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JIABOPATOPHAS PABOTA 6.
TEOPHA MOTPEINHOCTEN U MAIIIMHHASI APU®METHUKA.

6.1.1lesqb: u3y4yeHHE TOYHBIX M MTEPAIMOHHBIX METOJIOB PEIICHHUS CUCTEM JIMHEHMHBIX
areOpandecknx ypaBHEHUH, co31aHue m-(aiaoB U UCIOIb30BaHUE PA3TUYHBIX (PYHKUUI Makera
MATLAB st ux peuienus.

6.2. Ilopsinok BHINOJHEHUS PA0OTHI

1. M3yunTe TeopeTHYeCcKyo 4acTh. BrimosiHUTE 3a/1aHus, COOTBETCTBYIOIIME HOMEpY Batero
BapUaHTa, U MPOJEMOHCTPUPYHTE UX MPENOAABATEINIO.

2. Odopmure oT4eT 10 TAOOPATOPHOI pabOTE, KOTOPBINA TOJDKEH COACPIKATD:

® THUTYJbHBIN JIUCT;

1eb paboTHI;
3a/laHle U UCXO/IHbIC JaHHbIC BApUAHTA;
pelieHus 3auay;
pe3yJIbTaThl PELICHUH 3a/1a4;
mpoToKoJ ceanca pabotsl B MATLAB.

6.3. MeToauieckue peKOMeHIaluH

6.3.1. IlpudauKeHHbIE YUCIA.

6.3.1.1. Yucaa c naaBawomeid Toukoil. Yucia Moryt OBITH TPEACTABJICHBI B MaMSTH
KOMIIbIOTEpa pa3IuyHbIMU crioco0amu. CoBpeMeHHbIE KOMITBIOTEPHI (TIPOLIECCOPHI), KaK MPaBHIIO,
TO3BOJISIIOT 00padaThIBaTh LIEJIbIC YKCTIA, a TAKXKE IPOOHBIE YKciia B opMe ¢ TIaBaromeid TOUKOM.

MHokecTBO HenbIX uucesn OeckoHeyHo. OIHAKO MPOLEccCOp H3-3a OrPAaHHMYEHHOCTH €ro
pa3psAHON CETKHM MOXKET OMNEepUpOBATH JIMIIL C HEKOTOPHIM KOHEYHBIM MOJMHOKECTBOM 3TOTO
MHOXKECTBa. B COBpEMEHHBIX KOMITbIOTEpAX AJIsi XpaHEHHs LEJIOro Yucia OOBIYHO OTBOAMTHCA 4
OaiiTa mamsATH, YTO NPEJCTABISET MPEACTaBIATh LENble 4YHCla, HaXOMAAILIUECS IMPUMEPHO B
nuanaszone ot -2%10° 1o 2*10°.

[Ipu pemieHHH HayYHO-TEXHHMUYECKHUX 3aJjad B OCHOBHOM HCHOJB3YIOTCS ACHCTBUTEIbHBIC
(BemiecTBEHHBIC) YKclia. B KOMIBbIOTEpax OHH MPEACTaBISAIOTCA B (GOopMe C IUIABAIOMICH TOYKOM.
Hecsatnanoe uncio D B 3To# ¢opme 3aricy UMeeT BH/T

D =+m*10",

I7ie M ¥ N — COOTBETCTBEHHO MAaHTHUCCA YKCIa U €ro MOPSA0K.

Harpumep, gmcio —273.9 MoxkHO 3amucaTh B BHge: —2739*107, —2.739%10%, —0.2739*10°.
[Tocnennsis 3anmuch — HOpMaIM30BaHHAs (hopMa YKCIIa C TUTABAIOIIEH TOUYKOM.

Takum 00pazom, eciu NpeACcTaBUTh MaHTUcCy yucna B Bune m = 0.dids...dy, 1o ipu dy # 0
MOJTYYUM HOPMAIUZ08AHHYIO ¢hopmy 4YUCIA C IUIABAIOIICH TOYKOW. B manmbHeimeM, roBops O
YHCliax ¢ MJIaBaroie TOYKol, OyJieM UMEeTh UMEHHO 3Ty (hopmy.

OOpIuHas ke 3amuch unciaa B Bujae —273.9 HazpiBaeTcs (OpMOM 3alUCH C huKkcuposanHol
moukou. B HacTosIee BpeMsl Takoe MpeACcTaBlIeHUE UCIIONb3YeTCs B KOMIBIOTEPAX, KaK MPaBUIIO,
TOJILKO HA 3Tare BBOJA U BBIBOJA YHCEN.

