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MOIPEINIHOCTU U3MEPEHUI

Knaccupukauusa morpemHocTei
Hukakas (I)I/IBI/I"IGCKE[S[ BCJIMYMHA B IIPHUHIUIIC HC MOXKCT OBLITH HN3MCPCHA
aOCOJIIOTHO TOYHO, a JIMIIb C HEKOTOPOW MmorpemHocTbo. Hanpumep, 3anuch

a=atAa, ﬁ:...% (1)
a

O3HAYaeT, YTO HWCTUHHOE 3HAYECHHUE BEJIMYMHBI a JIEKUT C BBIOpaAaHHOM
BEPOSITHOCTHIO (O HEM CM. Jlajiee) B penenax a —Aa<a<a+Aa, TAe a- CpeHee
3HAQYEHUE BeJIMYMHBI a. LHTepBas Aa Ha3bIBacTCsA adconomuoi
Nozpewtnocmero  u3MepeHus: BenuuuHbl a . OTHOLIEHHWE Aa/a aOCOJIIOTHOU
NOTPEIHOCTH K  CPEIHEMY 3HAUYCHUIO  HA3bIBACTCS  OMHOCUMENbHOU
nOZPEewIHOCMbI0 - OHA XapaKTepU3yeT TOYHOCTh U3MEPEHHUs BEIIUYUHBI 4.
[TorpemHOCTH MOAPA3NEIAOTCS Ha cucmemamuuecKue,  CAydaiiHble W
npubdopnvle . CUCTEMAaTHYECKUE MOTPEIIHOCTH IEUCTBYIOT "B OJJHY CTOpOHY",
JaBas IpU MOBTOPHBIX M3MEPEHMSX JIMOO BCErja 3aBbIIICHHOE, JMOO Bceraa
3aHMKEHHOE 3HaUY€HUE U3MepsieMoil BeanunHbl. OHM MOTYT ObITh O0YCIIOBJICHbI
HEUCIPAaBHOCTHIO MpudOopa (B YACTHOCTH, COUT HYJIb OTCUETA), HEYYTEHHOCTHIO
Kakoro-nmmbo ¢akropa B GopMyse (eciau UCKoMash BEJIMYMHA PACCUUTHIBACTCA
TEOPETUYECKH 10 3TON popmyne) u T.m. [Ipeanonaraercs, 4To BO Bcex 3agavyax
(Gu3nyecKoro MpakTUKymMa CUCTEMaTHUYECKUE TMOTPEIIHOCTH CBEAEHbI K
MUHUMYMY U YYUTBIBaThCS HE OYAYT.

Crny4aliHble TNOrPEIIHOCTH, HAIpPOTUB, TAaKOBBI, YTO MPHU IOBTOPHBIX
U3MEPEHUSX NPUBOAAT C TOM WIA HWHOHM BEPOSITHOCTBIO K 3HAYEHUAM
U3MEpPSAEMON BEJIMYMHBI KaK MEHBIIMM, TaK M OOJBIIMM €€ HCTUHHOIO
3HayeHus. CiyyaiiHble TMOTPEIIHOCTH YacTO HOCST CyOBEKTHMBHBIN XapakTep,
T.e. CBfI3aHBl C HECOBEPILEHCTBOM OHKCIIEpPUMEHTaTopa (Hampumep, ¢
HEBO3MOKHOCTBIO BKIIIOUHTH CEKYHIOMEpP TOYHO B HYXHBIi MOMEHT WIH
HAaBECTH OTCYETHOE YCTPOMCTBO MUKPOCKOIIA TOYHO HA MECTO C MUHUMAJIbHOU
OCBEILEHHOCTHIO B TU(pakUnOHHON KapTuHE U T.11.). Cro/1a k€ MOXHO OTHECTH
cllydail, Korjga m3mepsiemas BEJIMYMHAa Ha CaMOM Jelie HE IMOCTOsIHHA, HO €€
OTKJIOHEHHS OT CPEIHEr0 3HA4YE€HHs Majbl W HOCAT CIy4YallHBIM XapakTep
(HanpuMep, LIEpPOXOBATHIA IIAP MOKHO paccMaTpUBaTh KaK WIACaJIbHBIA, a
OTKJIOHEHUS 3HAYEHUW €ro [aMaMeTpa, HU3MEPEeHHOro B Pa3HbIX MecCTax,
TPAKTOBAaTh Kak CIydalHyl0 MOTpEeIHOCTh). UYUTo Kacaercs mpuOOPHBIX
NOTPELIHCTEN, TO OHU CBSI3aHBl C HECOBEPILIEHCTBOM (CTENEHBIO TOYHOCTH)
HU3MEPUTEIHLHOTO MPUOopa.

HakoHer, o MeToy UX OLIEHKH MTOTPEUIHOCTH CIIEAYET MOAPa3AeInTh Ha
NOTPEUIHOCTH ~ HENnOCPeOCMmEeHHO  U3MEPSEMBIX BEIMYMH (T.€. BEJIMYUH,
U3MEpPAEMbIX TEM WIM MHBbIM NpUOOPOM), U TOTPEIIHOCTH KOCBEHHO
U3MEpSEMBIX BeIMYUHM (T.€. BEJIMYMH, PACCUUTHIBAEMBIX IO Qopmyse, B
KOTOPYIO BXOJST HEMOCPEACTBEHHO U3MEPEHHBIE BEIINUUHBI).



OueHka NorpemHoCcTed HEMOCPeACTBEHHO U3MePsAeMbIX BeJIUYUH
Jlns ompereneHusl 3HAYEHUST HEKOTOPOW (HU3MUECKOM BEIUYMHBI  a
OOBIYHO TPOBOAAT CEPUI0 M3 N U3MEpPEHHH (Hampumep, OMpeiensis Bpems
NaJieHUs Tella, OIBIT BOCIPOM3BOIAT NPU OJWHAKOBBIX YCIOBUSIX N pas; MpH
PETUCTpaIIH MTOJIOKEHHS] IMHUU CIIEKTpa 3pUTENIbHYIO TPYOy N pa3 HAaBOASAT Ha
3Ty JUHUIO U T.I1.).
Cpeonee 3nauenue a pe3yabTaTOB OTAEIBHBIX U3MEPEHUN &, a,,..a,

aﬁaz:..Jran 2)

=

JIa€T Haubonee eepoammnoe 3HAUCHHUC I/I3MepHCMOﬁ BEJIWYMHBI a. Pa3HOCTH
a —a = Ay (3)

omnpezenseT abCOTITHYIO MOTPEIIHOCTE 1-I0 H3MEpEHUsL.

