Лекция  32
Приближенное значение числа, его абсолютная и относительная погрешности
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M3 Kypca MaTeMaTUKH CpefHe#d IIKOJB HaM H3BECTHH
XapaKTEepPUCTHKH NPUOJMKEHHBIX YHCeJ H HAEHCTBUA Haf
HuMH. HecMmoTpsd Ha 3To, yuuthiBasg BaXKHOCTb NpHOJUKEH-
HbIX BBIYHCJEHHH KaK JJs YCBOEHHS CIeNHaJbHbIX H TeX-
HUYEeCKHX MAWCHUUIINH, TaK M [AJd NpakKTHYeCcKoi paboThi,
MBI IOBTOPHM €llle Pas OCHOBHEIE BOMPOCH TEOPUH npubJin-
JK€HHBIX BBIYHUCJICHUH.

1. HcTouHHKH NpPUOAHKEHHbIX 4ucea. Uucao x¥ Haspl-
BAETCS NPUOAUINCEHHOIM 3HAYEHUEM WM Rpubauxceruem
HEKOTOPOH BeJNUUYAHB (HJH TPOCTO NPUOAUNCEHHBbIM HilC-
AOM), €CNU X — YUCJO0, OJHU3KOe K HCTHHHOMY 3HAUeHHIO a4
NaHHOH BeJHYHHB. B Takux cnyqaﬁx nuuyr a ~ x. Ha-

npumep, n = 3,14, e & 2,72, —5- ~ (0,33.

OCHOBHBIMH HCTOYHMKAMH NPHOJHXKEHHBIX UHCEN $B-
AAI0TCA: H3MepeHHe HeNpephBHLIX BeJHYMH (pacCTOSHHUS,




[image: image2.png]BpeMeHH, Beca, TeMIeparypsl, CHJAL TOKa U T. A.), onpene-
JieHHe KOJIMYeCTBa 3JI€eMEHTOB OOJBbLIHX MHOXECTB, BHINOJ-
HeHHe apH(pMeTHYEeCKHX ONepauui, BblUYUC/IEHUEe 3HaUYeHHUH
(hyHKLI UM,

2. AGcoaloTHass W OTHOcuTEAbHas mnorpemHocTH. Oc-
HOBHBIMHU XapaKTepUCTHKaMU TNpUOJMKEHHBX YUCea $IB-
JISIIOTCS1 aOCOJIIOTHAsA U OTHOCHUTEeJbHAd morpewlHocTu. I1ycrh
X — NpubNuXKeHHe BeJUUHHH Q.

Onpenenenue 1. Ab6coroTHOL noepeuinocTsoio Agx
NpubJHKEeHUS @ A X Ha3blBaeTCAd MOLYJb Pa3sHOCTH a — X,
T. €,

A, x=la—xl|.

Otciona cjegyer, 49TO0 Q@ —X=Agx HIH a— X ==
= —Agx, T. €. @ =x-4+ Agx, nan a = x— Azx. B Takux
caydasx MUIIYT: @ = X == Aqx.

[Ipumep 1. MsBectHo, uto m == 3,1415926... Halinem
abCoJIIOTHYIO NOrpelIHOCTh NpUOGAuXKeHus « & 3,14. HMmeeMm
Ar3,14 = nn— 3,14 = 3,1415926... — 3,14 = 0,0015926...

DTOT NMpUMep NOKAa3HBaeT, YTO TOYHOe 3HaueHHe abco-
JIIOTHOH TOTpPEelIHOCTH, KaK W TOYHOe 3HaueHHe paccMmar-
puBaeMoil BeJHUYHHB], sBJseTcs, BOooOlle roBops, rpoMo3-
KHM YHCJOM, HeyIOOHBIM MAJii BHIUHCJAeHHH. Dosiblie TOro,
YacTO TOYHOe 3HAaueHWe paccMaTpPuUBaeMOH BeJHUUYUHBI $B-
JIIeTCs HEH3BECTHBHIM, CJea0oBaTesbHO, HEH3BECTHLIM $IB-
JiieTCss W TOYHOe 3HayeHue abCOJIOTHOM NOTPelIHOCTH.
[TosTomy /i XapaKrepuU3alUUW TOUYHOCTH NPHUOIHXKEeHHS
BBOJAUTCS MOHSITHE TpaHUNBE a0COJNIOTHOU NOrPEIIHOCTH.

Onpenenenue 2. I'panuyeil abcoatoTHOU noepeut-
HOCTu TIpUOJIMIKEHHS @ /& X Ha3bBaeTCd TaKoe TMOJIOXH-
TeJibHOE 4HCIO0 Hhg, KoTOpoe OoJbiue (uau paBHO) abco-
JIIOTHOW MOrpellHoCcTH Agx:

A =|x—a|< h,. (1)

ITpumep 2. [Ing npubnauxkenus m =~ 3,14, Tak Kak
— 3,14 = 0,0015926... << 0,002, moxxHO B3aTb iz = 0,002.

