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Kypconas pabota Nel. Cemectp No2

YacTo B KJIACCMYECKOW MAaTEMATUKE MHOTOE BBIMJISAUT 3JIEMEHTapHO. Tak,
€CJIM HY>XHO HANTH 3KCTPEMYM HEKOTOpOW ()YHKIHMH, TO MPJJIaraeTcs B3STh €€
MIPOU3BOJIHYI0, IPUPABHATHh HYJIIO, PEIIUTh MOJYYEHHOE YpaBHEHHUE U T.N. BHe
COMHEHWUS, UTO TIEPBBIC JIBA JIEUCTBUSI B COCTOSIHUU BBITIOJIHUTH MHOTHE IITKOJIbHUKH
U CTYJEHTHI. UTO KacaeTcsl TPEThEro JACHCTBHS, TO MO3BOJBTE YCOMHUTHCS B €T0
AJIIEMEHTAPHOCTH.

[TycTh mocie B3SITHS MPOU3BOJHOM MBI MPUIILIM K YpaBHEHHIO fg(X)=I/x.

[TpoBeaem ciemyromue mpeoopa3oBaHUS:

te(x)=1/x = xtg(x)=1 = x'tg=1 = x=1/1gx) = x=+ /\/;

Ecnu B nmpuBenéHHOM 3/71€Ch IIEMOYKe MpeoOpa3oBaHUN HUYTO HE B3BOJHOBAJIO
Ballly MBICJIb, TO MOXET OBbITh Jy4llle O0y4eHUE HA ATOM MPEKPATUTH U 3AHITHCA
4eM-HUOYIb IPYTUM, HE TPEOYIOITUM YPOBHS 3HAHUH BBIIIIE [IEPKOBHOIIPUXOJICKOM
IIKOJIBI HaYaiaa XX Beka.

B camom gnene, Mbpl peKpacHO pelraeM KBaJipaTHbIE WM OWKBagpaTHBIC
YPaBHEHUS, HAUIIPOCTENIINE TPUTOHOMETPUUECKUE U CTENEeHHbIe. Ele BoasTcs
«MacTOJOHTBID», 3HAIOIIME O cylecTBoBaHUM Ghopmyn KapmaHo mjia KyOudecKux
ypaBHeHUM. B o0mieM ke ciiydae HaleX Ha MPOCTOE aHAJTUTUYECKOE PEIICHHE
HeT. bosee Toro, 10Ka3zaHo, UTO Jake anreOpandecKkoe ypaBHEHHUE BBIIIEC YETBEPTOM
CTENIEHU Hepa3peIImMo B 3JIEMEHTApHbIX PyHKIUAX. [loaTOMY peliieHne ypaBHEHUS
MIPOBOISIT YUCJICHHO B JBa 3Tama (37eCh pa3roBOp WJET JIMIIh O BEIIECTBEHHBIX
KOpHSX ypaBHeHUs1). Ha mepBoM rTare Npou3BOAUTCS omoelieHue KOpHell — MTOUCK
MHTEPBAJIOB, B KOTOPBIX COJAEPKHUTCSA TOJIBKO MO OJHOMY KOpHIO. BTOopol sTam
pEIlIeHUs CBS3aH C YMOYHEeHUeM KOpHs B BHIOpAHHOM HMHTEpBaJie (ONpeaeieHueM

SHAYCHUA KOPHA C 3aJaHHOM TO‘IHOCTBIO).

B oOmiem ciyuae otneneHue KopHed ypaBHEHUS f(x)=( Oa3upyercs Ha U3-

BECTHOU TeopeMe, yTBEPKIAIOIIeH, UTO eCclii HeTpephiBHAs PYHKIUA f(X) HA KOH-
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1ax orpeska [a,b] umeeT 3HaYEHUS pa3HBIX 3HAKOB, T.€. f(a)xf(h)<0, TO B yKka3zaH-
HOM TIPOMEKYTKE COJICPKHUTCS XOTS ObI OJIMH KOpeHb. Hanmpumep, i1 ypaBHEHHSI
f(x)= x’-6x+2=0 BummM, 4TO TIPU X—>00 f{x)>0, IpU X—> -0 f{x)<0, 4TO yXKe CBU-
JETENbCTBYET O HAJTUYMU XOTS ObI OJJTHOTO KOPHSI.

B oOmem ciiyyae BBIOMpPAOT HEKOTOPBIM JWaIa3oH, IJi€ MOTYT OOHapy-
KUTHCS KOPHU, U OCYILECTBIAIOT «IPOTYJIKY» MO 3TOMY JIMAMa30Hy ¢ BHIOpaHHBIM
1arom A Jijist oOOHapy>KeHUs MEPEeMEHBI 3HAKOB f(x), T.e. f(x)xf(x+h)<O0.

[Ipu mociexyromieM yTOUHEHHHM KOPHS Ha OOHApYyKEHHOM HHTEpBalie HE
HaJIeUTECh HUKOT1a HAUTU mouHoe 3HAaUeHUE U T00UThCs oOpalieHus pyHKIuu B
HYJIb TIPU MCTOJB30BAaHUU KaJIbKYJISITOpa WJIM KOMIBIOTEpa, TIE CaMH 4YHuCia
MPEACTABICHBI OTPAHUYCHHBIM YHCJIOM 3HAKOB. 371eCh KPUTEPHUEM MOXKET CITy-
KUTh IPUEMIIEMAst AOCONOMHASL WIIH OMHOCUMENbHAS nozpeutHocms KopHs. Ecin
KOpEHb OJIU30K K HYJIIO, TO JIMIIIh OTHOCUTEIbHASI MOTPEUTHOCTh J1aCT HEOOXOIU-
MO€ YuCyI0 3Havamux nudp. Ecnm ke oH BechbMa BeTUK M0 a0COIIOTHOM BETUYH-
HE, TO KpUTEpU aOCOTIOTHOM MOTPENTHOCTH YacTO JA€T COBEPIICHHO M3JIUIIHUE
BepHbIe 1TUQPBL. g GyHKOUN, OBICTPO M3MEHSIOMIMXCS B OKPECTHOCTH KOPHS,
MOXET OBITh MPUBJICYEH U KPUTECPUN. aOCOIOMHAA GeIUNUHA 3HAYUEHUS DYHKYUU

HE MPEBBIIIACT 3aJaHHOU IOy CTUMOU HOTPEIIHOCTH.

1.2. YTOUuHEHHE KOPHEN METOIOM MOJIOBUHHOTO JIeJICHUS (JIMXOTOMUH)

CaMbIM MPOCTEUIIMM M3 METOJ0B YTOUHEHHS] KOPHEU SIBISETCS Memood no-

JNOBUHHO20 OejleHUsl, WU fh), v

Memoo Ouxomomuu, mpe- /

Ha3HAUEHHBIN JJII HAXOX-

JIEHUsI KOPHEW ypaBHEHHI, 0 a | ¢! | ¢! | ¢’ b >
c X

NpcACTaBJIICHHBIX B BHJ/C

1(x)=0. fla) y=f(x)

[lycts HenpepbIBHAA
Puc. 1. Memoo oenenus ompeska nononam

byHKIMS f(x) Ha KOHIAX
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oTpe3ka [a,b] uMeeT 3HaueHUs pa3HbIX 3HAKOB, T.e. f(a)xf(b) < 0 (puc. 1), Torna
Ha OTPE3KE UMEETCS XOTs Obl OJIUH KOPEHb.
Bo3eMem cepenuny otpeska c=(a+b)/2. Eciu f(a)xf(c)< 0, To KOpeHb SBHO

NPUHAJICKUT OTPE3KY OT a A0 (a+b)/2 u B IpOTUBHOM cityyae oT (a+b)/2 no b.

v

Buviuucnenue f(a)

¥
c=(a+b)/2

v

Buviuucnenue f(c)

Hem oa

A 4
A

P 7 oa b < Hem
a<eg
/ 61800 C Va

Puc. 2. Brok-cxema memooa noioeuHHo020 OeleHusl
[TosToMy OepeM MOAXOISAIINI U3 3TUX OTPE3KOB, BHIUUCIISIEM 3HaUCHHUE (DYHKIIUU

B €r0 CEpeuHE U T.JI. 10 TeX MOp, MOKA JJIMHA OYEPETHOTO OTPE3KA HE OKAXKETCS
MEHBIIIE 33JITaHHON MpeIesIbHON aOCOIIOTHOM MOTPEIIHOCTH (b-a)<E&.

Tak Kak KaxJ10€ OYepeqHOE BBIYUCICHUE CEPEJANHBI OTPE3Ka ¢ U 3HAUYCHUS
GbyHKIMY f(c) cy)aeT MHTEpBaJl MOKUCKA BJIBOE, TO IIPU UCXOJTHOM OTpe3ke [a,b] u
MpEeJEIbHON MOTPEIIHOCTH £ KOJIMYECTBO BBIYUCIICHUMN 71 OMPENENIeTCsl YCIOBU-
eM (b-a)/2"<e, wmu n~log>((b-a)/s). Hanpumep, IpH MCXOIHOM €IHHUYHOM HH-
TepBaJie U TOYHOCTU TOpsiiKa 6 3HAKOB (& ~ 10 '6) MOCJIe AECATUYHON TOYKHU JOC-
TaTOYHO MPOBECTHU 2() BHIYUCIEHUH (UTepalvii) 3HaUeHUH (YyHKIIIH.

C TOukM 3peHus MalIMHHOW peanu3anuu (puc. 2) 3TOT METoJ] Haubosee

IMPOCT U UCIIOJIB3YCTCA BO MHOTHUX CTAHAAPTHBIX IMPOI'PaMMHBIX CPCACTBAX, XOT:A

CYILIECTBYIOT U ApyTHe Oosee 3QGeKTUBHBIE TIO 3aTpaTaM BPEMEHU METO/IbI.
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1.3. YTouHEHHE KOpHEN METOI0M XOP/I

B otnuuue ot MeToja IMX0TOMUM, OOpallatoniero BHUMaHKe JIUIIb Ha 3Ha-
KM 3HAYeHUW (DYHKIMU, HO HE Ha CaMHU 3HAYCHHUS, METOJ XOPJ MCIOJb3yeT Mpo-
NOPILIMOHANIbHOE JeJIeHHe UHTepBaia (puc. 3).
Ay 3/1eCh BBIUUCIAIOTCS 3HAYCHUsI (yHK-
[IMM Ha KOHIIAX OTPE3Ka, U CTPOUTCS «XOp-
nay», coeAuHsoas Touku (a,f(a)) n (b,f(b)).
Touka nepeceueHust ee ¢ 0Chlo adcIrce

7 _a f(b)=b-f(a)
f(b)=f(a)

OPUHUMAETCS 32 OYepeHOE MPHUOJIMKEHUE

y=f(x)

a zZy /S Z] C

= v

K KOpHIO. AHaIM3UpPys 3HAaK f(z) B COMOC-

TaBJICHUU CO 3HAKOM f(x) Ha KOHIIaX OTpe3-
Puc. 3. Memoo xopo

Ka, Cy)kaeM MHTepBai 10 [a,z] wiH [z,b] u
MPOJIOJIKAEM MPOIIECC MTOCTPOCHUS XOPJ JI0 TEX IMOP, MOKa pa3HUIla MEXIy OdYe-
PEIHBIMU TIPUOIMKEHUSIMI HE OKaXKETCS JIOCTaTOYHO Majou (B Mpejesnax JIoIyc-
TUMOU MOTPENTHOCTH) ‘ Z-Zn | <&

MO3KHO A0Ka3aTb, 4YTO HCTHUHHAA IIOI'PCIIHOCTD HaﬁHeHHOFO HpI/I6J'II/I)KeHH$IZ

9

*
‘X -Z,

M—-m
< m ‘Zn_Zn—I

k]
rae X - KOpeHb ypaBHEHUS, Z, U Z,.; — OuepeaHble NpuOauxeHus, m u M — Hau-

MeHbIIIee ¥ HauOoJIblliee 3HAaUeHUS f(X) Ha UHTEepBaie [a,b].
1.4. YTouneHnue kopHel MeTo1oM KacaTeiabHbIX (HproTOHA)

OOmupHYI0 TPYMIy METOJOB YTOYHEHHUS KOPHS MPEACTABISIOT umepayu-
OHHble MemoObl — METOJIbI TIOCIE0BATENbHBIX MPUOIMKEHUN. 371eCh B OTIWYNE
OT METOJAa IUXOTOMHMHU 3aJAa€TCA HE HadallbHbIM MHTEpPBAJl MECTOHAXOXICHUS

KOpPH:, a €TI0 HAYaJIbHOC HpI/I6J'II/I)K€HI/IC.
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Haunbosiee mnomysisipHbIM K3 HUTEPALMOHHBIX METOJIOB SABIISIETCS Menmoo
Hviomona (memoo xacamenvhbix).

[IycTh M3BECTHO HEKOTOpPOE MPUOIH-
YKEHHOE 3HA4YeHUue Z, KOPH:A X [Tpumenss
dopmyny Telnopa u orpaHuuYMBasiCh B HeE

AByM: 4JICHAMH, HMCCM

X)) ~f(Z)+ (X-Z,) f/(Z,) =0,

OTKyJ1a
Xx 2,22, L)
1(Z,)
Puc. 4. Memoo kacamenvhuix ['eoMeTpHUYecKH 3TOT METOX Mpela-

raeT MOCTPOUTh KacaTelIbHYIO K KpUBOU y=f(X) B BLIOpAaHHOM TOYKE X= Z, , HAUTH
TOUKY MepecedeHus e€ ¢ OChI0 a0CIUCC U MPUHATH 3TY TOUKY 33 OYEPEIHOE MPH-

OykeHue K KopHio (puc. 4).

Puc. 5. Pacxoosuwuiics npoyecc Puc. 6. I[Ipubnusicerue xk Opy2omy Kopuio

O4eBHIHO, YTO ATOT METOJ OOECHEYMBAET CXOJSAIIUICS MPOIECC MPUOIHU-
’KEHUM JIUIIb NPU BBHIMOIHEHUU HEKOTOPHIX YCIOBUN (HArpuUMep MpHU HENPEphIB-
HOCTU U 3HAKOMOCTOSTHCTBE MEPBOUM M BTOPOUM MPOU3BOJHONU (PYHKIIMU B OKPECT-
HOCTH KOpHSA) M MPHU UX HapyILIEHUU JHOO NaeT pacXoAsuiuiics npouece (puc. 5),
100 IPUBOJUT K IPYroMy KOpHIO (puc. 6).

OdyeBuHO, YTO Il (PYHKIUH, MPOU3BOJIHAS OT KOTOPBIX B OKPECTHOCTH
KOpHs OJIM3Ka K HYJIIO, UCTOJIb30BaTh MeTo Hhl0TOHA €1Ba 1 pa3yMHO.

Ecnu npousBogHas GyHKIMM Mallo U3MEHSIETCS B OKPECTHOCTH KOPHSI, TO

MOXXHO HCITIOJb30BATh BUAON3MCHCHHNC MCTOda
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e,
1(Zy)

CymiecTBy10T U apyrue Mmoaudukanuu metona HerotoHa.

Zoi1 =2, n=0,1,2,...

1.5. YTOouHEHHE KOPHEN METOIOM MPOCTON UTEpPALUU

JpyruM mnpeacTaBUTeNIeM HUTEPAMOHHBIX METOJIOB SIBIISIETCS Memoo npo-
cmou umepayuu.

3nech ypaBHeHUE f(x)=( 3aMeHsETCS paBHOCWIbHBIM YPAaBHEHUEM X=@(X) U
CTPOUTCSA MOCJIEA0BATEIbHOCTD 3HAUCHU I

X1 =@ (X)), n=0,1,2,...

Ecnmu dyukmus ¢(x) onpenenena n auddepennrpyeMa Ha HEKOTOPOM HH-
TepBaje, npuyeM | @ '(x) < 1 , TO 3Ta TMOCJENI0BATEIILHOCTh CXOIUTCS K KOPHIO
YpaBHEHUA X=¢(X) Ha 3TOM UHTEpBAJeE.

["'eoMeTpuyeckasl HHTEpIIpeTalus Ipolecca MpeacTaBieHa Ha puc. 7. 31ech
nepBble J1Ba pUCYHKa (a, 0) IEMOHCTPUPYIOT OAHOCTOPOHHEE U JIBYCTOPOHHEE
NPUOIMAKEHUE K KOPHIO, TPETUH K€ (B) BRICTYMAET WILTIOCTPAIIUEN pACXOSAIIETO-

csl Iporecca (| Q'(x) | > 1).

6
\ -
v o N o)
/ \\
2 1 0 TR 7 el B e

Puc. 7. 'eomempuueckas unmepnpemayusi Memooa npocmou umepayuu

Ecmu f7/(x)>0, T0 mog0op paBHOCHIBHOIO ypaBHEHHUS MOXKHO CBECTH K 3a-
MeHe x=x-Af(x), T.e. K BBIOOpY @(x)= x—Af(x), tne A>(0 mnondOupaercs Tak, 4yTo-
ObI B okpecTHOCTH KOpHS 0 < @’ (x)=1— Af"(x) < 1. OTcioga MOXKeT OBbITh TOCTPO-

€H UTEPALMOHHBIN POLECC
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J(X,)
M

rie M > max | f /(x)’ (B cinyuae f ‘(x)< 0 Bo3pMuUTE (QYHKIHIO f(X) C

X, =X, -  n=0,12,..,

MIPOTHUBOIIOJIOKHBIM 3HAKOM ).

BosbMeM 1 mpruMepa ypasHeHue x° + x -1000 = 0. OueBHAHO, YTO KOPESHb
JTAHHOTO YpaBHEHMSI HECKOJIbKO MeHble /(). Ecnu nepenucaTh 3TO ypaBHEHUE B
Buge x =/000 - X’ ¥ HAaYaTh UTEPAIMOHHBINA HpoLecC MPH X,=10, TO U3 MEePBbIX
ke MPUOIKEHNH O4eBHIHA ero pacXoauMocTb. Eciu ke yuects f/(x)=3 x*+1>0
U IPHUHATH 3a NPUOIMKEHHOE 3HaYeHne Makcumyma f/(x)  M=300, T0O MOKHO

MIOCTPOUTH CXOASAIIUINCS UTEPAIIMOHHBIN MPOIIECC Ha OCHOBE MPEICTABICHUS

3
_yv_X"+X-1000
X=X 300 :

MOXHO M UCKYCCTBEHHO MOJI00paTh MOAXO0AsIIy0 ¢GOpMy ypaBHEHHUs, Ha-

puMep:

X =31000-X wm x=1000_1
v2 X

3aMeTUM, 4YTO CYIIECTBYIOT M JPYIHME€ METOJIbl (HAMCKOPEWILIEro CIycKa,
OuitkeHa-Creddencena, Bercreiina, PeibakoBa u T.4.) yTOUYHEHHUs KOpHEH, o0a-

Jaromuc BBICOKOM CKOPOCTBIO CXOOAUMOCTH.

2. PEIIEHUE YPABHEHUI CPEJICTBAMM EXCEL

2.1. [ITukIn4ecKue CChIIKU

Ecou B sueiiky Excel BBeneHa ¢opmyia, coaepskaiias CChUIKY Ha 3Ty K€
caMylo STYEHKY (MOXKET OBITh U HE HAIPSAMYIO, a ONOCPEIOBAHHO — Yepe3 LIETIOUKY
JIPYTUX CCBUIOK), TO TOBOPAT, YTO UMEET MECTO ITUKJINYecKas cchlaka (nuki). Ha
MPAKTUKE K HUKIUYECKUM CChUJIKaM MPUOEraroT, KOrja peub UAET O peaiu3aluu
UTEPALIMOHHOTO TPOIIECCa, BBIYMCICHUSIX MO PEKYPPEeHTHBIM COOTHOIIEHUsIM. B
00bIYHOM pekuMe Excel oOHapy’KMBaeT UK U BBIAAET COOOIIEHHE O BO3HMK-
men curyainuu, Tpedys ee ycTpaHeHus. Excel He MOXeT MpoBECTH BBIYUCIICHUS,

TaK KaK OUKINYCCKHUC CCBUIKH ITOPOXKIAIOT OCCKOHEUHOE KOJHMYSCTBO BBIUMCIIC-
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Hui. ECTh /Ba BbIXOJa U3 3TOW CUTyallMU: YCTPAHUTH LUKIUYECKUE CCHUIKU WU
JOMYCTUTh BBIUUCIICHUS 11O (POpMYyJIaM C IUKIMYECKUMU CChUIKaMU (B MOCIETHEM
CJIy4yae 4HCJIO TOBTOPEHUH IUKJIA JOJKHO ObITh KOHEUHBIM).

PaccmoTpumM 3a/1auy HaXOXJIEHUS KOpHSI ypaBHEeHHUs: meTogoM HbroToHa ¢
UCIIOJIb30BAaHUEM IIMKIMYECKUX CChUIOK. Bo3pMeM miig mpumepa KBaJpaTHOE
ypaBHeHHe: X~ — Sx+6=0, rpaduueckoe IpeaCTaBICHHE KOTOPOro MPUBEICHO HA
puc. 8. Haiitu kopeHb 3Toro (1 1100010 APyroro) ypaBHEHUS MOKHO, UCIIONIb3YS
BCEro oJHy sueiiky Excel.

JInst BKJIIOYEHHUS PEXHUMa IUKIMYECKUX BbIYHMCICHUN B menwo Cep-
suc/llapamempuol/éxnaoka Buiuucnenus Bkitouaem iaxox Mmepayuu, Ipu He-
00XOIMMOCTH M3MEHSIEM YHUCJIO TOBTOPEHUM IMKIA B Toiyie [IpedenvHoe uucno
umepayuti © TOYHOCTb BBIYUCIIECHUN B mojie OmHocumenvHas noepeunocms (1o
yMmondanuto ux 3HadeHus paBubl 100 u 0,0001 coorBercTBeHHO). Kpome »Tux yc-
TaHOBOK BBIOMpAaeM BapUaHT BEJCHUS BBIUUCICHUI: agmomamuyecky W 8pyuy-
nyr. llpn asmomamuueckom Buunucinenun Excel BblmaeT cpa3dy KOHEUHBIN pe-
3yJbTaT, MPU BBIYUCICHUSIX, MPOU3BOJUMBIX 8PYYHYI0, MOXKXHO HAOJIOJaTh pe-

3yJjbTar KaXXJ101 HUTCpaAlnN.

Bribepem mpou3BONIBHYIO

2 o v
7'/[fx) f()=x"-5x+6 S4YElKy, IPUCBOMM €i HOBOE
6 _
1 HEee PEKYPPEHTHYIO (POopMyILy,
: 3a/IAI0IIYI0  BBIYUCICHUS  T10

nMs, CKaXeM — X, U BBEJIEM B

1 Metony HeroToHa:

| X — F (X ) )

, FI(X)

1 x rae F u Fl 3aJ1a10T

0 T T T N i > T T T 1
0 1 2 3 4 5 COOTBCTCTBCHHO BBIPAKCHHA OJIA

BBEIYHCIICHHS 3HaYeHUU (DYHKITUH
Puc. 8. I'pagpux pynxyuu .

