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BBEJIEHUE

Cucrema cpeqHero npogecCHOHAIBLHOTO 00pa3oBaHMs CTaBHT Iepea coOOW 3ajady MOITOTOBKH

00yJaroImuxcs K )KU3HU B 00IECTBE, KOTOpasi BKIOYAET B ce€0s (OPMHUPOBAHUE Yy HUX MIPAKTUUYECKUX YMEHUN

1 HAaBBIKOB.

Beimonnenue cryaenTaMu 1abopaTopHbIX paboT 1o yueOHo# qucuuminae «Pu3nKay HanpaBIeHo Ha:

- 00001meHNe, CUCTEMaTH3aluUIO0, YIIyOJIeHne, 3aKpeIUICHUE, Pa3BUTHE U JETAIN3ALUI0 TTOJIy4YCHHBIX
TEOPETHUYECKUX 3HAHUH MO0 KOHKPETHBIM TeMaM Y4eOHOM JUCIUIIIIMHBL;

- (hopMupoBaHHE yMEHUIl NMPHUMEHATH IOJyYCHHBIC 3HAHMS HAa MPAKTUKE, Peall3aluio eIWHCTBA
MHTEJUICKTYaJIbHON U MIPAKTUYECKON A TEIHHOCTH;

- (hopmupoBanme 1 pa3BUTHE YMEHUIN: HAOIIOIaTh, CPABHUBATH, COMOCTABIIATH, AHAJM3UPOBATh, AEIATh
BBIBOJBI U OOOOIICHHUS, CAMOCTOSITEIBHO BECTH HCCIICIOBAHUS, IOJB30BATHCS PA3IMYHBIMU IPUEMaMH
U3MepeHuil, 0pOpMIIATh Pe3yabTaThl B BUJE TAOIUII, CXeM, IpapuKoB;

MeTtoauueckue yKkazaHus COJepxKar:
- Teopernueckuii MmaTepuan JUisl aKTyalH3alluy 3HAHHUH 110 TeMe J1a00opaTopHbIX padoT;

- 3amaHust JUISL  BBINOJMHEHHs Ja0OpaTOpHBIX paboT, AJITOPUTM W yKa3aHHE 10 ero
BBITIOJIHEHUIO;

- TpeboBanus k coaep:kaHUIO 0TYETa MO JabopaTopHOil paboTte

= KOHTpOHLHbIe BOIIPOCHI AJIs1 CaMOIIPOBEPKU MU 3aKPCILJICHHA 3HaHUM U YMeHI/Iﬁ Kamnaﬂ

nabopaTopHas paboTa paccurTaHa Ha 2 yaca ayJUTOPHBIX 3aHATUM.

OOyuaronuecs: BBITOIHAIOT Ta00paTOpHBIE paObOTHI 1O rpaduKy, HMEIOIIEMYCS B

AyIUTOPHUH.

Ka)KI[OMy 3AHATHUIO IIPEAIICCTBYCT ITPEABAPUTCIIbHAS ITOATIOTOBKA 06y11a101ueroc>1, KOTOpasa

BKJIFOYAET B ceO4:
a) O3HAaKOMJICHHE C COJiep>KaHHeM J1abopaTOpHON pabOThHI MO METOAMYECKHMMYKA3aHHIM K Hell;

0) mpopabOTKy TEOPETHUECKOM YacTH MO y4yeOHUKaM;
B) cOCTaBlieHHE OJlaHKa OTYeTa MO JIabOpaTopHOM paboTe B COOTBETCTBHHU CO CTAHIAPTOM

«BrInIoIHEHNE N O(l)OpMJ'IeHI/Ie OTYCTOB 110 J'Ia60paTOpHLIM pa60TaM».

«OTUeT» IOIKEH COMIEPIKATD:

1) naspanue na6opatopHoii paboTHI;

2) uen;

3) sanauy;

4) npu6oph! ¥ MPUHAIEKHOCTH;

5) Tabnuiy 11 3aHeCEHUs METPOJIOTHYECKHX XapaKTEPUCTHK H3MEPHTETbHBIXITPHOOPOB;
6) TeopeTnueckyro 4acTh (OCHOBHBIE TIOHATHS U 3aKOHBI);

7) onucaHue METO/a U3MEPEHHUH 1 YCTAHOBKH;

8) TabmuIbI IS 3aMHCH B HUX PE3YJIbTAaTOB H3MEPEHMIA;

9) 06paboTKOil Pe3yILTATOB BCEX MPAMBIX H KOCBEHHBIX H3MEPEHMIA;
10) pacuerom nckoMbIX BeuuuH B eaununax CH;

11) rpaduxamu (ecm 3T0 HEOOXOAUMO);

12) seiBOmaMH;

13) KoHTPOLHBIME BOPOCAMH.
TeopeTnyeckas 4acTh J0JDKHAa OBITH KPAaTKOW, 3aHMMaTh He OGonee yucra. OHa J0/DKHA

COJIepKaTh OCHOBHBIC TIOJIOKEHUS, 3aKOHBI, JICXKAIIAE B OCHOBE U3y94aeMOT0 (DU3UIECKOTO SBIICHUS,
1 pabouyro Gpopmyiy (6e3 BbIBOA) ¢ pacmu(poOBKOM BceX OYKBEHHBIX 0003HAUCHUH.

OOyuaromuiics TOJMKEeH MOMHUTh, YTO METOJIUYECKUE YKa3aHHUs K J1a0opaTOpHBIM padboTam

SIBJIIFOTCS  TOJIBKO OCHOBOWM JUUII HMX BBINOJHEHUSA. TEOPETUYECKYIO ITOATOTOBKY K KaXI0M
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nabopaTopHO paboTe HEOOXOAMMO OCYIIECTBIIATH C IIOMOIIBIO YUeOHOM JIUTEpaTyPHI.

K BbImonHeHno HOBOM (cnenyromeit) paboThl JoMmycKaoTcs 00yJyaromecs, CIaBIue OTYET I10
MpeAbIYyIIel J1abopaTopHOM padoTe M YCHENIHO MPOIISANINecO0eCeIOBaHNE C MPETO0/1aBaTEIIeM.
@dopManbHBIM MPU3HAKOM TOTOBHOCTH OOYYAOIIETrOCs K 3aHATHUIO SBISETCS HAIUYHE Y HETO «OTYETa»
o IpeacToAieii padore.

Jlns mosydeHust Jorycka oOy4yarolIMiCs TOJDKEH MO0Ka3aTh YCBOGHHE UM METO/a OIpelesIeHUs
UCKOMBIX (PM3MYECKUX BEIUYMH, MOHMMAHHE HCCIEAYyeMBIX B paboTe (HU3MYECKHX SBICHHA,
ysICHEHUE (PU3UUECKOr0 CMBICIIa OCHOBHBIX BEJIMYUH.

OOy4arommuecs, MOTYYHBIIHE JOMYCK, IPUCTYMAIOT K BHIMIOTHCHHUIO 1a00paTOPHOUN pabOTEHI.
B naboparopun He06X01MMO CTpOro coOII01aTh NpaBuiia TeXHUKKOe3onacHocTy. B xone 3anstus
3alpeniaeTcs 3aHUMAaThbCs IOCTOPOHHUMHU JIEIaMH, MOAXOAUTh K APYTUM YCTaHOBKaM M MeEIIaTh
BBINOJIHEHUIO paboT cTyneHTamu. OOydaronyecs MOryT padorars OpuragaMu. OT4eT y KaKIoro
JOJDKeH OBITh MHIMBUAYyalbHBIM. He caenanHble 0€3 YBaXHTEIbHOH NPUYMHBI PabOTHI
BBITIOJIHAIOTCS C Pa3peLIeHUs IPENoaBaTelisi B CIIEUAIBHO OTBEJCHHOE BPEMS.

[lepBbIii 9STanm NOPAKTUYECKONM dYacTh pabOThl — O3HAKOMJICHHE C MPEIJIOKCHHBIMU
UHCTpyMEHTaMu, mpubopamu u anmapatypoil. Ilpm sToM ocoboe BHHMMaHue ynessercs
OIIPE/ICNICHUIO0 METPOJIOTUYECKUX XapaKTEPUCTHK M3MEPUTEIbHBIX NMPUOOPOBB KOTOPBIE BXOJSAT:
JIMara3oH U3MEpPEHH, LieHa JIeleHul, KJ1acC TOYHOCTH (U1 CTPEIOUYHBIX 3JIEKTPOU3IMEPUTEIbHBIX
npuOOPOB), MOTPEITHOCTh M3MEPEHHA. JTH XapaKTEPHCTUKH, BHIPAKCHHBIE B TEX CAMHUIAX, B
KOTOPBIX CHUMAIOTCS IIOKA3aHUs C IPUOOPOB, 3aHOCATCS B METPOJIOTUYECKYIO TaOIHILYy.

Crenyromuii 3Tam BBIIOJIHEHUS pabOThl — cOOpKa, MOHTaX, HaJIaJKa HKCIEPUMEHTAIbHOM
YCTaHOBKH (€CJI1 3TO HE00X0AUMO). MOHTaX YCTaHOBKH, BHIIIOJHEHHBIN 00yYarOIIMMHUCS, JOKEH
OBbITh IIPOBEPEH MpenogaBareaeM UK 1adopanToM. TolibKo mocse 3Toi npoBepku oOydaromuics
MPUCTYMAET K CAMOCTOSITEIbHOMY BBITIOJHEHUIO pa0oThl. [Ipu mepBhIX HAOMIONEHHSIX HHUKAKUX
OTCUETOB W 3alUCell MPOU3BOANUTH HE ciienyeT. JIumb mocsiae Toro, Kak 00yJarouuics HECKOIbKO
pa3 OpOCIEIUT SIBICHHWE, HAy4UTCSl YIPaBIATh YCTAHOBKOW M TIPOBEAECT TaK Ha3bIBAEMBbIE
«TIPULEIIOYHBIE U3MEPEHUS.

Pe3ynbTaThl n3MepeHuil B TeX €MHULAX, B KOTOPBIX CHUMAIOTCS MOKa3aHUs MPUOOPOB (3TO
— He oOs3arenbHO enuHuipl CU), 3aHocsaTcs B Tabmuily, MpEnCTaBICHHYIO B METOJUYECKUX
yKa3aHWsIX WIM COCTaBleHHYI oOyuarommmucsa. Ilpu 3ToM B TabmuIly 3amuChIBAIOTCS
0003Ha4YeHUSI U €AMHULIBI U3MEPEHUsl Kaxa0i (pu3nyeckoil BenuuuHbl. [lonydyeHHbIe pe3ybTaThl
IIPECTABIISIIOTCS. NPENOAABATEN0. 3aTeM C pa3pelIeHHs IPENoJaBaTesis HY)KHO BBIKIIOUHTH
YCTaHOBKY.

ITo oxOHYaHMM MPAKTUYECKON YacTH paboThl 00yUaromuiics 3aBepiiaeTopopMiIeHHE OTYETa
o ytaboparopHoit padote. s 3TOoro «mosyoruer», opOpMIICHHBIN MpU MOATOTOBKE K 3aHATHIO,
JIOTIOJIHSIETCS CIIEYIOIIUM COJIEP/KAHUEM:

Jlj1s TOro 4ToObI OTYET OBLIT YETKUM U aKKypaTHBIM, O0yUaIOLIUICS JOKEH UMETh pabouyro
(uepHOBYIO) TeTpagb, B KOTOPOM MPOBOAMUTCS pacueT MHCKOMBIX (DU3MUECKUX BEIUYHH,
MOTPEIIHOCTeH M3MEpeHUi U T.1. Bce aTambl 3THX pacdyeToB HEOOXOAMMO KpPaTKO OTpa3uTh B
OTYETE.

BbIBo/bI OTUYETa NOJKHBI ONMUPATHhCSl HA aHAJIU3 BHISIBJICHHBIX B paboTe 3aKOHOMEPHOCTEH,
CBSI3eM MEXIY pazIU4YHbIMU (PU3NYECKUMHU BEIMYMHAMH, CPABHEHUE IOJIYYEHHBIX PE3YyJIbTaTOB C
TEOPETUYECKUMHU U TaOJINYHBIMH.

B xon1e 3aHATHS TOJHOCTHIO OPOPMIICHHBIM OTYET MO JIA0OpaTOpHOM paboTe craercs
npenoaaBatento. [lepenoc opopmienus orueTa Ha JOM JeNaeTcs B UCKIIOYUTENbHBIX CIIydasX.
3ammTa 1a00paTOpHON pabOTHI MPOBOIUTCS Ha CIEAYIOIIEM 3aHSATHHU W BKIIOYAET B CeOs
TaKHe DJIEMEHTBI, KaK:
a) cobecei0BaHUE TIO KCIIEPUMEHTAIBHON YacTH padOThI;
0) oOcyXkieHre pe3yIbTaTOB BHITIOJIHEHUS paOOTHI;
B) OTBETHI 00YUaIOIINXCSl HA KOHTPOJIbHBIE BOMPOCHI, IMEIOIIMECS B METOIMUYECKUX YKa3aHHUIX
K Ja0opaTopHbIM paboTam.
Bo3MoxHBI cuTyanuu, Koraa Ha JJabopaTOpHOM 3aHATHHU 00ydaromuecs padoTaroT 110 TeMam,
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KOTOpPBIE €IlIe HE OCBEILAJIUCh B JICKIUAX U HE U3Yy4YaJIUCh HAa MIPAKTUYECKUX 3aHATHAX. B cBA3M ¢
3THM Ba)KHa M OTBETCTBEHHA POJIb Y4EOHUKOB,y4eOHBIX IMOCOOMH M CIPAaBOYHON JUTEPATypHI,
KOTOpBIE JIOJKHBI UMETh 00y4arolecs Ha 3aHATUSAX.

[To okoHyaHuu 3aHATHA 00yUarOIIUECs IPUBOIAT B MOPSIOK paboure MecTa, a MPUHAJICKHOCTH
K mabopaTropHoit pabote
Coneprkanue 1a00paTOpHBIX pabOT OPUEHTUPOBAHO HA MOJTOTOBKY CTYIACHT M (POPMHUPOBAHUIO OOIIMX
KOMIIETECHIINM:
OK1-IToHuMath CyIIHOCTh U COIMAIBHYIO 3HAYMMOCTh CBOEH Oyyiei npodeccuu, IposBIsITh K
HEW yCTOWYMBBIN UHTEPEC;
OK2-Opranun3oBsiBaTh COOCTBEHHYIO 1€ATEIbLHOCTD, UCXOMS U3 LIENU U CIIOCOOO0B €€ JOCTUKECHHUS,
OIIpeACNEHHBIX PYKOBOIUTEIEM;
OK3-AHanu3upoBath padouyr0 CUTYAIHIO, OCYIIECTBIATh TEKYITUH U UTOTOBBIM KOHTPOJIb, OLICHKY
1 KOPPEKIHIO COOCTBEHHOM JIESITEIbHOCTH, HECTU OTBETCTBEHHOCTH 3 PE3yJbTaThl CBOCH padoThI;
OK4-Ucnonbs3oBaTh HHPOPMAITMOHHO-KOMMYHHUKATUBHBIE TEXHOJIOTHH B TIPO(HEeCCHOHATBLHOM
NeSITENIbHOCTH;
OKS5-Paborats B komMane, 3 PeKTUBHO 0OIIATHCS C KOJUIETaMH, PYKOBOACTBOM.
[IK 1.1 BpimonHATH omnepanuu MO TEXHUYECKOMY OOCIIY)KMBAaHUIO M PEMOHTY 3JIEKTPUYECKOIO M
ANEKTPOMEXAHUYECKOTO 000PYIOBAHHUS.

I'maBHOe Ha3HayeHHE JIAOOPATOPHBIX 3aHATUH MO (¢u3MKe — npuoOpereHHe OO0yUYarOIIUMUCT
HEOOXO/MMBIX YMEHHH M HAaBBIKOB B MPOBEACHUN (PU3NYECKOTO dKcnepuMenTa. [lpu aTom oOyvarommuecs
JOJDKHBI IIPOBEPUTh OCHOBHBIE (DU3MUYECKHE 3aKOHOMEPHOCTH SIBJICHMH, MO3HAKOMMTBCS C METOAaMHU
M3MEPEeHUH M TpaBWIIaMU OOpaOOTKM PE3yNIbTaTOB M3MEPEHHU, HAYYHUTHCS OOpAIICHUIO C COBPEMEHHOM
Hay4HOU armapaTypoi.

OBIIIHE TPEBOBAHHA BE3OIIACHOCTH

1 K npoBesneHuto paboT NMpakTUKyma MO (PU3MKE JOMYCKAIOTCS CTYAEHTHI, MPOILIEANINEe WHCTPYKTAX IO
OXpaHe TpyJa.

2 OnacHble (haKTOpBI:

» TlopaxeHne >EeKTPUIECKIM TOKOM TIpH paboTe Ha IEKTPOIPUOOpax;

TepMuueckue 0xoru Npy HarpeBaHUU JKUJIKOCTEN U pa3IMUHBIX GU3NYECKUX TE;
Mope3bl PyK Mpu HEOPEKHOM 0OpallleHnu ¢ Ja0opaTOpHOI Mocyoil 1 mpubdopaMu U3 CTEKIIa;

Pa3nuB pTyTH npU N0JIOMKE TEPMOMETPA;

YV V VYV V

Pa3nuB TOKCHYHBIX >KMJIKOCTEW (MEIHBIA KyMOpocC, IIeIoYb) Mpu HEOpeKHOM oOpamieHuu ¢
AKKyMYJIITOPAMM U 3JIEKTPOXUMHUYECKON BaHHOM;
> Bo3HNKHOBEHHE TOXKapa NPH HEAKKypaTHOM OOpAalIeHUH C JIETKO BOCIUIAMEHSEMBIMH M TOPIOYUMHU
KUIKOCTAMH.
[Ipu mosydyeHuu cTyieHTaMu TPaBMbI OKa3aTh MEPBYIO MOMOILb TOCTPaIaBLIEMy, COOOLIUTH 00 3TOM
aJIMMHUCTpAIMM KOJUIEPKa M POJUTENISIM MOCTPaJaBIIero, Mpu HEOOXOAUMOCTH OTIPAaBUTH €r0 B

neueOHoe YUYpPCKIACHUC.



TPEEOBAHHA BE3OIIACHOCTH IIEPE/I HAYA/IOM PABOTHI

3 IloaroroButh pabouee MecTo K paboTe, yoparh moctopoHHHE npeaMeThl. CyMKH, TaKeThl OCTaBUTh MPHU
BxoJie B Jabopartopuio. [Ipu cebe nMeTh pyuKky, JHUHEWKY, KapaHJall, KaJbKyJIsaTop, pabouyio TeTpaib.
[TpubGops! 1 060pynOBaHHE PA3MECTUTH TAKMM 00pa3oM, YTOOBI HCKIIIOYHUTH UX MaJICHUE U ONPOKUIBIBAHUE.
4 BHUMATEIIFHO U3Y4YHUTh COJICPIKAHUE M MOPSIOK BBIMOJHEHUST PaOOThI, a TaKXKe OC30MacHbIC TPUEMBI €
BBITTOJTHEHUSL.

5 [IpoBepuTh 1EIOCTHOCTH NMPHOOPOB M3 CTekia U JabopaTopHOoil mocynel. Eciu Ha paGouem mecrte
HeJI0CTaeT MPUOOPOB YKa3aHHBIX B MHCTPYKUMH K JaHHOW pabOTe WM OHU IMOBPEXKICHBI — IOCTAaBUTH B
M3BECTHOCTH JICKYPHOTO, JJA0OpaHTa WU MPENOAaBATEIS.

TPEBOBAHHUA BE3OIIACHOCTH BO BPEMA PAKOTbI

6 CrieoBaTh TOMY MOPSIIKY BBITTOJHEHUS pabOT, KOTOPBIN YKa3aH B HHCTPYKITUH, €CIIM BOSHUKAIOT COMHEHUS
B MOPAJZIKE U 1[€JIeCO00Pa3HOCTH ACUCTBUM JTy4Ille BCETO Pa3pelIUTh UX C OMOIIBIO MPENo/1aBaTesl.

7 B paborax rie NMpuxoIuTCs UCIIOJIB30BATh Map MU KUIAIIYI0 BOAY HAJ0 OBITh OCOOCHHO OCTOPOKHBIM
YTOOBI HE TOJTYYUTh OXKOTH CXBATUBIIKUCH 33 HATPETHIN MUJIUHAP WIH TPYOKY C TapoM.

8 [Ipu mosb30BaHUN TEPMOMETPOM CIIEYET YOUPATh €ro B QYTISP cpasy Mo OKOHUAHUIO u3MepeHus. DyTisip
C TEPMOMETPOM YKJIa/IbIBATh Ha CTOJI TAKUM 00pa3oM, YTOOBI HE IOMYCTUTH CIIYYaliHOTO CKAThIBAHMS.
Ollpu cOOpKe OdJIEKTPUYECKOW CXEMbl HCIOIB30BaTh MPOBOJA C HAKOHCUYHUKAMHU, 0€3 BHIUMBIX
MOBPEXKICHUIM HU30JSAIUH, U30eraTh MepeceueHus: MPOBOAOB, UCTOUYHUK TOKA MOJKIIOYATh B MOCIEIHION0
ouepesb. CoOpaHHYIO 3JIEKTPUYECKYIO CXEMY BKJIIOYATh 0] HANPSIKEHUE MOJIbKO NOCNE NPOGePKuU ee
npenooasamenem uau aadopanmom!

10 He npukacatbcs K HAXOASIIMMCS MO HAMIPSKEHUEM 3JIEMEHTaM IIEeTH, K KOpITycaM CTallMOHAPHOTO
ANEKTPOOOOPYIOBAaHUS, K 3aXHUMaM KOHJIECHCATOPOB, HE IMPOU3BOAMTH TMEPEKIIOYEHHUS B LEMAX 10
OTKJIFOUCHUS UCTOYHHUKA TOKA. Hanmmuue HanmpspKEHUS B ISTH MTPOBEPSATH TOIBKO MPUOOPAMH.

11 He nonyckath npeienbHbIX HArpy30K («3allKaIiBaHUs) U3MEPUTEIHHBIX PUOOPOB.

12 He ocrasnare 6e3 HaJ30pa BKIFOYEHHBIC AJICKTPUUSCKUE YCTPOUCTRA.

TPEBOBAHHA FE30ITACHOCTH B ABAPHHUHBIX CUTYAI[HAX

13 [Ipu oOHapyXEHHU HEUCIPaBHOCTH B palboTe 3JIEKTPUUYECKUX YCTPOMCTB, HAXOIAIMUXCSA TOJ
HanpspKEHUEM, MOBBIIIEHHOM HMX HAarpeBaHHMM, MOSBIEHUU WCKPEHUS, 3araxa ropeyiol M30isiuuu U T.1.
HEMEJIEHHO OTKJIFOYUTD 3JIEKTPOITUTAHUE U COOOLIUTH 00 3TOM IPETo1aBaTeto.

14 B ciyuae ecnu pa3zomnack tabopatopHas ocyaa Wik mpuOopsl U3 CTeKJIa, HE COOUPATh UX OCKOJIKU
HE3aIIUIICHHBIMU PYKaMH, a UCII0JIb30BaTh Ul ATOH LIEIH IETKY U COBOK.

15 [Tpu pa3nuBe J€rko BOCIIaMEHSIOLIEHCS JKUKOCTH U €€ 3arOpaHruy HEMEIJIEHHO COOOIIUTh 00 3TOM
IIPEIoIaBaTelIto.

16 Ecnu pa3obuncs pTyTHbII TepMOMETpP, HEMEJIEHHO COOOIIHTE 00 3TOM MPENoIaBaTeN0 — OH 3HAeT
YTO HAJIO JeJaTh.

17 [lpy ToONy4YeHWH TpaBMBI OKa3aTh TEPBYIO ITOMOIIb MOCTPAgaBIIEMy, COOOIIUTH 00 OSTOM

aJIMUHUCTpAllMM KOJIJIe[ka, MpU HEOOXOAMMOCTH OTIPAaBUTh IMOCTpaJaBIIero B Onmkaiiiee jeueOHOE
yUpexJIeHHeE.

TPEBOBAHHE FE3OIIACHOCTH 110 OKOHYAHHH PABOTbI

17.1 OTkn0ouYuTh UCTOYHHK TOKAa M HCIIOJIb3yeMbl€ B JAaHHON pabore anekTponpubOopbl. B HexkoTopbix
paboTtax pa3o0paTh MEKTPUUYECKYIO CXEMY.

17.2 Pa30opKy yCTaHOBKH JUIsl HATPEBaHMS KHUJIKOCTH MPOU3BOIUTH ITOCIIE €€ OCThIBAHUSI.

17.3 IlpuBectu B mopsanok padbodee Mecto. [lokazaTe ASKYpHOMY CBOCH MOATPYMNIBI MOPSIOK HA MECTE
paboTBl M KOMIUIEKTHOCTh 0OOOpymoBaHus. B cimydae monoMku o00OpymoBaHUS COOOIIUTH

IPEernoIaBaTesio Wiu TabopaHTy KabuHeTa.



JlabopaTopnasi padora Nel mo Teme:
«OnpenesieHne MJIOTHOCTH TBEPAOTO TeJIa NPABUJILHOM reoMeTpudeckoii popmbi»
Hean nadopaTopHoii padoThI:

1. 3akpenuts U COBEpPIIEHCTBOBATH 3HAHMSA O CYIIHOCTH HOHATHUS ITIOTHOCTH TeJa, Macca,
00BEM.
2.  CoBeplIEHCTBOBATh NPAKTUUECKHE HABBIKM UCIIOIb30BAHMUS PHIYAKHBIX BECOB

IMTAHCHIOUPKYJIA.

Jasi popmupoBaHus yMeHHid 00yUYAKOLIUIiCS 10JI2KEH 3HATD:
- MOHSTHUS MacCCBhl,
- MOHSTHS IJIOTHOCTH,
- MOHATHS 00beMa.
B pe3yabTarte BbinoIHeHUs pad0ThHI 00y4aIOUIUICA T0JKEH YMeTh:
- JienaTh BbIBOJbI HA OCHOBE KCIIEPUMEHTAIbHBIX JaHHbIX;
- M3MEPATHh MACCY TeJIa C MOMOILBIO PHIYAKHBIX BECOB,;
- MPUBOAUTH TPUMEPHI MTPAKTUUECKOT0 UCIOIb30BaHUS IIFIOTHOCTH B IOBCEAHEBHOM KU3HH.
Y4edHo-MeTOoAMUYECKOE O0ecieYeHHe U MATEPHAIbHO-TEXHHYECKOe OCHAIIleHHe
J1adopaTopHoii padoThbI:
- METOJUYECKHE YKa3aHUS M0 BBIMOJHEHHIO 1a00paTOpHOI pabOThI IO TEME:
«Ornpeznenenue MIOTHOCTH TBEPJOTO Tela MPaBUIBHON Te€OMETPUUIecKoi (HopMbI»
- KOHCIIEKT JIEKIUI o aucuuiuinie «dusukay;
- pBIYaKHBIE BECHI;
- pa3HOBECHI;
- ITAaHT€HIIUPKYJIb;
- TEeJIO0 MPABHIILHON reOMeTpUIecKoi (hOpMEI,
- JINHEWKA.

TEOPETUYECKHUIA MATEPHUAJI IO TEME JIABOPATOPHOIM PABOTBHI

B (n3uke mI0THOCTBIO BELIECTBA HA3BIBAIOT MACCY ITOrO BEIECTBA, COAEPKAILYIOCS B €AUHULIE 00bEMA
I[P HOPMAJIbHBIX YCJIOBHUAX. Tena OAHUHAKOBOI'O O6”I)éMa, HU3TOTOBJICHHBIC M3 PAa3JIMYHbLIX BCIICCTB,
o0aaloT pa3IMYHON Maccoi, 4YTO M XapakTepu3yeT UX MI0THOCTh. K mpumepy, 1Ba KyOa 01lMHAKOBBIX
pasMEPOB, U3TOTOBJICHHBIC U3 YyIr'yYHa U aJIlOMUHUA, 6y,HYT OTJINYATHCs IINIOTHOCTBIO.

YT00BI BBIYUCINUTH INIOTHOCTH KAKOT0O-IH00 TCJIa, HY’KHO TOYHO OIPCACIUTh €ro MacCy U pa3aACiINTh e€ Ha
TOYHBIH 00BEM ITOrO TEJa. Kl“/M3 CAUHUIBI UBMCPCHUS IIJIOTHOCTHU B MCX(ZLYHapOHHOﬁ CUCTEME CAMHMUIL
(CH)

BeiBeaem popmyi1y BEIYHCIECHHS IVIOTHOCTH.

RIRCCH

_ _m
ITIOTHOCTE — oBnEn F T

st npuMepa onpeaeuM NJIOTHOCTH 0eToHA. Bo3bMéM OeTOHHBII KyOUK BecoM 2,3 KI' CO CTOPOHOI
10 cm. Ioacyuraem 00bEéM KyOHMKa.

23 KD

m =2 300 krina®
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IloacraBisieM naHHbIE B OPMY.IY.
W= (10 cwm)® = 1000 o = 0,007 w?

Mosay4aem mioTHoOcTH 2 300 Kr/m3

e e

Beronnslif ky6 co ctopoHnoii 10 cm

OT 4ero 3aBUCHUT MJIOTHOCTD BCIICCTBA

[Tn0THOCTH BelecTBa 3aBUCUT OT TEMIEpaTyphl. Tak B MOABISIONIEM OOJIBITUHCTBE CIy4aeB MpH
CHIDKCHUU TeMIIepaTyphl MJIOTHOCTh YBEIUYUBaETCs. VIcKiIIoueHrne COCTaBIsIOT BOIa, YyTyH, OpoH3a U
HEKOTOpHIE JPYTUe BENIECTBA, KOTOPHIEC B ONPEEIEHHOM TEMIIEPATYPHOM JHAIa30HE MPOSBISIFOT ceOs
nHave. Boxa, Hanpumep, uMeeT MakCUMalbHYIO MII0THOCTH IpH 4 °C. IIpu NOBBIIEHUN WIH TOHUKEHUU
TEeMIIEpaTyphl INIOTHOCTh OYAE€T YMEHbBILATCS.

[InoTHOCTH BelecTBa MEHSIETCSA U IPU U3MEHEHUH €0 arperarHoro coctosHus. OHa cCKkaukooOpa3HO pacTET
IIPU NIEpEeXo/ie BEIIeCTBa U3 ra3000pa3HOro B )KUKOE COCTOSIHUE, U Jajiee — B TBEPOE. 3/1eCh TaKKe eCTh
HCKJIIOYEHHS: TUIOTHOCTh BOJIbl, BUCMYTa, KPEMHUSI U HEKOTOPBIX APYTUX BEUIECTB CHUXKAETCA MPU

3aTBCPJACBAHNU.

Yem U3MCEPACTCA IJIOTHOCTH BCUICCTBA
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Jlnist u3MepeHust MIIOTHOCTH Pa3InYHbIX BEIIECTB MPUMEHSIOTCS CIIeHUAIbHBIE IPUOOPHI U
npucnocobaenus. Tak, IIOTHOCTD KUIKOCTEH M KOHIICHTPALIUS paCTBOPOB U3MEPSAETCS pa3IMUHBIMU
apeomeTrpaMu. HeckopKO pasHOBHIHOCTEN NUKHOMETPOB NPEAHA3HAYEHBI U1 U3MEPEHMS INIOTHOCTH

TBEPJBIX TEJ, )KUJIKOCTEH U Ta30B.
MPAKTUYECKU MATEPHUAJI ITIO TEME JIABOPATOPHOM PABOTDI
Xon paOoThI:

1. H3mepuTh auHEHHBIE pa3Mephl Tella ¢ TOYHOCTHIO 10 0,1 MM.
2. Bpraucnuth 006€M Te1a ¢ TouHoCThIo 710 0,1 oM

m-d?
V=a-b-h V= - h
3. Ompenenute Maccy Tena MyTEM B3BEIIUBaHUS C TOYHOCTHIO 110 0,1 T.
4. BpIYUCIUTH MJIOTHOCTH BeLIECTBa 1O hopMyIie:

g=7

KT

r
/ ¢ TounocThIO 10 0,1 s 1 BPIPA3UTH B CHCTEME “cnu/ v

5. BpIaucIuTH a6COJ'IIOTHy10 N OTHOCUTCJIbHYIO NIOTPCIIHOCTH, CPABHUB PE3YJIbTATHI OIILITOB C
TaOJMYHBIM 3HAYECHHUEM IIJIOTHOCTH.

. —_48 | 0
abc.Ag =/ gmabn. -glonbima;  OTH.§g = p—m 100%

6.Bce pe3ynbpTaThl U3MEpEHUI U ONBITOB 3aHECTH B TAOIMILy: /  pacuéThl CIeNaTh MO TabauIen

7. CnemnmaiiTe BBIBO
Cocras Jnunna | upuna | Beicota | Auamerp | O6béM | Macca | Ilmot | Ilorpemrnoctu:
B-Ba a b h d V3 m HOCTh | AOcomoTHas

cM cM cM cM Cm r g OTtHocuTeNnbHAS
kr/M3 KT
Ag = F 68%

Bbpycok
C )
Humuaap
C )
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KoHTpoJibHbIE BOIPOCHI:

1 Kak onpenenuTs 00beM Tela HEMPABUIbHOM F€OMETPHUECKOM (POPMBI, €CIT OHO B BOJIC HE TOHET?

2. Kak onpenenutb 00beM Tella HEMPaBUIBLHOM T€OMETPUUECKON (POPMBI, €CIIM OHO PACTBOPSIETCS B BOje?

13



JlabopaTopHasi paGora Ne2 o reme:
«M3y4eHne NBH:KeHHs TeJa, OPOIIEHHOI0 TOPH30HTAIBHO»
Henab n1adopaTopHoii padoThI:

1. 3aerHI/ITI) M COBEPIICHCTBOBATH 3HAHUS O CYIIHOCTHU IMOHATHA CKOPOCTh, CUCTEMA OTCUCTA.
2. COBepH_ICHCTBOBaTI) IMPAKTUYCCKUE HABBIKHU ITPU U3MCPEHUHU CKOPOCTH TCJIA, 6p0[HeHHOFO TOPU3OHTAJIbHO.

Juast popmupoBaHus yMeHUii 00y4aroumuiics J0J15KeH 3HATh:
- MOHSTUSL CKOPOCTH,
- JAIbHOCTH TOJIETA,
- CUCTEMa KOOpJUHAT.
B pe3yabTarte BblnoiHeHUS PadoThHI 00y4aIOUINICA T0JIKEH YMeTh:
- JIeJIaTh BBIBOJIBI HA OCHOBE SKCIIEPUMEHTAIBHBIX JJAHHBIX;
- U3MEPUTHh HauaIbHYIO0 CKOPOCTh Tela, OPOIIEHHOTO TOPU30HTAIBHO;

= MMPUBOAUTH NPUMEPHI MPAKTUYCCKOT'O UCIIOJIb30BaHUA CKOPOCTHU B HOBCCIIHGBHOfI JKU3HU.
YueOHO-MeTOAHYECKOE 0O0ecTieueHHe U MaTepUAIbHO-TeXHUYeCKoe OCHALLIeHHe
J1abopaTopHoii padoThbI:
- METOAMYECKHIE YKa3aHUS 110 BBITOJHEHHIO JIA0OPATOPHOM pabOTHI 110 TEME:
«M3yueHnune ABMXKEHHUS Teja, OPOLIEHHOIO TOPU30HTAIBHO»

- KOHCHEKT JEKIUH 1Mo aucuumnianae «Du3nka;
U30THYTBIN Kenoo;

- METaJUIMYECKUH IIAPUK;
- auct Oymary,
- W3MEpUTEIIbHAS JICHTA.

TEOPETUYECKHIA MATEPHAJI IIO TEME JIABOPATOPHOM PABOTBHI

Pucynok1. Cxema ycTaHoBKa

[Iapuk ckaTbIBaeTCs MO M30THYTOMY 3K€JI00Yy, HIXKHSAS 4acTh KOTOPOTO TOPU30HTAJIbHA.
[Tocne oTphiBa OT xeno0a mapuK ABMXKETCS MO mapabolie, BEepIIMHA KOTOPOH HAXOIUTCS B TOUKE
OTpBIBa IIApUKa OT *kelt00a. Beibepem cructeMy KOOpAMHAT, KaK ITOKa3aHo Ha pucyHke. HavanpHas
BBICOTA IIaprka h ¥ JaibHOCTh mosera /

gt?
CBSI3aHBI COOTHOIIEHUEM H= . CormacHo 5To#t (popMyIie TIpH YMEHBIIICHUU
2,
HaAYaJIbHOM BBICOTHI B 4 pa3a JalbHOCTH IMOJICTa YMEHbIaeTcs B 2 pasza. M3mepus h
U MOXXHO HaWTH CKOPOCTHh IIApHKa B MOMEHT OTpPbhIBA OT Xkeloba
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JBu:keHue Tes1a, OPOLIEHHOT0 FTOPU30HTAJIBLHO
JlaHHOE NBMXKEHHE pPE3yJIbTar
JIBYX HE3aBUCUMBIX  JIBH)KEHUIL:
TOPU30HTAJIBHOTO  PAaBHOMEPHOIO
JIBUKCHUS u BEPTUKAIBHOTO
_ PaBHOYCKOPEHHOTI'O JABM)KEHUS.
Vx=Vo :th: VOt

2
vy=gt y= 97

ot*
X 1. Beicora nmogpema: h=-—

v

2h
g

2. Bpewms nagenus: t=

2h
3. JJampHOCTH TIONTeTa: (= X= Vot =Vo _[—

. 2 2 2 2,2
4. CKopoCTh Telia B POU3BOJIBHON TOUKE Tpaekropuu: V = \/ V- +V = \/ V0 +g°t
X y

IMPAKTUYECKHWH MATEPHAJI IIO TEME JIABOPATOPHOM PABOThHI

XoJ paboThl:

1. Cobepute ycTaHOBKY, H300pakeHHYIO Ha pUCYHKe. HKHUI yyacTok skemoba  TOMkKeH
ObITh TOPH3OHTAIBHBIM, @ PAacCTOSHHE N  OT HIKHETO Kpas jkeinoda 10 CToja JOHKHO
ObiTh paBHBIM 40 cMm. Jlamku 3a)xuMa JOJDKHBI OBITh PACIONOKEHBI BOJIM3U BEPXHETO KOHIIA
)kero0a.

2. Tlonoxwute 1o *keno60oM aucT 6ymaru. OTMETbTE Ha 9TOM JIMCTE C TIOMOLILI0  OTBeca
TOUKY A, HaXOJSIIYIOCSA Ha OJHOM BEPTUKAIU C HUKHUM KOHIIOM jKeno0a.

3.[MomecTuTe B *%ey00 apuK Tak, YTOOBI OH Kacalicsl 3a)KMMa, ¥ OT- MyCTUTE MIAPUK
0e3 Tonuka. 3aMeTbTe (MPUMEPHO) MECTO Ha CTOJIE, Ky/Ja MomagaeT MapuK, CKaTUBIIUCH C
’Keno0a U MPoJIeTeB MO BO3AYXY.

