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3 TOPAAOK BBIITOJIHEHU A IABOPATOPHBIX PABOT:

JlaboparopHoe 3ansitie Ne 1 «Onpenenenne KodQPuIreHTa MOBEPXHOCTHOTO HATSIKCHUSD)
JlabGoparopnoe 3austue Ne 2 «Onpenenenue monyisa ynpyroctu (monyis KOura) marepuanay
Jlaboparopnoe 3ausatue Ne 3 «Onpenenenue yaeabHOT0 CONPOTUBICHUS TPOBOAHUKA»

Jlaboparopuoe 3ansitue Ne 4 «Omnpenenenrie DJIC U BHYTPEHHETO CONPOTUBIICHUS HMCTOYHHKA
TOKa»

ﬂa6opaTopHoe 3aHsTHe Ne 5 «Onpe,ueneHI/Ie QJICKTPOXUMHUUYCCKOI'O 9KBUBAJICHTA MCIU»

JlaboparopHoe 3ansitue Ne 6 «MccnenoBaHue TemieparypHOil 3aBUCUMOCTH COMPOTHUBIICHUS
MIPOBOAHUKOB M MOTYTIPOBOTHUKOB

JlaGoparopHoe 3ansiTie Ne 7 «MccnenoBanue 1eHCTBUSI MArHUTHOTO 110JISL HA TOK»
JlaboparopHoe 3ansitue Ne 8 «MccnenoBanue siBIEHUS AIEKTPOMAarHUTHON UHTyKIIUN

Jlaboparopuoe 3ausitue Ne 9 «OmnpeneneHue yCKOpeHHs CBOOOMHOTO TAACHUS MPH IMOMOIIU
HUTSIHOTO MasITHUKa)

JlaboparopHoe 3anstre Ne 10 «OmnpeneneHue KeCTKOCTU MPYKUHBI IPU ITOMOUIN MPY>KUHHOTO
MasTHHKa»

Jlaboparopnoe 3ausatue Ne 11 «Onpenenenue nokasaress MpeaoMICHUsT CTEKIIa»

JlaGoparopHoe 3aHstTHe Ne 12 «OmnpesneneHue IIMHBI CBETOBOM BOJHBI C  IOMOIIBIO
TU(GPaKIUOHHON PEleTKI

JlaboparopHoe 3anstue Ne 13 «3yuenue unreppepeHny u Auppakinuy CBETay
JlaGoparopHoe 3ansTHe Ne 14 «HabmroneHue CIuIonHOro ¥ JMHEHYaToro CreKTpoB»

JlaboparopHoe 3ansitTue Ne 15 «lccnenoBaHue TpeKOB 3apsDKEHHBIX YacTHIl 1O TOTOBBIM
¢dororpadusim»

I[TOACHUTEJIbHAA 3AIIMCKA

B pesynbrare ocBoenus yueOnoit aqucuumumiael @U3UKA obyuaromumiics: 10KEH yMETh:

e TIPOBOAWTH HAOIONCHMS, TUJIAHUPOBATh U BBIMIOJIHATH OKCIIEPUMEHTHI, BBIIBUTATH
TUIOTE3bl W CTPOHWTH MOJENU, MPUMEHSITh IMONyYeHHBIE 3HAHUS MO (U3UKE I
00BSICHEHUS Pa3HOOOPA3HBIX (PU3UUESCKUX SBICHUW W CBOMCTB BEIIECTB; MPAKTUIECKOTO
MCIIONB30BaHUS (PU3NYECKUX 3HAHHUIA,

* OLIEHUBATh JJOCTOBEPHOCTh €CTECTBEHHO HayYHOU MH(pOpMAIIH.

B pesynbrare ocBoenus yueoHou nuctuminabl PU3UKA cTyneHT 10KeH 3HaTh:



e 0 (yHIAMEHTAIbHBIX (U3NYECKMX 3aKOHAX U NPUHIMIAX, JIeKAIMX B OCHOBE
COBPEMEHHOM (hU3NYECKOI KapTUHBI MUPA;

e Han0oJee BaKHBIX OTKPLITUAX B obnactu (bl/ISI/IKI/I, OKa3aBIIUX OHNPCACIAOIICS BIUAHUC
Ha pa3sBUTUC TCXHUKHU U TCXHOJIOTHUH,

* MCTOJAAaX HAYYHOI'0 IMO3HAHUA IIPHUPObIL.

B pesynerare ocBoeHuss yueOHOU mucruruiiabl @U3WMKA CcTymeHT AO0KEH HUCHOIh30BaTh
NpUOOpETEHHbIE 3HAHUS M YMEHHUS Ui PELICHUS MPAKTUYECKUX 3a]lauy MOBCETHEBHOM KHU3HHU,
oOecriedeHns 0E30MACHOCTH COOCTBEHHOW KHM3HM, PALMOHAIBHOTO INPHUPOJOIONB30BAHUS U
OXpaHbl OKPY’KAIOIIEH Cpebl.

Brimonnenue cryaeaTamu 1a00paTopHBIX padOT HAMPaABICHO Ha:

e 0000IIEeHNE, CHCTEMAaTH3ALUIO0, YITyOlIeHNe, 3aKpelIeHne MOITy4YeHHbIX TEOPETHUECKUX
3HaHUI 110 KOHKPETHBIM TeMaM y4eOHOH TUCIUIIIHBI;

e (QopmHupOBaHUE OOIINUX KOMIICTCHITHH.

Llenpto J1aGOpaTOpPHBIX pabOT SABISETCA SKCIEPUMEHTAIbHOE IOATBEP)KICHHWE M IPOBEpKa
CYILLIECTBEHHBIX TEOPETUUYECKUX MOJI0KEHUN (3aKOHOB, 3aBUCUMOCTEM).

ﬂa6opaTopHoe pa6OTbI BKIIFOYACT CJICAYIOIIUC CTPYKTYPHBIC 2JICMCHTHI:
¢ HHCTPYKTAKX, HpOBOI[I/IMHﬁ MpCrogaBarciicM,
® CaMOCTOATCIIbHAaA ACATCIBbHOCTb CTY/ACHTA,
¢ AaHaJIM3 U OLCHKA BBIIIOJIHCHHBIX pa60T.

Beinonnenuo 1aboparopHbIX paboOT MpEeALIeCTBYET JOMAIHsASA MMOArOTOBKA C MCIOJIb30BaHHEM
COOTBETCTBYIOLIEH JUTEeparypbl (YUeOHUKH, JEKIIUH, METOANYECKHUE TIOCOOUS U yKa3aHus U Ap.)
U NIPOBEpPKA 3HAHUN CTYNEHTAa KaK KPUTEPUH HUX TEOPETHUECKON TOTOBHOCTH K BBINIOJIHEHMIO
3aaHMsL.

KoHTposib 1 OIleHKa pe3ysbTaToB BBINOIHEHUS CTYJIEHTaMU JaOOpaTOpHBIX pabOT HampaBlieHbI
Ha MPOBEPKY OCBOEHMSI YMEHMH, MPAKTUYECKOIO OIBITA, Pa3BUTHA OOIIMX KOMIETEHLUH,
OTIpeIeNIEHHBIX TPOrpaMMOl Y4eOHON AHUCIUITUHBI.

I[J'ISI KOHTPOJIA W OLCHKHU PE3YJIbTATOB BBIMMOJIHCHUA CTYACHTAMU SaI[aHI/Iﬁ Ha na60paT0pHI)1x
pa60TaX HCIIOJIB3YKOTCA TaKHUC (bOpMLI U MCTOAbI KOHTPOJIA, KakK Ha6J'IIO,[[eHI/Ie 3a pa60T0171
CTYACHTOB, aHaJIu3 Ppe3yjabTaToOB Ha6JIIO)1€HI/I$I, OII€CHKa OTYCTOB, OIICHKA BbIIIOJIHCHUA
WHIAUBUYAJIBbHBIX 3aﬂaHHI>’I, CaMOOIICHKA ACATCIBbHOCTH.

OI_ICHKI/I 3a BBHINOJIHEHHE 3aJaHul Ha na60paT0pHHx pa60T BBICTABJISIIOTCS IO IMATHOAIHLHOM
CUCTEMC U YUUTBIBAIOTCA KaK IMOKa3aTcIn TGKyn.[CfI YCIIEBAEMOCTH CTYACHTOB.

IIEPEYEHB JIABOPATOPHBIX PABOT ITO YUEEHOU JIUCLIUTIIMHE «PHU3UKA»

Ne | Temsl mo gucturuinae | Tembl 1abopaTopHBIX paboT Komn-Bo
/11 4acoB
1 Tema 2.1. OcHoBbl |JIPNel. M3yueHnue o1HOro U3 U30MPOIIECCOB 2
MOJIeKYJISPHO-
KHHETHYECKON TeopHH.




HpeanabHbIN ra3

2 Tema 2.3. Arperarubie |JIPNe2. OmpeneneHue OTHOCHTENBHOH  BIAKHOCTH |2
COCTOSIHMS BellecTBa M Bo3xyxa. [logroroBka oryera mo aboparopHoii padboTe.
(¢a3oBble nepexoanbl.
CBoiicTBa napos.

3 Tema 3.2. 3akoHbI JIPNe3.  Ompenenenue  3JIEKTPOEMKOCTH  Oartapew |2
MOCTOSIHHOTO TOKA. KoHzeHcatopoB  (unu  OmpeneneHue  yAeIbHOTO
COIIPOTHBIICHHSI IPOBOTHHKA).

4 Tema 5.2  BounoBbie | JIPNe4. M3mepenue nokazarenst mpeaoMiIeHUs cTekna. |2
CBOiicTBa cBeTA. OnpeneneHre TIaBHOTO (OKYCHOTO PACCTOSHHUS H
ONTUYECKOU CHIIBI JINH3BI.

HalGnionenve CrnekTpoB HCHYCKaHUST W TOIVIOLICHUS
ra3oB

3) Tema 7.2  ®usuka JIPNeS. HabGnronenune TpeKOB 3apsHKEHHBIX YacTHI] TIO |2
aroma rOTOBBIM (poTorpadusim.

Bcero 10

Pazpen 2.
Tema 2.1. OcHOBBI MOJIEKY/ISIPHO-KMHeTHYeCKO Teopun. UneanbHblii ra3
JIPNel. M3yueHue 0IHOTO U3 U30MPOLECCOB.

Tema 2.3. ArperarHblie COCTOSIHUA BelllecTBA M (pa3oBbIe Mepexoabl.
CBoiicTBa nmapos.

JIPNe2. OmpeneneHue OTHOCHUTENBHOM BII@XHOCTH Bo3ayxa. lloaroroBka oTdera Mo
naboparopHoii pabore.

Pazgen 3.2JIEKTPOJUHAMMUKA

Tema 3.2. 3aK0HBI IOCTOSIHHOIO TOKA.
JIPNe3. Omnpenenenue 3MeKTPOEMKOCTH Oarapen KoHaeHcaropoB (niau OmnpeneneHue yaelbHOTO
COTIPOTUBIICHUS MPOBOAHHKA).

Pa3nen 5. Ontuka
Tema 5.2 BoJHOBBIE CBOIiCTBA CBETA.

JIPNe4. MIzmepenne nokasaress IpeaoMIICHHsI CTEKIIA.
Ornpesenenne rmaBHOTO (POKYCHOTO PACCTOSIHUS M OITUYECKON CUITBI JTMH3HI.
Habnronenue cieKTpoB HCIYCKaHUs U TOIVIOLICHUS Ta30B

Pasnen 7. SJIEMEHTBI KBAHTOBOM ®U3UKH

Tema 7.2 ®uzuka aromMa

JIPNe5. HaOmnroneHue TpekoB 3apsyKEHHBIX YACTHIL [0 TOTOBBIM (hoTOrpadusim.

Tema 2.3 B3auMHble NpeBpalieHUs KUAKOCTEH U Ia30B




JIPNel. Onpenenenne kodduieHTa TOBEPXHOCTHOTO HATSHKEHHUS
Tema 2.4 Teepavble Tesna

JIP Ne2. Onpenenennie moayins yrnpyroct (moayns FOura) marepuana 24
Paznen 3.9JIEKTPOJJUHAMUKA

Tema 3.2

3aKOHBI NOCTOSTHHOIO TOKA

JIP Ne3 Omnpenenenue yneabHOT0 CONPOTHUBIICHUS TPOBOIHUKA

2

JIP Ne4

Omnpenenenue J/]C 1 BHyTpEeHHEro COMPOTUBICHUS HCTOYHHUKA TOKA
2
Tema 3.3

BHeKTpH‘{eCKI/Iﬁ TOK B Pa3/IMYHBIX Cpeaax

JIP Ne5 Omnpenenenue 31eKTPOXUMHUYECKOTO SKBUBAJICHTA MEIA 2

JIP Ne6 HccnenmoBaHue TeMIlepaTypHOM 3aBUCUMOCTH CONPOTHBIEHUS IIPOBOJHUKOB U
MOJIyTIPOBOJAHUKOB 2

Tema 3.4 MarautHoe noJie

JIP Ne7 VccnenoBanue 1elCcTBUS MarHUTHOTO 1OJISL HA TOK 2
Tema 3.5 SIBjIeHue 2JIeKTPOMATHUTHOM HHAYKIMHU

JIP Ne8 VccnenoBanue sIBIE€HUS JIEKTPOMAarHUTHON UHITyKIIUU 2
Pa3ngen 4. KOJIEBAHUSA U BOJIHBI

Tema 4.1 Mexann4yeckue Ko1e0aHHUA

JIP Ne9 Omnpenenenue ycKOpeHuUs: CBOOOTHOTO MAJACHHSI MPU TTOMOIIY HUTSHOTO MasiTHUKA 2

JIP NelO Omnpenenenne %eCTKOCTH MPY>KUHBI ITPU IOMOIIU MPY>KMHHOTO MasTHUKA 2
Paznen S.OIITUKA

Tema 5.1 CBeToBBIC BOJTHBI

JIP Nel1Omnpenenenne noxasaresns NpeaoOMIIEHHs CTEKIA 2

JIP Nel2 Omnpenenenuie JUIMHBI CBETOBOM BOJIHBI C TOMOIIbIO AUPPAKIIMOHHON PeIeTKH 2



JIP Nel3 Uzyuenue untepdepeHInu 1 U paxkiiuy ceera 2

Tema 5.2

HN3nydeHnne u cieKTpbI

JIP Nel4 HabGmroneHue CIUIOIIHOTO M IMHEWYaTOro CIIEKTPOB 2

Paznen 6. SJIEMEHTBI KBAHTOBOM ®U3UKH

Tema 6.3 ®u3uka aTOMHOIO0 Apa

JIP Nel5 HccnenoBanue TPEKOB 3apsyKEHHBIX YACTHI IO TOTOBBIM (oTorpadusim 2

Bcero: 30

[TOPAOK BBITIOJIHEHW A JIABOPATOPHBIX PABOT
JladoparopHnas padora Nel
«Omnpenesienne k03¢ PpUHEHTA TIOBEPXHOCTHOIO HATSKEHUSD)

[lenb: IKCHEPHUMEHTAIbHO OMNPENCIIUTh KOIPPHUIMEHT MOBEPXHOCTHOIO HATSKEHUS METOI0M
OTpbIBA Kallelb.

IIpenBapuTenabHas DOATOTOBKA K J'Ia60DaTODHOﬁ pa60Te:

Bonpocsr:

1.Kakumu cBoiicTBamMH 00J1a/1ae€T MOBEPXHOCTHBIN CIION KUAKOCTH?
2.YT0 Ha3bIBaCTCS OBEPXHOCTHBIM HATsHKEHUEM?
3.0t yero 3aBUCUT KOA(DPHUITUEHT TOBEPXHOCTHOTO HATSXKEHUS?

YcnoBHS BEITIOJHEHMS : BPEM: BBIITOJIHCHU A pa6OTI>I 2 yaca

Obecnieuenne 1a60paTopHOM PabOTHI: MITATUB, OIOpETKA, 2 CTaKaHa.

Teopernyeckue cBefeHusi: B MOMEHT oOTpbIBa Kamiu OT OIOPETKM CHJIa TOBEPXHOCTHOIO
HaTsDKeHUs paBHa Becy Kamium: mg = omd, Tie m — Macca Kamid, 6 — koddduuuent
MOBEPXHOCTHOTO HATSKEHUS BOJbI, d — BHYTPEHHHM JuaMeTp MUIETKH.

Orcrozna:

FRE
e

=

JI71s1 TOBBILIEHHST TOUHOCTH U3MEPAIOT Maccy M HECKOJIbKUX Karelb: M = men,

Jg=—_—=_
nore

IJIe N — YKCII0 Karelnb. Toraa pacyeTHas (opMylia MPUHUMAET BU/T;

Ykazanue K pabore:

1.OTKpBITH KpaH U T00UTHCS, YTOOBI KAl Maiajy MEJJIEHHO (JI1s cUeTa).



2.0TMEeTUTh HaYaIbHBIA O00BEM BOABI B OropeTke (B MiI).

st LRI

3.0rcuutars 100 xanesns.

4.CHOBa OTMETUM ypOBEHb BOJIbI B OIOpETKE (B MI).
5.0npenenuts 06bem 100 xanens Boas! (1ma=1cmd).
6.Boruncnuthk maccy 100 kanenb ¢ moMoIbio Gopmyisl: m=pV.
7. OnpeaenuTsb MIOTHOCTh BOBI 1O TabIuUIIE.

8.3ammcarb pe3ysbTar B TaOIUILY.

9.Boruncnuth K03GGUIUEHT MOBEPXHOCTHOTO HATSKECHHUSL.
9.IToBTOPHTH OMBIT, onpeneauB 00beM 150 Karens BOIbI.

10.0Onpenennth aOCOMIOTHYIO U OTHOCUTEIBHYIO MOTPEIIHOCTH:

1
Ecp =.
11.Cnenarb BBIBOJ C YYETOM a0COIOTHOM MOTPEIIHOCTH:

(H/m).



H/m

H/m

Ecp

100
2
150

KoHTpoabHBIE BOOPOCKHL:

1.®u3ndecknii CMBICI KOA(PPHUIIHEHTA TIOBEPXHOCTHOTO HATSKEHHSL.
2.3anucarb (GopMyITy Ui CHIIbI TIOBEPXHOCTHOTO HATSXKEHHUS.
3. IIpuBecTu npuMepbI 1EUCTBUS CUIJI TIOBEPXHOCTHOTO HATSKEHHUS.

4. Haiitu k03 GUIIUEHT MOBEPXHOCTHOTO HATSHKEHHS BOJIBI, €CJIA B KATWJUIAPE C AUAMETPOM 1 MM
OHa MTOJTHUMETCS Ha BbICOTY 32,6 MM?

Jlaboparopnas pabora Ne2 «Onpenesenne monyas ynpyroctu (monayJasi FOnra) marepuana»

[{enp: onpenenuTs MOLYIb YIIPYTOCTH PE3UHBI; IPOBEPUTH B Ipeeaax yIPYroCTH JUHEHHOCTh
CBs13U ehopMalvy U Harpy3KH.

[TpenBapurelbHAsA MOATOTOBKA K JIADOPATOPHOU padoTe:

Bonpocsr:
1.[late onpenenenue nedopmanuu.

2. KakoB ¢uznueckuii cmpica moayins KOnra?
3. OOBACHUTE, UTO MIPOUCXOTUT C TEJIOM MpHU ero redopManuu.

YcnoBHS BEITIOJHEHMS BPEM: BBIITOJIHCHH A pa6OTLI 2 yaca




OGecnievenue 1a00paTopHON PabOTHI: MITATUB, JBA IITHYPa PA3ITMYHOTO CEYCHHUS, IMHEHKA, THPH

TeopeTndecKkne CBEACHUS:

Monyns FOnra (Mmoxyns ynpyrocti) (auri. Young module) — ko3 duiiment, xapakTepu3yonuii
CONPOTHUBIICHHE Marepuasa PacTsDKEHUIO/CKATUIO MU ynpyroi nedopmanuu. HasBan B uecTb
anrmuiickoro ¢usuka XIX Beka Tomaca FOnra.

[Ton BMMsIHMEM BHEIIHUX CHJI Tella B TOW WJIM WHOM CTENEHU ACPOPMHUPYIOTCS, T. €. U3MEHSIOT
cBoto popmy u obdbem. Ilpu nedopmanu MoneKynbl Teda CMEIIAIOTCA, M TEJNO BBIBOIUTCS W3
COCTOSIHUSI PaBHOBECHsI, B KOTOPOM OHO HaxoJIWJOoCh NepBoHadasibHO. IIpu 3TOM BCiencTBue
B3aMMOJICUCTBUS MOJIEKYJl B Te€J€ BO3HHMKAIOT CHJIBI, CTPEMSILUECS BEPHYTh €r0 B COCTOSHUE
paBHOBECHS. DTH CHJIBI ICHCTBYIOT Ha KaXKIBIH JIEMEHT IMOBEPXHOCTH HEKOTOPOro oObema Tena
CO CTOPOHBI OKpYXarommx ero vacredl. /laBneHue, BO3HHKaroliee B Tele npu Jedopmanuu,
0OBIYHO HA3BIBAIOT BHYTPEHHUM HaMpPSKEHUEM.

Ecnu mocne npekparieHus AeHCTBUS CHIT TEJIO IPUHUMAET IIEpBOHAYAIbHBIE pa3Mephl U GopMy,
nedopMmanus Ha3blBaeTCs yIpyrou.

Yopyrue I[Cd)ODMaHI/II/I Ha6.]'IIOI[aI-OTC$I B TOM CJiy4dac, €CJIM CHJIA, O6VCJ'IOBI/IBI_Ha$I Z[Cd)ODMaI_II/II-O,
HE IPEBOCXOINT HEKOTOPOM, ONPEACICHHON IS KaXKJIOTO KOHKPETHOTO Tejaa IPEAC (HDGZIGJI

YIPYTOCTH).

VYrpyrue nedopmManuu 0ObIYHO HEBEIMKHU: BEIIMYMHA OTHOCUTEJIBHOTO YIJIMHECHUS OYCHb Maia.
Jns  pocratouHo Manblx  gedopManuil  OTHOCUTENBHOE YIUIMHEHHE MPONOPILHOHAIBHO
HAINpPsDKEHUIO, T. €, CUJIe, ICHCTBYIOIICH Ha €MHUILY TUIOIIAIH TOMEPEYHOTO CCYCHUS CTEPIKHS.
DTO yTBEepKJeHnE Ha3bIBaeTcs 3akoHoM ['yka (1676 r.).

3akoH FYKa MOKHO 3aIlMCaTb B BUJIC:

, TI€ TOCTOSHHBIA Kod(hduimeHT HaszpiBaeTcss monyiaeM FOura. Moayns FOHra omnpenensercs
TOJIBKO CBOMCTBaMM Marepuana cTepkHsA. Ero pa3MepHOCTh COBIAJAeT C Pa3MEPHOCTHIO
JTaBJICHHUS.

N3 dpopmynsl 3akoHa ['yka BusiHO, uT0 MOIynb KOHra paBeH TakoMy HOpMaJIbHOMY HalPsSKEHHUIO,
IIPU KOTOPOM OTHOCUTENBbHOE YNJIMHEHHE paBHO €AMHMIE (T. €. MPUpAIEHUE [JIMHBI PaBHO
NEepBOHAYAIBHOM JIIMHE ), €cJIi ObI CTONb OoMbIIMe yIpyrue aedopmanun ObUIM BO3MOXKHBI (B
JNEHCTBUTENBHOCTH MPH 3HAYUTEIbHO MEHBLINX HANPSKEHUSX MPOUCXOJUT pa3pylLIeHHE Tela,
ellle paHbllle JOCTUraeTCs Mpeaesl YIpyrocTh).

OTHOCHTEIBLHOE YAJIIMHCHHUEC PABHO .

B aunamuyeckux 3amagax mMexaHuku Moayinh FOHra paccmarpuBaetcst B 0ojiee 00IIEeM CMBbICTE
— Kak (yHKIHOHAN cpesl u mporecca. Moayns FOHra paccuuThiBaeTcs CleayOmuM 00pa3om:
E=F (o

ALS
Xo paboThl:
1.ITonBecHTh OJTMH M3 PE3UHOBHIX IITHYPOB 3a KOHEI] Ha IITATHUBE.

2.HanecTn Ha cpegHeM yyacTKe IIHypa KapaHJalloM WIM YEpPHUJIAMHU JBE TOHKHME METKU Ha
paccTostHUM NpuoaM3uTeNnbHo 10 cM apyr oT apyra.

3.13MepuTh HauaJIbHOE pacCTOAHUE L0 MEKTy METKaMU.
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4.Harpy3uts mHyp rupeil Becom 1 H, u, BbDKIaB, IIOKa HE 3aKOHUMTCSA PACTSDKEHUE ILIHYPA,
MU3MEPUTH pacCTOsIHUE { MEXKIY METKAMHU.

5.¥YBenmuuuth Harpy3ky F2 = 2H u cHOBa U3MEpUTH.
6.J1151 Ka)KI0M HAarpy3Ku ONPEeTUuTb a0COIIOTHOE YATIMHEHUE PE3UHBI.

7.Pe3ynbrarhl M3MEpEeHUH 3aHECTH B TAOJHILY:

8.Bbrunciants Moayine ynpyroctu E pesunsl no ¢popmysne:
E=F o
ALl S n naiitu cpennee 3Hauenue E cp.: Ecp. =El + E2

2

9.I10BTOpPUTH ONBIT C PE3MHOBBIM IIHYPOM JPYIOrO CEUEHUS U CHOBA OINPEAEIUTh MOIYIb
YIPYTOCTH IIPHU TEX KE 3HAYCHUSIX CHJIBI.

10.ITo monmyyeHHBIM JAAHHBIM MOCTPOUTH Ipa@UK PacTSHKEHUS PE3UHBI, OTKJIa/bIBas MOnyiab F
CHJIBI [T0 BEPTUKAJIBHOM, a abcomoTHOe yasuHeHne Al - 1o ropu30HTaNIbHOM OCH.

11. Cnenatp BBIBOJL.
KonTpoabHbie Bonpoch:

1. Kakas nedopmaruisi ”MEET MECTO B TAHHOM OTIBITE: yIIpyras WiH mactuuHas. [Touemy?

3.BbruncnuTh MOAYNb YOPYTOCTH JUIS JKEJI€3a, €CIIM U3BECTHO, YTO JKEJIE3HAs IPOBOJIOKA AJTMHON
1,5 M u ceuennem 10°m? mox neiicTeuem cust B 200 H yamuamnocs Ha 1,5 M.

Jlaboparopnas pa6ora Ne 3
«OmnpenesieHne y1eJbHOr0 CONPOTUBIEHUS MPOBOTHUKA)

“eJ’ILZ OCBOHUTH HpI/I60pI)I U MCTOA ONpPECACICHUA COIPOTHUBICHUSA IMPOBOAHHKA, OIIPCACIINTH
YACJIBbHOC COMMPOTHUBJIICHUC ITPOBOAHUKA; CPABHUTH IMMOJTYYCHHOC 3HAYCHUC C TaOJIUYHBIM.



[IpenBapurenpHas DOATOTOBKA K JJaboparopHoil padbore:

Bomnpocsi:

1.YT0 Takoe ynenbHOe COMPOTUBICHUE TPOBOIHUKA?
2.Chopmynupyiite 3akoH Oma J1J1s1 ydacTKa [erH.

VYci10BHS BBITOJTHEHHUS : BPEM: BBIITOJIHCHHAA pa6OTH 2 Jaca.

ObGecnieuenne 1a00paTOPHON PAOOTHI: COMPOTHRICHUE, aMIIEPMETP, BOJIETMETP, HCTOUHUK TOKA,
COCTMHUTEIIbHBIC TTPOBOJIA.

TeopeTnueckue CBEAEHUS:

ONEKTPUUECKOE  CONPOTUBIEHUE  XApAaKTEpPU3yeT IPOTUBOJACHCTBUE  IPOBOJHMKA WU
UIEKTPUUYECKON LENH YHOPSI0UYEHHOMY IepeMelleHuto Hocuteneill Toka. CorntacHo 3akoHy Oma,
CHJIa TOKa B OJHOPOJHOM YYacTKe LIE[IM paBHA OTHOILIEHUIO HanpsbkeHHs U Ha ero KoHuax K
COIIPOTHBIICHHIO 3TOr0 y4acTka R:

(1)

B sToM ciydae sneKkTpuueckoe CONPOTUBIEHUE HA3bIBAOT akmuehvim. OHO 3aBHCUT OT
Marepuaga MPOBOJAHMKA, €ro pa3MepoB U (opMbl. [JI1 OZHOPOAHOTO IO COCTaBy JIMHEHHOTO
HPOBOJIHUKA C ONEPEYHBIM CEYCHUEM S U JITHHOM |

(),

rme p— Kod((GUIMEHT NPONOPIUOHATFHOCTH, XapaKTEPHU3YIOMMH Mareprall IPOBOIHUKA.
Ha3zbiBaetcst 3T0T KOADGUIIUEHT YOenbHbIM NIeKmpUuiecKumM conpomusieHuem U YUCIeHHO paBeH
COIPOTHUBIICHUIO OIHOPOTHOTO MHJIUHAPUICCKOTO MPOBOIHUKA, HM3TOTOBICHHOTO W3 JIAHHOTO
Marepuana, UMEIOIIEro SAMHUYHYIO JTIMHY U €IMHUYHYIO ILIONIA/h TIONEPEYHOTO CCUCHHUSI.

N3 popmyns (2) cnegyer
3)

TO €CTb, YTOOBI ONPEACIIUTL YACIBHOC COIIPOTUBICHUEC OAHOPOAHOI'O IO XUMHUYCCKOMY COCTAaBY
MMPOBOJAHHNKA, UMCIOIICTO IMMOCTOAHHYIO IIJIOIIAAb IMOIICPECUYHOTO0 CCUCHUA, H€O6XO)II/IMO HU3MCPUTDH
€T0 COMMPOTHUBJICHUC ITOCTOAHHOMY TOKY U I'COMCTPUICCKUEC TaPpaAMETPHI.

XoJ1 paboThl:
1.Haueptuts cxemy ANIEKTPUYECKON LeMu. Cobparb Lenb 1o

(AY

A
\_/
1 2 4
—— CV) R U

cXeMme.

2.Haueptuth TaOIUITy 17151 3aMIUCHA U3MEPEHUM.

3.3anucarp IIoKa3aHUus aMIiepMeTpa U BOJILTMECTpPA B Ta6J'II/II_[y.

4 Vcnonb3ys 3akoH OMa 11l yyacTKa e, BBIYUCIUTh RX.
5.Haiitu ynensHOE conporuBienne u3 hopmyis (3)

6.PC3YJ'ILT8.TBI I/ISMCpCHHﬁ Y BBIUHCJICHUN 3aHECTU B Ta6J'II/II_Iy1



7.BBIUMCINTH OTHOCUTEIBHYIO U A0COTIOTHYIO MTOTPENTHOCTH U3MEPEHUH.

8.CpaBHUTE MOJIYYCHHOE OIMBITHBIM IyTEM 3HAYCHHUE YICIBHOIO COIPOTUBIICHHS IMPOBOIHHUKA C
TaOJIMYHBIM.

Ta6JII/IHa YACABHBIX COIPOTUBICHUN IIPOBOJHUKOB

Crenars BBIBOJ,

KoHTpoabHBIE BOOPOCHL:

1. Beipa3uth nojiy4eHHOE yIEIBbHOE CONPOTUBIEHUE B OM MM?
M
2. YUto 3HauuT: yaenbHoe conpoTusieHue amomunus 0,028 Om-mm?

M

yaenbHoe cornporuiienue nunka 0,06 Om-mm?

M

3. Haiitu compoTHBIIEHHE OIHOTO KHUJIOMETpa aJIOMHHHEBOW IPOBOJIOKH, €CIU IUIOMIAIdb
nornepeyHoro ceyeHus 0,2 Mmm 2,

4. Cuna TOKa B IPOBOJIHUKE YBEIMUYWIACh B 2 pa3a. Kak u3BMEeHWII0Ch €ro conpoTUBIeHuE?

JlaboparopHoe 3ansitue Ne 5

«Onpezleneﬂne IJTCKTPOXUMHUIECCKOI'0 IKBUBAJCHTA MEIN

ﬂem,: OKCIICPUMCHTAJIBHO OIMPCACIIUTD SHCKTPOXI/IMI/ILIGCKI/II\/’I OKBHBAJICHT MCIH.

[IpenBapuTenbHas DOATOTOBKA K HaGODaTODHOﬁ pa60Te:

Bomnpocst:

1.YTo Takoe 3NEeKTPOIUTHYECKAS] TUCCOIUALIHS?

2.YT0 Takoe 3MeKTponu3?

YcnoBHS BHIIOJHEHMS BPEM: BBIITOJIHCHHA A pa6OTLI 2 gaca.

ObecnieyeHue J1abopaTopHON pabOThI: BEChl TEXHUYECKHE, HAOOP THPh, aMIIEPMETP IIKOIbHBIH 2
A, wyacel, BeiIpsMuTens Ha 6 B, 2 A, peocrar 6 Om, 2 A, ko4, BoiasTMeTp 6 B,
ANIEKTPOIUTHYECKAsI BAHHA, PACTBOP MEIHOTO KYIOPOCa, JEKTPOTUIATA.

TeopeTnueckue CBEIEHUS:

[IpencraBnenre 06 HOHHOW MPOBOAMMOCTH XOPOIIIO U MPOCTO OOBSICHSET SIBICHUE 2/1eKMPONU3d.
Ho otkyma OepyTcsi WOHBI, BHYTPH OJCKTPOJUTA, €CIH JO PACTBOPEHUS MOJICKYIbI



PAacCTBOPEHHOTO BEIIECTBA B I1I€JIOM HE ObUIM 3apsikeHbI? BO3HHMKAIOT JM 3TH HMOHBI TOJ
JIEMCTBUEM TOKA, UJIH K€ OHU UMEIOTCS B 3JIEKTPOJIUTE €IIe /10 BKJIIOUEHUS TOKa?

HecnoxHbele ONBITHL U pPacCy’KaACHHA IMOKA3bIBAIOT, YTO Pa3ACIICHUC MOJICKYJI Ha 3apsiKCHHBIC
HOHBI HE CBsJA3aHO C HAJIHUYHUEM TOKa. HeﬁCTBHTeHBHO, ecii OBl MOJICKYJIBI pa3pbIBaIMCh
QJICKTPUYCCKUM II0JIEM, UMCIOIIUMCS IIPU SJICKTPOJIHU3C, TO HJOJIKHA ObL1a OBI CylI€CTBOBAaThb
HEKOTOpass MHHUMAJIbHAA HAIIPSXKCHHOCTDb IIOJISA B OJJICKTPOJIHUTE, HeO6XOI[I/IMaH JJIA Ha4dallia
QJICKTPOJIM3a W 3aBUCALNAA OT HNPOYHOCTHU MOJICKYIL. Ho QJICKTPOJIN3 HAYUHACTCA IPU JIIO6OM,
CKOJIb YIOAHO MaJIOM IIOJIC. 3HaLII/I']; HOHBbI o6pa3y10Tc;1 B IIPOLECCE PpaCTBOPCHUA BEIICCTBA.

e

®

4010

A
DTOT MpoLecC HOCUT HA3BAHUE INEKMPOIUMUYECKOU
ouccoyuayuu. PacTBOpeHHEe HE BCErJa COIPOBOXKIAETCS AUCCOLUAIMEN HA MOHBL, a IO3TOMY U
HE BCE PACTBOPHI MIPOBOJST AMEKTPUUECKUIN TOK.

SIBnenue QJICKTPOJIM3a IINUPOKO HUCIIOJIB3YCTCA:

1.3H€KTPOHHTH‘ICCKHﬁ MCTOA IMOJTYYCHHA YUCTBIX MCTAJIJIOB (I-)JICKTpOJII/ITI/IIIeCKOG OUUIICHUC
wii paduHupoBanue). V3 HEOUMIIICHHOTO MeETajula OTIMBAIOT JJIEKTPOABI M IOMEIIAT B
anekTponut (s meau — pactBop CuSOs) B kauectBe aHona. Ha xarome OymeT BBIIEISATHCS
YHCTasi Me/lb, @ MPUMECH M3 Pa3pyIlIAOIIerocss aHoaa OyayT Ju00 MepexoquTh B pacTBOp, MO0
BBITIAJIaTh HA JIHO BaHHBI B BUJE OCAJKa.DTOT MPOIECC JJIsi HEKOTOPHIX METAIOB IPOUCXOINUT B
paciuiaBax. Tak TOOBIBalOT QJIFOMUHUI BO BCEM MUpE.

2.I'anpBaHOCTETHSA — 3TO MCTOA IMOKPLITUA MCTANIMYCCKUX NPCIMETOB CIIOEM ApYyroro Merajuia.
I_HI/IpOKOG MMPUMCHCHUC NUMECT XPOMHUPOBAHUC, HUKCIIUPOBAHUC, cepe6peHHe, 30JI0UCHUC.

3.I'anbpBaHOMIACTHKA — M3TOTOBJIEHUE TOYHBIX pelibe(HBIX KONMHM M3 MeTaljia CO CIENKOB M3
1r000r0 MarepHaina, MOBEPXHOCTh KOTOPOTO JENA0T TOKOIPOBOMSAIIEH, MOKpHIBAs €€ TOHKUM
cioeM rpagura.

Xoz paboThI:

° MeI[HYIO IUIaCTUHY, KOTOpas 6y,ueT KaTo4aoM, C€CJIM OHa MOKpad, MNOACYHIUTH I10[]
BHGKTpOHHHTOﬁ, TINATCJIbHO B3BCCHTH C TOYHOCTBIO [0 10 Mr u 3amucarb pe3yJIbTaT
B3BCIIIMBAHH B Ta6J'II/II_[y.

e BcraButh OJICKTPO B DJJICKTPOJIHUTHYCCKYIO BAHHY MW COCTABUTH JJICKTPUYCCKYIO LCIIb
COri1aCHO CXCMC.

o OTperynmpoBaTh peocTaToM TOK, 4TOOBI BEJMYMHA €ro He mpeBbimana 1 A Ha 50 cm?
MOTPY>KEHHOW YaCTH KaTOAHOM TIJIACTHUHBI.

e 3aMKHyTb 1enb Ha 10 MUHYT.
¢ Pa3oMKHYTb 1Ieb, BBIHYTh KaTOJHYIO IJIACTUHKY U IPOCYIIUThH €€.
e B3BecHTb BBICYIICHHYIO IUIACTHHKY C TOYHOCTBIO 10 10 MT.

e 3HayeHUE TOKa, BPEMs OINbBITA, YBEIUYCHUE B MAcC€ KaTOAHOW IJIACTUHKH 3alucaTh B
TaONHITy U ONIPENICTUTh MEKTPOXUMHUECKUN YKBUBAJICHT.



Kkr/Kin

Crenarp BbIBOA( CPAaBHUTE MOJYUYEHHBIN pe3yibTaT ¢ TAOIUYHBIM).

KOHTpO.]'IbeIe BOIIPOCHI:

1.[lo kakux mop OyAeT MPOUCXOTUTH SIEKTPOJIU3 METHOTO Kylopoca, eCiu:
a) o0a IIeKTpo/Ia METHBIE;

0) 06a sneKTpoa yrojibHbIe?

2.1lpu HUKeNMpPOBaHUM JAeTald B Te4eHHH 50 MUHYT CHJIa TOKA, MPOXOISUIET0 YEepe3 BaHHY,
paBHa 2A. KakoBa Macca BBIJICTABIIETO BEIIECTBA HA JACTAIH.

JladoparopHoe 3ansitue Ne 6

«HceaenoBanue TemMmeparypHOM 3aBHCHMOCTH  CONPOTHBJICHHSI NPOBOAHMKOB M
MOJIyIPOBOAHUKOB)»

[lenb: ompenenuth TemieparypHblii koad¢unueHt comnporusienus (TKC) npoBomHuka u
MOJIyTIPOBOJAHHUKA.

[TpenBapurelbHAsA MOATOTOBKA K JIADOPATOPHOU padoTe:

Bonpocsr:

1.Yto Takoe npoBoanuku? Kakue BeniecTsa K HUIM OTHOCATCS?

2.Yt0 Takoe nosynpoBoaHuKkn? Kakue BeniecTsa K HUIM OTHOCATCS?



3.Yem o0ycioBieHa TemreparypHast 3aBucuMoctb R(t) s mpoBomHuka?
4. Kakue npuOOpBI HCIIOIB3YIOTCS JIJISl K3MEPEHHUST CONTPOTHBIICHHS U TEMIIEPaTyphi?

Ycii0BUS BBINONHEHUS: BPEMS BBIIOJIHEHUS pabOThI 2 yaca.

Obecnieyenue 1a00paTOPHON PabOThI: PETyIUPYEMbI HCTOYHHK MOCTOSHHOTO HaNpPSKEHUS;
MUHU-O10K «MccnenoBanue TeMIeparypHOM 3aBUCUMOCTH COIPOTHBIIEHUS IPOBOJHUKA U
MOJYTPOBOAHUKA»; MUHU-0I0K «KITI0W»; MyITBTUMETPHI.

TeopeTndecKkne CBEACHUS:

[To anekTpuyeckuM CBOMCTBAM BEIIECTBA PA3EsAIOT HA TPU Kilacca: MPOBOAHUKHU, TUIICKTPUKU
U TOJNYIPOBOAHUKU. TUMHYHBIMU MPOBOJHUKAMH SIBJISIOTCS Memasabl, 00Jaaomne MajabiM
YIEIbHBIM COHpOTHBIEHHEM - MeHee 10° OMmeM VienbHOE 3MEKTpHYECKOE CONpPOTHBICHHE
nonynpogooHuroe p o6suHO Nexut B mpenenax 10°..101% Omem. Marepnansl, y KOTOPBIX
BenuuuHa p Gonbme 1074 Omem, otHOCATCA K Ournexmpukam. T1onynpoBOIHUKAMY SBISETCS
psa snemeHToB [II—VI rpynn tabmuuet anementoB /.M. Menneneesa (B, Ge, Si, As, Te u 1.1.),
a

Takke 0onbIoe yncio xumudeckux coeaunenuii (GaAs, GaP, ZnS, SiC u np.). B 3aBucumoctu
OT BHEIIHUX YCJIOBHH (TeMreparypa, JaBJICHHE) OAHO U TO K€ BEIIECTBO MOXET OTHOCUTBHCS K
pa3HbIM kiaccaM. Hampumep, repmanuii npu temneparype >kuakoro azora 77 K - nusnexrpuk,
IIpU KOMHATHOM TeMreparype - MOJyHIpOBOIHUK, a KUJIKHM Ge - TPOBOIHUK.

Ecnu BaneHTHbIE 3JEKTPOHBI aTOMOB, OTBETCTBEHHBIC 3a JJEKTPUUYECKHUE CBOMCTBA BEIECTBA,
00pa3yloT BaJEHTHYIO 30HY TaK, YTO 30HA MPOBOIUMOCTH CBOOOIHA, TO JIEKTPOIPOBOJHOCTH
TaKOro BEUIECTBA paBHA HYJIO, U OHO SIBJISETCS AUAIEKTPUKOM.

Jliist TOoro, 4T0OBI EPEBECTH HIEKTPOHBI U3 BAJIEHTHOM 30HBI B 30HY IIPOBOANMOCTH, UM CIIEyeT
COOOIIUTH PHEPTUI0, HE MEHBIIYI0, YeM IIMpUHA 3anpenieHHoN 30H6 AW. HacTh 3JIeKTpOHOB
nproOpeTaeT 3Ty SHEPTUIO MPU 0OIYUEHUH BEIeCTBA CBETOM MJIM 3a CUET TEIJIOBOTO JBHKECHUS
aromoB. [lostomy mpu o0brusbIx Temmeparypax (T = 300 K) B 30He mpoBOAMMOCTH €CTb
HEKOTOpPO€ KOJIMYECTBO AJIEKTPOHOB. B 3aBUCMMOCTH OT MX KOHILIEHTPAlMM BEIIECTBO MOMKET
OBITH JTMOO0 AUBIEKTPUKOM, JTUOO MOTYPOBOAHUKOM, IPUYEM pa3Indle MEXKIY 3TUMHU KilacCaMu
ONpEAEAETCS 3HAUEHUSAMHU IIMpUHBI 3ampemeHHod 30HBl AW u temmneparypel T. Jlns
MOJYNPOBOAHUKOB TpH KoMHarHoil Temmneparype AW cocrasuser 0,02 -2 5B, a mus
TURIIEKTPUKOB - Oonblie 2 3B.

TemneparypHasi 3aBUCUMOCTb HPOBOJMMOCTH MOJYNPOBOJHUKOB OIpPENENseTcs U3MEHEHUEM
KOHILIEHTpAallUM HOCHUTEJIEH TOKa - 3JEKTPOHOB, IEPEIIEAINX B 30HY mpoBoaumoctu. llpn
YBEJIMYEHUH TEMIIEpaTypbl UX KOJIMYECTBO BO3PACTAET, MO3TOMY COMPOTHUBIEHHE R YHCTHIX
MOJIyTIPOBOAHUKOB YMEHBIIAETCS C POCTOM TeMIeparypsl T.

[IpoBOMHMKM HMEIOT APYryH0 30HHYKO CTPYKTYpYy. BaleHTHBIE 3JE€KTPOHBI 3aMOJHSAIOT 30HY
MPUMEPHO HAIMOJIOBUHY, IPU 3TOM SJIEKTPOHBI MOTYT CBOOOIHO IMEpeMelaThCs Mo JAeHCTBUEM
BHEIIHEr0 JJIEKTPUYECKOro Toyisl. BaneHTHas 30Ha sBISETCS 30HOW MpOBOAMMOCTH. B
MIPOBOJIHUKE KOHIIEHTPAIMSI CBOOOMHBIX JJIEKTPOHOB HE 3aBHCHT OT TEMIEPaTyphl - B ITOM
OCHOBHO€ OTJIMYME MPOBOJAHMKA OT IMOJIYNPOBOAHUKA M JUAIEKTpUKA. JJI1 MNpPOBOJHUKOB
3aBUCHUMOCTh COMPOTHUBIEHUS OT TEMIEpaTyphbl 3HAYUTEIHHO ciabee, ueM i TUIIEKTPHKOB.
OHa omnpeaensieTcs pacCeIHUEM SHEPruM HIIEKTPOHOB MPH B3aUMOACHCTBUU C HWOHAMHU
KpUCTaITU4Yeckol pererku. C pocToM TeMIlepaTyphl yBEIMYUBACTCS aMILTUTYHa KoieOaHui
WOHOB, YTO BEACT K CHIDKEHHUIO JJIMHBI CBOOOMHOTO mMpolera 3JIEKTPOHOB MPOBOAMMOCTH B
metamie. [lpu STOM sneKTpUYecKoe COMPOTHBIEHHE R TPOBOIHUKOB YBETUYHMBACTCSA I10
JIMHENHOMY 3aKOHY

R = Ro (1+at), (1)

rae t - temneparypa B rpagycax Llenbcus;



Ro - conpoTtusnenue nposonuuka npu 0° C;
o -reMrieparypHblil kodddurment conporusnenus (TKC).

Mertoauka onpenenenuss BeanduHbl TKC npoBoqHHKAa M IIMPUHBI 3aNpelieHHON 30HBbI
MOJIyNPOBOHHUKA

VYpaBuenue (1) TemneparypHoOi 3aBUCUMOCTH COIPOTUBIICHUS ITPOBOJHUKA B KoopauHaTax R - t
n300pakaeTcsl MpsIMOW JIMHUEH, yroBol kodddunuent koropoi Ki= Ro a. Ilo Benmuuune Ki
MOKHO onpenenuts 3Hauenne TKC uccnenyemoro npoBoiHUKA:

a = K1/ Ro, (2)
Benuuuny yriioBoro ko3 @GuiueHTa 3KCIEPUMEHTAIBHON 3aBHCUMOCTH TaK)Ke OMPENESISAIOT 10
rpaduxy.

J1s monynpoBOJHUKA 3aBUCUMOCTH COITPOTUBIICHUS OT TEMIIEPATyPhl HETUHEWHAS, TO3TOMY JJIs
OTIpE/ICTICHUSI €€ IapaMeTPOB HCIIONB3YIOT (QyHKIMOHAIBbHBIE MKaibl InR — /7. Takas
3aBHCUMOCTh SBJISICTCS TUHEHHON ¢ yrioBbIM koddduuuentom Kz =AW /2k, uro mo3zBomser
HAUTH MIUPHUHY 3aIPEIICHHON 30HBI TIOTYIPOBOJIHUKA IO POpMyIIe

AW=2k+ K2 (3)

Taxum obpazom, 1 onpeneneHus BenuunHbl TKC mpoBoIHKKA U IMIMPHUHBI 3aMPEIIEHHON 30HbI
nonynpoBogHuka AW 10CTaTOYHO MOIYYUTh SKCIIEPUMEHTAIBHO TEMIEPATYpPHbIE 3aBUCHUMOCTH
UX CONPOTHUBIICHHUS.