B orauuve ot aOCOJOTHOH NOrpelIHOCTH TrpaHHHA a6-
COJIIOTHOW TNOTPEHIHOCTH He ONpenesserci OIHO3HAUHO.
[TosToMy Ha mpakTHKe B KaueCTBe TPaHHIBI aGCOMIOTHOH
MOrPEUIHOCTH h, OeperTe¢ss MO BO3MOXHOCTH HaHUMeEHblllee
41CJI0, KOTOpoe yAOOHO AJsd BHUHCJAEHUH H o0OecneunBaer
He06xonnMyro TOYHOCTb.

3aMeTuM, 4T0:

la—x|<h, = x—a<<h, < x+a. (2)
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[Tpumep 3. Jasa HeKOTOPOH MALIUHBI HYXHA KpyrJaasi
JeTtanb auaMmerpom 24 mM. M3BeCTHO H3 NpakTHKH, 4YTO
MamuHa paboraer HOpMaJbHO, €C/JAH AHAMETpP AETaNH OT-
JIMgyaeTcss OT 3ajJaHHoro He 6oJee, ueM Ha =0,5 MM, T. e,
d=24+40,5 um, unmn d =[24—0,5; 24 + 0,5].

AGconioTHasi TOTPENIHOCTh, TaK Ke KaK M TIpaHuua
a0COJIIOTHOHM NOTPEeLIHOCTH, He XOCTaTOYHa MAJis NOJHOH Xa-
pakrepuctuku npubauxeuus. Ilycrs, Hanpumep, npu usMme-
peHHd [JIMHBI pAagUOBOJIHBI a0COJNIOTHAs MOrPeLIHOCTh
paBHa OjfHOMY Merpy. Has IJHHHBIX PaAUOBOJIH NOpSAKa
1000 M ato 6ymer xopouiass TOYHOCTb, B TO BpeMd .KaK AJid
KOPOTKHUX BOJIH, AJHUHA KOTOPHX oKoJo 40 M, omubka u3-
MepeHH oKaxeTcd caulikoMm Ooabiioii. Takum obpasom,
oasi OoJiee’ MOJHOH XapaKTePUCTUKH TOYHOCTH H3MEPEHHS
HeoOXOUMO ONpeae/uTh, KaKyl0 4acTh, HUJIH CKOJBKO Ipo-
HEHTOB, COCTaBJseT alCOJIOTHAs MOrPelIHOCTh OT 3Haye-
HHSI TAaHHON BeJIHUYUHBEL.

Onpenenenune 3. OTHOCUTEAbHOU NOZPEULHOCTbIO
®.X NPUOJHIKEHHOrO YHUCJa X Ha3blBaeTcs OTHOIUeHHe ab-
COJIIOTHOH MNOTPEMIHOCTH 3TOr0 4Hcjaa K MOAYJII0 TOYHOTO
snauenud a (a = 0) maHHOH BeJHYMHBEI, T. €.

__ Agx
(DaJC——TET.

Onpenenenne 4. I'panuyedl orHocuresvHotll no-
epewHoCTy TPUGIIKEHUSI X TOYHOTO YHCJa @ Ha3bIBAETCHA
IOJIOXKHUTeJbHOe uucao E,; KoTopoe OoJbllie (MJIH PaBHO)
OTHOCUTEJIbHOU NOTPEeLIHOCTH ®qX, T. €.

Agx
max==-l—§-|—<Ea.
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[MMpumep 4. Ilpu usmepenusix AaAA AJHHH | HEKOTO-
poro mnposoja noJiydeHo 3HauyeHHe [ = 50+0,1 ™, nas
anaMerpa d — 3HaueHHe d = 2+ 0,1 mMMm. Bruucaum rpa-
HHIB OTHOCHTEJbHHIX norpemﬂocreﬁ E; H Ed°

B nponenrax umeem E;= 0,2%, Edz_- 5%.

DTH JaHHblE MOKAa3bIBAIOT, YTO H3MEpEeHHe NJIWHH PO~
BefieHo 6oJjiee TOUHO, UeM H3MepeHHe JHaMeTpa IPOBOJA.

N3 (3) nonyuaem ¢opmyay

ho=E,-|x| (4)

JJIS OmpeAeseHHus] TpaHULb a6COMIOTHON NOrpelIHOCTH, €CJIH
M3BECTHA TPAaHHIA OTHOCUTEJNbHOH MOTPEUIHOCTH.
ITpumep 5. IInsa npubnuxenus [ =~ 2,71828 rpanuua
OTHOCHTEeJbHON morpemHoctd paBHa E; = 0,0000008. Halitu
rpanuly abCONIOTHOH MOTPEHIHOCTH Hi.
Pemenne. Ilo bopmyne (2) umeem

h,=E, - 2,71828 = 0,0000022.