[Ipn orpaHMyeHHOM 4HCIE€ HU3MEpPEHUH N cpenHee 3HaueHue (2) He
ABJISIETCA C JOCTOBEPHOCTBIO MCTUHHBIM 3HAYEHUEM BEIMYMHBI 4, HO MOYKHO
HaWTU MHTEpBaAJ Aa,, TAKOW, YTO C 33JaHHOW BEPOSITHOCTHIO (d06epumenbHoil
6€POAMHOCHbI0) UICTHHHOE 3HAYCHNE BEIMYMHBI @ JIC)KHT B TIpeeiax

a-Aa, <a<a+Aa,, (4)

DOTOT WHTEpBal HA3BIBACTCS 006EPUMENbHLIM UHMEPEAIOM, OTBEUAIOIIUM
JIOBEPUTEILHOM BEPOATHOCTH «. BeauunHa JOBEPUTEIBLHOIO HWHTEpBaJa
MOJIy4aeTCsl YMHOKEHUEM CpeoOHell KeaopamuuHou nOYpeuwtHocmu CpeIHero
3HAYCHUS (MU CMAHOAPMHO20 OMKI0HEHUA) BEIINYNHBL 8

S

a

_ \/(Aal S +(Aay P +...+(Aa, ) 5)
n(n-1)

Ha TaK Ha3bIBaeMbIl KoIgguyuenm Cmwvrodenmat,, .

wnSa (6)

3nauenust kod(pduimenta CTbIOJEHTa, KaK W JIOBEPUTENHHOIO HWHTEpBaja,
3aBUCAT OT JOBEPUTENBHOM BEPOATHOCTH « MW OT 4YUCIA HM3MEPEHHU N U
npuBesieHbl B Tabmuue 1. Eciu ycnmoBUTBCS HCKaTh TOBEPUTEIHHBIA MHTEPBAI
JUIS. BEPOSITHOCTU o =0.95, Kak 3TO NPUHATO B HAIIEM NPAKTUKyMeE, TO IS
CepUM HU3MEPEHHM W3 MATH OomnbITOB (n=5) kod(p¢uuuent CThlOAEHTa, Kak
BUJHO U3 TAaOJMIIbI, paBeH tyqs =2.8. JloBEepUTEIbHBIH HMHTEPBAI ONpeeseT
CIIy4ailHy10 aOCOTIOTHYIO MOTPELTHOCTD.




Taomuma 1

751 OLIEHKM MPUOOPHON MOTPEIIHOCTH B
Hucio JloBepuTenbHas A " pHoop P N
u3Me- ciy4dae MPEIN3UOHHBIX U3MEPEHUU
o BCPOSATHOCTh

peHHH ciaeayT oOpamatbCs K HHCTPYKIIUU 10
n 067 | 090 | 0.95 |0.99 OKCITyaTalluM  KaXXJOTo0  KOHKPETHOTO
npubopa. B 3amawax mpakThKyma c

2 |20 |63 |127 | 637 | PUOOP : ParcTiyM
DJICKTPOHHBIMHU U3MEPUTEIbHBIMU
4 1.3 2.4 3.2 5.8 o
npubopamMu B KadecTBe aOCOIIOTHOMN
> 1.2 2.1 2.8 4.6 IIOIPEIIHOCTH MOXKHO B3ATH €IWHHUILY B
6 1.2 2.0 2.6 4.0 IOCJIECTHEM paspsiae 4qucia,
10 1.1 1.8 2.3 3.3 MOSIBJISIONIETOCST HAa JucIUiee mpudopa.
100 1.0 1.7 2.0 2.6 [Ipu 1pyOBIX W3MEPEHHSIX MPOCTHIMU

npudbopamMu (CEKyHJOMEp, IITAHTEHIIUPKYJb) 3a MPUOOPHYIO MOTPEHTHOCTD
O0OBIYHO IMPUHUMACTCA IIOJJOBHHA LICHBI (I/IJ'II/I caMa ueHa) HaAaUMCHBIICTO ACIICHUA
HIKaJbl Mpudopa

Aa,, =0.5- (yena oenenus npudopa ) (7)

WJIM TOYHOCTh HOHMYCA (0 HOHUYCE CM. J1ajiee), €clii TakoBoil umeetcs. Iloanas
adconomuan  nNOZPewtHocms  HEIOCPEICTBEHHO M3MEPSAEMOM  BEJIMYMHBI
onpenensercs GopMyJIou:

Aa=.|(Aa,, ) +(Aa,, ) . (8)

Ecnu ogHa u3 morpemHocTe Aa,, win Aa,, cocraBisieT MeHee 0,2 apyroi, To
et B dopmyie (8) MOKHO mpeHeOpeub, TaK KaK €€ OTHOCHUTCIBHBIM BKJaj B
MOJIHYIO0 TorpentHocTh Oynetr menee 2%. Kak Buano u3 dopmyn (5) u (6),
JIOBEpUTENbHBIN MHTEpPBal Aa,, yOBIBAa€T C POCTOM YHWCIA H3MEPEeHUH (ams
OOJBIIIOrO YKCia U3MEPEHU N MPUOIU3UTEIBHO 00PaTHO MPOMOPIIMOHATBEHO
Jn). TloaToMy, yBenuuuBas UHMCIO M3MEPEHMi, B NMPUHIUIE MOXHO CBECTH
NOTPEIIHOCTh U3MeEpeHH (8) TOJIBKO K MPUOOPHOM: Aa =~ Aa,,, YTO HE BCETAa
peanu3yeTcs B 3a7ja4ax MpaKkTUKyMa.