4.CHoBa noMecTHTe B KeJN00 MIApUK TaK, YTOOBI OH KAcaJICs 3aKHUMa, U OTIIy-CTHTE 0€3
touka. [loBTropute »dTOoT oOmBIT 3 pas3a, Ciead 3a TEeM, YTOOBI JIUCT HE CIBHTAJICS.
OTMeyalTe TOYKH NaJIeHH.

5. U3mepbTe paccrosuue | or cpeqneli 0oTMEUEHHOM TOUKHU 10 TOYKH A

6.ITosTopure  myHKTHI  1-5, oOmycTHB KenoO Tak, 4TOObI PACCTOSHUE OTHMKHETO
Kpasi skenoba 10 crona 610 paBHO 10 cM (HauanpHas BeicoTa). M3MepbTe

COOTBETCTBYIOILIEE 3HAYEHUE NAJIBHOCTH IIOJIETA U BBIYMCIIUTE OTHOLICHUS h1 /h2 u
I1 /12
{.Pe3ynbTaThl M3MEPEHHI M BEIYMCIICHH 3aIUIINTE B TAOIHILY:
Ne h,m 1, m h1 /ho 11 /12
1
2
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8.HO pe3yjbTaTaM MNEPBOTO M BTOPOIr'O OIbITA BBIYHUCIUTC 3HAYCHUC

et [
g

9. Cnenaiite BBIBO

KoHTpoJibHbIE BOIPOCHI:
1. OcHoBHasg 3a7a4a MEXAQHUKN?
2. YTO Ha3BIBAIOT MEXAHUYECKUM JIBHKEHUEM?

3. JlaTh onpejienieHre: MaTepUalbHas TOUKa, TPACKTOPHUsL, IIEpEMELLCHUE.
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JlabopaTopnasi pabora Ne3 mo Teme:
«HccnenoBanue ABUKEHHUS TeJIAa MO/ AeiiCTBHEM NOCTOSHHOH CHJIbD»
eab 1a0opaTopHoOii padoThI:

1. 3akpenuTh U COBEPIIEHCTBOBATh 3HAHUS O CYIIIHOCTH IOHATHUS YCKOPEHHUE.
2. COoBepILIEHCTBOBATh IPAKTUYECKHUE HABBIKY IIPU U3MEPEHUH IIapaMETPOB PABHOYCKOPEHHOT'O IBUKEHUS.

st popMupoBaHusi yMeHHIl 00y4arOIIUICS 10/I2KeH 3HATh:

- IIOHSTHSI CKOPOCTH,

- CHJIBL,

- YCKOpPEHHS.

B pe3yabTarte BblnoJIHeHUs1 pA00ThI 00y4aI0IMIACH J0JIKEH YMeTh:
JIeJaTh BBIBOJIbI HA OCHOBE KCIIEPUMEHTAJIbHBIX JaHHBIX;

- OKa3aTh, 4TO JIBUYKEHUE TeJla PABHOYCKOPEHHOE

BBIYUCIINTh YCKOPCHUC TCJIa

= IMPUBOAWTDH MPUMEPEI ITPAKTUYCCKOI'O UCIIOJIb30BAHUA YCKOPCHUS U CHUJIBI B HOBCGI[HCBHOﬁ JKU3HU.
YuyeOHO-MeTOAHYECKOE 00ecTieueHHe U MAaTePHAJIbLHO-TEXHUYeCcKoe OCHALLleHHe
J1abopaTopHoii padoThbI:

- METOJMYECKHUE YKa3aHHUs 110 BBIIMOJIHEHUIO JTa00paTOPHOI pabOTHI MO TEME:
«MccnenoBanue qBUKECHUS TeJa MOJ ACUCTBUEM MTOCTOSTHHOM CHITBI

- KOHCIIEKT JIEKIIUH MO0 AUCHUIUINHE «DU3nKa»;
- HaMpaBJIsIoNIas perka,

- JBIDKYIIIEECS TEJIO;

- CEKYHJIOMED;

- JIMHEHNKa,

- yKa3aTelb/Jisl CHATHS IOKa3aHUM.

Pucynok 1. Cxema ycTaHOBKH
Ha Teno neicTBYIOT TpH CHIIBL: CHJIa TSKECTH, CHJIa TPEHHUA, CHJIa peakiuu omno-pbl. Ecim
reoMeTpuyecKas cymMma cuj OoJiblie HyIsl, TO TE€JIO0 JBUKETCS C YCKOpe- HUEM.

MPAKTUUYECKUI MATEPHUAJI ITO TEME JIABOPATOPHOM PABOTDI
Xoa padoThI:

1) YcranoBuTh HampaBasIoNIyio peiiky moj yriom okono 30 rpamycos.
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2) YCTaHOBHTH yKa3aTesb CHATHS MOKA3aHUA.

3) U3MepuTh ¢ HOMONIBIO JMHEHKH JUTHHY HANPABJISIOmeil peiky 1 pacCTOSHHEI0
ykazarens. OTo OyzieT nepeMelleHye Tena. 3anucarh JaHHbIE B Ta0JIUILY.

4) YcTaHOBHTH ABTOMOGHIIB HA PEHKY.

5) OTHYCTI/ITB TEJI0, C IIOMOIIBIO CEKYHAOMEPA ONPCACIINTE BPpEMs ABUKCHHUATEIIA 10
YKasaTeJid.

6) OmnbIT HOBTOPHTH 3 pa3a, yBeAUUUBAs MOJIOKEHUE YKA3aTENs.

7) PesynbTaThl H3MepeHHil 3a11MCaTh B TAOMIHILY.

Ne

S,m t,c

tep C

a, m/c?

a opM/c?

5 0%

Aa , m/c?

Oo0padoTka pe3y1bTaTOB:

1)
2)
3)
4)

5)

KOHTpOJII)HbIe BOIIPOCHI:

TIpy ABMXEHUH C YCKOPEHHEM, ECTH HadajlbHas CKOPOCTh paBHA HyIko,S=at?/2.

Io pe3ynbTaTaM OMbITOB BRMUCIUTH yCKopeHue a=2S/ t2

PesynbraThl 3aHeCTH B TaOIULLY.

Brruuciuts MakCUMalIbHYIO OTHOCUTENBHYIO MIOTPEIIHOCTD ® U a0CO-TTIOTHYIO

MOTPEIIHOCTH Aa.

Aa=a cp—a

8= (Aapl a)*100 %
Crenaite BLIBOI.

1. Cdopmymupyiite BTopoii 3akon HetoToHa.

HazoBurte CANHUIY CUJIBI.

2.
3. Yro Takoe cuia?
4.

Kakoe JBHKEHHE Ha3bIBAIOT PABHOYCKOPEHHBIM?
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JlabopaTopnasi padora Ned mo Teme:
«HccnenoBanue 3aBHCHMOCTH CHJIbI TPEHHS OT Beca TeJiay

eab 1a0opaTopHoOii padboThI:

1. 3aKp€HI/ITL 1 COBCPHICHCTBOBATH 3HAHHMA O CYIIHOCTH MMOHATUSA CUJIBI TPCHUA, O BCIIMUNHAX,
BJIMAIOINHX HA 3HAYCHUC CUJIBI TPCHUS.

2. COBepI_HeHCTBOBaTB IMPAKTUYCCKHNE HABBIKH UCITIOJIB30BAHHUA JUHAMOMETPA.

st popmupoBaHus yMeHUi 00y4aromuiicst J0J15KeH 3HATh:
= IIOHATHUA MACCHI,
- CHJIBL,
- 3akoHbI HproTOHA.
B pe3yiabTare BbinoJiHEHUsI PA00ThI 00y4aIOIIMIACSH J0J17KEH YMETh:
- JIeNaTh BHIBOJBI HA OCHOBE SKCIIEPUMEHTANBHBIX JaHHBIX;
- U3MEpPSATH CUITy TPEHHUS U BEC C TOMOIIbIO JUHAMOMETPA;

= IIPUBOANTDH IIPUMCPBI MPAKTUYICCKOIO HCIIOJIB30BaHUA CHJIbI TPCHUA B
HOBCCﬂHCBHOﬁ JKHU3HHU.

YuyeOHO-MeTOANYECKOE o0ecTieyeHre U MaTepUaIbHO-TeXHHYeCKoe OCHaIleHHe JIa0opaTOpHOi
padoThI:

- METOJIMYECKUE YKA3aHUS MO BHITIOJHEHHUIO Ta00PaTOpHOI pabOTHI MO TEME:
«MccnenoBanrie 3aBUCUMOCTH CUJIBI TPEHUS OT BECa TeJlay;

- KOHCIICKT JICKIIMH 10 AUCHHUILINHE «DHU3HKay;

- JIEpeBSHHBIN OpYCOK;

- Habop IPy30B;

- JTUHAMOMETD;

- JIEpEBSIHHASA JIMHEHKA.

TEOPETUYECKHUI MATEPHAJI 1O TEME JIABOPATOPHOM PABOTHI

TpeHune - B3aMMOJEHCTBHE CONPHUKACAIOIIMUXCSA TeEJ, MPEMATCTBYIOIIEE WX OTHOCUTEIBHOMY
nepeMenieHuo. Pa3nuyaroT Tpu BU1a TPEHUS:
1. Tpenue nokosi - TpeHHe NPU OTCYTCTBUH OTHOCHTENBHOIO JBHIKEHHS COTPUKACAFOIIMXCS
Ten. DTy CUIy HEOOXOAWMO MPEOAOJEeTh AJS TOro, YTOObI MPUBECTH JBAa KOHTAaKTUPYIOLIUX Teja B
JBUKEHUE OPYT OTHOCUTENBHO Apyra.
2. TpeHHe CKOJIbKEHMsI - TPEHHE TIPU OTHOCUTEIHLHOM CKOJIBKEHHH COMPHKACAIOIINXCS TEJL
3. Tpenue KadeHusi - TPEHHE MEXK/IY ONMOPOI M KaTAIMIMMCS 110 Hell TenoM. IIpu oauHaKoBoI
Harpy3ke Cwia TPEHUs KayeHUs 3HAYUTEIbHO MEHBIIE CUJIBl TPEHUS CKOIbXeHUA. [lodromy uis
YMEHBIIEHUS CUJI TPEHHS B TEXHUKE IPUMEHSIOTCS KOJIECA, IIIAPUKOBBIE U POJIMKOBBIEC MOIIIUITHUKH.
Bce Buapl TpeHHs XapaKTEpU3YHOTCS CHUJIaMM, KOTOpbIE Ha3bIBAlOTCA cuiamu TpeHus. Cuia
TPEHMs - CUJIa, BOZHUKAIOLIAs ITPU CONPUKOCHOBEHHUH ITOBEPXHOCTEN Tel,

NPEIATCTBYIOIIAA WX OTHOCUTCIIBHOMY IIEPCMCIICHUIO, HaIpaBJICHHAsA BJOJIb ITOBCPXHOCTH UX
COIIPUKOCHOBCHHA. Cuma TPEHUA 3aBUCUT OT MATCPUAIOB TPYHIUXCA HOBerHOCTeﬁ, OT B€Ca T€ja, OT
CKOPOCTH OTHOCHUTCJIBHOTO ABWXXCHUA W HC 3aBUCUT OT IUIOIIAaAW COINPHUKOCHOBCHUA TCJIa C
IMOBEPXHOCTHIO. Cuima TPEHUSA CKOJIBXKCHHSA IIPOIMOPHMOHATIBHA CHJIC HOPMAJIbBHOI'O JOaBJICHUSA WU,
CJICOOBATCIILHO, CUJIC pCaKIIUU OIIOPLI:

FTP:uNa (1)
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rze - Ko3QPUIUEHT TPEHUS CKOJIbXeHUs; N-
cui1a peakuuu ornopsl, H.
Koadpunment tpenus ckonbxenus u3 popmyisl (1) paBen:

F

Hanwuue tpeHus odecriednBacT BO3MOXKYOCTh MIEpeMeIaThCsl 0 MOBEPXHOCTH. Tak, mpu Xoab0e
UMEHHO 3a CYET TPEHUS MPOUCXOJUT CUEIUICHHE IMOAOUIBBI C MOJOM, B Pe3yjbTaTe Yero MPOUCXOIUT
OTTAJIKMBAaHWE OT TOJa W JBWXKeHHe Brepén. ToyHO Tak ke oOecrmeyrBaeTcsi CIEMJICHHE KOJIEC
ABTOMOOWJIS C MOBEPXHOCTHIO JOPOrH. B yacTHOCTH, Ui YBEIMUYEHHUS BEIWYUHBI 3TOTO CIEIUICHUS
pa3pabaThIBaIOTCSl CHEIUANBHBIE THIBI PE3UHBI JUISl TOKPHINIEK, & Ha TOHOYHBIC OOJHIBI
YCTaHABIIMBAIOTCA AHTUKPBUIbSA, CHJIbHEE MPIKUMAKOIIME MallMHy K Tpacce. B OonbiinHCTBE
TpaauuuoHHBIX Mexanm3moB (JIBC, aBromoOwnm, 3yOuyaThle MIECTEPHH W TMp.) TPEHUE WIrPaeT
oTpulaTeNbHyI0 posb, yMeHbInas KIIJ[ mexanusma. Jlyis yMEHBIICHUS CUIIbI TPEHHS HCIOIB3YHOTCS
pa3linyHbIe HATYpaJIbHbIC U CHHTETUYECKHE Maclia U CMa3KH.

Cuny TpeHHUS MOXXHO ONPEIEIUTh C MOMOIIbIO JUHAMOMETPA MPU PAaBHOMEPHOM MEpEeMElIeHUN
Opycka c Tpy3aMH 1o iepeBsiHHOM JinHelke (puc.1). [Ipu paBHOMEpHOM IBH)KEHUHU OpYCKa €r0 YCKOPEHHUE
paBHO HYIIO, CJIEIOBATENbHO, COTJACHO BTOpOMY 3akoHy HbIOTOHa reomerpuyeckass cymMMma CHIL,
JNEHCTBYIOIIMX Ha OpyCcOK B 3TOM Cily4ae, TAaKK€ paBHAa HYIIO. OJTO O3HAYaeT, YTO CHUJIa TPEHUS
CKOJIbKEHHUSI YPaBHOBEIIMBACT CHIIy PACTSHKEHUS MPYXKUHBI TUHAMOMETpPAa U MOXKET OBITh H3MEpeHa
JTUHAMOMETPOM.

e

Puc. 1-PaBHOMepHOE nepeMelieHne Opycka ¢ rpy3amu 1o JepeBIHHOMN JuHeiike Cuia peakiuu
OTNOpHI B JIaHHOM CJIydae paBHa Becy Opycka BMECTE C IPy30M U

orpeieNsieTcs B3BeIMBaHueEM (puc.2)

B L L L T

soligiiliig ik

1%

l_._i

=a

=

Puc. 2-B3pemmBanue Opycka

MPAKTUYECKUUN MATEPUAJI 1O TEME JIABOPATOPHOWM PABOTBI
Xox padoThI:

1. C nomompro IJUHAMOMETpA ONpPENETUTE BEC AEPEBIHHOrO OpycKa, OpycKa BMECTE C OJHHUM
rpy30oMm, Opycka ¢ IByMs rpy3amu, Opycka ¢ Tpems rpy3aMu. Pe3ynbTaTsl 3aHecuTe B Tabnuity 1(B rpady
N).

2. JIuHaMOMETPOM PaBHOMEPHO TSHHTE OPYCOK II0 NMHeiike, usMepss cuiny Tard Fr (Fr=Fxp).
OneIT MOBTOPUTE, HATPY3UB OPYCOK OJHHM, ITOTOM JIBYMS U TpeMs rpy3amu. Pe3ynbTaTsl n3mepeHuit
3amuIIMTe B Ta0IHITy 1.
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3. Kood@uuuent tpeHus (W) s Kaxkaoro caydas BIYMCIUTE 110 GopMyie (2)d pe3ynbTaThl
BBIYMCIICHHUH 3amycaTh B Ta0IuILy 1.
4.  BbluucnuTe cpenHee 3HaueHne KOdP(HUIMEHTA TPEHUS
n1+ pz + us + pa

4

Hep =

5. OueHure  aGCOMIOTHYIO MOTPEIIHOCTb u3MepeHuss  KoapduimeHTta TpEeHUs
CKOJIb>KEHUSI.

Ap = |1 — popl
6. PaccuwuTaiite CPEIHIOI0 a0COJIIOTHYIO MOTPEIIHOCTh
M1+ Hz + 43 + pa

Aucp =

7. Paccuuraiite OTHOCUT eJ'ILHYI-O HOFpeI_I_IHAOCTB HU3MCPCHUA
Kcp
€= - 100%

Hcp
8.  Toctpoiite rpaduk 3aucumoctu Frp(N) (puc. 3).
Frp,H 1
N,H
Puc. 3-I S o oN)
9.  3anummuTe OKOHYATENBHBIN PE3yIILTAT:
Hep T Apiep
10, Cpaenarb BEIBOL
Tabnuma 1-PesynpTaTsl H3MEpEHU U BBIYUCICHUN
N, H Frp, H U Hcp Au Apcp g, %
Opycok
OpyCOK+Tpy3
Opycok+2 rpy3a

Opycok+3 rpy3a

KOHTPOJIBHBIE BOITPOCHI

Yro Takoe cuia TpeHus?

Bunel cunsl Tpenus?

Ot Kakux nMapaMeTpoB 3aBUCHUT CUJIA TPEHUS?

ITonb3a u Bpen cuibl TpeHUsA?

Kak M0XHO yMeHBIINTH CHITy TpeHUsA? Kak MOKHO yBEJIMUNUTD CUITY TPEHUA?

[ToueMy mpu ornpeeneHIUN TPEHUS CKOIBXEHHSI HE00X0IUMO, YTOOBI OPYCOK JIBUTANICS
paBHOMEPHO?

oakrownE

7. Bpycok aBMXKETCS PaBHOMEPHO BHU3 IO HAKJIOHHOM IIOCKOCTH (pHc.4).
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Kakoe HanpaBJieHUE MMEET BEKTOP CHIIbI TPEHHs?
4 |

3

Puc.4-JIBmxeHune 6pycka BHU3 1O HAKIIOHHOM TIOCKOCTH
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JlabopaTopHas paGoraNeS mo Teme:

«/3y4yeHne 3aK0HA COXPAHEHHUSI MMITYJIbCA (BHINOJHAETCS BUPTYAJIbHO)»

Lean 1a6opaTopHOii padoThI: H3ydCHUE 3aKOHA COXPAHEHUS UMITYJIbCA Ha IPUMEpE paciiazia Tena,
OpOILICHHOTO IOJ1 YIJIOM K TOPU3O0HTY.

st popmupoBaHus yMeHUi 00y4aromuiics J0J5KeH 3HATh:

- ITOHSATHS MAcCCHI,

- CHJIBI,

- 3aKOH COXPAHCHUS UMITYJIbCA.

B pe3yabTarte BblnoIHeHUs pad0ThHI 00y4AIOUINICA 0IKEH YMeTh:

- JienaTh BBIBOJIBI HA OCHOBE KCIIEPUMEHTAIbHBIX JTAHHBIX;

- U3MEPSATh MapaMeTphl 171 pacyeTa UMITyJIbCa Tel,

- MIPUBOJIUTH MIPUMEPHI MPAKTUYECKOTO MCIIONB30BaHU UMITYJIbCA U 3aKOHA COXPaHEHUS
HMMITYJIbCA B IIOBCEIHEBHOM JKU3HHU.

Y4ebHOo-MeTOoAMUYECKOE OOecTieueHHe U MATEPHAIbHO-TEXHHYECKOe OCHAIIleHHe
JabopaTopHoii padoThI:

- METOJMYECKHUE YKa3aHUs M0 BBIMOJIHEHUIO JTa00paTOPHOI pabOTHI MO TEME:

«3y4yeHne 3aKkoHa COXPAHEHUS UMITYJIbCaY;

- KOHCIEKT JISKITMH 1o AucIUIuInHe «Du3nKa;

- KOMITBIOTED.

TEOPETUYECKHWI MATEPHAUI I1O TEME JIABOPATOPHOI PABOTHI

BeJ'II/IqI/IHa, paBHasd MPOU3BCACHUIO MACChI MaTepHaHBHOﬁ TOYKH Ha €€ CKOPOCTb,HA3bIBACTCs
HUMITYJIbCOM. I[J'ISI CUCTCMBbI MaTCPHUAJIBHBIX TOUCK MOJTHBIN HUMITYJIBC pa-BE€H CYMME UMITYJIbCOB. HpI/I
9TOM CJICAYCT UMCTh B BU1y, YTO UMITYJIbC — 3TO BCK- TOpHAaA BCIUMYNHA

TakuM 00pa3oM, 3aKOH COXpPaHEHHUs UMITYJIbca MOXHO COPMYIMpPOBATh TaK: €CIM Ha Tela
CUCTEMBI JIEHCTBYIOT TOJIBKO CHJIBI B3aUMOJICHCTBUS MEXIY HUMH («BHYTPEHHHUE CHIIBI»), TO
MOJIHBIA UMITYJIBC CHCTEMBI TE€JI HE U3MEHSETCS CO Bpe- MEHEM, T.€. COXpaHsAeTCA. DTOT 3aKOH
MPUMEHUM HE TOJBKO K CUCTeMe 2 TeJl, HO UK CUCTeMeE, COCTOSIIEH U3 0000 Yrcia Tell.

3akoH COXPAaHCHUS UMITYJIbCA BBINIOJIHACTCA IPHU pacClaAac TCjia HAa YaCTU U IPU a0COJIFOTHO
HCYIIPYIrOM yAape€, Korja CoyAapsAromuecd Tejia COCAUHAIOTCA B OJHO. Ecimmu pacnanx uin yaap
MNPOUCXOAAT B TCUCHUC MAJIOTO MPOMEKYTKAa BPEMCHH, TO 3aKOH COXpAaHCHUA HUMITYJIbCa
HpI/I6J'II/I)KeHHO BBIITOJIHACTCS AJId STUX MTPOLECCOB.

Onucanue padoTnl

>
PaCCMOTpI/IM JABHIKCHUC TCI1a,

OpOIIEHHOTO TOJX YIJIOM K TOPH30HTY.
[Tycts Teno Opocuim co CKOpo-

CTBIO 31 YIIIOM K TOPU3GHTY (PUCYHOK 1).

B noxnere Ha Ten10 I[CﬁCTByeT CHIIaTsAXKCCTH,
o HaIllpaBJICHHAA BCPTUKAIIBHO BHU3, ITIO3TOMY
TFOpU30OHTAJIbHAA IMPOCKIUA CKOPOCTH HE
U3MCHSACTCA

Prc. 1 CO BpEMEHEM U paBHa Vy =WoLosdk

Ilyctb B BEpXHEW TOUYKE TPACKTOPUHU
TEJNO pacnajaeTcs Ha 2 OJUMHAKOBBIX OCKOJIKA, OJMH M3 KOTOPBIX BO3BpPALIACTCAHA3a] B TOUKY
OpocaHus 10 TOH e TpaeKTOpuH, 1o KOTOPOH /10 pacmaja jeresno OpomeHHoe teno. [Ipu pacnane
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BBITIOJHSETCSI 3aKOH COXPAHEHHS TOPU3OHTAIBHON MPOEKIMH HMITYJIbca, MOCKOJbKY CHIIa
TSDKECTH HarpaBlieHa BepTUKaIbHO. OJMHU3 OCKOJIKOB BEpHYJICS Ha3a/l 10 MPEKHEH TPaeKTOPHH.
OTO O03HAYaeT, 4YTO €ro CKOpPOCTh Cpa3y e IOclie pacraja paBHAa CKOPOCTHM BCEro Teja
HETOCPEACTBEHHO Mepe]] paclagoM. 3aKOH COXPaHEHHs MPOEKIUH HMITYJIbCa TOT/A 3AMHILIETCS
cie-

IyIoImuM o0pa3om:

1 ]‘ I
BV, = — —MW, W
, 2 £
TAC —CKOPOCTh BTOPOI'0 OCKOJIKA nuuuac paclTiaia, a sHan «-» B IIEPBOM Cllara€MOM I'OBOPUT O

HaIpaBJICHUU ABUXKCHUA IIEPBOr0 OCKOJIKA. 'l;jl'r — 31;}- CHCTBA MOJIy4yacM:
X

[TockonbKy 00a OCKOJIKa cpasy ke MOCIIe pachaga UMEIOT TOJIBKO TOPU30HTAIBHBIC TIPOCKIIUH
CKOPOCTH M HAXOIATCA Ha OHHHaKOBOﬁ BBICOTC, TO BpCMs HMX MaJCHHUA TAKXKC OJHHAKOBO, T.C.
TOPU30HTAJIBHBIE TAIBHOCTH UX IMOJIETA ITOCIIE paciaia CBA3aHbl TAKUM )K€ COOTHOIIEHHEM, UYTO U
CKOPOCTH, T.€.

S'=35

rac —SFOpI/ISOHTaJ'IBHaﬂ JaJIbHOCTBH ITIOJIETA OT TOYKH 6p0C8.HI/I$I A0 TOYKH pa3pbiBa, paBHasd
JaJbHOCTH I0JIETAa OCKOJIKA, BEPHYBIICTOCS Ha3zal, a — JAJbHOCTh IIOJICTA MOJGTCBIICIO BICPE
ockonka. B ﬂaHHOﬁ na6opaTopH0171 pa60Te IMPOBCPACTCA BBIIIOJIHCHUC 3TOI0 COOTHOILICHUS U, TEM
CaMbIM, ITPOBEPIACTCA BBIIIOJIHCHHUC 3aKOHA COXpPAHCHUA HMMITYJIbCAa HaA IIPUMEPE pacliaga Teia,
6pOI_HeHH01"O noa yriilOMK ropu3oHTYy.

Xon paboThI:

Ha pucynke 2 nzo0paxeH kaap U3 JaHHOH J1abopaTopHON paboThl. JJanbHOCTH MO JeTa OCKOJIKOB
TeNa IMocie pacnajza ompejaensercs no JuHedke. M3 TOukM pacmajga OIyCKaeTcs BHHU3
BCpTUKAJIbHAA JIMHUA KPaCHOI'O IBCTA, 4TOOBI OTMETHUTD 9Ty TOUKY.

-Ioix]

Hauano |
cTon |
X0A paéoTh |

Vo 10 lv]
Alfa 45 [<[>]

Pucynoxk 2. Kanp u3 naGopatopHoii paboTbl

INPAKTUYECKHUHA MATEPHAJI IIO TEME JIABOPATOPHOUM PABOThI

Xox padoThI:
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1. 3anaTh 3HaUEHMs HAYATBLHON CKOPOCTH U yrila GPOCAHUSL.

DT BETMUMHBI 33/1al0TCS TIPU ITOMOIIIH TTOJI3YHKOB. Pekomenyemoe 3HaueHneckopocta 10 cm/c
yriia Opocanus 45 rpaaycos.

2. OcymiecTBUTh OpocaHue Tena.

HaxxaTh KHOIIKM «HAYajio» U «ITYCK». Z[BI/I)KGHI/IG MO>XHO OCTaHOBUTH, HAXKAaB
«ctomy». B BerHeﬁ TOYKE TCJIO paciagacTCsa Ha 2 OANHAKOBLIX OCKOJIKA, pa3JICTAOINXCA B
IMPOTHUBOIIOJIOKHBIC CTOPOHBI. N3 Touku pasii€Ta OImyCKacTCA NCPICHAUKYIIAP HA TOPU3OHTAJIBHYIO
OChb, KOTOprfI IMO3BOJIACT ONPCACIIMTD BLICOTY TPACKTOPUHN U JAJIBHOCTD I10JICTA.

3. I/I3MepI/ITB TOpHU30HTAJIBHBIC JAJIBHOCTH I10JICTA OCKOJIKOB.

ITo nunetike HU3MEPHTC 'OPU30OHTAJIBHBIC AAJIBHOCTHU Pa3JICTa OCKOJIKOB, T.C. paCCTOSAHUA OT
TOYKHU paciiaga Tejia J0 TOYCK MMaaACHHUA OCKOJIKOB. ITonoxenue TOYKHpAcIajaa Tejia OTMEHYacTCA
TEM, UTO U3 9TOH TOYKH OITyCKaCTCs NCPICHAUKYIIAPD (KpaCHOFO I_[BeTa) Ha TOPU30HTAJIBHYIO OCb.

CpaBHI/ITI) TOPpU30HTAJIbHBIC MPOCKIINU UMITYJILCOB
4. 3anaTe 3HaUEHMS HAYAILHON CKOPOCTH H YIJIa OPOCAHHS.
OTH BEIMYUHBI 33JJaI0TCS IPU TOMOIIM ON3YHKOB. Pexomenyemoe 3nauenueckopoctu 10 cm/c, yria
Opocanus 45 rpaaycos.
5. 3anaTh 3HAYEHMS HAYAIILHOI CKOPOCTH M YIiIa OPOCAHMS.

OTH BETMUYMHBI 33/1at0TCS IPU TOMOIIIHU MOJI3YHKOB. Pexomeniyemoe 3nauenueckopoctu 10 cm/c, yria
O6pocanus 45 rpagaycos.

6. OcymecTBuTh GpocaHue Tena.

HaxaTh KHOIIKM «Ha4yauo» U «I1ycK». J|BUKEHHE MOKHO OCTAaHOBUTH, HAXKaB
«cTom». B BepxHell Touke Teo pacnasaercs Ha 2 0JJMHAKOBBIX OCKOJIKA, PA3JIETAOIUXCS B
IIPOTHUBOIIOJIOKHBIE CTOPOHBL. M3 TOUKM pasiiera OIyCKaeTcs NEPHEHAUKYIISAP Ha TOPU3OHTAIIBHYIO
OCb, KOTOPBII MO3BOJISIET OIIPEAEIINUTD BBICOTY TPAEKTOPUH U TAJIBHOCTH IOJIETA.

7. I/ISMepI/ITB TOPHU30OHTAJIBHBIC JAJIbHOCTHU ITOJICTA OCKOJIKOB.

[To nuHeiike u3MepbTEe TOPU3OHTANIbHBIE JATBHOCTH pa3jieTa OCKOJIKOB, T.€. PACCTOSHUS OT
TOYKH pacnaja Teja J0 TOUeK najeHust ockoyikoB. [lonokeHne Toukrupacnaga Teina 0OTMe4aeTcst
TEM, YTO W3 3TOW TOUKH OITYCKAETCS MEePIECHIUKYJIISAP (KPaCHOTO I[BETa) Ha TOPU3OHTAIBHYIO OCh.

8. CpaBHHTB rOpHU30HTAIIBHBIE POEKIIUH UMITYJILCOB OCKOJIKOB.

['opu3oHTaIbHBIE MPOEKIIMH UMITYIBCOB OCKOJIKOB ITPOMOPIIMOHAIBHBI TOPU30HTAIbHBIM
JTATBHOCTSIM UX pasnera. CieayeT MPOBEPHUTH BHIMOJHEHNE 3aKOHA COXPAHEHUS TOPU30HTATBLHOM
MIPOEKIIMU UMITYJIbCA MPHU paclaie Tena.

9. BBINOIHKUTE OMBITH HPH JAPYTHX CKOPOCTAX M YIJIaX OpOCaHHs.

Hnst ckopoctu 10 M/C BBITOTHUTE OMBITHI NIpH 3Ha4deHUsAX yriaa Opocanust 30 u 60 rpamycos.
BrimonHuTe 3KCIEpUMEHTHI NMPH 3HAYSHMUAX HavajdbHOM ckopoct 15 m/cana yrios 30, 45 u 60
rpasycoB.

10. PesynbTar 3anmucaTh B TAOIMILY:
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11. Cpnenats BBIBOS

Ne  Hauwanpnaas | Yrox 6po- JanpHOCTH mTONIETa JlansHOCTH moneTra S’/S
CKOPOCTb CaHUsI OCKOJIKa, BEpHYBIIIE- HOJIETEBIIIETO BIIe-
n/n rocs Hazaj pell OCKOJIKa
Vo, M/c a,°
S,m S’ M
1 10 45
2 10 30
3 10 60
1 15 45

KonTpoJsbHbie BONpoChI

2. UTo Ha3BIBAIOT UMITYJILCOM Tesa?

3. Ha3zoBute CANHUIY UMITYJIbCA.

4. CdopmyaupyiiTe 3aKOH COXPaHEHHUS UMITYIIbCA TEJIa.
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JlabopaTopnasi paboTraNe6 mo Teme:

«M3yyeHne H30TEPMHYECKOr0 U N300apHOI0 Npouecca B raze»
Heab 1adopaTopHoii padoThl: M3ydueHrne H30TEPMUYECKOTO U U300apHOTO MpoIiecca B ra3e
st popmupoBaHusi yMeHU 00y4arouIuiics J10/2KeH 3HATD:
- MOHATUS 00BEMA,
- TEMIIEPATypHI,
- JTABJICHUSI.
B pe3ysabTarte BbinoJIHeHUsI PA00THI 00y4aI0IIMIACSH J0JIKEH YMETh:
- JIeN1aTh BBIBOJbI HA OCHOBE KCIIEPUMEHTAIbHbIX JaHHbBIX;
- M3MEPSTh NapaMETPhI U1 pacueTa UMITYJIbCa Te,
- IIPUBOAUTH IPUMEPHI IPAKTUUECKOTO UCIIOIb30BAHUS U30TEPMUYECKOTO U H300apHOTO
rporecca B IOBCEAHEBHOM KU3HHU.
YueOHO-MeTOANYeCKOe o0ecTieyeHre U MaTepUaIbHO-TeXHHYeCKoe OCHallleHHe JIa0opaTOpHOi
padoThI:
- METOJIMYECKUE YKA3aHUS MO BHITIOJHEHUIO Ta00PaTOpHOI pabOTHI IO TEME:
«M3yueHne U30TepMHUECKOro U U300apHOTO MpolLiecca B razey;
- KOHCIIEKT JICKIIUH MO0 AUCHUIUINHE «DU3UKa»;
- nabopatopHbIi HAOOp (C MAHOMETPOM) — Ha MAPTY,
- OapoMeTp — OJIUH Ha TPYIIIY.

TEOPETUYECKUU MATEPUAJI ITIO TEME JIABOPATOPHOU PABOTbI
HNneanbHblil ra3 nmpeacTaBiseT coO0M MPOCTEHIITYI0 MOJIENb ra3a, B KOTOPO MpeHeOperaroT sHepruei
B3aUMOJICHCTBUSL MEXIY OTACIbHBIMM YacTHIaMH. [[efiCTBUTENbHO, €CIM ra3 JOCTaTOYHO PA3PEKEH,
CTOJIKHOBEHUS MKy €ro YaCTULIAMHU IIPOUCXOMST PEJIKO, B TO BPEMs KaK CKOPOCTH UX BEJIMKU, IOITOMY
KMHETHYecKasi SHePTUs YaCTUIl 3HAUUTENBHO O0JIbIle MOTEHIIUAIBHON SHEPTUU UX B3aUMOJICHCTBUSI.
Hoeanuzayus:

e 00bEM MOJIEKYIIBI PaBEH HYJIO (MaTepuaibHasi TOUKa);

e  CTOJIKHOBEHHMS MEXAY MOJIEKYJIaMU aOCOITIOTHO YIPYTH;

e  CWJIBI HPUTSNKCHUSA MCKIY MOJICKYJIaMU Hp€H€6pC)KI/IMO MaJibl.

Makpockonnuyeckne napamMerpbl — BEJTUYHUHBI, XapaKTEPU3YIOLIUE COCTOSHUE TEPMOAMHAMUYECKOM
CHCTEMBI Oe3 yueTa MOJIEKYISIPHOTO CTPOCHUS Tell

Hasnenue p, oo0bem V, Temneparypa T
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B Jasienune B MKT o0pasyercs n3-3a ynapoB MOJIEKYJI O CTEHKH COCYIa
—— IIPY TEIJIOBOM JIBMKECHUHU.

I/Iﬂeaﬂbﬂblﬁ ra3 — MoAcCJIb rIasa, B KOTOpOﬁ MOJICKYJIbI CYUHTAKOT
MaTCpraJIbHbIMHU TOYKaMW W HC YUUTBIBAOT CHJIbI BSaHMOHefICTBI/Iﬁ

’ MEX1y HUMH.
° = H3onpouecc - mporecc, Npu KOTOPOM OJMH U3 MaKPOCKOTHUECKUX
N MapaMeTpoB COCTOSIHUSA JAHHON MaccChl ra3a OCTaéTcs MOCTOSHHBIM.

—
N3ompornecc — 310 uaeanu3upoBaHHas MOJIeNb pealbHOro Mpolecca,
KOTOpasi TOJILKO PUOIMKEHHO OTPaKaeT IEHCTBUTEIHLHOCTb.
HN3orepmuyeckuidi  mpomecc —  IMPOUECC  COCTOSHHUS ~ CUCTEMbl  MAaKpPOCKOIMYECKUX  TEll

(TepMOIMHAMHUYECKOW CUCTEMBI) IIPH ITOCTOSIHHOW TEMIIepaType.

B nmr000M COCTOSIHUM C HEU3MEHHOM TeMnepaTypoﬁ IMPOU3BCACHUC JaBJICHUA I'a3a HA €TI0 00BEM ocTaéres

MOCTOSIHHBIM: IPV =constupuT =¢ GHSEI

Jlisi ra3a JaHHOM Macchl IPH MOCTOSHHOM TeMIlepaType NPoU3Be/ieHe AaBJIeHNS Ia3a HA ero 00bém
IIOCTOAHHO. DTOT 3aKOH 3KCIIEPUMEHTAIBHO ObLI OTKPHIT B 1660 1. anruiickuM yuéubiM PoGeprom boitiem
(1627-1691 rr) 1 HecKOIBKO Mo3kKe (paHIy3ckuM yueHbM Dame Mapuorrom (1620-1684 rr). [loatomy oH
HOCHUT Ha3BaHue 3aKkoHa Boiiisa-MapuorTa. 3akoH boiins-MapuorTa cripaBeiyIiB OOBITHO TSI TFOOBIX T'a30B,
a TaKKe U JUId UX CMeceH, Harpumep, s BO3AyXa. 3aBUCUMOCTh JIaBJICHUsI ra3a OT 00bEMa MpU MOCTOSTHHOMN
Temreparype rpadguyecku u300pa)karoT KpUBOM, KOTOPYIO HAa3bIBalOT M30TepMOii. M3oTepma m3o0paxaeT
00paTHO MPOMOPIHOHATIBHYIO 3aBUCUMOCTh MEX/1y JaBlieHHeM U 00bEMoM. (puc 1)

Pa
. Ps ,
T,>T, v v,
V,<V
1 2 VI
Py> Py Py ‘
T ‘
T, 2
| |
- hz==""" -
o V.o T o T
Puc 1 Puc 2 Puc 3

Pa3nuyHBIM MOCTOSHHBIM TEMIIEpPAaTypaM COOTBETCTBYIOT pa3iHyHbIe mapamerpsl. [Ipu moBbImieHnn
TEMIEpaTypbl raza TeMIEpaTypbl raza JaBlCHHE yBenuuuBaeTcs, ecnu V=const. [loaTomy wuzorepma,
COOTBETCTBYIOIAss Ooyiee BHICOKON Temmeparype T2, JEKUT BbIIIE M30TEPMbI, COOTBETCTBYIOMIEH Oolee
HU3Ko# Temneparype T1 (puc 1).