Uucno A B cUCTeME CYHCIEHHS C OCHOBaHHEM ¢ MOXHO MpEACTaBUTh B BHIE A =
+0.a1a;...a;*a", toe ai, az, ..., ap — ueiable yncia u3 auanaszona 0, ... a — 1. U3 »toi 3amucu
CleyeT, YTO TOJMHOKECTBO JEWUCTBUTENBHBIX YHCEN, C KOTOPHIM OMNEPUPYET KOHKPETHBIN
KOMIIBIOTEP, HE SIBIISIETCS] OCCKOHEYHBIM: OHO KOHEYHO M ONPEACISIETCS pa3psIHOCTBIO k, a Takke
TpaHULIAMU TIOPSAKA 11, Ny (1 < 1 < my).

OTO MOAMHOXECTBO COAEPIKUT

N=2(a—1)(ny—ni+ Do '+1 (6.1)

YHCCJI, HAUMCHBIIIUM U HaMOOJIBIINM TI0 MOAYJIO ABJIAIOTCA COOTBCTCTBCHHO YMUCIIa
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My=(@-1)a"" u M, =(1-a" )", (6.2)
HA3bIBAEMBIC MAUUUHHBIM HYJIeM U MAUUHHOU 6€CKOHEeYHOCbIO.

I'panune! nopsiaka ny, n, ONPEAEIAOT OrPaHUYEHHOCTh JEHCTBUTENBHBIX YUCEIN 10 BEJINYUHE,
a pa3psAOHOCTh k — JHMCKPETHOCTh pachlpeiieNieHus X Ha OTpe3Ke 4YHclIoBoi ocu. Hampumep, B
cllydae JECSITUYHBIX YMCEN MPH YEThIPEX Pa3psIHOM IPEICTaBICHUM BCE 3HAUEHMSI, HAXOAAIINUECs
B npomexyTtke (0.28505, 0.28514), mnpencrasnsarorcs uyuciaom 0.2851 (mpu BBINONIHEHUU
okpyrienus). Eciu k atomy yuciy 0.2851 mpubaBuUTh YKCIO, MEHbIIIEE MO MOAYJIO MOJOBUHBI
€MHHUIIBI TIOCTIeIHero pa3psiaa (T.e. MeHsbIee no moayito 0.00005), B pe3yabTaTe MONyYUTCS TO JKe
camoe uucio 0.2851.

B Hacrosimee Bpems OONBIIMHCTBO TMPOM3BOAMTENCH MPOIECCOPOB B  OCHOBHOM
npunepxxubatorcst crangapra [EEE 754 (IEEE — MHCTUTYT MHXKEHEPOB IO 3JIEKTPOTEXHUKE H
anektponuke (CIIIA)) nns apudmeTnueckux omnepanuil HaJl ABOMYHBIMU YUCJIAMU C TUIaBAIOMICH
TOUKOM. JlaHHBIH CTaHIapT HperycMaTpuBaeT HaJlW4Me, B YAaCTHOCTU JABYX JIBOMYHBIX (a = 2)
(dbopMaToB: ¢ OIMHAPHOW TOYHOCTHIO M C JABOWHOHN To4yHOCThIO. [IpuBeaem mns »tux (opmaroB
pa3Mep OTBOJMMOW MaMsTH, 3HAUEHUS Kk, 1, ny U NpUOIMKEHHbIE 3HAaueHUus My u M,. 3ameTum,
yto crannapt IEEE 754 npegycmarpuBaer o0pabOTKy YHCeN, MEHBIIMX MO MOIyiO M,, HO HE
MEHBIINX Mo*, MpaB/a ¢ MEHbBIIEH Pa3pSTHOCTHIO K.

E3

TouHOCTH BaiiThl k n n M, M, M,
OpauHapHas 4 24 | —125 | 128 | 1.2*¥10°% | 14*10%" [ 3.4*10%
JIBoiiHast 8 53 | —1021 | 1024 | 2.2%10°% | 4.9%*10°* | 1.8%10°"

MOXHO CUMTaTh, YTO kK COOTBETCTBYET 6-9 HCCATUYHBIM paspsjiaM Mpu opauHapHOM u 15-17
paspsaM Ipu ABOMHOU TOYHOCTH.

