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6OpOK WM cpefHee 3HaueHHE CPEAHUX KBAIPaTUIHbIX OTKJIOHEHHIA
BbIbOpOK. ITycTh 65 — CcpenHee KBaapaTMYHOE OTKJIOHEHME BBIOO-
POYHOI CTATUCTUKU OT BbIOOPOYHOTO PACIpENEIEHHs, T. €. CpeaHee
KBaJpaTUYHOE OTKJIOHEHHE CPENHMX BEJMYUH BHIOGOPOK WIM Cpel-
Hee KBaJpaTHYHOE OTKJIIOHEHHE CPeJHMX KBaJpaTUYHBIX OTKJIOHE-
HUit BBIGOPOK. TTOCKOMBKY BBIGOPOYHOE pAacrpeeeHHe CpedHUX
BeJIMYMH M CPENHHUX KBaAPAaTMYHBIX OTKIOHEHHH MONYMHAIQTCA
HODMaJIBHOMY 3aKOHY, MOXHO CIIPOTHO3MPOBATh BEPOSATHOCTH I10-
NajaHus BHIOOPOYHOM CTATUCTMKH B MPUBEJECHHBIE HUXE UHTEPBA-
Jibl C IOMOLIbIO TAOIMLIBI TUIOMIAZEH O] HOPMUPOBAHHOM KPUBOM
HopMaJbHoro pacripeaeseHus (Tadn. 12.4 co ctp. 467):

e cpelHee 3HaYeHME * | cpeqHee KBaapaTHYHOE OTKIIOHEHHUE,
e cpelHee 3HaYeHHE + 2 CpeqHUX KBaApaTUYHBIX OTKJIOHEHHUS,
e cpelHee 3HaYeHHUE t 3 CpeJHUX KBaIPATUYHbIX OTKJIOHEHHUS.

CornacHo 3To¥ TabiMue, COOTBETCTBYIOILEE BeJUYUHE 7 = +1
cpelHee KBagpaTHYHOE OTKJIOHeHUe coctasisieT 0.413, T.e. ruio-
IaJlb, COOTBETCTBYIOIAs BeJIMYUHE (+ 1 cpeqHee KBaApaTHYHOE OT-

KJIOHEeHHUe), paBHa 2 x 0.3413, 310 68.26%. TakuM 06pa30oM, NMPOLIEH-
THas BEPOAATHOCTD NonagaHHA BbIGOPOYHOM CTATUCTHKH B MHTEpPBal

(cpenHee 3HayeHHUe * 1 cpeiHee KBapaTUYHOE OTKJIOHEHUE) paBHa
68.26%. AHAJIOTHYHO BEPOSITHOCTb IONAJaHUs CTATUCTUKU B MH-
TepBall (cpelHee 3HAY€HHE T 2 CpelHUX KBaJpaTHYHBIX OTKJIOHE-
HUs) paBHa 95.44%, B UHTEpBaN (CpefHee 3HaYeHHWe + 3 cpemHuX
KBaJpaTUYHBIX OTKIOHEHUH) — 99.74%.

BeanunHbl 68.26, 95.44 u 99.74% HasbIBalOTCH 008epumenvHbimi
YPoHAMU JUISl OLEHKU BBIOOPOYHOI CTaTUCTUKMU. JlOBEPUTEIbHBIM
ypoBeHb 68.26% accoLMupyeTcs ¢ ABYMS pa3IMUHbIMU 3HAYCHHSIMMU:
310 S — (1 cpenHee KBaJpaTMYHOE OTKJIIOHEHUE), T.€. S — o5, u S +
(1 cpenHee kBagpaTUYHOE OTKJIOHEHUE), T. €. S + G,

BTH ABa 3HaYeHWsl Ha3bIBAIOTCS 006epUMENbHbBIMU 2DAHULAMU
OLIEHKH, a PacCTOSTHUE MEXIY JOBEPUTENbHBIMU IPaHULIAMU Ha3bl-
BaeTCsl dogepumenvHbimM unmepeasom. JJOBEpUTEIbHBI MHTEPBAT Xa-
paKTepu3yeT MaTeMaTHYeCKOe OXHAaHWE MOMaJaHusl OLEHKM CTa-
TUCTHKH COBOKYITHOCTH B 3alaHHBIi WHTEpBAT, €CAM 3Ta OLEHKa
clieJlaHa Ha OCHOBe BbIOOpOYHOIi ctatucTuky. Ha ocHoBe Taon. 12.4
coctaBieHa Ta6a. 12.5, B Hell mpuBeleHBI HEKOTOPBIE MCITOJb3Ye-
MbI€ Ha MPaKTHKE JOBEPUTEIbHbIE YPOBHH U COOTBETCTBYIOIIME UM
3Ha4YeHHUs Z (HEKOTOpPbIe MPUBEICHHBIC BEJTMYNHBI TOJYYEHBI HHTEP-
nonsiuueit). Ecnu Tabauna ucnonp3yercsl B JaHHOM KOHTEKCTE, TOT-
Ja BeJIMYMHBI 7 OOBIYHO 0003HAYalOTCH Z- M Ha3LIBAIOTCA dosepu-
menvHuIMU KO3ppuyuenmamu.

Jlio6bie Ipyrue 3HaYeHHs] JOBEPUTEIbHBIX YPOBHEN M COOTBET-
CTBYIOUIMX UM JOBEPUTEIBbHBIX KO3(DOUIIMEHTOB MOXHO HANTH, UC-
nonb3ys Ta6a. 12.4.

IIpumep. Haiitn noBeputenbHblit K03 PULHEHT, COOTBETCTBYIO-
KA JOBEPUTEIBHOMY YPOBHIO 98.5%.
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98.5% 3KBUBATEHTHO OTHOCHUTEJbHOMY 3HauyeHMIo 0.9850. Dto
MOKa3bIBa€eT, YTO ILIOLAAb O] HOPMUPOBAHHON KPUBOI HOpMaJlb-
HOro pacrpeleJIeH!s1 MeXny —Zc M +Z¢, T. €. 22¢, coctasiser 0.9850
oT obuieii miomany. CrenoBaTenbHO, TUIOMIAAb MEXAY CPEAHUM
0.9850

2
BesnnuuHa z, cootBeTcTBYIolas rwiomwanu 0.4925, pasHa 2.43 cpen-
HUX KBaJpaTUYHBIX OTKIOHEeHMt U3 Taba. 12.4. Takum o6pa3om, xo-
BepUTeNbHbI  K03()(UIMEHT, COOTBETCTBYIOIMI [10BEPHTEILHOMY
yposuio 98.5%, pasen 2.43.

3HAYEHHUEM U I COCTABIISET , T. €. 0.4925 ot 06wie#t nuowaay.

Ta6auua 12.5

[loseputenbHbiii yposetb [%) 991 9819 | 95 | 90 | 80 | SO
[loBepUTENbHBIN KODOULIMEHT, Z¢ 2.58)2.33]2.05] 1.96 |1.645| 1.28 |0.6745

12.8.5. Ouenka cpeanero 3Ha4eHHsA COBOKYMHOCTH,
€CJIH M3BECTHO CpeaHee KBAAPATHYHOE OTK/IOHEHHE
COBOKYNHOCTH

Eciin 13 601b1110ii COBOKYMHOCTH U3BJIEKAETCs1 BLIOOPKA C U3BECT-
HbIM CPEHMM KBaJpaTUYHbIM OTKJIOHEHUEM, TO MOXHO HalUTH Cpell-
Hee 3HayeHue BbIGOPKHU X. BTO CpeiHee 3HaYeHUE MOXHO MCTIONb30-
BaTh [UIS OLIEHKW CPEIHEro 3Ha4YeHHsi COBOKYMHOCTH W. [Tpu atom
OLIEHOYHOE CpellHee 3HaYeHWE COBOKYMHOCTH 3alaeTcsl JieXalluM
Mexay IByMs 3Ha4E€HUSIMM, T. €. B JOBEPUTEJIbHOM UHTEPBAIE MEXIY
[IOBEPUTENbHBIMU rpaHvLiaMu. Eciau A1si OLIEHOYHOro 3HaueHus p
HEOOXOAMMO MOJIYYUTh BHICOKH I TOBEPUTEIbHBII YPOBEHB, TO LUIMPH-
Ha 0BEPUTENILHOTO MHTEpBaa Besiika. Hanpumep, ecau Heobxoam-
MO MOJIyYUThb 1OBEPHUTEbHBI YpoBeHb 96%, To u3 Taba. 12.5 suoum,
4TO 1OBEPUTENIbHbINA MHTEPBAT JIEXHUT B Mpeaenax oT —Z¢ U +z¢, 3T0
2 x 2.05=4.10 cpeaHux KBaipaTUyHbIX OTKJIOHEHUI1. Hao60poT, H13-
KU OBEPUTEJIbHBINA YPOBEHb COOTBETCTBYET Y3KOMY I0BEPUTENbHO-
My MHTEpBaJy, ¥ U1 JOBEPUTELHOTO YPOBHS, CKaxeM, 50% nosepu-
TeJbHBIA MHTepBal paBeH 2 x 0.6745, 310 1.3490 cpeaHKX KBaapaTy-
HbIX OTKJOHEHMi. JloBEpUTE/NbHbIA YpOBEHb OLIEHKM CpPEIHETO
3Ha4YeHUs1 COBOKYMHOCTH 68.26% omnpenenseTcsa clenyloumm obpa-
30M: GepeTcsl cpeiHee 3HAYEHHUE 1, paBHOE CPEIHEMY X, 3aTe€M 3aja-
€eTcs1 IOBEPUTEIbHbIA MHTEPBaJ OLeHKHU. [10CKOIbKY TOBEpUTEbHbIi
ypoBeHb 68.26% cooTBeTCTBYeET +1 cpeqHEMY KBaAPaTUYHOMY OTKJIO-
HEHMIO OT CpelHero 3HayeHMs BLIOOPOYHOTO paclpeesieHusl, 3Ha-
YWT, 1OBEPUTE/IbHBINM YPOBeHDb 68.26% M1 OUEHKH CpeJHero 3Haue-
HUSI COBOKYITHOCTH 3aJaeTcsl B BUIE X + Ox.

B 0o01ieM ciiyyae, npu OLieHKE MOXET ObITh MOJYYEH 110601 KOH-
KpETHbII 10BEpUTEIbHbIN YPOBEHb B BUIE X + O, II€ I — HAOBe-
PUTEbHbIH KO3(PGULIHMEHT, COOTBETCTBYIOUIMI 3aaHHOMY 10BEpH-
TeNbHOMY YpoBHIO. TakuM 00pa3oM, OOBEpUTEbHbIE T'PAHMI[bI
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CpelHEro 3HaYyeHUsi COBOKYMHOCTH MUIS JOBEPUTENLHOTO YPOBHS
96% cyTb X +2.050%.

[MockosnbKy 6blia B3sTa TONBKO OfiHa BBIGOPKaA, CpeHss KBaapa-
THYHasi TIOTPELIHOCTb CPEJHETO 3HAYEHUsI Gy HeM3BecTHa. ONHAKO
paHee GbLIO I0Ka3aHO, YTO

0_=1(M)
T NN~

TakuM 00pa3oM, JOBEpUTEIbHbBIE TPAHUIIBI CPEHETO 3HAYEHUSs
COBOKYMHOCTH CyTh

xt%‘l (H )

JJ1 COBOKYNMHOCTH KOHEYHOIr0 pasmepa N,,
,HOBepHTeJleble TPaHHLbI CPpeaHero 3HaYeHUs COBOKYNMHOCTH CYTh

Z

a
Q

X+

(5)

=

ISl DECKOHEYHOM COBOKYMHOCTH.

TakuM 06pa3oM, OllEHKa CpellHEr0 3HayeHHss GECKOHEYHOM Co-
BOKYIHOCTH CO CPEAHWM KBaJpaTMYHbIM OTKJIOHEHHEM G IS Bbi-
60pkHu pasmMepoM N M CpeaHUM 3HayeHHEM X COCTABISET, Halpu-

2.33c
JN

4yTO CpE€AHEE 3Ha4Y€HHUE COBOKYINMHOCTH JIEXHUT MEXny

233c ., 233c

~E=S g =2
JN

Mep, X+ Uil IOBEPUTETILHOTO YpOBHS 98%. D10 03Hauaer,

X C BEPOATHOCTbIO 98%.

IIpumep. OGHapyXeHO, YTO Cpe/lHee KBaJpaTHYHOE OTKIOHEHUE
IMaMETPOB 3aKJIeNOK, U3rOTaBIMBaEMbIX 3a JOJITHI EPUOJ Onpele-
JIeHHO# MamuHoii, cocrabasieT 0.018 cM. M3 U3roToBJIEHHbIX JaH-
HO# MaLIMHOM 3a JeHb 3aKJIENOK U3BJI€KaeTcs ciyyaiHasi BbIOOpKa
100 wTYK, cpenHuii AMaMETP 3aKJIenKH B BbIGopke paBeH 0.476 cM.
Ecau mainmHa usrorasiaubaet 2500 3aKJIenoK B A€Hb, TOTAA: a) 10Be-
puTebHbIN ypoBeHb 90% u 6) moBepuTeNbHBIH ypoBeHb 97% nns
OLEHKH CpeHEro AMaMeTpa BCEX 3aKJIENOK, U3rOTOBIEHHbIX Malliv-
HOI1 3a IEHb, ONpEAeISIOTCS CCAYIOLUM 00pa3oM.

JList COBOKYMHOCTH Cpentee KBaApaTUYHOE OTKJIOHEHHE 6=0.0I8cm
Pasmep N,=2500

Jlis BbIOOpKH Pa3mep N=100
CpenHee 3HayeHue X=0.476 cm
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10 KOHEeYHas BbIOOPKa, U CpeiHee KBaIPaTUYHOE OTKIIOHEHHE CO-
BOKYITHOCTH U3BECTHO, IO3TOMY MOXHO MCTIO/Ib30BaTh ypaBHeHHe (4).
a) Jlns noseputenbHoro yposHs 90%, cornacHo Taba. 12.5, Beanyu-

Ha Zc — [JOBepUTeNbHbIN KOo3hdUuUUeHT — cocTaBisieT 1.645.

CiepoBaTe/ibHO, OLEHOYHbIE 3HAUeHHsT HOBEPUTEIBHBIX TPaHHUIL

CpeIHEro 3HaueHMsl COBOKYMHOCTH 1 CYTh

(1.645)(0.018)) (2500 - 100)
/100 2500-1 /"

To ectb 0.476 £ (0.00296)(0.9800) = 0.476 + 0.0029 cm.
DTO 03HAYaeT, YTO €CJIM CPEAHUI JuaMeTp Wist BbIGopku u3 100
3akienok paseH 0.476 cM, TO oXuOaeTcs, YTO CPEeAHMIl OHa-
MeTp BceX 3aKiIeNoK JeXUT B mnpenenax Mexay 0.473 u
0.479 cM, 1 3TOT NPOTrHO3 AOJXKEH ObITb BEPHBIM B AEBATH CJIy-
Yasix U3 AeCSTH.

6) J1i1s IoBepUTEIBHOTO YPOBHS 97% BeJIMUMHA Z- NOJIKHA OTpefie-

JATbCA MO Tabnuue miolianeid NMoA HOPMUPOBAaHHON KPUBOM
HOpMaibHOro pacnpeaeneHus, T.e. Taon. 12.4, HO He wu3

Taoéa. 12.5. OGuias miowaab Mexay opAMHaTaMU —Zc U +Zc co-
crasasiet 0.9700. TTockoybKy HOPMUPOBaHHasi KpUBasi HOpMasib-
HOTO pacnpefieieHusi CAMMETPUYHA, TJIOIAabL Mexay Z¢c = 0 U Z¢
0.9700
2

0.4850 cooTBeTcTBYeT 3HaYeHUe ¢ = 2.17.

Crien0oBaTeIbHO, OLEHKH JOBEPUTENbHBIX TPaHUL] 1151 CPENHETO
3HaYeHHUsI COBOKYTHOCTH TaKOBbI:

1252 [0 - e (224000 (20D

=0.476 + (0.0039)(0.9800) = 0.476 + 0.0038.

0.476 i(

COCTaBJIsIeT , T. €. 0.4850. CornacHo Taoa. 12.4, rowmanu

TakuM 06pa3oM, AoBepuTebHbIe rpanuibI cyTh 0.472 1 0.480 cm.

MOXHO yBUIETb, YTO GOJTbLIIEE 3HAYEHHE JOBEPUTEIBHOTO yPOB-
HS B JJaHHOM cCJIy4ae TIPUBOIUT K TMOJYYEHHUIO GOJIBLIETO JOBEPH-
TEJIbHOTO UHTEPBAJIA.

12.8.6. Ouenka cpeanero 3naueHus U cpeaHero
KBAAPATHYHOIO OTKJIOHEHHSI COBOKYNHOCTH
10 BbIOOPOYHBIM JAHHBIM

Ecnu cpeaHee KBaapaTU4HOE OTKJIOHEHHE GOJIBLIOW COBOKYI-
HOCTHM HEU3BECTHO, U3 Hee U3BJIEKaloT HECKOJIbKO BbiOOpok. Torna
MOTYT OBbITh HaliieHbl CpeiHee 3HaueHHe BBIOOPOYHOIO pacnpeaesie-
HHUS CPelHMX 3HaYEHUU Wi U CpPelHEE KBaJ[paTUMHOE OTKIOHEHHUE
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BbIOOPOYHOrO pacnpefesieHus: CpefHuX (T. €. CPeliHsss KBaapaTHy-
Has IOrpellHOCTb CPEHUX) Gx. JoBepUTENbHbIE TPAaHHULIBI CPENAHETO
3HAYEHUS] COBOKYITHOCTH 1 OTIPEAEIISIIOTCS KaK

Mx * 2O%, (6)

I 7c — AOBEpUTEbHBIN K03 hHULHMEHT, COOTBETCTBYIOILUM 3a1aH-
HOMY JOBEPUTETBHOMY YPOBHIO.

