEPIOANYROCTE IOCTVYTINEHHH ne-
HEKHBIN CPPEACTH, & TUIKGKE MY BlJNET.

':DZIKTDP BPCMEHH MTIPacT e MCHLIUTYD pOAb, HCM DPasMCPbl ACHCAHBIXY
cyMN. HeobXomMMoecTh €ro yueTa onpesienseTCs NPUHUNOM HeDasnouen -
HOUTN (}BHEZ. ATHOCKULHUXCA K PaSIEM MOMCHTAM ApeMen . ,HR)KE I yoiao-
BHAX OTCYTCTBHA HHMAALUNE U PHCKA | Mian py6., NonydeHHBIT Yepes roa,
He PaBHOLeHeH HTOM Ke CyMMe, HOCTYUIBILCT CEFOAH: HePABHOUEHHOCTh
ONRENeAAETCA TEM, YTO TEOPETHYECKH N0Dasd CYMMA JIEHET MOXeT fhlTh
HHBECTHPOBAHA H NpHiecTH goxoa. [TocTynnBuise Aox0abl 8 CBUW oye-
[e/lb MOTYT BBITh PCHHICCTHRORANY, 1 T, . TLOATOMY CETOAHRNTHME AEH b-
TH B FTOM CMBICIE Lerlce Oyayustx, a OVAVIIGW NOCTYIVIEN NS MeHee ueH-
Hht, HeM CODRPEMEHHLLE.

OteBuidbIM CTEACTEMEM TIPHHLNNA HEPARHOLEHHOCTH jteHer sinnsercs
HENpaBOMEPHOCTD CYMMWPOBAKA ABHEKHBIX BEIHYHH, OTHOCAIIMXCSH K
pasiibiv MoMenTam spemMens. Iloaofisoro poja cyMMHpOBanHe JOMyCTHMO
JHIIE TaM. TAe (PaKTOP BPEMEHH He BMeet JuadeHud, — nalpHmep, B Oyx-
rANTePCKNM YHETE LS NOAYUEHHH HIOIUE 110 NePHOAAM H B (DHEALICOBUM
KONTROIE,



15.1. NMpocTeie npoyentsl - 315

B (I)l-iHaHCOBh[X BRIYMHCJICHHAX chah‘rop BPEMEHI VHHUTBIBAETCH B KaUeCTBEC
QIHOTO U3 BKHeHIIUX anemMenton, Ero YUET OCYILeCTB/IACTCH € (IOMOLBIO
HAYHCIEHNA TIPOUEHTOB.

15.1.1. MNpoueHTHble CTaBKK, HOpMynsl HApaWeHus

Hon npoyenmuviru denszamy Wan NPoLeHTaAMH & (DHHAHCOBBIX pacyerax
[LOHNMAKIOT aﬁconm’mym BCJIHYMHY [O0X04a OT TPeAOCTaBJeHHSA JeHer
B 04T B 060 hopMe: Buiflada JeHEKHOH CCybL, NPOAAKa 13 KPEAHT, 110+
MellleHue JieHer Ha cGeperaTenbHblii CHeT, yueT pexcens, nokynka cbepera-
TENLHOTO ceprudmrara wnm obauratui, Aenosur w v, .

[Ipu JAKAI0HeHNH q.]liHElHIJOBOI'O HIAH KpeJHTHOLO COMialleHua CTOPOHBI
(KpCﬂHTUp H 3dCMIIHEK, BEKJAIYMHK W 621}”() AQroBdapHBaTCcAa 0 paaMepce
Apoyenmuoti cmasxKy — OTHOUIEHHS CYMMBI TIPOLEHTHRIX JAEHET, BHITIAAYH-
BaeMblX 332 (PUKCHPOBANHLIN OTPE30K BpeMeiy, K Bemiunie cevabl. M-
TEPBAT BPEMEHH, K KOTOPOMY OTHOCHTCH MPOIEHTHAS CTARKA, HA3BIRAIOT
nepuodom navucaenus. CTaBka NaMePAETeA © HPOLENTAX, 2 TAKKE B BUAE
ACCITHYHOH MM HATY paibhoit apobn,

Hauucaenue MPOUEHTOB, KAK MPaBHa0, MPOH3IBOAWTCA JANCKPETHO, T. €.
B OTAEJAbHLIE MOMCHTLI BPCMEITH, [IPHYeM B KayecTne NepuoloB Havuchne-
HUSL TIPHHAMAKT 1o, NOAYIoAHEe, KBapTadl, Mecsil. Muorna MPAKTHKYIOT
CReJITHEBHOE HaYHCJ/IEHHE, a § PsIe ClTydaen }-’IlDﬁHO MPUMEHHTL HENPEPHAE -
HBE RPOUENTIOE.

np{]ll(‘.HTh[ aubo BLITAAYNBAIOTCS KpeauTopy oo Mepe NX HadyMCJICHHUA,
60 MPHCOCAHHAKOTCH K CYMME Jo01r4a, ]_[]}OIIE{‘C YBREJIHYenind AeHer n -
3H C TPHCOEUTHCHHEM TTPOTICHTOB K CYMME J0JTa HASLIBAKT HapaujenueM,
AN KanuTaansauneil. B xonuvecTseHHOM (PIHAHCOBOM aHATH3E TPO-
LEHTHAs CTABKA TPUMEHSIETCS HEe TONbKO KAK WHCTPYMEHT HapalleHus
CYMMBIL 10MITa, HO U B Honee HHPOKOM CMbBICE — KK HIMEPHUTENL CTEeTIEHH
ADXOHOCTH (PHHAHCOBOI OMepalTui.

B npaxThke CyniecTBYIOT PaslidHble cNocobs HAYHCAEHHS MPOLCHTOB,
3ABHCALLIME OT YCAOBHH KOHTPakToB, COOTBETCTREHHO NPHMEHAIOT pas-
JMYHBIC BILIBI HPOHEHTHBIX cTaBokK. Q410 Hy DC1oBHbBIX OTANYHIT CBA3AHO
¢ BLIBOPOM HCXOAHON CYMMBL LTt Hayucaenis nipatelToB. CTaBKu npo-
IEHTOB MOTYT NPHMEHATLCH K OQHOH W T0il jKe HavaIbHOIT cymMMme Ha
APOTANKEHUI BCETO CPOKA CCV/IbI HAH K CYMME € Ha4HCIEeHHBIMHU B MPE]ibl-
AylieM flepnoje spodenTamu, B nepsom cayude OHM HA3BIBAKOTCA npo-
CIMbIMU, 3 BO BTOPOM — CAONCHbIMI TPOLIEHTHLIMI CTABKAMH.

ITpolenTHBIE CTABKH, YKa3blBAEMbIE B KOHTPAKTAX, MOTYT ObITH MOCTOSAH-
HBIMU WIH nepemenHbiMu («naasaowumuy»). B sToMm ciyvae 3Havenue
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CTARKH PABHO CYMME REKOTOPUH MIMEHALUHCH BO BpeMerH Baz0Boit Be-
AuunHBl 1 vanfapky K Hell, KOTOPYI0 HAZKBAT Mapixod. Pasvep MapxH
ONPEACAACTCE PAIOM YCAOBHH, 1DIMER CPUKUM ONepaHH, K OOBIMHO
DH HaxoaHToA B npenenax 0,0—3 %. B kouTpakTe MOKET HCITObIOBATLCS
H NCPCMEHHLIH BO BREMENM PASMEP MAPXKH,

PaccumoTpum MeToabl aRAANZA CAENOK, B KOTOPBIX TNPEAYCMATPHBAKTCS
PAZOBERIE MIATEXN NIPH BRAAUL W OOTANICHIM KPCAHTA Wi Aeno3ura. 3a-
AQYW TAKOrO AHANW3A CBOZATCR K PACHETY HapiUIeHHOH CYMMEL, LyMMBb
OPOLCHTOB H PasMepa JIHCKONTA — COBPEMUHHON pemanun {Texyiuel
CYOUMOCTH} ILAATEXA, KOTOPhH GyIeT NTpoH3neieH B HVAVIEM.

$OpMYNa HZPALIEHHWA ND NPOCTHIM NPOUEHTaM

Ilon napawenroi cysmod ccyasl (10413, NENGanTa H T, A.) TOHKMMAETCA e
BCPBOHAYATLHAA CYMMa BMOCTE ¢ HAYHCACHHBIME HA HEE NPOLEeHTaMH
kK koHuy cpoka. Ilyers P — nepBoHayansHas cymma aeder, i — cTaska
MPOCTLIX NPOLERTODR. Hauncnennnie MMPOLEHTR] 34 OXHH MEPHCT DaBHBI Pf,
a 33 7 nepojios — Pri.

I]]JDLI,CCC HIMEECHHI CYMMLL A0A0 © i[2YHCTEHHBIMA MPOCTLEMM ITPO1EH-
TaMi MOMHO NPEACTARITSH B RMIE apu(pmenmeucoi'{ NPpOTPECCI, YAeHAMH
K(JTD]JUﬁ ABJMHKOTCA BETIHYHITR

P P+Pi=P(1+i)y;, P(1+D+Pi=P(1+2}y n 1. 0. ao P(1+m)

Meppui yaen >Toi nporpeccnu pasen P, paanocts — P, Torga nocaeanui
'thedt ARIAETCH HAPAIIEHHCR CYMMOR!

S5=P(1 +ni) (15.13

Mopmyna (15.1) aenAeTca opmyrotd Hapaenus no NPOCHLLY NMPOYUEN -
maM, WY gopmynot npocmecy npovenmos. Muoxurens (1 + ni) s (popmy-
ne (15.1) HaswBaeTca muoxumerem wapawentn. OH 0OKa3LIBAeT, BO
CKOALKO Pad HAPAIIEHHAA CYyMMa G0ablIe MEPBOHAYATBHON CYMMbL.

Hapamen ivig cyMMy MOXKHO NPEAcTasiTh B BUAE SRYX €IAracMbIX: NepBo-
HAYANLHOH CYMMB! £ i cymmu npouentonr [

S=P+1] (13.2)

riae
i=Pn. {13.3)
Ilpouece pocTa cyMMLI HOAMA U0 MROCTEIM MPOLEHTAM [PEACTABMM [pa-
thrueckn (puc. 15.1). TIpH HauHcIeHHMI TIPCCTHIX MTPOIEATOR [0 CTARKE i

aa Bazy Gepercs meproHauAshHas cymma aosara, HapauenHas cymma S
pacTeT NUHEIHO BO BPEMEHH.
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e} }
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Puc. 151

TIpumep 1.
OnpeAeauTs CYMMY, OPHUHTAIOULYIOCA B KAYECTEE TIPOIICHTOR 10 KPEAKTY,
(L CYMMY. TPHUHTAGLYIOCA K BOZRPATY, £CTH CYMMA KPEITA COCTIRMIET

200 000 pen. ea., cpox — 0,5 rofa P CTABKE POCTEIX (POLIEHTOR, PABHDH
12 % rogoBmex:

[=200000.05-0,12 =12 000 pva,,
Taraa

5=200000 + 12 000 = 212 000 pyb.
HaumueneHue NPOCTEIX NPOUEHTOR

Hauucaenne HpocTuiX TpOLeRTol ORI HCHOIBIVETCA B ABYX CIYYasX:
2) RPH 3aKJTIOYEHNY KPAaTKOCPOMHEIX KOHTPAKTODR (NPCAOCTABICHIIH KpdT-
KOCPOUNBIX KPEJWTOR M T. 1.}, CPOK KOTODLIX He npepkitiaeT rojga; 6) koria
NPpQLUEHTLL HC HPHMCOCRAWHAKTCH K CyMME S0P, d Bbl{AaYUBAIGOTCH neplm-
OHYECKH,

Craska NpuLeHTOR OGLIMHD YCTAHARTHBAETCS B PACUETE 3a T/, NOITOMY
npH NPOAOJKHTETRHOCTH CCYAW MeHes rodd HEDG.‘C{]ILHMCI BBLIHCHMTE, K-
Kas Y4CTL NPOLCIT YIEIAYHBaeTe s kpearropy. las 3Toro BeuuHRY % BRI-
pa)ator B zuze apobn

n=1/K. (15.4)

rae m — CPOK CCyAul, B ALaxx roga; K — yncao aded B roay (BpeMeHHas
Gaaa); ¢ — cpok orepanuy {Ccyanl) 1 JHAX.

CymecTsyOT HeCKOABLKO BAPHAHTOD DACYETa MPOLEHTRB, DAATHYAIILH XCA
BrIGOpoM BpesMernoit Dasw K it cnocobom A3MepeH s Cpoka MOAbIOBAHUS
ceyanH.

Yacto 3a Gasy waMepenns speMens 0epyT Toll, YEIORHD COCTOAWEH M3
360 anedt (12 mecsiues no 30 queit 8 kamaoM ). B 3rom cayuae FOBOPAT, UTD
BLIMHCARIOT 00MiKnO8eHHNE, WIH KoMMEpIECKUT npayenm. B aTanyue or
HETO MOUNBIE Mpoyenm HOAyYaloT, Koria 32 Gasy GepyT AeHCTBHTENbHOE



ureno anelt B roy: 363 wnn 366. Oupenenedue scna Axeil nons3osanis

ceynofl TarKe MOXeT GuiTh moynbsay 1 apudiauxeniivon. B neprom cay-

Yae BRIMLCASIOT QaKTHYMCCKOe YNCAY AHETT MUKAY ABYMA [JLUTAMH; BO BTO-

DAM MPOABIDKHTENBHOCTR CCyABl ONPEACNACTCH YHCAOM MecAIIeR W AHel

COYALL, [PHYCM BCC MECHUBT CHHTATCR PaliIbIMIL COACRAKAUMMH 0

30 aneit, B oBoHx coryunsms TaTa RBUIAYH (£ 44T [OTaleH A A0Tra CHTaeT-

CH 33 0ANH JeHb. [TOACHET TOYHOIO HHCAA AHEH MEHAY ABYMA M4TaMM

MOKHO OCYLLECTBHTE, B3N PASHOCTh 3THX AT, T £ HOMOULLIO CIEHAN b-

HOM TAOMHUGL, B KOTOPOIT TPeACTABICHE MOPAIKOBRIE HOMEPA AaT B roxy

(v npitokeHue 9).

Pusnmunsie BapHanThs BpeMCiiiail 0assl 11 METOIOB (104CHETa JHCH CUY AL,

UPUBOAAT K CAELYIOLIHM CXCMAM PACYeta NPoLSHTOB, 1IPHMCHACMBIM

U NpaKkTnKe:

1. Tousibie OPOUEHTR ¢ TOMHBIM YHETOM Aueld coyan {exema 365/365,
BPUTAHCKAA NPaKTiKR). STOT BapHAHT NAeT CaMbie TOUHLE [e3YTb-
TATD.

2. OOWIKHOBEHNblE NPOREHTR € TOMHBIM YHEAOM aHell coym {oxema
365,360, chparniy3ackas npakTirka). Jaciuii BRiL HAYICISHIST 116T He-
CXONLKO DONbUIKI PE3Y.ALTAT, EM MPHMEHEHHE TOYHBIX NPULIEHTOR,

3. QOLIKHOBEHHLIE NPOMEHTLL € NPUDIIBKCHHBIM YHCAOM AHER CCYRH
(cxema 360/360, repmanckan upakthia). [lockoneky TouHOe YHCIO
Aneil coyapl B BonsumAcTee Ciydaes Duasiue pnSanKenHoro, To P
PACHeTe Mo NPOLCHTAM € TUMHLIM YICJA0M INEH CyMMa MOJydacTcs
GONBUIE, YEM ITPH PACYCTE MPULEHTOB ¢ IPHOMILKEHHBIM YHCAOM [IHEH,

BapianT pacuera ¢ Tou1LIMH TPOUEHTAMH i 1PHGIHAEHHBIM HAMCPCHHEM

BReMEHIT CCYABL HE TIPHMEHAETCH.

Mpumep 2,
Haiitu Yoynoe uueno aneil mexay 5 mapra u 28 cenrabpa (roa ne suco-
KOCHBIF ).
o rabnune (npunoxkenne 9) 28 ceurabps sannserca 271-M axem, a 5 map-
Ta — 64-m avesm roga. TToatosmy tounoe YUCIO AlieH COCTUBRAET

271 an. - 64 au. = 207 an.
Mpumep 3.
Haiity npubnnxensoe sieno Aneil Mexdly 5 sapra 1 28 centafipa.
Pacuet nposasoam no caesc:

1) onperensem KOJWYOCTRO MecALEl ¢ 3 MapTa 10 5 centalbpa n yMHOxa-
em Ha 30 auest;

2} HaxoaMM KoauuecTno Auei ¢ 5 no 28 cenrafips;
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3) cKnaapisaeM KodaMdecorso aHell 8 amn | o 2.
Monyuum:
6 mec. - 30 an. + 23 an. =203 an,

NpocTbie NepemenHble CYABKA
IIpoUCHTHEIE CTABKD HE OCTAKTCH HCH3MEHHLIMH BO BPEMECHY, NOITOMY B
KPEARTHBIX CORTAMEHMSIX HAOTAR NPEAYCMATPHBAIOTCS AWCKPETHO Mave-
HAICILHECH BO BPCMEHH npouenTiae cravkn. B arom cavuae hopayaa
PacyeTa HAPAMEHHOH CyMMEL MPHHHMAET CALNYIOWWH AMA:
m
S=P+ni +ni, +...+n,) :P(1+ Zrzl i, J (15.5)
kS f=1
rie P — neppoRauaibHLl cVMMa (CCYID); §, — CTABKA NPOCTHIX (LPOLEHTOR
B NMePHOoJe ¢ ITOMEPOM £ =1, M 1’ — [POANIKHTEABHOCTD £ IICPHMOA HAYIC -
NeHNH 1O CTABKE i,

Mpumep 4.
nyt,'T]) B AOreBOpC, PACCHHTANNCM 1id rQ/, TPHHATA CTABKA TIROCTLIX

[IPOLIEHTOB HA NEPBRIE KBAPTuA B pauMepe 8 % roaosbix, i vy KamAbii 10-
cAeayioimHi — Ha 0,3 % Mennive, yem B npeakuLyiini. Onpejendd MHD-
KITeAb HAPALLEHHST 33 Bech CROK 0TOBODA:

1+Z ni =1+025.008 +025-0,075+025-007+ (25 0.065=
=1+0,25 (0,08 + 0,075 + 0,07 + 0,065) = 1,0725.

PayHBECTMPOBAHWE NO NPOCTEM NPOLIEHTAaM

CyMMa en03uTa, NOTYIeHas B KOHIE 0G03HAYCHHOTD NEPHONA BMECTE ¢
HAYHCHEHHBIMH Ha Hee TIPOLUEHTAML, MOXKET HLITE BROBH HHBCCTHDOBaHA
0/ 3Ty 1UIH APYTYIO OpauelTuyio crasxy. [Tpouece pewnsecmuposanus
HHOrAa HODTOPHRETCH HEOUNOKPATHD B [ye1e 14X PacyYeTHOIO CPOKa N B
cilyyae MHOTOKDATHOTG HHBECTHPORAHMA B KPATKOCPOMHBIE ACTOAUTM H
MPUMEHEHHA TIPOCTOR NPOLIEHTHOT CTARKH HADAIIEHHAA CYMMA /15 BCEro
cpoka N =) n, waxogures no Gopmyie

S=P(1+mi)(A+mi) A+ iy=]]PA+ni)],  (156)

1=l

TRE 1y By, ooy Ty — TPORONAHTENbHOCTH NOCALTIOBATEALHBIX TEPHDACE pe-
MHBECTHDOBAHMSA, 1), I3, ... [, — CTABKM, (1O KOTOPLIM [IPOLBBOLRTCA PeHH-
BECTHPOBAHUE.
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Mpumep 5.
Ha cymmy 100000 gen. ea. vauncaserca 10 % rogoewmx. fpouentsl npo-

CThIE, TOYH L. Kaxoua HEPALLCHHAA CYMMAE, £C1H ONepala peHHRECTIDO-
BaHLA NPROBOANTCA CHEMECAYHO 1B TEUEHHE 1 Knapra.na?

Pewenne, Tlo dopmyae {(15.6) noayyuns:

S=100000(1+ 0,1 -31/365 (1 +0,1-28/365) (1 +0,1-31/363) =
=102 486 aen. ea.

Ecan orepauns peHHBecTHROBAHH He NPOBOUHAZCE H TOUHBIR TTPDICHTH
HAYNCTAAMCh 32 1 KBAPTAT ©HEMPCAYHO, TO

S=100000(1 + 0.1 -31/365+0,1-28/365+0,1-31/365) =
= 102 465 zen. en.

Taknm obpasos, ONepaurs pelHBECTHPOBAHIN BBIFOIHA BKIAAYMKY.

15.1.2. JUCKCHTAPOBAHWE W y4eT

Ha nmakTHKE YacTo IPMXOANTCH PEATh 33,129y, 0ODaTHYH HADALLEeHIIO
MPOLCHTHR, KOTAA N0 33A3HHOH CyMMe 5, CCOTBETCTBYIDLICH KORUY M-
HEHCOBOH CMepati, TpehyeTeA HalTH HCXOIHYIO cyMMy F% aTOT pacder
HASBIRANT duckonmupneaiues cyvmul 5. Beanunsa P, HaitieHHad auckoH-
THPOBAHNEM, HAZLIBAETCH COBPEMENHON BETUMUNOL, WIN MEKYued CrmouMo-
cmmwo, cymmul S. [lpotiestnl & e pasinceti D=5 - P Haawrantes duc-
konmMUM, WIH ckuvkod. [Ipouecc HAYMCIEHMA M YICPKAHUA (POLENTOB
BITEPEA 1TA3LIBAOT yyemos, JAHCKONT KAk CKHIKE C KOHEYHOE CYMMBL 013
MOXET ONPEAEIITECS Yeped NPOIENTHYI CTARKY UK B buLe abContyrHof
BEANYHHEL

B npaxTuxe HCOONBIYIOTCH JABA SPIHIKIA pacuetd [IPOUEHTOB: NyTeM
HAPAIEHHS CYMMB KPeauTa (IDAMOIL) H YCTARORIEHHA CKHAKH C KOHeY-
HOHA CyMMEl Jonra (oDpaTHEI ).

B 60apigHHCTBE CMydaen (haKTOp RPEMEHUW YUKTHIRAETCS B (DHHAHCOBRIX
KOHTDAKTZX HMEHHO ¢ TOMOILIO ANCKOHTHpORaHHA. Bennuyna P skenga-
JienTIsa cymme S B TOM CMBICTIE, YTO Yepea Onpedeieiibii nepHoi Bpemeny
H IIPH 33jlaHHOH CTABKE MPOUEHTOR OHA B PE3YALTATE HAPALICHBS CTaHeT
paBHoit S. [1oaToMY ONEPAIINID RUCKOHTHPOBAHIS HAIBIBAKT TAKKE MPU-
peerises. Ho moHATHE MPHBIEHHA HECKONBKO LUMPE, YEM LUCKOHTUHO-
saune. [Tpugederue — ato onpeacacHie wdOE CTOMMOCTHOH BCAHLYMHEI
Wi HEKOTOPBIA MOMEHT BpeMeHH. Ecal HEKOTOpad CYMMa TIPHBOAHTCAH
Kk Gonee pauHel gaTe, UCM TEKYIIAA, TO NPYMEHACTCA JHCKONTHPOBAHKE,
ecAH XKe peyb WAeT o Gogee nasaHel nare, To — Hapanienie. Cxematu-
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HCCKH HAPAIWEH BE 1F ANCKOHTHPOBAIHC MO NDCACTABNTE CICIVIOWIA
OBPRANOM:

HACTORUEE EYOYUIEE
Hoxoanas cymma
—- = HapaweHsas SyMma
CTasKa
MNpvBEASHHAR Cylna - BosBpaiapMan CyMMa
Craexa

Haewsren g RIS ANCKOHTRPORARTE MATEMATITUOCKOS HCKOHTIPORE-
Hie 1 DA KnBCKI (KOMMU[PICCKHIT) VieT.
MaTtemaTuieckos BHUCKOHTUPOBANME
JTOT BIGT THEKOHTUPUBAT TPLACTABASCT cofinil petiense 3agati, oh-
paTnoil Hapawcitin HERBOHMAALIDT Covanl. Eoan w npavoii saaave
S=P(1 + i),
10 8 obpartuoil anjave
P=S/(1+nd) (15.7)

Bepameasse 1/(1 4 m) dropmyin (15.7) nasusaeten ducsoumimiae suiw-
scamenest. OGN HOKLALIBACT, KAKVK) A0 COCTABIRCT NCPBOI LB
CYNMMA COVAR B OKOHUATELION BeTHR e 00179,

Aareront D cysiana § pasen

D=5-P (15.8)
BaHKOBCKME UMM KOMMEPYECKMA Y4BT
Onepalliss Yuerd, B TaM YHETe Yueta ReKeeaei (Rexeetn — MichMeioe
NOA3ATEALCTEO, ABKICYE CT4 BALICALILY TR0 TPHCOOBATH ¢ WLDKHIKG VII-
HAThI YKA3dHHOI 8 HEM CYMME! N0 HETEUEHITN YKE3AHHOIN B HEM CPUKE),
SAKAGHALTCH 18 TOM, 970 DU S0 HACTYIISHI CPOKD 1LTATURA N0 BEKCENK
HALL APYIOMY HATEHKHOMY GOMSATCALCTBY 1KY HAET CliE Y WIRICT LU (Ho-
ASHORIETOCH KPCANTOROM) (G LOHT INGRE TOIT CYMMBL, KOTHPRs AUTHREA
ObITh BLILIUMCUE 11D 1Y 11 KOHIE CROK, T, 0 dpeofeTies (¥ rblaaet)
£ro ¢ ANCKONTOM.
iR pacreTa NPOMENTDE APH yMeTe BeRLeAEd H[MIMEHACTCA Yuemuds
emagke, KOTOpYIO ofozHiuus 4,

1) 1222



1lpocTas coaopast VMETHAN CTAEKD HAXOANTCA 10 diepMyne

A= (5= Py S, {15.9)
Prssep S0 ke, 30 YO0t YAepIsiesono fankom,
= Snd. (15.10)
My
P_S-D.S-Snd=8(¢1 - nd). (1510

Muiomnrean (1 - nd) nazusaeren duckommns sioscuneses. Cpok i nd
MEPHE T HEPINLL APEMEeI 07 MOMEHTA VYOI BeRCETS 0 LTBE <0 1T0FBHIe-
e ooreaax. dncrnatipasanne no yaeTnoll CTABKE JPOnN3BoINTCA, B OC-
LEOBHOM. NP G, e eo panen 360 1
Hapawgenme no yuetHon CTaske
Vuerma Criasha MOOKe 1T BCTRLILAOBTELEN L0 BaEUieus, 1, e, just pieye-
Ta S no B OHa opyyan (L3101 cacaye:

§- D - ey (15.12)
CpaBHEHHE CTABKM HAPALIBHWA v YYBTHOW CTABKM
CHIepauts) DAPGUIeNTEE 1T IRCKOCTHERNGHH TS 31 coonli CyTi nperniaio-
JUOGKULL, HO CTABRY HATSUNCHIS 1T VICTRAH CTRBKL MOSVT HCTIOABIOBATLCA
At pesleH s GOrIX Seul B aram UIVULe B sBeHMOUTH OT (fIMese-
MOE CTRUKIL PELINH R CH IDPAMAs 11 o0palis saiai,

Npamas v obpatHan 3anauu

SRS . Hpasnis s ' ONDaTIIH  fama
I e M 4= - [
i Llagsinweme 1 apmnennes N= P oei s o s
! ; | P51 ni
| Miwnad o e e peaatinme Fltapiannme S =P — ndy
I ) P-yol b L

COBMELLEHWE HAUMCMIBHWR MPOLEHTOS NG CTABKE HAPAUEHWR W [UCKOHTHPOBAHWA
no Y4STHOW CTABKE

B ros ¢ryuae, KOS yHETY HOLERIT A0AFI80C OASARTEILCTRA, NPELY-
CMATPIUBAKILCE BAMNLACHIIT [IPOCTLIN UPHLCHTOB 11 IICPROBAYAILIIYK)
CVMMY AL NeaDXODIMG PRI Th AR H0UE ONPCASTITL KOISUNYo
CVAALY LT HA MOMETCE £T0 RGLROIHWH JACTIHTRI CYMMY, HOTIVIN Yo
HPIH ¥HOTC, AVTEM ANCKON CHPORUITHA  KeUC4noil CYMMN aonra o -
MUNCTHICA VISTHOH CTRBRIL el FRVIONICH B MOMEDT y'eTa.
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Pewseine auyx Jrisd Saday MORHO JEanNCath B aiae oanail Gopsyae, co-
ACPHKALULETT HAPAIUCHILG 1O CTARKE NPOCTBIX HPOHCH IO, shin vy wne
B AOATDBROM OOSAATCARCTEL, 1 ANCKOITHPHBRIIIC 10 YHCTHUIT CTaBKC:

Po=P oL vmiy 83 - mel),
rle P— NepEOIEMEABHLT CYSIMIL CCYABL £ — C¥MMa. noayiaesas i
yueTe odsIarenLcTa 7, OBUIHI CPOK IITORHOIO OETCACTRY, B T

HLTHHE KOTODPOPO [T TCAHITER TP TIITRE 1, CPUE OT MOMEN TS YHCTA T
NODMeHWA 00T,

Tlpumep 6.

Inarexuoe oBA3aTEILETNIO YUNaTHTL dopea G0 ancdt 200 000 py6. ¢ npo-
HENTAMI, HAMNCAAENMBMIL 1Y CTADKE UPOCTEX NPoUCHTOR § = 15 %) toao-
puit, Gpan yureno 3a 10 aneil ne cpoxa porunenna no y4eTnoil cTaske
d =12 3. OnpesemiTs cyMMy, NOAVEREMY DD VT

£, =200000(01 +0,15-60/365) (1 - 0,12 - 10/3680) ~ 204 243,76 pvd.
CALyeT OTMCTHTL, U160 B GUINGM (PHMEPC SPI IEPAULERIG HETOThiNRA-
JTACH BPEMENTERS DA, Paits 383 Al a npy ANCKoHTH ORI - 360
Onpefensike NPOADNKMTENLHOCTW CCYAb!

FIom@ crasnTes 320006 N0 RIXOHICHHIO APCAMCITNOND HHTUPRATLL, 3t KO-
TOPBUET MEXOAHAA CYMAG P npis sl ol ©ranke npouen o Brpacte) 1o
HYMCHOT BCAUYMITGL S, 1A OTD e TENIES CPOKRA, oReC MO IHMRAKILICTO OTpe-
AeAennbdt AMCKOH T £ S tnesoil e i Roli.

[pn Benoas3oBain Hpoeroft CraBki napatenns +us hopavan (15.1)
NOAVHAEMT

n={_{& PP, (13.13)
a npu ydernoii eranke o uz (15.11) mveem
n=($ - Py Sd (13149

Bupasera (15.13) i {13.14) anpegensoT gpescennail cpok, nasmepae-
ABL B TOAAX, 3 IPOCTLIC CTARKIL 15 OCHOBHOM IICTIOALAVIOTCS [ KPATKOUPOY -
HLIX ONEPRLLIAX. KOTAL CPOK NCUISCANETC et B oToat cayuae cpoi dut-
]fi'lllCUlJ-Uﬁ Dlit'pillll!l'l B IHAX

1 =nkK, (1513

rae K — npeMeitnas Haza,

ne
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(QnpeneneHve YpoOBHA NDOLEHTHOW CTARKA
YpoRens mpoueHTHON CTARKM ABARETCA MEPUil AOXOAHOCTH OUepalyi,
KPHTEDHEM COMNOUTABIILIA AMbTEPHATUR N Bubupa Hinbonee ALIOAHBIX
yenoauit. Ma dopyyn (13.1), (15.11), (15.15) naxojum ctasky Hapauie-
Kits {1 yUeTuyo cranky o
i(=(S-Py/Pn=K{(5- PP, {15.16)
d=(5-M/Sn=K(5- PS5 (15.17)
CApAYeT OTMETITH, T CPOK B B 3THX ABYX (hOIMYIax HMERT paszdblil
CMBICT B ICPBOM CAYYAC ITO BECh CPOK UIEPALILL, 8 BO BTOPOM ~ OCTAB-
IIHFICA 10 AOMALCHIIA CPOK.

Ipumep 7.

Oupeaeants A0XOAHOCTL OREPaLUK LTS KPEHTUPA, eciil UM (IpeA0oCTaB-
Aeta coyas b paamepe 200 000 py6. 1a 60 welt 4 40rapop npesyeMaTpHBR-
et eysmMy noranredua aoara 210 000 py6, JoxodHocts BeIpaszsTs B BHAE
NPOCTOH CTARKE MPANEHTOR { i YIeTHON cTaBki o. Bpemesnyio Hazy npH-
nsTL pasnoit K= 3860 anei.

Pewenue.
i=K{5 P)/Pr=360.(210 000 - 200 000),/200 000 - 60 = 0,3,
d=K(S - Py/St =360 (210000 — 200 000),/210 000 - 60 = 0,286.
Mnearaa pasmep ANCKOHTA B KOHTRAKTAX (PHKCHPYETCH Ha ReCh CPOK CCY.Th
B BIEE A0 (HAH TPOUCHTA) OT CYMADL ORI ITTCTRHOND ILIATENR,

Takus oHpazos, yPOReth TPOLEHTHOI CTABKI 30f26TCA B HESAHOM BHE.
Brivedess dopsiyin, © HOMOULRK KOTOPKIX 3HAYEHIH JTIX CTRABOK MOXKHO
BLgHEANTL. [IveTs § —  pasMepn nuracnreabHoro niaTexa. &,  aoas ato-
ro AaTexa, CNpPeASAgIag BeMHYHEY JTHCKONTA 33 BECh CPOK COVABL .
Chipeacais, KagHs YPOBHAM TOAOBBLX CTABOK { it f JKUNMBANCHTILL TAKIIE
veaoBua. Tak xak 5 — cyMMa BO3BpaTa B KOHUC CPOK2 CCYAL, TO
P=5(1—d)—praisHo BHIIBAEMAA CCYAA B MOMEHT 3aKAKNIENNS JAor-
BOp

i={S-P)y/Prn=|S-SU-dD|I/SU~d)n=d /(1 -d)n (1518)
D=(S-P)y/Sn=|5-5S{1-4)|/Sn=d,/n (15.19)
IMpumep 8,

KpeanTon 1 3aeMuMK A0FOROPIUIHED, UTO HA CYMMbI KPEIHTA, BhIAHBOTO
na 100 yuedl, cpaszy vaepxuBaeTes AHCKOHT B pasmepe 20 % or yRasalineii
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cyMMbl. TpebyeTca oupenetits Uery Kpeanta 8 aile npocrofl roacsoi
YHETHOH CTaBKH & W TOLAROH cTarky DROCTWX Npouentos . CunTarh spe-
sennyw Oady K pasnoi 365 anam.

Prwesttie.
d=d /m=02 363/100 =073,
i=d /(1 —dyn=02-365/(1 - 0,2) 100=0091.

15.2. CroxHbie npoLeHTb!

Capsinne Hpoesrul NPRMEISKTCA B J0ATOCPUYHEIX PHIHANICOBO-KPealIT-
HbIX SAepallHs X, eCIH NPOUEHTS! HEe BEIMIAYHBRIOTCH NEPHUANYErKH Cpasy
ROCTE WX HAYUCTEHHA A TIPOUIEAILHTT HHTEPRAA BPEMEHIL, 8 NPIC0eIH -
FOTCA I CyMMe Joard. [Ipucocaunenie HaYHCNEHHLIX TPOIEHTOB K CYMML,
KOTOpas cAyxaaa Gasuil ANx 1X Olpessnen s, Huri 1sLBAIOT Karuma -
Awaguuei NpoLenTos,

15.2.1. DopmMynbl HapaweHus

DopMyNa HApawWeHWA NO CADXHBIM NPOLeHTaM

[yrTh NepsoRAYaALIad CYMMA J0ATa paBha P, Toraa Yepes oinl 1oa cyM-
Ma JOaTa € OpHCOETMRCHHLIMI OpolleHTaMit coctaBut P{1 + i}, urpes
2 rosa — P(1+i} (1 +) =P+ aepes n aet — P(1+1)" Taknm o6-
PASOM, HoAYHies PopMyYIY HAPAIIBHHA LIS CAOAKHMX NPOLENTOR

S=F{1 +i)", (15.20)

rAe 5 — HApaUICHIIAA CyMMA; [ — TOA0BAR CTABKA CJAOMKHBIX HPOUEHTOB;
A — cpox ceyanl; {1 + 1) — MuoKnTeny, wapamietia.

B ppaxriyeckux pacuetax B HONBUIMHCTRE CAYUANX NPRMEHSKT TICKpeT-
HAE IUPAIEHTLL, . €. OPOUCHTbL, HAUHCIACMBIC 32 OAKHAKOBSIC WHTERIAILI
BpeMCHH (TOA, OOIYTOIIE, KBApTan i T. 4.).

Hupauggnue 80 cA0MHsm Rpoyenman nPeicTasaset codoll poct 11o saKeny
reoMeTpUYECKol POrpecctiy, NCpBblii YyieH KoTopO#H pascy P a sHaMena-
Tee {1+ 1)

Hapawenyme cymMbl 00 OpMyTaM NPOCTRIX i CINKHKX NPOLEeHTOR
{MHOMHTEAY HAPACHWA, COOTBCTCTBCHHE, {1+ 1) n (1 +1i)"} pasanua-
oTes MexAY cobUH MKE IpH YENOBHY OJMHAKOBOr0 NePHOLL HAtHCse-
HHA W IMHAKOB: NpoUeHTHOR cTasky. [ToKkeM 3TC HA MpHMepe.
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IIpsmep 4.

Hexoaras cyan kpeura 100 000 swen. e, Cranka 30 % rosinsnix. Onpe-
JCTHTL QAPULEIIYEY CVMALY HO IPOCTRIM § CADKHEIM IPOUCHTAM 32
000 g, | oo 2 rra '

Peweire,
S =100000 -1+ 0,5-0.3)= 115000 aen. e
S,= 100000 - (1 + 1-03)= 130 004 gen. e
So= 100000 - (1 + 20,37 = 160 (300 qen. en.
Se= 1000001+ 03 “ =114 017 acn. e,
S 100000 - (1 3.3} — 130 000 qaen. v

5,= 100000 - (1 + 0.3)* = {69 000 ;1en. oi1.

Peav auTatol pacyeton saunnes s raldanigy.

| lL‘leJJ NORICTICHLH  CYAIMB

e T

35 roan [ o 2 ropa
[pucrie S AN aen en, 130000 aen. va. 60000 aer. ea.
| TR TNTE Do e ea LU e ea 169000 2en e,

O&0HILA NOAYYEIILIEY PRIVIKTATL PACHETON, MOKIO CILeNaTs £aeayio-

ILHE BBRNO,LLE

[} TIP3 NCPHOAE MEUeE TOAD BPLCTLIC ITPOLCHITE H010C BLITOIHD KPEANTO-
DY, ERUINY

20 upn BePnAC B 1 e nCHOALIGISHIE IPOCTIE H CAOKHBIX IPUICHTOR
HPIRON T K p?lﬂllth |)f‘3_\_.’.’ThT.’i'[':l.\1'.

3 npi pepnge HoACe TOL HETONLANKITE CNKHBIX TPOUEIITOR 1pi5-
ANT E QOI0C MITENUHBHOMY POCTY NAPAULICHICH CYMMU, T. €. BLTOARCE
KpenTopy, fanky.

GopMYNE HEPAWEHUA NQ CNOKHBIM NPOUEHTAM
NP HIMEHEHKA CTARKW BO BPEMEHA
B PO OV, RODY CTRBKS CADARHLIX LIPGHICHTOU MEHHETCH BO NDREMENI,
{1!0{.""\1}'.'!'! HADAUICHIIA HMOCT ('.'TC',CI}’K'ITII,HIIE BIIA
S=PO i I+, 0% {1+ i)

LAE 1), dyy 0 i — DRCARADEATCILHLIE SHAMEIHN CTABOK NPOLCHTOY, TeHCT-
UVIULLIX B OGO 8, e, o 8y, COUTHETCTHE LU,
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TMTpumep 10.

B Anranop fﬁl(}llllﬂ.’l'[p(flr_lillli.l TEREMUEITHAA CTaBKd CAMKHLIX [IPOIHTOR,

o

GUPCICCMAA KAk 10 %0 roAusLIX, I0C Map#il (% B TEpRLIC a0 o4
8% — o rpetod roa, 10 % — 3 seiseprwdt qo OupeacanTs segndnuy
MIOMNTEAR NAPACHIH da 4 raaa,

Pewrenue.
C1+0207 (1 +0,23) L+ 0,25) = 1,83
DOpMYNbl YOBOEHUA CYMMb)
R TEE2TAN CHICHIKI CHOIN I'fl*[!('lil_‘h'l'lili KPeATapyY u A8y diTepecito
SNATL, HePed CKOALKO JET CVAMMa CCVAL BAIpPACTCT B N pas NpH FiRTE} (e

I'II'JL)I[(;‘}I'I'HD“ CTANKE. jJ,JTH ATOrG ORTPARLGICN MIKGRITTEA L tRIERLHCH I BE-
AN E a\r. B POV TATY DIV

a) A95 HpOCTIN NPuieHToRr (1= w0 = A Tor
ne (N IV (13.21)

a) Ams caoRIE npouentos (147 = N, Tora
n-luNInC Lo,y (15.22)

dan coaynan M= D abapayae (13.21) 00 {15.22) naapisivores duwipaiy oy
HUANENNs WIPITHIIMAKT CACTYIONINT ny

a) AR APOCTHIX HMPOIENTOR

=170 {1523}
0} A CAVAKRDIN DPOICHTON
n=ln2An¢l 2 ) (15.24)

[Tpr nedoasnx erankax nponerne (sichiee 10%) nyecrn hopayin
(12.24) asownu penosusosars Sogee npoctvio upikisKe Ny, pein
vaeern, o In 2= 07 a1 ¢ iy = Torw

=071 {15 23)
lipumep 11.

PaccunTa Fiv, i CROCTDRG 0T 010 _\’ﬂf.‘.‘l]i‘ll—lT(‘Sl BABLE NP CTARKE HHHThIX
M CTOKHLIX TIpoueirToe, pannoil 3%, Jls cTassn caoKinss upouenon
PACEETRI BRUTATS HO ToNol 11 npnfirmennoii dhoparvaast. Peayista-
Tl CRANITh,

Petienue,

ad
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n=1/,=1,003=3333 nen;

5} TP CACKIBIN IPOUCHTAN, BRIMIICIERNHIX 11U Toupoil popsyae,
n=In 240 00 + i y=046931 In (1 = 0,03) = 23 45 aeT;

0 HPH AR DPOGHCH FAN, BRISHCIEIRIN T PO 05 1Dopsyae

w07/ = 07003 2333 qer
Tartis O8panoM, DANNAKOROC 3HAMEHUE CTHBOK UPLUCTLIS 3t CAKHER 1TH0-
HUNTOR DPHBOANT K NELITIThEM PE3VARTLTIM, NP MATRIX 3HAUCHIAX
CTBIGT CAMKHLIY TDOUCHITON Todgas i ipaOJHAEHHA (DOPMYAL jamT
CPURTHYCCRIL GALHAKUBLIE PR3V IhTaThbi.
HawicneHve roaosbix NPOUEHTOR NpY ApobHOM uucne net
[1pn 1poBuoar Yneae AeT TPOUCHTL HAMIEIHIOTCH PaslbIMI CHOCHHaENIL
[} 11 bopyy /e CTOREBIE TRGLCHTON

=P+
2) Ha orHORe CMEMEIHOES METOAE. COMNTACIO KOTOPOMY 32 UCHoL WicI0
AT HAYNCDBITUS COHBKILIE HPoICIrLL, i3 Ipaiime — 1pacthie,
S=P1+D"(1+ b)), {15.26}

e n=a+ oo — enoe auedo et  — apofidan qacte roda;

3) 1 pstie KOMMepuec ki Oalikos PHMEHACTEN NPAaRNAC, B CONTRETCTRHY
€ KUTOPDLISL 33 UTREIKI BRCMCHIT METLIIE NCPIOAS HATHCACHHH NPOHCITE
DY NEMHCTSINTUS, 1, ¢

S=L(1+i) (13,27}

15.2.2. HomuHanbHan v achekTUBHARA CTABKH NPOUEHTOB
M X yueT
HoMWHaNLHaA CTaEka

TT¥eTh roaonan ¢rapka COmKHLIX TPOLEITOR PIBHA j. a MHeA0 nepio/ion
ee s g roay s Tora Kbl pas npouciTsl HavicIsoT no cTan-
K€ J/m. Cranka f naspisactes wavnaasied. Haqicae e DPoIenTos mo
HOMIIATLHON CTanke Opolasoiutes no dopMyae

S=P 1+ /mY, (15.28)

rac & — o Me[ROANE HaCcH s, N=m.

Erean CROK COVILL TIOMEPACTUH HIJU(JHT'JIM HHCEM PRHOIOB HAYNCTRHIA,
TO Tipl m RasBOM HAMBCACHITH HPOULHTOR B I)IY HAPRILCHNYK CYMMY
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MOMHO PACCYHTMBATD HECKOJIBKHMH CHOCOG&MH. MPHBORATUHMH K paa-
JHYHLIM PE3YILTATAM:

1) no dhopMysie CNOKHBIX NPOLEHTOR
S=PQ +j/my¥, (13.29)
riae N/t — YHCAO NEPHOAO0B HATHCIeHHWS MpOUeHTOS, T — MMEPHOA HAYHC TEe-
HWS MPOUEHTOB;
2} na cMemamHoit opmyne
S=P(1+j/m) (| + bj/m), (15.30)
rae ¢ — Lenoe YKCI0 NepUoioB HadMCaennd, T. e. a = [N/1] — uexaq yacrs

OT AeNeHHST BCETO CPOKA CCY/IR N HA NePHOA HAYMCAEHHA T, b — OCTaBIIAsA-
cA Apo(Has yacTh nepuoja Havucaenns (b= N/t - a).

Npumep 12.

Paamep ccyan, npenoctasieHyoit na 28 Mecques, pasen 20 MITH JieH. ea,
Homunansaan cTaska pagHa 60 % roaoBhx; HAYHCIEHIE MPOLEHTOR exXe-
KBapTanshoe, BeIYHCIMTD HADAIEHHYIO CYMMY I TPEX CHTYALMAX:

& Ha ,EIPOGHYI'D HacTh HAYKHCAAKTCA CA0XHHE [IPOHEHTHI,

¢ Ha ApobHYI0 YACTL HAYMCNAIOTCA [POCThie MPOLEHTHI;

e ApobHas 4acTb He YMMTHIBAGTCA.

Pesynbrarht pactieron cpaBHUTH.

Pewenue.

Beero 28/3 nepuoaon HauHcIeHHA, T. e. 9 kpapTaion H 1 Mec.:
1)§=20.(1+06/4)%7=73713 man aeir. ex;

2)8§=20- (1 +0.6/4)° (1 +0,6/4-1/3)=73,875 mnu nen. en.;
3) §=20-(1+0,6/4)°=70,358 M1H zeH. en.

M3 nonyseHHsix peayisTATOR PACHETA ClienyeT, YTo HawbopIWerc 3nave-
HUSA HADAUIeHHAS CYMMa JOCTHTAET BO BTOPOM CJYUae, T. €. APK HauucIe-
HHH Ha ApolHYIO YACTh NPOCTEIX NPOLEHTOB. Takum ofipasoM, 418 CCyao-
JIATENs BBIFDJAMEE BTOPOI BApHAHT, TAK KK MTOTOBAas CYMMa NONydyaeTcs
MaKCHMATBHOM, a /77 3aeMILWKA MPeATOYTHTebHEE TPETHIT BAPHAHT, TaK
KAK WTOOBafA CYMMa MMHMMAIBHA.

SxbexTupHas craska

JpPexmuenan crmasxa NOKAIBIBAET, KAKAA [OA0DAA CTABKA CAOKHEIX NpO-
NEeHTOR J2ET TOT XKE dJHHa.l‘lCOBHﬁ. pe3ynrTaT, 4T0 H M-pa3nBOE HapalNEHHE
B rOA NO CTARKE j/M.

231222
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Ec.3 NPOLEHTH KANUTRAMIUPYIOTCA M Pa3 B FoA, KNI pa3 co cTaBKOH
j/m, TG MOKHG 3ATTHCATL PABCHCTBO AJIH COOTRETCTRYIONIHX MHOXHTe e
H2PAallEH AL

(1+i)y =(1+j/my™, (15.31)
rae i, — athieKTHBHAA CTABKA, & j — HOMUUAAbHAA. OTCI0Aa BoAyYaeM, 4To

cBA3h MEXLY 3PheKTHRHOIT i HOMHHALRHOT CTIRKAMN BEIPAXKACTCA COOT-
HOWICHHEM

L={1tj/m)" — 1, (15.32)
OOpariias 3aBHCMMOCTE HMEET BHI
F=m[(1+i)" -] (13.33)

HNopumep 13.