Takum o0pa3om, KOMIIBIOTEP OMEPUPYET ¢ MPUOIMKEHHBIMU 3HAYEHUSIMU 1€HCTBUTEIbHBIX
grcesl. Mepoil TOYHOCTH MPUOTMKEHHBIX YUCEIl SBISETCS MOTPEITHOCTb.

6.3.1.2. TlonsiTue morpemHocTd. Pa3nuyaroT ABa BHIA TMOTPEUTHOCTEH — aOCONIOTHYIO W
OTHOCHUTEJIBbHYO.

Abconomnas nozpewiHocms HEKOTOPOTO YHUCIAa pPaBHA PA3HOCTH MEXKAY €ro HCTHUHHBIM
3HAUYEHUEM U TMPUONMKEHHBIM 3HAYCHHUEM, I[IOJYYCHHBIM B pPE3yJbTaTe BBIYUCICHHUS WIH
U3MEPEHUS:

Ax=|x—al,
rJie a — NPUOIMKCHHOE 3HAYCHHUE YHCIIA X.

Ommnocumenvhas nozpewHocms — 3TO
NpUOJIMKEHHOMY 3HAUYEHUIO YUCIIa:

OTHOIIICHHE aOCOJIOTHOM TOTPENIHOCTH K

Sc=Ax/|al.

K coxanenuto, ICTUHHOE 3HAaUYE€HUE BETTUYUHBI X 00BIYHO Hen3BecTHO. [loaToMy npuBeneHHBIC
BBIPKEHUS JIJISl TIOTPEIIHOCTEH MPAKTUYEeCKd HE MOTYT OBITh HCIOJB30BaHBI. VIMeeTcs IUIb
MpUOIIHKEHHOE 3HAYEHUE @ W HYXKHO HAWTU €ro npedenvHyro nocpewHocms Aa, SBISIOUIYIOCS
BEPXHEH OIIEHKON MOyl aOCONIOTHOM MOTpemHocTH, T.€. | Ax | < Aa. B nanbHeiiniem 3HaueHue
Aa puHUMaeTCs B Ka4ecTBE a0COMIOTHOM MOTPEIIHOCTH MPUOIMKEHHOTO Yucia a. B aTom ciydae
HWCTUHHOE 3HaY€HUE X HAXOJIUTCA B UHTEpBaJe (a — Aa, a + Aa).

Jns  mpuOnmKeHHOro 4YHCla, TMOJYYeHHOTO B pe3ylibTaTe OKPYIJIeHHs, aOCoNoTHas
MOTPEIHOCTh A@ TIPUHUMAETCS pPAaBHOM TIIOJIOBMHE €IMHMIBI IIOCIEIHEro paspsjaa dYucia.
Hamnpumep, 3nauenue a = 0.734 morio ObITh moydeHo okpyriaeHuem uucen 0.73441, 0.73353 u np.
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npu 3ToM | Ax | < 0.0005, u momaraem Aa = 0.0005. ecnu mpH BBHIYMCICHUSX HAa KOMIIBIOTEPE
OKpYyTJICHHE HE TMPOU3BOAMTCS, a MHU(PBI, BBIXOIAIIKME 32 pPA3PSAHYI0 CETKY MAIIWHBI,
0TOpachIBAIOTCSI, TO MAKCUMAJILHO BO3MOXKHASI IOTPEITHOCTD Pe3yJIbTaTa BBHIIIOJIHEHHS ONEpaluy B
7iBa pa3a OOJIbINE 110 CPABHEHUIO CO CIIy4aeM OKPYTJICHUS.

[lpuBeneM mpUMeEpbl OIEHKH aOCONIOTHOW IOTPEIIHOCTH TPH HEKOTOPBIX 3HAYECHUSX
MpUOIMKEHHOW BETMYUHEI 4

a 51.7 | -0.0031 |16 | 16.00

Aa ]0.05 |0.00005 |0.5 |0.005

[IpenensHOE 3HaUEHHE OTHOCUTEIBHOM MOTPELUIHOCTH — OTHOILIEHUE NpeAebHON a0COMIOTHOM
MOTPEIIHOCTH K a0COIIOTHOM BETMYMHE MPUOIMKEHHOT0 Ynca:

oa=Aal|al.

Hanpumep, &—0.0031) = 0.00005/0.0031 = 0.016129 (1.6%). 3ameTnmM, 4TO MOTPEUIHOCTH
OKpYTJISIETCs] BCETa B CTOPOHY yBenuueHus. B manaom cimyyae{—0.0031) = 0.01613.

