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IHosicHuTeIbHASA 3alIUCKA.

1.1. Meroanyeckne yKa3aHHA N0 NPAKTHYECKUM padoram o0y4alomuxcs no y4eOHOM
aucuuiuinae «®u3uka» pa3zpaboTaHbl B COOTBETCTBUU ¢ DelepalbHbIM TOCYIapPCTBEHHBIM
00pa3oBaTeNbHBIM CTaHJAPTOM CPEAHEro (TMOJHOTO0) 00mIero 00pa3oBaHusl, YTBEPKICHHBIM MPUKA30M
Muno6puayku Poccun ot 17 masg 2012 r. Ne 413 ¢ u3mMeHeHUsAMH U JOMOTHEHUsAMHU OT 29 utons 2017
Ne613; mpumepHoii mporpamMmoini 001Ie00pa3oBaTeNbHON Y4eOHOW JAUCHUILIHHBL «Du3nukay s
npodeccuoHaNbHBIX 00pa30oBaTeNbHbIX OpraHu3aluii, 0J00pEHHONW HAay4YHO-METOIMYECKHM COBETOM
(denepaabHOrO TOCYAapCTBEHHOTO AaBTOHOMHOTO yupexaeHuus «dDenepaibHbIii MHCTUTYT pa3BUTHUS
obpazoBanus» (PI'AY «DUPO») B kayecTBe NMPUMEPHOW MPOTpaMMbl IS peaTu3allMi OCHOBHOM
npodeccuoHanbHON oOpasoBarenbHoi nporpamMmel CITO Ha 6a3e 0CHOBHOTO 001Iero 00pa3oBaHUS C
MOJIyYeHHEM CpeiHero oo1iero oopazoBanus mpoTokos Ne 3 ot 21 utons 2015 .

1.2.eqn u 3agaum JabopaTopHOii paGoThl — IIENbIO0 MPOBEACHUS Ja0OPAaTOPHBIX padbOT
ABIIIETCS 3aKpEIUICHHE TEOPETHYECKUX 3HAaHUNW M NpUOOpPEeTeHHEe HEOOXOJUMBIX MPAKTUYECKUX
HaBBIKOB M YMEHHUI MO OTAEIbHBIM TeMaM Kypca. Hapsny ¢ ¢opmupoBaHreM yMEHHI M HAaBBIKOB B
mpoluecce  MPAaKTUYECKUX  3aHATHM  00OOMIAIOTCS,  CUCTEMATH3UPYIOTCS,  yIIIYONAIOTCS U
KOHKPETH3UPYIOTCS ~ TEOPETUYECKHE 3HaHMs, BbIPAOATHIBAETCSI CIHOCOOHOCTH U T'OTOBHOCTH
UCIIONIb30BAaTh TEOPETHUYECKHE 3HAHUS HAa NPAKTHKE, Pa3BUBAIOTCS HHTEIUICKTyallbHbIE YMEHUS U
KJIFOUEBbIE KOMIIETEHITHH.

TpebGoBanus K pe3yjbTaTaM OCBOEHUSI:

B pesynbpTaTe ocBoeHMs y4eOHOM MUCHUTUTMHBI 00y4YalOIIUIACs T0KEH YMeTh!

VY1 — onuceBaTh 1 OOBACHATH (HU3MUCCKUE SBICHHS M CBOMCTBA BEIIECTB: JABUKCHUE HEOCCHBIX
TCJI W HCKYCCTBCHHBLIX CITYTHHUKOB 3eMJ'II/I; CBOMCTBA ra3os, )KPII[KOCTGﬁ H TBCPABIX TCII,
ANIEKTPOMATHUTHYK HHAYKLHUIO, PACIPOCTPAHCHUE 3JCKTPOMATHUTHBIX BOJIH, BOJIHOBBIC CBOWCTBa
CBETa; U3JIy4YCHHUE U MOTJIOMICHNE CBeTa aTOMOM; GoTod(hDeKT;

VY2 — oTnMyarhk rMII0TE36I OT HAaYYHBbIX Teopnﬁ; A¢CJ1aTb BbIBOAbI HA OCHOBEC SKCIICPUMCHTAJIbHBIX
JAaHHBIX; IIPUBOAUTH NPUMEPHI, ITOKA3bIBAOIINUEC, YTO Ha6JIIOI[€HI/I$I N OKCIICPUMCHT ABJIAKOTCA OCHOBOM
JJIA BBIIBHMKCHUS TUIIOTE3 U TeopHI’I, IMMO3BOJIAOT ITPOBEPUTH UCTUHHOCTD TCOPETHICCKUX BBIBOJOB; YTO
(1)I/I3I/I‘I€CKa$I TCOpHA JaCT BO3MOXKXHOCTH OOBSACHATHh U3BECTHBIC SIBJICHUS IprUpoaAbl U HAYYHBIC q)aKTBI,
MMPEACKA3bIBATh €€ HCU3BCCTHBIC ABJICHUS,

V3 — npuBOIUTH NPUMEPHI MPAKTUYECKOIO HCIOIb30BAaHUS (PU3MYECKUX 3HAHUI: 3aKOHOB
MEXaHUKH, TEPMOAMHAMUKH U DJIEKTPOJUHAMUKHU B DHEPIETUKE; PA3JINYHBIX BUAOB 3JIEKTPOMAarHUTHBIX
U3ITy4eHUN JUIsl pa3BUTUS paJMoO- U TEIIEKOMMYHMKAIIMM; KBAaHTOBOM (PU3MKM M CO3JaHUS SACPHOU
DHEPIeTUKH, JIa3€POB;

Y4 — BochmpuHMMAaTh M Ha OCHOBE MOJYYEHHBIX 3HAHUH CaMOCTOSITEIbHO OIICHUBATh
JIOCTOBEPHOCTh €CTECTBEHHO-HAaYyYHON MHpOpMaLuH, coaepkaiueiics B coodmenusx CMU, Unrepuere,
HAyYHO-TIOMYJISIPHBIX CTaThsX;

Y5 — ucnonp3oBaTh NPUOOPETEHHBIE 3HAHWUS M YMEHHUS B MPAKTUUYECKOW NEATEIbHOCTH U
MOBCETHEBHOM JKM3HU JUIsA: oOecrmeueHuss Oe30MacHOCTH JKU3HENSATEIBHOCTH B IMPOIECCEe
UCIONIb30BaHUsl TPAHCTIOPTHBIX CPEJCTB, OBITOBBIX AIEKTPONPUOOPOB; OICHKH BIUSHUS HAa OPTaHU3M
YeJIOBeKa W JIPyrde€  OpPTaHW3Mbl  3arpsi3HEHHS  OKPYXAIOMIeW  CpPelbl,  PAIMOHAIBHOTO
MPUPOJIONOIB30BAHMS U 3aLIUTHI OKPYKAIOIIEH CPE/IbI.

3HATh:

31 — cwmpicn TOHATHH: (U3UYECKOE SIBICHHE, THUIIOTE3a 3aKOH, TEOpPHs, BEIIECTBO,
B3aMMOJICHCTBHE DSJEKTPOMAarHUTHOE TOJ€, BOJHA, (DOTOH, aTOM, aTOMHOE SIIPO, HMOHHU3UPYIOIIHE
W3JIy4YEHHUs, TUIaHEeTa, 3B€3/1a, rajlakTuKa, Becenennas;

32 — cmbIcn (QU3MYECKUX BEIUYHH: CKOPOCTh, YCKOpEHHE, Macca, Cuja, MMITYJbc, paboTa,
MEXaHWYEeCKass SHEPrHs, BHYTPEHHSsSI JHEpPrusi, aOCOJIOTHAs TeMIeparypa, CPeAHss KHHETHYeCcKas
SHEPTHUsl YACTHUIl BEIECTBA, KOJUYECTBO TEIIOTHI, SJIEMEHTAPHBIN JIEKTPUUECKUI 3apsi;



33 — cMmbIcn  (UBHUYECKHUX 3aKOHOB KJIACCHYECKOM MEXaHUKH,

BCEMHUPHOI'0 TATOTCHUA,

COXpAaHEHHSI JHEPTUU, HUMITYJIbCa W DJIEKTPHUYECKOTrO 3apsjaa, TEPMOJAMHAMUKH, AJIEKTPOMArHUTHOM
UHIYKIUU, GoTodddeKTa;

34 — BKJIa/I POCCUNCKHX U 3apyOC)KHBIX YUCHBIX, OKA3aBIINX HANOOJbIIIEe BIMSHUC HA PA3BUTHE

bu3UKH.

[Iporiecc m3ydeHus MUCHUIUIMHBI HAIMpaBJIeH HA (GOPMUPOBAHHME KITFOUEBHIX KOMIICTECHIIUN B
cootBercTBUU ¢ ®I'OC cpennero obmiero oopazoBanus (Tadm. 1)

Tabmuua 1 - Kommerenuuu, dopmupyembie auciuruinHon «®Pusuka» B coorBercTBuu ¢ OI'OC
cpemHero odmiero oopa3oBaHus

Kon Coaep:xkaHue KOMIETEHIHU TpeGoBanus K 3HAHUSIM, YMEHUSIM,
KOMIIETEHIIUH NPAKTHYECKOMY ONBITY
KK 1 [{eHHOCTHO-CMBICJIOBBIE V14,314
KOMIICTCHITHH
KK 2 OO1IeKyIbTYpHbIE KOMIIETEHIUU YV 4-5,34
KK 3 YueOHo-1103HaBaTenbHbIE KoMneTeHuun | Y 1 -VY5,31 -34
KK 4 NHupopMalilnoHHO-KOMMYHUKATUBHbBIE V15,314
KOMIIETEHITNH
KK 5 CounanbHO-TPYAOBbIE KOMITETCHIIH Y 4-5,314
KK 6 Kommnerennuu 1myHoro V5,31 4
CaMOCOBEPIICHCTBOBAHMUS
2. TemaTH4eckuii JIAaH BUJOB JIA0OPaTOPHBIX pa00T 00y4ar0 M XCH
HaumenoBanue ConepskaHue caMOCTOSATEILHOI padoTbl | AynuropHas | [IpakTuueckas
pa3iesioB U TeM o0yuyarumuxcst yueOHast padora
HAarpy3ka, | oOyuaromierocs,
yac yac
1 2 3 4
Pa3nen 1. MexaHnuka. 16 4
Tema 1.1. JlaGopaTtopHnast pabota Ne 1: Beenenue B 8 2
Kunemartuka nabopaTopHbIil mpakTukyM. TexHuka
0€e30MacHOCTH
JlaGopaTtopnast pabota Ne 2: MeTo bt 2
pacueTa MorpenrHocTel pe3yabTaToB
U3MEPEHUH U NMPECTABICHUE
OKCIIEPUMEHTATBHBIX JTAHHBIX
JlaGopatopnast pabota Ne 3: Mzmepenue 2
o0Bbema Tena mMpoCTOi TeOMETPUUYECKOM
dbopmbl 1 00paboTKa Pe3yTbTaTOB
U3MEPEHUI
Tema 1.2. Jlaboparopras padota Ne 4: OnpenencHue 8 2
Junamuka. Cuibl B Kod(dUIMeHTa TPEHUS CKOJBKEHHS
MeXaHHUKE Jlaboparopnas padota Ne 5: U3yuenue 2
VIPYTUX CBOMCTB TBEPBIX TE.
OmnpeneneHne MOIYJISI YIPYTOCTH PE3UHBI
JlaGopatopHas pabota Ne 6: Onpenenenue
YCKOPEHHSI CBOOOTHOTO TIAJICHUS C
MTOMOIIHIO MasITHUKA




Tema 1.3. JlaGopatopHas pabota Ne 7: M3y4yenue 2
3aKOHBI COXpPAaHEHHUsI | 3aKOHA COXPAHECHUSI MEXaHHUYECKOU
B MEXaHHKE SHEPIrUu
Pa3nen 2. Moaekyasipuas puszuka. TepmoaguHamuka. 28 10
Tema 2.1. OcHOBBI JlaGoparopnas pabota Ne §: M3yuyenue 5 2
MOJIEKYJISIPHO- CBOICTB razoB. DKCIIEPUMEHTAIBLHOE
KMHETUYECKOU uccienosanue 3aucumoctu p (T), V (T),
TEOPUH p (V)
Tema 2.3. Jlaboparopuas pabota Ne 9: U3mepenue 5 2
ArperatHble OTHOCHUTEJIbHO BJIAXKHOCTH BO3AyXa
cocrosHus BewecTsa. | Jlaboparopuas padota Ne 10: 2
®da30BbIE IEPEXOIbI HccnenoBaHue arperaTHbIX MPEBpaIICHUH.

Pacuer xonndecTBa TEIIOTHI,

HE00XO0IUMOTr0 ISl Iepexoa U3 TBepAOoro

COCTOSIHUSI BEIIECTBA B KHUJIKOE

JlaGoparopnast pabora Ne 11: Onpenenenue 2

K03 puIIeHTa MOBEPXHOCTHOTO

HATSHKCHUS KUIIKOCTH METO/IOM  OTpbIBa

KOJIbIIA

JlaGoparopnast pabora Ne 12: Onpenenenue

K02 PHUIIMEHTA BSIBKOCTH JKHIKOCTH
Pa3nen 3. DiekTpoamHAMHKA 10 8
Tewma 3.2. JlaGopaTopnas pabora Ne 13: 4 2
[TocTossHHBIM [TocnenoBarenpHOE U apaJUIEIbHOE
JNEKTPUYECKUHN TOK. | COeIMHEHHUE MPOBOIHUKOB

JlaGopaTtopHnas pabota Ne 14: 2

Onpenenenne D/IC 1 BHyTpEeHHETO

COITPOTHUBJICHUS] HCTOYHHUKA TOKA
Tema 3.5. JlaGoparopHas pabota Ne 15: Habmonenue 6 2
DJEeKTpOMarHuTHas JeMCTBUSI MAarHUTHOTO TIOJIST Ha
WHIYKIIHSL. AIIEKTPUUYECKHH TOK

Jlabopatopnast pabota Ne 16: IIpoBenenue 2

OTIBITOB MO MCCIIEIOBAHUIO SIBJICHUS

AJICKTPOMArHUTHOW WHTYKITHH
Pasnen 4. KosieOanus U BOJIHbBI 4 4
Tema 4.1. JlabopaTtopnas pa6ota Ne 17: 4 2
Mexanunueckue HccnenoBanue 3aBUCUMOCTH NTEPHOAA
KOJICOAHUS ¥ BOJIHBIL. | KOJIGOAHWH MaTeMaTHYeCKOTO MasiTHUKA

OT €ro JJIMHBI, MACChl U aMIUIUTY/IbI

Kosie0aHui
Pasnen 5. Onruka 4 4
Tema 5.1. BonnoBas | Jlaboparophas padota Ne 18: 4 2
OTITHKA. OnpeneneHne mokaz3aress MPeTOMIICHHS

CTeKJIa

Jlabopatopnast pa6ota Ne 19: IlpoBenenue 2

ONBITOB TI0 HCCJIENOBAHUIO BOJHOBBIX
CBOMCTB  CB€Ta: MW3MEPEHHE  JUIMHBI
CBETOBOM  BOJHBI 110  pe3yjibTaTam
Ha0JII0/IeHUs IBJICHHS] HHTEp(QEpEeHINN




Pa3znen 6. JiaemMeHTHI KBAHTOBOI (PU3UKH 6 4
Tewma 6.3. ®usnka JlaGopaTopHas paborta No 20: 6 2
aATOMHOTO Si7pa. HccnenoBanue MpOIECCOB M3IYYCHHS H

MOTJIOLIECHUS CBeTa. Habmonenue

CIUTONIHOTO Y JIMHEWYATOTO CIICKTPOB.

JlaGopaTtopnast padora Ne 21: Uzyuenue 2

TPEKOB 3aPsKEHHBIX YaCTHUIL IO TOTOBBIM

dboTorpadusm

Bcero 68 42

Jladoparopnasi padora Ne 1
Tema: Beenenue B j1abopaTopHblii NpakTUKYM. TexHuka 0e3onacHocTu

Heab padoThl: U3y4nTh TPEOOBAHKS TEXHHKH OC30MACHOCTH MPU MPOBEICHUH J1aOOPATOPHBIX
pabot 1o usmke.

YMeHus1 M HaBbIKHM, KOTOpble [J0JKHbI NpHOOpecTH o0yyalolmuecss Ha 3aHATHU:
UCIIOJIB30BaTh HM3MEPUTENIbHBIE TPUOOPHI, MPOBOJAUTH HKCIIEPUMEHTHI, AHATU3UPOBATH PE3YIbTAThI
JKCIIEPUMEHTa; 00pabaThiBaTh pe3yNbTaThl HW3MEPEHUH, AeNaTh BBIBOJbI HA OCHOBE IMOJIYUYEHHBIX
AKCIIEPUMEHTAJIbHBIX JIAHHBIX.

Harasanble nocodusi, 06opyaoBanue. Teopernueckue martepuansl «TexHuka 0e30macHOCTH
IIPU [IPOBEJICHUU JIAOOPATOPHBIX paboT MO (pU3UKE».
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CIIO/ Kyzuenos C.HM., Porosun K.JM.— DnekTpoH. TeKcTOBble naHHbIe.— Caparos:
[Tpododpazosanme, 2017.— 219 ¢.— Pexxum gocryma: http://www.iprbookshop.ru/66399.html.

Coaeprxanue U NOPSIIOK BHINOJHEHHS Pa0OThI

1. K naGopaTopHbIM 3aHSTUSM JOMYCKAIOTCSA CTYJAEHTHI, MPOIIEANINE HHCTPYKTAXK M0 O€30MacHbIM
METOJIaM MPOBEACHUS PabOT M pacIUCABIINECS B )KypHAJIE IO TEXHUKE 0€30MaCHOCTH.

2. [lepen mabopaTOPHBIM 3aHATHEM CTYIEHTHI 00sI3aHBI U3YYUThH OMMCAHKUE TIPEACTOSIIEH PadOTHI.

3. Ilpu mpoBeneHnM paboOT B JIAOOPATOPUHU CTYIAEHTHI O0S3aHBI COOJIOMATH CIEAYIONNE MEPHI
0e30MacHOCTH:




a) HE JIONyCKaTh MPUMEHEHHE HEHCIIPABHBIX JIEKTPUUYECKUX BUIIOK, PO3ETOK, OTOJICHHBIX IIPOBOIOB
JUTSL TIOJIKJTFOUEHUS AJIEKTPOIIPHOOPOB;

0) paboTaTh Ha UCIIPABHBIX MPUOOPAX C 3a3EMIICHHEM;

B) MPUOOPBI U UHCTPYMEHTHI HCIIOJIb30BATh 110 HA3HAUCHHUIO;

T') IOJIBM)KHBIC TPY3bI 3aKPEIUISATh HAJICIKHO;

1) HE pacIioyiarath TOJIOBY B INIOCKOCTH BPAIIEHUS MOABMKHBIX YaCTel YCTAaHOBKH;

€) He 3arpOMOXK/IaTh MPOXOJIbI MOPTQEIIMH, CyMKaMH, CTYJIbSIMH.

4. ITo oxOHYaHHUHU PaOOTHI OTKIIOYUTH MPUOOPHI ¥ IPUBECTH B MOPSAOK pabodyee MeCTo.

Honyck. ]Jlns monydeHusi JOMYyCKa K BBIMOJIHEHHIO J1a00OpaTOpHOM paboThl 00ydaromuics
JOJKeH 3HaTh: TpeOOBaHMsS TEXHUKHU O€30MacCHOCTH; Lelb pabOThl; MOPSAOK €€ BBIMOJHEHUsA. B
n1abopaTopHOI TeTpaan HeoOXOIUMO MOATOTOBUTE GOPMYJISip 1a00OPATOPHOIO OTUETA, COAEPIKALUI:

— HOMEp U Ha3BaHHeE J1a00opaTopHOU paboThI;

—  1enb paboThI;

— HCIOJIb3YCMBIC HpI/I60pI)I W NPpHUHAJIC)KHOCTH,

—  YOPOIIEHHYIO CXEMY YCTaHOBKU;

—  KpaTKMH KOHCIEKT I10 TEOPHUH;

— KpaTKoe ONHCaHUE METOa U3MEPEHUN C pacueTHBIMHU (OpMyJIaMHu;

—  TabJuLIbI 17151 BHECEHMSI PE3YJIbTaTOB U3MEPEHUH.

Buvinonnenue. Ilpuctynas K BBITOJHEHHUIO JIAOOpaTOpHOU pabOThI, HEOOXOIUMO YOEIUTHCS B
HaJMYUHM BCEX HEOOXOAMMBIX MpHHAMIeKHOCTEH. C 000pyIOBaHHEM CIIEyEeT 00palaThCs akKKypaTHo,
B Cilydae HEHCIPABHOCTH NpUOOpa HEMEUIGHHO oOpaTHThCs K mpenojaaBatento. [IpemomaBaTens
PYKOBOJIUT OSKCIIEPUMEHTAILHOW paboToi 00ydaromierocs, 3amuchio pe3yiapTaToB u3MepeHuil. [lo
OKOHYaHUU I/ISMepeHI/Iﬁ H€06XOILI/IMO BBIKJIFOUHUTH 3J'ICKTp0HpI/I60pI)I H COaTb HNPHUHAAICIKHOCTHU
npenogasarento. Pabota B mabopaTopuy 3aKaHUYMBAETCS BBIMOJIHEHMEM IPEIBAPUTENbHBIX PacueToB.
OkoHYaHME 3KCIIEpUMEHTAIbHOM YacTu paboThl OTMEYaeTcsl MpernojaBaTesieM B y4eOHON KapTOuke U
1abopaTOPHOM TETpaanu 00YUAIOIIEroCs.

Omuem. K crnemyroniemMy 3aHATHIO OOYYarOUIUHCsS CaMOCTOSITETIbHO 3aKaHYMBAaeT O(OpMIICHHUE
oryera: 00paOOTKY TMOJyYEHHBIX OSKCIIEPUMEHTAIBHBIX JIAHHBIX, pacyeT MOrPEeIIHOCTeH MpPSIMBIX U
KOCBEHHBIX M3MEpEeHMH, 1mocTpoeHue rpadukoB. OTUET JOIKEH 3aKaHUMBATHCS 6bI6000M, COAEPKAIIUM
aHaJIM3 Pe3yJIbTaTOB JKCIEPHUMEHTa, COMOCTABJICHHWE MX C AHAJOTMYHBIMU pe3yJabTaTaMd B TaOIHIlaXx,
CIIpaBOYHHUKax W T.II. H 00BACHEHUEM IMPUYUH BO3MOKHBIX oTkiIoHeHHH. OTMETKa O BBIIOJIHEHUNA

00y4aroIumMesl 0TYeTa 3aHOCUTCS MPENOABATENEM B YUEOHYIO KapTOUKy U J1a00paTOpHYIO TETPab.

3awyuma. OOyuaroluiicss JOKEH OTBETUTh HAa BOIPOCHI 1O TEOPUM B YacTH, Kacarolleics
JTaHHOW J1abopaTOpHON pabOThl, 0OOCHOBATh MPHUHITYI0 METOAMKY M3MEPEHUH U 00pabOTKM TaHHBIX,
BBIBECTH CaMOCTOSITENIEHO pacueTHble (opMynel. BrimonHeHne paboThl Ha 3TOM 3aBepIiaeTcs,
BBICTABIISIETCS] HTOTOBAs OIIEHKA 3a padoTy.
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Jladoparopnasi pabora Ne 2

Tema: MeToabl pacuera HOFpeIHHOCTeﬁ pe3yjJabTaroB nsMepeHm‘/i H NMpeacTaBJICHUE
IKCIICPUMEHTAJBHBIX JAHHBIX

Heab padoThIl: U3YYUTH TEOPUIO PACCMATPUBAEMOTO BOMPOCA, U3yUUTh TOHATHS aOCOTIOTHOM,
OTHOCHUTEIIbHO MOTPENIHOCTEN pe3yIbTaTOB U3MEPEHUIA; IOBEPUTEIHLHOIO HHTEPBAIA.

YMeHusi M HaBbIKHM, KOTOpble JOJKHBbI NpHOOpecTH o0y4yalomuecs Ha 3aHATHM:
UCNONb30BaTh  (U3MYEeCKHe MNpHOOpBl, MPOBOAUTH HAOMIOAEHUS [UId  SKCIEPUMEHTAIbHOTO
UCCIICIOBaHMS, aHATU3UPOBATh PE3yJbTAaThl HKCIEPUMEHTa; 0OpadaThIBaTh pPE3yNbTaThl M3MEPEHHIA,
JIeN1aTh BBIBOJIbI HA OCHOBE IOJIY4YE€HHBIX 3KCIIEPUMEHTAIbHBIX JAHHBIX, CTPOUTh U YUTATh IPa(UKH.

Harasanblie HOCOﬁI/IH, OGOPyI[OBaH]/Ie: TCOPCTUUCCKHUEC MATCpHUaAJIbl ««Pacuer HOI‘pGH.IHOCTGfI
PE3YIbTATOB IPAMBIX U KOCBEHHBIX H3MepeHHI>i)); MUKPOKAJIbKYJIIATOD.

Hepeqeﬂb HCIO0JIb3YEMbIX HCTOYHUKOB:

OcnosHas

1. Msxumes, I'. S.@usmka: 11 k.. yueOHHMK misi 00meoOpa3zoBar. YUpeKICHHIA: Oa30BBIA H
npodunbuelid ypoBuu / I'. 5. Mskumes, b. b. byxosues, B. M. UYapyrun; mnoxg pexn.
B.M. Hukonaesa, H. A. IlappentseBoii. - 17-e u3n., nepepad. u jom.; 18-e m3a. - Mocksa:
IIpocsemenue, 2009, 2008. - 398, [1] c.

2. Mskumes, I'. f.®um3uka: yueb. mis 10 k1. obmeoOpazoBaT. yIpexacHHA: 0a30BBI U MPOQUIL
ypoBHu / I'. 5I. Msikuues, b. b.

3. ®wmsuka. Mexanuka: 10 ki1.: mpodUIBHBIA YPOBEHB: YICOHUK I 00mIe00pa3oBaT. yUpeKIeHUH /
[basmamoB M. M. u ap.]; nox pen. I'. 1. Mskumesa. - 12-¢ u3z., crep. - Mocksa: Jpoda, 2010. -
495, [1] c.

JlononnumenvHasi:

1. ®upcos, A. B.®usuka it npodecchii 1 crnennaibHOCTENH TEXHUYECKOT0 U €CTECTBEHHO-HAYYHOTO
npodwielt : ydeOHUK Ui Had. U cpeld. mpod. oOpasoBanus / A. B. @upcos; nox pen. T. U.
Tpodumonoii. - 4-e uz., crep. - MockBa: Akagemus, 2012.

2. Jmutpuena, B. ®.®uzuka 1 npodeccuii u cnenuaabHOCTeH TEXHUYECKOTro mpoduiis : ¢0. 3a1a4:
y4eOHMK I Had. U cpel. npod. obpazoBanus / B. @. JImutpuera. - Mocksa: Akaaemus, 2012. -
255, [1] c.

3. Ky3nernoB C.M. CnpaBouyHuK 1m0 Gu3uKe [DIEKTpOHHBIA pecypc]: ydeOHoe mocodue mis CI1O/
Kysneno C.U., Porozun K.M1.— DnekTpoH. TekcToBele AaHHble.— CapartoB: IIpodobpazoBanue,
2017.— 219 ¢.— Pexwum noctyna: http://www.iprbookshop.ru/66399.html.

Coaeprxanue U NOPSIIOK BHINOJIHEHHS Pa0OThI
Bonpocbl Teopum, paccmarpuBaeMble B Jal0opatopHoii paGore: 1. AoOcomtoTHas
norpemHocts. 2. OTHocuTenbHas morpemHocTs. 3. JloBeputenbHblil uHTepBasn. 4. IlpubopHas
MOTPEIIHOCTb.
OO6opyaoBanme: U3MepuTeIbHbIE TPUOOPHI IITAHTEHIIUPKYIIb, MUKPOMETP, MEH3YpKa.
IHopsiaoK BbINOJHEHHS PA0OTHI
Hayuutbcs noabp30BaThest MpuOOpaMu 7Sl U3MEPEHUS JTMHEHHBIX Pa3MepOB Tell.

Munnumemposasn nunenka

Bcem wu3BecTHas MIIUMETpoBas INuHelka (puc.2.1) mpuromHa A HU3MEPEHHUS CaMbIX
pazHooOpa3Heix gaeraneir. llena pgemenuss numeeiiku C = 1 mm = 10-3 M; TOYHOCTH OTCueTa
Axmp. = £ 0,5 mm = £ 0,5°10-3 M. OgHAKO MO TaKOW JMHEHKE MOKHO OTCYUTATh TOJHKO IEJI0€ YHCIIO
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MWUIAMETPOB. A MWIIMMETP TPU COBPEMEHHBIX TOYHOCTSAX OOpabOTKM CTajn BechbMa OOJBIION
eAMHUILIEH UTUHBI, I03TOMY JIMHEUKY MPUMEHSIIOT TOJIBKO JUIsl TPYOBIX U3MEPEHUH.

L=375+05mm

PosyneTam wasopismna

Puc. 2.1
CoBwMmeleHre ABYX JIMHEEK B 00JIe€ COBEPIICHHOM MHCTPYMEHTE - IITAHTCHITUPKYJIC TIO3BOJISIET
M3MEPUTh pasMephl ¢ TOUHOCTHIO 710 0,1 MM.

HImanzenyupxyno

[IITanreHIUpKyIb — UHCTPYMEHT I JIMHEHHBIX U3MEPEHMI HAPYKHBIX pa3MEpOB JACTAICH U
3arOTOBOK U OTBEPCTHUM B HUX.

[IpencraBasier coboif METAIMYECKYIO JHHEHWKY (IITaHry) ¢ ynopamu (ryOkamMu) Ha OJHOM
KOHIIE JUIsl U3MEPEHUs] BHYTPEHHUX (BEpXHUE T'yOKH) U HApYKHBIX (BHYTpEeHHHE I'yOkH) pa3mepos. [lo
JUHEHNKe MepeMelaeTcs MOJI3YHOK ¢ TAKUMHU Ke, KaK y JIMHEHKH, YIOpaMU U IITHIPEM-TIIyOUHOMEPOM,
CKOJIB3SIIIM IO CHEIHATIBHOMY KEI00Y B TEJe TMHEHUKH.

[Ton3yH uMeeT BCHOMOTraTeNbHYIO IIKalny (HOHUYC), COBMEIIEHHYIO C OCHOBHOW IIKanoi
nuHelku (puc.2). [leneHns HOHMYCa HaHECEHbl TaK, 4TO IpH MepeMenieHuu noizyHa Ha 0.1 MM c
OJIHUM M3 JIeJIEHUIl OCHOBHOH IIKaJibl COBIAJAeT NEepBOe JAejeHue HOHuyca, Ha 0.3 MM — TpeThbe, Ha
0.7 MM — cenpmoe, Ha 1 MM — necsitoe neneHue HoHmyca. llITaHreHnupKyu 00ecTIeYnBarOT TOYHOCTh
n3Mmepenuit He Huxe 0.1 MM, a HekoTopsie — 110 0.02 MM.

Tak KaKk IWITaHT€HIUPKYJb OCHAILIEH HOHUYCOM, TO TOYHOCTh OTCUETa 10 MPUOOPY COBIAJAET B
9TOM CiIy4ae ¢ EHOW JEJIEHUs HOHUYCA.

§— F i I 8

DTt ot Pt \

2 f

Puc.2.2: 1 — wmranra; 2 — noyizyH; 3 — HOHHYC; 4 — BepXHHUE TYOKH; 5 — HU)KHUE TyOKH;
6 — rmyOuHOMEp; 7 — CTOMOPHBIN BHHT; 8 — I€Tajlb, 3arOTOBKA.

L= L=

Tahind
Ll

U3MEpEeHWUe HapYXXHbIX  W3MepeHWe BHYTPeHHUX uaMepeHve rnybuHb
paamepos pasmepos
Puc. 2.3.
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http://dic.academic.ru/pictures/enc_tech/i_688.jpg
http://www.licrym.org/index.php/%D0%A4%D0%B0%D0%B9%D0%BB:Shtangencirkul2_vidi_izmerenii.jpg

Puc. 2.4. Otcuer nokazanuii mpyu BHYTPEHHUX U3MEPEHUIX
Ilopsiook omcuéma nokazanull WMaH2eHYUpKYIs no WKAIAM WMAH2U U HOHUYCA:

®  CYHMTAIOT YHUCIIO LIEJBIX MUJUIUMETPOB, JJIS 3TOr0 HAXOJAT HA IIKAJIE IITAHTH LITPUX, OMMKaNILINT
CJIEBA K HYJIEBOMY LUTPUXY HOHHYCA, U 3alIOMUHAIOT €TI0 YHUCIOBOE 3HAYCHUE;

® CUMTAIOT JOJM MUJUIMMETpa, JUIsl 3TOrO0 Ha IIKaje HOHMYCA HAXOAAT LITPUX, OJMMKaWmMi K
HYJIEBOMY JICJICHUIO U COBIAAAIOIINN CO IITPUXOM HIKAJIbI IITAHTH, 1 YMHOXAIOT €r0 MOPSIKOBbI
HoMep Ha 1eHy aenenus (0,1 Mm) HoHuyca;

®  [IOJICYMTHIBAIOT MOJHYIO BEJIUYMHY NOKa3aHMS IITAHTEHLUPKYJS, JUISL 3TOrO CKJIAJBIBAIOT YHUCIIO
LeJIbIX MUJUIUMETPOB U JI0JI€H MUJUIMMETPA;

®  [IpPU U3MEPEHUHU MITAHTCHIUPKYJIEM LeJI0€ YUCIO0 MUIUIMMETPOB OTCUUTHIBAIOT IO MUJITUMETPOBOI
HIKaJie 10 HYJIEBOIO ILITPUXa HOHHUYCA, a JECAThle JO0IM MWIUIMMETpa — IO LIKaJe HOHHUYyca
Ha4yMHasE OT HYJIEBOM OTMETKH 10 TOW PHUCKH, KOTOpas COBMNAJAeT C KaKoi-mubo puckou
MUJUTUMETPOBOU MIKAJBI (pHC. 5).
Ha puc. 5 moka3zaHbl OJT0XKEHNS KA IITAHTCHLUUPKYJISA IIPU OTCUETE pa3MEPOB:

a—0,5mm; 0— 6,9 Mmm; B — 34,3 MM.
0 1 , 3
| § t ‘ 'n
a ']’%‘IillEviii}i’ll7i§YiL7Lil!EHHH[!‘
012345678910
0 2 3
6 Luwslipulpirilg I‘LJliuglyuu.{
012345678910
3 4 5 6
{
B L{lllfllilillllLlLlllHlliHlll
T T T T T T T T 111
0 12345678910
Puc.2.5
Muxkpomemp

MukpomeTp — MHCTpyMeHT (mpuOop), NMpeAHa3HAYCHHBIA JUIS W3MEPEHHH B OOJACTH MAallbIX
pa3MepoB C HH3KOH MOTPEmIHOCThIO (10 2 MKM), MpeoOpa3oBaTeIbHBIM MEXaHHU3MOM KOTOPOIO
ABJIIETCS MUKpOIIapa BMHT - raika.
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http://ru.wikipedia.org/wiki/%D0%98%D0%BD%D1%81%D1%82%D1%80%D1%83%D0%BC%D0%B5%D0%BD%D1%82
http://ru.wikipedia.org/wiki/%D0%98%D0%B7%D0%BC%D0%B5%D1%80%D0%B8%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9_%D0%BF%D1%80%D0%B8%D0%B1%D0%BE%D1%80
http://ru.wikipedia.org/wiki/%D0%98%D0%B7%D0%BC%D0%B5%D1%80%D0%B5%D0%BD%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%B3%D1%80%D0%B5%D1%88%D0%BD%D0%BE%D1%81%D1%82%D1%8C_%D0%B8%D0%B7%D0%BC%D0%B5%D1%80%D0%B5%D0%BD%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BA%D1%80%D0%BE%D0%BC%D0%B5%D1%82%D1%80
http://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D0%B7%D0%BC
http://ru.wikipedia.org/wiki/%D0%92%D0%B8%D0%BD%D1%82_(%D0%BF%D1%80%D0%BE%D1%81%D1%82%D0%B5%D0%B9%D1%88%D0%B8%D0%B9_%D0%BC%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D0%B7%D0%BC)
http://ru.wikipedia.org/wiki/%D0%93%D0%B0%D0%B9%D0%BA%D0%B0

Puc. 2.6. I'mankuit Mmuxkpomerp MI' ¢ npeaenom uameperust 75—2100 an;

1 — cko0a; 2 — maTKa; 3 — MEUKPOMETPHUIECKUI BUHT; 4 — CTOIIOP; 5 — cTeOeb;
6 — Oapaban; 7 — TpemnioTKa.

JlelicTBue MHUKpOMETpa OCHOBAaHO HA NEPEMEIICHUM BUHTA BIOJIb OCU IIPU BPALICHHUH €r0 B
HEMOJBMKHOM Taiike. [lepemelnieHne mponopuuoHaibHO YIJIy MMOBOPOTa BHHTA BOKpYr ocd. [losHbie
000pOTHI OTCYMTHIBAIOT IO IIKaJIE, HAHECEHHOH Ha cTe0Jie MEKPOMETPa, a I0JIM 000poTa — IO KPYroBOH
niKaie, HaHecEHHOW Ha Oapabane. ONTUMAIBHBIM SBISETCS TIEPEMEIICHUE BUHTA B TaliKe JIMIIh HA
JUTHHY He Oosiee 25 MM H3-3a TPYAHOCTH M3TOTOBIICHUS BHHTA C TOYHBIM IIaroM Ha OOJbIIEH IJIMHE.
[ToaTOMY MUKPOMETpP U3rOTOBIISAIOT HECKOIBKUX TUIIOPA3MEPOB 17151 U3MepeHust 1iuH ot 0 10 25 mm, oT
25 1o 50 MM U T. 1.

HpI/I HU3MCPCHUU ACTATIM CHadalla OTCHUTBIBACTCS LCJI0OC YUCIIO0 MUJIJIMMETPOB, a 3aTEM YHUCIIO HA
6apa6aHe, COOTBCTCTBYIOILICE COTHIM AOJISIM MHUJUJIMMETPA.

Tlopsook nposedenus usmeperuil

1. W3mepseMsblil npeaMeT yCTaHABIMBAETCS MEXAY MATKOW U MUKPOMETPUUYECKUM BUHTOM, IIPU 3TOM
Bpalas 6apabaH, yCTaHABIUBAIOT LIHHJIEIb OYEHb OJIM3KO OT IpeaMeTa.