Yr1oObl OLLEHUTh KBAIPaTUYHOE OTKJIOHEHHUE, G, HOPMaJIbHO pac-
npeaeJeHHONW COBOKYITHOCTH,

e (opMHpyeM BBIOOPOYHOE pacmpelesieHUE CPEAHUX KBaJpaTU4-
HBIX OTKJIOHEHUH U

e 1o Ga30Boil opmysie ompelensieM KBaapaTUYHOE OTKIOHEHHE
3TOro BbIGOPOYHOTIO pacrpeesieHusl.

BT0 KBaJpaTMYHOE OTKJIOHEHHE Ha3bIBAETCsl MOTrPEIIHOCTbIO
KBaJpaTHYHbIX OTKJIOHEHHI U 00bIYHO 0003Havaercs o Ecmu s —
KBaJIpaTUYHOE OTKJIOHEHWE BBHIOOPKM, TOTAA JOBEPUTENbHBIE Ipa-
HULb! KBaIpAaTUYHOTO OTKJIOHEHUS] COBOKYMHOCTH OIIPEesIoTCS
Kak

stzcos @)

rae Zc — AOBEPUTENbHbIN KO3GbOULUEHT, COOTBETCTBYIOIIU I 3alaH-
HOMY JIOBEPUTEJBHOMY YPOBHIO.

IIpumep. U3 Gonbuioii rpynibl U3BJIEKAIOTCS HECKOJIBKO BBIOO-
pok mo 50 mnpenoxpaHuTelel M TPOBEpSAIOTCA MNpu pabote ¢
10%-HbIM TOKOM neperpy3ku. CpellHee 3HaY€HWE BbIGOPOYHOIO
pacrpele/ieHHsi BpeMeHHU, 4epe3 KOTOPOe MPeNOXPAHUTETN BBIXOLAT
U3 cTpos, cocTapiasieT 16.50 MuH. CpeaHsisi KBaapaTHYHas TOrpewi-
HOCTb CpeqHHuX cocTaBiseT 1.4 MUHYTHI. PacueTHoe cpenHee BpeMst
JI0 BBIXOZla U3 CTPOSI TPYIIbI IPeIOXPAHUTENIEH TIPU JOBEPUTETLHOM
ypoBHe 90% onpenensieTcs caeayommuM 06pa3om:

IUIS1 BLIBOPOYHOTO pacnipeieieHust — cpelHee px = 16.50,

KBaJipaTWyHas MOrPeLIHOCTb CPEIHUX G = 1.4.

OLieHka cpeHero 3HaueHHUs: COBOKYITHOCTH MPOBOAMTCS TOJBKO
Mo BBIOOPOYHOMY pacrnpeaeeHUuIo, TIO3TOMY MCIOJb3yeTcsl BbIpa-
XeHue (6).

Jns noseputensHoro ypoBHs 90% z- = 1.645 (u3 Tada. 12.5). Ta-

KUM 006pa3oM,

fy  2c05 = 16.50 £ (1.645)(1.4) = 16.50 + 2.30 MuH.

Htak, ans noseputenbnoro yposus 90% cpennee 3nayenue speme-
HM /10 BBIX0/12 U3 CTposi cocTasiaset ot 14.20 a0 18.80 mun.
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12.8.7. Ouenka cpenHero 3HadyeHHus1 COBOKYNHOCTH
no BbIDOPKe MAJIOro pa3mepa

HUcnonb3oBaHHbIEe BbIlliE METOObI OLIEHKH CPEIHEro 3HauyeHUs U
CpeAHero KBaJpaTMYHOIO OTKJIOHEHHSI COBOKYMHOCTH TPHUIOAHbI
TOJIbKO JUIsl BbIOOPOK IOCTaTOYHO GOJIBILOTO pa3mepa, 06bIYHO OT 30 1
6oJIblle. DTO CBSA3aHO C T€M, YTO MPH O0JIbLIOM 00beMe BbIGOPKH Bbi-
OOpOYHOE pacnpelesieHUe napaMeTpa UMeeT BUl, ONM3KUHA K HOp-
ManbHOMy. Ecnu pa3mep BbiOOpkM Mail, ckaxeM, meHee 30, To npu
YMeHbIIEHWU pa3Mepa BbiIOOPKM OMMCAHHbIE BbILLIE METOIbI OLIEHKH
rapaMeTpoB COBOKYITHOCTU CTaHOBSITCSl BCe GoJiee HETOYHBIMH, TIOC-
KOJIbKY BbIOOpPOUYHOE pacrpeleseHue 0oJblie He anmnpoKCUMUPYETCs

HopmaibHbIM. B Hauane XX B. Y. C. Toccer” nposen uccienoBaHus no
BIMSIHUIO MaJIbIX BHIOOPOK Ha TEOPHIO OLIEHOK, U KaK pe3ysibraT ero
paboThi CYLIECTBYIOT TabIMLIbI, MTO3BOJSAIOLIME TPOBOAMTH IPAKTHYEC-
KHe OLEHKH NP1 MaJIOM pasmepe BbiGopok. B aTHx TabiMuax npuso-
OaTcsl  3HAYEHUs !,  ONpelesieHHble M3 COOTHOLIEHHS

t = g)C—;—&)A/(N —1), roe X — cpenHee 3HayeHHe BbIOOPKH, U —

cpenHee 3Haye€HHUE COBOKYMHOCTH, U3 KOTOPOH B3SiTa 3Ta BHIOOPKA,
§ — KBaJpaTUYHOE OTKJIOHEHUE BbiOopkHU, N — pa3mep Bbibopku. [oc-
ceT MyGJIMKOBaJ CBOM MCCJeNOBaHMUs MOA MCeBAOHMMOM <«Student»,
MO3TOMY €ro TaGJMLbl YacTO Ha3bIBAIOT pacnpedenerue Cmotodenma.

Jns B35TO# CAydailHBIM 00pa30M Majioil BbIOOPKU NOBEPHUTENb-
Hbi€ TPaHHULIbI CPEJHETO 3HAYEHUsS COBOKYMHOCTH OMNpeAessioTcs
BbIpaXE€HHEM

tcs

—_— 8
N ®)

X=*

B 1aHHOU OLIEHKE /- Ha3bIBA€TCS1 JOBEPUTENbHBIM YDOBHEM i Ma-
JIbIX BbIOOPOK, OH aHaJIOTUYEH Z¢ JUist 6obLIMX BLIOOPOK, § — KBanpa-
TUYHOE OTKJIOHEHHE BHIOOPKH, X — CpeiHee 3HaueHHe Bbibopku, N —
pa3mep BbiGopku. B Ta6a. 12.6 npuBeneHbl NPOLIEHTHbIE 3HAYEHUSI
t-pacnipenenenus CTbloJIEHTa C v CTENMEHsAMU CBOOOABI (MJOLaab 3a-
LITPUXOBaHHOI 06/1acT Ha Puc. 12.20 paBHa p).

t

Pnc. 12.20

Y. C. Toccer (William S. Gosset) — aHIMMIACKMIT CTaATUCTHK M MUOHEDP Pa3BUTHS
COBPEMEHHBIX CTATUCTUUECKHX MeTOROB. — [Tpumeu. ped.
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Ta6mmua 12.6. [Ipoyenmnvie 3navenus t-pacnpedesenus Cmorodenma
Vo | Toses | Tose | Toors | foss | foso | foso | fors | fown | foso | foss
1 |63.66|31.82|12.71 | 6.31 | 3.08 |1.376 | 1.000 | 0.727 | 0.325 | 0.158
2 9.92 | 696 | 430 | 292 | 1.89 | 1.061 | 0.816 | 0.617 | 0.289 | 0.142
3 5.84 | 454 | 3.18 | 2.35 | 1.64 | 0.978 | 0.765 | 0.584 | 0.277 | 0.137
4 460 | 3.75 | 2.78 | 2.13 | 1.53 | 0.941 [ 0.741 | 0.569 | 0.271 | 0.134
5 4.03 | 3.36 | 2.57 | 2.02 | 1.48 |0.920 | 0.727 | 0.559 | 0.267 | 0.132
6 371 | 3.14 | 245 | 194 | 1.44 | 0.906 | 0.718 | 0.553 | 0.265 | 0.131
7 3.50 | 3.00 | 236 | 1.90 | 1.42 | 0.896 | 0.711 | 0.549 | 0.263 | 0.130
8 336 | 290 | 2.31 | 1.86 | 1.40 | 0.889 | 0.706 | 0.546 | 0.262 | 0.130
9 325|282 | 226 | 1.83 | 1.38 {0.8830.703 | 0.543 | 0.261 | 0.129
10 | 317 | 276 | 2.23 | 1.81 | 1.37 | 0.879 | 0.700 | 0.542 | 0.260 | 0.129
11 301 | 272 220 | 1.80 | 1.36 | 0.876 | 0.697 | 0.540 | 0.260 | 0.129
12 | 3.06 | 2.68 | 2.18 | 1.78 | 1.36 | 0.873 | 0.695 | 0.539 | 0.259 | 0.128
13 3.01 | 265 | 2.16 1.77 1.35 | 0.870 | 0.694 | 0.538 | 0.259 | 0.128
14 | 298 | 262|214 | 1.76 | 1.34 | 0.868 | 0.692 | 0.537 | 0.258 | 0.128
15 295|260 | 2.13 | 1.75 | 1.34 | 0.866 | 0.691 | 0.536 | 0.258 | 0.128
16 292 | 2.58 | 2.12 | 1.75 | 1.34 | 0.865 | 0.690 | 0.5350.258 | 0.128
17 290 | 2.57 | 2.11 | 1.74 | 1.33 | 0.863 | 0.689 | 0.534 | 0.257 | 0.128
18 2.88 [ 2.55 ] 210 | 1.73 | 1.33 | 0.862 | 0.688 | 0.534 | 0.257 | 0.127
19 2.86 | 2.54 | 2.09 | 1.73 | 1.33 | 0.861 | 0.688 | 0.533 | 0.257 { 0.127
20 | 2.84 | 253 | 2.09 | 1.72 | 1.32 | 0.860 | 0.687 | 0.533 | 0.257 | 0.127
21 2.83 | 2.52 | 2.08 | 1.72 | 1.32 | 0.859 | 0.686 | 0.532 | 0.257 | 0.127
22 282 | 2.51 | 207 | 1.72 | 1.32 | 0.858 | 0.686 | 0.532 | 0.256 | 0.127
23 281 | 2.50 | 207 | 1.71 | 1.32 | 0.858 | 0.685 | 0.532 | 0.256 | 0.127
24 2.80 | 249 | 206 | 1.71 | 1.32 | 0.857 | 0.685 | 0.531 | 0.256 | 0.127
25 279 | 248 | 2.06 | 1.71 | 1.32 | 0.856 | 0.684 | 0.531 | 0.256 | 0.127
26 278 | 2.48 | 206 | 1.71 | 1.32 | 0.856 | 0.684 | 0.531 | 0.256 | 0.127
27 277 | 2.47 | 2.05 | 1.70 | 1.31 | 0.855] 0.684 | 0.531 | 0.256 | 0.127
28 276 | 2.47 | 2.05 | 1.70 | 1.31 | 0.855|0.683 | 0.530 | 0.256 | 0.127
29 | 276 | 246 | 2.04 | 1.70 | 1.31 |0.854 | 0.683 | 0.530 | 0.256 | 0.127
30 275 | 246 | 2.04 | 1.70 | 1.31 | 0.854 | 0.683 | 0.530 | 0.256 | 0.127
40 | 270 | 2.42 | 2.02 | 1.68 | 1.30 |0.851 | 0.681 | 0.529 | 0.255 | 0.126
60 | 2.66 | 2.39 | 2.00 | 1.67 | 1.30 |0.848 | 0.679 | 0.527 | 0.254 | 0.126
120 | 262 | 2.36 | 1.98 | 1.66 | 1.29 | 0.845 | 0.677 | 0.526 | 0.254 | 0.126
© 2.58 | 2.33 | 1.96 | 1.645 | 1.28 | 0.842 | 0.674 | 0.524 | 0.253 | 0.126
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Cron6bust B Ta6n. 12.6 ozarnabieHsl £, rae p pasHo 0.995, 0.99,
0.975, ..., 0.55. JIna noBepUTEILHOTO YPOBHS, CKaxXeM, 95% Hano Bbl-
6paTh cTON0ELL C 3aTOIOBKOM # 95 M TaK Aajiee. CTPOKHM 03ariaBieHbl
rpedyeckoit OykBoii «H10» v U NpoHymepoBaHsi OT 1 10 30 ¢ warom 1, a
TakXe cofiepxat 3HaueHus 40, 60, 120 1 co. DTH YMCIa NpeACTaBIAIOT
BEJIMUMHY, HAa3bIBAEMYIO CMeneHaMU c60000bi, KOTODPbIE OTIPEEISIOTCS
CJiefyIoUM 00pa3oM:

Pazmep evibopru N munyc Koauuecmeo mex napamempoé
COGOKYyNnHOCMU, KOMopbie 0oaxcHbl Gbimb onpedenenst
041 dannoii evibopKu.

[lpy  onpeneneHMH  3Ha4eHUss ¢ U3 BbIpaXeHHus
X — —
t= (—SE)J(N —1) HeobGXxo0aMMO 3HaTh NapaMeTpbl BLIGOPKM X U

S, @ TakXe MapaMeTp COBOKYMHOCTH . 3HAYEHUSA X U § MOXHO BbI-
YUCIUTD IUISl BBIOOPKH, HO, Kak IpaBWIIO, TPeGYeTCsl BBIMIOTHUTH
OLEHKY CPEeHEro 3HauyeHWsl COBOKYNHOCTU W 110 CPEHEMY 3Haue-

HUIO TS BbIOOpKH. YMCIIO cTeneHei cBOOOIbl v OTIpeAesIeTcss YUC-
JIOM HE€3aBHCHMBIX Ha6monenuﬁ B BLlGOpKe, N, MHHYC KOJIU4YeCTBO
TeX MapaMeTpOB COBOKYIHOCTH, KOTOpbIE HalO OLIEHMTb, T.E€.

v = N — k. Ins BoipaxeHus ¢ = g)—C—;"—QA/(N — 1) Heob6xoaMMO Haii-

TH TOJIBKO W, CJIenoBaTebHO, K =1uv=N—1.

[pu onpesieieHUU CPeHETO 3HAYEHUST COBOKYITHOCTH 110 BhIGOP-
Ke MaJIoro pa3Mepa Heo6X0IMMO HaiWTH TOJIBKO OMH TlapaMeTp COBO-
KYTIHOCTH, CJIENOBaTEIbHO, V BCETIa MOXHO CUMTATh paBHbLIM (N — 1).

IMpumep. imeeTcsa BbiOOpKa 12 u3MepeHM# OUaMeTpa TIpyTa, u
cpenHee 3HaueHWe BBIGOpKU coctaBisieT 1.850 cM. KBagpatuuHoe
OTKJIOHeHHUe BbIGOpKHM paBHO 0.16 MM. HaiiTu noBepuTenbHbIE pa-
HULBI TIPH IOBEPUTEIbHOM YpoBHe: a) 90% u 6) 70% mis OLieHKu
NeCTBUTEILHOTO AMaMeTpa MpyTa CleayloIuM 006pa3oM.

Jna BeIOOpKHM: pa3Mep BbIOOpku N = 12, cpeqHee 3HaueHHE
X = 1.850 cM; kBagpaTHyHOe OTKJIOHeHUE s = 0.16 MM = 0.016 cMm.

TTockonbKy pa3Mep BhIOOPKHU MeHbllie 30, clienyeT HCnoib30BaTh
OLIEHKY 10 MaJIoii BbIOOPKE, MPHUBEAEHHYIO B BIpaXeHHHU (8). Yncio
cTeneHelt cBOOOABI, T. €. pa3Mep BBIOODKHM MHMHYC YHCIIO MCKOMBIX
rapaMeTpoB COBOKYIMHOCTH, paBHO 12 — 1, T.e. 11.

a) TIpoLleHTHYI0 BEJMYMHY, COOTBETCTBYIOLIYIO JOBEPUTEIbHOMY
KO3(hPULMEHTY f)g9 U YMCITY CTENEHEH cBOOOAB Vv = 11, MOXHO
Haiiti B Taba. 12.6, oHa coctaBisieT 1.36, T. €. 7o = 1.36. OueHKy
CpeHero 3Ha4eHHUs1 COBOKYITHOCTH HaXOJMM M3 BbIpaXeHHs

- tcS (1.36)(0.016)
Xt ———— = 1.850+ = 1.850 £ 0.0066 cmM.
JIN-1) J1

Hrak, npu 90% nosepurenbhbie rpanuubt cyTh 1.843 u 1.857 cm.
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3TO 03HAYAEeT, YTO ACHCTBUTENbHBIE AUAMETPH MOTYT JIEXaTb B
npeaenax ot 1.843 no 1.857 cM, U 3TO yTBEpXAEHHE BEPHO C BEPO-
sTHOCTbIO 90%.