Onucanue ycTaHOBKH

o,

Puc.1. Onexrpuueckas cxema

DneKTpuyecKas CXxeMa BKIII0YAeT:

1 - perynupyemsblii ICTOYHUK TTOcTOsTHHOTO HamnpsbkeHus (0...+15 B);
2- 3NIEKTpOHArpeBaTeb;

3 - TepMomnapa;

4,5 - uccnemyempie 00pasIlsl MPOBOJHUKA U TTOYITPOBOTHUKA;

6 - Omokx «MccrnemoBaHue TeMIIEpPaTypHOHl 3aBUCHMMOCTH CONPOTHUBICHHS TNPOBOJHUKA U
HOJTYITPOBOJHHUKAY;

7 — IepEeKITI0YaTeNb;
8 — MuHHU-0110K «Kirouy;

9 — mQpoBOI MYIETHMETp B peXKUMe U3MeEpeHUs conpoTusieHus (pexum 2 kKOMm, Bxoast COM,

);



10 - mudpoBO MITBTHMETP B PEXKUME H3MEPEHHS TeMIepatypbl (peskum °C, BXOEI 5).

OnexkTpoHarpeBarelb 2 MOJCOEAUHEH K PErYINPYEMOMY UCTOYHUKY OCTOSHHOTO HanpshKeHus 1
(0...+15 B). Ilpu BKIIOYEHHHM HMCTOYHMKA HANpSHKEHUs HAUYMHAETCS HArpeB HCCIELYEMBIX
00pa3uoB. s n3MepeHus: CONpoTHBIIEHHs 00pa3LioB 4, 5 B pexXUMe HENPEpbIBHOI'O HarpeBa ux
HOOYEPEHO IOJCOSAUHIIOT K LU(PPOBOMY MYJIBTUMETPY 9 ¢ MOMOIIBIO HEpeKIrodaTess 7.
Temneparypy 00pa3LioB U3MEPSIOT C HOMOIIbIO TepMOIaphl 3, CUTHAI ¢ KOTOPOH Mojaercs Ha
MynsTUMETp 10 (pazbeM Ui MOAKIIIOYEHHS TEPMONIApBhI).

Puc. 2. MoHnTaxHas cxeMa yCTaHOBKU

Xo paboThl:

1.Cobepure HMEKTpUYECKYIO LEeNb [0 MOHTAXXHOM cxeme, NpuBeAeHHON Ha puc.2. [lpu
NO/ICOCAMHEHUN  TepMONapbl K  MYJIBTUMETPY HEOOXOAMMO  YYUTHIBaTh  MOJSPHOCTD
HO/ICOEAMHEHHUS TIPOBOIOB.

2.Bxutounte kHonkamu «CeTb» mMTaHUEe OJOKa TIeHepaTopoB HANpsHKEHHs M OJoka
MynbTUMETpOoB. Haxxmure kHONKY «McXonHas ycTaHOBKay.

3.YcraHoBUTE HEOOXOAMMBIE PEXUMBI U3MEPEHUN MYIBTUMETPOB. YUeCThb, UTO MPU U3MEPEHUU
COMpPOTHUBIIEHUS] MPOBOJAHMKA IEpEeKIouaTesb aAuanazoHa craBurcs B mnojoxeHue 200 Ow, a
MOJIyNIPOBOAHMKA - 2 KOM.

4 M3mepbTe comnpotuBieHue npoBogHuKa (Rnp) n momynpoBogHuka (Rpm) Hpu KOMHATHOM
TeMmIeparype, MOAKIOYas ¢ IMOMOIIbI0 MHHHOMOKAa «Kiou» mnoouepesHo K MyJIbTUMETPY
IPOBOJIHUK (TosioxkeHue B) u nomynpoBonHuk (nonoxkenue A). Pesynbrarsl uamepenuit Rup, Run
u remneparypsl t (°C) 3anummre B Tabnuiy 1.

5.Knonkamn ycraHoBku HanpspkeHus «0...15B» ycranoBute no muaukaropy 7-8 nenenuid. Ilo
Mepe HarpeBa 00pasIoB U3MEPSITE UX COMPOTURICHHE Yepe3 Kaxabie 5 °C mo temmeparypst 70

°C. Bcee pe3yJbTaThl M3MEpEeHU 3anuchIBaiTe
B Ta0nuiy 1.
6.KHOTIKaMU «Cetb» MUTaHHUE Omoka Te€HEPaTOpOB HaIpsKEHUs u

0510Ka MyJIBTUMETPOB.
Tabmwnra 1
Pesyabrarsl n3MepeHuil U BbIYUCICHH

No i/t

t, °C



R, OM

Rnp, OM

T, K

/T, 103, K?

In Run

23
30
35
40
45
50
55
60
65
70

75



0.46
0.35
0.29

0.25

164
167
169

174

O0paboTka pe3yIbTaTOB U3MEPCHHIA

1.Ilo maHHBIM TaOIMHMIBI TOCTPOiTE rpaduK TeMIepaTypHOW 3aBHCUMOCTH COIPOTHBICHHS
NPOBOJHUKA oT TEMIIEPaTypPhl B KOOpAMHATAX R-t. Ocsp TEMIIE
parypsl HeoOxonumo Havats ¢ 0 °C.

2.Ilo rpaduxy omnpenenute comporuBieHne Ro mnpu Temmeparype t = 0 °C, a
TaKkxe yroBoi koddduunent npsimont K .

3.ITo ¢opmyne (2) BBIYUCIUTE BEIWYMHY TEMIEPATYpPHOro KO3((UIMEHTa CONPOTUBIECHUS a
HCCJIEyEMOTO POBOHMKA.

4.I1o nanueiM Tabnuibl 1 mocTpoiiTe ABa rpaduka IS MOJYNPOBOAHUKA: OJUH B KOOPAMHATAX
(R - t), a Bropoii - B koopauHarax (In R - 1/T) (munetinviii xapaxmep emopoco epaghuxa
noKazvleaem, UmMo 3AGUCUMOCHb  CONPOMUGIEHU NOLYNPOBOOHUKA OM  MeMnepamypbl
OelicmeumenbHo IKCNOHEHYUANbHASL).

5.0mnpenenure o BTopoMy rpapuky yrioBoi koapuuueHT npsamoit Ko .
1).ITo popmyne (3) BeIUMCIUTE HIMPUHY 3aIPEIIEHHON 30HbI MOTYNPOBOTHIKA AW.

2).ChopmynupyiiTe BbIBOA (MPOBEIUTE CPABHUTEIBbHBIA aHAJIN3 MOJYYEHHBIX TEMIIepaTypHBIX
3aBUCUMOCTEH CONPOTHBIIEHUS IPOBOAHMKA M NodynpoBonHuka. CpaBHure BenmumHbl TKC
MPOBOJIHMKA W IIMPUHBI 3alpEIIeHHON 30HBI MOIYMPOBOJHUKA C TAOJMYHBIMH 3HAUYEHUSIMU,
BbIOEpUTE HanboIee MOAXOAAIINE BEIECTBA).

KOHTpOIIbHEIE BOIIPOCKI:

1.OT Kakux BEJIMYHMH 3aBUCHUT DJEKTPHUYECKOE CONPOTUBICHHE MPOBOAHUKA? 3amUIINTE
3aBUCHUMOCTHU R OT pa3mMepoB MPOBOAHHUKA U TEMIIEPATYPHI.

2.Kak MOXHO OOBSICHUTH CHJIbHYIO 3aBHUCHUMOCTb COINPOTHUBICHHUS TOJYIPOBOJHUKA OT
TeMIEPATYphI?

3.YkaxuTe pexuMbl U BXOABI ISl TOAKITIOUEHUS HU(POBBIX MYJIBTUMETPOB B JaOOPATOPHOI
pabore.
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«I/ICCJICIIOBaHI/Ie HeﬁCTBHﬂ MAardMTHOTIO I10JIs1 HA TOK»

! !CJ'IBZ OIIpCACIINTD BSaHMOHeﬁCTBHH MAar"ouTHOTO II0JIs1 Ha TOK.

[IpenBapurenbpHas NOATOTOBKA K J1a00paTropHoil padore:

Bomnpocsti:

1.Yto Takoe MarHuTHOE I10y1e?
2.Kak M0OxHO 00HapyXUTh MarHUTHOE T0J1€?

YCcn0oBUS BBITOJIHECHHUS : BPCM: BLIIIOJIHCHUS pa6OTI>I 2 Jaca.

ObecrieueHue J'Ia6ODaTODHOI71 Da6OTBIZ HCTOYHUK ITOCTOAHHOI'O TOKa, I[y1"006pa3HBII71 MAarHurT,
HITaTuB, KJIKOY, HpOBOJIO‘IHLIfI MOTOK, COCAUMHUTCIILHLIC IIPOBOAA.

YkazaHue K r)a60Te:

l.HOIlBGCI/ITI) HpOBOJIO‘-IHI)If/'I MOTOK K HITAaTUBY W 4Y€PEC3 KIIIOY ITPUCOCANHUTH K UICTOYHUKY TOKaA.
Z.HOI[BCCI/ITI) K BUCAIIEMY MOTKY MarHuT W, 3aMbIKas LCIb, Ha6JIIOI[aTI> JBHXKXCHHUEC MOTKAa.

3.BBI6paTb HCCKOJIBKO XapaKTCPHbLIX BAPUAHTOB OTHOCHUTCIIbHO PACIIOJIOKCHUA MOTKAa U MaronuTa
" 3apUCOBaTh X, YKa3daB HAIIPABJICHHUC MArHUTHOTI'O I10JI, HAIIPAaBJICHHUE TOKA U IMPCAII0IaracmMoc
JBHXXCHHUEC MOTKA.

4. IIpoBepUTh Ha OMBITE MPABUIBHOCTH MPEANOIOKEHUN O XapaKTepe U HAaIPaBJIECHUU JABMKEHUS
MOTKa.

5.00bACHUTh HampaBlieHUE [BIKEHUS MOTKA B MarHUTHOM TIOJieé TPUMEHss TMpaBena Jyis
OMpPCACIICHUA HalpaBJICHUA MArHUTHOIO TII0JIsI, MArHvMTHOIO IIOJId KaTyIIKH (HpaBI/IJ'IO
«OypaBunKa» WIM TPaBUIO «00XBara MpaBOW PyKWU») U MPABUJIO ISl HAMpaBICHUS CHIL,
JIEHCTBYIONTUX Ha MOTOK (TIPAaBHIIO «JIEBOM PYKH» - 3aKOH AMIiepa).

Xoa paboThl:

1.3apucoBaTb HECKOIBKO XapaKTEPHBIX BapUAHTOB (3-4) OTHOCUTEIHHO PACIIOJIOKEHHSI MOTKA U
MarHuTa M yKa3aTh Ha KaXJO0M PUCYHKE:

a) HarpaBJIEHUE MAarHUTHOTO MOJI IOCTOSIHHOTO MAarHHUTa;
0) HanpaBJIEHUE TOKA B MOTKE;

B) HaIlpaBJICHWE MAarHUTHOTO MOisl (M0 TPaBHIYy «IPABOTO BUHTa» WIH «OypaBuMKa» WU
MpaBUITy «00XBara MpaBoOu PyKH») .

2.3amnmncarp Bce MPUMEHsEMbIE BAMH ITPABHIIA.

3.3anumuTe BHIBOA O BOZMOXXHOCTH NMPAKTHYECKOTO MPUMEHEHHS HaOII0aeMOT0 SBJICHHUS.
KoHTpOIBHBIE BOITPOCHI:

1.YT0 Takoe BEKTOp MHIYKIIMM MAarHUTHOTO MOJIs?

2.Kax B3anMOZENCTBYIOT IPOBOJHUK C TOKOM U MarHUTHOTO IOJIsA?

3.Kak onpenenuTs HanpaBlIeHHE BEKTOpAa MHAYKIIUN MAarHUTHOTO ITOJIS?



4 Pemenue ynpaxHeHuid: coopuuk 3anad A.I1.PeimkeBud No887.
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«HcceaenoBanue sABJIeHHUS 3HeKTp0MaFHI/ITHOI7I HHAYKIHAW

ﬂeﬂb: OKCIICPUMCHTAJIbHOC U3YUCHUC SABJICHU BHCKTpOMaFHHTHOﬁ HHAYKOUN

[IpeaBapuTenbrHas DOATOTOBKA K Ha6ODaTODHOﬁ pa60Te:

Bomnpocsi:

1.Chopmynupyiite 3aKOH MEKTPOMATHUTHOW WHAYKIIHH.
2.Kakoe siBjieHrEe Ha3bIBACTCS 3JEKTPOMArHUTHON MHYKIIMEH?

YCcn0BUS BBITOJIHECHHUS BPCM: BLIIIOJIHCHUS pa6OTI>I 2 Jaca.

Ob6ecnieuenne 1a60pPATOPHON PAOOTHI: NCTOYHHK TIEPEMEHHOTO TOKA, TOCTOSTHHBIA MAarHHUT, BUTOK
C JIAMITOYKOM, ATFOMUHHEBOE KOJIBIIO, KaTyIIKa, FAJIbBAHOMETP, COSTMHUTEIbHBIE IIPOBOJIA.

Teopernueckue cBenenus: B 1831 . dapazneil 3KCepUMEHTAJIbHO OTKpPbUI SIBICHUE
AJIEKTPOMAarHUTHOW HHIYKIMH, COCTOAIIEE B BO3HHUKHOBEHHH 3JICKTPOJBIKYIIEH CHIIBI
WHIYKIUHA B KOHTYpE TIPY U3MEHEHNH TIOTOKAa MArHUTHOM MHIYKIIMHU, OXBAaTBIBAEMOTO KOHTYPOM.
Ecnu koHTYp siBisIeTCSl 3aMKHYTBIM U MPOBOSIIKUM, TO B HEM BO3HUKAET MHIAYKIIMOHHBIA TOK.
[TpaBwmiio, onpenensromee Hampasierue DJ{C wHmyKIMu, Obuto chopmymupoBarno B 1833 T
JIeHIIOM: UHOYKYUOHHBINI MOK HANPABNeH MAK, Ymo co30asaemoe UM Noje Npensimcmeyem
U3BMEHEHUIO0 MASHUMHO20 NOMOKA.

SIBneHue 21eKTPOMAarHUTHON MHIYKUUU 3aKJIF0YAeTCA B BOSHUKHOBEHHUH 3JIEKTPUYECKOTO TOKA B
IPOBOJISALIEM KOHTYpE, KOTOPBIN 100 MOKOUTCSI B IEPEMEHHOM BO BPEMEHH MArHUTHOM IIOJIE,
1100 ABMIKETCS B MOCTOSIHHOM MAarHUTHOM I0JI€ TaKMM 00pa30M, YTO YMCIIO JUHUNA MarHUTHOU
MHAYKIMH, TPOHU3BIBAIOLINX KOHTYp, MeHsAeTca. B HamieMm ciydyae pazymHee ObUIO Obl MEHSITh
BO BPEMEHU MAarHUTHOE I0JIe, TaK KaK OHO CO3[AETCs JBWXYUIMMHUCS (CBOOOTHO) MAarHUTOM.
CornacHo npasuity JleHra, BOZHUKAIOMNUKA B 3aMKHYTOM KOHTYpE WHIYKIMOHHBI TOK CBOMM
MarHuTHBIM II0JIEM NPOTHUBOAEHUCTBYET TOMY HM3MEHEHHIO MArHUTHOIO II0TOKA, KOTOPBIM OH
BbI3BaH. B 1aHHOM ciiyyae HaOMr0aaTh 3TO Mbl MOXKEM IO OTKJIOHEHHUIO CTPEJIKU T'aJIbBaHOMETPA.

Xon paboTshl:

Ompit 1: ITonydyenne MHAYKIIMOHHOT'O TOKA IIPH ITOMOIIM MarHuTa:

& Omerrer dbapages [ ~ Omerre: Papagea Il

[TponabmnionaTe 1 OTBETUTH HAa BOMPOCHI:

BosHukaer 1u HHI[yKI.IHOHHLIf/'I TOK, CCJIN:



a). Maruut HaxoauTCs B KaTyIlIKe 0e3 IBIKCHUS,
0). MarHuT JABMOKETCS NapajuIebHO BUTKAM KaTYIIKH;
B). MarHut 1BUXeTCs MEPIEHAUKYJIIPHO BUTKAM KaTyLIKU.

CdopmynupoBath SIBICHUE AIEKTPOMAarHUTHON UHYKITUH.

OnglT 2: IIpoBepka npasuia JIeHna.

< =108
SiEM

é

OOBICHHTH OIIBIT C ATFOMUHHUEBBIM KOJBIIOM.

Cdopmynuposars npasuiio Jlenia.

OmplT 3: BUTOK ¢ 1aMIOYKOM B IEPEMEHHOM MarHMTHOM IT0JIC.

OOBACHUTD, IOYEMY 3arOpaeTCs JIAMIIOUKa.

—d ki

- = 10R

T
ﬁ

Cpenarh BBIBOJI

7%

KoHTpOoabHBIE BOOPOCHL:

1. IIpooIKATE NpEAIOKEHUE:

¢ B 3aMKHYTOM MPOBOJAHHMKE BO3HUKAET MHIYKIIMOHHBIN TOK TOT/A, KOTJa OH OKa3bIBaeTCS
B 00J1aCTH IEHUCTBUA . ...

 [IlpaBuno, onpexaenstoinee Harpasnenue IC nnaykunu, 66110 cHOPMYTUPOBAHO .. ..

e IIpaBuno JleHna ¢opmynupyercs Tak: MHIYKIHOHHBIM TOK BCerla MMeEEeT TaKoe
HamnpaBJieHUE, IPU KOTOPOM ...

o Enununen maruutHoro noroka B CU asisercd ....
e 3akoH popmynupyercs Tak: J/IC UHAYKINY B 3aMKHYTOM KOHTYpPE paBHa ....
e Maremarnueckas 3anrch 3aKOHA AJEKTPOMAarHUTHOM UHAYKIHH. . ..

¢ Bo03HUKHOBEHHE BUXPEBOI'0 JJICKTPUUYCCKOIO TIOJA B IIPOBOASANIEM KOHTYpEC IIpHU
N3MEHCHHH CUJIBI TOKA B HEM K€ CaMOM Ha3bIBa€TCA ....

o Koaddunmenrom caMonHAyKIUH (WIIM MHYKTUBHOCTbBIO) HA3bIBACTCH .. ..

2.3a 5 mc B coneHouze, coxepxkamieM 500 BUTKOB NPOBOAA, MAarHUTHBIA IOTOK PAaBHOMEPHO



yosiBaeT ¢ 7 MB6 10 3 MmB6. Halingute Benumunny 3J{C MHAYKITMH B COJICHOHUIE.

Kakori Bemuumbbl DOJIC  caMOMHAyKIMHM BO30YXKTAaeTcsi B OOMOTKE JJIEKTPOMarHuTa ¢
MHAYKTUBHOCTBIO 0,4 I'H mpy paBHOMEPHOM M3MEHEHUHU CUJIbI TOKA B Hell Ha 5 A 3a 0,02 ¢?

3.Haiinute HHAYKTUBHOCTH MPOBOIHKKA, B KOTOPOM PaBHOMEPHOE H3MEHEHHE CHIIBI TOKA Ha 2 A
B Teuenue 0,25 ¢ Bo30yxnaer IC camounaykuuu 20 MB.
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«Onpeue.ﬂenne YCKOpEHUA CBOOOJIHOTO MaJACHUA IIPU IMIOMOIIU HUTHAHOI0 MAasATHHKA»

! !CJ'IBZ OIIpECACIUTb YCKOPECHUEC CBO6OI[H01"O MMagcHus Ipyu IMMOMOIIY HUTAHOI'O MasdTHHKA.

[IpeaBapurebpHas MOATOTOBKA K JIADOPATOPHOU padboTe:

Bormpocst:

1.Kakoii MagTHUK Ha3bIBAETCI HUTIHBIM?

2.Yro Takoe nepuos, yactora KoinedaHus?

Yc0BUS BBITOJIHEHUS: BLITIOJTHECHUE pa6OTBI 2 yaca.

ObecrieueHue Ha6ODaTODHOﬁ Da6OTLIZ IapyuK Ha HUTH, IOITATUB, HHHCﬁKa, CCKYHAOMCD.

TeopeTnueckue cBEICHUS:

Maremarudyeckuii MasgTHUK — O5TO MarepuajibHas TO4YKa, ITOJABEIICHHAs Ha HEBECOMOM W
HEpaCTsHKUMOUW HUTH, HAXOAIIEHCS B TIOJIe TSHKECTH 3eMiii. MareMaTudecKuil MasiTHUK — 3TO
UJeaIN3UpPOBaHHAs MOJIENb, IPABUJIBHO ONMCHIBAIOIIAS PEATbHBI MAsSTHUK JHIIb IpU
ONPEACICHHBIX YCIOBUSX. PeanbHbIi MasTHUK MOKHO CYMTATh MAT€MarH4eCKUM, €CIU JJIMHA
HUTH MHOTO OOJIbIIIe pa3MepOB MOJBEIICHHOTO Ha HEH Tena, Macca HUTH HUYTOXKHA, MaJla 1o
CpPaBHEHHUIO C MacCOW Tena, a JeopMalid HUTH HACTOJIBKO Majbl, YTO UMHU BOOOIIE MOXKHO
npeHeopeyb.

[Tepuron cBOOOMHBIX KOJIEOAHUN MaTeMaTHUYECKOTO MasTHHUKA
T=2n

HepI/IOI[ CBO60,I[HI>IX KOJICOaHUIT MAaTEMaTUYECKOr0 MasTHHKAa HE 3aBHCHUT OT €ro MaccChI, a
OMpCACIIACTCA JIMIIb I[HHHOﬁ HUTU U YCKOPCHUCM CBO60)1HOFO nmaacHusd B TOM MCECTEC, TIC
HaxoguTCsa MasTHHK.

XoJ1 paboThl:

1.YcranoBuTh mratuB Ha Kparo croia Illapuk nomkeH BUCETh HA pacCTOSHUM 5-7 €M, OT IOJIa.
2.OTKJIOHUTH MAsITHUK € CTOpOHY Ha 10-15 cM u , onycTUB ero, AaTh eMy KojeOaThCs.
3.Ilogcunrars yncno n konedanuii 3a Bpems t, paBHOe | MHH.

4.13MepuTh JUIMHY MassTHHKA.

5.BBectn pacuetHyto Gopmyiy, MONIb3YAICh (HOpMynoi mepuoa KoleOaHHs MaTeMaTHYeCKOTO
MasiTHUKA:

T=,T=2n=g-?

6.BeranciuTh YCKOpPCHHC CBOGOJIHOFO naaCHUs.



7.110BTOpPUTD OMBIT, U3MEHUB JAJIUHY MasiTHUKA. BBIYUCIUTE yCKOpeHHEe CBOOOIHOTO MaeHUSI.

8. Breramcauts CpE€AHEC 3HAYCHHUEC YCKOPCHHA CBO60,I[HOFO maacHuA I10 pe3ylbTaraM ABYX
OIIBITOB.

9.Pe3ynbrarhl M13MEepeHUH U BEIYUCICHUN 3aHECTH B TAOJIUILY:

10.Pacniucarp Bce OyKBEeHHbIE 0003HAYEHUS, KOTOPhIE OTMEUEHBI B TAOIHIIE.

KoHTpoabHBIE BOOPOCKHL:

1. HaiiTe onpenenenre Koine0aTeTbHOTO BUKCHHMSL.
2.Kakue npeBpallieHus SHEPrUH MPOUCXOAUT MPU KOJIeOAHUIX MaTeMaTuyeCcKoro MasiTHUKa?

3.0mnpenenute nepuo U 4acTOTy KoJieOaHUM HUTSHOTO MasiTHUKA, €CIIM €ro JJIMHA HUTU 1,6M.

JlaboparopHoe 3ansitue Ne 10
«OmnpenesieHue sKeCTKOCTH NPYKMHBI IIPU IIOMOIIY NPYKUHHOI0 MASTHUKA)

ﬂeﬂb: OIPEACIIUTDL JKCCTKOCTD IIPYKUHBI ITPU ITOMOIIHU IPYKUHHOTO MassTHUKA.



[IpenBapurenpHas DOATOTOBKA K JJaboparopHoil padbore:

Bomnpocsi:

1.Kaxoit MasiTHUK Ha3bIBa€TCs PY>KUHHBIM?
2.YUT0 Ha3bIBACTCS aMILUTMTYIOHN, IEPUOIOM, YaCTOTOU KoJieOaHus?
3. Ot 4ero 3aBHCHT MEePUOJ KOJICOAHU MTPYKUHHOTO MasiTHUKA?

Ycii0BUS BBINONHEHUS: BBIIIOJHEHHE pabOThI 2 yaca.

Obecneyenue 1a60paToOpHOM pabOTHI: MPYKHUHA, IITATUB, JINHEHKA, CEKyHIOMEpP, Ha0Op TPY30B.

TeopeTndecKkne CBEACHUS:

[Tpy>XMHHBI MasTHUK — 3TO TPy3, KosueOmiomuiics Ha npyxkuHe. OH coBepIaeT BO3BpPaTHO-
nocTynarenpHoe JBWKeHHE. [Ipy)KMHHBIH MasSTHUK TOMYMHSCTCS 3aKOHAM JIBIDKCHHSA, I10
KOTOPBIM MOXHO OIPEJEIIUTh MEPUOJ €ro KosueOaHu, 3Hasi Maccy rpy3a U KECTKOCTb MPYKUHBL.
[epron xonebaHuii TPY>KUHHOTO MasTHUKA MOKET OBITh BBIYKCIICH 110 cieayomei Gopmyre:

T=2x , rne m — macca rpy3a (xr), k — xx€ctkocts npyxunst (H/m )
XoJ1 paloTh:

1.Onpenenuts Maccy rpysa m.

2.YCTaHOBHTH MITATHB C MAsSTHUKOM Ha Kparo CTOJIA.

3.Pa3TsHyTh NPYXHUHY U ,0ITyCTUB €€, 1aTh MAsSTHUKY KOJIe0aThCsl.
4.TlopcuuTars 4ncio n KosebaHui 3a Bpems t, paBHOe 1 MUH.

5.BBectrn pacuetHyro (opMyiy, MONB3YysACh (GOPMYIION Mepuoia KoJIeOaHHWs MPYKHHHOTO
Mastauka: T=, T=2xw =» k-?

6.BBIUMCIINTB KECTKOCTH MPYKUHBI K.

7.110BTOPHTH OIIBIT, U3MEHUB MACCHI TEJIA.

8.BbruncanTh cpeHee 3HaUE€HUE )KECTKOCTH NPYKUHBI IO PE3yIbTaTaM JIByX OIBITOB.
9.Pe3ynbTarel H3MEpeHuil U BEIYUCICHHUH 3aHECTH B TaOJIHILY:

10.Pacniucarp Bce OyKBEHHbIE 0003HAYEHUSI , KOTOPbIE OTMEUEHBI B TaOIHIIE.

KoHTpOoabHBIE BOOPOCHL:

1.Kakue npeBpaiiieHust 3JHEPTUH IPOUCXOIAT IPU KOJIEOAHUAX MPY>KUHHOTO MasiTHUKA?

2.0mnpenenuTe Mepuoj M YaCTOTy KOJICOAHHM MPYKUHHOTO MasiTHUKA, €CIIH KECTKOCTh MPYKUHBI
160H/Mm, a macca rpy3a 400r.

3.Ipy3 maccoit 0,2 Kkr, mojaBEIIEHHBIH Ha TNpyxuHe, copepmiaer 30 konmeOanuili 3a 1 MuH.
Ornpenennre KECTKOCTh IPYKUHBL.
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«Onpez[e.nelme nmoxka3arteJjs npejJoMIICHUsI CTEKJIA»



“CJ’IBZ OIMPCACIINTh IIOKA3aTCjib IMPCIOMIICHUA CTCKJIIA W CPaBHUTH IIOJYUCHHOC 3HA4YCHHUE C
TaOJUYHBIM 3HAUCHHEM.

[IpenBapurenbpHas NOATOTOBKA K J1a00paTropHoi padore:

Bomnpocsi:

1.Yro Ha3bIBaIOT NTOKA3aTEIEM MIPEIOMIIEHUS CPEIIbI?
2.

VYci10BHS BBITOJTHEHHUS : pa60Ta BBITIOJIHSETCA 2 Jaca.

Obecnieuenne 1a00paTopHON PabOTHI: CTEKJISIHHAS IJIACTUHA C ABYMsI OOKOBBIMHU

TeopeTnueckue CBEAEHUS:

ITocme IMPOXOXKACHUA YCpPE3 CTCKIMAHHYIO INUIOCKOIMApalJICIbHYIO INNIACTHHKY JIy4d CBE€Ta
CMCIIACTCA, OAHAKO €ro HAIpaBJICHUEC OCTACTCA MMPCIKHUM.

AHaanpys[ X0 Jiyda CBETa, MOKHO C IMOMOMIBIO I'€OMETPUUCCKUX HOCTpOGHI/Iﬁ OIpeaAcCInTb
IMMOoKa3areJib NPCIOMJICHUA CTCKIIA , TAC - YI'OJI MaACHUSA U - YTOJI IPCJIOMJICHUSA CBCTOBOTIO JIy4a.

Xoz paboThI:

e Tlonoxwuth Ha nMcT OyMaru IIAaCTUHKY (JIMCT KapTOHA IMOJ JIMCTOM OyMaru), mpo4epTHTh
KapaHJamoM Ha Oymare JMHUU BIOJb MPEIOMIISIONINX TPpaHei.

e C nomo1pto IBYX OylIaBOK BbIOpaTh HANpaBJICHUE Ma/Ial0IETO0 JIydya Ha OAHY U3 IpaHei.

e PacmonoxuB 171a3a Ha YpPOBHE CTOJIA, BBIKONOTH 3 M 4 OynaBKH MO JIPYTYIHO CTOPOHY
MJACTUHKH TaK, 9YTOOBI OCHOBAHMS BCEX UYETHIPEX OyIaBOK Ka3alMCh PACTIOJI0KEHHBIMHU



Ha OJHOU MPsIMOM.

o HpOBCCTI/I KapaHaamoM JIy4, nanaromﬂﬁ Ha IUIACTHUHKY, W IIPCIOMIICHHBIC JIY4H,
BOCCTAHOBUTD NCPICHAUKYJIAP B TOYKES IMMAACHUSA JTy4a.

e OmnpenenuTs yroi NajeHus v MpeoMIICHUs JIyda Ha TPaHULIE pa3/ielia AByX Cpell.

a |
|
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e 3HaueHus sin yrioB onpezaenute no tabmuie bpamuca:

<qQ1=sino =
<o2=sino2 =
<BlzsinB1:

<PB2=sinP2=

e BoruucimTh MNOKa3areiab OpeIOMIICHUA Jid CTCKJIa N1 W N2, HCIOJB3Yyd 3aKOH
MIPCIOMJICHUA:

° Onpez[eJme CpCAHCC 3HAYCHUC T10KA3aTECJIsl IIPCIIOMIICHUS:

Nep = (N1+ NR): 2

9.Cnenath BBEIBOJI.

KOHTpOIIbHEIE BOIIPOCKI:

1.Yemy paBHa CKOPOCTH CBETA B CTEKJIE?

2.®du3nyeckuii CMBICT a0COIIOTHOTO U OTHOCHUTEILHOIO ITOKa3aTeei MMPEJIOMJICHUS CPEIbI.

3. JIy4 cBeTa mepexoauT U3 BOABI B CTEKJIO C MOKa3aresieM npenomienus 1,7. Onpeaenuts yroiu
TaJieHus JTyda, ecii yroi npexomitenus paseH 28° . TToka3arens npenoMiaeHns Bosl paseH 1,33,
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«OmnpenesieHue JIHHbI CBETOBOI BOJHBI € MOMOIIbIO TU(PPAKIIUOHHON pelIeTKN»

! !CJ'IBZ OIIpCACIINTDL JJINHY CBETOBOM BOJIHBI C IIOMOIIBIO ,HH(l)paKHHOHHOfI PEIICTKHU U CPABHUTH C
TaOJIMYHBIMH 3HAYECHHUSIMU.

[IpenBapuTenbrHas DOATOTOBKA K Ha6ODaTODHOﬁ pa60Te:

Bonpocsr:

1.Kakoe ycTpoiicTBO nMeeT Au(paKIHOHHAs pereTKa?
2.Kakoe siBjieHME Ha3bIBaCTCS AUPPaKIIHCH?
3.IlpuBenure npuMepsl AUPPAKIUH B IPUPOJIC.

Ycii0BUS BBINONHEHUS: BBIIIOJHEHHE pabOThI 2 yaca.

OOGecnieueHue 1a00paTopHO paboThL: MU paKIIMOHHAS pelleTKa Ha MOJICTaBKe, CBeYa.

TeopeTuueckoe CBEACHHE:

Hugpakyusa nipencrapisier co0o0il sBIEHUE OTKIOHEHUS CBETOBBIX Jy4Yed OT MPSMOJIMHEHHOTO
paclpoCTpaHeHUs MPU MPOXOKIACHUU CBETOBBIX BOJIH BOJIM3M HEMPO3PAYHBIX MPEMATCTBUN U
PE3KUX HEOTHOPOIHOCTEH. ITO SBJICHHE CBOMCTBEHHO BCSAKOMY BOJHOBOMY IIPOILIECCY.

Hugpakyuonnas pewemxa npeAcTaBiseT coOON MPaBWIBHO YepeyOIIUecs Mpo3padHble U
HEIPO3payHble MOJIOCHI, IONEPEYHbIE pa3MePbl KOTOPHIX CPABHUMBI C JJIMHOW CBETOBOM BOJIHBI.
OTO CTEKJISIHHBIE IUIACTMHKH, HA KOTOPBIX HAHECEHbl MPU IMOMOUIM CIELHAIbHOW MAalllMHbI
napajuleJibHbIE OJMHAKOBBIE IITPUXH, PACIIONOKEHHBIE HAa CTPOrO OJMHAKOBBIX PACCTOSHMSIX
Jpyr OT Apyra. Yuciio mTpruxoB TOBOJUT A0 HECKOIBKUX ThICSIY Ha 1 MM.

Onucanue yCTaHOBKM M METOJa M3MepeHus: B nanHoil pabore ¢ momomibio Au(ppakiroHHON
pELIETKH OMpeessieTcs IJIMHA CBETOBBIX BOJH, M3Iy4aeMbIX 0ObiuHOM cBeuu. [Ipubop coctout
u3 jepeBsHHOro Opyca (1) mHpsAMOYrolbHOTO Ce4YeHMs, Ha BEpXHEH CTOPOHE KOTOPOTO
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HaHECeHa IIKaja ¢ MUJUIMMETPOBBIMHU JeneHusMU. Ha OOKOBBIX CTOpoHax Opycka CIielTaHbl
na3pl. K Topuy nepenHeil wactu Opycka npukperieHa pamka (5), B KOTOPYIO BKJIaJbIBAETCS
mudpakunonHas pemerka (nepuon 0.01mm). C npyroro koHia Ha Opycok HaJeBaeTcs MOJI3yHOK
C BEPTHKAIBHBIM JKpaHoM (6), JIalKK KOTOPOTO MOTYT IepeMeniarbcs B ma3zax opycka (1) mo
Bcell nnmuHe. BepxHsis yacTh DKpaHa OKpallleHa B YEPHBIN I[BET, a HA HWKHEH HaXOIUTCS IIKaa
(7) ¢ MHJUIMMETPOBBIMH JeJCHHUAMH. Hyllb IIKambel pacloioKeH IOCPEANHE HKpaHa,
CAaHTUMETPOBBIC NIEJICHHs] OTMEUYEHBI MOPSIKOBBIMU IHU(ppamMHu BIPaBO U BIEBO OT Hyms. Han
HYJIEBBIM JIETIEHUEM B DKpaHe CeJaH0 HEeOOJbIIOe MPSIMOYTOJIbHOE OKHO (8), OKaHUMBaOIIeeCs
BJIOJIb HYJIEBOTO JIEIIEHUS IIKaJbl Mpope3bio (menbo). CBeua Ha INTAaTHBE yCTAHABIMBACTCS 3a
mkanoit (7), a HaOmromaTeNnb pacroiaraeT a3 Mepes pereTKol. XpyCTaIuK Iila3a SBISETCS
JMH30M, B (POKAJIBHON IUIOCKOCTH KOTOPOH (Ha ceruyarke) OyneT HaOmomaThes AuppakiMOHHAS
kaptuHa. [Tydok cBeTa OT cBeuM magaeT Ha OKHO W HIeb (8), Manblie Jy4d UAYT MPAKTHIECKU
napajuIeNbHBIM ITyYKOM, IPOXOIAT Yepe3 TUPPAKIIMOHHYIO PELIETKY.

Xo1 paboTHI:



1.YcTranoBuTh Mom3yHOK npubopa Ha pacctossaue 400 MM OT TU(PPaKITMOHHON PEIICTKH.

2.Hab6monas yepe3 qudpakMOHHYIO PEUIeTKY, YCTAHOBUTh CBEUy TaK, YTO Obl OHA ObliIa BUIHA
yepes3 y3KyIo LIEJb B IIUTKE Ha HYJIEBOM JIEJICHUU LLIKaJIbI.

3.ITo 0Ge cTopoHBI OT OKHA Ha YepHOM (hOHE HAOMIOAATH CIIEKTPHI 1-T0 U 2-T0 mopsaxKa.
4.0penenuB 1O MIKaJe TPAHUIBI KPACHOTO M (PHOJIETOBOTO CIEKTPOB 1-T0 M 2-Tr0 MOpPsIKA.
5.0npenenuTs JJIMHY CBETOBOW BOJHBI 1O (opMyse: A =

6.IT0BTOpHTH OIIBIT, YCTAHOBUB MOJI3yHOK Ha pacctossHue 500 MM OoT JudPpaKIIMOHHON PEIIeTKH.
7.BbIUuCInTh cpenHee 3HaueHUe JUIMHBI KPACHOTO U (PHOJIETOBOTO I[BETOB.

8.Pe3ynbTarel n3MEpEeHUi U BEIYUCICHHUH 3aHECTH B TAOJHILY:

I'panurp! criektpa
Kpachsiit ®uoneToBslit

JlmHa cBETOBOM BOJIHBI

d, MM
S, MM

, MM

, MM

A KD.

A ¢uon.

0,01
500

0,01
500



0,01
400

0,01
400

Crenarp BbIBOA: (CPaBHUTH MMOJYYEHHbIE 3HAYEHUS C TAOIUYHBIM)

KOHTpOIIbHEIE BOIIPOCHI:

1.IToueMy npu MPOXOXKIEHUH CBETa yepe3 JUPPAKLUOHHYIO peIIeTKy o0pa3yercs CekTp?

2.Ilpu momomu AudpakuvoHHOW pemieTku ¢ nepuogoM 0,02 MM nonydeHo aupakIUOHHOE
n300pakeHne Ha paccTOSHUM 3,6 CM OT LEHTPAJIBHOTO M Ha PACCTOSHUM 1,8 M OT pemeTkH.
Haiinm e 1ummHy CBETOBOM BOJIHBI.
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«H3ydyenne naTeppepeHun U AUPpaKkuuu cBeTa»
[{es1b: HKCTIEPUMEHTAIBHO U3YUUTh SIBIICHHE HHTEPHEPEHINH U AU(PAKIHH.

[TpenBapurelbHAs MOATOTOBKA K JIADOPATOPHOU paboTe:

Bomnpocst:



1.Yto Ha3wiBaeTcst nHTEpEepeHIIHECH?
2.Yto Ha3bIBaeTCs AU paKiuei?

TeopeTnueckue CBEEHUS:

Hnmepghepenyus ceéemoswix 6011 — CIOXKEHHE JIBYX BOJIH, BCJICJICTBHE KOTOPOrO HaOIIOmMAETCs
yCTOHYMBAsE BO BPEMEHU KapTHHA YCWJICHHS WJIH OCJIa0JIeHUS PE3YJIbTHPYIOIIUX CBETOBBIX
KoJIeOAaHUH B Pa3IMYHBIX TOYKAX MPOCTpaHCTBA. Pe3ynbrar mHTEphEepeHIIMU 3aBUCUT OT yIja
MaJieHusl Ha TUICHKY, €€ TOJIIIMHBI U JUIMHBI BOJIHBI. YCUJICHHE CBETa MPOU30HAECT B TOM Clydae,
€CJIU TIPEIOMJISIONIAsE OTCTAHET OT OTPAKEHHOM Ha I1eJ10€ YHUCIIo JJIMH BoJiH. Eciu BTOpas BoiaHa
OTCTaHEeT OT MEPBOM HA TMOJOBUHY JIJIMHY BOJHBI WM HAa HEYETHOE YHUCJIO TMOJIYBOJIH, TO
MIPOU30UJIET

\ S — HCTOYHHK CBeTa

ocJiabjieHHE CBETA.

Hugpakyus — crubaHue BOJHAMHM KpaeB MpenarcTBuil. BcemenctBue audpakiuu cBer
OTKJIOHSIETCSI OT MPSMOJIMHENHOTO paclpoCTpaHeHus (Harpumep, O113u KpaeB MPENSTCTBUI).

Obecneuenne 1a00paTopHoOi paboThL: 3IEKTpUUECcKas JaMia (0/lHa Ha IPYIITY), ABE CTEKISHHbIE
IUTACTHHKH, CTEKJISIHHAs TpyOKa, MBbUTbHAs BOAA, KOMIIAKT-IWCK, KalmpoOHOBas TKaHb,
TU(paKkLMOHHAS pelIeTKa, TeMHast Oymara ¢ OTBEpPCTUSAMH Pa3IMYHOIO UaMeTpa.

Xoa paboThL:

Onpir 1. C moMomiblo CTEKJISSHHOM TpyOKHM BBIIYHTE MBUIBHBIM My3bIpb UM BHHMMATEIIBHO
paccmotrpute ero. Ilpu ocBemeHnu ero OenblM CBETOM Habmrofaiite oOpa3oBaHHE IBETHBIX
uHTep(epeHIMOHHBIX Kojel. [lo Mepe yMeHbIIeHHs TOJNLIMHBI IJIEHKH KOJblla, PacIIUpsscCh,
[IEPEMEIIAIOTCS BHU3.

OtBetbTe Ha Bompockl: 1.IToueMy MBUIBHBIE MY3BIPM MUMEIOT padykHyH okpacky? 2. Kakyro
dbopmy nmerot parysxkubie monocs? 3.IToueMy okpacka my3bIpsi BCe BpeMs MeHsIeTCs?

OmnpiT 2. TmiarenbHO MPOTPUTE JIBE CTEKJISHHBIE IUJIACTUHKH, CJIOXKUTE BMECTE M COXKMUTE
nanpllaMu. M3-3a He wuAeanbHOCTH (QOPMBI  COMPHUKACAIOMIMXCS TMOBEPXHOCTEH MEXITY
MJIaCTUHKaMHU O0Opa3yloTCs TOHYAWIUME BO3AYIIHBIE MYCTOTHI, TPH OTPAXEHUU CBETa OT
MOBEPXHOCTEH TMIIACTHH, OO0pa3yIolUX 3a30p, BO3HHUKAIOT SIPKUE payKHbIE TOJIOCHl —
KOJIbIIEOOpa3HbIe WM HEMpaBUIbHON (opMbl. [Ipn U3MEHEHUN CUIIBI, CKUMAIOIIEH TUTACTHHKH,
W3MEHSIOTCS PACIONOKEeHHEe U opMa MoJIoC. 3apucyiiTe YBUICHHBIE BAMH KApTHHKHU.

OtBeTbre Ha Bompochl: 1.IloueMy B MecTax CONMPUKOCHOBEHHs IUTACTUH HAOMIOMAIOTCS SPKUE
pamgyXHbIE KOJbIleoOpa3Hble WM HempaBwibHOW (opmbl monockl? 2.Ilouemy ¢ uM3MeHeHHEM
Ha)XKMMa U3MEHSIOTCS opMa U pacroiokeHue HHTepPEPEHIIMOHHBIX MOJI0C?

OnpiT 3. PaccMoTpuTe BHUMATENbHO MO Pa3HbIMH YIVIaMH TOBEPXHOCTh KOMITAKT-JHCKa (Ha
KOTOPYIO TPOU3BOAUTCS 3amuch). Yto BBl HaOmonaete? OOBsICHUTE HAOIIONAEMbIE SIBJICHUS.



Onummre uHTEPPEPEHIIMOHHYIO KapTUHY.

Omnpit 4. [TocMoTpuTe CKBO3b KalIPOHOBYIO TKaHb HAa HUTH ropsiuei jgammnsl. [loBopaunBas TkaHb
BOKpPYT OCH, J00eiTech 4eTKol Iu(PaKIMOHHON KapTHHBI B BHUJIE JBYX CKPEIICHHBIX O[]
OpAMBIM yIJIOM JAU(PaKIHOHHBIX MoJI0C. 3apucyiite HaOmomaeMblil AU(PAKIMOHHBIA KpPECT.
OO0bsicHuTe HAOIOTAEMbIE SIBICHHUSL.

Onpir 5. IlponaGironarh CHEKTpHI, paccMaTpuBas HCTOYHUK CBeTa 4depe3 AUPPAKIHOHHYIO
peleTky. 3apucyiTe yBUACHHYIO BaMU KapTHUHKY.

Onpit 6. [TpoHaOIIOATE CIEKTPHI Yepe3 OTBEPCTHE PA3HOTO JHAMETpa, pacCMaTpuBas HCTOYHHUK
ceeta. O0BscHUTE HAOIIOIAEMEBIE IBJICHUA.

Crenarh BBIBOA. YK@XUTE, B KaKUX W3 MPOJCIAHHBIX BaMHU OIBITOB HAOIIONATIOCh SIBICHUE
uHTepdepeHy, a B kakux audpakuuu. Jlaiite onpenenenue: uHTephepeHIn U ITudpaKiuu
CBeTa.

KoHTpoJIEHEIE BOIIPOCHI:

1.Ecnu HaOmonaTh HAa TOHKUX IUIEHKAaX MHTEPPEPEHIMIO CBETAa HECKOJIBKO MHHYT, TO MOXHO
3aMEHUTh U3MEHEHHE OUYepTaHus LBETHBIX 10J0c. [Iouemy

2.HpOI/ICXOI[I/IT JIN I/IHTepq)epeHL[I/IH CBC€TAa IIPU HAJIOKCHUU CBETOBLIX ITYYKOB, HCTOYHUKAMU
KOTOPBIX SABJIAKOTCA:

a) J1Ba IPOXKEKTOPa;

0) 3BE3/1BI;

B) OTpPa)KEHHBIN OT JIBYX 3€pKaJl CBET, UAYIIUNA OT OJIHOM 3nekTpuyeckoi sammbl? [Touemy?
3.ITouemy nepiaamMyTpoOBbIE IIyTOBULIBI IPUOOPETAIOT PalyKHYIO OKPACKY, & OOBIKHOBEHHBIE HET?

4.ITouemy Ha ombITe Jierye HaOII0AaTh TU(PAKIIMIO 3ByKa, YeM CBeTa?
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«Ha0aroneHue CnJIOMIHOIO U JIMHEHYaTOr0 CIIEKTPOB»

[{enb: ¢ TOMOIIIBIO HEOOXOTUMOTO 00OpYAOBaHUS HAOMIOAATh (IKCIIEPUMEHTAIBHO) CIUIONTHON
CIIEKTpP, HEOHOBBIH, T€JIMEBBIN WU BOJTOPOIHBIMN.

[IpenBapuTenbHas DOATOTOBKA K HaGODaTODHOﬁ pa60Te:

Bonpocsr:

1.YTo Takoe criekTp?

2.Ilepeuncnure TUIBI CIEKTPOB U3JTyUEHUS.

3. UTo Ha3bIBAaeTCs CIEKTPAIbHBIM aHAIU30M?
YciioBuS BBINOHEHUS: BHIIOJHEHHE paboThl 2 yaca.

Ob6ecneuenne 1a00paTopHON pabOTHL: CHEKTPaJbHbIE TPYOKH C BOJOPOAOM, HEOHOM, TEIIHEM;
MPOEKIIMOHHBIN anmnapar; CTeKJIsHHAs IUIACTUHKA CO CKOILIEHHBIMU I'PaHsIMU

TeopeTndeckre CBEICHMS: Cnekmp INIEKMPOMACHUNMHO20 U3NIY4eHUA, YIOPAAOUCHHAA 110
AJInHaM COBOKYIIHOCTbL MOHOXPOMATUYCCKUX BOJIH, Ha KOTOPYIO pasjarac€tcda CBCT WU HHOC




OJICKTPOMAarHuTHOC U3JTyYCHUC.

Ecnu B cniekTpe mpencTaBieHbl BOJIHBI BCEX JJIMH, TO TAaKOM CHEKTP HA3bIBAIOT HeNnpepul8HbIM
Ul ChaowHbIM. JTO CIIOIIHAs pa3HOLBETHAas Ioloca, 0e3 pa3pbhlBOB M IIPOMEXKYTKOB.
CriexTpanpHasi IUIOTHOCTb WHTEHCUBHOCTH H3JIY4YEHHs, pa3jIM4yHO Ul pa3HbIX Ten. Ecmm
TEMIEpaTypa yBEIMUYMBAETCS, TO CHEKTpaJbHas IUIOTHOCTb U3JIy4YEHHUs IEepeMeIlaeTcs B
KOPOTKOBOJIHOBYIO 00J1aCTh CIIEKTpA.