3ameuanue: pepKaTh UHCTPYMEHT CIENyeT JEBOH PYKOH 3a M3OJSALUOHHYIO 4acTb JYTH, TaK
YTOOBI TEIUIO PYKH HE MEHSAJIO pa3Mep JIyTH U He HapyIIajao TOYHOCTh U3MEPEHUH.

2. Inmuaaens OCTOPOIKHO HpI/I6JII/I)KaIOT A0 COIPUKOCHOBCHUS C U3MEPACMBIM IIPCIMETOM.

3ameuanue: KpyTUTE MPOTHUB YACOBOM CTpENKH (€CIu CMOTPETh C TOpIa, TIe Hapes3Kka)
Oapaban npubopa, Moka u3MepsiemMas IeTaib He 3aiIET B 3a30p MEKIY U3MEPUTEIbHBIMUA TOPLIAMH.
3aTeM KpyTUTE 10 YaCOBOW CTPEJIKE JI0 yIopa.

BHMUMAHMUME! 3akpyunBarh Hago TOJBKO JepXka 3a Hape3Ky Ha CcaMOM KOHIE
Bpamjaronierocs 0apabana — Torja NpU YHOpe H3MEPUTENBHBIX TOPIIOB B JIeTajdb 3Ta YacTh
O6apabaHa HAYHET IPOKPYUMBATHCS, N3/1aBasi 3BYK, KaK TPEIIOTKAa. DTO 3HAYUT, YTO U3MEPUTEIbHbBIE
TOPIBI YOEPIUCH B JACTAIb U HAJA0 CHUMaTh Noka3zanus. (Ecnu kpyTuTh 3a Oombinoil 6apabaH, To
MOYKHO HEUasHHO MepeKPYyTUTh IPUOOp U COpBATh €r0.)

3ameuanue: s 601€€e TOUHOTO OINpPEIEICHHs pa3MEPOB MPEAMET CIEYET 3aKPETUTh.

3. 3amepsieM pa3Mep TMpH TIOMOIIM HOHMYyca OapabaHa B MM, KOTOPBIH COOTBETCTBYET
TOPH30HTAILHOMY YKa3aTEIIbHOMY INTPUXY IIKAIbI CTEOIIS.

4. OmnpenenseM o0 pazMep 3aMepsieMoro 00beKTa.

5. Bpamas 6apaban B 00paTHOM HaIpaBIe€HUH, OCBOOOIUTH MPEIMET.

Omcuem noxkazanuil

I'maBHas petasib MMKpPOMETpa — TOYHBIA MHKPOMETPUYECKHMN BHHT, BBEPHYTBHI B TraliKy,
Ha3piBaeMyro ctebseM. [Ipu ogHOM 000OpOTE BHHT mepemermaercs BAOIbL cBoed ocu Ha 0,5 mm. Ha
BUHTE HETOJIBIDKHO HacaxeH OapabaH, Ha KOTOPOM IO OKpy)XHOCTH HaHeceHo 50 penenmii. Takum
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http://ru.wikipedia.org/wiki/%D0%92%D0%B8%D0%BD%D1%82_(%D0%BF%D1%80%D0%BE%D1%81%D1%82%D0%B5%D0%B9%D1%88%D0%B8%D0%B9_%D0%BC%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D0%B7%D0%BC)
http://ru.wikipedia.org/wiki/%D0%9E%D1%81%D1%8C
http://ru.wikipedia.org/wiki/%D0%93%D0%B0%D0%B9%D0%BA%D0%B0
http://ru.wikipedia.org/wiki/%D0%A8%D0%BA%D0%B0%D0%BB%D0%B0_%D1%81%D1%80%D0%B5%D0%B4%D1%81%D1%82%D0%B2%D0%B0_%D0%B8%D0%B7%D0%BC%D0%B5%D1%80%D0%B5%D0%BD%D0%B8%D0%B9
http://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BB%D0%BB%D0%B8%D0%BC%D0%B5%D1%82%D1%80

o0pa3oM, MOBOPOT BHMHTa Ha OAHO jeneHue paseH 1/50 momHoro oGopora, wm 0,01 mm
(0.5Mm/50 = 0,01 mm).
Takum o6pasom, nena gererus mukpomerpa C = 0,01 mm = 10 M, TouHOCTS OTCUeTa

Axyp.= £ 0,005 MM =£0,5¢10° m.

KOHTpOJILHLIe BOITIPOCHI:

HOSICHI/ITG, KakK OIpCaACIIsCTCA a0CoJIIOTHAS MOrpCIHOCTb.
HOSICHI/ITG, KakK OIpeacirsiCTCA OTHOCUTCIIbHAA TOTPCIITHOCTD.
I[aTB OIpCACIICHUC NJOBCPUTCIBLHOI'O MHTCpBAJIA.

HaTB OIpeaACIICHUE KIacCa TOYHOCTHU an60pa.

HO?ICHI/ITC, KaK OIpeCacisicTcCsa an/I6opHa;1 MMOTPCIIHOCTD.

ok N E

JlaGopaTopnasi pa6ora Ne 3

Tema: U3mepenne o0bemMa Tes1a NPOCTOH reoMeTpudeckoi GopMsbl 1 00padoTKa pe3yJIbTATOB
U3MepeHnH

Ienp pabdoThl: M3y4nTh TEOPUIO paccMaTpUBAEMOro Bolpoca, HayuuTecs mOIB30BaThCS
npocTeimuMyu npubopaMu s U3MEpeHUs JUIMH (JIMHEHKOM, IUTaHT€HUUPKYJIEM, MUKPOMETPOM).
Hayuutbes oOpaOaTbiBaTh pe3ynbTaThl U3MEPEHUN U MPEICTABIATh HKCIEPUMEHTAIbHbIE JaHHbIE Ha
npuMepe U3MepeHus 00bemMa Tena IPOCTO reoMeTPUIECKOi POpMBI

YMeHHsI 1 HABBIKH, KOTOpPbIE JO0JIKHBbI NPUOOpecTH 00y4yaluuecss Ha 3aHATHM . Pa3BUTH
HaBBIKM pacyera IMOrPEIIHOCTEN pPE3ylbTaTOB IMPSAMBIX M KOCBEHHBIX HM3MEPEHHI, MOJIb3YsCh
W3BECTHBIMH  TEOPETUYECKUMHU IOJOKEHUSIMH, MaTeMAaTHYECKUM almnaparoM, BbIYUCIUTEIbLHON
TEXHUKOM.

Harasanble nmocodusi, 000py10BaHHe. TEOPETUUECKHUE MaTepUalbl; U3MEPUTEIbHBINA MPUOOP
HITAHTEHIIUPKYJb WM MHUKPOMETpP; MPSMOYTOJbHBIM Napajuieienurnel; TEOPEeTUYECKUe MaTepHabl
«Pacuer mnorpemHocTell pe3ysbTaTOB HW3MEPEHMI»; OUNAKTUUECKHE KapTOYKM C 3aJaHMSIMM 110
BapHaHTaM; MUKPOKaIbKYJISATOP.

Hepeqeﬂb HMCII0JIb3YEMbIX HCTOYHUKOB

OchosHas

1. Msxumes, I'. S.®dusuka: 11 k.. yuyeOHHK ans oOuieoOpa3oBar. yupexIeHHUH: O0a30BbIM U
npodunbHeld ypoBau / I'. 5. Mskumes, b. b. byxoBues, B. M. UYapyrun; non pexn.
B.U. HukonaeBa, H. A. IlapdentbeBoil. - 17-e usa., nepepab. u jom.; 18-e m3n. - Mocksa:
[Ipoceemenue, 2009, 2008. - 398, [1] c.

2. Msxkumes, I'. S.®usuka: yue6. s 10 k. obmeoOpa3oBaT. yupekIeHUN: 0a30BbI U Mpoul.
ypoBuu / I'. §I. Msikutes, b. b.

3. ®wuszuka. Mexanuka: 10 ki1.: mpodUIbHBIA ypOBEHb: YUeOHHUK /ISl 0011e00pa3oBar. yupekIeHun /
[bamamoB M. M. u np.]; mox pexn. I'. SI. Mskumesa. - 12-e u3n., crep. - Mocksa: JIpoda, 2010. -
495, [1] c.

ﬂOl’lO]lHumefleaﬂ.'

1. ®upcos, A. B.Ousuka it npodeccuii U crnennaibHOCTENH TEXHUYECKOTO U €CTECTBEHHO-HAYYHOT O
npodwiielt : yueOHHK Ui Ha4y. U cpel. mpod. obpazoBanus / A. B. @upcos; nox pex. T. U.
TpodumoBoii. - 4-e uzsa., crep. - Mocksa: Axkagemus, 2012.

2. Jmutpuena, B. ®.®Pusuka s npodeccuii U CnenuaabHOCTeH TEXHUYECKOTro poduiis : ¢0. 3a1a4:
yueOHUK AJis Had. U cpell. npod. obpazoBanus / B. @. JImutpuena. - Mocksa: Akaaemus, 2012. -
255, [1] c.
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3. Kyzuenop C.U. CnpaBounuk mo ¢uszuke [DIeKTpOHHBIN pecypc]: yueOHoe mocobue misi CITO/
Kysnenos C.U., Porozun K.M1.— DnexTpoH. TekcToBele ganHbie.— Capartos: IIpodobpazoBanue,
2017.— 219 ¢.— Pexxum nmoctyma: http:// www.iprbookshop.ru/66399.html.

Couepma}me U NMOPAAOK BBINMMOJTHECHUS paﬁoTbl

Bonpochl Teopum, paccMarpuBaembie B JiadopaTtopHoilt padore: 1. IIpsMble u3zMepeHus.
2.KocBennbie  m3MepeHms. 3.AOcomroTHas — morpemHocTh.  4.0OTHOCHTENbHAsT  MOTPEIIHOCTD.
5.JoBeputenbubiii nHTEpBai. 6.Kiacc Tounoctu mpubdopa.

Iopsiok BbINOJIHEHUSI PA0OTHI
Pacuem nozpewtnocmu npamuix uzmepeHuii

O0BeM IPSIMOYTOJILHOTO TapajlIeIeUIIe/Ia PACCUUTHIBAETCS 10 (hopMyJIe:
V=a-bh-c,
rze a, b, C — cTopoHbI mapasuiesenune/a.

[Tpu BBITIOSHEHUH JTAOOPATOPHON PabOTHI IPOU3BOIATCS MPSIMbIC U3MEPEHHUS CTOPOH &, Dj, Ci

1 KOCBEHHbIE u3MepeHus V.

C

< [
< »

1. UsmepuTh Kaxayl0 CTOpPOHY TMapajUiejenunea HECKOJbKO pa3 (KOJUYECTBO HW3MEPEHUM

3a/1aeTcs mpernojaBaTenem). Pe3ynbraTel KaK10ro H3MEepeHus 3anucaTh B Taonuiry 2.2..
2. BprauciuTh cpenHee apuMeTnieckoe 3HaUCHHE U3 N U3MEpeHUi

n
Sx,.

1
n;_q

=

3. HaiiTi morpenIHoCTH OTENBbHBIX H3MEPEHHUN
Ax;=X—-x;.
4. BpIUMCINUTDH KBaJApaThl HOTPEIIHOCTEN OTAEIbHBIX U3MEPEHUN
(A x0)% (A %), e, (A Xn)2
5. Bbrunciauth cpeHEeKBaIPATUUHYIO TOTPEITHOCTh CPETHETO 3HAUCHHS

6. Omnpenenuth kodpdumueHnt CreioneHta l,, 1Mo Tabnwie sl JOBEPHUTEITBHON BEPOSTHOCTH
P = 0,95 n yncna npon3BEeEHHBIX U3MEPEHUH N.
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Koa¢ddunmentsr CteroneHTa t)n

Tabmuma 2.1.
P
n 0,9 0,95 0,98 0,99
2 6,31 12,7 31,8 63,7
3 2,92 4,30 6,96 9,92
4 2,35 3,18 4,54 5,84
5 2,13 2,78 3,75 4,60

7. BblUHCIHTB CITy4aiiHYIO IOTPEIIHOCTD PE3yIbTaTa H3MEPEHHI
Ax=t,, 0;.
o o o*
8. Ecimm ciydaiiHas HOTPEIIHOCTh pe3ylbTaTa M3MEPEHHH AX OKaXeTCs CpPaBHHUMOH ¢

CHCTEMATHYECKON (MOrPEmHOCThI0 MPpUOOopa AX,,), TO B Ka4€CTBE NOTPEIIHOCTH PE3yNbTaTa
U3MEpEHUH clieAyeT B3ATh BEIUUHUHY

A% =[(tyy 07) +(Ax,p)°

9. OkoHYaTeNbHBIN pe3yNIbTaT 3aMucaTh B BUIC

X=XtAx.
10. OueHuTh OTHOCUTEIBHYIO MOTPEIIHOCTh Pe3yNbTaTa U3MepEHU
o= ¥ -100%.
X
IIpasuna npedcmaenenus pe3yibmama usmepeHus
Bce pesynbrarel M3MEpEHHMH, a TaK)KE€ BBIYMCICHHBIA IO HUM OKOHYATEJIbHBIM pE3ysbTaT

IPHUBOJISIT BMECTE C MOTPEIIHOCTHIO, KOTOPYIO BBIPAKAIOT B TEX YK€ €ANHHUIIAX, UYTO U CAMY H3MEPSIEMYIO
BennuuHy, Hanpumep: | = (1,572 £ 0,004) m.

CpenHee 3HaueHHE <X> HEOOXOAMMO OKPYIJISATh TakK, YTOOBI OHO OKAaHYMBAJIOCHh LU(POI TOTO
&Ke paspsja, yTo U Ax nocie e€ okpyriaeHus. T.e. 4uCiio U ero MorpemHocTs BCEraa 3aluChIBaeTCs TaK,
4yTOOBI UX IMOCHeNHUE HU(PBI NMPUHAJIEKATH OAHOMY M TOMY K€ JECITUYHOMY pa3psly. 3HaueHUs
IIOTPEUIHOCTEN CIIEAYET OKPYTIISATh, OCTaBIAsA OJHY 3HAYALYIO unq)pyl. OKpyTIsITh NPEANOYTUTEIHHO B
CTOPOHY OOJIBIIETO 3HAYECHHUS.

[Tpumepsbr:

1. Tlomyueno: U =124,4 B; AU=1,1 B.
Crnenyer 3anucars: U = (124,4 £ 1,1) B.

2. Tlomyweno: V = 2,678-103 CM3; AV = 3,2 oM.
Crnenyer 3anucarhb: V=(2,678 £ 0,003) 10° o,

B npomexyTo4HBIX BBIKIAAKax MPU pacdeTe MOTPEHIHOCTEW HYKHO YAEpPKUBATh TPU-UYETHIpE
3Hayamue nupsl.

[Ipu npeacraBieHUN OKOHYATENBHBIX PE3YyIbTaTOB (PU3MUECKUX U3MEPEHHMM YacTO MPUMEHSIOT
3aIMCh YUCIIOBBIX 3HAYCHUN B BUJIE€ AECATUUHOMN JpoOU, YMHOKEHHOM Ha HEOOXOIUMYIO CTEIIeHb YncIia
JECSTh.

eciu A Xen < 0,8 05, TO criemyer npeneOpeyb CUCTEMATHYECKON COCTABIIAIONICH MOrPEIIHOCTH U yYUTHIBATh

TONBKO CIYYaWHYIO TOTPEITHOCTh pe3yiabTarta B Bume AX =1, , 0. Ecmi A X.em> 0,8 0=, TO, HA000pOT
noa - x X > >

clenyeT TpeHeOpedbh CIIy4allHOW COCTaBISIONICH W pe3yslbTaT HM3MEPEHH  XapaKTepu3oBaTh  €ro
CHCTEMAaTUYECKOHN MOrPelIHOCThIO
! Crporo roBopsi, MOrpemHOCT Pe3yIbTaTa H3MEPEHHs AX CIIeAyeT BEIPAXKaTh OXHON MM JBYMs 3HAYAIIMME 1ubpanmi. [[Be
UGPHl OCTABISIIOT NPU HanOoJiee TOUHBIX M3MEPEHUSX, a TaKKe B TEX ClIydasx, Koraa nudpa cTapiiero paspsjia 4ucia,
BBIPA)KAIOMIETO OTPEITHOCT, MEHBIIIE MITH paBHa 3.
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[Ipumepsbl:

1. Ilpm o0paboTke TPYIIIBI pPE3yNbTAaTOB U3MEPECHHI
<X> = 965,332 u Ax = 8,35.

Pe3ynbTaT OKpyTiiIeHUS 3alUCHIBAIOT B BUAE: X = 965 £ 8.

2. llpwm o0paboTke TPYIIIBI pEe3yIbTaTOB HU3MEPECHHI
<x> = 0,003893 u Ax =0,000282.
Pe3ynbrar okpyrieHus 3anuchiBatoT B Bujge:  x = (38,9 £ 2,8)°104.

3. Ywucia 3106; 0,0285; 0,120 3amMCHIBAIOT TaK:

3,106°10% 2,85+10%; 1,210,

Pacuem nozpeutHocmu KOC6EHHblIX M3M€p6Hllﬁ

1. OObem npsMOYroJIbHOTO MapaieNienuIe/a pacCuuThiBaeTcs o Gpopmyse:

V =a-b-c, rae a, b, ¢ — cropons! mapamienenumenaa.

Jns KaXJ0ro NpsSMOro U3MEpPeHHs BEIWYMH a, D, C, BXOAANIMX B PacueTHYH (GOpMyny Jyis

ITOJIYYCHBI:

IIOJIYYCHBI:

ompeneneHuss o0beMa  MapajuieNienuiea, IMpoBeCTH  o0pabOTKy B ONMMCAHHOM

1oCJIeI0BaTENbHOCTH (Tabnuna 2.2).

Tabmmma 2.2
Ne m3m. di, MM bi, Mmm Ci, MM V, Mm°
1
2
3
4
5
g = 2X
n

(Ax i)2=(< xX>—Xx i)2
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Oopabomka pe3y1omamos KOC6eHHBIX UMEPEHUTL
Pacuem crnyuaiinoii noepewunocmu usmepenus oovema
VNPOUJEHHBIM MEMOOOM.:

1. Tlo nepBomy Habopy mapameTpoB aj, b;, C; paccuutars o popmyne V = abc mnepsoe 3nadeHue
obbema Vi, o BTopoMy HabOpy 3HaYeHHit az, Dy, C; paccunTaTh BTOpOE 3HaueHHE 00bema V.
Takum e oOpa3oMm paccuuTath 00beM I BceX HAOOpOB mapamerpoB @, b, €. B pesymbrare
oJTy4uM HaOop 3HaueHuit oovrema: Vi, Vo, ..., Vi, ..., Vy.

2. Jlanee ciemyeT MOCTYyNaTh ¢ STUMU 3HAYCHHUSIMH 00beMa TaK, KaK e€CcJiv Obl OHU OBLIN TOJTYYECHBI
B IPSIMOM HM3MEPEHUHU, TO €CTh PACCUUTATh CIy4alHYIO MMOTPEHIHOCTh MU3MEPEHUs o0bema Mo

dbopmyre:
x(av, P

n(n—l)

Pacuer CHy‘I&ﬁHOﬁ IOTrpCIIHOCTHU KOCBCHHOI'O HU3MCPCHUA YIIPpOIICHHBIM MCTOAOM

Acﬂv :tpn ~G\7 :tpn

PEKOMEHIyeTCsl IPUMEHSATD JIUIIb B CIy4ae, KOrJja OTHOCUTENbHAs MOTPEIIHOCTh He MpeBbimaet 2-3%.
B sToM cnyuyae maHHBIN METOA NaeT pe3ysbTarhl, OJM3KHE K BEJIMYUHE MOTPEITHOCTH, MOTYyYCHHOU
«MeTo10M AU PepeHIIUPOBAHUS.

Jna pacueTta nmpuOOPHOI MOTPEIIHOCTH U3MEPEHHS 00beMa BOCIIOIB30BaTHCS (hOPMYIIOi:

2 2
Aan:V An_pa . A,ipb . A,ipc
a b c

2

CyMMapHas nOrpenIHoCTh U3MEPEHHUs 00beMa:

AV =8V ) +(a,,1 )

OrHocuTenbHas MOrpeIIHOCTb U3MCPCHUA o0beMa:

5, =2V .100%
Y;

3. Ilpu HeoOXOAMMOCTH YydYecTb CHUCTEMaTHUecKyio (IPUOOPHYIO) MOTPEIIHOCTh KaXJIOoW cepuun
U3MEPEHUN

A)(i :\/(tnao-fi)z +(Aanl-)2 '

e UHAEKC | OTHOCHTCS K COOTBETCTBYIOIICH N3MEPEHHON BeIMUHHE, a A X, — CHCTeMaTHIeCKast
MOTPEITHOCTH MPUOOPa, UCTIOIH3YEMOTO JIJIsI U3MEPEHHUS Xj.

4. Bpruucnuth Haubosee BeposITHOE 3HaUeHHE X:

)?:f(yl,yz,...,ym)

of of of
oX, 0X,” " oX

5. BbIunMCINTh YacTHBIC IPOU3BOJHBIC npu CpCAHUX 3HAYCHUAX BCIINYNH Xl,

m
XZ,---: Xm.
6. Bprauciurh a6COJ'IIOTHyIO MOrpeIIHOCTh KOCBECHHOTI'O U3MCPCHUA X 1o 06]].[6171 (I)OpMy.l'IC
2
n( o
AX = [> ar (ax,)*.

i-1 \OX;

1

e M — 9MCJI0O HE3aBUCUMBbIX HETIOCPEACTBCHHO M3MEPCHHBIX BEJINYMH.
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7. 3ammcaTth OKOHYATEILHBIN pe3yIbTaT B BUJIE
X=XztAX.
8. OueHHUTh OTHOCUTENBFHYIO MOTPEUTHOCTh KOCBEHHOTO H3MepeHHs X:

5=¥~100%-
X

KoHTpoJibHbIE BOIPOCHI:

1. PaCCKa)KI/ITe, KaKne U3MCPCHUSA HA3BIBAKOTCA MMPSAMBIMH,; KOCBCHHBIMU.

2. JlaliTe onpenenenne abCOTIOTHON MOTPEIIHOCTH, OTHOCUTEILHOM MOTPEIIHOCTH.

3. [aiite ompenesneHue MOrpenHOCTH: CIy4ailHOM, CHCTEMaTUYeCKO, MPHUOOPHOM.

4. TlosicHUTE, KaK PacCUUTaTh MPUOOPHYIO MOTPEIIHOCTh W3MEPHUTEIBHBIX MPUOOPOB HMMEIOIINX
KJIACC TOYHOCTH, HE UMEIOLINX KJlacca TOYHOCTH.

5. TlosicHuTe, YTO TaKOE NOBEPUTEIbHAS BEPOSTHOCTD, JOBEPUTEIbHBIA HHTEPBAJL.

6. TlosicHuTe, KaK pacCYUTATh CIYYAHYIO MOTPEITHOCTD MPSMBIX H3MEPEHHH.
7. TlosicHuTe, KaK 3amucaTh JOBEPUTEIbHBIA HHTEPBAJ (C YUETOM MPABUI OKPYTJICHHUS).

JladopaTopnasi padora Ne 4

Tema: Onpenesnenne ko3¢gduuueHTa TpeHNs CKOJIbKEHUA

Heﬂb paﬁ()TI)I: I/ISY‘II/ITB OCHOBHBIC 3aKOHOMCPHOCTHU CYXOI'0 TpPCHHs, SKCIICPUMCEHTAIBHO
OIIPCACIINTD KOSCI)(I)I/IHI/IGHT TPCHUSA CKOJIBXKCHU UCCIICAYCMBIX MaTCPUAJIOB.

YMeHusI M HaBbIKHM, KOTOpPble [J0JKHbI NpHOOpecTH o0yyalolmuecss HA 3aHATHH:
onpenenuTs KOIQUIMEHT TpeHUs CKOJBXKEHHUS, TONB3YSICh HW3BECTHBIMH  TEOPETHUYECKUMU
MOJIOKEHUSMH, MATEMAaTUUECKUM arnmnapaToM, BHIYUCIUTEILHON TEXHUKOMH.

Harasigablie noco0usi, o0opyaoBaHHMe: TEOPETUUECKHE MaTepHalibl, U3MEPUTENbHBIN MpUOOp
JUHelKa, TpuOOMeTp; OUHAMOMETp; HaboOp Tpy30B, AWJAKTUYECKHE KApTOUYKH C 3aJaHHUSIMH 110
BApUAHTaM; MUKPOKAJIBKYJIATOP.

Hepeqeﬂb MCIOJIb3YEMbIX HCTOYHUKOB:

OcnosHas

1. Msaxumes, I'. S.®wuszmka: 11 kn.: ydeOHuMK s 001meoOpa3oBaT. y4pexIaeHui: O0a3oBBIA U
npopwibHeld  ypoBHM / I'. SI. Mskumes, b. b. Bbyxosues, B. M. Yapyrun; nox pexn.
B.U. Huxomaea, H. A. IlapdentreBoit. - 17-e u3zm., nmepepadb. u gom.; 18- mu3a. - Mocksa:
[Ipocsemenue, 2009, 2008. - 398, [1] c.

2. Mskumes, I'. f.®ums3uka: yue6. s 10 k1. o0meoOpa3oBar. yupekIeHH: 0a30BBIH U TPOQUITL.
yposuu / I'. 5I. Msikumes, b. b.

3. ®wuszmka. Mexanuka: 10 ki1.: mpodWIBHBIA YPOBEHB: YIeOHHUK ISl 001Ie00pa3oBar. yupekIeHun /
[bamamoB M. M. u np.]; mox pex. I'. . Msxkumesa. - 12-e u3n., crep. - Mocksa: [Ipoda, 2010. -
495, [1] c.

JlononnumenvHasi:

1. ®upcos, A. B.®uszuka 15 npodeccuii U crenuaibHOCTEH TEXHUYECKOTO U €CTECTBEHHO-HAYYHOTO
npoduiei : ydeOHUK Uil Had. W cperd. mpod. obpazomanus / A. B. ®@upcos; nmox pen. T. U.
TpodumoBoii. - 4-e u3a., crep. - Mocksa: Akagemus, 2012.

2. JImutpuena, B. ®.dusnka mist npodeccrii U CHeHaaIbHOCTeH TEXHUIECKOTO POoQHIIs : 0. 3a1a4:
yueOHUK A Had. u cpell. npod. obpazosanus / B. @. JImutpuena. - MockBa: Akagemus, 2012. -
255, [1] c.
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3. Kyzueno C.U. CnpaBounuk mo ¢uszuke [DIeKTpoHHBIN pecypc]: yueOHoe mocobue mmsa CI1O/
Kysnenos C.U., Porozun K.M1.— DnexTpoH. TekcToBele ganHbie.— Capartos: IIpodobpazoBanue,
2017.— 219 ¢.— Pexxum nmoctyma: http:// www.iprbookshop.ru/66399.html.

Couepma}me U NMOPAAOK BBINMMOJTHECHUS paGOTbI

Bomnpocel Teopuu, paccmaTpuBaeMbie B JiabopaTopHoii padore. 1. TpeHue: cyxoe, BsI3Koe.
2. Koo duuument tpenus.

Puc. 4.1.

B3Becuth nipu momMomy TuHaAMoMeTpa Opycok. 3aTeM, MOJIOXKHB €ro IUTaliMs Ha JIMHEeHKy (0e3
Harpy3ku), TAHYTb €r0 paBHOMEPHO TUHAMOMETPOM M 3aMeyath IO MIKaJle MOJI0KEHUE yKa3aTes.

CTpOFO PAaBHOMCPHOC IBUKCHUC 6pyc1<a OCyHICCTBUTb TPYAHO, YKa3aTCJib AWHAMOMCTpPA
KOJ'I66J'I6TC$I, MMO3TOMY HU3MCPCHUA H606XOI[I/IMO MMPOBOANTH HECCKOJILKO pa3 U 6paTb Cp€aAHCC 3HAYCHUC
H3 IBYX KpaﬁHHX MOJOXKECHU M YKaszaTerd.

OnbIT NPOBECTH €1lE TPU pa3a, Harpykas OpyCOK IOCTETIEHHO OJIHUM, ABYMs U TpeMs Ipy3aMH.
3areM IepeBepHYTbh OpycOK Ha pedpo U MOBTOPUTH OJKCHEPUMEHT B ONUCAaHHOW BBIIIE
MOCJIEIOBATENBHOCTU. M3 OmbITa yOeIUuThCSl B TOM, YTO IPH NIEPECTaHOBKE OpycKka Ha MEHBIINE TPaHU
BO BCEX CIyyasX CHJa TSAIM HE H3MEHSETCs [0 CPaBHEHUIO C TOH, Kakas Oblua HaiileHa mpu
COOTBETCTBYIOLEH Harpyske, Korja Opycok Jie)ka Ha JIMHEeHKe Miamms.

Pe3yJ'IBTaTLI pa6OTBI 3aIliucaTthb B Ta6J'II/II_U>I.

Tabmuna 1
Ne ombiTa 1 2 3 4
ITpmxumaromas cuna, H
Cuna taru, H
Tabmuma 2
Ne omeiTa YBEJIMUCHUE TIPHKUMATOIICH CHITBI VBEJTMUEHUE CHJIBI TATH
1-2
2-3
3-4

C,Z[CJ'IaTB BBIBOJ I10 pE3yJjibTaTaM SKCIICPUMCHTA: CHJIa TATUM U3MCHIACTCA BO CTOJIBKO pa3, BO
CKOJIBKO U3MCHACTCA CHUJIA, IPUKHUMArOIasa TCJIO K IMOBCPXHOCTU, U HC 3aBUCUT OT BCIIMYUHBI IO
COIIPUKOCHOBCHUA TPYIIHUXCS HOBCpXHOCTGfI.

21




Y100l KOHKPETH3UPOBATH MPEJICTABICHHE 00YJAIOMIUXCS O CHIIE TPEHUS TOKOs, 00yJaromuecs
JIOJDKHBI TIOBTOPHUTH OIIBITHI, CIIE/S 3a ITOCTENICHHBIM YBEIWYEHHEM CHIIBI TATH, MOKa OpycoK He
CIIBUHETCS C MECTa. 3aMETHB MaKCUMAaJIbHOE [TOKa3aHUE JHHAMOMETPA, COOTBETCTBYIOIIEE CHIIC TPEHUS
IIOKOSI, CPAaBHHUBAIOT €TI0 C CHJIONW TPEHHUS CKOJIBbKCHUSI.

F 1

Ir

E’.“-"'ﬂﬂ? NORMNT . — — — .
/"

i, Froessor noos F

Puc. 4.2
KouTpoJibHbIE BONPOCHI:

1. Copmynupyiite 3aKOHBI CyXOr0o TPEHHUS.

2. [TosicHuTe, OT Yero 3aBUCUT BEJIMYMHA CHIIBI TPEHHUS U KaK 3Ta CHUJIa HaIpaBJIeHa.

3. TlosicHuTe, KaK ONpeesIsAtoTCs CUila TPEHUS M CHJla HOPMaJIbHOTO AaBJICHUS B JaHHOM padore.

4.TlosicHUTe, MOXET JM cuia TpeHHUs ObITh NPUYMHOM BO3HMKHOBEHMS JIBUXKEHUS U OBITH
COHAIpaBJIEHHA CKOPOCTH TeJa.

JlabopaTopnasi pabora Ne 5
Tema: M3ydyeHue ynpyrux cBoicTB TBepAbIX Tesl. Onpenesenne MoayJisi yIPpyrocTd pe3uHbI

Heas padoTbl: U3YYUTh MEXAaHUYECKHME CBOWCTBA TBEPIBIX TeJ, HKCIEPUMEHTAIBHO
OTPENIETUTh MOIYJIb YIIPYTOCTH MaTepuaia (Pe3rHBbI).

YMeHus1 1 HABBIKH, KOTOPbIE JOJKHbI IPHOOpecTH 00y4yarommecss Ha 3aHATHH: 3aKPEIUTh
MOHSATHS: YIPYroCTb, MEXAaHWYECKOE HamNpsyKEHUE, MOJYJb YIPYrOCTU.HAYUYUThCS MCIIOIb30BaTh
¢uznyeckue mpuOOpHI, MPOBOJUTH HAONIOJCHHS, HAYYUThbCA ONpeAensaTh MoAyinb FOHra, mcrnonb3ys
3aKkoH ['yka, aHanM3UpOBaTh pe3yNbTaThl AIKCIEPUMEHTAa; 00pabaThiBaTh pE3yNbTaThl H3MEpPEHU,
JIEJIaTh BBIBOJIbI HA OCHOBE IOJyYEHHBIX KCIIEPUMEHTAJIBHBIX JaHHbIX.

OOopynoBaHme: pe3vHOBBINA LIHYp, IITATUB ¢ MyPTON U JIanikoi, HAO0Op THpb, U3MEPUTETbHASL
JIMHEHKA.

Ocnosnas:

1. Msxkumes, I'. S.®@uszuka: 11 ki1.: yueOHMK A1 o00OmieoOpa3zoBaT. YUpeKJICHHMH: Oa30BBIA H
npodunbHelid ypoBau / I'. S. Mskumes, b. b. byxoBues, B. M. UYapyrun; non pexn.
B.U. Hukonaesa, H. A. IlappentneBoit. - 17-¢ u3g., mepepab. u nom.; 18-e m3n. - Mocksa:
[Tpoceemenue, 2009, 2008. - 398, [1] c.

2. Mskumes, I'. f.®uszuka: yueb. mis 10 k. obmeodpazoBaT. ydpexaAeHUi: 0a30BbI U MPOQUIL
ypoBuu / I'. §I. Msikumes, b. b.

3. ®wuszuka. Mexanuka: 10 ki1.: mpoUIbHBIA ypOBEHb: YUeOHHK JUIsl 0011e00pa3oBar. yupexIeHui /
[bamamoB M. M. u np.]; mox pexn. I'. SI. Mskumesa. - 12-e u3n., crep. - Mocksa: JIpoda, 2010. -
495, [1] c.

ﬂOnOﬂHumeﬂbHClﬂf

1. ®upcos, A. B.Ouszuka it npodeccuii 1 crnennaibHOCTENH TEXHUYECKOT0 U €CTeCTBEHHO-HAYYHOTO
npodwiielt : ydeOHUK Ui Ha4y. U cpel. npod. oOpasoBanus / A. B. @upcos; nox pen. T. U.
Tpodumoroii. - 4-e uz., crep. - MockBa: Akagemus, 2012.
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2. JImutpueBa, B. ®.®usuka 115 npodeccuii U CrenuanbHOCTeH TEXHUUECKOro mpoduiis : cO. 3a1a4:
y4eOHUK I Had. U cpell. nmpod. obpazosanus / B. @. JImurpuena. - MockBa: Akagemus, 2012. -
255, 1] c.

3. KysnenoB C.UM. CnpaBouyHuK 1o ¢u3uke [DIEKTpOHHBIA pecypc]: ydeOnoe mocobue mis CIIO/
Kysnernop C.U., Poro3un K.M.— DnektpoH. TekcroBbie manHbie.— CapatoB: [IpodobpazoBanue,
2017.— 219 ¢.— Pexwum noctyna: http://www.iprbookshop.ru/66399.html.

Conep:kanue 1 NOPSIAOK BHINOJHEHUS PA00ThI

Bonpocsl Teopum, paccMarpuBaemMble B JiadopaTtopHoil padore: Eciu Kk omHOpogHOMY
CTEPKHIO, 3aKPEIJICHHOMY Ha OJHOM KOHIIE, MPUJIOKUTh CUIy F BIONBL OCH CTEpKHS, TO CTEp>KEHb
noJBepruercs nedopmManuu pactsokeHus. Jledhopmanuio pacTsKEHHs] XapaKTepU3YIOT aOCOIIOTHBIM

Al
yumaaenuem  Al=l—lg ¥ OTHOCHUTEIHHBIM YIJTHHECHHEM &E=—1.

I0
B nedopmupoBaHHOM Teje BO3HHMKAET MEXAaHUYECKOE HAIPSDKEHHE G, PaBHOE OTHOLICHMIO
MOy criTbl F K Tutommay monepeyHoro ceueHus tena S:

O =—

S

Jis ynpyro nedopMUPOBAHHOTO Tela BBITOJHSCTCS 3aKOH ['yka: mpu Malbix JedopMariusx
MEXaHUYECKOE HAMPSHKEHUE G MPAMO MPOMOPUMOHATIBHO OTHOCUTEIbHOMY YIJIMHEHHUIO:

o =E-|¢

Kosddunuent mnponopumonansHoctu FE, BXomsmuid B 3akoH ['yka, HasbpIBaeTcs MOIYJEM
ynpyroctd win moayinem FOura. Moayne FOHra mokasbiBaeT, Kakoe MEXaHHYECKOE HAINpsKEHHE
BO3HHMKAECT B Marepuaje NP OTHOCHTEIBHOH aedopMalii paBHOW €IUHHULE, T.e. NMPHU YBEIUYCHUU
JUTMHBI o0pasiia BaBoe. B maHHOM paboTe HamO OmMpeAenuTh MOIyNb ynpyroctu E (momyns FOHra)
PE3MHOBOTO IIHypa. YYecTb, 4YTO HPHU BBHIIOJHEHUM JaHHOW paldOThl cHJla YIPYrocTH B
ne(OpMUPOBAHHOM TeJ€ YHCIECHHO paBHA CHUJIE TSKECTH Ipy3a, MOBEIICHHOIO K PE3MHOBOMY LIHYPY:
F=mg. Pe3unoBbIil mHyp MMeeT mpsMoyroibHoe cedeHue S. Dopmyna nns pacyera monyns FOnra
MMEET BU]I:

_m-g -y
S-Al

Iopsiiok npoBeaeHus: padoThI
1. Hanectn Ha pe3WHOBOM IIHYpE JIBe METKH Ha pacctosiHuH lg mpyr ot apyra (okono 10 cMm) u
U3MEPUTH 3TO paccTosiHue: | o= MM = M.

2. 3aKpCHI/ITB OJH KOHCII IIHYpa B JIAIIKC IITATHUBA, 4 K APYIOMY KOHIY IIOABCCUTH I'Py3 Maccoit

m; = r= KT.
3. M3MepuTh paccTosTHEE MEKy METKaMH Ha IIHype MpH aehopmanuu l1= MM = M.
4. PaccuuTaiite abcomroTHoe yanuHenue muypa Ali=l; - lg = MM = M.
m,-g- Io

Ilo popmyne E,; = paccunuTaTh MOJYJb YIIPYTOCTH PE3UHBL.