Bank naunciaser caoxnuie NPOUENTDHI i BEJAT, HCX0A9 H3 I‘OﬂOBOﬁ HOMN-
Haawdoll crasky 0,12, Beruneants stibexTHRHYIO TOAOBYID TPOICHTHYIO
CTABKY IPU eXReEMECAWIOI M eXKeKPApTAIbHOH KanHTATU3ALHH IIPOLEHTOR,

Peuuenue.
Mo dopayae (15.32) nonyuaes:
i=(l+j/mT-1=(1+012/12}'* 1=1,192-1=0,192.
i,=(1+j/m™-1=(1+012/4) - 1 =1.1255 - 1=0,1255.
Tpumep 14,
Onpegeanth, Kakoi 0a%Ha ObiTh HOMEHANLHAR CTAEKAa TIPH CHKCKBap-

TANbHOM BAMHCAEHHH 1POUEHTOBR, YToGE! obectieunTs sdherTHBHYIO cTAB-
ky 12 % roponstx.

Peweriue,
icnonkaosanne opmynw (15.33) aaet:
FEm L+ —1]=4[(1 + 0,1 - {] = 0,115,

YueT (AWCROHTMPOBAHKE) MO CNOXHCH CYAEKE NPOUEHToR

K}]K HhA C.T'.IY‘IBE I'.IPDCTH}C I'TPOIIL‘HTI’)B, pacc.\!urplm ABld BHAA }"-JCTB — MaTe-
MaTHuec kil ¥ BankopcKui.

Mamemamuuecxui yuem. B sToM cryuae petuaerca 3agava, obparHan Ha-
PANIEHUIO IO CACKHBIM TPONREHTaM. JanuiteM HOXORHYK GODPMYNY ass
HAPALUEINA;

S=P+i)r,

W3 13ee Hafinem P
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P=S/(L+i) =S50, (15.34)
rae
VAR Tt D (15.35)
— yuemutl, U GUCKOIMIE, MHONUTIEb,
Ecny npouUeHTH HAMHCAAWTCS M PY3 B MOOY, TO

P=5/(1+ j/my™= Su™ (15.36)
rae
o™ = 1/(1 + j/mY™ = (1 + j/m)™ (15.37)
— ,IIHCKOHTI{E:II.;I MHOKHTEN L.

Besmranny P, noayvenHyio AMCKOHTHPORAMIICM 5, HAZLIBANT cogpeMen ol
HITH mexiiiell cmoUMocmbIio UK Rpusedernod seaunuiod 8. AHCKOHTHEL
MHOXHUTEAb NOKAIRIBALT, BO CKOALKO NAR MEOHAYANBHES CYMMa MEHpITE
HAPaLUEHHOIE.

Banxoackuii yuem. B 3T0M criyyae npeAnoNaraeTesd HCHOILIOBAHHE CACNK-
O yueTHON cTanki. JMCKOHTUPOBAHME NO CAOKHOH yueTHOH CTaBke
OCYWECTRISETCHA 10 GopMyne

P=5(1-4d)). {15.38)

e d,, — croxnan 20430608 yuemnas cmaexa.
ﬂllCKOH’T OIpEACIHETCA KAK

D=S-P=S-S(l-d)y=S[t-(i-d)) (15.39)

IIpn HCTIOB30RAHIH CHOKHOHK YUETHOH CTARKH ITPOUECC ANCKOHTHPOBA-
AW NPOUCKOAUT € NPOTPLCCHPYIOUINM 3AMELACHHEM, TAK KK YueTHan
CTABKA KaXIhlil Pa3 NpHMEHAETCA K CYMME, }'MEHBD.ICHHDH 3a MpCALLay-
LAMH NePHOI HA BETHUIHY AUCKOHTA.

HOMMHANGKAA Y4ETHAR CTABKA NPOLSHTOB

B Tex caydasy, KOrAd AUCKOHTHPOBAHHE NPHMENAKWT 7T Pad B redy, He-
NOAB3YIOT HOMuNAALMYI yuemnyio cmaaky f. ToTAa B KAKAGM NEPHORE,
paBHOM 1 /m yacTH rofia, HCKOHRTHPOBAHHE OCYLIECTRINETCH NO CAOKHON
yuetHo# ctarke J/m. [lpouece guckouTupoeaunsg no 3Toll cnoxHof yyer-
HOIf CTARKE OMHCLIBACTCA (POPMYIIDH

P=S{ - f/m), (1540)

rae N =mn — odulee YHCAO NepHOLOR AHCKURTHPOBAHHS,

2
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IIHCKOHTH]’JDB&HH& He OIHH, & m pal B roay GHCT])EE CHHKIAET BCIHYHHY
AHUCKOHTA,

3dderTuenan yueTHasN CTaexa

[Non sghpexmugnodl yuemnon comaerod NOHHMAIOT CAOKHY O [OJOBYI} YHET-
HYIO CTABKY, 3KBHBANEHTHY10 {110 QHHAHCOBBIM pe3y/IhTaTaM )} HOMHHANE-
HOM, IPHMENAESMON TTPH 33FAHHOM YHCAE M JHCKOHTHPOBAHHHA B rofy.

B cooTretcTRHH ¢ onpeneneHreM 3dubeKTHEROIH yueTHOMR CTaBKY, HailaeMm
eg CBAIb € HOMHHANLHOM U3 PABEHCTBA AMCKOHTHBIX MEOKHTeNeil:

(1 = f/my™=(1-4d.).
M3 KOTOPOTO CREAYET, YTO
d,=1-(1-f/m)" (15.41)

OraernM, 4To 3¢ubeKTHBHAA YYETHAS CTABKA BCETAA MEHBUIE HOMHHANIB-
HOM.
HapaweHua NO CROWHOA YYETHOW CTaske
Hapauienue sisnaercs obpaTHoil sagadeit A1a paceeTa YYETHBX CTABOK.
MopMy.Thl HAPAMERNS 110 COKHBIM YUETHBIM CTABKAM MOXHO RONYYHTh
13 thopryn auckonTHpoBanus {15.38) n (15.40). Tlonyyaem:

S=P/1-d.) (15.42)

S=P/(1 - f/m~ (12.43)
Npumep 13.

Paccuurats, KaKyio CyMMy CAAYET IPOCTABHTE B BEKCEIE, ECIH PEAILHO Bbi-
naxyas cymma pasta 200 000 nen. e, cpok noramenna 2 roaa. CyMma Bek-
CeJifl PACCYMTHIBALTCA, MCXO/S! 13 CAOKHOH rogonofl ydeTHod crasxu 10 %.

Pewenue,
Tlo ¢opmyne (15.42) noayuaem:

$=200000/(1 - 0,1)*= 246 913,58 neH. en.
Ipumep 186.

PewnTs NPEAMIYITYIO 3a4aRy IIpH YCJIOBHH, YTO HAPAUIEHME 110 CA0XKHOM
YYeTHO!l CTaBKe OCYIMECTRAAETCA He OJHH, 2 4 paia B roj.

Pewenue.
TMoacranoeka B qopMyay (15.43) anauennit m=4 n N=4-2 paer:
§=200000/(1 - 0,1/4)" = 244 902,42 nen. en.
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15.2.3. HenpepuiBHbie NPOUBHTL

Hapauienve W AWCXOHTHPOBAHWE
Hapaniennasn cymMMa np# AMCKpPETHHIX NPOUEHTAX, KaK OblID [I0KasaHo,
onpcaensetcs no gopMyne

S=P(1+j/m)™,
I'ﬂEj — HOMHHANBHAA CTABKA [MPOICHTOB, M1 — YHCI0 DEPHOA0B HaHCHEe-
HUA TIPOIEHTOB B IOY.

Yem Gonblite m, TEM MeHbIE IPOMEXYTKH BPEMEHH MEXLY MOMEHTaMH
HAYUCTIEHHA NpoiteHTos. B npenese tpu m — w NMeeM

S=nl‘erlP(l+j/m)"" =P}Ell[(l+j/m)“ I". (15.44)
Hcrmonsaya eropoit samevareabinii npeaena (oM. 4.2.4), nomysaem:
lim(1+ j/m)" = Gm[(1+ j/m)™'] =€,
rite e = lim[1+vl-J .

T x

Henonsays sror npenen v upaxkedud (15.44), monyuaeM, aro dopmysta
HapameHHOH CyMMB B CTYYae HENPEePRIBHOTO 1AYHCAEHHA TPOUEHTOB O
CTAEKE j UMEET BHA

5=Pe". {15.45)
Jna toro 4Tofikl OTAHYATH CTABKY HEMPEPHBHEX NMPOUESHTOEB OT CTABOK
IMCKPETHRIX TIPOUEHTOR, ee HAAKBAIT cuaod pocma W oboznavawT &

S= Pe*, (15.46)
Cuaa pocta npeactasnseT coboil HOMUHANBHYIO CTABKY MPOLUEHTOR NpH
m—» @,
JHCKOHTHPOBAHHE HA OCHOBE HeNPEPLIBHBIX (POLMEHTHBIX CTRBOK OCylie-
cTBAAETCA MO HOPMY e

P=Se®, (15.47)

Canlb AMCKPETHBIX W HENPEPLIBHBIX NPOLUBHTHIX CTABOK

JHCKpeTHRIe ¥ HeNpePbIBHEIE IPOLEXTHLIE CTABKY HAXOZATCS B PYHKIHO-
HaABHOH 3aBMcHMOCTH, Gaaroaaps KOTOpoH MOXKHO OCYINECTBIATh fepe-
XOJ OT PacdeTa HEMDPEPWBHEX NPOLEHTOB K AHCKPETHHM ¥ Hao(opoT.
DopMyIry SKBHBAIEHTHOTO NMEPeXona OT GAHMX CTAROK K APYTHM MOXKHO
NOJYYKTD, NPHPABHABAA COOTBETCTBYIOILHE MHOMHTENH HapAIUeHHs:
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(1 +i)y'=e (15.48)

3 2TarsH paBEHCTBﬂ caeayer, 'iro
S=In(l+i), (15.49)
= - 1. (15.50)

MpuMep 17.

TonoBad ¢ragka CAOKHBIX NpoLeHTOB panna 15 %, paccuntars oKeHBa-
NEHTHY IO CHAY pOCTa.

Prwenue.
Ha cdopmynur (13.49) caeaver:

B=Iln(1+=In(1+0,13)=0,1398,

T. & JKBUBATEHTHAA CHIA pocTa paBha 13,98 %,

15.2.4. Pacyet cpoka ccyabl M NPOUEHTHLIX CTaBox

B paae npakrHueckux 3anay navansnan (P) 11 koHeaHaa (§) cymsmnl 3aaa-
HBbl KQHTPAKTOM, TpelyeTca onpeaeante Aufio Cpok naatexa, Mubo npo-
LEHTHYO CTABKY, KOTOPAsA B AAHHOM CAYYae MOKeT CAYHMUTE MEPOU cpas-
HEHMS C PHIHOYHBIMH NMOKAIATEAAME M XAPAKTEPUCTHKGH AOXOAHOCTH
OTIEpalHi A RPEANTOPA. YKA3NHHEE BEANYMHK MOxHO HafiTi u3 dop-
MY Napalledid HiIH JHCKOPTAPOBANHA, TaK KakK o OGOHX CRAYYaAX HEUG‘
X0OHMO pelnTh opaThyio 3anauy.

Cpok ceyasl

Pacemorprm suaayy pacyeTa cpoka CCYAB JUTA DAZMIYHBIX CTABOK,

1. I1py napamnpanuy 110 CA0XKHOH ronoBoi cTapke § M3 HexoaHOH GopMy-
aBt Hapaulenns (15.20)

S=P(1+)
CARILYET, YTO CROK CCYALE (8 rDAax) PacCUMTHIRALTCA IO (POPMYIIE

n=log (S/P)/log (1 + i), (15.51)

rac JoTapHdM MOXKHO B3ATH N0 JI0O0MY GCHOBAHHIO, TIOCKOIBKY OH MMe-
eTCS KaK B YMCAHTENE, TAK W B 3HAMCHATEJIC.

2. an Hapamusamm 1o HDMHHMHOﬁ {TABKe TNIPpaLUEHTOR /71 pa3 o I'Oﬂ.y H3
dropayner (15.28)

S=P(1+j/m)y™
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Aoy IaeMm:
n=log (S/Py/m log (1 +j/m). {13.52)

3. Tipu AUCKORTHPARaHHH N0 ¢A0KHOI rogoRol yyeriol craske d W3

dopmyster (15.38)
P=5(1-d )
HMeeM:
n=log(P/S)/log (1 —d,). (13.33)

4. ITpu AMCKOATHPOBAHKK M0 HOMHWRAJIBHON yueTHoN cTaBKe m pa3 8 roay
Ha phipaxennn (15.40)

P=5(1-j/my
HAXOMLUM:
n=log (P/SY/m log (1 —j/m). {12.34)

5. [lpw HapaiMBaHKM [0 TOCTOAHHOM CHe POCTd, HEXOAS K3 OpMYILE

(15.46)
5= Pe™,
NOAYYACM:
n=In(S/P)/8. {15.53)

PacyeT NpOUEHTHBIX CTAB0K

M3 Tex e Hexogubx GopmMyA, YTO PReCMaTPHEAMH paHee, TTOTYUHM Bbtpa-
WeHNA LIS OIPOUEHTHEIX CTABOK.

1. [Tpy RapawuBaHuK NO CAGKUOR M'OA0B0H CTABKE | U3 UCXOAHOH (hopay-
S5t HapAllleHWa cleayer

i=(S/P)V" - 1. (15.56)
2. Ilpn napaillBAHHM N0 HOMHHANBHOH CTasKe NPONEHTOR M a3 & rOny
j=m[(S/P)y"™ —1]. (153.57)
3. lpst AHCKOHTHPORAHKK MO £TOXKHOI TOROBOR yuCTHOI cTaBke
d., =1-{P/5)"" (15.58)
4. [1py ANCKORTHPOBAHME NO HOMAHANEHOI YieTHO CTaBKe m pas B TOLY

f=m[1-(B/$Y™]. (15.59)
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3. Ilpu napaumpanus nNo nocToRuHoil cuae pocta

8=n"'In (S/P). (15.60)

15.3. Hauncnenue npoueHToB B yCNOBUAX UHNALMM

B aknHOMHYeCKO# Teopun un@aayus ONPEIENsieTCs KaK NOBhiNEHHE 0b-
wero ypopust ned {(cm., wanmp. Maxkonnewn K. P, bpo C. Il. Jxouo-
mukc. — M., 1995, — C. 11}). CrescraieM HHGIALMH ABASETCA NalleHHe
NOKYTIATENRHOR CNOCOBHOCTH ACHET, KOTOPOE 33 TEPHOGA % XAPAKTEPHIYET-
e urteKcoM ... HM3secTHo, wTo undexc noxynamenynoti cnocobrocmis pa-
BeH ofpaTnoil BeuynIte wndexca yen Jr

Jtlm(zia/JP‘ (15.61)
Hujexe nen NOKa3weaeT, BO CKOJBKO pa3 BrhIpOCAH LIEHE 33 yrcaaaHHmﬁ
MPOMENYTOK BPeMeHH.
15.3.1. Hauncnexua no npocTbiM NPOLEHTaM

Ecatn HapamenHas 32 n et CYMMa AeHET COCTABAART S, A undexc yen paseH
Jr. TO peANBHO HApALEnHAd CYMMa JCHET € YYETOM HX NoKyfnareldbHoit
CIIDCOﬁHOCTH COCTABAHET

C=S/In (15.62)

IlycTe oxuHaaeMbli cpenlvil rooBON memn ungasyuu (XapakTepH3yIo-
wh qpHpoct wed 3a ron) pasen k. Toraa eodosail undexc yew cocrapur
(1+A)

Ecny HapalfeHue IPOMIBOAUTCA 0 MPOCTOR CTaRKe B TeYEHHE N JeT, TO
peaibHOe HapallleHHe NpH Temite KHGIIUHHE A COCTABHT

C=P(1 +ni) /) (15.63)

tae b obmem chnydae

J,:]i[(nh, M15.64)

a [Py HEHIMEHHOM TeMIie [IPHPoCcTa el A
Jr=(1+ Ry (15.65)

[poueHTHAS CTABKA, KOTOPaA IPY HAYHCAEHHHY NPOCTHIX TIPOLIEHTOB KOM-
neHCUpYeT HEGAARMIO, pasHa (npy C=F)
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Oauy 13 cnocobos komieHcalli o6eCUEHeRNS JEHET UK I0YAETS B YBE-
MUYEHHH CTABKM TPOREHTOB Ha RENIMHHY TAK Ha3bIPAEMOH uibiarnuon-
not npesmuu. CKOPPEKTHPODAHHAA TAKUM OBPA30M CTaBKd HA3LIBAETCH
Spymmo-cmaaxoll. BpyTro-cTaBKa, KOTOpyi 0003HaYMM 2, HAXOAHTCA H3
PaBEeHCTBA CKOPPEKTHPOBAHHOTO HA WHOD/ALHIO MHOKMTENN HAPRLUEN S
N0 6pYTTO-CTABKE MHOXHTE/IG HAPAIIEHHS 110 PCAThHOMN CTARKE IPOLEHTA:

(1 +nry/p=1+ni, (15.67)

OTKYAa HaXOAWM:
r=[(1+ni)J.-1]/n (15.68)

15.3.2. Hauncnexue no CNOXHLIM NPOLEHTaM

HapanteHHas 1o CAOKHNM NPOMEHTAM CYMMA K KOHLLY CPOKA CCYIbL ¢ yue-
TOM OAfEHKHA OOKYNATEIbHOH cnocodnocTh aeHer (7. € B HEKIMEHHBIX
pybasx} cocTaBuT

C=P +iY/in (15.69)

Tiie HHAEKC [1eH onpeneasercs supakernes (135.64) unu (15.63) 8 zasn-
CUMOCTH TeMNa HAGRALMH. B atoM cyyae RaneAMe oKyNaTe bHOH cno-
coGHOCTA AeHel KOMACHCHPYETCA (IPH cTaBKe i = A, vbeciieqypaoiteil pa-
pencteo C=P.

[pumenaores ABa CUocoOA KOMIEHCAUHH IIOTEPL OT CHUXKEHHS TIOKYNa-
TenbHoil cnocoBHOCTH AeHer MPHW HAYHCAEHHH CAQKHAIX MHOUEHTOR.

1. KoppexkTHporKa CTABKH NPOUEHTOR, 10 KOTODG{t NPOH3BOANTCS Hapa-
mEeHKHE, Ha Beanduuy HHQASIMOHHOH npemun. CTaska NpoUeHTOB,
yBEIMYEHHAS H2 BEJTHYMHY MHGNAUMOHHON APeMM, snngerca HpyT-
to-cTapkol (r). Cuntas, 4o rogosofl Temn HHGAN KK papeH k, MOKEM
HAMHCATL PABCHCTBO COOTBETCTEYDIUIAX MHO¥KHTEREH HapalcHHAL

(I+n/(1l+h)y=1+14 (15.70}
TIle | — peainHas CTABKA.
OTcoaa HAXOLHM:
r=i+h+ih (15.71)
Takum obpazoM, HHGQAAMOHHRA NPEMUS COCTABAAET A + ih.

2. HMupexcaunsa nepeoHasansHoit cymmer P B aToM cilyvae cymma P gop-
PEKTHPYETCH COTMACHO ABMIKEHWIO 3ApaHee OroBOPEHHOT0 HWHAPKCE.
Toraa nofyuaem:

S=Pf(1+iy (15.72)
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[pumep 18.

ITpepnoaaraetcs, Yto Temi wHaALNMK cocTabuT 20 % B rog. Kakywo cras-
KY CTOMKHBIX NPOLEHTOS CAEJYCT YKa3aTk B JOrOBOPE HA OTKPHITHE AEMND-
ANUTHOMO CHeTa, 9706k peanhHan OXOAHOCTE cocTarmaa 10 %7 Hemy pan-
i LehRAIUONIAR TpeMua?

Pewenuve.
Bpyrro-crapka mpiydcaserca no gopmyne (15.71):
Fr=i+th+th=01+02+01.02=032, wm 32%.

Hudhasumnousan npesua o+ th=02+0,1-0,2=022, wm 22 %.
Ipumep 185.

Kpeant s pasmepe 500 000 p. seraan sa 2 roga. Peanelan A0X0LHOCTD DNle-
paLMH A0JIKHA cOCTaBAAT 20 % roaoneix Mo cA0KHON CTABKE MPOIERTOR.
Oxcstanemplil yposenb Hubaauus cocrasaset 15 % o roa. Onpeneimts
MHOBITTETb IAPALEHHH, YNETHIB0WMI MIEPARIIHIG 1 DALIBI THYI0 CYMMY.

Peweniie.

MHuxnTEnD HApAILENHA olpeienaeTca no hopMyie
Je(+1=(1 + "1+ D'=(1+0.15P°(1+0.2°=19.
Hapaulennas ¢cymMma no dgopmyne {15.72)
S=Pl,(1+)"=500000-19=950000 p.

CnpeneneHie peansHod CTaBkd NpoLeHTa

Ha npakrtuke npuxaalTes pemath 0 obparTHy ) 3014y — HAXOAHTL PEb-
HYIO CTABKY MPOUSHTA B YENOBUAX MHDasum. M3 Tex ke cooTHowenmi
MEXY MHOXHTCISIMH [IAPANIEHAS HCTPYAHD BHIBCCTH (HOPMYIIR, QIpese-
JHIOIKE PCATBHYI CTABKY [ 10 saganHoit (nan ofinasaennoil) Opyt-
TO-CTABKE F.

TIpt HauncneHUY MPOCTHIX MPOICHTOR FOADRIA PealbHan CTABKA MPOLEH-
TOl pasia

i=[(+nn))y-1l/m (15.73)
yunrelsad, yto fp=(1 + ), noaywm;
i={[{1+n/(1+h)")~1}/n. (15.74)

[Ipu HEYBCAEHHH CNOXRHBX NPOUESHTODR PEAfbHAA CTABKE NNPOUCHTOB O~
PEACNACTCA CACOVIOIUHM BBIPELACHHTM!

i=[{1+r)/(t+B)] - 1=(r- BYy/(1 + h). (15.75)
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ITprmep 20.
Ha menmoaur co craskoil {2 % 1oqoBeix noMewedst ACHEXIHBE CPeICTRA

cporoM Ra 1 roa. Mudasuua coctasager 10% B rop. Haittn peansdymio
CTABKY MPOLESKTOB JITA CAYHAs TPOCTHIX W CAQKHBIX TPOLEHTOB.

Prwrenue.

Iips HauMCICHUM NPOCTAIX NPOUCHTOB TOANBAA PeAfkHan CTABKS DNpeae-
JUIETCH N0 BhIpakeHHo (13.74);

P={{(1+n)/ (1 + B | =4}/ m,
i={[{1+0.12)/(1+0,1)] - 1}=0,018, uan 1,8%.

Hpu HAYHCJAEHHH CACHHBLE [IPOLEHTOL PCLILiHA CTABKA 1IPOLCHTOR OI-
pelensteTcd cAeNyoIlHM BEpaKeneM {13.73):

1=(r—hy/(1+h),
i=(0.12 -0.1)/(1 +0,1)=0,0198, wan 198 %.

15.4. MNoTokK nnaTexen

YacTo B KOHTPAaKTax (DMHAHCOBOTD XApPAKTePA NPeLYCMaTpPHBAKIT HE OT-
JeAbHble PAajOBHE MIATEKM, & CEPHID IIJIETE)KCﬁ, PacnpeciencHHBIX BO
BpeMeRy. [IpuMepaMi MOFYT fintTh PEryIsSpHLe BHILIATH € UL THo-
rallel s JOroCpoYyHGro KpeainTa BMeCre ¢ HAYHCIAEHHLIMH 114 HEra opo-
HEHTAMH, NepHOAWUHECKHE B3HOCH HA pacqemmﬁ CYET, Ha KOTApROM
dopmupyeTes (pun ONPeRENEEHOTO HA31IAUEHHA (HHBECTHTIHOH IR, Ney-
CHOHHBIA, CTPAXVBOIl, PESEPEHLIH, HAKCRHTEALUBIR | T. 4.}, ANBHIEHAN,
BHILTAYMBAEMEIE N0 LeHHBIM HyMaraM, BaMAaThl TeHCHE M3 TEHCHDHHOTD
thonaa o np.

Onpe.ue.?leune 1. Psan nocsacaoBaTeNbHIEX BLUNJIAT W l'[OC'l'}’HJ’IEHHﬁ HAIbI-
BANT Momoxom naamexeld. Buinnarh HPeRCTABNAKTCH QTPHLATETEHBIMH
BeJIHIMHAMH, 2 ITDCTYTIZIRHIA — MOAQKHTETbHAIMN,

OGo61ADIMHMI XADAaKTEPUCTHKAMH TTOTOKA ILTATEXEN ABAANTCS Hapa-
UIEHHAA CYyMMa M COBpeMeHHas BeanumHa. Kaxaan n3 oTax xapatepi-
CTHK ABJACTCH 9HCJIDM.

Onpenenende 2. Hapawennot cysmmol nomoxa niamexceti Ha3LIBAETCH
CYMM4 BCEX WICHOB [MOCACAO0BATCABHOCTH narexesi C HEAYMCIICHHLIME H2Z
HMX MPOLEHTAMHU K KOHILY CPOKA DEHTHI

Tlox cospamennoli seAUMLHOLl nOMoKa LamMexel MOHAMAT CYMMY Beex
€10 YAEHOB, ANCKOHTHPOBAHHBIX (NPHBEIEHKDBIX) HA HEKOTOPLIA MOMEHT
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BPEMEHH, COBNATAIOMAN ¢ HAYATIOM MOTOKA NJAATeXel HAH NpelilecTBY0-
HIHEA eMmy.

Konxperuotit cMbicn sTix 060obWAKIMX XAPAKTEPHCTHK ONPEAEAAETCS
NIPKPOROI NOTOKA INaTexelt H Nopoxaamedi ero upyuueci. Hampumep,
HapalleHHaA CYMMa MOXET TIPeACTaRIATh cofoll UTOroBLI# pasmep dop-
MHPYeMOr0 HHEECTHIMOHHOTO HAK Kakoro-nubo apyroro dwodga wan of-
LIYIO CYMMY 3aa04KeHHOCTH, COBprMeHHad DeTHHHHA MOXKET XapaKTepH-
30BATH MPHBELEHHYIO NPUGHIL, MPUBEAEHHBIE HINEPKKMN.

15.4.1. QUHAHCOBLI® peHTLI

Qnpeaenexne 3. Homox nramexeil, BCe YneHbl KOTOPOTO MONOXUTEIBHE
BENHYHHEL 4 BPEMEHHHE HHTEPBAIH MOCTOAHHDI, HASNDPAKT q!muancosoﬁ
DENTNOL KAWL OHHYUMETOM.

MUHAHCOBAA PeHTa KMEET CAEAYIOWNE TAPAMETPLL YACH DENMbi — BENH-
YHHA KKAOTO OTASALHOIO NIATENKA; NEPUOO pentnbt — BpEMEHHOM HHTep-
BT MEAAY ABYMA COCEAHHMH [[NATEXAMH, CPOK Pelittbi — BPEMA 0T Haya-
Ja DUHAHCOBOH PEHTH [0 KOHUD €€ NOCASLIETo [ePHO/a; NPOKEeHMHAR
CmaeKka ~— CTaBKA, HETIONb3YEMAas NPH HapauerH HAW ANCKOHTHPOBAHHH
naatexel, OGPASYIOUIKX PEHTY; YHCI0 IUaTeXel B TORY; YUCT0 HaYnCIe-
HUI NPOLEHTOR B IOAY; MOMEHTRI [1/1aTeXKa BHYTPH NEPHOAA DEHTH.

Buabl PpUHAHCOBLIX PEHT

Knaccubrxalnst penT Moxer GbTh NPOMABESCHA MO PANIHYHLIM MPH3-
HAKaM.

B 32BHCHMOCTH OT NPOAGJDKHTEABHOCTH HEPHOAA PEHTH ALJIST Ha 2000amwe
H D-CPOYHBIEe, [A€ P — YUCIO BLIIVIAT B oAy

Mo uucny HauyucfeHnH NPOLUEHTOR PasjHYAT PEHTHL € HAYHUCACHHEM
OJHH B TOAY, M Pa3 HAA HENPePHBHO. MOMEKTH HAYMCAEHHA TPOLEHTOR
MOYT He COBNAAATE C MOMEHTAMH DEHTHBIX NJiarTeskeit.

[lo BenHqMHe WIEHOB PasNHYAINT NOCMOAKKE (C PABHLIMM 4IEHAMH) W
nepeMensle penme, Lonn pasmepn noarexeit M3MEHANTCA NO Kako-
MY-AH60 MATEMaTHYECKOMY 32KOHY, TO YACTO TIOHBJAAETCA BOIMOKHOCTE
BLIBECTH CTRHAAPTHAIE (GOPMYANI, 3HAYHTEAIBHRO YIPOMAKIAE PACHETHI,

10 BEpOATHOCTH BHINAATH WICHOR PA3IKHAIOT PeNNt 8EEHbIL H YOAOEHKE,
Bepunie perth no/nexart Heaycnosaolf BRIUTATE, HANPUME, [TPK HOTAIe-
AuM KpeauTa, BHniaTa yoenosHoi peHTH CTaBUTCS B 3ARMCHMOCTL OT Ha-
CTYTIEHHS HEKOTOPOTO cAyy2iHHOT0 cobhiTHs. [109TOMY YHCO ee YneHoB
sapanee HeussecTso. Haopumep, ancao ewnatr nencHit sasucur ot opo-
AOIDXKHTEALHOCTH XH3IHY [IEACHOHEPA.
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llo umeny wieHOB PABAMYAIOT PEHTH ¢ KOHEUHEIM YHCIOM WIEHOB, WIH
OrpaHHYeHHbE, W BeCKOHe Hbe, WM Beunsle. B KaveCTBe BEUHOH pedTH
MOXHO PRCCMATPUBATD BRITLIATH 10 0OTHIANUOHHBEM 3afiMaM ¢ HeOTpaHK-
YeHHBIMH HJTH He JUKXCHPOBAHHBIMH CPOKAMM.

B 3aBHCHMOCTY OT HANMYMA CARHTA MOMEHTA HAYATA DEHTH NO OTHOLLE-
HUIO K HAYANMY ZefCTBUA KOHTPAKTA WIH KakoMY-JIHG0 APYroMy MOMEHTY
pQHTH nogpasnenanTCa Ha ue..uea.uenuue H OMAICMEHHBE, U OMCPOYEN -
utée. CPOK HeMeLTeHHBIX PEHT HAYWHARTCSA CPa3y, a ¥ OTJIKEeHHBIX CIBM-
F4ETCA HA OMpeleacHHOe BpemMA.

PeHTsl pasmquyaoT No MOMEHTY BHIIATH nuaTexei. Ecan nmnatexy ocy-
HIECTBJAAXOTCA B KOHLE KaXKAOTO NEPHOJAA, TO TAKME PEHTH HA3LBAKITCA
ofbeyunimii, WIH nocmuysmepando. Ecnu ke BBIIIATH NPOM3BOAATCA B
H2Yane XaKAOTO MEPHOA3, TO PEHTH HAIKIBRIOTCA NPENYMEPAndo, WIH
apaHcuposaHHRIMH. MHoraa npefycMaTpUBAaOTCSt NJIATEXH B cepesiMHe
ERXAOT0 NEPHOAA.

AHANN3 NOTOKOR Naateked B GONBIMECTBE CAYUAEB NPEAIIOAATAET PacyueT
HAPRMEAHOH CYMMEL WA COBREMEHHOH BEJHYHHE PEHTHL.

15.4.2. ®opmynbl HAPALLEHHOHW CYMMb

ObhivHas ropoBan pexTa

TlIycTs B KOHIE XK2XAOIC roAd B TEHEHHE R JIET HA PACHETHBIA CYET BHO-
cutca o R pybaedt, NDOLEHTH HayHoasIOTCA OB Pa3 B T/ 0 CTAaBKE i.
B a10M cTyyae neparii BIHOC K KOHLY CPOKA PEHTH BO3PACTET [0 BETHYH-
sl R{1+{)""" TaK KaK zHa cymMMY R NpOLeHTH HAYHCIAAHCh B TeMeHUe
{n~ 1) roaa. Bropoit sakoc yeeanynTtes no R (1 +i)""? u 1. 1. Ha nocnea-
HMIt B3HOC NPOUEHTE HE HAYHCIIHIOTCS.

TaknM obpaaoM, B KOHIle CPOKA PEHTEL ee HapauleHHas cyMMa Oyaer pasha
CyMMe LIeHOR TEOMeTPUYeCKOll TpoTpeccHit

S=R+R{U+D+RA+iF+ .. +RU+i),
B KOTOpOH nepEnit uneH pasen R, anadenarens — (1 +1), uucno wie-
HOB — 1. J1a CYMMa paBHa

S=R(1+i)"—l=R(l+i-)“ -1 — RS

(1+1)—1 i wi? (1576)

roe

(15.77)
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HasniBaeTca xoaghipuruenmon napauenus permyt, OH JABMCHT TOABKO OT
CPUGKA PEHTH # W YPOBHA MPOUEHTHOH CTABKM [

Tpusep 21,

B TeveHue 3 ner va crieuMiioablil pacuetipli cuer AQ 3 KoMMepHeckoM
GaHKe B KOHIC KaXA0ro rofa noctTynacT no 14 mMan Aen. ed., Ha KOTOpHe
HAUHCTSIOTCS NPOUCHTEL NO cACKAON ropoeoil ¢Taske 10 %. Tpebyertca
OTIPEAETHTE CYMMY Ha PACYUETHOM CUETe K KOHIY YKA3AHHOTO CPOKA.

Peveriue,

Ucnonbaya copMynn (15.76), (15.77), nonyuaem;

3_
oo, {10 -1

=331 MAH aeH. ea.
o 3 A

lonoean peHTa C HauMCNeHWeM MPOLEHTOR 17 pas 8 roay

Mpeanoaosis, 94T NNETeRY ARTAKT O/IHH pa3 B KOHIE To0d, 4 MPOLeHTH
HBYHCASIOT M Pas B TOAY. 3T0 O3HAMAET, YTO KAKAbLUL P33 NPAMEHAETCA
CTABKA /M, The j — HOMIHENLAAA CTARKA TIpollenToB. Toraa yienn penTsl
C BAYHCAEHUBMHE 0 KOILUA CPOKA NPOLEUTAME HMCIOT BHT

R +j/mym-" R +j/my"" 3 ., R

Ecnn npoddTaTs NPeAbiAYIYI0 CTPOKY CBA HAREBO, TO BUAHO, UTO 3TO
reOMETPHYECKAS TIPOrPeCcHA, NMEPAbiM waeHoM KoTapolt apanrercd R, ana-
smeraTeneMm — (1 +j/m)", uvcao wnexos — n. CyMMa umenon atoH npo-
rpecciy Oyaer HapauleHHOW cyMMOii pedTar. Ona paBHa

5= gllrim™ -1 (15.78)
(L+ jjmy —1

Peura pcpounan, m=1

Hafigem napaileHHYIO CYMMY NPH YCIOBHH, YTO PEHTA BLUIAAYHBAETCA P
paz B roAy PABMBIMIT MAATEXAMM, A TPOTIEHTH HAYHCJIRIOTCH GAHH pas B
KOHLE roaa.

Ecan R — ronosas cymma naarexeii, 1o PaaMep oT/AeNbHOTO NJaTeXa pa-
seit R/p. Toraa nocaenosatensuocTs MaTexel ¢ HAYMCAEHHBIME IO KOH-
Ha CPOKA NPOIEHTAMH TAKXe MPeACTARINeT coBNH reOMeTPHYECKYI0 T1Po-
FRECCHE), 3alTHCAKHYIO B 0DDaTHOM BOPAIKE:

R

“eq .

Rawiywr, Beoipue Bgyipar
P p p
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¥ ROTOPOS nepBhiit wWien R/p, swamenatens — (1 + )7, ofiuee yneno wae-
HOB — np. TOrAa HAPAILEHHAA CYMMa PACCMATPHBACMO! PCHTLI paBHa CyM-
MC YJEHOB 3TOH MeOMeTPHYECKOS IPOTPEcCHH:
1 atlpimp U
s RAD T _p U 21 e (4579)
po+iyr -1 P+ DY -] '

rne
I R L) Sl (15.80)
Topl+ T 1]

KOIPRUUUEHM RAPAWENUR P-CPOUNON PeNmb: TP m = 1.

PeHta pLpouHan, p=m

B KOHTpakTax 4acTo HAMHCACHMC OPOLEHTOR 11 [OCTYIASHNE [UIATEKA
COBRATAINT B0 Apementy. Takuy 0bpazam, eAo nrareR e p B roay W dHe-
NO HAYKCIEHUIT NPAeHTOR M CORAAAALOT, T. €. p = . Toraa ANA noayye-
HER (POPMY/1bl PACYETA HUPALICHHGH CYMMB] BOCTIONLIYCMCA BHANOIHCH ¢
TOJAO0BOI PEHTGIT W OIHOPARONKIM HAYMCICHHEM TPOLEHTOR B KOHLE OAA,
ANA KOTOpO#H

g-glry" -1
i

Paaauuue Gy/1eT atinb B TOM, UTO BCE FIAPAMETPH TENEPh XaPAKTEPHIYIIT

CTABKY M MJaTex 33 nepnod, a ue 3a rod. Takitv ofipasom, nodyyaes:

R+ jimy™ -1 R{l + jimy™ -1
" jim j ’

A)

(1581)

Pexra pcpouHas, pz1, mz1

3to obnii cayyait p-cpoqHoit penThl € HAYHCICIMEM NPOUEHTOB 7 Pad B
TOAY, OPWYEM BOIMOXHO p# m,

Nepsbiii umen pextm R/p, ynnavennnit cnycetst 1/p roaa nocne Havana,
COCTABMT I KUELY CPOKA DMECTE € HAMHCAESHIILIMIL 1A HEIU TPOLEHTAMM

E“ + _jfm)"“l"w'm = £(1 + )'fm]'m-mﬂ’_
P P

Bropoii unen peHTH! K KOHUY CPOXa BO3pacTeT My

8(1 +j/m)wt‘n—!r’m =£(1+j/m)nm—2(mfp}
P P
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u T. A. [Tocaenruit Yien sToH samicannoll B 00PaTHOM OPSAKE TEOMETPH:
yeckoll mporpeccwy pasen R/p, ee snameHarens — {1 +j/m)™?, uucno
uneHar — np. B pesyanTare noaydaeM HapPalMeHAYI0 CYMMY!

R U+ jmmo (Ut jimy™ -1

N =R 2 (1582)
P P(l+j.f’fm)m“p -1 p[l.{,'}"fm)'iﬁ -1

15.4.3. Dopmynkl COBPEMEHHON BENUYUHb

QBbuiuHan rcaosan penTa

[TycTb wWneH rodoenil pedThl PaBeH R, NPOUEHTHAN CTARKA 1, BPOUEHTH Ha-
HHCJIAKTCA OANH Das B KOHNE 1edd, CPOK PeHTH 71, TOI‘}IH AHCKOHTHDOBRAH -
Hasl GEMHYHHA NEDROCD [IaTexXa

R/{1 + )= Ry,

1 .
raen = —1—— — AMCKOHTHBI MHOKHTEND.
+1

MpHeeaesHan K Havaly peHThl BENMYMHA BTOPOFO MiaTexa pasha Re?
H 1. AL Takus 06PR30M, TPUBEASHHBE BRI iHbL 06pas3ynT reoMeTpHye-
¢xy10 nporpeceuio; Ro, Rv?, Re, ... Ru", cymma xoTopoit
H LAY ]
v" -1 1-(1+14
=R ( - )_— =
v-1 i

A=RV

Ra,.,, (15.83)

rae
-1+ 0N
i

(15.84)

i

— KO3 punLenm npuselenU PEHITN.

KosdpduuHednT npupeaetiig peutst 3a8UCHT TONLKO OT JBYX TaDaMeTPOE!
CPOKa PEHTH 7 M NPOLeHTHOS cTaBky 1. [loaToMy ero sHavyeHUus npeacras-
JeHEl B Tab ariHOM BHJIE.

Pewta p-gposuan, p21, m=1
AHAJIOMHYHO MOXHO ODAYUHTH (POPMYAY ATS PACUETA COBPEMEHHOM Besu-
HHMDLL PeRTH B oOLIEM cAviae IS MPOHABOAbLHBIX AHAYEHHE p u m:

A=gZUrim™ (15.85)
pl+ jimy™r -t
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15.4.4. 3aBMCHMOCTD MENY COBPEMEHHON BENUYNHON

4 HaDALLEHHOW CYMMOR PEHTH

”}'("I‘h A CORPCMAETHAA  BCAMMIING roaaBoi PCHTEE 1OWCTHYMEDARHAO,

al . ee HapaUCHHAS CTOHMOCTEL K KOHLY CPpOKa X, p= I, m=1.

HapameHse npouenTos va eymsty A 30 0 aeT aaet cvaMy, panivio §

1—(1_“'_)'" (s iy :R{Hf.}” -1
i

Al+D" =R = 5. (15.86)

Otemaa cacavet, 4To BICKOHTHpoBaIe § daeT A:
Je =4 (15.87)
Koatndruuenrr nprseaents (UICKOHTHPROSUNNA) M IPURCHHA PENTY)
CRAIASBI COOTHOIE HUSIMIT
a, (1+)'=s,, (15.88)
S, U'=a,, (15.89)

Cnpedeneque napaMeTpos MUAAHCOBOR PEHTHI

Huoraa npu pasgpaboTke KOHTpakroy BO3HIKACT 3323 0NpeiCAeHI No
AATAHHON HAPAUICHHOL CYMMe PCiThl § WL CC COBPEMEMHOI CTOHMUCTIE A
OCTANBHBIN (APAMBTPOR PeHTRE R, m i p, m. Taxne napaserpnl, Kik #1 H p,
OOBIMHO 34ZRIOTCA TI0 COTMACHKD ABYX NOAICLIBAKMONX cTopaen. JerawTey
napaMerpsl R, 7, £ B2 H3 HIX 330200TCA, & TPETH PaceliToIBACTOS,

OnpeneneHne paamMepa eXercaHOd CyMwbl nnatexa R
B aanucrMoctd o1 Tory, Xxakas obobuainan xapakTepneTika nocrosit-
110 PEHTHI 3833 Ha, S A. BOIMODKNEIL AB4 BAPHAHTA PacHeTu:
R=358/s, (15.90)
FLN
R=A/a, . (15.91)
Onpeaenedue CPOKA NOCTOAHHON DEHTH!
PaccmoTpHM peluelie aToit 3aaaum Ha npHMepe o6buiol roxaBol peHTH
CTIOCTOAHHBIMII 33JAHHB ML NNATEXAMH. Pemas; HCXOAHLIC [I)OIJM_V.FI[:I Fild |
SnA
1ei)" —1 T-(1+7)"
POTCRE) i WS ol ¢
i i

OTHOCHTYJILHO CPOKA 7, NTOJYYaeM, COOTBETCTBOHHO, CHEAVIOIHE JABd Bhi-
PaKenHa:
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|n(5-s+|] -|n(1-4fJ
R LR

b . .

= "
In{1+ i) In(1+ 1)
flocnennee BRIPAKEHITR MMPET CMLICH TOABKD HPpH R > AL

OnpegensHne Craskd NPOLEHTCB

Ann Toro HToGE HANTH CTARKY I, eaDXOMITMG PCUIHTH GAN0 L3 HetHel-
LIX YpaBUenHii (ONATE NPLALNIATACM, HTO PUUB ILCT O HACTUHIINION rujo-
BOH DPEHTE TOCTHYMEPRILIN) CHEVIOICTO RMAL

{(1+0)" - 1+

S=R—— 1 A:Rl_i_.
I i

KOTODbIE JKBHBANEHTHBI JABYM JPYLith:

.= 3. M nm o, = A }M— (15.92)
" R i TR i

B orux ypasRennax €HICTBCHILIM HEH3RCCTHBIM ABASETCA HPOIEHTHYA
crapka i. Pelwrenve HEIHBCAHBIX YPaBiciii MOEKeT OWTh NAHACHO THUIL
npuéakendo, Haseerne neckoavko Metoion peNreHIR TARHX VPaBHEe-
HRil: MCTOa anueitnoil nnTepnoaan, setoa Heletona -- Pitheona n ap.
Paccmotpiim Metoa anneiinoil uuTepnoasig.

Haitsesm ¢ moMouihio (PHKIAONNBLY PRCYCTOS IIKHIOK () 1 BEPXHO0
(f,) OLUECHKH CTUBKH. 2DT0 OCYUIECTRAACTCS NY MeM TOACTAUORKIL I OIHY 13
hopreya (15.92) pasandubIX MICNOBLIX SHASCHIT § (1 CPUBICHIL Pesyib
TATa ¢ MeBell HacThio BhIPAKCHHA. Jance KOPPEKTHPOBKA HIGKHETD 3HAC-
HHS CTABKH NPORSBOANTCH NQ CAeAYIOWed B Te DO IOA (hopsy.e,
NOAYUSHHON 13 ODIErn KYPCa MATEMATHRH:

5-5

f, + ST (4, i) (15.94)

1}

B koTopoil 5, U 5, — 3HAUCHIA KO3 HUMCHTL HapiaweHs (11 Koadwpi-
LHEHTA NPHBEALHHA) PCHTL JLAA HPOIEHTURE CTARDK I, W i, COOTRETCTAEN-
o, [lodyvennoe suadeHie CTUBKN NPOBePANT. TOACTARARS €ro U ey
YACTb HCXOZMOI0 YPABHCHHS 11 CPABHHBAK NE3YILTAT ¢ JCBOI YACTHIO.
Ecamn MOCTUIHYTas TOTHOCTh BEAOCTATONIA, TORTORNO HPHMEISIOT o1
myay (15.93), sasvemin o el snasenre 00l i gpauaoke g ouenur
CTABKH Ha onee TOTHOE, HANACHIOC HA TIPEALAVILEH [rTepaiin, n coaT-
RETCTB}'I()I[ICL’ L‘I:,l SHAUSTTHE MHOMHTEAS HHINe s (|l."||| [IPIIII[‘,‘I["'I—IIIF[)A
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Hpumep 22,

Ads upouseasning sasenn oGOPVASHIING UPPARPIATHIO HenhNOHMO 32
1O 1l pakaliney 2 Man red. el ERerofno oHa MOomeT D0osnTs B Ok 214
atofi menn 100 000 aen. ea. wa cneunaguHsil cuer. lloa xaxyio cranky
CAMKHBIX NROHENTOB HeoDXOAIIMO BEIANLRATE 2TH JIeHbIN, 9To0B Hako-
T TPeOVeMY I CYMMY B YKIIaHHBLH CPOK?

Pewenue.

Cornacno thopayne (15.92),

5, ,=1€1+0" - 1]/1=58/E=2000000/100 000 = 20.
OnpeneinmM s, , ANA HECKOIBLKIX MPOUIBOILILWE 3UAYCHNA TIPOUEHTH bIX
ctapok. Tak a1 1= 0,14

S oy = (1Y — 12i= (1 +0,14)" - 10,14 = 19,26,
Ao i=0,15

S wn =+ = 1=+ 015 - 1]0,13= 20,33
JeitcTouTe bHOE 3HEYCRNC MPOUCHTHON CTABKH AGHIIT B HHTCPBRIC
014 < i< 15, rax ks 19,26 < 20 < 20,33,
Rocnoaesyemen hopmyaolt (15.93) 1 naliem aeiictsiTensnne agaenste
NPOUCHTION CTRUKSE

i= 014+ 20 1926) (015 - 0.14),(2033  19,26) = 0,1469.

[poRepiM  EPABIBEOCTE  HAXOHIACHHS JEHCTRUTEIbHOH HPOLCHTHOR
CTREKH:

[(1 +iy — jsi=[{1 + D,1469)™ - 1)/0,1469 = 20,

Takns oQpasos, DPOHCHTIES CTABKL AOGKHS CUOCTABIATS | = 14,69 %,

15.5. Hexotopblie NpUNOXeHUs (hMHaHCOBON MATEMATHKU

15.5.1. Koxeepcus BankiThl U HAYNCNEHWE NPOLEHTOB

Puccmutpiay consetiiensie onnepeiil fobmeHa} BATDTS i apaweHis
NPOCTLIX HPSREHTOM, CRABITHM PU3VThTEl M OT HEUNOCPeACTRCHHOTO PAIMe-
WEHTA MO XCA ACHCKIILIX CPEACTE B ICTIOBHTEL 1LTH ITUCIE [peLBa -
TeARHUTO GOMERI Ha ApyIye pamoTy. Lipn 3ToM DOAMOXHE 4 BapILIHTA
ilapaueliif JIpOLEHTON:

1. Bea Kongepeil, xOrj@a BAIOTHLE CPEACTBA PAIMENIAIOTCS B KAYECTRE
BUATHOMS ABANAHTA, HARAULEBIP NePROIINATEHIUT CYMMB IEDOUARG-
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ALECH T BRAIOTHON CTARKE OYTCM MPAMOLD IPHMUHCHEA (hOPMYIIR
HPUCTBIX 1TPAILEHTOS.

2. C ROHBUDCHEN, HPIL ITOM BaITHRE CPEAC 1 BA KOHREPTHRYIOTCA A py6-
S, HapalieH e 1AeT no pyOacsoli craske, s Konue onepalnn pybnenus
CVMMA KQUBEPTHPYEred oLpaTHO B HEXOHYI BATIOTY.