[IpuBeneHHbIE OLEHKU MOTPEUIHOCTEN MPUOIMKEHHBIX YMCEN CIPaBEAJIUBBI, €CJIM B 3alUCU
9THX YHCEeJ BCe 3Havalue uQpsl BepHbIe. SHavawumu yugpamu CUATAIOTCS BCe HUQPPHI JAHHOTO
4yucia, HaYMHas ¢ epBoi HeHnyneBou mudpsl. Hampumep, B uncne 0.037 nBe 3navamme nudpsl: 3 u
7, a B uncne 14.80 Bce yerbipe nudpsl 3Havanme. Kpome toro, npu u3mMeHeHUu (HOpMBI 3amKch
yucia (Hampumep, Mpy 3anucy B (OpMe C MIaBAIOIICH TOYKON) YUCIIO0 3HAYAIIMX [MU(P HE JOJKHO
MEHSTHCA, T.€. HY’)KHO COOJIF0JaTh paBHOCWIBHOCTD NpeoOpa3zoBanuii. Hanpumep, 3amucu 7500 =
0.7500%10* u 0.110*10° = 11.0 paBHocumBHBIE, a 3amucu 7500 = 0.75%10* u 0.110%10 = 11
HEPaBHOCUJIbHBIE.

3Havanyo IUQpy 4Yucia X Ha3bIBAIOT 6epHOl, €CIU aOCOIIOTHAsl MOTPEIIHOCTh YHCia He
MIPEBOCXOIUT EIUHMIIBI pa3psia, COOTBETCTBYIOIIETO 3TOM udpe.

6.3.1.3. [eiictBusi Haj npuUOJMKeHHbIMH 4YuciaamMu. ChopMmynupyeM TNpaBWiIa OICHKH
MpeIebHBIX MOTPEITHOCTEHN NP BHIMIOTHEHUH OTIepalluii Ha/l MPUOIMKEHHBIMH YUCIIAMHU.

[Ipu cr0XeHUH WM BBIYMTAHUU YKCET UX aOCOJIOTHBIE MOTPEIIHOCTU CKJaabIBatoTcs. Ilpu
YMHOXKEHUH WM JCJICHUM OPYT Ha Jpyra UX OTHOCHUTEJIbHbIC MOTPEIIHOCTH CKianbiBatoTcs. [lpu
BO3BEJICHUU B CTENEHb MPUOIMKEHHOTO YUCIIA €r0 OTHOCUTENbHAS MOrPEHIHOCTh YMHOXKAETCS Ha
M0Ka3aTesb CTEICHH.

s ciayyast AByX NpuOIMKEHHBIX YUCEI @ U b 3TU MpaBuUiia MOXHO 3amucath B BUae Gopmy

A(a = b) = Aa + Ab,

&a * b)y=a + &b,

Xa/b) = da + &b, (6.3)
Xd") = kéa.

OTHOcUTEeNbHAST TOTPEITHOCTh CYMMBI TOJIOKUTEIBHBIX CIIATa€MbBIX 3aKII0YCHA MEXIY
HauOOJIBIIIMM U HAUMCHBIIINM 3HAYCHUSMH OTHOCHTEIBHBIX IMOTPEITHOCTEH 3THX CllaracMbIX.
HeiictBurensHo, myctb a > 0, b > 0, m = min(da, ob), M = max(da, ob). Torna

(a+b)_Aa+Ab_a5a+béb<aM+bM B
a+b a+b a+b — a+b

5(a+b)=A M.

Ananormuno, Aa + b) > m. Ha mnpakThke s OICHKH TOTPEITHOCTH IMPUHHUMACTCS
HauOoJbIee 3HaueHue M.
Ilpumep 1. HailiT OTHOCHUTENBHYIO MOTPEIIHOCTh (PYHKLIUU
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_ |-axb
4 x3(1—x)'

Hcnonwiys ¢hopmynsl (6.3), monydaem

) 1| Aa+Ab  Ax  Ax
@_5[§(a+b)+3§x+§(l—x)]—5 W+ H+M :

[TomyuyeHHas olleHKa OTHOCUTENIBHOM MOTPEIIHOCTH COAECPKUT B 3HaAMEHaTese BeIpaxkeHue |1 —
x|. SIcHO, 4uTO TIpH X & 1 MOXHO TOJYYHTh OYECHb OOJBIIYIO MOTPEUIHOCTh. B CBSA3M ¢ 3TUM
paccMOTpHUM NOAPOOHEE Cilydaill BBIYMTAHUSI OJIM3KUX YHCEIL.