6) IIpoLeHTHYI0 BEIWYHHY, COOTBETCTBYIOLIYIO YPOBHIO fj;9 H
v=11, 6epem u3 Ta6n.12.6, ona cocrabnser 0.540, T e.
t-=0.540.

OueHku 70% HOBEPUTENIbHBIX 'PAHULI ONPENESIOTCS U3 BbIpa-
XEHUS

g+l _ 8504 (0540)(0016) _ 050100026 cm.
JN-1) T

Urak, npu 70% nosepureibhbie rpanuubl cyTb 1.847 u 1.853 cMm,
T. €. IEHCTBUTENbHBIA AUAMETP MPYTa JIEXUT B Mpedenax Mexay
1.847 1 1.853 cM, 1 BepositHOCTb 3TOTO 70%.



I'maBa 13

Npeobpaszosannsa
JNannaca-

13.1. BBEAEHHUE B TEOPUIO ITPEOBPA30OBAHU S
JIAILTACA

13.1.1. BBenenne

PelueHue 6oablIMHCTBA 3a0a4 MO 3JEKTPHYECKMM CXEMaM B KO-
HEYHOM CYETe MOXeT ObITh CBeIeHO K pellleHHIo TuddepeHLIHaTb-
HbIX ypaBHeHU#. [1IpuMeHeHHe npeobpasoeanus Jlanaaca npeacTas-
JIsIeT ajlbTepHAaTUBY pacCMOTpEeHHOMY B pasa. 11.1...11.5 metony pe-
LIEeHHS IMHEHHbIX A depeHIMaNbHbIX YDaBHEHUIA.

13.1.2. Onpenenenue npeodpa3zoBanns Jlanjaaca
Ipeobpa3zoBaHue Jlannaca ¢dyHkuum f(f) 3anaeTcss MHTErPAIOM
f e”'f(t)dt , tne s — napameTp, KOTOPbIil NOJIaraeTcs AeiCTBUTENb-
0

HBIM YHCJIOM.

Ocnosnote 0603navenus npeobpazoeanusn Jlanaaca
Cyl.U.CCTBleT pPa3inyHbIC 4aCTO MCIMOJIb3YyEMbIC 0003HaYeHHs
npeoGpa3oBaHus Jlamiaca ot GyHKUMM f{7), OHU BKJIIOYAIOT:

o LD} wm L{f(0)};
o X (Hwm LS,
o fis) W fs).
UHoraa st 0603HaueHMA MapaMeTpa MCTIONb3YI0T GYKBY p BMeC-

TO GYKBbI 5. B 1aHHOI#A KHUre TSt UICXOAHOM DYHKIMH GYAET HCTONb-
30BaTbcsi 0003HayeHue f(f), a wist ee npeobpasosanus Jlannaca —

o6o3HaueHue Xt f(1) .

W3 cka3aHHOTO BbillE CJeaYyeT, YTO

N O JO e firydr )
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13.1.3. JIuneiinocTs npeodpasoBanns Jlanaaca

W3 ypaBHeHus (1):

L AkAD) = j: kA1)t = k f e ft)dt,

T. €.

Ak} = kb {f(n}, @

rae k — nobast KOHCTaHTa.

AHaJIOrM4yHO
Plafit) + bg() = j: ! (af(t)dt + bg(1))dt =

= afe“"f(t)dt+ b r e 'g(tydt,
0 0

T. €.

Flaf(n +bg(n} = akif(} +bk{g(n)}, 3

rae a u b — sobble NeiCTBUTENbHBIE KOHCTAHTBI.

bnaronapsi cBoiicTBam, NpoAeMOHCTPUPOBaHHbBIM B YpPaBHEHU-
sx (2) u (3), npeobpazoBaHue Jlansaca SIBASETCS JHHEHHbIM ONEpa-
TOpOM.

13.1.4. IIpeodpa3oBanus Jlanaaca oT 3;1eMEHTapHBIX
bynkumii
Ucnonb3ys onpeaeneHue npeobpazoBaHus Jlarmaca u3 ypaBHe-
Hus (1), MOXHO MpeoOpa3oBaTh psii 3JeMeHTapHbIX DYHKUHMIA; pe-
3yJbTaThl Mpeobpa3osaHus npuseaeHs B Tada. 13.1.
Hanpumep, u3 ypaBHeHui# (2) u (3).

N7 {1+2t—%t4} = L1} +2 A8 —%;3{14} =
1 1y 1/ 4
= ;*2(;)'3(;ﬁ)»

yTO0, coracHo n.1, 6 u 8 Taéa. 13.1, paBHo

22_1(1_3_'_2_1) - §+

S 3 >

I,
s s
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Ipumep. U3 ypaBHeHuii (2) u (3) u cornacHo . 3 Ta6a. 13.1

L5 -3¢y = 5:(e¥) -3 ey =

=5(s+ﬁ‘3(s_(l-1)) N

_ 5 3 _5(s+1)-3(s=2) _ 2s+11
s-2 1 (s=2)(s+1) o522

s+

Tabamua 13.1. IIpeobpaszosanus Jlanaaca 0as 3nemenmapHbix QyHKYUl

n/n Dynkuus IIpeoGpazosanne Jlamiaca
S0 _
$ Uy = [
0
1 1 1
s
2 k K
s
1
ar —
3 € s—a
. a
4 sin at JEINp
5 ¢ .
co
sa s2 +a’
1
6 t S
s
2!
7 2 5
t s3
n!
8 r'n=1,2,3,.) o
9 chat 2 s 3
s —a
10 shat 4
s —a
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IIpumep.
P{6sin3r—4cosS5t} = 6;F{sin3t} -4 {cos5¢t}. CornacHo

n. 4 u 5 u3 Taba. 13.1, 310 paBHO
G-

__18 _4s
s$+9 £ +25

ITpumep.

P{2ch20 —sh30} = 2 {ch26} - {sh36}. CornacHon.9u 10

n3 Ta6a. 13.1, 310 paBHO

2( 2j22)_(szj32) = s22—s4_32:i9'

13.2. CBOMCTBA IIPEOBPA3OBAHMI JIATLJIACA
13.2.1. IIpeoGpasosanue JIaniaca ot e“fr)

CornacHo pasa. 13.1, npeo6pa3oBaHue Jlanyiaca oT PyHKuUMK ff)
UMEET BUA

L) = J: ftydr )

Takum oOpa3oM,

ey = [ e oydr = [ ar, @
0 0
rie a — JeUCTBUTEIbHAsI KOHCTaHTa.

CnenoBaTe/bHO, MOACTAHOBKA (§ — @) BMeCTO s B npeoGpa3oBa-
HHe U3 ypaBHeHUSs (1) COOTBETCTBYET YMHOXEHUIO UCXOLHOM (YHK-
UM Ha €. 3To meopema o cosuze.

13.2.2. TIpeoGpa3oBanus Jlamiaca ot pynkumii Buaa e”f)

TpeoGpa3sosaHus Jlarnaca ot hpyHKUMI BUIa e”f(f) mpyuBeaeHbI B
Taba. 13.2.
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Tabamua 13.2. [Ipeobpazosanus Jlanaaca om gynkuuii éuda e“f(1)

n/n Dynknus (1) TIpeoGpasosanue Jannaca
(a — neficTBUTE/IbHAA KOHCTAHTA) N2t )
1 et I
( §— a)n +1
. @
2 e”sin ot m
s-a
3 e”cos ot m
4 e'sh ot +
(s-a)y -o
s—-a
5 at —a4
e“'ch ot Gy o

Ilpumep. CornacHo n. 1 n3 Ta6u. 13.2,

P = 2P = 2 4! _24)3)(2) _ _48
piafe’) = npyie) - o ) - 2O - L

IIpumep. CornacHo n. 3 u3 Taéa. 13.2,
-3
P l4e’ cos5t) = 4P (e cos5t) = 4 — 2 ) =
+ { } ((s—3)2+52)

__4(s=3)  _ _4(s=3)
S —6s+9+25 ' 6s+34

13.2.3. IIpeoGpa3oBanus Jlanaaca s Npou3BOJAHBIX

Ilepeas npouzeoonasn

20y =5 L0t -F(0)

©)
(@ =52 -y 0

rae y(0) — ato 3HaueHue y npu x = 0.
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Bmopas npouseodnan

LU} =5 LI (O} -5 (0)~f'(0)

Win 2 @)
2{Z}=52 201 -0 -y 10)

dy -
dxnpux 0.

YpaBHenus (3) u (4) BaXHbl M HMCIMOJb3YIOTCS MMPH pelLiEeHUH
nuddepeHLHanbHbIX ypaBHeHUH (cM. pa3a. 13.4) u cucreM nudde-
peHLIMa/IbHBIX ypaBHeHHI (cM. pa3a. 13.5).

rae y'(0) — 370 3HaueHUe MpH

13.2.4. Teopemsbi 0 HAYaIbHOM U KOHEYHOM 3HAYCHHAX

CyLiecTBYET HECKOJILKO CBsi3aHHBIX C Mpeobpa3oBaHueM Jlania-
ca TEOpEM, MCMOJIb3yeMbIX JUISl YIPOLIEHUs] U MHTepNpeTauuu pe-
LIeHKst ONpeJeieHHbIX 3anay. [IBe MofoOHbIe TEOPEMBI — 3TO Teope-
Mbl O HaYaJIbHOM M KOHEYHOM 3HauyeHHsIX.

Teopema 0 HA4ANLHOM 3HAYEHUU VMEET BUL

im[ AN} = lim [s:£ {f(0)}]

IIpumep. [lpoBepuTb crnpaBeUIMBOCTb TEOPEMbI O HayalbHOM
3HaYeHUM s QYHKLUMU HanpsikeHus (5 + 2 cos 3f) BOJBT.

Ilycte f(f) = 5 + 2 cos 3¢. CornacHo n. 2 u 5 u3 Taoéa. 13.1 co
cTp. 494,

2s
+9

L) =P{5+2cos 3t} = §+

o Teopeme 0 HayaIbHOM 3HaYE€HUH lin})[f(l)] = lim [s(:L O],
1> s> ©

2
T.e. lim[5+2cos3¢] = lim[s(§+ 2239)] = lim[5+ 225 ] s
-0 § > S s+ §—>© s°+9

T. €.
2

S+2(1) = 5+ 22— = 5+2.

0 +9

WUtak, 7 = 7, 4yTO NMOATBEPXKIAET TEOPEMY [UIsi PACCMOTPEHHOIO
ciyyas.

Takum o6pa3om, HayaIbHOE 3HaYeHHWe HanpsikeHust paBHo 7 B.

Teopema 0 KOHeuHOM 3HAYeHUU TIACUT:
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’li_{r;[f(t)] = giinO[S;l’, (011

IIpumep. [IpoBepUTD CIIPaBELTUBOCTb TEOPEMbI O KOHEYHOM 3HA-
YyeHMHM Ha npuMepe GyHKLMHK (2 + 3¢ sin 4f) cM, KoTOpas OMUCHI-
BAa€T CMeEILEHHUE YaCTHLbI.

Mycts fif) =2 + 3¢ ¥ sin 4¢.

CornacHo n. 2 u3 Ta6a. 13.1 co ctp. 494 u n. 2 u3 Taba. 13.2 co
cTp. 496,

R N -2t . _ Z ____4_ =
LU} =k [2+ 3¢ Tsin 4r] = s+3((s-(—2))+42)

2, 12
Sh—=
S (s+2)y'+16

To TEOpPEME O KOHEYHOM 3HaAYCHUU:

HmIAN] = lims 3 (AN},

lim[2 + 3¢ sin4s] = lim[s(g+l—22 ]=
(s+2)"+1

1t 50| N

) slm[(2+(s+;§2s+1 )]

Htak,2+0=2+0, T e.2 =2, yTo JOKa3bIBAET CIIPABELIMBOCTb
TeopeMBbl B JaHHOM CJly4ae.

HTtak, oKOHYaTe/bHOE 3HaYeHHE CMELIIEHUS COCTABIISIET 2 CM.

TeopeMbl 0 HaYaIbHOM M KOHEYHOM 3HAUeHHUSIX MCIOJb3YIOTCS
MPY pacyeTe UMMYIbCHBIX CXeM, Ilie HHTEPEC MPEACTABIISIOT OTKIN-
KM CXeMbl 32 MaJIblii Mepuo WK NMoBeJeHUe CXeMbl MOC/Ie 3aMblKa-
HMs Kioya. TeopeMa 0 KOHEYHOM 3HaY€HWM, B YACTHOCTH, MpHMe-
HSAETCS MPU UCCIIEA0BAHUN CTaOWIBHOCTH CUCTEM (TaKMX KaK aBTO-
MaTHYeCKME  CHUCTEMbl MOCaakKM  CaMOJIETOB) M  CBsi3aHa
YCTaHOBMBIUEHCS peakuueit 11t 60NbLIUX IIPOMEXYTKOB BPEMEHH 1,
T. €. KOT/Zia BCe NepeXoHble MPpOoLecChl 3aBePIIMIUCD.

13.3. OBPATHOE ITIPEOBPA3OBAHME JIAILJIACA

13.3.1. Onpenenenne odopaTHoro npeodopasobanus Jlamiaca

Ecan npeobpa3osanue Jlamnaca dpynkuuu f{f) — 3to F(s), T. e.
SA{f(H)} = F(s), 10 ff) Ha3biBaeTCsI o6pamHbim npeobpazoeanuem
Jlanaaca ot dyHkuuu F(s) v 3anucbiBaeTcs B BUae

i) = (F(s)y .
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TIpumep. IMockonbky {1} =

© —

-1
,TO;K{

Tlpumep. [Tockonbky f, {sinat} = d 5
s'+a

-1 a .
R4 2 30 = sinat ¥ TaK gajiee.
s’ ta

13.3.2. OoparHoe npeobpa3osanue Jlaniaca
OT 3JIeMeHTapHbIX (PYHKIMiA

Jns HaxoxaeHus: oOpaTHBIX MpeoOpa3oBaHuii Jlamnaca MOXHO
MCIOJb30BaTh TabnKLIbl, nogooHble Tadu. 13.1 1 13.2.

2 2

-1
IIpumep. CornacHo n. 4 u3 Tabua. 13.1: J’{ 4 } = sinat.
s +a

CnenosaTeibHO,

SR U1 1 ' 3 1
A = == = =sin3z.
dEoader B PTt

-1
5
IIpumep. f {m} =

(cornacHo 1. 3 u3 Ta6a. 13.1).
-1
IIpumep. Haiitu f, {%}
s

CornacHo 1. 8 u3 Ta6ua. 13.1, uTo6Gbl § HAXOAWIOCH B CTelEHH 4,
JIOJIXHO OBbITh 1 = 3.

-1 -1
Takum o6pasoM, {3—:} =7 e R/ {%} =7,
s

N

-1 -1
CnenosatenbHo, 3f, {%} = % N4 {%} = %13‘
s N
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-1 -1
Hpnmep.;!f{ Is }=7 ;!’,{25 2}=7coslt

2
s +4

(cornacHo 1. 5 u3 Ta6a. 13.1).

-1 -1
3 3 .
Hpumep. 3 {——— = f {———— 1 =e¥sin3t
puvep. F {s2—4s+l3} o {(s—2)2+32}

(cornacHo m. 2 u3 Ta6a. 13.2).

[Ipumep.
gl as=3 1 Y _4s-3 ] _ 4(__211_5}=
J:{sz—4s—5} »K{(s_2)2_32} ’K{(s—2)2-32

o452 } "{ 5 }
- “K{(s—zf—f T (s-2)’-3J"

yTO, cornacHo 1. 5 u3 Tada. 13.2, paBHo

5
4 23
43t ——3—(2)—2 .
(s—-2)"-3

CornacHo 1. 4 u3 Ta6a. 13.2, B cBol0 ouepenb JaHHOE BbipaXeHHe
paBHO

4e¥ch3t+ gez'shiit.

13.3.3. Ooparnoe npeodpasoBanue Jlanjiaca
€ MCMOJIb30BaHUEM NPOCTeHINX Apobeii

WHorna TpebyeTcst HailTH 0OpaTHOe npeobpa3oBaHue Jlariaca o
(bYHKLMH, KOTOPYIO HeJlb3si MPUBECTH K CTAHAAPTHOMY BUAY, 10100~
Ho pyHkuusM u3 Tada. 13.1 1 13.2. B Takux ciyyasx MOXHO pa3io-
XHUTb (PYHKLMIO Ha MpocTeiiline ApoGH, KOTOpPbIE JIETKO Mpeobpa3o-
BaTb. Hanpumep, dyHkuus

25-3
s(s—-3)

F(x) =
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He MoxeT ObITh npeodbpa3osaHa no Tada. 13.1. OgHako, pa3noXuB
ee Ha MpocTeiline ApoOoU ———— 25-3 B S nojiyyaeM odpatHoe
s(s=-3) s s-3°
npeoGpasosanue Jlamnaca 1 + ¥ cornacho 1. 1 u 3 u3 Ta6a. 13.1.
Mpocreitiine apobu paccMarpuBaioTcss B pasa. 1.14, a dopMel
npocteiux apo6eit npusoastcs B Taba. 1.3 co ctp. 83.

