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Kunra mpepcranisier coboit nocobne pas HAYHHA-
mux  (U3NKOB-DKCIepUMeHTaTopoB. B mHeill paceMaTph-
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ykazam#sg 10 OQOPMICHUI0 pesy’AbTaron M3Mepenuil,
COCTABJICHII) OTYETOB M HAY4YHHX crateil. Vanorkenne
[OLONHEHO 3afaiaMi ¥ YIPARACHHAMH C peIIeHIsIMA
1 OTBeTAMI,

Kemra paccuvtaga Ha CTYAEHTOB, CHenanusnpylo-
mEXcs B 06NACTH DKCIEPHMEHTANBHOH (ASHKG, A TAKKe
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MpenucnosHe pedaxTopa nepesoia

lparToaeckas (usnka. UT0 CKpHBAETCA 33 TaKHM HA3BAHTOM?
MosKeT 5T, NCpedeHD (HAYYHBIX) CLHOCOGOB JIIY3Kenls RaCTpiob, npu-
TOTOBJICHHS FKAPKOLO MM IpHAAHAA THAHU BOFOOTTANKIBAIHX
cpofiors? Her, ata Kumra cosceM o fipyroM. Ee asTop pYKOBOACTEO-
paNCs JKENAHMeM CONeHCTBOBATh WsyueHmi o6mero Kypca pusmrn
B BHCmed mrone (obsuno Ha 1—2 Kypeax). I'rapHas nexb KAATH —
OpEBUTL CTYJIEHTAM BKYC K 9RCIEDHMEHTANLHEM HCCHe0BARMAM.
3ajaua He U3 MPOCTHX, HOO Ha MIAAMIX KYpCAX NPARTITecKasl pabora
CTYNeHTOB CBOJMTCA K DHIIONHEHHIO TPAAHOAOHNULX nabopaTOpHHX
pabor. B 3THX YCHOBHAX TBOPIECKUEe BOBMOKHOCTH CTPOro periaMeH-
THPOBAHE, & pYTHHHLIT Xapakrep safad Bpiap Ji MOMOT BHI3BATD
Gompmoit pETy3nasM. CyauTe caMd, HEHENHAE MONOME® JIIOIH, IO
FOTOBJIGHHEIC KyJia TIy0ie H PasHOCTOpOHHee, Herelll HX CBOPCTHIKM
30—40 meT Hasaj, MO CYI[ECTBY BHIHYKIeHH HAYHHATEL BCE OT TOH KO
IIOUKH, 9T0 I UX OTIH U fefisl. [IparTAKyM 0o Jusrre, K COMAIEHUI,
GONLMe NOX0K Ha HIPY B DRCOEPHMEHT MIH MyMTpy 1O asbyKe SKcHe-
PBMEHTa, XOTsl [0 Afiee OH J0IDKeR 6o GHL CUyOTH BELpaboTRe y OYRY-
MEX CIHENUANACTOB BaMXEHX G HeOOXORUMEX JIu €aMOCTOATONBHOR
paGoTHL KauecTs.

Ho wemra Jx. Cksaiipca He ABIACTCS ILPOCTHIM JIOTIOJTHEHT M
K crapuiM pyRoBofcTpaM. Hamporus, aBTOp CTPEMUTCH BH(ENATE TO
darTops obydenus, KOTOpHe JyIIe BCETO OTBETAIM 65l 3BOIOLUY,
mponcxofamei B COBpeMEHOH HayKe 1 TCXHIKE. Hay4HO-TeXHHIeCKHIT
IPOTPECC COMPOBOEIALTCA TIYCORMMII NepPMERaMI KaK B caMoil HayKe,
TAK I B e BIHAHEA Ha Paaiiambie obnacTH TeXHEuKH. JJis1 nposefeni
HOIACIIHAX DKCIepHMEHTOB y7Ke He XBaTaeT TOTOBHX npubopos. Cne-
[HATNCTH KOHCTPYHPYIOT H CTPOAT CIOFKHLIE YHITRAJILHLIO YCTAHOBKH,
TeNble KOMILIEKCH, TpeGyomume oT CBONX co3paTeNneil 3HAANA OO CAMBIM
pasIEYEEIM 06IACTAM HAYKH i TeXHARM, TaK BO3HAKAET Offia N3 CAMBIX
HacymusX mpobieM MopepEH3anyuy 06 pasoBaHius — Gomee pPASHOCTO-
POHHSS MOAFOTOBKA, Gojiee MM pOKMIE KPYTro3op GyAYIIX CHequaucToB.
Mexiy TeM HIKCHEPHAS MOACOTOBEA TIPEM[E, KaK Mpasiio, OpHeHTH-
popanack Ha y3KYI0 CHEIPaIN3anuio. B otoM mmennch B GeccTiopHLI®
[LOCTORECTBa H O4eBN/IHEE HEJOCTATKM. TyiapHBEH HEJOCTATOK — y30CTDh
BBMIA0B, MAJNO CIocOBCTBYIOMAs MpoDyHIeHio TBOpUECKOHl WHH-
muaTnes. Onuano cTadosures sce Gojee FCHO, 4TO Cii B_HIKOHe PHOM
06pazoBaNuN YBeIMTATH YASNBHELH BeC $yHIaMERTANBHX AUCIAILINH,
T. o. gaTh GyqymeMy CHEeUajmcTy XOpomyio NOATOTOBRY IO puznKe
7 MATEMATHKe, TO STO He TONBKO OGNOrdmT B JRJIbHEidimeM ycBooHie
BIDKCHOPHEHX QUCHUNIAR, HO B CO3MACT OpOYHELE (YHLAMENT [ AAJE-
pefimefl caMoCTOATENPHOE pPaGOTH.



i Hy v v vmye pedakmopa nepesoda

e menine ol s nanponnennne TN DOATOTOBREA CHCIILIUE TN —
GG, 5 00 1L W G e 1 ' WonoBBeeHiie, He mencee marton-
TCARITON HWASEE L ol petaton T nQOIIMeHOHAA M CaMoii  FhicTeMul
obyucmi. Ha emey wcrms ve o moeit 1afopaTopHo#l TpaxThin npn-
XOMMT TCORCIHIA K abyuenmns v uponecen paGotel. YueOmuie naGopi-
TOpIH BCO Ondbine BuccImno TAUOPATO P MY BCCIefoBATeNILCKIIMIT,
Huuro me mMoixer AV Ay L CEVaeurol TBOPYECKOMY  TIONXORY
K pa6OTO, geM YrACTHe 1toae ronem niy inon neesegosanun., Ho cuo
TpeSyeT OmpeNieNIeHEsIl THOICCIIT Al 14, KYALTYpH oBpamerus
¢ mpubopail W AMIAPATYPoii, wie1u YubwusLnoi 1 JloPOrOCTOAIE.
Vmerno mactoAmas paboTa RLIKOBMSIT nymmse uieerna Gypymux
cuenuansctos, GO BEBEEHBLIT M crpon upnbop ofpekaer spech
Ha GespieficTBEC, 8 HeROPHFIH PERFILTAT In* MINKET 1P HORIWATL 1A ITpe-
etk 6yaymero HAYIHOro paboTirKa.

OO6yucHue B IpoIecce YUacTHs B HCCJACOBATENbEKOil paboTe Bhpa-
OaTUBAET ee OfHO BAKHOe KAYeCTBO — panHoOHANAaM. Hilmemite
DINTLL HefenieBo 06X0aATCs KaK 10 3aTpaTas BpeMeHW, TaK H [0 MarTe-
prILILM - BroskernAM. [TosToMy, mpmeTynas K UCCNENOBAHMIO. CIIC-
WHUHMCT J0RIKeN 3FAATL Hanepeq, [acT JN INIAHHDYEMET DKCIIepHMEHT
OTBET NA FTOCTABICMIMII BOTIpoc, neCIeYnT I TOYHOCTH TIPOBOJIMBIX
H3NEPOTHUL HOTY1eTHe 1JIeRIX  OKOHYATCIALINX BHBOJTOB.

Ho pamo wian noymm nactynaet BpeMs, Ko, 3aKoIMuB aKeIe-
PUMEHT, HCCHACHMOBATCAL CAIMTER N WRCHLMERNLIT ¢T0Ja, YTOOH Imojro-
TOBUTB OTIET Hil CTATLIO O UPOCIGNIOR pafore fiin ojioro U3 mayyssix
smypuaaos. Bpemsa meropomnmsmx pasMusuicunii na Gymare yxopur
B npomuice. ECIH CHENUanier MCKpermHe 3aITEPeCORal B TOM, YTOOLI
€T0 CTAThIO 1UTAJH, 9TO0H ero Tpyy GEII IpaBANbIlo MOKAT M IO JOCTORNH-
CTBY OIleHEH, OH JIOJDKEH YMeTh fICHO H KPATKO BH PAJKATh CBOM MEICIIM.
Hukro me Momer Jyume aBTOpa BHENWTH TiasHoe B paGore, Gomee
BCCKO apryMeHTHDOBATh cflenammbie BoBofk. Hmmra Ji;x. Cksaiipca
TTpUBHBAET YATATEN 0 BKYC K NONCKY Hanboiee IONHOro W HarilAgHOro
OTpJKeHIfl pesyabTaToB paboTH B oTdeTe o Heil, NpHYIAeT UOIBIO-
BaTHCH P OLHCAHWH HAYIAHX (AKTOB TpPaBILIFHBIM IF7ePATY PHEIM
A3KIKOM. 37ieCh YMeCTIo OTMCTHTH, WTo B AUNIHICKOM OpUIMHEAIE ecTh
CCLUTKIT [a JIWTCPATYypy, KoTopss BprAcTaninet codoil pyKoBoneTBa
110 WAIMNCAMITIO TIAYMIMX CTATCl 1A aurnitickom sawke. B mavrell anrte-
patType MO;I0mING pYROBOICTIH, K CORSINCHING, OTCYTCTBYIOT.

Pemovapyn, Monto exanate, wto knnra Jlx. Crxpaiipca, Symydn
WHCHIEC HOXOROIT 1L 1poeToe Jlonoanemie K «P'ykosoacTsy & mabopa-
TopuM pahoTaM o Juisikes, npeacrananet coboil 110 CYIMecTBY nep-
WL O ONCT BERNGHL Ay T IAPAIICHRU. MOJEPHUBAIRE CHCTEME
ofiyneinnn, ApUues 0 nanfolee CIOMIAOM €6 paspgene NpakTUdecKUK
pabar.

Hepenop wnwurn ma pycekmit ssek Bemoneer B. @, IpymummmM.

F. Jleiixuu



W3 npenxcnoska asTopa

OxcnepuMenTaibHAA (M3MKA 32AHUMAJA CAMBle TONKHeE
yMH B meropum wesiopevecta. Opnako B yueGHbX Kypeax
naGopaTopnex pabor, K COMKaJeHNIO, He BCerja o0Hapy-
FKUBAIOTCS BCC NPUBIEKATENLIIbie CTOPOHB JIAHHOTO Dpei-
meTa. MoOsi KHIPA NOCBAIENA PRCHCPUMEHTAILHOW (U3HKe
I npejEasHavYeHa JUIA CTYAIeNTUS, HO B Hell HeT CuCTeMaTn-
GecKOro WBNOJKeHHsA (M3MIeCKUX ONBITOB M OHA HE MOKET
CIYXUTh CIPABOYHMKOM HO SKCUEPHMEHTAIBHHM METONaM.
Lenp KHUTH — yKasaTh Ha HeoOXOMMOCTh  OCMEICIIEHHOTO
Momxoia K SKCIepHMeHTalbHol paGore. OFa s3ajiymMmana Kax
HONOTHITENbHOe 1ocobHe K ofmemMy Kypey nabopaTOPHEX
pabor. fI crapanes poburpcs TOTO, 9100 cTymenTH (ojee
KPUTHYECKH OTHOCWIACH K TOMY, 9TO OHE JIeJIAI0T, Jydme
mpeycTaBIAAR cefe, 970 MOHO CJIeNaTs, 1 gro6u OAarogaps
sTomMy Kypc faGoparopEmX pabor Oblt Gojiee MHTEPECHRIM
u Gojiee copepsRATEALHBIM.

B xaure Tpm vacru. llepsas mocBamena BompocaMm Cra-
TCTHEecKof 0GpaboTKY SKRCIePMMEHTANLUKX AaHHHX. B Hell
A NONHITANCH TPENOJIHeCTH CTATHCTHKY He Kak Paj YIpark-
HeHRnil 10 MaTeMaTHKe, & Kar OfL0 H3 OpYAUWil SKCOepu-
MenTaTopa. 970, BEPOATIO, CaMas TPYAHAs YacTh KHNITL,
H TeM, KOMy He yiacIci cpasy YCBOHTH aofipoGHLe MaTe-
MaTHWIeCKEe BHBOXH, He CToWT oropuathcd. Mm ciepyer
npogecTh BCe TAaBH, YTOOH HOJY4HTH ofizee DmpepncTaBie-
Hue, a 3aTeM WATH JaJbiie W NOJbI0BATLCA pesyIbraTammn
BEiBojioB. LlozmHee Bcerja MOYKHO BEPHYTBCA K JI0Kasa-
TCAKCTBAM M OCHIHTEL MUX.

Bropasi 49acTb NOCBAIGEHA 3KCIEPUMEHTATBLHLIM METO-
raM. 3peck s mOpoGHO pasbupaio psaj npuGOpoB, METOJIOB
¥ ONBITOB C TEJNBI0 NOKA&3aTH Te CpeicTBa, KOTOPhIMEL pac-
ojaraeT SKCIepHMeRTaTop. lHoHewno, si BEOUpam uX 1O
cBOEMY YCMOTpPeHHUIO, HO Crapajics BHOWpATH JIJI MILIIOCTPA-
(U7 TAKWE METOJbl, KOTOpHie MOJIe3HEl I CaMd IO ceGe.



8 I1a npefucaocsus asmopa

B Tperbeii acTn KUK rOBOPHTCH O TOM, KillK JyYine BCero
3allMChIBATh Jannnce, KaAK HpaBI/IJILHO HpOBOJ_‘[HTh BLIINCIe-
HEA ® KK HNAYIMTHCH IHCATH CTATHM XOPOUIMM MA3HIKOM.

Bce mpumepn!, KOTOpHE HDPNBOAATCA B KHNUIe, YPE3BH-
qaiiio npocTil. Beiony, KpoMe OfHOrO MecCTa, Ifie pedb mpeT
06 m3Mepeumm MATHUTHOLO MOMEHTA DIJIEKTPOHa, MaTepual
u3I0keH DpuGiM3MTeNbHO Ha YPOBHe B3HaHHWH CTYOeHTOB
nepeoro xypca. Ho fi gymamo, 9To OpaKTHYeCKHe CBEHEeHNA,
DOoYepUHyTHE W3 Moell KBEurh, OypyT mojesnnl Goliee mmpo-
KOMY Kpyry VYamuxcs — OT CMEIUIHHX CTapuieRIac-
CHHKOB [0 ACIIHPAHTOB.

JKCOepUMMeRT IO ONIpefeleHui0 MaTHHTHOTO MOMEHTR
snexTpoHa TpeGyeT Golee BEHICOKOTO YPOBHA 3HAHWMI M 0CHO-
BaH Ha IIPeACTABIEHHAX, BHXOJAMUX 32 paMKH Kypca
¢msukm ma mepsom ropy obyuenms. fl mocrapamca oGmbac-
FHTH ero Tak, YroOnl 510 OBIO IIOHATHO CTYHEHTAaM, 3HA-
KOMEIM € OCHOBAMF KBAHTOBOH MEXAHWKH. JTOT BSKCIEpH-
MEHT, HEeCOMHEHHO, 3aCIy;KuBaeT BHEMATEIBHOTO W3YYOHWS,
HO IpH TepBOM YTEHNHM BeCh paspgel Mmo:KHO Ges ymepOa
VI FaNbHEeHITero onyCcTUTh.

M. Creaiipe



[peamer npaKTHYECKOH QUIMHM

Ieas mamHO# KHMIM — IOMOYH CTY[JeHTAM B BHIOJIHE-
HOY 1a00paTopHEX paloT mo ¢mswmKe, HOBHCHTL 3(QeKTHB-
HOCThL W cojep:kaTelbHoCcTh paGor. Mel MoskeMm copocmTh
cefs — wakoBa Medb JabOpaTOpPHON HPAKTUKM B BHICIIEM
yuebHOM zamepenmn? Tawkux nexeit Hecrodpko. JlaGopatop-
HEIE PaboThl MO3BOJAIOT:

a) OPOWINIOCTPMPOBATE  IMeopemuyecKle  MOIOIKeHUA
¢manKw,

0) 103HAKOMEHTLCA C npubopamu,

B) mpmo0pecTn OHBIT B IPOBEHEHWN JIKCNEPUMEHITO8.
PaccmorpuM BCE IO NMOPAAKY.

JlemoucTpanua OOBRITA YaCTO BECEMa CHOCOGCTBYET IOHM-
MaHHI0 (H3EYecKoro gmiedms. Hampmmep, Hama wnuTym-
WA He IOACKARHIBAST HAM, YTO BOBMOMKHA HMEHTepdepeHtusa
cBeTa. YTBepH{IEHME O TOM, 9TO [ABA OYYKA CBETA MOIYT
OOTacUTh APYT fApYra H jaTh TEMHOTY, € TPYAOM TpPHHH-
MaeTcA Ha Bepy, ® NI MHOTHX HeoGXOgMMa HarIAgHAA
JAEMOHCTpAI{isT TAKOI0 g;BAeHMA. JleMOHCTpamms OIEITOB
TOJe3HA ¥ B [PYIOM OTHONIEHHH — OHA [(aeT NpepcTaBieHme
0 mopsagkax BedmumH. ToT QarT, 9To HHTEpdepPeHIEOHHLIE
MOJOCH, BOOOINE TOBOPH, PACHONOH{EHHI 0Y€HL GIM3KO Apyr
K [pyTry, CBUJIETENBCTBYET O TOM, 9TO [JINHA CBETOBOH BOJHE
KpalilHe Maja IO CPaBHEHNI0 C IPWBHYHEMHI pa3sMepaMH.
Ho pemomcrpanmst He MOkeT 3aMeHHTh OOLACHEHMA, KOTO-
POe OCHOBAHO HA IeOMETPHIECKUX W (ABOBHX COOTHOIICHMAX.
Tarum obpasom, HepBas 3a7ada OPAKTHKYMA — MILIIOCTPA-
OHUA TEOPeTHYSCKNX IOJOKeHHH — XOTA WM BayKHAA, HO [0-
BOIBHO OrpaHMYeHHasA.

Bropas sapava, DO-BHIEMOMY, BajKHee, HO 3Hech Cie-
AYyeT cpasy e YeTKO BHIICHHTh, YTO MLl IOHHMAEM IIOFK
npubopom. B mioom Kypce mparkTmieckux paGoT B CTONK-
HeTeCh ¢ TAKMMHW [POCTHMH Ipubopamm, KaK IOTeHIMOMEeT-
PH, MEEDOMETPEHI, 3JeKTPOHHHE OCHEIOrpadnl W T, II.,
® ombir paoTHl ¢ HEME Oymer, HeCOMHEHHO, mojeseH. Ho



10 Il pedsem npasmuuecsoid finanwn

KOTI2 Bbi 3aiiMeTech CaMOCTOSITONBHEIMUM HaYMULIMH HCCHC-
poBaHHAME, o0uixe npuOOpPOB, C KOTOPHME TpujCcTes paGo-
TaTh, MOKAKETCA NeBepOATHEM. I Hu ommu Kype npaxTHye-
cKuX pador, TO-BUANMOMY, HE CMOMKOT HAYYUTH BacC II0Jb-
30BATHCA KEKALIM 03 HuX. B xope sxo naGopartopHBIX paGoT
gepeq BaMH CTaBHTCA 3agada upmofpecTu oot paboTn
¢ nupmbopamum eoobuje. Y HKCOEPHUMEHTATOpA, HMEIMEero
peano ¢ umpubopaviu, JoKHA OoiTh ocolas ICHXOJOTNA,
# kypc naboparopamx paloT mOT;KeH TOMOYb BaM BHIpalo-
TaTh Tarkyw ncuxonormio. IIpasas, smeck Ml conprracaemes
yike ¢ Tperbeil sapmaueil, mamGonee BasKHOII U3 BCCX.

CrnoBa «OIKT B TPOBCACHUE HHCIEPAMERTOB» MOTYT HMOKa-
3aTHCSI He COBCEM ACHEIMH, TAR UTO IaM HYKHO pazolparnhca
B 0TOM LogpobHee. I'laBEasg 3ajavia TpakTHYECKOH (usnkm
COCTOUT B TOM, UT00LI HayYuTh BaC

4) MIAaHENPOBATH DKCOEPUMEHT TaK, 9YTOOH TOYHOCTH WM3Me-
PeHHiA COOTBETCTBOBAJA IIOCTABISHHON I(eNH;

0) YYUTLIBATE BOBMO;KHOCTH CHCTEMATHICCKUX OMMOOK
OpUHIMATH MePBI JJid UX YCTpaHeHI/IH;

B) aHAJU3UPOBAThL pPE3YNBTATH DKCIEPUMENTa W HENaTh
IpaBUIbHbE BHIBC/IH;

T) ONEHMBATH TOYHOCTH OKOHYATENHHOTO Pe3yJibTaTa;

) BECTH 3aIHCh H3MEPEHHH M PAaCYeTOB AKKYpPATHO, ACHO

W KpaTKo.
Bce 210 BMecTe B3ATO2 W 03HaYaeT OATOTOBATH KBAJIH(PHIH-
poBanHoOro skcoepumentaropa. Ho sror Kype momker gate
m wedto Goxbmee. OQu Mo;ke? JaTh OPCCTUBIALHHE O TOM,
KaKOB OGIHIT MeTON (UIDKIL.

Dnsura — 3To O/ U3 MAYK, 1GJIbL KOTODEX — MO3HaHUE
nprpomi. Iorga QusHMr cranrnacres ¢ Karum-In6o gpiie-
HUeM YpUpoiL, Ol CTAapaeTCs BLIICIUTDE Te OCO6GHIIOCTI/I
ABJAEHVA, KOTOPBIC CNY KaKYTCA CaMbMU BaykHniMu. Tax,
OpeBHHe IPERH, 3AMETHB, 9T0 JBIGKYIGEECA Tejo B KOHIE
KOHIIOB OCTAHABJMBACTCHA, 3aKJLIOIUIH, YTO AJiA HOpjep:ka-
HEA OBUReHNns HeoOxogmma cuia. Iamwmned ke m Hrioron,
HaOJdoag TO jKe CaMo€ SBJieHHe, IPHULIH K BHIBOAY, 9TO
3aMeNIeHNe JBI:KEHUSI 3ACCH BOBCe He camoe riasHoe. OHo
BEI3FIBAETCA TpPEHWeM, a B OTCYTCTS8HE TPCUMA [ABMIKCHIE
He Operpam@aercd. KEcam 6H MBI pemuiiM HpoBCpUTh 3TO
Ha ONEITe, TO YBUAENN GH, UTO IOJNOCTLK) YCTPAHATH TPEHEe
HIM APYIrHe TOPMOSAmEe CHJIBL Heposmos;kuo. 1lo mX MmomkHO



Hpedmem nparmusecroii gusuru i1

YMEHbIIATE, U 9eM MEHBINe OHMN, TeM HONLiie GymeT MBUraTh-
ca Temo. Takum o6pasom, mxormumo wupepnoONOKETH, UTO
B NpeielIbHOM Cllydae, KOIfja TPeHusd HeT, [BIKeEHe Oymer
OCTaBAThCHA HEWSMEHHKIM, O YeM M TOBOPHT LEepPBLH 3aKOH
Hsworona., -

TaxoB oOmmii meron ¢usmrm. Mp BLII@JIfieM B JaHHOM
(pU3NTECKOM ABICHUE TO, YTO CIMTAEM CAMBIM CYMECTBEHIILIM.
3arem, 0600mas T0, UTO BEINENWIH, CTPOWM TEeOPHUI0, U3 KOTO-
Poii CIIeflyIoT Te IIE WOEe BHBOmL. BHBomm e mposepsiem
nyrem skcmepumeHTa. Ho Teoperugeckme erBopni 0GRUHO
OTHOCATCH K HIeaTM3HPOBAHHON WL YOPOmMEHHOH CHTyarmu.
HU100H UX TPOBEPHTH, HYMKHO CO3ATH TaKyI0 VIPOMEHHYIO
CUTYAIMIO B CLO<HOM, HOJNHOM Xaoca OKPY/RKaloImeM Mupe,
970 HE BCEIJIa JIETKO CJIeNaTh.

Ha mewrmsax Bam npenopmocar Teopmio. IIpn si0om pac-
CMaTpUBAIOTCS Teé CTOPOHH PealiblioTo MHpA, KOTOPHE Cymme-
CTBYIOMAA TEOPUA CINTALT CAMEMMU Ba;KHBIMH. Mosker mory-
TUTRCH TaK, 9TO BaIle 3HAKOMCTBO C MHPOM HPHMPOXH OTpa-
HMYATCH TONBKO BTUMH CTOPOHAME ¥ BH OyJieTe yBepeHH,
9TO 3TO M eCThb BeCh pealbHHIl MUp, a He OTHeNbULe ero
cToponsl. K Tomy e B Takoii kapTmEe Mupa BCe CTOND xopo-
N0 YBA3AHO, YTO Ierk0 yTpaTuTh IpeNCTABICHEEe O TOM,
KaKuX yCuiuit 10TpeGoBanoch 4e0Be9ecKOMy TeHHIO /(I ee
cosparus. Camoe nryumee JekapeTBO OT nOJOGHON Goies-
HI — WATE B Ja0opaTopuio w TaMm YOeNTLCH B CIHOAHOCTI
PearsHOI0 Mupa.

SaHHMASICh HKCIEPUMEHTANbHOM dusmKoi, BH mupesme
BCero ysHaeTe, KakK TpyjHo OHBaeT npOBEpPHTH Teopmio,
HU3MEPUTh MMEHHO TO, 9TC¢ XOTHTE, a2 He YTO-T0 WHOe, W Ha-
YyIATeCh NPeofoNieBaTh Takme TpyjnHOcTH. Ho Kpome Beero
UpoYero y BaC NOABHICA B3TNAJ Ha (QUBUKY B IeJIOM,
Ha B3aMMOOTHOINEHNE MEKIy TeOpHel W JKCIepMMeHTOM,
KOTOpO® COCTaBNAST TJIABIOE COfepKaMue IpegMera.
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CraTncTnyeckan o0paGoTa pesynbTaToB
HIMEPEHHS

TNABA 1
BBEJEHHE B TEOPHI OLIMBOK

§ 1. Toyemy TaK BAKHO OLBHHTH OWHORY

Vamepsissi  Karyo-auGyjp (UBUTECKYW BEIMTHHY, MH
5e PACCIMTHBAEM LONYIRTH €€ WCTHHHOE saagenue. IloaTo-
My HeoGXOANMO KAK-TO YKasaTh, HACKOILKO 110JI y9eHHEII
pesyubIaT MOKeT OHTH 6IHM3KAM K HMCTHETIOMY 3HaYeHHIO,
UEMME CJIOBAMEW, YKA3aTh, KAKOBA TOTHOCTH W3MEDEHILH.
Jlns 5TOrO BMECTE C TONYUEHHEIM pesyibTaTOM YKa3HBAIOT
npubnmwKenIylo omubKy H3Mepents. Haupmumep, MBI H3Me-
prm QOKyCHOEe pACCTOANME JIMHSLL { ® manmcaiu, 9To

f = 256 & 2 mm. (1.1)

910 03HAUAET, UTO (JOKYCIOC DACCTOSAHIE JEKNT B mpepenax
or 254 mo 258 mm. Ho na camom jieae pabpenerso (1.1) umeer
BEPOSITHOCTHBLH CMBICI. Mut 11 MOMEM € ROAROU leepeHHO-
cmul0 CRa3aTh, gqT0 BEHITUINHA JieyKuT B _\’HEIR{]HHLIX npeneﬂax,
HO HAIM W3MEPeNuA TOKABLIBAIOT, WTO NMCETCH HeKoTOpas
6epOSMHOCIND  BTOTO. B 1. 2 pammoe yrnepmpenue OyneT
cpOpMYTMPOBATIO TOUHEE.

OrnernBath OMHOKH Heo6XoqHMO TOTOMY, 9TO, Ee 31afd,
KAKOBH OHW, HENB3f CENATh OUpPEJeJIeHILIX BHBOJOB u3
srCIepUMeRTa. JlomyceTuM, HANpUMEp, TTO0 MEX XOTHM yCTa-
HOBUTH, 32BHCAT JH CONPOTHBIEHWE RATYIIEN nporoga ot
TeMmepaTypH. VaMepenmoe HAMI COMPOTHRICUNC KATYIIKY
0KABAI0CH PABHEM )

1) B xnure WCHOJILIYETCH cuerema ey CH 1o coomseTeTnIbT
¢ mpoexrom I'OCTa «Eqrampl (UBEUCCKIX  BEIIUNT, M., 1970 1.
C cucremoit CH uprarenb MoiKeT ITORITAKROMIILCH, HOCMOTPeR HIPIITO-
sxepme 6.— ITpum. ped.
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200,025 Om mpu 10° C,
200,034 Om opm 20° C.

Ciuepyer W TPHAABaTH 3NAYeHNE pPA3HMIE STUX BEJIWTHH,
Wi, KAK TOBOPAT B CTATHCTHKE, sHguuma im oHa? Ha aror
BOIPOC HENb3A OTBETHTH, HE 3has OIMOOK W3MEpeHWs.
Eean onmbra cocrarmuser 0,001 Om, To pasnuna 3HA9YMMA,
a ecam ommOka pasma 0,010 Om, To — HezHaYMMa.

Korja MOJydell KAKO#-TO DKCIEPMMCNTAIBHBIL Pesyilb-
TaT, OH TyOIMKYeTCs ¥ CTAHOBWTCA OOCIRMM JOCTOFHWEM.
Kaskoeiii MOKeT HOIIb30BATECS WM, KaK €My YIOHO. Onen
MOT'YT IPUMEHATH €ro B pacueTax Jyls Kagux-Jmbo mpax-
THYECKHX TIelell, Apyrue — JJf TPOBEPKE TeOPeTHIeCKUX
priBofoB. CKaskeM, WIKEHeDY-BIeKTPUKY HeOOXO{MMO 3HATH
yHeIbEOe CONPOTHBIGHWE MeHOTO NPOBOjiAa JUIA pacdera
TpamcdopMaTopa, a CHENHATUCTY HO (UIUKe TBEPHOro Teida
Ta jKe caMasg BeJHUHMIA MOKeT IOoHAJo0MTLCH I HPOBEPKH
BIIEKTPORHOI TeOpUHU MeTajnoB. Vl B TOM M JpyroM ciydae
Heo0XOUMO 3HATh, [AOCTATOYIO I TOYCH BDKCIEPUMEHTAIb-
HEB pesynbrar. Ecim Ha OCHOBAHHENS Pe3yJnTaTa Jelaior
KaKue-HHOYIb BLIBOJIB, TO BAJKHO 3HATEL, B KAKOH Mepe MOK-
HO Ha EMX muojarartscA. YUToOH Mo;xHO ORIIO OTBETHTH
HA TOMOGHLIe BOTPOCH, BKCOCPUMEHTATOp M 00asam yKashl-
BaThp BeIMUUHy OIMTHOKY M3MEPeHus.

KoHegHO, DKCOEPMMEHTATOD FHe MOJKeT TPe[BHAeT: BCe
BO3MO)KHBIe TPUMEHEHUsI CBOEr0 pe3ylbrarta, HO HeKOTOphe
IpEMeHeHWs OH JI0JDKeH NpPeJCTaBIATE cele. On Begs Haxo-
JWICS He B BaKyyMeé — BO BCAKOM Cllydae He B WHTEIUIER-
TyanpEOM BakyyMe. Ecim onmT CTaBHTCH JJIf HPOBEPKH
TEOpUH, TO SKCIEPUMEHTaTOpP JOIKeH NpPejiCTaBUTh cebe,
KaKoBa JOMKHA GHITH TOTNOCTE, ITOOH MMEIO0 CMEICI CPaBHM-
BATH PESYNLTATH C TeopeTMIeCKMMH BrBojami. Taxun o0pa-
30M, He TOJNLKO 3HANUe OWMOKE HO3BOJAET fejaTh ompe-
JelleHERe BHBOJE HA OCHOBAHMH YKCHEPUMEHTAJBLHHIX J@M-
HWX, HO H, BEA000poT, 3a1a9aMn SKCOEPUMEHTa JacTo olpese-
AfgeTcs MaKCHMMAJpHAf ponycTEMasg ommOKa, 970 B CBOIO
oguepess MOKeT 0KasaTh BINSHWe Ha BHOOp METORUKH.

HexoToprie MOTYT NOAYMATh, YTO BCSAKHi DKCHEPHMEHT
CcireiyeT DPOBOJHTH KaK MOMKHO Gojlee TOTHO, HO TAKOW WOA-
xon OBl OGNl HepeaJbHHM. UenoBeuecKas yKU3HL Orparimae-
ha, TAK JKe KAK W BOBMOKHOCTH YKCIEpUMEeHTaTopa, eCcian
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TONLKO OH He TreHpaieH. llosToMy BaskKHO mianuponatn H
IIPOBOAMTEH YKCIePHMEHT TAK, YTOOH TOYHOCTH OKOIWITCINDb-
HOTrO PesyJiiLTaTa COOTBETCTBOBaia ero rexu. Jlonyerum, wro
B flpHBEeHHOM HIpHUMepe HaM HYKHO 3HATEH CONDUTRIJCIIE
KaTYIIKA JWING I TOT0, 9T00K MCHOIB30BATH €6 B KulCCTBE
sTafioHa B mETepBajge remmepatyp ot 10 mo 20° C, m nycrs
TpeGyemas ToOUROCTH Hamepenys cocraBiger 1:10 000. B Ta-
KOM cayuae Hac Oyjer yCTpamBath, €CIIU Mbi M3MEPHM COUPO-
Tusnenne ¢ ommbOroir 0,010 Om, a nonpiTka CHM3MTL 3TY
omxOoky mo 0,001 Om Gypmer nmmp DeHY)KHON TpaTOR Bpeme-
En. B To ke BpeMa maMepsTH CONPOTHBIEHWe C OITWOKOH
0,05 OnM mpocTo HemonmyCTEMO, IOCKONBKY TOTHA pPes3ylbTar
meMeperEs Oymer GecroieseH ¢ TOUKE 3peHWA MOCTABICHHON
3anaum.

TpeGoBarme cOOTBETCTBYIOmEHl TOYHOCTH OTHOCHTCH He
TOILKO K OKOHYATCILHOMY Pe3yJibTaTy ONLITAa, O M K pas-
IREYHEBIM BEIMYHMHAM, M3MEpsieMBIM B XOJiec BCero 3KcIepH-
MerTa. Benp penxo OBBAOT Takme IIPOCTLHE dKCHEPHMEHTH,
B KOTOPHIX OKOHYATEeNbHAA BeJUTIHNA M3MepHAiack OH Hemo-
cpefcTBenno. OOHYHO e OPUXONETCH M3MEPHATH MeNnil PsAn
NepBOHAYANLHBIX BEJIMYMH, KOTODHE JMNEL B KoMOMHAmUU
pawt TpeGyemmii pesyusrar. [lpm srom ommbxa OKOHYA-
TEIRHOT0 Pe3ylLTaTa onpeenseTca OMuOKaMI NePBOHAYAILb-
HEX Beiamund. Boolme rosopsi, 3T OmMMOKN IO-Pa3HOMY
BINAIOT Ha OKoHuaTennuyio ommbry. llocmenuas 6ynmer
MUMHUMAALHON, CCJH DPACHpeJedirs UMMCIOMMeCH Ppecypehl
BpemMeny, Il])I/IG()l)()I! n 'I‘(‘.l)ll(‘lll‘lﬂ i, 1roHnt YMCNBIIATH TE
omub KK, KoTopbie AT HauGOILIING RENAA B OKOHMYATeIb-
uyio omubry.

Wi, Mun naptiem, 1o noustrre omub Ky A3Mepenns Hrpaet
JUIOKO 11¢ BTGPOCTencunyo poin B sxcnepumente. HaoGopor,
0ll0 UMCOT HpsIMOE OTHOILeHUe K TAKNM BOIPOCaM, KaK LEIb
JKCUEPEMEDTA, ero MeTON M BHAYEMOCTL ero pes3ylIbIaToB.

§ 2. CHCTEeMATHYCCHHE M CAYyadiHbie OLIHGKK

Omu6KA MOMHO PasfeiuTh Ha [Ba THIAa — CRCTeMATHIR-
ckme m ciryuaiineie. CmcreMaTHUeCKoil NazuBactTed omulxa,
KOTOpas OCTAeTCsi NOCTOSHHON Na TPOTAMKCHMIT Heell cepun
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mamepernit 1). Cryuafinoil ke HasHBaerTcH ommOKa, KOTOpag
H3MEHACTCA M B PAaBHOM CTeNeHHM MOKeT OLIThL KaK HOJIOMKH-
TeIbHOM, TAK B OTPHOATENBHOMH.

Cayuaiinrie OmmMOGKE BCera NPHCYTCTBYIOT B DKCIEPH-
venre. Ilpm orcyrcTBHE cncremaTudeckmx ommGoK OHE Ciy-
’KaT DIPUYEHOK pasbpoca HOBTOPHBIX M3MEPEHIIA OTHOCHTENb-
HO WCTHHEOrO 3uadenmss (¢ur. 1, a). Ecmam, xpome 7TorO,
HMeeTCsl H CECTeMaTHYeCKas omm0Ka, TO pPesyJabTATH M3Me-
penmii OyqyT pasOpoCaHK OTHOCHTEIHLHO HE HCTHHHOTO,
a cMemeHHOTO 3Hadenma (fur. 1, 6).

a H-H-H—
®ur. 1. Jise cepnu pesynnra- T
TOB W3MepeHHil. Homunnas
a — IpH HAJAYHA TOJBKO Clydal- BEMUHURL
HBIX OmMMOOK, 6 — IIpH HAJMYIHHN He
TOJIBKO CTY4YaflHEIX, HO M CHCTEMATH-
yecknx ommbox. Kampana Toura n306-
PaykaeT pesyIbTAT OMHOro H3MEPERMH.
d’ [ A |
[} LIRS RN} i 1
Hemunnag
Genurune

Honycruy, 9r0o mpm DOMOmME CeKYHROMEpa M3MepHIoT
HepHon KoleGaHWH MAafTHUKA, OPUIeM HOMEPEHHA MHOTrO-
KparHo noBTopsAT. Ilorpemmoctm MoMenTa mycka W ocTa-
HOBKH CeKYHAOMEDa, OmmMOKa B BeJIWYuHE OTCYETA, HEGOIH-
MRS HePaBHOMEPHOCTE IBIIKEHNS MAATHEKA — BCE DTO BHI3HI-
BaeT pasbpoc pesynbTaTOB HOBTOPHBIX M3MEPEHWH W IIO3TOMY
MOeT OBIThH OTHECEHO K KaTeropuy CIyYaiffHEIX OmmMGOK.

Ecmum ppyrux ommGox HeT, TO Of[HH Pe3yNBTATH OKaMKYT-
CA HeCKONBKO 3aBLINICHHLIME, & EPYIHe HeCKOIBKO 3aHm-
sreHupME. Ho ecim, mommmo Toro, wacw eme m orcTatror, To
BCe PesyabTaThl OyNYT BAHMKEHEL. OTO yie CHCTeMATHIeCKAS
ommuGKa.

3aMeTHM, YTO CHCTeMATHYECKAA M CIAYIAWHAA OMHOKM
pPasImIaoTcd M0 OpOu3BOAEMOMY EME 3QQeKTy — CHCTeMaTH-

1) Ilpaega, 5To CAMNIKOM y3KOE ONPEHNEIEHRE — HHOTJA CHCTEMA-
TEYECKHEE OoMAOKE HEeoCTOAHHH. Ho 3peck, npH H3MIOMEHHH OCHOBHEIX
ngencmnnennﬁ, MH OTPAaHEYHMMCA TAKHM IPOCTHM ciaydaeM. Boiee
obmue ¢Iy9am paccMOTpeHH B i, 3 gactu 11,



16 Yacms I. Cmamucmuueckas o6pabomia pesgavmamon 1avepelus

geckomy mium ciydaiimomy. IlosTomy uennzs crasain, uro
JAHHE QarTop o caMoil cBOeHl CYMEOCTH BLLILMINT TuILKO
CUCTeMATHIeCKye WM TOJNBKO Ciaydafmrie omubGin. Daawpa-
maAch K HAIMeMy OpUMepy, OPEImoJIOKIM, Iro Kaihjiulil pas
ME U3MEPHEM TepHoji HOBHIM CeKyHpomepom. Oauu na nnx

MO€T O0TCTaBaTh, NPYroii MoeT cuemmTh. Ho B jpaunoM
clIygae IIOTPEINHOCTH XOf2 CEKYHIOMEepPOB JallyT YiKC Cay-
JaiiHy10 OmHAlRy.

HexoToprie (aKTOpPE MOLYT BLISBIBATH OJIIOBPCMEINNO T
CHCTEMATHYCCEMe W caydaitgsie ommOnu. Tak, Brimovag
¥ BHIKJIIOUASI CeKYHIOMep, MH MOKeM CO37arh 1e0oNbLuIon
HeperyIuspHei pasdpoc MOMEHTOB MYCKAa W OCTAHOBKHU YaCOB
OTHOCHTeIILHO [BIGKEHWS MAasfiTHEKA ¥ BHECTH TeM CaMbIM
cayuaiinyio omubry. Ho ecnm K ToMy ke MBI Kambid pas
CIIUIIKOM TOPOUMMCH BRIIOIUTH CEKYHIOMED B HECKOJBKO
3aMa30EBAEM BHKJIIOUNTH €r0, TO 3T0 TIPHUBEET K CHCTeMAaTH-
decroii ormmbKe.

§ 3. GucremaTnyeckue OLIMOHM

CucreMaTH9eCKIe OMHOKE TACTO BO3UMKAIOT M3-32 TOTO,
YT0 YCJIOBMS DKCIEPUMEHTA OTIMIAIOTCA 0T IPERIoiaraeMbIX
Teopmeil, a DODPaBKY HA 3T0 HECOOTBETCTBHE HE MENAI0T.
Herpygno mpusectm npmmeprl 3¢¢eKTOB, KOTODHME MOKeT
OuTh o0yciaoBiIeHa cucremarmideckas ommOka. Tepmo-3. m. c.
B MOCTE CODPOTUBIEHUIl, CONpOTHBIeHHE TMOABOMAMMUX HPO-
BOJIOB B IUIATHHOBOM TEPMOMETDE, RIWsNe OTKPHTOR dacTm
PTYTHOTO TGpMOMGTpil, norepn renia B lCElJT()])"MGTpH‘IeCKH.X
namMepcH|aAX, OpocueThl, ()()_VCJI()BJ[CIIIII-IO MCPDTBBIM BpeMeHeM
CUCTIMEKA UACTHI,~— BT JHIL HCKROTOPLIC M3 BO3MOMKHBIX
UCTOULHKOB cucremaTuyeckux  omudox. Eme omume oObu-
Wil MICTO'MIMK CUCTeMATEYeCKuX oMmbok — yike yIoMMHAaB-
mpecst MOTPelnoCTH M3MEePHETeNLHOH anHapaTyph.

Cayqaiapie omuOKE MOMKHO OOHApYHHETH IyTeM IOBTOD-
unx maMepernnii. Kpome Toro, yBenuamBas 9ucio MaMepeEmi
¥ HaXOpif Cpefuee apm(MeTwIecKoe Pe3yILTaToB, MH OyneM
OOXy9arh BeJWaHHY, KoTopas Oymer Bce Ommxe M Gimswe
K HCTHEHOMY 3HageHnmo. Ho mpw Hanwanm cucreMaTmieckoi
omu0KE 970 EEIero He gaer. IloBTopHEIe H3MECpPEHNA C TEM 3Ke
caMEM TpEGOpOM ‘He MO3BOJAIT HH OOHAapY:KUTH, HH yCTpa-
HETh CEcTemaTmueckmx ommboK. IloaTomy cmcremaTmueckme
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ommOKE B IpEEOuUIe omnacuee cuyuaimnix. Ecim B xofne
SKCHePEMEHTa JIONyMmeHs Golpmume ClyYaiHue ommnOKA, TO
OHE DPOABAT ceGf B GONLIMOI BeluIMHe OIMNOKY OKOHYATENb-
Horo pesynnrata. Tarum o6pasoM, Bce GymyT OCBE/[OMIEHH
0 HeTOTHOCTE Pe3ylNLTaTa, M 9TO He IPMIMHEWT HUKOMY HEKAa-
Koro ymep0a, pasBe TOIBKO CaMONIOOWMI0 9KCIePUMEHTATOPA,
DOCKOIBKY DOJyYeHHHIHI MM pesyibTaT HE Ha KOro He Opo-
w3BemeT BIedaTienms. J[pyroe jemo, Korja OpE HaJWTIHH
CKPHITOl CHCTeMAaTHIECKOH NOTrPEITHOCTH pesynnTar Gynmet
BHIJIALETH: BIOJHE HAJEKHEIM, €CIM OH IPHBeJeH C Manoit
ommOKOM, XOTA Ha CaMOM J[ejie HeBepeH.

KiaccmueckuM IPHMEPOM MOMET CIYMKHUTh omnT Mmimu-
KeHa 10 M3MepPeHWI0 HIieMeHTAPHOTO SJeKTPHIeCKOro sapsja
e. B a1oM skcnepumenTe Tpe0yeTcs 3HATH BASKOCTDL BO3[YXa.
Mumuken B3AI 33 HIGKEeEHYI0 BeTHYNEY BASKOCTH T HOJYTHI

e = (1,591 =+ 0,002) -10~*° Ku.
B nacrosmee ke BpeMs IpuHATO 3HaueRme [4]
e = (1,60210 =+ 0,00002) -10™* Hur.

Buors mo 1930 r. BenmYEHHE DHAAA APYCHX aTOMHBIX KOH-
CTAHT, TAKEX, Kak mocrosnHaf IlnaHka u 9mcio Asoragpo,
$asupoBaJHCH HA MUILTHKEHOBCKOM SHAUCHWH e M, CIefj0Ba-
TenbEO, copepamm ommOry, npessunaBmyl 0,0%.

Cnyuaiiarie OmMUOKE MOYKHO BHYMCINTH METOJIAMH MaTe-
MATHYECKO#l CTATHCTHKM, 0 KOTOPHX TOBOPHTCH B JBYX Cle-
pyomux riaBax. Cmcrematmdeckue sxe omuOKE He Iof-
napred moyobroMy aHajusy. JIyume Bcero cMOTpeTh Ha HIUX,
Kak Ha BQQEKTH, KOoTOpHe Heo0XOXWMO BEHIABHTH H YCTpa-
AuTh. OGIIEX peLenToB Ha 3TOT cdeT He cymectyer. Bce
€0 B TOM, 9YTO0H TMATEALHO NPOJAYMHBATH METORHKY
SKCIEPUMENTa W O9eHb NPMMPIABO BLIOEpATh anmapaTypy-
B cBoeii xumre MB TocTapaeMcs yKasaTh Hambollee pacmpo-
CTpaHeHHbe WCTOUHUKE CHCTEMATHYECKHX OmHOOK, HO, KO-
HeYHO, B JAHHOM BOLOpPOCe HWYTO HEe MOKET BAMEHHTH CO0-
CTBEHHOI'0 OUHTA.



TNABA 2
CAYYAH OLHOH NEPEMERHOI

§ 1. Beenenue

Homyerum, uro M uporopum  (Gen cueremaTmeckmx
onrmboK) cepumio mamepennit OOl M Toii KO BeNMIMEHE.
Hs-3a mammums caygaifiunX ommGoK OTHCABILIO 3HATEDNHs
Iy, Tz ¥ T. 1. HEOMUHAKOBH, U B KAYeCTBE HAWJIYYiUero 3Hade-
Hilf MCKOMOM BeIW9HHL BHOWpaeTcs cpejmee apudmeTmue-
croe . Ho Bpsan nu maM Tak cmrpHO TOBe3eT, 970 BeJIHuH-
HA Z OKAIKeTCsi PABHOM WCTMHHOMY BHAYEHWIO, KOTOPOE MbI
obosmaunm wepes X. Mui xormm pazobpateca B TOM,
HACKOJNBKO BEeNWYMHA zr OJH3KA K X. Honegro, mcTwnnas
onmbKa HaM Hemspectna. Muaue mui mpocto HOnpaBHIN OH
a o Ha HYXHYH BeIWYHHY H

x

HonyInum Ovl TpaBHIbLHOE
sEavderme X. Mu momem
CRa3aTh JIHIIb CIAeAYIOmee;
HMEeTCH KaKaf-TO BEPOAT-
HOCTH TOTr0, 4T0 X JIeKUT
B KaKHX-TO Npegenax BOim-
3M 7. Bajaua B TOM, UTOOH
HATH, KOROBM 3TH Ipefe-

1 1 1
T 1

{
T
=
Z

@ nr. 2. Pesynprars Mmorokpar-
HOT0 M3MEpPeHus OfHOH m Toii Ke
BeJIUINHEL.

B ciyuae a CpefiHee apMMETHUYECKOE %

DOIHHO GHITH GJIKE K ICTHHHOMY 3Have-
HHIO, 9€M B clryyae 6,

76T, COOTBETCTBYIOMME OTpe-
Jlesiennoii BepossTHOCTH,
Mopxon  w  pemenmio
3T0Il  3aJ1auM  IMOACHSeTCH
cxeMamu ¢ur. 2. B cayuae,
OpejicTaBIeHHOM Ha  (Hr.
2, a, Bemunna X momkHa,
HO-BEJUMOMY, NeMaTh [0-

BOJIBHO Omusko K 2z,

TOIja Kak B clydae, IpepnctaBileHHoM Ha Qur. 2, 6, MH
He Y[UBUMCA, €CIM DPAasHUNA OKa’sKeTcA Gonpmof. MHEIMu
ciopamm, dvem Gojdbmre pasGpoc pesyIbTaTOB, TeM OCOJbINe

JoIkHA OHTH ommOKka B Beiamumue x. Lean nceit riaBmr —
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[ATH STOMY pACHIHBYATOMY KadeCTBEHHOMY YTBEPKACHHIO
geTkOe MaTeMaTmueckoe (KONWIeCTBEHHOE) BEHIPAKEHWE.
IIpm sToM MH GymeM npepmonaraTh, 9YTO CHCTEMAaTHIECKUE
ommubKE OTCYTCTBYIOT.

§ 2. Pacnpefienehne PesynbTatos WSMEpEHHH

PesynrraTh CepHE H3Mepenuii OJiHOM BENUMIMHBI MOIKHO
HATIAATHO NPEACTABETH, TOCTPONB JHATPAMMY, KOTOPaA IOKa-
spBaja Opl, KAK 9aCTO MONYYAJUCH Te HJIM WHEE 3HaTeHHH.
Takasi pumarpaMMa HasbiBaercs eucmoepammoil. IroGu
HOCTPOMTH TECTOTPAMMY, MH IPOCTO pasluBaeM Bech guana-
30H M3MePEeHHHX 3HAYeHWH Ha paBHLe WHTEPBAJH U NOACTH-
THIBaeM, CKOILKO pa3 WSMEPeHHAs BeIWINHA IOOAnaeT

R
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[ 10 -
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g

=~

e 3

85

£y sl

gL
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o

S —

X 0 il 1
10 11

x,mM

@ mr. 3. MacTorpaMMa JaHHHX, IPABEAEHHLX B Talu. 1.

B Kasxmeri maTepsan, ([Imprna wWHTEPBANOB MOkeT OHITH
a0l ¥ BrOmpaercs Tak, IroGH 970 OHUIO ynobuo.) Ins
mpumepa B Tabn. 1 DpuBeseHK HEKOTOPHIe J[AHHBe, & HA
¢gur. 3 m3o00pakeHa COOTBETCTBYIOMAH THCTOTPAMMA.
Tenepr npencraBmM cele, YTO uBMepeHHA IPOLOILKAIOT
J10 TeX IOp, MOKA 9WCJ0 EBMEPeHHHIX 3HAYeHMA [V He CTaHeT
ogenp GoaemnmM. 1ImpuHYy MHTEPBAIOB MOKHO CHEJIATH 0I€IDh
Mano# (IpH YCIOBHE, 9T0 M3MEPUTENbHLIR npubop obnagaer
[HOCTATOUHOR TYBCTBHTENBLHOCTRIO), W BCE jKe B KaKIOM
unTeppaje Oyper Mmmoro otcgeros. Ecim Temeph BMECTO
[ECTOIPAMMBI IOCTPORTH TPajuK, RoTOpHIH paBan Oni doaro
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Tabaaya 1
PE3YNLTATBI HEKGTOPBIX THNOTETHYECKHX H3MEPEHHA

Ymneno cayuacs,
HnuTepna, Korga orcuer Herepua,
MM nonagacr MM
B MHTEpBAT

Ineno cnywaen,
Ko oreer
nogyEuer
U HITepBAI

9,9—10,1 ( 10,7- 10,9 4
10,1—10,3 3 10,9 11,1 5
10,3—10.5 7 1,1 -11,3 2
10,5—10,7 9

JIOJIIOTO ducsa 0TcaeToB NN, NONANAIMYI0 B KaAyEi HATEp-
B, TO NONYIATCA TIaKasf KPUBasg, KOTOPAF HABHBAETCH
KpuBOil pacnpedesernus. Mut mMomeM BpecTE COOTBETCTBYIO-
myo qyukmino f (), rax HAZLIBACMYIO RAOMILOCING PACRpE-
OCACHUS, CMBCH KOTOPOIT COCToNT B TOM, 'To IpoU3BeTeHHe
[ @) dx paer pomo wonnoro wmena oteaeror N, mpuxops-
HYIOCH 32 mirepsan ot z jo x - de. Muaue rosops, npoms-
serenme f (z) dx ecrn eeposmmocmr TOTO, YT0 OTHEJBHOE

f(x)

g

@ =X T ———

®ywr. 4 Twnnymas Kpusas pacIpereeHus N3MePEHHHX
3HAYeHMIA.

clydaiino BhipamHOe 3HMaderwe W3MEpPAeMOIl BCIUTHIH OKa-
HeTesl B HATepBane 0T x 0 x -+ dz. Iloka mur ne Gypmem
KacaThCsa TOYHOTO BEAA f (), yKa)keM N¥Mmb, “wTo TUOETHAS
KpUBas pacupeneienus BLILIAAMT TPUMCPIIO TaK, KaK 9T0
m3o0pakeHo wa ¢Qur. 4.
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Tlo ompenenenno, f (x) yNoOBAETBOPSIET COOTHOIMEHHIO
o0

S f (@) dz = 1. 2.1)

—00

O6paTnM BHEMaHHe Ha OECKOHEYHHIC IIPEJENBl ¥ 3TOro MHTE-
rpasa. B peanbHOM SKCIEpPHMEHTe y Hac HE JIOJUKHHL IIONY-
gaTHCA 3HAYCHMS M3MEpseMoll BeIHYHHBE, CHIBHO OTIUIAIO-
mumecss or mermHuoro X. Kpome Toro, mMumorue M3 BeIWIHH
0 camoil cBoeii CYNIHOCTH HE NPUHEUMAIOT OTPHUIATENHHBIX
snagenmii. IloaTomy mwbas ¢ysExnua f (r), BaATas HAME
B KagecTBe IJIOTHOCTH PACHpEeNeHHNs, TOJKHA CTAHOBUTHCS
O0YeHb MaJIoOH TIpM YBENWUEHWE PAasHOCTH Memgy X H .
Torma He BOSHUKAeT HUKARUX TPYMHOCTEH, CBABAHHHX ¢ ec~
KOHEUHHIME IIpejeiaMi WHTeIPHPOBAHUS, KoTOphe Gepyrcs
u3 coofpajkeHmii MATEMATHIECKOro ymobcTRa.

B paxmmeiimeM MH GymeM 0603HAYaTh YrIOBHME CKOG-
RaMH YCPEIHeHHE IO BCeil COBOKYIHOCTH M3MEPEHHEIX 3Ha-
genuii. Ilpe;kme Bcero Mul BBeileM cpedHee sHauenue A
NAHHOr0 PacCIpeelieHus

oo

(r) = S zf (z) dx. (2.2)

—00
(3nech Mu omyctmim ciaoBo «apupmerndeckoey. Ilox «cpen-
HIM» MH Beerga GymeM mofipasyMeBaTh cpegHee apugmerude-
ckoe.) IIOCKOIHKY IOIHOE MCIO M3MEPEHNIA BEJIUKO, & CHCTe-
MaTH9ecKHe OMBOKHU OTCYTCTBYIOT, MHE OyaeM moiarathk, YTO
{(z) cosmajaer ¢ HCTHHHEM 3nadenmeMm X.
Ommfra B H3MEPEeHHOM B3HAaUYeHNN X PaBHA:

e=X — . (2.3)

Kopens KBagpaTHHII U3 CpefHEro KBajgpaTa pasHOCTH ¢
o6o3nauaerca wepes O U HABHBACTCA cpednersad pamuiHblm
(cTaHpapTHEIM) OTRJIOHEeIHeM WM CPeJIHeKBaApaTHIHOM (CTaH-
maprrOi) ommuGroii 1). Takum oGpasom, penWIHHA G OLpefie-
JfeTcs COOTHOIIEHHeM

oo

o = (&) = S (x — X)* f (a) da. (2.4)

—o00

1) Benmuymua o? HaswiBaercs ducnepcueli.
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CpemHeRBapaTHIHOC OTKIOHEHUE CIHY/KAT MepOH LIMpUHEHL
KpUBOH paclipefiefienusi, T. e. pasfpoca pesayapTaToB H3Me-
peuuit. Ilpm ToYHEIX mBMEpeHMAX y KpHUBOi pacIpemeneHUs
Gyner yskmil Makcumym BONM3M 3HAYEHHS % — X W BRENH-
unna ¢ Oyziet Majia, a TpH TPyGHIX M3MepeRHAX y Hac Gymer
Gonpioit pasbpoc pesynnratoB orHoCHTeNBHO X W CpejHe-
KBAIPATHIHOE OTKAOHONKE O OygeT BeNHKO.

