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CocraBieHa B COOTBETCTBHM € HPUMEPHOM MpOorpaMMoin
o011eo0pa3oBaTeabHOM y4eOHOT0 npeamMera «Duzukay,
pekomenoBanHol DPI'AY «DPHUPO» B KayecTBe MNPUMEPHOI
nporpammbl st peanmzanuu OIIOIT CIIO Ha 6a3e OCHOBHOTO
obmero oOpa3oBaHus C TIOJYYEHHEM CpPEIHEro  oOIIero
obopazoBanus  (IIpotokonm Ne3 or 21 wmroms 2015 1.,
perucTpauoHHbli HOMep peueHzun 375 ot 23 wurons 2015 r.
OI'AY «DUPO», yrounenuid PexkoMeHjanuii mo oOpraHu3aiuu
MOJIy4YEHHUsI CpeIHero o0IIero oopa3oBaHus B Mpejesiax OCBOCHUS
00pa3oBaTeNbHBIX IMPOrpaMM  CpPEeIHEro  MpohecCHOHAIBLHOTO
oOpa3zoBaHus Ha 0a3e OCHOBHOTO OOIIEro OOpa3oBaHUsS C YYETOM
TpeboBaHMIl (eaepaTbHBIX TOCYIApPCTBECHHBIX 00pa30BaTEIbHBIX
CTaH/IAapTOB U TMOJy4aeMod mpodecCuu WM CIeUUaIbHOCTH
cpenHero npodeccuoHanbHOro obpazoBanus (Omodperno Haywno-
METOJINYECKUM COBETOM Hentpa po(hecCuOHATBLHOTO
obOpazoBanusi u cucreM kBamuukamuii DOPI'AY  «DUPO»,
[Tpotokois Ne 3 ot 25 mas 2017 1.).

Metoauyeckue yka3aHusl IO BBIIIOJIHEHHUIO TaOOpaTOpHBIX paboT yuebHoro mpeamera YIIB.02.Y
OU3UKA»- HoBoypanbck: U3n-Bo konmenxa HTU HUAY MUDU, 2022 — 127c.

AHHOTAIIUA
Metoauyeckue yka3aHusl IO BBIIIOJIHEHHUIO TaOOpaTOpHBIX paboT yuyebHoro mpeamera YIIB.02.Y

OU3UKA npennaznadena sl peaan3alldd TOCYJapCTBEHHBIX TPeOOBaHMI K MUHUMYMY COJEp)KaHUS U
YPOBHIO MOATOTOBKH BBIMYCKHUKOB 1O crienuanbHocTh 23.02.07 «TexHudyeckoe oOCIyXKMBaHHE U PEMOHT

,Z[BI/IFaTCJIeﬁ, CUCTCM H arperaTtoB aBTOMOOMJIEH CPCIAHCTO HpO(l)eCCI/IOHaJ'IBHOFO 06pa30BaH1/1;1 6a3oBoro

YPOBHsI, 00ydaromuxcs Ha 6a3e OCHOBHOT'O 00IIEro 00pa3oBaHMs.
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JIABOPATOPHAS PABOTA Nel
OIIPEAEJIEHUE IIVIOTHOCTH TBEPJAOI'O TEJIA
MPABUJIBHOM TEOMETPUYECKOMN ®OPMBI

Ieab padoThI

Hesanb 1adopaTopHoii padoThI - ONPEICITUTh ONBITHBIM ITyTEM IUIOTHOCTH TBEPIOTO
Tesa MPaBUIbHON Te€OMEeTPUIEeCcKOi (POpMBI.

B maGoparoproii pabore «OmpeneneHre IJIOTHOCTH TBEPAOTO Tella IMPaBHIBHON
reOMETPUUYECKON (QOPMBI» CTYACHTHI C TOMOIIBIO YYEOHBIX BECOB, COOJIIONAs IpaBHIIA
B3BCIIIMBAHUSA, W3MEPSAIOT MAacCy TBEPIbIX Tel TMPaBUIBLHOW T'e€OMETPHUYECKON (HOPMEI.
Hcnonp3ys MTaHTeHIUPKYITb, U3MEPSIOT JTUHEWHBIE pa3Mepbl TBEPIbIX TeJ, BHICUUTHIBAIOT
ux ooveMm. Ilo Qopmyne paccUyUTHIBAIOT IUIOTHOCTh TE€I U NPU IMOMOIIM CIHEIHATbHBIX
TaOJUI] ONPEACISIOT POJ BEIIECTB, M3 KOTOPHIX M3rOTOBIEHHI Tena. Oco0oe BHHMaHHE B
ATOH paboTe yaemsieTcs: BEBIYUCICHUIO OTHOCUTENLHON M a0COTIOTHOM MOTPETHOCTH.

CryneHTsl IPHOOPETAIOT YMEHUE OINPEAETATh MIIOTHOCTh TBEPAOTO TEJa MPABHILHOM
reOMEeTpUUYECKOil (POPMBI, BBIYUCIATH OTHOCHTEIBHYIO U aOCONIOTHYIO TOTPEIIHOCTH,
MOJIb30BAThCS IITAHTCHIIUPKYIICM.



1 Teopus

[1noTHOCTH OMpesensercs Kak Macca BEIIECTBA B €IMHUIE 00beMa U OOBIUYHO
o0o3Havaercs p :

p= (1.1)

<|B

riae M - macca, KrT;

V - 00beM, M° .

Kr

Enunuiia uamepenus miotoctu B cucteme CHU: —
M

[1oTHOCTH TENa 3aBUCUT OT pPOJAA BEUICCTBA W BHEIIHUX YCIOBHH (JaBICHUS,
TEMIEepaTypBhl).

B Ipunoxxennu B Tabmuiie 1 nmpuBeneHbl 3HAYSHHS TIOTHOCTH HEKOTOPBIX TBEPIBIX
TelL

Hanpumep: TUIOTHOCTD BOJIBI p =1000 % :

D10 03Havaet, macca 1M Boasl pasua 1000kr.

[110THOCTH TBEPABIX TEN HE3HAUYMTENHHO 3aBUCUT OT U3MEHEHHS BHEIIHHMX YCJIOBUMN
(maBieHHs], TEMIIEPATYPHI).

[T10THOCTB KUAKOCTEH MPAKTUICCKH HE 3aBUCUT OT U3MCHCHMS TaBJICHUSI, HO 3aBUCUT
OT W3MEHEHHUs TeMITepaTyphl. YBEIMUCHHUE TEMIIEpaTyphl MPUBOIUT K YBEIUYCHUIO 00beMa
KHUIAKOCTEH MPU HEM3MEHHOM Macce, TO TUIOTHOCTh KUJIKOCTH YMECHBIIIACTCS.

[110THOCTH Ta30B B OONBIIMHCTBE MPOIECCOB 3HAYUTEIHHO 3aBUCUT OT M3MEHECHHS
JaBJICHUS U TEMIIEPATYPHI.

[InoTHOCTH TBEpPAOro Tejla MOXKHO BBIUUCIUTH N0 (popmyne (1.1), ecnmu U3BECTHBI
3HAUYECHHUS €ro macchl U obbema. Macca Tena ompenensiercs B3pemmBaeM. OObeM Tena
MPaBUJILHON TEOMETPUUECKOW (OPMBI OMPENEAETCS U3MEPEHHEM €ro JUIMHBI, IIUPUHBI,
BBICOTBI. OO0BbeM Tena HenmpaBWIbHOW (OpPMBI Ompenensercs OObBEMOM BBITECHEHHOMN
KUIKOCTH (HaIpuMep, BOJIbI) C MTOMOIIbIO U3MEPUTEIBHOTO IIMIIUHJIpA (MEH3YPKH).

2 QOO6opynoBanue
2.1 Bechl TeXHUYECKHE C pa3HOBECAMHU.

2.2 lllTaHreHIUPKYIIb.
2.3 Teno npaBUIBLHON T€OMETPUUYECKON (POPMBI.



3 DKcnepuMeHTAJIbLHAS YACTh

3.1 H3meputTh mMaccy HCCIEIyeMOTO Tejla C MOMOIIBI0 y4eOHBIX BECOB ¢ TOYHOCTHIO JI0
0.lr  (10mr). Ilpm B3BemIMBaHMH  HEOOXOJAMMO COOJIIOJIAs TIPaBHJIa B3BEIIUBAHUS,
MIPUBEICHHBIC HIXKE.

e [lepen B3BemmMBAHHUEM HEOOXOIUMO YOEIHMTHCS, YTO BEChl ypaBHOBENICHBI. [Ipu
HEOOXOIUMOCTH JUIsl YCTAHOBJICHUSI paBHOBECHs Ha 0oJiee JIETKYH YalllKy CIeayeT
MOJIOKUTH BCIIOMOTATENIbHBIA MaTepua (MOJIOCKH OymMaru, KapToHa | T.I1.).

e B3pemmBaeMoe TeJI0 OMECTUTH Ha JIEBYIO YaIlIKy BECOB, a THPH — Ha MPABYIO.

e Bo u30exxaHue Mopyu BECOB B3BEIIMBAEMOE TEJIO U TMPHU HY>KHO OMYCKAaTh HA YaIIKH
OCTOPOXKHO, HE POHSIS X JIaXKe ¢ HEOOJIBIIIONM BBICOTHI.

e Henp3s B3BemmBarTh Tenma Oojiee TsOKENbIe, YeM yKa3aHHAs Ha Becax NpeneibHas
Harpys3ka.

e Mernkue rupu OpaTh TOJBKO MUHIIETOM.

e [lo/I0)KMB B3BEHIMBAEMOE TEJIO HA JIEBYIO YalKy, Ha MPaBYI CIEIYET MOMECTUTH
TUpIO, UMEIOUIYI0 MacCy HEMHOI'O OOJIBLIYIO, YEM Macca B3BEIIMBAEMOro Teja (MOA0UParOT
Ha IJ1a3 ¢ MOCJEeAYIONIeH TPOBEPKOH).

e Eciu rups nepeTsHeT yallKy, TO €e He0OXO0AUMO MOCTaBUTh OOPATHO B PyTIIsAp, €Ciiu
K€ HET - OCTABUTh Ha YaIlIKE. 3aTEM TO K€ CaMO€ MPOJIENIaTh CO CIAEAYIOIIEH TUPEl MEHbIIEH
Macchl " T.1., IOKa He 0yIeT JOCTUTHYTO PaBHOBECHE.

e YPpaBHOBECHB TeJIO, MOJCYUTATH OOIIYI0 MacCy TUpb, JISKAIINX Ha YalllKe BECOB.

e [lepenectu rupu c 4aiiky BeCOB B QyTsip.

e [IpoBeputh, BCE JIU TUPU MOJIOKEHBI B (DYTISp, HAXOAUTCA JIM KaXKJIas W3 HUX Ha
MpEIHA3HAYEHHOM JJIsl HEE MECTE.

3.2  PesynbTaThl U3MEPEHUS MAcChl 3aHECTH B Tabuiry 3.1:
1) sammcaTh 3HAYEHHWE MacChl TpaMMax MW MWLIMrpaMmax  (NEpBUYHBIC JaHHBIC,
MOJIyYeHHBIEC HETIOCPEICTBEHHO C TTIOMOIIBIO BECOB),
2) BBIPA3UTh M 3alKCAaTh 3HAYCHHE MACChl B IpaMMax,
3) BBIpa3UTh U 3aMUcaTh 3HAYEHUE MacChl kuorpammax (cucrema CH):
[Ipumep: M=...r...Mr =....r=....-10 3 kr.
= Pexomenodyem npu nepegooe epammos 8 KUio2pammul UCNOIb3068AMb NOKA3AMENb
cmenenu 10 3,
(T.x. 1xr = 1000r, cnenoBarensHo, 1r=0,001xr = 1- 10 ~3 kr)

3.3 UM3yuuTh onucaHue yCTpONCTBA IITAHTCHIUPKYJIS U IPUEMbI U3MEPEHUSI.

e IllTaHreHUMpPKYJIb — 3TO HHCTPYMEHT ISl M3MEPEHHUS] W PA3METKH BHEIIHUX W
BHYTpPEHHUX pa3MepoB. LIITaHreHIupKyJb MO3BOJIET H3MEPUTH pa3Mep Teja C TOYHOCTHIO
710 IE€CSITBIX WM COTBIX J0JIeH MIJIJTUMETPA B 3aBUCUMOCTHU OT TUIA IUTAHTCHIIUPKYJIS: [IeHa
JIEJNICHUS] IITAHTEHIUPKYJIA MOXeT ObITh paznuunoi: 0,1mMm unu 0,05mMm u zip.

e B nanHoil nabopatopHOi pabOTe MCMOJIB3YETCS IMITAHTCHIMPKYJb, Y KOTOPOro IieHa
nenenud pasHa 0,1Mm.

e IllTaHreHUMpKyJIb (CM. PUCYHOK 1) COCTOMT W3 CTaJbHOW JMHEWKu (mTaHru) 1 c
HAaHECEHHbIMM Ha HeW MWUIMMETpoBbIMU  JeneHusimu. llltanra 3akaHumBaercs



U3MEpPUTETbHBIMU TYOKaMu 2 U 9, pacnoyioxKeHHBIMHU K HEeHl o npsaMbIM yriioM. Ha mtanry
HaJieTa paMKa CO BTOPBIMU HM3MEpUTENbHBIMU TyOkamu 3 u 8. Pamka mepenBuraercs 1mo
IITAHIE U MOXET 3aKpEIUISIThCA Ha Hel B JIIOOOM MecTe BUHTOM 4. Ha HuXKHEW CKOIIEHHOM
YacTM paMKd UMeeTcs IKaja 6 C JeJeHusIMH, Has3biBaemass HoHuycoMm. llpwu
CONpUKACAIOMMUXCsl TyOKax IITAaHTCHLUHUPKYJS HYJIEBbIE JEJIEHUs IUTaHTM | M I[IKaJbl
HOHHUYca 6 COBIAAAOT.

e [Ipu u3zMepeHun npeaMer HEOOXOIMMO CIIErKa 3a)KaTh I'yOKaMH IITaHT€HIUPKYJIS,
PaMKy C HOHMYCOM 3aKpEMHTh Ha IIKAJIE BUHTOM 4.

e UroObl M3MEpPUTH pa3Mep Tella C TOYHOCTHIO 10 JECATHIX JOJeH MUIIMMETpa
HEO0OXOJAUMO ONPEIETUTh:
=  LeJ0€ YUCIIO MUJUIUMETPOB.
[lenoe 4KCiIO MUJIJTUMETPOB OTCUMTHIBAIOT 1O JIMHEMKE IITAHTH (BEPXHSS MUJLTUMETPOBAs
IIKaJIa) 10 HYJICBOro JeJCHHs HOHMYca (pUCYHOK 23, 2D)
=> UHCJIO JAECATBHIX J0JIEM MUIMMETpA.
Jlnst onpeneneHusi 4ucia JECATHIX JO0Jed MILIMMETpa HEOOXOAMMO Ha IIKajie HOHUYCa
(HOKHSIS JIMHEWKAa) HaWTU JIeJIEHHWEe, KOTOPOE€ TOYHO COBMAAAET C KAKUM-IUOO JEIeHUEM
JMHEWKY ITaHTU (BepXHsis nuHelka). Kaxoe nenenue Honuyca cootBeTctByet 0, 1 mm.

Ha pucynke 3a, 3b mnpuBeAcHBI TpUMEpHl ONpEICICHHS] YUCIa JECSTHIX OJeH

MUWJIJTUMETPA.

3.4 V3MepuTh QIMHY, IIMPHUHY, TOIMIMHY Teja MITAHTEHIMPKYIEM ¢ TOYHOCTBIO jio 0,1
MM.
3.5 Pe3ynbTaThl U3MEPEHUS IUIMHBI, INMPHHBL, TOJIMIMHBI TEJa 3aHECTH B TaOuUIy 1:

1) 3anucarh 3HAYEHNE MUIUIMMETPAX: LEIbIE M JAECATHIE JOJH MUUIMMETPa ([EPBHYHbIE
JIaHHBIE, OIYYEHHBIE HEOCPEICTBEHHO C ITIOMOLIBIO IITAHTEHIMPKYJIS),

2) BBIPA3UTh M 3alMCaTh 3HAYECHME JUIMHBL, IIMPUHBI, TONIMHEL B METpax  (cucTeMa
CN):

[lpumep: a=....,...MM = ....,....-1073m

= Pexomenoyem npu nepesooe MULIUMEmMpPOos 6 Mempbl UCNOIb3068AMb NOKA3AMENb
cmenenu 10 ~3.
(T.x. 1M = 1000MM™, cnenoBarenbHo, IMm=0,00lm=1-10"3m)
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| — mrranra
2,3,8,9 — u3aMepuTeIbHbIE IyOKH

4 — 32)KUMHBIA BUHT
5 — rirybuHOMEp

6 — HOHUYC

7 — pamKka

Pucynoxk 1-O0muii BUI IITAHTEHIIUPKY JIsl
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@ =24 MM
Hynes HOHMYCa TOYHO COBIIAZAET
C JIeJIeHHEeM MUJIJIUMETPOBOM
IIKAJIBI

Pucynoxk 26
Pucynox 2 a,6 — Cxema, HmosCHSIOIIAs OIpeNeNIeHHe LENOoW YacTH

3Ha4YCHUA JJIMHBI



L{esi0e 9MCII0 MUJUTUMETPOB (24 MM)

sl

7 N\

4

il

6 78 9
10

3
I
BER
12 34
0 )

b l )
ST

H3mepsieMbld pa3mep:

24.0 MM uIIH

24,00 MM
HyneBoe neneHue TOYHO COBIALaeT -
C JeJeHUeM MWUIMMETPOBOH ILIKAIIEI,
IIO3TOMY YMCIIO JECATHIX (COTHIX)
Jl0JIe¥ MUJITTUMETpa PaBHO HYIIIO

PucyHnox 3a

Lenoe 4ucno MWITUMETPOB (24 MM)

s,

I/ N
E) 1 ) 3 4 5
b sl bl |
R
012 34; 6 78 910

JecsTrie (coThle)

JIOJIM MUJIIIUMETpa
Ecnu nena nenenus 0,1 MM,

TO KOJIMYECTBO aecaThIx nojei: 3:0,1 mm = 0,3 MM

¥ U3MEpPsIEMBIN pa3Mep: €=24,3 Mm
Ecnu uena nenenus 0,05 mMm,

. 3-e meneHue

TOYHO COBNajaeT
C JIeJIEeHHEM
MHUJUIMMETPOBOH
LLIKaJIBI

TO KOJIM4eCTBO coThIX moei: 3:0,05 mm = 0,15 MM

U U3MEpsiEMBIN pa3Mep: €=24,15 MM

(Heob6xoauMOo yKa3pIBaTh ABE LUGPHI TOCIE 3asATOMH,

B TOM YMCJIE U HOJIb!)

Pucynok 36
Pucynok 3a,6 — Cxema, MOsICHAIOILAs OIpelesieHHe OpOOHOW 4YacTu

3HA4YCHHUSA OJIMHBI
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4 O0paboTKa IKCMEPUMEHTATBHBIX JAHHBIX

4.1 Beraucauth 00beM Tena mo Gopmyie:
V=a-b-c

rae

a - JUIMHA, MM;

b - mmpuna, mm;

¢ - TOJIIINHA, MM.
=  Pexomendyem ¢ pezynomame ucnonvzosams noxazamenv cmenenu 10 ° a samem
nepeosunymo 3ansamyio u ucnoib3oeams nokazamens cmeneny 10 5,

4.2  Bpraucauth IWIOTHOCTH Tena 1o ¢opmyse (1.1):

m

P=V

e
M - Macca Tena, KT;
V - 06wem Tena, M ;
P - INIOTHOCTB TeJIa, KI/M°,

HOI[CTaBI/ITB 3HAYCHUS BEJIMYMH Macckl M U o0beMa V  c UX CANMHUIIaMH

HU3MEPECHUM.
3HayeHUsI HE OKPYIJATh (OKPYIJICHHE CJlIeNIaTh TOJBKO B OKOHYATEIbHOW 3aricHu

pe3ynbTara)

4.3  Pe3ynbTaThl BCeX U3MEPEHUN U BBIYMCICHUN 3aHeCTH B Tabmuiy 3.1.



5 BbluncieHHe OTHOCUTEILHON U a0COTIOTHOM MOTPEIIHOCTH

5.1 OOmue ¢popmyJibl

e [Ipm Bcex U3BMEPECHHMSIX U3-32 HECOBEPIICHCTBA HM3MEPHUTEIBHBIX MPUOOPOB
NoJTy4JaroTcs MpUOSMKEHHbIe pe3ynbTaThl. ClieoBaTelbHO, PE3ylbTaThl H3MEpPEHUS
cojepKaT HEKOTOpBIE IMOTPeHTHOCTH. UYUTOOBI OICHUTH  IMOTPEIIHOCTh  pe3yibTaTta,
MOJIB3YFOTCS CIICIYIOITUMU YIIPOIIICHHBIMA METOAaMHU BBIYMCIICHUS ITOTPEITHOCTH.

e Ecmu Nj, Nz Ns ... Ny - pe3yabTaTbl OTIEIbHBIX M3MEPEHHM BEIMYMHBI X, TO
CPEAHUM PE3yIbTAT PABEH UX CYMME, IEJIEHHOM HA YUCJIO0 N3MEPEHUM:

N, + N, +N;+...+ N,

n
e Pa3HOCTb MEXIy pPe3yJbTaTOM OTAEIBHOIO M3MEPEHUS U CPEIHUM pPe3yJbTaTOM,
B3SATYIO [0 MOJYJIIO, Ha3bIBAIOT aOCOIIOTHOM MOTPEIIHOCTHIO OTACIBHOIO U3MEPECHHUS:
AN; = | Ni— N |
e CpenHss aOCONIOTHAS NOTPEIIHOCTD ONPEIEAETCS aHAJTOTHYHO CPEHEMY PE3YIIbTATY

AN; + AN, + AN; +...+ AN,
AN = n

Nep =

e OrtHocuTenbHAsE MOTPEIIHOCTh pPaBHA  OTHOLIEHWIO  CpelHEd  aOCOJIIOTHOM
ITOIPEIIHOCTH U3MEPSEMON BEIUUUHBI K CPEAHEMY PE3YIbTATY:

5_ AN,
N

cp
B nmanHOl paboTe OTHOCHTENIbHAs TMOTPEIIHOCTh ONpENeTeHUsl IJIOTHOCTH paBHA
OTHOILEHUIO CpeqHEeW aOCONIOTHON MOTPEIIHOCTH IUIOTHOCTU K CPEIHEMY 3HAYECHHIO
IJIOTHOCTH:

= —Apcp
P, cp

o (5.1)

e OKOHUATENBHBIN pe3ysbTaT 3aMuchIBacTCA B popMme:
Scp = ... %



e Eciu 1poBoANUTCS TOJABKO OJIMH OUBIT, TO 32 A0COAIOTHYIO MOTPENIHOCTh NPUHUMAIOT
HOTPEIIHOCTh MPUOOPOB: B JAaHHOW padOTe - 3TO MOTPEUIHOCTH IITAHTCHIIMPKYIIS U
BECOB.

B TakoM cioywae cCHadajga pacCUMTHIBAIOT OTHOCUTENBHYIO IOTPEIIHOCTh C

MCIIOJIb30BAaHUEM TOTPEIIHOCTH MPHOOPOB: OTHOCHUTENbHAS MOTPEIIHOCTh O OMpEIesICHUs
IUIOTHOCTH BEILIECTBA PAaBHA CyMME OTHOCHUTEJIBbHBIX IOIPEUIHOCTEH ONpPENEIeHUs MAaccChl,

JUIMHBI, ITUPHUHBI K TOJIIMHBI T€JIa, OIpeaesIeMbIX dKcrepumeHTansHo (5.2):
Am AV . Am Aa Ab Ac

6= —+—=—+—+—+—, (5.2)
m V m a b c
a 3aTEM PACCUYMTHIBAIOT a0COIOTHYIO IOTPEIIHOCTE U3 GopmyJisr (5.1):
Ap=6p (5.3)

5.2 BblunciieHue OTHOCHTEILHOM MOrpemHoOCTN

BbIauciuTh OTHOCUTETBHYIO TIOTPEIIHOCTh OMPESICHUS TJIOTHOCTH TI0 (hopmyJie

(5.2):
Am AV Am  Aa  Ab Ao
b= —+—="+—+—+4+—, (5.2)
m v m a b c
rie O - OTHOCUTENbHAS MOTPEIIHOCTh ONpeeTeHUs MIOTHOCTU (0e3 %!);
Aa, Aé, AC - IOTPEMIHOCTH IITAaHTCHIUPKYJIS Aa=Ab=Ac=0,1"103wm;
Am - TIOTPENIHOCTh BECOB: Am =0,1- 103 kr;
M - Macca Tena, Kr;
a - INIMHA TeNa, M;
b - mupuHa Tena, m;
¢ - TOJIIMHA TETa, M.
Buaumanue!
1. B otuete 0 mabopaTopHOil paboTe Ha/l0 HAMKUCATh 3HAYEHUE KaXI0U Ipodu B Gopmyiie

(5.2).
2. 3HayeHHe OTHOCUTENIbHOM MOTPEITHOCTH O OMpeIesieH s 3HAYSHHSI TNIOTHOCTH JIOJKHO
ObITh MeHblle 1 ( mm mensine 100 %).

Bripa3uTh 3HaUYeHHME OTHOCHUTEIIBHOM IIOTPEIIHOCTH B IMPOIEHTAX M 3amucaTh B
tabauy 3.1.

5.3 BpbluuciaeHue a0COTOTHONH MOTrPeNIHOCTH
Bbrancnuts abCoOTHYIO IorpetHocTh Ap 1o dpopmyie (5.3):

Ap=0dp (5.3)
rae Ap - aOCONOTHAs IMOrPENIHOCTh, KI/M3;
P - BBIYUCJIECHHOE 3HAYEHME IUIOTHOCTH, KI/MS;
0 - OTHOcWUTENbHas MOrpeurHocTh (0e3 %!).

Buumanue! B pacuemax aodconrommuoii nocpewinocmu no gopmyie (5.3) 3nauenue
OMHOCUMENIbHOU ROZPEUHOCMU O, paccuumannoe no popmyne (5.2) neavsa

opamv_ e %



6 3anuch MOJy4YeHHBIX pe3yJbTaTOB

[TomyuenHble pe3ynbTaThl — 3HAYCHHE IUIOTHOCTH C aOCOJIOTHOW IMOTPEIIHOCTHIO,
SAVMHUIIAMU W3MEPEHHUS] M OTHOCUTEIHLHOW TMOTPENIHOCTHI0, a TaKKEe TaOJIMYHOE 3HAYCHUE
3amucaTh CJIEIYIOIIMM 00pa3oM:

P=( poxen TAp )K_i
M

= ... %
K2
A P ma6n — —3
Toscnenus k gpopme
3anucu pe3yibmamos:
— K2
p= (' ...... + < ~,
_________ 5= ...... % e
- _-v -
3anucamso - K2 ~<_
- - pma6a = s s s 3
noJjiy4eHnoe - p 3anucamsop
3HA4YeHue Re -7 e NOJYy4€eHHOEe
njiomrocmu /// e 3HAUYeHUue
7/
’ e abconomHoti

4
4
4
.

nozpewnocmu Ap

3anucamo 3anucame mabauuHoe
NOJIYYeHHOe 3HaueHue NJI0MHOCMU
3HaueHue (U3 cnpagoyHuka uiu
OMHOCUMENILHOU mabauysl 1lIpunoscenus)
nozpeuHocmu

[Iprmeuanusi.

* B OKOHYaTeNnbHOHN 3amucu pPe3yJbTaTOB 3HAYEHHUS IUIOTHOCTU U €€ aOCONIOTHOM
MOTPEIIHOCTU AP OKPYIJIUTh J0 LEJbIX 3HAYCHUM (UK JI0 TECITHIX JOJICH ).

» KoinyecTBO 3HAKOB IOCNIE 3alATOM B 3HAUEHUSAX P U AP - JOIKHO OBITh
OJIMHAKOBBIM.

* 3Ha4YeHUE OTHOCUTEJbHOM MOrPEIIHOCTH BBIPA3UTh B NPOLEHTAX U OKPYIJIUTH 0
JECATHIX J0JIeH MIPOIICHTA).

* Bemucate U3 Ta0dMI] B CPaBOYHUKAX WUiu B lIpuiiokeHUM 3HaUYE€HHE TUIOTHOCTH
(«TabIuyHOE» 3HAYCHHE) - P muga-

» He 3a0ynpTe 3anucaTh CAMHUIIBI U3MEPEHUN P, AP, P macn !




/ Kak HanmmcaTb BBIBO/ O IIPO/eJIaHHOI padoTe

Cnenatb BBIBOJI C UCMIOJIb30BAHUEM peKOMEHJanuii B Tadbnuie /.1.

IlomHume: Bv1600 — omo «omeemy» na yenv pabomot !
Ilooymaiime, oocmuenyma yenv pabomol?
Tabmuna 7.1
n/n YT10 10:KHO Kak »To HanucaTth
OLITH B BLIBOJIE
1. Yrto cpenaHo B HanumwuTre, 4T0 KOHKPETHO ClieslaHo B padoTe.
pabote PexomenmyeTcst HaUMHATH CO CJIOB, HAIPUMED:

B manHoit pa6orte......
(Urto cnenano? IlpouuTaiite emie pas 1ejib paboThI )

2. Kak cnenano Kpatkoe onmcanuu s3KkcriepuMeHTa:

" Kakue KOHKPETHO BEJIMYUHBI OMPE/ICTICHBI C
MOMOIIbIO KaKUX MPUOOPOB,

" KaKue BEJIMYUHBI (B TOM YHUCIIE MOTPEITHOCTH)
paccuuTanbl 1o Gpopmyiam (HopmMyJibl
NepenuchBaTh HE HAJIO!)

3. Yro nosrydueno 3anuimmre pe3ysbTatr (MOJy4eHHbIE BETUYUHBI, UX
TIOTPENTHOCTH — ¢ eIMHULIAMH M3MepPeHuid)

4, Ananus 2. IIpoananu3upynTe NOJIy4EHHBIN pE3yIbTaT.
pe3ynbTaTa J1J1s1 3TOTO CpaBHUTE SKCIIEPUMEHTAIILHOE 3HAUECHUE
IUIOTHOCTHU Poxen  C TAOTUYHBIM 3HAYCHUEM Piasr

U JlaliTe CBOIO OIICHKY MOJyYEHHBIM PE3yJIbTaTaM.
Hamnpumep:

...3HAYeHUs] CO2NaACYIOMCs XOPOulo,

(unu y0081emeopumenbHo, Uiu He CO2NACYIOMCsL).

3. Hanmmwure, B yeM puynHa pacXxoKICHUM
IKCIIEPUMEHTAJIBLHOTO 3HAUEHUS (TIOTYYSHHOTO B
JAaHHOM paboTe) U TabJIUYHOTO.




8 KoHTposabHbIe BOIPOCHI

OTBeTUTH Ha KOHTPOJLHBIE BOTIPOCHI.

Baumanmue!

= [lepenucaTh BOIPOCHI U YCIOBUE 33J1a4 CBOETO BapHaHTA.

» B rabmumax [Ipunoxenus npuBeacHBI HEOOXOAUMBIC CIIPABOYHBIC MATEPHAIIHI.

Bapuanr 1
1.1  OOBSACHUTH, YTO MPOU3OUIET C BeCaMM, €CJIU Ha OJIHY YaIlKy 3TUX BECOB IOJIOKUThH
KYyCOK aJIFOMUHUS, @ Ha APYTYIO - KyCOK cTajgu? OO0beMbl ’TUX KYCKOB OJIMHAKOBBHI.
1.2  Haiitu B Tabnune 1 Ilpuioxenust BemecTBo (TBEPAOE) C HAMOOJbIIEH MJIOTHOCTBIO,
3anucaTh Ha3BaHWE 3TOTO BEIIECTBA M 3HAYEHHUE €ro IIOTHOCTU. Ompenenure Maccy 3TOTro
BEILECTBA, €CIIH €ro 00beM paBeH 1 M. 3amucarh NOIHBIA OTBET.
1.3 OnpenenuTh Maccy BOJBI (3amucaTh HEOOXOAUMBbIE (OPMYIIBI JIJIsi PACUETOB, IMOJCTABUTh
3HAYCHUS C SIMHUIIAMY M3MEPEHUH, CJIeaTh BEIYMCICHUS U 3aII0JHUTH TAOJIHILY):

Macca Boabl

r KT

O0OBEM BOJIBI

1 v
1 M3

1.4 * JlonmonHUTENbHAS 3a7]a4a HA MOBBIIICHHYIO OLICHKY.
OnpenenuTts Maccy MEHOTO UMIIUHAPA, TuamMeTp Kotoporo 10mm, a BeicoTa 30MM.

Bapuant 2
2.1 Yro MOXHO cka3zaTb 00 00beMax ABYX KYCKOB - U3 CTAJd U ATFOMUHHS, UMEIOLIUX
OJIMHAKOBYIO Maccy. OTBET 0OOCHOBATH.
2.2 Onpenenuts Maccy BOJIBI (3amucaTh HEOOXOAUMbIE (OPMYIIBI IJIsi PACUeTOB, MOJACTABUTH
3HAYCHUS C CIMHUIIAMH U3MEPEHHH, CJICNIaTh BEIYMCICHUS M 3alIOJHUTH TAOJHILY):

Macca BoabI

O0BEM BOOBI

1 cm®
1 M2

2.3 Haiitu B Tabnume 1 [lpunoskeHus TBepAO€ BEHIECTBO C HAMMEHBIIEH IIOTHOCTHIO,
3anycaTh Ha3BaHMWE ITOrO BEIECTBA M 3HAUYEHUE €ro IIOTHOCTU. OmpenenuTsh Maccy 3TOro
BELIECTBA, €CIIK ero 00beM paBeH 1 M3, 3amucars MONHEINA OTBET.

2.4 * JlonoaHUTeNbHAs 3aJja4a Ha MOBBIIICHHYIO OLICHKY.

Onpenenuth 006beM MEIHOTO KyOa, Macca KOTOporo paBHa 10kr.