3. Brd ROUBEPCIHR, B 3TOM cayvac pyOSIeBas CYMMA PA3MELIACTCA B BUAC
PYOACBOTU ACUOBIITA, HY KOTOPBLIE NAYHEBUGTER IPOLCHTLL N0 pydie-
BUH CTABKE 1y POPALYIAE DPACTHX TFGIERTOR,

4. C ronpepeneil, Koria pyiaesas cynMa KoHBERPTHRYLTCH B KAKYO-A1H0
KOHKDETHYK) BATIOTY H HHBECTUDYCTCH B BAmoTHLE ZenosnT. [TpotceH-
Thl HAYHCISIOTCA TI0 BAMOTHON crasxe. Hapamennas cymma o xomnte
OTIEPAIUTT RUORL KOHBCPTHDYETC 11 pyhiin.

Onepaiiy bes KoHuepeis e NPeAcTanasioT camkHecTd. B onepainy Ha-

patierist ¢ ABofinoil kensepeieil UMCHOTCA ABA HCTOVHITKE AUXOZR: 11AYUC-

JCHNE JPsueHTit 1 nasenedise abnedrorn wypea. TIpies Hauteaenme

LPOLCRTA ABAAETCA (EIVCIOBHEM IICTOMNIKOM (CTaBKa (PIKCHPOBAA,

waecpasiznge He pacemat pnsaest). Flamenenne ofiMeHHOMO KyPea MokKeT KAk

DLITL HCTUUINIIKOM AOIDAHHTCABHOIO ACXUMLL, TAK K HPHDUANTL K NOTC-

P, OCTAHORUMEA HA ABYX BAPBAHTAX, (IPCAYCMATPHADOWHY ABOITHYIO

Konpepciio (sapuanTie 2 30 4).

Lreacs obosnayeina:

D' — cyvMa ennnita i minTe,

P, — cymma jenosita b pylsx,

S, — Hapauenas CyMaa B BaTIONE,

S - mapawennas cvMsa nopybnax,

Ka — Kype ofiMEHA B Haua e nrepanin,

K| — kype ofiMCHA B KuHLE GNCPRLM,

H — CPOK JEenosuTa,

{— Craska HApaIeHnA A pyluressix cymy (B Bnge aecaTHYROH apob),

J — €TaBKa HapAUICHHZR M8 KOHKPETHOI BaIOTH,

PaccMOTpiM BAPHAHT:

BAJTIOTA = PYBAH = PYBJIV = BAJIIOTA.
Onepanis COCTONT 113 TPeX ATANCB: 08MCHA BAMOTH Ha py6oa, Hapaie-
uita pybaeroit cyMMLL ofipaTiior KonnepTipomaie pyhienoft cvmMsl 8

HOXOJHY D BATIGTY. Hapuu:enuaﬂ CAMMA, IRV HAeMAd B KORLE oneDatlHIl b
BuADTe, COCTABHT
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5 =PK;(1+ni)/K.. (15.94)
Kax BIANM. TP 3TaNa OUCRALLH HANLAY €BOE OTPAKEAHE B ATOH dropayre
8 BHAE THEX COMHOM TN
MuoxuTent HA[RINCHNEA ¢ YYCTOM ARGITHOTO KOMBEDTHPOZIHIN

K . . _
m= L+ i) = L+ _lvm

R (13.93)
K, (K, :K,) &

rac k=K /K, — TeMn pocta afiMesnoro Kypen aa cpok ouepaiuu. HMa
(13.95) caeayet, 970 MILWKITTCL HAPALWCHNS 7 Csiian TineiiHoil 3apscu-
MOCTRED €0 ¢Takoil [ 1 abpaThail — ¢ aBMEHIA KyproM B KUHUE oliepa-
wir K, {uan ¢ resnoM pocTta 00MenEoro kypea k).
Heenenyem zanitcumnets obuleil A0NOAROCTH anepaiint ¢ KBofiHuit Kon-
BepCitell OT COOTHOWEHINT KOIEHIIOra 11 KAYILHOro Ky peon obyvena k.
TIpocTas ronosan cTapxa NPOLCHTOB, XapaKTCPILTY O A0XOAINCTL Oe-
paLHH,

i= S A
1

Fn

MMoactanasid 1 ATY (hupMyay BHPLKESHE ANA S, (Uaveaem:
KK (L miy -1 _1d+my 1

= 1396
' n k " n ¢ 2

M3 (1396) cneaver. vto ¢ yoenuuennies & J0xoaAnocts 1, naaaet. [Ips
k=1 00X0a30CTh QNEPALIIT panild pyaaenuil CTABKE, T. ¢, 1, = 1. Beanswim
L=<inpuk>1ui >inpek<1 [Ipi HeKOTOPOM KPUTHUCCKGM 3IHAYEHH I
&, komopoe oGoanadisM Kak A%, AONOAHOUTL ONepaing pasHa By, s po-
selcTsa £, = 0 axogim:

k* =1+ i, {15.97)

qTH FHA'UTaeT
K, = K,(1+ m). (15.98)

Taucny 06piioM, €CALL OKHAACMBIC BEIMYHNbL & 111 K| [[PEBBIAICT CUOH
KPHTHYECKHE 3HAYCHNA, [0 onepuis yowTona (§, < 0}

OnpeaeInmM MilKCHMLILID AVITYCTHMOE SIHAYCHITE KYDpUrit 0OMeH 15 KOHLLe
onepaynn K|, npi kKotopoy ahheKTHBHOCTE Dy1eT PaBHL CYIECTRVIOUE T
CTARKE N0 AeROIUTAM R HAMIOTE, W IIMEHEeHIle ARDITIOTO KOHBEPTUpORa-
HHH HE 1a€T HHKAKOH AOHOAHHTEABHOM BRIOAR. [l 3ToTo npupasHien
MHBOKHTEAH HAPALWCHHA LA JUYX AIhTePHATHBHLIX QIEPALH



1+nji=(1+an) K,/K,.
3 nony«aeuinrn paneHeTRa CeaveT, uTo
max K, = K (L =0y {1+ ) (15.99)
Y
max k= K,/Ky={1+nri):(1+nj). (15.100)
Taxns 0OPazoM, AeHOSIT BANGTH YCPE3 KOHBEpCnio B Pyfiit BRICGAHEe

BILUOTHOLG AETORTTa. eCi 00MetHhi KVYOC B KOTIC ONEpalii oeXiifaeTca
MOHNLIIe Max K1.

Pacemorpism papranT:
PY BT = BAJTKYTA = BAJIOTA = PYBJIH.

20 ONEPaILA € ABOITNLH KuNBeprierl, KOTLIL HOXOLHS B KDHCUHAH CYM-
sui B pyOazx. B oToM CIyyac TpeM aTanaM onepautil CONTLeTeTayIoT TP
COMUMKITENS /U8 HAPALLCHIIOI CYMMAL

F . K
S, =—=(1+m)K, =P(1+n)—". 15.101
r K‘] (. t n}) 1 (( .I)K“ { }

”L'IIHH‘,'I.{‘I'\-I atanang EIE])(}J&'K'I'IIUHI)("i'II 10 CHIERULHI 1 GHPeARIHM KRTTI -
HOCWHE TOMRLL

JIOXOROCTH ORI G R IEAUN onpereageTed no thapsyne

i = Sr -4
! Pn
Oresoitd, MUACTABUE BrpsKenne 208 S, nonydnm®
K
‘};,L“*”j}—l bl N1
iy = e _kOrm)-1 (15.102)
" b

JAUCHMUCT L NOKASATCAR MbduegTirnacn o o k osmelinid, 1= pa
kel i >jnpnk>I i <japnk=<i,

Haiines kpirmiecckoe aavenne k*. npi kotopux i, = (0

=101+ ) nom K* = Ky/(L + ni). (13.103)
Takum 0OPA30M, B MKIAFEMME REJH & 1 K, Meunlte cBONX
KPMTHMECKA K 3HASCHHIT, T ouepauns yOnroqwata (< 0).

Munnmannuo FAONTYVCTN M AN BENYHHA k (TCMI’IE POCTa BATKITHOID KYDCA 34
BCCl CDOK Ol’IE‘p&UlHH). feC e AN (@9 TAKYIY KC JIOXOJUOCTH, 9TO 1
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NPAMOI BKAAR 8 PYOISAX, ONPCICTALTCA TYTOM TPH PABHHBAHNA MHEOXKHTE-
JCH NApALIeHHA ATH AThTEPHATHBHRIX ONepalltni (HAN U3 paBeHcTnal, = i )

Kl +an/K, =11 m.
OTKYAA
min k=(1+nd/1 +np)
HA
min K, =Ko (1 + 7i)/(1 + nj). (15.104)
TaxitM 06pa30M, ACTIOBZUT PYONEBLIX CYMM HEPE3 KOHBEPTALMI B BATIOTY

BRITOHE? PYBICROTO AEMO3HMTL, £C1 DOMEHHBIH KVPC B KOHUE OIEPALHH
axnaaetes Gonsine min K.

PHCCMUT])ILM BAPHANT COBMCILEINTE KOHBEDUNN BATIIOTL] I HAapalleXns
CAOKHBIN TTPOIETTTOR:

BAMIOTA = P¥YBNH = PYLEAH = BAJTIOTA,
T 3Tarra onepaiistn 3anniLen 1 OAHOH hopMyIe 118 HapALCHRON CYMMAL
S.=PK,(1+1)/K, (15.105)
rae i — CTaBKi CIIOKHBEX [IPULENTDL,
MHOKHTENh HAPILIIEN A
m=(1+)K K = +i)'k, (15.106}
rae k= K,/K, — TUMIL POCT4 BaAUTHOTO KYDCa 33 HEPHOA ONCPALUITH.

Onpegenin JOX0JHOCTb ONCPAIHM B BHE FOADBOM CTABKH CAOKHBIX (PO~
uedaTos ¢, M3 hopyynbl HapalieHHA NO CAOXKHbIM NPOLENTiM

S=P+)
[EHEAPE AT
S,
f' :n}. 3 —1.
yr,

Tlogctarus & 3Ty GOPMY.TV 3HaYente §,, H1OAYHIIM

P (t+iy No

i

, =j|———— -1= .—1. 15.107
T. P{ ﬁ ( )

F3 5T0T0 BRIpAKEH IS CRAYET, YTO ¢ YBEAHUEHMEM TeMNA POCTa & aduhek-
THBROCTD |, 14eT.
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Alranna nokaswisaer, yro upn k=1 =i npu k> i <ianpuk<1i >
KI]I-ITII‘{(:‘CKOD 3HaA4e1HL .r{’, HP KOTOROM 3(bq)E‘KTHHHUCTb ONEPaLBL pabiyg
II_\".'IIU‘ Ullpl_'ﬂ('_'.-'!ﬂl'."l'l,'}-l ILedly

B =1+ iy (15.108)

TR OHIANACT PERCHCTEU CPLAHCTOAQBOIN TEMIR POCTI KYPCA BLTHITDI (G-
AOBINY TCMIY HADUIILHDH 10 pyDIenodt oriike.

Takun ofipaaoM. ecan oxaeMne gemtmn £ an £, Goaple coux
KPHTHHECKIN SHAMCIILHL, T0 PACCMATPIBAENN GUepaltis ¢ ZHORHNR xon-
sepeneii yourouna (i, < 0).

MaxcnMaILHO AONYCTHMOE 3HAYCHIE £, (IPH KOTOROM AOXORIOUTE O
pti GVAET PaBIE A0X0HOCTH DI OPAMOM J(HIBECTHPOBRHHN BANIOTHRIX

CPCACTD (10 CTABKE j, HANOAHTCH 113 PABCHCTBA COOTBCTCTEYIOWIX MIKII-
tedeil HapaeHus;

{ 1 +j)” = ( 1 + :I)"/’{klllﬂif

OTKYAa
R = (L7700 + Y max K =K, (1 + 0741 +/)" (15.100)

Takits oBpazoM, JICROINT BAIOTH TeNe3 KOHBEPTRIHD & pyOan BeIroaHCe
BT HOT O S BT, B0 O0METHHRIL KYPE 11 KOHLE ONePaiiiiyg 0xK1aeTes
Mellbiile max K.

Mpumep 23.

HseeTea cymma B CBPO, KOTOPYIO TPCANIONARICTCA DASMECTHTD i MOIYy -
A0Bnit aenoant. QOmennnit kype B wavane nnepatiy 34 pyb. aa espo,
B KOM1IC OTIepaunu npeanoiaracres 35 pyd. ['ognsas cTapka npocTLIX 1po-
HENTOB 10 PYDAERRM enosimay 12 %, o saakemins — 5 %,

()II]'IL',-".LG.HII'[’[;, KAl BEITOIHEE [REMUCTHT L RK BLTHITH LG HIIH Hepes Koi-
pepciii B pyoasx,

Pewrie.

[pir asoitroil kousepoiut espo => pydan = pyhan = CBPo pacueT npons-
no; i 1o iapsyae {13.96) ¢ yaerosm Toro, wrn K= 34, £, =35

k=K, /Ky=35/34 = 1029,
=1 +05-0,12)/1.029-0.5] - 1/0.5 = 0,06,

o yveaonmo saansin, JA0X0AI0CTE BAOTHAO JeNO3HTa 3 %, X0 00T
onepatuist ¢ ABRHHOIL konaepcieit 6 X CreaonaTensHo, BRIFOAHEE Paasec-
THIL BIGLEGL pyOaesbl,
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[Iprmep 24,

Humeetcs cymMa B pyGas, KOTOPYIO MPERNOAATaeTCA DASMECTITh HA MO-
nyroaoroil fenosur. Obmennill Kype B Hauate onepatyn 34 pyb. sa espo.
B KoMNLe erepati oxngaetcs 33 py6. lonovas crapxa npocTRIX TPOLEeH-
ToB 12 %, no pyutoTHOMY Bty — 5 Y%.

Onpeaentts BRA Haubonee BLITOHOTO PAIMENEHHH BRIAA.
Pewenue.
Temn pocta 0OMEHHOMD KVPC 30 CPOK ONepatiig
k=K, /Ky=135/34=1,029.
Ho dopmyae (15.102) umeem:
b= [1.029 - (1 + 0,5 - (,05) - 1]/0,5 = 0,109.

Briroanee paamectiTs pyOACRbIi Rernosit.

15.5.2. MNoraweHue 3ag0MKeHH0CTH HacTAMMK

KOHTYp (PUHAHCOROR Qnepayuu

Koumyp unancosoil onepayu — 310 rpanueckoe Haobpaxenue npo-
necca UordlueHHA KpaTKOCpO‘{[IOﬁ JAN0MRCHIIOCTH YACTHYHRMHM ([[pCI-
MERYTOYHBIMU) hatexamu, (DUHAHCORAN WM KPeAUTHAS anmepauus
npeanoarder cﬁa.r]au(:npuualulucm BIIOWERIH 1 OTAAT. HOHHTI'IC (_'{)21-
JAHCHPORAHIIDCTH MOKHT BOSCHHTE HA rpavke, NPEACTARAPHHOM HA
prc. 12.2.

Pnuc. 152

IIycTe coyaa B passmepe L, BLigasna Ha cpox ¢ Ha npotaxcinmm aToro cpoka
B CHET MOTALNICHHA 3AAOQMKEIHIGCTH MPOHABRUITCH AR NPOMEKYINHIBIX
niaarexa R, H Ry, 4 B KOHUE CPOKa BRIAAYHBAETCA OCTATUK HUOJOKEIHO-
cr1is Ry, moasonauuii Samunc onepaisng.

231222
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[Ia urrepoane ppeMeHU £ SAA0KENIIITOCTE BOIPACTACT 40 BeandHHK D). B
MOMERT £, A0NT" yMeHbllaercs 0 seaudunn K, =D, — R, u 1. 4. 3akamun-
BACTCH ONIEPALMA NOAYHCHHCM KPeANTOPRCM OCTATKA 33, 0/DKCHHOUTH Ra. B
ITOT MOMENT 32J0JAMENNOCTL UG THIO UL ARTCA.

[pathik Takoro THNA Ua3kBLIOT KowmypoM unancoacti onepayin. CHa-
JANCHPOBANNAS Olepaiiy o0A3aTeALHO HMEET SuUMKHYTHI KolTyD, T. €
NOCACAHHA BLITNATA NONNOCTLIG NNOKDBIRACT OCTATOK  SuNOAKCHHGUTH.
KOHT_‘,"P orcpaiisH ofiLIyHO MPHMEHACTCA IPH ITOTALLCHHIT 330003 CHITOCTH
TACTHMHEIMHY NROMEAYTOUHLRIMH MNAATEAAMILL

C NoMOWBI0 MOCTE/I0BATENLHELIY HAacTHUANX natesxkell NHoma norawa-
HTCA KPATHOC PO LY I:I()HBFIT(‘.J“:CTBR‘ B atom CAYULE CVILUCCTBYHOT ABA MC-
TOAR [RCYETE MPOTIEHTOR 11 ONPEIENEHIT 0CTaTKA 33J0/BKEHROCTH, 3Ta
axmydapHbit Memod, O NPUMEHRETCH B ONealHAX CO CPOKOM Hoee roga.
JpyToii METOA Ha3BAH ApAENIGM MOPZOSUA. 1L KOMMEPUECKUM TIPABH-
noM. OH 0BLIMHO NPUMCHASTCH KOMMEPYECKHMH (hHPMaMH B CACTKAX €0
cpoKoM He Gonee Toa.

Caenyet 0TMETHTB, HTO NTPH HAYHCACHINE TTPOIEHTNB, KAK TPABIHNO, HE-
MOABIYIOTCH OORKHOBENHKE MPOUEHTEL ¢ TPUEBIWIKEHHEIM HHCNOM AHEl
BPEMEHHBX NMEPHOROE.

AKTyapHLIA MeTog,

AXTVEPHBIR METOL UPeANOAaTaeT NOCACAORITENbHOE HATHCEHHE 1IPO-
IICHTOB Ha (GakTuyccKie cyMMbl A0ra. YacTHUlBET IIATEX HACT B ICp-
BYH) DUCPEAL HA [TOTRUEHHC TPOLUCHTOR, HAMHCICHUBIX Ha ATV DAATEHA.
ECAH BeRiTMHHA UARTENA NPCBLITACT CYMMY AYHCACHHBIX NPOLCHTDE, TO
PASHHLA HAST HA NOrAletlie 0roBuos cymmit aoara. lHenoraweunii oc-
TATOK A0AD COIYARHT BRI0N L HAVHCIENNA NPOLEITOB 3d CIeAVIOWMIT
nepitog u T A Eean ke acTirduniil ILTaTexk Menbuse HauieaeibIx np-
UEHTOH, TO HHKAKKHe 3aMeTul I CYMME A1ra He redanTes, Takoe nocrynae-
HIIC RDHIUOCNRBIBAETEA K CACAVIOWICMY TLIATEKY.

Han Cliyyad, MOKAdJaHHOro Ha pic. 152, UOTYHHM CAeAYIONIIC DpacteTIlkie
Ll'JUpM}'JTN AR QUDCACICAIA OCTATKY JATOIHCIIIOCTH.

K =Dy(1+6,i) ~ Ry K.=K, (1+1,0) - Ry

Ky (1+t4) - Ry =0, (15.110)

FE ), Iy, by — TIEPHOABE APEMENH, 3AAHHBIE B FONAX: I — TOAOBAH NPOIEKRT-
HAA CTAPKA.
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MpaBunc ToProaua
{lpaBitno TOproBUa ABASETCA APYTHM MOAXOAOM K PAacdeTy MACTHUHBIX
naatexeil. JAecs BOIMOAHD JIBe CHTYRLIM:

1. Ecnn CPOK CCVIbLI NE€ NPEBLIURET roga, CYMMa R0/ C HAYACIEHH BIMH 33
BeCh CRAK OPOLeHTAMI OCTAeTCA HEHAMEHHOMW /10 (L0)HOCG NOTAeH A,

O,’lHOBpEM(.‘HHﬂ HACT HAKOMIEHe MACTHUHLX NhaTtexeld ¢ HadHcIeH-
HbBIMH HNX A0 KOHIA CPOKA GPOLEHTAMN.

2.B CITYUHAL, KOTAa CPpOK MPEBLILIACT MOA, VKA3aHHbIE panee pacyeThl fena-
10TCE AN MeioBoro NepUea 33101 e nocTi. B KoHUe roaa v3 cyMMhl
3A00GKEHHOCTH BRIYHTACTCH HapallleHHad CyMMa HAKOIICHHBIX Jac-
THYHBIX IiaTexkest. JCTatok NOTAAETeN 8 CHeayioLUeM TORY.

[Tpu ofimem cpoke ceyRbt &S 1 MOXHO 3a0MCATE CICAVIONLEE BhPAKEHWE!

...
S=D-K=P(+t)-3 R(1+1,), (15.111)
jal
rae S — ocratox A10d Ha WOMEL, CPOowd, D— HADALLCITAH CyMMa J0ra;
K — vapaumiennas cymma waarexedd; R, — cyMma YacTHYHOrO [atexa;
{; — UHTEPBAT BPEMEHRH UT MOMEHTA IVIATEXA A0 KOHLA CPOKE; M — MUCA0
YACTHYHBIX {TPOMEKYTOMHBIX) MaaTexkedl; P — ccyra batka.

ITpumep 23.

Ccyaa s pasmepe 3000 000 zew. ea. seisasa GankoM 20 anpaps Ha cpok
1 rog. Ha npotsskeHHu 3Tors CPoKa B CHET LOTALLCHKS 30I00KeHHOCTH
nposroAATes TaTeRn B Dank: 20 anpens s passepe 500 000 xen. ea.,
20 nra o cymse 200 000 gen. e, 20 axTsatps B paamepe 800 000 gen. ea.
Ha ccyny Bapk NpeflyCMATPHBAET HAYHCIEHUE TIPOCTHIX MNOUEHTOB Mo
cragke 30 % rogorsix.

PaccuHTaTh KOHTYP QURITRHCOBOIT ONepalki ANA AKTYaPHOTO METOAA H Me-
T0AA TOPTOBIA M ONPEACiMTb Pa3Mep nolwCHTENLACIO NaaTexa B oboux
cay4anx. PesyanTaThl pacuera CpasHMTD.

Peuenue.

BRMUCAKHM pa3smep NOTACHTEARHOND [/IATEXA AKTYAPHLEIM METOAOM.

20 aunaps gonr Gauxy cocramitn 3 000 000 aen. ex.

20 anpens suar ¢ npoUeNTaMy cocTasn:

3000000-¢1+03-1/4)=3 000000 aen. ea. + 225 000 gew. en. =
=3 225000 nex. ex.

23"
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U Banx nocryroo 300 000 ack. en., 4to B0LLIC HUAICAEHHBIX TIPOLBHTOR
225 000 aeH. e, mOaTOMY Bri4KTacy b3 aoira 300 000 aen. ca. Taxis ob-
pasos, 20 wipeis ocTaToK AQSIA COCTARML

3 225000 nen, ca — 300000 aen, ea =2 725000 nen. en.
20 M10A8 T0AT C NPOLERTAMM COCTARKT,

27230001 +03-1/4)=2725000 gen. ea. + 204 373 acw. ea. =
=2929 375 nen. e
B Ganx nocyyuman 200 000 aen. e, < 204 375 s1en. ed., NO3TOMY 3T0T 1A4-
TOK HPLeoeanHgeM K naatexky 20 owtalpa. wa Ty Jary J0AT € IPULEnTi-
M CUCTABIT
27253000 (1 +0,3-1/2y=2725000 pen. en. +408 750 nen. en. =
=3 133750 aen. e

B fiank noctynnno 800 000 aex. e, vro Goislie HAtTHCTEHRBX NPONEHTOS
A08 750 aen. ea., noatoMy BoivHTAcM i3 10ara 800 000 aen. ea. Takun ubh-
paaoar, 20 okrabpyd OCTATOK JI0JARA COCTARNT,
3 133730 new. ea. — 200 000 nen. en. - 800 000 aen. ex. = 2 133 750 nen. en
20) aEBapA A0AT C NPOLEHTANHY COCTABNT:

2133730 aen. en. (1 +0,3-1/4)=2 243 781.25 new. ea.,
KOTePast sIBARCTCA PRIMCPOM TIOCACTHCTO TUNIWHTCALIIDT) NAATCHA.
Teleps BuYBCARM PAAMED NOFACHTEARROMG MIATEHA MCTOAOM TORIONLA.
1Ta koney cpoka (1 roa1) vCTATOK J0ATR CUOrTABRIT
$000000 - (1 +03)-500000-(1 +03-1,:4) -200000 - (1 +03-1,2) -

~800000-(1+0,3-1/4y=3800000 gen. en. ~ 612 500 gen. en. —

— 2301000 aen. ea. ~ BGO 000 aen. ca. =2 197 500 pen. en
Takim o0pasoM, pasMep HOCaeHTeIblnrg fLETexK, BMYICACHRBIT akTy-
apHbiM  METoj0M, cocTasur 229378125 nen. em, meToaoM TOPros-
et — 2197 300 en. ea. ot GaHKy suiroaen pacder Ne AKTYAPHOMY MeTo-
Ay, Ads KILHEHTa — N0 MCTRIY TOPTOBLA.

15.5.3. NepemeHHan cyMMa CYeTa M pacyeT NPOUEHTOB

PaceMnTPUM CHTYAUMIO, KOTAa B GaHKe OTKpLIT cleperaTeaL il CUeT, Ko-
TOPLLT HSMEHAETCH B TEYEHHE CPOKA XPAHCHH A ABHEKHDIE CDERCTRA CHH-
MAKTCA. ACTAIOTCH AOTUHIBNTEABHLIC BIHOCK. Toraa B DANKOBCKOI MpaK-
THEE 1Pl pacieTe TPOLCHTOD 4acTO MCIKMIBIYIOT METOAMKY parsera ¢
BLINKHCAGHINEM TAK HAAWDACMBIX Apogennnt wucel. Kakisld pas, Korja
CYMMA ML CHUTE HIMEHSICTOS], BRUIICIRETCH DpaLedTHae Jiieio C, aa npo-
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WIE UL INPHOA 7, B TCHEHSEC KOTODOIY CYMML HA CHETE oCTaBanach neus-
melnaii, nn qropMyne

C,=Pt,/100, (15.112)

FAE £, — AJAUTENBHOCTL -0 HCPHNJA 1} RHAX, P, — CYMMA Na BKAATe J-T0 Ne-
proaa.

Adan onpedeieida cyMMbl OPOIEHTOR, HadHCASHNON 34 Bech CpOK, Bce
NPOUEHTHRE SHCA8 CKAALRBAKTCA H HX CYMMA AENHTCA HA MOCTORMNIBIA
Aceaurens D

n=K/i, {15.113)

rae K — Bpemennas tasa (wscho anel  roay. 1. e 360, 365 wau 366)
I — rOA0BAS CTABKA MEOCTHIX NROIEHTOR. Y.

].-[l)}[ JWPLITHH CHUM RIAZEACIL HDOOYHHT CYMMY, PABHYEY NOCTRTHEMY
AHAYEHN) CVMMNL HA C'ICTE NMM0C CYMMA TINOUCHTOBR.

Tiprmep 26,

Brnaaguukos 20 ansaps & GaHKe HbLT OTKPRIT C4ET A0 BOCTpefoRaHLIN B
passepe P = 1000 nen. en, npouenThas CTHBKA 11D BKAALY COCTABAAND
i=13% ronoBwx. J{OMOMHRTCNLHBIE BRIHOC HA CYET cOCTABHA K, =
=2000 nen. ex. 1 Gwa caenan 10 mapra. Cusmite co cuera B pasMepe
R, = 1500 nen. en saduxcnposado 3 Mas. 10 oKTa0 TOMD Ke roa cheT
ObLi 30KPELT.

Orpese T cyMMY IPOLEHTOR H 00ULYI0 CYMAY, NOAYUCHIIYIO BEJTHH-
KOM FIpH saKpiTii cveta. [Tpu pacnerax nprusth cxesty 360/360, npo-
CTHIC NPOUCHTEE € TPHEIITKCHALIMN 911L10M ANET CoVan.

Peenue.

B 3anave HMewOTCA TPY TIPPAN,TR, B TEUCHIEE KOTOPLIX CYMMa HA CYCTE OCTa-
prack nensmentoii: ¢ 20 axsapa no 10 mapra (P, =1000 zew, e,
£, =10+30+10=50), ¢ 10 sapra no 3 man (6,=20+30+3=53
Py= P+ R =1000 pen. en, + 2000 nen. ea. = 3000 gen. en). ¢ 3 maa no
10 okTsifips {Py = P, + R,=3000 nen. en. — 1500 aen. e = 150K aen, en.
1y=26+4-30+ 10 = 136).
Hailaes npouentHuie 4nena:

Cy= P, 1, /100 = 1000 - 507100 = 500;

Cy = P; /100 = 3000 - 53/100 = 1390,

Cy= P, t5/100 = 1500 - 56/100 = 2340.
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Nocroruunidi nesmren,
D=K/i=360/15=24.
CymMa npouenton

I=(C, + C; + C)/D = (500 + 1390 + 2340)/24 =
={C, + C,+C.)/D= 184,58 aen. ea.

C_\’MMR, BBIMAGY HBAEMANA TIPH 32KPLITHH CHETHA

P+ I=1500 nen. en. + 184,58 nen, en. = 168458 aeH. ea.

Hu LAFOPHTMA PCHET CACAYCT, UTO 112 KAV CYMMY, ﬂOﬁaBﬂﬂEM)’IO &
CUET HAH CHHMACMYID €0 CHETA, HAYMHCAAKTCA TTMHIEHTR C MOMENTY CO-
BEPILEHMS COOTBETCTBYIOWEH DNEPalHK A0 3AKPRITHA cYeTa. DTa cxema
COOTBCTCTBYET IPABIHLTY TOPIrOBLE.

15.5.4. MNameHeHne yCnoBUA KOHTPAKTA

B mpakTike 4acTo BO3HHKAET HeabX0AHMOCTh B HAMEHEHH ! YCORHTT KOH-
TPAKTA: HATIPHMED, AOKHHK MOMXKET TIONPOCHTh 08 OTCPOYKe CpoKa nora-
HIEHHA JIOJITA WAH, HAMPOTHR, WXbARWTH XKeJlaHHe [OTACHTH ET( JOCPCYHD;
B PRl CYUaes MOXET BOSHUKHYThH OTPeGncTh GbenHHHTD (KGHCOTH-
AHPOBATL) HECKOMEKO AONTOBLIX ODAZATC/ALCTSH B 04HO U T. 4. Bo Beex sTux
CAYUATX NPUMEHAETCH NPUHLNN GUBancoBoll 3KBUBANCHTHOCTH CTAPHIX
(3aMenneMblx) ¥ Hopbix (3ametsiowix)} obsaatenscts. Jna peurenls
33124 N0 IL3MEHCHUIO YCAO0BNII KOHTPAKTa paspabaTeBaeTCH TaK 1A3LBie-
MOR ypasieiiie IXEUSARCHIMHOCTAN, B KOTOPOM CYMMA 3aMEHIEMAIX TIraTe-
KCH, NPUBCICHHBIX K KAKOMY«AHOO OIHOMY MOMENTY BPEMEHH, NPHPAB-
HUBAETCA K CYMMe TLIATeXeH M0 HopoMY 00A3ATeRBCTRY. TPHBEEEHHBIX K
Tofi e aare. [lnA KPATKOCPOYHKIX KOHTPAKTOB NPHMEHATCA NPOCTHE
MPOLLHTHbLE CTABKE, & 18 CPELHE- M ADATOCPORISIX — CIHBKHBIE CTABKIL

Ecau 8 xoHTpaKTax HIypHPYIOT DOTOKA NLAATeXell, TO DPH HX NepecMoT-
pe (HANpuMEP, MPH HAMEHEHMM YaCTOTH Ml Pa3Mepa BRITINAT, COKPa-
UIeHHA HIH YBENHYEHHH CPOKa PEHThl, OTCPORKE [IATEXeH, BEIKYTIE WIH
A0OCPCYHOM NOTALICHILA OCTATKE PEHThI) COCTABANETCA YPABHCIIHE 3KBIBA-
JAEHTHOCTH A% NPHBEAEAHBIX BETHYHH TIDTOKOH MO CTAPbIM YCIAOBHEM H
11 HOBBIM YCAUBIAM.

SKBYBANEHTHLIA NEPEXON OT OAHOW CYABKMA K APYTON

B ¢Basd ¢ rem, uTO KOHTpaKThl MOLYT HLITh COCTABNEHK € HETIONbIORA-
HHEM PASIHYNILIX BNADE CTADOK, TO A4 COMNOCTABICHHA X JAUX0IN0CTH
BOJHNEKaAET HCDéXO}IHMOCTb B YCTaHOBIEHUH NPABHN JKBHBAMENTHUTD
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MPHRETEHHS PALTHYHKIX CTABOK K CTABKE OfH0To suaa. Mopmyasl, yera-
HARJIWBAIONTHE TIPABIIA HKBHEATEHTHORD MEpexona ot oJHOH CTABKW K
APYTOIL, BLIBOAATCA 1t OCHOBE MPUHUNIEA (IIAHCOBOI SKBUBANEHTHOCTH
Pe3yabTATOB HApALLEHHS (WK THCKOHTUPOBAHHS) 1o 3THM cTapkam, Cire-
AOBATENLHO, /U HX TIOAYHEHHS A0CTATOMHO TPUPABHATH COOTBETCTBYIO-
WIHE MHOKHTEIN Hapaeus (I AHCKOHTHPOBaHN ).

Hanpumep, ng Toro 4tobbl YCTAHOBHTH SKBHBAJEHTHOCTD MEXLY 11PO-
CTOI CTABKOI HapameHnst 1 ¥ POCToi YYETHOI CTABKOH d, BOCTIONbAYeMEs
nexoanvimu hopmyaami S=P (1 +ni) u P=5(1 —dn), ua xotopbix cie-
ayer, 410 § = P/(1 — nd). I1pupastgem MHOKITEIH HaPAUILEHH!

1+ni=1/(1 - nd),
NOAYYUM JIBe (DOPMYJIIBl 3KBHBATEHTHOTO Hepexo/a:
i=d/(1 - nd), (15.114)
d=i/(1+ ni). (15.115)
M3 chopmyn cepyer, 4TO COOTHOWEIHA MCKIY 3THUMN CTABKAMH 3aBUCAT
OT CPOKd 7.

AHaNOTHYHO MOXHO BbIBeCTH (POPMYJILI SKBHBANCHTIOIO TTepexosa [Ls
moboit apyroif napw cTaBoK.

15.5.5. Mogenu onepauyui ¢ LesHbiM1 Bymaramu

Obnurauum

OaHUM M3 BLKICHILINX NHCTPYMENTOB 15 HHBECTHIHI B MPOMbLILEN-
HOCTB 1 CENLCKOE XOATHCTBO ABAMETCH POIHOK LEHHBIX GyMar, B TOM YHCIe
BRUTYCK (AMirccus) oOanrauuii, rapaH THRYIOWINX TOIYYCHNE IDX0/A It Bbl-
COKYIO HILLEKHOCT D,

Kpowme rocvaapersa, obmirann MOXET BLINYCKATh TAKKC PEFHOHAIbLHAN
BAACTD (MyHHIIMOAAKTETH ), BaHKI ¢ Kopropauun,

Onpenenenve 3. Obauzayus — BUI IIEHHOH Bymari, no KoTOpPoil ee BIa-
NEJIbILY BHIILIAYHBAETCS eKETOAHBI J0X0j, PasMep KOTOPOro 3apaHee
YCTAHOBAEH B (pOPME ONpeaeNeHHoro NpouenTa K Hominanry obauranum
HITH SKe BLILTAYHBARETCH B BHJ1e BblHl"phlllIEﬁ. pa3mrpbmaen[b1x B THP&)‘KBX.

Ha obauraumy yKasbiBAOTCH HOMUHAAIAS CTHOUMOCTIED, & TAKKE BbIKYN-
HaR Wena, KoTopasa MOMXCT OTAHYaTbhCA OT HOMHHATLHOI CTOHMOCTH, WJIH
dopmyna, no Kotopoil BbIKYNRas leHa paccuuThiBaetces. Kpome Toro,
VKA3LIBAKTCH CPOK BLIKYNA IMHTCHTOM (TI])E,.’II]pP[HTHeM. BBINYCTHBILHM
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OQRANIALIEN ), HUPME ZOXOAMOCTH W CPOKH whILIaTH npoueHTos, O6kiy-
HO NTOUEHTBL BRILIAYWBLIOTCY €XeT0/IHO, N0 NOAYTIOAHAM HAH NOKBap-
TATLHO,

FocynapeTRentble 1 pernoHanbibe OO BRITYCKAKTCS N0/ rapak-
THH FOCYARPCTBA M MECTIHOA BaacTh, o0 HLANK I KoPHOPALUKE BHTYCKaNGT-
CA 110 3A70I IMYIECTRE.

o cpoKy NOrAEHNS DAITHYAKT XPAmKEOCpDine 00NN (HECKONbKO
HeAens), cpeduecpounme (0 7 AeT) uw doazncpowinie (cBunne 7 net). Boi-
nycKaoTes obaHTaunK 1 Hed yKasahna cpoka norawenus. Taxkue obnura-
I MOTYT ORITh BEIKYTTEIE & AKO0H MOMEeNT.

[lpnMeHnoTeA BLILAATI JIOX0A3 N0 0ONITAWHAM N0 (Quxcuposauiibig 1
nepeMeiiai; BO BpEMEHN HpouenTuns cTankaM, B nochenneM cayuae
NPEMCHARTCH CTYIEHYATAN NPOIeHTHAA cTaska. Hanpumep, ans 6oaniuei
ehHanCOBOR NPUBIEKATENBHOCTH NPOLSHTHAY CTARKA BORPACTACT (10 TO-
Aam. BoIMOXHA TAKKE RAGSIIOWAS NPOUCHITNGS CRIGEKA 8 JABHCHMOCTH
OT YPORHA CCYAHOTQ MPOIEHTA.

,I_[JISI Jaliysl aT HHLI).’IHL[HI'I NPAKTHEYETCA HVICKCHPOBAHHE HOMUHAMOR
oﬁ,mraunii APAMTOPUHOHAALRO HHACKCY l'[UTp{.‘ﬁl{TL‘.']bCKHX LI,

Lt uOANragHit Oea BBULETLL HPOLEHTON BRKYHHAS EHA YCTaHABANBAET-
CH HIAKE HOMUHATRHON M X0X04 RARAAYIBACTCS TPH NOTAMEeHMH obmira-
ILHH.

Aoxodoa oT abaAMraudii ABAKIOTCA HHKCHPURAHALIE TPOUENTHI B CYMME €
PABLOCTBIO MEXAY HOMUHLIbHOH CTOUMOCTDLIO OOITALMN B UenOit ee no-
KYIKIL. 4 TAKKe AOX0A0M OT DEIMBECTIIN 1IPOIEHTHBIX ACHET,

TMoa sypeos vbauzauuu py % TONHMACTCA OTHOLCIIHE LeHEL P, 110 KOTUPUH

npoaactea obmsrauns, K BoMIIaIbIoi cToisMoecT odauraunn N o opo-
e nNTax:

P % =fvi-m0%. (15.116)

pumep 27.

Honramseas cTonMocTs ofaurainn 1000 1ed. ea. Tlpoaaerca ona mo
ueHe 950 nen. ex. OnpeaennTs kype ofuHIALHY.

Pewerine.

Ha popmyan (15.116) caeayer, 410

2% =29 1009 = 95%.
1000
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Heesmorps Ha 6osee HI3KITT A0XO[ NO CPARHEHINO ¢ APYTHMH BHAAMH LeH-
HBIX Bysar, ofanranuy — Guiee 1aA0KITLH MeTL nHsecTitMi Kanwrana
H NOJTOMY WIXGAST WHPOKOE APHMCHEHHe B PUILLICOBO IPaKTHKE, Au-
MHACE ODAYATEALION COCTARTAKILCH AKTHDOB CTPAXORRX, IIBCCTHIHOHN
HBIX M DEHCHOHHMN (ROHAOH, (PHHAHCORKX KOMIAILIIL,

OBnuraumn He3 BLINNATHI NPOUEHTOB

Npubeuie or obaraiiiu npeictapaner ¢ofolt pUIIOCTb MEXKAY HOMH-
HAMBIGHT CTONMOUTLIO 1T HCHDII.

[lycts N - qsumaniblag cTORMOCTE 00AHEALH, P - TPOARKHAS UEHL
ebamraiin, D — Joxen of Npogaxn ahaA LG, TOr

D=N p (13.117)
M3 pupaxeuna (153.116):
=% NADO %, (15.118)
Toraa
D=N-p=N-p S NAMW X% =N -p2s N/100 %). (15.119)

Y Takux o0auradsil 8L KOPUTKKIL cpok noruueuns (ao roaa). Onpe-
AENHM AONOLHOCTE AORYTTKH 0ORTAlL N0 CTARKE APOCTAIX TROUEHTOR:

S=p (1 + 5L/ K) =S NA0D % (L + i/K). (15.120)
rae & — waparendan cymma, £7K — epok, Ha KoToPIME Baimyiesa obatra-
WA 1, — PeKTHBIASE CTABKR HEPOCTLIX PULLENTLL.

Joxo; or TOKYTTKH 06..‘1['[]"4’1]],11“ COCTABHT.

N=8-pn (15.121)

Yunthieaa (15.1203, noayqum:
D=N{1-pS6/100 %), (15.122)
i,= K100 % - p %) /tp . (13.123)

Ol"l]?E,EI.E'.T'!HM AOXOJHOCTE MOKVTKR 06."[1’]1‘31.{]“1][ e CT2RKC CTOMHRIX TIRO-
ueHTon.

S=p(1+iy* D=S-p=p+i Y -p (13.124)

TAE L, — pPesTHBHAA CTADKA CNOXKIIBIX [POUeTo.
C yueram (15.118) noayuise

D=1 +4, )K= 1] ;% N/100 %. (15123

24- 1222
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[IpitpasHieast nparbie yacTh Brpaoxkenrndt (13.122) » (15.125), naiipes:
i, .= (100 %/p %) - 1. (15.126)
ITpnmep 28.

Huznecrnumonnas koMranna xynuaa 50 obanraniii HoMusateHof cron-
Mocteio S0 Thic. sen. el kaxaaa no xypey 95 %. Cpox moramenns — 4 me-
csna. Onpesennts ddhekTHBHYI0 CTapKy NPHOBUTH [0 NPOCTHIM ¥ CIOXK-
HEIM MPOLEHTAM H NPHOBLIL OT CTEIKI.

Pewenue.
Joxoa o1 nokynky oanoi obanranmy e dhopmyae (15.122) cocranyr:
D=N{1-p5%/100%)=50(1-95%/1002%)=25 ThIC. nen. en.
Aoxoa ot noxynkd 50 ofauraunii pase:
25:50=125 e, pex. ea

IJhdekTHEHAA CT2BKA DPUORLTH N0 HPOCTLIM HDOHEMTAM 1o thopMyne
(15.123) cocTaguT:

£,=K (100 % — pSa)/tp%a =12 {100 % - 95 %) /4 - 93 % = 0.1579,
i,=1579%.
IdhexTBHAA cTaBKa NPHOLIIKN 0 CAOKHEIM HPOULHTAM [0 popmMyhe
(15.126) panna:
i, .= (100 %/p %) = 1 = (100 %/95)'% = 0,1664,
i, .= 16,64 %.
OOnurayyy C BHINNATOM NPOUEHTCR B KOHUE CPOKE NOTELEHHA
Oﬁbl‘lHO TaKHe oﬁmlrauuu BhIMTYCKATCA HA IIpOﬂO."]}KI{TE.ﬂth!f;I COH.
[TpuGinab Ha HEX COCTONT HA MPOHEHTOR, DACCHHTAHHEIX TIO CTARKE C0K-
HbIX NPOUBHTOR, H PA3HOCTH MEXxAy HDMHH&J’IIJHDF‘! CTOHMOCTRID I U.f‘HGﬁ
noxyniy, Joxodiocms 0bINIALNK ¢ HOMHHANBHON CTOHMOCTRE0 N, CI10K-
1ofl TpOLEHTRON roa0BOH CTABKON /. B LENOH 11POJANKY P COCTALARET:
D=N-p+ N +i)'- N, (15.127)
rae smpwxkeHue N (1 +1)" — N — npolieHTHbie Aenbru, p = Np, % /1007,
Toraa

D=N{(1+i) - p%/100 %). (15.128)
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Brinesem anrpamenne ans onpeaeieHs xbgexTHBHON roaonoil crasks
corubX npouerton. Tipupasnsaem sropywo dopMyay (15.124) u (15, 128);
YYMTBHIBASA, YTO CPOK DOTRALEHUA ORIWTaM = t/K W py2%/100 % = p/N,
HaitueM i,

P+ )% - p= N1 +i)" -~ p%/100 %],

(141, Y%= (N[(1+5)" - p/100 %] /ph + 1,

Le={[(1 +i)" — px%/100 %1 /p/N} + 17 - 1 =
=[(L + i)/ (% /100 %)) - 1. (15.129)
[Tpumep 29.

WunecTHisionHas koMnauus npuofipena 20 obanraunii na 150 tsic. nen.
e, €O cPOXOM Noratlenus 2 roga. OB Mranuy, BHITYIIEHHLIE 04 TTRO-
[lEHTHYK} CTARKY CIOMHKBIX nponedTop 8 % rojopmx, npuobpeTeHbl Mo
gypey 98 %, Onpenenurs npudnuit OT NOKYAKE ¥ 2PeKTMBHYIO CTABKY
CJOMHEIX TPOLUCHTOR.

Peuienue.

Mo dopmyae (15.128) naiizes mpubblib 0T NOKYNKKY GAHOH obauratiy:

D=N[(1 +iy —p%/100 %] =150 [(1 + 0,08Y - 98 %/100 %] =

= 27,96 Tuc. acu. ea.

Mpubetib 01 nokynkd 20 ofinvrailnil cocrasuT:
202796 =559,2 Thic, aew. ed.
Haitaem aexmisayio cTaBky CHOXHEIX SpoueHToB no dopMyle
(15.129):
o= [+ ApeZ /100 %) 7] - 1= (1 + 0,08)/(98 %/100 %) *] - 1 =
0,09096, wam §, =9,096 %.

Astium
Onpeaenenne 7. Axyuu — npencrapisior coboit goneshie teHibte Hyma-

Fii, CBHASTEALCTBYIOMKE DO YYACTHI HX BJajeNbua B coBCTBEHHOM KalTH-
TANC KOMIIAHHK.

AKUHH BRIIYCKAIOTCH TOSILKO HEIOCYARPCTBEH HLIMH TIPEANPUATHAMKI W Op-
TAINIAIHAM OHM DLIBAIOT NPOCTABIME W NPUBUACUDUBGHNBIR.

[lo npocTIM aKUHAM painep dusudendos aapatee He (PHKCHPYETCA W He
rAPAHTHpYETCS, Beniluaa AMBHAERIOB Onpeaennercs obnuis cofipanHeM
AKITHOHEPOB NG UTOTaM XOAAHCTREHHDI JIEsTENLHOCTH AKUHOHENHOTO 0f-
IeCTRA 33 HCTEeKNIMIT nmepuod. TlpocTrie akiMy Aai0T NMpaBo Ha yqacTie

24°
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B yHpamgeHHH aKUMOHePHbIM o0inecTBOM 00 TIPHHLUMOY: 0gHa aKUHS —
QNN [OI0C.

Baaiembiist IPIRKIEFHPOBAHEBIX AKUMI HMEIOT NPEHMYLLECTBEHITOR NTpa-
BUO B HOAYICHHE AHBHACIAOB, TADAHTIPOBAHIIH (DHKCHpoBaHbl npo-
UCHT, A0 B OCTATKE aKTHBOB NPI JTMKBIAZIHH KOMITAHHH.

llon xypeoaod craoumocmui axyit {(KYProM axLMIL TOHEMAETCd 1eHa aK-
LLHEE, PRAATMBAIONIASACS HA (DOHICBOM PBIHKE NPH €8 NOKYITKS NN npoia-
e, Blnaecll akimy MoxeT NpoJats ee 10 KyReosol CTOMMOCTH, KOTupas
FABUCHT OT MHOMHX (hakTOPGE, K B MEPRYIO OUEPLAb OT PeHTAOCILHOCTH
M pes L pATS S

1log woMunarphol cmouMocmsi askyuy (HOMHAN) NOHIIMACTCH YKa3aH-
Hag Ha aKIHY [LeRa, 110 KOTOPON OKA 11POAAeTC TPH NEPBHYHOM pazsMelle-
1111 AKLHOHEPHOTO KarnniTana, HoMitHaTsHan 11eHa aKIIHH Ha PbIHKE UeH-
HbIX GYMAT SNAYEHNSA HC HMOCT.

AKUMH MOTYT OBITh KaK uMeiHuiMy, HAHMEHOBAHIE BAAJEThIA KOTOPBIX
YKAZIHO 114 OAAHKE AKIMK, TAK 11 B2 hpedssaumern (e3 YKa3aHWa HMEeHN
aaagenstd. FIMeHHWe akuHn Moyt OblTh Upoldlibl APYToMY BJA3AERbiLY,
L 1TPH 5TOM JENAETCH Jallich [ KHMTE YYETa aKiifil 1 OTMeTKa Ha obpart-
Hoii cTORONE AaKUHLL

Herouunkom J0Xesa oT HOKYIKK 2K SIBAACTCS PARHIIA MEXKAY 1leHOH
TROSEGARL SKILHE Yeped KOKOW-10 N[O BPeMeHTY I UCHOH MOKYTIKH T0C
JNBHIACI .