3. 3anuch, npubGaHKEHHBIX uunceJ. BepHble M 3Hauamue
nuPpbI.

Onpenenenune 5 lludpa o B npencraBieHUH NpH-
OJHXKEHHOTO 4HucJja JecATHYHOH ApoObI0 Ha3LIBaeTcs 8ep-
Hoi, ecan abCoOMIOTHAs MNOTPELIHOCTh YHUCJAA He NPEBOCXO-
JAUT €eIMHHIB TOrO pa3psna, B KOTOPOM 3alucaHa 3Ta
nudppa. B NpoTUBHOM cJydyae OHa Ha3bIBaeTCd COMHU-
TeAbHOU.

Hanpuwmep, ecau a = 3,7412 * 0,002, To uudpa 4 Bep-
Hasi, Tak Kak h, = 0,002 << 0,01, cnenoBaTenbHO, Npeabl-
ayiuue nuppel 7 U 3 Takxe BepHbl; uudpa 1 coMHurennHas,
TaK Kak h, = 0,002 > 0,001, tem Goaee caenywomas uud-
pa 2 ABJAAETCH COMHHUTENbHOM,




[image: image5.png]HOas 3anucu npHOTMKEHHHX UHCEN NECATHUHHIMH PO+
O0siMH TNpPUHHMAaeTCH CJeAYIOllee MPAaBHJO: eCJH He YKasbl
Baercsl rpaHuua a6COJIOTHON MNOrPEUIHOCTH, TO NpHOJAHXKe-
HHe 3alnHChiBaeTcsd TdK, YTOOHW BCe 3amnuCaHHble LHUQPH
Oulau BepHHle. Tak, B ciyuae mocjaeaHEro npuMepa cjiaemyer
IHcaTth a = 3,74.

Orcioga ciaenyer, 4To, B OTJHYHE OT CAyYas TOUHHIX
yuces, Kornaa, Hanpumep, 0,03 = 0,030 = 0,0300, sanucu
0,03, 0,030, 0,300 xak u306pakeHHA NPUOJHKEHHBIX UHKCEJ
HepaBHOCHJbHBE. B camoMm jpene, 3amuce 0,03 nokasnbiBaer,
yro abcogioTHas mnorpemnocts Menbwe 0,01, 3anmucu 0,030
n 0,0300 nmokaswiBaer, uTO 31ech HMeeM OoJee BEHICOKYIO
TOYHOCTh, cooTBeTcTBeHHO 0,001 m 0,0001.

Ecnin unudpa HyJb COMHHTENbHA, TO 3TO YKa3blBaeTcs
oco60. B szamucax aTo JesnaeTcs CJAOBECHHM BHIpaXKeHHEM.
Hanpuwmep, mul roBopum: «Hacenenne CCCP na 15.1.1970r,
coctaBaano 241720 TeicAu yesoBeK». Takasd 3amuch IIOKas
3HBAET, YTO UU(PH COTEH, AECATKOB M €IHHHI[ SBJAIOTCS
COMHETeJNbHBIMU. CJeloBaTe/NbHO, 3TO UHCJAO HEJb3Sl Npeis
craButb B Buae 241720000. B nayke (ocobenno. B (pusuke,
T€XHHKEe) BMECTO CJOBECHOTO BbIpaXKeHUSI NHIIETCS MHO»
x)uresab Buaa 10% Tak, paccMoTpeHHOe BHIIe NPUGIHKEH«
HOE uMcJIO nuuieTcs B Buje 241 720- 105,

Paccmorpum euie HekoTopeie npuMepo. B cnpaBounH-
Kax YHTaeM: MOJAYJb YIPYTOCTH TSAHYTONH MeAH paBeH
1,23-10% kr/cm?, nuroii Meam— 1,10-106 xr/cm?, koaddu-
IIHEHT JHHeHHOro pacuinpeHHsi HHKeas paBen 13,0-10-6,

Onpenenenne 6. Bce Bepuue nudpsul, KpoMe HyJeH,
pacnoJIOXeHHHIX JieBee NepBOM OTJIHUYHOH OT HYJAA HHUPHI,
Ha3bIBAIOTCA 3HAuaU{UMU Yyuppamu.

Hanpumep, B uucae 7,03 r/cM® (njaoTHOCTH ceporo yy-
ryHa) HMeIOTCA TpH 3Hawaiive HUdpH, B yncae 1495- 105 kM
(paccrosuue ot 3emau A0 CoJHila) — YeThpe 3HaYallHe
mudpe, B uyucae 4400 xm (pauna pekm Jlena)— ueThipe
sHavyamue undodpo, B uucae 0,000270 (koadduuuent nau-
HeHHOI0 paCIWIUpPEHHUs] OJIOBa)— TPH 3Hauvamue HHPPHI.