Bapuanr 3
3.1 Hamucatp, yeMy paBHa INIOTHOCTH MeU. UTO 3TO 03HA4aeT?
3.2 Haiitu B Tabmuue 1 IlpuiokeHus IUIOTHOCTH PTYTH, 3alucaTh 3TO 3HAYCHHUE.
OnpenennTe Maccy pTyTH, eclii ee 00beM paseH 1 M°. 3anucaTh MOJIHBIA OTBET.
3.3 Onpenenutb Maccy BOJIbI (3amucarh HEOOXOAUMBbIE (DOPMYJIBI 1JI1 pACYETOB, MOJICTABUTD

1



3HAYCHUS ¢ eIMHUIIAMH U3MEPEHUH, ClIeaTh BEIYMCICHUS U 3alI0JHUTH TA0JIHILY):
Macca BoabI
r KT

O0BEM BOBI

I n
1 M2

3.4 * JlononHuTeNbHAS 33/1a4a Ha NOBBILICHHYIO OLICHKY.
YKese3Hblii cTepKEHb JUIMHHON 2M U IUIOMIAIBI0 MONEPEYHOTO CeUeH st 4CM? UMEET Maccy
6,28kr. OnpenenuTs MIOTHOCTD JKEJE3a.

Bapuant 4
4.1 Kak paccuMTarh IUIOTHOCTh TBEPABIX TeJ? 3aBUCHUT JIA IUIOTHOCTh TBEPABIX TEI OT
BHEILIHUX YCJIOBUI?
4.2 Haiitu B Tabmuue 1 IlpunokeHus IJIOTHOCTh CBHHIA, 3alKcaTh 3TO 3HAUYCHHUE.
Omnpezenure MacCy CBHHIIA, €CJIM €10 00beM paBeH 1 M>. 3amucarh OJHBIH OTBET.
4.3 Onpenenutb Maccy BOAbI (3amucaTh HEOOXOAUMbIE (DOPMYIIBI Ui paCYETOB, IIOJICTAaBUTh
3HAa4YEHUsl C €MHUIIAMU U3MEPEHUH, ClieJaTh BBIYMCICHUS U 3aII0JHUTH Ta0JINILY):

Macca Boapl

r KT

O0BEM BOMBI

21
1 M2

44 * HOHOHHHTGHBH&H 3aJa4a Ha ITOBBINICHHYIO OIICHKY.
KakoBa macca cTaibHOTO mapa, 1MaMCcTp KOTOpPOro paBCH 30MMm.



9 TpeOoBaHusi K coAepKAHNIO 0TUYETA 0 J1a0OPATOPHOI padoTe

OTuer 0 1abopaTopHOil paboTe TOIKEH COJEPKATh CIEAYIOIINE Pa3eIibl:
TUTyJIBHBIN JIUCT

Ha3Banue paOoThI.

[lenb paGoOTHI.

Teopernyeckas 4acTh.

DKcIepUMEeHTalIbHAS YacTh - Ta0MIa pe3ybTaToB (Tabmuma 3.1)
O06paboTKa IKCTIIEPUMEHTANIbHBIX JAHHBIX (BBIYHUCIECHUE TIJIOTHOCTH).
Pacuer oTHOCHTEIHLHOM U a0COIFOTHON MOTPEUTHOCTH.

3amuchk pe3ynbTatoB (Kak npaBmibsHO opopMuth pe3ynbraThli? CM. MyHKT 6)
Beieon (Kak Hanucars BeiBOA? CM. yHKT 7, Tadmuiry 7.1)

0. OtBeTbl HAa KOHTPOJIBHBIE BOIIPOCHI.

RHOoo~NOoOR~WNE



Ipuioxenue

Taoauna 1
I110THOCTH HEKOTOPBHIX BEllECTB
Ps P>
BemecTBO 10° % . CM% BemecTBo 103 % . CM%
Tsepabie Bemectsa (mpu 293 K)

AmroMuHuA 2,7 O10BO 7,3
bepesa (cyxas) 0,7 [Tapadun 0,9
beron 2,2 ITecok (cyxoit) 15
['panut 2,6 [Imatuna 21,5
Jly6 (cyxoii) 0,8 [TpobOxka 0,24
Exb (cyxas) 0,6 CBuHel 11,3
XKeneso, cTanb 7,8 Cepebpo 10,5
30110TO 19,3 CocHa (cyxas) 0,4
Kuprima 1,6 CTeKII0 OKOHHOE 2,5
JlaTyHb 8,5 dapdop 2,3
Jen 0,9 [uuk 7,1
Menb 8,9 UyryH 7,0
Mpamop 2,7 SnTapp 11
Huxkenb 8,9 D00HUT 1,2

Kuakocrn

bensun 0,71 Hedrs 0,8
Boma 10 P e 159
Bona Mmopckas 1,03 PtyTh 13,6
Kepocun 0,8 Cepnas Kuciora 1,8
TMpzf{JZ((i)OpMaTOpHOG 22-25 Crnpt 0.8
MoJoko 1,03 Ddup 0,71




Taswl (npu 273 K u napnenuu 1,013 - 103 ITa)

Bozmyx 0,00129 ennit 0,00018

Bonopon 0,00009 Heon 0,00090

[Ipomnan 0,002 VTIIeKHUCIIBIN Ta3 0,00198
Taoauna 2

Muosxutenn u npucrasgku CU
1J1s1 00pa30BaHusl AeCATUYHBIX U 10JbHBIX €IUHUII

Muo:xureab | [IpucraBka Oobo3HaueHnune Muo:xutear | IlpucraBka Oo6o3HaueHnne
NMPpUCTAaBKHA NMPpUCTAaBKHA

1018 IKCa C) 10 nenu b

105 nera I1 102 CaHTH C

1012 Tepa T 103 MUJLIH M

10° rura r 10 MHKPO MK

106 Mera M 10°° HAHO H

103 KHUJIO K 1012 IMKO I

10? IE€KTO r 101 demTo )

10! neKa na 10718 aTTo a

Taoauna 3

CooTHOIIEHUSA MEKAY HCKOTOPbIMH €IMHUIIAMHA

Enunaunier oobema
1 1=1am° 1 1=0,001 »> =1-10 33
1 M= 1000 i 1 1=0,001 M =1-10 33

EamHauner Mmaccel
1 r =1000 mr 1mr=0,001r=1-10"3r=1-10 ®kr
I kr =1000r 1 Mr=0,001r=1-103r
1 kr =1000 r=1000000mMr | 1 r=0,001 kr =1- 10 "3 kr
I T =1000 kr



Teso0
KyO

map

MUJINHOP

(I)OpMyJIl)I AJIF BBIYUCJICHUA 00HLeMOB HEKOTOPbLIX TEJI

dopmysia Oo6o3HaueHust

V=a?, a — CTOpPOHa Ky0a

V= g-rr-R3, R - paguyc mapa

V=>5-h, h - BeICOTA ITMITMHApA,

S — - R2 S — nnomaasL OCHOBAHHA
(omaab Kpyra)

Tao6auua 4



A sy P e e 400 o v, o bminm

Nab6opaTtopHas paboTa

 Tposepka 3aKkoHa COXpaHeHns sHeprun
npu OeACTBUN CUM TAXECTU U YNPYrocTu

e T T et

P

B Uenb paboTbli: M3MEPUTH MAKCUMATBHYIO CKODOCTD TeJIA, Kose6rionie-
rocs Ha OPY>XHHe, C UCTIOJIb30BAaHHEM 3aKOHA COXPAaHEHUT DOHEPriH.

L] Oﬁopyp.oaauue, cpeacTsa u3mepenus: 1) tnHamMomerp, 2) mTaTUB Ja-
GopaTopHbIi, 3) rpy3 Maccoi 100 r — 2 wt., 4) 1MHEeKa U3MepHuTeJbHad,

5) KyCOUeK MATKOM TKaHU UJIH BOMJIOKA.

B Teopetuueckoe o60cHoBaHueE .5
CxeMa KCIePUMEHTAJbHOM yCTAaHOBKY [IPUBE/leHa Ha PUCYHKE j I8
IIuHAMOMETD YKPEIlJIeH BEPTUKAIBHO B JIalIKe IITATHBA. Ha miraTus no-

MEIIaloT KYCOUeK MATKON TKAaHU KU Boitsioka. IIpu mogBemIMBaHUU K JH-

HaMOMETDPY TPY30B pacTsKeHue IPYKHUHbI OIUHaAMOMeTpa ompejessercs

IOJIOXKeHMeM yKaszaress. IIpu aToM MakCUMalbHOE YAJTHUHEHNE (1M craTH-

yecKoe CMeIeHHe) IPY>KUHBI X, BOBHUKAET TOrja, KOTAa Cuja yIpyrocTH

IIPY?KHMHBI C )KECTKOCTHIO B yPaBHOBEIIUBAET CIIY TAXECTH rpy3a Maccoi m:

L -

rae g = 9,81 EN% — ycropeHue cBOGOTHOrO MafeHus.
CnenmoBaTesibHO,
m : ' i '
sy B, | @

CraTuyecKoe CMellleHle XapaKTepu3yeT HOBOe MI0JI0’KeHUe PAaBHOBECUS
O’ HU)KHEro KOHIIA PYKUHBI (puC. 2).

. Puc. 1 -~ Puc. 2




B s

T —

Eciu rpy3 OTTAHYTH BHU3 Ha paccrosiHue A oT Toukn O’ M OTIIYyCTUTE B
Touke I, TO BO3HUKAIOT IepUOAUUecKUe Koebanus rpysa. B roukax I u 2,
Ha3bIBAEMBIX TOYKAMM IIOBOPOTa, I'Py3 OCTAHABJIUBAETCHA, M3MEHAA Ha-
IIpaBJIeHNE JBMKEHUSA Ha IPOTUBOIIOJI0XKHOe. I[03TOMY B 3THX TOUKAaX CKO-
pocTb rpysa v = 0.

MakcuMaIbHOM CKOPOCTBIO Uy, I'Py3 Oyaer obnazaTe B CpeaHe# TOU-

ke O’. Ha Kousebmmouuiics rpys AeMCTBYIOT ABe CHJIBI: IIOCTOAHHAA CHUJIa
TAXKECTH mg U TepeMeHHas cuia ynpyroctu kx. IloreHnuanbHas sHeprus
Teja B I'PABUTAIIMOHHOM II0JIe B NPOM3BOJIBHON TOYKE C KOODAMHATON X

paBHa mgx. [loreHuuansHasa sHeprusa AeOpMUPOBAHHOIO Tejaa COOTBET-

2

kx
CTBEHHO PaBHA - -

Ilpu sTOM 38 HYJb OTCYETA IOTEHUHUAJBLHON PHEPrUM AJs 00eMX CHJI
IpUHATA TOUKa X = 0, COOTBETCTBYIOLIAA ITOJOMKEHUIO YKa3aTeNsd A He-
PacTAHYTOM IPY>KUHBI.

ITonHas MexaHWYeCKas 3HePrus rpysa B IIPOM3BOJILHOM TOUKE CKJa-
IBIBAETCA U3 ero MOTEHIMAJbHON U KUHeTHUecKou suepruu. IIpenebperas
CUJIAMU TPEHMS, BOCIIOJb3yeMCA 3aKOHOM COXPAaHEHUA NOJHON MeXaHuye-
CKOI1 3HEepruu. '

IIpupaBHseM MOJTHYIO MEXaHUYECKYIO 9HEPIHIO rpy3a B TOUKe 2 ¢ KOOp-
puHaTON —(xy—A) 1 B Touke O’ ¢ KOOpAMHATOR —X:

kl=(x0~A))®  m-0? B(=%0)® | MUpw
mg [y~ A)] + T O gy Sk T (3)

2 2

PackpriBasg CKOOKM M IPOBOAS HECJIOXKHBIE IIpeo0pasoBaHUsA, MPUBEIEM
dopmyay (3) k BUAY

2 2 ° =

vmn=AJ§. | (5)

MecTKOCTh IPY>KUHBEI MOXXHO HATH, U3MEPUB CTATUUECKOE CMEeIlleHUe X .
Kax caenyer ua opmysl (1),

p="8 : - (6)

Xo

CoOTBeTCTBEHHO

vaX=AJ%' . (7)

— —

—— $# - —-——




Teopusi. OcHOBHBIE oOnpeaeIeHus
Mexanuyeckasi JHepIrus

/Ot rpeu. energeia - neaTebHOCTD /

OHeprust - ckanspHas (Qu3MuecKas BEJIMYMHA, SBISIOLIASCS €IUHONM MEepol pasiuyHbIX (HOPM JABHIKEHMS
MaTEepHH U MEpPOii epexoa ABMKEHHUS MaTepUu U3 OAHUX (opM B apyrue.

Paznuuatror  cienyromue BHMIBI OHEPIUU: MeXaHM4YecKas (KMHETHYEeCKas, IOTEHLUaJIbHAs),
IpaBUTALMOHHAs, MIEKTPUUECKasi, aIepHas U Ap.

O003Ha4eHus OTAEIbHBIX BUAOB SHEPTUU MOTYT ObITh paznuunbiMu: W, E u np.

B cucteme CU enununa mu3mepeHus SHEpruu: Axkoyab [ x|

OHeprusi XxapakTepu3yeT CIIOCOOHOCTh CHCTeMBbI (Tej1a) coBepmiaTh padory.

Mepoii u3menenus sHepruu cucremsl Ten AW siBisiercs pabota A, coBepliaeMasi CUCTEMOMN Tell:

A=AW=W,-W; @
Mexannueckas JHEPIrus XapaKTCpU3yEeT MCXAHHUYCCKOC AIBHKCHHEC U B3aHMOI[eI>iCTBHﬂ TECII.

Tlonnas suepeusi mexaHuueckou cucmemvl pagHa CyMMe KUHEMU4ecKou U NOMmeHYUuaIbHOU dHepeuu
2MOU cCUCmembl.

1. Kunermueckas 3Heprusi

/Ot rpeu. Kinema — geuxenue /

Kunemuueckas snepzus —nepzus 0susicenus.

Kuneruueckass sHeprus — 3T0 Mepa (T.€. XapaKTePUCTHKA) MEXAaHMYECKOTO [BKIKEHHUS TeEla,
3aBUCSIIass OT CKOPOCTH €ro JIBHKeHMs (B 3aJaHHON MHEPIIHAIBLHON CHCTEME OTCUETA).
Kuneruueckas SHEPrus sABJISETCS CKAISIPHOM BEIMYUHOM, PAaBHOM MOJOBUHE IIPOU3BEAECHUS MACChl TEIa Ha
KBaJ[paT CKOPOCTH €T0 HMOCTYIAaTEILHOTO IBUIKEHHS

m- '1-72
Wy = T (2)

2. TloTreHmuaJbLHAs YJHEPrUs

/Ot nat. potentia - Bo3MokHOCTS /

Ilomenyuanvnan  dnepzusa -  IHepeusa e3aumoodeiicmeus men ( uIU uyacmei mena).
HOT@HIII/I&J'IBH&H OHEPIrusa OMNpPCACIIACTCA B3aMMHBIM ITOJOXKCHUEM TEI (HaHpI/IMep, IIOJIOKECHUEM TEJla
OTHOCUTEIIbHO TMOBEPXHOCTU 3€MIIM, PACTSKEHUEM NPYKUHBI U T.11.). [IoHsATHE MOTEHIMANBHON SHEPrUN
MOXXHO BBECTH IJI1 CHII, pa60Ta KOTOPBIX HE 3aBUCUT OT TPACKTOPHU ABHKXCHUSA TECJIa U OINPCACIIACTCA
TOJIBKO HAaYaJbHBIM M KOHEYHBIM MOJOKEHHsMH. Takue CHIIbI Ha3bIBAIOTCS KOHcepBaTuBHBIMHU. (Pabota
KOHCEPBATHBHBIX CHJI Ha 3aMKHYTOW TPAaeKTOPUH paBHA HYJ0). CBOHCTBOM KOHCEPBATHBHOCTH 00J1a/1aI0T,
HanpumMep: 1) cuia TSOKeCTH U 2) cuiia yIpyroctd.  JIJist 3TUX CHIJI MOXKHO BBECTH TOHSATHE TMOTCHIIUATBHOM
SHEPTUH.

2.1. JHeprus TeJsa, NOAHATOro Hax 3emuleit

Teno, MMOAHATOC HaI IMMOBECPXHOCTHIO 3emi Ha BBICOTY h, 06naz[aeT 3aracoM NOTEeHIHAJIbHOMH JHEPIruH.

W nom.= mgh (3)

[Ipyn mageHun Tena paboTy COBEPIIAOT CHJa TSHKECTH. JTa paboTa paBHA M3MEHEHUIO MOTEHIIMATBLHOMN
sHeprud B ABYX cOCTOSHUAX: A = AW =W ,om2 - W nom.1.  Ilpu s3mom nomenyuanvuas snepeus modxicem
nepeumu, Hanpumep, 6 KUHeMUYecKyro IHepeulo.
3HaYCHUE TMOTCHIUANBHOW »Hepruu Ha nmoBepxHocTd 3emin (Np=0) 0OBIYHO PUHUMAIOT, PABHBIM HYJIIO.
Toraa pabota cusl TsokecTH B 3ToM ciiydae A = AW =W ., = mgh.

2.2. JHeprusi 1eGOpMHPOBAHHOH NPYKUHBI



PactsiHyTas (Mm cxaTasi) mpy>KHHA CIIOCOOHA TPUBECTH B IBUKCHUE TIPUKPEITICHHOE K HEH TeIo, TO
€CTh COOOILIUTH 3TOMY TEITy KMHETHYEeCKyIo sHepruio. CiesoBaTenbHO, Takas MpyKUHA 00Ja1aeT 3amacom
sHepruu. [loTeHIManbHON SHEpPrueil ympyrou NMpyKUHbBI (WU JTHOOOTO ynpyro aeGOopMHUPOBAHHOTO TeEJa)
Ha3bIBaKOT BeJII/I‘-II/IHy:

k- x*
Winp. = 2 (4)

rae W ynp. - HOTEHIIMAIBHOM HEPIUsl yOpyroi npyxxuusbl, JIx;
K — ecTKOCTb MpYXHHBI, JIK/M?;
X — BenuuuHa faehopMariu (pacTsHKEHUS WK CKATHS), M.
Ilomenyuanvuan Inepeus ynpyzou npysucunsl - 3Hepeusn e3aumooeicmeusn (wacmei mena).
[Ipu BO3BpallleHUH MPYKUHBI B UCXOJHOE (HeaehopMHpPOBAaHHOE) COCTOSHHE PabOTy COBEPIIAIOT CHUJIBI
ynpyroctd. [Ipu 3TOM paboTa paBHA U3MEHEHUIO MOTCHIUAIBHON SHEPTUU B IBYX COCTOAHUAX: A = AW =
W wom2 =W nom.1 , u nomenyuanvras suepeus moodicem nepeimu 6 opyaue Gopmsl 3Hepeuu, Hanpumep, 8
KUHeMU4eCKyIo dHep2uio, meniosyio u op.
IHoHast MexaHM4YeCKast FJHEPIrUsl
[TostHast MexaHUYECKasi SHEPTUSl  XapaKTEPU3YET JIBUKEHUE U B3aUMOJICHCTBUE TEJ, CJIEI0BATENbHO,
3aBUCUT OT CKOPOCTEH M B3aMMHOI'O PACIOJIOKEHUS Tel.
ITonHas MexaHH4YeCKasi SHEPTHs 3aMKHYTOM MEXaHWYECKON CUCTEMBl  paBHA CyMME KMHETHYECKOU
Y MIOTEHIIMAIBHOM 3HEPTUH TEJl 3TON CUCTEMBI:

anm. = W KMH.+ Wnom. (5)

3aK0H COXpaHeHHsI JHePrum
3aKOH COXpaHEHUS SHEPruH - (PyHIaMEHTAIbHBIN 3aKOH PUPOIBI.
B HBIOTOHOBCKOI1 MEXaHHKE 3aKOH COXpPaHEHUs YJHEPruu (POpMyIHpyeTcs CIAeAYIOIINM 00pa3oM:
e [IlonHas MexaHMYeCKasi JHePrusi M30JUPOBAHHOH (3AMKHYTOH) CHCTEMbI TeJd OCTAéTCH
MOCTOSIHHOIA.

Jpyrumu cioBamu:

e DHeprus He BO3HMKAET M3 HUYEro M He McCYe3aeT HHMKY/IAa, OHA MOXKET TOJbKO IepexoIuTh U3
OHOI (popMBI B IPYryIO.

Kiraccnueckumu npuMepamMu 3TOTO YTBEPIKACHMS SBISIFOTCSA: NPYKUHHBIM MasTHUK MU MasATHHK Ha
HUTH (C MpeHeOpEeKHMO MalbIM 3aTyXaHueMm). B ciydae mpyXHHHOro MasTHHKa B Tpoliecce KojeOaHHi
MOTEHLIMaJIbHAs AHEpPrust 1eGopMHpPOBAaHHOW MPYXHUHBI (MMEIOUIasi MaKCUMyM B KpalWHUX TOJIOXKEHMSIX
rpy3a) MepexoquT B KHHETUYECKYIO SHEPIHIO Tpy3a (JOCTHTaIONIyl0 MaKCUMyMa B MOMEHT MPOXOXKJICHHS
Ipy30M IOJIO’KEHUSI paBHOBECHsI) U 00paTHO. B cioydyae MasTHHKA Ha HUTU TOTEHIMAJIbHAS SHEPTUsl Tpy3a
NEePeXOAUT B KHHETHYECKYIO SHEPTHI0 U 00paTHO.



B MopsAaoK BbINONHEHUA paboTsl

1. CoGepuTe 3KCIEPUMEHTATLHYIO YCTAHOBKY (CM. pHC. 1).

2. IsMepbTe JUHEHKOH ¢ MHUJIJMMETPOBHIMU [eJIeHUAMU CTATUIECKOE
cMellleHMe IPYKUHBI (HOBOE II0JIOKEeHHe paBHOBECHS HUKHEro KOHIA Mpy-
’KUHBI JUHAMOMETpA) IIPH IIOABEIINBAHUHU I'DYy3a.

P

V4
‘.

x0=

3. AGCOJIIOTHYIO IIOIDEIIHOCTh HM3MEpPEeHMs CTATUYEeCKOro CMEIlNeHUA
rpy3a IpUHUMAIOT PABHOM IeHe AeJIeHUA IIKAJbI JTUHeUKH (B CM).

Ax0=

4. OTTsiHuTe rpy3 BHU3 Ha paccrosgHue A (5—7 cM) OT HOBOrO IOJIOXKe-
HUS PABHOBECUA U OTHYCTHUTE ero. iamepbTe aMILIUTYAY KoJie0aHUM.

A -

5. AGCONIOTHYIO IIOTPEUIHOCTh H3MEPEeHUS aMIIATYAbI Kosebannit A
rpy3a IPUHUMAIOT PAaBHOU IleHe JeJIEHUS IIKaJIb JIMHENKHU (B CM).

AA =

6. PaccuuTaiiTe MOAyJIb MaKCHMAJBLHOM CKOPOCTH KOJe6I0Ierocs rpy-
3a 1o (¢opmyJie ‘

- g —
vmax'v_“l,\/;:—0 -

% 7. BuIUMCJINTE OTHOCUTEJHbHYIO MOrpPEeNIHOCTh U3MEPEeHHs MaKCHMAaJlb-
HOI CKOpPOCTHU rpya3a.

J_ Avmax _ AA Axo
h Umax A 2x0

8. PaccumraiiTe aBCOTIOTHYIO [OIPEITHOCTh NM3MEPEHUA MaKCHUMAJIbHOM
CKOPOCTH Ir'py3a. :

Avmax = vmax J=

9. BanuImuTe OKOHUYATENBbHBIH pe3yJabTaT H3MePeHMs MaKCHMaJbHOM
CKOpOCTH I'py3a B BULE

Umax £ aUmax =




-_—

2

b

AL

~—

N [lononHuTenbHoe 3apaHuwe. Vamepurh mepmon koJsebammit Tena Ha
IIPY>KNHE U ONpPEAeJINTh ero MaKCHMAaJIbHYIO CKOPOCTb.

Kaxk uaBectHO, nepuon 1 Kosie6aHUM NPYKUHHOIO MAATHUKA CBA3aH C
ero Maccoif 7 M »XeCTKOCThIO IIPY>XHUHEI B COOTHOLIIEHHEM

il ‘Im
T—ZnJ%.

IToaTomy B hopmyury (5) MOXXHO BBECTH NepHOJ KosiebaHuH

. 2mA 3
vmu=-nT. (8)

Ilepuon xonebanmit MOXKHO HAWTH, U3MEPHUB IIPOMEXXYTOK BPEeMeHH i,
3a KOTOphIi nmpoucxoaut N KomebaHmii:

t

T = N : (9)
C yuerom opmysr (9) \
2nAN |
Viix = =+ (10)

\

. aMepbTe aMILIATYAy A M BpemMsa ¢t AeCATH KoJeGaHUN MasTHHKA

(N _= 10) u paccunTaiiTe MOAY/JIb MAKCHMAIBHON CKOPOCTH I'Dy3a.

vmax

- CpaBHHTe Pe3yJbTaT C IOJYYeHHLIM PaHee APYIHM cIoco6oM.

“BaIson:

-




KonTtponsHbIE BOPOCHI
OTBeTUTH Ha KOHTPOJIbHBIE BONPOCH! (YKa3aHMe: B pacueTax 3HaYCHUs BCEX BEJIMYMH IIEPEBECTH B CUCTEMY
CHn)
Bapwuant 1
1. Korna teno obnagaetr KuHeTHUECKOW dHEeprueii? 3anummure GopMyiny A pacueTa KHHETUYECKON SHEPTHH
TeJa, MOSICHUTE B HEW Ha3BaHME KaX1OM BEJIMYUHBI U €AUHULIBI X U3MEPEHMUSL.
2. ChopmynupyiiTe 3aKOH COXPAHEHHS SHEPTHH.
3. Pemmre ogny u3 3amad (1o BEIOODY):

3.2. 3ajaua Ha OIEHKY «5»

[lapuky Ha HWUTH, HaxoAsLIEMYyCs B
NOJIOKEHUHM PaBHOBECHSI, COOOIIMIN
TOPU30HTAIBHYIO CKOPOCTh Vo = 2M/C
(puc.). Ha  xakyro  BbICOTY
HOJHUMETCS HIapuK?

3.1. 3amaya Ha OIEHKY «4»

Teno maccoit 2KI MOJHATO Ha BBICOTY
ImeTp. PaccuumraiiTe »HEPrUIO0 3TOTO
tena. Hanumwure, KakuM  BHIOM
SHEpPruu o01aaeT 3TO TEIO.

Vo

A 4

Bapuant 2

1. Korma teno oGmajgaer moTeHHMaidbHOM sHepruei? 3anuiute (GopMmyny Ui pacdyera MOTEHLIHAIbHOM
SHEPIUU YNPYToW CXKATON MPYKUHBI, MOSICHATE B (OopMysie Ha3BaHHE KaXKIOW BETUYMHBI W EAMHUIBI HX
U3MEpEeHusl.

2. O yeM TrOBOPUTCS B 3aKOHE COXPAHEHUS IMOJHOW MexaHHuecKoi sHeprun? (/laite mMoNHbIA OTBET)

3. Pemmre ogny u3 3amau (mo BeIOOPY):

3.1. 3amaya Ha OICHKY «4» 3.2. 3amava Ha OICHKY «5»

[Tyna maccoit 9 T netut co ckopocthio | Teno maccoit 1kr magaer ¢ BeICOTHI 10 MeTpoB.

500m/c. Kakum Bugom »sHepruu | OnpenenuTs  MakCUMaldbHYKO  CKOPOCTh U

oOnanaer myns? PaccuuraiiTe 3HaU€HHE | KHHETUYECKYIO SHEPIUI0 B 3TOM Ipouecce. Kakue

ATOW HHEPTrUHu. MpEeBpaIeHUsT  DHEPTUM  MPOUCXOIAT  TPHU
nageHun’?

Bapwuanr 3

1. Korga tenmo obnagaer MOTeHIMAIbHOW SHeprueit? 3amummrte (Gopmyny g pacuera MOTEHIUAIbHON
OHECPIUH TCJia, MOAHATOrO0 Ha BBICOTY h, IIOSICHUTEC HAa3BaHUC Ka)KI[OfI BCIIMYNHBI B Q)opMyne U €ANHHUIBI UX
U3MEpEeHusl.

2. B KakKux cCiydadx IIOJIHAd MEXAaHUYCCKasA OHCPIruru CHUCTCMbI
OTBET)

3. Pemmmre onHy W3 3a1a4 (110 BBIOOPY):

ocraercsi Heu3MeHHoM? ([laiite momHbIN

3.1. 3amaya Ha OLIEHKY «4» 3.2. 3ajaya Ha OLICHKY «5»
[Ipyxxuna c kodpdurnmentom | Hlapuk wmaccoit 10 T BBUIETAET U3
xectkoctd K = 0,4 H/Mm cxara Ha 10cM. | mpyxuHHOTO — THcroiera. [lpyxuHa ¢

Kakum BumoM sHeprum obnagaer 5T1a
npyxxkuHa? PaccuuTaiiTe 3Hau€HUE ITOU
SHEPIUU.

KO3 (HUIIMEHTOM KECTKOCTH,  PaBHBIM K =
4 H/Mm, cxumaercs mpu 3TOM Ha 5 cMm.
OnpenennTh CKOPOCTh BBUIETA  IAPHKA.
Kakue npeBpaliieHust SHEPTUU MPOUCXOIAT B
ATOM nporecce?

Bapuanr 4

1. Cdopmynupyiite ompeneneHne KHHETUYECKOU
Ha3BaHWE Ka)XIIOW BETWYHNHEI

KHHETHYISCKOM OHEpPTUM TCJIa, IMOSACHUTC
HU3MCPCHUA SHCPIrun BaMm n3BecTHBI?

2. Uto Ha3pIBacTCA MOJHOM MEXAHUYECKOMU

SHEpruen

MCXAaHHUYCCKas DHCPIUUn CUCTEMbI OCTACTCA IMOCTOSIHHO ? (I[aﬁTe TIOJIHBIN OTBCT)

SHEepruM Tena. 3anumuTe ¢GopMylny IS pacdera
B (opmyne. Kakue equHUIIBI

cuctembl? Ilpu Kakux yclIoOBHSX MOJIHAs



3. Pemmre ogny u3 3amad (1o BEIOODY):

3.1. 3amaya Ha OLIEHKY «4» 3.2. 3ajaya Ha OUEHKY «5»
ABTOMOOMIIL Maccoil 2 TOHHBI ABMXeTcs co | C Kakod BBICOTHI MaJaeT LIApUK, €CIIU
ckopocTeio 72 km/gyac. Kakoil sHeprueil | ero MakcuMmaiabHash CKOpPOCTb paBHa |
oOnanaer aBTOMOOUIIB? Paccunraiite | M/c? Kakue mnpeBpalieHus 3SHEPIUU
3Ha4YeHHE ITON SHEpPTHUM. IPOMCXOJAT B 3TOM Iporiecce?




JIABOPATOPHAS PABOTA Ne3
OIIPEJAEJIEHUE YCKOPEHUA
CBOBO/JHOI'O IMAJEHHUSA C ITOMOILIBIO
MATEMATHYECKOI'O MAATHHMKA

HEJIb PABOTbI

Hean JgabopatopHoii padoThI - ONPEICIUTH OINBITHBIM IYTEM YCKOpPEHUE
CBOOOTHOTO MAJICHUS C TIOMOIIBI0 MATEMAaTUYECKOTO MAaITHUKA.

B nabopatopHoii pabote o gusuke «OnpeaesieHne yCKOPEeHUsi CBOOOTHOTO NMaJAeHUs
C TIOMOIIIbI0 MaTEMaTUYECKOT0 MasiTHUKA» CTYACHTHI, UCTOJIb3Ysl CEKYHIOMED, ONPEACTSIOT
Bpems 100 monHbIX KoJieOaHUii, a 3aTeM BpeMsi OJTHOTO KoJjiebaHusl, T.e. mepuol. [lonb3ysck
dbopmynoit ToMcoHa mJis TMOJMHOTO TeEpUOAA MATEeMaTHYECKOTO MAasTHUKA, CTYACHTHI
BBICYMTHIBAIOT YCKOPEHUE CBOOOIHOTO TAJACHUS, OCO3HAIOT MPAKTHIYCCKYIO TIPUMEHIEMOCTh
(hopMyJIbl U YKPEIUIAIOT HABBIKHU MOJIb30BAHUS IITAHTCHITUPKYJIEM U MUKPOMETPOM.



1 TEOPUSA

MaremaTnyeckuM MasTHUKOM HAa3bIBA€TCsl MaTepUajbHas TOYKA, MOJBEIICHHAs Ha
HEBECOMOM M HEPACTSLKUMOM HUTH. MOZENBI0 MOYKET CIIYXKUTh TSKEJBIM IIapUK, pa3MeEphI
KOTOPOTO BECbMa MAJIbI 10 CPABHEHMIO C JUIMHOM HUTH, HA KOTOPOM OH ITOABEIICH. YYEHBIE
[anuneii, HploTOH ¥ Jp. YCTAaHOBHWIM CIEAYIOIIME 3aKOHBI KOJICOaHHS MaTEMaTHUECKOTO
MasITHUKA!

1 Ilepuox koneOaHUsI MATEMATUYECKOTO MAasATHUKA HE 3aBUCUT OT MaccChl MasiTHUKA U
€ro aMIUIUTY bl (YToJl pa3Maxa He JI0JKEH IPEeBbIATh 6).

2 Ilepuon xosiebaHUsI MATEMAaTUYECKOTO MAasATHHUKA MPSIMO IMPOMNOPLUOHAIEH KOPHIO
KBaJIpaTHOMY M3 JJIMHBl MasTHUKa U OOpPAaTHO NPONOPLHUOHAJIEH KOPHIO KBAaJpPAaTHOMY W3
YCKOpEHUsI CBOOOIHOTO MaJICHUSI.