Bemiua JUBNALHAOR OT [IPOCTHIX AKIUI onpeaenserca odus cobpa-
FHEHEM tKI{HOHIEPOB, B CBA3N ¢ HEM NPON3AC/LIMLIEC DACUETI ABAAKTCA QPH-
EHTHPOROYHRIML

Joxoppl OT NPUBHNEFMPOBAHHBIX aKiii

Aoxoa oT NPUBHACTHPOBAHHEX akituil (D) paBeH MPONEHTHLIM Aelblam
(D% ) e pasHoCTh MOKAY LCHOI. Mo x0Tnpofl aKUMUH NPORAHKN yepes
HEKOTOPOE BPEMA P, L BeHOH NOKYIKN aKin p:

D=D%+p -p {15.130)
Bes peitipecTrHE
D% =Nnp, (15.131)

e p'— HPOUEHTHAA CTABKa N0 NPHBHACIIPOBAHHBIM aKIIHAM, 1 — CPOK
0o oF NOKYIKHE A0 HPpodasd; N — noMMnansHas cTOHMOCTD adKIHH.
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Ecasr npouenTHbie NeHbLI BHOBL HHBECTUPYIOTCA TOR NPOLCHTHYID CTABR-
Ky CJAUKHLIX DPOURLTOB [ TO HAPALIEHHAR CYMMA NpeicTannser cobol
cyMMy (hHHaHcoBol peliThy

D% =Np[(1+iY - 1]/1. (15.132)
ﬂUSDII,lIOCTh OT BIGHKEHDH JCHED B TI]']I-lBH."ICFHPUBEIHHI:I[‘ dK11HHN Haﬁﬂ.BM
¢ MCnosbanBateM ahdeKTHBHON CTABKY CAMKHLIX NpoUesTol (1, ):

D=p(1+i.)" - p.

e =(D+pYp -1 (15.133)

IIpimep 30.

QOupma npHobpera 20 NpHBHAETHPOBAMHLIX KLU HOMHHWIOM 1O
200 Toic. aen. e v gHKCHpoBannoil npoueHTON cTaskeil 20 5% u roa.
CrouMocTb aTHX Akt exXeroano BospacTtaeT Ha 5 %6 oTHOCUTETBING HO-
mintaaioi. TlozyyennLe NpolEeHTI BHOBL HHReCTHRYI0TCH mof 10 % ro-
Aosuix. OnpeacsinTh OXKAREMBIT JOXOA W AOXOAHOCTE NPOAAKN aKiiHil
Yepes 1na TOAE.

Prutetie.

IIpouenTtHue gensry ot 20 akuuii 2a rod cocTanar:
D)% =02 200-20= 800 T, nen ea
Hoxon otT pewnpecniiui ¢ yuetom (15.132):

D%=D%(L+i) - 1]/i,=800-[(1+0,1)Y-1]/0,1=
= 1680 Tuc. men. ea.

Iena noKynkKH akuHH;
p=20-20=4000 Thic. nen. ea.
CToMMOCTE: axLuil Yepes jpa roaa:
p=200-20+005.200-20.2=4400 Tuic. aeH. ed.
Oxnpaemutii joxon:
D= 1680 + 4400 - 4000 = 2080 Thic. feH. ea.

3dwpekTHEHAA NPOLUEHTHAA CTABKA MOXOAHOCTH CACHKIL Ao (opayae
{15.133) cocrasur;

i, =J(D+pYp —1=.J(2080 + 4000)/4000 - 1 =02329
i, =23.29 %,
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Hpumep 31.

{IpeanpHHIMATEND BBIACAR/ HEKOTOPYIO CYMMY Ha (IpHOGpeTenne akuHi
TpeX h1ipM. IGPeRTHRHEE IPOLCHTHRIC CTABKH AOXOXMUCTH aKUMI ITHX
¢upM cocrapagT 13, 17 1 18 2. CpasHuTe BOTOAHOCTh MOKYNKR aklMii
RJUST TPEX BAPHAHTOB.

1} axuny nepsoli dupMm KynaeHsl Ha 50 %, sTopol — na 30 %, TpeTs-
eil — na 20 % BuiaenenHoR CyMMB;

2) courvetcrpento, Ha 40, 30 u 30 %;
3) cooTseTcTRenHO, na 30, 40 » 30 %.

OB03HATHM BHUIEIEHHYIO NIPEANIPHHMMATENEM CYMMY Ha npHoGpeTenne
akunif 5. JloXogLl 1O BAPHAHTAM COCTABAT:

D=058-015+035-0,17+ 0,25.0,18=0,1625,
,=048-0,15+035-0,17 + 035 - 0,18 =0,1635,
Dy=035-0,153+045-017 + 0,35 0,18 = 0,167 5.

TaxnM oGpadom, IPEIIPHITHMATEN) BLITOHEE IFOKYNIATh adliHK TPeThed
fPIHPMEE.

YnpaxHeHus

15.1. Dupme suiesen GanKoBCKUIT KPeHT Ha cpok ¢ 3 anBaps no 12 map-
Ta MOA HPOCTRIC MPOLIEHTH € NPOUCHTHOTE cTaBkoit 12 % roaonsix. Cymma
kpeAnTa — 80 MAH Ren. en. OnpeaeianTs Tpema MetofaMu Koadiiunent
HapaLeHyA ! HAPALEHYIO CYMMY.

15.2, CoeperatensHuiii Ganx PHHHMACT BKIad <¢Au socTpefuBaunss
mof OpoIEeHTHYW cranky (% =48% (nponewtm npoctwe). B roay
K =363 pneit. Yepea cxonsko aneif axnan n 4,5 sman fieH. ea. napactet 1o
5 MJIH fen. ea.

15.3. Oupwma raana s KOMMEpYEcKoM BaHke kpe/itT Ha cymMy G00 man
aen, e, cpoKoM Ha 4 roaa. Cornacno aoroBopy, i Nepsril rod NPOieHT-
HAA CTABKA COCTaBHNA 14 % 1 ¢ y4eToM MHGAAIHN KLKIER (10CTe1YI0-
WA [OA DoBBIHNAMACE Ha 2,5 nyukTor. Oupescnirte koadibuunent napa-
WEHUS, HAPATIEHHYK) CYMMY b oxoj BaHka.

15.4. Bauxi UpHUHMRIOT ¥ HaceeHss AeHEKNBE CPEACTBA Hi CPOMHLIC
BENAALI. K.mueHT xo4eT sHecTH B ﬁaHK ACHEXHYW CYMMY 8 Mou ACH. ¢, Ha
3 Mecduta ¢ TaxMM pacyeroM, UTofiel HApANIeHHAS CyMMA GBIID HE Melee
10 man aen. ea. Kaxoll gomxHa Ou1Ts rofobas npoueHTHas craska?
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15.5. Ccyza 8 pasmepe 30 000 nen. ea. BrgaHA HA DOATAZ 0 NPOCTOR
cravke npouedTos 20 % rogoenix. ONpekCaNTh HAPALEHHYID CYMMY.

13.6. Kpeaur B pasmepe 100 000 azen. ez. seian 2 mapra 2o 11 nexabps
mon, 18 % rofosmix, roj BncokocHul. ONpeneNWTs pasMep HapaigeHHo#
CYMMBI [UIS PR3ITHYHEX BAPHaHTOR (OObIKHUBEHHOTO H TUMHOID) pacyera
HPOLCHTOB.

15.7. Kpeaur b pazmepe 200 000 pen. en. ssinaercs #a 3.5 ropa. Craska
TPONUEHTOR 3a NEPBRHT roa — 15 %, a 33 KHKA08 TOCTeAYIOILES TONYTOANe
via yeenHuusacTes Ha 4 %, OnpepesuTh MHOKHMTENDh HAPaNIEHHA W Hapa-
LIEHHYH) CYMMY.

13.8. Onpene/iiTh NepHos NAYNCACHHA, 3d KOTUPLIT TEPBOHAYANLHENT Ka-
nutan B pasmepe 25 000 gen. ex, supacraer ao 45 000 gen. en,, ecn ne-
TOUIB3YETCA NPOCTAA ¢TaRKa npolenTos 12 % roposkx.

15.9. OmpeneaitTh NPOCTYI0 CTABKY MPOLEHTOR, NPH KOTOPOH nlepsoHa-
yanpHbIl Kanitat 8 pasmepe 24 000 aen. ex. avcrurier 30 000 aew. en. ue-
pes 100 ameir. K'=365 aneit.

15.10. Kpeant pupaercs moi npoctyo crasky 18 % rojoswrx na 250 aueii.
Paccuutath CyMMY, HOAYHAEMYIO KPEIAUTOPOM, H CYMMY NPOUEHTHELX fe-
HET, ectit RettaiHa Kpeanta coctasnret 40 000 xer. ex.

15.11. Kpeant BHgaeTCH Ha Hoaroja mo npocrol yvernol craske 10 % ro-
JOHLEN., PaccyMTaTth CyMMy, TONYUYAEMYIO AEMIMHKOM, M BEJIWHHHY AMC-
KONTa, ecau Tpebyerca sosspatuts 300 000 aex. en.

15.12, Kpeanr s pasmepe 100 000 nen. ea. suiaaetcs mo yyeTHoil craske
12 % roaoesix. OnpexesuTs CPoK, Ha KOTOPHI RPeloCTARINETCH KPEAMT,
ecl aaemMinK Kenaer moayeuts 130 000 new. en.

15.13. PaccynTaTh YUeTHYK CTaBKY, KoTopasd obecTevHMBaeT A0X0n
B 60 000 aen. ea., ecmut cymyma 8 30 000 ped. ea. BuifaeTca B ceyay Ha non-
TODA.

15.14. Bavg npHHUMACT BAANTHUE BKNadn PHANYECKHX JIMD 4J0 BOC-
Tpebopanngs no HoMMHANLHOR NpouenTHoil craske 5 %. Kruent Bhec
200 nonn. CH1A, Onpenennte koadMIMenT KapaueHUd, HAPAWIEHAVD
CYMMY TIDH cpoke Bi1and 12 mecaues. [pouedTsr cnoxkHbe HAUUCIITIOTCS:
0O4HH pai B roji, n HDH)»’I'OII]-!C. I'IOK'Ba]]TaJ'[bHO, CRHEMBPCAYHO.

15.13. Knuent BReC B KOMMepueCKHil OaHK BiUiaf ¢10 BocTpefoBanuss
o cymme 20 000 Aey. e, 0A HOMRHANBHYO TpoUeHTHYIO cTaBky 10 %. Ha-
HICTeHNE OPOIEHTOR exkeMecsynn. Brnail sHeced 23 siHBaps M NoJyder
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4 asrycra. Onpegenre KoadupHIMERT HAPAILEHHS], HAPALLEHIYIO CYMMY
HL0XO)L KJAHEeHTa.

15.16. [Ipu Braaie «10 BocTpedoBanias GAHK, COMMACHO JOTOBOPY, HMEET
NpaBo HSMEHHTL NPOLEHTHYI0 cTaBky. Kinent Buec B KOMMepYeckHi
Hank 30 000 nen. e flepspiil MecAll HOMIHANBHAS POIEHTHAR CTABKA CO-
crasasina 6 %, nocaeayoune 2 mecsia — 7 %, caeayiounii mecst — 8 % n
noceanne 3 meesia — 10 %. Onpeaeaure xoahhHIEHT Bapalllexis, Ha-
PALICHHYIO CYMMY H A0X0/ KJAICHTA [0 NPUBEACTHEIM CTABKAM L1 CTI03-
HBIX M TPOCTDIX HpouetroB. Hauncaenne npouenTon exemecautoe.

15147, Tpu komsmepueckux Oanka TpeUIoRnIN BOSMOMKHBIM KIHenTaM
caenyioniile yeaoBHs: NepBhill OAaHK MpeasaraeT Ha BANIOTHhE BKAJBI
HPUCTBIE TPOLEHTB U3 pacdeta 8 % rojloBeix, BTOPOil — 110 HOMUHAILHOH
cTABKe 7 Y0 PN exkeMecs HOM HAMHCIeHHEe TTPOLEHTOR, TPETHIl — no Ho-
MIHAABHOI cTapke 9 % 1 HOKBAPTANLHOM HayncAenun npolentos, B ka-

koil Harnk KITHEHTY BLITGIHEE BIMAILIBATL ACHLTH?

15.18, Tonopas npouesHad cTaBKa KOMMepYecKoro HaHKka <10 BocTpe-
Oopanusae — 4 %, Havucnenue npolcHToB eeMeciuHoe, MpoLeHTbE CA0XK-
nble. Ha Kakoit MHHHMAIbHBIT CPOK HYKHO NOMECTHUTh KIHEHTY BKIAA
30 000 new. e, uTobp HapauierHas cyMma Hoita te metee 40 000 aen, en.?
[Tpynsars K= 365 anel v roxy.

15.19. /las coBepuieHna c/IeTKN HePed TPH MeCAa KAHEHTY HeohX01uMo
umetrs 500 000 nen. ex. B namunn y wera 450 000 nen. en, Kaxoil nosokna
GBITH MHHHMAILHAS HOMHHATLHAS CTABKA TPOUEHTOR KOMMEPUECKOrD
Ganka, yTofn HapaletHas cyMma Gbiia He menee 500 000 aen. e 1pu ye-
JIOBHH, YTO HAYHCJIEHHE TIPOLEHTOB eKCMECsIIHOoe.

15.20. Kommepyecknil Bank npuiiMaer BKILILI HACEIEHNUS CPOKOM 11
90 aueli npu yenosun 10 % rogosnx. [0/10B0i 0XH1aeMblil YPOBEHb HH-
sy coctapaget 8 %. OnpeaeanTs [HPOCTYI0 NPOLEHTHYIO CTaBKY
¢ yretom uHdasinm i koaddiment napauen s, npuase K = 363 aneii,

15.21. Dupwma gorosopiuiack ¢ GaAHKOM O BbIACTEHHH KpeauTa 6 MIH JIeH.
ell. Ha roa 6ea yvera niduaiui, Oxuaaemblii rogosoil yposenb undas-
win cocrapaset 10 %, Onpeacauts TPOUEHTHYIO CTABKY € YHeToM HH.Is-
U, KoahuLUMeHT HapaleHA.

15.22, Ha cymmy 20000 ged. e, HauHCAsI0TCR CROKIBIE IPOLEHTH B TE-
deHi 3 1er no rogosoff nponentHoit crarke 0,08 %. Temn npupocra un-
sty 0,03 % B roa. Onpenennrs:

a) Hapaennyo cymMMmy 0e3 yuera miiisiing
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) PEWLILHO HAPAILEHHYIO CYMMY © YYeTOM HHOMOIAINY,
B) HpYTTO-CTADKY;
r) BapaeHByIo CYMMY 1o GpyTTo-cTaBKe.

15.23. AO cospaer GaaroTBopHTENBHEL (hOMA, ANA YEro B KOHIE KAXAOr0
roda B GaHk denaercs padoc v passmepe 40000 aen. en. Ha cobpannme
ZEHBMH DAHK HAMWCIKET CAOKHDLIE NPOLEHTHl 110 OAOBOH LPOLEHTHOMN
crasue 153 %. OnpenennTe paamep ouaa vepes 10 ner.

15.24. Tocnoans Wesanos xenaer 3a 8 aet Hakomyts K whHpnew 50 000
IJ€H, e, Benas B KOHUE KikJIoTo rofa pasHLie BrIm 8 6allk, la KoTopaie
faHK HAYMCISET TPOLCHTSH M0 TOROBOH cTanxe 5 . Kakyw cyMMy oH jon-
AEH BKAAABIBATH EXETONHO?

13.29. Tocronun Meanon xenaer nonoXuTh B Gank, KOTODH BLIRUAUN-
BaeT 10 % CNOXHEIX FGAOBRIX, TAKYH) CYMMY, 4TOOK CTO CBIH, CTYNEHT
1-ro Kypca, MoT CHHMATh ¢ 3T0ro cueta exeroano 10 000 aen. ex., neuep-
MdB BeCh BKAAL K KOHUY NATHAETHero cpoxa yachu. Kaxyw cymmy aon-
¥eH NoaoaxHTL B 6ank rocnoann Mpastos?

15.26. Kamusnit wnen penrst 500 gen. e, pulTayiBaeMalli B KOHLC Toa,
IMCKOHTUPYeTCd CAOKHBIMU NIpoeHTaMy 1o roaosoi craske 0,06, Onpe-
NeAHTh CORPEMERHYI0 BENIMNRY PEHTHI NPH YCAIOBMH, HTG CPOK PERTH Pa-
wen 10 aer.

15.27. Oupeaensts pasmep OAHHAKOBHIX BIHOCOB B KOHLE rofa MPH HA-
YHCACILHH 1l UK CAOMHLIX TpelenToR 1o resunoft craske 0,08 aaa coa-
Aais K KoHity 9-ro rofa dona, pasHoroe | 000 000 neu. en.

15.28. KpeauTuoe coTNALeune NPoMeTUITELHOT0 MPEANPHATHA ¢ HAHKOM
NPEAYCMATPWRAET, YTA 3a NEPBHIR 101 TpeanpuATHe ynaaymsaet 20 % ro-
nOBHIX, B rkakaoM MOCAIYIOLIEM IIOMYTOAHE CTABKA NOBMILAETCA i
1 mpouenTHbI{ MyRKT. Cpok caenky 2.5 rona. Cymaa KpejanTa 5 MJIH Jex.
en. ITponeHTH oBLIKHOBEHIIBIE ¢ TPUGIDKEHHBIM CROKOM KpeaHTa. Onpe-
AeAHTH CYMMY BOIBpaTd KpeauTa Yeped 2,3 roaa, a Taksxe aoxoa OaHKa.

15.29. Axumnoneproe obwecrao {AQ) ana noralieHss 3ago/BKHOCTEN Mo
CHETAM (ICCTUBLUMKOL CHHTAST BAZMMKHBIM BIHTH KPUTKOCPOUNLIH KpeauT
B Ganke noa 15 % rogonsix. [oa He sucoxocHbiL, Kpeavt na 100 man gen.
ed, maaHupyetest ¢ 20 AHBAPA no 5 MApPTa BKAOYHTEIRHO.

OHDE‘J].EJIHT]: BO3MOKHBIE BADHANTHE J0AIA IO TOYHLM NPpOUSHTaAM € TOY-
HAIM YHCIIOM el KpexuTa, 1no OOBKHOBEHHEIM IpONENTaM € TOYHBLEM
YHCTIOM fHell KpCAHTA; IC OOBIKHOBEHHLIM MpoUERTaM C H]JHGJ’]HIEHHI)]’M
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yueaoM aHei kpeauta. Kakofl sapuaut caenxs awrogaee AQ, xaxoit —
Hanky.

15.30. Ila cymmy 100 rnte. gen. ei. vasucnneres 10 % roaonwx. pouen-
Tbl [1POCTHIE TOUHBIE, KAKOBA HAPALLEHHAS CYMMA, €CIH OIIEpal A PeHHBE-
CTHPOBANHSA NPOBOIKTCS exeMecsaylio B Tevenne | ksaprana? Ilpuuste
K =365 aneil,

13.31. OnpeaeanTs COBPEMEHIYIO BCAMYHHY 0aHKOBCKOIo ZENOINTA, €CnK
RKAAAYHK vepes L neT gomkeH NoaAyudTh 2 MJH A€H. €A, ADPH VCIOBHH,
4yTo DAHK NPOH3BOKSIT HAMICACHNC Ha BHCCCHHYK CYMMY 1O CAOXKIDH
craske 20 % roJoBbIX W B chyyae, eC/H HAYHCTEHIE NPOLEHTOR TIPOH3R0-
JETCH EXEKBAPTAIBHO,

15.32. Kakym cyMMy HeofX0;IMMO NPOCTAENTS B JOLOBOPE, €CAH 3AEMILH-
Ky npedocTasaen kpeaut v 300 Tuhe. geu. ed. cO CPOKOM [OTALIEHIEH
1.5 rosa, a Hapamenie NPOUEHTOR NPOMABOJMTCA MO CAOKHON roj0Boil
yueTlod crasie 20 26 ¥ B cHyYae eRekBAPTIILHOTO Hapaltlennn?

15.33. MMpeanonaraeres, uto Temn nHdasunn cocragur 20 % B rmoa. Ka-
KYI0 CTABKY CAUMHBIX [IPOLEHTOBE CASAYET NPUCTABHTE B aoluhope, 97006
peanbHan joxoaHocTh coctaBmana 10 %7 Yemy paBHa HHGIALMOHHAA
npeMun’?

15.34. /lns coaganMa cTpaxoBoro roHAa (UpMa CHKEr0JHO BLLIENSCT B
xonue roga o 100 Tuie, geH. en., xotapuie BraaabBaoTes 8 bank. Onpene-
JIHTh CYMMY, HAKOIUICHHYIO B CTPaxoBoM douae uepe3 6 meT, ecau Havuc-
JAAIOTCA CHOKHBIE TIPOUEHTH! N0 roRoBofl crarke 12 %%,

13.35. FIMeeres neHexHas cymma g pybnisx, KOTOPVIO NPEANDIAraeTes No-
AOXKHTE 1A noaroaa s Gank. Obmentnit Kype o savare oinepauny 20 pyb.
32 YCJI. €. BIIOTHI, OujaeMEblit xypc ofMCHA B KOHUE ONEpaLKH —
26 py6. 3a yon. 4. [ogobas cTaBka OpOCThIX TPOUCHTOB [0 pyDACBLIM
BiaanaM 15 %, no BamorHmM BKNanaM — 3 %5, Kax Buroanee pasvectith
BrIAA: pyDAeBbIH 1K Yeped KOHBEPCHIO B BaNOTY?

15.36. Ccyna 8 pazmepe 500 Thic. AeH. 4. BelaaHa 5 AHBapA Ha (DA A 6 Me-
cR1eE. Ha NpOTAXKCHIH 3TOr0 CpOKa B CYCT NMOTALICHWS 320/KHOCTI TIpe-
JyCMATpHBAIOTCA 0JaTexH B Gank: 5 anpeya B pasMepe 15 Thic. Aek. €4
3 uong u 15 oxrabpsa no 100 tuc. aen. eg.; 5 suBapa B pazmepe 50 Tuic.
ned. e, BaHKOM NPeayCcMaTPHRAETCA HAUUCTEHHE TPOCTRIX MPOLEHTOR NO
crabke 12 % rofonsix. PaccynTaTh KOHTYP PHHAHCOBAOK ONepailiy A1 aK-
TYapPIOro METOAA M METOIA TOPTORLA, ONPEAS/ UTh PAIME] HOCTERNETD M0~
TACHTEILHOTO fLAATEXA A4 OKDITHaTeALHOTE pacdeTa B 0DOHX MCTOJAx.
Peaynbrarsl pacyera CpaBHHMTb.
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13.37. B 1995 1, 8 Pocenn COCTOAACA aYKIKOH 1D HEPBHYROMY PasmeLe-
HHID FOCYZAPCTBEHHBIX KPATKOCPOYRBIX 00aHTaILNUT CO CpOKOM nipaie-
A 36 anell. MunuMaag deta npofaky cocrasaana 93,92 % or nomut-
rana, QnpeaeauTs JoXoA0CTh LOKYTKEE OONNraiid 110 MIBIMATEHCH
uele,

15.38. Dupma npiodpena 10 nPHBILIEMTPOBAHIBIX KIGIA HOMEAIDM TIO
100 Tnic. aen. ea. ¢ cpukcitposaHHoii npoucHTHON cragxol 40% B roa.
CTOMMOCTE 3THX IKLHIT ©KETOAHD BO3pacTaeT HA 8 % OTHOCHTENBHO HO-
MiHaILHOI. TloayeHnie NpoRetTh BHORL HuBecTURYIOTCH moa 30 % ro-
noksix. Olpeneants OXRAIEMBU JUX0L B AGXUANOCTE JPOALNKH HKLFA
Yepes TP ToAA.

15.39. [lpeanpruiMAaTe s BHACINA ITCKOTOPYIO CYMMY, HA KDTDPYID OH
npeanonaraer npHobpeetit akwitt vetoipex GipM. Hpdekrisaue mpo-
UEHTHRE CTARKH IDXOAHCCTH hupsM coctapasior 16, 20, 24 uw 12 %. Cpab-
NHTE BEITOLHOCTE NOKYIKN AKUMI AN TPEX RaPHZNTOR.

1. Axunii nepeoli gupybl kymteno Ha 30 %, sropoit — na 15 %, tpett-
eif — na 13 % 1 veTBepToil — na 20% BLLACACHNON CYMMDI.

2. Axkuuit neppoii thupmyl kymieko Ha 30 %, aropoii — Ha 20 %, Tpers-
eit — va 20 % w yerneproi — az 20 % suaescnnoll cysmu.

3. Axuuit neproit drpmul kynaena xa 20 %, propoi — wa 30 %, Tpers-
ell — ua 15 % u verveprosi - na 35 % puraesennell cyMmuL



Yactb V

OCHOBbI 3KOHOMETPUKH



:‘)KOHOME??’IPHKL’J -— ITO THCONILTHNEA, 06'!:!:‘HHHHIDHIH.H CODBOKYIUIOCTL Ted-
PETHHECKHX DOIVALTATON, METOACD K NPHeMOR, [TOIABOJARMOUINK HA Baze
IKOHOMHYECKOI TCOPHH, gHAaNM3d, CTATHCTHKL H MATEMATHRG-CTATHCTH -
HECKOGrG HRCTRYMEeHTADHA (MAVHATE KOMHYCCTBCHHEBIE BhIJAXCHHA KavC-
CTECHHLIX SHKOHOME‘DHOCTGIUL

K._VpC AKOHOMCTPHEH NDH3BAH HAY4YHTE Pad T HBIM cnocobam BLIPpaAeiA
CBAACH H BZKOHDMEPHDCTCﬁ Ucpes IKOHOMOTPHYCCKIE MoAenl ¥ MeT0odbl
MPOBEPKH WX aAeKBAaTHOCTH, NCHOBAIHLIE HA JJABHLIX HBG.‘IID,EI,L‘]!]‘Iii.

Tepmun «aKoNOMETPIKILY NPUHCXOAHT UT ABYX CAOB: SKONOMMIG H METDIE-
Ka (namepeniie). On Om1 spenen aaypearom Hobesenckoil npemun no
IKOHOMHKe HDPBEKCKMM YueHbid P (Dpmuem.

:‘)KOHDME‘TPHKB OPHMEHACT TAKIE METOIALL, KK KOPPE’.TIHU.HDHHbIﬁ il pEr-
pt.'CCI-IO]!]I]J[ﬁ ARAJERD, AHANNS BPCMEHHIX RPHIAOB, CHCTEME QUHOBDEMEH -
LiBIX YPOSIENNTT, a TAIOKE JAPYIHEe MeTOLb], PACCMATPHBAEMDLE ¢ HC D b3
BAHKEM TCOPUH BEPOATHOCTEN M MaTeMmaTHyeckoll cTaTieTik, [To cyTi
AeJia, IKOHOMETPUKR BbIIEAHIECH KAK CAMOCTOATENLIAEN HAY Kl H3 MATEMA-
THYeCKOH CTaTHETHKN.

DHOUNMETPHKS Kak Havka soszndiaa B Hasane XVIIE g B X1X 8. 6w
paspalborannt  TAKHC CTATHCTHHECKHE  MCTOAL, KAK  MHOXKeCTBEHAR
Perpecclis, CTATHCTHMECKAA MPOBEPKa THNOTEd, BLIGOPOYHBIE METOIbI
(P. puu K. TTupeon, 3. TTapeon v ap.). & nepeail noroeine XX B. & yo-
ACANPOBAHIL CTPYKTYD CNPOCa, HOTREOUTEALCKIK PACXOACE § MY DMMH-
PHYCCKOH OUeHEN BHCen Bxnan Po Anaew, A, Mapwasa v gp. B ToT xe
MCpMOA HAawiHaeTcs wiydyeHue npouspoacTsenHoil dwukyun (9. Kobo,
Il dyrnac). B 1968 r. nepprmu naypeatamu Hobexresoxod npemii no
skonoMHke et A Tunbepren v P. @pani, snecisie ocnosoneaaralo-
Wi BKAAL B DAIBNTHE SKOHOMETPUKY,

SHEYUTCIbHBI BHTIAA 8 PadBHTHI SKOHOMOTHIKI BHCCAM OTCHECTLOH-
HbIC SKOBOMUCTED W MaTemaTinkn — F. E. Chavukuit, JI. B, Kantoponuy,
B. C. Hemuyunon v ap.

PoiHoynan sKoHOMNKA Tpeﬁyer YAYHIICHNA HCTICAB3IOBATHA CTaTHCTHYE-
K0P H AKOHOMHYECKOH ITHDOPMAILHH, XAPAKTEPUIYIOLER PCIYALTUTH XO-
ATHCTBEHHOH AEATENIBITOCTH., JKOHOMUHYECKHE PACMETIA NOMOLIaryT nyyque
NOHATH XOARHCTBEHHhie MPOLECCh, foaee ACCTOBCPHO d)opmymrponarh
CODeThHE H paCCYHTHIBATE MPOIMOSHL.



Fnasa 16

HenvHelHas perpeccus u koppenaums

16.1. HenuHennas perpeccus

MEJK,Z].}" FKOHOMIHECKHMH ARTEHHAMH CYIUELCTRYIOT HeHeitHEe COOTHO
HeHMA, OHW BRIPAKAIATCA ¢ TAMOULK HEMTIeHbLX (hyHKUKEA,

PazmiuatoT ARa Kracca xeauwetineer pezpeccuil: perpeccHit, HelwHeHHule
OTHOCHTENBHO BK/IDYEHHBIX B AHAIHNI O6BACHALILIAY [tePeMEHHBX, HO TH-
HCITHLIE 10 OULHHBASMBIM TAPAMETPAM, H DETPECCHM, AEIIHCHHEE (O Ole-
HHBAEMBM TlapaMeTpa.

ITpitMepami NEAMHERHON peTpecCiH MO BRAWYAEMBIM 1 Hee O0LACHRI-
MM NEPEMCHHBIM ABNAKITCA CACAYHOTOHE l'py‘HKL[HHZ

® OONMHOMEI DASHBIX cTenened: y=a+by+ axlte y-a+br+ et +
rdvite;

* PABNOCTOPUHHAA rHnepbuta y=a+h/xte.

K denuHeHHWM perpecCHAM IO OUEHHBAEMEIM NapAMCTRAM OTHOCSITCH

PyHRLHH:

» cTenenHas y = ax'e;

* OKAaJATENBHAR §=ak'e;

a+hy

® ARCMIOHEHIHANbHAN #=¢ &,

Bo acex upusefenbIX pbllte 1t 42N€e PEIPECCHAX CAAFaeMOe 3 COMHUAKM -
TEMb € O3HaYaeT onntbky (MOTPELIHOCTh) PErPeccuy Cy4altHoi Bemuuu-
HBl X Ha CAyuaiiHyo BeTHYHRY 3.

Herinerusie pefpeccnd nepeoroc knacca

Henauneitiran perpeceis 0o ykJ0MeR by DepeMelilbiM (IepBOTO KN3CCA)
CUpPeJcaAsaAcTCH, Kak il B Auneitnoi perpeccHi, MeToqOM NAHMEHBILRX KBaJ -
paroe (MHK), Tak kak 914 hynxkuny misefins no napamerpaM. Hanpy-
mep, B Napabone BTOPOE CTEIEHH, KOTOPYIO 3anMilieM B Bhde
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y=a,+ax +ax’ +e, (16.1)

JAMEHAS TIEPEMBHHBIC X = X,, X" = X;, NOAYYHM IBYX(AKTOPHOE YPAUHEHHE
MHei Mol perpeceuss:

y=a, tax+tax; +e, (16.2)

ANST ULEHKH NApaMeTPor KeTopnra ienonssyercs MHK.
ConTreTCTREHHO, /LA NOAHEOMA TRETLETO HUPARK

y=mtar+aait+axte (16.3)
1PH 3aMEHE X=X, X = Xy, X' =1, NOJAYIUM TRexi(PAKTAPHYI MOJENb M-
reilizof perpoccHy BiHaa

Y=ay tax Eday o te (16.4)
H TN
TaxnsM ofHpazomM, HonMHoM AOHOTE NOPAAKA CROAMTCH K AHHEHHOI per-
PECCHH C €€ METOIaMM OIteHHMBAHHS MAPAMETPOB U NPoBepKH runoTea. B

JKOJIOMHHDCKNX HCCACAOBAHEAX Yalie BCeTd HCNAALIYETCH napaﬁoﬂa BT0O-
pl}r{ CTEMEHH, B OTACAhHAIX CAYHAAX — MOJIHHOM TPEThEr0 [IOPAZKA.

Tpumenense MHK ana ouenky napamerpos napabosibl sropoil crenetn
NPHBOANT K caeaymtiell cHOTeMe HOPMAILHAIX YPaBHeHHA:

nay va, Y x+a, 9.5 =y,
QY x+ay g,y x’ =3 (16.5)
ay 2 xray 7t e,y xt =Y xty.

CiHcteMa cogepRHUT 3 YpaBHeHHA ¢ 3 HEHABECTHRIMH KOSQDHIFRHTAMY 2,
@y, @y, W CC PEIICHNE MOXKET OBITL NpoHsneaeHo no dopmyaaM Kpamepa.

Mpumep 1.
JaHHele peayabTatas HabmoaeH il npeacTasnedn B Tabauue.

X -Z -1 1] 1 2 ‘

I~
L 48 0.4 -3.3 -08 32 I

OHpCﬂC;’IHTb METOAOM HaMMUHLIIKX KBaapaTos NAPaMETPB] dy, a,, iy 3Jasii-
CHMOOTH BRaa =4, + a.x + aa’
Peutentie.

CocTasiM BCMTOMOTATENbHYIO TAONHLLY H NPONZBEIEM PACYERTH, Heafixaan-
MbIE L5 COCTABASHHH CHCTeMbl HOPMAbHBIX YpaBHeHMi,
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he X y i © v
[ -2 48 4 -8 16 -9.6 19.2
- 2 _ -1 0,4 1 e -1 {4 ) _or:—
3 n 33 0 0 | ] 0 | o__
1 [ 08 1 1 ! 08 038
.5 7 32 4 8 | I8 6.4 128
.[ z ] 43 10 oM -4.4 316

Ha ocnopanMi n0aysennLx pesyinTaTos pacdeTa KopiulelTon ciic-
TEMA HOPMATBHRIX YDABHEHHI NPHMET BHA

e, +0a, + 10a, = 4.3.
Oa, +10a, +0a, =-44,
10a, + Oa, + 34a, = 316.

Pewag aTy cHeTeMy MeroidosM Kpasmepa, nonydnm: a,= -2,44, o, =-0,44.
a,=1,64. Taxuy oBpazom, ypaBHeHHD HemHeYHOI perpecciiyn Ha y npu-
MeT BHJ

§=-242 — 0,44x + 1,64x%,

IMapadona eTopait cTemenu npu A > ) 1 ¢ < 0 CHMMETPHMHA OTHOCHTERRHO
HBICIICH TOMKH, T. €. TOMKH MAKCIIMYMa, H3MeHaoWell Hanpasienne Censu,
a MMEHHO, pocT Ha nagerue. Takoro poaa GryHKUMID MOXHO HafstonaTh
B IKOHOMHKC TPYJAd NPH H3YYCHHH 3aBHCHMOCTH 3apa6umo}“1 IJIaTLL pa-
BOTHHKOR EbHSH‘leCKDT‘CI TRy OT BOJPACTA — € YHEANYEHHEM BO3PACTA (TO-
BLIIAECTCA SapaGOTHELﬂ naara BpUay 0JHOBPEMEHHCNG YBUHYEHHA QThiTa
i OBRIUCHHA KBMI'[¢HKHHHH paﬁommca. O,HHB.KU C OIpEAEnedyara Mo-
MEHTA 113-33 CTAPEHItS OPraHu3Ma W CHIDKEHHA NPOHABAAHTERBHOCTH TPY-
Ad ﬂﬂ.ﬂ.th‘iimt‘tf MMOBLICHHE BO3PACcTa MOXKET HPHBOINTL K CHHACHHK
3apaboTHOH naathi paboTHHKA.

[pu b < 0 u ¢ > 0 napafiona BTOPOre NOPAAKA CHMMETPHYILA OTHOCHTEIL-
HO CRBOBH HHAUEH TOMKH, YTO MO3BOJSET ONPEIENATh MEHHMYM QYHKUMK
B TOYKE, MEHAWWEN HANPaBieHWe CBAaM, T. € CHHKEHUE HI POCT.

M3-3a CHMMETPHYHOCTH KPHBOE Rapafond BTOPOR CTEMENM ZAIEKO HE
BCETAA NPUIOAHA B KORKPETHRIX UCCTERUBAHMEX, Yalle HMEeIOT JeA0 UOlh
C OTAEJbHKIMH CECMEHTAMH 1ADaBOomhI,
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K gnaccy HeauueHHBIX PYHKUHA, napaMerphl KOTODBIX OLCHHBAKTCA
MHK. cneayeT nTHECTI PaBHDCTOPOWHIOK TANEPHONY:

y=a+hixte (16.6)

Otra MoxKeT GBITL HCNONLIOBANA 1A MUKPO- (| MAKPOYPOBRIE, HAMPHMED,
JLTH XAPAKTCPHCTUKH CRAZH YACALHWIX DACXOA0B CRIPLA, MATEPHANGR,
FOtH B € OGLEMOM BBUIYCKECMOH MIPOAYIKUNTL 3aBHCHMOCTH UPeMEItt -
pallcHiA TOBAPDOHE OT BCANYHIIE TBBBPQGﬁO]‘)UTa. Kraccudecknm ce TP~
Mepon ABAHCTCA KPUBRA (DI-L-L‘!U?’."CG, AHTAHACKGTO IKOHOMMLCTA, X2PdRTe-
PH3VIOILAN COOTHOWEHIE MeayY HOPMOiQl OespaloTHLL 11 ITPOUCHTOM
npupacts 3apaboTHoN tIaTh,

Has pasrocropossedi runepboiws {16.6) vbounavnm 2z = 1/x, ruraa nogy-
YHM JUTcitHoe YPABHCHHC perpeccyn

y=a+b z+e,

OLENKY TAPAMETPOB KoTOpore moxet Ouirs onpeineaena MHK. Cnetema
HOPMAILBLIX YPABHCHWIL COCTARMT:

Sy=na+b Ux,
Zy/.r = “'Z Vx+ bz i/x?

Tlpu b > 0 umMeeM oBpaTHYIO 3aBHCHMOCTh, KOTONRES TIPH X — 20 XAPaKTe-
PHIVETCH IHKIEH aCHMITOTO.

(16.7})

Ipn & < 0 useem MeNCHHO BOSPACTUOLIYIG (PYIIKLUIIO € Bepxieli achmn-
TOTIHT P X = et

IpuMepoM TAKOH 3ABHCHMOCTI MDKET CTVKHTh BIAUMOCBARL ADH Pac-
XOMOB HA TOBApPH JTHTECNLHOO [OAB30OHANHA W OOIINY CYMM DACXOANR
(iu1H goxoaos). MaremMaTuyeckoe onicaxie moao6HOTO Pofa BIAMMOCE-
3cii HOMVYMAC HA3BAKUC Kpuaeiy Jzeas. B 1837 r. nemenxuil crarueTuk
3. 2nresb Ha OCHOBE {CCALAOBARUR CEMENTHRX DACXOM0R CihapMyIHpoBan
3AKOHOMEPHOCTE — C POCTOM JI0XGIA NONA NOX0/I0R, PACKONYEMEIX Hi TPO-
NOBDALCTANE, yYMeHblmaeTcs. COOTBETCTBEHHD, € YBENHYEHHEM A0XOI
IOAR JOXOAOB, PACXCAYEMEIX lia 1e1IpUAVBLILCTBEHHEIE TUBaphl, Gyaer
BuspacTarL., QAl4Ko 5T0 yBemeHie He Hecnipeacabho, wbo cyMMa foneil,
PacxoayeMblX Ha BCe TOBAPLL HE MOIKET HbITh G01blIe eqMHMILNL,

Henwuednsie PerpeceHM BTOpOro Knacca

PaceMoTpuM perpeccnio, AeIHNCiHYIO Mo OUSHHMBABMBIM [ApaMeTpaM
(sTopore kaacca). Jdannslil kiace HeanHefHEX MoJenel MOAPAIeNaeTCs
Ha A1 THIA: Neaunelinbie MOOel euympenie AUnetbine W neTuHelinsie Mo-
dean anynpenne nexuetvine. Eri HeanneliHas MOARNb BHYTREHIE J-
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ReifHa, TO OHAa € NOMOUILID CONTRETCTEYIOUINX NpeolpasoBaHHR MOKeET
6RITH MpNBEeHA K AMHeinOMY Bnay- ECin ke HesusHeiHaA MOAEN b BHYT-
peHIie HEAHHENHA, TO OHA HE MOXKeT OwTh caefena K auneliHoll hiyHKUAH,
Hanpumep, B aKOHOMETPUHLCKHX UCCTLNOBANKAX TIPH M3YUCHKN 2AACTHY-
HOCTH €Npoca OT LeH WHPOKO MCIOABIYETCH CTEHeHNAA (YHKINA:

y=axle, (16.8)

rae y — ofbeM CTIpOCa; X — UeHa; € — cnyvalinan ownbxa,

Mopens HenuueltHa OTHOCHTENBHO OJEHKBAEMBIX NAPAMETPUB, TaK KaK
BKAKOYAET napaMerpol @ ¥ b deasndrubuo. Ofnake ee MOKNG CHHTATL
BHYTpeHHe JHHefiHO, Tak Kax NMOrapUMUPORAHRE AAHHOIO YPABHEHHS
NPABOAXT €0 K NHHeRHOMY BHALY:

Iny=lna+blopx+ine {16.9)

Ouenxy napamerpos ¢ H b ypanuenns (16.9) moryT duts nafaens MHEK.
CHCTeMA HOPMATbLHEIX YPABHEHHI HMeeT BHA

> Iny =nlna+6Y Inx,
> lnylnx = lnaz Inx + 52 (Inx)”.

Hap;-.mcrp t‘.? QMpeASaAETCA N3 CHCTEME], d MAPIMETD 4 — TIOTEHLMPOBAHH-
€M BhIpadeHsist In 4.

IIpr atoM npesnosaraeTcs, 470 caydaiiuan ownbka ¢ Pyuxuun (16.9)
MYRLMUNALKAMUAKO CBA3AHA ¢ oObacHsomell nepemenncdi x. Ecan xe
MOAe/b APEACTABHTD B BHAE

y=ax"+e
TO OHA CTAHORHTCA RHYTPEHRe Renunefinol, Tak Kax ee NEBOIMOKHO TIpe-
BPATHTL B nuHeilblA aua.
K BHyTpenHe HejHelHbIM OTHOCSTCA MO4eTH LHAa
y=a+bx +e (16.10)

y=al[l-1/{1-&)]+e (16.11)
2TH ypasHeHUA He MoryT ObiTe Npeofpazopansl & YPaBlIEHKA AHHEHHbBIE
no koahpHUHEHTaM.

Ecnn Morenb BHYTPeHHE HEIHHEIHA [0 MapaMeTpaM, TO 414 UUESHKH na-
PAMETPOB MCNOAL3YRITCA HTEPATHBHHE NPOLELY PLL, YCNEIHOCTD KOTOPRIX
32BUCHT OT BMAA YpaBHeHnil 1 oCO6EHHOCTe! NPHMEHARMOIO HTEPATHBHO-
m moaxona. Moaensy BHyTpeHHe AeMHeHHBIE MO NapaMeTpaMm Moryr
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HCIELTh30BATBCA B BKOHOMETPHYCCKHX Mectenosainix, O/HaKo ropasio
fonbltee pACNPACTPAHEHHE MOAVUHIH MOJCAH, TPHBGIIMIE K JNHEH0-
My siuty. Pernensye Takoro tHina Moaenell peaniv3oBaHo B CTARAZPTHLIX Na-
KeTaN MPHKJIAMHBIX LIPOTPaMM,

113 neauseiinerx GyHKURN, KoTopbie MOTYT HLlTh NPHBEAEHS ¥ 1rneinn-
MY BILLY, B KaYecThe HeaHHCIHOM Perpeceiil POk HeNOARIYeTCS CTe-
nennas Qynkmms g, = ax’. Iro oOLACHACTCH TeM, 410 napaMetp b i nef
sRESETCA Koschihuyuenmon Aracmuunncmy, BORAILIBADNIHM, H2 CKONbKO
NPOLEHTOR $13MEHMTCA B CPEAHEM DEIYALTAT, C15t (DAKTOP MBMUHETCS Hal
1 %. Koahdywruvenrt anactudnorti (3) B xauecTre Hernneiiuoli perpec-
CHE BHIYHCIBIETCH 110 thopMyae

I=L (DY {16.12)
rjte {7 (x) — 11epBaR NPOM3BOLKAR (hYHKIHA.
KonaddprsumeHT 3AaCTHHHOCTH MOXKHO ONPEACIATE | APH HATUMYHI APYTHY
JHOpM CBAIN, HO TCALKG 214 crenedHol GYHKLHY o peacTaBAReT codoii
NOCTOAHHYIO BEAKTHHY, PABHYI0 napaMeTpy L. B apyrix iynknusx koadg-
PULUIEHT SJNACTHYHOCTH 3aBHCHT oF 3Raven il gakropa x. Hanpisep, ans
NhneftHoll perpeceut ¥ =a + b x nmeem:

Fxy=5h D=bxs/{a+ bhx).

I3 c111y voro 9o Knad@ILIeHT 31acTHYHOCTH 4180 AnHeRuol (hynkuHu ge
AnIeTeA seAuYHHOIl TOCTOAHHOM, A 3aBHCHT O COOTBETCTRY T 3HA-
HEHHA ¥, TC 00LIYHO PACCIMTLIBALTCA CREDNME NOXAIAMESt 3ACIHOTMN

HetMoTps Ha WHPoKoe HCTOABIGBARKEe B SKOHOMeTPHKe KoambLeRTos
WIACTHHHOCTE, BO3MOXHBLI CAYH4ll, ROCKa MX pacdeT 3KOHOMHUNIECKOTO
CMBICAA HE HMeeT. 2TH NROHCXOINT TOrAN, KOTAR JH DACCMATPABAEMBIX
Upnsnaxou HeCCMuILICHHY ONpEIcAcIiHe WSMeHCHNA Jlagendii B NpGLCH-
Tax. Hanpemsep, 8paas ne KTo OVRET ONRERETATh Ha CKOJbKD NPOLCHTOR
H3MEHNNTCH yi’}Oﬂ{aﬁHOL’.‘l'b NUEHNLB, €401 KaqeCTRo SI0YDBLL, HIMERACMOL 1
Ounsax, namennted Ha 1 %. B takodf curvaumMi crenennas dyyHKUMA, Adxe
ec/H OHA OKA3BIBACTCH HANAYYTIRH T0 uPMAIRNBIM COOBpAKeHHAM (He-
X044 H3 HaUMelbern 3Hadelns OCTATOMUDH Bapnamtu). HE MOKET OBTH
IKOHOMIMYCCKH HHTEDNRETHROBAHA.

B moaensx nemmnHeifHLIX 110 OLCHUBACMBIM [IAPAMETPaM, HO NPIIBOAMMKIX
K anHeinoMy sy MHK npusedserca K npeofipajoBaHHLIM yraBHEHN-
ayv, Fonn B auHednoll MoeaM v Moenax nennliefiipx 10 nepeMeHHbM
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HPH OIEHKE IAPAMETPON HCXAAST Ha kprTepss I (7 — ¥ )* — min. 1o v Mo~
LEIAX HEAHNERHKX N0 ouenuaeMetM uzpaMerpaM Tpebesadiic MHK
MPIMCILACTCA HE K HCXOAHLIM JAa1ILIM DEIY.TbTATHBHOTO NPU3HAKS, a K UX
npeodpazoBatibiM BeltiiaM Iny, 1/x. 3to 3HauuT, 4T cueHka napa-
MEeTPOU OCHCELIBARTCA 1d MHITHMH3RUMI CYMMBl KBAZPATOR OTKAOHCHFIT B
nAorapupaax. Beaeacrsie aTorn orleika napaMeTpon LA JHHEAPRIYEMbIX
hysamit MHK oxasmsaeten secnoabko cMenlen o,

TTPAKTHUECKNE TIPHMEHEHHE HEKOTOPHIX HEMWHeHHBIX PeTPeceHil, nanpu-
MED 3KCTIOHEHTHI, BOIMONKHD, B0/ PC3YALTATHRHBIH TIPHAHAK HE WMEeT
aTpuUaTeALHEY Anadenull. [Toaromy ecr weeseayetcs, vanpumep, -
IFAHCOBLI PE3YALTAT ACATENLHOCTH OPEANPHATHE, CPERM KOTOPHIX Hapst-
AW ¢ pUOBLILHBIMI BCTh 1L YORITOMTHBIE, TO AAMHAR DVHKIUNA HE MOXKET
OBITH HEHON bSOBRAL

16.2. HenuHelHas koppensyus

¥pasncHire Heanneiinnof perpecckiu, Tak Ke Kak H B htHeiHnH 3anieitvo-
CTH, ZUTOJHAETCH NIOKATATENeM KOPPETALUNH, A HMEIHO ¥HAEKCOM Koppe-
asigtn R
2 2
R=|1-a2_[o?] (16.13)

rag D’: — oblas AHCHEPCHa PE3Y.IbTATHEHOID NPH3NAKA §f; d., — OCTa-

TUUH ABCHEPCUH. 0lpeaeeMan Ha YPABHEH s perpeccul ¥, = [ (x), 1ax

KdK o :[Z(y -7y /n] ac’ :[Z(y -7, )’fn], 0
r-[-(Cw-0.) /@ -07] (16.14)

Unpacke koppeasumi vaxeauTes B rpanduax 0 < R<t u vem Gmioke 3ta
BOAMUMHA K €QUHWILE, TEM TecHEe CBA3b PACCMATPHBAEMBIX [IPUBHAKOB H
G0ace HAaAeKHO HAIEHHOe YPABHCHUE PETPECCIH.

