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BBeaenue

JlaGopaTopHBIN MPaKTHKYM SBIISETCSI OAHOM M3 Ba)KHEUIIHX
(hopM 00y4eHHUS CTYJICHTOB U €ro Iejb 3aKIvaeTcs B Oosee Tiy0o-
KOM H3y4YEeHHH TEOPETHYECKOTO MaTepHasia BO B3aMMOCBS3U C IPO-
(eccoHATBHON NEeATeNbHOCTHIO; 03HAKOMIIEHHH ¢ MeToaMu (u3u-
YECKOr0 KCIEPHMEHTA M TOJyYeHHH HAaBBIKOB pabOTHI C U3MEpH-
TEIFHBIMU TPUOOpaMU; TIPHOOPETCHUH HABBIKOB 1O 00paboTke pe-
3yJIbTAaTOB SKCIEPUMEHTOB M PacuéTa IOrPeIHOCTeH N3MEPEeHNSL.

JlaGopaTopHble pabOThI BBIMOJHSIIOTCS 3BEHOM 2- 3 CTYZCH-
TOB COTJIACHO TpaduiKa MpOBEeIEHHs Ja00opaToOpHO - MPAKTHYECKHX
3aHATHi. CTYZEHTBI MOTYT OBITH IOMYIIEHBI K JIabopaTOpHOMY
MPAKTUKYMY TOJIBKO IIOCJIC IMPOBCACHUA HHCTPYKTa)Xa IO TCXHHKE
6e3onacHocTd. CTyJEHT MOJDKEH SIBUTHCS B (DU3UYECKYIO J1a00paTo-
pHIO IS BBITOJHEHUs Ja0OpaTOpHON paboThI, 3apaHee IMOJrOTOB-
JICHHBIM U TIOJyYHTh JOMYCK K BBIIOJIHEHHUIO €€, MPOIEMOHCTPUPO-
BaB 3HAHME 1ICJIM U CMBICIIA JaHHOH JJabopaTOPHOU pabOThI, a TAaKXKe
TEOpUH K HEl B 00BEME IMMOCTaBICHHBIX KOHTPOJIBHBIX BOIIPOCOB.
Brmonnenne nmabopatopHOil paOOTHl BKIIOYAET B ceOs: MOTydeHHE
SKCIIEPUMEHTAIIBHBIX PE3YyIbTaTOB, 00padOTKa MX Ha OCHOBE YEro
JienaeTcsl BEIBOJ M OoJiee yriryOJIeHHO popadaThIBaeTCsl TeOpeTHye-
CKHI MaTepuan.



Paszgen 1
OBPABOTKA PE3VJBTATOB U3MEPEHU

Ha maGopaTopHbIX paboTax CTYJICHTHI OBIAJICBAIOT METOMH-
KOM CaMOCTOSATEITHLHOM pabOThI, MTPOU3BOMIT U3MEPECHUS W BBIUHCIIC-
HHAS HEKOTOPHIX (hM3WYCCKUX BeMWYMH. UMCIOBBIC 3HAUYCHHS (DH3H-
YECKUX BEIUYHH, C KOTOPBIMH MPUXOJAUTCS UMETh JIEN0, B OOJIBIITUH-
CTBE CIy4aeB SIBISIOTCS MPHUOMMKEHHBIMU, MPUYEM CTENEHb MPH-
OJIMKEHUS 3aBUCHUT KaK OT TOYHOCTH NMPHOOPOB, KOTOPHIMH H3MEPS-
JIaCh JTaHHAsI BEJIMYWHA, TaK U OT HEKOTOPBIX CYOBEKTUBHBIX (PaKTO-
poB. HeoOX0auMO MOMHHTH, YTO TOYHOCTh KOHEUHOTO pe3yJibTaTa
BBIYHCIICHUN 3aBUCHT TOJIBKO OT TOYHOCTH M3MEpPEHUI M e€ HeBO3-
MOKHO TOBBICUTH 32 CYET TOYHOCTH BbIYUCIEHUU. [Ipyu Beruncnenun
HEOOXOIMMO COONIONATE MPAGUIA_OCUCMEUs HAO NPUDIUICEHHDL-
Mu yuciamu.

1. Ipu crooicenuu u sbiyumanuy npuOIUNCEHHbIX YUCell 6 pe-
3VIbIMame Hao0o omopaculeams no NPABULAM OKDY2ICHUS uu@dpol mex
pasps1008 _Cnpaea, KOmopwulx Hem Xoms _0bl_6 0OHOM U3 CAA2aembix.
Taxk, Hanpumep: 28 + 3,2 = 31,2 = 31. JlecsATsle 10N OTOPOIIIEHBL, T. K.
JIECATUYHBIC 3HAKH TIEPBOTO CJIaraéMoro HEU3BECTHEI.

2. Ilpu ymnoocernuu unu oeneHuy nPUOIUNCEHHBIX YUCen 8 pe-
3yabmame  HeobxooumMo OCMAeIsdmb CMOJbKO 3HauYauwiux yudp,
CKOJIbKO UX UMEemCs 8 YUCAe C HAUMEHbUUM KOAUYECMBOM 3HAYA-
wiux yugp. Tpoune nudpsl 0TOPACHIBAIOTCS MO MIPABHIIAM OKPYTJIC-
wust. Hanpumep, 253 - 13 = 3289 =~ 33 - 10°

2,79 :13=0,1246=0, 12

3navamye nudpbl — 3TO BCe BepHBbIE HMUQPHI YHCIa, KpOME
HyJIeH, crosmmx Brepeau uucia. Ecau gwmcino 0,00385 umeer Tpu
3Havamux mudpsr, ancio 120 Toxke uMeeT TpU 3HAYAIHEe TUGPHL.

OU3NYECKUE UBMEPEHUS
U IIOT'PEIIHOCTHU U3MEPEHUM

HeoOxoaumotii oneparueli Ipyu IPOBEACHUN JTFO00T0 (pu3nye-
CKOT'O 3KCIIEpUMEHTa sBIsieTcss u3MepeHnue. M3meputs kakyro-mmbo
(U3MUECKyI0 BETMYUHY - 3HAYUT CPABHUTH €€ ¢ APYroil OJHOPOIHON
(pm3nYecKoi BEIMYNHON, TPUHATOHN 32 €AUHUILY.

Nsmepennst mompas3aemnsioTcs Ha MpsiMble W KOCBeHHbIe. 1lpu
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NPSIMBIX M3MEPEHMAX ONpenenseMasl BEIMYMHA HEIOCPEICTBEHHO
CPaBHHUBAETCS C €AMHULIEH U3MEPEHNUS NIPHU IIOMOIIH U3MEPHUTEIbHO-
ro npubopa. [Ipy KOCBEeHHBIX M3MEPEHUSIX UCKOMAasi BEITUYMWHA BbI-
YHUCIAETCS U3 PE3YyIbTATOB MPSAMBIX HW3MEPEHUH APYTUX BEIWYHH,
KOTOpBIE CBSA3aHBI ¢ HEMl PyHKIIMOHATFHONW 3aBHCHMOCTHIO.

Bcesikoe uncno, mosydyeHHOE B pe3ysbTaTe M3MEPEHUs], HaeT
JUIIB TPUONIMKEHHOE 3HAUCHUE N3MEPSIEMOI BEJTMYUHEI.

[IycTs npu MOBTOPEHUM M3MEPEHUS B OOHUX U TEX )K€ yCJO-
BUSIX U OJHUM M TEM JK€ CIIOCOOOM MBI IOJydaeM OJMHAKOBBIN pe-
3ynbTar. Takoe u3MepeHue OyneMm Ha3blBaTh U3MepeHHeM 0e3 pas-
O0poca. B xauecTBe mMpuUMEpPOB MX MOXHO B3SITh U3MEPEHUE MIJLIH-
METPOBOM JIMHEHKON, U3MEPEHUE CHUJIBI TOKA IIKOJIbHBIM aMIIEPMET-
POM, B3BCIIMBAHMEC HAa TEXHUYCCKUX BE€CaX U T.H. HOI‘pGHIHOCTI) nus3-
MCPCHUA B TAKHUX CIIy4dasx OIPEACIACTCA TOYHOCTBIO HpI/I60p0B u
Ha3bIBaeTCsl MPUOOPHON MOrpemHocThIo. JIto6oi mpudop MoKeT
JlaBaTh U3MEPEHUS JHIIb C ONpeeneHHON TouHOCThi0. IlpubopHasn
NMOTPEeNIHOCTDb JIN0O PACCUUTHIBACTCS IO €r0 TOYHOCTH, CIIEIUAILHO
YKa3aHHOW Ha mpubope, 7100 paBHA MOJOBHHE IEHbI eJeHHS
npudopa.

Cremyer UMeTh B BUILy, UTO MPUOOPHAS TOTPELTHOCTD MOXKET HeE
COOTBETCTBOBATh JICUCTBUTENIBHON MOTPEIIHOCTH HAWJACHHON BEJINYU-
HBI, €CITM U3MEPEHHE COIEPKUT CHCTEMATHYECKYIO O PeIIHOCTD.

[MpryrHAMHM CHCTEMaTHYECKOW MOTPEIIHOCTH MOTYT OBITh:
HEUCIPABHOCTh MPHOOpa, OMIMOOYHOCTh WJIM TPUOJMIKCHHBIN Xa-
paKkTep MeTolla U3MEPEHUS], OTKIIOHEHUS] OT HEOOXOIUMBIX yCIIOBUI
n3MepeHust U T.1. CUCTeMaTHYeCKyl0 IOTrPELIHOCTh OLCHUBATh HE
Ha/10, €€ HY)KHO HCKITIOYHUTh WIIH BBIOPOCUTH, T€ PE3yIbTAThl U3Me-
pEeHH, KOTOpBIE MOTYYHIIUCH B PE3yJIbTaTe 3TOM OMNOKH.

Eciu npu n3MepeHnn Mbl IOJTy94aeM CEPUIO HECOBIAJAOIINX pe-
3yJIBTAaTOB, TO TAKOE U3MEPEHUE HA3hIBAIOT U3MEPEHHUEM € Pa30POCOM.
Pa3bpoc oreHnBaeTcst abCOMOTHON TOTPEITHOCTRIO Ad , KOTOPBIC TT0-
SIBIISIIOTCS. M3-3a HEN30EKHBIX MOMEX TPHU U3MEPEHUH, BCIIEACTBUE He-
COBEPILICHCTBA OPraHOB YyBCTB 3KCIIEPUMEHTATOPOB U T.[I.

Knaccudeckast Teopusi OmMOOK CTPOUTCS Ha TEOPETHUECKU
MOJIyueHHOM ['ayccoM HOpMallbHOM 3aKOHE pacIpelleNeHus OIIU-
0ok. Kak u Bcsikast Teopusi, OHa UMEET HEKOTOpbIe orpaHnyeHus. Tak
TIPH BBIBOJIE HOPMAJIBHOTO pacrpeneieHns omuook ['aycca cunraert-
Csl, UTO OIIMOKHM MOTYT MPHUHUMATh HENIPEPBIBHBIN PsiJl 3HAUYEHHH, TO
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€CTh, MOTYT OBITh KaK YrojHo Maibl. Ha camoM jene mpu u3mepe-
HUH, HalpHMEpP, AJIEKTPHYECKOro 3apsa OrPaHHUYCHHEM SBJISCTCS
BEIMYMHA 3apsijia JJIEKTPOHA, MPU H3MEPEHUU JUIMHBI - ATOMHBIC
pasMepsl U T.a. Teopusi ommMOOK, OCHOBaHHAs Ha pacIpeIeiIiCHUU
laycca, cnpaBeanuBa mpu OonbmioM gncie u3MepeHuit. Ona Obiia
MozepHu3upoBaHa CThIOACHTOM JIS Majoro 4Kcia H3MEPEHHH, HO
TeM HE MEHee OHa TPeOyeT KaxKAbli pa3 MPOBEPKHU 3aKOHA pacipe-
JIeJIEHHST OLIHOOK.

Brmsiaue cirygaliHBIX IOMEX CBOJUTCS K MUHUMYMY MPH MHOTO-
KpaTHOM TOBTOPECHUH M3MEPEHHI B OJJHUX M TeX ke ycioBusx. [1ycTh
HOBTOpHH I/I3MCpCHI/I$[ n pa3, MbI HaIIIn pSII[ 3Ha‘I€HHI71 BEJIMYMHEI a.
a;,ay, ..., a,. Hanbonee OMM3KOM K 3HAYCHUIO M3MEPSEMOW BEITHIHHBI
npy OONBIIOM YMCIIe N U3MEPEHHH M CUMMETPUYHOM PACTIPEACIICHUH
CITy4YaliHBIX BEJIMYMH 0 OyJIeT cpeHee apu)METHUECKOE.

oy tapt..tay % a

4 n n=1 N

JleiicTBUTENBHO, aOCOJIIOTHBIC CIy4YaiHbIE MOTPEIIHOCTH OT-
JEJIbHBIX M3MEpPEeHUi, paBHbIE MO MOJYJIO, BCTPETATCA, MPUMEPHO,
OJMHAKOBO 4acTO, Kak co 3HakoMm " + ", Tak u co 3HakoM " - ". ITo-
3TOMY TPH CIIOKEHHH OOJBIIOTO YUCIIa CITyYalHBIX pe3yIbTaTOB dTH
MOTPEIIHOCTH KOMIEHCUPYIOTCsA. Ecnm ObI MOXKHO OBUIO ClIENaTh
oueHb MHOTO (Hampumep, 1000) m3mepeHuit, To cpeaHee 3HAUCHHE
MIOJTyYHIIOCH OBl PaBHBIM 3HAYEHHIO C MOTPEITHOCTHIO, PaBHOM MpH-
OOpHOIA.

Ha mpakrtuke ke 00BIYHO TPOU3BOMAT JIUIITH HEOOJBIIIOE YHC-
7m0 wm3MepeHuid. Torma SICHO, YTO pE3yNbTaT, MONYYEHHBIH MpH
ycpeaHeHnu, OyaeT He BIOJMHE HaAeXHbIM. Kak oreHnBaercs pe-
3yNbTaT ¥ COOTBETCTBYIONIAS €My TOTPEUTHOCTh B TAKUX CIydasx?

W3BecTHBI HECKOJIBKO CHOCOOOB OLICHKH TOYHOCTH PE3YibTa-
TOB TIpY HATMYHMHK pa3dbpoca. PaccMoTprM HEKOTOpbIE U3 HUX.

[paBuna HaxOXKJEHHS CIyYaliHBIX OMHOOK 110 MeToay CThIO-
JICHTA CBOJATCS B OCHOBHOM K CIIEYIOIEMY:

n
!
— i=1

n

p



a) BBIYHCIISETCS CpelHEe 3HaAUSHHUE
0) HaxOmATCS OTKJIOHCHHS a0COFOTHON MOTPEITHOCTH OT
CpeAHEero 3HaYeHHUs
Ag; =a, — g
B) BBIYHCIISIIOTCS KBaIAPAThl OTKIOHCHHIT (2;)2
T') BEIYHCIIACTCS CPEaHs KBaApaTHIHas ommOKa S, OTACIBHO-
T'0 U3MEPCHHUS

1) BBIYMCISICTCSl CPEeOHssI KBaJpaTHYHas oLMOKa pe3yibTaTa
BCEX U3MEPEHUN

S
5 =n
" Vn

[lo Teopun oOmMOOK 3HAYCHHE H3MEPSICMOI BENUYHUHBI C
HaJEXHOCTBIO P JIEKUT BHYTPH JOBEPUTEIBLHOTO UHTEPBAJIA, TO €CTh

dpp —Aa<a<ag +Aa

Bennunna noBepuTesbHOrO MHTEpBaNa Aa = t,, rae typ - Ko-
a¢pdurnment CTproeHTa.

Koadpunuent CtprojieHTa 3aBUCHT OT YKCJIa U3MEPEHUH n U
BBIOpAHHOW BEJIMYMHBI HAJCKHOCTH P. [loHATHE HAaIEKHOCTH OyACT
IIAHO HIDKE.

3Hauenue kodddunmenra t,, HaxoauTcs mo Tabuune 1.

Tabmuua 1 - 3nauenus ko3 dunrento CThIOACHTA

g~k' 2 t 3 141 51617 1819 1 IO

Q.70 20 I,3 1,2 1,2 I, 2 I,I I,I 1,1 1,1
0,9 12,7 43 3,2 2,8 2,6 2,4 2,4 2,3 2,3
0,99 63,7 99 5,8 4,6 4,0 3,7 3,7 3,4 3,3




CrnemyeT OTMETHTH, YTO METOJ OIPENEICHUS TOTPEITHOCTEMH,
OCHOBaHHBIN Ha ['ayccOBOM 3aKOHE paclpeiesieHUs CIy4alHbIX Be-
JIMYUH, JOBOJIBHO TPOMO3IKHUH.

Hmeetcst Gonee mpocToil B MaTeMaTUIECKOM OTHOLICHWUH Me-
TOA pacu€ra CIaydalHbIX MOIPEIHOCTEH, Ha3bIBAECMBIA METOAOM
Kopudenbaa, koTopsiii OyneT HCIONB30BaH B HAIIIEM JTAO0OpaTOPHOM
npakTukyme. Paccmotpum ero Gonee moapoGHo.

Jro6oe wm3MepeHue (QU3NICCKON BEIMYHHBI @ MOXKET JaTh
JIATITL UHTEpBAT (81,8;), B KOTOPOM COJIEP)KHUTCS 3HAYCHHE DTOH Be-
JUYHHBI (cM. puc. 1).

N TN

Lo = R4

Pucynok 1. JloBepuTenbHbIil HHTEpBAI

Benuuuny (a; - a,) Ha3bpIBalOT JAOBEPHUTEIbHBIM HHTEPBa-

a,+a
Jom. CepenuHy TOBEPHUTEIBLHOTO HWHTEpBaIa a, =—1 "2 CYNTAIOT
2

NpUOMMKEHHBIM 3HAYCHUEM U3MEPSEMOM BEITMUYUHBI A, a IOJIOBUHY

a,—a "
€ro MHUPUHBI Ag = —2—L Ha3bIBalOT a0COJIOTHOW MOIPENIHOCTHIO

u3MeHeHui. P €3yJIbTAaT U3MCPCHUS 3alIUCBIBACTCS B BUIC:

A=a,+ Aa

TounocThb HU3MCPCHUSA  XAPAKTCPUIYCTCA OTHOCHTEIIbLHOU
0H.IPI6K0ﬁ, HOKa3BIBaIOH.I€ﬁ, KaKyro JOJIt0 H3M€peHHOﬁ BCJIIMYHHBI
COCTaBJIsAeT a0COJIOTHAS IMOrpC€UIHOCTh. OTHOCHUTENbHAS rnorpeni-
HOCTB OIIPEACIACTCA, KaK OTHOIICHHE a0COJIFOTHOU IMOrp€IIHOCTU K
CpCAHCMY 3HAUCHUIO I/I3Mep$IeM0ﬁ BCIIMYMHBI:




[To metony KopHdenbaa pe3ynbTar 3aliuchIBacTCs TaK:

3nech » _ Bmax T 8nin  cperiHee 3HAYEHME BENMUMHBEI 11O
Kopudenpay,

Aa:w - a0COJIIOTHAs MOTPEITHOCTh W3MEPEHUS T10
Kopuogenpay.

UYacrto ¢usndeckasi BeIMIHNHA HE MOXKET ObITh H3MEepEeHa HEeTo-
CPEICTBEHHO. Torna u3MepsaroT APYTrue BEIHUYHHEL, CBSI3aHHBIE C HC-
KOMOM BEIMYMHON M3BECTHBIM COOTHOILIEHUEM, U 33Ja4a CBOAUTCA K
BBIYUCIICHHIO pe3yJIbTaTa MO NPUOIMKEHHBIM 3HAaUEHUSIM HEIOCpeI-
CTBEHHO U3MEPEHHBIX BEIHYHH.

[TycTs BenmuumHa A sBIIsSETCS KOCBEHHO U3MEPEHHON BETHYUHOMN

A=f@®B,C )

B pesynpTaTe HemocpencTBEHHBIX U3MepeHui BenuuuHsl B, C,
J mony4aroTcsi B BUJE HHTEPBAJIOB:

B=b+Ab, C=c+Ac, I=d+Ad, tne b, c ud - npubnu-
xeHnple 3Hadenus sennunH B, C u I, Ab, a Ab Ac u Ad - abcomror-
HBIE TOTPELIHOCTH X M3MepeHus. BosHukaeT Bompoc, Kak BBIYHMC-
nsieTcs NpuOIKEHHOE 3HAYeHUE BENUYMHBI A 1 aOCONIOTHAs Mo-
rpeurHocTs ee u3mepenuil. [IpubiamkeHHoe 3HaUYeHNE KOCBEHHO W3-
MEpEeHHOH Ben4MHbI A Bhuucisiercs o gopmyne: A = f (B, C, J).

Hcnonb3ys ocHoBHbIE MeTOABl AU EpPEHINATIBHOIO W HHTE-
TPaJbHOTO WCYHCIICHUSI, BBIBOJSTCS CIIEMYIOINe (hOpMYIIbl BbIYUCIIE-
HUSI TIOTPEITHOCTEH KOCBEHHBIX U3MEPEHHH (IIpUBEIEHbI B TaOIHIIE 2).
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Tabnuma 2 - ®opMybl BEIYUCICHUS MOTPEITHOCTEH KOCBEHHBIX

HU3MEepeHui
. OTHOCUTENIbHAS
JleiicTBre ABCONIOTHAS TOTPENTHOCTD
MOTPELIHOCTD
y=XxX AX, = AX, AX, + AX,
X+ X,
y=X%XX XAX, + X,A% Ax + A,
X X,
y= X X AX, + X,AX% Ax, N AX,
X, X2 X%
N n-1 AX
y=X nx"Ax n A%
X

[Ipu cnoxeHWW W BBIYMTAHWU NPHONMKEHHBIX BEIWYMH HX
a0COIOTHBIE MOTPELIHOCTH CKiIaAbIBatoTCs. 1lpyn ymMmHOXKEHUMN U Oe-
JIEHUH CKJIQJBIBAIOTCS OTHOCHUTENBHBIE ITOTPEIIHOCTH.

I'PAOUYECKOE U30BPA’KEHUE
PE3YJIbTATOB U3MEPEHUI

Yacto npu 00paboTKe pe3ylbTaTOB M3MEPEHUN MPUMEHSIETCS
rpaduueckoe H300paKeHHEe dKCIIEPUMEHTANILHBIX JaHHBIX. [ paduku
JIAFOT HArJsITHOE TIpe/ICTaBlIieHHEe 00 M3MEHEHWH WU3MEpSeMON Bellu-
YUHBI ¢ U3MEHEHHEM JIPYrol BEIMYMHBI, OT KOTOPOH OHa 3aBHCHT.
Hampumep, rpadmku 3aBHCHMOCTH TaBIeHHs Ta3a OT 00bEMa, dJIeK-
TPUYECKOT'O COMPOTHUBIICHHS OT TeMIepaTypsl U T.1. ['paduku HE0O-
XOJUMBI TaKXKe TIPU TpayupoBKe mpruoopoB. Hanpumep, mipu rpamny-
HMPOBKE TEPMOTIaphl, CIEKTPOCKOTA U JIp.

s moctpoeHusi TpaUKOB MMONB3YIOTCS OOBIUHO IMPSMO-
YTOJIBHOM CUCTEMOM KoopauHart. [Ipy 3TOM HE3aBUCHUMYIO IIEpEMEH-
HYIO OTKJIaJBIBAIOT 10 OCH abciuce, a 3HaueHUs! QYHKLIUH - 110 OCH
opauHaT. Ha ocsiX KOOpAWHAT yKa3bIBaIOTCS 00O3HAYCHIS BEIMUHH
W UX eJWHUIBI m3MepeHus. [ paduku cieayeT CTpOUTh HA MUILIHU-
METpOBOIi Oymare.

OKclepuMeHTaIbHBIE TOYKM Ha rpaduKe JOJKHBI OBITH OT-
YEeTIMBO BHIHBI. MacmTab Hamo BBIOMpaTh TakK, 4TOOBI OOJbIIast
9acTh KPUBOM COCTABIIUIA C OCSMHU KoopAuHAT yron okoso 45°. Co-
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BCEM Heo0s3aTeNlbHO, YTOOBI Hayal0 KOOPJUHAT COBIIAJANI0 C HyJe-
BBIMH 3HAaYCHUSIMH OTKJIJbIBACMbIX Ha rpaduke BenmdumH. Haso
BBIOpATh HAYall0 OTCUETa TaK, YTOOBI KpUBas OJU3KO MPOXOAUa OT
Hayvana KOOpAWHAT U, CIIEAOBATEIbHO, BCS IUIOMIAAhL TpadrKa mosues-
HO UCTOJIb30BaJIach. Tak, HapUMep, €CJIM CONMPOTUBIICHUE MTPOBO/I-
HUKa TIPH HArpeBaHWH B TEMIIEpaTypHOM HuHTepBaie ot 65°C mo
130°C yBemnuuBaetcst ot 205 mo 240 Om, TO 3aBHCHMOCTb MEXIY
COTIPOTHBJICHHEM W TeMIIepaTypoil OyneT BeIpakeHa ropaszio Oonee
TOYHO, €CITM Ha4daJio 0Tc4Y€éTa Ha ocu obmiee Oyzaer Bectuch oT 60°C,
a Ha ocu opauHart - ot 200 Om (puc. 2).

Q,O.-\ -
210
230
2201

210

Ca—

80 100 120 140 t°C

200

Pucynox 2. Ilpumep noctpoenus rpapuka

He cnenmyer Ha ocax 00o03HauaTh OYEHb MEIKHWE WHTEPBAIBI
nudpamMu, Tak Kak H3JIUIIHEeE 00uIe 1udp 3aTpyaHsICT YTCHUE Tpa-
¢uka. [IpoMexxyTouHbIC 3HAYEHUS JIETKO OTCUUTHIBAIOTCS HA KOOP-
TUHATHBIX OCSAX 110 MHUJTUMETPOBOI Oymare.

Kak mpaBwuio, hu3nueckue 3aBUCUMOCTH - TO TJIAJIKHE TUIaB-
Hbl€ JIMHHU, 0€3 PEe3KUX H3IOMOB. OJKCIIEPUMEHTAIbHBIE TOYKH
BCJIE/ICTBHE OIMMOOK M3MEpPEHHUH He JIOKAaTCs Ha KpUBYIO (u3ude-
CKOW 3aBUCHMOCTH, a TPYIIIUPYIOTCS BOKPYT He€ ciaydailHbIM oOpa-
30M. [loaTOMY 4Yepe3 COBOKYITHOCTH MOJYYCHHBIX TOYEK HEOOXOIU-
MO TPOBOJUTH IJIABHYIO JHHHUIO TaKMM 00pa3oM, YTOOBI TOYKH, CO-
OTBETCTBYIOIIME OTIEJIBHBIM HW3MEPEHHSIM paclojaraich CUMMET-
PUYHO TI0 00€ CTOPOHBI IPOBEIEHHOM KPUBOMA.

OOBIYHO Kaxas TOYKa Ha TpaduKe SBISETCS PE3yNHTATOM
MHOTOKPAaTHBIX HM3MEPEHUH W BEIWYMHA, COOTBETCTBYIOLIAS 3TOH
TOUYKE MMEET Ty WM UHYIO a0CONIOTHYIO HOrpemHocTs. Ecinn Heoo-
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XOIMMO Ha TpaUKe OTPa3HTh MOTPENIHOCTh, C KOTOPOH MPOIEIaHbI
U3MEpeHus], TO Yepe3 TOYKH MPOBOIAT B TOM K€ Macmrale, 94To U
OTJIO)KEHHBIC M3MEpsieMble BEIUYHHBI, OTPE3KH, COOTBETCTBYIOLIHE
3HAUCHHUSM a0COJIOTHBIX OMIMOOK (pHC. 2).

SJEKTPOUSMEPUTEJIBHBIE IIPUBOPBI
N OLHEHKA UX ITIOT'PEHTHOCTEH

[Ipu BeImonHEHNH paboT TabOPATOPHOTO MPAKTUKyMa HE00-
XOJUMO MPOU3BOANUTH U3MEPEHUS Pa3IUYHBIX AIEKTPUUECKUX BEIH-
YUH (CHUJIBI TOKA, HANpsHKEHUS, SIEKTPOEMKOCTH, COTIPOTUBICHUS U
T.J1.) C TIOMOIIBIO JEKTPOM3MEPUTENBHBIX MPHOOpPoB. 1o mpuHITHITY
HU3MCPCHUS DJICKTPUICCKUC HpI/I60pI>I JCJIATCS Ha ABA THUIIA.

1. IIpuGopsl cpaBHEHUs, B KOTOPBIX H3MepsieMas BEIMYMHA
cpaBHHBaeTcsi ¢ dTaloHOM. K mpmbopam CpaBHEHHUS OTHOCSTCA,
HaIpuMep, MOCTHI JJII HU3MEPEHUs] CONPOTHBIICHUH, EMKOCTEH U MH-
ﬂyKTHBHOCTCﬁ, MMOTCHUOMOMETPHI IMMOCTOAHHOI'O TOKAa JId U3MCPCHUA
OJC u HanpspKEHUH.

2. B mpubopax HemocpeacTBEHHON OIEHKH IMPH M0Jade Ha MX
BXOJI 3JIEKTPUYECKOT0 CUTHANIA yKa3aTesb Mprudopa MoKa3bIBaeT 3Ha-
YEHUE U3MEPSAEMOMN BeIUYMHBL. [IpuMepoM MOTYT CIly>)KUTh pas3jivy-
HbIE aMIIEpPMETPHI, BOJBTMETPHI, BATTMETPHI, KaK CTPEIIOYHBIC, TaK U
IUQPOBLIE.

[Mo mpuHIMIY AEHCTBHUS SJEKTPOU3MEPHUTENLHBIE MPUOOPHI
HETOCPEICTBEHHOW OLIEHKU NIEJATCS Ha CIEQyIIIie OCHOBHEIE TH-
IIbI: MarHUTORJIEKTPUYECKHE, AIIEKTPOMATHUTHEIE, 3JIEKTPOJAUHAMU-
YeCcKHUe, INEeKTPOCTaTHUECKHe, MHIYKIIMOHHBIE, 3JeKTpoHHbIE. Kpo-
M€ YKa3aHHBIX CYIIECTBYIOT U JPYTHE€ CUCTEMBI IPUOOPOB, KOTOPHIE
B 1a00paTOPHOM MIPAKTHKYME IIPUMEHSIOTCS] CPABHUTEIHHO PEJIKO.

HauGonee pacnpocTpaHEHHBIMM SIBJISIFOTCSI PUOOPHI MarHu-
TORJIEKTPUUECKOM, DJIEKTPOMATHUTHON M 3JIEKTPOJAUHAMUYECKOU
CHUCTEM.

B mpubopax MarHUTORNEKTPUUECKON CHCTEMBI HCIIONb3YETCs
II@I:ICTBHG MAarHuTHOrO I10Jid IMOCTOAHHOTO MarHuTa Ha IMOABHXKHYIO
paMKy ¢ TokoM. IIpuGopbl 3TOi cHCTEMbl HUMEIOT pPaBHOMEpHBIE
LIKaJbl, 001a7at0T BHICOKOW YYBCTBUTEIBHOCTBIO U TOYHOCTHIO, HO
MPUTOAHBI TOJIBKO JJId MMOCTOAHHOI'O TOKAa W YYBCTBUTCIIBHEI K IIEPE-
rpy3KaM.
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[IpuHIIMTT HEWCTBHUS TPHUOOPOB IICKTPOMATHUTHON CHCTEMBI
OCHOBaH Ha BTATMBAaHMM ()EPPOMATHUTHOTIO CEpIEYHHKAa B MAarHuT-
HOE TI0JI€ TOKa, MPOTEKAIOIIETO [0 00MOTKE HETOABMKHON KaTYIIKH.

K nmocromncTBamM mpuOOpOB 3TOH CHUCTEMBI MOXKHO OTHECTH
MIPOCTOTY KOHCTPYKLHH, OOJIBIIYI0 MEXaHHUYECKYIO MPOYHOCTH, BbI-
HOCJIMBOCTb K I€perpy3kam, NPUTrOJHOCTb, KaK AJS IOCTOSHHOTO,
TaKk W JJIs IEPEMEHHOr0 TOKa; K HEJOCTaTKaM - HEPaBHOMEPHOCTh
LIKaJIbl, 3aBUCUMOCTb IIOKAa3aHUI OT BHELIHMX MarHUTHBIX IIOJIEH,
HU3KYIO YyBCTBUTEIBHOCTb.

[Mpuxnun aewcTBUsl MPUOOPOB AIEKTPOIUHAMUYECKON CHCTe-
MbI OCHOBAH Ha B3aI/IMOI[eI\/’ICTBI/II/I TOKOB, IMPOTCKAOUIUX I10 O6MOT-
KaM HEeIOJIBIKHOW W TIOJBIKHOM KaTyIek. [[pubopsl 310 cuctemMsbl
00afal0T BBICOKOW TOYHOCTBIO U TPUMEHSIIOTCS ISl M3MEPEHHS
TOKa, HaNpsHKeHUS U MOIHOCTU KaK IMOCTOSHHOTO, TaK U MEpPEeMEeH-
Horo Toka. HemocraTku y 3TuX npuOOpoOB Te XKe, YTO U Y NPHUOOPOB
3JIEKTPOMArHUTHON CHCTEMBI.

Ha wxanax anexmpousmepumenvuvix npudopos 0ObIMHO UME-
FOTCSI YCIIOBHBIE O0O3HAYEHUS, MO3BOJISIOIIUE ONPEACITUTh CUCTEMY
npubopa U psig APYIHX €ro xapaxkrepucTuk. OCHOBHBIE VCIOGHbIE
0003Hayenus TPUBEACHBI HUKE!

N [TprGop MarHUTORNEKTPUIECKON CHCTEMBI

3

[TpuGop 351eKTPOMarHUTHON CUCTEMBI

= [TpuGop 351eKTpoANHAMUYECKON CUCTEMBI

- [Tpubop mocrossHHOTO TOKA

~ [Ipubop nepemeHHOro TOKA

x [Tpubop Kak MOCTOSAHHOTO, TaK ¥ IEPEMEHHOTO TOKa

Pabouee nosioxkeHue mKaIbl — TOPU3OHTATILHOE

= Pabouee nosokeHne mKajIbl — BEpTUKAIBLHOE

+ Knacc Tounoctu npubopa

hs W3meputenpHas Lens M30JUpOBaHa OT KoOpmyca H
'7:% WCIIBITaHa HalpsbKeHueM 2 kB.
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MOTPEIIHOCTH SJIEKTPUYECKUX U3MEPEHUI

[Ipu m3mepennsax GU3NIECKUX BETUYUH C MOMOIIBIO TPHOOPOB
BCerja JAOMyCKaeTcss HeKoTopas morpemHocts. OIHOH W3 MpUYUH
MOTPEITHOCTH M3MEPEHUsS SBISIOTCS HEIOCTaTKH CamMoro mpudopa
(Tpenme, pazbanmanc u T.A4.). [loaToMy anekTpon3MepuUTEeNbHBIE TTPH-
0OpbI CHAOKEeHBI YKa3aHUSMH O BHOCHMBIX UMM MOTPELIHOCTSX H3-
MEpEHHS.

J1a XapaKTepUCTHKH TOYHOCTH 3JIEKTPOM3MEPUTENBHBIX IPH-
0OpOB, KaK MPaBHJIO, TONB3YIOTCS MPUBEACHHON MOTPEIIHOCTBIO €.
[IpuBeaeHHON MOTPENIHOCTHIO HA3hIBAETCS OTHOLICHUE aOCOMIOTHOM
MOTPEITHOCTH Ao, K TIPEeIbHOMY 3HAYCHHIO H3MEPSIEMON BETNIHHEI
Olyp, T.€. K HAaHOOJIBIIEMY 3HAYEHHIO, KOTOPOE MOKET OBITh U3MEPEHO
IO IIKajie mpuoopa:

CrnenoBaTensHO, aOCONIOTHAS IOTPEUTHOCTH TPUOOPA paBHA:
Ad = 0pen

[IpuBeneHHass TOTPEITHOCTD AIEKTPOU3IMEPUTEIBHBIX MPUOO0-
POB JIEXHUT B OCHOBE JI€JI€HHs MPHOOPOB Ha Kiacchl TOYHOCTH. Cy-
IIECTBYET BOCEMb KJIACCOB TOYHOCTH JJICKTPOU3MEPUTEIHHBIX MPHU-
6opos: 0,05; 0,1; 0,2; 0,5; I; 1,5; 2,5;4. [loka3aTenp kiacca TOYHOCTH
OTpeeNseT MPUBEACHHYIO MOTPEIIHOCTh MPUOOPA BBIPAKCHHYIO B
nporeHTax. O003HAYUB MMOKA3aTeNb KJIacca TOYHOCTH Yepe3 K, BbI-
pakeHHe YIS OIPe/IeIeHNsT aOCOIIOTHON MOTPEITHOCTH 3aIMChIBACT-
cs B BUJC:

Aa = 0, 0,01K.

Hamnpumep, m1st BonpT™MeTpa kitacca TouHoct 0,5 paccunTaH-
HOTO Ha m3MepeHue HampsokeHuil 70 300B, abcomorHas ommbka
COCTABIISIET:

AU=300x0,01x0,5B=1,5B
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Y CTpeNmoYHBIX 3IEKTPON3MEPUTEIHHBIX MPUOOPOB abCOIIOT-
Hasl MOTPEITHOCTh OJUHAKOBA JUIsl Beel mkanbl. OTcrofa ciemnyer,
YTO OTHOCHUTEIbHAS MOTPEIIHOCTh U3MEPEHUS, ONPECIIICTCS BhIpa-
KEHUEM

M 3aBHCUT OT M3MepsieMoil BennunHbl. C BO3pacTaHUEM 0L OTHOCH-
TeIbHas MOTPEIIHOCTh YMEHbIIAETCS, JOCTUTAs IPU 3TOM O = Olyp
3HAYEHHS € = Enp. TaKUM 00pa30M, OTHOCHTEIbHAS HOTPEIIHOCTH B
Havaye IIKajabl 3HAYUTEIBHO BBIIIE, YeM B KOHIlE. [IoaTOMY peko-
MEHJIyeTCsI BCETr/ia BBIOMpATh Npeaesbl W3MEpeHHs mpubopa Tak,
9TOOBI OTCYMTHIBATH MOKA3aHUS BO BTOPOW IOJIOBUHE IIKAJIBI,
omwke k e€ koHiy. C 3TOH HENbio MOJIb3YIOTCS MHOTOMPEIETbH bl-
MU TIpHOOpamMH.

Ecnu n3mepsiemast BeMUUMHA O 3HAYUTEIBHO MEHBIIE Olyp, TO
npuOOp MEPEKITIOYAI0T Ha MEHBIIHUHN TIPEIe] M3MEPEHHUS, YBEINYHBasI
TEM CaMbIM OTKJIOHEHHE CTPEJKH M TOYHOCTh M3MepeHus. [lepekitto-
YeHHs Ha HOBBIH Tpelesl M3MEPeHUsI 03HaYaeT OJJHOBPEMEHHO U U3-
MEHEHHE LICHBI JCJICHUS MPHUOOpa

c= 6‘(np

YUCJIO JIeJICHUIA

Ecau, nanpumep, BonbT™MeTp umeet 150 nenenuii, To ueHa ae-
JIeHus npu nepekintouenuu ¢ npenena 300B Ha 75B usmensercs ¢ 2B
Ha 0,5B, T.e. BO CTOJIBKO K€ pa3, BO CKOJIBKO U3MEHSIETCS MPEIIEI.

ITPABHUJIA TEXHUKHU BE3OITACHOCTH
IIPU BBINIOJIHEHUHU JIABOPATOPHBIX PABOT

[Ipu BeIMIOMTHEHNH Ta0OPATOPHOTO MPAKTHUKYMa HEOOXOIMMO
MPUICPKUBATHCS CIIEAYIOIIUX TpaBuil, obecreunBaromux Oe3ormac-
HOCTB PaOOTHI:

1. INooknwuenue uenu K UCmo4HUKy np0u3800umb maoJibKo
nocae nposepkKu yenu npenodasameﬂem uiu Jla6opanm0M.
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2. H3menenue 6 yenu npou3so0ums moibKo nocie OmkKii0-
yeHue eé om ucmouHuKa.

3. He npukacamupca K 0201EHHBIM YACMAM Yenu, eciu yens
Haxooumuca noo Hanpsadicenuem o6oee 20 B.

4. Ilpu obnapyscenuu neucnpasnocmu 6 pavome yenu (3a-
WIKATIUGAHUE ITIEKIMPOUZMEPUM eNIbHBIX NPUOOPOS, 3anax 20peiozo
U m.o.) HeOOX00UMO HEMEONEHHO PA3OMKHYMb UYenb U COOOUUmD
0 HenoadKax npenooasameiio.

KOHTPOJIBHBIE BOITPOCBHI

1. OxapakTepu3oBaTh NPUYMHBI BO3HUKHOBEHMS IIOTPEILIHO-
cTel Ipu PU3HYECKUX U3MEPEHUSIX.

2. Jlate ompeneneHus aOCONIOTHOH M OTHOCHTEIBHOW TIO-
CPELIHOCTEM.

3. llepeuncnuTs BUIBI TOTPEITHOCTEH (MX TPH).

4. Kakue u3mepeHus Ha3bIBAIOTCS MPSIMBIMHU U KOCBEHHBIMU?

5. Kak BeUHUCIAIOTCA aOCONIOTHAS IMOTPEIIHOCTh W TPHUOIIH-
YKEHHOE 3HAUYeHHE BEIMIHUHEI 110 MeToay Kopabenbaa?

6. Kak BBIMHCIAIOTCS a0CONIIOTHBIE W OTHOCHTENBHBIC IIO-
TPEUTHOCTH NMPH KOCBEHHBIX U3MEPEHUsIX?

7. KakoBbl npaBwmita moctpoeHus rpaduxon?

8. UeMy paBHa npuOOpHAas IIOTPEITHOCTH?

9. YeMy paBHa NpUBEAEHHAS TIOTPEITHOCTD?

10. Yro Takoe xiacc TOYHOCTH mpudopa’?
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Paznen 2
JlaGopaTopHasi padora Ne 1

N3YUYEHUE CTATUCTHYECKUX METOJ10B
OBPABOTKMU 3KCIIEPUMEHTAJIBHBIX TAHHBIX

ean padorel: O3HaAKOMIICHHE ¢ METOJAMU CTATHCTHYCCKOMN
00pabOTKH SKCICPUMEHTATLHBIX JaHHBIX Ha MPUMEPE H3MEPCHUS
BpPEMEHU PEAKIINH YeIOBEKA.

IIpudopsl 1 npunagiexuoctu: CexkyHmomep, mpudbop A
OTIpe/ICIICHHST BPEMEHH PEAKITHH.

Ilpu nposedenuu nobvIx usmepeHuti mpebyemcs He MmoibKo
onpeoenums 3HA4eHUe USMEPEHHOU GeIUYUHbL, HO U OYEeHUNMb MoY-
HOCMb 91020 UBMEPEHUs. DMo Cnpageodauso 0s Jiobblx U008 U3-
MepeHus, He MOAbKO (PU3UUeCKUX.

TeopeTnyeckoe BBeleHHE

Bce usMepenust mpou3BOJATCS ¢ HEKOTOPOM J0yei ommbku’.
Jaxke Korga Mel MOJb3yeMCsI KAKUMU-THOO CIIPaBOYHBIMH 3HAYCHU-
SIMH, MBI HEU30€XHO, BO3MOXKHO HEOCO3HAHHO, ONpEnaeiIsieM He
TOJIbKO 3HA4Y€HHWE BEJTMYMHBI, HO M TOYHOCTh €€ 3amaHud. Tak,
HaIlpuMep M3BECTHO, YTO CKOPOCTH CBeTa paBHa 299792456,2 m/c u
3TO HM3BECTHO ¢ TOYHOCTHIO t1,1 m/c. M3BecTHO, 4TO cMepTenbHas
CWJIa TOKa, MMPOTEKAOLIET0 Yepe3 yenoBeka okono 0,1 A, Ho MBI 3Ha-
€M, 4TO 3TO 3HAY€HHE NpUbIUNCéHHOE, B KKIOM KOHKPETHOM CIIy-
Yae 3Ta BeIMYMHA MOXKET ObITh U APYTOH.

OmmbKa n3MepeHusl, WK HOTPEIIHOCTh, TIOKa3bIBAET HACKOIBKO
OJM3KO M3MEPEHHOE 3HaYeHHE K HMCTUHHOMY 3HadeHHI0. Bo3MoXxHO,
YTO BEJIMYMHA HE CBOEr0 UMeET TOYHOTO 3HaueHus. B aTom cimydae mo-
TPEIIHOCTh TOKa3bIBaeT OTKIOHEHHE HM3MEPEHHOI'0 3HAYEHHsS OT €ro
cpenHero 3Ha4ueHus. Paznugaror 1Ba BUa MOrPEIIHOCTEN.

AOCOIOTHAST TOTPEIIHOCTh - TOTPEIIHOCTh, BBIPA)KEHHAs B
eAMHUIIAX M3MEpSAEMON BEIMYMHBI W MPEACTaBIAIONIas coO00H pas-
HOCTb MEXAY IOJYYEHHBIM DPE3yJbTaTOM M HCTUHHBIM 3HAYCHHEM
M3MEPEHHOHN BENMYMHBIL:

! Koneuno peus naéT 06 M3MEPEHHH TeX BETHUMH, 3HAUCHHS KO-
TOPBIX MOT'YT IPUHUMATh HENIPEPBIBHBIN PsiJi 3HAUEHUI.
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AX = Xi - Xucm’ (1)

20e AX — abcomomuas no2peuiHocms,
Xi — UBMEPEHHOe 3HAUEHUe GeTUUUHbL,
Xuem — UCMUHHOE 3HAYEHUE BEUHUHBL.

OrtHocuTeNnbHas MOrp€IIHOCTL — NOTPCUIHOCTD, BBIPA’KCHHASA B
JOJIAX HCTUHHOI'O 3HAYCHHA I/ISMepHeMOﬁ BCIIMYHUHBI:

E= ( Xi - Xucm ) / Xucm- (2)

OTHOcHTENbHAS TIOTPEITHOCTD U3MEPSIETCs MO0 B AOJSX €lU-
HUIIBI, MO0 B IPOLIEHTAX.

HcrouHnkamMu morpemHocTeli MOryT OBITh HECOBEPIICHCTBO
W3MEPUTENBHBIX MPHOOPOB, H3MEHEHHUE YCIOBUI M3MepeHus (TeM-
MepaTypbl, BIAKHOCTU U T.1.), HECOBEPIICHCTBO METO/Ia U3MEPEHUs,
CyOBbEeKTHUBHBIE (PAKTOPHI U IP.

[To cnocoOy moMy4eHUs] YUCICHHOTO 3HAYCHHS U3MepsSeMOMN
BEJIMYUHBI PA3JIMYAIOT IPSAMBIE U KOCBEHHBIE U3MEPECHHUSL.

Tpsamvimu uzmepenusMY HA3LIBAIOM USMEPEHUSA, 3AKTIOUAIOUfUE-
CAl 6 IKCNEPUMEHMANLHOM CPAGHEHUU USMEPACMOU BETUYUHBL C MEPOL
SMOU GETUYUHbL UTU 6 HENOCPEOCHBEHHOM OMCHEéme USMEPEHUll No
npubopy. 1lpumepsl NPsAMBIX U3MEPEHUH — W3MEPEHMs AJIMHbI JIMHEH-
KO, TEpMOMETPOM TEMIIEPATYPBI, HAMPSKEHUS BOIBTMETPOM U T.[I.

Kocsennvie usmepenus - amo usmepenus, pe3yivmam Komo-
PbIX Onpedensaiom Ha OCHO8E PACUEMO8 USMEPAEMOll 8eNUUUHbI, OC-
HOBbIBAIOWUXCSL HA NPAMBIX USMEPEHUAX U U3BECHOU 3A6UCUMOCHIU
MedxHcOy HUMU.

[IpuMep KOCBEHHBIX HM3MEPEHHM — ONPEIEIEHUE IIJIOTHOCTH
TeJa 10 U3MEPEHHOM Macce 1 00bEMy Tena. B 3ToM cinydae mMacca u
00BEM HM3MEPSAIOTCA HEMOCPEAICTBEHHO BECaMW W JIMHEHKO# (BO3-
MOXXHO MEH3ypKOH) — 3TO TIpsMble u3MepeHud. [ImoTHoCTh 3aTem

BBIYUCIISIETCS 110 U3BECTHOH dopmyne O = m/ V' - xocBennbie us-

MEpEHUSL.

[To 3axoHOMEPHOCTAM MOSABIEHMSI MOTPEIIHOCTH JENAT Ha Cu-
cmemamuyeckue U Ciydainble.

Cucmemamuueckoli noZpeutHoCmsplo HA3bIBAENCA COCMABIs-
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ouan nocpeuHoCmuy UsMeperus, KOmopas oCcmaémcs NOCMOAHHOU
UNU 3AKOHOMEPHO USMEHAEMC s NPU NOBMOPHBIX U3MEPEeHUAX OOHOU U
Mot dce BeNUYUHbI.

CucrteMaTHYeCcKre TOTPEITHOCTH MOYHO OOHApy>KUTh, JIHUIIb
MIPUMEHUB JpyTHe, Ooiiee TOUHbIE, CPEACTBA U3MEPEHHS WITH JIPYTYIO
MeTouKy m3MmepeHus. OOHapy>KeHHasi W OIIeHEHHAs cHCTeMaTHde-
CKasl TMOTPEUIHOCTh MOXKET OBITh MCKIIIOUEHa W3 pe3yibTara IyTéM
BBEJICHUS ITONIPABKH.

Ipumep. IlycTh Ha YalIeYHBIX BeCaxX B3BEIIMBACTCS HEKOTO-
pblit Tpy3. [Ipu 5TOM HCTOYHMKOM BO3HHKHOBEHHS CHUCTEMATHYECKON
MOTPEIIHOCTH MOXET OBITh, HAIPUMEP, HETOUHOCTh YCTaHOBKH HY-
JIEBOW OTMETKH (BeChl HE YypaBHOBEIIEHBI). Torga mpu KaxIoMm
B3BELIMBAHUU K pe3yibTaTy OyneT No0aBisTbCS HEKOTOpas CHCTe-
MaTH4ecKass OIIMOKa, paBHAas OTKJIOHEHHIO CTPEIKUA OT HYJIEBOTO
JeNeHus. 3Has 9TO OTKJIIOHEHHE, CHCTEMaTHIeCKYI0 ONTHOKY MOYKHO
WCKITIOYHUTP MyTEM €€ BBIYUTAHUS U3 PE3yNIbTaTa.

HeToyHOCTH YaleuHbBIX BECOB MOKET %

OBITh W W3-32 HEPABHOIUIEYHOCTH BECOB.

Torga macca maMepeHHOTO Tpy3a M Oyzaer [ |
HE paBHA Macce TUPh Ha BTOPOI YallKe Be- '
coB M, a Oyner

m:l_2M,

Pucynok 3. Yarieunsie Bechl

rae |; — nnHa medya co CTOpoHsI U3MEpsAEeMOro rpy3a, a |, — co cto-
poHBI THUPH (pHC. 3). DTy CHUCTEMATHYECKYIO MOTPEIIHOCTh MOXKHO
YCTpaHUTh BBEIICHHEM TomnpaBovHoro kodddunmenra l,/l,, Ha xoto-
pBIii Haso OyJeT KaXIbld pa3 YMHOXKaTh Pe3yJbTaT AJIsl KOMIICHCA-
UM CHCTEMaTHYECKOW MOTPEIIHOCTH. Y3HATh 3TOT KO3()(UIMEHT,
MO>KHO B3BECHUB TPY3 U3BECTHOI MacCHI.

Bo3sMmoskeH Takke U Ipyroi crnoco0 ycTpaHEHHUs OLIMOKH U3-32
HEPAaBHOIUIEYHOCTH BecoB. Hamo momMeHATs MecTaMu THpIO M B3Be-
muBaeMbIi Tpy3. Torma, ecmu M; — Macca TUpu ypaBHOBECHUBIIICH
rpy3 MOCJe ePECTaHOBKH, TO
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[lepeMHOXXHB 5TO W TPEABIAYIIEE PABEHCTBA, TTIOTYIHM
m=.\M-M,.

Taxum 00pa3oM, 3HasA UCIMOYHUK BO3HUKHOGEHUS CUCIEMAamu-
YecKol NOZPEUHOCIU, €€ MOJCHO YCIMPAHUMb.

Cnyuaiinas nozpeuwtHocms — NOSPEUHOCHb UMEPEHUs Kd-
KOU-TU60 GeNUYUHbL He UMEIoWas 3aKOHOMEPHOCMU C80e20 Nossie-
HUS, 4 MEHAIOWAsCs CAVYAUHbLIM 00pA30M OM 00HO20 U3MEPeHUs K
opyaomy.

HecmoTpst Ha TO, 9TO 3TH MOTPEIIHOCTH CITy4YaiHbI, TIPH MPO-
BEICHUHU OOJBIIOTO YKcia U3MEPEHUH B MOBEICHUH CIIyYailHbIX I1O-
IPEIIHOCTEN MOXHO HalUTH cmamucmuieckue 3aKOHOMEPHOCTH.

CryyaiiHble TIOTPEITHOCTH MPOSBIISIIOTCS B HETIOXOXKECTH BCEX
pe3ynbTaroB. Bee pesynbTaThl pasnM4HBL, HO TPYIIHUPYIOTCS OKOJIO
HEKOTOpOro cpenHero 3HadeHus. CiydaiiHble MOTIPEIIHOCTH BbI3bIBa-
I0TCSL OOJTBIIMM KOJIMYECTBOM TaKUX (hakTOpOB, dP(EeKThI BO3MEHCTBUS
KOTOPBIX CTOJIb HE3HAYMTENbHBI, YTO MX HEIb3sl BBIICIUTh U Y4ECTh B
OTAENBHOCTU. DTH MOTPELIHOCTH HENb3sl UCKIIOYUTHh B KOKIOM KOH-
KPETHOM HM3MEPEHHH, HO MX MOXKHO Y4YeCTb IIPU OOJIBILIOM KOJIUYECTBE
HM3MEPEHUI UCTIONB3YS aNapaT TEOPUU BEPOSITHOCTEM.

HOI‘peH.IHOCTI/I CpCACTB U3MCPCHUSL

Kaxnoe cpeactso usmepeHus npeanoaaraeT HeKOTOpyro TOU-
HOCTb M3MEPEHUs. MHCmpyMeHmansHas nocpeunocmy UsMepenus —
nOZPewHOCmb U3-3a Heco8epulencmea cpeocmea usmepenus. s
M3MEPHUTENHHBIX TPUOOPOB HOPMUPYIOT TOTPEITHOCTH, T.€. OMpeie-
JIAIOT TpeAesbl AOMyCKaeMO MOTPemHOCTH U YCIOBHS, TIPU KOTO-
pBIX obecnieunBaeTcs 3aaHHas NOrpemHocTh. Beé 310 mpuBoauTes
B TEXHUUYECKON JIOKYMEHTAIMH Tprubopa.

IIpumep. Asromartnueckuii ToHOMeTp UA-767 umeer mo-
IPEIIHOCTh U3MEPEHHUS apTepUAILHOTO IaBJIeHUs He Oosee 3 MM. pT.
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CcT. (abcomoTHAs MOTPENIHOCTE) U He Oonee 5% mnpu n3MepeHnn va-
CTOTHI ITyJIbca (OTHOCHUTEBHAS ITOTPEITHOCT (3TH JaHHBIEC TIPUBEJIC-
HEI B €T0 IACIOPTE).

TouHOCTh TIPUOOPOB MOKET OBITH CaMOU pa3HOW, MO3TOMY
IUTE  OOJIETYEHUS] OPUEHTHPOBKH OCYIIECTBISIIOT KiacCH()HUKAIIHIO
CPEICTB U3MEpPEHUs 110 KIaccaM TOYHOCTH.

Knacc mounocmu — 0606wénnas xapaxmepucmuxa cpeocma
usMeperus, onpeoenauas Oonycmumvle npeoenvl Oiisi 6cex MNo-
epewHocmett smux cpeocms uzmeperuti. Kiacc TOIHOCTH OOBITHO
OTpefeNisieTcs Yepe3 OTHOCHTENBbHYI0 NOrpemHocTh npubopa. Cy-
LIECTBYIOT KJIacChl TOYHOCTH.

Uwcro, onpezenstomniee K1acc TOYHOCTH 0003HAYaeT OTHOCH-
TEJIBHYIO MOTPEUIHOCTh B MPOIICHTAX:

szg-loo%'
X

H

rze X, — HOpMUPYIOILlee 3HaUeHUE U3MEPIEMON BEINUHHBI.