Ha ocHOBaHUM 3THX 3aKOHOB MO>KHO Hamucath (OpMyIty AJs IepUoia KojaeOaHu:

l
— /_
I'=2r (1.1)

OTCIOI[a MOJKHO OIIPCACIIUTD 3HAYCHHUC YCKOPCHHUA CBO6OI[HOFO IHaaCcHMA:

_4_7Zz€ (1.2)
— - :

2 OBOPYJIOBAHHME

2.1 IItaTuB ¢ nepxkarenem.

2.2 Illapuk, OIBEIIICHHBIN HA HUTH JJTUHON OKOJI0 1 M.
2.3 V3aMepurtelibHas JIEHTA WIK METPOBAs JIMHEHKA.

2.4 IlITaHreHIUPKYJIb.

2.5 CexkyHaomep.



3 OKCIIEPUMEHTAJIBHASA YACTDb

3.1 IlocTaBUTh LITATUB HA Kpai CTOJIA, KaK TOKa3aHO Ha pUCyHKe 3.1

Pucynok 3.1 — Cxema ombITa MO ONPEEICHUI0 YCKOPEHHUS CBOOOJIHOIO
TaJICHUS.

3.2 3axxaTh HUTh MAsITHUKA B JIEpKaTele ITATUBA.
3.3 H3MepuTh ¢ MOMOIIBIO MITAHTCHIUPKYJIsA auameTp mapuka d. Haiitu
paaunyc mapuka I

W3MepuTh C MOMOIIIBIO TUHEHKH JJTHHY HUTH |,
Haiitn nivHy MasTHUKa (IJMHA MasiTHUKA CYUTAETCA OT HUYKHEro Kpas
Jiep KaTess MTaTUBa JI0 IIEHTpa TAKECTU IIapuKa):

=1l +r

3.4 OTKIOHUTSH MApHK Ha HeOOMIbIOMH yroiu (e 6onee 10°) u oTIyCcTHTS.

3.5 Tlo cexynmomepy onpenenuTh BpeMs i, 32 KOTOPOE MAasiTHUK COBEPILHII
100 momHBIX KOJIEOAHUIA.

3.6 Beruucnuth nepruoa 0AHOTO MOJHOTO KoJeOaHus: MasiTHUKA!

__t
100

3.7 IloacraButh B BblpaxkeHue (1.2) HaiineHHble 3HAYEHUS] IJIUHBI U
nepuoaa T MasiTHUKA, BBIYUCIUTh YCKOPEHHE CBOOOIHOTO MaeHUS MasiTHUKA.

3.8 IloBTOpUTH OMNBIT €lie 2 pa3a, MPEABAPUTEIBHO HEMHOTO U3MEHUB
JUIMHY HUTU MasiTHUKA.



CpelHee 3HaU€HUE Jcp.

3.9 U3 HaliiecHHbIX 3HAUYE€HUN YCKOpPEHHUsS CBOOOJHOTO MaJCHUS BBHIYHCIUTH

3.10 Pe3ynbTarhl BceX M3MEPEHMI 3anmucarh B Tadauiry 3.1.

@.U.0. cmyoenma, epynna/

Tadauna 3.1 - IKCHepUMEHTAJbHAS YaCTh
Bp
Pa Hn Ynien eM Tepn Vcko OtHO
- Hn UH o 1 on peHue cu- Abcon
HH a N CBo0O TeIbH
No HuameTtp yc a va TIOJTH o [Tonn OIHOT as FOTHas
o HIapuka 1a - T BIX e oro Ho HorDe Morper
o pu KoJebd KoJebd p HOCThb
a ™ HU N ba AL MaJIcH IITHOC
Ka HU nus Tb
51
MM M r,m |1’M |’M N t,c T,c g, m/c? 0.% Ag,M/CZ
1 2 3 4 5 6 8 9 10 11 12
1
2
3
Cp — — — — — — — —




4 BolunciieHre OTHOCUTEJIbHOH 1 A0COIIOTHO MOTPEIIHOCTH

4.1 OTHOCUTEIIbHBIC IMOTPCIIHOCTU BBIYHUCINUTD I KAXKIAOTO U3 TPCX OIILITOB IIO

dhopmyiie:
ya. 4 i
8= T < @)

rae | = 1,2,3 — HoMepa OIBITOB;
O — OTHOCHUTEJIbHAS TIOTPEIITHOCT KaXKI0TO ombiTa (0e3 %);
A LAT — morpenrHocTs JMHEHKH U CEKYHI0Mepa, COOTBETCTBEHHO;
Al=1Mm=103M=0,001 Mm;
AT=0,1c;
| i — mmuHa MagTHHKA, M;
T; — mepuog, c.
4.2 Beuuciauth abCOMIOTHBIE MOTPEITHOCTH AJ JIJIsi TPEX OMBITOB 1O hopmyJie:
Ag =i - (i
rae 1 = 1,2,3 — HoMepa OIBITOB;
Agi — aGCOMIOTHAS MOTPEITHOCTh KAKI0T0 OIIbITA, M/C2;
di — OTHOCHUTENbHAS HorpenHocTh U3 (4.1) (6e3 %);
0i — Hai{JIecHHOE 3HAYE€HUE YCKOPEHHSI CBOOOTHOTO MaJACHUS B KaXI0M
OmbITE, M/C2.
4.3 BpUMCIUTH CpEIHEE 3HAUYCHUE OTHOCUTEIBHOW MOTPEIIHOCTH (B MPOIIEHTAX)

o opmyiie:
e =
4.4 BelUMCIUTH CpEIHEE 3HaUCHHE a0COMIOTHOU MOTPEITHOCTH 0 (hopMyJie:

_ Sty ey
ST

4.5 Borunucnuth cpesiHee 3HaueHUuEe YCKOPEHUs CBOOOTHOTO MaJIeHus 10 (opMyIie:

gite3H1E}
D5 =




5 3anuch NOJTyYeHHBIX pPe3yJbTaTOB

HOJ’Iy‘{CHHIﬂe PE3YJIbTAaTbl — 3HAYCHUC YCKOPCHUA CBO60,ZIHOFO nmaacHusa C

a0COJIFOTHOM MMOTrpCIHOCTBIO, CAMHHUIaMU

HU3MCPCHHUA

U OTHOCUTEIILHOH

MNOTpCIIHOCTBIO, a4 TAKIKC TaOIMYHOE 3HAUCHHUE 3aIIiCaTh cJIcayroumum 06p330MZ

3anucath pe3yabTar 1no gopme:

9= (9ep = A Gop)

g=(...%......)  Mm/c?
0=....%
CpaBHUTL  TIOJydEHHBIE 3HAYEHUS  pe3yJbTaTOB
3HAUEHHUAMU:

Hanpumep, ons Mockewvr § = 9,8156 m/c?.

Hoacuenusn k ¢0pM€ 3anucu peszyjibmamaoe.

C TaOJWYHBIMHA

g= ’(, ..... o . ) M/c
3anucamo JUUTI % Tl
nonyuennoe =" o7 Quum=  ..... M/c? -]
suauenue -~ -7 ke BRI
yckopenus — -°" i J 3anucame
ce0boonoeo / /,’ NoJlyYeHHOoe
naoewust K 3HAYeHue

/ S/ abconomuou
/! /! nocpeuwHocmu

3anucams 3anucams mabauyHoe Ag
NOJyYeHHOe 3HAYeHUe YCKOPEHUs.
3HayeHue Cc80000H020 NAdeHUs.
OMHOCUMENILHOU (u3z cnpasoynuxa)
noepeuHocmu
[Ipumeyanus.

* B okoHYaTEeNbHON 3amucH pe3yJbTaTOB 3HAYEHUS YCKOPEHHUS CBOOOJIHOTO
najieHust u e€ abCOMIOTHOM MOrPEeIHOCTH AQ OKPYTIUTh A0 ACCATHIX JOJEH.
» KonnuecTBO 3HAKOB MOCJE 3aMsITOW B 3HAYEHUSX § U AQ - JOJDKHO OBITH

OJMHAaKOBBIM.

* 3HaucHHE OTHOCHTEJbLHOW INOIrPEelIHOCTH BbBIPAasuTb B__NPOUCHTAX U

OKPYTJIUTH JI0 ACCATHIX JI0JICH MPOLICHTA).

* Brimmucate u3 TabiMil B CIpaBOYHUKAX 3HAYCHUE YCKOPEHHS CBOOOHOIO

najieHust («TabIMYHOe» 3HAYEHUEC) - § masi-

= He 3a0yapTte 3anucath eAMHUIIBI U13MEpeHU J, AQ, J ma6:!



6 KAK HAIIMCATH BBIBO/I O TPOJEJAHHOM PABOTE

Cnenatb BBIBOJI C HUCIOJIb30BAHUEM peKOMeHanui B Tabsmie 7.1.

Tlomnume:

Bv1600 — smo «omeem» na yenv pabomor !

Ilooymatime, docmuenyma yenb pabomuol?

Tadbmuma 7.1

YT10 10JKHO

n/n Kak 310 HanmucaTh
ObITH B BBIBOJIE
1. Uto cnenano B Hanumure, 4T0 KOHKPETHO CAENaHO B padoTe.
pabote PexoMeH1yeTcs HAUUHATB CO CJIOB, HAIIPUMED:
B mannoii padore......
(Uto cnenano? IlpouunTaiite emie pas 1eib pabOTHI )
2. Kak cnenano KpaTkoe onucannm s3KkCepuMeHTa:

" KaKh€ KOHKPETHO BEJIUYUHBI OMPEICIICHBI C
MOMOIIBI0 KaKUX MPUOOPOB,

" KaKWUe€ BEJIMYHUHBI (B TOM YHCIIE MTOTPEIIHOCTH)
paccuuTansl 1o popmynam (popmMyiibt
nepenuchBaTh HE HAJl0!)

3. Uto nosmydeHo 3anummTe pe3ynbTaT (MOJyYEHHBIE BEIMYUHBI, UX
HOTPEIIHOCTH — ¢ eTMHUIIAMH H3MepeHMii)
4, AHanus [Ipoananu3upynTe NONMYy4YEHHBIN PE3YJIbTaT.
pe3yibTara e ][5 5TOrO CpaBHUTE IKCIIEPUMEHTATHLHOE

3HaYEHUE YCKOPEHUS CBOOOHOTO MAACHUS Joxcn
C TaOJUYHBIM 3HAYCHUEM (46,
U JaiiTe CBOI OIEHKY MOJYYCHHBIM Pe3yJibTaTaM.
Hanpuwmep:
...3HAYEHUSL CO2NACYIOMCS XOPOULO,
(unu y0o81emeopumenvpHo, Uil He CO2AACYIOMCAL).
e Hanummure, B UeM IpUUYMHA PACXOKICHUN
AKCIIEPUMEHTAIILHOTO 3HAaYEHUsI (MMOJyYeHHOTO B
JaHHOU paboTe) U TabJIUYHOTO.




7 KOHTPOJIBHBIE BOITPOCHI

OTBETUTH HA KOHTPOJIBHBIE BOIPOCHI.
Buumanue!
» [lepenucaTh BOIPOCHI U YCIOBUE 33/1a4 CBOETO BapUaHTA.

Bapuanm 1

1.1 Tloka3aTe Ha yepTekKEe CUIIbI, 3aCTABJISIONIME MAATHUK BO3BPAIATHCA K
CpeAHEMY MOJIOKEHUIO.

1.2 O1MuHaKOBHI JIU TIO BETMYMHE U HAPABJICHUIO CUJIbI PU CUMMETPUYHBIX
MIOJIOKEHHUAX MasITHUKA?

1.3 Onpenenuts Mepuoj KojieOaHUM MasTHHKA, €CJIM €ro JIJIMHA paBHA
50cwMm.

Bapuanm 2

2.1 Kakue npeBpamnieHusi SJHEPTUH UMEIOT MECTO MPU JBMKEHUHM MASITHUKA
OT MOJIOKEHUSI PABHOBECHS K MOJIOKEHUIO PABHOBECHSI?

2.2 KakoBa npupojia BO3Bpaliaroeid CUibl Ipu KoJIeOaHUsIX MasTHUKA?

2.3 Ilepuon xonebanus mocta paseH 0,5 ¢. KakoBa ero yactora koieoanus?

Bapuanm 3

3.1 Yro Takoe BO3Bpallaroias cujia U Kakoe OHa UMEET HalpaBJICHUE?
3.2 Yrto mpou3ouaeT ¢ MepuooM KoJieOaHUsS MasTHUKA, IEPEHECEHHOTO C
3eminu Ha JIyny?

3.3 Ompenenutb 4acTOTy KoJieOaHWUW MasTHHUKA, €CIM €ro JUIMHA paBHA
98cm.

Bapuanm 4

4.1 Kak HampaBJIEHbl YCKOPEHHE U CKOPOCTh MASITHUKA MPH €r0 IBUKECHUU K
MOJIOKEHUIO PABHOBECUS?

4.2 Kakue ycnoBus HEOOXOAMMBI JUIsi BOSHUKHOBEHUSI U TOJIECPKAHUS
KoJeOaHmit?

4.3 Mastauk coBepmaer 120 konmebanuit 3a 1 muH. Onpeaenuts JIUHY
HUTHU 3TOTO MasiTHUKA.



8 TpeOoBaHus K cofepKAHUIO 0TUYETA O JJadopaTopHON padoTe

Otuet o 1abopaTopHOM paboTe NOJKEH COJIEpPKaTh CICTYIONINE pa3aeibl:
1. TuTynbHBIN JUCT
2.Ha3BaHue paboThl.
3. lenpb paboTHI.
4. TeopeTnyeckas 4acTh.
5. DKcrepUuMeHTalbHas YacTh - TabauIa pe3yiabTaToB (Tadiauna 3.1)
6.00paboTka HAKCHEPUMEHTANBHBIX  JTAHHBIX (BBIUMCIIEHUE  YCKOPEHUS
CBOOOJHOTO MaJCHUSA).
7.PacdeT OTHOCUTENIbHON M aOCOTIOTHOM MOTPEITHOCTH.
8.3amucsk pesynbratoB (Kak mpaBuiibHO 0hopMuTh pe3yabTaThl? CM. MyHKT 6)
9.BeBox (Kak manucath BeIBOA? CM. myHKT 7, Tabmmiry 7.1)
10.0TBeTHI HAa KOHTPOJIBHBIE BOMPOCHI.
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JIABOPATOPHAS PABOTA Ned
«IIPOBEPKA 3AKOHA OB bEJJUHEHHOI'O
T'A30BOI'0 COCTOSTHUSI»

IEJIb PABOTbBI

[enw mabopaTopHOM pabOThl - IKCIIEPUMEHTAIBHBIM ITyTEM IIPOBEPUTH
CIIPaBEIUBOCTh 0OBEIMHEHHOTO 3aKOHA Ta30BOT'0 COCTOSHUSI.

B pesynbTate BBINMOTHEHUS ATOW JabOpaTOpPHON pabOTHI CTYJIEHTHI
OpUOOPETAIOT M 3aKPEIUISIOT HABBIKM PabOThI ¢ MPUOOpaMU: MAacCIlSTHBIM
MaHOMETPOM,  0apoMEeTpOM,  TEPMOMETPOM;  3aKPEIUISIOT  HaBBIKU

BBIYHCIICHH A OTHOCHUTEJIBbHOM 151 a0COJIFOTHOM IMOTPCHIIHOCTHU
OKCIICPUMCHTAJIbHBIX BCIIMYHH, d TAKIKC 3aKPCIUIAIOT TCOPCTUUICCKUC 3HAHUA
110 TEMC «3aKOHBI ra3oBoro COCTOSAHUA.
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1 TEOPUA

BBIBOII YPAaBHCHUSA Oﬁ'beIlI/IHeHHOI‘O 3aK0HA ra30B0O10 COCTOAHUA

CocrosiHue Tra3a XapakTEpHU3yeTCs OCHOBHBIMU TEPMOJAMHAMUYECKUMU
napaMeTpamu: JaBJCHHEM, O00beMOM H Temreparypoi. CBs3b MEXIy OSTUMHU
napameTpamu (ypaBHEHHE OOBEIMHEHHOI'O 3aKOHA Ta30BOI0 COCTOSIHHS) IS
ONPENICICHHOW MaccChl Ta3a OMNPENEIAETCS CIEICTBUEM M3 OCHOBHOIO YPAaBHEHHS
MOJIEKYISIPHO-KUHETHYECKON TEOPHHU:

P=n,-k-T (1.1)
rIe
P - naBnenue rasa, Ila ;
k =1,38 -10 2 /K - noctosiHHas BonbIMaHa;
T - TepMoauHaMUUecKas TeMreparypa, K;
N - 4YucIO MOJEKYN B eAuHHIE 00beMa (KOHLEHTpAIMs MOJEKYI
rasa):
N
A\Y4
e

N - ob1ee 4nciIo MOJICKYIT,
V - 06beM raza, m°.
Tornma moacraBum (1.2) B (1.1):

N
P=—k-T
V nimn

PV _
T

N -k (1.3)

OdyeBUHO, YTO [UJIsl AAaHHOW Macchl Ta3a (T.e. mpu m = const) oOiee
gucyao MosiekysT N U moctosiHHas bosbiiMaHa Kk - HeM3MEHHBI, TO ¥ POU3BEICHNE
STHX BEJIMYMH TOXKe Hem3MmeHHas BenmmuuHa:  N-k=const. U3 cooTHomenwus (1.3)
MoJIy4aeM ypaBHEHHE 00beINHEHHOT 0 3aKOHA Ia30BOr0 COCTOSIHUS

PV = const (1.4)
T

Takum oOpa3oMm, oO0beaMHeHHbIH Tra3oBblii 3akoH (1.4) MOXHO
chOpMyIMPOBATH CIEAYIOIIUM 00pa3oM:
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Jlna oannoi maccel 2aza npouzeedeHue 0ae1eHusA Ha 00beM, 0e1eHHoe
HA  MepMOOUHAMUYECKYI0O  memnepamypy 2a3a, eCmb 6elUYUHA
HOCMOAHHAA 0J151 6CeX COCHOAHUIL IMOI MACCHL 2a3d.

PaccmoTpum Ba COCTOSTHUSA OJHOTO Ta3a:
B Hauaje mpoiiecca (MepBO€ COCTOSHHUE) YUCIICHHBIEC 3HAYCHMSI MapamMeTpoB rasa
o0o3nauuM uepe3 P;,Vi ,T1, a mapameTpbl BO BTOPOM COCTOSSHHM 00O3HAYHM -
yepes Py, Vo, T, .

[IpumeHUM 00beAUHEHHBIH ra3oBbli 3akoH (1.4.) 11 ABYX COCTOSHUA,
TOT1a:

P1V1 _ szz
T1 Tz

(1.5)

1 OBOPYAOBAHMUE

2.1 bapomeTtp-anepou (1151 001IETO MOIH30BAHUSA).
2.2 MacnsiHplii MaHOMETD.

2.3 Tepmomerp.

2.4 CrakaH XMMHUYECKHM C ropsiueit BOJOH.

3 JIKCHEPUMEHTAJIbBHASA YACTb

B nannoit mabopatopHoii paboTe st MPOBEPKH 0O0BEAUHEHHOTO Ta30BOTO
3akoHa (1.5) HE0OX0IMMO ONpENCTUTh TEPMOIUHAMUYCCKHIE MapaMeTphl ra3a
- naBieHUE Pras,, TEMIIEPATYPY T 430 1 00BEM Vigsn B IBYX COCTOSIHHSX :

1) Py, T1, V1 - npu KOMHATHOM TeMmeparype u
2) Py, Ty, V2- npu NOBBIIIEHHON TeMIIEpaType

CrnenoBaTenbHO, HEOOXOAMMO TIPOBECTH JBa OIbITa TPU  JBYX

TeMITepaTypax.

3.1 Onucanue MacJasiHOT0O MAHOMETPa

OObeIMHEHHBIN Ta30BbIA 3aKOH OylieM IMPOBEPSTh Ha TOM KOJUYECTBE
ra3a, KOTOpbIA HAXOJUTCS B 3aKPHITOM KOJICHE MACISHOTO MAaHOMETpa.
Macnsanuplii MaHoOMeTp mnpeactaBisier cobor U — o0pasnyio TpyOky,
3aMOJHEHHYI0 MaciioM. CxeMa MaciIsiHOro MaHOMETpa MOKa3aHa Ha PUCYHKE
1. OgHO KOJEHO TPYOKU OTKPBITO M COETUHSETCS C aTtMochepoil, a mpyroe
KOJIEHO — 3aKPBITO U TaM HAaXOJUTCS HEKOTOpPOE (HEM3MEHHOE) KOJINYECTBO
raza. [loguepkHeM, 4TO B 3TOM cilydae Mbl 0OeClieYnBaeM IJIaBHOE YCJIOBUE
JUISL BBITIOJIHEHUS! OOBEIMHEHHOTO0 Ta30BOr0 3aKOHA - HEM3MEHHOCTh 4HMCIIa
MoJiekya rasa (t.e. N=const u m = const).
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armocepHnoe napaenne Po [Tpumep:

| 1=29 um
di =18 mm
Y 0 () h1 = |1 —d 1
d, mim d, = . {iumu 4, hy =29-18 =11 mm
A 4 __1 — . \
h; nu hy d 2 : \
/i - .
4EBE ] \
[ 4 | [ Hccnenyemblii 00bem rasza
_ — c napnerneM Pagzq , 0603HAUEHHBIM:
\ ! - P1 - B IEPBOM OIIBITE;
T — — P> - BO BTOPOM OIIBITE

Ct0i16 Macia co3maer

TUAPOCTATUYCCKOC JaBJICHUC qu@p

Pucynok 1 — Cxema mMacistHOro MaHOMETpa
3.2 Bbruucjienue qaBjieHus ra3a P.,;, B 3aKpbITOM KoJleHe MAaHOMeTpa

Vickomoe JaBjcHHE B 3aKpPBITOM KOJIeHe MaHoMmeTpa: Pi (B MepBOM OIIBITE)
17030
P> (Bo BTOpOM OIIBITE) OmpeaesieTcss CyMMoil atMocdepHoro masienueM Po u
THIPOCTATHIECKOTO AaBieHus Paugp cTON0A Maciia BeicoToi h  (pucyHoK 1):
P = PO + qudp (31)
rae  Po - atmochepHoe nasnenue, Ila;
P..op - THIPOCTATHYECKOE AaBJIeHHE CTOI0a Macia Beicotoit h,  TIla;

I'mapocratnyeckoe AaBICHUE BBIUYUCIAETCS MO popmyTie:
Pausp=pgh 3.2)

pu - IUIOTHOCTb MACIIa B MAHOMETPE;
h - BeicoTa cTon6a Macna;
B nawux onvimax:
h - pasuuua yposHeil Macna B 3akpbiToM |1 oTKpbITOM 0 KOJIEHAX MaHOMETpA:
h=1I-d
g = 9,81 m/c? - yckopeHue cBO6GOIHOrO NaEHHUS.

Taxum obpazom,
noiaydaeM opmyiny (3.3) mns pacuera AaBieHUS Piaa B 3aKPBITOM KOJICHE
MaHOMeETpa:

P:4s4 :P0+pgh (33)

Iosicuenus Kk gopmy.e (3.3)

CoOTHOIIIEHHEe YPOBHEH Maciia B 3aKPHITOM M B OTKPBITOM KOJICHE MaHOMETPa MOXKET OBITh Pa3IMUHBIM
(HMKe, BBINIE, OJMHAKOBBIE), M TOTJA 3HAUEHHWE THUAPOCTATHYECKOTO NaBlieHUs ctonba macna Paopy =p g h B
dbopmyine (3.3) MOKeT ObITh MOJIOKUTETbHBIM, OTPUIATEIbHBIM U PaBHBIM HYJII0 OObSICHEHUS MPUBEICHBI B
Tabimue 1.
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Taomumna 1

CooTHoI1IeHnE yp0BH€ﬁ MacJia B 3dKPBITOM W OTKPBITOM KOJICHC MAaHOMCTpPA

d1 mm dz

h1 nam h

0

LS

A

limn

Y

i 1o

IIII

a) €CII YPOBEHb Macila B 3aKPHITOM KOJICHE HHUIKE,
YEeM B OTKPBITOM, 3HAYUT

= JaBJICHHE Ta3a BHYTPH 3aKpPBITOrO KOJIeHa 0ojblIe
aTMOC(EepHOTo:

P ewsa >Po

Ha BENMUYUHY Pauop (TUOAPOCTATHYECKOTO IABICHHS
crosba Macna BeICOTO# hyp):
T.€. B 9TOM Clly4ae:

= d<lI

=>hi=1-d1>0
= a00aBKa I'HAPOCTATHYECKOTO JaBJICHUS B
¢dopmyne (3.3): P12 =Po+ pghi
MOJIOKMTeIbHAasI !
= Pauopr2=pghi2>0 (3.4)

diu
d2

hl uJ h2

linm |2

6) ecJd yPOBEHb Maciia B 3aKPHITOM KOJICHE BBIIIE,
YeM B OTKPBITOM, 3HAUUT
= naBJCHHE ra3a BHYTPHU 3aKPBITOrO KOJICHA MCHBIIIE
aTMOC(EpHOTO:

P12 <Po
Ha BEMUYUHY Pouop (TUAPOCTATHUECKOTO TABICHUS
croaba Macna BeICOTO# hyp):
T.€. B 3TOM CIlydae:

= diz > |

= hi2=li2-d12 <0

= M06aBKa THIPOCTATHICCKOTO JABICHUS B

dopmyne (3.3): P12 =Po+ pghi
oTpuuarejbHas !

> (3.5)

sz)pl,Z =p 8 hl,2 <0

di wmm

d>

II
CAi

livm |

T
RN
N

B) €CIIM YPOBHHU Macia B 3aKPBITOM U OTKPBITOM
KOJICHE  OJMHAKOBBIE, 3HAYUT
= JaBICHHE Ta3a BHYTPU 3aKPHITOTO KOJEHA
arMocthepHoMy:

P12 =Po
= d= |
= hi12=0
= mofaBKa rHIPOCTATHYECKOTO JABJICHHUS B
dopmyine (3.3): P12 =Po+ pghi

paBHa HYyJIIO !
= Poopro =pghiz =0 (3.6)
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3.3 Bblunciienne o0beMa raza B 3aKpbITOM KoJIeHe MAHOMeTpa

Jis  DKCIIepUMEHTaIbHOW TIPOBEPKH OOBEIWHEHHOTO Ta30BOIO 3aKOHA
caenaeM ympoiieHnue cootHomeHus (1.5). Oobemsl Vi u Vy, 3aHMMaeMbie Ta30M B
3aKpBITOM KOJICHE MaHOMETpa MPHU Pa3HBIX TEMIIEPATypax, MOXKHO  BBIYHCIHUTH
cieayromum obpasom (Pucynok 2):

Il wm o
! S; nu Sy
Pucynok 2 — Cxema, TMOSCHSIONIAs BBIYHCIICHHUE
o0BpeMa
rasa B 3aKpbITOM KOJIEHE MaHOMETpPa
V1281'|1, (37)
V2=Sz- |2, )
rIe
l1, |2 - BbIcoTa cTOMOA ra3a B 3aKPHITOM KOJICHE MPHU TemrepaTypax T1 u
T,
COOTBETCTBEHHO;

Si, S; - mmomagM TOMEPEeYHOro CcedYeHus TPyOKH MaHOMeTpa Tpu
temneparypax T1 u T2 , COOTBETCTBEHHO.

3.4 Bpluucjenue nmocrossHHo raza C

[ToacraBum BeIpaxkeHue (3.7) B 00beIMHEHHBIN Ta30BbIH 3aK0H (1.5):
I:)ZI.Slgl _ P282£2
Tl TZ

(3.8)

MOXHO JOMYyCTUTh, YTO TPU HM3MEHEHHH TEMIIepaTypbl IUIOUIA/b
MOTIEPEYHOTO CeUeHUsS] TPYOKH MaHOMETpa MEHSETCS He3HAUUTENbHO, T.€. S1 =S;.

CnenoBarenbHo, B dopmyne (3.8) S1 u S; MoxHO cokpatuth.  [Ipu sTOM
nonyuieHuu ypasaenue (1.5) npumer Bua:
Rt, R,

Takum obpazom,
u HpOBepKa 06’BCJII/IHCHHOFO 3aKOHA Ta30BOTr0 COCTOSAHUA CBOIHUTCA K

poBepke cooTHoueHus (3.9)
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CredosamenvbHo
= PaboTa COCTOMUT M3 ABYX YAaCTEH:
1) Onpenenenne nocrostHHo C1 - npu KOMHATHOM Temneparype T :

Pll 1
C = (3.10)
Tl
2) Onpenenennie C2 - npu NOBBIIEHHOM Temneparype T :
C _ P2I 2
2~ (3.11)
2
Ecim 3HAYCHUA ITIOCTOAHHBIX Cl u C2 COBITAJAaOT B IIpCACIax
3KCHCpHMeHTaHBHOﬁ IMOTrpCIIHOCTH, 3HAYHUT PC3YJIbTAThI OIIBITOB HC

IIpOTUBOPCUYAT 06’I>GIII/IH€HHOMY rasoBomMy 3aKOHY, T.C.:

Jlns naHHOM Macchl ra3a IpOM3BEJICHHUE JaBJIeHUS Ha 00beM, JICICHHOE
Ha TEPMOJMHAMHUYECKYIO TEMIIEPATYPY I'a3a, €CTh BEJIMYUHA NTOCTOSIHHAS JJIS
BCEX COCTOSHMI dTOU MacChl rasa.

3.5 IIpoBeaeHue IKCIIEPUMEHTA
3.5.1 Oumsbit 1.
OmnpenesieHne napaMeTpoB ra3a Npu KOMHATHOH TeMIiepaType

B nepBoil yactu pabOThl Uisi HaxoXKJAeHusi mnocrtossHHoM Ci  cHavana
IKCHEPUMEHMAIbHO ONIPENIEISIEM YETHIPE BEIINYUHBIL:

1). Po - armocdepHoe naBaenue, [1a

=>  u3MepsieM C MOMOIIBI0 OapoMeTpa — aHepOUIa B MaCKaJIsX.
Mpumeuanne. B TIEPBOM M BO BTOPOM OIBITE aTMOC(HEPHOE TaBJICHHUE
OCTaeTCs HEHU3MCHHBIM.

2). T. - xoMmHaTHas Temmneparypa, °C
=  u3MepseM TEPMOMETPOM I10 1mkaie L{enbens.

3) di- ypoBeHb Maciia B OTKPBITOM KOJCHE, MM
=>»  ompeaeisseM 10 MIKajae MAaHOMETPa B MUJUIUMETPAX.

4) 11 - ypoBeHb Macja B 3aKPLITOM KOJIeHE (BBICOTY CTOJI0A ra3a), MM
=  u3MepseM 10 IIKajie MAHOMETPa B MUJUTUMETpaXx.

Mpuveuanne. YPOBHH Macyia B 3akpbiToM (d1) u B oTkpbiToM (l1) KoneHe
MaHOMETPA OTCUUTHIBAIOTCS 110 MUJUIMMETPOBOM IIIKAJIE€ OT HYJIS BHH3.

Pe3ynbTaThl u3MepeHU 3aHeceM B TaOIuIy 2.
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3.5.2 OnpIT 2.
OnpenesieHue mapaMeTpoB ra3a Npu NOBBINIEHHOI TeMIepaType

Bo BtOpoii yactu paboThl s HaxOXJeHusi noctossHHOW Cp  oIyckaem

MAaHOMETpP B CTaKaH C TOPSTYEH BOJIOU.

Buumanmue! H€O6XOI[I/IMO He MeHee 30 cekyH/, YTOOBI MAaHOMCTpP U 00BEM

HCCIACAYCMOTI'O T'a3a B HCM ITPOTPCJINCH PABHOMCPHO.

O‘-IGBI/II[HO, YTO 00BEM HCCIICAYCMOTI'O Ia3a YBCIMIMUBACTCA, CIICAOBATCIIBHO,

HU3MCHACTCA COOTHOLICHUC ypOBHeﬁ MacJjia B KOJICHaX MaHOMCTpaA.
Tak xe IKcnepumernmaibHo OIIPCACIIICM YCThIPC BCIININHDI:

1). Po - atmocdepHoe nasaenue, [1a

=>  u3MepseM C MOMOIIBI0 OapoMeTpa — aHepOUIa B MaCKaJISX.
Mpuveuanne. B TIEPBOM M BO BTOPOM OIIBITE aTMOC(epHOE JaBICHHE
OCTaeTCs HEU3MEHHBIM.

2). T - remmeparypa BOJbI B cTakane, °C
=>  u3MepsieM TepMoMeTpoM 1o mikaie Lenbeust.

3) d2- ypoBeHb Maciia B OTKPBITOM KOJICHE, MM
=>»  ompeaeisseM 0 IIKajle MAaHOMETPa B MUJLIUMETPAX.

5) I - ypoBeHb Maciia B 3aKPLITOM KOJICHE (BBICOTY CTOJI0a rasa),
MM
=  u3MepseM 0 IIKajie MAHOMETPa B MUJUTUMETpaXx.

MaHOMCTpa OTCUUTBIBAIOTCA I10 MHJ'IHHMGTpOBOfI IKAJIC OT HYJId BHHU3.

Mpumeuanne. YPOBHU Macyia B 3akpbiToM (d2) u B oTkpbiToM (l2) KONEHe

Pe3ynbTaThl u3MepeHUN 3aHeceM B TaOIMILy 2.