{Ipumep 2.

Baruueans upneke KOPPENAIMH Ha GCHOBANHH JAHHBIX [pHMepa 1.

SUAMEHNR Y, OBPCILIHM IYTEM DOJCTAHOBKH B n0Jy4e1noe B Hpismepe |
BhIpAKELe

g, = -242 - 0, 44x + 1 64x?
anavsenuil x, parubix -2, -1, 0. 1, 2 coornercTrento. Tlonywuam:
Wi =-242 - 044 - (-2)+ 1,64 - (-2)* =302
AHAAOCHYII0 HAaXOAAM Yy, . Yo Y3
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Peaysbrarst BpruucieHHii UpiBeReHs B TabIHUE,

NN zih-w‘ Poy | Gow
I e 2 5,02 022 | 00484 394 | 155236
o 2 RN 04 | -034 0,74 | 05476 [ -046 | 02116
K 0 --3'3 -2.42 '1 - 088 | 0.7744 fL -416 | 17,3056
4 1 08 | -122 E 042 | 01764 | 166 | 2755
5 2 3.2 3,26 \ -006 | 00036 2,34 5.4756
x 0 43 0 - - 1.5504 - 44.272 |

Bhiuscass viaexe koppeagunn no gopmyne (16.14):
R = J1-(13504/41272) = 0981.

Huaexe koppeaaunn OAHIOK K €IKIBILE, I0ITOMY MOKHD CAeNaTh BHBOL
0 JI0BOIBUHO TECHON CBAZU MOXKIY 3aAAHIEIMY BETHYHMHAML

Mapabona sropoii crenenn, Kik 1 uoarHoM Go0ee BRCOKOTC NOPAAKA, TP
JIMHCAPHIALNA NPHHUIMAET BHI YPABHCHHS MHOMKECTHeHHOH perpeccHH.
Ecan xe neruHeiidoe nTHOCHTEALHO nOBSCHAEMOR MepeMenRol ypasHe-
I5E PEIPECCHN TPH MSHeapU3aliy NpuiusMaeT dopmy AHHeHAOTO ypaB-
enHs NapHON perpeccus, To ANA OLEHKH TECHOTL CBA3K MOXKeT BbITh He-
HUNLIOBAH ARHEHNLR KOMDPULKEHT KOPpeasilig, BeAYHHA KOTOPOro B
3TOM CAY4AC COBMAACT C HHACKCOM XOppenauun R, =r,, rae z — npeobpa-
3OBAMHAN BEJIHYHHA NPH3HAKa-(hakTopa, Manpusep, 2=1/r wan z=lnx.

Huaye oficTont Aeso, xorfa npeohpaioBaniis YPABHEHHS B AMHENHYIO
$opMy ¢BA3aHK ¢ 3aBHCUMON nepemMeHHDi. B aToM cryyae avHeiHbI KO-
hibauneHT Koppenauny RO apco0pusnBaliMbIM JHAMEHHMAM TIPUIHAKOE
RAeT HPUOMSKEHHYIO UIIEHKY TECHOTHL CRAIM W 1i€ COBMAFAET ¢ UHACKCOM
koppeasiri. Hanpumep, 11a creneHsoii gyHkuuK ¥, = ax’ mocre mepexo-
a2 K AHHeliRoMy ypasheHHto Iny=Ina+ b Inx momer 6uTh BhluncreH
AuHCHHLLIL koaddunueHT Koppeaniy He 113 QakTHIECKEX [IEPeEMEHHBIX
XNy, a pnaa ux gorapudisos.

FHe coBnagawT AAMHBIC IIDKA3ATERN W AMA YPABHEHUSL PErPeccHH B BRAe
BKCNOMEHTH, TAK KAK NIPH NpeobpasoBanuy B THHEHHYD QOpMY paccHe-
THEAETCR AuHeRHE i KoadipenT Koppeasitir mexay + o In . TIpy ne-
NOABIOBAHNH B IPeodpi30BAHHI! HENWHEHHBIX COOTHOWEHRE B AMHENHYIO
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thopay OGPATHLIX IHAYEHHH Pe3YAbTATHBHOLG PI3HAKA, T. €. 1/y, HHIeK:
KOppeAsuui R, Takxe we DyNCT cosnanaTh ¢ Auxefinny koadupunmenrom
KOpPPeAALHiL.

CeaycT HMETL B BIAY, YTU €CNH NP A1MieHHO0 3aBHC HMOCTH MPH3NEKOR
CHH H TOT € KOadubHIBIeHT KOPPERALUN XaPAKTEPH3VET PETPECCH D KiK
Ypy=atbrorakny,= A+ By Tax KaK r,, = ry, . TO NPH MuCitHOR 3a85-
cHMocTd R, ana Gyniantes i = £ (x) ne panen R, s perpecenn x = f(y).

TTOCKOABKY B DaryerTe HHACKCS KOPPEIAIHE HCHTEARAYETCA CODTHOWENNE
buKTopHoi H obmelt cyMMBl KBAAPATOB OTKAGHEHNN, TO R HMeeT ToT xKe
CMBIC, UTQ ¥ HHAPKC ASTEPMITHALIWA.

QueHxKa CYIECTBEHHOCTIH HHICKCA KOPPEMUTIIHNY NPOROAHTCS TaK XKe, KK i
OUEHKR HATEXHOCTH JHHENHOrO KOIQhMIIUEHTa KOPREHILITH,

Hndexc demepmunanuu R venonbayerca it MPOBEIKH CYLIECTHEHIOCTH
B UENOM YPAaBHCHNH Heauuciinoil perpeccun no Fxputepnio Gumepa:

F=|R (1 - RO {n—m- 1y/m]. (16.13)
rie R? — AHACKC ACTEPMUHANITH; R — 4itc0 HabltoaeHnit; m — Yncno na-
PAMETDOR NPH TIEPEMEHHEX X.

BesirinHa m XApakTePHayeT ducno crenchelt cnobuik s pakropwoll
CYMMBI KBAAPATOR, & (7 — m — 1) — 4ucao CTencHeli cBod bl LT 0CTATOY -
HOI CYMMBI KBAIpaTOE.

Hast cvenennoit qyrkunn y, =ax® m=1, n $opmysa L% onpeseseHHs

F-KpHTEPHS TIPHMET TOT K BH/A. YTO I MPH THUCTTHON 3aBUCHMOTTH:
F=R(n-2/(1 - R (16.16)

Ana napaGonut BTopoii cTeneris y=a+bx+cx’ +enm=2
F=R(n-3/2(1-RY. (16.17)

[Ipumep 3.

3arHCHMOCTD HOTPeBIeHNN NPoAYKTa A OT CPeAHEAYLIEBOTO AOXDAa 1O
AdaHHbBIM 20 cemeii XAPAKTEPHIYETCHA CNCAYIOIIHMA AAHBEIMHI YPRBHEHHE
perpeciit ¥, = 2x°% uHaeKe KoppersLmuy P, = 0.9; ocTarounan Jucnepeus
pi, =0.06.

IIpnBecTy ARCNEPCHOHALIT AHATHI MOAYUEHHBIX PE3YNhTaTOR,

Pewenne.

Britstesim peahx
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S, =02 n=006-20 =12
Son=Sa/00-p)=12/(1-081)=6316;
Spmar=6.316 - 1,2 = 5,116;

Fpua =097 -18/(1 - 09)* =767
PesyapTaThl pacdera coetem B Tabaniy.
Cynna yciepeis Frans

| Bapnanums | “uche cTeneucdi Y Ha nIny £ a =005,

e . ) KBALNATOB y dany _

PEAVALRTRTA £ Bufigint rcratenmg | CTEHeHn K, = 1.
| - e cnobod Ka=18
:f_)ﬂnmﬂ n-1=19 (316 — — —
| DaxTopHas K =m=| 3116 5116 76,7 441
CICTaTOMEAN wy=n-m-1=1 1.2 | 0,067 - - J

B einy toro uro Fy,,. = 76,7 > F,, = 4,41 runoreza o crysaiiHOCTH passy-
quthl daxropHol B ocTarouHoit Alcnepedil oTKioHAeTCA. ITH PasAHYMA
CYHICCTBEHHE], CTATHCTHYNECK] JHRYHMLI, YPaBHCHHE HAXEKHC, 3HAYHMO,
HOKA3ATEN b TECHOTH CHAJIH HAZEKeH W OTPaxiaeT YeTofwHBYIO 3aBHCH-
MOCTh HOT]?EG.TIE‘HHH NpORYKTA Aot CPCAHCAYLIEBOTD ADXOA4.

YnpaxHeHus

16.1. Jauhwe pesyastaTos Habaoaenui npederasienn B tadikie,

S S DR S T S B S N T
v 5 _ |40 | 30 | sa | wo |

OupedesHTh METOLOM HAHMERLIINX KBAAPATOR NAPAMETPLL do, 4,, @; IABK-
CHMOCTH BHAA ¥ = ay + a,¢ + apx’,

Po—-
'

16.2, Jannnte pesyanrtaTos safmosenult npescraniens B tabauue,

{—1. ] 1 2

9.0 5.0 3.5

X 2
| ¥ 7.0

1.3

OnpeaesHTe METOIOM NaHMENBULIIX KBAAPATOE NAPaMETPRl &, & 3aBUCH-
MOUTH MKhd i = @ *+ b/
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16.3. Jannswie pesynstaros ualimwaensit npeacranienst ¢ rabanue.

a ! : 2 I

0 Y SR B X !

OnpeaenuTn METOJOM LANMCHLLHX KBAZPATOR IAPDAMCTPEL 4, § 34BHCH-
MOCTH BHJA i = 23’

16.4. Tlo sannmm ynpamecrna 16,1 Bel4ucnnTh MHACKC KOPpeNanyu
H CAENATh BBIBG O TECHOTE CBA3ZH MPXGLY JTAHHLIMH BelHYUHaMK X, &,

16.5. No naunmm ynpaxHeHHs 162 BWMYHCTHTB MHAEKC KOPPESLNH
H GABMATH BLIBO/L O TECHOTE CBAZM MEXAY INIZHHBIMHE BEANMMHAMH X, Y.

16.6. Tlo ganEnIM ympaxdaeddA 16.3 BRIMICAHNTE MHACKC KOPREAALHI
H CAEA4Th BBIBOM O TECHOTE CBAIM MEXY 3A]aNNMIME BETTHHAMM X, I,

251222
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MHOXeCTBEHHas perpeccuns ¥ Koppensums

17.1. HexoTopbie 0COBEHHOCTU MHOXECTBEHHOW
PErpeccuu u KOppenaLui

MiosecTren AR perpeccuy NpeJIcTasnieT coboH perpeccHi) pe3ynbTa-
THRHOM [MPH3HAKS ¢ IBYMA HIH HONBOIEM YLICIOM HC3aBNCHMLIX nepe-
MEHHBIX BWla

y=/(x, Y . 2.

B ypansienun perpeccny cavialiHag BeNHYIIHA i 3ABHCHT HE TOJIBKO OT
aHayeH i HeIABHCUMBIX TePEMEHHLIX X, Xy, ..., X} HO H OT psida APYTHX
(DAKTONOB, BANSIOIHK HA Y, KOTOPBEIE HE MOTYT OLITh POKOHTPONMPORA-
Bui. B casan ¢ atim Oyiem Henoas3nBaTh 3amisce BU/La

y=f(x|| e TR, _r&) t e,

rie e — cIy4aitHag PeIHYIHa, XAPAKTEPHAVIIIUAA OTKIOHEHUS peayibTa-
THBHOICG [IPH3HAKA OT TEOPeTHYLCKOID, HARAEHHOrO TI0 YPAaHHEHHIO pe-
rpeccist. CTaTHCTHYECKME ananns cayvaiinoil ownbKH ABnseTcs OABOH
N3 OCHOBHBIX 3424 IKOHOMETRHKHN.

ITpn necnegoBaHii 3aBACHMUCTH PE3YJILTATHBHOIO NPHIHAKA ¥ OT Paas
(HaKTOPOB X, Xy, ..., 23 HEOOXOAIMO PelIaTL TAKNE Ke 3a0aYH, 4TO H 1pH
MApHIOil CBA3K JIBYX TICPEMEHHBIX X H 4.

s ONpEReNieHHe BHJAZ perpeccHy;

* DUEHKA TApPAMCIPOR;

® OUPE/ICACHNE TECHOTLI CBASH, CCTH NCPEMCHNULIC X H i — Cay4aiinbie ge-
JHEHIIL

(JaHaKe Hapaay ¢ 3THMH 3aJa4aMH HeGOXOa MM PRCCMATPHBATD H pAZ 33-

I04, XAPAKTEPHBIN TG LT MHKECTREHHGTT DerpeccHy i KOPPeRsalnn.
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K Takum samacam oTHocuTes 0TOOD akTapon x|, 2y, .., X CYLIBCTBEHHO
BIUAIOIRA Ha DAKTOP ¥, NP HADHYMHY BO3IMOXHOCTEH BHYTpenhell BIau-
MOCBHSM MERIY [CDEMEHHBIMH X4, Xy, ..., X3, 12K0ii oThop Tpefiyer npexie
BeeTo TAYHOKORO TEOPETHYECKATO H MPAKTHMCCKATO 3HAHUA KAMECTBEHHOH
CTOPOHH paccMaTpPHBACMBIX 3KUEH_JMH‘-1L‘CKI-IX anpnemtii.

OT160p hakTopOR CCYLIECTBAAETCA ODRIMHO B HECKOABKHX 3Tanoes, {Haya-
na orbupaloTea (AKTODH, CBA3AHHBIE C H3YUaeMblM ABJEHUEM Ha vCOBE
AAtHBIX TEORETHUECKOID HCCACA0RAHMS (IKOHDMHYLCKAS TEOPHS, 3aKA10-
yenus cnetlannera u 1. 4.} [Ipu 31oM A1 NOCTPOeHHA MHOXECTBCHHOLT
Perpeccuy M Koppessaurn oToupaoTes GakTophl, KOTOPsle MOIYT ObiTh KO-
JHYECTBEHHO HIMCHMLL.

Hanee orobparuste (HaKTOpPbl MOAREPrAIOTCSA TPNBEPKE CYECTBEHHOCTH
HX BAHALGHA Ha H3Y4aeMblil HOKa3ATE b ¢ HCNOAR30BAHNEM METOAOD MaTe-
MATHYecKOHd cTaTHeTHKI. Takaa NpoBepka, KaK 1IPABILI0, BRIKMNAET ala-
JH3 MATPHIIW NAPHBIX KOPPeAsilH, YACTHBIX KOppeasunii, MpoBepKy
CYMECTREHHOCTH (3HAMEMOCTH) KobdMUHENTOR peIpeccil HA OCIIOBE
t-KPHTEPHS, aHAN3 OCTATKOB (OTKAOHEHKHA) 1 7. 4.

OcoBEHHOCTLI) MHOMKECTBEHHON PErPecctt U KOpPessiuMK RBIHETCR Lie-
0OXOAKMOCTD PALIMYATE CNYHAH KOPPENSIHOHHON MHOKECTREHHON CRA-
3y, KOIRA LEPEMENNBe Xy, Xy, ..., X HUIAIOTCH CAYYAHHBIL BEIMUMHAMA,
perpeccHOHHO, ecii MEPEMEHHRBIE X, Xy, ..., Xy — HECAYUAHHBIMHE BETHH-
HaMH, 3 TAKKe CMeIAHIIME Chyvall, KOTAL HEKOTOPklE HI IIEPEMBNILIX —
cAyuailHble BCIWHMHHEI, APYric — Hecayyaiiuele. B cayyae Koppeastunon-
HOI 3ABHCHMOCTH CAC/LYET BHIMHCAATh H HHTEPIPCTHROBRTH Koapdinn-
eliTul KOPPEAALMH, TPH PEIPECCHOINIOH 3aBHCHMOCTH ITU HE HMECT CMBIC-
13, 2 NP HATHYME KAk CAy4alNlhlX, TaKk ¥ HeCIyyallHWX mepeMeHHuX
KO3 HERTRI KOPPEAAUHIL CIEAYET BEIYHCASTh TOAbKO MEXTY cayqai-
HolMH MEPEMEHHRIMIIL.

17.2. Ot6op $akTopoBs U METoAbl NOCTPOSHMUS
MHOXECTBEHHON NUHENHON KOPPENALKOHHON
W perpeccMoHHon 3aeucHMoCTen

MHOKECTEEHHAR NUHERHAR KOPPENAUUOHHAA 38BUCHMOCTH

PB.CCMDTPHM DT6(Jp (paKTOpUB AA NOCTPOCHHA MHO}KEC']'BEHHOﬁ AHHE -
HOW 3aBUCUMOCTH, KOTIA NIEPEMeNABIE ¥, Xy, Xy, ..., X, ABNAICTCR CAYHAHHBI-
Mt BETMYHHAMHE (OOBIYHO NPLATOAAraeTcs, YT0 HX CODMECTHUE pacnpene:
JIEHHE l-lOpM&J’[bHOE).

23"
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HanbBonee npoctoil opmoil saBRCMMOCTH, AUCTATOUHO cTporo obocHo-
2anHoH IR CAVdad COBMECTHOTO HOPMAJIBHOIO DacTIpeJe/IeHNsA, ABIACTCA
DMHERHAS 3ABUCHMOCTS, T. €, JABUCHMOCTD BHAA

y=dtax, raxt . tax, {17.1)
Taras 3aBUCHMOCTS BO MHOTHX CAYMAAX OBOJIBHO XGPOUIO OTPAKAET L0~
HURNINECH DKOHOMHYECKHWE RBIaHUMOCEBRIMH. MCXO,E[HELFI HH[bO]JMa].lHH AJA

NocTpoeHIs 3aBHcHMOCTH (17,1} 0fbltHe 320a67CA B BHAE HEXOTOPOIt Tab-
AUITHT,

| (aKTOpb, AN KOTOPHIX NOJIVHEHE AaHHBE

D . i '

\ I 13 Ty Ty ¥

! ! x4 Xy 31 ) #

| 2 2 X 15 L W
_— e . - S I i

‘ 3 Xi3 X3 X33 - ) ( i
— | — = Ty
| N in Koy X3 L | ¥y

CJ’I(‘!,.’_'IYE!T OITPE.'_'LEI[HTB, BCE JTH NEPEMEHHB]E II‘JIE'}I_\_"ET BKTH0Y94Th B ypaBHe-
Hue (17.1) uid ecTs flepeMentie, KOTOPBE CYWEeCTBeHHO He BAHSIOT HA
BeMMHHEY ¥ W X HeuedecoobpaaHo Brimovath B {17.1). B nepeoM cnyuac
p=Fk, B0 BTOpPOM p < k.

Jnsa pelllenst 3TOro BONPOCA YacTo HCNOAB3YeTCHA TabhNLa, cocTaBnean
13 KO3DHIHMERTOB MAPHON KOPPEAALHH, J.leMeNTaMi Taxofl Tabmuus
ABNAITCA KoabpHLMENT tapHoR Koppeasitun 10 scex k daxtopon,
Tabasua meeT U

. | ¥ || Xy X3 B I3 Ty ]
v o T T, S| ) T
I X iy ! Frixy o fn
[
| Mios Lo i R T
vy . L L. i
'_ A I fw Tty L l
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B waerkax rabanm 3a1Hcanbl naphbe KOO mMUNENTH XOPPEAALAN, Ha-
[PHMER, Ty, — NAPHBIH KO3MIUHEHT KOPPCAALMH MEXAY NEPEMEHHBIMY
X 1 x u Ap. KoadduuvenTw 7, 8 1y, a raroke v, , M7, COHNZIIT. TaK Kak
TECHOTA CRSIN MEXKIY TIEDEMEHHBIMH i H X, TAKAS JKe, KaK MEXAY X; W I,
aHANOTMMHD, AXR X, ¥ X, [losaTomy Tabauly 3amuchBAOT B YNIPOLEHHOI]

cHMMeTPHUHOIT dopme (Tpeyroabaast dopma).

! ]
| 4 a ' 2 ¥a R . {
T l |I
¥ 2l _r_ Wiy rpl. rarl'. ‘
X | | ! Tors T r"'rJ i
T
*2 - - ! i T |
x3 - - - 1 L |
e ___L I _ LAl
I
-
X - — [' — —_ _1

Tl faHHBIM TageH 1abNULK MOXHO TPHMEPHO OLEHHTD, KakHe aktopsl
CYILECTBEHHO BIAHAIOT HA [MEPEMEHHYIO ¥, @ KAKHE — HECYIIEUTRENHO, a
TAKOKE BRIABMTE B3aHMOCBIh MEKRY (PAKTOPAMH.

Ipuamep 1.
NycTh nonyyena tafnmma
| ! l
i ¥ ! x I 1 i
I i T
! ¥ 1 | 0.6 0,5 0.7 |
x - | | 0.04 0.03 |
P .I - ! - 1 0.1 ||
T ‘ : .
o S S - i v

Ha ocHoBasHK yKasaHHBIX B TabaHle TapHbIX KoahIHeATOB Koppens-
UHH MOXHO ¢JeNaTh BblBOA, YTO CBA3b (DAKTOPOE X, X, X, € (axkTopom y
cywecTBertas (koachdHimenTs KOppensuuH, cooTeeTcTrento, 0.6, 0.3;
0,7). TecaoTta cBa3u MexAy DAKTOPAMHE X|, Xs, X3 HesnauxTENBRAT {Koad-
chuunentr koppenaunn 0,04, 0,03, 0,1).

Taxas unhopMaliia Hanbosee GAArCHDUATHA 44 NOCTPOCHUS YPABHEHHS
{(17.1).
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Ipumep 2,
PaceMoTpum cilenyiouyn TaliHiy,

u A JL 1 J X3 i LY ]

v i 0.65 ] o6 | o5 ] om
% - o .i—— 05 '| 09 J; 03|
I SR ISR S __l_ . 4 03 .__0'{____;
I T R - ! 02 |
I S _ - _T_ o ‘]___ S G _-|

CornacHo tafianue, BennditHa ko3¢ IUHMEeHTa TAPHOH KOPPeIsiuHu Mex-
AY ¥ W ¥, MQJIA, B €BA3H © 3THM HelenecoobpasHo BKAKYaTh (aktop ¥, B
ypaBreHHe (17.1). Bricox xoathdmumnenTt napHoi KOPpensauMu Mexgy ne-
PeMENHBIMH X, 1 X, (KoapduuuenT koppersui 0,9), uro NOKR3BIBAET UX
TOCHYKO KOPPEASLHOHHYH) B3AHMOCHA3b. B 3TOM ciyuae B ypaBHEHME
{17.1) He BR/TICUAIOT CAHOIPEMERHD T, 1 Xy, & BBOAAT OJHH N3 HHX B JABM-
CHMOCTH OT WX CMBICRA W MHERHA uccnedosatens. Henenecoobpasio oa-
HOBPCMEHHO BHUTIONATL 15 YPABHEHHE [[OKA3ATEIM, NPERCTARNAOIINE CYM-
MY HEKOTOPRIX (IaKTOPOR HAH  HX COCTABHHIX  vacTel, a Takwke
KAPAKTEPHIYIOUIHE O WM TOT Xe (DAKTOD, ULIPLKEHHbIE B PA3IMuHbIX
eIMHIAX H3MEPEl N, HANPHMED, aBCoTIOTHLIX W OTHOCHTEILHEIX,

O6nruio kpoMe ananysa Tabmiun MapHuX KoaddHUHEHTOB KOPpesIsLHHY
A3 01T00pa CYUIeCTBeHIINX AKTOPOR BMYHCIAIOT YaCTHRIE KOXhdHLUMCH-
TLI KOPPE/IALNAM, ONPeAesioT HaekKHOCTE TONYYeHHBIX KoahHIReHTOB
pepeccHil 7O L-KPUTEPHID M APYTHE METO/Ihi.

Ipy anannze nocaeanedt tafauipl naphny koadduuUeHTOB XOPpeTAUNH
CBH3IH MOXKHO n6pann'h BHUMAHME Ha TO, 4TO CER3IW MeXY U3y4YaeMbIMU
NepeMEHHLIMI JOBOJBHO CAOKIIBIM 06pasoM MEPenneTaoTes Mexay co-
fici. (loaTroMy uenecoofpasHo PaccMOTNETL ROMPOC © B3AHMOCBAIM MEXTY
(raKTOpaMy BPH YCNOBHH, YTO HEKOTODHE WM BCE OCTalblwe dakTopsl
OCTAKITCA HEN3IMEHHBIMH.

Jns BuIABAEHHSA TAkoH BIaHMOCES3M UCIOAB3YIOTCA KOIPGHUIHEHTEE Ya-
CTHOH KOPpENALNK.

Brinicaum koadbri(HenT 4acTHON Koppetsiuiy MexTy GakropaMu i H x,
N YCAODHH, 4TO DaKTOP X, 3aKpenneH Ha MOCTOARKOM YPOBHe (0CTaeTCH
HeM3MEeHNBIM), TOMAA Ol papell
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r. =t r

- xn Fy onn (17‘2)

r =
) 5 7
Ji- Tos 1/1 -,

Ec/n 3axpenteH juiny o (baktop, T0 TAKoHN KedhMLIMEHT HAK BACTCA
xoahdULIEEHTOM HacTHON KopPetalliy neproro ntopstika. Ecmu sakpen-
JeHbl J4na axTopa, 1o — BTOpolo nopazxa 1 1. 4. Toraa ofisraueil koag-
(PIIMERT MapHOil KOPPETsIlHY MOKII) HA3blAaTh YACTHLIM Koadhdiien-
TOM KODPEJALHM 1iYAEBOrD MOPSAKA.

B sepaxeunit (17.2) xoaddhuumenT nepsoro nopagka (3akpenied oanH
daxTop x; B cKOBKAX) BoIpaykaercs vepez KoshdHIIMEHTH HYJIEBOIO TIO-
pAIKa.

KoagpuuenTsr yacTHOH KOppesiAliid BTCOr0 MOPAAKa MOXKHO BHIpA-
IUTD Hepea KoadupHUHCHTH AepIOro UPAAKA MPH NOMOLIH COOTHOMeHHS

?':m‘ (g} _rw“_nrjr.m,.--_.{l,} (1? 3)

r =
yr {77y )
1=r) o Ji-tf
pry (g} rrqfag}

AHIAOMHYHO MOKHO 34lHCATH COOTHOWEHA, BhIPDANKGDNIIE KOB(iJ(l]IIl.[H‘
eNT MaCTHOR Koppenasuuu k-ro nopsiaxa vepes koadduusentl & - 1-ro
nopaaka. KoadhdunnedTsl yacTHOH koppensiiMH HaMeHsoTes 1o abco-
MoTHOH seandire ot © g0 1.

Crenyet HDTMETHTD, YTO MATOCTb KePPuIenTon YacTuoiil KoppeiauH
HH3IOHX NMOPAIAKOB HC IapanTHDRYeT MaloCTH KOB(bd’]i’lL{HEHTOB 60.’16!'-2 Bhl-
cokoro aopaaxa. Hanphmep, W7, MOTYY Brire oba MansMi, a 7,

rl’-l'l
MOIKET 6BITh BEMHK.

LTS

Mpeanonomum, r, =0, Toraa (17.2) sanmuercs B Buae

r,
L (17.4)

riﬂ'lf-\':] = =z
t ‘_r.r.,t,

eCTH 7, MAM, A7), BEIMK, TO 7, MOKET BHTh Taioke GOTBIIMM.

Tl
TIpuaep 3.
Hane Fyr, =0095, Yo, =0994, L ={), BLMMHCTHTD Tty

Pewerue.
Tatany = 0095/J1-099 =0,95.

{Tocne npeaBapuTentHOro 0Téopa hakTopop HA DCHOBE NAPHWIX Y HACT-
#biX KoahbHUHEHTOR KOppeAAlIMY TIPOHABOAATCH OUEHKKH [apaMeTpoR



Ay, Uy, ... By OOBIMHO DHH OCYWECTRIAAIOTCS NO METOAY HAWMEHBINHX KBal-
patoe. CHCTeMa HOPMATbHBIX YPABHEHMWI B cayuae JTHHeHHON 32BUCHMD-
ctr {17,1) nmeet mita

g,n+a Xy, +a,Xr, +..+a,kx, =Ly,
a
a,2x, +a,y; +a,lex, o va ke v, =Yy g,

Pepetie Takoil cHeTeMbl MOXKeT OWTh TIONY4EHO no TeopeMe Kpavepa (c
HCTIOAB3OBAHNEM DNpeaenHTeIcil), metogom [aycca (moctenosarTe/bHLIM
HCKJIIOUEITHEM HEH3BE€THHX) H APYTHUMII METOTaMIS.

[na onpeaeneina TeCHOTH CBAIH MeXay DAXTOPOM I M COBOKYIIHOCTBIO
frakvapon Xy, Xy, ..., X, B CIy4ac NuieiHoli 3aBHCHMOCTH MPHMCHAETCR KO-
agcprguenm smowecmsennol xoppeagyuu R KoagdnurenT nasensercs v
narepsane or () o 1, npisuem, B OTIHUHE OT KeahhMINCITOR NapHoil Kop-
pensmugH, oy Bepetes neerna no abconiotHoi Bennunne. Ecan R=0, To
Arnefinoi KOPPEeNAINIOHHOM CBA3H MEXNY ¥ H Xy, Xy, ... X, HeT. Ecow R=1,
TC CBA3b QYHKUHOHAMBEHAR. Beipaxkenne, mo KOTOPOMY BMYMEISTIOT X0ad-
(PHEENT KOPPeARUHH, lIMeeT BN

&7 T +U3r =, +...+4d ?’w o,
R: ¥n | E " ¥ ] , (17.5)

9,

riae & — koathgHUNeHTEE perpecciy ypaghenus (17.2); T, — TlapHute Ko-
3PPUUNEHTLI KOPPEIAUNK; G, — CPeAHEe KRAIPATHYECKOEe OTKNOHEHHE
thaxTopa x;; 0, — Cpenliee KBALPATHIECKOE QTKIOHEHNE Y,

QOLIYIO HHTEPUPETHPYETUH LIE CaM KoadxpbiunenT Koppeasuun R, a era
xBaApaT R, KOTOPHI1 HasblBaeTCA Ko3GipuLuenmom Mioxcecmeennoi (06-
weit) demeprunayuy. [ocneamnil noKasuieaet, Kakas 2acTh obued auc-
nepcHi oObACHAETCA 32 CHET BAPHAUMK THHE1I0) KomOKHalmKH apryMeli-
TOB Xy, Xy ..y X, TIDH JAHABIX 3HAYEHHAX KOIGHPHLUHMERTOB DErpeccuu.
Hanpumep, ecny woadibiiuuent MuoxectTeeHHoit xoppenauun R=10,7, to
ko3 hILMEHT MHOXecTBeHNOT aeTepmunauny R =049, 1. e. 49 % sapua-
Ui ofibacngerca akTopamit, SKNIOUEHHLMU B YPABHEHI® PeCPecCH, a
51 % — npouitmuy hakTopaMi.

CyILecTREHHDCTE OTAHYHA DT HYAA BLUBOPOTHOTO Koag¥hHIIHEHT2 MHOXe-
CTheHMOR ROPPENALUE NPOREPSeTCH Ha OCHORe F-KpHUTepHA (Kpurepuil
Duwepa). Bruncnaercs seanqnHa
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¢ 2

F=[Rn-p-D/1-R)pl, (17.6)
rae R — suoxecroennnit kooddinrent xoppeaswn p — vucno haxro-
POB Xy, By, .., X0 71— YHCID nabaogenmil.
Hajfinennoe snauense kputepna F cpanumpaeres ¢ F,, (CM. IpHioxe-
Hile 6) Mpr 4Hcae crenedel cBOOOAM vy =p, vy=n-p— 1 11 3agaHEOM
ypoRre aHaYWMOCTH o. Ecnp pacwetwoe anavenvie F > F,. npespiuaer
TabaMYHOE, TO THNOTE3A © PABElCTRE KUADDHUMCRTA MIOXKECTBENHOI
KOPPeNALMH HYTK OTBEPrRETCA H €3k CUHTAETCA CYIECTREHHOMN.

Tlpumep 4.

Hano: R=075, p =4, n= 18, upesenurs CynectseitocTs CHRIN.

Pewerive.

Beiureany kputepiit F no (popayne (17.6):
F=05625.(16-4-1)/4-(1 - 0,5625) =3,33.

F:.=336 npu v,=4, v,=16--4-1=11 1 vposue snauumocru 095.

PacuerHoe 3navenne F-kpuTepus npensinast Tafisuanoe, NO3TOMY MOX-
11O CAEAATE BBHIBCL O CYWECTBEHHOCTH CBA3H.

MHOXECTBERHAA NMHEIHAR PErpecCHOHHAsl 33BUCHMOCTh

Ecau akropbi-apryMeHThl He ARJSKTCS CAYTAHHLIMH BEIHUHHAMH, TO
KOAMPHUEHTE! KOPPENALIH HE MOMYT GhITh HCNOABIGRARLL NPH OCTPOE-
HYM YPABHEHNAA Perfpeceil, Tak KaK Ol HE MOTYT HUITh HHTepNpeTHpoBa-
HBbl KaK MOKA3aTeIN TECHOTL CBI3H.

CylLecToeNnoCTb SROMMMLEX PAKTOPOD B C1VYaE AMHERNOR MHOXeCTBeH-
HOH PErpecCHE MOXKCT BLITE MpOBepcHa OAHOBREMEHHO ¢ CYLICCTBEHHO-
CThIC KOAPRHIIMERTOR perpecci,

A nponepKs CYWRCTBEHNOCTH BLMMHCASETCH OTHOWCHIIE
t,=ajo,. i=ln (17.7)

rae @; — KoaphGHIHEHT MAOXKECCTBCHHON PETRECCHN; O; —- CPCAHER KBajpa-
THHECKOE OTICIOHeHHE 3T0r0 KoMhgHIHeHTa.

Ecnn ¢, < L4, 835100 N0 Tabmitnam f-pacnpeneneltvs CThiONeHTa, TO C 3a-
JAHKOH BEPOSTHOCTHIO HE OTBEPraeTCs THIOTe3a, 9TO COOTBETCTRYIONIHMA
KOADQUILINEHT Perpecciit 4; A PCHEPANBAGH COROKYMHOCTH (KOTOPLIF He
H3BECTEH M KOTOPHTF HyXHG OUEHHTb f0 AAHHAIM BROOPKH) PABHRETCH
aymo. Ilpn sros i-it (hakTop B TaxoM CNyHae MPH3HAETCS HeCYLlECTREH-
HbIM JTA TIOCTPOCHHOTO YPABRENNA PETRECCHHE.

-1222
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Iipy NpoReIeHHH HCCASTOBAHHSA MOXET OKA3ATLCH, UTH BRIYHCNEHHBIE
AHAYEHHA ¢ AR HECKOIbKNX DaKTOPOB He NPeUBLLAIOT T, B aToM cayyae
HECYIUCCTBENHEIC (PRKTOPD! HI YPABHEHNA Perpeccild 1ICKMOYAoTca no-
O4PPE;IHO, HIHHASA ¢ HanmeHbinero 1o abcoaoTyoll seavdune £, Dakrop,
COOTRETCTBYIOUHH MHEHMATLHOMY 3HAYEHHIO £, M3 YPARHCHHS PECPECCHU
HCIGTIOUAETESA, H BRHOBO PEUIAETCH CHCTEMA HOPMATBHBIX ypasHeHuil. 3a-
TEM BHOBB RBIHCANOTCA SHAMEHNS | AAA BCEX DCTABILHNCA B YPABHEHUH
KO3QPHIHCHTOB, UNPeAEARETCA MHHHMANBHUE 311a4EHNE {, KOTOPOE CO~
NOCTARAACTCS € L 4p,. ECAH OKANETCR, UTO &y < £ g, TO (HAKTOP, MMEGLUME
Ly HCKTIOUGETCA,

[Npouece nowtwrennn KoadhhHICHTOB NOBTOPAETCA A0 TEX 1IOP, N0Ka HEe
fiyaet BLIMTOJHATLCA COOTHOeHNE £, 2 £ . B 3TOoM ¢ayuae nce octan-
WHecs 8 ypabueHiyn BAKTOPLL CYUEeCTBEHHE!.

[TposoAnThL HCKAIOYMCHUE H3 VPARHEHHA PETPECCHH OJHOBPEMEHHO He-
CKOALKG (DAKTOPOB. UMEWLLNK [ < L., HEIleIeconhpasHn, TaKk Kak nocie
HCEAIOYEHHA O4ST0 HECYINCCTBCHILIOTO (baxropa KDZ—J(b(‘bHLLHEHThl pelpec-
CHH APYTHX (AKTOPOB MEHAKTCA I HeCyLLecTREHble (PAKTOPL! Nocae ne-
pecHeTa MOF}’T.DI(ElBaTbCH CYWMECTECHARIMH.

AHANOMTUH BT NOIXOA HCYLIECTRIAETCA M NPH HATNYHH KOPPETALIMOH !
JABHCIMUCTH, HO HA Tocaealielt cTagitn oThiopa CYIeCTECHHBX QaKTOPOB.
NpoRepKa 3HAMTIMOCTH YPABHEH S perpeccii! OCYILECTBARETS M KpuTe-
pitio Ouiuepa

F=o,/oL, (17.8)
¢ wuenoM creneredi crofioan vy=n—1no,=n-p—1,
A
o, = Iy, -§¥ fn 1), (17.9)
o =Xy, -4, fm-p -1, (17.10)

§, — 3HAYEHHS ¥, MOTYYEHHBIE M0 AAHHBIM HAGMIOAEHUIT; I, — PACUETHRIE
AHAYEHNA ¥, NOTYUCHHBIC A7H COOTRETCTBYIOLHMX IHAYEHMI B ST SYR J.'p.

Iosyuennue aHavenue £ cpasnisacte ¢ Fg, 1pu subpaniom yposHe
aHaynMoCcTH, Ecomn oxaxerca £ F .., TO THNOTEIA O TOM, MTO Xy, X3, oy X,
I HMCIOT CYIEECTBCHEOMD BIIAHMHSA H& ¥, OTBCPraeTca.

Ecan F> Flp, TO CAGAYET EBECTH HEKOTOPNE APYrMe PAaKTOPL:, BIAHAD-
LLAE A NOKAZATEND i, HAKA I‘It‘p(‘.iiTH K OCTPOCHTD HEAHHEHHON MHOMEeCT-
BeHHOIT PerpeceH.
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[Tpy nocTpoelty perpeccroNior) YpasielHs BeCsMa CYIIECTBeHHYI0 HH-
POPMALHIO O MOJEAH MOXET 1ATH PACCMOTPERNE OCTRTROB €,
OBBIYHL TOHHOE PUCTIPEICALIIHE OCTATKUE @ HEHIBECTNO, MOMIHO OUCHHTD

3Ty BEIHYNRY IO OTKIOHeHAAM akTIHecKHX 3MaucHuil § or pacuer-
BhIX

¥ioBi=e. By -F, €y oy, -0, e,

[Tp1 nOCTpOEHHE PErPECCHOHHONO YPUBHEITIIA CABAYET 1IDODEPSTh ABTO-
KOppensunio oTkAoRewni, [loa aemoxoppersiuelr TOCIeA0BATENEUOCTH
saaeHUH Kakore-Aubo HakTapa MORHMAETCS KOPRETATIHA MEXKTY YAeHA-
MH ITO NOCACAOBATEIREOCTH, ﬂEpBﬂBHHyTDﬁ HA HECKOARKO eannuuil, Ha-
TIPHMCP, KOPPCIALNA MEAIY PHTAMY

€1 Pa e €, H € €ryny o Epans

L — nonoxHTeNALHDE YIICAH, KOGTOPOP HAZLIBAIOT 14204 I3 9KCHOMWKe Hac-
TO HCCeAyeTes cayuail, korda L =1, T. £, paccMaTPHRAETCS KOPPEASIHHS
MEXLY PAAEMH

€, €5 . €, W & €4 .., €.,

ABTOKOPPEAALIE OBBIHG BHIMHCAAETCH Ha OCNOBE HEKOTOpOro ofbeMa
HOXUANLN AGUHLIX #, B KoTopLix Habmotenns {r + 1), {(rn+ 2), .. (n + L)
OTCYTCTBYINT M MX 3aMeNHAIOT TIICPBRIMIT NEIYARTATAMI I!aﬁ.‘TEDﬂ,EH Hﬁ, T. &,
334 TOCAETHHM YASHOM X, CHONY C.IT[.*;'.I}"H)T H1EHBL Uy, Xy L

Hanpusmep, st aara L= 1 nikmudeckns koaduitunestonm aaroxoppenst-
IHH OyAeT KOR|KPIHMHEHT RUPPUAALITE MEKIY PARIMI

X Ky ey Aoy Ay By Ay s Xy X

Haubonee pacnputTPaREHHAM METOZOM APOBEPKU HATIUHA ABTOKOPpE-
NAUHN PAAOE aBnyerTca kputepuii JapOuna - - Yorcona.

Jns npopepxy anTOKOPPesALiilt BRUHCTHIOT BEAHYHILY
d=%(e, -t, ) [Tel. (17.11)

Pacuernoc anavenue 4 cpapnusactes ¢ tafimunsis, Tabanna aHavenmit
KPHTEpNs ¢ vporHeM 3Havksacty a = 0,05 aada » npuaokenins 0. B rab-
NHUE YKA3AHE B3 JHAHENHA KPIrepitd — d, » dy a TaxoKe ¢ B, 11praem
. @, — COOTBETCTREHHO, H3DKHAA | BEPXHASA TPAHILUB TEOPETHHRCKIX
IHAMEH N, ¥ — uMcno HaKTOPoR B MOAER, # — HUCID YPOBHEH BREMEHHO-
ro paaa. [1py cpapHenni pacqeTHOro 3NaYeHts ¢ TabAHUHBIM BOZMOMHBI
CACYIONIME CRYHAM!

Piohy
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» ecan d < d,, 10 MOKHO CAEATE BLUIOA ¢ HARRNMH ABTOKOPPEAIAH;
* CCOITH d = (12. TO MOXHO CA€1aTeE BRIBO 06 OTCYTCTBHH dABTOROPPCIALNIN]

o conut d) £d £dy, TO HecbXoguMO AATsHCRINIIE HCCTETOBAHIC ABTOKOP-
PeTALIIM.

B rabanuax gambl KpuTaveckue anaqeuna g, 4, ans 1, 2,3 u 5 % vpopna

3HAUHMOCTH.

Yrobsi NPOBepHTE 3HAUUMOCTL OTPHUATEABHOIH ABTOKOPPEARUHH, RYKHO
BRIYHC/IUTh BEJUHHY 4 — d, 3aTeM NpPOBEpKa OCYLIBCTBASETCH AHANONHY-
10 oMY, KAK B CIYYae M0J0AKMTE/bHOH ADTOKOPPENALIIH.

C1aknapTMINpOBaHHOE YPASHEHWE NUHEAHOR MHOMECTBEHHOR PBrpeccun

Ecni koadhupsentel THHCHHOM MHOKECTBEHHON PETPECCHH PACCMaTPH-
BATL B KAMECTBE [MOKA3aTesesi BAMAHAA (PAKTOPOB, TO CAEAYCT HMETL B
pHay, uTe Keadipunnents perpeccitit B ypapaerns (17.1) mexay coboi
npsamMo He cpaBHuMuL VX wpcneHuele aHaucnua 3aBncAT 0T BRIOPAHHEIX
eIt HIMepeHHA Kakaoro gaktopa. Utobm koatpuisenTs perpeccuu
CTANH CPABHMMBL, TPHBeaeM KoahQUINeHTE! DECPCCENN K cmandapmian-
ganomy macumady.

JLasi 3TOro Bce nepeMeHnbie BRPLKAIOT B HE3DAIMOPHEIX, TIK HAZBIDAEMBIX
CTANTAPTHIORAHHEIX, E/HHHUAY WAMEREHHA NP IKAIOUTH CASIYKMUHX :0-
OTHOMEHHNIA:

t, =y -F)e,:
t, =(x, -%)o, . (17.12)

rae ¥ ¥ X; — 3HaYCHHUHA COOTBETCTEYIOULIX (PAKTOPOR B HCXOZHOM (HATY-
painHoM) MacmTafe; ¥ i ¥ — ¢peARue 3HaUeHHa (PAKTOPOB Y W X ¢, 1
¢, — COOTBCTCTBYHOUUC JHAUCHHST (PAKTOPEE I CTRHIADTH3ORAHHOM Mac-

witabe.

Canboablil OIEN @5 B CTAHZAPTHIOBAHHOM Yai HeHHH JITHEIHOL MHoke-
CTREHHON perpeccuy oTCyTeTRYeT, T. . ypartenne (17.1) moskto aanucare
B ANAe

f, =Rt, +Pyt, +.ABL (17.13)

Bee nepemernbie YpaBHeays BEPAKEHE B CPABHMMEIX EANNHUAX HaMeDpe-
Hust. Koaddwientw B, B, ..., f, Hazmnatotea koxpguyuenmamu pezpec-
cin 8 cmandupmusgeanrom Macuamabe. [lns ux onpeneneust weobssa-
TeNLho PEeIaTh CHOBA CICTEMY TIOPManLlix ypasHenwit. [epexoa ot
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kouppuustenton a; k B, (i = Layw 06PATHO MOXKET OCYRIECTRISETHCSA 110
dopmyne
B, =aa, fo,, (17.14)

[A¢ O, . 0, ~ COOTBCTCTREHHO, CPCLHITE KBAJIPATHYECKHE NTKIOHEHHA.
Tlpumep 5.
Aano perpeccronitoe ypasnenne y=2+ 4y, + 60+ 14, o, =4, 6, =2,
o, =6, o, = 4. 3amucat, ero B cTanaapTizoBanHOM MacmTabe. CpapinTh
BAUSTHIE PACCMATPHBARMBIX (HAKTOPOB Ha qaKTop y.
Petienue.
Brruncaum xoadublIICHTRI pEFPECCHUH YPABHEHNS B CTaKIAPTH30BEHHOM
macurrade 1o Gopmyne (17.14):

BJ ‘—’ﬂ,U..I/Uy:‘i - 4}”4 =‘i,

B; = 030'_1.1 Uy.—_-* 6 ' 2/4 = 3‘

Bi=ao, /o,=14-6/4=21.
Taknm 06pasoM, ypaBHeHUE s CTALARPTHIOBARNOM MacteTale MeeT B

t,=4r, +3r, + 2%,
ot T 1

Koadpunuentor perpeceiis 4. 3, 21 NOKA3LIBAIOT BIUAHUE W3MEHEHRS
Kax a0 nepeMerHol HA HameHere gakropa . Bee xoaddwiLstenTit oot~
pamenst B CPABHAMBIK EXMHKLAX 1aMeperus. Yo Sansure | B, |, ress cune-
Hee BIMAST COOTRETCTAYNILMIA (PAKTOPHKIL MOKa3aTe s Ha pEAYILTATUR-
Hwil. Takum obpasoM, Haubosbliee BIMSHME HA §¥ HMeeT (DUKTOP Xn,
PAKTUPEE X3 1 X3 OK&ILIBAOT NPHMCPHO OAMHAKOBUC BJIMAHUE.

Ha npakmiike 4acTo MCNOABRIYIOT YpaBHeHHe DErPeCCMM B CTAHAAPTHIO-
BaHHOM MacwTabe B gnile

=P+ B+t By, Bt (17.15)
rae fj, x, —<$aKTOPE ¥ ¥ X; B CTAHAAPTHIOBAHHOM MacuiTabe.
Ilpamep 6.

HmenoTest pangbie 110 KOMITEKTYIOUHM MaTePIUanad, TPYIOBLIM PECYPraM
W CPEACTBaM NPOH3BOALTEE (PHPMbL, HEOOXOAHMLIM N1 M3FOTOBIEHHA A3-
fenuA, 3a 14 ner.



398 Tnasa 17. MHOXeCTBEHHAR PETPECCHA W KOPPENALNS

[Mocne nposeseHHs BCECTOPOHHETO Ka4eCTREHHOMO AHAIH3A HMeIoleHes
HCXOAHOH HHhopMatHH it MATPHLB Napibix KO3(pHIIICHTOR KOppena-
iih Ouian otobpansl caeayonpe GakTophl, KOTOpbie HeoOXOANMO BKITO-
YHUTL B YpaBHEHWE ]TCFPCCCI.’II-IZ

Y — CTOHMOCTH W3NENHA, 1eH. el

Xy, — PACXo/, KOMIUICKTYIOIWHX MATEPHAN0B HA OAN0 F3ACANe, e
Xy — HPOM3BOACTBEHNDLIE HIAEPIKKH, AeN. 21,

X, — MaTepHalbibie ODOPOTHLIE CPEJCTRA, M. €/,

Xy — (POHAOBOOPYKEHHOCTL TPY /A, AEH. CIL.