Henpepuviguvie (cniowmnvie) cnexkmpul, NalOT Tela, HAXONALIUMECS B TBEPAOM WIH KHUIAKOM
COCTOSIHMM, a Tak)Ke CHJIBHO C)KaTbhle Tra3bl U BBICOKOTEMIIepaTypHas IjiazMa. B cruiomnom
CIIEKTPE MPOSBIIAIOTCS HE TOJBKO CBOMCTBA M3JIYYAIONIMX aTOMOB, HO TaKXe B3aWMOJCUCTBUS
aTOMOB JIPYT C APYTOM.

I[BeTHBIE JIMHUM pPA3HOM SPKOCTH, PA3ACICHHbIE TEMHBIMH IIMPOKHMH IIPOMEKYTKAMH,
IPEACTaBISIIOT COOOM uHeluamole Cnekmpbi.

[TosiBeHue TMHEHYATOro CreKTpa TOBOPUT O TOM, YTO BEIIECTBO M3IY4YaeT CBET TOJIBKO OJHMX
JUIMH BoJH. CHEKTpbl JUHEHuaTble AT BEIECTBA B ra3000pa3HOM arOMapHOM COCTOSIHUU.
Habmronaror nuHeldyarbie COEKTPhl C MOMOIIBIO CIIEKTPOCKOIIA, UCIONIb3Ysl CBEYEHHE T'a30BOTO
paspsina B TpyOKe, 3alI0JTHEHHOW T'a30M MJIM CBEUEHUE MapoB BEIIECTBA B IIIAMEHU TOPEIKH.

XoJ1 paboTHI:

1. PacnonoXuTh CTEKISIHHYIO IJIACTUHKY TOPU30HTAIbHO Iepen miazamu. Habmionare cBeTiyro
BEPTUKAJILHYIO TMOJIOCKY HAa DJKpaHE - H300pa)KeHHE pPa3JBWKHOW IIENH MPOEKIIMOHHOTO
anmapara.

2. Bpigenuth OCHOBHBIE LIBETA IMOJIyYEHHOI'O CIUIOLIHOTO CIIEKTpa. 3apUCcOBaTh U 3allUCaTh B
HaOII0]aeMOM 1TOCIIe10BaTEIbHOCTH.

3. HabGnronmare nuHeyarbie CIeKTPhl Yepe3 CTEKISTHHYIO TUIACTUHKY, pAaCCMaTpUBasi CBETSIIUECS
TpyOKH:

o Tenuii -
e HeoH -
e Bonopon -

4. BelienuTh OCHOBHBIC I[BE€TA JIMHEWUYATOTO CIIEKTpa, 3apUCOBATh W 3amucarh B HAOIIOIaeMOn
MOCJIEe10BAaTENbHOCTH.

5. Cnenarb BBIBO,.

KoHTpOoabHBIE BOOPOCHL:

1. Kakoil cnexTp Ha3bIBaeTCs CILIOIIHBIM? B KakoM COCTOSSHMM BEIECTBA JAIOT CIUIOLIHBIE
CHEKTpPbI?

2. Kakue cnekTpel Ha3bIBAIOTCSA JIMHEHYaThiIMU? B KakoM COCTOSHMM BENIECTBA JAKOT
JTUHENHYaTble COEKTPhI?

3. B KakoM COCTOSIHMM BEIIECTBA AAET M0J0CAThIE CIIEKTPbI?

4. Kako# CeKTp Ha3bIBAa€TCsI CIIEKTPOM MOIIOIIEHUSA?

5. B 4eM cocTOUT MIaBHOE CBOMCTBO JIMHENYATHIX CIIEKTPOB?

6. OnumuTe NpUMEHEHUE CIIEKTPaIbHOTO aHAIN3a B TEXHUKE, B aCTPOHOMMUH.

7. Kakoro tmmna CIICKTp - JIMHEMYaTbIi WM CILIOIIHOM 6y,[[eT MOJIYYCH OT IINIaMCHHU CBCUU;
IJIaMCHH KOCTpPa; HUTH DJICKTPOJIaMIIbI; HEOHOBO JIaMIIbI; CITUpain BJ'IGKTpOHJ'H/ITI)I?
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«HMcenienoBanne TPEKOB 3apsizKeHHBIX YACTHIL 110 TOTOBBLIM (poTorpadgusim»
[{enb: n3yueHue TPEKOB 3apsHXKEHHBIX YACTHI] 110 TOTOBBIM (hoTorpadusim.

[IpenBapurenbpHas NOATOTOBKA K J1a00paTropHoil padore:

Bomnpocsi:

1.YTo Ha3bIBaeTCA TpeKOM?
2.YTo MOXKHO CKa3aTh O YacCTHIIE IO BUAY Tpeka B kamepe Buibcona?

VYcI10BHS BBITOJHEHHS : BBITIOJTHEHHE pa6OTBI 2 gaca.

Ob6ecneyenue 1aboparopHoit paboThl: hoTorpadus TPEeKoB, Kaibka, TUHEHKA.

TeopeTnueckue cBEIECHUS:

[Tpu momomu kamepsl Bunbcona Habmonaot u Gotorpadupyror mpeku (Ciaenbl) IBUKYIIUXCS
3apsHDKEHHBIX YacTHIl. TpPEK YacTUIBI MPENCTaBISET COOOW HENOYKY W3 MHUKPOCKOIHMYECKUX
Karesiek BOJbI MM CIIMPTa, 00pa30BaBIIMXCS B pe3yJbTaTe KOH/ICHCAIIUU MIEPECHIIICHHBIX TapOB
ATUX KMJKOCTeW Ha noHaX. MoHbI jxe 00pa3yroTcs B pe3ysbTare B3aUMOACUCTBUS 3apsSKEHHON
YaCTHUIIbI C aTOMaMH U MOJIEKYJIaMU TapOB ¥ ra30B, HAXOAAIIUXCS B KaMepe.

HpI/I B3aHMOHCﬁCTBHH JaCcTUOBbI C JBJICKTPOHOM aTOMa OJBJICKTPOH IIOJIYy4YacT HMMIIYJIBC, IPAMO
IPOTIOPIIMOHAIILHBIN 3apsily YaCTUIII U 0OpaTHO MPOTIOPIIMOHATIBHBIN CKOPOCTH YacTUIlbl. [Ipu
HEKOTOPOW JOCTATOYHO OOJBIIONW BEIIMYMHE HWMITYJbCa JIIEKTPOH OTPHIBAETCS OT aromMa u
NOCTICTHUI TIpeBpalaeTcs B MOH. Ha ka0 eMHUIIe TIyTH YacTUIBI 00pa3yeTcss TeM OoJIblie
MOHOB (a, CJIEJIOBATEIIBHO, M KarelleK KUIKOCTH ), 9eM OOJIBIIIE 3apsi/i YACTHIIBI U YeM MCHBIIE e
ckopocTh. OTCIONIa CIIEAYIOT BBIBOJBI, KOTOPbIE HEOOXOAUMO 3HATh, YTOOBI YMETh «IPOYECTH)»
dboTorpaduio TPEKOB YACTHUII:

e TIPHU MPOYUX PABHBIX YCIOBHSIX TPEK TOJIIE Y TOM YaCTHIIbI, KOTOpasi 00iagaeT OoIbIINM
3apsaoM. Hampumep, npu OOMHAKOBBIX CKOPOCTAX TPEK -YaCTULBl TOJIIE, YEM TPEK
IIPOTOHA.

¢ CCJIIM YaCTUullbl UMCIOT OAWHAKOBBIC 3apsAbl, TO TPCK TOJJIIC Yy TOM YaCTHULIbI, KOTOpasa
JABHKCTCA MCIJICHHEC. OTCIOI[a O4YCBU/IHO, UTO K KOHIY ABHXKCHUA TPCK HAaCTULBI TOJIIIC,
4YCM B Hadalie, T.K. CKOpPOCTb YaCTHUIbl YMCHBIIACTCA BCJICACTBHUC IIOTCPU SHECPIrUHU HaA
HWOHU3AIUIO aTOMOB CPEC/IbI.

e IS KAKIOW YacTULBl CYLIECTBYET HEKOTOPOE XapaKTepHOE pacCTOSHUE, KOrna ee
MOHM3UpYIOLIee JIeHCTBUE OOpHIBAETCS. DTO PACCTOSIHHE HA3bIBAIOT MPOOETOM YACTHUIIBI.
OueBuAHO, MPOOET YACTULIBI 3aBUCUT OT €€ SHEPTUH U TUIOTHOCTH CPEIbI.

Ecnu xamepa Bunbcona nmomMenieHa B MarHUTHOE TMOJIE, TO Ha JBMXKYILIMECS B HEWM 3apshKEHHbIE
YacTHUIIbl JEeUCTByeT cuia JlopeHia, KoTopas paBHa (Uil ciiydasi, KOTla CKOPOCTh YaCTHIIBI
NEPIeHIUKYIIPHA MAarHUTHBIM JIUHUSIM): , TA€ — 3apsj YacTHIIbl; — CKOPOCThb, — MarHUTHAas
HHAYKIUS.

ITpaBuiio neBOM pyKH MOKa3bIBaeT, yTo cuiia JIopeHlia HanpasieHa NEePIEHIUKYIIPHO CKOPOCTH
YaCcTULIBI U, CJIEZIOBATENIbHO, SIBISIETCS LIGHTPOCTPEMUTENBHON CUIION: , TA€ — Macca YacTHUIIbl; —
pannyc KpUBHU3HBI €€ Tpeka. OTCroza oayJyaeMm: .

W3 momyyeHHBIX (OPMYII MOXKHO C/AENaTh BBIBOJbI, KOTOPbIE HEOOXOAUMO TOXKE HCIIOIb30BATh
Juis aHanu3a Gortorpaduil TPEKOB YACTHIL:



- Pannyc kxpuBU3HBI TpEKa 3aBUCUT OT MAcChl, CKOPOCTH U 3apsja 4acTullbl. Paguyc TeM MeHble
(T.e. KpUBU3HA TpeKa OOJIbIIE), YeM MEHbBIIIE MacCa M CKOPOCTh YAaCTHIIBI M YeM OOJIbIIE ee 3apsil.
W3 cooTHOLIEHUS MEX1y dHEpPruel YacTHUIlbl U KPUBU3HOM €€ TpeKa BUIHO, YTO OTKIOHEHHUE OT
NPSMOJIMHEHHOTO ABMKEHHSI OOJIBIIE B TOM CITydae, KOTJa SHEPTHsl YaCTUIbI MEHBIIIE.

- Tak Kak CKOpOCTh YaCTHIIBI K KOHI[y MpoOera yMEHBIIAETCs, TO YMEHBIIACTCS U PaInycC
KpUBU3HBI Tpeka. [lo W3MeHeHMIOo paauyca KPUBU3HBI MOXKHO OIPEICIUTh HaIlpaBICHUE
JIBUOKEHUS YaCTHUILIbL: HAYal0 €€ JBHXKCHUS TaM, IJI€ KpUBU3HA TpeKka MeHblIe. M3mepuB paaunyc
KpPUBU3HBI TpPEKa W 3HAs HEKOTOPbIE JIPYTHe€ BEIMYUHBI, MOXKHO BBIYHUCIUTH JJISI YACTHUIIBI
OTHOILIEHUE €€ 3apsia K macce (yACNbHBIA 3apsl): - 3TO OTHOILIECHUE SIBIISECTCS Ba)KHEUIIEH
XapaKTEPUCTUKON YaCTHUIIbI M TIO3BOJISIET «MACHTU(PHUIIMPOBATEY» YaCTHILY, T.€. OTOXKICCTBUTD €€ C
W3BECTHOM YaCTHIICH

VrenbHbIe 3aps bl HEKOTOPBIX YaCTHIL: 3eKTpoH 1, 76'10™ Ki/kr,

anbda-uactuna 0,5108 Kn/kr.

XoJ1 paboThI:

1.0OmnpenenuTh HarpaBlieHUE ABMKYIIUXCS YACTHII, CPABHUBAS PAINYChl KPUBHU3HBI.

2. OnpenenuTh HaNpapiIeHHE BEKTOpAa MAarHUTHOM MHAYKLUUU IO IPaBUIIy JIEBOM PYKH, €CIU
yactuua | — nporoH.

3. 3Has, yto 1 yacTuua — IPOTOH, ONPEAENIUTh PAAUyC KPUBU3HBI 1 M 2 YacTHUIbl B Hauyaje
JIBUXKEeHHS (TTpoOera).

4. Beruncnure yneiabHbIN 3apsija 2 4acTHIlBI 0 popmyre:
rae Z1 - 3apsj MpoToHa, paBHbIN 1,60 10K,

M1 - Macca IpoToHa, paBHas 1,6 1027k,

I1- paAnyC KPUBU3HBI IBUKEHHS TIEPBOM YaCTHIIBI,

I2 - paJInyC KPUBU3HBI IBUKCHHSI BTOPOW YaCTHIIHI.

5.0mnpenenuTs Mo yeabHOMY 3apsy BTOPYIO YACTHILY.

KOHTpOIIbHBIEC BOIIPOCHI:

1.Yro Takoe npoToH, HEUTPOH U UX CUMBOJIBI?
2.Yro Taxoe a,B,y — JIy4d U UX CUMBOJIbI?

3. Pemuth ynpaxxkneHus: cOOpHUK 3as1a4 1o ¢pusuke A.I1.PeimkeBuuNel1247,1248, 1654



MuHuctepcTBO 00pa3oBanus W Hayku PecnyOnmku Jlarectan
[ocymapcTBeHHOE OrOMKETHOE TIpOohecCHOHAIbEHOE 00pa3oBaTeNbHOe yupexacaue PJ]

Kusnsipckuii mpoheccrnoHaIbHO — MEAaroruIeCKuil KOJUIEIK

YT1Bepxkaaro

3amecTUTENb AUpEKTOpa o YP
I'BIIOY P KIIIIK
E.H. IllenxoBa

oT 20 L.

KommuiekT
KOHTPOJIbHO- U3MepuTebHble MaTepuabl (KUM)
JJIS MIPOBEACHUSA TEKYLEero KOHTPOJIA
10 Y4eOHO# AUCHUILINHE

OV 1 09. Duzuka

OCHOBHOM MpodeccuoHanbHOW 00pa30BaTEIbHON MIPOTrPaMMBI

I10 CIICIUaJIbHOCTHU

09.02.07 UudopManMoHHBbIE CHCTEMBI H MPOrPAMMHUPOBAHHUE

sxomsniei B coctaB YI'C 09.00.00 UudopMaTHKa U BHLIYHCINTEILHA TEXHUKA

KBamudukanusa Beimyckuuka: Ilporpammmuct

2022 1.



KoMIuTeKT KOHTPOJIBHO-M3MEPHUTEIHHOTO MaTepraia pa3padoTad Ha ocHOBe DenepaabHOro
rOCyJJapCTBEHHOTO 00Pa30BaTEIBHOIO CTaHAapTa CPEAHErO MPOPECCUHOHAILHOTO 00pa30BaHMSI

10 crenuanbHOCTH npoduibHOi nmoarorosku IO creruanbHocTH 09.02.07
I/IHd)ODMaHHOHHBIe CUCTCMBI U ITPOIrpaMMHUPOBAHUC , BXOI[HH_Ieﬁ B COCTaB er

09.00.00 MadopmaTrka ¥ BEIYUCIUTENbHAS TEXHUKA.
KBanudukaims BBIIYCKHUKA: ITPOTPAMMUCT

Pa3paborumk:
Juibeman6eroBa A.B, npenogasarens ['BITOY PJ] KIITIK

Paccmorpeno u omo6peno IIK oOmreobpazoBaTeabHbIX JUCIUTUTMH

[Iporokon Ne oT 20 L.

[Mpencenarens ITLIK Awmuaera NLA. /
(5(0)} (moxmucek)

Kusmsp,
2022



METOAUYECKHUE YKA3AHUSA
s ctynentoB ['BITOY P KIITIK no BBIMOTHEHUIO TPAKTUYECKUX PaboT
Mo y4eOHOU TUCIUTUINHE
OY] n. 09 ®U3UKA

OCHOBHO# NpodecCHOHATEHON 00pa30BaTeILHOMN MTPOrPaMMbl CPEIHEro MPOPECCHOHATBHOTO
00pa30BaHMsI 110 CICIUATLHOCTH

09.02.07 MadopMaliMoOHHBIE CUCTEMBI U IPOTPAMMHUPOBAHUE

Bxomsmier B coctaB YI'C 09.00.00 MudbopMaTHKa U BEIUMCINTEIbHAS TEXHUKA

KBanu¢ukanusa Beimycknuka: IIporpammmct

Kuznsp, 2022



Metonuueckre yka3aHHs MO BBIOJHEHHUIO MPAKTUYECKUX pabOT pa3paboTaHbl ISl CTYAECHTOB
['BIIOY PIA KIIIIK na ocHoBe TtpeboBanuii PI'OC cpegnero obmero oOpa3oBaHMs,
NPEIbABISIEMbIX K CTPYKTYpE, COACPX AHHUIO U Pe3y/bTaTaM OCBOEHHUS Y4eOHOM NHCUUIUIMHBI
OU3UKA, B cooTBeTcTBHH ¢ PexoMeHanMsIMK 110 OPTaHU3AIMH MOyYEeHUSI CPETHEr0 OOIIero
o0pa3oBaHUsl B Ipeziesiax OCBOEHUSI 00pa30BaTeIbHBIX MPOTrPaMM CPEAHETO MpodeccuoHaIbHOTO
oOpa3oBaHust Ha 0a3e OCHOBHOTO OOIIEro oO0pa3oBaHMS C y4eTOM TpeOoBaHM (enepanbHbBIX
rOCyJapCTBEHHBIX  OOpa30BaTeNIbHBIX  CTaHAAPTOB U  MOdy4aeMod mpodeccuu  Wiu
CHEUMATbHOCTH  CPEAHEro MpodeccHoHaNbHOro oOpa3zoBanus (muceMo  Jlemapramenra
TrOCYJIapCTBEHHON TMONUTHKKA B cdepe moarotoBku padounx kaapoB u IO MunoOpHaAyKH
Poccun ot 17.03.2015 Ne 06-259).

MeToanueckne yKa3zaHUs 10 BBITIOJHEHHUIO MPAKTUYECKUX PadOT aipeCOBAHbBI CTYACHTAM OYHOMN
dbopMbI 00yUeHHUS.

Paccmorpeno u ogo6peno Ha 3acenanuu 11K
0011100pa30BaTeIbHBIX TUCIUTIIIUH

[Iporokon Ne « » 2022 r

Opranusanusi-pa3padoTymk:
[ocymapcTBeHHOE OrOMKETHOE TTPOhecCHOHAIbEHOE 00pa3oBaTelibHOe yupexacaue PJJ

Kuzasipcknii npodeccHoHAIBHO — NMeIArOrHYeCKUi KOJJIeIK

PaspaboTuuku:

Junsman6eroBa Apyxan baittemupoBna — mpenoaasarens 1KK KIIIIK, I'BITOY
PJ1 KTITIK



COAEP)XAHUE
1 TIOACHUTEJIbHAA 3AITNCKA
2 [IEPEYEHbB ITPAKTUYECKUX 3AHATUI
3 ITIOPAIOK BBIIOJIHEHU A ITPAKTUYECKUX PABOT:
IIpakTuyeckoe 3ansiTue Nel «/3yueHne BUJIOB MEXaHUYECKOTO JBUKEHUS»
IIpakTnyeckoe 3anaTue Ne2 «13yuenue 3akoHoB HproToHa»
IpakTnyeckoe 3ansitue Ne 3 «3yueHue cui B mpupoae»

IIpakTnyeckue 3ansaTus Ne 4 «/3yyeHue 3ak0OHa COXpaHEHMsI UMITYJIbCA M 3aKOHA COXPAHEHUS
MEXAHUYECKOU YHEPTUHN»

IIpakTuyeckoe 3ansitue Ne 5 «Pacyer Tpaekropum aBTOMOOWIS, JBIIKYIIETOCS IO
3aKpPYIJICHHOMY YYacTKy»

IIpakTyeckoe 3ansitue Ne 6«II3yueHue CBA3M MEXIy HABJICHUEM U CPEOHEW KMHETUYECKON
SHEPrueu»

IIpakTnyeckoe 3ansaTue Ne 7«OnpeneneHne Macchl BO31yXa B y4eOHOM KaOWHETE»
IIpakTyeckoe 3anaTue Ne 8«Pemenue 3a1a4 ¢ UCNIOJIb30BaHUEM ra30BBbIX 3aKOHOB)»
IIpakTnyeckoe 3ansTue Ne9 «l3mMepeHne BIaXHOCTH BO3AyXa B KaOWHETE»

HpaKTuquKoe 3auaTue Ne 10«Pemenue 3alady C HCIIOJIb30BAHUCM IICPBOTO 3aKOHa
TCPMOJUHAMUKN

IIpakTuueckoe 3ansitue Ne 11«lccnenoBanue 3eKTpUYECKUX LENEH € pa3MYHBIMU TUIIAMU
COEMHEHUI KOHJICHCATOPOB»

IIpakTuyeckoe 3ansitue Ne 12«VccrnenoBanre 371eKTPUUECKUX LI€TIEN MPU MOCIEI0BATEIbHOM,
napajieIbHOM M CMEIIAHHOM COE€IMHEHUS IPOBOIHUKOBY

IIpakTuyeckoe 3ansaTue Ne 13 «Pemenue 3agau ¢ ucnonb3oBanrem 3akoHa dapanes»
IIpakTuyeckoe 3ansaTue Ne 14 «Pemenue 3anau»

IIpakTuyeckoe 3ansaTue Ne 15 «ccnenoBanne MEXaHMUYECKUX BOJTH»
IpakTuyeckne 3ansaTusa Ne 16«Pemenue 3agau»

IpakTuyeckne 3anaTus Ne 17 «3ydyenue neiictBust Tpanchopmaropar
IIpakTuyeckoe 3ansaTue Ne 18 «Pemenue 3anau»

IIpakTnueckoe 3ansiTue Ne 19«Onpenenenne GOKyCHBIX PacCTOSHUI TOHKMX COOMparomux U
paccenBaroIINX JIUH3»

IIpakTyeckoe 3ansaTue Ne 20 «3yuenue nucrnepcun cBeTay

IIpakTuyeckoe 3ansaTue Ne 21«/3y4deHue CBOMCTB 3JIEKTPOMarHUTHBIX U3Ty4EHUI»
IMpakTuyeckoe 3ansaTue Ne 22«Pemenue 3a1a4 ¢ UCMOIB30BaHUEM ypaBHEHUS GoToddhderTar
IpakTuyeckoe 3ansaTue Ne 23 «Pemenue 3agau»

IIpakTuyeckoe 3anaTue Ne 24«PenieHue 3ana4 Ha ONPENECICHHE SHEPIUs CBSI3M ATOMHBIX
anep»

IIpakTnyeckoe 3aHATHE Ne 25 «UcciaenoBanne 3aKOHOB pPaar0aKTUBHOTO
pacnaga»I IOACHUTEJIBHASA 3AITNCKA



Juctumimaa ®Ousuka sBiseTcs NpodUiIbHOW y4eOHOW MUCIUILUIMHOW 00111eo0pa3oBaTeIbHOTO
nukia. B npoduibHy0 cOCTaBIAIONIYIO0 BXOAUT MpodeCCHOHAFHO HAMpaBIeHHOE COJIepiKaHue,
HeoOxoaumoe s (opMupoBaHus y OOydarommxcst NpodecCHOHAIBHBIX yMeHui. Takoit
cocrapmsomeii aus OIOII CIIO KBanmudukanuys  BBIMTYCKHHUKA: NPOrPAMMUCT,
OTHOCSIIEHCS K TEXHUUYECKOMY NPOodUIIIo, SIBISETCS pa3ien « DIEKTPOAUHAMUKAY.

B coorBercTBUM C y4eOHBIM IUTAHOM Ha u3y4yeHHe yueOHoil muctmrmmabl «DU3UKA»
oTBOonUTCS 214 yac, B ToM yucie 84 yaca — Ha MPAKTUYECKUE 3aHATHSI.

Brimonnaenue CTyACHTaMU 3aI[aHI/II>'I Ha NPAKTUYCCKUX 3aHATHUAX HAIIPABJICHO HaA:

- 00o0meHue, CHCTEMaTU3aluIo, YIIyOlieHHe, 3aKperIeHHEe TMOMYyYEHHBIX TEOPEeTHUECKUX
3HAHUU IO KOHKPETHBIM TeMaM Y4eOHON AUCIUITIINHBL

- (hopMHUpOBaHKE OOIIMUX KOMIIETCHIINH;
- opMHPOBaHUE JIEMEHTOB MPO(PECCHOHANBHBIX KOMIICTCHIHH.

[lenpto MPaKTHYECKUX 3aHATHH  sBIsieTcs  (OpMHpOBaHME YMEHHH HEOOXOJMMBIX B
MoCJIeAyIomEeH Y4eOHO!H 1 PO eCcCHOHATBHON ACSITEITLHOCTH.

[TpakTryeckue 3aHATHs IPOBOAUTCA B yueOHOM KabuHeTe «DU3uKay.
IIpakTrueckoe 3aHATHE BKIIOYACT CIACAYIOIINE CTPYKTYPHBIE JIEMEHTHI:
* HMHCTPYKTaX, IPOBOJUMBIH IPENOAABATEIIEM,
* CaMOCTOATENIbHAS AEATEIIbHOCT CTYJICHTA,
* QAHAJU3 U OLIEHKA BBHIIIOJHEHHBIX PalboT.

BrinosnHeHn0 3aaHuii Ha NPAKTUYECKUX 3aHATUSAX NPEALIECTBYET JIOMAIUHAS MOJATOTOBKA C
MCIIOJb30BaHUEM COOTBETCTBYIOIIEH JTUTEpaTyphl (Y4eOHUKH, JIEKIHH, METOAMYECKHE TOCO0Us U
yKa3aHusl ¥ Jp.) ¥ IPOBEpKa 3HAHUM CTYJEHTOB KaK KPUTEPHUM WX TEOPETHUECKONW TOTOBHOCTH K
BBITIOJIHEHUIO 3a/1aHUS.

KoHTpoib 1 ol1eHKa pe3yabTaToB BBINOJIHEHUS CTYIEHTaMU 3a/laHui Ha IPAKTUYECKUX 3aHATUAX
HalpaBJIeHbl Ha TMPOBEPKY OCBOCHMS YMEHHi, OINpelnenéHHbIX MporpaMMoil ydeOHOMH
JTUCIUIUIAHBI.

st KOHTpOJIE U OLEHKHU pEe3YJIBTaTOB BBINOJIHEHUS CTYACHTAMM 3aJaHUN Ha IPAKTUYECKUX
3aHATHSIX HCHOJNB3YIOTCS Takue (OpMbl M METOJAbI KOHTPOJsS, Kak HaOmiojeHue 3a paboToi
CTYICHTaMH, aHAJINW3 pPEe3yJbTaTOB HAOMIONEHMs, OLIEHKa OTYETOB, OILIEHKAa BBIIOJIHEHUS
VH/JVBHTyaJIbHBIX 33JJaHUI, CAMOOILICHKA JIESTEIIbHOCTH.

OHGHKI/I 3a BBIIIOJTHECHHUEC BaI[aHI/II\/JI Ha IPaKTUYCCKUX 3aHATUAX BBICTABIAIOTCSA 110 ATHOAIBHOMI
CUCTCMC U YUUTBIBAKOTCA KAaK ITOKA3aTCJIU TCKYIICTO KOHTPOJIA YCIICBACMOCTHU CTYICHTOB.

MEPEYEHb NPAKTUYECKHUX 3AHSATHI IO YYEBHOM JUCHUILIIMHE «®U3UKA»

Tema 1.2 lunamuxa
[13 Ne2 MN3yuenue 3akoHOB HproToHa 2
ITP Ne3 M3yuenue cuil B pupoje 2
Tema 1.3 3akoHbI cOXpaHeHUs

ITP Ne4 U3yueHne 3ak0HA COXpPaHEHUs UMITYJIbCA U 3aKOHA COXPAaHEHUsI MEXaHUYECKOM SHeprun



2
Tema 1.4
IIpuknaanbie 327241 MeXaHUKH
[TPNe5 Pacuet TpaeKTOpuH aBTOMOOHJIS, ABMKYILETOCS 110 3aKPYIJICHHOMY YYacTKy
2
Pasnes 2. MosekynsipHasi pu3uKa U TepPMOAUHAMHUKA
Tema 2.1
OcnoBbl MKT. TemnepaTtypa. JHeprus Tel10Boro ABHKEHUS MOJICKYJI
[TPNe6 M3yuenue cBs3u MEXIY AaBICHUEM U CpeAHEH KHHETHIECKOW YHepruei 2
Tema 2.2 YpapHeHHe cOCTOSIHMA MIeaJIbHOT0 ra3a. ['a3oBbIe 3aK0HBI
[TPNe7 OmpeneneHue Macchl Bo3ayxa B y4eOHOM KaOuHeTe 2
TIPNe8 Pemenne 3a1a4 ¢ UCIIOIB30BAHMEM T'a30BBIX 3aKOHOB 2
Tema 2.3 B3anMHble NpeBpaLieHus] AKUAKOCTEH U ra3oB
[TPNe9 M3mepeHue BIa)KHOCTH BO3yXa B KaOuHeTe 2
Tema 2.5 OcHOBBI TEPMOAUHAMUKH
ITPNe10 Pemenue 3aaa4 ¢ HCIIOIB30BaHUEM MIEPBOTO 3aKOHA TEPMOANHAMUKH 2
Paznen 3. DiekTponMHaMHuKa
Tema 3.1 DiieKTpocTaTHKA
[TPNel1 UccnenoBaHue 3J1€KTPUIECKUX LIETIEH ¢ pa3IMuHBIMKU THIIAMH COSITUHEHHI KOHJIEHCATOPOB 2
Tema 3.2 3aKoHBI NOCTOAHHOIO TOKA

[IPNe12 HMccnenoBanue 3J€KTpUUECKUX LENel Npyu Nocae10BaTeIbHOM, TapajuIeIbHOM U CMEIIAaHHOM COEIMHEHUS
MIPOBOJIHUKOB 2

Tema 3.3 DinexkTpuyecKHil TOK B pa3JIM4YHbIX Cpefax
[IPNe13 Pemenune 3agau ¢ ucnosib3oBanueM 3akoHa ®apanes 2
Tema 3.5 SIBjeHMe 31eKTPOMArHUTHO WHAYKIUH
TIPNe14 Pemenue 3amau 2
Pa3znen 4. Kojiedanusi ¥ BOJIHBI
Tema 4.2 Ynpyrue BoJHbBI
ITPNel5 HMccnenoBanne MeXaHUYECKUX BOJIH 2
Tema 4.3
DJIeKTPOMATHUTHBIE KOJIeDaHusl
TIPNel16 Pemenne 3amgayg 2
ITPNe17 U3yuenue peiictBus TpaHcdopmaropa 2
Pa3nea 5. OnTuka

Tema 5.1 CBeToBBI€ BOJIHBI



ITIPNe18 Pemenue 3agau
2
ITPNe19 Onpenenenne GOKyCHBIX paCCTOSIHUI TOHKMX COOMPAIOIINX M PACCEHBAIOINX JIMH3 2
ITPNe20 M3yuyenue nucnepcuu cBeta 2
Tema 5.2 U3i1ydyeHHe U CIEKTPBI
[TIPNe21 W3yueHue cBOWCTB 3JIEKTPOMArHUTHBIX U3JTy4YE€HUH 2
Pa3gen 6 . DneMeHTHI KBAHTOBOM (pU3UKH
Tema 6.1 CBeTOBBIC KBAHTBI
IIP No22 Pemienue 3a7a4 ¢ MCIIONB30BaHNEM ypaBHEHHS (hoToddpdexra 2
Tema 6.2 AromHas pusuka
[TPNe23 Pemenue 3anaq 2
Tema 6.3 ®usuka aTOMHOIO siApa
1P Ne24 Pemenue 3aad Ha ONpeielieHUe SHEPTHs CBSA3U aTOMHBIX s/ep 2
[IPNe25 HccnenoBaHue 3aKOHOB PaJHOAaKTUBHOIO pacnaza 2

Bcero: 50

[TOPAOK BBIITOJIHEHMA
ITPAKTUYECKHUX PABOT

HpaKTI/I'-IeCKaﬂ paﬁoTa Nel «I/I3yqe}me BHUI0B MEXAaHHUYECCKOI'0O ABUKCHUS)

[lens paboThI: OmMpeAenuTh BpeMs IOJieTa IIapuKa, OpPOLIEHHOIO TOPU30HTAIBHO, NMPUMEHSS
3aKOH COXPAaHEHUS] MEXaHUYECKOM JHEPTUH.

[TpuOopbl M Marepuanbl: Ba IITATUBA YHHUBEPCAIbHBIX C My(QTOH U JIalKOM; TUHAMOMETD;
METAJUIMYECKUN APUK; HUTh; BECBI C TUPbKAMU.

Teopernueckne CBEACHUS

JIBukeHue Ttena, OpOIIEHHOTO TOPU3OHTAIBHO, SBISETCS KOMOWHAIMEN TOPU30HTAIBLHOTO
PaBHOMEPHOTO U BEPTUKAJIBHOIO PIBHOINPUCKOPEHOTO ABMKeHMs. [loaToMy Bpems ABHXKEHMS
ornpezenseTcss CBOOOJHBIM MaJeHUEM Tea ¢ BhICOThI H:

,_ [2H
,’—g ,

a IATbHOCTH IOJIeTa S 3aBHCHUT OT BPEMEHH I10JIETa M TOPU30HTATBHON CKOPOCTH 1f"':
S=ut.

B or10if paboTe MeTauIMYEeCKHi IIAapUK TOJIKAETCS PACTIHYTOW MpPYKUHOW JIWHAMOMETpa.
Kprouok nuHamomeTpa mpHuBsi3aH K MIapuKy HUTHIO JTHON 60-80 cm (puc. 1).



Puc. 1

B Jjlanke omHOro W3 WITATUBOB 3AKPEIUIAIOT JUHAMOMETpP. BO BTOpOM IITAaTMBE Ha TaKOW ke
BBICOTE, KAK U JAMHAMOMETP, 3aKPEIUIAIOT JIANKY. YCTAHOBUB LIAPUK HA Kparo JIAIIKW, IITAaTUB
BMECTE C ILIAPUKOM OTOABMIalOT Ha TAKOE PAaCCTOSHUE, YTOOBI PAaCTAHYTh IPYKUHY AMHAMOMETPa
10 4 H, u ormyckator mapuk. Ilon pelicTBueM Cuilbl YNPYrocTd IIApUK MPHOOpeTaeT

CKOpPOCTH ﬁ

CornacHo 3aKOHY COXpaHEHMsSI MEXaHUYECKOM »JHEpruM KHWHETHYecKass JHEprusl IIapuka

Fijn

¥

nu”

2 E.p_. e = 2
u3mensiercss ot 0 g0 3a cueT paboThl cwibl yrnpyroctu Fnp.cep x (Tme -
Cpe/lHee 3HAYCHHE TIPEMEHHOM CHITBI YIIPYTOCTH H X - BEIMYMHA PACTSOKEHHUSI ITPY)KUHBI):

mv.  F ox
2 2

t=— TA V=

Takum 06pazom,

XOJ PABOTBI

1. 3akpenuTh Ha MITaTUBaX AMHAMOMETP M JIANIKY AJIS LIapuKa Ha oauHakoBoil Beicote H = 15,75
JIoliMa OT TMOBEPXHOCTH CTOJIA. 3allelHUTh 3a KPIOYOK JUHAMOMETPAa HUTKY C HPUBSI3aHHBIM
LIAPUKOM.

2. VYnepxuBas IIapUK Ha Janke, OTOABUIall IITAaTUB JI0 TEX MOp, MOKa MOKa3areiab IMHAMOMETpa
paBia 4 H. OTtnyctuth mapuk ¢ JIallKM W 3aMETUTh MECTO €€ MajJeHus Ha cToie. OmbIT
IIOBTOPUTH S pa3 U ONPEACIIUTH CPEAHEE 3HAYCHUE NAIBHOCTH IT0JIETA IIapHUKa:

B T FE T8 T8

5-'|- '] = -
: 5

3. I3MepuTh Maccy Hiapuka T C IIOMOIIBIO BECOB.

4. I3MepuTh 3HaYEHHUE PACTKEHUS MIPYKUHBI X IIpU crite ynpyroctu 4 H.

5. Beruucnuth CPpCAHIOIO MPOAOJIKHUTCIBHOCTD IOJICTA IApHUKa I10 (I)OpMy.IIGZ

6. BbIuucanTh OTHOCUTENBHYIO MOTPEIIHOCTh MPOIOJKUTENILHOCTH T0JIEeTa £t:
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rae As =0,5 mm, Am=0,1 , AF =0,05 H, Ax = 0,5 m™m.
7. BEIauCcIuTh aOCOMIOTHYIO MOTPENTHOCT MPOJIOIDKUTEIILHOCTH 1oeTa At:

At=gt

I “eep "

8. Pe3ynbrarhl U3MEPEHHI U BBIYUCIICHUHN 3aHECTH B TAOIHUILY.

9. Pesynprar 3anucarb B BUJIE:

KOHTpOJ'ILHbIe BOITPOCHI

1. IIpu xakoMm yciaoBuM pabOTy EPEMEHHOM CUJIbI MO>KHO BBIUUCIISITH, B35IB 32 CPEJIHEE 3HAUCHUE
CHJIBI HAYAJIBHOTO ¥ KOHEYHOTO €€ 3HaUeHus?

2. I'paHuLIbI TPUMEHEHUS 3aKOHA COXPAaHEHUS TIOJTHONW MEXaHUYECKON SHEPIUHU.
3. VI3MeHuTCs JIn pe3ynbTar, €CJId BMECTO METAJLINYECKOTO IAapHUKa B3ATh IUIACTMACCOBYIO?

OObeMHUTh W3YyYCHHbIE 3aKOHBI B CUCTEMY IPEJICTAaBICHUM O MpPUYMHE MEXaHHMYECKOro
JBWDKEHUS, CHCTEMaTH3UPOBATh W3BECTHBIC 3HAHUS; NPOJODKUTH (OPMHPOBAHUE YMEHHN
BBIJIEJIATh, ONUCHIBATh SIBJIEHUS, C(HOPMYINPOBATh IPUHIUI OTHOCUTEIBHOCTH.

[Toka3aTh 3Ha4YeHHE OMBITHBIX (PAKTOB M SKCIIEPUMEHTOB B CO3/IaHUU TEOPETUUYECKUX OCHOB
KJIacCU4eCKoi (pu3mkm.

IIpakTnyeckas padora Ne 2 «3yyenune 3akonos Herorona»
Ilens padotsi: [IpoBepuTh BhIMOIHEHNE BTOPOTO 3akoHa HhloTOHA.
[TpuOopb! u MaTepuaibl: IITATUB, )KEJI00, IMHEHKA IIapUKU Pa3HBIX MacC, BEChI, CEKYH/IOMEp.

Teopemuueckas uacms_CornacHo (GpopMyIHpOBKe BTOPOro 3akoHa HploTOHa, yckopeHue Tena
IPOMOPLUOHANILHO CUJIE JEHCTBYIOLIEH Ha 3TO TENO U 00pPaTHO MPOMOPLHMOHAIBHO Macce 3TOro
tena. [IpoBepky 3akoHa, IOTOMY JIOTHYHO MPOBOAMTH B JBa dTana. Ha mepBom sTarme, ocTaBuB
crry 0e3 M3MEHEHUS MMPOBEPUTH 3aBUCHMOCTh YCKOPEHHS Teja OT ero Macchl. O4eBHIHO, €CITH

G- M ()

a m
3aKOH BBLIINMOJIHACTCA, TO AOJDKHO BBIIIOJHATCA pPaBCHCTBO 2 1 . U3 pPUCYHKaA SACHO, 4YTO

CHJION CKaThIBaroOIIEH [Iapuk, 6y,Z[CT paBHO,Z[CI‘;ICTByIOII_IaH CHUJI TAKECTU U PCAKIUHU OIIOPLI.

MoxxHO moka3 aTb, 4T




F =mgsina

. h
sina = s m, gh, _ m,gh,
. mgh S S
S eclu Fl = F2 , TO mlhl = mzhz(***)

Janee, HeoOXOAMMO TMPOBEPUTH 3aBUCHUMOCTh YCKOPEHHS Tella OT BEJIWYUHBI CHJIbI
JecTBYIOIIEed Ha Hero. Ecinm Maccy Tena OCTaBUTh HEM3MEHHOM, TO JOJKHO BBITOJHATHCS

a _ 5 (* *)
F
cooTHomeHue: 2 2 [TosToMmy, eciau paborarb C OIHUM IIAPUKOM,
_.a, mghS a,  h ..
MM mghS @, h
TO a, mgh, WU a 2
Xoo pabomuwi

YcranoBute k€00 MoJ yIioM K croily. Beibepure mapuk MeHbIIeH Macchl. 3alyCTUTE MapuK
0e3 Tomuka BHU3 1O kenoOy. M3mepbre Bpemsi aBmkeHHUs mapuka. CKaTUB IIApUK HE MEHee
6™ pas, HaliuTe cpeiHee BpeMsl CIyCKa M 3aHECUTE ero B TaOmuily. Mi3MepbTe BBICOTY U UTHHY
HaKJIOHHOH TJIOCKOCTH.

CormacHo gopmyiie (***) onpenenure BBICOTY TOMHITHS XKeJI00a IS 3aIyCcKa BTOPOTO IIapuKa.
J1J1s1 3TOTO B3BECHTE IIAPUKHU HA Becax.

[Ipoussenure aeiictus 1. 1.

PaccuuraiiTe OTHOILIEHNE YCKOPEHUH IIaPUKOB U IPOBEPHTE BEPHOCTH COOTHOIIEHHUS (*) C
y4€TOM MOTPEeLIHOCTEH.

Pesynbrarel pacuéToB 3aHECUTE B TaOIUILY:

Teneps 3anmycTute ofuH (Jryuie 60Jie TSKENBIN) MAapUK ¢ Pa3HBIX BBICOT, U3MEPHTE OTHOLLICHHUE
€ro yCKOPEHMH 1 3aHeCUTe pe3yabTaT B TaOJIHILYy.
[TpoBepbTe BBIMOIHUMOCTE (OpMyIbl (*#**) ¢ yuéTroMm morpemHocTei.

CI[GJ'I&ﬁTC BBIBO/IbI U OTBCTHTC HA JOIMOJIHUTCIIbHBIC BOIIPOCHI:

a) IEeWCTBUTENBHO JIM BEPHO BHIBEJICHHOE BHINIE BBIPAKEHUE JJII YCKOPEHHUS B JAHHOM Cilydae
(ckaTplBaHME IIapuWKa) M KaK OTPa3UTCsA TMOMNpaBKa (€ciM OHa €CTh) Ha JaJIbHEHIINX
paccykKIaeHusx?

0) mouemMy MoJy4eHHbIE PaBEHCTBA BBITOJIHAIOTCS HETOYHO?

B) KaK IIpH pacuére pe3yaprara yuecTb KOHEUHbIN pauyc mapuka’?

IIpakTnyeckas padora Ne 3 «M3y4enue cuJ1 B IpUpoae»
[ens: HayuuThcsa paboTaTh JUHAMOMETPOM

OOGopynoBaHue: AMHAMOMETP, 3 Tena, TPUOOMETp, AEPEBIHHBIA Opycok, Habop rpy3oB mo 100r,
pe3nHKa

VYka3zanus k padote:

1. Bo3zpMuTE TMHAMOMETP U ONPEAEIUTE IIEHY JEICHUs MIKaJIbl JTUHAMOMETpPa (3HAYCHHE CaMOro
MaJICHBKOTO JICJICHHUS).

C= H




2. Onpenenure MakKCUMAJIbHYIO CHITY, KOTOPYIO MOXHO HU3MEPHUTH C MOMOIIBIO JUHAMOMETPA.
Fmakc.= H

OnpezneneHue 3aBUCMMOCTH CUJIBI TSXKECTU OT MACChI TEJla
1. Onpenenure, ¢ HOMOLIBIO ANHAMOMETPA CUITY TSXKECTH, IEHCTBYIOILYIO HA Tela.
2. 3Has cuily TSDKECTH, HaiinuTe mMaccy ten. (Pacuets! caenaiite mocie Tabiuis)

CrenaiiTe BbIBOJI, KaK 3aBUCHUT CHUJIA TSKECTH OT MAcChl Tena?
Omnpenenenre 3aBUCUMOCTHU CHJIbI TPEHHS OT Beca Tela
1. C noMomibp10 TMHAMOMETPaA OIPEIeTUTE BeC OpycKa.

2. Onpexnenure CUITy, C KOTOPOM HAJIO0 JBUTAaTh OPYCOK IO CTONY C MOCTOSHHON CKOPOCTBIO.
3anuumTe pe3yybTarhl B TAONHILY .

3. IlocraBeTe TpPy3uK Ha OPYyCOK WM IOBTOPHTE MPEIAbIIyIIee WU3MEPCHHE. 3alUIIUTE B
TabIuIry

Omnpenenenre 3aBUCUMOCTHU CUJIbI YIPYTOCTH OT Beca Teja

1. Bo3pMure pe3uHky u usmepbre e€ JuHy. L= CM.

2. 3anienure JUHAMOMETPOM OJIMH KOHELl PE3UHKHU , @ CBOOOJHBIN KOHEL IPUKMUTE K
HYJIEBOMY JEJICHUIO LIKAJIbl IMHEUKHU.

3. PacTsanute pe3unky Ha 0,5 cM. 3anuinre nokazaHus IMHaAMOMETpa B TaOIUIly
4. PacTsiHUTE pe3uHKY Ha 1 cM. 3anmuiunTe noka3zaHus JUHAMOMETpPa B TaOIHUILy

5. PacTsHuTe pe3uHKy Ha 2 cM. 3aluIIuTe MOKa3aHus JUHAMOMETpPa B TaOIUILy

Crnenaiite BBIBOJ, KaK 3aBUCUT CHJIAa YNIPYTOCTH, BO3HUKAIOLIAS B PE3MHKE OT
YUIMHEHUA?

IIpakTnueckas padora Ne 4 «M3yuyeHne 3aKOHA COXPaHEHHMS MMITYJIbCA U
3aKOHA COXPaHEHUs] MeXaHUYeCKOH JHePrum»

Lenb paOoThI: Hayuumsbcs usmepsams HOMEHYUATbHYIO IHEPIUI0 NOOHAMO20
Hao semieli mena u 0e)OPMUPOBAHHOU NPYICUHBI, CPABHUMb 084 3HAYEHUS

nOmele;u(lJZbHOﬁ IHepcuu cucmemol..

OOopynoBaHue: TaTUB ¢ My(PTOM M JANKOW;, TUHAMOMETP JIAOOPaTOPHBII,
JUHEWKa; TPy3 Maccoil M Ha HUTH JTUHOM .

TCOpCTH‘{CCKaﬂ qacTb

DKCIEPUMEHT MPOBOAUTCS € TPY30M, MPUKPEIIJICHHBIM K OJJHOMY KOHILy HUTH



mmaHoi | JIpyroii KoHEIl HUTH TPHBS3aH K KPIOUKY auHamomerpa. Ecimu
MOJHATD TPY3, TO NPY>KUHA IUHAMOMETpPA CTAHOBUTCS HeAe()OpPMUPOBAHHOH U
CTpeJKa TUHAMOMETpa MOKa3bIBaeT HOJb, IPU ITOM IMOTECHLIMAJIbHAS SHEPTUs
rpy3a o0ycJI0oBI€Ha TOIBKO CUJION TSDKECTH. [ py3 OTIYCKalOT U OH MajaeT BHU3
pactsruBas npyxkuHy. Eciu 3a HyneBoil ypoBeHb OTCUETa MOTEHIIHMAIBbHOM
SHEPTUM B3aUMOJEHCTBUS Tella ¢ 3eMJied B3ATh HUKHIOIO TOYKY, KOTOPYIO OH
JOCTUTAET MpPH MaJeHUH, TO OYEBUIHO, UYTO MOTECHIIMAJIbHAS SHEPTUs Teja B
IMoJIC CHJIbI TAXKCCTU HNCPEXOAUT B MNMOTCHLIMUAJIBHYI 3HCPIUIO I[e(l)OpMaLII/II/I
MPYKUHBI TUHAMOMETpA!

mg (I+Al) = KAI?/2, tne Al — MakcuMalbHOE YIJIMHEHHE IPYKUHBL, K — ee
KECTKOCTb.

Tpyonocmes  3kcnepumenma  cOCmOum 6  MOYHOM  Onpede/leHuU
MAKCUMATIbHOUL Oehopmayuu RPYHCUHbBL, M. K. Me10 08UIHCEM s DblCmpPO.