I/I306ale)lM HA3bIBACTCA MPOHCCC HN3MCHCHUA COCTOAHUA TCpMO)IPIHﬂMPI‘IGCKOfI CUCTCMBI IIpHU
IIOCTOAHHOM JaBJICHHUH.

B m1000M coCTOSHMU ra3a ¢ HEH3MEHHBIM JaBJICHUCM OTHOIIICHHC 00BéMa ra3a K ero TEMIICPATYypPC

— = CONSt IPHU P = Const

| =

OCTaEéTCS TOCTOSHHEIM:

U1 raza JaHHOW Macchbl NPH NOCTOSHHOM JABJICHMM OTHOLIEHHE 00béMa K Temmeparype
NMOCTOSIHHO. DTOT 3aKOH OBLI YCTaHOBJICH 3KcnepuMeHTanbHO B 1802 . dpanmysckum yuensiM JKozedom
Jlyn T'eii-JIroccakom (1778-1850 11) m HOcuT Ha3BaHue 3akoHa [ 'eii-Jlroccaka. CormacHo ypaBHEHHUIO (4)
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00BEM Ta3a mpU MOCTOSTHHOM JAaBJICHUU MPOTMOPIUOHANICH TeMIIEpaType: V = const-T 51, 3apucumocts
rpaguyecKkd HM300pakaeTcs NPsSIMOM, KOTOpas Has3biBaeTcsl u300apoit (puc 2). PasHbiM nmaBiaeHUsM
COOTBETCTBYIOT pasHble u300apsl. C pocroMm jaBieHUss 00bEM raza mo 3akoHy boinsg-Mapuotra

YMCHBIIACTCA.

[TosTomMy wu300apa, COOTBETCTByIOLIast Oojee BBICOKOMY JaBICHUIO P2, JIGKHT HIDKE H300apHl,
COOTBETCTBYIOIIEH 00Jiee HU3KOMY JAaBICHHIO P1.

B obnactu HU3KHMX TeMmepaTyp Bce M300apbl MaeanbHOTo rasza cxoxaarcs B Touke T=0. Ho sto He
O3Ha4aeT, 4To 00BEM peanbHOro rasa oOpamaercss B Hyidb. Bce rasel Ipu CHIBHOM OXJIQKICHUH
IPEBPAIIAIOTCS B )KUIKOCTH, a K KHJIKOCTH YPaBHEHUE COCTOSHUS UICAIFHOTO ra3a He IPUMEeHNMO. FIMeHHO
II03TOMY, HaUWHAasi C HEKOTOPOTO 3HAUYCHHS TEMITEPaTyphl, 3aBUCHMOCTh 00bEMa OT TEMIIEPATyPhl HPOBOAUTCS
Ha rpaduKe INTPUXOBOH JHMHUEH. B JEHCTBUTENBPHOCTHM TaKMX 3HAYCHUH TEMIEpaTypbl M JaBICHHSA Yy
BEILIECTBA B ra3000pa3HOM COCTOSIHUU OBITh HE MOJKET.

N30x0pHBIM HA3bIBACTCS IMPOILECC HM3MEHEHUS COCTOSIHUS TEPMOJMHAMUYCCKOW CHUCTEMBI IIPH
OCTOSTHHOM O0OBEME.

B n11000M cocTosiHMM ra3a ¢ HEM3MEHHBIM OOBEMOM OTHOIICHHE JABIICHHUS ra3a K €ro TemIepaTrype

().

J1si rada IaHHOW Macchbl OTHOUIEHHME JIABJICHHUS K TeMIlepaType IOCTOSIHHO, ecJH 00béM He
MeHsieTcsl. DTOT ra30BbIi 3aKOH ObLT YCTaHOBJCH B 1787 rony dpanmysckum dusrkom XKakom AiekcaHapoM
Cezapom Illapmem (1746-1823 rr). CornacHo ypaBHEHHIO (6) NaBJICHHE Ta3a IMPH MOCTOSHHOM O0BEME

= const npH V = const|

=R

0CTaéTCsl MOCTOSHHBIM:

MPONOPIMOHANEHO Temneparype: P = €onst-T (8) Sra saBucumocTs M306paXkaeTcs IPAMON, Ha3bIBAEMOIT
u30x0poii (puc3). Pa3zHbiM 00bEMaM COOTBETCTBYIOT pasHble H30Xopbl. C pocToM 00bEMa Traza mpu
MIOCTOSIHHOW TEMIIEPAType AABJIEHUE €T0 COIIacHO 3aKoHY boia-Mapuorra nanaet. [Toatomy

U30X0pa, COOTBETCTBYyIOINAsl OosblieMy OO0BEMY V2, JEKUT HUXKE H30XOPbI, COOTBETCTBYIOLIEH
MEHbIIEMY 00bEMY V1.

B cootBeTcTBHH C (8) BCC U30XOPbI UACAIBHOTO I'a3a HAYUHANOTCS B TOYKE C T=0. 3HaLII/IT, JaBJICHUC
HJCaJIbHOI'O ra3a Mnpu a0COJIFOTHOM HYJIC PABHO HYIIIO. VBennueHue NaBIICHUS raza B I000M COCyC UIIN
3HeKTqueCKOﬁ JIAMITOYKE IIPU HArp€BaHUU MOXHO CUUTATb U30XOPHBIM HNPOLECCOM. H3OX0pHLII>i mnponecc
HCIIOJIB3YCTCA B TA30BBIX TCPMOMETPAX MMOCTOSIHHOT'O 00BEMa.
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MMPAKTUYECKHAN MATEPHUAJI IO TEME JIABOPATOPHOM PABOTBI
I. U3yyenue H30TepMHUYECKOro npouecca B rase
Llenwv pabomor: SKCTIEPUMEHTATILHO TPOBEPUTH CIIPABENIUBOCTh 3aKoHa boitns—MapuoTTa nytém
CpaBHEHHUS [apaMeTPOB raza B IBYX TEPMOJAUHAMUYECKUX COCTOSHUSAX.
Obopyodosanue: 1abOpaTOPHBIA HA0OP (C MAHOMETPOM) — Ha TIAPTy, OAPOMETP — OJTMH Ha KJIAcC.
Teopemuueckoe ob6ocnosanue
3akoH boinsi—Mapuotra p1V1 = pP2V2 onpenensieT B3auMOCBs3b 1aBJICHUs 1 00bEMa Ta3a JaHHOW MacChl IIPH
NOCTOSIHHON Temneparype. YToObl yOequThCs B CIpaBeUIMBOCTH 3aKOHA, TOCTATOYHO U3MEPUTH
JIaBJIEHUs P1 U P2 Taza U ero o0bEMbI V1 1 V2 B ABYX cocTostHUAX. O0bEM MOKHO BeIpaxkars B CH, T.e. B
KyOMUYEeCKHX METpax, a JaBJIEeHUE — B MM PT.CT.
Xo00 pabomut
1. CobGepute ycTaHOBKY MO PUCYHKY (CM. ()OTO BBIIIIE).
2. YcraHoBuTe nopuieHs mmnpuia Ha aeiaenue 10 M. B atom ciayuae 00b€M Bo3tyxa B cucreme 70 Mi, B
cocyne 55 mi, B mmpuue 10 mi, B TpyOkax 5 mit. [ToctaBbre 3axumM. 3anecute o0bEM V1 B TabauiLy.
3. C momoripio 6apoMeTpa onpeeanTe atMmocepHoe JaBjIeHUE. 3aHECUTE JaHHbIE P1 = Pa B TAOJHILY.
4. IlepemecTuTe MOPIIEHD LINPHUIIA 0 ATIEHUS 6 MII U C TOMOIIIBIO MAHOMETPa OIPEeNIUTe U30BITOUHOE
HaJl aTMoc(epHbIM aaBieHre. O0BEM BO3yXa B CUCTEME YMEHBIIWICS Ha 4 MJI U cTall paBeH V2 = 66 M,
JTaBJICHUE YBEJIIMYWIOCH J10 P2 = P1 + Pu. 3aHECUTE 3TU JAHHBIE B TAOIHILY.
5. IlepemecTuTe MOPIIEHB IIIPULIA 10 JICJIEHUS 2 MIT M OISTH ONpPEeInTe U30BITOUHOE HaJl aTMOC(HEPHBIM
JaBlieHre. 3aHecuTe 3HAYeHUS V3 1 P3 = P1 + Pu’ B TaOIHITY.
6. J71s1 KaKA0ro coCcTosTHUS paccuuTaite p - V.

CocrosiHne Vv, M Pu, MM PT. CT Pu, I1a p = p1t pu, [Ta p -V, Ix
| Vi=70- 10" - -~ p1 = 100 800 p1V1 = 7,056
Il V2 =66-107° 46 6132 p2 = 106 932 P2V, = 7,058
11 V3=62-10° 92 12 264 ps = 113 064 psVs = 7,010
7. Onpenem{Te, Ha CKOJIBKO NPOUCHTOB BCIIMYUHBI pV OTJIMYAKOTCA APYT OT ApyTra.
PV1_T056 _ ) 9997 (99.97%): p, V, < pyVy1a 0,03%;
p,V, T.058

PV 7,010

.V, 7,058 0.9932 (99,32%): p,V, < p,V, na 0,68%.

30




8. Kakotii BBIBOJI ciieyeT cienaTh, cpaBHUB P1V1, P2Vaou p3Va?

I1. U3yyenune u300apHoOro npomecca B razax

Llenwv pabomewr: SKCTIEPUMEHTATILHO MTPOBEPUTH CIIPABENIUBOCTh 3akoHa [ eii-Jltoccaka myTém cpaBHEHUs
napameTpoB rasa B JIByX TEPMOJUHAMUYECKUX COCTOSHHSX.

Oobopyoosanue. nabopaTOpHBINA HAOOP, TEPMOMETP, CTAKAH C TOPSYCH BOJIOH.

Teopemuueckoe o6ocnosanue

Vi Y Y
1T,

|"'.
]
|
I
|

UYrtoOwl mpoBepuTh 3akoH I eii-Jlroccaka
rasa B JIByX COCTOSTHUSIX IIPU MOCTOSIHHOM JaBJICHHUHU.

Xo0 pabomut

1. U3 neraneit Habopa cobepute cuctemy (cm. Goto).

2. OnpenenuTe TeMIepaTypy Bo3iyxa B KOMHaTe t1.

3. CHAB 32KHUM, yCTAaHOBUTE MOPIIEHB IIMPHUIAa HA OTMETKY 2 MJI. DTO COOTBETCTBYET 00BEMY BO3/lyXa B
cucreme Vi = 62 mi.

4. J1nst moJTy4eHHsI BTOPOT'O COCTOSIHUS TTOCTaBbTE 3aKUM U OITYCTUTE TEPMOMETP U LITIPHI] B CTAKaH C
ropsiueii Bogoi. BeiBuraiite nopiieHs, yBeanurnBas 00bEM BO3/1yxa, 10 TE€X MOP, MOKa CTPEIKa MaHOMETpa
HE BEPHETCS K HYJIEBOMY JICJICHHIO, KOTOPOE COOTBETCTBYET aTMocepHoMy aaBiieHuto. Onpenenute Vo u to.
5. JlaHHbIE U3MEPEHUN U pacUE€TOB 3aHECUTE B TAOJIHILY.

JIOCTaTOYHO U3MEPUTH 00BEM U TEMIIEPATYPY

Hamepeno Brmmcneno
Ve Vo |ty |ty | Ty | To | AT AT AT [AV.) Vi | e, | A | T ey | 4,
Mn s C'C K K K K | K ar vy "o T, %

62 69 22 (65295 338 1 | 05 15| 1 08931 0028 0873 06 0,005

6. BEIMHCIHTE OTHOMIEHHS 2 12 OTHOCHTENbHBIE (%1 u £2) uabcomoTHbIe (&1 1 4 )) HOrPENTHOCTH:
AV AV 1A .
Ej :—_+f:—+—:ﬂrﬂ'.:1\.
v, V, 62 69

Ay =g

v
1=0,031-0,899=0,028.

a

(ITorpemHocTh M3MepeHUsI 00bEMA C YIETOM COETMHUTENIBHBIX TPYOOK OMpe/iesieHa U3roTOBUTEIeEM Habopa
U HE IpeBbIaet 1 Mi1.)

AT AT 15 15
2=t Tae5 a0
T _
Ay =g, ?j =0,006-0,873=0,005.
2

o V .. o
7. OHpCI[CJ'II/ITC HWHTCPBAJIBI OTHOMICHUUN 2 T c YUYCTOM IMOTPCIIHOCTCHU

! V
0,899 — 0,028 < 1___’ = (L,899 + 0,028, 0,871= rJ =(,927;
2 ‘2
T

T
0,873 - 0,005 < - < 0,873 + 0,003; 0,868< —L <0,878.
T. T,

%]

8. CpaBuuTe WHTepBambl M CHeNaiiTe BHIBOA O CIpaBEIIMBOCTH 3akoHa Ieii-JIroccaka. (MHTepBaibl
MEPEeKPHIBAIOTCS, 3HAYUT, OTHOIICHHS OOBEMOB U TeMIlepaTyp MpPU JaHHOM OTHOCHUTEIBLHOU
MOTPEIIHOCTH U3MEPEHUN OJMHAKOBBI, UTO MOATBEPKIAET CIIPABEIIMBOCTD 3aKoHa [ eii-Jlroccaka.

9 BmBon:

KoHTposibHbIE BONPOCHI:
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1. Kak unraercs 3akoHa boiins—Mapuorra?
2. Kak unraercs 3akona I'eit-JIroccaka?
3. UTo Ha3BIBaIOT U30IPOIIECCOM?
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JlabopaTopHasi paboraNe7 nmo Teme:

«OmnpenesieHue yie1bHOH TEMI0EMKOCTH BellleCTBA)
Hean nadopatopHoii padotTsi: OnpeneneHue yaeabHON TEIUIOEMKOCTH BEIIECTBA C ITOMOIIIBIO
ypaBHEHHUS TEIUIOBOTO OajaHca.

st popMupoBaHusi yMeHHIl 00y4arOIINICS 10/2KeH 3HATh:
- MOHSATHSI TEINIOEMKOCTb,
- TeMIIepaTypa,
- TEIJI0TA.
B pe3yJbTare BbINOJTHEHNs pa00ThI 00y4YaIOIMIiCS J01KEH YMeTh:
- JIEJIaTh BBIBOJBI HA OCHOBE DKCIIEPUMEHTAIIBHBIX JaHHBIX;
- MU3MEPSTh apaAMETPBI I pacdyeTa TeINIOEMKOCTH TeE,

- NMPUBOAUTDL IIPUMEPEI ITPAKTUYCCKOI'O UCIIOJIb30BAHUA YPABHCHHS TCINIOBOTO OanaHca B
HOBCGI[HCBHOﬁ JKHU3HU.

YueOHO-MeTOANYeCKOe o0ecTieyeHre U MaTepHaIbHO-TeXHHYeCKoe OCHallleHHe JIa0opaTOpHOi
padoThI:

- METOJIMYECKUE YKA3aHUS MO BHITIOJHEHHUIO Ta00PaTOpHOI pabOTHI MO TEME:
«OrmpeneneHune yaenbHON TEMI0EMKOCTH BEIIECTBAY,

- KOHCHEKT JIeKIMH 1o aucuuminte «Pusnkay;
- BECHI;
- TEepMOMETp;

- KaJIOPUMETP;
- COCYJ C KHUIISIIEH BOJOM Ha IJIUTKE;

- HCIBITYEMOC TCJIO.

TEOPETUYECKHUIA MATEPHAJI 110 TEME JIABOPATOPHOM PABOTHI

TennoeMKkocTh. Y1eJbHasi TENMJI0EMKOCTb. Y PAaBHEHHE TEIVIOBOro fajiaHca.

Tenmoémkocts C-3T10 (u3nyeckas BeNMYMHA, paBHAas OTHOIIEHUIO KOJIMYECTBAa TEIIOTHI Q,

Q
O =—
HE00XO0UMOT0 I OBBIIIEHUSI €ro TeMIepaTypsl oT 7o 10 7, K pa3HOCTH 3TuX Temnepatyp AT=T7-To: AT)

Bazkno: TemmoeMKocTh, TaKUM 00pa30M, XapaKTepU3yeT TO KOJUYECTBO TEIJIOTHI, KOTOPOE HYXHO
coo0muThH Temy, yToObl HarpeTh ero Ha 1 K (mpu oxnaxaennn Ha 1 K Teno BeImEIseT TO K€ KOJIHMYECTBO
TETJIOTHI, YTO W TOTJIONIAET MTPU HArPEBAHKH )

Har peBasd TCJIa C OAMHAKOBBIMU MAaCCaMH, HO COCTOAIINUC U3 PA3JIMYHBIX BCIICCTB, MOKHO 06Hap}/)KI/ITB,
YTO IJId MOBBIIICHHUA UX TEMIICPATYpPhI HA 1K TpC6YIOTC}I Pa3JIMIHBIC KOJINYCECTBA TCIJIOTHI; CJICAOBATCIILHO,
TCIINIOCMKOCTD TCJIa 3aBUCUT OT €ro IMMpUpoOJbl. Tennoemkocms mena nponopuuoOHaIibHa €20 mMacce. HOBTOMY

XapaKTepHCTHKOﬁ TEIUIOBBIX CBOMCTB BEILIECTBA SBIISICTCS €r0 yde.zlbmm menjgoemKocmsp ¢ — BCINYHMHA,
c Q

paBHas OTHOIIECHUIO TEIIIOEMKOCTH TeJla K €ro Macce: L—m_m-a7 (3)

YaenbHas TeII0EMKOCTh BeIeCTBA € - BEJIMYMHA, [TOKA3bIBAIOLIas, KAaKO€ KOJMYECTBO TEIUIOTHI
HeoOxoaumo st HarpeBanus 1 kr BemectBa Ha 1K. B CU ynenpHast TEIIOeMKOCTh BEIIECTBA BBIPAXKAETCS B
02HCOYIIAX HA Kuno2pamm-kenvsun [/ (ke * K)].
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3HasA TEIIOEMKOCTh BEIIECTBA, MOXHO OINPEACIUTb KOJIUYECTBO TECIJIOTHI, HGO6XO,Z[I/IMOC JI

HarpeBaHus Teja Maccoil M ot Temreparypbl 7o 10 TeMieparypsi 7+ [0 = cm-AT = em - (T —To)| (4)

JI1st u3MepeHusi U CpaBHEHUS TEINIOEMKOCTEN PA3IMUHbBIX TeJl OJIb3YIOTCS KAJ10PUMENPOM.

Kanopumertp - npubop, B KOTOPOM MPOUCXOTUT TETUIOOOMEH MEXIY TelIaMH, U30JUPOBAHHBIMH OT
BO3JECHCTBUS OKPYKAIOLLIEH Cpeibl

[Ipocreimmii KaTOpUMETp MPEACTABIACT COO0N METaUIMUYECKHil CTakaH ¢ KpbIMKOW. Ero craBar Ha
MpoOKHU, MOMEIIAIOT B COCyA OOJbIIel BMECTUMOCTH, TaK YTO MEXKAY CTEHKaMHU JABYX COCYIOB OCTaeTcs
HEKOTOPBIN MpoMexkyToK. CBepXy 00a cocy/ia 3aKphIBAIOT KPBIIIKOM.

AnreOpanyeckas cymMMa KOJIMYECTBA TEIUIOTHI, OTAAHHOTO TelnaMH, Qory M KOJMYECTBA TEIJIOTHI,
MOJYYEHHOTO TeNaMH, Quox IS 3AMKHYTOU cHCTEMBI Tel paBHA HYIO QoratQnoa=0 - ypasnenue mennosozo
bananca, KOTOPOE BHIPAXKAET 3aKOH COXPAHEHUS U IIPEBPALLICHHS] SHEPTUH JJIs1 pACCMATPUBAEMBIX ITPOLIECCOB.

W3mepeHue TeroeMKocTell TBEpAbIX U KUIKUX Tesl OOBIYHO MPOU3BOIUTCA C TIOMOIIbIO KaTOPUMETpa,
HAIOJIHEHHOT'O BOJIOW WJIM JIpYTO# AKHUAKOCTBIO. TBEp0e TeI0 U3BECTHOM Macchl m1, HArPETOE 10 U3BECTHOM
TeMIIepaTypbl, OBICTPO MEPEHOCUTCS U3 HArpeBarelsl B KaJIOPUMETP U OTAAeT eMy HEKOTOpOe KOJINYECTBO
TEIUIOTHI, OXJIAXK/JIAsICh CAMO W HarpeBasl BEIIECTBO KaJlopHUMeTpa 0 TeX IOop, MOKa TeMIepaTypsl Tesla U
KaJOpUMETpa He CTaHYT paBHbI OAHOMY 00lIeMy 3HadeHUI0 7. 3Has HauyalbHbIE TEMIEPATYpbl, MacChl BCEX
TEJ U yJI€JbHbIE TEIJIOEMKOCTH KUIKOCTH €3 U MaTepraia KaJJOpUMETPa €2, MOKHO BBIYMCIUTh HEU3BECTHYIO
TEIUIOEMKOCTb Cx TBEPIOro Tela MCXOIA U3 YPAGHeHUs menyiogo2o Oananca, MO0 KOTOPOMY KOJIUYECTBO
TertoThl Q1 OTAaHHOE TEJIOM, PaBHO KOJIMYECTBY TEILIOTHI, MOJIydeHHOMY KasopumeTrpoM (Q2 — cocymom,

Qs — xuaxoctsio): 91 = @2 T €3 (7)

N3 (4) cnemyer, 4to Q@ =c,my (T, —T) Q; =cymy- (T — sz, Q3 =cymy- (T — Tz], rme My u my —
COOTBCTCTBCHHO MAacCCBhI KaJ'IOpI/IMeTpa n XKHUIKOCTH, T2 — HUX HaYaJIbHasi TeMHepaTypa. Ha OCHOBAHHUU
c,my(Ty —T) = c;my(T — Ty + cgmy - (T — T,

ypaBHEHMs TerioBoro Oananca (7) umeem ), OTKY/1a HaxOIUM

HCU3BCCTHYIO YACIBbHYIO TCIIJIOEMKOCTL TCJIA:

ey, (T — Ty + cymig e (T—T,)
* my(Ty —T)

C

VY aenpHas TEI0EMKOCTh OIIPCACIIAACTCS IIPpU TEIUIOOOMEHE M3 YpaBHCHUA TCIIJIOBOTO 6ancha,
KOTOPOC COCTABJISICTCS IIPU TEIUI0O0OMEHE Ha OCHOBAaHUHU 3aKOHA COXPAHCHUS SHCPIUH.

2,022,

Q1 =cy - My, - (t,, — 0) - OTmaHO TENOM NPH OCTHIBAHUU OT t,, 10 0.
Q, =cg - mp (0 —tg) -IllpunsATO BOJIOI pU HArpeBaHuu OT tg 10 0.

Q3 =cq - mg- (0 —t,) -IllpuHATO aTIOMHUHHUEBBIM COCYIOM IIPH
HarpeBaHuu oT t, 10 0.

Q1 = Q, + Q3 -3aKOH COXpAaHEHUS YHEPTUU
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Cm My (tm —0) =cg-mpy, - (0 —tg) +c,-my- (0 —t,) - YpaBHeHHE TEIUIOBOTrO Oananca

W3 ypaBHEHHMS BUHO, YTO HEOOXOAMMO HAMTHU Ha OIBITE: MACCHI My, My, M, U TEMIIEPATYPEI Ly,
tB, ta u 0.
W13 ypaBHEHHMS TEILIOBOrO OAIAHCA CIELYET:
g mp- (0 —tg) +camg- (0 —1t,)
My, * (En — 0)

NMPAKTUYECKUU MATEPUAJI 1O TEME JIABOPATOPHOWM PABOTHI
Xon paboThI:

Cn

[TpoBepuTh BECHI, pa3HOBEC, TEPMOMETP, OIIPEJIEIUTH LIEHY JEIEHNUS TEPMOMETPA.
OrmpenenuTh Maccy BHyTPEHHETO COCY/Ia KaJopUMeTpa (aTFOMUHHEBOTO) (My,).
Hanuth BO BHYTPEHHHI COCY/] BOJIBI M OIIPEACIUTD e€ Maccy (mg).
CobpaTh KalopuMeTp U U3MEPUTH HAYAJIbHYIO TEMIIEPATYPY.
W3 xunsimied BobpI OBICTPO MEPEHECTH UCTIBITYEMOE TeJO (IUIHHIP) B KAJIOPUMETP.
3anucarhb B TaOIULLY ty,.
[TepemerniuBas BOy B KalOpUMETPE, BbDKIATh, KOT1a IEPECTAHET MOBBIIIATHCS TEMIIEpaTypa.
M3MepuTh OKOHYATENIbHYIO TEMIIepaTypy cMecH 8.
B3sITh MCIIBITyEeMOE TEJO U3 KaTOPUMETPa, OCYIIUTh U B3BECUTh M,/
Bce nannble 3anucath B TaOJIUIy, COCTAaBUTh ypaBHEHUE TEIJIOBOr0 0ajlaHCa U pacCUUTATh.
Onpenenutb abcomoTHyo AC 1 oTHOCHTENBbHYIO §C MOTrPELIHOCTH
AC =/Ctabn — ConbiTa/

AC
6C=—=—=—-100%

CTtab.s
Taoauna
Bemecr | Mac Temneparypa Termnoé [TorpemnocTs
BO cca Hau Ko | MKoOCTB, Aolc OTtH
alIbH. HEYH. OJIOT. OCHT.
AnroMu 880
HHUEBBIN COCY]T
Bona 4200
Hcneity
€MO€ TEJIO
10.BriBOx:

KoHTposbHbIe BONIPOCHI:
1 Yro noka3spiBaeT yeiabHas TENJIOEMKOCTh BellecTBa?
2 B yem cMBbICH ypaBHEHHs TEIUIOBOTO OaaHca?
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JlaGoparopHasi pabora Ne8 nmo teme:
«/3mepeHne OTHOCUTEIbHOM BJIAKHOCTH BO3IyXa»

Henb n1adopaTopHoii padoThI:

1. 3akpenuTh U COBEPUIEHCTBOBATH MOHATHE OTHOCUTEILHOM BIaKHOCTH BO3/LyXa.

2.  CdopMHpOBaTh NPAKTUYECKUE HABBIKU MCIIOIb30BAHHs IICMXPOMETPA.

st popMupoBaHusi yMeHHI 00y4arOIINICS 10/I2KeH 3HATh:

- MOHSATHUS BIA)KHOCTH;

- OTHOCHUTEIBHOM BIIAXKHOCTH;

- TOUYKA POCHIL.

B pesyabTarte BblnoJIHeHUs1 pA00ThI 00y4a0IIMIACH J0JIKEH YMeTh:

- JIeJIaTh BBIBOJIbI HA OCHOBE SKCIIEPUMEHTAIbHBIX JaHHBIX;

- U3MEpPATh OTHOCUTENBHYIO BIaXKHOCTbH € IIOMOILBIO ICUXPOMETPA,

- UCIIONIb30BaTh MPHUOOPETEHHBIE 3HAHUS U YMEHHUS B NPAKTHUECKOH AESITENbHOCTU H
[TOBCEIHEBHOM >KU3HM ISl OLIEHKU BIMSHUS BIAKHOCTH HA OPTaHU3M YEJIOBEKa.

Y4eOHO-MeTOANYECKOE O0ecTiedeHHe U MATEPHAIbHO-TEXHUYECKO0e OCHAIIEHHE J1Ia00paTOPHOM
paboThI:

- METOAMYECKUE YKa3aHUs 110 BRIMOJHEHHUIO 1a00paTOpHOI pabOTHI MO TEME:

- «3MepeHne OTHOCUTEIBbHOM BIIAXKHOCTH BO3/1yXa»;

- -KOHCIIEKT JIEKIIMH I10 TUCIAIIINHE «DHU3uKay;

- -IICUXPOMETD;

- -[IcuXpoMeTpuyecKas TabIuIa.

TEOPETUYECKHI MATEPHAJ IO TEME JIABOPATOPHOM
PABOTHBI

B atmocdepe 3eminu Bceraa cogepkutcs Biaara. KoauuecTBo BOJASHOrO rnapa B BO3/1yXe 3aBUCHUT OT
pa3HbIX QakTopoB (reorpauyeckoro MoJ0KEHUsI JaHHOTO MECTa, BPEMEHHU ro/la, BpEMEHH JHS U T.IL.).
BuiaxHocTh- cofepkaHue BOASHOTO napa B Bo3ayxe. CyliecTByeT ABa Buja BIaKHOCTU: aOCOIOTHAs U
OTHOCHUTEJIbHAs. AGCOTIOTHAsI BJIAKHOCTh OIPENENIETCs MacCOM BOASIHOTO Mapa, cojepxanerocs B 1
m® BO3lyXa, MHade roBOps, TJIOTHOCTHIO BOASHOTO Mapa MM JaBJEHHEM HACBHIMAOIIMX IApOB.
OTHocHTeIbHAS BJIAKHOCTD [T0KA3bIBAET, CKOJIBKO IPOLIEHTOB COCTAaBIIAET a0COMIOTHAS BIAXKHOCTh OT

IJIOTHOCTH I1apa, HACBIIAOIICTO BO3AYX IIPU JTaHHOM TEMIICPATypE

< 100%:
PH

rac @-OTHOCUTCIIbHAA BJIIAXKHOCTD, %,
p-a0COIIOTHAS BIAXKHOCTb, T/M°;
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Pr-TUIOTHOCTh HACBILIEHHOTO Mapa, /M>,
OTHOCHTEIBHYIO BIAXKHOCTb TAK)KE MOXKHO OIIPENEIUTH YEPE3 JABICHHUE

) zF;lOO% , (2)
P
rae P- nmapuuansHoe naBnenue, [la;
P — naBnenue HachlllleHHOTO T1apa, I1a.
ATMOC]epHBIi BO3AYyX - CMECh pa3IMYHbIX ra30B U BOASHOTO rnapa. Kax/plil ra3 BHOCUT CBOM BKJIaJ
B o0liee jgaBlieHHE, KOTOpoe Mo 3akoHy JlambToHa paBHO CyMMe naBiieHWH. JlaBieHue, KOTOpoe
IIPOM3BOIMII OBl BOJISIHOM Map, eciid Obl BCe OCTaNIbHBIE I'a3bl OTCYTCTBOBAJIM, HA3bIBAETCS MAPLUATbHBIM.

OTtHocuTeNnbHAST BIAXKHOCTh U3MEpPSIETCS IIPU MOMOLIM THIpoMeTpa U mncuxpomerpa (puc. 1).
Yaire Bcero A onpeaesieHuss OTHOCUTENbHOM BIIaXXHOCTU UCHOB3YIOT ICUXPOMETP, KOTOPBII COCTOUT
U3 IBYX OJIMHAKOBBIX TEPMOMETPOB: CYXOT0 U BJIayKHOT0. Eciii BO3/1yX HE HACBIIIEH BOASHBIMU TapaMU,
TO BOJIa U3 CTaKaHYMKA, B KOTOPBIN OIYIIEH OJMH U3 TEPMOMETPOB, HUCMAPSIETCSI U OXJAXKIAET IIAPUK
tepmomeTpa. PasHuna Mexay mokazaHusiMH OOOMX TEPMOMETPOB TEeM OoJibllle, YeM MEHBIIIE
OTHOCHUTEIIbHAsl BJIQXKHOCThb. 3Has Ppa3HUIY IOKa3aHHH 0OOMX TEPMOMETPOB M IIOKa3aHUE CYyXOro
TEPMOMETPA, IO CHEIUATBLHBIM IICUXPOMETPUYECKUM Tadnuiam (tabnuia 1) HaXOAsST OTHOCUTEIBHYIO
BJIQKHOCTb.

Puc.1- Ilcuxpomerp

CnaumkoM CyxoM, Kak M CIUIIKOM BIIQXXHBIH BO3IYyX, HEOJAronpusTeH IS JKU3HM JIIOJCH U
JKMBOTHBIX. PeKOMeH/IyeMble MmapaMeTphl MEKPOKITMMATa KIIBIX MOMeIIeHn# - TemmepaTypa 18-23°C
npu OTHOCHUTENbHOH BiaxHOCcTH - 40-50%. HemoctaTok Biarm Bo3AyXa HE TOJIBKO YXY/IIACT
CaMOYyBCTBHE JIIOJ€H, HO M MNPUBOAUT K HAPYLICHHUAM TEXHOJIOTMYECKOIO IPOLECCA, CHUKECHHIO
KayecTBa MPOJAYKILUHU, YBETHUYEHHUIO BbIXOJa Opaka M B psA]E CIydyaeB CO3JaeT yrpo3y 0e30macHOCTH
00CITy’)KMBAIOIIETO epCoHaa:

B kBapTHpax, opucax

- Paccrixanue Mebemnu, OTCIIOEHUE UHKPYCTAIUH, TaHEIbHOW OOILIBKH.
- Hakorienne u paspsabl CTaTUYECKOTO 3JEKTPUYECTBA, OCOOEHHO NPU HIMPOKOM
WCITOJIb30BAHNH CHHTETUYECKHUX OT/IEJIOYHBIX MaTepHaJIOB.
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- BeicylieHHbIE BOJIOKHA KOBPOB JIOMAIOTCA OT XOXKIACHUS 10 HUM JIFOJIEH, B PE3YJIBTATE YETO
MIPOUCXOAUT MPEKIECBPEMEHHBIN N3HOC KOBPOB M YBEJIUYUBAETCS COACPIKAHNUE MTBUIH.

B 3/1eKTpPOHHO# POMBIIIICHHOCTH

- DIIEKTPOCTATUYECKUE 3apsAIbl IPU OTHOCUTEIBHON BIAXKHOCTU BO3ayxa MeHee 35 % moryt
HAKaIlJIMBaThCS JIO OIMACHOTO YPOBHS, CO3/[aBasi yrpo3y mpo0os JMAJICKTPUKOB, YTO MPHBOIUT K
CEPBbE3HBIM MTOCIIEICTBUSIM.

- O¢ddexTuBHOE YBIa)KHEHUE BO3AYyXa [TO3BOJISIET YMEHBIIUTD 3aMIbUIEHHOCTh MTOMEILICHHSL.

I[IumeBasi NpOMBILLUIEHHOCTh (XOJIOAWIbHbIE KaMepbl, CbIpOBapeHHe, BHHHbIE IOrpeda,
XJieboneyeHue)

- Msico coxpaHsieT eCTeCTBEHHBIN LBeT 0e3 NMPUMEHEHUs HHUTPATOB, €CIIM €ro XpaHUTb B
CIIELMAJIbHBIX MOPO3WIBHBIX KAMEpax C MOBBIIIEHHBIM YPOBHEM BJIaKHOCTH.

- Ecnu oBont i GpyKT moTepsieT JOCTaTOYHO MHOTO BJIAard, TO KJIETYAaTKa CMOPIIUBACTCS U
HUKAaKO€ YBIIaXHEHUE Y)K€ HE IIOMOXKET, B CBA3H € YEM TaK BaXKHO IOAJEPKUBATH JOCTATOYHBIN YPOBEHb
BJI&KHOCTH B MECTaX XPAHEHUS IIPOLYKTOB.

Tabmuna 1 -Ilcuxpomerpudeckas TabIuma

Moxazanua
e PasHocTe 10KAIAHIT CVROTO T BALAIOIO TEepMOMIT]IOR
TP OMETT) A
K L% 1 2 37 4 3 & i a8 k| 10 11
273 0 |10 82| 63| 45| 28] 1t
274 1 (100 83| 65| 48| 32| 16
275 201100 B4 88| 31| 35| 20
276 G r RBA| OGP 54 39 24 10
277 4 | 10D BS| FO| 56| 42| 28| 14
275 51100 86| 72| 58| 45| 32| 19 fi
279 G 1100 8BG| Y3 60| 47| 33| 23| 10
280 100 BY | F4| G| ARG 37| 26 14
281 8 100 87| 75| 63| 51 40 28] 18
252 9100 BE| THE] 64| 53| 42! 31| 21
283 | 10 100 BB| 76| G5 | 54| 4d; 34| 24| 14 4
284 11 |10y | &8 77| 66| 56| 46| 368 26| 17 H
285 12 | 1ehr | #80 FH| GBS 37| 48| 38 29| 20| 11

286 | 15311004 89! 791 69| 59| 49| 40 31| 23| 14 G
287 | 14 100 90 F9F 7 60 51| 42| 34| 25| 17 9
2R | A5 100 90| 8O0 Fi| 61 52| 44| 36| 27| 20| 12 3
289 | 16 (100 @90| 81| ¥F1| 62| 54| 45| 37| 20| 22| 15 3
200 | 17 (100) 90| 81| F2) 64| 33| 47| 39 32| 24| 17| 10
2081 | 18 100 91| H2| 73| G4 36| 48| 41 34| 26| 20| 13
282 | 19 (100 91| 82| 74| 65| 58| 30| 43| 35| 29| 22| 13
203 | 20 (100 91| 83| Fd| 66| 59| 51| 44| 37| 30| 24| 18
294 ¢ 21 100 91| 83| 73| 67| 60| 52| 46 39 32| 26| 20
205 1 22 1100| 92| 83| 76| 68| 61| 54| 47| A0 34| 28| 22
206 | 23 (100 92| 84| 76| G| 61| 55| 481 42| 38| 30| 24
207 | 24 1100 | 92| B4 T7| G9| 62| 56| 49 43| 37| 31| 26
POH [ 23 | 100 92| 84| F7| YO B3| 57| 50 44 ) 38| 33| 27
200 | 268 (100 92| H5| TE| TI| 64| 58| 51! 45| 40| 34| 29
300 | 27 |w00| 92| 85| 7R| Fi| 65 39| 327 47| 41| 36| 30
01| 28 |100| 93| 83| 78| 72| 6541 59| 53 48| 42| ar | a2
302 | 29 1100 93] 86| 7| 72| GG GO 340 49 43| 38| 33
O3 | 30 100 93| 86| V9| VI| 67| 61| 53] 50! 44| 39| 34
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Touka pocsl - Temneparypa, Ipu KOTOPOH Map MEPEXOAUT B COCTOSIHME HachleHUs. C TOUKON
POCBI MBI CTAJIKUBAEMCS €KETHEBHO. MBI ITOJTHUMAaEM CTEKIITHHYIO KPBIIIKY CO CKOBOPOJKH, Ha KOTOPOH
TOTOBHM, - C KPBIIIKH OOMJIBHO CTE€KAaeT BOAa. B BaHHOW KOMHAaTe MOCJIE MPUHATHS TOpSYEro Aylia
oOHapy’KMBaeM, 4TO 3€pKalo 3arnoTeno. Mbl BXOJUM 3MMOW C yJIUIBl B TEIUIBIM Mara3uH - OUYKHU
MIHOBEHHO 3aI10TEBAIOT.