§ 3. Cpenncueagpathinan owwbKa cpejnero

a. Csa3v co cpednencudpamuyitott owubxoil om-
deavnozo usmeperHusn. Jlonycrum, 9o 7 MOCIEIOBATENb-
HHX W3MepeHni HeKOTOPOH BENWYMHEI 7aiH 3HAYCHUS

Tiy L2y « o« oy e (2.5)

ITpu aToM 4mEnO 1 He 06ABATENBIO JIOJLRIO OHTH GONBITAM —
B O0HYHLIX 3KCHepuMenTax ono pasuo 5—10. B kagectBe

HamJydinero 3Hademu:sa I’[IlTOpeCY}OHLGﬁ Hac BeJIWYHUIIH Jy9Ine
BCETO B3ATEH CpegHee

r=— . (2.6)

(Beane B pammoii rnase cummBen ¥ 03HAYACT CyMMEPOBAHUE
ori = 1 g0 i = n.) TpeGyercss onpeennTn, KAKOBA oMMUOKA
B BENTYHHE I.

OmmbGKy i-ro mamepenma MB HANMMCM B BHAO

e; =x; — X, (2.7)

rge X — HCTHHHO® 3nA4EHUe HIMCPSICMOil BCJNYMHEL, KOTO-
poe, RoHedno, memaseeTHo. Torna omnbra Cpenpnero maercs
Bupameﬁnezu

E—=z—X. (2.8)

Tenepr mpencranum ceGe, 970 manmnie mabUpaloTCA CePHAMH
10 # USMEPEHUIA B KayK/I0M, TPUIeM TUCIO0 TAKHX CePHil 0Y4eHp
BEIUKO. BeA COBOKYNHOCTH MBMEPEHHEIX 3MAYCHNI XapaKTe-
DPH3YETCsT KAKMM-TO DACIPEIeJIEHHCM CO CPCIHCKBAPATHY-
LM OTRIOREHMEM O. B Kammoit cepnyr umcerest ¢00 co6CTBEH-
Hoe cpejHee 3HAYelHe, W COBOKYDHOCTh RCCX TURNX CPEIHEX
X2PARTEPUIYETCST CBOMM PACIPCHAEICHUCM Co CPOTHeKBApa-
THYIRM OTKAOHEHHMEM O,. 13 peamuniom vrkcnepumenrte i,
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KOHCYHO, TIMeeM 00 AUIIb ¢ OfHON cepHeil 3 n W3MeDPEHMI
0 onumm cpefnmy snavendes. 1o ME XOTHM IOmIepKEYTH,
9TO BTA CePHA TPECTaBiser coGoii cnyuaiimyio BRIGOPRY
13 I0AIOH COBOKYIHOCTH OTAEIBHEX H3MEPeHHH, a cpeiiee
3HAYCHNE €CTh JMILh OJJHO 3HAYeHHE M3 I0JHO0H COBOKYIIHOCTH
cpeqiux. Benmuawny O,, Ha3HBAKT cpedtersadpemuiHol
owubkoli cpednezo, W MbL Oy/ieM pacCMATPHBATEL €€ KaK Mepy
ouMGRY CpegHero 3HaveHns.

Beluauns o ¥ 0, CBA3ads OPOCTLIM COOTHOMEHHEM.
JlcitcTBUTOABHO, ML OHOH CepUMH n M3MEPEHWIT HMeeM

- 1 i
E:x——X:;Z(xi——X):—n—Zei. (2-9)
C.ae1opaTellHO,
Ez_— e+ —- n2 Z Z ee;. (2-10)

‘l.#:]
Yepenuanu aTo BhipasKenue mo Beenm cepusiv, Cpepiee Benudn-
1 b Yy Yy
il 2, edects n (% ). Cpemuee Ka;Rmoro 94icHa ABOMHOM CYMMEL
paBHO HYyMIo, IOCKOIBKY OMHGKYU e; W e; HE3ABUCUMHL H

B cpemgneM papinl Hyilo. Wrag, MH lodydaeM cuegyloiiee
PABEHCTBO:

N 1
EY =1 (. (2.11)
Ho onpomesnenmo
o2, =(E? u o2=/{(e. (2.12)
Toraa papencrso (2.11) mosxHO mepenmcatTh B BHUIE
o
Um:'—_‘/_ﬁ', (2'13)

m. e. cpeOnexecdpamuuhed owubka cpediezo us n usmepe-

nuli ¢ V' n menvwe cpednexsadpamuuroli owubky omoesviozo
UBMEPEHUSL.

Benmumua © saBUCMT TOJNBKC OT TOYHOCTH OTHEIBHEX
u3MEpeHHI W HE 3aBHCHT OT HX 4mMcla, TOIJA KAK BeJIHTHHY
0,, MOMHO YMEHLIIUTH, yBeJHIME n. Ho TOCKOIBRY Oy,

YMEHBINAeTCsI BCEro Jumb Kak 1/ i n, noeTOpATH MHOTO pas
W3MEpeHns OMHOM ¥ TOH ;KC BEJHINHE OKa3hHBALTCHA HE 0Y€HD
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BBHITOJBLBIM, JIy‘IIiIG NONHTATECA YMEHLIMHUTH Oy, CNIW3WB O,
T. e. NOBLICMB TOYHOCTH HM3MEPEHMSI.

0. C653b € GULLOOPOUHBIM CPEOHE KEATPWIN U WIHLHIM
omuaorenuem. Xors cooreomenre (3.13) mveer ogens Bas-
Hoe 3HaYeHHne, OHO He MO3BOJIsieT HAM BBIYHMCIUTH O, TAK KaK
MM HE 3HaeM BeINYNHH 0. I[ns 5Toil BeNWUYMHLI Jydine BCEro
6uio Gu B3sTh spawenne {(1/n) D) €3}z, Ho ¢; — omuGKM
OTHOCHTEJILHO WCTHIIIOro 3nageHmss X W moaTOMYy HaM IIe’3-

BecTHEL. JlamHOe 3aTpyaAirolne Moo 000UTH, €CHH ONEePUPO-
BaTh C ocmamraml.

I[JIH {-r0 M3MEepeHusI OCTATOK JAeTCst paBelcTBOM
di:.Zi—.Z. (2.'14)

B omimgwe or ommORM OCTATOR — m3pecTHast BeamumHa. O00-
3HAUMM CPEIHeKBAPATHIHOE SHAUYEHWE 7 OCTATKOB 9YEpes s:

2= 13 a. (2.15)

BermuyHa $ HagBBaetcsl 6b00pounulM ¢ pedneread pamuinpm
OMEAOHEHUEM.
Ws pasencrs (2.7) u (2.8) caegyer, uto

r—zx=e;—E. (2.16)
Toaromy

1 -y 1
$=— I (m—aP=— D (s —Ep=
1 1 5 1
=— N Ad—2E— Do+ B2— S d—E%  (2.47)
Bee 310 oTHOCHTCS K ONHON cepum n usMepenuil. YcperHus,

KaR W paHbile, IOCHELHCO pPABEHCTBO 1o OOJLILOMY YHCIY
CepuH, TMOJYUInM

(%) = 02 — O3 (2.18)
B cuny pasescts (2.13) m (2.18) mmeem
o2 = ﬁ (s?) (2.19)
u
1
O =5 (s (2.20)
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Benyunna (s?) nam ne mamecTHa. B RadecTBe ee HamIydmien
omenku pmGepeM s2. Ilopctamisas Ty BEIWIHAY B (POopMYyAy
(2.20) u msBIerRas KBagpATHHIE KOPEHB, IOIy9aeM

S

Om~—7--
m (n__1)112

(2.21)
Tarum o6pasoM MH DpHOIMKEHHO BHPAa3UiN BeIWIVWHY O,
4Yepes W3BECTHHE HAM BeJUYHHH 1),

Ha mnpakTHrRe npEm BHYHCICHWH S YaCTO OKA3LIBAETICA
jJerde HailTH He OCTATKH, T. €, OTKIOHEHHS NOKA3aHUIl OT

CPeNHero 3HAYEHUA X, & OTKIOHEHUA OT APYToil BEANIMHH Z.
dry meamuupy, TaK HaswBaemoe pabouee cpednee, OOHYHO

nONy9aioT, ORpyruAg uwmeio z. Obosnaumv gepes S () —
CPeIHEKRAIPATHIHOS OTKIOHEHWE PesyJpTaTOB M3MEPEHHS OT

x, T, €.

[S (@) == 3 (a1 — )2 (2.22)
Torma
£= 3 (2, — 2P =
S @ =t 2E—D = Nt T 7,
T. €,

2 =[S (x)]2 — (x — x)2. (2.23)

Wrax, pogmenup S (r), MOKHO JeTrKo HalTH u.s.
ITeperrmuieM 1ocyiemHce PaBCHCTBO B BHJE

[S(@))2 =52+ (z —7)?, (2-24)

97065 BLIABUTE TEM CAMBIM OfHO BRIKHOE OGCTOSTENBCTBO.
CymMMa KBaj[paTOBR OTKIIONEHWIl B MAHHOI CepHMH H3MepenHii
AOCTUTaeT MUHHEMYMA, €CIW OTKIOHeHHA OepyTcss OTHOCH-
TeJBHO CPeJHEero AJis AaHHO# cepuu. Bor mogemy s He fB-
AseTcda mecMemeHHo# oneHKo# o2, KHak mokaspiBaeT paBeH-
crBo (2.19), 3T0 MeCKONBKO BallM:KEHIAs OIenKa.

1) Pasenctro (2.21) BHIONHAETCS JUIIb IPAGIHKEHHO, IOCKONBKY
S8HAYEHNE ero IIpaBoH YacTH 3aBUCAT OT BHOpPAHHOU cepMH n M3MepeHHi
4, BoOGINe TOBOpsI, HE MOKET OLITH TOYHO PABHHM O,.
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§ 4. Pacnpenenenne laycca

a. Beederwe. Mul DOKa Cme nnvero e roBopain oTHO-
CHTNEHO TOYHOr0 BW ILOTHoCTH  pacupepeacuus | (z).
[To3ToMy BCO TONYICHUBIC LMW PEUN ATV CILPa B MBEL
He3aBHCEMO OF Bt pacuperciacinn, Tho wofin jsuraThes
fanpme, IHeohxoanmo 3Th rounii pug oroii QynRUEH,
Mt Bubepem

1 1 670

— e—(x A)¥2e? .
Yok (2.25)
J1a QYHKIHS 337a6TCH TBYyMA nmapaMeTpamMu X n o m HOCHT
nassapme GYHEYUL I'eycca, a COOTBETCTBYIONEE pacIpene-

f(x)=

e

L ———

@ u r. 5. Tayccono pacupejeienne.
Tousu  pepernéa  Pacnomone-un Ipe x Xto,

neHme HA3HBAEGTCH 20YCCOGHLM MM HODMUAbHEM PACIPENeINC-
suen. OHO IpeICTaBIieHo ua gur. d.

[losske MH yKaseM, yodeMy BHOPaHO MMEHHO rayCcCoBoO
pacmpepesiennze, a ITOKA IIPOCTO OTMETHM, HIO MJIOTIIOCTH
TAKOr0 pacipeneilenys

1) cmyMerpEuna OTHOCHTEIDHIO X,

2) mocTHraeT MAKCHMAJNBHOro 3Hatuenns B Touke X,

3) 6pcTpo CTpeMmTCA K HyAlo, KOTI@ |z — X | cramo-
BETCH OOJIBIIEMIIO CPABHEHHIO C O.

OgeBmo, 9T0 TO CBOMM CBOiiCTBAM TAKASA O yHROHA
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BIIONTHE TOXOAMT, €CIU PEYh HIET O PACHPEIeNeHUT Pe3yiihb-
TATOB WM3MEPEBUH IpY HAJIWYUU TOJIBKO CAYYAMHHX OmuGoK.

B cmegyromem naparpade Gymer mokazamo, Y0 mapamerp
o B dopmyae (2.25) B meilCTBETENBHOCTH NPECTaBAAeT cO00l
CPEIHEKBAIPATHIHOE OTRIOHEHHE, YeM M OGBSICHSETCS BEHIGOD
ero o6osnauenus., Muomurens B3AT I TOro, YT06H QyHI-

1
Vam o
nus f (z) ynosaersopsina yciosumo (2.1). B Tom, 910 oHa emy

YIOBIETBOPAET, MOKHO yOemHTHCs, BIINAUYB Ha NepBLI
wnTerpay us Tabu. 2. (Popmyits, mpeaciaplieHnnie B TaGiuIe,

Tabauya 2
HCKOTODHC VHTCTPAJHI, HeKoTopHEe UHTErpaisl,
CBA3AHHLIE C rayCCOBHM CBi33HHBIE C IrayCCOBHM
pacupeygeleHueM pacmopeycieHueM
o0 [0}
S e~ ** 2% ;= /30 { 22 2% — /08
—oo —0
[ee) [ee)
S ze— 202, — 52 S zte—*M20%qy — 3/ 305
—c0 —co

BLBOAATeA B npmiosxennu 2.) [Tonoum X = 0, 910 1e Bamser
na obmuocTh BHBOma. Torma

o

S f(z)dz= ]/12_ = S =20t dr—1.  (2.26)
It

d. Cpednensadpamu1ioe u cpeditee OMEAOHENUS.
CpennexBajipaTHiHOe OTKIOHEHHU® jasl pacupegernenus (2.25)
MO}RHO HaMTH, NONB3YACH TpeThedl Qopmyrnoi Tabx. 2. IMo-
npeskaemy Gypem nonarars, 4ro X = (. Ilo ompepenennmio,

0

(cpepEeK Ba[paTHIROE OTKIOHEHHE)? = S 2?f(x)dx=

—00
oo

= ——]/127% 726208 g — g2, (2.27)
3T

—00
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Herpynuo y0enmThes, 9TO B TOUKAX X |- G M1l UMCCM TOY-
KU meperuba (QyHRIUE e—*%26% W oTo NOBBONACT HATIATHO
IIPeJICTABATH Ce0e CBA3D CPEIICKRBAIPATHIIOIO (TIIGICTIH
¢} popmoit rayccoBa pacmpejiencinl. [a pur. 6 upnseneno
HECKOJNGKO TAYCCOBHIX PACHPCACHACHNIT € pilslilkismg 0.

® ur. 6. TayccoBo pacipefieneHne Ipu ¢ = 1, Y5, Ya

BeJMYMEH ‘G ¥ X B3ATH B OIMHAKOBEIX CIUHAIAX. TInomagsk BCEX
KPUBHX OIUHAKOBA.

HOMI/IMO cpe;cme}cBa;c[paanmoro orkJaonenunsa, B Kadecrne
xapamepnc'rmm [III/IpHIl})I ])HCH|)(‘IlCJIC]H/lH MO;KII0 IIOJAR30-
BATBCA W APYroll BeAMUMNOH, KOTOpas OMpenelstercs Rak

(oo}
o=(|e])= S lz—X|f(2)dx (2.28)

—o0

I HABHBAETCS CPeOHUM OTRIOHEHMEM WMIH CpemHei oImunoroit.
Tonomxutenpape 3Hagenms £ — X B3ATH I0TOMYy, 9YTO TIpH
HanwamE y oToif pasHocTH O0OMX SHAKOB HHTErpai Oymer
pasen Hyio. Jlyus rayccosa pacipesiCleHus
oo ——
p-———grl S %202 dx:‘l/—z— o, (2.29)
21-[ [ ° n
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win
S __ E_ Ko

= ]/?_ 1,253. (2-30).

6. Popmyaa Humepca. Ecnu npeanmono;kuTh, 910

CepUst PE3YIBTATOB Iy, . . ., &, UpeACTaBIsIeT coGoil ciydaii-

HyI0 BHIOOPKY M3 COBOKYNHOCTH 3HAYEHMH, MOIIMHAMMIXCS
TayCcCOBY paCHpefelieHui0, TO MOKHO BHBECTH €IIe OXHY
gopmyny [Ns BHYMCHEHHSI O, Ooyee ynoOHYW0, HeenHd
dopmyna (2.21).

Cpennee spadvelnime CyMMH 72 OCTATKOB, B3SITHIX 6e3 yuera
WX 30aKa, PABHO

r=_3d|. (2.31)

PacemoTpum pacipesesienne oCTATKOB st GONBIIOTO UHCHA
cepmii u3 n usMepenmit. Kaskmas cepus 1aeT n OCTATKOB
OTHOCHTeJIbHO CPEeJHero nys JaHuoil cepmm. Cpemmexsampa-
THYHOE OTKJOHEHM® [IJi1 TAKOr0 paclmpejielieluss PABHO
(sH'2, a cpepuee oTRAOHMenme paBHO (7). MokHO TTOKa3aTh,
9TO €CNH Pe3yIbTAThl U3MEPEHH# HMeIT TaycCoBO PpACHpPe-
neneHwe, TO OTKIOHEHHS OT CPEIHEr0 TOK€ TOMUHMHAIOTCS
rayccory pacnpenenenuro. CiegoBaTensHo,

(32)1/2 B E
= ]/?. (2.32)
U3 coormomennit (2.20) u (2.32) cuemyer, uro
‘m__n
Om:]/ *2—'m . (2.33)

B kauectne mamiywnedl onenkm (r) MO;kHO B3ATH 1, a J /2
€ XOpomeil CTeneHBIO TOYHOCTH 3aMeHHTH Ha 5/,. Torma
dopmyna (2.33) mpumer Buy .

r
Om =~ —

T .

ITO BEIPA/KEHUe [iA Oy, HOCHT HasBamme gopmyan Humepca.
Omo cBsA3EBaET CpejHEKBAPATHUNYIO OMIGKY CPEHETO C Be-
JMYVHAMY, M3BECTHHIMH F3 M3MEpEeHHUi, U TeM CaMBIM II03BO-
JiseT jerxko poqumcnaThs ee. Horpma mam morpebyerca mopxo-
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aamast CTaTHCTHYeCKas OMEHKAa Op, M Gynes HOABLIOBATHCH
nvenno atol Qopmyzioi. Ilpmmep oe npumenvius MOKHO
paiitm Ha crp. 189.

VBorga HeoGXOMMMO 311aTh CPCHCKBI|RITHYIYIO OImuoORYy
omenpHoro mamMepenms ©. llockoanky o | n0y, Mb
HMeeM

) n e
o~y (.5 ) (2.35)
Hoxaras [n(n—'l)]"'zzn 1/, MOFCHO BANCATL  HOCJIETHIO
dopMyay B BEAE, YAOOHOM JUIn YHCHOBMA PACICTOR:
5 Nldil (9 26
O'Nz-n—-_-——llz- . \2.3())

§ 5. OYHKUKA PacnpefiencHka

Ilomycrum, 970 y IAC HMCCTC3 CUMMCTpUYIOE pacIpesese-
mre ¢ miroTHoCThIo f (x), uiA Kortoporo X = 0. Mu mosxem
sagaTh cebe BOmpoc, Kakas jioist F (r) mumepenHmx sHade-
HEH MPHXOJUTCH Ha MIITepBal OT —I {0 X. Ilo ompepenenuo,
pemamEA f () — 970 0NA HOKABAHMM, NPHXONAMAsICH
HA HHTEpBAn 0T % a0 T -+ dr, U, CICOBATENBHO,

F@) = {1 a. (2.37)

Oyexknusa F (z) masuBaercs ghyltkyiicil pacnpedeserus. Ona
GACIEHHO pAaBHA TNOMAAM YUACTRA, 3AITPHXOBAHHOTO HA
dur. 7, meNeHHONi HA NJOUAJL BCCW KpHUROI.

B chyvae rayccora pacnpemelnenvsi Co cpe/iHeRBajpaTm-
HEM OTKNOHEHUEM ©

Van

Oyarnua F (z) sasucur ot 0. Ypobuno mmerh TabNuny BsHa-
yeHmil, KOTOPOH MOKHO GHJIO OBl MOML30BATHCHA NPH Jo0BI X
spaueHNAX ©. J{JIA 3TOr0 BBOAAT HOBYIO HEDPEMEHHYIO I =
= ylo. Torna, monoxue z = /0, DOIYINM

F@) =g | ey (2:38)
—
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F)=) %S 1972 gy (2.39)
K0

QOynknuio F (z) MO3HO paccumTaTh YWcienHo. B IPHIOIKe-
Huu 1 mpuBenesa TaGiuWua ee 3HAYEHWI, a Ha ¢ur. 8 oma
mpejicTaBiena rpagudecKn.

-Z X=0 X y—

@®ur. 7. Jlons F () nsMepeHHHX 3Ha-
YeHMil, Jiekamux B Ipegenax -z, pappa
OTHOIIEHIIO IJIOMAAN 3AWTPAXOBAHHOIO
ViacTHa K IIOmagu peell Kpueoit f (y).

Tabauya 3
3HAYEHHA DYHKUHH F () B CNYYAE FAYCCOBA
PACTIPEQENEHNA
IlpemepHas mons
z =xfc F (2) PE3VILTATUB 88 mpepe-
aaMiu z
0 0 1
1 0,683 1/3
2 0,954 1/20
3 0,9973 1/400
4 0,99994 1/16000

B rtabn. 3 npusemens meroTopHe cmenmamsHo BHOpan-~
Hple snatenust F (z). Cromr samommmts nudps TpeThero
cronbna. Mel Bupamm, 9ro B mpemesnax -0 BaKIIOUEHO npu-
MEpHO ABE TPETH pPesysTaToB. JTO mO3BOXAAET TPyGO mpo-
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BEpATH NPABMIBHOCTE BEMUCICHUS BOJNTHHE . Bue mnTep-
paa —=20 ocTaeTcsA OfHA [BAaJaTas JacTh pe3yupTaTOoB,
a pHe WHTepBaia —-30 — JIAMIb OffHA YEeTHIPeXcoTas HacThb.

Unorga, Kpome O, B KAYeCTBE XAPaKTOPUCTURU omuboK
gaMepenmii yKasHBAKT M Jpyryio BeJIMINHYy, a HUMEHHO
6epOAMHYI0 OULUOKY. 970 Takoe 3HAYEHHME z, 9TO NOJIOBHHA

10 m—

o5

F(z)

| | |
[ 1 2 3
=T/

® ur. 8 Oypennsa pacupenenemns F (z) B
cIyyae TAYCCOBA pPAaCUpPC/eIICHNsT.

BCEX pesyIHTATOB JCiKUT B 11PEeNaX =z 0T UCTHAHOTO 3HA-
genms. B ciydae rayccoBa pacuHpefiedciis BepoaTIas omu6-
ra pasna 0,670. .

Ho xorna yKasHBalT jiBe OMMOREM CXOfHOTO THIA, 3TO
MAJIO UTO JiaeT U yro0nee, 0YEBHJIHO, OCTAHOBATHCS HA o Hoit
u3 nmEx. XOTs CMHICH BEPOATHOH OmmOKM [OBOJBHO NMPO3pa-
9en, OHA BCE JKe HE ABIAETCS NOCTATOTHO yno0noit xapakTe-
pHCTHKOII pacmpeyielienusi, I B HaIe BPeMs 0o6LIIHO0 TPHBO-~
AAT TOAHKO CPEIHEKBAIPATHIHYIO ommbry. B mammoil kHHTE
Gymer (uUrypmpoBaTh HUMEHHO OHA, a © BepoATHOR ommbke
ME YIOMAWYJM JHIb OOTOMY, YTO OIa MOIKET BCTPETHTHCSH
B CTAPHX KHHUrax M CTaThAX.



Ta. 2. Cayuail odnoll nepemernoil 33

§ 6. OwnOKa B8 BenWynxe OWHOKK

B § 3 6mno ycTamoBieno, 9TO HAWNYYmel ONEHKON BeIH-
gqunn (s2) simastercs s?. Ho sesrmgmna s momyuema B cepum
u3 n usmepenuii. inTepecuo BHSICHUTH, Kak OyneT MeHATHCHA
s? OT cepuU K CEpHUI.

Omubka » penmimie s pabma

u=s— (s?). (2.40)

B npunokenmu 3 mokasano, 9TO B CIAydae rayccoBa pacmpe-
fedennsT CPeJTHEKBAfIPATHIHOE 3HAUEHHE 9TOH OmMOKH ecTh

06 |-
[\
\
a4 |\
Sk
@ 2
4
(]
=
02 -
! | ] ] i ]
0 10 20 30

n

®nr. 9. Hpusag 33aBACHMOCTH  BeJUYHMHH

1/(2n—2)'72, papHOil OTHOCUTEIFHOMY CpeHEKBALPA-

TUYHOMY OTKIORERMI0O BeJNMIMHE S, OT n (4ACIa
pesyJsTaTOB H3MepeHHil).

[2/(n — 1)] (s*)%. CuepopaTensuo, oTHOCHTEeNBHOE CpeMie-
KBafpaTudnoe oTrionenue s pamsmo [2/(n — 1)]V2, a mpm
MOCTATOYHO GOJNBIIOM 7 OTHOCHTEIBHOE CPEJHEKBAPATIIHOE
OTKJIOHEHNE S OKABHIBAETCs! MPUMEPHO BJIBOE MEHBNIMIM, T. €.
[1/(2n — 1)]Y2. [B cayuae rayccoa pacmpenenenust OHO
Ha 7% MenbIne OTHOCUTEIBHOTO CPEHEKBAPATHIHOIO OTKIIO-
nenyst senwames r [17]. Takum o6pasom, dopmyna ITutepca
naA O, IuNm. HemMHOTO Xxyie dopmynn (2.21).]

Ha ¢ur. 9 npencramsen rpaguk sasucumoctn 1/(2n — 2)V2
or n. I'paduk npemocTeperaer npoTus mWanmIIHEl TOYHOCTH
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IpH BHYUCICHUE OMHGOK. Mpbl BUIHM, HampmMmep, 9T0 OpH
n—=9 (. e. IPH JOBONEHO BHATUTENHHOM UHCJE W3MEpe-
HNiT) BRYHCIGHHAA ommbra GyneT BepHa JHMmb ¢ TOTHOCTHIO
mo 25%.

§ 7. 0 rayccoeom pacnpejeneiiy

[lo mopojy UPHEMEHEMOCTH TIayCCOBa PpACHPONCICHUI
B TEOPWH OMHUOOK HANHUCAHO OYeHH MHOTO. Ho nyume Bcero
ckasaj, TOsKANYit, TOT, KTO CKA3aJ, IO SRCIEPUMEHTATOPH
BEPAT B HETOo, nmoJjlarassck Ha noxa3a're.ubcma MATEMATHUKOR,
a MATEeMaTHUKH — noJarasicy Ha BKCHepI/IMeHTaJIBHOG OGOCHO—
papme. VI TeM He MeHee IayccoBo pacmpepieienue MOJKHO
B KaKof-To Mepe TeopeTHieckn 060CHOBATE. Ero, manpumep,
MOYKHO BHIBECTH, HCXOJfl M3 MPEJIONO0/KeH)s, TO B RaKJIOM
pesyJipTaTe M3MEPEHUSA NPOABIACTCH GoxpIioe 9MCIO Hesa-
BHCHMBIX OIMHUGOK, MalkiX, HO KOHCIHHX, OpHMEPHO PABHBIX
10 peJnYnHe U C paBHOﬁ BepOHTHOCTBIO HpI/IH]/IMaIO]IlI/IX KaK
NoNOKUTEIbHEIE, TAK u OTpI/IIlaTeJIBHLIe 3HAYEHNA.

TIpeamoosKenue 0 COpaBe/IINBOCTH IayCccona pacmpefnene-
HUS 03HAYAET, YTO B KAUECTBE HAMIYTINEro SHATEHUS HIME-
pAeMOi BONUIMHEL MBI BHOMpaeM cpejnee W3 Cepmu H3Mepe-
pmi. Bopakenue «mamnydmee» B/1ech mMeeT CuemyIommit
empesi. IlycTs IIIOTHOCTH  PACIPEJCJIETHA MMeeT  BHJL
f{x — X), roe, KakK o6sano, X — HWCTUHHOE 3HAYeHME JIaH-
Hofi pemmumHE. IlycTh & — HAUMEHBMAs BEJMINHA, ROTO-
py®© cnocoben NOTYyBCTBOBATDH uamepuTenbnbi upuGop. (Mut
HOJAraeM BEJMHUHY € MaJoii, HO 3TO HE MEHSET XOjia pac-
cyspennii.) BeposaTrOCTH TOTO, UTO B pesyiwTaTe n H3Mepe-
MU MBI OONYYHMM BHAUEHHA Zi, Ty « - <1 Tns paBHa

fleg—X)fl@e—X) .- f (xz, — X) &". (2.41)

Hamnyummm GypeM HasHBaThH TaKOE aHauenme X, KOTOpOe,
fyaydsm MOJCTABIEHO B BHPaKCHHE (2.41), mact MarcEMYM,
T. 6. MAKCHMAZHPYET BEPOSTHOCTH HOAYIHTH JAHHYIO cepuIo
H3MEPEeHNI.

Herpy/Ho Ji0Ka3aTh, 9T0 €CIN y HAC rayccopo pacmpejie-
JeHme, TO HAMTYWINEM 3HATEHHEM BEJIIIMHEL X sapusercd
cpefinee SHAUEHUe BEJWTIMH Ty, - - -3 z, 4, naobopor, eciu
HAMIYUmUM 3HadeHmeM X ABJETCH cpemnee, TO pacmpefe-
nerme — rayccoso [44].
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Mu GymeM TOIH30BATHCA TOJNBKO rayCCOBLIM pacmpepene-
HEEM, XOTS 9TO OTHIONH HE 03HAYAET, YTO BCE PACTPENEJICHIIA
B OKCIEPUMEHTANBHOH (UBUKe raycCOBLL flsnenme, B KOTO-
poM B CHIy CIydaifnoro mpouecca naMepsieMble BeITHIVHbE
HEMEHSIOTCS JHCKPETHO — Kak NPH PerucTpanum  HCIa
qacTHI B AAEPHOI WiIK aTOMHOl (U3NKE,— OMUCLIBACTCH pac-
npenenennem Ilyaccona. O mém roBopuTCs B IPHUIOKEHUT 4.

PesyapraThl, IIOJYIEHHbIe HAMA HA OCHOBE IPEATIONO0Ke-
pES O TAYCCOBOM DACIPEJIENeHMM, Ha CaMOM [eie cnaGo
saBUCAT OT TOUYHOTO BHJia pacipeperenusd. B § 6 M Bupe-
J¥, 9TO HE3ABUCUMO OT BH2 PACIpEIeenusl OICHKE omuboK
B GONBHIIMHCTBE CIYYaeB OKABEIBAIOTCA JOBOJILHO rpy0OBIMH.
X HEONPEJeTEHHOCTHI0 TOIHOCTHIO MaCKMpYIOTCH adhder-
TH, 06yCIOBIEHHEE HeCOIBIMIME OTINTUAME pacupeeenuil
0T rayccona.

[naBnoe, uroGH pacmpepenenme a) OBUTO npuemaeMoi
¢opmst m ) TOSBOIANO JIETKO NPOBOLUTE BLITUCIEHHUSA.
B GoNBMUHCTRE CIy4AeB BTOMY TMOIHOCTHIO Y/OBIETBOPACT
rayCcoBO pacmpejiesieHue. IosTOMYy, ROIH CKOPO HM3MEDOHU
ne GyAyT C OUEBHIHOCTHIO €My NMPOTHBOPEHHTD, MEL OyneM
OMB30BATHECS FAYCCOBHIM pacCIPe/eHeHueM. Cammlii oGBIYHEIT
IpAMEp OTKJIOHEHHs OT rayccona pacrpeyieienns — CIydait,
KOCJIA Pe3YIETATH M3MEPEHHA MUCKPETHLI M COOTBETCTBYIOT
GumxaBIM IeJeHHSM IIKaJH mpubopa. droT ciydair pac-
cMOTpeH B Ii. 4.

Ceodnu oboanauenutt w eadcnetuux fopnya

A. Cepust us n usmepenutl
VzpecTHEIe BEJIHIUHEL

H3MEPeNHbEe 3HATCHUS Zi, Tay » s Tno
cpennee z = (1/n) Zay,
OCTATOR i-T0 M3MEPEeHU: d; =z; — z,
BHIGOPOUHOE CPEMHEKBA/[PATUIHOE & = [(1/n) 2diz,
OTKJIOHEHHE

BLIGOPOUHOE CpepHee OTKIOHeHHe T = (1/n) 2| dy .
HeuzpecTnne BEIUIMHBL

HCTHHHOe 3HAYEHHE X
ommGra i-r0 M3MEPeHus eg =a; — X,
pmEGKA CpeRHero E=z—X,
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B. OQuubru

Orpenpnoe W3MEPEHUE:
CPETHEKBANIPATHYIHAS OIMHEOKA o = (e? )2
cpenusist ommbEa o= {e.

Cpemmee pjisi CepuM W3 1 M3MEpEHUIL:
CPeHeKBAJIpATUYHAST OmmMOKa o, = (E2)/2,

Vriopsie CKOOKE 03HAYAIOT YCPEHEHHE MO pacmpejiene-

HHIO.

B. Basxcuvie coomnouieHus:

6. — G
m —‘/;1 y
9___ 1 2
0% = n—1 (S )1
1
2 __
R | {s%.

I'. Qopmyavi 0as euimucacHuf 0 u Oy

o s

N[ Zd% /2

Om =~ n(n—i)] ?
N[Zd% s

o~ n—1 M

nmor

o D Dlds] 1
m~4 n (n—i)llz’
ol MNldil
ol eyl

I I'ayccoso pacrpedesenivie:
1 1 (x—X)2/202

f(:c): -VE o ¢

o_l/__:l—
o ¥V 2
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Honosxum X =0. Jlonss pesynrTaToB H3MEPEHNs, JeKa-
mas B openienax ot x mo x-+dx, paena f(z)dz, rme
1 2 z
Z)=—=e2 z=—.
f(e)=—pm e, 2=

Jlonst pesynbTaTOB B MHTEpBaZe OT —Z [0 It

F(z)= ]/ % i e—12/2 .
0

Tabnumya snagenwit ¢ysrmuit f(z) u F(z) npupeneHa B mpu-
moxkeHun 1.

Fupasieiru s

2.1. OnEIT €o erpenamu W Mumnesblo. IIpepyraraemunii nanm
OIIHT MOMOKET JIyYIne YSICHUTEL cefe OCHOBHLIC DPE3yJBTATHL
Teopul caydailmeix ommGor. Korma mopcrasisems B Pop-
MyJH KOHKPETHHE 9YHCIA ¥ BHAHO, K Y€MYy 3TO NMPAKTHYIE-
CKHU OPUBOJET, GOPMYJIE CTAHOBATCA KAK-TO TOHSITHEE.

HaMepenuss HEKOTOPOH THNOTETHYECKON BEIMIMHBI MOYKHO
HMHTHEpPOBATH, Opocas CTPENH B IEHTPANRHY BEPTUKAIL-
HYI0 Tolocky mumenm, msobpaxkennoir ma ¢ur. 10. Pexo-
MeHJyeMEIe PasMephHl MUINGHN: NIMPHHA KajKAOH MONOCKH
15 wmmM, mmma — 0,5 M. Muniens poiMKHA CTOATH BEPTH-
Ranpno (1m60 ¢ HAKIOHOM B HECKOJBKO TI'PAJyCOB HA3aJ)
Ha MATROE mopcraBsre mmpumeoi m pnmmoil 0,5 M. Bpocats
CTPeNH HYKHO C PACCTOSHUsT 2 M OT MUINCHH.

Jlas1 mannoro ympaskHeHHs HYKHO B3ATH O cTped u Gpo-
caTh UX OJHY Ba JPYroil B MUMEHbH, YTOOH HOAYYHTH CEPHIO
us 5 orcueron. Hesarmcumo 0T pesyAbTATOB MPEHLITYIUX
GpocKoB Kaykabli pas MeasTech B CpPeHION momocky. Ilpo-
ussepure 30 cepmil mo 5 GpOCKOB, 3aMUCHBAA KaK Pe3yisTaT
HOMEp IIOJIOCKH, B KOTOpYH momaia cTpera. Ecnm crpena
He momaja B JIOCKY, ee ciejyerT Opocurs eme pas. Ecam sxe
cTpela HOmajia BHE IOJNOCOK ¢ momepamm =10, mHamo mame-
PUTH €e MEeCTO NONAaJaHUs W BEUMCINTSH COOTBETCTBYIOMMM
aomep (HecymecTeyiomeil) morocku. Ilochemymommwe BhHIHC-
nennsi Bam OyHeT Jerie OpOBOJIMTH, ecin BH Oynere ¢urcu-
poBaThH PEBYJNRTATH, CTaBsl KPECTHKE HA JHWHHAX rpaduka,
cooTBeTcTRyIomero mumenu. Hamyio cepmo m3 S5 GpOCKOB,
oTmenAlTe Ha rpaduKe IOpPW3OHTANBHHOH EPTON.
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B umrore y Bac Gymer 150 pesynsTaToOB MsMepeHHs OJHOM
n Toii sxe meawmdyumHb. O008HAYRTE HOMEP KayKIOH IOJIOCKH
gepes z. [l ympouienus apu@MeTHYECKHX PacieTOB MOMKHO
IPHUSITH, Y70 UCTHHHOE 3HAUYCHNE T'MIIOTeTHYeCKOH BeNWINII
pasno mynio. Torpa ommORa Kaskmoro oTcdeTa GyjleT paBHA &

T

@ ur. 10. Mumens 1 OLULITA €O CTPEIAMH.

u OymeT HpuHUMATH IeJoumciennsle smauenus. (B arToM
VIpasKHEeHHH MH HMEeM JIeN0 TOJHKO C owubkemu, a He
€ OCTaTKaMH.) ;

Ilpenmonoene 0 HyJNeBOM HCTHHHOM 3HAYEHHE JOIY-
CTMMO JHITH TP YCAOBUH, YTO NPH GPOCAHMHU CTPENL HE BHO-
cHTCsl CHCTEMATHIECKOro cmemenus. Yrobnr 570 mpoBepuTs,
pHYHCIATe BenmIuny {x) — cpejnee snatenme x mo 150 6po-
ckam (cM. mpumedanust a m 6). Ecim (z) seixonmT 3a mpe-
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penn or —0,5 go 0,5, mepemymepyiiTe nojsocku Tak, YTOGLI
Hynepass u3 Hux Onuta Ommwxe mcero K (x). Ilocuenywomue
BLIYMCJICHHST HAJ0 MPOBOJUTE HA OCHOBE HOBON HyMeparuH.
Taroit cnocoG yCcTpamenusi CHCTEMATHISCKOTO C/IBHTA MO3BO-
NI4T YOPOCTHTE APHOMETHUYCCREE PACYETH H OOLITHO COOT-
BETCTBYET IENH YHOPa)KHEHHs. 3aTeM MPOBEIUTC CIemyIonmue
BLIYHMCIICHUST:

1. Hafinure cpemHioOm OMmMOKY O, T. €. BRUHCIUTE CPEIHEC
Beex 150 pemmump z Oes ydeTa WX 3HAKA. 3areM maiinure

cpennee x aasi Kaygodl cepum mz 9 orcgetos. (Ilpm vrom,
ROHEYHO, HY;RHO YIHTHBATH 3HAK Raykmoro z.) llak m B cny-
gae OTHENHHHX OTCYETOB, BEAMIMHA KAJKIOTO CPEIHETO COB-
majiaer B TO ke Bpems ¢ ero ommOkoil. Tpumauare cpemumx
3HAYEHUI 110 CEPUAM COCTABAT COBOKYINOCTE Cpefunx. Brrame-
JUTE CPEHIOI OIMUOKY P, MJIA DTOH COBOKYHHOCTH, T. €.
cpennee w3 30 penmumn z Ges ydgeTa 3maka, U CPABHUTE OTHO-
menne p/p,, ¢ ero TeopermieckuM amawenmeM }' 5 (oM. mpu-
MEYaHUA B H T).

2. Bouucnmte cpegmexBajpatudnyio owubrRy o mo 150
oTCHeTaM W CpaBmETe OTHOmenEe o/p ¢ Beymummon | w/2 —
TEOPETUYECKUM 3HAYCHHEM [JIsT IayccoBa pPaCHpeJ(elenusl.

3. Hocrpoiite rucrorpamMmy ncex 150 pesyapraTon, moka-
SHIBAIOILYTO YACTOTY MOMBJICGHUS RasKmoro us wux. Mcmoapsys
MOJIy9eHHOEe 3HaYenwe O ¥ 3HadYenus f (2), mpUBEJEHHEE
B npwroxkenmu 1, mocTpoiite rayccoBo pacipejelexue
U HANOKHUTE €r0 Ha IHCTOTPAMMY.

4. Tlo smavenmsiMm ¢yurmum F (z) ms npunossemus 1
NoCTpoiiTe rpaduK TEOPETHYECKOM JIOIH MOIHOTO YUCAA OTCHe-
708, JeKAIEl B npemerax —-x, W HAHECHTE HA HETO HOIy-

gennEle dKCHepuMenTarbnie penrnauni. (Bympre ankyparHLl
¢ HX KOOpJWHATaAMH I.)

ITpumeaanns

a. B ra. 2 mn nmonpsopanmck oGosmagenusamMm (), ©
I 0 s BEIWYVH, OTHOCSAMUXCS K maGopy oYenp GONBIIOro
guCIA OTCYETOB. 3JieCh MEI NOJMHL3YEMCA TEMH Ke CAMBIMI
ofosnauenuamMu, X0Ts1 y Hac Bcero Jmmb 150 orcueros.

Ho nusa menefl ympasKHeHHA TaKoe 4HCIO OTCYETOB MOKHO
CUIATATH JOCTATOIHO OONBIITIM.
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6. Bexmuunb () M p MOKHO BHYMCIUTH OJ{HOBPEMEHHO.
[ojicanTaem, CKOIBKO Pa3 BCTPEUANOCH KAJKIL0€ BHAUCHHE ;.
Braucanm

A= Zn,-:c,- [JISL BCEX TOJIOYKMTENBHEBIX BHaUeHHd i,
B= Znix,- JUIA BCCX OTPUIATENBHBIX 3HAYCHMEA ;.
Torma

A—B ALB
@=—pF— 1 pz_jv_—'

e
N = n;=150.

B. CTporo roBops, ciefosajio OB BEYHCINTH O — CpeJl-
mekpaypatuinyo ommbry 450 orcaeros, m O, — Cpen-
nexpajipatmunyo ommbry 30 cpejHEX 3HAYeHHN, CPaBHUB

sarem 0/0,, ¢ Bexmamnoit ) 5 [em. gopuyay (2.13)]. Ho ecunm
1 OTAeJdbHLIE OTCUETHI U CpeIIHI/Ie 3HaYCHUsT NOMUYMHSIIOTCA
pacnpeyieenuio OHOTO M TOrO iKe BHpa, TO

¢  Op

Y Pm
Taxum 06pasoM, XoponmEM npubiamKennem jJist 6/, [0IKHA
6oiTh BenmuuHA P/Pr, KOTOPYIO BEIYMCINTE Jerde.

r. Kajioe cpepmee smaueHme umeeT BHA Jpobum m/S,
e m — 1meixoe umeno. Jlus ynpomeHus BHYNCICHUH Qp,
MOKHO BMECTO m/D B3ATH TPOCTO M W JHUO KOHEYHEHIH
pe3yibTaT HOJeAMTh Ha O.

2.2. Tlpu wmaMepenuy CONPOTHBIEHMs KATYIKE IONyYe-
HHL CJAEyIIe 3HAYCHHA:

Conporusienne, Om

5,615
5,622
5,624
5,618
5,620
5,633
5,628
5,624
5,613
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Ilopcuuraiite mamIydmee 3HAYEHUE COMPOTHBJIEHUA,
BEITACIKTE r0 CPEJHEeKBAPATUIAYI OMMOKY @ CpelHeKBaj-
paTeunEyio OmuUOKYy OTHeJNBHOTC ¥BMEepeHus.

2.3. Hospdunmenr temnomposomuocty memu mpm 0° G
paBeH

k = 385,0 Br-m™1.(°C)L

B pesynsrate Goapmoro uueaa U3MEpeHWi BeIUYUHEL &
(Oe3 cucremaTuyeckux omuOOK) HOJYIEHO raycCcoBO pacmpe-
JleJIeHAe CO CpeJHEKBAIPATAIHON OmMOKOM

o = 15,0 Br-m~1.(°C)L.
Karosa BepoaTHOCTB, 9TO B OTHEIBHOM W3MepeHMH OyeT
[OJy9eHO BHAYEHWe, Jeykamee B mpejeiax
a) ot 385,0 mo 385,14, 1) or 370,0 mo 400,0,

6) ot 400,0 mo 400,14, p) or 355,0 mo 415,0
B) or 415,0 mo 415,4, e) or 340,0 mo 430,0

(e eqmuaunax Br-m~1.(°C)-1)?

——— - ———e
2a 2a

O ur. 11. HpaMoyroasHOe I TPEYTONHHOE
pacupenenienus.

2.4. Hajigmre BeswdWeH O, P, O/p AAA OPAMOYTOJILHOLO
H TPEeyroJAbHOro pacupeeieHuil, mpefcTaBieHHrx Ha ¢ur. 14,



[MABA 3
NORONHHTENLHLIE CBEREHHA U3 CTATHCTHHH

§ 1. OYHHLHA CRYYaHHLIX BENHYKH

B 6oXnimuIucTBC 3KGUCPUMCIITOB HIFICPECYIOMAA HAC BEIH-~
9iHA HEeNOCpeACTBeHHo uC usmepsieresi. 1Imecro 9Toro Mul
mMepsseM HeRoTopoie Apyrue nenwiunm A, B, C u 1. f.,
a 3aTeM BHYUCIAEM BEIWIMHY Z, KOTOpad ABIAETCA M3BECT-
Hoft ¢yuxnueil yrazaHnslx nepBuuHblX BexmumH. Hanpmmep,
W3MEPHUTH NIOTHOCTH d HEKOTOPOTO MATEPHATa MOKHO, HM3Me-
pEB MacCy IpsaMoyroaenoro Gpycka M u ero pasmepwl Iy, I,
ul,. DyHKNUOHATBHAS CBA3h MMy HCKOMOil Beamumuoil d
7 nepBuunLiMu Beawaunavm M, I, [, I, nmeer pupg

W
= . 3.1
Tl I (3.1)
HonyeruM, gro Kaskgas mepBRUHAs BCJIMUYHHA H3MEpeHa

HeCKOJIBKO pa3. B Taxom cirydae, ckaxeMm, Aad A MBI HafieM
HAWTyumee 3Havenwme A, 1. e. cpefHee M3 M3MEPEHHHX 3HA-
YHUH, M ONEHKY ero cpegHeKBafipaThIHod ommbrm AA
(nocmegusin oGo3HAYalach B HpefbAyIedl Iiase depe3 O,).
Ananormgmen oGpasom madimev B m AB. Ilpegmomosxum,
0 A3MEPEHHS NEePBHIUHIX BCIHIHH HC3ABUCHMHL X TIODTOMY
X ONMOKM TAaK:Ke NE3aBMCIMLI. JTo 3HAUMT, HATpEMep,
90 B TOM cIydae, Korja A peawnro, seauauna B ¢ paBHOHR
BEPOSITHOCTBIO MO;ker Ourh U Ooibinoii, m mamoit. 3mas
pemauasl A = A, B B u t. ., MOJKIIO BLITUCINTHL HaH-
ayuiree 3HaveHWe Bedwuunnt Z, 3aada 3AKII09aeTCs B TOM,
110081, 3Han cpepmekpagparnunsie onmbru AA, AB u . n.,
BHIMCIAMTE CpepHeKBagparuinyio onmbry AZ penmuunn Z.
XoTs MBI pacecMaTpPUBAEM TOJBKO CIydail He3aBUCUMEIX H3Me-
permii, BoBCe Iie HMCKIOUYEHH U TAKMe CIy9aH, KOTAAa yKa-
saEHOe pgonmymeHue me wmaeer Mecta. Cmocol mnaxoskpenus
penmaMEE AZ B mogolGHEIX CIYIafX 3aBICMT OT XapaKrepa
CBA3H ME/RIy OMHUOKaMy mepBHINLIX Besiwyrl. O6mero mpa-
BWIa yKazaTh meso3moaino. C mpHUrepoM CusI3anHHEX OMMEOOK
MH BCTPETUMCS B ylipaskueHum 3.2.
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a. DYNKYUS 00NOT nepemennoii. Pacemotpum cra-
Jajna ciaydait, xorga Z — QyHKOEA TOJBKO OJHOH BeIMIH-
nsl A, naupumep Z=A?nmu Z=1In A. B o6mem Bume 3anu-

meM 9T0 TaK:

‘ Z=17(4). (3.2)
(3gece 4 —wu HauMeHOBamme nepsnuHCH BEIHYMHLI, U ce
AnAYeHne. )

Z ~ z(n)

Ea

o A —>

@ ur. 12. Onmbrka Ez; B penudnme Z,
obyciopnennas owwbroii £, B Bemmnue A.

Ecin mermiHOe sHavyeHme NEePBHYHON BeANULHE €CTH Ay,
TO WUCTHHHOE 3HAYEHHE BEINYHHE Z ecTh

) Zo=1Z(4,) (3.3)
(dpur. 12). Omunbka namHOTO 3HaYeHHE A papma

Ey=A4—A,, (3.4)
u el coorBeTcTBYeT ommCKa B Benwdmme Z, papmas
Ez=Z(4g-EA)—Z (4) ~ (3-5)
dz .
x m EA. (3.0)

ITpomssomnasn dZ/dA B3sara B Touke A = A, 3Bmak npuban-
IKEHHOTO paBeHCTBA B dopmyine (3.6) cBasam ¢ mpemmomosxe-
HueM, 710 omubra A JOCTATOYHO MANA M B HITepBaIe H3Me-
PeHHBIX 3HaveHmii A ¢ymrnmo Z (A) MoskHO HpeacTaBmTh
npsamoii auapefi. Tawum obpasoMm, ommbka B Begmumae Z
NPONOpPIMOHaIbHA OmubKe B Bermiumee A, npwieM kospdu-
[HeHT NPONOPIMOHAILEOCTA paBen

ca= (%)A:AO' (3.7
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Tenepp momyctuM, 9ro BeamduHa A M3MEHSETCS B COOTBET-

CTBHM CO CBOMM pAacIpeeleHueM OTHOCHTeNbHO A, U BO3L-
MeM cpefiHee KBajpartuiHoe o1 obemx dacreil pasencrsa (3.6).
Mu mosydamm

AZ = c AA, (3.8)

OrmeTuM ofuH BaSKELI ciaygaii, xKorga Z = A™, tak dro
¢y, = nA" 1. B arom caydae

Fen (39
7. €. OTHOCUTEIBLHAA CpETHEeKBafpaTmiHaf ommbKa B BEIH-
yrre Z B n pas GoJibme OTHOCHTENBHOM CPeHeKBa/paTUIHOM
ommbru B Benmavnae A, Pamee (ri. 2, § 6) Mu y:Ke Dmoapso-
BAIECH STHM COOTHONEHWmeM mpm n = /.
6. PYNKEYUSL HECKONKUL nepemennsx. Pacemor-
puM Temeph ciiydail, Korga Z — (QyHKOHA ABYX OepeMeH-
mux A u Bj

Z=Z(A, B). (3.10)
Omubkz B Beamamuax A u B TakKoBHL: ‘
EA—:A—'A(” EB: B—‘Bo, (3-11)

e Ag ¥ Bg— merunnsie smaveHmsa Bedmume A m B. Hax
¥ B IpeNsIyImieM CcIydae, Opeamoliaraercd, 9T0 B Ipefenax
T3MEpEeHHHX 3HadeHuil Z MOKHO DOPHUGAWKEHHO CIATATh
mumeimoit pyrrmueir A u B. Torja omubxa B BenuymHe Z
paBHA

E,=caZs t cpZy, (3.12)
e Koa(UIHEHTH €4 M Cp JAOTCS BLIPAH{EHUIME
o0z 0z
CA————a-/—l—, CB=-0—B'. (3.13)
91M wacTHHE NPOM3BOJHBIE BHIUACAAIOICA B ToUKax A=A,
n B == Bo.
N3 paserctsa (3.12) ciemyer, 910

=cAE% V- cBER - 2cacpEAE . (3.14)

cheanM ofe uacTH 3TOr0 paBeHCTBA IO HAapaM 3Ha-
qenpii A @ B U3 COOTBEICTBYIOIEX WM paclpefelIeHuii.
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ITocronery Besmanutt A u B npegnonaraores HE3aBHCHMEIMH,
cpegHee 3HaueHWe upoussenenus E,Ep pasmo Hymmo.

Ilo onpepnenenmio,
(AZ)* = (F3), (AA)* = (E%), (ABY® = (Eh).
(3.15)
CaemoBarenbHo,

(AZ)? = ¢& (A4)? + ¢% (AB)2. (3.16)

Tenepr mommo ycramoButh ofmee mpasmio. Ilyern Z —
m3BecrHas QyHKnMs mepemensnx A, B, C m 1. u. Iyers
cpemHexBaipatuyHass omubka B Beamuume A paEa A4
m 1. 1. Torga cpepmexBamiparudnas ommbra AZ B BejgmumHe
Z paercA COOTHOMEHWEM

(AZ)® = (AZy)® + (AZg)® + (AZc )2 + ...,  (3.47)
The
AZy— (%) A w1 (3.18)

Brupamernna gua AZ B pane KOHKPETHHX CJIy9aeB OpHBe/e-
HH B Tabu, 4,

Tabruya 4
ONEPALMH HAQL OLLUHBEKAMH
DYHKOMOHAJIbHAR
CBASH MY CooTHOmMERNE MEKITY CDEHEKBANDATHIHEMY OMIHOKAMI
Zn A, B
Z=A4B
1=4'b} (AZp=(424- (AR ()
Z=AB ﬁz_(y_z (AB 2
Z=A/B (z)_ A)+_E') an
AZ AA

Z=An - =n— ()
Z=InA AZ:% Iv)
Z=eh Lira v
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§ 2. Janeinan 32BICHMOCTH

Ha ompite IacTO H3MEPHAIOT HMAPH BCAMUMIL x ¥ Y, MpUIEM
ofHA M3 HHX, Y, ABIsered Qynwnmeidi ppyroi, . 3areMm
HAfileHHEIe 3HAUCHEA OTKIARBAIOT Na rpadQmKe 1 1KTAOTCA
yaliTH KPUBYIO, COOTBETCTRYIONIYIO aarehpa uiccKoi QynRouy
y =y (z), woropas mpoxojuna On KK MOKIO oanmxre
K TOYKAM. SA6CHh MDI OTPAIHTAMCs JRMbL CIyYacM JUHeHHOHR
$yHERIMH

y=mz | c (3.19)
Bajaga cocToMT B TOM, 4ro0Hl HAiiT¥ mapamerpel m 4 C,
IpH KOTOPHIX HpAMas HAKTyIumM o0pasom IpoXofuia Ont
qepe3 SKCOePUMEHTAJNbHbE TOIKHL.

Jzmeiinas 3aBECHEMOCTL 09€HL NIEPOKO pacOpoCTpaHEeHA
B fumsuke. V pame korga saBUCHMOCTh HeauHelinas, oOKEYHO
crapaoTcsl CTPOMTL TpaduK Tak, YTOOH IOJYINTH TPAMYIO
auauio. Hanpumep, €CIM HpeoNaralotT, 910 IOKa3aTelb
IPeOMIeNHs CTEKJIA CBARAM C JUTMIOL CRETUBOH BOJHEL A
COOTHOIIIeTIMeM

p=a+ s (3.20)

10 Ha rpaduKe CTPOSAT 3aBHMCEMOCTH W oT 1/A%

Hmxe mpuBefeHH gBa MeTOfa HAXOK[GHUA HAWIy9INIAX,
1. e. gamGoJiee BEpOATHHX, NApaMeTpoB JMHUM, IPOXOIAMeR
yepes Ha0Op DKCTIEPEMEHTAIBIHX TOYEK.

G Menod i uHel bl Keaodpda o, 310 ofuA U3
CTAaHJAPTHHIX METOOB CTATHCTHKM. Jlonyerun, 9To ¥MMeercd n
nap M3MEPeHHHX snavenmii (1, Y1), (T2, Y2)s -« s (Zny Un)
(pmr. 43). Ipepmosomsmm, YTO OWHOKYM COMEPHKAT JUIIb
penmaaEs y. (Takoe mpejyIoNOKCHNC OYCHB 9acTO OMPABIEI-
Baercsi Ha NpaKTHKe. 3 NpOTHBNOM CIydae anamms Cyme-
crenHo ychomusercs (17]1).) B caydae mapamerpoB m m ¢
OTRIOHEHUE B i-M H3MEpPEeHUU COCTABJISIET

y; — mzr; — C. (3.21)
Hamnydmme 3HAYEHHA M ¥ ¢ BHOMpPAIOTCA TaK, 4T00L CyMMa
S = (y; — mz; — ¢)* (3.22)

1y Cu., mamrpuMep, H. IT. Kaenukos, C. H. Cokosos, Apanms n nia-
AMpOBAHNE SKCIOPHMEHTa METOZOM MAaKCHMyMa upasponopobua, M.,
1965.— ITpumn. ped.
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ObTa MEHIMANBHOM 1); oTCloma m HamMeHOBamue: Memod Hau-
MeHbUUL Keadpumos.