—_—

YKa3aHI/lﬂ K DaﬁOT W g

Jlnsi BBIOJTHEHUS PabOThl COOMPAIOT YCTaHOBKY, NMOKAa3aHHYIO Ha PUCYHKE.
JIlnHaMOMETp yKpeIIsieTcs B JIalKe ITaThBa.

1. IlpuBspkure Irpy3 K HUTH, OPYTOM KOHEL] HUTU NPUBSDKUTE K KPIOUKY
IUHAMOMETpa M HM3MepbTe Bec rpysa Fr= Mg (B 1aHHOM cilydae Bec rpysa
PaBEH €r0 CUJIE TAKECTH).

2. U3mepbte aiuHy | HUTH, Ha KOTOPO# MPUBSA3aH Ipy3.

3. Ilogaumute rpy3 10 Touku 0 (OTMEUEHHOM Ha AMHAMOMETPE).

4. Ornyctute rpy3, H3MEpbTE JTUHAMOMETPOM MAaKCHUMAaJbHYIO CHILY
ynopyroctd Fynp 1 nuHEHKoW MakCHUMalbHOE pacTshKeHHEe —MpYXHUHBI Al,

OTCUUTBIBAA €T0 OT HYJICBOI'O ACIICHUA NTUHAMOMCETpA.

5. Beraucnure BbICOTY, ¢ KoTOpoi mamaeT rpy3: h =1 + Al (310 BBICOTA, Ha
KOTOPYIO CMEIIAETCS LIEHTP TSIKECTU TPy3a).

6. BeruncanTe NOTEeHIHAIBHYIO dHEPTHIO NOoAHATOrO rpy3a E'n = mg (1 + Al).

7. Beluncnure dHEpruio aeopMUpoBaHHON Tpy)uHbI E''n = KAIY/2, rie k
Fynp/Al

[MoxcraBuB, Belpakenue aist K B ¢opmyny ans sHepruu E''n momyunm E''n
;FynpAl/2



8. Pe3ynbrarel v3MEpeHMil ¥ BRIYMCICHUN 3aHECUTE B TAOJHILY.

9. CpaBuute 3HaueHus 3Hepruil E'n u E''n. [Togymaiite, nouemy 3HaueHust
3TUX YHEPTUH COBIA/IAIOT HE COBCEM TOYHO.

10. CnenaiiTe BBIBOJ O MPOJIEIAHHOMN padoTe.

IIpakTuyeckass padora Ne 5 «Pacuer TpaekTopuu aBTOMOOWJISA,
ABMKYIIET0CH MO0 3aKPYIJIECHHOMY Y4aCTKY»

3a,Z[aHI/I€Z Bremonauts pacyeT napaMEeTpoOB ABUKCHUA aBTOMOOMIJIS T10 KpPHUBLIM.

Ha aBTOoMOOWIb, MBHXKYLIMN MO KPUBOJIMHEHHOMY YYacTKy JOpPOTH, B TOYKE
KPUBOH, pauyc KpUBU3HBI KOTOPOIl paBeH R , nelicTByeT LeHTpoOexkHas cuia
C , xoTopas BeIYHUCIIsICTCS 10 (popmyre:

C=mv2/R

(2.1)

rae M — macca aBTOMOOMIISA, KT
V - ero ckopocTh, M/C.

HenTpobexxHas cuia, NeprneHIuKyIspHasi HalpaBJICHUIO JIBUKEHHS OKa3bIBaeT
Ha aBTOMOOWJIb, BOAMTENS U MACCAXUPOB OMPOKHUJBIBAIONIEE U CABHUTarollee
nenctsus. llepepactpenenss naBneHue, MeXay NMPaBbIMUA U JIEBBIMHU KOJIECAMHU
U BbI3bIBas SIBJICHHE OOKOBOTO YBOJA INIMH, OHA OCJIOXHSET TaKXKe YCIOBHUS
ynpasieHusi aBromobusieM. Ha KpuBBIX MalblX pajlyCcoOB YBEJIWYHBAETCS
pacxol TOIUIMBA M IIOBBIIAETCA M3HOC IIMH. B HOYHOE BpeMsa Mpoesn
KPUBOJIMHENHBIX YYaCTKOB OCJIOXHSIETCSI TEM, YTO CBET (hap OCBEIIAeT AOPOry
nepesa aBTOMOOMIIEM Ha MEHbIIIEEe PACCTOSHUE, YEM Ha MPSIMBIX yYacTKax.

Bce ykasanHble oTpunarenbHble ()aKThl HPOSBISIIOTCS TEM CUJIbHEE, 4YeM
MEHbILIE paguyc KpuBoi, a miaHe. I[lostomy Oe3zomacHOCTb, yIOOCTBO U
SKOHOMHYHOCTH JBM)KEHHUSI aBTOMOOMJIEH C PacyeTHOM CKOPOCTHIO BO3MOYKHBI
TOJILKO TMPU Ha3HAYE€HUH JJOCTATOYHO OOJBIINX PAANYCOB KPUBBIX.

[Ipn nBuUXKEHMM TIO KpPUBOM Ha aBTOMOOWIb JEMCTBYIOT [BE CHJIBI,
MPUIIOKEHHBIE K €ro LEHTPY TKECTU: IeHTpoOexHas cuna C , HampaBieHHas
BO BHEILIHIOIO CTOPOHY 3akpymieHus (ypaBHenue 2.1); G — Bec aBToMOOUIIS.

[Ipoektupys 06e cuibl Ha HaMpaBIeHHE MOMEPEYHOr0 YKIOHA MPOe3Kel 4acTu
ABTOMOOWJIBHOU JTOPOTH, MOTYYaeM:



2
o

Y= & cosa+mgi
2.2)

rae Y — pe3yabTaTuBHAs CUJA, CTpPEeMALIascs CIBUHYTb aBTOMOOWIb C
JIOPOT'H, Ha3pIBacMasi IIONEPEYHON CHIIOMN.

B 3aBucMMOCTH OT HampaBiIeHHUS MTONIEPEYHOTO YKIOHA JOPOTH COCTABIISIONIAs
Beca aBTOMOOUIIs, paBHass G= mgi, MOXKET UMETb 3HAK «» WU «-».

[Tockoneky yroma a mai (cos a = 1), ero BIMSHUEM MOXKHO ITpeHeOpeyb, TOrna:
(2.3)
HOI{GJII/IB BCC WICHBI YPAaBHCHUS Ha BEC aBTOM06I/IJI$[, IMOJIy4YHrM:
(2.4)

¥

Otnomenne &, oGosnHauaemoe NPUHATO HAa3bIBaTh KOAPPHUIIMEHTOM
MONEPEYHON CHIIBL. 3a/aBasch JOMYCTHMMBIMM 3HAYCHUSAMHU KO3 UIMEeHTa
MOTIEPEYHON CHJIBI, MOXKHO ONPEACTHTb pPAagUyC KPYTOBBIX KpPHUBBIX TI0

dbopmyre:
(2.5)
rae V - CKopocThb, M/C;
g-yCKOpeHHE CBOOOIHOTO MaJIeHus!, M/c2;
| - monepeuHbIit yKiIoH [1].

JUisi  TpakTUYEeCKOI  MCIIONb30BAHUS  ATOTO  BBIPAKEHUS  HEOOXOJUMO
HOPMHUPOBaTb  JIONYCTUMbIE  3Hau€HUs  KO3(PPUIMEHTOB  MONEpPEeYHOU

cubt (Tabmuma 2.1).

Tabmuua 2.1 - [IpenenbHO AOMyCTUMbIE 3HAYEHUS H

ITokasarenn

i

Hpe}IeHBHO HOHyCTI/IMBIe 3HAYCHUA Ha HOKpBITI/H/I
CyXOM
P-06
MOKpPOM

P =04



TIOKPBITOM JIbJIOM
=02
YcTOHYMBOCTh IPOTUB ONPOKUABIBAHUS
0,60
0,60
0,60
YcTOMYNBOCTh IPOTUB 3aHOCA
0,36
0,24
0,12
ObecrieueHre yno0cTBa MOE3AKH IJIS TTACCAKHUPA
0,15
0,15
0,15
DOKOHOMUYHOCTh
SKCIUTyaTallii aBTOMOOUIIS
0,10
0,10

0.10

KoHTposibHBIE BOIIPOCHI:
1. Kakue cuibl JefCTBYIOT Ha aBTOMOOUIIb TIPU €r0 JIBUYKEHHUH 110
KPUBOJINHETHOMY Y4acTKy AOPOTH?

2. Kakue pgeiicTBusl OKa3bIBaeT Ha aBTOMOOWIb, BOIUTENS M TAcCCAKHUPOB
IeHTpoOexHas cuiia?

3.Kakue orpunarenbHble (aKThl MPOSIBISAIOTCS NMPH YMEHBUICHUH paauyca
KpHUBOW?

4. Yro Takoe K03 HUIUEHT MONEPEIHON CHITBI?

5. Or d4ero 3aBUCAT JIOMYCTUMbIE 3HAYeHHUS KOA((ULIHEHTOB MONEPEUHON



CUJIBI?

IIpakTuyeckass padora Ne 6 «U3yueHue CBSI3M MeKAY AaBJI€HHEM M
cpeaHell KHHETHYeCKOM IHeprueiny

B cocyme HaxomuthCs uIeanbHbIM ra3. a3 oxa3blBaeT JaBiIeHUE IIPU
COYAapEHUHN MOJIEKYJ, MACCOM MoKaKJasi, CO CTEHKAMH COCYyZAa IUIOINAIbIO S.
BeruncinuMm, Kakoe [aBICHME Ia3 OKa3blBa€T Ha CTEHKY cocyna. Kaxnas
MOJIEKyJla IIPH COyJAape€HUU IEepefacT CTEHE MMILYJIbC 2MmoVx; Vx — 3TO
IIPOEKIIMS BEKTOpa CKOPOCTH V Ha och OX, MepneHAUKYISIPHYIO CTEHKE.

OT Bcex MOJEKyN 3a OJHY CEKyHJy CTEHKa MOJIyYUT CyMMAapHbIH HMILYJIbC,
KOTOPBI paBeH 2moVxZ; Z — 4UCIIO CTOJIKHOBEHUN BCEX MOJIEKYNI CO CTEHKOM
3a OIHYy CeKyH]Iy. Z NpONOpLUOHATIbHA KOHIIEHTPALUU MOJIEKYN N, IUIOLIaIu
CTEHKHU S U MPOEKIUU CKOPOCTH Vx.

ZL

s
V[%

q)OpMyJ'ILI X BBIYMCIICHUA

Moutekynbl raza JIBHKYTCS XaOTHYHO, IO3TOMY BCE HAIPABIICHMS JBUKCHUS
MOJIEKYJl ~ PaBHOBEPOATHBI. 3HAUYMUT, W3 BCEX MOJIEKYJ, MMEIOIINX
COCTABIIAIOLLYI0 CKOPOCTH Vx, ITOJJOBMHA MOJIEKYJI IBHKETCSI B CTOPOHY CTEHKU
AB, npyras 1noyioBuHa, B POTUBOIOJIOKHYIO €1 CTOPOHY, B CTOPOHY CTE€HKH
CD.

IlepenanHblli CTEHKE 3a OOHY CEKYHIy IOJIHBIN
UMIYJIbC Oy/IeT paBeH:

-
o » — =
2w v, S = m v, S

3a ceKyHJy M3MEHEHUE MMITYJIbCca TOUKH (Tela) paBHO JEUCTBYIOIIEH HA HETO



CcHuJIc

Al 2
F:T:‘&(mv),'ro F=munuv =5
[TOCKOJIBKY B COCYJIE COIEPIKUTCS JOCTATOYHO OOJBIIOE KOJMUIECTBO MOJIEKYIT

" IBUXKXYTCs OHU C pa3HbIMH CKOPOCTAMHU, TO CIICAYCT YCPECAHUTH CUITY

F = m_rnv,
BI/IHI/IM, 4TO CWJia 3aBHCHUT OT CpPCAHCIO KBaApara

7
2%

CKOpOCTH
Tak Kak JABMXKEHHME XAOTUYHO, TO BCE HAMPABIEHMS HPOEKIUM KBAJpara

CKOpPOCTH PaBHBI
L

Taxke H3BECTHO, 4YTO KBajapaT MOAYJA JIIOOOro BEKTOpa pPaBEH CyMMe

r‘t|
LA ¥ ]

=
Il

KBaJparoB €ro HpOGKI_[I/Iﬁ Ha OCH KOOPpAWHAT, [TI0O3TOMY

v =i+l +a?
C YUCTOM BbILIIC

preI[HI/IM 9TO BBIpAXXCHHUC 110 BCEM MOJICKYJIAM,

MIPEJICTABICHHBIX (POPMYJIT MOTYUUM

Cuity TorzIa MOXKHO OIPEAETIUTD MO CleAyrolel popmyie:

F o= 1 Hmavz.S'
3

3Has CHUI1y, OIIPCACIIACM NAaBJICHUC HAa CTCHKY COCyda

OTO BBIpAKCHHE HA3BIBACTCSI OCHOBHBIM YPaBHEHHEM MOJIEKYJISAPHO-

KHHETUYECKON TeOpUM.



C momMOILIBI0 JTAaHHOTO YPaBHEHHUS MOYKHO TMOJYYUTh CBA3b MEXAY CpeIHEH
KMHETUYECKOU SHEPTUEU MOJIEKYJI U TABICHHUEM.

-
— P E
s = —5 . Torma P

£

_ 2 aE.
3

Ery

,CPEIHsIsl KHHETHYECKasi YHEPTUsl MOJIEKYJI ra3a
BoiBoa: /laBieHue rasa paBHO JABYM TpeTsIM cpelHell KHHeTHYeCKOi

JHEPrUM TMOCTYNATEJbHOI0 JIBHXKEHHS MOJIEKYJ, COdep:KAIUXCH B
eIUHHIle 00LeMa.

IIpakTuyeckas padora Ne 7 «OnpenesieHne Macchl BO3IyXa B y4eOHOM
KaOnHeTe»

Onpenenure, KaKk H3MEHMTCS Macca BO3AyXa B KaOWHeTe miuomansio 20 M2 u
BbicOTOM 3 M mnpu mnoseiieHuu Temneparypsl o 0 °C no 27 °C npu
HOPMaJIBHOM arMOC(EPHOM JIaBIICHUH.

Penrenne:

Jlng  pemieHus 3aJadd  BOCIONb3yeMcsl ypaBHeHHWeM MeHneneeBa -
Knaneipona:

7€ Po — HOpMaJIbHOE aTMOC(EpHOE JaBICHHE.
[Tpu yBenmueHN# TeMIeparypsl:
O06bem koMHaThI V paBeH:
V =Sd

Bripasum maccel u3 ypaBHeHuit (1) u (2) 1 BbIUTEM U3 TIEPBOM MACChl BTOPYIO,
nmosicTaBuB (hopMyIty it oObema:

3mech
Ti=t1+273 =273 K.
T=1+273=300 K.

[Tocne moacTaHOBKYM YHCIICHHBIX 3HAYeHHH B (hopmyity (3) moydaem Am = 6,9
KIT.

OtBer: yMeHbIINTCS Ha 6,9 K.



IIpakTnyeckas padora Ne 8 «Pemenne 3a1a4 ¢ MCMOJIb30BAHNEM Ia30BbIX
3aKOHOB)

3ananue 1:
B cocyne emxocthio 10 J1 mpu HOPMAajgbHBIX YCIOBHUSX HAXOAMTCS a30T.
OmnpenenuTh: YUCIO MOJECH a30Ta, Maccy a30Ta M KOHIEHTPAIMIO MOJIEKYJ B
cocyze.
Pemenne:
Brauane omnpeseanM HOpMajibHbIE ycioBHs: Po = 10° Ila — HopManbHOE
armocepHoe gasnenue, To = 273 K — HopmanbHasg temneparypa, Vo = 22.4
JI — MOJISIPHBINA 00BEM.
Bocnonb3yemcs ypaBHeHreM MeHeneeBa - Kianeiipona B Buje:
Otcrona BbIpa3uM UCKOMOE KOJIMYECTBO MoJiel (KoJM4uecTBO BemiecTsa v): U3
ypaBHeHus (1) BpIpa3uM Takxke Maccy a3oTa KoHIeHTpaIust MOJIEKYJI B COCY/Ie
n= N/V, torna u3 (1) Yuntsisas, uro monspHas macca M = 28*103 kr/mouts,
o popmynam (2) - (4) naiinem: v = 0,44 moan, m = 0,012 kr, n = 2,65x10%°
1/m8.
Otser: 0.44 moan; 0.012 kr; 2.65x10%° 1/m3,

3ananmue 2:

Kakoe komM4ecTBO KHCIOPOAa BBIMYCTHIN U3 OauioHa eMKocThio 10 J, eciu
JaBJICHHE YMEHBIIUIOCH OT 14 aTt™m 10 7 aTM, a TeMrieparypa MOHU3UIAaCh OT
27 °C o 7 °C?

Penrenne:

Bocnone3yemcss  ypaBHeHnem  MenpneneeBa-Knaneiipona i mepBOro
COCTOSIHMSL:

U /1151 BTOPOTO cOCTOsIHUS: Bripazum Maccsl u3 ypaBHenuit (1) u (2) u BeiuteM
U3 [IEPBOM MacChl BTOPYIO: YUTEM, UTO

T1=1t+273 =300 K,
Tr=1+273 =280 K.

Monspras macca M = 32x1072 kr/moub. [Tocie BeUKMCIEHHH TTOTyYnM Am =
0,083 k.

OTtBer: 0.083 kr.
3amanmne 3:

Kommpeccop nomaer cxarblii BO3yX B pe3epByap, IpUyeM 3a BpeMs paboThl
KOMIIpeccopa JJaBI€HUE B pe3epByape MoBbIIIaeTcs oT armochepnoro 1o 0,7



MIIa, a temneparypa — ot 20 10 25° C. O6nem pesepByapa V = 56 m3.
bapomerpuueckoe nasienue, npuseneHHoe k 0° C, B0 =.100 xI1a.

Onpenenuth Maccy Bo3ayxa, HOJAHHOTO KOMIIPECCOPOM B pe3epByap.

OtBer: M = 391,7 kL.

IIpakTuyeckass padora Ne 9 «M3mMepeHHe BJIAKHOCTH BO3IAyXa B
Ka0OuHeTe»

3agaga:
[Ipaktuueckoe 3ansrue Ne 24
Jedext Macc. JHeprus CBI3U

Bapuanm 1.

e VKa)XHTe YHCIIO 3IEKTPOHOB, IPOTOHOB U HEHTPOHOB B aTOME
Gepummus “4Be

» Haiigure nedexr Macc aroma GepruTus B a.€.M. ¥ B K. Macca nporoHa
1,00728 ae. M., macca HelitpoHa 1,00866 a.e.m., macca sjipa aroma
oepuuust 9,00998 a.e.m..
e Haiinure sHepruto cBs3u aapa aroma Oepusutus B Jxoynsax u 8 MaB

Bapwuanr 2.

e VKa)XHUTE YUCIIO AIEKTPOHOB, TPOTOHOB U HEHTPOHOB B aTOME YIJIepo/Ia
12
6C

» Haiingute nedexr Macc aroma yrieposa B a.e.M. U B KI. Macca npoToHa
1,00728 a.e.M., macca HeiTpona 1,00866 a.e.m., Mmacca siipa aToma
ymiepona 12,0077 a. e.m..
e Haiinure 3HEpruio CBs3M s/ipa aroma yriepoaa B J[xoynsax u B MaB

Bapuanr 3.

o VKa)XXHTe YHCIIO SEKTPOHOB, IPOTOHOB U HEHTPOHOB B aTome dropa ¥
F

e Haiingute nedexr macc aroma ¢ropa B a.e.M. 1 B KI. Macca nporoHa
1,00728 a.e.M., macca HelTpona 1,00866 a.e.m., Mmacca siipa aToma
¢dropa 18,99345 a.e.m..

e Haiinure sHepruto cBs3u aapa aroma Gropa B Jxoynsax u B MaB.

BapuanT 4 *



e YKaXHUTE YMCIIO JIEKTPOHOB, MPOTOHOB U HEUTPOHOB B aTOME
kuciaopona %0

e HaiinguTte nedexr macc aroma Kucaopoja B a.e.M. U B KI. Macca
nporoHa 1,00728 a.e.Mm., macca HeiiTpona 1,00866 a.e.m., macca aroma
kucioponaa 15,9994 a.e.m..
e Haiaure 3HEpruo cBs3u sapa aroMa kucinopoaa B Jxoyisax u 8 MaB.
METOANYECKUE YKA3ZAHUSA
st crynertoB I'BITIOY PJI KIITIK mo BEIMOTHEHHUIO MPAKTUIECKUX pabOT

no yueOHou nucuurnae OV n. 09 ®U3UKA

OCHOBHOH NPOQeCCHOHATLHON 00pa30BaTeIbHOM MPOTPAMMBI CPETHETO
npohecCHoHaTBLHOTO 00pPa30BaHMUs 10 CHEHATbHOCTH

09.02.07 MadbopMaliMOHHbIE CUCTEMEL U IPOrPaMMHUPOBAHHUE,

Bxomsamien B coctaB YI'C 09.00.00 Madbopmarrka u
BBIYUCIUTEILHAS TEXHUKA

Kuzmap, 2022

MeTtoanueckne yka3zaHus 10 BBIIIOJIHEHHIO JJAOOpaTOpHbIX padoT pazpaboTaHbl
s cryaentos ['BIIOY P/l Kuznsapckuit npodeccnoHanbHO-TIeqarornaeckui
KOJUIEJK B COOTBETCTBUU C TpeboBaHUAMHU DesiepalibHbIX TOCYAaPCTBEHHBIX

o0pa3oBarenbHbIX CTaHAapTOB Mo crnenuansHocTu 09.02.07

NudopmarimoHHbIE CHCTEMBI U IPOTrPAMMHUPOBAHUE

(ykpynHeHHas rpynmna cnenuansaoctei — 09.00.00. UadOpMaTHKa 1
BBIUUCIINTCIIbHAA TEXHUKA )

Mertonudeckne yKa3aHHS 110 BBITOJHEHHUIO MPAKTHUECKUX padOT apecoBaHbBI
CTyJIeHTaM O4HOU (hopMBbI OOyUEHUSI.

PaccMoTpeHo u 0100peHo Ha 3aceJaHuu

ITIK o6mreobpa3oBareabHbIX AUCIUTUIHH



[TpoTtokon Ne « » 2022r

Opraanzanus-paspadoTyukK:

['ocynapcTBeHHOE OrOmKEeTHOE ITpoheccnoHalbHOE 00pa3oBaTenbHoe yupexaenue PJ]

Kuszaspckuit npogeccHoHANIBHO — IeJaroru4ecKuil KoJieasK

Paspaboran npenonasareib:

JAnabmanbteroBa A.b. -npenogaBareab 1KK I'BIIOY P KIIIIK

COIEPXAHUE
1 IIOACHUTEJIbHASA 3AIIMCKA
2 [IEPEYEHbB ITPAKTUYECKUX 3AHSTUIA
3 ITOPAAOK BBIITOJTHEHUA ITPAKTUYECKUX PABOT:
IMpakTuyeckoe 3ansaTue Nel «/3ydyeHue BUIOB MEXAHUYECKOTO JBHKCHUS
IIpakTnueckoe 3anaTue Ne2 «3yuenue 3akoHoB HproToHa»
IpakTuyeckoe 3ausiTue Ne 3 «M3ydenue cui B mpupoe»

IIpakTnyeckne 3anaTusa Ne 4 «I3yueHue 3akoHa COXpaHEHHUS UMITYJIbCA U
3aKOHA COXPAHEHUS MEXaHNYECKOW SHEPTUH»

IIpakTuyeckoe 3ansaTue Ne 5 «Pacuer TpaekTopun aBTOMOOHIIA,
JIBUKYILIETOCS T10 3aKPYITIEHHOMY Y4YaCTKy»

IIpakTuyeckoe 3ansiTue Ne 6«l13yueHne cBA3M MEXIY JaBICHUEM U CpEIHEN



KMHETUYECKOU DHEPrUEH»

IpakTuyeckoe 3ausaTue Ne 7«OnpeneneHue Macchl BO3ayXa B y4eOHOM
KaOuHeTe»

IIpakTuyeckoe 3ansaTue Ne 8«Peienue 3a1a4 ¢ UCMOIB30BAHUEM T'a30BbIX
3aKOHOB)

IIpakTuyeckoe 3ansitue Ne9 «l3mepeHne BIaXHOCTH BO3yXa B KaOUHETe»

IIpakTuyeckoe 3ansaTue Ne 10«Pemienue 3a7a4 ¢ UCMOIb30BaHUEM TIEPBOTO
3aKOHA TEPMOIMHAMUKI

IMpakTuyeckoe 3ansiTue Ne 11«VccnenoBanue aIeKTPUUECKUX LETIECH C
Pa3IMYHBIMHU TUIIAMHU COCTMHEHUN KOHICHCATOPOB»

IIpakTuyeckoe 3ansaTue Ne 12«VccnenoBanue aeKTpUIECKUX Lenel mpu
MOCJIeI0BATEIbHOM, TTApAJIEILHOM U CMEIIAHHOM COEIMHEHUSI IIPOBOITHUKOBY

IIpakTuyeckoe 3anaTue Ne 13 «Pemenue 3a1a4d ¢ UCIOJIb30BAaHUEM 3aKOHA
®Dapanes»

IpakTnyeckoe 3ansaTue Ne 14 «Pemienue 3anaud»
I[MpakTuyeckoe 3anaTue Ne 15 «VccnenoBanue MexaHU4ECKUX BOJIH»
HpakTnyeckue 3anaTus Ne 16«Pemienue 3anayu»
IIpakTnuyeckue 3ansiTusa Ne 17 «3ydenue neiictBus Tpanchopmaropar
IpakTuyeckoe 3anaTue Ne 18 «Permenue 3amau»

IIpakTnueckoe 3ansiTue Ne 19«Onpenenenne GpoKycHBIX pacCTOSHUN TOHKHX
COOMPAIOUINX M PACCEUBAIOIINX JINH3

IIpakTyeckoe 3anaTue Ne 20 «3yueHnue nucrnepcun cBeTa

IIpakTnueckoe 3ansaTue Ne 21«3yyeHne cBOICTB 31€KTPOMarHUTHBIX
U3y YCHUN»

IMpakTyeckoe 3ansaTue Ne 22«Perrenue 3a7a4 ¢ UCIOJIb30BaHUEM
ypaBHeHUs (hoTodddexrar

IpakTuyeckoe 3ansaTue Ne 23 «Pemenne 3aaau»

IIpakTHyeckoe 3anaTHe Ne 24«Pemenne 3a1a4 Ha onpeeIeHue YHEPTUs
CBA3U aTOMHBIX s1IEpP»



IpakTnyeckoe 3ansiTue Ne 25«HccnenoBanre 3aKOHOB paIMOAKTUBHOTO
pacnagan IOICHUTEJIBHASA 3AIINCKA

VYueonas mucrumamHa «OU3MKA» BXOAMT B €CTECTBEHHOHAYYHBIM ITUKII
00y4eHUsI TPOTPaMMBbI MTOATOTOBKY KBAJTU(HUIIMPOBAHHBIX paO0OUNX, CITyKaIIUX
M0 CHEIUATLHOCTH/TIPOPECCHU CPEAHET0 MPO(HECCHOHAIBHOTO 00pa30BaHUS
«CTaHOYHHUKY.

B pesynwrare ocBoenus yuebHou mucuuruinabl «DU3UKA» cTyneHT mospkeH
YMETh:

e TPOBOJAMTH HAOIIONEHUS, IJIAHUPOBATh M BBIMNOJIHATH IKCIIEPHUMEHTHI,
BBIBUTATh THIIOTE3bI W CTPOUTh MOJICIH, MPUMCHSITH TOTYYCHHBIC
3HaHUS 10 (u3MKe I OOBSACHEHUS pPa3HOOOpa3HBIX (PUIHUCCKUX
SBIICHUA W CBOWCTB BCIIECTB, MPAKTUYCCKOTO HCIOJIb30BAHUS
(bU3NYECKUX 3HAHUIA;

* OIICHWBATh JOCTOBEPHOCTH €CTECTBEHHO HAYYHOUH MH(OpMAIIHH.

B pesynbrare ocBoenus yueOHoU nucturmuinabl «DU3UKA» cTyneHT nomxkeH
3HATh:

* 0 (I)YHIlaMeHTaJII)HI)IX CI)I/ISI/I‘ICCKI/IX 3aKOHax M IpUHIOUIIAX, JICKAIIUX B
OCHOBE COBPEMEHHOHN (PU3MUECKON KapTHHBI MUPAa;

e Haubonee BaXHBIX OTKPBITUAX B 00JacTHM (U3MKH, OKa3aBIIMX
OIIPENEIAIONIEE BIUSHNE HA Pa3BUTHE TEXHUKH U TEXHOJIOTUU;

* MCTOAAaX HAY4YHOI'O IMO3HAHUWA IPUPOIBLI.

B pesynbrare ocBoenus yueOHo aucuumuinabl «PU3UKA» ctyneHT nomkeH
HCIIOJIb30BaTh MPUOOPETEHHBIE 3HAHUS U YMEHHUS U1 PEIIeHUs] TPAKTUUECKUX
3aJa4 MOBCETHEBHOM JKU3HHU, 0OecIieueHus1 0€301MacHOCTH COOCTBEHHOM
YKU3HM, pallMOHAIBHOTO TPUPOIOIOIB30BAHUS U OXPaHbl OKPYKAIOIIEH CPEBI.

B coorBercTBHM ¢ yueOHBIM IJIAHOM Ha HM3y4YeHUE Y4YeOHOM IUCIUITIIMHBI
«OU3UKA» orBogutcs 201 gac, B ToM ymucne 42 yaca — Ha NMPAKTHYECKUE
3aHATHA.

BrmmosaeHIE CTYACHTaMU SaHaHI/II\/’I Ha MPAKTHYCCKUX 3aHATUAX HaAIIpPaBJICHO
Ha:

e 000011I€HKE, CUCTEMATU3AlINIO, YIITyOlIeHne, 3aKperIeHHe OIyYeHHBIX
TEOPETUYECKUX 3HAHHUI O KOHKPETHBIM TeMaM y4eOHOM TUCIUIUINHEI,

i OPMUPOBaAHHUEC 06HII/IX KOMHGTCHHPIﬁ'
2



e (opmupoBaHHE FTEMEHTOB NMPOPECCHOHATBHBIX KOMIIETCHIIUH.

Llenpt0o  MpakTUYECKHX  3aHATHHA  SBIAETCS  (OPMUPOBAHHE  yMEHUH
HEOOXOIMMBIX B IOcienytomel yueOHo! U npodeccuoHanbHOM e TeTbHOCTH.

Conepkanne TPaKTHUECKUX 3aHATUN 1o yueOHou mucrurummae «OU3UKA»
HaNpaBJIeHO Ha peanu3anuio TpeboBaHuit DenepanbHOrO TOCYIapCTBEHHOTO
00pa30BaTeIbHOTO CTaHAapTa MO MPodeccuu CpemHero npodeccuoHaIbHOTO
obpazoBanus « TeXHUK-TIPOTPAMMHUCT.

[IpakTudeckue 3aHATUS IPOBOTUTCS B yueOHOM KabuHeTe « DU3HUKay.
[IpakTHueckoe 3aHITHE BKIIOYAET CICAYIOIINE CTPYKTYPHBIE JJIEMEHTHI:
* HHCTPYKTaX, IPOBOAUMBIN IIPEIIOIaBaTelEM,
* CaMOCTOATEIbHAsA JEATEIbHOCTh CTYACHTA,
e aHaJMU3 U OLIEHKA BBIMOJIHEHHBIX PaboT.

BrinonHenuto 3a1aHuil Ha NPaKTHUECKUX 3aHATUSAX MPEIIIECTBYET JOMAIIHSASA
MOJrOTOBKA C MHCIIOJIb30BAHUEM COOTBETCTBYIOLIEH JuTEparypbl (y4eOHUKH,
JeKIUHM, METOJMYECKUe IMOCOOMs M YKa3aHUs W Jip.) U NIpOBEpKa 3HAHUHN
CTYJIEHTOB KaK KpUTEpUN HX TEOPETUYECKOW TOTOBHOCTH K BBIIIOJHEHUIO
3aJJaHUA.

KoHTposb U oOlLlEHKa pe3ynabTaToOB BBIIOJHEHUS CTYJIEHTaMHU 3aJaHuil Ha
IIPAKTUYECKUX 3aHATHSAX HalpaBJIEHbl Ha IIPOBEPKY OCBOEHUS YMEHMH,
MIPAKTUYECKOTO OIIBITA, pa3BUTHUSA o0mmx " (dhopMupoBanue
npo¢eCCUOHAIBHBIX KOMIIETEHIUH, ONpeAeNEHHbIX MpOrpaMMoi yueOHOM
JUCIUIINHBI.

I[J'ISI KOHTpOJ’Iﬂ U OLCHKH p€3y.]'IBTaTOB BBITIOJTHCHU S CTYHGHTaMI/I SaI[aHI/II\/'I Ha
MPAKTHYECKUX 3aHITHIX HCIONB3YIOTCS Takue (OpMBI U METOIbl KOHTPOJIA,
Kak HaOrofieHne 3a paboToi CTyACHTaMH, aHalM3 PE3yJIbTaToB HAOIIOICHMUS,
OLIEHKA OTUYETOB, OIICHKA BBHIMTOJHEHUS! MHAUBHIyaIbHBIX 33aJaHH, CAMOOIIEHKA
IEeITEILHOCTH.

OI_ICHKI/I 3a BBIIIOJIHCHUC 3a,£[aHHI>'I Ha NPAKTUYUCCKUX 3aHATUAX BBICTABIIAIOTCH
0 IITHOAIIEHON CcHCTeMEe | YUUTBIBAIOTCA KaK IMOKa3arcJin TeKymefI

YCIICBACMOCTHU CTYICHTOB.

[IEPEYEHDB [MPAKTUUECKUX 3AHSTHUIM 10 VUEBHOM
JIUCLIUIUIVHE «®U3UKA»

Tema 1.2
JAuHamuka

13 Ne2



N3yuenune 3akoHoB HeroTOHA

2

T1P Ne3

W3yueHue cuil B pupojie
2
Tema 1.3
3aKoHBI COXpaHEeHUA

ITPNe4

N3yueHne 3ak0Ha COXpPaHEHUs UMITYJIbCA U 3aKOHA COXPAHEHHUS
MEXaHWYECKON IHEPTUHU

2
Tema 1.4
IHpuxkiaagublie 3a1a4M MeXaHUKHU

TTPNe5

Pacuet TpaekTopun aBTOMOOWIISA, ABMKYILETOCS M0 3aKPYITIEHHOMY
Y4acTKy

2
Paznen 2. MosexkyasipHasi QU3MKa M TEPMOAMHAMHMKA
Tema 2.1

OcunoBbl MKT. Temneparypa. JHeprus TenJioBoro ABHKeHUA
MOJIEKYJI

[TPNe6



N3yueHnue cBA3U MEXKY JTABICHUEM U CPETHEN KHHETUYECKOU
SHEprueu

2
Tema 2.2
YpaBHeHHe COCTOSTHUS M1eaJIbHOT0 raza. 'a3oBbie 3aKOHbBI
[TPNe7
Ornpenenenue Macchl BO3lyxa B yueOHOM KaOMHETE

2

[TPNe§
Pemenue 3a1a4 ¢ MCMOJIb30BAHUEM I'a30BbIX 3aKOHOB
2
Tema 2.3
B3aumHble npeBpalieHus JKUAKOCTEH H ra3oB
[TPNe9
N3MmepeHre BIaXHOCTH BO3/1yXa B KAOMHETE
2
Tema 2.5
OcCHOBBI TEPMOTUHAMHUKH
ITPNe10

Pemenue 3a1a4 C UCIIOJb30BAHHUCM IICPBOI'O 3aKOHA
TCPMOAMHAMUKHN

2
Paznen 3. DuekTpoauHammnka

Tema 3.1



DJIEKTPOCTATHKA
ITPNel1

HCCJ’ICI{OB&HI/IG QJICKTPUICCKHUX ueneﬁ C pa3JIMYHbIMU TUIIAMHU
CO€I[PIH€HHI>1 KOHACHCATOPOB

2
Tema 3.2
3aKOHBI NOCTOSTHHOTO TOKA
ITPNe12

HccnenoBanue 3MIEKTPUUECKUX LIENEN PH MOCIEA0BATEIBHOM,
napasieIbHOM U CMEIIAaHHOM COEANHEHUS MPOBOAHUKOB

2

Tema 3.3

DJIEKTPUUYECKNH TOK B Pa3JIMYHBIX Cpeax

ITPNe13
Pemienue 3anau ¢ ucnonb3oBanruem 3akoHa Papajnes

2

Tema 3.5

SIBJIeHHE 3JIEKTPOMATHUTHOM HHAYKIUU
ITPNe14
Pemrenue 3amau
2
Pa3nen 4. KojieOaHus1 1 BOJIHBI

Tema 4.2 Ynpyrue BoOJHBI

ITPNel5



HccnenoBanrne MEXaHMYECKUX BOJTH
2
Tema 4.3
DJIEKTPOMATHUTHBIE KOJIeOaHUA
ITPNel6
Pemenue 3anau
2
ITPNel7
N3yuenue neiicTBus Tpanchopmaropa
2
Pazpnesn 5. OnTuka
Tema 5.1
CBeToBbI€ BOJIHBI
ITPNe18
Pemenne 3amau
2
ITPNe19

Onpenencaue HOKYCHBIX PACCTOSHHI TOHKHUX COOMPAIOITUX H
paccenBaIOIINX JIUH3

2
ITPNe20
N3yuenune nucnepcun cBera
2
Tema 5.2

HN3iyyeHue u CieKTpbl



ITPNe21
N3ydeHne CBOMCTB 3IEKTPOMArHUTHBIX U31y4YECHHUN
2
Pa3nen 6 . DieMeHTbI KBAHTOBOM QU3UKHU
Tema 6.1

CBeTOBBIE€ KBAHTHI

ITPNe22
Pemienue 3a1a4 ¢ ucnoiab30BaHueM ypaBHeHUs GhoTodPdexTa
2
Tema 6.2
AToMHas ¢pusuka
ITPNe23
Pemenne 3amau
2
Tema 6.3
Du3rKa aTOMHOTIO siApPa
ITPNe24
Pelenne 3a1a4 Ha ONpeAeICHUE YHEPTHSI CBSA3U aTOMHBIX SIAEP
2
ITPNe25
UccnenoBanue 3akOHOB PaAMOAKTUBHOIO pacraaa
2

Bcero:
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I[TOPAJOK BBIITOJIHEHIM A

I[MPAKTUYECKHNX PABOT

Ipakruueckoe 3ausitue Nel «/3ydueHue BHUIOB
ABHKCHU S

Llens:

HpeIlBapI/ITCJH)HaH IMOATOTOBKA K IPAKTUYCCKOMY 3aHATHUIO:

Bompocsr:

Ycn0oBHUS BHITTOJTHEHUS

MCXaHHUYCCKOI'O

ObecnedeHne MPaKTHIECKOTO 3aHATHS:

Xon paboThr:

Otuer o pabore:

Kpurepuu o1ieHKH BBINOIHEHUS IPAKTUYECKONH padoThI:

IIpakTHYeckoe 3aHATHE

ens:

HpeI[BapI/ITCJ'ILHaﬂ IMOATOTOBKA K IMPAKTHUYCCKOMY 3aHATHUIO:

Bomnpocsr:



Ycn0oBUS BBHITIOTHEHHUS

OOecrieueHue IMPAKTUYCCKOI'O 3aHATHA:

Xox paboThI:

Otuer o pabore:

Kpurepuu oLieHKN BBITIOJHEHUS TPAKTUUECKON paOOTHI:

IIpakTueckoe 3ansatue Ne
3apava:

B cocyne emxocThro 10 J1 Tpy HOPMANIBHBIX YCIOBUSAX HAXOAUTCS
a30T. OnpeaenuTh: YUCI0 MOJIEW a30Ta, MacCy a30Ta u
KOHIIEHTPALIMIO MOJIEKYJI B COCY/IC.

Pemenmne:

BHauaiie onpeieMM HopMalbHbIe yCIoBus: Po = 10° Ila —
HOpMaJbHOE aTMOc(epHOe naBieHue, o= 273 K — HopmanbHas
Temrieparypa, Vo = 22.4 J1 — MOJISIpHBIN 00BEM.

Bocnone3yemcs ypaBHeHneM MeHnaeneeBa-Knarneiipona B BUzeE:

OTtcrona BbIpa3uM UCKOMOE KOJIMYECTBO MOJIeH (KOJUYECTBO
BelecTBa v): M3 ypaBHeHus (1) BbIpazuM Takxke Maccy a3oTa
Konrenrparust mosiekyst B cocyae N= N/V, torna u3 (1) YuurtsiBas,
uto MonsipHas macca M = 28*107 kr/moub, o Gpopmynam (2) - (4)
Haiinem: v = 0,44 moab, m = 0,012 kr, n = 2,65x10%° 1/m°.

Otser: 0.44 moab; 0.012 kr; 2.65x10% 1/m3.



3agaua:

Kaxkoe koimmdecTBO KMCI0pOo/ia BRITYCTHIIA U3 OaJJIOHA eMKOCTBIO
10 J1, ecnu naBieHUE YMEHBIIUIOCH OT 14 aTtm 10 7 aTMm, a
TeMIieparypa nouusmiach ot 27 °C go 7 °C?

Pemenmne:

Bocnonbe3yemcs ypaBHeHneM MenaeneeBa-Knaneipona aist
MIEPBOTO COCTOSTHUSL:

U JUIsl BTOPOTO COCTOsIHUSA: Bhipazum maccel u3 ypaBHenuit (1) u (2)
Y BBIUTEM W3 NIEPBOM MACCHI BTOPYIO: YUTEM, YTO

T1=1t,+273 =300 K,
T, =1,+273 =280 K.

Monspnas macca M = 32x1073 kr/mouas. I[Tocne BeruucIeHui
nonyuuM Am = 0,083 kr.

OTtBert: 0.083 kr.
3agaua:

Omnpenenute, Kak U3MEHUTCS Macca BO3yXa B KOMHATE TUIOMIAAbIO
20 mM? 1 BBICOTOM 3 M Ipy NOBEILIEHHH Temmeparypsl ot 0 °C mo 27
°C npu HOpMaAJIBLHOM aTMOC(HEPHOM JIaBJICHUHU.

Pemenne:

Jlg pemenus 3a1a4m BOCMHOJIb3yeMCs YpaBHEHHEM MeH ieneeBa-
Knaneitpona:

7€ Po — HOpMaJIbHOE aTMOChEpHOE aBICHUE.
[Ipu yBenuueHnuu Temmneparypabl:
OO0bem komMHaTHI V paBeH:
V = Sd

Boipazum maccsl u3 ypaBHeHut (1) u (2) v BpIuTEM U3 NEPBOI



Macchl BTOPYIO, TIOJICTAaBUB (GOpMYITy 11 00bema:
3nech
Ti=t,+273=273 K.
T,=t,+273 =300 K.

[Toce moacTaHOBKY YHCICHHBIX 3HaUeHU B (hopmymy (3)
noixyyaeM Am = 6,9 Kr.

OTBeT: yMEeHbIINTCH HA 6,9 KI.

[IpakTrueckoe 3ansarue Ne 24
«JledexT Mmacc. JHeprusi CBA3N»

Bapuanm 1.

o YKaKMTe YHCIIO SIEKTPOHOB, IPOTOHOB M HEMTPOHOB B aTOME
oepuns %;Be

« Haiinure nedekr macc aroma Gepriuivs B a.€.M. U B KT.
Macca nporona 1,00728 ae. M., macca Heiitpona 1,00866
a.e.M., Macca sjpa aroma oepmutusa 9,00998 a.e.m..

« Haiigute sHepruto cBs3M siapa atoma oepusums B JKOysx u
B M>B

Bapuanrt 2.

e VYKa)HUTe 4UCIIO 2NEKTPOHOB, IPOTOHOB M HEHTPOHOB B aTOME
yrepona 1%C

« Haiinure nedekt macc aroma yriepoja B a.e.M. U B KI. Macca
npotona 1,00728 a.e.Mm., Macca HeuTpona 1,00866 a.e.M.,
Mmacca siapa aroma yrepoaa 12,0077 a. e.M..

« Haiigure snepruto cBs3m sapa aroma yrepoaa B JKoyisax u
B MhB

Bapuanr 3.



o YKaKMTE YKCIIO AIEKTPOHOB, IPOTOHOB U HEMTPOHOB B aTOME
¢ropa % F

« Haiigute nedexr macc aroma ¢ropa B a.e.M. 1 B K. Macca
npotoHa 1,00728 a.e.M., Macca HeliTpoHa 1,00866 a.e.m.,
Macca siapa aroma ¢ropa 18,99345 a.e.M..

« Haiinure snepruto cBs3u siapa aroma propa B JHKOymsax v B
MbhB.

BapuanTt 4 *

o VKa)XUTe 4UCIIO 2IEKTPOHOB, IPOTOHOB M HEMTPOHOB B aTOME
kucnopoza %0

« Haiinure nedext Macc aroma KMCJIOPO/ia B a.€.M. U B KT.
Macca nporona 1,00728 a.e.M., macca meitpona 1,00866
a.e.M., Macca aroma kucnopoaa 15,9994 a.e.m..

« Haiinure 3HEpruro cBA3M AApa aroMa KUCIopoaa B J[oyisax
u B MaB.

KOHTPOJIb 1 OHEHKA PE3YJIBTATOB OCBOEHUA JUCHUITJIMHBI

IIpuMepHbIe HOPMBI OLICHKH 3HAHMI U YMEHHMI y4yaluxcs 1no pusuke
IIpu oLleHKE OTBETOB yYallUXCS YYUTHIBAIOTCA CIEAYIOIINE 3HAHUSA:

0 (GPHU3UYECKUX ABICHHUAX:
® TPU3HAKH SBICHU, IO KOTOPBIM OHO OOHAPYKHUBACTCS;
® yCIIOBUS, IPU KOTOPBIX IPOTEKAET SABICHUE;
®  CBA3b JAHHOIO SIBICHUM C APYTUMU;
® 0O0BsSCHEHHE SIBICHHUS HAa OCHOBE HAyYHOW TEOPHH;

® IIPUMECPHI YUE€TA U UCII0JIb30BAHMS €0 Ha IIPAKTUKE,

o (l)PBPI‘leCKP[X OInbITax:

® 1€Jib, CX€MA, YCIIOBHUS, IPU KOTOPBIX OCYILICCTBIISIICA OIBIT, X0 X PE3YJIbTATHI ONbITA,

(1] (l)PBPI‘leCKﬂX NMOHATUAX, B TOM YHUCJIE H O (l)l/l3lrl‘leCKl/lX BeJIMYHUHAX:
® SBJICHUS WJIH CBOﬁCTBa, KOTOPBIC XapAKTEPU3YIOTCA JaHHBIM MMOHATUEM (BGHHHHHOﬁ);

® ompenencHue HOHATHS (BEIINIHHBEI);



® (opMmyibl, CBA3BIBAIOLIME IAHHYIO BENUYUHY C APYTUMH;
®  enuHUNBI (PU3UYECKOM BeTHYUHEI;
® crnocoObl U3MEPEHHs BETNUUHBI;
0 3aKOHAaX:
® (opmynHpoBKa M MaTeMaTHYECKOE BEIPRKEHUE 3aKOHA;
®  OIIBITHI, TOATBEPIKAAIOIINE €T0 CIPABEIIINBOCTE;
® TpUMEpHI yYeTa U MPUMEHEHUS Ha MPAKTHKE;
®  YCIOBUS MPUMEHUMOCTH (IUIS CTapIINX KIACCOB);
0 (pU3UYECKUX TEOPHUSX:
® OmBITHOE 00OCHOBAHUE TEOPUH;
® OCHOBHBIC IIOHATHUSA, IIOJIOKCHUS, 3AKOHBI, MIPUHIHUIIBI;
® OCHOBHBIC CJIEJCTBUS;
® TpaKTHYECKUE MPIMCHEHUS,
® TpaHHUIBI IPUMEHUMOCTH (JUIS CTApIIMX KJIACCOB);
0 nmpudopax, MeEXaHU3Max, MAIIHHAX
® Ha3zHaueHHE; NPUHIUI ACHCTBUSA U CXEMa YCTPOMCTBa;
® TPUMCHEHHUE W IPABUIIA TOIB30BaHUS IPUOOPOM.
duznyeckue N3MepeHnsl.
e OmpeneneHue IeHBI ACICHUS U IIpeeia H3MEPEHHUs Ipruodopa.
®  OmpenensiTh a0COMOTHYIO MOTPEITHOCTh U3MEPEHHSI TPUOOpa.
e  OtOupath HYXXHBII IPHOOP U MPABIIEHO BKIIFOYATh €T0 B YCTAHOBKY.

e CHuMarth I0Ka3aHus IPHUOOPa U 3alHCHIBATh UX C y4ETOM aOCONIOTHOM MOTPEITHOCTH U3MEPEHHSI.
OnpenemnsTe OTHOCUTENBHYIO MTOTPEUTHOCTh U3MEPEHUIl.