3anuiueM BeIpaKEHHE I OTHOCUTENIBHOMN MOIPEIIHOCTH Pa3HOCTH JIBYX YUCEI B BUJIE

A(a—b)_Aa+Ab
|a—b| - |a—b| '

S(a—b)=

[Ipu a ~ b 3Ta MOTPEMIHOCTH MOXKET OBITH CKOJIBKO YTOJAHO OOJIBIION.

Ilpumep 2. Ilyctb a = 2520, b = 2518. B a3ToM ciiydae umeeM aOCONIOTHBIE MOTPEITHOCTH
HCXOIHBIX HaHHBIX Aa = Ab =0.5 W OTHOCHTEIBHBIC MOTPEIIHOCTH da =~ ob =0.5/2518 ~ 0.0001
(0.02 %). OTHOCHUTENBHAS MOTPEUTHOCTH PA3HOCTH paBHA

~05+0.5

5(a—-b) =0.5(50%).

CrnenoBarenbHO, NMPU MalbIX MOTPEHIHOCTAX B HCXOAHBIX TAHHBIX MBI TOJYYHMIH BECbMa
HETOYHBIM pe3ynbTar. HeTpyaHo moacuurtaTh, YTO AaXKe MpPHU CIIydalHBIX M3MEHEHHsSX a U b Ha
€AMHUIlY B IOCIEAHUX paspsaax uUx pasHocTb MoxeT npunumatre 0, 1, 2, 3, 4. IToatomy npu
OpraHU3alM BBIYMCIUTEIbHBIX AJTOPUTMOB CJelyeT U30eraTtb BbIUMTaHUSA ONM3KUX YHUCEN; NpU
BO3MOKHOCTH aJTOPUTM HY>KHO BHJOM3MEHHUTH BO M30€XKaHHE MOTEPU TOYHOCTH HA HEKOTOPOM
JTare BBIYMCICHUM.

W3 paccMOTpEeHHBIX MpPaBUJ CIEAYET, YTO NPU CIOKEHUH WM BBIYMUTAHUHM MPUOIMKEHHBIX
quces KeJaTelbHO, YTOObl ATH 4Mcia 007aJai OJUHAKOBBIMU aOCOJIOTHBIMHU MOTPELIHOCTSIMM,
T.€. OJIMHAKOBBIM YHCIIOM pa3psioB mocie AecsTuuHoi Touku. Hampumep, 38.723 + 4.9 = 43.6;
425.4 — 0.047 = 425.4. Yuer oTOpOIIEHHBIX Pa3psAA0B HE MOBBICHT TOYHOCTh PE3yJbTaToOB. IIpu
YMHOXKEHUH U JICJICHUU NPHOIMKEHHBIX YMCENl KOJUYECTBO 3HAYAIIMX LU(P BBIPAaBHUBACTCS IO
HalMEHBIIEMY U3 HUX.

Paccmorpum ¢ynkuuto ogHoM mepemeHHOU y = f(x). IlycTh a — mpuOmmkeHHOE 3HAYCHUE
aprymeHnTa x, Aa — ero abCoIIOTHAs MOTPEIIHOCTh. AOCOMIOTHYIO TOTPEITHOCTDh (PYHKITUH MOXKHO
CUNTaTh €€ MpUpALEHHEM, KOTOPOE OHAa HCIBITHIBAET MpPHU HU3MEHEHHWH aprymeHTta Ha Aa. OT0
MpUpaleHHe MOKHO 3aMeHUTh quddepeHmpoanuem: Ay = dy. Toran mis oneHkn abCcoMOTHON
MOTPEUTHOCTH MOTYYHM BhIpaxkenue Ay = | ' (a)|Aa.