[TomemieHusi, B KOTOPBIX IOCTOSIHHO CKalUIMBaeTcs H30bITOUHAs Biara (BaHHAs, KyXHs),
HEOOXOJMMO PpETryJIIpHO MPOBETPUBATh. IDTO 3HAYMUT, YTO JABEPH ITUX TMOMEIICHUM BO BpeMs
MPOBETPUBAHUS JODKHBI OBITh 3aKpBIThI, YTOOBI BIAXXHBIA BO3MyX HE PACIpOCTpaHsUICA IO Bcel
kBaptupe. [lociie MbITbSI WJIM PUTOTOBJICHUS MMUIM CJIECIYET HIMPOKO PACKPBHITh OKHA, IBEPU JTOJKHBI
OBITH TJIOTHO 3aKPBITHL. € ke MpaBWiia AEHCTBYIOT U Ul ClIadbHH. 3a HOYb Uepe3 JbIXaHHE U 4Yepe3
KOJKY YE€JIOBEK BBIIEIAET B BO3AYX 3HAYUTEIBHOE KOJIMYECTBO Biarv. Biiara HaxoauWTCS HE TOJBKO B
BO3/JyXe, HO U Ha Mebenu, Ha MOCTENIbHOM Oelbe, KOBpax M 3aHaBeckax. OHa MOXET BBIBOJIUTHCS U3
MTOMEIIEHUS TOJIBKO MOCTEIIEHHO. Y TPOM, TIOCIIE TOTO, KaK BbI BCTACTE, HEOOXOIUMO Ha KOPOTKOE BPEeMSI
PaCKpbITh OKHA HACTEXb. Bia)kHbBIN BO3/1yX BBIMJET HAPYXKY, U BOUJET CBEKUN BO3/IYX.

IMPAKTUYECKUU MATEPUAJI 1O TEME JIABOPATOPHOWM PABOTHI
Xon paboThI:

1. IIposeputh HamM4ue BOIBI B CTAKAHYMKE TICMXPOMETPA U IIPU HEOOXOAUMOCTH JIOJHTH €€.
2.  OmnpenenuTs TEMIEPATYPY CYXOro TEPMOMETPA.

3. OmnpenenuTs TeMIEPATypy BIAKHOIO TEPMOMETPA.

4,  PesynbTaThl U3MEPEHHH 3aMKMCATh B TAOIUILY 2.

5. Tlons3ysack TICUXPOMETPUIECCKOM Tabymen (Tabnuia 1), ompenenuth
OTHOCUTEIIBHYIO BIIQKHOCTD.
Tabnuna 2- Pe3ynbratel u3MepeHuil 1 BHIYMCICHUN

PazHocTh
ITokazanus N OTtHocHuTenLHAS
HoKasaHuu Touka pocel
TEPMOMETPOB BJIQ)KHOCTD
TEPMOMETPOB
CYXO0ro BJIQ)KHOT'O o
X0 ; At,°C 0, % tp, °C
t1,°C t2, °C

6. 3Hag OTHOCHTENBHYIO BIAXHOCTH M TEMIIEPATYPy BO3AyXa B MOMEIICHHH, ONPEIEIUTH
TOUYKY pOCHI 110 Tabnuie 3

7.  Pe3ynbraThl ONpeeNeHHus] OTHOCHTENBHOM BJIaKHOCTH CPABHUTH C HOPMOM U CIENaTh
BBIBOJI 00 OTHOCHTENBHON BJIQKHOCTH BO3/1yXa B KJIACCHOM KOMHATE.

8.  Odopmuts 0THET 0 MpoEnaHHOM paboTe.

9. Brisog

Tabnuua 3- 3aBUCUMOCTh TOUYKH POCHI OT OTHOCHTEIBHOM BIaXKHOCTHU U
TEeMIEpaTyphl BO3AyXa
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ngngi?{aanga Toyka pockl B C AP OTHOCMTENEHOM ENAHOCTM BO3AY3a B Yo

45% | S0% | 55% | 60% | 62% | 70% | /5% | B0% [ B3% [ 20% | 95%
25 12,2 1139|1153 |167 |18.0 | 191 | 20,3 | 21.3 | 223 |23.2 | 24.1
24 11,3 129|144 | 158 |17.0 | 182 |19.3 |20.3 |21.3 | 223 | 231
23 104 |12.0 1135|148 |16.1 |17.2 |18.3 |19.4 | 20,3 | 213 | 22.1
22 05 (11,1 1125|139 | 151 | 163 | 174 |18.4 | 194 | 203 | 211
21 8.6 |10.2 |116 |129 | 142 | 153 | 164 |17.4 | 184 | 193 | 20.2
20 FF |93 107|120 (132 | 144 | 154 |16.4 | 174 | 1533 | 19.2
19 6.3 | 83 |98 |11.1 123|134 | 145|153 | 164 |17.3 | 182
18 29 174 188|101 (112 (125 1135|145 | 154 | 16.3 | 17.2
17 2.0 165 |79 | 9.2 (104|115 125|135 |14.5 |15.32 | 16.2
16 41|56 |70 |82 |94 105|116 (126|135 | 144 | 152
15 32|47 |61 | 73|85 |96 106|116 (125|134 | 142
14 23137 |51 |64 | 75|86 |96 |106|115 (124|132
13 13128 |42 |55 |66 | 77 |87 |96 (105|114 122
12 04 |19 |32 |45 |57 |67 |77 |87 |96 |104 112
11 Q4|10 |23 |35 |47 |58 |68 |77 |86 |94 |10.2
10 -l2 )01 )14 |26 | 37 |48 |58 |67 |76 | 84 |92

KOHTPOJIBHBIE BOITPOCHI

1. K YeMYy IIPUBOAUT HEAOCTATOK BJIar' B B03z[yxe?

2. Cyxoil ¥ BIaXHBIA TepMOMETPHl MOKA3bIBAIOT OJHY M Ty K€ TeMrepaTypy. Kakosa
OTHOCHUTEIIbHAS BIAXKHOCTh BO3/1yXa?

3. Tloyemy moka3aHus BJIaKHOTO TEPMOMETPA IICHXPOMETPA MEHBIIE MOKA3aHUI CyXOro
TepMoMeTpa?

4.  OrHocurenbHas BIIQ&XKHOCTb  BO3pacTacr, YTO  IPOUCXOIUT C Pa3HOCTBIO
MTOKa3aHUM CyXOro U BIAXXKHOIO TEPMOMETPOB B 3TOM Ciry4ae?

5.  Bnaxubii tepmomerp mokaseiBaer 10 °C, a cyxoit 15 °C. Omnpenenuts
OTHOCHTEJBHYIO BIIA)KHOCTb.

6. Kak u36aBUThCS OT 30BITOUHOI BIIarU B IOMEIIEHUN?
7.  Yro Takoe TOUKa pochl?

40



8.  OO6yuaromuiicss U3MEPHII OTHOCUTEILHYIO BIAKHOCTh BO3/yXa C HOMOMIBIO ICUXPOMETpA U
HCHXpOMCTpH‘ICCKOﬁ TaGHI/IHBI. I[OCTOBCPHO HU3BCCTHO, YTO OTHOCHUTCJIbHAA BJIA)KHOCTH BO3YyXa B
kabuHeTe paBHa 48%. McnipaBeH i BIaxHbIi TepMomeTp (puc.2)?

Puc.2 —M3mepenue BIa)KHOCTH MPU MTOMOITY TICUXpOMETpa

]
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JlabopaTopHasi paGora Ne9 no reme:
«H3MepeHne MOBEPXHOCTHOTO HATSZKEHUSI JKUIKOCTH
Heas sadopaTopHoii padoThbI:

1. 3aerHI/ITB M COBEPIICHCTBOBATH 3HAHUA O CYIIIHOCTHU IMOHATHA IMIOBEPXHOCTHOC HATAXKCHUE, O

BCIIMYHMHAX, BIIMAIOININX Ha €0 3HAYCHUC.

2. COBepH_IeHCTBOBaTI) IMPaKTUYCCKUE HAaBBIKHW OIPEACIIATH KOS(b(l)I/IHI/ICHT IMOBCPXHOCTHOI'O
HaTsKCHUA BOABI METOAOM OTPLIBA PAMKH.

st popMupoBaHust yMeHUI 00y4YalomMiicst 10J7KeH 3HATh:
- MOHSTHS TOBEPXHOCTHOI'O HATSKEHUS
- CHJIbI TOBEPXHOCTHOT'O HATSYKEHUS
B pe3yabTarte BbInoHeHUs: pa00Thl 00y4YaIOIIMIiCS 10I7KEH YMeTh:
- JIeJIaTh BBIBOJbI HA OCHOBE dKCIIEPUMEHTAJIBHBIX JAHHBIX;
- U3MEPSATH CUITy IIOBEPXHOCTHOT'O HATSKCHMS,

= IMPUBOIUTDH IMPUMCEPLBI IMPAKTHYCCKOI'O HCIIOJIb30BaHUA IMTIOBEPXHOCTHOI'O
HaTAXCHUA B HOBCGI[HGBHOI‘/'I KHN3HU.

- KOA(P(UIIMEHT TMOBEPXHOCTHOTO HATSHKECHUS
YuebHo-MeTOoANYECKOE 00eciedeHre H MAaTePUATbHO-TeXHUYeCKOe OCHAIIIeHH e
JabopaTopHoii padoThI:

- METOJUYECKHE YKa3aHUS M0 BBIMOJHEHHIO 1a00paTOpHOI pabOThI IO TEME:
«/3MepeHune MOBEPXHOCTHOTO HATSDKCHUS KHIKOCTHY,

- KOHCIIEKT JIEKLIMH 10 TUCHHIUINHE «DU3HKaY;

- BECHI C Pa3HOBECOM

- CTaKaH C BOJOU

- IITaTUB Ta0OPATOPHBII

- poOHupKa ¢ ECKOM

- MaciiTabHas JIMHeHKa

- JUCT OymMaru
- IIPOBOJIOYHOE KOJIBLIO HA HUTSIX.

TEOPETUYECKHUIA MATEPHAJI 11O TEME JIABOPATOPHOM PABOTHI

Cxema yCcTaHOBKH:

Puc.1

IToBepXHOCTHBII CJI0OH KUJAKOCTH. JHEPTHsi IOBEPXHOCTHOIO CJIOS.
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Ecnmn Monekyia pacnosiokeHa Ha IOBEPXHOCTH JKUIKOCTH, TO OHA UCIIBITBIBACT MEHbILIEE IPUTSKCHUE
CO CTOPOHBI MOJIEKY]I Iapa U OoJiblllee MPUTSIKEHHUE CO CTOPOHBI MOJEKYN >KHAKOCTU. llockoibky
KOHIICHTpALUsl MOJIEKY] B PacCIIOJIOKEHHOM HaJ >KMIKOCTBIO rasze (mape) manga IO CPaBHEHUIO C HX
KOHILICHTpAalMe B JKMJIKOCTH, pABHOJACHCTBYIOLIAs CHJI, MPWIOKECHHBIX K KaXIOW MOJEKYIe
IIOBEPXHOCTHOTI'O CJI0sI, HE PaBHA HYJIIO U HAIIPABJICHA BHYTPb KUJKOCTH.

Takum 06pa3om, MOJIEKYJIbI TOBEPXHOCTHOTO CJIOS KUJKOCTH IO ICUCTBUEM PE3yJIbTUPYIOIICH CUITBI
MPUTSKEHUST BTATHBAIOTCS BHYTPh JKUJIKOCTH M YHCIO MOJICKYJ, HAXOJSANIUXCS Ha IMOBEPXHOCTH,
YMEHBIIAETCS JI0 TeX IOp, MOKa CBOOOAHAS IMOBEPXHOCTh KUAKOCTH HE OKAKETCS MHUHUMAIBHOW TPH
naHnHoM o0béme. [ToaToMy KUIKOCTD (ITPU OTCYTCTBHH HIIH MPEHEOPESKMUMO MAJIOM JACHCTBUU IPYTUX CHIT)
npuHuMaeT Gopmy map (Ipu 3aJaHHOM O00BEME IIap UMEEeT MHUHMMAIbHYIO MOBEpXHOCTH). Habmromas
MeJIbYaKIIMe KarelbKH, B3BEIICHHBIE B BO3AYyXE, BHJAMM, YTO OHHM JEHCTBHUTEIBHO HMEIOT (HopMy
"UCKaXECHHBIX " IIAPUKOB M3-32 IEHCTBUS CHJI 3eMHOTO TATOTeHUs. B yCIoBUSX HEBECOMOCTH Karwjs J1r000it
KUAKOCTU (HE3aBHCUMO OT €€ pa3MepoB) uMmeeT chepuueckyro (GopMmy, 4TO I0Ka3aHO IKCIEPUMEHTAMU,
MIPOBEJICHHBIMU HA KOCMHYECKUX KOPAOIISX.

CymMmapHas 3HEprusi 4acTUll JKUJKOCTH CKJIAJbIBA€TCS U3 3HEPTUHM MX XAOTHUYECKOTO (TEIJIOBOIO)
JBYKEHUS U TOTEHIMAIBHOMN SHEPTUH, 00YCIIOBICHHON CHIIaMU MEXKMOJIEKYIIIPHOTO B3auMoaeicTaust. [Ipu
HepeMeIleHUH MOJIEKYJIbl M3 TJIyOMHBI JKUIKOCTH B MOBEPXHOCTHBINM €O 3aTpaunBaercsi pabora. Ota
paboTa coBepIaeTcs 3a C4eT KUHETUUYECKOM 3HEepPriuu MOJIEKYN U UIET Ha yBEIUYEHHUE UX MOTEHLIUAIbHOM
sHepruu. Ilo3TOMy MoOJEKysbl MOBEPXHOCTHOIO CJOS JKMIKOCTH 001agaroT OoJiblIel MOTEHIHATbHOM
JHEpPrueH, 4eM MOJIEKYJIbl BHYTPH KUAKOCTH.

HOBerHOCTHaﬂ IHEPI'Us - OTO JOIOJIHUTECIIbHAA SOHEPIH, KOTOpOﬁ O6HaZIaIOT MOJICKYJIbI B TOBECPXHOCTHOM
CJIOC XUJIKOCTH.

3Hepr1/1§1 MOBEPXHOCTHOT'O CJIOA KUAKOCTHU IPOIMOPHUOHATIbHA €0 IIOIIaau. CI/IJ'ILI, HeﬁCTBYIOIHHC B
T OpH3OHT3J’IBHOI>i IIOCKOCTH,  CTATHMBAKOT IIOBCPXHOCTH  KHUIAKOCTH. OHN Ha3BIBAIOTCH  culaMu
NOGEPXHOCHIHO20 HAMAIICCHUA . ‘ i = ]

)

o=t o /
Cuia MOBEPXHOCTHOI'0 HAaTHKCHUA - CWJIa, HAIpaBJICHHAA I10 - F .27
KacaTeJpbHON K MOBCPXHOCTHU KHUJAKOCTU TMNCPHNCHAUKYIISAPHO YYACTKY ) -— -
KOHTYpa, Ha KOTOPOM OHa JCUCTBYCT, U CTpEMALIAACA COKpPATUTH !vmnuua-s‘ Fesxa E-. - Fl + F.
IMOBEPXHOCTh 1O MUHHUMYMaA. F ¥

P o S E. 2.8, =0t

HaH[!I/IMe[Z, €CJIK B paCTBOp clIpTa B BOJAEC BIIUTH ITPOBAHCKOC MACJIO F
Bap caepxy [-'“ =20/

(MJIOTHOCTH pacTBOpa paBHA IUIOTHOCTH Macia), TO, HaXoAsiCh B
0e3pazIMuHOM PABHOBECHM, MAacjo MpUHUMaeT ¢opMmy mapa. M3BEeCTHO, YTO M3 BCEX BO3MOXKHBIX TEJ,
UMEIOIMX OJUHAKOBBIM 00bEeM, HaMMEHbIICH MOBEPXHOCTHIO 00JIaAaeT map. B peanbHBIX yCIOBUSAX Ha
KUAKOCTh AEUCTBYET cuia TAKECTH; CIEIOBATENBHO, B

P P P S P w4 4 JAHHOM CIIy4ae €€ [JCHCTBHE CKOMIIEHCHPOBAHO:
T Qr }l’ \4 KHUJIKOCTh NMpHHsIa (GopMy miapa, XoTs OOBIYHO CHJIA

N ot N ot -
[\’~ LY EIG1 [\Iu\l G TSKECTU MPEMATCTBYET STOMY.
\\, ~ N Vo~ \';
3\

Ecim na IMMOBEPXHOCTHb BOJIbI IMOMECTUTH MCJIKHC

BryTOY XEAKOCTA NEHCTRHE CUN NDUTAXEHAR MONEKYN B33MMHO KyCO4YkM  Kamdapsl, TO OHU Oyayr  ObICTpO

KOMN2HIMPYLICH Ha leUt_'p)(: o ;.._.;v,l.z.l.'.;‘.-,c.,fl.\n CHUI NPRATRXEHAR HepeMeH_[aTbCH o HOBerHOCTI/I BO,Z[I)I, COBepHIaSI
HaNPAENEHA BHYTPL XMAKCCTH

Oecniopsiiounslie aBMkeHUs. Kamdapa, pactBopssich B

BOAC, UBMCHACT MOBCPXHOCTHOC HATSXKCHUC BOJAbI, & TAK KaK paCTBOPCHHUC MMPOUCXOAUT HCPABHOMCPHO, TO
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KyCOK KaM(apsl MepeMeIiaeTcsi B CTOPOHY, B KOTOPOW B JaHHBIM MOMEHT TOBEPXHOCTHOE HATSIKCHHE
OoJIBIIIE.

HOBerHOCTHOC HATH{KECHHUE — (1)I/I3I/ILI€CKa$I BCIIMYHMHA, ABJIAIOIIAACA OCHOBHOH TepMOHHHaMHqCCKOﬁ
XapaKTepI/ICTPIKOP'I IMOBCPXHOCTHOI'O CJI0A )KUAKOCTHU Ha I'paHUIIC C 'a3aMU UJIN I[perfI KUIAKOCTbIO, 1 paBHas
OTHOIICHHUIO CHUJIBI ITIOBECPXHOCTHOI'O HATSAXKCHUA, HpHJ’IO)KCHHOfI K I'paHUIIEC ITOBEPXHOCTHOT'O CJIOA XXUJAKOCTHU

GzE,[O']:lE
I M

1)

n HaHpaBHeHHOﬁ 10 KacaTeabHOH K IMOBEPXHOCTHU, K JJINHE | sroit I'paHUIbI:

Enunuiia moBepXHOCTHOTO HATSXKEHUSI — Hblomon Ha memp (H/m)

MPAKTUYECKU MATEPHUAJI 11O TEME JIABOPATOPHOW PABOTBI
Xon paOoThI:

1. 3akaTh BECHI B JIAIIKE na60paT0pHor0 mTaTuBa.

2. HpI/IBSI?,aTI) K OHHOfI M3 Yall€K BE€COB HUTH C NNOABCUHICHHBIM KOJIBIIOM W YpPaBHOBCCUTH
BCChBI IICCKOM (HGCOK CBIIIaTb HA JIUCT 6YM8.FI/I, MOJI0KEHHBIM Ha IIEIH_IKY).

3. Z[O6I/ITLC$I TOPHU3O0HTAJIbHOI'O ITOJIOKCHUA KOJIbLIA.

4. Tlox yanmkoi yCTaHOBHMTB CTaKaH C JUCTHJLIMPOBAHHOM BOJIOM TaK, 4TOOBI IIOBEPXHOCTh
BOJIbI HAXO/IMJIACh OT KOJIbIIa Ha pacCTOsTHUM 1-2 cM.

5. OCTOPOKHO OMYCTUTH KOJIBIIO PYKOH TaK, 9T00BI OHO, KOCHYBIIMCH BOJIBL, «IIPU-ITHILIO» K
HEH.

6. OueHb OCTOPOKHO 10OABIATE IIECOK JI0 OTPhIBA KOJBIIA OT HOBEPXHOCTH BOJIBL.

7. OCyIHTB KONBIO U BHOBb YPABHOBECUTH BECHI, HO YK€ NIPH MOMOIIX THPb.ONpeIenuTh

Maccy T'Mpb: m=.....I=...... KT
8. OmnpenenuTs pmuHY AyrU Kodbla: L=....cM=.....M
9. Borumcauth K03QQUIHEHT MOBEPXHOCTU HATSKEHHS BOJbI 1O OpMyJIe:
o = Fon
- = mg/2L
2L~ M9

YuecThb, 4To Fry=Mg, Tie M - Macca rupb, g - yCKOPeHHE cBOOOJHOTO T1aeHHUs.
10. PaccunTarh aGCOMOTHYIO OMIUOKY:

AG = 0y461 _Gebl%

11. Paccunrarh OTHOCHTENBHYIO OIIKOKY:

Ac
e=___ .100%
Smabn
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12. 3anonauTs TAOMMITY.

Nem/m | m,xr | g, L, M Fus, H CBbry, g AL, €,
M/c? H/m Tabd | H/™m %
e
H/m
1 | 0,0015 | 9,81 0.1 72*10°

13 3anucarp BBIBOJ, YKa3aB (PM3UUECKUN CMBICT W3MEPEHHOW BEIWYHHBI MOOBSCHHUTH, ITOUYEMY
pe3yJbTaT, MOJTYYEHHBIH B paboTe, OTIIMYaeTCs OT TaOJMYHON BEITMYUHBL.

KoHTposibHBbIE BONIPOCHI:
13. IToueMy NOBEpXHOCTHOE HATSKEHHE 3aBHCHUT OT POJA KUIKOCTU?

14. TTouemy u Kak MOBEPXHOCTHOE HATSKEHUE 3aBUCUT OT TEMIIEPATYPhI?
15. B 1Byx oauMHaKOBBIX HPOOMPKAX HAXOAUTCS OJMHAKOBOE KOIMYECTBO KanelbBOAbL. B oxHOI
MPOOUpPKE BOJA YHCTAas, B IPYroi-c¢ 100aBkoi Mbuia. OQMHAKOBBI U 00BEMBI OTMEPEHHBIX
karenb? OTBeT 000CHYiiTE.
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JlaGopaTopHas padora Nel0O mo Teme:
«Ha610/1eHHe pocTa KPUCTAJLIOB U3 PACTBOPa»

Henb 1adopaTopHoii padoThI:

1.  Hayuurbcs co31aBaTh KPUCTAILIBI,
2.  IlponabmronaTh 3a pOCTOM KpHUCTALIA

st popMupoBaHust yMeHUI 00y4YalomMiicst 10J7KeH 3HATh:
- MOHSTHS KPUCTAJTINYECKOE TEIIO
- CBOMCTBA KPUCTAJIOB
B pe3yJbTare BbINOJTHEHHs pa00ThI 00y4YaOIMIiics J01KeH YMeTh:
- JlenaTh BBIBOJbI HA OCHOBE SKCIIEPUMEHTAJIBHBIX JAHHBIX;
- TIPHUBOJUTH IIPUMEPBl  IPAKTHYECKOTO WCIIOJIb30BAHNS KPUCTAUIMYECKUX TEN B
IIOBCEIHEBHOM JKU3HMU.
Y4yeOHO-MeTOAHYEeCKOe 0O0ecTieYeHHe H MaTepUAIbHO-TeXHUYeCKoe OCHALLIeHH e
JabopaTopHoii padoThI:
- METOAMYECKHE YKa3aHUs 10 BBIIIOJHEHMIO JJA0OPATOPHOU pabOThI 110 TEMeE:
«HabmroneHue pocra KpUCTAJUIOB U3 PacTBOPay;
- KOHCIIEKT JIEKIIMH 110 AucuuIUInHe «Pu3nkay;
- Ha0op /17151 BBIpAIIMBAHUS KpUCTAILIA.

TEOPETUYECKHWIA MATEPHAJI 110 TEME JIABOPATOPHOM PABOTHI

Cy1ecTBYIOT J1Ba NMPOCTBIX €HOc00a BHIPAIIMBAHUS KPUCTAJUIOB U3 PACTBOpA: OXJIAXKICHHE
HACBILIEHHOT'O pacTBOPA COJIM U €ro BbllapuBaHue. [lepBbIM TarnoM npu Jo60oM U3 IByX ciocoOoB
SBJISIETCS TPUTOTOBJICHHE HACBHIIIEHHOIO pacTBOpa. B yClOBUSAX HIKOJIBHOIO (PU3NYECKOTO
KaOuMHeTa NpPOIIE BCEro BBIPAIIMBATH KPUCTAJUIBl AJIOMOKAJIMEBBIX KBAcloB. B momamHux
YCIOBHSAX MOXHO BBIPALIMBATh KPUCTAJIT METHOTO KyIOpoca Wik 0ObIYHON MOBapEHHON COJIH.

PactBopuMOCTh J1OOBIX BEIIECTB 3aBUCUT OT Temiieparypbl. OOBIYHO C MOBBILLIEHUEM
TEMIIEPATYPHI PACTBOPUMOCTD YBEIMUNBAETCS, a C TOHM)KEHUEM TEMIIEPATyPhbl YMEHBIIIAETCS.

[Tpu oxnaxaenun ropsuero (mpumepHo 40°C) HacwlmleHHOTo pactBopa a0 20°C B Hem
OKakeTcst M30bITOYHOe KosmyectBa cond Ha 100 r Bogsl. Ilpm oTcyTcTBHUM 1EeHTpOB
KPUCTAJJIM3AlM  3TO BEIIECTBO MOXET OCTaBaTbCsl B pacTBOpe, T.€. pacTBop Oyzaer
NIEPECHIIIEHHBIM.

C nosiBJI€HHEM LEHTPOB KPHUCTAJUIM3ALMK M30BITOK BELIECTBA BBIAENSAETCS U3 pacTBOpa, NMpU
KOKIOW JIaHHOM TeMIepaType B pacTBOPE OCTAeTCsl TO KOJHMYECTBO BEILIECTBA, KOTOPOE
COOTBETCTBYET KOA(DPUIIMEHTY PaCTBOPUMOCTH TMPH ITOW Temmeparype. M30BITOK BemecTa u3
pacTBOpa BBIMAJACT B BHUJEC KPHUCTAIIOB; KOJMYECTBO KPUCTAIJIOB TeM OOJblle, 4eM OoJbIie
LEHTPOB KpHUCTAJUIM3aluU B pacTBope. LleHTpamMu KpucTaiiM3auy MOTYT CIYKUTh 3arpsi3HEeHUs
Ha CTEHKaxX IOCYZABl C PAacTBOPOM, IBIIMHKH, MEJIKHE KPUCTAUIMKU cosd. Ecim mpenoctaBUTh
BBIMABIIUM KPHUCTAUIMKAaMH BO3MOKHOCTH MOJPACTH B T€UEHHE CYTOK, TO CPEId HUX HaWAyTCs
YHUCTBIE M COBEPILIEHHBIE O (hopMe IK3eMIUTIpbl. OHU MOTYT CIYKHMTh 3aTpaBKaMu

JUISL BBIpAIMBaHUS KPYIHBIX KPUCTAJUIOB.

UYToObl BBIPACTUTh KPYMHBIA KPUCTAJLI, B TIIATEIbHO OTQHIBTPOBAHHBIN HACBIIICHHBII
pacTBOp HYKHO BHECTH KPHUCTAJUIMK - 3aTPaBKy, 3apaHee MPUKPEIVICHHbII Ha BOJIOCE WJIM TOHKOU
JIECKe, TIPEABAPHUTEIILHO 00paOOTaHHON CITUPTOM.

MO>KHO BBIPaCTHTh KpUCTa/ul Oe3 3aTpaBKH. J[Is1 3TOro BoOJOC WM JIeCKy 0OpaOaThIBalOT
CIMPTOM U OIIYCKAIOT B PaCTBOP TaK, YTOOBI KOHEI] BHcen cB0oO0AHO. Ha KoHIle Bosloca min ecku
MO’KET HauaThCsl pOCT KpUCTAILIA.

Ecin g BhIpalqMBaHUsl TNPUTOTOBJIEH KPYNHBIM 3aTPAaBOYHBIA KPHUCTAJUI, TO €r0 JIydIle
BHOCHUTH B CIIETKa MOJOTPETHIA pacTBOp. PacTBOp, KOTOPBIN ObUT HACHIIIEHHBIM MPU KOMHATHOMN
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TeMIiepatype, mpu temneparype Ha 3-5°C Bblllie KOMHATHON OyAeT HeHachllieHHbIM. KpucTam-
3aTpaBKa HAYHCT pPaCTBOPATHCA B HEM W NOTCPACT MIpPU I3TOM BCPXHHUC, MOBPCKACHHLIC U
3arpsi3HEHHbIE CIOM. DTO MPUBEIET K YBEIWYEHHUIO MPO3padyHoOCTH Oyaymiero kpucramia. Korna
TEMIICpaTypa NOHU3UT-CA 00 KOMHaTHOfI, pacTBOp BHOBb CTAHCT HACBIIICHHLIM, 1 PaCTBOPCHUC
KpucTailjia npekparutcs. Eciiu crakan ¢ pacTBOPOM MPUKPHITH TaK, YTOOBI BOJA U3 pacTBOpa MOIJIa
UCIApSATHCS, TO BCKOPE PacTBOP CTAHET MEPECHIIEHHBIM M HaYHETCs POCT Kpuctaiia. Bo Bpems
pocTa KpHCTajula CTakaH C PAacTBOPOM JIydllle BCEro Jep>kKaTh B TEIUIOM CYXOM MeECTe, Te
TEeMIIepaTypa B TE€UEHHUE CYTOK OCTAETCS MOCTOSIHHOM.

Ha BbIpallluBaAHUEC KPYIIHOI'O KpHCTaAJlJla B 3aBUCUMOCTH OT }’CJ'IOBI/Iﬁ OKCIICPUMCHTA MOXET
HOTpe6OBaTBC$I OT HECKOJBKHMX JHEH 10 HECKOJIbKUX HEJICIIb.

IMPAKTHYECKHWI MATEPHAJI IO TEME JIABOPATOPHOM PABOThI
Xon paboThI:

1. TmaTenbHO BEIMOIATE CTAKaH M BOPOHKY, IIOJEPKUTE UX HAJ IIAPOM.

2. Haneiite 100, r QUCTHUIMPOBAHHON (WM [Ba)kIbl IPOKUIISYEHHON) BOAbI B CTaKaH U
Harpeiite e¢ 10 30°C-40°C. Mcnonb3ys KpUBYIO pacTBOPUMOCTH, MIPUBEICHHYIO Ha pUCYHKE 1,
OTIpeIeNIUTE MapCy COJIU, HEOOXOTUMYIO JUIsl IPUTOTOBIIEHUS HACBIIIEHHOTO pacTBopa mnpu 30°C.

[TpuroToBBTE HACKHIIEHHBII PAacCTBOP U CIEWTE ero 4epe3 BaTHbBIM (DUIBTP B YMCTHIA CTaKaH.
3akpoiTe CTakaH KpBIMKOW WMiIM jJucTkoM Oymaru. [lomoxknauTte, moka pacTBOpP OCTBIHET 0
KOMHATHOU Temneparypbl. OTKpoiiTe cTakaH. Uepe3 HEKOTOpOe BpeMsl HAUHYT BINAAATh MEPBHIE
KpUCTaJUIbI.

3. Uepe3 cyTku cliieiiTe pacTBOp uepe3 BaTHBI (UILTP B YUCTHIA, BHOBb BBHIMBITHIA U
nonapeHHbld crakad. Cpeau MHOXKECTBa KPHCTAJIOB, OCTaBIIMXCS HAa JIHE TEPBOr0 CTaKaHa,
BbIOEPUTE CaMblii YHCTHIN KpucTal npaBuibHOM (opmbl. [Ipukpenure KpucCTali-3aTpaBKy K
BOJIOCY WJIM JIECKE U OITyCTUTE €r0 B pacTBOp. Bonocwin necky npenBapuTesIbHO IPOTPUTE BAaTOM,
CMOYEHHOU CHUPTOM. MOXKHO TaKKe€ IMOJOKUTh KPUCTAII-3aTPABKY Ha JHO CTAKaHa Iepen
3alMBKOM B HEro pactBopa. [locTtaBpTe cTakaH B TEIUIOE YUCTOE MECTO. B TeueHHEe HECKOJBbKUX
CYTOK WJIM HENENIb HE TPOramTe KpPUCTaUl U HE MEPECTaBIsANWTE CTakaH. B KOHIE cpoka BbIpa-
IIMBAHUS BBIHBTE KPUCTAUT U3 PACTBOPA, TIIATEIBHO OCYIIUTE OyMaKHOU caiPeTKON U YIOKUTE
B CIEIMANIbHYIO KOpPOOKY. Pykamu KpucTat He Tporaiite, HHau€ OHIOTEPSIET TPO3PAYHOCTb.

4. BeiBon

KoHnTpoJibHBIE BONIPOCHI:
1. Yro MOXKeT Ci1yKUTh EHTPOM KPHCTAILTH3AINH?

2. YeM 00BsACHSAETCS HEOMHAKOBAs CKOPOCTh POCTA PA3IMYHBIX TPaHEH OJHOTOM TOTO Ke
Kpucrtasna?

3. KakuM crnoco6oM MOKHO HACBHILEHHBIA PacTBOp CENaTh HepechIeHHbIMOE3
n00aBIeHNS pACTBOPEHHOTO BellecTBa?

4. 3auem pacTBOp GUILTPOBANCS?
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JlaGoparopHas padora Nell mo teme:
«OmnpenesieHue yiedbHOH TEMJIOTHI IUVIABJIEHHS JbI2)

Hean nadopaTopHoii padoThI:

1. Hayuutbcs onpenensaTh yAEIbHYIO TEIUIOTY IIaBICHUS JIbAa
2. Tlponabmofarh mpoIiecc MIABICHUS U ONICATh JaHHOE SBJICHUE
st popMupoBaHusi yMeHUI 00y4YalOIMiicsl 10JI7KeH 3HATh:
- MOHATHUS KPUCTATUIMYECKOE TENO
- CBOICTBA KPUCTAIIOB
B pe3yabTarte BbInoHeHUs1 pa00ThI 00y4YAIOIIMICS 10IKEH YMETh:
- JlenaTh BBIBOJbI HA OCHOBE KCIIEPUMEHTAIbHbIX JaHHbIX;
- IIPUBOAUTH IPUMEPHl  NPAKTHYECKOTO UCIOJIb30BAaHUS KPUCTAIUIMUECKUX TEI B
MTOBCEIHEBHOM KU3HU.
Y4eOHo-MeTOoAMYECKOE 0O0ecieYeHHe M MATEePHAJIbHO-TEXHNYeCKoe OCHAIlleHHe
J1abopaTopHoii padoThbI:
- METOJMYECKHE YKa3aHHUs 110 BBIIMOJIHEHUIO JTa00paTOPHOI pabOTHI MO TEME:
«OmnpeneneHue y1eabpHON TEIUIOTHI [IABJICHUS JIbAY;
- KOHCIIEKT JIEKLIMH 10 IucuuIinae «Pu3nkay;
- Becsl u pa3HoBec.
- Tepmomerp.
- Kanopumerp.
- Tarommuit nén.
TEOPETUYECKHWI MATEPHAJI 1O TEME JIABOPATOPHOI PABOTHI
I[InaBieHue U KpUCTAIN3ALMS.

BemecTBo MOXET IEPEXOAUTD U3 OJHOIO arperaTHOrO COCTOSIHUSA B Ipyroe. BelecTBo CyliecTByeT B
TBEPAOM KPUCTAIUIMYECKOM COCTOSTHUU IIPU ONPENEIEHHBIX 3HAYEHUAX NaBJICHUs U TeMIeparypsl. B sTom
COCTOSIHUHM BELIECTBO HAXOAUTCS IO TEX IOp, MOKa KUHETUYECKOM PHEPTUU aTOMOB HEI0CTaTOYHO, YTOObI
MIPEOJI0JIETH CUJIbI B3AUMHOT'O MPUTSKEHHSI. DTU CUJIBI YIEP’)KUBAIOT aTOMbI HA HEKOTOPOM PAacCTOSTHUU JIPYT
OTHOCUTEJIBHO JIpyra, He IMO03BOJIsAsd UM nepememarbesd. [Ipu 3ToM aToM KoseOaeTcs OKOJIO IOJIOKEHUS
paBHoBecus. [Ipu HarpeBaHUU TBEPJOro Tejla KMHETUYECKas YHEPrusl aToMoB (MoJeKkyi) Bo3pacraeT. [Ipu
9TOM aMIUIMTY/bl KOJIeOaHUI MOTYT CTaTh HAaCTOJBKO OOJIBIIMMU, YTO YK€ OYAYT CpaBHUMBI C IIEPHOJIOM
pELIETKH, MPOU30MAET HApYLIEHUE JAIBHETO MOPSAKA, KPUCTAIUIMYECKAsl pEIIETKA HAYNHAET pa3pylIaThCsl.
[Ipy nanpHENIEM YBEIMYEHUH TEMIIEPATYPBI IPOUCXOINT IJIABJICHUE TBEPABIX Tel. J{narpamma riaBiaeHus
Y KPUCTAJUIM3ALUH ITI0KA3aHa Ha PHUC.

ILnaBienue - Imponecc nepexosia BCUICCTBa U3 KPUCTAJTIIIMICCKOTO (TBéleOFO) COCTOSAHHA B XKUJIKOC.

[InaBneHne NPOMCXOAUT NPU ONPEAENEHHON Temreparype, KOTopas BO3pacTaeT € YBEIMYCHHEM
BHEIIHero JaBieHus. Ha auarpamMe BUIHO, UTO MpU IUIaBJIEHUU TeMiieparypa 7, OCTaéTcsi HEM3MEHHOM,
3/1eCh HAUMHAETCS Mepexo U3 TBEPAOIo COCTOsIHUS B kuakoe. TemnepaTtypa Ty HE U3MEHSETCS 10 TeX Mop,
MIOKa BECh KPUCTAJUI HE PAaCIUIaBUTCS, U TOJIBKO TOT'/1a TEMITEPATypa KUIKOCTH BHOBb HAUMHAET MOBBIILIATHCS.

TemnepaTrypa mJaBjeHUsl - TOCTOSHHas Temreparypa Iy;, NPH KOTOPOW MPOMCXOIHUT TUIABJICHUE
BeriecTBa. [Ipy TUIaBIeHUN KPUCTAJUIMYECKOE TEJIO HAXOMUTCS OJHOBPEMEHHO M B TBEPJOM, U B JKUIKOM
cocTosiHusX. Temnepamypa niaeieHus 3a6ucum om pood KPUCMALIUYECKO20 Meid U ammoc@epHoo
oasnenus. J{ns 60IbUWUHCMBA KPUCALIUYECKUX Mel OHA NOSbIUAEMC s NPU YEeIUYEHUU amMOCPHEPHO20
0ae6/eHusl.