ITpumep. Haiitu 3f, { 4s—3 }

s—s5-2

4s—5 4s-5 A + B _AGs+D+B(s-2)

T2 (-GN (-2 G+D T -2+

CnenoBatesibHO, 4s — S=A(s + 1) + B(s — 2).
Ecins=2,103 =34, 01kynaA=1.
Ecius=—1,10 -9 =—3B, oTkyna B= 3.

~1 -1
CnenosaTe/IbHO, J{#— = ¥ {_L_ _3_}=
s—5-2 2 1

~1 -1
= ;y{%}. J){ 3 } ¥ + 3¢ (u3 n. 3 Tabn. 13.1).

s+1

-1 2
Ipumep. Haittn J’{—SE—M}
(s+3)(s +1)

557 +8s-1

Bs+C A(s + 1)+(Bs+ C)(s+3)
(s+3)(s’+1)

(s +1) (s+3)(s’+1)

_A
=s+37

CnenoBatenbHo, 552 + 8s — 1 = A(s* + 1) + (Bs + C)(s + 3).

Ecans=-3,1020 =104, otkyna A= 2.

MpupasH1BaeM K03 dHULIMEHTB! ApH s%, noayyaem S = A + B,
OoTKyAa B =3, Tak Kak A = 2.

IMpupasHuBaem K0aduLMeHTbI pH s, Monydaem 8 =3B + C,
otkyna C=—1,Tak Kak B = 3.

CrnenoBaTteJibHO,

o] 55+8s5-1 }= j'{ 2 3s—1}
’K{(s+3)(s2+1) =t s+ 1
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M2 5 3s S 0 ) P .
= 3 + P - 5 =2e"+3cost—sint

s +1 s +1

(cornacHo 1. 3, 5 u 4 u3 Taba. 13.1).

13.4. PEHIEHUE TUOOEPEHIIMAJIBHBIX
YPABHEHUH C IIOMOIIBIO
TIIPEOBPA30OBAHMS JIATLIACA

13.4.1. BBeaenune

Kpome MeTtonoB peuieHuss AvddepeHUHATbHBIX YPaBHEHUH,
MpeAcTaBiaeHHbIX B pasa. 11.1...11.5, cymectByet apyroii cnocob: ¢
KCIOJIb30BaHMEM MpeobpasoBaHus Jlamaca. PaccMoTpuM ero nof-
pobHee.

13.4.2. IIpouenypa pemenus nuddepeHIHATLHBIX
ypannenm‘fl C MICNTOJIb30BAHUEM npeoﬁpasonal-mn
Jlanaaca

1. Bepem npeo6pa3oBanue Jlamnaca ot o6eux yacreit n1udoepeH-
UHAIBHOTO ypaBHeHHUs1 o dopmyre npeobpasoBaHus Jlamiaca ot
MPOU3BOAHBIX (T. €. ypaBHeHHs (3) u (4) u3 pasa. 13.2), ucnosnb3ys
MO BO3MOXHOCTH CITMCOK CTaHIApTHbIX npeobpa3osaHuit Jlamiaca
u3 Ta6n. 13.1u 13.2.

2. [NoacrasnsieM HavaibHbIe yCioBHS, T. €. y(0) u y'(0).

3. [Ipeobpa3yeM ypaBHEHHE, YTOOBI CAETATh HCKOMBIM ;g{ y}.

4. HaxonuM y, UCnosnb3ysl N0 HEOOXOAMMOCTH pa3/iOXeHHUE Ha
npocTeiiue Jpodu U MpUMeHsis o6paTHoe rnpeobpasosanue Jlamna-
ca Ko BceM wieHaM ¢ nomouibio Tada. 13.1 u 13.2.

IIpumep. Pewiutb nunddepeHuUanbHOE ypaBHEHHeE
2
2Q;+5‘12—3y = 0 c ycnoBueM, uto npu x = 0 umeeM y = 4 u
dx dx
dy _
e 9.

IprMEHHUM PacCMOTPEHHYIO BbILLE POLEAYPY:
w2 spldr) s - o
Lo D espl2)-s - o,
W3 ypaBHeHui (3) u (4) us pasa. 13.2,
2[s* P (¥} —sy(0)~y"(0)] + 5[5 L. (¥} —y(0)] - 3£ {y} = 0.
2.y(0)=4 u y'(0)=09.
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Torna 2[s’ 3 {y}-4s-9]+5[s 3 {y}-4]-3L{y} = 0,Te.

287 P {y} -85—18+5s P {y}-20-3 L {y} = 0.

3. CoBepliaeM nepecTaHOBKY: ( 25"+ 55— )Ly} = 8s+38,

8s+38
Te. f{y} = ——m.
* 25’ +55-3
-1 .
8s+38
4dy= Y ——"1.
{2s2+5s—3}
8s+38 _ 8s5+38 A

232+5s_3=(2s-1)(s+3)52s-1+s+i35
EA!s+3!+3525—1!
2s-1)(s+3)
CnenosatenbHo, 8s + 38 = A(s + 3) + B(2s — 1).
Ipu s = %nmeem 42 = 3%A, otkyna A = 12.
IMpu s = -3 umeem 14 = —7B, otkyna B = 2.

CnenoBaTeNbHO,

-1 -1
_ o 8s+38 | _ L 12 2 )_
y = x{2s2+5s_3} x{zs_l S+3}

CnenoBaTesibHO, y = 6ei -2e (cornacHo 1. 3 u3 Tada. 13.1).

2
IIpumep. Pewinth ypaBHeHHe %—3% = 9 c ycnoBueM, 4TO
x

nipu x = 0 BbInoJiHsAeTtss y = 0 U %c =0.

plavl s pldrl _
1. sg{dxz}_3o£{dx} —bg{Q} .
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L INO

Crenosatenbto, [s° 3, (¥} —sp(0) - y'(0)] - 3[s L.y —¥(0))] =
2.y(0)=0wuy'(0)=0.

ClleoBaTesbHo, s L y-3sLiy) =

L I\O

3. [eperpynnupoBbiBacM: (sz— 3s) Wiy} = 2 . To ectp

Py - 9 9
L) s(s2—3s) sz(s—3)
-1 9
4y=3
g ’F{sz(x—a)}
9 E/j+§+LEA(s)(s—3)+B(s—3)+Csz
sSx-3) § § s-3 s(s=3) '

CnenoatenbHo, 9 =A(s)(s — 3) + B(s — 3) + Cs.
IMpu s = 0 umeem 9 = —3 B, oTkyna B= —3.
[Mpu s = 3 umeem 9 =9C, otkyna C = 1.
IMpupaBHuBaeM conepxaiue s> uneHsl: 0= A4 + C, orkyra A = —1,
nockojibky C = 1. CnegoBarenbsHO,
1
+s—3}

;;}'{sz(s9_3)} ) JEI{_

=—1-3x+e*
(cornacho n. 1, 6 u 3 u3 Ta6a. 13.1).

©v —
“olw

Utak, y=e* - 3x—1.

13.5. PEILIEHUE CUCTEM IN®PEPEHIINAJIBHBIX
YPABHEHWH C IIOMOIIIBIO
IIPEOBPA30BAHNA JIATUIACA

13.5.1. Bsenenue

WHorna tpebyetcsi peluuthb cuctemy nuddepeHmanbHbIX ypaB-
HeHMit. HanpuMep, eciii MMEIOTCSI Ba 3JIEKTPUYECKUX KOHTYpa C
MarHMTHbIM B3aMMOJEICTBMEM, TO YPAaBHEHUS, CBsI3bIBaIOLLME TOKU
i; U i, OOBIYHO MMEIOT BUJ

di, di, .
LIE +ME +Rll| = El s
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di, di,
L,—=+M—+Ryi, =0

2 dt dr ’
rae L — WHAYKTUBHOCTb, R — compoTuBieHue, M — B3aUMOUHIYK-
uusi, E, — 3/eKTPOABUXYLIAs CWa, NPUWIOXEHHas K OLHOMY U3

KOHTYpOB.

13.5.2. TIpouenypa peuieHnsi CHCTEM ypaBHEHMit
C HCTOJIb30BaHHEM npeodpa3oBanns Jlannaca

1. Bepem npeobpa3oBaHue Jlariaca ot 06enx yacrteil Kaxaoro ypas-
HEHHUsI CUCTEMBI, NMpUMeHsisi hopMyiibl npeoOpasosaHus Jlarnaca mis
MPOM3BOIHBIX (T. €. ypaBHeHHsl (3) 1 (4) u3 pa3n. 13.2 co ctp. 496) u uc-
nonb3ys npeobpasoBaHus Jlariaca craHaapTHeIX GyHKLMIA, HAaNpUMep
13 Tabu. 13.1 co ctp. 494 u 13.2 co crp. 496.

2. [Noncransiem HavapHble YenoBus, T. €. x(0), y(0), x'(0), y'(0).

3. OObIYHBIMU anrebpanyecKMMH METOAaMM pelllaeM CHUCTEMY
ypaBHenuid s 3f {y} nf{x}.

4. Haxoaum x 1 y, HCTIOIBL3ys MO HEOGXOAUMOCTHU pa3JIoKeH e HA
npocreiiline Apo6u, u GepeM obpaTHoe npeodpa3oBaHue Jlamnaca
OT KaXII0ro YieHa pa3oXeHHUs.

Ipumep. Pewunts cucteMy aAnddepeHIMaTbHBIX YPaBHEHHU:

v, -

dt+x 1,
dx _ ‘=
T y+de =0,

eciv IaHo, yTo npu ¢ = 0 BeinoJiHsiercss X = 0 U y = 0, ucnonb3ys
OMNMUCAHHYIO BbILIE MPOLIEAYPY.

L i{‘j—{}nﬂm SCAUR M
;K{‘j—’,‘}—;k,{y}+4;£{e}r - 0. @

CornacHo ypaBHeHHI0 (3) co ctp. 496 u Tada. 13.1 co crp. 494
ypaBHeHHe (1) npuobpeTaeT BUA

39} -y (O] + £ (x) = 1. )

YpaBHeHuMe (2) npruobpeTaeT BUA
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[s L3} -x(O1 - L1y} = . @)

2. x(0) = 0 u y0) = 0, cremosaTenbHO, ypasHeHue (1)
npuodpeTaeT BU

P+ Ly =1 ()

¥ ypaBHeHHe (2') npuobperaer sun s 3 {x}- P {y} = s—i‘—T , WK

S s g = @)

3. YpaBHeHue (1”) ocraBisieM HEU3MEHHBIM, a ypaBHeHHUE (2'')
YMHOXAaeM Ha s:

syt + Lix} = % 3)
s+ ) = 2 @

CknanpiBaeM ypaBHeHus (3) u (4):

? N =l_i=(5‘1)—s(4s)=_4sz+s_]
G0 s s(s—1) s(s—1)

45’ +s5-1
otkyna Y {x} = ———.
4 s(s=1)(s*+ 1)

[pruMeHNM pa3ioXeHHe Ha NMPOoCTeiilne ApOsH:

2
—4s"+s-1 A, _B  Cs+D_
s (s-1) (s2+|)

s(s=1)s*+ 1)

_AG=1)(’+ 1)+ Bs(s’+ 1)+ (Cs+ D)(s - 1)
s(s=1)(s*+1) ’

CnenoBarteJibHO,

—4s? +s5—1=A(s— 1)(s> + 1) + Bs(s> + 1) + (Cs + D)s(s — 1).
Ipu s = 0 umeem —1 = —A, cnemoBatenbHo, A = 1.

Ipu s = 1 umeem —4 = 2B, cnenoBatenbHO, B = —2.
MpupaBHHBaeM KO3 HULIMEHTHI NIPH 5°:

0=A+ B+ C, creposarenbHo, C=1 (tak Kak A = 1 u B= -2).
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TpupaBHUBast KO3bOULUEHTbI NPH 5%, noydaeM —4 = —A + D —C,
cnenosatenbHo, D= -2 (tak kak A=1uC=1).
2
rak, P {x} = —4s°+s-1 _ 1 2 s—2

oD 5 G-D g

-1
4. CnenosaresnibHo, x = M {i_(s 2 l)+ sz_zz)}
Z &+

-1
_ owpll 2 s 2
- "K{s (s—l)+(s2+1) (sz+1)}'

To ectb x = 1 — 2¢' + cos t — 2 sin ¢, cornacHo Ta6a. 13.1 co
cTp. 494.

Bropoe ypaBHEHHME  HCXOJHOM  CHUCTEMbl MMEET  BMI
dx

dt—y+4e' = 0, oTKyna

= 9% ger = A1 _ e _2si ‘=
dt+4e dt((l 2e’+ cost - 2sint)) + 4e

=—-2¢'—sint—2cost+ 4¢,

y=2¢ —sint—2cost.

Wnn xe, 4ToOBI HANTH J, MOXHO BEPHYThCS K ypaBHeHMsM (1) U (2").
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14.1. PS/Ibl ®YPBE NIEPUOINYECKHUX
®YHKIINH C TIEPUOOM 2r

14.1.1. BBenenune

Paovi Pypee 1103BOSAIOT U3YYaTh EPUOAUYECKHE DYHKLIMM, Pa3-
Jlarasi UX Ha KOMIMOHeHThI. [TepeMeHHbIE TOKU U HaMpsSiXKEeHHsI, CMe-

LICHUE, CKOPOCTb U YCKOPEHUE KPUBOILUMUITHO-IMOJA3YHHBIX MEXaHU3-
MOB U aKYCTHMYECKHE BOJIHbl — 3TO THIMYHDbIC MPAaKTUYCCKHE MPH-~

Mepbl TpPUMEHEHUS TEPUONUUYECKUX (DYHKUUNA B HMHXEHEPHbIX
pacyeTax.

14.1.2. Ilepnonuyeckue GpyHKUMU

ToBopsT, yto dyHKUMS f(x) nepuoduueckasn, ecnu fix + T) = fix)
IUISl BCeX 3Ha4YeHUH X, rae T — HEeKOTOpOe MOJIOXHUTETbHOE YHUCIIO.
T — 3TO MHTepBal MeXIy ABYMS MOC/IeA0BaTebHBIMU NMOBTOPaMHU,
OH Ha3sbiBaeTcsi nepuodom byHkuuu fix). Hanpumep, y = sin x ecTb
MepUoANYECKas Mo X GYHKLMS C MEPUOAOM 27, MOCKOJbKY sin X =
= sin(x + 2n) = sin(x + 47) u TaK nanee. B obuiem, ecnu y = sin of, TO
nepvon curHana paseH 2m/m. IToxasanHass Ha Puc. 14.1 dbyHKums
ABJIAETCH MEPUOANYECKON C MEPUOAOM 27 U 3a0AETCSl ypaBHEHUEM

fox) = {—l npu —-n<x<0,

I mpu O<x<m .

Ecnu Ha rpaduke (PyHKLIMM HET CKaYKOB U pa3pbiBOB, TO OHA Ha-
3bIBAETCS HenpepuiHol yHKyuell; MPUMEPOM MOTYT CIyXHTb rpa-
¢uKH cuHyca M KocuHyca. OnHako npyrve rpadyku MOTYT UMETh
KOHEYHbIE CKaYKM B TOYKE, WJIM TOYKaX, MHTepBana. [1psmoyrosb-
Hbli curHan Ha Puc. 14.1 uMeeT KOHeUYHbie pa3pbiBbl B TOYKAX X = 7T,
2n, 3n u TaK ganee. BaxHoe npeumyuiectBo psaaoB @ypwe cocTout B
TOM, YTO MX MOXHO C PaBHbIM YCIEXOM NMPUMEHSTb KaK K pa3pbiB-
HBIM, TaK M K HEMPePbIBHBIM (DYHKLHSIM.
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fix)

Puc. 14.1

14.1.3. Paap Oypse

Pasnoxenue B psaa Pypre OCHOBBIBAETCS HA MPEANONOXEHUH,
YTO BCE MMEIOLLME MPAKTHYECKOEe 3HAYeHUe (PYHKLMU B UHTEpBase
—7 < X < T MOXHO BbIPa3uTb B BUAE CXOOSLUXCS TPUTOHOMETPpUYEC-
KHMX PSIIOB:

fix)y=ay+a,cosx+a,cos2x +azcos3x+ ... +
+ b, sinx + b,sin 2x + bysin 3x + ...,
rae ay, a,, ay, ..., by, b, ... — NEUCTBUTEIbHbIE KOHCTAHTHI, T. €.

f(x) = ay+ i (a,cosnx + b,sinnx) (1)

n=1

rae Ui niyana3oHa or —m A0 1t

ay = 5= [fodx,

a, = ijf(x)cosnxdx (n 1,2,3,...),

-7

1,2,3,...)

b, = %J‘f(x)sinnxdx (n

-n

KoHcTaHTH ag, a, v b, Ha3bIBaIOTCA Ko3gpuyuenmamu Dypoe, U
€C/IM MX MOXHO HaiiT, To psn (1) HasbiBaeTcsi padom Pypve, coOT-
BETCTBYIOIIMM DYHKLIMU f(X).
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Hpyroii cnoco6 3anucyu psiia — KCIMOJb30BAHHWE COOTHOLUEHMS
a cosx + bsin x = csin (x + o), npeacraBieHHoOro B pasn. 3.8, T. e.
fix) =ay+ ¢ sin(x + a)) + ¢,8in(2x + a,) + ... + ¢, sin(nx + @),

2, 2 7,2
e oy — KOHCTaHTa, ¢, = JJaj+by, ..., ¢, = Ja,+b, — ammmu-

Tyobl pa3MYHBIX KOMITOHEHT, a (a30oBblif yroja paBeH
all

a, = arctg == .
b,

Hns psna (1) wieH (a, cos x + b, sin x) Wiu ¢, sin(x + ;) Ha3biBa-
eTCs MEPBOU WU OCHOBHOU 2apMOHUKOil, YieH (a,cos 2x + b, sin 2x)
WIH ¢, sin(2x + a,) Ha3bIBAETCS 8MOPOii 2ApMOHUKOI Y TaK Jajiee.

st TOYHOTO MpeACTaBIEHHUs CI0XHOTO CUrHaa 00bIYHO Tpeby-
eTcs 6ECKOHEYHOe KOJIMYECTBO WieHOB. OHaKO BO MHOTHX MpPaKTH-
YEeCKHMX 3aJayax AOCTaTOYHO PacCMOTPETh TOJIBKO HECKOJBKO Mep-
BbIX WIEHOB.