OHO npUHUMAETCS KaK

® KOHEYHOE 3HAUCHHE LIKAJIBI MPUOOPA;

® CyMMa KOHEYHBIX 3HAUYEHUH MIKaIlbl IprOopa (eciau mocpenn
HUX HaXOJUTCS HyJIeBas OTMETKA);

® HOMHHAJIBHOE 3HAUYECHUE HM3MEPSEMON BEIMYUHBI (€CIIH OHO
YCTaHOBJICHO);

® JUIMHA IIKaJbl (€CIM KOHEYHOE 3HAa4YeHHe He ONpeieleHO,
HaTnpuMep, PaBHO OECKOHEUHOCTH).

OTHOCHUTENbHAS TMOTPEIIHOCT, TPHUOOPOB, OIpeaessIeMast
KJIACCOM TOYHOCTH, HOPMHUPYETCSI Ha «HOPMHUPYIOIee 3HAUCHUE W3-
MepsieMol BeauduHB. OIHAKO MPH OTKJIOHECHUU H3MEpsSEeMOil Be-
JUIUHBI OT HErO TOTPEITHOCTh MOKET CYIIECTBEHHO OTIMYATHCA.
OOBIYHO TIOTPEUTHOCTh BO3PACTAET NPU YMEHBIICHHH H3MEPsSeMON
BenuuuHsbl. [IpuBeném npumep.

IIpumep. IlycTh uMeETCS HEKOTOPBIA BOIBTMETP CO IIKAION
ot 0 70 100 B co 100 nenernsmu Ha mikane. OTCUUTHIBAEMbIE YEIIO0-
BEKOM MOKa3aHUs rapaHTUpyroTcs ¢ TouHocThio 10 0,5 B. Ecnou no
3TOMY BOJBTMETPY OTCUHTaHO 67 B, TO Ha caMOM jeme 3To TAe-TO OT
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66,5 no 67,5 B. [JlomyctrM, 9T0O BOJBTMETP MOKA3BIBAET HAMIPSIKCHHE
TOYHO. 3HAYUT, a0COTIOTHAS TIOTPEITHOCTH OTHOTO U3MEPEHHUS paBHA
0,5 B. Taxk kak mkana nmeet nenenust ot 0 1o 100 B, To B xauecTBe
HOPMUPYIOIICH BEIMYWHBI JJIs KJIacca TOYHOCTH HMPUHUMACTCS KO-
HeyHOe 3HaueHue mKkaiel, T.e. 100 B. 3HaunT oTHOCHWTENBHAS HOP-
MHPOBaHHAs TIOTPEITHOCTE 3TOT'O BOJIBTMETPA:

gzgloo%:EIOO%ZO,S%
X 100

M ero kjacc TOYHocTH - 0,5. DTa BenMunHA ITOKA3hIBACT «KA4YECTBO
I/I3MepI/ITCJII)HOFO HpH6opa>> U ITO3BOJIACT CpaBHI/IBaTI) €ro C [IpyFI/IMI/I
BOJ'II)TMCTpaMI/I.

OpnHako Ha caMOM Jiefie OTHOCUTENbHAs TOTPENTHOCTh HAIIETO
M3MepeHust OyIeT IpyTrou:

5=%-IOO%=O,75%-
67

A TIpu W3MEPEHUU MaJIbIX HAIpPSDKCHUH aOCONIOTHAsS I1O0-
IPEIIHOCTh MOXeET emé OoJiee CYIISCTBEHHO BO3PACTH, HAIPUMED
pu otcuéte 9 B oTHOCHTENBHAS TOTPEITHOCTE OYIET yxe 5,6%:

8:%-100%:5,6%

W3 npuBen€HHOrO mpuMepa CiELyeT, YTO IIPU INPOBEACHUU
M3MEPEHHI ClIeyeT CTPEMUTHCS K TOMY, 4TOOBI H3MepsieMoe 3Haue-
HUe ObUT0 OJIM3KO K HOMHHAJIBHOMY. DTOT0 MOXHO JOCTHYb IpUMe-
HS COOTBETCTBYIOIUE CPEJCTBA M3MEPEHHS WM ITYTEM HCIOIB30-
BaHUsI MHOTONPEEbHBIX NMPHOOPOoB. Hanpumep HamnpspkeHne n3Me-
pserca BonbTMETpoM ¢ npenenamu usmepenus 0,1 B, 1 B, 10 B u
100 B. N3mepsiemoe 3HaueHue HanpsbkeHHUs okosio 7 B (ero cnepyer
OIIEHWTH Ha HanbombiieM mpexaene miMmepenwii — 100 B). Jlorununo
M3MEpPATHh TAKyl0 BEIMYUHY HANpsDKEHHS Ha mpeaene n3mepeHus 10
B. IIpu sTtoM mpubop He «3amKamuT» U OyIeT AOCTUTHYTa MaKCH-
MaJbHO BO3MOJKHAs! TOYHOCTb.
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CryyaitHple TOTPENTHOCTH

3aKOHOMEPHOCTH TMOSABJICHHUS CIIy4aiHBIX MOTPEIIHOCTEN Mpo-
SIBIISTIOTCSL JIMIIb TPU OOJBIIOM KOJIMYECTBE MPOBEIEHHBIX H3MEpe-
Huii. OHHA BBI3BIBAIOTCS OOJBIITUM KOJIMYECTBOM (PAKTOPOB, BO3IIEH-
CTBHE KOTOPBIX HE3HAUNTENFHO WM HEBO3MOXKHO YUECTh B KaXKIOM
KOHKpEeTHOM ciydae. MckiounTh BIUSHHE CIy4YalHBIX OLIMOOK
MOJXKHO JIMIIF Ha OCHOBE JIOCTATOYHO OOJBIIOTO KOJWYECTBA H3MeE-
peHuUil.

HecmoTtpss Ha TO, 4TO HEBO3MOYKHO TOYHO HMPOrHO3UPOBATH
CIIy4ailHyI0 MOTPEIIHOCTh MPU KaXXJI0M HU3MEPEHUU, BCE KE MOKHO
BEISIBUTH PSiJ] 3aKOHOMEPHOCTEH B X TIOBEICHHH.

CBoiicTBa ciy4aiHBIX TOTPENIHOCTEH:

1. CnyuaiiHble TOTPEIIHOCTH HE MOTYT MTPEBOCXOJHUTH 10 a0-
CONIIOTHOW BENWYMHE OMNpPEAeNEHHOTO TMpenesa, 3aBUCSIIETO0 OT
YCIIOBUI M3MEpEeHUs], JTUYHBIX KAa4eCTB OIMEepaTropa, BHEUTHUX YCIO-
BUU U T. [I.

2. llomoxxurenbHbIE W OTpUIATENBHBIC CITydaiiHbIE TTOTPEII-
HOCTH BCTPEYAIOTCA NPUMEPHO OAWHAKOBO 4YacTo. llosToMy mpwm
OONBIIOM KOJIMYECTBE H3MEPEHHH cpeaHee apudmMeTHuecKoe u3
CIIyYaHBIX IMOTPENIHOCTEH CTPEMHUTHCS K HYNIO TPH yBEIHMYCHHU

n
uncia uzmepenui (1im Z Ax; =0).
n—>0
=

3. Uewm Ooubliie ciyyaiiHasi HOIPEIIHOCTh 10 a0COJIFOTHOM Be-
JINYHMHE, TEM PEXKE OHA BCTPEUaeTCsl.

Ilycth X1, X2, X3, ... Xy — 3HAYCHUS] HEKOTOPOW BEIUYUHBI X,
HU3MEpPEHHBIE B N OMBITAX, & X, — ACTUHHOE 3HAUCHHUE HU3MEPsAeMOi
BeIUuMHBL. Jlanee, mycTh cuCTeMaTHUECKas MOTPEIIHOCTh paBHA HY-
mo. Torma

Axl = X1 Xuem
AXZ = X2 = Xuem
AXS = X3 = Xuem

Axn = Xn = Xuem

- CHy‘laﬁHBIe NOrpeIHOCTU OTACIIbHBIX I/I3MCpCHI/II7L
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CoKuM 3TH paBeHcTsa. [omyunres’

n

n
ZAxi = Z'xi - n'xu(‘m
i=1

i=1

BrIpazum U3 3TOTO paBEHCTBA UCTUHHOE 3HAYCHUE X, p:-

CoriacHo BTOPOMY CBOMCTBY CIIy4alHOM MOTPEITHOCTH BTO-
poe craraemMoe JIEBOH 4acTH CTPEMUTHCS K HYIO TPH OOJBIIOM KO-
JINYECTBE U3MEPECHUH, T.€. TIpU N—> co. Eciu 0003HAYUTh MEPBOE Clia-
raemoe (cperHee apupMeTHIECKOE U3MEPEHHI) KaK

n
in
x — i=1 ’

n

@)

TO
x =limXx

ucm
n—>0

DTO paBEHCTBO BEPHO NPHU N—»co, HO MM MOJIB3YIOTCS M IIPU
HEOOJIBIINX N.

Wtak, B Kauecmee OyeHKU UMepsaemMoll 8eludunbl NPUHUMA-
emcsi cpedHee apugmemuueckoe pe3yibmamos npoeeOEHHbIX U3Me-
penuil’,

% 3/1ech CHMBOIIOM ¥ 0603HAUCHA cyMMma, Ileé CyMMHpPOBaHHUE Be-
nétes 1o uHAekey i ot 1 go N, T.e. mpuBenéHHas GopMmysia SKBUBaJICHTHA
AXy + AXy +AX3 + ..o AXy = X+ Xo + X3t o Xp - Xuer = Xuer = Xuer = -+ = Xyere
Takas cokpaniénnas 3anmuck ropaso Kopode U yJooHee.

® MOXHO 1OKa3aTh, 4TO CyMMa OTKJIOHCHHMIl OTHENBHBIX H3Mepe-
HHUI OT UX CpPeIHero apupMeTHIECKOTO B TOYHOCTH paBHA HYINIO MPH JIO-
661x N. Kpome Toro, cymMmma KBaipaToOB OTKJIOHEHHUH OTIENBHBIX U3MEPEHUH
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Tlocne npoBeaeHUs M3MEPEHUN Ba)XHO HE TOJIBKO IMOKA3aTh,
YeMy paBHA FICKOMasl BEIWYNHA, HO M YKa3aTh TOYHOCTH, C KOTOPOM
HalJEHO 3TO 3HAYECHHE.

st OLleHKM TOYHOCTH M3MEpPEHUM MOKHO MPUMEHUTH BEJU-
YUHY norpeurHocTd AX;. OnHako OHa pa3iu4Ha Ui pa3iuyHbIX U3-
MEpeHHH, a e€ cpeHee 3HaUeHHE W BOBCE OJIM3KO K HYIIO U HE OT-
paXkaeT peabHOM OMMMUOKN OTAEIBHBIX H3MEpeHH. bosee Toro, mei-
CTBHUTEJIbHOE 3HAYCHHUE MOTPEUIHOCTH BOOOIIE HEU3BECTHO, TaK Kak
HEU3BECTHO NCTUHHOE 3HAUYEHUE U3MEPSEMON BETUUNHBI.

OO0oiTH yKa3aHHBIE TPYTHOCTH MOXKHO BOCIOJB30BABIINCH
TEM, YTO MpH OONBIINX N cpegHee 3HAYCHUE BEIMYHHBI X OJM3KO K
WCTUHHOMY 3HAYCHHIO STOU BEHYUHBI X.,. 1103TOMY OTKIOHEHHS
OT Cpe/IHEeTO 3HaYCHUs OJM3KH K CITyYaitHBIM MTOTPEIIHOCTSIM:

xi -X zxi _xucm )

To4yHOCTh M3MEPEHUI MOXKHO OBLIO OBl OLIEHUTH MO CPETHEMY
3HAYEHUIO TMOTPEUIHOCTH, HO OHO PaBHO Hymto. s TOro 4toObl
CllyyailHble MOTPEIIHOCTH MPHU HAXOXIEHHHM CPEAHEro HEe KOMIICH-
CHPOBAJIM IPYT Apyra U3-3a PasjInYHbIX 3HAKOB, UX MOXKHO BO3BECTH
B KBAJpPAT, a 3aTeM YXKe HaxomuTh cpennee’. Cpeduee snauenue
K6aopama pasHoCmu MednHcoy UMEPEeHHbIM 3HAYEHUeM GelUdUHbl U
€€ UCTMUHHBIM 3HAYEHUEM HA3bl8AETNCs OUCNEPCUelL:

n

Z (xi ~ Xuem )2
D=H———. (4)

Tak Kak HaXOAMUTCS CpellHEE OT KBaJpaTOB Pa3HOCTEH, TO JTUC-
[epCcusl U3MEPSETCA B €IMHULAX U3MEPEHUS BEJIUYMHBI X B KBaJIpaTe,
HaIpuMep, €CIIA X — JUIMHA, U3MEpsieMasi B METPAX, TO €€ Jucrepcus
HU3MEPSIETCS B M°. ITO He OUYCHb yI00HO W TIOTOMY I XapaKTepH-
CTHKH BEJTMYMHBI OIIMOKH YacTO UCIOJIB3YIOT KOPEHb U3 AUCIEPCHH
— cpedHeK8aopamuiecKkoe OmKIOHEHUe.

OT HEKOTOPOr0 4YMCiia MUHMMAJIbHA B TOM Cily4dae, €CM 3TO YHCIO - WX
cpenHee apuMeTnIecKoe.

4 Bo3MoxHO HE TOJIBKO BO3BCJICHUE B KBaJApaT, HO U B3ATHUC MOIY-
JIs1, BO3BCJICHUC B lIéTHyIO CTCIICHb U T. II.

26



CpenHekBaIpaTHIeckoe OTKIIOHEHHE €CTh KOPEHb U3 TUCTICPCHH:

o=AD. (5)

Ero eauHunp! u3MepeHus: COBHANAIOT C €IMHHLAMH H3Mepe-
HUS U3MEPSIEMON BEJINYHHBI.

Ilo xOHEYHOMY KOJIMYECTBY pE€3yJIbTaTOB M3MEPEHUI HENb3s
OTNPEAETUTh TOUYHOE 3HAYEHUE X(p, @ TPUXOAUTCA MOJIB30BATHCS €TI0
OILICHKOW — CPEJHHMM 3HadeHueM X . [103TOMy TOYHO OIpEeeITUTh
3HAYEHHE CPEIHEKBAJAPATHUECKOr0 OTKIOHEHMs Henb3d. B Marema-
TUYECKON CTATUCTUKE JOKA3bIBAETCS, YTO Jy4ylIeH OLEHKOW CpellHe-
KBaJpaTHYECKOTO OTKJIOHEHHs SBJISeTCS TaK Ha3bIBAEMOE UCHpAs-
JleHHoe cpeOHeKgaopamuyeckoe OMmMKIOHeHue (Ulu 6blO0pOUHOe
cpeoHexkeadpamuieckoe OMKIOHeHuUe):

(6)

OHO BBIYHCIIIETCS TaK K€ KaK U o, HO B 3HAMEHATEJIE CTOUT HE
n, a n-1. Kpome TOro OTKIIOHEHUSI OTCUUTHIBAIOTCA HE OT Xy, @ OT
CPEIHEro 3HAYCHUS X 5. st cpemHeKBaApaTHIECKOTO OTKIIOHEHUS U
WCTIPABICHHOTO CPEIHEKBAIPATHUIECKOTO OTKJIOHCHHS WHOT/AA MPHU-
MEHSIOTCSI 0003HAYEHUS
On ¥ Opa1.

Pacnpenenenue ciay4aifHbIX OmIMOOK

[Ipu paccMOTpeHHH OOJIBIIOrO KOJMYECTBA OINMOOK Kako-
ro-mudo u3MepeHust 0OHAPYKUBAIOTCSI HEKOTOPbIE, TAK Ha3bIBACMBbIC
CTaTUCTUYECKUE, 3aKOHOMEPHOCTH. OKa3bIBACTCSI, YTO JIOJISI OIINOOK
n3 J000TO BRIOPAHHOTO WHTEpPBaja WX W3MEHEHHSI OKa3bIBACTCS
MIPAKTUYECKU TTOCTOSIHHOM (IIpH OOJIBIIIOM KOJMYECTBE H3MEPEHUH ).

®> MOXHO T0Ka3aTh, YTO €CIH HAXOMWTh PA3HOCTH MEXKIY H3Me-
PEHHBIMH 3HAYEHUSAMHU U IPYTUM YHCIOM, HE CPEIHUM 3HAYCHHEM BEINYH-
HBI X , TO CPEMHSAS PA3HOCTH KBAAPATOB OyAET GOJIBIIE. TO €CTh AUCTIEPCHUS
— MHUHHUMAJIbHAS CPETHSS pa3HOCTh KBAaIPATOB.
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OmuocumenvbHOU 4acmomou nonaoanusi ouudoxku AX 6 unmep-
6an (A% ; AXi+1) Ha3bI8AEMCS OMHOWEHUE KOTUYECNEA NOYYEHHBIX 6
pesynvmame usmepenull OumuboK, Nonaoarowux 6 SMom UHMepeai, K
00wemy Yucny usmepenulL:

m
w =", 7)
n
20e M — yucno nonadanuti owmbku AX 6 unmepsan (AX; ; AXivr);
N — obwee wucio usmepeHuil.

Oxa3zpIBaeTcs, 4TO €CIM CIydaliHble OMIMOKH BBI3BaHBI OOJIb-
[IAM YHCJIOM MaJO3HAYHUTEIbHBIX (DaKTOPOB, TO KaKUMHU OB OHU HU
ObUIH, ClTydaliHble ONIMOKU TOJYMHSIOTCSA TaK HAa3bIBAEMOMY pac-
npezenenuto ["aycca, nim HopmMaabHOMY pacipesaeneHuo. OHO omu-

ceiBaeTcst GopMyIon

1 _(axy
f(bx)=—=-e 2" (@)
o2r

rac€ o - CpEAHCKBAAPATUICCKOE OTKIIOHCHUE.

I'paduk >T0#1 GyHKIMHN TpeAcTaBieH Ha pucyHke 4. OyHKuus
f(4AX) naspiBaeTcs (yHKUMEW IUIOTHOCTH BEpOSTHOCTH. EE cmbich
COCTOMT B CIICYIOUIEM: CpeOHss 00l KOIUYeCmed nonaoanus eeiu-
yunvl AX 6 unmepean (AX; ; AXiv1) pasna f(AX)(AXivy - Ax;). Hampu-
Mep, ecau 3ta goist paBHa f(AX) (AXivy - A%)=0.02, To u3 100 usme-
pEeHHH, CKOpee BCEeTo JiBa AaayT OIIUOKY, MPHHAIICKAILYIO YKa3aH-
HoMmy wHTepBany. Ha pucynke 4 mokazan wuTepBanm (AX ; AXjs1).
[Ipomssenenue ero mmpuHbl (AXi+1 - AXj) Ha 3HaYeHHWE (YHKIHH
WIOTHOCTH pacnpenesenus f(AX) (rae -AX MpUHAISKUT HHTEPBATY
(AXi41 - AX;)), maéT IomAaL TPSIMOYTOJIBHUKA, TOKA3aHHOTO Ha PH-
CyHKe. DTa IUIOmaJb 3aBHCUT OT BBICOTHI NPSAMOYTOJbHUKA (TIpH
(PMKCHPOBAHHOW IIMPHHE), TIOITOMY, 4eM OoJiblile 3HaYeHHe (PyHK-
UM TDIOTHOCTH BEPOSITHOCTH, TE€M Halle AX MpHUHUMAaeT TaKue 3Ha-
genns’. M BooOIIe, 1071 mONafanus (BEPOSTHOCT TOMATAHIS) Be-

6 Jons momanaHus BENHYHHEI AX B MHTEpBal (-00; +00) OUEBUIHO
paBHa 1, T. e. AX Bcerna momagaer B HHTEpBAI (-00; +00). 3HAYHT IUIOMIAb
101 BCEM KpUBOW HOPMAJILHOTO pacrpe/ereHus paBHa 1.
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JHYHMHBL AX B IPOM3BONIBHBIN HHTEPBAT (AX; ; AXi+1) paBHA IUIOMIAAN
KPHUBOJIMHENHON Tpanenuu, IOCTPOCHHOM Ha 3TOM UHTEPBAJIE.
W3 rpaduka HOpMaIbHOTO pacIpeneNeHusl CleAyeT, YTO Ma-
JIbIe 3HaUeHHS AX BCTPEUAIOTCS 4acTo, a OONbLINE — PEIKO.
3HaueHNe CpPeTHEKBAAPATHUECKOTO OTKIIOHEHHS OIIpeessieT
TOYKHU Tepernda rpaduka (mpu AX = o rpaduk UMeeT TOUKH Tepe-
ruba). Kpome toro, moutun Bech rpaduk ymemaercs B WHTepBaje

(-30; 30).

M frﬂx )
1
17 A
If( Ax
H
-3a - a S
Axy Yooy, L, LS T,

Pucynok 4. HopmansHOe pactipenenenme

HarnsaHo# wumocTpaiueii rpagyuka HOPMAJIBHOTO pacipeie-
JICHUS MOXKET CIY>KUTh MOJEIb, COCTOALIas M3 Kopoba, B BepXHEH
4acTU KOTOPOro uepe3 HeOOJbIIoe OTBEPCTHE MOJAETCs] HEKOTOPBIN
CBIITy4ni MaTepual (3epHO, MECOK U T.II.), a B CPEeIHEN YacTH HEyIo-
psinodeHHO BOWTHI MajeHbKue rBo3au. Korna wacTuubl magaroT U3
OyHKepa, Ha CBOEM IIyTH OHHM BCTPEUAIOT NPEMSTCTBU (TBO31H), OT-
KIJIOHSIOIIME MX OT MpAMOJIMHEHHOro IBXeHHUs. OTKIOHEHHE B Ty
WM UHYIO CTOPOHY paBHOIpaBHO. [Ipoxoss myTh BHM3, YacTHIIA HC-
MBITBIBAET MHOTO MEJIKUX BO3MYIIEHHH, OTKIOHstomuX e€. Ilonst-
HO, YTO 3TH OTKJIOHEHHMS MOTYT KOMIIEHCHPOBATbCA, a MOTYT H
Ha00OpOT, MPUBECTH K CHIILHOMY OTKJIOHEHHIO OT ITEPBOHAYATIEHOTO
HampasiieHUs. B pe3ynbraTe 4acTh 4acTHUIl OTKJIOHUTBCSA CHIIBHO, a
qacTh cnabo ¥ BHU3Y, MOCIE€ MHOTOYMCICHHBIX OTKJIIOHEHHH 4YacTu-
bl 00pa3yloT XapaKTEPHYIO KapTHHY, COOTBETCTBYIOIIYI0 HOPMaJlb-
HOMY pacIpe/ieeHuIo.

Tak ke Kak U B IPHUBEJEHHON MOJENN NPU U3MEPEHUAX MHO-
KECTBO MEJTIKUX CIy4YalHbIX (aKTOPOB MPUBOJUT K OTKIIOHEHHIO M3-
MepsieMOi BETMYMHBI OT CBOETO HCTUHHOTO 3HaueHus. [Ipu aTom Kak
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cama m3MepsieMasi BeTUUHHA’, TaK M OMMOKA MOTydaeTCsi pacipesie-
NEHHO# T10 HOPMATBEHOMY 3aKOHY’.

YacToTy NOsIBIICHHSI Pe3yJbTaTOB MOXKHO OTOOpa3uTh rpaduue-
CKH B BUAC 2UCOSpamMMbl. [l 3TOro Bech HHTEPBAI U3MEHEHHS H3Me-
psieMOil BENMUMHBI JETUTHCS HA HECKONIBKO MHTEpBaIOB (=5...10) u
MOACUUTHIBACTCS KOJIMYECTBO MONATaHNs PE3yIbTaTOB U3MEPEHHUI M B
KKIbI MHTEpBaI. 3aTeéM CTPOMTCS I'MCTOIpaMMa, MPECTABIISAOIIAs
coboli cTyneHdaryto (GUrypy, COCTOSIIYIO U3 MPSIMOYTOJIBHUKOB, OCHO-
BaHMSIMH KOTOPBIX CIIY)KaT OTPE3KH, H300pakarolye nHrepBaisl (AX; ;
AXi+1), @ BBICOTA paBHA 9acTOTe M (MIIM OTHOCHTENLHOM dacToTe M/N)
nomnagaaHus U3BMEPCHUA B 9TH UHTCPBAJILI.

IIpumep. Ilpu npoBeneHUM HU3MEPEHUS PEAKLUU YEIOBEKA
OBLIH TTOITyYeHBI CIIEAYIONNe TaHHbIe (Tad. 4):

Tabmuia 3 — DKkcreprUMeHTAIbHBIC TAHHBIC

Ne t,c Ne t,c Ne t,c Ne t, ¢ Ne t,c

1 0,29 11 0,31 21 0,3 31 0,2 41 0,32
2 0,26 12 0,22 22 0,47 32 0,21 42 0,08
3 0,25 13 0,34 23 0,25 33 0,16 43 0,26
4 0,25 14 0,26 24 0,41 34 0,24 44 0,29
5 0,13 15 0,09 25 0,25 35 0,23 45 0,09
6 0,27 16 0,27 26 0,4 36 0,18 46 0,16
7 0,3 17 0,25 27 0,33 37 0,16 47 0,25
8 0,34 18 0,25 28 0,46 38 0,15 48 0,2

9 0,26 19 0,23 29 0,39 39 0,04 49 0,4

10 0,29 20 0,33 30 0,09 40 0,07 50 0,04

Becr nnTEpBaN N3MEHEHUST BPEMEHH PEAKIIH MOXKHO Pa30UTh
Ha 7 unTepBaioB mupuHoi mo 0,075 c: (t; ; tiv; ). Huke mogcunta-
HO, CKOJIBKO pa3 TOMaJaeT BpeMs peakllii B yKa3aHHbIE HHTEPBAJIbI
(uurciio m). JlaHHBIE IpUBEICHBI HIDKE B Tabmuie (Tadi. 4).

7 v
Pacnipeenenue uzMepsieMoid BETMIMHBI OyIET MOX0XKE Ha pacrpe-
neneHue €€ omuOKu, HO €€ rpaQuk OyJeT CMENIeH Ha BEIMYMHY X !

(%)
f(x)

:71 e 20 -
V2ro
® Pacnipesenenue ommMbKY MO HOPMANBLHOMY 3aKOHY OyaeT HaOiio-
AaTbCda B ClIyda€ HaJIU4UA OOJIBIIOTO KOJHUYECTBA MEJIKHX BO3MYHIAOIIUX
¢akTopoB. Eciu 310 He Tak, TO BO3MOXHBI U JPYTrHe BUABI pacpeIeIeHus
OIHOOK.
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Tabmuma 4 — ViHTepBabl BpeMEHH

(ti; tisa)
0-0,075
0,075-10,15
0,15-0,225
0,225 -0,3
0,3-0,375
0,375-0,45
0,45-0,525

N A ollg|o|o|w|3

[lo 3TiM JaHHBIM NOCTpPOEHA rHCTOrpaMma. Taxke TaM HapHco-
BaHa KpUBas, MPOXOIIas Yyepe3 LEHTPhl MPsSMOYTOJbHUKOB. BumaHo,
YTO OHA HAIIOMUHAET KPUBYIO HOPMAJILHOTO pacipeneneHus (puc. 5).

m 20

3; 7
o 7 \

8 /1 \

E - \""‘-..

24 [y,
0

0,074 0,145 0,224 0,3 0,374 0,45 0,625

Pucynok 5. HopmansHOe pacnpesenenue

ToueuHsle OLICHKH

Bce m3MmepeHus mpou3BOAATCS C HEKOTOPOH OMIMOKOW, W
MPAaKTUYECKH HEBO3MOYXKHO TOYHO U3MEPUTh HUKAKYIO BEJIMUUHY.

N3meputh HEKOTOPYIO BEIUYHMHY — 3HAYUT OLIEHUTh €€ UCTUH-
HO€ 3HaYEHHUE U yKa3aTb TOUHOCTb ITON OLIEHKH.

To4YHOCTH OLIEHKM MOYKHO yKa3aTh C IOMOIIBIO aOCOJIOTHOU
WM OTHOCHTEIBHON morpemHocTd. OJHAKO MpH HAJHYWHU CIydaii-
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HBIX OIIMOOK BO3MOXHBI M OOJIbILINE U MaJIble a0COIIOTHBIE TIOTPelL-
HOCTH, NpHUYEM Majble BCTpedarorcs: damie. Kazaiaoch Obl, MOXXHO
yKa3blBaTh B KAa4eCTBE MOTPEIIHOCTH CpeAHee KBaJIpaTHUYECKOE OT-
kioHeHue. Ho 3HauuTenbHAs AOJS M3MEPEHHH MMEeT TOrpeIHOCTh
IIPEBBILIAOILYIO €T0.

[IpunsTo 6 Kauecmee abconOMHOU NOSPEUHOCIU YKA3BbIBATNb
makoe eé 3Hayenue, ymo 0011 AOCONOMHBIX HoZpeunocmet, npe-
svluiarowux smom nopoe mana. QbviuHo 0013 owUOOK, He npegvl-
warowux yxazauwiii nopoe, pasua 0,90; 0,95 unu 0,99. Sma odonsn
Hazvigaemces Haoéxcnocmoio. Tak, ecii HaI&KHOCTh yKa3aHHOM MO-
rpemHocTd 0,95, TO 3TO O3HAYAET: MPAKTHUYECKH TOCTOBEPHO, UTO
npu nposeaeHud 100 mamepennit 95% ommbok OynyT MeHee yka-
3aHHOM MOTPELIHOCTH, a 5% OoJble €.

YacTo pe3ynbTar MpencTaBIsSIOT B BHJE UHTEpBala, HAKPHIBa-
IOLIEr0 UCKOMOE 3HaUCHHE C 3aJaHHOW Hall&KHOCTBIO.

JoBepUTenbHBIM HA3bIBAETCSI UHTEPBAJ, KOTOPBIN C 3aJaHHOU
BEpPOATHOCTBIO  (HAAEKHOCTHIO), Ha3bIBAEMOM  JIOBEpUTENIbHOM,
BKJIIOYAET HCTHHHOE 3HAUYCHHE U3MEPSEMOM BETTMYUHBI.

Ecnu usmepsiemasn eenuuuna ne umeem ceoeco moyHo2o 3Haue-
HUsA, MO npu onpeoeneHuu 008epumenbHo20 UHMep8ana noopazyme-
8aiOm, UMO OH HAKPbIBAEm CpeOHee 3HAYEHUe USMEPAeMOU BETUYUHDL.

B npugedénmnom gviiue npumepe MOACHO OYEHUMb ¢ HAOENCHO-
cemwio 90% unmepsan (0,075,0,45), codepacawuii cpednee 3nauenue
epemenuy peakyuu. /leticmeumenbHo, 8bIHUCTIEHHOE CpedHee 3HAUeHUe
0,2454 ¢ nescum 6 smom unmepsaie (OHO OIUKO K UCHUHHOMY
cpeonemy 3uauenuio). Kpome mozo, monvko 5 pesynomamos u3z 50 ve
npunaonexcam smomy unmepsany. Moxcno ykazamv u opyeue um-
mepsanvl. Hanpumep (0,15;0,375) maxoice exniouaem cpeouee 8pemst
peakyuu, Ho HAOENCHOCMb IMOU oyenku yace 72%, mak kak 14 pe-
3YILIMAMOG eHCUM 30 npedeiamu 3mozo unmepgana. Buono, umo
OoJpImeit HaE&KHOCTH COOTBETCTBYET 0OJiee MUPOKUI TOBEPUTENb-
HBIA MHTEPBAIL. JMo Cnpageodauso u s NPOU3BOIbHO20 CLYUA.

B cnyyae Hopmanvnozo pacnpedenenus wupuna doeepumens-
HO20 UHMEPBANA ONpedeNsiemcsl 6eIUUUHOL CPeOHeK8aA0PaAmu4ecKo20
OMKIOHEHUSL.

[IpaBuio TpE€x CUrM: MPaKTUYECKU TOCTOBEPHO, YTO OTKJIOHE-
HUE WCTUHHOTO 3HAYEHWS H3MEpSeMO BEIMYMHBI OT CPEIHETO
apu(METHIECKOr0 3HAYCHUs PEe3yJIbTaTOB M3MEPEHUI HE MPEBOCXO-
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JUT YTPOCHHOH CpelHEW KBaJpaTUYECKOM MOrPEHIHOCTH 3TOr0 H3-
MEpPEHHSL.

Ha camom dene naoéxcrnocmo marotii oyenxu oxono 0,9973, m.
e. eblcoKa, Ho ecé dnce He 100%.

B npusedénnom sviuie npumepe cpeonee xeaopamuueckoe om-
xnonenue ¢ = 0,102861, nosmomy npakmuuecku 00CmogepHo, umo
UCKOMOE 8peMsL PeaKyuu 8 OOHOM U3MEPEHUU He 8blIl0em 3a NPpedeiibl
(10,2454 — 3 - 0,102861 ; 0,2454 + 3 - 0,102861 ), m.e. 3a npedenvi
unmepsana (-0,68035; 1,171152), a mounee - (0 ; 1,171152).

Uzeecmuo, umo cpedHss 0045 Koauvecmea nonadauus eeiu-
yunst X 6 unmepsan (X ; Xir1) pasna f(X)-(Xi+1 - Xi), 20e f(X) — uzeecm-
nasn Gynxyus pacnpedenenus. Ecau unmepsean (Xisy - Xi) Wupok, mo

Xisl
ama 00Jisl pasHa j f (x)dx, m. e. NIOWAOU KPUBOIUHEUHOU mpane-
Xi
yuu, nocmpoennoi na unmepsaie (X - Xi).

Tak kak QyHKIHS HOPMANBHOTO PACIPEICICHUS U3BECTHA, TO
MO 3aIaHHOM HaJEKHOCTH MOKHO HAWTH TPaHUIIBI UHTEpBasa, odec-
MEYUBAIOIINE 3Ty HAASKHOCTh. Tak, a1 Haa&KHOCTH 95%
(-1.960;1.96 0), s HapéxuocT 99% - (-2.580;2.580).

IIpu npoBeieHNN U3MEPEHUH Yallle BCErO HAZ0 OIPENEIATh He
XapaKTepUCTUKU pazbpoca H3MepsieMOl BETMUYUHBI, a e€ cpednee
3HAYEHUe U MOYHOCMb HAXONCOeHUsl IM020 CPedHe20 3HayeHus. B
CTaTHCTUKE TIOKa3bIBACTCS, YTO CPEAHEKBAAPATHUECKOE OTKIOHCHHE

CpCAHCTO O-E OTHOCHUTEJIbHO MUCTUHHOI'O 3HA4Y€HUA X,., B VA pa3

MEHBbIIIE, YEM CPEIHEKBAPATUYECKOE OTKIOHEHUE O OTHOCUTEIBHO
caMoll U3MepsIeMOl BEIMUUHBI X:

o, =—. )

" oVn

s onpedenenus 008epumenbHbIX UHMEPBALO8 01 CPeOHe2o
3HAYeHUsL X MOMICHO Obl10 Obl 80CNONBL308AMBCS HOPMALLHBIM PAC-
npeoeieHueM, Ho 6 SMOM Clydde OONYCKAEmCs HeKOMOopas OuuoOKda.
Oma owubka npugooum K HeONpasOAHHOMY YMEHbUEHUIO 008epu-
MeNbHbIX UHMEPBANO8 NpU 3a0aHHol Hadéxcnocmu. [eno & mowm,
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MO MOYHOCMb GeTUHUHBL X OYEHUBAECSl NO KOHEUHOMY, OObIYHO
HEOObUIOMY, YUCTY USMEPEHUl U NO3MOMY GelUdUHA e20 cpedHe-
K8AOpamuyecko2o OMKIOHEeHUs 3A0AEmcs HeMOUHO.

B meopuu sepoamuocmeti noxkazvléaemcs, umo 8eIudUHA

X—Xx
—_ ucm (10)

" s /n

umeem mak Hasvieaemoe pacnpeoenerue Cmvlooenma (Spq - uc-
npasiennoe cpeoHek8aopamuieckoe OmKIOHeHUe BelUdUHbl  X).
I'paghux smoeo pacnpedenenus nanomunaem 2paQux HOPMAILHOZO
pacnpedenerus 1, Ho 6oree nonoeutl u wupokuii (cm. puc. 6). Pac-
npedenenue eaudunsl 1, 3agucum om yucna N — KOIU4ECMea npose-
OEHHBIX UBMEPEHULl, NO KOMOPbIM 8bIHUCTACICA X U Sp.1.

T

Facrpasgous Cgom |

n=z
Pucynok 6. Pacnpenenenune CteioneHTa
Yro0bl ONpPENENUTh TOBEPUTENbHBIA UHTEPBAI Ui X HAJIO0
HalTH BEpPOSTHOCTH MONMAIAHUS BEIWYMHBI |, B MHTEpBa, OIpere-

JIIEMBIN 3a7]aHHOW HAAEKHOCTRIO. JTa BEPOATHOCTh paBHA WHTETPa-
JIy OT (DYHKIIUH pacipeaesiCHUs

B
y=|Tdx:

ra€ 'y - BEPOATHOCTH IIONAJaHUA BCJIMYMHBI X B HHTCPBAJ
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o< Xx—-x,, <p Ha nmpakTuke mocTynaroT Tak: IO 3aJaHHOM HaaEx-
s, /\n

HOCTH Y OTPEACIAIOTCS TPEACabl HHTETPUPOBAHUA & U f QYHKINH

pacnpenenenuss CThroJIcHTa (OHU BBIOMpAIOTCS TaK, 4TOOBI f=-a).

3HaueHHe BEPXHETro NpeJieaa MHTerpupoBaHus 0003Havaercs Kak t,,

Y HasbIBaeTCs kod¢puyuenmom Cmvrodenma (HOKHUN TIpenen pa-

s e

BeH -t,). Torma _; X "X ., ,wim
ysn

<t

u(m‘ y.n ' \/Z

‘)?—x

_ s _ s
X—t,, —=<X,, <X+t = (11)

y.n \/; ucm \/;

Crnenyer OTMETHTh, YTO JIl HAXOXJACHUS 3HaYCHUs KOd(Ddu-
nuenta CThrojieHTa OepETcs MHTErpal oT GYHKIUH paclpelesiCHHs
CrhloJIeHTa, KOTOpasi He 3aBUCUT OT TOTO, KAKOBA M3MepsieMasi BEJTH-
YHHA X, KAKOBO €€ CpelHee 3HAUCHHE, BaXKHO JIMIITb, YTOOBI OHA ObLiIa
pacrmpe/ielieHa 0 HOPMaTbHOMY 3aKOHY. A 3TO mocieaHee TpeboBa-
HUC HpaKTI/I‘IeCKI/I BCCraa BBIIIOJIHACTCA IJIA I/ISMepS[eMOI\/'I (1]1/[31/1‘16-
CKOH BenM4yuHbI. 3HAUYMT, KO3 PuimeHTsl CThIOJICHTA MOXHO OJIMH
pa3 BBIYMCIIUTD W MOJB30BAThCSA UMK B JaibHelinem. B tabmuie (5)
MPUBECHBI 3TH 3HAYCHHUS 11 HEKOTOPBIX HAJEKHOCTEH.

Tabnuna 5 - 3nauenne koddurmienta CThI0eHTA

[Hanéx- Yucno usMepenuit

HOCTL 3 4 5 6 7 8 9 10 15 20 25 30 40 50 oo

0.9 2,92 (235 (2,13 [2,02 [1,94 |1,89 |1,86 [1,83 [1,76 |1,73 |1,71 [1,70 |1,68 [1,68 [1,65

0.95 430 [3,18 [2,78 [2,57 [2,45 2,37 |2,31 2,26 |2,15 |2,09 |2,06 [2,05 [2,02 [2,00 [1,96

099 (992 |5,84 |4,60 [4,03 (3,71 [3,50 (3,36 (3,25 |2,98 2,86 |2,80 (2,76 (2,71 (2,68 (2,58

0,999 31,6 [12,9 8,61 [6,86 [596 |541 |504 |4,78 ]4,22 |3,88 |3,75 3,66 |3,56 (3,50 3,29

ITonseném muror.

IIpakTdecku mpu BceX M3MEPEHHUSAX JIOMYCKAETCS HEKOTopas
omroOKa. MICTOYHUKHY CHCTEMATHYECKON OIIMOKH ITOJDKHBI BBISBIISTHCS
Y UCTIPABJIATHCA. JJJIs MCKITIOYEHUs! CIy4aitHONW OMMOKH TMPUMEHSETCS
MHOT'OKPaTHOE M3MEPEHHE U3MEPACMOM (PH3MISCKON BEIMUHMHBL
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s ONEHKM WCTHHHOTO 3HAYCHUS TPHUMEHSETCS CpeaHee
apupMeTHIECKOe CepUU U3MEPEHHI, BRIYUCICHHOE 10 hopmyrie (3)
(ecnu yuTeHa cucTeMaTHUECKasl OIMOKa).

JInst omeHkM pazOpoca 3HAUYCHHH HM3MEPSCMON BETUYMHBI
MOXHO TOJIb30BAThCS WK aucrepcueit (3) wiu cpeaHeKBagpaTHye-
CKUM OTKJIOHeHreM (4) (mpm ManoMm KojwdectBe maMepenuit (5)),
JUI CPEIHEro 3HAUCHWs BEIUYMHBI — CPEIHEKBAIPATHUYCCKHUM OT-
KIOHEHHMEM cpenuero (8).

Jnist XapakTepUCTUKH W3MEPEHHOTO 3HAYCHUS M €r0 TOYHOCTH
MPUMEHSIFOTCS IOBepHUTEIbHbIC HHTEPBAHI (10).

JlaboparopHas ycTaHOBKa

JlaGopaTopHasi yCTaHOBKAa COCTOMT W3 IpUOOpa Ui U3Mepe-
HUS peakiuu 2 U cekynaomepa 3 (cm. puc. 7). CexyHmomep u3Mepsi-
€T BpeMsl PEaKIlfH, OH yIPaBISIETCS 4epe3 COOTBETCTBYIOIIHNE IIPO-
BoAa mpuOopoM 2. DieMeHTHI yrpaBieHus npudopa 2 yKa3aHbl Ha
pucynke 3. OH BKIIOYACTCS BBIKIIOYATEICM 3, O 4éM CBHJICTEIIb-
cTByeT nammna 4. J{js Toro 4To0BI PUBECTH B UCXOTHOE COCTOSHHE
mpubop, HAZAO HA HEKOTOPOE BpEeMs MEPEeBECTH BHIKIIOYATENb 7 B
BEpXHEE MOJOKEHUE (0T MPOIODKUTENFHOCTH €ro BKITIOYSHHST HIYe-
ro He 3aBucHT). [locne 3TOro ¢ HEKOTOPOH, CITy4alHOM 3aJepKKOM
3aropaeTcsi CUTHAJIbHAs JIaMIia 5 W BKITIOYaeTcst cekyHaomep. Yerno-
BEK, HAOIIOMAOIMIUN JIAaMITy 5 JOJIKEH HEMEIJICHHO HaKaTh KHOIIKY
7, 4TO MPUBEAET K MOTACaHUIO JIaMIIbl 5 U OCTAaHOBKE CEKYHJIOMEpa
(oH momkeH OBITh MpenBapuUTENbHO 00HYNEH). TakuM oOpazom Oy-
JIET OTIPEIEIIEHO BPEMSI PEaKI[uH YeIOBeKa.

Pucynoxk 7. Cxema mabopaTtopHO# yCTaHOBKH: 1- CEKyHIOMED;
2 — npuOop A U3MEPEHUS PEaKkK; 3 - BBIKJIIOYATENb TUTAHHS;
4 - KOHTpOJIbHAS JIaMIIa MUTAHUS; 5 — CUTHAJIbHAS JIaMIIa;

6 - BEIKJTIOUATEID 3agaT4yruKa BPEMCHU 3aJICPIKKU,

7- KHOTIKa OCTaHOBKH CEKyHAOMepa
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[opsimox BBITIOMTHEHMS PaOOTHI

1. lMoaxmounTe KIEMMBI, HaXOIIUeCs 33 CeKyHaomepa |
K THE31aM criepeau npubopa 2 Al U3MEPEHUS BPEMEHH PEaKLUH
yenoBeka. Bkiounte mpubop 2 u cekyrmomep 1 B ceTh U TiepeBeIu-
T€ UX BBIKJIIOYATEIH B TIOJI0KEHUE «BKID».

2. :HaxxmuTe KHOTIKY «cOpOC» Ha CEKyHIOMEpE U MEepeBEenTe
BBIKJIIOYATENb 7 B BEPXHEE IOJIOKEHHE Ha HEKOTopoe Bpemsa. OnuH
YeJIOBEK JOJKeH HaOIr01aTh 32 CUTHAIBHOM JIAMITOH 5 U, KaK TOJIBKO
OHa 3aropuTCsl, JOJDKEH HaxaTh Ha KHomKy 7. Ilocme atoro cexyH-
noMmep OyZeT OKa3bIBaTh BPeMs PEaKLMU 3TOTO YeJIOBeKa. 3aHECUTE
MmoJlydeHHOe 3HaveHne B Tabmuiry. [loBropuTe »TOT MyHKT emé 50
pa3 (Tabiu. 6). Bce uaMepeHus Hy>KHO MPOU3BOAMTE B OJIUH MPUEM U
0€e3 CMEHBI HCIBITYEMOT'O YeJIOBEKa.

3. Paz0OeiiTe Becb MHTEpBal M3MEHEHUSI BpEMEHU Ha 7 WHTEp-
BaJIoB paBHOU mupuHbl A. ITocTpoiite ructorpamMmy.

4. Onpenenurte cpegHee 3HAYCHUE BPEMEHH pPEeakuuu [, ero
aucnepcuto D, cpenHexBaapaTHueckoe OTKIOHEHHUE Sp, a TaKKe HC-
MIPABJICHHOE CpeHEE KBAAPATHUECKOE OTKIIOHEHHE Sp.1.

5. Onpenenure TOBEPUTENBHBIA MHTEPBAN AJISI CPEIHETO 3HA-
YEHUS BPEMEHU PEAKLUH JUISl TPEX 3HAUECHUMN HaJEKHOCTH.

Tabnumna 6 — DkcriepuMeHTa bHBIE TaHHBIC

BpeMs BpeMs BpeMs
Ne | peakumn | Ne | peakuuu t, | Ne Bpent Ne Bpenst Ne | peakuuu t,
tc c peakiuu t, ¢ peakimu t, ¢ c

1 11 21 31 41

2 12 22 32 42

3 13 23 33 43

4 14 24 34 44

5 15 25 35 45

6 16 26 36 46

7 17 27 37 47

8 18 28 38 48

9 19 29 39 49

10 20 30 40 50

HMHTEpBaJ |'-mcno TIOTIaJTaHUsI BpEMEHU B MHTEpBAJ

LIMpHHA HHTEpBaia A, ¢

cpenee 3HaveHne Bpemenn peakunn [ | ¢

nucnepeus D, c?
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[ponomwkenne TadIAIEI 6

CPCIHCKBAAPATUYECKOEC OTKJIIOHEHUE Sy
HUCHPABJICHHOE CPEIHEE KBAAPATUYECKOE OTKIIO-

HEHHUE Sp-1

JIOBEPHUTENBbHBIN MHTEpBan s |y=0.90 tn=
CPE/IHEr0  3HAYCHHsS  BPEMCHH |y=0.95 tn=
PpcaKiyn vy=0.99 tn=

KOHTpOJ'H)HI)Ie BOIIPOCHI

1. Yro Takoe abCONIOTHAS U OTHOCUTEJbHAS OLINOKA?
2. Kakue OBIBAIOT BUIBI H3MEPEHUIT?

3. Kakue ectb BUIBI OIIHOOK?

4. Ort 49ero 3aBUCHT TIOTPEIITHOCTh N3MEPHUTENBHBIX TPHOOPOB?

5. C moMoupl0 KakuX BEJIMYMH MOXKHO OXapaKTepHU30BaTh
WCTHHHOE 3HaYCHHE M3MEPIEMON BETMUMHBI U TOYHOCTH €€ ompene-
nexus’?

6. Uto Takoe pacmpeneneHue cirydaiHoi BenmduHbI? [lprBe-
JUTE YpaBHEHHE W TpaQuK HOPMAJIHHO paclpeenEHHON CIydailHOH
BEJIMYHHBI.

7. Yo Takoe TOBEpUTENbHBIN HHTEPBA M HAAEKHOCTH?
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JlabopaTopHasi padora Ne 2

N3MEPUTEJIBHBIE IPUBOPHI U ONTPEJAEJEHHUE
IJIOTHOCTHU BELHLIECTBA

Leab padoThI: HAYYUTHCS MPOU3BOIAWTH M3MEPEHHS ILNTAaH-
TCHIIMPKYJIEM, MUKPOMETPOM, B3BEIIMBATh HAa TEXHUYCCKUX BECax W
SKCIEPUMEHTAITLHO OMNPEJEINATh IJIOTHOCTh TEN IMPaBUIBHOW Teo-
METPUIECKON (POPMBI.

I[Mpudopsl W NMPUHAMIEKHOCTH: INTAHTCHIUPKYJb, MUKPO-
METp, BECBI C Pa3HOBECOM, TeJIa [IJIUHAPUICCKON POPMEI.

Teopenmecxoe BBCIACHHUC

|. U3MepeHne ITaHTeHIIUPKYIIEM

LlITaHTeHIUPKYIH TO3BOJISIET ONPEACITUTh INHEHHBIE pa3Mephl
Tena ¢ ToyHoCcThIo 710 0,1MM mnu 0,05MM. OH COCTOUT U3 METaJUIH-
yeckoi muHerku (mranru)-1 (puc. 8). 'yOku 2 O3BOISIOT U3MEPSTH
BHEIITHHE pa3Mephl Tella, TYOKH 3-pa3Mephl OTBEPCTHH, CTEPIKEHb 4 -
IyOuHYy.

ITo ocHOBHOH LIKajle HAHECEHHOW Ha IITAHIY, OTCUUTBIBAKOT
CaHTHMETPHl M MHJUIAMETPHI JI0 HYJIEBOTO JEJICHHS MOJBHKHOU
KAl (HOHIYCa) S.

[1o HOHMYCY OTCUUTHIBAIOT AECSATHIC MM COTHIE JIOJIH MHJLIU-
MeTpa IPOTHB TOTO JICJCHUS IIKAIBI HOHWYCa, KOTOPOE HAMITYUIIHM
00pa3oM COBMAaeT ¢ AeJIeHHeM OCHOBHOM IIKAJHI.

Pucynok 8. O0wmii Bua mraHreHIupKyJIs
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Takum 00pa3oM, HOHUYC TIO3BOJISIET YBEIHYUTh TOYHOCTH OT-
cuera atoro npudopa B 10 - 20 pa3. HoHnyc Takyke BCTpedaeTcs U BO
MHOTUX JPYTUX MPUOOpax, HAPUMEp, yriIoMepax, Mo3ToOMy HeoO-
XOJIUMO 03HAKOMHTHCS C IIPUHIIUIIOM €TO JICHCTBHSL.

[Ipu moMOIIM ITAHTCHIUPKYJIS U3MEPHUTh BBICOTY h IMIHH-
JIpa HECKOIILKO pa3 M 3aHeCTH JlaHHbIe B Tabmuity 7. [1o moimydeHHbIM
JAaHHBIM BBIYHCIUTH CpPEIlHEE 3HAUEHHUE BBICOTHI hcp, aOCOOTHYIO
morpemHocTh Ah ¥ OTHOCHTENBHYIO MTOTPEIHOCTh €, OKOHYATEIh-
HBIW pe3yNbTaT 3alKucaTh B BUJIC:

h = he, % Ah

Tabnuma 7 - Pe3ynbTaThl U3MEPEHUS BBICOTHI IMIIMHApA
IITAaHTEHIMPKYJIeM

Bricota Cpennee AbcomoTHas
NeNe ni/mt
h, MM 3HayeHue, Ny, m orpentHocTsb, Ah, u
1
2
3
4

OKOHYATEIbHBIN
pesynsTar h = hy, = Ah

2. IsMepeHne MUKPOMETPOM

Hnst Gonee TOYHBIX M3MEPEHHH NPUMEHSIOT MHKPOMETpUYe-
CKHe MHCTpyMeHTbl. OHHM OBIBAIOT HECKONBKHX THUIIOB: MHKPOMETD
JUIET HAapY)KHBIX H3MEPEHHH, MUKPOMETPHUYECKHA TITyOWHOMETp H
MUKpPOMETPHUYECKUN HYTPOMETP.

A B ¢

Pucynoxk 9. O0muii B MUKpOMETpa
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[Ipn m3MepeHHH MHKPOMETPOM MpPEAMET IOMELIaeT MEXKAY
HETIOABWKHBIM CTEP)KHEM A M MOABWKHBIM TOPLIOM B MUKpOMETpU-
yeckoro BuHTa (puc. 9). Ha KoHIIe MUKpOMETPHYECKOTO BUHTA HMe-
eTcs mpucnocoOneHue // Ui BpalleHHs, Ha3bIBaEMOT0 TPEIIOTKOM.
Bpamenue nepenaercst OT TPEIOTKH K BUHTY IIOCPEICTBOM TPEHUS,
BCJIEACTBHE YEro IPHU AOCTI)KEHUM OIPENCICHHON CHIIBI Ha)kuma
BUHTA Ha yNOp WM Ha U3MEpSeMBIil MpenMeT JaybHeilnee Bpaie-
HUE BHUHTA IIpeKpamaercsi. BpauieHue BHHTa M, B OCOOCHHOCTH,
Ha)KaTHe BUHTA HAa NPEIMET HEOOXOAMMO HPOU3BOAMTEL TOJIBKO TpE-
LIOTKOM.

OTcuéT 10 MUKPOMETPY BEAETCA MO0 TOPU3OHTATILHON MIKaJIEe U
mo mkane Oapabana. ['opu3oHTanpHas mkama C TMO3BOISET OTCUH-
THIBaTh NepeMenienne Oapabana Ha 0,5 MM IS 4yero Ha HU)KHEH va-
CTH IIKAJIBI OTMEUEHHI Jenenusi, coorBeTcTByromue O, [, 2, 3 u 1.1.
MWIIMMETPOB, a Ha BEPXHEW YacCTH ILKAJIbI - JEJICHUS] COOTBETCTBY-
romue 0,5; 1,5; 2,5 u .1, Mmummmmerpos. Lllar MukpoBuHTa OOBIYHO
pasen 0,5 mm. Llena penenust kpyroBoil mkansl pasaa 0,5/50 MM =
0,01 MM, ecit YUCITO JIeIeHUH KpyTroBoii mIkanel 6apadana pasHo 50.

Otcuer NpOU3BOAUTCS CIACAYIOLIMM O0Opa3oM: IO TOPU3OHTANIb-
HOH IIIKaJie OTCUMTBHIBACTCS pa3Mep M3MEPSAEMOro NpeaMeTa ¢ TOYHO-
ctbio 710 0,5 Mm. CoThle 0 MUJUTUMETPA OTCUUTHIBAIOTCS TI0 KPYTO-
BoH mikane 6apabana. [lomyyeHHbIe pe3yabTaThl CKIaAbIBAIOTCSL.

[lpr momomM MHKpOMETpa HM3MEPHTh UAMETP OCHOBaHMSI
mwmHapa. [lonyueHHble JaHHBIe 3aHECTH B TaOmuIly 8. BeraucinTs
cpennee 3HadeHHe /[, aOCOMOTHYIO MOIrpemHocTh AJJ U OTHOCH-
TEJIHYIO IOTPEIIHOCTb €,

Tabnuna 8 - Pe3ysbraThl U3MEpPEHUN JUaMeTpa IWINHAPA

NeNe /it Huamerp Cpennee AGcomoTHas
A, wm 3Hauenue J,, M | norpemHocts A/, m
1
2
3
OxoHYaTeIbHBIN
pesynsrar  J = (A, = A), m
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3. OmnpenencHue IIIOTHOCTH BEIIECTBA

[I10THOCTBIO BelIeCcTBa Ha3bIBaeTCsl (U3MUYECKas BEIMYHHA,
paBHas OTHOLICHUIO MACCHI TeJa K ero 00bEMY.

p = m
v ®)
rae mu V - COOTBETCTBEHHO Macca U 00beM Tela.
A’
Jinst iumangpa Vo= 1 h, 9)
rae /I - mnameTp OCHOBaHUs IMIMHAPA, h- BBICOTA HIUIMH/IPA.
[oxacrasmnss (9) B (8) momyumm:
o= 4m
T2
e (10)

®opmyna (10) aensercss pacuéTHol GHOpMYION sl BRIYUCIIE-
HUS TUTOTHOCTH BEIIECTBA.