PesynpTaThl u3MepeHWNW U BBIUMCICHUN 3aMHCHIBAIOT B TaOIUILY,
MIPUBEJICHHYIO B npuiioxkeHun «PekoMmenayemasi hopma otyetay (cM. Tabiuiry 2
7151 BeICOTbl H B Ilpunoswcenuu Ha c.14). [Ipu BbIUMCIEHMU & €ro 3HA4YEHUE,
MIEPBOHAYAIILHO HE OKPYTJISis, 3aIIUCHIBAIOT TaK, YTOOBI B €r0 11710 YacTH Oblia
ToJbKO mudpa B paspsue enuHul] (Hanpumep, a =0.05422u —a =5.422-107u);
aOCOJIOTHYIO TIOTPEIIHOCTh 3aMUCHIBAIOT C TAKUM K€ MOKa3aTeleM CTEICHU Y
10 u oxkpyrastoT 10 ABYX 3Havamux Iwmdp (Hampumep, Aa=0.00114u —
Aa=0.1210°m (oOpaimaeM BHHMaHHE: IOTPEIIHOCTH HEIb3s 3aHUKATh,
MOATOMY HMX OKPYIJISIOT C 3aBBIMICHUEM); OKPYIJSIOT ad JI0 TOTO Ke paspsna,
YTO W MOTPEmHOCTh. OKOHYATENBHBIA PE3YIhTAT B HAIIEM MPUMEPE BBHITIISIUT
TaK: @ =(5.42+0.12)-102x; Aa/a=2.3%.

Bo Bpems paboTbl B 1abopaTopuu JOCTATOYHO 3aHECTH B TAOJUILy JUIIH
pE3yNbTaThl HEMOCPE/ICTBEHHBIX HM3MEPEHUH, NPHOOPHYIO MOTPEIIHOCTh |
CpeaHee 3HaYeHHE U3MEePSeMO BEeTUIHUHEI.

np >




OuneHka MOrpemHoCTel KOCBEHHO U3MePAeMbIX BeJHUYUH
Ecnu pusnueckas BenmuuuHa Y BeluucisgeTcss no dopmyne y = y(a,b,c,...),

BBIPAXKAIOIIEH €€ Yepe3 HEMOCPEACTBEHHO U3MEPSIEMBIE BEJIIMUMHBL a,b,C... , TO
MOT'YT BCTPCTUTBHCA ABC CUTYyaAllUN:

1.B HCKOTOPBIX 3ala4aX MHOI'OKPATHO U3MCPAIOTCA IMPUHIOUIINAIIBHO OJHH
U TC€ XKE 3HAUYCHHUA BCINYUH a,b,c...; IIpxu 3TOM MaAJIbIC PACXOKACHUA
PE3YIIbTATOB OTIACIIBHBIX HSMGpCHI/Iﬁ O6YCJ'IOBJI€HI)I TOJBKO IIOI'PCUIHOCTBIO
HU3MCPCHHA. B sTom Ccliyyac CpeAHEC 3HAUCHUC Y IT0JIYy4aCTCA HOHCTaHOBKOﬁ B
bopMyIy CpeHHX 3HAYEHUH a,b,T ... U3MEPEHHBIX BEIHYNH:

y=y(a,b,c,..), 9)

a MpU pacyeTe IOrPEIIHOCTEH BEIMYMHBI Y  BBIOMPAIOT OJIHY M3 JBYX
CIICAYIOIINX MPOLEYP, B 3aBUCUMOCTH OT BHJIa pacueTHON (HhOPMYJIBIL:

a) Eciu dopmyna y=y(a,b,c,..) He yaoOHa njs jJorapudMupoBaHus, T.€.
HMEET BHUJ CYMMBI HJIM PA3HOCTH, TO IPOIIE CHaYaJla BBIYUCIUTH a0COIIOTHYIO
MOTPEIIHOCTh Ay IO (hopMyIie:

2 2 2
Ay = (QAa) +(QAb) J{ﬂAc) Fon (20)
oa ob oc
rae Aa, Ab, Ac,... - a0COJIIOTHBIE IMOTrpCIITHOCTU HU3MCPACMBIX BCIIMYWH a,b,c....

Yactaas nmpous3BoaHas GYHKIMK Y O TOMY WJIM HHOMY apryMEHTY, HallpuMep
dy/éa 1O apryMeHTy &, BBIUMCISAETCA 1O  OOBIYHBIM  MpPaBHIIAM

mudepeHnupoBanus, MpUYEM TPOYUE APTYMEHTHI CIENyEeT CYUTATh
MOCTOSIHHBIMA W PaBHBIMH WX CPEIHHM 3HaueHHsM: b=b,c=C,.. Ksampatsl
BBIDOKEHUN Ay, =(0v/0a)Aa, Ay, =(0v/0b)Ab, Ay, =(dy/oc)Ac,...  (HaCTHBIX

muddepennnanoB GyHKIUA Y ), CTOSIIME MO KOPHEM, OMPEIEISIOT YaCTHHIE
BKJIaJbl B Ay, OOYCIIOBJICHHBIC TMOTPEIIHOCTbI0 M3MEPEHUI, COOTBETCTBEHHO,
BCIMYMH a,b,c... . JKenaTenpbHO COIOCTaBUTh MX YHMCIICHHBIC 3HAYCHUS, YTOOBI
BBISICHUTB, U3MEPECHUE KaKOH (KaKuX) BEIMYMH MPUBHOCUT HAUOOBIINN BKIIA
B UTOTOBYIO MorpemHocTh. [locne Beraucienus no gopmysne (10) abconoTHOM
MOTPEIIHOCTH, JEJICHUEM Ha y HAXOJAT OTHOCUTEILHYIO MOTPEIIHOCTh Ay/7 .

B dbopmyne (10) momkHBI OBITH YYTEHBI BKJIaAbI HE TOJBKO OT HU3MEPSEMBIX
BEJIMYMH, HO U OT TeX (QUTYPUPYIOMUX B (Hopmysie IJis Y BEIWYWH, 3HAYCHUS
KOTOpBIX OepyTcs W3 TabJuil, CIPaBOYHUKOB, MHTEpHEeTa U T.1. Ecaum ux
MOTPENTHOCTh SIBHO HE yKa3aHa, TO B KayecTBE aOCOIIOTHOM MOTPENTHOCTH
OepyT MSITh €IUHUIl B TIEPBOM OTCYTCTBYIOIIEM paspsiie. Hampumep, Haxonas B
CIpPaBOYHHKE g = 9.81m/c*, mojgaraeM Ag =0.005m/c*. g=(9.810+0.005)m/c”.