S-Al,

5. OmbIT Ne 2 (moBropuTh onbIT Ne 1 ¢ rpy3oM Macchl My = 2Mj 1 paccuuTaTh MoayIib FOHra).

m, = r= KT.

log= MM M
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I, = MM = M

A|2:|2—|0 MM = M.
_Mm,9 'Io
, =——2
S-Al,
6. OnbiT Ne 3 (moBTOpHTH ONBIT Ne 1 ¢ rpy3oM Maccel M3 = 3M1 U paccuuTath Moayib FOHra).
ms= Tr= KT.
log= MM M
I, = MM = M
A|2:|2—|0 MM = M.
_ M5 g Io
g = ————
S-Al,
7. Paccunrarh cpenHee 3HaUEHHE MOAYIISL YIPYTOCTH pe3uHbl (Moayist FOnra).
_E +E,+E;
cp T 2
8. Pe3ynbraThl H3MEpEHMIA U BBIYUCICHUN 3aHECTH B TAOIHUILY 7.
Tabmuma 7
Ne g, m/c? S, M l o, M m, xr I, m Al, m E Tla E,Ila
OIbITA
1
2
3

9. CHGH&TB BBIBOJZ 11O pE3yJibTaTaM J3KCICPUMCHTA. CpaBHI/ITI) IMMOJIYYCHHOC 3HAYCHUE MOOYJIA

YIPYTOCTHU CO CIIPAaBOYHBIM 3HaYeHUEM: Eyp, = 8:10 Ila.

BeiBogbl M mpelio:KeHUsI 1O JAaHHOW JadoparTopHoii paborte: [lpome Bcero
SKCHCPUMCHTAJIBHO OIIPCACIINTL MOAYJIb YIPYTOCTH PE3UHBI, TaK KaK OHA HCIIBITBIBACT 3HAYUTCIBbHBIC
nedopMaruu npu HeOOIbIUX Harpys3kax. [Ipu 5Tom 3akoH ['yka BBINONHSIETCS B TOBOJBHO OOJIBIIIOM
nuana3oHe aedopMaruil.

KOHTpO.]II)HbIe BOITPOCHI

1. PacckazaTh 0 MEXaHMUYECKHX CBOMCTBAaX TBEPJBIX TEI.

2. Tloscuute, Kakue BUIBI Heopmanmu cymecTBYIOT. Kakas gedopmariis Ha3pIBaeTCs YIpyrou, Kakas
IUIACTHYSCKOM?

3. Vkaxwure, 4eM OTINYAIOTCS YIPYrHUe MaTepHalibl OT MIACTUYHBIX. UTO TaKkoe XPYMKOCTh?

OOBsICHUTE, OT YEero 3aBUCHT abCONIOTHAS AeopMallys Mpu MPOJOILHOM PACTSKEHUH WIH CKATUU

a

Tena.
Cdopmynuposats 3akoH ['yka. OT yero 3aBUCUT KO3 OHUIMEHT KeCTKOCTH B 3akoHe ['yka?
[TosicauTe husmdecKknii CMbICIT MOy ynpyroct (Moayis FOnra).

[aiite onpeneneHne MEXaHMYECKOTO HAIIPSHKEHMUS.

[laiiTe onpenenenue npeaesia mpoYHOCTH.

O N oGO
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Jladoparopnasi padora Ne 6
Tema: OnpenesieHne yCKOpeHusi CBOOOTHOI0 MaJeHUsl ¢ MOMOIIbI0 MASITHUKA

Heab padoTei: M3y4nth TEOpUIO paccMaTpUBAEMOTO BONPOCA, SKCIEPUMEHTAIBHO ONPEAETUTh
YCKOpEHHE CBOOOIHOTO MaACHHS 110 MEPUOAY KOJIeOaHH HUTSIHOTO MasTHHUKA.

YMeHusi M HAaBBIKH, KOTOpbIe [0JIKHBI NpuodpecTH o0yyamommecsi HA 3aHATHU:
HUCII0JIBb30BAaTh (1)I/I3I/I‘IGCKI/IG HpI/I60pBI, AHAJIU3UPOBATDL PC3YJIbTAThbl SKCIICPUMCHTA,; ACJIAaTh BBIBOJbI HA
OCHOBE IOJTyYEHHBIX IKCIEPUMEHTATbHBIX TAHHBIX.

OO6opynoBaHme: 4achl C CEKYHIHOM CTPEIKOMN, U3MEPUTEIIbHASI CAHTUMETPOBAs JICHTA, IIIAPUK C
OTBEPCTUEM, HUTD, IITATUB C MY(TOIl U KOJIBIIOM.

IlepeyeHb UCMOJIB3yeMbIX HCTOYHUKOB:
Ocnosnas:

1. Msaxumes, I'. S.®wuszmka: 11 km.: ydeOHMK a1 oOmieoOpazoBar. ydpexiacHUi: 0a30BbIM U
npopwieHelid  ypoBHH / I. SI. Msxumes, b. b. Bbyxosues, B. M. Yapyrun; mox pexn.
B.W. HukonaeBa, H. A. IlapdentbeBoit. - 17-¢ u3a., mepepad. u pgom.; 18-¢ u3n. - Mockaa:
[Ipoceemenue, 2009, 2008. - 398, [1] c.

2. Mskumes, I'. f.®usuka: yueb. mis 10 k. obmeobpazoBaT. ydpexaeHUid: 0a30BbI U MPOQUIL
ypoBuu / I'. 5I. Msikumies, b. b.

3. ®usuka. Mexanuka: 10 ki1.: npodUIbHBIA YPOBEHb: YUeOHUK i1 001Ie00pa30Bat. yUpexKAeHU /
[banmamos M. M. u np.|; mox pexn. I'. 5. Mskumesa. - 12-e uzn., crep. - Mocksa: [Ipoda, 2010. -
495, [1] c.

ﬂOl’lOﬂHl/lWleﬂbHCl}l.’

1. ®upcos, A. B.®usuka ans npodeccuii 1 crennanrbHOCTeH TEXHHYECKOTO U €CTECTBEHHO-HAyYHOTO
npoduneit : ydeOHHMK Ui Had. W cpea. mpod. obpaszoBanus / A. B. ®@upcos; mox pex. T. .
Tpodumoroii. - 4-e uz., crep. - MockBa: Akaaemus, 2012.

2. JImutpuena, B. ®.®duznka mis npodeccuii U CHenHaaIbHOCTeH TEXHUIECKOTO poduIs : ¢0. 3a1a4:
y4eOHUK Ui Hay. U cpell. mpo¢. obpasosanus / B. @. JImurpuena. - Mocksa: Akagemus, 2012. -
255, [1] c.

3. Kysznenos C.U. CnpaBouHuk no ¢usmke [DneKTpoHHbIM pecypc]: yueOHoe mocobue mns CITO/
KysuernoB C.U., Poro3un K.M.— Dnekrpon. TexkcroBbie manHbie.— CapatoB: [IpodobpazoBanue,
2017.— 219 c.— Pexwum noctyna: http://www.iprbookshop.ru/66399.html.

Coaeprxanue H NOPSAI0K BbINMOJTHEHHS PA00OThI

Kpartkas teopusi: CBoO0OIHOE TaJleHUE — 3TO JIBWKEHUE TeJa IO ACHCTBHUEM TOJIBKO CHUJIBI
TsbkecTd. Ha Temo, magaroree B BO3JyXe, KPOME CHIIBI TSDKECTH JAEUCTBYET Chjla CONMPOTUBIICHHUS
BO3/lyXa, CIIEOBATEIbHO, TAKOE JIBUJKEHUE HE SIBIIIETCS CBOOOIHBIM majneHueM. CBOOOAHOE MajeHHe
— 9TO MaJICHHE Tel B BaKyyMme. YCKOpEHHE §, KOTOpoe COOOIIaeT Tely CHila TSKECTH, Ha3bIBAIOT
yCKOpeHueM cBoOoaHoro maneHus. OHO TOKa3bIBaeT, HA KAKyI BEITUYHUHY H3MEHSETCS CKOPOCTh
CBOOOJHO MAJAroIIero Tela 3a €IUHUILy BpEMEHHU. YCKOpEeHHE CBOOOIHOTO MaJeHUs ( HAMpaBIICHO
BepTUKaIbHO BHU3. ["ammneo [Nanmmelt ycranoBwi (3akoH ["aynmmes): Bce Tenma magaloT Ha MOBEPXHOCTh
3emMiu MO/ JIEUCTBHEM 3EMHOTO MPUTSIKEHHs] TPU OTCYTCTBUU CHJI COMPOTHBIICHUS C OJMHAKOBBIM
YCKOpPEHUEM, T. €. YCKOpeHHEe CBOOOIHOIO Na/IeHUs] He 3aBUCUT OT MaccChl Tela.

CBoboaHbIe (MK COOCTBEHHBIE) — 3TO KoJeOaHHs B CUCTEME MOJ1 IeHCTBUEM BHYTPEHHUX CHII,
MocJie TOro Kak CUCTeMa BbIBE/I€HA U3 COCTOsIHUS paBHOBecHs. [IpocTeiiimmu npumepamMu cBoOOIHBIX
KOJIEOAHUH SIBIISAIOTCS KOJeOaHUs TPpy3a, NPUKPEIUIEHHOTO K MPYXKUHE, WU TPy3a, MOJBEIIEHHOTO Ha
HUTH.

Jnis u3MepeHus yCKOpeHHUs CBOOOJIHOTO MaJeHHs MPUMEHSIOTCS pa3jiMyHble I'PaBUMETPHI, B
YaCTHOCTH MasiTHUKOBbIE MpHOOpbl. C UX MOMOIIBIO YAAaeTCs H3MEPUTh YCKOPEHHE CBOOOIHOTO
MajeHnsi ¢ abCOMOTHOH IMOrPeIIHOCTBI0 Topsiaka 107 M/CZ.HpI/I MaJlblX pa3Mepax IlIapukKa Io
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CPaBHEHMIO C JUIMHOM HUTHU M NPH MaJbIX KOJEOAHMSIX MasSTHHUKA OT IOJIOKEHHsS] PaBHOBECHUS IEPUOJ
€ro Koje0aHui MOKHO CUUTATh PaBHBIM MEPUOAY KOJeOaHUI MaTeMaTHUYEeCKOT0 MasiTHUKA:

TzZn\/z Q)
g

T — nepuox xonebaHUil MasgTHUKA, PaBEH BPEMEHH, 32 KOTOPOE COBEPIIACTCS OJTHO MOJIHOE KoJjieOaHue,
ero MoskHO onpeaeauts mo Gopmyiae T =t/ N, rae N — uyncio konebanuii.

Torna yckopeHue cBOOOIHOTO MAJACHUS MOXKHO OMPEICTUTH 10 (hopmyie:

2
g :4n2& @)

t2
I[Hopsinok npoBenenusi padoThI
1.M3meputh MaciiTaOHOW JIMHEHKON JIMHY HUTH C TOYHOCTBIO /10 MWJUIMMETPA, PE3YJbTaTh
U3MEpPEHUI 3aHECTH B TAOJIHILY.
2. TlojmBecuB MasATHUK K INTAaTUBY, BBIBECTH €r0 M3 IMOJIOKEHHUS PABHOBECHS U, BKIIOYMB
CeKyHJioMep, ompenenuTh Bpems t, 3a kotopoe coBepmarorcs N =20...30 monHbIX KojeOaHUIL.

H3mepeHus mpon3BeCcTH HE MEHEE TPEX pas.

W3mepennbie 3HaueHus: t 3aHecTH B TaONHILY.

3.BeranciuTh nepuoj konedbanuit mo popmyie: T=t/ N.

4. JIns KaK[A0ro M3MEPEHHs pacCuuTaTh yCKOpEeHHEe CBOOOaHOro majaeHus g mo dopmyne (2).
Pe3ynbTarhl BEIYUCICHUH 3aHECTH B TAOJIUILY

Howmep N, l, t, T, g,
HU3MEpEHUs KOJL. M c c M/ c?
1
2
3

BbIBOABI M MPENJIOKEHHs MO0 JAHHOW Ja0opaTopHOll padore: Ui YBEIUYEHUS TOYHOCTH
U3MEPEHUsSI TIEpHO/Ia KOJIeOaHui MasTHUKA HYXXHO M3MEPHTh BPEMs JOCTATOYHO GOJNBIIOrO YHCia
K0JIe0aHu M, T.K. OCHOBHBIE MTOTPEITHOCTH U3MEPEHUS BO3HUKAIOT B MOMEHTHI Hayajla i OKOHYaHUsI
OTCYETa YKClia KOJEOAHU. YroNl OTKJIOHEHHSI MasTHHKa OT MOJOYKEHHs PABHOBECHS HE JOJKCH
npeBbImarh 8°.

KonTpoJsbHbIe BOPOCHI

Kaxkoe nBrmxenne Ha3pIBaeTCSI CBOOOIHBIM ITajlcHUEM?
Uto Ha3bIBaETCS aMIUTUTY0H KOIeOaHusl, 4aCTOTOU U MEPUOIOM?

[Touemy npu BBIIOTHEHNUHU pabOTHI HAaJI0 OpaTh Majble AMIUIUTY bl KOIeOaHUA?

Mo

OT 4ero 3aBUCHT nepunon KOJICOAHHMS MAaTEeMaTHYECKOTO 1 (1)I/I3I/I"ICCKOI"0 MasTHUKOB?

Jladoparopnasi padora Ne 7
Tema: U3yyeHnune 3aK0HA COXpPaHEHUSI MEXaAHUYECKOI JHEPIrUHU

Heas padorbi: OnpenenuTs 3HaYEHUs] OTECHIMAIBHON SHEPIUM MOTHATOrO HAJ 3eMIIe Tena U
yrpyro neGopMHUpoBaHHON MPYKUHBI.

YMeHusi M HAaBBIKH, KOTOpbIe [AO/LKHBI NpHoOpecTH o0y4yamoumyecs HAa 3aHATHH:
UCIOJIb30BaTh (U3NYECKUE MPUOOPHI, aHATU3UPOBATh PE3YyJbTaThl SKCIIEPUMEHTA; JeNaTh BHIBOIbI Ha
OCHOBE IIOJyYEHHBIX IKCIIEPUMEHTAIbHBIX JTAHHBIX.

Ooopynosanmue: [lltatus ¢ mydToit 1 1ankoil, TMHAMOMETp, JTUHEIKa, TPy3 Ha HUTH, HAOOp
KapTOHOK TOJIIMHON 2 MM, (priomacTtep.
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JlepedeHb HCMOJIb3yeMbIX HCTOYHHKOB:
Ocnosnas:

1. Msaxumes, I'. S.®wuzuka: 11 kn.: ydeOHMK s 001IeoOpa3oBaT. YUYPEKIECHUN: 0a30BBIA M
npopwieHeld  ypoBHH / I. SI. Msakumes, b. b. Bbyxosues, B. M. Yapyrun; mox pexn.
B.M. HuxonaeBa, H. A. IlapdentbeBoit. - 17-¢ uza., mepepad. u pgom.; 18- u3n. - Mockaa:
[Ipoceemenue, 2009, 2008. - 398, [1] c.

2. Msxkumes, . S1.®Ouzuka: yueb. musa 10 k. oOmeobpazoBar. ydpexaeHui: 0a30BbId U MPOduUIL.
ypoBuu / I'. 5I. Msikuies, b. b.

3. Owusmka. Mexanuka: 10 xi1.: mpouIbHBIA ypOBEHb: YUeOHUK /I 00111€00pa3oBar. yuapexacHui /
[banamos M. M. u np.]; mox pexn. I'. SI. Mskumesa. - 12-e u3n., crep. - Mocksa: [Ipocda, 2010. -
495, [1] c.

Jlononnumenvhasi:

1. ®upcos, A. B.®usuka s npodeccuii U crenuaibHOCTEH TEXHUYECKOTO U €CTECTBEHHO-HAYYHOTO
npoduneil : yuyeOHUK Ui Had. ¥ cpeld. mpod. obpaszoBanus / A. B. ®@upcos; nox pen. T. W
Tpodumonoii. - 4-e u3x., crep. - MockBa: Akagemust, 2012.

2. JImutpuena, B. ®.®uzuka ans npodeccuit U crenuaibHOCTEH TEXHUYECKOro mpoduis : ¢o. 3aaay:
y4eOHUK I Had. U cpell. nmpod. obpazosanus / B. @. JImurpuena. - MockBa: Akaaemus, 2012. -
255, [1] c.

3. KysnenoB C.1. CnpaBouHuk mo ¢usuke [DIeKTpOHHBIN pecypc]: yueOHoe mocobue mns CITO/
Kysuenos C.U., Porosun K.M1.— DnekTpoH. TekcToBble nannbie.— CapartoB: [IpodobpaszoBanue,
2017.— 219 ¢.— Pexxum nocrymna: http://www.iprbookshop.ru/66399.html.

Conep:xaHue ¥ NOPSI0K BBINOJHEHUS padoThI:
Kparkas Teopus:

N3ygyaemasi B JTaHHOM 9KCIIEPUMEHTE CHCTEMa COCTOUT U3 TPY3a, MPUBS3AHHOTO K HUTH, IPYron
KOHEI] KOTOpOW MpUKPEIUIeH K NpyXuHe IuHamomerpa. Korjga Teno BHUCHUT HAa HUTH, TO HUTh H
NpYXKUHA pacTIHYThl. PacTsokeHWEM HHUTH 10 CPAaBHEHUIO C PACTSDKEHHUEM TIPYKHHBI MOYKHO
npeneOpeus. Ecnu moansTh rpy3 B monoxkenue 1 (puc. 7.1), To aedopmanuu npyXUHBI HE OyIeT.
Crpenka TMHAMOMETpa HaXOJUTCS Y HYJIS, CICIOBATEIIBHO, TIOTEHITHAIbHAS YHEPTUS IPYKUHBI paBHA
Hymt0. Eciiu Tpy3 OTIyCTUTh, TO OH OyJET MajgaTh, pacTITUBas MPYKUHY.
a) 6) B)

puc. 7.1

27



Ecnu 3a HyJIeBOIl ypoBeHb OTCYeTa IIOTEHIIMANbHOM SHEPruy IIpH-
HATb TIOJIOXKeHHe 2 rpys3a Npd MaKCHUMAJBHOM pPACTAMEHHHM NPYXHUHBI
(puc. 7, 8), TO B NEPBOM MOJIO¥KEHHH cHCTeMa 00J1afaeT IIOTeHIIMAJIbHOU
SHepryveil rpysa B Iojie CHUJbI TSXKECTH, 4 BO BTOPOM — IIOTEHLMAJIbLHON
sHepruei nedopMHPOBAHHON mpykuHBI (cuutaem E, = 0 npu Al = 0).

ITycrs gnvHa HuTH [, a MAaKCHUMAaJdbHOE YIJUHEHHe IIPYKUHBL Al, Toraa
B IOJIO3KeHHH | moTeHuMaJIbHas 3Heprus cucremel E, = mg (I + Al), B no-
noxenuu 2 sHeprus E, = kAl?/2. 3pece m — macca rpysa, k — axecT-
KOCTh IIPYXXHUHBI, KOTOPAs HAaM Heu3BeCTHA.

MakcuMaJbHYIO CHIIY HATSMKEHHSA NIPYKHUHBI MOYXHO OIIpeleJIUTh C I10-
Moupio aunamomerpa. Ilo sakony I'yka F . . = kAL

Torpa E,=F, .. Al/2.

PaccmoTpuM mpoliecc IpeBpallleHMs 3JHEPruy IPd BePTHUKAJIbHOM
OBHMXXKEHUM lIapHUKa Ha Npy)KuHe. B Hauase ABUXKEHUs, KOTJa HIAPUK
OTNYILIEH, €ro IOTeHIHAJNBHAS 3JHEPrus IePeXOJAUT B KHUHETHYECKYIO
9HEepruio, 3aTeM, Korja Ipy)XuHa HadynHaeT Ae()OpPMHUPOBATHCH, CH-
crema obyagaeT M KUHETHYECKOIl 3HeprueM, U IOTEeHIHAJIbHOW 3Hep-
ryUei, ornpejejsieMOM CHJIOHM TSKECTH, ¥ IOTeHLHANLHOW 3Hepruei
nedopMHPOBAHHON Npy»XUHBI. [IpM 3TOM KMHETHYECKas SHEPrus yBe-
JMYHUBaAETCHA O TOT'O MOMEHTa, KOrja TeJji0 IPOXOAUT IIOJIOKEHHE paB-
HOBECUsI, B KOTOPOM KHHETUYECKAdA 3SHeprus rpys3a MaKCHMAaJILHAa.
3aTeM KHMHETHYEeCKAs 3HepPrus U IMOTEHIUAJIbHAA Heprus, 00yCIOBJIeH-
Hafi CHJIOM THMecTH, yOBIBAIOT, a IOTeHIHaJbHaf dHeprus aedopmu-
POBaHHOM [PY3XUHBI yBEJHYHBAETCSs [0 CBOEro MaKCHMMAaJIbHOIO 3Ha-
yeHusa. B nonoxkenum 2 cucremMa objazaeTrT TOJBKO IOTEHIIHMAIbHOMN
aHeprueil neopMUPOBaHHON NPYXHUHBI. B cleayoluii MOMEHT BpeMe-
HU KMHETHYeCKas dHepPrus u IIOTeHIHAIbHAS 3HEeprud B3aUMOJeHCTBUA
Tena ¢ 3eMJIeH HAYMHAIT YBEJIMYUBATHCH, 4 SHEPTUs NPYKHUHBI YMEHb-
maeTca. ITOT IIpoLlecC IPEeBpAIlleHHUsA OJHON MEeXaHUYEeCKOU 3Hepruu
B APYryI0 MOr Obl AJUTHCH CKOJB YTOAHO AOJITO, €CJH Obl OTCYTCTBOBA-
Ja CcuJla CONPOTHUBJIEHMA BO3AyXa U Npy)KuHa Obwia Obl abCOJIIOTHO
YIIPYTrou.

IIpoBeneHue onpiTa 3aTPYAHEHO Te€M, YTO TEJIO ABHUMKETCH AOCTATOYHO
ObICTPO, IIO3ITOMY NPABUJIBHO H3MEPHUTh YAJIMHEHUE NPYKHUHBI CJIOMHO.

Ilopsinok BbIMOTHEHHS PA0OTHI

1. CoOparb ycTaHOBKY, MOKa3aHHYI0 Ha pUC. 7.2. JTUHAMOMETpP NPHUKPENUTh K JIAlKe IITaTHBA,
NPUBSKUTE TPY3 K HUTH, a IPYrOi KOHEIl HUTH MPUBSIKUTE K KPIOUKY TUHAMOMETpA.

puc. 7.2
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N3meputs Bec rpy3a P. B nanHOM ciiydae oH paBeH cuie Tsokectu: P = mg.

W3meputs IIIMHY HUTH, K KOTOPOH IIPUBS3aH IPy3.

Ha HI>XKHIOIO CTOPOHY I'py3a HAHECTH HEMHOT'O Kpacku. Ha cToi moz rpy3oM noJoKuTe KapTOHKY.

[TogauMHTE TPY3 O TOYKH 3aKpEIUICHUS HUTH (CM. puc. 7.1.). W OTImycTUTE Tpy3.yOenuTech Io

OTCYTCTBUIO KpPackd Ha KapTOHKE, 4TO Ipy3 He KOCHyJcsa ee npu naaeHuu.(Ecam Ha xapToHke

0Ka3aJI0Ch MATHBIIIKO KPACKH, TO IOJHUMUTE My(PTY ILITATUBA BMECTE C TUHAMOMETPOM U TPY30M).

6. Jo6aBiuss 110 OJHON KapTOHKE, TOBTOPATH OMBIT A0 TEX MOP, I0Ka HAa BEPXHEH KapTOHKE MOSBUTCS
ISATHBIILIKO KPacKH.

7. B3sBumuCh 3a rpy3 pyKoH, pacTSHUTE NPYKUHY IO €ro CONPUKOCHOBEHHs C BEPXHEH KapTOHKOM.
M3MeppTe AMHAMOMETPOM CHIY YHOPYrOoCTH F yup max , @ JuHEHKOH pacTsbkeHue mpyxuHsl Al,
OTCUYUTBIBAA €r0 OT HYJIEBOTO AEICHUS IUHAMOMETPA.

8. BsrumciuTe BBICOTY, ¢ KOTOpoii maxaet rpy3: h = | + Al. OOpaTure BHHUMaHHE, YTO BHICOTY HAJI0
OTCUUTHIBAThH KAK IEPEMEIIECHNE HI)KHEW TOUKU Ipy3a.

9. PesynbTaThl U3MEpPEHUH 3aHecUTE B Ta0IUITY 7.1.

oW

Tabmuna 7.1
P, H I,m Al m h,m F yup max, H
10. Pe3ynpTarhl H3MEepeHNH 3anuImmuTe B Tabauiy 7.2.
Tabmuua 7.2
mg=P~H | AlLbm |h=l+AlwM Ey = mgh, JIx E>=F yup max Al, Ik

BriBoAbI M NpeNI0:KeHUS 110 JAHHOM JJadopaTopHOi padoTe: €CiiM B CUCTEME JIEUCTBYIOT TOJIBKO
KOHCGpBaTI/IBHI)IG CHIJIBI, TO ITOJIHAA 3HCpFI/I$I CUCTCMBI OCTACTCA HOCTO?IHHOI7L

KoHTpoJsbHbBIE BONIPOCHI:

1. TTosicuuTe, KaKue KOHCEPBATHUBHBIE CUJIBI IACHCTBYIOT Ha I'Py3, MOABELICHHBIN Ha MPYXHUHE.
2. IlosicauTe, KOr1a KNHETUYECKAsi SHEPTUs I'py3a MaKCUMAaJIbHA.

3. PacckaxuTe, Kakue HEKOHCEPBAaTUBHBIE CHIIBI IEHCTBYIOT Ha CUCTEMY.

4. ITosicHuTe, 4eM Mbl ipeHeOperaeM MpHu pacCMOTPEHNUHN 3aKOHA COXPAHEHHS SHEPTHH.

5. IlosicHUTE, MOTYT JIM IIOJy4YEHHBIE 3HAYEHUS TOYHO COBIIACTb.

6. MOHO 71 10 IOJTyYEHHBIM JJAHHBIM ONPEAEIUTh )KECTKOCTh MPYKUHBI?

JlabopaTopnasi pa6ora Ne 8

Tema: JxcnepumenTanbHoe ucciaexosanue 3apucumoctu p (T), V (T), p (V).

He.]'lb paﬁoTLI: HU3YUUTH TCOPUIO paCCMATPHUBACMOI'O BOIIPOCA, SKCIICPUMCHTAJIBHO MTPOBCPUTH
Ha NPaKTHUKE BBIITOJTHCHHUEC 06’I)e)II/IHeHHOFO Ta30BOro 3aKoHa.

YMeHusi M HaBbIKHM, KOTOpbIe¢ JOJKHBI NpHOOpecTH o00y4yalomuecs Ha 3aHATHH:
UCIONIb30BaTh  (U3MYeckue MNpuOOpbl, MPOBOAUTH HAONIOJNEHUS JUIsl  AKCIEPUMEHTAJIBHOTO
uccienosanus 3aBucumoctd  p(V), p(T), V(T), aHanmm3upoBaTh pe3yJbTaThl JKCIIEPUMEHTA;
o0pabaTbIBaTh pe3ysbTaThl U3MEPEHUH, J1e1aTh BbIBOJIbI HA OCHOBE MOJYUYEHHBIX IKCIEPUMEHTAIbHBIX
JTAHHBIX, CTPOUTH U YUTATh rpauKu U30MPOLIECCOB.

Harasignble moco0usi, o00opyaoBaHMe. TEOPETUUYECKUE MaTepualibl «3aKOHBI HEaTbHBIX
ra3oB»; MUKPOKJIbKYJIATOP.
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OINBITHAS ITPOBEPKA 3AKOHA BONJISI—MAPUOTTA

Coaep:xaHue ¥ OPSIA0K BBINOJIHEHUSI pad0ThI

Bonpocel Teopun, paccmaTpuBaeMble B J1a0opaTOpHOii padoTe:

OcHoBHble nosoxxerust MKT:

— BCE BEIIECTBA COCTOSIT U3 MOJIEKYJI K aTOMOB;

— MOJIEKYJIbI U aTOMBI BCEX BEIIECTB HAXOJATCA B BEUHOM XaOTHUYECKOM JIBU)KEHHH;

— MEXKIy MOJIeKyJJaMd W aTOMaMH BCEX BEIIECTB JEHCTBYIOT CHJIBI TPUTSKEHUS U
OTTAJIKUBAHUS, UMEIOIINE 3JIEKTPOMAarHUTHOE MPOUCXOKICHHE.

['paBuTanIMOHHOE B3aUMOICHCTBUE MEXKTY YaCTUIIAMHU TTPEHEOPEIKUMO MAJIO.

C toukxu 3penuss MKT uzaeanbHblil ra3 — 3T0 ras, Ipyu OMUCAHUU KOTOPOTO MOXHO NpeHeOpedb
CHJIaMH B3aUMOJECHUCTBUS MEKIY MOJIEKYJIaMH, a TaKXKe pasMepaMH CaMUX MOJIEKYI, BCE COYAAPEHUs
MOJIEKYJ MEXIy co00il M CTEeHKaMu cocyna SBISIOTCS aOCOMIOTHO ynpyruMu. Bee rassl mpu HM3KHX
JABJICHUSIX U MPU BBICOKUX TeMIlepaTypax OJIM3KH IO CBOIMCTBaM K HJI€aIbHOMY.

V
YPaBHeHI/Ie KnanerOHa I UACAJIBHOI'O ra3a: pT = CONst 1j11 HeM3MEHHOM MacCHI rasa.

B R S S |

Puc. 8.1

3akoH boinsg-Mapuorra: «1Ipu NOCTOSHHON TeMmIepaType NPOU3BEACHUE NABICHUS JaHHOU
Macchl ra3a 1 ero o0beMa €cTh BeJIMYMHA OCTOSHHAS!
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pV =const  wm P ﬁ»
P, V,

Ecnn B mumHAp ¢ BOJOW OMYCTUTh OTKPBITBIM KOHIIOM BHHU3 TPYOKY (CM. PHCYHOK), TO B
TpyOKy 3aiimer Bopma. J[laBieHue BO3gyXa B TPYOKE pPaBHO CyMME aTMOC(EPHOrO pury H
THPOCTATUYECKOTro JaBieHus: pgh cronba Boabl BEICOTOI N OT MOBEPXHOCTH BOJBI B TPYOKE 10 YPOBHS
BOJbl B cocyze. i ynpoleHus pacyeToB MOKHO HM3MEpATh JaBJI€HHE B MWIJIMMETPAX PTYTHOIO
cronba. Tak Kak IUIOTHOCTH BOABI B 13,6 pa3 MeHblIe IUIOTHOCTH PTYTH, JaBJICHHUE BO3/yXa B TPyOKe
MOYKHO BBIYMCIIUTH 110 (hopMmyie:

P=| Parm * .
aT™ 13,6

[T Pary — aTMOC(hEpHOE JIaBICHUE B MUJUIUMETPAX PTYTHOrO CTOJI0A, h — pa3HOCTh ypoBHEit
BOJIBI B COCYyZEe U TpyOKe, M3MEpeHHas B MIUIMMeTpax. [Ipu mocTosHHOI (KOMHATHOI) TemiepaType
Macca BO31yXa, 3aKJIIOYEHHOT0 B TPyOKe, OCTOSHHA, @ 00bEM U JaBJIECHUE BO3/yXa, 3aKIIOUCHHOIO B
TpyOKe, MOKHO U3MEHSTh, U3MEHsIsI [IIyOUHY norpyxenus: Tpyoku. O0bem Bo3ayxa B Tpyoke V = IS,
rae | — nimna cronba Bo3myxa; S — ruromanb ce4eHus TPYOKH.

[TockonbKy Mmiomaab MOMEPEYHOro CeueHUs: TPYOKH MOCTOsIHHA, TO 00BEM BO31ayXa B TpyOke
MPOMOPIMOHANIEH JUIMHE CcToji0a Bo3ayxa. IlosTomy oObeM BO3ayXa MOXKHO M3MEPSATH B YCJIOBHBIX
enuannax oovema: V = | y.e. CiaenoBaTenbHo, Asl MPOBEPKU 3akoHa boitnsga-Mapuorra 10CTaTOYHO
MIPOBEPUTH CIIPABEITTUBOCTH PABEHCTBA

H +L -| = const

OO6opynoBanme: CTEKISHHBIA IUIUHAP BhICOTON 30 cM, cTekisHHas TpyOka nmuHou 20-30 cm,
3aKpBITasi C OJJHOTO KOHIIA IJIACTHJIMHOM, CTaKaH, IUIACTUJINH, JIMHEHKa, 6apomerp-anepou 1 (OJUH Ha
KJIacc), ITATUB C JIAIKOW, BOJ]a KOMHATHOM TeMIepaTyphl.

IHopsinok BbIMOTHEHUS PA0OTHI

1. Cobpatb yCcTaHOBKY (CM. PUCYHOK).

2. U3ameputb 6apoMeTpoM aTMochepHOoe AaBlI€HHE B MM PT. CT.

3. Hsmeputrh 00beM BO3ayXa B CTCKISIHHOW TpyOKe (B YCJIOBHBIX CIUHHIAX IO JICICHUSIM
JIUHEWKH).

4. Tlorpyxast B BOIy TPYOKY OTKPBITBIM KOHIIOM BHHU3, H3MEPHUTH | OT ypoBHS BOBI B TpyOKe 10
IUTACTUJIMHA B TPYOKe (MOBTOPHUTH OMBIT BA-TPHU pa3a, U3MEHsIS TIIyOHHY TOTPY)KEHHsI TPYOKH).

5. Pe3ynbTaThl U3MEpEHUI U BHIYMCICHUN 3aHECUTE B TAOIUILY:

Tabmuma 1.

Ne ombiTa H, MM.pT.CT. h, MM I, Mmm C=(H+h/13,6)"I

6. Cnenarts BBIBOJ IO pe3yiibTaTaM J1ab0opaTOpPHOI paboTHI.
KonTposabHbie BOpockl
PackpeiTh cyTh ypaBHeHus Knanelipona-Menneneesa.
[TossicHUTH PU3MUYECKHI CMBICI MOJISIPHOM ra30BOM MOCTOSHHOM.
JlaTb omnpenenenue U30MpOIECCOB B UeaabHOM raze. ChopMyarpoBaTh ra3oBble 3aKOHBI.
[Tpu kakux ycloBusiX cripaBeasiuB 3akoH boins-Mapuorra?

A
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5. OOwsacHuTh 3akoH boinsg-MapuoTTa A U30TEPMUYECKOTO TPOoIlecca Ha OCHOBE MOJIEKYIISIPHO-
KMHETUYECKON TEOPHH.

6. OOBsicHUTE, MOYEeMYy MOCJe MOTPYKEHHUS CTEKISTHHOW TPYyOKHM B CTakaH C BOJON KOMHATHOM
TEMIIEPATypbl YPOBEHb BOJIbI B TPYOKE MOJHUMAETCS.

7. OObBsicHUTE, TOYEMY NPU PABEHCTBE YPOBHEH BOJbI B CTAKaHE U B TPYOKE JaBJCHHE BO3AyXa B
TpyOKe paBHO aTMOC(EpHOMY.

8. OObscHUTE, TOYeMy B JaHHOM paboTe MOXXHO H3MEpATh OOBEM BO3AyXa B YCIOBHBIX

eAMHULIAX.

OIIBITHAS ITIPOBEPKA 3AKOHA I'EM-JTFOCCAKA
Oo6opynoBanue: cTeKIsiHHAs TpyOka, 3amasHHAs € OJHOTO KOHIA, mauHon 600 MM u
nuamerpom 8—10 mwm; mmnuHApuueckuit cocyn BeicoTot 600 MM u auamerpom 40—50 wmwm,
HaIoJHEHHBIA Topsuedt Bomoit (I ~ 60°C); cTakaH ¢ BOJOH KOMHATHOH TeMIIepaTypbl; IJIACTHIIHH,
TEPMOMETP, JIUHENKA.

Bomnpocsl Teopun, paccmaTpuBaeMsblie B JjadoparopHoii padore: 3akoH I'eit-Jlroccaka: «/ls
ra3a TMOCTOSHHOM MacChl NpW IOCTOSHHOM JaBJICHMH OTHOIIEHHE O0beMa ra3a K aOCOJIOTHOMN
TEMIIEPaType €CTh BEIMYNHA MIOCTOSTHHAS

Vl

\Y
—1 =_% npu m = const, p= const.
Tl T2

Yrobsl mpoBeputh 3akoH ['eif-JItoccaka, m1ocTaTouHO M3MEPUTH O0BEM U TEMIIepaTypy rasa B
JIBYX COCTOSTHUSIX IIPH IMOCTOSTHHOM JIABJICHUH U MPOBEPHUTH CIIPABEAJIMBOCTh PABEHCTBA!

2

(e

Puc. 2

CrekinsHHas TpyOKa OTKPBITBIM KOHIIOM BBEpX MOMeEMIaeTcs Ha 3—5 MUH B HWIMHIPHYECKUN
COCyJl ¢ Topsiueit Bojoit (puc. a). B aTom cinyuae 06beM Bo3ayxa Vi paBeH 00beMy CTEKIISTHHON TPYOKH,
a TemmepaTtypa 71 — TeMmIeparype ropsdeil BoJbl. DTO MEPBOE COCTOSHUE BO3AyXa B TpyOke. UToOBI
IIpU IEPEeXoJie BO3/lyXa B CJEAYIOIIee COCTOSHUE €ro KOJWYECTBO HE M3MEHWIIOCh, OTKPBITHIA KOHEIl
CTEKJISTHHOU TpYOKH, HaxOJSIIEICsl B Topsiueil Boje, 3aMa3bIBalOT miuacTuianHoM. [locie atoro Tpyoky
BBIHUMAIOT M3 COCy/a C Topsdell BOJAOW W 3aMa3aHHBIM KOHEI OBICTPO OITYCKalOT B CTaKaH C BOJIOM
KOMHATHOW TemrepaTypsl (puc. 0), a 3aTeM Moj BOAOW CHMMAIOT IUIacTWiIMH. [lo mMepe oxiaxaeHus
BO3/IyXa B TpyOKe BOJia B HeW OyzaeT mogauMatbcs. [locne mpekpamieHus moabeMa BoJibl B TpyOke (puc.
B) 00beM BO3/1yXa B Hel cTaHeT paBHBIM V,<Vi, a AaBiIeHHE P =Pury—PYh. UTOOBI naBneHHE BO3MyXa B
TpyOKe CTajgo paBHBIM aTMOC(PEpHOMY, HEOOXOAMMO YBEIMUMBATH TIIyOMHY MOTPYKEHHsI TPYOKHU B
CTaKaH J0 TeX MOp, MOKa YPOBHU BOJABI B TPYOKE M B CTakaHe HE BBIPOBHAIOTCS (pHC. T). TO BTOPOE
COCTOSIHME BO3JyXa B TPYyOKe MpH TeMIiepaType [ OKpykawmiero Bo3ayxa. OTHomieHne 00beMOB
BO3/lyXa B TPyOKE B MEPBOM M BTOPOM COCTOSIHUSX MOXHO 3aMEHUTH OTHOIICHHEM BBICOT BO3JIYIIHBIX
CTOJIOOB B TPYOKE B 3THX COCTOSIHHSX, €CJIH CEYCHUE TPYOKHU TIOCTOSTHHO 110 BCEH JTHHE.
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[ToaToMy B paboTe HEOOXOMMO CPAaBHUTH OTHOIICHHS:
Il Tl

L, T,

JliiHa BO3YIITHOTO CTOJI0A U3MEPSETCS TMHEUKOU, TeMIIepaTypa — TEPMOMETPOM.