48



YieabHas TEMI0TA MJIABJIEHUS] A - KOJMYECTBO TEIUIOTHI, HEOOXOAMMOE JJisi TOTO, YTOOBI TIEPEeBECTH
P
TBEPIOE TEJIO Macco | Kr , HaXoAsIIerocs Npu TeMIepaType MiIaBieHus, B KuakocTs L—ml. B CU ynenbHas

TEIUIOTA TUIABJICHUS BBIPAKASTCS B JDKOYISIX Ha KuitorpamM (Jx/kr).KomudecTBo TEmIoTsl, HEOOX0AUMOE

JUTSI TIJIaBJICHUSI BEILIECTBA MacCOU M B mporiecce MIABJICHUs TeII0Ta, CoodIaeMas BEIecTBy, HAET
Ha COBEpILICHUE paOOTHI MO Pa3pyIICHUIO KPUCTATUTNISCKON PEMETKH, TOATOMY 71, =CONSt 10 pacriaBIeHUsS
BCCT'O KpUCTaJlJ1a. 3areMm nmoasoauMasd TCIjI0Ta HOIZI[CT OIATh Ha YBCIIMYCHHUC DHCPIrUK 4aCTUL ) KUJIKOCTH ,
B pe3yJibTare €€ TemMreparypa NOBBIILAETCS.

HpI/I IIJIaBJICHUHW BHYTPECHHSAA OSOHEPTHUA TCIa YBCIIMYUBACTCA.

Crnenyroomuil Ha aAMarpaMme IPOLECC IOCIE HAarpeBaHMs XKUAKOCTU €€ OXJIAXKACHUE N0 TeMIIepaTypbl
miasieHus. Ilocne HaunMHaeTcs mpouecc KpUCTAUIM3AUK (OTBEPAEBAHUS ) )KUIKOCTH.

Kpucranauzanusi (oTBepaeBaHMe) - TIPOIECC IEpexoja BENIECTBA M3 JKUIKOTO COCTOSHHS B
KpHUCTAJUTHYECKOE (TBEPIOE).

s xumuvecku uucmou HCUOKOCMU OSMOM  Npoyecc UOém npu HNOCMOAHHOU memnepamype
KpUCManiu3ayuy, Komopas pagHa memnepamype niaeieHus.

Hpouecc KpUucCTaJUIn3alu COIIPOBOXAACTCA BBIACICHUCM TCILUIOTBI KPUCTAJLUIM3AllUKW, KOTOpAasA paBHa
TEMmIoTe MiaBiaeHus. Bo BpEM: 5TOIr0 IIponecca MpoucCXoauT yrmopaaodeHue ABUKCHUA MOJICKYII dKUAKOCTH,
B pE3yJIbTaTC OHU HAYUHAKOT KO0JIEOATHCST OKOJIO ITOJI0KEHMS Y3J10B KpHCTaHHH‘leCKOﬁ peH_IéTKI/I. Hpouecc
KpuUucCTaJuIM3alnun HSOTGpMH‘IGCKHﬁ. TeMnepaTypa KpucCTaJuiM3allu U yJ€JIbHAaA TCIJIOTA KPpHUCTAJUIN3allun
paBHBI COOTBECTCTBCHHO TEMIICPATYPC IJIABJICHHUA U YHCHLHOI;'I TCIIIOTC IIABJICHUA AJIA OOJHOI'O M TOI'O KC
TCJa IIpU OJHOM H TOM K€ OAaBJICHUU. Kor,ua KpUCTaJUIN3aluH 3aKOHYUTCA (CM. ,Z[I/IanaMMY), TE€JI0 HAYHET
OXJIaXIaThCs.

[Ipouecc kpucramuM3alMu MPOUCXOAUT B ABYX(a3HON cucTeMe, BOJIM3M LEHTPOB KPUCTAJUIM3AIUH.
TakumMu 1EeHTpaMHU MOTYT ObITh NBUIMHKH, MeJlbyYaillliie MpUMECH, HEOJHOpPOIHOCTU. Ecim XKuakocTb
qycTas, T.€. B HEl HET LIEHTPOB KPHUCTAUIM3ALMU, TO MPHU €€ OBICTPOM OXJAKICHUH MOXHO IOJIYYHUTh
MEePEOXJIAXKAEHHYIO JKUJKOCTh (T.€. JKUJIKOCTh C TEMIEPAaTypoill HIKE TeMIepaTyphbl KpUCTAIU3ALINN).
CocTosiHME TEepeoXJIaXJACHUs SBISIETCS HEYCTOMYMBBIM: IPH CHJIBHOM IEPEOXIKICHUH 00pa3yroTcs
LEHTPbl KPUCTAJUIM3ALMM U KUAKOCTH IpPEBpallaeTcsi B TBEPJAOE TeENO. JTO COCTOSHHE, B KOTOPOM
00HapyKUBAIOTCSI CTPYKTYpPHBIE CBOMCTBA, MPOMEKYTOUHBIE MEX]Yy CBOWCTBaMHU TBEPIOTO KpHUCTaula U
KUIKOCTH. JKuakue KpHcTamiabl 00pa3yloT BEIECTBa, MOJEKYJIbl KOTOPBIX HUMEIOT YJIMHEHHYIO
najoukooOpasHyto popmy (cm 1.2) Obpa3oBaHHE KUAKUX KPUCTAJUIOB NMPOUCXOAUT B Y3KOM HHTEpBase
TEMIIEPATYP, IPU OXJIAXKIECHUU KUJIKHE KPUCTAJIIBI IPEBPALIAIOTCS B TBEPBIE.

VY HEKOTOpPBIX TBEPABIX Tella, TAKUX, HAIpUMeEp, Kak HadramuH, Hox, kamdapa, TBEpAAs YrIEKUCIOTa
(cyxoit nén), HaOMIOMAETCS TEPEeXOJ] Cpa3y W3 TBEPIOTO COCTOSHHS B Ta3000pa3HOE, T.. MPOUCXOIUT
HCTIapeHHE.

VY aenpHas TEmIoTa IJIaBICHUS JIbJa OIPCACIIACTCA U3 YPABHCHUSA TCIIJIOBOT'O 6ancha, KOTOpPOC
COCTAaBJISACTCS IIPU TCIIJIOBOM 0oOMeHe Ha OCHOBAaHHUH 3aKOHA COXpPAaHCHUS DHCPIrUuu:

> Qs = Qi

Q1 =Cy-my-(t; —0) - OTnaHo BOIOM IpU OCTHIBAHUM OT 110
Q,=C,-m,-(t,—0) - OTIaHO ATFOMUHUEBBIM COCYIOM
Q3 =4, -my - [IpuHSTO JIHIOM TIPH TUTABICHUH
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Q,=Cg-m, (60—t - IlpunsTo Tpm  HarpeBaHWW  BOJBI, OOpa3oBaBIICHCS
130 JibJIa
Q1 +0Q, =03+ 0, - 3aKOH COXpaHEHHUsI SHEPTUU
Cg-mg:(tg —0) +Co-mg - (tg — 0)=
=A, m,+Cg-m,-(0—t,) =>
_ Cpmp-(tp—0)+Cqmg (tq—0)—Cpmy (0-t,)

=>), = — - YpaBHeHHe TeII0BOro danaHca
JI

NMPAKTUYECKUUN MATEPUAJI 1O TEME JIABOPATOPHOWM PABOTHI
Xoxa padoThI:
[IpoBeputs Beckl u TepMomeTp. OnpeenuTs LeHY JeIeHUs TEPMOMETPA.

Onpenennth Maccy BHYTPEHHETO COCY/a KaJOPUMETpa My,.

Hanute B cocyt TEmIon BoJibl M HAUTH €€ MacCy Mp = Mgy 1 — My,

CobpaTh KaJOpUMETP U 3aMEPUTH HAYAJIBbHYIO TEMIIEPATYPY.

OGCyHUTh KyCOYeK JIbJIa M MOJIOKHUTE €ro B Kajtopumerp, t, = 0°C.

[lepemenuBas Boay B KaJOPUMETPE, BIKIATh [10KA TEMIIEpATypa HE MEPECTAHET OHMKATHCA U

2 o

3anmcath Temnepatypy cmecu 6,° C.

7. BHOBB B3BECUTh ATIOMMHMEBBIN COCYJ] KAIOPUMETPA Mgy, 2 U ONPENESIUT MACCY JIbAA M, =
m061.u.2 — Mg — Mgp.

8. Bce manHbIe 3ammcarh B TaOJIUIy, COCTABUTh YPaBHEHUE TETUIOBOTO OaaHca U pacCUUTATh A,;.

Paccunrate norpemnoctu: abcomotHast: A1 =/A6, — Adopwr/ X OTHOCHTENBHA: 04 = AM +100%.
TabJ1
Tabnuna.
BemmecTtBo m, Kr tocC 8,°c |C, A [MorpemnocTH
JIK /(xr°C) AN AN,
%

AJFOMUHUEBBIN cOCyH

Bona

Taronmit 1éxn

9. BmiBOg
KoHTposbHbIE BONIPOCHI:

1 Yto noka3pIBaeT yaenbHas TEIJIOTA IJIABJICHUS BelecTBa?
2 Jlen npunecnu B nomeuieHue ¢ remneparypoit 0 C. byzer nu jgen TasTe B 3TOM IOMEUIEHUH, [ToYeMy?
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JlabGoparopHasi padora Nel2 mo teme:
«OmnpenesieHne yaeJbHOr0 CONPOTHBJICHNUS TPOBOJHUKA)
Henab 1adopaTopHoii padoThI:

1. 3aerHI/ITI) N COBCPIICHCTBOBATH 3HAHUS O CYIIHOCTHU YACIBbHOI'O COIIPOTHUBIICHUA IIPOBOJHUKA 1
MnapamMeTpoOB BIUAKOIINX HA €TI0 3HAYCHHUC.
2. COBepH_IeHCTBOBaTB MPAKTUYCCKUE HABBIKH ONIPCACIATE YACIIBHOI'O COIIPOTUBJICHUA ITPOBOAHUKA

st popmupoBaHusi yMeHUii 00y4aromuiicsi 10J15KeH 3HATh:
- MOHATHUA YACJIBbHOI'0 COIMMPOTHUBIICHUSA IPOBOJHUKA
- JNEKTPUUYECKUIN TOK

B pe3yabTarte BblnoIHeHUs pad0ThHI 00y4AIOUINIICA 0JIKEH YMeTh:
- JIeJIaTh BBIBOJBI HA OCHOBE SKCIIEPUMEHTAIbHBIX JJAHHBIX;
- ONPENIENATh YIETbHOIO COMPOTUBIICHUS POBOJHUKA

- MIPUBOAUTH OpUMEpbl  MPAKTHYECKOTO MPUMEHEHUS YACIbHOTO COMPOTUBIICHHS
MPOBOHMKA B MOBCEHEBHOMN KU3HHU.

Y4yeOHO-MeTOoAUYEeCKOe oO0ecTieYeHHe H MaTepUAIbHO-TeXHUYeCcKoe OCHALLleHH e
JabopaTopHoii padoThI:

- METOJUYECKHE YKa3aHHUS M0 BBIMOJHEHHIO 1a00paTOpHOI pabOThI IO TEME:

«Omnpeenenue yaeabHOro CONPOTHBICHHUS TPOBOTHUKA;
1) . Peocrar (2 mir.)
2) UlTtaHreHIMpKYIb
3) Jluneiika
4) TIpoBona u 51. Buika
5) MynbTH MeTp

TEOPETUYECKHWI MATEPHAJI 11O TEME JIABOPATOPHOM PABOTHI
ComnpotuBieHue — Gu3nyeckas BEIUYMHA, XapaKTepU3yroIas CIOCOOHOCTh NMPOBOAHUKA COMPOTUBIATHCS
MIPOTEKAHUIO TOKA B HEM

3J16KTpl/l‘leCKOC CONPOTUBJICHME:

DNEKTPOHBI TOPMO3ATCS 3a CUET B3aUMOJICHCTBUS C HOHAMU ©
KPUCTAITMYECKON PEIIETKH. o,_{_:;}’_ 4_‘_}'/7
[ el [
| =U/R,R=U/I, no R ne zasucum om | u U, S DY S )
i P Pl e
Or uero 3asucur R?
‘ 10Om :
p — xaxuM R o6nazaer =B§. —>| 1 Om = 1000 Om .
mpopopmmxl=1m  [P™ ] : 1 MOm = 1000000 Oy
S=1m
HOM‘MMZ : R - conpoTHBIEERE I . Om — nem.
1==—=0,0000010m M ;- ypearnoe CONPOTHEI. BEIIECTBA
| — qIMHA NIPOBCAHMKA — Rk

S — nIomanp TONEePEedHOro CeUeHUA oy 0rgp
’ JIaT. resisto

i it =Rt
st = RL t?peoc*ra-r
t°T = RT (Merasl) [O78YHKOBEIM PHIYAMKHBIR
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VY nenbHoe conpotuienue meau p = 0,017 Om-Mm%/ M, YTO O3HAYaEeT: MEAHBIN MPOBOJAHUK JJIUHOM |
M, IUTONIAbI0 TOMEPEYHOro ceueHus | MM? IMeeT conporusienue 0,017 Om.

3a conporuBieHue B 1 OM NpUHSIM CONPOTUBIIEHHE IPOBOJAHMKA, HA KOTOPBIM MOAANU Pa3HOCTh
noreHuuanos 1 B npu cune Toka 1 A.

3aBMCHUMOCTD Y/I€JILHOTO COMPOTHUBJIEHUS IPOBOIHNUKA OT TeMIIepaTyphbl

WHTeHCMBHOCTD KOJNEOAHUH Y3JI0B KPHCTALUIMYECKOM peImeTKn P
YBEIMYMBACTCS ¢ POCTOM TemrepaTypsl. CienoBaTesibHO, YeM OoJblie
TeMIeparypa, TeM OoJIblIe CO-MPOTUBIICHUE ABMKEHHUIO SJIEKTPOHOB: R =
Ro (I + at). B mertaymax KOHIEHTpaluss CBOOOJHBIX JJICKTPOHOB re .

IOCTOsIHHAS, T0ATOMY p = po (1 + aAt), a= A’Z g rie  oa=1/273 K"
Po

! JJIA YUCTHIX METAJUIOB B O < 0 AJIs1 paCTBOPOB 2JICKTPOJIMTOB.

CBepxXnpoBoIuMOCTh

lonn. ¢uszuk I'. Kamepnunr — Onnec (1911) P Q
OTKPBLI SIBJICHUE CBEPXIIPOBOTUMOCTH. %

C MTOHMKCHUEM TEMIIepaTypbl ce
COTIPOTHUBIIEHUS cepedpa yObIBaeT, HO HE ObIBaET
MEHBIIIE OTIPE/ICTICHHOTO 3HAYEeHU S, Jake rpu T = P myinb
0 K. B To xe Bpems CONpOTHUBIIEHUE PTYTH PR R
obpamiaeTcs B HyOIb HOpPU  KPUTHYECKOI 012345 K
TeMIlepaType: 4,1 K. OOvbsicHeHne
CBEPXIPOBOJMMOCTH  BO3MOXKHO TOJBKO Ha
OCHOBE KBAHTOBOW TEOPHH.

1987 r. —  BBICOKOTEMIIEpPATypHbIE
CBepXIpoBOAHMKH (kepamuka) ~ 100 K.

MNPAKTUYECKHWI MATEPHAJI IO TEME JIABOPATOPHOM PABOTbBI
Xoa padoThI:
1) V3mepuTh IITaHTEHIMPKYJIEM IUaMeTp HIHHpa peoctata (/1)

2) TonxcumraTh yucio BUTKOB B 1 cm. (N1)

3) Usmeputs anuny peocrarta (L)

4) PaccuurtaTh JJIUHY MPOBOJIOKHU 110 popmyre — 1 = m/in, L

5) M3MepuTh MITaHTCHIUPKYIIEM JHaMETP MPOBOJIOKH () U OMPEACIUTh IIOMIA/b MTOMEPEYHOTO
ceyenus no popmyie - S = /2 /4

6) M3meputh conpoTuBieHre R ¢ MOMOIIBIO MyJIbTH METpa

7) Paccumrath yaenbHOE COMPOTUBIICHHE MPOBOIHKKA - p = RS/1

8) Haiitu morpeniHocTs onbita - 4p, 5p

9) 3amwmcaTh B TAOIUILY

10) BeiBox
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Ne
OIIbITA

II.

peocrat

N1
BHUTKOB

L
peocraT

1
MIPOBOJL.

pi
IPOBOJL.

R Om

1
00JIbIII.

MCHBIII.

KoHTpoJibHbIE BOPOCHI:

1 Ilouemy ynenbHOE CONPOTUBIIEHUE IIPOBOJIHUKA 3aBUCHUT OT POAA MaTepuaia?

2 Kak ynenbpHOe CONPOTUBIICHUE 3aBUCUT OT TEMIICPaTyphl?
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JladopaTopnasi padora Nel3mo Teme:
M3yuenue 3akoHa OMa J1J1 y4acTKa Henmw»
(BBINOJIHAETCSH BUPTYaJIbHO)

Henb nadopaTopHoii padoThI:

1. HayduTbcs pacuuTBIBaTh MapaMeTphl JIEKTPUUECKOI LiemnHy,
2. Ilpumensats 3akoHa OMa AJis yyacTKa Lenu

3. W3y4uTh 3aBUCHUMOCTbH CHJIbI TOKA OT HAIIPSXKCHUS

4. CTpouTh BOJBT - aMIEPHYIO XapAaKTEPUCTHUKY.

st popmupoBaHusi yMeHUii 00y4aromuiicst 10J15KeH 3HATh:
- IIOHATHS CHJIBI TOKA
- HanpsHKeHUs
= COIIPOTUBJICHHUA
- 3akoHa OMa JJis yyacTKa Lenu
B pe3yabTarte BplnoIHEeHUs pa00ThHI 00y4AIOMIUICH J0IKEH YMeTh:
- JieNIaTh BBIBOJBI HA OCHOBE SKCIIEPUMEHTAIIbHBIX JAHHBIX;
- HPUBOJUTH IIPUMEPBI IIPAKTUYECKOTO UCIOJIB30BAHUA 3aKOHA
Oma 117151 yyacTka LIeTIH B [IOBCEAHEBHOM KU3HU.

Y4yeOHO-MeTOAHYeCKOe oO0ecTieYeHHe H MaTepUAIbHO-TeXHUYeCKoe OCHALLICHH e
JabopaTopHoii padoThI:

- METOJMYECKHE YKa3aHUS MO BBIMOJHEHHIO 1a00paTOpHOI paboOThI IO TEME:
«M3ydenne 3akona OMa Jj1s1 y4acTKa LETIH;

- KOHCIEKT JIESKITMH 1o JuCIUIIINHE «Du3nKa;
- KOMIBIOTEP

TEOPETUYECKHUIA MATEPHAJI 110 TEME JIABOPATOPHOM PABOTHI

CornacHo 3akoHy OMa cujia TOKa Ha y4acTKe LIETH NpsiMO MPONOPLIUOHAIbHA HAIPSHKEHUIO Ha €ro
KOHIIaX ¥ 00OpaTHO MPONOPLHOHATIbHA €r0 COPOTHUBIIEHUIO.

I=U
3akon OMa 1J19 yuyacTKa nenu
1 I-vu R = const . U = const I I"%
v\ I R | I
U o R | I
2vu, | 21, 2R, |1/2 1,
v, | 31, 3R, |1/31, .

3AKOH OMA

~le

o= -5 | =]

1827 2,

IMPAKTUYECKUM MATEPHUAJI 11O TEME JIABOPATOPHOM PABOTBI
Xoa padoThl:

1. HapucoBats 3JIEKTPHYECKYIO IIETb PHUBEIACHHYIO Ha pUCYHKE 1.

2.TTonb3ysch TaOIHIIEH, TOCTPOUTH TPAPUKHU 3aBHCUMOCTH CHJIBI TOKA Ha YYaCTKEIENH OT
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HaANpPSDKEHUS Ha €ro KOHLAX JUIS KaXI0To pe3ucTopa. I'paduku MOKHO pacIioyioKUTh Ha
OJIHMX OCSIX KOOpAUHAT.

3.ToctpouTs rpaduKy 3aBUCHMOCTH CHJIBI TOKA OT COMPOTUBIICHUSI TIPOBOIHUKAIIPU
IIOCTOSTHHOM HAIIPS)KEHUH.

4.Ha OCHOBaHWH OCTPOCHHBIX I'PA(QUKOB CIETaTh BHIBOA O XapaKTepe 3aBHCUMOCTH CHJIBI TOKA
OT HaIIPSLKEHHUs, CUIIBI TOKA OT COIPOTUBIICHUS U O CIIPAaBEIMBOCTU3aKOHa OMa.

5.BriBOA

Tabua 2

o COIIPOTUBJICHHUC HAIIps>KECHUEC CHJia TOKa

W(N |k |2

KoHTpoabHbIe BONPOCHI:
1. Chopmynupyiite 3akon Oma Jj1st y4acTKa Ieru.
2.Kak U3MEHHUTCS CHJIa TOKa B TIPOBOIHUKE MIPH YBEIMYCHUN HAIPSHKCHUS HAHEM B [[Ba pa3a?

3.Kak u3MeHHTCS CONPOTHBIIEHHE POBOAHUKA PU YBEINYECHUN HAIPSIKCHUSHA HEM B JIBa
paza?

|__/

6.Omnpenenuts mpejies U3MEPEHNUS U IIEHY JSJICHUS IKAIbI BOJIBTMETPA U aMIIep-MeTpa.
PesynbraTs! 3aHecute B Tabauiyl.

[Ipenen nzmepenus [lena neneHust mKaibl

Amnepmerp

BOJIBTMETD

/.BuiOpath nepBbiit pesuctop R1.

8.YcraHoBUTh IBMKOK peocTara B KpaifHee MpaBoe MoJI0KEHHE. 3aucarh IOKa3aHus aMIiep-
MeTpa U BOJbTMETPA.

9.TlepenBuHyTh IBMXKOK peocTaTa B CpeIHEE MOJIOKEHHE. 3aMicaTh MOKa3aHus aMIIepMeTpa u
BOJIBTMETPA.

10. HCpCI[BI/IHyTL ABWIKOK pC€ocCTara B KpaﬁHee JIEBOE IOJIOJKEHHUE. 3anucaTh oKa3aHus aMIiep-
MCTpPa U BOJIBTMCETpA.

11.TloBroputs u3Mepenus s pesuctopos R2 u R3.

12. Pe3ynbraThl H3MEPEHHIi 3aHECTH B TAOIHUILY 2.
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13.TTonb3ysch TaOMHIIEH, TTOCTPOUTH TPA(GUKH 3aBUCHMOCTH CHJIBI TOKA Ha YYACTKEICTTH OT
HaNpsDKEHUS Ha €ro KOHLAX Ui KaXJ10ro pe3ucropa. ['paduku MOXKHO pacmooxKUTh Ha
OJIHUX OCSIX KOOPJIMHAT.

14. Tloctpouts rpaduKu 3aBHCHMOCTH CHJIBI TOKA OT COTIPOTUBIICHHS TPOBOIHUKAIPH
IIOCTOSITHHOM HAIIPS)KEHUH.

15. Ha ocHOBaHMH ITOCTPOEHHBIX IPaHMKOB CIEIaTh BHIBOJI O XapaKTepe 3aBUCHMO-CTH CHIIbI TOKa
OT HANPSKEHUSI, CUJIbI TOKA OT COIPOTUBIIEHUS U O CIIpaBeIMBOCTU3aKoHa Oma

16. Tonb3ysck TabIUIEH, TOCTPOUTE rpadUKK 3aBUCHMOCTH CHJIbI TOKA HA YYaCTKEIEITH OT
HaINpsDKEHUS Ha €ro KOHLAX Ui KaxJ0ro pesucropa. ['paduku MOKHO pacioIokKHUTh Ha
OJIHMX OCSIX KOOpAUHAT.

17. Tloctpouts rpaduKu 3aBHCHMOCTH CHJIBI TOKA OT COTIPOTUBIICHHS TPOBOIHUKAIPH
IIOCTOSTHHOM HAIIPS)KEHUH.

18. Ha ocHoBaHMU IOCTPOEHHBIX IPA(UKOB CIENATH BLIBOJ O XapaKTepe 3aBUCKMMO-CTH CHJIbI TOKA
OT HANPSHKEHMSI, CUJIbI TOKA OT COMPOTUBIIEHUS U O CIIPaBeIIMBOCTU3aKoHa OMa.

Tabmua 2

Ne COTIPOTHBIICHHE HaIpsHKEHUE CHJIa TOKa
1

2

3

KoHnTpoJibHBIE BONIPOCHI:

1 Chopmynupyiite 3akoH Oma st ydacTka Iemnu.

2 Kak n3meHuTcs cuiia Toka B MMPOBOAHUKE IMTPH YBCINMYCHHUU HAIIPAKCHHA HAHCEM B JIBa pa3a’7
3 Kak u3aMeHuTCs COnpoTUBIICHHE MPOBOJHIKA IIPY YBEIMYCHUH HAIIPSHKCHUSTHA HEM B JIBa
paza?
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JlabopaTopHasi paGora Nel4 no teme:
«Omnpenenenue I/IC u BHyTpeHHEro CONPOTUBJICHUSA HCTOYHUKA TOKA.»

Henb 1adopaTopHoii padoThI:

1. Hayuurscs onpegensats 9JIC u BHyTpeHHEE COMPOTUBICHUE UCTOYHUKA TOKA.
2. Ilpumensats 3akoHa OMa AJis OJHOM Lienu
3. M3yuuTh 3aBUCUMOCTb CHJIbI TOKA OT HanpsukeHus u DJ1C

st popMupoBaHusl yMeHUI 00y4YaroMiicst 10J7KeH 3HATh:
- noustus DJ1C
- CTOPOHHMX CHJI
- BHYTPEHHETO COIPOTUBIICHUS
- 3akoHa OMa 11 IOJIHOU IIETTH
B pe3yabTarte BbInoHeHus: pa00Thl 00y4YaIOIMIiCS 10IKEH YMeTh:

- JienaTh BBIBOJbI HA OCHOBE KCIIEPUMEHTAIbHBIX JaHHbIX;

- IPUBOIUTH IPUMEPHI IPAKTUYECKOT0 UCIOIb30BaHUs 3akoHa OMa

MIOJIHOM LIETIH B IOBCEIHEBHOM KU3HH.
Y4eOHo-MeTOoAMYECKOE 0O0ecieYeHHe M MaTePpHAJIbHO-TEXHNYeCKoe OCHAIlleHHe
J1abopaTopHoii padoThbI:
- METOJMYECKHUE YKa3aHHUs 110 BRIMOJIHEHUIO JTa00paTOpHOI pabOTHI MO TEME:
«M3yuyenue 3akoHa OMa JiJ1s IOJIHOM 1LIENu»

- KOHCIICKT JIEKIIUH 10 JucHuIuinae «Du3zukay
- OOopynoBaHue — ralbBAHUYECKUHN d1IeMeHT Ha 4,5B;
- Ammepmerp;
- BonsTM™meETD;
- Peoctat no 30 OM;
- Kiro4 kHOMOYHEIH;
- CoenuHuTeIbHEIE.

TEOPETUYECKHWIA MATEPHAJI 110 TEME JIABOPATOPHOM PABOTHI

JIEKTPOABUIKYIAS CHJIA HCTOYHMKA TOKA. 3akoH OMa /115l MOJIHOM Lemnu.
J11st cy1iecTBOBaHUS AJIEKTPUIECKOTO TOKA HEOOXOIMMO HATMYHUE AIEKTPUUECKOTO TTOJISI B IPOBOHUKE.

HpI/I60p, O6CCHC‘-II/IBE[IOH_[I/II\/'I CYIICCTBOBAHUC B TMPOBOAHHUKEC PA3HOCTU IMOTCHIHUAJIOB, HA3bIBACTCA
HCTOYHHUKOM TOKA.

B HEM mpoucxomuT pazneneHue 3apsAI0B Pa3HBIX 3HAKOB I0J ACHCTBUEM CHII HEIJIEKTPUUYECKOH
MPUPOJBI: XMUMHUYECKHUX, MEXAHWUYECKUX, TEPMONIEKTPUYECKUX M JAPYTHX. TaKue CuiIbl Ha3bIBaKOT
cTOpoHHUMH. CTOPOHHMMM Ha3bIBAIOT JIIOObIE CWJIbI, JCHCTBYIOUIME Ha 3JEKTPUUYECKHE 3apsKEHHBbIE
YaCTHUIIbI, 38 UCKJIFOUEHUEM CHJI 3JIEKTPOCTATUYECKOTO MPOUCXOKIACHHUS (T.€. KYJTIOHOBCKHUX ).

DNEeKTPOCTaTHYECKOe MMOoJIe MOTEHIMaNbHO. PaboTa 3TOro momis mpu NepeMenieHHH B HEM 3apsKEHHBIX
YaCTHUIl 0 3aMKHYTOM 3JIEKTPUYECKOW LENH paBHA HYII0. [IpoucxokneHue ke Toka IO MPOBOJIHUKAM
COIPOBOXKAAETCS BBIICTICHUEM SHEPTUU - IPOBOAHUK HarpeBaercs. ClienoBaTenbHO, B LETH JOKEH OBITh
KAaKOW-TO MCTOYHUK DHEPTHH, TIOCTABJISAIONINH e€ B 1elb. B HEM, TOMUMO KYJTOHOBCKHX CHII, 00S3aTEIBHO
JOJKHBI ISHCTBOBATh CTOPOHHUE, HE MOTCHIMATbHBIC CUITBL. PaboTa 3THX CHII BIIOJIb 3aMKHYTOT'O KOHTYpa
JIOJKHA OBITh OTIIUYHA OT HYJIS.
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NmenHo B mporiecce coBepieHUs: paboThl STUMHU CUJIAMH 3apsyKEHHBIE YaCTHUIIBI IPUOOPETAIOT BHYTPU
MCTOYHUKA TOKA SHEPTHUIO U OTJAIOT €€ 3aTeM NMPOBOJHUKAM AIIEKTPUUECKON ST .

KonnuecTBeHHOM XapaKTEpUCTUKON HCTOUHUKA TOKA SIBJISIETCA JIeKTpoaBHAKymas cuia J/1C.

DJIeKTPOABMKYIIasE cuila & — pusnueckas BeTUUMHA, SBISIOUIASCS SHEPreTUYECKOW XapaKTepUCTUKOU
MCTOYHUKA TOKA M YHCIEHHO PaBHAs OTHOIIECHHIO Pa0OTHI CTOPOHHETO MOJISl MO MEPEeHOCy 3apsiia BOJb

f = 2o

3aMKHYTO# LIEITH, K BEJTMYUHE STOrO 3apsija: a1 (7)

DNEKTPOABUKYIIYIO CUITY BBIPaXKalOT B BOJIbTaX. [£1=B,

He morenmuanpHOE IIOJIC, crocooHoe KOMIICHCHUPOBATL IOTCPU SHCPIrUH, BBI3BAHHBLIC BBIJACICHUCM
JOKOYJICBA TCILJIa, HA3bIBACTCA CTOPOHHHUM I10JIEM.

:‘)I[C raJlbBaHUYCCKOT'O DJJIEMEHTA €CTh BCJIMYHMHA, YHCICHHO paBHasd pa60Te CTOPOHHUX CHJI IIpH
NEpEMCIICHUHN CAMHUYHOTO ITOJIOKUTCIIBHOI'O 3apAda BHYTPU 3JICMEHTA OT OAHOI'O ITOJIFOCA K APYTOMY.

PaboTta CTOPOHHUX CHJT HE MOKET OBITh BBIPXKEHA Yepe3 Pa3HOCTh MOTCHIIMAIOB, T.K. CTOPOHHHE CHJIBI
HE TIOTEHIIUAIBHBI M KX pa00Ta 3aBHCHUT OT BEIOOPA (POPMBI TPACKTOPHH ITEPEMEIIICHUS 3aPsI/I0B.

Hanpsiskenue (nmagenue HanpsizkeHus) - pusudeckasi BETUUMHA, ONpeessieMast OJIHOM paboToii, KOTOPYIO
COBEpIIIACT MOJI€ KYJTOHOBCKMX U CTOPOHHUX CHUJI IIPU MEPEMEIICHUN eTUHIYHOTO MOJI0KUTEIBHOTO 3apsaa

A+ A
U12=—1‘ =

BJI0JIb JAHHOT'O YYaCTKa I[CTIH: % (8),

rae paboTa CHII JJIEKTPOCTATUYECKOTO MOJIst ITPU TIepeMEIeHHH 3apsiaa (o U3 TOYkH A B Touky B (puc):
Ayz = qoley — @2) 9)

IToncraBus popmyinsl (7 u (9) B BelpaxkeHue (8) HaliiéM, YTO HanpsDKEHKE Ha yuacTke AB, conepxariem
l_@_l UCTOYHHUK TOKA, PaBHO CyMMe pa3HocTH noteH1uanos u D/]C nctounnka
-+ |B

A Ha 3TM y4acTKe:
———
AR A Uy = Upa = (@2 — @) +¢
- - 12 B4 A WBS T SAETJoHsATHE — HANPSDKEHHS  SIBIISICTCSI
a R 0000IIEeHHEM MOHSATHS Pa3HOCTH MOTCHIMAIOB B TOM CJIydae, eClii Ha

3TOM ydacTke He aeictByetr DJIC, T.e. CTOpOHHUE CHIJIBI OTCYTCTBYIOT.
Enununa nanpsokeHus Takas jke, Kak eJIMHUIA TTOTeHIHaa - BOJbT (B).

PaccmoTpuM 3aMKHYTYIO 11€T1h, COCTOSIIYIO W3 BHEIIHEH YacTH, UMEIOIIeH COMpoTHBICHHN R, u
BHYTpPEHHEH - HICTOYHHMKA TOKa, COMPOTUBIIEHHE KOTOPOro I' (puc 6). CoriacHo 3aKOHY COXpaHEHUsI SHEPTHH,
O/1C ncrouHnka Toka paBHa CyMMe€ MaJI€HUI HANPsHKEHUH HA BHEIIHEM U BBITYPEHHOM y4yacTKax LIEMH, TaK

Kak Ipu NnepeMeuiCHun 1mo SaMKHYTOﬁ LCIH 3apAd BO3BPAIIACTCS B UCXOAHOC IMOJIOKCHUE - TOUKY C TCM K€

MOTEHIHAIOM (T.€. JAS)B): §E=IR+1Ir

BHYTPCHHEM Yy4YaCTKax LCIIN.

, TAC IRulr - MaaACHUS HAIPSXKCHUA COOTBETCTBCHHO HAa BHCIIHCM U

[Ipon3sBeneHne CUIBI TOKA M CONMPOTHUBICHUS y4acTKa IEMH HA3bIBAIOT MaJeHHeM HAINPSKeHHs] Ha 3TOM
y4yacTke

Takum o6pazom, 3JIC HcTOUHMKA paBHA CyMME MaJleHUN HaNpsyKEHUs Ha BHEIIHEM U BHYTPEHHEM
Y4aCTKax 3aMKHYTOMN LEIH.

CTOpOHHI/Ie CHJIbI — CHJIbI HCSJ’ICKTpH‘I@CKOﬁ IMPUPO/JIbI, BBI3BIBAIOIIUC
PasacJICHUC 3apsAa0B
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3/1EKMPOH

e
( )
\

=

m

DNEeKTPOABMIKYILAS CHJIa — OTHOIICHHE PA0OTHI CTOPOHHHX CHJI 110 TIEPEMEIICHUIO
3apsija BHYTPU UCTOUHUKA TOKA K ATOMY 3apsay

flcm = Qenem + Qeuymp

3akon OMa 1J19 MOJHOH Henu

Cwiia ToKa B 3aMKHYTOM 11enu paBHa oTHOIIeHHI0 D/]C HCTOYHUKA K IOJHOMY
CONPOTHUBIICHHUIO LIETIH

R+r

Cxewma 1.

Cxema 2.
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[Ipaktnuecku D/C nucTtoyHMKa TOKa MOKHO ONPEAEIIUTH C TOMOIIBIO BOJIBTMETPA MOAKIFOYEHHOTO
HETMOCPEICTBEHHO K MOJIF0CAaM UCTOYHUKA T10 cxeme 1.

E = Upyem + Upuyr Usnem = Uy Uguyrp = 0/04ens maso

E = UV

[locxeme 2. E =Uy + 1,

E-Uy
I MOKHO OIIPCACIIUTH 110 (bOpMy.]‘Ie r= BT

MPAKTUYECKUU MATEPUAJI 1O TEME JIABOPATOPHOM PABOTBI
Xon paboThI:
Onpenenuts 1EeHy JEICHUs aMIIepMETpa U BOJIbTMETpa.

Ornpenenutsb Npeesn U3MEPeHUs: aMInepMeTpa U BOJIbTMETpa.

Cobpats cxemy 1. 3ameputs DJIC ucrounuka Toka E BoapTMeTpoMm U 3anucath B TaOIUILY.
CobpaTh 37IeKTPUUECKYIO LIETb M0 cXxeme 2.

YcranoButs Tok 0,2A. U3mMepuTh HanpshkeHHe. 3anucarh B TAOIUILy.

[ToBTOpUTH ONBIT 4 paza, yBennuuBas TOK Ha 0,2A Kax[blil pas.

No ook~ whE

Paccuntarh BHyTpEeHHEE CONPOTUBIICHUE 110 (hOpMYyJie
E—-Uy

|
Haiitu cpennee 3nauenue I cp.

T =

o

9. PaccuuTaTh MOTrPEeUIHOCTH
Ar =/rcp —ron/
v/ [r2/+[r3/+[rd/+/r5/

rcp 5
Ar cp
6y = -100%
rcp
10. BeiBox
N on E,B U,B |I,A r, oM R,cpom | Ar, om Ar cp ér
%

1. 0,2
2. 0,4
3. 0,6
4, 0,8
5. 1,0

-KoHTpo/IbHBIC BONIPOCHI:

1.KakoBa ¢usudeckast CyTh 3JIEKTPUUIECKOTO COMPOTHBICHHS?

2.KakoBa poJib HCTOYHHKA TOKA B JIEKTPHUYECKOH Tiern?

3.KaxkoB ¢usnueckuii cmpica DJ[C? JlaTh onpeielicHUe BOIIBTY.

4.CoeqMHUTH HA KOPOTKOE BPEMsI BOJITMETP C HCTOYHUKOM 3JIEKTPUUECKOM SHEPTUH, COOIIOIast
noJiApHOCTh. CpaBHUTH €0 HaKa3aHUE C BHIYMCICHHBIM 10 PE3YJIbTaTaM OIIbITA €.

5.0T 4ero 3aBUCHUT HAIPSHKCHHUE HA 32)KUMaX UCTOYHUKA TOKA?
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JlabopaTopHasi paGora NelS no teme:
“OmnpenesieHue TEPMUIECKOro (TeMIepaTypHoro) ko3gguuneHTa cCOnpoTUBJIEeHUS Mean”’
eab 1a0opaTopHoOii padoThI:

1. 3akpenuTh U COBEPIICHCTBOBATh 3HAHUSI O CYIIIHOCTA TEPMUYECKOTO (TEMIIEPATypPHOTO)

K03 duUIIMeHTa CONPOTUBICHUS MEIU, O BEIMYMHAX, BIUSIOUINX HA €ro 3HaUCHUE.