[IpuBnun MEBEMME3aIUE CyMMH KBAgpaTOB OTKJIOHEHMI
O Buepeme upepuosxen Jlemamgpom B 4806 r. Mir yike

T (y;—mx—c) ({

L

@ mr. 13. Meroy HaMMEHBINMX KBAIPATOB.

B Ka4yeeTBE NPsAMOM, HAMTyumnM o6Gpason LpOXof et
uyepes TOYKM, OEpeTCs NpsAMasd, OA KOToPOiT BelMunHa

Z (y; — mx; —c)2 MUANMATIBHA.

Bujed, 9YTO B CJOydYae O[HOH NepeMeHnoil aToT NpUHIMO
MaeT B KaueCTBe HAWIYWIEro 3HAYeHHUd CpegHee apudmeru-
qecroe.

Nz popmynu (3.22) caemyer, 9ro

g_fzz 21— 2 (y; —mai—e)] =- 0, (3.23)
7= 2 [— 2y —ma;— )] =0. (3.24)

Taxmm o0pasoM, mCKOMBE BEAWYMHE M W ¢ TOIy4aloTCs
PelLICHreM CHUCTeMH ypaBHEHUM

m 2B tc Xz = Ny, (3.25)

1) ITpegnonaraercs, 910 ¥ BCeX TOUCK OJMHAKOBEIH CTATHCTIMECKII
Bec. Cuyvall HeONMHAKOBEIX BECOB PaCCMATPHBACTCH B CJHeNYIOIeM
maparpade.
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m Z zi en= 2 Yi- (3.26)

Bropoe ypaBHeHEE MOKA3HIBAET, 4TO HAWMIYJIIAS IHpAMAdg
IPOXOgUT vepe3 To'my c EOOpJ:[I/IHaTaMH

- 2 Ty, Y=— 2 Yis (3.27)

T. ©. 4epe3 LEeHT) TSHKECTU BCOX DKCIEPMMEHTATBHBIX TOYEK.
Wz ypasmeruit (3.25) m (3.26) maxommm

D (zi—2) y;
= S (3.28)
¢ =y—maz. (3.29)

UHonctaBnssa ata 3HAYeHHMST 11apaMeTpPoOB M ¥ ¢ B BHIPMKEHUE
(3.21), nDpespam@aeM OTKIOHEHWS OT NPAMOH B OCTATKH

dizyi—mxi—c. (3.30)

CpeprexBafipaTnyHne OMUOKN B BEIWIHHAX M U ¢ MMEKOT BH]

(Am)2 ~ - ng_d: , (3.31)
di

(Ac)zz( + D) nz__z . (3.32)

D= (z; — ). (3.33)

Hoxazarennetsa 91X GopMysl TPUBEJIEHK B IIPAIOKEHAH O,

Ecmu motpeGoBath, 91o0K TpAMas [TPOXOMMIA dUepe3
Ha7all0 KOOpOMHAT, To uapamerp m OyjaeT ONpemelAThHCH
ypasrcEmeM (3.25) npu ¢=0 m ML HOJyIAM

m:-—zzx%. (3.34)

Ero cpemHerBagpaTwyHasi OMMOKA HaeTCA pPaBEHCTBOM

(Am) ~ —217—,12;1— (3.35)

6. Memod napnstx mouex. Bes momomu 9BM mnm
HACTOJNIBHOM CYeTHOH MAmMHH CyMMHEpDOBaHEe B (opMyiax
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(3.25) m (3.26) TpynHO BHmoanuTh. Hume manaraerca Gosee
IpoCTOil MEeTO[, KOTOPHIl YaCTO OKABHBAETCH BIOJIE YI0B-
sersopuredbHEIM. OB ocobenHO XOpom B TOM €liydae, KOIJa
BHAYCHUA & 9KBUACTAHTHEL.

Jomycrmm, wro y Hac mmeerca 8 TOYeK, JeKAmMX OpH-
OnusurenbHEO Ha OfHOI mpsamoii. Tpebyerca Haifitu Hamayd-
mee 3HAYEHUE TAHTEHCA yria HAKJOHA M M €ro OmMHOGKY.
Ilporymepyem toukm mo mopsapgky ot 1 mo 8 (Pumr. 14).
Bozemem Tourm 1 m 5; MME ompeenseTcs HEKOTOPAA NPAMAL

-

@ mr. 14. IIpocroil MeToy OLEHKH HAKIOHA
HaWTydiieil mpAMoi.
Haxpasa uapa Touek (1—5, 2—6 u T, O.) maer HeKo-
Topoe SHadYeHHe Haxknona. CpemHee m3 HUX GepyT B
Ha4YecTBe HAMJIYYNIero sHa4YeHMs.

®, CIeoBAaTeBHO, VIOl ee HaKiIoHa. PaccmarpumBas TOYHO
TAK e JpyrEe OapH TOYEK, NOJy AM B HTOTE YeTHpe
BHAYEHUA TAHTeHCA yrila HakiIoHa. B kadecrBe HamiIydmero
3HaYeHAs m BobepeM cpeqHee m u OOBMYHEIM CIOCOGOM
HaiiieM ero cpefHeKBagparTHIHayi0 ounmbKRy.

Taroiil MeTox faeT yIOBIETBOPUTEILHEE PE3yABTATH JANh
TOTHA, KOTma BeXuwdmaH (x5 — 1), (25 — o), (2 — xs),
(xs — x,) mpuMepHO ofwHAKOBH. B mpoTuBHOM citygae CTaTH-
cTHYeCKUil BeC 4eTHpeX 3HAaUYeHMl TAHreHCAa yIia HAKJIOHA
Gymer HEOTHHAKOBHIM.

Hosyennas npamas auEus Gyner mmerh yraosodl Koad-
danuent mu IPOXOSUTE 9epes TOIKy Z, Y y (HaM yixe T3BECTHO,
970 OpAMas, HafileHHAs MeToOM HAUMEHBNIMX KBAaJ(paTOB,



50 Qacmo I. Cmamucmudeckas o6pabomrg besysbmamos yayepenusa

BCET/[2 IPOXOHUT 1epe3 Ty Touxy). Uamomemsy MeToIoM
LOML3YIOTCA B OCHOBIOM TOTNA, KOTHA TpeGyercy op ene-
JIATH JUMb HA LI0H TP SIMOI. p

§ 3. B3sewHBanne [esynbTaTos

Monyetuy, 9o HEKOTOPAS BEJMYMIIA MBMEpeRa meckOML
o pas, manpumep 10, ¥ momyuenu suavemms z, 4
- -+ +» @0 llpencrasmm ceGe, 10 Bost copust pastuen a e
TPYMISL X Mt BEITMCISACM CPOHCe B Kancnol ma myrx, Hampy-

Mep, M NpoBedH 7 H3MEpeHml ytpom BOHYRCImM WX
cpegHee

1
Zy= (T + T+ ... xp), (3.36)

a saTeM EUIC 3 WVIMCPENMS JiueM ¢ COOTBETCTRY IOMM
cpegHuM y

1
Zq g(dg l -’L'g-l' xi()). (3.37)

Hammyummn 3magermem mis 10 um3Mepernii Gyper
= 1
Z=E(xi+x2+ -2y, (3.38)

9r0, OUEBMJIHO, He COBIIAJIAET C IPOCTHM CpemHmy BeJIuH Z
¥ %,. Ecim GBI MBI BCe JKC 3aX0Tean HCIIONBAOBATE oy Be_ﬂﬂl
4UHBI, TO HAM OPHNLIOCH OH IMImcarr

Tz | Bz,
10 - (3.39)

Uncaa 7 1 3 BasHBAIOTCA CINAMUCTIINCCEUM gecon pe

B ofmem ciryuae, eciim umeetcs N Benpamng P
CO CTATHCTUYECKEM BECOM Wy, W, . .
SHageHHe paetcs Qopmystoi

JMMHH 2, 1 Z,.
19 29y ...y 2y
©» Uy, TO mammyumee

St (3.40)

Ecan Bce BECA W; YMHOKUTE HA OfINY I Ty

BeAuIMHA 2z He MeHsiercd. Takmm oGpas
OTHOITICHMS BEJIUINH ;.

K€ ROHCTAHTY, TO
OM, BaKmpl JumIb
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Iycrp Temeps mmeerca N H3MEPEHHBIX 3HaYeHmi BeJIn-
9EHBI Z, Kas0e €O CBOEI cpefiEeKBafpaTHIHOM omEGKOM:

21 4 Azy, 23 = A2y, o0y Zy & Azy.

Kaxofi BeCc ciaefyeT NPUIMCATh KKAOMY 3HAYEHHIO Z;, 110~
GH DONYYATh HAWIydmiee 3HAYEHMe z U3 STHX n3MepeHnii?
OtBer COQEPIKETCA B NPOCTOM LNPHMEpEe, pPaCCMOTPEIIHOM
p Hagaue maparpada. Mer Bujiean, 9To eCam 2; — CPEANCe 7;
A3MEPEHHLIX 3HAYCHHH, TO €ro Be¢ w; NPONOPLHOMAICH 7.
IIpu 3TOM TPERIONATAIOCH, UT0 BCE MePBONATAILIEIE 3gage-
HAsT 00IAKAIOT ONMHAKOBEIME BeCaMd, T. €. BCe OHH COOTBET-
CTBYIOT OJ(HOMY H TOMY ’Ke PAaCOpEIeIeHmio C omnpefeaenHol
Cpe{HeKBAPATAIHO ommbkroii ©. IlosTOMy MEI paccMaTpH-
BaeM KajKyoe 2; KaK CpefHee n; NEPBOHATAIBHEIX 3HAYeHHH
pacipefieleHds co CcpeNHEeKBaJIPAaTAIHOM onmbKo# O m, Ta-
koM 06pasoM, KaKOMY 2; IPHUNHCHIBACTCA BEC 1.

Benmuuna O Ham He m3BecTHa. Ee Mo;xHo BHOpPaTh COBEp-
[IEHEO NPOW3BOJNBHO, HO, (EKCHPOBAB €e, MEL UAXO[HM I
3 COOTHONIGHUS

Az; = 1}’; . (3.41)
1
Tarxnm 00pasoM,
. c
Ww; =n; = —(A_z-i)T' (342)

CpenEexBapaTAIHASL onmubKa B BeIMIMEe Z PABHA o/(Q) ni)ll 2
Ws gopmyn (3.40) m (3.42) mMomHO paliTH HamIydmmee

3Hauenme Z W €ro CpefHeKBafpaTHIHYIO ommbKy:

D Wbme 1
2 (1/Az;)2 _[Z(UAZi)Z]l[Z.

Pelmumpa O, KaK W CIEf0BAIO OMAJATH, B BTO BEHIPATKCHUE
HE BXOJHT.

B § 2 Gout ykasam cnocol mpoBefenns pamayImeil nps-
Moil depes pAj TOUEK PABHOTO BECA METO/IOM HAMMEHBITX
gBafipaToB. OGobmenme dTOT0 METONA HA caydail HeofHHIaKo-
BEIX BECOB He cocTapisier Tpyfa. Ecinm mape (z;, y;) cooTBeT-
CTByeT Bec w;, TO CJefyeT MUHAMESAPOBATL CyMMY

Sw= 2 w; (y; —ma; — ). (3.44)

(3.43)
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YpaBHeHus OTHOCATENBHO M & ¢ npuobpeTaoT Bun:
m M w;rit-c Qi = Wiy, (3.45)
m Qwx; ¢ MNw; = MNwy;. (3.46)

Bupaskenms mus m m ¢, a Tamme mx CPeMIHEeKBaPATAIHHIX
OmmboK CONePsRATCS B NPMBOSEMOH CBOJKE NAHHHX,

Ceodna opmya oan waxorcoenns napamenpos
NPAMOU AUNUL HEMODOM NAUMENLULUL
KEAOPAM 06

Uexopuwe parube: n touex (x:, 11).
Cayuail odunaxoswr cmamucmuueckux 6ecos
Ilpavan y = ma -+ c.

1 - 1 Ddi
m=1 N (@i—2)y;, (Amp = 5 ~=—-»

- - 1 2 d
c=}-—mz, (AC)ZQ (—n—+_D-) 112—2 ,
- 1 = 1
x:—n‘zxi, y=—n—2yi,

D= (z;—z)2, di=y;—mz;—c.
Ilpmvas y=mz.
m= 2 e (Am)2 =~ 1 Xd
= Zziz , ~ Ezg n—1 ’
di=y;—ma;.
Cayuaii neodunakoetiz cmamucmuneckuz eecos
lipamas y =ma - .
1 - 1 wid}
m =5 D Wi (21— ) yi, (Am)Z“DT,ZnTE’
- - 1 22 Zw,-cli2
=y — o la— )2 ———
c y mx, (AC) ( 2 ")i + Dw ) n__z ?

Dl win

?
S

. 2 Wiz —

R

i
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Dw=2wi (x,-—i)z, di=y;—mx;—c.
Ilpamas y=mz.
e Mwizyi (Amy ~ 1 D wid}

== 9 ?
.22 2 n—I1
2wt 2 wish

d;=y; —mx;.

Ynpaacrnenus

3.1. B cuenyommx npmvepax BeanduHa Z — QyHROHEA
HE3aBHCHAMO H3MepeHHBIX Bemine A, B m 1. 1. Beramcamre Z
2 cpefHEeRBafipaTHinyno omubKy AZ mo 3aflaHHBIM BHATEHHAM
A+ AA, B+AB, ...

a) Z= Az, A—9544;

6) Z— A—2B, A~ 100 -+ 3,
B=45-1+2;

B) Z=5(C2+D "), A=0,100 = 0,003,
B—1,00-+0,05,
€ =50,0 40,5,
D =100+ 8;

) Z—AB, A= 10,00 -+ 0,06,
B =100 4 2;

N Z=i——, A=50 -1 2.

3.2. Usmepsas pamey pebep L., l,, I, IpAMOYroibHOrO
Gmoka, oupenensor ero oowem V. Hyo pasbpocy 3HadeHmi
9TAX PasMepPOB yCTAHOBJICHO, IT0 CPeHEKBa/[paTHIHas omub-
ka cocraBiager 0,01%. KaroBa cpenpexBajpaTmIHas ommG-
Ka B Beamumpe V, ecadm pasGpoc OOYCIOBIEH a) HETOYHO-
CTAME YCTAHOBKE W3MEPHUTEILHOTO HHCTPYMEHTA W OmHUOKaME
0TCYeTa ero NOKasaEmi m 0) KoJAeGAHMAMH TeMmepaTyphI?

3.3. IlocperEEe CTAJBHOrO CTEPHHA, KOHOH KOTOPOTO
3aKpemJIeHH, mofBeieH rpys Becom W. B cpenmeidl Touxe
cTepskHA W3Mepsercs ero npormb mpm nomomu rudepbuat-
HOro WHAMKATOPA, NOKA3aHMAs KOTOporo o603HAYEHE! Yepes ¥.
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Ilomywens caenyromue pesyibraTs:

W, kr Y, MKM W, kr Y, MKM
0 1642 21/, 781
1/, 1483 3 590
1 1300 31, 426

11/, 1140 4 263
2 948 41/, 77

a) HanecaTe aTu Touxkm ma rpaduk m ma rias npoBeRATe
depe3 HAX Hamdydnylo mpsmylo. llonmsysces mpospaunoit
nuneiikoil, mompoGyiiTe yeTaHOBHUTL MPE/IeJIBl BO3MOM{HEIX
HAKJIOHOB TPAMOI M TEM CaMBIM YrajiaTh BeIHIWHY CpejHe-
KBaJpaTHYHO OMMOKE HAKIOHA.

0) Bruumennre Haminydmee 3HAa9eHHe TAHTEHCA yria Ha-
KIOHA W €ro CPefHeKBA[PATHUHYI0 OMAGKY METONOM map-
HBIX TOTEK; TPOBEAUTe HPAMYI0 C TAKAM HAKIOHOM depes
TOIKy z, y. Cpasumre moJyTeHHBIH Pe3yJibTAT ¢ ONEHKAMH,
CCIAHHLIME B TYHKTE a.

B) Boiumenare mamnydinee smadenme TanreHca yria
HAKJIOHA W €ro CPefHEKBANPATHINYI0 OIMOKY, HONBL3YACH
METO[IOM HAamMEHbOWMX KBafipaToB. CpaBhUTe NOJyYeHHHIH
PesyabTaT ¢ pPesyibTaTOM, MONYIeHHHEM B NYHKTE 0.

3.4. B rabmunax Hosma m Mo Momma [4] npusemens

9eTHpe Hamboxee TOTHHIX pe3yJbTATA H3MEDPEHHS CKOPOCTH
cBeTa C:

Tabauya §
OKCnepUMERTATOD Tonm ¢, wm/c Cpemle:):lni]alfg)lfgu SHan
Beprcrpary, 1951 209793 ,1 0,3
Gpym 1954 299793,0 0,3
Beprerpang 1957 299792 ,85 0,16
Dpym 1958 299792 ,50 0,10

BirauciuTe B3BemeHHOe CpefHee STHX BENmIAH ¥ CpefHe-
KBaJIpaTAIHYIO OmubRy.



NABA 4
OLIMBRH W 3[PABLIH CMbICH

§ 1. NpakTHYECHOE BLIYHCHEHHE OLIMGOK

Urax, MHl y3e B COCTOfHAR BHIACIATH CPEHEKBApATIY-
HHe Omu0OKN @m3MEepEeHUA [ MEPOKOro KJIACCa dKCnepmMeH-
toB. HpaTko mnoBropmm mnonyueHHbie pesyibraTel. OROE-
JaTeNpHAA BeNWumHa Z ABIsAeTcA (YHKOUEH NepBAYHEIX
Beanunn 4, B, C ut. i., KOTopHie Ju00 U3MEPAIOTCA Henocpes-
CTBEHHO HA ONEITE, JIH0O, KAK B PAacCMOTPEHHEIX pmmepax,
OpefiCTaBIAIOT COGOM mAapaMeTpH OPAMBIX JIHHmit (TarTreHc
yria HaKIOHA W OTPE3UR, OTCeKAeMHil Ha OCH OpPJHHAT),
OPOBEIEHHHX Yepe3 JKCHePUMEHTATLHHE TOUKM.

Ecnm muTepecyomas Hac BelWYMHA H3MepPseTCs HEMO-
CpPEeNCTBEHHO, TO B KATECTBE HAMIYUIIEro 3HAYeHAs BHOMpaeT-
€A CpefiHee W3 HeCKOJIBKMAX Pe3yIbTATOB, & CPeJHEKBAJpaTHI-
Hyi0o onmmlRy Bhigmcasaior mo ¢opmyie Ilmrepca. (B mammoi
IIaBe MH ONYCTAM CJIOBO cpenHexBafparminasa. MdaxTmge-
cKUe OmmMOKY M3MepsCMLIX BEJIWUHH MBI He DyJieM paccMaTpH-
BaTh, a Oof omwmbKoil Becerma OymeM MoApasyMeBaTh cpefHe-
KBaJ(PaTHIHYI0 OMMOKY, T. €. CPeJHEKBAJPATAIHOE OTKIOHE-
HEE JJIS TOrO PAaCHpeJielIeHns, KROTOPOMY HORYEHAETCH MONIy-
4eHHOe HA ONbTe 3madende.) Eeawm wmcroMas BelmdmHA —
HAKJIOH OPAMO# HIH OTPE30K, OTCEKAaeMH# €0 Ha OCH OpAH-
HAT, TO CaMa BeJIMYFAHA W ee OmmMOKAa HaXOAsATCH AMGO MeTro-
JOM HaWMMEHLIIMX KBafpaToB, NMu00 METONOM HAPHEIX TOUEK
B coueTanmnm ¢ ¢opmyioir Ilmrepca.

Hamnyqaimee spadenrme m ommbOKy B BeamddHe Z BuIAC-
JAKT 00 HAWIYYMUM 3HAYCHHAM W OmMOKAM OepPBATHHIX
BEJIMYNH B COOTBETCTBHM € OPABIIAMH, YKa3aHHHME
B Tabi. 4, nam B o6meM Bupe mo ¢gopmyaam (3.17) a (3.18).

Yacro npumxofmTCs M3MEPATH GONLINOE YHCIO NEepBHE-
HHX BelIMYWH, W MOJKHO MOJyMaTh, 9TO BHYACIEHUE OmMUAOKA
KaKA0U W3 HAX # omubxy BealwddHH Z — BeChbMa TPyROeM-
koe fieno. Tak B efiCTBUTEILHOCTE y MHOTAX ¥ MOJyYaeTCs.
VYygamuecs aBTOMATAYECKA IPAMEHSAOT K KayKI0H cepra maMe-
permii ¢opmyny Ilmrepca, mnpoBopaT o6benmHEeHMEe Beex
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omnGoK COrIacHo GOPMaNTBHEIM NPABHJAM, HE YUATHBAS HX
BEJIMIUHE, W 3aNyTHIBAIOTCH B CIOIKHHX PAacieTax, B pe3yib-
TATE KOTOPHIX OmMMEOKA BHYHCIACTCA € OONBIIEM YACIOM
HAYEro He 3HATAINAX MECATAYHHX 3HAROB, K TOMY e O0GLIYHO
HEBEDHO HA HECKONBLKO MOPANKOB K3-32 apHPMeTHIecKmX
ommrboR B XON€ BRYMCIEIIM.

HroGk1 GBUIO MOHATHO, KAK A0 MOCTYNAThL HA MPAKTHKe,
BCOOMHAM TIPE}KAE BCEro, 3adeM OIEHMBAIOTCH ONMOKH.
Ommbka momxa MOKA3HBATH, B KaKOMl Mepe 3HAYMM KOHEU-
Heiii pedyabrar. Ha mpakrmke jnmnie B peKEX CIyuasx Tpe-
Oyercs BLMACIATHL OUWOKH € TOYHOCTHIO, MpPEBHINIAKMEeil
25%. Yacro mac ycrpampaer faxe Toamocts 200%. Ilpamenm
BCe 3Ke 25Y% Kark NPOHW3BOIBHYIO, HO MOCTATOUHYI) TOYHOCTE
BRIMCICHHA ONMOKKM OKOHYATEILHOTO peayiLTaTa.

a. O6sedunenue ouwrubox. Ecrr ssrasuyts ma Qop-
myay (3.17) s cnoskends ommGOK, TO MBI yBIAEM, IT0 Gaaro-
TapA BO3BEJEHAI0 B KBA[[PAT OfHU OMHOKA MOryT OKAa3aThCA
NPeHe0pesKAMO MAJIEIMA IO CPABUEHHI0 ¢ Apyrava. s npm-
Mepa paccMOTpHMM Clydail, Korma

Z=A4 1 B, (4.1)

nonoxuB AA = 2 m AB = 1. U3 tabu. 4 (cm. dopmyay I)
CIELyeT, WTO

(AZ)® = (22 -+ 12)/2 = 2,24, (4.2)

Taxmm oGpasom, HecmoTpsa Ha To, aT0 AB cocTaBisier moio-
BEHy or AA, mpeneGperas Benwamioii AB, Mm Toxydaem
AZ =~ AA =2, a0 mmmb Ha 12% orTanuaercss OT MOIHOM
omubrn. Horma Z mpepcraBuser coGoii CyMMy HECKOIBKHX
BEeAWIUH, OpeHebperath OMUGKAMHA, COCTABIAIONIME II0JO-
BHHY MAKCHMAalbHOi, Obuto OBI, mOjRaNyl, CIUOIKOM CMeEIo,
TO NOYTH BCEIJA MOMKHO OTOpaCHBATH OIMUOKE, He TPEBHIIAI0-
mue ofHofl TpeTw oT MaRCEMaAbLHOL.

Boawmosxen Tamke caydaii, Korna ¢caMm BeIWYMHH CHIBLHO
pasimiaiores Mexuy coboit. Ilyersn, mampmamep, B dopmy-
ae (4.1) Benmumna B mpefcTaBiaseT coboit MaIyio MOmpaBKY,
a HIMEHHO;

A4 =100 & 6,
B =54+"

Omubroit B Bemrmimme B MOMKHO npeneGpeds, €CId OHa
He mpesbimaer 3, yro cocraBiaser 60% or B. TaxkmM obpa-
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30M, onmbKy B BenmInEe B cilefyeT yYATHBAThL TOIABLKO TOTLA,
KOTJa BendduHa 5 maMepeHa CIHmMKOM rpy6o.

Ilpm yMBOsKeHWE m fenerum HsMepseMbIX BelmdmH (CM,
Qopmyny 1I raba. 4) exnagmiBarores KBaJipaTH He abcoioT-
HBIX, & OTHOCHTeNBHEX onmbok. Ilosromy B mopmoGHbIX ciay-
agX MOKHO npeHe6pevh BCEMH OTHOCHTENLHBIME OIINOKAMI,
He IPEBHINAIIMEMA ORHOU TPETH OT MAKCHMAJIBHOL.

0. Cyujecmeennsie u Hecyujecmeenmnse outudxi.
C y4eToM CKa3aHHOTO BHINIE BHOBL BEPHEMCA K BoIpocy o6
ONeHKe omuGOK MepBOHAYAIbHEIX BeIMInH. MK MomeM Hasb-
BaTh BEMIUNY 6HOCAUel WIA He ehocauyell ommubRy B 3aBHCH-
MOCTH OT TOTO, BHOCHT WJIHW H6 BHOCHAT €€ ONMMOKA 3aMeTHBIA
BKJIAJ B OmAOKY OKOHYATEIHHOro pesyidpTaTa. Bemmumma
MOKET OKa3aThCs He BHOCAMEHd ommOry amGO MOTOMY, 9TO
AOCTATOMHO TOYHO H3MepeHa, AmbO MmOTOMY, 91O HpefCTaB-
aseT coboit Mamyro nobGaBKy K Gonbmoil Beamumee.

Eciu y Bac ecTh 0CHOBaHHS CYMTATH HEKOTOPYIO BeLWIH-
Hy He BHOCAINeHd onmbKy, TO ee omabRy [OCTATOIHO ONEHUTH
BechMa rpyGo, HO obasaTearHo ¢ 3aBhmeRmeM. HeoGxomm-
MOCTH 33BHIIEHAS 0YEBO[HA. JTO TAPAHTHPYET HAM, WTO MEL
3aKOHHO TpeHeGperaeM Takoil ommbkoii. Ecim saBmmenmas
onmbKa OKA3HBAETCH BHOCIEACTBAU TpEHeGPEKHMO MAIOH,
MOKHO 6biTh CnokoiiEeM. Ecnm ke mer,— ciemyer BepHyTH-
Cs K W3MEPEeHHAM U OOpefeluTh ommbKy Goliee TIMATENIBHO.

Pacemorpmum, mampummep, pesymbTATH MHOTOKDATHOTO
B3BEIIMBAHAS OFHOTO W TOTO jKe obpasma:

90,3853 r,
50,3846 r,
90,3847 r,
50,3849 r.

3a Haminyuyniee sHaYCHne Beca npuaMeM

90,3849 =+ 0,0003 r.

Mbi cumraem, Wro maHHas cepms m3Mepemmil GEIIA CaMOil
TOYHOM B HANIeM ONHITe, W NOBTOMY OLEHMBAEM OIMMOK
npocro Ha ria3. Mu BummM, gro B npenenax omuGrm 0,0003 T
NemaT TPA W3 UETHIpeX pesyABTaToB, T. €. 3Ta BEIMTHHA
OOYTH HaBepHAKa GoJbme ommbKA cpenHero.

6. Kozda neavas npumensinio dopmyay Humepca.
Mer ToapKo ¥TO paceMoTpen: npEMep, B KOTOPOM MOKHO GHUIO
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IpPOoCTO ONEHUTH omubKy Oes Branciaennii no gopmyae Ilarep-
ca. Hark mpaBmio, aTy ¢opmyry He CTOMT OpPUMEHATH B TeX
clIy9asX, KOIJ]da y HAC MeHee YeTHpeX pesyianTaToB, ubo
B NOfO0HEIX CIyJaAX ommOKa CONEpIKAT TAKYI0 Heoumpene-
JIEHHOCTD, 9TO BMECTO COOTHONCHAs (2.34) BIOJIHE TONYCTHMO
MOJB30BATHCA MPOCTHIM COOTHOINGHHEM

Op & T. (4.3)

B sroM Ciayuae BEMEMCIENEs Ne MOMOTYT YTOIHETH OMUOKRY,
HeoOXOoEMO eIme HECKOJBKO pas NOBTOPHTh HM3MEpeHm.

Eme opmn caydail, Korja ommOKy clefyeT ONeHUBAThH U3
obmux coobpakeHdil,— dTO W3MepeHWe, B KOTOPOM IMOKa3a-
muA oprbopa BCARMI pas OKpPYIIAKT fo biamxaiimero pexe-
HAA IMKAJE, Tak 910 pasbpoc morazaumii ambo man, nmbo
BOBCe OTCyTcTBYeT. Paccmorpum, Hampumep, JBe CEpHE

pe3yJNBTaTOB M3MEPEH’s NJIMHE, OIPOBOREBIIEroCs MPH IMOMO-
mA JTUHeAKT:

a) 325 MM 6) 325 Mm
325 325
325 325
325 325,5

325
325

B oGomx ciydasx MOKHO YTBEP;RIATh JHUIIH, YTO HW3Me-
peHHas Beamimpa paBHA 329 4 (0,9 mm ). I BHOBBL, ecam
Hy:KHO GoJiee TogYHO€ 3HaYeHWe OIMUOKE, HAM HMAYETO
He [ayT HA JONOIHATEIHHHE BLIKIAKY, JIM OO IATEIHHEe
m3MepeHnst Toro e poga. Hy:kno ambo ouycnupaTh Ha rias
D00 TEJOTr0 MEeNeH\s MKANH, un00 Bamars (osee TOYHBIH
npmbop, HampuMep KATETOMETp.

2. Cuemenamudecrue owtuixu. J1o cox mop ML roBo-
PEIE TOABKO 00 ONEHKe CAyIailHbX onmOox. Bo MHOIHX sKCIe-
prmvenTax Goabrero a He Tpebyercsa. Yro e Kacaercs Ji06od
CHACTEMATHIECK O OmuOKE, TO HA Hee Cefyer BBECTH HMONMpPaB-
Ky U TeM CaMblM IGO0 BOBCE €€ YCTPaHWTh, JN60 Mo KpaiiHei
Mepe cienath npenebpeskmmo manoit, O6suno OniBaeT focTa-
TOUHO, YTOOH oHa GHIIA MAJOH MO CPaBHOEHNTo CO CIydaHBIMA

1) Muorye B noflo6AEX CHydasX BECHMa CEPhE3HO MPUMEHSIOT $Op-
myay IlnTepea, monyzas a) 325 + O mm, 6) 325 4 0,08 mm.
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ommnbramu. Torma oHa okaskercs HECYIMECTBEHHON W ee MOKHO
OyneT He yUATHBATL HPHW BHYACICHHE OILMOKA OKOHYATEIh-
HOTO pes3yJabrara.

B Tex cnygasx, wKorma ocTaBiimecs CHCTEMATHIECKUE
onmOKA He MaJkl MO CPABHEHWIO CO CIYIalHBIMEA ommbKamd,
HyKel 0COORH mopxox. Of®MH ¥3 BO3BMOMKHHIX IyTeli — Ionb-
TaTHCA BHYACIATH [JA KaKJ0H BeIWIWHBI, BHOCAMEHN cucTe-
MaTHICCKYI0 oOmuOKy, HEYT0 BPOMe CpefHeKBALPATHIHON
ommOKm, T. €., CKaykeM, BeIHYANY, B Hpefe’dax KOTOpOii
HCTHHNIOE 3HaYeHNe 3aKA09eH0 ¢ BeposTHOCTHIO 0,67. K npn-
MepPyY, MBI MOTIH OBl BEUHCIMTH HIM KAK-TO PASYyMIO OIe-
OATL BepXnuil mpefiell omabK®, a 3aTeM MOAENHTHh €ro Ha 2.
(Taras omeHKa MOIKET TNOKA3aThCA O4YCHb rpyGoH, HO YK
ayume eMeTh rpy6yio oneEKy, Hemend Hukaroi.) Torma Bee
owrGRY MOMHO KOMOMHApPOBaTH, Kak ecad Ow OHE Onurm
CAyYaiiHbIMA ¥ HE3aBHCHMbIME. 10 B KOHIE MOJE3HO BEISC-
HUTH, KAKYIO [OJNI0 MOJHOH ONMOKN OKOHYATENBHOTO pe3yiib-
TATA COCTABIAKIT [EHCTBATENHHO CIYyIaiidbie OommMOKNn H Ka-
KYI0 — pas3idiHbie CHCTEMATHYECKHE,

0. Oxonuaimeavnas owuora. Teneps MOKHO mOM-
BecTH wuror. CmcTemMaTmieckwe ONMOKA 0O BO3MOKHOCTH
yerpanaoT. CymeCcTBeHHHE ClydafiHbie ONMOKA BHYACIAIOT
no ¢opmyne Ilurepca wiam wWHBIM NORXONAMAM METOXOM.
Octanpane omnGkE rpyGo ONEHEBAIOT C HEKOTOPHIM 3aBHI-
meHrmeM @ NPOBEPSIOT — YacTO0 B yMe,— NEeHCTBATENHLHO JH
OHH TpPeHe0PeRAMO MATEl. 3aTeéM BCE CYMECTBEHHLIE ONMOKT
00He[IUHAIOT COTIIACHO MpaBmiaM TalGl. 4 H WOJyYaIOT OKOH-
gaTeNpnyl0 ommOKy. OJ71a BeJWuYMHA TPENCTABIAET CoGoii
HAMJIYDNYI0 ONEHKY CPEefHEKBAJPATHINOTO OTKJIOHEHUS JJIs
pacipegenenus pe3yianLTaToOB, KOTOPHIE JOJKIE MOJYYATHCH
OpY MHOFOKDATHOM NOBTOPEHAW BSHCOEPHMEHTA € ONHAMUI
H TeMH ke WIE CXofubiMA Opubopamu. Tarmm oGpasom, oma
CHY;RUT Mepoll obmell eocnpouseodumocmu pesyabTaTa.

Hexotopeie skcnepumentaTops, Haiins OGHYHLIM TyTeM
OONHYI0 onmOKy, BBOAAT 3aT€M MO CBOEMY YCMOTPEHHIO TOT
HId MHOM Ko3dummeHT, UTOGH yYYECTL BO3MOIKHEIC, HO
HE M3BECTHHIC €My CACTeMATAIEeCKUE OmUOKH. JTO B Bhicimei
CTereHy HeKexaTenbHo. Bepmp mpyrmM mopioGHOe CyOBheKTHB-
HOE 3aBHINEHHE BPAJ AW 9TO [acT. Jlydme BHMACIATHL onmme-
Kf 10 BO3MOKHOCTA Y€CTHO W OCTABIATH TaKuMH. FEeam smo-
CIeCTBUA OKAyKETCHA, UTO (MCTHHHOS» 3HAYCHWE M3MEPEHHOI
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BEJIMUEHE OTIMYAETCA OT LHOJIYYEeHHOTO BAaMP HA HECKOJBKO
BAaIIFX K€ OMHAOOK, BHL BITPaBe MCIHITHBATL WA HE MCHBITH-
BaTh yBcrBO BuHK. Ho Kak OB BaM HE XOTEIIOCh M30€HKATh
nomoGHOH CHTyarmum, BH BCe K€ HE JOIKHH NPOM3BOJBHO
yABampaTh @i yTpampath ommbky. He roBops ymxe o He-
ynoGeree, CBAZAHHOM € HEOMpPeJieIeHHOCThI0 KOHeYHOH ommG-
KA, OpH 3TOM MOTYT OKAa3aThCA B3aTYIICBAHHHIME pealbHHE
PACXOKIEHUS MEKJy BAIIAMHA JANHEIMEA B MAHHHIME [PYTHAX
3KCTICPAMEHTATOPOB WM MEKAY TeopHeil W 3KCHePHMEHTOM.

IlprasTo yRaskBaTh He OTHOCATENLHYI0 (B mpomenTax),
a abcodoTHYH OmEOKRYy OKOHYATEILHOro pesyibrara. OKoE-
gaTeJpbHOEe 3HAYCHAE H3MEPEHHO! BEAMYAHH H ee OmEOKY
caeyeT MPUBOJMTHL C OJMHAKOBHIM UHCIOM JECATAYHLIX 3HA-
KOB, EMEIOIMUM peaJbHEH cMbcl. Hak mpasmiao, onmORy
IPUBONAT ¢ OfHOM 3Hawamieii nmdpoi, Ho ecam 310 1 mWam 2,
TO MOKHO IPHBECTA W BTOpPylo sHadamylo mudpy. Ms Toro,
gT0 HaM He TpeGyercs OLEHHBATH OKOHUATENLHYI0 OmHOKY
TOYHEe, CIEIYeT, YT0 M BCe BRYACIEHHSA OnmOOK HYKHO
OPOBORMTHL TOABKO ¢ OfHON mim, camoe (oabinee, [ByMsl 3Ha-
gamuMu 1aQpavd.

§ 2. Cnomubie QyHKUAN

Brumcnerme Benmanl Tana 6Z/0A B dopmyne (3.48) mon-
gac OKa3BIBAETCA BEChkMa 3aTpyMHATENLEEM. B KagecTBe
mpmMepa pPaccMOTPHEM CJiydaif, KOrjla, maMepas yroil CreK-
nAHAOM TpE3MH 4 B yrol MUOEMAalbHOTO OTHIOHeHWs1 D,
ompeneN AT NoKasarelpb npeaomiaenns p creriaa. Ilokasatenn
OPEeJOMJIeHHA MOKHO Hait™d mo Qopmyane

_. Sin/s(A+D) (4.4)

sinl/, A
Omufka B BeddudHE | JaeTcsi COOTHOMICHMIEM
(Ap)? = (Apa)? +-(Apo)?, (4.9)

e Apa — omubKa B BenmdmEe W, 00ycioBleHHas omnbKoH AA
B Bedmuanue A, a #@MeHHO:

Apa = (5"’%) AA. (4.6)

Anajornugsit cMeCI mMeeT M App.
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Hamumenm pripassenwa pus op/od w opfoD:
W _ 1 cosl/y(A4-D) 1 sinl/,(44-D)

24 T 2 sin A4/2 T2 sindj2tg 42 (4.7)
w1 cosl/y(A4-D) ’
8D ~ 2 smndz " (4.8)

9TH BeJUYHHL HYKHO BHYMCIUTE npu A = A, usmepennom

sHauenwd 4, u D = D, uamepernuonm snawerwn D. Ecia Bee
BHIJIAMKA OPOBEICHE BepHO, a peswmumesl AA u AD Bmpa-
JREHEl B Pa/MaHaXx, TO Mbl NOJYIMM LPABUJIBHEE OTBeT JJis
Apy m App.

Ho cymectsyer u Gomee Gmicrprii merop. Benomuaum,
KaKOB CMEICI BeJMTHNE Ap,. 3T0 H3MEeHeHde BeIMITHE W mpa
msvenenw A Ha AA u npm wmocrosmmom D. Tarum obpa-
30M, €6 MOHO BHYHCINTE 110 Qopmyne (4.4), cHauaia mof-
crapiag A =A ulD =D, asarem 4 — A +Ad v D =
= D. Pasnocts paer Ap,. Touno tak e MOMKHO HafiTm
Ap p, eciim BHUWCIATE pemenpm A =4 uD =D 4 AD.
Has aToro mymma Bcero Jmmb Tabiuna cueycoB. Hawm
HE Hajo HpoBOAUTDH Kakux-mbo anrebpamueckux mwim apud-
MeTHIeCKUX BLIKJIAIOK, B X0 KOTOPHX TaK JIeTKO OmMOUTH-
Cs, 4 naske He noHanobmIca mepeponuth AA uw AD B Pamga-
HH. O6bemmuenue omuGok Ap, m App mpousBoguTes 0GHY-
HEM C1I0C060M.

XoTA TaKoit cmoco6 TOSBOJAET BHYUMCIATH Aps m App
BHATMTENIFHO OmHICTpee, weM mpm opMasbHOM nopxone,
He ClleyeT qymMaTh, Y10 OH B KAKOH-TO Mepe Memnee crporui
wia menee Tounbi. Hak mpapmio, o6a meroga mator OUHa-
KOBLI€ De3yJbTaTH, 8 KOIa 310 He TaK, (JOPMaJIBHEH MeToj
OKasHIBAeTCA Xyme. JT0 BugHO m3 ¢ur. 15, e IpefcTaBie-
HEL pe3yJIbTaTH, NOJIYYeHHEe TeM W APYTEM METONOM B CILy-
Jae HeKoropoii ynrnmm Z = Z (A). Hamryumee snauenme
‘A paBro 4 w coorrercIByer Z,. llpm gopmasnbrom merome Mu
HaxogmM omubky AZ;, Koropas OoTIpeneNaeTcsa KacaTeJIbHOH
K KpuBoii Z (4) B Touke A, Z,. 3nech e yKazaHa omuOKa
AZ ., nonyuennas Gomee mpocTHM, npAMEM MeTogoM. Touno
TaK ke MOKHO HOJIyUuTh W omubKy AZ_, COOTBETCTBYIONYI0
sHavenmio 4 — AA.

Kpususea kpusoit Z (4) B mpenenax A + AA obuumo
He CTOJIb BeNUKa, KaK 3T0 m306paskeno Ha ¢ur. 15, IToaromy
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pasumna mexpuy AZ;, AZ, m AZ_ oxasuBaercs mpene6pe-
sxmvo masodi. Ho ecnm KpwWBH3HA 3HAUATENLHA, TO UpPHHU-
MaTh OTKIOHEHHS B ofe CTOPOHBI ONWHAKOBHIMM OHIJIO OH

Z(A}

! AN

Z
AZ, ' TAZi
Z, SR N 4
7 _ ¥

A-0A A A+AA

A =

O ur. 15. Cpask Me;KAY pasnbiMu oneEKamu AZ.

HeBepHO. DMecto 3Toro ciejioBaiio OH BHYECIUTL AZ, W
AZ_ ¥ KoHeYHHI pe3yJbTaT OPeACTABUTHL B BUME

+4z,
—AZ_-

Ho rtaxoe yroumenme pemio Gnpaer neodxomumbiv. ['nasroe
B TOM, 9T0, BRUMCASA 1HOTPCHITOCTL W Beanwtiuine Z, 00ycios-
JEHHYI0 TOTPCAMOCTHIO B uemumie 1, M 11¢ MOJKeM Omn-
GUTHCA, €CIM HPOCTO BLMMCANM maucunst Z jyia A 1 A +
4+ AA, monaras OCTAJBHHE M3MEPCHNDIC BEJMIAHBL TOCTOAH-
HEIME. A 3TO HCPEJKO MMO3BOIAET COKPATHTEL -[JIUTEJIHHEE
pacueTH.

Z =12

§ 3. OWHGKM W METONHHA 3HCNEPHMEHTA

Ecinm mATepecyomas HaC BeJWYEHA Z CBASAHA C HEMo-
Cpe[ICTEeHHO H3MepsieMHIMH Benmuunam#a 4 u B cooTHorme-
HUEM

Z=AB um —‘g—,
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T0 ommbka Ha % B Benwwmne A wim B upmsogur K omumbxe
Ha Te e 1% B Benmuune Z. Taxum ofpasom, Besmuarn A
4 B ciemyer m3MepATh NpUMEPHO ¢ OfUMHAKOBOH TOYLIOCTHIO,
xora 6Ll OHM ¥ CHJIBHO pasjiMYajimch. J{pyroe meio, KoI#a

Z=A-+BuvmZ=A — B.

3nech BCe 3aBHCAT OT TOLO, CHJIBNO JU PASMATCH BEIMIHHE
A u B. PaccMoTpum Takoi mpmmeps

Cayuaii 1 A = 10000 =+ 1,
B = 100 &+ 5,
Z =4+ B =10100 + 5.

B pamrom ciyuae Gonbman senmumaa A M3BECTHA ¢ BHICOKOI

TOYHOCTBIO, TOTHA KaK BeJIHUWHA B WaMepeHa JMIME ¢ TOU-

HOCTBIO 9%. OKOHUaTeNbHAs yKe Beluuuna Z IpH 2TOM ormpe-

peaserca ¢ Toaroctsio 0,05%. My BuamM, 9T0 I8 KoCTHKE-

HuA TpebyeModl TOIHOCTH GOJIBIIYIO BeWYMHY HYIKHO H3Me-

PATH TouHee, a Malyo J00aBKY — ¢ MEHLIEH TOYHOCTHIO,
Temepr paccmorpum

Cuyuair I A =100 &+ 2,
B = 96 &+ 2,
Z=A—B =44 3.

O6e HemocpeACTBEHIO WBMEpPAEMbIe BEIMYUHH OIPeeIIeHH
¢ TOYHOCTRIO 2%, a TOTHOCTH KOHEYHOH BEJHYMHH OKABH-
BaeTcs paBHOM 75%. Takmm ofpasoM, BHUHMCIAA pasHOCTD
ABYX OJW3KEX HE3aBHCHMO W3MEPEHHHX BeJIMUWH, ME CTall-
KUBaeMCH ¢ UPUHOUNVAJIBHOU HEIPHUATHOCTLIO! OKOHYATEIH-
Hasi omwubKa CHJBHO BO3pacTaeT. SHAUMT, HYKHO 10 BO3-
MOKHOCTH HAWTH WHOH MeTop H3Mepenms Z.

B cuepyommx pgByX riaBax MH TIpEBEAeM TpHMepLL
9KCMEePUMEHTAJIFHEIX MeTO[i0B, KOTOPHE IIO3BOJIAIOT HCHOIB-
30BaTh IpemMymecTBa ciyuas | u msberats ciyuas II. Orm
OpEMepEhl [MOKA3HBAIT, KAaK yYeT OmH0OK W3MEpPEeHHA OKa-
SHBAET BINAHEE HEMOCPENCTBEHHO HA METONWKY SKCIepH-
MEHTa.

A Temeph pacCMOTPUM OfEH TWNOTETHIECKHH TIpEMeEp.
Homycrum, aro TpeGyerca ompenesnuts Benmumuy Z = A/B.
Ilposepena cepus mamepenmit w Haiyeno;

4 = 1000 =+ 20,
B =10 &4 1.
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Cuenosarensro, AA/A = 2%, AB/B = 10%, a AZ/Z =
= (22 4 10%)Y2 = 10,2%.

IIpeamonommm, 910 y HAC €CTH eHle pesepE EBPEMEHH,
KOTODPBIY TTO3BONACT CHASHUTE OMMUOKY UBMEPEHESA OIHOM U3 Be-
JIVWYWH, CKaykeM, BBoe. J{akoil U3 HUX OTHATH OPEAHOUTeNme?
Ecim 970 Bpems saTpaTHTh Ha HW3MepeHme BeJHUWAH A, To
monyauM  AA/A = 1%, wro wpueeger w AZ/IZ =
= (12 + 10®12 = 10,0%. Ecam ke yrounmre B, To B pe-
syaprate monyumMm AB/B = 5%, a spauwwmr, AZ/Z =
= (2% + 5%)Y? = 5,4%. Wrax, B mepeoM ciiyyae OKOHYA-
TeJBHAA OrmnbKa MaJi0 M3MEHWJIACH, & BO BTOPOM OHA YMEHL-
ImMnachk mouTd BABoe. Mopallh TakoBa: OCHOBHOE BHWMAHEE
HY/KHO BCeIZla Y/EJATH TeM BeJUYMHAM, KOTOPHE [AI0T HaH-
Oonpmuii BRJIAJ, B OKOHYATEJIBHYI0 OmMUOKY.

Boobmie roeops, Heo6XOAMMO Tak IIAHAPOBATH DKCIE-
PEMEHT, 9T00H HE OfjHA W3 BEJIWUMH HE BHOCHIA B KOHEYHLIH
pesyibraT OmEOKYW, 3HAUWTEJBHO MIPEBHONAICMEH OmubKH
OCTaJILHHX BENHYMH. B mpusenennon mpamepe oueBupno, ITO
U3MepeHus, B KoTOpuXx AB/B 6mio B 5 pas Gosbme, 9em
AA/A, miioXo CIUIAHEPOBAHH; HA W3MEPEHHA BEJIMYWHH I
ciefioBasio OH 3aTpaTurh (OJIBINE BPEeMEHH, COKPATHR BpPEMs
usMepenus BeymudaaH A. Komeuwo, fonmommwrennume msme-
PeHHES HEe BCerja MOTYT NPWBOAUTH K CHUKEHHIO Omn0 K.
Tem He MeHee Kaskmii pas TPH IUIAHWPOBAHWE DKCIEpH-
MeHTa clleflyel HOMHHUTH O TOM, YTO JKeIaTeIbHO CHUSHTH
omu0K¥, BHOCAMEE® HAMGONBIIIH BRKIAJ.

J npaacternust

4.1. Macca mpAMOYTONLHOTO JIATYIUIOIO CTEPyKHA €O CTO-
ponmamu a, b, ¢ pasna M. HsBecTuo, Iro MOMEHT WHEpIUU
I OTHOCHTENBHO. OCH, MPOXOAsIIEed ‘epe3 UeHTp rpamd ab
OePHeHAUKYJIAPHO €il, paBeH:

— 2 (@ b2).

B pesynsrate n3MepeHm‘i TOJIYYEHE ClleIyoNiue 3HAYCHHA:

= 135,0 + 0,1 r,

= 80 & 1 mm,

=10 +1 MM,

= 20,00 + 0,01 mm.

ng-:a
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UYemy papna oTHOCHTENBHAs (B MPOMEHTAX) CpERHEKBAIpa-
TAYHAA OmmOKa a) ILIOTHOCTH BEMIECTBA O H 0) MOMEHTa
wrepuun I?

4.2. Ecnu ¥ 0HOMY KOHIY IPOBOJIOTHOTO IOJBECA pa-
AUyCOM r W pnmHOi [ mpuiioskeH momenT cmn C, TO yTOI
BdKPYYMBAHUA IIOfBECA @ [ACTCH BHPAKEHHEM

2C

nord ?

e n— MOAyJNb yOPYroCTH MaTepmalia upoBoloku. W3 omprra
HOJYY€EHO:

lg_ =4,004-0,12 pag-m 1.7,

r=1,00 4+ 0,02 mwm,
1=500-+1 mm.

Beramenmte MoAynh yOpYrocTd n W COOTBETCTBYIOLLYIO
CpeHeKBaipaTHIHYI0 ommlKy.

4.3. llpu momomu oboporaoro MaaTHHKa HKeiitepa MostHO
OHDPEJIETHTE YCHOPEHNe CHJH T/ReCTH £ N3 COOTHOIMEHHSA

82 134T} | T3—13

g H h/i — h—2 ?

rae 1y — mepmop KojeGanwii OTHOCHTENHBHO ORHOIO U3 HO-
WeH, hy — PACCTOAHHUE OT ITOTO HOKA JI0 IEHTPA THIKECTH
MasTHUKR, 8 I's W hy — T€ 7K€ BEJIMIVHE OTHOCHTENLHO JIPY-
roro Homa. Bemwmna H, pasmas hy -} h,,— paccrosmde

MEy HOMaMU, KOTOPOe M3MEepPSeTCs HEImOCpENCTREeHHO. Pe-
3YIBTATH M3MCPEHHH TAKOBLI:

T3 = 4,01715 & 0,00020 ¢, H = 1,00000 - 0,00004 w,
T3 = 4,00915 4 0,00020 ¢2, hy, = 0,700 4~ 0,001 w,
ks = 0,300 & 0,001 wm.

f

Omnpepennre BeJWIURY g W COOTBOTCTBYIONIYIO Cpejue-
KBaJIpaTHIHYI0 OmubKy.

4.4. BuvmenuTe moxasaTenb UPEJIOMIICHHA W COOTBET-

CTRYIOIYI0 CPEJHEKBAJpPaTHYHYI0 OIMHEOKY B Ciydae CTeK-
JIAHHOHY OPU3MH, €CJIM HW3BECTHO, UTO

yron mpusMuH A = 60° 18’ -+ 10,
YroJl MHOMMAJBIOTO oOTRIIoHenua D = 35° 46’ 4- 20,
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4.5 UYacrora woynebanmii KaMepTOHa v CBA3aHA € [JIH-
Hol ero Hower L u mopyiem lOHTra Marepmalia, U3 KOTOpPOTO
OH cfeJiaH, Y, cienyonmM o6pasoM:

v~} YL.

ITpm noeuimennu Temmeparyper Ha 10° C wacrora 3pyvanms
rameprona magaer Ha (0,250 =4 0,002)%. Ilpm aTom mMopyin
IOnra ymenpmaetca Ha (0,520 4= 0,003) %. Buaweanre xoag-
(unueHT JIMHEHHOTO pacImupenus ¢, MaTepHanaa, U3 KOTOpPOro
cpenad Kamepron. OmpepmesuTe COOTBETCTRYIONIYIO CpefHe-
KBaipaTAUHyIo omEOKy. XOpom JIF Takodl Mero[ ompepele-
BEA  RKodpUNMEnTa JIMHEHAOTO PaCIIMpEHUAT



Yacts I
JHCMEBPHMEHTANLHBIE METORbI

[NABA 1
HEKOTOPBIE NTABOPATOPHLIE MPHBOPbI H METOJbI

§ 1. Beenexue

B panmoii riiaBe MEH WBNOKMM HeRoTophe ofmime mpwH-
[ATIE, KOTOPHMYM DYKOBOACTBYIOTCA LU IPOBE[ECHWY H3Me-
peRm#. 91¥ OPUHNWIOH WTO3BOJAT, BO-TIEPBHX, BHOpaTh
HauboJee OAXOAAMMAN METO]] ¥, BO-BTOPHIX, Haubonee sdier-
TABHO €ro mcrnoinbaoearhk. llociemmee moppasymeBaer HEO6-
XOMMMOCTEL AOOHTHCA MaKCUMAJBHO BO3MOMHON IPH TaHHOM
MeTofIé TOYHOCTY WJH BOCIPOMBBOTUMOCTH PE3YIBTATOR W —
9T0 eIle BayKHee — YCTPAHHTH XaPaKTEPHEE [UIA TaKOTo
METO[[a CHCTEMaTHIYCCKHE OImUOKH.

Mu mpomynocTpupyeM paszluuHEE HOIOMEHUsA Ha IpH-
Mepe pAja TUOWIHEX OpubopoB mam MeromoB. OHE B3ATH
W3 Pa3HHX Das3fielIoB (M3WKW, W MH BJeCh He NPETeHIyeM
HO Ha CHCTEMATUYHOCTH, HU Ha moJiHOTY oxBata. llpocTo Ham
X0TeJI0Ch, 9T00RI, YBHJEB, KaK HPUMEHATCA ofmue mpwH-
OMITEL B 3THX CIYYasiX, BE CMOTJIY CAMOCTOATEIBHO PazobpaTs-
ca m B fApyrmx cmryaruax. Ilpaspa, Kak W Beerpga, HHUYTO
HE¢ B COCTOAHHH 3aMEHUTH NPAaKTHYCCKOTO OIHTA, XOTH
onHT 0€3 OCMEICIIMBAHHA — 3T0 MEJICHHHI H TPYIHEEA CIIo-
co6 mpumobperenmsa snamwmii, IlosToMy, ofpamas Bame BHE-
MaHHe Ha Te INIM HHbe CTOPOHH MEeTOJUKYW N3MEePeHUs, Mul
HaJIeeMCA ciesaTs b ollee HOTe3HHM IpHo6peTaeMHi BaMY OOHT.

§ 2. HamepnTenshaa nHHERHa

HaqnmeM ¢ efpa Jjid HE CaMOTO IPOCTOTO M3MEPHTENHHOTO
yeTpoiicTBa — m3MepHTeNLHOW JyuHeiiku. Fe mocromucrea —
B OPOCTOTEC MBIOTOBJCHHA H YA00CTRe HCIOJNb30BamWA. Jlm-
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HellKa TIO3BOJIAET MONYYATh PE3YIABTAaTH € TOUHOCTBIO TPH-
mepaO Mo 0,2 mM. Ho uro6u go6uTnhes Takol TOTHOCTH, Tpe-
Oyerca wm30exaTh ONpeNeJIeHHKX omuoK.

a. Owudra, odycaosaennan napariarcon. Ecim
W3MEepAEMEl [pefMeT HaXOAWTCA Ha HEKOTOPOM pPacCTOAHEN
OT INKAJIE ¥ €CIH MBI CMOTPHEM Ee IO IPSAMBIM YTIOAM K ITKa-

V‘A«(

A
T
(- i =4
} 1: Jeprano
¢

® ur. 16. OmubKa napaniaica.

@ — RCIMYMHA OTCYETa BABMCUT OT YIOJIOMEHHs Iyasa; 6 —
BEPKAJO, PACIONOIKCHHOE DHAOM €O IKamnol, NospolseT
NPOMBBONATL O0TCYET TOVHO ION RPAMHM YrioM K HIKaJC.

e, To orcuer Gymer merepumm (Pnr. 16, ). Taraa omubra
BO3MOJKHA [PH TOJH30BAHUY € TOJBKO JHueHRoOH, HO U
mo0BiM HpufopoM CO CTpeNKolH, nepeMemalpnieiies Mo mxaje,
¥ HaskBaeTcA ommOKOW mapajimakca. Ee ymaercs yMeHn-
MHTH, IO BOSMOMHOCTH HpHUOJUWAKAA K INKaJe W3MepAeMHH
IpeAMeT WIW CTPEJIKY, a TaksKe HCIONB3YS 3€PKalio, pPacmo-
noxeHHOe pAgoM co mkanoi (¢dur. 16, 6). Comemasn mpep-
MeT € €T0 OTPasKeHWeM B 3epKaie, Mbl 00ecednBaeM TpAMOU
yroJi Memuy JIMHWeH 3peHWs M IOKaJOi.