Bueejtem B ypasuenue Qagrop BpeMeHn, 1pi 9T0M BOIMOXIOCTE ABTOKOP-
pensigny YMeHbITaeTCA.

Pelass 3anauy ¢ HCNoOJAb30BAHNEM KOMIIBIOTCPHLIX TTPOTPaMM, OOJYHIM
YPABHEHWE DETPECCH Billa

§=706+119x, — 0,89, + 1 432, + 0,18x, - 277¢.  (17.16)

[TpoBepum 3HauMMOCTh Haltaentolt Mogenut, Boiapuraem runoresy Hy: mo-

aenb Heznauuma, Konkypupyowman runoresa i moaean siuaunma. [pose-

PHM THIATERY C MOMOTHBI CAVHATHON Beanyiibl 10 KpuTepuio Muuepa
- 2 o2 i
F:S‘y}S GBI

oy
i : _ 3 — 12

cae S) = [, - f(n-1).5, =2, -F)I* [(n—p -1} y, — axrn-
YECKHE YPOBHM PE3YbTATUBHOIO NOKazaTelds; § — o0ias cpeiiHas mpH-
SHaKa; §J, — YPOBHA NPH3HAKA Y, PACCYMTAHNLIC 10 YPABHCHHIO PETPEcCHn;
n— unejio nabnnaenui (B vamem cayvae n= 14); p — uncno hagropunix
HpH3HakoB (B HaweM caydae p = 5).

Cayuaiinas sernynna F umeer pacnpeaenenne @uuepa — Cuenexopa ¢
ki=n—1uk,=n—p -1 crenensiMu ceobosibl. PacueTHoe aHayeHue cay-
waiinoil sennunnsl Fy,., = 40,64, kpuruueckoe — F, (a, ky, k) = F,, (0,01;
13; 8)=5,6 (maiiaeno no Tabawie KPUTHUECKHX TOYEK PAcrpeeienis
Duiepa — CHepexopa  upi saannosm  vposhe suaunmocern o= 0,01,
ky =13, ky=8). F,. > F,;, cienoratensno, Hy1esas THNOTEIA OTREPracTes,
crpase/finsa Konkypupyouan. Takum oGpasom, npn 1 % yposHe 3naun-
MOCTH HAHJIEHAAS MOAEAb AHAYHMA, )
JaanM  3KOHOMMYECKYIO HHTEPNpeTaliio Ko3(hpHUHEHTOR Perpecci.
Koathdpuunent a, = 1,19 nokassisaer, 410 ¢ YBEIHYEHHEM PACXO/la KOM-
IVIEKTVIOUIHX MATCPHAIOB Ha 1 eInHIILY CTONMOCTDL PEATIN3YeMOoro Hae-
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1A yoeaurres o cpeanen na 1,19 aen. ea. Kosgupuunent a, = -0,89 uo-
KusbipaeT, Yo ¢ yEEAMeHMEeM TTPON3BOICTRCHALIX MAJEPAKEK Ha | qed. ea.
CTOHMOCTE H3ACINA CHUAACTCA B CP{’.’,{UIL‘M Ha 0.8{} JeH. eff. AHANOrH THO
OKUHUMHYECKH HHTEPIPCTHPYIOTCR APYIHE KO3(HPHLIHOHTSL.

MauorodaxTopHag perpeccHOHHAA MDABAL B CTARARDTHAOBAHHOM MACLITA-
Oe umeeT uina

7="0135x, - 1,276, + 2,134x, + (,139x, - 0,693,

CpaBHugsas xoaddinuests no abcoaorHoll sendulne, ciletyer orme-
TUTb, YTO HANBMIRWIEE BANAHKE HA PEAVNLTATUBHLIT Mokaszareds (CTon-
MOCTH HALENNA) DKARBIAAIOT MATEPHATEIbIE OBONGTHRE CPEICTBA (X, ), 3a-
TeM TIPOMIBONCTBEHHEIE URJEPHKH (), NPHOIMIUTEIRH OANHAKOROE
DIUIAHHE OKA3LIBAIOT TaKHLE tbam‘opm, KaK acxXol KOMMJIEKTYIMIHX MaTe-
puanos (x,) 1 GonaosoopyRennocTs (X)),

TIpH 3KOHOMHULCKOM AHAIHIE DL3YALTATOL PELUENHA JiLlladH [T1e0HReaHMO
LPOAHAINIUPOBATE COBOKYMHbLIN KOs HUHEHT KOPPETALN I, COCTABIAI-
Wy BeTHIKNY, 6IN3KYI0 K elHHILE,

[1poBepsM 3HAaUHMOCTD KoahitliHeHTOB Koppeasuny, BuasiraeM nyte-
Byw runoresy Hy R, = 0. konxypupyimas rimoresa R, = 0.

TlpoBepHa rHIlOTEIY € NOMOWLLIO CAYYATTHOMN BEAHHUHD

t=[Rn-p-1l/J1-R (17.18)

KoTopas umeer pacnpegejenne Crbiaentn ¢ k=n—p — | creneussi
cnabo b

faw= 1420 (0, k) =t,,(0,01; 8)=336.

TaK KaK tyey > 1,y TO HYNEBAS TUNOTE3A OTREPTALTCS, CIPABCANNBA KOHKY-
PHPYIQILAS THIOTE3A.

B cBaan ¢ Tem, 4To xoadihHINEHT KOPPEAAUIN DAHIOK K CIAHHMHLE, CBAIb
MEXAY PacCMaTPHBAEMbIMY NIOKa3aTe M Techast, JTubbr naTe Kouye-
CTBEHNYIO OUEHKY TECHOTHl B3AHMOCBA3N, HalaeMm Koadxpiunent aerep-
MyHanun R - 100 % = 96,2 %, KoTophsil TOKa35IBA€T, HA CKONLKO TIPOLCH-
TOR B CPeAHEM BAPMALMS PC3yJILTATHBHOIY [0Ka3atenst ofbAcHSeTcH
BapualHedl Bcex (hakTOPHBIX NPH3HAKOB, BKIOUYEAHHX B8 Modenb. Takum
olpasuM, H3MeHenHE CTOHMOCTH H3ZeAHs B cpentesM Ha 96.2 % ofsacun-
©TCH COROKYITHRIM BIHSHHEM (JaKTOPOR, BKTIOUEHHLIX B MOJEAb.
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YnpaxHeHua

Fnasa 17. MHOXeCYRENHAA DEIPECCHA M KDPPRNALMA

17.1. B tabnuue yxazaust napihc KoaguBHuEHENTE KOPPEianHi

O [ U SR B 3 " ‘
1 G771 0.58 (L.03 n62
X - 1 .53 0.2 0.81
- xy . _ - o 0.13 03
xy - - - t .25
it S R I T R B

[posecTy aHaAnI uenecoobpasHOCTH BKANEHMA JATaHHBIX (PAKTOPOS B
YPABHEHHE MHOMKECTBEHHOH NerpeccHi.

17.2. Jano uncno #abmogenuit 72 = 15, ancao daxtopos p = 3, MHOKECT-
BeHHBIT koahpuunenT koppeasmm R =0,71. C nomombio kputepus Ou-
epa oTlpeaeitTh CYILECTBEHHOCTL CBASH NP1 YpasHe 3HaYHmocTy 0,935

17.3. llano perpeccnonroe vpamderire y=-34 +64x, + 2.8x, — 8,6x, =
=12,0, =10, 6, =8, a, =6, g,=2. 3anucars cro B CTAHIAPTHIOBAHHOM

micluTabe. CpaBHHTE RIHAHME PACCMATPHEBALN KX (IAKTOPOB Ha akTop ¥.

17.4. UMe01cn caeayiowne Hexoanse Jamisie, Npeacrieisie 8 Tabaine.

_—— = —
Tt (— [ Cpeatee | Cpennee wmaaparmueckoe .
P SHU'IEITHE | OTKIOHERHE
CpenHEMECAHLIN TYWCROR 10X0A Y, V. & | 864 [ 1144
Cpegliemecamian 1apaboTHas [NaTa r 244 || 5.86
parero paborawuero &y, y. £ 1
Cpoamni BodpacT OespalaThOro Xy AT | 335 i 0,58

Tpebyerca: 1. [locTpoNTh ypaRHEHHE MHOKECTEEHHON PECPECCHH B CTaH-
JAPTH30BAHLEOM M HaTYPAIBHOM Maciuradax. [JIaTh aHagK3 BIUMAHKA NeTY-
yeHHHIX xoadduuncnTos na HakTop K.

2. Paccuntare anneiitsie ko3OPUUHERTD YaCTION KODPEAALNKN K KOad)-
hMLKEHT MHOKECTBEHHOH KOPpPeAaIHy.

3. TlpoBepuTes 3HAUHMOCTE HAANEHHON perpeccHOHIIOH MoRean.



Ynpaxrenss 401

17.5. B Télﬁ.i'[lv[l.[{.‘ AAHL CYATHCTHYUYCCKHEC JAHHBIC O DACKXOMAX Ha THTAHITE,
AYLWIeROM 10X0AE H pa3Mepe CeMbH A JeRATIL TPy cemest.

N |Parxtm. wa nnTanie | ywesgi doxon _r,.l Paamcp coMeii .ty
§ ¥ e Y. |
1 ‘ 426 611 1.4
2 81t 1520 || 24
3 870 2590 1 25
4 1050 2605 3.1
5 1290 4590 a2
& 1348 584D 3.4
7 1325 08¢ 38
5 1820 L 19
l! 9 2342 16859 36

[IpoaHanH3HPOBaTh 3ABHCHMOCTD DACKOAOB HA (IIITAHHE OF DETTHYUHE AY-
HIEBOTO JOX043 W PaaMina CoMbll.



Fnasa 18

[TpOrHO3uMpOBaHUE SKOHOMHYECKNX
NpoLeccoB

KakiM OBt BHAOM MPONIBOACTBEA WM OMIHECA HH 3RHWMATACH OPTAHU3A-
(481, €f TIPHXOAWTCA AFHUPORATE NPEANPHHHMATENLCKYO AeATeIbHOCT
Ha byayuidl nepuoa. Hpu pazpaborke KpaTKOCPOYHLIX H AGNTOCPOUHBLX
MAAKOR MEHEDKEPE BRIHYKAEHL! MPOTHOIXPOBATE OYAYLIME FHAYEHHA Ta-
X BOKHBeIIMX NoKasaTenel, Kax, HanpHMeD, obBeM MPOIRK, WAAEPXKIKH
[IPOM3BOACTBA, CTABKH ftpouexTa o T. A, HlnpokxoMy nreapenin Mmeronon
MPArHO3NPORAHHA CROCOGCTBORAIG PA3RHTHE NEPCOHANBHLIK KOMIhIOTE-
POB H CTATHCTHYECKUX NPOTPAMMHBLIX NAKETOB.

[Moa npoe30x NOHHMAETCA HayyHO ODOCHORBAHHOE ONTHCAHWE BO3ZMOX-
HEIX COCTOAHHIT CHCTEMEI B BYZYUIEM W CPOKOE JIOCTHKEHHA 3THX COCTOA-
By, a nponece paspaloTKy NPOTHOI0B NAIBIBAIT NPOZHOIUPUBAHUCM.

18.1. 3NeMeHTL! BPEMEHHOTIO psga

18.1.1. Knaccwukalya 3KOROMUYECKAX NPOTrHO30B

B zanncumMocTi 0T 00BEKTOR [IPOrHO3UPOBAHKS [IPOIHO3B PA3AEINIOT Ha
HAYUHO-TEXHHYECKHE, SKOHOMMYECKHE, COLUMANLHRE H T. JL.

B zapucrmoctin 0T MacwtabnocTH oOLEKTa [LPOrHO3WPOBAHHA 3KOHOMM-
YeCKHe NMPOTHO3L OXBATHIBAIGT BCE YPOBHM OT [POTHOIDB OTRE/AbHHIX
MpPeANPUATHH W TPOHIABOACTE (MMKPOYPORHK) [0 MPOTHO30B Da3tUTHS
OTpacyi 8 Macurale cTpann {MAKPOYPOBEHE) WK 3aKOHOMEPHOCTEH Mu-
posoro MacliTaba (rAobamrbHbif ypoOREHD).

Dnpezenenne 1. Bpouenen ynpexOenus UPH TPOTHOIHPOBAHNH HA3LIRA-
T OTPE30K BPEMEHH 0T MOMEHTA, A8 KOTAGPOTO HMEITCA NOCNeqHHE A3H-
nete 00 nayyaeMoM oOBEKTE, 40 MOMEHTA, K KOTOPOMY OTHOCHTCR TPOrHO3,
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[lo namrennLHocTh BPEMCHN VIDCKACHHA DPAINHYANNT CASAYIOUIHE BUIL
NPOLUO30B:

» onepamugiue — ¢ NEPHNIOM YNPEXKASHHR 0 DAHUTO MECAlla;

* KpamKocpouMnGe — A0 OJIHOTO I'OIA;

* peduechoutbe — OT BUNO T0JA 10 JATH TeT;

* Joreocpounivie — ¢ NCPEOJIOM  YUPLKACHHS Ooncc TATH AET.

HauBonbmmumit npakTiHdeckiil MHTEpeC NPeACTABASINT ONEPATUBHBIE M
KpaTRQCPOYHAE NPOTHO3b.

np{)['HDBHPDBBHHC IKOHOMITHECKITY TIpDULCCHn COCTONT M3 CALAVHULAX
JTamoB:

* NOCTANOBKA 3aadn 1 cOop 1eobxoanMoi N5 NPUFHOINPOBANNA Hi-
ropMatlLy;

* pepusitan obpaborka vexoanol  HudopMan;

* OUPEAENEHNE BOIMOMHLIX MOZETEH NPOTHO3HPORIHKSA,
® OUEHKA [(APAMETPUB PaceMATPBALMbBIN MUAEsel;

¢ NPOBEpPKA RAEKBATHOCTIL BRIDPAHHWX Moaeneil;

* PacyeT XAPAKTePICTHK Monenel;

® AHAMMA MOJYSEHHRIX PEIYNRTATAR NPOIrHO3a.

18.1.2. Byl BpeMeHHBIX pANOR

l'lpoucxoiumue 0 3KOHOMHYECKHEX CHCTEMAX HPOLECCH B OCHOBIIOM ITPO-
ARJAKOTCH KAk PAA PACIONOKEHHNX B XPOHOJAOTHYECCKOM MOPRAAKE 3HAUE-
HHMH afpeleae HHOTO [HOoKalaTenA, KUTOpblﬁ B CHOEM H3MENENHMD HCCET Ol-
peneAeHTYH) umhopMalmm O JIHHAMHKE H3Y1aeMOrn IBNeHHA.

Onpeaenenne 2, Paa HaGamoheduii 30 3HaYEHHAMM OLIPEASAEHHOTO (loKa-
3aTesIAl, YNOPAAQUEHHRIH B 3ARHCUMOCTH OT BOAPACTAIOUIMX UM YOHBAIO-
WHX 3uadendil APYIOTe IHOKA3aTeRd, HASLIBAOT dunaMuteckuM padom,
BPEMEHHBLM DADOM, PAOOM OUHZMUKU.

Onpenenenne 3. Oraentrble H20MNOAEHHA BPEMERHOID 512 HA3KBAIOTCA
YPoarAMU 3TOLO psUia.

BpeMennble psini OLIBAIOT MoMENmMMbIE, UNMEPEAALNbE W NPOUIBOONLIE.
MoOMEHTHbBIE pRAB XaPAKTERPHIYIOT IHAHMEHHA NOKA3ATENA HE OlPEACIeH-
HLIE MOMEHTE BPEMEHH; OPHMEP TAKOr0 PAJa NPeJcTanie B Tadauie.
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HucrieHnoeTe paboTHrKoB PHPMEl

-

[ ——

Jlara ] L.OA 1.02 | 1.03
_— |

F]ur.ﬂe!lum‘rl. ‘ 283 | 287 ‘ 295

|p;1(:u*rmn<uu, RGN

1.04 05 | 106

298 308 ‘ 312

|
|
| ] T

Hirrepoansiivie psabt XapakTepHayioT JHadesis LOKA3ATENRA 33 ompeje-
JetHble HHTEPBAMLE BPEMenH.

QoHg 3apaboTHor Nnatel paboTHMKOBR dWPMb

‘ Meeay Slunaps | Despans | Mapt Anpean Mali Hions |
|

|
lepona 3apu(:u‘1‘lmil| 1520 1590 1650 1710 | 1780 1890
LII.‘IHT}.I. acd, el ‘i

TTpoN3BOAHLIC PAAL HOAYHAIOTCH M3 CPeAHHX HAH OTHOCUTEAbUbLX BEAK-
Y MOKI3ATEH,

CpepremecayHan 3apabortuan nnata paBoThukos GUpMb

[ Mecan © $funapr | Derparn Mapt Anpenn Madi Honb
Cpearas sapabior 400 5440 5430 | 5470 5475 | 5504
g naata, p | i

YPOBWN PAAA MOTYT UMETh demepsmuruposanisie WIH (I aiime anade-
#ua. Pajl nocieaoBaTemaHBIX Za1MHBIX 0 KOANYECTRe IHEH B Mecs1e, KRap-
Tane, IOAY AANFITCA KPHMEPIMH PAA0S ¢ 1eTePMHHHDORAHHAIMI 3HAYe-
HHAMH,

[IpOrRosupOBaHMIO ILOABEPIAINTCH PAAM CO CAYYAMHBIMK 3HAYEHHAMH
ypoBHei, Kak/IbH 1oKka3aTent TAKHX PAAUE MOMET UMETh AHCKDETHYIO
IWAH HeNpepbhiBHYIO BeIiYHRAY,

18.1.3. TpeboBanwa K UCXOZHOR RHOpMaLY

BrukHOe 3Haverye & NPOrHOSHPUBAIMA UMEeT BHIOOD MHTEDBIOB MEK-
Ay CoCeaNMH ypoBHaMs paaa. IIpn cmuukoM 6oABUIOM HHTEpBAIE BDe-
MEHH MOCYT BBITh YIIYTIEHB HEKOTOPLIE 3AKOHOMEPHOCTH B AWHAMHNKE TI0-
rasatenn, [Ipm caMwkoM MaioM — yBeanmunpaercs o0beM BaMHCICHHEH,
MOIYT BOHBAATRCH HECYINECTBCHHDIE JACTATH B AMHAMWKE mpouecca. Bu-
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0op MHTEDBASA BPEMEHIL MCKAY VPOBHAME DAAa AONKEH PelliaThCH Koll-
KPETHO [LTA Kaadoro NPoLecca, IpRucsM yaolHee HMCTE PABHOCTCTOAULME
ADYI OT APYra ypoBHH.

BaxuuiM YCIOBHCM [PaBMABHOTD OTPLKEHHS BPEMEHHBIM PAADM Peasih-
HOPU MPOIECCH PA3OMTHA SLISCTCA CONOCMAasUAUcis YpoBHeil paja. He-
COMOCTABHMOCTE Yallle BCEro BCTPEYARTCH U CTUMMOCTHBIX XaApPaKTEpHC-
THKAX, MUIMEHEeHHAX LUEeH, TEPPMTIGHIAILHRIX HAMCHEHNAX, YKPYITHEHHA
ApeAnpUATHH i Ap. AR HECONOCTABHMEAIX BEJMHY HH TIOKEIATENA HENPARs-
MEPHO APOBGINTD €10 NPOFHOIH POBAHINE,

ﬂ.ﬂﬂ )(CII[’[HHD['U H3IYUCHILA ITHAMITEN npmlecca iiED6X0;]liMU, '{Tﬂﬁhi
utrchopmars Guuta noaHol Ha NpHEATOM ypoBRe HalbnoieHusi, apeMelr-
HOll pan WMen A0CTATOUNRYIO AAHHY, OTCYTCTBOBLTH NPOMVILEHHLIE HA-
GioseHun,

YDOBHH BRCMCHHLIX DAJIOB MOTYT HMCTh GHOMATLHHBIE INAUCHUA. Monsae-
HIE TAKAX FHAYEHIH MOXeT OpITh BBlaBaI0 cwHOKaMy npu cOope, 3anuck
wa fepenave AHGOPMAINIIL — 3TO QUIHAKH TEXIMHECKOTD TOPSIKA, HAH
0]].[1{5!{}'[ [I€pBOre poAa. ()IlHaKU aHOMAILAEIE 3HAYMCHHS MOIYT DTPAKATH
PEVILHBE MPOUECChH], HATLPHME], CKIUOK KYPCa A0AAApd Wtk Hale e Kyp-
2 HeHHmK Bymar Ha ONANROM PLIHKE B 1., TIKHE AIOMAAhHBIE 31aye-
HHA OTHOCAT K omnﬁmm BTODOTO POga, OHI HE TIOJARXKAT YCTPAancHMo.

ﬂ.‘Tﬂ BRARTEHUTE SHOMLUTBHBIX y]flGBHEﬁ Bpﬁ‘ME‘HHbI’.‘( DFIAUI] MOMAHO BCTTO B
saraTe Metoa Upauna,

1ycTr meeTes spemennoil pai

Y, =80 Yoy oo Yo oo B f=1_;l- {18.1)

Metox Hprina npeanoanaraer ircinoanzosaitne caciywimeil dopsmyat
A‘(ly; _yr--lucy‘ r=1n (]82)

Tae o, — CPeAHEKRANPATIECKOe OTKIIOHEHE BPEMEHNOM DAL ¥, Yy, ...
Yo 0 ¥, (oM. hopMyny (17.9)).

PacveTHHE 3HAYENUA Ay Ay ... CPABHMBAIOTCS C TabsiURbIMN 3HAYEHHAMI
¥puTepus Flpsuna A ; eciy Rakoe-1460 H3 HHX oKaskiBaeTcs Hobine Tab-
JIHYHOTO, TO COOTBCTCTRYIOMIEE 3MANEHHE i, YPOBIIA PAAA CYHTAETCH dH0-
MATLHAIM,

3uavenus kpwrepun Mpauna ans ypopus auavumoctd = 0,05 npueeae-
HL1 B TabAaure.
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Tabavua 18.1

n 2

20

30

A 28

13

1,2

iE

Tocne BMARTEHKS AHOMANBHEIX YPORHe( HeoOXO, MDD OTINEREAKTL NPH-
YHHLI WX BO3nAKuesennn. Ecan ol semBatst culliKaMH TEXHUIECKOTO
TIOPSIAKE, TO OHH YCTPAHSIIOTCS MO0 JAMEHAH AHOMANBLHBIX YPOBHEL COOT-
BETCTHYIGHLMM JUAMCHIIAMN 110 Kp}'lB{]l'.:[, aﬂllpOKCHMHp)’iUUlEi‘i BPEMEH-
HOW paa. anGo saMmenodt ypoerelt cpedrel aprdnerHieckoli AByx coceil-

HUX ypasueil paga.

Ouwnifiki, BO3HIKAKLLHE 13-3a Bo3AecTBUA haKTOPOB, HMCIOUINX 0OheK-
THBHLIX XapPakTEP, YCTPAHCHHIIG HE [[ONIE€XKAT.

IMpumep 1.

Bpementroil pas aagad B rabandunoit popme. [lposeputs HanHYHE aHo-

MATBHEIX 3HAYCHHH.

Pewenuye.

BbludereHHble 3HAMEHUA JAHOCHM B Tabauuy:

7 =Xy, /n=291/10 = 291,

==, ) n-1) = J766/9 =092

r A 4.-F . -k
i | 16 131 172 |
2 ! 19 10 1.02 |
3 | 2.1 -0.81 0,66
4 | 24 ~0.51 D26
I T T
B 28 __--{fl_ P 001 |
7 3. 019 0.04
8 33 0,39 . AL
9 B Y ) ) 069 ___ _“_p.zx_a B
w0 1._3__ __%— 0.69 __ o _e}g_j 1
I T D Y™
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HeenenyeM Ha aHOMAIbHBIE 3HAYEHHS TOURKH T=2 H {= 5
Ay =ly, —ulfo, =(19-16)/092 =032

Tak xax A,=0.32, A,,=13 (a1a n=10) n 032<15, To ypopeHs
t=2 — HopManbublil.

A =1~y =(45 -24y092 =228

Tak wak A;=228 d =13 (anga n=10) « 228> 1,5, To ypoBeH®
t="13 — anoManennii. Ecau ypopens =3 otiocron ¥ ownbkas 1-ro poaa,
TO €r'0 MOXHO 3aMeHHUTE HA cpeaHee apidmeriueckos = (2,4 +4,3)/2 =
=3,43.

KomMneHeHTb! BpaMetubx pRgoa

Ecau BO BpeMeHHOM Py NPAIBISETCSA AAWUTENLHAR TEHIEHIMAE HAMEHE-
HUSA SKOHOMWYCCKOTO TOKA3ATEAA, TO B 3TOM CYYAe TOBOPAT, YTO UMeeT
MecTo mpend. [lon TpeuacM noHIMAT HAMCHEHHE, OTTPEACIINee abliee
HAUPABAEGHHE PASBUTHS WIH OCHOBHYI0 TEHASHIMIO BPEMEHHOIO pHAA.
Tpewa oTHOCAT K CUCTeMaThuecKoil cocTamnaiowedl ANATOBPEMENHOro
aedcTina. Bo speMennux pagax 4acto DponcxoAsT peryasptisie xoreba-
HUS, KOTOPEIE OTHOCATCA K MEPHOAWHECKHM COCTARISIOUINM PAJOB IKOHO-
MIYECKHX [TPOLIECCOB.

Cywuraror, 4TO aHAYeHUS YPOBHEN BREMEHHLIX PAAOB JKOHOMHUECKHX TI0-
KajaTemeH CKNAmEBAOTCA K3 CACAYHOUIHX COCTABAAROLNY {KOMIOOHEH-
TOB): mpenda, CEIONHO, YUKIUNECKOR ¥ EAYIauHo.

Ecnn nepion xonefianuii He NPERbINACT roZ2, TO WX HA3BIBAWT CEIOHHM-
Mu, Gonee roga — yuxawieckuMu cocTaBagouM. Yame Bcero npuTHHGH
Ce30HHbX Koaebauui HBAAKTCH NPUPOMILIE, KANMATHYECKNE YCIOBHA,
IIHKAHYECKHX — deMOrpadHyYecKHe LMKGTH Ap.

OHPBZI.CJICHHE 3 Tpt‘llﬂ. CE30HIIaA H UHKIHYCCKaA COCTYBNAKOIIHE HA3bI-
PAIOTCA PETYIAPHBIMY, HIAKM CULTIEMGIMUNECKIMU, KOMNOHENMAMUY BPEMEH-
Horo pafa. Ecid Ha BpeMeHROro pAda YNARKTE PeryaapHbill KOMIQHEHT,
TO QCTAHETCA CITYHAHHBIH KOMITOHEHT.

Ecay Bp&MEHHDﬁ PAA IPEACTABIEH B BHAE CYMMDl COCTAB/RIOIHL KOMIO-
HEHWTOR, TO MOAE]L HAZLIBACTLH a&&umuaﬂo:}. €CMTH B BRAC NPOH3IBERECHWA,
TG .uyﬂbmumuxamusnoﬁ WIH CMEWAHHO2] THTIAL

* yy=u +*5 o t+e —anautHsHan dopmMa;
* I, = U 5, 0 € — MyNBTHITIHKATHBHAA $opMa;

* Y, =u 350 e —cMelwannan GopMa,



408 rnapa 18. NPOrHOHPOBIHWS JOHOMMHECKHX IPOLIBCCOB

i€ Y, — YPOBHH BPEMEHHOTO pAna, K, — BPEMEHHOH TPEeHL, §, — CE30HHELH
KOMITOHEHT, ¥, — LHKJHYeCKad cOCTaBAdomas, & — ciydainnii Komno-
HEHT.

MpoBEPKA MMAOTE3L: CYLIECTHOBAHKUA TeHASHUWH

[IporttosHposaline BpeMerHbIX PALAOD LeecOOOpasHo HAYMHATL © Mo-
CTPOCHHA rpacbmca HCCACAYEMOTO NTOKAIATENS. OJ],HaKO B HEM HC BCelrgd
NPOCNeRNBARTCA TPHEYTCTRHE Tpelaa. [losTomy 1 aTux cayuasx weobxo-
AM¥MO BHIACHHTE, CYLIECTHYLT AN TEHALIINNA BO BREMOHHOM DALY HIH OHA
OTEYTCTBYET.

Aas speMenHaro pafa {18.1) paccMOTPHM KPHTEPHR s@ocxodsujur u
ducxodRuuUTe Cepuil, COrAcNu KOTOPOMY TEHLAEHLHA ONpEASIseTes Mo
CIEAVKHLEMY RPOPHTACY:

1. il.-'[ﬂ HCCIEAYeMGro BPEMCHHOIO DAIA OMPCALTIACTCH NOCICNOBaTENDL
HOCTh 3HAKOH, HCXOJH H3 YCIOBHI
& {"'1 BCIH ¥ g — ¥ >0,

; (18.3)
.,H' ecnn y:vl _ya <0'

ITpH 3ToM, ecu nocneywilee HabaoleHIe PABHO MPeALIAYIIEMY, TO Y4 M-
TLIFIETCH TOABKY 0AHL nabaaeHHe,

2, Nogcuntuisaeresn 4ucho cepuii  (n). Iloa cepued nonumaercs noche-
ACRATENTRHOCTL IIOAPHA pacuo.mmcermmx ILIIOCOE WA MMHYCOB, NIPHYEM
O/UH TLARKSC WIH OAMH MUHYC CUMTARTCA Cepueii.

3. Onpepensietcs npoTAXERHOCTS CaMO AAUHHON cepuy {,, (n).
4. [1o rabruue, npuBesennoil HHKe, HAXOAMTCS 3davedte [ (n).
Tabawua 18.2

| I |
Aouna papa k| ns26 | W<n<l33 1533 < =< \70

3uadenne {{n} 3 i 7

3. Ecaii HapyloaeTcs XoT8 6l DAHG M3 CACAYIOLIMX HEPABOHCTB, TO TMIOTE-
33 0D OTCYTCTBHY TPEHAS OTBEPraeTcs ¢ AOBEPHTENBHOH BEDOATHOCTHIO
0,95;

v{n) > [1/3-(2n - 1) - L96- /(16n —29)/90), (18.4)
L. (mysl{n) ‘

Kpanpareble cxobin gepasenctia 8 (18.4) 03Havaior uenyo 4acts Yuca.
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Npumep 2.
JaHa AMHAMMKA €XeXDapTAALHOTD BRITYCKA (POAYKUHH QUOME B IeH, eq.
C MOMOWLID KPHTEDHA «BOCKXOTAINHK H HHCXOAAMNX CE]JHﬁ CIEA3Th Bhl-

BOA O NPHCYTCTBRM HIH OTCYTCTBHH Tpenna. JJoBepHTeARHYIR BepoaT-
HUCTH [PUHATL paBHOI 0,95.

T
e 1123 4\5 6| 7| 8 9|m 11213 14] 5] 16
' |

w, | 1] 14 17116 | 20 IT'? 15 16|20

~
[
—
wn

Pewenue.
OnpepennM NOCaISIORATENbHOCTh IHAKOB.

9|10 1;‘12 3] 14|15 16’

7| 7 [ 1516|219 21

tl1i2|3|4|s5]|6!7]8

1

¢ | 1D L 14| 7 [16] 15 |7‘1G 20
+

\“___L_ = _*_L:__"_i; _

UYueno cepuit v (n)=11, npoTspreHuncTs caMoit  AmrHuol  cepun
L ()= 13, no rabamne [{n) =5, 3anntitem ¢yCTeMy HepaREHCTH:

1t >[1/3:(2-16 - 1)~ 1,96 J(16- 16 -~ 29)/90],
3<35,

11>7,

{355.

Ofia HepaseHCTBA BHIMTQIHAIOTCS, NOITOMY TPEHA B AMIBEMKHKE BBLIMYCKA
IpoAYKiHH QHPMB OTCYTCTBYET ¢ ZoBepHTEIbHON BepuaThOCTho 0,95

18.2. OcHoBHRI® NOKA3aTeN JUHaAMUKN
IKOHOMUYECKMX MPOLECCOR

18.2.1. OcHogHbte NOKA3ATENY JUHAMMKM

Anst KOAHYECTBEHHONW OCUEHKHM JMHAMMKHM IKOHOMHYECKUX TIPOLECCOR
TIPHMEBANT TAKHE CTRTHCTHYECKHE NOKAIATENH, KaK afCoommsie npupoc-
mbl, mexani pocma 1 aApupocna. OHK TOAPasAeoTcs Ha Kervue, Daduc-
nnle W cpednue. Ecnn cparuedde ypoRHell BpDeMEHHOTO DA OCYIECTBIA-
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€TCA C OAHHM M TEM XE YPUBHEM, NPHHATHLIM 3a Gady, TO NOKasaTesH
Ha3nBaloTCA BazncHbiMM. Eca cpaBHeHMe OCYUIECTBAAETCA C NEpeMeH-
Hoif 6asoi, mpyyueM KakaLll mocneyomui ypoBeHs CpaBHUBAETCA C Npe-
RRIAYUIHM, TO BHIMHCAEHHBIE NOKAZATEAH HAIHIBAIDTCH WETTHbIMH,

DopMyssl AAA BuMHCJIEHHS ENHLIX, OasucHbIX ¥ CpenHux aboomOTIIBIX
MPUPOCTOB, TEMNOB POCTA H TEMNOB IpHpocTa Aankt B Tabn. 18.3. B dop-
MYyJaX ADHHSTHL OO0IHAYEHHAR: ¥\, Yo - Yo - Uy — YPOBHM BDCMEHHOIC
PAAR; 7 — AJMHE PANA; Y, — YPOBEHD BREMEHHOTO PAAA, MpUHATHLI 34 Dazy
CPABHEHMA.

Tabmamua 18.3

|
| . AbeonkTHuii N

ObosnaucHue HpHpoCT Temm pocta Temry npupocta
Lenmoss Ay, =¥, -4, T =yfv., 100% | K =T -100%
Basncuuit Aug = ¥, - ¥4 T, =p/y100% | K, =T, -100%
!CP(’I[HHFI AY, =~ Xin-D T =Jy ly 100% K=T-100%

Onucanue AMHAMKKN PAAA CPEAHUM NPHPOCTOM CODTBETCTRYET €TO Npea-
CTaBJIEHUIO B BHAE NPAMOH, npoxoasutell yepes apse xpaiinue Toukh. Jins
[OXYYEHHA POTHOIHOTO 3HANESHUA HA OMH IUAT BENEPeA ACCTATOUMD K M0~
caeguemy wabniogeHno 1obannTh 3itauenne Cpeatero abcolOTHOO 1IPH-
pocTa;

Yo =Y. + A4 (18.3)

rae y, — 3nayeHHe NIOKasaTens B # TOYKe BpeMenloro paaa, .., — 0po-
rHO3HOE 3HAYEHWE TMOKAJATENA B TouKe #n + 1, AY — 3HaueHHWE ePefHero
MPHYPOCTA BPEMEHHOID pAaa,

[Toayuenue nporaoanoro anavenus no dopmyne (18.5) xoppexkTho, ecn
avHaMmuka psaa Gamuaka i Juaefinoil. Ha takod pasnomepusiil xapaktep
AMHAMMEH YKA3bIBAIOT TPUMEPHO OIMHAKORLE [IeMHAIe 6COM0THRIE IPH-
POCTHL

HenonbaosaMsse cpefiHero TeMna pocta (CpefiHero TeMfia npHpocta)y Rjs
OTTHCAHHA AHHAMHKH PAgBHTHRA PAAA COOTBETCTBYET erC NPEACTapAeHHIC B
BHAE NoKalaTeJasHOH HAK SKCIIOHEHL[KHJII:HOﬁ KDHBDH, I!pOBE,IlEHHDﬁ ge-
pea ase kpaiHue TONKH, W XapakTepHO [INH BPOLECCOB, HAMEHEHHE [IHHA-
MMKM KOTOPHIX NPGHCXOAHT € NOCTOAHHBIM TeMOoM pocta. [lpornoaroe
3HAYEHNE Ha T WATOD BHEpel onpeaenaeTca no popMyie
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Fog =4,T". (18.6)

roe §,, — NPOTHO3HAA OIEHKA 3HaYeHUA MOKa3afenst 6 Touxe n +i,
T — cpeanmil TeMN pOCTA, BHPAXKENNLIT B OTIEOCHTENLHBIX BCTHYAHAX,

HepgocTaTkoM MPOrHO3IHPOBAHHA © HCIINThACRAHHEM CPEJRETD IPHPOCTa W
CPEAHErD TEMIA POCTa ABASETCH TO, YTO 01tH YUHTHIBAKT HauaMbHbIH H KO-
HEYHLIH YDOBHM PSfa, WUCKJIOHAS BJIMAHHS NPOMEXYTOUHBLIX YpoBHEI:.
Tes ne MeHee, OHR HCIOABIVIOTCR KAK NpocTeioine, npubIHKEeHHbE Ccno-
coBB NPOrHOIHPOBAHHIL

Tlpumep 3.

Exexsapransiasn xuHaMuka orna sapadorHoll nhartel paGoriiikob dmp-
MBI B ACH. €1 IpeACTaBieHa & Tabruue.

t ! 2 3 1 3

U, 252 253 254,2 25353 256,5

Q6OCHOBATL  UPABOMEPHOCTE  MCIONL3OBAIMS CPELHEID upHpocTa AR
oNpeAeiers MPOTHOHOTO 3HadYen s (PoHAa 3apaboTyoit nnarth & 6-M Keap-
Tane,

Pewenue.
Haiinem nentsie abcoMOTHEIE TPUPOCTHL

Ayr=4s -} =253 -252=1,

Ays =4, — Y =254,2 - 253 =12,

Ay, =y, - 4:=2333-254,2=1,1,

Ays=y, -y, =2565-2353=12.
Lennue abconwTtible NPpHPOCTH HaMeHaoTea oT 1 go 1,2, nx HameneHus
NPIMEPHO OAMHAKOBE, YTQ CEHAETENBCTBYET 0 GUIHIOCTH ©KEKBAPTANb-
no# AuHaMuky $onaa sapabothiol maaret HpMbl K asneliuci, Tlostomy
NMPaBOMEPHO OTIPERENHTL MIOCHOZHDE JHAYEHWE K. MOMOIIBIO CPelRero
npupocta Ay

A7 =(ys -y, )/ (n—-1)=(2565 -252)/(5 - 1) = 1125,
7=y, +Ay =2565 + 1125 =257625.

IIpumep 4.

Hameretne cxexBapTanbHOA anHamuky onga sapabuTioil niartm pa-
GOTHHEOR (hHPME! IPOHCXOAMIC NMPUMEDPHO C ITOCTOSTHHEM TEMTIOM POCTA
B TeyerHe 5 xeapranos. Qoun 3apaboTholl mnaTsl 8 1-M KBapTate cocTaB-
nsLn 252 fen. en., a B 5-M xBaprane — 256,5 feH. e
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OnpepennTe nporHod $oua 3apadoTHoil aarkl paboTHHKOE QUpMB
B (-M KBapTale, HCTIONB3YH CPeAHIl TEMN pocTa.

Pewenue.

o ycronuwo, uamerenne donga 3apaboTHoll MAaTH NPONCXOAMNO HPH-
MEPHO € MOCTOSIHHBIM TEMMOM pOCTa B TedeHWn 5 ksapranas. [Tostomy
NPaBoMEPHO MCNIOABIOBATL CPEAMMil TeMI POCTa AA PacdeTa NPOruosa
doHaa B 6-M xeaprane. ‘

C])CﬂHHﬁ TCMT] POCT2 COCTARIT:
T = {.yn fyl )WH_I) ' 100 %?

T =(ys/y, )" - 100 % = (2565/252)"* - 100 % = 10044 %.

Taxnm ofpasoM, TpOrHo3 BCAHYHHL (POHAA 3apaboTHOI TIATE COTPYAHH-
KOB (DHPMBL COCTABMT!

§s =y;T =2565-10044 =2576 nen. ea

18.2.2. Crnaxusanve BpeMeHHbIX pAACE

H]'}EIlBapHTEJ'lebIﬁ AHANIH3 BPOMEHHBIX DANOE IKGHOMHYECKHX MOKa3aTe-
Aelf 30KT0YAETES B BUMABACHHH QHOMAIbHBIX 3HAYEHNH ypOBHEl‘fl pARa, Ko-
TopLIE He COOTHETCTRYIHT PLaibliblM BUIMUKHOCTAM ]JBCCManHBaeMCIﬁ
IKOHOMHWYECKOH CIACTEMEL, A TAKXKC B Qmpenc/IeHHH HAMHYHA TPEHIA.

Hawbonee pacnpocTpaHeHnsM TIPHEMOM A4S YCTPAHEHHS AHOMATBHBIX
anaveHyit nokaaTeleil i OTCYTCTEHA TeHASHIHI RPEMERHOTO PARA ARNA-
eTCH ceaaxcubanie spemennczo piada. TIpn aToM NPOHIBOIKHTCA 3aMeda
haKTHUECKUX YPOBHEN BpeMEHHOrD PAAA PACHETHHIMM, ¥T0 cnocobeTayeT
H0/1cE YETXOMY NPOABACHHIO TEHALHUKY pAta. CrRaxuBanne BpEMCHHOTO
PAda SBAAETCA OAHMM N3 METOAOB TEOPUM MATeMaTHYeCKWX QUNLTpOS,
uMelled geno ¢ GriasTpanned ALICOXOYACTOTHRIX ¢LIYMOBS.

CKonbaAulre CpeaAHNe HO3BONHIOT CrAARNTS CAYYAHHRE H IEPHORHYECKHE
xoNebAHUA BPEMBHHOIO PARAA.

Craaxveasue [0 NPOCTOA CXONL3AWENH cpeaHen

Haubonee pacnpocTpaneHHOH NPoOUEAYPO# CIILKHBAHUS ARNSETCS METON
npocmotl croabaAuel cpedneli. CHavana AN BPEMEHHOTO PRAA OoNpeles-
CTCA HHTEPBAS CrA2XKHBAHHR (_g) Ecnu H(‘.‘OGKOH,HMO CTNIAAMTEH MENKHE KO-
neGanua, TO MHTEPRAT CTIAKHEAHKA BepyT No BOAMOXHOCTH GOJMBIINM,
eC/t HYXKHO cOXpaHHTs Gonee Menxwe KonebaHid, TO HHTEPBAN CTARKH-
BaHKUs yMeHbiaoT. Jins mepasix (g) ypoBHel BPeMEHROI0 PIla BhMUCTA-
ETCS X CpellHee apHpMeTHyecKoe 3nauenne. ITo OyAeT CraakeHH0e afa-
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YeHUE YPORHA PAJA, HAXOMAILETOCH B CEPeITHE MHTEPBAA CIVIKHBAHKS,
Jarem WHTepUAll CIIAXKKBAHKA CABHIAETCH )1 OAHE YPOBEHL BIPABO, [0-
BTOPACTCS BRIYMCJIEHHE cpeateli apudmeTudecknd i 1. 1. B peayabrate
Takol IIPOUSLYPH MOIYUHM PAL CTIRKEHHBIX 3HAUE M, PN 3TOM B 3aBK-
CUMOCTH 0T (€) 1epBBie B NOCAENHNE YPORKH TEPAKTCS.

Jny uaTepBaia cTALKUBAHNA (g) yiaobHo GpaTh B Bide HeYeTHOro unc-
Jd, B 3TOM CIydae pacHieTHOo JnavyeHne CKOMbIAOleH CpE’IIHE‘ﬁ 6_?,'161' npH-
XDAMTBLCS HA CPeJHUA MHTEpBAR pAAA.
Hanpumep, A48 WuTepBata £=23 craaxetiibie YPUBHH PACCHHTLIBAIOTCA
o popmyae

gl =(yr—1 +y: +y:+:| }f:} (187)

s roro yroG He NOTEPSTHL NEPBHIT § MOCIEAHHI YPOBHI LA, HX MOXK-
HO BRIYNCIANUTS IO CIJOpMyJ]ﬂM napaﬁonﬂt{ecxom AHTERNONHPOBAHHA

-QI =(5y1 +2y2 —Ys )jﬁr (18.8)
gu =c—yn—2 +2-yll-| +5yrr)/6‘

Metoa npocToll cKoAB3AIEHR CPEIHER 1aeT XOPOUIHE PE3YIETATH B AMAG-
MUYeCKHMX PRAAX C AHHeHH0M TeHaenitel pasBnTha,

Crnaxnesnie C WCAONLIOBAHWEM BIBOILEHHOH CKONbIAWEH CpenHen

[ndA paace ¢ Henuneltdol TenaeHuHel Pa3BHTHA HEOOXOAUMOD TTPHMEHATD
METOM B3GEUIEHNCH CKO.J‘IbERM{E’ﬂ Cp&'a?.t&'ﬂ. Jtar METOA GTJAHYAETCH OT MCTO-
Aa npacToit cranb3aleR cpenteit TeM, 4TO YPOBRY, TXOARLIME B HHTEPBAT
CrIAKMBAHMSE, CYMMMPYHOTCA C DAIHRIMH BCCAMMH. H.TIH TIOJIHEIOMOB 2'5'0 H
3-ro nopaaxkos oo S-wieHHOI Ba3BelWleHHON CKOAb3sIUeit cpeaveil UeH-
TPAAbHOE JHAYEHHE HHTEPRANA ONPENeAseTCH MO apMyIe

.9! = 1/35 (_®r-2 + 12yr-1 + 17!".‘ +‘2yc+1 _3y£+2 )‘ (18‘9)

Becosrie koadipHUHERTE NP CTAAKHBARNY 10 NOAHHOMaM 2-ro W 3-To
NOPAZKOR B 32BKCHMOCTH OT LJIUHLI HHTCPBAMA CITHUKHBYHWA TpEACTan-
AeHK & Tabn. 18.4,

Tabanua 18.4

ATHHA WHTEpBRNA COAAMMBAHNR Becosoit kosddudeny
5 1/35 (=3, +12, +17)
7 1721 (-2, +3, +6. +7)
9 o - i _1/231 (_—21. +14, +19, +54, +59)
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[Ipumep 5.

Tlo A4HHBIM AHHAMAKK YPOKAFHOCTH R 10 neT, MpuBeaeHHRIM B Tabauie,
PACCUWTATE:

s -, J-NEeTHHP CKOAbIAUIHE CpeAHHE NpOCThIE,
s J-JETHHE CKOAB3IAILHE CpeiHHe B3BeWEeHHBIE,

¢ CPABHHTL pPe3vALTATBI PacueTus.

' . I A S
' J ! 2 34 4 5] 8 | 7 8 9 | 19
_ — - |
‘ v, 116.3 202 | 181 | 87 | 163 | 173 | 209 | 154 | 197 } 217

Pewenue.
Butiucaum 3-1eTHHE CKoMbAALINE CPeIHIE TpocThie 110 dopmyram (18.7):
4,=(163+212+18,1)/3=18,5,

§,=(21.2+181+87)/3=160

KT, A

Haitnem J-neTine croab3sunie Cpeinne npocthie ((hopMyanl, AHANOMHY-

nuie (18.7)):
F.=(163+212+ 18,1 +87+163)/5=161,
§,=(212+181+87+163+17.3)/5=16,3
HT A
Onpeaemiy 5-neTHHE CKONB3SAINNYE CPEJIHIE B3BeINeRHEIe {dopMyna 18.D)):
§,=1/35-(-3-163+12-21.2+17-181+12-87-3-163)=16.2,
G,=41/35-(-3-212+12- 181 +17-87+12-163-3-17,3)=127
HT I

BriuncneHHble 3HaYEHHA JAHECEM B Taﬁmmy.

l J-netnan 5-nemsa B-netnaa I‘
! W, !I CKONBIAULAH CHOAKRIAR | CKOAb3Alad |

| NPOCTAs BpOCTAR masemerai |
i 16,3 - - - 1
2 21,2 185 - - |
3 5.1 16.0 16,1 16,2
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3-neruns 3-netHAR 5-petuns
! ¥ CKONB3ANAA CKOAb3AWAS CKDALIALIAS
fpocTan HPUCTAR BIBELIEHHAN
4 B 14.4 18,3 127
5 16.3 14,1 163 135
R A S T T O
- 7_ R 2_0.9 o ) l7_.!;- "L 170 o IB.é o
8 | 154 187 E 18,0 18,1
9 ; 197 189 E - -
10 217 - ¢ - | ~

Hpu cpasnenuy anavenn#t y, 3+ H S-JeTHHX CKONBIHILNK MPOCTHIN BUAHO,
yTo Hosee TIARKON ARTAETCA 5-NETHAS CKONBIRGIAA NPOCTASA.

TIp1t cpaBHeHHH IBAYEHHH ¥, 5-TCTHHX CKOXB3HILAX POCTLIX M BIBEIEH-
HbIX BRIHO, 9TC 60.11&8 mam:oﬁ SIBMAETER CHKONLIAINAA NROCTEA, HD CKOMR-
3s01a8 B3pellifHRAaA 60.’1{?& 6J1H3]{3 X HEXOJ_IHDﬁ.