U ee npousBogHoM. Jlyis Hamero
KBaJJPAaTHOT'O ypaBHEHUS IOCJEe BBOAA (DOPMYIIBI B SUCHKE TTOSBUTCS 3HAYCHHE 2,

COOTBETCTBYIOIIEE OJHOMY M3 KOpHEW ypaBHeHUs (puc. 8). B Hamewm ciydae Ha-
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HJaJIbHOC HpPIGHI/I)I(GHI/Ie HE 3a1aBaJIOCh, I/ITepaL[I/IOHHHﬁ BBIUMCIIUTEIbHBIN Ipo-

[[€CC HAUYUHAJICS CO 3HAYEHUS, 10 YMOJYAHUIO XPAHUMOTO B siueiike X U paBHOIO

HYJII0. A KakK MOJy4YUTh BTOPOM KOpeHb? OOBIYHO 3TO MOXHO CHENaTh U3MEHEHU-

€M Ha4aJbHOI'O HpI/I6J'H/I)KeHI/I5L Pemath HpO6HCMy 3a/laHuA HAYaJIbHBIX YCTAHO-

BOK B KaXXIOM CJIy4ada€ MOKHO IIO-Pa3HOMY. Mel NpoOACMOHCTPHUPYCM OJIUH IIPUCM,

OCHOBaHHBIN Ha ucnoib3oBanuu Gyukuun ECJIN. C tenbro moBbIIIEHNs HATIISA-

HOCTH BBIYHCJIEHHH sTYerKaM OBLIH IMPUCBOCHBI COACPKATCIbHBIC UMCHA (pI/IC 9)

¢ B suciiky Xuau (B4) 3anocum HavaabHOE MPUOIIMIKEHUE — J.

e B suciiky Xmexyw (C4) 3anuceiBaecM Gopmyiry:
=ECIN(XTekyw=0;XHay; XTekyL-(XTekyw 2-5* XTekyw+6)/(2*XTekyL-5)).

¢ B sueiiky D4 momeniaem dopMyity, 3a7ar0NTyr0 BIUACICHUE 3HAYCHUS (yHK-

IO B TOYKEC XmeKym, YTO IMO3BOJIUT CICAUTD 3a IIPOUCCCOM PCHICHMUA.

e 3aMeThTe, YTO HA MEPBOM IlIare BHIYUCICHUN B AuelkKy Xmexkywy OyaeT mome-

IMCHO HAYAJIbHOC 3HAYCHHUC, 4 3aTCM YIKC HAYHCTCA CUCT IIO0 q)OpMYJ'IC Ha II10-

CIEAYIOUIUX IIarax.

e UYroOBl CMEHHUTH HAYaJIbHOE l'IpI/I6J'II/I)KCHI/I€, HCIOCTATOYHO HU3MCHHUTHL COICP-

KHAMOE SYEHKU XHau W 3alyCTUTHh MPOLIECC BBIYUCICHUN. B 3TOM ciydae BbI-

YUCJICHUA 6y,Z[YT MpOAOJIKCHBI, HAYWMHAA C IMOCICAHCTO BBIYUMCICHHOI'O 3HA4YC-

B
3 Xirau
4 5

C

xremu
3

D

F(Xrerg)
0

E

Puc. 9. Onpeoenenue nauanovroix

YCMAaHOB0OK

HUA. YToOBI OOHYIUTH 3HAYEHUE,
XpaHsueecs B A4eruke Xmexyuy,
HY’KHO 3aHOBO 3alMCaTh TyJa
dbopmymy. [l 3TOro 10CTaTOuHO
ULl  PEeNaKTUPOBaHUS BBIOpATh

A4erKy, cojepxaiiyro GopMmyiy,

JIBAXK]IBI IIEJIKHYB MBIIIBIO HAa HEW (IIPU 3TOM COJIEPKUMOE SUYEUKHU OTOOpa3UT-

csi B cTpoke dopmydn). [llendok mo kHOMKe (HakaTue KJIaBUILIN) Enfer 3alyCTUT

BbBIYHMCJICHHUS C HOBBIM Ha4YaJIbHbBIM HpI/I6J'II/I)K€HHeM.
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2.2. [Ton6op mapamerpa

Korpa sxenaemblil pe3yabTaT BHIUMCICHUM 110 POpMYyJsie U3BECTEH, HO HEU3-

BCCTHBI 3HA4YCHMHAA, HGO6XOI[I/IMBIe JJIA TOJIYUCHHA 3TOI0 PE3yJibTaTra, MOXHO BOC-

MOJIb30BAaThC CPeACTBOM [l0060op napamempa, BeIOpaB KoMaHny I[loobop napa-

mempa B MeHto Cepeuc. Ilpu nogdoope mapamerpa Excel nuaMmensier 3HaueHue B

OJIHOM KOHKPETHOM s4eilke 10 TeX MOop, MOoKa BBIYHMCICHHS MO (opmyJlie, CChI-

JAOIIEKCS HA 3TY STYEHKY, HE JayT HY>KHOTO PE3yJIbTaTa.

2
Bo3bMmeM B kadecTBe IpuMepa Bce TO )K€ KBaJipaTHOE ypaBHeHHE X —Ix+6=0. s

HaXOXIACHUA KOpHCfI YPaBHCHUSA BBIIIOJHUM CIICAYIOIINC I[GﬁCTBHHI

e B sueiiky C3 (puc. 10) BBeaem dopMyiy i BBIYHCICHHS 3HAYCHHS (YHK-

2

3

SHaYeHHE:!

Mogbop napaMer

o]

OTHEHS

B C
X=0
F{X)= 6
21 x|
YCTAHOEWTE B A4erke: |$C$3 y
[
HISMEHAR SHAHEHHE AHEkH; |$C$2| y

Puc. 10. Oxkno ouanoea Iloobop
napamempa

WU, CTOSAIMIEH B ypaBHEHWU CJIeBa OT
3HAaKa paBeHCTBa. B kadecTBe aprymeHTa
UCIIOJIB3yeM CCBhUIKY Ha stueiiky C2, T.e.
=C2/2-5*C2+6.

B okne mmanora Iloobop napamempa
(puc. 10) B mone Ycmanosums 6 sueiike
BBEJIEM CCHUIKY Ha YUKy ¢ (OpMyIIoi,
B Toyie 3HaueHue — OXHUIACMBIA pe-
3yJabTaT, B TONe M3meHsas 3HaueHus

AYelKku — CChUIKY Ha S4€MKy, B KOTOPOM

OyJleT XpaHUTbCS 3HAYCHHE MOAOUpaeMoro mnapamerpa (COAEPKUMOE ITOU

STUEUKU HE MOXKET OBITH (POPMYJIOH).

[Tocne naxxatust Ha kHONIKY Ok Excel BhiBesieT 0kHO Auanora Pe3yismam noo-

bopa napamempa. Eciu nopoOpaHHOe 3HAUEHHUE HEOOXOAMMO COXPAHUTh, TO

HaxmutTe Ha Ok, 1 pe3yapTaT OyleT COXpaHEH B sS4eilke, 3aJaHHON paHee B MO-

ne M3mensia 3nauenus s4exu. I[JIH BOCCTAHOBJICHHUA 3HAYCHHUA, KOTOPOC OBLI0

B suciike C2 10 wWcmonb30BaHus KoMmaHAbl [lo0bop napamempa, HaXMHUTE

KHOTNIKY Om.meHna.

[Ipu nonbope napamerpa Excel ucnonb3yeT nTepaliiOHHBIN (IIUKIMYECKUMN )

mponecc. KonuuecTBo I/ITepaHI/Iﬁ N TOYHOCTb YCTAHABJIMBAIOTCA B MCHIO Cep—
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suc/llapamempui/sknaoxa Buiuucnenus. Ecaun Excel BBIIONHSET CI0XKHYIO 3a/1a4y
nonbopa mapaMerpa, MOXKHO HaxaTh KHONKY //ay3a B OKHE quanora Pe3zyrvmam
noobopa napamempa W TIPpEpBaTh BBIUMCICHHUE, a 3aTE€M HaxaTh KHOMKY [llae,
9TOOBI BBITIOTHUTE OYEPEIHYIO UTEPAIUIO U MPOCMOTPETh pe3ynbTaT. [Ipu pere-
HUU 33/1a4 B TIOIIarOBOM PEKUME TOSBIISETCS KHOMKA [Ipodondicums — sl BO3-
BpaTa B OOBIYHBIN PEKUM MMO00pa apameTpa.

Bepuemcs k npumepy. OrsiTh BOZHUKAET BOMPOC: KaK MOJTYYUTh BTOPOH KO-
penb? Kak u B mpeasliylieM ciiyyae He00XO0MMO 3a/1aTh HayaldbHOE MPUOIKeE-

HHE. DTO MOXKHO CJIeNIaTh CIeAYIONUM oopa3zoM (puc. 11,a):

e B suciiky X (C2) BBOogUM HauvajabHOE HPUOIHKE-

B C
2 X= 5,0 HHC.
5 Xi= 3.8 e B sueiiky Xi (C3) BBOAUM (pOpPMYIY ISl BHIYHCIIC-
g F(Xi)= 1,44 HUS OYEPETHOTO MPHUOIMKEHUS] K KOpPHIO, T.€.
; =X-(X"2-5*X+6)/(2*X-5).
e B sueiiky C4 momectuM Gopmyiy, 3a1af0IyI0 BbI-
B C YUCJICHUE 3HaueHUs (PYHKIUHU, CTOSIIEH B JIEBOU
2 X=30 JaCTH UCXOJHOTO ypaBHEHUS, B TOUKE Xi.
J Xi=3,0000038 | o TJocme sToro BbIOMpaeM KoMaHuy ITod6op napa-
4 F{Xi)= 3,836E-06 Mmempa, TIE B KAaueCTBE U3MEHIEMON SYEHKU HpU-
o HumaeM sueiiky C2. Pe3ynabTaT BBIYHCIICHHH H30-

Puc. 11. Houck smopozo Opaxken Ha puc. 11,6 (B sueiike C2 — xoHeuHOE
KOpHSL 3HauYeHue, a B suetike C3 — mpenpiayiiee).

OpmHako Bce 9TO MOXKHO CJIeJaTh U HECKOJIBbKO mpoiie. J{s Toro 4To0b1 Hai-

TH BTOPOM KOPEHb, IOCTATOYHO B Ka4eCTBE HadaIbHOTO NpubImkeHus (puc. 10) B

syeiiky C2 MOMECTHTh KOHCTAHTY 5 M IOCJIE 3TOr0 3amyCTUTh mporecc [10060p

napamvempa.
2.3. ITouck peuieHust

Komanna Iloobop napamempa siBnsieTcst ynoOHOM JUIsl pelieHus 3a1ad mo-

HCKa OIIPCACICHHOI'O LICJICBOIO 3HAYCHHUS, 3aBUCAIICTO OT OJHOI'O HCU3BCCTHOI'O
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napamMetpa. /[ 6osiee CIOXKHBIX 3a/1a4 ClIeIyeT UCIOIb30BaTh KoMaHy [louck
pewenusi (Pewamens), 10CTYI K KOTOPOU peasiIn30BaH uyepe3 MyHKT MeHI0 Cep-
suc/llouck pewenus.

3agauu, KOTOPhIE MOXHO peliaTh ¢ MOMONIsl0 [loucka peuienusi, B oOen

MOCTaHOBKE (POPMYIHUPYIOTCS TaK:

Haiitn:
x] 1x2) ey xi’l
TaKHue, 4To.

F(x;,x, ..., x,) = {Max; Min; = Value}

IIPY OrPAaHUYCHUSAX:

G(x;,x2 ..., X,) = {< Value; > Value; = Value}

Hckomble iepeMeHHble — siueiiku padbouero aucrta Excel — Ha3piBatoTcs pe-
rynupyembiMu siueiikamu. llenesast dbyukmus F(x;,x,, ..., X,), Ha3pIBaeMasi WHO-
rj1a IPOCTO 11€JIbI0, TOJKHA 3a/1aBaThesl B BUAE (OpMYIIbI B siueiike pabouero Jimc-
Ta. OTa QPopMyia MOXKET COAepKaTh (DYHKIIMH, ONIPEIeIICHHbIE MOJIb30BaTelIeM, 1
JOJDKHA 3aBUCETh (CChUIATHCS) OT PETYJIUPYEMBIX sideeK. B MOMEHT MOCTaHOBKH
3a/1a4M  OTIpEeNIeIAeTCs, YTO JejaTh ¢ IielieBor ¢yHkmued. Bo3MoxkeH BBIOOD

OIHOI'O U3 BAPHUAHTOB!:

® HAWTHW MaKCUMYM IieieBor QyHKUMH F(X;,X2, ..., X,);
® HallTU MUHUMYM LieJieBO hyHKIMU F(x;,Xs, ..., X,);
® 0OUTHCS TOTO, YTOOBI 1ieneBast dbyHKuMs F(X; ,xs ..., X,) UMela PUKCUPO-
BaHHOE 3HaueHue: F(x;,x,, ..., x,) = a.
dyukuuu G(X;,X2, ... , X,) HA3BIBAIOTCI OrpaHUYCHUAMU. X MOXXHO 3a7aTh

KaK B BHJIE PaBEHCTB, TaK M HEpAaBEHCTB. Ha perynupyemsple ssUEWKM MOKHO Ha-
JIOKUThH JIOTIOJHUTENIbHbIE OTPAaHUYEHUS: HEOTPULATEIBHOCTH W/WIM LENOYHC-
JIEHHOCTH, TOT/Ia UCKOMOE DPEIICHHE HILIETCA B 00JIACTU MOJIOKUTEIbHBIX W/WIN
LIETIBIX YHCEIL.

[Iox 3Ty MOCTaHOBKY MOMAAAET CaMblid ITMPOKUNA KPYT 3a/1a4 ONTUMU3ALUH,
B TOM YHCJIE PELICHUE PA3JINYHBIX YPAaBHEHUU U CUCTEM YPAaBHEHUM, 3a1a4H JIU-
HEMHOrO0 M HEJIMHEHWHOIro MNporpamMMmupoBaHus. Takue 3aaaud OOBIYHO MPOIIE

chopMyIupoOBaTh, 4eM pemiath. 1 Toraa s pemeHuss KOHKPETHOW ONTUMM3AIIN-
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OHHOM 3a5ia4uu TpeOyeTcs CIeNHalbHO JJII Hee CKOHCTPYMPOBAHHBIA MeToH. Pe-
wamesnb UMEET B CBOEM apCEHaJIe MOIIHBIE CPE/ICTBA PEIICHUS MOJOOHBIX 3a70a4:
MeTOo]T 0000IIIEHHOTO TPAANECHTA, CUMILIICKC—METO/I, METOJ] BETBEH U TpaHMUII.
Brimie st HaxoxaeHusT KOpHEH KBaJpaTHOTO YpPaBHEHHS ObLI NMPUMEHEH
Meton Herotona (m. 1.4) ¢ uCIONb30BaHHWEM IHMKIWYECKUX CChUIOK (1. 2.1) |
cpeactBo Iloobop napamempa (1. 2.2). PaccMoTpuM, Kak BOCIOJb30BaThes [lo-

UCKOM peuieHus Ha TIPUMEPE TOTO e KBaIPATHOTO YpaBHEHUS.

Al B | ¢ | D | E | F | & | [Toce  oTkpwITHS
1 | PetlieHure HenuHellHo20 YpasHeHUs
2| fe=xi-5x+6

anora Tlouck

peuwternus (puc. 12)

3 x=100
] HEOOXOIMMO BBI-
4 Fic)=6,0 b
5 IIOJIHUTH CJICAVIO-
E a1 1y
7 YCTAHOBMTE WENEEyHD A4Sy o BLINOAHHTE I mue HeﬁCTBHHZ
g PaBHOM: { maKcHManbHoMy sHadeHm (% sHavenmio: |0 o— | 1) B moJte Yema-
g " MHHHMANEHOMY SHAYEHHHD
10 M3MEHAR AHEMAKH! HOe6UMb Yyere-
11 |$C$3 Tl npeanonowmTe | 8Y10 }theﬁKy

12 FOrpaHHHeHHA; MapaMeTpel |

13 ;I JobaeHTE | BBECTH a/IpeC

14 MBMEHMTE | AYCHUKH, CO-
BoccranoenTs |

15 = ¥ AAMHTE cpKa eﬁ

1B —I CNpaEka | I[ p H—I

17 dopmyiy s
BBIUHUCJIICHHUA

Puc. 12. Oxno ouanoea llouck peuierust
3HAYEHUH OII-

TUMH3UpPYeMol (PYHKITUH, B HaIlleM IIpUMepe TieneBas ssueiika — 3to C4, a
dbopmyna B Helt umeet Bua: = C372 - 5*C3 + 6;

2) IS MaKCHMM3aIlW 3HAYEHUS ICJICBOM SYCHKH, YCTAHOBUTH TIEPEKITIOYa-
TeIb MAKCUMAILHOMY 3HAYEHUl0 B TOJIOXKEHHE (&, UISI MHHHUMH3AIMH
UCITOJIB3YETCS TIEPEKITIOYATENb MUHUMAILHOMY 3HAYEHUIO, B HAIIEM CITy-
Yyae yCTaHABJIWUBAEM IEPEKITIOUYATENIb B MOJIOKCHHUE 3HAUEHUIO W BBOJIUM
3HauyeHue 0;

3) B none Msmensin siuetiku BBECTH ajJpeca M3MEHSIEMBIX SYECK, T.C. apry-

MeHTOB 1eneBoi ¢yHkiuu (C3), pa3menss uX 3HAKOM «;» (WIH IIeaKas



MBIIIBIO MpU HakaToW kiaBuile Ctrl/ Ha COOTBETCTBYIOIIMX sYEiKax),

AJIA aBTOMATHYCCKOI'O IMTOMCKAa BCCX BJIMAKOINMUX HA PCIHICHUC AYCCK HC-

MOJIb3yETCsl KHOTIKa [Ipednonoscums;

4) B none Oepanuyenus C TOMOLIbIO KHONKHM /{oOasumb BBECTH BCE

OTPpaHUYCHHA, KOTOPBIM JOJIKCH OTBCYHATHL PC3YJIbTAT IMOUCKA: IOJIA Ha-

1Iero MpuMepa OrpaHUYCHUH 3aJ1aBaTh HE HYKHO;

5) s 3ammycka mporecca Moucka pelieHus HakaTh KHOMKY Buinoinume.

J1i1s coxXpaHeHus MOJIyYEHHOr O
perieHus: HeoOXOAMMO  HCIOJIb30-
Barb nepeximoyarens Coxpanumo
Halil0eHHoe peuieHue B OTKPBIBIIEM-
ci1 OKHe auanora Pesyibmamwl no-

ucka pewenus. Ilocne yero padbounii

Al B | ¢ | D | E

Palianue HENUHaLHO20 YPasHeHUR
fo)=x_5c+6

x= 30
Fo)= 0,0

Puc. 13. Pe3yromamul noucka

JIMCT TIPUMET BUJ, MPEACTaBICHHBIN Ha puc. 13. [lonmydyeHHoe pelnieHne 3aBUCUT

OT BbIOOpA HAYATBLHOTO MPHUOJIMKEHUS, KOTOpoe 3aaaercs B suciike C4 (aprymeHT

¢byukun). Eciiu B kadecTBe HaYalIbHOro NMPpUOIMmKeHus B suciiky C4 BBecTH 3Ha-

yeHue, paBHoe /,0, To ¢ moMolbto [loucka peuwieHus HallgeM BTOPOH KOPEHb,

paBHbIl 2, 0.

Onuwmu, ynpasistoniie padoroi [loucka pewenus, 3agaBaemMbie B okHe [la-

pamempbul (OKHO MOABJISICTCS, €CJIIM HaXXaTb HAa KHOIIKY Hapamempbz okHa [louck

peutenus), cienyromue (puc. 14):
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2ix|| © Marcumansnoe epevs
— OI'PaHHUYHUBACT BpPEC-
MakcHManeHoe BpemMa; 100 CEEYHAL | all4 I p p
MpeaeneHoE YHMCND MTEpauKiA: 100 OTHEHA | M, OTBEACHHOC Ha
CITHOCHTENEHAA NorpeWwHocTE: |0,000001 JaArpYSHTE MOAEME. .. | Iponecc IIoOHUCKa pe-
JonyCTHMOE OTENOHEHHE: 5 e COXPAHHTE MOAEME. .. | mIeHuA (HO yYMOJI4a-
CHO0AMMOCTE! 0,0001 Cnpaska | HHUIO 3a4aHO 100 ce-
[ NuHerHaa Mogens | ABTOMATHYECKOE MACWTAOMpOEaHME KYHA, 4TO JOCTATOYHO
[ HeoTpHuaTENEHEIE SHAHEHHA | MokasbieaTe pesvyneTaTel HTEPALHA
CILEHEH PazHocTH MeTog novcka AU 3ahad, MMEIoMNX
¢ nmHefian " mpAnbie f* HeroTona okoimo 10 orpaHu4c-
" kEaApaTHYHaA " LEHTpanLHelE (" ConpAMEHHE!X CPaAHEHTOE o
HHUU, €CIIn 3aga4da

Puc. 14. Hacmpouxa napamempoe Pewamens Oombmoit  pasmepo-
CTH, TO BpeMsi HEOO-
XOJIUMO YBEJUYUTH).
e [IpedenvHoe uucno umepayuii — €1le OJUH CIOCOO OrpaHUYEHUS] BPEMEHU I10-
MCKa IyTeM 3aJJaHHs] MAaKCUMAJIbHOTO unciia urepanuil. [lo ymonyanuto 3a1aHo
100, u, wame Bcero, ecnu peuieHue He nonydeHo 3a 100 urepaumii, To pu
YBEJIMYCHUHU UX KOJWYECTBA (B MOJIE MOXKHO BBECTH BPEMSsI, HE MPEBBIIIAIOIICE
32767 cekyHI) BEpOSTHOCTb MOJYYUTh pe3yibTaT Mana. Jlydine nmombITaTbes
W3MEHUTH Ha4aIbHOE MPUOIMKEHUE U 3aITyCTUTh MPOIIECC TTOUCKA 3aHOBO.
OmHocumenvuas nozpeuwHocms — 3aJ1a€T TOYHOCTb, C KOTOPOU ompenensercs
COOTBETCTBHUE SUYCHKHU I[E€JICBOMY 3HAUCHHUIO WJIM MPUOTIMKEHUE K YKA3aHHBIM
orpaHuueHUsIM (necatudnast 1poos ot 0 g0 1).
e Jlonycmumoe omkionenue — 3amaeTcs B % TOJBKO JUIS 3a7a4 C LEJIOYHCIIECH-
HBIMU OTpaHUYCHUSIMU. [louck peuwienusi B TaKuX 3ajadyax CHayajga HaXOJUT
ONTUMAILHOE HELIEIOYUCICHHOE PEIICHHE, & TIOTOM TBITAeTCs HANTH OJuxKaii-
IIyI0 1EJTOYUCICHHYI0 TOUYKY, PEIIEHUE B KOTOPOW OTIMYAIOCh Obl OT OITH-
MaJbHOTO He 0oJiee, YeM Ha yKa3aHHOE JaHHBIM MapaMeTpOM KOJIMYECTBO MPO-
IIEHTOB.
Cxooumocmsb — KOrja OTHOCUTEIIbHOE U3MEHEHUE 3HAYCHUS B 1I€JIEBOU sSUCiTKe
3a TIOCJICIHUE MSATh UTEPALMil CTAHOBUTCSI MEHBIIIE unciia (IpoOb U3 MHTEpBaJia

ot 0 10 1), yka3aHHOTO B JAHHOM MapaMETPE, MOUCK MPEKPAIIAETCS.
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Jlunetinas mooenv — 3TOT QIIAKOK CIEAYET BKIIOUATh, KOT/Ia 1eyieBast (PyHKIIHsI
¥ OTpaHWYEHUS — JUHEHHBbIE (YHKIHH. ITO YCKOPSET MPOIECC MOUCKA pele-
HUSI.