Iopsok BbINOJHEHUS pAa00THI

1. Ompenenuth Maccy HWIMHAIPA, B3BECUB €ro. AOGCOIIOTHYIO
MOTPEIIHOCTh B35Th PABHOW MOJOBHHE MacChl CAMOTO MEJKOTo pas-
HOBECa, UMEIOIIErocss B Habope pa3HOBECOB. BBIUMCINTH OTHOCH-
TEJNBHYIO MOTPEIIHOCTD €,

2. Bbraucauth WIOoTHOCTH BemiecTBa mo (opmyite (10), moa-
CTaBJIsAsA cpeJjHue 3HaueHus hey 1 [l

3. OnpenenuTh OTHOCUTENBHYIO IIOIPEIIHOCTD PE3YIbTaTa:

AT Am
£,=& +2,+¢, =—+2

g

4. OnpenenuTs aOCOMIOTHYIO IIOTPEITHOCTE Ap = €, Pep
5. 3amucaTh OKOHYATENBHBINA PEe3yJIbTaT B BUIE:
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Ke
pP= (pcp * Ap)—3
M

6. AHAJIOTUYHBIC U3MEPEHUS U PACUETHI MPOU3BECTH IS TPEX
Tel MUIHHAPHICCKON (OPMBI, WU I Tel cPeprdecKoi U IpsMo-
YTOJNBHO QopMm.

7. Ionp3ysck TaOMUIEH TIOTHOCTEH TBEPABIX BEIIECTB, ONpe-
JIETIUTh PO BEUIECTB, U3 KOTOPBIX CAEIIAHO KaXXA0€ TEJIO.

KoHTpoJbHbIE BONPOCHI

1. Uro Ha3wmIBacTCS IUIOTHOCTHIO, BECOM, CHIION TshkecTH? B
kakux enuHunax CU onu usmepstores?

2. Urto Ha3wiBaeTcsa o0beMoM? Kak onpenensercs o0beM TBEp-
JIOTO TeNa MPABIWIIFHON U HETIPABMIIbHOW (DOPMBI?

3. Kak onpenienuth 00beM )KHIIKOTO BEIIecTBa?

4. Yto Takoe HOHHYC U OT 4€ro 3aBUCUT TOYHOCTH CUCTaA IIO
HOHMYCY?

5. C Kakod TOYHOCTBIO U3MEPSIOT JIMHY, C TOMOUIBIO LITaH-
TeHIMUPKYJIL U MUKpoMeTpa?

6. Uto Ha3pIBaeTcsi aOCONIOTHOW M OTHOCHTENIEHOW TOTpel-
HOCTSIMU?

7. Kax onpenensiercst abCOMOTHAs U OTHOCUTEIbHAS ITOTPELL-
HOCTH pe3yibTata Ap U g,?

8. Chopmynupyiite npaBuiia OKpyrieHuUs.

9. Kakue n3BecTHbI Jpyrue METOAbl U3MEPEHUS IIIOTHOCTH ?

[pennoxure ciocod M3MepeHus TIOTHOCTH CHIITy4IHX Cpe/l, TOYB.
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JlabopaTopHasi padora Ne 3

OINIPEAEJIEHUE KOO®OUIIMEHTA
TPEHUS CKOJIb’KEHU A

Heans padoThl: onpenenuTh KOXGOUIIMESHT TPEHUS CKOJIBXKE-
HUS JIUTSL Pa3JIMYHBIX Tap TPYIIUXCS TOBEPXHOCTEH.

IpuGopsl 1 NPUHANJIEKHOCTH: YCTAHOBKA JIJISI OTIPE]ICIICHHSI
ko3 purmeHTa TpeHNs, BECHl C pa3HOBECOM.

Teopenmecxoe BBCIACHHUC

B TexHuke 3HauMTENbHAS 4YacTb SHEPIUM, MOJBOJUMOM A
paboThl pa3IMYHBIX MallvH, OECIONe3HO PacXOIyeTcsl Ha TpEHHE.
Hampumep, nipu pabote mMetamioo0pabaTIBAIONIET0 CTaHKA TOJBKO
80% sHeprum pacxonyeTcs IOJe3HO. B menom mo crpaHe B mpo-
MBIIIJICHHOCTH Ha TPECHHUC PACXOAYCTCA MWUIMAPAbI KWJIOBATT-4aCOB
anekTposHepruu. ClienoBaTenbHO, MOHWKEHUE 3aTpaT Ha TpeHHe
TpecTaBiIsieT co0ol BaxkHyIo 3amady. Ho TpeHHe B TeXHHKe He BCe-
IJla UrpaeT OTPUIATENIBHYIO POjb. 3a CUeT TPEeHUsl paboTaroT pe3b-
OOBBIC COEIMHEHHSI, TOPMO3HBIE CHUCTEMBI, (PPUKIIMOHHBIEC TIepeaadn
U T.A. B 3TUX ciydasx mepen MHKEHEPOM CTOMT oOparHas 3afaya —
YBEJIMYUTH TPEHUE.

Cuibl BHEIITHETO TPCHUA Fmp BO3HUKAIOT IIPU OTHOCHUTCIIBHOM
JBIDKEHHH  COIIPHKACAIOIIMXCS IOBEPXHOCTEH TBEpABIX  Tell.
Hanpasnenune cuiibl TpeHUs! Bcerja MpOTUBOIOJIOXKHO CKOPOCTH OT-
HOCHUTEJILHOTO JIBWKeHHA Tena. Benmnuuna F,p 3aBUCUT OT pona Tpy-
LIMXCS MaTepHalioB, COCTOSIHUSA COIPHKACAIOIINXCS MOBEPXHOCTEH
(MX 1EepoxXoBaTOCTH) M OT HOPMAaJbHOM cocTamisitomed F, cuibl,
CXKUMAIOILIEN NoBepxHOCTH. IIpu yBennueHnn HOpMalbHOM COCTaB-
nsitomiet Fy, cuita TpeHusl Bo3pactaeT MPHONM3UTENHFHO MPOIIOPIINO-
HanbHO F,

Fp=nkFn (1)

Koadduument p na3piBaercss Ko3GPUUIHEHTOM TPEHUSL.
KoadduimenT TpeHHs CKONBKEHUS |L YUCICHHO PaBeH OTHO-
IICHUIO CHUJIBI TPEHUS K CHJIe HOPMAaIbHOTO JaBIICHHS:
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F
p= % 2

Bennuuna F,,, (1pu nanHOM HOpMallbHOM cocTaBistomel Fn )
JUTST TBEPIBIX COMPHUKACAIOLIUXCS TTOBEPXHOCTEH B JIOBOJBHO HIUPO-
KHX IIpeleax He 3aBHCHUT OT BEJIMYMHBI TUIOMIAIN COTMPUKACAIOIINX-
Cs MOBEPXHOCTEH.

TpeHue He MPONMANAET, €CIIM OTHOCHTENBHAs CKOPOCTh U Mex-
JIy TIOBEPXHOCTSIMH paBHa HyJt0. YTOOBI TEJIO HAYallO0 CKOJB3UTH IO
KaKOH-THO00 TIOBEPXHOCTH, K HEMY HaJl0 TIPWIIOKUTH BHEIIHIOK CHITY
F, mapamrensHyto MOBEPXHOCTH U OOJBIIYIO HEKOTOPOTO ONpeaeEH-
HOT'O JUJIsl JaHHOro ciyvas 3HaueHud Fi. [loka BHemHsa cuina F < Fy, ,
TEJI0 OCTAa&TCSI HEMOABIDKHBIM, YTO O3HAYAET, YTO MEXIy HUM U TIO-
BEPXHOCTbIO BO3HMKaeT F,, Has3biBaeMass CHJIOW TpEeHHs MOKOf,
ypaBHOBemMBawmas BHelHiow cuity F. Korma Baemnsisa cuna F npe-
BBIMIAET MAaKCUMAIFHYIO CHITy TPEHHUS TOKOS, TE€JIO0 HAaUYMHAET CKOIb-
3WTh, TIOSBIISICTCS CHJIA TPEHUS TIPU CKOJIHKEHHH.

Knaccrueckne 3akoHBI TpeHHs OBUTH MONYYeHBI (ppaHIly3CKUM
yuéHbpiM AMoHTOHOM B XVYI1II Beke. OHuM MOTYT OBITH CHOPMYITUPOBa-
HBI cJieytonmM oopa3oM: Criia TpeHus IpOTOpIIHOHAIEHA Harpy3Ke,
KOO (UIMEHT TPEeHHs] HE 3aBUCHT OT HOMHWHAJIHHOM IUIONIA ! KOH-
TaKTa, CTATUYECKUH KOI(PQPHUIIMEHT TPEHHS BBIIIC KHUHETHYECKOTO;
KOX(QHUIMEHT TPEHHS HE 3aBUCUT OT CKOPOCTH CKOJIBKEHHSI.

OTH 3aKOHBI 0€3 3HAYMTENBHBIX M3MEHEHWH CUHUTAFOTCS CIIpa-
BEUTMBBIMA M B HACTOAIIEE BPEeMs ISl OTPAaHUYCHHBIX IHAlla30HOB
Harpy3okK, CKOpoCTeii, TeMreparyp.

T 1

Pucynoxk 10. YcranoBka 11 onpeneneHus koadduuuenta TpeHus
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Onucanue MeToaa onpeneaenns Ko3ppuuneHTa TpeHus

CymiecTBYIOT pasziInyHble CHOCOOBI onpeaeieHus: koadduuu-
€HTa TpeHus. PaccMOTpUM OJIMH M3 HUX, OCHOBAHHBIM Ha UCHOJIb30-
BaHUM 3aKOHA COXPAaHEHHS MEXaHW4YeCKOol sHepruu. Peanmzarus
3TOr0 METOJa OCYILECTBIISIETCS IPU MOMOILM YCTaHOBKH, CXeMa KO-
Topoii n300paxxkeHa Ha pucynke 10.

[Tyctb TpebOyercs onpenenuts KOdpPUIHEHT TpeHHus Tena A o
HEKOTOPYIO NOBEPXHOCTh. [IOMECTHB 3TO TEJI0O HA TOPU3OHTAIBHYIO
MOBEPXHOCTh, MPUKPEIUIIOT HUTh, NIEPEKUABIBAIOT Yepe3 0ok b u
3akperisitoT KoHen Ha mratuBe C. K cepenune Hatanytoit Hutu O
nonsemnBatoT rupio P. Hute nporubaercs u 3aHUMaeT MOJI0XKEHUE
I. I'py3 A yaepxuBaeTcs B COCTOSHUM MOKOS 3JeKTpomMaruHutom /l.
Cuia TshKeCTH Tupu P YPaBHOBCHIUBACTCA CUJIAMU HATSXKCHUA HUTHU
Fi u F,. Cuna HatsbkeHus Fy mpeBbIiaeT cuiry TpeHUs, BCIEICTBHC
4ero Teno A MPUXOIUT B ABWKECHHUE, €CIM PA30MKHYThH LiEHb DJIEK-
Tpomaraurta. [Ipum mepemerieHun Teiaa Mo MoBepxHocTH cuia Fj
YMEHBIIAETCSI U1 B HEKOTOPBI MOMEHT JIeaeTcs paBHOM CHJIE Tpe-
Huda. Ilponmomxkas cBoe ABMXKEHHE 32 CUET CBOEH KHHETHYECKOU
OHEPruu rupu, Te€jo A ocTaHaBIMBaEeTCs B TOT MOMCHT, KOT'Ila U3MC-
HEHUE TOTCHIMAILHOW SHEPTUH TUpH OyJeT paBHO paboTe Mo mpe-
OJIOJICHUIO TPEHUsI PH IBWXKEHUH Tena A. Teno 3aHUMaeT npu 3ToM
nonoxenue Il. Eciiu nuameputs BeicoTy HadanbHOro (h;) ¥ KOHEYHO-
ro nojioxxenus (hy) rupu P, To Ha OCHOBaHMM 3aKOHA COXPaHCHUS
SHEPTUU MOXKHO 3aIIMCaTh:

AWpor = Agp., AW =mgh =Ph., A,,=F, 1 =pF, |

TOrIa Ph=pF,l 3)

rae P = mg cuna Tsxectu rupu, m — e€ Macca,
h = h;-h; - nepemenienne rupwu,
Fn - ciiia HOpMaNTbHOTO JIABJICHUS, B IAHHOM CJIy4ae PaBHAs CHIIC
TsoKecTr Tenma A, F,=m-g,
W - K03 PUIMeHT TpeHus
Torna u3 (2) nomyunm
Ph mgh mh (4)



HOpﬂHOK BbINNOJITHCHHS ONIbITA

1. OTMETHUTH TIOJIOKEHHS THPH U Tena A.

2. Pa30MKHYTB 1IeTb DIIEKTPOMATHHTA.

3. OT™MeTUTh TOJIOXKEHNSI TUPH 1 Tella A B MOMEHT OCTAHOBKH Tesa A.
4. Boruncnute hm 1.

5. BsBecurs Temo A (F).

6. ITo popmye (4) BEIYUCIUTS L.

7. AHaJIOTUYHBIC OIIBITHI TPOU3BECTH C PA3IMYHBIMU HATPy3-

Kamu F, 1 pa3muaHbIMH THPSMHU.

8. Paboty npozenats i pa3IHyHbIX AP MaTEPUATIOB:
a) IepeBo MO JCPEBY;

0) IepeBo 0 TEKCTOIUTY;

B) METAJLI TI0 JIEPEBY.

9. Pe3ynbraThl SKCIIEpUMEHTA 3aHECTH B Ta0uIry 9.

Tabnuma 9 - Pe3ynbTaThl M3MEPEHUH 1)1 ONIPEASIICHUsT KO3(h-

(urmenTa TpeHus

Ne m/mt Marepuan P Fn h s Y7

[EEN

WIN|FRPIWIN[FPIWIN

KonTpoJbHbIe BONPOCHI U 3aJaHHsA

1. datp onpeneneHre KodphUIEHTa TPESHUS.
2. BeiBectu pacuérnyro dopmyny mist onpezeneHus |, Kakoit 3a-

KOH MCTIONIB3yeTCs IPH BBIBOZE 3TOH (opmysbl? ChHopMyIIMpoBaTh €ro.

3. Ha ocHOBaHWM TpONEIaHHON pabOTHI CHENaTh BHIBOJ, OT

4ero 3aBUCHT KO3 (OUIEHT TPECHUSI.

4. Ecnmi moMecTUTh TEJI0 Ha HAKJIOHHYIO TUIOCKOCTh M YBEJH-

YUTHh yroji e€ HAKJIOHA O, TO OT JIETKOTO TOJYKa 3TO TEJIO CTaHeT
PaBHOMEPHO CKOJIB3UTh BHH3 MPH yTie Op. JJokazars, uto koaddu-
IMEHT TPEHHsI PAaBEH TAHTCHCY YIiia HAKJIOHA IJIOCKOCTH MPHU KOTO-
POM TEJIO CKOJIB3UT PABHOMEPHO (WL = tg alp).
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JlaGopaTopHasi padora Ne 4
OINNPEAEJIEHUE YCKOPEHHWS CBOBOJIHOI'O MAJIEHUSA

Henapb padortel: VzydyeHne yCKOPEHHOTO IBIKEHHS IO/ JICH-
CTBHEM CHJIBI TSDKECTH. DKCHEPHMEHTAILHOE ONpeesieHue yCKope-
HUS CBOOOIHOTO Ma/ICHHS.

IMpu6Gopsl 1 npuHamiexkHocTH. IlITaTHB; UCTOYHWK MHTA-
HUS; QJIEKTPOMAarHUT M BBIKITIOYATENh HAa CHEUAIBHBIX JepiKaTelsx;
CeKyHAOMeEp.

Hsmenenue mexanuueckozo O08udiCeHUsi men NPOUCXOOUM
noo Oeticmseuem Hekomopwix cui. Kax npasuno, smo osugicenue
VCKOpEHHOe, Mm.e. NPOUCXooum ¢ usmensowelics ckopocmoio. Dop-
MUupoeanue JHCU3HU HA 3emie NPoucxoouno noo Oeucmeuem Cuibl
maxcecmu. 1lo0 eé enuanuem mena degopmupyromes uiu dice O08u-
arcymes yckopenHo K 3emae. B onpedenenuu yckopenusi c60000H020
nadeHust U COCMoum yeib OAHHOU padbomol.

Teoperuyeckoe BBeleHUE

KunemaTtuka

MexaHUKy OOBIYHO JENAT Ha JIBE YaCTH: KUHEMAMUKY, KOTO-
past OTMCHIBAET TO, KaK JIBUXKYTCS MPEIMEThI, H Ha OUHAMUK), KOTO-
past OTBE4aeT Ha BOIPOC O TOM, UTO SIBJISIETCS IPUIMHOW MEXaHHYE-
CKOTO JIBHXKCHUSI.

MexaHHKa U3Yy4aeT Mexanuueckoe 0gudiceHue — epeMeleHne
B MIPOCTPAHCTBE TeJl MU WX YacTel OTHOCUTENBHO JAPYT JpyTra C Te-
YEHUEM BPEMEHHU.

Yacto coBceM He 0053aTelIbHO PAacCMaTpUBATH ABHKCHUE
BCEX YacTel Tefa, a JOCTaTOYHO PacCMOTPETh €ro JBHKEHHE "B Iie-
som". Iloatomy, ecim BO3MOXKHO TipeHeOpedb hopMor U pasMepaMu
TeNna B IaHHOH 3aaue, TO (PU3NIECKOe TEeJIO CUNTAIOT MAMEPUATbHOU
MOYKOU.

JIBmkeHne BcerJa OCYIIECTBIISIETCSI OTHOCHTENBHO JPYTHX
Ten. OOBIYHO MEXaHWYECKOE IBIKEHHE PAcCMaTpUBACTCA B HEKOH
cucmeme omcuéma, BKIIOUYalOmleld B ce0s cUcTeMy KoOpAMHAT (c
oTpeIeIEHHBIMIA HAYaJIOM, HallpaBJICHUEM OCEH, €IUHUIICH JJIUHEI),
HavaJio OTCYETa BPEMEHH U €INHUIIEH BpeMEHH.

48



Jlunus, onuceigaemas 0BUICYWELCS MAMEPUATLHOU MOYKOL,
HA3b18AEMCSl MPAEKMOopUell.

[lycth 3amana mpsMoyronbHas cuctema koopauHat OXYZ. B
HEel JBWXKETCS MaTepuaiibHas TOuka 1o Tpaekropuu ABC (cM. puc.

_—

11). nuna muamu ABC (1.e. TpaekTopun) ectb nyms. Bextrop AC
COCAMHSIONINN Hayallo TPAEKTOPHH C €€ KOHIIOM Ha3bIBACTCs nepe-
mewenuem. JIOTUMHO HA3BaTh IBWKEHHUE HPAMOIUHEUHBIM — €CIH
TPAEKTOPUsI — IPSIMAst U KPUBOIUHEUHbIM B IPOTUBHOM ClIydae.

Kpome mpsiMoyronpHOW (ZEKapTOBOW) CHUCTEMBI KOOPAMHAT
MO’KHO paccMaTpuBarh U Apyrue. Hame Bcero mois3yrorcs cdepu-
YECKOM U MWIMHAPUYECKOM CUCTEMaMU KOOPAUHAT.

Ha pucynke 12 nokasaHbl WIHHAPHUYECKUE KOOPIMHATHI TOUYKH
0, ¢, Z (IOISPHBIN painycC, TOJSPHBINA YOI ¥ allINKaTa TOYKH) U cde-
pHuUecKkre KOOpAWHATH I, 6, ¢ (pamnyc-BeKTOp, IIMPOTA U JOJITOTa).

ZJ'-.

Pucynok 11. Tpaekropus Touku
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Pucynok 12. llunmuaapudeckas u ceprudeckast CHCTEMBI KOOPIUHAT

B kaxoii 0bI ccTeMe KOOpAMHAT Mbl HH 3a1aBAIN MOJI0KECHHE
TOYKH B TPEXMEPHOM MPOCTPAHCTBE, BCE PaBHO HEOOXOIUMO yKa3a-
Hue TpEX KoopauHaT. s 3a1aHus MOJI0KeHUs abCOOTHO TBEPIO-
ro Tena Hajo 6 KOOpAMHAT, a B IIPOU3BOJBHOM CIlydyae — CTOJIBKO,
CKOJIBKO HE00XOIMMO ISl 3aJaHHOH TOYHOCTU KOHKPETHOM 3a1aun
(MX KONMYECTBO B MPUHIIUIIE HEOTPAHUYCHHO).

[Ipu BpamaTenbHOM JABMXKEHHUM MOJIOKEHNE TOYKH (HiH abco-
JIIOTHO TBEPAOTO Teja) yrno0Hee 3a/1aBaTh ¢ MOMOIIBIO yIila IOBOPO-
Ta, IOTOMY YTO JUIsl a0COJIIOTHO TBEPAOTO Tea yroj HOBOPOTa OJIHU-
HAKOB JJI1 BCEX TOYCK TEJjia, HE3aBUCHUMO OT UX paCCTOAHUA OT OCHU
BpameHus. B o0mem ciryyae as onucaHus BpallaTeNbHOTO JBHKE-
HUS HaJl0 HE MEHee TPEX YIJIOB.

Hampumep, pyka denoBeka MOXET BpamlaThCsl OTHOCHTEIHHO
me4yeBoro cycrasa. E€ monoxkeHue omnpexnensercs TpeMs YIVIAMU:
YyIJIOM MEXAY TYJOBHMILEM M PYKOH, yIJIIOM ITOBOpPOTa B TOPU3OH-
TaJbHOMN IUIOCKOCTHU M YTJIOM BpAIllEHUs] OTHOCHUTENIBHO CBOEH OCH.

HpOCTCﬁHIHMPI BUJaMH MCXaHHUYCCKOI'O ABHUXCHUSA SABIIAIOTCS:
nocmynameijlbHoe, spauiamelbHoe U konebamenvroe. Ha IMPAKTHUKC
OOBIYHO MPHUCYTCTBYIOT BCE 3TH BUABI IBWKEHU. [locmynamenbHbim
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HA3bIBACTCSI IBMKEHHE, TIPH KOTOPOM BCE TOYKH Tella IBHIKYTCS TIO
OJIMHAKOBBIM TpackTopusiM. [lpu epawjamenvrnom NIBUKCHUU BCe
TOYKH TeJIa JBIXKYTCS TIO0 OKPYKHOCTSM C LIEHTPOM Ha OJHOH OCH
(puc. 13). [lpu xonebamenvHom NBUKEHUH BCE TOYKH Telld COBEP-
IAI0T MIEPUOINICCKOE IBIDKCHUE TT0 CBOMM TpaeKTopusiM (puc. 13).

A
/\/ Mt
N/ QJ -

Pucynok 13. Buapl IBIKeHHS: a) TOCTYIATENEHOE;
0) BpamaTenpHOe; B) KoliebareapHoe

JIBrkeHue Tena — M3MEHEHHME €ro IIOJOXKEHHUs B IPOCTpPaH-
CTBE. JTO M3MEHEHHE MOXKET NMPOUCXOIUTDH MO Pa3HOMY (BO BpeMe-
HU) — OBICTPO, MEUIEHHO U T.1. YTOOBI OnucaTh, KaK IMEHHO JIBUTa-
JIOCh TEJIO, BBOAATCS IOHSATUS CKOPOCTH U YCKOPEHUSI.

IlycTh 3a HEKOTOPBIH MPOMEXKYTOK BpeMeHHU At Todka coBep-

munjia nepeMeuIiCHue AS = &')2 - ‘El . OTHO1ICHHNE NEepEeMCIICHUA TOY-

ku AS ko BpeMeHH At, B TeUEHHH KOTOPOro 3TO MEPEMEIEHHE TIPO-
FICXOIMIIO, HA3BIBACTCS cpedHell cKopocmuio’.
v, = (1)
At
OTa XapaKTepUCTHKA BUKCHHUS HE YYUTHIBACT TOTO KaK J[BH-
rajioch TEJIO BO BpeMs MPOMEXKYTKa A¢, TOATOMY Yallle paccMaTpH-

BaIOT MCHOBEHHYIO CKOpOCHb - OTHOIICHUC MEPEMEIICHUA TOYKHN As

® MHorma OmpeneNsioT CPeaHIOI CKOPOCTh KAK OTHOIICHHE MyTH
KO BpeMeHH. Torja yMEecTHO pa3iuyaTb CPEIHIO ITyTEBYI0 CKOPOCTh U
CKOPOCTB TI0 TIEPEMEIICHHUIO.
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K OECKOHEYHO MaJIOMY IPOMEXYTKY BpEMEHHU Af, B TE4UEHUH KOTOPO-
ro 3TO IepeMelnieHre npoucxoqmio. Ecim ymensmats Bpems Af, TO

BEKTOp mepemenieHus: As Takxe OyJeT YMEHbIIATHCS U, TPUOIIKA-
SIChb K TPAeKTOPHUH, JIOKUTHCSI Ha KacaTelbHYIO K Hed. B ciencteuun
ATOTr0, BEKTOP MTHOBCHHON CKOPOCTH HAIPAaBJICH MO KAaCaTEIBLHOU K
Tpaektopuu (puc. 14), u paBeH

_ .. As ds

v =lim— =" @)
A0 A dt

B TOM cnyqae, cClIn CKOpOCTL HC HU3MCHIACTCA C TCUCHHUCM

BpCMCHI/I, TO ABUXCHHUEC HA3BIBACTCS pa6HOM€prlM, HHaA4YeC — Hepae—

HOMEPHbIM UIH yckoperHbiM (puc. 14).

Pucynoxk 14. K onpezneneHuto CKOPOCTH U YCKOPEHUS

CKOpOCTh U3MEHEHHSI CKOPOCTH XapaKTepU3yeTcs VCKOpeHU-

—_—

em. OTHOIICHUE HU3MCHEHUS CKOpPOCTH Avk MMPOMCEIKYTKY BPEMCHU
At, 3a KOTOpBIfI 9TO U3MCHCHHC IPOU3O0LIIO, HA3BIBACTCA cpe()HuM

VCKOPEHUeM:
— AP
acp = A_t . (3)

Tak xe Kak u JJI1 CKOPOCTH, IMPU YMEHBIICHUHN MPOMEKYTKa
BpemeHu 110 Hyns (At—0) cpenHee yCKOpeHUE CTPEMHUTBCS K MeHO-
6EHHOM) YCKOPEHUIO.
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P timA @)
At—0 At dt

[IpsmMonuHeliHOE PAaBHOYCKOPEHHOE
JBuUXeHHE

JIBI)KeHHe, TPOUCXO/SMIEe C TIIOCTOSHHBIM YCKOPEHHEM,
HAa3bIBAaCTCsl pasHonepemennvim (pasroyckopennvim, ecn a>0, u
pasrozameonenuvim, ecinu a<0). B aToM cityyae yckopeHue

Av v—y,
a=—= ’
At t
OTKyza
v=y, +at, (5)

rae Vo — CKOpOCTh B HadaslbHBIF MOMEHT Bpemenu (mpu t=0), v —
CKOPOCTb B MOMEHT BpeMEHH 1.

W3 onpenenenusi cpeaHed CKOPOCTH U MPEABIAYIIETO BbIpa-
JKCHUA 110J1ydacM .
As s vy +v
Vv =—=——=——,

TNt 2

V+v v, +v, +at
s = 0f=—"—"0 t,
2 2
HJIN
2
a
S=vt+——. (6)
2

OTH nBe QOpMYIIBI MO3BOJISIOT PeniaTth OOJBIIMHCTBO 3a]1a4
Ha PaBHOYCKOPEHHOE JBIKEHHE, MPHUUEM HE TOJBKO MPSIMOIUHEN-
Hoe. Tak Teno, OpolIeHHOE O] YIJIOM K TOPU30HTY, Y4acTBYET B

1
O Cpemmsist ckOpoCTh paBHA cpeHEMy apH(METHIECKOMY OT Hauallb-
HOM M KOHEYHOU CKOPOCTHU TOJIBKO JJIsl PABHOYCKOPEHHOTO ABMKEHMUSL.
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IBYX IBW)KEHUSX — PABHOMEPHOM BJIOJIb TOPU3OHTAIHM H PAaBHOYCKO-
PEHHOM TIO BEPTHUKAITH.

ITpumep

YenoBek, INIOTHO MPHUCTETHYTHIA peMHEM 0€30MacHOCTH, UME-
€T BCE IIAHCH YIENeTh B aBapuH, €CIH TOPMO3SIIEe YCKOPEHHE He
npessimaer 30g (1 g = 9,80 m/c?). Ipearonaras, 4to aBTOMOGUIB
TOPMO3HTBCS C TOCTOSTHHBIM yckoperueM 30g, ompenenuTe, Ha Ka-
Kyto nedopMariio (B meisix obecredeHus] 0e30MacHOCTH) TOIDKHA
OBITh paccUNTaHa MEPETHS 9acTh aBTOMOOWIIS, €CITA aBapHsl TIPOIC-
xoauT Ha ckopocTtH 100 km/4.

[Ipu CTONKHOBEHHH aBTOMOOWJISL C MPEMSATCTBUEM IEpeHssA
4acTh JIe)OPMUPYETCS, U TIOKA 3TO MPOUCXOTUT, CKOPOCTH aBTOMO-
6I/IJISI YMCHBIIACTCA OT HAYAJIbHOTO 3HAYCHHA OO0 HYJIA. 3Has TOp-
MO3HOE YCKOPEHUE U CKOPOCTH, MOKHO HAWTH BpeMs TOPMOKEHUSI:

0=v,, —30gt = ;= Yu _ 2778 _ 0045

Hay

30g 30-9.8
(yureno, aro ckopoctb B cucreme CU Vv, = 27,78 M/c, a yckopeHwme
OTPUIIATENbHO, T.K. IBIDKCHHE 3aMEJICHHOE, T.. MPOHUCXOIHUT C
YMEHBIIICHUEM CKOPOCTH).

3a 310 BpeMA aBTOMOOMIIb MMpOCACT paCCTOAHUC

2 2
3088 _ 5798.0.0945 29098 20'0945 ~131m-

Ss=v {

Hay

UToObI YeI0BeK OCTAJICS HEBPEIUM, HAJI0, YTOOBI PacCTOSTHUE
OT HEro, JI0 NMepeHel YacTi aBTOMOOWMIISI ObIIO HE MEHEee TOr0 pac-
CTOSHUA.

Jna npumepa B Tabnure 1 mpuBeneHbl CKOPOCTH JBMXKEHUS
HEKOTOPBIX KUBBIX CYIIECTB.
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Tabmmma 1 - CkopocTH HOBIKCHHS HEKOTOPBIX JKHUBBIX
CYIIIECTB

Kusoe cymiecTBo CKkopocTh, M/C ’Kusoe cymectBo | CkopocTh, M/C
Viurka 0,0014 IImens 5-7
Babouka-kamycranma | 2,3 Bopona 13
Kyxk maiickuit 3,0 3asi 17
IMuena co B3STKOM 28-7,0 Jlactouka 17,5
Myxa KOMHaTHast 5 Cksoperg 20,6

Jnnamuka

Lunamuxa — pa3gen MEXaHUKH, U3y4arOlUi JBUKEHUE B CBS-
3M C BBI3BIBAIOIIUMU €T0 IPUUNHAMH — CULAMU.

Knaccnueckas auHamuka Oaszupyercss Ha TpEx 3akoHax Helo-
ToHa'

1. CymiecTByIOT Takue CUCTEMBI OTCUYETA, OTHOCUTEIBHO KOTO-
PBIX U30JIMPOBAHHBIC MOCTYNATCIIbHO ABMIKYIIUECA TCJIa COXPAHAIOT
CBOIO CKOPOCTb HEM3MEHHOM 110 MOZYJIIO ¥ HAIIPABIICHUIO.

2.Yckopenue @ , NpUOOPETaEMOE TEJIOM MOJ JICHCTBHEM CH-

ael F', manpaBneHo Tak ke Kak cuiIa, HPONOPIHOHAILHO CUJIE H
06paTtHO TponopIroHansHo Macce (B cucteme CU g = F / m).
3.JIBa B3aMMOJICHCTBYOIIMX TeJla ICHCTBYIOT APYT Ha Ipyra ¢
CHJIAMH, PaBHBIMH 110 3HAYEHUIO W TPOTHBOIIOJIOXKHO O HaIpaBJie-
HUIO (3aKOH JeHicTBUA U npoTuBoeicTaus: F,, = F), ).
CBOWMCTBO TeNl COXPaHSTh CBOK CKOPOCTh IMPHU OTCYTCTBHH
JICUCTBHUS HAa HETO JIPYTUX TeJ Ha3bIBaeTCs unepyuell. [loaTomy mep-

BBl 3aK0H HblOTOHa Ha3bIBAIOT 3aKOHOM MHEpUUU. MexaHuka, oc-
HOBaHHas Ha 3aKkoHaX HpIOTOHA cripaBeaivBa TOJNBKO MPU ABUKECHUU

! Heioron Mcaax (1643-1727) — BhLIaromuiicss aHIIHICKHHA yué-
HBIH, co3maTenb Kinaccudeckor ¢usnku. Unen JIOHZOHCKOTO KOPOJIEBCKOTO
obmectBa ¢ 1672, e€ npesnzaent ¢ 1703. Oxonunn KemOpuwkckuit yausep-
curet B 1665. B 1669 — 1701 Bosrnasisut B HéM kadenpy. C 1695 cmotpu-
Tenb, a ¢ 1699 mupexrop MonetHoro neopa. CopMymupoBal OCHOBHBIC
3aKOHBI KJIACCHYECKOW MEXaHUKH, OTKPbLJI 3aKOH BCEMHPHOTO TSATOTEHHS,
JVCTIEPCUIO CBETAa, pa3BWII KOPIYCKYJISIPHYIO TEOPHIO CBeTa, pa3paboTai
(re3aBucumo ot I'. Jleitbnnna) nuddepeHmaibHOe 1 HHETPAITBHOE HCUHC-
JICHHE.
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C MaJIbIMH CKOPOCTSIMH, 3HAYUTEIHHO MEHBIIUMH CKOPOCTH CBETA.
[IpubmmkéHHO cucTeMa OTcuéra, CBs3aHHAS ¢ 3eMIIEH SBISICTCS
MHEpIHATLHON - (FeoleHTpHYecKas cucTeMa koopauHar). C BBICO-
KO CTENeHbI0 TOYHOCTH cHUcTeMa OTcuéra cBsizaHHas ¢ ConHieMm
SIBIIIETCS] MHEPIHANBHON. J[f00as cructemMa KOOpaUHAT, IBHXKYIIAsICS
MPSIMOJIMHEWHO M PAaBHOMEPHO OTHOCHTEIHHO WHEPUIUANBHON CH-
CTEMBI KOOPIMHAT TAK)Ke SIBIISIETCS MHEPLUATBHOM.

Bo BTOpOii 3akoH HboTOHA BXOJST BEIMUMHBI: Macca U CHUJa.
Macca — mepa unepmubsix U 2pagumayuoHubix ceoticms mena. T. e.
BEJIMYMHA MAacChl MOKa3bIBAET, HACKOJIBKO TSDKENO W3MEHHTH CKO-
pOCTh Tena npu (PUKCHPOBAHHOM BO3JIEHCTBUHU. Takke OHa Ompee-
JISIET CHITy TPAaBUTAIIMOHHOTO MIPUTSDKEHMS (B TOM Ymcie K 3emie). B
MexnynaponHoi cucreme eaunul (CH) macca Tena usmepsieTcs B
KWIorpamMmax (Kr).

Cuna — Qusuyeckas eenuyura, XapaKkmepuzyowas 83aumooeti-
cmeue men. B pesynbraTe B3aUMOJCHCTBUSI C HEKOTOPOU CHJIOW OHHU
npuodpeTaroT yckopenue. Enunuiia namepenus cuiibl — Hotomon (H):

H=xem/c

Cuna sBnsercs eexkmopHou eenuyunol. BekTopHas cymma
BCEX CHWJI, ICHCTBYIOIIMX Ha TEJO, HAa3bIBACTCS pagHOOelcmsyioujell
CUo.

B3anmoneiicTBue Ten NpUBOAUT HE TOJBKO K M3MEHEHMIO MX
CKOpPOCTH, HO M K HX jaedopMmanuu (M3MEHEHHIO T'€OMETPUYECKUX
pa3MepoB). OTo HaéT OJMH U3 CIIOCOOOB M3MEPEHHS CHIIBL: IO MPO-
M3BOIMMON nedopMany HEKOTOPOro KaauOpoOBaHHOro Tena (Ipy-
KHUHBI, OAJIKK U T. T.) MOKHO CYJIUTh O BEIMYMHE CWIIBL. Takue mpu-
OOpBI IJIs1 U3MEPEHHST CUIT HA3bIBAIOTCS Junamomempamu. OObIYHbIC
BECBHl TOXE II0 CyTH CBOEH — AMHAMOMETPBI, OHH HM3MEPSIOT CHILY
MPUTSKEHUS Tel K 3emile, KOTopas MPONOPIMOHAIbHA UX Macce.

3ameTnM, 4TO BTOpPOW 3akOH HBIOTOHA BBHIMONHAETCS TOJIBKO

JUTS MHEPIMAIBHBIX CHCTEM oTcuéra. B HEM ymoOHO mox cuimoit F
MoJIpa3yMeBaTh PAaBHOACHCTBYIOIIYIO BCEX CHJI, T. €. T€OMETpHUYe-
CKYI0O CYMMY BCeX cuJi, AeicTByromux Ha Teno. [Ipu 3TtoM yckope-

12 o
3emuts BpamiaeTcss OTHOCHUTEIBHO cBoed ocu m BOKpyr ComHIla,
II03TOMY OHA JIMIIH MPHOIMKEHHO SABIAETCS HHEPIIUATBHOM.
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HUEe a OyxeT yckopeHueM Tena. OHAKO MOXHO TI0 BTOPOMY 3aKOHY
HeloToHa paccuntars yCKOpeHHUE, BBI3BAHHOE KaKJOW CHJION B OT-
JENBHOCTH, a 3aT€M OINPENETUTh Pe3yIbTHPYIOIIee YCKOPEHHE Kak
WX TEOMETPUIECKyIo cymmy. [Ipraém yckopeHne coo0IaiT TOIBKO
BHEIIHNE, @ HE BHYTPEHHHUE CHUIIBI.

Ha pucynke crnpaBa m300paskeHbl JBE TENECKKH, CBS3aHHBIC
HepacTsHKUMON HUTHhIO. OHM AEMCTBYIOT APYT Ha JIpyra C CHJIaMH
PaBHBIMH 10 MOJTYJTIO U IIPOTHUBOIIONIOKHBIMH 110 HarpaBieHuio. Cu-

na F12 coobaeT yckopenne meproit Tenexke. Cymma cun Fu

F,, coobmaer yckopenue BTOpoi Tenexkke. O0a 3THX YCKOpPEHHs

PaBHBIL, TaK KaK TEJIE)KKU CBA3aHbI HEPACTSHUMON HUThIO. C Apyroi
CTOPOHBI, CHCTEMa COCTOSIAs M3 ABYX TEJEKEK Maccou Mji+m,

JBIDKETCS TIOJ JIeiCTBHEM BHEMIHEeHW cuibl cwiasl F (0e3 yuéra
BHYTpEHHUX cul F|, u F,,) 1 npuoOpeTaeT TOYHO TaKOE KE YCKO-
PEHHUE KaK M KaK/Iask TEIEKKA B OTICIBHOCTH.

Fig F
iy 7
® © —'-2 l

_

Bropoii 3akon HeroToHa onpenenser yCKOpeHue Tena MpH BO3-
JEMCTBUM HA HETO JPYIuX Tell. Eciu 3Toro BO3IEHCTBUS HET, TO YCKO-
PEHUE PAaBHO HYJIIO U CKOPOCTb HE U3MEHSETCS, T. €. TEIO IBIKETCS
PaBHOMEPHO M MPSIMOJIMHEHHO KaK TOro TpedyeT NepBblid 3aKOH.

Cuna TATOTEHHUS
CornacHo 3aKOHY BCEMUpPHOTro TsroteHust HproToHa BCe Tena,
o0Jafarole Maccoi, NPUTATHBAIOTCS IPYT K APYrY C HEKOTOPOM
cuioil. B ciydae ToueuHBIX WITH MApOOOpa3HBIX TeJ CHiIa TPUTSKE-
HUSL — 2pAsUMAyUOHHAS CULA — NPONOPYUOHANbHA Macce mer My u
M, u 0OpPamHO NPONOPYUOHATLHA KEAOPAmMY PACCTHOAMUS MeHCOY
Humu R:

mm2

F, =G—
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3necy G=6,67-10"! H-m¥/kr? — rPaBUTALMOHHAS IIOCTOSHHAS.

[Ipumep. OmpenenuTs CUIly TPaBUTAIIMOHHOTO MPUTSHKCHHS
JUISL IBYX 4YeJOBEK Maccoi mo 70 Kr, HAXOMASIIUXCS Ha PACCTOSHUHU
10 M mpyr oT nmpyra.

Hckomas cuia merko HaXOAUTHCS 10 3aKOHY BCEMHPHOTO TS-
roteHusa HptoToHa. U XOTS 3TUX JII0AEH MOXKHO TOJIBKO OYEHb INPH-
OJIM3UTENBHO CYUTATh MATCPUAILHBIMH TOYKAMH MBI IIOJIYYUM
MPaBIONOOOHBIN pe3ynbTar. Mrak:

F, = G% =6.67-10™" .% =327-10° H

Bunno, yTo cuna odeHb Mana, OHa MPUMEPHO COOTBETCTBYET
Becy B 0.3 Mkr. IMeHHO MO3TOMY MBI €€ U HE 3aMeYacM.

Cuna rpaBUTallMOHHOIO MPUTSDKEHUsT oueHb Mana. OHa cTa-
HOBHUTBCS 3aMETHOM TOJILKO 11 OUYCHb OOJIBILINX TCJI, HAIIPUMED JIA
rianeT. Tak i Ted, HaXoIMIIMXCs Ha MOBEPXHOCTH 3€MIIM CHJIa

T'paBUTALIMOHHOT'O NPUTKCHUS:

M3mm

F=G—n_
(R, +h)

rae M; u m,, — macca 3eminu u Tena;
R; — pannyc 3emin;
h — BeICcOTa TeJa HaJ| TOBEPXHOCTHIO 3EMIIH.

Tax kak BBICOTa Teja HaJ MOBEPXHOCTHIO 3eMJIM 3HAYUTEIBHO
MeHblIIe e€ panuyca, To Ry+h~ R; u mostomy

M,

F=G—
R3

mﬂl = gmm !

Tae g = GM723 = 9.81% - YyCKOpeHue c80000H020 NAOeHUs.
7 c
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JeiicTBUTENBHO, €CIHM TaTh BO3MOXKHOCTH Ty CBOOOIHO Ia-
JaTh B IOJI€ TATOTEHMS 3€MJIM, TO COIIACHO BTOPOMY 3akoHY Hbro-
TOHA CUJION TATOTEHMs Tely OyneT cOoOOIAThCsl HEKOTOPOE YCKOpe-
Hue. Ecnu cpaBHUTH 3amuchk BTOoporo 3akoHa HeloToHa ¢ mpeabiny-
IIMM YPaBHEHHMEM, TO BHIHO, YTO J AEHCTBUTENILHO COOOILIaeMoe
Tely ycKopeHHe. Tak Kak B BBIpDaKCHHE Ul YCKOPEHUsS] CBOOOJHOTO
MaJieHUs. HE BXOJAT BEJIMYMHBI, OTHOCSIIMECS K MaarolleMy Telny,
TO CHJIA TSTOTEHHS COOOIIAET BCEM TEJIaM 0OUHAKOBOE YCKOPEHUE.

Habnronaemoe Ha mpakTHKE HEOIHOBPEMEHHOE HaJCHHUE TEl
OOBsICHSICTCS CONMPOTHBIICHUEM Bo3ayxa. OOBIYHO MaleHBKUE Tena
najarT MeAJIeHHee, 4eM Oosibline. DTO HNPOUCXOIUT MOTOMY, UTO C
YBEJIMUYEHHEM DPa3MEpOB TeJla €ro Macca M Cuja TATOTEHHS PacTyT
IPONOPLIMOHAIBHO KyOy €ro pa3MepoB, a CHIa CONPOTUBIECHHS BO3-
JyXa — IPONOPUMOHAIBHO MX KBajapary. Ilo3ToMy Ui mMasbIx Ten
CYILIECTBCHHA CHJIa COIPOTHBJICHHUS BO3IyXa, a Uil OOJBIIMX OHA
CTaHOBHTHCS HECYIIECTBEHHOM 110 CPAaBHEHHUIO C CUJION TSKECTH.

JlaGopaTopHasi ycTaHOBKa

B nmannoii maGopaTopHoii paboTe ompesenseTcss YCKOpEeHHe
CBOOOJIHOTO TaJieHUs MyTEM H3MEPEHHUs BPEMCHHU MAJCHUS Tena C
3aJlaHHOW BBICOTHI. OCHOBY J1JAOOPATOPHOM YCTAHOBKH MPEACTABIISCT
co0O0¥f MTaTHB 5 ¢ YKPEIIEHHBIMHI Ha HEM JiepKaTelleM dIIeKTpoMar-
HUTA 3 ¥ BEIKITIOYATEIEM 7. DIEKTPOMArHUT MUTAETCS OT NCTOYHHUKA
TOKAa 2 W BKIIOYAETCS BBIKJIIOYATENIeM 4, HAXOJSIIEToCs PSIOM C
MargauToM (MarHUT BKJIFOYEH B HIDKHEM ITOJIOKCHHH BBIKITIOUATEIIS
4). DTOT BBHIKJIIOYATENb UMEET BTOPYIO Mapy KOHTAKTOB, KOTOPBIC
MIPUCOEIMHEHBI K HIDKHUM KJIEMMaM JIepyKaTelis dJIeKTpoMarauTa 3.
OTH KOHTaKThl Pa30MKHYTHl B HUKHEM TIOJIOKCHHH BBIKITFOUATEIIS.
OHM TIOJICOCIMHEHBI TIOCIEIOBATEIbHO C HOPMAalIbHO 3aMKHYTBIMHU
KOHTaKTaMH BBIKJIIOUATeNsl 7 (KOT/Ia MIaHKa BBEIKITIOYATEINs MOIHITA
B HCXOJIHOE TOPHU3OHTAILHOE ITOJIOKEHUE TOT/a KOHTAKTHI BBIKIIIO-
yatens 7 3aMKHYTHI).

IlocaenoBarenbHO COSTUHEHHBIC KOHTAKThI BRIKIIIOYATENICH 4 1 7
TTOJTKJTFOYEHBI K KJIeMMaM ceKyHaoMmepa 1 (Ha ero 3amHei maHenw). Y
CEKyHJIOMepa CBEPXY JIOJDKHBI ObITh HaXAaThI JIBE MpaBble KHOIKU. Ce-
KyHIOMEp OTCUUTHIBAET BPEMsI TOIIA, KOTJa €ro KIIEMMbI 3aMKHYTHIL.

PaccrosiHre oT Tena, MOABEIICHHOTO HA DJIEKTPOMAarHuTe, 110
BBIKJTIOYATENS 7 U3MEPSAETCS TNHENKOMH 6.
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Pucynok 5. JJabopatopnast yctaHoBka: 1 — cekyHmomep; 2 — OJI0K
MUTaHNA; 3 — AepKaTeNb JEKTPOMarHuTa; 4 — BBIKIIOYaTEh
ANEKTPOMArHuTa; 5 — IITATUB; 6 — TUHEHKA; 7 — BBIKIIOYATENb

B ucxomHoM MONOXEHUU IJIaHKA BBIKIIOYATENs 7 TOTHATA,
ANIEKTPOMArHUT BKIIIOYEeH (TMONIOKeHWe BHH3 BBIKIodarens 4). [lo-
CIIEIOBATEIhbHO COEAMHEHHBIC BBIKIIOYATENM PA3OMKHYTHI (T. K.
pa3oMKHYT BBIKTIOYaTeNb 4). CeKyHIOMEp B MCXOJHOM COCTOSHUHU
He cunTtaeT BpeMs. [locne BHIKIIFOUeHUs 3NIeKTpoMaranTa 4 1erb Bbl-
KITFoUaTelNeil 3aMbIKaeTCsl U CeKyHIOMEpP HaYMHAET OTCYET, KOTOPBIH
3aKOHYMTCS TOTJIa, KOTJa TEJNO YAAPUT IO IIaHKE BBIKIIIOYATENs 7.

TakuM 06pa3oM MOXKHO U3MEPUTH BpeMs MaJleHus Teja, a 3aTeM o
2
opMyse myTH mpu paBHOYCKOPEHHOM ABIKEHMH _ 8! Bbrdmc-

2
JIMTh YCKOpEHHE CBOOOTHOTO TIaICHUSI.

Iopsok BbINOJIHEHUS pa00ThI

1. IIpoBenenne u3MEpEHUH.

1.11IpuroTroBpTe YCTAaHOBKY K IPOBEACHUIO HM3MEPEHHUH CO-
[JIACHO PUCYHKY O.

1.2BxJrounTe B CETh CEKYHIOMEp U OJIOK MUTaHHUSL.

1.3U3mepbTe paccTOsIHUE OT TOABENICHHOTO K 3JIEKTPOMarHu-
Ty Tena [0 IUTaHKM BBIKJIIOYATeNns 7. 3aHECHUTE 3TO PACCTOSHHUE B
TaOIHUITy.
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YckopeHue cBOOOIHOrO
najeHus g, m/c?

Paccrosinue ot Tena 1o

Bpewms nanenus t, ¢
BhIKIFOUarens |, m

gl (w(N| -

Cpe/Hee 3HAUEHHE YCKOPEHHS Jep, M/C?

OmuGKa H3MEepEHHs yCKOPEeHHs Agep, M/c?

YckopeHue cBOOOIHOrO
najieHus g, m/c?

Paccrosinue ot Tena 10

Ne
BeIKITROUaress |, m

Bpewms nagenus t, ¢

g lw|IN |-

Cpe/Hee 3HAYEHHE YCKOPEHHS Jep, M/C”

Omrubka u3MepeHus YCKOpeHHs Adep, M/c?

1.4 YcranoBute cexkyHaoMep Ha «0» W BBIKIIIOYHTE DIIEKTPO-
MarHuT. Teno AOHKHO yHNAcTh U BBIKJIIOUUTH BBIKIIOYATENb 7. 3aHe-
CUTE BpeMs majieHus B Ta0nuiry. [loBropute u3mepenus emg 4 pasa.

1.5 M3aMeHuTe pacCTOsIHME MEXKAY TEJIOM M BBIKIIIOUYATEIIEM.
[ToBTOpHTE BCE M3MEPEHNS /IJIST HOBOTO TIOJOKECHUS.

2. O0paboTka HKCIIEPUMEHTABHBIX JTaHHBIX.

2.1 Tlo popmyne g= 2l OTIPEJIENINTE YCKOPEHNE CBOOOHOTO
2

t
nageHus g Becex 10 uamepeHuit.
2.2 PaccunraiiTe cpenHee 3HAUYEHHUE YCKOPEHHUS M €ro IIo-
TPEUTHOCTh (I KXKAOH MSATEPKN).

KOHTpOJ’[beIe BOITPOCHI

1. Jlaiite onpenenenue myTy, Tpa€KTOPUH, IEPEMELLICHUIO.

2. Kakue cyIecTByOT BUIbI JABHIKECHUS?

3. HlaiiTe onpezaereHne CKOPOCTH U YCKOPEHHIO (CpeaHeMy U
MTHOBEHHOMY).

4. Kak paccuntaTh CKOPOCTb U NepeMEIeHNE IPH PaBHOYCKO-
PEHHOM ABIKEHUH?

5. Chopmynupyiite 3akonbl HeroToHa.

6. Yro Takoe CHIIBI TpaBUTAIUHM M KAKOMY 3aKOHY OHH T10]9H-
HAtOTCA?

7. Ot 4ero 3aBUCHUT YCKOPEHUE CBOOOIHO NaIatoIiero temna’?
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JlaboparopHas padora Ne 5
OINPEJEJIEHUE MOJISIPHOI MACCHI BO3JTYXA

Leanb padoThI: ONPENEIUTh MOJISIPHYIO MacCy BO3/IyXa.
IpuGopbl U NMPUHAMIEKHOCTH: CTCKISHHAS K0j0a, HAcoc
KamoBckoro, Becsl ¢ pa3HOBECAMH, MAHOMETP.

TeopeTuueckoe BBeieHHE

I"a3oBBIi Iponece, MPU KOTOPOM MEHSIIOTCSI BCE TPU MapameT-
pa: P, V u T, onuceiBaetcs ypaBHeHneM Knanelipona - MeHneneesa
IUISl UJIaNIbHBIX T'a30B, KOTOPOE MOKET OBITH MOIYYEHO MyTeM 00b-
eanHeHus 3akoHoB boinsg-Mapuotra u I'eli-JItoccaka. neanbHbIMU
HA3bIBAIOTCS Ta3bl, B KOTOPBIX MOJIEKYJBl BEAYT ceOsS Kak ymnpyrue
[apyKH, He UMEIoIIe COOCTBEHHOTO 00BheMa.

IIycTh cocTosiHME HEKOTOPOM Macchl M ra3a XapakTepU3yeTcst
napamerpamu P;, Vi Ti. IlepeBeaem ra3 B qpyroe cOCTOsSIHUE, Xapak-
Tepusytomieecs napamerpamu Py, Vo, T, DTOT epeBoa ocymecTBUM
B /IBa dTara:

1) morepmuuecku (T; = const) uameHnM o0beM raza g0 3Ha-

aeHmst V,, PH 9TOM €ro JaBIeHHE CTAHET PaBHBIM )  ;
2) m3oxopuuecku (V, = CONSt) u3MEeHNM TeMIiepaTypy rasa Jio
TaKoro 3HadeHus T, IpU KOTOPOM JABJIICHUE OKAXKETCSI paBHBIM P,.
IlepBoil »sTam mpolecca ONKMCHIBAETCA 3aKOHOM  boiins-
Mapuorra:

RV,
R =RV, 1) Fi:\l,—zl ©)

BTopoii aran npouecca onuceiBaercs 3akoHoM [lapis:

P_T
PoT ®3)
2 2
TMoncrasss (2) & (3), 1o =22 (4)
TaBJISS B , IIOJIY4YUM
i Yy —E —|-2
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PV

OTO 3HAYMUT, YTO IJIS JAHHOM MacChl ra3a BeJIMYHHA _T

0CTaeTCsl HEM3MEHHO: T =con 5)

CornacHo 3aK0HY ABOTaIpO IPH OJWHAKOBBIX 3HaYeHHUAX P u
T Momau Bcex ra3oB MMEIOT OJMHAKOBOE 3HaUeHHe o0beMa V,, H, cile-
JIOBAaTEIbHO, MOCTOSHHAS, COCTOSIIAs B MPAaBON 4YacTH YpaBHEHUS
(5), 6yner ommHakoBOW s Bcex ra3oB. O003HAYMM 3TO 3HAYCHHE
MTOCTOSTHHOM depe3 R.

PV
M — R
- ©)

ITocTostnnas R Ha3biBaeTcs yHUBEpCAlIbHOM T'a30BOM IOCTO-
ssHHOM. Tak Kak 00beM raza MpoMOpPLUHOHAJTIEH €ro Macce (P OJIH-
HakoBbIX P 1 T), TO

]
V. m

rie 4 - monspHas macca, V - 065EM Macchl M 3TOrO rasa.

y7;
V, =V
Otkyna gy m (7
Honcrasmss (7) B (6), momydum
PVE—R1 m PV=TRT (®)
m 24

Bripaxxenune (8) HOCcUT Ha3zBaHue ypaBHeHus Kiamelipona -

m
MenpneneeBa. B 3ToM ypaBHeHHH ; =V - u4ucyo Moueil rasa.

MonaeM Kakoro-mu0o BellecTBa HAa3bIBACTCS KOJIMYECTBO ITOTO
BEIIIECTBA, COMEPrKAIIee CTOIBKO MOJIEKYJ, CKOJBKO MX COMEPKUTCS
B 12 r u3oTomna yriepona C*™. YucnenHoe 3HavYeHHe YHUBEpCAIbHOU
ra3oBOM IMMOCTOSIHHOW ompenenutre u3 (Gopmynsl (6), mojaras, 4To
MOJIb Ta3a HAXOAMTCS IPH HOpManbHbIX yemomsx (P = 1,013 10°
a, T =273°K, V,, = 22,41 10° M°).
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Onucanue Mmetoaa

B nanHoii pa6oTe onpeieneHre MOJIAPHOI Macchl Bosayxa A4
OCYIIECTBIISIETCA ITyTeM W3MEpPEeHHsS MacChl ra3a, OTKadaHHOW (Win
HakayaHHOU ) B Koyi0y. Macca KOJIObI ¢ Ta30M ONpECIIICTCS B3Be-
muBaHueM Ha Becax tuma BJIP - 200. ITycte m; mw m, - cooTBeT-
CTBEHHO MacChl KOJOBI C Ta30M JI0 U ITOCJIEe OTKAYKH Ta3a.

Jlnst BBIBOZIA pacyeTHOM (opMyinsl pus ompeneneuus A za-
nuieM ypaBHenue Knaneiipona-MeHeneeBa Ajig Macc Bo3ayxa Mg
1 M, Haxoasammxcs B o0beme V npu Temmeparype T.

__m

u R/="2R" (10)
Y4

Brrunras u3 (9) ypasaenne (10), momyanm
—_=_1
R L (1)
PS> 4

OTC}O,Z[a JJIA pacqua BCIIMYMHBI /J
R g

VA =W = (12)

Xoa BbINOJTHEHUsI padoThI

1. B3Becuthb KosIOy A, 3amucaB 3HaueHue M; B TaOJIHILY.

Pucynok 1. Cxema yCTaHOBKH
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2. JlaBnenune Bo3myxa B konbe A paBHo P; = P,,. 3anmcars
rmokazanus P,,,. mo 6apomerpy B TabmwIy.