AHaOrM4HOEe BBIPAXKEHUE MOJKHO 3amucarth Uil (YHKIMH HECKOIBKHX apryMEHTOB.
Hanpumep, oreHka aOCoOMIOTHON morpemHocTH GyHKuuu u = f(x, y, z), NIpUOIMKEHHbIE 3HAYCHUS
apryMEeHTOB KOTOPOI COOTBETCTBEHHO a, b, ¢ UMEET BU]

Au=|f"(x,y, 2)|Aa + | £, '(x, y, 2)|AD + | £ '(x, y, 2)|Ac. (6.4)

OTHOCUTENBHAS TOTPEITHOCTh HAXOAUTCS 10 (popmyiie
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Au

ou=—r—.
| f (a, b, c)|

[TonmyyeHHbIE COOTHOIIEHUS MOXXHO HWCIOJB30BATh JJIS BBIBOJA OIEHKH IOTPEUTHOCTH
npousBodbHOM pyHkuMu. Hanpumep, npu ¢ = a — b no dopmyne (6.4) nonydaem Ac = | ¢, ’|Aa +
lcy |Ab =Aa + Ab.

6.4. Uncnennbie npuMepsbl
Ipumep 6.1. Onpesienutsb, Kakoe paBeHcTBO TouHee: 9/11=0.818,; V18 =4.24.

Pewenue. Haiinem 3HadeHUsI JAaHHBIX BBIPAKCHUH C OOJIBIIIMM YHCIIOM JIECATUYHBIX 3HAKOB.
J171s1 5TOrO BBITIOJIHUM CIIETYIOIIUE ACHCTBUSA:

>>format long

>>al1=9/11

al=
0.818181818181818

>>a2=sqrt(18)

a2 =
4.242640687119285

3aTeM BBIYHCIUM TIPE/ICIIbHBIC a0COMIOTHBIC TOTPEITHOCTH:
>> abs(a1-0.818)
ans =
1.818181818182829e-004
>> abs(a2-4.24)
ans =
0.002640687119285

Oxpyriaum ux: Aa, =0.00019, Aa, =0.0027.

Boruncium npenenbHble OTHOCHTENBHBIE TIOTPEIIHOCTH:
>>0.00019/0.818
ans =
2.322738386308069e-004
>>0.0027/4.24
ans =
6.367924528301887e-004

Takxum oOpazom,
Aa, 0.00019

Sa, =20 = 22207 2 0.00024 = 0.024%;
a, 0818

su, = 8% 00027 _ 6 60064 = 0.064%.
a, 424

Taxk kak Oa, < oa,, 10 paBeHcTBO 9/11=0.818 sBIIsIETCS GOJIEE TOUHBIM.
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Ilpumep 6.2. OKpyrauTh COMHUTENBbHBIE IUQPHl YHUCIA, OCTABHB BEPHBIC 3HAKH:
2.3544;6 =0.2%.
Pewenue. Ilycte a=2.3544;00=0.2%; torna Aa=a-0a=0.00471. B pganHoMm umciue

BEPHBIMU SIBJISIOTCS TPU UUDPBL, TOITOMY OKPYIJISIEM €r0, COXpaHss 3TH LUUDPHI:
a, =235 Aa =Aa+A,, =0.00471+0.0044 =0.00911<0.01.

3HaYNT, ¥ B OKPYTICHHOM 4Hcie 2.35 Bce Tpu mU(PBI BEPHBIL.

Ilpumep 6.3. Haiitu mnpenenbHyt0 aOCOJMIOTHYIO M OTHOCHTEIbHYIO IOIPEIIHOCTH YHCIIA
12.384, eciu OHO MIMEET TOJILKO BEpHBIE IIH(PHI.

Pewenue. Tak xax Bce naTh nuudp uncna a = 12.384 BepHsI, TO

Aa =0.0005; oa = 0.0005 0.00004 = 0.004%.
12.384

(n—1)(m+ n)
Hpumep 6.4. BoiunciiuTh ¥ ONPENETUT TIOTPEIIHOCTH pesyibTata N = ( )2 , Tae
m-—n

n=3.0567(x0.0001), m=5.72(£0.02).
Pewienue. Nveewm:
n—1=2.0567(£0.0001),

m+n =3.0567(x0.0001) +5.72(+0.02) = 8.7767(+0.0201),
m—n=5.72(x0.02) —3.0567(£0.0001) = 2.6633(+0.0201),
~2.0567*8.7767
2.6633
0.0001 0.0201 0.0201
= + +2%
2.0567 8.7767 2.6633

AN =2.55%0.0174 = 0.044.
OtBet: N = 2.55(£0.044); ON =1.74%.

=2.545~2.55,

=0.0174 =1.74%,

6.4. 3ananue .