[IpoBegecHME DKCIEPUMEHTA, 06Da6OTKa PE3YIbTATOB.

[ToaroroBute Gnank oryera ¢ TabMUIEH (CM. TaOIMIlY) AJIS 3alMCU PE3yIbTATOB U3MEPEHUN H
BBIYMCIICHUM.
Tabnuua 2

|1‘ MM |2‘ MM Tl, K Tz, K |1/ |2 T1/ Tz

1. IloAroToBUTH CTaKaH C BOJOW KOMHATHOW TEMIEPATYPhI U COCY C TOPSYEH BOJOM.

2. H3meputb nuHelKo# uHy |1 cTekissHHON TPYOKH.

3. H3meputb TepMOMeTpOM TemrepaTypy 71 ropsiuel BOAbI B IHJIMHAPUIECKOM COCYIIE.

4. OTKpBITHIN KOHEL CTEKISIHHON TPYyOKH, HaXos1Ielcs B ropsiueil Boje, 3aMa3aTh IIAaCTUIMHOM.

5. BeicTpo onmycTuTh TPYOKY B CTakaH C BOJOW KOMHATHOH Temreparypsl (puc. 0), a 3aTeMm mop
BOJIOM CHSITH IJIACTHIIMH.

6. Usmeputs 1uHy 1 BO3IyHIHOTO cTo10a B TPYOKE M TeMIIepaTypy OKpy»Karoliero Bozayxa 7s.

7. Boruucnuts otHomeHust |y / lu T1/ T, v cpaBHUTH HX.

8. PesynbTaThl H3MEpEHUI U BHIYMCICHUI 3aHECTH B TAOIUILy 2.

9. Cpnenarp BBIBOJ MO pe3yiIbTaTaM SKCIIEPUMEHTA.

BoiBoabI M mpeasioKeHHs] MO JAaHHOH JiabopaTopHol padoTe: B JaHHOW J1aOOPAaTOPHOM
paboTe mIomaas MONEepPeyHOro Ce4eHusl TpyOKH NOCTOsIHHA, CIIE0BaTEeNbHO, AJIMHA CT0JI0a BO3/1yXa B
TpyOKe MpOoMopIHOHATbHA 00BEMY BO3/1yXa, MOATOMY 00BEM BO3/1yXa MOXHO H3MEpPSTh B YCIOBHBIX
enuHMIax oobema: V = | y.e., 4TO ynpoIiaer pacyersi.

KOHTpOJIbHI)Ie BOIIPOCHI

1. PackpeiTh cyTh ypaBHeHus Kianeiipona-MenzaeneeBa. IloscHuTh (usnueckuii  cMbica
MOJISIPHOM Ta30BOM MOCTOSIHHOM.

2. [latb ompenesneHne U30IpoIeccoB B uaeanbHoM raze. ChopMyaupoBaTh ra3oBble 3aKOHBI.

3. Tlouemy mocie morpyXeHus CTEKISTHHOW TPYOKH B CTaKaH C BOJOW KOMHATHOW TEMIIEpaTyphl U
1ocje CHATHS IUIACTUIIMHA BO/IAa B TPyOKe MOJHUMAETCs?

4. Tlouemy mpu paBEeHCTBE YpOBHEHl BOJbI B CTakaHEe U B TPYOKe JaBlieHHWE BO31yXxa B TpyOke
paBHO aTMoc(epHOMY?

JlaGopaTopnasi pa6ora Ne 9

Tema: U3mepeHne OTHOCHTEJIBHOM BJIAKHOCTH BO31yXa.

I_le.m, paﬁoTbI: OHpC,I[CJ'II/ITB OTHOCHUTCJIbHYIO BJIA’)KHOCTH BO31yXa B IIOMCILICHHUHU.

YMeHHusI M HABBIKH, KOTOPbIE J0JIKHBI IPHOOpecTH 00yYarouuecs: Ha 3aHATHM . IPOBOJIUTH
HaOJII0IeHNs, UCTIOIB30BaTh ICUXPOMETP ABIYCTa M TUTPOMETP, HAYYUTHCS C MOMOILBIO TICUXPOMETpPA
U TICUXPOMETPUYECKON TaOIMIIBI ONPENENITh BIAKHOCTh BO3JyXa B IMOMEIICHHUH, JeNaTh BbIBOJbBI Ha
OCHOBE ITOJTyYEHHBIX IKCIIEPUMEHTAIbHBIX JAHHBIX, 00pabaThIBaTh pe3yabTaThl U3MEPEHUH.

Harasignele mocoOusi, o6opyaoBanue:. Ilcuxpomerp (miena pgemenust tepmomerpa 0,2
rpaj/aen), KOHACHCAIMOHHBIH TUTPOMETp, TMCUXpOMETpUYecKass Tabnuia, Tabnuma JaBleHUs
HACBIIICHHBIX BOASAHBIX ITAPOB U UX INIOTHOCTH IIPH PA3JIMYHBIX TEMIICpAaTypax.
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IlepeyeHb UCNOJIb3yeMbIX HCTOYHUKOB:

Ocnosnas:

1. Mskumes, I'. S.®usuka: 11 ki1.: yaeOHUK u1si 0011e00pa3oBaT. yudpexacHU: 0a30BbId 1
npopwisHelid ypoBHH / 1. SI. Msxumes, b. b. BbyxosueB, B. M. UYapyrun; moxm pen.
B.W. HuxonaeBa, H. A. IlapdentbeBoii. - 17-¢ usn., mepepad. u mom.; 18-e m3a. - Mocksa:
[Ipoceemenue, 2009, 2008. - 398, [1] c.

2. Mskumes, I'. S.®usnka: yued. misa 10 k. oOmieoOpazoBar. ydpexaeHU: Oa30BBIA U
npodwi. yposuu / I'. SI. Msaxwumes, b. b.
3. Ousuka. Mexanuka: 10 ki1.. mpodrIbHBIA YpPOBEHB: YYEOHHK i1 00IIeo0pa3oBar.

yupexnenut / [banamos M. M. u np.]; mox pen. I'. 5. Msikumiesa. - 12-e u3z., crep. - Mocksa:
Hpoda, 2010. - 495, [1] c.

JlononnumenvHasi.

1. @upcos, A. B.Ousuka a1 npodeccuii U CnenuanbHOCTed TEXHUYECKOTO M €CTECTBEHHO-
Hay4yHOTro mpoduiel : yueOHHUK Ui Had. U cped. nmpod. oOpazoBanus / A. B. dupcos; nox pen.
T. U. TpopumoBoii. - 4-e usna., crep. - MockBa: Axkagemus, 2012.

2. Jmutpuesa, B. ®.®usuka 115 npodeccuii U CrienralIbHOCTEH TEXHUYSCKOTO Mpoduis : cO.
3a/1a4: y9eOHHUK I Had. U cpel. mpod. oopazoBanus / B. @. JImutpueBa. - MockBa: Akajemus,
2012. - 255, [1] c.

3. Kyszuernos C.M. CnpaBouHuk no (usuke [DIEKTpOHHBIA pecypc]: yueOHOe mocoOue Juist
CIIO/ Ky3uenoB C.M., Porozun K.MN.— DOnektpoH. TekcToBble aaHHble.— (Caparos:
[Tpodobpazosanue, 2017.— 219 ¢.— Pexum nocryma: http://www.iprbookshop.ru/66399.html.

Coaep:xaHue ¥ OPSIA0K BBINOJIHEHUSI Pad0ThI

Bonpocsl Teopuu, paccMmaTpuBaemble B j1adopaTopHoii padore: B armocdepe 3emiu Bcerna
colepkarcsi BOAsSHBbIe Tmapbl. X coaepkaHue B BO3AyXe XapakTepuszyeTcss aOCONIOTHOW U
OTHOCHUTEJIbHOW BIAXKHOCTBIO.

AOGcoutoTHas BJIQXXHOCTh P OINpENeNsIeTcss MacCcol BOASHOTO Mapa, cojepxkauierocs B | M
BO3/yXa, T.€. INIOTHOCTHIO BOJISIHOTO Napa MpH JaHHON Temieparype. AOCOIIOTHYIO BIa)KHOCTh MOYKHO
OTIpENIeNIUTh 110 TeMIepaType TOUKH POChl — TeMIepaType Mpu KOTOPOH map, HaXOISIIUIcS B BO3AyXe
CTaHOBUTCS HACBHIIICHHBIM. TeMmnepaTypa TOYKH POCHI OTPEACISIETCS ¢ MOMOMIBIO TUTPOMETPA, a 3aTeM
1o tabnuie «JlaBjaeHne HaChIIEHHBIX MTAPOB U UX MJIOTHOCTh MPHU PA3TUYHBIX TEMIIEpAaTypax» HAXOIAT
COOTBETCTBYIOIIYIO TEMIIEPAType TOYKE POCHI TUIOTHOCTh. HaiijieHHas TIIOTHOCTh M €CTh aOCOITIOTHAS
BJIAKHOCTh OKPYXKAIOIETro BO3IyXa.

OTHOCHTENbHAS BIAKHOCTh () TOKA3bIBAET, HACKOJBKO IUIOTHOCTH Iapa, COJCPKAIIETOCS B
BO3AyXe ONM3Ka WM JaieKka OT IUIOTHOCTH Py BOJISHOTO IMapa, HACKHIMAIOMIETO BO3AYX TPHU JaHHOU
TeMIeparype:

o=-"F"100%.
Pu

[IcuxpomeTp C€OCTOMT U3 JBYX TEPMOMETPOB: CYXOro H
cMoueHHoro. PesepByap oOJHOrO U3 HHX OCTa€rcd CYXHM, H
TEMPMOMETpP TOKa3bIBa€T TEMIIEpaTypy OKPY’KAIOIIET0 BO3yXa.
PesepByap apyroro oOMOTaH TMOJOCKOW TKaHW, KOHEI[ KOTOpOM
omyiieH B Boay. Boma wucmapsiercs, Onmarojaps ueMy TEPMOMETP
oxjaxaercs. Uem Oosiblie OTHOCUTEIbHAS BIAXKHOCTH BO3/lyXa, TEM
MEHEEe HHTEHCHUBHO WAET MHCIApEHHE U TEM MEHbIIE pPa3HOCTb
MOKa3aHUN CyXOro U CMOYEHHOTO TEPMOMETPOB
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[Ipu oTHOCUTENBHOU BiakHOCTH paBHOM 100% Bona He OyAeT ucmapsTcs U MOKa3aHUs 000X
TEPMOMETPOB OyAyT OIMHAKOBHL [l0 pa3sHOCTH TemmepaTyp CyXOro U CMOYCHHOTO TEPMOMETPOB C
MOMOIIbIO ICUXPOMETPHUUECKUX TaOJIHI] ONpeiesieTcss OTHOCUTENbHAS BIAYKHOCTh BO3AYXA.

Pabora ¢ ncuxpomerpom.

ITopsinok BbINOJIHEHHUSI PAa0OTHI:

1. Omnpenenuth TeMmepaTypy Bo3ayxa B IOMEIICHHUH 10 MOKA3aHMSIM CYyXOr0 TEPMOMETPA.

2.1IpoBepuTh HaNMMuyue BOJBI B pe3epByape ICHUXPOMETpa U MPU HEOOXOAMMOCTH JOJIHUTH €€.
Y06enuthbes, 9To BOJIa CMauMBaET BCIO MapIIi0, OXBATHIBAIOIIYIO IIIAPUK TEPMOMETPA.

3. BepkmaB 10-15 muHyT (1MOKa IMOKa3aHWs BIAXHOTO TEPMOMETpa IMEPECTaHYT H3MEHSTHCH),
OTIPEICIIUTh TIOKa3aHUsI CMOYEHHOT'O TEPMOMETPA.

4. BplUMCIUTH PA3HOCTh IOKAa3aHMM CyXOr0 M CMOYEHHOTO TEPMOMETPOB M IO
ncuxpomerpudeckoi Tabmure No 6 onpenenuTh OTHOCUTEIBHYIO BIAKHOCTh BO3IyXA.

5. PesynbpTaThl U3MEpeHUH U BHIYMCICHUN 3anucaTh B Ta0miy Ne 3.

Tabmuua 3

IToka3zaHus TEPMOMETPOB Pasnocth mokazanuii | OTHOCHTEIbHAS BIIAXKHOCTH
CyXOro CMOYEHHOI0 TEPMOMETPOB BO3/yXa
0 0
t,°C t,C te—tou 0, %

6. Cnenath BBIBOJ 110 pe3yibTaTaM MPOJeIaHHON pabOTHI.

PaboTa ¢ KOHIEHCAUMOHHBIM THTPOMETPOM.

ITopsinok BeINOJIHEHHS PA0OTHI:

1. 3mepuTth TEMIiepaTypy OKpYXarollero Bo3ayxa.

2. TmaTenbHO NPOTEPETh TKAHBIO MOJIUPOBAHHOE IHO U KOJIBLIO TUTPOMETpA.

3. HamomHUTE KaMepy TUTpoMeTpa JIETydell JKUIKOCTHIO (AMATHIIOBBIM dpupoM 3-4 cM) C TaKUM
pacyéTrom, 4YTOObI IAPUK TEPMOMETPA ObUT MOTHOCTHIO MOTPYKEH B FQUP.

4. YcTaHOBUTH TEPMOMETP B KaMEpPY TUTPOMETPA.

5.Ilpu momomM Trpymu MNpoayBaTh BO3AyX uepe3 HPUp U CIeIuTh 3a IOJUPOBAHHOM
MOBEPXHOCThIO CTEHKHM KaMepbl, CpPAaBHHBAs C IOBEPXHOCTHIO KOJbIA. 3aMETHUB IMOSBICHHE POCHI
(HavaJIo 3aMmOTEBaHN), 3aIMCATH TEMIIEPATYPY, COOTBETCTBYIOIIYIO TOYKE POCHI t .

6. Cpa3y mocie OKOHYaHUs pabOTBhl C THTPOMETPOM TIIATEIHLHO MPOBETPUTH MoMeIeHue !

7.11o Tabmuie 5 onpeneauTh MIOTHOCTh Mapa COOTBETCTBEHHO IPU TEMIIEpaType TOUYKH POCHI U
KOMHATHOM.

8. BEIUHCIIUTh OTHOCUTENBHYIO BIAXKHOCTH 110 (hOopMyJIe: Q= P 100%.
P
9. Pe3ynbTraThl U3MEpEHH 1 BBIYMCICHUN 3anucath B Tabnuiy Ne 4.
Tab6mnuna 4.
Temnepatypa [TmoTHOCTB InoTHOCTH OtHOcHUTENbHASA
BO3/yXa B Touka pocel, | HAaCBILIEHHOTO Mapa HACBIIIEHHOT0 Tlapa BJIQKHOCTh BO3JlyXa
MTOMEIICHHUH, npu Temmeparype tp, npu Temreparype t,
t,’C tp,,’C p, 10k’ py. 103k P, %

10. C,Z[CJ'IaTB BBIBOJI IO PE3YyJIbTATaM 3KCIICPUMCHTA.

Tabmuia Ne 5. JlaBrieHue HaCBIIIEHHBIX BOJSHBIX MMAPOB U UX MIIOTHOCTh MPHU PA3IUYHBIX

TeMIepaTrypax
t,°C P, KI1a p 10 kr/m® t,°C P, Kl1a P, 10;
’ ’ ’ ’ H' KI/M
-10 0.260 2,14 16 1,813 13,6
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-5 0,401 3,24 17 1,933 14,5

-4 0,437 3,51 18 2,066 15,4

-3 0,476 3,81 19 2,199 16,3

-2 0,517 4,13 20 2,333 17,3

-1 0,563 4,47 21 2,493 18,3

0 0,613 4,80 22 2,639 19,4

1 0,653 5,20 23 2,813 20,6

2 0,706 5,60 24 2,986 21,8

3 0,760 6,00 25 3,173 23,0

4 0,813 6,40 26 3,359 24,4

5 0,880 6,80 27 3,559 25,8

6 0,933 7,30 28 3,786 27,2

7 1,000 7,80 29 3,999 28,7

8 1,066 8,30 30 4,239 30,3

9 1,146 8,80 40 7,371 51,2

10 1,226 9,40 50 12,33 83,0

11 1,306 10,0 60 19,92 130,0

12 1,399 10,7 80 47,33 293

13 1,492 11,4 100 101,3 5908

14 1,599 12,1 120 198,5 1123

15 1,706 12,8 160 618,0 3259

Tab6muma Ne 6. Tlcuxpomerpuueckas Tadauia
ITokazanmns
CyXOro Pa3zHocTh mokazaHuii cyxoro u BIaXHOTO TEPMOMETPOB
TePMOMETpa
K oc 0 1 2 3 4 5 6 7 8 9 |10 | 11

273 0 100 | 82 63 45 28 11 - - - - -
274 1 100 | 83 65 48 32 16 - - - - - -
275 2 100 | 84 68 51 35 20 - - - - - -
276 3 100 | 84 69 54 39 24 10 - - - - -
277 4 100 | 85 70 56 42 28 14 - - - - -
278 5 100 | 86 72 58 45 32 19 6 - - - -
279 6 100 | 86 73 60 47 35 23 10 - - - -
280 7 100 | 87 74 61 49 37 26 14 - - - -
281 8 100 | 87 75 63 51 40 28 18 7 - - -
282 9 100 | 88 76 64 53 42 31 21 11 - - -
283 10 100 | 88 76 65 54 44 34 24 14 4 - -
284 11 100 | 88 77 66 56 46 36 26 17 8 - -
285 12 100 | 89 78 68 57 48 38 29 20 11 - -
286 13 100 | 89 79 69 59 49 40 31 23 14| 6 -
287 14 100 | 90 79 70 60 51 42 33 25 17 | 9 -
288 15 100 | 90 80 71 61 52 44 36 27 20| 12 | 5
289 16 100 | 90 81 71 62 54 45 37 30 22 | 15| 8
290 17 100 | 90 81 72 64 55 47 39 32 24 | 17 | 10
291 18 100 | 91 82 73 64 56 48 41 34 | 26 | 20 | 13
292 19 100 | 91 82 74 65 58 50 43 35 29 | 22 | 15
293 20 100 | 91 83 74 66 59 51 44 37 30 | 24 | 18
294 21 100 | 91 83 75 67 60 52 46 39 32 | 26 | 20
295 22 100 | 92 83 76 68 61 54 47 40 34 | 28 | 22
296 23 100 | 92 84 76 69 61 55 48 42 36 | 30 | 24
297 24 100 | 92 84 77 69 62 56 49 43 37 | 31 | 26
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298 25 100 | 92 | 84 77 70 63 57 50 44 | 38 | 33 | 27

299 26 100 | 92 | 85 78 71 64 58 51 45 | 40 | 34 | 29

300 27 100 | 92 | 85 78 71 65 59 52 47 | 41 | 36 | 30

301 28 100 | 93 | 85 78 72 65 59 53 48 | 42 | 37 | 32

302 29 100 | 93 | 86 79 72 66 60 54 49 | 43 | 38 | 33

303 30 100 | 93 | 86 79 73 67 61 55 50 | 44 | 39 | 34

BouiBoabl M mpepJio:KeHHsl MO JaHHOU JiabopaTopHoil padore: [lo pasHocTu Temmeparyp
CyXOro ¥ CMOYEHHOTO TEPMOMETPOB C MOMOIIBIO MCUXPOMETPUUYCCKUX TAOIHI] MOXKHO OIPEICIHUThH
OTHOCHUTEIIbHYIO BIQXKHOCTh Bo3ayxa. [lcuxpomeTpsl 00bIYHO UCHOIB3YIOT B CiIydasX, Korjaa Tpedyercs
JIOCTaTOYHO TOYHOE U OBICTPOE ONpeeNICHUE BIaKHOCTU BO3TyXa.

KonTpoJsbHbIe Bonpockl

1. Pacckazarh 0 HACBIILIEHHOM I1ape, ero CBOMCTBAX.

2. Jlatb onpenenenre abCONMIOTHON U OTHOCHTEIBFHOW BIAXKHOCTH BO3/yXa, TOUKH pockl. KakoBo
MpeesIbHOE 3HAU€HUE OTHOCUTENIbHON BIAXKHOCTH?

3. Kakyro BenmMunHy U3MEPSIOT C IIOMOIIBIO IICUXpOMeTpa?

4. Kak M3MEHHUTCS pPa3HOCTh IOKa3aHUM CYXOro W BIQKHOTO TEPMOMETPOB IICHXPOMETpa C
YBEJIMYEHUEM OTHOCUTENIBHOM BiIaXHOCTM? MOrYT 1M T1OKa3aHUS «CYXOro» U «BIAKHOIO»
TEPMOMETPOB 0Ka3aThCsl OJAMHAKOBBIMU?

5. B repMernuecku 3aKpbITOM COCyJ€ HaxoAsTcsi BoAa M BoAsHOM map. Kak wusMeHurcs
KOHLIEHTpalus MOJIEKYJI BOJSHOIO [lapa MpU HarpeBaHUuu cocyaa’?

6. IloyeMy mpu mpoayBaHWW BO3AyXa uYepe3 A(PHUp Ha IOJMPOBAHHON IMOBEPXHOCTH Kamephl
rurpomMeTpa nossisercs poca? B kakoil MOMEHT NOsIBIIsIETCs poca?

7. Tloyemy mocie skapKoro AHs poca ObiBaeT Hanbosee 00MIbHOMI?

8. OOBSICHUTDH (HU3HUECKYIO TPUPOIY UCTIAPEHHUS U KOHICHCAIIUU.

JladopaTopnasi pa6ora Ne 10

Tema: UcciieqoBanue arperaTHbIX nNpespameHuii. Pacyer kojmmyecTsa TenyioTbl, He00X0AUMOI0
AJI Iepexo/1a U3 TBEPA0ro COCTOSIHUSA BEIeCTBA B 'KUIKOE

IIe.m; paﬁoTLI: OMPCACIIUTE KAJIOPUMETPHUICCKUM MCETOIAOM YACIbHYIO TCIUIOTY IUIABJICHUSA
JbpAaa.

YMeHusI M HaBbIKHM, KOTOpPble [JO0JKHbBI NpPHOOpPecTH o0y4yalolmuecss Ha 3aHATHH:
UCIIOJIb30BaTh (PU3MYECKHE MPUOOPHI: KATOPHUMETP, TEPMOMETP, CEKYHIOMED, COOMPATh YCTAHOBKY IS
oTpezieNieHUs] KOJIMUECTBA TETIOTH, HEOOXOAMMOTO ISl TIepeXxo/ia U3 OJTHOTO arperaTHOrO0 COCTOSHUS
BelecTBa B ipyroe. OOpabaThiBaTh pe3yabTaThl K3MEPEHUMN.

Haruasignelie moco0usi, 0600py10BaHue. TEOPETHUECKUE MaTepHalibl «ATpEraTHble COCTOSIHHS
BemecTBa. Das3oBbie MEpPEXoNbl»; KalopuMmeTrp (BHYTpeHHUHM crakaH: macca 80 1, marepuan —
ATIOMHUHUI) ¢ MEIaIKOM, BEChl, MEPHBIN CTaKaH, TEPMOMETP, CEKYHIOMEP, MUKPOKAJIBKYISATOP.

IlepeyeHb UCNOIb3yeMbIX HCTOYHUKOB:
Ocnosnas:

1. Mskumes, I'. S.@usmuka: 11 xi1.: yueOHUK 11si 0011e00pa3oBaT. yupexaeHui: 0a30BbId 1
npopwibHelid  ypoBHH / I'. SI. Msakumes, b. b. Bbyxosues, B. M. Yapyrun; nox pen.
B.M. HukomaeBa, H. A. IlapdentbeBoit. - 17-¢ uza., mepepad. u pgom.; 18- u3n. - Mocksa:
[Ipocsemenue, 2009, 2008. - 398, [1] c.

2. Mskumes, I'. S.®usuka: yued. mis 10 k1. oOmieoOpa3zoBar. ydpexaeHU: 0a30BBIA U
npodw. yposuu / I'. SI. Mskumes, b. b.
3. Ousnka. Mexanuka: 10 ki1.. mpodwIbHBIA YpOBEHB: YYEOHHK Il 00IIe00pa3oBart.

yupexaenuit / [banamos M. M. u ap.]; mox pen. I'. SI. Makumesa. - 12-e u3a., crep. - Mocksa:
Hpoda, 2010. - 495, [1] c.
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ﬂOnOﬂHumeﬂbHClﬂ:

1. @upcos, A. B.Ousnka a1 npodeccuii U cnenuanbHOCTe TEXHUYECKOTO M €CTECTBEHHO-
Hay4HOro mpoduiierd : yueOHUK I Had. U cpel. mpod. oOpazoBanms / A. B. @upcos; moxa pe.
T. . TpodumoBoii. - 4-e uzn., crep. - Mocksa: Akagemus, 2012.

2. Hmutpuesa, B. ®.®usuka 115 npodeccuii U CrenuaibHOCTeH TEXHUYECKOTO MpoduiIs : cO.
3ama4: y4yeOHUK s Had. u cpea. npod. obpazosanus / B. @. JImurpuena. - MockBa: AkaneMus,
2012. - 255, [1] c.

3. Kyznernos C.M. CnpaBouHuk no Qusuke [DIEKTpOHHBIA pecypc]: yueOHOe mocodue Jist
CIIO/ Kysuenop C.U., Porosmun K.M.— DOnektpoH. TekcToBble naHHbIe.— Caparos:
[Tpodobpazosanue, 2017.— 219 ¢.— Pexum gocrymna: http://www.iprbookshop.ru/66399.html.

Coz[epmafme H MOPAJTOK BBINNOJITHEHUSA paﬁoTbI:

Bonpocsl Teopuu, paccMaTpuBaeMble B IpakTu4eckoil padore: Kpyrossie nporiecchl (IIUKIIbI),
OpU TPOTEKAHWU KOTOPBIX B OKPYXKAIOLIEH cpele OCTaloTcs Kakue-TM0O W3MEHEHHs, Ha3bIBaIOTCS
HeoOpaTuMbIMH. HeoOpaTumble mpoueccsl MOTYT CaMOIPOM3BOJBHO IIPOTEKaTh TOJIBKO B OIHOM
HanpasieHnd. Hampumep, HeoOpaTUMBIMU SIBIISTFOTCS: TIEPEXOJ TEIUIa OT HarpETOro Tela K X0JI0JHOMY,
muddy3us, pacliMpeHue raza B IMycTOTY, BbIpaBHUBaHUE TemIiieparypsl U T.1. IlycTh m3onmpoBaHHas
CHUCTEMa COCTOMT M3 JBYX Te€ll C Pa3jIu4HOM TEMIEpaTypod B HA4aJbHBIH MOMEHT BpeMeHU. B Hen
Oyzaer mpoTekarhb Ipolecc Teronepeiayu, MpUBOASIILIMI K BRIpaBHUBAHUIO TemnepaTypsl. [locne Toro,
KaK TeMIleparypa o0OMX TeJl CTaHeT OJMHAKOBOM, cucTema OyJeT OCTaBaThCsl B TAaKOM COCTOSIHUU
HeorpaHuueHHo Aoiaro. IlosToMy B M30JMpPOBaHHON CHCTEME HEBO3MOXKEH IPOLIECC, B pe3yibTare
KOTOPOTO TeMIIEpaTypa OJHOTO U3 OJIMHAKOBO HATPETHIX TEJ CTasia ObI OOJIBIIE WM MEHBIIE IPYTOTO.

B nanHoil pabote nmpesiaraercsi U3MEpUTh KOJIMUYECTBO TEIJIOThI, HEOOXOIUMOE AJIs epexonia U3
OJIHOTO arperaTHOro COCTOSIHUSI BEIlECTBAa B JpYyroe Ha IpuMmepe IulaBieHus Jjpna. Kamopumerp
COCTOUT U3 JIBYX CTAKaHOB, pa3/IeJIEHHbIX BO3IYLIHBIM CJI0eM. JIHO BHYTPEHHEr0 CTakaHa OTAEJIEHO OT
BHEIIHET0 NoJCcTaBKoi. Hamnyue BHEIIHEro ctakana KaJlopuMeTpa M03BOJISIeT YMEHbLIATh TEMJI000MEH
COJIEPKMMOT0 BHYTPEHHETO COCY/1a C BHEIIHEN Cpefioil U CUMTaTh CUCTEMY TeJ TEeIUIOM30JUPOBaHHOM.

Ilycth Kycok npaa maccoir M, npu Temnepatype 0°C morpyarT B KaJOpUMETP C BOAOW, Macca
KOTOpOM My, a Temneparypa to. [lnaBienue npna u HarpeBaHue MOIYYEHHON U3 HETO BOJBI IPOUCXOAAT
3a CU€T OXJIAKJEHUS KaJOpUMETpa C BOJOMU, B pe3yJIbTaTe Yero TemrepaTypa cMecH (MCXOIHOM BOJIBI U
pacTasBIIEro JbJia) B KaJJOPUMETPe MOHM*KaeTcs 10 1.

3aKOH COXpaHEHUs W MPEBpAIICHUsS SHEPTUU B 3TOM Cllydyae MpeJCTaBiseT coO0OW ypasHeHue
mennogozo Oananca (anrebpanyeckas CyMMa TeIJIOThl, MOJTYYEHHOW WM OTAAHHOW TelaMmH, B
3aMKHYTOM CHCTEME paBHa HYJIIO):

my, 7\4n My ¢y (tl - 0) = (mB Cpt My CK)( t0 - tl) (1)

rje M, — macca JIbJa Wi BOJbl, 00pa30BaBLICHCS 30 JIbAA; Ay, — YAEIbHAs TEIUIOTa IUIaBJICHHS
mbaa; c=4,2-10%x/(kr-°C) — yzenbHas TemmoéMKOCTE BOBL, M, — MAcca TErUIoil BOBY; to— HadambHas
TeMIepaTypa KalopuMeTpa M BOIBL, Me— Macca Kagopumerpa u memanku, c,=920/Lx/(xr-’C) —
yleNbHas TEIIOEMKOCTh AIFOMUHUS, W3 KOTOPOTO HW3TOTOBIIEH KallopuMeTp; i — MUHHMaIbHAs
TeMIeparypa cMecu (BOABI M PacTasiBIIETO JIb/A).

Otcrona:

/an _ (mBCB + mKCK)' (to _tl) —c,t, 2

m

B
IHopsinok nposeneHusi padéoThl

1. Hanmute BO BHYTpeHHMH cTakaH KamopumeTpa 100 MJ BOABI M C MOMOIIBIO TepMOMETpa
OTIPEeNIeNIATh HAaYaIbHYIO TEMIIEpPaTypy BOJBI U Kaopumerpa t, mepen ormyckaHueM Jibaa (JKenaTelbHo,
4yT0OBI Temneparypa t, Obi1a Ha 4—5 TpagycoB BbIllIE KOMHATHOM).

2. OnycTuTh B BOJY, HAaXOISIIYIOCS B KaJOpPHMETpE, HAuaBIIME TasATh KYCOYKH JIbJa OOIIeH
Maccou my.
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3. CnenuTh 3a MOKa3aHUSIMU TEPMOMETpPA /10 TEX MOp, MOKA HE 3aKOHUYUTCS IMPOLECC IJIaBICHUS
JbAa M TOKA3aHUs TEPMOMETpa MEPECTaHyT M3MEHSATHCSA. 3amucaTh YCTAaHOBUBIIYIOCS TEMIIEPATypy
cMecH ti.

4. Pe3ynbTaThl U3MEPEHHI 3aHECTH B Ta0HILy 7.

5. Ha ocHOBaHMM TOJyYEeHHBIX JaHHBIX 1O ¢opMysne (2) paccuuTaTh YIAEIbHYI TEIUIOTY
IUTaBJICHUS JIbJIA.

Tabmuia 7

Nermm | mg, kr | My, kr | My, kT | to, °C | t1, °C Cro I[)K/(KF-OC) Cs, IL)K/(KF-OC) Aoy JIOK/KT

6. Caenath BBIBOJ IO pe3ylbraTaM dKcrepuMeHTa. CpaBHUTH MOJTYYCHHE 3HAYCHUE YICIBHON
TEIUIOTHI IUIABJIEHUS JbJa ¢ TAOJMYHBIM: A, = 333.10° JIx/KT.

BbiBoABI M MpeNJIOKeHUsI M0 JTAHHOH J1adopaTopHOil padoTe: Ipu Nepexoie BEUIECTBA U3
OJIHOTO arperaTHOro COCTOSIHMSI B JIpyro€ €ro macca HE H3MEHseTCs: Macca JibJja U BOJBbI,
oOpa3oBaBIleiics W30 JibJla, OJUHAKOBBL. Tak Kak pa3HOCTb TeMIepaTyp, M3MEpEHHas IO IIKaie
HCJIBCI/IH U 110 IIKaJIe KCJII)BI/IHa, HUMECT OAMHAKOBOC 3HAYCHHUEC, TO B [[aHHOfI pa60Te MOKHO U3MEPATH
TEeMIEpaTyphl TeJ, YIaCTBYIOUINX B TeIiooOMeHe, B rpanycax Llenbcus.

KOHTpOJ’[beIC BOITPOCHI
. Z[aTL OIIpCACIICHUC (1)33]51 BCIICCTBA.
. Ommcarp KHUAKOC COCTOAHUEC BECUICCTBA.
. Onucatp KpUCTAJTININYICCKOC COCTOSAHUC BCIICCTBA.
. I[aTI) OMpeaACIICHUEC TCIIIIOEMKOCTH, YIIGHLHOﬁ TCIINIOEMKOCTH.
. 3ammcarth YpaBHCHHE TCIIJIOBOT'O OanaHca.

O~ wN PR

JlabopaTopnas padora Ne 11

Tema: Onpenesienne K0O3(pPUIHEHTA MOBEPXHOCTHOI0 HATSIKEHUS )KUAKOCTH METOA0M OTPbIBA
KOJIbLA

Heab padorbi: M3y4nTh MEXaHUYECKHE CBOWCTBA JKHUJKOCTH, SKCIIEPUMEHTAIBHO ONPEIEIUTh
KO3 (UIIMEHT MOBEPXHOCTHOI'O HATSHKEHUS KUJKOCTH.

YMeHus1 M HaBbIKHM, KOTOpbI¢ JOJKHBI NpHOOpecTH 00y4yalomuecs Ha 3aHATHH:
UCMOJb30BaTh (hu3nueckue NpUOOPHI, ONpeNeNiaTh ILEeHY JAeIeHHUS HW3MEPUTENIbHBIX HpPHUOOPOB;
ornpenenuTh K03 PUIMEeHT MOBEpXHOCTHOTO HATsKEHUs BoJbl. OOpaldaThiBaTh pe3yabTaThl U3MEPEHHI,
JieNaTh BBIBOJIBI HA OCHOBE MOIYYEHHBIX 3KCIIEPUMEHTAIbHBIX JaHHBIX.

OobOopynoBanue: Iccinenyemass KUIKOCTB — BOJA; COCYH; KOJIBIIO; JHHAMOMETP;
HITAHT€HIIUPKYJIb.

Ilepeyens UCMOIb3yeMbIX HCTOYHUKOB
OcHoenas:
1. I'.4d. Mskumes, b.b. byxoBues, H.H. Corckuii, ®umsuka 10 xmacc, y4eOHHUK Ui
00111e00pa30BaTENbHBIX YUPEXKISHHH 0a30BbIi 1 MpoQrIbHBIN ypoBHU, M.: [IpocBemenue, 2013 rog.
2. Ouzumka mns npodeccHidi W CIENHaTbHOCTeH TEXHUYECKOTO W eCTECTBEHHO-HAYyYHOTO
npoduieit: yaeOHUK 11 00pa3oBaT. yUpexACHUN Had. U cpell. nmpod. oopazoBanus/A.B. ®upcos; moxa
pen. T.. Tpopumoroii. — 3-¢ u3j., crep. — M.: M3narensckuii ieHTp «Akamemus», 2013. — 432¢
3. JlaGopatopubiii mnpaktukym 1o ¢usuke/ C.B. CrenanoB, C.A. CMmupHOB; moa pen.
C.B.CTtenanoBa. — M.: DOPYM: UH®PA-M, 2013. — 112 c.: un.— (IIpodeccuonansHoe o6pazoBaHue).
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JlononnumenvHasi:
1. ®wuswuka. [Togpodubie oTBeTH Ha 3amaHusi EI'D m pemenue tumoBsix 3amad: 10-11 kmaccer/

N.JI.Kacarkuna.— PocroB u//l: ®enuke, 2013.— 509, [2] c.: wi.— (bonbpias nepemeHa).
2. Cawmoiinenko [1.1. ®usuka ns npodeccuii U crennuaibHOCTEH COUaIbEHO-DKOHOMUYECKOTO U
TYMaHUTapHOTO MpoduiIeii: y9eOHUK I CTY/l. YUPeKACHH cpell. mpod. oOpasoBanus. — M., 2014.

Couepma}me U NNOPAAOK BBINMMOJTHCHUS paﬁoTbl

Bonpocs! Teopuu, paccmaTpuBaeMble B J1a00opaTopHOli padore:
HaubGonee naTEpecHOi 0COOEHHOCTBIO KUIKOCTEH SBISETCS HAINYUE C80O0O0HOU NOBEPXHOCTIU.

XKuagkoctn, Tak Ke Kak M TBepAble Tena, 00JagaloT OOoNbIIOH OOBEMHOW YIPYroCTHIO, T.C.
COIIPOTHUBIIAIOTCS W3MEHEHHIO CBOEro o0beMa, HO, KaK W ras3bl, HE OONAJa0T YHPYrocTbio (OPMBI.
Kuakocte, B OTIMYME OT ra30B, HE 3alOJHSIET BeChb O0BEM COCy/Aa, B KOTOpBII OHa HAaJHTA.
[ToBepXHOCTH KUAKOCTH, CONPUKACAIOMICHCS C IPYTrOi CPeloii, HapUMep ¢ ee COOCTBEHHBIM ITapoM, C
KaKOW-TTHOO0 JPYroM JKUIKOCTHIO WM C TBEPABIM TEJIOM (B YaCTHOCTH, CO CTCHKAMHU COCY/a, B KOTOPOM
OHa COZICPIKUTCS), HAXOAUTCS B OCOOBIX YCIOBHUSIX [0 CPABHEHHIO C OCTATBHON MAcCOM JKHIKOCTH.