2. CoBepuICHCTBOBATh MPAKTUYECKUE HABBIKH ONPEIETISITh KOIPPUIUMEHT TeMIepaTypHOTro
COIPOTHUBIICHUS MEIU

st popmupoBaHusi yMeHUii 00y4aromuiicst J0J15KeH 3HATh:
- TIOHSITHS TEPMHUYECKOTO (TEMIIEPaTypPHOro) K03 PUIMEHTA COMPOTUBIICHUS MEIH
- 3aBUCHUMOCTH COIIPOTUBJICHUS OT TEMIIEPaTyphl

B pe3yabTare BbINOJHEHHSI PA00THI 00y4aI0IIUIiCA T0J2KEH YMETh:
JIeJIaTh BBIBOJIBI HA OCHOBE 3KCTIICPUMEHTAIBHBIX JJAHHBIX;
BBIUMCIISTH 3HAUEHUE TEPMHUYECKOro (TeMrepaTypHoro) KodgpduiueHTa COnpoOTUBICHUS MU
Y4ebHO0-MeTOAMUYECKOE OOecieYeHHe M MAaTEePHAIbHO-TEXHHYECKOe OCHAIIleHHe

J1adopaTopHoii padoThbI:

METOAMYECKUE YKa3aHUsI 110 BHIMOJHEHUIO 1a00paTOpHOIl pabOTHI MO TEME:

«OrmpeienieHre TePMUIECKOTo (TeMIepaTypHoro) KodguImeHTa CONPOTUBICHHS METN
KOHCIIEKT JISKIIUU 10 AucuuIuinHe «Dusnkay
- Peoxopn
- Mwumamnepmerp 5-0-5
- Marasun conpotusiienus a0 100 OM
- Kurou kHOMOYHBIH
- Karymka u3 MeHOH IPOBOJIOKU B CTEKIISTHHOM (QyTIsipe
- Tepmomerp 0-100°C
- Cocyn c ropsiueit Bogon
- CoeauHuTeNnbHBIC TPOBOJIA
- DJIeKTpOBUIIKA C TPOBOJAAMHU

TEOPETUYECKHWA MATEPHAJI IO TEME JIABOPATOPHOM PABOTHI

TeMnepaTypHmﬁ KO3(l)(l)I/IIII/IEHT Q - 3TO BCIMYHUHA, XapaKTECpU3YIOIIasd OTHOCUTEIIbHOEC N3MEHCHHUE
2~ Fo
o=—

YIeNbHOTO COMPOTUBJIEHHUS POBOAHUKA NPy HarpeBanuu ero Ha 1°C umm 1 K: #o°f,

1
K= —
Joist yneThIX MeTa/U10B (NIPU 0YeHb HU3KHUX TeMIleparypax) 273

-1

TemnepaTypHbie K03(h(HUIMEHTHI COMPOTUBIIEHUS PA3JIMYHBI IPU Pa3HBIX TEMIEpaTypax. 3aBUCUMOCTh
CONPOTHBIIEHUSI METAUIOB OT TEMIIEpaTypbl TIIOJOXKEHA B OCHOBY YCTPOWCTBA  MepMOMempos
CONPOMUBTICHUA.

TepMOMCTpBI COIIPpOTUBJICHUA, B KOTOPBIX B KAa4YCCTBC pa60qer0 BCIICCTBA HUCIOJIB3YIOTCA
HM3TOTOBJICHHBIE 110 CHELUAIbHOM TEXHOJIOTHU IIPOBOJHHKA, HA3BIBAIOT TEPMUCTOPaAMMU.

OHHM HCMONB3yIOTCA KaK MPU OYEHb BBICOKMX, TaK W NpPU OYEHb HU3KUX TEMIleparypax, Korjaa
MIPUMEHEHUE KUJIKOCTHBIX TEPMOMETPOB HEBO3MOXKHO. TepMHCTOpbI, oOianas OoJsbled 3aBUCHUMOCTBIO
CONPOTHUBIICHUSI OT TEMIEepaTyphl, a MOITOMY U OOJbLIEH YYBCTBUTEIHHOCTBHIO, MO3BOJSIOT H3MEPSTH
TEeMIIEpaTypy C TOYHOCTHIO JO MUJUTMOHHBIX JI0JIeH rpaayca.
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W3 noHsTHS 0 MPOBOIMMOCTH MPOBOIHUKA CIIEAYET, YTO YEM MEHBIIIE CONPOTUBIIEHUE TPOBOJHHUKA, TEM
00JIbI1IEe €ro MPOBOAUMOCTD. [Ipy HarpeBaHWM YUCTHIX METAJUIOB UX COMPOTUBIICHUE YBEIIMYUBACTCS, a MPU
OXJIAKJIEHUH - yMeHbIIaeTrca. [IpoBoaMMOCTh YUCTBIX METAJUIOB NPU HAarpeBaHUU YMEHbIIAETCs, a Mpu
OXJIKJCHUH YBEIMYUBACTCSI.

B 1911 r. romnanackuii pusuk X. Kamepnunr - OHHEC MPOBEN OMBITHI C PTYTHIO, KOTOPYIO MOXHO
MOJyYUTh B YUCTOM BHJE. OH CTOJNKHYJCS C HOBBIM, COBEPLICHHO HEOXUJAHHBIM SIBICHUEM. Y IEIbHOE
CONIPOTHBIIEHHE PTYTH 1pu Temmnepatype 4,2K (oxono -269°C) pes3ko ymano 10 Takoi Maaoil BETUYUHBL, 4TO
€ro MPaKTHYECKU HEBO3MOXKHO CTAJI0 U3MEPUTH. DTO SIBICHUE OOPAIICHUS dIEKTPUIECKOTO COPOTUBICHHS
B HyJIb KamepiiuHr - OHHEC Ha3Bal c8epxnposoouMocmyio.

CBepxnpoBoauMoCTh - (pU3MUEcKOoe SIBICHHE, 3aKIIOYArolleecs B CKAuKOOOpa3HOM MaJeHUsl 10 HYJs
COIPOTHUBIICHUS BEIIECTBA MTPU KPUTUYECKOM TeMIeparType.

Kpurnueckass temmeparypa Twp - TemnepaTypa CKaukooOpa3HOrO IEpexoAa BELIECTBA W3
HopManbHOTO coctosiaust (T>Typ) B cBepxmpoBosiiee (T<Typ).

CBGpXIIpOBOIlHI/IK - BCHICCTBO, KOTOPOC MOKET IICPEXOAUT B CBCPXITPOBOAAIICES COCTOAHUC.

Tok B CBEpPXNPOBOJHHMKAX MOXKET NPOTEKATh HEOTPAHUYEHHO JOJITOE BpEMS H3-3a OTCYTCTBHUSA
CONIPOTUBJICHHS.

CBoiicTBOM CBCPXIIPOBOAUMOCTH O6J'IaIlaIOT OKOJIO IIOJJOBHHBI MCTAJJIOB, CBBIINIC ThICAYHM CIIJIaBOB H
CO@I[I/IHGHI/Iﬁ MCTAIJIOB.

Taxkue memannvl, Kax cepedopo, Medb, 3010MO, NIAMUHA, AGNAIOWUECH XOPOWUMU NPOBOOHUKAMU NPU
To=293K, ne nepexoosm 6 ceepxnposoosiujee coCmosHue.

B mnacrosiee Bpemsi CBEpXMpPOBOAMMOCTh OOHapykeHa y Oojee 25 METAIIMYECKUX COCIUHEHHM,
OOJIBIIIETO YHMCIIa CIUTABOB, HEKOTOPHIX MOJYIMPOBOJHUKOB M ToiuMepoB. Temmeparypa Typ mepexona
MIPOBOJIHUKA B CBEPXIIPOBOJIAIICE COCTOSIHHE JIJISI YHCTBIX METaUIoB JexkHT a mpeaenax ot 0,41K (mis
upuaus) a0 9,22K (s Hnobus)

Z[BI/I)KGHI/IC OJICKTPOHOB B MCTAJUIC, HAXOAAIEMCA B COCTOIHUU CBEPXIPOBOJAUMOCTH, SABJIISCTCA OO
TaKON CTETECHU YIIOPAAOYCHHBIM, YTO 3JICKTPOHBI, IICPEMCUIAACH 10 MMPOBOAHUKY, IMOYTHU HEC HUCIBITBIBAIOT
COYI[apeHI/Iﬁ C aTOMaMH1 1 HOHaMH peI_HéTKI/I. [TonHOE 0OBsICHEHHUE SIBICHUS CBEPXMIPOBOAUMOCTH MOXKHO NaThb
C MO3UIINH KBAaHTOBOM MEXaHHKH.

R; = Ry ' (1 + at) pasnenum u
R, = Ry - (1 + at?) nonyuum
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Xon

R, _ 1+at?
R,  1+at)

Ry—Ry o
= Rt R, TEMIIepaTypHbIi KOAPPHUIIMEHT CONPOTUBIICH

OTKyZa

INPAKTUYECKHWIA MATEPHAJI ITO TEME JIABOPATOPHOM PABOTBI
padoThI:

1. CoOpartb as1eKTpHUECKYIO Lielb 110 cxeMme (0e3 pa3pelieHus npenogaparess J1.1eMlb
HE 3AMbBIKATD
WN3mepeHusa Npu HayanbHOM Temnepatype t; MN3mepeHusa Npu KOHeYHo TemnepaTtype tJ
Rm t?C Iy l2 ll Rm tSC l% l% ll donwita
R1=RM'Z_ Rz:RM.l_
2 2
70 70
Rwm B3sTH 70 OM (yOpats mwrencens 20 OMm, 50 Om)
2. Ilepemeras ABHXKOK peoxopaa I, yCTaHOBUTH €ro Tak, YTOOBI CTpEIIKa IPU 3aMbIKAHUU 3J1.1IETTH
ocTaBaJlach Ha HYJI€.
3. Usmepurts muny wied peoxopaa liu |2, paccunrars comporusnenus Ry
l Ry 1
R, = R, = R,, - - u3 nponopuuu — = =
lz Ry 12
4. Wsmeputs Temmnepatypy t?, IOMECTUTD karymiky B cOCya ¢ ropstdeii BOJOH, 4epe3 5 MUHYT
3aMepUTh TEMIEpPaTypy ts.
5. BHoBb nepemeniasi 1BHKOK I, yCTaHOBHUTH CTPENKY MUJUTHAMIIEPMETpA Ha HYJIb, H3MepHTh 11 2,
l
paccuuTath R, = R, 1_1
2
R;-R
6. Paccumrath @ = ——

RytI-R,t?

Pacuére! nenare B cucreme “CH”

7.

PaccuuTtatb norpewHoCTu:

Aa = |Qra6n — Aonprral, A€ Qpags = 0,0043rpag~?!

Aa
oa = -100%
QAragn
BreiBoA:

KoHTpoJ/iIbHbIE BONIPOCHI:
1 Kak 3aBUCHT CONPOTUBJIEHHE MPOBOJHUKA OT €ro TeMIepaTyphl?
2 YTo nokasbIBaeT yZieJibHOE COMPOTUBJIEHHE TPOBOAHUKA?
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JlaGopaTopHas padora Nel6 mo Teme:
“UccienoBanue 3aBUCHMOCTH MOLIHOCTH JIAMIIOYKH OT HANPSIZKEHUS HA €€ 32:KUMax»
Henb nadopaTopHoii padoThI:

1. 3aerHI/ITB M COBEPIICHCTBOBATH 3HAHUS O ITOHATHA MOITHOCTH 3JICKTPUUYCCKOI'O TOKA.
2. COBepLHeHCTBOBaTb MPAKTUYCCKUC HABBIKH ONIPCACTIATE MOIIHOCTU JIAMITIOYKH OT HAIIPSIKCHUA

st popMupoBaHusi yMeHUI 00y4Yal0Miicsl 10J7KeH 3HATh:
- HOHSTHS MOITHOCTH
- 3aBHCUMOCTb MOILHOCTHU OT HAIIPSDKEHUS
B pe3yabTarte BbInoHeHUsI pa00ThI 00yYAIOIIMICS 10IKEH YMETh:

- JIeN1aTh BBIBOJbI HA OCHOBE SKCIIEPUMEHTAIIBHBIX JAHHBIX;
- BBIUHCJATH 3HAYEHHE MOUIHOCTH JIEKTPUYECKOIO TOKA
Henb nadopaTopHoii padoTHI:

- ONpeAeNsITh 3HAYEHUE MOIIHOCTH JIEKTPUUECKOT0 TOKA

- MPUBOJUTH MIPUMEPHI MPAKTUIECKOTO IPUMEHEHHUSI

- HCIIOJIb30BAHUSI B TOBCEIHEBHOM JKH3HHU.

YueOHO-MeTOAHYECKOE 00ecTieueHHe U MaTepUAIbHO-TeXHUYeCKoe OCHALLleHHe

J1abopaTopHoii padoThbI:

- METOJUYECKHE YKa3aHHUS MO BHIMOJHEHHIO Ja00paTOpHOI pabOThI IO TEME:

- «MccnenoBanue 3aBUCMMOCTH MOITHOCTH JIAMITIOYKH OT HAMPSKEHUS Ha e€ 3aKIMax»;

- KOHCIIEKT JIEKLHI MO JUCHUILUINHE «DU3UKa»

- Hcrounuk nocrossHHOro ToKa (10-15B)

- Peocrar Ha 30 Om (Gomnb1I0iH)

- Kirou

- DOn. Jlammouka Ha nmoacTaBke -6B
- Awmmepmerp Ha 1A

- BoabsT™meTp Ha 6B

- CoenuHuTeNnbHbIE IPOBOAA 6 IIT.

- D5 BHIKaC mpoBogaMHu

TEOPETUYECKHWA MATEPHAJI IO TEME JIABOPATOPHOM PABOTHI

64



MomHocth TOKa P - (usnueckas BennyMHa, MOKa3blBalollas padOTy TOKA, COBEPILIEHHYIO B €IUHUILY

BPEMEHU U paBHAasi OTHOIICHHUIO COBEPIICHHON PabOThl KO BPEMEHH, B TEYCHHE KOTOPOTO 3Ta padoTra Oblia
A

coBepmena: © ~ ¢ (11)

DNeKTprUYEeCcKasi MOILHOCTb, TaK K€ KaK U MEXaHU4YeCKas, BeIpaxaeTcsi B eammax (BT).

Oto Belpaxkenue (11) I MOIIHOCTH MOXHO MepenucaTb B HECKOJIBKHUX AKBUBAJEHTHBIX (opMax,

LU

P=1U=1I"R=—

ucnoib3ys 3akoH OMa JiJ1s ydacTKa LIEeTn: R

Ha OonpmmHCTBE 37€KTpONprOOpOB NOTpedsieMas UMU MOIIHOCTD, IPE/IeIbHOE 3HAUCHUE CUJIbI TOKa,

a TakKe IMpelesibHOe 3HAUYeHHE HampsokeHus. B ObITy uis pacyéroB MOTpeOSsieMON SHEPrUM 4acTo
sy =36-10°%

UCIIONB3YETCs eMHMIa KBT-u: 1kBr -y = 3,6-10°0x

=&

TOKAa B 3aMKHYTOH ILIEIH Po=1I¢ Dr1a MOmHOCTs YACTHYHO BBIIEISETCS HA

BHEIIHEH Lenu (MHOrnaa €€ Ha3bIBAIOT I0JIE3HOM MOIIHOCTBIO), YACTHMYHO - Ha
=P+ AP

A
[ToxncraBnss B popmyny (11) Beipaxkenue 1i1st paboThI , MBI TIOJICYUM, YTO MOJIHAST MOIIHOCTH

BHYTPEHHEM COIPOTHBIICHUH (IIOTEPH MOIIHOCTH) Fo

[Mone3nas momuocTs (P) BhimensieTcss Ha BHEIIHEM COMPOTUBICHUHU, TIIE
JEICTBYET CTallMOHAPHOE dJIeKTpUuecKoe nosie. Pabora 3Toro nosis HAX0AUTCS 110
dopmyie: A=qU, wm, tak kak q=It, A=IUt. [ToxcraBuB 310 BBIpakenue B (11),

MOJIY4YnM: P = U'F. 3aMcHUB 3ACCh HAIIPAKCHHUC Ha U=IR nmu CHUJIy TOKa Ha

-
&

, U
P=I"R=—
I=U/R, MOXHO mONy4uTh eime B¢ (HOpMyIbL: R . Tlorepu momuoctu (AP), BbI3BaHHBIE
HarpeBaHMEM MCTOYHHMKA TOKA, HAXOAAT 1o popmyne AP=I’r. CknanpiBas moNe3Hylo MomHocTh P=I°R ¢
notepamu AP=Ir, momy4aeM HOJHYIO MOIIHOCTD B BUIE Po=1%-(R+1)
OTHoIIEHUE MOJIE3HOM MOIIHOCTH K MOJHOM onpezenseT ko3¢ duuueHnt noaesnoro aeiicrus (KI1I)
P R R

';I‘jl = — = —
HCTOYHHKA TOKaA: By *-(Rer) Rtr,

Ilose3Hasi MOINHOCTh MAKCHMAJbHA B TOM CJyYae, KOIIAa CONPOTHBJCHHE HAIPY3KH PaBHO
BHYTPEHHEMY CONIPOTHBJICHUIO MCTOYHUKA TOKA. B ’TOM COCTOUT Tak Ha3bIBAEMOE YCIOBUE COTIIACOBAHUS
Harpy3Ku M UCTOYHHKA.

TEOPETUYECKUU MATEPHUAJI 11O TEME JIABOPATOPHOM PABOTbI
Xoxa padoThI:

1. OmnpenenuTth eHY A€ICHUS aMIIepMeTpa U BOJIBTMETPA U MPEIeNbl UX U3MEPEHHUSI.

2. TloxroroButs K paboTe NprOOPHI U COEAUHUTENBHBIE TPOBO/IA.

3. CobpaTb 3J1EKTPHUECKYIO LIEMb 10 CXEME.
[Tpumeuanue: 6e3 pa3pelieHus NpernoaaBaTess Uelb He 3aMbIKaTh.

4. BbIBecTH JBM)XOK peocTaTa B MOJIOXKEHHE A, COOTBETCTBYIOIIEE HAMPSDKEHUIO HA JTAMIIOUKE PABHOMY
HYIIIO.
3aMKHYTb LIEMb U 3aIIUCaTh 3HAUEHUE TOKA U HAPSHKEHUS B TAOIHILY.

5. TloctenenHo mepemMenias IBMYKOK pPeocTaTa BIIPaBo, MOBKINIATh HanpspbkeHue Ha 0,5B u 3anmucats
COOTBETCTBYIOIIIEE 3HaYCHHE TOKA.
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6. Paccumrats MmommuocTs P=UJ 1 moctpouts rpaduk

Tabmnna: U:1cm — 0,5B

7. BriBog
Tabnuna.
u@B) |0B 05B |1B 15B |2B 25B | 3B 35B | 4B 5B
J(A)
P (Br)
I'padux.

( BT?_

0,5

1 1,5 2 2,53

KOHTpOJ’IbHLIe BOIIPOCHI:

1 Yto Ha3wiBatoT paboTOI TOKA?

2 Y10 Ha3BIBAIOT MOIIHOCTHIO TOKA?

~ v (B)
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JlaGopaTopHas padora Nel7 mo Teme
“Onpeaesnenne 3JIeKTPOXUMUYECKOT0 IKBUBAaJIeHTa Men.”
Lenb nadopaTopHoii padoThI:

1. 3aerHI/ITB 1 COBEPIICHCTBOBATHh 3HAHUA O IMOHATHA XUMHYECKOT'O HeﬁCTBHH SJICKTPHUYECKOI'O TOKaA.
2. COBepLHeHCTBOBaTb MPAKTUYCCKUC HABBIKHA ONPCACIIATD DJICKTPOXUMHUYCCKOI'O S5KBUBAJICHTA MCIIU.

st popmupoBaHusi yMeHUii 00y4aromuiicst J0J15KeH 3HATh:
- MOHSTHUS JIEKTPOIN3a, HIEKTPOIUTOB
= 3aBUCHUMOCTD SJICKTPOXUMHUYCCKOI'O SKBUBAJICHTA MCJIU OT CHUJIbI TOKA
B pe3yJabTare BbINOJHEHHSI PA00THI 00y4aIOIIUIACA T0J2KEH YMETh:

= ACJIaTh BBIBOJbI HA OCHOBC 3KCIICPUMCHTAJIbHBIX JAHHBIX;
- BBIUMCJATH 3HAYECHUE JIEKTPOXUMHUUYECKOTO SKBHUBAJICHTA
eab 1ab0opaTopHoOii padoThHI:

- ONpENENATh 3HAYEHUE AIEKTPOXUMHUUYECKOTO SKBUBAJICHTA
- IPHUBOJUTH INPUMEPHI IPAKTUYECKOIO IPUMEHEHUS dIIEKTPOJIUTOB
- HCHOJb30BAHUA JIEKTPOJIN3A B IOBCEIHEBHOM JKU3HH.

Y4yeOHO-MeTOAHYEeCKOe o0ecTieYeHHe H MaTepUAIbHO-TeXHUYeCcKoe OCHALLIeHH e
JabopaTopHoii padoThI:

- METOJUYECKHE YKa3aHHUS M0 BBIMOJHEHHIO 1a00paTOpHOI pabOThI IO TEME:
«OmnpenesieHue 3J1eKTPOXUMHYECKOT0 IKBUBAJIEHTA MeIN,;

KOHCIIEKT JIEKIIUH 10 auctuImae «Dusznkay
- Bechl u pa3HoBec

- HctoyHHK TOKA

- IIpoBona 6 T
- AwmnepMmerp (2A)

- Peoctar
- Kirou

- DJIeKTpOoJIWTHAs BaHHA C PACTBOPOM MEIHOTO KyIlopoca

- MeaHple IEKTPOJLI CO BCTABKON

- CexyHaome

TEOPETUYECKHWI MATEPHAJI 1O TEME JIABOPATOPHO PABOTHI

CUSOg T 2
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DJIEKTPOJHMTHI — )KHUJKUE TPOBOTHUKH, B KOTOPBIX TIOJIBMYKHBIMHA HOCUTEIISIMH 3aPSIIOB SBISIFOTCS HOHBI.
HOHBI)

3J'[eKTp0JIHTI/I‘IeCKaﬂ Aucconuanmsa — paciaj MOJICKYJI Ha MOHBIL.

9 @ QO o
ﬂunuﬁb . Q_—"'@ + @
@® Q@Q} @(ﬂ%

NHTEHCUBHOCTD ANEKTPOIUTUYECKON TUCCOLIMALINNA 3aBUCUT: | A3 Korod
K A
1. Ot Temnepatypsl pacTBopa. o= o=
2. OT KOHILIEHTpAIH PacTBOPA. e I
3. Ot pona pacTtBopa (ero AMAIEKTPUUECKON MpOHUIIAE- Andon Kamuos

MOCTH)
Honnas nposooumocmu: npoxodcoenue moxka ces3aHo ¢

nepeHocom eewgecmeda.

DNEKTPUUECKUN TOK IPEJCTABIIAET COOOM CyMMY TOKOB KATUOHOB (B CTOPOHY KaTo/a) U aHMOHOB (B
CTOPOHY aHO).

3JI€KTp0JIPI3 — BBIJICJICHUC Ha 3JICKTPOAaX BCUICCTBA, BXOAAICTO B COCTAB 3JICKTPOJIMTA.

IlepBoliii 3axon @apajesi: Macca BEIIECTBA, BBIICIUBIIETOCS Ha KATC
IPSIMO IIPONOPLIMOHAIIBHA 3apsIly, IPOLIEAIIEMY Yepe3 IEKTPOIIUT.

m = kIAt = kq

rae K — smexkTpoxuMudeckuii SKBHBAJCHT BEIIECTBA YUCICHHO paBEH Ma
BBIJICJIUBIIICTOCS BEIecTBa, mpu nepenoce 3apsiaa B 1 Kir. [K] = 1 kr/Kn

TEOPETUYECKHWIA MATEPHAJI IO TEME JIABOPATOPHOM PABOTHI

Xon pa6oTsl:
1. 3auyncTuTh HAXKAAYHYIO Oymary KaToJIHYIO IUIaCTUHY

OmnpenenuTbh Maccy KaTOAHOM MJIaCTUHBI ¢ TOUHOCTHIO 10 0,01 (m).
CobpaTth 21eKTpocxeMy Mo puc. 1, MPUCOSTUHUTH B3BEIICHHBIN IIEKTPOJI K OTPUIIATEIIEHOMY
MOJIFOCY UCTOYHHKA TOKA. (0e3 pa3pemieHus npenoaasarens 31. uenb HE 3AMBIKATD).

wmn

BKII0YMTE TOK M 3aMETUTH BPEMSI BKIIFOUCHHS.
[TognepxuBath TOK peoctata He Oosee 0,5 A.
Yepes 15-20 muH. BBIKIIIOYHTH TOK, BEIHYTH KATOIHYIO TUIACTHHY, IPOCYIIUTb, B3BECUTH (IM2).

N o ks

Haittu maccy Mmenn Ha karojie ¢ ToyHOCThIO 10 0,01 T.
Am=m, —m
8. BpMHCIHTE NEKTPOXUMHUYECKUH SKBUBAJICHT Mean 1o Dapaero:

k_Am
Tt
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9. PesynbraTsl 3anmcath B Ta0uuIly. PaccunTars MOrpemHoCTH:

Ak = |kT36)'I. - koanTal; Sk = A]; -100%
10. BriBox
Tabnuia.
Ne m1 kr m2 xr Am kr JA t cex K
OIIbITA

KoHnTpoJibHbIE BONIPOCHI:
1 YTo Ha3bIBAIOT IEKTPOIUTAMU?
2 Yro mpencTaBisieT co00M TOK B AIEKTPOIUTAX?
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JlaGopaTopHas padoraNe 18 mo Teme:
«HccnenoBanue 3aBHCUMOCTH CHJIBI TOKA OT JIEKTPUYECKOH eMKOCTH KOHJEHcaTopa
B lleNI4 EPEMEHHOr0 TOKA
Henb n1adopaTopHoii padoThI:

1. HccnemoBaTh 3aBHCUMOCTB TIPOBOJMMOCTH KOHJICHCATOPA OTCHIIBI TOKA.
2. PacuuThiBaTh €MKOCTH OaTapeu KOHIACHCATOPOB

st popMupoBaHusi yMeHUI 00y4YaroMiicst 10J7KeH 3HATh:
- IIOHATHS DJIEKTPOEMKOCTh

= 3aBUCHMOCTb CHUJIBI TOKa OT BHCKTPHHGCKOfI CMKOCTH KOHJACHCATOpa B LCHIHU IMECPCMCHHOI'O
TOKa

B pe3yJsbTare BbINOJHEHHSI PA00THI 00y4aI0NIUIiCA T0J2KEH YMETh:

- ACJIAaThb BBIBOAbBI HA OCHOBC SKCIICPUMCHTAJIbHBIX TAHHBIX;
- BBIYUCIIATH CHJIBI TOKA OT BHCKTpH‘IeCKOﬁ C€MKOCTH KOHJIACHCATOpa B LICIIKM IMEPEMEHHOI'O TOKa

eanb 1ab0opaTopHoii padoThI:

- OIpPEIENATh 3HAUE€HUE DJIEKTPUUECKON EMKOCTH
- IPUBOAUTH NPUMEPHI IPAKTUYECKOTO IPUMEHEHUSI KOHIEHCATOPOB

- HCIOJBH30BaHUA KOHJIEHCATOPOB B IIOBCETHEBHOM KU3HU.
Y4yeOHO-MeTOoAHYeCKOe o0ecTieYeHHe H MAaTepHAJbLHO-TeXHUYeCKoe OCHALLleHH e
JabopaTopHoii padoThI:

MCTOANYCCKUC YKA3aHUS 110 BBIITIOJIHCHUIO na60paTopH0171 pa6OTLI I10 TCMC:
« I/ICCJIGI[OBaHI/Ie 3aBUCHUMOCTH CHUJIBI TOKA OT BHGKTpHHGCKOﬁ C€MKOCTH KOHZACHCATOpPa B
ey NnepeMCcHHOro TOKa»

- KOHCHEKT JICKIIMH M0 TUCIUIUTHHE «DU3HKa)
- Il;mockuit KoHIEHCATOP,

- JIUAJIEKTpUYECKas IJIaCTUHA,

- TEHEepaTOPCUHYCOUAAIBHOTO HANPSKEHUS,

- 1Ba U POBBIX BOJIBTMETPA.

TEOPETUYECKHUI MATEPHAJI 1O TEME JIABOPATOPHOM PABOTHI

CxeMa yCTAHOBKH:

B pabore uccnenyercst IIOCKHI KOHAEHCATOP, KOTOPBIH MpecTaBIseT co00i Be MI0CKHUe
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MPOBOASIINE TUTACTUHBI (OOKIIAAKH), PAaCIOIO0KEHHbIE TapaieIbHO IPYT APYTY, IpUYeM 3apsi
OJTHO¥ IUTACTHHBI (, a APYroii miacTunsl (-0). Paccrosiane Mexny miactuHamu d mpennosiaraercs
MaJibIM 10 CPABHEHUIO C JIMHEWHBIMU pa3MepaMu IIIacTUH. B 3ToM ciyuae pacnpenenenue
3aps10B 110 IJIACTUHAM MOX-

HO CHUTATh paBHOMCPHBIM, a SJICKTPHUYCCKOC I10JIC F MCXKIY IJIaCTUHAMH OOHO-
POIHBIM.
_4q4 p_%"% _u
S d d

i) k)

rae P11~ P2 =¥ - pasHocTh MOTEHIIMATIOB MEX Ty TUIACTHHAMH (HAITPSKEHHUE HA KOH-
neHcarope), O - IOBEPXHOCTHAA IJIOTHOCTD 3apsija, S - MIIOIIA b TUIaCTUHBI.

G
E=—
€€,
rae € - auvrexTpudeckas MPOHMUIIAEMOCTh BEIIECTBA MEKIY IIACTHHAMH, €o -
AJIEKTpUUECKas MocTosiHHas. M3 hopmyi ciemyer, 4To 3apsij KOHIEHCATopa MPOIOPIHOHATICH
MPHIOKEHHOMY K HEMY HaIPsDKSHUTO g=Cu
ege,S
c=—"
Koadduuument nponopunoHaabHOCTH d
HA3BIBAIOT AJIEKTPOEMKOCTBIO (WJIH TTPO- CTO EMKOCTBIO) KOHIeHcaTopa. PaccMoTpum
TeNeph CIy4aid, KOTr/ia KOHJCHCATOP BKJIFOYEH B LIEHb IEPEMEHHOTO
toka ¢ =1,, coswzs , TIe 7, - aMIUIUTY/a TOKa, () - quximueckas yacrora. Torma
qg _1¢. Ly .
Uu=—=—|idt =——sin Wt
HanpsDKEHUE Ha KOHAGHCaTope CcC C oC
oL
u=U, cos| ot —— v, =—--»I,,
DT0 BBIpOKEHUE MOYKHO MIEPENHUCaTh B BUC ,TIIe oC
aMIUTATY/Ia HaNPsDKEHUS Ha KOHJieHcaTope. Bemmanny X =1/ 0C yaspmaror em-

KOCTHBIM COITPOTHUBJIICHUCM.

B nemsx MEPpEMECHHOTO TOKa 0OBIYHO HU3MEPAIOT HC aMIIJIMTYIHBIC, a B(I)q)CKTI/IBHHEBHa‘-ICHI/IH

TOKA U HaIIPSKEHUS: Ispp =1, 12, Useo =U,, 12

OddexTHBHOE HANPsDKEHUE HAa KOHAEGHCATOpe Aanee OyneM 0003HayaTh Uc . To-
raa BMecTo 3amumeM g = OCU . =27vCU - (9)

rae V= 0/27- gyactora. ITO COOTHOIIEHHE MIPOBEPSETCS B pabOTE DKCIIEPHUMEHTAIIBHO.

MPAKTHYECKHWI MATEPHAJI 11O TEME JIABOPATOPHOM PABOTHI

Xoa padoThl:
Cxema u3MepeHuii 1oka3aHa Ha pucyHke. [lepemennoe Hampspkenne gactoToi(2...20) k'
WOEACTCA C BbIXOJa reHeparopa I Ha KOHACHCATOp H BKJIIOUECHHBIN IIOCJICO0BAaTCIIbHO C HUM
PE3UCTOpP M3BECTHOTO COMPOTUBIEHUS. D(PPEeKTUBHOE 3HAUYCHHE HATIPSDKCHI) Ha BBIXOJC
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reHeparopa U3MCpACTCA BOJIBTMETPOM

Vc. Pesuctop R ciayXut Juisl ONpeesieHHs TOKa Yepe3 KOHIEHCATOP: Inpe =Ug/R ;
s (heKkTHBHOE 3HAYCHHE HANIPSDKEHUST Ha PE3UCTOPE Urg U3MEpSIeTCs] BOIBTMETPOMVR.
BennuuHa conpOTUBIIEHUS pE3UCTOPA R BbIOpana 10cTaTO4YHO MayoH, TaK YToO

BBITIOJIHACTCS HEPABEHCTBO
R<< X, =1/0C

B srom ciiyuae u3MmepsieMoe BOJBTMETPOM V¢ HaNpsKEHWE MOXKHO CUUTaTh PaBHBIM
HAIPSDKEHUIO HA KOHJIEHCATOPE.

B mnpoctpaHCTBO Mex1y IUIACTUHAMM KOHAEHCAaTOpa MOXXET OBITh BBEJEHA IUIACTUHA U3
mdnekTpuka.  Ilo u3MeHeHMI0  BEIMUYMHBI  €MKOCTHM — KOHJIEHCAaTopa  OHpelesseTcs
JURJIEKTPUYECKasi IPOHUIIAEMOCTb TUAJIEKTPUKA . e

Yupaxnenue 1. OnpeneneHue eMKOCTH KOHJIEHCATOPA.

VcTaHoBHTE YacTOTy reneparopa , paBMoit 20 kI'1, a HanpsDKeHKE Ha BBIXOIE

reHepaTopa (M3MepsaeTcsi BOIbTMETPOM V) U C =~ 50 B. Onpenenure nagenue
HaIPSKEHUS HA COMPOTUBICHUU R Y PacCUMTalTe BENMYMHY TOKa I 544 - C110-
MOIIBI0 (GOPMYINBI HaAUTE EMKOCTh KOHJIEHCATOPa . lgaiinennoe 3naue C

CPaBHUTE C TEOPETHUECKUM. W3MeHss 4acTOTy IEPEMEHHOTO TOKA B

npeznenax (2...20) k['u, cHUMUTE 3aBUCUMOCTb OTHOLIEHHUS I5pp /Uy OT HacToThHI
vV . Hanecute TOUYKHM 3aBUCUMOCTH Ha rpauk U 10 yrioBoMy Ko3(h(GUIUEHTY Mo-
JYy4EHHOM IPSMOIi onpesienuTe eMKOCTh KOHAEHCATOPA.
Yupaxuenue 2. OnpezeneHue AU3IEKTPUUIECKON MPOHUIIAEMOCTH IUIIEKTPUKA. Y CTAHOBUTE
MEXy IIIACTUHAMU KOHAECHCATOPA AUIIEKTPUUECKYIO IIIacTUHY. B
nuana3one 4actoT (2...20) k[’ u3MeppTe 3aBUCMMOCTh OTHOIIEHHUS I /Ucor
4acTOTBl V , IOCTpoiiTe rpaduk 3ol 3aBucuMocTy. 1o yrinosomy ko3¢ duruenty rpaduka
OIPENIENINTE EMKOCTh KOHJIEHCATOPA C'C JTAJIEKTPUYECKON TITACTUHOW 1
paccurTaiTe BEIMYMHY AUDIEKTPUUECKON MPOHUIIAEMOCTH 110 popMyJie

C'h
€= .
Cd —C'(d —h)
KonTpoJsibHBIE BONIPOCHI:
1.Yt0 TaKkoe 351eKTPOEMKOCT?
2. Jlaiite ompejieNicHHe CICAYIONIMX MOHATHI: MEPEMEHHbIA TOK, aMILTHTY/Ia,9aCToTa,
LUKJINYECKasl 4acToTa, epHo, pa3a KoaeOaHu.
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JlaGopaTopHas padoraNe 19 no Teme:
«M3y4eHue siBJIeHHUS YJIEKTPOMATHUTHONH HHIYKIIUH)

Henb n1adopaTopHoii padoThI:
- U3YYUTh SABJICHUE IEKTPOMArHUTHOM HHIAYKIIH

- IIOHMMAaTb 3HAYMMOCTD ABJICHHA BHGKTpOMaFHI/ITHOfl HHAYKIOUH

st popmupoBaHusi yMeHU#i 00y4arouuiics 10/2KeH 3HATD:
- Onpe;[eneHHe SIBJICHHUC BHGKTPOMaFHHTHOfI HHIAYKIOH CHOCO6BI MOJIYUCHHUA ICPEMCHHOI'O TOKA

B pe3yJabTare BbINOJHEHUsI PA00THI 00y4aI0IIUiics 10JI2KEH YMETh:

- OOBICHSITH SIBIICHUE BHCKTpOMaFHHTHOfI UHAYKIOHUU

- JIeNaTh BBIBOJIBI HA OCHOBE 3KCIICPUMEHTAIBHBIX JTAHHBIX
Y4edHO-MeToanYecKoe o0ecriedeHrne i MaTePHATbHO-TEXHHYECKOe OCHAIIEHHE

JadopaTopHoii padoThbl:

- METOJIMYECKHE YKA3aHUS 10 BHITIOJIHEHHIO JTA0OPATOPHOU pabOTHI 1O TEME:

- H3ydeHue siBICHUS 3JIEKTPOMArHUTHON MHIYKIIMU

- KOHCHEKT JCKIHH M0 TUCHUILIHNHE «DH3uKa»

- MWUIMaMIIEpPMETD;

- KaTylIKa-MOTOK;

- Mar"ur JyrooOpasHblIii;

-  HCTOYHHK ITMTAHHSI;

- KaTyllKa C XeJe3HBbIM CEePJCYHUKOM OT pa300pHOTr0 JIEKTPOMArHUTa; PeocTaT; Ky,
- MPOBOJA COSAMHHUTENbHBIC; MOJIETh T€HEPATOPA ANEKTPUUECKOTO TOKa (0OHA).