Ecau no paspany nocnenHeit BepHO#T HUPPH MOXKHO
onpeneSUTh rpaHULy aObCOJMIOTHOH NOrpeurHoCTH MpuGJIH-
JEHHOTO YHCJAA, TO HO KOJIMYECTBY 3HAYAIIUX HUDP MOIKHO
OLEHHTh TPAHHUY OTHOCHTEJbHOH morpemrHocTd. Tak, u3
bopmyan (3) Jerko mMOJTYYHTH, UTO Ea<_-l-6,;:—_-l—, eCJIH IpH=
O/uKeHHOE YHCJAO HMeeT Rk 3Havamux mudp.




[image: image6.png]4. Mopanox ™manoctu Beanund. [pudanxkennsie dop-
Mydabl. JIBe BeJHYHHBI HA3LIBAIOTCH BEJHUYUHAMHU OOHOZ0
nopAdka, ecau C TOUKH 3PeHHS JONMYyCTHMOH aGCOJIIOTHOH
IOTPEUIHOCTH Pa3HOCTb MeXIY HHMH He3HauuTesabHa. [das
BEJHYHUH, MeHbUIUX €IUHHLb, B KauecTBe KOJHUECTBEHHOM
XapaKTEepUCTUKH NMOpsAAKa MaJdoCcTH oObuHO Oepercsd
yucao 10-%, rge k— uucao Hysnell Mexay 3anAToil M mep-
BOH OTJHYHOH OT HysasA unudpoi. Hanpumep, gucaa 0,00034
1 0,00041 uMeroT ogMH H TOT Xe HOpPSAAOK MaJjoctu 1073,
Jlerko BHAETb, YTO INPOU3BeAEHHE JBYX MaJbiX BEJHYHH
nMeeT Oosiee BHICOKHH HOPSJOK MaJOCTH, YeM JNaHHBIE CO-
MHOoxKuTeau. Hanpumep, nycrs E; = 0,00037, E; = 0,0016.
Torna E = E,-E,=0,000000592. Jasa wuucen F;=
= _0,00091, Fy; = 0,0081 umeem F = F;-Fo = 0,000007371,
JIerko BUAEeTh, UTO €CJIHM COMHOXKHTENH HMEIOT NOPSI0K Ma«
qoctu 107" u 107", 10 wmx NpOU3BEIEHHE HMeeT Mnops-
JOK MaJgocTd He HHme 107 ¥tk

Ecnn pnaHHble BeJHYHHBI HMeIoT OJIMHAKOBBIA nop;mox
MaJIOCTH, TO HUX NpOU3BelleHHe HMeEeT, [0 KpaliHed Mepe,
BJIBOE Gosee BHCOKHIH MOPANOK MaJocTH. B cBfI3u ¢ 3TUM Ha
NpaKTUKe NMOJb3YIOTCS CJAEeAYIOLIUM NMpaBUJOM: ecau £y u Es
uMeloT OJIu3KHe NOPSIKM MaJvIOCTH, TO MOXKHO npeHebperarsb
cjlaraeMbIMH, paBHBIMU UX NPOUSBEACHHUIO HJIHU HX CTEHEHAM,
[Ipu momomu 3TOro mpaBuJa BBIBOASATCS NPHOJHKEHHBIE
¢dopmyan. PaccMoTpuM HeKOTOpBle ‘NpUMepnl Takux ¢op-
mya Ilycrs E — manoe uucao, Torpa

(14 EP=1+ 2E.
B camoMm pene,
(14+Ef=1+42E+ E?2~ 1+ 2E.
Ilokaxkem, 4To0

1
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TaK KaK WHCIO j—f HMeeT O6osiee BLICOKHH 1O CpaBHe-

Huio ¢ E mOpsmoK MaJIoCTH.
Taxum ke o6pa3oM nmoxkasbiBaercs, 4TO

1

AnajoruynniM 0o6pasom, HO 6o0Jiee CJOXKHBIMH BHIUHCs
JICHHSIMH, YCTaHaBJUBAIOTCA NpUOIUKEeHHBEEe (POPMYJIH,

(14 E)*"~1+4nE,

n

VIFE~14-F,

10° ~ 1 4+ 2,303E,
lg (1 4 E) ~ 0,4343 . E.

[loguepkueM emie pas, 4TO 3TH (GOPMYJB HMEIOT MECTO
TOJIbKO AJA MaJabix E, npuuyeM, uem Menbuie E, TeM BHIIE
TOYHOCTb (POPMYJIHL