CrenyeT y4uThIBaTh, YTO B KOHKPETHBIX ClIy4asX He BCe TPeOOBaHMS MOTYT OBITh NPEIBABICHBI Y4YalUMCH,
HaIrpyuMep 3HaHUE TPAHUILL MPUMEHUMOCTH 3aKOHOB M TEOPHH, TaK KaK 3TH TPAHUIIBI HE BCETlla PACCMaTPHUBAIOTCS B
kypce ¢msuku CIIO.

OueHke MOAJIeKAT YMEHUSI:

® IIPUMCHATH IIOHATHS, 3aKOHBI U TCOPUHU IJIA O00BSICHEHHS SIBIICHUIA MNpUpoOabl, TCXHUKU; OLICHUBATH BJIMAHUC
TEXHOJIOTHYCCKUX TIPOHECCOB Ha JKOJIOTUIO Oprnca}omeﬁ Cp€abl, 3I0pOBHBE YCIOBEKA W ApPYyrux
OpraHU3MOB;

® CaMOCTOSTENHHO paboTaTh C y4eOHHMKOM, HAy9HO-TIONMYJSIPHOW JnTeparypoi, mHpopmanueii B CMU u
WnTteprere ;

® pemiaTh 3a7a9M Ha OCHOBE M3BECTHBIX 3aKOHOB M (DOPMYIT;

® II0JIb30BAThCs CIPABOYHBIMU Ta6J'II/IL[aMI/I (bHSI/I‘IGCKI/IX BCJIMYUH.

Crnenyer oOpamarh BHUMAaHHE Ha OBJAJICHHE YyYaIlUMHCS IPaBUIBHBIM YIOTpeOIeHHEM, NPOM3HOIICHHEM U
MpaBoONKMCaHUEM (PU3NUECKUX TEPMUHOB, HA Pa3BUTHE YMEHHI CBSI3HO M3J1araTh N3y4aeMblil MaTepHrall.



Texkymmii KOHTPOJIb:

OIIeHKa YCTHBIX OTBETOB YYallIUXCH
OHeHKa «5» CTaBUTCS B TOM cjyydae, eClin yqauu/n?lca:

® OOHapyXuBaeT BEpHOE MOHMMaHWE (HU3NYECKOH CYNIHOCTH pacCMaTpUBA€MBIX  SIBICHHH H
3aKOHOMEPHOCTEH, 3aKOHOB U TEOpuil, JaeT TOUYHOE ONpe[eseHHe U HCTOIKOBAHUE OCHOBHBIX IOHSTHH,
3aKOHOB, TEOPHH, a TaKXKe NPAaBWIBHOE ONpenesicHne (PU3NYeCKnX BEMHYUH, WX EAWHHI[ M CIIOCOO0B
U3MEpEeHus;

® PaBWIIBHO BBITIOJIHSET YEPTEKH, CXEMBI B TPa(hUKH, COMyTCTBYIOIINE OTBETY;

® CTPOWT OTBET IO COOCTBEHHOMY IUIaHY, CONPOBOXKIAET PAacCKa3 HOBBIMH IIPUMEPAMH, YMEET NPHUMEHHUTH
3HaHUs B HOBOM CUTYyaIllM IPU BBIOJHEHNUH NPaKTUYECKUX 3aJaHuM;

® MOXET YCTaHOBHTH CBSI3b MEXKIY M3yYacMbIM U paHee M3yUeHHBIM MaTepHajoM I0 Kypcy (HM3HMKH, a TaKKe
€ MaTepUaJIoM, YCBOCHHBIM IIPU U3YUEHUU IPYIUX IPEIMETOB.

OI_[eHKa «4» CTAaBUTCH, CCJIN OTBET YAOBJIICTBOPACT OCHOBHBIM Tpe6OBaHI/I$IM K OTBCTY Ha OLICHKY ((5)), HO y‘IaH.II/II\/’ICH
HC HCIIOJB3YCT COOCTBEHHEIN IIIaH OTBCTA, HOBBLIC NPUMEPHLI, HC INPUMCHACT 3HAHHUA B HOBOM CUTyalluu, HE

HCHOJIB3YCT CBA3U C PaHCC N3YHUCHHBIM MATCPUAJIOM U MAaTCPHUAJIOM, YCBOCHHBIM IIPU U3YyYCHUU APYTUX MIPECAMCTOB.

OmueHka «3» cTaBHUTCS, ecny OOJbIIast YacTh OTBETAa YJOBIETBOPSAET TPeOOBAHMSAM K OTBETY Ha OLEHKY «4», HO B
OTBETE OOHAPYXMBAIOTCS OTHEIbHBIC MPOOENbl, HE NPEMATCTBYIOUINE JalbHEWIIEMY YCBOSHHIO MPOrPaMMHOTO
MaTepHana; yJaluiica yMeeT NPUMEHATh MOTy4YEeHHBIE 3HAHUS MPH PEIIEHUH MPOCTHIX 3aad C UCHONb30BaHHEM
TOTOBBIX (hOpMYJI, HO 3aTpyAHSETCS MPH PEIICHUH 3a1a4, TpeOyIoIuX npeodpazoBanus GopMyIL.

OI_[eHKa «2» CTaBUTCSI B TOM Clly4dac, cClIin yqamniflc;{ HC OBJIaAC]I OCHOBHBIMHU 3HAHUSAMU W YMCHUSIMH B

COOTBETCTBHH C TPEOOBAHUAMU NPOIPAMMBI.
Onenka «1» cTaBUTCS, €CIIM YYEHUK HE MOXKET OTBETUTh HY HAa OJIMH U3 IOCTABIEHHBIX BOIIPOCOB.

B nuceMeHHBIX KOHTPOJIbHBIX pa60Tax YUYHUTBHIBACTCA TAKKE, KaKyIO 4aCThb pa60T1)1 BBITIOJIHUIT YUYCHUK.

IIpu ouenke J1aGopaTOPHBIX PA0OT YYMTHIBAIOTCS YMEHMS !
L TIJIaHUPOBATh MPOBCIACHUEC OIIBITA,
® coOuparb yCTaHOBKY IO CXEME;
® TI0/H30BaThCs H3MEPHUTEIBHBIMU IPUOOPaMU;

® NOpOBOAUTH Ha6J'IIO)IeHI/I$[, CHUMATh TIIOKa3aHud HN3MEPUTCIBHBIX l'lpl/l60p0B, COCTaBJIATH T3.6J'II/ILII>I

3aBHCHUMOCTH BEITUYUH H CTPOUTH TPa(UKH;
® OICHWBATH U BEIYUCIATH MOTPEITHOCTH U3MEPEHUH,
® COCTaBIIAATH KPATKUIl OTYET U JIeNIaTh BEIBOMKI 1O MIPOJICIAHHON padoTe.
Ouenka J1a0opaTopHBIX padoT:
OreHKa «5» CTaBUTCS B TOM CITydae, €CIIM YUaliuics:

® BBINIOJHWI paboOTy B TMOJHOM 00BeMe C COONIOJCHHEM HEOOXOAMMOMN MOCIENOBaTEIbHOCTH TPOBEACHHUS
OTIBITOB M U3MCPEHUIA;



® CaMOCTOSITENPHO M PAlMOHAIBHO CMOHTHPOBAI HEOoOXomuMoe 00OpyJOBaHME, BCE OIBITHI MPOBEN B
YCIOBUSIX M PEXKHUMax, 00eCHeYHMBAIONIMX MONyYeHHE MPaBHIBHBIX PE3y/bTaTOB M BBIBOAOB; COOMIOIAN
TpeOOBaHUs OE30MACHOCTHU TPYAA;

® B OTYCTC MOPABUIBHO M AaKKypaTHO BBIINOJHSJI BCEC 3allMCH, T3.6J'II/IIH)I, PUCYHKH, YCPTCIKU, Fpaq)I/IKa,
BBIYUCIICHUS,

® IIPAaBUJIBHO BBINIOJIHUII aHAJIN3 HOI‘peLHHOCTeIZ

OneHka «4» CTaBUTCS B TOM Cilydae, €CiIi ObUTH BBINOJHEHB! TPEOOBAHMUS K OLIEHKE «5», HO y4alluics AOIYCTHII
HEIOYEThl WIH HeTpyOble OMMOKH

Oruenka «3» CTaBUTCS, €CIIM PE3yJbTaT BHIOJTHEHHON YacTH TaKOB, YTO MO3BOJISIET MOJIYYUTh MPABHIbHBIE BHIBOBI,
HO B XOJI¢ TIPOBEICHHS OTIBITa U M3MEPEHUH OBLIN OTyIICHBI OIITHOKH.

OI_ICHKa «2» CTaBUTCHA, €CJIN PEIYIBTATHI HE IMO3BOJIAIOT CACIIaTh NPABWIBHBIX BBIBOAOB, €CJIM OIBITHI, U3MEPECHUS,
BBIYUCIICHUA, Ha6J’I}O[[eHI/IH TIPOU3BOAMUIIUCH HCIPABUJIBHO.

OteHka «1» cTaBUTCS B TeX CIy4asX, KOTJa y4Yal[uicsi COBCEM HE BBIMOJIHUI paboTy.

Bo Bcex ciydasx OICHKA CHIDKACTCsl, €CIIH YUCHUK He coOIonain TpeOoBaHus 0e30MacHOCTH TpyIa
OueHka NMCbMEHHbIX KOHTPOJIBHBIX padoT

Ouenka 5 ctaBuTCsl 32 paboTy, BBHITIOIHEHHYIO MTOJHOCTBIO 0€3 OLIMOOK U HEJIOUETOB.

Ouenka 4 craBuTCs 32 pPabOTY, BHIIIOJIHEHHYIO MOJTHOCTHIO, HO MPU HAJIMYUHU HE 00Jiee OHOM ONTHOKH U OTHOTO
Hemoyera, He Ooiee TpexX HeJJOYETOB.

Ouenka 3 craBuTCs 3a pabOTy, BHIIOJHEHHYIO Ha 2/3 Bceit pabOThI PaBUIIBHO WM MPHU JOIYIICHUHU HE Ooliee
OIHO¥ rpy0oif ommOKH, He Oosiee TpexX HeTPyOBIX OMUOOK, OMHON HerpyOoii OMMOKH U TpeX HEJOYETOB, IIPH
HaJIMYUH YETHIPEX-TIATH HEI0YETOB.

Ouenka 2 craButcst 3a paboTy, B KOTOPOH YMCIIO OIMOOK M HEZOUETOB NPEBBICHIIO HOPMY JUIsl OLCHKHU 3 HIIH
NPABUIILHO BBITIOJIHEHO MeHee 2/3 paboThl.

Ouenka 1 craBurcst 3a paboTy, HEBBIIIOIHEHHYO COBCEM WIIH BBIIIOJIHEHHYIO C IPyOBbIMH OLIMOKAMU B 33/IaHUSX.

HToroBplii KOHTPOJIb N0 JMCHUIIUHE (AU PepeHUHPOBAHHBIN 3a4eT)
Bomnpocsr:

Buner Ne 1
1. Mexannyeckoe arkeHre. OTHOCHTENBHOCTD JBIKEHUS. PaBHOMEpHOE M paBHOYCKOPEHHOE JIBUKEHHE.
2. 3amaya Ha IPIMEHEHHE 3aKOHOB COXPAaHEHHS MacCOBOTO YHCIIA M AIEKTPUIECKOTO 3apsa.
Buier Ne 2
1. Bzaumopneiicteue Tei. Cuia. 3akoHbl TMHAaMUKNA HeroTOoHA.
2. JTaboparopHas paboTa « M3MepeHne moka3aresst MpeIOMIICHHUS CTEKIay.
Buner Ne 3

1. I/IMHyJ'H)C Tela. 3aKOH COXpaHCHUSA UMITYJIbCA. HpOHBJ’ICHI/Ie 3aKOHAa COXpAaHCHUA UMITYJIbCA B IPUPOJALC U €TO
HCIIOJIb30BAHUEC B TCXHUKCE.

2. 3amavya Ha OMpeIeIICHUE MePHO/Ia M YaCTOTHI CBOOOIHBIX KOJICOaHUH B KoJeOaTeIbHOM KOHTYPE.
buier Ne 4

1.. 3axon Bcemmproro tarorenus. Cuna Tsoxkectr. Bec tema. HesecomocTs.



2. 3agada Ha IPUMEHEHHE IIEPBOTO 3aKOHA TEPMOAMHAMUKH.

Buner Ne 5

1. IIpeBpaterne SHEPTHH MIPU MeXaHMYeCKuX Konebannsx. CBoOOOTHBIC U BEIHYKICHHBIC KoneOanus. Pe3oHaHc.
2. 3aja4a Ha pacyeT CONPOTHBIICHHS IBYX MapauIeIbHO COSTUHEHHBIX PE3UCTOPOB.

Buner Ne 6

1. OmeITHOE 000CHOBaHME OCHOBHBIX IOJIOKEHUH MOJICKYJISIPHO- KHHETHIECKOH TEOPHUHU CTPOCHUS BEIECTBA.
Macca u pazMepsl MOJIEKYIL.

2. 3amava Ha IBM)KEHHUE WIIM PABHOBECHE 3aPsDKEHHOM YaCTHUITHI B SJIEKTPHUUECKOM IIOJIE.
bumer Ne 7

1. Uneansbnsrii raz. OcHoBHoe ypaBHenue MKT uneansHoro raza. Temnepatypa u e€ usmepenue. AGCONIOTHas
TeMIeparypa.

2. 3amaya Ha ONpPEACICHNUE HHIYKIIMH MATHUTHOTO MOJIA (110 3aKOHy AMIiepa uiu o gopmysie Jlopena).
Buner Ne 8

1. YpaBHEHHE COCTOSHIS HACATBHOTO ra3a (ypaBHeHHe MeHnpeneea - Knaitnepona). M3omporeccs.

2. 3ajaua Ha MPUMEHEHHE ypaBHEeHUs DWHIITeHa 171t hoTodddekra.

Buner Ne 9

1. I/IcnapeHHe 1 KOHJACHCAIus. HaCBIH.[eHHBIe 1 HCHACBILICHHBIC MTAPHhI. Braaxuocts BO3ayXa. I/IsMepeHHe
BJIQ)KHOCTH BO3JyXa.

2. JIaboparopHast paboTa « M3MepeHue AIUHBI CBETOBOM BOJIHBI C MCIOIb30BAHUEM AN(PPAKIIMOHHON PEIIETKI.
Buner Ne 10

1. Kpucrannuyeckue u amop¢Hble Tena. YIpyrue u miacTuieckue qeGopManiy TBEpAbIX Tell.

2. 3ajaua Ha onpeeeHre NoKa3aTels MPEIOMIICHUS IPO3PadHOH Cpe/Ibl.

Buner Ne 11

1. Buytpennss sueprus. [lepsrrit 3axoH TepmoauHaMuky. [IprMeHeHne TIepBOToO 3aK0HA TEPMOJUHAMHUKH K
u3omponeccaM. AauadaTHBIN porecc.

2. 3amaya Ha IPUMEHEHHE 3aKOHA 3JIEKTPOMarHUTHON MHAYKIIUH.

Buner Ne 12

1. Bzaumopeiictue 3apsixeHHbIX Tel. 3akoH KynoHa. 3akoH coXpaHEeHMsl SJIEKTPUYECKOTO 3apsiaa.

2. 3amagya Ha IPIMEHEHHE 3aKOHA COXPAaHEHHS YHEPTHH.

Buner Ne 13

1. Konnencaropsl. D1eKTpoeMKOCTh KOHAeHcaTropa. [IpuMeHeHne KoHAeHCaTopOB.

2. 3amagya Ha IPIMEHEHNE YPaBHEHUS COCTOSHIS WACAIHHOTO rasa.

Buner Ne 14

1.PaboTa ¥ MOIIIHOCTP B IETIH MTOCTOSIHHOTO TOKA. DIEKTPOABIKYIIAS CHIIA. 3aKoH OMa JUTsl TOTHOM [EITH.
2. JTaboparopHas paboTa « M3mMepeHne Macchl Tema ».

Buner Ne 15



1.. MarauTHoe nosie. JlelicTBre MarHUTHOTO MOJIsL Ha 3JIEKTPUUYECKUA 3apsij] U OMBITHL, MOATBEPKIAIOIINE 3TO
JIEUCTBHE.

2. JTaboparopHas paboTa « M3MepeHne BIa)KHOCTH BO3IyXa ».
Buner Ne 16

1. TloynpoBoauauky. CoOCTBEHHAS ¥ IPUMECHAS IIPOBOIMMOCTD HOJIYIPOBOAHHUKOB. [10IyIpOBOHUKOBBIE
npuOOpHI.

2. 3aaua Ha IpUMEHEHUE rPpa)uKOB U3OMPOIECCOB.

Buner Ne 17

1.. DyeKkTpOMarHuTHAsI HHAYKIUS. 3aKOH AJICKTPOMarHuTHOW nHaykiwmu. [Ipasuio JleHna.

2. 3ayaua Ha ompe/esicHre paboThI Ta3a ¢ MOMOIIBIO TpaduKa 3aBUCUMOCTH JIABJIICHUS ra3a OT ero o0bema.
Buner Ne 18

1. SIBnenue caMouHAYKIUU. HAYKTHBHOCTH, DJIEKTPOMarHUTHOE TIOJIE.

2. 3amava Ha onpeaeneHue Moxyist FOHra Matepuana, u3 KOTOPOTro U3rOTOBJIEHA MIPOBOJIOKA.

Buner Ne 19

1. CBOOOIHBIC U BBIHYK/ICHHBIE 3JIEKTpOMarHuTHbIe koseOanus. KoneGarenpHblii KOHTYp U IpeBpallieHue SHEPTUH
MIPH JIEKTPOMArHUTHBIX KOJICOaHMSX.

2 3agaya Ha mpuMeHeHue 3akoHa [xoyins - JleHua.
Buner Ne 20

1. 3J'IeI(TpOMaFHI/ITHBI€ BOJIHBI U UX CBOMCTBA. HpI/IH].[I/IHLI PaanoCBA3U U NPUMEPBI UX MIPAKTUYCCKOTO

HCTIOJIB30BaHMUS.

2. JlaboparopHas pabora « M3MepeHre MOIITHOCTH JIAMITOUYKH HAKaJTUBAHUS.

Buner Ne 21

1. BonHOBBIE CBOMCTBA cBEeTa. DIEKTPOMArHUTHAs IPUPOJIA CBETA.

2. 3amaya Ha IpUMEeHeHHe 3akoHa KymnoHa.

Buner Ne 22

1. OmbiThl Pezepdopaa no paccenBanuto anbda yactuu. SAnepHas monenb aroMa. KBanroseie noctynarsl bopa.
2. 3amaga Ha U3MEPEHHE YISIFHOTO CONPOTUBIICHHUS MaTepHala, 3 KOTOPOro clelaH MPOBOIHHUK.

Buner Ne 23

1. NUcyckanue ¥ moryomnieHne ceera aromamMy. CHeKTpanbHbBIA aHaTu3.

2. 3agaga Ha Berancienue J/]C unm BHYTPEHHETO COIIPOTHBIICHNS UCTOYHHUKA TOKA.

Buner Ne 24

1. @oTtorddexT u ero 3akoHBI. YpaBHeHHE DWHIITeHHA 115 hoTodddekTa. [Ipumenenne Gpotorddexra B TEXHHUKE.
2. 3ajavya Ha MpUMEHEHHUE 3aKOHA COXPAHEHUS UMITYJIbCA.

Buner Ne 25

1. CocraB sapa atoma. M3otombl. DHeprus cBsi3u sapa aroma. LlenmHas simepHas peakmus. YCIOBUS €€ MPOTEKaHNU.
TepmosiiepHbIC peaKIuy.

2. 33218.118. Ha pacyer 06HIGFO COIIPOTHUBJICHUS IBYX IMOCJIECA0BATCIBHO COCAUHECHHBIX PE3UCTOPOB.



Buner Ne 26

1. PagnoakTuBHOCTE. Bunbl painoakTUBHBIX U3IY4YEHUN U METOMBI UX perucTpanuu. buonornueckoe aelcTeue
MOHM3HUPYIOIIUX U3y ICHUH.

2. JlaboparopHast paboTa « OleHKa MacChl BO3yXa B KJIACCHON KOMHATE MPH MOMOIIM HEOOXOAUMBIX HU3MEPEHUIT U
pacueToBy.

I'moccapmii

Mexanuka
1.A0coJIl0THOE IBHKEHHE - IBHKEHUE TeJ1a OTHOCUTEIbHO YCJI0BHO HENOABMKHOM CHCTEMbI 0TCYeTA.

2.A0COJIIOTHO TBEP/IOE TeJI0 - CHCTEMAa MaTePHAJIBHBIX TOUYEK, PACCTOSIHIE MeKIY KOTOPHIMH He U3MEeHSI0TCS
B IaHHOIi 3a1a4ye. AGCOJIOTHO TBEP/I0e TeJI0 00J1a/1aeT TOJbKO MOCTYNATeIbHbIMU U BpPallaTeJIbHBIMHI
CTeNeHsAMH CBOOOBI.

3.ABTOKOJI€0aHHSI — ITO HE3aTYXAIOIINE KOJeOaHus TIOJ] ICHCTBUEM MMOCTOSIHHOM cuitbl. HesaTyxarorue
KoseOaHMs B aBTOKOJICOATENbHON CUCTEME MOAICPIKUBAIOTCS 33 CYET HCTOUHHMKA SHEPTHH, MOAKII0YaeMOro B
HYKHBIC MOMEHTBI BpEMEHH K KoJieOaTebHO# cucteMe (MasTHHKY, KoJeOaTeIbHOMY KOHTYPY U IIp.) 4epe3 KIIaraH,
PEryIUpYIONK MOCTYTUICHUE 3HEPTUH B 3Ty cucTeMy. PoJib KilariaHa MO>KET UrpaTh, aHKEPHBINA MEXaHU3M B Hacax,
panuonamMIia, TPaH3UCTOP U Ip.

4.Bec Tesia - B pusmke - cuia, ¢ KOTOPOH Tes10, HAXOAsAEeeCs] B CHJI0BOM (TPaBUTALIMOHHOM) 10J1e, AeificTByeT
HA FOPU30HTAJILHYIO OIIOPY WJIH PACTATMBAeT BePTHKAJIbHBIN MoiBec. 3HAYMT, Bec MPHIIOKEH K omope, K
nojaBecy, HO He K TeTy.

S5.BpamarejibHOe JBUKEHHe BOKPYT OCH — IBHKEeHHe, IPH KOTOPOM mpaeKmopuu Bcex ToUeK Tesa sBJSIoTCS
OKPY:KHOCTSIMM C LIEHTPaMH, PACI0JIOKEeHHBIMH HA OJHOH NPSAMO (0CH BpallleHus1), M JIeKallluMu B
IUIOCKOCTSIX, NePIeHAMKYJIAPHbIX 3TOH NPSAMOii.

6.BTopasi KocMH4YeCKasi CKOPOCTh - MUHHMAJILHASI CKOPOCH b, KOTOPYIO HEOOXOTUMO COOOIIUTH TEJTY,
HAXOASIIIEMYCSI HA MOBEPXHOCTH 3eMJIH (WJIH HHOTO MACCHBHOIO T€JIa), YTOOBI OHO BBINLIO U3 cephl
TPABUTAIMOHHOTO AeiCTBHUS IJIAHETHI (T. €. YIAJIUI0Ch HA TAKOE PACCTOSIHUE, IIPH KOTOPOM NMPHUTSKEHHE K
3eMile mpeHeOpeKUMO MaJI0). Y MOBEPXHOCTH 3eMJIM BTOpasi KOCMHYecKasi CKOPOcTh paBHa 11.2 km/c.
Bropasi kocMH4YecKasi CKOPOCTh He 3aBHCUT OT HANPABJIEHNsl, B KOTOPOM 3aIyCKAETCH TeJIOo.

7.Bropoii 3axkoH Hbl0TOHA - M3HYeCKHUil 3aK0H, B COOTBETCTBHHU € KOTOPbIM yCKOpPeHUe, IpruodpeTaemMoe
MaTepHaJIbHOI TOYKO0Il B MHEPUMAJIbHOI cUCTeMe 0TCYeTa, NPSIMO NPONOPUMOHAJIBHO JAeiicTBYIOLIEH Ha Teslo
(paBHoOAelicTBYIOLIEI) CHJIe, 0OPATHO MPONOPLHOHAIBHO Macce TeJla, U HANPABJIEHO B CTOPOHY el CTBUS
cuabl. B Takoii popme 3aK0H MPHMEHHUM TOJIBKO /ISl TeJI, MACCA KOTOPBIX MPH ABH:KEHUH He MEeHsIeTCs.
BoJiee o0masi popmyaupoBka BTOporo 3akoHa Hbl0TOHA IIACHT: CKOPOCTH U3MEHEHUsl UMITYJIbCa TeJla
NPSAMO NPONOPLUMOHAJIbHA IefiCTBYIOLIEH cuJle.

8.BbIHY:KIeHHBIMH KOJIe0AHMAMH HA3BIBAIOTCS HE3ATYXAIOIIUE KOIeOaHusi TIOM AEUCTBHEM EPUOANICCKHI
MEHSIFOIIEHCSI BEIHYKJAIOIIEH CIITBl. AMIUTATY/IA U (ha3a BRIHYKICHHBIX KOJeOaHHI 3aBUCST OT YaCTOTHI
BBIHYX/JIAIOIICH CHJIIBI (CM. TaKxKe Pe3oHanc).

9./lnHamMuKa - pa3gea MeXaHHKH, H3y4aloluii BINsTHHE B3aNMOJeiiCTBUI MeKAY TeJaMU HA UX MeXaAHUUECKoe
ogudicenue. JlNHAMUKa 0TBeYaeT HA BONPOC: NMOYeMYy JABHKETCS TeJI0? ITO NPUYMHHAA YaCTh MEXaHUKH.

10.JnnamMu4ecKkre ypaBHeHHs ABHKEHUS —— 3TO 6mopoul 3akoH Hvromona, 3aNUCaHHbINA AT TaHHOTO Tesa. OTU

YpaBHEHHSI MOXKHO 3alycarh B BEKTOPHOM BHJIE U B IIPOSKIUAX Ha OCH KoopauHat. COCTaBlIeHHE U PEIICHNE TaKhX
YpaBHEHHH — TNIaBHAs 3a]1a4a OUHAMUKU.

11.3ax0oH BceMHUPHOTO TATOTeHUsT (OTKPHIT HBIOTOHOM) TITACUT: CHIIa B3aUMOACHCTBHS IBYX MATePHAIbHBIX TOUCK
IPSIMO MPOMOPIIMOHAIFHA MaccaM 3THX TOYEK, 00paTHO MPOMOPIUOHAIEHA KBAIPATy PACCTOSHHS MEXY HUMH U
HAaIpaBJicHa BJIOJIb PSMOW COCTUHSIONICH TOUKH. Macca, purypupyromias B 3TOM 3aKOHE, Ha3bIBACTCS
TPaBUTALMOHHOM.

12.3akonb1 HeloTOHA - TPH 3aK0HA, JIeAkKallMe B OCHOBE KJIACCHYeCKOH MexaHUKH. 3akoHbl HbloTOHA He
JAOKA3BIBAIOTCS B MATEMATHYE€CKOM CMBICJIe, a ABJIAIOTCA 00001eHHeM ONbITA. BriepBbie 3TH 3aKOHBI ObLIH
copmynpoBansl HbI0TOHOM B 3HAMEHHTOM TpyAe «MareMaTHYecKHe HA4AJ1a HATYpaabHOI duiaocodum»



(1687).

13.3akon COXpaHCHUSA UMITYJIbCA - 3AKOH MEXaHUKH, B COOTBCTCTBUHU C KOTOPLIM: BEKTOPpHasA CymMMa
HMITYJbCOB TEJ BaMKHyTOﬁ CHCTEMbI OCTAETCS MOCTOSTHHOM npu JII00BIX B33HMOHeﬁCTBHﬂX ITHUX TEJ MEKITY
co0oii. I/any.m,c MOZKET TOJIbKO ImepepacnpencsitbCa MEKAYy T€JIaMU CUCTEMBI. B MexaHuKe 3TOT 3aKOH

BBIBOAUTCA U3 3ak0oHOB HbloTOHA. 3a mpeneaMu MeXaHUKH 3aKOH COXPAHCHHUS MYJIbCA HYXKHO
paccMaTpHBaTh KaK CAMOCTOSITEJIbHBII ONBITHBIA NPUHIUIL, He cBOAALIUIicS Kk 3akoHaM HeloTona. 3akon
COXPAHEHMs] HMITYJIbCA eCTh CJIeCTBHE OIHOPOHOCTH NMPOCTPAHCTBA.

14.3aKoH coXpaHeHHs] MACCHI - 3AKOH KJIAaCCHYECKO MEeXaHUKH, B COOTBETCTBHH ¢ KOTOPBIM MPH JIO0bIX
npoueccax, NPOUCXOASIIINX B CHCTEMe TeJl, ee Macca 0cTaeTcs Heu3MeHHoil. B cneyuanvnoii meopuu
OMHOCUMENbHOCM U ITOT 3AKOH MOCJIe OTKPBITHA B3aUMOCBA3U MACChl H JHEPrUuy MoABEPres
nepeocMbicaeHui0. Kak BbISICHHIIOCH, BCSIKOE BblieJIeHHe WM NOIVIOIIeHNe YHEPTriu CONPOBOKAAETCS
H3MEHEeHHEM Macc.

15.3akon COXpaHeHUA MeXaHHYeCKoi JHEprum - (l)PI3I/l‘leCKHﬁ 3aKOH, B COOTBETCTBUHU C KOTOPLIM: B
33MKHyT0]71 CUCTEME, B KOTOpOﬁ HE }IeﬁCTBleT CUJIbBI TPCHUA U COIMPOTUBJICHUS, CYMMAa KHHETHYECKO H
NMOTEHIHAJIbLHOMI JHEPIruu BCEX TE€J CUCTEMbBI OCTACTCHA BEJIHYHHOI MOCTOSTHHOI.

16.3axon COXpaHCHUA MOMEHTA UMITyJIbCaA - (l)I(ISI/[‘-leCKI/lﬁ 3aKOH, B COOTBETCTBUHU C KOTOPBIM MOMEHT
HMITYJbCa 3aMK]-[yT0]7] CHCTEMbI OTHOCHTEJILHO JII000i1 HENMOJABHKHOM TOUKH He U3MEHSETCH CO BPEMEHEM.
3akoH COXpaHCHHUSA MOMEHTA UMITYJ/IbCA €CTh MMPOABJICHHUE H30TPOMHOCTH IMPOCTPAHCTBA.

17.3aK0H coxpaHeHHs 3JIeKTPUYECKOI0 3apsia - PU3UYeCKUil 3aKOH, B COOTBETCTBMH € KOTOPBLIM B
3aMKHYTOM cMcTeMe B3auMOAelCTBYIOIIMX Tel ajiredpanyeckasi CyMMa 3JIeKTPHUYeCKHUX 3apsiioB (IOJTHBIH
3JIeKTPUYECKHil 3aps/1) 0CTaeTCsl HeM3MEHHOM NPH BeeX B3aUMoJeliCTBUSX.

18.UmnyJibC - npou3BeeHre MACChI (TOYEYHOTI0) TesIa HA CKOPOCTh B KOHKPETHOM cucTeMe 0TCYeTa.
HNmnynbc MexaHH4YecKoil cucTeMbl paBeH BEeKTOPHOIi cyMMe HMITYJIbCOB BCeX yacTeil cucrembl. B cucreme
CH enuHunel MMITYJIbCA SIBAAETCA KHJIOTPAMM-METP B CEKYHAY.

19.I/IHepIII/lﬂ - SIBJICHUE COXPAHEHUS CKOPOCTH HpﬂMOJ'IHHeﬁHOFO PAaBHOMEPHOTO ABUKCHUA UJIU COCTOAHUSA
MOKOSA NMPU KOMIICHCAIIUU BHECITHUX BO3IeHCTBHIA. I/IHepIII/Iﬂ npucyma BCEM MaTepuaJdbHbIM 00bEeKTaM B
OIMHAKOBOI CTENEeHH. IlBI/l?KeHI/Ie M0 MHEPUHUH - IBUKCHUE TEJ1a, IPOUCXOAALIECE 0€e3 BHEITHUX BO3/1€elCTBUIA.

20.lHepTHOCTD - CBOICTBO MaTePHAJbHBIX 00bEKTOB MPUOOPETATh Pa3HbIe YCKOPEHHUS IPU OAUHAKOBBIX
BHEIIHUX BO3efiCTBUAX CO CTOPOHBI APYTUX TeJ. Mepoii HHEPTHOCTH TeJIa B MOCTYNATEIbHOM IBHKEHHH
SIBJISIETCS €T0 Macca, a TIPH BPAIIATEIbHOM JIBUKEHHH — MOMEHM UHEPUUU.

21.MHepumajbHas CHCTEMA 0TCUETA - cucmema omcuema, B KOTOPOH TENO HAXOJUTCS B IOKOE MIIM IBUXKETCS
PaBHOMEPHO U NPSAMOJIMHENHHO JI0 TeX I10p, II0KA Ha HETO HE JEMCTBYIOT Ipyrue Tejaa Uilu 3TO IEHUCTBUE
CKOMITeHCUpOBaHO. CMBICH nepgoeo 3akona Hviomona B yTBEpKICHUU CYIIECTBOBAHUS TAKUX CHCTEM OTCYETA.

22.KuHeMaTHKa - pazaeis MCXaHUKH, HSY‘IaIOLI.II/Iﬁ TeOMCTPUYCCKUC CBOICTBa JABWKCHUA TCII 0e3 ydeTa ux Macc u
J.'[eﬁCTByIOH.[HX Ha HUX cui. KnHemartnka HcciieayeT CII0COOBI OIHUCAHMS ,I[BI/I)KeHI/Iﬁ U CBs3CH MCKAY BCJINYNHAMHU,
XapaKTCpU3YHOUIUMU 3TU JABUKCHUS. KunemaTtuka orBevacT Ha BOIIPOC: KaK JABHKETCSA TeI0?

23.KuHeTH4eckasi JHeprusi — JHEPrus MEXaHUYECKOM CUCTEMBI, 3aBUCSIIAs OT CKOpocTell ee Touek. Ecnu teno
Macchl M JBHYKETCS CO CKOPOCTBIO V, TO €r0 KUHETHYECKasl SHEPrys paBHa mv2/2,

24.Kosebanuss — 5TO NEPUOTUIECKH TIOBTOPSIONIUECS ABMKeHUs. KoneGaHus, omuchIBaeéMble 3aKOHOM CHHYCa X
=A sin (wt + @) wm kocuryca X = A COS (wt + @), Ha3BIBAIOTCS TAPMOHUYECKUMHU. BenurHa, CTosImas mo
3HAKOM FapMOHUYECKON QYHKIMH (¢ + @), Ha3bBaeTcs (Ppa3oif; @ Ha3bIBACTCS KPYrOBOM (WIIH ITUKINIECKON)

4acTOTOW; ¢ — HadaJbHOH (hazoil. KoneGanus pa3HOH MpUPOIBI OMICHIBAIOTCS MATEMAaTHUECKH COBEPIICHHO
OJJMHAKOBO.

25.Ko3¢punueHT TpeHUsT — OTHOIIECHHE CHIIBI TPEHHUS K CHJIE HOPMAJILHOM peakIuy (MU K CHJIe HOPMaJIbHOTO

JaBJIEHUs, IPHKUMAIOILEN TPYIIUECs IIOBEPXHOCTH APYT K APYTy). BhIpakaeTcst OTBIEYEHHBIM Oe3pa3MepHbIM
guciioM (cM. Takxe Tpenue).

26.JInHeiiHas CKOPOCTH - CKOPOCTh OT/EIbHON TOYKH BPALIAIOLIErocst Tesla, 3aBHCALLAst 0T YIJIOBOii
CKOPOCTH H PACCTOSIHUSA OT TOYKH 0 OCH BpauleHus. JInHeHHAA CKOPOCTh MATEPHAJILHON TOYKH YUCICHHO
PaBHa PacCTOSIHUIO, KOTOPOE TOYKA MPOXOAUT B eAMHUIYY BpPEeMEeHH.



27.Macca — Mepa UHEPTHBIX M TPABUTAIIMOHHBIX CBOKCTB Tena (cM. Muepmuocmu, 3akon ecemuproco
msazomenus). Macca He 3aBHCHT OT CKOPOCTH.

28.MatemMaTH4YeCKHii MAasITHUK - MeXaHUYeCKas KojiedaTeJbHAsA CHCTeMAa, COCTOSLIAsI U3 MAaTepUAIbHOI
TOYKH, OJABEIICHHOI HA TOHKOI, HeBeCOMOIl M HepPACTAKMMOIl HUTH MJIM HA HEBECOMOM CTep:KHe B 0JIe CHJI
TszkecTH. Ilepuoa MabIX Ko1e0aHUI MATEMATHYECKOT0 MATHHKA He 3ABMCHT OT AMILJIMTYIbI H
onpenensiercsi o dpopmyae: T =2m\/g .

29.MaTtepuaJbHO# TOUKOI Ha3BIBacTCA TENO, pa3Mepsl U (hopMa KOTOPOTO B TAaHHOM 3a/ade He CYIIeCTBCHHEL.
MarepuanbHy0 TOUKY 9aCTO Ha3bIBAIOT TEJIOM.

30.MrHoOBeHHAasl cCKOpocmyb - peieJi CpeAHell CKOPOCTH 3a 0eCKOHEYHO MAJIbIi IPOMEKYTOK BpeMeHH.
MrHoBeHHas1 CKOPOCTh HANIPABJICHA 10 KACATEIbHOM B IAHHOM TOYKe mpaekmopuu.

31.MrHoBeHHasl YIUI0Basi CKOPOCTD - Ipefiesl, K KOTOPOMY CTPEMHTCS CPeAHss YIJIOBasi CKOPOCTh NPU
0eCKOHEeYHOM YMEHbIICHHH NMPOMEKYTKA BpeMeHH. MTHOBEHHYIO YIJIOBYIO CKOPOCTh MOKHO HAWTH, TAKMM
00pa3oM, KaK IPOU3BOHYIO OT YIJIa IIOBOPOTA N0 BPEMEHH.

32.MexaHHKa - OCHOBHOM pasaena (l)l/I3PIKI(I; HaAYKa 0 MEXaHHYE€CKOM ABUKCHUU MATCPHUAJIBHBIX TEJ U
MPOUCXOAAIIIHUX B3auMMOJeHCTBUSIX MEKAY HUMMU. B pe3yabrare B3aUMOIEHCTBUSA N3MEHSIIOTCS CKOPOCTH TEJ
HJIN TeJ1a )qu)OpMI/lpleTCﬂ. Mexanuka noapasaeasieTrcss Ha cmamukKy, KUHeMamuKky u 0thlMMKy.

33.Mexannueckasi KapTuHa Mupa cpopMupoBaJjiach Kk cepeaune 19-ro Beka. CoryiacHo 3Toii KapTHHe Bce
TeJIa COCTOSIT U3 MeTbYANIINX YACTHL, KKHPIHYMKOB)» MHPO3IAHHSA, AaTOMOB U MoJieKy.Jl. OCHOBOI KapTHHBI
Mupa ABJAITCA 3akoHbl HeloTona. Mup npeacrasJisieT c000i TMTAHTCKYI0 MAIIMHY, IOCTPOEHHYIO 110
3aKOHAM MeXaHMKU. MukpomMup cunTajics nonooHbiM Makpomupy. Ilpupona ad6conroTHo HeusmenHa. B mupe
TOCHOACTBYIOT OJJHO3HAYHbIC NIPUYHUHHO-CJIEACTBEHHbIE CBSA3H (JIAaIUIACOBCKUIl JeTepMuHU3M). B 19-Mm Beke
MeXaHH4YeCcKasi KApTHHA MHPAa CMEHWJIACHh YIeKTPOMATHUTHOIA.

34.PabdoTa B MeXaHHKe €CTh Mepa M3MEHEHHsI IOJTHOW MEXaHHMYEeCKOH SHEPTUH CUCTeM. DlieMeHTapHas paboTta
oIpezienseTcs KaK CKaJApHOe MPOU3BEACHHE culbl Ha JIIEMEHTapHOE nepemeuyeHue.

35.11os1Has1 MeXaHUYeCKasl JHEPIrusl - CyMMa KMHETHYECKOH M OTeHUMAJIbHOM 3HEePruM Tejia (MM CUCTeMbl
Teu1). [TonHast MexaHHYecKasi IHePrusi XapaKkTepu3yeT ABM:KeHUe M B3aMMo/lelicTBHe TeJI H 3aBUCHT OT
CKOpOCTei TeJI M X B3aMMHOI0 pPacnojio:KeHus. B pessiTuBUCTCKOI MeXaHMKe MOJIHOM 3Heprueil Ha3bIBaeTCs
CyMMa KMHETHY€eCKO#l JHePIUH M JHEPIrUH MOKOsI YacTHIBI (Teia) (CM. TakiKe PeisamusucmceKkas Mexanuka).

36.MexaHnyeckoe ABHKeHHe - H3MeHeHHe ¢ TeYeHHeM BpPeMeHH MO0JI0KeHUs OJHOI0 TeJIa OTHOCHTEJILHO
APYTOro MJIM NMOJIOKeHUS YacTeil TeJjIa APYr OTHOCHTEIBHO Apyra. MexaHuueckoe IBH:KeHHE B ITOM CMbICJIe
OTHOCHTEJIBHO.

37.MexaHnn4eckue koJed0aHus - 00/1aa01IHe IEPUOANIHOCTHIO OTKJIOHEHHS TeJIa OT MOJIOKeHHS
paBHoBecHs. Bo30y:kaeHue He3aTyXalOIKUX MeXaHHYeCKUX KOoJ1eOaHUI MPOUCXOAUT MyTeM BO3/lelicTBHA Ha
K0/1€0aTeJIbHYIO CHCTeMY NOCTOSIHHOW MJIM MepeMeHHOi CHIIbI.

38.MomeHT cuiibl OTHOCHUTENHHO ToukK O ompesessieTcst Kak BEKTOPHOE MPOU3BE/ICHHE PaJINyC-BEKTOpa Teja Ha
BEKTOP CHJIbI. MOMEHT CHIIbI OTHOCHTENILHO OCH BpallieHusl (He MyTaTh C MOMEHTOM CHJIbI OTHOCHUTEILHO TOUKH!)
3TO — MPOU3BEICHUE CHUJIBI Ha IJIe40 (KpaTyaiiiiee pacCTOsIHUE OT JIMHUU JICUCTBHS CHUJIBI 10 OCH BPAICHUSI,
JPYTHMH CIIOBaMHU, JJTHHA MEPICHIUKYJIIPA, OMYIIEHHOro 13 Touku O Ha JTHHUIO IeHCTBHS CHIIbI). MOXHO
MOKAa3aTh, YTO MOMEHT CHJIbI OTHOCHUTEIBHO OCH BpAIICHUS, MPOXOsiieH yepe3 Touky O, eCTh MPOESKIUs MOMEHTA
cuiibl OTHOCUTENBHO Toukd O Ha 3Ty och. (Cp.moustreM Momenm umnyivcal)

39.HeuHepuuanabHasi cHCTeMa 0TCYETA - CHCTEMA 0TCYeTa, B KOTOPOW He BHINMOJIHSAETCS MePBbIil 3aK0H
HebloTona. HemHepuuajbHasi CHCTEMA 0TCUETA IBUKETCS C YCKOPEHHEeM OTHOCUTEILHO HEKOTOPOii
UHEpYUANbHOU cucmembl omcyema. BakHbIM KJIacCOM HEHHEPIHAJTIBHBIX CHCTEM SIBJISIIOTCS Bpallalouinecst
CHCTEMBI O0TCYeTA.

¢ OTHOCHUTEJIbHOE IBUKEHHUE - IBUKEHUE MOUKU WM Tejla
OTHOCUTECJIBHO IIBH)KyIlIGﬁCﬂ cucmemsbl omcuema.

d .l'[apoﬁ CHUJT HA3BIBAETCHA CUCTEMA, COCTOALIAsA U3 IBYX CHUJI PaAaBHbIX
M0 MOYJ10 U NPOTUBOIIOJIOKHBIX IO HANIPaBJICHUI0, TUHUH
neHcTBuA KOTOPbLIX B oo1emM cjaydae He COBIIA1al0T.

42.IlepBasi KOCMHYeCKasi CKOPOCTh - MUHUMAJILHASI CKOPOCHIb, KOTOPYIO HE00X0AMMO COOOIINTD Tey,
HAXOASAIIEMYCSl B TPABUTAlIMOHHOM MoJie 3eMJiH (HJIH HHOT0 MACCHBHOIO TeJIa), YTOOBI OHO CTAJIO0
HCKYCCTBEHHBIM CIIyTHHKOM ILIAHETHI, T. €. ABHraJIOCh 10 KPYroBoii opoute. Bosmm3u nosepxHocTu 3eMiin
nepBasi KOCMH4YeCKas CKOPOCTh paBHa 7.91 km/c.



43.11epBolii 3axoH HeroToHa (oTKpBIT [Maniuneem) - ¢pusuueckuit 3axkon, B COOTBETCTBUU ¢ KOTOPbIM
MaTepuaJbHasl TOUKA COXPaHsieT COCTOSIHME MOKOS UM PABHOMEPHOTIO IBMKEHUs 10 TeX Mop, NOKA BHELIHUE
BO3/1eHCTBUS He U3MEHSIT ITO COCTOSTHMSI.

44.I1epemMerieHreM Ha3bIBaeTCsl BEKTOP, NPOBEACHHBIH U3 HAYAIbHONH B KOHEYHYIO TOUKY MpaeKmopuu B
cIydae NPpSAMOJHMHEHON TPaeKTOPHH MOAY/Ib BeKTOPa NepeMellleHUsl paBeH NPOoiiiecHHOMY Iy TH.

45.11oTeHIHATBHASI JHEPTUS - YACTh MEXAHUYECKOU IHepuu Tella, 3aBUCAIasi OT B3AaHMHOI0 PACIIOI0KEeHUS
ee yacTeil U OT UX I0JI0KeHHii BO BHEIIHEM ci/1060m nojie. YncaeHHO NOTeHHAIbHASI JHEPIUsi CUCTeMbI B
JAAHHOM COCTOSIHMM PaBHa padoTe, KOTOPYIO IPOU3BEAYT /el CTBYIOLHE HA CHCTEMY CHJIbI IPH Mepexojie
CHCTeMBbI U3 3TOT0 MOJI0KEHHUSI B TO, I/ie MOTEeHIHAIbHAS IHePIusl YCJIOBHO NPHMHUMAaETCs PABHON Hy.I10.

46.JIpMHIUII OTHOCHTEIbHOCTH KJIaccHYeckoii Mexanuku - nocryaat [.l'anuies, corinacHo KoTopoMy B
JII00BIX HHEPIHATIBHBIX CHCTEMAX 0TCYeTa BCe MeXaHHYeCKHe SIBJCHHS IPOTEKAI0T OAMHAKOBO NPU OHUX H
Tex e yCIAOBHX.

47.JIpMHIUII OTHOCHTEIBHOCTH PeJSITHBHCTCKOI MeXaHMKH — MOCTYJIAT BIiepBbIe chOpMYINPOBAHHBII
A.Ilyankape (1902), coriacHo KOTOpPOMY B J1I00BIX HHEPIHAJBHBIX CHCTEMAaX 0TcYeTa Bee puznyeckue
SIBJICHUS MPOTEKAIOT OMHAKOBO. B Takoii ¢popMyn11poBKe NPUHIMII OTHOCUTEIBLHOCTH SBJIAETCSA
o0o01menueM npunyuna omuocumensrnocmu I'anunes Ha Bce pusndeckne sipaeHns (MexaHuIecKne,
3J1eKTPOMArHUTHbIE, ONTHYECKHE H T. /1.).

48.IlpocTpaHcTBO U BpeMs - OCHOBHbIE (DJOPMBI CylIecCTBOBAHMSA MaTepuH. IT0 puiiocopckue KaTeropuu, B
(pu3nke onn He onpenensiorcsa. CorJIacHO meopuu omuocumenbHoCcmu reoMeTpudecKue CBOHCTBa
NMPOCTPAHCTBA M CKOPOCTH Te4eHHs] BPEMEHH 3aBHCSIT OT pacipeeseHHs: U IBHKEHHS] MaTePUH.

49.PaBHojeiicTBYIOLIAS CHJIA - CU1a, AeficTBHE KOTOPOii 3KBUBAJIEHTHO 1efICTBHIO HA TeJ10 HECKOJIbKUX CHJI.
CucreMa cii1 HMeeT PABHOEHCTBYIOIIYIO TOJIBKO B TOM CJIy4ae, €CJIU 1JIs1 Hee CYIIeCTBYeT TOUKa,
OTHOCUTEJIbHO KOTOPO# INIaBHBIH MOMEHT CHJI CHCTEMbI paBeH HY/I10. PaBHojeiicTByI01Ias1 cujla paBHA
reoMeTpPHYECKOl cyMMe BCeX CHJI CUCTEMbI U NPUJI0KEeHA B LleHTpe npuBeaenus. Ilapa cun ve umeer
PaBHOJEHCTBYIOLIEH.