Heompuyamenvuvie 3nauenus — 3TUM (HIaKKOM MOXKHO 337aTh OTPAaHUUYCHHUS
Ha TEepeMEHHbIC, YTO TIO3BOJIUT MCKATh PEUICHUS B IMOJOXKHUTEIBHON 001acTu
3HAYCHHM, HE 3a7aBas CIICIIHAIBHBIX OTPAHUYCHUN HA WX HIKHIOIO TPAHUILY.
Aemomamuyeckoe macuimadbuposarue — TOT PIIAKOK CIIEAyeT BKIOUYATh, KO-
raa mMacmrTad 3HaYeHUW BXOJHBIX MEPEMEHHBIX W IeJIeBOM (yHKIIMH M OTpa-
HUYCHHUA OTJIMYAETCs, BO3SMOXKHO, Ha TopsAaku. Hampumep, nepeMeHHble 3aa-
I0TCSI B IITyKaX, a mefieBas (DYHKITUS, OMPEAeIIsionias MaKCUMAJIbHYIO TPH-
OBLTb, U3MEPSETCS B MIJUTHApaX pyOIei.

Ilokazvieams pe3ynromamuvl umepayuti — 3TOT (HIAKOK MO3BOJIIET BKIIOYUTH
TIOIIIATOBBIN TIPOIIECC TIOUCKA, MTOKa3bIBasi Ha DKpaHe Pe3ybTaThl KaXI0W UTe-
paruu.

Oyenku — dTa TPYIA CIY>XKHAT I YKa3aHUS METOJa SKCTPAIOJISAIUN — JIMHEH-
Has WJIA KBaJpaTU4HAs, — UCIIOIB3YEMOTO JIJISl MOTYyYEHUS] UCXOTHBIX OIIEHOK
3HaYEHUHN TMEPEMEHHBIX B KaXKIIOM OJHOMEPHOM IMOUCKe. JIuHeliHas CITyKHUT
IUTSI MCTIOJIB30BAHUS JIMHEHHOW AKCTPAIOJISIIIUN BJIOJIh KacaTeIbHOTO BEKTOpa.
Ksaopamuunas CIIy)XWT JJI WCIOJIb30BaHUS KBaIPATUYHOW IKCTPATIOJISIINH,
KOTOpasi TaeT JydIlie Pe3yabTaThl PU PEIICHUN HETMHEHHBIX 3a/1a4.
Pasznocmu (npouzsoonvle) — 3Ta Tpynma CiyKuT JUIs yKa3aHUs METojAa 4YHcC-
JgeHHoTo auddepeHIInPOBaHNS, KOTOPHIA MCIOJIB3YETCS JIs BHIYMCIICHHS Ya-
CTHBIX TPOM3BOJHBIX IIEJEBBIX M oOrpaHnyuBaromux Qyukomii. I[Tapamerp
IIpsmvle ucnionb3yeTcst B OOJIBIIMHCTBE 33]1a4, T/I€ CKOPOCTh U3MEHEHHS OTpa-
HUYCHU OTHOCHTENHLHO HEBBbICOKA. [lapamerp [[emmpanbhvie WCTONB3yeTCS
Ul PYHKIMM, UMEIOIIUX Pa3pbhIBHYIO MPOU3BOIHYIO. JlaHHbBINA criocoO TpedyeT
00JbIlIe BHIYUCIICHUN, OJHAKO €Tr0 MPUMEHEHHE MOXKET OBITh ONpaBIaHHBIM,
€CJIM BBIJJAETCSI COOOIIEHHE O TOM, YTO MOJYYUTh OOJiee TOYHOE PELICHUE He
yIaeTCHAl.

Memoo noucka — CIyXWT JUis BbIOOpa ajiroputMa ONTUMH3AIUHU. Memoo

Hvromona Ob11 paccmoTpeH panee. B Memooe conpsiswcennvix epaduenmog 3a-
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MPAITUBACTCSl MEHBIIIE TTaMsITH, HO BBITIOJIHSAETCS OOJIbIIIE UTEpaIluii, Y4eM B Me-
tone HproroHa. J[aHHBIN METOJ clielyeT MCHOJIb30BaTh, €CIU 3ajaya JocTa-
TOYHO BEJIMKA U HEOOXOJMMO SKOHOMHTH MaMsITh, a TAKXKE €CJIM UTepaluu Ja-

OT CJIMIIKOM MaJIOC OTJIMYHEC B ITIOCJICJOBATCIBbHBIX HpI/I6J'H/DKeHI/I$IX.

COXpaHI/ITB MOJCJIb ITOUCKA pCHICHUA MOKHO CJICAYIOINMHA CII0CO0aMu:

)

2)

3)

npu coxpanennu kHuru Excel mocne noucka peiieHus: Bce 3HaYEHUsI, BBEJICH-
HbIE B OKHaX Juaiiora [louck pewienus, COXpaHSAIOTCA BMECTE C JAHHBIMU pa-
oouero nucrta. C KaxapIM pabOYuM JIUCTOM B padoOydeil KHUT€ MOXXHO COXpa-
HUTH OJIMH HAOOp 3HaYeHU napaMeTpoB [loucka pewenus;

€clM B mpejenax oJHoro pabdouero jucra Excel HeoOXoauMo paccMOTpeTh
HECKOJIBKO MOJENEN ONTUMH3ALNK (HAaIpUMEP HAWUTH MAaKCUMyM U MUHHUMYM
OIHOW (DYHKIMU, WIM MaKCUMaJIbHbIE 3HAYEHUSI HECKOJbKUX (YHKIUN), TO
yao0HEe COXpaHUTh O3TU MOJEIH, HCHOJb3ys KHOnKy [llapamem-
povi/Coxpanums moodensv okHa [louck pewenus. Jlnana3oH Juisi cCOXpaHsAEMON
MOJIENIA COAEPKUT MH(MOPMAIMIO O IEJIEBOM suelike, 00 M3MEHSIEMBIX SYeH-
KaX, 0 KaKJIOM W3 OTPAaHMYECHUN W BCE 3HAaUYeHUsA auanora [lapamempuol. Bol-
O0p MoJeNu JJisl PeIeHUs] KOHKPETHOM ONTUMU3AIMOHHON 33]]a4l OCYIIIECTB-
JSIeTCS ¢ MOMOIBI0 KHONIKU [lapamempul/3azpy3ums modens auanora llouck
pewienus;

elle OJUH CIOCcO0 COXpaHEHHs MapaMeTPOB MOMCKA — COXPAHEHHE UX B BHJIE
MMEHOBAHHBIX ClleHapueB. I 3Toro Heo6X0 MO HaxkaTh Ha KHONIKY Coxpa-
HUMb cyenapuyl TAAIOTOBOr0 OKHA Pe3yrbmamul noucka peuieHui.

KpoMe BCTaBKM ONTUMAIBHBIX 3HAYEHUU B U3MEHSAEMBIEC sTUEUKU [louck pe-

wieruA 1MOo3BOJEICT IIPCACTABIIATE PC3YJIbTATEI B BUJAC TPEX OTUYCTOB! P e3yjionmamel,

Yemouiuusocmo i Ilpedenwi. Jnsg reHepaliii OJHOTO WM HECKOJIBKHX OTYETOB

HGO6XOI[I/IMO BBIACIIMTh UX HA3BAHMW B OKHEC JHAJI0ra P€3y]lbmambl noucka peuie-

Hust. PaccMoTpum 6oJiee Mo ipoOHO KaX bl U3 HUX.
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Al B | c] D | E | F

Microsoft Excel 10.0 OT4eT no ycTOR4YHBOCTH
Pabo4wid nuct: [Optim.xls]llowck pewennn
OT1yer coznau: 06.02.02 23:34:04

MameHAEMEIE AYENKK
Pezynetr. Hopuwup.
Huyeika HuAa 3zvaveHwe rpagwedT
FCH3 H= 30 oo

CIrpaHuyeHmnA
HET

e | | —= | —
JJM_.‘D'LDDJ"HJD?U“I-E-LUM—"

Puc. 15. Omuem no ycmouuusocmu

Otuer o YCTOMYHUBOCTU
(puc.15) comepxuT HHPOPMAIHUIO O
TOM, HACKOJIbKO IIeJieBasi siueiika 4yB-
CTBUTEIIbHA K W3MCHEHUSM OTpPaHH-
YEeHUNW W TEPEMEHHBIX. JTOT OTYET
UMEET JiBa paszjieNia: OJUH JJIsl U3Me-
HSIEMBIX SY€EK, a BTOPOH JIJIsl OrpaHHU-
yenuit. [IpaBplii cTONOEI B KaKJIOM
paszene CcolepkuUT HHGOPMAIUIO O
qyBCTBUTEIHLHOCTH.

Kaxnas mzmensemass suerka u

OI'PaHUYCHUA IIPHUBOIATCA B OTI[GHBHOﬁ CTPOKEC. Pa3z[en JJIA U3MCHSACMBIX SAYCCK

COACPKUT 3HAYCHUC HOPMHUPOBAHHOI'O I'PAAUCHTA, KOTOPOC IMOKA3bIBACT, KAK LC-

Jlas siuerika pearupyCeTt Ha YBCINYCHUC 3HAUYCHUS B COOTBGTCTBYIOH_[eﬁ HU3MCHAC-

MOH siueiike Ha oaHy eauHuily. [lomoOHBIM 00pa3oM, MHOXHUTEIL JlarpaHxka B

pasaciic i OFpaHI/I‘-IeHI/Iﬁ ITIOKAa3bIBACT, KaK LCJICBAA sTyeiika pearupyCTt Ha yBC-

JIUMYCHHUC COOTBCTCTBYIOIICTO 3HAYCHUS OTPAHUYCHUA HA OAHY CAMHHUILY. HpI/I HheC-

MOJIb30BAHUU IIEJIOYMCIICHHBIX orpaHndyeHuii Excel BeiBOoguT coodmienue Omue-

maol yCMOﬁHMBOCMb u Hpedeﬂbl He NPpUMEHUMDb 0715 3a0ay ¢ UEN0HYUCIIEHHbIMU Oc-

PAHUYEHUAMU. Ecmu B okHe nmanora Hapamempbl noucka peuterusli YCTaHOBJICH

bnaxok Jlunetinas mooenv, TO OTUET MO YCTOMYUBOCTH COJAEPKUT HECKOJIBKO J10-

MOJHUTENBHBIX CTOJIOII0OB MH(POpMAIIHH.
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| Otyer 1O  pe3yibTaTtaMm

Al B | c | D | E

1 |Microsoft Excel 10.0 Ot4eT no pesynbTatau (pI/IC.16) COZIEPKUT TPU TaOJTUIIBL;
2 |Paboumi nuct: [Optim.xlIs]Mouck pewenna
3 [O14yeT cozpan: 06.02.02 23:34:04 B HCpBOfI IIpUBEAECHBI CBEACHUS O
4
g 1eaeBor (PyHKIIMU 0 Hayajia BbI-
o |Henesan Aueika (naqerite) YHMCJICHUS, BO BTOPOM — 3HAUYCHUS
7 A4eika Hua HcxopHoe 3HavenHue Pesynbtart ’ P
g 8 il 00  HMCKOMBIX TEPEMEHHBIX, MOTyUYCH-
10 HBIC B PC3YyJIbTATC PCIICHHA 3a14d-
11 |HMameHAEMEIE AYEHKK .
12 Hyeika Hua HcxopHoe zHavedHwe Pezynbrar 44, B TPCTbCH — PC3YyJIbTAThI OII-
E S = UL <L THUMAJIBHOI'O PCIICHHUA JIsA Or'pa-
15 HUYECHHUN. DTOT OTYET TAKXKE CO-
16 | OrpaHuyeHKA
17 | HET JIEPKUT HHPOPMALMIO O TaKUX

Puc. 16. Omuem no pezyroemamam mapaMeTpax KaKIOrOo OrpaHIMde-

HUS, KaK cTaryc W pa3Huna. CTaTyc MOXET MPUHUMATh TPU COCTOSIHUS: CBSI3aH-
HOE, HECBSA3aHHOE WJIM HEBBINOJIHEHHOE. 3HAYEHNE PAa3HULIBI — 3TO PA3HOCTh Me-
Iy 3HAaYCHHEM, BBIBOJIUMBIM B STYEMKE OTPAHUYCHUS MPU MOJTYYECHUU PELIEHUS,
Y YUCJIOM, 3aJIaHHBbIM B MpaBoi yacTu (opMyibl orpaHuyeHus. CBsI3aHHOE Orpa-
HUYEHHE — 3TO OTPAHUYEHUE, JIJII KOTOPOro 3HAYEHUE Pa3HULIbI paBHO Hyt0. He-
CBSI3aHHO€ OTPaHUYEHUE — ITO OIPAHUYEHUE, KOTOPOE OBLIO BBHIMIOJIHEHO C HEHY-
JIEBBIM 3HAYEHHEM Pa3HUIIBI.

Otyer mo mpenenaMm COAEPXKUT HMH(GOPMAIMIO O TOM, B KaKUX Mpenesiax
3HAUYEHUS] U3MEHSEMBIX STUYEEK MOTYT ObITh YBEIWYEHBI WJIM YMEHbIICHBI Oe3 Ha-
PYLIEHHS OTPAHUYCHUN 3aauu. [ KaxKI0W U3MEHSEMOUN IYEMKHU 3TOT OTUYET CO-
JEPKUT ONTUMAIBHOE 3HAYEHUE, A TAKKE HAUMEHBIIINE 3HAYEHUS, KOTOPbIC STUYE-

Ka MOXKET IPUHUMATh 0€3 HapyIIECHUs] OTPAaHUYCHUH.
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} [IPUJIOKEHUE
BAPUAHTBI 3AIAHUM
l:]I\fl_)'I YpaBHeHue A | B 11\;.?1 YpaBHeHUE A | B
1 Te(x) = 1/x 0 | n/2 || 26 To(x) = 1/x° 0 | m/2
2 Ln(x) = 1/x 1 2 || 27 Ln(x) = Sin(x) 1 3
3 e =x 0 | 1|28 e = Sin(x) 0 | 2
4 Lnkx) =1/x 1| 2 |29 e*=1/Sin(x) 0 | /2
5 X 0| 130 e =y 0| 1
6 B o 0 | 2 [31] 2+Inp =14 0 | 1
7 2 +Ln(x) = 1/ 0 | 1 |[32 Ln(x) = Sin*(x) 0 | n/2
8 x-x +1=0 1 | 2 |33 x-x +2=0 1 | 2
9 x+3=x 1| 2 |f34 x+5=x 1| 2
10 x+x-5=0 1| 2 |35 x—05=x° 0 |05
11 2x+x-1=0 0 | 1 |36 x-1=x"" 1 | 3
12 1-x"-x"" =0 0 | 1 |37 1-x"=x" 0 | 1
13 X405 =X 0o | 1 |38 x+05=e" 0| 1
14 [-x+x =0 21 0 |39 2-x+x=0 210
15 I+x=x 0 | 2 |40 Sin(x) = 1/x 0 | n/2
16 Sin(x) = x/3 /2 | w || 41 Sin(x) = x/2 2| w
17 Tg(x) = 1/x 1,6 | 4,5 42 Ln(x) =e™* 0 2
18 Lnfe) =e° 0| 2 |[43 Lg(x) =e " 0 | 1
19 Lg(x) =10 " 0 | 10 || 44 Cos(x) =x 0 | n/2
20 Cos(x) = 1/x 0 | w2]| 45 Cos(x) = Ln(x) 0 | n/2
21 Cos(x) = Ln(1+x) 0 | n/2 || 46 Cos(x) = Tg(x) 0 | m/2
22 Cos(x) = x 0 | 2|47 Cos(x) =x° 0 | n/2
23 1-3x+x3=0 0 1 48 1-5x+x3=0 0 1
24 1-3x+x4=0 0 | 1 |49 1-5x+x4=0 0| 1
25 [-3x+x=0 0 | 1 |50 1-3x+x=0 1| 2




Kypcosas padora Ne2.
Cemectp Ne3

YU CJIEHHBIE METO/IbI PEHIIEHUSA
HEJUHEWHBIX YPABHEHU

1. KPATKHUE TEOPETUYECKHUE CBEJIEHUA

CeromHsi KOMIBIOTEP OOBIYHO BOCITPHUHUMAETCSI KaK TEXHUYECKOE O(PUCHOE
CpeIICTBO, MHCTPYMEHT i paboThl B Internet wim urpoBasi mpucraBka. Bmecre ¢
TEM, U3HAYaJIbHO CaMO €ro Ha3BaHue (OT aHTII. computer — BBIYUCINTENb) yKa3bl-
BAaeT, YTO 1O CBOSH MPHUPOE 3TOT MHCTPYMEHT NpPEIHA3HAYCH B MEPBYIO OYEpPEIh
JUTS BBITIOJTHEHUS Pa3JIMYHOTO POJIa PaCUETOB.

KommproTep He TONBKO OOECTIeYMBACT aBTOMATH3AIMIO MPOIIECCa BBIUMCIIC-
HUI, HO W TIO3BOJISICT TPUMEHSTH JJIs PEUICHHUs 3a/1a4 CICIHATbHBIC YlUCTIeHHble
Memoovl, KOTOPBIC TIPAKTUIECKH HE MOTYT HCIIOIB30BaThCS O€3 €T0 MO IICPIKKH.

JlaHHBIE METO/BI HAa3bIBAIOTCS YHCICHHBIMU TIOTOMY, YTO OHM OCHOBaHBI Ha
oTepalusax ¢ YMWCIaMHu, TO €CTh Ha YEThIpeX apu(PMeTHUecKuX ACHUCTBUSAX — CIIO-
KEHUH, BBIYUTAHUH, YMHOKCHUH U JCJIICHUH, HO TTO3BOJISIOT peliaTh pa3HOTo BUJIA
ypaBHEHUS, BKItOYas auddepeHuaibHbie, MPOU3BOIUTh HHTErpUpOBaHue (PyHK-
IIUH, pemaTh 3a/1a4u ONTHMHU3AIUN U T. T1.

1.1. HeHeliHbIe YpABHECHUSA

JIOBOJIBHO 4acCTO B MHXKEHEPHOU IIPAKTUKE BCTPEYAOTCS 3a]1a4M, CBSI3aHHBIC
C HEOOXOJMMOCTBIO OTHICKAHMS KOpHEW HENMHEHHBIX ypaBHeHui. Takue 3amadu
OOBIYHO BO3HUKAIOT KaK 3JIEMEHTAPHBIE COCTABJISIIONIUE MPU PEIICHUN PA3TIUYHBIX
TEXHUYECKUX U HAYUYHBIX TPOOIIEM.

1.1.1. IlocTaHoBKA 3a1a4M

PaccmoTpum B kauecTBe mpmMepa Tpoleaypy BeiOOpa pabouero pexxmma
TPAH3UCTOPHOTO YCHIUTENIBHOTO Kackana. [Ipeamonaoxkum, 4To 3aBUCHMOCTh KO-
s dumeHTa yCUIeHNs Kackala OT TOKa dMUTTEpa TPAH3UCTOpa i, MOXKET OBITh
npejacTaBiaeHa GpopmMynoi

SN . .2 .3 .4 .5
K(i)=a,+aji, +a,i, +ai, +a,i, +ai

5%

rae a,, a,, a,, a,, d,, d; — U3BECTHBIE TMIOCTOSIHHBIE. Ecan HEOOX0AMMO, YTOOBI

TpaH3UCTOp obecneunBan TpeOyeMblil KO3QPHUUMEHT ycuneHus Kp,, To padodnit
TOK i, OJI’KEH BBIOMPATHCSA TaKUM 00pa3oM, YTOOBI BBITIOJIHSIIOCH PABEHCTBO

SN . 2 3 -4 .5
K(@i,)=K, WIH a, +aji, +a,i; +aii; +a,i +aig; =K .



[Tocnenusas 3amuch MO CYTH Je€la ABISETCA YPAaBHEHUEM, KOTOPOE MOXKHO IIPEI-
CTaBUTh B CICAYIOLIEM BUJIE:
. ) 3 .4 -5 _
ay +al, +a,i; +aqi) +ai +ad; — K =0.
Peuienue 31oro ypaBHeHuUs U 1a€T UCKOMOE 3HAYCHUE TOKA I,.

Kak BuaHO, 3amaua BbIOOpa IMUTTEPHOTO TOKA TPAH3UCTOpa CBENACh K pe-
HICHUIO YpaBHEHUS BUJA

flx) =0, (1)

I'JIe POJIb HEU3BECTHOTO X UIPAET TOK I,, a f(x) ABJISETCS HEKOTOPOH (YHKIMEH 3TO-
ro Heu3BeCTHOro. [10700HBIM k€ 00pa3oM K PEIICHHIO YpaBHEHUS MOTYT OBITh
CBEJICHbl MHOTHME IPOEKTHbIE U MCCIIEI0BATENbCKUE 3a/laul, B KOTOPBIX HE00XO-
MO HaWTH 3HaUYE€HUE KaKOro-I10o mapamerpa Mo U3BECTHOM 3aBUCUMOCTH.

Crnemyer OTMETHTh, YTO OOBIYHO XapaKTEPUCTUKU PEATbHBIX TEXHUYECKUX
YCTPOMCTB 3aBUCAT HE OT OJHOTO, & OT HECKOJBKHUX MapaMeTpoB. B aTom ciydae
npoOJjieMa BeIOOpa mapaMeTpoOB MPUBOJIUT K HEOOXOJAMMOCTH PEIICHUS CUCTEMBbI
ypaBHEHU CO MHOTMMH HEU3BECTHBbIMU. [IprMepom Takoro pona 3anauu siBisieTcs
BBIOOp COINPOTUBIIEHUI PE3UCTOPOB B CXE€ME MHOTOKackaaHoro ycunutens. OmHa-
KO Jajee Mbl OyJeM paccMaTpHUBaTh TOJBKO 33/a4M, CBSI3aHHBIE C PEIICHUEM OJI-
HOT'O HEJTMHEWHOTO yPaBHEHUS C OJHIUM HEU3BECTHBIM.

1.1.2. Buabl HeITMHEHHBIX YPABHEHHH

Od4eBuHO, YTO CMOCOO pEIICHHs] ypaBHEHHUS OIPEACISCTCS €ro BHIOM.
B mareMarnke NMpUHSTO MOJpa3neisiaTh HEIMHEHHBIC ypaBHEHUS Ha areeOpaute-
cKue U mpancyenoenmusie (CM. puc. 1).