6. Owmudra omciema Hy.t., Pacoojiarars JmHEHKY
Tar, ITOOH €e Kpail COBLA/IAJl ¢ OHUM KOLOM IPenMeTa, | OF-
CUIITHIBATEH [IOKazaHma y ppyroro womma (dur. 17, a) — Takoit
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cmoco0 rogETCA TONBKO Ui TIPYOHX W3MepeHuil JJIMHEL.
BMecTo 5TOro mpeiMeT CIEAYeT pacIoiaraTh TakuM 06pasoM
(¢pur. 17, 6), ITOOH MOHO OHLIO CHUMATD IIOKAZAHAA Y oboux
KOHI[0B. JleJl0 B TOM, YTO Kpail JHHEHKY MOiKeT OKA3aThCA
ACHOPYCHHHM WIW HyJeBasg OTMETKa ITOCTABJIEHA HEBEPHO.
Boobme Bcersa B iirobom mpubope ciaefyer ¢ HEKOTOPHM IOJ0-
3peHEeM OTHOCHTHECA K HYIEBOMY MEJIEHUWIO INKAaJIbl. Homo6-

a 0

®ur. 17. [lpa cnocoba H3MepeHHA HJIMHB!
opepMeTa.

a — nnoxofi crioco6. Ecanm Kpait muHefiky menopyet,

TO BHOCHTCA CHCTEMATHYCCKasi OmMMOKa; 6 — X0po-

muii crnocoG: HaMHA HBMEpsieMOro IIpegMera oOIpe-
nexdAercd HO HABYM 0TCYETaM.

Hofi omubKu ypAaeTcs M30eKaTh, Kak YiKe YKa3HBaJIOCh,
ecam 6paTh Pa3HOCTH JBYX OTCYETOB.

6. KRaauspoexa. llikana Ha auueiike MosxeT OHTH HaHece-
Ha HempaswjibHo. Il08TOMY JIMHEHKY ClelyeTl MOBEPHTDL, WIIH
orkagubporarh. CpeslaTe 2T0 MOMKHO, HPOCTO COBMEMAs €€
¢ GoJiee TOUHOI 3TAOHAOIH AVMHEWKON U cIIMYaA UX [IOKA3aHAA.

3necs WMeeTcsa ompefelieHHAA JIOTHKA, KOTOPYIO BaiKHO
ceGe ysacrurp. OOLYHAA JUHEHKA J€IIeBO CTOUT HOTOMY, UTO
cHellaHa W3 JAEMEBOr0 MaTepHWajla — fepeBa — Aa ¥ IOKaJja
HAHOCHTCA 6e3 0Co0mX crapaumit. 91E (aKTOpH  BCEIrja
CONYTCTBYIOT APYT APYTY, W00 HET CMNCJIA HAHOCHTH [10CTa-
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TOYHO TOYHYIO MKaJly HA [epPeBO -— Marepwall, CcHocoGHbIH
CO BpeMeHEeM HM3MeHSTH CBOIO [JWHY.

Homycrum, aro B Jabopatopunm mmeerca, craskem, 20 pxe-
NEepPEMEHTATOPOB, KOTOPHM Tpebyercs M3MepsATsh [JIUHH TpH-
mepuo B 500 mm ¢ TogHoCTEIO 0,1 MM. M Morng 61 cHAGIETH
ROKIOTO0 B3 HUX CTAJBLHON NTWHeHKoH, pasMeYeHHON ¢ Takoit
roHocTh0. Ho Takas simpefika sHauutenvHo fopoke OGEHM-
HOU JEPeBSHHOH, pasMeTKa KOTOpoOil, BEPOATHO, emBa J;
obecueunsaer Tourocts 0,5 MM mo Beeit mmme. (Ilnactmacco-
BEE JIMHEWKW HAMHOTO XYK€ ¥ HUaCT10 JIAI0T HOTPemHOCTH
B 1%.) Bosmoxxen u ppyroit BapmanT: cHAGIUTD KaskHOTO
o0bYHO# JWHEeHKoll W HpEOGPeCTE B KadecTBe BTAJIOHA it
nabopatopuu opny fioporyio. Ilpu Takom BapmanTe pacxonm
Obutm GH B HECKOJIBKO pa3 MeHbme. VaMepernus sie mpu sToMm
MOKHO Oyer IpoBOATH ¢ TpeGyeMoil TOUHOCTRIO, eCIM Kajk-
OBl BKCTIEPHMEHTATOp HE 3a0ymer o BEOGXONMMOCTH KajuG-
poekm., TakmM ofpasom, Bapmant

MHOTO J[IEIEBHIX JIMHEEK - Of(MH  JIOpOTOH 3TaNoH -+ Ka-
nubpoBka,

oJeBUIHO, 0o0Jlee BHITOCH.

Ecim B xone ombita BaM moTpe6yeTca TOIBKO onpenenen-
HEl yYaCTOK JIMHEHKM, TO YYaCTOK DTOT CIENYeT 0COGEHHO
TIATeJIFHO CPaBHEBaTh ¢ brajoHoM. Hempasuibnan pasmer-
Ka OCTaJIbHOH 4acTH NUHEHKY mpd 3ToM He 6ymeT mMeTh 3Ha-
ugenmA. Ilpaspa, mpakTuueckm MasoBeposITiO, WroGH OHAa
4acTh JWHeWKw Ohuia pasmeueHa Meiee TOUNO, WeM [pyTas.
Ho, BooGme rorops, npm ranuGpoeke mpufopa HauGosee
THIATEJIBLHO 9TO CIEeIyeT [eJNaTh B TOM JHalasoHe, IOe OH
NeHCTBUTENBHO HCIOIb3YeTCH.

§ 3. Muxpomerp

JT0T HpuGOp IO3BONAET W3MEPATH BHEIMHWE pPABMEOPH
[IpefIMETOB, €CIK OHM HE OpeBHmaior mpumepHo 100 M.
Ha ¢ur. 18 msobpasken tunwmunmii muxpomerp. IToppukmerit
WO¥H/IeNs OpeAcraBaser coGoi BUAT ¢ mwarem pessbu, pas-



I'a. 1. Hexomopue aabopamopruve npubopu u memodw U

veiv 0,5 MM Tak, u9ro opmH momuniii obopor Gapabama T
coOTBeTCTRYeT nepememenmio BuHTa Ha 500 Mum. Mukpomerp

T

EF
/ \ 0 § 10 %
30 IC

28

@ ur. 18. Murxpomerp.

nospolszer 6e3 TpyAa m3MepATh pasMeps ¢ TouH0CTHI 10 MKM,
7. ¢. B 20 pas rounee jmreiikm. CymecTByoT U Gojiee TOTHEIE
MOKPOMETPH ¢ TeHoi jenenus 1 MKM.

OTMeTuM cIiregyIomee:

a. Tognocts 3mech mopmmaeTca OJarogaps MpUMEHEHHIO
BUHTOBOI'O MEXaHM3Ma — BecbMma 3(PeKTHBRHOTO cnocoba oCcy-
AIECTBJIATH TOHKOE MOCTYIATENBIOE WEPEeMemeHne.

6. DIieMEHT HpOW3BOJIa B BEJWUMHE NPWJIOKEHHOTO K 0a-
pafany BpamaTelbHOT0 MOMEHTA IIPH CONPUKOCHOBEHWH BWH-
ta F ¢ mpemgmerom ycTpanen Ojarofiapsi HAJWIdi0 XpanoBH-
ra. Bapaban cienyer BpamaTh, UDpHWKJIaANBasg yCHIIHEe HE
K HeMy CaMOMYy, a K BEICTYHNajoOledl csamum «Tpemorkey C.
Ona mepefiaer ycwiime TOJBKO 0 T€X TOp, MOKa OHO HE [O-
cTEraer ompeneiieHHoll BenwswHbl. Horpa ske sra BeawdmHa
JOCTHTHYTa OpH COIPUKOCHOBEHWH C IPEAMETOM, lallbHeHmee
Bpallenne NPOMCXOANT «BXOJOCTYO» W HEe M3MEHAET IOKa3a-
umit MmmKpomerpa. Taxkum o6pa3oM, OKOHYATENBHHI pPe3yib-
TaT W3MEPEHUA BCEIAA COOTBETCTBYET MOCTOAHHOMY JIaBJIGHHTO
nuETa F Ha mpemgmer.

B. B Mmkpomerpe BO3MOHA OrmmOKa HYJEBOrO OTCUeTa,
KOTOPYIO CHEAyeT YCIPAHHTH, IPUBOAS B CONPHKOCHOBEHWE
HiopepXHOCTEL F ¢ moBepXHOCTEI £ W 0TMEUasA COOTBETCTBYIO-
iee IMOKasanwme,

r. IToxazsaEma MEKpOMEIPa MOMHO MPOBEPUTH IPH HO-
MONY KaJmOPOBOYHE X IJMATOK — OPAMOYTOJBHHX IMPH3M U3
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BBICOKOCOPTHOM 3aKaJleHHo# cTaju. Toprioesie rpamm mpmam
[LIOCKONAPAJINEIbHEEl, PACCTOSTHAE MOy HOMHN W3BECTHO
¢ TounocTeo 0,1 MKM m 00o3Hageno Ha Kamgoil mimTKe.

§ 4. Hsmeperwe AnWHL — BLIGOP METOAQ

B pByx npepmpymux maparpadax 6sulm paccMOTpEHH!
rBa crnocoba mamepenws jummHE. Mul me cobupaemes moppo6-
HO W3JIaraTh Kakme-Jiubo ApyTIe METONH, a BMECTO STOro
paccMoTpuM BONPOC 00 W3MEPEeHUH JUIMHEL ¢ CaMHX 0OmEX
MO3ULHAH.

IIpeskpe BCcero Hajo pemuTh, YTO ME EMEEM B BHUAY, KOIAA
roBOpHM O miwWHE. B OCHOBHOM M 9TO JOBOJIBHO XOPOIHO
cefe mpencTaBiiAeM, KOIja pedb WAeT O MPefMeTaX, CKOPOCTh
KOTOPEHIX MaJla II0 CPABHEHHIO CO CKOPOCTHIO CBETa W KOTOPHIe
MOKHO BHIeTh (WM II0Y9TH BUIETh) B JaGOPaTOPHHEIX yCJI0-
puAXx (wiw BOmmsw 3emsu n Coynpa); peup muer o piiMHAX,
crkaskeM, B muTepsane or 1078 po 10! m. Ho ecnm mpepmer
ABEKETCA CO CKOPOCTHIO, CPABHHMO CO CKOPOCTBIO CBeTa,
WM €CJIW MB IONHTAEMCA PaCIIUPHTL WHTEPBANl JJIUH 0
pPasMepoB aTOMOB H SIEMEHTAPHLIX YACTHE WIH [0 PACCTOS-
HUH, OTAENAINMEX HAC OT 3B€3[ W TaNaKTWK, TO HAM OpHLeT-
€A yKasaTh, YTO MK IOHUMaeM B 3TOM cllydae IOp JJIMHON
I PacCCTOAHUEM,— BEXb HEJBL3A K€ IPHWIOKATH JIMHEHKY
K aTOMHOMY fAApY WIHW J[0CTATh €e KOHIOM [0 3Be3ms. Mmb
FOIZKHEL CKa3aTh YTO-HEOYAL B TaKOM PORE: «€CIH MH Ipo-
BOIHM TaKOU-TO BKCIEPEMEHT, TO pC3VIBLTAT OKABHBACTCA
TAKAM, KaK ecim GLl HEeYTO IPOCTHPAIOCH HA TAKOE-TO pac-
CTOSIHIE WM HaXOgMIOCh HAa TAKOM-TO PACCTOSHHH OT HAach.
Ilopo6rBIe pabouue onpenmelieHns WUIOrpa NPEBONAT K TIOHA-
THAM JIIIMHH W PACCTOAHHEA, OTJIHYAIOMUMCH OT HATIHX 00LIU-
veix mpencrasienmii. Ho nmocnenume ocropanm ma maGiione-
HUAX WIH coo0pajskeHmAX, KACAOMUXCA [JINH B BEChbMa
orpaHuYeHHoM mHHTepBane sHauenwmit. [losTomy me cuepyer
CIMIOKOM YIWBJIATHCA, €CIM OHHM OKABHBAIOTCH HENPUMEHH-
MEIMH, KOI[a 9TOT WHTEpBaJl CTAHOBUTCHA HEOOHYaitHO GOJIb-
M.,

ITpoGnemsr ompepesenns HOHATHA W WSMEPEHWS JJIWHE
B IpeleIbHHX CHYYafiX BHIXOAAT 32 PaMKW Halled KHUTH,
M orpanmumMes Toit 061aCTHIO AIHMH, ITI€ IPUMEHEME! OBCE
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NHEBHEE IpefcTaBienua. Ho He BpemHO 3aMeTHTH BoOGIIE
(m 06 aTOM He ciiexyer 3a6LIBATE), 9TO B OCHOBE 6C€X WIMEPE-
HOM  JIeKAT — OOHYHO HEABHOE — OLpE/ENeHHe W3Mepsie-
MOU BeJIMYMHEL.

Jaxe orpanmiue ce6s MSMEpPEHWAMH JIHH B WHTEpBajle
or 1 MM g0 1 M, MBI CTOJKHEMCH ¢ BHOOPOM 1eloro pana
npuGopoB. I pemmenwmo Bompoca, KaKuUM W3 BUX BOCIOJB30-
BaThCA, CIEAYeT MOAXOMHTH € YIETOM CJETYION(ero:

a) KaroBa IPMPOAR [JHHEL, KOTOPYIO MBI XOTHM W3MEPHTE;
K OpHMEPY, 9TO 3T0 — pPACCTOAHAE MEKLY HKBYMA METKAMM
A MEKRY KOHI@MH CTEDHKHA HMJH OpyCKa HIW 3TO JuaMmer]p
OTBEPCTHA WM CTEPIRHS;

0) KaxoBa WpWMEPHO HTA JJIMHA,
B) KakoBa TpebyeMasi TOTHOCTH HIMEPEHUA.

Tabauya 6
XAPAKTEPHCTHKH HEKOTOPbIX NPHGOPOB N1 M3MEPEHHS JIJIMHbI
TIpegen
Ipu6op u;’ff,l;f- '10“,3?,3“" Xapakrep nprMeHeHHA
M
WNamvepmrensraa  sm- 1 200 O6muit
Heiika
MrasreHUPKYNE 0,1 50 HauGonee mnprrogeH s
U3MEPEHUs  BHeHIHUX
pasMepoB  IIpe/IMETOB,
a TalyKe [NA w3Mepe-
. HUA [MPHWHH 3a3opa,
AHaMeTpa OTBEPCTHS
Katetomerp f 10 O6uit
Muxpomerp 0,1 2 N3amepenue BHOUTHHX pa3-
MepoB
WNamepuwrenbrrii  Mi- 0,2 1 O06muit
KpOCKoOn

B Ta63y. 6 mepeumciieHsl OATH BO3MOIKHEIX METOZOB H3Me-
PeHEA JJWHE B PAacCMAaTPHBAEMOM WHTEpBalle 3HAYTCHUII.

Dlranrermupryns mzobpasken ma ¢ur. 19. Kateromerp
npeacTapiser Cco6oi 3puTENbHYI0 TpPyly, KOTOpas MO:KeT
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OepeMemATHCA [0 FKECTKOM BepTHKAJIBHOM CTOLKe ¢ Jejlenuna-
Mu. VIsMepHTeNbHEIM MEKPOCKOIOM HasmBaercs mpubop,
B KOTOPOM BEIWIMHA [EPEMEHICHHs MHKPOCKOOA OT OfHOTO
DOJOEHNA PEemepHOro Kpecta Ha LpefMeTe WM MeTKe JI0
APYTOTO YKa3LBAETCH HA PYIKe BHHTA, YIPaRIAOIETo Iepe-
memenueM. (B Takom mpmbope BO3MO;kHA ommmOKa isa cUeT
wrodray. Mz-3a manuuua 3a30pOB:B IBIKYMEXCA UaCTAX

d
@) Honuye

||||l|||||| |
lk ! 5 6 7 6 9 llolllzlllzlllall'lall':s'llslzl'ze N (3)

A

1)

® ur. 19. [IraETenMUPKYIL.

Heraim A — 9TO YaCTH OfHOFO ION3YHEA, KOTOPBIH MOMKHO  HepeMer;aTh

BIOJb IIKAJH, HAMKAB NpYIKUHmbIE ¢uxcarop B. Tpu pasmepa d OIMHAKOBH

M OTCYHUTHIBAXOTCA HpM IOMOINA HOHWYCa II0 Hikane. I — pgvaMeTp CTEpHKHA,
2 — faMaMeTp OTBepCcTHA, 3 — FIy0MHA BHEMKH.

NOKA3aHUA 3aBUCAT OT TOTO, ¢ KAKOH CTOPOHH BH IOJ[BOIUTE
penepHE# KpecT K HyKHOH Touke obnexta. UToOm maberxaTn
Takoil omuOKY, HYKHO IIOIBOMATEH MAKPOCKOIL BCeI/ia ¢ OMHOi
cTopork.) B Tabnwne ykasanm mpuMepHas o0IacTh HpuMe-
HEHHfA, TOYHOCTH W XapakTep H3MEPEHHA JJIA KaykAoTO M3
MEePeYNCAEeHHEX TpuOOpOB.

Honmeuno, BmfpaB my:xHuli mpubop, MH NOJKHHE Ipa-
BWILHO NTPOBECTH CaMm W3MEpeHmsA. B Teopum ME mMeeM
[elI0, HAIPEMEp, ¢ GIIMHPUICCKHM CTICPIKHEM, O KOTOPOM
M3BECTHO, 4TO eT0 AHaMeTp paken d MM, W 3THM BCe HcYep-
napo. Ha npakrtuke sxe cuepyer yGefuThCA, JICHCTBHTONLHO
JIM CTePREHb NWINHAPWYECKHH, WM — €Me HpapuibHee —
yKa3aTh Ipeelibl, B KOTOPHX MOKHO 9TO NPWHATH. laKmm
ofpasoM, cHaUaia HYXHO W3MEPHTh IWaMeTp B OJHOM W
TOM ’Ke MecTe B pasiHYHHX HaOpaBlieHMAX. 3aTeM Heo6Xxo-
AEMO HOBTOPHTEL STO B PA3HHX MECTaX IO JJIMHE CTePIKHA.
EcrecTBerHO, TmMATENBHOCTh TOROOHOrO wMCCiefoBaHuA, Kak
BCEITa, OIpEfeNfieTcA TOM NEeJBI0, KOTOPYI HPeCcIeRyI T



I'a. 1. Heromopuwe aabopamoprbie npubopb u memodu 75

H3MepeHnA. TOUHO TaK jke, IPEsKIe 9€M ONPEeNATh PaCCTomA-
HUe MEK/Yy TPOTHBOIOJIOKHEIMA TOPOAMH CTEPIKHA, CACHYeT
OpPOBEPUTH, B KAKOH Mepe OHH IapalilelbHEL.

CraskeM BKpaThe, KaK MOKHO pacMpuMTh JHAa30H
H HOBHICHMTH TOYHOCTH W3MepeHus jiimanl. Ilocaegrero MoxHO
A00UTHCA, HCOOIB3YA fABJIEHWE ONTHICCKON mHATEp(epeHIHM.
Anaroruunsie SBICHNA IS CAMBIX PABJIMUALIX THIIOB BOJH —
CBETOBHIX, PEHTTEHOBCKYX, BIIEKTPOHHEX, HEHTPOHALIX — IIO-
3BOJIAIOT PAaCITEPHUTE 006JIacTh H3MEPEHHS JUIMH B CTOPOHY
manpx 3Hadenmii. Eme onuwH cmoco6 wmaMepwTh maMemenme
ANMHEL OCHORAH HA M3MEHEHWN €MKOCTH IJIOCKOTO KOHJEHCA-
TOpa TpPW CMEMEHWH OfHOW €r0 NNACTHHE OTHOCHTEIILHO
npyroit [23]. Uto kacaercs mamepenwmit gimn B 06racTe GONB-
MUX 3HaYCHMIH, TO 376Ch UPHMEHWM METO[ TPWAHIYIIAITMA.
OrpoMEBIe KOCMMUYECKHE PACCTOAHUA ONPEACIAINT KOCBEHHO
I ¢ pasywIHOil CTEIEHBI0 HOCTOBEPHOCTH [0 TAKHMM JIAHHEIM,
KaK JaHHEE O BHAUMOE sprocTm 3Besn [33].

Ouswkn M3 BCeT0 W3RJIEKAT CBOK BHTIOAy. OHu m3pICKE-
BalT (W3WYECKWEe ABRJIEHHA, 33BUCAMNE OT BEJIMYHH, KOTO-
peie Tpebyerca mamepuTh. M3 muOmecTBa mpmGopon, ocHO-
BAHHHIX HAa TAKUX ABJEHWAX, OHHM BHOWPAIOT TOT, KOTOpPHA
Iydme BCEro IOJXOAHUT IO TOYHOCTH M IIPEefeJiaM W3MEpeHui.

§ 5 HamepenHe AMHHb! — BAKAHHE TEmnepaTypbl

Ilpuw 7TOUHHX W3MEpPeHWAX MANWOE HeoOXO[MMO VYHTHI-
paTh TemioBoe pacimupenme. Ilpesxne mcero sro orHocuTes
Kk msMepseMmM npenmeraM. llyers, mampmmep, Tpebyerca
H3MepHUTh JUIHAY TPYOKN OpH TEMIEPaType MumIKoro BOIOpPO-
ga (20 K). Ecim 651 MH wsMepwiu 3Ty JJmHYy IpH KOMHAT-
HOf TemmepaType M He BHECIH LIONPABKY HA pacIIHpeHIe,
To pmonmycTmnm OB cephbesnyio ommbry. B pammoMm ciayuae
Op¥ BEIMCITEHAN DOMPABKY HeJb3A CYUTATE, YTO KOIPPUIUEHT
pacimmpeHusi He 33ABUCHT OT TEMOEDATYPH, HAT0 3HATH €ro
spauenusn B matepBaine or 300 mo 20 K.

Bo-BTOpHX, ClelyeT BHACHATH, HE BIHAET IH TEILIOBOE
pacmmpenue Ha MOKa3aHWA caMoro mpmbopa, HCIOIB3YEeMOro
mas wsMmepenwms pamHH. F Hakomen, ecim mm wramubpyem
opubop, m3MepAA »TAJOHHYI [JIMHY, HaIpmMep, KaauOpo-
BOYHOM IIUTKY, TO HA/0 IPOBEPATE, HACKOILKO MOKET OTIIH-
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aThECSI €€ MCTWHHAfA JJIMHA OT HOMHHAJBHOI W3-34 TEmJIOBO-
ro pacinupeHHs.

Tabauna 7

KO3DGHUMEHT NUHEANCTC PACLUHPEHHA o
HEKOTOPbIX MATEPHANOB

Marepyan a, 10-8 (°C)-1

Menn 17
Jlatynn 19
Craip 11
Nusap 1
Creryo 9
CTeKIIO «IHPEKCy 3
IlnasneHkit KBapI 0,5
JlepeBo— BROJMBL BOJIOKOR 4

Ooreper BOJOKOH 50

B rtabn. 7 npuBenens sHadeHuWs KO3QQWIMEHATa IJIMHEH-
HOI'0 pacmupeHus o A paga mawboiree pacopoCTpPaHeHHBIX
MaTepuayioB. OTH B3HAYCHWS OKPYIJIEHH W COOTBETCIBYIOT
komHaTHO# Temuepatype (20° C). Vmpap — sTO cCTajbpHOR
ciaB, copep:kamuil 36% HWKens; €ro rilABHOE JIOCTOMHCT-
BO — OYCHH HUBKWA Ko3Q(WOWeHT paciIpeHWs HPU KOM-
HATHOY TeMIepaType, & IO3TOMY OH YacTO HIPUMEHAETCA
B TeX ciiydaax, Kormga TpebyloTcsi HWMeHHO Takwe CBOWCTBA.
Ilpm Gosee BHICOKMX TemuepaTypax ero 3HAYCHUE ¢ BO3-
pacraer. Hak BemecTBO ¢ HAaWMMENBINWM PACINHpPEHWEM BLIjie-
IfeTcs MIABIEHHU KBapH; NPMBEAEHHOEe JJiA HEero 3HAYeHwme
0. MOYKHO WCLOJH30BaTh BILIOTH no Temmepatypm 1000° C.
Hpome Toro, KBapm oOTiHMY9aeTCA OYEHEL GONBLIMON CTA0WIIb-
HOCTHIO pasmepoB. llosroMy oH 9acTo HMCIONB3yeTCH B TOH-
KIMX SKCIepuMeHTax, Ime TpeGyerca CTPOT0 BHICPIKHBATH
TreoMeTpHIeCKre pa3Mepsl Opu MUHWMANBHOW 3aBUCUMOCTH
HX OT TeMIepaTypH.

INocmoTpuMm Teneps Ha mpmBeeHHbIe B Tabimne maHmOLe.
B meit npepcraBien mupoxmii Habop Marepmason. [ia Gois-
IMMHCTBA TBEPAHX Tl HpH KOMHATHOI TeMIeparype Bejm-
upEa o BakgoueHa B Ipemenax (S5 —- 25)-10-% (°C)'. Ecum
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B KadgecTBe THOMYHOTO sHadeHua npmuaTh 1078 (°C)72, 1o Mu
moJyumM, 9To maMeHenme Temmepatyps Ha 10° C mpmBommT
Kk msMerenmpo jmuamuan Ha 0,01%.

B mpaktmdeckoil ¢usuke KpaiiHe BayHO HMETH IPEICTaR-
IeHme o Takmx mopaparax sexmuwmnkl. G ofHOM c€TOpOHH,
Ae YUTA B TOYHHX OIEITAX W3MEIENWH pasMepoB 3a cUeT
TEMIepaTypH, MBH JONYyCKaeM cepresHyn ommbky. C ppyroi
CTOPOHLI, BHYHCIAA [JIfA KayK[AOL0 HM3MEDEHHA IIOIPABRY Ha
TeMmepaTypHbi 3Q¢QexT, My moTepANnm Obl, 09C€BHIHO, Maccy
ppemenu. O6 sTom ropopwr sapassiii cmeicil. Ho or vE B co-
CTOAHDD CKasaTh, KOIJ[a [0 MEpe BO3PACTAHWUS TOIHOCTH
sxcmepumenTa Takoi sdpdexrT mamo Oymer yumreBaTh. Bot
3[eCh WM NPHXOAMT HA IMOMOIMDL IOCIeT IOPARKA BEJLETHH.
OH TOACKa3EBAET, TT0 IPUW W3MEHEHHAX TEMIEPATYPH MEHb-
me uem Ha 10° C He caepyer omacaThkesA BIMAHUA TEMIEpaTy-
pH, TOKa TOYROCTH m3MepeHmit He mpessumaer 1074,

§ 6. Mamepenue 4acToTHi METOAOM GHeHwi

a. deaenue 6uenudi.Ilycte nMeroTed 1Be cuHy cCOUAInb-
HEle BOJIHE ¢ PAaBHEIMM aMIUIMTyAaMu A W ClerKa pasiimialo-
[MUMHUCHA YaCTOTAME Vi M Ve. MEI He KOHKpeTm3umpyeMm ¢usum-
gecKkyl0 mpmpoAgy stux BoxH. Onm, K mpmMepy, MOTLyT
BO3ZHIKATEL B Pe3yabTate NPOCTPAHCTBEHHBIX CMEMeHuii Koyeo-
Jpomieicd MeXaHKYeCKON CHCTeMH HWJIM U3MEHEHHs Hanps-
MEeHUA Ha KOHpJeHcatope B cxeme Teneparopa. Hakxomoit Ow
Ay OBJla OPHpPOAAa BOJH, WX MOKHO HPEACTABHTE B BH[E
OTHEJNBHEX KoJjebanmia

y1 = 4 cos 2nvyt, Yy, = A cos 2mv,t, 1.1)

aro m uzobpaskeno rpadurecku ua dur. 20, ¢ u 6. Ilpm opgno-
BpPEMEHHOM BO3fleiicTBHE of0enmx BOJH IOJIOE CMeIeHOe
TaKOBO;

Y=Yy +ys= A (08 27v,t - cos 27V,t) ==

=24 cos 2n 2v2 tcos 21 v,—lz—vz t. (1.2)

JlonyermM Temeph, YT0 BEIHWYMHH V4 M Vv, BEeCbMa OIW3KM
npyr ¥ Apyry, 7. e. 9TO

Vi — vy & Vi + Vs (1.3)
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B Takom ciryuae MHOMUTEIH COS 271 [(‘ﬁi;"’—)t ] B dopmyie

(1.2) onuceiBaer OricTpoe cEHYCOHWaNbHOE . KoJjebaHme,

aMINIETYAa KOTOPOTO ME[JIEHHO M3MeHAETCHA B COOTBETCTBUU

Vyi—V

¢ mHoEmTeNeM 24 cos [275( 12 2
mee koyxebanme mzobpaskeno na $ur. 20, .

Hase He mpmberas w momoniw Beipamenms (1.2), BHBe-

JICHHOTO HAa OCHOBAHWH TPHUTOHOMETPHYECKHX (PopMyd, MOFK-

)t]. 910 pesyILTHPYIO-

t
b/
)
) NN\
6
Y=Yk P Q R

® ur. 20. Buenna woneGanwmii.

BoNHb! @ ¥ 6, HEMHOPO PAa3IMYAIOLMECH 10 9acTOTe, PN CIOMHKEHNAN
[AI0T BOJHY 6.

Ho, BaTiAnyB Ha ¢ur. 20, Harnagno y6eguThCsA, 9TO BOJIHEL
@ W 6 Opu CIOReNHH JaloT BOJHY 6. B momenT Bpemenm P
¢asa obemx BOJH ONWHAKOBA ¥ PE3yNbTHPYIOMas aMIId-
TyJa BeNMKa. 3arTeM u3-32 HEOOJIBIIOTO pasiWuMA YacTOT
9TH BOJIHEl IIOCTEIIEHHO pacXofifiTcs 1o ¢asze, Tak 4TO K
momerTy Bpemenwm Q pasuocts ¢as mocruraer 180°, a pe-
ByJIBTHPYIOmMAn aMuamtyga obpamaerca B HylIb. B MoMeHT
ppemern R ofe BOJHH BHOBb WMMEIOT OHWHAKOBLE (asml.
Taxoe sABJenme MmOOEPEMEHHOTO yCWICHHA u  oOCiabie-
HES pe3yJbTHDPYIONuX KolebaHmi HocuT Ha3Bamme OueHUl,
a YacToTa MOABIEHHA MAKCHMYMA B Pe3yJibTHPYIOINEH aM-
IJIATY/I® HASHBACTCH uacmomol 6uenull.
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Hynxrupras mmrus Ha gur. 20, 6 COOTBETCTRYET Koieba-
HEIO ¢ 9acToToit (vi — vy)/2. Ho 3a Kapmpil nepmop aMmiin-
Ty/a [OCTHraeT MakcuMyMa Asazp. IlosTomy dactora Gume-
HWI paBHa

Vp = Vg — Vj. (1.4)

970 BasKHHII pe3ylETar.

6. Hamepenue wacnromot. flenenne CHeHwWil MOXHO
HCIOJIB30BATH B KaTeCTBe OYCHH TOTHOIO METO[Ia H3MepeHus
JacTOTH KOJeGanmil v mCTOUHHKA , B 9ACTHOCTH BJI€KTPOMATHUT-
HEIX BOJIH. B cilyuae BOJH TAKOI0 THOA& MORHO CO3/IATH STAJIOH-
HHH WCTOYHWK, TACTOTa KojebaHwii KOTOPOIO vy H3BECTHa C
BHICOKO# TouHOCTEIO. Ecnm «cMemaThy 9Ty 3TalOHHYIO BOJIHY €
Hem3BeCTHOH BONHOH W HM3MEPUThH YaCTOTy OuWeHwmii vy, TO

v = vy &+ vp. (1.5)

TouHOCTH, TAaKOTO METO[a OYeHb BRICOKa, ©CIIM HMeeTCs
STAJOHHEE HCTOYNHE KOJIeOaHWH ¢ 9acTOTOl Ve, Oamsroit
K v. B aTOM cily4ae v, MaJo U [JIA 09€HL TOYHOTO OIpefese-
HOsi Vv BIOJHE JOCTATOTHO W3MEPATH HacTOTy Omenmit €O
CpPaBHUTEJIGHO HEBEICOKOH TOuHOCTBIO. Bemommmre cayqaii
[ w3 npuMepa, mpuBefieHHOro Ha cTpanmme 63.

Ecuaum, cxameMm,

vo=1000000 Tn m v =3500+5Tg?),

TO

v = 1000 500 & 5 I'm. (1.6)

VlusMB coBaMH, IpH TOTHOCTH M3MEpEHHs vy, papuoit 1/100,
roarocTh v pasra 1/200 000.

Jlas wmsmepeHus v, HEoOXOAWMO Iperxne BCETO WIBJIEYH
u3 pesyiprmpyomeii Boxusl y (¢ur. 20, 6) TOT CUrHAT, KOTO-
PHIi DKBUBANEHTEH MOJIOKUTENBHON Ormbaromeit. Taxoit mpo-
necc HasmBaeTcs AereKrtmpoanmeM [2]. 3atem wacrory aTOro
CHTHAJIA MOKHO M3MEepuThL OOBYHEIM METOJ0M, HaIpHMep mpe-
Bpamas CUTHAJ B CepHI0 MMIYJECOB — IO OJHOMY Ha KaiK-
[l TTepwoj — W MORCYWTHIBAA THCJIO WMIYIBCOB 32 M3BECT-
HE# WHTEpBAl BPEMEHW.

1) YacToTy OOpefeNsioT Kak 4Yiclo OePHOfCR B CeKYHAY, & B Ka-
YeCTBO GNUHMIEI MBMEPEHMs YacTOTHI WCHONB3YeTcsl Tepry (I').
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Benne npw Bemucnenmn BeamIuAnl v (1.6) ME mpoussoip-
HO B3slJIE 3HAK IJLIOC B $opMmyIie (1.9). Kaxoit sxe 3max cre-
Ayer 6paTh Ha camoM nene? BosmoykmLr ABa cnocoba pemenus
9T0T0 Bompoca. leprwii: mamepurs BeJlINHY v TprOinsKen-
HO M BLIACHETDL — GONBUIC OHA WAH MeHBIme vo. B opmpe-
ACHHOM TIpHMEpe AJIA BTOTe GHI0 LI AOCTATOTHO UPOBECTH
H3MEPEHHE ¢ TOTHOCTBLIO, HEMHOIO Jdyamed 5-10-% Bropoii:
SHAK MOKHO YCTAHOBHTD, CIEIKA W3MEHIB BeIHYANY v, (cKa-
MEM, TOBHCHB) W HabiIoman OpH BTOM — BO3pACTET WX
VMEHBINATCA vy,

6. IMANOHBL YA C O N, 3axermy, Uro B onnibKy Komea-
HOTO pesynbrata He Bomua ommbKa B BEIHINHE v, IT0
00BACHACTCA TeM, 910 "gacTora 9TAJIOHHHIX HCTOYHHKOB H3Be-
CTH2 € 09€Hb BEICOKOH TOUMOCTHIO. HetictBurensao, wacro-
Ty — nin obpaTtayo eif BeIIWMINHY (BPEMA) — MOIKHO nof-
ACPIKEBATE B U3MEPATH ¢ 6OIIee BHCOKOM TOTHOCTBIO, HE;REIIR
106y Apyryo dusmucckyio Benmanny [14].

CymectByer Heckombo METOROB cozflanmAa  Konebamumi
CTaHIAPTHOR 9acTorsl. Ilpocreitmmmii ws HHX COCTOHT B WHC-
UOJIE30BaHMN KpHCTAIUIa KBaprg, KOTOPLIA 3a cUer uneso-
SIEKTDAICCKOro 3hderTa MOMKeT paboTaTh kak pesoHamCHEL}
KOHTYp M CO3AaBaTh DIIEKTPOMATHHTHBIE Konebanua; gacTo-
Ta TakuX konebammili omperemsmercs TeOMETPUICCKEME a3~
MEpaMH M yOpyruMm cpoiicTBamum Kpuerania. He npepcras-
JIAET HEKAKOTO TPyAa BHPE3ATh H 06paboraTs KPHCTaIIL Tag,
9T00H YacToTa OCTaBajiacs HOCTOAHHOI ¢ TOIHOCTRBIO 0 1075,
Crabmimmsupys TEMICPATYpPy KPHUCTAIIIA, MOMKHO OBUTHCH
eme Gonbmed crabmiprocTn dactorei. Tar, mecyimag gacro-
ta 200 xI'iy omHOM m3 crannuit Bpurancroii PAJIMOBEMATEN b~
HOH ®OpIIOparun HUOMIIEPAABALTCT NOCTOAUINON ¢ TOYHOCTHIO
91071, Tloaromy, Bmecto Toro 9T00M HCHOMB30BATH COG-
CTBEHHBI KPHCTAILI KBApua M 3aGOTHYBCH o TOepRaHIy
HOCTOAHHOR TeMIepPaTyPH, MOKHO DOJNYIHTH TOT 7K€ pPe3yilp-
1at, MofAaBas CHIHAJ JTOH CTAaHNUHE Ha TeHEePaTop, KOTOpPHi
TeM CaMBIM 6yaeT B Toil ke Mépe CTabuIIHsupOBaH o YacToTe,

Mnerores m eme 6Gosee CTa0MIIbHBIC DTANOHH YACTOTEL,
HcnonpszoBarme aTompnx OePEeXON0B 1esna Ho3BOJNAET KOH-
TPOJIIPOBATEL 9ACTOTY KOME6ATEIBHBLIX CHCTEM C TOTHOCTBIO
AC Hecronbrux emmumn 1012, Verpoierso obiamaer Takomn
C1a6HIBHOCTEIO, 9TO HEEHE CeKYH/Ia OIpeNeliena 9epes gacro-
Ty OnHOrO M3 ATOMHHIX IepeXogoB mesms,
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§ 7. Younuten» ¢ oTpHuaTenkok ofpaTtholi CeA3bI

a. IIpUHYUR OMPUUAMEALHOU 0ITPAMNOTL CEHIU.
JonycraM,q10 y HAC HMEeTCH 3IeRTPOHHNHA YCHIRTeNh, KOTO-
pHLiZ IpU Hoflage Ha €ro BXOJHBIE KJIeMMbl Hampsenma V,
naer Ha BHIXONHHX KIeMMaxX Haupsixenme V,, npmuem

Vo = V. (1.7)

Mu Gymem camtaTh BeNIUUMIY O HOCTOAHHON M HAB0BEM €€
Koo(pnImenTtoM Cco0CTBEHHOrO ycuienmA yemaumrens. Muo

Y
['o

—0
Brog Veunumens Botzog

L

@ ur. 21. CxeMarnyecKoe HB00payKeHNs YCIIIITeJIS.

He GygeM KacaThCA BOIPOCA O TOM, KaK YCTPOGH yCHJIHTENS,
a upocto OGynem m3o6paskaTh €ro B BUE AUINKA ¢ BXOJHHMH
u BoIxogueuE KxemMvamu (Qpur. 21).

Teneps npexnonoxmM, 970 HaM Tpebyercs ycuanTh HaNpA-
JKeHHe cHrHala V, HO BMECTO TOro, 4ro0H momath V, memo-
CPeACTBEHHO HA BXOMHEE KIEMMEI, Mbl BEIUTE@M M3 HEro 4acthb
BVe BLIXOOHOTO HAUPS/KEHWA, & OCTAJABHYI0 TaCTh IOATHM
ga Bxop. llomo6Hoe yMeHBINEHWE BXOIOTO CHTHAJA Ha Be-
JNMIUAY, 3aBUCAMYK OT BHXONHOIO CHTHAJA, HA3HEBAETCH
ompuyameavroti o6pamnoli cessvio. Ha ¢ur. 22 npepcranaena
cxeMma, B KOTODOIl curuaj o6paTHOd CBA3E CHEMAETCA ¢ Upo-
CTOTO JIeNNTeNA HAUpPSKEHHA, COCTABIGHHOr0 H3 PEe3HCTOPOB.

IIpn arom

Vi - V.s - BV(). (1.8)
Takum o6pasom,

Vo =aV; = a(V, — V), (1.9)
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OTRyfa clegyer
Vo o2
e i el 1.10
Vs 1+-af ( )

Wrax, momusii KOdPQEIEEHT YCUIEHHA YMEHBIIAeTCH
3a cger oOpaTHO CBA3H, TaK KaK 00e BeIWYHHH — O 1 ff —
OJIOHHETEIHHEL.

Yro u3 sroro ciexgyer? OTBET MOKHO JiaTh, pacCMOTpEB
npefeabanil ciaydail, xorma af > 1. IlpemeGperas enunn-
peir B suamenatene Boipamenua (1.10), maxomum, 9ro KOdd-
Jumment ycmnenus pases 1/f. Jpyrumm cioBamm, mOMHBLA

% %

[0 —

Vi 1 Veunumens

%
| E:

@ nr. 22. Yemmurelb ¢ OTpUIATeIbHOI 06paTHOR
CBASBLIO.

KOO(QQHIMEnNT yCHJIEGHHA He 3aBHCUT OT Kodddmmuenta cob-
CTBEHHOT0 YCHJGHYSA YCUNHUTENs, a 3aBHCHT TOJBKO OT JOIH
BHIXO[HOr0 cHruajla [, Kotopas IIOAaeTCA CHOBA HAa BXOJ,.

0. Il peumnyuiecmea memooa

I. HeuyecmeumenabHocmb K USMEHEHUAM HORDAICEHUS RU-
manus u HoMUHAA06 demasneli yeuaumeas. Benmanny f Momx-
HO 3afaTh OYeHL TOYHO. J[NA BTOr0 HY/KHA TOJBLKO mapa ToY-
HHX pesHcTopoB. Benmumpa ke o MOKeT MEHATHCA IO MHO-
ruM OpHYNHAM, HAOpEMep H3-3a KoJgebaHUN HampM/KeHmsA
nutap¥da. H ToMy ke OHA MOIKET MEHATHCA OT OFHOTO DK3eM-
migpa yCUNmTeds K APYroMy H3-3a pasiuimA B mapaMmeTpax
[(eTaNeil — pesHCTOPOB, KOHIEHCATOPOB, TPAH3UCTOpPOB (UAYU
Jamm). Tem He MeHee IpH YCIOBHY IIOCTOSIHCTBA BEANIUHE! f
Yy BCeX DKBEMILIAPOB YCWIHTENEH UX IMOJHRE KOdYPUIUEHTH
ycunenusi Beerfa OyayT HOpaKkTHIeCKH OfMHAKOBEIMHE. To,
970 OTPHIATENbHAs OfpaTHad CBA3H yMeHBIaeT Koopdunuent
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yculieHuda, He ClIeJyeT CYUTaTh GOJIBIMEM HEegOCTATKOM, HOO
OONyYnTh TpefyeMoe yCHIGHEe YpPE3BRIAMHO JIETKO.

He npuberas xk momomyu coorromernns (1.10), merpymno
Ka9eCTBEHHO OODBACHATH, mOYEMy OTpHIATeNbHAaA obpaTHas
cBA3hL ocnaliiger 3aBMCHMOCTH LOJHOIO Kod)PHIEeHTa ycu-
Jennsa 0T Koaddumuenta co6CTBEHHOTO yCuleHyA yCUIRTENA.
Ilyers yemnmrens ¢ o6paTHOM CBA3HI paGoTaeT mpm HEKOTO-
puix spauenmax o, P u V,. Torga seauwaunnt Vo m V; ompe-
nensarorea papenctBamu (1.10) u (1.8).

Temeps npemonoxmM, 970 MO KAKOH-TO IpHINHE CHI-
BUIICA KOIPYUIMERT yCHNGHUA O.. ITO OPHEBONHET K yMEHBIIe-
umio Vo, 9T0 CHIGRaeT Hampskenme obpaTHoil ceszu BV,
a 3TO B CBOK OYepefp HOBEIMAeT V;. 3HAYMT, BHIXORHOM
curgall V, He CHESHTCA B TAKOil CTENEHW, KAK 3TOTO CIEJ0-
Basio Onl oxmgarh. OH, KOHEYHO, JOMKEH HECKOIBKO YMEHD-
IMETHCA, HO OYeHb HeMIoro. B mporusmOM ciydae mociaerno-
BATEABHOCTH COORITHIA, KOTOPYIO MH TOJNBKO 9TO HPOCJENHIH,
BooOme me mMena Obl Mecra.

O6patemea & mmdpam, 0GB IPOXEMOHCTPUPOBATH, HA-
CKOJILKO OTpHIATEIbHAs O0paTHAM CBA3L CHEMAET TyBCTBU-
TEALHOCTh HOJHOT0 KOdh(HIEeHTa YCUJEHHA K H3MeHEHH-
am o. Eeau

1

a=20000 u ﬁ:m, (1.11)
TO NONHRH KoBOOUIUEHT yCHiIeHHs paBeH
20 000
m=99,50. (1.12)

Homyctum Tenepn, 9ro Benmumma o ymaxa mo 10000, t. e.
ovenb cuiabHo. IlonHbi KodhOUNIEHT yeHNeHEA CTAHET Pa BHBIM

10 000

ngg,oi- (1.13)
Mrar, xors cofcTBEHHOE yCHIEHEe yHIalo BIBOE, IIOJHBIH
KoohdunmenT ycmienuna mamemmics Jdumb ma 0,59%.

II. Yaywuennas wacmomuasn xapakmepucmura. Ilyers na
BXOJ] HOJaHO CHHYCOHHANbHO® Haupsxenme. W3-3a panuamsa
B cxeMme eMKocTell KoaddummenT coGCTBEHHOrO yCHISHESA
ConbIIEHCTBA ycHIuTeNeidl 3aBMCHT OT %acToTH. Ilpemmymme-
CTBOM OMHYECKOTO JIeAuTeNsA B reny oOpaTtHoil CBA3Y ABAAET-
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ca HesaBucmMocTh [} or Jacrorel. Tawkmm oOpasom, IONHEII
KO)OUIEOHT YCHISHNS NPAKTHICCKH He 3aBUCHT OT TaCTOTHL

IToaToMYy B BEICOKOK&UECTBEHHBIX YCUAUTENAX HUZKOM acTO-
TH NPEYCMATPEBAIOT CHJIBHYIO OTPHIATENHHYI obpaTHYIHO
CBA3h, TTO0B MYBHIKAJIBHEE TOHA BCEX YAaCTOT ¥ HX TIapMo-
HEKM YCWIHBAINUCH OJ[HIHAKOBO. JTO YIEOOXOMEMO HIA Bep-
HOr0 BOCHOpOU3BENEHYWA 3BYKa, ¥ HOTOMY-TO B Iacmopre
yeuIuTead OOLYHO TOBOPHTCH, WT0 NOJHHH Koaddmiment
VCUJIGHAA MOCTOMHEH B OLPENeseHHoH moxoce IacTor.

1], Yayuuennas aunetinocms. Ecian pus cmraana ompe-
JEJIeHHOI 9acTOTH Beiumunna V, ABIAAeTCH HelmHEHnol QyHK-
umeir V;, To mo-upeskueMy,

Vo = aVi, (1.14)

Ho Teneps « BzaBmcuT oT V;. Tem me memee ecam af > 1,
T0 npE J66x V; MOKHO HOBTOPHTH CKa3aHHOE BHILE H

Ys (1.15)
p

Wrak, ecniuy semmauHa P uocrogEHa m of > 1, To Beamumua
Vo npnbins3uTepHo JHHEHHO 3aBHCUT OT V4, ¥ 370 CIpaBe[-
amB0O 0Ee30THOCHMTENLHO K TOMY, B KaKoi Mepe HeimueiHa
cersp Meny Vo u V.

Yramem Takske eme OfilI0 UPeUMYIMECTBO ycuauTexei
C OTPHIATENLHOU OOpaTHON CBA3BLIO: MOBHIIIEHHOE BXOLHOE
¥ HOHWKEHHOEe BHXOMHOE COLPOTUBIEHYe,

8. Cmai uavhocine. Ecny 13MednTh 3HAK curuajaa obpar-
HOI CBA3H, TO oI OY/ET me RuluTaThes nz Vg, a CRIaIEBaThL-
Cd C HHM, T. C. MBI LOJYYVM ROJOICUTNEALHYI0 ODPATHYIO
ceasb. Temeps B pasencree (1.10) Beauunna ff orprmarenanua
m Bo3MO}ken caydait af = — 1, worma Beamamna V, OKg-
a3ppaetca 6eckomedno Gonmbmioft. Ha nmpaxture ;e Hampssxe-
mre Vo cRILHO BO3pacTaeT, eMKOCTHHIEC W HHIYKTHBHEE DJe-
MEHTH CXEME BHI3BIBAIOT 3aJIEPKKH IPOLECCOB BO BPEMEHH,
CHCTEMa CTAHOBHUTCH HeCTaORIBHOH, M B Hell BO3OYKOAIOTCA
ronebauma. Ha rmakomM wmpumnpume coemualsHo KOHCTPYH-
PyIOT TreHepaTopH.

Ho ecmu rtpebyercsa, arobnr cxema paforaia B KaIecTBe
yCmIHTeNsI, TO TaK¥We KoIebauus B BHICINEH CTENEHW HesKeJa-
TenpHE. Jna m1060i cxempl ¢ 06paTHON CBABBI) CyIECTBYET
OmacHOCTh, YT0, HaMKe menas ob6ecueInrs OTPHHATENLHYIO

V=
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o6paTHYH0 CBsA3hL, HA €aMOM [iele Ha HEKOTODHX 9acToTax
MblL TONYIEM NONOKUTEJALHYI0 OOparHy® CcBI3h. ITO
OpOHCXOJIET H3-32 TOrO, YTO YCIIMTENb CO3aeT y CHTHAJOR
3aBHCANIEE OT YaCTOTH ()Az0BEe CIHBHIHE. VICKycCTBO KOH-
CTPYHMPOBANUA YCIINTENA COCTOMT B yMemmu OGecneduTh
ero crabmiILHOCTL HAa BCEX 9acrorax. 1e0permiecKue OCHOBEI
aroit npobGaemer Grrn paspaboranst HalkBECTOM H JIpYr4MH.

Husn Gosee mojHOrC O3HAKOMIGHHA C BOIPOCAME TEOpHU
4 pacdera ycmimTeneili ¢ 0OpATHON CBA3BI0 MEl OTCHLIAEM
YpTaTeNn R cuenuanbnoil mmTtepartype !). B srom pasnmeme
MH JIMIIL BBEJH BAC B KPYI BaJKHHEX BOIPOCOB, HMEIOIEX
foabmoe spadepme A pazpaboTEE JAI0BX YCHINTEIBHBIX
yeTpoiicTs.

§ 8. CHCTEMb! 2BTOMATHYECKOrO PErynHpOBaHHA

a. I PpuHYuUn ainoMamuLecKozo PeLYyaupocaHun,
Jlomyerum, 910 y HAC EMEETCs YeTpoiicTBo S, meKnil napameTp
KOTOPOr0 MH XOTHM peryimpoBaTh Opu moMomu Giaoxra C.
JLast 9700 MOMKHO COEMAThH YOPABIAIOMUIHA CHIIATI ¢ BBRIXOA
6moxa C u nojiaBaTh ero Yepes ycmIuTednr A Ha BXOJ yCTpoi-
crBa S.

Iycrs pmamee ycrtpoiicrso S, BospeiicTtBys ma Oaok F,
CO3aeT CUIHAJN, KOTOpHUI XapaKTepHayer HHTepecymLyIo
HAC BEJWYHHY. JTOT CHTHAJ BEMTMTAETCH N3 KOHTPOIBHOIO
cErHala, ¥ pasmocTh CHIHAJIOB BHOBH IOCTYHAET Ha BXOJ
yeuaurens, Kak nmokazauo Ha Qur. 23. Takasa cmerema pery-
JEpOBAHEA IAPAMETPOB AUNApaTyphl HA3HIBAGTCH CHCTEMOil
aBToMaTHYECKOro peryiamposanmsa. Mm BmmuM, 910 31€ch
B OCHOBY HOJIO}KEHA HJEA OTPHMATENHHOU oOpaTHOH cBA3N;
3HATUT, MEOTEMY €€ [OCTOHHCTBaMH, PacCMOTPEHHBHIMU HaMH:
B mpefsiymeM maparpade, HApaBHE C YCHAHTEJNSMH MOIYT
obJazaTh W aBTOMATHYECKHE PeryifaTOpEL.

6. HIpumep—asmomaniuidecroe pezyauposane
memnepamypst. Har npuMep CHCTEMBEI aBTOMATHIECKOIO
peryimpoBaHEA paccMoTpEM BaHHY, Temmeparypy 1 Koro-

1y Cm., Hampmmep, A. M. Bouw-Bpyesuu, PajnmosieKTpoHNKa
B DKCIlepAMEHTAILHON ¢manke, M., 1966; K. 3. Opeauc, H. II. Cmena-
HeHnEo, JIMORTPORNEIe yeiumTean, M., 1966; H. II. Cmenanenxo, OCHOBEL
TeopnH TPAHSHCTOPOB W TPAH3NCTOPHHX cxeM, M., 1963.— ITpum. ped.
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poit Tpebyercs mopmep:xmBaThL DOCTOAHHOM HA 3aaHEOM
yposre. Bauna B (¢mr. 24) tepmer Temno, otHaBas ero B
OKpY}afolee IpOCTPAHCTBO, a ee TeMIepatrypa NOHJIepKn-

@ mr. 23. Biok-cxeMa CHCTEMH aBTOMATHIECKOIO
pery:npoBaHus.

Xonogreri
cnail

@ ur. 24 Chcrema aBTOMAaTHYECKOLO PETYIHpOBA-
HOA [ OOAilePyHaEuA NOCTOSHEEOH TeMIeparyps
BaHEHH.

BaeTCA € MOMOMmbLIO HarpesaTeJnHoM cuupanu H. Toxk B Ha-
rpesateNsHyr0 cundpais [/ mopaerca vepes Bapmak V —
aBTOTPanCHOPMATOP, HAIPSIKEHNE HA BHXOJIe KOTOPOrO, Kak
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¥ B DOTEHOMOMETPaX, 3aBHCHT OT IOJOKEHUS IOJIBIKHOIO
KoHTaKTa. TakmM o6pasoM, TOK B HarpesaTejle OIpefender-
CA TOJOKeHWEeM KOHTAKTa, KOTOPHEI MOMHO DIepeMmemarh
npH DOMOIH JJIGKTPONBUIaTeNs HOCTOAHHOTO TOKa M ¢
penykropom R. Cropocth BpameHHs fABUTaTelf 3aBUCHT OT
CHUJIBI TOKA B €ro o0MOTHaX; OHAa paBHA HYJII0 OPH HYJeBOM
TOKe W W3MelsieT HAaNpaBJeHWe IpH H3MEHEeHHmY HampaBiie-
HUA TOKA.

IIycrr 6aox C BeipabGaTHBaeT KOHTPOABHHIE curmax V..
Ob6patyro cBA3hL obecueimBaerT HEKOTOPOE YCTPOMCTBO, BEHI-
pabaTsiBaromee CHrHAJ, KOTOPHIA 3aBHCHT OT TeMOepaTyphl
Banubl. TakmM yeTpo#cTBOM MOKeT OHTh, HAIpHEMEp, TepMo-
mapa D. ITycts ona cosnaer wanpsurenne V. Ha Bxop yennu-
teaa A mocryuaer nampsxenme V, — Vy, a Buxon ycuanre-
AA COeMUHEH C OOMOTHAMY 9IEKTPOJBUratejs. ¥ CJIOBUA
nopobpausl TakEM 06pazoM, YTOOH IpH MONOMUTENBHOM 3HA-
genmn pasHoctH V., — V; siexTpopsuraresnh mepeMemal
KOHTAKT BapHaKa B CTOPOHY YBEJIRYEHHS TOKa, IOCTyHAIO-
mero B HarpeBaTelbHEH diemeRT F.

Crmecrema wmofjiepxuBaer Tarylo temMueparypy 1, mpm
KOTOpO# HampskeHme Ha KOHmMAax repmomap V; pasmo V.
Horpa remumeparypa BamHH JOCTUIaeT 9TOr0 3HAYEHHS, CHUI-
HaJ Ha BXOJie yCmIETeNA 00pamaeTca B HyJb; 9JIGKTpO/BHIa-
TelIhL OCTAHABIMBAGTCA, PEKCUPYA ONpefielleHHoe IOJOKeHye
KOHTAKTa BapHaxa. HolmuecTBo Temia, KOTOpoe MOJBOUTCH
K BaHHEe B TAKHEX YCJIOBUAX, B TOIHOCTH pPABHO TEILIOBEIM
morepsaM npu temmeparype 7. Ecam mo rakoii-nu6o npuinne
TeMImepaTypa yumajier, HalpuMep H3-32 YBEJIRICHHIA TEIIOBEIX
notepb, 00YCHOBJIEHHOTO HOHIKEHHEM TeMIepaTypel OKpy-
yRalomeil cpefik, TO HaupAyKenme V; yMEHBIINTCA W Ha BXONE
VCHIETENA UOABUTCA NOJOKUTeNBHbH cmrHan V, — Vi,
KOTOPHIH, BO3xe#cTByA dYepe3 yCUImTeNdh Ha SJIEKTPORBHIa-
TelIh W BAapUaK, YBEJINTUT HaNpSIKeHHe, MATAIOMEe Harpesa-
tens. HaobGopor, worma Temmepatypa BawuH mpesucuT 1,
curgad V., — V; craper OTpY¥narelbHeIM, B 9TO NPUBEET
K YMEHBUICHHI0 HAUPSAKeHHs, IUTAIOMEro HarpeBatelb.