50.P2BHOMepHOC BpamaTteJbHO€C IBMKCHUE - IBHKCHUE, IPU KOTOPOM YIUIBI IIOBOPOTA MaTepna.m,Hoﬁ TOYKH
3a JioobIe PpaBHBIC IPOMEKYTKH BPEMEHH O/IUHAKOBLI.

51.P2BHOMepHOC ABUKEHHUE - IBUIKCHUE, IIPH KOTOPOM 3a JII00BIE PaBHBIC IPOMEKYTKH BPEMEHHU
MaTepuajJibHas TOYKa NMPOXOAUT OIMHAKOBLIC ITYTH.

52.PaBHOMepHOE NPAMOJIMHEHOE IBHKEHHE — TO JKE CaMo€, UTo U Pagnomepnoe dguoicenue, €CIIA TPAeKTOpHs
Telna — ImpsMast JTNHUA.

53.PaBHOMepHOe ABUKEHHE MATEPUAJBLHOM TOYKH N0 OKPYKHOCTH - IBHKeHHE MATepPHAIbHON TOYKH 110
OKPYKHOCTH, IPH KOTOPOM MOIYJ/Ib €e CKOPOCTH He MeHsieTcsl. MeHsieTcsl TOIbKO HanpaBJieHUe CKOPOCTH.
IIpu TakoM ABM:KeHMHM MaTepHAJbHAsA TOYKA 00/1a1aeT HEeHTPOCTPEMHUTEIbHBIM YCKOPEHHEM.
HeHTpocTpeMHuTeIbHOE YCKOPEHHE — YACTHBII CIy4ail HOpMANbHO20 YCKOPEHUA.

54.Pe30HaHCOM Ha3BIBACTCS SIBJICHHE PE3KOT0 BO3paCTaAHN aMINIUTYAbl BBIHYK/ICHHBIX KoJIeOaHUIH npu
COBIIAACHHUHN YaCTOThI BBIHy)K,I[aIOH.IGﬁ CHJIBI M YACTOTHI COOCTBEHHBIX KOJIeOaHUN KOJIeOATEIbHOW CHCTEMBL.

55.PensiTuBUCTCKAasi MeXaHUKA - pa3/es] TeopeTHYeckoil (pUM3MKU, pacCMaTPUBAILIUN KJIACCHYEeCKUEe 3aKOHbI
MeXaHM4YeCKOro ABUKEeHHS TeJI IPH CKOPOCTAX, CPABHUMBIX CO CKOPOCTHIO CBETA B BaAKyyMe.
PeasiTuBHCTCKASI MEXaHHKA OCHOBAHA HA CHEUUAILHOIL MeOpul OMHOCUMEbHOCIU.

56.CB000IHOE BpallleHHEe TBEPIOI0 Teja - BpallleHHe TBepP0ro TeJjia, MPH KOTOPOM HeMOJABUKHON TOUKOIi
SIBJISIETCS YEeHMpP MANCECMU Tella.

57.Cuia - Mepa MeXaHH4eCKOI0 IeliCTBUS HA MaTePHAJbHYI0 TOUKY WJIH TeJ10 APYTUX TeJ Wi nojaeii. Cuna
BbI3bIBAaET H3MEHEHHE CKOpocmu TeJla WIH ero Aedopmanuio. B MexaHuke pa3inyaioT CHJIbl, BOSHHKAIOIIHE
MPH HeMoCcpPeICTBEHHOM KOHTAKTe TeJ WM HA PACCTOSTHUM NMOCPeICTBOM CO31aBaeMbIX TeJaMHU MoJeii.
Mo’KHO MOKa3aTh, YTO HA MHKPOCKOIINYECKOM YPOBHE BCe CHJIbI (HAIPHMeP, CHJIA YIIPYTOCTH) 00yC10BICHbI
nonsaMu. Cuiia - BeKTOPHAS BeJHYHHA, I03TOMY B Ka:KAblil MOMEHT BpeMEeHH OHA XapaKTepu3yeTcs
YHCJIOBBIM 3HAYEHUEM, HANIPABJICHUEM H TOUYKOM NpuioxkeHns. B Mexanuke npupoaa cui He
paccmarpuBaercsa. Equnnna cuianl B CH — 1 HeloToH.

58.Cunosoe nosie. Ecnu B kX101 TOUKE MPOCTPAHCTBA HA TEJIO ACHCTBYET CHIIA, TO TOBOPSIT, YTO B IPOCTPAHCTBE
cymecTByeT cuitoBoe nose. Ecii paboTta cuit 1o He 3aBUCHT OT ()OPMBI TPACKTOPHH, TO T10JIE Ha3bIBACTCS
INOTCHIIMAJIbHBIM, a CHJIa KOHCCpBaTPIBHOﬁ. HpI/IMepBI NOTCHIIMAJIbHBIX MoJIeit: TpaBUTAIMOHHOC I10JIC,

QJICKTPOCTATUICCKOC (KyJ'IOHOBCKOG) T10JIC, TTOJIC YIIPYTUX CHIL.



59.Cucrtema oTcuera — meno omcyema, CACTEMa KOOP/ANHAT, CBSI3aHHAs C TEJIOM OTCYETa, U Yachl (IIpudop AiIs
M3MEPEHNUs BpPEMEHH JBIKCHUS C yKa3aHHEM Ha Havaso ero orcyera). CucTeMa oTcyeTa HCIIOIb3yeTcesl IS
OIIpeieIIeHHS TIOJIOKEHHSI B TIPOCTPAHCTBE (PU3NUECKUX 0OBEKTOB B pa3lInuHble MOMEHTHI BpeMeHH. Pasnuuaror
UHepyuanbHvle U HeUHEPYUATbHBIE CUCTHEMbI OMCYEma.

60.CxopocTh Tes1a - KHHEMaTHIECKast XapaKTePUCTHKA MamepudibHot mo4ky. ITO BEKTOPHAs BEIMYNHA,
orpezersaeMas Kak Mpezes OTHOIICHHS nepemelyeruss TOYKH K TIPOMEXYTKY BPEMEHH, 32 KOTOPBIH 3TO
HepeMEIIeHHE TPOU30IIIII0, KOTAA 3TOT IPOMEXYTOK BPEMEHH CTPEMHUTCS K Hym0. CKOpOCTh MOXKHO HAWTH, TAKHM
00pa3oM, B3siB IPOU3BOAHYIO OT paInyCc-BEKTOpa 110 BpeMeHH. BeKTop CKopoCTH Beernia HamnpasiieH 110 KacaTesIbHON
K Tpaektopuu Tena. B CU enuHMIEH CKOPOCTH SABIAETCS METP-B-CeKyHY (M/c). OIHO H TO e TeJI0 MOXKET
OJJTHOBPEMEHHO JIBUTaThCs M HAXOAUTHCS B IOKOE B Pa3HBIX cUCTeMax orcuera. Ecimu paccmaTpuBaeTcst KOHEUHBIN
IIPOMEXYTOK BpeMEHHU At, TO CKOPOCTb Ha3bIBAETCS CPEAHEM.

61.Craruka - pa3aejq MEeXaHuKH, n3yqa10mm71 YC10BUA paBHOBECUS MATEPUAJIBHBIX TOYEK WJIH UX CUCTEMBbI,
HaXOoAAIIMXCH Mo HeﬁCTBHeM CIJI.

62.Teno orcuera - T€J10, OTHOCUTECJIBHO KOTOPOI'0 pacCMarpuBaeTCH IBUKEHUE BCECX 0CTAJBHBIX TEJI.

63.TpaexkTopueil Ha3pIBaeTcs BOoOpakaeMasi JIMHUS, ONNUCbIBaeMasi TeJIOM IIPU ABUKeHMH. B 3aBucumoctu
0T (p)OPMBI TPAEKTOPUM ABUKEHHS ObIBAIOT KPHBOJHMHEHHbIe M NpsiMoJiMHeliHbIe. [IpuMepsbl
KPUBOJIMHEHHOI0 ABMKEHUS: IBUKEHHE TeJ1a, OPOIIEHHOr0 MO/ YII0M K TOPM30HTY (TpaeKTopHs —
napato.a), IBHKeHUe MATEPHAJIbHOM TOYKH 10 OKPYKHOCTH.

64.Tpenue - siBJieHHE CONPOTHBJICHUS TeJl OTHOCUTEJIbHOMY NepeMeleHn0. BozHukaer mexay aBymst
TeJJaMH B INIOCKOCTH CONPUKOCHOBEHUS X NMOBEPXHOCTEH M CONMPOBOXKIAeTCA JUCCHNIaUel (paccenBaHNeM)
Hepruu. Mexanuueckasn IHepzusa CUCTEMBbl, B KOTOPOIi eCTh TPeHHe, MOKeT TOIbKO yMeHbIIAThesl. Hayka,
H3ydawniasi TpeHue, Ha3bIBaeTcs TpuOoJIorueii. ONBITHBIM MyTeM YCTAHOBJIEHO, YTO MAKCHMAJIbHAsA CHUJIA
TPeHUs MOKOS M CHJIA TPEHMS CKOJIbKEeHUS He 3aBHCHT OT IJIOIAAN CONPUKOCHOBEHMS TeJl H
NPONOPUHOHAJIBHA CHJIe HOPMAJIBHOTO AaBJIeHUs, NPHKUMAIOLIEH MOBEPXHOCTH APYT K APYTY.
Ko3y¢ppuuueHT NponopunoHaIbHOCTH NPH 3TOM Ha3bIBaeTcs Kodhduyuenmom mpenusa (IOKOSI NIH
CKOJIbKEHUST).

65.Tpernii 3akoH HpioTOHA - pu3nyecknii 3aK0H, B COOTBETCTBUM € KOTOPbIM CHJIbI B3aUMO/AeicTBUS ABYX
MAaTepUAJTbHBIX TOYEK PABHBI 10 MOAYJII0, MPOTHBOMOJIO0KHBI 10 HATIPABJIEHUIO U I CTBYIOT B10JIb NPAMOIi,
coequHsIoIei 3TH ToukH. Kak u npoune 3akonbl Hb10TOHA, TpeTHi 3aK0H cHIpaBellIMB TOJIbKO A5
Hepuyuanbvhoix cucmem omcuema. Kparkasi popMyInpoBka TpeTbero 3aKoHa: qeficTBie paBHO
NPOTHBOAECTBHIO.

66.TpeThs1 KOCMUYECKasi CKOPOCTh - MUHUMAJILHASI CKOPOCHb, HEO0X0IMMAasI VISl TOT0, YTOOBI KOCMHYeCKHUIH
annapar, 3anyueHHbIi ¢ 3emn, npeogoJiea nputszkeHue Cosnua u nokunya CosiHeuHnylo cuctemy. Eciin 0b1
3emJIsl B MOMEHT 3aMycKka OblJIa HeMOABMKHA U He MPUTATMBAJIA TeJIo K cede, TO TPeThsl KOCMUYeCcKas
CKOPOCTH Oblj1a ObI paBHa 42 kM/c. C yueToM ckopocTu opouTaabHoro apuxenus 3emuau (30 km/c) TpeThbst
KOCMHUYecKas CKOpocTh paBHa 42-30 = 12 kM/c (npu 3amycke B HAPaBJeHUH OPOMTAIBHOTO IBHKEHMS) UK
42+30 =72 xkm/c (mpu 3anycke B MPOTHBONOJI0KHOM HanpaBjeHuM). Eciin yyecTs ele M cHily NPUTSIZKEHUS K
3emJie, TO ISl TPeThell KOCMUYECKOI CKOPOCTH MOJy4YuM 3HadeHus ot 17 no 73 km/c.

67.YckopeHue - BeKTOPHAsi BeJIMYNHA, XapaKTepu3ylolas ObICTPOTY U3MeHeHus1 ckopocmu. Ilpu
NPOM3BOJILHOM ABH:KEHUH YCKOPeHHe OnpeelisieTcs KaK OTHOLIeHHe MPHUPALIeHNsI CKOPOCTH K
COOTBETCTBYIOLIEMY MPOMEKYTKY BpeMeHH. Eciin ycTpeMHTBh 3TOT MPOMeKYyTOK BpeMeHH K HYJII0, OJTYyYHUM
MIHOBEHHOE yCKOpeHHe. 3HAYMT, YCKOPeHHe eCTh MPOU3BOHAS 0T cKOpocTH 1o Bpemenn. Ecian
paccMaTpuBaeTcsl KOHEUHbI MPOMEKYTOK BpeMeHH At, TO ycKopeHue Ha3biBaeTcs cpeanum. Ilpu
KPUBOJUHEHHOM ABM:KEHUH MOJHOE YCKOPEHHe CKJIAAbIBACTCHA U3 MAHZEHYUAIbHO20 (KacamenbHo2o) N
HOPMANbHOZ20 YCKOPEHUA.

68.YckopeHue cBOGOAHO MAIAIOLIEI0 TeJIA - YCKOPEeHHe, ¢ KOTOPBIM ABMKETCS TeJIO Mo/ AeiicTBHEM CHJIbI
TATOTeHHUsl. YCKOpPeHHe CBOOOHOI0 NaIeHUs1 OANHAKOBO /ISl BCeX TeJl, He3aBUCHMO 0T uX maccol. Ha 3emite
YCKOpeHHe CBOOOTHO NMAIAI0LIEro Teja 3aBUCHT OT BbICOTHI HAaJl YPOBHEM MOPS M OT reorpadguyeckoii
HIMPOTHI M HATIPABJIeHUs K nenTpy 3emun. Ha mupore 45° u Ha ypoBHe MOpst ycKopeHHe CBOGOIHO
nagaromero teaa g = 9.80665 m/c?. B y4e0HbIX 3a1a4ax 00bIYHO NOJIATaT g = 9,81 m/c?.

69.®uznveckuii MAATHUK - AdCONIOMHO meepooe mesno, iMeruiee och Bpaienus. B nmone tarorenus
(usuyecknii MAATHHK MOXKeT COBEPIIATH KO1e0aHNs 0KO0JIO MOJIOKEHHSI PABHOBECHS, IPH 3TOM MACCY
CHCTEMBI HeJIb3fl CYMTATH COCPEI0TOYCHHOM B 0qHOM Touke. [lepnox konedanunii pusnueckoro MassiTHUKA
3aBUCHT OT MOMEHMA UHEPYUU TeJla U OT PACCTOSHUS OT OCH BPAILICHHUS 10 UYEeHmMPa macc.

70.HeHTp0€TpeMHTeJ’leafl ClJia - cuna, KoTopast MEHAET HallpaBJIeHHE CKOPOCTU H coo0maer MaTepuanbnoﬁ



TOYKe HEeHTPOCTPEeMHTeNbHOE ycKopeHue. PoJib IEHTPOCTPEMHUTEIbHOM CHIIBI MOTYT HIPaTh CHJIA YIPYTOCTH,
TPAaBUTAIMOHHAS CHJIA, KYJIOHOBCKasi CHJIa, MarHuTHas cuJia Jlopernua u np. lleHTpocTpemuTebHas cuia,
KaK M MPoYHe CHJIBI, TPUJIOKEeHA K ABIUKYIIelcsl MaTepuaJbHOH TOYKe H HANpaBJieHa K HeHTPY BpalleHus.

71.]_leHTp THIKECTH TeEJIa - TOUYKA TBEPAOIo TeJjaa, 1€pe3 KOTOPYI0 NIPOXOAUT pannoaeﬁCTBymmaﬂ BCEX CUJI
THIKECTH, lleﬁCTBymmHX Ha YaCTHIBI 3TOT0 TeJIa MPpU JIFO00M €ro IO0JIO;KEHHH B MPOCTPAHCTBE. I_leHTp
THKECTH TEJ1a COBIIAAAET C Uernmpom macc (B OJHOPOAHOM I10J1€ Tﬂ?KeCTl/I).

72.JHeprus - ckajJdsspHas (pu3nyeckas BeJHUYNHA, ABJIAOLIAsACH 001Ieii Mepoii pa3Ju4HbIX GopM ABHKEHUS
MaTepHH U Mepoii Nepexoia ABM:KeHUs] MaTepuH U3 oTHUX ¢Gopm B apyrue. OCHOBHbIE BH/IbI JHEPIUH:
MeXaHu4ecKasi, BHYTPeHHss, 3JIeKTPOMArHUTHAsI, XUMHYecKasi, TPABUTALMOHHAS, siiepHast. OTHU BHIbI
JHePIruM MOTYT NPeBPAIAThCS B IPyTHe B CTPOrO OMNpeieleHHbIX KOJIMYecTBax .

TepMoaMHAMMKA U MOJIEKY/ISIpHAs (PU3UKa
1. AnmaéaTuyeckuii mpouecc. AnnabaTnuecKUM Ha3bIBAETCS MPOLIECC, TPOUCXOJSIIHMH B YCIOBUS TETION30ISALIUH
(6e3 TerurooOMeHa co cpedoit).

2. AMop¢Hoe TBepaoe Testo. AMOp(OHBIMH Ha3bIBAIOTCS TBEP/IBIC TENA, YACTHIIBI KOTOPBIX PACIIONIOKEHBI
HEyTops104eHHO. AMOpP(HBIC TeJIa H30TPOIHBI (CBOWCTBA OAWHAKOBEI IO BCEM HAIPABICHUSIM) H MOTYT
paccMaTpuBaThCs Kak MepeoxXyIaIeHHbIE BA3KHE )KUAKOCTH. [IprMepbl aMop(HBIX Tel: CTEKII0, CMOJIa U JIp.

3. Bakyym. BakyymMom Ha3bIBaeTCsl COCTOSIHUE Pa3pEKEHNUs, KOTIA COYAAPEHUSI MOJIEKYJI IPYT C JPYTOM
HEMHOTOYHCIICHHBI [I0 CPAaBHEHHIO C COYIApEHUSIMU CO CTeHKaMU cocyna. CTeneHb pa3pekeHus 3aBHCUT OT
COOTHOIIICHHS CPETHET0 CBOOOIHOTO IMpo0era 1 IMHEHHBIX pa3MepoB COCyaa.

4. BakyymHble Hacocbl. BakyyMHbIe HACOCHI IPUMEHSIOTCS [T CO3AaHUS 6aKyyma. Pa3nnyaioT HaCOChI
TpeaBAPUTENLHOIO BAKyyMa (/1S cO3/laHus AaBiieHus nopsaaka 107 MM pT. CT.) 1 HacOChI BHICOKOTO BakyyMa (it
CO3JaHus JaBJICHUS MOpsIKa 107 MM PT. CT. ¥ HUXKE).

5. BeuHblii ABUraTe/ b BTOPOro poaa. BeuHbIM ABUrareneM BTOpOro pojia Ha3bIBaeTCsl yCTPOICTBO,
MpeBpalarInee B MoJIie3HyI0 paboTy Bce Koauuecmeo meniomsl, MOIYICHHOE OT HarpeBatels (0e3 mepenayn
HEKOTOPOTO KOJIMYECTBA TEIUIOTHI XOJIOMMIBHUKY). Y TBEPKIEHUE O HEBO3MOXXHOCTH BEYHOTO JIBUTaTeNsl BTOPOTO
poza — olHa U3 BO3MOXKHBIX (POPMYIHPOBOK 8/MOPO20 HAYAA MEPMOOUHAMUKU.

6. BeuHblii ABUTaTe/Ib NEPBOro Posa. BeuHbIM BUraTeneM IepBOTO PoJa Ha3bIBAETCS yCTPONCTBO, CO3/AOIIEE
SHEPTHIo N3 HU4ero. HeBO3MOXKHOCTD TaKOTO JIBUTATelIsl BHITEKACT M3 NEP8020 HaAuala mepmoounamuky (3aKoHa
COXpPAHEHUS SHEPTHUH).

7. BzaumoneiicTBus. B3anMoIeicTBISA CUCTEMEBI CO CPeIOi MOTYT OBITh: MeXaHWYecKue (1ehopMaoHHEIE),
TEMI000MeH, dNIEKTPUUYECKIEe, MATHUTHBIE U T. 1. biarogapst B3auMOAEHCTBUSM B CUCTEME TIPOUCXOIST U3MEHEHUS

(mpotieccrr).

8. BuyTpenHee TpeHne (BA3KOCTb). BHYTpeHHUM TpeHHEM Ha3bIBAECTCS BOSHUKHOBEHHE CHIIBI TPEHHS MEXKIY
CIIOSIMH KUJKOCTH WJIM Ta3a, ABWKYIIMMUCS C Pa3HBIMH CKOPOCTAMH. [IpndnHONi BHYTPEHHETO TPEHUS SIBIACTCS

Xa0THYCCKOC TCIIOBOC IBHMXKCHUC. CM. Taxxke Asnenus neperoca.

9. BuyTpenHss 3Heprusi. Buyrpenneii sneprueit (U) Ha3pIBaeTcs 00IIMil 3a11ac SHEPTHH cUcmemMbl 32 BBIYETOM
KWHETHYECKOHM PHEPTHN CHCTEMBI KaK LEeJIOT0 U MOTEHINAILHON SHEPTUH CHCTEMBI KakK IIEJI0T0 BO BHEIITHEM
MOTEHIMAIBHOM T10JIe. BHYTpEeHHS 9HEPTUsl uoeanbHo20 2a3a paBHA CYMMAapHOH KHHETHIECKON SHEPTUH MOJIEKYIL.

10. Bropoe Hauaiao tepmonunamuku. CymectsyeT cBbitie 20 GopMyIHpoBOK BTOPOTo Havyajaa TEPMOJHMHAMUKH.
IlepBast hopmyaHpoBKa: TEMIOTa MOKET CAMOIIPOU3BOJIBHO TIEPEAABATHCS TOJIBKO OT OOJIce HATPETHIX TENI K MEHEe
HarpeTbIM. Ente onHa hopmynupoBKa: B 3aMKHYTOH (M30JMPOBaHHON) CHCTEME IIPH HEPABHOBECHOM meniooomene
9HMPONUs CUCTEMBI BO3PACTAET, IOCTUrasi MAKCUMYyMa TP JOCTHXEHHH CHUCTEMOH paBHOBecHs. Bropoe Hauano
yKa3bIBaeT, TAKUM 00pa3oM, Ha HallpaBJIEHHE IPOIIECCOB.

11. lunamu4deckoe paBHOBecue. Da3pl (arperarHbie COCTOSHIS) BEIIESCTBA HAXOATCS B JHHAMIYCCKOM
PaBHOBECHUH, €CITH KOJIMYECTBO MOJIEKYII, IEPEXOIAINX U3 TIEPBOi (a3bl BO BTOPYIO B €AUHUILY BPEMEHH, PABHO
YHUCITYy MOJICKYJI, IEPEXOIAIINX 32 TO JK€ BpeMs U3 BTOPOH (a3bl B MepByI0. PaBHOBeCHE MOXKET OBITh Ha TPaHUIIC
<COKUJIKOCTB-TIAPY, «TBEPIOE TEIO-KUIKOCTEY U «TBEpPAOE TEIO-Tapy. JlaBneHune, COOTBETCTBYIOIIEE paBHOBECHIO,
3aBHCHUT OT TEMIICPATYPHI.



12. Tuddysns. Auddysueii Ha3pIBaeTCS NpOLIECC BEIPABHUBAHMUS KOHIIGHTPALMH CONPUKACAIONIUXCS CJIOEB
JKUJKOCTH WJIM Ta3a BCIEJCTBUE XaOTHUECKOTO (TEIUIOBOTO) IBIDKEHUS MOJIeKy 1. Juddy3us npuBoaUT K TOMY, 4TO
MPUMECH B XKHUIKOCTU WY ra3e pacnpoCTPaHAIOTCS OT MECTa UX BBEICHUS.

13. 3axon Boiinsa-Mapnotra. 3axoH boitng-Mapuorra yTBepaxKaaeT, 4To Ui JAHHOHW Macchl ra3a, Ipu MOCTOSHHON
TeMIIepaType, IPOU3BEICHNE JaBICHUS Ha 00bEM €CTh BEINYNHA MOCTOSIHHAS: PV = const.

14. 3axon I'eii-JIroccaka. 3axoH I'eii-JIroccaka yTBep)kaaeT, 4To /Ui JaHHON MacChl ra3a, IpU MOCTOSTHHOM
JIaBJICHHH, 00bEM Ta3a MpsAMO MPOIOPIHOHANeH abcomoTHOl Temmeparype: (V1i/V2) = (T1/T2).

15. 3akon I'yka. 3akoH ['yka BbIpakaeT JIMHEHHYIO 3aBHCUMOCTD MEK/Iy HANPSHKEHUSIMU M MaJIbIMH
nedopManusMu B yIpyroit cpene. Aurmuiickuii yuensrii P.I'yk oOHapyxw (1660), 94To mpu pacTsHKSHUH CTEPIKHS
JUIMHOIO | ¥ IUIOIIa b0 MOMEPeyHOro CeYeHust S yUIMHEHUe cTepsKHst Al IponopuruoHaIbHO pacTsATUBAOLIeH crile
F. Eme onna ¢gopma 3ammcu 3akoHa ['yka: ¢ = Eg, e 6 = F/S — HopManpHOE HanpshKeHHE B TOTIEPEIHOM CEUCHUH, €
= Al/l — otHOCHTENBHOE yaHHEHHE cTepxHs. Koadduiuent nponopunonansHoctr E HasbiBaercst MmoxyseM FOHra.

16. 3axon lapas. 3akon [lapns yTBepkaaeT, 4To 1Uis JAHHOH Macchl ra3a, MpU MOCTOSIHHOM 00beMe, TaBIeHUe
rasa npsMo MpOHOPIHOHATIBHO a0COoII0THOH TeMieparype: (p1/p2) = (T1/T2).

17. UneanbHast TensioBasi MalInHa. VeanbHoii Ha3pIBaeTCs TEIJIOBas MallnHa, paboTtaromas o yukiay KapHo.

18. UneaabpHast Xo010quJIbHAA MAaIIMHA. M 1eaabHOM X0JIOIMIIFHONM MalIMHOM Ha3bIBA€TCS XOJOAUIbLHAS MallliHA,
paboTaroias o odopaTtHoMy yuxay Kapho.

19. Uneansnslii ra3. aeanbHbIM Ta30M Ha3bIBAIOT CUCTEMY, CBOMCTBA KOTOPOI OMUCHIBAIOTCS ypPaBHEHUEM
Knanetipona-Menneneesa pV = (m/p)RT, e p — naBnenue, V — o6vem, T — Temmeparypa, m — Macca, |L — Macca
oxuHoro kunomons, R = 8,31-10% IIx/kmons K — yauBecanbHas razosas noctossHHas. C TOUKU 3pEHHs MOJIEKY/IAPHO-
KAHETHYECKOH TEOPHH WACaTbHBII ra3 — 3TO ra3, MOJIEKYJIbI KOTOPOTO MMEIOT HYJICBOH COOCTBEHHEIN 00beM U HE
B3aUMOJICHCTBYIOT Ha pacCTOSTHUU. PeanbHblii Ta3 IpH yCIOBUSIX, OM3KUX K HOPMAJIBHBIM, MOJKHO MTPUOIHKEHHO

CUUTaTh NACAJIbHBIM.

20. U300apHbIii mpouecc. [1306apHBIM Ha3bIBAETCs MPOLECC, IPOUCXOAAIINN IPHU MOCTOSTHHOM JaBlIeHUH (p =
const).

21. Mcnapenue. MicnapeHue 3T0 mporiecc napoobpasosearnus, IpOUCXOSIINN Ipu II000# TeMeparype ¢
MOBEPXHOCTH KHJKOCTH.

22. U3oTepmuyeckuii npouecc. M3oTepMuuecKuM Ha3bIBa€TCsl NPOLECC, MPOUCXOASIIMI PU HOCTOSIHHON
temneparype (T = const).

23. KOHBeK].[Plﬂ. KOHBGKI.[I/ICﬁ Ha3bIBACTCA NPOLCCC NEPEMCIIMBAHNA CIIOCB JKUAKOCTHU WJIU ra3da, MMCIOIINX PA3HYIO
memnepamypy 1 HaXOAAIUXCA B IIOJIC TATOTCHU. HquHHOﬁ KOHBCKIIUH ABJIACTCSA 3aBUCHUMOCTD ITIJIOTHOCTH

JKUJKOCTH WM ra3a OT TEMIIEPaTyphI. KOHBGKLII/ISI — OAWH U3 CII0Cco00B menioobmena.

24, KpaeBoii yroJ. KpaeBbiM yriioM Ha3bIBaeTCs Yroyl O MEKIy KacareIbHOW K IOBEPXHOCTH JKUIKOCTU B TOUKE
COIPUKOCHOBEHHUSI C TBEP/IBIM TEJIOM U TIOBEPXHOCTHIO TBEP/OTO Tena. B ciiyyae cMauMBaHUsI KPaeBOU YroJl OCTPBIiA,

B ClIy4yae HECMauMBaHUS — TYIIOM.

25. Kpurnueckas Temneparypa. Kpuruueckas TeMneparypa — memnepamypa, Bbllle KOTOPOH ra3 HEBO3MOXKHO
C)KaTHeM IPEeBPaTHTh B )KUAKOCTH. [Ipn TeMmepaType Hrbke KpUTHIECKOH H30TepMa CxKaTHsl B KoopauHarax (p, V)
UMeeT TOPU3OHTANBHBIA YYaCTOK — JIMHUIO IJIaBICHMUSL.

26. N3oxopHblii mponecc. 30XOpHBIM Ha3bIBaeTCS POLECC, TPOUCXOSIINI IPH NOCTOSIHHOM 00beMe (V = const).

27. Kanuaaspsl (ot Jat. capillus — BoJioc). Kamnmsiper — Toakue Tpy6ku nuamerpom 0,01 — 0,1 mm. [pn
OITyCKAaHWU MX B CMAUMBAIOIIYO XHKOCTh YPOBEHB JKHJIKOCTH B KaITMJUIIPE OKa3bIBACTCS BBIIIE YPOBHS >KUIKOCTH
B COCY/Ie, a IIPU OIyCKaHHH B HECMaYHBAIOLIYIO KUJIKOCTh — HIKe. BpICOTA MObeMa JKHIIKOCTH B KaITHILISIPE
omnpezensercs o gopmyie XKropena: h = 4cos-a/dpg, rae 6 — kpaeBoit yroi, o — koaguyuenm noeepxHOCmMHO20
Hamscenus, d — THaMeTp Kamuwusipa, p — INIOTHOCT XKUIKOCTH, & — YCKOPEHHE CBOOOIHOTO ITaICHUS.



28. Knnenne. Kunenuem Ha3bIBaeTcs Ipoliecc apooOpa3oBaHusl, IPOUCXOASIINI HE TOIBKO CO CBOOOAHON
MOBEPXHOCTH KHUJIKOCTH, HO U BO BceM 00beMe, BHYTPh 00pa3yomuxcs my3bIpbKoB napa. [1y3sIppku mapa
YBEJIMYMBAIOTCS B pa3Mepax U BCIUIBIBAIOT Ha MOBEPXHOCTH U JIOMAIOTCS, CO3/aBasi XapaKTepHYIO KapTUHY KUIICHUS.
TemmepaTypa KHIIEHNS] COOTBETCTBYET PAaBECHCTBY JAaBJICHHUS HACHIIICHHOTO MTapa XUIKOCTH BHEIIHEMY JaBIICHUIO.

29. KosimyecTBO Tema10ThI. Kom4ecTBO TETIOTH — 3TO SHEPTHS, OTy4IeHHas (WK OTAaHHAsI) CHCTEMOU IIPH
mennoobMmeHe.

30. Ko punueHT MOBepXHOCTHOr0 HATsKeHHsA. Ko3(hUIMeHT MOBEPXHOCTHOTO HATSKEHUS 0L OTIPEIEIIASTCS KaK
OTHOILICHHE CUJIBI IOBEPXHOCTHOTO HATSDKEHUS, EUCTBYIONIEH HAa KOHTYD, OTPaHUYUBAIOIINN CBOOOAHYIO
MOBEPXHOCTH JKHIKOCTH, K JUTHHE 3TOTO KOHTYpa.

31. Kpucrann. Kpucramn — TBepaoe Telo, 4aCTUIIBI KOTOPOTO PacIOIOKEHB! YIOPSJ0UYEHHO. [ TaBHBIM OTIINYHEM
KPUCTAJUIOB OT aMOP(HBIX TBEPABIX TEJ ABISACTCS aHU30TPOINSA GU3MIECKUX CBOHCTB (3aBHCUMOCTH CBOWMCTB OT
HaIpaBJICHHs).

32. Kpucranmnmyeckasi pemerka. Kpucrayuimaeckas penierka - 1300pakeHHe MOJI0KEHHS IIEHTPOB aTOMOB HIIH
MOJIEKYJI B KpUCTalIe. DJIeMEHTapHas SUelika — HAMMEHbIIAs YaCTh PELISTKH, 0TOOpaXkaromias CTpyKTypy
kpucmania. IIoBTOpeHne 31eMeHTapHOH A4YeiKH ITyTeM MapajieIbHOTro NepeHoca MOXKHO HONYyUUTh PEIETKY B
ETIOM.

33. Kputuueckasi remneparypa. Kputnueckoii Ha3pIBacTCs TEMIIEpaTypa, BhIIIC KOTOPOU T'a3 HEJlb3s PEBPATUTh B
JKHUJIKOCTD YBEJIMUEHHEM JaBieHus. KpuTudeckas TeMreparypa y pa3HbiX BEHIECTB MOXKET OBITh JOBOJILHO BBICOKOM
1 o4eHb HU3KoH. Hampumep, y BomsiHoro napa oHa paBHa 647 K, a y monekynsipaoro Bogopona 33 K, a 'y renus 5,2
K.

34. MaxkpococTosiHue. MakpoCOCTOSHAE — COCTOSIHIE TEPMOJMHAMUYECKOH cucmeMmbl, 3a1laBaeMoe HabopoM
MaKpOCKOITHYECKHUX MapaMeTpoB (AaBieHue, 00beM, TeMIleparypa H Ip.), XapakTepH3yOIUX CUCTEMY B [IEJIOM.
OHO MaKpPOCOCTOSIHAE MOXKET OBITh PEAIU30BAHO OOJBIIUM (JaXKe OUCHb OOJBIINM) YUCIIOM MUKPOCOCMOSHULL.

35. Mukpococrosinne. MUKpOCOCTOSTHIE — COCTOSIHIE TEPMOAMHAMUYIECKON CUCTEMBI, 3aJjaBaeMoe Habopom
BEJIMYHH, XapaKTEPU3YFOMUX KaKIYI0 MUKPOUACTHITY (KOOpAWHATA, HMITYIIbC, SHEPTHS U T. 11.).

36. MoaekynsipHo-kuHeTndeckas teopusi (MKT). MKT — Teopust TEIIOBBIX SIBICHUN, OCHOBaHHAs HA
MpEeJICTAaBICHUH O MEJpYalInX YacTUILaxX BEellecTBa — aroMax U Mosiekynax. CoBpemenHoe HazBanue MKT —
cratucTuyeckas pusuka.

37. HacwimeHHbI# map. HachmieHHBIM Ha3bIBacTCs Tap, HAXOMIIIUICS B OUHAMUYECKOM PABHOBECUU C
JKHUIKOCTBIO.

38. HepaBenctBo Kunay3mnyca. HepaBenctBo Kiay3uyca ecTb MareMaTHuecKkas 3auch 6/mopo20 Hauania
mepMoOUHaMUKY IUT HEOOPATUMBIX MPOIECCOB B HEM30JIMPOBAHHON CHCTEME: €CITH CHCTEMAa COBEPILACT YUK
(kpyeosoti npoyecc), TO UIBMEHEHUE €€ SHmMponuy PaBHO HyI0. Anredpanueckasi CcyMMa MPUBEACHHBIX KOIUYECmE
meniomul, COOOICHHBIX TIPH 3TOM CHUCTEME, paBHO HYIIO B 0Opamumom npoyecce ¥ MEHbIIE HYNIS B HEOOpaTHMOM
npouecce. [IpuBeieHHOE KOINYECTBO TEIUIOTHI — 3TO KOJIMYECTBO TEIIOTHI, IIOJIyYEHHOE CHUCTEMOM OT HarpeBaTesst
(W1 OTJaHHOE XOJIOIMIIBHHKY ), OTHECEHHOE K COOTBETCTBYIOIIEH TeMIepaType.

39. HopmaJibHble ycjioBus. HOpMambHBIME Ha3bIBAIOTCS YCIIOBUS, KOTJ]a CUCTEMA (HampuMep, Ta3) HaXOJUTCS TIPH
nasynennu p = 1,013-10° Ia (760 mm pr. ct.) u Temneparype T = 273 K (0°C).

40. O6paTumslii npouecc. O6paTUMBIM Ha3BIBACTCSA IPOIIECC, KOTOPHI MOXHO IPOBECTH B MPSIMOM U 00paTHOM
HaIlpaBJICHUN Yepe3 OHU U TE K€ IPOMEXYTOUHBIE COCTOSHUS 0€3 U3MEHEHHUS B OKPYKAIOIINX TeJax.
OOpaTUMBIMHU SBIISIOTCS PAGHOBECHbIE NPOYECCH.

41. OcHOBHBIE N0JI0keHUS MOJIeKyIsApHO-kKnHeTH4Yeckoii Teopun (MKT). OcHoBHble nonoxenust MKT:
- BCE TeJla COCTOAT U3 MENBYAIINX YaCTHL, aTOMOB U MOJIEKYIT;

- YaCTUIBI OTH HAXOAATCA B COCTOAHUU HETIPEPBIBHOI'O XaOTUYCCKOT'O IBMKEHHUA, HA3BIBAEMOI'O TCILNIOBBIM



- MCXKIY YaCTULlaM¥U UMCHOTCS CUJIbI MIPUTKCHUA U OTTAJIKUBAHU A,
- JIBUKCHHUE Ka)XKI0M 4aCTHULIBI HOIUMHICTCS 3aKOHAM KJIACCUUYE€CKOM MEXaHUKH.

42. Tlap. [Tap — 370 ra3 npu Temmeparype Hibke KpUTHIecKoi. [1ap MOXKHO peBPaTUTh B JKUIKOCTH MIPOCTHIM
cxxatueM. Beskuil map — 310 ra3, HO He BCSAKuUil ra3 ecTs nap.

43. IlapameTpsl cOCTOSTHUS. KoopouHamsl U nomenyuabl Ha3bIBAIOTCS IapaMeTpaMu cocTosiHus. Hanpumep, s
TEpPMOMEXaHMYECKON CUCTEMBI TapaMeTpaMu cocTosiHUsI OynyT: 00beM (V), sumponus (S), naBnenue (-p) u
memnepamypa (T).

44. TlapuuaasHoe qaBJjeHue. [lapiansHpIM TaBIeHHEM ra3a Ha3bIBACTCS aBICHUE, KOTOpPOe ObLTO OFI, eciu OBl
9TOT ra3 3aHuMaj 00bEM, 3aHUMAEMBIH CMECKIO Ta30B.

45. TlepBoe Ha4ya/10 TepMoAMHAMUKH. [IepBoe HadaIo TEPMOTUHAMUKHY — 3aKOH COXPAHEHUS SHEPTHH,
3aIMCaHHbIA B Ype3BbIYaiHO 001Iel opMe, BKITIOYAIOIINI N3MEHEHHE SHEPTUH 3a CUET meniooomena. B
cTargapTHEIX 0003HaueHUsIX: AQ = AU + A — KOTHYECTBO TEIDIOTHI, coobmaemoe cucteme (AQ), uaer Ha
MOBBIIIEHHE BHYTpeHHel sHepruu cucteMsl (AU) u Ha coBeplieHue paboTsl (A). 3aKOH COXpaHEHUS MEXaHUYECKOH
SHEPTUH — YaCTHBIN CIIy4ail IepBOro Hadasla TePMOANHAMHUKH.

46. otenmuanpl. J{7st 11000T0 63aUMOOeticmaus CYIIECTBYET BETMIMHA, Ha3bIBaeMasl MIOTCHIIHAIOM. YCIOBUEM
BO3HUKHOBEHHUS B3aMMOJCHCTBUS SIBJSIETCSI PA3HOCTh MOTEHIIMAIIOB CUCHEMbL U Cpedbl. ISl MEXaHUYECKOTO
B3aUMOJICHCTBHS IOTEHIMAJIOM SIBIISIETCS IaBJICHUE, AUl TeIJIo00MeHa — TeMrieparypa. JlaBnenue,
paccMmaTpuBaeMoe Kak TepMOJUHAMHYECKHI MTOTEHIINAI, OepeTCcsl CO 3HAKOM MHHYC.

47. Padora. PaboToii Ha3pIBaeTCS MaKpOPU3NUECKUN CIIOCO0 M3MECHEHHUS 8HYMPEHHel IHep2Ul CUCHeMbl,
COIPOBOKIAIOIIUICS MaKpOCKONMYeCKUM JBIKeHueM. Cp.: Tenioo6men. DHeprus, KOTOPYIO CHCTEMA MOJydaeT
(1| OTHaeT) IMPU STOM TIPOIECcCe, Ha3bIBACTCS TaK ke paboToit (A).

48. PaBHoBecHBIIi nponecc. PaBHOBECHBIM Ha3bIBAETCSI MPOLIECC, NPOTEKAIOMINN OECKOHEUHO MEAJICHHO U
MIPEACTABIIAIONINI co00i IOCIeI0BaTeIFHOCTh PAaBHOBECHBIX COCTOSHUN. PaBHOBECHEIH IpoIiece MpOTEeKaeT MpH
HaJIMYMH OECKOHEUHO MaJION Pa3sHOCTU HOMEHYUALO8 CUCTNEMbL U Cpedbl. PaBHOBECHBIE MPOLIECCH U3yYaeT pa3aes
MepMOOUHAMUKY — mepMocmamuKa. PeaTbHBIH Mporiecc MOXKHO CYUTATh PaBHOBECHBIM, €CIIH OH MPOTEKAeT
JIOCTaTOYHO MEJUIEHHO.

49. CBo6oanslii mpoder. CBOOOIHBIN MPOOET €CTh PACCTOSHHUE, KOTOPOE MTPOXOAUT MOJIEKYIa MEXKIY ABYMSI
coynapeHusiMU. B monexynsapro-kunemuueckou meopuu BBOIUTCS MOHITHE CPEIHETO CBOOOIHOTO Ipobera.

50. Temnepatypa — ¢u3udecKas BeIUINHA, XapaKTePHU3YyIOLas COCTOSIHUE TEPMOIUHAMHUECKOTO PaBHOBECHS
MaKpOCKOITMUYECKOH cucmemvl. C TOUKH 3pECHUS MepMOOUHAMUKY TEMIIEpaTypa eCTh Mepa OTKIOHEHHS JaHHOTO
Tela 0T COCTOSIHUS TEPMOIMHAMHUUYECKOTO paBHOBECHUS ¢ ApyruM TenoM. OOlee onpeencHue: TeMneparypa ecTb
MIPOU3BOJHAS OT BHYmMpenHell dHepauy CUCTEMBI 110 sHmponuu. [ udeanvnozo eaza TeMiieparypa ecTb Mepa
CpelHEN KUHETUYECKOM SHEPTUU MOJIEKYIIbI.

51. TermuioBoe pacuInpeHne TBEPABIX TeJ. TeroBoe pacnpeHue TBEPABIX Tel (YBEINICHHUE pa3MEPOB MPH
HarpeBaHuM) OOBSICHAETCS aCUMMETPUEN MOTEHITMAILHON KPUBOH 3aBUCHMOCTH MOTEHIIMATLHOM SHEPTUH OT

pacCTossHus MEKAY aTOMaMU.

52. TenJioBble MamiMHbI. TETUTOBBIMEI MallTHHAMHK HA3BIBAIOTCS YCTPOMCTBA ISl TPEOOPa3OBaHUS 8HYMpPEeHHel
9Hepeuu B MEXaHUYECKYI0 paboty. JIro0as TeruioBas MallliHa COCTOHUT U3 HarpeBaTeis, XOJIOAMIbHIKA U padodyero
Tena. K TermioBbIM MammHaM OTHOCSITCS ITAPOBBIE MAIIIMHBI, TAPOBBIE ¥ TA30BbIE TYPOWHBI, IBUTATEIH BHY TPEHHETO

CropaHus, pEakKTUBHBIC NABUTATCJIN U T. 1.

53. TensioeMKoCTh. TEIIOEMKOCTRIO TeNa (CUCTEMBI) HAa3bIBAETCS KOAUYECHBO MeNniombl, HEOOXOAUMOE ISt
HarpeBaHus Teia (cucmemsl) Ha OUH KeJIbBUH. EciH pacder BeneTcs Ha OWH KHJIOTPAMM, TEIUIOEMKOCTh
Ha3bIBACTCs YIIEIbHOM, €CJIM Ha OAUH (KWJI0)MOIb — (KHII0)MOJISIPHOH.

54. TenyionpoBoAHOCTH. TeIIONPOBOTHOCTHIO HA3BIBACTCS MPOIIECC BRIPABHUBAHUS TEMIIEpaTyp Ipu
COIPUKOCHOBEHHUH TeJl (TBEPJIBIX, )KUJIKNX MM a3000pa3HbIX ), UMEIOIINX Pa3HyI0 TeMIIEpaTypy.



TeHHOHpOBOL[HOCTL 00BsACHAETCS MEePexXoJ0M SHEPTUHN OT Ooiee HarpeThbiX K MCHEC HArpeThiM obmacTaM npu
OTCYTCTBUU (GCHI/I OTO a3 HJIN )KI/I,Z[KOCTB) NEpEMEIINBAHUA UIIU KOHBEKYUU.

55. TenstoodmeH. TermooOMeHOM (MK TeIUIONepeIadeii) Ha3bIBaeTCsl MUKPO(OHU3NIECKIH CI0CO0 N3MEHEHHUS
B6HYMPeHHel dHepeuL CUCmeMbl, He CBA3aHHBINA C MaKpOCKONMUYECKUM ABMxkeHneM. CM. Takxe Koauuecmeo

menJjionol.

56. Tepmoamnamuka. TepMoarHaMuKa — HayKa O CaMbIX pa3HOOOPA3HBIX MPOLIECCax U COMPOBOXKIAFOLINX UX
9HEPreTUYECKUX MPEBPALICHUSIX. TepMOIUMHAMUKA OTHOCUTCS K 001aCTH MakpO(HU3HMKH, OHA OTBICKAETCS OT
MOJPa3yMeBaeMOro MOJIEKYJIIPHOTO CTPOCHHUS BEIECTBA U YUUTHIBAET JIUIIb OBEACHUE CLUCMEMbl B LIETIOM.
Jenutcs Ha mepmocmamuxy ¥ COOCTBEHHO TEPMOIUHAMUKY.

57. TepMommaanecxoe paBHOBECHE. TepMOZ[I/IHaMI/I‘IeCKI/IM PaBHOBECHUEM HA3BIBACTCA COCTOSIHUEC, ITPU KOTOPOM
MaKpPOCKOIIUMYECKUE napamempvbl COCmMOoARUs BCYOAY ITOCTOSHHBI 1 HE U3MEHAIOTCS C TCUCHUEM BPEMECHU.

58. TepmocraTuka. TepmocTaTuka — pas3nen mepmoouHamMuKy, N3y4aeT CBOHCTBA CICTEM B COCTOSIHUN PaBHOBECHSI.
310 HauboJee pa3paboTaHHAs BETBb TEPMOANHAMUKH. B ypaBHEHUSIX TEPMOCTaTUKH He (PUTYPHPYET BpEMsL.

59. Tperbe Ha4YaJI0 TEPMOIUHAMUKHU. TpeThe HAYATIO TEPMOTUHAMUKH YTBEPIKIACT, YTO IHMPONUsL CACTEMBI TIPH
a0COJTIOTHOM HYJIe TeMIIEpaTyphl paBHa Hy0 (Teopema Hepuera, 1906).

60. Ynpyrue nepopmanun. [ledopmarist Ha3pIBaeTCs YIPYTOH, €CIIH MIPH CHATHU 1e(HOPMHUPYIOLICH CHITBI
pasMmepsl U (opMa Tela BOCCTAaHABIMBAIOTCA.

61. YpaBHenue Knaneiipona-MenaeneeBa. YpasHenue Kianelipona-MeHeneeBa — ypaBHEHUE COCTOSIHUS
uoeanvrozo 2asa: pV = (m/p)RT, roe p — naBnenue, V — o6pem, T — Temmeparypa, m — Macca, L — Macca OZHOTO
kusomons, R = 8,31-10% Jlxx/xmonb K — yHuBepcasibHas ra30Bas IOCTOSHHAS.

62. YpaBHeHHe MoJieKy/JasipHO-KuHeTH4eckoil Teopuu (MKT) nns nasiaenus (ypanenue Knaysuyca)

Vpasuenne MKT ny1s1 nasinenus umeet BUA: p = (1/3)moNoVie?. 31€Ch Mo — Macca OJHOM MOIEKYIIBI, Ny —
KOHIICHTPALHS MOJIEKYJI, Vi — CPEIHSSA KBaIpaTHIHAS CKOPOCTb.