K anreOpandeckuM OTHOCSAT ypaBHCHHS, B KOTOPBIX QYHKIUS f{X) SBISCTCS
CTCIICHHBIM MHOTOYICHOM, TO €CTh:

2 3 4 n
a,+ax+a,x +ax +ax +..+ax" =0, 2)

rae a,, a,, a,, a;, a,, ... , a, — KO3(POUIUEHTHI, a 7 — LEJI0E YUCIO, COOTBETCT-

n

BYIOIIIEE MaKCUMaJIbHOM cTereHu MHorowieHa. [logqoOHoe ypaBHeHue ObUIO pac-
CMOTPEHO BBHIIIIE.

K TpaHCUEHIEHTHBIM OTHOCSIT YPAaBHEHMS, COEPKAIINE TPAHCUECHICHTHbIC
GyHKIUHA, TO €CTh IOKa3aTelbHYIO, JOTapu(MUYECKYI0, TPUTOHOMETPHUUECKUE

GbyHKUIUU.



HaanMep, TPaHCOCHACHTHBIMU ABJIAIOTCA CICAYIOIIHNC YPABHCHUA!

2. 1x+1

i (20) S

~-0,4x° =0, (3)

2% —6 1g(44—x)+5,5sin(x)=0. (4)

CBoiicTBa anreOpanyecKux W TPAHCIICHICHTHBIX YpPaBHEHUU CYIIECTBEHHO
paznuyarorcs. [loaTomy pa3nryHbl U MOAXO/bI K UX PELICHUIO.

Aneebpaudeckue u
mpaHcueHOeHMHbIe
ypasHeHus

.

JlurneliHoe
ypasHeHue
(00HO peweHue)

HernuHetiHoe
ypasHeHue
(HecKorbKo
peweHud)

RN

TpaHcueHOeHmMHoe
ypaesHeHue
(HeorpedenéHHoe
yucsio peweHu)

Aneebpauyeckoe
ypaeHeHue
(n peweHud)

Puc. 1. Knaccudukamus ypaBHeHU

Jlns anreOpanyecKux ypaBHEHUW 0 YETBEPTOrO MOPsJIKa BKIIOUUTEIBHO
M3BECTHBI MPSIMbIE TOYHBIE METOABI pemieHus. Kpome TOro, KOIm4ecTBO KOpHEU
MOXHO OINpPEJEIUTh MO CTENEHW MHOTOYIEHa, a UX XapaKTep Mo 3HaKkaMm ko3¢ du-
IIUEHTOB 3TOr0 MHOT'OWJICHA.

JIns TpaHCLICHJACHTHBIX YpaBHEHUN OOIIMX MPUEMOB PEIIECHUS KpoMe MpH-
OJMMKEHHBIX HE cymiecTByeT. KoandecTBO KOpHEH Takoro ypaBHEHHUS OOBIYHO He-
BO3MOXXHO ONPEJICIINTh 3apaHee MO €ro BUIY. TPaHCUEHIACHTHOE YPaBHECHUE MO-
’)K€T HE UMETh HA OJHOI'0 BEIIECTBEHHOI0 KOPHS, UMETh CYETHOE KOJIMYECTBO KOP-
Hell WM 0€CKOHEYHOE MHOXKECTBO KOpHel. M3 nByX NMpUBEICHHBIX BBIIIC ypaBHE-
HUM TTIEpBOE UMEET CEMb BEIIIECTBEHHBIX KOPHEH, a BTOPOE — IMATh KOpHEH (Tompo-
OyliTe OMpeIeTUTh NX CAMOCTOSITEIIBHO).



1.1.3. MeToanb! pelieHus1 ypaBHEHU

K coxanennto, BO MHOTUX MPAKTUYECKH BaXKHBIX CIIy4asX, KOrJa ypaBHEHUE
MMEET CJIOKHBIM BHJI, aHAJTUTUYECKH €r0 TOYHOE pElICHUE HaWTHU He ynaercs. Ot-
CYTCTBYIOT METO/IbI PEIICHUS B 00IIIEM BHJIEC anTeOpandecKux YPaBHEHHUN BHICOKHX
cTeneneul. /[ TpaHCUEHEHTHBIX YpaBHEHUN TOYHOE PELICHWE HAWTH MOXKHO B
HEMHOTHUX CaMbIX MPOCTHIX CIIyYasix.

Ecnu penienue Henb3si HAUTU B SBHOM BUJIE, TO JUIsl OTHICKAHUSI KOPHS HC-
MOJIB3YIOT Jpyrue Meroanl. Hampumep, mpuOIMKEHHOE PEIIeHHE MOKHO TOTY-
YUTh METOJIOM TOCJEAOBATENbHBIX NpuOMmKeHnii. CpaBHUTEIBHO JIETKO (HO U
BEChMa HETOYHO) KOPHHU YPaBHEHHS OMNPENENAIOTCA rpaduyeckd — JOCTATOYHO
TG 1 ypaBHeHUs f{x) = 0 mocTpouTh rpaduk PyHKIUU Y = f(X) U HAUTH TOYKA
nepeceyeHust KpUBOM ¢ OChi0 abciuce, B KOTOPBIX 3Ta GyHKIMS paBHa HYI0. Ha-
KOHEII, KOPSHb YPABHEHHUS MOYKHO MONBITATHCS OMPEASITUTh "METO10M mo1oopa.

OpnHako HU OJIMH U3 MEPEUUCIICHHBIX MOX0/I0B HEJIb3s CUUTATh JOCTATOYHO
aghghekmusnbiM TIpU pENICHUN WHKEHEPHBIX U Hay4dHbIX 3amad Ha DBM. boiee
IPEAMOYTHTEIbHBI CIIOCOOBI, 00ECIeYNBAIOIINE OJTHOBPEMEHHO KaK onepamue-
HOCMb NOJYYEeHUsl pe3yabmamad, TaK U BBICOKYIO MOYHOCb.

Btopoe BaxkxHoe TpeboBaHHE K METONY — YHUBEPCANbHOCHb, TO €CTh CIO-
COOHOCTh HaXOJUTh PEIICHUS JJI1 Pa3HbIX BUJOB YpaBHEeHUU. B ocoOeHHOCTH ATH
TpeOOBaHMSI JOJKHBI COONIOAATHCS B CHEIUAIBHBIX [MAKeTaX MPOTrpaMM,
NpeAHA3HAYCHHBIX JJI BBIMOJHEHUSI OOJBIIOr0 00bEMa pacueToB, HAIpUMEpP, B
cucTemMax aBToMarusupoBaHHoro npoektupoBanus (CAIIP).

B cBsi3u ¢ 3TUM JU1s pellieHHs] HENMHEHHBIX ypaBHeHUM Ha OBM mmpoko
MPUMEHSIIOTCS CIIEIUANIbHBIE METOJIbI, KOTOPBIE€ OTHOCATCS K METOJAM GbIYUC/IU-
menvHou mamemamuku. Ha X oCHOBE CO3/1aHO OOJBIIIOE YHUCIIO ATOPUTMOB, pa3-
JUYAIOIIUXCS CIIOKHOCTBIO U 3P (HEKTUBHOCTHIO.

Kornma roBopsT 0 meTogax pelieHus: HEJIMHEUHBIX ypaBHeHU HA DBM, 1O
[0/IPa3yMEBAIOT B NEPBYIO OYEPENb UMepayuoHubie Memoovl. 1 TaBHBIM MPU3HA-
KOM HUTEpPAllMOHHOTO METOJA SBJISIETCS MHOTMOKPATHOE MOBTOPEHUE OJHOTO U TOTO
e Habopa JeWCTBUM JUIsl MOJNy4YeHUs pesyibTara (B TMEpeBOJie C AaHIIL.
iteration — IOBTOPEHUE).

B ocHOBe HUTEpalIMOHHOTO METOJIa JISKUT UTEpPalMOHHAas, TO €CTh MOBTO-
pseMas npoueaypa. Ilpouenypa sta cTpouTcs Takum o0pazoM, YTO MOCIE KaXI0ro
€€ BBINIOJIHEHUSI TTPOU3ZBOAMUTCS OuepeAHOe MpUOIKeHHEe K KOpHIO. MOXKHO CKa-
3aTh, YTO UTEPALMOHHBIA METOJI HECKOJbKO HAIIOMHUHAET OTHICKAHHE KOPHS MOJ-
O0pOM, OJTHAKO 3TOT MOJ0O0P MPOU3BOAUTCS HE "Hayraj', a Mo BIOJHE ONpeIeIeH-
HOMY anroputMy. OCHOBHbIE OCOOCHHOCTH UTEPAlMOHHBIX METOJO0B OyIyT pac-
CMOTPEHBI MO3KE — MPU OMHUCAHUU CAMUX METOJIOB.



1.2. UccnenoBanue ypaBHeHUI M OTeJIeHUE KOPHeil

Kaxxaplif, KTO MBITalICS HAWTH KOPEHb ypaBHEHHUs MOJOOpPOM, 3HAET, Ha-
CKOJIBKO Ba)K€H BHIOOp MEPBOro MPOOHOTO 3HAYEHHUS HEM3BECTHOTO X. TOYHO Tak
K€ IMPHU MOUCKE KOPHS UTEPALMOHHBIM METOAOM, HEOOXOJIMMO NMPABHUIBHO OIpe-
JENUTh HadajabHOE 3HadeHue x. OT 3TOro MHOrAa 3aBUCHUT HE TOJIBKO CKOPOCTH
pelIeHus 3a7a4u, HO U BOOOILE BO3MOYKHOCTh IIOJydeHUs pesynbrara. PaccMoT-
pUM cIOCOOBI UCCIIEOBAaHUS YPAaBHEHUH 171l TPEIBAPUTEIBLHOMN OLIEHKU KOPHEH.

1.2.1. UccaenoBanmne ypaBHeHHs M OTeJIeHUE KOPHeH

[Ipu perieHun MpakTUUECKUX 3aJlady OOBIYHO MPUXOIUTCS MPOBOAUTH MPE/-
BAPUTEIIBHOE MCCIEAOBAHUE YPAaBHEHUS A0 €ro peumeHus. /[eno B Tom, 4To eciu
YPAaBHEHHUE HE YNAETCA PEUINTh AHATIUTUYECKH, TO 3apaHEe TPYAHO OIPEIECIINTD,
CKOJIbKO OHO MMEET KOpHEW M KaKOBa MX MPUPOJA — CKOJIBKO M3 HUX KOMILIEKC-
HbIX WJIM BEIIECTBEHHBIX, CKOJIbKO OTPULATENIbHBIX WM MOJOXKUTENbHBIX. [lonck
KopHel "Hayran' 0e3 MpeaBapUTENIbHOTO MCCIEJAOBaHUS 4YpEeBaT TEM, 4YTO Mpa-
BUJILHBIN OTBET Tak W He OyneT HaijaeH. Kpome Toro, 3a4acTyr0 HEKOTOPhIE KOPHU
HE UMEIOT (PU3UIECKOTO CMBICIIA, ¥ TIOATOMY HET HEOOXOIUMOCTH OMPEILISITh HX
TOYHBIC 3HAYEHUSI.

Hanpumep, noBeneHue pe30HAHCHOM SJIEKTPUYECKOM WM MEXaHUYECKOU
CUCTEMBbI OOBIYHO OIMMCHIBAETCS TaK HA3bIBAEMBIM XapaKTEPUCTUUYECKUM ypaBHE-
HUEM, KOPHH KOTOPOTO COOTBETCTBYIOT 3HAUCHHUSIM €€ COOCTBEHHBIX YacCTOT.
CnoxxHble 00BEKTHI, KaK MPaBUIIO, UMEIOT MHOXKECTBO COOCTBEHHBIX YaCTOT, YTO
ycioxkHseT aHanu3. OQHAKO B XOJZI€ MPEABAPUTEIBHOIO UCCIIEIOBAHUS YPABHEHUS
MO>KHO, HE BBIUMCIISISE TOUHBIX 3HAUEHHM BCEX KOpHEH, cpa3y BbIOpATh U3 HUX TE,
KOTOpBIE TIPEJICTABIISIOT HAMOOIBIINI UHTEPEC.

1.2.2. I'pa¢gnueckoe ucciaeqoBanne ypaBHeHUS

Kak Obuto ykazano B m. 1.1, mpuMepHOe MOJIOXKEHUE KOpHEW YpaBHEHHUS
fix) = 0 Ha YHUCIIOBOM OCHU JIETKO OIpPEJEIuTh, MOCTPOUB rpaduk (QyHKIUH
y = f(x). Touku nepeceuenus KpuBoil y = f(x) c ocwto adcuucce, rae y = 0, u OyayT
COOTBETCTBOBATh HCKOMBIM KOPHSIM.

B xauecTBe npumepa Ha puc. 2 mpeacTaBlieH rpaduk, TOCTPOCHHBIN B MaKe-
te MathCAD nns ypaBuenus (3) — cm. 1. 1.1. V3 pucyHka BUIHO, UTO YpaBHEHUE
MMEET CEMb JICCTBUTEIBHBIX KOPHEH B MHTEPBAJIE MPUMEPHO OT —/ 0 +2: OATh
OTPHUIIATEIBHBIX, OJNH MPU HYJICBOM 3HAYEHUU X M OJHMH MOJIOKUTEIbHBINA. B ToU-
ke x ~#—3,3 QpyHKuus f{x) UMEeT pa3phiB.

[IpuBeneHHbIi rpaduk MO3BOJISAET MPOBECTU OTICICHUE YKA3aHHBIX KOPHEH,
TO €CTh HAWTU HA OCH X TPAHUIIBI OTPE3KOB, B KAKIOM M3 KOTOPBIX pacroaraercs
He 60J1ee OJTHOTO KOPHSI.



2.1-x+1
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Puc. 2. I'paduueckoe uccnenoBanue ypaBHEHUs

IIpoBenute uccienoBanue ypaBHeHus (4) caMOCTOSITEIBHO.

1.2.3. TaOJM4YHBIH C1IOCO0 OTACTICHUSA KOPHEH

OTtneneHne KOpHEH Takke HEPEIKO BBIMOJIHSIOT C X__7 f(_z)1;38
MOMOIIBIO TaOJIMYHOTO MPEICTABICHUS 3aBUCUMOCTH f(x). 6.5 -22.495
st aToro popmMupyroT Tabauiy, B KOTOPYIO 3aHOCAT Psif -6 -6.62
IOCJIEI0BATENBHO DACIOJIOKEHHBIX Ha OCH X TOYEK -5.5 4.131
X; WU BbIYMCIEHHbIE B HHUX 3HA4YEHMsI JIEBOM 4acTu _4? _?;22
ypaBHEeHUS f(X;). 2 15,008

3areM B Ta0duIE BHIOUPAIOT T€ Maphbl PsIIOM pacro- 35 ~88.337
JIO’KEHHBIX TOYEK, MEXAY KOTOPbIMU (PYHKIUS f(X) MEHSET -3 -18.409
cBoi 3HaK. [Ipu 3TOoM myist OOHapy»XeHUsI KOpHS MO CYyTH 2.5 -18.802
7iesia UCHOJIb3yeTCsl TOT )K€ MPHU3HAK, YTO U IpHU rpaduye- 2 7654
CKOM MCCJICIOBAHUN — M3MCHCHHE 3HaKa (DyHKIHH. 1? _?'222

Ha puc. 3. npencraBieHbl NOJy4YE€HHbBIE C TTOMOUIBIO 05 0051
nakera MathCAD pe3ynbTaThl pacueTa 3aBUCUMOCTH f{x) B 0 0
BUJI€ TAOMUIBl MPU MOCTOSHHOM IIare U3MEHEHHs apry- 0.5 14
MeHTa Ax = X;4; - X;. Pacuer BBINOJIHEH U1l TOTO K€ TPaHC- Puc. 3. Tabmu4uoe

LIEHJIEHTHOTO YPAaBHEHMS, UTO U HA PUC. 2. OT/IEJIEHUE KOPHEH



IIpuBeneHHbIE aHHBIE MOKA3bIBAIOT, UTO IMEPBBIM W3 KOPHEW ypaBHEHUS
flx) = 0 ngexut B npenenax —6 < x < —5,5, MOCKOJIbKY 3HaueHUs f(x) B TOUKax
X =—6 1 x =—5,5 UMEIOT pa3HbIC 3HAKMU.

C uenbto oOseryeHus IMOMCKAa KOPHEW MpOLEAYpPY BBIYMCIEHHUS HEPEIKO
ogopMIISIOT B BUIE porpaMMbl Ha DBM, BKitodasi B €€ aJropuTM HE TOJIBKO BbI-
YHCIIEHUE 3HAYCHUU X; U f(X;), HO 1 aBTOMaTHYECKOE BBISBICHHE TE€X OTPE3KOB, B
KOTOPBIX MPEIOI0KUTEIBHO 10JKHBI HAXOATCSI KOPHU yPaBHEHUSI.

OpnHako MoJb30BaThCsl MOJOOHBIMU MPOLIETYPAMH aBTOMATHYECKOTO OTHe-
JIeHUsI KOPHEW ClleyeT OCTOPOKHO. Jlemo B TOM, YTO CMEHa 3Haka (PyHKUIUU Ha
HEKOTOPOM OTPE3KE X; <X <X, HE SBJISETCS HAaJEKHBIM IPU3HAKOM CYILECTBOBA-
HUS KOPHS.

Bo-niepBbIX, f(x) MOKET U3MEHUTH CBOM 3HAK B TOUKE pa3pbiBa, KaK 3TO MpO-
UCXOJUT B TOUKE X ~—3,3 Ha puc. 2. Bo-BTOpHBIX, naxe ecnu QyHkuus fx) Henpe-
pBIBHA, U3MEHEHUE €€ 3HAaKa Ha pacCMaTPUBAEMOM OTPE3KE MOKET OBITh 00YyCIIOB-
JIEHO HE OJIHMM, a HECKOJIbBKUMHU KOpHSIMH, HAIpUMeEp, TpeMs WM nsaTero. M, Ha-
000pOT, COBMAICHUE 3HAKOB (PYHKIMHM f{x) Ha KpasX OTpe3Ka HE SBJISIETCS J0Ka3a-
TEIBCTBOM OTCYTCTBUS KOpHeu. K mpumepy, B Ciydae OBYX KOPHEH Ha OTPE3KE
GyHKIUS 1BaXKAbl MEPEXOIUT Yepe3 ToukHu y = 0 U JBaXK/Ibl MEHSET CBOM 3HaK Ha
oOpaTHblid. mu uMeeTcss Tak Ha3bIBa€MbIil KpaTHBIM KOpeHb, Koraa f(x) He mepe-
CEKaeT, a TOJBKO KACAETCS OCU X B HEKOTOPOM TOUKE.

W3 BbIIECKa3aHHOTO CIENYET, YTO TAaOIMYHOE OT/EJICHHE KOpHEH xKela-
TEJIBHO NPOBOJIUTH, BBIOMpAsk KaK MOKHO 0oJiee Majblii I1ar U3MEHEHMsI apryMeH-
Ta, U COIPOBOKJATh €ro rpaUUeCcKUM UCCIIET0BAHUEM.

1.3. MeToabl moUCKa KOPHell YpaBHEHUA

PaccmoTtpenHbie ciocoObl HCCIeI0BaHUS MO3BOJISIOT YTOUHUTH KOJTUYECTBO
KOpHEHl ypaBHEHMs], UX CBOMCTBA U MPUMEPHOE MOJIOKEHUE Ha YyncaoBoi ocu. [1o-
CJie OTJEIEHUs] KOPHEH ONpPeNeNuTh UX 3HAYEHHsI C TPEOyeMON TOUHOCTBIO MOKHO
C IOMOLIBIO METOJIOB, OMMCAHNUE KOTOPHIX IaHO HUXKE.

1.3.1. Moaudukanus TaGJIUYHOIrO crocoda

HecnoxHyo uTepaliMOHHYIO0 MPONEAYPY I OTHICKAHUS MPUOIHUKEHHOTO
pelIeHUs] YpaBHEHUSI MOXHO IMOCTPOUTH HA OCHOBE PACCMOTPEHHOTO BHIIIE Tal-
JUYHOTO crocoba oTaeeHus KopHeil. PaccMotpum ee.

[Ipeanonoxum, B pe3ysibTaTe MPeIBapUTEILHOTO HCCIIEOBAHUS ONPE/EICH
OTpe30K [a, b], comeprkanuii TOIBKO OAUMH KOopeHb ypaBHeHHs f(x) = 0. PazoObeM
ATOT OTPE30K Ha HEKOTOPOE KOJHUYECTBO PAaBHBIX YacTeu. JlJisi 3TOro BO3bMEM, K
npumepy, N — 1 = 99 Touek, pacHoOJIOKEHHBIX C TOCTOSHHBIM IIaroM
Ax =(b—a)/ 100 na [a, b] u pazgenum ero TakuM obpazom Ha N = 100 yacTei.
BerauciuM B 3TUX TOoYkax 3HadYeHHs] (PyHKIUHU f{x). M3 MOMy4YeHHBIX CTa HOBBIX
OTPE3KOB BHIOEPEM TOT, B KOTOPOM HaXOAMTCA KOpeHb. Ero yierko omnpenenuts mo
nepeMeHe 3Haka f{x) mpu nepexojie OT OJHON TOUYKHU K JPYTOi.



JUist nanbHeWIero yTOYHeHHs MOJIOXKEHUsI KOPHS Ha YMCIOBOM OCU ONUCaH-
HBbIE JICUCTBUS MOXHO MOBTOPATH MHOTOKPATHO, MOCTPOUB, TAKUM 00pa3oM, Ha UX
OCHOBE MTEpALMOHHYIO Tpolenypy. JeicTBUTeNbHO, Ha MEPBOM UTEPALMOHHOM
miare OTpe30K, B KOTOPOM 3aKJIIOU€H KOpeHb, ymeHbwmaerca B N = 100 pas.
YMeHbIINB Ha BTOPOM IIare OTPE30K €II€ B CTO pa3, MOJyYUM COKpAIllEHUE JJTUHBI
yxke B N x N = 10000 pa3 mpu CyMMapHOM KOJIMYECTBE PACUETHBIX TO-
yek N+ N=198. Ha Tperbem 1mare oOmee COKpalleHHEe JIOCTUTHET
100 x 100 x 100 = 1000000 pa3, a KOJIMYECTBO PACUETHBIX TOUYEK BO3PACTET N0
N+N+N=297. OO6mmii xe kodbpdunuenT cyxeHuss Ha K-m 1mare
cocrasur N .

[Ipouenypy cxaTusi OTpe3Ka, COJEPKAILIET0 KOPEHb, CIEAYET OCTAHOBUT,
€CJIM Ha OYEpEeJHOM Iiare OyJeT MOJIy4YeHO 3HaueHHue f(x) 10CTaToYyHO OJIM3KOE K
Hymo. [locnennee o3Havaer, 4YTo HaAEHO NPHUOIMKEHHOE PEIICHHE ypaBHEHUS,
cooTBeTcTBYMOIIEE f(x) =~ 0. YcnoBue mpekpauieHus: UTEpalMOHHON MpOLEaypbl
0OBIYHO 3aMKCHIBAIOT B BUJIE

lf() 1] <3, )

rzie 0 — HEKOTOpPOe Majloe MoJIoKUTeNbHOe Yncio. [Ipu BeiOOpe O pyKOBOJICTBYIOTCA
TpeOOBaHUSAMU K TOYHOCTHU PELICHUS YPaBHEHUS U MOPSJIKOM BEIHUUHBI f(X).