3. IlpucoenuHuTh KONMOY A K MaHomeTpy M.

4. Tlpu momomIM Hacoca OTKa4aTh 4acTh BO3/yXa, U3MEPUB
TIPH 3TOM JaBJIEHHE BO3/IyXa B KOioe Py,

5. 3axaB 3axuM K, oTcoeamHHTh KONMOy A OT MaHOMETpA.
B3Becuts e€, HanucaB 3HaYCHHUE M, B TAOJIHILY.

Tabnumna 1 - PesynpTaTsl m3MepeHuit

NoeNe i/t My KT My, KT P, I1a P,, Ila T, K V, M
1 0,3 Pyr
2 0,4 P,
3 0,5 Py
4 0,6 Py

6. M3meputh TemmepaTypy MO KOMHAaTHOMY TepMoMeTpy. B
TaOIUIy 3aHECTH 3HaUEHNE aOCOMIOTHON Temreparypsl T.

7. Beruncauts 1o popmyne (12) snauenne A .

8. BBIUMCIUTD OTHOCUTENFHYIO, 20COTIOTHYIO TIOTPEITHOCTH H

HaJIEXKHOCTh MOJYYCHHOT' O 3HAYCHUS /’l 1 x = M

T e B

INTETR P:l—z(éy",

1€ N - YUCJIO0 MPOBEAEHHBIX OIBITOB.

9. 3anucarthb OKOHYATEIbHBIHN pe3yabTaT B BUIC!:

#w ey, =)
KoHTpoJibHBIE BONPOCHI

1. BriBectu pacuérHyio (opmyiy st Beruuciaenus 4 B na-
OopaTopHoii padore.
2. YUTto Ha3kIBacTCSI MOJIEM BelIecTBa?
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3. Uro Ha3BIBaeTCS MOJISIPHOM Maccou?

4. YeMy paBHO YHCIIEHHOE 3HAUYCHHE YHUBEPCAIHHON ra30BOU
noctostHHOU B cucteme CU?

5. Honyuuts pasmepnocts R B cucteme CU, BbipasuB R u3
ypaBHeHus1 Menzeneepa - Knaneiipona.

6. Uto Ha3pIBaeTCS HAEATbHBIM Ta30M?

7. Uro Ha3pIBaeTCS 00LEMOM, JaBICHUEM, TEMIICPATYPOIi?

8. BeiBectn ypaBHeHune Menneneesa - Kiraneiipona.

9. Uro HaszpIBaeTCs MOCTOSAHHOW ABorampo? Uemy paBHO ee
yrciaeHHoe 3HadeHne? Kak o0o3HayaeTcss M B KaKMX €AWHHUIAX H3-
Mepsietrcs?

10. Kakumu mnapameTpaMu XapaKTEpU3YIOTCSI HOPMaJIbHBIE
ycioBus raza?

11. Yem oTnnyaroTcs uaeaabHbIN U peasibHbIN ra3pl?

12. Kakue BeniecTBa Ha3bIBalOTCA razaMu’?
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JlaGopaTopHast padora Ne 6

OINIPEAEJIEHUE 3ABUCUMOCTHU JABJIEHUSA
HACBIINEHHOT'O ITAPA OT TEMIIEPATYPBI

Heas padoTsl: OnpeneiieHre 3aBUCHMOCTH JIaBJICHUS HACHI-
IICHHOTO Mapa BOJBI OT TEMIIEPaTypPhl, ONPEACICHUE YICIBHOMN Tel-
JIOTHI HCTIAPEHUSL.

IMpuGopsl W nNpUHAMLIEKHOCTH: MaHOMETp; CIHUPTOBKA;
Kosba ¢ BOJOH; TEPMOMETD.

Teoperuyeckoe BBeleHUE

da3zoBbEe MpeBpalleHNS BeN[ECTBA.

BeiecTBa npu onpeieieHHbIX YCIOBUSIX MOTYT HAXOAUTHCS B
Pa3IMYHBIX arperaTHBIX COCTOSIHUSIX — TBEPIOM, JKHUIKOM H T'a3000-
passom™. Tlepexos1 U3 OTHOTO M3 THX COCTOSIHUI B JPYroe Ha3bBa-
eTcs (a3oBeIM mepexoaoM | poga. DTo ucnapeHue, MiaBjieHUE, KOH-
JeHcanusl, BOTOHKA U T. 1.

CocTosiHHEe, B KOTOPOM HaXOIHMTBHCS BEIIECTBO 3aBHUCHT OT
BHCIIHUX YCIOBUiA. [Ipy HEKOTOPBIX yCIOBHSAX, OOBIYHO MPU HU3KHX
TeMIIepaTypax BEeUIeCTBO UMEET TBEPIOE COCTOSHHE, TIPU €r0 Harpe-
BaHHMU OHO OOBIYHO TIABHUTCS U MPEBPAIIACTCS B )KUAKOCTh, KOTOpAst
NpU JalbHEHIIIeM HarpeBaHUM MCHAPSETCsl U MPEeBpallaeTcs B map.
OnHaKo ATOT ClieHapHid HEe BCET]a BEPEH.

CocTosiHHE BelIecTBa 3aBUCHT B NIEPBYIO OYEPEb OT €0 TEM-
mepatypsl U OT BHEIIHero JapieHus. [loatomy Oynem paccMarpu-
BaTh (pa3oBbIe MIEPEXObl U COCTOSIHUE BEIIECTBA B 3aBHCUMOCTH OT
atux mapametpoB (P, T). Cocmosnue sewecmea ompaxcénHoe Ha
ouazpamme (p, T) nazvieaemcs ¢pazosoii duaecpammotri. Ha pucynxke 1
MpuBeACHBI ()a30BbIE TUATPAMMBI JUTS BOJIBI U YTIIEKHCIIOTO rasa.

B 3aBUCHMOCTH OT 3HAYCHHUS TEMIIEPATYPhI U JIaBJICHHS Bellle-
CTBO UMeeT 100 TBEpIOE, MO0 KUAKOE JINOO Tra3000pa3HOE COCTO-
sHue. MHOrue BelecTBa MOTYT, KpOME TOTO, UMETh M pa3Hble MO-
nudUKaAIMK B OJJHOM U TOM JK€ COCTOSHHMHU. Tak, Hampumep, cepa
MOXET HaXOIMThCS B JIByX TBEPIBIX COCTOSHUSIX — pOMOHYEcKas

B HckmrodeHne cocTaBiIsieT renmii, OH HE MOXKET OBITh B TBEpPJIOM

COCTOSHHUMU.
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cepa ¥ MOHOKJIHHHAs. OHHM Pa3NUYalOTCsl CTPOSHHEM KpHCTAIIIHYe-
cKkoi pemérku. Boia mpu BEICOKUX TaBIECHUSIX MOXET HAXOJUTHCS B
LIECTH KPUCTAIIMYECKHX COCTOSTHUSX U T. 1. COOTBETCTBEHHO KaXK-
Jast Touka Ha (a30BOi [uarpaMMme OTBe4aeT BIIOJIHE ONpeAeTIEHHOMY
ycTolunBoMy cocTosHmio Bemectsa''. Ha pucynke 1 o6macTh, cooT-
BETCTBYIOIAsl TBEPIOMY COCTOSIHUIO BEHICCTBA MOMEUYCHA KaK «T»,
KHUIKOMY — <OK», Ta3000pa3sHOMy — «r». Hipke oOmacTu KHIKOTo
COCTOSIHUSI BEIIECTBO HAXOJUTHCS B Ta3000pa3HOM COCTOSHHH, HO
aTa 00JacTh MOMEUYeHa Kak «m» — objacTs mapa. Ha camom mene,
pasnuums MEXIy MapoM U Ta3oM HeET, OTJIIMYHE B TEPMUHOJIOTUHU OY-
net nano Hroke. O0IacTh KHUIKOTO B ra3000pa3HOro COCTOSIHUS Tpa-
HUYAT 1O JIUHUH OK-T1» B OJJHOM MECTE U TUIABHO MEPEXOST IPYT B
Japyra B Ipyrom. J[eso B TOM, 4TO IIpU HU3KUX TEMIIEpaTypax U JaB-
JICHUAX XUAKOCTH U IMap MOTYT COCYIIECTBOBATH OAHOBPEMCHHO, U
MBI MOXKEM yKa3aTh, TJIe XKHUIKOCTh, a T1e Ta3. B cnydyae Oombimx
JABICHUN WM TEMIIEPATyp Pasivyus MEXIY JKUIAKOCTHIO M Ta30M

HET, UX HECBO3MOXXHO pa3JINn4UTh.
Hpoilar AU,

B
QM

<
QAL

218 ]

511

0T EI-
soda VEREKUCIbIIL 203
P, aimmM \

218 \
Frm \\ 4‘?’_/
0.006

}
T ! by
1

x ()

0 27316 293 647 T K

Pucynok 1. ®a3zoBbie AarpaMMBI

14 HeKOTOpBIe BCHICCTBA MPHU OJUHAKOBBIX YCJIOBUAX MOTYT HaXo0-

AUTBCA B pa3IMYHbIX yCTOI\/’I‘II/IBI:-IX COCTOSAHHUAX, T. €. 3aJaHHUC BHCIIHHX
YCHOBHﬁ HE OMNpPECACIACT OJHO3HAYHO UX COCTOSAHUC.
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3asucumocms pagHO8eCHO20 O0aslleHUs Om meMnepamypol,
npu KOMOPbIX MOSym cocyujecmsosams 06e ¢haszvi, HA3bI8AEMCs
Kpugoil (hazo6oeo pasnosecus (Hanpumep, kpuBas paBHoBecus Py(T)
HACBHIILIEHHOTO Mapa M KUIKOCTH «K-T»). KpuBbie (a3oBoro paBHO-
BecHs pa3OMBaOT IIOCKOCTH (P, T) Ha oTHENbHBIC 00JIACTH, B KOTO-
PBIX BEIIECTBO CYIIECTBYET B OJTHOPOTHOM arperaTHOM COCTOSIHHU —
TBEPIOM, JKUAKOM HIIH T'a3000pa3HOM.

Paccmotpum (azoBbie mepexonbl Ha IpUMEpe HarpeBaHUs BO-
Iel (cM. puc. 1). Boma mpu HH3KUX TeMIlepaTypax W OTHOCHUTEIHHO
BBICOKOM JaBJICHMH UMeeT TBEpAOe cocTosiHue (Ha puc. 1 cooTBer-
CTBYIOIIAsl 00JNacTh MoMedeHa OykBoi «1»). Tak, mpu TemmnepaType
T<273.15 K u naBnernu p = 1 atM. ona tBépnas (n€n). [lpu yBenu-
YCHUU TEMIIEpaTypbl NpU MOCTOSHHOM JaBlieHHH P = | atM. nép
HAYMHACT MIABHTBCS ~ M MPEBPALIATHCS B KHIKOCTE. 1IpH uKcupo-
BaHHOM JABJIEHUHU 3TO MPOUCXOTUT CTPOTO IPH ONPEneIEHHON TeM-
neparype (Touka mepecedeHus: JHHUKA P=Const = 1 aTM. W JTUHUH
«1-%»). Jns Boabl nipu maBnenuu P = 1 atm. - T,,=273.15 K. Ilpu
MO/IBOZIE TETUIOTHI TEeMIIepaTypa OCTaéTCs HEM3MEHHOH ITOKa BECh
n€a He PACIUTaBUTCA, a 3aT€M HAYMHAET YBEIMYMBATHCSH, a BOJA —
CYIIECTBOBATh TOJBKO B JKHJKOM COCTOSHUH (00macTh «k»). [lpn
TeMIiepatype HarpeBa Boiie >373 K nHaumHaeTcs mepexoj B ra3o-
oGpasHoe cocTosHME™ (B TOYKE MepecedeHHs JTHHAA P=Const = 1
aTM. M JIMHUU «K-T1»). [loka BCS BoJa He MPEBPATHTHCS B ras, e
Temreparypa He Oyner pactu. [lpu manmpHeiem HarpeBaHHM Ta3
Oyzer mpocTo HarpeBaThcs. Tak OyneT BRI IETh Tporece (ha30BhIX
MIEPEX0JIOB BOJIBI ITPU HOPMAITEHOM aTMOC(EPHOM JaBICHUH.

[lpr HavaabHOM TBEPAOM COCTOSSHUM W HU3KOM JIaBJICHUH
(p<0.006 at™m.) Tiporiecc OyaeT MPOUCXOIUTH MHAYe. B 3TOM cityuae
TIPH HEKOTOPOii TeMIlepaType HAuHETCS He IIIaBJIeHHe, a BOSTOHKA

15 [InaBnenne — npouecc nepexonaa BEUIeCTBa 13 TBépHOFO B XU -

Koe coctossHre. OOpaTHBIHN MPOIECC HA3hIBACTCS KPUCTAIUIA3ALUCH.
Hcnapenne — mepexo ®KHUIKOCTH B ra3o00pa3HOe COCTOSIHUE.
Ecmu mporecc ucnapeHust IPOUCXOINT MO BCEMY 00BEMY KHUIKOCTH, TO OH
HaspIBaeTcsl kunenneM. OOpaHHBIN TpoIlecc Mepexoja U3 razoo0pa3Horo
COCTOSIHUSA B )KUAKOC HA3bIBACTCA KOH}IGHC&HHeﬁ.
7 Bosronka (cyGmmmarms) — Hpolecc Mepexoia BEIIeCTBA U3
TBEPIOTO B Ta3000pa3HOE COCTOSHHE.
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U Jex NeperaéT HENOCPEICTBEHHO B TIa3000pa3HOE COCTOSIHHUE.
Kunxoii dassr vHe Oyaer. Ilpu TakoMm maBieHUH BOJa HE MOXKET OBITH
YKUJKOCTBIO HU IIPH Kako# Temmeparype. JpyruM npumepom Takoro
(ha30Boro Mepexoa MOKET CIYKHUTh KPUCTAIUIBI H0Aa, KOTOpBIE MPH
aTMOCc(epHOM AaBICHUHU Cpa3y IpeBpaiaroTcs B map. TBEpaas yr-
nekrcinoTa (Cyxod ném) mpu atMochepHOM TAaBICHUU TaKXKe cpasy
MEPEXOAUT B ra3000pa3HOE COCTOSHUE, MUHYSI AKHIIKOC.

Taxast sxe cutyauus OyAeT NPOUCXOAUTH U IPH OOJBIINX J1aB-
neHusx (st Boabl p>218 atm.) — TBEpmas ¢asza cpaly Oyzmer mpe-
Bpaiarbesl B ra3oo0paszHoe coctosiuue. [Ipu Takom naBneHnu BooO-
1€ HeJIb3sl CKa3aTh TO JIM OHA Oy/AET MEepeXOoAnTh B KHUIKOE, TO JIU B
ra3oo0pa3HOe COCTOSIHME — BoJa OyIeT 3aHMMaTh BEChb IPENOCTaB-
JICHHBIH 00BEM, T. €. BEeCTH ce0sl Kak ra3. B To jxe BpeMsi B3auMoeii-
CTBHE MEXKAY MOJIEKYJIaMH OY/IeT CUJIbHBIM, TIOUTH KaK B KHJIKOCTH.

CornacHo pucyHKy 1 KpuBas «T-K» O BOABI HAaKJIOHEHA
BIIEBO, a 17151 CO, — BIpaBo. 3HAUUT TEMIIEpATypa 3aMeP3aHUsl BOJIbI
YMEHBILIAETCS C YBEIWYCHUEM [ABJICHHs, B OTIIMYME OT OOJBIIMH-
CTBa APYTuX BemecTB, B ToM uncie u CO,. ITo 00yCIOBIEHO TeM, a
00BEM BOJBI IIPU IEPEXOJE U3 KHUIKOTO COCTOSIHUS B TBEPLOE yBe-
JIUYUBAETCS.

Taxum 00pazom, pa3uane MeXIy KHIKOCTHIO H Ta30M MOXKET
OBITH TOJILKO B HEKOTOPOM JIHAra3oHe AaBJICHHUS U MPH TEMIIEpaTy-
pe, He MpeBBIIIaloIell HeKOTOpoe 3HaueHue. Tak Uit BOABI TOJBKO
TIpH TeMIleparypax oT ~273 mo 647 MOTyT HaONIOIATHCS U KUKOE H
ra3oo0pa3HOE COCTOSHUE.

Temnepamypa 2a3a, HudHCe KOMOPOU €20 B03MOJICHO Nepesecmu 6
AHCUOKOE COCMOSTHUE HA3BIBACTICS KPUMUYECKOU TMeMnepantypoll.

Kpuruueckass Temmeparypa pasfiuyHa Uit Pa3HBIX BEIIECTB,
HarpuMep, A7 BOAbI KpUTHUecKas Temrieparypa paBHa 647,3 K, mis
azora 126 K, misa xucnopoga 154,3 K. IlostoMy npu KOMHATHOH TeM-
nepaType BojIa MOXKET HAXOAUTHCA U B )KUJIKOM, H B Ta3000pa3HOM CO-
CTOSIHUSIX, @ a30T M KUCIIOPO/T CYIIECTBYIOT TOJIBKO B BHJE TA30B.

KpuBble paBHOBECHS <OK-TI», OK-T» M «T-II» CXOIATCA B TaK
Ha3bIBAEMOW mMpoUHOU mouke, B KOTOPOH MOT'YT COCYLIECTBOBAThH B
paBHOBecHH Bce Tpu (a3pl — TBEpHAAs, XKUAKAas H Tra3000pa3Has.
TpoiiHas TOYKa BOJBI MMEET BIIOJHE OIPEAEIEHHBIE KOOPIWHATHI
T,=273,16 K, p,;=602 Ila. Ota TOYKa MCIOIB3YyeTCd B KauecTBe
OTIOPHOI I OmpeneNeHus] aOCOMIOTHON TeMIepaTypHOW IIKajbl
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KenbBuna.

CoriracHo (ha3oBBIM AuarpamMmaM J1000€ BEIIECTBO TOJKHO
IpU  ONpEACNEHHON TeMImepaType U J[aBICHUU HAXOJUTHCS BO
BIIOJIHE OIPENIEIIEHHOM COCTOSHHUH - TBEPIOM, XKHUJIKOM MU ra3000-
pazHoMm. OTHOBpEMEHHO COCYIIECTBOBATh TPHU (Da3bl MOTYT TONBKO B
TpOMHONW TOYKe, a 1aBe a3kl — BHOIL JTUHUH pPaBHOBECHUS >KHJI-
KOCTb-TIap, TBEPI0E TEIO-KUAKOCTH U TBEPAOEC TEIO-TIap.

PaccMoTpuM HEKOTOPBIi cocyﬂlg. OH MOXeT OBITh 3aIOJIHCH
ra3oM, HampuMep BO3IYyXOM, & MOXKET B OBITh ITyCTHIM (T. €. BHYTPH
BakyyM). TemmnepaTypy B cocyne OyaeM MoIAep>KUBaTh IIOCTOSHHOM
(mammpumep 20 °C). Hanpém B cocyn HeMHOTO BOJBI. Tak Kak jgaBie-
HHE Ha BOJY TTIOKa PAaBHO HYJIIO, TO HAYHETCS WHTEHCHUBHBIN TTEpeXo]
MOJIEKYJI M3 BOJBI B BakyyM — oOpa3oBaHHEe ra3000pa3Hoii (a3bl.
DTO COCTOSIHHE COOTBETCTBYET TOUKE A Ha (a30BOU Iuarpamme pu-
cyHka 1. IIpu mocTeneHHOM Iepexoie MOJIEKY U3 YKHIKOCTH B ra3
JaBJICHUE BOJISHBIX MapoB OynmeT pactu 10 Touku B (10 maBieHus
Pun)- JlanpHelee yBenndeHrne HEBO3MOXHO, TaK KaK TOTJa ObI, CO-
riacHo (pa3oBo¥ aMarpaMMe BEIIEeCTBO JIOJDKHO OBUIO OBI TpeBpa-
IaThCS 00paTHO B KUAKOCTH. HO 3TO mpuBeno Obl K KOHIEHCAITUH
BOJIbI, YMEHBIIICHUIO NTABJICHUSI BOJSHBIX MAPOB U MEPEXOTy BOJIBI
00paTHO B )KHUJKOE COCTOSIHUE. 3HAYHUT, Iporiecc (a30BOro mepexoa
OCTaHaBIMBaeTCA. B cocyne HacTymaer T. H. QuHAMuueckoe pagHo-
geclie, KOTJIa 9aCTh MOJICKYJT TOKHU/IAET KUAKOCTh U MPEBPAIIACTCS B
ra3, ¥ TOYHO TaKas K€ 4YacTh MEPEXOJUT M3 ra3a B KUAKOCTH (B
Hayvalie TIepBhIi mporecc mpeodnanan). Takyw cucmemy HA3bl8AOM

'8 310 MOKET GBITH M HEUTO APYroe, HAIPHUMEp KHIAs KOMHATA.
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osyxgasnotl, a nap®®, naxoosuyuiics 6 pasnosecuu co ceoeil HUOKO-
CMb10, HA3LIBAIOM HACHIUEHHBIM.

CkazanHoe Bbllle OyJeT CIpaBeJIMBO IS Clydas, KOTAa B
cocyae HaxoIUTCs JAPYroe BelIecTBO, a He BoJa. Kpome Toro, He-
Ba)KHO, OBLJT JIU B COCYJIC BaKyyM, WJIM KaKHE-JIMOO Ta3bl - 110 3aKOHY
JlanbTOHA WX MPHUCYTCTBHE HUKAK HE CKAKETCS HAa JaBJICHUU HACHI-
IICHHBIX BOJISIHBIX TIAPOB.

Tenepb MOKHO YTOYHHTH, YTO Takoe nap. [lapom nazvieaemcs
2a3, HAXOOAWUILICs Npu memMnepamype Hudice Kpumudeckot. 3HAUNT
map — 3TO TOT e ra3, HO IpH YCIOBUH, YTO OH MOXET HAXOAUTHCS B
PaBHOBECHH CO CBOEH KHUKOCTBIO.

B namem mpumepe AaBieHHE HACBILIEHHOTO Hapa — py,. Ilo-
HSTHO, YTO JaBJICHHE HACHIIIEHHOTO Tapa OyJeT 3aBUCETh OT TeMIIe-
patypbl. DTa 3aBUCUMOCTD Py;(7) COOTBETCTBYET KPHBOW «OK-TD» PH-
cynka 1. C TOBBIICHUEM TEMIIEPATYPhl PacTET W JABJIICHHE HAChI-
IIEHHOTO Tapa>’. JlaBjIeHHe HACHIIEHHOTO Mapa OMPENCIseTCs KpH-
BO (ha30BOTO PaBHOBECHS «OKHIKOCTb-TIapy». KpuBast «T-m» ompene-
JSIeT 3aBUCHMOCTh TEMIIEpaTypbl BO3TOHKH OT jaBlicHHs. Kpupas
«T-K» — TEMIIEpaTypy 3aMep3aHusl OT JaBJicHUsA. HakloH KpHBBIX
3aBUCUT OT TEIJIOTHI, BBLACISIONMICHCS WM TOTJIOMAIONICHCS MpH
TakoM (ha30BOM mepexojie (TeruoTa IiaBIeHus, TapooOpa3oBaHus U
T. 1.). DTOT HAKIOH"' KPHBBIX PABHOBECHS OMpEAENIETCS 110 GOopMY-
ne Knaneiipona-Knaysuyca:

19 ITapom Ha3bIBaeTCs ra3, HaXOJSIIMICS IPU TEMIIEPATYPE HUXKE
KPUTHYECKOH. 3HAYUT Map — 3TO TOT JKe ra3, HO NMPH YCIOBHUH, YTO OH MO-
KeT HaXOJUThCS B PABHOBECHHU CO CBOEH KUIKOCTBIO.

2 [Ipu yBeNMUEHHH TEMIIEPATyphl PACTYT CKOPOCTH MOJIEKYI Tasa,
a, CIeJ0BaTeNIbHO, U KOJIMYECTBO MOJIEKYJI, BO3BPAIAIOIIUXCS B )KUAKOCTh
(v mokmpmaromux e€). Tak Kak NpU TOBBILECHUH TEMIIEPATYPhl XHIKOCTH
MIOKUAAET OoJIbIlIee KOJMYECTBO MOJIEKYJI, TO KOHIIEHTpALUsl MOJIEKYJI Ta3a
TaKXKe pacTeT NpH €€ MOBBIIEHUU. 3HAYUT JOJDKHO PACTU M JaBICHHE
HACBIIIEHHBIX MapOB.

! Hakon KpuBOii OMpeenseTcss HAKIOHOM KacaTeNbHOM K STOi
KpPHUBOH, a HAKJIOH KacaTeJIbHOH — TAaHT€HCOM YJlUIa HAaKJIOHA, KOTOPHIHA pa-
BEH [TPOM3BOAHOM OT PpyHKIMHU. B HameMm ciyuae Gpynkiums umeet Bua P(T),
a HAKJIOH ompejeseTcs npoussoaHoi dp/dT.
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g O
I7 i ED—V)/Z,
rne ( — yaenbHas TemoTa Gpa3oBoro rnepexosa,
Vy, — yenbHbli 00bEM (00BEM €JMHHIIBI MACCHI).

Tak, mns xpuBoit ucmaperus («x-m») B popmyne (1) mox q
cIeyeT MIOHUMATh TeIJIOTy UCHapeHHs, Mox Vy, — yAeIbHbIH 00bEM
napa, Vy,, — yAenbHbIH 00BbEM KUAKOCTH.

BonsHo#t map B maHHO#M J1abopaTOpHOM paboTe MOXKHO IIPH-
OMDKEHHO CUYWTATh TOJUUHSIONUMCS ypaBHEHHIO MeHenee-
Ba-KnamneiipoHa, a yieabHbIM 00BEMOM JKUIKON BOJBI MOXHO IIpe-
HeOpeub, MO3TOMY

VR

V= ——. (2)
72 N

Otcroma u u3 ypaBHeHus Kianeiipona-Knaysumyca MoxHO
HAWTH yJIETbHYIO TEIUIOTY UCTIAPEHHS:

apriy

adrT )

B nanHoit pabote e€ MOYKHO HANTH MPUOIFKEHHO 110 (HOpMyIIe

Go.—22. X4

(4)

1€ Tupen — TEMIIEPATYpA MPENIIECTBYIOMAsA TeMueparype 1 B
Tabnuie;
Thocn — TEMITEpATYpa TIOCHEAYIOMAs Temreparype T B Tab-
I,
Prpen ¥ Priocn — JABIIEHUS, COOTBETCTBYIONIME TEMIIEPATYpPaAM
Tnpe;[ u Tnocn-
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JlaGopaTopHasi yCTAHOBKA
B nannoii naboparopHoii paboTe ompenensercss 3aBUCUMOCTh
JaBJICHHUS HACBHIIICHHBIX MApOB BOJBI OT TEMIEPATyphl CTATUIECKUM
MmeTojoM. JlaGopaTopHas ycTaHOBKa COCTOMT U3 KOJOBI 3 ¢ BOJOH,
3aKpeIUIEHHON B mITaTHBE 4 W MOIOTpeBaeMOi Ha CIHpPTOBKe 5. B
MPOOKy KOJIOBI BCTaBJIEH TePMOMETP | ¥ ra300TBOAHASA TPYOKa, MO~
KITIOYEHHAst K MAaHOMETPY 2.

Pucynoxk 2. JlaboparopHast yctaHOBKa: 1 — TepMOMET;
2 — MaHOMETp; 3 — Koy0a; 4 — MITaTUB; 5 — CIIUPTOBKA

JlaBneHue HACBILIEHHBIX NAPOB U3MEPSIETCS] HEMOCPEACTBEHHO
Mo MaHoMeTpy. Bo3myx w3 KOJIOBI ymanseTcss Mpu KUTIEHUHM BOJIBI
BMecTe ¢ mapoM. OgHaKo 9acTh BO3ayxa Bc€ ke octaéres. Ero xo-
JIUYECTBO OIPEJIENSETCS IO OCTATOYHOMY JIABIICHUIO BHYTPH KOJIOBI.
[eno B TOM, 4TO OpHU KOMHATHOW TeMIlepaType NaBJICHUE BOASHBIX
MapoB HEBEJINKO, U UM MOXKHO MPEHEOpeys 10 CPAaBHEHHIO C JIaBlie-
HUEM BO3/yXa, OCTABIIErocs B KOJOe. 3HAYUT MaplHaibHOE JaBlie-
HHUE BO3[yXa B KOJIOE PABHO JABJICHUIO Py,; B HEHM MOCIE OCTHIBAHUS
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K0J10b1. Bo3myx B K0j10€ ITpH OCTBIBAHWUH COBEPIIAET U30XOPUUECKUI
MPOIIECC, TaK KaK MPHU OCTBIBAHWW KpPaHBI 3aKpPHITHL. JaBieHue BO3-
Jyxa TPH TeMIIepaTypax BhIIIE KOMHATHOW MOYKHO ONPEICIUTH IO
YPaBHEHUIO U30XOPHOTO MpoLecca:

p@o’::i Kot (2)

Ilopsaaok BhINOJHEHUS] PadOTHI

1. TlpoBeneHue U3MEPEHHN.

1.1 TIpuroToBbTE YCTAaHOBKY K MPOBEACHHUIO H3MEPEHUH.
Hamomaute xondy 3 Bogoi nmpumepHo Ha 1/3. [lomcoenuante MaHo-
METp K Tra300TBONHON TpyOke KonObl. [IpoOka nomKHa IUIOTHO 3a-
KpbeiBaTh KonOy. Kpaubl mMaHomeTpa J0/KHBI OBITH OTKPBITHI
(ycTaHOBNIEHBI BIOIH TPYOOK).

1.2 3axeub COMPTOBKY U HArpeBaTh Ha HEll KOJIOY ¢ BOMOM.
Ilocne 3akumanus AaTh BoJE NPOKUIETh B TeueHUH ~10 MUH. YTOOBI
13 KOJIOBI BMECTE C IapoM BBIIIEN BO3IYX.

1.3 TloracuTh CIMPTOBKY H TYT K€ 3aKPBITh BHIMTYCKHON KpaH
MaHomeTpa. Temneparypy TepMOMeTpa M AaBJICHUE MO0 MaHOMETPY
3aHECTH B TAOIUITY.

1.4 Tlo mMepe ocThiBaHMs KOJIOBI JaBJICHUE B HEH OyneT ma-
nate. Kaxknplil pa3, korga naenenue ynaa€r Ha 0.1 atM, cienyert 3a-
MUCHIBATh JAaBJICHUE U TEMIEpaTypy B TaOJHIly ¢ SKCHEpHUMEHTalb-
HBIMU JIaHHBIMH. M3MepeHus cieqyeT NpoJoinKarh A0 TOJIHOTO
OCTBIBaHUSI KOJIOBI.

1.5 Orkpoiite kpaH u 3amycTuTe B K00y Bo3ayx. Pazoepure
1ab0paTOPHYIO YCTAHOBKY.

Banpeuiaercs:
OCTaBIIATH YCTAHOBKY 0€3 IPUCMOTPA,
HarpeBaTh CIIUPTOBKOM KOJIOY € 3aKPBITHIMU KpaHAMU MaHOMETPa,

HAKJIOHSITH CIIMPTOBKY M BBUIUBATh U3 HEE CITUPT,
Mo IBepraTh KO0y yaapam.
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2. OO6paboTKa IKCIIEPUMEHTAITBHBIX JaHHBIX.

2.1 TlepeBemute TemmepaTypy W naBieHue B cucremy CH.
PaccunTaiite monpaBky Ha OCTaTOYHBIH BO3ILYX Pronp (DOpMyIa (2))
U BBIYTUTE €€ W3 JaBJICHHS p MOKA3bIBAEMOr0 MaHOMETpPOM (TIOITy-
YUTCSI ICTUHHOE JIABJICHUE HACBIIICHHOTO rapa p;.

2.2 Tlo dopmyite (2) paccunTaidTe yaenbHbIH 00bEM Tapa.

2.3 Paccumraiite ynenpHYyIO TEIIOTY MapooOpa3oBaHus ( MO
dopmyie (4).

2.4 Tlo dopmyne ASZqI

IIECHUE DHTPOIIUU ITPU UCITaAPCHUU.

yIEeIbHOE paccuuTaiTe mpupa-

KoHTposibHBbIE BONIPOCHI

1. Or kakux (akTopoB 3aBHCHUT ()a30BOE COCTOSHHE Belle-
ctBa? Urto Takoe dazoBsiii nepexoy | poxa?

2. Yto Takoe kpuBas (azoBoro paBHOBeCHs?

3. Ilpu kakuxX YCIOBHUSX BENIECTBO MOXKET HAXOJUTHCS B
Kuakon ¢aze?

4. atp ompenesneHne HachlieHHOro napa. OT 4ero 3aBUCUT
ero nasyieHue?

5. 3amucats ypaBHeHue Knaneiipona-Knaysuyca.

6. Iloyemy ynenbHas TEIUIOTa UCTIAPEHUS 3aBHCUT OT TeMIIe-

patypsi?
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JlaboparopHnas paGora Ne 7
OINPEJAEJIEHUE BJAXKHOCTU BO3YXA

s padoThl: 3HAKOMCTBO ¢ METOJAMH ONPEIEICHISI BIIaXK-
HOCTH Bo3/yXa. [IpakTHyeckoe omnpeieneHue BIaKHOCTH.

I[Mpudops! u npuHagiexnoctu: [Icuxpomerp; Gapomerp.

Pasnosecue napos ¢ eé ocuokocmvpio 0coHOeHHO B8adiCHO HA
npumepe 600bl U ammocepuoil eérazu (6 eude napos 60ovl). B
3a6UCUMOCIIU  OM  COOEPIICAHUSL BOOSHLIX NAPO8 8 B030yXe Mbl
CYOBEKMUBHO pA3IUYAEM «CYXOU», «GIANCHBILY B030VX, MAK KAK
9MO  CKA3bIBAEMCSl HA  JICUBLIX  OP2AHUSMAX U PACMEHUsIX.
Tloooepoicanue  3a0aHHOU  GIANCHOCMU — eCMb  HEO0OXOOUMbLL
9/1eMeHm CO30aHUS MUKPOKIUMAMA.

Teoperuyeckoe BBeleHUE

CornacHo (a30BBIM auarpaMMaM Jr000€ BEUISCTBO JOJHKHO
OpU ONpeAeiCHHOW TeMmIeparype W JaBI€HHMM HaXOAMTHCS BO
BIIOJIHE OIIPEACNEHHOM COCTOSHUM - TBEPAOM, XKUIKOM HJIH ra3000-
pasHoM. OTHOBPEMEHHO COCYLIECTBOBATH TPU (ha3bl MOTYT TOJBKO B
TPONHON TOYKe, a JBe (a3bl — BIOJb JIMHUHA PABHOBECHS JKHUJI-
KOCTb-TIap, TBEPIOE TEI0-KUAKOCTh U TBEPIOE TEIIO-TIap.

Bopa u e€ mapsl nMeroT OoJbIIOe 3HAYEHHE /ISl CYIIeCTBOBA-
HUS JKU3HU Ha 3eMJie, MOATOMY OCTaHOBHMCs Ha e€ (ha30BbIX Mpe-
BpAILCHUSAX.

Ecnu monnep:xuBaTh HEM3MEHHBIMH JaBJICHHE M TeMIIEpaTy-
Py, TO BOJa MPUAET B KAKOE-TO KOHKPETHOE COCTOSTHHE.

p, ama

218

AT

Pee .

0.006 — A

b

K 27316 29‘3 7 T K
PI/ICYHOK 1. ®azoBas AuarpamMma BOJbI
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PaccmoTpum HEKOTOPEIH cocynzz. OH MOXeT OBITh 3aIOTHEH
ra3oM, HampuMep BO3IYyXOM, & MOXKET U ObITh YCTHIM (T. €. BHYTpH
BakyyM). Temmeparypy OyzaeM MoJiepKUBaTh MOCTOSHHOHN (Hampu-
mep 20 °C). Hanpém B cocyn HeMHOTO BOIbI. Tak Kak JaBieHHE Ha
BOJly TIOKa PaBHO HYJIO, TO HAYHETCSI MHTEHCHBHBINH TEPEX0] MoJie-
KyJ U3 BOIBI B BaKyyM — 00pa3oBaHue ra3000pa3Hoit ¢a3pl. ITO co-
CTOSIHHE COOTBETCTBYET TOuKe A Ha (pa3oBoil AuarpamMme prcyHka 1.
[Ipu mocTeneHHOM Mepexoae MOJEKYJ U3 KUAKOCTH B Ta3 JIaBICHUE
BOJISIHBIX MApoOB OyAeT pacTu 0 Touku B (10 maBneHus p,). Jdaib-
Helflliee yBeIHMYeHne HEBO3MOXKHO, TaK Kak Torjia Obl, cornacHo ¢a-
30BOM JMarpaMme BEIISCTBO JOJDKHO ObLIO OBl IpeBpalnaThcsi 00-
PaTHO B KHUJAKOCTD. Ho sT0 IIPUBEJIO 6I)I K YMCHBIICHUIO JaBJICHUA U
MEepeXoay BOJBI U3 JKUJAKOTO COCTOSHHS B Ta3000pa3Hoe. 3HAYHT,
nporiecc ($Ha3oBoOro nepexoja OCTaHABIMBaeTCs. B cocyne HacTymaeT
T. H. OUHAMUYECKOoe pagHosecue, KOTa 4acTh MOJIEKYN MOKUAAeT
XKHUJIKOCTh M MPEeBpalaeTcs B ra3, ¥ TOYHO Takas K€ 4acTh Mepexo-
ITUT W3 ra3za B )KUIKOCTH (B Hadaye MEPBBIA MpoIecc mpeodiaaan).
Takyio cucmemy naszwisaiom 08yxgasuoii, a nap™, naxodswjuiics &
PpasHosecuu co ceoetl HCUOKOCMbIO, HA3bIBAION HACHIUEHHBIM.

AN

«’ il

B namem mpumMepe aaBieHHe HACHIIMIEHHOTO Mapa — Py,. llo-
HATHO, YTO JaBJICHUE HACHIILIEHHOTO Mapa OyJaeT 3aBUCETh OT TeMIle-
partypbl. OTa 3aBUCUMOCTD Py,(7) COOTBETCTBYET KPHBOW «OK-TD» PH-
cyHka 1. C moOBBIIIEHHEM TEMIIEpPAaTyphl PacTET W JaBIEHUE HACHI-
1IEHHOTO Hapa’”.

22 370 MOXKET BBITh U HEUTO JIpyroe, HallpUMep Kujas KOMHATa.

= ITapom Ha3bIBaeTCs a3, HaXOJAIIMNACS [IPU TEMIIEPATYPE HUXKE
KPUTHYECKOH. 3HAYUT Map — 3TO TOT JKe ra3, HO NMPH YCIOBHH, YTO OH MO-
JKET HaXOJIUThCS B PABHOBECUU CO CBOEH JKUIKOCTBIO.

% TIpu yBeTMUEHIH TEMIIEPATYPBI PACTYT CKOPOCTH MOJIEKYJI ra3a, a,
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CkazaHHOe BhIIIE OyJeT CHpaBeUIMBO I Ciydas, KOrja B
cocy/ie HaXOJIUTCS KaKOW-TMOO ra3 Wiu apyTras KuIKocTh. [lo 3ako-
Hy JlanbToHAa MX MPUCYTCTBUE HUKAK HE CKAKETCS HA JaBICHUHU
HACBIIICHHBIX BOJISIHBIX MAPOB.

JlaBneHue HACBHIMIEHHOTO IMapa OIpenesaeTcs] KpUBOH (Ga30Bo-
TO PaBHOBECHS <OKUAKOCTBh-TIap». 3Has AaBIIEHUE HACHIIEHHOTO Ma-
pa Bcerja MOKHO HalTH Maccy BOJSIHOTO Tapa B eAuHUIlE 00BhEMa
1o ypaBHeHU0 MenneneeBa-Knaneiipona:

a="2PM _00216. 2 1)
vV RT T

Abcontomnou  61adCHOCMbIO  HA3bIBACMCS MACCA  BOOSIHBIX
napos, codepacawuxcs ¢ 1 m® enajicnozo 6030yxa.

[To cytn, abcomroTHAsE BIAXKHOCTh €CTh IUIOTHOCTH BOJSTHBIX
napoB B Bo3ayxe. [lpu 1r000i TemiepaType AaBICHUE BOASHBIX Ia-
POB B BO3AYXE HE MOKCT NPCBLIIATH JaBJICHUC HACBIIICHHBIX IIapOB.
[ToaTomy abconmoTHAST BIKHOCTh He Oe3rpaHWUYHA, OHA MUMEET Ipe-
TIeTI, OIIPEe/IeNIIeMbIi JaBICHHEM HACHIIICHHBIX TapoB.

Maxcumanvnas  enaxchocms — macca 600AHO20 hapa,
Komopas — coomeemcmeosana 0Obl  HACLIWEHUIO NPpU  OAHHOU
memnepamype, OMHeCEHHAs K 00bEMY 6030YXd, 8 KOMOPOM OHA
€co0epaHcUmCcs.

Omuocumenvras 61AHCHOCMb — GbIPANCEHHAS 8 NPOYEHMAx
OmHOweHue  aOCONIOMHOU  BIANCHOCMU K MAKCUMATIbHOU
BIIACHOCMU NPU MO Jice memnepamype:

0=-2".100%: )
a

max

TJIe ¢ - OTHOCHUTENbHAS BIAXXHOCTh, %;
3.
Amax — MAaKCUMaJIbHAs BJIAKHOCTh, KI/M”,

3

a — abCOIIOTHAS BIAXKHOCTb, KI/M".

CJIEI0BATEINILHO, ¥ KOJTMYECTBO MOJICKYJI, BO3BPAILAIONIMXCS B KHUAKOCTD (1
mokugaromux e€). Tak kak MpH MOBBIIICHUH TEMIIEPATyphl KUAKOCTH T10-
KnjaeT OoJblliee KOJMYECTBO MOJIEKYJ, TO KOHIEHTPALUs MOJIEKYT rasa
TaKXKe pacTeT NMpH e€ MOBBIIICHWH. 3HAYUT JOJDKHO PACTH WM IaBIICHHE
HACBILLEHHBIX [1apOB.
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XOTs emWHWIIAa W3MEpPeHHS aOCOMIOTHOW M MaKCHMAaJbHOM
BJIQXKHOCTH KF/M3, e€ 0OBITHO M3MEPSIOT B /v, Tlo CyTH, 3TO TUIOT-
HOCTbH BOJISIHBIX MTAPOB B BO3/yXE.

ITpumep.

Omnpenenuts MacCy BOASHBIX IApOB, COAEPIKALIMXCS B KOMHa-
Te pasMepoM 6x9x3 M. OTHOCHUTEIbHAS BIAKHOCTH 75 %, TeMiepa-
Typa 20 °C.

W3 Tabiun naBneHWs HACBHILIEHHOTO Iapa OT TEeMIepaTyphl
HAxOJMM, YTO JaBicHHE HachlmeHHoro mapa mpu 20 °C p,,=2330
ITa. IIpn KOMHATHOHM TemmepaType BO3AYX MOYKHO CUMTATh MJIEallb-
HBIM Ta30M, a JaBJCHUE HACHIIICHHBIX IAapOB BOJBI 3HAYUTEIHHO
(moutu B 50 pa3) MeHbIIe aTMOC(HEPHOTO, MOITOMY K HUM MOXHO
MIPUMEHUTh ypaBHeHHEe MenneneeBa-Knamneiipona. 113 Hero mMsl BbI-
pasuM IJIOTHOCTh HACBHIIMIEHHOTO BOJSHOTO Mapa (ero MakCHMalb-
HYIO BII&YXHOCTB):

~m_pM  2330-0.018
vV RT  831.293

a,. =p =0.0172 ==
M

(ydreHo, yTO MOJApHAs Macca BOJbI 18 1/MoIb).

ToydeHHbIH pe3y/IbTaT 03HauaeT, uto B 1 M° camoe Gombliee
MOXET coiepKaThes 17.2 T BoBI (TIpU yKa3aHHOU TEMIIEPATYPE).

W3 omnpenesieHrss OTHOCUTENILHOM BJIAXKHOCTH BhIpa3uM a0Co-
JIOTHYIO BIIAYKHOCTh

g G O _ 0.0172-75 — 00129 %"
100% 100 M’

Maccy BOASIHBIX IIapOB B KOMHATE HaWAEM, YMHOXHUB COJEp-
skanne Bojibl B 1 M° (aGCOMIOTHYIO BIAKHOCTB) HA 0OBEM KOMHATHI:

m=a-V=0.0129-6-9-3=2.09kr.
To ecTh B BO3IyXe KOMHATBI COACPIKUTCS O0Jiee 2 KT BOJIBI.

W3 npuBen€HHOro mnpumepa ciaeayer, 4TO OTHOCUTEIBbHYIO
BIIQ)KHOCTh MO>KHO BBIPA3UTh YEPE3 OTHOIICHUE 1aBICHUMN:
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pM 3
— /RT 100% =-P".100%' )

M/ P

T7e p — MaBJICHUE BOISHBIX MTApPOB;
P — TABJICHUE HACKIIIICHHBIX TIAPOB IIPU TOM K€ TEMITEpaType.

Ecnu, He MeHss NaBICHHS BIAXKHOTO BO3[yXa, OXJIAXKAAThH
ero”>, To Macca BOJSHEIX T1apOB (aGCOTIOTHAS BIAXKHOCTS) B HEM Oy-
JeT OCTaBaThCsl NPEXKHEH, a MaKCHUMalbHas BIAXHOCTh OyneT
YMEHBIIATECS, T. €. OTHOCUTENIbHAS BIAXXHOCTb OyJEeT YBEIUINBATh-
cs1 cormacHo (2). Korma MakcuManbHast BIaXXKHOCTD @max JOCTHTHET
3Ha4YeHHs, paBHOro abcomoTHoW BraxkHoctH a (¢=100%), Torma
Ha4yHETCS KOHJACHCAIUS BOJSHBIX MapoB, TaK Kak B BO3JyXe HE MO-
KET COJEPIKATHCS BOASHBIX MapoB OoJiee, YeM 8max. KOHIEHCAus
OyZeT mpoucXOIuTh HA MEJIKHX IBUIMHKAaX, Ha OBEPXHOCTAX TBEP-
IBIX Tel U T. 1. BHemrHe 3To OyneT BBITsAAETh Kak 00pa3oBaHHE TY-
MaHa WU pockl. [loatomy memnepamypy, npu Komopou 800aHOl
nap cmaHo8UMbCS HACLIWYEHHBIM U HAYUHAEMCS €20 KOHOEHCayus,
HA3b16AEMcsi MOYKOU POChL.

UroObl OSBUIICS TYMaH WK pOca HAJ0, YTOOBI BOJASHOW Tap
CTaJl MEPECHIICHHBIM, T.€. COJEP)KaHNE BOASHBIX IApOB B BO3AyXe
MIPEBBICUIIO MAKCHMAJIBHYIO BIIAXKHOCTb. JTO JOCTHUTAETCS OJHUM U3
JIBYX CIIOCOOOB: JINOO TEIUIBIA BO3/IyX, HACBIIIICHHBIN BOISHBIMH I1a-
pamMu OXJIaKJaeTcs, MO0 B XOJOAHBIM BO3JyX HCHapseTcs BOZa C
HEKOTOPOW HarpeTol moBepxHocTH. [lepBriii ciyuail HaOMOgaeTCS B
HpUPOAE, KOTJAa TEIUIBIA BO3[yX, HArpeTblil COJHLEM Yy BIIAXKHOU
TIOYBBI M BOZOEMA, IOJHAMAETCS BBEPX, Iie U oxuIaxaaercsa .. Tak
BO3HMKAIOT obsiaka. Bropoi cimywail HaOmiomaercs, Korga yTpoMm c
MTOBEPXHOCTH TEIUIOTO, €mI€ HE OCTHIBILErO, BOJOEMA HCHapseTCs
BOJISTHBIC TIAPHI B YK€ XOJIOAHBINA BO3TyX. Tak oOpa3yercs TyMaH Haj
MOBEPXHOCTHIO PEK U 03€EP.

2

> T.e. IpH M306aPUIECKOM OXITAXKICHHH.

2 o

® Bosmyx oxmakaercs 3a CuéT KOHTAKTA C XOIOIHBIMH CIOSMH aT-
MOC(EPHOTO BO3/yXa U 3a CUET ainadaTHIECKOTO PACIIUPEHUSI.
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OnpeneneHnne BIAXHOCTH BO3AyXa.

AOCOJIIOTHYIO BJIXKHOCTH MOXKHO OIIPEIENUTh HEmocpe/-
CTBEHHO, U3MEPHUB MAcCy BOJSHBIX MapoB B Bo3ayxe. IIpakTuueckn
3TO MOXHO CJIeNIaTh, MOMYCTHB 33JaHHBIA 00BEM BIIQXKHOTO BO3IyXa
Yyepe3 BIIATONOTJIOMAIONINN (QUIBTP, HANPUMED XJIOPUCTHIH Kajlb-
uuii. B3BecuB GUIBTP 0 W TMOCIE MPOITyCKaHUS BO3AyXa MOXHO
HallTW Maccy BOJSHBIX IapoB, a 3aTeM M aOCOJIOTHYIO BJIa’KHOCTD
OTOT METOA OTpeNeeHHs BIaXXHOCTH JOCTATOYHO TPYIAOEMOK, XOTS
u ToueH. [loaToMy ero Mcnonb3yroT A TPaAyUpOBKH APYTUX MpH-
0OpOB JUIs OTIPEeeNICHHS BIaXXHOCTH — TUTPOMETPOB.

[pyroii MeTon ompeleneHus BIaXXKHOCTU COCTOUT B U3MeEpe-
HUM TOYKH pochkl. COOTBETCTBYIOIIUI MPHOOP COCTOMUT U3 METaJIHU-
YECKOT'0 COCy/a ¢ MOIMPOBAHHON MepeaHEll MOBEPXHOCTRIO. B Hero
BCTaBIISIETCS TEPMOMETp, HaJMBACTCS Kakas-HUOY/Ab JIETKO HCHapsi-
FOIASICS KUAKOCTh ¥ HaJl IIOBEPXHOCTHIO 3TOM JKHUAKOCTH MPOITyCKa-
€TCs C MOMOIIBIO TPYIIN BO3AYX. BeiencTBum ucnapeHus sKUaKoCTH
OHa OXJIAKIAETCA U IPU JOCTHYKEHUHN TOUYKH POCHI Ha TOJMPOBAHHON
MTOBEPXHOCTH TOSBISIETCA XOPOIIO 3aMeTHasA poca. OnpeenuB TeM-
nepaTypy BO3AyXa U TOYKY POCHI MOXKHO ONPENEIUTh aOCOIIOTHYIO
1 OTHOCHUTENIBHYIO BIaXXHOCTb. EciM BOJIHBIE Maphl HAYMHAIOT KOH-
JNEHCUPOBATHCSA, 3HAYMT JIABJICHHWE IapOB CTaJO COOTBETCTBOBATH
JABJICHNIO HACKHIIEHHBIX MapoB. 3Hasi TOUKY POCHI, 1O TabIUIE daB-
JICHWsI HACBILIEHHBIX MapoB (CM. mpuiokeHue 1) onpenensercs aas-
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JIEHWe W TUIOTHOCTH (a0CONFOTHAs BIAXKHOCTH) mapa. Onpenenus 1o
TOH >Ke TaOnuIle MaBlieHHE HACBIIIEHHOTO Tapa TPH HW3MEPEHHOMH
TeMIeparype Bo3yXa MOXKHO HAWTH U OTHOCHTEIBHYIO BIaXKHOCTb.

Hanpumep, temnepatypa Bo3ayxa t,=20 °C. Poca nosiBuiach
npu t,=15 °C. Ilo Tabmuue npunoxkeHuss lHaxoauMm JaBlIeHHE
HaceimenHoro mapa mpu 20 °C — p,,(20°)=2337 Ila. [laBneHue
HACBILICHHBIX MApOB MPU TOYKE POCHI — Py, (15°)=1702, a mmoTHOCTH
BOJUTHOTO Mapa p,(15°)=0.0128 kr/m°. 3HauuT aBCOTIOTHAS BIAXK-
HoCTh a=0.0128 kr/M°. OTHOCHTEIBHAS BIAXHOCTH COIJIACHO (oOp-
myie (3): ¢=100% - p,,(15°) / p,p(20°) = 73 %.

Jna ompeneneHus BIaKHOCTH NPUMEHSIOTCS U MaTepHabl,
abcopOupytomue Biary u3 Bo3gyxa. Ilpu 3TOM HM3MEHSIOTCS HX
cBoiictBa. Tak, Hampumep, TILIATEIBHO OYMILEHHBI MOPUCTHIN
yronpb, abcopOupys Biary, M3MEHSET CBOE DIIEKTPHUYECKOE COMpO-
TuBJieHHE. [10 U3MEHEHUIO CONPOTHBICHHUS MOXKHO CYAUTH 00 OTHO-
CUTEJIHOW BIIQXKHOCTH. PaHee NMpUMEHSITUCH BOJIOCSIHBIE THIPOMET-
pbl. VIX 4yBCTBUTENBHBIN 3JIEMEHT TPEACTABISLT cO00H 00e3KUpeH-
HBII 4EJIOBEYECKUI BOJIOC, KOTOPOH B 3aBUCUMOCTH OT OTHOCHTEJIb-
HOM BI&XHOCTH W3MEHSI CBOKO JUIMHY. Bonoc mpukpemmsics kK
LIKWUBY CTPENKH, KOTOpask yKa3blBajia Ha IIKaJle BIaKHOCTb.

B nacrosimiee Bpemsi JUis ONpeeNeHus] BIAKHOCTH IINPOKO
HCIIOJNIb3YETCS ICUXPOMETP, COCTOSIIIUHN U3 ABYX TEPMOMETPOB, OJUH
13 KOTOPBIX OIpENENsIeT TEMIIepaTypy OKpY’KaIOLIEro BO3IyXa, a
IPYTOH M3MEPSIET TeMIlepaTypy CMOYeHHOU BOAoW TkaHW. COOTBET-
CTBEHHO OJIMH TEPMOMETP HA3bIBAETCS CYXUM, a JPYTOil — BIaXKHBIM.
[lonsTHO, YTO BOJA, HCHAPSSACH C TKaHU, OyIeT YMEHbLIATh TeMIIe-
paTypy BIaKHOTO TEPMOMETpA, M TeM CHIIbHEe OyAeT MPONCXOINUTh
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UCIIapeHue, YeM MEHBIIE BIIard COJIECPIKUTCS B BO3AyXE. 3HAUMT, 110-
Ka3aHWs BJIQKHOTO TEPMOMETpa OyIyT 3aBHCETh OT BIaHOCTH. [1o
MOKa3aHUsAM CYXOrO M BJI&KHOTO TEPMOMETPA MOXHO OINPEIETHThH
OTHOCHTEIIBHYIO BJIQKHOCTb, UCIIOJB3YS T. H. MICHXPOMETPHUYECKYIO
TabuIy (CM. TIPHIOKEHHE 2).

JlabopaTopHas ycTaHOBKA

[Ipu mpoBeaeHnn Ma6OPATOPHON PAOOTHI MCHOIB3YETCS TICH-
xpometp 1 (cm. puc. 2), 6apometp 2, cocya 3 ¢ tepmomerpom 4. Io
OapoMmeTpy onpenensercs arTMocepHoe IaBlIeHHUE, 0 TICUXPOMETPY
— OTHOCHUTENbHAS BIIAKHOCTL. B cTakaH4uk 3 HalIuBaeTcs BOJa KOM-
HAaTHOW TEeMIEpaTypsl, a 3aTeM J00aBISIETCs XOJI0JHAs BOJA TIPH TI0-
CTOSAHHOM IICPEMCUHIMBAHUUN OO0 IIOSABJICHUSA Ha €ro CTCHKAaX pPOCHI.
[Tpu 3TOM TemmepaTtypa BOJbI U3MEPSETCS TEPMOMETPOM 4.

il

\\\\\\\\\\\\\\\\l \|||fm,-ﬁ:;fjf 2%
g i %,
RN T,

2
=

Pucynok 2. JlabopaTopHast ycTaHOBKa: 1 — ICHXPOMETP;
2 — bapomeTp; 3 —C cTakaHYuK; 4 — TEPMOMETP

Ilopsinox BhINOTHEHHS PAdOTHI
[To mcuxpomeTpy onpeaeniTe OTHOCUTENHHYIO BIAKHOCTH () B
ayauropun. CHavyana Hafgo yOeAUTHCS, YTO TKaHb BIaKHOTO TEPMO-
MeTpa CMO4Y€Ha BOJOH. Eciu 3T0 HE Tak, TO HaJeWTe B COCyA IICHU-
XpOMeTpa BOJIbI KOMHAaTHOM TeMIIEpaTypbl U NOJ0XKIUTE, IIOKA IIOKa-
3aHHA BJIAKHOTO TEPMOMETpA HE MEPECTAHYT U3MEHATHCS. 3AHECUTE
MOKa3aHus B TAOIUILY.
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MOKa3aHus CyXOTO TEPMOMETPa
tcyxy °
MOKa3aHMs BJIAXKHOTO
TepMOMeTpa ty;, °C
OTHOCHUTEITbHASI BIAXKHOCTE @, %0
MaKCHUMaJIbHasl BJIAKHOCTh
Amax, KI/M
aGCOITIOTHAS BIQXHOCTD d, KI/M°
aTMOC(hEpHOE TABICHUE Pamy, 112
JIaBJICHHE BOJISIHOTO 1apa
Do, [Ta
BBIYHCIICHHAS] TOYKA POCHI
ps
TO4YKa pockl t,, °C

[To 6apomeTpy onpenenuTe aTMOCPEPHOE JABICHUE Pyrys -

[lo temmeparype cyxoro TepMOMeTpa OMNpEAETUTe MaKCH-
MaJIbHYIO BJIQXKHOCTH BO3AYXa 8max, NOJIB3YHTECHh TAOMULIEH MPUIO-
xeHus 1.