IIpumep. [Monyunth psin Pypse WLig NEePUOIUYECKON (DYHKLUU
f(x), 3amaHHOM BbIpaXXeHUEM
—knpu —-t<x<0,
flx) = {+knpn0<x<n.

(PyHKLHSA ABIAETCA MEPUOAMYECKON 3a MpeaesaMu 3aaHHOTO
1arna3oHa ¢ NepyuoaoMm 2m.)

DTOT NpSIMOYTO/bHBIN CUrHaJ Noka3aH Ha Puc. 14.2. ITockonbky
f(x) nnsi IBYX MOJIOBUH NMana3oHa 3anaeTcs AByMs pa3InYHbIMU Bbl-
paXeHUsIMH, UHTETPUPOBAaHUE CUTHAIA MPOBOAMM VISl IBYX HHTEP-
BaJIOB — cHayasia oT — «t 10 0, 3aTeM ot 0 10 7.

f(x)
k

- 0 3 on X

-k

Puc. 14.2

Ortciona

n 0 n
a = 5= [f0ydx = 5=| [~kdx+ fed|=
-n 0

~T

{[~kx1’, + [kx]5) = 0.

1
2n
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(B meCTBUTENBHOCTH @y — 3TO CpedHee 3Hauenue PyHKUUM 3a
TMOJIHBIN MEPHO 27T, U €r0 PABEHCTBO HYJIIO O4€BUAHO U3 Puc. 14.2.)

n 0 n
| _1 =
=z If(x)cosnxdx = n{ I—kcosnxdx+ Ikcosnxdx}

- 0
. 0 . n
_ l{[—ksmnx] +[ksmnx] } -0,
n n T n ],

CnenosarenbHo, a;, a,, as,

... BCe paBHBI HYJIIO (IOCKOJIbKY sin 0 =

= sin(—nn) = sin nn = 0), u no3toMy B psiny Pypbe HET YWIEHOB C KO-
CHHYCaMH.

v n

U 1 . . _
=z If(x)smnxdx = n{ I—ksmnxdx+ Iksmnxdx}

~T

-n 0

_1 [kcosnx:l" +|:—kcosnx]"
n n 1, n of

Ecau n HeyeTHOE,

o= O [CD-(DN - 422 - .

min n nm

CnenosarenbHo, b, = 4k , by = dk = 3. M TaK Jajee.

Ecnu n yetHoe, b, = %{[i—ﬂ+[—i—(—9]} =0.

CrnenoBaTenbHO, coriacHO ypaBHeHHo (1), psa Pypoe ais GyH-
Kuuu Ha Puc. 14.2 ecTb

f(x) = ay+ Z(a,,cosnx+b,,sinnx) =0+ Z (0 +b,sinnx),
n=1 n=1

T. €.

fix) = —sm x+g—ksm3x+‘5‘—ksm5x+ ,
Wiu

f(x) = (sm x+ 3sm3x+ 5sm5x+ )
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fix)
7 f(x)
T /—'\ /

~P1
' I
- -n/2 A . n |
-n
________ -4

4/3 sin3x

Puc. 14.3

X
\4/5 sin5x
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Ecin B paccMoTpeHHOM Bbille psaay Pdypee k& = =, TO

fix) = 4(sin x+ %sin 3x+ é sin5x + ) . BoipaxeHue 4 sin x Ha3bi-

BaeTcsi MepBod 4yacTMYHON cymMoii psaa Dypbe dynkuuu Ax),

(4sin x+§sin3x) — BTOpOil yacTMyHOM cyMMoil psiaa Dypbe,

(4 sin x + %sin 3x+ gsin Sx) — TpeTbeil YacTMYHOU CyMMOW psiaa

®Dypbe U TaK ganee.

Mycts P, = 4sin x, P, = (4sin x+§sin3x) s

Py = (4sin x+gsin3x+gsin5x).

Ipaduxu P, P, u P; moctpoeHbl Mo TabiuLAM 3HAYEHMIt, a UX
CyMMbI MoKa3aHbl Ha Puc. 14.3a...B, OTKya BUIHO, YTO PSil CXOOUT-
cs, T. €. IPH YBEJMYEHUH KOJIMUECTBA PaCCMATPUBAEMbIX YACTUYHBIX
CYMM OH CTPEMMUTCS K KOHEYHOMY TpelieNty, U B npeesie Moay4aeTcs
cymMa fix) = n. Jlaxe npu y4yeTe TOJIbKO TPEX YaCTUUHBIX CYMM op-
Ma rpaduka npuoéanxKaeTcs K npsiMoyrojbHoii, KOTOpyio NpeacTaB-
nsiet psia Pypbe.

14.2. PAIbI ®YPHE HEITEPUOJINYECKHX
®YHKIIMH B JUATIA3OHE 2n

14.2.1. Pazioxenne HenepHoauueckux GyHKumii

Eciau byHkuus fix) Henepuoauyeckasi, 3Ha4UT, OHa HE MOXET
GbITb pa3nioxeHa B pad Pypee 1s 6cex 3HaYeHU X. OTHAKO MOXHO
onpeaeants paa Oypee, npeactapisiionit pyHKLUMIO B 1I060M 1Ua-
Ma3oHe WUPHUHOIA 2.

Ecnu 3anaHa Henepuoanyeckas pyHKIIMs1, MOXHO COCTaBUTb HO-
ByIO (byHKLUMIO, BLIOMpasi 3HaYeHUs f{x) B OTNIpeAeSieHHOM iMana3oHe
Y MOBTOPSisSl UX BHE 3TOro AManasoHa ¢ uHtepsaioM 2n. [lockonsky
HOBast QYHKUMS SIBNSIETCS IEPUOAMYECKOI C IEPHOLOM 27, €€ MOXK-
HO pa3ioXuTh B psig Pypbe 1151 Bcex 3HaueHUit x. HanpuMep, ¢yHK-
ums f{x) = x He sABnsieTCS nepuoauyeckoit. OaHako, ecim HeobXxoau-
MO TIONIyYMTb [UIs 3TOi yHKUMHU psn Pypbe, Toraa BHe 3TOrO qua-
Ma3oHa CTPOMTCS mepuoauyeckas (YHKUUS C MepuosoM 2m,
nokasaHHasi Ha Puc. 14.4 LITPUXOBBLIMU JIMHUSIMU.
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s HenepuoANYECKHUX

fix) dbyHKuui, TaKUX KaK flX) = X,

cymma psina Pypbe paBHa 3Ha-

N yeHuIo f{x) Bo Bcex TOYKax 3a-

i NaHHOTO aMana3oHa, HO OHa

on 0 o 4’,t X He paBHa f(X) L1s TO4eK BHe
JMana3oHa.

Puc. 14.4 Jlns  HaxoxmeHus psna

Dypre HeNepruoaNYECKOM

dbyHKUMKM B nUana3oHe 2m MCMOJIb3yeTcs Ta Xe dopMmyna Koaddu-

uneHToB Dypre, yto U B pasn. 14.1.

Ilpumep. Haiitn pan @Pypne, mnpeacraBisiolii GYHKLMIO
f{x) = 2x B inana3oxe oT —x 10 +m.

®yHkums flx) = 2x He siBasieTcst nepuoauyeckoit. Ha Puc. 14.5
nokasaH rpacuk 3Toi ¢hyHKUMHM B AMATNa30HE OT —7 A0 T, BHE 3TOr0
Iuana3zoHa rpadUK BOCCTAHOBJIEH TAKUM 0Opa3oM, 4TOObI ero nepu-
o[l cocTaBJIsUT 27 (WITPUXOBblE IMHMM), UTOTOBasi GopMa rpadpuka —
nuyioodpa3Hasi.

f(x)

fix) = 2x
AW g A
S 1l S
0 1 P
’ ! 1 / 1
g H 1 / H
- 1 T - L

-2n  -m| 0 n 2 3mx
g L
'
-2n v
Puc. 14.5

HOna panpa Pypbe: f(x) = ap+ z (a,cosnx +b,sinnx). W3
n=1

pasn. 14.1:

2.m

=L dx = = 2[XT _
a, = 2n[',,f(x) ‘r xdx = [2]_" 0,
_1 _1 _
= nfﬂf(x)cosnxdx = n[;Zxcosnxdx

. . x . .
_ g[xsmnx_ J-smnxdx] _ g[xsmnx+ cosnx] _
s

nl n n nl n n 1,

- 2o S (o smnm)]

n
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-1 i -1 i =
b, = nfﬂf(x)smnxdx = nf"2xsmnxdx

_ 2[—xcosnx J-(—cosnx)dx]" _ g[—xcosnx+ sinnx]" _
T n n n n n?

-n n

_ g[(—ncosnn+ sinnn) _ (—(—n)cosn(—r:)+ sinn(z—n))] _

2

n n n n n
_ 2[—ncosnn ncos(—nn)] _ -4
= £ - = —cCosnm.
m n n n
Ecny n — HeyeTHoe, TO b, = 3 Takum o6pasoM, b, = 4, b; = g,
4
bs = gn’raxna.nee.
_ -4 _ 4, _ 4
Ecnu n — vetHoe, 10 b, = rE Takum obpasom, b, = ~ by = 7

4
bs = —= nTaK nanee. Utak,

6

fix) = 2x = 4sinx—%sin2x+gsinSx—gsin4x+

4 . 4 .
+5s1n5x—asm6x+....

To ecTb

PP UV BN I
2x = 4(smx—2sm2x+3sm3x 4sm4x+

1. 1.
+§sm5x—zsm6x+ ...)

LIS 3HaYeHU i fx) Mexny —n U 7. s 3Haye HUii f{x) BHe AMana3oHa
OT —7 0 +7 CyMMa psiga He paBHa f{x).

14.3. PAIbI ®YPBE YETHBIX U HEYETHBIX
®YHKIIUM HA ITOJYIIEPHOIE

14.3.1. Yernble u HeueTHbie (PYHKIMH

ToBopsrt, byHKuMs y = fix) yemuas, ecnu fi—x) = fix) wia Bcex
3HayeHUit x. [pacduku yeTHBIX DYHKLHMI BCeraa cummempuyrol om-
Hocumeabro ocu y (T. €. SIBISAIOTCS 3epKaJlbHO OTpaXeHHbIMHU). [IBa
npuMepa 4eTHbIX YHKUMHA, ¥y = X M y = cOsX, IOKa3aHbl Ha
Puc. 4.50 co ctp. 230.
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ToBopsr, uto dyHKUMs y = fix) HewemHasn, ecnu f—x) = —fx) Wia
Bcex 3HayeHMit x. Ipaduku HedeTHbIX QYHKLMIA Bcerna cummempuy-
Hbl OmHOoCumebHO Ha4aaa Koopounam. [1Ba nipuMepa HeyeTHbIX hyH-
Kuuit: y = x> u y = sin x, onu nokasassl Ha Puc. 4.51 co cp. 230.

MHorue GyHKLUUY He SABISAIOTCSA HY YETHBIMH, HU HEYETHBIMH.

14.3.2. Pa3noxenne B paa Pypbe no KocHHycam

Psin ®ypbe uemnoii nepuoduueckoii byHKuMH f{X) C MEpUoaoM 2w
COIEPXHUT TOJNIBKO WIEHbI C KOCUHYCAMHU (T. €. HE COAEPXUT YWIEHOB C
CHUHYCaMH) U MOXET BKJIIO4aTh MOCTOSIHHBIN WieH. ClenoBaresibHO,

kel
f(x) = ay+ Z a,cosnx,

n=1

rne a

=)

= 2lﬂﬁ,r’(x)dx = %!f(x)dx (B culy cuMMeTpuH),

a, = T—IE‘r_!uf(x)cosnxdx = %ﬁf(x)cosnxdx.

IIpumep. Haiitn npeoGpasoBaHue Pypbe LI nMeprHoaUYeCcKOi
byHKUMH ¢ nepuonoM 27, 3afaHHOM BbIpaXKeHHEM

-2 npu—n<x<—-’£,

- s I,
f(x)= 2npu—2<x< )
—2 npu %<x< .

IMpamoyronbHbiit curHan Ha Puc. 14.6 — 310 yeTHast GbyHKLUHUS,
MOCKOJIbKY OHa CHUMMETPHYHA OTHOCUTEILHO ocH fx).

f(x)

2

Il 1
-3n/2 -1 -1/2| 0| =n/2 . 3n/2 2 x

-2+

Puc. 14.6
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©

CrnenoBaTesbHO, U3 CKa3aHHOTIO BhilLIE f(x) = ay+ Z a,cosnx
n=1
(T. €. psd HE COOEPXHUT YWICHOB C ctucaMu).

ay = i]:f(x)dx = }T{j:/zzdﬁ J:n- 2dx}=

= L{a + 200000 = 2@+ {2m) - (o] = 0,

/2
a, = er(x)cosnxdx =2 2cosnxdx+f - 2cosnxdx}=
T 0

n /2

_4 I:sinnx]"/2+[—sinnx]" _
mLon o )

_ 5{(sing1;/2)n_0) +(0_—sin(n/22n)} _

T n

- 4252y _ B (g, mm)

m n nn 2

8
Ecnu nyetHoe, a, = 0. Ecnu n HeyeTHoe, a, = ™ npun=1,5,9,...

ua,,=i%npun =3711,....

8 -8 8
CnenoBatenbHo, a; = =, @3 = 7—, as = z— W TaK Jajee .
n 3n Sn

CnenosatenbHo, psin Pypbe curHana ¢ Puc. 14.6 umeeT BUI

_8 _l 1 _l
fix) = n(cosx 3cos?;x+5c055x 7cos7x+ )
14.3.3. Pa3noxenue B pag Pypbe no CHHyCaM

Psin @ypbe HeueTHOM neproauyeckoit GyHKuuM f{x) ¢ nepuoaom
27 CONEPXUT TOJILKO YWIEHbI C CHHYCaMH (T. €. HE CONEPXUT WIEHOB C
KOCHHYCaMH).

CnenoBaTtesibHO,

f(x) = Z b,sinnx,

n=1

_ 1 . _2 .
rae b, = ;J:lf(x) sinnxdx = nj:f(x)smnxdx.
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Ipumep. [onyyuts psag Pypbe [isi NPAMOYrOJLHOTO CUrHaia ¢
Puc. 14.7.

fix)
— 2
-n 0 n 2n 3t x
-2
Puc. 14.7

[MpsiMOyrosibHbBIi CUTHAN — 3TO HevyeTHast (PYHKLUMS, MTOCKONIbKY
OHa CUMMETPHYHA OTHOCHTEJIbHO Hayala KoopauHat. CneaoBaTesib-
HO, COINIaCHO CKa3aHHOMYy Bbiie, ee psn Dypbe umeeT Bul

flx) = Z b,sinnx .

n=1

DyHKLMsA 3a0aeTCs KaK

-2npu -m<x<0,
o=,
npu 0<x<m.
_2 . _2 . _ 4[=cosnx7" _
b,,—n‘.:f(x)smnxdx nj::Zsmnxdx n[—n ]0
= 4(=cosnm) _ _'_IJ =40
n[( . ) ( ] rm(l cosnm) .
Ecnou n  yetHoe, b, = 0. Ecam n HeueTHoe,

Ay =2
by= —(1-(-1) = —.
CrnenoBartenbHo, b, = 8 b; = 3 bs = 3 U TaK jaajee
PN Ty B3 3 5 ’
3HaywuT, psia Pypbe UMeET BUI
_ 8. 1. 1. 1.
fix) = T—t(smx+5sm3x+5sm5x+7sm7x+ )
14.3.4. Pan ®ypbe Ha nojynepuose

Ecnu dyHkums onpeneneHa Aisi aMana3oHa, ckaxem, ot 0 go , a
He oT 0 10 271, ee MOXHO Pa3JOXUTb B PSii TONBKO MO CUHYCaM WX
TOJILKO 1O KocuHycaM. IlonydyeHHbIi psin Pypbe Ha3bIBaeTCsi padom
Dypve Ha noaynepuode.
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Ecau TpebyeTtcsi nonyuuTh pastoxwcenue Pypve na noaynepuode no
Kocunycam GbyHKUMM fix) B nuanasoHe ot 0 fo m, To HeobXxoaumo
COCTaBMTb ¥emHyto Nepuoanyeckyio ¢hyHkuuio. Ha Puc. 14.8 noka-
3aHa pyHKUMA fx) = X, NOCTPOEHHasi Ha UHTepBaie oT x = 0 g0
x =n. [Nockonbky yeTHass PyHKLUSI CUMMETPUYHA OTHOCUTEJILHO
ocu f(x), npoBoauM JIMHUIO AB, Kak mnoka3aHo Ha pucyHke. Eciu
MPEeArNoJIOXUTb, YTO 3a Mpeae/iaMy paCCMOTPEHHOTO MHTEpBaJia Mo-
JIy4yeHHasi TpeyroyibHasi popMa siBJISIeTCs1 IEPUOAMYECKON C NMEPHO-
JIOM 271, TO UTOTOBBIN I'paMK UMEET BU, MOKa3aHHBIN Ha Puc. 14.8.
IMockonbKy TpebyeTcs Mosiyyuth pasinoxeHue Dypbe Mo KocuHy-
caM, KaK ¥ paHee, BolyMcsieM KoadbduumeHntst ypre a4 a,:

@
flx) = ay+ Z a,cosnx,

n=1

rae a, = ;ltff(x)dx ua,= T%J:f(x)cosnxdx.

fx) o) =x
’E 2n .
e \\\ A . .
Sl ! S ] -
-2 -n 0 T n X
Puc. 14.8

Ipumep. Haittu paznoxeHue dypbe no KOCMHycaM Ha Moiymne-
pHone 1is byHKUMH flx) = x B MHTepBasie 0 < x < m.