63. YpaBHeHHe MoJieKy/JasipHO-KuHeTH4eckoil Teopuu (MKT) ans 3neprum (ypaBHenue boabumana)

VYpasuenue MKT st snepruu umeet Bun: Ec, = (1/2)kT. 3aeck Ec, — cpeansis kuHeTH4eckasi SHEPrusi OHOM
Monekyisl, T — Temneparypa, i — uucio creneneit ceo6onpl, k = 1,38-102% [Ix/K — nocrosnuas bonbimaHna.

64. YpaBHeHHe COCTOSIHMSI. YPAaBHEHUEM COCTOSIHUS Ha3bIBACTCSl YPaBHEHHUE, CBA3BIBAIOLIEE NaApaMempbl
cocmosnus. g udeanvnozo eaza ypaBHEHUEM COCTOSHHS ABISIETCS ypaenenue Knanelipona-Mernoeneesa.

65. ®azoBble nepexoabl 1-ro poga. @azoBbIM NEPEXOJOM NEPBOTO poJia Ha3bIBAECTCA PEBPALLECHUE,
COTIPOBOX/IAIOIIEECS BIJICIEHHEM MM TIOTIOMIEHHEM YHEPTUH (CKPBITOM TEIUIOTHI Tepexo/ia) U U3MEHECHHEM
yaenpHoro oobema. K TakuM nepexonam, B 4aCTHOCTH, OTHOCATCS: IUIABJICHUE W KPUCTAIUIM3ALMS, HCIIApECHNE U
KOHJICHCAITH, CyOIuMaIus (MCIapeHne TBepAbIX TeJ) U KOHICHCAIIHS.

66. ®a3oBble nepexoanl 2-1o0 poga. ©azoBsIM IEPEXOAOM BTOPOTO POZa Ha3bIBAETCA NPEBPAIEHNE, IPOUCXOAAIIEE
0e3 MomIONIeHNs WK BBIACTICHHS TETIOTH M M3MEHEHHS yAeIbHOTo 00beMa. [IprmMeps! Gpa30BEIX epexoioB
BTOPOTO poyia: repexos peppoMarHeTHka B IIapaMarHiTHOE COCTOsSTHUE TpH TeMneparype Kiopu, nepexon Merasuia B
CBEPXIIPOBOJIAIIEE COCTOSIHUE U TIP.

67. Lnka Kapno. Luknom KapHo Ha3bIBaeTcs yuki, COCTOAIIMN U3 ABYX U30TEPM M JIBYX aanadar.

KIII rukina KapHo 3aBHCHT TONBKO OT TeMiieparyp Harpesarens (T1) u xonmoguinbauka (T2): = (T1 — T2)/T1. Dror
K03(h(HUIIMEHT MaKCUMAaJIBHBIN U3 BCEX IUKJIOB, OCYMIECTBISCMBIX C JAHHBIM HATPEBATEIIEM M XOJIOMIIBHIHKOM U HE
3aBUCHT OT NMPHUPOJIBI pabodvero Tea.

DJIEKTPOMATHETH3M

1. Buxpenble WIEKTPUYCCKHUE TOKHU - THIYKIITUOHHBIC 7 OKU, BOSHUKAIOIIHE B CIIJIOITHBIX npoeoduukax,
HaxXoqAmuXcCs B IEPEMCHHOM MACHUMHOM noJie. Huorma ¢ Humu 60p}0TC}I 1A YMEHBIICHUA IMOTEPH



(HanpuMep, CepICYHUKN MPaHCHOopMamopos HAOUPAIOT U3 OTIEIbHBIX IUIACTHH), & MHOTIA UCIIOJIB3YIOT B
METaJUIypriy ¥ MalIMHOCTPOCHUH (MHAYKIIMOHHBIC T1€YH JUISl IJIABKH METAJIJIOB, 3aKaJIKU CTaJIN, CBAPKHU 1

mnp.).

2. laapbBaHNYeCKMii 371eMeHT - MCTOYHHK IEKTPHYECKOTO TOKA, KOTOPBIA IPH Pa3psizie BBIICIACT IEKTPUIECKYTO
SHEPTHIO 32 CYET MPOTEKAHMA AICKTPOXUMUIECKUX peakiuii. [IpuHInn qedcTBHS ralbBaHUIIECKOTO IIEMEHTa
OCHOBaH Ha IBJICHIH B3aMMOJECHCTBHS METAIUIA C SIIEKTPOIIUTOM, IPUBOASAIIEM Y BOZHIKHOBEHHIO B 3aMKHYTOH
LenH eKTpruaeckoro Toka. JJ]C ranpBaHNYECKOTO 3JIEMEHTA 3aBHCUT OT MaTepraa EKTPOJOB U COCTaBa
JNEKTPONUTA.

3. InamarnernsMoM (0T cioBa dia — momepex, rped.) Ha3bIBaeTCsI CBOMCTBO BEIIECTB (MaMarHETUKOB)
HaMarHUYUBAThLCS] HABCTPEUY CUIOBBIM JIMHUSAM JEHCTBYIONIET0 Ha HETO BHEIIHEr0 MarHUTHOro nois. C TOYKu
3peHHs NEKTPOHHON TEOPUH AUAMATHETU3M OOBICHIACTCSA 3aKOHOM 9/1eKMPOMAZHUMHON UHOYKYUU U NPAUIOM
Jlenya. lnamarueTuku — ciaboMarHuTHEIE BelecTBa. J[naMarneTu3M — yHUBEpCaJIbHOE CBOMCTBO BCEX BEILECTB,
OJIHAKO B PsJie CIyuaeB OHO IIEPEKPBIBACTCS OoJiee CUIBHBIM napa- U (heppomaziemusmom.

4. In3JIeKTPUK - BEIIECTBO, 00Taqaromee HU3KOH yAeIbHOH AIEeKTpHIeCcKoil MPOBOAMMOCTRIO. VneambHbIi
TUAJIEKTPHUK BOOOIIIEe HE MPOBOJNT TOK, €TO MPOBOAUMOCTS paBHA HyJ0. K MI3IeKTprKaM OTHOCATCS
MTBE303JIEKTPUKH, CETHETONICKTPUKH, 21eKmpemsl U JIp.

S.I[I/ISJ'IEKTPI/I‘IGCKaﬂ MPOHUIIAEMOCTDb € TTOKA3BIBACT, BO CKOJIBKO Pa3 HANPANCEHHOCMb 31eKmpocmamudecko2o
nojse B JUIJICKTPUKE MCHBIIC, UYEM B BAKyYyMCE.

6. [loMeHBI Ha3BIBAIOT OOJIACTH CIIOHTAHHOW (CaMOIPON3BOJIBHON) HAMarHUUYEHHOCTH B (heppoMarneTuke. Pazmepsr
JIoMeHOB nopsiaka 1 MkM. CM. Takxe DPeppomacnemusm.

7. lyroBoii pa3psia. Jlyroii Ha3pIBaeTCs pa3psia B Ta3e, IPOUCXOAIINH TP aTMOC(HEPHOM JAaBICHUU H
CONPOBOXIAIOIIUICS OYEHb BBICOKON TemmepaTypol. [Ipu 3ToMm HampsbkeHue Ha anekTponax cocrasiser 30-40 B, a
TOK — AECATKH WX cOTHH amriep. OHO W3 BAXHEHIINX MPUMEHEHUH TyTH — IyroBas CBapKa M pe3Ka METaIIOB.

8. 3akoH AMniepa ycTaHaBINBAeT CBA3b CHUJIBI, IEHCTBYIOIIEH HAa MPOBOAHUK C TOKOM B MAarHUTHOM IIOJIE, C CHIIOH

TOKa M MHAyKIMeld MaruutHoro nojist: Fo = IBdl sina, roe I — cuna Toka, B — uHayKIms MarauTHOTO mojsi, dl —
JUTMHA DJIIEMEHTApHOTO YJacTKa MPpoBoJHMKA. HampaBieHne Bektopa Fa ompexnersierTcst ¢ MOMOIIBIO TIpaBHIIa JICBOU
PYKH.

9. 3akoH KysnoHa - 0CHOBHOH 3aKOH 371eKMpPOCMamuKy, BEIPAXKAIOINUNA 3aBUCUMOCTD CHJIbI B3aUMOJECHCTBUS IBYyX
HETIO/IBIKHBIX TOUCYHBIX 3apsAI0B OT PACCTOSHUS MEXITy HUMU. [|Ba HETIOIBIKHBIX TOUCYHBIX 3apsaa
B3aMMOJICHCTBYIOT C CHIIOW MIPSMO MPONOPIIMOHATHHOHN MPONU3BEACHUIO BEIIMYHH 3TUX 3apI0B H 00paTHO
MPOTIOPIMOHATHFHOM KBaIPaTy PAaCCTOSIHUS MEKIY HUMH H 3aBHCAIICH OT OUBIEKMPULeCcKOl RPOHUYAeMOCHU
cpenpl, B koTopoit Haxomstes 3apsaabl (Kymon, 1785). 3akon KymoHa moaTBepkaaeTcsi OIBITOM BILIOTH IO
paccrosnamii mopsaxa 10™° M (pasmeps! sapa atoma).

10. 3axon [Ixoyas-JleHna mo3BosseT HAWTH KOJUYECTBO TEIUIOTH, BRIICISIOIEECS B #POBOOHUKe TIPU
HPOTEKaHUH 21eKMPUIecKo20 MoKa: KOIUYECTBO TEIIOTHI PSIMO NPOMNOPIUOHANIEHO KBaAPATy CHIIbI TOKA,
COIIPOTHBIIEHHUIO MPOBOJHHUKA U BPEMEHH MPOTEKAHUS TOKA.

11. 3axon Jlenua. 3akoH JleHua — To e camoe, 4To U npaguio Jlenya.

12. 3axon Oma It y9acTKa [IEMHU CBA3BIBACT CUTY MOKA C PA3HOCTHIO MOTEHIINAIOB Ha KOHITAX MPOBOJHUKA U
comnpoTuBieHreM npoBogauka: I = (p1 — ¢2)/R. 3akon Oma 11 3aMKHYTO#H (ITOJTHOM) TIETIH CBSI3BIBAET

SJIIEKTPOBIKYIIYIO CHITy HCTOYHHKA C TIOJHBIM conporusienneM tenu: I = E/(Ry; + Ro). 3nech Ryu Ro—
COOTBETCTBEHHO COMPOTUBJIEHUE HATPY3KHU U BHYTPEHHEE COMPOTUBIICHUE UCTOUYHHUKA.

13. 3aKoH coxpaHeHUs IEKTPUUYECKOro 3apsifAa - GU3MUECKUIl 3aKOH, B COOTBETCTBHH C KOTOPHIM B 3aMKHYTOH
cHCTeMe B3aMMOCHCTBYIOIINX TeJl ajlredpandyeckas CyMMa IEKTPHUECKHUX 3apsiI0B (TIOJTHBIN 3IEKTPUIECKHit
3aps]l) OCTAeTCsl HEM3MEHHOM MPH BCEX B3aUMOJICHCTBUSX.

14. 3akoH 3J1eKTPOMArHUTHONH HHAYKIUM - O/IC HHIYKINU B 3aMKHYTOM KOHTYpPE MIPSIMO IPOIIOPIIHOHATBEHA
CKOPOCTH U3MEHEHHS MACHUMHO20 NOMOKA YePe3 IOBEPXHOCTh, OTPAaHNUYEHHYIO KOHTYPOM. DJIEKTPOHHBIN
MeXaHHU3M 3aKOHA 3JIEKTPOMarHUTHON WHAYKIIUH COCTOHUT B TOM, YTO NIEPEMEHHOE MAarHUTHOE TI0JIE TIOPOXKAAET
(MHIYIHpPYET) BUXPEBOE d1eKmpuyeckoe noie ¢ 3aMKHYTBIMU ciIOBBIMHU JIMHISIMHA. OTKpeIT @apaneem (1831). B



0000IIIeHHOM BHIE€ 3aKOH BXOAMT B CHCTEMY ypaghenuil Makcsenna.

15. UaaykTUBHOCTH HIYKTHBHOCTD - (pU3HYecKas BEIMINHA, XapaKTEPU3YIOIAs CBSI3b MEXKITy CKOPOCTHIO
M3MEHEHHS TOKa B MMPOBOJHUKE (KaTyIIKe) ¥ Bo3HHKaromei mpu stoMm I]C camonaykmu. THIyKTHBHOCTH
MPOBOJHMKA (KaTyIIKH) 3aBUCHUT OT €r0 pa3MepoB U (popMBbI, UnClia BUTKOB, a TAKXKE OT MaTepHalia MarHUTOIPOBOJA.
Ennanneit manykrusaoctr B CU sBnsiercs 1 [erpu.

16. UHAyKIHOHHBII TOK - JIEKTPHUUECKUI TOK, BOZHUKAIOIIUI B 3aMKHYTOM IIPOBOJSIIEM KOHTYpE MPU
U3MEHEHUH N0TOKa MarHUTHON MHIYKLUH, IPOHU3BIBAIOIIETO 3TOT KOHTYp. BennuuHa 1 HanpasieHue
UHAYKIIMOHHOTO TOKA ONPEEIIIOTCS 3aKOHOM JIEKTPOMAarHUTHOW MHIYKIMK U 3akoHOM OMa.

17. UaayKnus MarHuTHOTO noJisi B — BekTopHas BeJIMuMHa, U3MepsieMasi OTHOLIEHHEM MaKCHMaJIbHOTO
BPAIIAIOIIET0 MOMEHTA, IECHCTBYIOIETO Ha HEOOIBIION KOHTYP C TOKOM B MArHUTHOM IOJIE K MACHUMHOMY
Momenmy 3TOTO KOHTypa. Hampasnenue BekTopa B coBmamaer ¢ HanpasieHHEM HOpMai K KOHTYPY B COCTOSTHAH
PaBHOBECHSL.

18. Uckposoii pa3psaa. [Ipu BEICOKOW HAMIPSHKCHHOCTH 9/1eKMPULECKO20 NOoJs B BO3IYXE MPOUCXOIUT MPoOOit
BO3IyIIHOTO MPOMEXYTKA. Pa3psiz, KOTOPBIN MPOUCXOIUT IPHU 3TOM, HA3bIBAETCS HCKPOBBIM. DJIEKTPOIBI IPH
HCKPOBOM pa3psie OCTAOTCS XOIOAHBIMU. VICKpOBOU paspsii B IPUPOJE — MOJIHUSA. B TeXHUKE UCKpa IPUMEHSETCS
B CUCTCMAX 3aKHUI'aHUA ,uBuraTeneﬁ BHYTPCHHETO CTOpaHus.

19. McTOYHUK TOKA - HCTOYHHK 3JIEKTPUIECCKOH IHEPTUH, B KOTOPOM ACHCTBYIOT CIMOPOHHUE CUb, PA3IIEIISIONIIE
anekmpuyeckue 3apaobsl. ICTOUHUK TOKa XapaKTEPHU3YeTCs 21eKmpooguicyujeli Cuioti i BHyTPCHHUM
COIPOTHUBIICHNEM. VICTOUHNKAMH TOKa SBISIOTCS 2a/1b8AHUYECKUE DNEMEHMbL, AKKYMYIAMOPbL, MAILTHBI
MOCTOSTHHOTO TOKA M JIp.

20. McTOYHMK /1eKTPOABMIKYILEH CHJIbI UCTOYHUK IEKTPUUECKON IHEPTUH, XaPAKTEPU3YIOLIUICS
91eKmpoosudICcywjeli Cunoll ¥ BHYTPEHHNUM JEKTPHUECKUM COIPOTHBICHUEM. TO XKe, UTO UCTHOUHUK MOKA.

21. Knaccnueckasi 3JIEKTPOAMHAMMKA - Pa3es 21eKmpoOuHaMUKY, pacCCMaTpUBAIONINI U3MEHSIOIIEeCs UITH
CTaLMOHAPHOE 3IEKMPOMASHUMHOE Nojle B HETIOJBIKHOM cucTeMe oTcueTa. OCHOBY KIIaCCHYECKOM
AIIEKTPOIUHAMUKHY COCTABIIAIOT YpaBHEHUsT MakcBeIia.

22. KBanToBasi IEKTPOAMHAMHUKA - KBAHTOBAS TCOPUA 271€KMPOMACHUMHO20 NOJIA. I/I3yqaeT BSaHMOHeﬁCTBI/IC
MOJIA € 3apsPKCHHBIMHA YaCTULAMU.

23. KosedaTesbHblil KOHTYP. KonebareapHbIM KOHTYpOM Ha3bIBAETCS IIETIh, COCTOSIIAS U3 MapaiieIbHO
BKJIFOYEHHBIX KaTyIIKU WHAYKTUBHOCTH M KOHAeHcaTopa. [Ipu paspsie KoHAeHcaTopa Ha KaTyIIKy B KOHTYPe
BO3HUKAIOT 3JICKTPOMAaruuTHLIC KOHCG&HI/ISI, JacToTa KOTOPBIX 3aBUCUT OT EMKOCTU U UHAYKTUBHOCTHU KOHTYpaA.

24. Kongencarop. KongeHcarop cocTout u3 JByX MM IPOBOJHHUKOB (0OKIIA0K), pa3/ieIeHHbIX CI0eM
JuieKTpuKa. ToHa In3IeKTprKa OOBIYHO MaJla 10 CPAaBHEHHIO C pa3MepaMy IIPOBOIHHUKOB. B 3aBncuMocTy ot
(hopMBI 00KIIA/IOK KOHAEHCATOPHI OBIBAIOT IUIOCKHE, NWINHApHIEcKue, chepudeckue u ap. [lo Tumy nusnexTpuka
pas3IMyaroT BO3AYyIIHbIE, OyMaXXHBIE, CITIOASHBIC, KEpAaMUYECKUE U JIp. KOHJEHCATOPHI.

25. Koponnblii pa3psia. KopoHa Bo3HHKaeT npu aTMOC(EPHOM JIaBICHUH BOJIM3H 3apsKEHHBIX IIPOBOJAHUKOB C
6ONBIIOH MOJIOKUTETHHOIN KPUBU3HON OBEPXHOCTH. DIEKTPUIECKOE MOJIe IPU 3TOM OKa3bIBAeTCs OYCHb
HEOIHOPOJHBIM M HACTOJIBKO OOJBIINM, YTO BO3HUKAET yapHas HOHH3AIMs MOJIEKYIT Ta3a, COPOBOXKAAEMast
cy1a0bIM (HONIETOBEIM CBeUeHHEM. CBEUCHHE CBA3AHO C TEM, YTO IEKTPOHBI HE TOJIBKO HOHU3HUPYIOT, HO 1
BO30Y’KIal0T MOJIEKYJIbI ra3a. [Ipu nepexoze MoneKyIsl 13 BO30YKIEHHOTO B OCHOBHOE COCTOSIHUE IIPOUCXOIUT
UCITycKaHue pOTOHOB, U I'a3 CBETUTCS. SIBIIeHNE IPUBOANT K HEXKEJIATeIbHBIM HOTEPSIM 3JI€KTPOIHEPT UH.

26. Ko uiueHT 3j1eKTponpoBogHOcTH. KodphUIeHTOM 31eKTpOPOBOJHOCTH HA3BIBASTCS BEIMIMHA
obparHas yoerbHoMYy COnpOMuUGIeHUIO.

27. MaruuTHasi IPOHUIIAeMOCTh. MarHUTHON NMPOHUIIAEMOCTHIO [L Ha3bIBACTCsl BEJMYMHA, [TOKA3bIBAIOIIAs, BO
CKOJIBKO pa3 UHOYKYUsL MACHUMHO NOASL B MacHemuke OOJbIIE UHIYKIMH B Bakyyme. MOXKHO 1oKa3aTh, 4to U =1 +
%> THE Y — MACHUMHASL B0CHPUUMYUBOCHID.

28. MaruuTHoe nojie — O/THA U3 CTOPOH €AUHOTO 2/1eKMpPOMACHUMHO20 NOJIA. MarunuTtHoO€ mojie co3aacTcs

JBHKYIIAMUCS 3apsdamu (mokom npogooumMocmu) i IEPEMEHHBIM SIEKTPHICCKIM TIOJIEM (IMOKOM CMEUJeHUsL).
JIeHCTBYET MarHUTHOE TIOJIE TOJIBKO Ha JBMKYIITHECS 3apsIIbl.



29. MarHMTHBIH MOMeHT. MarHUTHBIM MOMEHTOM Ha3bIBA€TCS BEKTOPHAs BETMYMHA, MOYJIb KOTOPOil paBeH
MPOU3BEICHUIO CUITBI 971eKMpUYecK020 MoKa B KOHTYPE Ha IUIOMIAh 00TEKaeMyI0 3TUM TOKoM. HanpasneHue
MarHUTHOTO MOMEHTA CBS3aHO C HAIMIPABJICHUEM TOKA MPABUIIOM OypaBYHKa.

30. MarHuTHBIH MOTOK .MarHUTHBIN TOTOK (MJIH TIOTOK BekTopa B) — 310 motok ®g BekTOpa MarHUTHOM
MHIYKIUH 9epe3 KaKylo-JIH00 MOBEPXHOCTh. B cilydae 0mHOPOIHOTO MarHUTHOTO TOJIS M INIOCKOM nmoBepxHOCTH Op

= BS cos o, rme B — wHAyKIMS MarHATHOTO TOJIS, S~ IUIOIIAAb MMOBEPXHOCTH, 0L — YTOJI MEXIy BeKTOpoM B u
HOPMaJIbIO K HOBEPXHOCTH.

31. MakpoTok. MakpOTOKOM Ha3bIBAETCS 21eKMpUYecKuli mox, TEKyIui B IPOBOJHUKE (KaTyIIKe).

32. Metamibl. K MeTammam oTHOCSTCS BelllecTBa, IMEIOIINE CBOOOIHBIE SJICKTPOHBL, T. €. BAJICHTHBIC 3JICKTPOHBL,
OTOPBABIIHECS OT CBOMX aTOMOB U IIPHHAIEKAIIIE BCEMY KOJUICKTHBY aTOMOB MeTajlia (KOJUIEKTHBH3UPOBAHHBIC
31meKTpoHB). C TOUKH 3pEHUS 30HHOU meopuy TBEPAOTO Tela MPU3HAKOM MeTajlla SBJISeTCS HAINIne He
TIOJTHOCTBHIO 3aIIOTHEHHOW 30HBI, KOTOpasi HOCUT Ha3BaHHUE 30HEI POBOJUMOCTH.

33. MuKpPOTOK. MUKPOTOKOM Ha3bIBAETCSl JBIDKYIIMECS B aTOMax M MOJIEKyJIaxX MeNbYalIlne 3apspKeHHbIE YaCTHII
(mpesxie Bcero — 31eKTPOHBI).

34. Hamarun4eHHOCTb. HaMarHM4eHHOCTHIO HA3BIBACTCSI MATHUTHBI MOMEHT SIUHHIIBI 00BeMa MACHEeMUKA.
35. Hanps:xenue. HanpsbxkeHue — To jke caMoe, YTO U pa3HOCTh IOTEHIHAIOB.

36. Hanpsmcennocn; MAarduTHOIO ImoJisi. HaHpH)KeHHOCTBlO MAar"guTHOTO ITIOJIA HAa3bIBACTCA BCIIOMOTaTCJIbHAA
BCJIMYHMHA, XapaAKTCPUIYIOUIAd MACHUMHOE nojle MAKpPONOKO8.

37. HanpszkeHHOCTh 3J1eKTPUYECKOro Mo — CHJIOBasi XapaKTEPHCTHKA TIOJIS, H3MEPSIETCS] OTHOLIEHHEM CHIIBL,
JEHWCTBYIONIECH Ha TTOJIOXKNUTEIBHBIA IIPOOHBIN 3apsi/l, K 3HAUCHUIO 3TOTO 3apAza.

38. HecamocTtosiTeqbHblii pa3psia. Pa3psiom Ha3bpIBaeTCs MpOTeKaHUe Toka B raze. HecamocTosTeNbHBIM
pa3psaa0M B ra3€ Ha3bIBACTCA pa3psil, KOTOpLII7I MPOUCXOOUT TOJIBKO IMPHU HAJIUYNU BHCUIHETO HOHU3UPYIOIICTO
(axropa. Posb Takoro (akropa MOXKET UTPaTh PEHTTEHOBCKOE MJIH YIBTPA(UOIETOBOE 00TyUYeHHE, HAarpEBaHUE U T.
I

39. OnsbIT JpeTena. OpcTen 0OHAPYKIIT MATHUTHOE TI0JIE MOKA NPOGOOUMOCU: MATHUTHAS CTPETIKA,
pacronoxeHHast BOJIN3U MPOBOAHUKA C TOKOM, IIPH BKIIFOYEHUH TOKa OTKJIOHSJIACH OT HAIlPaBJIEHH MarHUTHOTO
MepHIaHa.

40. ITapamarneTu3sm (0T cJI0Ba para — BJ10JIb, I'pe4.). [lapaMaraeTn3sMom Ha3bIBae€TCsl CBOMCTBO BEIIECTB
(TrapamMarHeTHKOB) HAMArHUYMBATHCS B HAMIPABICHUU CUJIOBBIX JIMHUN BHEIIHETO MACHUMHO20 NOJIL. ATOMBI
NapaMarHeTHKOB UMEIOT OTIIMYHBIA OT HYJISI MACHUMHbBIL MOMEHN W BEAYT ce0sl B MArHUTHOM T10JIe TOA00HO
MUKPOCKOTTUYECKUM MArHUTHBIM CTPEJIKaAM.

41. Ilna3ma. [1na3moil Ha3bIBaETCs IEKTPOHENTpaAIbHAS CMECH SJEKTPOHOB U MOJIOKHUTENbHBIX HOHOB. [1nazma,
BO3HHKAOIIAs MPH pa3pse B Ta3ax, Ha3bIBACTCS ra30pa3psaHON.

42. p-n-nepexof. P-N-1Iepexoi0M Ha3bIBaETCs 00JIACTh BOJM3HM KOHTAKTa JBYX ITOJYPOBOIHUKOB C Pa3HBIM THUIIOM
IPOBOAUMOCTH. BeencTBue pekoMOUHAIMY JBIPOK U 3IEKTPOHOB BOIM3U KOHTaKTa 00pasyeTcs 001acTs,
o0eqHEHHAs! HOCUTEIIIMH TOKa 1 Ha3bIBacMasl 3aruparonuM cioeM. [lockoibky p-N-nepexon obmangaet
OJHOCTOPOHHEH MPOBOAUMOCTBIO, TO OH HCHOIb3YETCS ISl BBIIPSIMICHHSI IEPEMEHHOTO TOKA HU3KOM 4acTOThI U
JIETEKTUPOBAHUS PAHOCUTHATIOB.

43. Tloasipuzauust AudJIeKTpUKA. [Tomsapusanueit TMdIEeKTPUKa Ha3bIBACTCS MPOIECC CMENICHHUS CBI3aHHBIX
3apA0B AUDJIEKTPUKA B 21eKmpuyeckom noie. B pesynprare MONSIpU3aliy TPAHN AUAIEKTPUIESCKON TTACTHHEI,
MIOMEIIEHHOH B 91eKmpuyeckoe noine, OKa3pIBAIOTCA 3apsDKeHHBIMHU 3apsIaMH IPOTHBOIIOIOKHOTO 3HAKA.

44. IlorenuuaJ. [ToreHuuan 3MeKTpOCTaTUYECKOTO MOJIS - SHEPreTHUECKasi XapakTepucTrka noiys. Onpenensercs
KaK BEJIMYHMHA, H3MepsieMasi padoTOl CHIT TOJIS IO MEPEHOCY SAMHUYHOTO MOJIOKUATEIBFHO 3apsiia 3 JaHHOH TOYKH B
JpyTyI0, (GPUKCHPOBaHHYIO TOUKY. B KauecTBe PUKCHPOBaHHOM YacTo OepyT OCCKOHEYHO YIAICHHYIO TOYKY.
Hpyrumu ciaoBaMu, NOTEHIUAI 3JIEKTPOCTATUYECKOTO TOJIsl paBEH NOTEHMAIbHON SHEPTUH €AMHUYHOTO
MOJIOKUTENILHOTO 3aps/ia, OMEIIEHHOro B 3Ty Touky. Ennnuna norennuana 8 CU 1 Bonbrt.

45. l'[paBnno .JIeHua - IIPaBUJIO, OIIPEACIIAIOIICC HAITPABJICHUEC UHAYKIITUOHHBIX TOKOB, BOSHUKAOIIUX MTPU



3NIeKTpoMarHuTHOH uHAykiuu. CornacHo npaBuiy JIeHIa MHAYKIIMOHHBIN TOK BCEra UMEET TaKOe HAIpaBJICHUE,
YTO ero COOCTBEHHBIH MarHUTHBIH NOTOK KOMIIEHCHPYET M3MEHEHHS BHEITHETO MarHUTHOTO ITOTOKA, BBI3BABILIETO
3T0T TOK. [IpaBuno JleHma ects ciencTBUe 3akoHa coxpanerus suepruu. D.X.Jlen (1804-1865) - pycckuii pusuk.

46. IMoaynpoBognuku. [ToaympoBOgHNKAMI HA3bIBACTCS KJIACC BEIIECTB, 3aHUMAIOIIIX TI0 CBOCH CIIOCOOHOCTH
TIPOBOAMTE 21eKMpUYecKUll mox TPOMEKYTOTHOE TIONOKEHHE MEKAY Memaniamu 1 oudsnekmpuxamu. C TOUKA
3peHHsI 30HHOH TEOPUH TBEPOTO Tela BEIIECTBO OTHOCHUTCS K ITOyTIPOBOJHIKAM, €CITH IIUPHUHA 3aIIPEIICHHON
30HBI, OTAEISIONICH BAJICHTHYIO 30HY OT 30HBI IIPOBOIUMOCTH, MEHbIIE 2 3B.

47. Iloa1ynpoBOIHUKOBBI TUOI. YCTPOMCTBO, B KOTOPOM HCIIOJIb3YETCS HETMHEHHOCTD BOJIETAMIIEPHOI
XapaKTePUCTUKH p-N-niepexoaa. [IpuMeHstoTes it BRITPSIMIICHUS! IEPEMEHHOTO TOKa HU3KOM 4acTOTHI (B
BBINPSMUTENSX) U IE€TEKTUPOBAHUS PAIMOCUTHAJIOB.

48. IMocTosinubIii TOK. [I0CTOSHHBIM Ha3bIBACTCS 21eKMpULeCKUll MoK, He MEHSIOLIUICS ¢ TeueHneM BpeMeHu. B
ClIydae IIOCTOSHHOTO TOKa P ONpeAeTIeHnN crilbl Toka I = Aq/At MoxHO OpaTh 1000 MPOMEKYTOK BpeMeHH At.

49. IIpaBuna (3akonbl) Kupxroda nmpumMeHsroTcs 11 pacdeTa CI0KHBIX (Pa3BETBICHHBIX) eI OCTOSHHOTO
TOKa. MeTo/1 KOMIUIEKCHBIX TOKOB TI03BOJISIET PACHPOCTPAHUTh 3TH MPaBUIIa JUIsl pacyeTa Lernel MepeMEeHHOro ToKa.

50. IlpuMecHasi MPOBOAUMOCTH MOJYNPOBOAHUKA. [IpOBOTUMOCTH HAa3BIBAETCS IPUMECHOM, €CITU B XUMUYECKU
YHCTBIN TOTYPOBOAHHUK T00aBIeHa MpUMech. Eciu mpu 3ToM mpeobiiaaaeT 31eKTPOHHAs TPOBOMMOCTb, IPUMECh
Ha3bIBA€TCs JOHOPHOM, €CIIN JBIPOYHAs — aKLIENTOPHOM.

51. ITpoBoanuku. [IpoBOgHNKAaMHU HA3BIBAIOTCS BEIISCTBA, COACPIKAIINE B TOCTATOYHONW KOHIICHTPAIIHN CBOOOIHBIC
3apsodel. K IpOBOIHUKAM OTHOCSTCS METaJUTbl, HOHU3UPOBAaHHEIC T'a3bl, BOAHBIC PACTBOPHI 31eKMpPOIUmos u
pactiaBsl coneit. B anexmpuueckom none cBOOORHBIC 3apsIbl IEPEPACTIPEACISIOTCS TaK, UTO HANPA’CEHHOCHb
AIEKTPUYECKOTO OIS BHYTPHU MPOBOIHUKA OKa3bIBACTCSI PaBHA HYIIO, & nOoMeHyual TIPOBOJHUKA BCIOLY OJMHAKOB.

52. PeIATUBHCTCKAS JJIEKTPOAMHAMMKA - Pa3ziell SeKTPOAMHAMUKHY, N3yUalolUii 2JIEKTPOMArHUTHBIC SIBJICHUS B
JABMKYHIUXCA Cpe€ax, onrupasCb Ha MHBAPUAHTHOCTD 3apdaaa B pa3IMYHBIX CUCTEMAaX OTCYETa U HHBAPUAHTHOCTD
OCHOBHBIX 3aKOHOB OTHOCHUTEJILHO TIpeoOpazoBanuii JlopeHa.

53. CaMOMHAYKIMA - SIBICHIE BOSHUKHOBCHUS 21€KMPOOSUICYUell Cilibl B IPOBOJHHKE (KaTyIIKe) MpU
M3MEHCHHH NTPOTEKAIOIIETO B HeH anekmpuieckoco moka. Bennanna u 3Hak J]C caMOMHIYKINH ONIPEIEIISIFOTCS
3AKOHOM INEKMPOMASHUTNHOU UHOYKYUU.

54. CBepxnpoBoIHMOCTBh. SIBICHUE CBEPXIPOBOANMOCTH OTKPBLT TojutaHackuil ¢pusuk Kamepmuar-Onrec (1911):
COIIPOTHUBIICHNE PTYTH IIPU TEMIEpaType, OIM3KoH K aOCOMOTHOMY HYJIIO, CKaYKOM YMEHBIIAJIOCh /10 Hyls. B
JabHEHIIIEM CBEPXIIPOBOIMMOCTD ObllIa 00OHApy>KeHa U Y IPYTUX METAJUIOB 1 CIUTABOB (CBHHEII, OJIOBO, JKEJIE30 1
Ip.). CBepXnpoBOAMMOCTB, KaK M JIEKTPHIECKOE COIPOTHBIIEHHUE, O0BSICHIETCS! B3aNMOAEHCTBUEM
KOJUICKTHBH3MPOBAHHBIX AIEKTPOHOB METAJUIA C KPUCTAJUIMIECKOH pemeTkoir. B 1986 romy oOHapykxeHa
BBICOKOTEMIIEpATYPHAs CBEPXIIPOBOANMOCTb, TEOPHS KOTOPOH HAXOANUTCS B CTAANHU Pa3pabOTKH.

55. Cuua Jlopenua. Cuioii JlopeHIia Ha3pIBaeTCs CUIIa, IEUCTBYIOIIAS HA 3apPs0 B 91eKMPULECKOM T MACHUMHOM
none (dnexTpudeckas u MarautHas cuna Jlopenia): F = q{E + [v, B]}. IlepBoe ciaraemoe B mociiejHeM
BBIPAYKEHUM Ha3bIBAETCS DIIEKTPUUECKOM, & BTOPOE — MarHUTHOW cwlol JlopeHna.

56. Cuna Toka. Cruiolf Toka Ha3bIBaCTCS BEIMIMHA, U3MEpIeMast 3aps00M, IPOTEKAIOIINM Yepe3 IMoTIepedHoe
CeueHNe MPOBOAHNKA B OIHY ceKyHy. Enmanna cuibl Toka B CU: 1 Amnep — 4eTBepTas OCHOBHAS SIMHHIIA ITOH
CUCTEMBI (HapsILy ¢ METPOM, KIJIOTPaMMOM H CEKyHJIOM).

57. CobcTBeHHAsI MPOBOANMOCTH MOJYNPOBOAHNKA. COOCTBEHHOI Ha3bIBAETCS TPOBOIUMOCTD XUMHYECKH
YHICTOTO MOJIyITPOBOIHUKA. B 3TOM citydae anexmponsl 1 Obipku BO3HHKAIOT B PaBHBIX KOJMUYECTBAX, U
MPOBOAMMOCTb HOCHUT HAMOJIOBHUHY EKTPOHHBIH, HAIOJIOBUHY JBIPOYHBIN XapaKTep.

58. Conenoupa. ConeHONIOM HA3bIBACTCS KaTyIIKa IHIHHIPUIECKOH (DOPMBIL.

59. CropoHHss cHIa - CUJIA HEANIEKTPOCTATUUECKON IPUPO/IBL, BBI3BIBAIONIAS IEPEMEIICHUE MOIOKHUTEIBHBIX
JNIEKTPUUYECKUX 3aPsIOB BHYTPU UCTOYHUKA MTOCTOSTHHOTO TOKA OT TOUKU C HU3KUM K TOUKE C BEICOKUM
MOTEHIMAJIOM (OTPHLATENBHBIX — OT TOYKH C BHICOKMM K TOKE C HU3KHM HOTEeHIHAIoM). CTOPOHHHMH CUHUTAIOTCS
BCE CHJIBI OTIIMYHBIE OT KyJOHOBCKHX CHII. YJlenbHasi paboTa CTOpPOHHUX cril (paboTa 1o nepeHocy eANHUIHOTO
3aps/a) Ha3bIBACTCS 21EKMPOOSUICYUell CUioll NCTOYHUKA TOKa.

60. TepMO02JIeKTPOABUKYIIASI CHJIA - DIEKMPOOBUINCYUYAsL CUILA, BOSHUKAIOIIAS B DJICKTPUUIECKOU TIETTH,
COCTOAIICH U3 HECKOJIBKUX Pa3HOPOIHBIX 1POBOOHUKOS, KOHTAKTH MEXKIY KOTOPBIMH UMEIOT pa3HbIE TEMIIEPATyPhIL.



61. TepMo3JIEKTPOHHASI SMHCCUSI — HCIyCKaHKE IEKTPOHOB METaJJIAMHU, HATPETHIMH JI0 BEICOKOW TEMIIEPATyPhl.

62. Taerommii pa3psig — paspsij, BOSHUKAIOMINN B pa3psagHON TpyOKe, HAIIOIIHEHHOI ra30M IIPH HU3KOM JaBJICHUN

(okoso 0,1 MM PT. CT.), IpH Hanpsdicenuy TOPSIIKAa HECKOIBKHUX THICSY BOJIBT. [IprMeHseTCsI, B 4aCTHOCTH, B JJaMIax
JHEBHOTO CBETA.

63. Toxn ®yko. Toxamu Oyko Ha3BIBAIOTCS UHAYKLUOHHBIE TOKH, BO3SHUKAIOLIUE B MACCUBHOM IPOBOJHUKE,
MOMEIEHHOM B IEPEMEHHOE MacHumHoe noie.

64. Tox mpoBoguMocTH. TOKOM MPOBOJMMOCTH Ha3bIBACTCS 21EKMPULECKULl MOK, 00yCIOBICHHBIN JIBU)KEHUEM
3apsUKEHHBIX YaCTHIL.

65. Topoua. Topounom Ha3BIBaeTCs KaTyIIka, HMeromas popmy OyOimka.

66. ToueuHbIii JIEKTPUUECKHIi 3apsiA — 3apsHKEHHOE TENOo, pa3MepaMu KOTOPOTO MOKHO ITPpeHeOpeys B
YCIIOBHUSIX KOHKPETHOH 3aJadH.

67. TpaH3ucTOpPBI — MOIYNpPOBOAHUKOBEIEC Tpruoasl. [Ipemnoxkensl B CIIIA (1948). [IpumeHstoTCS I yCUIICHAS 1
TeHEepalny MEKTPUICCKIX KoieOanuil. I1o cpaBHEHNIO ¢ BAKYYMHBIMU TPHOJAMHU OONAIa0T PSIIOM IEHHBIX
MperMYIIEeCTB (MaJIblii BeC ¥ radapyThl, TPOYHOCTh, OTCYTCTBHE HAKAIBHBIX IIETICH, BBICOKHUH K. II. 1., GOIBIION
CPOK CITyKOBI).

68. Tpaucopmarop. TparchopmaropoM Ha3bIBACTCS YCTPOHCTBO TS IPe0Opa30BaHus MEPEMEHHOTO TOKa U
HarnpspkeHus. [IpuHIuN 1eHCTBUSI OCHOBAH HA 3aKOHE dNEeKMPOMACHUMHOU UHOYKYUU.

69. YienrpHoe cCONPOTHBJIEHHE - 3TO BEITUYNHA, XapAKTEPHU3YIOIIAsl CIIOCOOHOCTH BEIIECTBA IIPOBOINTH
neKxmpuyeckuil mox, U YMCICHHO PaBHAs CONMPOTHUBIICHUIO IIPOBOHUKA JUIMHOIO B | METp U IJIOIIAbI0
TIOTIEPEYHOTO cedeHus | M2 . ViIelIbHOE CONPOTUBIICHHE 3aBUCUT OT TEMIIEPATYPhL. Y METAJLIOB OHO PAaCTET C
POCTOM TeMIIepaTyphl, Y MOITYIPOBOTHUKOB U BOIHBIX PACTBOPOB AIIEKTPOJIUTOB — YMEHBIIIAETCS.

70. ®eppomarneTusMm (ot cjoBa ferrum — :kesie3o, Jat.). DeppoMarHeTH3MOM HA3bIBAETCS CBOMCTBO HEKOTOPBIX
BelecTB ((eppoMarHeTHKOB) CIIOHTAHHO HAMArHUYUBATHCS. MacHumHble MomMenmsl aToMOB (eppoMarHeTHka B
mpeJienax MUKPOCKOMUIECKUX 00nacTel (domeros) CIOHTAHHO OPUEHTUPYIOTCS MapaJljieNIbHO ApYT ApyTy. [Ipotecc
HaMarHMYUBAHUS MOKHO pacCCMaTpPUBATh KaK MPOIECC OPHEHTAIIMA MAarHUTHBIX MOMEHTOB JOMEHOB BJIOJIb CHIIOBBIX
TUHANR MaeHumuoeo nond. IIpW BBIKIIOYEHHH MAarHUTHOTO MO (PEepPOMArHETHK OCTAeTCs HaMarHHYCHHBIM
(ocrarouHasi HaMarHMYEHHOCTH). DeppomMarHeTH3M HAOMIONACTCS TONBKO MPH YCIOBHH, YTO TeMIleparypa He
MPEBHIIIACT TaK Ha3bIBaeMylo TeMmrieparypy (wmu touky) Kropu. Cample m3BeCTHBIE (eppOMArHETHKUA — JKEIe30,
KOOAJIbT U HUKEJb.

71. Illkana 371eKTPOMArHUTHBIX BOJH. CBOICTBA 21€KMPOMACHUMHBIX 60JIH CHIBHO 3aBHCAT OT UIMHBI BOJIHBI
(gactotsr). lllkama »IEKTPOMArHUTHBIX BOJH BKJIIOYAET BOJHBI Pa3HBIX IHANA30HOB, OT PAJAMOBONH A0 Y-IIy4eil,
UCITyCKaeMbIX paJMOAKTUBHBIMU sapamu. I[lo Mepe yBenudeHHs 4YacTOTHl (YMEHBIICHHS JJIMHBI BOJHBI)
YCHIIMBAIOTCSl KBAaHTOBBIE CBOMCTBA JJIEKTPOMArHUTHOTO M3JIy4eHHs, TaK KaK JHEPrHs M HMITyJIbC (HOTOHA
IIPONOPLUOHAJIBHBI YaCTOTE.

72. DiieKTpeT. DIEKTPET - OUdIeKmpuK, CIOCOOHBIN JITUTENLHOE BPEMSI HAXOUTHCS B HADJIEKTPHU30BAHHOM
COCTOSIHMY T10CJIe CHSATHSI BHEITHETO BO3JEHCTBYS, BHI3BABILETO NOIAPU3AYUI0. DIEKTPET CO3IACT B OKPYKAIOIIEM
MPOCTPAHCTBE 2IEKMPOCHAmMuYecKoe nojie 3a cuetr NpeBapUTeNIbHOM anekmpu3ayuy Ui 0CTaTOYHON
nossipu3anu. OOBIYHO AIEKTPETH 00pa3yroTCs IMyTeM HarpeBaHUs TUAJIEKTPUKOB J0 TEMIIEpaTyphl, OJIM3K0H K
TeMIlepaType UX IUIaBJICHUsI, U MOCICAYIOIIEro OXJIaXICHNUS B CUIILHOM BHELIHEM 21eKMpPUieckom noje.

73. DaeKTpU3anUs TeJla - COOOIICHUE 21eKmMpUiecKux 3aps008 Telly WM HaBeleHue 3apsa10oB Ha HeM. Ha
MHKPOCKOITYECKOM YPOBHE 3JIEKTPU3ALIHs COIPOBOXK/IAETCS MIEPEX0/I0M OUSHb HEOOJIBIIOTO YHCa JIEKTPOHOB OT
OJIHOT'O TeNa K APYroMy.

74. DnekTpHYeCKass eMKOCTb. DIICKTPUYECKass €MKOCTh (RJICKTPOEMKOCTh) IMPOBOJIHHUKA - CKAJIPHAS BEIUYMHA,
XapakTepu3yromias ClioCOOHOCTh MPOBOJHUKA HAKAIUIUBATH 3eKMpudeckuti 3aps0, N paBHAs OTHOILICHHIO 3apsa
MPOBOJAHMKA K €ro MOTEHIMANy (B IPEIIOJIOKCHUN, YTO BCE APYTHE MPOBOAHUKHA OCCKOHEYHO YHAJCHBI M YTO
MOTEHIIAAT OECKOHEYHO YIAJICHHON TOYKH MPHUHAT PAaBHBIM HYIIO). EQHHUIECH 2)IeKTpHYe KOl €eMKOCTH IPOBOJTHUKA
B CU saBnsiercst 1 ®apan.



75. DiIeKTprUYeCcKHil aKKYMYJIATOP - XUMUUECKUIN ucmouHux moka MHOTOPa30BOro ACUCTBUS. DIEKTpUIECKUE
AKKyMYJISITOPBI HCIIONB3YIOTCS IS HAKOTUICHUS SHEPTHU U [TUTAHUS PA3IIUYHBIX MOTpeOuTeneil. Paznmuaror
CBUHIIOBO-KUCJIOTHBIC, IIEIIOYHBIC U CEPEOPSHO-IIUHKOBBIC aKKYMYJISTOPBI.

76. DAeKTpHYECKUH JMMOJb - CHCTEMa JABYX TOUYCYHBIH 3apsAA0B OAMHAKOBBIX IO a0CONIOTHOW BEIMYHMHE H
MPOTHUBOTIOJIOKHBIX TI0 3HAKY, PACIOJNOXEHHBIX Ha HEKOTOPOM pAcCTOSHWH Ipyr OT Apyra. Ha mwumons,
HaXOZSIIIIACS B NIEKTPUIESCKOM TIOJIe, ACUCTBYET apa CHII, CTPEMSIIUXCS YCTAHOBUTH €TO BIIOJb CHIIOBBIX JIMHHUM.
Mosexyasl MHOTHX BEUIECTB [0 CBOUM CBOHCTBAaM HMOJOOHBI ANIEKTPUIECKOMY TUIIOIIO.

77. DnekTpudecKuii 3apsy - pusnyeckas BEIMYNHA, XapaKTCPU3YIOIAsi CBONCTBO TEJ WM YaCTHI] BCTYIATh B
NEKMPOMASHUMHOE 83AUMOOelicmaue W ONPEISNIIONIas 3HAUCHUS CUJI U SHEPTUH IIPH TaKUX B3aMMOAEHCTBHUSX.
DNEeKTPUUECKUM 3apsi/iaM MPHUITUCHIBAIOT MOJIOKHUTEIbHBIN WM OTPHLATENNbHBIN 3HaK. EAnHMIA 3apsiia B cHCTEME
CU - 1 K (kymnon).

78. DaekTpHYecKHii TOK — 3TO HampaBlieHHOE (YIOPSIOYCHHOE) IBIKCHIE 21eKmMpuyeckux 3apsa0os. Pazmudaior
TOK IPOBOAWMOCTH (IBIKCHHE 3apsDKCHHBIX MHKPOYACTHIl JBIDKYTCS BHYTPH MaKPOCKOIMYECKOrO Teja),
KOHBEKIIMOHHBIN TOK (IBIDKECHHE 3apsHKEHHBIX MaKPOCKOIIMYESCKUX TEJl HJIM YaCTHL, HAIPUMEp, YacTHI] IIBUITH) ¥ TOK
B BaKyyMe (IIy4YKH 3JICKTPOHOB W HOHOB B BaKyyMe).

79. dnexrpoasuxkymas cuiaa (C) - xapakTepuCcTHKa UCTOYHUKA SHEPTHH B AJICKTPUUECKON IIEeTIH.
ONEeKTPOABIKYIIAs CUIIA U3MEPACTCS OTHOLIEHHEM PabOThl crMOPOHHUX Cul TIO IIEPEMEIIEHUIO 3apsAaa BAOJb [EH
K 3HAUSHHIO ATOTO 3apsaa. MoxHO ckazats, uto DJIC ecTh yaensHas padbora ctoporHuX cuil. DJIC, kak u
nOMeHYuaJl, I3MEPSIeTCs B BOJIBTAX.