4 OBPABOTKA 3KCIIEPUMEHTAJIBHBIX TAHHBIX

OnpiT | - nNpu KOMHATHO#M TeMmepartype

e BpbIpa3um 3HaUeHUA NOJYYEHHBIX BEJIUYUH B eAuHUIaX cuctembl CU:

= T1 - KOMHATHYIO TeMmIlepaTypy, uU3MepeHHyr B rpaaycax Llembcus °C,
MePEeBOAUM B KEJIbBUHBI;

= di - ypoBeHb Macja B OTKPBITOM KOJICHE, HU3MEPCHHBIH MHUJLTUMETpax
[IEPEBOJAUM B METPHI;

= |1 - ypoBeHb Macia B 3aKpPHITOM KOJICHE, U3MEPEHHBI B MUJUTUMETpPaX,

IIEPCeBOAHM B MCTPHEIL.
I PekoMeHIyeM NPy MEPEBOJIE MUIUTMMETPOB B METPHI HCTIONB30BaTh MHOkHUTENs 10 3
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e PaccunThiBaeMm 3 BEJIMUUHLI:

1) hi - pasHuiy ypoBHe# macia B 3akpbiToM |1 u oTkpbiToM d12 KoOJIeHAX
MaHOMETPA, M:

hi= l1-d: (3.4)

=> BakHO — B dopmy.ie (3.4) He mepenyTath MecTtamu |1 u_di (1),

T.K. B JabHEWIHX pacueTax B ¢opmyine (3.5) yauTsiBaeM 3HAK BeJTUYHHBI h; !

| Kak yka3zaHo paHee, pa3HHId YPOBHEH Macia B OTKPHITOM |1 u 3akpbiTom 01 KOJIeHAX MaHOMETpa MOXKET OBITh
TIOJIOKUTEBHOM, OTPHIATEIFHOM, PaBHOM HyITt0, (cM. TiyHKT 3.2 1 Tabmuiy 1)

2) Paugp1 - THIPOCTATHYECKOE JABJICHUE CTOJI0a Macia BeICOTOH hy, [1a;
sz)pl = pM ghl

20e

Ke
Pn = 900 — - IIOTHOCTH MaciIa B MAHOMETDE;
M

g =981 ﬂz - YCKOpEeHHUE CBOOOHOTO MaICHHUS,
C

B pacuerax B ¢opmye (3.5) yunTbiBaeM 3HaK BeJTHYUHBI hy !
| 3HaueHHe THAPOCTATHYECKOrOo AaBieHMs cTonba macna Puop = p g h1 Takke, kak U hi, Moxer ObITh
TOJIOXKUTEIBHBIM, OTPHIIATEIBHBIM, PABHBIM HYIIO (M. myHKT 3.2 u Tabnuiy 1)

3) P - maBicHHE rasa B 3aKphITOM KoJIeHe (B HcclieayeMoM oobeme), [1a
= naxoaum mo ¢dopmyie (3.7):
Pi1 =Po+ pghs (3.5)

rae Po - atMmochepHoe naBienue, [la ;

' Ouenamo, uro 3HaucHue THAPOCTATHYECKOTO JaBieHUS Peugp cTOMOA Macia BBICOTOH hi Ha HECKOIBKO
MOPSIIKOB MEHBIIIE, YeM aTMOCc(epHOe TaBIeHHUE rasa:
sz)p << Py
B Hamewm skcniepuMenTte arMocepHoe aasieHue Po , omnpeneneHHOe ¢ MOMOIIBI0 0apoMerpa — aHepousa,
cocraBisier oxoxo 10°a,
a 3HaueHHE Puop COCTABISIET HECKONILKO 0eCAMKO8 Wil COMeH nackauel
Byabre BHUMAaTeIBbHBI IPH pacyeTax P..op M npu cpaBHeHnu ¢ Po !

4) C1 -  HCKOMYIO ITOCTOSTHHYIO, KOTOpas ONPENEIAECTCS
TEPMOJIMHAMHYECKMMU NTapaMeTpaMH ra3za B IEPBOM COCTOSIHUU
=> BhIuKCIsAeM 1o Gopmyte (3.2): C. = Pl
=
T 1

o Pe3ynbrarhl BhIUMCICHUN 3aHECEM B TAOIUILY 2.
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OneiT 2 - 1npH NOBBIIEHHO TeMnepaType

° BBIpa3I/IM SHAYCHU IMOJIYUCHHBIX BEJIMYUH B CIMHUIIAX CUCTCMBbI CH:

= 7T, - KOMHaTHyIO TeMIlepaTypy, u3MepeHHyio B rpaaycax llemscus °C,
MEPEBOJIUM B KEJIbBUHBI,

= @2 - ypoBeHb Maciia B OTKPBITOM KOJICHE, N3MEPEHHBIA MIJIIMMETPaX
NEPEBOJIUM B METPHI;

= |2 - ypoBeHb Macyia B 3aKphITOM KOJICHE, U3MEPCHHBI B MUJUTUMETpPaX,

IEPEBOAUM B MCTPHEI.
| PeKOMeHjIyeM IIpH TIEPEBOJIE MUIMMETPOB B METPHI MCIOJL30BaTh MHOXKHUTENs 10 3

e PaccuutpiBaeM 3 BEJIUYUHBI;

1) hz - pasuuny ypoBHeil mMacia B 3akpeiToM |2 u oTkpbiTOM d2 KOIEHax
MaHOMETpPa, M:
ho= I>-d> (3.4)

=> BaxkHO — B opmyuie (3.4) He nepenyrath Mectamu |1 m_di (1),

T.K. B JAIbHEHIINX pacyetax B popmyse (3.5) yaursiBacM 3HAK BeJW4HHBI hy !

I Kak yka3aHo paHee, pasHHIla YPOBHEHM Macia B OTKPHITOM |1 1 3akpeiToM (1 KOJIEeHaX MaHOMETPa MOXKET ObITh
MOJIOKUTEIIBHOM, OTPHUIIATEIBHON, PaBHOM HyITtO, (cM. TyHKT 3.2 1 Tabnuiy 1)

2)  Puuop2 - THAPOCTATUYECKOE JTABJICHUE CTOJIOA Maca BhICOTOM hy, [a;
sz)pZ = pM gh2

20e
K2
pu = 900 — - MIOTHOCTH Maciia B MAaHOMETPE;
M
M
g =981 = - YCKOPEHHE CBOOOIHOTO MaICHUS;

B pacuerax B ¢opmyie (3.5) yuntriBaeM 3HaK BeJIMYUHBI hy !
I 3HaveHHe T'MPOCTATHYECKOTrO AaBieHHs crojba macia Py = p g h2 Tarke, kak U N2, MoxeT ObITh
MOJIOXKUTETHHBIM, OTPHIIATENBHBIM, PABHBIM HYITIO (M. myHKT 3.2 u Tabmuiy 1)

3) P: - naBieHHE ra3a B 3aKpHITOM KoJIcHE (B HccieayeMoM oobeme), [1a
=» naxoaum mo ¢dopmyie (3.7):
P, =Po+ pghz (3.5)

rae Po - atMmocdepHoe nasinenue, [la ;

! Od4eBHIHO, YTO 3HAYEHHE TUAPOCTATHYECKOTO JaBieHHs! P.op cTONOa Maciaa BbICOTOW hy Ha HECKOJIBKO
MTOPSAKOB MEHBIIIE, YeM aTMOC(EepHOE TaBICHUE Ta3a:
sz)p << Py
B namem skcriepuMente atmocdepHoe maBienue Po , ompesencHHOE ¢ TIOMOIIbI0 OapoMeTpa — aHepOuaa,
cocraBisier oxoxo 10°a,
a 3Ha4YeHUE Puop COCTABISECT HECKOILKO 0eCAMKO8 Ui COMeH nackauell
ByabTe BHUMATEJIBLHBI NPU pacueTrax Py v npu cpaBHenuu ¢ Po !

4) C2 — UCKOMYIO TIOCTOSIHHYIO, KOTOpasi ONMPEaessieTCs TePMOIHHAMUYESCKIUMU
rapaMeTpaMy ra3a B IepBOM COCTOSIHUU
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=>» BhIuKcisieM 1o gopmyie (3.2): C, =

o Pe3ynbrarel BhIUKCIEHUH 3aHECEM B TaOIUILY 2.
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Ta6auma 2 *

PacueTHbIe JaHHBIC

Ne JKcnepUMEeHTAIbHbIE JAHHbIE
/1
Temme- | Armoc- Yposensn Yposensn Pas- I'mapocra| [laBae- oc- Horpeur-
parypa | depnoe | maciaaB Maciia B HOCTH TH- HHe TOSIHH HOCTH
nasBiie- OTKPBIT. 3aKpPBIT. ypoB- qeckoe rasaB as
HHe KOJIeHe KOJIeHE Heil naBie- 3aKp.
maciaa Hue KoJIeHe oTH. | aéc.
Ti dl I | hl Prnupl P Ci1 6 ACI
win Po win - win win Win WiIn ! _—
T2 d2 h2 PmupZ P2 CZ uin
I, 5 AC,
2
Id M Id M
°C| K Ma MM | M | MM M mm | M Ia Ia K % K
1 2 3 4 5 6 7 8 9 |10 11 12 13 14 15
l**)
2**)
[Ipumeyanus:
*) Pexomenmyem Tabuily pacroaoKuTh Ha JTUCTE TOPU3OHTAIBHO
**) B 1-0if cTpOKe 3alUCHIBAEM SKCIIEPUMEHTAIIBHBIE U PACUETHBIE JAHHBIE

onbiTa Nel — mpu KOMHATHOM TEMIIEpaType

B 2-011 cTpoke 3anuchIBaeM 3KCIIEPUMEHTAIBHBIE U PACUETHBIE JAHHBIE

onbiTa No2 — pu MOBBILIEHHON TeMIEpaType
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5 BBIYMCJEHUE OTHOCHUTEJBHOW U ABCOJIOTHOM
HOI'PEHTHOCTHU ONIPEAEJEHUA IOCTOAHHBIX C1 u C2

5.1 O6mme popmyabl

= [locrosiHHas Ta3a OMpenesIeTCs JAaBJICHUEM, TEMIIEPATyPOU U BBICOTON
ctoJsiba raza no ¢opmye (3.9):

c-2L
T

. CJ'ICI[OB&TCJIBHO, OTHOCHUTE/IbHAA ITOI'PCIIHOCTD MocTosIHHOM raza C paBHa
CYMMC OTHOCHUTCIIbHBIX HOFpGHIHOCTCﬁ AaBJICHUS, TCMIICPATYPbl U BBICOTHI
CTOJI0a rasa, OIpCaACIICMBIX SKCIICPUMCHTAJIBHO!:

AC AP A/ AT
O0=—=—+—4—

C P ¢ T (5-1)

rae

AC

O = —— - OTHOCHTENbHAs TIOTPEIIHOCTh MocTosHHOH C, Ge3pa3MepHas BEIMYMHA MM B IIPOLIEHTAX;

Ilallu

AC — abcoumoTHas TTOTPEIIHOCTb, (Takas >xe pa3MepHOCTb, Kak y noctosHHo# C);

Hallw

C - mocTostHHAS rasa, ,

AP

——— - OTHOCHUTCJIbHAA MOTPCHIHOCTh AAaBJICHUA I'a3a, 6€3p33M€pHaﬂ BCJIMYMHA WIIHM B IPOLICHTAX

Al

— - OTHOCHUTCJIbHAA MOTPECITHOCTD BBICOTHI crojba rasa, 6e3pa3MepHa;1 BC€JIMYMHA MJIM B IIPOLCHTAX,

AT

——— - OTHOCHUTECJIbHAA MOTPEHIHOCTE TEMIICPATYPhI I'a3a, 6e3pa3MepHa;1 BEJIMYMHA WJIK B MPOICHTAX.

= U3 cootHomieHus (5.1) BeUUCISIETCS a0COJTIOTHAS TOTPEITHOCTD!

AC=5-C (5.2)
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5.2 OTHocHTe/IbHBIE NOTPeIHOCTH NOCTOAHHBIX C1 U C

OtHocuTenbHbIe MOrpemHOCTH MOCTOSIHHBIX C; u C  BbUMCISAEM TIO
bopmynam:
AP, Al AT
=—2+—4—
R 4L T
AP, Al AT
=—2 ¢ — 4 —
R4 T,

o, (5.3)

%, (5.4)
rae
61, 62 - 3HAUYCHUSA OTHOCUTCIIbHBIX HOFpCHIHOCTCfI ITOCTOAHHBIX Cl 51 Cz,
663p33MCpHBIe BCJIMYMHBI WJIX B ITPOLICHTAX

APo , AT, Al - morpemnoctn npuOopoB - OapomeTpa, MaHOMETpa,
TEPMOMETPA, COOTBETCTBEHHO:

A Po=100 ITa;

Al=1mm=10""7m;

AT=1K;

P, - atmocdepHoe naBienue, Ila;
l1, 12 - ypoBHU Macia B OTKPHITOM KOJICHE, M;
T1, T2 -Temnepatypa, K

B Ta6J'II/II_[V 2 3aIMIIeM 3HaY€HUsS] OTHOCUTEILHBIX MIOTPEIIHOCTEN 61, 62_, BbIpa3K1B
HX B IIPOIICHTAX.

5.3 AGcoi0THBIE IOrpemHocTH NOcTosiHHBIX C1 1 C:

AOCOIIOTHBIC MOTPEITHOCTH NMOCTOSHHBIX C1 1 C, BeIUHCISIEM 110 hopMyJie
(5.1):

AC, =38, -C, (5.5)
AC, =3, -C, (5.6)

rie

Ia -™m

AC,, AC, - abcontoTHbIE TOTPENIHOCTH, —x

O, n O, - 3HAUYEHHS OTHOCHTENBHBIX MOrpemHocTeil nocTostHubIX Ch 1 Cs

BBIYHCIICHHBIE TI0 popmynam (5.3) u (5.4), 6e3pa3MepHbIC BETMUHUHBI.
Buumanue!!!
Juist pacyeroB adcomTHBIX norpemnocreii B ¢opmyant (5.5) m (5.6) moxcraBisieM 3HaYeHHS] OTHOCHTEJIbHI
MOTpeurHocTeii 01, 62 He B MponeHTax !

Ih ™M

C,1, C; - 3pauenudg nnoctossHHBIX C1 1 Cy K
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5.4 3anuch MOJIy4YeHHBIX Pe3yJIbTATOB

[TonyueHnnsie pe3ysbTaThl — 3HaUeHUs NOCTOSIHHBIX C; u C, 3aMUCHIBAIOT C
a0COJIFOTHBIMU TOTPEIIHOCTSIMU, €IUHUIIAMUA HM3MEPEHUSI U OTHOCHUTEIIbHBIMHU

MTOTPENTHOCTSMU.

OxoHYaTeIbHEIC PE3YJIbTATBI B OTYCTC NOJIZKHBI OBITH 3aITMCaHbI

CIEAYIOIIMM 00pa3oMm:

Oro dhopma 3anucu:

Co=(evvnnnn... T )Hl O,=..... %
Co=(ovvnnnnn.. E )Hl O, =..... %
g //' /

3alurcaThb MOJY4YCHHBIC
3HAYCHUC ITOCTOSAHHBIX

C1HC2

3anucaTh MOJyYCHHBIC
3HaYeHHEe a0CONMOTHBIX
MIOTPELIHOCTEN

AC1 umun ACy

3anucartb

MOJTyYeHHBIC 3HAYCHUS
OTHOCHUTEIbHBIX
MOTPELIHOCTE N

[Ipumeyanue:

* B okoHYaTENbHOW 3alUCH PE3yJbTaTOB 3HaueHMs MoCcTOsSSHHBIX C1 u C2 u
UX a0COJIFOTHBIX OTPEIIHOCTENH OKPYTIJIMM JI0 ACCITHIX JAOJEH.

» KommuecTBo 3uakoB B 3HaueHusx C; u AC,, a taxxke C; u AC,
OBITh OJTUHAKOBBIM.

= 3HayeHHWE OTHOCUTEIBLHONW TMOTPEIIHOCTA MOXHO OKPYIJIUTh 0 IEJIbIX
3HAYEHUM MPOIIEHTOB (WJIM 10 NECATHIX JIOJICH MPOIICHTA).

- JOJDKHO
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6 TPEBOBAHWUS K COAEP)KAHUIO OTUETA
O JJABOPATOPHOM PABOTE

Otuet o0 1abopaTopHOit paboTe JOJIKEH COJIEPKAaTh CICAYIOIINE pa3iebl:

11. Twurynesbiii muct / HazBanue paboThI.

12. llens paboTHI.

13. Teopetuueckas 4acTb.

14. DkcnepuMeHTalIbHAs 4acTh - Tabnuila pe3ynbraToB (Tabmuia 2)

15. OOpaboTka 3KCHEPUMEHTAIBHBIX TaHHBIX

16. Pacuet OTHOCUTENBHOI U aOCOTIOTHOM MOTPEIIHOCTH

17. 3amucsk pe3ynbraroB (Kak mpaBmiibHO 0opMUTE pe3ynbTaThl? CM.
IYHKT 5.4)

18. BriBox (Kak Hamucats BeiBoA? Cm. Tabnuiry 1)

19. OtBeThl Ha KOHTPOJIBHBIE BOIPOCHI

Ta6muma 1-PexoMenmanuu o HamMcaHUIO BBIBOJIA B JTaOOpaTOpHOM paboTe

n/n YT10 10JKHO Kak 7T0 Hanucartb
ObITH B BbIBO/IE
5. Y10 ¢ JIeJJaHO B ITomauTe: BeiBO — 3TO «OTBET» HA LI !
pabote
6. Kak ¢ JIEJIAHO Kpatkoe onmucanuu 3KCIEpUMEHTa: KAKUE KOHKPETHO BEJIHMYUHBI

OIIpeNIeNICHBI C TIOMOLIBI0 KaKUX NPUOOPOB, KAKUE BETMYMHBI PACCUUTAHEI
o hopMynam

7. Yro 110 JIy4EHO 3amuck pe3ynpTara EHOJ'IY‘IGHHLIX BEJIMYMH U UX ITOTPEITHOCTEH — ¢
eIMHMIIAMH W3MepeHHii)
? 9
8. AHaIus 1. Hocturayta nens? (CrpaBeIjinB 3aKOH WIH HET?)
2. CpaBHUTH BbIUMCIIEHHbIE 3HAaUeHUs MOCTOSIHHBIX C1 1 Co
pesynpTara 3. Kak momydeHHBIE pe3yabTaThl OTBITOB TOKA3bIBAIOT CIIPABEIITHBOCTD

IpOBEPSEMOro 3aKoHa?




7 KOHTPOJIBHBIE BOITPOCHI

Bapuanm 1

1.1 BeiBecT U3 OOBEIMHEHHOTO Ta30BOTO 3aKOHA YPaBHEHUE HU30TEPMHUYECKOTO
mporiecca.

1.2 TlocTpouTts rpaduku U30TEpMHUUECKOro Mpoiecca B koopaunarax P,V ; PT ;
V.,T.

1.3 IIpu temneparype 50°C napienue rasa B 6amwione pasHo 2-10°Tla. Ipu kakoit
TeMIIEpaType €ro JaBlicHue Oyaer pasHo 2,5-10°T1a?

3a/1auy NOBBLIIICHHOM CJI0KHOCTH
1.1* Ta3 mepeBejieH U3 COCTOSIHUS | B COCTOSIHUE 2, KaK MTOKa3aHO Ha PUCYHKE 1.
Kaxkoii aTo mponiecc? Hanucats ypaBHeHue 3Toro npoiiecca. Kak m3aMeHUINCH TIpU
ATOM JaBJICHHE, 00BEM, TEMIIEpaTypa U IMIoTHOCTh raza? [loctpouts Tpaduk 3TOTO
nporecca B koopaunarax P,V ; V,T.
P

1 2

T

Pucynok 1
1.2* JlaBnenue raza paBHo 0,5 arm. Ilpu yBenuyeHUM  JaBJICHUS BIBOE
Temrneparypa ysennurmiachk 10 180°C. Onpenenuts nepBOHAYAIBHYIO TEMIEPATYPY

raza. O0beM OCTaJICsI HEU3MCHHBIM.

Bapuanm 2

2.1 BriBecT U3 00BEAMHEHHOI'O Ta30BOT0 3aKOHA YPAaBHEHHE HM30XOPUUECKOTO
Ipo1uecca.

2.2 Tloctpouth rpadmKu U30XOpUUECKOTO Tpoiiecca B koopauHatax P,V ; P.T ;
V.T.

2.3 T'a3 3anumMaeT o6beM 8Mm° npu masnenuu 2-10°Tla u Temnepatype -23°C. Kaxoii
00beM OYZIET 3aHMMATh TOT ke Ta3 npu gasierun 4-10°Ta u Temneparype 27 ° C?

3a1au¥ MOBBIICHHOW CJIOKHOCTH

2.1* T'a3 mepeBeieH U3 cOCTOSTHUS 1 B cocTosiHUE 2, KaK MOKa3aHO Ha PUCYHKE 2%,
Kakoii aTo mpouecc? Hanucats ypaBHeHHe 3Toro npouecca. Kak n3aMeHWIMCy npu
ATOM JaBJIeHHE, 00BEM, TeMIIEpaTypa U I0THOCTh ra3za? [loctpouts rpaduk 3TOTO
nporiecca B koopaunatax P,V ; V,T.

P 2

"T
Pucynox 2*
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2.2* Tlpu M30XOpHOM OXJIAXIACHUH HICATHHOTO Ta3a, B3ATOTO MPHU TEMIIEPAType
207°C, ero paBienwe ymeHbmwiocb B 1,5 pasza. Kakoil crana KoHeuyHas
TeMIiepaTypa raza’?

Bapuanm 3
3.1 I'padux xakoro uzonporiecca n3o0paxeH Ha pucyHke 3?7 Hamucate ypaBHEHHE
sToro npouecca. Kakoil mapameTp rasa octaeTrcsi HEBM3MEHHBIM B 3TOM Ipoliecce?
P

"V
Pucynok 3

3.2 IlocTpouts rpaduku mnpoiecca, H300pa’KeHHOTO Ha PUCYHKE 3 B KOOpJUHATAX
P,T; V,T.

3.3 I'a3 3anuMaeT 00beM 81 ipu masinerun 2-10°T1a n remmneparype 727°C.
[Ipy kakoM paBieHMH S3TOT Ta3 Oyner 3aHuMarh 1601, ecnu Temmeparypa
moHU3HUTCsA 10 -23°C?

3aJ1a4¥ MOBBILICHHOU CIOXKHOCTH
3.1* TI'a3 mepeBesieH U3 coCTOSIHUS 1 B COCTOSTHUE 2, KaK MMOKa3aHO Ha PUCYHKE 3*.
Kakoi1 ato mponecc? Hanmcate ypaBHeHHe 3TOro npouecca. Kak usmMeHwmcey npu
ATOM JIaBJIeHHE, 00BEM, TeMIIEpaTypa U II0THOCTh ra3za? [loctpouts rpaduk 3Toro
npouecca B koopaunarax P, T ; P,V.

\ 2

T
Pucynox 3*

3.2 Ilpu u306apHOM HarpeBaHUU UEATBLHOIO rasa, B3AToro npu temmeparype 7°C,
€ro IOTHOCTh YMEHBIIWIOCH B 2 pa3a. Kakoil ctana koHeuHas TeMneparypa raza?
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Bapuanm 4
4.1. I'padpuk kakoro u3ormnpoiiecca n3o0paxeH Ha pucyHnke 4? Hamucath ypaBHEHUE

9TOr O IIponecca. Kaxkoit mapamMcCTp ra3a oCTtacTCsa HCU3MCHHBIM B 9TOM HpOHCCCG?
\

" T

Pucynox 4
4.2 TloctpouTth Tpaduku mporiecca, n300paKeHHOTO HA PUCYHKE 4 B KOOpAMHATAX
P,V; P,T.
4.3 I'a3 ipu 60°C 3anumaet o0bem 2501 . Kakoit 00beM 3aliMeT 3TOT ra3, €CJH €ro
temneparypa cranet 30°C? /laBiieHre cCUUTaTh IOCTOSIHHBIM.

3aJ1a4¥ MOBBIIICHHON CI0KHOCTH

4.1* T'a3 mepeBeieH U3 COCTOSTHUA 1 B COCTOSIHUE 2, KaK MTOKa3aHO Ha PUCYHKE 4%,
Kakoit aTo npouecc? HanucaTe ypaBHeHHE 3TOro npoiecca. Kak n3MeHuIMch npu
ATOM JaBjeHHe, 00beM, TemmepaTypa U IIOTHOCTh raza? Iloctpouts rpaduk
3TOro mnpouecca B koopaunarax P, T ; V,T.

P 2

"V
Pucynox 4*
4.2* Ha cKoJIbKO M3MEHMTCS TeMIlepaTypa rasa, eciii Ipu M300apHOM Harpese

ero oobeM yBenuuutes B 1,3 pasa mo cpaBHeHuto ¢ oobemoM mpu 0°C?
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JIABOPATOPHAS PABOTA Ne5
ABCOJIIOTHASA U OTHOCUTEJIBHASA BJAXHOCTD

Ilnan:

1. Abconromuas u omnocumenbHasA 6aHCHOCHb

2.Touka pocwi

3.IIpuoopwl 0na onpedenenusn enaxchocmu /CamocmoamenvHoe uzyyeHue

JdomainHee 3aganue
1. XKnanos JI.C. ®uzuka. §9.1 - 9.4  /[Imurpuena B.®D. Ousuka. §33
2. CamocTosiTe/ibHOe u3yueHue: [IpruOopsl 11 onpeaesICHUs BIaXXHOCTH -

§9.3
3. PoimkeBuu A.Il

Ilpoumume:

Ha nameil miianere B atmocgepe Bcerja coaepKUTcs BOJISHON nap. D10
IPOUCXOAUT BCIEACTBUE IIOCTOSSHHOTO MCIAPEHUs] BOABI C IOBEPXHOCTEU
BOJIOEMOB, TIOYBBI M PACTHTEIHHOTO TIOKPOBA, a TAaKXKE JbIXaHUS YeIOBEeKa U
KUBOTHBIX.

CocTosiHUE BOASHOTO Mapa, Kak u JI00ro ra3a, MOXKHO XapaKTepU30BaTh
napaMeTpamMu — JIaBICHUEM H IJIOTHOCTHIO.

OueBuaHO, 4YTO aTMoc(epHOE MAABJICHHE MPEACTABIsAET COOOH CyMMy
JIaBJIEHUI CyXOro Bo3ayxa (T.€. CMECh a30Ta, KUCIIOpO/ia, YIVIEKUCIIOTrO ra3a u Jp.)
Y HaXOJSILIErocsi B HEM BOJSHOIO Iapa:

PZJ.TM = Pa30Ta + PKI/ICJ'IOpOI[a . '+ PBOI[HHOFO Iapa

JlaBnenue (M IMJIOTHOCTB) BOASHOTO Mapa OyeT MaKCUMaIbHBIM MPU
HACBIIICHUN BO3/1yXa IMapoM.
Bcenomnum:
HacblleHHbI Iap — 510 nap HAxXo0AWUNC 8 OUHAMUYLECKOM (ROOBUNICHOM)
PABHOBeCUU CO CBOElL HCUOKOCNBIO.
CocTosiHMe HACBIIIEHHOI0 ApPa TaK)Ke MOXHO XapaKTEPU30BaTh PAa3IUYHBIMU
rapamMeTpaMu, HallpUMEP: AaBJICHUEM HACBIIIEHHOTO napa Py, [ [1a i mM pr.
CT.], IUIOTHOCTHIO HACBHIEHHOTO Mapa Pyac [KI/M]

Hanpumep, mpr 20 °C: Puec (20°C) =2330T1a, puac(20 °C) =17,3 Mi

CpaBHMM 3TO JaBJ€HUE, HANpPUMEpP, C HOPMAIBbHBIM aTMOC(HEpPHBIM

JIaBJICHUEM:
Puopwarw = 10 ° ITa =100000 ITa

[ToHdaTHO, YTO  Ja)ke MAaKCUMalbHBIM «BKJIaJ» BOJSHBIX MapoB (B
HACBIINIEHHOM COCTOSTHUU) B «00111ee» atMochepHoe JdaBieHne - HeBenukK. Ho mpu
TOM COJAEp)KaHWE BOASHBIX MApoB B aTMOoc(hepHOM BO3ayXe, T.€. BIAXKHOCTHh
BO3/yXa, MMeeT OOJbllIoe 3HAYEHHWE M BIMIET Ha KIUMAT, Ha JXKU3Hb U
CaMOYYBCTBHUE JIIOAEH M JPYIUX JKUBBIX OPraHU3MOB, Ha TEXHOJOTHYECKHUE
MPOLECCHI U T. [I.
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BcnomuuMm, 4to naBneHue (M MIIOTHOCTb) HACBIIMIEHHOTO Mapa 3aBUCUT OT
TEeMIIepaTypbl. ITa 3aBUCUMOCTbh HE MOKET OBbITh BBIpaXK€Ha MPOCTON (HOpMyJIoii,
MIOPTOMY Ha OCHOBE JKCIEPUMEHTAJIIBHOIO H3YyYEHHUS 3aBUCHMOCTH [IaBJICHUS
HACBIIIEHHOTO TIapa OT TEeMIIepaTypbl COCTaBJIEHBI TaONUIBI U Tpaduku, MO0
KOTOPBIM MOHO OIPENEIIUTh €r0 JaBJICHUE MPU Pa3JIMUHBIX TeMIlepaTypax. JTU

Taﬁ.]'ll/l!!bl Ha3bIBalOTCs «/laBjieHHMe M ILIOTHOCTh HACBIIIEHHBLIX NAPOB NPH
Pa3JIMYHbIX TEMIIEpaTypax».

3anuwume 6 koncnekm:

Ammocghepustii 6030yx - ImMo cmecey 2az08: a3oma, KUciopooa, y2ieKuciozo
2a3a, 600AHBIX NAPOB U OP.

Bnaycnocmov xapaxkmepusyem cooeprcanue 800AHbIX NAPOE 8 AMMOCHepHOM
6030yxe.

Ilpouumaiime
T.x. cocTossHUE BO3yXa MOXKHO XapaKTCpHU30BaTh Pa3JIMYHBIMH IIapaMETpaMu,
HarmpuMep, JaBJ¢HUEM HIIN NIJIOTHOCTBIO, TO

¢ JAaBJICHHUC BO3AyXa OIIPCACIIACTCA CYMMOM JIaBJICHUM CyXOro Bo3ayxa u
HaxoaA1merocsa B HCEM BOASHOI'O ITapa:

Pama= Pazora + Piucnopoma +...F Psoasisoro napa
nJina C HDVFOﬁ CTOPOHBI

¢ JTUIOTHOCTBH BO34yXa OIPCACIIACTCA CYMMOM IJIOTHOCTEM CyXO0ro Bo3ayxa
H HaXO sAMECTroCsa B HEM BOASHOTO I1apa:

Parm = Pazora T Prucnopora T-...T P_Boasimoro napa

BcrmoMHUM:  TIJIOTHOCTH PacCYUTHIBAIOT IO (OopMyIIe:

600SAHBIX NAPOS

pP= Vv

B nanpHelimeM 11 XapaKTEpUCTHKUA BIAKHOCTH MBI OyJieM HCIIOIb30BaTh
TOJIBKO BEJIMYMHY:

INJOTHOCTHb BOASHBLIX ITAPOB. Paoe y  Puac

/OnHAaKO MOYKHO MCIIOJIB30BaTh U BEIWYUHY «JaBieHUE»:  Pase ,
Puac

/ 3anuwiume 6 koncnekm:

Wrak, paznuyaror:

1. AGCOIIOTHYIO BJAKHOCTD: pase [ 2Im® wmm
Kzlm®]
2. OTHOCHTEJIbHYIO BIAKHOCTE: B [ %0]
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Baorcro

> 1. puwe - abconiomuasn enaxycuocmv,  KJ/m®

Abconiomuan 81axcHOCHb — 3TO TIIOTHOCTh BOAAHBIX NAPOB B BO3YXE (B 00weii
CMECH Ta30B)

Lpyeumu crosamu:

Abconlomnan 6n1a3cnocmy Xapakmepusyem maccy 600AHbIX napoé 6 Im®

6030yxa.
(T.e. XapakTepu3yeT abCOIIOTHOE COepKaHIe BOISHBIX TAPOB B BO3IYXE)

CrnenoBaTeNbHO, Page MOXKET OBITH (B psfie CirydaeB!) onpeaeneHa mo ¢popMmyiie:

mGO()}leU( napos

pa(ic = V

Mooicno He nucams npo daenerue!
pyaoii no0x00 K onpedenenuio abCoNOMHOU BLANCHOCMU C UCHOIb308AHUEM BETUUUHBL «OABLEHULY!

P age - I[MapnuajJabHOC JaBJICHUC BOJAAHLBIX I1apOB, [Ia wan Mm PT.CT.

Abcontomnas enaxcHocms - 2mo oasiexue (napyuaibHoe 0asieHue) moabKo
B0O0SIHBIX NAPO8 6 cmecu ammocgheproco 6030YXa - Pamy = Pasora + Pxucaopona

eeot PBO SIHOT0 mapa
P abe — PBo;mHoro napa
prwettcmue: Hapuuaﬂbﬁoe — o3Havaem «yacmudyHoe».

om anenutickoeo ciosa part—uacms,  partial — vacmuunoni

/ Banuwiume 6 koncnexkm:
Abconromuan 6,1a3#CHOCHb IlInapzanka!
He 3asucum om memnepamypoi!!!
T.x. ¢ usmenenuem memnepamypvl MAacca 600SHbIX |tT, HO 1pH 5TOM pase
napoe e usMeHsemcsl = const
(015 3amMKHYmMo2o 0bvema - 01 0aHH020 8030yxal)

/ Banuwume 6 koncnekm:

>2. B _- omnocumenvnas enaycrocms

> B - oTHOCHTe/IbHAS BJIAKHOCTD -- MIOKA3BIBAET, KAK «IAJICK» TaHHbIH
BO3/yX OT HACBIIIEHHOT0 COCTOSIHUA (TIPU JaAHHOW TeMIlepaType)

> OmHuocumenvHasn 61aA3NCHOCMb ONpedeIsemcs OMmHOUIEHUEeM a0COIIOMHOI

61aMCHOCMU Paoec K NJIOMHOCMU HACLIUWCHHBLX RAPOB Prac .