TEOPETUYECKHWI MATEPHAJI 11O TEME JIABOPATOPHOM PABOT

DJIEKTPOMATrHUTHAsI HHAYKIUS

B 1831 roay Maiikn @apazeit oOHapyKui1, YTO IPU U3MEHEHUH MarHUTHOTO MOJIs B KaTYIIKE U3
MIPOBOJIHUKA BO3HUKAET JEKTPUUECKUN TOK. DTO SIBICHUE HA3BAIH 21€KMPOMACHUMHOU UHOYKYUEU.
DJIEKTPOMATHUTHAsl MHAYKIUSA - SIBJICHHE BOSHUKHOBEHHUS JIEKTPUUYECKOr0 TOKA B KaTYIIKE U3
IIPOBOJHMKA MPU U3MEHEHUU MarHUTHOTO NOJIsL. DIEKTPUYECKUM TOK, BO3HUKAIOLIUI B pE3yJIbTaTe
AJIEKTPOMArHUTHOM MHYKIMH, HAa3bIBAETCS MHAYKIIMOHHBIM.

OnbITH TOKA3aJM, YTO MHAYKIMOHHBIM TOK B KaTYIIIKE MOXHO MOJXYYUTh PAa3IHUYHBIMU CIIOCOOAMMU:
MO>KHO BJBUTaTh MarHUT B KaTYIIKY WJIM BBIABUTATh €r0 U3 KaTyIIKU, MOXKHO Ha/IeBAaTh KATYIIKYy Ha
Mar"uT WiIM CHUMAaTh €€ C MarHuTa.

AHanu3upys pe3yJbTaThl CBOMX ONBITOB, Dapaneil ycTaHOBUII, YTO

VMHAYKIIMOHHBIA TOK BO3HMKAET BCETJA, KOIJA M3MEHSIETCA NMPOHU3BIBAIOIINN KOHTYP MAarHUTHBIN IOTOK.
Cuna WHIYKIMOHHOTO TOKa HE 3aBUCUT OT crocoba W3MEHEHUs MOTOKAa MAarHUTHOM MHIYKIUH, a
OTIpeJIeNIAeTCs JUIIb CKOPOCThIO €r0 M3MEHEHHUs (CM BHJE0) OTKJIOHEHHME CTPENKU rajbBaHOMeTpa (cuia
TOKa), TeM O0JIbIlIe, YeM OOJIbIIIe CKOPOCTh ABM)KEHUS MarHUTA, WM CKOPOCTh JABH)KEHUS KaTyIlIeK

WHAyKIMOHHBIM TOK MOXXET BO3HHMKAaTh M MPU OTCYTCTBHHM KaKOTO-THMO0 MEXaHWYECKOTO JBHKEHUS.
JlocTaTOYHO MOMECTUTH JBE KaTyHIKH PSAOM U OAHY M3 HUX COEJUHHUTh C MCTOYHMKOM TOKa. Ecnm
MAarHuTHOE I10JI€ TOKA NEPBOM KATYIIKK MPOHU3BIBAET BTOPYIO KAaTYIIKY NEPIEHAUKYIISIPHO MIIOCKOCTSIM €€
BUTKOB, TO TPH JIFOOBIX M3MEHEHHUSX TOKA B MEPBOU KaTyIIKEe BO3HUKAET WHAYKIIMOHHBIM TOK BO BTOPOW
karyuike. [losiBneHre MHAYKIIMOHHOTO TOKa B 3aMKHYTOM 3JEKTPUYECKOM LIEMU KaTYIIKU MPH JIIOOBIX
W3MEHEHUAX MarHUTHOTO TOJISI O3HAYaeT, YTO MPH MU3MEHEHHSX MarHUTHOTO MOJs BHYTPH KAaTYIIKHA Ha
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UIEKTPUUECKUE 3apsi/ibl B NMPOBOAE ACHCTBYIOT CHJIBI HE DJIEKTPOCTaTHYECKOM IMPUPOAIBI, TaK Kak padoTa
AJIEKTPOCTATUYECKUX CHJI 110 JIOOOMY 3aMKHYTOMY KOHTYpPY paBHa Hyio. PaboTy 3TUX CTOpPOH HUX CHII
XapaKTEPU3YIOT JJIEKTPOJABHMKYIEH cUa0ov MHAYKIMH. [Ipy BCIKOM M3MEHEHUM MarHUTHOTO IOTOKA Yepes
MIPOBOJSAIINANA 3aMKHYTBIA KOHTYP B 3TOM KOHTYpPE€ BO3HUKAET JJIEKTPUYECKUM TOK. I 3aBUCUT OT CBOMCTB
g A®
KOHTYpa (COIPOTUBIICHUE): =R £ He 3aBHCHUT OT CBOHCTB KOHTYpa: - E‘
3akon @apajesi (3aKOH IEKTPOMATHUTHON MHAYKIMHU): DJ[C MHAYKIIMU B 3aMKHYTOM KOHTYpE
IIPSIMO MPONOPLMOHAIBHA CKOPOCTU M3MEHEHHSI MATHUTHOTO MOTOKA Yepe3 IUIOIAlb, OTPAaHUYEHHYIO 3TUM
KOHTYPOM.
I/JAC He aBasercs cuioii B HbI0TOHOBOM cMbic/ie (HEYJauHOE Ha3BaHUE BEJWYMHbI, COXPAHEHHOE

KaK 1aHb T]f)aZ[I/IHI/II/I). &i BO3HHKACT IMPHU UIBMCHCHHUU MAIrHUTHOT'O IIOTOKA (I), IMPOHU3BIBAOIICTO KOHTYP.
Ad

# o

" ar - OJ1C uHayKIUM.
Ad

=N n JIC uHAYKIHMK B KOHTYpE, coaepikaiieM N BUTKOB IPOBO/IA.

& = Brlsina_ 3 J1C yaayKIuu py JBUKEHUH OJJHOTO U3 IIPOBOJIHUKOB KOHTYpa (Tak, 4To0bl MeHsIca D).
B aTOM ciiyyae mpoBOIHUK JTHHOH |, IBYOKYIIUIICS CO CKOPOCTBIO V CTAHOBUTCS UCTOYHUKOM TOKA

& = BwSNsina . 3J1C WHIYKIUY B KOHTYPE, BPAILIAKOLIEMCS] B MATHUTHOM I10JIE CO CKOPOCTBIO (.

OneIT TOKA3bIBACT, UTO HANPABICHUE WHIYKIIMOHHOTO TOKA BCETa OMPEICIIICTCS OOIIUM TPABHIIOM,
Ha3bIBacMbIM IpaBmiioM JIeHIIa.

IMpaBuio JleHua: unoyKyuonHvlli MOK uMeem maxkoe HAnpasieHue, 4mo CO30aHHOe UM MACHUMHOE
noje oKasvlgaem KOMHEHCupyroujee Oelcmeue Ha UZMeHeHUe MASHUMHO20 NOJisl, 6bi3bléaioujee OaHHbILL
UHOYKYUOHHDLU MOK, NPENIMCMEYem NPOUCX00AWUM USMEHEHUAM MACHUMHO20 NOJIA.

aE

AR
BaskHo: IIpu BO3pAaCTaAHMU MArHUTHOTO HoToka: 2z ~ ° % <% 1.e. DJIC MHIYKLHUHU BBI3bIBAET TOK TAKOTO

HaIpaBJICHHA, IIPpU KOTOPOM €ro MAarHuTHOC II0JIC YMCHBIIACT MarHuTHBINA ITOTOK 4Cpe3 KOHTYp, IIpHU
Ad

YMCHBIICHUNU MArtuTHOI'O ITIOTOKa Eﬁoﬁf}o, T.C. MAroMuTHOC II0JIC MHAYKIIMOHHOI'O TOKa YBCIIMYUBACT

yOBIBAIOIUI MarHUTHBINA TTOTOK Yepe3 KOHTYP.

DNEeKTpOABMKYILAS CUJIa B LIEIHU - 3TO PE3YNbTAT AEUCTBUSI CTOPOHHUX CHIIL, T.€. CHJI HEANIEKTPUIECKOTO
npoucxoxaeHus. [Ipu ABMKEHHM TPOBOJHMKA B MArHUTHOM I10JI€ POJIb CTOPOHHUX CHJI BBINOJHAET CUja
Jlopenua, mox OeWCTBUEM KOTOPOM IPOMCXOIUT PA3IAEIEHUE 3apsA/lOB, B PE3yJbTAaTe YEro Ha KOHIAX
MIPOBOJIHUKA TIOSIBIISIETCSL pa3HOCTh MOoTeHIManoB. DJIC HHIYKIIMY B MPOBOAHUKE XapaKTEPU3yeT paboTy 1Mo
MEPEMEILIECHUIO €IMHUYHOTO 3apsaa BIOJIb TPOBOJHUKA.

SIBrIeHME SIIEKTPOMArHUTHOM MHYKIIMH JIEKUT B OCHOBE JIEUCTBUSA JIEKTPOTEXHUUECKUX T€HEPATOPOB.
Ecnu paBHOMEpHO Bpamarh IPOBOJIOYHYKH) PaMKy B OJHOPOAHOM MAarHUTHOM IIOJI€, TO BO3HHUKAET
WHAYKIIMOHHBIA TOK, NEPUOAMYECKH H3MEHSIOMMI CBOE HampaBieHue. Jlake OJWHOYHAs paMka,
BpAaIlaOIIascs B OJTHOPOJHOM MarHUTHOM I0JIe, IPEJICTaBIsIeT cOO0M reHeparop rnepeMeHHoro Toka. bomee
CJIOXKHBIE TeHEPATOPbI OOBIYHO SIBIISIOTCS YIYUIIEHHBIMUA BapUAHTAMU TaKOTO YCTPOUCTB

MNPAKTUYECKHIA MATEPHAJI IIO TEME JIABOPATOPHOH PABOTHI

Xoza padoThI:

OO6opynoBanue: MWUIMAMIIEPMETP; KAaTYIIKa-MOTOK; MarHUT JTYroOOpa3HbIM; HCTOYHUK
MUTAHM; KaTYIIKa C JKEJIE3HbIM CepACUYHUKOM OT Pa30OPHOrO AIEKTPOMATHUTA; PEOCTAT; KIIIOY;
IPOBO/Ia COSTUHUTEINILHBIC, MOJICNTb TEHEPATOPA IICKTPUIECKOr0 TOKa (0/HA).

1 . Ilogkmrouute KaTylIKy-MOTOK K 3aXXKUMamM MUJIHAMIIEpMCTpa.
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2. Habmozas 3a Moxa3aHUAMU MUJLIMAMIIEPMETPA, MOABOJUTE OJMH M3 HOIIOCOB MarHUTa K
KaTyIlIKe, TOTOM Ha HECKOJIBKO CEKYHJ OCTAHOBHTE MAarHMT, a 3aT€M BHOBH MPHUOIMKANTE €ro K
KaTylllKe, BBUTas B Hee (pHC). 3aUIINTe, BOSHUKAI JIU B KaTyIIKe WHAYKIIMOHHBIN TOK BO BpeMs
JIBIKEHUSI MAarHUTA OTHOCUTENIBHO KATYIIKU; BO BPEMsI €70 OCTaHOBKH.

3. 3anumuTe, MEHSICS UM MATHUTHBIA NMOTOK P, IPOHM3BIBAIOIIMN KATYIIKY, BO BPEMs
JBUKEHHS] MATHUTA; BO BPEMS €r0 OCTAHOBKH.

4. Ha ocHoBaHuu Baliux OTBETOB Ha Hpenbmymm‘/i BOIIPOC CI[CJIaf/'ITe 1 3alIMIIMUTC BBIBOJ O
TOM, IIPU KAaKOM YCJIOBHMHU B KaTYHIKC BO3HUKAJI I/IHIIYKLII/IOHHHﬁ TOK.

5. Hoquy Ipu HpI/I6J'II/I)I(CHI/II/I MarHuTa K KaTyIIKe MarHUTHBIN IIOTOK, HpOHI/I3BIBaIOIHI/II71 Ty
KaTyuiKy, MeHsICS? (I[JI?I OTBCTA HA 3TOT BOIIPOC BCIIOMHHUTC, BO- IICPBBIX, OT KaKHUX BCIIMYUH
3aBUCUT MAarHUTHBIA MOTOK @D ", BO-BTOPBIX, OAWHAKOB JIX MOAYJIb BCKTOPAa HWHAYKLIHUU B
MAarHUTHOTO I10JII IIOCTOSHHOI'0 MarHuTa BOJIM3KM 3TOT0 MarHuTa 1 BJaJIu OT HGFO.)

6. O HanpaBIeHHU TOKA B KATYLIKE MOKHO CYIHTh [10 TOMY, B KAKYIO CTOPOHY OT HYJEBOIO
JIelICHUsL OTKJIOHSETCA CTpesiKa MuuimaMiiepMmerpa. [Iposepbre, 0NMHAKOBBIM MU Pa3IMYHBIM
OyJeT HalpaBJIeHUE MHAYKIIMOHHOTOTOKA B KaTYLIKE MPU NPUOJIMKEHUH K HEH U yJIaJIeHUH OT Hee
OJIHOT'O U TOT'O € IOJIF0Ca MarHUTA.

[TpubnmkaiiTe MONIOC MAarHUTa K KaTYIIKe ¢ TaKOW CKOPOCTHIO, YTOOBICTpENIKa MIJLTHAMIIEpMETpa
OTKJIOHSUTACh HE OoJiee 4eM Ha MOJIOBUHY MPeIeIbHOTO

3HA4YCHUs €TI0 IIKAaJIbI.

[ToBTOpUTE TOT XK€ OMBIT, HO MpH OOJBIIEH CKOPOCTH ABMXKEHHMS] MarHUTa, Ye€M BIIEPBOM
ciIydae.

[Tpu Oomnplueil WM MEHBIIEH CKOPOCTU ABMKEHHUS MarHUTa OTHOCHTEIBHO Ka- TYIIKH
MarHUTHBIN TOTOK D, MPOHU3BIBAIOIINI 3Ty KaTYyIIKY, MEHsuICs ObicTpee?

[Ipu ObICTpOM WM MENJIEHHOM HM3MEHEHWHW MarHWTHOTO TMOTOKA CKBO3b KaTyII- Ky B HEH
BO3HHKAJ OOJIBIIHI MO MOYJTIO TOK?

Ha ocHoBanuu Baliero orseTa Ha I'IOCJ'ICI[HI/Iﬁ BOIIPOC cnenaﬁTe M 3allMIIUTC BBIBOJ O TOM, KaK
3aBUCUT MOAYJIb CUJIbI MHAYKIIMOHHOT'O TOKA, BOSHUKAIOIIETO B KATYIIKE, OT CKOPOCTU U3MCHCHHA
MAarauTHOIO IOTOKa (I), MMPOHU3BIBAOIICTO OTY KATYLIKY.

Cobepute yCTaHOBKY AJIsl OIBITA 110 PUCYHKY.
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7. TIpoBepbTe, BO3HMKAET JIU B KATYHIKE-MOTKE | MHIYKIIMOHHBIN TOK B CIEAYIOMIUX CIydasX:

MIPY 3aMBIKAHUU ¥ Pa3MBIKaHUH LIENH, B KOTOPYIO BKJIIOUEHA KaTyIIKa 2,

o

IIpU MMPOTCKAHUH YCPE3 KATYLIKY 2 TIOCTOSIHHOT'O TOKa,

C. mpH yBETUYEHUH U YMEHBIICHUH CUIIBI TOKA, MPOTEKAIOIIECTO Yepe3 KaTyIIKy2, MyTeM
[IepEMELICHUS B COOTBETCTBYIOLIYIO CTOPOHY JABUXKKA pEOCTara.

8. B KakMx M3 NeEpEYMCICHHBIX B MyHKTe 9 CIydacB MEHSETCS MATrHUTHBIA IOTOK,
npoHu3bIBarolni Katymky? [louemy oH mensiercs?

9. IIpomabmopnaiiTe BO3HMKHOBEHHE SIEKTPUYECKOrO TOKAa B MOJEIM TeHeparopa (puc.).
OO0BsicHUTE, TOUEMY B PaMKe, BpalIaroIeHCsl B MATHUTHOM T10JI€, BOSHUKAET WHIYKIIMOHHBIN TOK

10. Cnemnaiite BBIBOI.

KoHnTpoJibHBIE BONIPOCHI:

1. CdopmynupyiiTe 3aKOH JIEKTPOMArHUTHON HHIYKIIHH.
2. Kewm u xoraa 011 chOpMyTUPOBAH 3aKOH AJNEKTPOMArHUTHOW UHIAYKIIMU?
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JladopaTopnasi padora Ne20 mo Teme:
«M3MepeHne HHAYKTUBHOCTH KATYIIKH»
Iean nadopaTopHoii padoTHI:

- HCCJ’IGHOB&TB 3aBUCUMOCTb MHAYKTHBHOCTHU KaTYHIKH

- HM3mepeHue MHAYKTUBHOCTH KaTYIIKU
ONpeIeNsATh 3HAUCHUE UHTYKTUBHOCTH

st popMupoBaHust yMeHUI 00y4YalomMiicst 10J7KeH 3HATh:
- IToHsITHSI MHAYKTUBHOCTH
Ot 4ero 3aBUCUT MHAYKTUBHOCTb IIPOBOIHUKA
B pe3yabTrare BbINOJHEHHsI PA00THI 00y4aIOIIUIACA T0J2KEH YMETh:

- JIeJIaTh BBIBOJIbI HA OCHOBE 3KCIIEPUMEHTAJIbHBIX JAHHBIX;

- BBIYMCIATH UHAYKTUBHOCTH OT IIapaMeTPOB IIPOBOAHMKA

IIPUBOJUTH IIPUMEPHI IPAKTUUECKOTO IIPUMEHEHUS KaTyIUKH HHIYKTUBHOCTH
MCIIOJIb30BaHUs KaTyILIKU HHIYKTUBHOCTU B ITOBCEAHEBHOMN KU3HU

YueOHO-MeTOANYECKOE O0ecTIeYeHHe U MATEPUAIbLHO-TEXHUYECKOe OCHAILIIEHH e

J1abopaTopHoii padoThbI:

METOJIMYECKUE YKA3aHUS MO BHITIOJHEHHUIO Ta00PaTOpHOI pabOTHI IO TEME:

« 3mepenune MHAYKTUBHOCTH KaTYIIIKU»

- KOHCHEKT JEKIUH 1o aucuurinae «Du3nuka

- H3MmepeHne HHIYKTUBHOCTU KAaTYIIKU

- mpubop «1n-58»,

- uHCTpyKUMs K «Mi-58»,

- JpoccelibHas KaTyllKa,

- ApMO OT cepAeuHuKa pa3dopHOro TpaHchopmaropa.

TEOPETUYECKHWI MATEPHAJI 1O TEME JIABOPATOPHOM PABOTHI

. CamounayKknus
OKCIEepUMEHTAIbHO  YCTAHOBJIEHO, YTO MHAYKIMSI MarHUTHOT'O TOJISL B KaXK/10i TOYKE MPOCTPaHCTBA
BOKPYT MIPOBOJIHUKA C TOKOM IPOTIOPIMOHATBHA CHIIe TOKa B HeM. OTCro/1a ClIe/TyeT, 9YTO MarHUTHBIA TTOTOK

yepe3 KOHTYp NMPsIMO MPOIMOPLIMOHATIEH CUJIE TOKA B IPOBOJHUKE: 1)

Koaddurment nponoprronansuoctu L Mexay cunoi Toka | 1 MarHuTHBIM oTokoM @ depes KOHTYp
HA3BIBACTCS UHOVKIMUBHOCMbIO KOHMYPA.

NHAYKTHBHOCTH — 3TO (GU3MUYECKas BEIUYMHA, 3aBUCAIIAS OT IJIOMIAIN, OXBATHIBAEMOW KOHTYPOM,
(hOpMBI KOHTYpa, CBOMCTB CpeJibl, B KOTOPOIl HAXOAUTCS KOHTYP.
Enununa naaykTHBHOCTH B MeXmyHapoHOM cucteme HasbiBaeTcs eewpu (I'n). U3 Beipakenus (1) cnemnyer:
=2 1B6

I (2) 1T'a = A

KoHTyp, B KOTOPOM 3IEKTPUIECKUN TOK CHIJION | aMmIiep co3gaeT MarHUTHBIN TOTOK 1 BeOep, oOmagaet

WHJIYKTUBHOCTBIO | Te

WHIyKTUBHOCTh KOHTYpPa 3aBUCHUT OT €r0 T€OMETPHUYECKOI (POPMBI, pa3MepOB U MarHUTHBIX CBOWCTB
_ ugh®s
cpelibl, B KOTOPO# OH HAXOJMTCS B BaKkyyme Wi Bo3ayxe: 1 (3)
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rae N - o011ee 4HuciIo BUTKOB COJICHON A, [lo - MAarHUTHAS ITOCTOSTHHAS.
N

VuuteiBas, uTo 00BEM comenomma Y =!"5 a "T 7T - 4mHciIO BHTKOB,

NPUXOJAIIUXCA Ha €AMHUIY JIHHBI, (opmyiny (3) MOXKHO mepenucaTh

L=ugn®* -V

Bennuuny, paBHYIO OTHOUICHHIO HHAYKTUBHOCTH KOHTYpa B OJHOPOAHOM

cpene K WHAYKTHBHOCTH KOHTYpa B BaKyyMe, Ha3bIBalOT MATHUTHOWM
L

NPOHMIACMOCTBIO Cpelbl Lo
MarauTtHas IPOHUIIAEMOCTh CPEJIbI - Oe3pa3MepHasi BeIMInHA
Ecnm xoHTYp, cocTosnuii U3 NpoBOoAHKUKA 2 (PHUC. 2), TOMECTUTh BOJIU3M KOHTYpa 1 ¢ TOKOM,
W3MEHSIFOIIIUMCS C TCUSHHUEM BPEMEHHU, TO B IPOBOJAHUKE 2 OYIET 3aperuCcTPUPOBAHO HHIIYIIUPOBAHHOE
3IEKTPUYECKOE TOJIE.
SIBieHME BOSHUKHOBCHHS MHTYIIHPOBAHHOTO JICKTPHUECKOTO TOJIS B MPOBOTHUKAX, HAXOISAIINXCS BOIH3U
JOPYrUX MPOBOAHUKOB, IO KOTOPBIM NPOTEKAET U3MEHSIOIINNCS BO BPEMEHU
ANEKTPUYECKUN TOK, HA3bIBAIOT B3AUMHOM MHAYKIHU el

1. Mo uncrpykumu k «Mn-58» 03HAKOMBTECH € MOPSAIKOM PabOTHI ¢ IPHOOPOM.

2. Toakmouus 2400 BUTKOB JpocceIbHOM KaTyIIKu K BbiBogaM «R—Z» Ha «Mi-58»,0npenenure
MIOJTHOE CONPOTHUBIICHHUE ATOM YacTH KaTYIIKH.

Buumanwme! Tak kak akTHBHOE CONTPOTHUBIICHUE KATYIIKA MEHbIIIE HHIYKTUBHOT000JIEE YeM B
5 pa3, TO UM MOXKHO NpeHedpeub U cuuTarh Z = XL

3. BcraBup SAPMO B KaTyHIKy, OIIATH OIPCACITUTC IOJITHOC COIIPOTHUBIICHUC KATYIIKHU.

4. BeiHyB M3 KaTyIIKK SpMO, MOAKII0YNTE 3600 BUTKOB KaTYLIKH K 3akuMaM «R—2Z» u
OIIPEIENIUTE €€ TIOJTHOE COIPOTUBIICHHE.

5. Ucnonb3ys popmyny Xi =2
KaX/I0TO CIy4Jas.

TV L, onmpenenvure MHAYKTUBHOCTD KaTYIIKHU IS

6. Pe3ynbTaThl M3MepeHUii U pacyETOB 3aHecUTe B Ta0IL. 4.

E Tncao Cpena X, =2, v, L, £ AL, L AL,

g BHTKOE BHYT[H Cha I I'n I'n In

g KATYLIKH | KATYIIKH

1| 2400 Bosoyx | 300 400 0,12)0,0910,01]0,12 = 0,01
20 2400 Keneso| 340 4001 0,140,07 |0,01|0,14 = 0,01
3| 3600 Bozayx | 400 400 | 0,16 0,07 (0,01 ]0,16 = 0,01
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7. Tlo popmyne L paccunTtaiiTe OTHOCUTENBHYIO MOTPEIIHOCTh

I/I3MepeHI/If/'I AT KQKI0ro cirydas:

g, 002 14 g, 002 14
g = é,i-:i + 002+ 0,02+ 00 - U891 G US8; =,= é,i-:i + U2+ 0,02+ 210 = 0,47,
0,002 14
- é,m +0,02+ 0,02+ . = 0,0656 % 0,07.
8. ITo popmysie &L =L« g ompenesiuTe adCOJIFOTHBIE ITOTPEITHOCTH U3MEPEHUIA.
pmy. p rp p

9. 3anummTe OKOHYATENLHBIN PE3YIbTAT.

10 CpaBHI/IBaH HHIAYKTHUBHOCTH KaTYIICK, cnenaﬁTe BBIBOJ, OT YCIr'0 U KaK 3aBUCUT
HHAYKTHBHOCTD.

Memoouueckue ykazanusi

11.CpaBHuBas pe3ynbTaThl ONBITOB | U 2, NenaiT BBHIBOJ O 3aBUCUMOCTH MHAYKTUBHOCTH OT
cpenbl (OT €€ MarHUTHBIX CBOMCTB).

12.CpaBHI/IBaﬂ PE3YyJIbTAThI ONIBITOB 1u 3, ACJIAar0T BbIBOA O 3aBUCHUMOCTHU UHAYKTUBHOCTH OT
YHncCijia BUTKOB.

KOHTpO.]'IbeIe BOIIPOCHI

1. Kakoe siBneHue Ha3bIBaeTCs deKTpoMarHuTHOM uHaAykiuei? [losicaute onbitel Mapazaes. UTo ux HUX
cienyer?

2. ChopmynupyiiTe 3aKOH DJIEKTPOMArHUTHONH WHIYKIMH. [louemy miis oOHapyKeHUsS WHIYKIIMOHHOTO
TOKA JIy4llI€ UCIOJIb30BaTh 3aMKHYTHIN TPOBOJIHUK B BUJIE KAaTYIIKH, @ HE B BUJE OJJHOTO BUTKA?

3. Chopmynupyiite mpasuio Jlenma. Kak onpenenuts HarpaBieHHe WHAYKIIHOHHOTO TOKA?



JlaGopaTopuas pa6oraNe 21no Teme:
«/3y4eHne 3aBUCMMOCTH NEPHOA KOJIeOAHNH HUTAHOT0O MASITHUKA OTAJIMHBI
HUTH

eab 1a0opaTopHOii padoThI:

1. 3aKp€HI/ITL 1 COBCPHICHCTBOBATH 3HAHHWA O CYIIHOCTHU IMOHATUA MaTeMaTHYeCKHI
MasTHHK.

2. CoBepIICHCTBOBATH MPAKTUYECKUE HABBIKY IIPU U3MEPEHHUH MEepro/ia KojaeOaHmi
HUTSHOI'O MasTHUKA

st popmMupoBaHusi yMeHH 00y4YaloMiicsl 10/2KeH 3HATh:

IIOHATHUA MaTEMAaTHUYCCKOI'O MadTHHKA,

nepuosa,

YaCTOTHI,

YCKOPEHHH.

B pe3yabTare BbINOJHEeHHS PA00THI 00y4alOIIMICA 10JKeH YMETh:

JIeJIaTh BBIBOJIbI HA OCHOBE SKCIIEPUMEHTATIbHBIX JaHHBIX;
BBIYUCIIUTH MIEPUOJ] KOJIEOATEITHHOTO ABUKCHUS

MIPUBOUTH IPUMEPHI IPAKTUYECKOTO UCITOIB30BAHUS KOJICOATEIHHOTO IBHYKCHUS
B ITOBCETHEBHOM JKU3HU.

YueOHO-MeTOAUUECKOe 00ecTieYeHe U MaTePUATbHO-TEXHUYECKOe OCHAIIleHHEe
JadopaTopHoii padoThI:

METOJMYECKHE YKa3aHUsI 0 BBITIOJIHEHHIO JTa00paTOpHOIl pabOTHI IO TEME:
«M3y4yeHne 3aBUCIMOCTH TIepro/1a KoIeOaHU HUTSHOTO MasiTHUKA OT AJIMHBI HUTH»

- KOHCHEKT JNEKIUH 1o guciuIimae «Du3nkay;
- 1UTaTUB C JAepKaTeseM,

- IIapUK Ha HUTH,

- W3MEpUTENbHAs JICHTAWIN JINHENKA,

- CEKYyHJIOMeEp.
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CxeMa yCTAaHOBKH:

Jdacmux

Puc. 183

TEOPETUYECKHWIA MATEPHAJI IO TEME JIABOPATOPHOM PABOTHI

MaremaTuuecKUM MAasTHUKOM Ha3blBaeTCid MaTepuajbHas TOYKa, IIOJBEIIEHHAs Ha
HEBECOMOW W HEpPACTSDKUMOW HUTH. MOJENbI0O MOXKET CIYKUTh TSDKCNBIM IIapuK, pa3Mepsl
KOTOpOTr0 BeCbMa Majbl 10 CPaBHEHMIO C JUIMHHOM HHUTHU, Ha KOTOPOH OH NOJBELIEH (HE
CPaBHUMBI C PACCTOSIHUEM OT LIEHTpa TSKECTH J0 TOUKHU IojBeca). YueHsle ['anuneii, HpioToH,
beccenb u p. yCcTaHOBWIIM CIEAYIOLINE 3aKOHBI KOJI€OaHUsI MaTEMaTUUECKOTO MasiTHUKA!

1.Tlepron koneGanms MATEMATHIECKOTO MAsITHUKA HE 3aBHCHT OT MACCHI MasITHUKA U
OT aMILIUTY/IbI, €CIIM YToJ pa3maxa He npesbimaet 10.

2.Tlepuon KonebaHUsI MATEMATHYECKOTO MasTHHKA TIPSIMO MPOMOPIIHOHATICH
KBaJIpaTHOMY KOPHIO U3 JUIMHBI MasiTHUKA U 0OpaTHO MPOIOPLIMOHAJIEH KBaIpaTHOMY
KOPHIO U3 YCKOPEHUS! CBOOOHOTO MaICHHUS.

Ha ocHOoBaHMM 3THX 3aKOHOB MOXKHO Hamucath (opMmyity Ais nepuoaa Kojaedanu
MaTeMaTHYeCKOro MasiTHUKA!

T =2nl/g

HCHOHBBYSI MOACIb MW 3aKOHBbI KOJICOAHHM MAaTeMaTHYECKOTO MassTHHKaA, MOXHO
HpOHa6HIOI[aTB CBO6OI[HLIC KOHe6aHI/I5{, a TaKXKXE C HUX IIOMOUIBIO OIPCACIUTb YCKOPCHHUC
CBO6OILHOFO naacHus ajid CBOEHM MECTHOCTH U CpaBHHUTL CO CIIPABOYHBLIM 3HAYCHUCM Z.

MPAKTHUTUYECKHAN MATEPHUAJI ITO TEME JIABOPATOPHOM PABOTBI

Xoa pa0doThl:
1. YKpenuTh HUTh MasTHUKA B JepkaTelie mTatuBa. M3MepuTh JIMHY MasTHUKA
(MMHAa MasTHUKA CYMATACTCS OT TOYKH MOJBEcCa JO IEHTpa TSHKECTH
mapuka). OTKIOHUTh TIapUK Ha yron He Oonee 60 u ormycTuTh. ONpenenuTh Bpems,
3a KOTOpoe MasiTHUK coBepmit 20 koneOaHmiA.
2. BBIMHCINTE IEpHOJ KoeOaHus MasTHUKA, UCIONb3Ys popMyiy T=t/N.
3 [ToBTOPUTH OMBIT €llle TPU pas3a, yMEeHbIas (WIH YBEIHMYMBas) JUIMHY HUTUMASTHUKA.
4. ]lanHBIE BCEX OMBITOB M PE3yJILTATHI PACUETOB BHECTH B TAOIIMILY.

HpoaHaanpOBaTL PE3YIbTAaThl ONBITOB W CACIATH BBIBOJ O 3aBUCUMOCTHUIICpHOOA
HUTAHOI'O MasATHHKA OT JJIMHBI €T'0 HUTH.

6. BeBox
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Ne Jlnuna BpeMﬂ, KoauuyecTBo Hepno)l, YacroTa,
onbpiTa |HUTH, |, M t,c | komedanmii, N T, ¢ v, Ty

1

2

3

4

KoHTpoJibHBIE BONIPOCHI:

Kakue xonebanus Ha3bIBAIOT l"apMOHI/I‘IeCKI/IMI/I?
Kaxko¥ MasiTHUK Ha3bIBalOT MaTeMaTHUSCKUM?

Urto Takoe nepuo kojaedanuii? Uto Takoe yacToTa KojiebaHu?
3anuimTe ypaBHEHHE TapMOHUYECKOTO KOJIeOaHHs U HA30BUTE apaMeTPbl, BXOISIIIHE
B HETO.

PN
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JlabopaTopnasi paGora Ne22 no teme:
«OmnpenesieHue JJIMHBI CBETOBOI BOJIHbBI»

Henb 1adopaTopHoii padoThI:

- Hccnenosats siBiueHue qudpakius

- HM3mepeHue AMUHBI CBETOBOM BOJHBI C MOMOIIBI0 JUGPAKIIMOHHOMN peIeTKH
st popmupoBaHusi yMeHUii 00y4aromuiicst J0J15KeH 3HATh:

- Tlonstus qudpakuus
- Ort 4ero 3aBUCHUT JUIMHA CBETOBOM BOJIHEI

B pe3yJabTare BbINOJHEHHSI PA00THI 00y4AIOIIUIiCA T0J2KEH YMETh:
= ACJIaTh BBIBOJbI HAa OCHOBC 3KCIICPUMCHTAJIbHBIX JAHHBIX;
- BBIYHCIATH UHAYKTUBHOCTH OT IApaMeTPOB MIPOBOAHHUKA

Hean nabopaTopHoii padoThbI:

- OInpeaciiiATb 3HAYCHUC NHAYKTHBHOCTU
= MPUBOAUTH NPHUMCEPHI IIPAKTUYCCKOTO IPUMCHCHUS KAaTYIIIKU HHAYKTUBHOCTHU

= HCIIOJIb30BaHUSA KaTyIIK MHAYKTUBHOCTH B HOBCGHHGBHOﬁ JKU3HU.
Y4yeOHO-MeTOAHYeCKOe o0ecTieYeHHe U MaTepUAIbHO-TeXHUYeCKoe OCHALLIeHH e
JabopaTopHoii padoThI:

- METOJHUYECKHE YKa3aHHUsI [0 BBHIOIHEHUIO 1A00PaTOPHOU pabOTHI 110 TeMe
«Omnpenenenue JUIMHBI CBETOBOW BOJTH».

-  KOHCIEKT JIEKIIUH 0 JUCHUIUINHE «DU3NKa
- IIpubop nns onpeneneHus JIHHBI CBETOBOM BOJIHBI.

- JudpaxnuonHas pemeérka.
- IloxcraBka NOABEMHOIO CTOJIMKA.

- DJexTpuyeckas jamIa Ha IITaTUBE.

TEOPETUYTHUYECKUIHA MATEPHAJI 11O TEME JIABOPATOPHOI PABOTHI

I[H(l)pal(].[l/lﬂ CBETA - 3TO SBJICHHE OTrMOaHUs BOJIHAMU HpeHHTCTBHﬁ, BCTPCHAOMIUXCA HA UX IIYTU, U
IIPOHUKHOBCHUSA HX B o0mactp 3a MNpenATCTBUA, T. €. OMKIOHEHUEe pacnpocmpaHerusl 60JH Oom

NPAMONIUHENHO20 HANPABTIeHUs Y SPAHUY NPe2Paobl.

Kak moxa3bIBaeT OIbIT, CBET NPH ONPEAEIIEHHBIX YCIOBUSIX MOXKET 3aX0UTh B 00J1aCTh T€OMETPUYECKOM
TeHd. Ecny Ha MyTH mapajienbHOro CBETOBOIO My4YKa PAcMONOKEHO KPYIJIoe MPEensTCTBUE (KPYTiblid
JUCK, IApUK WIM KPYIJIOE OTBEPCTHE B HEMPO3pPauHOM JKpaHe), TO Ha JKpaHe, PACIOJIOKEHHOM Ha

JOCTaTOYHO OOJIBIIOM PACCTOSIHUU OT MPEMSATCTBUS, MOSBIAETCS AM(PPAKIUOHHASA KapTHHA.

JudpakunoHHas pemérka MpencTaBiseT co0OW COBOKYMHOCTh OOJBIIOTO YHCIA OYEHb Y3KHX

iesel, pa3eNn€HHbIX TPO3PAYHbIMU IIPOMEXKYTKAMU (pHUC)

I

-
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Xoporryto AUGPAKIUOHHYIO PEHIETKY HM3TOTOBISIOT C TOMOMIBIO CHIEIHMATBHOW JEIUTETHHON
MalllMHbI, HAHOCSIIEW Ha CTEKJSHHYIO IUIACTUHY MapajuleibHble MTPUXU. YHUCIO MITPUXOB JOXOAMUT A0
HECKOJIbKUX Thicsd Ha 1 mwm; oOmiee yucio mTpuxoB mnpesbimaer 100 000. [IpocTsl B M3roTOBICHUHU
JKEJIAaTUHOBBIE OTIIEYATKH C TAaKOM pEHIETKH, 3a)KaTble MEXIY ABYMSl CTEKISHHBIMU IUIACTUHAMH.
Hawnnyumumu xauectBamu 00J1a/1al0T TaK Ha3blBaeMble OTpakaTesibHbIE peméTku. OHU MPEeACTaBISIOT
co00if yepeayroluecs: y4acTKH, OTpaXkalolllie CBET M pacceuBaroliue ero. PaccemBaroniye cBeT MITPUXU
HAHOCSTCS PE3LOM Ha OTHUIM(OBAHHYIO METAJUTMYECKYIO TUIACTHUHY.

Ecnu mmpuHa npo3padsbix mieied (WM oTpaXKaroluX CBET Mojoc) paBHa b, To BennunHa d=a+b
Ha3bIBACTCS HEPUOOOM OuppaKkyuonnou pewrémku nopsiaka 10 Mxm.

PaccmoTtpum snemenTapHyto Teopuro AudpakiuonHoil pemeTku. [lycts Ha pemérky (puc 6) magaet
IJI0CKasi MOHOXPOMATUYECKasi BOJIHA AJTMHOM BOJIHBI A. BTOpUYHbBIE HCTOUHUKH, PACTIONIOKEHHBIE B IIETISX,
CO3/Ial0T CBETOBBIE BOJIHOBBIE, PACIpPOCTPAHSIOLIMECS 1O BceM HampaBieHusM. Haiiném ycioBue, mpu
KOTOpPOM UAYIIME OT IleJe BOJIHBI YCUIMBAIOT JApPYyr apyra. PaccmoTpum, Hampumep, BOJIHBI,
pacipoCTpaHsIOIIUECs B HAPABIECHUH, ONIPEAETIEMOM YIJIOM (. Pa3HOCTH X0/1a MeX /1y BOJTHAMHU OT KpaéB
COCEIIHUX IIeliel paBHa JAIUHE OTpe3Ka. Eciu Ha 3ToM oTpe3ke yKIIaabpIBaeTCs 1eI0€ YNUCIIO JJIUH BOJIH, TO
BOJIHBI OT BCEX IIeNieH, CKIabIBasICh, OYAYT yCWIMBaTh Apyra. Makcumymsl OynyT HaOIIOIATHCS MOA

YIJIOM @, B COOTBETCTBHH C YCJIOBUEM |d-sing = +k - 2| (6), rne Benmuuuna k=0,1,2,3,... onpenenser
HOPSIJIOK CIIEKTpA.