0) B GonbpmmHCTBE cydaeB pacuyeTHas popMyna y=y(a,b,c,..) ymoOHa s
jorapuMUpOBaHus, T.€. B HEH MpeobdIagaroT JeHCTBUS YMHOXKEHUS, JCICHUS 1
BO3BEJICHHS B CTEINEHb, 2 CyMMbBI U PA3HOCTH, €CIIM M IPUCYTCTBYIOT, TO B BUJIE
OTJICNIbHBIX MHOXKUTEIIeH. Torma 6oJiee MpOCTHIM JIJI BRIYMCIICHHH OKa3bIBACTCS
"nmorapudmMuyueckuii MeToa'", Korja CHadajla BBIYUCIISCTCS HE aOCONIOTHAs, a
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OTHOCHUTEJIbHAS MTOIPEIIHOCTD Ay/y . POpMyITy [UIsl HE€ MOKHO IIOJY4YUTb, €CIIH

B35Th HaATypalbHBIN Jlorapudm Y (mpu 3ToM sorapudm npaBoit yactu GopmyIibl
y =Yy(a,b,c,..) IpencTaer B BUJie aaredOpanvyecko cyMMsl Jlorapu@moB), a 3aTem,

paccMaTpuBasi €ro Kak CJIOXKHYIO (YHKIMIO apryMEHTOB a,b,c..., HATH ero

obytabe.) diny)dy 1oy oo

YaCTHBIC ITPONU3BOAHLIC I10 a,b,c...:

oa dy 0Oa yoa
my) 1oy  omy) 1o 0oiny) 10 (11)
da  yoa ob  yob' oc  yoc
Otcronma a—yzym, Q:ym, @:)—,M . . ., IOJACTAaBUB ATH
oa oa ob ob oc oc

BbIpakeHus B (10) 1 pa3nenuB Ha j, MOTy4aeM UCKOMYIO (hOpMyITy:

gzJ(Mmf{MM)Z(M@L (12)
oa ob oc

y

[locne BbIUMCIEHUS OTHOCUTEIBHOM TOrpemHoctd mno Qopmyne (12),
YMHOXEHUEM Ha y HaxOAWTCS BeJIWYMHA aOCOJIIOTHOM TMOTPEUIHOCTH
Ay=(Ay/y)y. DOTOT Hambojiee pacHpOoCTpaHCHHBIM CIIOCOO  pacueTa
MOTPEIIHOCTEeH TMOJAPOOHO WIITIOCTPUPYETCS BBIYMCICHUEM IOTPEITHOCTEH
W3MEpEHUs TJIOTHOCTH BellecTBa B onucaHuu 3anauud Nel (cMm. Ilpunoowcenue
«Pexomenayemass ¢opMa oT4YeTa», MNYHKT «BBIYUCIEHUE MOTPEIIHOCTH
MJIOTHOCTH» Ha C.15).

2. B HEKOTOpBIX 3a/1auax BMECTO TOTO, YTOOBI U3MEPSATH N pa3 OJAHU U TE
K€ 3HAYCHUSI HEMOCPEJCTBEHHO H3MEPSEMbIX BEJIMYMH a,b,c..., TPOBOAAT N

U3MEPEHUN TPUHLUINAIBHO PA3JINYHBIX 3HAUCHUN a, # a, #...#4a,, b, #b, #...#b,,
¢ #¢, #... #£¢,, ... Hanpumep, B 3a1a4e O MaJICHNUHN IIAPUKA B BSI3KOU KUIKOCTH,

B N omnblTax OepyTcs pasHble IIApUKU, TaK YTO MX JAMAMETPbl U BpeMeHa
NaJIeHUs MOTYT CYIIECTBEHHO OTJIMYATHCS OT OIbITA K OIBITY.

B takom ciywae dopmyna (9) He chpaBeqiMBa UM pacueTbl ITPOBOJSATCS
cleqyomuM obpazoM. BenuunHa )y BeIUMCHSETCS A KaXXIOTO OIBITa B
OTAEIBHOCTH y, =y(a.b,..), y,=y(a,b,,..), ... y,=¥(a,b,..) N B Ka4eCTBE
HaMBEPOSITHEHIIET0 OepeTcsi CpeiHEE 3HAUCHHE J

Nty, +..+y, (13)
n

J_/:

[Iponieypa BBIUUCICHUS JOBEPUTENHHOTO UHTEPBAJIA Ay, Ta K€, UTO U ISt
HEIMOCPEJICTBEHHO Hu3MepsieMoil BenuuuHbl a: dopmynsl (3), (5), (6), (8), B
KOTOpbIX B KauecTBe a,,..a, CIEAyeT paccMaTpuBaTh ),..y,. VIHaue
pPacCCUHMTHIBACTCS JIUITL TPUOOPHAs MOTPEImHOCTh Ay, . s ee OIeHKH 1o
dbopmyne (12) HaXxoaAT KOHKPETHOE BBIpAXEHUE JUII OTHOCHTEJIHHOM
NOrPEIIHOCTH  Ay/y W YMHOXKalT Ha y:. Ay, =(Ay/y)y. Bberuuciusaor sty
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MOTPEIIHOCTh JJII KaKoro-au0o OMHOTO M3 OIBITOB, MOJCTABISAS B KayeCTBE
Aa,Ab,Ac,... TIpuOOpHBIE M TaOnuuHble norpeimHocty. [lomHas abcomroTHas
MOTPEIIHOCTh BhIUUCIAETCS 110 hopmyrie (8).

B oruere o 3amaue BBIYMCICHHE TOTPEIIHOCTEH clemayeT OoQOpMIIATH,
PYKOBOACTBYSACH /Ipunosicenuem «Pexomermyemasi popma oTaeTa.

NU3MEPUTEJIBHBIE ITPUBOPHI

Honmnyc

Korma xakoil-nubo IJMHEWHBIA pasMmep, HAMpUMep JIUHY TOHKOTO
CTEpXKHS, U3MEPSAIOT JIMHEUKON (puc.l, HIKHUI), CTPOrO ONPEAEIAETCS TOIbKO
1esIoe Yrucio AeneHui K , a npoOHyro yacTh neneHuss AL MOXKHO OIICHUTb JIUIIb
«HA TJIA30K» C MOTPEUIHOCTHIO, HE MPEBBIIIAOIIEH HECKOJIBKO JECATBIX TOJIEH
JUIMHBI JAenieHusl (LUEeHbl JeJeHMsI) IIKaiabl JMHEHKU. [loBBICUTH TOYHOCTH
U3MEPEHHsI MOKHO TIPU ITIOMOIIM YCTPOWCTBA, KOTOPOE HA3BIBACTCS HOHUYCOM.
Honnyc mnpezacraBisieT co0OW AOMOJHUTENBHYIO JIMHEHKY C OTpaHUYE€HHBIM
YUCJIOM IUTPUXOB M, KOTOpass MOXKET CBOOOJHO IepeMeniaThCs BAOJb
OCHOBHOM mIKamnbl. LleHa neneHuss HOHMycCa BBIOMpPAETCS C TaKUM pPacyeToM,
yTOOBI HA BCE M J€JIeHUI HOHMYCa TPUXOAWIOCH (m—1) JIeNeHuid OCHOBHOMU