Tarkum 06pasom, MH 3[eCh BUAEM BCe OCHOBHHE OCODEH-
HOCTH CHCTE@MH AaBTOMATHYECKOro peryiampoBauma. llpesxne
BCEro HeoOXOMEMO MMeTh KOHTpOJBLHBIR curwaix V., urparw-
muit poasr srajona. Hpome toro, meobxommmo obecmedmth
cargan V;, KoropHil caymmi O Mepoii peryiaupyemoR
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¢uswieckoit penmumnn. PazmocTs 9rux IBYX CHIHAJIOB yIm-
PaBIAET YCTPOUCTBOM, KOTOpOe AeHCTByerT TaK, YTO0H cBecTH
9Ty PasHOCTH K HYJI0.

Ha mpmmepe ¢ Bannoit mocrosmuoi TEeMOepaTypH IpOmI-
JMIOCTPEPOBAHE HEKOTOPHE OCOOEHHOCTH CHCTEMBI ¢ oTpHIa-
TEABHOU 00paTHOl CBA3KIO, 0 KOTOPHX TOBOPHJIOCH B MpEJH-
Aymem naparpade. Tak, Qynknmonausmas cmusn Mempny V.
m T movrm takas e, Kak u mexny Vy m 7. U oma mour:
COBCEeM He 3aBHCHT OT NpOUHX CBf3eil B cHCTeMe, TaKux,
KaR CBASH MERIy CHIHAJIOM HA BXONe YCHINTeNf I cKopo-
CTHIO BpAIMGHHSA DIEKTPONBEIAaTeNA WIY MEXAY MOTOREHIeM
KOHTAKTa BAPHAKA M MOMHOCTHIO, HMOXBOMHMON K BaHHe.

6. Cmatuavriocmy. Jlo cax nop MEI He HIPHHHAMAJN BO
BHEMAHME 3alas[HBaHWe BO BPEMEHH, KOTOpPOE BO3MOJKHO
B paccMOTpenuoit mamm cmereme. Ho rtakoe 3amasrBaHue
OKa3HBaeT BayKHOe BJINMAHEE HAa ee pabory. Honyerum, uwro
B HALIEM TPHMEPe MH MepeXOfmM K HOBOMY DEREMY, COOT-
BeTCTBYIOMEMy Goubmteir Temmeparype 7. Tlora pamna paso-
rpesaercs, 1’ Bce eme menwme, wesm 7', o ¢ BapHmaKa B Harpe-
BaTONb NOCTyHaer Bce Goapumit ¥ Goapmuii Tox, Tar Oynmer
TpOMOMKATRCA O T€X HOP, TOKA TeMIepaTypa TepMoua phl
He nocrurrer suaterus 7. Ho B cuny remmosoir HIepIun
CHMCTEMBH IpPHTOR Temia Oymer NpeBLunaTh paBHOBECHEE
TEILIOBEI® OTepY, COOTBeTCTBYIOMuIe Temueparype 7. Taxmm
00pa3oM, TeMImepaTypa BaHHE! OpeBHICUT Tpebyemyro. Togano
Tar 3@, KOIjia ABTOMATHYCCKEE DPErylsiTop yMEHBINAGT TOK
Harpesatelis, B CHIy TEINIOBOM WHEPIUH MpPONCXOHT Ipes-
MEpHOe YMEHBIIeHHe,

Ilono6uerit KomeGaTembIEr XapaxTep paboThLl aBTOMAaTH-
UECKOTO perynAaTopa HOCUT masBaHUe «phickanmmy. OH ana-
JOTMYeH TOH HeCcTabmIBHOCTH, O KOTOPOH MEI roBOpUIY
B Clydae OOJOKHETENBHOH oOpaTHOli cBAZM B yeuIuTeaax.
To m npyroe MaTemaTHYeCKE DKBEBAGHTHO. Hecra6unsnocts
B PEryJIATOpe yCTPaHAETCS IyTeM JiIeMIQUPOBAHNS, T. €. 0C-
nabrenus maMenenuit BOBMeiiCTBYIOmell Beqnamnas — B man-
HOM CJydae Teruia, IOJBONUMOTO K BAaHHE,— Da3THIHBIMH
cuocobamu. Touno Tax ke, Kak B clay9ae yCUINTENEH ¢ 06-
PaTHOI CBA3LI0, yCTpameHue HecTaGUIbIOCTH ABIAeTCH oo

13 IMaBHHIX 0poGieM paspaboTKu ¥ KONCTPYHPOBARNA CHCTEM
ABTOMATHIECKOIO PeryJmpoBanys,
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§ 9, EcTecTeennbie npeienbl TOYHOCTH HSMEPElHi

Moskuwo 6o Gul fymarh, 910, TOMB3yACH ROCTATOYLO
IyBCTBUTEJNBHEME npubopamMm m cobmomas HeoGXommMyio
AKKYPaTHOCTh, MH MOKEM IIDOBOAMTL M3MEpemHs ¢ J1000%
T09H0CThI0. Onmako sro me tak. Ilommmo orpamuuennmii,
HalaraeMeHX KBAaHTOBOMEXAQHHIECKUM IPUHIEIOM HEOmpe-
ACNeMHOCTH, KOTOpDOr0 MH 3[1eCh He KAaCaeMCA, CYIecTByer
pAn ABJIEHME, NUPHBONANEX K CAyYafiHEM QAYKTyammaM
H3MepATeNnbunX yerpoiicTs. Taxne Qpayrryamnn, nassBaemee
wymamy, W CO3MAIT ECTECTBEHHEIe IPENedH [OCTHKUMOMR
TOYHOCTH.

a. Bpoynoscroe dsuicenue. Onna ua mpuaus ciyIaifHex
gayrryanmii B maMepmrenbmelx npuGopax — GPOYHOBCKOE
ABIKeHne. PaccMoTpmm [ mpEMepa MalenbKoe 3epKaiib-
Ie, HojBeIICHHOe HA TOHKOH Humtuw. Eciu mpm mosopore
3épRalbma Ha yroa 0 BO3HMKaer BO3BpAAIONEI MOMEHT
¢8, 10 cucrema mpmoGperaer MOTENMMAILEYIO PHEPIHIO

V= coe. (1.16)

3depraibme NOCTOAHHO GOMGAapAUpYIOT MONGKYJH rasa, o
HECMOTP#A Ha TO, YT0 YCPeHEHHAs BO BPEMEHH pPe3yabTHPYIO-
maA cuia paBHA HYJIN, €6 MIHOBEHHOE 3HAYEHHE OTIHIHO
OT HYJIS H, CIe[0BATENBHO, IOJOKEHHE 38DPKAIBLA MOKET
HCHOHTHBATH ClyYaiiabie (QAYKTyalm OTHOCHTEIBHO Cpej-
HETO.

3epKraibne HAXOMUTCA B TEINIOBOM DAaBHOBECHH € MOJe-
Kynamu rasa. CoriacHo TeopeMe 0 paBHOMEPHOM pacIipeje-
JeHUN DHeprmm, cpejuee 3pavenue suHeprum V pasuo 1Y,kT,
rge k — nocroannas Boanmyana, a 7 — aGcoamotuas temme-

parypa ). Torga cpegnee smavenme seamamun 02 oxasrBaer-
€A PaBHEM

= kT

62 = —. (1.17)
[ocronbry k = 1,38-10-23 I3k -rpan~, mpm KOMHATHOM TeM-
meparype dsddext obbiImo ovenp manx. Ilpaspma, nmpm odems
MAJIBIX 3HAYCHHAX ¢ PAYKTYaImy MOTYT CTAaTh BIIOJHE ONM[YTH-

!) Teopema o paBHOMEPHOM pacIpefeleHHN SHEPIHH [0 CTETCHSM
cBoGofbl paccMaTpMBaeTCs MOYTH BO BCeX PYKOBOACTBAX IO CTATHCTH-
uecKoii guznke; cM., Hanpumep, [22]. (Cm. Taxsme B. I'. Jesux, Beenenne
B CTarTucTHIeCKyl Qusnry, M., 1954.— ITpum. ped.)
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meiv. (Hammaep [20] BocnonbzoBaics arny 06CTOATENBCTBOM
I U3MEpCeHHA KOHCTAHTH K.)

YkaskeM, 9T0 paccMOTPEHHHU d(eKT HeAh3d YMEHBIIMTH
DOHIZKEHHEM JABIGHYSA, TAK KAK HPY 3TOM, XOTA M yMEHb-
mAeTCA YHCIO0 MOJEKYJI, COYAapAINEXCA C 3epKalbleM
B 1 ¢, u meumerca Xxapaxkrtep [BWwkenusa (BMECTO MENKOM
ApO/AE BOBHEKAIT CUHYCOHAANBHEIE KOJe(0anusd), BeIWIHHA

0-2 ocraetca Tolt sKe camoil. Heroropre XapaKTepECTHKR
TAKOrO0 [BWKEHHA OpHBeNens B Kumre [15].

6. Iy mot conpontugaer ust. Bropoil BechMa BayKHHII THIT
TEIIOBOTO BO3OYIRIGHUA — WyMbl CORPOMUBACHUA, IIH Tell-
aoBue wymbl Jaxcorncorna. OKa3HBaeTCA, ITO BCAKUIL Pe3HCTOD
npu temnepatype 7 upepcrasiaser cofofl MCTOYHHK Cly%aii-
HEIX 3. . ¢. VIX BO3HHKHOBEHHE MOIKHO OOBACHETH TOINO-
BHIM [BEJKEHHEM DIGKTpPOHOB mpomogumoct:. Tawaa ». f. C.
E GecuopsmoYno H3MeHsiercs, M, KaK IOKa3HBaeT Qypbe-
agajms, cpefiHee sHadenyve penminnn EZ B mHTEpBale YacTOT
oT v 10 v + dv paetcs Qopuyoi )

E? = 4RKT dw. (1.18)

3ameTmM, UTO B 9TO BHIPA/KEHEE He BXOMHT acToTa V.
WNeave rosops, TEMIOBBIE IIyMH pDaBHOMEPHO pacmpejeiems
mo Bcemy coerTpy %acror. @opmyaa (1.18) morasmsaer,

gro Beanumna FE? mpomoprmuonanbHa abCONIOTHOR TeMmepa-
type. Ioatomy, Korga Tpefyercda ycuiluBaTh OY€HL ciabre
CHIHAJBI, 9T00H CHE3UTH UIYMEI, YCHIAHETENh HHOITA OXIIajK-
JAnT 0 TeMIepaTypH JKEAKOTO BO3AyXa WX ayke JKEJKOr0
reams.

6. Il ymot, 053YcA08.0eHHbIE OUCKD EMILOCINBIO Beuye-
cmea.B pIekTpOHHBIX JaMIAX TOK HePeHOCHTCS OTHEIhHBIME
BIIEKTPOHAME. UUCHO DIEKTPOHOB, NOCTHIAIMEX AHOMAA,
¢nysTymEpyer, 910 mpOABIAeTCA B BHAE MAJHX (QIYKTyanmii
CHJH TOKa. JTO sBIIeUHe HOCHMT HasBaHuWe 0po6osozo dghgher-
ma. B Terpogax u Golee CIOMHBIX JaMOaX MbBl EMEEM 1eJ0
¢ (QIyKTyarnEsAME pacupelelieHHsA HOTOKOB JJEKTPOHOB Ha
aHoJ ¥ HA Pa3HBe CEeTKH, Takwe [ONOIHUTENBHEE (QIyKTya-

1y Mu npusopum aty $opmyny Ges usopa. Jlaa mompoGHoro A3y-
YeHnsA Teopru QIYKTyanuil i IyMoB peKoMeniyeM KHUTY FZ]. {Cm. Tan~
we B. B. Jasennopm, B. JI. Pym, BeeieHne B Teopnio cIyJadEEIX Opo-
Jecco 1 mymoB.— Ilpun. ped.) Xopouee BBejeHHe B (ypbe-aHAaNN3
MOKHO Haiitn B kaure [37].
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[UU NPHEBOJAT K HOABIEHAI TaK HA3LIBAEMEIX WYMO6 pacnpe-
deaernua.

2. ITymor u nomexwu. Ecnnne canrarh pabor, cCBA3aHHHX
¢ m3MepenmeM cBepxcinabbiX CHIHAIOB, TO YKa3aHWHE BEIIE
pasnmynbie BEALI ITYMOB IP¥ OOBYHEIX MabOpATOPHEX HM3Me-
pesnax, Kak OpaBmilo, He HAKIAJHBAKT OIPAHHICHER Ha HX
tounocTh. Ho BO3MOKHEI Ipyrme moMexm, KOTOPHE MOTYT
OKazaThcsi Oojlee cymecrBeHHEME. H HEM OTHOCATCA cere-
BEHE HaABOJKH, IIOMEXH, CO3JaBAEMHE pACIOJOKEHHBEIMYU IO
COCEeNICTBY 9JIEKTPHIECKKMY MAIIWHAMY M CTAHKAMY, HAPA3HT-
HEE CHIHAJK, BOBHHKAKMINE N3-32 INIOXEX HIEKTPHIECKHX
KOHTAKTOB, a TAK/AKe HOBPEJK/IEHHHX JaMO ¥ TPAH3UCTOPOB.

Ynpajcnenus

f.1. Crpo6ockon mpeacraBiager coGoil ycrpoiictBo pmim
W3MepeHHsa YACTOTH Bpamenud Vv Kaxkoro-mubo wmpenmera.
Ilpenmer ocemarT CBETOBHIMH BCIHINKAME, NOBTOPAIONEMY-
Csl C I3BECTHOM JacTOTOH Vo, I M3MEPAIT KAKYIYIOCA TacT0-
TY €r0 BPAmEHHA Viam.

a) Ilokasure, 9r0 mpm v = mv,, rge m — neioe TECIO,

Viam = V — MYV,.

Hakos cabicn oTpunaTensHOr0 3HATEHUA Vigsu?
0) Borumenmre 9actoTy v E COOTBETCTBYIOILYIO CPeJIHE-
KBApaTHIHYI0 oumbKy mpm

m=2>5,
vo = 100,004+0,01 TI'x,
Vyease = 0,40 -+ 0,05 T'n.

1.2. 3. n. c. E snemenra Becroma npm 20°C papma
1,0187 B. Ee temneparypHasa 3aBECUMOCTb JA€ICA BRIpasKe-
HUEeM

dE

= —37 mxB.(°C)™.

Tpe6yercs mamepurs AE, pasnocts 3mauennii ». 1. ¢. Gara-
per S, coorsercrByomux Temuepatype 20 m 30° C. PasGepem
&Ba MeTomal
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a) Ilonp3ysace oUeHb TOUHBIM HOTEHIMOMETPOM, H3ME-
paotes BenmumHE E mpu JByX 3HAUEHEAX TEMIepaTypHL:
Y o
20 u 30° C. Togmocrs rammoro mamepermsa 10 mxB.

6) Uamepsaror pasuwocts 5. g. ¢. Gatapem Sy m ppyroi
TAKOM Ke 9raloHHOH Gartapen Sy Mo cxeme, MpefCTABIeHHOMH
va ¢ur. 25. Batapeu coemunens HaBeTpety ApPYr ApYTY.

S, S ConporuBiienne 3TalI0HHOTO
1
| pesucropa R pasuo(,001 Om,
||H| ero TtodHocTh pasma 1073,

Couporusaenme pesmcropa
P uopbumparnr TaK, uroOH

or © CTpenKa TaabBanoMerpa G
X Ow1ma Ha wyne. 3ateM ¢ TOY-
—o0 vocreio 1% wm3mepsAtor TOK

qepes MmLImaMmepmerp A.

WNamepenua uposoggar upxm

NBYX BHAYEHHAX TEMOEpa-

P Typn Garapem S; (20 m

N 30°C) ¥ upm wnemsmewHoi

rempepatype Oarapem S,
pasuoir 20° C.

CpaBuutre TOYHOCTD

Iy o0oHxX MEeToi0B M3MEepEeHHIH
I senuwauHsl AE. (Ilpepens-
HYI0 qyBCTBETENBHOCTE

® nr. 25. Cxema HsMepeHNA pas- raJlbBAHOMETpA N0 HANPH-
HOCTH 3. . C. }IBy?( HOPMaJNbHBIX JKEeHLTO le’ﬂ\fﬂTe paBHOﬁ
DJIIEMEHTOB.
0,2 mxB.)
1.3. CpaBuure B OTHO-

LNIEHAHME HpeJeNioB W3Mepenus, TOIHOCTH, ynobcTsa B pabo-
te (¢ yIeTOM pasNMIHBIX CIYyIaeB WX IPUMEREeHHil) H CTOW-
MOCTH CIIeJ[YIOIEe THIE TePMOMETPOB:

a) oOBIYHBI PTYTHBIE TEPMOMETD;

0) TepMomnapy;

B) IJIATHHOBOE CONPOTHBIICHYUE;

r) TepMoconpoTmBiIenne (TePMHECTOD);

1) rasoBHiI TEPMOMETDP IOCTOSHHOTO o0bema;

) ouTWYeCKEi ~HIHPOMETP.

1.4. Ilepeunciure BO3MO;KIEIE cHOCOOL HM3MEpEHHS Mar-
HUTHOTO MOJIA ¥ CPaBHUTE WX MeKAY co0oil mo TeMm iKe moxa-
3aTEJIAM, YTO W B IpeImYyHIed 3anade.
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B caepyromux ynpasKHeHUSAX Opefilaraercs OpoaHaJlu3u-
poBate papx upobieM, TTO HaBepHAKA 3aCTaBHET Bac 3any-
MaTBCH HAJ[ BOIIPOCOM O CYIIHOCTY H3MEpeHHil ¥ IOMOKeT
VBYJETh TECHYI0 CBA3h MEKAY TeopHeil M HKCIePUMEHTOM.
Hexoropeie u3 mpo6iem BHXOAAT 33 PaMKU Kypca (E3UKE
ga nepsoMm ropy obyuenns.

1.5.

1.6.

Tlpoananmsmpyiite nonaTHe pasMepa B LPMIOMEHHR
a) K aromy,

6) K aToMHOMY AIpY.

Mpoananmaupyiite BO3MOKHBIE METONE H3MEPEHWNA

paccroaumA MOy

1.7.

1.8.

a) aTroMaMm B KpHCTAJIE;

6) mByMs aToMaMy B MOJIEKYJe BOZODPONA;

B) IIByMS TOYKAMU Ha HOBEPXHOCTH 3€MIIH, HAXOJA-
mumucAa #a paccroanmm 10 KM omma OT RPYroi;

r) 3emneit u Jlynoir;

n) 3emmell m Gumxaiinieil 3Be3yONH;

e) 3emsieill M pgaNeKoil 3Be3mOM.

Ilpoawammaupyiire BO3MOKHEIE METONB W3MEPEHIMsT

MaCCHL

a) memka Kaprodens,

6) somororo Opycka,

B) OPOTOHA,

r) meiTpoHa,

) 3emum.

O6BAcHRTe, KAKOB CMBHICI CIEGAYIOMEX YTBeP:RISHUI

¥ KaK ¥X MOKHO IPOBEDHTSH:

a) Temmeparypa colE Hocle anuabarTHIecKoro pas-
marewuasagma pasma 0,001 K;

6) temmepatypa miasmsl pasma 50 000 K;

B) TemmepaTypa KOCMEYECKOr0 HOPOCTPRHCTBA PaBHA
3 K;

r) TemmepaTypa HEKOTOPOHl CHCTeMH ANEepHHX CIH-
HOB OTpMOATENbHA.



[NABA 2
AHARM3 HEKOTOPEIX JHCNEPHMEHTOB

Ilenr a10ll rmark Tanadg ke, KAk u Opensayiein, — u3io-
JREHHE TOUHRIX ¥ HAJIe:KHEIX METOJIOB mamepenus. Ho B man-
HOi rjaBe pa3TUYHEIE METOIH paccMaTpuBAKICH B CBA3Y
C T6M WINM MHBEIM B3aKOHYGHHEIM JKCOEPHMEHTOM.

Taxux skcuepmmentoB BrOpamo Tpu. Bee onm xopommo
ONACAHK B OOMHX PYKOBOACTBAX HJIW OPUTHHAILHBIX CTATH-
fIX, K KOTOPHIM MBI OTCHIIA®M YHTATeNsA [iA Gonee Ioppos-
HOFO OBHAKOMIEHHA. 3[IeCh KE MEI AHANE3APYEM KayK[IbIif
H3 OKCIEpUMMEHTOB, feJNad YHOP B OCHOBHOM HA CHOCOGHI
CHUAGHUA HJIH HUCKJIIOUSHNA PasIANIHLiX OIINOOK.

§ 1. Cpasrenxe manwix CONPOTHBAEHHH TMPH NOMOWLM niTenLHOmeTpa

a. Cywypocems memoda. Ha pur. 26 npepcrasiena yopo-
mMeHHAaA CXeMa moTeHmmomerpa. Axkymyistop E cospaer
PRBHOCTb NOTEHIHATIO0B Ha KOHIAX peoxopma AC. Jlsa cpas-
HUBaeMbx pesmcropa Ry m R, coegmpenn mocmemoBaTenbmo
C aKKYMyIsATOpoM F'. II0CKONBKY TOR 9epes HEX OfHH ¥ TOT
e, pasHOCTH HOTeHNHANoE Vi B Vy Wa ux Kommax ymoemet-
BOPAIOT COOTHOIIEHHIO

Vv R
TZZH—:' (2.1)

Toury Y coemunasior ¢ 109Kk0H @, a TouRy Z — ¢ TOdU-
KO b m moaBm:RUEINA KomTakT B mepeMeInanT 10 TexX mop,
IOKAa TOK 4Yepe3 rajbBAHOMETD HE CTAHET PABHEIM . HYIIIO.
Torga mo mxane peoxopaa OTCIHTHIBAIOT Benmunny AB,
PaBHYI Zy. 3ateM TOYKH Y U Z COEMUHANT C TOUKAME
u d, W3MepeHwe NOBTODAIT H LONYYaloT NPYLoe 3HAUCHNE
semmauHK AB, paBuoe z,. Hailimewnme smawenus T4 B Ty
OPOIOPIVOHANBHEL PA3HOCTH NOTEHIXANOB HA KOHIAX COOT-
BeTCTBYIOmero pesmctopa. Ilosromy

B Vi oz (2.2)
.Ra . .

Vg Tz
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Hepemennnie pesacropr P m @ nossonsaior job@EThesd, Tro65
Touka Oanamca nopum mH3MEpeHHAX ¢ ofoumm pesmcTopaMu
JeKalia B ImpejiellaX IIKAJH PeoXopfa H B CIyIae pesucropa
¢ GonpmmmM coupornBienuen Grpina Gmmxe K Touxe C.

M
m >

o7 To——Uny;

A B cC
Yl Z
a b c d
R, R,
¢ f g h

B
L

@ nr. 26. CxeMa moTEHIIMOMETPA ANA CpaB-
HEHWSl MajJbX CCHNPOTHBIEHMIl.

6. Hcemounuxu owrudox. Ilepedncimy rnaBabe HCTOT-
HEKH 0IMuGOK u3Mepenusn Beantnusl R/ R, N30 eAHEM BHIIIe
METO[I0M.

I. Moxer oraszaTeCsi HEBEpHO Pa3MEUGHHOH INKaja peo-
xoppa.
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I1. Tox 4epes peoxopn moxer GHTH He COBCEM ORHHAKO-
BHIM B 00OUX HM3Mepenmndx, H TOIJA HAPYINAeTCd PaBEHCTBO

Vi o
Ve~ oz °
ITl. Todno Tar e MOMET ORABATHCA HEOJHWHAKOBHIM TOK
wepes peancTopi [y u I1,, BCBA3E ¢ YeM HAPYIUAETCH PABEHCTBO

RV

1V. Hynepoe fmenenne mKajik peoxoppa MoikeT HE COOT-
BETCTBOBATh HYJIEBOH pa3HOCTH MNOTEHIIHANIOB.

V. Peoxopy AC moxker ObITh NEOAIOPOJEKM IO CROGH
imne, W TOINA TAK/Ke HAPYIIAEGTCA COOTIIONIEINHe

Vi _ ot
A=

Lo

"
<

VI. 3navenusa R; u R, MOTYT 0K23aThCA HEBOCHPOU3BOIU-
MBIMY, ©CAH OIH X01A Ol C1ab0 3aBHCAT OT CIOC0GA IPHCOETH-
HEHHSA OPOBOMIOB B TOUKAX ¢, f, g u h.

VII. Moser GmiTh HeoAMHAKOBOI TeMuepaTypa KasKioro
u3 pesucropos R; u R.,.

VIIL. Kpome E un F, B Kasmyoif m3 penell cxeMH MOryT
CYIMEeCTROBATh HHBIE HCTOTHUKE 3. . C.

6. YVempairenue ouudor. PaccmorpuM 1o nopsiky Bee
nmepednciennsie 9(GEeKTH X BHACHAM CIOCOOBI yCTpaHEeHUA
WIE YMEHBOIEHHA TEX OIMMO0K, K KOTOPLIM KAYKIBIH H3 HEX
MOKET LIPHBCCTH.

I. B upubopax mopo0more Tuila B KAYECTBE IMRAJH Peo-
xopfia cienyer Oparh Tounywo craabHyo amneiiky. Torpma
omnbKa HapepHAKa Oyner npeneCpe:REMO Majla — BO BCA-
KOM cllydae, ee MOKHO C/IeJIaTh TaKoii, eciy CBEpHTH IHHEN-
KY € 9TAJOHOM.

IT u IIl. Tor wepes AB m uwepes R; m R, saBmcur oT
9. . ¢. akkymyaatopoB E m F. Ilocaemume GymyT BechbMa
CTaOMII BHEIMHE, €CIIH

a) aRKyMYISATOPH XOPOLIO 3aPAIKEHEI,

0) obe menw Bce BpeMd OCTAIOTCA BAMKHYTHIME A obec-
IeIeHYA NOCTOAHHOTO PERKEMA paspHAKH AKKYMYJIATOPOB,

B) H3MEPEHHA zy H Iy IPOMSBOAATCH € MANEMAILEEIM
LEPEPEIBOM,



Ta. 2. Anaaus HekOMODHE KECNEDUMEHITO8 97

To, 9T0 . i. C. HA CAMOM JEJ€ HE COBCEM HOCTOAHHEL BO
BpPEMEHH, 03HAYAeT OTCYTCTBHE CTPOTO CTaOMIBHOIO pe:KHMA.
ITpm Tagnx 0OCTOATENBCTBAX XOPOLIO IPOBOJMTEH H3MEPEHN
IBYX BEIYIMH IO METONY CAHABHTAY. JTO 3HATHT, UTO CHATaIa
H3MepAIoT BeIHIHNY Z1, IOTOM Tp. 2 3aTEM CHOBA zy. U3 nByX
spagennit xy Gepercst cpegnee. Moykno NoliTE AAJNBINE W e
HECKONBKO paz MBMEPATb HO0YEPefHO TO zi, TO Zp. llpu
5ToM HEeoGXOIMO 3aKAHIUBATH M3MEDEHHEM TON ke BeJImIH-
HH Iy WIH Z,, ¢ KOTOPOH HAaJalW, ®, KPOME TOr0, NPOBOAHUTH
H3MEPeHHsa YACTO W IPUMEPHO C OfMHAKOBEIMY MHTEpBaJaMy
ppemMenH. B TakoM ciydae ommbKa 3a CIeT ROCMEREHHO020
n3MeHen”d 9, 1. ¢. E u F Gyper neiicrBUTENIBHO 09€HDL MAJIO.

IV. Jlo6mteca, 9T00bl HYJEBOMY JIEJIEHUIO IIKAJNB TOTHO
COOTBETCTBOBAJIA HYJIEBAA pPAa3HOCTh IOTEHIWAJNOB B TOYKaX
A u B, noonsno Tpynuo. Ilearomy Beerma BosmokHa omubra
VCTAHOBKY HYJISl — IOCTOAHHAA Beqmamua O, woropyiko cie-
nyer npu6GaBIATH K NOKA3aHUAM PEoXopna, ITo6H monydIuTh
npaBmibHoe 3Havenye. Jlyammuit cnoco6 HaiiTu BenuImAy 6 —
OTKIIOUATEH aKKyMynATop F, 1ak 4yTo6E MOTERIHOMETD H3ME-
PAT HyJIeByo pa3nocTs notennuanos. Ilpu sTom Toxa baman-
ca Gyner NeskaTh IyTh-9yTh JAJbIIe KPAXHErO IOJNOKEHHSA
memxKa Ha peoxoppe. IlocTpous rpaduk saBECEMOCTH IOKa-
3anwil raJbBaHOMETPA OT z IPH HECKOJIBKUX PASIUYHEIX MO0~
JKEHHAX JBYIKKA BOII3M Kpasi peoxoppa, myTeM SKCTPamois-
Y K HYJEBOMY OTKJIOHEIHI0O MOKHO HAHUTH BEIMIHHY
z = — &8 (pur. 27).

V. Ecan ¢ peoxopioM OCTOPOHO 06pamaiTca U HA HeM
Her BMATHH, TO omEOKa 3a cIeT ero HeOoJHOPOJHOCTH CKopee
BCero foroxbHO Mana. Ilpm jxenanmy 9T0 MOMKHO IPOBEPHTH,
HO He IyTeM H3Mepenwsa AHmaMeTpa B PA3HHX €ro TOTKax.
Boobime Bcerma caenyer H3MEpATH Ty BEIMIHHY, KOTOpas
HEenoCPeCTBEHRO TPeOyeTcA B KajkoM KOHKPETHOM caydae;
3Mech 9TO pABHOCTH IOTEHIMAJOB KaK QYHROEA IHHB
peoxopria. Ilosromy sydmimii cmocof6 NpoOBEpHUTE, ONHOPONEH
I peoxopy,— MBMEPATh Pa3HOCTh IOTEHIHAJIOB MEKNY JIBY-
MfA [OIBWJKHHEIME KOHTAKTAME, NEpeMemalifEMUCA BJ0Ib
AC Ba QERCMpOBAHHOM pACCTOAHHE Pyl OT [pyra.

VI. Tenmeps mepeiijes K BOIpOCY O BOCIPOM3BOEMOCTH
compormBienusa pesmcropoB Ry m R,. Onuo u3 npemMymecTs
HOTeHIMOMETPIIECKOr0 METOfla CPABHEHHS CONpPOTHBICHMIT
COCTOMT B TOM, 9TO COOPOTHBIEHHUE (IOTEHIMANBHEIX) HPO-
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BOTOB ae, bf u T. 7. HECYIIECTBEHHO, IOCKOJBKY B TOYKE
famanca TOK B HEX pPaBeH HYJI0 ¥, CIE[OBATEIBHO, PABHO
HyII0 majenme Hampsprenus Ha Hux. Ho ecau compormeme-
mue pesuctopoB Ry m R, mamo (102 — 10~* Own), mpmxonmT-
ca o0pamars BHIMAHEE HA TO, KAKEM 06 pa3oM IpHCOeHHAI0T-
CA TOKOBHE Y IOTEHIHAIBHEIE LpoBopfa. JTo obbhAcHAETCHA

D
]
|

[Torasarnus canssaromempa,

NIPOU3E. eqUHLLS!

g 10

<—>I x,Mmm

3

O ur. 27. Onpefenenue omubKu B ITOIOKEHHN
HYIs1 HoTeHinoMeTpa.

TEM, YTO MECTa COE[WHEHHA MPOBOMOB BCEINa BHOCAT HEGONb-
11106 CONPOTHBIGHYUE — TAK HABKHBAEGMOE COIPOTHBIGHNE KOH-
raktoB mopspka [107® Oa. Takoe comporupiemme Momer
CIJIBHO H3MEHATBHCA, ¥ MOITOMY KpaiiHe BAIKHO HCKINIATH
ero M3 HBMEPAEeMEIX BeJHTdH.

Jlomyernm, 910 y pesmcTopa TOIBKO Be KIEMME, K KajK-
Ao W3 KOTOPHIX HOPHCOSIHHEHHl J[BA TPOBONA — TOKOBHIM
n norennuansueid. Ha ¢ur. 28, a cxemaTtugeckn m3obpaskena
BOHTOBAS KIEMMa C J[BYMA 3aMATHMH B HE#l mpoBoaMm
(RoTopHie cHAGKEHH pACIIIOMEHHHMYE HAKOEGYHHKAME).
JKBUBAleHTHAA CXe€Ma TAKOTO COGIUHEHUSA [PEACTABIIEHA
ua ¢ur. 28,6, rne r, ¥ r, — CONPOTHBISHHA KOHTAKTOB.
Ecnm B raxmoil Kiaemye BepXHE LPOBOI TOKOBHH, TO 9KBE-
BaJlenTHAd CXeMa MMeeT Tarkoi Bmp, Kak ma ¢ur. 28, 6. Ilpu
H3MEPEHEUAX K CONPOTUBIGHHI0 pesuctopa R, pobaBunsmrcs
COIPOTUBIEHHA KOHTAKTOB I'y  I'y. 10 3Xe CaM0e MOMKHO CKa
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3aTh ¥ B TOM CIyYae, el BePXHHE IIPOBOJA HOTEHIMAIIBHEE.

Tpynuoctn ycrpaufioTes, €CIH Y pe3UcTopa HMEeTcA
9eTHpe KiIeMMH, Kak Ha ¢ur. 29. TokoBue BBOgH mpmCOENH-
HAKT K RiIemmam 4 m B, a noreHrumaibaie — K kiemmaMm C
u D. B takom Bapmaute HAIWINe CONPOTHBICHHMI KOETAKTa
mngemy He Bpennt., ConpormBrenme KoHTakToB A u B mesuma-

xd

3

@ ur. 28. Pesucrop ¢ AByMA KieMMaMu (BJIMSIHIIE
COIPOTUBJIENNIT KOHTAKTa).

qETeIbHO CHIRAET TOK, HO Temephb HAM HYKHO TOJIBKO, ITOOLI
3TO CONpOTHBIEHHE He MeHAmoch no senmumue. Compormmie-
gre kouTakToB C m D BooOme ue BuocuT ommbKm, m6o TOK
B TOYKe Gamamca orcyrcrByer. CiegoBaTenbHo, B 3TOM CIy-
9ae MBI (QAKTHYECKE HOJNY4Ya€M COUPOTHBIEHUE MEKIY TOT-
kamd e ¥ f. IlposogHuKE UpUOAAHEL B 9TEX TOYKAX pas
¥ HaBcerpna, 4ro o0ecmevYuBaeT NOCTOSHCTBO HM3MEpPSeMOro
COIIPOTHBJIEHHA. 3aMeTHM, 9T0 CGCIH UPHECOSNUIATH TOKOBHE
¥ DOTEHI{UAJBHEIE HPOBOAA TOMBKO K ABYM U3 YeTHPEX KIEMM,
yKasapHoe mpemMyINecTBO TEPAETCA ¥ ME BHOBB BOSBpAaIa-
eMca K BapumaHTy, OpeacTaBleHHoMy Ha ¢ur. 28, 6.

VII. Vpenraoe conpoTHBIEHME OGOIBINMACTBA MaTepHa-
0B MEHsercs ¢ remmeparypoil. Tak, mpuw KOMHATHOH Tem-



100 Yacme II. IFrcnepumenmaavibie memodu

neparype yjelbHOE COUPOTHBIEHEE MHOTUX METAJJIOB, B TOM
qycne ¥ MeM, Bospacraer npumepuo Ha (,4% upu mroBbime-
puy temnepatypsl Ha 1° C. [[na Tounux uccnemopanuii sToT
9pPeKT CyIecTBEH, HO ¥MEEeTCA -PAJ CINIaBOB, YACJIBHOE
COOPOTYBIICHYUE KOTOPHX IIP¥ KOMHATHOI TeMIilepaType u3Mme-
umerca Menee wem na 10=® ma wapwmit rpagyc Ilemscus.
W3 nux gea nau6oiee HMIMPOKO PacOpOCTPAHEHHBIX — Manra-
HYH (CIIaB Mei¥, Marnmsg M HUKEJNA) W RoHcTaHTaH (cmiaB
MeJl ¥ HUKeuf).

OuepupHo, 4TO0, KOINA CPABHUBAITCHA [BA pe3uCcITOpa u3
OHOIO ¥ TOTO K€ MaTepuaia, HeoOXonumo of6ecreyutTh, ITo-

A B

2l

O ur. 29. Pesucrop ¢ YeTLIPLMA KJICMMaMu.

6b1 ux TeMueparypa Gbiia opuHaKoBoil. Eciu sxe pesuctoph
¥3 pasHbIX MATEPHAJIOB, TO CJegyeT M3MEPATh 3Ty TeMIe-
parypy.

VIII. Bee mecTa coefyneHus pa3HEIX MATEPHAJIOB B DIIEK-
TPHMYECKOY [en¥ MOryT OKAasaThCA HCTOTMIHMKAM¥ 9. [. C.
3a cuer TEpPMOdIEKTpUYecKoro sderra. Yame Bcero taxue
9. . C. BOBHUKAIOT B MECTAX COG[WHEHHUA MEHHX IIPOBOJ-
HUKOB C JaTyHHBIME KJemMMamu. Eciu B3riaHyTH Ha OCHOB-
Hyw cxemy (fur. 26), To HerpynHo coobpasurh, ¥T0 MGOH
YCTOYHYUK JIONONHUTEIbLHOR 3. Ji. C., BKJIIYEHHBIH TOCIEI0-
BatensHo ¢ £ m F, He oKasnieaeT BIMAHWA HA pPe3yibTaT,
IOCKOJIBKY, KAK YK€ OTMEYajioch, HAM He BayKIO, KAKOBH
MCTUHHBIE TOKH B TEIfAX, & BayKHO JUINb, YTOOH OHY GHUIH
OOCTOAHHBIME OPY H3MEPEeHWH BEIWY¥H Z.

Hamuuwe ke mocTopoHHero MCTOYHMKA 3. H. C. B IEHH
raasBanomerpa AYaefbZBA upusemer K ommGKe IPH U3MeE-
peHMH, CKa)KeM, BEJIHYUHH z;. Fe MO/KHO MCKIIOUATH, H3Me-
pPAA Ty ABAKMBI CHAUAJA OPH ONHOM HAIPABJIEHWHM TOKOB
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B JIBYX LEUAX CXEMBI, & 3aTeM — UPH 00paTHOM, YTO JOCTH-
raeTcs ¢ uwomompbio riutouen M u N. Haupasieume tepmo-
3. Jl. C. UpH DTOM ocraeTca mnemsMenusiM. CleOBATENLHO,
cpejHee U3 ABYX 3HAYENHNH 3 IACT HAM Ty BEJINIUHY, KOTOPYIO
MBI TIONYYHJIU Ok, €ciu OB ¥ 11ac He OBUIO JOTIOIHUTEN bHHIX
HWCTOUHMKOB 3. JI. C. B I[EIH rajsBaHomMerpa. Toumo Takr ke
JIBIKIH MBMEPAEOTCA W BEJIHIWHA Tp.

2. 3ameuanus., 1) I'naBHOE fOCTOUMHCTBO METOA@ B TOM,
YTO OH IIQ3BOJAET VSMEPATEH HEIOCPEICTBEHHO COIPOTHBIE-
HEe pesuciopoB R; u R,, He yUUTHBAA COUPOTUBIEHUA IOJI-
BOIIAMUX upoBosioB. llosToMy paHHEI METO[ OKA3HBAETCHA
0COGEHHO IEHHHIM I[P W3MEPEHHH MAJHX COUPOTUBIEHUI
(mopanka 107! — 10* Om), a Takme B T€X CIyYasAX, KOIJA
3aTPyOHEH NOCTYH K PE3HCTOpaM, KAK 9TO 9JACTO OhBAaeT
B JKCIEPUMEHTAX UPH OUCHH BHICOKMX WIHW OYeHH HH3KUX
TemuepaTypax. l'iaBHeil HenocTaTok wmeToja — HEOOXORH-
MOCTH UOJJICPIKUBATH HEMSMEOOHMH TOKH B JBYX HEIAX.
J10 TpeGyeT GHICTPOrO HPOBEREHUA U3MEPEHUil UM MHOIO-
Kpatooro ux uosropeHus. 2) ToumocTs paccMOTpPEHHOIO
HAMH MeTON2 OHpeNeNfeTc TOYHOCTHLI0 IEePEMEMmEeHUA KOH-
TAKTa BAIOJH PEOXOPIA, JIIMHA KOTOPOTO OGHYHO COCTABISET
500 mMm. YctapoBUTH TOURY Oajiamca W IPOU3BECTH COOTBET-
CTBYIOIAM OTYeT MOKHO € TOoYHOCTHI0 npumepuo 0,1 mm.
Tarum ob6pazom, ofMag TOYHOCTH H3MEPEHUA B JYUIIEM
ciyyae cocrapiser upumepuo 2-107%. UroGet IIOBHCHTH
TOYHOCTH, HEOOXOMMO 3aMEHUTH peoXopy nabopom KaTyIIek,
KaK 9TO [eNaercs B MPOMHILIGHHHX noTenmmoMeTpax. Torna
MOKHO TIPOBOJUTH WSMEPEHHS € TOYHOCTHIO /0 HECKOJ bKHX
equnun mHa 1075,

Yr100H 00ecueauTs CTOIDb BECOKYI0 TOUHOCTH, HEOOXOUMO
NpuHATH pAN pomonnETensusix mep. llpepe Bcero pesmcrop
JoJkeH OHTH WSTOTOBJIEH W3 MATepHaNa THIA MAHTAHTHA
¥ HAXO[UTHCH B CTAHIAPTHHX YCIOBUAX B OTHOMIEHUH Jedop-
MAI[IU, TEeMmepaTyps u BiaskuocTH. Kpome Toro, cuenyer
CYIIECTBEHHO YMEHBIINTL W3MEHEHUA CO BpPEMEHEM 3. Ji. C.
Gatapeir £ u F 1upu tuoMOIMN KaROTO-THO0 CTAOMIUBUD yIOMEero
yerpoiictea. Ilpocras cxema crabunuzammu 3. . ¢. IIpefn-
crarnena na ¢ur. 30. 3. A. ¢. 6arapeu G pasnHa 12 B, a 2. 7. c.
Gatapeu E cocranser 2 B. Conporusnenme pesucropa S
monfupaerca Tar, 9To0H, HanpuMep, Jumb 5% Tora I gepes
HoTeHIuoMeTp ofbecnedusajiock Gatapeeitr E, a mHa 95% —
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batapeeit G. Haupssikenme smesxpy Touramu J m K mourn
NONHOCTHIO OIIPEMIeNIAETCA UAMEHNeM HAUpskeHuda mHa OaTa-
pee E, Ho Tak Rar OHA OTAAaeT ovedob MAJBIH TOK, 9TO Uaje-
HUe HalpKeHUN MeHAeTcA Kpaiime MemJIeHHo.

0. Hy.aesvte memoodvt. Onuoii us upuIn, ol yauBImx
HaC paccMOTpPeTh MOTEHMUOMETPUTECKHMIT METO W3MEepEeHusd,
OBUI0 TO, 9TO OH MOFKET CIYKUTH XOPOMIMM UPUMEPOM HYyJe-
BOoro mertoma. Hysesvim HASHBaeTCSs MeTON, UPH KOTOPOM
uszMepsieMadg BelWumHa X ROMIICHCHPYeTCH AaHAIOTHYHONR

G BOJMUYMHOK Y, KOTOPYI0 M3Me-

HAKT N[0 TeX TIOp, TIIOKA TOT

‘————-+|||||||||| UM HWHONI MWHAMKATOD HYJIA
HE YKasyKeT, YT0 [MOCTUTHYTA

g TOUKA 6anamca. Taroir meTon
caenyer UpPOTUBOIIOCTABUTH
npAMOMYy METONY, UPH KOTO-

POM OTKJIOHEHHE CTPEeJKH IIpHU-
/ 6opa WM ero IOKAa3aHWe Raer
cAMYy H3MEpPAEMYI0 BEJWYUNHY.

Y HyJIeBHIX METOJIOB UMEET-
o Cf DA BAKHBIX IPEUMYINECTB

J K uepen mpsvevu. CraGmisuocTs
®ur. 30. Ilpocroit cnoco6 W BOCIPOM3BOAUMOCTHE W3MeE-
crafunusaiuy o.1.c. snementa E.  pgemoit Beamuunsr Y B Hyle-

BOM MeTOjie OOKIIHO BEIIIE, YeM
¢TabMIbHOCTS M3MEPUTENHOOrO I1PUbOpa B TIPAMOM METORE
¥ BOCIIPOM3BOJIUMOCTH €TI0 NOKA3aHWil, a 3HaYeHme 3Toil
BEeINYNHE OOHIHO MOYKHO onpepmenuTsh Oonee Touno. IIpmbop
B IIPAMOM MeToOfle TpebyeT TIpajlyHpOBRE, ¥ IREJIATEeNLHO,
uro0H OH OB JUHEHHHEM. B 1IpoTMBOUONOKHOCTD 3TOMY
UHUKATOP B HYJIEBOM METOf€ JOJIJKeH JWNIp YKABHBATH,
Y70 HEKOTOpas BeNWYWHA paBHA mynio. lloaToMy mer Heol-
XOMMMOCTH HW B €ro I'DajlyMpOBKe, HU B JIUHEHHOCTH (XOTA
BOnu3W myng M TO M Jpyroe jkeiatenbHo). I'masHoe sxe,
yT0 TpefyeTcsi OT MHUKATOPHOIO YCTPOWCTBA,— 3TO BHICO-
Kafl 9yBCTBHTEILHOCTH, T. €. yToOn OH OOHApPY/KUBAJ MUHU-
MaJBHEE OTRIOHEHHA 0T Ganamca.

HenoctaTkoM HyIeBHIX METOOB ClE[yeT CUHTATH TO, YTO
OHE TpeOyIoT GOJNbIIe BPEMEHN, HE:KeNU IPAMEIE, MOCKONBKY
K Touke Oayamca M HpUGNIDKAEMCA JHINH NMOCTENeHHO. JTOT
HE[JOCTATOK MOIKHO YCTPAHHTH IEHOH HEROTOPOTO YCIOMK-

™
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HEHUA CXEeMBI, eCJIM LpPelyCMOTPEeTHh YCTPOMCTBO ISl ABTO-
MaTHYeCKOTO TI0MCKA Touku Ganamca. Cuemyer ueTko mpep-
CTaBJIATEH ce0e, YTO IPH HyJICBOM METOMe MBI LIOJyIAEeM JIMIITE
OTHOCHTENBbOYIO, a He alCconlTHyl Benwuymmy. Iloatonmy

IIPU TAaKOM METOJie o0A3aTeIbHo HYy/eH TOYHO W3BECTHHIN
9TAJIOH.

§ 2. Pedpaxtomerp Panes

a.Vempoiicmeo npusopa. Pegparromerp Panest — ato
npubop, UpeHA3HAYCHHHI A UBMEPEHUs IIOKA3ATeNLs npe-
JOMJIGHMA Ta30B U MAJHX H3MEHEHUil 1I0KAa3aTeJf IPeJoM-
JICHUA TBEPMLIX Tell W JKUKOCTEIt.

MonoxpomaTnueckuii cBeT, POXONAMMIT Yeped BEpTH-
KaJlbHyi0 mens S (pur. 31), koImIuMupyeTcs axpoMaTHIecKoii

h

" o —
| =
S

L, T ! L,

@ nr. 31. Pepparromerp Pazes (Bug cmepxy).

aunso# Ly w uagaer Ha BepTUKaNpHEE mend S; u S, HBa
CBETOBHIX ILIyYKa upoxofpaT uepes Tpybru 7Ty m T, pasnoit
JNUHEl {, PACIOJOKCHHHE B OfHOH TOPM3OHTAJHHOH IO~
CKOCTH. 3aTeM JTH IMYyYKM CXOJATCH, o6pasys B (OKAIBHOMN
INIOCKOCTY JUH3H L, BePTHRANBHEE WHTEPPEPEHnMHOHHEE
uonocer. Ilonocer paccmarpuBaroT UpH moMomu HEGOMN BIIOH
OUIVHApUYeCKoin JmHsu L.

Y065l M3MEPUTH IOKAZATENH NPENOMICHUA Tasa, CHAYA-
na HAGNIOMAOT 1IOJIOCH, KOrfa B 00emx TpyGKax BaryyM.
3atem ommy u3 TpyGok, maupumep 7T, HAUONHAIT TazoM,
¥ IPH 9TOM OUTHYCCKAS JINHA IyTH uydyka 1 ysermumsaercs.
B pesynpraTe cmcTema mONOC CMEMAETCH, M IOJCYMTHBAIOT
TICTIO 1I0J0C, NEePECCRIAX Periepuyio HuTh. Fcnu puth miepe-
CEeRIM p TONOC (HeoOA3ATETBHO MEJI0e TUCIO), TO IOKA3ATEND
NpeJOMJIEHHA Tas3a |4 MOKHO HANWTH ¥3 COOTHOIMECHUSA

t(p— 1) = ph, (2.3)
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e A — AINOA BOJHLL CBeTa. B caeqyomux paspenax Mbl
pacCcMOTPEM HEROTOpHE NPAaKTHYeCKHEe CTOPOHEL J[AMHOTO
npuGopa; ronpoGHbe cBeenus o6 mHTEppepomeTpe Panesn
MoxHO Haittm B kuure [3]1).

6. Cucmemna omevema. Bvecto HaTARYTON HUTU B Kaye-
CTBe pemepa Jyvyie HCIONB30BATH BTOPYI0, HELIOABWEHYIO
cuctremy tonoc. Ee MOmHO HORYYUTH, UPOIyCKafg uepes
TpyOKE TONBKO BEPXHIOI YacTh IYYKOB, (QOPMHPYEMBIX
mexsva Sy u S,. Hmwxnne ke 9acTH UyIKOB HPOXOMAT NON

Byl

Henogeuxrisie
nonocst Peneproa
HLUITIS
@ n r. 32. [ipa cmocoba oTcYeTa.
a — YI0 CMEImEeHW0 OTHOCHUTCJIBHO HETIONBYHKHOI CHUCTEMBl TIOJNIOC;
6 — 10 CMEINCHNI0 OTHOCUTCIBHO peniepHoil nuTH. B ciyyae o
rna3 crocofen 3aMCTUTL MCHBUIWE CMEINCHHS, HEH{EH B ciaydyae 6.

[

Tpy6KamMu H 06pasyioT ApPYryo CHCTEMY IOJIOC, HE CBA3AH-
Hyo ¢ meppoil. IlockomsRy onTHYecKas AJIMHA OYTH JIBYX
HIDKHEX IIyIKOB OffMHAKOBA, 9TA CHCTEMa IOJNOC B T€YEHNE
BCErO OMNBITA OCTAETCH HEMOJBUIHOM.

IpeumymecTBo TaKOH CHCTEMB OTCUETa COCTOMT B TOM,
yTO T3 SHAUYATENHHO GoJiee TyBCTBUTENEH K OTHOCHTENLHEM
CMEIIEHNAM ABYX OJIMHAKOBHX CHCTEM HEMEPEKPHBAIIIUXCSH
mapaniieNsHHX JWHUIA — B JIAHHOM Ciydae [ByX CHCTeM
IIONI0C, — HEKENM K OTHOCUTEIBHEIM CMENEeHHMAM pernepHoi
AuTE ¥ nojock (fur. 32). B nepsom cayvae MOKHO 3aMETHTH
cMemeHme Beero JUMINb Ha 1/, pacCTogHMA MEJly IOJN0CaMMu,
TOTHA KAK BO BTOPOM ciydae upenea — /y, paccrosnus
MesRy Tosocamu. yBCTBUTENLHOCTH IWa3a B IEPBOM CJy-
yae HABKBACTCH GEPHLEPHOI ocmMpomot 3peHus.

1y Cm. rtawe 7. C. JlandcGepe, «Ommxa», M., 1962.—
Hpux. peod.
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Eme ofiHo BastHOE OpeMMYHMECTBO CUCTEMBI OTCYETA B BHAE
HENOABU/KHBIX II0JIOC 3aKJIIOYAETCA B TOM, 970 medopMaius
Hecymeil epmu npubopa mim cmemenne fBofiooil mean SyS,
1e OKA3HBAOT BIMAHUA A PE3yNBTATH M3MepeHus, ubo Bce
9TO OfWMHAKOBO BIWACT Ha o00e CHCTEMHl IIOIOC.

6. IHTuaunopunecras oyrapuan arunsa. Paccros-
Hue Mexay mensamu Sq U S, cocraBaser mpumepno 10 wmi.
YrioBoe paccToaHme MEKAY TIOJIOCAMHM JAeTCH COOTHOIICHUEM

0 = A. (2.4)

Yo zpaumt, yro npu A = 500 mM yrox O paseu 5-107° pag,
unu upumepuo /', Tarum o6pasom, mONOCH OKAa3LIBAIOTCH
OUeHBL TECHO pacuonoykenommu., KX paccMaTpmBaiT depes
aun3y Ls, roropas upepncraBiser coboil IpocTo TOYHO M3ro-
TOBICHHEI CTORIAHHHI IMUAHHAD HUAMETPOM OKOJNO 2 MM.
Brifop BEpTHRANBHON NUINHADPHIECKOH JIMH3E 00BACHACTCA
TEM, UTO OHA [IAeT YBENWICHWe TOJHKO B HANIPABIEHUW LIOLIE-
pex toxyoc. Jleao B ToMm, uTo 3dperTHBHAA amepTypa UYyYKa
3MAYMTENLHO MEHBIIe 3paTKa TIasa M, CIeJ0BaTelbHO, BCA-
Koe yBeJmuenue m300pakenusa CBA3AHO €O CINGKENMEM ero
aproctu. Fcau ypenmdenne NUIMHAPHYCCKON JIUH3H PaBUO 1
(o6uramo a10 upEMepHO 150), TO ApPKOCTL yMEHbBIIAETCA
B n pas. Cdepudeckad JuH3a C TeM ke yBCIUICHHOM CHUIH-
na Om Aprocts B n? pas. lockonery mace mepocTaTogHas
APKOCTH — OfHO U3 cJalHX MecT jaumoro upubopa, mMCeT
IPAMOM CMHICI B3ATL He CepUYecKyio, a IHIMHAPUIECKYIO
NUH3Y.

2. Komnencayuonnuii memod. llogcavtrBate 6onn-
[I0€ YMCJIO TION0C, KOTOPHC UEPEeceKyT PemepHYI0 HUTDH 10Cle
Hamycka rasa B TpyORy, Becema yrommurenwno. IlosTomy
YBEJIMYCHHE OUTHICCKON ANUHH IyTH Iyyka 1 KoMuencupywor
YBEIHYEHAEM OUTHIECKOH JIMHEI OyTH IIyYKa 2 B M3MEpPAIoT
aT0 yBenmuenme. Mul mMmeeM 37lecs eme OfMI IPHMEp HyJe-
Boro merofia. UtoOH (PEKCHUPOBATH MOMCHT, KOIZla ONTHIe-
CKUe JUINHH OJUHAKOBLI, B KAYeCTBe WIUKATOPA LOJIL3YIOT-
¢ IBYMA CHCTeMaMM IIOJOC.

Pazpa6oTaHo HECKONBKO CriocOoGOB KoMueHcaumd. Mur
OTpPaHHYMMCA JIHIML OfIHMM 13 HEX. B Ramau# u3 AByX
BEDXHUX IIyYKOB BBONAT OYCHEL TOHKYIO CTEKJISHHYIO ILIA-
CTMHKY; OfHA TAKaf INIACTHHKA HEMOABMKHA, & [ApPYryIo
MOIKHO 10BOpaumBaTh, HoIza MIACTHHKY 1apajLielslb, pas-
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TOCTh XOJI2 PABHA HYNO. JTy PA3HOCTH MOJKHO DPETYIHPO-
BaTh, 1I0BOpawMBaf crepuent R (pur. 33), K Koropomy
OpUKpeIyieHa OOoABMWtHaA myacTuuka. Jlis aT1oro Bpamaror
MUKPOMETPUIeCKUil BUAT [/, KOTOpHIl yuupaercs B paguaisb-
noe mineuo A. Tarum crocofom ymaerca BecsMa TOUHO M €
XOpOIIeif BOCIPOU3BOIMMOCTHI0 OYEHD ILIABHO PEryiIHpoBATh
Pa3HOCTH Xo0fa.

Mozkno, KOHEYHO, pACCYATATH 3ABECHMOCTH DASHOCTH
X0fia, CO3/1aBAGMOIl KOMIOCHCAIMOHHLIM YCTPOMCTBOM, OT IIO-
JIOFKeHUA MUKPOMETPHYECKOTO BUOTA, €CJIH U3BECTHH pasMe-

M
ﬂ
Bpauwarouwasca

NrACIMUHKG

Henogsumras
nACCITUHEG

@ ur. 33. KoMmencarop.

PH W IOKA3aTeNDL IPelOMIEHHs BpamMAnMmelcHs niacTHHKH.
Ho ofmee mupaBuno TaxoBo: (QaKTHUECKAA T'pagyHpPOBKA
ayume pacaeros. IloaTomy romnencarop rpagyupyior, Ha6imo-
Aaf CHCTeMy LIOJIOC B MOHOXPOMATHIECKOM CBeTe. lloBopa-
YMBaA MUKPOMETPUYCCKHH BHHT, 3aIHCHLIBAIOT 60 NOKAZAHNSA,
COOTBETCTBYIOIINE IIEPEMEIIeNnHuIo ua Ojiily, /B, TPH U T. I.
nonocsl. I'pafympoBry ciefyer mpoBOgMTH IPH  pasHEX
JIHHAX BOJH LAMAIOMEr0 CBeTa.