BozHukaior 3TH 0co0ble yCIOBHS MOTOMY, YTO MOJICKYJIBI MOTPAHUYHOTO CIIOS KHIKOCTH, B
OTJIMYUE OT MOJIKYN B €€ IIyOWHe, OKPYKEHBI MOJICKYJIaMH TOM K€ JKUAKOCTH HE CO BCEX CTOPOH.
YacTte «cocenei» NOBEPXHOCTHBIX MOJIEKYJI - 3TO YaCTHULBI BTOPOW Cpelbl, ¢ KOTOPOM >KMIKOCTb
rpannuuT. OHa, 3Ta cpesia, MOKET OTIMYATHCS OT KUIAKOCTH KaK IPUPOJIOH, TaK U MIIOTHOCTHIO YaCTHII.
MMmes xe pa3HbIX cOCENEH, MOJIEKYJbl IOBEPXHOCTHOIO CJI0S1 U B3aUMOJEUCTBYIOT ¢ HUMH Pa3JIMYHbIM
oOpazom. IlosTtoMy cuibl, neHcTByIOIME Ha KaXAyl0 MOJEKYJIy B 3TOM CJIO€, OKAa3bIBAIOTCS
HEYPaBHOBEILIEHHBIMU: CYIIECTBYET HEKOTOpas paBHOJCHCTBYIOIAs cuja, HampaBieHHas JMOO B
CTOpPOHY oObeMa >KHJKOCTH, MO0 B CTOPOHY OOBbeMa rpaHuvalieil ¢ Heil cpeapl. BeneacrBue storo,
nepeMelleHle MOJIEKYJIbl U3 TOBEPXHOCTHOTO CJIOS B IIyOb JKUIKOCTH WM B INIyOb Cpeibl, C KOTOPOH
OHA TPaHUYUT, COTIPOBOXKAAETCS COBEPILIEHUEM PaOOTHI (BHYTPHU KUAKOCTU MOJIEKYJIbI, CO BCEX CTOPOH
OKpYKEHHbIE€ TOYHO TAKUMH K€ YaCTUI[AMH, HaXOJATCS B PaBHOBECHM, U MX IEpEMEIICHHE UCTPeOyeT
3aTpaThl paboThl). BenuuuHa M 3HaK 3TONW pabOTHl 3aBUCAT OT COOTHOIIEHHS MEXIY CHUJIaMH
B3aMMOJCHCTBHUS MOJIEKYJ TOBEPXHOCTHOTO CJOA CO «CBOMMM» K€ MOJEKYJaMH M C MOJIEKYJIaMH
BTOPOU CpEBbI.

B cnydae, ecnu XKUAKOCTh TPAaHUYHUT CO CBOMM COOCTBEHHBIM MAapoM (HACBHIIIEHHBIM), T.C. B
ciay4yae, KOrjga Mbl HMMEEM JEJI0 C OJHMM BELIECTBOM, CHUJA, MWCIBITBIBAEMAas MOJIEKYJIaMu
MOBEPXHOCTHOTO C€JI0s1, HallpaBJieHa BHYTPb KUAKOCTH. DTO OOBSICHIETCS TEM, YTO IUNIOTHOCTh MOJIEKYJI
B JKMJIKOCTU MHOTO OOJIbllle, YEM B HACBHIIIEHHOM Mape HaJ XHAKOCTbIO (BOAIM OT KPUTHYECKOU
TEMIEPATYPbI), U MOITOMY CHJIa TPUTSKEHUS, UCIIBITHIBAEMasi MOJIEKYJION MOBEPXHOCTHOTO CJIOS CO
CTOPOHBI MOJIEKYJ JKUAKOCTH, OOJIBIIE, YEM CO CTOPOHBI MOJIEKYJI Tapa.

Ha monekyny XHIKOCTH JEHCTBYIOT CHJIbI MPUTSHKEHUSI CO CTOPOHBI OKPYXAIOIIMX MOJIEKYI,
PACIIONIOKEHHBIX OT Hee Ha PaccTosHMK mopsiika 10 M (paxryc MOIEKyIISpHOro JHCTBHS). DTH CHIIBI
UMEIOT 3HAYUTENbHYIO BEIUYMHY, HO OBICTPO YOBIBAIOT C PACCTOSHUEM, TaK YTO C HEKOTOPOTO
paccTosHUs UMU MOXHO mpeHebpeub. Ha monexkyny Mi, pacnojoXKeHHYIO BHYTPHU KUAKOCTH (pHC.
11.1), nefcTBYIOT CHJIBI CO CTOPOHBI TaKUX K€ MOJIEKYN, M PaBHOAEUCTBYIOLIAs 3THX CHUJ OJIM3Ka K
HYJIIO.
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Puc. 11.1

s monexyn M, paBHOAEHUCTBYIONIME CHII OTJIMYHBI OT HYJIS U HAIPaBJIEHbl BHYTPb KUJKOCTH,
HEPIEHINKYIIIPHO K €€ MOBEpXHOCTH. TakuM o0pa3oM, Bce MOJIEKYJbl JKUAKOCTH, HAXOISAIIUECS B
IIOBEPXHOCTHOM CJIO€, BTSTUBAIOTCS BHYTPb JKHIKOCTH. HO NMpOCTpaHCTBO BHYTPH JKUIKOCTH 3aHATO
JPYTUMH  MOJIEKYJIaMH, II03TOMY HOBEPXHOCMHbLIUL CIOU co30aem OdaeileHue Ha  IHCUOKOCMb
(monekynsipnoe Oasnenue). MonekynspHOe HaBlI€HUE JOCTaTOYHO BEIMKO — HOpPsAKA JECSATH ThICAY
atMocdep. DTUM OOBSICHACTCS TMPAKTHUECKH Maias C)KUMAEMOCTh J>KHUJKOCTEH: BHEIIHEE JaBIICHHE
BEJIMYMHOMN Ja)K€ B HECKOJBKO COT aTMoc(ep SIBISETCS JIMIIb HEOOJBIION T00aBKOH K BHYTPEHHEMY
JTABJICHHUIO.

Uro0bl IepeMecTUTh MOJIEKyy M3, pacnooKeHHYI0 HENOCPEACTBEHHO O/l TOBEPXHOCTHBIM
CJIoeM, Ha TOBEPXHOCTh, HEOOXOAWMO COBEPIIUTH PAa0OOTy MPOTHB CHJI MOJIKYJISPHOTO JaBIICHHS.
CrnenoBarenbHO, MOJIEKYJIbl IOBEPXHOCTHOTO  CJIOSL  KHJIKOCTH  OOJNaJaroT  JONOJHUTEIbHON
NOTEHLIMAJIbHON YHEPrUEH 110 CPAaBHEHUIO C MOJIEKYJIAMHM BHYTPH JKUIAKOCTH. DTy DHEPIUIO HA3BIBAIOT
MMOBEPXHOCTHOM SHEPIHUCH.

Tak kak nro0as cucrema, IpeAoCcTaBleHHas cama ce0e, CTPEMUTCS 3aHATh TaKoe IMOJI0XKEHUE, B
KOTOPOM €€ MOTEHIMaJlbHas SHEprus HauMeHbIIas, TO XHUIKOCTh OOHApYKHMBAaeT CTpPEMJIEHUE K
COKpAIICHUI0 CBOOOJHON TOBEPXHOCTU. [IOBEPXHOCTHBIM CIION KUAKOCTH BeAeT ceOs Moa00HO
PacTsIHYTOM pe3MHOBOM IUIEHKE, T.€. BCE BPEMS CTPEMUTCSA COKPATUTh IUIONIAb CBOEH MOBEPXHOCTH J10
MUHUMAaJIbHBIX Pa3MEpPOB, BO3MOXKHBIX IIPU JaHHOM oO0beme. Harmpumep, Kamis )KUAKOCTH B COCTOSIHUU
HEBECOMOCTH MMeeT chepuyeckyro popmy.

PaBHOg€licTByIOIIAst CHJI, JEMCTBYIOIIMX HA BCE MOJIEKYNbI, HaxXOJAIIMECs Ha TIpaHULE
CBOOOJTHOM MOBEPXHOCTH, M €CTh CHJIa TOBEPXHOCTHOI'O HATSXKEHMs. B 1enom oHa aelcTByeT Tak, 4To
CTPEMHUTCSI COKPATUTh IOBEPXHOCTD KUJIKOCTH.

T.0., MOBEPXHOCTHOE HATSHKEHHWE UMEET JIBOMHOW (DU3MUECKUH CMBICT — HSHEPreTHUeCKUn
(TepMOOMHAMUYECKHI) M  CHJIOBOM (MeXaHWYecKHil). OHepreTuyeckoe (TepMOJAMHAMUYECKOE)
olpeziesieHue: TOBEPXHOCTHOE HATSKEHHE — 3TO yJeslbHasg paboTa yBETUYEHUs IMOBEPXHOCTH IPH €€
pacTsDKEHUU TpU YCJIOBHM IOCTOSHCTBAa TemmepaTyphl. CuioBoe (MEXaHHMYECKOEe) OIpeeIeHHe:
MIOBEPXHOCTHOE HATSHDKEHWE — 3TO Cuja, JACUCTBYIOLIas Ha €IWHULy JIMHBl JIMHUH, KOTOpasd
OTrpaHUUYMBAET IOBEPXHOCTH JKUIKOCTH.

Cuna NMoBEpXHOCTHOTO HATSDKEHMS HaIIpaBJIEHA 10 KacaTeIbHOW K MOBEPXHOCTH HUAKOCTH,
NEPINEHIUKYIJIAPHO K y4acTKy KOHTYpa, Ha KOTOPbII OHA JEHCTBYET M MPONOPLUOHAIbHA JJIMHE 3TOrO
yuyacTka.

CaMo siBIEHHE NMOBEPXHOCTHOTO HATSDKEHHS MOXHO KpaTKo ompenenuth kak Camo siBieHHE
MOBEPXHOCTHOTO HATSKEHUSI MOYKHO KPAaTKO ONPENENIUTh KaK CTPEMIIEHHE KMJIKOCTH COKPAaTUTh CBOIO
CBOOOJTHYIO TTOBEPXHOCTb.

[IposiBneHus: HOBEPXHOCTHOTO HATSKEHUS:

e B HEBECOMOCTH KaIUlsl mpuHUMaeT cepuueckyro popmy (cepa umeeT HAMMEHBIIYIO TUIOIAIb

MOBEPXHOCTHU CPEIN BCEX TeI OMHAKOBOTO 00BEMA).
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e  CTPYS BOJbI «CIUMACTCS» B IIUIHHJP.

e MaJIeHbKHE OOBEKTHI C IJIOTHOCTHIO, OOJIBIICH MIOTHOCTH KUAKOCTH, CIIOCOOHBI «IIaBaTh» Ha
MIOBEPXHOCTU JKHUJKOCTH, TaK KaK CHJa TATOTEHHS MEHbIIE CHJIbl, MPEMATCTBYIOIIEH
YBEJIMYEHUIO ILJIOIAIN KUIKOCTH.

e HEKOTOpbIe HAaceKOMble (HampuMep, BOJOMEPKH) CIOCOOHBI IEpEeABUraThCs IO BOJIE,
yIEpKUBAsCh HA €€ MMOBEPXHOCTH 3a CYUET CUJI IOBEPXHOCTHOI'O HATSKEHUSL.

e Ha MOBEPXHOCTSIX, IMEHYEMBIX HECMaunBaEMbIMU, BOJIa (WM JpPYyras )KHJIKOCTb) cOOMpaeTcs B
Karuy.

OnpeL[e.ﬂeHne ROZ)(l)(l)I/IIII/IeHTa MOBEPXHOCTHOI'O HATSAKCHU S

CriocoObI ompesieNieHusl TOBEPXHOCTHOTO HATSDKEHUS JICTISTCS Ha CTATUYECKUE U AMHAMU4Yeckue. B
CTaTHYECKUX METOJIaX MOBEPXHOCTHOE HATSHKCHHE OIpeNeseTcsl y COPMUPOBABIICHCS TTOBEPXHOCTH,
HaxoJdIIelcs B paBHOBeCHH. JIMHAMUYECKHE METO/IbI CBSI3aHbI C pa3pyIlICHUEM MOBEPXHOCTHOIO CJIOSI.
OgHuM W3 Takux JOUHAMHYECKHX METOIOB SBIsieTCs MeTon oOw Hyu (METol OTpbiBa KOJIbLIA),
UCIIONIB3YEMBI B JaHHOM pabote. Meton sBnsieTcss kiaccuuecKuM. CyIIHOCTh €ro  BBITEKAeT U3
Ha3BaHUsA. MeTalTIMYeCKOE KOJbLO MOJHUMAIOT U3 KUAKOCTH, CMAUMBAIOIIEH €ro, YCUJINE OTPbIBA U
€CTh CHUJIa OBEPXHOCTHOTO HATSHKEHHS M MOXKET OBITh MEPECYNUTAHO B OBEPXHOCTHYIO SHEPTHIO.

Teopernyeckue cBeIeHUs

PaccMOTpHM KOJIBIIO C HapyXKHBIM jauaMeTpoM D u mumpuHON b, kacaromeecsi MOBEPXHOCTH
xuakocta (puc. 11.2).

A
A 4

A
A 4

= -

Puc.11.2

[Ipy TOAHSTHM KOJNbIA HAJ TOBEPXHOCTHIO JKUIAKOCTH MEXKIY KOJBIIOM W IMOBEPXHOCTHIO
o0pasyeTcsi TUIeHKA. BHEIIHssS MOBEPXHOCTh STOW IUICHKH TSHET KONBIIO BHU3 C cuioii onD, a
BHYTPEHHsISI TOBEpXHOCTh — ¢ cutoit omt(D — 2b).

Pe3yapTHpyromIas cuia, yaepKHBarolias Koiblo, paBHa

onD+on(D-2b)=2c7(D-b).
B MOMEHT OTpbIBa KOJIbIIa OT MOBEPXHOCTH )kuakoctu F=2cm(D-b), otkyna

oo F
- 2n(D - b)

I[I/IaMeTp U MIHUpHUHA KOJbLAa H3MCPAIOTCA IMMTAHTCHIUPKYJICM, a CHJIa TOBEPXHOCTHOI'O

(3)

HATSDKEHWSI — C TIOMOIIbIO JMHAMOMETpa. EcCiaM KOJbIIO  TMPUBOMUTCS B COMPUKOCHOBEHHE C
MOBEPXHOCTBIO KUJKOCTH B COCY/E, a 3aT€M OHO MOJHMMAETCS O TeX IMOp, MOKa HE OTOPBETCS OT
KUJIKOCTH, TO MO JTUHAMOMETPY B MOMEHT OTpbIBa KOJbI[A MOXKHO ONPEACIUTh BEIHUMHY CHIBI F,
HEOOXOJUMOM 11 OTpbIBa KOJbIIA OT XHJIKOCTH. 3HAasi 3Ty CHIY, KO3(PQHUIMEHT MOBEPXHOCTHOTO
HATSHKCHUS ONPEIENSIOT 1o popmyie (3).
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ITopsinox BbINOJIHEHHUsT Pa0OTHI
B Heckonbkux MecTax HM3MEPUThb HapyKHbIM auamerp koapua D . CpenHee M3 IOJIy4EHHBIX
3HA4YEeHUH 3aHECTH B JKypHaJ HAOIIOICHHIA.

AHaNOrMYHO U3MEPUThH U 3aIUCATh B )KypHAI HAOIIOICHUI IIMPUHY KOJbIa b.

Hanute B pes3epByap HuccleiyeMyl KHUJIKOCTb U, aKKypaTHO OIIYyCTHUB KOJIBLO [0
COIIPUKOCHOBEHUS C )KMAKOCTbIO, YCTAHOBUTH CTPEIKY AMHaMomeTpa Ha 0.

Ilpumeuanue: npociaeTuTh, YTOOBI KOJIBLO CONPHKACATIOCH C KHUAKOCTHIO PABHOMEPHO 10
BCEMY CBOEMY IEPUMETDY.
AKKypaTHO Bpalasi HoOJAbeMHbBIA BUHT IMHAMOMETPA, MOHATH KOJIBIIO JI0 €ro OTPhIBA OT JKUJIKOCTH.
3aMeTUTh U 3aMucaTh B )KYpPHAT HAOMIOJCHUI TMOKa3aHus TUHAMOMETpa (KOJUYECTBO JCTICHUI N) B
MOMEHT OTPbIBA KOJIbLIAa OT KMJIKOCTU. 3HAs LIEHY ACJICHUs] IMHAMOMETPA ¢, ONPEEIUTh U 3alUCaATh
B JKypHaJl HAOJIIOCHUH 3HaYEHNE CUJIbI TOBEPXHOCTHOTO HATsHKEeHUS F.

[ToBTOPUTH OMBIT 1O OMNpeAesieHuI0 cuiibl F 1Ba pasza, 3aHOCS pe3yiabTaThl U3MEPEHUHN B JKypHAI
HaOJIIOJCHU.

3anucaTh TEMIEPaTypy, MpU KOTOPOI MPOU3BOAMINCH U3MEPEHHUSI.
. BeruucanTs abCOMOTHYIO U OTHOCUTEINIBHYIO MOTPEITHOCTH U3MEPEHUS.

Kypnan nabnroneHui

i Db B o | | Qe
U3MEpEHUS M M H H/wm H/wm pS(y
()
1
2
3

Pacyer norpemHocreil u3MepeHHi:
1. Pacuem nocpewinocmu usmepeHus cunbl.
11. k= s Fo= ; F3=
1.2. <F>=(F;+F,+F3)/3 =
13.AF =<F>- F =

AF,=<F>— F,=

AF3=<F>— Fy=
14. (AF)=____; (AF)’= (AF)*= .
15. o = (AF,)" +(AF, ) +(AFR,) _

n(n-1)

1.6. ty=__ .
1.7. AF= tyor =
1.8. (AF,)Y=__

19. Tk AF>AF ToAF=

np
43



1.10. F=<F>+AF =
1.11. &= (AF / <F>)*100% =

2. Pacuem noepewnocmu uzmeperust ouamempa Koabyda.:
21. D1=_ D,=_ ; Ds=
2.2. <D>=(D; + D, + D3)/3 =
23. AD;=<D>-D; =
AD,=<D>-D,=
AD3;=<D>- D;3=

24. (AD)' = (AD)’=___; (AD3g* =___

25. 0 - \/(ADl)z +(aD, ) +(AD,)  _
n(n-1)

26.th=__ . 27.AD=tpop=

28. Aty = <<AD=___

29. D=<D>+AD=
2.10. §=(AD/<D>)-100% =

3. Pacuem nocpewHocmu Usmeperusl mojauHsbl Kojibya.
31.b;=_ ;b= b=
3.2.<b>=(by+b,+hg)/3=
33. Aby=<b>-b; =

A b2 =<b>-— b2 =
A b3 = <b>- b3 = .
34.(Ab)*=__ ; (Ab)’=__ ; (Adg)*= .

35. o - \/(Abl)z Jrr(l(Anbz_);Jr(Abg)2 _
36.t, =

37. Ab=ty o, =

38. Aty, =__ << Ab=__

39. b=<b>+Ab=

3.10. §=(Ab/<b>)-100% =

4. Pacuem nocpewHocmu 6bl4UCi1eHUsA KoaqbqbuuueHma NOBEPXHOCMHO20 HAMAINCEHUA.

<F>
4.1. Haumboinee BeposiTHOE 3HAUCHUE 0. O = =
27(<D>-<b>)
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4.2. HaxoIuM yacCTHBIE POU3BOJIHBIE:
da /0F = 1/ [2n(D - b)];

80/0D = — F | [2x(D - b)?;

d0/0b = F | [2n(D — b)?].

4.4. AGcomoTHas IOTPEITHOCTD:

Ao =(001oF ¥ (AF )’ +(8cloD ) (ADY +(8ctoby (AbY =

45.<6>=(01+ 0, +03)/3 =

4.6. OkonuamenwvHuslit pezyromam: 6 = <> = Ac =

4.7. OmunocumenbHas noZpeuwtHoCmb:

8= (Ao /<0>)-100% =

KOHTpOJIbeIe BOIIPOCHI

Pacckaxxute 06 0COOEHHOCTSAX CTPOEHHS KUAKOCTH. YTO Ha3bIBaeTCsl «OIMIKHUM MOPSAIKOM»?
[losicHuTe, 4TO Ha3bIBAETCS SABJIEHUEM IIOBEPXHOCTHOTO HATSKEHUS?

OOBsicHUTE TBOMHON (PU3UUECKUI CMBICT SIBIICHUS IOBEPXHOCTHOTO HATSHKECHUSI.

OObscHUTE SBJIEHHE MOBEPXHOCTHOTO HATSXKEHUS C TOUKHU 3PEHUS MOJIEKYJIPHO-KUHETHYECKON
TEOpUHU.

VYKaxkuTte, Kak HallpaBJeHa CUJIA IOBEPXHOCTHOI'O HATSYKECHHUS.

[TosichuTe, 4TO Ha3bIBaeTCA KO3(PPULHUEHTOM MOBEPXHOCTHOIO HaTsKeHUsA? OT 4ero oH 3aBUCUT?
Onuimre ycTpoiicTBO Mpubdopa A OnpeeseH s CUIIbI TOBEPXHOCTHOTO HATSHKEHUS.

BeiBenute popmyny i onpeaesenns BEIUUHUHEI G.

JlabopaTopnasi paGora Ne 12

Tema: Onpenesienne K0O3I(pPUIHEHTA BAZKOCTH KUIAKOCTH

Hean paborbl: M3yunTh MEXaHMYECKHME CBOMCTBA IKUIKOCTH, HKCIEPUMEHTAIBHO OIpPEACIIUTh
KOA(DPUITUEHT BA3KOCTH KUIKOCTH.

YMeHHs1 1 HABBIKH, KOTOpPbI¢ JOJUKHBI NMpHOOpecTH 00ydaromuecsi Ha 3aHSATHH. HCIIOJIb30BaTh
¢buznyeckue npudopsl,

Oﬁopynonaﬂne: CTeKIIHHBIN OUIMHAP C BSI3KOH KHUAKOCTHhIO, CBHHIIOBBIC ,Z[p06I/IHKI/I; CCKYHAOMCEP;

ITAHTCHIUPKYJIb; JIMHEHKa.

Ilepeyenb UCNOIb3yeMbIX HCTOYHUKOB

OcHosHas:

A, Msakumes, b.b. byxosneB, H.H. Corckuii, ®Puszmka 10 xmacc, y4eOHUK s
o011eo0pa3oBaTeabHbIX yUpeKIeHH 0a30Bbli U mpoduiabHbIM ypoBHH, M.: Ilpocsemienue,
2013 rog.

®dusnka 11st mpodeccuii ¥ CIeHaATbHOCTEH TEXHUYECKOTO U €CTeCTBEHHO-HAYYHOTO TTPO(HIICH:
y4eOHHUK JUIsl 00pa3oBaT. yupexKAeHui Hau. U cpel. mpod. odpazoBanus/A.B. @upcos; nox pex.
T.U. Tpodumosoii. — 3-¢ u3., crep. — M.: M3narensckuii ieHTp «Akagemus», 2013. — 432¢
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3. Jlabopatopubrii mnpaktukym 1o ¢musuke/ C.B. CrenmanoB, C.A. CMHpPHOB; TOm peI.
C.B.CrenanoBa. — M.: ®OPYM: UHOPA-M, 2013. — 112 c.: un.— (IIpodeccuonanbuoe
oOpasoBaHme).

JlononnumenvHasi:

1. ®wusuka. [TogpoOHbIe oTBeTHI Ha 3amaHuss EI'D u pemenue tumoBsix 3amad: 10-11 kmaccel/
N.JI.Kacarkuna.— PocroB u//l: ®enuke, 2013.— 509, [2] c.: wi.— (Bonbinas nepemena).

2. Cawmotinenko [1.1. ®usuka mis npodeccruii M CnenuanbHOCTEH COMATbHO-DPKOHOMUYECKOTO U
TYMaHUTapHOTO MpoduiIel: YIeOHUK IS CTY. YUpPeKIeHUH cpea. mpod. odpazoBanus. — M.,
2014,

Bonpocs! Teopuu, paccmatpuBaeMble B 1a0opaTopHoii padore:

AHenenus nepenoca — 3TO TPOILIECCHl YCTAHOBJICHHUS PABHOBECHS B CHCTEME MYTEM IepeHoca
Macchl (auddy3usi), SHepruu (TEIIONPOBOJIHOCT) WM UMITYJIbCa MOJIEKYJT (BHYTPEHHEE TPEHHUE HWIIH
JTUHAMHUYECKasl BI3KOCTB).

Bazxocmvio wnu 6HympeHHuM mpeHuem  HA3bIBACTCSI CBOMCTBO BCEX BEILECTB OKAa3bIBATh
conpoTuBiieHHE JedopMalluu CABUTA, MPOMOPIUOHAIBHOE TPAIUEHTY CKOPOCTH. BHyTpeHHee TpeHue
BO3HUKAET TpPU JBIKEHHU OJHOTO CJIOS JKUJKOCTH OTHOCUTEIBHO JPYroro B pe3yJibTaTe
MEXXMOJIEKYISPHOTO B3aUMOJICHCTBUS CIIOEB JKUIKOCTH.

Eciu B BSI3KOH >KHUIKOCTH, HAUTOM B HEMOABIXKHBIN COCYH, ABMXKETCA Kakoe-Tubo Temno
onpezaeneHHON (HOpPMbI, TO MOJIEKYIBI CIO0S KUIKOCTH M M, HENOCPEICTBEHHO COMPUKACAIOIIETOCs C
MOBEPXHOCTHIO 3TOro Tena (puc. 24.1), NpuiIumalT K Hell, T.e. HAUMHAIOT MEepeMenaTbCcsl BMECTE C
TEJIOM C TOH K€ CKOPOCTHI0. DTU MOJIEKYJIBI B CBOIO OYepeb YBICKAIOT MOJIEKYJIbI CIEAYIOLIEro CIos,
HO Y>K€ C MEHBIIIMMH CKOPOCTSIMH, TaK KaK MEXIY CMEKHBIMU CIIOSIMH >KUJKOCTH CYIIECTBYET BsI3Kasl, a
HE JKecTKasi cBsi3b. Kaxaplil cienyronuii, 6onee ynaneHHbiii oT MM cnoil ABUXKETCS CO CKOPOCTBIO,
MEHBIIIeH TpeapIayIei, U TAKUM 00pa3oM B KUIKOCTU BOZHHKAET I'PAJUEHT CKOPOCTH B HAIIPaBJICHUU
HOpManu N Kk Tpanune MM. BS3KOCTh JKHIKOCTH TIPOSBISETCS B BO3HUKHOBEHHU CHII,
MPEMSTCTBYIONINX OTHOCUTEIHLHOMY CABHUTY CONPHUKACAIOIIUXCS CIIOEB KHUJIKOCTH, a CJIEIOBATENbHO,
MEPEeMEIICHUIO 3TOTO Telda OTHOCUTENIBHO JKUAKOCTU. DTH CHJIbl HAMpaBJICHBI MO KacaTeNbHOU K
MOBEPXHOCTH CJIOEB U MOJTYYUIIN HA3BAHUE CUJ BHYMPEHHE20 MPEHUS.

[ToTok BsI3KO# KUAKOCTU (MK Ta3a) MOXKET ObITh TaMUHAPHBIM WJIM TypOyJIeHTHbIM. B ciydae
JamuHapro2o (CIOUCTOTO) TEYEHUS KaKIbId CIOW MOTOKAa IMEepeMellaeTcsi, He IepPeMEeIlInBasch ¢
npyrumu cnosmu. [lpu mypoynenmnom (BUXpeBOM) TEUEHHH MPOHCXOAUT OOpa3zoBaHHE BUXPEH H
nepeMenInBaHue Pa3TUYHbBIX CJI0EB KUAKOCTU WM ra3a.

C yBenuueHUEM CKOpPOCTH IMOTOKA JIAMHUHAPHOE TEUEHUE MOXET MepedTH B TypOyJeHTHoe,
CKOPOCTb, TIPU KOTOPOW MPOUCXOIUT ATOT MEPEXOM, HA3bIBACTCS KPUTUYECKOW. DKCIEPUMEHTaIbHO
YCTaHOBJIEHO, YTO Ba)KHEHIIEeW XapaKTepUCTUKON TeueHus sBIsAETCS Oe3pa3MepHas BelUYUHA,
Has3bIBaeMas YuciaoM PeliHoibaca.

3aKOH BHYTPEHHET0 TPEHUs Ui JAMHUHAPHOTO TEUCHHsI YCTaHOBIEH Hbromonom:

Av
F=nS—,
An
Trae S — JIomaab COHpI/IKOCHOBeHI/IH I[BI/I)KyHII/IXCH CJIOCB )KI/I)IKOCTI/I, M2 ,

N — 8A3KOCMb, WIH KOIDhuyuenm eHympenHe2o0 mpeHUus >KUIKOCTH, PABHBIM CHIIe BHYTPEHHETO
TpPEHHs, ICHCTBYIONIECH HA €UHUILY IOBEPXHOCTH CJIOS IIPU TPAJUEHTE CKOPOCTH, PABHOM €IMHULIE.

B cucreme CU enununueit koogduipenta Bsa3koctu spisercs [la-c:
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B HekoTOphIX cimyyasx ymoOHO MONBh30BAThCS TAaK HA3bIBAGMOW KUHEMAMUUECKOU 613KOCHbIO,
PaBHOM IMHAMHUYECKOMN BSI3KOCTH KUIKOCTH, IETEHHONW HA MJIOTHOCTD JKUJIKOCTH:
v=nlp
Cwia TpeHus, BOZHMKAIONIAsA MEXAY >KUJIKOCTbIO U ABUXKYIIUMCS B 3TOW >KHJIKOCTH TEJIOM,
onpenensiercss mo 3akoHy HproroHa. K moBepxXHOCTH MaiaroIiero B >KUJIKOCTH HIApUKA MPUIUIIAET
rpaHUYyallvid C €ro NOBEPXHOCTHIO CIIOW JKUIKOCTU, KOTOPBIM ABUKETCS CO CKOPOCTBIO IIAPUKA.

O bimxailme CMEXHBIE CIOM KUIKOCTH TaKkKe
OPUBOAATCA B JBH)KCHHE, HO mpuoOperaeMas HMHU
Q CKOPOCTh TEM MEHBIIIE, YeM JaIbIIE OHU HAXOJATCS OT
[IapvKa, TaK KaK MpPU JBUKCHUU B YKUIKOCTH BO3HUKACT
| TPEHHE HE MEXIy LIAPUKOM M IKHUIKOCTHIO, a MEKIY
N— OTJCIIbHBIMHU CIIOSIMU YKHIKOCTH.

F, BsaszkocTh  KMAKOCTEHM PE3KO YMEHBIIAETCS C
MMOBBILIEHUEM TEMIIEPATYPHI.

F3 B  nanHoil ymabopartopHoil  paOoTe  BSI3KOCTh
KUAKOCTU OIIPEACIACTCA MCTOIO0M CTOKca, OCHOBAaHHbIM
Fl Ha HM3MCPCHUU CKOPOCTH MNaJACHUA TSAXKCIIOrO IMIapuKa B

UCCIIEAYEMOM KUIKOCTH.

Puc. 12.1

Ha mapuk, nagaronuii B BA3KOH KUIKOCTH, 110 BEPTUKAIU JEHUCTBYIOT TPH CHJIBIL:
. 3
— cuna masxcecmu: F. = 3 nr’pg, (1)

r7ie p — INIOTHOCTh MaTepHaia MapuKa; § — ycKOpeHne CBOOOJHOr0 MaIeHUs; I — pajinyc IapHKa.
— cuna Apxumeda. B COOTBETCTBUUM C 3akoHOM Apxumeda, Ha TeJO, MOIPYKEHHOE B JKUAKOCTH,
JIeMCTBYET CO CTOPOHBI )KUJIKOCTH BBITAIIKMBAIOLIAs CUJIA, HAllpaBJieHHAsi BEPTUKAILHO BBEPX:

Fz=%nr3pog, 2)

T7€ Po — TUIOTHOCTH UCCIIEYEMOM JKUIKOCTH;
— cuna 6:3K020 mpenusi, BelunciaeHHass CTOKCOM U paBHast
F3= 6mnrv 3)
@opmyna Cmokca (nm 3akoH CTOKca): cujia COMPOTUBIIEHHUS, UCTIBIThIBAEMast IIIAPOM, BHKYITAMCS
B BSI3KOW cpefie, IPsIMO TMPOIMOPIIMOHATFHA PAJANYCy I apa, CKOPOCTH V €ro JIBIKCHHSI M 3aBHCHUT OT
BSI3KOCTHU Cpefbl 1. DTa (popmysia MpuMEeHUMa JJI TeJl MaJIbIX pa3MEPOB U TE€X 3HAUYCHUN CKOPOCTEH X
JBUKEHHS, IPH KOTOPBIX COXpaHSIETCs IIIaBHOE TaMUHApHOE OOTeKaHHeE.

—

~ ~ ~ dv
ITo Bropomy 3akony Herorona F, + F, + F; = ma,

WJIU B CKJISIPHOU opMme:
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——=F -F, -Fs=—mr’pg——nr’pog-6mmn=—nr’g(p—po )-6mrv, ()
dt 3 3 3
BHaanIe, Koraga CKOpOCTh €1II€ HEBCIMKA, IBMKCHUE HIapHUKa 6y,I[CT YCKOPCHHBIM. HpI/I nmaJacHuu
IapuKa €ro YCKOpeHHEe CO BpEMEHEM YMEHBIIAETCS, POCT CKOPOCTH V 3aMEUISICTCs, HO caMa CKOPOCTb
BO3pacTacrT. C BO3pacTaHUEM CKOPOCTH BO3pacCTacT U CHUJIa BA3KOI'O TPECHUA, IIPHU HEKOTOPOM 3HAUCHUUN
CKOpPOCTHU CHIJIbI, HeﬁCTBYIOHlHG Ha MIapyuK, YPaBHOBCIIHMBAIOTCA H, HAa4YMWHasA C DOTOro MOMCHTA,

JABHXCHHC IIApHUKa MOKHO CYUTATh PABHOMCPHBIM,

dv
T.e. Vo= Const, d—:O, Fi=F,+F3,
t

TZi€ Vo — YCTAaHOBHUBIIAACA CKOPOCTh PABHOMEPHOI'O JABMIXKCHM.

Taxum o6pa30M, IIpyu MaJlbIX HA4YaJbHBIX CKOPOCTAX IHApHUK ABHXKETCA YCKOPECHHO, a IIpHU
OONBIINX — 3aMCJICHHO, TaK, 4YTO IIO IHIPOXOXKIACHHHM HM B XHIKOCTH HCKOTOPOIO pPaCCTOSAHHA
JBHKCHHUE CTAHOBUTCS PAaBHOMEPHBIM CO CKOPOCTBIO V.

HpI/IHI/IMaﬂ BO BHUMAHHC, YTO IIpU paBHOMCPHOM ABHUKCHUU VO = E )

rjae | — myTh, IPOXOAMMBIi [IIAPHKOM 3a BpeMs t, moaydum u3 popmyiisl (24.4):

g(p—po) 2
= t’
L 18I d ®)

riae d — quaMeTp IIapuka.

OT0 ypaBHEHHE CHpaBeUIMBO IPH TMaJCHUU IIapuka B OesrpanuyHoi cpene. Ecnu mapux
najaeTt BJOJIb OCH TPYOKU paauyca R, To IpUXOaUTCS yUUTHIBATh BIHSIHHE OOKOBBIX CTEHOK. [lompaBku
B (hopmyne CTokca AJi TAaKOTO cliydas TeopeTHiecku obocHoBan JlaneHoypr.

Qopmyna s ompeneneHus KodQQUIMEHTa BS3KOCTH C YYETOM TMOMPAaBOK MPUHHUMAET
CIEAYIOLIUNA BU:

29r’t (p—po)
n= 9 | r ©
1+2,4—
R
rae R — paguyc cTekIssHHOro HMINHApPA, I' — paJuyc HiapuKa.
[Tpu BbIMOIHEHUH J1TAOOPATOPHON PAOOTHI MPUMEHSIOTCS IAPUKU PAInyCOM r << R,

MOATOMY TPU BBIYUCIICHUU BA3KOCTH TJIMIIEPUHA MOKHO TOJIB30BaThCs (hopmyroit  (5)

CoaepsxkaHue M IOPSII0K BBINOJTHEHUS PA0OThI:

W3mepuB CKOPOCTH MaJieHNs MapUKa B )KUIKOCTH, MOKHO OIPEJEINUTH €€ BA3KOCTh, UCIIOJIb3Ys
dbopmyny Ctokca.

[Tpubop 1g n3mMepeHust KO3PPUIMEHTa BHYTPEHHET 0 TPEHUS KHUIKOCTH COCTOUT U3
CTEKJITHHOTO IIWJIMHPUYECKOTo cocyaa (puc.24.2), B KOTOPBIM HAJIWTA UCCIIeayeMas Bsi3Kast )KUIKOCTh
(ruLepuH).

Ha mwmmaap magets! 1Ba Kojblia A ¥ B, paccTosiHHE MeXay KOTopbimMu paBHO |. Bepxmee
KOJBIIO PACMONIOKEHO C TAaKUM pacdeToM, YTOObI IIapUK, MIPOXOAS MHMO HEro, HMel Yxke
YCTaHOBUBIIYIOCS CKOPOCTH V.