1.3.2. MeToa MNOJIOBHHHOI'O J€eJI€HUSA

Jpyrue Ha3BaHWsS: METOJ OHMCEKUHUH, METOJ JUXOTOMUH (OT Tped.
Oly o, — Ha JIBE 4aCTH M TOUN — CECUCHHE).

MeTo MOJOBUHHOTO JEJI€HHs MOXXHO paccMaTpuBaTh Kak JajbHeiiiee
YCOBEPIIEHCTBOBAHUE OINKMCAHHOW BBIIIE IMPOLEAYPHl MOUCKA KOPHS YpPaBHEHUS.
OTnryre MeTo/Aa MOJOBHHHOIO JIEJIEHUSI COCTOMT B TOM, YTO OTPE30K HA KaXKJIOM
miare pa3OuBaeTcst He Ha JIF000€ MPOU3BOIBHOE YHCIIO YacTel N, a IETUTCS TOJIBKO
Ha JBE€ 4acTu, TO ecTb N = 2.

I'padprueckun mpouesypa nmoucka KOpHs ypaBHEHHUS f(xX) METOAOM MOJOBHUH-
HOTO JIeJIEHUs [T0Ka3aHa Ha puc. 4.

A MCXO/iHbIH uHTepBai (b-a)

fx)

A— A

mar: uHrepsai (b-a)/2

2 mar: (b-a)/4

3mar: (b-a)/8

A
Y

_ i
0 a Xea) Xe3 ) Xei b

=y

Puc. 4. MeToa nOJIOBUHHOTO JIEJIEHUS



Hauano

Beod
epaHuy
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gana |a, b]

Hem

A

v

BbiyucneHue
f,=r(a)
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A

BbiyucneHue
x,=(a+b)/2
f.=1(x)

Hem
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Bbigoo
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Cmon

Puc. 5. AHFOpI/ITM METOAA IMOJJOBHMHHOI'O JCICHHUA

Meton BKIIOYAET CIEAyIO-
e onepamuu (cMm. puc. 5). BHa-
yajie Ha KOHI[aX UCXOJHOTO OTPE3-
ka [a, b], comepikaiiero KOpeHb,
BBIYHCIIAIOT 3Ha4YeHUs (PyHKIUU
fla) u f(b). 3aTemM HaxXOmAT TOUKY,
nensuyo [a, b] Ha ABe paBHBIE
YacTH, IO UTEPAIMOHHOM hopmyIie

xC:(a+b)/2 (6)

U BBIUUCTSIOT 3Ha4YeHHE (DYHKITUU
flx.). Mamee mo mepeMeHe 3HaKa
GbyHKIUUA BBIOUPAIOT Ty TOJOBUHY
[a, D], B KOTOPOIl pacloIOKEH KO-
pEHB.

Ecnu 3naku f(x.) u f(a) co-
MajarwT, TO B AajbHEUIIIEM MOJja-
ratot a = x. u fla) = f(x.). Ecnu xe,
HaMpoTHuB, 3Haku f(x.) u fla) pas-
auJarotcs, a 3Haku flx.)) u f(b)
COBMAJAIOT, TO MOJAralT b = x. u
fib) = fix.). B pe3ynprate 3TUX
JICCTBUI TOJIy4arOT HOBBIA OTpeE-
30K, COJEpKalluil KOpEHb. ITOT
OTPE30K MMEET JUIMHY B JBa pas3a
MEHBIIIE, YEM HMCXOIHBIM.

To4yHO Tak Xe, Kak U B Ipe-
JBITYIIEM CITydae, €CJIM OYepPETHOE
paccuMTaHHOE 3Ha4YeHHe f(x) moc-
TATOYHO OJM3KO K HYJIIO, BBIUKC-
JeHus  npekpamarorca.  Muaue
MPOIIECC TOJOBUHHOTO JIEJICHUS
POJIOJIKAETCS.

B HEKOTOpBIX ciaydasx s
OCTAaHOBKH HTEPAIlMOHHON TpoIIe-
Jypbl UCIIOJIB3YIOT YCJIOBHE Majo-
CTH TMOJYYEHHOTO Ha OYepeHOM
miare oTpesKa, 3aruchiBas €ro, Ha-
npuMep, Kaxk

|(b—az)/xC <9J.

(7)




[Tpunss 6 = 0,01, MOXXHO TakuM OOPa30M TOJYYHTH MOJOKEHUE KOPHS C TOYHO-
CTBIO MOPSIIKA OJTHOTO MPOLICHTA.

MeTo1 MOJOBUHHOTO JI€JEHUS MO3BOJSET 3aMETHO YCKOPUTh MOMCK pelle-
HUS 110 CPABHEHUIO C MOMIATOBBIM IMOUCKOM, PacCMOTPEHHBIM B 1. 1.3.1. s Toro
YTOOBI OIIEHUTh, KAKOB BBIMTPHII, BCIOMHUM, YTO JUIsl YMEHBUIECHUS JJIMHBI HUC-
XOJTHOTO OTpEe3Ka, COAEp KalIEro KOpeHb, B MUJJIMOH pa3 B MPEAbIAYIIEM clydae
MOTPeOOBANIOCh BBHIMOJHUTH TPU UTEPAMOHHBIX IIara WU MPOBECTH BHIYHCIICHUE
f(x) B 297 HOBBIX TOUKAX.

B T0 ke BpeMsi HeTpyAHO MOJICUUTATh, YTO B METO/I€ MOJTOBUHHOTO JECICHUS
JUTSl TIOJTyY€HHUs aHaJIOTUYHOTO pe3yJibTara HeoOxoaumo caenath 20 maros, Tak
kak npu N = 2 u K = 20 nonyuaercs cyxenue B N\ = 2°0 = 1048576 pas.
A pacuer ¢yaknun f(x) I 3TOTO MOTpeOyeTcs TPOBECTH JIUIIh B
N x 20 =1 x 20 = 20 HOBBIX TOYKaxX. B utore 00beM M BpeMs BBIUYMCICHUH 10
CPaBHEHHUIO C paHee PACCMOTPEHHOM MpOLEAypOd COKpalIaeTcsi MPUMEPHO B
NATHAALATh pas.

1.3.3. MeToa xopa

OTOT UTEPAMOHHBIA METOJI MOJOOHO PAaCCMOTPEHHOMY BBIILIE METOY IO-
JIOBUHHOTO JIEJICHUS 3aKJIF0YAETCs B MOBTOPSIIOUIEMCS ACICHUHU WHTEpBajia Ha JBe
4acTh ¢ BHIOOPOM M3 HUX TOM, KOTOpas CONEPKUT KOpeHb ypaBHeHHs. OHAKO B
METOJIe XOpJl TOYKa, C MOMOIIBI0 KOTOPOW MCXOJHBIA OTPE30K [a, b] menutcs Ha
JIB€ YacTH, BHIOUPAETCS HE KAaK CPEJHSS, a BBHIYHCIAETCS C MOMOIIBIO JIMHEHHOU
uHTepnosiuuu GyHkuuu f{x) Ha [a, b].

[TocmenoBaTENbHO BBITOIHSAIOTCS CIAEAYIOIINE OeWCcTBHUS. BHauame Bbrymc-
JSIOTCS 3HaueHus: QyHKIUH f(X) Ha KOHIAX OTpe3ka B TOYKax a W b, TO ecTb
fla) u f(b). [locne 3TOro COCTaBISAETCS ypaBHEHUE XOPJbI, KOTOpask MPEACTABIISICT
co00ii mpsAMYI0 Y(X), TPOXOISAULYIO Yepe3 3TU JBE TOUYKH. J[aHHAs XOpaa ONuChIBa-
€TCSI COOTHOIIICHUEM

- . (8)

C momompio XOpAbl Ha OTpe3ke [a,b] BbIOMpaeTcs TOYKa X., B KOTOPOM
y(x.) = 0. dnst aToro moactaBuM B (8) y(x) = y(x.) = 0 ¥ MOTYyYUM UTEPALUOHHYIO
dbopMyiTy MeToaa XOP/I:

b-a

xc=a-f(a)m .

)

Touka x, AenUT OTpe30K [a, b] Ha nBe yacTu. Takke Kak U B METOE MOJOBUHHOIO
JINIeHHs] U3 IByX 4YacTed BbIOMpaeTcs Ta, Ha Kpasx KoTopoi ¢yHKuus flx) nMeer



MIPOTHBOIOJIOKHBIEC 3HAKU. J[aniee onmucaHHbIA MPOIIECC MOBTOPSIETCS MHOTOKPATHO
1 MOXET OBITh OCTAHOBJICH 1O yca0BHUIO (5) miu (7).
[Tporecc morcka KOpHS METOJIOM XOp/I TTOKa3aH rpaduyecku Ha puc. 6.

A

fx)

xp-'

Puc. 6. Metox xopna

N3 pucyHka BUAHO, YTO MOIYy4YaeMble C MOMOIIBIO (9) TOUKH X, TOCTEIIEHHO
CXOJATCS K KOPHIO ypaBHEHHs. [I0CKOJIBKY B pacCMOTPEHHOM METOJE OYEPEIHOE
OpUOTIKEHUE X, OMPEICNSICTCA C MOMOIIBI0O HHTEPIOJSALUY, YUUTHIBAIOIIEH Ha-
KJIOH KpUBOH f(x), OH BO MHOTHX CIIy4asiX OKa3bIBaeTcs 0osee 3(pPEeKTUBHBIM, YEM
METO/]1 TOJIOBUHHOTO JIEJICHUS.

AJNropuTM pEIIeHUsT METOJOM XOpJA MMEET BMJI aHAJIOIMYHBIM alrOpUTMY
METOJa MOJIOBUHHOTO JI€JIEHMsI, IPUBEIECHHOMY Ha pUC. 5 M OTIMYAETCA TOJBKO
BUJIOM UTEPALIMOHHON (HPOPMYIIBI, 10 KOTOPOH PACCUUTHIBAETCS X,.

1.3.4. MeTox HeroToHa (MeTo KacaTeIbHbIX WJIM METO/ JIMHEAPHU3a1UH)

DTOT METOJA B OTJIMYHE OT pPaHEe PAaCCMOTPEHHBIX He TpeOyeT mpeaBapu-
TEJIBHO YKa3bIBaThb MHTEPBAJ, B KOTOPOM PAaCIIONAracTcs KOpeHb ypaBHEHHs. [l
Hayasia paboThl TpeOyeTcs 3aAaTh JUIIb OJHY HAYAJIbHYIO TOUKY Xo, PACIIOI0KEH-
HYI0 BOJIM3M OT mIpenrnonaraeMoro kopHs. Hanpapienue noucka onpenensiercs: u3
ATOM TOYKM C TIOMOIIBIO JIMHEHHOM 3KcTpanossiiuu f(x). Takum oGpazoM, Ipu Ha-
qaJie pacueTa U3 3aJaHHOW TOYKH X ONPEHEISETCS TOYKA X|, 3aTEM M3 TOYKHU X
paccuuThIBaeTCs X, U Tak jpanee. IIpomomxkenue 3Toro mpouecca gaiee naer Io-
CJIEJIOBATEIbHOCTh YUCEI Xg, X1, X2, X3, ..., Xi, ... [IOCIIEJIOBATEIBHO MPUOIMKAIO-
IIUXCSl K KOPHIO YPABHEHHS.

Jl7i mony4eHus uTepaoHHoi ¢popmyiel Mmetoga HeioToHa BOCoNb3yeMcs
pasnoxkeHreM QpyHKIUU f{X) B OKPECTHOCTH TOUYKH X; B psa Teitnopa:

AX3

£ )= £(x)+ Ax f1(x) + S 7 (x) 45

() +. . (10)

rae f ’(xl.), f "(xl.) uf ”'(xl.) — TepBasi, BTopasi U TPEThsl MPOU3BOAHBIE OT (PYHK-
uu f(x) 1o x.



Cokpatum (10), orOpocuB cnaraemele, coaepaiiie Ax Bo BTOpoil u Oojee
BBICOKHUX CTETICHsIX. Toraa

f(’xi +Ax)zf(xi)+f’(xl.)-Ax :
[Tosmarast manee, 4TO B OKPECTHOCTSX X; UMEETCS TOUKA X;+; = X; T Ax, B KOTOpOH
byskus f (xm) =f (xl. + Ax) paBHa HYJIIO, TOJIYYUM JIMHEHHOE ypaBHEHUE
f(xl.)+f'(xi)-Ax:0 ,
13 KOTOPOTO HAUJIEM X+ :

Xy =X _f(‘xi)/f,('xi) . (11)

OTO COOTHOILIEHHUE SBJSIETCS UTEpallMOHHON popmyriol meTona HeioToHa.

Hauano

Aunroput™m Metona HproToHa mipen-
CTaBJICH Ha pucC. 7.

[Tomygyaemble MetomoM HreroToHA
TOYKHU X; O0pa3yroT psii YUCeN Xg, X|, X2,

Beod

Havarb- X3, ..., KOTOPBIM CXOIUTCS K TOYHOMY

HoU PELLIEHUIO, TO €CTh K KOPHIO YPAaBHEHHH.
MOYKU x, N3 (11) cienyer, 4To KaXablil 1mar
v merona HproToHa Tpebyer OGombiuero
Homep o0beMa BBIYMCIICHUH YeM, HalpuMep, Me-
umepauuy TOJ TIOJIOBUHHOI'O AEJIEHUs], TaK KaK IpH-
i=0 XOJUTCSI HaXOJUTh 3HAYEHUE HE TOJBKO
¢ynkuuu f(x), HO U ee npousBogHOM. He-

i

, t

BbiuucneHue
X = I1=i+1

= x,‘ _f(xl') /f(xl)

[ocma-
moYyHo marna

1f1?

Hem

Bbigod

xiufl.

Cmon

Puc. 7. Anroputm metona HeroToHa

CMOTps Ha 3TO MeToa HbioTOHA U ero Mo-
TudUKaKY MHUPOKO HCIOJB3YIOTCS Ha
MPaKTHKE.

DT0 00yCIIOBIICHO, BO-TIEPBHIX, TEM,
4TO OH He TpeOyeT 3aJaHus OTpe3Ka
[a, b], comepkamiero KOpeHb, a MOXET
CTApTOBaTh OT OJHOM HAYAJIbHOW TOYKH.
Bo-BTOphIX, OH uMeeT 0ojiee BBICOKYIO
CKOPOCTh CXOJMMOCTH, YEM paHEe pac-
CMOTPEHHBIE METO/BI.

TeopeTnueckn MOKHO ITOKa3aTh,
yT0 MeToJ1 HhI0TOHA MO3BOJISIET IOJIYYUTh
KBaJPaTUYHYI CXOJUMOCTb. JDTO O3Ha4a-
€T, YTO Ha KaXJOW HWTepallud TOTpell-
HOCTh (OTKJIOHEHHE OYEpPEeIHOTO TMpH-
OMDKEHUS X; OT TOYHOIO PEIICHHS)
YMEHBIIIAETCS 110 KBaAPAaTUYHOMY 3aKOHY,
TO €CThb KOJIMYECTBO BEPHBIX 3HAYAIINX
u@p pelieHus yaBauBaeTcs.



Ecnu Ha ouepeHoM mare qOCTUTHYTA OTPENTHOCTD He 6oee 0,5 To 3a MATh-
IIECTh UTEPAIHil OHA YMEHBIIMTCS 10 BEINYHHBI OPSAKA 2 O, 4TO COMOCTABUMO C
MOTPEIIHOCThIO BhIuMCIeHU Ha DBM. B meTone mojaoBUHHOTO AefeHust A J0C-
TUXKEHUSI TaKOM K€ MOTPEIIHOCTH KOJIMYECTBO MTEpaldid MoTpedoBaioch Obl yBe-
JUYHATH 00JIee YeM Ha TOPSIOK.

Ha puc. 8, a npeacrasien xoj pemeHus MeTo1oM HproToHa B rpadudeckom
BUJIC.
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Puc. 8. Metron HproToHa 1 MeTOA CEKyILIUX

[Tpu ucnons3oBanuu meroga HproTOHa ciiefyeT YYUTBIBATH Psii €r0 OCO-
oenHocted. OgHAa U3 HUX COCTOMT B HEOOXOAMMOCTH IMPABUIBLHOTO BbIOOpa Ha-
JabHOTO MPUOIMKeHns. YTOOBI OHATD, KaK BIMSIET BHIOOp HauadbHOW TOYKU Ha
paboty MeToja, nmonpoOyiTe rpadudecKkd HAUTH pelieHue sl puc. 8, HaYaB €ro
U3 TOYKH X = 4.

Meton HrroToHa 00majaeT J1oKaIbHOU CXOAUMOCTBIO, TO €CTh CIIOCOOEH
HANTH KOPEHb, €CIIM HAaYaJIbHOE MPUOIMKEHHE 33/1aH0 B HEKOTOPOM MaJloi ero OK-
pectHocTH. Ecnu ke HavanbHOE MPUOJIMKEHUE B3ATO HEYJa4HO U (QYHKLIUS HEMO-
HOTOHHA, METOJI MOXKET J1aTh PACXOAUIYIOCS OCIEI0BATENBHOCTD X; (CM. 1. 1.5).

Hpyras mpoGiema 3akirodaercss B ToM, 4to npousBoaHas f'(x) B (11) Ha-

XOJIUTCS B 3HAMEHaTee. ITO 03HavaeT, yTo f'(x) He JoJDKHA o0pamiaThCs B HOJIb,

TaK Kak B IPOTUBHOM clly4yae UTepaloHHas opMyra nepecraet padbortats. Tpya-
HOCTH MOTYT BO3HUKHYTh U B TOM cllydae, eciau f'(x)He paBHa HYJIO, HO JOCTa-

TOYHO MaJia, BCJIEACTBUE 4ero pe3yabrar aenenus f(x)/f'(x) MoxkeT okaszarbes

HEMpUeMJIeMO OOJIBIINM.

Bo mHOrmx marematudeckux nakerax, Hanpumep, B MathCAD u MATLAB
3TU MPOOJIEMBbI peraloTcs TPUMEHEHUEM KOMOMHUPOBAHHBIX aJTOPUTMOB, COYe-
TAOIINX JOCTOMHCTBA PA3JIMYHBIX METOJIOB, HAIIpUMEP, METOJA MOJIOBUHHOTO Jie-
aenusi 1 meroga Herotona. [lepBbiii oOecrnieurBaeT yCTOMYMBYIO CXOAUMOCTh U
UCIIOJIBb3YETCSl HA HAYaJbHOM 3Tall€ PEIICHUS, a MOCIe HEKOTOPOIro YHCIia UTepa-
U BKIIIOYAETCS BTOPOH, ObICTpee MPUOIMKAIOIIUNACS K KOPHIO YPABHEHHS.



1.3.5. MeToa cekymux

[IpousBonnas f ’(x) B MeTosie HproTOHA MOYET OBITh Hal[cHA aHAJIUTHYE-

cku guddepenuupoBanreM QyHKIUU fx). OgHAKO 3TO YCIOXKHSET MOArOTOBH-
TEIBHBIN ATaIl K PEIICHUIO YpPaBHEHHUS.

Ha npakTtuke yacto ucnonb3yroT moaudukanum merona HeroToHna, cBo60 -
HbIE OT 3TOro HejpocraTka. OAHO U3 YIPOILIEHUH CBOJIUTCA K TOMY, YTO MPOU3BO/I-
Hasl BBIYUCIISIETCS TOJIBKO OJIMH pa3 B HAYaJbHOM TOYKE U 3aTE€M 3TO 3HAYCHHUE HC-
MOJIb3YETCSl Ha BCEX Mocienyronux marax. JlaHHas moaudukanys OCHOBBIBACTCS
Ha TPEJIITOJIOKEHUU O MAJIOM U3MEHEHUH TPOU3BOTHOM BOJIM3HU KOPHS.

OpnHoit 3 Hanbosee W3BECTHBIX MOIUGMDUKAIUN SBISICTCS Memoo0 CeKYUUXx.
B sTom mMeTone nmpou3BogHAS 3aMEHSETCSI €€ MPUOIMKEHHBIM 3HAYCHUEM
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B dopmyne nna F ’(x) B OTJIMYUE OT f '(x) npupaiieHue Ax = x;; — X; ojaraercs
MainbiM, HO Ax # 0. ['eomeTpudeckas wmocTpanust meroaa npu Ax < x; moka3aHa
Ha puc. 8, 6. B ciyuae Oonee xectkoro ycimoBusi Ax << x; cexyuige Ha puc. 8, 6
IPAKTUYECKU COBIAAYT C KacaTeJIbHBIMU K KPUBOM (CM. pHc. 8, a).

AJNTOPUTM pENIEHUST METOAOM CEKYIIMX aHAJIOTUYEH aJIrOpUTMy METOojIa
Hprotona, mpuBeA€HHOMY Ha pUC. 7 U OTJIIMYAETCSA TOJBKO BHIAOM HUTEPALMOHHOU
(bOopMyIIBI, IO KOTOPOM PACCUUTHIBAOTCS X;.

Metoj cekymux Takxke Kak U MeTo] HbloTOHA UMEeT CBEpXJIMHENHHYI0, TO
€CTh NPUOIIKAIOUTYIOCS K KBaJIPaTUYHON CXOJIUMOCTb.

1.3.6. MeToa npocToii uTepauuu

MeTtoa mpocToil nTepanruyi OCHOBBIBAECTCS HAa MPHUBEICHUN HCXOIHOTO YpaB-
Henus fix) = 0 x cienyromemy Buny: x = y(x). [Ipu atom mporiecc nocnenoBa-
TEIHHOTO TMPUOIMHKEHHS K KOPHIO CTPOUTCS Ha OCHOBE UTEPAIIMOHHON (hOPMYITBI

xi+1 = W(xi) .

O4eBUIHO, MOTYYUTh PACUETHYIO (DOPMYITY MOKHO, HCTIONB3YS CIAEAYIOINIYIO
[EMOYKY NMpeoOpa3oOBaHMIA:

f(x)=0 = bf(x)=0 = bf(x)+x=x = x=y(x),
w(x)

re b — HEKOTOPbI HE PABHBIN HYJIFO COMHOXKHUTEIb.
Ha puc. 9 npuBenensl rpaguueckue WIUTIOCTPALMH, MMOKA3bIBAIOLIUE MPHU-
OJIMKEHUE K KOPHIO B METOJIE IPOCTOM UTEpALIUU.
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Puc. 9. Ilpubnuxkenue Kk KOpHIO METOI0M IPOCTON UTEpALIUU

CxomuMoCTh mpoliecca TPUOIKEHUST K KOPHIO B 3HAYMUTEIBHOW CTEIECHU
omnpenensercs BUAOM 3aBUcUMOCTH Y(x). Ha puc. 9 mokazaHbl cxoasiuecs mpo-
ueccol, a Ha puc. 10 — pacxogsamuiicsa. B nocnegnemM ciiyyae MeToa MpOCTON HUTeE-
paluy He HAXOJAUT penieHus: ypaBHeHuUs. CyllleCTBEHHOE BIUSIHUE HA CXOJIUMOCTD
OKa3bIBaeT BhIOOP KoddduienTa b — cpaBHUTE, HarpuMep, puc. 9, a u puc. 10.
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Puc. 10. Pacxoasiuuiicst mpouecc B METOAE MPOCTOM UTepallun

Ha puc. 9 cxomumocTs obecnieurBaeTcsi Il MEIJICHHO W3MEHSIFOIIUXCS
byukui y(x), 11 KOTOPBIX BhITIONHAETC ycioBue | ' (x) | < 1. Ha puc. 10 pac-
XOIAIIMicCs Tpoluecc HaOmogaercs uist Oosee OBICTPO MEHSIOIIEHCs (yHKUIUU
| W' (x) | > 1. MoxHO caenath BBIBOM, YTO JJIsi 00€CTICYEHUsI CXOJAUMOCTH METOa
IPOCTOM UTEpalu HEOOXOAMMO BBITIOTHUTH yciaoBue | ' (x) | < 1.