0. Humepgepenyuonmvie noaocot 8 6eaom céeme.
Bce, 1T0 rosopmiiocs BEIIE, OTHOCHIOCH K CITy9at0, KOITA Y HAC
MOHOXpOMaTHIeCKU#l cBer. flcHo, Wr0 OcHOBHEI® W3Mepenms
¥ JOJKHBI OPOBOJTUTLCA B MOHOXPOMATHYECKOM CBeTe, MO0
JUINHA BOJIHEL — BA’KIEHNIAA BENHIMIA B BEIpakemmu (2.3).
Ho Gruro 6w ouens Heyo6HO UMETD JIENIO TONBKO ¢ MOHOXPO-
MaTHIECKUM CBETOM, TaK KAaK OPU 9TOM BCE TIOJOCH BEITJIATAT
ommaakoBo. Ham mpumiock GH cupeTs w 1o Mepe 3arionme-
B TpyOru Ty rasom Bce BpeMs MOAKPYIMBATH BHHT KOM-
MEeHCanMoOHHOrO yCTpoiicTBa, uTOOH BEepHYTHL KAPTHEY B HC-
xopHOe moNoxenue. Fcemm ke rRommemcaiusa orasanach O
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HE COBCEM TOTHOW M MH B KAaKOH-TO MOMEHT 1pOMODPTagu 6
LePeMeIeHne 10J0C, TO ye He cMoInu Ob HAHTH cpemm
AUX TI0JI0CYy HYJNEBOI'O HOPAJKA.

Ho Bcero atoro ouens serxo us6emars, €CIU B3ATH UCTOU-
muk Oenoro ceera. Hasxmas momoxpomaTmueckas KoOMIIOHEH-

.70/)pyoﬂ -3 -2 -1 o 1. 2 3

Cunuid

2 i o 1 2

/ V Menmulii

-2 -1 o 1 2

Kpachuiii
Benunt
Kpacrosamuild
Curesaimsiil
FBensiii

3\
Temuare nonocst

@ ur. 34 IMonocH crnmero, XenToro, KPacHoTO I
Gedoro ceera.

Cpegusasa Geyiasi mojoca COOTBETCTBYET WHTCpdepeHI
HYJCBOIO MNOPATKA.

Ta UCTOYHHKA CO3[laeT CBOK CHCTEMY IIOJIOC CO CBOMM pac-
CTOAINMEM MEKy IONOCAMH: CHHSIS — CAMAA 9acTafd, Kpac-
Has — camas penkas (fur. 34). Habmonaem ke ML CyMMap-
HYI0 KApTHHY, BOBHHKAKIYI0 UPH HAJOKEHHM BCEX JTHX
cucrem Tioftoc. Hynesoit pasmoctm xoma B Kampmoii cmereme
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OTBEYAeT CBETIAf II0J0cA, M B CyMMe IIOJyvaercsi CBeTiasl
nonoca Gemoro mBera. Ho mo mMepe Bo3pacTaHHWA pPasHOCTH
XOfa CBETJIHE NOJOCH PASHHIX CHCTEM PACXONATCA W YiKe
HUKOITA BHOBL He cosmajiaior. (Ecim maGop paszmmumnix
IuO  BOJH KOWEYEeH, TO COBIAJEHHE eHmle BO3MOJKHO, HO
¢ GeckoHeunpiM HaGOpPOM HEUPCPLIBHO MOHAIONMXCH JIIUH
BONIH 9T0 WCKIYEH0.) B pesyapraTe 1osdocsl, JNerkammue I0
ofe cropons cpepnmeit Geno#l tonocn, OyAyT OKpANIGHH.
ITo Mepe ymanenus o7 Hee OKPACKA YCHIHBACTCA M IIOJOCH
GricTpo mcuesaoT. Takum oO0pasom, mcToUHMK Oejyoro cpera
103BOJIAET HaM OOHAPY/MUTH HYJEBYI0 pasHocTh Xofa.

Nsmepenma mpoBopsaT B ciaepylomeM ropaake. Cpagama
B TpyOKaX BaKyyM H BKJIOUEH HCTOUHHMK OeJioTo cBera.
TloopauuBas MHUKpOMETIPHYECKHII BHHT, MH JjoOmBaeMmcH
IPUMEPHOTO COBHAIGHUA 00eMX CUCTeM MOJOC. 3aTeM HCTOY-
HHE 0eJoro cBeTa 3aMeHsgeM MOHOXPOMATHYECKMM M OPOH3-
BOXUM TOUHYI0 YCTAHOBKY BUHTA. B omuy m3 TpyOoxr BBOIHMM
Tpebyemoe KommuectBo rasa. llocme sToro mpm ToMoIM
BHHTA @IOJOCYy MEPBOrO MOPAAKA BO3Bpam@aeM B cpefHee
nonoskenme. Ha mepBoM aTame moJiocy, Kak W padbine, ycTa-
NaBIUBaEM, NOAL3YACH MCTOIHMKOM Oeroro cBera, a OKOII-
YATEABHYH) YCTAHOBKY MNPOM3BORHMM C MOHOXPOMATUYECKHM
CBETOM.

e. Baustiue oucnepcuu. llpu pabore B 6enom cpere
BO3MOSIIH IEKOTOPHE TPY/THOCTH, 6CIH JUCLIePCHA B raze Oyner
OTAMYATECA OT JHCIEPCUH B KOMIEHCMPYIOIEH IuacTHHKE.

Paccvmorpum mMomenT, Koria rasa B TpyOKe HeT W KOM-
neHcaTop ycranosJien na Hyuas. CHcreMy 1ONoC OT HCTOYHHKA
661010 CBETA MOFKHO TPEACTABHTH B BIJie SHATDAMME, M30-
Opamsennoit na ¢ur. 35. Ecau na aToit uarpaMme mpoBecTd
TOPU30HTANBUY 0 HPAMYI, TO TOYKH €e II€PeCeYeHus ¢ Ha-
RIOOHEIME JUHUAME fAafyT pPACCTOAHWE MERAY II0N0CaMI
WA COOTBETCTBYIONECH AAWHSI BoJIHbL. Uem HUKe IIPOXORUT
Takas OopAmas, TeM Gonbpmell ANMHEe BOIHLEL 3TO COOTBET-
ctByeT. Tak, BepXHfAA ropU3OHTANBHAA NMpAMAA JaeT KapTd-
Oy 10JI0C B CHHEM CBeTe, a HIDKEAA — B KDACHOM.

Cymmapostit agdert or Oexoro cBeTa MNONYIHM, ©CIH
COMMEM BTy J[AHarpaMMy B BEDPTUKAIBHOM HAUPABICHUM.
Ilpm sToM mosoca HyJieBOTO IIOPA/KA, IEPBOHAYANBEHO BEp-
THKAJBHAA, COM{METCA B PE3KO OUYEPUCHHOE NATNO, COOT-
BETCTBYIOIEE ApKoil cpexueit nonoce. [lonocw e 1-ro, 2-ro
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3-To, . . . UOPAAKA COKMYTCA B JIMLHU OLPE/ENCHHON MUPH-
HEI, KOTOPHE€ BCKOpe HATHHAIT UEPERPHBATLCH, UTO COOT-
BETCTBYET WCUESHOBEHIIO TOJOC.

Teneps porycTEM, uTo TPYOKA NAMONHEHA Ta30M U IIOBO-
pOTOM IIACTHHRU CHOMIEHNCHPOBAHO YBEJHUYCHUE OIITHYC-
ckoil jmEH nyTH. Ecnu fucuepcus B rase M B IUIACTHHKE

TTopagox -3 -2 <1 0

/ / \\ Yeeruueﬂue

GNUHbI

GonHbE

/ I ]fpaclrblu

a Fenas nonoca

-3 -2 -1 2 3 .

Cunuii

// / / Kpoenoni

€707 nonoca

@ u r. 35. J[marpaMMa, WoKa3mBalomas, Kak obpasyercsa
cucTeMa TO0JI0C TPW WCNOAb30BaHnN Geloro cmera.

T opu30oHTANLHAA IIPAMAaA JaeT CUCTEMY LO0J0C A CBeTa olperesernn-

HOIl ONYHBI BONHBL. CHWMNAA IUATPAMMY (10 BEPTUKAIH, IOTYyYacM

pesynpTar 0aA Oenoro CBeTa. ¢ — ONMHAKOBAA [MCIIENCHA B rase
¥ KOMICHCYPYWOUICH TNacTUiiKe; 6 — PasHAA IWCICpCws.

O[[HNIAKOBA, TO HKOMIIGHCATIMM MOKHO NOOUTHCA [JfA BCeX
IJUH BOJH W AuarpamMma OymeT BHINIAMETH TaK, KaK m3o00pa-
meno ma ¢ur. 35, a. Ho ecnm mucnepcusi HeoMHAKOBa, TO
OIHOBPEMEHHO KOMOEHCAIINY AJIA BCEX MJIWH BOJH HOCTAYH
HeBo3MO3ikHO. llpefmonosum, YTo NIACTHHKA YCTAHOBIEHA
TaK, YToOB TOYHAA KOMIEHCALUA AOCTUIANIACH IPU HEKOTOPOi
JUIMHE BOJHE B COpedHe CUeKTpa. B TakoM ciyvyae fuarpam-
Ma JOIKIA BHINAMETH TAK, Rar maobpaskeno Ha ¢ur. 39, 6.
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Cupsis yacTh COEKTPA, CKAarKeM, OKA3AJACh NEePEKOMOCHCH-
poBamHOI, W ee TIOJNOCA HYJNEBOI'O UOPAAKA CABHIYIACH
BIIPaBO; TOINA KPACHAS 9ACTH ~ HENOKOMUEHCHPOBAHA, T. €.
€€ TI0JT0CA IYJNEBOTO TIOPAKA CMeCTHIAch BjieBo. Kcin Teteps
CKATHh STy AUATPAMMY [0 BEPTHKAJIN, TO B PE3KOE OATHO
opespaTuTca Tcjoca Homep 2. Mommm cmosamm, ‘spras
b6enaag 1onoca yie He OyaeT COOTBETCTBOBATH HYJEBOMY
nopsiiky. (BooGme rosops, ma ¢ur. 35, 6 He FJOKHO OHTH
HE OHOW BEepPTHEANBHON JIWHUH, W, TAKUM 00pa30M, LIOPAOK
GeJoit 110s10CH He OymeT IEeNHM THCIOM.)

Iopo6ueii mederT, BHPAKAIOOIUACA B cMemenun Gemoi
[IOJIOCH] OTHOCUTEJHHO IIONOKEHUA HYJEBOTO HOPSAKA, MONK-
HO YCTPaHUTH AEYMA crioco0amMu. Bo-mepBriX, MOKHO HATIOJ-
HATH TPYOKY I&30M IOCTENEHHO, TAK, YTOOH JIeTKO ORIIO
CIeMUTH 33 W3MEHEeOWAMM, NPOHCXONAmUMHU ¢ Genoit omo-
coii. Bo-BToprlX, MOKHO B3ATH IJIACTHHKY € JUCIIEPCHE,
ovens OJW3KOH K AUCUepcHH Hcciegyemont cpemel. Ho 3to
TeXHUYECKON BOIIPOC, ROTOpLIi Mbl He Oymem 3pmecs paszbu-
path (ANA TI0ApOOHOTO O3HAKOMJIEHNWA C JAHHEIM BOIIPOCOM
cM. krury [3]).

sic. Touiocmv memoda u ezo npumenenrue. Mu yxe
TOBOPUJIM, 9T0 HAMMEHLINAA PA3HOCTH XO0[[a, KOTOPYIO MOKHO
33 pErHCTPUPOBATH, paBHa !/ ,0h. HamGonvman ke Eenmguna,
JIOCTYIass W3MEPeHuo, coctasisier npumepro 250A. WsBect-
HO, 9T0

tAp = ph. (2.5)

Cnenoarensno, 1pm piume 1pybem 10 mm u A = 400 um
MOKHO 3aperHCTPUPOBATH WU3MEHElNe BEeJUIUMHH [L BCEro
amms Ha 1076, a MakcuMalpHOE M3MEHEHHE, KOTOPOE MOFKHO
usmepuTs, pappo 10-2, lpu gnune Tpy6ru 1 M HavMenbinee
u HauboJbmee perucTpUpyeMsle H3MEHEHWA BENMYUHEL |1
coctasyuaor 10~ u 104 .

Pepparromerp Panes -~ camuii Toummii npubop mnsa ms3-
MEpEeHHSA MaJbX N3MEHeHMil morasatens nperomienns. Iloxa-
3aTelb MNPEJOMIEHHA IPO3PAYHOH CMECH >KEAROCTeH WU
Ta30B 3aBUCAT OT COOTHOMIEHUS €6 KOMIIOHEHT, W pedparTo-
MeTp 9acT0 OKASHBAETCA HAMOONEee TOUYHHIM HHCTIYMEHTOM
JIIS OOPEJIeNICHNE COCTaBaA CMECH WJIM MAJILIX 6ro MaMeHEHWil,
d1or npuGop HAXOMUT Ceifgac IMPOKOE LPUMEHeHUe B (U3u-
Ke, xuMum, Omoxormu.
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[Mpu TouHEX wusMepenHAX HEOOXONUMO CTPOTO KOHTPO-
JMpOBATH TEMIEPATYPY; TAK, B ClLydae }KUJTKON cpejbl, ITO0H!
oGecriequts T0urOCTH 107%, Hy)KHO 3HATH TemuepaTypy € TO9-
nocteo jo 0,01° C. Yem pgnummnee tpyGra mpubopa, TeM OH
YyBCTBUTEJILIEE, HO W TEM Tpy/Hee MOJyIUTHL HAJeHKHLIC
peayabrathl. 110970My BHOHPAOT CAMYI0 KOPOTKYI0 TPYOKYy,
¢ KOTOpOY ROCTWRUMA TpeOyoOINafacsa B [aHHOM KOHKDETHOM
cly%ae TOYHOCTE.

Pedparxtomerp 6vin cozpman aoppom Pameem B 1896 .
I W3MepeHWsa HOoKazaTeaeidl NpeIoMIeHHA TOIBKO HYTO
OTKPHITHIX TOIJ[A MHEPTHHIX I'a30B — TeJuA U aproma. Benu-
upHA U — 1 UpPHU HOPMAJBLHHIX YCIOBHAX /A TeJuA paBHA 1)
3,6.10-%, a musa aproma — 28,1-10-5. Kax mu1 y:ke Bupenn,
npubop TO3BONAET YCHEITHO W3MEPATH CTOAb MAJLIe BEJM-
YWHEL.

§ 3. WameperHe MariMTHOro MOMEHTA CBOGOAHOTO 3NEKTPOHA

a. Beedenue. Ham tperuit (u wociennuit) oOIEIT BIAT
n3 o6iractd coBpeMeHHOW (USHRH. ITO — OYelhs TOYHLIA
OKCIIEPUMEHT 110 M3MEPEHUI0 MATHHTHOTO JHHOOJBIOIO MOMEH-
Ta CBOGOMHOTO JJIEKTPOHA, IPOBEJEHOBH YHIKHOCOHOM
u Hpeitnom B 1963 r. [45]. Harasanuo uokaseBas, 9To B CO-
BpeMenHoi (U3WKe XOpoIne JKCIEePUMEHTATOPH PYKOBOJI-
CTBYIOTCA TEMH K€ TPUHIUIIAMY, YTO ¥ B KJIACCHICCKOH QUaU-
Ke, MAHHHIA IKCIIepUMEHT M caM 1o cefe OYeHR KpacHB.

BosmoHo, 9YTO € HEKOTOPHIME IIONOKEHHAMH (UINKH
BH BCTIpeTHTECh 37lech BriepBhie 2). B Takom cay4vae, ecin
BaM TpynaHO GyfeT CIEMUTL 32 XOOM M3JOMEHHs, HPH 1ep-
BOM YTEHWY MOMHO IIPOHYCTUTH BCIO OCTANBHYI0 YACTh Hapa-
rpada. o B ganmoM sKcuepHMeHTe TAK MOOTO TIOYIHTENb-
HOTO, UTO BH He IIOJRATIEeTe, ©CIHM IHPOABHTE HEKOTOPYIO
HACTOMYMBOCTH. B pasmenax «0» M «ey MBI paccMaTpHBAaEM
dusNYeCKNUe UPHHINIE, HA KOTOPHX 6asmpyeTcs 5Ta JKCIe-

1) Ipu A = 589 um [21].

2) C oCHOBHBIMM IIPWHINNAaMK KBAaHTOBOW MeXaHUKH U TEOPHH 3JIEK-
TPOMarHeTH3Ma MOKHO O3HAKOMETBCS [0 COOTBETCTBYIIUM yieOHuKaM
(cM., mampmmep, [9, 11]). (CMm. Tawke yueGmmkn J. H. Laoxuryesa
«OcHOBEL KBaHTOBOH Mexanukm», M., 1960, u A. C. Komnaneiiya «Teo-
pemnueckan ¢usnkay, M., 1955.— IHpun. ped.)
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7

pUMEHTANbIAaA paboTa; C€aM 9KCIEPUMEHT ONHCLIBAETCA
B pasfene Gky.

0. Ocnosnuvie ceoticmea Iaermporna. O6ozmaumm
BAPAJ| SIIEKTPOHA I€pPes —e, a ero MacCy IOKOs Yepes m. IeK-
TPOH 00JafaeT COGCTBEHHEIM MOMENTOM KOIMYECTBA JBHIKC-
HUA — CIMHOM, KOTOPHIA MOMKHO CIVTATE 00YCIOBICHHEIM €r0
BPAIMATEILHEIM IBUKEHUEM M TIPEICTABUTH B BEJe BEKTOpa S
(¢ur. 36). Ilpoexmms BexTopa S Ha m0Goe HAIIpABJIOHHE

N ¥

N

® nr. 36. CoberBeHBbT MOMCHT HKojm-
96CTBA [BIDKENNA DIEKTPOHA  MOMKHO
u300pa3nTh BEKTOPOM S, a ero MaTHwT-
HE! JUINONBHLE MOMEHT — BEeKTOpPOM B.

paBHa --A/2 wnu —E/2, rne i — wocrostimas Ixanka, genen-
Hafd HA 25t. Bpamenwe sapana UpHBOAMT K TIOABIEHMIO MAT-
HUTHOXO NUHONS, W MaTHUTILIA AMTIONBLHIH MOMENT IEKTpO-
Ha Mbl oGosnaymm yepes p. Taxum o6pasom, W3-3a Hammaus
COMHA JJICKTPOH MOMKHO PACCMATPHBATL KaK *KpOLICUHHI
THPOCKOI, 2 M3-32 HAJMYNA ¥ COMHA M 3apALA — KAK Kpo-
meynkit Maraur (¢ur. 36).
Cootnomenne memy U S MOMHO HANNCATHL B BHJE

p= —g--8, (2.6)

IRe g — GespazMepHAas BENMUMHA, HA3HIBACMAR g-daxrTopom.
3ajava JAHOOrO IKCUIEPUMEHTa — U3MEPUTH BeJHUIUHY g£.
Torpa, smas e, m u %, MORIIO BHUCIUTD M, HO, KaR MH
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YBUAUM, JKCIEPHMEHT [aeT BEeIMIMHY g ¢ TOYHOCTHIO, IIpe-
BLINAIONMEH B HACTOAMEE BpeMA TOYHOCTH OCTAJBILIX aTOM-
HHIX KOHCTAHT.

Horpa B 1925 r. VmenGex m I'ayneMmuT BliepBeie BHBU-
HyJI¥ WJIeI0 ClIMHA , OHYM OIPUHAIY BeINIVHY £ PaBHOI 2, ITOOH
O0LACHATEL IIOBEAEHNE CIEKTIPANBHHIX IHHUHA B MATHUTHOM
rione. PeraTuBuCTCKAaA TEOPUS DIEKTPOHa, paspuTaa B 1928 r.
Hupaxom, maer To e camoe 3Hazenme. Ho mocie 1948 r.
Illsunrep, Meiiuman, ToMoHara ¥ Ap. UPEAIOKUIN TEOPHIO,
OCHOBAHHYI0 HA KBAHTOBALONYU IEKTPOMATHHTHOTO IIONA,
COIYIACHO KOTOpOH

g=2[1+ ;‘_n+0(;‘_2)], 2.7)

e o = €*/(4nech) — mocTOANHAS TOHKOM cTpyKTypsHi. Be-
awymna o paBua upumeprio 1/137. Takmm ofpasom, mpubas-
Ka K upexneil penuunne g cocrasiafer aumb 1/860, n Taxosa
TOYHOCTH WIMEpeHuil, HeoOXofuMad [Jf HNpPOBEPKH RAHHOIO
TEOPETHYECKOI'0 BEIBOJA.

6. Jloudcenue arexmpond 6 MAZUUMHOM noAC.
YUro6r paszoGpaThCsi B dKCLUEPHMEHTE, CIEAyeT pacCMOTpeTsh,
90 NPOHUCXOQUT C ANEKTPOHOM B [IPUCYTCTBHM BHEHIHETO Mar-
HUTHOTO 1oNA. JPPerTs, 00yCcIoBIeHHEE 3aPAAOM H MaruuT-
HEIM JTUIION BEGIM MOMEHTOM, MOKHO MCCIE/I0BATh 110 0TI BHO-
ciu. B mepBoM caydae mMsl HaiiieM TpaeKTOpHIO 3MEKTPOHA,
a4 BO BTOPOM — HAIPABIGHEE €I'0 MOMEHTAa KOIHWYecTBa ABU-
yReHuA S.

1) Tpaesmopus saekmpora. Ecmu snextpon obmanaer
CKOpOCTHIO V U HAXOMUTCA B MaroutHOM noie B, To ma mero
neiicrByer cmia Jlopenia

F = — ev X B. (2.8)

OHa 3acTaBisieT JMEKTPOIl ABUIATHCH 10 CUMPAIH, KAK ITO
uokaszano Ha ¢ur. 37. Taxoe ABWKeHME HABHBACTCA YUKLO-
MpoHHBIM, A& KpYyToBas TACTOTA BPAMICHHUA 110 CHHPATH O,
HA3HIBACTCH LHMKIOTpoHTON 4dacroroit. Herpyamo morasath
(ynpamuenune 2.3), 970

Wy =—. (2.9)
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—

2) Heuacenue eexkmopa S. MarnurHoe moye, peficTBYs
HA MATHUTHBIA MOMEHT M, CO3[a€T MOMEHT CILJIH

G=p XxB, (2.10)

KOTOpHIif B CBOI0 04Yepexh CO3MIAeT MOMEHT KOJIWUECTBA JIBH:KE-
Hus# B Haupasnenu# mexropa G (¢ur. 38, ). ITocronbry
9JIeKTPOH yiKe 00JafaeT MOMEHTOM KOJNIHMYCCTBA JBUKEHUS S
(upencraBiennsiMm Ha cxeme oTpeskoM OS), Heo6xommMbi
MOMEHT LIONYYUTCH, eCIE TOYKy S mepeMemais BBepX, T. €.,

:_QQ_&,B

@ nr. 37. Tpaekropusi 3JNEKTPOHAa B
O[HOPOJIHOM MATHHTHOM IIOJiC.

KaK yKasano, B Haupaeienuu Bexkropa G. B utore gpmuenme
BEKTOpa S MOMKHO IPeACTABUTH KAK BpAIMEHHe INIOCKoCTH P,
B KoTopo#t nekat S m B, ornocurenrno B ¢ mocrosHHOR
YIoBOt CKOpOCTBIO ;. Ilpm TakoM pBmwkenum BerTop S
OIIMCHIBAGT KOHYC C YIIIOM HPH Bepimune 2\ @ O0CHI0, HAIIPAB-
aennoit Bpons B. Taxoe memwmenume, Tunmunoe misa I060ro
THPOCKOLIA, HAXOAAMErocAd MOJN NEACTBHEM BHEIHEH CHIIH,
HasuBaeTca npeyeccueli. Korma ¢y = /2, Berrop S Bpamaerca
B IJIOCKOCTH, NEpICHRUKYJIApHOil BexTopy B. Taxoit wacr-
HEB{i cayd4aii, ¢ KOTOpHM MH WM OyfeM HMeThb A€o0 B FAHHOM
BKCIeDUMEHTe, OpeficTaBieH Ha ¢ur. 38, 6.

Benmuumny o, Herpymmo HaliTm. 3a Bpema &f mMomenr
cuwrsl (G co3MAeT MOMEHT KONWYeCTBA IBUKCHEA

GOt = pB sin ) &t, (2.11)
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HaupaBiennbiii Beepx. IIpoernmus BekTOpa S Ha INIOCKOCTE,
NepUueH UK yIapHy0 BekTopy B (mso6pamena Ha ¢ur. 38, a
orpeskoM [VS), papua §sini, U 1M03TOMY MOMEHT KOIHYECTBA
JIBIGKEHUs], BO3HMKAIOMFI B HANPABIGHWH BBEpPX 3a BPeMS
8¢, ecthb

S sin P w; 62,

N
===l
A -0 Ve

fnocwocrrg & _I ['4

® nr. 38. ¢ — npeneccns BeKTOpa
S (m3obpakeHHOTO OTpE3KOM OS)
B MarEUTHOM Xiojie B.

B HnockoeTs P Bpam@aeTcsa ¢ YrioBOil CKO-
POCTBIO (s BOKPYI BeKTOpa B, Ip4 3TOM
0Tpe30K OS OomuCHBaeT KOHYC € YIIOM

Ipu BepmwvHe 2.

6 —Mpereccusi B YaCTHOM cllydae

Pp=m/2.

IlpupapauBas 5Ty BelIWYUHy NpPaBOil YaCTH COOTHOINEHYS

(2.11), nonyuaem
geB

-t p_
w;=-¢ B=—. (2.12)
beepem pisi ypoGerea BEIMYHHY @ B COOTBETCTBHM € pPABEH-
CIBOM
g=2(1+a). (2.13)

Torga ¢opmyay (2.12) MoxHO mepermcars B BHE

ws=(1 +a)%=(1 +a) o. (2.14)
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3) Coemecmmoe deuscenue eexmopos v u S. Tenepb o6benn-
HEM Ppe3ynnTaTHl, uonywsenHele B nyHktax 1 m 2. Tlycrs
BHAaYaJse IeKTpoH maxopurces B Touke I (fur. 39, a) u BerTOp
ero MOMEHTAa KOJHMYeCTBA JBIKENNs HAIPABJIeN, KAK TIOKa-
32HO, BBEPX. IJIEKTPOH JBIUKETCA 10 CUHMPAJH, HPOXOAS

@ nr. 39. TpaeKkTopus 5IEKTPOHA W MOBOPOT €ro
CIIMHa B ONHOPOJHOM MAarHHTHOM IIOJie.
B cnyyasix ¢ ¥ 6 BenyuuIia g TOYHO paBHA 2, a B CIryyae 8 EMHOrO GoJspiic 2.

T0uKM 2, 3, 4 W, IPHUXOAA B TOYKY 5, COBEPINAET TOJIIEI
ofopor mo comMpaim.

Honycruym, 10 a = 0 (cornacuo Teopum upaxa). B Ta-
KOM ClIyYae ©s = ®, H BEKTOpP S IpH HEPeMEOIeHHU DIeK-
TPpOHA M3 TOYKHE I B TOUKY 5 TAaK/Ke COBEPIIAET TOJHBIH
obopor. 3Ito Bumuo m3 dur. 39, ¢, Ho eme HAIVANHCE U3
¢ur. 39, 6, Tme npepcTaBIEH BUTOK CIUpAIM, €CIH CMOTPETD
Aa NHero B NanpaBlleHuH, UPOTHBOLOIOMKHOM BexTopy B.
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(Jaa ynobcrea Toukm I M 5 1a STOM YepTeIRe HECKOILKO
pasuecensr.) OueBmpuHoO, YT0 €CIM BHAYALE BEKTOpP S cocTab-
nfeT HMpAMOH yToJll ¢ HAlpaBJIEHWEM JBMKEHUs JIEKTpoHa,
To jxe camoe OyferT W B M0OOI Jpyroil TOUKe CHUPAIH.

Tereps NpeRIIONORUM, UWTO a — HeOONBIUAA BEIWYHHA,
ormuuHag or Hynd. Torma vacrora o, Hemmoro Gombme o,
¥, KOIJa 3JIeKTPOH cfesiaeT OfuH 00OpOoT IO CUMpaliu, BeK-
TOp S coBepIHT HeCKOJBKO (olee OfHOTO oGopoTa. Yrol
MEKIy BEKTOPOM S M HampaBieHWeM [BI)KEHHf 3JIEKTPOHA
HenpepeIBEO MeHsercst (fur. 39, ¢). Uz dopmyns (2.14)
MBI BUAHMM, YTO IpH IIEpeXOfe M3 TOYKH I B TOIRY § yron
U3MEHAETCA HA Benmmuumy 2na =~ 2n/860, 1. e. ma ¢mrype
opeKT CHIBHO LIpeyBedMYeH.

Ilpr panvweiimeM [BHKEHUM SJEKTPOHA 10 CIHPATH
VIOl MeXJY S ¥ V UPOROIKAeT YBeIHYMBATECA, B B KOMIE
KOHI[OB BEKTOpP S CHOBA OKAMKEICA B CBOBM WCXOHOM IIONIO-
/KEAME OTHOCHTENBHO BexTopa v. OGo3naumm Bpems, Heol-
XO[uUMO® A dTOrO, Yepes Ip. 3a Bpema Ip CUMH 2MEKTIpO-
Ha cflellaeT pPOBHO Ha ofuH oOopor OoIlbine, 96M caM IIeK-
TPOH. 3aMeTuM, 4UIO uYepe3 IIpOMekyIoKk Bpemenu Tp/4
BCKTOD S OKaseBaeICA IOYTH MAPANIEIbHEM BEKTOPY V
(re cmpozo mapamnensHbiM, u60 S Bcerfia JIEMUT B INIOCKO~
cru, uepueHAMKyIsApHoit B, Torma mak BexTop v mBcerpga
HATIPABJEH II0J MAJHM IIOCTOSIHHEIM YIIIOM K 3TOH TIIIOCKO-
cTH), a uepe3 IpoMexyTOR Bpemenu I'p/2 BekTop S uepuen-
REUKYJIAPeH BOKTOPY V (HO IPOTHBOTIONOMKEH CBOEMY NEPBOHA-
YANEEOMY HCPIEHUKYIAPHOMY LOJNOMKEHHI0) U epes HpoMe-
myTok 3Tp/4 nouTh anTEuUApaniened BEKTOpY V.

JBI;REeHNe MOMKHO IIPOCIENUTH ANbIIe. B KoHIme Kassmaoro
uepnoya Tp coorHomenue Mexny S m v moBropsercs. Kpyro-
Bafg YACTOTA TAKOIO OTHOCHTENHHOTO JIBWKEHUA pPAaBHA

Op = 0 — 0 =ave= a2, (2.15)

3uagyur, usmepsaa Ip = 2i/wp — mepuon Ouenwuit memIy
OEKIOTPOUHBIM JBIDKEHUEM M TpEIeCCUeil,— MH TeM CAMBIM
HETIOCPE/ICTBOHHO W3MEPAE6M MAJyi0 BeIHYEHY @, T. €. HOIy-
gaem g1).

1) Smech MBI M3JIOGKUIN TEOPME) HECKONBKO YIIPOMEHNEO, WTOGLI
00paTuTh BHUMaHYE Ha BasKueiimme ee MoMeHTH. CTporas pensATHBMCT-
CKasT TeOpUA JaeT BeCKOJNbKO MHEE BEIDAYKEHNUA sl Wy U Wg. I1paBmib-
T7 OTBET ISl W, JOCTATAETCST IIPOCTOM 3aMEHoil MACCI TIOKOA [1a PeJis-
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2. Il oasipusayuonnvie stighermol npu paccesnuu
INEKNPOoI06. 1lyioKk INEKTPOHOB, BCE CIUHH KOTOPHIX
HAUPABJIEHE OJMHAKOBO, HA3HBACTCA IOJHOCTHIO IOMAPHU30-
BAHHKM — TIOIEPEYHO, eCIIN BEKTOD S 1epUeHUKyIAPEH BEK-
TOPY V, U TIPOIONIEHO, €CIH BEKTOP S LIapaliiielieH BEKTOpPY V.
Hna paumoro skcuepmMenTa HeOOXOMMO HMMETH, BO-TIEPBHIX,
UONEepeYHO-NONAPUZ0BAHHEI 1IYIOK W, BO-BTOPHIX, CUOCO0
pasiuygaTh TIONEPEYHYI TOIAPH3AIUI0 OT POJOIBHOIL

Paccmorpnm chepyromuit 9KCuepEMenT IO pPacCesHHIO
aneKTpoHOR, llorepeuHo-oNApH30BAHDNI NyY0K uajaeT Ha

@ mnr. 40. CxeMa omslTa IO OIpENeCHHIO ACIIM-
MeTpHH pacCeAHHA  IONEepeYHO-NOJIAPN3OBAHHBIX
3JIEKTPOROB.

TOHKYI0 MHUIIEHB, COZEPIKANYI0 ATOME ¢ JIOBOIBHO GOIBIINM
ATOMHBIM HOMEpPOM, M UPH IOMOMY JBYX OJMHAKOBHIX CUET-
ynkoB I'eiirepa Cy m Cy peTHCTpHEPYETCs YUCIO BIEKTPOHOB,
PACCESIHHEIX HA ORMHAKOBEHC YIIH B TUIOCKOCTH, TEPUEHH-
rynapooit Bekropy S (pur. 40). as mac Bammo 10 06cTos-
TENBCTBO, YT0 UpH yraax 0, 6muskux k 90°, BaeBo paccem-
BaeTCA JJIEKTPOHOB OGoupimie, 4em BupaBo. Taxroil afdert
acuMMeTpuHn Obil BuepBoie mpeackaszan B 1929 r.. Mortom,
KOTOPEIT pacculTal ero Beaumdmuny (cM. o630p 1O MOAApH3a-
mn anextponoB [41]). Kauecrsemmo addext obwacuaerca
TEM, YTO MATHHTHEI AWIIONLHEIE MOMEHT 3JIEKTpPOHA B3AMMO-
JelicIByeT ¢ MaTHHTHHIM II0JleM, KOTopoe [eliciByeT Ha

THBHUCTCKYIo Maccy. IlompaBKa ke misi o, Gojee CiIO:KHAA, HO, Kak
OKa3HBAETCA, COOTHOIEHNO
P e
D—2a m
T7e m — Macca nokos, octaerca B cuue. Ilosnnas Teopus pacecMaTpuBae-
MOTO BONIpoca HaJoKena B Kunare [24].
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BIIEKTPOH, MBIKYIEHACA B BJICKTPUIECKOM Tone safep. Ecmm
H3MONUTH IATPABJICGHEE BEKTOpa S HA HPOTEBOLOIOKHOE,
XapaKTep acHMMeTpPHH Tarme craner obpatumm. Cxemartuye-
CKH 9TO T0Ka3ano Ha ¢ur. 41, a u 6.

CknampiBasi 9uUCIA JIEKTPOHOB, COOTBETCTBYIONIHE JTHM
JBYM CXeMaM, MBI Tloxydaem cxemy ¢ur. 41, ¢, COOTBETCTRYIO-
Oyl PACCESHHIO HEUOJNAPU3OBAHHOIO Iyuka. UHWCIO 2IEK-
TPOTOB, PACCESDHHX BIOPABO W BIEBO, OJUHAKOBO, HO KajK-
JIbi M3 PACCeAHHEIX IIYIKOB NOTEpEeYno MoIApu3oBan. Taxkum
ofpazaoM, MH pemuiId [EPBYK 3a0a9y, 4 WMCHHO 3aHauy
noxydenusn tomobuoro myura. (Ha camom peme paccesnosie
UYYKH TIONAPU30BAHG JUIOL YACTHYHO, T. €. He y Beex

* 3
L 4 X
a ] 6
O® mr. 41, Cxempl, mosicEsiiomue SQQEKT acnMMer-
puu.

G — CII¥MH  9JICKTPOHORB HaIpaBIEH BBepX; 0 — CIHil

HanpaBjieH BHU3; § —IIePBUYHEI IYIOK 3JEKTPOHOB HE 10—

NIApU30BaH, IIPA 9TOM YHUCIO INEKTPOHOB, PACCEAHHLBIX BIIpa-

BO ¥ BIEBO, ONVMHAKOBO, HO 00a paCCeAHHBIX TyuKa
YaCTUYHO NTOJAPU30BaHbI.

SIIEKTPOHOR CIVHE HAIpaBJEHH OfMHAKOBO. TeM He Meuece
TAKON TIONAPUSAIUE IOCTATOYHO [JIA HAMIEIO JKCIIePHUMEHTA.)

IIpenuonoxuM, 970 B 9KCLEPUMEHTE 110 PACCEAHHUIO TIAMIAK0-
i 1Iy90K IPOAOALHO HONAPU30BaH. TOTNA €IHCTBEHIHIM
€CTeCTBEHIO BEIIEJICHHEIM HANpPaBJIEHUEM OKABHIBaeTcA ofmee
HAIIPAaBIGHUE BEKTOPOB S ¥ v. Bce HanpaBieHus, COCTABISIO-
mu@e ¢ HUM OfVH K TOT 7Ke yroi 0, DKBUBAJIEHTHHI, YTO 03Ha-
9aeT OTCYTCTBHe ACHMMETPMH uUpH paccegumm (fur. 42).
Tax pemaerca BTOpas mOCTaBIEHHAA 3ajada. Ecau BeKTOp v
HATIPDABIIEH II0 TOPU3OHTANH, a BEKTOP S JEKUT B BEPTUKAI b~
HOH TIIOCKOCTH, TO, U3MEPAS OTHOCUTENBHYI0 JIEBO-IPABYIO
ACHMMETPHIO PACCEeAHAs HA ONMHAKOBHE YTIH B TOPU3ON-
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TaIbHOM INIOCKOCTH, MOKHO OIPEeNHNTh XaApaKTep IOMApH-
saruu. B crydae mnpoponsHoit TwoOmApM3AIMHM CHMMETPHA
O6yZeT paBHA mymi0, 4 B CIy9ae MONEPEYHON MOIAPUIAIIM
oma Gyner maxcumanbmoit (Qur. 43).

0. Maznumnan 6ymovtara. Mol sufend, 970 3J6KTPOH
moxmkeH caenaTs oxono 860 oGoporos, mpexae YeM uU3MEHe-
HHe yria Mexpy S u v jfocturHer opHoro mepmopa (360°).

dur. 42 IIpoponpHO-NOIApIIBUBaHLILE

9NEKTPUHEL PacCeHBaIOTCA BO BCEX HAINpAan-

JIEHNsIX OJJMHAKOBO (HOJ OfHAM H TeM jKe
YIIIOM).

OueBupno, 9ro deM QoJbIle NEPHOJIOB MH H3MCPHM, TeM
toxree OyfeT KoHeuHwit pesyabrar. IIyeTh MLl mocTaBMIM
nexs moxyunts 600 mepmonoB; 9TO 3HaUMT, UTO BICKTPOH

6

L<; |ﬁ L ‘ 5 L7—~|__ﬁ‘
//_7—. 5 I s
0

a

® ur. 43. Jlymua ctperiok L u R COOTBETCTBYET 4NCIY
paccesiHHEIX BJIEKTPOHOB.

a — TIpoNoNbHAaA NoNApusalMia, L = R; 6 — CMeHIaRHafg OJIApH-
sanmAa, L > R, ¢ — 1onoepedHas IMolApusaima, pasuHocts L — R
MaKCHMAaJLHA.

pomren cosepimuts 860 X 600, 7. e. oKOJO HmOTyMUWIIHOHA,
ofopotoB mo cmupasau. Ilpw oOHYABX YCIOBUAX DIEKTPOH
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noiken ObLI OBl NBHTaThCsA [0 CHIBHO CIKATOM COMpaJd,
yTo0OBL CEJIATH CTOJb OOJIbIIOE YHCIO0 BUTKOB HA IpUEeMJIEMOM
JUIA HAC He CJIMIKOM OOJBHOIOM PACCTOAHWY BJOJL BEKTO-
pa B. Hoxyuute Taryio cowpaisb odeHs Tpyauo. llosTomy
HKCIEePUMEHTATOPH W30HpaIoT WHOH IYTh.

JlomycTuM, 9TO MATHWTHEIE CHJIOBHE JIHHHM He Iapai-
JedbHB, & WCKPHUBJEHH Tak, 4To ¢ur. 44, rne omm msobpa-
JKeHBI, HAMOMUHAET GOYKY. ITO COOTBETCTBYET YCHJIEHWIO
MATHETHOTO IOJA HA Kpasx, Yero JerKo fobuThcs, ecim,
HAOPEMEp, IPeyCMOTpeTh Ha KpagX MONOJIHWTEIbHEIE Mar-
auTHEIe oOMOTHM. HKak nomimser Takas BRHOYKJIag ¢opMma
CHIOBHX IWHWI HA JBWmeHWe saexTpoHa? Korma asekTpon

1

Cunossie
Z ' aunuy

zZy Cpegran nhockocms P Zy

® ur. 44. TpaekTopHS 3JIEKTPOHA, YAEPHHBAEMOTO
B Opefiesiax OT 2z [0 2.

DICKTPOH JIBYKCTCHA 110 COUPAIM 70 B OIHY, TO B IPYTYIO CTOPOHY,
0o [Jig FACHOCTM W300PaKCHA INMIIbL TPACKTOPWsI €ro J[IBIDHCHMA
cyeBa Halpago.

HAXO[WICA B ToUHe ], BePTUKAJBHAA COCTABIAIONMAA BEKTO-
pa B coznaer cuny JlopeEna, koTopas 3acTaBiser JEKTPOH
peuratecs BopaBo. Herpyneo coobpasuts, 9ro ciesa oT
cpenHedt miockocT® F cocraBiasiom@as MATHHTHOTO IOJA,
00ycioBiieHHAS WCKPWBJIEHWEM MATHWTHEIX CHJIOBHIX JIVHMIT,
BCEINIa YCKOpseT 9JeRTpoH Bopaso. CiesoBaTenbHO, mIAT
coupaiu ypeawdupaercs. (lllarom MBI HassBaeM yroo Mesmy
BEKTOPOM CHOPOCTH V ¥ ILIOCKOCTHIO, HepHeHVKYJIspHOR
ocw z, KOTOpas BHOpaHA BAOJb cpenmeil gwEnu moias B.)

Illar cowmpanu pocTuraeTr MaxkCHMyMa B IIIOCKOCTH F,
ubo copapa oT Hee 3GQeKT OKA3HBAETCA MPOTBOMOIOKHEBIM.
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3pech BEPTHKAJbHAA COCTABJAIONMAsA MOJIA YA€ YMeHBIIAeT
Mar, KOTOPHIl MOCTeNeHHO NOXOIMT N0 HYJIA ¥ 3aTeM CTaHO-
BUTCA OTPHIATENbHKIM. VHBIME ClloBaMH, 3JEKTPOH pmOCTH-
raeT IpaBoil NpeseJbHO IIOCKOCTH (Z = z;) W N0 CnUpaJn
BosBpauaercs Baeso. Ilpu nwbom z mo aGeonoTHol Bedmyu-
He IIar COBIAJAET C TeM, KOTOPLIA ObuI IpK JBIKeHUN BIpa-
BO; BHOBb MaKCHMYM JIOCTMTAeTCA B IMIOCKOCTH F w HyJNp —
opu z = Zy. JlofifA o seBo#t mpepesbHONl MIOCKOCTH, 3JeK-
TPOH OUATH HAYMHAET [IBUTaThCsA BopaBo. Takmm oGpaszom,
OH OKA3HIBAETCA KAK OB B MATHWTHOH «GYTHLIKE», B KOTOpOIt
OH Me4eTCsI TI0 COMpAaJId MMy 21 ¥ z,. (B orpomuoM macmra-

Odnacms, 6 KOMO~ p=#r —— —————— — "
podl geuwymes
SAERIMPOHEL

@ nr. 45. CxeMa 9JeKTPONOB ISl 3aXBaTa DIICKT~
poroB.
CHIIOBBIC JIMHHM MAarHATHOrO IIONA HE TIOKa3aHbl.

Oe 3T0 ABIeANe OPENCTABIEHO B OXBATHBAIOMEX 3€MIII0
noscax Bam-AiuieHa, rne sapsiieHHBIE HACTHIEL JBUKYTCH
00 COWpajyH B MAarHUTHOM Doje JSemianm Tyna u  obpar-
HO.)

+  Mp elfe He TOBOPMIIM O TOM, KAK BJIEKTPON BIEpPBEE MOMa-
naer B mMarEuTEYI0 Oyrhuiky. Ecim ero mpocto umsierTupo-
BaTh B MAarHHTHOE IoJie, HAmpuMep CJieBa, TO OH BHIAIeT
Hapy:xy copasa. lllar coupanw Gynrer pactu no miiockocerm F,
a 3aTeM YMEHBNIATHCHA; HO OH He YMEHBIIATCH [0 HYIA ITPerk-
Ie, 4eM BJERTPOH [OCTUTHET KOHNA OYTELIIKM.

Uro0Bl 3aXBaTUTH 9JEKTPOH, YCTAHABJIMBAIOT JBA MOJBIX
mUIMERpWYecKX slexTpona E m [ (¢ur. 45), KoTophe oXBa-
THIBAIOT COWPAJNbHLEI OYTh 3AEKTPOHA; MPOMEKYTOK, pase-
AAINEE HAHEAPE, COBHIANAeT €O CpejHeil mIoCKoCThIo F.
Ha st siexTpopel, Kak DOKAa3aHO HA CxeMme, HOJAIOT pas-
HOCTh MOTEHIWAJIOB, a 9JIEKTPOHE WHKEKTHDPYIOT CJIEeBa.
Horpa ssieKTpoH mpoXouT depes MpOMe:KyTOK MEyly BJIeK-
TPOAAaM#, PAa3HOCTh NOTEHIMAJIOB TOPMOSWT €r0 B HampanJe-
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auy 2. [llar cnupasiu ouens GBHICTPO YMEHBIIAETCS U TEIeph yike
JOCTHTaeT HyJIA B TOUKE 25, HAXO[AIMeiiCs B mpe/esiaX MATHHTHO-
I'0 T0JIsA. JIeKTPOH MeHseT HallPABJICHNE CBOEL0 IBIYKEeHN B/[0OIb
ocu z Ha oOpaTHOE, HO elle [0 TOT0, KAK OH BHOBb J{OCTHTHET
IPOMEKYTKA, PA3SHOCTh MOTeHNHANOB CHMMAIOT. TakmM oGpa-
30M, OpH O0OpaTHOM IPOXOKJEHNH BJIEKTPOHA Uepe3 IpoMe-
JKYTOK yMEHBINeHMe INara Np¥ mepBOM OpPOXO;KIeHNH HIYeM
e KOMIEHCHDPYeTCs, ¥ 338 C4eT BEHIYKJIOCTH MATHUTHOTO IOJIS
CJICBA OT Cpef(Hell INIOCKOCTH AT CHUpAJIV Majaer [0 HyJd
B TOUKE Zy.

Tenepp siieKTpoH 3axBaueH. OH MOMET CAeNaTh CTONBKO
IUKJIOTPOHHEX O00OPOTOR B MATHHTHOH OyTENIKe, CKOJIBKO
Mo mo;kesaeM. Horma maM HYKHO ompemesdTh COCTOSHUE
DOJAPM3ANKN, ML HOMlaeM HA IUIMHAPHYECKUE SJIeKTPOMLI
pasHOCTh NOTEHNHAaJOB o0paTHOoro 3HaKa. Ecam B sTOT
MOMEHT BIEKTPOH HAXOMWJICH B JIeBOM NWINH[pE, TO, MPOInd
gepe3 OPOME;KYTOK, OH MOJNYYMT YCKOpeHWe. ¥ BeIdueHus
mara COMpaJyd Op¥ 9ToM Gyner [OCTATOYHO JJIA TOTO, YTOOH
QJIEKTPOH CMOT BEHIMTH W3 MATHWTHON OyTHUIKY COpasa.

e. Namepenue mazHumno20 noast,. Marauraoe noiue
W3MEePAIT MEeTONOM nNPOMOHH020 MAZHUMHKO020 PEIOHAHCO —
OY€Hb TOYHEIM M JIOBOJBHO HPOCTHIM METOJOM, KOTOPHII Aaer
abconoTHOE 3HAuUeHWE B.

Ilomo6HO 2iIeKTPOHY, OPOTOH TaK#E OGIafaeT CIMHOM
¥, CIef0BATEJIBHO, MATHUTHEIM [UOOJBHEIM MOMEHTOM, KOTO-
pblii MEI 0003HAYNM uepe3 pp. B npUCYTCTBMH MarHUTHOTO
IoNA OPOTOH MOKET HAXOAWTHCA B OfHOM M3 JBYX KBAHTO-
BHIX COCTOSIHWIT, COOTBETCTBYIOMIMX HANPABJICHUAM CONHA
BJIOJIb WM IPOTHUB IOJsA, OPUYEM pPA3HOCTh DHEPTHH TaAKMX
cocTosiEuit cocTaBuger Zuph.

Uro6s1 m3MepuTh MAarHWTHOE HOJIE B HEKOTOpOI TouKe,
B DTOH TOUKe IOMeNIaloT MWHMATIOPHYI) aMmydy ¢ HECKOIb-
KUMM MMJUIVIWTPaMH BONOPOAICOfiep:kalero BemiecTsa, AM-
nyJla HAXOAWTCA BHYTPHM KAaTYIIKU, KOTOPAs COe/IMHEHA C Te-
HEpaTopoM ¥ cozfaer ciaboe mepeMeHHOe MATHHTHOE HOJIe
¢ KPYTOBOM uacCTOTOR «, HANpPAaBIEHHOE MEPHEHAVKYISLPHO
nocrogEHOMYy nDodito B. Ecim penwuwra o ynoBaeTBopser
COOTHOIIEHWIO

ho = 2u,B, (2.16)

TO IEPEeMeHH0¢ MAaTrHUTH o€ 1moJie Bosﬁymp;ae'r nepexo/ibl MeIy
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JBYMA BO3MOKHEIMM COCTOAHHAMHA npoToHOoB. OTHOIIEHHE
YyCia UPOTOHOB B HUSIIEM SHEPTETHYECKOM COCTOAHUHU K
4UC)ly OPOTOHOB B BHICIIEM SHEPreTHIeCKOM COCTOAHHY PABHO
GomsrmaHoBcKoMy MEOMmTenio e PPPIT qay wro, xors
BEpOATHOCTh NE€PEXOJ(0B, BHIBBAHHHIX BOSMYINAINMM IOJEM,
B 11060M HAOpPABIEHWW OfMHAKOBA, YMCJIO INPOTOHHEIX Mmepe-
XO/IOB B BepXHee COCTOSHWE INPEBHIIAeT YHCJIO MePeXoyoB
B HIDKHee. Taxum 06pasoM, IpH Pe30HAHCHOI YACTOTe CHCTe-
M3 DOTJIOM@AeT SHEPTHI0 NepPEeMEeHHOT0 MATHWTHOTO MOJA.

PasencrBo (2.16) MomHO nmepenucaTs B caenylolieM BUye:

© = 1,B, (2.17)
e
o= 55 (2.18)

— 2upomasrumuroe omHuouleHUe OPOTOHA. JTa BelUUYMHA W3-

Mepena BeCEMa TOYHO, ¥ B HACTOALICe BPeMsA /Ui Hee IPHHATO
spauenwe [4] 1)

v = (2,675 192 = 0,000 007) -10~® pag-c—* T-L (2.19)

Pesoranc 3TOT /I0BOJIEHO TpOCTO 3apermcrpmpoBats. W Tor-
fa m3Mepemwe BeAwuuEE B (mpw m3BecTHOIl BeJwuMHE 7Yp)
CBOAUTCA K M3MEPEHMIO PE30HAHCHOH YACTOTH, YTO MOKHO
JIETKO CHeJIaTh € BEICOKOII TOYHOCTBIO.

MeTon HpOTOHHOTO pPE3OHAHCA NPUMEHSETCA JJIA HM3Me-
peHnsA MarHWTHBHIX noxeir B mHTeppase 10—2000 mT, xoto-
puiii  cootBercTByer BU-nmamasonmy 400 wI'm — 80 MI'm.
To4HOCTH, KOTOPOl MOKHO HpPW 3TOM AOOMTHCHA,— MOPSMKA
10-5, 3peck MBI KOCHYJUCH JAWIIh OCHOBH MeTOMa’ jis Oollee
mopoGHOTO ero W3ydYeHusi pexomenyyeM kamry [38] 2).

awc. Onucanue axcnepumerma. Ha gur. 46 npencras-
JeHa cxeMma ycTaHOBKM. Pasmepn akyymuOI Kameps: V Tako-
pot; pmamerp 0,3 M, nuuaa 5,5 M. BoukooGpasHoe marauTHOE
nojie B cosmaercs nmpm nmoMomuy o6MOTKYM (HA CXeMe HE MOKa-
3aHHOf), pacmoJiarapmeiics HA OYeHb JKECTKOM KapKace

1) T — epvHNOA WM3MepeRNs] MarHATHOH urpykoud B B cocreme
engann, CU — tecna. IT =1 B6-Mm~2 — 104 Tc.

2) Cm. Tarkie B REHTe «JKCOEDHMEATANbEAA Afeplas (H3HKar,
nop per. 3. Cerpe, M., 1955.— I pux. ped.
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BOKpPYI' BaKyyMHO# KaMmepsl. Beamumny B MoO0 MenATh
B npepenax ot 10 mo 15 mT.

Korpa ma ssnerTporEyI0 nymKky G moaaioT mMyCKOBOil CuUT-
HaJ, oHA B TeueHme (,1 MKC HCOYCKAaeT JIEKTPOIH C HHEp-
rueit, kKoTopyro MOKHO maMmeHATH 0T 90 o 100 ksB. Curmaxn
e mofaerca Ha mymky 500 pas B ceRyHJY.

JNEeKTPOHH NAaaloT HA TOHKYI 30J0TyI0 ¢oiery P,
KOTOpas  CIYKWT HOJAPWIATOPOM, W 3aTeM YaCTh U3

14

G P
Q' c
oL WF-
E ] A

O mr. 46. Cxema ycramoBku (He B MaciitaGe).

HUX, pacCesHHAdg BOpPABO HA YIOJ, HEMHOTO MeHbmmiE 90°,
DPOXONUT Uepe3 KOMIMMUPYIIYI0 cucTeMy (He HOKA3AHHYIO
Ha CXeMe) ¥ HaUWHAET [IBUTATHCA N0 COHPAJIV BHEYTPY HUINH-
npuaecknx sierTponoB E m I. Uyrs-uyTh pamsile, HeKealn
3JIEKTPOHEI BOIyT B 9Ty cHcTemy, Ha suekTpoy I mopaercs
orpunatenbnoe nHanpsxenue (70 B). Ilosromy mpwm npoxosmx-
MIHHMY DJIEKTPOHOB uepe3 IPOMEKYTOK MEHy SIeKTPOJaMK
E u I mar ux companm ymenpmaercsa. Ilepes oGpaTEEM mpo-
XOA{IeHNEeM HIEKTPOHAME OTPOMEKYTKA HANpPAMEHNWE C I(V-
auaapa [ CHEMaeTcs, W SJIEKTPOHH OKABHBAIOTCH 3aXBAYeH-
mEME. MomeHT Bpemenm, korma ¢ siextpona I CHuMaeTcs
NAnpsKeIue, MOMKHO CUMTATH HAYAJIOM IWKJIA.

Cnycts sanamEOe Bpemsi f mHa auaextpon FE mnopaercs
OTPHIATEJIbHOe Hanps;kenue. B pesyibraTe 5TOr0 3JIE€KTPO-
HEIl, HAXO/IHBIINECH BHYTpH snekTpona E, morunaoT roBym-
Ky!) m Domajar Ha BTOpYl 3010TYI0 ONBTY: A, Ko-
TOPAA CHYKUT AaHAJIW3ATOPOM. OJNEKTPOHBI, pAaCCEeAHHEIe

!) Brauane sneKTpomL 0BPA3yIOT Kak OH CryCTOK, KOTOpPHI, OfHEA-
KO, BCKOpE PachyEIBaeTCs, TAK 4TO H3 CHCTeMHl MWJIAHPUYCCKHX 3JeK-
TPOHOB BHIXOAHT DPHMEPHO NOJIOBHHA W3 HHX.
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OpuMepIo HA Yrod 90° B HampapieHnuy, MAPAJIETBHOM OCH
KaMepH M COOTBETCTBYIOINEM PACCeAHNI0O BIDABO, IonaiatoT
p cuerumk Leiirepa C. 3areM BHOBb HO[AeTCH nycKoBoit
CHTNAJN HA SIEKTPOHHYIO MYIIKY, ¥ BECh I{UKJ IOBTOPAETCA.