B kauecTBe majaroniero Teiga MCMONB3YIOTCS MajeHbKHE CBUHIIOBBIE JPOOMHKU PA3IUYHBIX
JINaMETPOB.
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NGOk wDdE

N3mepenns u o0paboTka pe3yabTaToB
N3 cnpaBouHbIX TaOMMIl B3ATh 3HAYCHHS TIUIOTHOCTEW MaTepuaia Imapuka p (CBHHIEA) U
HCCIeAYyEeMOM KUAKOCTH P o (TJIULIEPUHA).
Ha ycranoBke orMeTuTh B 4...5 CM HIKE YpOBHS JKUIKOCTH TOUKY A Hadajga OTCYeTa BPEMEHH
paBHOMEPHOTrO MajeHus mapuka. 3agatbes paccrosaueM | (okosno 20...30 c¢Mm) M, OoTCUMTaB €ro
BHU3 MO JBIDKCHHUIO IIapUKa, OTMETUTh TOYKY B, B KOTOpOH OyJeT 3aKaHYMBAThCS H3MEpPEHHE
BPEMEHH JIBUKEHUS IIapHKa.
MuUKpPOMETPOM HITH IITAHTCHIIMPKYJIEM HECKOJIBKO pa3 M3MEPUTh AUaMeTp Irapuka d, 3amucars ero
cpelHee 3HauYeHue B TaOIuUILy.
OnycTuTh MapuK B COCYA C JKMJIKOCTBIO U MU3MEPUTH BPEMS €ro IBHMKEHHUS T C YCTaHOBMBILEHCS
CKOpOCTBIO Ha paccrostHuu | Mmexny Metkamu A u B. MI3mepeHHoe BpeMs 3aIiucaTh B TAOJIHILY.
Ilpumeuanue: d9ToObl W30eXKaTh NPWIUNAHWS K IIAPUKY IY3BIPHKOB BO3JyXa, HAPYIIAOIINX
MIPOBEJICHHUE OIIBITA, TIOJIE3HO €r0 MPEIBAPUTEILHO IMOKATATh B MAIBIAX, CMOYCHHBIX HEOOJIBIITIM

KOJIMYECTBOM I/ICCJICI[yCMOﬁ KHUIKOCTHU.

g(p_po) 3 2

Ecmu o6o3nmaunth C=-————o—, Kr/(M°:c°) — BeIWYMHA IIOCTOSHHAS JJIS JaHHOU

181
nabopatopHoit paboThI, BRIUKCIsIEMasl OJUH pa3 AJis BcexX M3MepeHui, To popmyna (24.5) moxer
OBITH IEeperucana B BUJIC
n= cd’t, Ma-c; a
[ToBTOPUTH OMBITHI 1O MyHKTaM 4 U 5 ¢ pa3HBIMU IAPUKaMU HE MEHee 3 pa3, 3aHOCS Pe3YJIbTAThI

u3MepeHuil B Tadnuiy 24.1.
3anucaTh TeMIeparypy, pu KOTOPOH MPOU3BOIMIUCH H3MEPEHUSI.
O6paboTaTh pe3yabTaThl WU3MEPEHUN W CPABHUTH IMOJYYEHHOE 3HAYCHHE BSI3KOCTH KUIAKOCTH C

TaOJTNYHBIM.
Tabmuma 12.1
No Temnepatypa l, 0, P o, 3 o | d, |t n
ombita | xuakoctu t, °C M krim® | kr/ve C, kr/(m-c”) M c ITa-c
1
n

KonTposabHbIe BONPOCHI
VYkaxute, Kakue sBJICHUs IepeHoca Bel 3HaeTe.
[TosicHuTE MPUYNHBI BOSHUKHOBEHUSI CUJIbI BHYTPEHHETO TPEHUS B KHUIKOCTH.
OOBscHUTE, UTO TAaKOE JMHAMUYECKAs BI3KOCTh KHUIKOCTEH.
OOBscHHUTE, 3aBUCHT JIM BA3KOCTh KUAKOCTH OT TEMIIEPATyPHI.
VYkaxxuTte Ccuibl, AEUCTBYIOLIUE HA IIAPUK, AJAOIINNA B KUJKOCTH.
Hanumure popmyny Crokca, 00bsICHUTE 3HAUEHHSI BETTMUUH, BXOIAIINX B (OpMyITy.
3anummre Gpopmyny HeroToHa /U1 BA3KOTO TPEHHUS.
[TpuBeauTe MOPSIOK MPOBECHUS OTBITA U 0O0PAaOOTKHU €T0 Pe3yIbTaTOB.
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JlaGopaTopHas padora Ne 13
Tema: IlociieoBaTe/IbHOE U MApAJLIeJIbHOE COeTUHEHNE MTPOBOTHUKOB.

He.ﬂb paﬁoTbl: SKCIICPUMCHTAJIbHO IIPOBEPUTH CITPABCATIMBOCTb 3aKOHOB JJICKTPHUUYCCKOI'O TOKaA
AJI TIOCJICAOBATCIIBHOI'O U MAapalJICJIbHOI'O COCAUHCHU A ITPOBOAHUKOB.

YMeHusT M HaBBbIKH, KOTOpPble J0JKHbI NPHOOpecTH O00ydyamomumecss Ha 3aHATHH:
UCTIOJIb30BaTh (hU3UYecKre NMPUOOPHI, ONPEACNATh LEHY ACICHHUS JICKTPOU3MEPUTEIbHBIX MPUOOPOB:
BOJIbTMETpPa M aMIlepMETpa, HAy4YUThCsl COOUpPATh LEMb [0 CXEME, PACCUUTATh SKBUBAJICHTHOE
conporuiieHne. OOpabaTbBaTh pe3yabTaThl W3MEPEHUH, JelaTh BBIBOABI HA OCHOBE MOTYYCHHBIX
SKCIIEPUMEHTANBHBIX JIaHHBIX. BBIMONHATE TpeOoBaHMS TEXHUKHM O€30MacHOCTU Mpu pabore ¢
AJEKTPOOOOPYIOBAHUEM.

OOopynoBaHmMe: HCTOYHHUK TOKa, JIBa MPOBOJIOYHBIX PE3UCTOpaA, aMIepMeTp, BOJBTMETD,
peocTaT, KJIto4, COEMHUTEIbHBIE ITPOBOAA

IlepeyeHb UCNOJIB3yeMbIX HCTOYHHKOB!
Ocnognas:

1. T4, Msakumes, b.b. byxoBue, H.H. Corckuii, ®usuka 10 xmacc, y4eOHHMK 1S
0011e00pa30BaTeNbHBIX yUpexaeHuil 0a30BbIid 1 npoduiabHbI ypoBHH, M.: IIpocBemenune, 2013
TO/I.

2. ®wusuka s npodeccuid U CenUaTbHOCTEH TEXHHUYECKOTO M €CTECTBEHHO-HAYYHOTO MPOQUIICH:
yueOHUK 7151 00pa3oBaT. yupekJIeHU Had. u cpel. mnpod. o6pasoBanus/A.B. @upcos; mox pen.
T.U. TpodumoBoii. — 3-e uzn., crep. — M.: U3narenbckmii neHTp «Axagemus», 2013. —432c

3. Jlabopatopusiii mpakTukym no ¢usuke/ C.B. Crenanos, C.A. Cmupnos; noxa pea. C.B. C renanosa.
— M.: DOPYM: UHOPA-M, 2013. — 112 c.: un.— (Ilpodeccruonanproe oOpa3oBaHme).

JonornumenvHas:

4. O®wuszuka. [lompoOHblie orBeThl Ha 3amanus EI'D um pemenue tunoBbix 3amad: 10-11 xmaccer/
N.JI.Kacatkuna.— PoctoB u//1: ®enukc, 2013.— 509, [2] c.: wi.— (bonbmas nepemeHna).

5. Cawmoiinenko I1.U. ®usuka mns mpodeccuii U CIeNUaTbHOCTEH CONMATBHO-IKOHOMUYECKOTO U
TYMaHUTapHOTO Tpoduieil: ydeOHUK Ui CTyHA. yupekaeHuil cped. mpod. obpazoBanus. — M.,
2014.

Conep:xaHue ¥ NOPSIA0K BBINOJHEHUSI padOThI

Bonpocsl Teopun, paccMmaTpuBaeMbie B J1a00paTOpHOii padoTe:

[Ipn mocrnenoBaTenbHOM COEIWHEHUU TPOBOJHUKOB CHJIa Toka | BO Bcex MPOBOJHUKAX
onunakoBa |3 = I, = |. Tlo 3akony Oma, Hanpsikenust U; u U, Ha ipoBonuukax paBHbl U=IR;, U,=IR,.
DKBUBAJICHTHOE COMPOTUBIICHHE R,y; paccUnUTHIBaeTCA M0 PopMyIe:

R, R Ry =R1+ R+ ... + Ry

|—| |— DTOT pe3ynbTarT CHOpaBeANuB il J000TO dYHcia
T T IIOCJIEZI0BATENBHO COEUHEHHBIX IPOBOIHUKOB.
' @ CAD Iopsiaok npoBeaeHust padoThI:
1. OmpenenuTts LIEHY JIeJ€HNS aMIIEpMETPa U BOJIBTMETPA.
I
|I

/ Puc. 13.1
K

2. CoOparh o2JIGKTpHUYECKYyl0 Ilemb 1o cxeme. [locne
MIPOBEPKH MPETO/IaBaTeNIeM 3aMKHYTh IIETTb.
3. V3Mmeputhb cuiTy TOKA Ha pa3HBIX ydacTKaX LEMU U CPAaBHUTH MOTyUCHHBIC 3HAYCHHUS:
I = ; o=
4. V3meputh BOJIBTMETPOM HaNpsDKEHHE B OOmEH TIMend U Ha OTACIBHBIX PE3UCTOpax:
u= B: U;= B; U, = B; U +U,= B.
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5. Buruuciauth OGH.[CG CONIPOTUBJICHUC YYaCTKa W COMNPOTHUBIICHUSA OTHCJIBHBIX PCE3UCTOPOB:

U . -
Ro6um - Roou=___ Oum
U
Rl:I_l; Ri=_ Om
U
R 2=T2; R, = Om
R;+R,= OwM; cpaBHHTS € R oo

6. BEIYMCINTL OTHOIIEHHUE HaHpH)KeHI/Iﬁ Ha peE3ucTopax MU OTHOHICHHUEC HX COHpOTPIBJ'ICHHfIZ

. ; I . CpaBHI/ITB IMOJIYYCHHBIC PE3YJIbTaThl:

7. Pe3ynbTaThl U3MEpPEHUN U BHIYUCICHU 3anucarh B Tadbaumy 13.1:

Tabmuna 13.1

Cuna snekrpuueckoro | HampsbkeHue Ha pesucrope ConpoTuBieHue pesucTopa

TOKa | B enu
U, U Uosu Ry R, Roow

BoiBoabI U NPeAs10KeHHs 110 TaHHOM J1a00paTOpHOii padoTe:

OpHo u3 Haubojee NPOCTHIX M YACTO BCTPEHUAIOLIUXCS COEAUHEHMH moTpeduTeneid —
nocneaoBarenbHoe. Pe3ynbTarhl  gaHHOW —nmaboparopHOM  pabOThl  MO3BOJSIOT  yOeOUThCS B
MPaBUIILHOCTH 3aKOHOB MOCJIEIOBATEIHLHOTO COCIMHEHUSI IIPOBOJHUKOB:

Cc

R
2 RZ

c

KOHTpO.]II)HbIe BOITPOCHI

1. OObsacHUTh (HU3UYECKHE OCHOBBI MPOBOAUMOCTH MeTawioB. CdhopMmyaupoBaTh, YTO TaKOE
AIEKTPUYECKUHN TOK, IPUBECTH €TI0 XaPAKTEPUCTUKH.

2. PackpbITh CYTh COMTPOTUBIICHUS KaK JNEKTPUIECKON XapaKTEPUCTHKHU PE3UCTOpPA.

3.3anucath (HopMyiTy 3aBUCHMOCTH DJIEKTPUYECKOTO COMPOTHUBIEHUS OT Marepuala, JUIMHBI U
IJIOIAU TIOTIEPEYHOT0 CEYEHHS TIPOBOJHUKA.

4. T1oSCHUTD, UTO TaKOE AJIEKTPUYECKas IeTlb.

5. ITosicHUTB, 4TO Ha3BIBAETCS MOCIEI0BATEILHBIM COSIMHEHUEM DJIEMEHTOB.

6.IIpu momomm 3akoHa Owma BbeBeauTe (HOPMYITY SKBHBAICHTHOTO COINPOTHUBICHUS TIPH
MOCJIEIOBATEILHOM COCIMHEHUH TPOBOIHUKOB.

ITapaniesqibHOE coeqUHEHHE TIPOBOAHUKOB
Iesn paGoThl: IPOBEPUTH CIIPABEUINBOCTH 3aKOHOB 3JIEKTPUUYECKOTIO TOKA JUIs MapaJljIeIbHOIO
COEIMHEHUS TIPOBOIHUKOB.

YMeHHsT M HaBBIKHM, KOTOpble¢ [0/LKHbI IpuHOOpecTH o0y4yamouuecss Ha 3aHATHM:
UCIIOJIb30BaTh (hU3UYecKre MPUOOPHI, ONPEACATh LeHY AEJICHUS 3JIEKTPOM3MEPUTENLHBIX TPUOOPOB:
BOJIbTMETpa U aMIIEpMETpa; HAYyYUTbCS COOMpPATh IEMb MO CXeMe i OINpe/leeHHs] SKBUBAJIEHTHOTO
COIIPOTHUBIIEHUS MapaIEIIbHO COEAMHEHHBIX MPOBOJHHKOB. OOpalaThiBaTh pe3yibTaThl MU3MEPEHMH,
JIeNlaTh BBIBOJIBI Ha OCHOBE IIOJYYEHHBIX HKCIEPUMEHTAJIbHBIX JaHHBIX. BBINONHATE TpeOoBaHUS
TEXHUKU 0€30MaCHOCTH IpHU paboTe ¢ IEKTPOOOOPYIOBAHUEM.
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OOopynoBaHMe: HCTOYHHUK TOKa, JIBa MPOBOJIOYHBIX PE3UCTOpA, aMIepMEeTp, BOJBTMETD,
peocTar, K04, COeIMHUTENIbHbIE TPOBO/IA.

IlepeyeHb UCNOJIB3yeMbIX HCTOYHUKOB!

Ocnognas:

1. Msaxumes, I'. S.®wuszuka: 11 kn.: ydeOHMK s oOmeoOpazoBar. ydpexiacHUi: 0a30BbI U
npopwieHelid  ypoBHH / I. SI. Msakumes, b. b. Bbyxosues, B. M. Yapyrun; mox pexn.
B.M. HukonaeBa, H. A. IlapdentbeBoit. - 17-¢ uza., mepepad. u pgom.; 18-¢ u3n. - Mockaa:
[Ipoceemenue, 2009, 2008. - 398, [1] c.

2. Msxkumes, I'. S.®Ouzuka: yue6. mius 10 k1. oOmieoOpaszoBar. yupexaeHui: 0a30BbId U MPOGuIL.
ypoBuu / I'. §I. Msikues, b. b.

3. Owusmka. Mexanuka: 10 xi1.: mpouIbHBIA ypOBEHBb: YUeOHUK /I 00111€00pa3oBar. yapexacHui /
[banamoB M. M. u np.]; mox pexn. I'. SI. Mskumesa. - 12-e u3n., crep. - Mocksa: [Ipocga, 2010. -
495, [1] c.

JlononnumenvHasi:

1. ®upcos, A. B.®uszuka st npodeccuii u crnennaibHOCTeH TEXHUYECKOTO H €CTeCTBEHHO-HAYYHOTO
npoduneit : ydeOHHMK Ui Had. W cpea. mpod. obpaszoBanus / A. B. @upcos; mox pen. T. .
Tpodumoroii. - 4-e uz., crep. - MockBa: Akaaemus, 2012.

2. Jmutpuena, B. ©.®usuka mis npodeccuii U CHenuaaIbHOCTeH TEXHUIECKOTO Ipoduiis : ¢0. 3a1a4:
yueOHUK AJis Had. U cpell. npod. obpazosanus / B. @. JImutpuena. - MockBa: Akaaemus, 2012. -
255, [1] c.

3. KysnenoB C.M. CopaBounuk no ¢usuke [DIEeKTpOHHBIN pecypc]: yuebnoe mocobue mis CI1O/
Kysnuernor C.U., Poro3un K.M1.— DnektpoH. TekcToBbie nanHbie.— Capartos: [IpodobpazoBanue,
2017.— 219 c.— Pexxum npoctyna: http://www.iprbookshop.ru/66399.html.

Coaep:xaHue ¥ OPSIA0K BBINOJHEHUsSI padoThI

Bonpocsl Teopun, paccmatpuBaeMblie B j1adopatopHoii padore: [lo 3akony Oma, Hanpsbkenus Ug u
U, na npoBognukax paBHbl U;=IR;, U,=IR,. Ilpu mapamiensHoM coeMHEHHH HANPsHKEHUS HA 000WX
npoBogHUKax oauHakoBel: Uij=U,=U. Cymma TokoB |1 + |2, mpoTekaromux mo o00MM MPOBOJHHUKAM,
paBHa TOKY B HEpa3BETBJICHHOW nienu paBHa [ = [} + [, . DTO cieayeT W3 TOro, 4TO B TOYKAX
pa3BeTBICHUS TOKOB (y3J1ax) B IEMH MOCTOSHHOTO TOKa
HE MOTYT HaKarIuBaThCs 3apsi/Ibl.

OKBHUBaJIEHTHOE CONIPOTHUBJICHUE Roxs ‘_@_’

R;
paccuuThIBaeTcs 1o Gpopmyie:
1 1 1 R
—_— =4 — < )

4——
R R, R, T T

OTOT pe3ynbTaT CHpPaBEUIUB AJS JHOOO0ro yucia @

napaujaCJIbHO BKIIFOYCHHBIX ITPOBOJHUKOB. A

ITopsinok BbINOJIHEHHA PadOTHI:
1. OnpenenuTh ILEHYy JeJE€HUS aMIepMeTpa U

e

BOJITMETpA:

— 1

Cpa= A/nen; Cy = B/nen; Puc.13.2

2.

3. CoOpatb JIEKTPHUYECKYIO LIEb 110 CXEME.

4. H3MepuTh MOOYEPENIHO aMIIEPMETPOM CHILY DJIEKTPUYECKOro TOKa B OOIIEH Ienu M B LEMsIX
OTACJIBbHBIX l'[OTpG6PITCJ'I€I>i; BBIYUCIIUTb CYMMY TOKOB!:

= A L= A b= A;
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I, +1, = A. CpaBuurs c |
5. W3meputh HanpspkeHus Ha pesuctopax R 1 u R 2!

U, = B; U, = B: CpaBauth Uy 1 Uy:

6. BBIUHCIUTE DOJHOE COIIPOTHUBJICHHUE YdYaCcTKa MLOCIIKM W BCIWYHHY, 06paTHy10 IIOJIHOMY
COIIPOTUBJICHUIO, 3aTCM BBIYUCIUTL COHNPOTUBJICHUA OTACIBHBLIX PE3UCTOPOB U BCIUMYMHEI, O6paTHLIe
OTHUM COIIPOTUBJICHHAM, a TAKKE UX CYMMY. CpaBHI/ITb IIOJIYYCHHBIC PE3YJIbTATHI:

U

Rogw = T Roow=___  Om;
R .= Y Ri= Owm;

Il
R = 2 R,= OM;

I2
1 + 1 = 1 CpaBHUTH C L
R, R, Om -

7. BblUMCIUTH OTHOLIEHMS CHJI TOKOB B PE3UCTOpaXx M OOpAaTHOE OTHOILEHHE CONPOTUBICHUMN
IIPOBOJAHMKOB, CPABHUTbH IOJIY4EHHBIE PE3YJIbTATHI:
Il . RZ
.- ; CPaBHUTH C R
2 1
7. PesynbraThl U3MEPEHUI U BEIYUCIICHUH 3amucaTh B Tabmmiy 13.2:
Tabmuua 13.2

Hanpsbxenue U Ha Cuna 31eKTpHUYeCcKOro ToKa B LIeMu ConpoTusieHue pe3ucropa

pesucropax
lh I, looim R1 R, Ro6m

8. Cpnenatp BBIBOJ MO pe3yiIbTaTaM IMPOBEACHHBIX KCIIEPHUMEHTOB.

BbiBoabl M mnpenJiodkeHMs MO AaHHOW JaldopaTtopHoil padore: Pe3ynabTaTbl NMPOBEIEHHBIX
HKCIEPUMEHTOB MO3BOJSAIOT YyOEIUThCS B BBIIOJHEHMHM 3aKOHOB HJIEKTPUYECKOIO TOKa JJIs
[apajuIeIbHOTO COEAMHEHUN ITPOBOAHHUKOB:

| R
|:|l+|2; 1 =i+i; 1 _2.
Rl RZ |2 Rl

KOHTpO.]II)HbIe BOIIPOCHI:

1. TosicHuTe, KaKoe coelMHEHNE TTPOBOIHUKOB Ha3bIBAETCS MapajlieIbHbIM?

2. OObACHUTE NPUHIMIIMAIBHOE pa3IMyhe IOCIEA0BATEIbHOIO W MapauIeIbHOTO COEIUHEHHS
AJIEMEHTOB.

3. lIpu momomm 3akoHa Owma BbIBeauTe (HOPMYITY OSKBHUBAIEHTHOTO COINPOTHBIECHUS TPH
NapajuIeIbHOM COEIMHEHNU IIPOBOJHUKOB.

4. YkaxuTe, Kakhe CONMPOTHBIICHHSI MOKHO MOJTyYUTh, UMes TPH pe3ucTopa 1mo 6 kOm?

5. CompoTuBlieHHE OJHOTO W3 IOCJIEIOBATENBbHO BKJIIOYEHHBIX HMPOBOJAHMKOB B 7 pa3 Oouiblie
COMpPOTHUBIIEHUS APyroro. Bo CKonbko pa3 M3MEHHUTCS CHJIa TOKAa B LIEMHU (HANpsKEHHE MOCTOSHHO),
€CJIM 3T MPOBOJIHUKY BKIIIOUUTH MapaieabHO?

6. OObscHUTE, KaK 3aBUCHT MOIIHOCTb, BBIJENseMas B MPOBOJHHKAX C TOKOM, OT THUIA HX
COEIUHEHMUS.
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JlaGopaTopHas padora Ne 14
Tema: Onpenenenue 3/IC 1 BHyTpeHHEro CONPOTHBJICHUS] HCTOYHHKA TOKA.

Heap padorbl: DkcriepuMeHTanbHO onpenenuTs JJC HMCTOYHMKA TOKa M €ro BHYTPEHHEE
COIIPOTHUBIIEHUE

YMeHuUs1 M HABBIKH, KOTOPbIE JOJKHBI PHo0pecTH o0y4yaroluecs: HA 3aHATHH. cOOUpATh
AIIEKTPUUYECKYIO 1M 10 CcXeMme, paboTaTh C SICKTPOU3MEPUTEIBHBIMH NPUOOpPaMHU, BBIIOIHSITH
IPsIMBbIE U KOCBEHHBIE U3MEPEHHUSI, SKCIIEPUMEHTAIBHO MPOBEPATH OCHOBHBIE TEOPETUUYECKUE BBIBOJIBI,
OOBSCHUTh MPUYMHY OTIMYUAS u3MepeHHoro 3HadeHuss JJ[C OT HOMHUHAIBHOTO 3HAYCHUS.
OOpabaTbiBaTh pe3yibTaThl U3MEPEHUN U OINpPEAesATh MOTPEIIHOCTH W3MEPEHHH, AeNaTh BBIBOJABI Ha
OCHOBE MOJYYECHHBIX SKCIIEPUMEHTATBHBIX JaHHBIX.

OOopynoBanmMe: akKyMyJasaTop WM OaTapeilka s KapMaHHOro (OHapsi, BOJIBTMETP,
LIKOJIBHBIM aMIiepmeTp co mkanoi 0—2 A, peocrar, /1Ba KJt04a, COEAMHUTEIbHBIE IIPOBO/IA.

IlepeyeHb HCNOIb3yeMbIX HCTOYHUKOB:
Ocnosnas:

1. Mskumes, I'. S.@uzuka: 11 xin.: yuyeOHuUK g 00meoOpa3oBaT. Y4YpexKIeHH: 0a30BbIA U
npopwieHed ypoBHH / I'. S1. Mskumes, b. b. ByxosueB, B. M. UYapyrun; mox pexn.
B.W. HukonaeBa, H. A. IlapdentbeBoii. - 17-¢ usn., mepepad. u mom.; 18-e m3a. - Mocksa:
[Ipoceemenue, 2009, 2008. - 398, [1] c.

2. Mskumes, I'. S.®uzuka: yue6. ms 10 k. oOuieoOpa3oBar. yupekaeHuit: 0a30Bblil u mpoduI.
ypoBuu / I'. 5I. Msikuies, b. b.

3. ®usuka. Mexanuka: 10 ki1.: mpodUIbHBINA YPOBEHB: YUEOHHK A1 0011e00pa30BatT. yupeKaIeHUi
/ [banamoB M. M. u np.]; mox pen. I'. 1. Mskumesa. - 12-e u3z., crep. - Mocksa: poda, 2010.
- 495, [1] c.

ﬂOl’lOﬂHl/lWleﬂbHCl}l.’

1. ®upcos, A. B.®usuka mis npodeccuil U crnenuaabHOCTEH TEXHHYECKOIO M E€CTECTBEHHO-
Hay4YHOTo npoduiiell : yueOHUK JUIst Hay. U cpea. mpod. oOpa3oBanus / A. B. @upcos; nox pen.
T. U. TpopumoBoii. - 4-e uzna., crep. - MockBa: Akangemus, 2012.

2. mutpuea, B. ®.Ousuka 11 npodeccuili U crenuanbHOCTE TEXHUUYECKOro mpoguis : c0.
3a/1a4: y4eOHUK 715 Had. ¥ cpell. npod. oopazoBanus / B. @. Imutpuena. - MockBa: Akagemus,
2012. - 255, 1] c.

3. Kysuenos C.M. CrpaBounuk 1o ¢usuke [DiekTpoHHBIN pecypc]: yaeoHoe mocooue mist CI1O/
Kysnenos C.H., Poroszun K.IJM.— OnektpoH. TekctoBble aaHHble.—  (CaparoB:
[Tpodobpazosanue, 2017.— 219 ¢.— Pexxum gocryma: http://www.iprbookshop.ru/66399.html.

Coaeprxanue U NOPSIIOK BHINOJIHEHHS Pa0OThI

Bonpocel Teopun, paccMaTpuBaemblie B J1abopaTopHoi padorte: 3akoH Oma mis ydacTka
LeNH — CUJia ToKa | B MPOBOHUKE MPSIMO MPONOPLUHOHATbHA HanpshkeHnio U Ha ero KoHIax u o0paTHO
MIPOTIOPITMOHAIBHA COMTPOTUBIICHHIO TTpoBoHKKa R: U1=IR;,

Cornacno 3akoHy Oma mnsg nosiHoM nenu OJIC MCTOYHMKA, €ro BHYTPEHHEE CONPOTHBIICHHUE,
CHuJia TOKa B €I U COITPOTUBIICHUE BHEIITHEH OCIIU CBA3aHbl COOTHOIIICHHUEM:
&£

| =
R+r

Ecmu x HCCICAYCMOMY HUCTOYHUKY TOKA MOAKIHOYATH nooqepéleo ABa pE3ucCTopa C pasHbIMU
COIIPOTUBJICHUAMHU, TO, HU3MCPAAd IIPU I3TOM CHIIY TOKa B oboux CJIy4dasx, MOKHO 3alucarb ABa
YpaBHCHU:, U3 KOTOPBIX JICTKO BBIYUCIIUTD 3]:[(: U BHYTPCHHEC COIIPOTUBJICHUEC NCTOYHHKA:

& &
I, = u l,=—.
R, +r R, +r




Pemrasi COBMeCTHO 3TH ypaBHEHUSI, MOJTYUHM:
I,R, - LR
_ . _ 2 1™ . _ _
LR +Lr=0LR, +1,r; r_T, e=1(R +r), mm  e=1,(R,+Tr).
1 2
Cxema »JIEKTPUYECKON WENH, KOTOPYIO HCIHOJIB3YIOT B

3TOH nabopaTopHOi paboTe, MoKa3aHa Ha PUCYHKe. B kauectBe - —|— .

UCTOYHHKA TOKAa B CXEME HCIIONB3YeTCsS aKKyMyJsTOp WId |

OaTapeiika oT KapMaHHOTO (OoHAPA. I g
I

IIpu pasomxHyTroMm Kiatoue DJIC HMCTOUHMKA TOKa paBHA

{0
N
s

I
HaIPSHKEHUIO Ha BHEIIHEW 1IETN. I K| K.
| — [
Puc.14.1

B skcnepuMeHTe UCTOYHHUK TOKA 3aMKHYT Ha BOJBTMETpP, CONMPOTUBIEHUE KOTOPOrO JIOJKHO OBITH
MHOTO OOJIbIlIe BHYTPEHHErO CONPOTUBIECHUS HUCTOYHHMKA TOKA I. OOBIYHO CONMPOTUBIICHHE MCTOYHUKA
TOKa MaJio, MOATOMY JJIsi U3MEPEHHs HAIMpPSKEHHs] MOXHO HCIOJB30BaTh HIKOJBHBIM BOJBTMETP CO
mkanoit 0—6 B u comporuBnenunem RB = 900 Om (cMm. Haamuch moja mkanoi mpubopa). Tak kax
COINPOTUBIIEHUE MCTOYHMKA OOBIYHO Majo, TO AedcTBUTENbHO Rg>> r. Ilpu stom ominume & ot U He
NPEBBIMIACT JECATHIX JOJIH MPOIEHTA, MOITOMY MorpemHocTs u3mepeHust DJ{C paBHa MOrpenIHOCTH
U3MEPEHUS HAIPSKEHHUS.

BHyTpeHHee CONMpPOTHBIIEHHE HCTOYHMKA TOKAa MOXKHO H3MEPHTHh KOCBEHHO, CHSB MOKAa3aHHUs
ammepMeTpa U BOJBTMETpA MpU 3aMKHYTOM Kiroue. JlelicTBUTenbHO, U3 3akoHa OMa A 3aMKHYTOM
LENU MOTyYaeM:

E=U+Ir (1),
&-U
|

B pa60Te HN3MCPAIOT ABa 3HAUCHUA CUJIBI TOKA W HANPSIKCHUSA TPH PAa3JIMYHBIX COIPOTUBJICHHUAX

rae U = IR — nanpspkenue Ha BHemHel nenu. [loatomy I =

peoctata Riu Ry. Torna:
&Z |1(R1 + r), Ortcroma |1(R1 + r) = |2(R2 + r),

E=12(R2 +7). 1Ry + 1 r=1LRy + Ior;
hRi—LRy=lr—1Iir.

Tak kak U; = 1Ry, Uy = bRy, 1o Uy — Uy = 1 (I — 11). Torma BHyTpeHHEE CONPOTHBIICHHE
HUCTOYHUKA TOKa:

r :@ )

Il I2

Boruucnus r, Haiitu & no popmyne (1).

ITopsinok npoBeneHust padboTbl

1. Osnakomutecst ¢ paboroit cxembl. CoOpaTb 3JeKTpHuUECKyrO Lemnb no cxeme. I[IpoBepurs
HaJIe’KHOCTb JJIEKTPUYECKUX KOHTAKTOB, IPABUILHOCTD ITOAKIIOYEHUS aMIIEPMETPA U BOJIBTMETPA
2. 3amkayTh Kitod Kj BompTMeTpa (K2 - pazomMkHyT). BombTMeTp moOKaxeT pa3HOCTh IMOTEHITHAIIOB
MEX 1y Toukamu ¢ u d.
Ug=&—-1gRe = [/ (R+N)]r,
rire Up - mnokasaHus BoJabTMETpa, lg, Rp COOTBETCTBEHHO TOK uepe3 BOJBTMETP MU €ro

conpotuienne. Oaaako mpu 60abIIoM Rp, TOKa3aHus BOJIBTMETPA OYIyT MaJIo OTin4aThes ot &, T.e. Ug
npubim3uTenbHo paBHO & M3Meputs no BoabTMeTpy Benuuuny J/1C 6arapen Up = & .
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3. YcTaHOBUTH Ha peocTaTe CONpOTHBIEHHE R; (MOJI3YHOK peocTara yCTaHOBUTH NPUMEPHO

nocepenuue) u 3aMKHYTh Kj. CHITh mOKa3aHusi BoJbTMeTpa U= B, u ammnepmerpa
|1: A.

4. llepenBuHyB IIOJI3YHOK peOCTara, YBEIMUYUTh CONpPOTUBIEHHE peoctata: Rz, CHATH HOBbIE
nokaszaHusi BosibTMeTpa Uy= B, u amnepmerpa = A.

5. PaccunTaTh BHyTpeHHEE CONPOTHBIIEHHE HCTOYHHUKA TOKa 0 hopmyie (2): r = Owm.

Borauciute DJ]C ucrounnka toka mo gopmyie (1): € yua=11- (R1+r)=Us+ 1.
é; BBIY — B
6. Pe3ynbTaThl U3MEpEHUH U BHIYUCICHUN 3amucaTh B Ta0uiry10.

Taomuma Nel4.1

|1, A Ul: B |29 A U29 B r, Om & H3M> B E,. BbIU»y B

7. CaenaTh BBIBOJ 1O pe3ybTaTaM SKCIIEPUMEHTA: CPABHUTD & yay U & pyp-

BeiBoabl M mnpeAsioOKeHWs] NO JAHHOW Ja0opaTopHOil padore. YCTaHOBUTh Ha peocrare
conpotuiienne R = 0 u 3amkHyTh K3, TO ammepMmerp mokakeT TOK KOPOTKOro 3aMmbIkaHus l;. 3Has &,
JIETKO BBIYMCIIUTH BHYTPEHHEE COMPOTHBIICHUE HCTOYHKMKA ToKa I = &/ |, OHako paboTarh B pekuMe
KOPOTKOTO 3aMbIKaHUsIb NCIIONB3ys 6aTapeiiKy, He peKOMEHIyeTCsl N3-3a €€ MaJIOH EMKOCTH.

KonTpoJsbHbIe BOPOCHI
1. IlosicauTe ¢u3NUECKyI0 MPUPOAY 3JIEKTPOABMKYIIEH CHIIbI UCTOYHMKA Toka. KakoBa poinb
MCTOYHHUKA TOKA B DJIEKTPUUYECKOM 1enu?

2. lpusenure ¢usmueckmnit cmpicn DJIC. PackpbiTh (DU3HYECKHA CMBICT €IMHHUIBI U3MEPEHUS
1 BoubT.

3. HOHCHI/ITG, OT Y€TO 3aBUCUT HAITPAKCHUC HA 3aKUMaX UCTOYHUKA TOKaA.

4. OObscHUTE, TOYEMY [TOKa3aHUSI BOJBTMETPA MIPU PA3OMKHYTOM U 3aMKHYTOM KJIIOUE Pa3JINYHbI.
B xakom ciydae BOJIBTMETp, BKIKOUYEHHBIN Ha 3aKUMbl MICTOYHMKA, OKaxkeT DJIC, a B KakoM cirydae —
HalIpsDKEHUE Ha BHEIIHEH 1enu?

5. Chopmymupyiite 3akon Oma J71s1 TTOJTHOM TIETIH.

6. Onpenenute KIIJ[ mcToyHMKa TOKa MMEIOIIETO BHEIIHEE COMPOTHUBIEHHWE R W BHyTpeHHee
CONIPOTHUBIICHHUE I .

7. 3anummre (GOpMylly CHIIBI TOKa KOPOTKOrO 3aMblKaHMs. B kakoM ciydae HaOmonaercs
KOPOTKO€E 3aMblKaHHe?

8. Ilycte B coOpaHHOI HaMH IIeTM TIoKa3aHue amrepmerpa | A u BombTMerpa 3 B. Uemy paBHO
BHYTPEHHEE CONIPOTUBJIEHHE NCTOUHUKA, eciu ero DJC 4,5 B?
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JlaGoparopHasi padora Ne 15
Tema: HaGaroneHue neiicTBUSI MATHUTHOT'O MOJISAA HA JJIEKTPHYECKHUH TOK

He.ﬂb paﬁoTbI: IPOBEPUTH SKCIICPUMCHTAJIBHBIM IIYTEM BOSHCﬁCTBHH MarHuTa Ha IIPOBOJHUK C
TOKOM.

YMeHusi 1 HABBIKHM, KOTOPbIE 0JIKHBI IPUOOpecTH o0yuyarouuecs Ha 3ausaTun: [IpoBoautsb
HAOJIO/IEHUS, HCIIOJIb30BaTh (U3MYecKue MpHOOpPbI, HAYYUTHCS COOMpATh YCTAaHOBKY HaOIIOJCHUS
JNEHCTBUSL MarHUTHOTO MOJIA HAa DJIEKTPUYECKHI TOK; aHAIM3UPOBATh M MPOTHO3UPOBATH PE3YJIbTATHI
9KCIIEPUMEHTA; JIEJIaTh BBIBOJIbI HA OCHOBE MOJyYEHHBIX IKCIIEPUMEHTAIbHBIX IaHHBIX.

Oo0opyaoBaHue: TPOBOJOYHBINA MOTOK, IITATUB, UICTOYHUK MOCTOSTHHOTO TOKA, PEOCTaT, KII0Y,
COCTMHUTEIIBHBIC TTPOBO/IA, AYT0OOPa3HbI MAarHUT, OJIOCOBOM MarHuT.

IlepeyeHb HCMOJIB3yeMbIX HCTOYHUKOB:
Ocnosnas:

1. Msxumes, I'. S.@usmka: 11 kin.: yueOHHMK misi 00meoOpa3oBar. YUpEeKICHHIA: Oa30BBIA H
npodunbHelid ypoBau / I'. 5. Mskumes, b. b. byxosues, B. M. UYapyrun; mnoxg pexn.
B.M. HukonaeBa, H. A. IlappentseBoii. - 17-e u3n., nepepad. u jom.; 18-e m3a. - Mocksa:
IIpocsemenue, 2009, 2008. - 398, [1] c.

2. Mskumes, I'. f.®um3uka: yueb. mis 10 k1. obmeoOpazoBaT. yUpexacHHA: 0a30BBIM U MPOQUIL
ypoBHu / I'. 5I. Msixues, b. b.

3. ®wmsuka. Mexanuka: 10 ki1.: TpoQUIBHBIA YPOBEHB: YICOHUK I 00IIe00pa3oBar. YIperK ACHHM /
[basmamoB M. M. u ap.]; nox pex. I'. A. Mskumesa. - 12-¢ u3n., crep. - Mocksa: JIpoda, 2010. -
495, [1] c.

JlononnumenvHasi:

1. ®upcos, A. B.®usuka ans npodeccuii 1 crennanrbHOCTeH TEXHHYECKOTO U €CTECTBEHHO-HAyYHOTO
npoduieit : yueOHUK Uil Had. U cpeid. npod. odpazoanus / A. B. ®@upcos; nmox pea. T. U.
TpodumoBoii. - 4-e u3a., crep. - Mocksa: Akagemus, 2012.

2. Jmutpuena, B. ®.dusnka mist npodeccuii U CHeHaIbHOCTEH TEXHUIECKOTO poduIs : ¢0. 3a1a4:
y4eOHUK Ui Hay. U cpell. mpod. obpasosanus / B. @. Imurpuena. - Mocksa: Akagemus, 2012. -
255, [1] c.