2
1rx"7"

Mpu flx) = x, ag= 7—1[J:f(x)dx = ;[5]0 = g,

Z[xsinnx " cosnx]" _
nl n 2

ff(x)cosnxdx Jﬂ xcosnxdx =
0 n

_ g[(nsinnn+ cosnn) (0+ cosO)]
n n n n
2(0 + coszmt con) = —(cosnn— 1).
n n nn’

Ecnu n yetHoe, a, = 0.
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2 —4
Ecnu n HedeTHoe, a, = =(-1-1)= —.
nn nn
-4 -4 -4
CrnenoBarenbHo, @, = —, @; = —, ds = — W TaK JaJee.
m n3? ns’

CnenoBaTtenibHO, pa3noxeHue Pypbe 10 KOCHHYCaM IS MosyIe-
pHoaa UMeeT BUI

fix) =x= g—:—t(cosx+3lzcos3x+5%c055x+ )

o Ecnu TpeGyetcs nonyuntb paztoxcenue Dypve na nosynepuode no
cunycam GyHKUHH f{x) B AManaszoHe ot 0 10 7, To HEO6XOAMMO CO-
CTaBUTb Hewemuyio nepuonunyeckyto dpyHkuuio. Ha Puc. 14.9 no-
Ka3aHa ¢yHKUMs f{x) = x, NOCTpOeHHast Ha UHTepBaJie oT x = 0 10
x = n. [lockonbKy HeyeTHast GyHKLMA CHAMMETPUYHA OTHOCHUTE b~
HO Hayaja KOOpAMHaT, CTpouM JuHMI0 CD, KaK NoKa3aHo Ha pu-

cyHke. Ecny npeanonoXxurb, 4To 3a npeaejaMyd pacCCMOTPEHHOTO
HHTepBaJia MoJIyMeHHbIH MHI000pasHbI CHIrHa ABJIACTCA NCPHO-

JNHUYECKUM C MEepUOJOM 27, TO UTOTOBbIN rpadMK UMEET BUA, Mo-
Ka3aHHbI Ha Puc. 14.9. [MockonbKy TpeGyeTcsl MoayYuTh pasiio-
xeHue Dypbe Ha nonynepuone Mo CHHycaM, Kak U paHee, BbIYHC-
nsieM KoadbuumeHT Dypoe b,

fix) = Z b,sinnx, rne b, = %j:f(x)sinnxdx .

n=1

fix)
fix)=x
AT A
. i -
o H R
R ¢ : o
=2n -m} 10 . 2n i3n X
; ’ ' P .
v ’ -t =/ 4
D
Puc. 14.9

ITpumep. Haiitu paznoxeHue Dypbe 10 CHHYcaM Ha MOJyNepUuo-
ne pyHKumuu f{x) = x B uHTepBaie 0 < x < m.

- =2 i = 2 ( ysinxdx =
IMpu f(x) =x, b, = nJ:f(x)smnxdx n_f:xsmxdx

== +

_ 2[—xc0snx sinnx]"=
m n n?

0
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_ g[—ncosnn+ smnn_(0+0)] _ —2COSll1t.
n n n n

2
Ecnu n HeuetHoe, TO b, =
2 2 _ 2
CnenoBatenbHo, b, = T by = 3 bs = 5 U TaK aajee .
Ecnv nyetHoe, To b, = —
_ 2 _ 2 2
CnenosatenbHo, b, = 5 b, = > by = —g WTaknanee.

WTtak, paznoxenue B psa Dypbe Mo CUHYcaM s nojynepuona
MMEET BUI,

f(x) = x = 2(sinx—%sin2x+%sin3x—%sin4x+ésinSx—...) .

14.4. PAJ ®YPBE IS ITIPOU3BOJIBHOIO
HMHTEPBAJIA

14.4.1. Paznoxenune nepuonyecKoil (PyHKIUH
¢ nepuoaom L

IMepuoaunueckasi pyHkuUMs fx) NOBTOPSIETCS NIPH YBEJIUYEHUU X
Ha L, T. e. fix + L) = fix). [lepexoa oT pacCMOTPEHHBIX paHee HYHK-
Uit ¢ nepuoaomM 2n K ¢GpyHKUHUSIM C nepyuoaoM L JOBOJLHO MPOCT,
MOCKOJIbKY €r0 MOXHO OCYLUECTBUTB C MTOMOLIbIO 3aMEHbI NTEpEMEH-
HOM.

(“-

Yr1o6bl HaiiTH psa Pypbe GyHKUHMH fx) B IMana3oHe —% <x< 30

BBE/IEM HOBYIO M€PEMEHHYIO ¥ TAKUM 00pa3oM, YToObl hyHKUMS f{x)
2nx

HMeEIa nepuoa 2n  oTHocuTeabHO u. Ecmu w = —L-, TO

L L
=-ZmpMu=-1 U x=3

3 npu u = +n. Takke mycTb

f(x) = f( n) F(u) . Psag ®ypbe F(u) umeet BUL

F(u) = ay+ Z(a,,cosnu+b,,sinnu), rae a, = %{Jﬂ F(u)du

n=1
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-1 =1 i
= n[“F(u)cosnudu ub,= nj:rFusmnudu.

OnHako yalle NMpUBEAEHHYIO Bbillie (GOpMYNy IPUBOIAT K 3aBU-

_ 2nx _2n
cumocTH ot x. [TockonbKy u = I 3HauuT, du = de , anpene-

L L '
JIbl HHTETPUPOBAHUA — OT —5 no + 5 BMecTO OT — 1t 10 nt. Cnenosa-

TE€JIbHO, pAld CDypbe 111 3aBUCUMOCTH OT X UMEET BUI

f(x) = ay+ i [a,,cos(an”x) +b, sin(zn%c)]

n=1

L L.
race B AMamna3oHe oT —5 o +5 :

ay

1472 2
7 J'_LL/Zf(x)dx, a, = IL/zﬂx) cos( "L"x)dx

b, J. f(x) (21tnx) dx

(IMpenenbl UHTErPUPOBAHUSA MOTYT ObITh 3aMEHEeHbl Ha J11000ii
HHTEpBaJ IJIMHOM L, Hanpumep oT 0 10 L.)

v(t)

10

8 -4 0 4 8 12 t[mc]

MNepvoa L=8mc

Puc. 14.10
Ipumep. Eciv HamnpsikeHMe TeHepaTopa MpsiIMOYTOJbHBIX HMM-
0, 4<t<0
nynbcoB (Puc. 14.10) umeer Bua v(f) = { U Nepuoa
10, 0<t<4

8 Mc, To ero psan Pypbe HaxoauM ClIEAYIOLIMM 06pa3oM:

v(t) = ay+ Z [a cos(an”t) +b,s n(anm)] ,

n=1
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_1 =
a, = er/zv(t)d == v(t)dt

B 1 0 4 _ 1 4
= §{j 0dt + joloat} = gliogg =5,

4

zr/z v(t)cos(znn’)dt = ( v(t)cos(z—nL'L’)dt=

-L/2

- -{j 0cos( 22 )dr+j10cos("”’)dt}

lOsm(nm)
4
= o —_— = —[smnn—smO] =0misn=1,23..

T

b, LILL/zv(t)sm(Zrin’)dt = % v(t)sm( dt =
_ 1P (nntf fo . (mn _
= Z{ LOsm(T)dt+ LlOsm(Tf)dt}_
4
i —10005("2”)
=ql——] = —[cosnn cos0] .
T
4 0
Ecim n yerHoe, 10 b, = 0, by, =—(-1-1)= l)’
n n
by = _3—10(-1-1) = %’ bs = g_?: M TaK nasee.

Takum o6pasoM, psia Pypbe byHKuUHU v(f) UMeeT BUI
v(t) =5+ —[sm(:) + = (3—1") ésin(STm) + ] .

14.4.2. Pan ®ypre Ha noxynepuone Aist GpyHKumii,
3aJaHHBIX B HHTepBaJie L

nXx
JInsi MOACTaHOBKU U = T uHTepBan oT x = 0 10 x = L cooTBeT-

cTByeT HHTepBany oT ¥ = 0 no u = n. CienoBaresbHo, GYHKLHUIO
MOXHO Pa3/IoXHUTb B PSAL TOJbKO MO KOCUHYCAM WJIM TOJIBKO MO CH-
HycaM, T. €. B pa20 Pypoe Ha nosynepuooe.
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PasnoxeHue rno KocuHycam B Auamna3oHe ot 0 10 L umeeT BUA

f(x) = ap+ Z a cos(mtx)
n=1

rae

rf(x)dx ua,= rf(x)cos 'mx)dx

ITpumep. Haiitu pasznoxenue ®ypbe no KOCHHYcaM Ha moJymne-
puone dpyHkumm f{x) = x B uHTEpBaie 0 < x < 2.

Pa3noxeHne Pyppe Ha mosynepuose 1Mo KOCHHYcaM O3HayaeT
yeTHYI0 pyHKuUMIO. [paduk fix) = x B uHTepBaie ot 0 10 2 nokasaH
Ha Puc. 14.11 1 npoaosxeH 3a npeaeaaMu pacCMOTPEHHOTO MHTEP-
Bajia TaKUM 06pa3oM, YTOGBI ObITH CUMMETPHUYHBIM OTHOCHTEBHO
ocH f{x), KaK MoKa3aHO LITPUXOBbLIMU JIMHUSIMHU.

fix)=x
e 2 S PN
) L7 . 1 h h L h Sake” - I
-4 -2 OI 2 4 6 x
Puc. 14.11

s paanoxeﬂuﬂ MO0 KOCUHYcaM Ha  MoJynepuoe

f(x) = ay+ Z a cos(”zx) s

n=1

(nnx) r
2 2sinnn  cosnn cos0

CRRNCRCHNC)

|
I

1 2’
_ cosmzt_ = (;) (cosnm—1).
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Ecau n yeTHoe, T0 a, = 0,

-8 -8 -8
a, ==, a3= 55, 4= 55 U Tak Jajee.
n n°3 n°S

CrenoBatenbHo, pa3noxeHue B psin Pypbe no KOCMHYcaM Ha Mo-
synepuose ¢pyHkUuUU f(x) B uHTEepBase oT 0 10 2 UMeeT BUA,

1= 8 eos™ 4 Lo 3mX) 1 L os( 37X
fix) = l—nz[c037+32cos( > )+52cos( 5 )+}

PasnoxeHue B psin Pypbe 1o cuHycaM B AMamna3soHe ot 0 10 L — 310

fix) = ib,,sin('LZ—x), rae b, = %ij(x)sin(”Tmc)dx

n=1

14.5. YUCJIEHHBIE METOIBI
TAPMOHMYECKOI'O AHAJIN3A

14.5.1. Bsenenune

MHorue BcTpeualouiMecss Ha NMpPakTHKE KoJeGaHUsi MOTYT ObiTh
MpeACTaBNAEHbl B BUIE MPOCTBIX MaTeMaTHYECKUX BbIPAXEHWI, U
NPU UCTOB30BaHUM psinoB Pypbe BeIMUMHA UX TADMOHUK OMpee-
sisietcsi cnoco6aMM, paccCMOTPeHHbIMU B pa3i. 14.1...14.4. [Ins Kone-
0GaHUii, HE OTHOCSILIMXCS K 3TOI KaTeropuu, aHaJIu3 MOXHO MPOBO-
IUTb YUCJIEHHBIMU METOAAMH.

Tapmonuveckuii anasuz — 3TO MPOLIECC PA3NOXKEHUSI MEPUOAHU-
4eCcKOil HeCUHYCOMIAIbHOIM BEJTMUMHBI B PSIl CHHYCOMITbHbBIX CO-
CTaB/SIOIMX FADMOHHUK C BO3PaCTalOLIMMU YaCTOTaMH.

14.5.2. I'pmoHunueckuii aHanu3 nHpopmanmm,
npecTaBjieHHOM B TA0IMYHO#H WM rpaduyecKoi

topme

Bce koapdpuumentst ®ypne a,, a, U b,, pacCMOTpPeHHbIE B
pasn. 14.1...14.4, Tpe6GyioT MHTErPUPOBaHUST PYHKLIMIA:

0 = 3= [ foods = 5[ “fimra,

T. €. paBHO CpeAHEMY 3Ha4eHH10 f{X) B AMaNa3oHe OT —7 10 T UK OT
0 1o 2n;

21 -1
a, = nfﬂf(x)cosnxdx 7 J: f(x)cosnxdx ,
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T. €. paBHO yIBOGHHOMY CpeIHEMY 3HaYeHHIO f{x) cos nx dx B fuana-
30He ot 0 10 2m;

-1 ; Y P
b, = n'r_'"f(x)smnxdx nJ: f(x)sinnxdx ,

T. €. paBHO YIBOEHHOMY CpeIHEMY 3HaueHHI0 f{x) sin nx dx B iManaso-
He oT 0 1o 2.

OnHako HenpaBUIbHbIE KOJe0aHUs OObIYHO HeJlb3sl ONUcaTh Ma-
TEMaTUYECKUMU BBIPAXEHHUSIMU, MO3TOMY KO3duuueHTsr Dypbe
He MOTYT ObITb HalIEHbI AHATUTUYECKHU. B Takux ciyyasix wis onpe-
neneHusi Ko3hoduuneHToB Pypbe MOXHO MCMONB30BaTh MPUOIM-
JKEHHbIE METO/bI, TAKUE KAK NPaguso mpaneyuii.

Cpenu aHaTIM3UPyeMbIX Kosle6aHUil HauboJlee LIMPOKOe MPaKTH-
4yecKoe MpUMEHEHUE UMEIOT nepuoauyeckue. Ilyctb nepuon curHa-
Jla paBeH 27 M pa3jieJieH Ha p paBHbIX yacTed, KaK MOKa3aHO Ha
Puc. 14.12. TakuM o6pa3om, ILMPUHA KaXIOro MHTEpBajia paBHa

2n
i O603HaYUM OPAUHATHI Vo, Vi, V3, ---, ¥, (OTMETUM, UTO Vo = V,).

IpaBuo Tpamneuuii rIacuT:

nepBasi cymMMa
MpUHa \ | |
IMnowanp = =| + nocneaHss | + | ocTaibHbIX | | =
HHTepBana’ | 2
opauHaTa opAMHAT

2nr1
z;[i(y0+yp)+y, +y,ty;t+ :I .
1
Tockonbky  yy = ¥, 70 5000 +¥,) Yo = ¥,

CnenosateibHO, IUIOLIanb

2n g
Sr= .
» kz_:l.!’k

4 14
Touianb 1 (2n 1
Cpennee 3Ha4eHHEe = ——————————x —(—) ~= .
peit IJIMHa OCHOBAHUS 27\ p 2 Zy"
k=1 k=1

OnHako a, paBHO cpeHeMy 3HaueHHIo f{x) B uHTepBasie oT 0 1o 2m.
IMoaromy

12
ao";ZJ’k- 1
k=1
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f(x)

Yo Y1 Y2 ¥3 Va

MNepvop = 2n

Puc. 14.12

"

g Y10

B

[ \ !

= H

3 o

% o

a .

5 ! :YH: Y12

T Vo
360

6 [rpaaycsi]

Puc. 14.13

AHaJIOTMYHO a, PaBHO YIBOEHHOMY CpeHeMY 3HaYeHHIO (pyHK-
uuu flx) cos nx B aanasoHe ot 0 go 2n. [TosTomy

a,~=

2 4
> Z ycosnx,, ?2)
k=1

U b, paBHO YABOEHHOMY CpeHEMY 3HaueHUIO GyHKUMHU fX) sin nx B
nuvanasone ot 0 1o 2w, T. €.

14
2 .
b, = Z yisinnx, . A3)

k=1
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IIpumep. Ipachuk 3aBUCUMOCTH HamnpsixxeHUs: V oT 6 moka3aH Ha
Puc. 14.13. 3HaueHuss KOOPAMHAT y,, ¥, V3, ... PaBHbI 62, 35, —38, —
64, —63, —52, —28, 24, 80, 96, 90 u 70 cooTBeTCTBEHHO, BCero 12
paBHBIX MHTepBaToB LMpuHO 30°. (Ecau ucnonsayetcst Gobliee
KOJIMYECTBO MHTEPBAIOB, MOJYYEHHbIE PE3YJbTaThl UMEIOT GoJee
BBICOKYIO CTENEHb TOYHOCTH.)

JlanHbie npuBeneHbl B Tada. 14.1.