Pase
B_ p_6 .100% (1) Oto rnaBHas popmya
nac ypOKa '

rae

B - omnocumenvhas énaxcnocme - b6e3pasmeprasn eeauduna uiu 8 %

Pase - AOCONIOMHAS B]IAANCHOCTD, K2 /M

Puac - NIOMHOCHb HACHIUEHHBIX NAPOE, K2 /M >

> Puac- Oepercs u3 TabauIbl «J{aBneHne u IIOTHOCTh HACBIIICHHBIX TTAPOB IIPH
PAa3IMYHBIX TEMIIEPATYPAX»
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Basicnoe 3ameuanue:

CPOCIMOM memnepamypobl OMHOCUMENIbHAA 6/1A)CHOCHb

YMEHbUAECMCA, T.X. a0COTIOTHAS BIAXKHOCTb Dagc HE U3MEHATCS, a IIOTHOCTH ( U

IHInapzanka!
tT = Prac

JABIICHIE) HACHIICHHBIX ITAPOB BO3PACTAIOT C POCTOM TeMIepatypsl / cMm. ¢popmyiy (2) / T
E> Pa6e =
const
R T L LRE TR LR
Anano2uuno, MOACHO GbIPA3UMY BIANICHOCIL Hepe3 -2 Ecnu Bam 6onvuie Hpasumes eenutuna
BeNUUUHY «OaBTIeHUe. » -7 (NIOMHOCMbY, Yem «oasnenue», mo gopmyry (la)

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

OmHnocumenvHan 61a)3cHOCMb ONpeoeisiemcs OMHOULeHUeM aOCOIIOMHOL
enascHocmu Page

K 0a8IeHUt0 HACbIWeHHbIX NApo8 Puac

B = £a%¢x100% (1a)

Pnac
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Ilpoumume:

OTHOCHTENbHAS BIAXKHOCTh KOJIEOJIETCS B MIMPOKHUX Mpejenax (HO He
o6onee 100%!). Ilpuyem CyTOYHBI XOJI OTHOCHUTEIHHOM BIAXKHOCTU OOpaTeH
CyTOYHOMY XOJy TeMIeparypel. JlHemM, C BO3pacTaHHMEM TEMIIEpaTyphl, H,
CIEA0BATEIbHO, C POCTOM [ABJICHHS HACBILICHUS OTHOCHUTENbHAs BJIAKHOCTH
yObIBaeT, a HOUblO Bo3pactaeT. OJIHO U TO K€ KOJIMYECTBO BOJSHOTO Mapa MOXKET
mub0 HacChINAaTh, TMOO HE HACHIATH BO3AyX. lloHMKass Temmeparypy BO31yXa,
MOXHO JOBECTH HAaxOJSUIMICA B HEM Nap [0 HachlmieHus. To4kod pocskl
Ha3bIBAIOT TEMIIEPATYPY, PU KOTOPOU Map, HAXOAUIUNUCS B BO3yX€E, CTAHOBUTCSA
HachleHHbIM. [Ipy JOCTM>KEHUM TOYKM POCHI B BO3JyXE WIM Ha MpEIMETax, C
KOTOPHIMU OH COMNPHUKACAETCS, HAYMHAETCS KOHJEHCAIMS BOJISHOIO Mapa.

[TosToMy B mpupoje 4acTo HAOIIOJAETCsl BEUEPOM, MM HOYBIO, WA MO
YTPO — MIPU MOHUKEHUU TEMIIEPaTyphl - MOSIBJICHUE TyMaHa, POChI, UHES.

Takum 00pa3om, Kak clieIyeT U3 onpe/eseHus] OTHOCUTEIIbHON BIIAXKHOCTH /CM.
dbopmyny (1)/, ueM HIKe TemIepaTypa, TeM MEHBIIE IJIOTHOCTH ( U JIaBJICHUE)
HACBIIIICHHOTO T1apa, a 3HAYUT MPU OXJIKICHUH J0 HEKOTOPOI TEMIIepaTyphl Imap
CTAHOBHTCS HACBHIIIICHHBIM. DTa TeMIepaTypa Ha3bIBa€TCS TOUKOM POCHI U
obo3HauaeTtcs: tp.

/ Banuwiume 6 koncnekm:

tp - mouka pocwt - smo memnepamypa, npu Komopoii 6030yx cmanHo6uUmMcs
HACbIUEHHBIM.

CreqoBaTeabHO:
npH TOYKe pockl t=tp = B (t) =100%  T.K. puac (tp)= Pase
3TO TOJBKO MpH TOYke pocwl!!! A

» Kak HaiiTH TOYKY pockl ???

OTBeT:

Temnepatypa TOUKH POChI ONpeaeIsaeTCs
1o tadauue «/laBjeHue U MIOTHOCTh HACHIIEHHBIX MMAPOBY»:
Jlns aToro Hao:

1. HaWTHU Pase /NOMHUM, YUMO Pa5c C MEMNEPAMYPOU HE
usmensemcs!!!
2. HAUTH Puac . Puac ()= Pase /mOMHUM, umo 3m0 cnpasedruso moivko npu

mouxe pocwl !

3. HaAWTH TOYKY POCHI
» 10 Taduuie «/[aBneHne u II0THOCTh HACKIIIEHHBIX TTAPOB MPHU
pPa3TUYHBIX TEMIIEpATypax» HAWTH TeMIEePATYpPy, COOTBETCTBYIOIIYIO
JTAHHOM TTIOTHOCTU HACHIIICHHBIX TIAPOB Puac . IMA memnepamypa u
0yoem mouka pocwi!

63




®» [Ipumeuanne
B 3amayax 1o TeMe «BIaXHOCTE» MOKHO HCIIONB30BATh BHECHCTEMHBIE

€MHHIIB] M3MEPEHUSI MACChl M IDIOTHOCTH:
[r] BmecTo [KT]

[%]BMCCTO [%]
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3ajgaua 1
KakoBa Mmacca BOASHBIX ITapOB B 1 M2 HACBIIIICHHOTO BOISIHOTO napa

npu Temnepatype 23°C?

Hano:
V=1m
t1=23°C
t,=10°C

1) m(20°C) -?

Pewenue
1)t1=23°C
JIis HAXOKIEHMS MacChl BOMSHBIX ITApOB B 1M° HACBHILIEHHOTO
BOJISTHOTO Mapa NpH YKa3aHHOW TemmepaTrype
® 1o taéuuue «/laBaenne U IIOTHOCTH HACHIILEHHBIX NAPOB
NPHU pa3jIMYHbIX TEMIEPATYPAX» HAWJIEM 3HAYEHUS INIOTHOCTH
HACBIIIEHHOTO mapa 11 Temueparypst 23°C :

Y pue(23)= 206-10° %2 22065
Oreer: mnpu  temneparype 23°C B 1m® mamHOro BO3myXa

conepxutcs 20,6r HaCHIIIICHHBIX BOJSHBIX MapoB (!).
Bom u ecé «pewmenuen!

Ho nmpoBepuM 310 € MOMOIIBIO pac4€TOB!

N3 wusBecTHOU (hopMynbl juisi pacuéra TUJIOTHOCTH: P = MO>KHO BBIPA3UTh

b

<|3

maccy: m =V xp,
Jlnst Hamero ciaydas HaXOXACHHS MacChl  BOISHBIX TapoB dTa (opmyna,
OYEBHJIHO, TOXKE CTIPABEIINBA:
Muac = prnac,
mozoa nnaV = Im3(no yCJ’IOBI/IIO)

Muae = Im® 20,6+ 10° 3_ =20,6+ 10°kr =20,6r

OtBer: npu  temneparype 23°C B Im® gaHHOrO BO3myXa COIEPIKUTCA
HACBIIICHHBIX BOJSHBIX IApPOB : Muac = 20,6+ 103kr =20,61

! Camocmoamenvno omeemome na éonpoc: KakoBa Macca BOJSIHBIX MapoB B
1 M3 HaCBILEHHOTO BOASHOrO Napa npu Temneparype 10°C ?
3amava 2
B xomHare ¢ pazmepamu 3M X 3M X 5M coaepxkutcs 640 T BOASIHBIX MAPOB.
OnpenenuTh aOCOMIOTHYIO U OTHOCHTEIIBHYIO BIIQXXKHOCTh BO3/yXa TpHU
temneparypax 1) 20°C, 2) 25°C
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Jlano:
V=3Mm x 3m x 5m =45m°

Il1an pemeHus

Yacts 1: t1 =20°C

J171 HaX0XICHUSI OTHOCUTEIILHOM BIIAXKHOCTH JIJISt
nanHoii Temneparypsl (20°C) ucnonsszyem Gopmyiny

B = Paze .100%
pHﬂC

1)

INIOTHOCTDb HACBIIICHHOTO ITapa

Page - A0COTIOTHAS BIAXKHOCTH

W 0...(20°C) Haiinem mo Tabamue «JlaBIcHHMEe M
IJIOTHOCTh HACHIIICHHBIX apOB IPH _Pa3JIdYHBIX

m = 640-10°kr
t1=20°C
=25 °C (1):
1) paﬁc (20 OC) = 7

B(20 °C) -9

rac

2) pa6c (25 OC) - 7 pHaC -

B(25 °C) -9
TeMIIepaTypax» -

s jannoi Temmepatypsl (20°C)
B a6COTIOTHYIO BIAKHOCTD Page HAXOMUM TI0 (opmyie (2):

pa6c =

mBO()}ZHblx napos

\

AJITOPUTM pelleHus

(2)

Pemenne:

1. 3anumem dopmyny (1) s

JAHHOU TEMIIEPATYPHI:

p{l C
B20°) = —— x 100%

nac(20°)

1)

JInst pacueTa OTHOCUTENBHON BIaXHOCTHU 10 ¢opmyre (1) Hamo 3HATH:

= Pa6e
> Pruac

/HE 3aBUCUT OT TeMIepaTypbl!
/ 3aBUCHUT OT TeMIlepaTyphl!

Paéc >
Haiijem 1o popmyne (2):

aOCOJIIOTHYIO BIIYKHOCTh

8OOSHBIX NAPOE

640-10 Zxr ke
— ~ 103 —
paﬁc_ 14 10 M3

SM3

Pase Vv (2) Pa6e= Pase (200) -14 - 10-3%: 14%
Baxno nousars!!! D10 3HauMt, yro B Im3
JAHHOIO _ BO3JYXa COJIEPKUTCS 14r
BOJSTHBIX TIapOB
(mpu mro0OoM Temmneparype!)
> Prac(20°C) IUIOTHOCTH | M0  Tadauue «JlaBiieHWe W IUJIOTHOCTh
HACBIIIICHHBIX ITAPOB HAKIEM HACBIIICHHBIX  MMApOB  MPU  PA3JIMYHBIX
1o TadJauie TeMIepaTypax»:

g remaeparypsl 20 °C

Ke
v Puse (20°) = 17,3 x 103 5
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3 KT

4. BpIY4MCIMM OTHOCHUTENBHYIO 14-1073=

Biaxnocts npu 20 °C: B(207)= .D—EMKP = 0,81 =281%
M3

17,3-1

OtBer: 1). 3HaueHUe aOCOFOTHON BJIAYKHOCTH BO3AyXa
Ke 2
npu Temieparype 20 °C paBHO pase= 14 -10°% 5713
2). OTHOCHTENIbHAs BJIAXXHOCTH Bo3ayxa mpu Temmeparype 20 °C :
B(20°)= 81%;

Yacre 2: t1 =25°C  (Ilpomomkenue 3anaun 2) CamocTosTenbHO !!!
Omnpenenutb aOCOMIOTHYIO U OTHOCUTEIIbHYIO BI&KHOCTH BO3/lyXa TpH
temriepatype 25 °C

Aneopumm pewienusi:
l. BaPI/IH_IeM dopmyny (1) nna . » .
JTaHHO TeMIepaTyphl: B(25°) = x 100% (1)
nac(25°)
Jl71st pacueTa OTHOCUTENIBHONM BIAXHOCTH 10 hopmysie (2) HaZO0 3HATh:
= Prac /3aBUCHUT OT TeMIIepaTyphbl!
= pase (25°) / HE 3aBUCHUT OT TeMIIepaTyphi!
) Ke 2
=> Pasc HaljieHO (B qilCTI/Il) Pase= Pace (20%) = page (25%) = 14 - 10-3?- 14?
3HAQ4YCHUS1 a0COIOTHOM BIIAXKHOCTHU o ,
BO31yXa mpu Temmeparypax 20 °C Pasc= 14103 314~
u 25 °C paBHBIL:
/ Pacec HE 3aBUCHUT OT TEMIEPATypbl!
= Do HAHJEM IO TAOJIHIIE no Tabdaune «J/laBjieHWe M INIOTHOCTH
- 15 Temneparypsl 25 °C HACBIIIEHHBIX  MapoB  OpPH  Pa3iaUYHBIX
TEMIIEPATYPax» HAXOJUM:
V' Puac (25°) = ... x 103 5
4. BBIYMCIUM OTHOCUTEIBHYIO Lse
BIIaXHOCTH 1ipu 25 °C: B (25° ) = =
P nac(25°)
— -100% =...%
OtBeT: JUIst OMTHOTO ¥ TOTO K€ BO3/yXa 3HAYCHUSI AOCOTIOTHON BIIAXKHOCTHU

Bo3yxa mpu Temneparypax 20°C u 25°C paBHsI:
K2 2
Pa6c™ Pade (200) = Pate (250) =14 - 10-35_ 14?

OTHOCHTENbHAS BIAKHOCTh BO3IyXa:
1) mpu Temmeparype 20 °C  B(20°)= 81%;
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2) pu temmeparype 25 °C - B(25%=... %
Ba)kHbIE BBIBOJIBI:
C pocToM TeMnepaTypbl OTHOCHTEIbHASI BIAKHOCTL  (YMeHbIIaeTcsi?), a
a0COJIIOTHAS BJIAJKHOCTH BO3AyXa (He H3MeHseTcs ?)

33[[3‘11’[ AJIA CAMOCTOATEC/JILHOI'O PEIHICHUSA

C1. Ipu remneparype 27°C Baaxkuocts Boszayxa 30%. Ilpu kakoii
TeMIepaType BJIaKHOCTH Oyaet 50%?

C2. B xomHate 00beMoM 200M3 OTHOCHUTEJbHAS BJIAKHOCTH BO3AyXa
npu 20 °C paBna 70%. OnpeaeauTh Maccy BOASHBIX IIAPOB B BO3IyXe.
C3. OrHocuTeabHAs BaaKHOCTh Bo3ayxa npu 0 °C pasna 40%. Boimager
JI¥ HHEl, ecJIM TeMIIepaTypa Mo4YBbl nouusuTces a0 -8°C ?

C4. Ckoabko Hano ucnaputb Boabl B 1000m3 Bo31yxa, OTHOCHTE IbHAA
BJIAKHOCTH KOTporo 4% npu npu 10°C, 94T06b1 yBJIAKHHTE €10 10 60%?
C5. OTHOCHTeJIbHAS BJIAKHOCTH BO3ayxa nputemmneparype 20°C paBna
44%. UTo moka3piBaeT BJIA)KHBIH TEPMOMeETP NCUXpoMeTpa?
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3agaua 3 OmnpenesieHue TOYKH POCHI
OTHocHTeNbHAST BIAXHOCTH Bo3ayxa mpu temrepatype 20 °C pasna 58%. [Ipu
KaKOM MakCUMaJIbHOM TeMmeparype BbIaJeT poca?

Jlano: Pemienue
t1=20°C 1) Haiimem Touky pochl
B(20°) =58% = 0,58 OnpenenuM abCOIIOTHYIO BIAXKHOCTh BO3/yXa U3
dbopmyisr (1):
pﬂ C
1)t,=-? B:?:c-loo% (1)
2)*CKonvko

CKOHOEHCUPYemcs 600bl
U3 Kax3#coo2o Kyouueckozo
mempa 6030yxa
OXJ1ANCOEHUU IMO20
6030yxa 0o 5°C ?
Pase = B(20°) - puac (20°) (2)

v Puac (20°C) wHaiinem mo Tabdauue «JlaBieHye W IIOTHOCTh HACKHIIIEHHBIX ITAPOB
[IPY PA3INYHBIX TEMIIEPATYPAX» - ISl JAHHOU TeMnepaTprI (20°C)

Pue (20°) = 17,3 10%" 5

Torma  pase= B(20°) * puac (20° =0,58-17,3% 1032 = 10,034- 103"

M M

Poca Beinmanaer, ecim abCOMIOTHAS BIAKHOCTh BO3/lyXa OyJeT O0JbIlIe MIOTHOCTH
HACBIIIEHHBIX MAapoB (MpU JJTAHHOU TeMreparype).

Ilpu mouke pocvl 6030yx cmanosumca Hacvluwienuvim: 100%-nan
énaxcnocms!

B (tp)=100%

Cneoosamenvho, pPuac (tp)= Pase

B 1aHHOM cilydae aOCONIOTHAS BIAKHOCTh BO3AyXa PAaBHA Pasc = 10,034-10 ko/m®,
a 3HaUUMmM U NIAOMHOCHb HACHIUWEHHBIX NAPOE 001IHCHA OblMb MAKOU Jice
Prac (tp): Pase — 10,034'10 -3K2/M3

tp: '?

3nayum, ymoeoObl HAUTU TOUYKY POCHI !

» 1o Tadanue «/laBieHne U MIIOTHOCTh HACKIIIEHHBIX TTAPOB IPU PAITHYHBIX
TeMIIepaTypax» HaJl0 HANTH TeMIIepaTypy, COOTBETCTBYIOIIYIO JaHHOM
TUIOTHOCTH HACBIIIICHHBIX MTAPOB Pruac -

B mabnuye naxooum 6auzkoe 3navenue (Ui 4ymo menvie). Puac (2)=10,0- 107
Ko/m*
Dmomy 3nauenuro coomeemcmeyem memnepamypa 11°C.
3nauum poca evinadem npu memnepamype 11°C.
Omeem: t,=11°C.
JlononHuTenbHOE 3a1aHne
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2) *CKOo1bKO CKOHOEHCUPYemcs 600bl U3 KAHCO020 KyOuueckozo mempa 6030yxa
oxnaycoenuu 3mozo 6030yxa 0o 5°C ? Ilpu oanvneiiwmem nonusicenuu
memnepamypul (HU3ce MoK pocwl), «U3TUMWKU 600bl» CKOHOEHcUupyomca: Am
=M a5c — M yac( IPH JaHHOIA t).
IIpu t=5°C  puac (5%)= 6,810 3k2/m?,

a pase = 10,034-10 k2/m3(ne 3asucum om memnepamypuot!)

3HAYUM U3 Kaxic0020 Kyouuecko2o mempa 6030yxa CKOHOEHCUpyromcs
WLUMWMHASY MACCA 600bl, TIPEBBINIAIONIAS IOIyCTUMOE 3HAUYEHUE /Puac (5°)/

AM =M 50 — M e (t =5°C) =10,03410 k2 - 6,8:10 3k2 =3,234+10 3kz =3,2342
~3,2e

Otset: npu 5°C uz xaxncoozo Kybuueckozo mempa 6030yxa ckonoencupyemces 3,22
8000l
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JIABOPATOPHAS PABOTA Ne 6
OIIPEAEJIEHUE KO2PPUIIMEHTA
JUHEMHOI'O PACIIIUPEHUS
TBEPJ1OI'O TEJIA

IEJIb PABOTbBI

Heabs Ja0opaTopHoii PpadOTBI - ONPEACIUTH ONBITHBIM  ITyTEM
KO3 PUIIMEHT IMHEWHOTO PacIIMPEHUs TBEPOro Tea.

B nabGopatopuoit pabore mno ¢usuke «OmnpeneneHue koddduimenrta
JUHEHHOTO  pacUIMpeHHs  TBEPJOTO  TeNa»  CTYJAEHThl  ONpPENEeNsIoT
HKCIIEPUMEHTAJILHBIM TyTeM KO3(PQUIIMEHT JIMHEWHOTO pACIIMPEHUsI CTallu.
YnuHenue, HarpeBaeMoi TpyOKu, u3MepsieTcss mHAukaropoM. [lo ynmmHeHuto
TpyOKH, €€ MEepBOHAYAILHON JJIMHE W MU3MEHEHHUIO TEeMIIEPaTyphl, IO yKa3aHHBIM
dbopMyIamM pacCUUTHIBAIOT KOYPPHUIIMEHT JTUHEWHOTO pacmupeHus. [lomydeHHbIe
JAHHBIC CPABHUBAIOTCS C TAOJMYHBIMH, JIETAIOT PacdeT IMOTPEITHOCTH.
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1 TEOPUA

IIpn HarpeBaHMHM TBEPAOIO Teja YBEIMYHUBAIOTCS CPEIHHUE PACCTOSHHUS
MEXIy aTOMaMH, TaK Kak C pOCTOM TeMIIepaTypbl BO3pacTacT aMILUIATYHa
KoJeOaHUN aTOMOB OKOJIO IOJIOKEHUH paBHOBECHS, 4YTO W NPUBOJAUT K
YBEIIMYEHUIO PA3MEPOB TEJIA.

JIuHelWHBIM  TEIUIOBBIM  PACIIMPEHUEM  HA3bIBACTCSd  YBEJIMYCHUE
IIPEUMYLIECTBEHHO JINHEMHBIX Pa3MEPOB TBEPAOTO TENA C POCTOM TEMIIEPATYPHI:

Al=a €, At (1.1)

rae & - Ko3(PUIUEHT TMHENHOTO TemIoBoro pacmupenus, K 2.

a=24 (1.2)
go'At
rae At - u3sMeHeHne Temneparypsi:
M=ttt

{, - HavanbHas Temneparypa;
{ - xoneunas Temneparypa;

Al - a6CoOMOTHOE M3MEHEH e JUTMHEI TeNa MPU H3MEHEHHH
Temrepatypbl Ha Al:

Afz g = 50
50 —Ha4daJIbHasg OJIMHA IIPU TCMIICPATYPC to =0 °C , MM.

5 — KOHCYHAaA JJIMHA IIPpU TCMIICPATypC t, MM.

Ko3¢puuueHr IMHEHHOro0 TemI0BOro paciiMpeHHus MMOKa3biBaeT, HA
KAKyl0 J0JII0 CBOel NnepBOHAYAJAbHON MiuHBbI npu 0 °C usMeHsiercs: IAJIMHA
Tes1a npu Harpesanuu Ha 1K (uiu 1 °C).

KoadduimenT IMHEHHOrO TEMIOBOrO pACIIMPEHUsT 3aBUCUT OT poAa
BEILIECTBA M OT TEMIIepaTypbl (€ciu paccMaTpuBaTh HEOOJNBIINE WHTEPBAJIbI
TEMIEPaTyp, TO MOXXHO CUYMTaTh KOA(Q(UIMEHT JIMHEHHOro pacIIMpEHUs s
JTAHHOTO MaTepualia BEJIMYUHON MOCTOSTHHOM).

2 OBOPYJIOBAHHE

2.1 Ilpubop nns onpeneneHus: kKodhHUIMEHTa TUHEHHOTO PACIINPEHUS METAJIIOB.
2.2 Unaukarop.

2.3 [TapoobpazoBatesnb ¢ pE3MHOBBIM IILJIAHTOM.

2.4 DneKTpOIUIUTKA.

2.5 Tepmomerp.

2.6 3mepurenbHas TMHENKA.

72



3 OKCIIEPUMEHTAJIBHASA YACTb

3.1 IlpubGop, mpenHazHAuYCHHBIA JIsI SKCIEPUMEHTAIBHOTO OIpeeIeHUs
kod(pduieHTa JIMHEHHOTO TEIJIOBOTO paCIIMpEeHHs, I0Ka3aH Ha pPHUCYHKE |
(oOmmii Bux). AOCOMIOTHOE yuIMHEHHE TPYyOKH AL U3MEPSAIOT ¢ MOMOLIBIO
uHaukaTopa 6 ¢ nenoit nenenus 0,01 mm.

3.2 YcranoBuTh npuboOp Ha mojacTaBke 1 Tak, 4TOOBI CTOMKa 4 HAXOAMIACH
C IIpaBOM CTOPOHBI.

3.3 HcnbITyeMblil CTEpKeHb 8 MPOMYCTUTh JJIMHHBIM KOHIIOM 4Yepes
OTBEPCTHE B CTOMKaX 2 U 4 Tak, 4TOOBI IUIaHKa 9 PacIionoXKuiach BEPTUKAIBHO U
HE JOXOauaa J0 CTOMKH 4 Ha 3-5 M.

3.4 3akpenuTh TPyOKY BUHTOM 3 B JICBOU CTOMKE 2.

3.5 MH3meputh TemIeparypy OKpPYXKaOLIEr0 BO3AyXa — HA4YaJIbHYIO

temneparypy 1o .
3.6 Pe3ynbTaThl M3MEpeHHUIt 3anucaTh B Tabuiry 3.1.

Pucynox 1 — OOmmuit Bua mnpubopa mis omnpeaesneHus kKodhduimeHTta
JMHEHHOTO TETUIOBOTO PACIIHMPEHUS

3.6 Usmeputh HavyanbHyro JUIMHY o, TPYOKH P KOMHATHOU TEMIIEPATYPE,
CUMTAsl IJTUHOM PAcCTOSTHUE OT IIEHTpa BUHTA 3 JI0 JICBOM CTOPOHBI CTOMKH 9.

3.7 UanukaTtop 6 BCTaBUTH B OTBEPCTHE MaTpyOKa 5 1 3aKpenuTh BUHTOM 7
TaK, 4TOObl 00ECTIEYNTh HATSHKEHUE MEXaHM3Ma WHJUKATOpA Yepe3 ero CTePKEHb,
KOTOPBIN JI0JKEH YIUPATHCS B JIEBYIO CTOPOHY TUTACTUHKH (PUCYHOK 2).

Hamsoicenue — obecneuusaemcsi  nogopomom — CMpenKu  UHOUKAMopa
OMHOCUMENbHO WKaawl Ha 1-2 obopoma.
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3.8 TloBOpoTOM Hapy»HOTO Kojblla — 000JKa WHAMKATOpA YCTaHOBUTh
KOHEIl CTPEJIKH MPOTHUB JEJICHUS «HYJIbY» Ha IIKaJe.

6 >

Pucynoxk 2 — YcranoBka MHIMKATOpa JJIA U3MEPECHUS YIUTMHEHUS TPYOKU

3.9 Hanetp Ha JIeBBI KOHEI UCTIBITYEMOTO CTEPXKHSI PE3NHOBYIO TPYOKY OT
napooOpazoBatens (koiba ¢ Bojioi) (pUCYHOK 3).
r,

Pucynok 3 — OOmmii BUA YCTaHOBKM MJis oOmpeneneHus KoddduiueHta
JMHEWHOTO TETJIOBOTO PACIIUPEHUS
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/®.U.O. cmyodenma, epynna/

JKCIepUMEHTAJIbHAA YaCTh

Taoauna 3.1

9100HMmad.I01I
KBHLOIIL0OQY

Ao

K-l

9100HMmad.I01I
KBHAIOL-UJOHL()

%

puHdduIORd
OJOHUQOHHIC
LHOMIT-UPPeo)]

K-l

EHxdoLd
QUHOHUIT £

Al

MM

dAredonmor
4LO0HERJ

At

KOHCYHasA

°C

Temnepatypa cTepiHs

HavaJlbHaA

to

°C

BIxdoLd
BHUIT
KBHIIBhBH

o

MM

Bmxdoro
rendoren

TadauuHOE 3HAUYEHUE Olraga.

/Beimmucats u3 tabnun [lpunoxenus A/
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3.10 3aTkHyTh KOJOY MPOOKOW C PE3MHOBOW TPYOKOH, CBOOOIHBIN KOHEI
KOTOPOI HAJIeTh Ha UCTIBITYEMBIH CTEPKEHb.
3.11 ITocraButh K00y ¢ BOAOH i1 HATPEBa Ha SIEKTPOIUIUTKY.
Buumanue! Heobxooumo crnedums, umobwbl pe3unogvie mpyoOKU He
nepecubanucs! Ilpu neobxooumocmu 0ns 3aKpenienus Koaiovl u
PE3UHOB0U MPYOKU B0CNOIL30BAMBCS WUMAMUBOM C JIANKOU.
[Tocne Toro, kak U3 CBOOOJHOTO KOHIIA TPYOKH CTaHET CTPyeW BBIXOJMUTH
map M CTpeliKa WHAMKATOpa OCTAHOBHUTCA HA OJHOM 3HAYCHUH, OTCUUTATH II0

KPACcHOI IKAJIe HHANKATOPA a0COIIOTHOE yauHeHne Tpyoku Al

Tomnuume, umo yena oenenus wikanot 0,01 mm.

3.12 IlpuHAT, KOHEYHYIO TeMmmeparypy TpyOku pasHoii  100°C
(TemmiepaTypa oOpa3oBaHus Iapa).

4 OBPABOTKA 3KCIIEPUMEHTAJIBHBIX IAHHBIX

4.1 Beruucnuth Ko3QPUIUEHT TUHEHHOTO paciuperus no popmyie (1.2):
N,
a _ ’ (1'2)
g 0* At
rie Al - u3MeHeHue TemmepaTypsl,

At=t-1,, °C wm K

Buumanue! 3uavenue paznocmu_memnepamyp Al ne sasucum om ewvibopa
eounuy usmepernus (6 keaveunax K umu 6 epadycax °C)!

t, - Hauanenas Temnepatypa, °C;
{ - xoHeunas Temmnepatypa, °C;

A - aBcoNMoTHOE M3MEHEHNUE ITHHBI TeNa P U3MEHCHUH
TeMmrepaTypbl Ha Al

A=1C- fo) MM
re €, — HauanpHAas IMHA IpH Temmepatype Lo, M,

{ — xoHeunas mmHa npu Temmneparype {, Mm.

4.2 Pe3ynbTaThl BRIUMCICHUH 3amucath B Ta0nuiy 3.1.
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5 BBIUUCJIEHUE OTHOCUTEJBHOM U ABCOJIIOTHOM
MNOTPEINHOCTH

Oo6mue 3amedanusd. [lorpenrHocTs onpeaeneHus 3HaueHus Koddduimenrta
TEIUIOBOTO PACIIMPEHUS O ONPENEIACTCS CyMMOM IOTPEMIHOCTEM H3MEpPEHUNU
npuOOpOB: UHAUKATOPA, JUHEUKH, TEPMOMETPA.

5.1 BBIYHCIUTD OTHOCUTENIbHYIO MOTPEIIHOCTH ONpeAesieHus KO3 duinuenTa
JUHEMHOTO PAaCUIUPEHus o, o popmyre:

A(A?) LAl A(At)
ALl AL

rjie O - OTHOCUTEIbHAs TOTPEIIHOCTh OIpeaeiaeHus o, O0e3pazMepHas
BEJIMUNHA,
B unciaurensax apooeir B dopmyie (5.1):

S =

(5.1)

A(AL), AL, ,A(At) — norpemnocTn U3MepeHHit TIPHOOPOB:
A(AL)= 0,01 mm — unpukaropa;
AL, = 1 Mm — TuHEHKWY;
A(At)= 1K - tepmomerpa;

B 3HAMeHaTtesix 1pobdeit B hopmyie (5.1):

AL, €, ,Al — nony4yennsie 3KcriepuMeHTaNLHbIE 3HaYeHMs (Tabauna 3.1):
AL — u3MeHeHne JUIMHEI 110 UHAMKATOPY, MM;
{, — HauanbHas JUIMHA, MM,

At — paznocts Temmepatyp, K.
5.3 BeIpa3uth ¢ B MPOIIEHTAX U 3amucath B Ta0uIry 3.1.
5.4 BpuucauTh aOCONIOTHYIO MOTPEUIHOCTh ONpeaeneHus Kosh@uimeHTa
JMHEWHOTO TETJIOBOTO PACIIMPEHUS JJIsl JaHHOTO BelecTBa ¢ 1o dopmyiie (5.2).
ITOCKOIBKY CMBICI OTHOCUTEIIBHOMN MTOTPEITHOCTH

A
5 = 7 ’
TOT]Ia

Aax=0 -, (5.2)
rae Aa - abComoTHAs NOTPEITHOCT onpeaenenus o, KL
O - OTHOCHTEJIbHAS TTOTPEIIHOCTD, BRIUKCeHHAs 10 Gpopmyiie (5.1) (be3 %),
¢ - TIOJYyYE€HHOE B JAaHHOW paboTe 3HaueHue Kod3(ppuuueHTa TUHEHHOTO

TEIIOBOro pacmupenus (Tadauua 3.1), K2,

5.3 3amucarh 3HAYCHHS TIOTPEIIHOCTEN B Tabnumiy 3.1.
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6 3AIIUCH ITOJIYYEHHbBIX PE3YJIbTATOB

[lonmydyeHnsie pe3yiabTaThl — 3HauYeHHE KOIPPUIMEHTAa JTUHEHHOTO
TEIJIOBOTO PACHIUPEHUS JIs JAHHOTO BEIIeCTBa ¢ aOCOJIIOTHOM MOTPEIIHOCTHIO,
CAVHUIIAMU HW3MEPEHHUS W OTHOCHUTEIHHOHN IMOTPEUTHOCTHIO, a TAaKXKe TaOJIMIHOE
3HAa4YCHHE 3aMHCaTh CIETYIOIIUM 00pazoM:

X (emecto) — ( ....... + ..., )K
1!
=....%
Olrabama—- « « - K1
rae
Ol(semecrso) — Obken Ao
Obxen — TIOYYEHHOE B JJAHHOM JKCIEPUMEHTE 3HayeHue KO3 (UIHEeHTa

JIMHEHHOT'O TEIJIOBOIr0O pacIIupCHusd,

Olraomma — «TAOIMYHOE» 3HAYeHHE KOA(P(GUIMEHTa JTUHEWHOTO TEIIOBOrO
pacIMpeHus Uil JaHHOTO BEIIeCTBa, B3siToe M3 Tabmuil [Ipmnoxenun A (wm
J1000T0 CIPABOYHMKA).

Hoacuenusn k ¢0pM€ 3anucu peszyjibmamaoe.

- -1

Qpemectso) — ( ..... * ¥ )K ,
3anucamo - = % " T~-o.
nonyueHHoe__---" S Cmagun = K? 1.
3HayeHue ) y
K02(hhuyuenma xa 7 3anucamo

o /
JIUHEUHO20 ! nOJIYYeHHOe
, 3anucams mabauyHoe

Mennoeozo , 3HayeHue

, 3HayeHue Ko3puyuenma .
pacwupenuss o’ . abconommoll

/ JIUHEUHO20 MENI08020 PACULUPEHUSL
0aHHO20 Beujecmea nozpeuHocmu
% 0J151 OaHHO020 8ewecmsa (U3 madbauy A
’ a
,/ Ipunoowcenus A)
4
3anucams NOAY4eHHOe 3HAYeHue
OMHOCUMENILHOU NO2PEUHOCIU O
[Ipumeuanus.