3. Kysznenos C.U. CnpaBouHuk no ¢usmke [DaeKTpoHHbIM pecypc]: ydeOHoe mocobue ans CIIO/
Kysuernos C.U., Poro3un K.M.— Dnekrpon. TekcroBbie manHbie.— Capatos: [IpodobpazoBanue,
2017.— 219 c.— Pexwum noctyna: http://www.iprbookshop.ru/66399.html.

Coaep:xaHue v NOPSII0K BbINOJHEHUS PadOTHI

Bonpocsl Teopuu, paccmaTpuBaemblie B J1adopaTopHoii padorte: [lepBbiMU SKCIEpUMEHTaMH,
MOKA3aBIIUMH, YTO MEXIY AJIEKTPUYECKUMH U MArHUTHBIMM SIBICHUSIMH HMMeEETCSl Ti1y0okasi CBS3b,
ObuTH OMBITHI JaTckoro ¢usuka X. Opcrena (1820 r.).

OTH OMBITHI TIOKAa3aJlM, YTO HAa MAarHUTHYIO CTPEJKY, PACIOJOXKEHHYI0 BOJM3U MPOBOJHUKA C
TOKOM, JEHCTBYIOT CHJIbI, KOTOpPBIE CTPEMSTCS TOBEPHYTh CTPENKy. B TOM ke roay ¢paHIy3CcKHii
¢uszuk A. Ammep HaOIIOAam CUIOBOE B3aWMOJCHCTBHE JIBYX MPOBOJHHUKOB C TOKAaMU M YCTAaHOBHII
3aKOH B3aNMOJEHCTBHS TOKOB.

ITo COBPCMCHHBIM MPCACTABJICHUAM, ITPOBOJHUKH C TOKOM OKAa3bIBAOT CHUIJIOBOC )ICfICTBPIG apyr
Ha Jpyra HE HETIOCPEACTBECHHO, a UE€PE3 OKPYKAIOMIUE NX MATrHUTHBIC I1OJIA.

HMcTouHMKaMd MarHUTHOTO TIOJS SBJISTFOTCS ABMIKYIIUECCA DJICKTPUICCKUE 3apsabl (TOKI/I).
MaramTHOE I10JIC BO3HHUKACT B IMPOCTPAHCTBE, OKPYIKAIOIIEM IIPOBOJHHUKU C TOKOM, 1'[0)106H0 TOMY, KaK
B IIPOCTPAHCTBE, OKPYKAOIICM HCUOABWIKHBIC SJICKTPUUYCCKUC 3apAbl, BO3HUKACT ISJICKTPHUYCCKOC
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nosie. MarHuTHOE TMOJI€ TOCTOSIHHBIX MAarHUTOB TaKXK€ CO3/1ae€TCA DJIEKTPUUYECKUMH MUKPOTOKAMHU,
HUPKYTUPYIOUIMMHI BHYTPH MOJIEKYJ BellecTBa (rumnore3a Ammnepa).

ITopsinok npoBeneHust padboTbl

IloxgBecbTe HpOBOJIO‘-IHBIﬁ MOTOK K MMTaTUBY, MHNOACOCAUHHUTC C€ro K HCTOYHHUKY TOKa
MMOoCJICAOBATCIIBHO C PCOCTAaTOM U KIIFOYOM. HpenBapnTenLHo KJII04Y JOJIZKCH OBITh PAa3OMKHYT, IBUXKOK
pcocTraTra YCTAHOBJICH HAa MAKCUMAJIbHOC COIIPOTHUBIICHUC.

Puc. 15.1

1. ITonnecure k BUCAIICMY MOTKY MarHuT U, 3aMbIKasl KJIKO4, HpOHa6HIOI[aI>'ITC JBHXXCHHUEC MOTKaA.

2. BI:IGCpI/ITe HCECKOJIBKO XapaKTCPHBIX BAapUAHTOB OTHOCHUTCIILHOIO pPACIIOJIOKCHHA MOTKa H
MarsuTa Hu 3apHCYﬁTC HX, YyKa3aB HaIpPAaBJICHUC MArobvuTHOIO TIIOJIsA, HAIpaBJICHHUEC TOKa H
npeamnojgaracMoc IBMXCHUEC MOTKA OTHOCHUTCIIBHO MarHuTa.

3. HpOBepLTC Ha OIBITC IMPABUIIBHOCTDH npe,unono;erI/Iﬁ 0 XapaKTEepC U HAIIPABJICHUU JIBUKCHUS
MOTKa.

4. TlpoBenuTe CEepHIO M3 YETHIPEX OMBITOB C PA3TUYHBIM PACTOJOKEHHUEM KATYIIKM U MarHura.
CrnegyeT o0XWaaTh, 9YTO WX B3aWMOJCWCTBHE TaKXke OyIeT pasIuYHbIM (MPUTATHBAHUE WIIH
OTTAJIKUBAHUE).

5. 3anuimTe BBIBOJ 10 pe3yibTaTaM SKCIIEPUMEHTA.

BoiBoabl W Tmpelio:KeHHsI MO JaHHOI JadopaTtopHoii paGore: CorjacHO TeOpHUH
OJIM3KO/IEHCTBUS TOK B OJIHOM M3 MPOBOJHUKOB HE MOKET HEMOCPEACTBEHHO JIEHCTBOBATh HAa TOK B
JIPYTOM MPOBOJHUKE. DIEKTPUIECKHUI TOK B OJJHOM M3 MPOBOJHUKOB CO3JAET BOKPYT ce0si MarHUTHOE
noJie, KOTOpoe JICUCTBYET Ha TOK BO BTOPOM IPOBOJHHKE. A TOJIe, CO3/IaHHOE DJICKTPHUUECKUM TOKOM
BTOPOTO MPOBOJIHUKA, JEHCTBYET HA MEPBBIN.

KoHnTpoJsbHbIe BOPOCHI

1. IlepeunicniuTe OCHOBHBIE CBOMCTBA MAarHUTHOTO TOJISI.

2. IlosicHUTE, 9TO TaKOE MAarHUTHAsI WHIYKITHUS.

3. OOBsicHHTE, KaK OMPEEISIOT HallpaBIeHNe MAarHUTHOW MHTYKIIHH.
4. TlosicauTe, 4yTO Takoe cuiia Amriepa.

5. [losicaute, uto Takoe cuna JlopeHia.
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JlaGopaTopHas padora Ne 16

Tema: l'IpOBeneHne OIIBITOB IO UCCJICAOBAHHUIO ABJICHUSA 3JIeKTp0MaFHI/ITHOI71 HHAYKIUH

Heasb padoThi: M3yunTh YCIOBUS BO3HMKHOBEHHS MHIYKIMOHHOTO Toka, DJIC mHaykuuu; codpartb
YCTAaHOBKY M DKCIEPUMEHTAJIbHO IIPOBEPUTH OCHOBHBIE TEOPETUUYECKUE BBIBOABI; JI0Ka3aTh
HKCIEPUMEHTANIBHO NpaBuilo JleHna.

YMeHus U1 HABBIKH, KOTOPbIE T0JI’KHbI PUoOpecTH o0y4yaromuecs Ha 3anaTum . [[poBoauTh
HAOJI0/IEHUS], UCIIOJIb30BaTh (U3UUYECKUE MPUOOPHI, HAYUUTHCS COOMpAaTh YCTAHOBKY JJISI MOJTYYESHHS
WHAYKIIMOHHOTO TOKAa. Y CTAaHOBUTH YCIOBHUS BOSHHUKHOBEHHS U CYHIECTBOBAHMS MHIAYKIIMOHHOTO TOKA,
HalpaBJieHUE TOKAa B BHUTKE, AaHAJU3UPOBATh W IPOTHO3UPOBATH PE3YJIbTaThl HAKCIEPUMEHTA;
06pa6aTbIBaTB PE3YIbTAThI H3M€p€HHﬁ, ACJIaTh BbIBOJAbBI HA OCHOBC IOJTYUYCHHBIX S3KCIICPHUMCHTAJIBHBIX
JaHHBIX.

OﬁopyszaHne: MUKPOaMIICpMETDP, I10JIOCOBOM Mar"uT, KaTylika, COCAUHUTCIIbHBIC IIPOBOJA.
Hepeqeﬂb HUCII0JIB3YEMbIX HCTOYHUKOB:

Ocnosnas:

1. Msxumes, I'. S.@usmka: 11 ki.: yueOHHMK misi 00meoOpa3zoBar. YUpEeKICHHIA: Oa30BBIA H
npopwieHeid ypoBHH / I. SI. Msxumes, b. b. Bbyxosues, B. M. Yapyrun; mox pexn.
B.W. HukonaeBa, H. A. IlapdentbeBoit. - 17-¢ u3a., mepepad. u pgom.; 18-¢ u3n. - Mockaa:
[Ipoceemenue, 2009, 2008. - 398, [1] c.

2. Mskumes, I'. S.®uszuka: yueb. mis 10 k. obmeobpazoBaT. ydpexaeHUi: 0a30BbI U MPOQUIL
ypoBuu / I'. 5I. Msikumies, b. b.

3. ®usuka. Mexanuka: 10 ki1.: npoduIbHBIA YpOBEHB: YUeOHUK ISl 0011e00pa3oBar. yupexxaeHui /
[banmamos M. M. u np.]; mox pexn. I'. SI. Mskumesa. - 12-e u3n., crep. - Mocksa: JIpoda, 2010. -
495, [1] c.

ﬂOl’lO]ZHMmeﬂbHaﬂ.'

1. ®upcos, A. B.®usuka s npodeccuii U crenualbHOCTEH TEXHUYECKOTO U €CTECTBEHHO-HAYYHOTO
npoduieit : yueOHUK Uil Had. U cpeid. npod. odpazoanus / A. B. ®@upcos; nox pen. T. U.
TpodumoBoii. - 4-e u3a., crep. - Mocksa: Akagemus, 2012.

2. Jmutpuena, B. ®.®usnka mis npodeccuii U CHenaaIbHOCTeH TEXHUIECKOTO poduIs : ¢0. 3a1a4:
y4eOHUK Ui Hay. U cpell. npod. obpazosanus / B. @. Imurpuena. - Mocksa: Akagemus, 2012. -
255, [1] c.

3. Kysznenos C.U. CnpaBouHuk no ¢usmke [DneKTpoHHbIM pecypc]: yueOHoe mocobue ans CIIO/
Kysnernos C.U., Poro3un K.M.— Dnekrpon. TexkcroBbie manHbie.— CapatoB: [IpodobpazoBanue,
2017.— 219 c.— Pexwum noctyna: http://www.iprbookshop.ru/66399.html.

Conep:xaHue ¥ NOPSIA0K BBINOJHEHUSI padOThI

Bompocsl  Teopuu, paccmMaTpuBaeMble B NPaKTHYecKoil  padore:  MarHuTHBIE
B3aMMOJICHCTBHSI OMMCHIBAIOTCS] HA OCHOBE MPEICTABIECHUSI O MArHUTHOM TI0JI€, CYILIECTBYIOIIIEM BOKPYT
JBUKYIIUXCS 3JIEKTPUUECKUX 3apsAI0B. DJIEKTPUYECKUE U MArHUTHBIE MOJIS TIOPOKIAIOTCS OJHUMHU U
TEMU K€ UCTOUYHUKAMHU — DJIEKTPUUECKUM 3apsaaMu. MOKHO MPENNOJIOKNUTh, YTO MEKIY HUMH €CTh
cBa3b. B 1831 r. M.Dapaneii mnoaTBepAWSI 3TO dSKCIEpUMEHTaIbHO. OH  OTKpBII  SIBIECHUE
JIEKTPOMAarHUTHOM HMHIYKIMHM, KOTOPOE 3aKII0YacTCd B BO3HUKHOBEHMM DJIEKTPUUECKOTO TOKA B
3aMKHYTOM KOHTYpPE TIIpM M3MEHEHUMM MAarHuTHOIO II0TOKA, IPOHU3BIBAIOLIETO KOHTYp. TOK,
BO3HUKAIOIINN IPU SBJIEHUH 3JIEKTPOMAarHUTHON UHIYKIIMH, HA3bIBAIOT NMHIYKIMOHHBIM.
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B oanexrtpruueckoil 1enu BO3HUKAET WHIAYKLIMOHHBIM TOK, €CIM €CTh JBH)KCHHUE MAarHuTa
OTHOCHUTEIIFHO KaTyIIKH, WIKM HaoObopoT. HampapieHwe WHIYKIIMOHHOTO TOKa 3aBHCHT KaK OT
HaIpaBJICHUs JBH)KECHUS MArHUTa, TaK U OT PACHOJIOKEHUS €ro MOJIOCOB U ONMPEALIAETCS 10 npaguLy
Jlenya: WHAYKIWOHHBIA TOK HMMEET TaKOE HaIpaBJ€HUE, YTO CO3JAaHHBIH WM MAarHUTHBIM TOTOK
CTPEMUTCS] KOMIICHCUPOBATh N3MEHEHUE BHEITHETO0 MarHUTHOTO TTOTOKA, BO30YKAAIOIIET0 ATOT TOK.

WHAYKIMOHHBIA TOK OTCYTCTBYET, €CIM HET OTHOCHUTEJIBHOIO IEpEeMEIICHUs KATYIIKH U
Mar”Hura.
I[Hopsinok npoBenenusi padoThI
1. TloncoenuHUTh KaTyHIKy K 3aKHMaM MHKpoaMmIiepMmerpa. BABUTaTh B KaTYIIKY MOCTOSTHHBIN
Mar"ur, HabJI01asl 3a CTPEIKON MUKpOaMIIEpMeTpa.
2. llpekpaTuTh ABMKEHUE MarHuWTa M MPOHAOIIOAATH 3a CTPEIIKONH MUKpPOAMIIEpMETpa.

w

BrIaBUIraTh MarHuT M3 KaTYIIKH, OJJHOBPEMEHHO HA0JII0/1as 32 CTPEJIKOM MUKpOaMIlepMeTpa.

4. TloBTOpUTh YKa3aHHBIC NEUCTBUS MO MyHKTaM | — 3 TpW BHECEHHWH MarHuTa IPYTHM
ITOJIFOCOM.

5. PesynbraTel HaOMOACHUN OPOPMUTH B BUJIC TAOIHUIIBL.

Tabmuma 16.1.

Ne|  JleiicTBuUs ¢ MArHUTOM H [TokazaHus HamnpaBnenus Cxema onbiTa
KaTyILIKOU MUKpOaMIIEp- | OTKJIOHEHUS CTPEJIKU | ¢ YKAa3aHUEM HallpaBJICHUS
MeTpa, MHUKpOaMIIEpMETpa | MHAYKIMOHHOTO TOKa (IO
MA (BmpaBo, BI€BO WM | paBuity JleHa)
HE OTKJIOHSIETCS])
1 | BaBurars B KaTylIKy
CEBEPHBII MOJIFOC MArHUTA e
5.
2 | OcraBuThH MarHur B
KaTYIIKE HEMOABUKHBIM
3 | BoigBurate W3 KaTyHIKu
o —
CEBEPHBIi MOJIOC MAarHUTA
4 | Basuratp B KaTylIKy
FO’)KHBIM TIOJIFOC MAarHNUTa ﬂ.
5
5 | OcraBuTh MarHuT B
KaTYIIKE HENOABUKHBIM
6 | BoyiBurate U3 KaTyIIKU
F0’KHBIH IIOJIFOC MATHUTA [

6. Ha ocHoBanuu ombITa CACJIaTh BBIBOA C YKa3aHUCM IPHUYMH BO3HHUKHOBCHHA WHAYKITUOHHOI'O
TOKa B KaTYHIKE X OT Y€Tro 3aBUCUT HAITPABJIICHUEC MHAYKIIMOHHOI'O TOKA.

BouiBoabl M mnpeaioKeHUsl MO JAAHHOW JabopaTopHoii palore: SIBieHUE >SIEKTPOMArHUTHOMN
WHIYKIIMM 3aKJII0YAaeTCsi B BO3HUKHOBEHHHM JIIEKTPUUYECKOTO TOKA B 3aMKHYTOM KOHTYpE MpH
M3MEHEHUM MAarHUTHOrO II0TOKA, IMPOHU3BIBAIOIIETO KOHTYp. B 2JIEKTpUYECKOM Lenu BO3HUKAET
WHAYKIUOHHBIA TOK, €CIIM €CTh JBWKEHHE MarHuTa OTHOCHTENHHO KATYIIKH, WIH HAo0OpOT.
Onpenenutb, U3MEHUTCS JIM BEIMYMHA MHAYKIIMOHHOTO TOKA, €CJIM BCTABJISITH B KaTYIIKy HE OJIMH, a

2
S aA—
JIBA MarHUTA CEBEPHBIMHU IMOJIFOCAMU: | |y s 344 ) -
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KoHnTpoJsbHbBIe BOpoChI

1. PackpbITh CyThb MOHSATUH: «MarHUTHOE TIOJIE», «BEKTOP HMHIYKIUU MAarHUTHOTO MOJIS,
«rpaduueckoe  HU300paKEHUE  MOJIeH»,  «B3aUMOJCHCTBHE  TOKOB», «MArHUTHBIA  MOTOK).
CdopmynupoBath 3aKkoH AMriepa.

2. TlosicHUTH, B YeM 3aKIIFOUACTCS SIBJICHHUE DJICKTPOMArHUTHOW WHIYKIIHH?

3. TlosicHUTH, KaKOW TOK Ha3bIBAIOT WHIYKIIMOHHBIM?

4. CdopmynupyiTe 3aKOH JIEKTPOMAarHUTHOW nHAYKIuH. Kakoit popmyroii oH onuceiBaetcs?

5. Ecnu MarHuT ocTaBUTH B KaTyIIKE W BpallaTh €ro BOKPYT CBOEH OcH, OYIET U BO3HUKATH MIPU
3TOM UHAYKIIMOHHBINA TOK? OTBET MPOBEPUTH HA OTIBITE.

6. Cdopmynuposars npasmuio JIeHma.

7. TloscHute, KakoBa CBs3b MpaBuiia JIeHIIa ¢ 3aKOHOM COXpaHEHUs IHEPTHUHU.

JlabopaTopnas padora Ne 17

Tema: UcciienoBanmne 3aBUCHMOCTH MEPHOIA KOJIEOAHHIT MATEMATHYECKOT0 MAATHAKA OT €ro
JAJIHHBI, MACCHI M AMILUTUTY/bI KOJIeOaHMIi.

Heas padorbi: M3yuuTh TEOpHIO paccMaTpUBAEMOTO BOMPOCA, AKCIEPUMEHTAIBHO
MCCJIEI0BATh 3aBUCUMOCTh MEpPHOJia KOJIeOaHUH MaTeMaTUYeCKOro MasiTHUKAa OT €ro JUIMHBI, MacChl U
AMIUTUTY/IbI KOJICOaHUH.

YMeHUSI M1 HABBIKH, KOTOPbIE N0JIKHbI MpHOOpecTH o0y4yawuuecss Ha 3aHATHH . cOOUpATh
YCTaHOBKY JJisi OINpeAeNieHUus] IMepuoaa KoieOaHUH MaTeMaTH4ecKoro MAasiTHUKA, HCIOJIb30BaTh
busnueckue npuUOOpHI, TPOBOAUTH HAONIONEHUS, AaHAIU3UPOBATh PE3YNIbTAThl HKCIEPHUMEHTA.
OOpabaTpIiBaTh PE3yNbTaThl U3MEPEHUN W ONPEACIATh IMOTPEITHOCTH W3MEPEHHH, JeNaTh BBIBOJIBI Ha
OCHOBE TOJTYYE€HHBIX IKCIIEPUMEHTATBHBIX JTAHHBIX.

Harasigable mocodusi, 060py/10BaHue: IITAaTUB, IIAPUK HAa HUTH, AUHAMOMETpP, CEKYHIOMED,
JMHEHKa; TpaHCIOPTUP, TEOPETHUECKHUE MaTepralbl «MexaHn4ecKre KoaeOaHus.

Ilepeyens UCNMOAb3yeMbIX HCTOYHUKOB:
OcHosHas:

1. Mskumes, I'. S.®usuka: 11 kn.: yuyeOHUMK i1 00IIe0Opa3oBaT. yupekJIeHUil: 0a3oBbId U
npopwieHelid ypoBHH / I'. SI. Msxumes, b. b. byxosues, B. M. UYapyrun; mnoxn pen.
B.M. HukonaeBa, H. A. [lappentseBoii. - 17-e uzn., nepepad. u gom.; 18-e uza. - Mocksa:
[Ipocsemenue, 2009, 2008. - 398, [1] c.

2. Msxkumes, I'. SI.®usnka: yue6. mius 10 k1. odmeoOpa3oBar. yupekaeHuit: 0a30BbIi 1 poduI.
ypoBHu / I'. §I. Msikues, b. b.

3. ®wuszwmka. Mexanuka: 10 ki1.: MpoUITBHBIA YPOBEHB: YU€OHUK I 001Ie00pa3oBar. yIpekIeHHH
/ [banamoB M. M. u np.]; mox pexn. I'. 5. Msakumesa. - 12-e u3z., crep. - Mocksa: poda, 2010.
- 495, [1] c.

JlononnumenvHasi:

1. dupcos, A. B.®usuka mans npodeccuii M CrnenualbHOCTEH TEXHHMYECKOT0 M €CTECTBEHHO-
Hay4HOTO Tpoduiielt : yueOHUK 1 Had. U cpeld. nmpod. oopazoanus / A. B. dupcos; moa pe.
T. . TpodumoBoii. - 4-e uzn., crep. - Mockpa: Akagemus, 2012.

2. JmutpueBa, B. ®.®Ousuka st nmpodeccii U CrenuarbHOCTeH TEXHHYECKOTo Mpoduis : c0.
3aja4: yueOHUK Ui Had. U cpell. mpod. oOpazoBanus / B. @. JImurpuesa. - MockBa: Akanemus,
2012. - 255, [1] c.
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3. Kyzuenos C.1. CrpaBounuk 1o ¢gusuke [DIeKTpOHHBIN pecypc]: yuebnoe mocodue mist CI10/
Kysnenos C.H., Poroszun K.IM.— OnektpoH. TekcToBble aaHHble.—  (CaparoB:
[TpodobpazoBanme, 2017.— 219 ¢.— Pexum gocryna: http://www.iprbookshop.ru/66399.html.

Conep:xanue U NOPSIIOK BbINOJHEHHUSI PadOThI:

Bomnpocsl Teopun, paccMaTpuBaeMble B NpaKTH4ecKoil padore: CBoOoaHbIe KoieOaHUs —
3TO KoJIe0aHMs, MPOUCXOJAIINE IO/ JIEHCTBHEM BHYTPEHHHMX CHII B cucTeme. lIpu OTKIIOHEHHWH OT
IIOJIOKEHUSI YCTOMYMBOIO PABHOBECHSA BO3HMKAET BO3BPAIIAIOINAs CUJIA, B PE3YJIbTATE YETO CHCTEMA
BO3BPAIIIACTCS B IIOJOKEHUE PABHOBECHA. 3aTEM OHA 110 MHEPLUH IIPOXOJUT IOJOKEHUE PABHOBECHS U
OTKJIOHSETCSI B IPOTHUBOINOJIOKHYIO CTOPOHY. Masble KojgeOaHUsI MOXKHO CUMTaTh MapMOHHUYECKHMHU.
[Tepuon sTux KoneOaHUMl HE 3aBUCUT OT aMmIIUTyAbl. Ilepnon koneGaHuii — BpeMs OJHOIO IMOJIHOTO
kosiebanus. Yacrora — yncio KoyiebaHui, COBEpIICHHBIX 3a €MHULLY BpeMeHu. [lukinyeckas yacrtora —
YHCI0 KoJIeOaHWH, COBEPLIEHHBIX 3a 27 CeKyHI. Mamemamuueckuil Masmuuk — WJ€aIN3UPOBaHHAs
MOJI€JIb, COCTOSIIAs U3 MaTepUAIbHOW TOYKH, MOJBEIICHHON HA JUIMHHOM HEPAaCTSKUMOM HEBECOMOM
HuTd. JInst Manbix yriaoB o < 8° OTKIIOHEHHs MasTHHKa OT IIOJIO)KEHUS PaBHOBECHS KOJicOaHMs
OKa3bIBAIOTCS TAPMOHMYECKUMH, W WX MEPHOJA HE 3aBUCHT OT aMIUIATYIbI KOJEOAHWS U OT MAacChl

rpysa:

Puc.7
IMopsinok npoBeaeHusi padboTbl

1. YcraHOBHUTH Ha Kparo CTOJIa HITATUB, Y €r0 BEPXHETO KOHIA YKPENHTh MPHU IMOMOMIA MY(THI
KOJIBIIO M TIOJIBECUTh K HEMY IIAPUK MacChl My HAa HUTH. MI3MepuTh [UIMHY MasiTHHUKA |1 = M.

2. OTKJIOHHTH MAsTHHUK OT MOJIOKEHHS PABHOBECHS HA yrodl o ~ 5° U OTIYCTUT €ro.

3. Usmeputs Bpems N =20-30 nosiHbIx koneOaHmii: t 1= c.

4. TIoBTOPHTH OMBIT (UMCIIO KOJeOaHUI BO BCEX OMBITAX OJMHAKOBO).

5. Breramcnuth cpeHee 3HaueHne BpeMeHU KojebaHui t cp.

6. Beruucnuth cpeiHee 3HaueHue nepuoaa komedanuit T cp=tcp / N.

Tabmuma 17.1
Ne | N, xoneb. I, M M1, KT oy ~5° t,c tep1, C Tep1, C

7. VI3MeHuTh [UTMHY MasiTHUKA U TIOBTOPHUTH OIIBITHI 110 ITyHKTaM 2-6.

Tabmuma 17.2
Ne | N, kome0. I, M My, KT oy~ 5° t,c tepo, C Tep 2, C

8. M3MeHuTh Maccy rpy3a U IOBTOPUTH OMBITHI 11O MMyHKTaM 2-6.
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Ta6muma 17.3
Ne | N, kome0. I, M My, KT oy = 5° t,C t cp3 C Tcp 3, C

9. OTKJIOHUTH MAATHUK OT TMOJIO)KCHUS PAaBHOBECHs Ha OOJIBIIUI YTOJI Ol ¥ TIOBTOPUTH OMBITHI 11O
myHKTam 2-6.
Tabnuna 17.4

Ne | N, xone0. I, M My, KT oy~ 8° t,C tepa C Tepa C
1
2
10. Crenate BBIBOABI II0 pPE3yJbTaTaM O3KCIIEPUMEHTa IS OINpPEAETIEHUS 3aBUCHMOCTH

nepuoia KojeOaHuil MaTeMaTHIECKOTO MasTHHUKA.
— OT €ro JJIMHBI CPAaBHUTD Ty 1 ¥ Tep 2;
— OT €r0 MaccChl CPaBHUTH Ty 2 U Tp 35
— OT aMILIMTY/bl KoneOaHui cpaBHUTh U Ty 31 Tep 4.

BbIBOAbI M NpEIIOKEHHS 10 JAHHOI J1a00paTopHOil padoTe: JUisk ONpEIEIICHHs 3aBHCUMOCTH
neproja KojaebaHnii MaTeEMaTHYECKOTO MasiTHUKA: OT €ro JUIMHBI, OT €r0 MacChl, JTUOO OT aMIUIUTYIbI
KOJIcOAHMI [T CPAaBHEHHUS Ha0 OpaTh Mapbl MasSTHUKOB, OTJIMYAOIIMXCS TOJIBKO OJHHM IapaMeTPOM:
au6o |, mu6o m, nmubo o.

KOHTpOJIbeIe BOIIPOCHI

1. OxapakrepuzoBaTh Kose0aTeIbHOE IBUKEHUE.

2. 3anmcaTh ypaBHEHHE TAPMOHUYECKOTO KOJIeOaHMsI.

3. [losicHUTB, YTO Takoe MeproJ] KoaeOaHHH.

4. TTosiICHUTB, YTO TaKOE YaCTOTa KOJeOaHUIA.

5. [TosicHUTB, YTO TaKO€ aMILIUTY/a KOJIeOaHuH.

6. [TosicHuTs, uTO Takoe ¢a3za konedanuil. HauanbHas ¢a3za?

7. I1osicHUTB, YTO U3 ce0s MPEICTABIAET MOJEIh «MAaTEeMAaTHIECKUH MasITHUKY. 3anucaTh GopMyiry
nepro/ia KojaeOaHNi MaTeMaTHIeCKOTO MasTHUKA.

8. [1osIcCHUTB (PU3MUECKYIO IPUPO.TY TPEBPAILIEHHUS SHEPTHH MTPH KOJIeOATeIbHOM JIBUKCHUH.

JlabopaTopnasi paGora Ne 18

Tema: OnpeaeseHne NOKa3aTeJisi NPeJOMJICHUS CTEKJIA

Heabr padorpl: M3yunTh 3akOH TmpenomieHus cBeta. PaccMoTperb Xoa Jiydyed B
IJIOCKOMAPAJIIEIbHOM ~ CTEKJIISIHHOM — IUIACTUHE.  ODKCIEPUMEHTATbHO  ONPEACNIUTh  MOKa3aTelb
MPEJIOMJIEHUS CTEKIIa

YMennsa u HaBbIKH, KOTOPbI€ T0/KHbI npnoﬁpecnl oﬁyqamumeca Ha 3aHATHUM . UCII0JIb30BATh
(I)I/I3I/I‘-ICCKI/IC HpI/I60pLI, MMPpOBOIHUTH Ha6J'IIOI[eHI/I}I IpeIOMJICHUSA CBCTAa B HHOCKOH&p&HJ’ICJ’ILHOﬁ
IJIACTUHKEC, aHAJIU3UPOBATH PE3YJIBbTATHI JKCIICPUMCHTA; C IMOMOMIIBKO T'COMETPUUYCCKUX HOCTpOGHI/II‘;I
ONPCACIINTD IMOKA3aTCIIb MMPCIIOMJICHU CTCKIIA.
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OOopynoBanme: CTEKJISHHAs IUJIACTHHA, MMeEMMmas (GopMmy Tparenuu; Ja3epHas YKaszKa, JIHCT
KapToHa, OyJIaBKH.

Ilepeyens UCNOIb3yeMbIX HCTOYHUKOB:
OcHosHas:

1. I'S. Msakumes, b.b. byxoBues, B.M. Yapyrun, @wmsmka 11 xmacc, y4yeOHUK I
0011e00pa3oBaTeNbHBIX YUPEKISHUN: 0a30BbId W mpoduibHBI ypoBHH, M.: IlpocBemenue,
2013 rop.

2. ®usuka ans npodeccuil 1 cenuaaIbHOCTE TEXHUYECKOT0 U €CTeCTBEHHO-HAYYHOT 0 Ipodueii:
y4eOHUK 111 00pa3oBaT. YUpexJACHUN Had. U cpell. mpod. oopasoanus/A.B. ®upcos; moxa pex.
T.U. Tpodumosoii. — 3-¢ u3z., crep. — M.: 3narensckuii meHTp «Akagemus», 2013. —432¢

3. JlaGoparopusrii mnpaktukym mo ¢usuke/ C.B. Cremano, C.A. CMupHOB; m1On per.
C.B.CrenanoBa. — M.: ®OPYM: MH®PA-M, 2013. — 112 c.: wi— (IIpodeccuonanpHoe
oOpa3oBaHme).

Jlononnumenvhasi:

1. ®wusuka. IlogpoOubie orBeThl Ha 3amanus EI'D u pemenuwe tumoBbix 3amad: 10-11 xmaccwr/
N.J1.Kacatkuna.— PoctoB u//l: ®enukc, 2013.— 509, [2] c.: wi.— (bonpmas nepemena).

2. Camoitnienko [1.1. ®usuka ms mpodeccuii U CrennaIbHOCTEH COUAITBHO-29KOHOMUYECKOTO U
TYMaHUTapHOTO Mpoduuiel: ydeOHUK ISl CTYJ. YUpexaeHu cpel. mpod. odpasoBanus. — M.,
2014.

Conep:xkaHue U NOPSAI0K BHINOJTHEHUS PadOThI
Bonpocsl Teopun, paccMaTpruBaeMble B JIaGopaTopHoii padore:

CornacHo mnpuHuuny [rolireHca Kakaasi TOYKa BOJHOBOro ()pOHTA SBISETCS MCTOUYHHUKOM
BTOPHUYHBIX BOJIH. C IIOMOIIBIO IPHUHIMIIA I'folireHca MO’KHO BBIBECTH 3aKOHBI, Ha OCHOBC KOTOPLIX
00BsICHSICTCS MPEJIOMJICHHE BOJIH Ha TPAaHUIIE pa3/iena JBYX Cpe/l.

3aKOHBI IPEJIOMIIEHHS CBETA:

1.ITaparomuii 1y, IpelOMIIEHHBIH Jyd M HEpHeHIUKYISAp K IpaHUIle pasjena ABYX Cped B
TOYKE MaJI€HUS JIEXKAT B OJHON TUIOCKOCTH.

2.0THOIIEHNE CHUHYCA YyIJa MaJeHusl K CUHYCY yIJla IMpeJOMJICHHUS €CTh BEITUYMHA MTOCTOSHHAS
JUIsL JTaHHBIX JBYX Cpe€l, paBHas OTHOCHUTEIBbHOMY IIOKAa3aTeNI0 TPEIOMIIEHHS BTOPOM Cpe.bl
OTHOCHUTEIIBHO MEPBOM.

n =sina /sinp
rae oou - yroia majaeHus U yroj NpeloMIIEHHs CBETOBOTO JIyda, COOTBETCTBEHHO.

ITopsinok npoBeneHust padéoTbI

,1'/2' //////C\

1. TlomokwTe HA CTOJ JIUCT KapTOHA, @ Ha HETO — CTEKJISHHYIO TUIACTUHKY TaK, YTOOBI OJIHA U3 €€
MapajuiebHBIX TpaHEH coBMaja C MPEJABApPHUTEIIbHO HAHECEHHOW JIMHWEW Ha Oymare. JTa JTUHUA
YKQKET TPaHUILy pas3zena cpell BO3AyX - CTEKJIO.

2. TlpoBenute KapaHIAIIOM JIMHUIO BAOJH BTOPOH MapalljieIbHOM IpaHu. DTa JTHUHHS YKaXeT TPaHUIly
paszena cpell CTEKIIO — BO3AYX.
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3. Ha mepByio mapajuienbHyI0 TpaHb HalpaBUTh Y3KHH CBETOBOM IMy4YOK IMOJA KaKHUM-THOO YIJIOM K
IpaHu.

4. Bnonp nagamoero Ha IUIACTUHY M BBILIEJIIEIO M3 HEE CBETOBBIX IYYKOB BOTKHUTE B KapTOH
OynaBku. OHM OyIyT OTMeUaTh HAIIPaBJICHUE MaJAI0IIEro U MPEJOMIIEHHOIO JIyueil.

5. VYbepure OynaBku, 0OBeqUTE IUIACTUHY KapaHJAallOM M B MECTax IIPOKOJIOB JIMCTa KapTOHA
OyaBKaMHu MTOCTaBbTE TOUKH.

6. Haueprure mamarommii nyu 1-2, mpenomiieHHBIH Jyd 2-3, a TakXke NEPHEHIUKYISAP K TPaHULE
IUTACTUHKH.

7. OtMmerbTe Ha ny4ax Touku A u B Takue, uto OA=OB. I3 Touek A u B onycture nepneHauKymsipbl
AC u BD Ha neprnieHAUKYISIp K TpaHUILIEC TUIACTUHKH.

A o ‘

| A

\--"“L) ? —"'/g’ 3}1

8. LlupkyiieM MpPOBECTH OKPYXHOCTh C ILEHTPOM B TOYKE B W MOCTPOUTH NPSIMOYTOJIbHBIE
tpeyroiasauku ABE u CBD.

T.k. sina=AE/AB, sinB=CD/BC u AB =BC, o popmyna as onpeneneHus mokasaress
HPEIOMJICHHUS CTEKJIa TIPUMET BH/T
nwp = AE/ DC 1)
9. Usmepus AC u BD, BerunciinTe mokaszaresib IpeIoMIICHUs cTeka, mo Gopmyie (1).

10. IToBTOpHUTE OMBIT U PACYETHI, U3MEHHUB YTOJI TIA/ICHUSI.

11. Pe3ynbTaThl U3MEpPEHUN U BHIYMCIICHUH 3aHECUTE B TaOIUILY:

Ne ompITa AC, mMm BD, MM n
1
2

12. CnenaiiTe BBIBOJ IO pE3yJIbTaTaM IKCIIEPUMEHTA.

BoiBoabl M mpeasioxkeHusi MO AaHHOH JadopaTopHoii padorte: Ilocne mpoxokaeHus uepes
CTCKIEIHHYIO IIIOCKOIIApAJUIC/IbHYIO IIJIACTUHKY JIY4d CBCTa CMEIIACTCA, OJHAKO €TI0 HaIlpaBJICHUC
OCTaeTCsl MPEKHUM. AHATU3UPYS XOJI JIyda CBETa, MOXHO C MOMOIIBI0 T€OMETPUUECKUX MOCTPOCHUI
OMPCACIIUTD IMOKA3aTCJIb MPCIIOMIICHHUA CTCKIIA

n =sino / sinf
rae o u B - Yrojl nmaaCHus U yroj npejiomMICHUA CBETOBOIO Jiyda, COOTBETCTBCHHO.

KoHTpoJibHBbIE BONIPOCHI

1. TlosicauTe, 4YTO HAa3bIBAIOT OTHOCHUTEIBHBIM TIOKA3aTelieM TPEJIOMJICHHS W a0CONIOTHBIM
rokKaszareyiem npesomiieHus1? UTo oHHU XapaKkTepU3yroT?

2. 3anummTe 3aKOH MPEJIOMJICHUS CBETa MPH MEePEX0Jie TPAHMII CPea ¢ aOCOTIOTHBIMA MOKA3aTEISIMH
npenomiieHus m.1 u m.2. Uem oTimuaeTcs XojA Jy4a MPU €ro MpeloMJICHHH B ONTHYECKH Oolee
IJIOTHYIO CPEAy OT IPEIOMJIEHUSI B ONTUYECKU MEHEE TIIIOTHYIO?

3. CdopmynupyiiTe 3aKOH MIPETOMIICHUS CBETA.

4. TloscHute, Kakoe PU3NYECKOE SIBICHUE HA3bIBAIOT IMOJTHBIM BHYTPEHHUM OTPaKEHUEM?
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JlaGopaTopnas padora Ne 19

Tema: IIpoBeaeHne ONBITOB MO MCCIACAOBAHUIO BOJHOBBIX CBOICTB CBeTa: M3MepPEeHHE IJIHHbI
CBETOBOM BOJIHBI 10 pe3yJibTaTaM HAOJII0eHUs ABJIEHUSI MHTep(depeHunu.