/;( Yy
/7 N\
0 5 10 m /ygm \lln R
Lol ligezooy gl /4m\\ \
RARRIRARARRAGRER R R RAARRACEEE FRRRaN I | HERE
05 10 m- === T T T T[T
|‘ | T | I
1
) k+n
\\ //
:_ nX V— /\\\ ////
, 0 LA T
Y s — =yl -— _
- A Lt U LAREN R Sl 3.?
0 5 K Nget s wep :

Puc. 1
mkanbl (puc.l, BepxHuit yieBwiil). O003Havas X - [IEHYy JIeJIeHUsI HOHUYca U Y —
IIEHY JIeJICHUsI OCHOBHOM IITKAJIbl, UMEEM:

mx=(m-1)y (14)
Otcrofia HaXOIUM mx=my—y, m(y—x)=y, TaK 4TO
yox=2 . (15)
m

Takum oOpa3oM JeleHue OCHOBHOM IIKallbl JJIMHHEE JeJICHUs HOHUYyca Ha
BEJIMYUHY y/m, PAaBHYIO OTHOLIEHUIO LIEHBI JENEHUS Y OCHOBHOW HIKaJbl K
YUCITY ACJICHU M HOHMYCA - OHA Ha3bIBAECTCS MOUHOCHMbIO HOHUYCA.

IIpn n3MepeHuH NpEeAMET PACMHOJAraeTcsl MEXAy HYJIEBBIM IITPUXOM
OCHOBHOM INKAJIbI M HYJEBBIM IITPUXOM HOHMyca (cM. puc.l, HWKHHI).
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Haxonures mrpux HoHMyca (N-il MO cyeTy Ha puC.l), KOTOPbIA TOYHEE YEM
JPYTHE COBIAJIAET C KAaKUM-TMOO IITPUXOM OCHOBHOM IIKajbl. Eciin MBICIIEHHO
MPOCJIEIOBATh OT 3THUX COBHAJAIONIUX IITPUXOB B CTOPOHY H3MEPSEMOTO
npeamera, To coriacHo (15), ¢ KaxAbIM IIaroM TMPOCBET  MEXIY
COOTBETCTBYIOIIUMH IITPUXaMHU OOEHMX IIKald YBEIUYMBAETCS HA TOYHOCTD
HOHUYyCa y/m, KaKk MOKa3aHo Ha puc.l. Yepes N 1maros, Mo mIKaje HOHUYyCA
OyJer mpoiiieH myTh nx, a MO OCHOBHOM mmikaie ny. Kak BuaHo u3 pwuc.l,
pPa3HOCTh 3TUX NyTe paBHA HCKOMOM JpOOHOM JA0J€ JUIMHBI MpEeAMETa:
AL=ny-nx=n(y—-x)=n(y/m). TakuM 00pa3zoM, usmepsemMas JIJInHa

L=ky+nZ (16)

m

CKJIaJbIBAETCI W3 JIMHBI LIEJIOr0 4YMciaa K JeleHud JHHEHKM U J00aBKH,
PaBHOM TOYHOCTH HOHMYCA, YMHOKEHHOM HAa HOMEP «COBITAJIAIOIIETO» IITPUXa
HOHHYCA.

MoeT ciyduThbCsl Tak, 4YTO JBa IITpUXa HOHWUYcCa, N-U W (n+1)-U, B
paBHOM Mepe ONM3KM K JIBYM IIITPUXaM OCHOBHOM IIKaJbl - B ATOM Cllydae
oepercsa mo00i1 u3 HUX. OTCIOZ]a BBITEKAET, YTO MOTPEIIHOCTD MPU U3MEPEHUU
pruOOPOM C HOHUYCOM paBHA TOYHOCTH HOHHYCA.

HITaHreHUUpKYyJIb

[tanreniupkynb (puc.2) NpUMEHAETCS Il W3MEpPEHUs JIMHEWHBIX
pazmepoB ¢ TouHocThio OT 0,1 10 0,02 MM. OH cOCTOUT U3 JIMHEWKH (IITaHTH) 1
C MWUIMMETPOBBIMHU JICJICHUSIMU M TOJBMXKHOM paMKU 2 C HOHMYCOM 3 H
3aKpeIUIIonuM BUHTOM 4. Ha mranre u pamke UMEIOTCS HOXKKH (TyOKu) 5 u 6.
[Ipy COMKHYTBIX HOXKax OTCYET [0 HOHUYCY paBeH Hymo. (Yacto
MITAHTCHIIMPKYJIN CHAOXKAIOTCS €1l OAHOW paMKOM 7 ¢ 3aKpEIUISIONUM BUHTOM
8 1 mepeMearmmM BUHTOM 9. [Ipu 3akperieHHOM BUHTE 8 BpalllecHUEM BUHTA
9 paMKy 2 MO>KHO TIJIaBHO TMepeMeIaTh Ha HEOOJIbIIIOE PACCTOSHUE).

Puc.2



[Ipy u3MepeHHH HapyKHBIX pa3MEpoOB MpeaMer 0e3 OOJBLIOr0 yCHIIHS
3KUMAETCS] MEXAY TUIOCKMMH MOBEPXHOCTAMH HOXEK (pHUC.2 CIpaBa BBEPXY)
(4TOOBI HE CABUHYTH PAMKY IIPHU OTCUETE, €€ MOXKHO 3aKpEenuTh BUHTOM 4). Jl1is
U3MEPEHUsI PACCTOSHUNA MEX]y TOYKAMU WM JIMHUSMH Ha TOBEPXHOCTH
MpeMETa MOIb3YIOTCA 3a0CTPEHHBIMU KOHIIAMHU HOXKEK.