DKCNOHEHLMANBHOR CINANMBAKME

Bupapimnanne BpeMEHAMX DAZROB MOXET GHITh NPOHIBEACHD METOAOM
IKCNOHERYRATOHOZ0 CLTWHUBAONUR. Cy‘l"‘b MeTDNA 3aKNWOYMACTCHA B TOM, 9TG B
MPOUENYDPE HAXOKAEHHA CINKEHHOTO YPOBHA WCNDAL3YIOTER 3HANEHHS
TONBKO TIPEIIECTRYIONTHY YPABKEH PAAA, B3ATRIE C ONPEAEASITHLIM BECOM,
1pyteM Be¢ HABMIOAEHKA YMEHBIUIAETCA RO MepPe YAINEHUS €F0 OT MOMEH-
Ta BpEMECHI, A1 KOTOPGID ONMPEeAfsIeTCA CrRRKEHHOe IHAYEHHE YDORHA
pana. Ecom ans uexoproro Bpemendoro paaa (18.1) cootseretnyomne
CInaKeHHble 3HaueHHs ypoBHeH obosnauuts S, tze =1 n, To sxcno-
HEMTIHANHHOE CTAZXHBAHKE MPOUZROANTCA 10 PEKYPPEHTHOMY COOTHO-
IEHH .

S=ayt(1l-a) S, (18.10)

TAe ¢ — napaMeTp criaxuBanma, <o < 1, sean<kna 1 - a HassiBaeTcs
KOHPDUUNEHTOM AHCKOHTHPOBAHHS.

Henonksys pexyppeHTHOE COOTHOLIEHME AN BCeX YPOBREH Dsflla, Haum-
Ha% C NEpPBOTO M KOHYaA MOMEHTOM YPOBHA !, MOXHO NOIYYHTh, YTO BKC-
TTOHEHUMAILHAN CPEMHAA, T. €. CLIAKEHHOE JAHHBIM METONOM 3HadeHHe
YPOBHA DAHR, ABAACTCA BIRGINICHHON CpexHeR BeeX NPERISCTBYIOMIHX
yponueit:

5, =ai(l-a)y,_, +(1-a) 5, (18.11)
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Hanpumep, upi a = 0.2 sec texyuero nabdawaenua y, pasen 0,2. Bec ope-
ABIAYUIErO YPOBHA ¥, , Oyaer coorsercrsoBatbh o (1 - a)=02(1 - 0,2) =
=0,2-0,8=0,16. Ans yposHa y,_, Bec coctamnt a (1 - a)’=02-0,64=
=0,128 u 1. A

OBtsdHO 119 BPDEMEHRELIX DAIOB B JKOHOMUIECKHY 3IAYAX BEIHUWHY Ta-
pameTpa craaxssanns oubupawt B vutepsaie or 0,1 Ao 0.3

RHavaneuetit napamerp S, TPHHHMAKT PARHEIM 3HAUEHH IO NEPBOTO YPOBHA
PAAA y; MO PDABHBIM Cpeanei apuhMeTHyerkoll HECKOSLKHX NepBLIX Y-
HOB DAA. HATIPUMED, ¥y, ¥y ¥y

Si=0n tya ty3)/3. (18.12)

Y kasaHHIT DOPAZOK BRIDOpA BeMMYiHE % obecretHBaeT XOpoulee Corma-
COBAHUE CTRAMEHHOIQ H HCXOAKOID BPEMEHHBIX PAAOB A/l NEPRBIX yPOB-
Heit. Ecnu :ke npe noaxoae K TpABOMY KOHLUY DRIA CLI&KEHHBE 3naYeHs
HAYHHAIOT AHAUMTENRBHO OTAHYATECA OT COOTBETCTBYIONUINX HASEHHUIT MC-
KOHOIO PRAR, TO tedecoabpasHo nepefiTit Ha XpyToil napaMerp criaMBa-
HHI .

Iipumep 6.

B rafanue npuBeieHbl daiiible HHCASHHOCTH N1penoaapatTened BulCIHHNX
yuefiHux 3agegenuit PQ (Tulc. wenorex) mo rogam. TTpouseecti crraxu-
BAHLIE BPEMERHOTO PAAA C RCIONBIABAHHEM JKCTIOREHUHATBHON cpeaeil,
upHias napametp crawxnsass o = 0,1 1 o = 0,3, Ilo pesynvratas pacye-
TOR ONPEJENITE, KAk N3 CTHAXCHHRY SDEMEHHLIX PANOB HOCUT Bonee
TH3AKHIT xapaKkTep.

Tt : 1992 1953 1994 1995 19458 1997 1998 1999
P l 2335 | 2398 | 2398 | 2619 | 2648 | 2687 | 2607 | 2986
Pewenue.

Pacemotrpum cayuail o= 0,1. Hecaenys hopmyan (18.12) w {18.10), no-
CAEHUBATEALHO TCAYHAEM;

Se=(233,5 + 2399 + 239,8)/3=2377,
Si=ay, +(1-w)8,=0,1-2335+0,9-2377=2373,
Samay, +{(i-a)8,=0,1-2399+09-2373=2374,

Si=ay;+(1-a)5,=-01-2398+09-2376=2378
HTA
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Pacemorpum enyuail a = 0,3, Henonssys popmyay (18,10}, numeem:
S=ay, +{1-a) §=03-2335+0,7.237.7=233,6,
Sz + (1 -a)$ =03-239.9+ 0,7 2336 = 2355,

Si=ay (1 -a) $,=03-2398+0,7-2355=2368
TR
M3 npopedeHiislx PACHETOD MUKHU JUKITONUTB, 10 npit o = 0,1 ppexen-

HOR pAa nveeT Gniee MK XapakTep, TAK Kak B 4TOM CAy4Yie B Hasl-
O0ABLEH CTEREHN NOTIONIAKITCR CAYHAITHBLIE KONCOANNRA BPEMCIHO() DAIA.

18.3. TpuMeHenve Mofenen Kpueblx pocta
B 9KOHOMWUYECKOM NPOrHO3UPOBAHUN

18.3.1. XapakTepucTu«m MOaenei kpuselx pacta

KoMrinexe aHamuTitueckny MeTo,108 BRIPABHITRANIA CROYUITCH K ‘Bblﬁ{)p}'
KOUKPETHLIX KPHBBX POCTA B DUDEALHE TG X 11 DaMeTpus, I‘Io.u. Kpuo'aﬁ
pocma {"J}’JLE‘M ONIMATH HEKOTORYH) (b}'EIKI.lIIH'). AMITPOKCIMHPYHIULIYKY 32~
Aanublil tHaMuvyeckui paa.

Paapaﬁ(m{a TROTIAE C NCNODALILBAINEM KPDUBWX PpOCTi BICTIOYACT CAae-
AYOMINE 3Tallbl

L] Bb]60p OJ{HCH HAN HCCKOIILKHX KBEIX, Ill()p,\dﬂ KOTODLIX COOTRCTCTBYET
AHHAMIKE RDEMEeHHOUO DAILA,

® OUEIKA NAPAMETPOB BHOPILIX KPHHELIX:

« OpOBEPKa ZEKBATROCTH BRIOPAHHRIX KPUBBIX NPOTHOZNPYEMOMY Npo-
ueccy U CKoWuateapuuwii nwbop Kpnuoil;

* PACYET TOHUBMHOIO ¥ MHICPBAJILHOIO NOPULTIGLOB.

KpHere pocta ofhuno BRBNPAOTCA M3 TPEX Khaccnn diyHKIHE

K nepsoMy Knaccy oTHOCATCA KPHDLEC, KOTOPLIE HCNOAL3YIOTCSA 448 OT-
CAHUA NPOICCCOR ¢ MOHOTOHHKIM XaPAKTCROM PU3BILTHA 1t OTCYTCTELLEM
NPeAENOn PUCTA.

K BTOPDOAY KAACCY OTHOCHTCA KDITHBIC, HAMCKMUNC TPCOeT pocTd 8 (eesIce:
IIYEMOM NMeprHaae. Take KPUBRIC HA3BIRAWIT KPUAbLME MACWIGEHUR.

Ecan kpupble BACKIICHILT HMCIOT TOYKH nepernfia, TO ol OTHOCATES K
KPIBLM TpeThera kiacca. MX HaanBaOT S-00paabimit KpuasLymu,

Cpean KpUBBIX POCTA TICPROID THOA CILIVET BLIALTHTL KAKUC ROTHIOMOE:
2 &
Y, =g v dt vl +a,l” o+,

271222
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FlapameTp @, ABAAETCA M@U@LibHbIM yposlien pada npy ¢ = (), @, Ha3bIBAKT
AUNEUHBM TPUPOCTIOM, (2, — YCKOPEHHEM POCTa, 3 — M3MEHEHHEM YCKope-
HHSE POCTa.

B 2x0HOMH4ECKHX HCCABADBAHHAX B HoAbIENANICTDE CAYIanX NPpHMERAINT-
CA INOAHHOMB HE BRIIE TRETHETD NOPAAKA.

MoastioM nepsod crelens
Y=aytal

Ha rpatduke (puc. 18.1) nzobpaxaercd B BHje TPAMOH M HCNONB3YETCH
AIA UNHCAHIA MPULLECCEB, PAIBHBACLIHXCA PABHOMEPHC BC BPCMEHH.

5] ) 71621
[: 0
ﬂ'] e 0
dq
0 ] 0 T
Puc. 18.1, MNonwnom nepeci Puc. 18.2, MorvHoM 8TODOR
CTEHHY GTENEHA

[loanxom BTOpOIt cTCNeHK
Yy,=a,+at+at

a rpacguke {puc. 18.2) nanbpaxaercs B 8nAe mapaboipl H MPHMEHAETC B
Tex CAy4YadAxX, KOrAd NpoLece PasBHBacTcA paBHoyckoperno. Ecnu a, > 0,
TO RETBM Napalonbl HANPasIeH BREpX, R CaY-
w(trh uae g, < { — BHHEL,
loaunom Tpetbeit cTemesn
Y= ag + ot + @t + aqtl.

Y avoro noaunoma (puc. 18.3) anax npupocta
OPANHAT MOMET MaMEOAThLA OJAHH UNH fABa

a pasa.
B » Onetxy napamerpoB NOJWHOMOB OTpesens-
L
0TCH METOAOM HaMMEHbIUMX KBaLpaToB. Tak,
Puc. 18.3. NonuioW TpeTwen HOPMLIBIOE VPARHCHME NI GIIPCALTIEHHNA KO-

CTEngHw apHILHENTOR OPAMON MMEET BIHL
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Iy, =ayn+aXf,
- g
Iy t=a,ft+a it .
Peitenye cHeTeMbl, T. €. HAXOXK/ACHHE KOHBDIHLHEUTOR CHCTEMB @ B @),
NpOU3BeARTEA 1o dhopymynad Kpamepa.

CucTeMy HOPMANBHBIX YPABHEHIH MOXKHD YIPOCTITE H YMERBIETD abco-
AOTHLIE 3HAMCHNA BEAHYNH, €0 TCREHECTIL HAATa KOOPAUHAT B CEpe/H -
HY PAKa aMraMikd. Ecmy o neperoca Kavano koopannar ¢ pasno 1,2, 3.,
TO TIOCAE IE€PEHOCA NOJIVIHM:

# 778 YCTHOTO 4WCiga wieHos f[=.., -3, -3, -1, 1, 3, 3.,
* 1A HEYeTHOro 4YHCIA 4wiewoB [=.., —3. -2, -, 0, 1, 2, 3.
B sTom cmyyae xoathpuIMEHTH NPAMOI HAXOIATCA U3 BhipaXeHH

a, =%y, /n; a, =Zy, ¢/’ {18.13)

AHANOTHYHO ONPEAENKIOTCE KONPRUMUHEHTL! NONHHOME BTOPOI CTEREHN
(napaboabl), KOTOPHIE NOCHAe TEREHNCA HAYAIA KOOPAHIAT ¥ CepeanHy
PALA AHHAMIIKIT HMEIOT B

a, =Ly, /n-L0 niinLy, o* - 2 Ty, )ffnZet - (20 ) Ik
a, = Ly, ty3t; a, =(n¥y ¢’ -Lt? Ty Y[nEt' (2P {18.19)
[Moxasarensras kprsas (pHc. 18.4) itmeeT cnenymumit 1.
w04 Wk

a

0 Y 0 ¢
Puc. 18.4. JrcnonenTa y = ab

y=ab

Ecnu b > 1, ro kprpast pacter ¢ poctoMm I i nagaet, ecait b < 1. Tlapametp a
XAPAKTEPHIYCT HAMANBILIE YCIOBHS, 4 TNAPAMET): b — nocTosiHHhf} Temn
pocTa.

TTponorapiPMHpoBal 3TO BbIPAKEHHE, NOAYURM!

27
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logy,=loga +tlogb.

Ofoanaunm A=loga, B=logh, toraa logy,=A +(B. 1na ouennzannin
HEM3BCCTHLIX NapaMeTPol MOXKHO HCMOJIL30BATE CUCTEMY HOPMAALHLIX
ypasHeHnil Ans npaMoil u uafiti napamerpw A n B, 3Han 3uaueHn
A=loga v B=logh, nyrem MUreHLUHpOBAHHA GHPEAETHM 3HAUEHWS a
ub

Caeayer HMeTs B BHJY, YTO NOJYYCHNLIE Taxity 06pasos OUEHKU napa-
METpOB 1IOKA3ATEIhHDH KPHBOH DKA3LIBAIOTCS CMEUIEHHBIMM B CBABH C
TEM, UTD B pacyeTe YHACTBYIOT He HCXOAHRe JAHWBIE, & HX JOTapHEMEL.
Tphuen cMerteline Gy/1eT TeM IAATUTEIBHeE, YoM DONRINE PAZHOCTD MEX-
AV COCEAHMMN YRODHAMH 33dHRO0 pALa.

Paccmmpeunme THHB KPHDLIX NCTIONL3VIOTCA AJTA OTINHCAHMA MOHOTOI-
HO BOSPAcTAIONNX WM yOBIBACUINX NpoueccoB Hes HacblueHus. [Tpruve-
poM KpHeeH ¢ Hachinenhem ARAAETCA MOAHGMIMUPORARKAs DKCIIOHEUT]
(puc. 18.3)

y=k+aly, (18.15)

VAR i = k- FODHM3OHTAA biRA dCTIMIITOTA.

y(f)?

0 (

Puc. 1.5 MonudulidpoaanHan
IKCNOHEHTE Jr = K + aif

Koabebriwrent & soxker GuITh ONpeaesen HUNGAA WA ¢BOWCTE TPOrHO3H-
PYCMOIC TIPOLCCCa HITH 327aH 3KCnepTHuLM nyrem. B aTom cavuae napa-
MeTpLI KpHanil MoTyT Ghlte CNPeleneHbl € NOMDULLI METOE2 HAHMEHbILUX
KBGPATOR NOCAe OPHBETeHNs YDABHEHHA K AUHCHHOMY BULY

Y -ki=ab

rae rj"._ = J3AJANHHOE IHAYEHI® ACHMITTOThIL. flocie .mrapm’pm{p(ma}ma aTo-
T RHIPDEAOHIEH TINSTYHACM:
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log (4, - k) =loga+tlogb.

Henmoapsys cHcteMy HOPMALULIX YPABHEHIH, MOKHO HANTH NAPAMCTRH
log a 1 log b, moTeHItpoBane KOTOPBIX onpeteaneT g ¥ b. Ecaus napaMetp
@ OTPHUATESEN, TO ACHMNTOTA PACNOICAKEHA Brwe kpuBoi, B axoitoMige-
CKIX NPOLeccax ‘alle ACerv MCAoab3yeTcs cavuaall, korda a< (L o< 1.
[pn 9ToM poct ypusHeil psjd 3aMeaAseTCA B CTPCMUTCA K HEKOTOPAMY
Mpejeny.

Hanboree uasectutimi 13 S-06pasHBIX KPHBWX ABAAKITCA Kpusar {om-
nepua (puc, 18.6) u mozucmuveckast xpusar (spugas Hepaa — Puda)
{puc. 18.7).

L) (47 }
y”f loga <0 o
1 N b__<1 Inga>0
[T s >t
k _____________________
0 T 0 ]

Puc. 18.6. Kpuasn Momnepya y, = ka®
K.pﬂﬂaﬁ FﬂMnepua HUMECT aHEMTHTHYCCKOC BHADAKCHHE
y,=ka", (18.16)

fAe d, b — NOJOKHTENLHBIE NAPAMETPR, NPMYEM & Melsule EAMHULLL
¥ =4k — acHMNTOTA DYHKIUH.

ﬂﬂﬁ PCOICHUA 3KOUOMUHCCKHEX 3ajad Hange
BCEro MCNOARAyeTcs caydad, koraa loga <0, ¥C)
bt ,

B xpusoli TomMnepua uwifenalIca uoThIpE
YUACTKA: HA MEPRAM OPHPOCT DYHKIHN HeaHa-
YHTENIEH, HA BTOPOM TIPHPOCT YBETHYHBALTCA,
HA TPETHEM NPUPHCT TPHMEPHO TOCTOAIIEH, HA
YETBEDTOM [POMCXOAMT SaMCAABHIE TEMIOR B -
APHPOCTa ¥ PYUXIMA HEOrPAHMYeniHo npu-

DAMKAETCA K 3HadeHHo k. B peaynbrate kpu-  Pue. 1B.7. Nomewueckan xpheas
BAR HANOMMHAET JUTHHCKYIO DyKBy S. Wy =k+ab!
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Jloruetyyeckan kpysad (kpusas [lepha — Pujta) — ospactaroinag Hyrk-
1, HaHBONEE YACTO Bbipadacaial B DHaL

1fy, =k + ab'. (18.17)
HETIONB3IVETCS i§ APYTOH BHA KPHBOH
U= k/(1+ be™),

B aTux snpmkensiax go=d # & — NUA0KITCALHBIE HADAMETDLL, & — npe-
JensHOe 3HAYeHHe DYH KN NPH cTPeMIeHHH £ — 0. Koxdurypauns rpa-
(ira JorHeTHMeckoit KpHendl Ganska k rpathnky kpienii Fomnepua, o B
OTAHYYE OT UPE AOrHCTHYECKAR KPHBAA 1IMEeT TUMKY CHMMETPHIL. COBIa-
ASWULYH ¢ Touko# nepernfia. C NOMOUIRKS 3TOH (DYHKIMY XOPOUIN OTTHChI-
BAETCS PAsBHTHE HOBOTO 1poHasoacTRa. B navwne npousnoAcTsa HuBoro
BHJA TOBapa TEXHHYECKHe CPENCTBA RPOUABAICTEA £NE HEANCTATONHO
paspaboTannl, H3gePKKH NPUN3BCACTBA BLICOKIL H CNIPOC Ha TUBAp Mad,
B sransHeiitleM, ¢ yBeauseHUeM CIpOca H YCOBEPUICHCTRORAHHEM TEXHI-
YECKHX METDAUB JRTOTORACHHSA, NPOHSEUACTEG TOBAPUR YBEIHYHBACTCA.
Hactynaer Hacwilesye TOBAPOE HA PLIKKE, POCT MPOHIBOICTEA 3AMESLIA-
ETCA W Hacrynaer CTabHIMSAIMA BMTYCKA TOBAPOD HA ONPCALTEIHOM
ypouHe.

PaccMOTpeHHBIE KPHBBIE pocTa, HAauGOIee HacTo UCNOL3YEMbie B AKD-
HOMIYECKHX HCCJAEI0BAHHAX, MOTYT OKA3ATh NOMAILbL Npit BoGope THIA
KPHBOil.

CyulecTByeT psan MOAX0AOE, oberdanuiy sLaiop Kpueolt pocta. IT0, U
NEPBYI0 ONEDEdb, CTATHCTHUECKHE METGAR, HAIPHMED, METOA UOCICIG-
BATENBHLIN padHOCTell, METUL XapakTepneTik npupocta Hacto xpneyo
POCTa BRIGWPAOT MCXDAA M3 AHAYEHMIT KPHTEPUS, B KAYeCTHRe KOTOPOro
NPHHHMAGT MEIUMATBHOE 3HAYEHINE CYMMBL KBAAPATOB OTKAGHEHHTT (hak-
THYCCKUX 3HAYEHHH YPOBHA OT PaCYCTHLIX.

OaHakn nenk3s HENOOUEHHBATL ranflo)iee NTPOCTON METOA — BHIYANbHbLIH,
TToabupaicT KpuBYR pocTa, (POPMA KUTOPOHA COOTBETCTBYET PEATLHOMY
npoiteccy. Ecmn Ha rpafiMke BPeMeHHOro PIAa HelOCTATONHO NPOCMATPH-
BUeTCH TEMACHIIHA PU3BUTHA, TO CAEAYET MPOBECTH CITIAKMBANKE PAna
3areM MOA0GPATh KPUBYHY, COOTBETCTBYIOUYIO HOBOMY psily. Ilps aToMm
11e1eco0hpasiio KCIOABIDRITE CODPEMERHBIE NAKETH KOMILITEPIHX TPo-
rpam.

Tipumep 7.

Mo naHHbiM MECAYHBIX BLIIYCKODB HPOAYKUMH hupMeL 3a 8 Mecsien pac-
CYHTATE!
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» x03HDUIHENTEl 2, 4 ¢, TUHEHHOMO TPEHa H NPOTHOS Ha MECALl ATIepen
Y,=ay T al;

» KO3(PRIEHTE NapaboNUMECKOTo TPEHAR dy, d,, d; il TIPOTHOI HA MECA L
BIIEPen y,=a, + a,t + .

Pewenue.

s pacuera xoadipHuenTos anneliHore n napaGonMyecxKoro TPCHAOB

BOCTTOAB3YEMCA BLIPIOKLHUAMY, [HOAYYIEHEBIMH M3 CMCTEMbl HOPMATLHRIX

ypaBnenuit. [TepeneceM nauano xoopawHar (). HeoOXoauMsle BRIAUCIE-
HWA 3aHeceM B Tabauigy.

1. JIuuestusiii Tpena,

| N ¢ ¥ (' 4
1 -7 3423 49 -23961
2 -5 3321 25 - 16605
3 -3 3210 9 -9630
4 -1 3122 1 -3122
5 1 3034 1 3034
6 3 2940 g 8824
7 5 2845 25 . 14225
T B 7 2739 49 19173
Hrorn ) 24634 168 | ~-8066

Briuncnum xoadduuients nuHeiinoro tperaa no dapmynam (18.13)
a, =Ly, /n=24634/8 = 307925;
a, =2y, t/E(r') = -8066/168 = —4801.
Taxns obpanom, sensynHA CPEAHEre YPOBHA paaa uph ¢ =0 cocTaBnsger

307925, cpenHemecsyHoe YMeHblfEHNe BNTIYCKA TPOJYKUMH COCTARMSET
48,01.

YpapHenue JaureliHoro Tpewaa: ¥, = 3079,25 - 48,01 ¢,
Mpornos na 9-i Mecay coctaput: §, = 3079,25 — 46,01 - 9 = 2647,16.
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2. [lapaGoanueckiit TpeHA.

' I 2 'y 0 any’ ey gy
1 -7 3423 49 -23 961 | ~343 2401 | 167727
oy 3321 25 16 605 . 25 625 83025 |
3 -1 | e 9 9630 .27 81 | 28890 |
g -1 312 I -3122 ¢ o ! 3z
| S 1 3034 1 034 11| 303
Foo| 3 2940 9 8R20 7 st 26 460
7 5 | 45 25 Hws 1 625 71125
3 7 3749 AR 19173 a3 | 2401 | 134211 |
| draro | 0 | meM | e8| -see6 0 6216 | 517504

Boraucans  kospduinnents  napadosnvecrorn tpenga 1o hopMysas
(18.14).
a,=3077.03;, a,=- 4801; a,=0,105.

Y pasueme napaboauueckoro tpenaa: g, = 307705 — 4801 + 0,105(¢)°.
Mparnos Ha 9-it meran: §, =3077.05 ~ 48,01 -9 + 0,105 - 9% = 2653.,47.

18.3.2. Pacyet goBepUTENbHLIX MHTEPRAN0B NPOTrHe3a

TIpOrHoaneIe 3HAYEHHA HCCNEAYEMOTD NIOKU3ATCIs CNPEREAANT [1YTeM
HUACTRHOBKI B yPaslichie Kprisoll spesenni ¢, coorsereTsyiome nepnoay
vipexgennd. Tlonygeunuii iporuns NasuluaT moseyiss.
B zotoinense k¥ rovednaMy Npordosy MOKHO GHPCABIMTSE I'BAHMIBL BOd-
MOGRTINTO UWAMEHEHHS TPOTHOZNIYEMOIY NORARMTETS, T, €. RhYKCAWTh LM-
TREPBATLNGITE NPOZNDI,
Ecau tpent xapakTepiaveTces NpsaMait i1AH oAMIOMOM BTOPATO NOPAIKA,
TO AOBEPHTEALHLIN NHTEPBAN MOMKHO NPEACTABITE B BLJIE
#o £ 5 K, (18.18)

FAC 1 — MUINMR BREMEHHOTO NANA; L — Teploa YIPEKIesus; §, , — Toueu-
Hblil IPQrHO3 Ha MOMeHT 7t + L, S; — RACMEPCHRA OTKIAcHeHWH (akTHye-
KX HalAKAeHHR 81 purHeTHLIX:

.2 noal

S;=X(y, -9,) [in-h). (18.19)
3aech i, — huKTHRECKOE 3HUMPHILE YPOLHER Prid; §, — PAcHeTIBIE 31aye-
Hig YPOBHEH PAAL; £ — WHCIO OUEHUBACMBIX NAPAMETPOB BLIPABHHBAI-
weit kprnoii (1as npaMoii k= 2, 2a napaboner 2-i creneru k=31 T. 4.).
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3uavelna K* B 3ABHCHMOCTH OT JUTHHEL RPEMEHIOIO PALa 1 HEPHOIA
yrpexienns ;1A npaMoil ¥ napadoan npeactapiens s Tataune 185 npy
AOBEPHTENLHOR BeposaTHocTH 0,9

Tabmna 18.5

. Jiusedinnit Tpena Mapatuyugeckii Tpe;:

Iﬂ’;’:'i ' Fil!psml.-'t ynpexaenua L ;i‘if:;"i Mepaon vlipexaeis L__
| | 2 3 | ' 2 3

7 26380 I 28748 3,139% 7 3948 5755 8,132

9 23422 24786 28310 | 9 | 3144 4,124 3,408

11 21837 2218 2.3706 11 2753 3.384' 4,189

13 2,0837 2,1463 22155 13 2,536 2965 3,516

15 20153 2,064 21 _131 15 . 2,386 2,701 3,100

17 1,9654 2,0015 20406 R 2,280 4521 | B3

10 1.0280 1.5568 19877 19 22 2,391 2627

21 1 R975 19210 19461 21 2,139 2,293 2,481

23 1,8738 1,8932 18340 23 1 2m0 2,217 2371

25 18538 1.8701 1,.8876 25 ‘ 2,049 2,156 2284

Ipumep 8.

Tlo cTaTHCTHYECKMM AQWHLIM O NPOWABOACTEE yras 3a 9 mer (1994-
2002 rr.) BRI pACCYHTAHE MAPAMETPLE MOAEAN

§, =454 — 17.8¢
H ARCTIERCHA OTKNOHEHWH dakTHyecknx suadetntt 0T pacdeTHbX Sj =

=89 (M 1.)°. Hcnoabays noayucHHYIO MOAEL, PACCYHTATE HHTEPBARb-
HEI porioa nponanogctea B 1998 r, aopepHTenhHYI0 REPOATHOCTD NPH-
Hatb pasnodi 0.9, HalTh HMKHIOW # BEPXI0I0 MPaniL NporHn3a,

Pruwenue.

Onpegenm TOMEYHBIH TPOrHOS:
G0=454-178-10=276 man T

BrigHcaMM HHTePBILHLIA NPorios.

Ho nanHeisM sanadn =9, L =1, nuseltnsii TpeHa no tadn. 1835 K*=
=2,3422:
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5, =5 =85 =298
G 25, K" =2761£298-23422 =276 £ 6,98
Tovyeurnlid nporHo3 pased 276 MAH T,

Huxina rpannua nporuosa covtapaser 269,02 man 1.
Bepxwsas rpanuua nporroza pasya 282,98 man t.

18.3.3. OueHxa ageKBaTHDCTY MOOENH

Hesasucimo oT piaa BeIOPAHHOI MOKEAY BORPCC O BOSMOKHOCTYH ee IPH-
MEHEHILS 4] TPOTHOIMPOBAHMA IKOHOMITIECKOTO MOKA3ATENR MOMKET ObITh
PEHIEN TOABRKD TOCAEC YCTAHOBJICHHA €€ H&EK&‘.’I?TIHU{.‘HTH.

Mpowepka anexksaTHOCTH BLIODAHHBIX MOZesel] peanbHOMY TpoLeccy CIpo-
HTCA HA3 AHAJTH3E CYYAHOTO KOMIONEHTa. Caywainui XoMnonenm nomy-
YAETCH TWOC/E BHIAEACHHS N3 HCCAEAYCMOTO Psiia mpenod K nepUooutecKol
cocmasnmouet. ECM DpeMeHHON DAL HE UMEET CE30HNMX KonebaHUH, To
LA AJAMTHEHOH Mojlelu

y=u te,

PHI OCTATKOB MOMKET OBITh NNJYYEH KaK OTKIOHEHMs QaKTHYeCKHX YROB-
Hel y, OT pacMeTHRIX §,:

& =Y _gr'

[Ipn Hcrmoab3obaHMM KPHMBbLIX POCTA §, BBIYMCAANT, [OACTARIINA B ypaB-
HEHHE Kp#BOil COOTBCTCTBYIONHE 3HAUSHIA APEMCHH.

Cuirraered, 4T0 MOJIesie AACKBATHA OMMCHIBAEMOMY [IPOLIECCY, €CTI 3HAYE-
HHS DCTATOMHOPG KOMIIONEHTA Y/IORJCTRODIOT CRONCTRAM c.nyqai‘mncm.
HE3aBHCHMOCTH W €C/IH PACTIPENeNIeHbl 10 HOPMAIBHOMY 3aKOHY pacipe-
JAENeHHA,

IIpx npassisHOM BRIbOpE BHAla TPEHAA OTKACHEHHR OT HETa DVAYT HOCHTh
CAY4aRHBI XapaKkTep ¥ H3MEHEHUE OCTATOMHOW CaAyvalHol ReTHYHMHE! He
CBA3AHO ¢ U3MeHeHyeM BpeMmeni. ITo BeIGOpKe, AONYYEHHON ANA BCeX Bpe-
MEHHLIX 3HAYCHHI Ha pacCMATPHBAEMOM WHTEPBANE, MNDOBEPAETCH THIO-
T&33a O He3ABHCHMOCTH HOC/AEANBATEBHOCTH SHG‘IEHHﬁ e, oT BpeMEHH HJIH
HIUTHY UK TEHAEHUMK B ee MaMedenny. JLaa nposepku oToro CRORCTEA MO-
HET 61:1"1']; HCTIONB3DB2H KpHTEpHﬁ OIPERSIEHIA TEHIEHIINH C [TOMOOILI)
<BOCXOAANINXD M «HHCXOAANIHX b cepHﬁ.

Ecnneug [I))’HI{HHB TpEHLA Bﬂﬁpaﬂ HEYAaYHO, TO IIOCJEA0BATEIBHLIE JHA -
HEHMA QCTATKORB pAjad MOIYT HE OSHaﬂaTb CROHCTBAMH HEZARMCHMOCTH, TAK
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KAK MOCYT KDppeanpoaath Memily cobait. B atom cayyae romopsr, yro
HMEET MECTO aamoxoppersyusi OnIHOoK.

Hanboaee pacizpocTpalleility [IPHeMoM COHAPYKCHRA aBTOKOpPendiliy
apasercs meron Jdapbuna — Yomcona, cBR3anusbii ¢ asToxoppensiiitedt
MEXLY COCCIHHMM OCTATOMHRIMH wneHaMmu paga. Kpurepniil JapGuna —
MYoTcoHa onpejensercs 0o GOpMye

d=%(e —e )/ L (18.20)

TpuMereHHe KPUTEPHS OCHOBAHO Ha CPABHEHITR Beandnns d S 2, paccan-
TAHHOH 00 QOpMYae, ¢ TEOPLTIMECKMMH A9 UAME ) H d,, B3ATRIMU K3
rabunne. Ecny B ocTaTeax sMeeTos DOJOKHTENLHAR ABTOKOPPEAANS, TO
[p# 3TOM BOIMOKHEI TPW CTYYas:

s conn d < d|, To runoTesa 00 UTCYTCTBUH aBTOKOPPEIAIMII OTBEPracTCs;

o ecan d > d,, To THNWTEe3a 60 OTCYTCTBHM ABTOKOPPEIsAUNH HE OTBep-
raeTcs; :

o eccin d, £d £d,, TO HeT A0CTATOMHMIX OCHOBLHSH 014 NPHHATHA pe-
WeHui.

B ToM cyuae, Koria pacueTHoe anadenie Kpnrepust > 2, o B €, CyulecT-

BYeT OT[HMUATENLHAS ABTOKHPPEILMA | € 3HAYennaMH ¢, u &, cpasliuBa-

eTcs BeruyuHa 4 — d.

3uauenun xpurepua [lapbuna—YoTcona npr acBepnTeAsHoii BEpOATHO-
crit 0,93 npuBeaelw & Tabi 18.6.

Tabmma 18.6
K=1 i k=2 K=3
N - — 4 e ki
di 1 dy d, dy d| ds

: 13 ! 1,08 136 {1,858 1.54 0.82 1.75
— | _ -
| 17 1,13 | 1 .38 1,G2 134 09 1.71

1% 1,18 ! 14 1,058 1.53 0.97 1,68
; 21 1,22 1,42 .13 1.54 1.03 167
- i . L M

23 1,26 144 1,17 154 1.08 1.66

25 1.2 144 121 1.35 1.12 1,66

B ¢BAI3H € TEM, YTO BPCMCHHAIE PA/IN 3KOHOMHUECKHX MNokazaTenelt Hepe-
JAHKM, HA OCROBE AHANUIZ NOKAZATENCH QUUMMERPUY Tl IKCUECCa MOXKHO
TNIPOHIBECTH NPOBEPKY PAda OCTATKOB Ha HOPMAJALIIOUTL PACIpeAeieH A
no thopMy.naM
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A=%Lel[nf(zel iny?,

D = ¢! /n(2el fnY, (18.21)

6, =6(n=2)/(n+1)(n+3),

6, = yUn(n-2)(n-3/(n +1¥ (n+ ) (n+5),

rac A — BRIDOPOYHARA XADAKTCPMCTIKE ACHMMCTPRY, 3 — BRIDOpUYHAA Xa-
PAKTEPHCTHXA IKCLECCA, O, — CPeAHeXBAApaTHUecKan oumbka Bhlopoy-
HOI XAPAKTEPHCTHEM QCHMMETPMI, Oy — CPELHCKBAAPATHYEC Kust o1nhKa
BLUIOUPUYHOH XapakTCPHCTHKH DKCLECCd.

Ecnn OJHOBNCMERHO BLINOANAIOTEA HCRAaBeNCTRA

A| < 1.50,:

(18.22)

TO THIIOTC3A O TDPMUILIOM XADAKTYRE PpacpelesIeiiis CJ'[}"'[EI"‘IIIUI'U KOM-
MOICITA He OTECRracTCAa.

Ecas pulnasiHseTes xord ﬁbl QAHO 113 HepaBeHCTRa:

Al 226, 1D +684n+ D] 220,. (18.23)
TO FUTINTERA {1 HOPMAARHOM XAPAKTERE PACAPERENeHHR OTBEPTACTCA,
18.3.4. XapakTepuCcTUky TOUHOCTY MOARNK

O mounocmu Modean MOKHAO CYAHTH IO BENNYHHE ouHOKN REHENOIA.

Onpeaenenne 1, Omndxa nporHo3a ABAACTCA BeIHYHHOH, XapaKTepH3vIo-

el pasHHIY MeXay (akTHYeCKMM H NDOTHOZHAM 3HAYCHMEM TIDKA3a-
Te .

Abcoawmnas omufika NPOTHO3A ONPeARIASTEs HapMyrait
A =¥, -4, (18.24)
FEe §, — NPUTHOITIVE JHAYCINE IHOKAJATENR, ¥, — (DAKTHYECKOE SIANRLIHE,

Ha npaxTiike MCOORBIYIOT omMNOCLMEeanNYIG OWLUOKY TIPOTHO3A

8, = 10044, - ¥.)/y. (18.25)
Cpediue afcomomusie W OMHOCUMEILNbIe DWUEKY TIO MOLYITIO

|8, [=(xlg, -y, Yr 18]= g -y Yy l¥n.  (18.26)
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Fony ateaimoraa v OTHOCHTRIbHAA auiHbrY Huabile HYJE, TO 3T0 CRUge-
TeABCTEYCT O 3aBLIIENHOIL IIpDI’HDB’HDﬁ QUCHKE, CCAID OHld MEHLINE Wyis.
TO 3aHHKEHHAA Ol(EHKA.

IIpumcp 9.
B raGnuue npueeaeds aaHuLie o6 06bEME NePeroIoK FPY308 1 NPOCHOSEL
T R ] T i |
( 1 2 3 4 5 6 7
- . —— } RS (S —
¥4 267 | 267 258 262 253 257 | am |
Mporina 273 253 250 269 253 |I 248 250
1-fi monemn
Mporkes 260 ]. 275 253 278 3 . 251 269
2-if MoseaM I ‘

Haitt oTHOCHTe BHYIO omMOKY U MOIYMIO 1 Ccpeamvs abconioTlivio
OWKGKY (10 MOIYI0 A5t POTHO30D 1O ABYM MOJIETAM.

Peuentie.

Pe3yisTaThi paryeTs OTHOCHTENBHON OTIHOKH 10 MOJYAI0 51 cpeRHeil af-
COMOTHOH OWHOKH MO MOAYHO € HCMOassosaniesd gopayn (18.24)—
(18.26) aanociM B TabiiLy.

| 1 Abronwtiar vmnbis | OThonTeastas ownGya
[pornos | Mparmos . .
: O MLYJR 15 MOAY NI
| £ W " |
1-# 70 : . .
1-i1 woaenn|2-it mogean|1-8 moacan|3-B8 moaenu,
sMoacnu MOAL
11 267 275 260 8 7 2996 2.345 |
- 1 R S - :
2 | 267 253 275 1 K 5,243 3,162
3| 258 250 53 8 5 3.1m 2.0 |
4 | 262 - 269 278 7 16 2672 3,048 |
5953 293 %3 | 0 10 n 3953 |
6 | 237 244 231 ] 9 G 3502 2419 {
7| 263 250 269 13 [ 4443 | 2.4 .
Cpeansan oumbGxa 843 829 2,208 3204 |

H}JEJIHU“ITHTCJIIJHDFI [IPE‘J’J.{'TE].B.;"IFIE‘.TCFI 2'51 MOJACh, TAK KaK Olllliﬁl{ﬂ [I])D'
FHO3A 00 HEH MEHBLIC BETHYHILL Cpeine sDCOUOTHOR U cpeaned uTnoch-
TegbHOl oubox.
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YnpaxHeHua

18.1. Mecsiunbie ofbemsl npoiak GHHUPME {1€H. £4.) OpHBefeHsl B Tab-
Hue.

o P L L . _ R ‘ 7
| 7 4 71 7 3 10 73
2 | 64 5 7 8 81 11 75
3 85 6 76 9 84 12 82

IIpoBepuTh AHOMANTEHOCTS YPODHEH (=3 U t=7.

18.2. Heaenbusie namenense kypea akusts (aen. en.) AQ npeacrasneiin 8
Tabanue.

‘ r |'_ U, t : I, L ‘ I’y t I ¢ ¥

| 1 258 5 256 9 253 13 259 17 258
.2 256 6 258 10 | 255 14 | 235 14 250_4!
| 3 157 7 257 I 250 15 252 t9 QGM
| 4 259 & 254 12 262 16 | 256 20 | 261 i

C nomMowbo KPHTEPHA «BOCXOAALIMES 1 <HHCXOAALDUHXS Cepitl ¢ BepoAT-
HoCTRI0 (0,95 cflenaTh BLIBOA 0 NPHCYTCTRIN WAH OTCYTCTEKH TEHACHILHLE
BO BPEMEHHOM pAAY.

18.3. Kpapranousle oObeMul NEpeBook (Aed. €i1.) TPaHCIOpTHOO Npea-
MPpHATHS IaHbl B Tabnuie,

¢l wm C | ow 3 "o
{ 214 A 32 7 331 10 336
2 23.2 5 29,5 & 388 1o 362
3 271 6 30.2 ) 30.2 12 | 3y

PaccyutaTh Tpex-, IATHAETIHE CROIBISAMNE cpealHe {Pe3ysisTaThi cpan-
HHTE TPAMYECKH ) B IATHACTINOI BIBEWEIFHY K CKOMBIALULYIO CPEANII0,
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18.4. B rabaune npeicrasienst KBapTaisHee TaHHbe o6 obveme npona-
BOJACTB2 NPOAYKIMKE B JICHEKHOM BHIDAXEHUH (A€l £1.).

[Ksa an 1-6 K. 28w 31 ws. A-ft xn. 1-#l xa 2-f ks.
| P 2002 r. 2002 r. 2002 r. 2002 1. 2003 r. 2003 r.
: . —

! |
‘ Y | 21,19 22,24 23.27 [ 2432 2535 26.38

Oupenenuts TPOTHOS NPOH3BOACTEA B 3-M kpaprase 2003 v, ¢ noMoms
CREANCTD NPHPACTA.

1B.3. ExxexpapTajibias IHHaMMKa NPOLEHTHOH cTapku Hauka faHa B Tab-

JHIIE.

: . 1-A kp. | 2-0 ke | 34 ko, | 4-8 xB. | 1-H wa. : 2-# xn. | 3-0i &s
| KBapTan | 9009 ¢ | 2002 r | 2002 r | 2002 ¢ | 2003 r. | 2003 1. | 2003 .
1

’7 Y, 73 79 | 89 86 10,3 11,6 130

C noMolfsix CPeJHETo TeM(d POCT3a ONPeAeNMTh NMPArHn3 NPOLEHTHOH
cTankH Ganka 8 4-M keapranre 2002 r,

18.6. BpeMeHHOH DA, XADPAKTEPUIYIOWME HIMCHCHHE BBIOYCKA MPOAYK-
unk npeacTasnex B rabmuue. Henonsays METOA «BOCXORSUIMXS K ¢HHCXO-
ARUMXe CepUit © BepasTHoeTs 0,95 caenaTs BIEBOR:

* TEHZEHLNA BO BPEMEHHOM DsUly TIPUCYTCTBYET,

s TEHACHUHR BO BPEMEHHOM DALY OTCYTCTBYET,

S B P T e
1| 466 B 473 11 474 16 467
2 484 7 478 12 488 17 473
3 465 B | 47 13 483 18 475 i
4 | 486 9 | 480 14 476 19 481
L5 I 473 10 458 15 171 20 478

18.7. Ilo KpuTEPiIo ¢BOCXOARUIMX S H ¢HHCXQOAALNXS NPOBEPHTE HATHYIHNE
TERACHLMH B HIMEHEHMH Kypca BamoTH. BalBosg cxenaTs ¢ AoBEpHTENb-
Holf BeposTHocTEI 0,95,
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| 4 4 f W £ | ¥r t ¥
1 28,54 § 28,61 11 ] 2871 16 200
2 28.58 7 28.65 12 l 2872 17 2895
| N A I
3 18,52 § | BB 13 ¢ 270 1B 2897
4 3857 5 28,68 34 38,74 1% 29.04 ]
5 28,62 10 28,66 15 | 2878 20 | 2905 |

18.8. Jaisuie ob usmenenns ypoxafinocTy wennupt (/ra) 3a 10 ger
npeactaraenn 8 rabanne. [TpoMsRecth crnaxHianue 1o 3- 11 5-nerwedi
CHUABIALICH Cpeatell v no 5-4aeniodi uaseule N0 CKoNb3Ael cpeaHeis.

3 & 7 8
163 1 173 | 209 | 154 ‘

(8.9, B ralianie npuseiena 4010 ADKTOPOB HAYK B BRICUIMX yyeHHbIX 31-
sezernit PD (%) no roaam. [1ponasecty craaxiBanne BpeMeHHOro psaja
¢ HCNO/ABZUBAHMEM IKCHOHEHIIHANLHON ¢PeaHel, NPHEAB NApaMeTph CTha-
wunarys o =1 i o= 0,3. [To peaynpTaTam pacyeTon ONpeaenHTh, Kaxod
H3 CrAKEHHLIN BPEMEHHLK IR0 HOCHT Bo.1ee MIRAKHI xapakTep.

10

2.7

(eh 1995 | 1996
|
1

i
ty 893 |' 9.5 { 10,01 10,93 10,08

1997 19498 1999

18.10. [lan mpemennofi pan, xapaxrepHayionigil MecsUHYW AHHAMBKY
YHCEHIOUTH (Med) 3auATEHX D cepe yoayr drpsal.
e e

AREREIENREE 71; s JFTQIHTM—E‘E

—

| .
w134 ]36 | laa]s2]ss 59‘55 67 | 73 | 82 | 86 92!93 98 |

¢ B NPEANQIOKEHKH 00 KIMEHCHHH TCHASHIMU PAAA N0 TUHeiiHoM Mone-
a1 HAIITH KOB(MBUUHENTSL TPEHAA I, = &y + 4,7 ¥ PACCUUTATS TAUEYUH bilk
npernod na 16-8 meeaw;

s B NPeANDAOXKEHHN 06 naMeHel HH TeHASHIIMHA pARa 170 napaboanyeckoft
MOIEAH HARTH KoaMMHIMCHTL TPeHaa i, = dy + a,f + asl® 1 paccyHTaTh
TOUEYHBI TporHod Ha 16-i mecan;
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e B NPEANONOKENHH 00 H3IMEHEHHY TEHACHUMH PALL AO JI0KA3ATE.THHOIL
Maaeas HaTH KoadupuUMeHTs Tperaa y, = a &' ¥ PacCynTaTh TOYeYRbIR
npordos Ha 16-f mecsu.

18.11. JIns npOrHo3HROBAHNSA BPEMEHHOTO PAAR OOBEMA PeATTHAOBANHOI

nposykus ppdpana ammelinas Mogenb ¥, = ¢y + a, ¢ Jiaxa speMennora

paad r = 24, 3vayerina kputepna Japbuua — Yorcona o = § 4.

OnpeaeauTh:

» MOJESTh HEA[eKBATHA DEASBHAMY TPOLECCY M0 Z3HHOMY KPHTEPHEY,

* MOZE]L AUEKBATHA PEANbHOMY [POUECCY 10 JAHNOMY KDHTEDHEHD,

® HET JOCTATOUHBIX DCHOBAHEEL /A OPHHATIIA PELIEHHR 06 aJeKRATHOCTH
Mozean,

18.12. B 1afa. | mpuBenetn AanHke 0 06beMe aBTOMOOHNLHEIX NEPEBO-
30K DHUPMbBI B THC, T,

Tabnnua 1
- : R
Mecmy | 01.03 02.03 I 03.03 04.03 05.03 | 06.03 07.03 ‘
by 1 2 3 4 5 6 7
L L .

y, 268 267 258 262 254 257 [' 263

B tafis. 2 npuseAcHb] MPOTHOIHEIE 3HAYEHMA ITOTO IIOKAZATENH, NOYHEH-
Hote 1o 1-f v 2-1f MoZenAM.

Tabauua 2
{ ¥
t 215 260
2 253 s
3 250 e
4 269 278
S 5 253 263
6 248 251 .
7 | 2350 269 i

CpaBHUTh TOUHOCTb 1-# W 2-i MDJenedi Ha OCHOBAHUY CpeAlieid OTHOCH-
TENLHOR OLMOKN 110 MOAYAIO ¥ CAETATH BLIBOA O TOM, KAKas MOJITh SRis-
eTcst Dodes TOUNOM.

28-1222



OTBeTb! K ylpaxXHeHusM

fmaea 1
1.1. (6, 3. 0, 9). 1.2. (-699, —129, —609, 495). 1.3. |7 = v29,| 4| =34,
o(@, b)=90° 1.4. 40. 1.5, o, = 4, p = —12, uy = 12, @y = 5,

8 -5 23
16.C=14 -2 5 0}
-5 11 -6 1

1.7, a) YrasaHHe: HMEIOT CMBICT CACRYIOULHE TPOM3BEAeHHA MATpHI AL,
BA, BD, DC, CE, CG, GC.

1.8. CobCTBCHHBIE BEXTOPLE T H £, COUTBETCTBY IMLHE CODCTHEHNBIE 3xAYe-
HHA D n 2.

1.9. a) -8;6) —27, B) - 186,

1,10, M, =-21, M,,=-29 M, =10, A, =80, Azs=—-13, A, = - 21.
111l r,=2,ry=3,rpe=3.

1.12. a) anpeiino 3aBuckMbl 6) JUHENHO HE3ABHCHMEL,

1.13. A=10 — onpeseaHTesnb, COCTABISHHBIN W3 KOOPAMHAT 3THX BPKTO-
OB, 1€ PABENH HY RO,

1.44. (2, 1} 1.145. (1, 2, 3). 1.16. (3, 0, -2). 117, Cucrema HecormecTHa.
148 (1,1, ). 149 (1, -1, 2, 0). 1.20, Cucrema HeconMecTHa.

1.2, (14x,, 21x,, x,, X}, Tile X; - CBODOAHAA TIEPEMCHHAN.

1.22. (—1‘3 + %x‘ ——21-. X, —2x, +2x, 1., 3, ] £ X7 ¥ X, — CROOOIHbIE

nepemerybie, 1.23. Cucrema HecopmecTHa. 1. 24 (=7, 13).1.25.