Heab padoThl: DKCIEPHUMEHTAIBHO ONPEIEIUTH JUIMHY CBETOBOM BOJIHBI MOHOXPOMAaTHYECKOTO
ceera. C »7TOH MeNbI0 HM3YYUTh TEOPHIO PACCMAaTPHBAEMOIO BOIPOCA, COOpaTh YCTAHOBKY U
SKCIICPUMCHTAJIbHO ITPOBCPUTH OCHOBHBIC TCOPCTUUCCKHUEC BBIBOBI.

YMeHusi M HaBbIKHM, KOTOpble JOJKHBI NpHOOpecTH o0y4yalomuecs Ha 3aHATHM:
UCTIOJIb30BaTh (pU3MUECKUe NPUOOPHI, COOUPATh YCTAHOBKY M HKCHEPUMEHTAIBHO ONPENEeNIATh JIUHY
CBETOBOW BOJIHBI C MOMOIIBI0 AuppakuroHHON pemieTku. OOpabaTbiBaTh pe3yabTaTbl HW3MEpPEHUM,
JienaTh BbIBOJIBI HA OCHOBE MOJYYEHHBIX S3KCIIEPUMEHTAIIbHBIX IaHHBIX.

OoopynoBanmue: [Tpubop asst onpeneneHus JTUHBI CBETOBOM BOJHBI, TU(PAKIIMOHHAS PEIIETKA
¢ neproaom 1/100 MM, HCTOYHHK CBETA (JIaMITa C MPSAMOI HUTHIO HAKalla).

IlepeyeHb UCMOJIB3yeMbIX HCTOYHUKOB
Ocnosnas:

1. Msxumes, I'. S.@usmka: 11 ki.: yueOHHMK misi 00meoOpa3oBar. YUpEeKICHHIA: Oa30BBIA H
npodunbHblii ypoBuu / I'. 5. Mskumes, b. b. Bbyxosues, B. M. Yapyrun; mon pen.
B.M. Hukonaesa, H. A. IlappentseBoii. - 17-e u3n., nepepad. u jom.; 18-e m3a. - Mocksa:
IIpocsemenue, 2009, 2008. - 398, [1] c.

2. Mskumes, I'. f.®um3uka: yueb. mis 10 k. obmeoOpazoBaT. yUpexacHHA: 0a30BBI U MPOQUIL
ypoBHu / I'. 5I. Msikuues, b. b.

3. ®wmsuka. Mexanuka: 10 ki1.: TpoQUIBHBIA YPOBEHB: YICOHUK I 00IIe00pa3oBar. YIpeKACHHM /
[basmamoB M. M. u ap.]; mox pen. I'. . Msakumesa. - 12-¢ u3z., crep. - Mocksa: JIpoda, 2010. -
495, [1] c.

JlononnumenvHasi:

1. ®upcos, A. B.®uszuka 115 npodeccuil U cnenualbHOCTEH TEXHUUECKOTO U €CTECTBEHHO-HAYYHOTO
npoduieit : yueOHUK Uil Had. U cpeid. npod. odpazoanus / A. B. ®@upcos; nox pen. T. U.
TpodumoBoii. - 4-e u3a., crep. - Mocksa: Akagemus, 2012.

2. Jmutpuena, B. ®.®usnka s npodeccuii U CnennaabHOCTeH TEXHHIECKOro mpoduits : ¢0. 3a1ay4:
y4eOHUK Ui Hay. U cpell. mpod. obpasosanus / B. @. Imurpuena. - Mocksa: Akagemus, 2012. -
255, [1] c.

3. Kysznenos C.U. CnpaBouHuk no ¢usmke [DneKTpoHHbI pecypc]: yueOHoe mocobue ans CIIO/
Kysuerno C.U., Poro3un K.M.— Dnektpon. TekcroBbie manHbsie.— CapatoB: [IpodobOpazoBanue,
2017.— 219 c.— Pexwum noctyna: http://www.iprbookshop.ru/66399.html.

Conep:xaHue ¥ NOPSIA0K BBINOJHEHUSI padOThI

Bonpocel  Teopum, paccmarpuBaemble B JadopaTropHoii  pafdore:  YCTpOWCTBO
TU(PPAKIMOHHOM pELIeTKH OCHOBAHO Ha sABJIEHUM JAudpakiuu — OruOaHMM BOJHAMHM KpaeB
HPEMSATCTBUN, pa3Mepbl KOTOPHIX CPABHUMBI C ITTUHOW BOJIHBI.

JudpakimonHas pemnieTka mpeacTaBisieT co00i COBOKYIMHOCTh OOJIBIIOTO YHCIA OYE€Hb Y3KHUX
1iesiel, pa3iesIeHHbIX HENpPO3pauyHbIMU NMpoMexyTkamu. [lapamienbHblil My4oK CBETa, MPOXOJs Yepes
TU(PaKIIMOHHYI0  pEIIeTKY, BCIEACTBHE AUGpaKIMH 32 PEIIETKOM  paclpoCTpaHSETCs  TI0
BCEBO3MOXHBIM  HampaBlieHUsiM U uHTepdepupyer. Ha okpaHe, yCTaHOBJIEHHOM Ha MyTH
UHTEP(DEPUPYIOIIETO CBETa, MOXKHO HAOMIOMaTh HHTEPHEPEHIIMOHHYIO KapTUHy. MaKCHUMyMBbI CBeTa
HaOJIIOIAI0TCS B TOUKAX DKPaHa, /ISl KOTOPHIX BBIOTHIETCS YCIOBUE

A=nA,
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rie A — pa3HOCTh XOJa BOJH; A — JUIMHA CBETOBOM BOJHBI; 77 — HOMEpP MaKCHUMyMa.
[leHTpanbHBIM MaKCUMYM Ha3bIBAIOT HYJIEBBIM; 1ist Hero A = 0. CiieBa U crpaBa OT HETO pacloJiararoTcs
MaKCHMYMBbI BBICIIUX MOPSIIKOB.

VcnoBrue BO3HMKHOBEHUS MakKCHUMyMa MOKHO 3alliCaTb MHA4C: nA=d -sin Q. 3,Z[CCI> d— nmepuoa

TUGPaKIMOHHON PEIIeTKU; () — YroJl, o] KOTOPhIM BHAEH CBETOBOM MakcUMyM (yroia audpakuun).
Taxk kak yriel AUQPaKIUK, KaK TPaBUIO, MaJIbL, TO JJII HUX MOKHO TIPUHSTH

. I I
Sinp=tgp, a tg(p=E (puc. ). ITosTomy nﬂ=dE.
I
B nannoii pabore popmyny ni =d m UCTIOJNIB3YIOT ISl BBIYMCIICHUS [UTMHBI CBETOBOM BOJIHBI.

Ananuz (bOpMYHBI A= Il}\,, IIOKAa3bIBA€T, YTO ITOJOKECHUEC CBETOBBIX MAKCUMYMOB 3aBUCHUT OT
JJIMHBI BOJIHBI MOHOXPOMATH4YECKOI'0 CBETa: 4YeM Ooublire JJIMHa BOJIHBI, TEM AaJIbII€ MAaKCUMYM OT
HYJICBOTI'O.

K P K g 1 & K & K
L LI [ T Iwcpan
beinblil cBET MO COCTaBy — CIIOKHBIN.
HyneBoit makcumyMm pis Hero — Oenas
[I0JIOCA, @ MAaKCUMYMBI BBICIIHUX IOPSAJKOB
HpPEICTaBISIOT COO0O0M HabOp CeMM LBETHBIX
II0JIOC, COBOKYIIHOCTb KOTOPBIX Ha3bIBAIOT
cnektpoM cootBerctBeHHO |, Il,... mopsaka i POIICTIS
(cm.puc.8).

Puc. 19.1

[TonyunTs AUGPAKIMOHHBIA CIEKTP MOKHO, HCIONb3YysS MpUOOp I OIpeleseHus JUIMHBI
cBeToBOI BoHbI (puc.9). [Ipubop cocrout u3 Opycka co mkanoil. BHu3y Opycka yKkperuieH cTep>KeHb.
Ero BCTaBJIAIOT B OTBEPCTUE IOJACTaBKU OT MOJBEMHOIO CTOJMKA. BpyCOK 3aKpeIuisiioT moj pa3HbIMU
yriamM ¢ MOMOIIBI0 BUHTA. BIoas Opycka B OOKOBBIX Ia3ax €ro MOXET MepeMelaTbcs MOJI3YHOK ¢
skpanoM. K koHIly Opycka npuKpeIsieHa paMKa, B KOTOPYIO BCTaBISIOT AUPPAKIIMOHHYIO PELIETKY.

Ecnu naMny HakanuBaHUs MOCTaBUThH 32 HEMPO3PAYHBIM IKPAHOM TAKUM 00pazoM, 4TOOBI €&
HUTh Hakajia Oblja pacrojo)KeHa MPOTUB Y3KOW IEIH Ha dKpaHe MpuOopa A ONpeaeseHUs JJIUHBI
CBETOBOM BOJHBI puc. 0, TO MPH paccMaTPUBaHUHU ILENU Yepe3 AUPPAKIUOHHYIO PEHIETKY Mbl YBUIAUM
CUMMETPUYHO PACHOJIOKEHHbIE O 00€ CTOPOHBI OT IIETH JBE CIUIONIHbIE PAa3HOLBETHHIE MOJIOCHI —
TU(PPaKLNOHHBIE CIIEKTPHI.

Bo3HMKHOBEHHE O3THUX CHEKTPOB OOBICHSETCS SBICHHEM AU(pPaKIMU CBETa Ha CHUCTEMeE
MPO3PAYHBIX MMOJIOC — TIeNIel Tu(PAKIIMOHHON PEIIETKH.

Jlns onpeneneHus TPaHUI] CIIEKTPATBHON YyBCTBHUTEITBHOCTH
rjia3a HEeoOXOIWMO OTPEACTUTh JUTMHY BOJHBI KPacHOTO CBETa Ha
OJTHOM Kparo HaOJIF0JITaeMOTO CIIEKTPa M JUIMHY BOJHBI (PHOIETOBOTO
CBETa Ha JIPYTOM Kparo CIEeKTpa.

[Tonoxxenne AMPPAKIMOHHOTO MaKCHMyMa MEpPBOro MOpsIKa
st qudpakiMOHHOW penieTku ¢ mepuoaoM O ompernensiercs
ycnoBueM: A =d -Sing, rae A - [uIMHA CBETOBOW BOJHBI, ¢ - Yrod,

noa KOTOPbIM Ha6J'IIO,[[aeTC$I MMOJIOKCHHUEC MAKCUMYyMa. Puc.19.2

67



[TockonbKy yIibl, TMOA KOTOPHIMH HAOMIOAAETCS MAaKCUMyMbl |-ro M 2-TO TOpPAIKOB, HE
npeBbmaoT 50 , MOKHO BMECTO CUHYCOB YIJIOB MCIIOJIb30BAaTh UX TAHT€HCHI.

CnenoBarenbHo, sin ¢ ~tg ¢ = b/L

Paccrosinue L OTCUMTBIBAIOT MO JMHEHKE OT PEHICTKU 0 dKpaHa, PacCTOsiHUE D — 1o mikane
9KpaHa OT ILEeJH A0 BRIOPaHHOW JIMHUH CIIEKTPA.

OxonuatenbHast GopMyJia Uit OnpeaeacHHs JTMHBI BoJHbI uMeeT Bua A=d b / (KL).

[TpousBoast orcuér paccrostHus | kpacHoro n GUOIETOBOrO KpaeB CHEKTpa OT IIEHTPa I Ha
9KpaHe OIpelesIAiTe pacCTOSIHUA CIpaBa M CJIeBa OT LN U HalIUTe UX CPEeJHUE PACCTOSHUS.

ITopsinok npoBeneHusi padéoTbl

1. BcraButh AM(paKIMOHHYIO PEIIETKY B PAMKY Ha IIPOAOJIbHOM JMHEHKe mpruodopa.

2. YCTaHOBHTD Ha IEMOHCTPAIIIOHHOM CTOJIC JIAMITY U BKJIFOUUTH €.

3. CMOTpst CKBO3b AU(PPAKIIMOHHYIO PEHIETKY, HAPAaBUTh MPUOOP HAa UCTOYHUK CBETA TaK, YTOOBI
yepes3 MPULETbHYIO 11e1b KpaHa Obl1a BUAHA HUTh JIAMITbl HAKAJIUBaHUS.

4. DKpaH CO IIKaJOH YCTAaHOBUTh HA KOHLE NPOJOJbHOM JIMHEMKM KaKk MOXHO Jajiblle OT
JU(PPAaKLMOHHOM PEeLIETKH U NOJIYYHUTh 110 00€ CTOPOHBI LIENU YeTKOE N300pakeHre CeKTpoB 1-ro u 2-
I'0 HOPSI/IKOB.

5. OmpenenuTh paccTosiHUs (TpaHUlbl) OT HyJeBoro jaeneHus (0) ImIKaabl ’KpaHa A0 Hayaia
(broJIeTOBO MOJIOCH! KaK ciieBa b, Tak u crpasa by 1j1st cieKTpoB 1-ro mopsijika U BEIYUCIUT CPEAHEe
3HadeHue Dy;.

6. IToBTOPHUTH OIBIT IS (PHUONETOBBIX JTydeH B CHIEKTPE 2-TO HOPAAKA U ONPEACIHTH D).

7. OnpenenuTh MO LIKaJe SKpaHa I'PaHUIBl KPAacHBIX Jydedl B cnekTpe 1-ro mopsiika cieBa M
cIipaBa M HalTH cpeHee 3HaYeHHe D).

8. IToBTOPHUTH OMBIT IS KPACHBIX JIydel B CHEKTPE 2-TO MOPSIKA H OTPEASITHUTD Dipy.

9. Berumcnute  tg@=Db/L  musg xkaxmoro ciaydas.

10. TTo popmyne A=db/(KL) BbrUuCIUTL [IMHY BOJIHBI KPacHOTO cBeTa 1-To0 W 2-TO TOPSIIKOB,
JUIMHY BOJIHBI (DHOJIETOBOTO cBeTa 1-ro u 2-ro NopsAIKOB U HANTHU UX CpEeHHUE 3HAYCHMUSL.

11. PesynbTaThl M3MEpEHUN U BHIYMCICHUN 3aHECTH B TaOnuIly 16.
Tabmuma 19.1

g 5 Bunumble rpaHunsl cnekrpa | Bugumele rpanunsl | JIMHA CBETOBOU
S = ¢uoneroBoro cBera CIIEKTpa KPacHOIr'0 CBETA BOJIHBI
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= =
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12. C,Z[CJ'IaTB BBIBOJ 10 pE3yJibTaTaM 3KCIICPUMCHTA, INOJTYUYCHHBIC 3HAUCHUSA JJIMHA CUCTOBLIX BOJIH
CpaBHHUTE C TaOJTMYHBIMMU:
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Ta6mumma Ne 179.2 «JITMHBI BOJTH ¥ COOTBETCTBYIOIINE UM IIBETA BUAMMOTO CIICKTPaY

JnvHa BOJIHBI, HM [[BeT criekTpa JlnmvHa BOJIHBI, HM [IBeT criekTpa
760 — 620 KpacHprii 500 — 480 ["ony6oii
620 — 590 OpaHXeBbIit 480 — 450 Cunnit
590 — 560 JKénTorii 450 — 380 ®duosieToBbII
560 — 500 3enéHpIi

BbiBoabl U mpeasioxKeHHsI MO JaHHOH JiabopaTopHoii padore: [ludpakunoHHAs perieTKa
MPEJCTaBIsIET COOOM COBOKYITHOCTH OOJBIIOTO YHCIA OYEeHb Y3KUX TapauielbHBIX —MICIeH,
pa3leJICHHBIX HENPO3PAYHbIMU INpOMeXyTKamMu. llapamnenbHblii IIydOK CcBeTa, IIPOXOAS uepes
TUQPAKIUOHHYIO PEIIeTKY, BCIEACTBHEC JU(PpPaKIWH 3a PEIIeTKOW, paclpOCTPaHSETCS IO
BCEBO3MOXKHBIM HampaBieHUsSM U HHTEepdepupyer. Ha skpaHe, yCTaHOBIEHHOM Ha WYyTHU
uHTepdepupyrouiero ceeTa, Habo1aeTcs HHTepGEepPEHIIMOHHAS KapTHHA.

KOHTpOJ’[LHbIe BOITPOCHI

1. Omnwucare 371€KTPOMarHUTHYIO IPUPOY CBETA.

2. Ilpoananu3upoBaTh NPUYMHBI MOsBICHUS dQdexTa naTepdepenunu crera. Jlath onpeneneHue
KOT€PEHTHOCTH CBETOBBIX JIy4EH.

3. PackpeITh QpU3NUECKU CMBICT TOHATHUS «IH(paKIUsLy, paccKa3zaTh O €€ MPOSBICHUN B TIPUPOJIE.
PaccMmoTpeTh MU PaKIMOHHYIO PELIETKY.

4. Yro Takoe crektp?

5. Ilouemy HyneBoil MakcuMyM AH(PaKIHMOHHOIO cCHeKTpa Oenoro cera — Oenas mojoca, a
MaKCHUMYMBbI BBICHIHX TOPSIKOB — HA0OOp IIBETHBIX MOJIOC?

6. I[louemy MakCUMyMbl U MHUHMMYMbI PaclloyIaraloTcs Kak cjleBa, TaK U CIIpaBa OT HYJIEBOTO
Makcumyma?

7. Kakoli Bua umeer uHTeppepeHIIMOHHAsA KapTHHA B CIy4ae MOHOXPOMATHYECKOIO cBeTa?

8. B kakmx TOYKax ’KpaHa IOJIy4aeTcs CBETOBOH MUHUMYM?

9. Kakoe 3HaueHue UMeeT HIMPUHA U YUCIIO 1Ieneil TuppaKIIMOHHON peméTKu?

JladopaTopnasi pa6ota Ne 20

Tema: UccnenoBanue npoueccoB U3/1y4eHusi U norJiomenusi ceera. Hadaonenue cnjiomHoro
U JINHENYaTOoro CleKTPOB.

Hean padoTei: M3y4nTh ¢ TOMOIIBIO CIIEKTPOCKOIa OCOOEHHOCTH JIMHEHYATOr0 CIIEKTpa Ta30B

N CIUIOMIHOI0 CIICKTpa HU3JIY4YCHHA TBép)II)IX TCII. 3KCHepI/IMCHTaJ'II>HO OMNpCaACIINTG IJIUHY CBETOBOM
BOJIHBI MOHOXPOMATHYE€CKOT'O CBCTA.

YMeHusi M HaBbIKM, KOTOpbIe [0JKHBI MpHoOpecTH o0y4yawuecss Ha 3aHATHH:
UCMONb30BaTh (u3nueckue  MpuOOpHl, NMPOBOAWUTH HAOIIOJEHUS JIMHEMYaTOro CHEKTpa ra3oB U
CIUIOIIHOTO CHEKTpa M3IY4eHMs] TBEPIABIX TEJ, aHAIM3UPOBATh PE3YJbTaThl AKCIIEPUMEHTA; J€JaTh
BBIBOJIbI HA OCHOBE IOJIYYE€HHBIX SKCHEPUMEHTAIbHBIX JTaHHBIX, OOBSICHUTH MTPOUCXOKICHUE CIIEKTPOB
U IPUYMHY UX PA3JIAYHSL.

Oo6opynoBanne: CrekTpoCKOIl, COUPTOBKA, acOecT, CBETOQUIBTP, PaCTBOP IMOBAPEHHOM COJIH,
MUHIIET, IITATHB.
IlepeyeHnb HCOJIB3yeMbIX HCTOYHHKOB:
OcHosHas:
1. I'A. Mskumes, b.b. byxosues, B.M. UYapyrun, ®Pwusuka 11 xmacc, y4eOHUK JUis
0011e00pa3oBaTeIbHbIX YUpexKACHUN: 0a30BbIi U TpoduiabHBIN ypoBHHU, M.: [IpocBemenue, 2013 ro.
2. ®uszuka s npodeccuil ¥ crenuanrbHOCTEN TEXHUYECKOT0 M €CTECTBEHHO-HAyYHOTr0 poQuIIei:
y4eOHHK 11 00pa3oBaT. yupexaeHUu Had. | cpef. nmpod. odpazoBanus/A.B. @upcos; nmox pen. T.U.
Tpodumooii. — 3-e uzsa., crep. — M.: Uznarensckuii neHtTp «Akagemus», 2013. —432¢
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3. Jlaboparopusiii mpaktukym mo ¢uszuke/ C.B. CremanoB, C.A. Cmupsos; mox pexn. C.B.
CrenanoBa. — M.: ®OPYM: UH®PA-M, 2013. — 112 c.: un.— (IlpodeccuonanpHoe oOpazoBaHue).

Jlononnumenvhasi:
1. ®wusuka. [logpoOusie oTBeTH Ha 3ananus EI'D u pemenne tunosbix 3agad: 10-11 kmacesy/ WU.JL.
Kacarkuna.— PoctoB v//[: ®enukc, 2013.— 509, [2] c.: un.— (boabimas nepemena).
2. Cawmoiinenko I1.M1. ®usuka nis npodeccuii U crennaibHOCTEeH COUaTbHO-YKOHOMHYECKOTO U
TyMaHUTApHOTO MPOUiICH: yUeOHUK IS CTY. yUpeXaeHui cpel. mpod. obpazoBanus. — M., 2014.

Couepma}me U NNOPAAOK BBINMOJTHECHUSA paﬁoTLI

Kparkasi Teopusi: eciy U3JydeHUE MCTOYHMKA CBETA HANPABUTh HA CTEKISHHYIO MPU3MY, HA
MyTA TPOUISANINX 4Ype3 MPU3MY JIy4eid MOCTaBUTh JKPaH, TO Ha HEM HaOIoMaeTcsl HaOOp IBETHBIX
nosioc — crnekrp. IlpuunHa HaOMOMaeMOro SBJACHUS B TOM, YTO HM3JIYyYCHHUS PA3IMYHBIX YacTOT B
BAKYYME MMEIOT OJMHAKOBYI) CKOPOCTb, @ B JAPYIMX CpeAax CKOPOCTb UX pPa3jIuyHa, MOATOMY JIYYH
Pa3HBIX YaCTOT NPEIOMIISIIOTCS TO-pa3HOMy. COBOKYITHOCTh YacTOT (WM JUIMH BOJH), KOTOPBIC
COJIEPKATCSl B M3JIYYCHHHM KaKOro-TuOO BEIeCTBa, HA3BIBAIOT CIEKTPOM Hcmyckanws. OHU OBIBAIOT
TpEX BUJIOB.

CmlomHoOM — 3TO CHEKTP, COJEpXkalluid BCE MJMHBI BOJIH OMNPEACIIEHHOTO Juamna3oHa OT
KpacHoro u 110 (guoseroBoro. CIulOMIHON CIEKTP M3JIYy4YarOT HArpeThie TBEPAbIC W KUJKHUE Tea IO/
OOJIbIIUM J1aBlieHHEM. B Harpetsix TBEPABIX TeJIaxX dHEPTUU CTALMOHAPHBIX COCTOSIHUN MEHSIOTCS HE
CKa4KOM, a HEMPEPHIBHO. 3HAYMT, YaCTOTHI HM3IYYCHHUS (POTOHOB MOTYT OBITH JHOOBIMHU. [lo3TOMy
M3JIy4aTeJbHbIA CIEKTP HArpeThiX TBEPABIX TEJI SBIISETCS HENPEPBIBHBIM, HJIM CIUIOIIHBIM, KOTJA
HaOJII0aI0TCA BCE 1IBETA BUAUMOTO CBETa 0€3 TEMHBIX MPOMEKYTKOB MEXKTy HUMHU.

JIunenyaTeli — 3TO CHEKTP, UCIYCKAEMbIA ra3amu, apamMu Majol IUIOTHOCTH B aTOMapHOM
cocTosHUM. COCTOUT M3 OTAENbHBIX Y3KUX JMHUH Pa3jIMYHOrO0 I[BETa U MHTEHCHUBHOCTU, MUMEIOIIMX
pasHble pacroyiokeHusa. Kaxnplii aToM u3nydaer HaOOp SJIEKTPOMArHUTHBIX BOJIH OMpeleIEHHBIX
4acToT. [103TOMY aTOMBI KaXXJA0Tr0 XUMHUUYECKOTO 2JIEMEHTA UMEIOT HENOBTOPUMBIN JIMHENYATBIN CIIEKTP
W3JIyYEHHUS], XapaKTEPHbIA UMEHHO JIJIS 3TOrO 3JIEMEHTA.

ITonocatsrii — 3TO CIICKTp, KOTOprI HCITYCKACTCA ra30M B MOJICKYIISIDHOM COCTOSIHUU.

JIuHelyaTele W IIOJOCATHIE CIICKTPbI MOKHO IIOJYYUTH HyTéM HarpeBaHus BCHICCTBA (LITO
UCTIONIb3YyeTCs B JaHHOM Ja0opaTopHOil paboTe) MM MPOIyCKaHUU 3JIEKTPUYECKOTO TOKA.
6) 4 52 1
Y

Puc.10

HaGmromate crieKTp MOYKHO € TOMOIIBIO CHEKTpockoma mpsimoro 3perus (puc. 10, a). [Ipubop
coctouT u3 Tpyos! 1 (puc.10,6), CIoKHOMN MPU3MBI 2, COOMPATOIICH JIMH3BI 3, 3aKPETUICHHOW BUHTOM 4,
MIOCTOSTHHOM TeTH 5, okyisipa 6. Ecnu m3nmydeHne ncTOYHMKa CBeTa HAITPAaBUTh HA CTEKISTHHYIO MIPH3MY,
Ha MyTU OPOLIEIINX Yepe3 NMPU3My Jyded MOCTaBUTh KpaH, TO Ha SKpaHe MOKHO HabmoAaTh Habop
[BETHBIX MOJOC — crekTp. [IpuunHa HaOmoaaeMoro SIBJI€HHs COCTOUT B TOM, YTO M3Iy4E€HHS Pa3TUUHBIX
YacTOT UMEIOT OJJMHAKOBYIO CKOPOCTh ¢ B BaKyyMe, a B Ipyroi cpeae (Hampumep, B CTEKJIE) X CKOPOCTh

o C
HEOJIMHAKOBA M 3aBHCUT OT 4acTOThl KojeOanuid. Tak kak kod(duuueHt mnpemomieHus n (N=—)
\'
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3aBHUCHUT OT CKOPOCTHU PACHPOCTPAaHCHHA CBCTOBLIX BOJIH, TO JIYUYHU pPa3HbIX 4aCTOT HPCIOMIISIOTCA I1O-
pa3zHoOMY.
IMopsinok npoBeaeHusi padboTbl

1. HaOuroneHue CIUIOMIHOTO CIIEKTPA HAKAJIEHHOI0 MeTaJLJIA.
1. IlponabimtogaTh CIEKTP, UCITyCKAaeMBbIi JIJaMITON HaKaJTUBaHHs, 0OpaTUTh BHUMAaHUE HA IUPHHY U

pacroI0KeHHe IBETHBIX YYaCTKOB CIEKTPA.
2. 3apucoBaTh MOJYyYCHHBIN CIEKTP.
3. OxapaktepuzoBaTh ero. OOBSCHUTH MNPOUCXOXKACHHWE HJAHHOTO CIEKTpa Ha OCHOBAHHUU
noctynaroB bopa.

2. HabGuio1eHue JIMHEHYATOr0 CeKTpa.
1. Tlponabmronarh JHMHEHYATHIE CIEKTPHl aTOMOB HATpHs W HEOHE;, OOpaTUTh BHHMaHHE Ha

XapaKTEPHBIC ISl TaHHOTO BEIECTBA CIICKTPaIbHbIC JIMHHU.
2. 3apucoBaTh (CXEMaTUYECKH) CIIEKTPHI B TETPAJIH.
3. OxapakTepu30BaTh HX.
4. OODbSICHUTD IPUUMHY PA3TUYUS TUHEHUATHIX CIIEKTPOB HATPUs U HEOHA.

BoiBoabI M npeasioKeHNsl 10 JaHHOI J1a00paTOpHOii padoTe: JInHEUaThIe CIIEKTPHI UTPAIOT
0c000 BaXKHYIO POJib, T.K. UX XapakTep CBsI3aH CO CTPOEHUEM aToMa. | TaBHOE CBOMCTBO JIMHEHYATHIX
CIIEKTPOB COCTOMUT B TOM, YTO JIJIMHBI BOJIH JIMHEHYATOIO CIIEKTPa BEILIECTBA 3aBUCST TOJIBKO OT CBOMCTB
aTOMOB JTOrO BelIecTBa. ATOMBI JIOOOT0 XUMHYECKOTO 3JIEMEHTa CIIOCOOHBI H3Iy4aThb CTPOTO
ompezeNieHHbli Ha0op AJMWH BOJNH. Ha 3TOM OCHOBaH CHEKTpalbHBIA aHAIU3 — METOJ OIpeleiIeHHUS
COCTaBa BEUIECTBA 110 €T0 CIEKTPY.

KoHTpoJibHbIE BOIPOCHI:
1 OOBSICHUTD, YTO TaKOE JUCTIEPCHUS CBETA, CIIEKTPHI, CIEKTPAIbHBIN aHATH3.

2. [TosicHUTB MPUUYUHY Pa3JIOKEHHs OeIoro cBeTa MPU3MOI?

3. Kak 00BsCHUTH IPOMCXOXK/IEHNE TMHEHYAThIX CIIEKTPOB?

4. YkaxuTe, B UeM pazinuue JUPpakliMOHHOTO U AUCIIEPCUOHHOTO CIIEKTPOB?

5. [losicaure, OyayT M U3MEHSATHCS YacTOTa, [UIMHA BOJHBI, I[BET IPU MEPEXO0/IE 3€JICHOT0 CBETA U3
BO3]1yXa B BOIY?

6. [IpuBeauTe MPUMEPHI MPAKTUYECKOTO MCTIOIE30BAHMS CIIEKTPOB.

7. O0BsicHUTE, MOYEMY AaTOMBI KaKIOrO XMMHUYECKOIO 3JIEMEHTAa MMEIOT CTPOro ONpeAeTIEHHBIH
JMHENYATBIA CIEKTP U3JIy4EHUS U MOMVIOIIECHNA?

8. Pacckakute, Kako# crieKTp JaéT packaja€HHbIN qo0ena MeTai? paciiaBleHHbIH MeTa?

JlaGopaTopHnas padora Ne 21
Tema: M3ydyenne TpeKoB 3apsizKeHHBIX YaCTHI 10 TOTOBBLIM (poTorpadpusam
Heab padoTbl: OOBSICHUTH XapakTep MBIKEHHUS 3apsDKEHHBIX YacTULl (10 TOTOBBIM
dororpadusm).

YMeHusi M HaBBIKHM, KOTOpbIE¢ [0/LKHbI MpuHoOOpecTH oO0ydamoumuecss Ha 3aHATHU:
AQHAIM3UPOBATh PE3yJbTaThl HAOIIOJEHUM; HCMOJBb30BaHTh (oTOMATepUaNbl JUIsl YCTaHOBJIEHHS
3aKOHOMEPHOCTEHN JBMKEHUS 3apsUKCHHBIX YACTHUIL B MATHUTHOM I10JI€; ONPENENATh 3HAK 3apsHKEHHOU
YaCTHUILBI 10 XapaKTEPY €€ ABUKEHUS B MArHUTHOM IIOJIE.

O6opynoBanue: Gororpaduu TPEKOB 3apPsHKEHHBIX YaCTHIL.
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IlepeyeHb UCMOJIB3yeMbIX HCTOYHUKOB:

Ocnosnas:

1. Msaxumes, I'. J.®usuka: 11 .. ydeOHHMK 11 001I€00pa3oBaT. ydpexiacHUi: 0a30BBIA M
npopwieHelid ypoBHH / 1. SI. Mskumes, b. b. Bbyxosues, B. M. Yapyrun; mox pexn.
B.W. HuxonaeBa, H. A. IlapdentbeBoii. - 17-¢ usn., mepepad. u mom.; 18-e m3a. - Mocksa:
[Ipocsemienue, 2009, 2008. - 398, [1] c.

2. Msxkumes, I'. S.®usuka: yue6. mus 10 k1. o0meodpa3oBat. yupexaeHU: 0a30BbIN U TPOdUIL.
yposuu / I'. 5I. Msikumes, b. b.

3. Owusmka. Mexanuka: 10 ki1.: npoHIbHBINA YPOBEHb: YICOHUK I 00II€00pa30BaT. yUPEKICHUMA
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-495,[1] c.

Jononnumenvhnas:

1. @upcos, A. B.Ouzuka mams npodeccuii M CIenUaTbHOCTEH TEXHHYECKOTO M €CTECTBEHHO-
Hay4yHOTro npoduie : yueOHHK U Had. U cpel. npod. oopazosanus / A. B. ®upcos; mox pen.
T. . TpodumoBoii. - 4-e uzn., crep. - Mocka: Axagemus, 2012.

2. JImutpueBa, B. ®.®usuka mis npodeccuili U CrienuanbHOCTEH TeXHUYECKoro mnpoduis : cO.
3a/1a4: y9eOHHUK I Had. ¥ cpel. mpod. oopazoBanus / B. ®@. Jlmurpuesa. - MockBa: Akajemus,
2012. - 255, [1] c.

3. Ky3nenos C.M. CrpaBounuk 1o ¢usuke [DIeKTpoHHBIN pecypc]: yaeoHoe nocooue mis CITO/
Ky3nenoB C.M., Porosun K.M.— DOnekrtpoH. TekcroBble JaHHble.—  Caparos:
[Ipodobpazosanue, 2017.— 219 ¢.— Pexxum mocryma: http://www.iprbookshop.ru/66399.html.

Coaep:xaHue ¥ OPSIA0K BBINOJIHEHUSI Pad0ThI

Kparkasi teopusi: [Ipunuun nedictBus mpuOopa I PErHCTpPAllUUA DJEMEHTAPHBIX YaCTHIL:
PETUCTPUPYIOIIUNA MPUOOP — 3TO O0Jee WM MEHee CIOXKHash MaKpPOCKOIHUYECKash CUCTeMa, KOTOopas
MOXET HAXOOAUTBCA B HeyCTOI\/JI‘II/IBOM COCTOSIHUH. HpI/I HG6OJII>HIOM BOSMYIIIGHI/II/I, BBI3BAHHOM
MpoJIeTaloNIel YacTUIled, HAuWHAETCA TPOIECC Iepexojia CUCTeMbl B HOBOE, 0ojiee yCTOWYMBOE
COCTOSIHHEC, 4YTO IIO3BOJISACT pel"I/ICTpI/II)OBaTI) qaCTnuy. B 3aBUCUMOCTH OT ueneﬁ 3KCH€pI/IMeHTa u
YCIIOBHM, B KOTOPBIX OH IIPOBOJUTCS, IPUMEHSIOTCS T€ WM WHBIE PETUCTPUPYIOIIME YCTPOMCTBA,
OTJIMYAIOIIKECS JAPYT OT JIpyra Mo OCHOBHBIM XapaKTEPUCTHKaM: Ta30pa3psaHbli cueTdyuk [eiirepa,
kamepa BuiibcoHa, my3bIpbKOBasi Kamepa u ap.

ITopsinok npoBeneHust padéoTb

Sl &
Puc.21.1 Puc.21.2 Puc.21.3

1.Ha nByx M3 Tpex mpencraBieHHBIX BaM (ororpaduil (puc. 1, 2 u 3) uzoOpakeHbl TPeKH
YacTHUII, ABMKYIIMXCS B MATHUTHOM T0Je. YKaxXuTe Ha KakuxX. OTBeT 000CHYMHTE.
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2. Paccmotpute hoTorpaduio TpeKoB 0-4acTHII, ABUTaBIIMXCA B Kamepe Buibcona (puc. 1), u
OTBETHTE HAa BOIPOCHL:

a) B kakoM HanpaBIeHNH ABUTATHCH 0.-4aCTHIIBI?

0) [iimHa TpekoB o-4acTHIl IPUMEPHO oanHaKoBa. O YeM 3TO rOBOPUT?

B) Kak MeHsnacek TonmuHa Tpeka mo Mepe ABMKeHus yactun? Yo u3 3Toro ciexyer?

3. Ha pucynke 2 mana ¢ororpadus TpeKOB 0-4acTHUI] B Kamepe BuiibcoHa, HaXOIUBIICHCS B
MarHuTHOM noJje. Onpenenure mo 3toi pororpaduu:

a) [Touemy MEHsUTUCH PainyC KPUBHU3HBI U TOJIIHUHA TPEKOB MO MEPE IBHIKEHUS (L-UACTHIL?

0) B kakyr cTOpOHY JBUTAIUCH YaCTHUITHI?

4.Ha pucynke 3 nana ¢otorpadus TpeKa dJIEKTPOHA B My3bIPHKOBOM KaMepe, HaXOIUBIICHCS B
MarHuTHOM noJje. Omnpenenure mno 31Toil pororpaduu:

a) [louemy Tpek umeeT Gpopmy criupanu?

0) B kakoM HampaBiieHUU ABUTAJICS DJIEKTPOH?

B) UTO MOTJIO MOCITY>KUTh IPUYUHOM TOTO, YTO TPEK AIIEKTPOHA HA PHCYHKE 3 rOpa3ao JIUHHEES
TPEKOB (--4aCTHUI] HA PUCYHKE 27

BbiBoabl M mpensiokeHusl MO JTaHHOW JiabopaTtopHoil padore: B 3aBucumoctu oT menein
SKCIICPUMCHTA U YCJIOBI/If/'I, B KOTOPBIX OH HNPOBOAUTCA, MPUMCHAKOTCA TC WJIW MHBIC PCTUCTPUPYIOIIUC
YCTPOMCTBA, OTJIMYAIOIIUECS IPYT OT JIPYyTra MO OCHOBHBIM XapaKTEPUCTHKAM.

KonTpoabHbie BOonpochl

1. OOBsicHUTE, TTOYEMY TPEKH SJCP ATOMOB UMCIOT PA3HYIO TOJIIHHY?

2. TlosicuuTe, 4YeM OTJIMYAIOTCS TPEKH YaCTHII, MOJIyYeHHbIC B ()OTOIMYJIBCHH, OT TPEKOB YacTHI] B
Kamepe BuiibcoHa U my3bIphKOBOI Kamepe?

3. [lepeunciure N3BECTHBIC BaM TPH KOCBEHHBIX METO]1a UCCIICAOBAHUS SIPa.

4. YkaxuTe, Kakue TapaMeTpbl YacTHUI] ONPEACISIOT 1O JUIMHE W TOJIUHE TPEKOB B KaMepe
Bunncona?
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