1. OnpenenuThb, KAKOE PaBEHCTBO TOUHEE.

2. OKpyIJIUTh COMHUTENBbHBIE LIU(PBI YHCIIa, OCTABUB BEPHBIE 3HAKU.

3. Haiitu npenenbHy10 aOCOTIOTHYIO M OTHOCUTEIBHYIO TIOTPEIIHOCTH YUCIIA, €CIIH OHH UMEIOT

TOJIBKO BEPHBIC TU(DPHI.
4. BelYMCIIUTB U ONPEIEIUTD TOTPEIIHOCTH PE3YJIbTATA.

Bapuanmu 3a0anuil.

Ne BapuaHTa 3amanue

1)V44 =6.63; 19/41=0.463.
2)2.8546; 5 =0.3%.

. 3)42.884.
(a +b 2
HX = {—} , tae a =4.3(£0.05), b =17.21(+0.02),
m—n

¢ =8.2(+0.05), m = 12.417(£0.003), n = 8.37(x0.005).
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Ne papuaHTa 3ananue
1)410.5 =3.24; 4/17=0.235.
2)0.5748(£0.0034).
; 3)2.043.
4)X = ((a ”; ))’Z’ ,Tie a = 2.754(£0.001), b = 11.7(20.04),
o
¢ =10.536(0.002), m = 0.56(0.005), d = 6.32(+0.008).
D10 =3.16; 15/7 =2.14.
2)0.34484; & = 0.4%.
A 3)0.745(. .
a+bo)m
4)X = ,T1e a = 23.16(£0.02), b = 8.23(+0.005),
=t (+0.02) (+0.005)
¢ =145.5(£0.08), m = 0.28(£0.006), d = 28.6(0.1).
1)/4.8 =2.19; 6/7 =0.857.
2)10.8441; 5 = 0.5%.
3)0.288.
: (a—Db)
a—o)c
4HX = , e a = 27.16(20.006), b = 5.03(x0.01),
) Imn ( ) ( )
¢ =3.6(x0.02),m =12.375(£0.004), n = 86.2(x0.05).
1)/6.8 =2.61; 12/11=1.091.
2)0.12356(£0.00036).
) 3)3.4453.
a+b
Hx=—2T2  tre a=16.342(20.001), b = 2.5(0.03),
(c - d)m
¢ =38.17(20.002), m = 3.6(x0.04), d =9.14(0.005).
)22 =4.69; 2/21=0.095.
2)24.5643; 5 = 0.1%.
; 3)4.348.
4)S = éﬁ\/D‘* —d*, tne D =36.5(£0.1), d = 26.35(0.005),
7=3.14.
1)4/9.8 =3.13; 23/15=1.53.
2)8.3445(+0.0022).
q 3)0.576.
4Hx =" “;b , Te a =9.542(+0.001), b = 3.128(0.002),
c+
¢ =0.172(£0.001), m = 2.8(20.03), d = 5.4(=0.02).
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Ne papuaHTa

3aganue

1)~/83 =9.11; 6/11=0,545.
2)3.7834(+0.0041).
3)0.678.

3

4)y = ”(" b S 10.82(0.03), b = 2.786(£0.0006),
mn—a

m = 0.28(0.006), n =14.7(0.06).

10

1)~/52 =7.21; 17/19 = 0.895.
2)7.521;6 = 0.12%.
3)0.0748.

H0 = 2n-D)"(x+y)
xX=y

y =0.82(£0.01).

, Te n=2.0435(x0.0001), x = 4.2(+0.05),

11

1)+/44 = 6.63; 21/29=0.723.
2)13.6253(+0.0021).
3)2.16.

m
¢ =7.5(x0.05), m = 21.823(£0.002), n = 7.56(0.003).

2
4)X = [M} , TIe @ = 5.2(20.04), b =15.32(£0.01),
—n

12

1427 =5.19; 50/19 = 2.63.
2)0.85637;6 = 0.21%.
3)236.58.
m’(a+b)

C—

¢ =26.3(x0.01),m = 3.42(0.003), d = 14.782(0.006).

4)X = , T1e a =18.5(0.03), b = 5.6(+0.02),

13

)~/51=7.14; 21/33=0.636.
2)4.4753; 6 = 0.2%.
3)32.442.

(a + b)c ?
HXx :{ } , e a =3.25(%0.02), b =12.2(£0.05),

m-—n

¢ =5.32(£0.04), m =11.321(20.002), 1 = 3.45(£0.005).