Hcnonb3yss 3HaYeHHWE OTHOCUTEIBHOM H MaKCHUMallbHOM
BJIQYKHOCTH, OTIpeNenTe a0COIIOTHYIO BJIAXKHOCTh BO3yXa 1o ¢op-
myie (2).

[To popmymne (1) HaiinuTe MaBiIeHUE BOASHBIX TAPOB Py

ITo TaGnuue npunoxeHus 1 onpenenanuTe TOUKy pocsl t’,.

HaneiliTe B cTakaHuYuMK BOAY KOMHATHOW Temmeparypbl. Men-
JICHHO JIOJIMBaiiTe B HEro XoJoaHyto Bony (= 0°C) mo mosiBieHus Ha
BHEIIHEH MOBEPXHOCTH CTaKaH4YMKa POCHL. M3MepbTe TemmepaTypy
BO/IbI B CTAKaHUHMKe. DTO Oy/eT TouKa pochl t,,.

KoHTposibHBbIE BONIPOCHI

1. Maiite onpe/erneHne aOCOMIOTHON U OTHOCHUTEINBHOMN BIaX-
HOCTH.
UTo Takoe HaCBILLEHHBIN map?
OO0BsICHUTE BO3HUKHOBEHHUE TY4, TYMaHOB.
Urto Takoe ToYKa poChI?

5. Kak ompenenuTh MacCy BOJISHBIX IApOB, HAXOISIIUXCS B
BO3J1yX€ MOMeEIIeHuUs?

6. Kakue cyIiecTByIOT METO/IbI ONPEACICHHS BIAKHOCTH?

o
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HpI/IJ'IO)KeHI/IC 1. I[aBJ'IeHI/Ie 1 IIJNIOTHOCTHh HaCBINICHHBIX IIa-

POB BOJIBI.
Temmeparypa, JIaBJICHHE IUIOTHOCTh Temmeparypa, JIaBIICHHE IUIOTHOCTh
HACBIIICHHBIX | HACBHILIEHHOTO HACBIIIEHHBIX | HACHIICHHOTO
e 3 °C 3
napos, klla napa, Kr/m napos, klla napa, Kr/m
0 611 0,0048 15 1702 0,0128
1 652 0,0052 16 1817 0,0136
2 0705 0,0056 17 1929 0,0145
3 758 0,0060 18 2063 0,0154
4 813 0,0064 19 2195 0,0163
5 878 0,0068 20 2337 0,0173
6 937 0,0073 21 2487 0,0183
7 998 0,0078 22 2642 0,0194
8 1072 0,0083 23 2806 0,0206
9 1144 0,0088 24 2982 0,0218
10 1227 0,0094 25 3164 0,0230
11 1303 0,0100 26 3360 0,0244
12 1402 0,0107 27 3551 0,0258
13 1490 0,0114 28 3779 0,0272
14 1597 0,0121 29 3990 0,0287

[punoxenue 2. [lcuxpomerpruueckas TabauLa JJis Onpeese-
HUSI OTHOCUTEJIBHOM BIaXXKHOCTH BO3/yXa, %.

Toxazanus Pa3HOCTh NOKa3aHMii CyXOro M BJIQXKHOro TepMomerpa, °C
CyXoro
TepMOMeET- 0 1 2 3 4 5 6 7 8 9
pa, °C
10 100 | 88 76 65 54 44 34 24 14 4
11 100
12 100 | 89 78 68 57 48 38 29 20 11
13 100
14 100 | 90 79 70 60 51 42 33 25 17 9
15 100
16 100 | 90 81 71 62 54 45 37 30 22 15
17 100
18 100 | 91 82 73 64 56 48 41 34 26 20
19 100
20 100 | 91 83 74 66 59 51 44 37 30 24
21 100
22 100 | 92 83 76 68 61 54 47 40 34 28
23 100
24 100 | 92 84 77 69 62 56 49 43 37 31
25 100
26 100 | 92 85 78 71 64 58 50 45 40 34
27 100
28 100 | 93 85 78 72 65 59 53 48 42 37
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JlaGopaTopHasi padora Ne 8

OIPEJEJEHUE KOD®O®UIUEHTA BSI3KOCTHU
’)KUJIKOCTU METOI0OM CTOKCA

Leanb pabdoThl: W3yueHUE SBICHUS BHYTPEHHETO TPEHUS B
KUJKOCTAX U ONpeiesicHue KO PUITMECHTA BSI3KOCTH KUJIKOCTH Me-
togom Crokca.

IIpudopsl 1 npuHamIe:kHocTH: TpyOka CTOKCa, HANOJTHEH-
Has KaCTOPOBBIM MacJiOM, CEKYHJOMEp, MUKPOMETpP, MacIliTaOHas
JIMHEUKA.

TeopeTuyeckoe BBeIecHHE
Ecnu npuBecTy OJMH CJIOM KUJIKOCTH B YIOPSAJOUYEHHOE IBHU-

KEHHE CO CKOPOCThI0 L1, TO OH B CBOIO OYepenb yBIICUET 3a co00i

COCE/IHUH CJI0H cO CKOPOCThIO U2, CEAYIOMINH - CO CKOPOCThIO U3
u 1. 1. [Ipr 5TOM CKOPOCTB YIOPSIIOYEHHOTO ABMKEHUS OyneT yObI-
BaTb B HAIpaBJICHUU, NCPICHAUKYIAPHOM HAIIPABJIICHUIO JIBUKCHUSA
CJIOEB )KMJKOCTH, TO €CTh

Q>u>u

BLI,I[CJ'II/IM ABa CJIOA KUJAKOCTHU, HAXOIAIINXCA Ha paCCTOSAHUN

A X Jpyr OT Ipyra U JBUKYIIUXCS CO CKOpocTaMu 1 u U2 (cM.
puc. 1)

Ax

Pucynox 1. Ciou xunkocTa
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BcenenctBue mepemadd KodMdecTBA IBIDKCHUS TIPH TIEPEXOJIE
MOJIEKYIT M3 CJIOSl B CJIOM BO3HHKAeT CHJa BHyTpeHHero Tperws. Cra
BHYTPEHHETO TPEHUS MPONOPIMOHATbHA IUIOMAAN CONPUKOCHOBEHUS
B3aUMOJICHCTBYIOIIMX CIIOEB KUIKOCTU U TPATUCHTY CKOPOCTH.

d.
F—77_-S 1
dx '’ ()
rue: n - KO3 (UITUCHT BI3KOCTH XUAKOCTH, S - IIIONIANb
dg
CJ1041, a - Fpa,[[I/IQHT CKOpOCTI/I.

Koaddummenrom auHaMuYecKor BSI3KOCTH (MJIM TPOCTO BS3-
KOCTBIO) Ha3bIBaeTCs BEIMUMHA, YHCICHHO paBHas CUJIE BHYTpEHHe-
ro TPEHMs, ¢ KOTOPOW OJMH CIJIOM YBJIEKAET WIM TOPMO3UT IPYroi
CIIO¥ TIPH YCIIOBHH, YTO IUIOIIAIb CONPHKOCHOBEHHS CI0eB S = 1M° i

ds 1
IpafEeHT CKOpOCTH —_ —1C

dx
N3 dopmynsr (I) cnemyer, uro pasMepHOCTh KO3 QHUIIMECHTA
BSI3KOCTHU

[z A=

B cucreme CU 3a emuHMIy BS3KOCTH MPHUHAMAIOT lKT/MC -
BSI3KOCTh TaKOW Cpe/bl, B KOTOPOH OJIMH CJIOH YBJIEKAET WU TOPMO-

3UT Japyro# cnoit ¢ cuior B I H, ecnu miomans cCOnpuKOCHOBEHUS

2 L/
coeB 1M ¥ rpagMenT ckopocTH —- <

N3mepeHre BSI3KOCTH JKUAKOCTEH NPEACTaBIsAET OOJIBIION
MPaKTUYECKUM HHTEpec. BS3KOCTh NPUXOIUTCS YUUTHIBATH MPHU
OTIpEICIICHUY SHEPTHH, HEOOXOMUMON I MEePEKAYUBAHUS KHUIKO-
¢t 110 TpyOaM. [1o BSI3KOCTH BO MHOTHX ClIydasix CyIsAT O TOTOBHO-
CTH WJIH KAuecTBE MPOJIYKTOB MPOU3BOACTBA. TakK, BSI3KOCTh pac-
IJIABJICHHOTO CTEKJIA OIMpeNessieT ero KauecTBo. Bs3kocTh pacruias-
JIEHHBIX [IJIAKOB UTPAET OOJBIIYIO POJIb B MPOBEIECHUH CTAJIEIUTEH-
HOTO Tporiecca. Bs3kocTh Macen uMeeT OOJbIIOe 3HAYEHUE IS CO-
3/IaHUsl HEOOXOIMMOTO PEeKUMa TPSHHS B y3JIaX MAIIMH U MEXaHH3-
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MoB. Kpome Toro, MHOTHE MOJIEKYJISIpHBIE BEJIMYMHBI, HE HaOmrona-
€MbI€ HEMOCPEICTBEHHO, MOTYT OBITh BBIPAXKECHBI U BBIYHMCIICHBI Ye-
pe3 BI3KOCTb.

Bs3KOCTB ®KHIKOCTEH CYIIECTBEHHO YMEHBIIACTCS C MOBBIIIE-
HUeM TemIiiepaTypsl. [loaToMy npu u3mMepeHnn BsI3KOCTH HE00XO0Iu-
MO YYHTBHIBATh TEMIEPATYypy XHUIKOCTU. Tak Ko3(pPULIUEHT BSI3KO-
CTH BOJBI IIpU M3MeHeHuH TeMiieparypsl oT 20°C no 90°C ymeHnsbia-
eTcst mouTH B 3,5 paza. OcoOEHHO CHIIBHO 3aBHCUT OT TEMIEPaTypHI
BA3KOCTh Macesl. Tak, HalpuMmep, BSI3KOCTh KaCTOPOBOI'O Macia IpH
n3MeHenun temnepatypsl ot 18°C no 40°C magaet moutH B 4 pasa.
PC)KI/IMy pa6OTI)I CMa3OK BO MHOIUX MCXaHU3MaX COOTBETCTBYCT
0O0JIBLION TeMIlepaTypHbI HHTEPBa, YTO BBI3bIBAET OONBILINE TPYI-
HOCTH JUIS CO3JIaHHS TOJHOIIEHHOTO >KUAKOCTHOTO Tpenus. Cyie-
CTBYET HECKOJIBKO CIIOCOO0OB M3MEPEHNUs BI3KOCTH KUAKOCcTeH. [Ipu-
OOpbI, C MOMOIIBI0 KOTOPBIX OMNPEACISIOT BS3KOCTb, HA3bIBAIOTCSA
BHCKO3UMeTpaMu. B nanHO# paboTe ompenenenne xodddummeHTa
BSI3KOCTH OcylIecTBIsieTcs MeTogoM CTokca.

Meton Ctokca /151 onpeesieHus1 KO3 GUUUeHTa BA3KOCTH

7
- — - ~1m.
P
FQ-

Perd
- — — —| 2

Pucynok 2. Meton Ctokca

Paccmotpum cBOOOgHOE TajeHWe Tejla BHYTPH IOKOSILIEHCS
xuakoct. [lycTh B cocylle ¢ UcClielyeMOW JKUJIKOCTBIO TajaeT He-
OOIBIION Imapuk pamryca I co ckopoctbio U (puc.2). B stom ciryuae
MEXKy TOHKHM CJIOE€M >KHJIKOCTH, OOBOJIAKMBAIOIMM ILIAPHK, U OKPY-
JKAoIe cpenold BO3HUKAET CHWila BHyTpeHHero TpeHusa. Cuia BHYT-
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PEHHETO TPEeHWs HANpaBleHa B CTOPOHY, NMPOTHUBOIIOJIOKHYIO IBHKE-
Huio, u papa  F7. =712 rre: 11 - kosdupeHT BI3KOCTH.

Kpome cunbl ¥, Ha mapuk IEHCTBYIOT €Il€ JBE CHIIBL: Ts-
KECTH lg , HampaBlIeHHas BEPTUKAIBHO BHU3, cuiia Apxumena -

|J—:)a - BEPTUKAJIBHO BBEPX.

B mepBpIii MOMEHT BpEeMEHHU IIApUK JIBIDKETCS C YCKOPEHHEM,
TaK KaK CWJIA TSDKECTU OOJIBIIIE CYMMBI BBITATKUBAIOIICH CHITBI M CHJIBI
BsizkocTu. [Ipu panpHeimeM nageHny CKOpOCTh MapUKa YBEINIUBACT-
Csl, BO3pAcCTaeT M CHJIa BHYTPEHHETO TPEeHWs, 4To ciemyeT u3 (2). B He-
KOTOpBIF MOMEHT BpeMeHH Bce Tpu cuiel > F,,, u 5 ypaBHOBe-
IIMBAKOTCA W MIApUK HAYMHACT ABHUIAaTbBCA C MOCTOSTHHOM CKOPOCTBIO
& . 3anmmem 15t 5T0r0 CIyyast BTOpoii 3akoH HploToHa.

v, 3

rrzp> aa

OO0o03Ha4YMB uepe3 A.. IINOTHOCTH LIAPUKA, @ YePe3 L. ILUIOT-

HOCTB JKHJKOCTH, TTOJYYUM CHIIY TSDKECTH Errrg:;ﬁ,gg, 4

4
cuity Apxumena |:a=j3713 289 ®)

Hoxcrapnss 3Hauenus cuia (2), (4), (5) B (3) u Buipaxas 77,
Halgem

29C2 )
75 =) (6)
|

yLII/ITBIBaSI, YTO CKOPOCTH PABHOMCPHOTO JABUMIKCHUS 9= E,

npeoOpazyem (6):

7#%7‘22. @)

9 1

rae: | - paccrostHre Mex Iy MeTKamMu M u N,
t - BpeMs IpOX0KAEHUS IIaPUKOM 3TOTO PACCTOSHUA.
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IMopsinok BbINOJIHEHUSI padOThI

1. M3meputs aumametp mapuka 3 - 4 paza IpH TOMOIIH MHK-
poMeTpa. BeanuciuTh U3 MOTy4YeHHBIX 3HAYCHUH cpeJjHee 3HaueHue I
W 3aHECTH €ro B TaONHIly. AHATIOTUYHO HANTH pagMycCHl elle 2-X Iua-
PHUKOB.

2. Heckompko pas m3MepuTh MAacCIITAOHOM JIMHEHKOM paccTosI-
HUE MEKIY METKaMH M u N.

3. IIpn moMomy cekyHAOMEpa ONPEIeNUTh BpeMsl JIBIKEHUS
KaXJ0ro IapuKa OT BEpXHEH 10 HIXKHEN METKHU.

4. Ilo dpopmyne (7) paccunTtaTh KOIPPUIMEHT BSIBKOCTH KacTO-
POBOTO Macia It KaXkJIOro OIbITa, Pe3yJIbTaThl 3aHECTH B TaOJIHILy.

& =

ceey

5. BeluucouTh NpubIMKEHHOE 3HaueHue Bsskoctd /7. Jlns
OJHOTO W3 ONBITOB PaccYUTaTh A0COMIOTHYIO U OTHOCUTEIBHYIO I10-
TPEUTHOCTH.

17=17+tA7;

6. OKOHYATENbHBIN pe3yabTaT 3a1ucaTh B BUJIE:
2= BREY: =922V

Tabnuna - Pe3ynpTaTsl H3MEpEeHUI

Bpews Paccrosiaue Payc Koadpuru-
Ne it MEXIy €HT BSI3KOCTH
nagenust t (c) werkam | (w) mapuka I (M) n

1.
2.
3.
4.
5.
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KoHTposbHbIE BONIPOCHI

1. Kakue siBieHMs OTHOCATCS K sBJICHUSAM mepeHoca? Yem
00yCIIOBIICHO BHYTPEHHEE TPEHUE (BA3KOCTb) KHUJIKOCTH?

2. OOBSICHATH 3aBUCUMOCTH BSI3KOCTH XUAKOCTH OT TeMIIepa-
TYpHI.

3. Uto Ha3wiBaeTcs ko3durmenToM BA3kocTH? OT KakuX Be-
JIMIUH 3aBUCUT KO3 (OHUITMEHT BI3KOCTH?

4. BriBectu pacueTHyto (hopMyiTy U pacdera KodHuimenTa
B3KOCTH MeToJoM CToKca.

5. IlpuBenuTe MpUMeEphI BIHSIHUS BSI3KOCTH JKUAKOCTH Ha pa-
00Ty MaIllMH U MEXaHU3MOB.

6. UTo Ha3BIBaIOT KUJKOCTHIO, UJ1€aIbHOM JKUJIKOCTHIO?

7. YTo MOHMMAIOT TOA JaMHUHAPHBIM U TYpOYJICHTHBIM Teue-
HUEM BSI3KOU KUAKOCTH?

8. Kakoit popmynoii Beipakaercs 3akoH CTokca?

9. B yem cyTh ypaBHEHUS HEPA3PBIBHOCTH CTPYH?

10. BeiBectu ypaBHeHue bepHyiu.

11. Kakue cuipl yUuTBHIBAIOTCA B NaHHOW paboTe? 3anmuimmnTe
WX BEKTOPHOE YpaBHEHHE.

12. Yro MBI moHMMaeM moji ApxumenoBoi cuioi? Chopmy-
JIMpYUTE 3aKOH Apxumena.
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JlaGopaTopHasi padora Ne 9
KOJIEBAHUS

Heab pa6oThl: 3HAKOMCTBO C OCHOBHBIMHU TTOHATHAMH KOJIe-
Oanmii. CHATHE aMIUITMTYIHO - YaCTOTHOM XapaKTepHCTHKH MaTeMa-
THYECKOTo MasiTHUKa ¢ oTepsimu. [IpoBepka Gopmyiisl 1uis nepuoaa
Kose0aHNi MaTeMaTHIECKOTO MasTHHKA.

IIpudopsl 1 npuHamie:xkHocTu: JlabopaTopHas ycTaHOBKA;
CeKyHAOMeEp.

Konebamenvuvie npoyeccel 6cmpeuaromes 6oy, 6 Mom duc-
Jle U 8 JHCUBLIX Op2aHU3MAx u dadxce 6 skocucmemax. Ilpumepom ag-
mokonebamenvHol cucmemsl agisiemca cepoye. Konebanusa npouc-
X005m U 8 20108HOM MO32Y (C-pummsl, [S-pummsl u m. 0.). 38yKosbie
Konebanus ueparom O601bULYI0 Poib 6 Hcugom mupe. Mexanuueckue
KONeOaHUs UCNONL3VIOMCS 8 MEePAneemu4ecKux Yeusx.

Teopernyeckoe BBeIeHHE

Konebanus — nepuoduueckoe usmeHeHue  Kakou-mubo
Qusuueckoll 6enUUUHbL.

KounebneTcs MasTHUK B yacax, BETKa JiepeBa Ha BETPY, TEMIIe-
parypa Bo3ayxa J€Hb OTO JHS W T. . ECI B ABWKEHWH MasTHHKA
YETKO TPOCICIKUBACTCS TOBTOPSIEMOCTh SIBJICHUS (ITOBTOPAEMOCTD
MOJIOKEHHUS, CKOPOCTH, YCKOPEHHsI), TO B U3MCHEHUH TeMIepaTyphl
3Ta MOBTOPSEMOCTh HE 4€TKas. [[oka3zaHo, 4TO MPOU3BOJILHBIE KOJIe-
OaHus MOXKHO TIPEICTaBUTH B BHIE KOMOWHANWU TpocTedmmx. ITo-
3TOMY CHavasia pa3bepém mpocTeiiive KoieOaHus: Ha MpuMepe Ma-
STHHUKOB, @ 3aT€M PacCMOTPHM BOIPOC O MPEACTABICHHUU TPOU3-
BOJIBHBIX KOJICOQHMIA.

MasasTHUKH

1. I[IpyXMHHBII MaATHUK.

[IpyXuHHBII MasSTHUK MpPEACTaBIAET cOOOM TPY3HK, 3aKper-
NEHHBINA Ha MpyXuHE. [ Toro, 4To0Bl HE YUUTHIBATh CUILY TSKECTH
(e€ y4€r HUYETO HE W3MEHHT, HO YCIOXHUT PACCYXKICHUS) pacIo-
JIO)KUM MAasTHHUK TOPHU3OHTAIBHO. Bynem cumrars, 4TO MEXIY Ipy-
30M M MOBEPXHOCTBIO, HA KOTOPOM OH paclOJOXKEH, OTCYTCTBYET
TpeHwue, 4TOObI MOAYEPKHYTH 3TO, TPY3 H300PaKEH C KOJIECUKAMH.
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]

i

] ]
] ]
| |
Xmarx b
Pucynok 1. [Ipy>XuHHBIN MasTHUK

BriOepeM TOpPH30HTAIBHYIO OCh, PACHOJOKEHHYIO BJOJb
MPYXKUHBI C HAYATIOM KOOPJMHAT, COOTBETCTBYIOIIUM IOJIOKEHHIO
paBHOBECHS Tpy3a.

JonycTuM, 4TO B Ha4aJbHBI MOMEHT BPEMEHH Ipy3 ObLT OT-
BeJEH BIPABO Ha PACCTOSHHUE Xmax, & 3aT€M ero oTmyctwiu. [lo-
SBUBLIASCA 110CJIE PACTSKEHUS NPYKUHBI cuila ynpyroctd F, Oyner
CTPEMUThCS BEPHYTh I'Py3 B HayallbHOe cocTossHue. OHa Oyzer me-
pemeniath Tpy3 B HAYaIbHOE COCTOSIHUE U YCKOpATH ero. Korna rpys
JNOUAET 10 HAYATLHOTO TMOJOXKEHUSI OH HE OCTAHOBHTHLCS, OH OyJeT
IpoaoKaTh ABUKCHUC IO MHCPLHH. HpO}Z[OJ'I)KaH JABUTaTbCs OH CTa-
HET CXKUMATh TPYXKHUHY, MPHIEM MPYKUHA, B KOHIIC KOHIIOB, OyIeT
c)kaTa IMEHHO Ha CTOJILKO, Ha CKOJILKO M ObLIA pacTsHyTa. JTO Clie-
JIyeT W3 3aKOHA COXPAaHEHWS SHEPruu: TOJHAs SHEPrUsi CUCTEMBI
[pYy’KMHA - TPy3 paBHA CyMMeE IOTEHLUUAJIbHON SHEPTUU MPYKUHBI U
KHHETHYECKON SHEpruu rpys3a. B mporiecce JBIKEHHS Tpy3a OHH
MEHSIFOTCSI CJIETYIOIITM 00pa3oMm:

AKCLMANLHOR
OMEHYUATEHAR
[PHEPZLLE MPPACLNGY

PLHEMURECKAR
brepzus zppia H
OMEHYUATEHAR,

[PHepziL HppacTRs

P CIHC L AL HELA.
pMEMINECKAR
prepzus govia

PLHEMUNEC KA
brepaus gppsa H
OMMEHULLATEHAR,

[PHepzUR MEpaCLINSY

SKCLMANLHAR
OMEHYUANLHAR,
prepzuR MppaCLNSY

N

rie K — sxx€ctkocTh npyxunsl, H/m;

X — CMeIIeHHe TPy3a U3 TMOJI0KEHUS PAaBHOBECHS, M;
m — Macca rpysa, Kr;
V — CKOpOCTb I'py3a, M/C.
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Hanee mporecc MOBTOpsETCS, HO B OOpAaTHOM IOPSIKE: CKa-
Tasl INpPY>KUHA PasTOHAET IPy3, 3TOT MPOLECC MPOJODKACTCA A0 MO-
MeHTa, Korga OyleT NOCTUTHYTO IOJIOKEHHE PaBHOBECHS, 3aTeM
Ipy3 IBWKETCA IO MHEPLUM pacTAruBas npyxkuHy. [Ipuuém ona
OIsATh OyJET PacTsIHyTa A0 HCXOAHOTO 3HAUEHHUS.

Takum o0pa3zoMm, rpy3 Ha IpPY)XHHE COBEpIIACT MEPUOANYE-
CKO€ JIBIKEHUE — OH Kosebnercs. [Ipuuém konebruercss u ero Koop-
IMHATA, U €r0 CKOPOCTh U YCKOPEHHUE U SHEPIHUs, T. €. BCE BEIMYNHEI
XapaKTePU3YIOLINE CUCTEMY I'Py3-TIPYXKHHA.

Hna moeco, umobvl cucmema Mmoena cosepuiams Koredawue
HeobX00UMO 084 YCI08US — HAIUYUE CUTbL, CPEMAWENCS 6ePHYMb
cucmemy 6 UCXOOHOe COCMOSIHUE U UHEPMHOCMU (UMY KAKOU-TUOO
3a0epoicku). ITO CIPABEIIMBO JUIS JIIOOBIX CHCTEM, JaXke OMOJIOTH-
YECKUX U COIIMaJIbHBIX.

Haiiném ypaBHeHue nBrkeHus rpys3a. Kak usBectHo, s Me-
XaHUYECKOM CHCTEMbI €r0 MOKHO IOJYYHTh UCXOASA UX TPEX 3aKO-
HOB HpI0TOHA.

Ha rpy3 ne#icTByeT Tpu CHIIBI — CHJIA TSDKECTH Mg , CHJa pe-

akimu onopel N, cuna ynpyroctu npyxunbl £, . Cornacno Bropo-
My 3akoHy HproTona

mE:F‘V +m§+N-

910 BCKTOPHOC PaBCHCTBO. Ecim oHO BBIIONHSAETCS IJIA BEK-
TOPOB, TO OHO BBITIOJIHACTCA U I UX HpOeKHI/Iﬁ. HOBTOMY 3altMuIcM
OTO PaBC€HCTBO JJIA HpOCKHI/Iﬁ BCKTOPOB Ha KOOPAMHATHBIC OCHU:

oy: m-0=0—-mg+N,
ox:m-a=—kx+0+0.

N

N =mg
ma+kx=0

[TepBoe paBeHcTBO HaMm He Hano. [1o onpeaenenuo yckopeHue
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2
€CTh BTOpasi NPOU3BOJHASL OT MEPEMCLICHUS, T. €. , _ d’X | 3pauuT
dr’
BTOpOC paBCHCTBO MO>XKHO HCpeHHCﬂTL KaK

2
dr’

I'e BBegeHO 0003HAYEHHUE (p° = — .
m
VYpaBuenue (2) ecTb Ougghepenyuanvhoe  ypaenenue
08udICeHUsL NPYJICUHH020 masmuuxa. JudpdepeHnnaisHoe OHO IT0-
TOMY, YTO COJEP)KHT MPOU3BOIHYIO OT HEeU3BeCcTHOH (yHkmuu X(t).
Pemenne atoro ypaBHeHus ecth (GyHkuus X=X(t). Msl He Oymem
MPUBOIUTH X0 PELICHUS 3TOTO YPaBHEHHS, a cpasy 3aruIieM

+0’x=0. (2)

x=x__sin(ot + @). 3

TokaskeM, 9T0 3Ta (yHKIHS ecTh pemenne ypasrenns (2)°':

v:@:x wcos(wt + @)
dt max
_a’zx_i dx =—x a)zsin(a)t+ )
ar di\dr) ¢

mojcTaBisieM (3) U eé BTOPYIO MPOM3BOIHYIO a B (2):

—x, o’ sin(ot + @)+ o’ -x__sin(wt +9)=0.

" Bo-mepBEIX, B Kypce MaTeMaTHYeCKOrO aHam3a JI0Ka3bIBAeTCH,
4yT0 eciiu quddepeHIraIbLHOE ypaBHEHHE UMeeT penieHne (001ee), To OHO
eIMHCTBEHHOE. Bo-BTOPEIX, Hamre audgepeHnaIsHoe ypaBHEHHE BTOPOTO
TIOpSAZIKA, TTOATOMY €r0o 00Ilee pelieHrne JOJKHO MMETh JIB€ KOHCTaHTHI,
OTIPEACIAEMBIC HAYaAJIbHBIMH YCJIOBUAMU. B HpI/IBeJléHHOM peuICcHun €CThb
JIBE KOHCTAHTBI Xyax U .
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[Nomyunnoces BepHOe Tipu Mo00M 3HadeHHH t ToxkmecTBo. UTo
1 TpeOOBaIOCh TOKA3aTh.

Pucynok 2. Konebanust KoopIuHATHI, CKOPOCTH
M YCKOPEHHU I'py3a MPYKUHHOIO MasgTHUKA

VYpasuenne (3) eCTb YpasHeHue OBUNCECHUS NPYHCUHHOSO
MasmHUKa.

Konebanus, cosepuwaiowuecs no 3aKony cumnyca unu KOCUHyca,
HA3b186AIOMCS 2APMOHUYECKUMU.

3Ha4yuT KoneOaHus MPY>KMHHOT'O MasiTHUKA — TApPMOHUYECKHE.
BuaHo, 4TO €ro CKOpPOCTh U YCKOPEHHE TaKKe COBEPIIAIOT rapMOHH-
Yeckue KojebaHus, HO CIBUHYTbIE MO ¢ase Ha -T/2 U -T COOTBET-
CTBEHHO.

Haubonvwee cmewenue zpyza om noaodjceHusi pagHosecus
Ha3vbl6aemcs aMnaumyoou Koirebanuii. B Hamem ciaydae aMIuMryna
paBHA Xmax. OHA ompesenseTcs HayalbHbIMU YCIOBUSAMH. JlomycTHM,
YTO B HAYaJIbHBI MOMEHT BPEMEHH TPYy3 OTBEJIM B CTOPOHY Ha BEIH-
YUHY Xmax M, HE COOOIIas HAa4aJbHOM CKOPOCTH, OTIycTHiu. Toraa
rpy3 HauHET KonebaThcs M MAaKCHMAIBHOE OTKIOHEHHE €ro OT IOo-
JIO)KEHUSI PABHOBECHUsSI B 00€ CTOPOHBI OYICT Xmax, 3TO U OyIET aM-
IUTUTYA0H KoJeOaHuH.

Benuunna @ Ha3bpIBaeTCS YUKIUUECKOU 4ACMOMOU. APTyMEHT
CHHyCa JOJDKEH HM3MEpAThCS B pafuaHax, ModToMy [ot]=pan wu
[@]=pan/c.

Ilepuoo — eépems 6 meuenuu KOMoOpo2o COGepuIAemcs 0OHO
nosnnoe xonebanue. O003HAYACTCS KaK | H, COTJIACHO OTPEICTICHHIO
W3MEPSETCsI B CEKYHaX:
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[T]=c.

Yacmoma — uucno xonebanuil 6 eOunuyy epemenu. Ob03HaUa-
eTcs kak f. D1a BemuunHa oOpaTHa Meproy:

1
f==
T
U II03TOMY U3MEPSIETCS B ¢t

[f]=1/c.

3a BpeMs, paBHOE TEPHOAY apryMEHT CHHYyca, &, CIeIoBa-
TEJBHO, U @i, TOJHKEH U3MEHUTHCS Ha 27T, 3HAYUT @] =27, OTKyJa

T

3HAYNUT HUKIHYECKas 4acTOTa @ MPOIMOpPIHOHANIbHA YacToTe f.

Bennunna ¢ B ypaBHeHuu (3) Ha3bIBACTCS HAUANLHOU Pa301
(tak kak mpu t=0 wi+@=¢). OHa onpenensercs HaYaANBHBIMU YCJIO-
BusimMH. Tak, Hanpumep, €ciy B HAa4albHbII MOMEHT BPEMEHH TIPY3
OTBECTH B CTOPOHY M OTIIYCTHTb 0€3 HadaJbHOM CKOPOCTH, TO
@=nl2, ecnu TPy3, HAXOMASIIUICS B MOJOKCHUH PaBHOBECHSI, TOJK-
HyTb BJONb ocu Ox, To ¢=0, ecniu npotus Ox, TO ¢=7, U T.x.

Haiiném 3aBucuMOCTb 111 S3HEPTHH NPY>KUHHOTO MasiTHUKA.

Kunernueckast sHeprusi rpy3a W TNOTEHIMAJIbHAs SHEPrus
MPYKUHBI UIMEIOT BT

nin

E - m(x, ocos(ot +p))  mx o (cos(ot +p))  mxl @ 1+cos(2wt +2¢p)
. 2 - 2 2 2

me 2

2
= T"a) (1+ cos(20t +29)) = % (14 cos(2et +2¢))
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£ - k(x,, sin(wr + @)y  kx?, (sin(or + @) Kk, 1-cos(2ot +2¢)
" 2 B 2 T2 2 B

2

- % (1= cos(2at + 2¢9))

W3 npuBenéHHBIX ypaBHEHHMH CIIEAyeT, 4TO KHHETHYECKast
SHEPTus Ipy3a U MOTEHIUATIbHAS SHEPTUs NPY>KUHBI KOJIEOI0TCS 110
TapMOHUYECKOMY 3aKOHY, MPUYEM C 4aCTOTOW BABOE OONbLICH, YeM
4yacToTa KojaeOaHUH KOOPAUHATHI.

Makcumanvroe 3HaueHue NOMEHYUANbHOU OSHEPSUU PAGHO
MAKCUMANIbHOMY — 3HAYEHUI0  KUHEeMU4YecKou  3Hepeuu  2py3a
(MUHUManbLHOE PABHO HYNIO) U PABHO CYMMe UX CYMMe 8
NPOU3BONbHBIU MOMEHT 8PEMEHU” .

Ha npumepe xonedanuii npy>kMHHOTO MasiTHUKA MBI PaCCMOT-
penu mpocTeiiue KoyiebaHus — rapMoHndYeckue. B mpupose peako
BCTPEYAIOTCSl Takue MpocTble KoneOaHus. OOHAKO pacCMOTpEHHUE
TrapMOHHYECKUX KoJeOaHMi naéT HaM ammapar Uil pacCMOTPEHUs
MIPOM3BOJIBHOTO Cllydasi. DTO CBS3aHO C T€M, YTO MPOU3BOJIBHOE KO-
nebaHne MOKHO MPEJCTABUTh KaK CyMMY (BO3MOYKHO OECKOHEUHYIO)
rapMOHHYECKUX KojeOaHUH. DTO CTPOro JIOKa3bIBaeTCs B Kypce Ma-
TeMaTHu4eckoro ananusa (psa @yprwe, npeodpazosanue Dypwe).

“/ \ b \ — MepBan rapMOHMKA

08 —— BTOpanA rapMoH1Ka
//\ /\ /\ //_\ /\ /\ TRETLA FapMOHKKA

T

i . - L n
\\/12 \,ZI{ \ﬁ \JI%/ w YeTEEPTAA AN OHUKE
-05 ¢
CyMK 3 No34 raprMoHUKanM

1 \n\n--.-.\/n ——cya no 10 rapmMoHakan
B ‘s v ™

| ] A At

PI/ICYHOK 3. HpeZ[CTaBJ'ICHI/Ie MpAMOYTOJIBHOTO KoJIeOaHust
B BUJIC CYMMbI TapMOHHNYECKHUX COCTABJIAIOIINX

2 CymmMmapHass MeXaHW4decKast YHEPT sl OCTaéTCs TIOCTOSTHHONW. DTO
HETIOCPEICTBEHHO CJIEAYET U3 3aKOHA COXPAaHEHHS YHEPTHH.
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Jnst mprMepa Ha prCyHKe 3 IPSMOYTOJIHOE KoJleOaHHe Tpet-
CTaBIIseTCA KaKk CyMMa TapMOHHYECKHX. B mepBoM mpuOImKeHHH
B3sTO 4 KoNeOaHusl (TApMOHUKH) CIEUUATBFHO MOI00paHHON aMILTU-
tymel (1,273, 0,424, 0,255, 0,182) ¢ gacroramu f, 2f, 3f, 4f. Ha rpa-
(uKe MoKa3aHbl ATH KOJIeOaHUI U UX cyMMa. TaM ke IoKa3zaHa CyM-
ma 10 rapmonuk ¢ ammmmrynamu 1,273, 0,424, 0,255, 0,182, 0,141,
0,116, 0,098, 0,085, 0,075 u wacroramu f, 2f, 3f, 4f, 5f, 6f, 7f, 8f, of,
10f. BuziHO, 4TO, yBEIUYHMBAs YUCIO TAPMOHUYECKUX COCTABIISIOIINX
MOXHO YBEIIMUUTH TOYHOCTh mpubmmkenus. [Ipn OeckoHedHOM
YHCJIe CaraeMbIX MPUOIMKEHNE OYACT MOYHbBIM.

2. MaTemMaTH4eCcKuil MasgTHUK.

MareMaTHyeckuil MasTHUK TPEACTaBIsIET cOO00M ManeHbKUH
Ipy3HK (pa3Mepbl KOTOPOTo MPEeHeOPEeKUMO Mallbl 10 CPaBHEHUIO C
HUTBIO TTO/IBECA) MTOIBEIIICHHBII HAa HEBECOMOU HEpaCTsHKUMON HUTH
¥ HAXOJIALIMIACS B [TOJIE CHIT TSKECTH .

Ecnu rpy3uk oTBecTH B CTOPOHY OT IOJIOXKEHHS paBHOBECHS,
TO JEMCTBYIOIIVE HA HETO CHJa TSHDKECTH M CHJIA PEAaKLUU CO CTOPO-
HBI HUTH O0pa3yloT HEKOTOpHIA yroi 6 m ux cymMma yxe He OyneT
paBHA HYJIO KaK B IIOJIOKEHWU PaBHOBECHS. DTa CyMMa CHJ OyneT
paBHa F=mg-siné B OHa OyIleT CTPEeMHUTHCS BEPHYTH I'PY3HK B HC-
XOJHOE TOJIOKEHHE ™ .

% B npuHIHUIE OH MOXET HAXOXUTHCSA B IOGOM OXHOPOIHOM CH-
JIOBOM TI0JIE, HAIIPUMEP MarHUTHOM.

%0 Crty TSDKECTH MOYXHO MPEICTABHT B BUIE CYMMBI IBYX B3aHM-
HOTIEPIEHANKYJISIPHBIX COCTABJISIOIINX — BJIOJb HUTH (MQ-COSH) n mepreH-
JMKYJISApHO eit (Mg-Siné). Broap HUTH monaBeca Ipy3 He JBHXKETHCS, MOITO-
My CyMMa CHJI BJIOJIb HUTH paBHa Hymo, mostomy N=mg-cosé. Ocraércs
HECKOMITCHCHPOBaHHASI TEPICHINKYIISPHAS COCTABIIAIONIAs CHIIBI TSKECTH
mg-sing, koTopast ¥ BO3BpAILaeT IPy3 B MCXOJHOE MOJOKEHHE U cOO0IIaeT
Ipy3y yCKOpEHHE.
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JIns MambIX yraoB OTKIOHeHHsA Sin@ =~ 6, mosromy Fi=mgé.
DTO TaHTeHIMabHAsA cUia, €€ MoMeHT MQA-, tae | - nouHa HUTH.
MOMEHT WHEepIHU TPpy3uKa ml2. Tlo OCHOBHOMY 3aKOHY JHHAMHKH
BpaIaTeIbHOTO JBIKEHHUS

mg&1 = mi*.e = mi* d*ardt’.
(g - yrioBoe ycKopeHue rpy3uKa).

[Tocne mpeoOpazoBanuii OTYIHM

d0 . 25_. )
a1

Ecnu BBecTn 0003HaueHHE ()° — £ | 10 510 ypaBHeHUE OyneT
l

B TOYHOCTH TaKUM K€ Kak U auddepeHIraibHoe ypaBHEHHE KoJie-
OaHnii IPY>KMHHOTO MaATHUKA. Ero pemenne n3BecTHo:
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0=0_ sin(wt+¢) (5)

VYpasuenne (4) u (5) sABIAOTCS Oughghepenyuanrvhoim U
OObIKHOBEHHbIM — VPABHEHUEM — OGUIICEHUS  MAMeMAmMuyYecKo2o
MAsAMHUKA.

INepro MaTeMaTHYECKOTO MasiTHUKA

T:27rz27r\F (6)
2 g

HE 3aBUCHUT HU OT (JOPMBI TeJia, HU OT €r0 Macchl, HU OT aMILIUTYbI
KonebaHui, X0t 3Ta HopMyna crpaBeyIMBa TOJIBKO AJIsI MaJbIX yT-
JIOB OTKJIOHEHHUA (€€ TOUHOCTh He MeHee 1% Mpu yriax OTKIOHEHUS
MeHee 6°).

3. ®u3nveckuil MasTHUK.

Ousnyecknii MasTHUK TPEACTABISET cOOOW MPOHM3BONBHOE
aBCONIOTHO TBEPIOE TEIO ., CIIOCOGHOE KOIeOAaThCS OTHOCHTEIHHO
HEKOTOPOU FOPU30HTAIBHON OCH.

1 .
LT, e. He nedhopmupyroIIIEecs MO/ ASHCTBHEM MPUIOKEHHBIX CHIL.
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Ecnu oTBeCTH NOJBEIICHHOE TENIO OT MOJIOKEHHS PABHOBECHS,
TO, KaK W B CIy4ae MaTeMaTHYECKOTO MasTHAKA, CyMMa CHJIBI TSDKE-
CTH M PEaKIHU ONOPHI JayT pe3yibTHpyIomyo Fj=mg-sind koro-
past OyZeT CTPEeMHUThCS BEPHYTh MAasSTHHK B MICXOJHOE IMOJIOKCHHE.
Ora cuia Oyzaer mpwiokeHa K 1eHTpy Tsbkectd LT tena. Anano-
TUYHO BBIBOJY MU PepeHIMATLHOTO YPaBHEHHS JIBMKECHUSI MaTeMa-
THYECKOTO MasITHUKA MOYKHO MOJYYHTh

mgé1 = ml*.c=1 d?4dt?,

IJIe € - YIIIOBOE YCKOPEHHE TPYy3HKa, pajl/c;
I — MOMCHT I/IHepHI/II/I TCJIa OTHOCUTCIIBHO TOYKH IIOJBECA,
KM

| - paccrostHHE OT TOYKH MMOBECA 10 IIEHTPA TSHKECTH, M.

[Tocne npeoOpa3oBanumii

2
40, msly_. ™
dt 1
OGosHaunm @° = % . Perienue storo ypaBHeHHs
0=0_, sin(ot+ ) (8

VYpasuenne (7) u (8) sBusroTcs Ougghepenyuanvhviv u
0OBIKHOBEHHBIM YPAGHEHUEM OBUNCEHUS PUUUECKO20 MASIMHUKA.
[epuon pusnueckoro MasTHUKA

T=2—7T=27r !

0] mgl

(9)

Jnuna Humu mamemamu4ecko2o0 MAsMHUKA C MAKuM ice
nepuooom, Ymo u Gu3UYecKo20 HA3LIBACMCS NPUBCOEHHOU ONUHOU
Pusuueckoeo MasmHuKa.
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[IpupaBHsAB TIepHOIBI KOJICOAHUI MaTeMaTHIeCKOro W (hH3u-
YEeCKOTr0 MasiTHUKOB TIOJIyYUM MPUBEASHHYIO JITUHY:

[ 1
2n |+ =2rx LA l,=— (10)
g mgl ml

Touka, omcmosawas om oOcu HOOGeca HA  GETUHUUHY
NPUBEOEHHOU ONUHBL, 800JIb NPAMOL, COCOUHSIIOWEN MOYK)Y N008eca U
YeHmp mANCecmu, Ha3bl8AEMCs YEHMPOM KaA4aHUll.

LenTp xayaHWii ¥ TOYKA IMO/IBECa OONIAA0T CBOWCTBOM B3au-
MO3aMEHSIEMOCTH, T. €. €CJIM TEJO MOJBECUTh 3a LICHTP KayaHuil, TO
€ro mepuo] KojaeOaHuii He M3MEHUThCs. LleHTp KayaHuii UMeeT elle
OJTHO MHTEPECHOE CBOMCTBO — €CITM HAHECTH yJap IO IEHTPY Kaya-
HUI, TO B TOUKE TIOJIBECa peakiiys OyaeT paBHa HYJIO.

AN - \
~
SN AN ., -
TieHTp KauaHHii
T T —
LIEHTP Ka4aHHE H Y ~<~——  yaap
T1 = Tg

Beiie paccMoTpeHbl KojieOaHHUS B MPOCTEUIIMX MasTHUKAX.
Bce oHu rapMoHHMUYECKHE U POUCXOAAT B MEXaHUYECKUX CUCTEMAX.
PaccmoTpum Teneps npornecc kojeOaHui B OMOJIOrHYeCcKOi cucteme.

4. Manble Koje0aHHsl B CHCTEME «XHUITHUK-)KEPTBay.

PaccmoTpuM aMHAMHKY B3aMMOJEHCTBHS IBYX OHOIOTHYe-
ckux nomynsuuid. [lycts nepBast nomyssinus — «KepTBbL», HATPUMED
HEKOTOpbIE TpaBOsAHBIC (3aipl). O003HAYNM WX YHCICHHOCTh Kak
Z. Bropast onyJisiiust — «XUIHAKH», KOTOPhIe MUTAIOTCS KEpTBa-
Mu» (Bosku). UX umciaeHHocTh 00603HauuM kak V. Ilpenmnomnoxum,
YTO Ha «XUIIHUKOBY» U (KEPTB» HE JEHCTBYIOT Jpyrue BHEIIHHE
(dakTopbl KpOMe 3TUX JABYX MOIMYJSIMN (WM UX JEHCTBHE TpeHe-
OpeKHUMO Malo.
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3anuieM ypaBHEHHS UII W3MEHEHHS YMCICHHOCTH TOITYIIs-
WA B 3aBUCUMOCTH OT BpeMeHH. CKOPOCTh MPUPOCTA IOMYIISIIIAA
«OKEPTBY» CKJIAJIBIBACTCS U3 MPUPOCTA 332 CUET POKIAACMOCTH U YOBUIN
3a CU€T MOEAaHus UX «XUIIHUKamMu». [Ipeamnonoxkum, 4to poxiaae-
MOCTb IIPOIOPLHOHANBHA YUCICHHOCTH MOMYJISILUHU, a MO€JAEMOCTb
— MPONOPIIMOHANIbHA YHUCIEHHOCTH KaK KEPTB», TaK W «XHUILIHHU-
KoB». Torna

dz
E = O!IZ — ﬁlZV .
B sToM ypasrennn npomssomnat 92 LA | 1e. npubmwkén-
dt At

HO paBHa NpUPOCTy AZ YUCIEHHOCTHU «KepTB» 3a Bpems At. [lepsoe
cllaraeMoe cIipaBa — MPHUPOCT 3a CUET poxkaaeMocTH. Yem Oombiie
YUCJICHHOCTh TMOMYJISIIIMK, TEM OOJIbIlIe poXKaaeTcs motoMcTa. Ko-
3¢ HUIMEHT ¢ TTOKa3bIBAET CKOJIBKO MAET MPHIDIOJA OJHA JKEPTBA B
equHUIly BpeMeHu. Tak, Hampumep, ecnu Ha 1000 3aiitieB B rof
poxknaercs u BebkuBaeT 3000 3aituat, To oq=3 3aiina/roa. Bropoe
cllaraeMoe cIrpaBa IMOKa3bIBaeT yObUIb «OKEPTB» 3a CUET UX YHHUTO-
JKEHUs XUIMHUKaMU. IIOHSITHO, YTO 4yeM OOJblIE «XMIIHUKOB» H
«OKEPTBY», TEM 4Yallle <OKepTBbI» noeaaroTcs. Koadduuuenrt f; noka-
3BIBAET BEPOSATHOCTH CMEPTEIHHOI'O MCXOJa A <«OKEPTBBD» OT OJI-
HOTO «XMIHUKA» B €UHHIY BpeMEHU. Tak, €ClM OJMH XHUIIHUK 3a
onuH roxa Berperun 1000 3aiineB u cven 150 u3 Hux, To £=0.15.

AHAJIOTMYHOE ypaBHEHHUE MOXXHO 3aIlucaTh Uil M3MECHEHUS
YUCJIIEHHOCTH «XUIIHUKOBY:

”Z ——aV+BVZ-

B srom ypaBHEeHMHM cHpaBa IMEpBOE CIaraeMoe MOKa3bIBAeT
«ECTECTBEHHYIO YOBUTb HACENCHHS», T. €. CKOJBKO «XUIIHUKOBY
YMpET B €IUHUIY BPEMEHU €CTECTBEHHBIM IyTéM. Tak, ecnu cpen-
HsI TIPOJIOJDKUTENILHOCTD JKM3HHM XWIHUKA 15 mer, To a,=1/15 (3a
oauH roj ymupaet 1/15 gacts xumHukoB). Bropoe cinaraemoe moka-
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3bIBACT MPUPOCT MOMYJSILIUU «XHIIHUKOB». ECTECTBEHHO, 4TO ueM
OoJIbLIIEe XUITHUKOB, TO T€M OOJIBIIE U POXKAACTCS UX JETEH B €IUHU-
1y BpeMeHH. Ho ux pojkaaeMocTs U BBDKMBAa€MOCTH 3aBUCHT OT KO-
JMYECTBa KOpMa — KOJIMYECTBa «KepTB». lloaTomy mpupoct mpo-
nopuuoHanen npomssenenuto ZV. Kosdounument [, moxassiBacT
CKOJIBKO POXIAeTCA NETEHBINIEH y XUIIHMKA B €IUWHHIy BPEMEHU
IpU €IMHUYHON YHMCICHHOCTH <okepTB». Hampumep, eciu y crau
BosikoB B 10 ronoB B roj pojaunock 30 BoiyaT NpU YHCIEHHOCTH
3aiiies B jecy 1000 rosos, To 3,=1/(30-1000).

Ob6a ypaBHEHHUS BBIIONHAIOTCS OJHOBPEMEHHO, MOATOMY IS
HaXOKICHUS YUCICHHOCTH MOIMYJISALUI HAaI0 PEILIUTh CUCTEMY

9z _ 7 pav

dt (11)
av

E = _an + ﬂZZV

IIpn paBHOBECUM 4YHCIO POJIUBIIUXCS PAaBHO YHUCIECHHOCTH
NAaBIIUX, [I03TOMY

aIZO :ﬁIZOI/O
ano :ﬂzzoVo

(12)

rac HYJCBBIM MHACKCOM IOMCUYCHA PAaBHOBECHAsA YHCICHHOCTH II0-
MyJILAY.

PaccMoTpuM Masble OTKIIOHEHHSI YUCJIEHHOCTH MOMYJISAUH OT
PaBHOBECHOM YHUCIIEHHOCTH:

Toraa ypaBuenue (11) mpumeT Bun
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P _d2+2) &g ) e 2,4 V)= 2, o, - - BT))

dt i
R AN IeA AR SRV R Ty

i ¢ yuétom (12):

B nepBoM ypaBHEHHH MOKHO IpeHeOpedb Z [0 CPaBHEHMIO C
Zy, a BO BTOpOM V 110 cpaBHeHHIO ¢ V. Torna

dz
—==BZy
“=p2,
dv
E:ﬂzVOZ

Bo3bMéMm MMPOU3BOJHYIO OT IEPBOTO0 YPABHCHHUA U MMOACTABUM

B HEr0 MPOM30HYIO dv/ dt u3 Broporo:

d’z dv
dr = _ﬁlZO E = _ﬂngzZoVoZ.

dv

- = ﬂz VoZ

dt
[lepBoe ypaBHEHHE €CTh HH YTO HMHOE, Kak AU epeHIrnaib-

HO€  ypaBHEHHE  KoyieDaHWid ¢  IUKIMYECKOM  YacTOTOM

@ = ﬂuB2ZoVo :

d’z
ZV,)z=0-
ar +(ﬂ1ﬂ2 0 o)Z
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3Ha4uT, Ipu HEOOIBIIOM OTKIOHEHHHU OT IOJOKEHUsI paBHO-
BECHOHM YHCJICHHOCTH IOIYJISIUHA B CUCTEME BO3HUKHYT MaJlble KO-
neOaHusl YUCIEHHOCTH (KaK (OKEPTBY», TaK U «XHUIIHUKOBY). [Ipnuém
KOJIeOaHUs TeOPETUIECKH OyIyT TAPMOHHYECKIMHU.

N, TEme.

1&0

120

20

a0l

} I L 1 L L I 1 L I L
1845 1935 rom

Pucynok 4. JlnramMuka B3anMOAEHCTBUS MO 3aiIIeB
U pbicei

Koneuno B Harmeit Mojiei 04€Hb MHOTO JIOMYIIEHUN. HO TEM
HE MeHee KoyieOaHWs YMCIICHHOCTH TOMYJISAIMA HAaOII0MaloTCs JIek-
CTBUTEIBHOCTH. Tak Ha pUCYHKE 4 TOKA3aHO KOJIMYECTBO JOOBITHIX
HKyp (3aBUCSAIIEe OT YUCISHHOCTH TMOIYJSAIUI) 3aillleB U phicei B
Kanane. BugHo, 4TO YMCIEHHOCTh 3TUX ABYX B3aWMOCBS3aHHBIX I10-
MyJSAUN TeHCTBUTENFHO UCIIBITHIBAET KOJICOaHMSI.

Jaryxawmue KonebaHus

PaccMoTpenHbie  Bbillie KOJICOAHHUS MPOUCXOAAT O€3 MOTeph
SHEPTUH, YTO HAa MPaKTUKE HE OCYIIecTBUMO. Bcerna ecth motepw,
XOThb U HEOOJbIINE, KaK B MAsATHUKAaX 4YacoB, HO BcE ke ecTh. [o-
3TOMY, €CJIM HET MOTOJHEHNS SHEPTUH KOJeOaHuH, TO OHU C TeYEeHU-
€M BPEMEHH 3aTyXaloT.

3aryxaromue KoieOaHus pacCMOTPYUM Ha TIpUMEpPE TMPYKHH-
Horo MasTHuKa. IlycTh Ha rpy3 AEHCTBYeT cuja BSI3KOTO TPEHHUSL.
[Tycth OoHa OyneT MPONOPLHOHATBEHA CKOPOCTH, T. €. Feonp=bV. Ko-
HEYHO, B OOIIIEM CITydae CHJIa COMPOTUBIICHUSI MOXET CIIOXHBIM 00-
Pa3oM 3aBHUCETh OT CKOPOCTH U HE TOJBKO OT He€. OTHAKO 3TOT MPO-

108



CTEHIINI Cilydail JIETKO pacCMOTPETh C TOUYKU 3PEHHSI MAaTEMATUKU U
OCTATBHBIC CITyJal CBECTH K PACCMOTPEHHOMY .

OnsTh 3anuineM BTOpoi 3akoH HeroToHa (cM. puc. 5) ¢ yué-
TOM CHJIBI BSI3KOTO TPCHUS:

ma=F +F, +N+mg

conp

¥y 17 a|lw
I
BT R
|
ORI ONENLCN KOX .
A
: conp VMg X
| | k.
E:l xmax

Pucynok 5. [1py>KUHHBIH MasTHUK C BSI3KUM TPEHHUEM

[IpoexTrpoBaHne Ha BEPTUKAJIBHYIO OCh HE NAET HAM HUYETrO
HOBOTO, & €CITU CIPOEUUpPOBaTh CHbl Ha ock OX, TO TONYyYuM ypaB-
HEHHe

ma =—bv —kx,
NI 3aMCHHUB CKOpOCTB 58 yCKOpeHI/Ie HpOI/I?)BOI[HBIMI/I oT KOOp,I[I/IHaTBIZ

md x__ @—kx’
dr’ dt

d’x bdx k
~+——+—x=0"
dt mdt m
Bseném 0003HaYEHHUS: 2a=b/m; a@*=k/m, TOr1a

oughpepenyuanvroe ypaeneHue 3amyxanouux Koaebanuil

% Ecmm TpeHue Oy/IET CyXuM, TO CUJIa CONPOTHBIEHUS Foon,=uN 1
HaIpaBjIeHa BCEra MPOTHB CKOPOCTH; €CIIH TPEHHE BA3KOE, a TEJIO IBUKET-
cs1 ¢ OOJIBIIION CKOPOCTHIO, TO anp:bvz, u T. A. PaccmaTpuBaemblii ciydait
OTHOCHTKCS K BSI3KOMY TPCHHIO, KOTa TEJIO ABMIKETCS C MAJIOH CKOPOCTHIO.
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NPYIAHCUHHO20 MASMHUKA.

d f+2a@+a)2x20 (13)
dt dt

Ero pemenue (ypasnenue  3amyxalowux — KoaeOauui
NPYIACUHHO20 MASMHUKA):

x=x,_e " cos(ot+p)

m

b (14)

AN/
V4

— b=l m=a =100 - = h=20m=1; k=100t
............ b=10rm=1; k=100t b=70:m=1; k=100f

Pucynok 6. 3aryxaromue koseOaHus pH pa3InIHbIX
3HAYCHUSIX apaMeTPOB

BoiHyXeHHBIE KONEeOAHUS
Buinyowcoennvie  xonebanusi — Konebamus 8  cucmeme,
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8bI36AHHbIE 0CliCMEUEeM NePUOOULECKOT BHEUIHEN CUTTbL.