= B okoHuaTenbHOW 3amMcH Pe3ysibTaTOB 3HAYEHHS @ U €ro abCOJIIOTHOU
MOTPEIIHOCTA A @ OKPYTJIMTh 10 LEJIbIX 3HAYEHUM (UK JI0 I€CSTHIX JOJEH).
u KonmnuecTBO 3HaKOB MOCIIE 3aIISITON B 3HAUEHUAX & U AQ - JOJDKHO OBITh
OJIMHAKOBBIM.
. 3HaYeHUE OTHOCUTEJIbLHOW MOIPEHIHOCTH BbIPA3UTh B__NPOLEHTAX U

OKPYTJUTH JI0 ACCATHIX JI0JE€H MPOLIEHTA).
m He 3a0ynpTe 3anucaTh eAMHUIBI U3MEPEHUN &, AQ, & mas; !
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7 KAK HATIMUCATH BBIBO/I O TPOJEJAHHOM PABOTE

Crenatb BBIBOJI C UCTIOJIb30BAHUEM pPEKOMEHIalui B Tadswmiie . 1.

Ilomuume: Bv1600 — smo «omeem» na yenv pabomui !

Ta6nuna 1 — TpeboBaHUsI K HAITMCAHUIO BBIBOIA

YT0 10J1KHO

n/n Kak 310 Hanucartsb
OLITH B BLIBOJIE
Q. Uto cnenano B HanuiuTe, 4T0 KOHKPETHO cieiaHo B padoTe.
pabote Pexomenayercss HAUMHATH CO CIIOB, HAIIPUMED:
B nannoii pabore......
(Uto cnenano? IlpouunTaiite emie pas 1eib pabOTHI )
10. | Kak cnemnano Kpatkoe onucanuu sKCriepuMeHTa:
® Kakhe KOHKPETHO BEJMYHUHBI ONPECIICHBI C
MOMOIIBI0 KaKUX MPUOOPOB,
® Kakue BEJIMYUHBI (B TOM YHUCJIE HOTPEITHOCTH)
paccuuTaHbl 1o GopMysiam
(popMyIibl IepenuchIBaTh HE HAIO!)
11. | Yro momyyeHo 3anumure pe3ynbTat (MOJyYeHHbIC BETUYMHBI, UX
HOTPEIIHOCTH — ¢ eTMHUIIAMH H3MepeHMii)
12. Ananus [Ipoananu3upyiTe MOJTyYECHHBIN pPE3yJIbTAT.
pesynbrara o JIJ1s 5TOTO CpaBHUTE DKCIIEPUMEHTATHHOE

3HaueHue Kod(HPuImeHTa JMHEHHOTO TEIJIOBOTO
pacIMpeHus JJIsl JAHHOTO BEIIEeCTBA Qhkcn

C TaOJIMYHBIM 3HAYEHUEM Qmadn

U JIaiiTe CBOIO OIICHKY MOJYYECHHBIM PE3yJIbTaTaM.
Hanpuwmep:

...3HAYeHUs CO2NACYIOMCSL XOPOULO,

(unu y00o81emeopumenbHo, Uil He CO2NACYIOMCsL).

o Hanummwre, B yem npuurHa pacxoXIEeHAN
HKCIIEPUMEHTAJILHOTO 3HAaYeHUs (TTOJy4eHHOTO B
JAaHHOM paboTe) U TabJIUYHOTO.
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8 KOHTPOJIBHBIE BOITPOCHI

OTBETHTh Ha KOHTPOJIBHBIE BOIPOCHI.
Buumanne!
] [epenucars BOMPOCHI U YCIOBHE 33]1a4 CBOCTO BAPHAHTA.

. B rabmumnax Ipunoxenuss A mpuBeICHB HEOOXOAUMEBIE CIIPABOYHBIC
MaTepHalIbl.
. 3aaHus OBBIIIICHHON CIIO)KHOCTH OTMEYEHBI * (Ha OIEHKY «4») U ** (Ha «5»)

Bapuanm 1

1.1 XKenesnonopoxusiii pensc npu Temneparype 0°C umeer aauny 50m. Onpenenuts, Ha
CKOJIILKO M3MEHHUTCS JJIMHA pelibea mpu Harpese 10 30°C.

1.2 Tlouemy M€y peiabCaMu KEJIE3HOU JTOPOrd OCTABIISIIOT MPOMEKYTKU B CTHIKAX, a JJIS
TpaMBalHBIX CTBIKOB 3TOr0 HE JI€TA0T?

1.3* Iloyemy mpu OTCYET€ IO MHIMUKATOPY MbI MOJb3yeMcs KpacHOM mikanon? Kak
CJIe10BaJIO ObI MOCTYIUTh, €CJIU Obl KPACHOM IIKAJIbI HE ObLIO?

1.4** VI3MeHuTCA JU pe3ysbTaT JaOOpaTOpHON pabOThI, €CIM METAUTMUYECKUN CIUIOUTHOM
CTEP>KEeHb B MPUOOpE 3aMEHUTH TPYOKOil 13 TOro sxe Marepuana? OObSICHUTD.

Bapuanm 2

2.1 JlnuHa CTanbHOrO sKele3Homopo:kHoro mocta 1000M mpu  0°C. Onpenenurts 1IMHY
MocTa 3uMoii pu Temmneparype -30°C.

2.2 Kak meHsieTcs II0THOCTh BelecTBa Mpu HarpeBaHuu? OOBSCHUTD.

2.3* IloueMy CTaJIbHOM OOJT JIETKO BBUHYUBAETCSI B MEJHYIO TaiiKy, €CJIM OHU 00a HarpeThl?
2.4*%* [louemy npu pe3KOM U3MEHEHHUH TEMIIEpaTyphbl SMATUPOBAHHON MOCY/IbI MOSBISIOTCS
TPELIUHBI B €€ SMan?

Bapuanm 3

3.1 Ilo MenHON TpPOBOJIOKE MJIMHOW 6 M MPOMYCTHIM 3JIEKTpUuecKuii Tok. Ha ckoibko
rpaayCcoB Harpeiaach MPOBOJIOKA, €CIIM OHA YIJIMHUIIACH HA 4MM.

3.2 OOBSACHUTH TEIUIOBOE PACIIUPEHUE TEJ C TOYKH 3PEHHSI MOJICKYJISIPHO-KHUHETUYECKON
TEOPHH.

3.3*[loueMy CTEKJSIHHBIE COCYJbl, HarpeBacMbl€ /0 BBICOKMX TEMIEPATYp, NEIalT W3
TOHKOT'O CTeKJI1a?

3.4%* TloueMy npu HArpeBaHUU M OXJIAKJCHHUM KeJIe300eToHa, OETOH HE OTACNSIETCS OT
xenesa?

Bapuanm 4

4.1 Mmuea crexnsaHol TpyOku mpu 0°C pasna 120 cm. Haiitu e namny mpu 100°C.

4.2 HapymwuTtcss i paBHOBECHE UYyBCTBUTEIIBHBIX BECOB, €CIHM OJHO IJIEY0 KOPOMBICIA
HarpeTb?

4.3* KakuMm TpeOOBaHUSM JOJDKEH YAOBJIETBOPSATH MaTepHall AJIEKTPOJOB BIAMBACMBIX B
CTEKJISTHHBIN OaJUIOH JIaMITbl HaKaJTUBaHUs?

4.4*%* Kak U3MEHUTCS BHYTPEHHHUI JHAMETP METAJUIMYECKOTO KOJblla MPU €ro HarpeBaHWm?
OOBsACHUTD.

80



9 TPEBOBAHMS K COIEP)KAHHUIO OTUETA
O JJABOPATOPHOMU PABOTE

OTder 0 mabopaTopHOit paboTe JOKEH COJIEPKATh CICTYIOIINE PA3ACIIbI:

1 TUTYIBHBIN JTUCT

2 HasBanwue paGoThl.

3 [{ens paboTHI.

4 Teopernueckas 4acThb.

5. DKcrnepuMeHTalbHAs 4acTh - TaOJUIA pe3ynbTaToB (Tabimma 3.1)

6 O0paboTKa IKCIIEPUMEHTATBHBIX.

7. Pacuer OTHOCUTENbHOUN U aOCOIIOTHON MOTPEIIHOCTH.

8.3amuck pesynpraToB (Kak mpaBuibHO opopMuTh pe3ynabTaThl? CM. MyHKT
6)

9. BmBox (Kak namucarb BbiBoa? CM. yHKT 7, TaOmuiy 7.1)

10.0TBeTHI HA KOHTPOJIBHBIE BOIIPOCHI.



JIABOPATOPHAS PABOTA Ne 7
OIPEJEJIEHME DJEKTPOABWKYIIEN CUIBI U
BHYTPEHHEI'O CONPOTHUBJIEHUS NICTOYHUKA
YJIEKTPUUYECKOM DHEPTUN

LIEJIb PABOTHI

Heas JaGopaTtopHoii padoTbl — ONPEACIUTh OIBITHBIM IyTEM
ANEKTPOJBIKYINYI0O CWJIYy W BHYTPEHHEE COIPOTHUBICHHE HMCTOYHHUKA
AIEKTPUUECKON SHEPTHH.

B naGopatopHoit padote «OmnpezeneHue 3JIEKTPOABIKYIIEH CUIbI U
BHYTPEHHETO COIPOTUBIIEHUS UCTOYHUKA JJICKTPUUECKON SJHEPTUN» CTYICHTBI
C OMOUIBI0 MCTOYHUKA IJIEKTPUYECKON SHEPTHH, aMIIEPMETpPa, BOJIBTMETPA,
peocTara, KJKoua, COCAMHUTEIBHBIX MPOBOAOB MO (OpMYyJie PACCUUTHIBAIOT
OJIC 1 BHyTpEHHEE CONTPOTUBIICHUE.

CTtyneHTbl TNpUOOpPETAIOT HABBIKM pabOThl C  AJICKTPUUYECKUMU
npubopamu, COOPKH DJIEKTPUYECKUX IEMEeW MO MPUHUUMNHAIBHBIM CXEMaM,
YMEHUA NPAKTHYECKOrO MPUMEHEHUS 3aKoHa OMa 1151 TOJTHOM LETIH.



1 TEOPUA

DNEeKTpOoABMKYIIAs CHJIa HCTOYHMKAa Toka (cokpamieHHo, 3/IC)
u3MepseTcst padboToM, coBEpIIaEMOl CTOPOHHUMHU CHUJIaMU TIPU MEepEMENICHUN
CAMHUYHOTO TOJIOKEHUS 3apsifia BHYTPHM MCTOYHUKA TOKA, M BbIpakaeTcs B
BOJIbTAaX U 0003HAYACTCS CUMBOJIOM & -

A

cmop
- 1.1
£ 1D

s nanHoro uctoyHuka toka 3HadyeHue JJAC — BeJIMunHa MOCTOsIHHAS,
HE 3aBHUCAIIAs OT COMNPOTUBIICHMUS I1I€NU, B KOTOPYIO HAHHBIM HCTOYHUK
BKJIIOYAETCS.

Jns  moanep)kaHusi TOCTOSSHHOTO TOKa B DJEKTPUUECKON Ienu
HE00XO0IMMO, YTOOBI PA3HOCTh MOTEHIIMAIOB (HAPsKEHKE) HA €€ KOHIaX Oblia
HEU3MEHHOW. [l 3TOro WMCHONB3YIOT MCTOYHUK JJIEKTPUYECKOM HDHEPIUH.
Pa3HOCTh MOTEHIIMANOB Ha €€ MoJitocax o0pa3yeTcsi BCIEICTBUE Pa3lICIICHUS
3apsiIOB Ha TOJIOKUTEIbHBIE W OTPHULIATENIbHBIE CTOPOHHUMH CUJIaMH (HE
ANEKTPUUYECKOro MpoucxoxaeHus). Korma nens 3aMbikaeTcs, pas3/ieliCHHbIC B
HMCTOYHUKE TOKA 3apsiibl 00Pa3yIoT JEKTPUIECKOE MOJIe, KOTOPOE MepeMeNiacT
3aps/ibl BO BHEITHEH 1enu (BHYTPH HMCTOYHHMKA 3apsibl JBUKYTCS HABCTPEUY
TMIOJIIO IO/ IECTBUEM CTOPOHHUX CHI).

Takum oOpa3oM, DJHeprusi, 3amaceHHass B MCTOYHHKE TOKaA,
pacxoayercsi Ha padoTy MO NMepeMelleHHI0 3apsiia BO BHELIHEH Henu ¢
CONMPOTHBJIECHHEM R M BO BHYTpPeHHEH LN ¢ CONpPOTHBJIEHHEM I (3aKOH
OmMa 117151 IO THOM TeTH ):

&= Ueuem + UsHymp (12)
1GRI0 |
g=|-R+1-r (1.3)
TOoraa
U GHYMp = g_ U 8Heu (14)
rae
&— DJ1C manHOro MCTOYHMKA, B;
Usiem = 'R — maneHue HampspKeHUs! BO BHEIIHEH ey, B;
Upuyrp = I'I — majeHue HanpshKeHUs BO BHEIIHEH nenu, B;
R — compotuBnenue BHemHeH nenu, OMm;

I — COMNPOTHBIICHUE BHYTPEHHEN LIeTH (BHYTPU UCTOUYHUKA dHEPTHH), OM;
Torma conpoTUBIICHUE BHYTPEHHEU LIETIN:

eHYmMp
N=——

. (1.5)



unu ¢ yuetom (1.4):

g - U GHeul
V= (1.6)

BHyTpeHHee comnpoTuBieHHe Lenu I gaHHoro ucrouynuka (kak u JJ1C),
MOKHO CUMTATh BEJIMYMHON MOCTOSHHON. YeM MeHble I, T.e. 4eM MeHbIIEe Uy,
TeM 3¢ dexkTruBHee paboTaeT MCTOYHUK DICKTPUUECKON sHepruu. Yem Oomblie
BHEIIHee comnpoTuBieHne R, Tem wenbiie cuna Toka B nenu. (Ilaxenune
HaIlpsDKEHUS BO BHEIIHeW nenu paBHo OJIC B IpeAesibHOM ciiydae, €cCid
BHYTpeHHee conpotuBieHue I = 0)

2 ObOPY/JIOBAHUE

2.1 UcTOYHHK FJIEKTPUUYECKON IHepPTUuu (BLINPSIMUTEID celeHoBbI BC-1)

2.2 Amnepmerp
2.3 BouibTmeTp
2.4 Peocrar

2.5 Knrou

2.6 CoequHUTENBHBIEC IPOBOJIA.



3 9KCIIEPUMEHTAJIBHAS YACTb
O6wue nonoxxeHusn

B AaHHOI paboTe onpeaenaloT cnepyowme BeIMUYUHDI:

Onpeodensiiomest SKCNePUMEHMANIbHO (C ROMOWbIO NPUbopos):

1) DAC - u3Mepsercs BOJITMETPOM - HPU__PA3OMKHYHLOU UECHU.

2) Usguem — NAJICHUE HAIPSDKEHUS BO BHEUTHEH IenH (HaNpsDKEHUE HA 3a)KUMax
I/ICTO‘{HI/IKa) HN3MCPACTCA TCM K€ BOJIIbLTMCTPOM - npu 3aMl<va0ﬁ uenu.

3) | — cuna Toka, U3MEPSIETCS aMIIEPMETPOM

Paccuumvisaiomes no gpopmynam:
4) Usguyrp - MajcHUE HAMPSDKCHUS BO BHYTPEHHEH IienM (BHYTPU HCTOYHMKA)
BbIUKcCIIAeTCs U3 3akoHa Oma (1.4):

UeHymp = g_ueyem
5) r — BHYTpPEHHEE CONPOTUBJICHHEC MCTOYHHKA TOKA, PACCUUTBHIBACTCS IIO
dbopmyne (1.5) umu (1.6):
&—U o (1.6)
I = ,

BHumaHue! AMnepMeTp paccUuTaH HA U3MePEHUS] TOKOB, He NMPeBbIMIAKIIHX
3 ammnepa. Ilo3TOMy KaTeropm4yecku 3amnpelnieHO YCTAHABJIMBATH 3HAYEHHUS TOKA
npesbliiawinue 3 A! 1o NpUBOAUT K NMOpYe nNpudopa.

Hapymienue TexXxHUKHM 0€30lIaCHOCTM TNIPH BBINOJHEHHH JIaDOpaTOpPHOM
padoThI He JOMyCTHMO!

Bbino/iHeHHE IKCIEPUMEHTAJIbHON YaCTH:



1 Cobpatb 3nekTpuueckyo cxemy (pucyHok 1) / Haueptutb B cBoem
oTueTte 0 nabopaTopHoii pabore/.

)
11
& K

R

L]
Pucynok 1 — Cxema omnbiTa no onpeneneduro IJC u BHyTpeHHero conpoTUBJIEHUS] HCTOYHUKA TOKA

3JIEKTPHYECKOM IHEePIruu



/®.U.0. cmyoenma, epynna/

Ta6nmuua 3.1 - IxcnepUMEHTAJBbHAS YaCTh
DKCIEpUMEHTAIbHBIE 3HAYCHHUSI PacuetHble 3HaueHU
Hampsixke | Cuna | Buyrpen | Hanpsbke | OtHocu | AGcon
HUE TOKa B HEe HUE TEJIbHA | FOTHAas
Ha LHENH | COMPOTHU Ha A norpe
S/1C BHEIIIHEN BJICHHE | BHYTPEH | OTpell | IIHOCT
[ — 4acTu HEen HOCTb b
enu 4acTu
L[N
INoxazanus ITokazanus Ioxazanus
BOJIbTMETpPA BOJIBTMETpPaA aAMIICPMETP
npu npu a
Pa30MKHYTOM | 3aMKHYTOH
nenu nenu
g Utmem I r UBHymp 5 Ar
B B A OMm B % OMm
1 2 3 4 5 6 7 8
1
2
3
Cpeanee |  cccoee | mmmmee | e | dmmaem
3HA4YCHUC
[lena nenenusi:  ammepmetrpa Al = . A
BoibTMETpa AU = B




3.2 IToayuyuTs pa3pelieHrue NpenoaaBaTens Ha Tpoa0JKEeHUE pa0oThl!

Onpenenute IieHY JIEJICHUS amMIepMeTpa M BOJIBTMETpa M 3aIlUIINTE ITH
3Ha4YeHus B Tabuiry 3.1

3.3 OnmwIT Ne 1

3.4 TIpoBepbTe, UTO KJIHOY PA3OMKHYT!

BKi1104UTh HICTOYHHK AIEKTPUUECKON SHEPTHUHU.

3.5 3aMKHYTb KJIHOY
YOenuThcsi, 9TO MPU 3aMBIKAHUU KJTFOYa TTOKA3aHHS BOJIBTMETPA
YMEHBIIIAIOTCS M0 CPABHEHUIO C Pa30MKHYTHIM cocTosiHueM. [louemy?
Ortger:
® [IpU PA3OMKHYMOU BHEIIHEN LIENIM BOJIBTMETP MOKA3bIBACT
3Hauenue DJ1C;
® [IpU 3AMKHYmMOU BHEIIHEN LENHA BOJIBTMETP ITOKAa3bIBACT
najeHue Hanps:KeHusi B0 BHelHel menu Ugyem — U 3TO 3HAUCHUE
MeHblre, yeM J/]C moTomy, 4TO YaCTh HANPSHKEHUS PACXOAYETCS
BHYTPM MCTOYHMKA — Ha BHYTPEHHEE CONPOTHUBJIEHUE (ITO
HEXKENaTeabHbIE  MOTEPH, YEM  BBIIE  KJIACC  MCTOYHHKA
AIEKTPUUYECKON PHEPTUU, TEM MEHBIIIE 3TU TTOTEPH):

g: UGHQW +U

6HYMP

o 3meputs DAC & - BOJIBTMETPOM, IPH PA3OMKHYTOM IICTIH.

3.6 IlmaBHO mepeaBuras IBIKOK peoctara R, ycTaHOBUTH mepBoe
3HauYeHHe ToKa (1o ammepMeTpy) B pegenax : i~ 1,5+ 1,8 A.

N3mepuTh creayrone BEJIWYUHBIL:

e cuayTokal - ammepmerpowm;

® nmnajeHue HANpPsiKeHUsl BO BHelmIHed Henu Ugyewm - BOJBTMETPOM,
OPHU 3aMKHYTOH 1IEIIH;

Pe3ynbraThl u3Mepenuii 3anectu B Tadbsmiy 3.1.

OnpbIT Ne 2

o lsmepurs IJAC umcrouHuka & - BOJIbTMETPOM, IPU PA30OMKHYTOW
LICTIN.

e Yoemurech, uro IJIC ucrounuka & ocrajach npexHeii (B mpeaejax
IKCIEPUMEHTAJIbHON MOTPEITHOCTH)

IInaBHO nepeaBurad ABMKOK peocCTara R, YCTAHOBUTHL BTOPOC 3HAYCHUC




TOKa (110 aMrepMmeTpy) B nipeaenax : I ~2,0+2,5 A.
[Ipy mepenBWKEHWU NBIKKA peocTaTa - H3MEHSETCS COMPOTHBIICHHE
BHeIIHEN 11emu R.

N3meputh creayromme BEeIUYUHBI:

e cuayTokal - ammepmerpowm;

* mnajeHue HanpsikeHUsi BO BHelIHed menu Ugyewm - BOJBTMETPOM,
OIpU 3aMKHYTOM I1eTH;

Pe3ynbraThl u3mMepeHuit 3anectu B Ta0uIry 3.1.

[ ]

OnbIT Ne 3

o UMsmeputs IJAC ucTouHuka & -  BOJBTMETPOM, IPU Pa3OMKHYTOU
eI,
e Voemutech, uro IJIC ucrounnka & ocrajach mpexHeii (B mpeaejaax
IKCIEPUMEHTAJbHOM NMOTPEeIIHOCTH)

[InaBHO mepenBuras IBMKOK peocTara R, yCTaHOBHUTH BTOPOE 3HAYCHUE
TOKa (10 aMIepMeTpy) B nipeaenax : Iz ~2,5+2,9 A.

[Ipu mepenBrkeHMH IBIKKA peocTaTa - W3MEHSETCS COMPOTUBIICHUE
nernu R.

N3meputh crenyromye BEJIWYUHBL:

e cumiayTokal - ammepmerpom;

* QajileHHe HANpskeHUusi BO BHemHed menmu Upyem - BOJIBTMETPOM,

IIPY 3AMKHYTOU LIETIH;

Pe3ynbraThl n13MepeHuil 3anectu B Ta0uIy 3.1.

HanomuHanue! AmmnepMerp paccyuTaH Ha H3MEPEHUS TOKOB, He
npesbimaomux 3 ammnepa. Iloatomy KAaTeropu4ecK 3anperieHo
YCTAHABJIMBATH 3HAYEHUS TOKA NpeBbIIIAKOIIME 3 A! ITO NPUBOAUT K MOpYe
npudopa.

3.7 TloBTOpuUTH ONBIT 3 pa3a, yCTAaHABJIMBAS 3HAYEHUS TOKA
B npeaenax ot 2,5 o 3 A.

25+ 3A

3.8 Pe3ynbTaThl NI3MEpEeHMI 3aHECTH B TaOHILy 3.1.




4 OBPABOTKA 3KCIIEPUMEHTAJIBHBIX TAHHBIX

4.1 BplUMCINTh 3HAUCHUE TMAJICHUS HANPsHKEHUS BO BHYTPEHHEH IIETH 10
dbopmyie (1.4)
U = %—U

GHYMp 8Heuwt

4.2 BblMMCAUTL 3HAYEHUE BHYTPEHHEro COMPOTUB/IEHUA  UCTOYHMKA
3NleKTpu4ecKoi aHeprum no ¢popmyne (1.5).

U

8HYymp
r=-—"2"7

= (1.5)

4.3 PesynbTaThl BEIYMCICHUH 3aHECTH B Ta0auIty 3.1.

5 BblYMCNEHWUE OTHOCUTENBHOW U ABCO/TKOTHOW NOTMPELLIHOCTU

5.1 BBIUHCIUTL OTHOCHTEILHBIC IMOTPCIIHOCTHU HU3MCPCHHUA BHYTPCHHCTO
COIMPOTHUBJICHUA IJIA KAKI0I'0 U3 TPCX OIIBITOB I1O (bOpMYJ'IGI

é,i:AIIJr AU |

1 GHEWH |

(5.1),

rone  1=1,2, 3— HOMepa OIbITOB;

0 — OTHOCUTEJbHAS TOTPEITHOCTh KAXKI0TO OTBITA;

Al, AU — abcomtoTHbIE MOTPEIIHOCTH ONPECICHHs TOKa U HanpsbKeHus (U
S10):

Al — BenuuMHa, YUCIICHHO paBHAA LICHE JEJICHUS aMIIepMeTpa, A;

AU - BenmnunHA, YUCJIICHHO paBHAas IIeHE JCIICHUs BOJbTMETpa B;

li — cuna Toka B 1enu, A;

Usnewn i — MAICHUE HATIPSDKEHUS HA BHEITHEH YaCTH IICTIH,

OIIPEJICJIIEHHOE B KAXKJIOM OIIbITE, B;



Buumanue!
® B omueme o nabopamopHol pabome HAOO HANUCAMb 3HAYEHUE KAHNCOOU

opoou 8 gopmyne (5.1).

5.3 Boruncnuts abCOMOTHYIO OTPEIIHOCTD Al IS TPEX OIBITOB O (PopMyJIE:
Al = 0; - I;, (52)

r7e
i — BBIYUCJIICHHOE 3HAYCHHEC BHYTPECHHETO COMPOTHUBJICHUS HWCTOYHHUKA
SHEPTHUH B KAXKIOM ombITe, OM;
0i — OTHOCHUTEJIbHAS MTOTPEIITHOCTH KaXKJIOTO OIbITa (Oe3 npoyenmos!).

Buumanue!
B pacuemax ab6conromnoit nocpewitnocmu no ¢gopmyne (5.2)
3HAUeHue OMHOCUMETbHOU NOZPEUHOCIU O, PACCUUMAHHOE
no ¢popmyne (5) Henvza opams ¢ % 111!

Ybeoumecw, umo 3nauenue omrHocumenvHol nocpeuwHocmu & ovims menvude 1.
llpumeuanue. opmyna (5.2) nonyuena uz COOMHOUIEHUSL:

52
f
5.2 BpIpa3suTh 3HaYEHHUE OTHOCUTEIBHOW IMOTPEMIHOCTH B IMMPOLEHTAX U 3alIUCATh B
tabuity 3.1.
Brumanue!

o Vbeoumecw, umo 3naueHue OMHOCUMENbHOU NocpeuHocmu & Obims
menvuwe 100 %.

5.4 BpUUCIUTH CpellHEE 3HAYEHUE OTHOCUTEJIBHOW TOTPElHOCTH (B
nporieHTax) mno Gopmyie:

_ 0, + 0, + 0, %

ey (5.4)

5.5 Beluucnuthb cpeaHee 3HaUeHHUE a0COFOTHON MOTPEIIHOCTH 110 (hopMmyIie:

Ar, + Ar, + Ar,
Ar, = 3

5.6 Beluncnuthb cpeiHee 3HaYEHNE BHYTPEHHETO CONIPOTUBIICHUS
MCTOYHHUKA TOKA!

,Om (5.5)

_hALAE 56

@

10



6 3AIIUCH NIOJTYYEHHBIX PE3YJIBTATOB

HOHY‘ICHHBIG pPE3YJIbTAThI - 3HAYCHUC BHYTPCHHEI0 COIIPOTUBJICHUA I,
Cc a0COJIOTHOM MIOTPCIIHOCTBIO, CIMHUIIAMUA HM3MEPCHHUS M OTHOCHUTECIHHOU
NOTPCITHOCTBIO 3aIIMCaTh CJIICAYIOIIUM O6p330M:

= (eveeerreerrneeeennnns) OM,
5 = veee %

Trac
r = (rep £ Arep),

Tosicnenus k ghopme 3anucu pe3yibmamos:

r= & ..... + ... Om
_——— ‘ = -)~ _———

———————— 0= ..... % -} -_
3anucamos . v 3anucamo

bd
NOJyYeHHOoe e NOJYyYeHHOe
cpeonee ~ 3HaueHue
snazenue 3anucams NoJyYeHHOe 3HAYeHUe abcoaomol
BHYMPEHHe20 . noepewnocmu
OMHOCUMENbHOL NO2PEUHOCU Ar

CONnpOmMuGIeHUs

r

JlonoIHUTEeIbHOE 321aHHE HA NIOBBIIEHHYI0 OLICHKY
3anucatpb nosydeHHoe 3HaueHue DJ] C - ¢ aOCONOTHON MOTpentHOCThI0 A &
eAMHUIIAMU U3MEPEHUSI U OTHOCUTEILHON TMOrPEIHOCThIO0 6!

L= verenk veruennn) B,
8= un %

[Ipumeyanus.

* B OKOHYATEIBbHOW 3aIllUCU PE3YJIbTATOB - 3HA4YeHHue BHYTPEHHEro
CONMPOTHUBJIEHUS I' ¥ 3HAYCHUE €r0 a0COIIOTHOM MOTPEIIHOCTH AF OKPYTJIUTH J10
HENbIX 3HaUeHuH (wn a0 aecateix goiei). /s DJIC - anamoruuno/

= KoJIM4ecTBO 3HAKOB IIOCJIE 3aIlSITOM B 3HAYEHUSIX ' U Al - JOJKHO OBIThH
onnHakoBbIM. /[l DJIC - ananornuno/

* 3HaueHUE OTHOCHTEJIbHON TNOrPEIIHOCTH BHIPA3UTh B__NPOUEHTAX U
OKPYTJIUTH JI0 ACCATHIX JI0JCH MPOIICHTA.

» He 3a0yapTe 3amucarTh €IMHHUIBI H3MEPEHHBIX BEMUYMH: I, Ar, & A &)

11



7 TPEBOBAHHUA K HAIIMCAHHUIO BBIBOJA

Cnenatb BBIBOJI C HCIIOJIb30BAHUEM pPEKOMEHaIi B Tabnuiie 1.

Ilomnume: Bv1600 — amo «omeem» Ha yenvb pabomui!

Ta6nuna 1 — TpeboBaHUsI K HAITMCAHUIO BBIBOIA

n/n

YT0 10JKHO
OLITH B BLIBO/IE

Kak 310 Hanmucarhb

13.

Yrto cuemano B
pabote

Hanummre, 9T0 KOHKPETHO CIEIaHo B padoTe.
PexomenmyeTcst HAUMHATH CO CIIOB, HAIPUMED:
B oannoti pabome......

(Uto cnenano? IIpouunraiite emie pa3 1enb padboTsl!)

14.

Kak cnenano

Kpartkoe onmcaHue 3KCIepuMeHTa:
"KaKhe KOHKPETHO BEJIMYMHBI ONPEIEIICHBI C
MOMOILBIO KaKUX IPpHOOPOB, U TPHU KAKUX

YCIIOBUAX (3aM1<Hymaﬂ Uuiu pa3soMKrHyma: yenv u

m.o.),

KaKW€ BEJIMYMHBI (B TOM YHCIIE, TOTPEIIHOCTH)
paccuuTanbl o hopmynam (opmyvl
nepenucviéams He HA0o!)

15.

Yro nosryueHo

3anummure PE3YJIbTAaThI: IIOJIYYCHHBIC BCIIMYNHEI,
HX IMOIpC€IIHOCTH — € ¢/IMHUIIAMMUA H3MepPEeHM

16.

Ananmus
pe3yJbTara

IIpoananu3upynTe NOJTYyUYEHHbIN PE3YJIbTAT:

° Namensmuch unv HeT 3HaueHUs AC U [y
TpeX OIbITax?

o Hanummre, B yeM npuurHa pacxoKICHAN
(M3MEHEeHUI) PKCTIEPUMEHTAILHBIX 3HAYCHUM.

o Uto MOXKHO cKa3aTh 00 STUX BEIMYMHAX KaK
XapaKTEPUCTUKAX UCTOYHUKA DJIEKTPUIECKON
sHepruun?

B

12



8 KOHTPOJIBHBIE BOIIPOCHI

BapuaHnT 1

1.1. latp ompenenaeHue M PACKPBITh (U3MUECKUM CMBICT TOHATUSA «CUJa
AIIEKTPUYECKOTO TOKa.
1.2. Yto mnoKa3pIBa€T BOJBTMETP, MOJAKIIOUEHHBIH K 3aXUMaM HCTOYHUKA
AIEKTPUYECKON SHEPTUH IPU 3aMKHYTOW BHEIIHEW Lenn?
1.3. Pemmuts 3amauy
O/1C ucrounuka sHepruu paBHa 220 B, BHyTpeHHee conpoTtusieHue 1,50m.
Kakoe Hag0 B34Th CONMPOTUBJIEHUE BHEIIHErO YYacTKa LIEMH, YTOObI CHJIa TOKA B
uenu Obiia paBHa 4 A?
3aoanus Ha NOGLIUEHHYIO OYEHKY
* HaiiTu TOK KOPOTKOTO 3aMbIKaHUS B UCTOYHUKE YHEPTHH.
** Onpenenuts KI1JI paboThl HCTOUHHKA.

BapuaHT 2

2.1. Jlatb ompenieieHue U PacKpbITh (GU3UUECKUNA CMBICI TTOHATHUS «HAMPIKEHUE
(«pa3HOCTD MOTEHIIAIIOBY ).
2.2. BonbTMETp MOAKIIOYEH K KJIeMMaM akKyMmyssTopa. UTO OH MOKa3bIBAET MPH
3aMKHYTOW U PA30MKHYTOU BHEILIHEW LIeTH?
2.3. Pemmmts 3amaqy

[To menu, cocrosieil U3 UCTOYHUKA TOKAa U peocrtara, uaet Tok 0,5A. D1C
UCTOYHMKA TOKa paBHa 6 B, BHyTpeHHee compoTuBieHHE paBHO 2 Owm.
OnpenenuTs CONPOTUBJICHUE BHEIIIHEH 1IETH.

3aoanue Ha NOBbIULIEHHYTIO OYEHKY
* OHpeZ[eJ'H/ITB TOK IPU KOPOTKOM 3aMbIKaAHWH UCTOYHHKA.