AJNTOpPUTM METO/Ia MMPOCTOM UTEpallvy NMpUBEAEH Ha puc. 11.



TCOPCTI/I‘leCKI/I MOJXHO IIOKa3aThb, Hauaro
4YTO BBICOKad CKOPOCTb CXOJUMOCTH

obecrnieunBaeTcss Tpu b= —1/ f ’(x).

B 5TOM Cilydae METO IPOCTOM UTEPALIUN Beod

SKBHBaJICHTEH MeToAy HproToHa. Ha:ggb'
BooOimie roBopsi, eciaum B MeToje mouKku x,

Herorona npousBogHas f '(x) KasK bl ¢

pa3 BBIYMCIIACTCS HA OYEPETHOM IIIare,

TO B METOJI¢ MPOCTON WTEepaluu it Homep

onpeaesieHus] b MOKHO BBIYHCIIHTH TPO- “’”f’iao“““

W3BOJIHYIO B HA4aJbHOW TOYKE Xo U TIO-
TOM COXpaHATh Mapamerp b :—1/ f ’(x)

A
—>

HEU3MEHHBIM. Takou MCTOA, Ha3bIBAC- A
MBI HMHOT/JA IIPOIICHHBIM MCTOAOM

la - yTpoLl a BbiyucnieHue o
HeroToHa, 011 paccMmoTped B 1. 1.3.5. i=i+1

X = V(X))

1.3.7. MeToabl, HCIOJIB3YIOLIIHE
HEJIMHEeHHYI0 HHTEePHOJIS LU0

Tlocma-
MOYyHO Mana

If;1'?

Hem

CyiiecTByeT Tpylina YUCICHHBIX
METOJIOB, SIBJISIFOIIMXCSI PA3BUTUEM HJIEU
merona Herorona. Kak mpaBuino, oHM
UCIIONB3YIOT pa3JIMuHble BUJBI Mapado-
JUYECKOU UHTEPHIOJISALINH. Bbigod

Paznuuue anropuTMoOB 3TUX METO- X uf,
JIOB OIpeAeNseTcss CcrnocodoM MocTpoe- C
HUg mnapabonsl. Hampumep, B merone

Mironnepa BHavaje HE0OXO0 MO

BBIUMCIINTh TPU  HUCXOJHBIE  TOYKH

(xo, f(x0)), (x1, flx)) u (x2, fx2))

[To naHHBIM TpeM TOYKaM CTPOMTCS Iia-

pabona, anmpokcuMupyromas f(x).
[Tocne aTOrO OUEpETHOE MPUOINKEHHE X 4 OMPEISISICTCS KaK KOPEHb KBAJI-

pPaTHOTO YpaBHEHUS, COOTBETCTBYIOLIEro mapaboiie. MHOTOKpaTHOE MOBTOPEHUE

IpoLeaypbl 00eCeUnBaET MOCIEA0BATEILHOE MPUOIIKEHNE PELICHUIO.

La

Puc. 11. Anroputm metona
IIPOCTOM UTEPALIUHU

1.3.8. MeToab! pelieHus1 aJiredpan4ecKux ypaBHeHHH

Jns anrebpandeckux ypaBHeHUU Buaa (2):
2 3 4 n
a,+ax+a,x +a,x +ax +..+ax" =0

pa3paboTaHbl clelHalibHble METOJbl pemieHus. [Ipu oThickaHuM KopHeW aireo-
panvecKux YpaBHEHHI HEOOXOAMMO YUUTHIBATH CIEAYIOIINE UX CBOMCTBA.



1. Anrebpanueckoe ypaBHEHHE MOPSIKA # UMEET 1 KOPHEU, KOTOPbIE MOTYT
OBITh JCHCTBUTEIBHBIMU WJIM KOMILJIEKCHBIMU.

2. Ecnu Bce K03 PUIMEHTHI a; NEHCTBUTEIbHBIEC, TO BCE KOMIUIEKCHBIE KOP-
HU 00pa3yI0T KOMILIEKCHO-COMPS>KEHHBIE TIaphl.

3. UKCIIO NOJIOKUTENBHBIX IEUCTBUTEIBbHBIX KOPHEH PABHO WM MEHBIIE
MIePEMEH 3HAKOB B MTOCJICAOBATEILHOCTH KOX(PDUIIMEHTOB ;.

4. Yucno oTpULATENbHBIX JEHCTBUTEIBHBIX KOPHEN PAaBHO WJIM MEHBIIE I1e-
PEMEH 3HAKOB B MOCJIEI0BATEIBHOCTH KOI(DPHUIIMEHTOB @; TP 3aMEHE X HA —X.

CrnenuanbHble METO/bI PEIICHUS aNreO0panyeckux ypaBHEHUN OOBIYHO CBO-
JIATCS K TIOHIKEHUIO WX mnopsjka. O0buHO u3 GyHKIUU f(X) B I€BOW 4acCTH ypaB-
HEHUSI BBIICIISIETCS COMHOXKUTEND B BUAE KBaJAPATHOTO YPABHEHUA:

(x2 + px + q)(bo +bx+b,x* +bx’ +...+bn_2x”_2) =0.

[Ipu >TOM MOPSAOK BTOPOTO COMHOXKHUTEIS CHIKEH Ha 2 OTHOCUTENIBHO HC-
XOJHOTO ypaBHEeHHA. VI3 KBaJApaTHOro ypaBHEHMsI HaXOJAT JABa KOPHS MO U3BECT-
HOW (opMmyJie, a C OCTABIIMMCS COMHOKHUTEJIEM BHOBb MOBTOPSIIOT OMHMCAHHYIO
IPOIEAYPY NOHIKEHUS TOPSIKA.

OCHOBHOH TPYAHOCTBIO B JAHHOM CIIOCOOE pEIICHUS SBIIACTCS pa3ielicHUe
f(x) Ha comHOXuTenu 6e3 ocTtarka. [Jis 3TOro MCHONB3YIOT CHEIHaIbHbIE UTEpa-
LUOHHBbIE IPOLEAYPHI, MO3BOJIAIOIINE MMOAOUPaTh NPUOIMKEHHbIE 3HAUYEHUS KO-
s uruentoB p, q, by, by, by, ..., b, B 000MX COMHOKUTEIISX.

HenocratkoM mogoOGHBIX METOIOB SBISETCS TO, YTO MO MEPE MOHMKEHUS
NOpsZIKAa YpaBHEHUS] HAKAIUIMBAETCS OIMIMOKa, 00YCIOBIEHHAs! HETOYHBIM OIpEJie-
aeHue Ko3((PUIMEHTOB COMHOXUTENEH. B nrore nmocnegHue u3 HallIEHHBIX KOP-
Hel OyayT onpeneneHbl ¢ HauOOoJIbIIEH MTOTPEUTHOCTHIO.

1.4. UCTOYHMKH MOTPEIHOCTH peuieHus 3aaa4u Ha JBM

PaccMoTpeHHBpIE UTEpallMOHHBIE METOJBI IIOUCKA KOPHEW HEJIMHEHWHBIX
YpaBHEHUH MO CBOCU MPUPOJIC SABISIOTCS MPUOIMKEHHBIMHI B OTIUYHE OT MPSIMBIX
METOJIOB, JaOIMX TOYHOE penieHue. C TOUKM 3pEeHHs] TOYHOCTH pe3ylibTaTa HC-
MOJIb30BAHUE TPSIMBIX METOJOB MOXKET IOKa3aThCs 0oJiee MPEeAnOYTUTEIbHBIM.
OnHako Ha caMOM JEJe NpU PEUICHUU 33a/1a4d Ha KOMIIBIOTEPE OTBET BCE PABHO
OyJzeT coaepKaTh MOTPEITHOCTb.

B kauecTBe OCHOBHBIX MCTOYHHKOB MOTPEITHOCTH OOBIYHO PacCMaTpPUBAIOT
TPH BHJIa OUTMOOK. DTO TaK HA3bIBAEMbIE OLIMOKU YCEUEHUS, OITMOKU OKpPYTIIECHUS
U OIIMOKU pacnpocTpaHeHus. PaccMoTpum ux.

1.4.1. Omndxu yceueHust

OTOT BUJ OMMOOK CBS3aH C MOTPEIIHOCTHIO, 3T0KEHHONW B CaMOil 3aaaue.
OH MOXeT ObITh 00YCJIOBJIEH HETOYHOCTBIO OINPEAEIICHNUS UCXOHBIX JTaHHbIX. Ha-
pUMEp, €CJIM B YCJIOBUM 33/aud 3aJaHbl KaKue-I1u00 pa3Mepbl, TO HA MPAKTHKE



JUISL pealIbHBIX OOBEKTOB 3TU pa3Mepbl U3BECTHBI BCETAA C HEKOTOPOUM TOUHOCTBIO.
To xe camoe kacaetcs JI0ObIX APpYyrux puznyeckux napameTpon. CroJa ke MOKHO
OTHECTH HETOYHOCTb PACUETHBIX (POPMYJ U BXOJSIIUX B HUX YUCIOBBIX KOA(P(DU-
LUECHTOB.

Bonbiioe uncio pacueTHBIX GOPMYIT SIBISIOTCS SMIIMPUYECKUMH U JAIOT pe-
3yJlbTaT C HEKOTOPOM MOrPEUIHOCTBHIO, COJEPKaT MOJArOHOYHbIE KO3 ULIUEHTHI,
o0OecneunBaoIIye MPUEMIIEMYIO OIIUOKY B OTPaHMYEHHOM JMAana3oHE BXOJHBIX
napamMeTpoB. [103TOMy, KaK MpaBUIIO, €CJIM UCXOJIHBIE JTaHHBIE U3BECTHBI C HEKO-
TOPOW MOTIPEMIHOCTHIO, BPS JIM CTOUT IBITATHCS MOJYYUTh PE3YIBTAT C MEHBIIEH
MOTPEIIHOCTHIO.

1.4.2. Omudku pacnpocTpaHeHus

JlanHbIi BUJT omMOOK CBSI3aH ¢ MMPUMEHEHUEM TOTO WUIM MHOTO crocoba pe-
HmIeHUs 3ajJaud. B xone BBIUMCIEHUN HEM30E€KHO MPOMCXOAUT HAKOIJIEHUE WIIH,
MHaue roBops, pacrnpocTpaHeHue omuOku. IloMuMo TOro, 4ro camu HCXOIHbBIE
JAHHBIE HE SIBJIIIOTCS TOYHBIMM, HOBas ITOTPEIIHOCTh BO3HMKAET IPU HUX Iepe-
MHOKEHUH, CIIO)KEHUU U T. 1. HakoruieHrne ommOKM 3aBUCUT OT XapakTepa U Ko-
JIUYecTBa apUPMETUUECKUX IEUCTBHI, UCTIOIB3YEMBIX B pacUeTe.

OOBIYHO JJIs penIeHus] OAHOW M TOM K€ 3a/la4yd MOXKET ObITh HCIIOJIb30BaH
pSI pa3auvHbIX METOAOB peweHus. Hampumep, cucteMy AuHEHBIX anreOpaunye-
CKHUX YPaBHEHHMI MOXHO pEHIUTbh METOJ0M [aycca uiu depe3 onpenenuTenu (Me-
tonoM Kpamepa). Teoperndecku 00a METOAA MO3BOJISAIOT MOIYYUTh TOUHOE peLIe-
Hue. OHaKo Ha MPAKTUKE IPU pPelIeHUuH OOJIbIIMX CUCTEM ypaBHeHuM meron I'a-
ycca 00ecreyrMBaeT MEHbIIYI MOTpelHocTb, YeM Metoa Kpamepa, Tak kak uc-
MOJTh3YeT MEHBIIINI 00beM BBIYMCIICHUIA.

1.4.3. OmudKku OKpPyrJjaeHus

DTO TUN OMIMOOK CBSI3aH C TEM, YTO MCTUHHOE 3HAUCHME YHUCJIa HE BCErJa
TOYHO COXpaHseTCs KOMIbloTepoM. [Ipu coxpaHeHUMM BEHIECTBEHHOTO 4KCIia B
MaMsITH KOMITbIOT€pa OHO 3aIIMCHIBACTCS B BUJIE MAHTHUCCHI U MOPSIKA, PUMEPHO
TaK ke, Kak 0TOOpa)kaeTcsi YMCJIO Ha AUCIUIeE KabKyJsATopa (cM. puc. 12).

+ R | R | Ry | . . . . . . |R,| £ |D;| Dy . . . | D,

ManTtucca [Topsnox

Puc. 12. CtpykTypa 3anucu BeIeCTBEHHOr0 Yncia

3nech Ry, Ry, Rs, ... R, — pa3psanbl MaHTuccol, Dy, D,, ..., D,, — pa3psasl 1o-
panka. Ha camom fene KOHEUHO, B OTJIMYME OT AMCIUIES KalbKYJISITOpa, MaHTHUCCA
Y TIOPSAJIOK 4YMClia, BKJIKOYAs UX 3HAKH, B MaMSITH KOMIIBIOTEpa XPaHSITCS B JIBOUY-
HOM Buje. Ho mist oOcy)aeHuss mpupoIbl OMIMOOK OKPYTIICHHS TO pa3indue He
CTOJIb MPUHIUITHUAJTIBHO.




[IoHATHO, YTO uWppalMOHAIbHBIE 4YHMCIAa Takue, kak m = 3,14159... u
e = 2,712... He MOryT ObITh MPEACTaBIECHbI B NAMATH KOMIbIOTEPA B MPUHLUIIE.
OpnHako e U palMoHaJIbHBIE YMCIA, €CJIM KOJWYECTBO MX 3HAYaImux Iudp mnpe-
BBIIIAET YUCIIO OTBEJIEHHBIX Pa3ps0B MAHTUCCHI (cM. puc. 12), OyayT npeacras-
aeHsl He ToyHO. IIpu 3tom nudpa nocnennero coxpansemoro B 9BM paspsina
MOJKET OBITh 3aIIMCaHa C OKPYIJICHUEM WJIM 0€3 Hero.

@aKTUYECKH ITPHU 33JAHHONW CTPYKTYpPE XPAHEHUS YMCIIA KOMIIBIOTEP MOXKET
UCIIOJIb30BaTh HE OECKOHEYHOE, a KOHEUYHOE YMCIO PAllMOHAIBHBIX YHCEN, KOTO-
pbIi€ BOHMCHIBAIOTCS B MPUBEICHHYIO Ha puc. 12 cxemy. [lorTomy nr000i BXOAHOM
napaMeTp pelaeMon 3a]ayd, €€ MPOMEXKYTOUYHBINM pe3yJbTaT U OKOHYATEIbHOU
OTBET BCET1a OKPYTJIAKOTCA 10 Pa3pElIEHHBIX B KOMIIBIOTEPE YUCEI.

Crnenyrommii BaKHbI BBIBOJI KAaCaeTCs IWala30Ha MPEICTABICHUS YUCET B
OBM. Ecnau npoBOAHUTH pacCyKIEHUS A JECATUYHOW CHCTEMbI CUUCICHHS, TO
MaKCUMaJIbHOE N0 MOAYJIIO YHCIJIO, KOTOPOE MOKET ObITh MPEJCTABIEHO B COOT-
BETCTBHM CO CXEMOU Ha pucC. 12, paBHO

+X, = +£999 ...9x 1077 .

Bce uncna, npesbimaronme no Mmoayitwo X,, He npeactaBuMel B O9BM u paccmatpu-
BAIOTCS KaK MawunHas beckoneunocms. Eciu B Xo1e pacdeTroB OyAeT MOJydeH
pe3yJIbTar, MPEBBIIAIMNN X, TO IPOU30UIET aBAPUIHOE 3aBEPLICHNE BBIYUCIIE-
HUM 10 nepenoanenuro. HetpyaHo yOeaUTHCS ONBITHBIM ITyTEM, YTO, HAIIpUMeEp, B
MathCAD BepXHHii [UATIA30H YHCET COOTBETCTBYET X, ~ 1077

MuHMMaIbHOE 110 MOLYJIIO YUCIIO, COXPAHSAEMOE B IaMATH KOMIIBIOTEPA, MO
cxeme Ha puc. 12 paBHO

+X, = +000...1x107+? .

Yucna, MOIyJIb KOTOPBIX MEHbIIE X), BOCIPUHUMAOTCA DBM Kkak HyJb, TOUHEE
KaK MawunHbll Hyab. ECIM P BBIOJHEHUU pacyeToB OyIET MOJyYEH pe3yJibTar
MeHblEe, 4eM Xy, TO 3TO OyJEeT BOCHPUHATO Kak nomeps nopsaoxka. OObIYHO B MO-
JNOOHOM CUTyallMu pe3yJIbTaT IMOJIaraeTcs PaBHbIM HYJIIO, U BBIUUCIEHUS MPOI0J-
HKAFOTCHL.

Ha puc. 13 noka3zana "mammuHHass" 4ucioBas OCb, HA KOTOPOW OTMEUYEHBI
Xon X, . Uncna pacnosiararorcst Ha OCM HEpaBHOMEPHO. VX IIIOTHOCTH BO3pacTaer
10 Mepe MPUOJINKEHHUS K HYJIIO.

~Xo_ - Xo
X -1 0/ 1 X
} 1 1 1 1 1 11 111 I :Il 11 1 1 1 1 1 1 } >
Mamunnas £y, | | Mammmmbi | | ¢ Mamunnas
OECKOHEUHOCTh = HyB > GECKOHEUHOCTh

Puc. 13. "Mammunggas" 4uciaoBas och



Ha puc. 13 BOM3u equHuUIbl OTMEUYeHA HEOOoIbIIas 00J1acTh €y, KOTOPYIO Ha-
3BIBAIOT MauiurHoe snculion. llapameTp €, BeChbMa BaXKEH, TaK KaK OH XapaKTepU3y-
€T OTHOCUTEIBHYIO TOUHOCTh IIPE/ICTABIICHUS YMCEN B KOMIIbIOTEpE. B 3aBUCHMOCTH
oT criocoba okpyrieHus ynucen B IBM BennuunHa €, onpenensiercs nepBsiM oTOpa-
ChIBAEMbIM WJIH MOCIEAHUM COXPaHSIEMBIM Pa3psii0M MaHTHCCHI.

Crnenyer uMeTh BBHUY, UTO JIMHA MAHTHUCCHI B MaMSITH KOMIIBIOTEpA yCTa-
HaBIIMBaeTCd IporpamMmMHO. Hampumep, mpu BBINOJHEHWH PACUETOB Ha S3bIKE
®OPTPAH c¢ wucnons3oBaHreM "OOBIYHON" TOYHOCTH (ABOMYHASI 3alKCh 4YHCIIA
JUIMHOIT YeThipe Gaifra) €, ~ 107 [IpH yIBOCHHOI AITHHE MAHTHCCHI &, ~ 107 '°.

1.5. Ucnosib30BaHMe CIeNMAJIN3UPOBAHHBIX
MaTEeMATHYECKUX NIAKeTOB

B nHacrosmee BpeMs IUPOKO U3BECTHBI CIELUAIBHBIC MAaTEMATUYECKHE T1a-
KEThI, OOJIEr4aolye pelieHue 3a1ad Ha KOMIbIOTEpE. DTO, HAapUMEpP, CUCTEMBbI
MATLAB u MathCAD, opueHTHpOBaHHbIE HA PELICHUE IIUPOKOTO Kpyra Mare-
MaTHYecKuX 3a1ad. OHU UMEIOT YI0OHBIH IpyKEeCTBEHHbIN HHTep(derc, 00BEKTHO-
OPUEHTUPOBAHHBIN SI3bIK, HAOOP NMEMEHTAPHBIX MATEMAaTHUECKUX U CHEIMAIbHBIX
(GyHKIM, BCTpoeHHBIE Ipaduueckue cpeacTBa. PaccMoTpuM X IpUMEHEHUE s
pELIECHUS HEJIMHENHBIX YPABHEHUN.

1.5.1. ITouck kopHeii HesiuHeliHbIX ypaBHeHuii B MathCAD

bnaronapst Bctpoennbim pynkiusMm root, Find u Minerr cucrema MathCAD
oOecrieunBaeT MOJIYYCHHE TOTOBOTO PEIICHHsI YpaBHEHUH 0€3 COCTaBICHUS IPO-
rpamMmbl. OTHAKO HE BO BCEX CITydasiX pe3yJbTaT MOXKET OKa3aThCS BEPHBIM, JaKE
IIPU OTCYTCTBUU BUIUMBIX OIMOOK. Hibke paccMaTpuBaroTCsl MpUMEPHI pelieHus
3amay B MathCAD, o0cyxaaroTcsi BBIUUCITUTENbHBIE MPOOJIEMbl M CIIOCOOBI MX
IPEOAOIICHHS.

MathCAD ocBo60XmaeT moibp30BaTeNsl OT HEOOXOIUMOCTH MPOTPAMMHUPO-
BaHUS QJITOpUTMA pelieHuss ypaBHeHUU. OJIHAKO OCHOBHOM MPUHIUIT PabOTHI B
MathCAD — pemienrie 6€3 NporpaMMHpPOBaHUS — UMEET TTOMUMO OYEBHJIHBIX JOC-
TOMHCTB U OOpaTHYIO CTOPOHY: HEYBEPEHHOCTh B pe3yJbTaTe BBIYMCICHUN. JTa
HEYBEPEHHOCTHh OOBSCHSIETCS TEM, YTO TIPOIIECC PEIICHUS CKPHIT OT MOJIh30BaTEIs
U HE MOXET OBITh MPOKOHTPOJIUPOBAH HEMOCPEACTBEHHO. [IpuMephl BhIUMCICHUN
C OIMOOYHBIM Pe3yJIbTaTOM IPHUBEACHBI HUXKE.

3amaguM (QYyHKIUIO, COACPXKAIIYI0 TUMEpPOOIIMYECKUE CHUHYC M KOCHHYC:
Ax) = sh(x) / (ch(x))*. [pacduk 310it GyHKIMH B HHTEpBaTIE —8 < X < 8 MPECTABICH
Ha puc. 14, a.