Bii MOKeTe 3aMeTHTh, 4TO B CXéMe TOJBKO Of(uH CUeTIHK
Teitrepa. DKCOEPEMEHTATOPH TPUMEHIIM OUEHB 0CTPOyM-
HELi METOJ{ M3MEpeHUs aCHMMETPUY pacCesunsd B MUINSHU A.
OpEmM mepecueTHsM yCTPOHCTBOM OHM PErucTpHpyIoT qHCIIO0
oTCUeTOB OT 64 IOCIeNoBATENBHBIX BIEKTPOHHBIX CIYCTKOB,
yllep/KuBaEMEIX OJIHO U TO Jke Bpem i. 3aTeM BpeMs yrepiKa-
A 3aXBAUEHHBIX 9JIEKTPOHOB W3MEHAWT [0 t 1Ty
W JpYTEM IepecueTHEM YCTPOUCTBOM perucTpHpyIoT YHCIO0
OTCUeTOB, CO3[aBaeMELIX crenylomeit cepueil u3 64 cryCTHOB.
B ycramopKe NpefyCMOTPEHO aBTOMATIYECKOE yepeioBaHLe
BpeMeH y/epKaHWs U BCA uapopMAIUA HAKAMINBAETCS
B JBYX IEPECUeTHHIX YCTpOHCTBAX.

Bce saperscTpupOBaHHEE coOHITHS COOTBETCTBYIOT Mpa-
BOMY PACCEAHMIO BIEKTPOHOB B MUILCHH A. Ho umcio szape-
THCTPHPOBAHHEX HJIEKTPOHOB B CIyTae BPEMEHU yRepKanna
t 4 1,Tp paBEo uYMCIy CIyYaeB JEBOr0 pacCesHud npH
BpeMeHu ypnepmamus . Jt0 o0BACHAETCH TeM, 9T0 IpH
yBeJnueHuN BpeMeHN YJep:KaHWA Ha 1/,T ;, HampaBJeHue
BeRTOpa S OTHOCHTENBHO BEKTOP2 V MEHAETCA Ha obpaTHOe,
& CJIeOBATENLHO, KAK MBI y7Ke BHJIeJIH, USMEHACTC Ha obpar-
myto u acummerpus. Homeuro, mpu TAKOM METONE HeoOx ofu-
Mo 3HATH BemuMEy Tp, @ €e-TO MEl ¥ XOTHM M3MEPUTDb.
Ho B qaHHOM CJrydae BIONHE JOCTATOTHO, CIu OHA W3BECTHA
Jume OpROJIDKEHHO.

Menss BeJHUMHY £, Mbl Ka3Ld pas onpepejseMm r —
OTHOIIGHI® UACEe] OTCYeTOB, KOTOPHIE COOTBETCTBYIOT BPEME-
mw ypepramus ¢ u ¢+ */oTp. TockonpKy myUOK 3JEKTPO-
HOB JWIIb UACTWIHO IIOJAPM30BAH IOCHE pACCesHWA B Tep-
poif Mumenu P, He cienyeT ORHMIATh GoJBIIO acHMMeTpHy
naske B Maxcumyme. Heroropuie pesyJibTaThi HKCIEePUMEHTA
npuBejieHH Ha (ur. 47, rne mpencTaBieH rpaguK 3aBUCHMO-
cru r oT L.

Ha srom rpadguke yKasaHA BeINYINHA Tp. Ho, kag MH
yyKe TOBODHMIIM, JKeJNaTeJIbHO nsmeputs NTp, rne N —
GoubIIoe UICI0 mepuoyoB. I10aTOMY IKCIIEPUMEHTATOPEI HOB-
TOpWIN WM3MEpPeH¥si Np¥ 3HATMTENHHO GoJpmMX BpeMeHax
y/lepRauns U IpoBely HeoGXOnuMEe OpOMEsKYyTOYHEIE H3Me-
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penus, 9T06GL rApaATHPOBATH NPABMIBHOCTE ONPENeJICHUA N.
B pmrore amauenue T'p OHI0 HaiifeHO TO0 PACCTOAHUIO MERNY
HyJaeBHIM ¥ N-M MaKCHMyMaM¥ IOJyYeHHHIX KPHUBBIX aCHM-
METpHUH.

Bpems ypepskanis [ KOHTPOIMPOBAJIOCH MpPH IOMOINH
KBApIEBOTO FeHeparopa, Yacrora Komebarmi KOTOPOTO NMOBE-
pAliach TO CUTHAJAM CTAHJAPTHOM YaCTOTHI, MEpPe/aBaeMbiM
paymocrannueit WWV 1),

505 - ] > |
N 1;\ A&
100 |- I % ’/\ R /1 %
r Ef\i)gf\i E \i/i\i ll ‘f/
095 |- i } i 1 }
Ne—0 1 2 543 550
1 1 1 1
300 305 1900 1905
¥, mre

® ur. 47. Pe3yapraThl SKCOepHWMeHTa.
B3BHCHMOCT ACHMMCTPUH + OT BpeMeHH yRep:kauus i.

MargnTHoe node B mpw pasHHX 2z W3MEPANOCH METONOM
npoToHHOrO pesoHanca. IIpu KakjoM 3HAYEHUH z IOIe GbL10
M3MEepeno B UYETHPEX A3UMYTAJIBHKIX IONO/KEHUAX, & 34TeM
OLIpeNeNANochs cpejmee 3uauente. MaxcumalbHBIT pasbpoc
cocrapisn mpumepro 3-1075. Jlus cospanmsa HEOGXOUMOTO
HCKDHBJIEHUA CHIOBHIX JIWHWE MArHATHOTO MO Tpebyercsa
s webossmoe u3meHenue B oas ocu z. HampsaskeHHOCTH
OoJifi Ha Kpasx MpeBhIIalia ero HampsKeHmoCTh B IEHTPe
wa 0,1% (xpuBmana mummii Ha $uT. 44 CHIBHO HpeyBenwwe-
ga). [lone B B dopmyie (2.15) — aTo BenruumHa, yCPeHEHHAA
Mo BCeMy IyTH jBuenus snekrpona. UTobm 'MOJLyYATh
TOYHOE CpEJHEB3BEIeHNoe BHAUCHNe BeNWIMHH B, MyKio
OueHb AKKYDATHO OPOBOJMTH K W3MEpEHNs ¥ BHYUCICHUA.

IocToAECTBO MATHHTHOTO moJA o00eCmedmBajioCh DOpH
IOMOTIH CHCTEMBI ABTOMATHYECKOT0 perynuposanus. IIpoTomn-

1) 910 papmocTanmyis HanuMomaJbHOro GIOPO CTAHZAPTOB CITTA
(B BamuarTome), KOTOpPAsA IlepefiaeT Psifl CIEMHMAILABIX CHTHAIOB TOY-
HOTO BpeMeHM W CTaHapTHOH uvacToTh.— IIpus. ped.
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HEIT JATIUK BLIPAGATHBAJ CHINAJ, 3ABUCAIMN 0T HANPAIKEH-
HOCTM MATHHTHOTO HOJg. JTOT CUTHAJA HIOAABAJCA HA BXOJ
DIIEKTPOHHOI CXeMBl, KOTOpaf cTalbmiusmpoBana TOK B 00-
MOTKAX, co3nalomux marupTHoe moixe. Takum cmocobon
CyTOUHEIA Jpeii) MATHETHOTO oA Ohiil CHUFKEH /{0 Beluyu-
e 1075,

PajmanpEBe 9IeKTpHYECKHe IOJA Ppacceamnus, MIpONH-
Kalomue BEYTPH ILIMAJpHIECKUX ajekTpoyios E m I, cunerka
WBMEHAIOT XApaKTep JBIKEHMUA DIEKTPOHA, BJINAA IIABHBIM
oGpasoM Ha BeJIWHYMHY IUKIOTPOHHOH 4HacTOTHL. ITOT ddert
3aBUCHT OT SHEPTHM HJIEKTPOHA, MpHYeM NPV MEHBIINX 3Hep-
ruax oH Goxpmie. C mopoGHEIM MCTOYHUKOM CHCTEMATHYECKUX
ommGoK HKCHEPUMEHTATOPH GOpIoTCA JBYMA CHOCOGAMM.
Bo-nepBLIX, OHM CTAPAIOTCA L0 BO3MOMKHOCTH YMEHBLIINTDH
apdert. B mpenpapuTeIbHOM ONBITE SJIEKTPOH 3aCTABIAIN
[BATATHCA MEAYTY JIByMs KOHIEHTPHYECKUMH NWIWH[DaMU.
Korpa sxe suyTpennmii muinep yOpaiu, BIVAHWE 3JEKTpH-
gecKOro TOJMA CYUIECTBEHHO ociabmiock. Bo-BTopuix, Gmuio
HOJMyIeHO TeOPeTHYeCKOoe BHPAKEHHe JUIA COOTBETCTBYIOMEI!
nonpasku. Bech DKCIepUMEHT MOBTOPAJCA NP UeTHpex
pABHEIX 3HAYEHWSAX SHEPTUH BJIEKTPOHOB, M B KAMJIOM CIy-
yae yCTAHABIMBAIU CBOe MarHWTHOE Tone. llpw sToM pesyis-
TaTH H3MEHAINCH TAK, KAK U ciefioBasio w3 Teopun. Ilostomy
X MOKHO OLIO YBEPEHHO SKCTPAMOJUDOBATEH K HPEJIeJbHO-
My ciyuaio, Korpa 3¢¢QerT paseH HYJIH.

3. Bameuarus. OTvMeTnM HEKOTOPEE 0COGENHOCTH JIAH-
IOro SKCIepHMeHTa,

1) Vlcroman BenIHYHHA €CTh

g=201+ a), (2.20)

e a paeuo mpumepHo 1/860. CruiaHmpoRaB SKCOEPUMEHT
Tak, 9T00H W3MEPAIACH HENOCPeICTBEHHO BeJINIUAA a, ABTO-
pH obecmeumiy ceGe GoJpmioe IpewMyHECTBO. Hawoit 6w
HY GBJIA KOHEUHAH TOYHOCTH M3MEpeHWHA BEJIWYWHH @, TOY-
HOCTH ompeyesienus g Beerpa Gyser B 860 pas Brmie — mpe-
KpacHas wmuiiocTpammAs K cayyaio I, pacCmoTpeHHOMY Ha
ctp. 63.

2) Bpems ynep:kaEma f, OTJIO}EHHO® IO OCH a6enmee Ha
¢ur. 47, npencrasuser coboii HHTEPBAT BPeMEHN MENY [(BY-
M# CHTHAJIAMU; IEPBEM, TIPK KOTOPOM Ha asiekTpoyt I moyaercs
nanpssxeEme, 0GeCIeuMBajoNiee 3aXBAT BJIEKTPOHA, W BTO-
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pPHM — WMOYJIBCOM HampsskeHWs HA saextpoy FE, obecme-
yMBAIOIUM BHIBOJ{ 3aeKTpoHoB. Ho owo He parHO darTmue-
CKOMY BpeMeHI BPAIIEHWS BEKTOpa S OTIOCHTEIIFHO BEKTO-
pa cropoCTu v. B MMDYJIBCHKX CXeMax CYNIECTBYIOT pPasjimy-
HEIEe 33JIePHKH, U DIeKTPOH, KOHETIHO, NONANIAeT B MATHHTHOE
mojie YyTh PaHBIIe, YeM MOABJAETCH MEPBHE WMIOYAbC (mm-
OyJbC 3aXBaTa), ¥ OCTAETCA elie HEKOTOpoe BpeMs B Ioje
mociie Broporo mmnyibca. Ho Bce sto nocmosnhvie wpaeBue
sgdertnl. Ecau onpepenurs Benwauny T no pashocmu
MEKy JBYMA MaKCUMyMaMM Ha KpMBOH acuMmeTpmu, TO
5TH 9PPEKTH HCKIIOYAIOTCA.

Horna me1 ropopuity 06 maMepUTeAbHON AUHeliKke, TO OpH-
BeJId OYeHb IIPOCTO MpWMep TOT0, KAK HCKIYAIOT OmHOKY
OTCYETa WYAA METO[[OM BEUMTAHWA. 3/16Ch MK BCTPETUIHCH
¢ Gosiee CHO/MHEIM MPHMEPOM TOTO 7K€ Merofa.

3) VrameM, Kakie NpemMyINecTBA XaeT METO[ M3Mepelus
acuMMeTpuHu OJHUM-eIMHCTBEHHHIM CueTuuroM. JlomycTmm,
4YT0 aCHMMETPHIO HaMepsiiu OB, Kak OoOHYIIO, IByMA CUETUH-
wkavm (ur. 40). Torma Moraa 6 BOSHWKOYTH JIOKHAA ACHM-
MeTpust, OOYCIOBIeHHAs pazjiniueM B YYBCTBUTEIBLHOCTH,
TeJeCnoM yTIiie, yTrie pacCcesEMs ¥ ypoBHe ¢oua oGomx
cueTumKoB. MeTonuka ke, nmpuUMeHeNHAs B JAHHOM SKCIIe-
pumenTe, obecneunmBaeT aBTOMATHYECKOE WCKIWUEHHE BCeX
STUX HCTOUYHWKOB OHmMGOK.

4) OrmeTmM, HAKOHEII, TO, KAKHM 00pasoM SKCIepUMEHTa-
TOPH PACOPABIIINCH ¢ OMKOKaM¥, 00 YCIOBIEHHBIMY TIPOJOJIb-
HEIM 3JEKTPHIeCKIM IoJIeM paccesHus. Touno Tak »xe oGEaHO
OOCTYyOawT ¢ Jiboil cumcTematmueckoir ommOkoii. CHauada
€e Mo BO3MOKHOCTM YMEHBIIAIOT, 4 3aTe€M BBONAT IOIPABKY,
VUMTHBAIOTYI0 OCTABNIYIOCS 4acTh. V suadmTenbHO Ayumre,
€CJN MONMpPAaBKY MOKHO BBECTH SMIUPWYECKH, T. €. HA OCHO-
BALVM W3MepEeHMil, KaK ¥ [IeJlaeTCsi B JAHHUOM CJyuae.

u. Pesyavmam sxcnepumenma. Ilpuaae Bce Meps
NPEeIOCTOPOIKEOCTY — U yiKe YOOMAHYTHE, W HEKOTOpHE,
0 KOTOPHIX MH He I'OBOPWIN,— HOPOBENsf MHOTO Cepmil M3Me-
penwii, YuiruHCOH ¥ Kpeill moJlyumiiz B uTore CJIeNYIOMYIO
BeNWYKNY:

a = 0,001 159 622 4- 0,000 000 027. (2.29)

Tarum 06pasoM, BeIWUMHA @ OKA3aJaCh M3MEPEHHOH ¢ TOU-
socteio 1/40 000, a Besmunna g — ¢ TounocTnio 1/40 000 000.
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U3 teopun e caexyer [35], aro
a a? ol
a=—0,3282. 10 (F) . (2.22)

Ecin npemeGpeubr HemsBeCTHHIM UJIeHOM mOpspKa od/n3
v B3ATH JJIA BEJIWUNHH 0 3HAUCHUE, YKA3AHHOE B IPHIIOHKe-
HAM 7, TO MH IONYYMM TEOPETHIECKOe 3HAYCHWE

a = 0,001 159 615. (2.23)

Bonpoc o ¢usmieckoM CMBICIIe BeJMIMHBL ¢ BEIXO/IUT 3a Ipe-
nesiel Hamel KAUTY, COTIACHO COBPEMEHHEIM TEOPETHICCKWM
BO33PEHMAM, MOHATHE BAKYyMa OKa3HIBAETCH CIOKHEEe, UeM
OpeAmoJiaragochk pamee. B BaryyMe SieKTpOH CO3/laeT BHUp-
TyaJibHEIe (JOTOHEI, KOTOpHle B CBOIO O9Y€pe/lb BO3IEHCTBYIOT
HA 3JIEKTPOH, U 3TO OPUBOMUT K TOMY, 9T0 €r0 THPOMATHHT-
HO€ OTHOIIEHVE OKA3HIBAETCA HECKOJBKO WMHBIM, HeMXeln
B mepBOHAYAJBHOI Teopmu Jlmpaka.

B omEmx obsacTax ¢wmamkm ME no0WIMCH GOJBIIEro, a B
npyrux Mmemsmiero ycmexa. Ho To, 4To B gawmoit obmactm
$UBNKY BOBMOMHE! CTOJIb TOYHBIE TEOPETHICCKUE MPECKA3a-
HUA ¥ [JIA WX OPOBepPKH IPOBOMATCA SKCIEPWMEHTH TaKOi
e BBICOKOW CTemeHW TOYHOCTH, MOKHO JWIIb TPHUBETCTBO-
BaTh KaK Hobefly YeloBeUECKOTO yMa.

Y npascnenusn

2.4. Tpebyercs, 9TOOH B NOTEHIWOMETp € BHYTPEHHUM
conpoTmplieEneM R, npucoequHennsit k Toukam J u K
(Qur. 30), nmme mons f Toka mocTymasa or WeTounmKa E,
a ocTajibHOe — OT McToYHHKa G. IlokasaTh, 9TO ecnwm 3. 1. C.
mcrodEuKa G B v pas Goapmme 9. fi. €. mcTodnnka E, To pein-
ugny S caenyer BHIOpaTh M3 YCIOBRA

v—1
1—f °

S

R

2.2, TloraszaTh, 9YTO MATHWTHEIH MOMEHT (4; M MOMEHT
KOJIHMYeCTBa /IBWKeHUA L aieKTpoHA, IBIGKYIETOCH IO Kpy-

TOBOI OPGI/ITO, CBSI3aHBI COOTHOIIIEHWEM

b= — gL
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2.3. Jlorasars, 9ro

(1)c=—e7nli [eM. dopmyay (2.9)].

2.4. Yemy papHO OTHOIIEHWe YMCIa TPOTOHOB B CIKHO-
BOM COCTOSHWM C MeHbIIeHl SHeprmell K WHCIy NIPOTOHOB
¢ Goxpmeir smeprmeit npw B = 10 mT m T = 300 K?

2.5. B pampoit riage ONMCAHK H DPOAHAIN3HPOBAHEI
npuGOpH M YCTAHOBKE TpPeX PAasHEIX BHIOB. Taxmm e 06-
pasoM npoamaimsmpyirre munTeppepomerp {Dabpm — lepo
u pasbepuTe OpH STOM METOJl HPOCTHX Jpobei.

2.6. O6msacERTE, B 4eM COCTOUT METOJ| /Ty0IeToB, KOTOPLIM
MOIB3YKTCA B TOYHOH MacC-CHEKTpPOMETpHH.

2.7. B mmreprane temmeparyp or 100 po 300 K opmo-
¥ napaBONOPON PA3NHYAIOTCA IO TEmJIONPOBOJHOCTE HA He-
CKONBKO TpOIeHTOB. llpopymaiiTe MeTOAMKY OmpeneleHuns
OTHOLIEHHA 9UCIA 0pmo- K GUCIY napaBONOPONHEIX MOJERYIHI
B 3aaHHOM o0BeMe, OCHOBAHHYI0 HA NPUHLMIE H3MepeHUf
TeIIONPOBOJIHOCTY Ta3d HpYW DOMOINE HATPETO# MPOBOIOKN.
(Meron marperoif npoponok® paccMarpupaercsa B kmmre [30].)



[NABA 3
JIOTHKA 3HCNEPHMEHTA

§ 1. Beenenwe

CucremaTndeckas omuGKa — HTO CMATYEHHOE BHIpasie-
Aue, 3aMeHAlee CIoBa «OMHUOKA dKCIepUMERTaTOpay. Taxue
OIMOKY BO3HMKAIOT M3-334 TOTO, 9TO

a) HeTOUHH W3MEpPHTeNBHEE NpHOOPHI,

6) peaipHasA YCTAHOBKA B Y€M-TO OTIHYAETCA OT MEaIb-
Ho#,

B) He COBCEM BepHA TeOpMs sABIEHWsd, T. €. HE YUTCHH
KaKWe-TO 3Q¢eKTH.

Kak mnoctymaTe B mepBOM ciyuae, ME yyKe 3HAEM —
Hy)kHa KaaubpoBKa min rpajympoBra. B aByx npyrmx cay-
gagX TOTOBOTO perenTa He CYIGecTByer. UeM Jiyumie Boi 3HaeTe
¢usury, d9em Goybime y Bac OmuTa, TeM OOJbIIE BEPOST-
HOCTB, 9TO BH OGHapy:xuTe nOnoGHLIe 3¢QEeKRTH, a 3HAUMT,
n ycrpanuTe ux. Ho cymecTByioT Taxme croco0b npOBeenus
msMepeHHH K BROOpa WX [OCHEHOBATENBHOCTH, KOTOpHIE
TO3BONAIOT ABTOMATHYECKY BHISIBUTH, & WHOTJA M HCKIYUTH
HEKOTOpHIe BujH omuOOK. llofoGHEEe nTpueMEl ¥ COCTABIAIT
npeaMeT HacToameil raaBsl. OANE M3 HUX JOBOJBHO CHEUU(H-
YeCKMe, 4 J{PyTHe HOCAT Goyee oOmEii XapaxkTep W CBASAHHI
¢ TCHWXOJIOTWEil 3KCIEePHMEHTATOpA.

Brispnenue u ycTpanenue CHCTEMATHYECKO OMIKOK K MOMKET
BHTASIETh, KaK JeiiCTBHE HeTaTHUBHOE, XOTHA H IKeIaeMoe.
OnHAaro B 5TOM CoHepsRUTCH W 1MeYTo (ojiee BajykHoe. BCHpH-
Taf HAMW CHCTeMATHUeCKad OMmOKA MOjkeT OHITH 00yCJOBIe-
Ha fABJIeHNeM, upesxne HeuspecTHEn. W Torma Qua mepexommT
#3 paHTra «ommOKW» B paHT «dfdertas., [pyrumum caopamu,
TIATENBHO TPOBEJEHHHE W3MEPEHUA MOTYT HPUBECTH K OT-
KEPHTWI0 ¥ pacOMpuTh HAIIKH HPEeNCTABIEHHS.

§ 2. Kamyuanc cHMMETpHA annaparypel

Ectps xopomee npaBuao: eciu BaM KajKkeTcsi, 4TO B amna-
paType mMeeTCs KaKas-TO CUMMETpMA, T. €. 3aMeHa OJHOM
BEJIMYMEE HA HIPOTHBONOJOKHYIO UJN HEePecTaHOBKA ABYX
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ee "gaACTell He JOMKHA NPUBOMUTh K KAKOMY-IN0O0 M3MEHEHWIO
WIM MOMKHA TPHBOTUTh K TpenckasyeMoMy sddexty (cM.
npuMep «B»), TO 006A3aTENbIIO NPOUBBENUTE TAKYI0 3AMEHY
WAIK mepecTaHoBKy. Himke mpUBOAATCSA HECKONBKO IPEMEPOB.

a) JlomycrtuM, YTO DPH HOMOINH HOTEHIMOMETPA (ra. 2,
§ 1) npomomuTCsA CpaBEEHHe [BYX CONPOTHBICHWIl W HAM
HHUYero He W3BECTHO 0 TepMosieKTprieckoM sddexre. B nas-
HOM CIydae CxemMa AOMKHA OHl GHTH CHMMETPHYHON OTHOCH-
TEIBIO HATPABIEHMA TOKA. OTO 3HATMT, YTO NPH H3MEHEHUN
HAIPABIEHNsI TOKOB B oGenx menax (GanaHC He JON#eH HAPY-
matecg. Ho Ha camMoM pejie OKa3HIBaeTCA, YTO ITO He TaK.
Tem caMblM 0OHADY/KHBAETCA HAJIWYKME T€ro-TO, Tero M
pe yuureiBann. Mccaenys oTo siBieHHe, MBI HAXO[(UM NPWIU-
Hy, & EMEHHO TePMO-3. JT. C., He 3aBHCANLYIO OT HAUPABJIEHUA
OCHOBHEIX TOKOB B CxeMe. 1B TakoM ciyJae yCTpamuTh Ommb-
Ky MOYKHO TIPOCTHIM YCPEJ[HeHHeM OTCUeTOB, COOTBETCTBYIO-
X JBYM COCTOAHUAM Gajamca.

6) PaccMoTpmM, K mpEMepy, SKCHEPHEMEHT 110 H3MEPEHNI0
TEIIONPOBOAIOCTH KaKoro-HHOy/[b MaTepmaa, Ije TpebyeT-
¢ maMepATh pasnocTs TemmepaTyp AO Mempy TodKaMu P
u Q. HpennmonoxuM, 9T0 JJIsA STOTO MH B3AJIH IBA OJIMHAKO-
BHX TepMOMeTpPa K H3MepsAeM TeMmepaTypy HemoCpe/ICTBeHIO
B Toukax P m Q. B cuiy cuMmeTpun, MOMEHAB TePMOMETPHI
MECTAMHA, ME HE NOJKHMH HM3MEHUTH pesyinbraTa. llepecras-
NsieM TepMOMETPH W y0esxpaemcd, 9TO 5T0 He TaK, 0GHADY-
JKUBAf TeM CAMBIM OMIEO60YHOCTH WX mokasammii. Ecnm pas-
pocTh AO Maja, TO ee BeJIHMUMHA, MOJyYeHHAs HA OCHOBAHMKA
OfHOI JWIIp MAapH DOKA3AHUE TEPMOMETPOB, Oyner cyme-
cTBeHno MeKaykenHoii. IloMensB TepMOMETPLI MECTAME W B3AB
saTeM cpefHee W3 JByX sHaueHmit AO, MBI 3aMeTHO ymelb-
muy ommbry. (Ecau Bemmumna AG mana, To elje ayume ee
U3MepATh HEMOCpencTBeHHo, uTOo0B H30EKATh HeHenarTenb-
Hoii onepamuu — HAXOAWTh PA3HOCTh JBYX HOYTH OfMHA-
rkoBrXx Benmime. (yrenaTh TO MOKHO € IIOMOINBIO MIATHHO-
BEIX TEPMOMETPOB COTPOTHBIEHNs, HOMECTHB WX B TOYRH P
n Q ¥ BRIIOYMB B COOTBETCTBYIOU|ME MIe1d MOCTHKA VYur-
CTOHA.)

B) Ham Tpermii npumep — caM MOCTHE Yurerora. Iocmo-
TpuM Ha cxemy, HMso6pakemHHYI0 HA (ur. 48, 3pmecy R —
He3BECTHOE CONPOTHRIEHNE, a S — 00pasoBHil pe3UCTOP —
compoTHBIene u3BecTHON Bemwuunel. Beamwmmy R MOMHO
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HaliTH, W3MepHB paccrosiame AR, COOTBETCTBYIOIee Gasancy
ToKoB. O6osmaumm AB uwepes x;, a AC gepes [. Torna

R__= (3.1)

B ewny cummerpnu, momenar mecramu R m S, MLI MOMK-
HH NOJNYYHNTh HOBOe 3Ha4YeHue AB:

Ty =1 — 24 (3.2)

Ilponenar sT0, momyuaem wmHOe 3HaueHme. Ilepecranosxa
TO3BONNIA BHABUTH HANMIUC KPaeBHIX adiertoB. Ho B nan-
HOM CIlyuae, 32aMEHUB BeIHUN-
R S
VWA AW Hy 73 B popmyxe (3.1) cpegrum
Mepy &y u I — x5, MH He
YCTpaEMM OmuGKmy,

§ 3. NocnenosarenchocTn
x H3MepeHHH

A b ¢ Hopsanox npoBenerns nane-

4 penuit MOJKET WMETH OYeHB

Our. 48. Mootk Vurcro. BA/KHOE 3HAUEHNe, H 5TO BHTO

sia. U3 CIeAyOmero upumMepa.

Tpex crynenToB npocsaT ompe-

IeJIATh, KaK KOHeYHAsi CKOPOCTH

lIapuKa, NAfaoMmero B U KOCTH, 3aBHCHT OT €ro /IHaMeTpa.

Has aToT0 MM naHH 4 mapuka pasHEX pasmMepoB u 6ONBMOION
COCY/l C TIHIEePUIIOM,

Cryment X Geper camerit Goxsmoii MWADHK M H3MepHeT
ro KOHeUHYI0 CKOPOCTh 5 Pa3 MOApsAN, 3aTeM Geper mapux
TOMEHBINE I HPOAENHBAET C HHM TO € €aMOe, M TAK —
RO CamMoro MaleHBKOrO MApHKA. B wrore om moxyuaer me-
npaBunbHELL pesynbrar. Ilouemy? Ilotomy wuro 3a BpeMs
uamepenuii jabopaToproe mOMemeHWe HATPeIOCh, & ¢ HEM
Harpencs ¥ ramnepuH. BAskocTe ruwmepuEa, Kak u GOJb-
MMECTBA FKU(KOCTe, PE3KO MAJaeT ¢ POCTOM TeMIepaTypH.
Houeunas jxe CKOpOCTH MApHKa 3aBWCHT He TONBKO OF €T'0
AVaNeTDPa, HO M OT BASKOCTH ;KHjKocTH. ClienoBaTenbHo, W3-
34 TOT0, 9TO ¢ PA3HBIMM LA PUKAME W3MEDEHWs IIPOBOJEINCE
IpH PA3HEIX CPeJHUX BABKOCTAX, NONyYEHHHE pPe3yIBTATH
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OTpasKal0T 3aBICHMOCTH KOHEYHOH CKOPOCTH He TONBKO OT
Juamerpa.

Crynent Y 3HaeT (JM3MKy Jyulue, 4eM CTy/eHT X, H eMy
¥W3BeCTHA 3aBHCHMOCTH KOHETHOH CKOPOCTH OT BA3SKOCTH,
a sHauuT, ¥ OT Temuepartypsl. IlosTomy Om cosmaer ycTpoii-
CTBO [WIA NOJIePKAHUA TeMIepaTyphl INIMIEPMHA IOCTOMH-
Hoit. smMepeHWsi OH HPOBOAWT B TOU #Ke IOCIeNOBATENHHO-
CTH, 9TO M CTyJeHT X, W HmOJy4aeT pe3ylibTaT 3HAYUTENBHO
ny4muii, 5O Bee eme HeBepwii. ITouemy? Ilpocro Y me smaer,
970 9aCH, KOTOPHIMYW OH HIOJB3YETCs NPH M3MEPEeHHH CKOpO-
CTH, TOCTENeHHO 3aMe/UIAI0T CBOI XOJi, & 3TO BHOCHT 3deKT,
CHCTEMATUYECKH MEHAIOIuiics OT MmAPHKA K IIADHKY.

Tpermii cTynenT Z Tak ke, kak X, HTHODHDYeT TeMIepa-
TypHBIi 3¢¢eKT npH H3MEpeHHAX, H YaCH y Hero ¢ TOYHO
TaKkUM ke nedeKTOM, Kak W y CTypmeHTa Y, HO OH IONy4Yaer
ouenp xopommit peayiabrar. OGBACHAETCA 3TO MHOCHEOBA-
TeIBHOCTHIO, B KOTOPOil OH (WHCTHUHKTHBHO) IPOBOMMI H3MeE-
peHus.

OGosmaunm mapukun Gyksamm A, B, C u D. Jlonycrum,
4T0 BMECTO NATH NOCIENOBATENBHBIX H3MEPEHHIl ¢ IMapu-
KOM A, 3aTeM IATH ¢ MApWKOM B H T. R. M3MEpeHHs IPOBO-
JMATCA B CIeyIOMeM DOopsfKe: )

ABCDABCD.

Teneps BMeCTO M3Mepenmil ¢ MapwkoM A npH BHICOKOi BA3-
KOCTH W W3MepeHWil ¢ mapukoM ) npH HH3KOH BAZKOCTH
NPOBOIATCS W3MEPEeHWsA €O BCeMHW UeTHIPbMA MApHKAMHM OPH
BHCOKOHl BABKOCTH, 3aTéM BHOBb CO BceMu — npn Gomee
HU3KOI U T. i. XOTA OPH TAKOM HODS/Ke W3MEPCHUM CHCTe-
MaTUYeCKas ommOKa CyMeCTBeHHO CHEKAercs, B Ipenerax
Ka/KI0H Cepum M3 9eTHpeX WsMepenmil nepBeil mapumk A
mceneyercs npy 60nbmel BASKOCTH FXMITHOCTH, YeM mOCHe[-
muit mapur D. IlosTomMy emme nyume nOpAJOK

ABCDDCBA, 3.3

HOBTOPAEMHI CTONBKO Pa3, CKOJIBKO MO3BOJAET OTBE/ICHHOE
Ha omHT Bpems. Tax umenHo u mocrynmia cryfent Z. [Eme
maneyxnee Omio Gn nocie mamepenuii (3.3) mpoBofEThE H3Me-
peuma BCDAADCB w 1. n.] Herpynno cooGpasutrs, 4TO
BO BCell cepmu Takux wuaMepeHH 3(QQPEeKTH DOCTeneHHOoTro
HBMEHeHNA BASKOCTH CO BpEeMEHEM Wid TOYHOCTH XOfa 9acoB
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wm mo60ro WHOro (axTopa (MOMMMO JHAMETpa IIApPHKA)
OynyT, IO BCeif BEpPOATHOCTH, MAJHL.

VraskeM, 9TO ¥ MCTOJ CTYHeHTa Z MOKHO yinydmuTh. OH,
nojKanylt, Hampacno unpeHe{per BIUAHEEM TeMIOepPaTypHL
Pesynprath #3MepeHHs B JIAHHOM ONHTE CTOXb CHIBHO
3aBHCAT OT TEMIEPATYPH JRUJKOCTH, YT0 HCKYIIeHHEIl 3KCIe-
PEMEHTATOp HE€ TOJBKO MPOBONWI OH H3MEPEHMA B TOM 3Ke
nopAKe, 970 ¥ CTYHEHT Z, HO ellleé i NepHojNICCKA H3Mepal
On TemmepaTypy. 970 HeoGXomumo, uTo0B BEIACHUTH, HeET
A cayuaiimo KOpPpeNAnud MEKOY H3MEHEHHAME TeMIepa-
TYpH ¥ IHOCIEOBATENbHOCTHIO JMAMETPOB.

§ 4. YMOIWTEHHEIE W HEYMLILNEHHLIE H3MEHEHHS

Ilpu uccaenoBannu sgderra, 00yCIOBIEHHOTO M3MENEHH-
eM OHOI W3 BeIWINH, CIENYeT, OYEBUIHO, CTADPATHCS OCTANb-
Hbe mojyep:kuBaTh nmocrosnnumu. Ho Bcerja ecth rKaxkasa-To
BEPOATHOCTh, YTO DTH BENHWUYMHH W3MEHAIOTCH, U B HpemL-
nymeM mnaparpage OHJI H3I0KEH METOf, TO3BOIAIOINMIL
YMEHBUIMTEH MoNoOHHe BAuaAnuA. MeToyn BeckMa aderTHReH,
HO NPUTONEH JHIND TOTHA, KOIJA HekelaTelIbHHE H3MEHe-
HUA He BEIBEBAIOTCA CaMOil Bapbupyemoil Beawunnoii. Umen-
HO TaK # OmIo B mpexsimymiem npumepe. Hw Temmepartypa
IIIMOEPUHA, HY TOYMOCTh XOJ]a 4ACOB HE B3aBHCAT OT TOTO,
KAaKoll M3 MAapuKOB MH BHOHpaeM /s ouepefHOro Gpocanms.

PaccmoTpms, opHako, ciaenyiomuit sKcpepuMeHT. Mubr
XOTHM OIPEeNNTh, KAK H3MENAIOTCs pasMepH obpaszma wus
(eppoMATHUTHOTO MATEpPHAJIA TOJ [eHCTBIMEM MATHHTHOTO
MoJsA, T. €. HCCIEOBATH ABJIENHe MATHUTOCTPUKIEH. B co-
JIeHOW)[ TOMEIAIOT KeNEe3HbIil CTEepIKeHb W M3MEPAIOT €ro
JANHY B 3aBHCHMOCTH OT TOKA Yepes CONEHOW)[, XapaxTepu-
BYHIEr0 HANPAKEHHOCTh MATHUTHOTO MOJA. -

UsBecTHO, Yr0 MATHUTOCTPUKIMOHHOE N3MEHEHWE [AWHH
OYeHh MAaJI0 — OTHOCHTEIbHOE W3MeHeHHe NPV HOJNHOM
HaMaTHMYMBAHEK cocTaBisger npumepro d-10-%,— u mosTomy
Oua obeCredeHAA HYIKHOM TOYHOCTH H3MEPEHHIT TeMIlepaTy-
Py ofpazna HEOGXOMUMO MOJUIePKABATH HOCTOSAHHOI; B TPO-
THBHOM Clydae d¢{eKT MaTHHTOCTPUKIuY OyneT 3aMacKupo-
BaH TemIoBHIM pacmupenmeM. IIpm yBenuuenmu TOKa depes
CONIEHOWJI BO3PACTAeT BHIEAsAE€M0€ WM TeIio, W B Pe3yibTare
®TOI0 MOKET HOBHCHUTHCA TemmepaTypa obpasma. IlosTomy
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3/eCh COBEPIIEHHO HENPUMEHNM METOJ|, M3IOKeHHHI B mpe-
AETYyIIeM maparpade,— BapbEpyeMas HAMM BeIWINHA 6bl3bi-
eaem HemedaTedbHoe WaMeneHWe. MBI JOMKHE JOOMTHCA,
9T0GH TOK B COJEHOW/e He OKA3LIBAJ BJIHAHHA HA TeMnepa-
Typy o6pasua. IliA 5TOro MOKHO, HADPUMEDP, IPEyCMOTPETh
BOJSIHOE OXJAKNEHNe CONCHOM/A.

OGparmsit a¢(erT Takse MoeT BHBHBATh OmmuOKE. Tok
B OOMOTKe HarpeBaTeis CO3/laeT MArHUTHOE HoOJe, KOTOPO®
MOJKeT TOBJMATH HA pPe3yIbTaThl H3MOPEHHU.

§ 5. Dpedig

B § 3 Gew1 paccMOTpeH mpHMep MeJIeHHOTO K IIaBHOTO
Hu3MeHeHHd, Wi Opelidia, KOTOPHIL DpONOIKAeTCsA B TedeHne
pcero oskcnepummenta. Ilommmo TemmepaTypsl, H3 JPYTHX
OOHYHO BCTPEUAIOIIEXCA BeJIWIWH MEJIE€HHO HW3MCHATLCA
MOTyT aTMOC()epHOE jiaBleHHe I BIa}KHOCTH BO3/yXa, 3. M. C.
AKKYMYJIATOPA, & TaKKe HANPAACHHE B CETH NEPeMEHHOTO
TOKA H Jaske ero 9acToTa.

BnusEne Takumx uW3MeHEeHHH MOKHO YMEHBIIUTH, €CIH
NPABHIBHO BHOpPATh IOCIEXOBATENBHOCT W3MEpPeHMif, HO
gacTO0 OHBAeT KeNATENBHO C CAMOTO HAYajia MCKRIIYHTD
H3MEHEHHA MM NO Kpaiimeil Mepe CBeCTH MX K MHHEMYMY.
O6HYHO [IIA HTOr0 MONB3YIOTCH PA3AKIHLIMH CXeMaMH € OT-
punaTensHoi 00paTHOE CBA3BI0 WK CHCTEMAMH aBTOMATH-
geckoro peryinuposamus (ra. 1, § 7 m 8).

B § 3 namboii TAaBH MBI BCTPETHIACH TAKKe € NPHMepOM
annapamypHux usMmenenmir. Cuemyer Bcerja mMeThb B BHJY,
uTO B ammapartype W B npuGopax BO3MOKeH Jpe#d — MOKeT
U3MEHATHCS U TOJNOKeHAe HyisA, U YyBCTBUTEIbHOCTh. IlooTO-
My HKHOIJ[Aa OPHXONUTCHA NOBTOPATH KanuGpoBry npuGOpoB
B XOfle 9KCOEPUMEHTa, H JaKe MHOr0 pas.

3ameTHM, 9TO NpPH TOH WIH HHOH HOCHENOBATENBHOCTH
H3MepeHuit B camMa omepanmA KaAMOPOBKE MOKeT MPUBOIUTH
K cucremarnueckoir omubre. Ilycrs, mampmmep, mpH HDOMO-
¥ DOTEHIEOMETpa CpaBHEHBAlOT jBa Hanmpskenua Vi m V.
9. 1. c. BAEMEHTA B IOTEHIIHOMETpPEe NOCTEIeHHO yMeHBIIaeT-
ca co Bpemenem. IloaToMy, ecan Hocie kanubpokm npubopa
KayK/Eil pas maMepsaoT cHadana Vi, a saTeM V,, To Benwuy-
ua |Vy/V, Gyner cucreMaTHIeCKn 3aHUKEHHOIL,
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§ 6. CHCTeMAaTHYECKHZ H3MEHEHHA

Barasaure Ha panuwe Ta6ia. 8, rie mpencTaBieHE pe3yib-
Tarhl u3Mepenuii quamerpa (d) mpoBona B PasHEIX TOYKAX ()
Bnodib ero pumub. Hak ciepyer mocTynmTs, ecim Tpebyercs

Tabauya 8

IDHAMETF NPOBOJIA, H3MEPEHHBLIH B PA3HBIX
TOUKAX BOMb ETC BIIHHLI

Hanna, Huamerp, Hamua, Juramerp,
M MM M MM
0,0 1,259 0,3 1,209
0,0 1,263 0,4 1,214
0,0 1,259 0,5 1,225
0,0 1,261 0,6 1,248
0,0 1,258 0,7 1,258
0,1 1,252 0,8 1,256
0,2 1,234 0,9 1,233

HaifTH Hawiyullee 3HAYEHEE [HAMETPA ¥ CpEJHEKBAPATHI-
Hy0 ommlKy oTmenbHOTO m3MepeHusa? (OCTAHOBHTECH 37eCh
u nopymaiire.)

IlocmorpuM, kax pemniau GHl 3Ty 3amady HAIIA Apy3bsa X
uY. V crynenra X HeT HEKAKuX coMHeHuii. Emy rosopmim,
970 HAWIyYllee 3HAYCHHEe HEKOTOPOH BeJIWUYWHE — CpegHee
M3 CepPHM M3MepeHuil, i y Hero ecTb opMylia Mifg BEIYHCIe-
HUsg CpepHexBajpathiHoil omubku. OH paj cTrapaTees m Clie-
pyerT ykasaHoHM emy opaBmiaM. On HaxonuT cpepmee mu3
BCEX 3HAYeHHIT JAaMeTpPa, KOTOPOEe OKA3aJ0Ch pABHEIM
1,245 MM, u no ¢gopmyne (2.36) w3 mepBoil UACTH KHHTH
BLYHCJIAET BeJIWIWAY O, KOTOPAA OKA3HBALTCA paBHOM
0,020 mm.

A Bor Y 3ameuaer, uTo pesyubTATH H3MEpEHWII m3Me-
HAIOTCSA HE CAYYailHbIM 00pa30M, M HOITOMY CTPOMT I'paduK,
usobpasiennbit Ha ¢ur. 49. Temeps oueBHAHO, UTO H3Me-
HeHHA HOCAT HEKOTOPHIA CcHCTeMaTHWUecKHil xapaxrtep. Emy
AICHO, 9TO CPEJlHee 10 BCEM HM3MEPEHHHIM 3HAYCHHAM HO MMEeT
cveicia. Ilpm x = 0 guamerp Geur mameper 5 pas, Tak 4To
sHageHne NpE x = () GELIO 611 B3ATO €O CAMIIKOM GONBIIAM
BecoM. IlosroMy naATH 3HaueHHII OH 3amMeHAET WX CpeNHEM,
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paBebM 1,260. Tenepp on mmeer maGop U3 HeCATH BEIHYHH
H, B3AB HX CpejiHee 3HAUENHe, NOJyYaeT B Ka4eCTBe HAUIYI-
meit omerkn 1,239 mm.

Janee, oH mpEXOAUT K BHBOMY, 9TO, IOCKOABKY JUAMETP
ABHO H3MeHAeTCA HO [JAHE NPoBOAA, pasbpoc smadeHuit d
BO BCEeM HHTepBaje H3MeHEHHsA X He WMeeT HWIero oGHiero
CO cpefHeKBajpaTHuNoil OWMOKON OTHENBHOTO H3MEPEHHHA.

1,28

1,26

1,24

d,mm

122

120 -

] 3 1 ] |
o 02 04 a6 08 10
M

®ur. 49. luamerp mpoBofia d B PASHHIX TOUKAX .
Ha rpaf¥ke NpERCTARICHB OaHALE Tabm, 8.

Urobr HaNTH DOCIENHIONW, OH onpeensier pasbpoc DATH
3HaYeHUi!, noNyYeHRHX Opy¥ & = 0, ¥ B KauecTBe OUEHKH ©
nonydaer peamumay 0,002 mv. (Cayuaitman jim aTo ommGka
HWIH IPOCTO CeueHre MPOBOJla He Kpyriaoe npu x = 0, Ckasarts
HeJb3, ecln 00 m3Mepenunsax Gonbplle HUYETO He H3BECTHO.)

CrynenT Y nopomed K 3ajade pasyMHO, HO HY3KHO OTMe-
TATH OJTHO O0OCTOATENBCTBO B CBASHU C MOHSTHEM (HAMIYINIETO
sHavennsa» nuamerpa d. Ilockonbry d usmensercs cucTeMma-
THIECKH, HEOOXOMuMOH HAM BEIMYHHOA HEe 0083aTeIBHO
6yner d,,, T. e. cpefHee, KOTOpoe Hamen cTynent Y. Ecamn,
K IpHMEPY, MK H3MEpPHIH CONPOTHBIEHHE NPOBOAA K XOTHM
HajiTu ynelbHOE CONPOTHBIEHHE €r0 MaTepwaia, TO HaAM
Hy)XHO HaflTm cpepHee 3HAaueHHWe BenwdwHn 1/d?, moTopoe
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poBce He pasuo 1/d%,. Ilpamma, B naHHOM Ciy¥ae pasHUNA
HeBeIMKA, HO B IPHHIUIE OHA CYINECTBYeT, W IOJTOMY HY3K-

HO HpPaBWIBHO HPOBONUTH YCpEe[HEHHe.
PasGepem emge OpHy CHTYanulo, KOTOpas BO3HHKAeT,
Korpa pasbpoc B Cepui K3MEDPEHHHX BOJMTHH IPEBLIAET
npunrcannyio M omubxy. B rada. 9

Tabauya 9 IpPHBEEHH JAHHEE H3MEPCHHA CKO-
H3MEPEHHBIE SHANEHHA pOCTH 3BYKA B BO3JlyXe IPH KOMHAT-
CHOPOCTH 3BYKA goii Temmeparype. Mu mosem mpen-
OONOKUTH, YTO 9TO PE3yIABTATH

Yacrora, | Ckopoers, A3MEpeHus [IWHL CTOAYHX BOJH B
I m/c pesoHancHO# TpyOke mpm pasHEX

gacToTrax. JlomycTuM, 9TO IpH KasK-
ROM 3HAYCHHH YaCTOTH OHIIO mpO-

1000 346,7 v
720 341.5 peeHo GONBIIoe YHCHO H3Mepenui
200 338,6 u pazbpoc NAHHEIX BHYTPE KA/ 0l
600 342,2 TAKOH CepHH  XapaRTepH3yeTCsH
380 339,6 cpemueKBapaTHInod omubKO
c=0,7 m-c (3.4)

B mopoGHOM CiIydae HEKOTOpLIE CTy-
JEHTH ITPOCTO BHYHCIAIOT CPEHEe 3MAUCHHe U3 IATH Pe3yilhb-
TATOB K B KAYCCTBE OMHUOKHA CPeNHEro HaXOnAT

Op=—=~0,3 m-¢c71, (3-9)

OpH DTOM CIENO WTHOPUPYA TO OGCTOATENHCTBO, YUTO TPH
peayipTaTa K3 OATH OTJIHYAIOTCA OT CPEMIICTO 1a 30, 40 u 7o.
Ecnm sermumua ¢ (3.4) mpaesmiepa, To, OYCBHRHO, HAIKIO
KAKOI-TO cucTeMaTmieckuit 5pPeKT, W IOKA OH He HaijeH,
HE CpefHeMy, HHE ero ommbke o, He CIE{yeT NPUNABATH
60JBIIOr0 3Ha9eHnA. B0 BCeX BOTHOBEIX ABICHUAX BO3MOMK-
HA 338BHCEMOCTH CKOPOCTH OT YacToTHl. Taroe sBjeHHe HOCHT
HaspaHne pEcoepcur. UTO KacaeTCd 3BYKOBHIX BOJH B BO3Ny-
xe, TO TIATeNLHbIC H3MEPeHHA MHOTUX JKCIEPHMEHTATOPOB
MOKA3aJK OTCYTCTBHE 3aMETHON JAHWCIEPCHH OpH 4acToTax,
npexcrapienunx B 1a6a. 9. Ho B mobom omsrre ¢ pe3oHanC-
HO#i TpyOKOil NpPHXOQWTCA BBOJUTH IONPABKH, KOTOpPHE
gaBpHcAT OT uacToTHl |46]. Bo3sMoOHO, 9TO CHCTEMATHIECKAS
ommOKa B DTHX HONPABKAX W ABIAETCH IPHIMHON HOXOOHEIX
Bapumarmii.
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ToaToMy MEI ¢TpOMM Tpaduk, OTKIANLBAasg MO O[[HOM OCH
CKOpOCTH 3BYKa, a o gpyroii acrory (fmr. 50). Cospaercsa
BriCUATJIEHHe, UTO eHCTBHTEJHHO CYIECTBYeT KOppeianus,
m, ecan mojo0HLE WBMEpEHHA He COCTABIAIOT OONBIIOrO
Tpy/a, cIefoBaso OB MX TWPOBECTH eile M OpH JpYTHUX IacTo-
Tax Juif opoBepkm Halumopaemoro adderta. Ecam oH mop-
TBEpPIUTCS, TO HPHAETCA TINATENBHO WCCJIEOBATh 3aBUCH-

Jsor
$
% ;
% . ; [
=30t
S L
g
S
330 L. 1 1 1 1 1
g 200 400 600 800 1000
Yacmoma, 'y

@ ur. 50. PeaynsTaTH HM3MepeHNs CKOPOCTH 3BYKa
ppn pasEHX uactoTax (nammeie Tabn. 9).

mue oT JacToTh nounpaBru. Ecim ke oH He MOATBEPHK/ATCA,
TO OPHYMHY OpPUOETCA HMCKATh TI/e-TO emle. dror npuEMmep

NMOKa3niBaeT, KaK HOCTynaTes B IIOJIOGHI)IX ciydasx, KOTOpHIe
OTHIO/Ib HE pPEeaKH.

§ 7. TONpaBHY BLIYACAEHHLIE H IMTHPHUBCHHE

Bo MHOTEX BKCHEpUMEHTAxX AJA yIeTa CHCTeMATHIeCKHX
a(erToB HeoGxofEMo BBOJETH monpaBkm. Ilpm aTom Beeria
clefyeT OTAAaBaTh NpeIoYTeNHe 3IMIMPHICCKEM MeTO/aM,
T. €. METOJIaM, OCHOBAHHEIM Ha M3MEPEHHsAX, a He TeOpeTHIe-
ckuM BoumcieHmaM. IlociieHme MOrYT OKasaThesl ommbod-
HBEIME O [EJIOoMy PSAY NpPHUrH — HEBepHA TeopHsd, Herpa-
BUJBHLIC TpPE/NOJ0/KeHnA, OMHOKE BLIIHCIEHNA,— TOI/A
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KaK SMOUPHIECKHE METO/LI 110 CaMOl CBOei CYMHOCTH B MEHE-
Imeil cTeneH! NOABEPIKEHLI OIMHUOKAM.

HomyernM, HanpmEMep, ITO MBI HCCIE[yeM BOIPOC O TOM,
B KaKOi Mepe HeKOTOpas ;RUKOCTH MPONYCKAeT CBET ¢ JlaH-
HOI [ImHON BOMHK. MIl HajgmBaeM »KHIKOCTH B CTeRJIAHHYIO
KIOBeTy, CTEHKH KOTOPOH pPacCmoJIOKeHHl IepneHAHKYISAPHO

T D N D
PO N Y

] |

[ 2|

pe—a|

®Our. 51. VYcraHOBKA JAIA  H3MEPEHHS
KO3 uImenTa TOTJOMEHIS CBETA B JKUTROCTH.

HaIpaBJIEHHIO CBeTOBOTO nyuka (¢pur. 51), u B Toukax X u Y
usmepseM HHTeHCHBHOCTH cBeta I, m I,. Ilycrs pus wpocro-
TH KO3(QHUIMEHT pOMYyCKAHUA

5 (3.6)
Iy
okasayica He sasucamuMm oT I,. Ham my:mEO ompemenmth
BeamgmEEy f, CoOTBeTCTBylomyM Toime [ caMoii KHIKOCTH.
HKiosera me Mosxer OHITH aGCONIOTHO LPO3payYHO, U MOITOMY
B PesyJdsTaTHl HMSMEpeHHH Heo0X0[UMO BBECTH NOUPABKY
Ha oclabieHme cBeTa ABYMs CTEHKAMMH.

Yro0n HafiTH mOIpaBRy TEOPETHYSCKUM IYTEM, CIE0BAJIO0
6Bl mBMEpHTH TOJIIUHY CTEHOK ¥ 10 TabimmaM (UsHIecKuX
KOHCTAHT HaiTH ocialJjeHme, BLISHIBAEMOE JAHHOK TOJIIMWHOM
CTEKJIa JIAHHOrO COPTa IpH JAaHHON [JHHE CBETOBOH BOJHEIL
Hasxe ecam momobHAas WHOOpMALEA TMOJYIEHA, IOMPABKA
Oymer saBHCETP OT TOrO, HACKOJBKO TOUHO HAM HSBECTHA
TOJINUHA CTOHOK — & OHH CKOpee BCEero HEOMHODPOTHH,—
¥ 1o3ToMy TpelyeTcA aKKYpaTHO YCpPeSHHUTE STY BEIHINHY
N0 NONepPeYHOMY CeICHHI0 CBeTOBOrO HydIka. Takas mompas-
Ka OyfeT saBHCeTH TaKKe OT TOr0, HACKOIBKO TOYHO MHI
3HaeM [JIUHY BOJHE CBeTa, ¥, MOMHMO BCEro, OT TOroO,
B Kakoil Mepe TaOJWYHbIC JAHHLIE COOTBETCTBYIOT COPTY CTCK-
Jla, M3 KOTOpPOro CfellaHa Hamla KIOBETAa.
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OMOomprYecKdii ke MeTOj COCTOMT B TOM, WTO0 CHavdaja
B Toukax X ¥ Y H3MEpPAIT WHTEHCHBHOCTh € IyCTOH KIOBE-
70, a saTeM, He MEHAA €€ IOJOKeHHsI OTHOCHTEIIFHO CBETO-
BOTO IIyYKAa, KIOBETY BamoJHAIT KHIKOCTHI0 M UM3MepeHus
MOBTOPAKWT. B BOmTe, 9TO NMpH TAKOM METOe OTHAaloT
BCE TEpeYrcIeHHEe BHINE TPYAHOCTH.

XoTa sMompHUeCKHEe MONpPAaBKH CJELYeT Ipe[iodnTaTh
TeopeTHIeCKAM, JIyIIie BCEro ONpefesATh HONpaBKU obommu
MeTofiaMd ¥ TPOBEpATh, HACKOIBKO OHH COTJIACYIOTCA.

5

()
N/

® mr. 52. Usmepersie [JIMHE BOJHEL B 3JKCIEPUMEHTe
dpyma.

IIpumepoM TOMY MOTYT CIYMUTh HSMEPEHHSI CKOPOCTH CBe-
ta, mposenennsie Opymom (crp. 150). Ero merop ocHo-
BAaH HA ONpPEeJeJNeHMH YacTOTL V W [JIMHL BOJHEL A CBU-
H3JIyd9eHmsA, T. €. JJIEKTPOMATHHTHOrO HMBIYIeHHs € JJIMHOH
poanH nopaaxa 10 mMm.

Meron msmepeHmsi [JIMHEI BOJHEL (KOTOpOE COCTaBJACT
JAHMIIb YACTH PACCMATPHBAEMOrO 3KCIEpPHMeHTa) MOACHSETCS
cxemoit ¢ur. 52. CBU-curman or remepaTopa S pasuesiior
Ha [Ba CHTHAJIA H TOJAl0T HX HA pymnoph-mamydatenn I’y
u T,. Vlsnyuenme 3THX pyHOpOB mIpHHEMaeTcs pynopamm Ry
u Ry, ¥ COOTBETCTBYIOMIWE CHTHAJLI CKIAJLIBATCA B Cre-
HNEAJLHEOM YCTpOICTBE, HE IOKA3aHHOM Ha cxeme. Besamdmma
CyMMAapHOTO CHTHAJIa 3aBHCHT OT COOTHOImEHWs (a3 CHIHa-
7oB, npEHATHX pynopama Ry m R,. Ecnm stu curHafint Haxo-
JATCS TOYHO B (ase, TO CHUrHAJ MAKCHMAaJleH, & eCiId TOYHO
B mpoTuBodase, TO CHrHaJ paBeH Hymwo. Hesasmcmmo or
PACCTOSEYI Ty U I, CHTHAJIN, MPUHATLH® pymopaMu Ry u R,



144 Qacme II. JxcnepumeRnmanvrue memodn

BCerla CRIAALIBAIOTCA € OfIMHAKOBHME ammimTygamu. (9T0
JOCTHTAeTCS PEeTYIMPOBKOM aMIJIHTY/, CHrHAJIOB, M3IydYae-
muix pynopamu 7'y u T'5, Ges mamenenns ux ¢as.) Pyooput Ry
m R, ykpemieHH Ha Tede;kke G, TaR 9TO MOKHO H3MEHATH
pPacCTOAHUA 2y H Iy, He MEHAA MX CYMMH X3 -+ z,. Ecinm
NePEeBHEYTh TeJeKKY TaK, 4TOOBI pacCTofSHMe Iy YBEIH-
amrocs Ha A/2, To B npmemuMk R, curmanm Gyaer npmxopurts
¢ oTcTaBanmeM 1o $ase Ha 7, a B NpHeMHEK R, ¢ omepese-
HOEeM Ha 7l. JTO COOTBETCTBYeT NONHOMY INEepHOy W3MEeHe-
HuA cymMMapHOro cmrHaza. Oupefiesias 49HCIO MEPHOLOB
H3MeHeHHs1 CyMMapHOTO CHTHAJla NpH 3aJaHHOM H3MEHEHNH
Iy WIN o, MOYKHO HAWTH BEIWUHUHY A.