** OnpenenuTh, KAKOW BETMYUHBI ONHIET TOK PH YMEHBIICHUN COTIPOTHUBIICHHS peocTaTa B 2 pa3a?

BapuaHT 3

3.1. Jlatb  ompenereHWe U PACKpbITh  (U3UYECKUHA  CMBICT  MOHATHS
«QIEKTPUYECKOE COMPOTUBIICHUEN.

3.2. VcnpaBHBI BOJIBTMETP, MOAKIIOYEHHBIM K 3aKUMaM JJIEMEHTA, WMEIOIIETO
B/1C 1.5 B nokasbiBaet Hanpspkerue 1.45 B. Uem 310 oObsicHsaeTcs?

3.3. Pemmwmts 3amaay

13



[Tpu nonkmroueHnn JamMmnodyku k Oatapee snemeHToB ¢ DJIC 4,5B BombT™METp
MoKa3aJl HampshKEHHE Ha Jlammnodke 4B, a amnepmerp — cuiny Toka 0,25A. KakoBo
BHYTPEHHEE COIPOTHUBIICHHE OaTapen?

3aoaHnue Ha NOBbIULEHHYTO OYEHKY

* OnpenenuTh TOK KOPOTKOTO 3aMbIKaHUs OaTapeu.
** Haiitu KI1/] paboTsl 6aTapewu.

BapuaHTt 4

16.1.]Tatp ompeneneHue u PackpeITh Qu3uueckuii cmbica nonatua «I/C
VCTOYHHKA JICKTPUYECKON SHEPTUNY.
16.2.Kakue nmapameTpsl (M Kak) U3MEHSIOTCS MPU NMEPEMEIIEHUH ABUKKA peocTara
B JJaHHOM JTabopaTopHoi padoTe?
16.3.Pemuth 3agauy
B npoBoanuke conmpotusieHueM 2 Om, NOAKIIOUEHHOM K 3nemeHTa ¢ J/C
1.1B, cuna toka paBHa 0,5A. OnpeaenuTs BHyTpEHHEE COTPOTUBIIEHUE PJIEMEHTA.
3aoanue Ha NOBbLIULEHHYTO OYEHKY
* OnpenenuTh NaJCHUS HANPSHKEHHUsS] BO BHEIIHEW W BHYTPEHHEW Lersx?
** KakoBa cujia TOKa IpH KOPOTKOM 3aMbIKAHUM 3JIEMEHTA.

14



9 TPEFOBAHUS K COJIEPKAHUIO OTYETA O
JJABOPATOPHOM PABOTE

Otuet o 1abopatopHOit paboTe JOJKEH COJIEPKATh CICAYIOIINE pa3ieiibl:

1. TuTyabHBIN JHUCT.

2. HasBaHue paOGoThI.

3. llenb paboThI.

4. Teoperuueckas 4acTb.

5. DkcnepuMeHTaIbHAs 4acTh - TaOJUIA pe3ynbTaToB (Tadmma 3.1)
6. OO6paboTka 3KCTIEpUMEHTANIBHBIX JAHHBIX.

7. Pacder oTHOCHTENEHOMN M aOCOTIOTHOM MOTPEITHOCTH.

8. 3ammch pe3ynpTaToB

9. (Kak nmpaBuibHO 0OpMHUTH pe3yiabTaThl? CM. MyHKT 6)

10. BeiBox (Kax Hanucath BeiBoa? CM. yHKT 7, TaOmuiy 7.1)
11.0TBeThHI HAa KOHTPOJIBHBIE BOMPOCHI.

15



12.JIABOPATOPHAA PABOTA Ne8
OINPEAEJIEHUE UHAYKTUBHOCTHU KATYLIKHA
1 ean padoThI

LHear nadoparopHoii padoTbl - ONPEACIUTH OMNBITHBIM  IMyTEM
WHIYKTUBHOCTh KATYIIKH, €€ WHIYKTUBHOE W AKTHBHOE COIPOTHUBIICHHUE I10
pe3yibTaTaM U3MEpPEeHUN TeOMETPUUYECKUX TapaMeTPOB KATYIIKH.

2 Ob6opynoBanue
1. Karymika uHAYKTUBHOCTH
2. lltaHTeHIUPKYIIb

3 Teopus
/Hanuwume ocnoéuvie onpeoenenus, nousamus, oOpmMynvl: Ymo maxoe aKmuHoe
conpomuénenue, UHOYKMUBHOCMb, UHOYKMUBHOE CONPOMUBNEHUE, IHEPUs
MmazcHumuo2o nosil

AKTHBHOE JJIEKTPHYECKOE CONPOTHBJICHHE

DNEKTPUYECKOE CONPOTUBIIEHUE SIBISAETCS XapaKTEPUCTUKON MPOBOJIHHUKA U
HE 3aBUCHUT OT TOT'0, T€YET TOK MO IMPOBOJHUKY WJIU HET.

CornpoTuBIieHHE TPOBOIHUKA 3aBUCHUT OT €TI0 TEOMETPUU U OT yJIEIBHOTO
AIIEKTPUYECKOTO CONPOTUBIICHUSI MaTepHasa, U3 KOTOPOro OH COCTOMT.
(ConpoTHBIIeHHE TPOBOJIHUKA TAKKE 3aBUCUT OT TEMIIEPATYPHI, OJHAKO ITH
SIBJICHHSI B TaHHOM pabOTe HE pacCMaTPUBAIOTCS).

Taxum 06pa3oM, CONPOTHBJICHHUE OJHOPOJHOI0 NIPOBOIHNUKA
MOCTOSIHHOTO CeYeHMsI 3AaBUCHUT OT CBOMCTB BellecTBA MPOBOJAHUKA, €ro
JAJMHBbI, CEYeHNUs U BbIYHc/sieTcs 10 opmy.ie:

l
R=p-5 (D

rie
R - siekTpuyeckoe CONPOTHRIICHHE MPOBOIHKUKA, OM;
p — yJIeJIbHOE CONMPOTHUBIICHUE BEIIECTBA TPOBOAHKUKA, OM*M;
| — nMHA pOBOIHKKA, M;
S — TTomaak CEYEeHUs, M2,

VY nenpHOE COMPOTUBIICHUE — CKaJIsipHas (PU3MUecKas BEIUYMHA, YUCICHHO
paBHasi COMPOTUBJICHUIO OJTHOPOTHOTO IMMIMHAPUYECKOTO MPOBOAHUKA €IMHUYHOM
nuubl (1M) 1 equanaroi miomamy (1mm? umu 1m?). Bennuuny p B cucreme CU
U3MEPSIOT B OM-METpPax:

[p]=OMMm
Ecnu npumenuts 3akon OMa 1J1d y9acTKa Ienu:
U
— 2
I=-. (2)

TO MOJKHO CKa3aTb, YTO COIIPOTHUBJICHHUC R ecTth mocTossHHAs BeJIMYMHA JJIA
AaHHOI'O IIPOBOJHHKA K €I'0 MOKHO paCCUUTATh KaK

16



R= (3)

i)
? f
rae R — conpotuBienue;

U — nanpsbkeHnue (pa3HOCTh JIEKTPUUYECKHUX MOTEHIIMATIOB) Ha KOHIAX
MIPOBOJHUKA, U3MEPSETCS B BOJIbTAX;

| — Tok, mpoTekarouuMii MEK1y 4epe3 MPOBOJIHUK IO/ ACHCTBUEM Pa3HOCTH

IMOTCHIMUAJIOB, UBMCPACTCA B aMIICpax.

JIONONHUTENEHEIE CBEICHUS.

OGpaTHOM BEITMYMHOM 110 OTHOLIEHHIO K COITPOTHBIIEHUIO SBIISETCS
5JIEKTPOIIPOBOIHOCTD, €AUHULIEH M3MepeHHst KoTopoli B cucteme CH ciyut
cumenc (1 Cm=10m1).

NHpykTHBHOE CONPOTHUBIIEHHE

B nenu nepeMeHHOro TOKa pa3janyvaroT JBa BUAA CONPOTUBICHUI: aKTUBHOE
U pEaKTUBHOE. PEakTUBHOE CONIPOTUBIIEHUE MOXKET ObITh MHAYKTHUBHBIM U
eMKOCTHbIM. Kak Obl10 CKa3aHo BbILIE, AKTUBHOE COMPOTUBJIEHUE R — 3T0 Takoe
COMPOTHUBJIEHUE, B KOTOPOM 3JIEKTPUYECKAs SHEPTHsI IPEBPALIAETCS, B OCHOBHOM,
B TEIJIOBYIO 3HEPIHUIO (WM HEKOTOPBIE IPYrue BUIbI 3HEpTrun). Takum
COIPOTUBIIEHUEM 00J1aJ]at0T, HAPUMED, JIEKTPOHArpeBaTeIbHbIe TPUOOPHI.

Tpanchopmaropbl, 3I€KTpOJBUTATENN, KATYIIKHM O0O0JaJai0T HE TOJBKO
aKTUBHBIM, HO 1 HHAYKTHBHBIM CONPOTHBJICHHEM.

Karymika MHAYKTUBHOCTM — 3TO BHUHTOBas (CIUpalibHas) KaTyllka W3
CBEPHYTOI'0 M30JUPOBAHHOTO MPOBOJIHMKA, HAMOTAHHOIO Ha Kapkac, obJafaromiast
3HAYNUTEIBPHOM  WHAYKTUBHOCTBIO TPU  OTHOCUTEIBHO MaJIOM  aKTUBHOM
CONPOTUBJICHUHU.

Pucynok 1 Karynmika MHIYKTUBHOCTH C Pucynok 2 OGo3HaueHue
CEPIEYHUKOM: KaTyIIKd WHAYKTUBHOCTH Ha
1 — npoBOJIHUK (HAMOTaHHAsI MPOBOJIOKA) 3JIEKTPUYECKUX CXEMaX

2- CTaJbHOU CEepACYHUK

OCHOBHBIM  TIapaMETPOM  KaTyIIKH HWHIYKTUBHOCTU  SBJSieTCH €&
HHIAYKTHUBHOCTb, KOTOPAsl OMPEIEIAET, KAKOW MOTOK MarHUTHOTO 1ojst @ co3nact
KaTyIllKa IPY IPOTEKaHUU yepe3 He€ Toka |:

®= LI

Koaddunment npomnoprmonansHoctd L B 3TOoM dopmysie Ha3bIBaeTCs

WHIYKTUBHOCTBIO.
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NHAYKTHBHOCTH KATYIIKH — 310 ¢u3uYecKasi BeJUMUYMHA,
XapakTepu3ylomas CHoCOOHOCTh  KATYIIKH  HAKAIUIMBATh  JHEPIHI0
MATHUTHOTO MOJIS.

NHAYKTHBHOCTh KATYHIKH 3aBUCHT OT (OPMBI M pa3MepoB KATYLIKH,
YyHucjaa BUTKOB HAMOTKH, 2 TaKKe OT MATrHUTHBIX CBOWCTB OKpY:Kawomiei
cpeabl (MATHUTHOW NPOHUIIAEMOCTH CepAeYHUKA) W  ompeaesieTcsl IO

dbopmye:

N%-§
l

L= p-p (4)

rIe:

L - MHOYKTUBHOCTH KaTyiiku, ['H (reHpn);
S — oAb CeYeHUs KaTYIIKH, M2

| — mmHa KaTymku, M;

N — 4Yu1CI0 BUTKOB;

_7TInu
Uy = 4m-1077 — - MarHuTHAsg MOCTOSHHAS;
M

L — MarHuTHasi IPOHUIIAEMOCTb MaTepualla CepJIeUHUKa

p = 1 MaruuTHas MPOHUIIAEMOCTDH BO3/1yXa (BaKyyMa)

TunuuHple 3HAYEHNUS] UHIYKTUBHOCTEN KAaTylIEK OT AECATBIX Joier MKI H 10
necsaTkoB ['H.

MHAYKTHBHOE CONPOTHBJEHHE KATYIIKH 3aBHCUT OT HHIAYKTHBHOCTH
KATYIIKH M YaCTOThI MEePEeMEHHOr0 TOKa U onpeaesiercs mo gpopmyJie:
x; = ol (5)
unu

XL =oL=2avL (6).
[Mosicuenus Kk Gopmyiie (6).
® - KpyroBas (LIMKJIMYECKas) yacTora, = .

v — YacToTa IMEPEMEHHOI0 ToKa, ['11 (repir)
v = 50Ty - YaCTOTa MIEPEMEHHOT0 TOKA IIPOMBIIIJICHHON CETH.
Kak m3BecTHO W3 Teopum KojieOaHWM, 4acTOTa CBs3aHA C MEPUOAOM U

KpYTroBOH (LIMKJIMYECKOI) 4aCTOTOW COOTHOIIECHUSIMU:

27 )
m—T—;w

N3 dopmynbr (5) MOXHO oOmpeAcuTh WHAYKTUBHOE COIPOTHBIICHUE U
WHIYKTUBHOCTH Kartymiku. OJHAKO, 3Ta 3ajadya OCJIOXKHSIETCS TeM, UYTO Hapsay C
WHYKTUBHBIM COMPOTHUBJICHUEM KaTyIllKa OOBIYHO OO0JaJaeT eIle W aKTUBHBIM
CONPOTHUBJICHUEM.

KaTtymka WHIYKTMBHOCTM CHOCOOHA HAKAIUIMBATH MATHUTHYIO

IHEPrHUI0 MPU NPOTEKAHUHU JICKTPUUECKOTO ToKa I:
L-1?
W = = (7)
rae

Wi - sHeprust MarHuTHoro noJis, x (Jpkoyib);
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L - uaayktuBHOCTH Karyumku L, I'H (renpn);
| - anekTpuyeckuii Tok, A (amrmep).
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4 JxkcnepuMEHTAJbHAS YacTh
3amanue 1 Pacuer MHAYKTHBHOIO CONPOTHBJICHHUS

O6HIPII>1 I1J1aH pacdycTa
L I[JISI pacdu€ta HMHAYKTHUBHOI'O COIIPOTHBJIICHHA KaTYIIKH H€O6XOI[I/IMO 3HaTb.

qacTOTy TOKa 1 MHAYKTHBHOCTb KaTYIIKH L:

x; = wlL (5)
e  Jlns pacueTa MHIYKTUBHOCTH KaTymiku L mo ¢opmyre (4):
NZ-S
L= ppo— (4)
HEOOXOAMMO OTIPEICTUTh TEOMETPHUICCKHE TTapaMeTPhl KaTyIIIKH:
JUTMHY KaTYIIKWA, YHUCIIO BUTKOB B KaTYIIKe, TUIOMIAAb MIOMIEPEYHOTO CEUCHUSI.

1. OmnpenenauTs 4uciIo BUTKOB B KaTymike N.
1.1. C noMoOIIplo MITAHTCHIUPKYJIS U3MEPUTh MJIMHY KAaTYIIKH | B MUIIMMeTpax u
BBIPA3UTh B METPaXx:

l=..MmMm=...M
1.2. Beigenuts (C  IMOMOIIBIO INTAHTCHIIUPKY/IS) HAa KATYIIKE €IMHUYHBIA y4acTOK

JUIMHBIL,  Hampumep, lcMm uimulmm (B 3aBUCHMOCTH OT pa3MEpOB KATYIIKH), U
MOJICUMTATh YKCIIO BUTKOB MPOBOJIOKM Ha 3TOM HA €IUHULE JJIUHBI (T.€. YHUCIO
BUTKOB Ha 1cM wiu HalMM JIJIMHBI KaTYLIKH):

N= ..... BUMKO8 /HA CM UIU MM
N o
1.3. 3 dopmynsr: 1 = T Haiith o0lee YUCJI0 BUTKOB KAaTyIku N:

N=n-l
2. W3meputh nuamerp KaTymku D u BeIpa3uTh B MeTpax:

D=... Mm=... m
3. PaccuuTaTs mioniaas NonepevyHoro ceyeHust KATymku S (B MmeTpax):
nD?

§= —
4

4.1 PaccunTtarh MHIYKTUBHOCTH Katymiku L (0e3 cepaeunnka) mo dhopmyre (4):
N%.5

L=p-m—y (4)

rae

o= 4m- 10--‘% - MarHuTHas MOCTOSTHHAs

u = 1 MAarHUTHAsI IPOHUIIAEMOCTh BO3/yXxa (BaKkyyMa)
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3amanue 2. Pacuer akTHBHOIO CONPOTHUBJICHUS KATYIIKHA

1. OmnpenenuTts AMaMeTp MPOBOJIOKU KATYIIKH U BBIPa3UTh B METpax
Orpos.= - -+ MM =..... M.
2.  Haiitn TUTOIA/Ib HIOTIEPEYHOTO CeueHUs HPOBOJIOKH
2
. HdﬂpDE
OpoE. 4
3. Paccuurars iy |1 ogHOro BuTKa B Karymike: |; = nD.

rae D — nmameTp Bceid KaTyniku, M
4, PaccuntaTh 0OIIYyIO JUTMHY BCEH MPOBOJIOKH |06 KaTYIIKH TIO OpPMYIIE:
|np03_ = |1 ‘N.
rae li - jmMHA OJHOTO BHTKA, M;
N — 91CII0 BUTKOB KaTYIITKH.
5. OnpenenuTh aKTUBHOE COMPOTHUBIIECHUE KAaTyIIKHU 1O ¢opmyie (1):

l
_ . ‘'mpos.
R=p 5 (1)
OpoE.
rje p— yAelbHOe CONPOTHBAEHHE MeH (3HaueHMs TIPUBOISTCS B
CIIPaBOYHBIX TAOJIUIIAX )

Opr - paa- -
p=0017 —=0,17 - 1070 ™
M

Bzame snauenue p =017 -10"70m-n
6. Haiitu kpyroByto (IIMKJINYECKYIO) YaCTOTY:

w = 2mv

rae

v = 50Ty (repu) - YACTOTA IEPEMEHHOTO TOKA MTPOMBIILJICHHON CETH
1. OnpenenuTs UHAYKTUBHOE COMPOTUBJICHUE KATYIIKU:

x; = wl
8. OnpenenuTh TONHOE CONPOTHBIEHUE KaTymku: Ry, .. = /R? +x;

9 Jlononsurenshoe 3a1aHme Ha MOBBIIEHHYIO OLEHKY.

PaccuntaTh MHAYKTUBHOCTH KaTyIIKd L €O CTaJbHBIM cepaedHHKOM 10 Gopmyie (4). 3HaueHHS MarHUTHOMN
MPOHHUIIAEMOCTH CPEIbl B3SATh U3 TaOMUIB! | (B COOTBETCTBUU C HOMEPOM BapuaHTa). MarHUTHas MPOHUIIAEMOCTh
(heppoOMarHUTHBIX BEIIECTB (HApUMeEp, XKelle30, KOOAIbT, HHUKEIb W WX COCAUHEHHS) 3aBUCUT OT BEJIHMYUHBI
BHemHero mosis (cM. Tabmuiry 1) u 9acToTH TOKA.

Tab6muna 1
MarauTHas TPOHUIIAEMOCTh HEKOTOPBIX MapOK

MarHuTHasi TPOHMIIAEMOCTDb CTATU
Marepuai Havansnoe MaxkcumanbHoe
HaMarHMYUBaHNE HaMarHMYMBaHUE
TeXHMYECKH YUCTOE FKENE30 250-400 * (1 BapuaHT) 3500-4500 *) (3 BapuaHr)
DIIEKTPOIIUTUYECKOE JKETE30 600 (2 Bapuanr) 15000 (4 BapuaHT)

*) 63amb 3HAUEHUE NO C8OEMY 8bIOOPY 8 VKAB3AHHBIX NPEOeax
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S5 BbIB0oa 0 MpoaesIaHHOM padoTe, 3aNUCh NMOJY4YeHHBIX Pe3yJIbTaTOB
3anucaTh BBIBOJI O MPOEIIaHHON padoTe:
1. Kpatko onucars, 4TO 1 Kak caenano B padore (Kakue BenmuurHbI U3MEPEHBI,

KaKHe BEJIMYMHBI PACCUUTAHBI 110 KakuM (opMyJiam).

2. 3ammcarh MOJydeHHBIC Pe3yIbTaThl (3HAYCHHSI HHIYKTHBHOCTH KaTYIIKH,
WHIYKTHBHOTO ¥ aKTUBHOT'O COIPOTHBIICHU) C CIMHUIIAMHU H3MEPCHUN
CJIETYIOITUM 00pa3oM:

L= ......... I'u
XL = oo OMm
R= .......... OMm

[Ipumeuanus.
= B okoHYaTeNbHOU 3aliCH Pe3yJIbTaTOB 3HAUCHUSI BCEX BEJIMUUH OKPYTJIUTh
10 2-3 3Havamux 1udp.

3. CpaBHHTB SHAYCHUA MHAYKTHUBHOT'O U AKTUBHOI'O COHpOTHBHGHHﬁ,
HaIluCaThb BBIBOJA M3 CPABHCHHH 3THUX BCIWYHH.

6 OTBeTHTH HA KOHTPOJIbHbIE BONPOCHI:
1. HapucoBaTh CHJIOBbIE JINHUM MATHUTHOTO TOJIL KATYIIKA UHIYKTUBHOCTH

(0003HAUYUTH MOJIOCA, HAIIPABJIEHUS TOKA, HAMKCATh, 10 KAKOMY MPaBUITY
OTIPEMETSIOT HATIPABICHUE CHIIOBBIX JIMHUH)

2. HapucoBatTb CHIIOBbIE JMHUM MarHUTHOTO TIOJISl TOCTOSIHHOI'O MarHUTa
(0003HAUNTH MOJIOCA, HAIIMCATh, KaK HAIPaBJIEHbI CUIIOBbIC JIMHUM)

3. BblYMcIuTh 3HEPTHIO MArHUTHOTO TOJIS, HAKOTIJICHHYIO B KaTyIIIKe
WHIYKTUBHOCTH, pACCMOTPEHHOW B JaHHON J1labopaTopHOM padoTe, eciu
yepes He€ MPOTEKAET MEPEMEHHBIN AEKTpUYecKui ToK ¢ yactoToi 100kl 1,
a cuiia Toka paBHa Z amrnep (rae Z — HOMep CTYIEHTA MO CIUCKY B
KypHAJIC)
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7 TpeOoBaHMs K COAEPKAHUIO OTYETA O JIA0OPATOPHOIi padoTe

Otuet o 1abopaTopHOM paboTe NOJKEH COJIEpPKaTh CICTYIONINE pa3aeibl:
1 TUTYNBHBIN JTUCT
2 HasBanwue paGoThl.
3 [lens paboOTHI.
4.  Teoperuueckast 4acTb.
5 OKcrepuMeHTaNIbHAS YaCTh — PE3YJIbTaThl U3MEPEHUN U pACUETOB
6.  BbIBoz, 3amUCh pe3yIbTaTOB
7.OTBETHI HA KOHTPOJIBHBIE BOITPOCHI.



JIABOPATOPHASI PABOTA Ne 9
ONPEJAEJEHUE JJWHBLI CBETOBOW BOJIHBI
C TMIOMOUIBIO JTU®PAKIIMOHHON PEIIETKA

IEJIb PABOTBI

Heab sadopaTopHoil paGoThI - ONPEACIUTh IKCICPUMEHTAIBHBIM ITyTEM
JUTMHY BOJIHBI KpPacHOro W (UOJIETOBOTO I[BETa C TMOMOIIbIO JU(PPAKIIMOHHOM
PEIIEeTKH.

B naGopatopHoii padote "OmnpeneneHue IIUHBI CBETOBOM BOJIHBI C
MTOMOIIBI0 TU(PPAKITMOHHON PEMIeTKU" CTYACHTHI HAOMIOAAI0T AUPPAKITHOHHBINA
CHeKTp ¥ mo hopmysie AUPPaKIIMOHHON PEIIETKA PACCUUTHIBAIOT JIJTHHY CBETOBOU
BOJTHBI KpAaCHOTO U (hrosieToBoro 1eeta. [Ipu BeImosHEeHNN paboThl CTYACHTHI
UCIIONB3YIOT AUGPAKIIMOHHYIO pelieTKy ¢ epuoaom 1/100 MM u paznuyHbie
CBETOMUIIBTPHI, H3YYIAIOT 0COOCHHOCTH TU(PAKIIMOHHOTO criekTpa. [lomydaennspie
3HAYCHUS JIJTMH CBETOBBIX BOJIH CPABHHUBAIOT C TAOJWYHBIMHU, JIETAIOT PacueT
MOTPEITHOCTH.
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1 Teopust

Judpakiysi CBETOBBIX BOJIH — 3TO SIBICHUE OTKIOHEHUS! CBETOBBIX JIy4ell OT
IPSIMOJIMHEMHOTO ITyTH MPU IPOXO0XKAECHUN BOJIN3U KpaeB dKpaHOB, OTBEPCTHI U T.
I. , COU3MEPUMBIX C JUIMHOM BOJHBI. J[1 HaOmoneHui JUPpakuuu UCHOIb3YIOT
y3KH€ LIENIN, OTBEPCTHS, MU(PpaKkIMOHHbIE pemeTKu. CMOTpsl CKBO3b PEIIETKY Ha
UCTOYHHUK CBETAa, HAaOJI0aTeNb, KPOME 3TOr0 UCTOYHUKA BUJUT PACIOJIOKEHHBIE
CUMMETPUYHO IO 00€ CTOPOHBI OT HETO NU(PPAKIIMOHHBIE CIIEKTPHI.

JudpakiroHHas perieTka — 3TO ONTUYECKHUI MPUOOP, MPeICTaBISIOIHIA
co00#1 COBOKYITHOCTh OOJIBLIOr0 YKCIIa NapaJIeNIbHBIX IIEJIEH, pa3aeeHHbIMU
HEIPO3PAYHBIMU IPOMEKYTKAMH.

O6mrast mupuHa d menu 1 Hempo3pavyHOTro MPOMEKYTKA HA3bIBACTCS
NEPUOJIOM PEIIETKH (MM NOCTOSSHHOM pewmeTkn). Ileproa audpakunoHHoM
PELIETKH MOKHO OIPENETUTh CIAEAYIOLUIUM 00pa30oM.

Hamnpumep, ecnu Ha audpakiimoHHoi pemetke umeercs Ha 1 mm 100
HITPUXOB, TO NEPUOA TUPPAKLIIUOHHON PELIETKU:

d=1Mm/100=10"3m/100=105 M (1.1)

Bcenencreue nudpakiuu cBeT, MPOIIEIIINN Yepe3 pemeTKy, 0yaer
pacpoCTPAHATCS IO BCEBO3MOKHBIM HampasiieHusIM. [Ipu sToM Bce nyun,
UyIINE OT BCEX Iesield OyAyT KOT€pEHTHBI.

PaccMoTpuM 1Ba MPOM3BOJIBHBIX JTy4a, HAYIIMX OT JHOO0BIX meiei (Pucynok 1.1).

CeeT

a d‘ =
.-"'. : ; 11T,

y

£
-+ > JIuusza
W JKpaH
a

Pucynox 1.1 — Xox nydeii yepe3 muppakImOHHYIO PEHIETKY.
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C moMouIbIo JIMH3 MOKHO C(HOKYCHUPOBATH 3TH JIYUYU U TOTYYUTh
uHTEepEpEeHIIMOHHYI0O KapTuHY. Eciiu pa3HOCTh X0/a Jydeid OyAeT paBHA JJIHHE
BOJIHBI A, TO Ty4H OyJIyT UMeTh OJlMHAKOBBIE (a3bl. ClieoBaTeNnbHO, 00pa3yercs
MAaKCHMMYM yCHUJICHUS] CBETOBBIX BOJH. B 00111eM cilydyae MakCHUMyMBI CBETa
HAOJI0JAI0TCS B TOYKAX 3KPaHa, 711 KOTOPHIX BBITIOIHSAETCS YCIOBHE:

8:1(}& (1.2)

rac 8 — Pa3HOCTb X044,

A — JUTHHA CBETOBOIA BOJIHBI,
k= 0,+1, +2, +3, ... menoe ymuciO, HOMEP MaKCHMyMa (IIOPSJIOK
MaKCUMyMa).

YcnoBue makcumyma(l.1) MOKHO BBIPa3uTh Uyepe3 mapaMeTphbl pEeLIeTKH
(pucynoxk 1.2).
Tak kak:
O0=d:-sing | (1.3)
TO:
k-A=d-sing (1.4)
rae d — mepuon pemerku,
P - yron qudpakiuuu (yroia OTKIOHEHUS JTy4en).

[TockonpKy yrimel Ipu TU(PaKITIH, KaK MPABUIIO MAJIBI, TO JJIST HUX MOKHO
MPUHATH MOKHO TIpUHATH (Pucynok 1.1).

sin @ ~ tgo, (1.5)

a
tgp = T (1.6)

/e @ — PACCTOSIHUE JI0 COOTBETCTBYIOIIEH 00J1aCTH CrieKTpa (KpacHOU UITn
¢buoseToBoin);
| — paccrosiHue ot pemerku 10 PKpaHa.
Torpa:

a
k-A=d- T (1.7)
Takum 00pa3om, IJIMHY CBETOBOM BOJIHBI MOYKHO PaccCUUTaTh 10 hopMmyJie:

r=d. —
k-1 (1.8)
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I{eHTpanbHBI MAKCUMYM HAa3bIBAETCS HYJIEBBIM.

Jls Hero O =0 (k=0), T.e. pa3HOCTH X012 paBHA HYIIIO.

benblii cBeT mo coctaBy — cioxHbld. HyneBolh makcumym — 3710 Oenas
1oJ10ca, T.K. pa3HOCTh X0/J1a BCEX JIydei JIF0OOM IIBETHOCTU paBHA HYJIIO.

MakcuMyMBbl OCTAJTBHBIX TIOPSAKOB MPEACTABIIIOT CO00i HAbOp cemu
LBETHBIX ITOJIOC, COBOKYITHOCTh KOTOPBIX Ha3bIBaeTcsa cuekTpom LII, ... mopsaka.

[TockoabKY JIy4u pa3IMyHOro I[BETa UMEIOT Pa3HYIO JJIMHY BOJHBI, TO KaK
cnenyet u3 ypapHeHus (1.3), ycioBue nHTepPEpEeHITMOHHOTO MaKCUMyMa JIJist
Ka)KJ0¥ JJIMHBI CBETOBOM BOJIHBI BBIMIOJIHAETCS] IIPU CBOEM 3HAYEHUM YIJja
mudpakiuu @ . TloaToMy mpu IPOXOKACHUU Yepe3 TUPPaKIIMOHHYIO PEIIETKY
My4oK 0esioro cBera pasnaraercs B cnektp (Pucynok 1.2).

Jlyuu ¢ GonbIIel JJIMHOW BOJIHBI OTKJIOHSIIOTCSI HA OOJbIIKK yrou. [[nuHa
BOJIHBI ()MOIETOBBIX Jyuen coctasiseT 0,38 MkM, KpacHbIX — 0,76 MKM.
CrnenoBatesbHO, B TU(PPAKIIMOHHOM CIIEKTPE CUIIbHEE OTKIIOHSIOTCS KpacHBIE

Jy4H.
\ lean

‘\ \ \ \ . JInnza

< <
\ /><\ /7 JKpaH
\ \
ay
< i b >
Pucynok 1.2 — Ilonayuenue nudpakiuonnpro crekrpa I nopsaka
npu 00TydeHuu OebIM CB #TOM

27



2 O6opynoBanue

2.1 [1pubop nyst onpeaesieHus JIMHBI CBETOBON BOJIHBI

2.2 ludpakimonHas pemnierka

2.3 CBeTo(hUIbTPHI

2.4 Jlammia HakaJIMBaHUS Ha CTOMKE

2.5 VICTOYHHK 3JIEKTPUYECKOM SHEPTHH (BBITPSIMUTEIND cesieHoBbIi BC-1)
2.6 CoeMHHUTENBHBIC MPOBO/IA

3 DKcnepuMeHTAIbHAA YACTh

3.1 Tlomectuth MudpPaKIMOHHYIO PEMIETKY B paMKy NMpUOOpa U yKPEUTh
€ro B TMOJICTaBKE.

3.2  YcTaHOBUTH paMKy ¢ AUGPPAKIIMOHHON perIeTKON Ha
paccrostHuu | =200 =+ 400 MM OT ’KpaHa CO IIKaJIOM.

3.3 TIlo nenenusiM, HAaHECEHHBIM Ha OpyCKe, U3MEPUTH PACCTOSTHUE OT

nu(paKIUOHHON PEIIETKH 10 KAkl 5kpana | .

3.4 CmoTps cKBO3b JU(PPAKIMOHHYIO PelIeTKY, HAPABUTh NPUOOP Ha
HCTOYHMK CBETA TaK, YTOObI HCTOYHHMK CBETa ObL1 BUJECH CKBO3b Y3KYI0
mesab 3kpana. Ilpu 3TroM 1o 00e cTopoHbI HA IKpaHe HA YepHOM (oHe
3aMeTHBI U (PPaKIHOHHBbIE CNIEKTPbI HECKOJbKUX NopsiakoB (Pucynok 3.1).
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3.5 [Iponabroaath 1UPPaKIIMOHHBIN CIIEKTP C pa3HbIMU CBETOPHUILTPAMHU.