Kopnewm aroit pynknum siBisiercst x = 0. CiieBa u cpaBa OT 3TOM TOUKH f(x)
UMEeT MUHUMYM U MAaKCUMyM, a MPU YJAJICHUU OT Hadaia KOOpAWHAT f(x) mpu-
ommxkaercss k Hymo. C ¢GopMalbHOW TOYKM 3pEHHUS pEIICHHE YpaBHEHHS
fix) = 0 He MOJKHO BBI3bIBATH MPOOJIEM, MOCKOIbKY (QYHKLHS HE COJAEPKHUT pa3-
PHIBOB M HWMEET OJWH KOPEHb BO BCEH OOJACTH OMpEIEeICHHs] HEM3BECTHOTO
—o0 < x < +o0,
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Puc. 14. Ipaduxu bysxmmii fx) = sh(x) /(ch(x))> u fix) = sh(x) /(ch (x))

[Tpu HavanbHOM TIpUOIMKEHUHU X = —0,5 mpoleaypa root JOBOJLHO YBEPEH-
HO OIpe/essAeT 3HAaUeHHE KOPHS:

x:= -0.5 f(x):=sinh(x)-(cosh(x))
root(f(x),x) = ~7.351x10"’
OnHako CpaBHUTENBHO HEOOJBIIOE WM3MEHEHHWE HAYaJIbHOM TOYKH — JI0

= —0,7 nIpUBOAUT K 3aBEJOMO HEBEpHOMY pe3yibTary. [Ipuuém c yBennueHuem
TpeOoBanuil kK TOYHOCTH (mapamerp TOL) pe3ynbTaTsl yIaIsOTCS OT KOPHSL:

x:=-0.7 TOL:=10" root(f(x),x) = 7.829
x:=-0.7 TOL:=10"° root(f(x),x) = 14.958
x:=-0.7 TOL:=10" root(f(x),x) = 21.89

[Tprunna omuOOK KpoeTcs Kak B XapaKTepe 3aBUCHUMOCTH f(X), TaK U B OCOOCHHO-
CTSIX pabOoTHI POLIETYPhI, OOECIIEUNBAIOIIEH PEIICHHE.

[Tpu nHayasnibHOM npubMKeHnu x = —0,7 anroput™ root (B OCHOBY KOTOPOTO
MOJIOKEH METOJI CEKYIMX) TIOMaJiaeT Ha BHEIIHWM MpaBblii MO OTHOIICHUIO K
x = 0 ckyoH 3aBucUMOCTH f(x) (cM. puc. 14, a) u "ckaTeiBaeTcs" O ATOMY CKJIOHY
B IIOMCKAX HYJSA f{X) B CTOPOHY +00. DTO BUIHO 10 BO3BpAIIaeMbIM (DYHKIHEH root
yuciaMm. OUeBHIHO, YTO Pe3yJIbTaThl PEIICHUS HEBEPHBI.

OpHako cucrteMa He BBIAAET HUKAKUX COOOIICHUH 00 omubke. ITO 0OBACHS-
erca TeM, uto MathCAD cuutaer kopHeM He TO 3HaU€HHUE X, IPU KOTOPOM f{x) TOYHO
paBHa HYIIIO, & TO, IPH KOTOPOM f(X) HE TMPEBBIIIAET 3HAYECHHUs] CHCTEMHOMN TIepeMeH-
Hoit TOL, paBHo#i 1o ymomuasnmio 10, JIaHHOE yCIIOBHE BO BCEX TPEX CITydasx Bbi-
nonHsierca. C yBenmu4yeHneM TpeOOBaHUI K TOYHOCTH pacuéra (TO €CTh C YMEHbIIe-
nuem TOL) Bo3Bpaiiaemble root urciia Bee 00JIbIe OTKIOHSIOTCS OT KOpHA x = 0, Tak
KaK ¢ pocToM | x | pyHkuus f{x) mpulamkaeTcst K HyJIO.

Pacu€tel pu pa3nuuHBIX HAYATBHBIX 3HAYCHHUSX X TIOKA3BIBAIOT, YTO TPaHU-
Bl 0O1aACMU CXOOUMOCMU B PAacCMaTpUBAaEMOM 3a/aye MPUMEPHO COOTBETCTBYIOT
ycioBuio | x | < 0,6. AHAJIOTHYHBIN pe3yJbTaT JIaeT ajJbTepHATUBHAS 3aIlUCh pelie-
Hus MeToaoM HeroTona.



£(x) := sinh(x)- (cosh(x))” 2
Newton(f,x) := for i< 0.. 1000

f)

4 fx
dx

Xl €= X —

break if |xi—x| <TOL
X < X1
Newton(f,-0.5 = -3.383x 10 : Newton(f,—0.7) =36.032

JI71s1 ycnenrHoro penieHus ypaBHEeHUsI HE0OX0AMMO MPAaBUILHO BHIOUPATh HE
TOJILKO HayaJlbHOE MPUOJIMKEHUE, HO U KpUTEpUl TOUHOCTH pacuéra. MimocTpa-
[IUEH JTOTO CIYXUT MPUMEP PEIICHUS MOAUPUIIMPOBAHHOTO ypaBHEHHS, OTJIU-
YaOIIETOCs OT PACCMOTPEHHOTO MHOKHUTEJIEM 10°:

x:=-0.5 TOL:=10"
root(f(x)'10_3,x) =0.307

Kopru ucxoaHoro ypasuenus f{x) = 0 u Hooro f{x)-10° = 0 10MKHBI COB-
nagatb. Ognako MathCAD Bbiaér HeBepHbBIN pe3ynbTar. ITa OomUOKa OOBSACHS-
etcst TeM, uto PyHKIHs f{x)- 10 HpH TOOBIX 3HAYCHMSAX X HE NPEBBIIACT 3HAUC-
Hus nmapamerpa TOL. UToObl mOMyUnTh pa3yMHBINA pe3yabTaT, HEOOXOIUMO CKOP-
PEKTHPOBATh TPeOOBAHMS K TOYHOCTH, BBIOpaB, Hampumep, TOL = 10 °. B stom
cirygae MathCAD Bo3spamaer x =—7,35117-107".

B psine ciiyqaeB 0cOOEHHOCTH ypaBHEHUSI MOTYT MPUBECTH K HEPabOTOCIIO-
COOHOCTM  aJropuT™Ma  IOUCKAa  KopHA. Hampumep, nmns  ypaBHEHUS
f(x) = sh(x) / (ch(x)) OyneT BbIIaHO CleayIOIIee COOOIIEHUE:

x:=2 TOL:=107 root[sinh(x)-(sinh(x))'l,x}:

Found a number with a magnitude greater
than 10307 while trying to evaluate
this expression

Heynada o0bsicHsieTCs TeM, 9TO (YHKIHUS UMEET MOJIOTHE YYaCTKH ClIeBa H
ciupaBa oT To4kd x = 0 (cm. puc. 14, 6). IlockonpKy alropuT™m root Ha KaKI0M
UTEPAILIMOHHOM Iare JeIUT 3HaueHUs! GyHKIMUU f{x) HA YMCICHHBIN YKBUBAJICHT €€
MPOU3BOJIHOM, BO3HUKaeT TmepenonHeHue (overflow), Tak kak MpoU3BOAHAsS
f'(x) mpu | x | > 2 GrusKa K HyJIO.

OnacHOCTh OIMMOOK, TTOJOOHBIX PACCMOTPEHHBIM BHIIIE, COCTOUT B TOM, YTO
OHM MOTYT OCTaThCsl HE3aMEUeHHBIMH, NMOCKOIbKY MathCAD He BbITaéT HUKAKUX
npeaynpexaanimux cooduenui. [loaToMy npu penieHun ypaBHEHUH KeIaTeIbHO
MPUACPKUBATHCS CIAEAYIONIUX MpaBul. Bo-nepBbix, HEOOXOAUMO CHauaja MpoBecC-
TA OTJACJIICHUE KOPHEH ypaBHEHUSA. BO-BTOpBIX, KEIATEIbHO BBIMOJIHUTH MOUCK
pelIeHrs HECKOJIBKO pa3 OT Pa3MYHbIX HAYAJIbHBIX TOYEK. Penienue cneayer noa-
BEprarhb MPOBEPKE, €CIIM €T0 MPABUILHOCTh HE OUEBH/IHA.



[IpuBenénubie MpUMEpPbl HE CBHICTEILCTBYIOT O CIAa0OCTH BCTPOCHHBIX B
MathCAD nponenyp peuienus ypaBHeHud. C mogoOHbIMU TIpoOiIeMamMu MOKHO
CTOJIKHYTBCS M TIPH MCTIOJIB30BAaHUM APYTUX CpencTB, Hampumep, MATLAB wumm
MaKEeTOB MPUKJIAIHBIX TIPOTPAMM JIJISl YHCIICHHBIX PAcYETOB.

1.5.2. Ilonck xkopHeil HesiuHeliHOTO ypaBHeHust B MATLAB

B MATLAB peaim3oBana mporeaypa IMOUMCKa KOPHEM YpPaBHEHUS B BHUJC
byukuun fzero, ncnonp3yromeid KOMOMHALIMIO METOIOB MOJIOBHHHOTO JENICHUS, CE-
KyIIUX U OOpaTHOM KBaJpaTUYHOW MHTEPIOISAIUU (B Bepcusx a0 4.X HCIOIb30Ba-
nachk nporenypa ZEROIN). O6paiienue kK GyHKITUHN MOYKHO 3aMcaTh B BUJIE

X1l=fzero (FUN, X0,O0PTIONS),

rne FUN — cTpoka, coaeprKaias UM AeHCTBUTENbHON (DYHKIUH f(X) NTeUCTBUTEIBHOM
nepeMeHHOH x, X0 — HauanbHOe npudmmkenne x, OPTIONS — oniuu perienus. Eciu
cTpykTypa OPTIONS mpomyIleHa Wi 3aMEHEHa IyCTOW MaTpuuen [ |, UCHonb3y-
IOTCSl YCTAaHOBJICHHBIE M0 YMOJTYAHUIO HACTPONKHU MPOLIETYPhl PELICHHUSL.

[Tockonbky umst GyHKIMH f{X) yKa3bIBa€TCsI Kak CTPOYHAs mepeMeHHas FUN,
OHO JIOJDKHO OBITh 3aKJIIOYEHO B amocTpodbl WM BBIIETIECHO CUMBOJIOM (@.
Hanpumep, gns  dyskouum  f(x) = sin(x) mocie  BBOJAa  CTPOKHU
X=fzero('sin', 3) Bo3Bpamaercs pe3yaprar X=3.14159... . Jliobas
Oonee crnoxHas GyHKIUS f{x), 1JIT KOTOPOMl TpeOyeTCs HAMTU KOPEHb, MOXKET ObITh
3a/laHa ¢ MOMOIIbI0 m-(aiina.

PaccmoTpum 3amady, MpeACTABICHHYIO B JIEMOHCTPAlMOHHBIX INpUMeEpax
naketa MATLAB. Pemenne oTeickuBaeTcst 1j1st TecToBoM PpyHKImu humps(x), 3a-
nucaHHoM B ¢aiie humps.m B Bume

y=1.0/((x-0.3).72+0.01)+1.0/((x-0.9).72+0.04)-6 .

I'paduueckuit anamus (cMm. puc. 15) mokaspiBaeT, 4TO JAaHHOE ypaBHECHHE
uMeeT KopeHb BOm3u x = 1,3.
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Puc. 15. I'padux ¢pynkmun humps(x), moctpoennsiii B MATLAB



YTouHEeHHE BTOPOTO KOPHS C MOMOIILI0 (GYyHKIUU fZero BHIOIHAETCS TPH
HaYaJIbHOM TIpuoImxkenuu x = 1.0:

X = fzero(@humps,1.,0PTIMSET (' Display’,’iter’))

[Tockonbky B HaOope omnmuit OPTIMSET 3aiaH napaMerp iter, Ha 3KpaH
BBIBOJISITCA MPOMEXKYTOUHBIE 3HAYCHHS PACUYETHBIX mapaMmeTpoB. [Ipu 3TOM BEI-
XOJHasd MEPEMEHHAsA X MPUHUMAET CIEAYIOIINE 3HAUCHUS:

X =1.0; 0.9717; 1.0283; 0.96; 1.04 ... 1.29955

[Tocnennee 4mciO, COOTBETCTBYIOIIEE KOPHIO ypaBHEHHS, BBIBOJAWTCS Ha
JIBAJIIATh BTOPOM IIare perieHus. 3aKII0YUTEIbHBIC TIATh IIAaroB UCIIONIB3YIOT HH-
TEPIOJISIIIUOHHYIO MPOIEAYPY — OHM OTMEUEHbI CJTI0BOM "interpolation".

2. YKA3ZAHUA K BBIITIOJITHEHUIO PABOTBI

2.1. IToaroroBka Kk padore

N3yuute Meroasl penieHus: ypaBHeHUN Ha DOBM, Hcnomib3ys yKkazaHHYIO JiU-
Tepatypy. OOpaTuTe 0c000€ BHUMaHUE Ha CIETYIOIINE BOMPOCHI:

1. Buapl ypaBHEHU U UX OCHOBHBIE CBOWCTBA;

2. OCHOBHBIE CBOWMCTBA aHAIUTUYECKUX U UTEPALMOHHBIX METOJOB PEIICHUS
YPaBHECHUI;

3. Metoibl ucciaea0BaHUs YPABHEHUH U OTACIICHUS KOPHEW;

4. tepalinoHHbIE METOBI TOMCKA KOPHEW ypaBHEeHUs HA DBM.

2.2. ITopsinoxk BbINMOJIHEHHSI PA00THI

1. Ha ocHOBaHMM MOJYYEHHOTO 3a/IaHHsI ONPEEIUTE BUJI YPABHEHHUSI, KOTO-
poe Tpebyercs pewuts. [IpoBeaute rpaduyeckoe ncciae10BaHUE YpaBHEHHUS.

2. CocTaBpTe aNrOPUTM PEUIEHUS 33Ja4d U MOATOTOBBTE MPOrpaMMy Ha OJ-
HOM M3 SI3bIKOB POTPAaMMHUPOBAHUS BBICOKOTO YPOBHH.

3. BemousauTe pacuer Ha 9BM ¢ moMoIb0 MPOrpaMMsl.

4. Pemute 3amady ¢ nomonibio nmakera MathCAD, MATLAB wu npyroro.
CpaBHUTE NMOIYUYEHHBIN PE3YIIBTAT C MPEABIIYLIIUM PELICHUEM.

5. OdopmuTe otuer 1o padore.

2.3. Conep:xkanme oT4yera

1. ITers paboTHI.

2. 3apanue.

3. Onucanne MeToAa pelIeHUs, KpaTKue CBeIeHUs u3 Teopuu ((hopMyIibl,
QITOPUTM H T.IL.).



4. Tlporpamma (pacredarka), €e OIucaHue.
5. Pe3ynbratel pacyeTa npu pa3aTuyHbIX HAYaJIbHBIX MPUOIKEHUSIX.
6. PemieHue ¢ mNOMOIIBIO MPOrpaMMbl M CHEIUATU3UPOBAHHOTO TMAKeTa

(MathCAD, MATLAB u 1. 11.), cpaBHEHUE PE3yJIbTATOB.
7. KpaTkue BBIBOJBI 1O paboTe.

2.4. KoHTpOJIbHBIE BONPOCHI

1. Onuimrre cBOMCTBA anreOpanvyeckux U TPAHCUEHICHTHBIX YPaBHEHUIA.

2. ]l 4ero npou3BOAUTCS MPOLEAypa OTACIEHUS KOPHEN U MIPEABAPUTEIb-
HOE HcclieloBaHue ypaBHeHul. [IpuBeaure npumep.

3. [IpuBeaute npuMepsl U3BECTHBIX BaM CIIOCOOOB MCCIIEIOBAHUS HEJIUHEH-
HBIX YPABHECHUMU.

4. OnuiuTe OCHOBHBIE CBOKMCTBA NMPSIMBIX U UTEPALMOHHBIX METOJIOB pelIe-
HUsl YPAaBHCHUM.

5. YTo NOHMMAIOT MOJ CXOAMMOCTBIO HMTEPAlMOHHON mnpoueaypsl? OTBer
MOSICHUTE MPUMEPAMHU.

6. Uto Takoe 00JacTh CXOJUMOCTH MPUMEHHUTEIHHO K UTEPALMOHHON MPO-
uenype?

7. IlosicHUTE, YTO TaKOE€ CKOPOCTh CXOJIMMOCTH U KakK OHa cBsizaHa ¢ 3¢ dek-
TUBHOCTBIO METO/1A.

8. OnuinTe METO MOJOBUHHOTO JIEJICHHUS.

9. Onummure meroxn xopA. HazoBure ero JOCTOMHCTBA U HETOCTATKH.

10. OnumwuTe MeTo cexyux. JlaiiTe ero CpaBHUTENBHYIO XapaKTEePUCTHUKY .

11. OnuimTe MeToA KacaTeabHbIX. Y KQXKUTE €r0 IOCTOUHCTBA U HEJIOCTATKH.

12. OnuiuTe METoI MPOCTOM UTepaluu. JJaiTe ero XxapakTepucTUKY.

13. IIpuBeauTe nprMep UTEPALMOHHOIO METOJa, MCHOJbB3YIOIIEro KBajapa-
TUYHYIO UHTEPIOJISALMIO JUIsl PEIICHUS] HETMHEUHBIX ypaBHEeHU Ha DBM.

14. Kakue crienuanbHble METObI IPUMEHSIIOTCS ATl PeLIeHUs anredpande-
CKHX YPAaBHECHH?

15. [louemy Ha mpakTUKE 4YacTO MPUMEHSIIOT KOMOMHUPOBAHHBIE AJITOPUT-
MBI, BKJIIOYAIOLIUE B C€0s1 pa3IMYHbIE METO/IbI OTHICKAHUSI KOPHEW?

16. Pacckaxxute 00 ocoOeHHOCTsX mpenacrasieHus uucen B OBM. Kak
BIIUSIET crI0CcO0 mpejicTaBieHus yucen B 9BM Ha TouHOCTh pacueToB?

17.Yto0 Takoe MAalIMHHBIM HyJIb, MalIMHHAsA OECKOHEYHOCTh U
MamrHHOE € ? Kak 3Tu napaMeTpsl BIUAIOT HA TOYHOCTh pacueToB Ha DBM?

18. Iy yero ucnosib3yercs HOPMHPOBKA YPABHEHUM NPHU UX PELICHUH Ha
OBM?

19. HazoBuTe TpyM OCHOBHBIX MCTOYHHMKA IMOTPEIIHOCTEN NMPU PEIICHUU 3a-
nad Ha DBM, ux npupojty ¥ cnocoobl yMEHBIIEHHUS.



3. BAPUAHTHI 3AJIAHUM

Hwxe npuBeneHsl BapuaHThl 3a1aHuil. Kaxknoe u3 HUX BKIIIOYAET Psijl BApHaH-
TOB, OTJIMYAIOITUXCS APYT OT JApyra HAOOPOM MCXOAHBIX JaHHBIX. Bce mapameTpsl B
dbopMyIiax, eciau He OTOBOPEHO MHOE, CIEeIYET 3anuchiBath B cucteme CU.

3aodanue 1. 3azemnurens B popMe KOJblia paguy-
COM 7 PacmnoJjioKeH B IpyHTEe Ha riyoune h. Ero compo-
TUBJICHUE TIPU /1 >> r pacCcYUTHIBacTCs 1o popmyiie

e[ 9],
AnrG| h d

rae © = 3,14..., G — >IEKTPONPOBOJHOCTh TPYHTA,
d — TuameTp IpOBOJHUKA U3 KOTOPOTO U3rOTOBJIEHO KOJIBLIO.

3aiaBlIIMCh MapaMeTpaMu /1 U d, yKa3aHHbIMU B TaOJIMIIE, a TaKXe MPUHSB
G = 0,03 '/Om-M, HaiizuTe paguyc r, 0OeCIeUnBAIONINIl TpeOyeMoe CONPOTHBIIC-
HUE 3a3eMJICHUS R .

[Tapamerp Bapuanrt
1-1 1-2 1-3 1-4 1-5 1-6
h, M 1,2 1,1 0,9 1,5 1,6 1
d, M 0,03 0,02 0,015 0,025 0,014 0,035
R, Om 17 25 22 15 16 21

3aoanue 2. 3a3eMauTeNb, U3TOTOBICHHBINA B BUJIE PEIIETKHA MPSIMOYTOJIBHON
(bopMBI U3 METAUTMYECKUX TPYO, PacmosiokeH TOPU30HTAIBHO B TPYHTE Ha ITyOu-
He /. COnpOTHBIICHNE 3a3eMIIUTEINSI PACCUUTHIBACTCS 110 (PopMyJie

2
In L +4,95
B 2rh

B 2nLG

b

rae = 3,14..., L = 6%/ — cymmapHas anuHa Tpyo,
r — pammyc TpyO, h — Thmybuna, G — ynenbHas
3JIEKTPOIPOBOIHOCTh TPYHTA.

3agaBmmcy mapamerpamu  r = 0,01 M,
h (u3 TabmuIbl), ONpeaenuTe pa3Mep /, COOTBETCTBYIOIIHK TpeOyemMoMy COIpO-
TUBJICHUIO R.

Mapamerp Bapuanrt
2-1 2-2 2-3 2-4 2-5 2-6
G, '/Om-Mm 0,02 0,015 0,01 0,025 0,02 0,025
r, M 0,025 0,015 0,035 0,03 0,01 0,03
h, M 1 1,2 0,8 1,5 1,5 1,2
R, Om 15 12 16 9 12 8




3adanue 3. DneKTpUUecKas eMKOCTh CUCTEMBI JIBYX MapaJljIeIbHBIX TIACTHH
IPSIMOYTOJIEHOM (hOPMBI (CM. pUCYHOK) TIpH @ =>d 1 b > d MOXKeT ObITh OnpeneneHa
o ¢opmyiie

d T a d T b d

Y rme € — OTHOcWUTenbHAs IUPJICKTPUYECKas MPOHUIIAC-
d wocrs cpenbl, & = 8,85-10" ®/M; a u b — pasmeps

IUIACTUH; d — pacCTOSHUE MEXAYy IUIAaCTHHAMH,
n=3,14....
b Haiinute 3a30p d, obecreunBaronuidi MOJy4eHUE
p g TpebyeMoit emkocTu C IpH yKa3aHHBIX B TaOJMlile mapa-
MeETpax.
Bapuanrt
Hapaverp ™37 3-2 3-3 3-4 35 36
a,M 0,002 0,004 0,004 0,02 0,015 0,009
b, m 0,005 0,007 0,006 0,01 0,008 0,012
€] 4,1 10 3,7 7 9,6 5,1
C, nd 10 2 6,5 10 15 9
3aoanue 4. DIIeKTpUYecKas €MKOCTb IBYX  KOAKCHAJIBHBIX
MJIOCKUX JUCKOB (CM. pUCYHOK) npu L/R<1 paccuuTsiBaeTcs no Gpopmyre
R
C= alsoR{ﬁ+ln(l6nRj—l},
L L

T€ € — OTHOCUTEIbHAS AUAJIEKTPUYECKAS MPO-
L _ 12
HUIIAEMOCTh Cpenbl, & = 8,85:10 D/m,
R — pammyc nuckoB, L — pacCcTOAHUE MEXIY
muckamu, m© =3,14... .
Haiinure paguyc R, yIOBIETBOPSIOLIMI
TpedyemMomy 3HaueHuro eMKocTi C, IpU 3a/IaHHBIX B TaOJIUIIE MapaMeTpax € u L .