Kak yka3pIBajgoCh BBIIE, KaKIOE NEPUOANYECKOE BO3NEH-
CTBHE MOXXHO PazJoXKUTh B psin Dypbe, T. €. MpeACTaBUTh B BHIE
CYMMbl TapMOHHYECKHX U MOCTOSHHOM cocTaBistomen. [loatomy
IIPU PACCMOTPEHHUH BBIHYXICHHBIX KOJCOAHMH MOXHO OTPaHUYUTh-
Csl PACCMOTPEHHUEM BBIHY>KACHHBIX KOJI€OaHUN BbI3BAHHBIX BHEIIHEH
rapMoHuueckor cuioi. OnsaTh paccMarpuBaTh OyaeM Ha MpHUMEpe
MPYKUHHOTO MasTHHKA.

IIpy BO3AEHCTBUM BBIHYXIAIOIIEH CUJIBI CUCTEMA IOIy4aeT
JOTIOJTHUTENIBHYIO SHEPTHIO, U, €CJIM OHAa HUKYyJa He OyAeT pacxomo-
BaTbCs, TO 3TO HpI/IBCZ[éT K eé HCOIrpaHUYCHHOMY HAKOIUICHUIO WU
pa3pyLIEHHIO CUCTEMBI. 3HAYUT HaJll0 pacCMaTpUBaTh CUCTEMY C IO-
TepsIMHU SHEPTUH, YTO KaK pa3 U COOTBETCTBYET PEalbHOCTH.

Ecnu Ha npyXKvHHBIA MasTHUK JEHCTBYET BHEIIHSSI TAPMOHU-
YyecKas CHjia, TO B YPaBHEHHE €To ABMKEHHUS T0OABUTHCS €Ile OJHO
ciaraemoe (1o cpaBHEHHIO ¢ Au(QepeHaTFHBIM YPaBHEHUEM 3a-
TyXaroIuX KoJIeOaHUH MPY>KUHHOTO MAsITHUKA):

ma =—bv —kx + F, sin(a,t + ¢, ),
N

d’x bdx k )
+——+—x=Fsin(ot+¢, ) (15)
d®  mdt mx 0 ( 0 ¢°)

310 Jughepenyuanvroe ypaenenue GulHyHCOCHHLIX Koeba-
HUL NPYAHCUHHO20 MAsiMHUKA. Pelienne 3Toro ypaBHEeHUSI:

x=x,_sin(o,+ @) (16)

= + arct 7(02—0)5' a)—\/?
P =0, ga)j(b/m)’ "

U3 pemenns ypaBHenus (16) cremyer, 4To aMIUIHTyJa BBI-
HYXJICHHBIX KOJeOaHWH 3aBUCHT OT YaCTOTHI BBIHYXKIAIOIIEH CHIIBI
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ax. pu npubnmxennn e€ Kk cOOCTBEHHOH YacToTe KoJjeOaHMid CcH-
CTeMBl aMIUIUTYAa BBIHYKJICHHBIX KOJICOaHUI MOXKET CYIECTBEHHO
BBIPACTH. DTO MPOUCXOIUT B CIydae MaIbIX MOTEpPh (MalioM K03d-
¢urmente b).

Aenenue pesxozo 603pacmanusi aAMIAUMYObl GbIHYHCOCHHBIX
KoneOanui npu NpUOIUNCEHUU HACOMbL BLIHYIHCOAIOWeEl CUlbl K
uacmome coOCMEEHHBIX KONCOAHUI HA3bIBACMCSL PE3OHAHCOM.

Ha pucynke 7 moka3ana 3aBUCUMOCTb aMIUTHTY/Ibl KOJICOaHUH
B 3aBHCHMOCTH OT 4YacTOTHI BRIHY>KAaoulel cuibl npu M=1; Fy=1,
@=10 ¥ pa3HBIX 3HAUCHUAX KOoAPPuIrenTa b.

A

a7

0

—5b=]

i

— - b=z
b=20

Xmax

0

0

Pucynok 7. Pe3onaHCHBIE KpHUBBIE

Jns xapakTepuCTUKH pPE30HAHCHBIX CBOWCTB CHUCTEMbI BBO-
TUTCSI TIOHATHE JOOpOTHOCTH Q, OTpenensieMol ClIeIyrOIIuM paBeH-
CTBOM:

1 4o

0 o

riae Ao - MUpPUHA PE30HAHCHON KPHUBOW (PacCTOSHHE MEKITY
TOYKaMHU PE30HAHCHOM KPUBOU C aMILTUTYI0M B \2 pa3 MEHbIIIE, YeM
B MaKCUMyMe).

Jist mpy>KMHHOTO MassTHUKA
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Jns mprBeAEHHOTO PHUCYHKa 3HA4YeHHs JOOPOTHOCTH paBHBI
10, 5,20,5.

Beipaxxenue st o ap) B (16) mokaspiBaet, 4TO BBIHYKICHHBIC
KoJIeOaHus 3amas3fbIBaloT 0 (ase OTHOCHTENIBHO BbBIHY)KIArOILEH
CHJIBL. DTO 3ama3ablBaHue HaunHaeTcs oT (0 MpH MalbIX 4acToTax M
noxomuT 1o 180° Ha BBICOKMX YacCTOTaX BBIHYXAAOMIEH CHIIBL. JTO
wimocTpupyeT rpaduk pucynka 8. [lpum manoil yactoTe BBIHYXIa-
IOLICH CHITBI MasiTHUK KOJIEOJIETCSI MOUTH «B (haze» ¢ BBIHYKIAIOIeH
cuioii. [Ipu GonbIION YacTOTe MAasSTHUK KOJEOIETCS TIOUTH «B IPO-
THBO(]a3e» ¢ CHIION.

P, paa
0

Pucynok 8. ®a3o-uacToTHas XapaKTEPUCTHKA BBIHYKICHHBIX
KoJIeOaHUH MIPY>KUHHOTO MasiTHUKA

Crenyer OTMETUTB, UTO MOCTIE BO3JICHCTBUS HA CHCTEMY C Tie-
PUOJIMYECKH HW3MEHSIOUICHCS CHIION B HEll BO3HMKAIOT Kak Cco0O0-
CTBEHHBIE 3aTyxarouue KouebaHus (¢ coOCTBEHHOW YacTOTOH Kouie-
OaHMii), TaK M BBIHYK/IEHHBIC, C YaCTOTOH BBIHY)KHAIOIICH CHIIBL.
[Tpu GM30CTH YaCcTOT BBIHYXKAAIOUICH CHIIBI B COOCTBEHHBIX KOJIe-
Ganuit BO3HHKAIOT Ouenus . Ha pucynke 9 mpejicTaBieHs! rpaduk
KosieOaHUi MpY>KUHHOTO MasiTHUKa ¢ mapamerpamu b=0.2; k=100;
m=1; a=9.

% Buenus — KoIeGAHMS C MEPHOANIECKH M3MEHSIOMEHCS aMITIH-
Tyo# (10 TapMOHMYECKOMY 3aKOHY C 9aCTOTOW MHOTO MEHBIIEH YeM da-
CTOTa OCHOBHBIX KOJICOAHUHN).
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Pucynok 9. Ilpouecc ycTaHOBICHHUS BBIHYKIEHHBIX KOJIeOaHMH
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JlaGopaTopHasi ycTaHOBKa

JlaGopaTopHasi yCTaHOBKa BBIMIOJIHEHA B BHUJAE OTIEIHHOIO
crenza (cm. puc. 10). E€ ocHOBa — mTaTuB ¢ mapHUPOM, Ha KOTOPOM
3aKpeIIEH MAacCUBHBIH (U3NYECKUI MAasTHUK, COCTOSIIMH HX
CTepkHS 4 U rpy3a 8§, a TaKke MOoABEC 3 MaTeMaTU4EeCKOTo MasTHU-
ka. [TocpencTBom kosebaHuil 3TOro mojaBeca M MPUBOJUTHCS B JBU-
KEHHE MaTeMaTU4eCKUIl MasTHUK.

MaremMaTHyeckuii MasiTHUK ITOABELICH HA IBYX HUTAX AJIS U3-
OexaHusl KoJieOaHHW B IJIOCKOCTH OCH Kadanus. Ero rpy3 — mia-
CTHHKA, IPUMEHSISl TPY3bI C pa3HOH IUIOMIA/ILI0 MOYKHO MEHATH MOTe-
PH, BHOCUMBIE COTIPOTHBIICHUEM BO3IYyXa.

AMITTUTYy1a KOJICOaHUI MaTeMaTHYeCKOTO0 MAasTHUKA OMpe/e-
nsiercst o juHelike 7. HavanpHas ammurtyna konebaHuil (uznde-
CKOT'0 MasTHHKa COOTBETCTBYeT Touke B. Ompenenenue aMmimuTy st
KOJIeOaHNI MaTeMaTHYECKOT0 MasTHHKA CIEAYyeT MPOU3BOAMUTH TO-
I/1a, KOT/Ia aMIUTUTYAa (PM3NIECKOTO MAsTHUK a OyZeT COOTBETCTBO-
BaTh TOYHO TOYKE A. DTO HEOOXOAMMO JUIS TOrO, YTOOBI BCE M3Me-
peHMST TPOM3BOAMIMCH IPU OAMHAKOBOM BO30YXKIalolIed cuie, a
TaKXKe 4YTOObI KOJIe0aHWsT MaTeMaTH4YeCKOTO0 MAasTHHUKA YCIeBaU
YCTAaHOBUTHCA.
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Pucynok 10. Cxema 1abopaTopHO# yCTaHOBKH. 1- MITaTHB;
2 — mapHup; 3 — M0JIBEC MAaTEeMaTHUECKOI'0 MasATHHKA,
4 — crepxeHb (PU3UUECKOTO MAITHUKA; 5 — HUTh MaTEMaTHYECKOTO
MasiTHUKA; 6 — rpy3 MaTeMaTH4YE€CKOTO MasTHHUKA; 7 — JIMHEHKa;
8 — rpy3 pusznyecKoro MasTHUKA; 9 — METKH

HOpﬂ)IOK BbINNOJTHCHUSA paﬁOTI)I

1. IlpuroToBsTE YCTAHOBKY K IPOBEIEHHUIO M3MEpeHuil. Yoe-
JUTECh, YTO IITATHB YCTAHOBJIEH YCTOMYMBO. YCTaHOBUTE Ka-
kue-m6o MeTkd A u B. MeTka A HOIDKHA OTCTOATH OT TIOJOXKESHHS
paBHOBecHs IPUMEPHO Ha § cM, a MeTka B —Ha 12 cm.

2. TlocTpoeHne aMITIUTYTHO-YACTOTHOM XapaKTEPUCTUKUA Ma-
TEMaTHYECKOTO MAasATHUKA.

2.1. YcranoBute rpy3 (GU3MUECKOro MasTHUKAa B HW)KHEH ya-
CTH CcTepKHS 4.

2.2. YcrokoiTe KoyieOaHusi MasiTHUKOB.

2.3. OtBenure (hr3MUeCcKnii MasTHUK 10 MeTku B. Otmycture ero.
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2.4. Onpenenure nepuoa KojacOaHuid PU3NIECKOro MasTHHKA,
JUIsL 3TOTO BKJIIOYHMTE CEKyHIOMEp Korza rpy3 Oyzer y Touku B, a
OCTaHOBUTE, Kor/a oH caeiaeT 10 momHeIx Konebanuit (mpuaér B 10-
il pa3 B Touky B). 3anecute nanusie B Tabnuiy (t).

2.5. Korna koneOanusi GU3NMUECKOT0 MasTHUKA 3aTyXHYT Ha
CTOJIBKO, YTO KOHEL CTepkHA 4 OyIeT AJOXOAUTh TOYHO IO METKU A
Mo JMHEHKe 7 OmpeAesuTe aMIUIUTYIy BBIHY)XKICHHBIX KOJIeOaHUi
MaTeMaTHYeCKOro MasTHUKAa. B Tabmumy 3aHecute KpaiiHee jeBoe
OTKJIOHCHHE MasATHHUKA X, U KpaifHee IPaBoe X,;.

2.6. U3mepbre paccrosiHue h oT 1eHTpa rpy3a 4 10 TOYKH
MOJIBECA U 3aHECUTE €r0 3HAUCHHUE B TaONHUILY.

2.7. IlpoBennte m3mepenus emé 11 pa3 npu Apyrux 3HAYCHH-
SIX 9aCTOTHI BBIHYXKIAIOIIEH cuibl. [ 3TOro mepemecture rpys 8
BBIIIIE [0 CTEPKHIO NMPUMEPHO Ha 4 CM. U MOBTOPUTE MYHKTHI 2.1-
2.6. Torga, xorga cuctema Oyaet O6IU3Ka K pe3oHaHCY (OTKIOHEHHE
MaTEeMaTHYECKOI'0 MasTHUKA OyAeT 3aMeTHO OOJBIIMM, Ye€M B Haya-
ne) rpy3 8 mepemeniaiite He Ha 4 , a Ha 1-2 cM.

3. O6paboTKa pe3ynbTaTOB H3MEPEHHIA.

3.1. PaznenuB Bpemst 10-u MOJTHBIX KOJICOaHHWNA (PUIUIECKOTO
MasiTHUKa Ha 10 moyuure nepuo T.

3.2. PaccumnTaiiTe IUKIMYECKYIO YaCTOTY (PU3UUECKOTO MasiT-
HUKa @y 110 hopMmyJie w, = 27

3.3. Paccumraiite amMmnuTyzny KoneOaHMH MaTeMaTH4ecKOro
MAasITHUKA Xmax=(X, — X, )/2 ¥ 3aHECUTE JTaHHBIC B TAOJIHILY.

3.4. Tloctpoiite TpaduK Xmax(@h) 3aBHCHMOCTH aMILTUTYIBI
KOJIEOAHUH Xmax MATEMAaTHYECKOTO MasITHUKA OT YaCTOTHI (b BBIHY K-
Jaromel cuiibl (aMIUITUTYJHO-YaCTOTHYIO XapaKTePUCTHUKY).

3.5. Onpenenure MoJIOKEHUE IICHTPA TSHKECTH (PU3UIESCKOTIO

m
MasTHHKa o Gopmyne | —] + #(}l .y )
ym cm.ym mgp + m cm.ym

cm

3.6. PaccuuTaiiTe MOMEHT WHepIMH (DU3NIECKOTO MAasTHHKA

2
m
(="l P m

1 cm” cm.ym

3.7. Paccuuraiite nepuos usnueckoro MasTHuka Iy 1o ¢op-
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MyTIe 7 227

3.8. IMocrpoiire rpaduku T,(h) u T(h) 3aBucHMocTH Heprona
KoseOaHuil (PU3NIecCKOro MasTHUKA OT PACCTOSIHUA I'PY3-0Ch IIOJBE-
ca (pacu€THBIN 1 U3MEPEHHBIN TIEPHOABI).

Tabmuma 1 - Pe3ynbraTsl IpoBeACHNUS SKCIIEPUMEHTA

No
g g |5 £
[+] < < < ]
gl = £ = EE |82 = 8 & Z g
v NN o:: = =) H o 2 O¥ S ::: H =
B S = <= 5 E5 |2 k& FRE g E o £
£ =2l ok o 1] =8 e 5 & g & 2 g
E’§L8§ §§ g = q:)E = 2 s z«sm a < 53
eES®| «~° 32 s2|85E| sg= g= | ==
Sl 8 © S © Tz 9 % o = N I o I 9O = © B oo
Okozrq 2 = o = < 2 o & B = O K = 7 =
= 0 S o O 1] =5 = =] = O 23
= 2|l 22| © =% S0 X3 |o o 3| &5 E = = =
=gl2g| £3 £ g 2|88l £23| 28|53
5] I > = = 2 5 = = g
2 |5E| 25 S ES |8 & S8 | 25| 2 E
m =2 EQ = g = = s 0 9 ) PSR
= [} 5 [SNe] a /| = = =
= = e g |g= =] = &
= s Y =
T,c| tc |an, pawe| X, CM | Xa, CM | Xmax, oM [ h, cm b, M I krm® | Typoc
1
2
3
4
5
6

JUITHHA MaTEMAaTHYICCKOT0 MassTHHUKA |, M

Macca CTepXKHsI My, KT

JUTHHA CTEPXKHS ler, M

PacCTOAHUE OT LICHTPA CTEPIKHSA 10 OCH IT0JIBECA Icnn, M

macca rpysa m.,, Kr
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KoHTposbHbIE BONIPOCHI

1. Yro Takoe xoneOanus?

2. OnumuTe npouecc KoieOaHui Npy>KMHHOTO MasgTHHUKA.

3. Uto sBiseTcs HEOOXOAWMBIM YCIOBHEM BO3HHKHOBEHHS
KosnebaHui?

4. TlpuBenute ypaBHEHHs KoineOaHW MPYKHUHHOTO, MaTeMa-
TUYECKOro U (PU3NUECKOro MasTHUKOB. Kakue BenmunHbI KOIeOm0T-
Csl B OTUX MasTHUKaX?

5. [aiite ompeneneHue Mepuoiy, 4acTtoTe, aMIUIUTyAe, (ase
KoJeOaHui.

6. Uro Takoe rapMOHMYECKHE KOJEOAHUS M MOYEMy UMEHHO
OHH B IIEPBYIO OYEpE/lb pacCCMaTPUBAIOTCS?

7. OT 4ero 3aBHCUT MEpUON KoJeOaHWH MaTeMaTHYecKOTo,
MIPYXKHUHHOTO ¥ (PH3UIECKOTO MAsITHUKOB?

8. Uto Takoe 3aryxaromue xonebanusa? IlpuBemure ypaBHe-
HHUE 3aTyXaronuX KoJeOaHuid.

9. Korga Bo3HWKalOT BBIHYXKIeHHBIE KoneOaHus? OT yero
3aBHUCHUT aMIUTUTYa U (ha3a BBIHYKIECHHBIX KOJIeOaHMit?
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JladopaTtopHasi pa6ota Ne 10

OIIPEAEJIEHUE CKOPOCTHU 3BYKA B BO3JIYXE
METOJIOM CTOAYUX BOJIH

Leab padoThI: SKCIIEPUMEHTAIILHO ONPEICITUTh JUTUHY BOJHEI
U pacCUUTaTh CKOPOCTB 3ByKa B BO3/yXeE.

IIpuGopsl 1 NPUHALIEKHOCTH: 3aKPBITasl CTCKIISTHHAS TPYO-
Ka, 3BYKOBOW TeHepaTop ¢ MUKpOo(pOHOM U TenedOHOM, dIEKTPOH-
HBII ocriryuiorpad.

Teoperuyeckoe BBeleHUE

Yopyrue BomHBL, uMmeromne dactory ot 20 mo 20000 I,
Ha3bIBAIOT 3BYKOBBIMU BOJIHAMH HJIM IIPOCTO 3BYKOM. 3ByKOBBIC
BOJIHBI B Ta3ax M JKUAKOCTAX MOTYT OBITh TOJIBKO MPOIOJIBHBIMHU H
COCTOAT U3 YEPEOYIOLIUXCS CXKaTUW M pa3pexeHuil cpeabl. B TBep-
ABIX TE€JIaX MOT'YT paClpOCTPaHATLCA KaK IMPOAOJIBHBIC, TaK WU IOIIC-
peuHbIE BOJHEI.

VYpaBHEHHE BOJHBI ONpeleisieT BEIMYMHY CMEIICHHS KOJeO-
JIOLIEHCS TOYKU B 3aBUCUMOCTH OT BPEMEHHM M KOOPJIMHAT PABHO-
BECHOTO ITIOJIOKEHHUS TOM TOYKU U JJIsA IJIOCKOM BOJIHBI UMEET BU:

x, = Asin 2;:(‘/[—%) (1

rac A - aMIUIMTYyJda, V - 4aCTOTa, A- JJINHA BOJIHBL, y - paCCTO-
SIHUEC, Ha KOTOPOC BOJIHA MICPEMECTUIIACH 3a BPEMSL t.

JITMHOW BOJIHBI HA3BIBAETCS PACCTOSIHUE MEXIY JBYyMs OJIu-
KaWIIMMKM TOYKAMU BOJIHBI, HAXOJSLIMMKCS B OJMHAKOBBIX (hazax
(puc. 12).

Pucynoxk 12. I'padux BoHBI
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Ecnmu xomebanus, o0yciIoBIeHHBIE pa3HBIMHA BOJHAMH, 00Ia-
JIAFOT TIOCTOSIHHOW pa3HOCThIO (ha3, TO BOJIHBI HA3bIBAIOTCS KOTe-
peHTHBIMU. OHU MOTYT UHTEp(EPUPOBATH, B PE3yIbTATE YEro KOJe-
0aHMs B OJHMX TOYKaxX YCWJIMBAIOT JPYr JIPyra, a B IPYrHX ocial-
JISIOT JPYT IPYTa.

YacTHBIM ciTydaeM MHTepQEpPEHIWH SBISETCS] 00pa3oBaHHe CTO-
SIUX BOJTH MTPY HAJIOXKCHUU OCTYIICH BOJTHBI HA BOJIHY, OTPAXKCHHYIO OT
KaKOTO-JIHO0 TPETSATCTBH.

VYpaBHEeHHE OTPaXKEHHON BOJHBI MOYKHO MOJTYYHTh, 3aMCHUB B
dopmyie (I) «y» Ha «-y», IOCKOJBKY OTpakeHHAs BOJHA Paclpo-

CTpaHsAeTCs B 0OPaTHOM HANpaBJIeHUH x, = Asin2z(vt + 1) (2

Tornma npu cnoxkenun nowieHHo ypasuenwui (I) u (2), momy-
YIM ypaBHEHHUE CTOSYEH BOIHBI
x=x, +x,=2A(cos2z — %) sin2zut ©)

VYpasuenne (3) moka3pIBaeT, 4TO BO BCEX TOYKAX CPEIBI CO-
BEPIIAIOTCS KOJICOAHHsI C YaCTOTOM V U aMILTUTYI0N

y
2Acos(2r —=
@z-2)

3aBUCSNIEN OT Y. XapaKTepHbIM SIBJISIETCS TO, YTO B JIAHHOW TOYKE
CpeJbl AMIUIUTY/JIa OCTAETCA BCE BPEMSI IOCTOSIHHOM.
B toukax, 151 KOTOPBIX Y YIOBIETBOPSIET YCIOBUIO

y
cos(2z =) =0
(”/1)‘

UM 27[%=(2n +1)% (n=0,1,2,...), (4)

aMIUTUTYy1a KoJieOaHuid paBHA HYJIIO.

U3 popmynel (4)cnenyer, uTo
y:i(2n+1)% (n=0,1,2,..) (5)
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OTH TOUKH HA3bIBACTCS y3J1aMH BOJIHEI.

B toukax, rue:  |cOS(27 %) =1 wm

272'%21'[']72' (n=0,1,2,..) (6)

aMIIIUTyJa KOJIeOaHMHA JOCTUTACT MaKCHUMAJIbHOT'O 3HAYCHUA 2A.

OTH TOYKU HA3BIBAIOTCS NYYHOCTSIMH CTOSICH BOJHBIL.
W3 dpopmymnel (5) cnenyer, 4To

y=nl (n=0,1,2,...) (7)

W3 dopmyn (6) u (7) BUIHO, YTO PACCTOSIHUE MEKAY IBYMS

A
COCCAHUMMU NNYYHOCTAMU UJIK ABYMA COCCIHUMMH Y3JIaMH PaBHO E ,a

A
paccTosiHue MEXIy Y3JIOM M IyYHOCTbIO paBHO = . CTos4as BoJiHA
4

uMeeT BHJ, U300pakeHHbIH Ha puc. 13. [loay4uB crosiuyio BOJHY,
MOKHO JIETKO ONPEACNUTh JUIMHY BOJIHBI, HU3MEPUB DPACCTOSHUE
MEX]y COCETHUMH y3JIaMH WM ITyYHOCTSIMH.

Onucanue MeTOIa U YCTAHOBKH
Bceskoe Teno, cnoco0HOe OT3BIBATHCSA HA JOXOISIINE 0 HETO
3BYKH, Ha3bIBaeTCs pe3oHaTopoM. Kakerii pe3oHaTop MMEET ompe-
JICJICHHBIN TIEPUOJT COOCTBEHHBIX KOJICOAHHM, KOTOPBIM ONpeesseT-
sl er0 KOH(UTyparmen.

Pucynox 13. Crosrauie BOJTHBI

121



Ecnu gacToTta 3ByKOBO# BOJHBI, BO30Y>KIa€MOI BHEITHUM HC-
TOYHHKOM KOJICOAHHWH, COBITAIaeT ¢ COOCTBEHHOM YacCTOTOH pe3oHa-
Topa, TO B HEM BO30YXAAIOTCS WHTCHCHBHBIC KoOJeOaHHS C
HanOoJbIIel aMIUIUTYAOH. JTO SBIEHUE HA3bIBACTCSI PE30HAHCOM.

B kadecTBe pezoHaTtopa B JaHHOW padOTEe MCIONB3YETCs TPY-
0a, 3akpbITas ¢ 000MX KOHIIOB. B pe3oHaTOpe CKIIAIBIBAIOTCS IBE
MIPOJIOJBHBIE BCTPEYHBIC 3BYKOBBIC BOJIHBI C OJMHAKOBBIMH TIEPUO-
JaMH: OJHa BOJHA, HAyIas oT TenedoHa, Ipyras - OTpaxEHHAS OT
MTOBEPXHOCTH MUKpodona (puc. 14).

& P ) 3 0.
Bx0 }
I I dox o]
r U] ' I

Pucynoxk 14. YcranoBKa A1l MOTY4YEHHUS CTOSYNX 3BYKOBBIX BOJTH

ITpu 5TOM B TpyOe 0Opasyercs cTosiuasi BOJIHA C y3JIaMu U
MyYHOCTSM

B TOouYKax, COOTBETCTBYIOLIMX y3JIaM CTOSYEH BOJHBI, YaCTHUIIBI
BO3JlyXa HE MPHUHUMAIOT y4acTHs B KOJIEOAHHAX, a B MMyYHOCTSIX KO-
neOaroTCss ¢ HauOONIBIIMMHU aMIUIUTYJaMU. Pe3oHaHc Oyaer MMeTh
MECTO B TOM CJIy4ae, KOT/ia JIMHA BO3AYIIHOTO cToj0a OyaeT paBHa

. A
Heu€THOMY uucny: = .
4
H3BecTHO, YTO A, U M V CBSI3aHbLI COOTHOIIICHUEM:
V=LAV,
r7ie U - CKOPOCTh PaCIPOCTPAHEHHSI BOHEI.

Ecnu nivHy BONHBI A M3MEPHUTH HA OIBITE, TO 1O MOTYYEHHOH
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(hopMyIre MOXHO BBIYUCIHTS V.

JiiHa BONHBI MOXET OBITh OMpejaesieHa CIEAYIOUMM o0pa-
30M. Bo3neiicTBre Ha BO3AYIIHBIN CTONO MPOU3BOIUTCS MEMOpaHOi
tenedona T, mMOMEMIEHHOTO BHYTpH TPYOBI Y OJTHOTO M3 €ro KOHIIOB
W MHTAaeMOTO 3BYKOBBIM IeHEepaTopoM. BHYTpHu TpyObl MOKET mepe-
MemaThcst MEKpoGoH M, KOTOpPBIM MpUCOenUHEH K ociuniorpady.
3BYKOBBIC BOJIHBI, TOWs A0 MUKpodoHa M, mpuBOAAT B KojeOaHHe
€ro MeMOpaHy, B pe3yJIbTaTre 4yero B HEM BO3HUKAIOT JIEKTPHUCCKHE
KoJieOaHus. DTH KoJIeOaHWs IMOMAIOTCS Ha BXOJ JIEKTPOHHOTO OC-
mwutorpada 2.0.. Ha skpane ociniorpada npyu BO3HUKHOBCHHU
pe3oHaHca HaOmoaeTcsi ycuieHne curuaina (yBelnndeHue aMIuIuTy-
el koseOanmit). [lomoxkeHuss MUKpO(OHA, COOTBETCTBYIOIINE YCH-
JICHUIO CHTHAJIa, MOTYT ObITh OTMEUEHBI Ha MaCIITa0OHOM JIMHEHKE.

Iopsiaok BbINOJIHEHUS PadOThI

I. CoOpatp ycraHoBKy 10 cxeme (puc. 14).

2. BxiarouuTh 3BYKOBOH TI€HEpaTop M YCTAHOBUTH YacTOTYy
1000 I'.

3. IlepememaTs MUKpO(OH, yaausist €ro OT UCTOYHHKA KOJie-
OaHmii;

OTMETHUTh YHUCIO0 MaKCHMyMOB N YCHJIEHHS CHTHaJa 1O Kap-
THHE Ha KpaHe ocumuiorpada. [TookeHus nepBoro MakcumMmyma (a)
u nocienuero (b) 3aHecTu B Ta0JIHILY.

4. W3mepeHust NOBTOPUTH HPU OOPaTHOM ABMKEHUH MHKPO-
¢ona. Becero nponsBecTy IsTh U3MEPEHUH.

5. AnanornyHsle M3MEpeHus mpojeiarh mnpu yactotax 1500
I'mu 2000 I'm.

6. PaccunrtaTs 1yinHy BOJHEI 110 hopMyIie

,o2b-a)
n-1

W 3aHECTH pe3yJIbTaThl B TAOJIMIY. BEIUMCINTE cpeHee 3HaUCHHE A,
a0COIOTHYIO TIOTPEIIHOCTH MTOJIY9€HHOTO pe3ybTaTa.

7. BBIYMCIUTH CKOPOCTD 3ByKa B BO3YX€E, HCIIOJIb3YSl CPEHEE
3HA4Y€HHUE JUIsl IJIMHBI BOIHBI.

8. PaccuntaTe OTHOCHTENBHYIO MOTPEIIHOCTH IOJIYYEHHOTO
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pe3ynbTaTa 1mo Gpopmye:
AS AL Av
E=—+—+—
g A L

1 a0COITIOTHYIO MOTPEMIHOCTE AU = EUqs . Av nIpuHATH paHO# 10 I,

9. 3anmcaTh OKOHYATENBHBIA PE3yabTaT B BUIE:
M
v=(v, £Av) "

Tabnuua 9 - PesynbraTsl u3MepeHnit

Yucno a b 2(b-a
NoeNe YacroTa = v 1-20-23) v =Av
. MaKCH- 1-51i1 N-EIit n-1
U3MepeHHnit I'm Mm/c
MYMOB |MakCHMyM | MakCHMyM M
1
2
3

KOHTpOJ’[beIe BOITPOCHI

1. Yem oTinuuaroTcs KoaeOaHus U BOJIHBI?

2. Kak BO3HUKAIOT CTOSUME BOIHEI?

3. B uém 3axmmouaercsi crmocod OmpeseieHus] CKOPOCTH 3BYKa
METOJIOM CTOSTYEH BOJIHEI?

4. Yto Takoe 3ByK?

5. MoxeT 11 3ByK pacipoCTpaHsIThCS B BaKyyme?
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JlabopaTopHasi pa6ora Nell
I'PAAYUPOBKA TEPMOIIAPBI

Lenp padoThl: 03HAKOMHUTHCS C SBICHHUAMH TEPMODIIEKTPH-
YeCcTBA U IKCIEPUMEHTAIFHO OTPEAETUTH IIOCTOSHHYIO TEPMOTIapHI.

IIpuGopsl M NMPHHANIEKHOCTH: TEepMOIlapa, HarpeBaTelb-
HBI TTPHOOP, COCYABI C BOJIOW, TEPMOMETPHI, TIOTEHIIMOMETP MTOCTO-
STHHOTO TOKa.

TeopeTnyeckoe BBeleHHE

[Ipy conpuKOCHOBEHUH OBYX Pa3HOPOIHBIX METAJIOB IPOUC-
XOJUT TEepPexXo]l 3JEKTPOHOB M3 OJHOTO MeTajla B JPYroi, BClen-
CTBHE Yero, OJIMH U3 HUX 3apsKaeTcs MOJOKUTENIBHO, APYTOl — OT-
punarensHo. Bo3HuKaromas mpyu 3ToM pa3HOCTh NOTCHLUAIOB MEX-
Iy COTIPHKACAIOIIMMHUCS METAJIaMU Ha3bIBACTCS KOHTAKTHOW Pa3HO-
CTBIO TIOTEHIIHAJIOB.

Bo3HrKHOBEHHE KOHTAaKTHOH pa3HOCTH IOTEHIMAJIOB 00Y-
CJIOBJICHO IBYMsI IPUYHHAMH.

OpHOM U3 MPUYUH SIBISETCS TO, YTO Pa3INYHbIe METaJIbl Xa-
pakTepu3yroTCs pa3Hol paboToi BhIxoja. PaboToli BeIx0a Ha3bIBA-
0T paboTy, KOTOPYIO HYKHO 3aTpaTUTh, YTOOBI CBOOOIHBIN 3JIEK-
TPOH MOKUHYJ METaJJI.

ONEeKTPOHBI Jierye MepexoAsIT U3 MeTaia, A KOTOPOoro pa-
00Ta BbIXOJa MMEET MEHbLIEe 3HAUE€HHE, B METalI, IJIi KOTOPOTro
pabota BbIXxoJa UMeeT OoJiblIee 3HaUeHHE, YeM B OOpaTHOM HaIlpaB-
seHuu. IlepBblii MeTaul 3apsKacTCsl MOJIOXKUTENBHO, BTOPOM — OT-
punarensHo (puc. 27). Ecnu paborta BeIX0/1a dIIEKTpOHA M3 MeTainia |
paBHa A;, a u3 Metauia 2 paBHa A, (mpudeM A; < Aj), TO SIEKTPOHBI
OyayT mepexoauTh U3 Metaia [ B Metam 2 710 Tex mop, moka Mexy
HUMU HE BO3HUKAET Pa3HOCTH MOTEHITHAIIOB!

, , A, — A
(01—(022—%' 1)

rJie @ — abCOIIOTHAS BEIMYHHA 3apsiia DIIEKTPOHA.
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Al < A2 Ny >N
+ | - + | -
+ | - + -
+ | - + | -
+ | - + -
Puc.27. Tepmonapa c pazHoii pabotoit Puc. 28. Tepmomnapa ¢ pa3Hoit
BBIX0JIa METAJUIOB KOHIICHTpAIHeH 3JIEKTPOHOB METAJIIOB

Jpyroi npUunHON BO3ZHUKHOBEHUS! KOHTAKTHON Pa3HOCTH I10-
TEHIMAJIOB SIBIISICTCS pa3inive KOHLIEHTPALUUN CBOOOJHBIX 3JIEKTPO-
HOB B COIPHKACarOIIMXCs MeTaiax. ECTECTBEHHO, YTO 3IIEKTPOHBI
OyzayT B OONbLIEM KOJIMYECTBE MEPEXOAUTH B TOT METalUl, TAE HX
KOHIIGHTpAIMsI MEHbIIIE, YeM B 00paTHOM HaIpaBICHUH. JTO JOJIK-
HO NPHUBECTH K 00pa30BaHUIO HAa TPAHULE METAIJIOB JBOWHOIO CJOSI.
Ecnu Ny 1 N, KOHIEHTpanus 2J€KTPOHOB B IEPBOM M BO BTOPOM Me-
TaJulax COOTBETCTBEHHO (TpHuYeM N; > Ny), TO HAYHETCs MpeuMylle-
CTBEHHBIH TIEPEHOC CBOOOIHBIX AIIEKTPOHOB M3 MeTawia | B MeTarn
2. B pe3ynbprare nepBblii METAILT 3apsKaeTCs MOJOKUTEIBHO, a BTO-
poii — orpunarenbHo (puc. 28). Bo3HuKaromias BCIEACTBUE ITOH
MIPUYUHBI PA3HOCTh MOTEHLIMATIOB, KaK MOKAa3bIBA€T TEOPETUUYECKUI
pacder, paBHa

SN

O =@, 2

n,
rJie K - nocrosiHaas bospivmana, T - abcomoTHas Temneparypa.

OTH 1BE MIPUYMHBI MOTYT JICHCTBOBATH KaK B OJJHOM U TOM K€
HalnpaBlieHUH, TaK U B MPOTHBOIOJIOKHBIX HampaBieHusx. Bcenen-
CTBHE CyMMapHOTr0 ACHCTBHS 000X (haKTOPOB KOHTAKTHAsl Pa3HOCTh
MOTEHIIATIOB MEXXAY MeTaiiamu [ 1 2 paBHa

_A A, KT 3)

O =@, = | | n,

W3 nocnenHero BeIpakeHUsI BUAHO, YTO KOHTAKTHasl Pa3HOCTh
MTOTEHIIMAIOB JJMHEWHO 3aBUCUT OT TemnepaTypsl. C TeMiepaTypHou
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3aBUCHUMOCTBIO KOHTaKTHOM Pa3HOCTH MOTEHLIMATIOB CBSA3aHO IOHS-
THE TEPMO3JIEKTPOABIKYIIEH cuibl. COCTaBUM 3aMKHYTYIO LIETIb U3
JBYX Pa3HOPOJHBIX METAJUIOB C Pa3IMYHON TeMIlepaTypoill KOHTaK-
toB T1> T, (puc. 29). B TakoM cirydae KOHTaKTHast pa3HOCTh MMOTEH-
nuanoB B crae I Oyner Gomnbie, ueM B cmae 2. BenencTsue 3Toro B
LENH BO3HUKAET AJIEKTPOABIKYILAS CUJIa & , PaBHAsI CYMME CKauKOB
MOTEHIIMaNa B 000MX KOHTaKTax:

5:((p1_¢2)c+((02_(/71)a (4)

Pucynok 29. Tepmonapa

IToncraBus B BeIpakeHue (4) 3HAUYEHHE (P, — (P, W COIJIACHO

(3), momyanm
g:_ﬂ_{_ﬂ'n&_f_ﬁ_ﬂ'n& (5)
I I n, I | n,
Otkyna: e=(T, _Tz)lklnﬂ.

2

CocTtaBneHHas TaKUM 00pa3oM LIEMb U3 IBYX PaziIUYHBIX MPO-
BOJHMKOB HasbiBaeTcs Tepmomapod, a DJIC, Bo3HMKamomas B pe-
3yJlbTaTe PasHOCTH TEMIIEPATYp KOHTAKTOB, - TEPMOIJIEKTPOABHKY-
et cuoit. ®opmyna (5) mokassiBaet, yto IJ]C TepMomaps! mpsmMo
MIPOTOPITMOHATIFHA PA3HOCTH TEMIIEpaTyp craeB (KOHTakToB). BEI-
paxenue (5) MOXKHO 3aIIMCaTh B BUIEC

e=C(T,-T,), (6)
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K, N .
rae kodddumment C = —In—- sBaseTcs MOCTOSAHHOM BeH-
n2
YUHOM ISl TaHHOW Mmapbl METAJIJIOB M HA3bIBAETCSl MTOCTOSTHHOM Tep-
MOTIapHbI.

OnucaHue METOAA M YCTAHOBKH
I'pagyrpoBKa TepMONapsbl 3aKIF0YaeTCs B ONPE/ICICHAN 3aBH-
cumoctr TepMo-OJIC ot pazHoctn Temneparyp crnaes £ = f (At).
['pajsynpoBaHie TepMONapsl MOXET OBITh BBINOJIHEHO NPH
IIOMOLIM YCTaHOBKH, KOTOpas BKIOYACT TEPMONApy W H3MEpHUTEIb
SC (puc. 30).
KoHi1p! ciaes TepMonaphbl OMEIIAOT B cocy bl ¢ Bonoi (K 1 Ky).

— .

b
TOP O SON TS \
2307

Pucynox 30. [IpunuunuaneHas cxemMa yCTaHOBKU

[Ipu paBenctBe Temmeparyp B cocyaax Kj; u K; tepmo-3/1C
paBHa Hymro. HarpeBas Boxy B cocynme Kp, B KOTOpoM HaxomuTcs
OJIMH M3 CHAEB TEPMOIAPHI, ONpeaessitoT 3HaueHue tepmo-2/1C yve-
pe3 kaxaeie 10°. Ha ocHOBaHMH ONBITHBIX JAHHBIX CTPOSIT Tpaguk
3aBUCUMOCTH TepM0o-2/IC 0T pa3HOCTH TeMIepaTyp CIaes.

Hcnone3ys modydeHHBIH TpaduK ONMPEeAessioT MOCTOSHHYIO
TepMOIIapbl KOTOpas SIBJISETCA XapaKTEPHOU BETUUMHOM JIsl KaXK 101
Mapbl METAJUIOB, 00PA3yIOIINX TEPMOTIapy.

&, — &
tz_t'l

3amenuB cocyn K, apyrum cocynom ¢ BomOM HEU3BECTHOM
TeMIieparypsl, onpenensitor 3Hadenne DJ[C. Mcnons3ys rpaduk amns
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MOJy4eHHOU BeIHYHHBI TepMo-DJ]C, HaXOIAT HEU3BECTHYIO TEMIIe-
patypy. B mannoii pabote m3mepenue BoszHWKaromed Tepmo-2/(C
MPOU3BOJUTCS KOMIICHCAIIMOHHBIM METOJOM MpPH TMOMOIIM IOTEH-
LUOMETpa MOCTOSIHHOTO TOKA.

[TpuHIUI 1eHCTBHUS MOTEHIIMOMETPA MOCTOSIHHOTO TOKa OCHO-
BaH Ha KOMIICHCAITMH HEKOTOpOH m3BecTHOU m m3Mmepsemon DJIC.
[IpeumymiecTBa MeTOa KOMIECHCAIIMM B TOM, YTO 4Yepe3 U3Mepu-
TENBHBIA TPUOOP HE TedYeT TOK, CIII0BATENHHO, M3MEPHTEIbHBIN
puOOp HE BHOCHT UCKAKEHHUH B MICCIEAYEMYIO IETb. ITO 0COOEHHO
BakHO 1pu n3MepeHnn 3/{C MalIOMOIIHBIX HCTOYHUKOB TOKA.

OnexTprUveckas cxema IMoTeHIIMOMETpa n300paxeHa Ha puc. 31.

. |£" —@—l & x
T L T
4, —]
o — e
HHEF— %

Pucynok 31. Dnextpuyeckas cxema

Wsmepsemas snexrponsuwkymas cuia (£,) uma DIC Hop-

MaJIBHOI'O 3JIEMCHTA ((C,'n ) KOMIICHCUPYCTCA HAIIPSKCHUEM HA y4aCT-

K€ peoxopia, CO37aBaeMbIM BHEIIHUM UCTOYHUKOM & . CKONB3AIIHIA
[0 peoxopay IABWXKOK [l mepenBuraercs IpH U3MEPEHUSX 0 TeX
1op, MokKa TOK B lLienH rajgbBaHoMmeTpa ' He npekpaturca. U3mepsie-
Mas JJIEKTPOABIXKYIAasl CHJIa paBHA IPU 3TOM HAIPSDKEHUIO HA CO-
OTBETCTBYIOIIEM YYACTKE PEOXOPAA.

BxrounB ranpBaHOMeTp B 1enb u3Mepsiemon DJIC, MOXKHO
OTpEryIMpoBaTh INOJOKEHHE ABWXKKA JI Tak, 4ToOBl & OKa3auach

CKOMHGHCHpOBaHHOﬁ. Tak kak cumia TOKa, IMPpOXOoAdAIero 4epe3 RX,
NpEeaABApPUTCIIbHO YCTAHABIMBACTCA BIIOJIHC OMIPCACIICHHBIM 06pa30M,
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TO IOJIOKEHHUE JIBI)KKA IPalyHpyeTcs HEOCPEACTBEHHO B BOJIbTAX.

M3meperne DJIC ¢ MOMOIIBIO MOTEHIIMOMETPA TOCTOSHHOTO
toka P307 mpousBoautcs cieayromuM o0pa3oM: HOpMaIbHBIN dlie-
MEHT W TaJbBAaHOMETP NPHUCOSAWHHUTH K COOTBETCTBYIOLINM 3aKHU-
MaM ITOTeHITHoMeTpa (0OpaTUTh BHUMAHKE HA TTOJISIPHOCTH! ).

K 3axumam "X;" mwmm "X," mMoTeHIIMOMETpa MPHCOSCTUHUTH
HUCTOYHUK M3MEPSEMOTO HampsbKEHHUS ¢ COOJIIOJICHUEM TMOJIIPHOCTH.
PaGoTy HauMHAIOT ¢ yCTaHOBKH pabovero Toka MOTEHIIMOMETPA.

Ha nmoreHnmomerpe BBICTaBUTH 3HAYEHUE, COOTBETCTBYIOLICE
3J1C HopManpHOTO 3JeMeHTa Npu AaHHOH Temneparype. [lepekiro-
yateab "H3-X1-X," IOCTaBUThH B IOJIOKEHKE "HO".

IIpousBecT HACTpPOWMKY TOKa € IMOMOIIBIO PYydYeK CHauaja
"rpy60", a 3areM "ToHko". IIpM3HAKOM NPaBUIBHOCTH YCTAHOBKHU
pabouero Toka sIBISIETCS] OTCYTCTBUE TOKA B LENH TalbBaHOMETPA.

Tox HacTpanBaTh CHa4asa Mpu BKIFOYEHHOM KHOMKe "430KQ",
3aTeM MpU BKIIOYEHHOU KHomke "0".

[Tocne okoHUaTeNbHOM HACTPONKH TOKA MEpeKIovaTeNpb " Ha-
X;-X," mocraButh B monokenne "X;" mimn "X," (B 3aBHCHMOCTH OT
TOro, K KakKMM 3a)XMMaM IIOJAKJIIOYEHA H3MepsieMas BeJIWYMHA) U
pYyYKaMH TepekyrouaTesiel, CBsI3aHHbIX CO IIKaJlaMH, MPOrpagynpo-
BaHHBIMU B "Y", IPOM3BECTH YPaBHOBEIINBAHNE U3MEPSIEMOIl BEIu-
YHMHBI IPY TIOCJIEA0BATEIBHOM YBEIMUCHUN YyBCTBUTEILHOCTH.

3HavyeHne M3MepsIeMOol BETMYMHBI OTCUUTHIBATH MO NU(ppaM B
OKOIIIEYKAX BEPXHEH IJIATHI.

Iopsaok BeINOJHEHHS pad0ThI

1. Cobpath ycTaHoBKY 10 cxeme (puc. 31).

2. 3aperucTprpoBaTh TEMIEpaTypy t; claeB, IOMEUIEHHBIX B
cocyasl Kj u Ko,

3. Boay B cocyne K, B KOTOPOM HaxOJUTCS OJUH U3 CIIacB
TEPMOIIapbl, MEITICHHO HArpeBaTh.

4. C noMoIp0 NOTEHIMOMETpa u3MepsTh TepmMo-O/1C depes
kaxasle 10°C. 3nauennsa temmnepatypsl t u TepMo-O/IC 3aHecTH B
Tabmuy 1.

5. Ilo noy4eHHBIM JaHHBIM MOCTPOUTH rpauK 3aBUCUMOCTH
TepMo-3JIC OT pa3HOCTH TeMIEpaTyp.

6. Jlng pa3znuyHBIX pa3HOCTEW TeMIeparyp BBIYHACIUTH MO

dhopmyme:
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MOCTOSIHHYIO TepMotnapbl. HaliTn npubimkeHHoe 3HaUeHue, adCcoMI0T-
HYIO U OTHOCHUTENBHYIO MOTPELIHOCTH OIpeeNsieMOi BETMYHHBIL.

7. Cocyn K, 3amenuts cocynom K ¢ Bomoit Hen3BeCTHON TeM-
nepaTyphl ¥ ONpeeNuTh (He MeHee TpeX pa3) 3HaueHue tepmo-2/(C
JUIs. HOBOW Pa3HOCTH TeMIIepaTyp. YUUTHIBas, YTO TEMIIEpaTypa Bo-
1bl B cocyze K ¢ TeueHnem BpeMeHU U3MEHsETCs, H3MEPEHNE TEPMO-
3/1C Hy»XHO TPOU3BOANTH OBICTPO.

8. Ucnonp3ys rpaduk, Mo NpudIMKEeHHOMY 3HAYCHHUIO TIOTY-
yeHHoi Tepmo-2/IC onpenenuTh HEU3BECTHYIO PA3HOCTh TeMIIepa-

Typ t, —1,, 3arem, 3Has t;, HaliTH t,.

Tabnuma 16 - Pe3ynbraThl u3MepeHUi

NeNe i/ e ty &, MB

O |N|@|g|~ WM

KoHTposibHbIE BONIPOCHI

1. Yro Takoe KOHTAaKTHas Pa3HOCTb NOTEHLIUAIOB?

2. Yt0 3HAUMT MPOTpagynpoBaTh TepMOIapy?

3. Uto Ha3bIBaeTCs TOCTOSHHOM TepMOIapbl M Kak OHA BbI-
qucisiercs?

4. Kak onpenenutsb no rpapuky € = f(t, —t,) nemssecruyio
Temneparypy?

5. I'me HaxomaT mpakTHYECKOE TPUMEHEHUE TEPMOTIAPhI?

6. [ate onpeznencHue noustus "Padora Beixoma.
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JladopaTopHasi pa6oTa Ne 12

CHATHUE BOJBTAMIEPHOM XAPAKTEPUCTUKH
HOJYIIPOBAJHUKOBOI'O TMOJA

Henap pabdoThbI: 03HAKOMUTHCS C 3aKOHOMEPHOCTSMHU TPOBO-
JUMOCTH TIOJIyTIPOBOJTHUKOB U SKCIEPUMEHTAILHO CHSTh BOJBTAM-
MIEPHYI0 XapaKTePUCTUKY JHO/A.

IIpubopsl U NPUHANIEKHOCTH: TTOTYIIPOBOTHUKOBBIN IO,
HCTOYHUK IMOCTOSHHOT'O TOKa, MUKPOAMIIEPMETP, MHUIUTHBOJIBTMETP,
peocTaT, NEePeKIIIoYaTellb, IPOBOTHUKY.

TeopeTnyeckoe BBeleHHE

[TomynpoBogHUKAaMHU ABISIOTCS BEIECTBA, 3JIEKTPOIPOBOJ-
HOCTb KOTOPBIX 3aHHMAET IPOMEXYTOUHOE MOJIOKCHHUE MEKAY DIICK-
TPONPOBOAHOCTSIMH METAJUIOB U AUAJIEKTPUKOB. TakK, eciu yAeabHOe
COMPOTHBIICHHE MeTamioB mopsiaka 107 O M, a usomstopos ot 10°
10 102 Om M, TO y MOJIYIPOBOJHUKOB OHO JIEKUT B UHTEPBAJIE OT
10" 1o 10" OM M. XapakTepHbIM IS MONYIPOBOJHAKOB SBISCTCS
TO, YTO UX MPOBOJAMMOCTH YBEJITUYHUBAETCS C TIOBBHIIIEHUEM TEeMIEpa-
Typbl U PE3KO 3aBUCHUT OT MpHMeced K MOJIYNPOBOAHUKAM IPYTHUX
BeriecTB. [1o3ToMy y NOJTyIpPOBOAHMKOB Pa3INyalOT COOCTBEHHYIO U
MIPUMECHYIO MPOBOAUMOCTH. THIMYHBIMU MOJTYIPOBOJHUKAMHU SIB-
JIAIOTCS TePMaHHMU, KPEeMHUH, ceneH, 3akuchk mMeaun Cu,O, cymbdui
cBuHua PS u psag npyrux.

[Ipy mpunoxeHnu K KOHIAM IMOJYNPOBOJHHUKA PAa3HOCTH IO-
TEHIMAJIOB AJIEKTPOHBI OYIyT MepeMeNIaThCsl IPOTHB IEKTPHUECKO-
ro o (37eKTPOHHAs MPOBOJUMOCTE), a IBIPKU MO OO (IBIPOU-
Hasi IPOBOAUMOCTH). HesHaunTenbHOE KOJIMUECTBO NPUMECH JPYTOro
JJIEMEHTa K XMMUYECKH YUCTOMY ITOJYTIPOBOJHHUKY CYIIECTBEHHO H3-
MEHSIET €ro MPOBOANMOCTh. B 3aBUCHMOCTH OT pojia IPUMECH MOKHO
MOJIYYUTh MOJTYNPOBOJHUK MPEUMYILIECTBEHHO OO C 3JIEKTPOHHOM,
00 C JBIPOYHOM MPOBOIUMOCTBIO. [lOMynpOBOAHMKHN € 3JEKTPOH-
HOMW MPOBOJMMOCTBIO HA3bIBAIOT MOJTYIPOBOAHUKAMH N -THIIA, a C JbI-
POYHOH - MOJIYTIPOBOTHUKAMH P - TUIIA.

Tak Kak KOHLEHTpauus CBOOOAHBIX BJIEKTPOHOB B N- TOIY-
MPOBOJHHKE OOJIBIIE, YEM B P- MOIYIIPOBOJHHUKE, TO YUCIIO BIIEKTPO-
HOB, NEPEXOSIMX 3a 1c. U3 N- B p- MOJYNPOBOIHUK OyneT Ooiblie,
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YeM MepexoJIuX B 00paTHOM HamnpaplieHUH. [103ToMy N- MOJTyTpo-
BOJTHHK OYyJIET TepSTh JIEKTPOHBI U 3apsKAThCS MOJOXKHUTENBHO, a P -
MOJIYNPOBOJHUK - TPHOOPETaTh BIEKTPOHBI M 3apsKaThCs OTPHILIA-
TENLHO. B TOHKOM MOrpaHWYHOM CJI0€ KOHTaKTHPYIOIIUX IOIYIPO-
BOZHMKOB (Tommmroit 10° — 107 M) BO3HHKAeT dIIeKTpUUecKoe Tole,
MIPETISTCTBYIOMIEE AabHEHIeH U Qy3nuu dIIeKTPOHOB U3 N- B p- TO-
JYNPOBOJTHMK. DTOT CJIOI Ha3bIBaeTCs 3anmmparonuM cioeM. Hampas-
JICHHOE TEePEMEIICHUE AIIEKTPOHOB M JIBIPOK MPEKpaTUTCs TOTAA, KO-
rna nudQysrHoHHbIe CcUIbl OyAyT ypaBHOBEIIEHBI SJIEKTPUUYECKHMHU
CHJIaMH 3aIlHparolero cios. PaBHOBecHe MOXKET HApYIIMThCS O]
JICWCTBUEM BHEIITHETO SIIEKTPHUYECKOTO TIOJIS.

PaccMOTpuM BIHSHHE BHENIHETO SJEKTPUUYECKOrO TOJS Ha
CBOICTBA P-N mepexona, A 4ero BKIIOUUM KOHTaKTUPYIOIIME P- U
N - MOJYIPOBOJHUKH K HCTOYHHMKY TOKA.. UHCIIO MOJABUKHBIX HOCU-
Tenel 3apsaa B oOJIacTH KOHTakTa OyneT BO3pacTaTh. JTOMY CIIO-
COOCTBYET BCTPEYHOE JBIKCHHUE DIICKTPOHOB U JIBIPOK, KOTOPHIE Tie-
peMeniarTces Mo IeHCTBUEM BHEIIHETO OIS U3 TIYOHHBI MOJTYTPO-
BOJIHUKOB K TpaHuIle p - N mepexoja. ToJmuHa KOHTAKTHOTO CIIOS U
€ro CONPOTHUBJIICHUEC IIPU 3TOM YMCHBIIAIOTCA, U TOK MOXCT IIPOXO-
JTUTH B HalpaBJIeHUU OT p- K N- MOITYIPOBOIHUKY. DTO HallpaBliEHUE
HAa3bIBAIOT IIPOILYCKHBIM.

Ecimu W3MEHHTh TONSAPHOCTh BHEIIHETO HAMPSDKEHUS, TO
BHEIIIHEE DIICKTPHUUYECKOE TOJie OY/IET YCUIHBAThH TMOJE€ KOHTAKTHOTO
CITOSI ¥ BBI30BET JIBU)KCHHE 3JICKTPOHOB B N- MOJTYIPOBOTHHUKE U JIbI-
POK B - TOJIYNPOBOJHUKE B CTOPOHBI, IPOTHBOIIOJIOKHBIE OT KOHTAK-
Ta. DTO MPUBENET K YBEIUUSHUIO TONIIMHBI 3aIIHPAIOIIETO CIIOS U PO-
CTy €ro conportusieHus. HarpapiieHue BHEIIHErO M0JIs1, IIPA KOTOPOM
pacimpsieTcss 3amuparolvii CIOM, Ha3bIBACTCS 3alOPHBIM; B 3TOM
HANpaBJICHUH TOK Yepe3 KOHTAKT JBYX MOJYIIPOBOAHUKOB MpPaKTHYC-
CKH HE TIPOXOJIUT.