14

1)~/20 = 4.47; 9/43=0.209.
2)2.3246(£0.0015).
3)0.786.

m’(a+b)

)X = , rie a =11.25(x0.02), b = 6.76(+0.02),

¢ =34.25(x0.03),m = 4.33(£0.006), d = 23.732(0.004).
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Ne papuaHTa 3ananue

1)4/20.5 =4.53; 3/19=0.158.
2)0.4321(£0.0026).

3)3.0786.
(a+b)m
(c—d)*’
¢ =10.53(£0.005), m =1.565(£0.003), d = 2.332(+0.007).

15
4X =

re a = 3.74(x0.002), b =11.7(x0.04),

D11 =3.32; 17/7=2.43.
2)0.54321; 5 =0.7%.
3)0.654.
(a+b)m
Ne—d

¢ =145.35(x0.04), m = 0.258(+0.002), d = 28.6(0.1).

16

4)X = , Te a = 23.6(+0.05), b =8.243(+0.003),

1)~/7.8 =2.79; 5/7=0.714.
2)30.4814; 5 = 0.3%.
3)0.8828.
_(a-b)
Jm+n

¢ =3.64(x0.02), m =12.375(0.004), n = 86.42(+0.07).

17

, tie a =2.16(+0.003), b = 5.3(+0.05),

1)~/5.8 =2.41; 13/11=1.182,
2)0.31656(+0.00024).
3)5.7865.
a+b
(c—d)m

¢ =38.37(£0.02), m = 3.46(+0.04), d =9.14(+0.005).

18

4)X = , Te a =16.42(£0.002), b = 2.5(x0.03),

1)~/32 =5.66; 13/21=10.619.
2)75.8765; & = 0.2%.
3)7.874.

4)S = ém/z)‘* —d*, tne D =36.54(x0.1), d =16.35(0.002),

19

7 =3.14.

1)/9.5 =3.08; 43/15="2.87.
2)7.4535(x0.0011).
3)0.987.

mva-b
c+d

20

HX = , Te @ =9.52(20.003), b = 2.28(+0.002),

¢ =0.17(£0.01), m = 2.81(£0.05), d = 5.34(+0.02).
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1)4/87 =9.33; 3/11=0.273.
2)6.8321(+£0.0043).
3)0.874.
! Va<b
4)y=——""""| e a =10.862(+0.003), b = 2.78(%0.006),
m(n—a)
m = 0.28(£0.006), n =12.77(0.06).
1)7/62 =7.87; 3/19=0.1585.
2)5.7521;5 = 0.15%.
3)0.0753.
22 i
po=2" _i) (y“ ) ne n=2.035(£0.001), x = 2.2(0.05),
y = 0.82(20.05).
1)\/74 =8.602; 21/29 =0.9655.
2)24.8743(+0.0032).
3)2.716.
23 .
4)X = [(‘;* b}ﬂ , Tae a = 5.32(+0.06), b =15.32(0.01),
¢ =3.5(£0.02), m = 11.83(+0.002), n = 5.586(0.003).
1)4/37 =6.08; 70/19 =3.684.
2)0.43237;5 = 0.36%.
” 3)236.658.
m’(a+b)
)X =——""" rjie a=18.35(x0.003), b = 5.6(+0.02),
¢ = 26.33(+0.002), m = 3.42(+0.003), d = 14.72(+0.006).

6.5. IIpumepHbIe BONMPOCHI HA 3a1MTE PA0dOThHI.

1. YUto Takoe abCoMOTHAS TIOTPEITHOCTh?

2. UTo Takoe OTHOCHUTEJbHAS MOTPEIIHOCTh?

3. Kak knaccudumupyrorcst morpenrHoctu?

4. Yro Takoe mpeaenbHas a0COIIOTHAS MOTPEIIHOCT?

5. Yro 3Hauut 3Havamas nudpa?

6. Uto 3HauuT BepHas uugpa?

7. Kak  pacmpoctpaHsitoTcsi ~ aOCOJIOTHasT ¥ OTHOCHUTENIbHAs  MOTPELIHOCTU
apumMeTHueCKuX NeHCTBUAX?

8. Kak ocymiecTBUTh OIIEHKY MTOTPENTHOCTH 3HAYCHHUH 2JIEMEHTApHBIX (DYHKITHI?

9. Kakue neiictBus npeyCMOTPEHbI HaJl MPUOIMKEHHBIMU YHCTIaMu?

10. Yemy paBHBI MAIIMHHBINA HYJIb U MAaIIMHHASE 0ECKOHEYHOCTH?