Jlnst u3MepeHusi BHYTPEHHUX pa3MepoB (puc.2 cnpaBa BHU3Y) CIIyXkKaT
KOHLIbI HOXEK, WMEIOLIME 3aKpyIJICHHbIE BHENIHUE IOBEPXHOCTH. B 3TOM
cllydae K OTCYETYy MO HOHUYCY CIIEAyeT NpHOABIATH CyMMAapHYI TOJIIHHY
HOKEK (€€ 3HaYeHUE B MIJJIMMETPaX YKa3aHO Ha CAMUX HOXKKax). ¥ HEKOTOPBIX
IITAHTCHIIMPKYJIEH 3a0CTPEHHBIM HOXKKaM TMpHUAaHa crernuanbHas ¢opMa (OHU
3axodAT Apyr 3a apyra). [Ipm u3MepeHHMH BHYTPEHHHX pPa3MEPOB TaKUMH
HITAHTCHIIUPKYJISIMU K OTCYETY IO HOHUYCY NMPUOABIATh HUYETO HE HYKHO.

Mukpomerp

Muxkpometp (puc.3) CIyXKUAT IJIs U3MEPEHHs JIMHEUHBIX Pa3MEPOB C
TouHOCThIO 710 0,01 MMm. OH cocTout u3 ckoObl 1 ¢ maTkoit 2 u TpyOkoi 3. B
TpyOKe nMeeTcsi pe3pda, B KOTOPYIO BBHHUEH MHUKPOMETPUYECKHI BUHT, OJUH
KOHEI[ KOTOPOTO 4 BBIXOJIUT BHYTPHh CKOOBI, @ Ha APYTrOM €ro KOHIIE 3aKperieH
Oapaban 5. Ha xonne 6apabana umeetcsi GpUKIUOHHAS TOJOBKa (TpeieTka) 6.
W3mepenune 1aMHbl MUKPOMETPOM OCHOBAHO Ha CBOWCTBE BUHTA COBEpLIATh NPU
IOBOPOTE MOCTYNATEIbHOE MEPEMEILEHUE, TPONOPLMOHANIBHOE YIIIy MOBOPOTA.
JUis u3MepeHus NpeaMeT MOMEUIAeTCsl MEXJIY TOPLIOM MHKPOMETPHUYECKOIO

BUHTA 4 W MATKOW 2 W BpallleHueM Puc 3 BUHTA  3QKUMACTCA  MEXKIY
HuMu. CHayana

BpalllcHHE BUHTA IIPOM3BOIUTCS 3a OapabaH 5, OKOHUYATEIbHBIN JKe 3aKUM (elne
A0 KacaHusl ¢ TMpeaMeTOM!) OCYIIECTBIAETCS BpAaIlCHUEM BHUHTA 3a
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bpuKkIMoOHHYI0 TONOBKY 6. Ilocrme Toro, kak IOCTMTHYTa HY)KHasi CTENEHb
Ha)XaTWsg BHUHTA HAa U3MEPSEMbIA IpeaMeT, (PPUKLMOHHAS I'OJIOBKA HAYMHAECT
IPOCKaKUBaTh, M3[aBas XapakTepHbI Tpeck. biaromaps sToMy u3MepseMblil
npeaMer aeopmupyercs NpeHeOpeKUMO Mano (ero pasmepbl 3aMETHO He
HCKaXaloTCs), a MUKPOMETPUUECKHUI BUHT IPEIOXPAHSIETCS OT MOPUH.

ITpu wu3mepeHun wucnosb3yrorcs aABe Mwkanel. Ha Tpybke 3 mon
IPOAOJIBHONW UYEpPTOM HMMEETCS MUJUIMMETPOBAas IIKaja ¢ MPOHYMEPOBAHHBIMU
JICNICHUsIMU, a HaJl HeW — Takas >kKe IKajla C JIeJCHUSIMH, CMEIICHHBIMH Ha
0.5mMm. [Jlpyrasi, kpyroBasl 1Ikajia HaHECE€Ha BJI0JIb Kpasi OapabaHa 5 U CONEpPKUT
50 nenenuit. [Ipu onHOM MOJIHOM 000OPOTE BUHTA PACCTOSHUE MEKIY BUHTOM H
MSTKON, PErUCTpUpYyEeMOe MO MPOJOJBbHBIM IIKanaMm, udMeHsercss Ha (0.5mwm.
(ybenuthes!) u, cnemoBaTenbHO, II€HA JEJCHUS MIKalel OapabaHa paBHa
0.5 /50 = 0.01um . MI3mMepsieMblll pa3Mep paBeH LEIOMY YHCIY MUJIMMETPOB
[0 HWKHEH MWUIMMETPOBOM mIKaje o Kpas Oapabana ruroc 0.5mm., ecnu u3
noa OapaGaHa MOSBWICA CIEAYIOIIMA INTPUX BEPXHEH IIKalbl, IUIFOC YHUCIIO
COTBIX JIOJIE MWUIMMETpa, ONpelessieMoe IITPUXOM IIKajbl OapabaHa,
CTOSAILIMM TIPOTHB YEPTHI, Pa3IESAIONICH BEPXHIOI W HWKHIOI IIKaIbl Ha
TpyOke 3. CrienyeT JM Y4YUTHIBATh JOMOJHUTEIBHO MOJOBUHY MWILIMMETPA,
€Clii INTPUX BEpPXHEH IIKaJlbl OKAa3aJCsl PACIHOJIOKEHHBIM Yy CaMOTo Kpas
Oapabana - TO 1M TMOSBWICH, TO JU HeT? B 3ToM ciywae cueayer
PYKOBOJICTBOBATbCS 3[PABBIM CMBICIIOM: PE3yJIbTaT OYEHb OJU30K K LIEJIOMY C
NOJIOBUHOM 4yKcily MUJUITUMETpoB. Ha puc. 3 cripaBa noka3aHbl OTCUETBI: CBEPXY
8.62mm , cHU3Y 6.48mm.

[lepen HauaaoM u3MepeHHM cienyeT yOeauThCs, YTO NPHU COMKHYTBIX
BUHTE U IATKE, KOI/a MPEAMET MEXIY HUMU OTCYTCTBYET, MUKPOMETp JaeT
HYJIEBOU OTCYET.

3amaua Ne 1
OINPEAEJEHHUE IIVIOTHOCTH TEJ ITPOCTOH
IT'EOMETPUUYECKOM ®OPMbI

[Ipn moxarroBke K BBIMOJHEHHIO 3agadu Nel HEOOXOJMMO H3YYUTh U
YETKO 3aKOHCHEKTHPOBaTh MYHKT «llorpemHocTu u3mMepeHuii», pa3odparbcs B
TEOPUH HOHUYCA, A TAKXKE O3HAKOMHTBHCS C YCTPOMCTBOM IUTAHTCHUUPKYJIS U
MHUKpPOMETPA.