1S 1
U3 ypaBHenus (1) ciaeayer, uto aoz;Zyk = 5(212)~ 17.67
k=1

(nockoneky p = 12).

2 14
W3 ypaBHeHus (2) cnenyer, uto a,, z; Z Y €Osnx,, Clie0BaTeNbHO,

k=1
2 2 _ 2
a, = 1—2(417.94) % 69.66,a,~ ﬁ(_39)_ —6.50ua;= ﬁ(—49)z —8.17.

28 .
W3 ypaBHeHusi (3) cneayer, uto b, ~ ; Z Y, sinnx,, cienoBatesbHO,

k=1

by~ l—2§(~278.53)z—46.42, by~ %(29.43) ~491u by~ 112(55) ~9.17.

IMoncrasnsieM 3Tu 3Ha4eHus B psia Pypobe:

f(x) = ay Z (a,cosnx+ b,sinnx).

n=1

B urore nonyyaem

V=17.67 + 69.66 cos 6 — 6.50 cos 20 — 8.17 cos 30 + ...—
—46.42sin0 +4.91sin26 +9.17sin30 +.... 4)

OTMETHM, 4YTO B ypaBHeHUM (4) BbipaxeHHe (—46.42 sin6 +
+ 69.66 cos 0) npeacrapsieT Co60#H 1epBYIO rapMOHHKY, (4.91 sin 20 —
—6.50 cos 20) — BTOpYIO rapMOHHUKY, (9.17 sin 30 — 8.17 cos 30) — Tpe-
TbIO FAPMOHHUKY.

B pasa. 3.8 nokasaHo, 4To a sin f + b cos ot = Rsin (wz + a),

rane a = Rcosa, b = Rsina, R = Jai+b v o = arctg{;).
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[TosTomy BbipaxkeHHe (4) paBHOCHIILHO

V =17.67 + 83.71 sin (6 + 2.16) + 8.15 sin (26 — 0.92) +
+ 12.28 sin (36 — 0.73) BoJibT.

JaHHas ¢opma 3anrcH OObIYHO UCTIONB3YETCS TS CIOXHBIX KO-
nebaHuiA.

14.5.3. PaccyxneHus 0 CIOXKHBIX KOJIeOaHHUAX

HWHorna Bo3MOXHO MNpeiacka3aTb rapMOHUYECKOE COmepXUMoe
KoJIeGaHUS PACCMOTPEHHUEM €T0 OTAEbHBIX XapaKTe PUCTHK.

1. Ecniu nepmoaunyeckoe kKojiebaHMe TaKOBO, YTO MJIOLIAAb Hall rO-
PHU30HTAIbHOM OChIO pPaBHa IUIOILAIH MOJ 3TOM OCblO, TO CPEAHEE €ro
3HaueHUe paBHO HyJo. CienoBartesibHO, a;, = 0 (cM. Puc. 14.14a).

2. Yemnas gynkyus CAMMETPUYHA OTHOCUTEJIBHO BEPTUKAIBHOM
OCH U HE COIEPXUT 41eH08 ¢ cunycamu (cM. Puc. 14.146).

3. Heuemnas gynKyus cCUMMETPUYHA OTHOCUTEJIbHO Hayala Ko-
OpAMHAT U HE COAEPXHUT 42eH06 ¢ Kocunycamu (cM. Puc. 14.14B).

4. fix) = fx + n) npeacrasaser GYHKUHIO, MOBTOPSIIOLLYIOCS Ha
nepuolie m, OHAa TMPEACTABIEHA MOALKO 4eMmHbIMU 2aPMOHUKAMU
(cM. Prc. 14.14r).

5. fix) = —f(x + =) npeacrasnsieT GyHKLUUIO, LU KOTOPOii No0-
XHUTEJIbHBIA M OTpULATE/IbHBIA MEpUOIbl UAEHTUYHBI MO ¢opMe,
OHa npeacTaBiaeHa moavko HeyemHbLMU 2apMOHUKAMU
(cM. Puc. 14.14n0).

IIpumep. Ha Puc. 14.15 noka3aH rpadukK nepeMeHHOro Toka i
amrnep. [IpoBeleH aHaIU3 CUTHAA U MOJYYEHbI €r0 COCTaBIsIoOLIHe
IO MATOM rapMOHMKH ¢ WHTepBaiaMu 30° , Takxe u3 Puc. 14.15 no-
JIy4eHbl clienyloline XapaKTepUCTUKH:

e CpenHee 3HaYeHUE PaBHO HYJTIO, MOCKOJIBKY IU1OLIAb Hajl OCbIO O
paBHa IUIOIIAAM MOJ 3TOi ocbio. TakUM 0O6pa3oM, NMOCTOSTHHbBIN
YjieH, T. €. KOMIIOHEHTa MOCTOSTHHOTO ToKa a, = 0.

e [TockonbKy rpa¢mMK CUMMETPUYEH OTHOCUTEJIbHO Hayala Koop-
IIMHaT, To PyHKUMSA | HEYeTHas; ClieqoBaTeNbHO, psia Pypbe AaH-
HOM QYHKIIMH HE COAEPXUT YWICHOB C KOCUHYCaMHU.

e Ipaduk umeer dopmy fi6) = —f(6 + =), 3HAYUT, NPUCYTCTBYIOT
TOJIbKO HEYETHbIE FTAPMOHUKH.

TaxuM 0Opa3oM, UCClieoBaHUE XapaKTEPUCTUK rpaduKa no3so-
JIUJI0 U30aBUTHCSI OT HEHYXXHBIX BbIYMUC/IEHMIA, M B IaHHOM CJiyyae B
psny Pypbe MpeacTaBaeHbl TOJALKO HEYETHbIE WIEHBI C CHHYCAMH,
T. €.

i=b,sin0O + bysin 36 + bssin 50 + ...

IMpodopma, aHanornyHas Tada. 14.1, Ho 6e3 CTONGLIOB A1 Yie-
HOB C KOCHHYCAaMM W YE€THBIX WJIEHOB C CHUHYCaMH, MpUBENEHA B
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Ta0a. 14.2 ¥ BKJIIOYAET MATh FAPMOHHUK, OTKYAA MOXHO OTNPENETUTh
Ko3duuneHTsl Pyphe b;, b; u bs. BeibGpaHsbl 12 KoopauHat, 0603Ha-
YeHHBIE Y|, V5, V3, ---, V12, KaK MOKa3aHo Ha Puc. 14.15.

TaGnuua 14.2
OpauHare] 6 | i | sin® | isin® | sin30 | isin30 | sin50 | isin50
vy, 130]2] 05 1 1 2 0.5 1
y, |60] 7] 0866 | 6.06 0 0 —0.866 | —6.06
» 90 | 10 1 10 -1 -10 1 10
Vs 120{ 7 | 0.866 6.06 0 0 —0.866 —-6.06
ys [150] 2] 05 1 1 2 0.5 1
ve |180]0] o 0 0 0 0 0
vy, |210]-2] -05 1 -1 2 —0.5 1
W 240( -7 | —0.866 6.06 0 0 0.866 —-6.06
Yy 270|-10[ -1 10 1 -10 -1 10
Yo 300} =7 —0.866 | 6.06 0 0 0.866 —6.06
oo |330]-2] -05 1 -1 2 —0.5 1
yo 1360[0] 0 0 0 0 0 0
12 12 12
Z Y,sinf, =48.24 Z y,sin30,=-12 Z Y, sin50, =-0.24
k=1 k=1 k=1

P
W3 ypaBHenus (3) caenyer, yto b, z% Z i sinn®, ,roep=12.
k=1

3uaunr, b, ~ 1—22(48.24) = 8.04, by~ 1—22(-12) =-2.00

U b~ 1—22(-0.24) - _0.04.
Utak, psn Pypbe 115 TOKA | UMEET BUIL

i=8.04 sin 6 — 2.00 sin 36 — 0.04 sin 56.
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- npsiMoyrosibHble — 190
OCHOBaHHe — 26
OCTPOYTOJIbHbI# TPEYrOJIbHUK
- TPUTOHOMETPHYECKHE
COOTHOLLEeHUst — 146

OTHOCHMTE/IbHAsA CKOPOCTb — 245
OTHOlUEHHE — 22, 62
OTpHUATENbHOE Lieioe Yuciao — 16
oleHKa

- MHTEepBa/IbHas — 482

- ToueyHasi — 482
oueHka popmyasl — 33
oluM6Ka B nopsiake BETMYMHbI — 31

n

Manna reopema — 404
napa6ona — 208
napauienorpamMm — 111-112

- niowanb — 113
napanjiejbHbie npsambie — /39
napameTp — 333
IMackans tpeyronbHuk — 90
nepeMecTHTE IbHbIH 3aKoH — 19
nepecraHoBka — 517
nepumerp — 141
nepuon — 168, 171, 202, 229, 508
nepuoanyeckas GpyHkuus — 167
nepueHTwIb — 457
NMUKTOrpamMMa — 441/
nupaMuia

- nJollanb NOBEPXHOCTH — 122
IMudaropa reopema — 145
riaHumerp — 130
nnactuHa — 400

- LIEHTp TaXecTH — 400
rutotanu nonoGHuIX uryp — 116
MJIolaAb MEXAY KPHBbIMH — 392
TUIolllanb HENpaBWIbHOWH (Urypbl —

130
rioluanb r1ockoit gpurypet — 172
riollaab MOBEPXHOCTH MPaBHIBHOIO

Tena — 122
niollaab noax KpuBoi — 388
niowans cexropa — 119
MOMIOIEHHSA

- npaBuna — 295
MOrpeLIHOCTb U3MepeHus — 317
NOrpeLIHOCTb OKpyIieHUst — 3/
NoAOGHbIE TPEYTONbHUKH — 142
nojcraHoBka — 48, 372

- anrebpanyeckas — 363

- runepbonnyeckas — 365

- TPUTOHOMeTpUyecKas — 365
rnokasarteib CTerneHu — 26
MOJAMHOM — 39
nonHbiit auddeperumnan — 349
MOJHBIA KBaapaT — 56
MONOXMTEIbHBIE Lieble ynucna — 16
MONYMHTEPBAJIbHBII pasmax — 457
nonykpyr — 118

- naowans — /13
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nonsipHas Kpusasi — 224
noJisipHast CHCTeMa KOOpAHHaT — /53—
154
nonsipHas dpopma — 263, 272
nonsipHbie KpuBble — 216
nopaaoxk — 29
MOPSAAOK BHINOJIHEHHs onepauuid — 37
noctpoeHue rpadpmka — 223
nosic chepbl — 127
- IuIolaxb MOBepXHOCTH — 127
NpaBuIo ACHCTBHIA CO cTeneHsAMH — 27
npasuio anddepeHunposaHus
npousseneHus — 319
npasuno auddepeHLMpoBaHHs
yacTtHoro — 320
npasujio npusm — 133
NPaBuIO MPAMOYTOIbHUKOB — 385
MpaBUIO CPedHUX OpAUHAT — /30, 132
npasuio Tpaneuuit — 383, 526
npaBuIbHas Apobb — 20
npakTuyeckas 3anaya — 46, 50, 59
NpaKkTHyeckasi CUTyauus — 159

npeaenbHoe 3HaueHue — 97, 312
npeoOpa3oBaHMe — 224

npeo6pasopaHue Jlariaca
- IMHEHOoe CBOiCTBO — 493
- 06o3HayeHus — 492
- obpatHoe — 498
- 06paTHOE 31eMEHTapHbIX
byHkumit — 499
- MPOMU3BOIHBIX — 496
- cBoiicTBa — 495
- 3/1eMeHTapHbIX GyHKUMIi — 493
npeo6pasoBaHue dopmynbl — 51
MPpHGAN3UTENbHBIN pe3yabTaT
BblYMCIEeHUIt — 3]
npou3BeaeHHe
- CKaJIIpPHOE MPAKTHYECKOE
npuMeHeHue — 255
npou3BeeHHUeE ABYX BEKTOPOB — 252
- BeKTOpHOE — 251
- ckayisipHoe — 251
npousBoaHas — 313
- CyMMBbI WIH pa3HocTH — 319
- byukumnu or ynkuuun — 32171
- yacTHass — 346
- yacTHas BTOPOro rnopsnaka — 347—
348
- yacTHas NIepBOTO nopsiaka — 346
MPOU3BOAHbBIE
- cTaH#apTHble — 318
MpPOU3BOJIbHASI TOCTOSIHHAS
WUHTErpUpoBaHus — 358
nponopuuns — 22
NPOCTOE JIMHeHHoe ypaBHEHHe — 44
npocrbie ypaBHeHUs1 — 44, 46
npoTHBOJEXaluue yribl — 139
MpoLEeHT — 25
npsiMast — 223
npsmas iuaua — 191

npsiMasi NpONOPUHOHANBHOCTb — 22,
38
npsmoii yron — 118
npsiMOYro/ibHasi CHCTeMa
KoopauHar — 156
npsiMOyrofibHUK — 111
- naowans — /13
NPSIMOYTOJIbHBIH TNapajuieenunen
- TUIoLLaab MOBEPXHOCTH — 122
NPSAMOYTOJIbHbIN TPEYroNbHUK — 156
- peueHue — 149
npsiMbie
- mapauienbHble — 139
nATHYronbHUK — 111

P

PpaBHOAEHCTBYIOIWHI BEKTOp — 246
pannan — 119, 138

pannyc — 117

panuyc uHepuun — 407, 409
paszefieHue nepeMeHHbIXx — 415
pa3ioXEHHUE aredpanyeckoro

BBIPAXEHUST HA MHOXUTENN — 37
palIoXeHHe Ha MHOXUTEIU — 55, 64

paoXeHHe Ha npocreillune apobu —
369
pasnoxeHHe Ha NpocTeiilmne
npobu — 82
Pa3HOCTb ABYX KBagpaToB — 56
pacrpeneieHHe
- GuHOMUANTRHOE — 461
- BblOOpouHOe — 478
- Iyaccona — 463
- CrbloneHTa — 488
pacnpeaejieHHe
yactot — 446, 448
- KpHBasi — 446
pacnpezeneHHe HOpMaIbHOE
- npusHaku — 465, 469, 480
pacnpeaennTeNbHbIi 3aKOH — 19
perpeccust
- k03dduuMeHT — 475
- HAaUMeHbLUAs KBaapaTUYHas — 475
pelueHue
- obwee — 415
- yactHoe — 415, 424
pelteHne anddepeHUHAIbHOTO
ypaBHeHHsI — 415
PELNTD TPEYroabHUK — 156
pelInTh ypaBHeHHE — 44, 55
pom6 — 111-112
psn
- Maknopena — 94
- Teitnopa — 433
- YCNIOBHSI IPUMEHEHUSt — 94
- ®ypbe — 508—509
- ®ypre LIS 10O0ro HMHTepBaia —
521
- ®ypbe Ha noaynepuone — 518, 523

HaKOTUICHHBIX



538

IIpeamerHbiii yka3areb

- ®ypbe HeneproaUYECcKoii
byHkunn — 513

- ®ypbe no KocuHycam — 516

- ®ypbe no cunycam — 5717

- YUCJIEHHOE MHTErpupoBaHue — 96

C

C Bo3BpaToM — 481
cermeHt — /18
celoBasi Touka — 352, 354
cekaHc — 146
cektop — 118
CEeKTOp Kpyra
- nuiowans — 113
cekyuias — 139
ceMeiicTBO KpuBbIX — 414
ceMuyrosibHuk — 111
Cumncona npasuio — 386
CumncoHa ¢popmyna — 96
cHHyC — 146
cuHycouna — 165
- Buaa Asin(ot + o) — 171
CHUHyCOWIalbHas BonHa — 135
CHUCTEMA nnd)d)epeuuuanbnux
ypaBHeHMit — 504
CHCTEMA IHHEHHBbIX YPAaBHEHUIA,
rpadpnyeckue Meroabl — 207
cHUcTeMa ypaBHeHMIt — 48, 50, 279, 283,
286, 288
ckansp — 237
cKobOKkn — 37
CKOpOCTb — 324
CKOPOCTb M3MEHEHHs — 324, 349
CJIOXEHHs npaBwia — 295
cMelaHHoe Yyucao — 20
cMellleHHas BbiGopka — 478
cobbITHE
- 3aBUCHMOE — 458
- HE3aBUCHMoeE — 458
COBOKYMHOCTb — 440
cokpatuenne — 20—21
COMHOXUTEH
- KBagpaTuyHbie — 371
- IuHeiiHble — 370
COOTBETCTBYIOLIME YIbl — 139
cocTtaBHble yribl — 183
coueTaHue
- IBYX TEepUONNYECKHX (GYHKLUHH —
246
- KoneGaHuit — 246
coyerareabHblit 3aKOH — 19
CpeanHHoe 3HayeHHe — 450
cpenHee — 450
cpelHee 3HaueHne — 394, 449
cpelHee KBaApPaTUYHOE 3HAYEHHE —
396
cpelHee KBaapaTHYHOE OTKIIOHEHHE —
453
- IPYNMUPOBaHHbBIX AaHHBIX — 455