Ho yrBep:skjenme o TOM, 9T0 IpH BO3pacTaHUM I; Ha A/2
curaai B Ry orcraet no ¢ase Ha JU, CHpaBeJIUBO JHIOb B TOM
caydae, ecIM MBI MMeeM TOUUHbIe M3jydaTens I’y U npmeM-
HEK R;. Ha camom ske Jlene manydatess W NPHEMHHE HMEIOT
KOHCYHEIE pasMeprl. PasHocTs Xofa Jydeil, MCXOAAMUX u3
PasHEIX YYAaCTKOB pymopa 7y M wONAJA0IWUX HA pasHbIe
yiacTku pymopa [y, HeogmrakoBa. Hpome Toro, npm mame-
HEHUW ; pasHOCTH X0/ia W3MEHAOTCH HeOMHAKOBO. B TOUHLIX
SKCIEePHUMEHTAX, MOO0HLIX JAHHOMY, 09€HE BajKHOE 3HAYEHHE
uMeeT IONpaBKa, YYHTHBaWIag Takod Ougparyuonnuiil
a(derT.

B ouprre @pymMa u3MepeHHA NPOBOAMIHCH € pPa3SHLIMH
TMOKPHTHAMHE PE30HATOPOB W NPH PA3HLIX 3HAUCHUAX Ip - Z,.
B kampjoM caydae BelMUMHA [AHQPAKIHOHHOTO 2QderTa
BoumcasAnace Teopermueckn. Coriacme Mexny TeopHei
F BKCIEePHMEHTOM IOKAa3LIBAJIO, UYTO BCAKWE pas IompaBKa
BEIYMCIIAINIACH NPABHIBHO M BBEJeHHEe €e He MOIJNO BLI3LIBATH
comueHuii. IlomoGHei mByXcTopoHHmWE mopxon (Teopermde-
CKUii U 3MOHpUYeCKHil) — rJaBHOE [IOCTOMHCTBO MAHHOTO
AKCOePHUMEHTAJIFHOTO MEeTOJia.

§ 8. OTHOCHTENbHbIE METOAb!

B ra. 2, § 1 MBI roBopmIE 0 TOM, KaK IpPH MOMOINH HOTEH-~
[EOMETPA W3MEPSIOT OTHOIIEHHE COIPOTHBJIEHHH [BYX pe3H-
CTOPOB. JTO THOMYHHI TPUMED OMHOCUMEALHO020 Memoda.
Beamymaa R, mamepanack He aGCOMOTHO, a B eIHHHI@AX
(unm oTHoOCHTENBHO) BenmuEHH R,. OTHOCHTeNRHBIC H3ME-
peHHsA HMeT OYeHp BajkHOe 3HaueHme B ¢usmke. Ux moxkHO
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OpOBeCTH TOYHEE U OHHU IPOINe, HeKeNn abColoTHHE, B 0IeHE
YacTO OHHM JIAl0T BCE, ITO HYKHO.

PaccmoTpum eime ofEH NpHMEp — H3MEPEHHE BABKOCTH
JKOIKOCTH METOIoM, OCHOBaHHKIM Ha Qopmyne llyazeins
AJA TeUEHHMA FKMJIKOCTH W0 Kaummisapy. 9Ta GopMysa mMeerT
CIeNYIOMMuiA BUJ:

dV_ pnrt
dt 8
rie dV/dt — pacxopm IKUAKOCTH, p — TMepemnaj JaBIEHHSA
Boas TpyORE AJuHOR I, r — BHYTPEHHHN pajHyc Kammi-
afgpa ® 1) — KO3QQUIUEHT BA3KOCTH
FHHAKOCTH. Y CTAHOBHUB IOCTOSHHEI Iepe-
naj JaBieHAA BHOJAH TPYORE m m3Me- L
puB ero, a Takske peamunust dV/dt, l ur,
MHI CMOYKEM BHIYMCIHTH  KO3QUIHEHT
paskoctr. Takoit meton maer aGcomiotnoe | B
3HAYEHHE.

Tenepr mocMorpuM Ha npuGOp, H3006-
paskenunii Ha ¢ur. 53. JT0 TAK HA3LBae-
met Buckosummerp Ocreanpia. B 6annon A
3aJIMBAIOT ONpE/IENeHHLII 06beM KHKO-
CTH C ILIOTHOCTHIO Py U KO03(QOHUIMEHTOM
BSIBKOCTH 1)1, 2 3aT€M ITY ;KHJKOCTEH 3aca-
criBainT B GanyoH B, mpmueM BepxHmii
€e ypOBeHb YCTAHABIMBAIOT YyTh BELIIIe
ormeTku L (caeBa), a HIWKHMII — Ha
ormetre N (cmpasa). Ilocne atoro mame-
pAKT BpeMs Tj, 33 'KOTOPOE YDPOBEHB
mugKoctn owyckaercs ot L o M (o6e
OTMOTKH CJleJaHEl 0YeHEs TOYHO). JaTeM
JAHHYI JKHAKOCTH 3aMEHAIT Apyroil, @ mr. 53. Bmcko-
IJIOTHOCTh KOTODPOH p, ® Koaddumment 3uverp Ocrpambpa.
BSIBKOCTH 1)p. JlJIs1 3T0H KHIKOCTH TaKkKe
H3MEpAIOT COOTBETCTBYIOMEEe BPEMs Tp. JIerKO MOKa3aTh, 4TO
OTHOIIEHTE KO3()(HUIHMEHTOB BA3KOCTH faeTca (QopMyJoi 1)

Th o Pro (3.8)
M P2T2

1) B gopmyane (3.8), Tax ke Kak 0 B popmyne Hyaseiinsa, u3 Roto-
poii OHA DONyIeHA, He YUNTHBAETCH, YTO JKIAKOCTE TpHOOpeTaeT KIHe-
Taueckyw 3Hepruoo. IToaromy HeoGxopuMo BHECTH COOTBETCTBYIOIIYIO
reGonemyn moopaBry [34].

(3.7)

T
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Benmuniel, KOTOpHE CTOST B IpaBOfl YacTH 3TOrO COOT-
HOIIEHNs, CPaBHUTEJBHO NPOCTO H3MEPHTE.

3daMeTHM, YTO NpH TAKOM OTHOCHTEIHLHOM METOAe NOJ-
HOCTBI0 YCTPAHAKTCA JBe TPYAHLIE oneparmu, HeoGXomH-
mpie npu  abcomotHoM Merose. llepBas — mopgmepskanme
OOCTOAHHOTO Mepemnajia JaBJIeHHA W €ro H3MEepPeHme, BTO-
pas — H3MepeHme BHYTpPEHHEeTo pajuyca KaumwiiApa, KOTo-
poe cjenyeT IPOBOAMTE € BHCOKOM CTENEHEI0 TOYHOCTH, HGO
B GOpMyIly BXOIUT BEeJIMIMHA r B deTBepToil crenenu. Kpome
TOr0, mpocrora mpmbopa OcrBasmpga Jerxo obGecmeumpaeT
KOHTPOJIb TEMIEpaTyph. A Tak Kak TeMIepatypa KH/KO-
CTH CHJIBHO CKA3HIBAGICA HA €6 BABKOCTH, 9TO — BajyKHOO
IpenMyIMmecTBo MEeTOfA.

JHpyroii mpEMep OTHOCHTENLHLIX M3MepeHHil — ompefeJe-
HEE YCKOpeHMA CHJIL TAmecTH g. Vsmepurh aGcomwTHOE
S8HAYEHHE g € BLICOKOH TOYHOCTHIO OUeHHL TpyAHO. JIA sToii
e TONB3YITCA TpPafUOUOHHLIM INpuGopoM — 060pOTHEM
MafTHEKOM '), HO NpW H3MEpeHHAX ¢ TAKEM MASTHHKOM
BOBMOFKHEl pa3HooOpasHeie omuOKH, M XOTA UpH ocobom
cTapanud GONBIIMHCTBO U3 HUX MOKHO CYIECTBEHHO YMEHE-
IINTh, MAKCHMAJIBHO [JOCTIKHMAsg TOUYHOCTEL BCerma OynmeT
OrpaHHINBATHCA HEPEryJIsPHOCTHI0 YCIOBHN B ONOPHOR mMpHs-
Me. SHAYATEJBHO MpOINe U3MEPATh OMHOoueHUE BeIHIHH g
ISl pasHLIX TOUEK 3eMHOro mapa. B sToM ciyuae mpocro
H3MEepAIT nepuoj; Komebanmii o6nyHoro, a He 060pPOTHOTrO
MasITHEKA, yCTaHAaBIMBAasg e€ro Ha Of[HO{ ¥ Toii sxe omope
B IBYX pasHLX To4kax 3emin. Ecam nosyduenn smavenus g,

paBHbIE g4 U gp, a OepHOALl Konebanmii MaATHUKA paBHL T’y
u 75, 10

b (3.9)

ITpu sToM mekII0YaIOTCH MHOTHE OIMHOKY ¥ B TOM UMCJIE OIOHG-
Ka, cBfA3aHHafg ¢ nopBecoM. OcraeTcs B OCHOBHOM OmmMGKA,
00yCIoBJICHEA M3MEHeHUSMH JIWHLI MagTHHKA. Braropapsa
TAKEM H3MEDEHHAM, IPOBEJCHHLIM 04Y€Hb aKKYypaTHO, OTHO-
CHTEJIbHEIC 3HAYCHWS YCKOPEHHS g YiKe MHOTO JIeT M3BEeCTHH
¢ toanocreio 10~¢, Torga kak aGconrorHas BeimumHa g GLila

1) HanGosee TOuHHIL B HacTOsMIee Bpemsi aGCOMIOTHEIE METOR OCHO-
BaH Ha M3MePeHNH BpeMeHN cBoCogmoro majgeHus wena [6].
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u3MepeHa € TaKOi Ke CTemeHBI0 TOYHOCTH JIHMIOE COBCEM
HEJIABHO.

B pape cnxyuaes Hac muTepecyeT He aGCoOMIOTHOE, a JIHUIIB
otHOcHTensHOEe 3HadeHme g. Hambonee Baxmmie daxtopw,
BLIBLIBAKOIME H3MEHEHHe BeJHUMHEL g,— 5T0 reorpadmye-
CKaf MFPOTA ¥ BHCOTA HAJ YPOBHEM MOps (CM. WpHJIOKe-
Hoe 7). Ecim y4ecTs aTu GarTopnt, TO M0 BapHANEAM BeJINYM-
HHE g Ha OOJBUIX paccTOAHHAX (W3-3a M3MEHEHHSA BLICOTLL
MOBEPXHOCTH 3eMIH HAJ YpOBHEM MOpS) MOKHO CYIHTE
0 CTPYKTYpe KOHTMHEHTOB M OKeaHoB. Bapmaumu Ha HeGONEb-
IMMX PpACCTOAHMAX [JAlOT HAM CBEIEHHA O IeoJIOMMYecKOH
CTPYKTYpE.

OTHOCUTETHHLIME METONAME WM3MEPAKT M TAKHE BEJIMHH-
HHl, KaK MOIMHOCTh WMCTOYHHKA pAJHOAKTHBHOIO H3Iyde-
HUA, APKOCTH HCTOYHMKA CBETA U WJIOTHOCTH MOTOKA U3JY-
9eHHA PaHOrajlakTHRE. B0 BCeX TAKUX CIydYasAX UpOBOJUTE
abcosIoTHRIE M3MEPEHHS BECHMA TPYAHO M IMO3TOMY OGHTIHO
H3MepsNT OTHOCHTEJLHLIC BEeNMYMHLI.

Haxonen, ormMeruM W To, UTO, ONpEMIEAMB aGCONIOTHOE
3HaYeHHEe H3MepsaeMOoil BeJWIHHH A o0Hozo ofpasmna mid
00BeKTa, MLl NpEeBpamaeM TeM CaMHIM BCe OTHOCHTEIBLHHe
sHa4denusa B abcommorHnie. Tak, mpomycTwB ogHakubl Yepes
BucKo3uMerp OcTBaip/la KEAKOCTH € H3BECTHON BASKOCTEIO
¥ IJIOTHOCTHIO, ML MOKEM WM3MepHTH aGCONTHYI BSI3KOCTE
aw6oit pyroil muakoctd ). A ecam Haljemo aGCoaIOTHOE
3Ha9eHme g /A OJJHON TOYKM 3eMIIH, TO MHOMKECTBO TOIHLIX
OTHOCHUTENBHLIX BeJHWIMH €pasy (ke CTaHyT aGCOIIOTHLIME.

§ 9. auem HyMHbl TOYHbIE H3MEPEHHR?

B ra. 1 gactm I mui yxe ropopmim 0 TOM, 970 TOIHOCTE,
KOTOpOH clefyeT mOOMBATHCA B 3KCHEPHMEHTe, 3aBUCHT OT
ero nesu. Jro obmee npasmio. Ho Bo MHOrEX (H3HIECKHX
SKCIIePHMEHTaX, B HACTHOCTH NPH W3MEePeHHAX (QYyHIaMeH-
TaJbHEIX BeJIWIWH, HAM HPOCTO HEM3BECTHO, KAKAaA TOTHOCTH

1) Ytobn ydecTs BIfifHAE KRUHETHIECKONl HHEPIWH, O 9€M TOBOPHA-
Joch Ha cTp. 145, HY}KHO B3ATH d¢e IRUAKOCTH ¢ W3BECTHHME Ko3ddu-
nueHTaMfl BASKOCTA. Ho Kark BH yiKe DOHANIH, ecld YIOBHIA CYTh
focjiefHUX IIaB, Jydme BCero B JaHHOM CIydae OIPOrpafynipoBaTh Npa-
6op IO HeckoabEUM PABEHIM FKANKOCTAM C M3BECTHOH HAM BASKOCTEHIO.
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B KOHI¢ KOHIOB MOKeT OKazaThCA MocTaToYHol. I Mu
crapaeMc AOOHTHCA MAKCHMAJIBHOW TOYHOCTH, BO3MOKHON
MY MCCIE0BAHMA M3BECTHHX HaM SIBJIEHUII CyIeCTByIOMIME
metopamu. llouemy?

Ecim Brr mocmorpure crateio Kosma m J[ro-Momga, osa-
rnaBnennyo «CocToAHMEe HAIMMX 3HADMN 0 (YHIAMEHTANb-
HLIX (U3MTIECKUX U XHMWYECKHX KoHcTaHTax Ha 1965 r.» [4]
(9o MBI BECHMA peKOMEHyeM BaM CjelaTh, u6o B Heil mpe-
KpacHO HM3JaraloTcd W AHAIHSHPYIOTCA 3KCOePHMEHTAJIBLHLIe
MeTOE), TO BII HalifieTeé TaM CBOJHBE NAHHEE TOTHEHIIHWX
H3MePeHMI TaKUX KOHCTaHT. Be yBmamTe, 9To HEKOTOpLIE
W3 HUX H3MEpPeHLI ¢ OTHOCHTENHHON TOYHOCTHIO B OfHY MHI-
THOHHYI0 W Jake Jydme. BH MojkeTe COpPOCHTE, €CThL JIX
B 3TOM KaKOH-Tm00 CMBICH MM 1mofo0HEE SKCIEepEMeHTH —
BCero Jump Gecrmosie3HHe YUPasKHEHHST BpOJE BHYUMCICHUSA
BEJIUYMHEL JT ¢ COTHfAMHE [IeCATHUYHHIX 3HAKOB.

OtBer upespruaiino mpocr. TouHbie msmepemms mpecie-
AYOT 04eHE BaKHyI0 neas. OHH MO3BOIAT NPOBEPHTE HATIH
TEOPEeTHYeCKUe IPENCTABICHHASA, W KOIT]A BO3HHMKAIOT PacCxXo-
JMJEHHsI, 3TO NPHBOAHET K HOBHM TEOPHAM W OTKPLITHAM.
U B ¢usuke m B XmMum nemaso Tomy mpmmepoB. Crasxen,
TEOPHA YTBEP/KAAeT, YTO /B BEJUYMHE OJHHAKOBH. MEL
NpPOBONNM SKCIEPUMEHT W BHJHM, 9TO B IpefesiaXx ero Tou-
HOCTH TaK OHO M ecTh. lorjja Msl NpoBofMM Gojiee TOTHEIH
sKcnepmMeHT ¥ 06Hapy:kEBaeM HeGonsimoe pasmumume. M HEME
CIOBaMH, TEOpHMA — 3TO JHINE HEKOTOpoe NpHOIMKeHwme,
a TOYHEHMIIMK 3KCOepHMEHT BEeleT HAC K CIEAYIOIMEMY Teo-
peTHYeCKOMYy Imary. B sakiiouenme mpmBexeM s HpuMepa
HECKOJNBKO OTKPLITHH, KOTOpHe GLUIE CoelaHbl B pe3yJinTaTe
TIIATENBHLIX M TOYHBEIX H3MEpEeH!H.

a) Jlo 1894 r. cumranocs, 4TO, €CIH He rOBOPHTH O Tepe-
MEHHLIX KOJHYeCTBAX BOMHOr0 Mapa ® CJIEJ0B [BYOKHCH
yraiepoga, BOLOPOA U T. [i., TO aTMOC(EPHEIT BO3YX COCTONT
w3 KHCIOopofa um asora. Ho, Kar morasanm akkypaTHeimme
uamepernsa Panes, miorHoCTs aTMOCpepHOro rasa, KOTOPHI
0CTaeTCA MOCJe YAaJeHHs K3 Hero KHCIOpOJia, IpPHMEpHO
Ha DOJNOPOIEHTA BHINE INIOTHOCTH 9IMCTOTO0 a30Ta, MOJydae-
MOro ms aMMmaka. Jro mpuseno Pames m Pamces (1895 r.)
[27] & orkpEITHIO EEEpTHOTO Ta3a aproHa, KOTOPHIL CONEPIKUT-
¢a B aTMocepe, KaK TeONephr HM3BECTHO, B KOJIMYECTBE OKO-
a0 1%.
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6) Ilpyroit mpmmep — OTKpLITHE JeiTepHs. B 1929 r.
XEMIIECKIME METOJAME OIIpEeelenus aTOMHOTO Beca OhuIO
yCTaHOBJIEHO, 9TO OTHOINEHNMEe MacCHl aTOMa BOJIOPO/A K MAc-
ce aroma O (Em30TOm KHCIOpOAA C MACCOBLIM HHCIOM 16)
TAKOBO:

macca H 1,00799 4 0,00002

macca O16 16 -

B 1927 r. AcroH H3MEpHI 3TO OTHOMEHWEe [Opu [OMOILH
1BOEr0 MAcC-CHEKTpPOMeTpa M MOJydmi, IT0

macca H 1,00778 -+ 0,00005
macca O16 16

Ilanmoe pacxosxenme 3actapmio Bépra m Mensema [1] mpen-
MOJOMATH, UTO XMMHKU H3MEDPSIOT cpe0HIol Maccy aTOMOB
eCTECTBEHIOr0 BOJOPOfA, A TOCIEHMI COJePIKAT TSAKeILI
maoron ¢ Maccoit 2 B roamuectne 1/5000. Torma pacxoxenne
nonuocTeio o6bsAcHAeTesa. (Mace-cmeKTpoMeTpHUIeCKHe M3Me-
peHHA [IAI0T MAacCcy TONBKO JErKOro H30TONA BOZIOPOJIA.)
Bekope 310 mpepmnoyomenue OLUIO IO/ITBEeP:HICHO paboroil
[421, aBTopaM KoTOpOi yAamock obHapYRUTH crabiie JTHANA
B CHeKTpe BOAOpoja. JJMHLI BOJH JHHE{ TOYHO COOTBET-
CTBOBAJH GaJBMEpOBCKON CepHH BOJOPO/IA € MACCOBHIM YHC-
moM 2.

B) Ha mbicap O TMOCTOSHCTBE CKOpPOCTH CBETa B IyCTOTe
g Beex HabmomaTeneii, ABHKYIUXCSA pABHOMEPHO OfMH
OTHOCHTENEHO JPYroro, (H3MKOB-TEOPETHKOB BIEpBLIE Ha-
TonkHyMm onumTh Maiikenscona m Mopam, mpoBefeHHBIE
B mepmoy, 1881—1887 rr. ITEm sKCHEPHEMEHTATOPLI mabJio-
[aJIH HHTep(EepeHIHIo CBeTa, pacmpoCTPaHAIMErocs B [BYX
BRAEMHO TEPHeHAUKYJISPHLX HAIpaBJIeHUAX, W He OCHApY-
JKEIE CKOJBKO-HEHOYAP B8HAYAMOM pasmuiil B BeJHIMHE
CKOpOCTH CBeTAa B JTHX HANpABJIEHHWAX, B Kakoe GLI Bpems
JIHS  TOia M3MepeHNs HU IpOBOAAIACE, JTH | Ipyrue mof006-
HEe UM W3MEpeHHs [pHBeJE JMHIITedHA K CO3[AHHIO CIe-
MaJIBHOI TeOpHH OTHOCHTEJIBHOCTH, OJIHOMY W3 Belmdaifmmx
oTkpLiTEil ¢umsmku. Eime po Jifmmreiina B Teopud mpejnosa-
rajyoch, 9TO pASHHULA MEKLy 3STHMH CKODOCTAMH OY€HP
mana. /I meo6xomumel Gbuid O9€HhL TOYHLIE HM3MEpeHH:d, 9TO-
66l DOKA3aTh, YTO €CJIM pasHHUNA U CYMEeCTByeT, OHA HAMHOTO
MeHpINe OpenmojiaraeMoii. (Jlaa oo7ipo6HOTO O3HAKOMJIEHHSA



150 Qocme 11. Jrcnepumenmanvrsie memodn

¢ onurrom  Maifikenscora — Mopam  pexomengyem KHHTY
[3211).)

Bragase maMepenus CKOpOCTH CBeTa mpPOBOAWIINCH B BH-
[EMOH 00JacTH CHeKTpa OpH AmHe BOJHH 0K0JIo 500 HM.
Ilosske (B x0ie BTOPOI MEPOBON BOMHL W mocie Hee) OLuTH
uposesiensr usMepenua B CBY-muanasone — mpum gmmee BoJ-
Hel nopsifka 40 MM, @ cKopocTs cBeTa ORazazack MpEMEpPHO
Ha 17 km.c™! Gonmmime, wem B onTmuecKoil 06iIacTh CIIeKTpa,
HeCMOTpA Ha TO, YTO yKaszaHHasd B OCOHX CIyYamX CpefHe-
KBajipaTHypas ommOKa cocraBismia 1 wM-c~l., Pasumma me
opesumaza 1/20 000, mo Tem me mMenee, ecim Gnt pacxosxme-
HUe OLUTO peambHLiM, 9T0 EMe0 GLi 09eHN CephesHLe TOCIe]l-
CTBHA [Ji1 COBPEMEHHOH TeOpHH JJIeKTpOMarHeTH3Ma.

Uro61t pemuTs 3TOT BOIPOC, BHOBE NOHALOGMINCH TOTHLI®
usmepenus. lloBTopHEie onTmueckme sKemepEMeHTH, He mOJi-
TBEP/WB NPE/KEEr0 3HAYCHHsA, AW HOBHI pe3yipTaT, COIIa-
cyromuiics ¢ pesynsratamu CBY-usmepenmii. U B macrosmmii
MOMEHT MBI HMeeM CJeYIOIINe BeIHYWHEL

Beprerpany (ommmueckas o6nacTs

CIICKTPA) 299792,85 + 0,16 km-c1,
®pym (CBY-nmanasor) 299 792,50 4+ 0,10 km-¢L,
Yupasicuenun

Tmarensro p-3Gepure ciemyomue 3KCNEPEMEHTEL.

3.1, Ouens TouHas nposepra 3akoma Kymoma s CHIEL
B3aUMO/ICVICTBHA 3NEKTPUIECKHUX 3apayoB [25].

3.2. Usmepenwe otmomenms e/m pnis snektpoma [12].

3.3. Msmepenusi cropoctm cmera [16].

3.4. Hopriii 9KCOEPHMEHT MO OMpeeIIeHnn a6CoTITHOTO
YCKOpeHns cmin Taectn [6].

3.5. JKBUBAJIEHTROCTH HHEPIUOHHOA WM TPaBHUTALMOHHOMN
mace [31].

3.6. Bspemmpanme ¢oromos [26].

3.7. Onpepesierme [MpOMATHETHOIO OTHOIMGHUA IIpOTO-
ma [13].

1) CuM. Tawsre kuury: C. 4. Basuioe, IKCIEepPNMeRTANILHEE OCHOBa-
HOs Teopu#l oTHOCMTENbHOCTH, M.—JI., 1928.— Hpux. ped.



[NABA 4
9HCNEPHMEHT H 31PABbIH CMbIC)

B pganHOR TJaBe MBI XOTHM BLICKa3aTh HEROTOpPHE €000-
pa?REIIH}I II0 TMOBOOY [IpOBEJIEHHH 3chepumemon, OCHOBAH-
HEIE HA MNpPOCTOM 3mpaBoM cmeicre. OHHE OTHOCATCA KO
BCEeM BKCUepHMEHTaM — OT CaMLbIX BJIEMEHTapHHX 10 CaMBIX
CIOKHLIX W H30H[PEHHELIX.

§ 1. MpensapuTenbubiii HCOHEPHMEHT

B peannHnix 3KCIepuMEHTaX (B OIPOTHBOMOIOKHOCTE yuel-
HHIM JabopaTopHLIM pafoTaM) mOYTH BCeIfia CHAYalla CTABAT
OpoGHEIE ONGLITHI, KOTOpLE OpecienylT ¢pas3y HEeCKOIBKO
TeNen.

a) JKCOEPHMEHTATODP «3HAKOMETCA» € HNAHHLIM JKCOepH-
mMeHTOM. B KasKmoM sKcIepHEMEHTe CBOS METOIWKA U CBA3AH-
HEE C HEK ONpEeIeJIeHHLe, YaCTO HOBTOPAIIHMECs omepa-
U, ¥ PKCOEPUMEHTATOPY Heo0XOmMMO MOYIPaKHATHCSA HMIH
OONpPAKTUROBATECS B HX BLIONHEHHH. IlepBrie HeCKOJIBKO
M3MEpeHui B SKCIepHMeHTe IIOYTH BCEITia MEHee Ha JeyKHEl IIIH
MeHee IeHHEl, YeM HOCHeIHNe, N OOHTHO YIaeTCs CIKOHOMUTH
BpeMsl, ecin B HAYaIBHOM mepuone paboTH 3aTPaTHTE 9acTh
ero Ha TO, YTOOLI HATH HAWIYYIIMe CIOCOOH OpOBEAECHHS
m3MepeHuii W 8amUCH pe3yJIHTaTOB.

6) Ilposepsiercsi paGora OTHENBHHIX 3JIEMEHTOB YCTAHOB-
KN U anoapaTyphl.

B) Onpepensiercss COOTBETCTBYIOIMMET HHTEpBaJ 3HAYCHMIA
A KasKgol W3 BeNIWYHH, W3MEHAIMHUXCA B [JAHHOM BKCIe-
PHEMEHTE.

r) OneHuBaTCA BO3MOMKHEIE OOMAOKW B Pa3INIHLIX
penmymnax. Hak Mot y:Ke BEgesHm, 5TO OKa3hIBaeT Hemocpen-
CTBeHHOE BIHAHNEe HA CTPATETHI0O CAMOTO DBKCIEpPUMEHTa
B TOM CMEHCJe, 9T0 GOJblle BHEMAHHUA YIOENAKT HSMEPEHHI0
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TeX BeJWYMH, ONm0Ka KOTOPHX BHOCHT OCHOBHO BRJIAN
B omMOKY KOHEYHOTO pesylbTaTa.

IIyHKTE «BY ¥ «I» MOMHO PACCMATDPHBATH KaK BLIPasKeHHE
TOH MBICIH, YT BCAKHIl CEpPHe3HEL 9KCOEePHMEHT ClelyeT
3apaHee IJIAHWPOBATh, 4 UpPH ILIAHHPOBAHNH HECKOJIBKO
OpoOHEIX H3MEpeHmil ropasgo MONesHeil, YeM €To TEOPHIA.
Koneuno, mnam pgomwxen GHITH M0CTATOYHO Ta0KuM, ®W ero
O0HYHO MOMIPABIAIT B XOIe CAMOTO BKCIepEMeHTa. Ho maske
CaMEN IPUMUTHBHbLH IJIAH BCEINA JIYYIIe, HeKeNn IPOBOJATE
OfIHO M3MEepPeHHe 83 [[PYTUM B 33BHCHMOCTH OT TOTO, HUTO
B/PYT LPHOLIO HAM B TOJOBY.

B yuebnuix nmaGopaTopunix paGorax BOBMOMKHOCTH HpO-
BEJICHHA NPEeBAPHTENBHLX ONLITOB HECKOIBKO OTPAaHUYCHEL,
By Bac, BEPOATHO, HE XBATHT BDEMEHN HA TO, YTOGH OPOBECTH
¢Ha1epHO» Beck bKemepumeHt. Tem He memee Bcerma, kpome
passe 49To CIyYaeB OPOCTEMINEX 3KCOEPHMEHTOB, CIEgyeT
IPOBECTH HEKOMOpble TPEBAPUTENBHLE M3MEPEHHs I COCTA-
BUTh IJIAH € VKA33aHWEM BEIWYHH, KOTOPHE HEoGXOmMo
U3MEPUTH, U (LPEMEPHO) BPEMEHH, OTBOJUMOTO HA KayK[[0e
TAKOE HM3MEpeHHe.

To :xe camoe oTHOCHTCA W K KasKgOMy yamy anmaparypul.
[Ipesxpe wem mpueTynmTs K CHCTEMATHYECKHM H3MEpPeHu M,
yOermTecs, 4To BLI 3HaeTe, KAK OH paGoTaer, T. €. UTO YeM
peryrupyercs. Ecim, Ranprvep, Bot mvMeeTe 1610 €0 CHEKTPo-
MeTpoM, y0eauTech — 0 HAYAla KAKUX-IHGO U3MepeHuin —
B TOM, 9YTO BH yM€eTe NOBOPAUMBATH NPU3MEHHEII CTONHK
U 3pUTeNbHYI0 TpYOy, 3HAeTe, KAKYI PYYKy HYMKHO 3aiKaTh,
YTOOE! JIyYIne peryimpoBaTh HONOKEHME MEAKPOMETPUYECKOTO
BUHTA, KAaKAfd INKalla COOTBETCTBYET TOMY WM HHOMY Hepe-
MemeHHI0 # 7. n. Ecim mMeercss pyKoBORCTBO ¢ ommcanmeM
amiapaTypel WIM HHCTPYKIMSA ee M3TOTOBUTENH, MPerkie
BCET0 IPOYTHTE HX.

Brt MOsEeTe cKa3aTh, YTO BCE BTO OUEBIIHO, U 3TO HA CAMOM
mene Tak, Il Tem me MeHee oueHHr MHOTEE He MOTYT B3ATH
B TOMIK IIPOCTEIX BeImei, KOIMA MeN0 JOXOMUT {0 BKCIepHMeH-
TaXbHOH paboTLL.

Cio:xEBe MmeTofst 06paGoTKE pe3yIBTAaTOB H3MEPEHHS
U yCTpaHEHWs HE3aMeTHHX Ha a3 OomuGOK — BCE BTO
IPEKPACHO, HO BTO He MOKET 3aMEHHTH BaM LPOCTOTO 3Jpa-
BOI'O CMEICIA,
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§ 2. Mposepka 0YeBMAHOrD

Ecnm cunraercd, YTO yCTAHOBKA MEXAHWYECKH YCTOMYU-
Ba, NIpoBepETe, HEe KadaeTcsa nu oHa. He sabnBairre, 9T0 miIo-
CKOCTH OLPENeNAeTcs TpeMs TOUYKAMHE, He JeRAMUMHE Ha OHOM
npamoii. 1loaTomy Iy4dme Beero, ecam y npubopa TPH HOMKH
H HX KOHIE 00pa3ylor paBHOCTOPOHHEI Tpeyronsnuk. Horma
HoKeK Oompme Tpex, mpmbop, MOCTABICHHLIH Ha INIOCKYIO
OOBEPXHOCTh, IIATAETCS, €CIN KOHIH HOKEK [e JIeKaT B Ofi-
HOH IJIOCKOCTH.

Ecnzm cumraercs, uro ocmopanme npmGOpa YCTAHOBIEHO
TOPHM3OHTAIILHO, BCE K€ B3TIAHNTe W OPOBEpHTe XOTA On
OpUOIHM3ATENEHO, Tak JH 370. Ecam morom wmorpefyerca
BHIBEDHTh YCTAHOBKY TOYHEe, TO MOYKHO BCEI[[a BOCIOIB30-
BATBHCA COHPTOBLIM YPOBHEM.

Ilpum opoBepeHME OOTHYECKHX 3KCIEPHMEHTOB yOenmTech,
YTO BCE OTParKaIONe U OPeNOoMIIONIe TOBEPXHOCTH BHITIA-
AAT [0CTATOYHO YMCTHIMH. J[JIA memopoTocTOANEH ONTHKHI
HM3BECTEH MPEKPacCHLIl ¢nocol — mogpmaTh HA IMOBEPXHOCTE
u OnicTpo ee mporepers. Ho Hukozda He mpotupaiite TpADKO
WM HOCOBHIM INIATKOM Joporocrodmme amH3n! OHE w3To-
TAaBIIMBAKTCHA U3 MATKOTO CTERJIA M K TOMY K€ YacTO MOKPHI-
THI OY€Hp TOHKHM CJ0eM — ToimmHod oxromo 100 mmM —
MEHEPaNBHEIX CONEH AJIA yMEHBUICHHSI OTPayKAWIIEH cnocol-
nocty. TarkWe MUH3H JerKo monapanatek. VX HEKOTIA HE Cie-
OyeT KacaThCA OAJNBIAMEH W XPAaHHETH OTKpHThiMm. Yame
BCETO € HHX [0CTATOYHO OPOCTO CMAXHYTHh MOLUIh MATKOM
KHCTOYKOI M3 BEPOMIOKBEETO BOJNOCA WIM B KpailHEM Cily4dae
OCTOPOHHO OPOTEPETh COENUANBHO TP HA3HAYCHHON TKAHEIO.

Y6epurecs B TOM, 9TO OITHYECKHE I€TANH, KOTOPHIE O K-
HBL OBITE COOCHLIMH, /IEfICTBUTENHHO COOCHEL I JIMH3LI PacIIoNo-
#eHbl NPHMePHO IOf NPAMBIM YTIOM K HADPABIEHHIO CBETO-
Boro nyura. Ilpocto ymuemrenvmo, kak 4acTo mpmEXommETCA
HA0JI0OMATh TAKYI0 KAPTUHY: CTYNEHT MYYaeTcs ¢ ONTHYECKO:
CHCTEMO}l, HE 3aMeyad, YTO BajKHEHag ee JIHH3a DOKPHITA
IUIEHKOM JKHUpA, CTOHT HA HECKONBKO MIIUIMMETPOB BEILIE
HIN HIGKe, YeM Hy;KHO, HIH mOoBepHyTa upmmepHo Ha 10°
OTHOCHTEIBHO HOPMAIM.

Ecam Bam TpymHO DojiMaTth m306paskeHme, KOTOPOE Tpe-
6yercs, HanpmMep, npu metome DBoiica, moiimajiTe cHagasa
u306paskeHEe cBoero mannna. Touno Tak sKe, He HATAA B CIEK-
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TpOMETPe HM300pasKeHHs NpH MOMOLIM 3PHUIENBHOH TPYOHI,
ybepmre ee m mnompoOyiiTe oGHapy:uTh wW300pasKeHme mHa
rnas. Ilocse sroro cHoBa mocTaswTe TPyOy.

B onmrax DO SIEKTPHUYECTBY, KOIYA BAM OPHXOOATCA
EMeThL JIeJI0 ¢ KIEMMHHMH COequHeHHsAME HpPOBONOB, LOPO-
BepETe, XOpOIO JH MNOCHeHHe 3adMIeHH,-— eclin Heo0Xo-
EMO, 3aYHCTHTe HX — H y0emHWTeCh, YTO KIEMMHI IIOTHO
sarAEyTH. Ecim Tpefyercs cmasTs gBa MpOBOfA, TO Mpeskme
BCEr0 3aYNCTHTe HX KOHIH, 4 3aTeM MOKpemYe COeHHHTE
mx MexaHmiecku. llocmorpETe, HONHOCTHIO MM MOpPOOAAHO
Bce coeuuenue. [lorma mecTo maiiku OCTHIHET, CJIETKA HOLEp-
Taifte 3a KaMOHIE W3 TPOBOJOB, YTOOH YOEIUTECS B TOM,
yTo OpENoil OpHeTad K METAMIy M YTO y BaC HE MONYYMICH
IpOCTO MEXaHMYECKUil KOHTAKT.

Ecim BH Donn3yereck TalbBAaHOMETPOM WIH IPYTHEM
8HAJOIMYHHIM NOpHOOPOM ¢ HEPeRIIYATENeM YyBCTBUTEIb-
HOCTH, TO CHAaYajla BCerjga CTABRTE HEPERIIYaTelh B IIOJIO-
JKEHWEe, COOTBETCTBYMOI[ee HAWMEHBIIEH YYyBCTBUTENIHHOCTH.

Horma B cobmpaere aieKTpocxeMmMy, KOTOpas OHTAETCS
OT CeTH, BCErja BRIKYAHTEe €e B CeTh B CaMYI0 HOCIETHION
ouepeqkb, W €CIM BaM Hajgo B HeH YTO-TO H3MEHHTH, HE MOJa-
raifrecr Ha BHKJIKYEHHBY TyMOIep ceTH, 8 BHIHETE IITENCENh
B3 CeTeBOU pO3ETKH.

§ 3. CyOventreHbie OWHOKY

Ilporosss mamepenms, BHI [TOJKHEI PAacCMATPHBATE cels
KAk HERU »JeMeHT amnapaTyphl, KOTOPHIH TakKe MOKeT
BHOCHTE morpemraocTs. IocTapaiitecs BHACHUTE, KAKHE 0muG-
KE CBOHCTBEHHEI JIMYHO BaM. EcTh, mampmmep, IIOAM, KOTO-
pHie, OIEHMBAA [ECATHE JOJNH JeJeHHWs No mrage npubopa,
CKIIOHHH H30erath Tex Wi WHHX Hudp. Dm Momxere Jerko
ceba nmpoBepuTh B STOM, XOTA 9TO, HOMKANYH, W HE OYeHB
Bas;KHO.

Ho uro y:xe Gomee cepre3Ho, Tak 570 OIMOKH, KOTOPLIe
MO3KHO HasBaTh cyOpexTEBEKIMU., HukTOo M3 Hac He 3acTpaxo-
BaH OT cJayyadiHeiXx onmMOOK OPH COHUCHBAHHH MOKA3aHHM
npubopa miw npu apudmeTnseckux nojpcwerax. Ho momyerm,
910 HEKOTOpas CepuA H3MEpeHHil JaeT pe3yJabsTaT, KOTOPHIHA
BaM RajKeTcd B3aBHIMEHHEM. BOOJIHE MOMKET OKRAa3aThCHA, 9TO
B 3TOM caydae BE Gymere menaTh OMEGOK 0OJNbIMe OOLITHOrO,
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H, BEPOATHEE BCEro, TAKUX, KOTOPLIE BEAYT K CHIDKEHHIO
pesyabrata. Homeuno, ecim BH He 3HaeTe 3apaHee, dero
OXMaTh, TO BH rapaHTHPOBAHH OT HOMOOHOM ONAaCHOCTH.
YacTo GriBaer Tak, 9TO €e HEBO3MOKHO M36eKaTh, HO MHOINA
[OCTATOYHO HPOCTO HM3MEHHTH HPOIEAypy HN3MepeHwsI.

HonyecriM, Hampummep, UTO BH H3MepseTe NPH IIOMOIIH
CeKYHIOMepa BpeMs, 3a KOTOPOE COBEpPIIAeTCs CTO Koxeba-
HUH MasATHWKA. Dol 3aO0dCLiBaere:

Hauaneunilt orcuer Koweunmit oTcuer Bpemsa cra KoleGarmi

0'0,2" 1'49,7" 1°49,5"

Ho Bropoil orcuer cpeman mesepHo: poisxmo 6niTe 1°39,7”.
Bit cOpacriBaete mokazanmsa CeKyHZOMEPA H IOBTOpAETE
m3mepenme. CTpellka OCTAHABJIMBAETCHA NPHMEPHO B TOM JKe
nonoxkennu. Bl ojxmpaere, uTo oHa MOKayKeT NPUOIUBHTEN -
Ho 1'49’’, W BOONHE BO3MOMKHO, YTO BLI OOBTOPHETE CBOK
ommOry. I, KoHeyHO, HEHYTO HE roBOpHT BaM 06 BTOM —
ofa pesyIpTaTa OPEKPACHO COTNACYIOTCA.

Ho nmomyctmM, uTo BH He oCTaHABIHBaeTe CEKYHIOMEp.
Iloce BrOpoOil coTHM KoOmeGanmii yacs mokaseBaT 3'19,17,
¥ 9T0 DOKa3aHWe BHI 3aOHCHIBaeTe ToyHo. Ha BTOopymo cepmio
Kosebanmit satpaveno 1°29,4”, 1. e. wmammno pgomymeHHas
rge-1o0 ommKa, KOTOpas ¢pasy GpocaeTcsa B riiasa. 3aMeTHM,
4TO Aake eciId BLI MOBTOpHUTe onmOKy o 3ammmete 3'29,1”,
TO IOCJ€ BLIYHTAHUA OPENLITYIIEro pes3yisrata o0GHapy;KuTe
KaKoe-TO pacxosieHne.

BooOme rosopsi, 4eI0BEK melaeT MEHBIIE OIMHEGOK B TOM
crygae, Korga OH 4YyBCTByeT celsi KomQopTalenrHo — H B
OpsAMOM, X B OEPEHOCHOM cMEbicae ciosa. IlosTomy ecTomr
OOTPATUTH HEMHOTO BPEMEHHW Ha TO, YTOOLI CO3MATH COOTBET-
CTBYIOIME YCIOBHUS, 0COOCHHO OPH [MIHMTEIBHHIX M3MEPEHHIAX.

a) Ammapatypa, Tpefyiomas peryJEpOBKH, W pPYIRH
yUpaBJieHnsl, KOTOPHMH YacTO OPHUXOMMTCSA MONH30BATHCH,
JOIKHBL ORITH YOOOHO pacCHOONIOKeHLL.

6) To e camoe oTHOcHTCH W K mpuGOpPaM, € KOTOPEIX
YacTO NPUXONMTCA CHUMAaTh HOKa3aHmsA. Boobme rosops,
DOKa3aHMA CHEMATh yHo0Hee ¢ BEPTHRANBHOR MmKaIH, HEKe-
JE € TOPH30HTAIBHEOM, a eme JyYime, eCIE ITKAajia HEeMHOIo
HAKJIOHEHA HAa3a[l,.
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B) Heobxommmo xopomee obmee ocpemenme. (B omrmue-
CKAX SKCOEPHMEHTAaX, KOHEYHO, HYIKHO CTapaTeCA Yycmpa-
HUMb PaCCeAHHHI CBeT.)

r) Heo6xonumo oGecnednts Xopomnyio BenTuiuamo. Kpaii-
He BaykHO, YTOOH B JaGopaTopun ORI CBE;KHIl W HE CIHUITKOM
TeNHi BO3IYX.

o) U, naxomemn, ciemyeT HONHICKATE ymoOHoe MECTO A
BeJIEHHSI 3AOMCH, JKENATENIHHO IOJAJNBIE OT WCTOYHHKOB
BOJ(EI M TeEILIA,

§ 4. MosTopenne H3mepenhi

Vizmepenme OTAENBHOM BEJNHYMHE HE00XOJHMO IOBTOPHTE
o Kpaiineil mepe eme ommH pa3. Taroe mopTOpeHHE

a) momoraeT m30e:kaTh OMMOKH OpH CHATHH HOKAa3aHMOM
npuGopoB W HX 3aIHCH,

6) maer BOBMOKHOCTH OIEHUTH OMHOKY H3MEpEHHA.

Ho ecaim MBI IpoBo/IEM CEPHI0 H3MEPEHUM NapLI BEIWINH X
H Y, 00 KOTODPHIM XOTHM OIPENEIHTH, CKAaKeM, HAKIOH m
HAJTYYmed mpsMoil JIMHWE, 70 HeT NUKAaKoH HeoOxomumocTn
H3MEPATHL HECKOJBKO pa3 y OpH KamaoM sHavenmd z. Hak
TOJHKO MH IIPOBENH TAKWe M3MEePEeHHs ABAKIH, T. €. HAIIIH
JiBe TOYRHM Ha OPAMOH, MEL TYT iKe MOJYyYHIH HEeKOTOpoe 3Ha-
genme m. Ham HysKeH eme psAjy 3HAaYEHUH m, HO IS 3TOro
Iydime HpoBONMTE IaJjiee M3MEepeHNs IPHU ApYyruX 3HaYeNuax T,
YeM TOBTOPATHL OPH OOHHX H TeX »Ke.

Wnorpa npuxopuTes W3MEpPSATH BeJIMUWHLE X W Yy, CBA3AH-
EHe HeamHeiHoil sasmemmocthio ¥y (x). Ilyers, B mpumepy,
Yy — avmimTyfa Koie0aHmi OpocToll rapMOHHYECKOH cHere-
MH, Ha KOTOPYIO [[eHICTBYeT BHEMHAS NepHOmHYecKas CHIa
¢ uacroroii . Ha ¢wmr. 54 nmpepcraBneH THOMIHLIE HAGOD
sHavyeHHd £ W y BOME3EM pe3oHaHca. B maHHOM ciydae mus
folee TOYHOrO ONpENENeHHA (HAMIYYIIei» KpHUBOH HYIKHO,
9To0H TOYKHM OHLLIH Kak MoykHO Ommske apyr k mpyry Y). Ho
¥ 37eCh, KAK B Cilydae OpsAMoll JWHWW, HET HEoOXONHMOCTH

1y Hacroapro GIN3KRO HOMKHE OHTH PACIIONOKEHE TOYKH, 3aBHCHT
OT XaparTepa $YHRUAN I TOYHOCTA H3Mepentii. Haumnalomue macTolb-
KO OPUBHRAIOT K OOHTHOMY CIyIar0 IPAMOil NWHAH, Tfe AOCTATOYHO
CpaBEATENBHO HEGONBINOIO TACHA TOYEK, 9TO B Gojlee CIOKHHIX CIY-
qanx, momoGHLX TpecTasleHHOMY Ha ¢ur. 54, oHM, Kak DpaBmio,
HaGHparoT HEOCTATOTHOE THACHO TOUEK.
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OOBTOPATH ONHU U Te ;Ke H3Mepenua. Mepoii omuOKA CIYKET
pasbpoc TOYEK OTHOCHTENHFHO «HAWIYYmeil» JMHHH, XOTA,
KOHEYHO, NIl IPOBEPKH HEMIOX0 DOBTOPUTE HECKOJHKO pPas
H3MepeHHsl BeJIMYHUIL J IPH OJHOM HJIM [BYX 3HAYCNHAX .

B Bompoce noBTOpeHHA W3MEpEHHH ecTh ojjna CTOPOHA,
KOTOPYIO MOKI0 TOSCHUTH HA OJHOM HE CTONE YK THIO-

200 —

Yy, MM
[

100 I~

0 [ I !
. 05 06 07 08

>

x, Iy

@ ur. 54. AMmintypa KoneGaHmil 1IpocTOR rapMonde-
CKOil CTCTeMH KaK (YHRIISI 9aCTOTH BHeNTHEH CIUIHL

teTnueckoM mpmmepe. IJa mpakTHweckHX 3aHATHAX K Ipe-
mojapaTelno ofpamaercA CTYAEHT, KOTOpHiE BCTax mepen
pmiemmoir. OB M3MepHI yrodl NPH3MH HPHU HOMOIIH CIEKTPO-
METpa M DOJIYYHWI TAKHE Pe3yJIBTaTHL:

56°30" = 60°12’.
TognocThr m3MEpeHHI OH ONEHHBAeT IPHUMEPHO B &' m, OPO-
BEpHUB BHIKIAJIKH, IPEXOHAT K BHBOLY, YTO OJ[EH K3 Pe3yip-
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TaToB HepepeH. (OcTaHOBHTECH M MOAYMaiiTe, KaK CIEOBAJIO
6K DOCTYOHUTH.)

CrypgenT copammBaeT OpemofaBaTels, KAKOR W3 ABYX
pesyApTaToOB ClefyeT CYHTAaTh NpaBEABHEIM. Homeunmo, aTo
cvemno. Bepge mems sKemepmMeHTa — 4TO-HEOYAhL HAHTH.
CrynenT ke Tak HEYero W He HAmIeN, pasBe TOIBKO TO, 94TO
OlUH W3 ero pesyJsTaToB HEeBEPHHI. (A BIOJHE BO3MOJKIO,
T HeBepHb 06a.) B moobnom ciyuae ew 06ssanb nposecmu
donoanumenrvrvie usmeperus. Vlsmepenus ciegyer HOBTOPATH
I0 Tex 0O0p, HOKA pesyieTaTH He NpHOOPeTYT KaKOM-TO
CMLICT. A JI0 BTOr0 ¢ HEMH HeJB3si NPOU3BONETH HEKAKHX,
faxke mpocrefimux melcTBHIAL.

Ecnu cnepylomee mamepenne faet 56°34’, To mosxmo Gymer
IOlyMaTh, 9TO HEBEPEH, BEPOATHO, BTOPOil pesyiasrar. Hym-
HO ele pas M3MEepHUTs yroJl OpPH3MLI, W €CIH OH OKAKeTCH
paBHEIM 56°35°, TO BH MokeTe OLITH HOYTH YBEPEeHLI, UTO
TaK OHO H ecTh. DBH MOMeTe maske 3ayMaThCA Haj TeM,
KaK 3T0 BEI CyMeJIH NOJY4YHTs yrol, paBunit 60°12’. Ho storo,
nomaiyi, y:ie HEKOrma He ygacics ycTaHoBETh. llo-Bmmm-
MOMy, BO BpeMms HM3MepeHui OLUla CIy4ailHO CABMHYTA OPH3-
Ma, WM, 970 (0Jee BepPOATHO, Obila ¢c6NTa yCTAHOBKA 3PHTEN -
HOI TPYOLI, WK IPOCTO HEBEPHO OPOHU3BeneH oTcueT. Jlocaj-
HO, KOI7a OOABISAETCA HeBepHH pe3yJsTaT B BHL HE MOKETe
ero o0bSICHATE, HO TaK OLIBAET, M €CIM DTO CIYdIaeTCs PEKo,
TO He ciaexyeT paccrpamBareesi. DecnoromTees npmperes
B TOM CiIyyae, €CIH a) BH OPOM3BOJBHO DPEIIHTE, UTO YroJ
npmsMii paBeH 60°, m mosToMy npmmere BTOpoii pesyasTaT
mim 0) pelmTe yCpeHATH HEPBHE [[Ba pe3yJIbTATa.

§ 5. OGpafoTka pesynbratos

HKoe-uro 06 aTom Gypmer ckasano B ria. 3 wactu II1, a specs
Ml XoTenu OB cuesiaTh Jumk ofmee 3aMeyanme. Fenn skcme-
PEMEHT JNATCA GoJinime ONHOro WM ABYX HEH, TO Beerjpa
cienyeT crapaTecs o6paGaTHBATh Pe3ydbTATH B XOfe DKCOe-
PHMEHTA.

OueHp mI0X0, KOITIA IPOBOJAT BCE HOBLIE M HOBHE HM3Me-
PEeHUs, a UX PesyJIpTaTH 00pafaTHBAOT JMIIL B KOHIE SKCIe-
pumenta. Bo-uepBrix, BLIYMCIEHAS 3HAYATENBHO JIyYme Lpo-
BOJIUTH, IIOKA BCE CBE3KO B Bameil namMaTe. Bo-Bropeix, mpm
06paboTRe 49ACTE pe3yJNHTATOB HEPEJKO OGHAPYKUBAETCH
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Kakoe-1m60 pacxo:kaeHEe, KOTOPOe LPHBOAUT K HEOGXomm-
MOCTH BHECTH T€ HIIN MHLIe H3MEHEHHs B anmaparypy. Ecam
3Ke 5T0 OGmapy:KmTCA He Yepes JeHp LOCIe HAayalla m3Mepe-
HEH, 8 9epe3 MecAl, TO BH PacCTPOETECH SHAUYMTENHHO CHIIb-
mee. Jla, kpome Toro, m cama paboTra 9acTo BemeTCA TaK,
9r0 OHOR cepmeil Pe3yJNBTaTOB ONPENIENACTCA asibHeiimee
HallpaBJIeHAE SKCIEPHMEHTa.

N ymx camoe riymoe, YTO MOKHO C/IeNaTh,— 3TO Paso-
GpaTh CIOKHYI0 YCTAHOBKY 10 TOTO, KaK 00paloTaHLl pesyiib-
TaTH (TAaK TOMKE CIAYIAeTCA).

§ 6. Houcipynposanne annapatypsl

[lpEHOUnnT ® METOOH KOHCTPYHMPOBAHWA AanmapaTyphl
H3JI0KEHH B CHEIMAJBHLIX PYKOBOACTBAX. 3[ECH MH UM
JMITE HECKONBKO cOoBeToB ofmero xapaxrepa.

a) Jlenaiite Bce KAk MOKHO INpOIMIE.

0) Ecim ycTaHOBKY [OJKEH W3rOTOBUTH MEXAHOK HIIH
Mactep-npubopuct B JgabopaTopmu, KDOXPOGHO MOTOBOPHTE
¢ HEM O Ha3HAYCHUD YCTAHOBKM, LPE/E YeM H3TOTOBIATH
gepre;in. Vexofs E3 CBOEro ombiTa, OH MOMKET IIOJ[CKA3aTh
pAl YCOBEDPINEHCTBOBAHMH, €My [BHJZHee, KaK YOPOCTHTH
YCTaHOBKY ¥ TeM CaMuiM 00JerudTs ee H3roToBJIEHHe.

74 B) YRaMKHOTe MOOYCKH HA pasMepH H HE Jejaiite HMX
MeHbINEe, UYeM 3TO0 AeHCTBHTeNrHO HeoOxogumo. OueBHIHO,
9T0 YeM jKecTde JOOYCKH, TeM TPYAHEE H3rOTOBJICHHE.

r) Hexoropsie anementn menaiite camu. Torga BH momry-
4nTe NPEJICTABIECHNE O TOM, 9T0 MOKHO B 9€r0 HeJIb3s CeNaTh.,
A kaniA DpPaKTHYECKOTO ONLITA...



Yacty I
anuch pesynsTatos M BbIYHCAEHKA

TNABA 1
SANHCH PESYNbTATOB 3HCNEPUMEHTA

§ 1. Beenenne

B ka)kgoM DKCIEpHMeNTe 0YeHb BA}KHO Cpasy ke 3amm-
CHBATh BCE NPOAeNaHHOE.

Bamuer momxma Obrh scmoit u axoHomuoii. G opmoit
CTOpOHE!, BaM HE XOUeTCA TPaTUTh TOTOM BpeMs, JHUCTAf
CTpaHHIH, 3amoineHHse nudpamu Ges rarux-nmbo ykasa-
Huif, 4To0H HAUTH HYKHYIO CEepHIO JANHEX, HJIU ragas oo
CKYNLIM LOMETKaM, MpH KAKHX YCIOBHAX 3TH AAHHER Grurm
nonydens. C mpyroil CTOpOHE], BeCTH 3amuCh Taw, 91006
B meil mobGofl MOr Ierso pasobparned,— MEI0 TPYAOEMKoe
U Bpsj IH Heo6Xomumoe. 3ANUCH NOJKHG OHTH TaRHEMH,
4T0OKl BH caMu GLuIE B cocToanum 6e3 ocoforo Tpyna HOHATH
OX COyCTA HEKOTOPOe BpeMsA, CKaKeM Tof.

B oToit ruaBe maelcd pAJ peKOMEHNAIMI DO BEJEHHIO
sanmen. VIX He clemyerT paccMaTpHBaTh KaK CBON IOPaBMI,
KOTODHX Hajo CIemo MOpHIep:KuBaThCA, a HYKHO UMb
HOHATH HX CMBICI: 3ammcu HeoOXOfEMO Be¢CTH AKRYPaTHO,
OONMHO, YeTKO W ¢ MUHEMYyMOM 3aTpar.

§ 2. OTnenbhbie NMCTHM WM paGoyan TeTpajb?

OJIHI/I SRCOEepPHUMEHTAaTOPHL [IpeJI[IO‘IIzITaIOT BeCTH 3anuchk
B TeTpajy, a [ApyIme — Ha OTAeNBHEX JIMCTaX 6ymarm.
IpeumymecTBo paGodeii TeTpajgy B TOM, 9TO BCEI/a M3BECTHO:
TOIBKO B Hell u HAJI0 BCe HMCKAaTh. Hert pa3p03HeHme JIHUCT-
KOB, KOTOpPE® MOTYT 3aTepAThcs. ['maBHBIA ke HEOCTATOK
ee B TOM, 9r0 B JIo0OM OKCIEpHMEHTe, na:e He O0YeHb