Takum 00pa3oM, KOHTAKT JBYX MPHMECHBIX MOIYHPOBOHH-
KOB C Pa3HbIMH HOCHTEIISIMH 3apsjioB 00JagaeT OJIHOCTOPOHHEH
IIPOBOJAUMOCTEIO, T.C. HeﬁCTBI/Ie KOHTAaKTa ABYX ITOJIYIIPOBOAHUKOB
p- ¥ N- TUNA aHAJOTHYHO JCHCTBHIO IBYXDJIEKTPOAHOW JIAMIIBI-
nroaa. IloaToMy momynpoBOIHHUKOBOE YCTPOWCTBO, cofepIKallee p-
N, mepexo, Ha3bIBAIOT MOJYTPOBOJHUKOBEIM JAHOIOM.

B naHHO# paboTe HEOOXOIMMO CHATH BOJIBTAMIICPHYIO XapaK-
TEPUCTUKY ANOJA, T.C. IIOJIYUUTH 3aBUCUMOCTb TOKa OT HAIIPSKCHUA
B IIPOITYCKHOM U 3allIOPHOM HAITPABJICHUAX.
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IMopsinok BbINOJIHEHUSI padOThI

1. CoOpaTh 3ICKTPUYECKYIO IIEMb 10 CXeMe, M300paxEHHOM
Ha pUCYHKe 34 Xk, MpeABapUTEILHO YCTAHOBUB PYUYKY MOTCHIIHOMET-
pa R; B kpaiiHee JieBo€ TIOJIOKEHHE.

2. 3aMKHYTh PYOMJIbHUK MEPEKIIIOUATElIs Ha KJIeMMHI I, 2, 4To
COOTBETCTBYET NPUIIOKEHUIO HAIPSDKEHUS B IMPOITYCKHOM HaIpaB-
nernn. [Ipy moMomm moTeHIMOMeTpa MoCcIeI0BaTeIFHO YCTaHABIIH-
BaTh 3HAYCHUS HANpPsDKEHUS, YKa3aHHbIC B TaONHIle, U 3allMCHIBAThH
COOTBETCTBYIOIINE TOKa3aHWA MIUIMBOJIBTMETpAa U MHUKpOaMIIep-
MeTpa.

3. 3aMKHYTh pyOWMIBHHK TEpEeKrovaTenss Ha KiIeMMbl 3, 4.
[Ipy momomM MOTEHIMOMETpa MOCIEA0BAaTENIbHO YyCTaHABIMBATh
3HAYEHHs HANPSHKEHUs, yKa3aHHbIE B TAOJUIlE, M 3allMcaTh COOTBET-
CTBYIOIIIME MMOKa3aHUsI MIJUIMBOJIBTMETPA U MUKpoamiiepmerpa. [lo-
JTydeHHEIE TaHHbBIE 3aHeCTH B Tabnuiry 18.

4. TocTpouTh Ha OAHOM TpaduKe B OJMHAKOBOM MaciiTabe
BOJIFTAMITEPHYIO XapaKTEPUCTUKY AWOA ISl MTPOITyCKHOTO U 3amop-
HOTO HaNpaBIEHUHA, CYUTAs IPOIYCKHOE HANPaBICHHUE TTOJIO0XKHUTEIb-
HBIM, a 3aTIOPHOE - OTPUIATEIbHBIM.

134



Tabmuma 18 - JlaHHBIC IS TOCTPOCHUS BOJIBTAMIICPHON Xa-
PaKTepUCTUKU

IIpsimoe HampaBieHHE OO0paTHOE HallpaBJICHHE
U, MB 1, MkA U, MB I, MKA
0,2 2
0,4 4
0,6 6
0,8 8
1 10
1,2 12
1,4 14
1,6 16
1,8 18
2,0 20
2,2 22
2,4 24
2,6 26
2,8 28
3,0 30

KOHTpOJ’[l)HbIe BOITIPOCHI

1. Kakue BemecTBa Ha3bIBalOTCS MosrynpoBogHuKamu? Kax
OOBSICHUTH WX DIIEKTPUYECKUE CBOMCTBA 30HHON TeopHen?

2. Kak BIUSIOT MpUMECH Ha BJIEKTPONPOBOAHOCTH IMOIYIPO-
BOJIHHUKOB?

OOBsICHUTB, KaK BO3ZHHKAIOT JBIPOYHAS U JJIEKTPOHHAS TpH-
MECHBIE MTPOBOJMMOCTH TTOJTyTIPOBOTHHKOB.

3. O0OBsCHUTE MPUHLMII JEHCTBUS TOIYIPOBOIHUKOBOTO ANO-
na. [lpoBenute aHAJIOTHIO C JUOAOM - 3JIEKTPOHHOM JIAMITOM.

4. Yem oOycnoBieH oOpaTHBIM TOK quoaa?

5. C TOYKH 3peHHs 3JEKTPOHHO-30HHOHN TEOpUH MPOBOIUMOCTH,
OOBSCHUTH MOITYYSHHYIO BOJIBTAMIIEPHYIO XapaKTEPUCTUKY TUOAA.

6. YKaXHTe JIOCTOMHCTBA W HEJOCTATKU MOTYIPOBOIHUKOBBIX
JIMO/IOB B CPABHEHHUH C BAKYYMHBIMU JTHOJIAMHU.
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JlaGopaTopHasi padora Ne 13
OINNPEAEJIEHUE ITOKA3ATEJIS HPEJOMJIEHUS

Hean padoThl: DKCIEpUMEHTAIBHOE OIpeneIeHNe TToKa3aTe-
IS TIPEJIOMJICHUS M OTpeZeNieHHe ero 3aBUCUMOCTH OT KOHIIEHTpa-
LMY PACTBOPEHHOIO BELIECTBA.

IMpuGopbl M NMPUHANIEKHOCTH: pepakTOMETp; PaCTBOPHI C
HU3BECTHOM KOHIIEHTpAIIMEN U OJMH PACTBOP C HEU3BECTHOW KOHIICH-
TpaLuen.

Baoicnvim gpusuneckum ceoricmeom men A61semcs ux noKasd-
menv npenomnenus. On 3agucum om Gewecmsd, ONUHHbL NPENLOMIIA-
emoll 8onHbl U Opyeux gpakmopos. Ilokazamens npenomnenus pac-
MBOPO8 3A6UCUM OM PACMBOPEHHO2O Belecmsa U e20 KOHYEeHmpa-
yuu. Omo oaém @uauveckuil mMemoo onpeoeyienus KOHYeHmpayuu
pacmeopénnvix gewecms. Tak, nanpumep, no nokazamenio npeiom-
JIEHUSL MOJICHO Onpeoeiamb KOIU4ecmeo Oeika 6 Kposu, NiomHOCMb
MOYU UTU KOHYSHMPAYUIO CAXapa u cyxux 6eujecms 6 cupone, aiko-
20Ji5 8 HANUMKAX U M. O.

Teoperuyeckoe BBeleHUE

B nmanHo# 1abopaTopHOl paboTe pacCMaTPUBalOTCS OCHOBHBIC
3aKOHBI TEOMETPHYECKOI ONTHKH — pa3Jiesia ONTHKH, B OCHOBE KOTO-
pOTO JIEKHUT MPEJCTaBIEHHE O CBETOBBIX Jy4aX, Kak O HEKOTOpPOH
TeOMETPHYECKOM JIMHUH, BJIOJIb KOTOPOU PacCIpOCTPaHAETCs CBET.

W3BecTtHO, YTO 6 onmuuecku 0OHOPOOHOU cpede cGem
PACRPOCMPAHAEmCcs NpAMOaUuHeliHo (3aK0H TPSAMOJIMHENHOro pac-
mpocTpaHeHus: cBeTa). ONBITHBIM JIOKA3aTENIbCTBOM 3TOTO 3aKOHA
MOTYT CIIY)KUTh PE3KUE TCHU, OTOpachIBacMble HEMPO3PAYHBIMHU Te-
JIAaMHU TIPH OCBEILIEHUH CBETOM HCTOYHHMKA JOCTATOYHO MaJIBIX pa3-
MEpOB («TOYEHHBI HCTOYHUKY»). Jpyrum I0Ka3aTeinbCTBOM MOXKET
CIIy’)KHTh WM3BECTHBIM OIBIT IO MPOXOXKJICHHUIO CBETA JAJCKOTO HC-
TOYHHMKA CKBO3b HEOOJBIIIOE OTBEPCTHE, B pe3yibTaTe 4yero odpasy-
€TCsl y3KUI CBETOBOM IMYYOK.

3aKoH NMPSAMOJIMHEWHOTO PAaCIPOCTPAHEHHS CBETA CIPABEIINB,
TOJIBKO €CITU pa3Mep MPEerATCTBUI (0TBEpCTH) MHOTO OOJIbINE, YeEM
JUTMHA CBETOBOU BOJIHBI.
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Ha rpanwuie pazzmena IBYX NpO3pavyHBIX CPeJl CBET YACTHIHO
MPEJIOMIISIETCSI ¥ BXOJTUT BO BTOPYIO CPEAy, & YACTHYHO OTPAKACTCH.
3axon ompasicenus ceema: nadAOWUN U OMPANCEHHBIL TYYlU,
a makodice NepneHOUKYIAp K epanuye pasoeid  08yx  cpeo,
60CCMAHOBNIEHHBIL 6 MOUKe RNAOeHUsl Jyud, JAedxcam 6 OOHOU
nirockocmu (RI0CKOCMb NAOeHUst). Y201 ompagicenus 0.,y pPaeeH
VelLy NAOCHUSL Oy
3axon npenomnenus ceema: nadaoOWUl U NPELOMAEHHBI
JAYYU, A maxdce NepPneHOUKyIAp K epanuye pazdena 08yx cpeo,
B60CCMAHOBNIEHHBILL 68 MOYKe NAOEHUsl JIy4d, JAedxcam 8 OOHOU
nrockocmu. OmMHOWEHUe CUHYCA Yelad NAOEHUSL Opgy K CUHYCY Vend
NPeNoMAeHUS Oy, eCMb GelUYUHA, NOCMOSHHAA Ol 08X OAHHbIX
cpeo:
Sl‘nam =l=n12
sine,, v,

[TOCTOSIHHYIO BENUYHHY N HA3BIBAIOT OMHOCUMETbHbIM
nokazamejyem NpeioMlieHuss BTOPOR Cpelbl OTHOCHTEIBHO IMEPBOM.
ITokazarenb MpeaoMIIEHHUS CPeIbl OTHOCHTEFHO BaKyyMa Ha3bIBAIOT
abcomomubim nokazamenem npeiromierust (T. €. €CII CBET MPOXOJAUT
13 BaKyyMa BO BTOPYIO Cpejy).

ITokazaresb MPeIOMIIEHHUS PaBeH OTHOMICHHUIO CKOPOCTH CBETA
B cpemax 1 u 2 (N = Vi/V,), 9TO OCTAETCS CHpaBEUIMBLIM M TS
BOJIH JIPyroi MPHUPOJIbI, HATpUMep Juist 3Byka. OTCro/a CieyeT, 4To
OTHOCHTEIBHBIN MMOKa3aTeNlb MPEJTOMIIEHHST IBYX CPEI PaBeH OTHO-
IIIEHUIO WX aOCOIOTHBIX MTOKa3aTeNeil mpeToOMIIeHHUS:

n=n,/n;.

Cpeny ¢ MEHBIITUM a0COJIFOTHBIM TTOKA3aTEeIeM TPEITOMIICHHUS
HA3bIBAIOT ONTUYECKH MEHEE IJIOTHOM!.
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1 cpepa

pena

PucyHok 1. 3aKOHBI OTpaKeHUSI U TPETOMIICHUS

3aKOHBI OTPaXCHUSI M MPEJIOMIICHUS] HAXOAAT OOBSCHCHUE B
BOJIHOBOH (u3uke. CoriaacHO BOJHOBBIM MPENCTABICHHSM, MTPEIOM-
JICHUE SIBJISIETCSl CJICACTBMEM HM3MEHEHHsI CKOPOCTH paclpoCTpaHe-
HUS1 BOJIH TIPH IIEPEX0AE U3 OAHOM CPeabl B APYTYIO.

C TOYKM 3peHus] BOJTHOBOM ONTHUKU CBET — 3JIEKTPOMArHUTHAs
BOJIHA, PaclpOCTpaHsIoOascs ¢ HEKOTOPOM CKOPOCTBIO, 3aBUCSILEH
oT cpeabl. JIMHUS WM, TOYHEE, MOBEPXHOCTb, BCE TOYKU KOTOPOH
UMEIOT OJHY U Ty ke a3y KoieOaHUs, Ha3bIBACTCS 60JHOBbIM
@pormom. Jluaus, npoBeEHHAsS NEPHEHIUKYIISIPHO (POHTY BOJHEI
B HalpaBJICHUH PaCIPOCTPAHEHUS BOJIHBI HA3bIBACTCS JIYUOM.

CornacHo npunuuny ['roiirenca-dpenens kascdas mouxa, 0o
KOmMOpou  OOwiia  60JHA  CaMA  CMAHOBUMbCA — UCHIOYHUKOM
BMOPUUHLIX Ceputeckux GOIH U HOBASL B0IHO8AS NOBEPXHOCHDL
NOIYYAemcs KaxK 02Uubawas nogepxHoCmb dIMUX GMOPUUHBIX GOJH.

PaccmoTpuM oTpakeHue M IIpEIOMIIEHHE CBETa HCXOIsl U3
npuHuuna I'roirenca-Opexens.
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JIYYH CE€Ta

BOJIH OBOH
bpoHT

BTOpHYHAA
BOIHA

oTpaxaroman
TNOBEPXHOCTD

HOBEIHA
BOJIH OBOH

HOBBI
BOINHOB OH

HOpManb K
I10B ePXHOCTH

HOBBIH
B OJTH OB O

Pucynok 2. OTpakeHHEe CBETOBOW BOJIHBI
OT OTPAXKAIOILIEH TOBEPXHOCTH

Ha pucynke 2 nokasaHo, Kak Jy4d ceTa JOXOJST 10 OTpaxa-
IOlIel TMOBEPXHOCTH, BO30YXIAIOT TaM BTOPHYHBIE CcdepruecKue

139



BOJIHBI M KaK 00pa3yeTcsi HOBBI BOIHOBOW (hpoHT. Ha mocnennem u3
PHCYHKOB TIOKa3aHbI OTPKEHHBIE JIy4H, POBEAECHHBIC KaK MEpIeH-
JUKYJSIpBl K BOJTHOBOMY (poHTy. [loka mpaBblii 1yd cBeTa 1N OT
Toukd A K Touke B (B TeueHnm BpemeHH Al), BTOpUYHAS BOJIHA OT
MecTa MaJeHHUs JIEBOTO JIyya Ha OTPaKaIOUIyIOCs MOBEPXHOCTh MPO-
I1a TO e paccrosaue, moaromy AB = CD. Jlyuu cBera neprneHau-
KYJISIpHBI BOJNHOBOMY ¢poHTy, mostomy ZCDB = ZBAC = 90°.
Cropona CB obmias y tpeyroinsankoB AABC u ADCB. 3nauut tpe-
yronsaukun AABC n ADCB pasubl. CienoBaTenbHO, paBHBI H YTIIBI
ZABC = /DCB, a oTcroza cieayeT, 4To Y201 NAOEHUS Oy = 90° -
ZABC pasen yeny ompasicenus oo, = 90° - ZDCB.

W

NSRRI

Cnpk e

W
NS

Pucynok 3. [Ipenomienne cBeta Ha TpaHuLe pa3ziena
JIBYX IIPO3PAYHBIX CPEN
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AHAIIOTHYHO MOXHO JTOKa3aTh 3aKOH MPEIIOMIICHUSI.

[lycTh Ha rpaHUIly pa3jiena JBYX MPO3pPAuHBIX Cpej MalaroT
Jy4d CBETa O]l HEKOTOPBIM YTJIOM &, (cM. pucyHOK 3). Ilamas Ha
9Ty TpaHUIly, CBET BO30yXkJaeT chepuueckre BTOPUYHBIC BOIHBI,
pacnpocTpansironecs Bo BTopoii cpeae. [locie Toro kak neBbIi JIy4d
(Ha pucynke 3) BXOIHUT BO BTOPYIO Cpeay M BO30YXIaeT TaMm BTO-
PHYHYIO BOJHY TPaBbIi JIyd ipoxo it myTh AB. Ecnu ckopocth cBe-
Ta B IIEPBOU cpelie paBHA Vi, U Tyd mén BpeMs At ot A 1o B,to AB =
Vy-At. 3a 3T0 Bpemsi BTOpUYHAsI BOJIHA, BO30YKAEHHAS! JIEBBIM JTY4OM
npoiaét myte CD = v,-At, Tae V, — CKOpoCTh CBETa BO BTOPOU Cpe/Ie.

AD — BOJHOBOU (DPPOHT, IMOITOMY OH TIEPIEHIUKYISAPEH Taja-
I0IEMY JIydy M nodTroMmy ZADB = oy, Ananorunyno: ZCDB = oy,
CuHyc yria paBeH OTHOIICHHIO MPOTHBOJICKAIIETO KATeTa K THITOTe-
Hy3e, a Tpeyroiapanku AADB 1 ACDB — npsimoyronbsHbIe, TOATOMY

sin ZADB = ﬁ , sinZCDB = D—C
BD BD

3amenss B ypaBHeHusax ZADB Ha o, 1 ZCDB Ha o, mocine
JCIICHUS HepBOI‘O ypaBHeHI/IH Ha BTOpOG, HOJIyT-II/IM:

sina,,, AB v,

sina,, DC v,

N

sina

nao __
3 =Ny,
sine,,,

49TO U TpC6OBaJ'IOCB J0Ka3aThb.

@uU3HYECKUI CMBICT [TOKA3aTelsl NPEIOMIIEHUS — 3TO OTHOLIE-
HUE CKOPOCTH PACIIPOCTPAHEHUS BOJH B IIEPBOM cpejie Vi K CKOPOCTH
HX paclpoCcTpaHEHHs BO BTOPOH cpenie V.

[Ipu nepexozne cBera U3 onTU4ecku OoJiee MIIOTHOW Cpenbl B
ONITHYECKH MEHee IJIOTHYIO (7, < mj, HaIpUMEp, U3 CTEKJIa B BO3-
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IyX), MOJKHO HAONIONATh SIBICHUE HOJIHO20 OMPAdXCeHUs. ITO sBIie-
HUE HaOI0JaeTcs MPH yriax MaJeHUs, MPEBBIIIAIONINX HEKOTOPBIH
KPUTHYECKUH YTOI Oppes, KOTOPBIN HA3BIBAETCS NPEOebHbIM YelloM
NOJIHO20 GHYMPEHHE20 OMPANCEHUSL.

Pucynok 4. [lonHOe BHyTpeHHEE OTPaKEHHE CBETA
Ha TpaHMIe BOJA—BO3AYX; S — TOUCYHBII HCTOYHUK CBETA

Jeno B TOM, 4TO MpPU BBIXOJAE JIyya W3 ONTHYECKH IUIOTHOMH
Cpeabl yroi OTKIOHEHHS OT HOpMalli yBelanuuBaercs. Tak, mpu BbI-
xoze cBeta u3 Boasl (N=1.333) B Bo3ayx (N=1,0003) must yria mase-
Hus 45° yron npenomiienust 70.5°, nns yrna magenus 47° - 77.1°, a
s 48° yxe 82.1°. To ecTb, BRIXOAIIMNA JTy4 «JIOXKUTCS» Ha TPaHU-
Iy pasfesia U Ipu OOJbLIMX 3HAYEHUSAX yIJIa MaJeHusi cBeT OyneT
TIOJTHOCTBIO OTPAXKATHCS .

[Mony4nTs BBIpaXKeHUs U MPEAEIBHOTO yTiia TOJHOTO OTpa-
KEHUSI MOXKHO U3 3aKOHA HPEJIOMIICHHS:

sina,,,,, 1

T ano 2T
sin90° Ny,

Otkyna

4

¥ Ceer oTpaxaercs mpy TOGOM yriie MajeHns, UTo U MOKA3aHO Ha
pucynake 4. OgHAKO TOJHOCTHIO OH OYAET OTpa)kaThCsl TOIBKO MPHU OOJIb-
IUX yrjax majacHus.
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sin Ay =—

21

Ecnu BTOpOI#t cpenoii siBisercst Bo3ayx (n; = 1), To dpopmymy
yIOOHO Mepenucarh B BU/IC

SiN ape0 =11/,

rae n = n; > 1 — aOCONIOTHBINA ITOKa3aTeNb MPEIOMIICHUS TTePBOM
CpPeIbL.

Jnig rpaHuibl pa3zena cTekno—Bo3ayx (n = 1,5) KpUTHUeCKUit
Yrod PaBeH G0 = 42°, Ul rpaHuisl Boga—Bo3ayx (n = 1,333) —
Olppes = 48,6°.

SIBIIeHME MOIIHOTO BHYTPCHHETO OTPaXXCHHUA HAXOJUT NpUME-
HEHHME BO MHOTHX ONTHYECKHX yCTporcTBax. Haubonee natepecHsIM
U MPAaKTUYECKH BAXHBIM NPUMEHEHHEM SBISICTCS CO3NAHUE 60/10-
KOHHBIX C6em0680008, KOTOPHIE TPEICTABISAIOT cOO0N TOHKHE (OT
HECKOJIBKHUX MUKPOMETPOB 10 MIJIJIMMETPOB) IPOU3BOJIEHO M30THY-
ThI€ HUTH M3 ONTHYECKH IPO3PAaYHOro Marepuana (CTEKJIO, KBapil).
Cger, monasaonfil Ha TOper| CBETOBOA, MOKET PacIpOCTPAHATHCS
[0 HeMy Ha OOJbIIHME PAcCTOSHHS 3a CYET IOJIHOTO BHYTPEHHETO
OTpakeHHUs OT OOKOBBIX TIOBEPXHOCTEH (pHC 5).

Pucynoxk 5. PactipocTpanenue cBeTa B BOJJOKOHHOM CBETOBOJIE.
[Ipu cunbHOM M3rHOe BOJIOKHA 3aKOH IOJIHOTO BHYTPEHHEIO

OTpaXC€HHA HApyHI1a€TCsa, 1 CBET YaCTUYHO BBIXOJUT M3 BOJIOKHA 4€-
pe3 OOKOBYIO TTIOBEPXHOCTH
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JlabopaTtopHas ycTaHOBKa
JlaboparopHasi ycTaHOBKa mpeacTaBiIsieT coOoi pedpakTo-
MeTp UP®-454, npenHazHaueHHBIN 1715 U3MEpEeHUs MTOKa3aTes mnpe-
JIOMJICHUS J)KUJKUX U TBEPIBIX cpel. Ero BHeUTHUI BUJ TpeCTaBIeH
Ha pUCYHKeE 6.

Pucynok 6. Baemrnuii Bun pedpaxromerpa UPD-454.

1 — m3mepuTenpHas mpu3Ma; 2 — 3aCIIOHKa OCBETUTEIHHON IPU3MEI;
3 — MaxOBHK axpoMaTH3aliK; 4 — MaXOBHK IIEPEMEIICHUS
CBETa-TEHU; 5 — OKYJISIp; 6 — MITyIepa ISl IIOJBOJIKH BOJIBI

MIPH TEPMOCTATHPOBAHUM; 7 — 3€pKajo JJIsl ONpeIeIeHHUS
TIOKa3aTelIsl MPEJIOMIICHUSI MyTHBIX U OKPAIICHHBIX CPeJ]

Cy

A B

A \\\m

Pucynok 7. Xon nydeii MeXay OCBETUTEILHON
Y U3MEPUTETHHON MpU3MaMu pedpakToMeTpa
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[Mpurnmn perictBust pedpakTOMETpa COCTOUT B CIIEAYIOIIEM.
CBeT mpoXOoauT Yepe3 OTKPHITYIO 3aCIIOHKY OCBETUTENHHOMN MPU3MBI
U IPOXOJs 4epe3 He€ PacceuBaeTCsl MATOBOM IOBEPXHOCTBIO OCBE-
TUTENBHOMN mpu3Mbl A B;. [locne He€ cBeT HUAET MO BCEBO3MOKHBIM
HarpapieHusM. [lanee 3TH Jy4yu CBETa HCIBITHIBAIOT MPEIOMIICHUE
Ha TpaHHUILIE HCcceryeMas )KUIKOCTh-U3MEepPUTENbHAs Ipu3Ma (ToJTH-
poBanHast rpaHb AB m3mepurensHOl npusmsl). [Iperomnénnsle my-
YUl MOTYT AaJIe€ paclpOCTPaHATHCA HE MO BCEM HAIPABICHHSIM, a
TOJBKO B Npeenax yriaa npeaoMiIeHus 0-Oppe;. DTH Ty4d IPOELH-
PYIOTCSI CHCTEMOH JIMH3 U 3epKajl B (OKATIBHYIO TNIOCKOCTD OKYJISIpa.
Uepes okymsp HaOMOJAaeTCsl OCBEUICHHAs HIKHSS 4acTh M TEMHas
BepxHAA (Ha PUCYHKE 7 OCBEHIEHHAs YacTb HAXOAWTHCS BHU3Y,
OCBeIIEHHAs U TEMHAs YacTH MEHSIOTCS MEeCTaMH IIpU OTPaKEHUH B
3epKasie, HaxojsdleMcs BHyTpu pedpakxtomerpa). ['panuna cse-
Ta-TeHU Oy/IeT ONpenensaThCs COOTHOIIEHHEM IOKa3aTellel mpenoM-
JICHUS HCCIEeyeMOTo 00pasia U H3MEPUTENBHOMN MPU3MBI.

B ¢doxkanbHylo MI0CKOCTH OKYJsipa MPOEHUPYETCSI CBETOTEHb,
OTCUETHBIN WITPUX U LIKaAJA, 10 KOTOPOH OTCUUTHIBAECTCS IMOKA3ATENb
npenomiieHus. s m3MepeHus mokazaTens MPEeToOMIIEHUS Heo0Xo-
JUMO COBMECTUTh MaXxOBUKOM 4 (puc. 6) OTCUETHBIN IITpUX (TIepe-
KpPECThe) C TPaHUICH CBETOTCHHM M CUUTATh MOKA3aHUS 10 IIKaie (B
TOYKE TIEPEeCEUCHUS IEPEKPECThSI U IIKAIIBI).

CBeToTeHb NMpH W3MEPEHUAX OKpallleHa M3-3a 3aBUCHMOCTH I10-
Kazarelieil mpeToMIIEHHsI OT JUTMHBI BOJIHBI (Iuctiepcun). s ycrpane-
HHSI OKPAIIIEHHOCTH CBETOTEHH CIIYKHT MaxoBHK 3 (prc. 6)>.

[lokazarens mpemomIiieHUs BEmECTB (OCOOEHHO KHIIKOCTEH)
CHJIBHO 3aBUCHT OT TEMIIEpaTyphl, MOTOMY B pedpakToMeTpe nme-
FOTCSl IITYLEPHI JUIs O/IBOJIA BOJIBI, HEOOXOAMMOM JIJIsl TEPMOCTATH-
pOBaHUSL.

% On BpalmaeT ABC IMPU3MbI Amuyun. B 3aBHCUMOCTH OT MX B3aUMHO-
To IMOBOPOTa OHU B TY WU UHYIO CTOPOHY HU3MCHAIOT JUCHEPCHUIO ITPOXO-
JAIIETO CBETA, T. €. MOKa3aTe/ib NMPCJIOMIICHUA MJIA NJWHHBIX U KOPOTKHUX
CBETOBBIX BOJIH. Te€M caMbIM OHHU ITO3BOJISIOT KOMIICHCUPOBATH JUCIICPCUIO
H3MepHTeHBHOﬁ CHUCTEMBI 1 U3MEPICMOTO BEUICCTBA. C ux IIOMOIIBIKO MOX-
HO TaKX€ U3MEPUTH TUCIICPCUIO BEUICCTBA.
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Ilopsinok BbINOJIHEHHsI padoThI

1. Ilepen HagaoM pabOTHI HEOOXOAUMO MTPOBEPHUTH IOCTHPOB-
Ky pedpakTomerpa (IO AUCTHITMPOBAHHOM BozE) .

1.1. YcranoBuTh pepakToMeTp 1 UCTOUHHUK CBETA TaK, YTOOBI
CBET IIaJlaJl Ha BXOJJHOE OKHO OCBETUTEJILHON IPU3MBI.

1.2. BeBuHTHUTE OKYJsp 10 yrnopa. [loBepHHTE ero mo vaco-
BOH CTpenke A0 TeX MOp, oKa MEePEeKPecThe B BEPXHEH YacTH OCBe-
MEHHOTO TOJSI 3peHus He OyAeT 4ETKO BUAHO (IOJDKHA OBITH YETKO
BHJIHA U IIIKaja).

1.3. OTkuHBTE OCBETUTENBHYIO TIpu3My BBepx (~100°). Ha un-
CTYIO MOJIMPOBAHHYIO TIOBEPXHOCTh U3MEPUTEIILHON MPHU3MBI TIHIIET-
KOW OCTOpPOKHO, HE KacascCh MPU3MbI, HAHECUTE 2 — 3 KaIljld AUCTHII-
JTUpOBaHHON BOJIbI. OMyCTUTE OCBETUTEIBHYIO IPU3MY.

1.4. Bpamenuem MaxoBuka 4 (pHCYHOK 6) BBEAUTE TPaHUILY CBe-
TOTEHW B TIOJIE 3peHUs OKyJsipa. Bparmas maxoBuk 3, moOeitech 4ét-
KO, HEOKpAIIIeHHO! TpaHUIbl cBeTa 1 TeHH. Habmromas B oKyssip, Ma-
XOBHUKOM 4 HaBeJWTE TPaHUILy CBETa U TEHH TOYHO Ha TIEPEKpecThe U
IO LIKae MOoKa3aTess MPEeJIOMIICHNS] CHUMUTE 0TCu€T. MHneke mis ot-
cuéta — BepTHKAIbHBI mTpux. Llena nenenns - 5107,

1.5. 3anumure momyueHHbIH pe3ynbTar. CpaBHUTE €ro ¢ Tad-
JIUYHBIM 3HaueHueM (npuioxenue 1). Eciaum ux mokazaHus oTianya-
IOTCS, TO TPOBEAHUTE IOCTUPOBKY (IIPOM3BOIUTHCS MPENoAaBaTeseM
win jJabopantom). [Ipyu HEOONBIIMX OTKIOHEHUSX MOYKHO CUHTATh
pacxoxIeHHe CUCTEMAaTHYeCKON OMMOKON U YUUTHIBATH €€ MpH Mo-
CIICAYIOIINX N3MEPEHHIX. 3aHECTH AaHHbIE B Tabuity 1.

2. OmpeneneHye 3aBUCUMOCTH TIOKa3aTess peJoMIICHHs pac-
TBOpa OT KOHIIEHTPALIMU PACTBOPEHHOTO BEILIECTBA U OMpeeNieHUE
HEU3BECTHON KOHLICHTPAIIUH.

2.1. Ananmormyno myHkTam 1.3 u 1.4 u3MepuThp mokazaTelb
TIPEeIOMJIEHUS] paCTBOPOB HEKOTOPOT'O BellecTBa. JlaHHbIE 3aHECTH B
TabmuIy 2.

2.2. Tlo nonyyeHHBIM JaHHBIM mocTpouTh rpaduk N(C) 3aBu-
CHUMOCTH TOKa3aTelsl MPEeJIOMJICHHUsI N OT KOHLIEHTPALUU PacTBOPEH-
Horo BemiecTBa C.

2.3. Ompenenuth NMoKa3aTesb NPEIOMICHHS! PacTBOPa HEM3BECT-
Hoii koHeHTpauuy. 1o rpaduky N(C) onpenenuts ero KOHIEHTPALHIO.

% KOcTupoBKy MOKHO TIPOU3BOANTH U TIO FOCTUPOBOYHOM TUTACTHHE.
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3. [IpoTepeTb OCBETUTENHHYIO U U3MEPUTEIHHYIO IPU3MBI YH-
cToit caneTkoil. 3aKpHITh 3aCIOHKY OCBETUTEIBHOM MPU3MBIL.

Tabmuma 1

TemmepaTypa Bozb! (paBHa KOMHATHOI Temmepatype), °C

ITokazarens IIPEIOMIICHUS BOABL

PazHoCTh MOKa3aHmii pepakTomMeTpa 1 TaOIMIHOTO 3HA-
YEHUS N1OKA3aTeNs IPeIOMIICHUSL.

Tabmuma 2

Ne koHueHTpauus C, r/n MOKA3aTeJIb MPEIOMIICHHS N.

BlWIN|F-

[0Ka3aTellb NPEJIOMIICHHS PACTBOPA C HEM3BECTHOM KOHIICHTpaHeH

HMCKOMasi KOHLIEHTpAIMs pacTBOpa

KoHTposibHbIE BONIPOCHI

1. [aiiTe onpeneneHrne 3aKOHaM OTPAXKEHUS U TIPEIIOMIICHUSL.

2. Chopmynupyiite npuniun [toiirenca-®penens. Ha ero
OCHOBE OOBSICHUTE 3aKOHbBI OTPAKECHHS U TIPEIIOMIICHHUS.

3. Uto Takoe mojHOE BHyTpeHHEe oTpaxkeHue? [ 1e ncnonbsy-
€TCsl 3TO ABJIeHUE?

4. Ilo 3agaHHOMY TOKa3aTeJI0 MPEJIOMJICHUSI TOCTPOHTE XO[
Jyded B IpU3ME.

5. OOBsicHATE IPUHIUN PabOTHI pehpakToMeTpa.

[Ipunoxenue 1

3aBUCUMOCTH TTOKA3aTeNsl MPEIOMIIEHHUS BOJBI OT TEMIIEPATYPHI

t, °C Np t,°C Np
15 1.3334 21 1.3329
16 1.3333 22 1.3328
17 1.3332 23 1.3327
18 1.3332 24 1.3326
19 1.3331 25 1.3325
20 1.3330
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JlabopaTtopHasi pa6ora Ne 14

OIIPEAEJIEHUE ITOKA3ATEJIS IPEJTOMJIEHUSA
CTEKRKJIA U KUJAKOCTH

Henb padoThI: 03HAKOMUTCS C METOJAaMU OIPEENICHHUS TIOKa-
3aTelis MPEeTOMIICHHUS IPO3PadYHbIX CPEl U SKCIEPUMEHTAIBHO OIpe-
JIEJIUTh TIOKa3aTelb MPEJIOMIIEHHUS CTEKJIa C IIOMOIIBI0 MUKPOCKOIA,
MoKa3arteib NPeIoMIICHHS )KUKOCTH C TIOMOIIBIO0 pedpakToMeTpa.

IIpuGopsl 1 NPUHANIEKHOCTH: U3MEPUTENBHBIN MUKPOCKOII,
Mpo3payHble IUIACTUHKK CO INTPUXaMH Ha 00EUX TOBEPXHOCTSX,
OCBETHUTENb, pePPaKTOMETP, AUCTHIUIMPOBAHHASL BOAA, UCCIIeAyeMast
XKHUIIKOCTh, OIUTIABJICHHAsI CTEKIIIHHAS NaJIouKa, GUiIbTpoBas Oymara.

Teoperuyeckoe BBeleHUE

CBeT B 0JIHOPOJIHOI cpesie pacrpocTpaHaeTcsl IPSIMOJIMHEIHO.
Ecnu nyd cBeta momajaer Ha TpaHuIly pas3zena JBYX Cpeil, OH MEHs-
eT HampanieHue. YacTh cBeTa BO3BPAILLAETCS B MEPBYIO Cpedy. ITO
SIBIIGHUE Ha3bIBaeTCsl OTpakeHHeM cBeTa. Ecnu BTOpas cpeda mpo-
3payHa, TO YacTh CBETa MPOXOAUT BO BTOPYIO CpeAy, MEHsSs HpH
3TOM HaNpaBJIeHHE CBOETO PacpOCTPaHEHHUS.

OKCIIEpPUMEHTAIBHO YCTAHOBJIEHBI 3aKOHbBI OTPasKEHHS.

1) Tlaparomuii ¥ OTpaXKEHHBIH JIy4H JIEKAT B OJHOMN IIOCKO-
CTH C TNEpPHEeHAUKYISIPOM, MPOBEAEHHBIM K I'pPaHHUIE pa3liena JBYX
Cpea B TOUKE MajJeHUs.

2) VYrou najeHus paBeH yrily OTpaKeHHs

3aKOHBI MPEITOMIICHUS

1) Tlaparommii ¥ MpeIOMIICHHBIH JTy4H JISKaT B OAHOW ILIOC-
KOCTH C MEPIIEHANKYISIPOM K TPaHULIE CPEMd, IPOBEACHHBIM K TOUKE
MaJCHHUS.

2) OrHolIeHHEe CHHYCAa yIjla MaJeHusi K CHHYCYy yriia Tpe-
JIOMJICHUS] paBHOE OTHOIIEHUIO CKOPOCTH CBETa B MEPBOM cpele K
CKOPOCTH CBETAa BO BTOPOW Cpeje, €CTh BEIMYHMHA NOCTOSHHAs AJIs
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IBYX NTAHHBIX Cpell M Ha3bIBaeTCs IOKa3aTelieM IPeIOMIIEHHUS BTO-
po# cpeibl OTHOCUTETBLHO NIEPBOH.

AOCONIOTHBIN MOKA3aTeNb MPEIOMIICHUSI CPe/ibl — 3TO €€ TIOKa-
3aTeNb TPEIOMIICHHS OTHOCHTENIbHO BakyymMa. OH TIOKa3bIBaeT BO
CKOJTBKO Pa3 CKOPOCTh CBETA B TAHHOM CpeJic MEHBIIIE, YEM B BaKyyMe.

A “
//< Puc. 53. Xopn myuyei gepes

i : IJIOCKOMApaIeIbHY IO [ITACTHHY

: D
B\‘/'

Yupaxkuenue Nel. Pagota ¢ MUKpPOCKONIOM

Hopsinok BeINoJIHEHUsI pa0OThI:

1. V3MepuTh MEUKPOMETPOM HCTUHHYIO TONIIUHY CTEKIJISHHON
mnactudku H.

2. OnpenenuTth KOKYIIYIOCs TOMIINMHY CTCKIITHHOM TUTACTHHKH h.

a) JOOUTBCA YETKOr0 HM300paKECHWs JIMHUM, HAHECEHHOM Ha
BEPXHIOIO TMOBEPXHOCTh TUIACTUHKH. 3amlucaTh MMOKa3aHWe 0 MHWKA-
TOPY JIMHEWHBIX TIEpeMEIleHUI U CYUTATh €T0 32 HYJIEBOE JIENICHHUE P;

0) omycTuTh TYyOYyC MUKPOCKOIIA C TIOMOIIbIO BUHTA JI0 TOIy4e-
HUS YETKOTO M300paKeHHs HW)KHEH TOBEPXHOCTH TUTACTHHKH. 3aITd-
caTh HOBBIE TIOKA3aTeI M0 UHUKATOPY JTMHEHHBIX TIPEIOMIICHHI M;

B) BBIYHCIIUTE KKYIIYIOCS TOJIIUHY TUIacTUKK h = m - p;

3. M3mepuTth Heckombko pa3 h u H.

4. Haittu cpennee 3nagenne h u H mo dopmysmam.

149



Hz hmax + Bmin E - Hmax + Hmin
2 2

AOCOmIIOTHEBIE MMOrpC€uIHOCTU H3MepeHHI71:

An = hmax — hmin AH = Hmax — Hmin
2 2
5. Tlo ¢opmysie BBIYHUCIUTH MMOKA3aTEIb MPEIOMIICHHS CTEK-

JIa, UCIIOJIB3YA CPEAHEE 3HAUYCHUEC h u H .

H

HCT =E )

6. BBIYMCIUTH CPEIHIOK MOTPEIIHOCTD PE3YJIbTATA:

An aH

e=n + H .
7. OKOH‘IaTeJ’IBHHﬁ peSyJ’IBTaT 3alIuCaThb B BUJIC:

n=niﬂn

PesynbTaThl n3MepeHuii 3aHECTH B TaOJIHILY.

Tabauma

OTueT o MUKPOCKOITY
P m

H, MM n

s

Ne n/n H, Mmm

g H|wI N
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Ynpaxuenue Ne 2. Pabora ¢ pedpakromeTrpom

e Fis

2 c Ha PHCYHKE 55:

1 — ocHoBanue

2 — xopiyc

3 — HIKHAA Kamepa

4 — TpyOKka jist TepMOMETpa
4 5 — BepxHsis Kamepa

6 — MO KOMIICHCALIHK
JTUCTIEPCHH

& 7 — HACTPOEYHBIH MEXAHU3M
8 — npobka
9 - mkana
10 — oxynsip
11 - pykosTKa
Puc. 55. Pedpaxromerp 12 — ocBeTHTETD

Iopsok BbINOJHEHUS pAa00THI

1. TIpoBepka ycTaHOBKH HYJb-TIYHKTa pedpakTomeTpa Ha JU-
CTHJUIMPOBAHHOM Bozie. Mexy TpaHsIMH OCBETHTEIBHON M U3MEPH-
TEJIbHON MPU3MBI HAaHOCAT HECKOJIBKO Kallellb JUCTWIIMPOBAHO BO-
Jbl U 3aKpBIBAIOT BEPXHIOK KaMepy. BKIIFOUMB OCBETUTENb, HAIIPaB-
JISIFOT CBET OT MCTOYHUKA B OKHO BEPXHEHN KaMepBhl.

2. OmnpeneneHue mOKa3aTens MPEIOMICHUS HCCIEAyeMOn
KUJKOCTH.

YcrpanuB BoAy npu oMoy (GUILTPOBAIBHON Oymaru, mo-
MEILIAIOT MEKIY IPAHSIMU OCBETUTEJIBHON U U3MEPUTEIIBHON ITPU3MBbI
HECKOJIBKO Kamenb HcciexyeMoi xuakoctd. CoBmelnas TpaHHUILy
CBETOTEHHU C MEpecedeHreM HHUTEH 3pUTEeNbHOW TPYyOBl, MO MHIKaie
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OTCYMTHIBAIOT 3HAYCHHUS TIOKa3aTels npesomieHus. OMbIT TOBTOPSI-
IOT HE MEHee 3-X pas.

OmnpenenuB abCOMOTHYIO morpemHocTh o KopHdensay, 3a-
MUCHIBAIOT OKOHYATENLHBIN pe3ybTaT

KOHTpOJ'IbeIe BOITIPOCHI

1. ChopmynupoBaTh 3aKOHBI OTPAYKESHHUS U MIPEIIOMIICHHS CBETA.

2. Uto Ha3bIBaCTCS OTHOCUTEILHBIM M a0COIIOTHBIM ITOKa3a-
TEJIEM NpeIoMIICHUA?

3. Tlouemy KaxyImascs TOJIINHA [UIACTHHBI MEHBIIE PEATbHON?

4. BeiBecT pacueTHyIO (GOpMYIy OIS ONpEIeNIeHUs MoKa3a-
TEJISl IPEJIOMIICHUS CTEKJIA.

5. YcTpoiicTBO M MIPUHIIUIT ASHCTBUS peypaKToMeTpa.

6. Urto Ha3pIBaeTCS qUCTIEPCHUEIA?
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JlabopaTopHas paGora Ne 15
IMPOBEPKA 3AKOHA BYT'EPA-JIAMBEPTA-BEEPA

Heap padorsi: OmpenereHne ONTUYECKOW IUIOTHOCTH pac-
TBOpPA B 3aBHCUMOCTH OT €0 TOJIIMHBI U KOHIIEHTPANH U TIPOBEPKa
3akoHa byrepa-Jlambepra-beepa.

IIpudops! U npuHagIe:kHocTH: KIOBETHI C pacTBOPOM Mej-
Horo kynopoca (CuSQO,4) pa3HOW KOHIICHTpPAIMH; KIOBETHI C PacTBO-
pom memHoro kymnopoca (CuSQ,4) pa3HOH TONMIIMHEL, 1abopaTopHas
yCTaHOBKa (OCBETUTEb C (JOTOAIEMEHTOM B CBETOHEIPOHUIIAEMOM
KOpITyce); MUKpoamIepMmeTp; Ojok mutanust Ha 6 B; cBeroduibtp
(KpacHBIi ); STIEKTpUYECKast JIaMIIa ¥ JIMH3a Ha [ITaTHBaXx.

TeopeTnyeckoe BBecHHE
IIpu nmageHny cBeTa Ha BEIIECTBO MPOUCXOIUT €r0 B3aMMOJIEH-
ctBUe ¢ magaromumu poroHamu. PoTOHBI MO0 HCHBITHIBAIOT YIIPY-
roe paccesiHue, J100 MPOUCXOAMT MX MOTJIOIIEHHE, MPUBOISIIEE K
BO30YyXIEHHIO aTOMOB BellecTBa. UeM Oosbllie aTOMOB MM MOJIEKYIT
BCTPETUTHCS Ha MyTH (HOTOHA, TeM OOJbIIEe BEPOSATHOCTH €ro IMOTJIO-
IIEHHUS, TeM CHJIbHEE MOTTIOIAET BEIECTBO MOTOK (DOTOHOB.

OnpenenuM 3aK0H, OMKUCHIBAIOIINIA MTOTJIoNIeHne cBeta. [lycTh
CBET MaJaeT Ha HEKOTOPOE OJHOPOHOE, YaCTUYHO IOTIIOMIAIOIIEE
BeriecTBo. [lycTh, Takke, HHTEHCUBHOCTh CBETa Ha BXOJ/Ie B Belle-
ctBo (koopaunara X=0) paBna lo, a Ha Beixoge - | (koopauHaTa

153



x=I). Ha HEKOTOpPOM y4acTKe BEmIeCTBa, OT X=X 10 X = X+dX OymeT
MOTJIOIIECH CBET M €r0 MHTCHCHUBHOCTh yMeHbInTCs Ha dl. YMeHb-
LIEHWE MHTEHCUBHOCTH OyAET MPOMOPLIHOHATIBHO YUCTYy MaJaoInX
($oTOHOB (T. €. MHTEHCHBHOCTH CBeTa |), 4nucily aTOMOB WJIM MoJie-
KyJI, paccerBalomMx uX, (T. €. KoHIeHTparwmu BemiectBa C), Toi-
IIMHE CIIosi y4acTka dX u OyaeT 3aBHCETh OT pPOja BEHIECTBA, YTO
yaréM KoadduimerToM o. Utak (3HaK «—» YUHTHIBAET, YTO UHTEH-
CHBHOCTb yOBIBaET):

dl = al-Cdx.

Orto muddepeHnranbHOe YpaBHEHHE MIEPBOTO MOPSAKA C pas3-
ACTAIONIUMHCA IIEPEMEHHBIMU, KOTOPOC JICTKO MMPOUHTETPHUPOBATD:

1 1
[
d— = —J aCdx
Iy I 0
Niin

-aCl
I=lye acl

OTo  ypaBHEHHME  HOCUT  Ha3BaHWE  3aKoHa  byre-
pa-JlamGepra-beepa®’. OHO MO3BOIAET PACCUMTATH MHTEHCHBHOCTH
MPOLIEANIETO CBETA, 3HAsI TOJIIMHY W KOHLEHTPALWIO BemeCTBaSB,
WK K€, Ha00OpOT, 110 MOTJIOIICHHIO CBETA, ONPEICIIUTD, HAPUMED,
KoHIIeHTpaIuio BemectBa. Koadduuuent y = aC — nokasarensb 1o-

%7 3aBHCHMOCTH TIOTJIOMICHHS OT TOIIIMHEI BEIECTBA SKCIICPHMEH-
TanbHO ycTaHoBieHa B 1729 r. I1. Byrepom, B 1760 TeopeTndyecku BhIBese-
Ha W. T'. JlamGepToM. 3aBHCUMOCTH TMOTJIOMICHHSI OT KOHIICHTPAIINK KCITe-
puMeHTanbHO nokasan A. beep B 1852 .

%8 10 cOOTHOLICHHE BHIMONHACTCS He Beeraa. OTKIOHEHHE 3aBHU-
CHUMOCTH TTOTJIOLIEHUSI OT TOJIIMHBI BEIIECTBA OT JIMHEHHON (DYyHKIIMH BO3-
MOJKHO B OYEHb MHTECHCHBHBIX IIy4KaX CBETa, I[P MHOTO()OTOHHOM MOTJIO-
IIEHNH, YTO BO3MOKHO TOJIBKO B MOIIHBIX JIa3epHBIX Iy4ykax. OTKIOHEHHE
BO3MOJKHO H3-3a HECOBEpIICHCTBAa NpuOOpoB. 3akoH beepa BemmomHseTCS
nanexo He Bceraa. Hambosee wacTto HaOIIOAAIOTCS OTKIOHEHHS MpPU OOJIb-
IIMX KOHIEHTPAIMAX PacTBOPEHHOTO BEIIECTBA M HM3-3a NMPOTEKaHH 0Opa-
TUMBIX XUMUYECKUX Peakinii B pacTBope.
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rnomenus Bemectsa ([y] = M), a @ - HOKa3aTeNb MOITIOMCHUS Be-
[IeCTBAa Ha €IWHHIYY KOHLEHTPAIWW BEIIECTBA, OH XapaKTEepPH3yeT
camo BemecTBo ([o] =n/(Monb-M)). Ecniu KoHLIEHTpalus BeIpakeHa B
MOJIB/J, TO O Ha3bIBAIOT MOIAPHLIM KOIPDUYUEHMOM NOTOWEHUSL.
Omnouwenue uHmecugHocmu, npouteoutel uepe3 cpedy K UH-
MEHCUBHOCIU NAOAIOWE20 C8ema HA3bIBAEMCs NPONYCKAHUEM:

T=1/,. (1)

Onmuueckoil nIOMHOCMbIO seujecmea HaAsvleaencs oecsamuy-
Hblll Jzoeapud)M OMHOWEHUA UHMEHCUBHOCMU nadaiomeeo Ha eeuje-
Ccmeo ceema K UHmMeHCcuesHocmu I’lpOW@()W@ZO ceema:

I
D=1g-2, 2
g] (2)

U3 onpenenenuii ciuenyer, 4To
D=-IgT.

Hcnonp3oBaHue MOHATHSA «OITHYECKAs INIOTHOCTDB) y,IlOGHO
MMOTOMY, YTO ONTHYECKas IUIOTHOCTh CMECH PaBHA CyMMeE OITHYe-
CKUX IJIOTHOCTEH KOMITOHEHTOB CMECH.

C yuérom 3akona byrepa-beepa

D= lg% =1gle™ )= aCl - 1g(e) = 0.434aCl . (3)
0

OnTHueckass IUIOTHOCTh MPOMOPIMOHAIBHA KOHIIEHTPAIIUU
BEIIECTBA U €0 TOJNIIUHE.

[Toxazarens MOTIOUIEHNU 3aBUCHT OT JUIMHBI BOJHBI. 3agucu-
Mocmb nOKa3amens no2nowjeHus om OJIUHbL GOJIHbl HA3bIGAIOM CHEK-
mpom noziowjenusi. VIHTEpBanbl ¢ OONBIIMM KO3(QPHUIMEHTOM II0-
TJIOLIEeHKsT 00pa3yIoT MoJIock! moriomeHus. OKpallleHHbIe BEllecTBa
MMEIOT TOJIOCHl TIOTJIOIIEHUS B BHUIAMMOW 4YacTH cCrekTpa. Taxk,
HanpuMep, BOCCTAHOBJIEHHBIN T'eMOTrJIOONH KPOBH MMEET OJHY IIH-
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POKYIO TIOJIOCY TIOTJIOMICHUS B KENTO-3€TEHON YacTH CHEKTpa, XJIO-
poGUILT UMEET IBE MONOCH Toromenus B naTepBanax 400-440 am
n 600-630 M. M3MeHeHue CHEeKTpaIbHOIO COCTaBa MPOXOISALIETO
WM OTPaKEHHOTO CBETA U OIpEeNsieT IBETOBYIO OKPACKY BEIICCTB.
[Ipo3paunble BemecTBa UMEIOT MOJOCH TOTIIONIEHHS B HH(pakpac-
HOU WiIH yIbTpadrOoIeTOBONM 00TaCTIX.

Tak kak akTBl MOTJIONMIEHHUS (JOTOHOB HA aTOMax WJIM MOJIEKY-
JIaX CMECH BEIECTB HE3aBUCHMBI, TO U MOTJIOMIAIOT BEMIECTBA CMECH
HEe3aBHCHUMO IpyT oT apyra. CiieoBaTenbHO, HA OCHOBE 3aKOHA by-
repa-beepa BO3MOKHO MpoOBeeHNE KOJIWYESCTBEHHOTO aHall3a cMe-
Ceﬁ, €CJIn MCXKX1y HUMU HET BSaHMOI[CfICTBHSI " KPUBBIC IMOITIONICHUA
MTOAXOJAT APYT K IpyTy HE OoueHb Onm3ko. B aToMm ciydae omrude-
CKas INNIOTHOCTh aJauTHBHaA (T. €. OIITHYECKasa INNIOTHOCTH CMECHU
paBHa CyMMe ONTHYECKUX MJIOTHOCTEH KOMIIOHEHTOB).

[Tpubops! ans n3MepeHus N30UPATEIEHOTO CBETOIOTIIOMICHUS
HA3BIBAIOTCS QomoKoiopumempsl U cnekmpogomomempol. Jlei-
CTBHEC 3THUX HpI/I60pOB OCHOBAHO Ha NPUHIUIIC CpPpaBHCHUSA HHTCH-
CUBHOCTH CTaHIAPTHBIX CBETOBBIX ITyYKOB, IMPOXOJSIIAX Yepe3 pac-
TBOP Y YHUCTBIA PAaCTBOPHUTEIT.

DOTOKOJIOPUMETPHI NPEIHA3HAYEHBI [IJI1 U3BMEPEHUN B BUIU-
MOIi 4acTu criekTpa. Vcrmonb3yeMble MoIoCkl CIIEKTPa BBIACISIOTCS C
ITOMOIIBIO CBETO(PUIFTPOB, NIUPHUHA ITOJIIOCHI MPOITYCKAHHS KOTOPBIX
6onee 40 um. [Tpumenenue GOTOKOIOPUMETPOB JIJISI M3YUCHUS CIICK-
TPOB IIOITIOUICHUA OIpaHUYCHO H3-3a 60J'IBIHOI71 INHUPUHBI TOJIOCHI
MIPOITyCKaHHUS CBETO(GMIBTPOB, HE IO3BOJISIONIECH BOCIPOU3BOIUTH
VCTUHHBIN KOHTYP KPUBOH MOTIIOMIEHUS: TUKH ¥ BIAJWHBI HA y4acT-
K€ HWCTUHHOM KpHUBOM, OTBEYAIOIIEW MOJIOCE IMPOIYCKAHUS CBETO-
¢ubTpa, HE MOTYT OBITH OOHAPYKEHBI, TaK KaK BCE MOTJIOMICHUE Ha
y4acTKe OTHOCUTCS HaMU K OJIHOW, TaK Ha3biBaeMoH 3(pPeKTHBHOMH,
JUIMHE BOJIHBI, U KpHBas B LIEJIOM OKa3bIBAETCs CIVIAKEHHOM. M3-3a
HIMPOKOTIONIOCHOCTH CBETO(QMIBTPOB MOTYT TaKKe HAOIIOATHCS
OTKJIOHEHHs OT 3akoHa byrepa-beepa, crpaBeasuMBOrO JNHIIb IS
MOHOXPOMAaTHYECKOro M3aydeHus. Yem yxke mosioca MpOIyCKaHHs
CBETOGHUIBTPA U YeM OJIIKe OHAa K MAKCUMYMY IOTJIOIIEHHS Hccie-
JyeMOTo BEILECTBa, TEM TOUHEE BBINOJIHACTCS 3aKOH byrepa-beepa.
Jnst McciaenoBaHusl CIIEKTPOB BELIECTBA B pacTBOpax HEoO0XOIUM
pacTBOPHUTEIb, HE MOTJIOMAIOIINNA B TOU ke 00JIaCTH, YTO U PacTBO-
pEHHOE BEIIEeCTBO.
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YKa3aHHBIX HEAOCTATKOB JIUILIEHB! CLIEKTPO(YOTOMETPEI. 3AECh
(GMIBTPBI 3aMEHEHBI MOHOXPOMATOPOM — OIITHYECKHM YCTPOHCTBOM,
MO3BOJISIFOINM BBIJEISATHh Y3KHE YYaCTKH CIEeKTpa (IIMpUHa CIIeKTpa
okoJio 1 HM).