CpeaHMii 3eMeHT — 450
cpenHss apupMeTHyecKas
BeJIMYMHA — 450
cpenHss BeAMYMHA KonebaHust — 134
CpelHsAs KBaapaTH4Has MOrpeiHoCTh
- CPeIHMX BETUYHMH — 479
- CPeHHX 3Ha4YeHMit — 481
cTaHZapTHbIe UHTErpaibl — 359
cTapuiuit paspsin — 105
CTaTMCTHKA
- BbIOOpOYHast — 482
CTaTHYeCKHIt MOMEHT uiowanu — 400
CTallMOHapHas Toyka — 355
creneHu coboab — 490
cTeneHHoMi nokasarenp — 26
cTeneHHoi pan — 71, 93
creneHb — 415
cyMMa GeCKOHEYHOH reoMeTpUUecKOii
nporpeccuu — §9
chepa
- nJoluaab NOBEPXHOCTU — 122
CXOsILASACS annpoKcuMaumus — 43
cxonsmiics pag — 71

T

TabnMLa UCTUHHOCTUH — 290
Tabauubl npeobpazoBanui — 32
TabAnyHble HHTETpaIbl — 360
TaHreHc — 146
TeJlo BpaleHus — 397
- o6beM — 397
TeopeMa KOCHHYCOB — 156
TeopeMa MyaBpa — 268
TeopeMa O JEJMMOCTH MHOTOYIEHAa —
40
TeopeMa 0 KOHEYHOM 3HaYEHUU — 497
TeopeMa 0 Ha4yaJIbHOM 3HaYeHUU — 497
TeopeMa O NapajjienbHbIX ocax — 408
TeopeMa O NepneHAMKYISAPHbIX OCAX —
409
TeopeMa o caBure — 495
TeopeMa 06 ocratke — 42
Teopema Ilanna — 404
Tteopema Inudaropa — 145
TeopeMa CHHYCOB — 156
TOXIECTBEHHO — 44
TOXnecTBO — 44
- runepbonuyeckoe — 181
- TPUrOHOMeTpuyeckoe — 174
TOYKa MaKCMMyMa — 326
TOYKa MUHUMYMa — 326
TOuKa neperuba — 326
TOYKA MOKOst
- HaxoxuneHue — 327
TOYKa 3KcTpeMyma — 208
Tpaneuuns — 111-112
- mowans — 113
TpeyronbHuK — 111, 140
- HEMPSAMOYTO/NbHbIN — 156



Ipeamernbiif ykazatenn

539

- OCTpOYronbHblit — 140

- owans — /13

- UIOILANb 1I060ro TPeyroibHMKa —

157 ’

- moctpoeHune — 143

- NpaKTHYeCKHe NPUMEHEHU — 156

- MPAMOYTOJIbHBII — 140

- paBHOGeApeHHbIt — 140

- PaBHOCTOPOHHUT — 140

- pa3HOCTOpOHHMI — 141

- TYNoyroJbHblit — 140
TpeyronbHuK [Mackans — 90
TPUTOHOMETPHYECKas BEIMYHHA

- ApoGHas ¢opma 3anucu — 148

- MppauMoHaibHas opMa 3anucu —

148

TPUrOHOMETPHYECKas MOACTAaHOBKA —

365
TPUTOHOMETPHUYECKHE KpUBble — 161
TPUTOHOMETPHYECKHE COOTHOLUEHHS

- oueHka — 151
TPHIOHOMETPHYECKOE TOXIECTBO — 80
TpUroHOMeTpUst — 138, 145

- BBEACHHE — 45

- NpaKTHYeCKUe 3anaun — 159
TpOiiKa eIMHUYHBIX BEKTOpOB — 251

y

yrabl
- BepTUKalIbHble — 139
- BHYTpeHHHE — 139
- JOMOJHHUTENAbHbIE — 139
- IONOJHUTEbHbIE 10 180° — 139
- HaKpecT Jiexaiuue — 139
- COOTBETCTBEHHbIE — 139
- coctaBHble — 183
yron — 138
- BUOBI U cBolicTBa — 139
- BHEWHUN — 147
- BHYTpeHHHU# — 141
- BO3BblleHUs — 149
- 3ana3abiBaHua — 169, 172
- mo6oit BenuunHbl — 161, 163
- HaKJ1I0Ha Kpuoi — 310
- onepexeHus — 169, 172

- ocTpbiit — 139
- MOHHWXEHUs — 149
- npaMoit — 139

YMHOXEHHs npaBwia — 295
YHUBeEpPCAIbHbIE JOTHYECKHE
3/1eMeHTbI — 306
ypaBHeHne — 44, 54
- BcrioMorareibHoe — 424
- rpaMyecKre MeTOoAbl pelleHUs —
207
- inddepenunanbHoe — 414
- anddepeHunanbHoe
BTOporo nopsinka — 415, 423, 427
- nupdepeHManbHOE

nepsoro nopsaka — 415, 432
- KacaTeibHOM K KpuBoii — 330
- KBagpaTHoe — 208, 210
rpaduyeckre MeTonbl peweHns — 208
- KBalpaTHOE YpaBHeHHE — 54
- Kybnueckoe — 214, 223
- nuHeiiHoe anddepeHUHaNbHOE —
420
- AMHeltHoe anddepeHunaIbHOE
nepBoro nopsaka — 420
- IMHelHoe anddepeHLHaNTbHOE
BTOPOro Mopsiaka C MOCTOSHHbIMH
KoapduuneHTamu — 423
- HEOHOPOJHOE
nnbdepeHunanbHoe — 423
- HOpManibHoe — 475
- oqHoponHoe — 419
- OJHOpOIHOE
nndodepeHunanbHoe — 423
- onHopoaHoe anddepeHUHATbHOE
nepBoro nopsinka — 419
- mapaMeTpuyeckoe — 333
- TPUrOHOMeTpuyeckoe — 175
YPaBHEHHUE OKPYXHOCTH — 120
ypaBHEHHsl
- rpadmyeckuit MeTol pelleHUst —
213-214
yceyeHHasi nupaMuaa — 126
- obbeM — 126
- IIolanb MOBEPXHOCTH CTOPOH —
126
ycedeHHasi chepa — 127
ycKopeHne — 324
YCTPOHCTBO C IBYMSl YCTOWYMBBIMH
COCTOSIHUSIMH — 290

U]

¢azosbiit BekTOop — 171
¢opmyna — 33, 51
dopmyna KOpHe#
ypaBHeHHUst — 55, 58
¢opmysia MOHUXKEHUS cTeneHn — 377—
380
¢opmyna Cumncona — 131-132
¢opmyna cMelIaHHBIX MOMEHTOB —
472
¢opmyna tpaneunit — 130, 132
¢opmyna Yonnuca — 381
GopMysibl 1BOHHBIX YIIoB — 80
dopmysel crioxenus yrnos — 80
byHKuMH
- TPHTOHOMETPHYECKHE U
runep6oinyeck1e, B3aUMOCBSA3b —
179
¢yHKUMOHaNbHas 3anuch — 310
dyHKUMOHaTBHOE 0603HaYeHHe — 313
GyHKuMs
- ABYX HE3aBUCHMBIX MEPEMEHHBIX —
351

KBaJipaTHOro
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-U— 291, 293-294
- WIH — 290-291, 293—294
- norapudmuyeckas — 224
- HE — 291, 296
- HenpepbiBHas — 229, 508
- HeyetHas — 230, 236, 516, 530
- HesiBHas — 335
- obpatHas — 230, 340
- obpatHas runepbonunyeckas — 341
- 06paTHasi TPUrOHOMETpUYECKast —
232, 340
- nepuonmnyeckas — 229, 247, 508
- npepbiBHast — 229
- TpHroHoMeTpuyeckas — 223
- yeTHas — 230, 515, 530
- yeTHas nepuoandeckas — 516
- 3KCMOHEHUHaNbHass — 224
- siBHas — 335
®Dypbe ko3hpduuneHTs — 509

X

xopia — 118

1T

uenoe yucio — 16, 138, 273, 358, 414
ueHtp — 117

ueHTp Macc — 400

LeHTp TsixecTH — 402

UEeHTpalbHasi MpencjibHas TeopeMa —
480

uenHas ¢popma — 78

uenHoe npasuio — 321

LUIUHAP
- IIollaxb NoBepXHOCTH — 122

undpa — 23

uMdpbl B BOCBMEPHYHOI CHCTEME —
107

q
yacTHas npoussoaHas — 346
YacTHOE peleHHe HEOOHOPOAHOro

ypaBHeHust — 428
vacrora — 440

- MPOLIEHTHAst OTHOCUTENbHas — 44]
vacroraf— 171

4yacTOTHast KpuBoit — 465
YaCTOTHOE pacnpeneneHne — 445, 448
yeTHast GyHKuUMa — 77—-79
YeTbIPeXyrofibHuk — 111
YHCJIa KOMIUIEKCHbIE

- BblYMTaHHE — 262

- aeneHue — 262

- npuMeHeHHe — 266

- cloxeHue — 262

- yMHOXeHHe — 262
YHUCAEHHbIE MeToabl — 432, 525
YHCIEHHBII MeTon — 432
yucaunteab — 20
4YHCI0

- KOMILIeKCHOe — 260
nonsipHasi GopMa 3anucu — 263
3KCMOHeHUHaTbHass dopma 3anucu —
270
YHC/I0Basi MOC/1€A0BATENbHOCTD — 86
4jeH psiga — 86

oI

LapoBoi nosic — 127
LIapOBOH CJIOH
- o0bem — 127
wectuyronbHuk — 111, 116
LIeCTHaaLaTepUyHas cucrema — 108—
110
ulecTHaaLaTepuyHble yucaa — 107

C]

3KCMoHeHunanbHas popma — 272
3KcnoHeHunanbHas GyHkuus — 70
3Kcrpanonsuusa — 194

- nuHeiiHas — 476
3IKCTpEMyM — 326
37IEMEHT

-U—302

- WIH — 302

- WIU-HE — 303

- U-HE — 303

- HE — 303
3/71eMeHT Habopa — 440
371€eMEHTapHble ApobH — 82
anunc — 223
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Kuueu Hzoameanckozo doma «/lodska-XXh

Bpurgnn K., Kapp Jx.

SRR  KapMaHHbI cnpaBoYHUK
CNPABOMHHK - S~

MH)XeHepa 3/IeKTPOHHOWN
TeXHUKU

3NEKTPOHHOM 3-e usgaHme
TEXHUKH

Uuxenepa

N3patenbckuii oM «lonaka-XXl»
[Hara sbinycka: 2007 r.

O6nem: 480 c.

ISBN: 978-5-94120-114-3
®dopmar: 84x108/32

B cnpaBoyHuke cobpaHbi cBeaeHus
06 OCHOBax COBPEMEHHOW 3N1EKTPOHHOW
TEXHUKKW. JJOCTaTO4HO NOMHO NpeacTas-
neHa anemeHTHas 6a3a, pacCMOTPEHb
OCHOBbI MOCTPOEHUS NPAKTUYECKN BCEX BO3MOXHBIX y3noB, 06pasyio-
LMX 3NEKTPOHHBIE CXEMbI, NPUMBEAEHBI AaHHbIE O PYHKLMOHABHBIX Ha-
3HAYEHUAX U LOKONEBKE MHTErpanbHbIX CXEM MOMYNSAPHbIX cepuin. He
0601iaeHbl BHUIMaGHWEM OCHOBbLI ONMTO3NEKTPOHUKN — CBETO- U POTO-
anekTpuyeckne nNpubopbl, Nasepbl U ONTUYECKME BONHOBOALI. Hema-
NI 4aCTb KHUMM 3aHUMaeT Pa3HO06Pa3HLIV CNPaBOYHbLI MaTepuan —
usnyeckue BeNNYMNHbI, UX eanHuLbl n koadduumeHTsl npeobpasosa-
HUS 3TUX €AUHUL, U3 OQHO CUCTEeMbI B Apyryio, ab6pesunaTypsl Tepmu-
HOB, UCNOJMb3YEMbIX B ANEKTPOHVKE, AaHHbIE O PAANOTEXHUYECKMUX Ka-
6ensx u pasbemax, BbiNyCkaeMbiX MPOMbILLAEHHOCTBLIO, U MHOTO ApY-
rMX NONE3HbIX CBEAEHWI. KHUra CoaepXuT TONKOBLIN U @HMO-PYCCKUIA
cnosapw, cogepxatume okono 1400 TepMUHOB, UCNONL3YEMbIX B 3N1EK-
TPOHUKeE.

CnpasouHuk 6yaet noneseH pa3paboTuvkaM 3NEKTPOHHON anna-
paTypbl, CTyAeHTam COOTBETCTBYIOLWMX CreunansHOCTeR, a Takxke
BCEM, MHTEPECYIOLLMMCSA OCHOBAMW COBPEMEHHOW 3/IEKTPOHUKM.




Knueu Hzoameavckozo doma «Jlodska-XXI»

Aasuc k., Kapp Ax. Ox.

KapmaHHbIii cnpaBo4YHUK Kapuamnu oo
cupasosuug | ¥

paauouHXeHepa ‘

4-e usnamue Popmo-

MHXEeHepa

W3patenbckuii oom «lonaka-XXl»
[ara sbinycka: 2007 .

O6beM: 544 c.

ISBN: 978-5-94120-160-0
®opmart: 84x108/32

Mpepnaraemblit BHUMAHWIO 4uTaTe-
nel CNPaBoOYHUK O4EHb NoNynspeH B Be-
nukobputanuu. Ero aBTopam ymanocb
cobpatb U KOMNAKTHO 06LEANHNTL NOA,
0AHON OONOXKON OrpOMHOE KOAKMYECT-
BO uHOPMaummn. 3aecChb KPaTKO PACCMOTPEHbI NPaKTUYeCKN BCe ac-
NeKTbl TEOPUKU U NPaKTUKU COBPEMEHHO PaanoCBa3nM — OT pacnpo-
CTPaHEHWUs 3NEKTPOMArHUTHbLIX BOIH A0 crneundukaunii pagnoTexHn-
yeckoro o6opyposanus. OnucaHbl aaxe cnocobbi WwugpoBaHUa u
nepenayn koHduaeHumansHom Hpopmauumn. He octanuce 6e3 BHU-
MaHus U BONpoCbl GopMupoBaHusi, 06paboTku n nepeaayn CUrHanos B
Takux COBPEMEHHbIX BUAAx CBA3WU, Kak MOBuNbHaA papnuocen3b, CnyT-
HWUKOBas U TPAHKWUHIroBas CBA3b, 6ecnposoaHas TenedoHus.

Kpome nocnenosaTtenbHOro CUCTEMaTUHECKOro U3NOXEHUst BOM-
POCOB PagMOCBA3M KHUFa COAEPXUT MHOrO pa3HoobpasHon uHdop-
Mauuu CnpaBoYHOro xapakrtepa. Kaxercs, 4To 3aecb ecTb Bce — OT
MexayHapogHoro koga «Q» n azbyku Mopae ao popmyn u Tabnuy ans
pacyeToB PaAnOTEXHUYECKUX Lienei U CBEAEHUIA O KOAUPOBKE 3NeKT-
POHHbIX KOMNOHEHTOB.

MoucTtuHe, 310 HaxoaKa AN PaAUOUHXEHEPOB U CTYAEHTOB paano-
TEXHUYECKMX U CMEXHbIX cneuuanbHocTeid. Bonee Toro, nioboi nio-
603HaTeNbHbIA YeNOBEK HANAET 3AECb MHOrO MHTEPECHOrO.




Wapatenbckuit aom «ogaka-XXi»
npurnaLiaeT K CoTpyaHUYECTBY:
aBTOPOB,
NepeBOA4MKOB,
peaaKTopoB

NMoapobHocTn — www.dodeca.ru

T — o s
YMHbIE KHUT'U

‘ i ; @ K
«[loka-ByKkc» — 3T0 AMHAMUUHO Pa3BMBAIOLLIASIC KOMNAHNS,
3aHUMAIOLANCs PacnNpOCTpaHEHUEM TEXHUYECKON NUTepaTypbl
B Poccum v 6nikHeM 3apybexwe. Pupma ocHoBana rpynnomn
komnanun «CUMMETPOH» Ha 6a3e KHUFOTOProBOro OTAena
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Kapuawnun
CHpARUINNK

KapmaHHbii CnpaBoYHuMK

| MHKEHEPHAS

MATEMATHKA CnpaBoYHUK COAEPXUT NPaKTU4ECKu
| BCE pasjiensl annapata COBPEMEHHOM
- T | MateMaTtukn, KOTOpble UCMONL3YITCH B

— \ WHXEHEPHOM Lnene, Takune Kak anrebpa, |

reomMeTpus, TPUrOHOMETPUS, TEeopus |

v MaTpuLL ¥ AeTepMuHanTos, Gynesa anre6-

pa u norumyeckue cxembl, anddepeHum-

anbHOe W MHTErpanbHOe UCYUCNEHWE, CTATUCTIKA U TEOpUS

BEPOATHOCTEN, U T. /. OCHOBHBIE NONOXEHUS TEOPUM UANIO-

CTPUPYIOTCH MHOTOYUCNEHHBIMU NPAKTUHECKMMIA NPUMEPaMM
1 3apa4amu.

CnpaBo4HVK NO3BONUT OLICTPO HAUTW HYXHbIE CBEAEHWS O
TOM UNKM MHOM NOHATUKW, CBOICTBE, Teopeme, popmyne, ocee-
XWUTb HayyHblid Garax v BCNOMHUTL nony3abbitbie GopmMynbl,
NOArOTOBUTLCS K BCTYNUTENBHOMY 3K3ameHy 1 cobecenoBaHuio.

Byaer none3eH NHXEHepHO-TeXHNYeCKUM paboTHu-
Kam, ctyaeHtam v abutypueHtam TexHNn4eckux By308 u
Konneaxen.
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