Cunekrp Cunektp
cjieBa crnpasa
aKPz aKPz
ap, | Ay,
: aKPl : aKPl
o %
mIKasia 3KpaHa ) ]
\ ny 4N
N N 207 A B
\
cuektp Il mopsinka k ¥+ 2 ciiextp Il mopsidka k =2

cnektp I mopsiaka k=1
cnektp 0 mopsinka k =

negtp I mopsinka k=1

CTKa /

Pucynok 3.1 — Cxema HaOmr07
[o mkane skpaHa (paccMaTpuB

nudpakIMoOHHAS P

7

3.6

1

rjia3 Ha6HIOI[aT€J'ISI
A\

CHUST TU(DPaKIIMOHHOTO CIIEKTpa
asi ClIeKTPbI Yepe3

AUGPAKIHOHHYIO PelIeTKY) ONPEACIIUTh PACCTOSIHUS OT UEHTpPa 10 (UOJIETOBOM
U KpacHoil oonactu criekTpoB I u Il mopsiikoB ciieBa u cripaBa

Crnesa — ag1, ag2, Aupl, Axp2
CrnpaBa — ag1, ag2, awpl, dxp2

Bce HN3MCPCHUY BBIIIOJIHUTH B MUJJIMMETPAX U IICHCBCCTU B MCTPHLI.
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4 O0pabdoTKa IKCIIEPUMEHTAJbHBIX TaHHBIX

4.1 BpIunCANTD CPEIHNE 3HAYECHUS acp — JAJISL CIEKTPOB CJIEBA U ClipaBa —
PacCTOSIHUI OT LIEHTPa JI0 KpacHOU U (prosieToBoi obactu B criekTpax [ u 11
MOPSAKA:

— (puoneroBoit obsactu B cekTpe I mopsinka — acp ipi
— ¢uonetoBoit obnactu B criekrpe I mopsaka — acp ip2
— KpacHoi1 o0s1acTy B criekTpe I mopsinka — acp g1

— KpacHoi obsiactu B criektpe Il mopsiaka — acp ¢

4.2 3HadeHue JTMH BOJIH BEIYUCIUTH 110 dhopmyrie (1.8):

a
A=d-o (1.8)
rJI€ @ — CPEAHEE 3HAYCHUE PACCTOSHUSA JI0 COOTBETCTBYIOIIETO MAKCUMYyMa
(B MeTpax):
acp ¢1, Acp g2 — B puosieToBoit obdnactu cnektpos I u Il mopsika;
acp pl»> Acp kp2 — B KpacHOM obmnactu cnektpos I u Il mopsinka;

I — PaCCTOAHUC OT PCIICTKU A0 3KpaHa, M;

k=0,1,2,3, ... - memoe 4nciio, MOpsI0K CIIeKTpa, Oe3pa3MepHasi BEIUUNHA;

d=1-10°m — nepuox pemerku (cm. (1.1)).

ITo dbopmysne (1.8) BRIUMCIUTE 3HAUYCHHUSI IJIUH BOJIH — KPACHOU U
¢uonerosoit odnactu I-ro u II-ro nopsiagka — Bcero 4 3HaUeHUS:
o 3 AR S Ao g (1, — 10
A (I)l, AY Kpl AJ1A \/ll\al\LlJCl 11Y9JU llul_lnAI\U \1\ 1/

A2, A p2 — 01 criektpa II-ro mopsaka (k = 2)

4.3 Beraucnuth cpeaaue 3HaueHuss — Juist criekTpos [ u 11 mopsiika — ayiH

BOJIH (PHOJIETOBOM § KpacHOW 00JIACTH CIIEKTpa BCEro 2 3HAYCHUS:

Aep i Aeprp
4.4 Pe3ynbTaThl BCEX U3MEPEHHM 3aHECTH B Tabmuity 3.1.
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5 BblunciieHre OTHOCUTEJILHOM 1 A0COIIOTHOI MOTPENIHOCTH

5.1 BeIuncieHne OTHOCUTEIBHOMN MOIPEIIHOCTU ONIPEIEIECHUS IIINHBI
CBETOBOM BOJIHEHI §.

5.1.1 IIpHHATH, 4TO HOTPEIIHOCTh ONPE/IC/ICHHS 3HAUCHUS A OIpe/IenseTcs

NOTPENIHOCTBIO U3MEPEHUM PACCTOSHUN d U pacCTOSTHUS | -

Aa Al
0= D (5.1)
cp
rac 6 — OTHOCHUTCJIbHAA ITIOTPCIIHOCTDL OIIPCACIICHUA }\a ) 663paSMepHaﬂ
BEJINYNHA,
acp— CpeaHCC 3HAYCHNC PACCTOAHHUA 10 COOTBGTCTByIOH_[eﬁ oOiactu

CTIEKTpA, M:

— (pronetoBoii obsacTu B ciekTpe I mopsinka — acp ipi
— (puoneroBoii obnactu B ciektpe Il mopsaka — acp wp2
— KpacHoi1 obnactu B criekTpe | mopsinka — acp g1

— KpacHoii o6siactu B criektpe Il mopsiaka — acp ¢2

| pPacCTOSIHUE OT PEIIETKH J10 HIEIH,M;

Al _ a0COJIIOTHAS MTOTPEIIHOCTh B OIPeaeICHUH paccTosHus | oT pemrerku
JIO IICTIH;

Aa — cpennsis aGcomoTHAs OTPENIHOCTh OMPE/ICICHNS PACCTOSHHS @ OT
IIEHTpa 0 COOTBETCTBYIOMIEH 00JacTH CIIEKTpa.

A6comorasle torpemroctd Ad u Al npunATE paBHBIME IICHE NeTCHNS
pruOOpPOB:

Aa = Al =0,5mMm=0,5-103m

5.1.2 Beraucauts o ¢popmysie OTHOCUTEIbHBIE TOTPEUTHOCTH OMPEICIICHUS

JJIUHBI BOJIHBI 8 — BCEro 4 3HaUYCHUS:

— (uonerosoit obmactu I mopsiaka — S, ;
— ¢uoneroBoii obiactu Il mopsinka — O, ;
— KpacHoi obnactu I nopsinka — &, ;

— KpacHoi obyacTu I mopsinka — O 5 .
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5.1.3 3HaueHus1 OTHOCUTEIBHBIX MOTPEHIHOCTEN BHIPa3uTh B % U 3amHUCaTh
B Ta0uiy 3.1.

5.2 Bepruncnenue abCOMOTHOM MOTPEITHOCTH ONPECICHUS JTUHBI
BOJIHBI AL
5.2.1 TToCKOIBKY CMBICIT OTHOCUTEIBHOMN MOTPENTHOCTH:

AA
§="0
L (5.2)
Torna:
AL=9 1\, (5.3)

rae AL - aOCONFOTHAS TIOTPEITHOCTD ONPEICACHUS JJIMHBI BOJIHBI, M;
0 - OTHOCHTEJIbHAS NIOIPEITHOCTh ONPEIENIeH s JIIMHbI BONHEI | (6e3 %) ;
A - UTMHA BOJHBI COOTBETCTBYIOIIEH 00IaCTH, M:

— (uoneroBoit odmactu I mopsaka — A o1

— ¢huoneroBoii obmactu Il mopsiaka — A 5 ;
— KpacHoi1 obnactu I mopsimka — Ay ;

— KpacHoii obyactu Il mopsimka — A5 .

5.2.2 Beruucauts no popmyiie (4.3) abcoaOTHYIO TOTPENTHOCTD
OnpeeNIeH s JIMHHBI BOIHEL AL
Bcero 4 3nauenus:

— ¢huoneroBoii obnactu I mopsinka — AA, ;
— ¢uoneroBoii ooiactu Il mopsiaka — AA 4, ;
— KpacHOU 00J1acTu I mopsnka — AA, i,

— KpacHoi obnactu Il mopsinka — AA ., .

5.3 Berunciuth cpeaaue 3HadeHuss — Juist crekTpos [ u I mopsimka —
a0COJIFOTHOM ¥ OTHOCHUTEJIbHOM MOTPENTHOCTEN ONpeiesIeHUs! IJIMH BOJIH CBETA:

— A po AN o
- 80p(b180p1<p

5.4 Pe3ynbTaThl BCEX U3MEPEHHMI 3anmucaTh B Tabimiry 3.1



5.5 Haiitu B cripaBOYHUKE 3HAYEHHUSI IJIMH CBETOBBIX BOJIH. 3aMUCcaTh B
tabuity 3.1. — “raGauyHbie” 3HAUYCHHS JJISI KPACHOTO U (PHOJIETOBOTO CBETA.

5.6 [Tony4yeHHbIEC FIKCTIEPUMEHTAIILHO 3HAYEHUS JJIMH CBETOBBIX BOJH
CPaBHUTH C TAOJUYHBIM 3HAUEHHUEM JIJTUH CBETOBBIX BOJIH.

6 3anuch NoJy4eHHBIX Pe3yJabTATOB

[TomyuenHble pe3ynbTaThl — 3HAYCHHUE TIIOTHOCTHU ¢ a0COIIOTHON
MOTPEIIHOCTHIO, EAUHUIIAMH U3MEPEHUSI M OTHOCUTEIHHON MOTPEITHOCTHIO, a
TakKe TaOJMYHOE 3HAUYCHHUE 3alMCaTh CIEAYIOIUM 00pa3oM:

)\,q):(...ﬂ:...)' lU_GM, A@(Taﬁn,):....lo"’M
8 cp cb = ... %

)\‘Kp:("'i"').lo-GMa A“Kp(TaGH,):....lo-GM
6 Cp K = ... %

rae }L(bzkcpﬂpiA}\‘cpq);

7V KpP =?v vyl\y+ /\7\ TP Kp

[Ipumeyanus.
u B okonuarensHOM 3anucu PE3YIbTATOB 3HAYCHUA NJIMHBI BOJIHBI KPaCHOI'O

¥ (HUOJIETOBOTO CBeTa M €€ aOCOJIOTHOM MOTPEIIHOCTH A A, OKPYTJIUTH JIO IICJIBIX
3HAYEHUH (WM 10 JECATHIX IOJEN).

- KonrdyecTBO 3HAKOB IMOCIIE 3aMSATON B 3HAYCHHUSIX A M AL - IOJDKHO OBITH
OJIMHAKOBBIM.

- 3HaueHNEe OTHOCHUTEJbHOW IOrPEelIHOCTH BBIPA3UTh B_NPOLEHTAX U
OKPYTJIUTH JIO ACCSTHIX JIOJICH MPOICHTA).

- Brimrcaths 13 TabauIl B CipaBOYHUKAX WK B [IpuitokeHnn 3HaYECHUE JITTMHBI

BOJIHBI KPACHOTO U (DHOJIETOBOI'O CBETA («TaOJMYHOE» 3HAUYCHUE) - A magr-
n He 3a0ynpre 3amucaTh CAMHUIBI U3MEPEHHH A, AN, A maon!
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7/ Kak HamucaTh BbIBOJ 0 NPOJEJIAHHON padoTe

Cnenatb BBIBOJI C HCIIOJIb30BAHUEM pPEKOMEHaIi B Tabnuiie 1.

Ilomnume: Bv1600 — smo «omeem» na yenv pabomoi !
Ilooymaiime, oocmuenyma yenv pabomuol?

Tabmuma 1-PexoMenganuuy o HaIMMCaHWIO BBIBOIA B TAOOPATOPHOM paboTe

YT0 10JKHO

n/n ObITH B Kak 310 Hanmucartp
BbIBOJI€
17. Urto cnenano | Hamummre, 4TO KOHKPETHO C/IECJIAHO B paboTe.
B paboTte PexoMeHTyeTcs HAaUMHATH CO CJIOB, HAIPUMED:

B nannoii pabore......

(Uto cnenano? IlpouunTaiite eme pas 1ejib paboThl )

18. | Kak cnenano | Kparkoe onmucanuu SKCIIEpUMEHTA!

" Kakhe KOHKPETHO BEJIMYHMHBI OTPEICICHBI C
MOMOIIBIO KaKUX MpuOOpoB,

"  KaKWe€ BEJIIMYUHBI (B TOM YHCIIE TOTPEITHOCTH)
paccuuTansl 1o popmynam (popmyibt
nepenuchBaTh HE HAlO!)

19. Yro 3anuiurte pe3ynbTar (MOJTy4eHHbIE BEIMYUHBL, UX
MOJYYCHO | MMOTPEITHOCTH — € eIMHUIIAMU U3MepPeHHUI)

20. AHanu3 [Ipoananu3upyiite MOTy4YEHHBIN pe3yibTarT.
pe3ynbTara J11st 5TOTO CpaBHUTE IKCIIEPUMEHTATBLHOE 3HAUCHHUE
IJIOTHOCTH A sxen C TAOTHMYHBIM 3HAYEHUEM A a6, U JAHTE
CBOIO OIICHKY MOJYyYE€HHBIM PE3yJIbTaTaM.

Hampumep: .3nauenus coenacyromes xopowio, (unu
Y00871emBOPUMENbHO, UNU HE CO2NIACYIOMCSL).

Hanumure, B yeM npuurHa pacxoxXAeHUN
AKCTIEPUMEHTAIILHOTO 3HaueHUs (TTOJIy4YeHHOTO B TAHHOU
paboTe) U TabJIUYHOTO.
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8 KOHTpOJIbHBIE BONPOCHI
Bapuanm 1
1.1 Kakoe siBineHue HazbpiBaeTcs qudpaxiiyeit BoJH?
1.2 Kakue ObiBaroT criekTpbl? KakoBbI UX OTJIIMUUTEIIBHBIE OCOOCHHOCTH ?
1.3 KakoB nmopsiiok cieoBaHusl IIBETOB B TU(PPAKIIMOHHBIX CIIEKTpax?
1.4 Kakoe 3HaueHHe UMEET IMIMpHHA eel nudpaxkinronHon pemetku? Kak

MEHsIeTCsl BU JUPPAKIUOHHOTO CIIEKTPa C YBEIMUCHUEM IIMPHHBI HIeNei B
TG PaKIIMOHHON perieTke?

Bapuanm 2

2.1 Kakoii cBeT Ha3bIBA€TC MOHOXPOMATHYECKUM?

2.2 Yewm oTnuuaroTcsa AUPPAKIIUOHHBIN U AUCTIEPCUOHHBIN CIIEKTPHI?

2.3 Yem crieKTpsl, TOIyYEHHBIE ITPU IToMOoIIH pemeTok ¢ 50 u 100
HMITPUXAMH HA MIJUTUMETP, OTIANYAIOTCA ApyT OT Jipyra? OObsSCHUTD.

2.4 Kak onpenensiercs nopsAI0K crekrpa’?

Bapuanm 3

3.1 B xakux mecTax 3KpaHa M0J1y4aeTcsl NEPBbIA MUHUMYM CBETa?
OOBSICHUTB.

3.2 YeM paznuuaroTcs AUPpPaKIUOHHBIE CIIEKTPbI, OJIy4aeMble TPU
MOMOILY PEIIETOK C Pa3au4HbIM Iepruo1oM? OObICHUTS.

3.3 KakoBa okpacka HyJI€BOIO Makcumyma?

3.4 Kak uzmensieTcst BUJ 1u(PpakiimOHHOTO CIEKTPa, €CIU Ha IyTH O€JIoro

CBETa, MAIAIOIIETO Ha TUPPAKITMOHHYIO PEIIETKY, ITOCTABUTH 3EICHBIN
CBETODUIIBTP.

Bapuarm 4

4.1 Kakoe siBieHue, COmpoBoxaaroniee Auppakiuio BOJIH, TO3BOJISIET
Ha0II0AaTh MAaKCUMYMbI 1 MUHUMYMbI OCBEIIIEHHOCTH?

4.2 KakuM 00pa3oM Ha SKpaHe MOJIy4aeTcs epBblid, BTOPOH, TPETU
MaKCUMYMBbI?

4.3 Kakoe 3HaueHUE UMEET YUCIo miene nupakuuonHon pemerku? Kak
MeHsieTCs TU(PPaKLMOHHBIN CIEKTP C YBEIMYSHUEM YHCIIa IIesied B
TuhpaKIIMOHHON pereTke?

4.4 Ecny CKBO3b PECHUIIBI CMOTPETH Ha CBET (hOHAPSI BOKPYT HETO
HOSIBIIIETCA Paly>KHbIN CBET. YeM 3T0 00bsicHseTCS?



9 TpeOoBaHUs K COAEPKAHUIO OTYETA 0 JJa0opaTopHOi padoTe

Otuet o 1abopaTopHOU paboTe JOJIKEH COJIEPKaTh CICTYIONINE pa3Aeibl:
20. TuTyNBHBIN JUCT
21. Ha3BaHwue paOoTHI.
22. llenb paboTHI.
23. TeopeTudeckas 4acTh.
24. DkcneprMEHTaIbHAs YacTh - TaOJIUIA pe3ynbTaToB (Tabimma 3.1)
25. OOpaboTka IKCIePUMEHTATBHBIX JAHHBIX (BBIYMCICHUE TUIOTHOCTH).
26. Pacuet oTHOCHUTEIHHOU U aOCONIOTHON MOTPEUTHOCTH.
27. 3amuch pesynbraroB (Kak mpaBunbHO odopMuTh pe3yabTarthl? CM.
IYHKT 6)
28. BmBoa (Kak manwmcats BbiBOA? CM. yHKT 7, Tabmuity 7.1)
29. OTBeThl HA KOHTPOJIbHBIE BOMTPOCHI.



JIABOPATOPHAS PABOTA Ne 10
OIIPEAEJIEHUE KO2SPPUIIMEHTA

MNPEJOMJIEHUS CTEKJIA
HEJIb PABOTbI
LHear nadopaTropHoili padoTbl - ONPEACIUTH OMNBITHBIM  IyTEM

KO3 (PUIIMEHT MpeoMIIEHUs CTEKIIA.

CtyneHTsl MPUOOPETAIOT YMEHHE OMPEAeNsATh IUIOTHOCTH TBEPIOTO Teja
NpaBUIBHOM  T€OMETPUYECKOM  (OpPMBI,  BBIYUCIATH  OTHOCHTEIBHYIO |
a0COJIIOTHYIO MTOTPEUTHOCTH, MOJIb30BATHCS IITAHTCHIIUPKYJIEM.

B naGoparopnoii pabore «OmpeneneHue KodpPuimeHTa mperoMIeHUsS
CTEKJIa» CTYACHTHl HAOIIOAAIOT CMEIICHHE CBETOBOrO Jyda MPH MPOXOXKICHUU
yepe3 IUIACTMHKY C MapajuleIbHBIMA TPaHSIMH M, HCIOJb3YysS BTOPOM 3aKOH
NpEJIOMJICHUS  CBETa,  JKCIEPUMEHTAIBHO  ONPEAeNAoT  KOd(PPUIIHUEHT
npejgomiieHus: crekia. [lonydeHHble MaHHBIE CPaBHUBAIOT C TaOJUYHBIMU U
JIENIal0T pacueT MOrPETHOCTH.



1 TEOPUA

CBer npu nepexojie U3 OJHOW Cpellbl B APYTYI0O MEHSIET CBOE HalpaBJICHUE, T.€.
MPEITOMITAETCSL. [Ipenomnenue OOBSICHSIETCS W3MEHEHHUEM CKOpPOCTH
pacnpoCTpaHEHUs] CBETa MpPHU MEPEXOJE€ M3 OJHOW Cpelbl B JIPYTYI0 W TMOTYMHSETCS
CJIEAYIOIINM 3aKOHAM:

1 [Ilaparounuii ©W  TPEJOMIICHHBIM  Jydd JeKaT B OJHOM  IIJIOCKOCTH  C
MEPIIEHAUKYJISIPOM, POBEICHHBIM Y€pe3 TOUKY IaJICHUA Jiyda K IpaHUlE pas3feia
JIBYX Cpel.

2 OTHOIICHNE CHHYCA yTria MaJCHUSI K CHHYCY yTria MPeJIOMJICHUS I JaHHBIX JBYX
Cpel €CTh BEJIMYMHA IMOCTOSHHAS M HA3bIBAETCS OTHOCHUTEIBHBIM KO3 (HUITMEHTOM
MIPEJIOMJIICHUSI BTOPOM CpeJibl OTHOCUTEIBHO TIEPBOM:

Sina
n J—

= sing (1.1)

2 ObOPYJIOBAHUME

2.1 IimacTrHKa ¢ MapayieNbHBIMU TPAHSIMU.
2.2 bynaBk# (4 mWITyKH).
2.3 JIuct xapToHa.

2.4 JTabopaTOpHBIil CTOJIUK.



3 DKCHEPUMEHTAJIBHAS YACTb

3.1 Ha momxbeMHBIN CTONHK MOJIOKUATH YACTHIN JTUCT OyMaru ¢ MOJUIOKEHHBIM T10J] HUM
KapTOHOM. Ha JIMCT MOJIOKUTh CTEKIISTHHYIO TUTACTUHKY W KapaHJamoM OOBECTH ee
KOHTYpHI (puc.3.1).

3.2 C oIHOM CTOPOHBI CTEKJIa HAKOJIOTh BO3MOYKHO JaJbIIIe IPYyT OT Apyra (He MeHee 3-
5 coMm) nBe OymaBKkM Tak, dYroObI TpsAMas, TNPOXOZsIIas dYepe3 HHUX,
He ObLTa epIeHINKYIIIpHA TPaHH IJIACTHHKH (TOUkH A U B).

3.3 C npyroil CTOpPOHBI CTEKJa HAKOJIOTh TPEThIO M YETBEPTYIO OYIaBKU Tak,
9TOOBI, CMOTPS BIOJIb HUX Y€PE3 CTEKJIO0, BUACTh BCe OyJIaBKH, PACIIOI0KECHHBIMU
Ha ojHOU nipsimoi (Touku C u D).

3.4 Crekno u OyJaBKM CHsTh, MecTa HakKoJoB oTMeTuTh Toukamu A,B,C.D u
gyepe3 HUX MPOBECTH MPSIMBIC J0 TIEPECEUCHHSI C TPaHUIIAMHU CTEKIIA.

3.5 Yepez TOukM MpOKOJOB MpoBecTH aBe mpsimpie - ayun AB u CD no
MepeceyueHust C TpaHullaMH CTekJa, 0003HaYuTh TOUKU E u F.

M A

D

Pucynok 3.1 — CxeMa ombITa 10 onpeaesieHnio ko3 duinenTa
IPETOMIICHUS CTEKIIa

3.6 IIpomomxuts nunuto EF 1o xpas aucra.

3.7 Uepez Touky E mpoBecTM TEpHeHAMKYJIAp K TIEPeAHEH TpaHu
IJTACTUHKH, HA 3TOM NEPIECHAUKYJISAPE OTIOKUTH paBHbIE 0Tpe3ku EM u EP
(e
MEHEE 5 CM JIJTUHOM ).

3.8 U3 Ttouku M u P onyctute nepneHaukyasipel Ha AE(nepnenaukynsp MN)
u EQ (nepnenauxyisap OP).



4 OBPABOTKA OKCIIEPUMEHTAJIBHBIX JTAHHBIX

B [OJIyYCHHBIX MPAMOYTOJBHBIX TPEYrOJBHUKAX YIOJI (X — Yroj IaIeHus,
yroi S — yros npesoMieHus.

4.1 '3 AEMN:
Sina = MN
EM ' (3.1)
N3 AEPQ:
i PQ
siINp =——,
p s (3.2)
[ToncraBum (3.1) u (3.2) B Beipakenue (1.1):
MN
N sinc EM _ MN
sing PQ  PQ" (3.3)
EP

4.2 Ilo pe3ynbTaTaM U3MEPEHUN, MTOIB3YACh BTOPHIM 3aKOHOM IPETOMIICHHS
CBETa, BEIUUCIUTH UCKOMBIN KO3 UILIMEHT mperoMiieHus cera M.

MN
- 1
PQ
4.3 TToBTOpUTH OMBIT, U3MEHUB BEJIWYUHY yIya najeHus ayda AE, Haltu

cpeaHee 3HaUeHUE KOA(PUIMEeHTa MPeTOMIICHUS CBETa B CTEKJIE.
4.4 Pe3ynbTaThl U3MEPEHUHN U BBIUUCIECHUH 3anKcaTh B Tabauiy 3.1

n (3.4)

Tab6mauna 3.1
Ne ) TadauuHoe
MN, P,
onbITa - ?’IM n ) AN 3HAYEHHE
% N taé.

1 2 3 4 5 6 7

1

2

Cpennee

4.5 Brimmucats U3 CIIpaBOYHHMKA 3HAUYCHUC MMOKA3aTCIIA MPCIIOMIICHNA CTCKIIA

(TabnmyHoe 3HaUeHUE) N 165
5



5 BBIYMCJEHHUE OTHOCHUTEJIbHOM Y ABCOJIIOTHON
HHOI'PEIIIHOCTH

5.1 BBIUMCINTE OTHOCHUTCJIBHBIC MNOTPCIIHOCTU AJIsI KaXKIOTO0 H3 IBYX
OIILITOB.

5 = AMN | AQP
MN; QP (5.1)

rae | = 1,2 — HoMepa OIIBITOB;
5i — OTHOCHUTEJIbHAS MOTPEITHOCTh KaXKI0TO OMbITa, %0,

AMN,APQ — norpemnocty nokaszanuii TMHEHKH, M:

AMN = APQ = Imm = 1mm - 103 m.

5.2 BeIUHMCINUTL a0COJIIOTHBIC IOIrpC€IIHOCTH IJISI KAXXA0I'0 U3 IBYX OIIBITOB.

Ani= oi - n, (5.2)

rae | = 1,2 — HoMepa OIIBITOB;

ANj — aGcomoTHas MOTPEIIHOCTh KaXJ0TO OIbITA;

Oi — OTHOCUTEIbHAS TOTPEIIHOCTh KAXKIOI0 OIIBITA (HeB % !)

N — uckoMbIil KO3PPUIMEHT TPETOMIIEHHS CBETA.

5.3 BoruuciauTh cpeHee 3HaU€HUE OTHOCUTEIBHOM TorpenHocTy (B % ) 1o
dbopmyre:
_ 0,10,
p 2 ! (5.3)

5.4 Beruucnuthb cpeiHee 3HaueHre abCOMIOTHOM MOTPEIHOCTH Mo (popmyre:

AN - An, +An,

cp 2 ! (5.4)

5.5 BbuMciuTh cpeiHee 3HAaUCHHE MoKa3aTes NpeoMiIeH s o Gopmyie:

n = n,+n,

cp 2 ! (5.5)

Pe3ynbTaThl BEIYKMCIICHUH 3aHECTH B Tabiuily 3.1 (3Hau€HHE OTHOCUTEIILHOM
MOTPEIIHOCTH B %0).




6 3AIMCH HOJYYEHHBIX PE3YJIBTATOB

HOHY‘IGHHLIG pPE3yJIbTaTbl — 3HAUCHHUC II0KA3aTCiisi IIPCIOMIICHUA C
a0COJIFOTHOM MMOIrpC€IHOCTBIO, CAMHHUIAMH  H3MCPCHHA U OTHOCHUTEJIBHOM
MNOTpCIIHOCTBIO, a4 TAKIKC TaOIMYHOE 3HAUCHUE 3aITHCaTh clIcayromum o6pa30M:

n — ncp iAncp,
Scp = ... %
Tosicnenus x qbopMe 3anucu pe3yiomamaoes:
n=f £ )
__________ 0= .......... % TSl
""" //4 Nyaon = e R -
3anucamso , P
NoJIy4eHHoe o v 3anucamo
3Hayenue i 2 NoJIy4eHHOoe
noxaszames o o 3HaYeHue
nperomnenus ./ abconromuou
// nozpewnocmu AN
//,
3anucamso 3anucams madauyHoe
NnoayYeHHOoe 3HAYeHUue NoKa3amens
3HAYeHUe npenomaeHus
OMHOCUMENIbHOU (U3 cnpagoyHuKa uiu
nozpewHocmu mabauywl punoocenus A)
[Ipumeuanus.

" B oOkoHuaTenpHOW ~ 3amMCUM  pe3yJbTATOB  3HAYCHHUS  IOKA3aTess
npesioMJIeHUS U €€ aOCOMIOTHOM MOTPEITHOCTH AN OKPYTIIUTh 0 ECATHIX JOJICH.
m KonuuecTBO 3HAKOB I1OCIE 3aIISITOM B 3HAYEHUSIX N U AN - JTOJHDKHO OBITH
OJIMHAKOBBIM.
u 3HauCHUE OTHOCHUTEJIbHOW NOrPEIIHOCTH BBHIPa3UTh B_MPOLEHTAX WU
OKPYTJIUTH JI0 ACCATHIX JI0J€H MPOLICHTA).
n Breimmmcate 3 Tabmmi B cnpaBoYHUKaX wid B lIpwnokeHnn A 3HaYeHHE

MoKas3are’is MpeaomMiIeHus («TabJIMIHOE» 3HAYCHUE) - P mas-



7 KAK HAIIMCATH BBIBO/I O NPOJEJAHHOM PABOTE

Cnenatb BBIBOJI C HCIIOJIb30BAHUEM peKOMeHalui B Tabuiie 1.

Ilomnume: Bv1600 — smo «omeem» na yenv pabomui !
Ilooymatime, oocmuenyma yenb pabomuol?

Tabmmia 1-PexoMeHgamy o HamMCaHWIo BEIBOIA B TAOOpAaTOpHOH paboTe

YT10 10JKHO

Kak 310 Hanucartb
OBITH B BBIBO/IE

n/n

21. |Yrto cnmemaHo B Hanummre, 9T0 KOHKPETHO CJENIaHo B padoTe.
pabote Pexomenayercss HaUMHATH CO CIIOB, HAIIPUMED:

B mannoii padore......

(Uto cnenano? IlpouunTaiite emie pas 1eib pabOTHI )

22. | Kak cmenaHo Kpatkoe onucanuu 3KCriepuMeHTa.

" KaKh€ KOHKPETHO BEJIUYUHBI ONPEICIICHBI C
MOMOIIBI0 KaKUX MPUOOPOB,

" KaKWe BEJIMYUHBI (B TOM YUCIIE MOTPEIIHOCTH)
paccunTansl 1o popmynam (popmMyIibt
nepenuchBaTh HE HAJI0!)

23. | Yro nosydeHo 3anumure pe3ynbTatr (MOJy4eHHbIC BETUYUHBI, UX
HOTPEIIHOCTH — ¢ eTMHUIIAMH H3MepeHMii)

24. AHanus [Ipoananu3upyiiTe NOTYy4YECHHBIN pe3yJIbTar.

pe3ynbTaTa e st 3TOTO CpaBHUTE DKCIIEPUMEHTATHLHOEC
3HAYCHHE MTOKA3ATENS MPETOMIICHUS Noey  C
TAOJIMYHBIM 3HAYCHUEM Ny,

U JIaliTe CBOIO OIICHKY MOJYYCHHBIM PE3yIbTaTaM.

Hanpuwmep:

...3HAYeHUsT CO2NACYIOMCSL XOPOULO,

(unu y0oenemseopumenvpHo, Uil He CO2AACYOMCsL).

e Hanummure, B UeM IpUYMHA PACXOKICHUN

AKCIIEPUMEHTAILHOTO 3HaYeHUs (TTOJIyICHHOTO B
JTaHHOMU paboTe) U TaOJUYHOTO.




8 KOHTPOJIBHBIE BOITPOCHI
Bapuanm 1

1.1 Kak moBiusieT u3MEHEHHE BEIUYMHBI yTila TMaJeHUs Jyda Ha pe3yJbTar
paboThI?

1.2 KakoB ¢u3ndeckuii cMbICIT a0COTIOTHOTO KO3 (HUITMEHTA TTPETOMIICHHS ?

1.3 Ilox kakuM yTiIOM ClIeIyeT HalpaBUTh Jyd B BO3yXE HAa MOBEPXHOCTH CTEKJIA
(n=1,5), 4T0OBI yroJ NpeIoOMIIEHUS TOTyIUICS paBHbIM 35°?

Bapuanm 2

2.1 N3meHuTcst au pe3yabTar padOThl, €CIIHM CIUIONIHYIO CTEKISHHYIO IUIACTHHKY
3aMEHHUTH CTOIIKOM TOHKHX IUIACTUHOK?

2.2 OT KaKMX BEJIWYMH 3aBUCUT BEJIMYMHA CMEIICHUS JTyda?

2.3 I'me 6ynet ckopocTh cBeTa OOJIbIIE: B BOJIC UM B BO3yXE U MOYEeMYy?

Bapuanm 3

3.1 Uem 0OBsACHAETCSA OTKIOHEHHE JTyya B CTEKIIE?
3.2 Kakoe BemiecTBo 00Ja7aeT HanOOIBIIUM KO3(PPULIHUEHTOM IPETIOMIICHHUS ?
3.3 KakoB (u3nyeCcKuil CMBICT OTHOCUTENBHOTO KO3(PPUIIMEHTA IPETIOMICHUS?

Bapuanm 4

4.1 OarHaKOBO JIM MPEJIOMIISIIOTCSI B CTEKJIE JIYYH Pa3HOIo 1BeTa?

4.2 Kakoe CyIIecTBYeT COOTHOIICHHE MEXIy OTHOCHTCIBHBIM W a0COTIOTHBIM
Kod(dpuIeHTaMu IPETOMIICHHS ?

4.3 Jlyu cBeTa mepexoauT U3 TIUIEPUHA B BOAY, OMPEICIUTh YTOJl MPEIOMICHUS
JIy4a, €C/M yroJ najaenus pased 30° ?



9 TPEBOBAHUS K COAEP KAHUIO OTYUETA
O JIABOPATOPHOM PABOTE

OTuer 0 1abopaTopHOl paboTe TOJDKEH COJACPIKAThH CICAYIONINE PAa3ICIIbI:
1. TuTynbHBIN JTHUCT.
2. Hazpanue paboThI.
3. Llens paboThI.
4. Teoperndeckas 4acTh.
5. DKCHepuMEeHTAJIbHAs YacTh.
6. OO6paboTka SKCTIEPUMEHTAIBHBIX JAHHBIX.
/. Pacuer OTHOCHUTENBHON U a0COIFOTHOW MOTPEITHOCTH.
8. 3anmch pe3ynbTaToB
9. BrBox
10.OTBeTHI HA KOHTPOJIBHBIE BOMIPOCHI.



Cnmcok pekoMeHyeMoil JTUTepaTyphl
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HHTepHeT — pecypcesbl:

1 Enunoe okHO nocTymna Kk oOpa3oBatenbHbIM pecypcam: [IpodeccrnonanbHoe oOpa3zoBaHue:

pasnen «MaremaTuka i eCTeCTBEeHHO-HayqHOe 00pa3oBaHuey, mojapasue «Pusukay) [DIeKTpoHHbIH

pecypc] — Pexxum mocryma: http://www.window.edu.ru ;

2 EnuHoe OKHO JocTymna K oOpa3oBaTenbHbIM pecypcam: Obiee oOpa3oBaHue: moapaszien
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Hepuonnyeckune u3gaHus:
1 «KBaHT»: HAyYHO-TIOMYJLIPHBINA (PU3UKO-MaTEeMaTHUECKUH KypHAJ IS IIKOJHHUKOB U CTYJICHTOB;
2 «AtoMm-TIpeccay: exxeHeIeTbHAs Ta3eTa POCCHUICKIX aTOMIIUKOB;

3 «Ilomymsipaas mexanukay /Popular Mechanics/: sxxypHai o ToM, Kak yCTpOEH MUP.
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