MPAKTUYTUYECKHI MATEPHUAJI IO TEME JIABOPATOPHOM PABOThBI

e/

I
I
A : /
L
a fyl
_
B K f;'f

[Tpumeuanus x pucynky 1: Ha 6pycke ¢ ocHOBHO# mikasioi “A” ykperuiéH nonsyHok “B” co
IIKOJION M MPHIEIbHO# mienbio “C”. “d” — mudpakinnoHHas perierka.

Ecnm pazHocth xoaa mydeit “AM” ykiiaapIiBaeTCsi 4€THOE YMCIIO TTOTYBOJTH, BBI3BIBAIOIINX
OIIYIICHUE KPAaCHOTO IBETA, TO B TOUKe “K” HaOMIOgaeTCs yCUIeHNEe KPaCHOTO I[BETA.
B cniekrpe 1-ro nopsinka: u3 AAMB : AM=A,=AB*sinL
AB=L (mocTtosiHHas pEeHIETKN)
sinL = tgL mpu mMasIx yriaax
tgl = 2% w3 AAOK
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B cniekrpe 2-ro nopsinka: AAO’B’: AM’=2),,=AB’*sinL

okxd
Z)LKP oax*2

AB’=L; sinL’ —tgL’
AB =d, 2 }\,Kp—_ d
OA

OKI

Xoa padoThl:

1. HapaccrossHuu 2-4 M. OT UCTOYHHKA CBETa YCTAHOBUTH MPUOOP TaK, 4YTOOBI Uepe3 MpULIETbHYIO
menpb “C” u audpakiiMoOHHYIO pemeTky “A” Obuta BUAHA HUTh dJICKTPUUECKON JTaMITbI.
Hab6mronaTe cnektp Ha mikane moiasyHa “B”

2. Wsmeputsb paccrosiaue AO 1o ocHOBHOH mikaje “A” oT nu(pakIimoOHHONW PEMIETKH 10 MOI3yHA.
/AO=500/.

3. W3meputb paccTOsSHUE OT NMPHULEIHHOM IIKAIbI 10 KpaifHel TpaHMIlbl KPAaCHOTO 1IBETA B CIIEKTPE
1-ro mopsinka OK, cieBa u cripaBa, U 3anucaTh B TAOIUILy cpeaHee 3HaueHue. CrenaTth Toxe
camoe aJis cuekrpa 2-ro nopsaka OK.

4. Cpenats nono6Hble u3mMepenus g puoneroBoro usera OO u OD.

5. Usmepurs paccrosinue OA, HOBTOpI/ITB OIBIT / OA—400/

Paccuutars: hgl=d 2 Ag2=d —on; Apl=d =t hg2=d -
Haiitu cpeanee 3HaueHUE: Acpenn. ]H)Lzrl—+m
BriBoa:
Liser [Mopsamox | Ilocrosn. | AO mm OK mm MPZE*% Axp.cpe.
CIIEKTpa D
Kp 1 500
Kp 2 500
Kp 1 450
Kp 2 450
LiBer [Mopsamox | Ilocrosn. | AO mm O® mm =30% | Ag.cpemn.
CIIEKTpa D n A0
duouer. 1 500
duouer. 2 500
dwuorner. 1 450
®wuorner. 2 450

KonTpoJubHblii Bonpoc:
Ilepeuncnure 7 OCHOBHBIX LIBETOB B NOPSAKE YMEHBIIEHUS JIMHBI BOJIHBI.
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JlabopaTopnasi paGora Ne23 no teme:
«Onpenesenne k03gpGuuMeHTa NPEJTOMIICHUS CTEKJIA)»

Henb 1adopaTopHoii padoThI:

- HccaenoBath IBICHHUE IIPpCIOMJIICHUS CBCTA

- BoruncnsaTe nokazatenb MperoMIIeHUs
st popmupoBaHusi yMeHUii 00y4aromuiicst J0J15KeH 3HATh:

- 3aKoH OTpa)KE€HUS U NPEIOMIICHUS
- Ot 4ero 3aBUCUT NOKA3aTeJlb MPETOMICHUS

B pe3yJabTare BbINOJHEHHSI PA00THI 00y4AIOIIUIiCA T0J2KEH YMETh:
= ACJIaTh BBIBOJbI HAa OCHOBC 3KCIICPUMCHTAJIbHBIX JAHHBIX;
- BBIYMCIATH MOKA3aTeNb IPEIOMIICHUS

YueOHO-MeTO HYECKOE 0O0ecTieYeHHe U MAaTepHAJIbLHO-TeXHUYeCcKoe OCHALIleHHe
J1adopaTopHoii padoThbI:
- METOAMYECKHE YKa3aHUs 10 BHITOJHEHHIO JIA0OPATOPHOM pabOTHI 110 TEME
«Onpenenenue k03P PUITUEHTA TPETIOMIICHUS CTEKI
- KOHCIICKT JICKIIUH 10 qucuuIuiHe «Du3ukay
- IIpubop s onpeneneHns AIMHBI CBETOBOK BOJIHBI.

- JudpaxnuonHas peméTka.
- TloxcraBka NOABEMHOTO CTOJIMKA.

- DJekTpuyeckas jamIia Ha IITaTUBE.

TEOPETUYTHUYECKUIH MATEPHUAJI 110 TEME JIABOPATOPHOM PABOTHI

Ilpenomienne cBera — 3TO W3MEHEHWE HAMpPABJICHUS Jyda Ha TIpaHHIE JIBYX Cpea pa3HOM
IINIOTHOCTH.

BcenencrtBue mpenomiieHuss HaONoJaeTcs Kaxkylleecs H3MEHeHHe (OpMBI TPEIMETOB, HUX
pacmooKeHus U pa3MepoB. B aToMm Hac MoryT yoenuTh npocteie HabmoaeHus. [Tonoxxum Ha THO MyCTOTO
HEMPO3payHOro CTaKaHa MOHETY WJIU JAPYroi HeOombIoi mpeamer. [logBrHeM cTakaH Tak, 4TOOBI IIEHTP
MOHETHI, Kpall cTakaHa W TJla3 HaXOAWUJIUCh Ha OJHON mpsiMoil. He MeHss MOyokKeHHs TOJOBHI, OyaemM
HaJIMBAaTb B CTakKaH BOAY. ITo MCpPE TMOBBIIICHUA YPOBHA BOJbI JHO CTakKaHa C MOHETOH Ka OBl
IMPpUIIOJAHUMACTCA. MOHCTa, KOTOpasa paHce Obl1a BUJHA JUIIb YaCTUYHO, TCHICPb BHUAHA IOJHOCTBIO.
VYcTraHOBUM HAKJIOHHO KapaHAaml B CcOCyne ¢ BOAoW. Ecim mocMoTpeTh Ha cocyn cOOKY, TO MOXHO
3aMCTUTDH, UTO YaCTh KapaHOalla, HaXOoAdA1assCcsa B BOJAC, KaXKCTCA C}IBHHyTOﬁ B CTOPORHY.

DTH SABIICHUS OOBACHSIOTCS HW3MEHEHHEM HaIlpaBJICHUA queﬁ Ha TpaHuUOC [IOBYX Cpea -
MMPpCIOMIICHUCM CBCTA.

3aKkoH MNpCeJIOMJICHUA  CBC€Ta  ONPCACIIKICT B3aMMHOC  PACIIOJIOKCHUE  MMaAarolmIero  Jryda,
HpGJ’IOMJ’IéHHOFO U NEPICHAUKYJIIApa K MIOBEPXHOCTHU pasacia Cpea, BOCCTAHOBJICHHOTO B TOUKE ITaJICHUA.

Yroa npenomiieHust y - yrojl MEXAy NPEJTOMIEHHBIM U NEPHEHIUKYISPOM K TpaHMIIE pa3jena,
BOCCTAHOBJICHHBIM B TOUKE MAJCHMUS.

[Maparouuii, oTpaKEHHBIN U MPENTOMIIEHHBIN Y4l HETPYIHO HAOIIOAATh, CACNAB y3KU CBETOBOM
IIy40K BUAUMBIM. XOJ TaKOro IIy4yKa B BO3JyX€ MOYKHO IIPOCIEIUTH, €CJIM IIyCTUTH B BO31yX HEMHOIO
JIbIMa WM K€ TIOCTaBUTh 3KPaH M0 HEOOJBIIUM YIJIoOM K Jydy. [IpenoMiIEHHbIN My4OK BUACH TaKKe B
MOJIKpaIIEeHHOH (PIII0OPECIIMHOM BOJIE aKBapHyMa.
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CHG.HJII/IyCOM OKCIICPUMCHTAJIIBHO IAJIA ITPCIIOMJICHUSA CBCTA ObLI YCTaHOBJICH 3aKOH NMPEJIOMJICHUSA
cBeTa:

JIYY na0arwull, 1y4 NpeioMiEHHbIL U NePReHOUKYAAD, NPOBEOEHHbLI K cpaHuye pazoenda cped 8 mouke
naoenus 1yud, 1excam 8 00HOU NIOCKOCMU, OMHOWeEHUe CUHYCA Yald NAOeHUS K CUHYCY Yellad NPeloMIeHUs

Eind
— = Ny

ecmb 8eUYUHA NOCMOSHHAA 051 OAHHBIX 08YX cped. EY

N2 — OTHOCUTENBHBINA IMOKa3aTelh MPEIOMIICHHS Ccpell (IMOKa3aTrelnb MPEIOMIICHHS BTOPOH Cpelbl
c [

vy Mg
[V Nz = — Mg = — Ny =— Hyg=—
OTHOCHMTEIBHO MePBOit), = v (L) mmm = m (2), * = v; — a0COJIFOTHBIE TTOKA3aTeH MPEIOMIICHUS

MEepPBOI U BTOPOI cpeibl (ITOKa3aTeIH MPEJIOMICHHUS OTHOCUTENIBHO BaKyyMa).

UYeM MEHbIIIE CKOPOCTh CBETA B Cpejie, TeM 0oJiee ONTUYECKH IIOTHOM e€ cunTaroT. Cpeny ¢ 60ibuIm
a0COTFOTHBIM TOKA3aTeJIeM IMPETOMIICHHSI Ha3bIBAIOT OMTUYECKHU 00Jiee TNIOTHOU. ECIN CBET MepexoauT u3
ONTHUYECKU MEHEee IUIOTHOM Cpelbl B ONTUYECKU 0oJiee TIIOTHYIO (HampuMep, U3 BO3JyXa B BOJY WIIHU
CTEKJIO), TO YroJl majeHus OoJiplie yria npeaomieHus. Hao6oport, eciau cBeT MPOXOIUT U3 BOABI WU U3
CTEKJIa B BO3/1yX, TO OH IIPEJIOMJISECTCS OT IEPIEHAUKYJIIAPA: YIoJl MaJIeHUS MEHbIIE yIia IPEIOMIICHUS.

AOCOJIIOTHBIN MoOKa3aTe/lb NpeJOMJIeHHsI 3TOH cpeabl N - (du3MYECKas BEIMYMHA, pPaBHAs

mn = —
OTHOILIEHHUIO CKOPOCTH CBETA B BAKyyMe€ K CKOPOCTH CBETa B JaHHOM cpele: 1

@u3nYecKuii CMbICT a0COJTHTHOIO NMOKA3aTesI: aOCONOMHUBLI NOKA3amelb NPeloMIeHUs CPeObl
nokasvleaem, 60 CKOJIbKO pd3 CKOpOCnb pacnpocmparnerus ceema 6 oanmnou cpede MeEeHbULE, UEM CKOPOCb
c

Pv=-

ceema 6 eaKyyme: n

Onmuuecku 6o0n1ee nromuasn cpeda - cpena ¢ OONBIIUM TMOKa3aTeleM MpenoMieHus. OnmuyuecKku
MeHee NJ1I0mHas cpeda - cpelia C MEHbBIIIUM MOKa3aTeNIeM MPEeTOMIICHHSI.

Wcnionb3ys BeipakeHue (2) aist IBYX CpeJi C OKa3aTeNsIMU MTPETOMIIEHHUS N1 ¥ N2, MOYKHO TIPEICTaBUTh
3aKOH IPEJIOMJICHHS B CIIEIYIOLIEM BH/IE.

3akon NPEJTOMJICHUSA: Omuowenue Cunyca yeia naoenus K CUHYCY Yyena npeiomieHust pasHo
sin o0 114

OMHOWEHUIO aDCONIOMHBLX NOKA3amenell npeloMIeHUsl BMOPOLL Cpedbl K nepgoti: EmY_,

C noMo1ipio 3aKOHa NMPEIOMIIEHUS CBETa MOYKHO PACCUUTATh XOJ JIydel B pa3iIMuYHbIX YCTpOMCTBaXx,
HanpuMep B TPEYroJIbHOM MpU3Me, U3TOTOBJIEHHOMN U3 CTEKJIAa WIIM JIPYroro Mpo3payHoro MaTepuasa.

NPAKTUUTUYECKUN MATEPHUAJ ITO TEME JIABOPATOPHOM PABOTBI

1 1M

1. 2. N A
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KoadduuneHT npenomiaeHus — 3T0 OTHOLLIEHUE CHHYCA yIJIa MaIeHUsI CBETOBOTO JIyda K CHHYCY
yria npeiaoMieHus Jiyda. [ 1aHHbIX ABYX cpell K03 PUIMEeHT mpeToMIIeHUs — BEIMYMHA

IOCTOsSHHAA.
np _ Ncrexna _ stnt

n nBosayxa S lnﬁ

Ny, =

sini

% , T

| — yron najieHus Jiyua Ha CTEKJIO

B — yros mpesiomMiieHHs TIPH MEepexo/ie Jy4a u3 Bo3ayxa (N=1) B crekiio (N=?)

Tak KaK nyp3; = 1, TO Nepey =

Xoa padoThl:
1. TlomoxuB CTEKJISIHHBIN Napajiienenunea Ha Oymary, nposectu Junuu AB, CJI.

2. TloctaButh urosku 1 u 2 Ha NpsIMOM, HE TIEPIICHAUKY/ISIPHOM TpaHu CTEKJa (KaK yKa3aHO Ha
pucynke). Vroi | — yron nagenus ny4a s3ats 60°.

3. C mpyroii cTopoHbI apajuieNenueia MOCTaBUTh UTOJIKY 3 Tak, YTOOBI OHA 3aropojuia coooi
uroJiku 1 u 2.
CMoOTpeTh HY)KHO CKBO3b OOKOBYIO TpaHb cTeksia. Ha HEKOTOpOM pacCTOSHUM OT CTEKIIa
MTOCTABHUTh UTOJIKY 4 TakK, 4TOOBI OHA 3aropomia codoro 1-yro, 2-yio u 3-10.
YOparh CTEKISTHHYIO TUTACTHUHKY, TOUKH 1, 2, 3 ¥ 4 COEMHUTD MPSMBIMU JIMHUSIMHU.
B Touke 2 BoccTaHOBUTH rpanu crekia nepneHaukyiassp MN. M3meputs Tpancnoptipom yrisl | 1
B u 3anMcaTh B TAOIUILY.

4. TIpomo/mKuTh JUHUIO 3, 4 BBEPX, HAWTH BeM4uuHy cMmerienus (d).

5. Haiitu cunycel yrnos | u B u paccuutath K0O3()PUIHEHT TPETOMIICHUS:

sini

n
12 sinf

6. VYron nagenus | B3a1h 30° u 45°, noTOpUTE OMBIT. IlOCTPOEHKE BHIIOIHUTH HA APYTOM PUCYHKE.

7. OmpenenuTs cpeqHee 3HaUCHUE “n’:

Nep = 3
8. PaccumTarh MOrpenIHOCTH:
An = |ncp — Nragy| on = nAr; -100%
9. BeiBog.
I, rpan | B,rpax | Sini | Sin I sini Ng | 4n én d, cm
- 127 sinB
1 60°
2 30°
3 45°

KoHnTpoJbHbIE BOpOCHI
1. Kak 3aBucuT BemuunHa cMernenus ayda (d) ot yria nagenus?

2. Kak 3aBucut BennunHa cMmelnieHus jtyda (d) oT mokasarens npenomieHus (N)?
3. KakoBa npuumnHa npeinoMieHus cBera?
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JlaGopaTopHas padoraNe 24 no Teme:
«Hao0onenue unTepdepeHIUN U THPPAKIUID)

Leasb padoThl: SKCIEPUMEHTAIBHO W3YUUTh SBICHHUS MHTEpPEpeHIMH U AU(paKIuu

eab 1a0opaTopHoOii padoThI:

- Hccnenosats siBineHue qudpakius

- HccnenoBats siBjaeHHe UHTEpPEPEHLIUN
st popmupoBaHusi yMeHUii 00y4aromuiicsi J0J15KeH 3HATh:

- TlousTus mudpakuus
- Hurepdepennus

B pe3yabTarte BblnoTHEeHUs pad0ThI 00y4AIOMIMICH J0IKEH YMeTh:
= ACJIaTh BBIBOJIbI HA OCHOBC 3KCIICPUMCHTAJIbHBIX JaHHBIX;
- TPUBOJUTH IPUMEPHI MPAKTUIECKOTO IPUMEHEHHUS SBJICHUS MHTEPPEPeHINN U AU(PaKIHH

Y4yeOHO-MeTOoAHYeCKOe oO0ecTieueHHe U MaTepUAIbHO-TeXHMYeCcKoe OCHALLIeHH e
JabopaTopHoii padoThI:

- METOJHMYECKHE YKa3aHWUsI I10 BBIITOJIHEHUIO JIA0OPATOPHOU pabOTHI 110 TeMeE:
«Habmonenne narepdepeHinu U AuGpakinm»

- KOHCIICKT JICKIUH 10 qucuuIuinHe «Du3ukay
- JJIEKTpUUECKas JIaMIla ¢ MPsSMON HUTHIO Hakasa (0JHa Ha KJacc),
- JIBE CTEKJIIHHBIC TUIACTHHKH,

- paMKa U3 IPOBOJIOKH,

- CTeKJsHHas TpyOkKa,

- MBUIbHAS BOJA,

- KOMIIaKT-/IHCK,

- CIIUPTOBKAQ,

- CIIMYKHW,

- Je3Bue 0e30MacHOi OpUTBHI,

- KampoHOBas TKaHb YEPHOI'O IIBETA,

- TIUHIET,

- IOTaHTEHIUPKYJIb.

TEOPETUYTUUYECKHWIA MATEPHAJI 11O TEME JIABOPATOPHOM PABOTHI

JAudpakuus cBera - 3T0 sBJIeHUE OrMOaHUs BOJHAMU MPEMATCTBUM, BCTPEUAIOIINXCS Ha UX MYTH, U
MIPOHUKHOBEHUS UX B O00JIaCTh 3a MPEMSATCTBUS, T. €. OMKIOHEeHUe pAacnpoCmpaHeHus GOIH Om
NPAMONUHEIHO20 HANPABTIeHUS Y 2PAHUY NPecpaobl.

Kak nokasbIBaeT ombIT, CBET IPU OMPEAETCHHBIX YCIOBUAX MOXKET 3aX0IUTh B 00JIaCTh T€OMETPUYECKON
TeHU. EcnyM Ha MyTH mapajielbHOr0 CBETOBOIO Iy4YKa PACIOJIOKEHO KPYIVIOE MPENATCTBUE (KPYTJblid
JUCK, IIAapUK WIA KPYIJIOE OTBEPCTHE B HEMPO3PAuYHOM HKpaHE), TO HA JKpPaHE, PACIOJIOKEHHOM Ha
JIOCTaTOYHO OOJIBIIIOM PACCTOSTHUU OT MPEMATCTBUS, MOABIISETCS AU (PPaKIHOHHASL KAapTHUHA.

HNuTtepdepennus cBeta. UcnoJib30BaHue HHTep(epeHIINH B HAYKe M TeXHUKe.
OnHUM U3 OCHOBHBIX IPUHIIMIIOB T'€OMETPUYECKON ONTUKH SABIAETCS NPUHYUN HE3AGUCUMOCTU CEEMOGbIX

nYUYKO8
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CBeToBBIE TyYKH, BCTPEYAACh, HE BO3AEHCTBYIOT APYT HA ApyTa.

Hor[p06yeM OMpeaACINTb 00acTh OPUMCHHUMOCTH 3TOr0 HNPHUHIUIIA, a TAKXKE BLBIACHUM, KaK MNPOUCXOAUT
B3aMMOJICCTBHE CBETOBBIX BOJIH, U3J1Iy4a€MbIX pa3JIMYHBIMHU UCTOYHUKAMH, 3a T'paHULlaMH €TI0 IPUMEHUMOCTH.

IIpu pacnpocTpaHeHUU B U30TPOIHOM CpeZie HECKOJIBKUX BOIH KaXKJas U3 HUX PACIPOCTPAHAETCA TaK, Kak
OyATO Apyrue BOJHBI OTCYTCTBYIOT, & PE3YNbTUPYIOLIEEe CMELICHNE YaCTHII CPEIbl B TIOOOH MOMEHT BpEMEHHU PABHO
T€OMETPUUYECKON CyMME CMELIEHUH, KOTOPBIE TIOJIy4atOT YaCTULbI, YYAaCTBYS B KaXKJOM U3 CIIArarolUX BOJHOBBIX
nporeccoB. B aToM 3akimouaercs UpUHUUI cynepnosuyuu (Hanoxcenusn) eonn. Hanpumep, eciad BOJHBI
PacIpoCTpaHAIOTCs OT ABYX UCTOYHUKOB, TO OHH, JJOXOAS IO KAKOI-TO TOUKH, BBI3BIBAIOT €€ KOJIeOaH!s HE3aBUCHMO
Ipyr ot npyra. Unrepdepenuus cBeTa - YacTHBIN ciiy4aid HHTEp(EpPEHIINH BOJH.

Hurepdepennus - 3T0 SBICHUE, BOSHUKAIONIEE TPH HAJIOKEHUH IBYX (MM HECKOJIBKHX) CBETOBBIX BOJH
OJIMHAKOBOTO TEPHO/a B OJHOPOIHON M3OTPOIHON Cpeje, B pe3ylbTaTe Yero MPOMCXOIUT IepepacipeeieHre
SHEPTUH BOJH B IIPOCTPAHCTRBE.

YcrolunBas BO BpeMeHH HHTep(epeHIMOHHAas KapTHHA MOXET HaONIONAThCS TOJBKO TPH CIOKEHUH
B3aUMOCBSI3aHHBIX KOJICOAHW, HA3BIBAEMBIX KO2ePeHmHbIMY BOITHAMH.

MPAKTUUYTUYECKU MATEPHAJI 11O TEME JIABOPATOPHOM PABOTbHI
Xoa padoThI:

OnbiT 1. OkyHHTE NTPOBOJIOYHYIO pPAaMKy B MBUIBHBI pacTBOp M BHHUMATEIHHO
paccMOTpUTE 00pPa30BaBIIYIOCS MBUIBHYIO IUICHKY. 3apUCYHTE B TETpagl i TaOOPaTOPHBIX
paboT YBUACHHYIO BaMU HHTEpPPEpEeHUMOHHYIO KapTuHy. OOpaTtuTe BHHMAaHHE, YTO TIpU
OCBEILIEHUU TUIEHKH O€JIbIM CBETOM (0T OKHA WJIM JIAMITbl) BOSHUKAIOT OKPAIIEHHbIE IOJIO0CHI.

C noMompl0 CTEKJISHHOM TPYyOKH BBIIYHTE MBUIBHBIM My3bIph M BHHUMATEIHHO
paccmotpute ero. IIpu ocBemieHnn ero OGenbIM CBETOM HaOIOJaeTCsi 00pa3oBaHHME LBETHBIX
uHTepdepeHIIMOHHbIX Konell. Ho Mepe yMeHbIIeHHs TOJIIHUHBI TUIEHKH KOJbIla, PaCIIUPSSCH,
nepeMeniaroTcsl BHU3.

3anumure B TETPaau AJs 1a00paTOPHBIX pabOT OTBETH! HA BONIPOCHI:
1. ITouemy MBUIBHBIE Ty3BIPY MMEIOT PAILYKHYIO OKPacKy?

2. Kakyro (opMy HMEIOT payKHBIE OIOCHI?

3. IMoyeMy okpacka My3bIps BCE BpeMsl MeHseTCs?

OnpiT 2. TuarenbHO MPOTPUTE JIBE CTEKISIHHbIE IJIACTUHKH, CJIOXKUTE HMX BMECTE U
COXMHTE TaibliamMu. M3-3a He uaeambHOCTH (DOPMBI COMTPHUKACAIOLINXCS TIOBEPXHOCTEH MEXITY
IUIACTUHKAMM 00pa3yloTcs TOHUYAMIIMe BO3AYIIHblE MyCcTOTHl. Ilpu oTpaxeHun cBera OT
MOBEPXHOCTEH TIUIACTHH, OOpa3yrOIIUX 3a30p, BO3HUKAIOT SIPKHE paxyKHbIE TOJIOCH —
KOJIbLIEOOpa3HbIe MM HEeMpaBUIbHON (opMbl. [Ipyn M3MeHEeHNH CUJIBI, CKUMAIOIEH TIIACTUHKH,
U3MEHSIOTCSI pacIioyiokeHue u (popma mosoc. 3apucyiTe yBUICHHbIE BAMU KaPTHHKH B TETPAIN
JUIs 1TabOpaTOPHBIX padoT.

3anummTe B TETPaau s TaOOpaTOPHBIX PabOT OTBETHI HA BOTIPOCHI:

1. TTouemy B MecTax CONPUKOCHOBEHHMS IIJIACTHH HAOIIOAIOTCS IPKHE Pay-

HBIE KOJIbIICOOpa3Hble WM HEMPaBUIBLHON (POPMBI MTOJTOCHI?

2. TloueMy ¢ M3MEHEHHEM Ha)KUMa M3MEHSIOTCS (JOpMa U PACIONOKEHUE HH-
TepPepeHINOHHBIX M0JI0C?

OmnpiT 3. PaccMoTpuTe BHUMATENBHO MO Pa3HBIMHU YTIIAMH ITIOBEPXHOCTh KOMITAKT-TUCKa
(Ha KOTOPYIO MPOU3BOAUTCS 3anuch). YTo BBl HaOmogaeTe? OObsICHUTE HAOII0JaeMbIe SIBICHUSI.
Onuiute HHTEPPEPEHIIMOHHYIO KapTUHY.

OnbIT 4. Bo3pMHTE MUHIETOM JIe3BHE 0€30MacHOM OPUTBBI M HArpeTe eroHaj IiaMeHeM
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CIHMPTOBKH. 3apHCyiiTe HaOII0AaeMyI0 KapTHHY B TETPAH Ui J1a00paTOPHBIX padoT.

3anummuTe B TETPaIH IS JJaOOPATOPHBIX PabOT OTBETHI HA BOTIPOCHI:
1. Kakoe siBiienue BbI HAOIOAATH?
2. Kak ero Mo»HO 00BSICHUTD?

OnsbIT S. [locMOTpUTE CKBO3b YEPHYHIO KAIPOHOBYIO TKAaHb HAa HUTbH TOPSILEH JIAMIIBI.
[ToBopaunBas TKaHb BOKPYT OCH, H00eiTech 4eTKoW Nu(PaKIMOHHON KapTHHBI B BUJAE JIBYX
CKPELIEHHbIX I0Jl HPSAMBIM YIJIOM JU(PPAKUUMOHHBIX HOJOC. 3apucyiiTe HaOIr0AaeMbli
TU(PaKIMOHHBI KpecT B TeTpamu Uil jJabopaTopHbiX pabor. OO0bscHuUTE HaOIIOZaeMble
SBJICHUS.

3anumure B TETpaau A 1a00paTOPHBIX PaOOT BBHIBOIBL.

VkaxuTe, B Kakux M3 MpOJEIaHHBIX BaMM OIIBITOB HAOJIOJAIOCh SIBJICHUE WH-
TepdepeHLny, a B KaKUX — SIBJIEHUE JUPPaKLIUK.

KoHTpoJibHBIE BOIPOCHI:
1. Yro takoe unreppepenimsn?
2. Yto Takoe audpaxuus?
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JlabopaTopnasi paGora Ne25 no teme:
«M3y4yeHne TPEKOB 3apAKEHHBIX YACTHUIL 110 TOTOBBIM (poTOorpadusam»

Heuab padoThl: U3ydyuTh CHOCOOBI HAOTIOACHUS M PETUCTPALIMHU 3aPSDKEHHBIX YaCTHII.

st popmupoBaHusi yMeHUii 00y4aromuiicsi J0J15KeH 3HATh:

- IloHsaTHs pagMOaKTHUBHOIO pacraja
- Ot 4ero 3aBUCUT TPEKOB 3apsKCHHBIX YaCTHIL

B pe3yJsbTare BbINOJIHEHHsI PA00THI 00y4aIOIIUICA T0J2KEH YMETh:
= ACJIaTh BBIBOJbI HA OCHOBC 3KCIICPUMCHTAJIbHBIX JAHHBIX;
- NPHUBOJUTH IIPUMEPHI MPAKTUUECKOTO MPUMEHEHHS pagraliu

YueOHO-MeTOAMYECKOE O0ecTIeueHHe U MATEPUATIbLHO-TEXHUYECKOe OCHAIIIEHH e
J1aDopaTopHoii padoThbI:

- METOJMYECKHE YKa3aHMsI [10 BBIIIOJIHEHUIO JIA0OpAaTOPHOU pabOThI 110 TEME!
«V3ydyeHue TpeKoB 3apsKEHHBIX YACTULL IO TOTOBBIM (hoTOTrpadusimM»

- KOHCHEKT JICKUUU M0 JUCUUIUINHE «DU3HKa»
- ®otorpadun KOCBIX CTOIKHOBEHHUH YaCTHII

- Tpancnoprup

- Jluneiika

- TOHKO OTTOYEHHBIN KapaHaall

TEOPETUUYTUUYECKHUN MATEPHUAJI 11O TEME JIABOPATOPHOM PABOTBI
Cnoco0bl HA0/II0IEHUS U PETUCTPANNM 3aPAKEHHBIX YaCTHIL.

HeJ’IL HUCCIIe0BaHUI HU3JTy4YCHUs BCHICCTB - BBIICHCHHUC MPUPOJALI YaCTHUL, H3JIIYYAaCMBIX IIpH
pPaaAuOaKTUBHOM pacnajac, HU3MCPCHUC SHEPIrUU IOTUX YaCTULl W HHTCHCUBHOCTU H3JTYUYCHUA (T. €.
ONPCACIICHUEC YUCJIa HaCTUL, U3JTyHaCMBbIX PaJUOAKTUBHBIM BCIICCTBOM 34 1 C).

Haubonee pacipocTpaHeHHBIMU IIPY PETUCTPALIUH SIIEPHBIX YACTUIL M U3ITYUYEHUN HUIIOTCS METOIbI,
OCHOBaHHbIE Ha HOHU3UPYIOLIEM U (POTOXUMHUECKOM AeMCcTBUM YacTUll. K HUM OTHOCATCS XMMHUYECKUE,
KajopuMeTpuyeckue u ¢ororpaduueckue Metosl. MoHn3upyroiee AelicTBUE U3ITy4YEHUS UCIONb3YETCs
B HOHU3ALIMOHHBIX KaMepax, cueTyrkax I 'eiirepa - Mroyiepa ¥ CUHUHTWIIALMOHHBIX CYETUUKAX.

JIroboe yCTpOICTBO, PErUCTPUPYIOIIEE dIEMEHTAPHbBIE YaCTUIBI WIIM JIBIXKYIIIUECS aTOMHBIE sIpa,
oI00HO 3apsHKEHHOMY PYKBIO C B3BeIEHHBIM KypkoM. HebomnbIioe ycunue npu Ha)XaTuu Ha CITyCKOBOM
KPIOYOK PYXKbS BBI3BIBAET 3(PPEKT, HECPAaBHUMBIN C 3aTOUEHHBIM YCUITUEM, - BHICTPE.

Peructpupyrommii npubop - 3To Oosiee WM MEHEe CII0KHass MaKpOCKOIMYECKas CUCTeMa, KOTopas
MOXXET HaxOJWUTHhCSI B HEYCTOWYMBOM COCTOSHHH. [Ipu HEOONBIIOM BO3MYIICHHH, BBI3BAHHOM
MpoJIeTeBIIeH YacTUlel, HauMHAETCs MpoIlecc IepexoJa CUCTEMbl B HOBOe, 0Oojiee yCTOMUHMBOE
COCTOSIHME. DTOT MPOIECC U MO3BOJISIET PETMCTPUPOBATh YacTUIly. B HacTosiiiee BpeMsi UCIOJIb3yeTCs
MHOKECTBO PA3JIMYHBIX METOJOB PETUCTPALIMU YACTHII.

B 3aBucumocTH OT 1enel SKCIIEpUMEHTa U YCIOBHM, B KOTOPBIX OH IIPOBOAMTCS, IPUMEHSIOTCS T
WM MHBIE PETUCTPUPYIOIINE YCTPOUCTBA, OTAUYAIOIIKE APYT OT APYra 110 OCHOBHBIM XapaKTEPUCTUKAM.

B pe3ynbrare HELEHTPaILHOTO (KOCOT0) COyIapeHUs ABYX IEMEHTAPHBIX YACTUI] KaXK/1asi pa3jieTaeTcs
10 TPAEKTOPHUH, BBIXOIAIIEH U3 OJHON TOYKU, TOITOMY 00Opa3yercs “BUIIKa.

Ha pucynke 1 nokazana uMiysibCcHasi AuarpaMMa Takoro B3auMOJEHCTBUSI IBHIKYIIEHCS YacTUllbl (Macca
ee M, CKOpOCTh ABMKEHUS JI0 U MOcie B3auMoaeicTBUst O 1 O1 )M HEMOABMXKHOM( Macca ee M,CKOpOCTh
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JIBH>KEHMS IIOCTIE B3aUMOICHCTBHS

O-yrou paccesiHus; ¢ -yroj OTIauH; Mu
MO u MO -BeKTOpBI UMITYJIHCOB C
HaJIETAIONIEH YaCTUIILI 0 U IIOCIIE (S

B3aUMOJICHCTBUS; MU- BEKTOP UMITYyJIbCa

HETIOBMXKHOM YaCTHIIBI ITOCIIC \)\ )

B3aMMOJICHCTBHSL. mu 0]

DHeprus 4acTull 0 B3aUMOJEHCTBUS puc.1
M®?/2, mociie B3auMOIEHCTBHUSA

MO:?/2 1 mu?/2, mo3TOMYy B COOTBETCTBHH C 3aKOHOM COXpPaHEHUS YJHEPTHH 3alUIlEeM YpaBHEHHE

MG%2 = MGAH2 + mu? /2

AB

C
\ 80°

M3A AOC (puc.l), corimacHo TeopeMe CHHYCOB ,3aIlMIIEM
Mu =_MO ; MO, = MO 1);
Sin6 sin(lT-(6+¢)  sing  sin(II-(6+¢)

CnenoBarenbao,U=MU sin ©/(m sin (II—(6+¢)); (2)
U=0 sin ¢ / sin(6+¢)
VYpaBHenue (2) nojactaBuM B ypaBHeHue (1) monyuum

MG?2= MO? sin?¢ + mu*M? sin*©

2 2 sSin?(6+0) 2m? sSin(6+¢)

[Tocre cokparienus o0eux vacTei mocaeaHero ypasuenus Ha MO?/2 umeem 1=_sin?¢  + _ M sin’©

Sin2(©+¢) m
Sin?(6+¢) wu Sin(O+dp)—sin?p=M_sin?O (3)

m

[TpeoOpasyem neByro yacTh ypaBHeHus1(3),3Has1, uto SinZa+sin3= sin(a+B6)sin(a—1>BL) ;
sin?(©+¢)—sin?p=sin(0+2¢ )x sin© 3)

CraemoBaresnbHO SIN?(O+¢)—sin?dp=sin?(6+2¢)sin ©. (4)
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VYyuuteiBas Beipakenue (4), ypaBHeHue(3)3anumiem Tax :
sin(©+2¢) sin ©6=M sin26/m wmu M/m=sin (6+2)/sin © (5)

Hccnenys Tpeku 3apsHKEHHBIX YaCTHIL IO TOTOBBIM (poTorpadusm u ucnonb3ys Gopmyny(5),M0KHO
PELIUTh Psii HHTEPECHBIX 3a/1a4.

NMPAKTUUTUYECKUN MATEPHUAJI 11O TEME JIABOPATOPHOM PABOTBI
Xox padoThI:

1. HUcnonb3ys (puc 2),HauepTUTh B TETPAAU TPEK HAJIETAIOLIEH YaCTUIIBI U IIPOJIOJIKUTH €r0

2. HaueptuTh npsIMOJIMHEIHbBIEC YIACTKU TPEKOB B3aMMOCHCTBYIOLINX YaCTHII, COXPAHUB
yribl paccessHust © u otaauul ¢. OTMETUTH 3TH YIIIBL.

3. 3BamucaTh Maccy M U3BECTHOM YaCTHUIBI B a.€. M. U, UCIIOJIBb3Ys (opMyny(5),BEIYUCIUTD
Maccy M paccessHHOW YacCTHIIbI.

4. 3nas M, ucnonbs3ys tadnuity “Ilepuogudeckas cucreMa 3J1€MEHTOB”, ONIPEICIIHUTh, SIAPOM
KaKoro aroma sBJII€TCS paccesHHas yactuua. HazoBute oty yactuiy.

5. Pe3ynbpTaThl H3MEpEHUil, BHIYUCIUTH 3aMUCaTh B TAOIUILY
6. BriBox:
Yron paccessHust | Yrona oTaauu Macca Macca Bun gactunmel
U3BECTHOU HEU3BECTHOU razoB
YACTHIIBI YaCTHUIIBI

KOHTpOJII)HbIe BOIIPOCHI.

1. HazoBure ¢popMysly KHHETHUECKON IHEPTHH YACTHIL, CPOPMYITHPYITE 3aKOH COXPAaHEHUH
JHEPIUH.
2. Yrto BaM M3BECTHO O MPOTOHE, (I-4aCTHIIE.
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DJIeKTPOHHBbIE YUeOHUKHU
1. 1C: Penerutop. ®uzuka 10-11xmacc. Bech mikonpHbIN Kypc [ DneKTpOHHBIN pecypc].
- M., JIunensnonnas xorus ot 1C.
2. 1C: Penerutop. Tectsl 1o (usnke [DnekTpoHHBIN pecypc]. - M., JlunensnonHas
konus ot 1C.
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