Ilenp 3amayu: O3HAKOMUTBCS C IPOCTEHUIIMMU U3MEPUTEIBHBIMU
NpuOOpaMH U YCBOUTh METOIbI OLICHKHU MOTPEIIHOCTEH N3MEPEHUIA.

[IpuGopbl M MNPUHAJICHKHOCTU: TMOJBIA IMUIUMHAP W HapalieenuIe
(TUTacTUHKA), M3TOTOBJICHHBIE W3 OJHOPOAHBIX BEIIECTB; IITAHTCHIIMPKYJIb,
MUKPOMETP, BECHI.

Yunpaxnenue 1
ONPEJAEJIEHUE IIVIOTHOCTU HUJIUHIAPA

O0603HaYMM BEJMYMHBI, XapakTepusytoume mumHap: H - Beicota, D -

Hapy>XHbIil nuametp, D, - BHyTpenHuii quametp, V - o0beM, M - Macca.
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qu/ITBIBaH, yTO 00BEM II0JIOTO MUJIMHIpA
1
V= wH(D}~D}), (1)

IMOJIYyUYUM JJII BBIYHCIICHUS IINIOTHOCTH BCHICCTBA, M3 KOTOPOI'O HM3IOTOBJICH
MUJINHAP, (bOpMYJIy
B Adm
- 2 2
nH(D}-D}) (2)

Yo,

N3MEPEHUSA

Haxoxnenue maccbl. Macca UuiIMHApa OnpeaesseTcs B3BEIIMBaHUEM Ha
ANEKTPOHHBIX  Becax C  NOPUOOPHOM  MOTPEIIHOCTHIO,  OMPENENIeMOM
YYBCTBUTEIBHOCTbIO BeCOB (YTOUHUTH y JaOopanTa). HaiineHHoe 3HaueHue
3anuchbiBalOT B cucreMe enuuull CH ¢ yderoM mNpuOOpPHOW MNOTPEIIHOCTH.
BBIYUCISIOT OTHOCUTEIBHYIO OTPEMIHOCTD U3MEPEHHS MACCHI.

M3MepeHre BBICOTBI, BHEIIHEIO W BHYTPEHHETO JHAaMETpPOB. BeIcoTy,
BHEIIHUI U BHYTPEHHUI AMaMETPbl HWIMHAPA U3MEPSIOT IITAHTCHIIMPKYJIEM I10
IATh Pa3 B PA3IMYHBIX MECTaX C MAKCUMAaJbHOM TOYHOCTBIO, KOTOPYIO
JOMYCKAaeT IITaHTCHUMUPKYJb. Pe3yinpTaTbl HW3MEPEHM M COOTBETCTBYIOLIUE
HOTPEIIHOCTH 3aHOCAT B TAOJUIbl, UMEIOLIME BUJ TAOIULBI 2 17 BBICOTHI H,
npuBefeHHOM B "Pexomennyemoii ¢gopme otdeta" Ha c.14. OxoHUATENbHbIE
3HAYEHUS BCEX U3MEPEHHBIX BEJIMUMH JOJDKHBI ObITh MpUBeneHbI B cucteme CH.

Pacuer mimotHocTM M ee morpemHocrer. [Ipu pacuere mioTHOCTH
BEILECTBA, M3 KOTOPOTO HM3rOTOBJIEH LWIUHAP, B QopMyny (2) Ha MecTo
COOTBETCTBYIOIIUX O0O3HAYEHUI TMOJICTABISIOT CPEIHHUE 3HAYEHUA (B CHCTEME
CH) macchl, BBICOTHI, BHEUIHEIO0 W BHYTPEHHEro JUAaMETPOB ILIWJIMHIpA,
MOJIyYEHHBIE B pE3yJIbTaTe U3MEPEHUH.

JI71s1 OLIEHKM MOTPELIHOCTEN HCHOJB3YeTCs «I0rapuMUUYECKHd METOJ»
(cM. yHKT «0» Ha ¢.6 M KOHKpeTHbIE BBIBOALI (hopMmya B "PekoMeHmyemoit
dopMe oTueTay). 3amMCHIBAIOT OKOHYATENbHBIA pe3yabTaT HU3MEPEHUs
IUVIOTHOCTH C Y4Y€TOM IIOIPEIIHOCTH, COXpaHssd KaK B pe3ysbTare, Tak U B
MOTPENTHOCTA HEOOXOAMMOE YUCIIO 3HAYAITUX ITHPD.

Yunpaxnenue 2
ONNPEJAEJEHUE IIVIOTHOCTHU IINIACTUHKHU

Maccy M IUIaCTUHKY HaXOSIT B3BEIIMBAHMWEM Ha 3JIEKTPOHHBIX Becax. [[nuny a
U mMUpUHY D 1uracTMHKM M3MEPAIOT MO MATHh pa3 IITAHTCHIHMPKYJIEM, a
TOJNIIUHY ¢, C IEIbI0 YMEHBIIUTh MOTPEUIHOCTh, - 8-10 pa3 MUKpOMETpPOM B
pa3TUYHBIX MecTax (COOTBETCTBYMOIIEe 3HaueHue koddduimenta CThroJeHTA
HaxomaT B Tabmune 1 Ha c.5). Pe3ynpTaThl W3MEpEeHUN M BBIYUCICHHIM
0 OPMIISIOT aHAJIOTUYHO TOMY, KaK 3TO JIeTIal0Ch B YIIPaXKHEHUH 1.
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[110THOCTH BemiecTBa, U3 KOTOPOTO M3TOTOBJICHA TIACTUHKA, BEIYUCIISIOT
o ¢hopmyiie

p=—. 3

[ToncTaBnsst B 9Ty (GopMysly HaijicHble paHee CpPeJIHHE 3HAYEHUs] BEIMYUH
m,a,b,c, HaxomiAT p. JlorapupMuueckuM METOJOM HaXomAT GOpMYIy s
OTHOCHUTEIIbHOM MOTPENIHOCTH IIOTHOCTA Ap/p , BBIYUCIAIOT €€. Y MHOXas Ha
p, HaxomsaT aOCOJIOTHYIO TIOTPEIIHOCTh M 3alUChIBAIOT OKOHYATEJbHBIN
pe3yJIbTaT C YY4ETOM MOTPEIIHOCTH.