[y
W

Tapamerp Bapuanrt
4-1 4-2 4-3 4-4 4-5 4-6
€] 1 2 4 10 10 4
L, mm 1 1 4 5 4 3
C, n® 100 33 20 27 36 47




3aoanue 5. B uHTErpagbHBIX
CXeMax UCIOJIB3YIOT TUIaHAPHBIC KOH-
JIEHCATOPHI, UMEIOIINE BHJ METaJLIH-
YEeCKOro JIHMCKA, PAacCIMOJIOKEHHOTO B
KPYTJIOM BBIpE3€ METAJUTM3allud Ha
MOBEPXHOCTH JAUDIIEKTPUICCKON TIOJI-
JIOKKH (CM. PUCYHOK). EMKOCTB Tako-
ro KOHJIEHCATOpa ONpENENsIeTCs TIOo

dbopmyie
r rY 1+7/R
C=2gg,R|1+—+ 1—(—} In ,
R R 1-7/R

IIe € — OTHOCUTCNIbHAS JUAJICKTPUYECKas IPOHMIIAEMOCTh JHAJICKTPHUKA,
g0=8,85-10""2 ®/m, R — paauyc BeIpe3a, 7 — pagmyc IUCKA.

3aaBIINCh YKa3aHHBIMU B TaOJMIC MMapamMeTpaMd €; H F, HAWIATE
paauyc R, obecnieunBatomuii Tpedyemyto eMkocts C.1

[Tapamerp Bapuaur
5-1 5-2 5-3 5-4 5-5 5-6
€l 1 12 10 4 11 7
¥, MM 31 5 4,5 10 20 10
C, n® 4,7 6 5,5 4,5 35 7,5

3aodanue 6. B uHTErpanbHBIX CXeMaX MUCHOJIb3YIOT-
Csl IUIOCKME KAaTyIIKHM WHIYKTHBHOCTH B BUJE KpPYyIJIOH
METAUIMYECKON cnupad. MHIYKTHBHOCTH TakoW Ka-
TYIIKA (B HAHOTEHPHU) MPHUOIMKEHHO OMPEIENAeTCs IO

bopmyie

2
L=04-1N’a h&+i(fj (hﬁw,sssj—l :
c 24\a c 2

rae © = 3,14..., N — yucno BUTKOB, a = (R; + Ry) / 2,
c=R,— Ry, Riu R, — BHyTpeHHU} U BHEITHUI paaunychl. Bce pasmepsl B hopmy-
J1aX YKa3aHbl B MUJUIUMETPax.

Haiigure panuyc R,, yAOBIETBOpAIOIIUN TpeOyeMOMY 3HAYEHUIO WHAYK-
TUBHOCTHU L TIpH yKa3aHHbIX B Tabnuie N u R;.

HapaneTp Bapuanrt
6-1 6-2 6-3 6-4 6-5 6-6
R, MM 1,5 2 1,3 2 1,5 2
N 6 3,5 5 2 3 2,5
L,ul'H 250 120 230 35 77 68




3a0anue 7. B THOPUIHBIX MHTETPAIBHBIX CXEMaxX HCIOJIB3YIOTCS TUIOCKHE
MJICHOYHBIE KATyIIKH WHAYKTUBHOCTH B BHJE KBAaJApaTHOW cnupayid. VIHAYKTUB-
HOCTh TaKOW KaTyIIKW (B HAHOTCHPHU) MPUOIIKEHHO OIpe-

R, IV nensiercst mo popmyie
5
= 8a
L=2,41-aN3Iln| —|,
1 - c
— 1 7
R rae N — 4ucio BUTKOB, a = (R} + Ry)) /2, ¢ = R, — Ry,
Ry m R, — pa3Mepbl BHYTPEHHETO0 W BHEIIHETO BUTKOB Ka-
TyIIKH. Pa3mepsl B hopMyriax yka3aHbl MHJIIUMETPAX.

3aaBIIMCh YHCIOM BHUTKOB N U pa3MepoMm R,
HalauTe nmapamerp R, odecrieunBaronuil 3aJaHHyI0 HHAYKTUBHOCTh L (3HaueHus
N, R, u L nanbl B Ta0iHIIC).

Tapaverp Bapuanrt
7-1 7-2 7-3 7-4 7-5 7-6
N 4 S 3 4,5 3,5 5
Ry, MM | 2,5 2 1 1,5 |
L,ul'n 100 430 160 180 140 170

3adanue 8. B ruOpUAHBIX MHTErpajbHBIX CXEMax B
KayeCcTBE OJHOBHTKOBOW HWHAYKTUBHOCTH MOXET TpUMe-
HATBCS TOHKas MeTa/uTMdyeckas TOJO0CKa, HaHECCHHAs
Ha JUAJIEKTPUYECKYIO TOAJIOKKY B BHJAE KPYIJION MeTiu
(cM.  pucyHok).  MHAOYKTHBHOCTb  TakoW  METNIH
B HAHOTEHpPU  NOPUONMIKEHHO  OmpeAensercs IO

bopmyie
L:1,257-R{1n(8nR]—2} ,
W+t

rae R — pagnyc CpelHel JIMHUU NETIH, W — mHUpuHa METALUTMYECKOU IMOJOCKH,
t — ee TonmuHa. Bee pa3mepsl B hopmysie ykazaHbl B MUJUTUMETPAX.

Haiinute pasmep R, yaoBieTBopsoOImMid TpeOyeMoMy 3HaueHuto L mpu 3a-
JaHHBIX NMapameTpax W u ¢ (MX 3Ha4eHMsI yKa3aHbl B TaOJIHIIE).

Tapamerp Bapuanrt
8-1 8-2 8-3 8-4 8-5 8-6
W, MM 0,5 2 1 1,25 1,5 0,75
{, MM 0,03 0,035 0,01 0,035 0,03 0,025
L,ul'H 25 72 60 37 45 42




3aoanue 9. Jlnga SKCNEPUMEHTANIBHO TOJYYEHHOW MPSMOW BETBU BOJIBT-
aMIIEPHON XapaKTePUCTUKU MOJYIIPOBOJHUKOBOIO Aroja npu u < 0,6 B momobpa-
Ha annpoKCHMAIHKs B BUJE CTEIEHHOTO MHOTOUJIEHA:

: 2 3 4 5
i=au+bu " +cu +du +eu’,

I'Z1€ TOK I 3aJlaH B MIWUIAAMIIEpaX, HAPSDKEHUE © — B BOJIBTAX.

Hcnonb3ys anmpoKCHUMaLMiO, HAWIWTE HANpsHKEHUE Ha
IMoJe, TPU KOTOPOM depe3 Hero OyJieT MpoTeKkaTh 3aJaHHbIA B TaOJIUIE TOK i
IIpu cocTtaBieHUM ypaBHEHHS HCIIOJIb3YWTE yKa3aHHbIE B TaOJMIlEe MapameTpsl
a b, c,d n e.

Tapaverp Bapuanrt
9-1 9-2 9-3 9-4 9-5 9-6
i, MA 11 15 22 25 32 47
a, MA/B 0,2 2.3 112 32 39 15
b, MA/B 97 150 215 67 140 22
¢, MA/B’ 88 120 110 275 97 217
d, MA/B” 350 457 465 84 192 118
e, MA/B’ 112 97 149 52 76 36

3aoanue 10. KodpduuueHT HEAMHEHHOCTH MOIYIPOBOJIHUKOBOTO HEJU-
HeHOTOo pe3ucropa (BapucTopa) B onpeaessercs Kak OTHOIIEHHE CTaTHYECKOro R
u auddepeHnuanpHoro » conpotuBineHui. [lpu 3aganHOM TO-
CTOSIHHOM HaNpsKEHUU 3aBUCHUMOCTH [3 OT TeMIEepaTypbl OMHUCHI-
BAETCs BRIPAXKCHUEM

R _T'+KT-KT,

B - s
r T°—KT+KT,

rae T — TemrepaTypa akTUBHOW 00JacTH BapucTopa, 1y — TeMIeparypa OKpysKaro-
et cpenpl, K — koo puimenT remnepaTypHoil 4yBCTBUTEIBHOCTH paboyero cios
BapuUCTOpA.

Haiinute 3Hauenue 7, mpu KOTOPOM OOecreunBaeTcs 3aJaHHOE 3HauYeHue 3
J1s U3BeCTHBIX K U 7.

Mapamerp Bapuanrt
10-1 10-2 10-3 10-4 10-5 10-6
B 1,5 2,5 2,0 7,5 1,5 2,5
K K 700 1200 1000 2780 900 1500
Ty, K 303 300 293 313 299 303




3aoanue 11. KoHCTpYKIIUS PaAHO3JIEKTPOHHOTO YCTPOUCTBA COAEPIKUT KOH-
COJIbHBIM TOHKMH OJHOPOJHBIN CTEPKEHb. YacTOThI MEXaHW4e-
,’j CKHX PE30HAHCOB CTEPKHS MPU TAKOM 3aKPEIUICHUH ONpPEaesis-

I0TCS U3 YPAaBHCHHUS
cos(x) ch(x) + 1 =0,

rae x = kL — Oe3pa3MepHbIi TapaMeTp, kK — BOJIHOBOE YKCIIO, L — JAJIMHA CTEPIKHS.
CoOcTBeHHass 4YacTOTa CTEP)KHS (O CBsA3aHA C TapaMeTPOM Kk COOTHOIICHHUEM

c0=k2«/EJ/m0, rae £ — monyins ynpyroctu marepuana, J — MOMEHT HHEPLUHU

CCUCHUA, Mip— IIOIOHHAA MacCa CTCPIKHA.
HaﬁﬂHTe IMCPBLIC ITATH PC30HAHCHBIX YaCTOT CTCPIKHA IIPHU 3adHHBIX B Ta0-

JIMIIC NCXOJHBIX TaHHBIX.

Bapuanrt
11-1 11-2 11-3 11-4 11-5 11-6
L, M 0,2 0,1 1,0 0,05 0,1 0,2
E, H/m* 310" 5.10" 6-10" 5.10" 3-10" 810"
J, M 1-1072 | 2.10 | 1-10" | 210 | 1107 | 11072
Mo, KI/M 1 2 1 0,8 0,7 1,5

[Tapamerp

3aoanue 12. KoHCTpyKIUS 3JIEKTPOHHOTO YCTPONCTBA COJEPKHUT TOHKHIMA

, OJHOPOJIHBIN CTEPKEHb, JKECTKO 3aKPEIUICHHBIM Ha KOHIIAX.

ﬂ YacToThl MEXAHUYECKUX PE30HAHCOB CTEPXKHSA MPU TaAKOM
3aKpEIJICHUU ONPEACIISIIOTCS U3 YPaBHEHUS

2] / cos(x) ch(x) = 1=0 |

rae x = kL — Oe3pa3MepHbIi TapaMeTp, kK — BOJIHOBOE YHCIIO, L — JJIMHA CTEPIKHS.
CoOcTBeHHass 4acTOoTa CTEPXKHSA (0 CBA3aHa C TapaMeTpoOM Kk COOTHOIICHUEM

o=k*JEJ [myg, e E — MOJ1YJIb YIIPYrOCTH marepuana,

J— MOMEHT WHCPLHNU CCUCHUA, My — IIOTOHHAA MacCa CTCPIKHA.
HaﬁﬂHTe ICPBLIC ITATH PC30HAHCHBIX YaCTOT CTCPIKHA IIPHU 3adHHBIX B Ta0-

JINIC NCXOJHBIX JaHHBIX.

Mapamerp Bapuanrt
12-1 12-2 12-3 12-4 12-5 12-6
LM 0,2 0,1 1,0 0,05 0,1 0,2
E, Hm* 3-10" 5.10" 6-10" 5.10" 3.10" 810"
J, M .10 | 2.10"2 | 110" | 2:10" | 110 | 1107
mg, KT/M 1 2 1 0,8 0,7 1,5




3aoanue 13. JIuHUM CBSI3U B BBICOKOYACTOTHBIX MHTErPAJIbHBIX CXEMaX BbI-
HOJIHSIOT B BUJIE MOJIOCKOBBIX CTPYKTYp. [IpHu ux pacuere nucnoip3yroT BCIOMOra-
TeIbHBIM TapamMeTp — 3GHEKTUBHYIO OH-
DIIEKTPUYECKYIO MPOHULAEMOCTD Espg, YUH-
THIBAIOIIYIO BKJIAJ TUAJIEKTPUYECKOU MPO-
HUI[AEMOCTH TOJJIOKKA M HaXOIALIErOCs
HaJl HeW Bo3ayxa. s y3KOoM NOJIOCKH Me-
tamia (W/h < 1) ata BenuuuHa onpeaesieT-
cs o hopmyie

_gtlf g1 In(n/2)+In(m/4)/¢,
R) g +1 In(87/W)

m

b

I7I€ € — OTHOCUTENbHAS JTUAIEKTPUUECKas MPOHULAEMOCTh MaTEPHUAIIA ITOUIOKKH,
h — TONIKUHA MOAJIOKKHU, W — mupuHa MPOBOSIIEH MOTOCKH.

3aiaBIIMCh MPUBEICHHBIMU B Talbnule napamerpamu i u W, onpenenure
NPOHHULAEMOCTD €, YAOBIETBOPSIOLLYIO YKA3aHHOMY 3HAYECHMIO €,y

Tapaverp Bapuanrt
13-1 13-2 13-3 13-4 13-5 13-6
h, MM 2 0,5 1 0,5 0,5 1
W, MM 1 0,2 0,3 0,4 0,1 0,3
Expih 53 4,8 5,5 3,5 4,3 4,8

3aoanue 14. JIns 3ammMThl OT BHOpAIMu OJIOK CaMo-
JICTHOW PaaUOJIOKAIIMOHHON CTAHIIMM YCTAHOBJICH HA YEThI-
pex amoptu3aTopax. CucTeMa aMOPTHU3AIMH MPU ITOM MO-
KET UMETh JI0 MIECTH COOCTBEHHBIX MEXaHWYECKUX PE30HAH-
COB, YaCTOTBI KOTOPBIX ONPEACIIAIOTCS YPAaBHCHHSI

Ao + Bo'® + Co® + Do’ + Eo* + Fo* + G =0,

rae A, B, C, D, E, F, G — ko3(pdULIMEHTBI, ONPEIEIAIONIecs MapaMeTpaMH KOH-
CTPYKIIHH, () — YaCTOTa KOJICOAHUH.
HaiinuTe pe3oHaHCHBIE YaCTOTHI JUIs1 3a/TaHHBIX KOI(D(MOUIIMEHTOB ypaBHEHUSI.

Hapamerp Bapuanrt

14-1 14-2 14-3 14-4 14-5 14-6
A 0,01 0 0 0,1 1 0
B 1 0,01 0,02 -20 0 0
C —78 1 0,1 102 ~29900 1
D 2,1.10° | -1,25-10° | -2,56-10° | —8,98-10° 0 ~116
E -2.5-10* | 1,85-10° | 3,45-10° | 8,76-10° | 26400 | 4,3-10°
F 1,2:10° | -8,75-10° | -9,95-10° | —7,5-10° | 9,12-10° | —5,3-10*
G ~1,9-10° | 8,9-10" | 2,7-10" | -3,3-10° | -1,75-10° | 8,9-10*




3aoanue 15. BomHoBOE CONMPOTUBICHUE ABYXIPOBOJAHON JTUHUU PACCUUTHI-

Baercs 1o gopmyiie
2
Z, :ﬁ Ig 2+ 1+D—2 ,
Je Tl d d

r€ € — OTHOCUTENbHAsA IMUAJICKTpUYECKas MpOHHIlae-
MOCTb Cpe/lbl, B KOTOPOH HaXOAMUTCS ABYXIPOBOAHAS JUHUSA, d U D — COOTBETCT-
BEHHO JIUaMETPbl MPOBOJHUKOB U PACCTOSIHUE MEXKY UX OCSIMHU.

Omnpenenute mapametp D, o0ecrnieunBaromuil TpedyemMoe CONpPOTUBIICHUE Z
NIpH 3aJIaHHBIX € U d. IcXoaHbIe TaHHBIC MPUBECHBI B TAOJIHIIE.

Tapamverp Bapuanrt
15-1 15-2 15-3 15-4 15-5 15-6
Zy, Om 600 150 350 225 150 100
g 1 4 1 3,5 2,5 3
d, MM 0,5 1,5 1 2 1 1,5

3aoanue 16. I1oroHHbIE TOTEPU MOIIHOCTH B MPOBOJHUKAX KOAKCUAIBHON
JIMHHUH, BBITIOJTHEHHON U3 MEH, OTPEACIIAIOTCA 10 popmyJie

®”

I7ie IOTEepH o onpenessitoTes B Ab/M (neuubeni Ha Metp), d u D — COOTBETCTBEHHO
JUaMETPbl LIEHTPAJIbHOIO NPOBOJHUMKA M D3KpaHa (M3MEpSIOTCS B METpax),
€ — OTHOCUTENbHASI JUAJIEKTPUUECKAss MPOHUIAEMOCTb CPEbl MEXKIY IPOBOJHU-
KOM U DKpaHOM, f— 9acToTa (U3MepseTCs B rUrarepiax).

3alaBIIMCh YKAa3aHHbIMU B TaOjvLe napameTpamu €, f U d, ONpEeIuTe
auameTp D, yAOBIETBOPSIONIMI 3aJaHHOMY 3HAYEHUIO 0.

1,898-107/e f(1+D/d)
- DIn(D/d)

b

Tapaverp Bapuanrt
16-1 16-2 16-3 16-4 16-5 16-6
£ 2,5 3 7 2,7 1 4
£, TT 0,1 0,01 0,05 0,2 0,2 0,07
d, m 1-107° 2:10° | 0,5-10° | 2-10° | 0,5-10° | 1,5-10°
o, 1B/m 0,1 0,02 0,2 0,14 0,22 0,05




3aoanue 17. lloroHHbIE TOTEPU MOITHOCTHU B MPSMOYTOJIHHOM MeETajlinye-
CKOM BOJIHOBOJIE, BBITIOJITHEHHOM M3 MEJIU, /I OCHOBHOT'O THIa BOJHBI Hj, ompe-
TENSIFOTCS 110 (hopMyIie

0,14{1&;(;)2}
i bk 1= (0/2a)

rje norepu o omnpeaensrorcs B n1b/m (meumbenn
Ha METpP), @ U b — momnepeyHble pa3Mepbl BOJIHO-
BOJIa, A — JUIMHA BOJIHBI. Beawuwuel a, b u A B
(bopmyny crneayer MOACTABIATh B CAHTUMETPAX.
3a1aBUINCh yKAa3aHHBIMH B TAaOJNHIIE pa3MepaMu a U b, ompenenure UTHHY
BOJIHBI A, YIOBJIETBOPSIOLLYIO 33JTaHHOMY 3HAUEHUIO 0L U YCIOBUIO a < A < 2a.

a

Tapaverp Bapuanrt
17-1 17-2 17-3 17-4 17-5 17-6
a, CM 2,3 1,6 1,3 1,1 0,9 0,72
b, cM 1 0,8 0,65 0,55 0,45 0,34
o, 1b/M 0,4 0,3 0,5 0,4 0,7 1,2

3aoanue 18. TloroHHbIE TIOTEPU MOIIHOCTU B
KPYIJIOM METaJUTMYECKOM BOJHOBOJE, BBITTOJTHEHHOM M3
MeJH, JUIsi OCHOBHOT'O THUIIA BOJIHBI H || OTIPEACIISIIOTCS 110

bopmyie
0,14/ 0,418+0,086(3/R)’ |
o=
RV \J1-0,086(/R)’

r7ie IOTepH o onpeaensatoTcs B 1b/m (neunderut Ha MeTp), R — paanyc BOJIHOBO/IA,
A — myMHA BOJIHEI. BenmuuuHb! a 1 A B popMyITy ciaeayeT MoACTaBISITh B CAHTUMET-
pax.

3aMaBIINCh YKa3aHHBIM B TaOJIHIIE PAJUYCOM @, ONPEACTUTE JIJIMHY BOJIHBI
A, YIIOBJIETBOPSIONIYIO 3aJJaHHOMY 3HAUYCHHUIO O U ycloBuio 2,1 R<A <34 R.

Bapuanr

Hapamerp o 18-2 183 18-4 18-5 18-6
R, cm 10 8 6 5 5 2,5
o, 1B/m 0,01 0,012 0,02 0,03 0,05 0,04




3aodanue 19. JKCIEPUMEHTAILHO YCTAHOBJICHO, YTO 3aBUCUMOCTH Jiehopma-
IUM z KOHYCHOM IMPYXHHBI OT IPUIOKEHHOW CUJIbI /' MOXHO paccuurarh IO

bopmyie
F
/ z=AF*+ BF’ + CF* + DF,

rae A, B, C u D — NOCTOSIHHBIE, ONpPEACIIIONUMecs KOHCTPYKIHEH
npyxxunsbl. [Ipu nojncranoBke B (opMyIly 3HaUC€HHS CHIbI ' B HbIO-
ToHax jaedopmalus z onpeneseTcsl B MUWIITUMETpax.
3ajaBIIuCh TpPUBEICHHBIMU B Tabnuine napamerpamu A, B, C u D,
ONpPEACIUTE CUITY CHITY F, yIOBIECTBOPSIONIYIO YKa3aHHOMY 3HAYEHHUIO Z.

Hapamerp Bapuanrt
19-1 19-2 19-3 19-4 19-5 19-6
A 0,02 0,01 0,01 0,005 0,003 0,01
B 0,4 0,04 0,3 0,01 0,02 0,05
C 0,1 0,5 0,1 0,1 0,4 0,2
D 1,2 1,3 2,1 1,9 1,1 3
Z, MM 6 5 3 2 4 5

3aoanue 2(. JKCNEPUMEHTAIBHO YCTAHOBJICHO, YTO

~ 3aBUCUMOCTb yIJla 3aKpy4YMBaHHS (¢ IJIOCKOM CHUPAIBHOU
F ( IPYKUHBI OT IIPUIIOKEHHOW CUIIBI [ MOKHO paccyuTarh 1o
\ \N—"/, bopmyie

¢o=AF + Bexp(CF),

rae A, Bu C — xko3(pPUIMEHTHI, ONpeaesomuecs KOHCTPYKTUBHBIMU ITapaMeT-
pamu npyxunbl. [lpu moacraHoBke B (GopMyiy 3HA4Y€HHUs CUJIBI F' B HBIOTOHAX
yTOJI (¢ OIIPENENsIeTCs B Ipagycax.

3aaBIIMCh NPUBEACHHBIMU B Tabnuie kodpduuuenramu A, B u C, onpeze-
JUTe cUIly F, yIOBIETBOPSIOLIYIO YKa3aHHOMY 3HAUYEHHUIO .

Tapaverp Bapuanrt
20-1 20-2 20-3 20-4 20-5 20-6
A 1 2 2 0,5 1,3 2,2
B 2 1 1,5 1,2 4,8 2,4
C 0,5 0,8 0,5 1 0,2 0,7
©, Tpa. 10 18 15 25 16 17