(-2
1 3 4
1.26. (0, 1, -2). 1.27.[3, = ).1.28.[?. S ] ( o )

1.29.(2,1,0,0),(-4,0,1,0) (1, 0,0,1). £.30. (8, -6, 1,0), (-7. 5,0, 1).

5 7
1.31. 0 -, =, ({015 -7
[L > 2) ( )

" b
1.32. g, =[4_::), M=1g, =[ bJ' dy=-2; a#0 u b=0 — npoMasonbhne

W e,
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~2a 0 6
13%. a3 =\ alh=La =lbl =37, =[-Tc|liy=-3a=0,b=0,
a b 5¢

c#0— HPOM3BOWILHLLY dHCAA.

Mnaea 2

2.1, 5=684 wr, yseairdenne ua 20 %:; T=1171.2 4, ymedniuenye ua 4 %;
P=3720 new. en., yrenuuenue = Ha 6,3 %.

2.2, P =(4879200, 7623000, 4085984, 3214176, 3375904);
AP =(143, 118, 117,5, 115, 117.4). 2.3. 7 = (135, 34, 35. 40).

2.4. (70, 120, 30). 2.5, Ax =(24,3, 13,7, 28,7}.

Mnasa 3
3.1, ¢-3,3). 3.2, [4, 4]. 3.3, (—=, -5) (5, @) 3.4, (2, 4). 3.5, [-5, 5]
3.6, (—=, -2]w[2, =) 3.7. (0, 1). 3.8. {—, ). 3.9. &,

3.10. [-1, —8] (2. 3). 3.1, [5, w). 3.12. %.3.13. . 3.14. 0.5,

3.15. 0. 3.16. 2. 3.17. % 3.18. 0. 3.19. % 3.20. a) ~ 23 roaa; 6) ~ 14 ser.
3.21. =37 %. 3.22. AKKYMYJUPOBAHHE JIEHED 3t HX «NPOKPYYHBAHHES.

nasa 4

4.1, (-, =), 4.2, (w0, ). 4.3.[-00, %]u(g uo]. 4.4.[-3,3]. 4.5. [3, «0).

4.6. (3. 6) (6 o). 4.7 (—e0, 1] W [3, ). 4.8. [1, 2) L (2, 3). 4.9. (0, ).
4.10. (-, w). 4,11, (—oo, B (0, ). 4,12, (—oo, D)2 (L, 2) 0 (2, ).
4.13. (3, =), 4.14, (0, 3). 4.15. 104, 10} n; n/2; 0. 4.16. g +2nn,ne Z

4.17.6.4.18. 0. 4.19. 1. 4.20, 0. 4.21. 0. 4.22, 2. 4.23, %.4.24. 1.4.25. 3.
4.26, ;—3 §.27.1.4.28. é.4.29. 51 4.30. ' 4,31. £7.4.32. x= -2, BTOpOTO
poaa. §.33. x =1, proporo poza. 4.34. x = g + n#, i € Z. BCe PaspbIBL BTO-

poro popa. 4.35. x = g + i, n € Z, Bce PaspsiBht BTAPOCO PoOAa,

i8*



4.36. r = g +nm, B € Z, rce Paspuieel Broporo poaa. 4.37. x=1,x=2; oba

paspuBa Bropore pofa. 4.38, v =2, yerpanusuilt paspers. 4.39. a) 4, wem;
0) 2, na.

Fnaea 5
50,307+ 6 - 2. 5.2, 3527 + 180 4. 5.3, - 4
x 2\/;
| 1 4 3 31 9 o]
5.4. ——t—+ 427,50, - — -+ —,
22 x* < A¥x ' +F
a6, 15x" +2cosx + T R A .Y S SRR .
cos?x 6 r sinxy
1 1

2

3.8. 1(lngH e—-3log, €).5.9. 3" + —
x €CO5° X  l—xt

: 3
510.In55 +In66"-In35 . 5.11. 2xtgx + il .5.12*(§lnx+1}r L

Cos 1
7

3 1
5.13. —gx 3 —E.r 3+ arceosx -

!
3 2 Ji-x%

5.14, Z"cluggx+xlug3€—e‘{1+ }.5.15. S -

/
J1-x7 (x? -1y

cosx + xInxsinx X 1

3.186. +tg a+ AT
xeos x 8 cos? x HWx(+dx)
2 Ky -1
5.18. tg x ——% ¥ 5qe 8 te 42
(1+x*)Y cos?x(l+x?) {(1+e™y
2 +sinx 33

520 ——————— 5.2, = .5.22. 1,2, 0.5.23, 4 cos 4x
{1+ 2sinx)? 4

. . 2-cosx
5.24. 2 (1 - x) sin (x* — 2x+ 1). 5.25. sin 2x. 5.26, ——— .
¢ ) ( ) 242x -sinx
.2
527,390 % sog ATVE¥l 599 2 559 1
cos' x 2 x + 1) 4+t xlox

1
2y 2 arctg =

53, -—=.-—.5.32. —— 2 5.33. cos x ™. 5.34. 2 ctg x In {sin x).
-yt 1-x?
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3.35. " (Inx+ 1) 536 “’“(-mir——sin.rlnx]5-37-y=2:c~1.

T
5.40. 135° 5.41. 0,04. 5.42. a) 10,05 6) 102; n) s=693; r =208

) =2,013, 5.43.—2‘““‘ 5.44, 2 cos 2. 5.45. (4x° ~2)e 1,
CDS X
5.46. 2cosx - xsin . S4T. 21)2 5.48. ¢ (3-x),
X -

-1 _
5.49. 2¢" (cos x —sinx). 5.50. —x* 5.51, 1 12D

x

— "_1 -
5.52.2° sinx(lr + ng} 5.53. 3. 3" 5,54, SR Lo DL
. X

3.93. ¥ cns .x'[:r + nE] + nsin[.r + nf}
2 2
5.56. ¢ [x" + 3w’ + 3n(n-Dx + n(n-1H(n-2)1.

fnasa 6
6.1. 162263064'%/565066{]67068 1/3691,(\@

xz

6.10. 1. 6.11. 1. 6.12. r+?+o(.\. Y 6.3, 1- x+?—£é—+o(1 ).

6.14. 2. 6.15. 1/2. 6.16. 1. 6.47. 1/3. 6.18. BuimyxaocTs BEEPX HA UHTER-
Base (—ov, 2); BLINYKAOGCTS BHU3 Ha niitepsane {1, «); x = 2 — ToUKA nepe-
ruba. 6.19. Buimyxaocts Baepx Ha WHTepBanax (—w, —1/+/3) n (1/V/3, ©);
BLUTYRIOCTD BHMA 1A UHTepBaie (- /3 1/¥3%x =2 3 — Touxu neperuba.

t 1
6.20. BLinyK/J10CTs BHH3 HA HHTEPBANAX | —o0, "3 H 7’ 0 |; BBINYKJIOCTE

11 1
BHM3 YA UHTCPBANE (—-— = |i x =% _ Touxn neperuda.

2 2 2
6.21. r=—1 — BepTHKwIbHAL dCHMNTOTA, i = 3 — FOPU30HTANBHAA ACHM-
nrora. 6.22. y=0 — ropnsontanshan acumnrora. 6.23, y=x-1—ua-
KIGHHAS ACHMIITOTA. X | — BePTHRANBHAA ACHMITOTA.

6.33. Ué?i/z‘vdg_ 6.34. G’ o}

6.35.2)C =28 C'=24,6)C =22 C =6.

6.36. a) B Touke paBHOBecHoi ueHbl (npw Fy=20/3 | Ep (Py)|=0.25;
6} parsonecHas! 1leHa nopbcHTCE Ha 50 %, 3MAcTHYHOCTD cpoca 0o abco-
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AWTHON BEIHMMHE YBEANUHTCH TpuMepro Ha 71 % 6.37. |Epl= £,=0,8;
HLOXOA yMeHblINTCA Ha 2,3%.

Mmaea 7
W1 4 2 5 .

y 3 PP S SN o [ TS dom 3w 2 ¢
3 2 2 3 3 4 1!

I)J' 1
7.3. 3arctgx + 2aresinx + €. 7.4, ——+—3——+4e +C
In2 1In

7.5. 2.1‘5-"2 +x*-x+€.7.6. —cosx+3sinx+

7.7 g.\’m ¥ g_r?.fﬁ /N :_31.2!3 + (.
7 7 D)

3

7.8. £3— +x+Inxy-2¢" - gx‘m +C. 79 —ctgx-x+C.

7.10, 2 igx +sin x4+ C 741, LA 2arctgx + C.742. tg v -a+ C.
X
4 S

7.13. X+ arctgx + C. 7.14. id— - *2

7.16. —ésin (3r +5)+ C.717. —cas¥x + C.

19
7.13.M-[1- L ) £ C.7.19. 4n('~h+2)+c
2 1120
700 -1 1 _scvatoresyac
3 2+ x) 3

7.22. v —2dx + In(Wx + 1)? + C.7.23. -In{cosx) + C.
7.24. ~%]n (1+2 cos )=+ C.7.25. é (g 2 + €. 7.26. _—;sin“ x+C.

7.97.1
2

e 12  rx+e T +C 728, ™ +(.7.29.27 4 C.
7.30. % ln (\ﬁa +2r? 4+ ) C.7.31. —-drctgs.x +C.

7.32. —13_ (2+cos3x)"* + C.
5

7.33. In(x? —2r+5)+% arctg :‘i;—‘ +C 7.34, "'"2* Larctg x —E +C



3 i

735 wmx-Z+C
2 4

7.36.(%1‘3 +%:2J|nx—%x“ —%x’ +C.7.37. 2 Inx -4z + C

7.38. -¢* (x + 1)+ C.7.39, ‘; Gx-1)+C
J

7.40. xarcig J5x -1 —i\fﬁx —1+C7.41. xtgx+In{cosx) + C,
J

7.42.2Jr arctg Jx -In(1+2)+ C. 7.43. x [1+ (lnx - D* |+ C.

744, v in(x? + 1)-2v + 2arclg v+ C 7,45, 2(Jx —l)e“'; +C. 7.46. 6.
7.47. n/4. 7.48. 91/3. 7.49. 17/6. 7.50. 64/21. 7.51. 51. 7.52. ™%,

7.33. %—1112 754, 2In2-1. 7.33. 1/3. 7.56. 1/2. 7.57. 1-2/e

7.58. 32/3.7.59. 4/3. 7.60. 1. 7.61. 1/6. 7.62. 7/8. 7.63. In 2. 7.64. 4.
7.65. 2+ /6. 7.66. 4/3. 7.67. n (¢* - 1)/2. 7.68. 21,6, 7.69. /6.

7.70. 0,8r. 7.71. 2r/35. 7.72. Hurerpan pacxoantea. 7.73. 1. 7.74. Hure-
rpan pacxoawtca. 7.79, 1. 7.76, 1. 7.77. 1. 7.78. w/2. 7.79. Ml (y — al/2).
7.80. 797 500 kBt - a1

fnasa B

8.1. W3 naockoeris Day vokmovena touka 0 (0, 0).

82. x20,y=0 x<0, y <0 — cOOTEETCTBEHHO, NEPBBII W BTOPOIH KBAK-
PaHTHl TLIGCKOCTH OII':{

8.3, 3amKkuyTil xpyr paanyca @ x° + ¢’ < @° 8.4. [Ipasas nosynaockocTs
x 0. 8.3, Bea wiockocTy Oxy. 8.8, BHeltHoCTh OTKDHITOTO KPyra paauyca
a2+ >a’ 8.7, y> —x — noaynnockocThb Had GiceexTpHcoit BTOPoOro n
YeTREPTOTO KOOPAHHATHHIX YTI0B.

B.8. y < x — IOIYNIOCKOCTh Mo GHCCXTPHCOT REPBOTO ® TPETLETO KOOP-

puHaTHEIX yraos, 8.9. CeMeNcroo munepboh y = —.
x

8.10. Mapaanensune npameic i = —x + C.

8.11. Cemeiterno napabon y = C* + 2%, 8.12. [lyuak apsimbIx y =

Cw

8.13. Cemeiictao napabon y= (1 + C) x°



B4z, = % +6ay,2) = Wt - 3y?
? 2
815 z; == y ) ZL = ril
(xr-y) S -y)

8.16. 2, =2, = cos{x+y).
8147.2, =y’ -yt 2 = 'yt -2y

T

88,2, = —4 _ - %
X' +y x4y

B.A9. 2, =ye¥, 2z, =xe®.

8202 =t g -
X+y Yoaty

8217 :

1 1
N R URNLAN LA U
Cox+uy T 2+ )
8.22. z, =ye¥(1+ay). 2z, =xe”(1+xy).

823.2 =—2 - =—2 gy - L
.fx’ +yt Jrz +y? m
W= Y wl=—’  825. (-2, -4). 8.26. (-6, 6).

8.27. (2, -2, -4). 8.28. (-2, 6. -3).
2
829.27 =2 oo A . BY
: i+2y 7 (1+2y) % (1+2y)

N - -
8.30. 21, =0,27, = e’ 25, =xe* 8.31. 2, =¥ W ~)-1

w

(x+e®)

. (xly+e?ye” xie™ " teo2
2= 2, = CB32, 2] =2y 2y - 1,

vy 7 @eeny vy -ix
"= 4x? Int 1+ 2y 1 8.33 2zy°
2o =4 In"x, 20 =27 (1 + nx)833.z = — _ |
w ty ( Y ) (1+.t_?y?)£
L 1_129'2 . zray

2, =i, = —

RLi (l+.l‘2y2)2 L (I_'_.rzy.)z

B34 =e"(siny +2cosy +xcosy).zy, =e'(cosy ~siny -xsiny),
z,, = —¢'(siny + xcosy).

B.35. 2, = -7 n Touxe M (1, 2).
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8.36. z,,, = 1/27 B touxke M (-1/3, 1/3).

8.37. z,..=1 B Touke M (-1, 1). 8.38. Orcrpemyma ner, 8.39. z,=0
B Touke 0 (0, 0). 8.40. Ixcrpeayma Her.

841, 2., =-2/e o Touxe M (--2,0). B.42. 1, =176 en. npst x=8, y=4.
8.43. ¥ =0425x+ 1,175

[napa 8

C+x
1-Cx
9.6. 2+ =In (). 97. L+ =C(1+49). 9.8 ' + X! - x=C.

- 4x
8.9.y=C(x+1)e. 910,y =7 2.0.4t. y = _
y=Cx+1) y Y9 g

94 y=0r. 9.2, @+ = (2 9.3. y=Ce* 9.4 y=Ce* 9.5,y =

9.12. y’ :21{%—‘?(“ e*)} 913, y=Inx 9.14. 2% =2 - 2.

9.15. 2(1 -1]: lnzx; L 046 y=(x+ O et 047, y=Cef—x— 1.
Y

9.18. 5 =3+ 5.9.49, y = (x* + Cre™ . 9.20. y= Cx + 1%,
X

9.21.y=Ce" + % (cosx +sinx). 9.22. y = (1+Ce” )",

i 5 1V 1 e
9.23. y = 924y =|Cet +x+=| 925 y=2—+0Cx"| .
xInCx 2 ‘ x°
926,y =Ce™ +(,e¥.9.27.y =Cie" +C,e™.928. y =™ (Cx+C, )
9.29. y =™ (C, cos 3x + C, sin3x). 3.30. y = e*(C, cosx + C, sinx).

93.y=C +C,e"".832. y = Cie7" + Cpe™™.

9.33.y=e"(C,cos2x + C,5in2x). 9.34. y =Ce" +C,e7".

9.35.y=C, cosx+C,sinx. 8.36. y = (Cix + C, )+:§—e'.
9.37.y =C,e" + Ce™ +2.9.38, y = C, cos V3x + C, sinv/3x + 3n.
9.39. y =Ce™ +C,e +1-5.9.40. y =C,& +C,e™ +§1e*‘.

9.41. y =Ce™ +C,e" —xe™, 942, y=¢™ -¢'". 9.43. y =2¢" - %",
944,y =e" —2e" -2¢"7. 945, y=e” -3 +x 32

- 1222
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9.46. y =¢* -e' +29.47. y =2e" ¢ + &',

9.48. y = %e""(x —-+x+ % 9.49. y =2¢™ + 427" 1+ &".

Inasa 10

10.1. 36. 10.2. 588. 10.3. a) 1/45; 6) 0,01, 10.4. 05. 10.5. 24/91.
10.6. 0.47. 10.7. 0,025, 10.8. 0,2, 10.9. 0,28 10.10. 0,4. 10.11, 0,896.
10.12. 0,47. 10.13, 0,69. 10.14. 0,078. 10.13. a) 0,4239; 6) 0.5; 8) 0.5
10.16. 95. 10.17. a) 44,5 Man aex. e)1,; 6) 40,5 MAH JeH. en.

fnasa 114
11.2. 0,06375. 11.3. 5010, 11.4. 3.9. 11.5. 0,9, 11,6, 0,25. 11.7. 2) 0; 6) 0,5;
) 0,3 0) 0. 1£.10. 1/a. 11,11, 25/18.11.12. 0, 4. 11.13. 3xu/2;3x§:x,,\/§.

1 - 1
11.14. 28, 447 1113, 12,6 %. 11,16, f(¥)=-——¢ tedViE 4117, 0,2,
/ A 2n

Mnasa 12

12,1. 041; 0,23. 12.2, 0,29. 12.3. 984, 12.4. (4,16; 6,64). 12.5. (18,57

21,67).12.6. -0,006; 0,00004. 12.7. Uz, = 5 u,, = 1,96. Hyaeraa runovesa
OTBC[JFRETCH.

12.8. T,6.= 2, togs 15 = 2,13. OcHosannil OTBCPYHYTE HYNEBYIO [HIIOTE3Y
HET.

12.9. U,,;, = 0.53; u,,= 196. Ocnosamisit 0TBEPIHYTH HYNEBYID TUNIOTE3Y
HET.

Mnapa 14

141. % =(1,75, 0}, L (), =920 ¥ =(1.75; 1,75), L (X} = -5,25.
=(0; 2.5), L (T} =T.5.

14,3. Heorpanuyennoe pewenne; ¥ .= (2, 3), L (7)., = 26.

14.2. HeorpannyenHoe pemieHite; ¥

T

14.4. ¥ =(1,38; 2.77), L (¥}, = 11.08; mHoxecTso peurennil, onno u3
HEX ¥={3; 0), L (X)) = 0.

14.5. 5, = (0: 5), L)y = 15: T,,,, = (01 5), L (D)pn = 15.

14.6. ., =(0; 0), L () = 0; ¥y = {0 D), L (X1 = 0.

14.7. Heorpaunyeuwoe nemenue; ¥, = (4,67; 6.67), L (X),.= 11,33
1404 %, = (03,4 0), L (T = 7-

14.12. 7, =(0; 1: 2, 0; 1), L (®) = 12.



14.13.
14.14.

14.15,
14.16.

14.17.
14.18.
14,19,
14.20.
14,26,
14.27.
14.28,
14.29,
14.30.
14.31.
14.32.
14.33.

i

el

Her pewenns.
X.,.=(4;0,0), L (), = 4.

Xom=(0; 30, 0), L (F)pux =3

X, =10 0;067) L (¥),.. =033

X .=(25 025 0, 0), L (¥, =275.

o= (0, 0, 4.5), L (D)o = 18,

Tom=(0 1 3) o = (5 0), L (X))o =5 (F o = 4.

o= {2 101 0), 7= {15 1) LX)y = S (P = 5.

¥ n=(081400.7,=01,2 02, L(®)u=5 =38
T,m={0:105; 0; 6.5). ¥ .= (1; 0.5), L ()0 = S (Flua = 13.
¥,..= (15025 0), ¥, = (0,25 0,73), L (F)pe = 5 (o = 1.25.
wn =4 20:0), 7, = (-1 4), L () = 5 (Fain = 6-
Tom=(0 2,047, = (10 LX) =5 F )y = - 2.

X, =(6; 0,14, 0), #,.= (0,25, 0,75}, L (T)pax = S(F)oin = 14.
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%..=(6424;04,0 0. L(x),,.. =82
E,,=(L3 2000 L{x),.=1

14.38.7,, = (0,4 5:0; 0, 1), F = (~0,2: ~08; 0), L(T)n =5 (P =~ 1.

14.35

14.37.

14.38.

14.39.

9!

. Het pewetus,

[0 40 20

0 30 30
0 0 60
10e 10 0
100 0
0 70
20 10 40
0 0 20

0 0 40 30|<(x)
50 0 0 40

0

ma = 490

120
0l<(x)
0

= 1500

min

<(x),. =830.

mn



14.40

Mnaea
13.22

0 0 90

90 40 O
IR _} '10 0 0 <("):n|n - 3120‘
L1100 20
15
. a) 25194, 24 nen. en.; 6) 23056,3 xen. ea.; ) 0,1124;

r} 27530,43 nen. en.

15.23.
15.24.
15.25.
15.26.
15.27.
15.28.
15.29,

812 266 aen. ex.

5236,1 nen. ex.

37 907 87 nen. en.

3680 nen. ea.

170 456,48 newu. ex.

7,650 man gen. en.; 2,650 san ageu. en.

101,808 mau sen. en.; 101,833 man aeH. en,; 101,875 mnu gen. en.

AQ smroaHee 1 Bapuaut, Ganky 3 BapHaHT,

13.30
15.34
15.32
15.33
15.34
153.35

. 103,358 tric. gew. en.

. 323,011 Teic. neH. ef.; 284,091 ThiC, feH. en.

. 698,8 Tuic. gen. ea.; 680,19 Tue. ael. e

.32%; 22 %.

. 811,52 ToiC. men. ea.

. Bx1an RHTOAHES PaaMeCTHThL YEPE3 KOHBEPCHIO B BANIOTY.



NPUNOXEHWUA



[punoxeHue 1

F

Tabnuua aHavennit pyakmnn f{(x) = % T
n

x 0 ‘( 1 Z 3 [ 1 5 ] 7 8 g
04 | 03989 3980 3989 3988 390RG 3984 3982 398G 3977 13973
0.1 3970 3965 3961 3956 3951 3945 3939 3932 3%z 3018
0,2 3810 3902 3894 3885 AR7HE  3BAT7 3857 3847 IBIG 3825
0,3 3814 3802 3790 3778 3765 3752 3739 3IT2® ITiZ 3697
0.4 3683 3668 3653 3637 3621 3605 589 3572 3555 3538
4.3 3521 35G3 3485 3467 3448 3428 3410 3391 3372 3352 ]
0.6 3332 3312 3292 3271 3351 3230 3209 3187 3166 3144
0.7 3123 3101 3079 3056 3034 3011 2989 066 2943 2520 ;
0,8 2897  ZRTA 2850 2827 B0 27”0 2956 2732 2709 2685 ?
¢9 2661 2637 2613 2R89  23R5 2541 2516 92 2468 2444
1.9 2420 2396 2371 2347 2323 2289 2275 2251 2227 2203
11 2179 2153 2131 2107 2083 2059 203G 2012 1989 1963
1.2 0 1942 1919 1895 1872 1849 1826 1804 1781 §758 1736
13 1714 1691 1669 1647 1626 1604 1582 1561 1539 1518
e 1497 1476 1436 1435 415 1394 1374 1354 1334 1315
1.3 1285 1276 1257 1238 1219 t200 1182 1163 1145 1127
1.8 1105 1093 1674 1357 1040 1023 1006  O09RG 0973 (957
17 (940 0925 0909 QB33 0478 0863 0848 0833 0818 0804
18 0790 Q775 0761 0748 0734 07X 0707 0694 O0OGR1 0669
1.9 0636 0644 0632 0584 0573 0562 0551

0620

608

0336




T ] 1 2 3 3 i G 7 4 9

20 | 0540 0525 0519 0508 0498 0485 DaT8 468 M50 D449
2.1 0440 G431 0422 G413 0404 036 0387 0379 0371 0363
22 | 0355 0347 0335 0332 0325 0417 0310 0303 0297 G290
23 | 0283 0297 0270 U264 0258 0252 U246 0241 0235 022
24 | 024 0219 013 0208 0203 C1Y5 0194 018D D184 U180
25 | 0175 0173 0167 0163 0158 (154 0151 G147 0143 0139
26 | 0136 0137 0129 0126 0122 0119 016 0113 ouo 0107
27 | 0104 0101 O099 0006 00B3 0081 O00BE& DDBG 0084 DO8Y
28 | 0079 0077 0075 0073 0071 0069 0067 0065 QU63 0061
29 | 0060 O0S& 0056 0055 Q053 0051 Q050 Q048 0047 D046
3.0 1 0044 0043 0042 0040 0039 0038 0037 0036 0035 0034
341 (033 0032 0031 0030 00629 0028 0037 0026 0025 0025
3.2 | 0024 0023 0022 Q022 Q021 Q020 00X 00f9 O0i8 0016
33 | 0017 07 O0E& oG dia 0015 04 0014 Qni3 0013
34 | 0012 D012 0012 0011 001l DO10 0019 OG10 0009  GOD9
3.5 é 0009 UG08 0008 ODOS 0008 QLAY QOCY  00GY 07 G006
3.6 | 0006 000G 0006  GDOS 0005 BOAS 0003 DDOS 0005 Q004
3.7 | 0004  DOD4 0004 0004 Q004 0004 (W3 0003 0003 0003
38 | 0003 0003 0003 0003 G003 0002 0002 0002 OMZ 0002
3,9 0002 0002 0002 0002 0DO2 0001 G0

0002

3002

o2
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Mpunoxetxne 2

_—
Tabmiua snavennii dynxism O{x) = —LI _%dz
Vo,

x D) x ’ _‘b(_x} x ‘ D(x) X l Q)
0. 0,0000 .32 0,133 0.64 ,2385 0.96 13315
0.1 0.0040 33 0,1393 0.63 02422 057 03340
0,02 0,0080 0,34 0,1331 (.66 0,244 o8 0.3365
o.u3 0020 .33 0,1368 0.67 02486 0,59 0,338%
0.04 04,0160 0.36 0,1406 0,68 02518 1,00 03413

©g05 0.0199 0.37 0.1443 064 0.2549 1,04 0,3438
{L06 0.0239 0.38 0.1480 0,70 02580 1,42 0,346
0,07 0.0279 0.4 G1a17 71 a.2611 1.03 0.3485
1,08 0.0319 0,40 0,1554 0,72 0.2642 1,04 0,3508
04 0.0459 0.41 01541 73 01,2673 1,05 0.3531
010 00398 0,42 01628 08,74 (,2703 1.06 63554
011 0,0438 .43 0.1664 .75 0.2734 107 0.3577
012 0,0478 044 0.1700 0.76 0,2764 1.08 0.3399
013 0.0517 RN Q1736 nyz 04,2794 1.09 0,3621
L4 0,0557 46 G.1772 078 02823 .10 0.3643

A B 0,0596 047 0.1-B08 0,79 (,2852 L1 0,3665
0.16 10,0636 .48 0.1544 0.80 U, 2841 112 0.3686
0.17 08,0675 044 0,1879 081 n2910. 1,13 03708
.18 0.0714 0.50 01gLs 083 02939 1.14 0.3729
114 00753 0,41 G,1950 0,83 0,2967 115 0,374%
020 0,0793 0,52 0.1983 0.84 0,2954 1,16 03770
0.21 0,0832 0.03 0.2019 0.85 03024 ,I'” 0.3740
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x D{x) x Mix) x D(x) X D(x)
0,22 0,0871 0.54. 00,2054 (.86 0,3051 1,18 (13810
0,23 0,0910 0,55 0,2088 0,87 03078 1,19 0,3830

0,24 0.0948 0,56 0.2123 088 03106 1,20 0,3849
025 0,0987 0,57 0,2157 0.89 03133 1.21 0,3869
0.26 0,1026 0.58 0,2190 0,80 03159 1,22 0,3883
0.27 0,1064 0.59 0,2224 0.91 0.3186 1.23 0,3907
0,28 (,1103 0.60 0,2257 0,92 03212 1,24 0,3925
0,29 01141 0.61 0,2291 0.93 03228 1.25 1.3944
0,30 0,1179 0.62 0,2324 0,94 0,3264 1,26 00,3962
0,31 01217 0.63 0,2357 095 0,328% 1.27 0,3980
1.28 10,3997 1,61 0,4463 1,94 04738 2.54 0,4945
1,29 0,4015 1,62 0,4474 1,95 0,4744 2,56 04948
130 0,4032 1,63 0,4484 1,96 0.4750 2,58 (,4951
1.31 (L4049 1,64 0,4495 1,97 0,4756 2,60 01,4953
1,32 0,4066 1,65 0,4505 198 0,4761 2,62 00,4956
1,33 04082 166 04515 1.99 0.4767 264 0,4959
1,34 0,40699 1,67 0,4525 2,00 04772 2,66 0,4961
1.35 04115 1,68 0,4535 2,02 0,4783 2,68 0,4963
1,36 04131 1.69 0,4545 2,04 04793 2,740 0,4965
1.37 0,4147 1,70 0,4554 2,06 0.4803 2,72 0,4967
1,38 0,4162 1.71 0,4564 2,08 0.4812 274 0.4969
1,39 04177 1,72 04573 2,10 0,4821 276 0,4971
1,40 0.4192 1,73 0.4582 2,12 0,4830 278 0,4973
141 04207 1,74 04591 2,14 0,4838 2.80 0,4974
1,43 04226 1,76 0.4608 2,18 0,4854 2.84 0,4977
1,44 0,4251 1,77 04616 2,20 0.,4861 2,86 0,4979

1,45 0,4265 1,78 0.4625 222 0,4868 2,88 0,4980




450 Mpunoxenus

X Dix) x [|| @(x) X D(x) x T ®(x)
1.46 04279 1,79 04633 224 0,4875 290 04981
1,47 0,4292 1,80 0,4641 2,26 0,4851 292 0,4982
148 0,4306 1,81 0,4649 2,28 0.4887 294 0,4984
1.49 0,4319 1,82 04656 2,30 0,4893 2,96 0,4985
1,50 0,4332 1,83 04664 232 0.4898 2,98 0,4986
1.51 0,4345 1,84 0,4671 2,34 0,4904 3.00 0,49865
1.52 0.4357 1,85 0,4678 2,36 0,4909 3,20 0,49931
1.53 0,4370 1.B6 0.4686 238 0,4913 3,40 0,49966
1,54 0,4382 1,87 1,4693 2,40 04918 4,60 0,499841
1,55 0,4394 1,88 0,4699 242 0,4922 3,80 0,499928
1,56 0,4406 1.89 0,4706 244 0,4927 4.00 0,499968
1,57 0,4418 1,90 04713 246 0.4931 4,50 0,499997
1,58 0,4429 1.91 04719 2.48 0,4934 5,00 0,495997
1,59 0.4441 1,92 0,4726 2,50 0,4938
1,60 0,4452 193 0,4732 2,52 0,4941

[punoxeHue 3

a"
Tabamua snavenuit Gyuxuun Iyaccona: =i “
m!

i

" 04 | 02 [ 03 [ 04 [ 05 [ 06 | 07 [ 08 | o9
0 | 09048 08187 07408 06703 06065 05488 04966 04493 04066
1 [00905 01638 02222 02681 03033 03293 03476 03595 0,3696
2| 00045 00164 00333 00536 00758 00988 01217 0,1438 0,1647
3 | 00002 00011 00033 00072 00126 00198 00284 00383 00494
4 = - 0,0002 00007 00016 00030 00050 00077 00111 |
5 = ~ — 00001 00002 00004 00007 00012 0,0020
6 - - - - - - 0,0001 0,002 0,0003




Npanoxerwe 3 4519

n

o0 [ 02 [ o3 [ o4 [ o5 [ 06 ] 07 [ 08 | o9
0 |03679 01353 00498 00183 00067 00025 00009 00003 06001
1103679 02707 04494 00733 0.0337 00149 00064 00027 0,0011
2 |0.4839 02707 02240 01465 00842 00446 00223 00107 10,0050
3 | 00613 01804 02240 01954 00404 00892 00521 00286 00150
4 |00153 DOS02 01680 01954 0755 0,339 00912 00572 0.0337
5 |0008f 0036t 01008 01563 04755 01606 0.1277 00916 0,0607
6 [00005 00120 00504 01042 01462 0,606 01490 01221 00911
7 00001 00034 00216 00595 0,1044 01377 0.1490 01396 01318
8 - 00009 DO0B1 00208 00655 01033 0,304 01396 10,1318
9 ~ 00002 00027 00132 00363 00688 0.1014 0.1241 10,0318
0 | - ~ 00008 00053 00181 00413 00710 00993 01180
o] - - 0000z 00019 00082 00025 [.0452 00722 00970
12 | — - 00001 00006 0.0034 00113 00264 00481 00728
3 | - - ~ 00002 00013 00032 00142 00296 0,0504
T - 00001 00005 00022 00071 00169 0.0324
15 - - - 00002 0,0009 00033 0.0090 00194
% | - - - 00003 DOD14 0045 00109
17 | - - - - - 00001 DO0OG 00021 0.0058
B | - - ~ - - — 00002 DOWS 00029
19 | - - - - - 00001 00004 00014
0 | - - - - - - 00002 0,0006
1 | - - - - - ~ ~ 00001 0,0003
22 | - - - = - - ~ 00001




Mpunoxenxve 4

KputHyeckue Touky pacnpesenenns x’

“Yucan Ypopen 30a4HMXTH

cTeiteHei ' T

cnobost & q.g:__l 0.025 0,05 0.95 0975 0.99
1 .6 5.0 38 0.0039 £,00098 000016
2 0.2 7.4 8.0 0,103 0,051 0,020
3 113 9.4 78 0,352 0.216 0,115
§ 133 1.1 4.5 .71 0,484 0,297
5 15.4 12,8 11,1 1,15 0831 0.554
6 16,8 14.4 12,6 1.64 1,24 (872
7 18,5 160 14.1 2,17 1,69 1.24
8 201 17.5 15.5 273 218 1.65
9 217 19,0 16,9 333 2,70 209
10 232 20.5 183 394 325 2.56
1] 24,7 219 19.7 4,37 382 305
12 26,2 233 210 323 4,10 3.57
13 o7 24,7 224 589 501 411
i4 29.1 26.1 237 6.57 363 4.66
15 s 7.5 5.0 7.26 6,26 5,23
16 320 28.8 26,3 7.96 6,91 581
17 334 30,2 1A 867 1.56 6.4l
1R 348 ) I 2849 939 8,23 701
19 36.2 3249 30,1 10,1 891 7,63
20 376 34.2 34 10,8 5,59 2.26
a1 389 352 327 116 103 8,30
22 40,3 368 339 12,3 110 9.54
23 41,6 38.1 352 13.1 112 10,2
24 430 394 36.4 138 12,4 10,9
23 44,3 40,6 377 14,6 13.1 11,5
26 43,6 419 385 15,4 138 12,2
27 47,0 43.2 40,1 16,2 14,8 129
28 48,3 44.5 413 169 153 13.6
29 49,6 457 12.5 17,7 16.6 143
30 589 470 438 1B.S 16,8 15,0




[punoxexue 5

Kputnueckue Toukne pacnpenenenus Crpionenta

Mpwnoxewwe 5 453

cpofoaut &

Yposens 3HaUHMOCTH o (OAHOCTOPOITHAR KPUTHYeCKad obaacTh)

Yneao Ypusens aHa9WHMMOCTH o (ARYCTORORHAA KpHTHuECKan nBnACTH) I1
crensiteit
caoBons & 0.1 ¢,05 0,02 .01 0,002 00038 |
] 6.31 127 31.82 63.7 318.3 637.0 |
2 292 4,30 697 992 2233 KD M
3 233 318 4,34 384 10,22 129
4 2,13 278 375 4,60 717 361
5 2.0 2.57 3.37 4,03 389 6,86
G 1,94 I 314 371 a2 596
7 1,589 2.35 3.00 350 4,79 540
8 1,86 231 290 3,36 4.50 5,04
9 1,83 2.26 2.82 .35 4,30 4,78
10 181 223 276 311 4,14 4,59
11 1,80 2.20 272 an 4,03 4,44
12 1.78 2.18 2.58 ans 393 432
13 1,77 2,16 265 301 185 4,22
14 | 1,76 214 262 208 379 4,14
15 | 1,75 2,13 2,60 2,95 3,73 4,07
16 1,73 2,12 2,58 292 3,69 4,01
17 1,74 2,11 2.57 290 3,65 3,96
18 | 1,73 2,10 2.55 2 B8 .61 352
19 1,73 2,09 2,54 2,86 3,58 3,88
20 1,73 2,09 2,53 283 355 385
2 1,72 2,08 2,52 2,83 3.53 382
2 1,72 207 251 2,82 3.51 379
23 1,71 207 2,50 2.81 3.49 377
24 1,71 2,06 245 2.80 347 374
25 171 2,06 249 2,74 345 372
26 1,71 206 248 278 344 3
27 171 205 247 277 342 349
28 1,70 2,05 246 2,76 340 3.66
29 1,70 2.05 246 276 340 3,66
30 1,70 2,04 2.46 275 3,39 3,65
40 1,68 2,02 242 2,70 3H 3,55
60 1,67 2,00 239 2,66 323 3,46
120 166 198 236 2.62 3,17 337
| w 1,64 1,96 233 2,58 309 3.37
Yuean 0,05 0.025 0,04 0,005 j 0,001 20,0005
crenexest
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Mpunoxexue 6

Kpuruueckue touky pacnpeRenenus Mumepa—Crenexopa
(k, — wncao crenenci cpoboas Gomewiet aucnepeun;
&, — uncnao crenered croGoant MEMbUIEH AHCTIEPCHN )

Ypouetb suaunmMocTn o =001

il

12

13

14

15

16

3

1 l 12

D8.40
342
21.20
16,26
13,74
12,25
11,26
10,56
10,04
9.56
9.33
9.07
8,86
B,65

8,53

| 8,40

4999
99,01
30,81
18,00
13,27
10,92
8,55
8,65
a.02
7,56
7.20
693
6.70
b,51
6,36
6.23

6.1

3403
50.17
29.46
16,69
12,06
874

8.45

6,63
6,06

5,64

186
4,69
4,56
4,44

4,44

5989
19,30
1M
13,21
10,67
847
119
637
580
339
3,07
482
162
4,46
432
4,20

4,10

5928
90,34
2767
11.98
10,45
826

7.00

3583

4,00
3,89

3,79

3.80
3.69

3,55

6082
9941
27,13
14.45
9,96
7.79
.54
5,74
3,18
4,78
4,46
4,22
4,02
3,86
3,13
161

3,52

6106
99,42
27,05
14,37
9,89

7,72

4.4%

396
380
3.67
3.5

345
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Vpoaens axauumocts o =005

ky i

1 2 3 4 5 8 7 8 9 Hil 11 12
1 161 200 216 225 230 234 237 23% 241 242 243 244
2 1851 1900 19,16 1525 1930 1933 19.36 1937 1938 1939 1940 194t
3 [1043 955 928 9,12 801 894 883 884 881 878 B76 874
4§ {771 694 659 635 626 616 6509 604 GO0 596 593 591
5 661 578 541 519 5035 495 488 482 478 474 470 468
6 509 514 476 453 439 428 421 415 410 4068 403 4,00
7 | 559 474 435 412 397 387 3179 373 368 363 380 357
8 [532 446 407 3B4 363 358 350 344 339 334 331 328
g 512 426 385 363 348 337 329 323 318 313 310 307
10 [ 496 410 371 348 333 322 314 307 302 297 294 281
11 | 484 398 350 336 320 309 301 295 290 286 282 279
12 | 475 388 349 326 311 300 292 285 280 276 272 259
13 ) 467 380 341 318 302 292 284 277 272 267 263 260
14 | 460 374 334 331 296 285 277 270 265 260 256 253
15 | 454 368 328 306 250 279 270 264 259 255 251 248
16 | 449 363 324 301 285 274 266 259 254 249 245 242
17 L 445 359 320 296 281 270 262 255 250 245 241 238




[punoxeHue 7

Tabauua 3HaueHuti e

|

x e X et x e

01 0,9048 21 0,1224 4.1 0,0166
0.2 (,B187 22, 0,1108 4,2 0.0150
0.3 1,7408 23 0,1002 4.3 00135
04 0,6703 24 0,0907 4.4 00123
0.3 0,6065 25 0,0821 4,5 0.0111
0.6 05488 2.6 0,0743 4.6 0,0100
0,7 0,4966 27 0,0672 4.7 0,0091
0.8 0,4493 28 0,0608 18 0.0082
0.9 0.4066 29 00550 4.9 0.0074
1,0 03679 3.0 0,0498 50 0,0067
L1 0.3329 KR 0,0450 51 0,0061
1.2 03012 3.2 0.0476 5.2 0,0055
1.3 0.2725 33 .0369 53 0.0050
14 0.2466 34 0,0334 54 0,0045
1.5 0,2231 3.5 (.0302 5.5 0,0041
1.6 0.2019 3.6 0,0273 56 0.0037
1.7 0,1827 3.7 0.0247 57 0,0033
1.8 0,1653 38 00224 58 0,0030
1.9 0.1496 39 0,0202 59 0,0027
2,0 0.1353 4.0 0.0183 6.0 0.0025




MpunoxeHue 8

Tabavua 3navennit £, =1 (y, n)

y
" 005 0w 09599
5 278 460 8,61
6 257 4403 6.86
7 245 471 5,96
8 237 350 541
9 231 136 504
10 226 325 478
1" : 223 317 459
12 220 111 444
13 2,18 3,06 | 432
14 218 1,01 | 122
15 215 2,98 114
16 213 2,95 107
17 212 2,92 1,02
12 211 2.9 397
19 210 288 292
20 2,063 2,861 3,883
25 2 064 2,797 3745
30 2,045 9,756 3,659

3 2,032 2720 3600

40 2,023 2708 3,558
45 2016 2 602 3527
50 2,009 2679 3,502

6o 2,001 2662 3464

70 1.996 2649 3439

80 1.991 2,640 3418

90 1987 2613 2403

100 1.984 2627 3392

120 1,980 2617 3374
« 1,960 2518 | 3291




(punoxexue 9

Tabanua 1
Mopaakopeie HOMEPA AKel B 00blMBOM oAy
FIYITY Mrucun
MUCAH" - - . T . - e
Lt :elxlplw J_ﬁ:::h Map [;:'Ivlm Mali [Hm"h Hioat :TT ] :n‘f‘;;‘.‘l.. T?gpb sié?n. | Ki\lﬁc;Jb
[ 1 32 60 01 121152 182 2)3 244 274 305 133
2 2 33 61 92 122 153 184 214 M5 75 306 336
3 3 34 62 93 123 154 184 215 246 276 307 A37
4 4 33 63 94 124 155 185 216 247 277 3u8 338
5 5 6 64 95 125 156 186 217 248 XR 309 339
[i] 6 37 63 95 126 L7 187 218 249 279 d10 34d
7 7 38 66 a1 127 158 188 219 230 280 311 344
5 5 39 67 98 128159 189 220 251 28 A2 42
9 9 40 68 99 129 1680 190 221 252 282 3A 343
W0 | 10 41 83 100 130 (61 191 222 253 283 34 344 |
1| 1t 42 70 101 13t 182 192 223 254 284 315 345 ¢
12 | 12 43 71 102 132 i63 193 224 255 285 316 346
13 | 13 44 72 w3 133 164 194 225 256 286 31T 347
14 | 14 45 73 104 134 185 195 226 257 287 318 348
15 13 46 74 105 135 166 196 227 258 288 319 349
16 | 16 47 75 1068 (36 1&7 197 228 259 289 320 350
17 | 17 48 7 107 137 168 148 220 260 190 321 351
18 18 49 77 108 138 169 189 230 261 291 322 352
19 1% 50 78 (09 139 170 200 230 262 w2 323 353
20 | 20 51 79 110 140 fT1 201 232 263 293 324 354
21 | 2152 RO 1Y 141 173 202 233 2R4 294 325 355
‘g2 53 81 112 142 173 203 234 265 295 3Y6 956

e
= k2

54 B2 113 143 174 204 235 266 208 327 357
24 a3 B3 114 w44 175 205 236 267 297 328 358
23 36 B4 13 M5 176 206 237 268 268 329 359

(]
L

oE B
]
[ 24

26 26 57 B85 116 w6 V97 207 238 2BH 299 330 360
27 7 58 B6 117 14y 138 208 238 270 300 331 361
28 8 5 B? g 148 179 209 240 271 301 332 362
patl 29 - B8 119 144 180 210 240 272 32 333 363
10 30 - 80 120 150 181 211 342 173 303 334 364
a1 3 - 90 — 151 - 212 243 - 304 — 365




[Nopsaakoeste HOMeDA AHeH B BHCOKOCHOM TOAY

Tab

JIMLES 2

' etk . Meoaua
’I::’“. |f|;:;| ;.:;t:: Mapr ;:::. M;’ Hoous | Home | :r:’r TE‘:rllh l 1?{3:J :Fi\zr. Kilf!:h
Pl 1 32 Bl 92 132 153 183 214 245 275 406 330
2 | 2 33 B 93 133 IS4 184 215 4B 276 107 337
3 | 3 34 63 04 124 (55 185 216 247 277 308 338
A | 4 3 4 95 125 156 186 217 248 278 309 339
5 | 5 36 85 96 126 157 (87 218 40 279 M0 M0
6 | 6 37 6 97 127 158 188 219 250 280 311 341
717 38 @7 98 128 159 189 920 251 281 312 342
8 | 8 38 68 99 120 160 190 U2 252 82 MI 343
9 | 9 40 69 100 130 161 191 222 253 283 314 M4
0| 10 41 70 101 131 162 192 223 254 284 35 345
(0| 1 42 71 102 132 163 193 224 255 285 M6 M6
2 | 12 43 72 103 133 164 194 225 956 286G M7 347
13|13 44 73 W4 134 165 195 226 257 287 B8 348
4 | 14 45 74 105 135 166 196 297 258 288 319 349
15 | 15 48 75 106 136 167 197 228 250 289 320 350
16 | 16 47 76 107 137 168 198 229 260 20 321 351
17 | 17 48 77 108 138 169 199 230 261 291 323 352
18] 18 49 78 109 139 170 200 23t 262 202 323 353
9 | 19 50 79 110 w4 171 201 232 263 7293 324 354
20 | 20 51 B0 111 141 172 202 233 264 294 A5 355
20 | 2 52 Bl 112 12 173 204 234 265 M5 36 356
20 | 22 83 82 133 143 (74 204 235 266 206 327 357
23 | 23 54 83 114 144 175 205 236 267 297 328 358
24 | 24 55 84 115 145 176 206 237 268 98 329 359
25 | 25 56 &5 116 146 {77 207 238 200 299 330 360
36 | 26 57 88 (17 147 178 208 239 270 300 331 361
27 | 27 58 & 118 148 179 209 240 271 301 332 362
29 | 28 59 88 (1G9 149 180 210 241 p7¢ 302 233 363
29 | 29 60 85 120 150 181 21 242 273 303 334 364
30 | 30— 80 21 151 182 212 243 274 304 335 365
3t |31 - 9 - 452~ 23 4 - 05 — 366 |
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[punoxexune 10

Pacnpegenenne kputephd [Japbuta — Yartcona Agst (oA NTENLHOI aB-
TOKOpPenALyn (1A 5 %-H0ro ypoBis JHAYHMOCTH)

V=1 V=2 V=3 V=4 V=5
_" d [ [ || a | a | a4 ]|d4]a4
13 1,08 1,36 095 1,94 0.52 INE {,69 1.97 0.56 221
L6 1,10 1.37 098 1,54 .86 1,73 0,74 1,83 62 2,15
17 1,13 1,38 1,02 1,34 050 171 0,78 1.50 .67 10
I8 1,16 139 1.05 1,23 0,93 1.69 1,32 L.E7 0,71 2,06
19 1,18 [,40 1.08 1,53 047 1.68 0&a L8B3 D75 2,02
20 '120 141 100 154 100 168 DSO 183 079 199
il 1,22 1,42 1,13 1,54 4,03 1.67 093 1.81 083 196
22 1.24 1,43 L1 1,54 105 1,86 0.95 L.50 086 1.94
23 1.26 144 117 1.54 1,08 1,66 099 1749 0,50 1,92
24 1.27 1.43 1.19 155 1,10 1.56 1.1 1.78 093 1.90
25 1,29 1,45 {31 (.55 112 1.66 104 137 0495 189
26 1.30 1.46 .22 1,356 1,14 1.G3 1.06 1,76 1,83 1,89
27 1,32 1.47 1,24 1,36 1,18 1.66 1.08 1.76 1.01 1,86
28 | 133 148 126 156 118 165 1,10 175 103 185
29 | 134 148 127 156 120 (65 112 174 105 184
ac 135 1,49 1,28 1.57 1.2 1.63 l,14 1,74 1,07 1.83
31 136 150 130 157 125 165 L6 174 L0983
iz 1,37 1,50 3| 1,57 1,24 1.65 t.18 1,73 1.3 1.82
33 1,38 1.51 1.32 1,58 1.26 1,63 119 L73 1,13 (8]
34 1,39 151 143 1,58 1,27 1,63 1,21 1,73 1,16 1.81
a5 1,40 1,32 1,34 1,38 1.28 163 1.22 1.73 116 1.0
36 |41 1,52 1,33 1,59 1,29 1,65 1.24 1,73 1.18 1.80
37 1,42 1,53 1.36 1,59 1,31 1,66 1.25 1,72 1.19 180
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