Hpunoscenue
PEKOMEHAYEMAS ®OPMA OTYETA
OO0mmue
TpeOOBaHUS K O6pazenr otyera (Ha mpumepe 3anayun Nel)
OTUETY
Jara Beimoanenus | 5.09.11
Howmep u HazBanue 3agaga Nel
3a/1a4n OnpeneneHue mI0THOCTH TEJ MPOCTON TeOMETPUIECKON
(bopmsr.
Kparkas teopus: Koncnekr paznmenoB «llorpemHocty u3MepeHUn» W
(KOHCIIEKT ~ TEOp. | TEOPUHU HOHUYCA.
Marepuasa u3

y4eOHUKa, BBIBOJ
dbopmys U3 METO.
pa3pabOTKH U T.1I.)

DkcnepuM. 4acTh: | [IpUHAIICKHOCTH: UWJIUHAP, TUIACTUHKA, MHUKPOMETD,
MEepEYEHb MPUHAJ- | INTAHT€HIIUPKYJIb, BECHI.

JICKHOCTEH, DJICKT-
pUY. WA OITHY.
CXEMBI U T.II.

HazBanue ympax- Ynpaxunenue |
HEHUS Ornpenenenne MIOTHOCTU NOJIOT0 MAJIUHAPA
Pacuernsbie o 4m

dopMyIIBI ¢ yKasa- rH(D} -D})
HHUEM  0003Haue-
HUU P - TUNIOTHOCTh, M - Macca, H - BeIcOTa, D, U D, - BHECIIHUHN

n BHYTpeHHI/Iﬁ JAUaMCTPbI HUJIWHAPA.
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Pesynbrarsel usme-
pEHUI  HEMOCPE.
U3M. BEJIUYUH H
OLIEHKA MX IOrpe-
LIHOCTEN

Brruncnenue
HCKOMOM
BennuuHbl (B CH)

N3mepeHne Macchl (B3BEIIMBAHUE):

m=227.22 Am,, =01 m=(2.272+0.001)-10"xz
Am/m = 4.4-10™
M3MmepeHne BBICOTHI H -
Taoauna 2
(BCe BEIMYMHBI, KPOME OTH. TIOTPEITHOCTH — B M.M)
Ne| H,,mm| A6c. | Crann | Caoyu | [Ipu6. | I[Tons | [Tomw.
morp. | OTKJA. | Torp. | morp. |abc. | OTH.
AH, = Sz | (moB. IIorp. | morp.
H -H UHT.) | AH, AH | AH/
o | Vi
1 65.00 +0.09 0.0600 0.168 0.1 0.1753 0.0027
2 64.80 -0.11
3 65.10 +0.19
4 64.80 -0.11 H =(6.491+0.018)-10° u
5 64.85 -0.06 AH/H =0.27%
H =6491um

[Tpu 3anonHeHun TaOIUIBI 2 TPOBEIEHBI BHIYUCIICHUS TIO
dbopmynam:

> (aH, )
5-4

AH = [(AH,, )* +(AH,, )’

AHG”I :t0495,‘5 Sﬁ = 2.8 SH

HN3mepenne BHEIHETO D, XU BHYTPEHHEro D, OMAMETPOB:
JUIS Ka)KJ0TO 3aroJIHsAeTCs TabauIa, aHanoruyHas taoi.2.

BbIuncieHrEe TJIOTHOCTH

B 4.2.272.10°

©3.142.6,491.10°2 I2.849-10‘2 P2 —(L71.107%)%
=8.574-10°ke/nd’

(HOFpeIHHOCTB, CBsI3aHHaAs C OprFJIeHHeM 77 10 TBICAYHBIX

Yo,

JI0JIEH, JaeT MNpEeHeOpeKMMO Mallbli BKJIAJ B TOJHYIO
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OrneHka
MOTPEIIHOCTEN
HCKOMOU
BCJIUYHMHBI

3amnuch OKOHYATE-
JILHOTO pe3yJibTaTa
C y4E€TOM IOrpenl-
HOCTEH

MOTPENTHOCTh BO BCEX 3ajJlayax MPaKTUKyMa)

BrluncieHue HNOIrp€MIHOCTH ITJIOTHOCTH
Jlorapudm hopMyIIbl IS TUIOTHOCTH:
Inp=md+Inm—Inx—InH—In(D} -D?)
YacTHbIe BKJIaZbI B IIOTPCITHOCTD IINIOTHOCTH:

onp) _1 (MAmj =(A—’"j =(4.4-10*)? =1.94.10"
m

om m \ Om
2
[aﬂn P) AH) _
OH (BBIYMCIICHHE AQHAJOTHYHO CIIydal ¢ m)
=7.310"°
olnp) 2D

oD, D} -D?’
(a(znp)ADjz (ZDlADlJZ_[ 2.2.849-107%.5.24-10°° JZ_
N e R _

oD, D? - D? (2.849-107%)* —(1.709-107% )2
=3.30-10°
(c%lnp) wzj _

oD, (BBIYHMCIICHUE aHAJIOTMYHO CIIy4al C D)
=2.84-10"

[lonHast oTHOCUTEIbHAS IMOTPCIIHOCTDb BCIIMYHHBI P

A—LO =1.94-107 +7.310° +3.3-10° + 2.84-10* =0.0180
P
[TonHast abcontoTHAs MOTPENTHOCTD BEIMYUHBI A

[ﬁj 5 =0.018-8.57-10° = 0.154-10%k2/ 1°
Yol

p=(857+0.16)-10° ke/m®
Ap/p=18%

Ynpaxunenue 2
OmnpeneneHre IIOTHOCTU Napajuieenune1a
(oopmitsieTcst aHaJIOrMYHO YNpaXXHEHUIO 1.)

[IpuBenennass 3mech (opmMa oTdeTa HE HCYEPNBIBAET BO3MOXKHBIE
BapuaHThl opopMiIeHUsT 0T4eTa. B 4acTHOCTH, B OTYET MOTYT BOWTH TaOJMIIBI,
CoJIepiKalllie pe3yJibTaThbl M3MEPEHHUS 3aBUCHUMOCTH OJHOW  (hU3WUYECKOM
BEJIMUMHBI OT JIPyrou; rpaduku, MOCTPOCHHbIE HA OCHOBAHUM Takux Tabiuil. B
OTYE€Te MOTYT OBbITh NPHUBEJICHBI OMHCAHUS U CXEMATHYECKHUE H300paKECHUS
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HaOJIFOTaeMBIX SIBICHUH, a TAaK)Ke OOBSICHEHHE WJIA COMTOCTABJICHHE MTOTyYEHHBIX
pe3yabTaTOB U TIp.
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