@DOTOKOIOPUMETPbI U CHEKTPO(POTOMETPH! LIMPOKO IHpUME-
HAIOT B J1a0OpaTOpHBIX MccienoBaHusX. [IpuHIun n3mepeHuii ¢ ux
MOMOIIIBIO COCTOUT B TOM, YTO ONPEJEIEMOE BEIECTBO 3aCTABIISIOT
pearupoBaTh C peareHTOM, AAIOLIEM ONpPEeAEIEHHOE OKpallMBaHUE
pactBopa. I1o MHTEHCUBHOCTH OKPAaCKH MOXKHO OIPEIEIUTh KOHICH-
TpalMI0 ONpeJesieMoro BelllecTBa. B kinmHUYeckoi 1abopaTopHOi
MMPAKTHUKE B BETCPHUHAPHUU 3TOT METOJ NMPUMCHACTCA, HAIPUMEDP, MJIA
OTIpe/IeTICHHs] TeMOTJIO0MHA, O0IIero Oenka CHIBOPOTKH B KPOBH;
OIpeACICHNEC HUTPATOB U HUTPUTOB B KOpMax, KpOBH, MOJIOKE U T. II.
KonopumerprueckuM METOIOM BO3MOXKHO TaKXKe OIpeelieHe Kuc-
JOTHOCTH pacTBOpoB (pH).

Onucanue Ja00paTOPHOH YCTAHOBKH

JlaboparopHast ycTaHOBKa IMpencTaBisieT co0oil aHaor ¢oTo-
kojopumerpa. OHa moka3aHa Ha pucyHke 1. B paboTe ucnons3yroT-
Csl KIOBETBI C PacTBOPOM MEIHOIO KyIOpOCa, CIIEKTP IHMOIIOLICHMS
KOTOpPOTO MMEET IOJIOCY TMOTJIOMEHUSI B KPaCHOW YacTH BHIUMOTO
criekTpa (I03TOMY OH MMeeT CHHe-3eNEHBIN 1BeT). ClieoBaTeIbHo,
JUIsl TIOJIy4EHMsI COOTBETCTBHsI 3akoHy byrepa-beepa Hamo npume-
HATH KpacHbIi cBeToGminbTp. OCBeTUTENbHAS J1aMIla MOAKIIOYASTCS
K COOTBETCTBYIOIIEMY HCTOYHWKY mutaHus (6,3 B). ®otosmemeHT
MOJKJIIOYaeTCs K 4yBCTBUTENFHOMY MHKpoamrepMerpy. Ero mepe-
Jiell U3MEPEeHU He BaXKEeH, TaK Kak m3MepsieTcsi He (OTOTOK, a ero
OTHOIICHHE K MaKCUMaJILHOMY (OTOTOKY. BaxxHo nuiub, yTo0bI ho-
TOTOK OBUI MPONOPLUOHAIEH MHTEHCHUBHOCTU CBETa (YTO B JaHHOM
YCTaHOBKE BBHITIOJHSETCA) U YTOOBI MaKCHMaJIbHbIE OTKJIOHEHUS yKa-
3arenss MUKpoaMIiepMeTpa ObLIH B MPaBOW MOJIOBUHE MIKAIBI (JUIs
YMEHBILIEHHUSI OTHOCUTENFHOMN MOTPELIHOCTH).
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Spsomepamer e | 5@
1 TOTN O eHHA

/ 2 / 10
Pucynok 1. Cxema mabopaTopHO# yCTaHOBKH: | — MHUKpOAMITIEpMET);
2 — poroanemeHT; 3 — muadparma; 4 — KIOBETa C UCCISAYSMbIM
pacTtBopoM; 5 — cBeTOGMIBTP; 6 — NKH3a; 7 — ammna; 8 — OJI0K

rutanus (6 B); 9 — Habop xroBet pa3Ho# TonmuHb 10 - HAbop
KIOBET pa3HON KOHIIEHTPALIMU

Iopsok BbINOJHEHUS pAa00THI

1. TonknrounTe MUKpOaMIIepMETp, COOIIOAast MOISIPHOCTD K
¢doTo31eMeHTy (ero KiIeMMBI BBIBEJICHBI CJIeBa CBETOHEIPOHUIIAEMO-
ro KOXyXa J1ad0paTopHOI yCTaHOBKH).

2. llogxmounte namiry K OJIOKy nutaHus (yOeauTech, 4To Ha
ero Beixoge 6 B).

3. Pacrnonoxwure namiry v JIMH3y Kak MOKa3aHO HA PUCYHKE 1.

4. llepememieHueM JHMH3bI W JIaMIBl J00eiTech YETKOTO
CBETJIOrO ISITHA Ha auadparme, 3akpbiBaromied ¢ortosnement. Ero
pa3Mepsl JIOJKHBI OBITh IPUMEPHO PABHBIMHU JUAMETPY JIUH3HI.

5. YcraHoBHTE KpacHBIN CBETOQMIBTD.

6. VYcranaBimBas MOOUYEPEAHO KIOBETHI C PAacTBOpPaMU Mell-
HOr0 Kymnopoca pa3HOW TOJIIIHMHBI, CHUMANTE MOKa3aHUsI MHUKPOaM-
TepMeTpa W 3alHChIBaliTe MX B TaOMWIly. YKa3aTelah MHKPOAMIIEP-
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MeTpa JO0JDKEH HAXOMUTHCS B NMPABOW MOJOBHHE IIKAJIBI JJISI MUHH-
MaJIbHOH TOJIIIMHEI pacTBOpa (sl 00eCIICUeHHSI TOYHOCTH ).

7. YcranaBimBas MOOUYEPEAHO KIOBETHI C PAacTBOPaMU Mel-
HOTO KYIIOpoca pa3sHOH KOHILIEHTpAIUW, CHUMAaWTe TOKa3aHUsI MHK-
poamIiepMeTpa M 3alHChIBaliTe UX B TaOIHILy.

8. BpramcnIUTE ONTHYECKYIO IUIOTHOCTH PAacTBOPOB IO (oOp-
myne D=Ig(lo/l), rme lp — TOK, COOTBETCTBYOLIMI HYJIEBOW TOJIIMHE
(HyneBo# KOHIIEHTPAIINN).

9. Tlocrpoiire rpaduxu 3aBucumocteit D([C]) u D(L).

10. PaccumTaiite MOJSIpHBIA KO3()(QUIMEHT MOTIIOMIECHHS
0,,eT0 CpeHee 3HaUYCHNE U a0COIIOTHYIO TTIOTPEITHOCTb.

11. CaenaliTe BBIBOI O TOM, COOJIIOJIAeTCS JM 3aKOH byre-
pa-JlambepTta-beepa.

Tabmuia
z z
= L &= = 3
< = ] g0 EO = 2 50 |88 o
o IS [ = = Q =
= j=3 = < = o< x@ 2 E =
=2 | EES | 23| cez|22E| 22| EE54
Ml EE | BEZ|EZ 585|227 tE|52E¢
S - = g =5 B S 2 oS o B B c = C A
2 a o © = © Z 5 o © = S A B
Q =R =" Ol:i S 3 E o Ot:‘ Eor_m
Z = g = S
™ =] Z = IS) xl:
= =
1
2
3
4
5
6
JIJTHHA BOJIHEI A = TOJIIIMHA KIOBETHI L =

KoHTposibHBbIE BONIPOCHI

1. Cdopmynupyiite 3akon byrepa-Jlambepra-beepa.

2. B kakux ciydasx W 1modemy He BHINOJHSETCs 3aKOH byre-
pa-JlamGepra-beepa?

3. Urto Takoe onTHYeCcKas INIOTHOCTH?

4. Yto TaKoe CIEKTP MOTIOMIECHUS?

5. UYem o0ycnoBieHa okpacka pacTBOPOB?

6. OOpsicHUTE TNPUHUUN ACHCTBHA (HOTOKOIOPUMETPOB H
CHEKTPOGOTOMETPOB.
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JlabopaTopHasi pa6ora Ne 16

OIIPEAEJIEHUE JJIMHBI BOJIHbBI U3JITYUEHUSA
OIITUYECKOI'O KBAHTOBOI'O TEHEPATOPA

Leanb padoThl: onpeseleHre JUIMHBI BOJIHBI U3TYyUSHHS Jia3e-
pa npu oMoy TUGPaKIMOHHONW PEIISTKH, 03HAKOMIICHUE C TIPUH-
IIATIOM JACHCTBHS ONITHYECKOTO KBAHTOBOT'O TeHepaTopa (1a3epa).

IMpubGopsl u npuHagexkHocTu: jazep JII-56 ¢ 6mokoM mH-
TaHus, TM(PAKIIUOHHAS PEHIETKA, YKPAH C ICTICHUSMHU.

Teoperuyeckoe BBeleHUE

HcTouHnkoM M3IydeHUs] B JaHHOW padOTe SBISIETCS Ta30BBIN
nazep. DTO KBAaHTOBBIN T€HEPATOp, padoTaomuii B 001aCTH BUIAHMO-
ro csera. Jlyuw, BBIXOJSIIME W3 JIa3epa, MOHOXPOMATHYHBI, KOTe-
PEHTHBI X UMEIOT Y3KYIO HalpaBJIeHHOCTh. B oCHOBE paboTHI Ja3epa
JISKUT SBJICHUE BBIHYKIEHHOTO (MHIYIIMPOBAHHOTO) N3ITYUCHISL.

ATOM THO0OTO0 XMMHYECKOTO 3JIEMEHTa, COTJIACHO IUIaHeTap-
HOM Mozenu u moctynaraM bopa, MokeT HaXOAUThCA JIMIIbL B OTpe-
JEeNEHHBIX (AUCKPETHBIX) PHEPTETHICCKUX COCTOSHUSX. DTH COCTOSI-
HUSl XapaKTepU3YIOTCS JBIKEHHEM DJIEKTPOHOB IO CTAIlHOHAPHBIM
opbutam. J[BrKeHHe 3JIEKTPOHOB HA 3TUX OpOUTAX XapaKTePH3yeTCs
ONpeAeIEHHON SHEPTUEN U, CIIEIOBATENIBHO, PU NIEPEXO/IE IIIEKTPO-
Ha Ha JAPYTYIO CTAIMOHAPHYIO OPOHTY XapaKTepHu3yeT IPYrod 3Hep-
TeTHYECKUH YPOBEHB BCETO aTOMa JJAHHOTO XHMHUYECKOTO AJIEMEHTA.

[IycTh aTOM MMeeT /Ba COCETHUX DHEPTeTUHYeCKUX YpoBHS E;
u E,. Ecniu atom morsornaer ¢hoton ¢ sueprueit hv = E; — E,, 10 oH
mpun€T B BO30YXIEHHOE cocTOsiHUME W ¢ ypoBHs E; mepeiinér Ha
ypoBeHb E,. [1pu oOpaTHOM niepexoje Oyaer uziydeH (OTOH TOH XKe
sHepruu. M3nmyueHne (GOTOHOB aTOMaMU MOXKET OCYIIECTBISTHCS
OByMS yTssMU. 1lepBbIii MyTh — CIOHTAaHHOE M3JTyYeHHE, KOra BO3-
Oy>KICHHbIE aTOMBI CaMOIPOM3BOJIBHO BO3BPAILAIOTCS B HCXOIHOE
cocrosiHre. Bropoii myTh — uHAyIIHpoBaHHOE M3nydeHrne. CyTb ero B
cieaytomeM. Ecnmin MUMO BO30YXIEHHOTO aToMa MPOJIETUT (POTOH ¢
sHeprueit, paBaoil (E, — E;), To atrom mepeiinér Ha Oonee HU3KUI
SHEPTEeTHYECKUH YPOBEHb U UCHYCTHT (POTOH, KOTOPBIH JT0OOABUTCS K
nagaromeMy. Takoe BBIHYKICHHOE M3Ty4eHHE U Ha3bIBAE€TCS WHAY-
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LUPOBAHHBIM WJIM CTUMYJIUPOBaHHBIM. Vcmyckaemble nipu 3ToM (o-
TOHBI B TOYHOCTH COBIIJIAlOT 10 4acTOTe, (a3e M HaNpaBIICHUIO C
WHAYLUPYIOIUME (OoTOHAMHU.

WnnyurpoBaHHabie QOTOHBI, ABUTasICh Jajiee B OHOM HaIpaB-
JICHUU W BCTpedas APYyrue BOo30Y)KICHHbIE aTOMbI, BHOBb CTUMYIIH-
PYIOT U3JIy4€HHE TOXKAECTBEHHBIX ¢ HUMH ()OTOHOB. Tak MOSBIAETCS
JIABUHHOE HapacTaHHe Yncia (POTOHOB.

Jua ycnemrHo# paOOTBI 3TOTO MeXaHW3Ma YCWUJICHHS CBeTa
HE00X0IUMO, 4TOOBI YUCIIO MHAYLIHMPOBAHHBIX NEPEXOA0B C UCILyC-
KaHueM (OTOHOB ObIJIO OOJBIIE YKCIIA MEPEXOA0B C MOTIIOMICHUEM
(OTOHOB TOM K€ 4acTOThL. [y 3TOro Hy)XKHO, YTOOBI YUCIIO aTOMOB
Ha BEpXHEM YpOBHE ObUIO OOJbIIE YMCIIA ATOMOB HAa HIKHEM
ypoBHe. Takoe COCTOSHHE CCTEMbI aTOMOB Ha3bIBA€TCS COCTOSTHUEM
UHBEPCHOM 3acenéHHocTU. [Ipouecc mepeBosa cpefpl B MHBEPCHOE
COCTOSIHHME C TIOMOILBIO BHEITHUX MCTOYHHKOB 3HEPTUN Ha3bIBACTCA
HaKa4yKOM.

[TomryueHue UHBEPCHOTO COCTOSIHUSL CHCTEMBI CBSI3aHO C HaJH-
YreM TaK Ha3bIBa€MbIX METacTaOWIBHBIX ypoBHEH. MeTtacTaOuib-
HbIE YPOBHH - YPOBHH, CHOHTaHHBIE NIEPEXOBI C KOTOPBIX 3aIlpele-
HBI NIPaBUJIaMU KBAaHTOBOM MeXaHUKU. Ecii aTOM IepeBecTH Ha Me-
TacTaOUIIBHBINA YPOBEHb, TO B TAKOM COCTOSHHMM aTOM MOXKET HaXo-
JUTHCSI CPABHUTEIBHO JIOITO (O TEX MOp, MOKa BHELIHEE U3ITyYeHHE
HE BBI30BET MHAYIIMPOBAHHBIN MEepexon).

CymHOCTh HAaKa4ykW COCTOMT B CIEAyIOIIeM. ATOMBI U3 OC-
HOBHOT'O cOCTOSIHMA | B030yXJaroTcsi cHauyana Ha Oosiee BBICOKHE
YpOBHH 3, a 3aTeM OBICTPO IEPEXOIAT Ha METACTAOMIbHBIN YPOBEHb
2. BeposTHOCTh CHOHTaHHOTO Nepexoaa 2-l1 3HAYUTENTBbHO MEHBIIE
nepexoga 3-2. IloatoMy mpu AOCTAaTOYHO OOIBIION MOIIHOCTH
HAaKaykK{ YHMCIO aTOMOB Ha YPOBHE 2 IMPEBBICUT YHCIO aTOMOB Ha
ypoBHe 1. Tak nocturaercst COCTOSIHME HHBEPCHOM 3aCEIEHHOCTH.

Taknm oOpa3om, TIaBHBIMH COCTaBHBIMH YaCTSAMHU ONITHYECKO-
ro KBaHTOBOTO TeHepaTopa sBJsieTcs: 1) akTuBHAs cpena, B KOTOPOH
BO3HHMKAET WHAYLHMPOBAHHOE U3IydeHHE, (AKTHBHOM Cpeloi MOXKET
OBITh TONBKO Takas cpefa, B KOTOPOW HMEIOTCS MeTacTaOHMiIbHBIE
YPOBHH); 2) UCTOUHHUK BO30YKIEHHS Cpeibl; 3) yCTPOMCTBO, MO3BO-
JISIOIIEE YCHIIMBATHCS! (JOTOHHOH JTaBUHE (PE30HATOD).

AKTHBHOI cpeioii B Ta30BBIX JIa3epax SBISETCS ra3 WiIH CMECh
razoB. Hanpumep, nmazep JI[-56 paboTaeT Ha cMecH ra3oB Telus U
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HEOHa, 3aKIF0YEHHBIX B ra30ByI0 TpyOKy. Ilo koHIam TpyOKu pacrio-
JIararoTcsl METaJUIM4YeCKue MeKTpoabl. TpyOka pacrmonaraercs Mex-
Iy ABYMS 3epKajiamu , oOpasyromumu pezonatop. Ee Topusr mpen-
CTaBISIOT cO0OW IJIOCKO-TIapalUleNibHbIE KBapleBble IIACTUHKH,
pacnoyioKeHHble K Jydy noj yrioM bprocrepa. BenenctBue storo
BBILIEANINH JIyd OyJeT NOSIPU30BaH.

B nporecce razoBoro paspsaa moj AecTBUEM yAapoOB 3JEK-
TPOHOB IPOMCXOAMUT BO30YXKAEHHE aTOMOB Ielisl U HEepeXond UX C
OCHOBHOT0 ypoBHS | Ha ypoBeHb 2. Bo30yxneHHble aTOMBI I'eiusl B
CBOIO OUYE€pe]lb CTAIKUBAIOTCS C aTOMaMU HeoHa. IIpu 3ToM aTtom re-
JIUSL OTAAET CBOIO IHEPTHUIO, Tlepexos Ha 1-bIif ypoBeHb, a aTOM He-
OHa BO30YKJAaeTCs ¥ MEPEXOUT Ha CBOH 4-if ypOBEHB, KOTOPHIH SB-
JIseTcsl MeTacTaOuiIbHBIM. B pesynbTare mosyyaeTcst HHBEpCHasl 3a-
CelIeHHOCTh 4-T0 ypoBHS HeoHa. Ecnu MumMo Bo30yKAEHHOTO 10 4-TO
YPOBHSI aTOMa HEOHA MPOJeTaeT (OTOH COOTBETCTBYIOLICH SHEPIHH,
TO HAYMHAETCS MHAYLHMpOBaHHOE u3iydeHue. OOTOHBI ¢ Hampasiie-
HUEM JIBUXKCHUSI, TTApaJUICIbHBIM OCH TPYOKH, OTPaXKkasich OT TOPIIO-
BBIX 3€pKaJl, BOBJIEKAIOT BCE OOJIbIIEE YHCIO ATOMOB HEOHA B MHAY-
LUpOBaHHOE H3MydeHue. OIHO M3 3epKajl AelaeTcsl MOJyNnpo3pad-
HBIM, YTOOBI YaCTh M3JTyUYCHUS MOTJIA BBINTH HAPYKY.

WznyueHne nmpoucXoauT MpU MEpexo]e aTOMOB HEOHa ¢ 4-To
Ha 3-ii ypoBeHb. IlOCKOJBKY 3TH YPOBHH COCTOST M3 OTHEJIBHBIX
HOI[ypOBHCﬁ, TO BO3MOJHBI PAa3JIMYHBIC KOM6I/IHaHI/II/I epexoa0B,
Ka)XJIOM M3 KOTOPBIX COOTBETCTBYET CBOsSI JJIMHA BOJHEI. [lombupas
paccTosiHHE MEXIy 3€pKajlaMH Pe30HAaTOpa, MOXHO BBLACIHTH M3
BCEro BO3MOXKHOT'O CIIEKTPA TOJIBKO Ty AJMHY BOJHBI, HA KOTOPYIO
pPE30HATOP HACTPOEH.

Kpatko onwumiem nudpakiMOHHBIA METOA U3MEPECHHUS JITUHBI
BOJIH CBETA, JJISl YETr0 PacCMOTPUM OCHOBHBIE MOMEHTHI 3JIeMEHTap-
HOW Teopun AUQPAaKIMOHHOW pemeTkd. JuppakunoHHas peméTka
npencTaBisieT co00i COBOKYIMHOCTh OOJIBIIOTO YHCIA OYEHBb Y3KHUX
iesiel, pa3feNeHHbIX HEMPO3pauyHbIMU NPOMEKYTKaMH. PaccrosiHue
d Mexay cepenMHaMH COCEIHHMX ILEJIeH Ha3bIBAETCSl MOCTOSHHON
WU TIEPUOAOM pemieTku. Mcmons3zyemas B qanHoU paborte audpax-
LMOHHAsI PEHIETKa MPEACTaBIsIieT cO00M CTEKIISIHHYIO TUIACTHHKY, Ha
KOTOpPOM OCTPO OTTOYEHHBIM ajJMa3HbIM OCTPUEM HAHECEH psj Ia-
PaJUIENBHBIX IITPUXOB C IMIPOMEXKYTKAMU MeX]y HuMuU. Uepes mpo-
MCXKYTKHU MCXKAY IITpUXaMU CBET MPOXOAUT, CaMH K€ HITPUXU AB-
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JISTFOTCS HEMPO3PAaYHBIMU JIJISI CBETOBBIX JIyUEH.

[lycte Ha peméTky mMagaeT IUIOCKas MOHOXPOMaTHYECKas
BOJIHA JUTHHBI A . BTOpHYHBIE HCTOYHHMKU B HIEJSIX CO3JAFOT CBETO-
BBI€ BOJIHBI, paCIIPOCTPaHSIOIINECS 110 BCeM HarpasieHusM. Haiinem
YCIIOBHE, TIPYU KOTOPOM HJYIIHME OT IIEICH BOJHBI P MHTEp(EpeH-
MU YCWJIMBAIOT JIPYT Npyra. PaccMOTpuM Ui 3TOTO BOJHEI, pac-
MIPOCTPAHSIONIUECS B HANPaBJICHHUH, OMpEAeNsieMOM yrioM ¢« . Pas-
HOCTH X0J]a MEXIy BOJIHAMHU OT KpaeB cocemHuX mienerd paBHa AC.
Ecnm Ha 3TOM OTpe3ke yKIaABIBAeTCs IENOE YHCIO JIUH BOIH, TO
BOJIHBI OT BCEX IIEJCH, CKIabIBasICh, OYyT YCUIMBATH APYT ApyTa.
N3 A ABC crenyer AC=ABsina =dsina.

MakcuMyMBbI OyIyT HaOJIIOJIAThCS IO YIJIOM (¢ OIpenese-
MBIM YCJIOBUEM

dsina =n 4, Q)
rae N =0, 1, 2,.... OTU MaKCUMYMBbI Ha3bIBAIOTCS [TABHBIMH.

Yruel ¢, ynosnerBopsitoniue ycnosuto (I), ompenenstoT mo-
JI0’)KEHUE MaKCUMyMOB Ha 3KpaHe.

Tak kak monoxeHne MakCUMyMOB (KpoMe LIEHTPaJIbHOTO, CO-
OTBETCTBYIOIIEro N = () 3aBUCUT OT JUIMHBI BOJIHBI, TO peIIeTKa pas-
naraet Oesnblii cBeT B criekTp. Yem Gosbie A, TeM Taiblie pacioa-
raercs TOT WJIM MHOH MaKCHMYM, COOTBETCTBYIOIUI TaHHOU JJTUHE
BOJIHBI, OT LEHTPaJbHOro MakcumyMa. Kaxxnomy 3HaueHuto N cooT-
BETCTBYET CBOM CIIEKTP.

C TOMOWIBIO PEmIeTKH MOXHO TPOU3BOJIUTH OYEHb TOYHBIE
W3MEpeHHs JJIUHBI BOJHBI. EcCiM mepuoj pemeTkd H3BECTeH, TO
OTIpe/ieTIeHNEe JJIMHBI BOJHBI CBOJUTCS K U3MEPEHHIO yria ¢, COOT-
BETCTBYIOIIIETO HAMPABJICHUIO HA MaKCUMyM (puc. 41.).

U3 (1) nonyunm: A = M 2

n

OT0 BBIpAXKEHHUE SBJSCTCS OCHOBHOM pacu€THON (opmynoi
JUTSL BRIYHMCIICHHS JUTHH CBETOBBIX BOJIH C TOMOIIBIO TU(PAKITUOHHOM
PELIETKA.
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Pemrerka DKpaH

Puc. 41. Xon mydeit
HIOCJIE TIPOXOXKICHUS
JUPPaKIUOHHON
penIeTkn

[TpuHnMnuanpHast cxeMa yCTaHOBKM JJISl ONIPENIETCHUS JJIMHBI
BOJIHBI M3ITyUeHHS Jlazepa n3o0paxeHa Ha pucynke 42. Ha audpax-
LHUOHHYIO PELICTKY MagaloT MOHOXPOMAaTHYECKUE Jy4H OT Jjasepa,
KOTOpBIE€ BCJIEJICTBUE MAJIOrO yIila PacXxOKIEHHsS MOXKHO CUYHUTATh
napaijiCiIbHbIMU. Pemetka HaxXoauTCA Ha pacCTOSAHHUU | OT 3KpaHa.
Paccrosiaue Mexny cpeqHUMH TOYKaMH AU(PAKIMOHHBIX MAaKCUMY-
MOB COOTBETCTBYIOIIETO HOPsAAKa 0003HAUUM yepe3 X

Pemérka OKpan
n=2

!>

Pucynok 42. JIluppakiimoHHble MAKCUMYMBI

JUiist onpesienieHust IMHbL BOJHBL A 110 dopmye (2) Heobxo-
oMo 3Hath sin . Tak kak | >> X, To sin @ = tg o u Torma

, X
sina =tga =—. 3
a=lga=- )

[NoncraBnsst 3Hauenue sin @ u3 (3) B (2), HOXy4YdM OKOH4YA-
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TCJIBbHYIO (I)OPMYJ'IY JJI1 HAXOXACHUA JJIMHBI BOJIHBI

xd
A=—. 4)
2nl
Pabora BeITIONHSETCS HA YCTaHOBKE, H300payKEHHOH Ha puc. 1
u 2. Jlazep u nudpakiimoHHas peméTka MOTYT MepeMeIIaTbes, 9To
MO3BOJISIET MOYYUTh YETKYIO TUPPAKITUOHHYIO KApPTHHY Ha SKpaHe.

Ilopsinox BeINOTHEHHUS PAadOTHI

1. BxurrounTh 010K MUTaHUA Ja3epa B CETh.

2. lobuTthcst y€TKOM AM(PPAKIIMOHHON KapTUHBI Ha SKpaHe.

3. Usmeputs paccrosiaue | o qudpakiinoHHON peméTku 10
JKpaHa.

4. 3MepuTh Ha 3KpaHe PAcCTOSIHHUE X JUISI MAKCUMYMOB 1-ro 1
2-ro TIopsAKoB. Vi3MepeHus pou3BeCTH 1o 3 pasa Ui pa3indHbIX |.

5. o dopmyre (4) BEIYUCTUTD JUITHHY W3ITydeHUS J1a3epa.

6. BBIUuCIUTh MOrPEeITHOCTh M3MEPEHUH 110 (hOpMyIaMm:

Ao — A
abcomoTHas morpemnocts A4 = M A
AL
OTHOCHTEJIbHAS [IOTPEIIHOCTh & = =

7. OxoHuUaTeNbHBIH  pe3yapTaT  3amucatb B BHIE:

A=A £A1) m
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Tabnuna 21 - PesynpTarsl m3mepeHuit

I (cM) TMopsmoK creKTpa X (cm) A )

n=1

IIpubmmxeHHoe 3HaUEeHNE ﬂﬁa

AOGcomoTHAS TOTPENTHOCTD AL

KOHTpOJ'IbeIe BOITIPOCHI

1. Yro nexxut B ocHOBE paboTHI J1azepa?

2. Yro HazpiBaeTcs nudpakiiyeii ceera?

3. OObBsicHUTE TPOXOXKACHUE CBeTa 4epe3 AUPPaKIHOHHYIO
pELIEeTKY.

4. BoiBectn pacuétHyto QOpMyny JUIS ONPEACICHUS JJIHHBI
BOJIHBI B JJAHHOU pabore.

5. Urto Ha3pIBaeTCS MEPHOAOM NU(PAKITMOHHON perIeTKn?

6. JlaTh moHATHE Pa3HOCTH X0/1a BOJIH.

7. KakoBo yciioBre MakCHMyMa TIpH HHTephepeHIn?

8. KakoBo ycrnoBue MUHUMYyMa Tipy UHTEphEepeHInn?

9. Kakoii 1y4 cBeTa Ha3bIBAETCA MOHOXPOMATHYECKUM?

10. Kakye HCTOUHHKH Ha3bIBAIOTCSI KOT€PEHTHBIMU?

11. OOBACHUTH CYIIHOCTH CIIOHTAHHOTO M WHAYIIUPOBAHHOTO
H3IIy4EHHUS.
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JladopaTtopHasi pa6ota Ne 17
U3YUYEHUE ABJEHUS NOJAPU3SALIMU CBETA

Leab padoThbl: 03HAKOMHUTHLCS ¢ METOJIAMH MOTYUYCHHUS OIS
PH30BaHHOTO CBETA M AKCIIEPHUMEHTAIIBHO MOJITBEPUTE 3aKOH.

OO0opyaoBaHHe: ONTHYCSCKAs CKaMbs, OCBETUTENIb C KOHJICH-
COpOM, TOJISIPHU3ATOP, aHAIU3aTOp, OOBEKTHB, (OTOIIEMEHTHI C
raJlbBAHOMETPOM.

Teopenmecxoe BBCIACHHUC

CornacHo 3JeKTPOMArHUTHOW TEOPUHU CBETa CBETOBBIC BOJIHBI
SABJIAIOTCA  JJICKTPOMArHuTHBIMUA ~ BOJIHAMH, XapaKTCPU3YyCMbIMU
HaIpPsDKEHHOCTRIO AnekTpuueckoro /E/ u marautHoro /H/ monei.

Tak Kak CBET M3IIy4aeTcss OrPOMHBIM KOJTMYECTBOM aTOMOB, TO

BEKTOPEI E u , OCTaBasiCh B3aMMHO IEPICHIUKYJISIPHBIMH,
OPHUCHTUPOBAHLI MO BCCBO3MOYKHBLIM HAIIPAaBJICHUSAM B IIJIOCKOCTH,
NEepHIEHINKYISIPHOW K HAaMpaBJICHUIO CBETOBOTO Jyda /cM. puc. I/.
Takoii Ty4 Ha3bIBACTCSI €CTECTBECHHBIM CBETOBBIM JIY4OM.

E

o
E

Pucynok 43. HanpaBneHnne BeKTopa HaNpsHKeHHOCTH
JUIsl ECTECTBEHHOI'O CBETOBOI'O JIyda

OnbIT ¥ TEOPHS TMOKA3BIBAIOT, YTO XUMHUYECKOE, (hYU3HUOIIOTH-
YECKOE M JIPYTHe BHJIbI BO3ICHCTBHUS CBETA HA BEILECTBO 00YCIIOBIIC-
HO TJIaBHBIM 00pa30M AEKTpUIeCKHMH Koiebanusmu. [loaromy npu
JAJIbHEHIIIeM H3JI0KEHUH I107] CBETOBBIMH KOJeOaHUSAMHU OyaeM Io-
HHUMAaTh U3MEHEHHE JIEKTPUUECKOT0 BeKTOpa E CBETOBOI BOJIHBI.

IIpu momouy HEKOTOPBIX TEJN WIM YCTPONCTB, MOTYyUYMBIIUX
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Ha3BaHHE TOJSPU3ATOPOB, MOKHO TaK M3MEHSTH CBETOBOM ITyd, YTO
B OTOM Jy4e M3 BCEBO3MOXHBIX IO HANpaBJICHHIO KojeOaHuil ocTa-
HYyTCS KOJICOAHUs, MPOUCXOMASANIUE TOJIBKO B OJHOM HAITPaBIICHUHU.
Takoi Jy4 Ha3bIBaeTCs IIOCKOMOJSPU3OBAHHBIM, a CaMO SIBJICHUE
Ha3BIBAETCS MOJIIPU3AIEH CBETa.

[InockocTs, copeprkamiasi CBETOBOU ayd U BekTop E, Ha3piBa-
eTcs IIOCKOCThI0 KojeOanui. IlmockocTh, comepikamiasi CBETOBOU
7y4 ¥ BeKTop H, Ha3pIBaeTcs TIIOCKOCTHIO OIS PH3AIIHH.

0 Ha pucysnke 44
m ————————— ) O - I0CKOCTE KOeOaHmit
€ P - mI0CKOCTh MOJAPU3AIIUH

WW\U C - nampaBjeHHE CBETOBOTO

Iyda

Pucynoxk 44. Tlonsipu3oBaHHBIN CBET

[TomyunTh MONSPHU30BAHHBIA CBET MOKHO Pa3IMYHBIMU CIIO-
cobamu. Eciu cBeT mpoxXoAuT uepe3 3MEKTPUUECKH aHU30TPOIHYIO
cpeay /KpucTaml/, TO OH MOJSPU3YETCS U UMEET IEKTPHUECKUE KO-
nebaHusd JUIIb B IJIOCKOCTH, COJAEP)KAIed ONTHYECKYI0 OCh KpH-
crajuia u Jiyd. [IppumepoM Takoro Kpucramia BiseTcs TypMaJIuH.

IlepeMeHHOE 3IEKTPHUYECKOE T0JIE CBETOBOW BOJIHBI BBI3BIBAET
B KPUCTAJUIMYECKOM AMIJIEKTPUKE HNEPEMEHHBIN MOJISPU3aINOHHBIN
TOK, TO €CTh TIEPEMEHHOE CMEIICHUE 3apsHKCHHBIX YacTHUI] /aTOMOB,
MOHOB/, COCTABJISIIOIIMX KPUCTAIIMYECKYO pemeTky. Ilomspuzanu-
OHHBIN TOK BBIIEINSAET TEIIO, CIEN0BATENBHO, B KPUCTAIIIIE TIPOUCXO-
JUT TIPEBpAIeHNe CBETOBOM SHEPTUH B TEIUIOTY.

biaromapss aHM30TpOonMM KpHUCTaJIa BO3MOXHAs BEJIWYUHA
CMEILEHNUS €ro YacTHIl, a, CIEA0BATENBHO, U CHIIA MOJIIPU3ALHOHHO-
IO TOKa OKa3bIBAIOTCA HEOAMHAKOBBIMU JJIS Pa3IMYHBIX IIIOCKOCTEHN
Kpuctaiuia. Yepes KpHuCTaT MPOXOJAT MOYTH 0e3 MOoTeph JUIIb Te
BOJIHBI, IJIOCKOCTh KOJEOaHWH KOTOPBIX COBHAJAET C IUIOCKOCTBIO,
COOTBETCTBYIOLIEN MaJIOMy CMEILIEHHUIO YaCTHI] B KPUCTAIIE, TO €CTh
MUHUMYMY TOJIIPU3AIIMOHHOTO TOKA.

IIpy oTpaxkeHMM OT MOBEPXHOCTH IPO3PAYHON CpElIbl CBET
TaKXe TMOJIIPU3YeTCs, eClM OH HajaeT moj yrioMm bprocrepa (cm.
puc. 3).
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IMonmHOCTBIO
MOJIAPU30BAHHBIN JIyd

&, -yroxa bprocrepa

S Yactuuno
TOJIAPU30BAHHBIH JIyd

Cpena ¢ nokasaresneM MpeIoMICHHUs

Pucynoxk 3. OTpaxxeHre 1 IpeTOMIICHHUE JTyUeH, MaaroImux
Ha TpaHUIly pasjiena ABYX cpea Mo yrioM bprocrepa

[upoko pacmpocTpaHeHbl Tak Ha3blBaeMble mossspoussl. Ilo-
JSIPOUJL TIPEJICTaBNIsAeT cO00H MPO3pauHylo MIACTMACCOBYIO ILICHKY,
COJIEpPIKalllyt0 MHOKECTBO MEJIKUX KPUCTAJUIUKOB - IIOJIIPU3aTOPOB.

YCeTpoicTBO, ¢ MOMOIIBIO KOTOPOTO MOXKHO HCCIENOBAThH IO-
JIIpU30BAaHHBIM CBET, Ha3bIBaeTcs aHanmuzaTopoM. llomspuzatop u
aHaIM3aTop OTJIMYAIOTCS APYr OT Apyra TOJBKO Ha3BaHWUEM /HX
MO’KHO IIOMEHATh MecTaMy/. JlaHHbIE Ha3BaHMS JIMIIb OTPAXKAIOT UX
Ha3HAYCHMS.

CornacHo 3akoHa Maitoca MHTEHCUBHOCTb CBETa, IIPOXOJs-

IEro Yepes MoJIIPU3aToOp U aHAIU3aTop | ZIOCO%O, rae

lo- MHTEHCHBHOCTH CBETA, NPOLIEAIIErO Yepe3 moyspuszarop; X -
YTOJl MEX/Y TIOCKOCTSIMH TMOJISIPU3AIUH TOJIIPU3aTOPa U aHAIN3a-
TOpa. Cxema YCTAaHOBKHU [JIs1 U3YUYCHUA ABJICHUA NOJIAPpU3ALUN ITPU-
BelleHa Ha puc. 4. _

|a BI
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Pucynok 4. [Ipuanumn paGoTsl yCTaHOBKH
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Ha pucynke 46: S - ncrounuk cBera, P - momsapuzartop, A -
ananmm3atop, @ -hortosnement, I - rapBaHOMETD.

CaeT, TpOXOIAIIMI Yepe3 aHaM3aTop, MomagaeT Ha (OoTodJIe-
MEHT M co3faeT B HeM (ortorok. Ecim BpamiaTe aHaaM3aTop BOKPYT
Jy4a, TO MHTEHCUBHOCTh CBETa, MAJafoIero Ha (OTO3JIEeMEHT, OyaeT
H3MEHSATBCS 0T MakcuManbHoit ipu & = 0° o MuHEMaTBHOM P &
=90°, a 3aTeM CHOBA 10 MAKCUMAJIBHOM npu & = 180° u T.;1.

®DOTOTOK MONYIPOBOTHUKOBOIO (POTOIIEMEHTA IPOMOPITHO-
HaJICH MHTEHCHBHOCTH TaJIAloIIero Ha Hero ceta. [losTomy ¢oto-
TOK JOJDKEH HM3MEHSThCS B COOTBETCTBUU C 3aKOHOM Maoca:

i =i,CO%, rpe i - MakcumanbHOE 3HAYCHME ¢ororoka npu & =
0°. I'padhuk >T0it 3aBUCHMOCTH H306paXKEH HA PUCYHKE 5.

Ha ombiTe mosy4aeTcsi 3aBUCHMOCTb, M300paKeHHAsT HA PUC.
6, TIe

—

Pucynok 5.

A 4

Pucynoxk 6.

Ha puc.6 iy - MUHUMaJBbHBIN (OTOTOK MPU CKPEIICHHBIX MO-
JApU3aTOpe W aHaIM3aTope. DTOT TOK BO3HMKAET IOTOMY, YTO pe-
aJbHBIA TMOJSIPU3ATOP JIMIIL YAaCTHUYHO NOJSIpU3yeT cBeT. Iloaromy
rpaduK, TONYYEHHBIH 3KCIIEPUMEHTAIBHO, JIUIIL Ka4eCTBEHHO OT-
paXxaeT 3aBUCHUMOCTb MHTEHCHUBHOCTU CBETa OT yIja II0OBOPOTA aHa-
Jm3aropa.
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IMopsinok BbINOJIHEHUSI padOThI

1. BxiroualoT OCBETUTENb. AHAIM3aTOp YCTaHABIMBAIOT Ha
HyJeBoe AelieHue. Bpamias monsipuszatop, 10OMBarOTCS MaKkCUMallb-
HOTO 3Ha4YeHUsS (HOTOTOKA.

2. IloBopauuBas aHajIM3aTOp, Yepe3 Kaxkaple 15° 3amuchiBa-
10T TIOKa3aHUsI TaJIbBAHOMETPA B TAOJIUILY.

3. TMo maHHBIM TaONUIBI MOCTPOUTH IPadUK HA MHJUTUMETPO-
BOIt Oymare. Onpenenurs 3Ha4enus yrioB & | nmpu KoTopbix (HoTo-
TOK UMEEeT MUHUMYMBI 1 MAaKCUMYMBI.

4. OOBsCHUTH TONYyYEHHBIH rpaduk HAa OCHOBE 3aKoHa Ma-
Joca.

Tabnuia 22 - Pe3ynbrarhl U3MEpeHUA

104 i, mMA 104 i, mMA 104 i, mMA
0° 120° 240°
15° 135° 255°
30° 150° 270°
45° 165° 285°
60° 180° 300°
75° 195° 315°
90° 210° 330°
105° 225° 345°

KoHTposibHBbIE BONIPOCHI

1. Uto moHMMaeETCs O] oJIsipu3aIueii ceera’?

2. Kaxkoii iy4 Ha3bIBalOT €CTECTBEHHBIM, TOJSIPU30BAaHHBIM U
YaCTHYHO MOJISIPU30BaHHBIM?

3. KakuMu ombpiTaMH MOXKHO YCTAHOBHTB, SIBIISIETCS JIM JIyd
MOJISIPU30BAHHBIM ?

4. Chopmynupyiite 3akoH Mattoca /BbIBOJY/ .

5. [loueMy MUHUMaIILHBIH QOTOTOK OOJIBIIE HYJIS?

6. KakoBbl ycltoBHs TOJISIPU3AIMN CBETA KPUCTAIIIAMHE?

7. UTo mpeAcTaBIAOT COO0I CBETOBBIE BOJIHBI C TOUKH 3PEHHUS
3NEKTPOMArHUTHOM T€OpHH TOei?

8. UTo Takoe MIOCKOCTH MOJISIPU3AITIHN ?

9. UTo Takoe ONTUYECKU aKTHBHAs cpena?
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JladopaTopHasn padora Ne 18

N3YYEHUE BOJIbTAMIIEPHOI XAPAKTEPUCTHUKH
®OTOSJEMEHTA

Henp padorbl: m3yueHue sBneHus (GoTtoddderra u CHIATHES
BOJIBTAMITEPHOHN XapaKTePUCTUKH.

Oo6opyaoBaHue: (OTOIIEMEHT, MHKPOAMIEPMETpP, BOJBT-
METp, MOTEHIIMOMET], JIAMIIOYKA C PEOCTATOM U OaTapeei.

TeopeTuyeckas 4acThb

DororddexTomM HazpiBaeTcss OCBOOOXKICHHE (MIOJHOE WIM Ya-
CTUYHOE) BJICKTPOHA OT CBSI3eH C aTOMaMH M MOJIEKyJIlaMH BeIlleCTBa
moj1 Bo3zeiictieM cBeta. Ipu BHyTpeHHEM (hoTOd(deKTe IMEKTPOHBI
TEPSIIOT CBS3b CO CBOMMH aTOMaMH, HO OCTalOTCS BHYTPH OCBELIAEMOTO
BEILIECTBA, YBEJMUYMBAS TEM CaMbIM JJIEKTPOIPOBOIHOCTH BEILIECTBA.
BryTtpennnit hotoaddext HabmogaeTcs y MoIynpOBOTHHKOB.

Ecin aneKTpoHb! BRIXOIAT 3a MPEAeIibl OCBELIAEMOro BEIIECTRa,
To ¢oTrodpdekT Ha3pBacTCsl BHEIHMM. BHemmHuid ¢otodddext
HaOmomaercs y metauioB. A. I'. Croneros, nccnenyst BHEIIHUHA (OTO-
addext B 1888 rory, ycTaHOBHII TPH OCHOBHBIX 3aKOHa (hoToddderra:

1. ®ortotok HaceieHus | (To ecTh MakCHMajJbHOE YHCIIO
3JIEKTPOHOB, OCBOOOXKIAEMBIX CBETOM B | CEKyH/y) MpsIMO MPOIop-
[HOHAJIeH cBeToBOMY MOTOKY ®@: | = K @, rtae xosdpdumuent K
Ha3bIBaIOT (JOTOUYBCTBUTEILHOCTHIO OCBEIIAEMOI TOBEPXHOCTH.

2. CkopocTh (hOTOIIEKTPOHOB BO3PACTACT C YBEIMUYCHUEM Ya-
CTOTBI TAJAIOIIETO CBETA U HE 3aBUCUT OT €0 MHTEHCUBHOCTH.

3. HezaBucumo ot mHTEHCHBHOCTH cBeTa (oTo3¢d(deKT Hauu-
HaeTcs MpHU OMpeeIeHHON (IS TaHHOTO MeTajlla) MUHUMAaIbHON
4acToTe, Ha3piBaeMol "KpacHOo# rpanureir” ¢oroaddexra
ecTh PoTodr(h(heKT nMeeT MeCcTo MmpH

|4 kp> TO

vav,,.
3akoHbl BHEHIHEro (GoTodddexra MmoaydaroT MPOCTOe HCTON-
KOBaHHME HAa OCHOBE KBAHTOBOW Teopuu cBeTa. [1o 3TOM Teopuu Be-
JIUYHHA CBETOBOTO MOTOKA OMPEACISIETCS YNCIIOM CBETOBBIX KBAHTOB
(oToHOB), MaAIOIIUX B SMMHUILY BPEMEHH Ha ITOBEPXHOCTh METaJ-
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na. Kaxapii (OTOH MOXKET B3aMMOACHCTBOBATH TOJIBKO C OTHUM
anekTpoHoM. [loaToMy MakcumanpHOE€ HYHCIO (OTOIIEKTPOHOB
JIOJDKHO OBITH TIPOTIOPIIMOHAIEHO CBETOBOMY MOTOKY (TIEPBBIN 3aKOH

dhotoaddexra).

DHeprus POTOHA COTNIACHO KBAaHTOBOH Teopunm paBHa NV |

rae h - nocrostnuas [Tnanka, V' - yacrora ceera.

[Ipn B3anmMoaeicTBHM (POTOHA C DIEKTPOHOM €r0 SHEPIHs
pacxoayeTcs Ha COoBeplleHHE PadOThl BBIXOJA A DJIEKTPOHA U3 Me-
Tajula ¥ Ha cOOOIeHne eMy KWHEeTHYecKoi sHepruw. Torma 3akoH
COXpaHEHUS SHEPTUHN MPUMEHUTENHHO K (oTod(hexTy 3anumeTcs B

BUIC! he=—+A
2
Ora dopmyna, npemioxkenHas B 1905 romy DWHINTEHHOM H,
MOATBEPXKJACHHAS 3aTeéM MHOTOUYMCICHHBIMH JSKCIIEPHUMEHTaMH,

Ha3bIBAeTCsA YpaBHEHUEM DUHINTEIHA.

+

Ha BremHeM doToadexTe 0CHOBAHO NEHCTBUE BaXKHOTO (PU-
3WKO-TEXHUYECKOT0 TPHOOpa, HAa3bIBAEMOTO BaKyyMHBIM (OTOdJIe-
MEHTOM (TIPUMEHSIOTCS TaKKe Ta30HAIOJHEHHbIE (OTOAIEMEHTHI).
3TO CTEKISHHBIN chepuvecKkuii OaJUIOH, Ha OJHY MOJOBUHY BHYT-
PEHHEW TOBEpXHOCTH KOTOPOTO HAHECEH TOHKHUI CIIOW MeTasuia ITy-
TEM KOHJICHCAIIUH €TO MapoB B BaKyyMe. JTOT CIIOH sBIsieTcs (OTo-
karogoM (puc. 1). Mertannuueckuil aHO/ pacHoOXKeH B LEHTpPab-
HOM yacT 6ajutoHa GoToaeMeHTa. DIEeKTPOHBI, BEIPBAHHBIE CBETOM
U3 OCBEIICHHOI'0 KaTo/a, YCKOPSIOTCS 32 CUST HAIOKEHHOTO Ha (o-
TORJIEMEHT HAINPSDKEHUS U JIETAT Ha aHOJ, 00pa3ys (poToTok. B razo-
HaTOJIHEHHBIM (OTO3IEeMEHT BBE/IeH MHEPTHBIN Ta3 NPH AaBJICHUU B
HECKOJIBKO JIECATHIX NI0Jie MHJUIMMETpa PTYTHOrO cToiida. Diek-
TPOHBI, BbUICTAIONIME ¢ (HOTOKATO/A, YCKOPEHHBIE JIEKTPUYCCKUM
MoJieM, MOHHM3HPYIOT Ta3. DTO IMO3BOJSET YCHIUTH QOTOTOK. [Ipm
YBEJIMUCHUN HANpsDKEHUsT MEXIY aHOAOM M KaTOJOM BO3pacTaeT
BennurHa (oTtoToka. Ho mpHM HEKOTOPOM 3HAYEHWH HANpPSKEHUS
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BO3HHMKAET HACBINICHUE, TOK JOCTHIAeT MaKCUMAIIbHOTO 3HAYCHUS H
MpH JATbHEHIIEM YBEIMYCHUH HANPSDKEHUS HE YBEIMYUBACTCS. JTO
CBSI3aHO C TE€M, YTO (POTOTOK CO3JACTCSI DIICKTPOHAMHU, BHIPBaHHBIMU
M3 KaToJia CBETOM, M MO3TOMY MaKCUMAaJbHBIH (OTOTOK ((HOTOTOK
HACBHIIICHNSI) TPOMOPIIHOHATICH CBETOBOMY ITOTOKY. 3aBHCHMOCTb
(oTOTOKa OT HANPSHKCHUS MEXIIy KaTOJOM M aHOJIOM HOCHT Ha3Ba-
HUE BOJBTAMIICPHON XapaKTEPUCTHKH. BosbrammnepHas XxapakTepu-
CTHKa BaKyyMHOTO (hOTORJIeMeHTa H300pakeHa Ha puc. 2.

Imax

»
»

U, U
Pucynok 2. Bonpramriepaas xapakrepucTuka (poTodIeMeHTa

Kak BuOHO M3 puCyHKa, TIpH HYJIEBOM HANPSKEHUH (OTOTOK
HE HCYe3aeT, TaK KaK JJIEKTPOHBI, BBUIETAas C KATOJa, JOCTUTAIOT
aHOAa W CO3JAIT TeM caMbiM (oToToK. UTOOBI QOTOTOK HCHUE3,
HEOOXOIMMO K aHOAY TMPHJIOKHTh HEKOTOPOE OTPUIATEIbHOE
HanpspKeHue (3alep)KuBaroliee HanpspkeHue). Torma Bes SHEprus
ANIEKTpOHa OyAeT M3pacxoj0BaHa Ha COBEpIICHHE pabOTHl MPOTHUB
3JIEKTPUUECKUX CHUII, U OH HE CMOXET JIOCTUYb aHojAa. B naHHOM pa-
0oTe I CHATHUS BOJBTAMIIEPHON XapaKTEPHCTHKU HCIOJIB3YeTCS
YCTaHOBKa, CXeMa KOTOpOoi H300pa)keHa Ha puC. 3.

e
W ) &1 7 +b
T

Pucynok 3. Onextpocxema

Ro

- R4

+
-+

Ilopsinox BhINOTHEHHS PAdOTHI

1. Bxmouuts kimtou K u ¢ momoipto peocrara R, ycTaHOBUTH
MUHUMAaJIbHBIA TOK uepes Jamiry JI.
2. V3aMeHsisl HampspkeHUE Ha (POTODIEMEHTE C MOMOIIBIO TI0-
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TeHImoMeTpa R;, m3mMepuTs (OTOTOK MHKPOAMIIEPMETPOM TIPH pas3-
JUYHBIX 3HAYCHUAX HampspkeHus yepe3 kaxasie 10 B. Pesynprarst
W3MEpEHUi 3aHeCcTH B Tabnuiy 1.

Tabnuma 1 - PesynpTaTsl u3MepeHuit

U.B 0 10 20 30 40 50 | 60 70 80 90 100

MA

3. YcraHoBUTh peoctaToM R; MakCUMamnbHBIA TOK Yepe3 JaM-
my JI (TeM caMbIM yBelM4MBasi CBETOBOMW IMOTOK) U MPOJAENATh TE Ke
HU3MEPEHHSI B COOTBETCTBUU C MYHKTOM 2. Pe3ynpTaThl u3MepeHuil
BHECTH B Ta0JuILy 2.

4. Ilo manabM Tabmun 1 1 2 mocTpouTh Ha OJHOM rpaduke
JIB€ BOJbTAMIIEPHBIC XapPAKTEPUCTHKH IPH ABYX PAa3JIMUHBIX CBETO-
BBIX ITOTOKaX.

5. OnpenenuTb COOTBETCTBYIOIINE TOKU HACHIIICHUS U 00bsC-
HUTH XapakTep rpaduKoB.

KOHTpOJ'IbeIe BOITIPOCHI

1. Yro takoe portoaddexr? Kak BripaxkaeTcst sHeprus HoToHa
yepe3 yactory V' ?

2. B ueMm coctour siBnenue horodnekrpuueckoro 3ddexra?

3. Hanmummre dhopmyny DitHmTeiina st poroaddexra u 00b-
SICHUTE Ha €€ OCHOBAaHWM 3aKOHOMEPHOCTH, yCTaHOBIEHHBIE A.l.
CroneToBbIM.

4. OOBsICHHTE BOJILTAMIIEPHYIO XapaKTEPHCTHKY (POTOITEMEHTA.

5. losicaute Qu3nyeckuii CMbICT MOCTOsTHHOM [1naHka.

6. Chopmynupyiite 3akonsl hoTtorddexra.

7. Yro Takoe pabota BbIxoaa 3JeKTpoHa u3 Metamia? Ot yero
OHA 3aBHCHUT?

8. ®OTO371eMEHTHI U UX TPUMEHEHHE.

9. B uem pa3HHMIa MEXIy BHEIIHUM M BHYTPEHHUM (POTOI-
(dhextom?

10. Yto Ha3bIBaeTCs KpacHO# rpanuiieit porodaddexra?

11. Ha metam, kpacHast rpanuna ¢gotosddekxra s KoToporo

paBHa Ay = 0,32 MM nazgaet Oesblii cBeT. Bo3HUKAET JiH MPH 3TOM

sierieHue Goroapdexra?
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NPUIOXEHNA

CIIPABOYHBIE MATEPHAJIbI

JpoOHble U KpaTHbIe MPUCTABKHU K eINHUIIAM U3MePeHus .

O6o3nauenne | IlpucraBka | Muoxurens |Ob6o3naueHue | IlpucraBka | MHOXHTENb
n IHKO 1077 oa JieKka 101
H HaHO 10°° 2 TeKTO 10°
MK MHKpPO 10°° K KHJIO 10°
u MHUJUTH 10°° M Mera 10°
c CaHTH 102 I rura 10°
0 Jenu 1071 T Tepa 10%

IIpumeHsieMble BHECHCTEMHbIE eIMHULIBI M3MEPEHUS.

MumMeTp pTYTHOTO ctoiba (mm pm. cm.). L mm pm. cm. =
133 7la

Anexrpon-BonsT (2B): 158 =1,6 10 Ixe

AToMHasi exuHELIa Macchl (a.e.a.): 1 a.em. =1,66-10 % ke

Kropu (Ku): 1 Ku=3,7-10"pacn/c

HexoTopblie KOHCTAHTHI H YaCTO MPUMEHsIEMbIe BeJIMYHHBI.

ITocrosunas boneimana k= 1,38-10" Zsﬂofc/l{

[TocrostaHast ABorasipo Na = 6,02-10 26 jmonp ™~

DneMeHTapHbIil eKTprYecKuii 3apsa e = 1,6-10 ° Kz

JlianeKTprdeckast OCTOSHHAS & = 8,85-10 2 d/u

MarHuTHast TOCTOsIHHAS i o = 4710~ Th/m

[ocrosiuuas [Tnanka h = 6,62-10 3 [oe-c

Vckoperwne cBoGoHOro naxesus g = 9,8 m/c’

VYHuBepcaigbHas  rasoBas moctosHHas R = 8,31
K/orc/(kmonwK)

CkopocTh cBeTa B Bakyyme ¢ = 3-10° w/c

Tocrosuas Credana-bobsumana o = 5,67-10 8 Bm/(u* K?)

IMocrostaasle Buna: b = 2,90-10 ~ SKm, C= 1,29-10 ~ >
Bm/(v*-K®)

Tocrosuas Pugdepra R =1,10-10 "~

KoahduipeHT mpornopyuoHaIbHOCTH MEXKy MacCOM U SHEprue

¢ =9-10" Jlonc/xe = 931,4 MoB/a.e.m

1

1
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IlnoTHOCTH BelecTB p.

Bewecmeso | Booa I nuyepun Pmymy Ceuney
D, Kke/m° 1000 1260 13600 11350
Bsi3kocTh HEKOTOPBIX BEIECTB 1].
P 1,°C 0 10 20 30
NP e 12,10 3,95 1,48 0,60
Bosavx L °c 0 15 25 50
X ukdlae | 17,2 17,9 18,4 196
PaGora BbIX0/1a 3JIEKTPOHOB U3 METAJLIOB.
Memann A,, 5B Memann A, 9B
AnroMuHUMA 3,74 Hatpuii 2,47
Keneso 4,36 IInaruna 6,29
Kawmid 2,15 Cepebpo 4,70
Jutuit 2,39 Ie3wmif 1,33
Menn 4,47 Iunk 3,94
XapakTepuCTHKU HEKOTOPBIX YaCTHII.
HazBanue CuMBon Macca nokost
3apsin, Kn
gacTumel | (0Oo3HaueHHE)| a.e.m. Ke
DnektpoH | e; 4f° 0,00055 | 9,11-10°F [ -e=-1,6110"°
Mporon | p; H 1,00728 | 1,672:107% | +e=1,6-10
Heiitpon | on” 1,00867 | 1,675-10% |0
o-Jactana | o 2He4 4,00149 | 6,64- 1077 +2¢=3,2-10 9
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