80. DylekTpOAMHAMHKA - pa3AeN (PU3UKY, U3YJAIONIUH CBOUCTBA 21eKMPOMASHUINHO20 RO Y €TO B3aUMOAeicTBHe
C 3apsadamu, CBA3b NNEKTPUUCCKUX U MarHUTHBIX ABJICHUMH, a TAKKe anekmpuyeckuti mox. Paznuuaror
Kaaccuueckyio, pelsITUBUCTCKYIO H K6AHMOBYI0 3IEKTPOIUHAMHUKU. OCHOBOM KIIACCUUECKOH 3IIEKTPOIUHAMHUKH
SIBIIIIOTCA ypaBHEHUs MakcBeuia.

81. 3J1€KT])0JII/13. 3J'IeKTp0J'II/I30M Ha3bIBACTCA BBIACJICHUC BCLICCTBA HaA JJICKTPOJAAX IMPHU HNPOIyCKAHUUN
QJICKTPUYICCKOI'0O TOKA 4€PE3 paCTBOP IJICKTPOJIATA.

82. 3J'leKTp0J'll/ITI/lquKaﬂ AUcconuanus. 3HeKTpOHHTH‘IeCKOﬁ JNHCCOoIManel Ha3bIBaeTCs pacmaa MOJICKYJI
KHCJIOT, IIeJI0Yel U CoJied B BOJHOM pacTBOpPEC Ha IMPOTUBOIIOJIOKHO 3apsKEHHBIC HOHBI. TlonoxxurenbHbIE MOHBI
Ha3bIBAIOTCA KaTUOHAMH, OTPHULUATCIbHBIC — aHUOHAMMU. HpI/I'-II/IHa JUCCOIMAIIIN — BO3ACHUCTBUE TMOJIIPHBIX MOJICKYJT
BOJBbI.

83. DuleKkTpOIMTHI

3J'I€KTp0J'H/ITaMI/I Ha3bIBalOTCs BCIICCTBa (COJ'II/I, KHCJIOTHI, OCHOBaHI/IH), BOAHBIC PACTBOPBI KOTOPBIX TPOBOAAT
AJICKTPUYECCKHU TOK. MOJ’ICKyJ'II)I OJICKTPOJIUTOB MO/ IEeHCTBUEM MOJIAPHBIX MOJIEKYJT BOJAbI ATUCCOLUUPYIOT —
pacmaaaroTCs Ha MMPOTHUBOIIOJIOXHO 3apAKCHHBIC NOHBI.

84. DyiekTpOoMarHMTHAsi HHAYKIMS - siBJIeHHE BO3HUKHOBeHUS DJIC B IPOBOJHUKE MPU €0 IBUKECHHUH B
MarHUTHOM II0JIC; WM TIPY M3MEHEHUH OKPYIKAIOIIEr0 ero MAarHUTHOTO oI [Ipy 5TOM B 3aMKHYTOM TTPOBOSIIEM
KOHTYpE, TIOMEIICHHOM B TIEPEMEHHOE MarHUTHOE TI0JIe, BOZHUKAET UHIYKIIMOHHEI TOK. CM. Takxke 3aKkoH
INEKMPOMASHUMHOU UHOYKYUU.

85. DiieKTPOMArHUTHOE B3aMMOJelcTBME ~—— 3TO B3aWMOJCHCTBHE 3apsHKCHHBIX Tell.  XapakTep

3J'IGKTp0MaFHI/ITHOFO BSaHMOHeﬁCTBHﬂ 3aBUCUT OT BBI60pa CHUCTEMBbI OTCUCTA. B HCKOTOpBIX CUCTEMAX OTCUETa
MarHWTHas KOMIIOHEHTa 3J€KTPOMArHUTHOTO B3aWMOJCHUCTBUS HE HAOMIOMaeTcs W HAOMIONAeTCs JJCKTPHUYECKOE
B3aMMOJICHCTBHE, B JpPYTUX, HA00OPOT, MACKUPYETCsl JJIEKTpUdYeckoe, a HaOIIOMaeTcsi TONBKO MAarHUTHOE
B3aMMO/ICHCTBHE.

86. DiekTpOMarHuTHOE MoJie - ocodast hopMa CyIEeCTBOBAaHHS MAaTEPHH, IOCPEACTBOM KOTOPOH OCYIECTBIAETCS
B3aMMOJIEHCTBUE MEX ]y IIOKOSAIMMUCS WX JBIKYIIUMUCS 21EKMPUECKUMU 3apa0amil.

87. DnekTpoMarHMTHas BOJIHA — 3TO CBOOOHOE (OTOPBABIIEECs OT TOKOB U 3apsAI0B) IEPEMEHHOE
anexmpomaznumuoe none. CylecTBOBaHUE HEKTPOMArHUTHBIX BOJIH BBITEKAET U3 ypasHenuti Makceenna.
HepeMeHHHe QJICKTPUYCCKOC U MAarHUTHOEC I10JIE MOTYT OTPBIBATHECA OT MMOPOAUBIINX UX TOKOB M 3apA10B U,
HOJIep KUBast APYT ApYyra, pacHpOCTPaHATHCS B IPOCTPAHCTBE CO CKOPOCThIO cBeTa. [10aTOMY roBopsT, uTo
MakcBen npeckasai CyIleCTBOBaHUE 3JIEKTPOMArHUTHBIX BOJIH. ['epI MOIy4ni 3TH BOJIHBI SKCIIEPHMEHTAIBHO, a



ITonoB nocTpous nepsslit pagMONPUEMHUK.

88. DiekTpOoMarHMTHAsi KAPTHHA MUPA BO3HUKJIA BO BTOPOi NosIoBHHE 19-r0 Beka Ha OCHOBE UCCIIEJOBAaHUH B
obmactu snexmpomacuemusma. OcobeHHO OoJBIIOE 3HAUSHHE B ee (hopMupoBaHnu uMenn padoTsl apanes u
MakcBeiia, B KOTOPBIX BBOAWIOCH HOHITHE (PU3UUECKOTO TOJIS.

89. Dy1eKTPOHBI M ABIPKH —— HOCUTEIH TOKA B NOIYNPOGOOHUKAX. DIEKTPOH, IEPEX0/isl U3 BAIICHTHON 30HBI B 30HY

MMPOBOAUMOCTH, OCTABJISACT B BaJICHTHOM 30HE HapYHICHHYIO BaJICHTHYIO CBs3b, 110 CBOUM CBOMCTBaM
OKBUBAJICHTHYIO MOJIOKUTCIIBHOMY 2/1€KmMpuiecKomy 3apﬂdy.

90. DjeKTPOCTATHKA - PA3IEI 21eKMPOOUHAMUKYU, NBYTAIOIIIH TI0JIC HETIOIBIDKHBIX 3apsAA0B U X
B3auMozelicTBre. OCHOBY JIEKTPOCTAaTUKHU COCTABILIET 3akoH Kynonua.

91. DneKkTpocTaTHYeCcKOe MoJIe - NEKTPUUECKOE 110JI€ HEMOABIKHBIX NEKTPUUECKUX 3apsiioB. ITO YaCTHBII
ClIy4ai JIEKTPOMAarHUTHOIO HOJs. XapaKTepUCTUKAMU 3IEKTPOCTATUUECKOTO MOJIS ABJIAIOTCA HAIPSKEHHOCTD U
MOTEHLUA.

92. DeMeHTAPHBI 3JIEKTPUYCCKHUIA 3aps/X - HAUMEHBIINHN MTOJIOKUTEIbHBIN NI OTPULIATEIbHBIN AIEKTPUIECCKHUH
3apsill, paBHBII 110 a0COMIOTHOMY 3HAUCHHUIO 3apsiLy SJICKTPOHA. 3apsi JII0O0ro Tea MM YaCTHIBI €CTh BEJIHIHHA,
KpaTHas 3J1eMEeHTapHOMY 3apsay. YacTuib! ¢ ApOOHBIM 3apsI0M B CBOOOJHOM COCTOSHUU HE HAOIIOAAIOTCS.

93. DHeprusi MArHUTHOTO 110J15l. DHEPIYs, 3aIIACEHHAs B MA2HUNHOM none KaTyluky, papaa W = LI%/2, rue I — cuna
moka, L — undyxmusnocmse xarymku (cp. ¢ GopMyioit KHHETHYESCKOM SHeprum!).

94, DHeprus IEKTPUUECKOTO MOJIsl. DHEPIUs, 3aaceHHAs B JICKTPUUECKOM TI0JIe KoHOeHcamopa, paBHa W =
CU?/2, rae U — HanpsikeHue Ha koHaeHcaTope, C — 31eKTPOEeMKOCTh KOHAEHCATOPA.

95. Jneprust ®epMu— SHEPrust AEKTPOHOB, 3aHUMAIOIINX TIPH a0COIIOTHOM HyJIe TEMIIEpaTypbl BEpXHUH YPOBEHb
B 30HE IPOBOJMMOCTH MeTajlIa. PacyeT mokasbpIBaet, 4To dIEKTPOHbI, HaXoAsIuecs Ha ypoBHe DepMu, 1axe IpH
a0COJIIOTHOM HyJle 00JIaIal0T OTPOMHOI KMHETHYECKO# sHeprieil. Ho IBMkeHHe 3JIeKTPOHOB MPU STOM HOCHUT HE
TEIUIOBOW Xapaktep. IIpn HOpManbHBIX YCIOBHUSX BKJIaJ TEIUIOBOTO JABMKCHHS B OOIIYI0 KHHETHYESCKYIO SHEPTHIO
COCTaBJIsIeT BeNnuuHy He 6omee 1 %.

96. Iddext Xosaa. Dpdexrom Xoiuia HA3bIBACTC BOSHUKHOBEHUE PA3HOCTH NOMEHYUAN08 (INeKmpoosudicyuen
cu1bl) MEXKIY TPaHAMH TTOTyTIPOBOTHIKOBOHN MIJTH METAJIMYECKON IITACTUHKU C TOKOM TP IMIOMEIICHNH €€ B
maznumnoe none. dpdext Xomia IpuMEHIeTCs AL OTPEeICHNUs 3HaKa U KOHLEHTPAI[MH HOCUTEJICH TOKa, a TaKXkKe

B M3MEPHUTEIIbHOM TEXHUKE (IS M3MEPEHUSI UHOYKYUU MACHUIMHOZ0 NOJISL).

OnTuka ¥ CTpOeHHe aToMa

1. AGcoJ1I0THBI MoKa3aTe b NpejoMaeHUusl. AGCOMIOTHBIHN ITOKa3aTelb IPEJIOMIICHHS CBETa - OTHOILICHUE
CKOPOCTH CBETa B BaKyyMe K (ha30BOM CKOPOCTH CBeTa B JaHHOII cpeie. AGCOIIOTHBIN TOKa3aTellb NPEeIOMICHHS
CBeTa MOKa3bIBAaeT BO CKOJIBKO pa3 CKOPOCTh CBETa B BaKyyMe OOJIbIIe CKOPOCTH CBETa B JaHHOMU Cpezie.

2. Axponbl (0T rped. adros — KPYNHbIA, MACCUBHBII). AJJpOHaMU Ha3bIBAIOTCS YACTHUIIbI, KOTOPBIE MOTYT
Yy4acTBOBATh B CUTbHOM @3aumooeticmauu. K aipoHaM OTHOCSITCSI npOMOHbL, HEMPOHbL, ME30Hbl Y HEKOTOPBIE JIp.
YaCTHUIBL

3. AHHl/Il"l/IJIHIIl/Iﬂ. AHHPII‘I/IHS[HPICﬁ Ha3bIBACTCA B3AUMHOC YHUYTOXKCHUEC YaCTUI] 1 aHTUYACTHUL, B PE3YJIbTATE

KOTOPOTO 00pasyrotcsi pomonst. Hatipumep, aHHUTHIISATHS SJICKTPOHA U MTO3UTPOHA TIPUBOAUT K 0OPa30BaHHUIO JABYX
(hoTOHOB.

4. Bozonwl. Cm. Cnumn.

5. Buagumoe usiaydenue (BUAUMBIN cBeT). BuanMoe n3mydeHne - sIeKTpOMarHUTHOE M3IIy4EHHE, BBI3BIBAIOIIEE
3pUTENHHOE OIIYIIEHUE U 3aHUMaroIee ydacTok criekrpa oT 380 1o 780 HM. CBETOBbIE U3ITyUEHHUS PA3TMIHBIX
4acTOT BOCIIPHHUMAIOTCS YEJIOBEKOM KaK paszHBIC I[BETA.

6. 'eomeTpuueckas onTuka. [ eomeTpryeckast ONTHKA - pa3fesl ONTHKH, B KOTOPOM H3Y4aroTCs 3aKOHBI
pacnpoCTpaHeHHsl CBETa B IPO3PAYHbIX CPelaX, OCHOBAHHBIE HA MIPEJCTABICHUN O c8emogulx ayuax. OCHOBHBIMU

3adKoHamu ZeOMempu'-leCKOZZ OnmuKu SABJISAFOTCA:



- 34AKOH npﬂMOJluHeL‘ZHOZO pacnpocmpaHeHrus ceema,
- 3AKOH HE3a8UCUMbIX CBEMOBLIX NYUYKOE,

- 3AKOH OMPAdNCEeHUSL,

- 3AKOH npeiomieHus.

7. Tnoonbl. [TI0OHBI — KBa3MYACTHUIIBL, TIEPEHOCUUKHU CUTbHO20 83AUMOOEUCHBUS.

8. I'paBuTanIMOHHOE B3auMo/eiicTBHe. [ paBUTallMOHHOE B3aMMOAEHCTBUE — OJTHO U3 YETHIPEX (PYHOUMEHMATbHBIX
83aumooeticmauil, camoe ciaboe mo nHTeHCHBHOCTH. [Ipncymie BceMm Tenam Beenennoit. Camoe M3BECTHOE €ro
NpOsIBIIEHHE — BceMUpHoe Tsarortenne. CoriacHo Haubosiee pacrpoCTpaHEHHOH TOYKE 3pEHUsI, HOCUT OOMEHHBIN
XapakTep: MEXaHU3M CBOJIUTCS K 0OMEHY KBa3UUaCTUIIAMH — epAGUIMOHAMU.

9. B3aumonpeBpaniaeMocTh J1eMeHTAPHBIX YacTUL. B3anMmornpespariaeMocTs - hyHAaMEHTaIbHOE CBOHCTBO
3JIEMEHTAPHBIX YacTHL. [Ipy pacmane 4acTUIBI MPOMCXOANT HE Pa3JIOKEHHIE YaCTUIIBI HA COCTABHbBIE JaCTH, a
pOXJIeHHEe HOBBIX YacTHll. Tak, HapHUMep, B pe3ynbTaTe paciaja Heumpora Ha npomoH, 21eKmpoH U aHTUHEHTPUHO
MPONCXOAUT UMEHHO POXKICHUE NPOTOHA, 3IEKTPOHA M aHTUHEHTPHHO. Hemb3s cka3arh, 4T0 HEHTPOH COCTOUT M3

OTHUX 4YaCTHull.

10. BoainoBasi onTuka. BoitHOBas onTHKA - pa3fes onmuku, A3yYatollii sIBICHHS, B KOTOPBIX NPOSBIACTCS
BOJIHOBBIE CBOMCTBA ceema.

11. Tosorpadus (ot rpeu. holos — nmonueiii u graphe — mumy). Tonorpadus — crnoco6 momydeHust 0ObEMHBIX
M300paKeHUIT TpeaMETOB Ha (OTOIUIACTHHKE (TOJorpaMMe) IPH IIOMOIIM KOTEPEHTHOIO H3JIy4YeHHs Jiasepa.
Tonorpamma ¢ukcupyer He caMo M300pa)keHHe MPeAMeTa, a CTPYKTYpY OTPaKEHHOW OT HEro CBETOBOW BOJIHBI (e
amMmmuTyny u Qasy). Jasd moIydeHus ToJoTrpaMMBl HEOOXOOUMO, YTOOBI Ha (oTorpadMuecKyro IUIACTHHKY
OJJTHOBPEMEHHO TONAJIH JIBa KOT€PEHTHBIX CBETOBBIX Iy4Ka: IPEIMETHBIH, OTPaKEHHBIH OT CHUMaeMOTo 00beKTa, 1
OIOPHBI — MNPUXOISLIMI HEMOCPEICTBEHHO OT Jiasepa. CBeT oOouMX NydYkoB HHTep(hepHpyeT, co3uaBas Ha
TUIACTUHKE YEePEZ0BaHUE OYEHb Y3KHX TEMHBIX M CBETIBIX MOJIOC — KapTHHY nHTepdepeHunu. Ha skcionnpoBanHO
TaKUM 00pa3oM H HPOSIBICHHON ITACTHHKE OTCYTCTBYET KaKoe-IM00 H300pakeHHe, HO ero B 3alIM(pOBAaHHOM BUIE
COIEPKHUT CHCTEMa HMHTEPQEPEHLHOHHBIX Mojoc. Eciu rojorpamMmy NHpOCBETHTb, KaK IHMAINO3UTUB, JIa3epHBIM
CBETOM TOH K€ YacTOThl, YTO ObLIa WCIOJIb30BaHA IMPU 3alMCH, BO3HUKHET «B0CCMAHOGIEHHAS 20N0ZPAMMA» —
00beMHOE N300paKeHNE CHATOTO MPEJMETA, CIOBHO BHUCSIIETO B IIPOCTPAHCTBE. MeHsIsl TOUKY HaOJIIOEHHUS, MOXKHO
3alSIHYTh 32 IPEAMETHl Ha MEpPBOM IUIaHEe W YBHACTH ACTallM, paHee CKPBIThIe OT B3IAAa, CBeT, MPOXOHs CKBO3b
CHCTEMY YEpHO-0eNbIX IO0JOC TOJIONPAMMBI, MCIBITHIBAET JAU(PPAKIHI0O M BOCIPOM3BOIUT BOJHOBOW (POHT,
MCXOAUBIIMH OT CHATOTO MpeaMeTa.

12. JedexT maccsnl. [edexkToMm Maccsl Ha3bIBA€TCsl Pa3HOCTh CYMMBI MacC HYKJI0HO6, BXOJSIINX B COCTaB S/pa, U
Macchl spa.

13. Iucnepcusi cBeTa — 3aBUCHMOCThH (ha30BOH CKOPOCTH CBETa OT YacTOTHI (MM JUIMHBI BOJIHBI). Jlncmepcus
nokasamens npeloMaeHs — 3aBUCUMOCTb [T0Ka3aTelIs IPEIOMIIEHHs N OT YaCTOTHI V.

14. InppaknnoHHas pelIeTKa - ONTHYCCKOE YCTPOMCTBO, MUMEoIee OONBIIOE YUCIIO IIeNeH, pa3iaeieHHBIX
HeNpo3pauHbIMKU MPOMEXKYTKAMH, Ha KOTOPBIX MPOUCXOAUT aAudpakius ceera. OObYHO MudpaKIUOHHAS penieTka
MPECTABIAET CO00I COBOKYITHOCTH OOJBIIOTO YMCIa TMapajiebHbIX ITPUXOB OJIMHAKOBOW HMIMPHHBI, HAHECEHHBIX
Ha TIPO3PAyHyI0 WM OTPAXKAIOIIYIO ITOBEPXHOCTh HAa OJMHAKOBOM DPACCTOSHHUM APYT OT Apyra. JndpaxknnonHas
pelieTka sSBIsIeTCsI OCHOBHBIM 3JIEMEHTOM MHOTHX CIIEKTPAJIbHBIX TIPHOOPOB.

15. Judpaxuus cera (ot nar. diffractus — pa3IOMIICHHBIN) - OTKJIOHEHUE OT 3aKOHOB I€OMETPHYECKOMN OINTHKH,
BBIpa)Kalolieecss B OTMOAHUH CBETOM MaJIbIX mpernsaTcTBuid. Audpakius HaOMogaeTcs Ipyu pacpoCTPaHEHUH CBETa
B CpEl€ C PE3KO BBIPAKEHHBIMU HEOAHOPOAHOCTAMU.

16. 3akoH oTpakeHHs cBeTa. 3aKOH OTPaKEHHS CBETA - 3aKOH, ONPENENIONINA B3aWMHOE PACHOJIOKEHHE HPU
3€pKaJbHOM OTPKEHUH IAJAIONIEr0 M OTPAXEHHOIO JIyueH, a TakKe NEepHeHAMKYIsIpa, BOCCTAHOBIEHHOTO K
TpaHULe pa3fena OBYyX Cpel B TOUKe ManeHus: -1- oba iyya M NEpIeHAMKYISAp JieKaT B ONHOH IUIOCKOCTH;
-2- yroJI MafieHust paBeH yIIy OTPaKSHUSI.

17. 3akon mnpesiomyieHusi cBera (3akoH CHeJIMyca) — OJMH W3 3aKOHOB T€OMETPHUYECKOH OMNTHKH, COIIACHO



KOTOpOMY HaJafolui JIyd, JIyd NPEeJOMIICHHBIH M NEPHEeHANKYISP, BOCCTAHOBJICHHBIH B TOYKE MaJCHUS Jyda K
TpaHUIIE pa3/iena OBYX Cpen, JIe)KaT B OJHOH IUIOCKOCTH; OTHOIIEHHWE CHHYyCa yIila MaAeHHs K CHHYCY yIJa
IpeJoOMIICHUsI €CTh BEIMYMHA IOCTOSIHHAs A JAHHBIX JBYX Cpel U pPaBHas OTHOCUTEIBHOMY IIOKa3aTellto
TIPEJIOMIICHISI BTOPOH CpelIbl 0 OTHOMICHHUIO K TIepBoid. CM. Takxke [ eomempuueckas onmukd.

18. 3akoH NPSIMOJIMHEHOr0 pacHpocTpaHeHUs] CBeTa. 3aKOH MPSIMOJIMHEWHOTO pacIpOCTpPaHEHHUS CBETa -
MOCTYyNaT IeOMETPUUYECKON ONTUKU, B COOTBETCTBHU C KOTOPHIM B OJHOPOJHOI Cpele CBET pachpoCTpaHsercs
IPSIMONMHENHO. 3aKOH NMPSIMOJIMHEHHOTO PacIpOCTPAHEHHMS CBETA ABIACTCS CIENCTBUEM npunyuna Pepma.

19. 3akon Credana-bojbuMaHa - YTBEPKAACT, UTO UIYUAMENILHOCMb YepHO20 mena MPSIMO MPONOpPLUOHANbEHA
YETBEPTOH CTETIEHU a0COMIOTHON TEeMITEPaTyPHI.

20. 3akon CrojeroBa. 3akoH CTojeToBa — OAMH M3 3aKOHOB BHEIIHETO (omodghgpexma: HOTOTOK HACHIILICHUS
HPSIMO MPOIIOPLHOHANICH CBETOBOMY IIOTOKY.

21. 3akonbI reomeTpudeckoii ontuxku. Cm. [ eomempuueckas onmuxa.

22. M3ay4aTeJbHOCTD - TIOJIHAs MOIHOCTh (HA BCEX YacTOTaxX U IO BCEM HANlpaBIICHUAM) M3IyYCHHS C €IUHUIIBI
MOBEPXHOCTH HAarpeToro Tena. M3mydaTenbHOCTh 3aBUCHT OT TEMIIEPaTyphl Tena U OT Kod(QuImeHTa moromeHus
ero moBepxHocTH. Crapble Ha3BaHMA STON BEIMYMHBI — 3HEpreTHdeckas CBETUMOCTh WM JIydEeUCIyCKaTelbHas

cnocoOHOCTh. CM. Takxke 3akorn Cmegarna-borvymana.

23. UnrepdepeHumsi cBeTa - ONTHYECKOE SBICHUE, BO3HUKAIOIIEe MpPHU CIOKEHUU JABYX WM HECKOJIBKUX
KOTEPCHTHBIX CBETOBBIX BOJIH, JMHEHHO MOJSIPH30BAHHBIX B OJHOW IUIOCKOCTH. MHTepdepeHIms mpeacTaBiseT
co00¥ yCTOWYMBYIO BO BPEMCHU KapTHHY YCHJICHHS WM OCIIAOJCHHUS PE3yJIBTHPYIONINX CBETOBBIX KoJcOaHW B
Pa3IMYHBIX TOUYKaX MPOCTPAHCTBA.

24. HcToyHUK cBeTa - M3JIy4arelb 3JIEKTPOMATHUTHOW SHEPruu B BUAMMOW 4acTH crekrpa. MCTOYHMKHM cBeTa
nofipasaenstorcs Ha ectecTBeHHbIE (ConHile, JIyHa U T. 1.) 1 UICKYCCTBEHHBIE (JJaMTIbl HAKAJTUBAHUS, Ta30pa3psiIHbIC
JIAMITBI 1 JIp.).

25. KBanToBasi MexaHHKa - MEXaHHKa 00bEKTOB aTOMHOTO M siiepHOro maciitaba. HepensTuBHCTCKas KBAaHTOBAs
MexaHuKa co3nana B 1923-26 rr. lllpenuarepom u I'eiizenOeprom. B ocHOBE KBaHTOBOH MEXaHUKH JIC)KHUT HECKOIIBKO
MOCTYJIATOB, B TOM YHCJIE YTBEPKAECHHE O TOM, YTO COCTOSTHHE YacTHUIIbl (MUKPOOOBeKTa) onuchiBaercs W-dyHkiuei
— KOMIUICKCHOH (pyHKIMEH KOOpIMHAT M BPEMEHH, KBaapaT MOJIYJS KOTOPOH HHTEpHpETHPYyeTcs KakK IIOTHOCTh
BEPOSITHOCTH OOHAPYKHUTh YaCTHUILy B JAHHOM MECTE ITPOCTPAHCTBRA.

26. KBanToBasi onTuka — pas[ell ONTUKH, HM3y4YarOl[Hi SIBICHUS, B KOTOPbIA OOHAPYKXHUBAIOTCS KBAHTOBBIC
CBOWCTRBA 3JIEKTPOMArHUTHOTO M3ITyueHUs (CBeTa). DTO meniogoe uznyuenue, pomosgpgexm, sgpgpexm Komnmona.

27. KBaunToBasi Teopusi Bo3HHKIa B 1900 romy mpu OOBSCHEHHUH 3aKOHOMEPHOCTEH menniosoeo uznyueHus
(M.ITnauk). Kak BBIICHHIOCH, 3TH 3aKOHOMEPHOCTH MOXHO OOBSICHHTBH, TOJIBKO MPHUITHCAB AIEKTPOMATHUTHOMY
M3JIYYCHUIO KOPIYCKYJISIPHBIC CBOWCTBA (M3IyYCHUE MPOMCXOMUT OTACIBHBIMU MOPIMSIMH — KBAHTAMH, SHEPTHS

KBaHTa NPpONOpHHUOHAJIbHA YaCTOTC I/I3J'Iy‘{CHI/I$I).

28. KBapku — dYacTHIBl, W3 KOTOPBIX IIOCTPOEHBI aodponsli. B CBOOOIHOM COCTOSHHUH He HaOIIOmaloTCs.
Ilepenocunku B3auMOIEHCTBUS MEKAY KBAPKAMU — 2THOOHbI.

29. KorepeHTHOCTh. CIOBO «KOTE€PEHTHOCTH» OYKBaJbHO O3HAYAET «COTTACOBAHHOCTH». BOIHBI Ha3bIBAIOTCS
KOTePCHTHBIMHU, €CITU Pa3HOCTh (Da3 BO30YKAaeMBIX MMM KojeOaHHW B JIFO0OH TOYKE MPOCTPAHCTBA OCTAETCS

MOCTOSIHHOW B T€UEHHE BPEMEHH HAOMIOACHUS.

30.Koabua HeploToHa - MHTEphEepeHIMOHHAS KapTHHA, BOSHUKAIONMIAs B MPOXOSIIEM HIM OTPa)KEHHOM CBETE B
OKPECTHOCTU TOYKU COINPUKOCHOBEHUHU BBINYKJION IIOBEPXHOCTU JIMH3Bl CO CTEKISHHOM IutacTUHKOW. Ilocne
OTpaXXEHHs JIyuel Ha IpaHMIax pasjena CTEKJIO - BO3AYX M BO3/yX - CTEKJIO CBETOBBIC BOJIHBI HHTEPQEPHUPYIOT U
00pa3yroT HHTEPHEPEHIIMOHHYIO KapTHHY B BHJE KOHIIEHTPUYECKHUX KOJIEIl.

31. Jlazepsl (0T oT nmepBbIix OykB aHnI. ¢passl Light amplification by stimulated emission of radiation) —
KBAHTOBBIC I'CHEPATOPHI CBETA, IPUHITAIT JICI‘/'ICTBI/I}I KOTOPBIX OCHOBAH Ha ABJICHUHN BbIHYXJICHHOTO



(CTI/IMyJ'II/IPOBaHHOI‘O) H3J1y4YCHUs. I/ISHY‘IGHI/IC JIa3€poB MOJSIPU30BAHO, 06J'[a,HaCT MOHOXPOMATUYHOCTBIO, 0oIIbII0#
MOIIHOCTBIO B Y3KOM CIICKTPAJIbHOM AXAIIa30HC U Majou PacXxoaAMMOCTbIO CBETOBOI'O ITy4YKa. HaXO[[?IT HIUPOKOC
MPUMCHCHUEC B TEXHUKE U 3KCHepHMeHTaHLHOfI (l)I/I3I/IKe.

32. JlenTonsl (ot rped. leptos — nerkwmit). K nentoHaM OTHOCSTCS JIETKUE YaCTHLIbI, HE YUACTBYIOIINE B CUIbHOM

e3aumooeticmseuy HUMCIOIUE CnuH 1/2. K nerntoHaM OTHOCSTCS OJICKTPOHBI, MIOOHBI, TAOHBI U COOTBECTCTBYIOIIIUEC
UM aHTH4YaCTHUIIBI.

33. HeliTpuHo — 3i€eMEHTapHas 4acTHLA, HE y4acTBYIOIIAsl B CUJIBHOM U B 3JIEKTPOMarHUTHOM B3aUMOZAECHCTBUH.
MoskeT mpeooeBaTh OrPOMHBIE PACCTOSTHHS, HE B3aNMOCHCTBYSI C BELIIECTBOM.

34. HeTpOHBI — TsDKETBIC MEKTPHUCCKH HEUTpaJIbHBIC YaCTHIII, BXOISIIIIE B COCTAB aTOMHOTO S/Ipa.

35. HykiaoHbl — o0IIiee Ha3BaHUE POMOHO8 U HellmpOoHOS.

36. OnTuka (0T rped. optos — BUANMBIH, 3pUMBIiT) - pa3aen (GU3UKH, B KOTOPOM H3Y4al0TCs 3aKOHOMEPHOCTH
ONTHYECKUX SIBICHUH, IPUPOJA CBETA M €T0 B3aMMOJICHCTBHS C BEIIECTBOM.

37. OnsiT Pe3epdopaa no paccermBaHHIO 0-4aCTHI] TOHKO 30510TOH (osbroit (1911) no3sosmi noaTBepANTD
SAEPHYI0 Mozelb atoMa. [oBopsAT, uto Pesepdopa OTKpbLUT aTOMHOE SIPO.

38. OTHOCHTEJILHBII MOKa3aTe b MPeJOMJIEHHsI - OTHOLICHHE (pa30BOii CKOPOCTH CBETa B EPBOIi Cpese K
(ha30Boil CKOPOCTH CBeTa BO BTOPOi cpezie. UNCICHHO OTHOCUTEINBHBIN ITOKa3aTelb IPEIOMIICHHS CBETa paBeH
OTHOLICHHIO CHHYCa yIVIa IaJCHHs K CHHYCY YIJIa IIPEIOMIICHUSL.

39. llepuoa 1MppakIHOHHOM PelIETKH - PACCTOSHUE MEXKILYy CEpeMHAMU JABYX COCEIHMX Inemeit
JTU(PPaKIHOHHON perieTku. J[pyroe Ha3BaHKe — [Iar WU MOCTOSIHHAS PEIICTKH.

40. T110CKOCTh MOJSPU3ANMH - IUIOCKOCTH, B KOTOPOH KOJIEOIETCS BEKTOP HAMIPSKEHHOCTH AJIEKTPHIESCKOTO TIOJIS
AIIEKTPOMATHUTHON (CBETOBOI) BOJHEI.

41. IMoromeHue cBeTa - sIBJICHUE OCIA0JICHUS IPKOCTH CBETA NP €ro MPOXOXKJICHUH Yepe3 BELIECTBO HIIH IPH
OTPaXCHUHU OT MOBEPXHOCTH.

42. Tlokazarenn IIPEIIOMJICHU CBETA - MEPa ONTUYECKOU MIOTHOCTH Cp€anbl, paBHasgd OTHOLICHUIO CKOpocmu ceema B

BaKyyM¢€ K CKOPOCTH CBETa B CpEJcC. Iloxa3arenn MMPCJIOMJICHUS CBETA 3aBUCHUT OT YAaCTOThI CBETA U OT MMapaMETPOB
COCTOSAHUA CPCIbI. PaznuuaroT aGCOJIOTHBIEC M OTHOCUTEIILHBIE TTOKA3aTeIN TMIPEIIOMJICHUS.

43. Tlonsipu3anusi CBETA - OPUCHTAINS BEKTOPOB HANPSKEHHOCTH IEKTPHUYECKOTO TTOJISI 1 MAarHUTHOW MHIYKIMN
CBETOBOH BOJIHBI B INIOCKOCTH, MEPIIEHANKYISIPHON CBETOBOMY JIydy. OOBIYHO HONApHU3aIH BO3HUKAET IPU
OTPayKCHUHU U NIPEJIOMIICHUH CBETA, a TAKXKE IPH PacIpOCTPaHEHUH CBETA B aHU30TPONHOM cpefe. Paznuyaror
JIMHEMHY0, KPYTOBYIO U SJUIMITUYECKYIO NOJIIPU3ALIUIO CBETA.

44. TlonsipouA - ONITHUYECKAs] CUCTEMa, NIpeIHa3HaYCHHAs I IoJsipu3anuu cBeta. IIpencrasiser coboit
3JIACTUYHYIO TJICHKY, Ha KOTOPYIO HAHECEHBI COOTBETCTBYIOLINM 00pPa3oM OPHEHTHPOBAHHBIE MaJICHbKHE
KPHUCTAJUTUKHN TBOSKOTIPEIOMIISIFOIIIETO BeliecTBa (repamnartuta). [lomspon n3rotaBnmBaeTcs B BUAE CBETOPIIBTPA,
JIMHEHHO MOJIAPU3YIOLIETo IPOXOISIIMI Yepe3 Hero cBeT (IeLeBblil nonapuzamop).

45, Tlocrosinnas Inanka h = 6,62-103 Tx/c — onna u3 QpyHIaMEeHTAIBHBIX (U3MIECKUX KOHCTAHT, BBEJIEHHAS
M.ITnankom B 1900 romy as1st 00bsSICHEHHSI 3aKOHOB TEIUIOBOTO M3ITy4eHHs. [IprcyTcTByeT BO MHOTHX
COOTHOIIEHUSX K8anmogou mexanuxu. [Toctosaayro h = h/21 Takke Ha3pIBatOT MocTosTHHOM [Tnanka.

46. HpeJIOMJIeHl/Ie CB€TA - ABJICHUE, 3aKITIOYAIOIICECA B U3BMEHCHNHN HAIIPaBJICHUA PaCIPOCTPAHCHUA CBETOBOU
BOJIHBI ITPU IEPEXOJC U3 OTHOM Cp€anl B APYTYIO, OTIIMYAIOINYIOCA nokazamesiem npeiomienus ceemad.

47. MIpunnun IMaymau. [Ipocteiimas popmynupoBka npuniuna [laymau: B aroMe He MOXKET OBITh JIByX DJIEKTPOHOB,

HaxoqdIUXCs B IBYX OAUHAKOBBIX CMAYUOHAPHBIX COCMOAHUAX .

48. Tlpunuun ®epma - IPUHIKIT TEOMETPHICCKOM ONTHUKH, COITACHO KOTOPOMY JIyd CBETa, MPOXOSIIUIA Yepe3 ABe
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TOYKH, UACT MKy HAMU 110 TAKOMY MYTH, JUIS POXOKICHUS KOTOPOTO TPeOyeTCss HAMMEHbILIEE MM HAHOOJbIIee
(3KcTpeMarbpHOE) BpeMs 10 CPaBHEHHIO C IPYTHMHU BO3MOXKHBIMH Ty TSIMHU.

49. HpOTOHbl — MOJIOKUTEIIBHO 3apPsSyKEHHBIC TSHKEIIBIC YaCTUIBI, BXOAAIINE B COCTAB aTOMHBIX AIEDP. Yucmo
IMMPOTOHOB B AAPEC OMPEACIIACT €0 3apad U XUMHUICCKUC CBOIICTBA aToMa.

50. PanMoakTHBHOCTBIO Ha3bIBACTCS MIPOLECC CAMOIPON3BOIBHOTO MPEBPALIECHHUSI aTOMHOTO SiIpa B APYTOE SO,
COIIPOBOXKJAIOIIMKCS UCITyCKAHUEM d1eMeHmapublx yacmuy. PalnoakTUBHOCT AJIED, CYILECTBYIOIIMX B IIPUPOAE,
Ha3bIBAETCS €CTECTBEHHOM, a palMOAKTHBHOCTb AZEP, OIyUCHHBIX B PE3YIBTATE A0ePHOU peaKyuu, Ha3bIBaeTCs
HCKYCCTBEHHOM.

51. PaccesiHue cBeTa - OTKJIOHEHHE PACIIPOCTPAHSIONIETOCS B CPE/Ie CBETOBOIO My4Ka BO BCEBO3MOMKHBIX
HarpaBieHusIX. PaccesiHue cBeTa 00yCIOBICHO HEOAHOPOAHOCTHIO CPe/ibl M B3aUMOJICHCTBHEM CBETA C YACTUIIAMH
BEILECTBA, IPU KOTOPOM MU3MEHSETCS HAalpaBICHUE PACIIPOCTPAHEHH, YaCTOTa U INIOCKOCTh KOIeOaHUH CBETOBOH
BOJIHBI.

52. PeHTreHOBCKOe HU3JYyYEeHHEe — DBJICKTPOMAarHUTHOC M3TTy4YCHHUE OYCHBb BBICOKOM YaCTOTEI (I/IJ'II/I OYCHb KOpOTKOﬁ

nmunb BommHbl, A = 10* — 10° A. Otkpaito Hemenkum dusukoM B.Pentrenom (1895). Pasmuuator mopmosroe u
Xapaxkmepucmuyeckoe PEHTTEHOBCKOE M3Iy4eHUe. B peHTreHOBCKOM Anamna3oHe Ha NepeHUH IaH BEICTYNAIOT
KBaHTOBBIC CBOMCTBA AIIEKTPOMArHUTHOTO M3y4eHHUs. HaXxomuT mupoKkoe IpuMEHeHHE B MEIULIUHE, B
Ie(heKTOCKOIHH, B CTPYKTYPHBIX UCCIICIOBAHUSX U IIP.

53. Ceert. TepMHUHOM «CBET» 0003HAYAIOT HE TOJIBKO BUOUMbLL Cent, HO U MIEKTPOMAarHUTHOE U3JIyYeHHE IPYTUX
JMana3oHoB (MHpaKkpacHoe U yIbTpadUoIeTOBOE U3TyUeHHUE, penmeenosckue ayyu). Takum o0pa3oM, 3TOT TePMUH
UCIIOJIB3YETCs KaK CHHOHHMM BBIPaXKCHHS «3JICKTPOMATHHTHOE M3IyYCHUEY.

54. CBeTo0BOIi 1yY - THHUSA, BIOTIH KOTOPOH pacIpOCTPaHsIeTCs IOTOK SHEPTUH, UCITYILEHHBIN UCmOouHUKOM ceema.
B npo3paunoii 0oZHOPOAHOH cpee CBETOBOH JIyd BCeTna MpsMOINHEEH. B cpere ¢ mIaBHO N3MEHAIOIUMUCS

OMNTUYCCKUMU XapaKTEPpHUCTUKaAMU CBETOBOI JIY4 UCKPUBJIACTCA.

55. CuiibHOe B3auMojieiicTBUe NIPUCYIIE TSHKEIBIM YacTUnaM (IIpoToHaM, HeUTpoHaM U T. 1.). Haubonee
M3BECTHOE €TO0 NPOSIBIICHNE — SJICPHbIE CHUJIBI, YAECPKUBAIOINE HYKIOHBI B SiIPax aTOMOB U KGAPKU B AOPOHAX.
Hocur oOMeHHBII XapakTep: MEXaHU3M CBOAMTCA K 00MeHy enroonamuy. CUIbHOE B3aUMOJCHCTBHE —
KOPOTKOEHCTBYIOIIEE, ICHCTBYET Ha PACCTOAHMAX Hopsaaka 10715 m.

56. CxopocTh cBeTa B BAKyyMe - CKOPOCTh PAaCIPOCTPAHEHUs cBeTa B BakyyMme ¢ = 299'792'458 m/c. CxopocTh
CBeTa B BaKyyMe - IpeJielibHasi CKOPOCTh PACIPOCTPAHEHUSI TFOOBIX (HH3MUECKUX B3aUMOJICHCTBUA.

57. Ciia6oe B3auMojeiicTBHe TIPUCYyIIEe BCeM yacTuiiaM, kpome porona. Hocut oOMeHHBII XxapakTep: MEXaHU3M
CBOIUTCS K 0OMEHY npomexcymounvimu 6030Hamu. Hanbosee U3BECTHOE €ro MposiBIeHUe — OeTa-pacna] HeUTpoHa.

Crnaboe B3anMOJIeiCTBHE — KOPOTKOIEHCTBYIOMIEe, IEHCTBYET Ha PACCTOSHISIX TIOPSIIKa 1018

58. CnuH — cOOCTBEHHBIN MEXaHUYECKUI MOMEHT YacTUIIbl. YaCTHUIIBI C TIENIBIM CIIMHOM (B euHMNIax h, h —
nocmosinuas [lnanka) Ha3BIBAIOTCS 6030HAMU, C TIOTYIEIBIM — (hepmuonamu. Hapumep, snextpoH (cimH 1/2) —

TUOHYHBIN QepMuoH, (oToH (crinH paBeH 0) — THIIYHBIH 0030H.

59. Teopusi Bopa (1913) — nepBast npUMHUTHBHAS KBAHTOBAsI MEXaHUKA BOJIOPOTHOTO aTOMa U BOJIOPOI0MOT00HBIX
noHoB. bop mpokBanToBaN atoM Pesepdopaa. Teopus 0ObsICHsITa BOMOPOAHBIN CIIEKTP (ITO3BOJISIIA PACCUNUTATH
MOJIOKEHUSI CIICKTPaJIbHBIX JIMHUI), HO HE MOIJIa OOBSCHUTH CIIEKTPBI OOJIee CIOKHBIX aroMoB. Teopus bopa Obuia
IKJIEKTUYHOH, TaK KaK CoeprKajia KBAHTOBbIC (HEKIACCHYECKHE) TIOCTYAThI M B TO YK€ BPEeMsI HCIIOIb30BaIa
MPEACTABICHUS M 3aKOHBI KIIACCHYCCKOH (PH3UKH (TIOHATHE «OpOUTaY, «TPACKTOPHS», UCIIOIH30Balla BTOPOU 3aKOH
Herotona u mp.).

60. TertoBO€ M3JTy4eHNE— 3TO ICKTPOMATHUTHOE M3ITyYEHHUE HArPETHIX TEI. 3aKOHBI TEILIOBOTO U3ITYUYCHHUS
00bscHsCT k6anmosas meopusi M.ITnanka (1900).

61. TepMOﬁZIepH])IMl/l Ppe€aAKIUAMHA HA3BIBAIOTCA ODK30TCPMHUUCCKHUEC ﬂ()eprle peaxkyuu CUHTE3a JICTKUX SAJCP, B



PpEe3yabTaTe KOTOPOTO 06pa3yIOTC$I Oosee TsKENbIe aapa. HaanMep, IIpyu CUHTE3C€ U30TOITOB BOAOPOJa 06pa3y€TCﬂ

renuif. [IpoTekaroT Takue peakIUy IPpU OYeHb BEICOKHX TeMmeparypax mopsaaka 107 — 10° K.

62. Yro.1 majieHust — yroJI MEeX/y MaJafoIuM JIydOM U NMEPICHIUKYIIPOM, BOCCTAHOBICHHBIM B TOUKE MaCHUS.

63. Yroa mpenomieHusl - yroi MKy MPETOMICHHBIM JIy4OM CBETa U MEPICHIUKYIIPOM, BOCCTAHOBICHHBIM B
TOYKE MajeHus (IPeToOMIICHHUS).

64. YpaBHenue DiiHuITeiiHa 1isi BHenIHero ¢oTodddexTa npeacTapiseT coOoi CIeCTBUE 3aKOHA COXPAHEHHUS
sHepruu: hv = A, + (Mv?/2) — sueprus gportona (hv) uaeT Ha coBeplleHHe PaGOThI BHIX0AA (Ag) M YACTHYHO
TIEPEXOJIUT B 3HEPTHIO (POTO3NIEKTpOHA (MVZ/2).

65. ®epmuonnl. Cm. Cnun.

66. DOTOH - KBa3MYACTUIIA, BBEJACHHAS /ISl TOTO, YTOOBI OOBSICHUTH KOPIYCKYJISIPHBIC CBO¥CTBA
ANEKTPOMArHUTHOTO M3Ny4deHus. DOTOHY NPUMUCHIBACTCS SHEPTHst € = hv 1 ummynbsc p = hv/c, e v — yacrora
CBETA, C — CKOPOCTh CBETA B BakyyMe, a h = 6,62-10°%* Jlx/c — nocmosannas Ihanuxa. ®OTOHEI — Kéanmbl
ANEKTPOMATHUTHOTO TIOJIS. DeKmpomacHumHuoe 3aumooeticmaue OCyIeCTBISIETCS MyTeM oOMeHa (POTOHAMHU.

67. ®0T03JIEKTPOHBI — SICKTPOHBI, BBIPBAHHBIE CBETOM M3 METAJlIA IPH BHEIIHEM Qomoappexme.

68. ®oTo3ddexTOM Ha3bIBACTCS IPYIIIA SBICHNH, BOSHUKAIONIUX [IPU B3aUMOJCHCTBUH AIIEKTPOMArHUTHOTO
W3JIYYCHUS C BemecTBOM. Pa3znnuator BHemHMHA (oTo3()deKT (BEIphIBaHUE AIEKTPOHOB U3 METAJUIA IIPU
o0yueHnn), BHyTpeHHUN (GoT03(h(eKT (YBETHUCHHE ICKTPOIPOBOIHOCTH IOJIYIPOBOIHIKA ITPU OOTyUCHUH) U
(hororanpBanmuecknit 3hdexr (BozaukHOBeHUE I/IC 1pn 06mydeHnu p-N-niepexona). Porosrp ek oObsIcHIETCS Ha
OCHOBE KBaHTOBBIX IpejcTanieHuil. [IlepByro Teopuro BHerrHero Gotoaddekra coznan A.Diinmreii (1905).

69. YepHoe Te10. YepHBIM HA3BIBACTCS HACATU3UPOBAHHOE TEJIO, MOMIOMIAIONIEE BCIO MAAIONIYIO0 Ha €ro
HOBEPXHOCTh YHEPTHUI0. YCTapeBllee Ha3BaHHe YEPHOTO Tella — aOCONIIOTHO YepHoe Tello. PeanbHble Tena He
SBIISIOTCS YEPHBIMHU; TOBEPXHOCTb, XOPOILO ITOMIONIAOIIAst CBET B BUANMOM JUANa30HE, MOXKET IUIOXO ITOIVIONIATh B
uHppaxpacHoM.

70. D1eKTpPOMAarHUTHOE B3aHUMOJEHCTBHE — OJHO M3 YCTHIPEX PYHOAMEHMANbHBIX 83aumooeticmeuil. JledcTByer

TOJIBKO MEXKAY DJICKTPHUUICCKU 3aPSAKCHHBIMA YaCTULIAMU. Hocur oOMeHHBIH XapaKkTep: MCXaHU3M CBA3aH C 00MeHOM
d?OMOHOG. CaMoe U3BECTHOE €T0 TPOABJICHUEC — KYJIOHOBCKHUEC CHUJIbI.

71. 3JIeKTp0H — MebYanIas OTPpHULATCJILHO 3aps’KCHHAs 4aCTUlld, BXOJsIlass B COCTaB aTOMOB.

72. JjaeMeHTapHbIe YACTHIBI - OOJIbIIAs IPyIIa CyObsSAEPHBIX YacTHII, KOTOPbIE yXKe He PACCMaTPHBAIOTCS KaK
GeccTpyKTypHBIE 00pa30BaHus (KKUPIUYUKI» MUPO3aHus). B HacTosiee BpeMs m3BecTHO okosto 400
3JIEMEHTAPHBIX YaCTHII.

73. DHeprus CBSI3M — SHEPIHs, KOTOPYIO HAJIO 3aTPATUTh, YTOOBI PAa3ACIUTh IIPO aTOMa Ha COCTABISIONINAE €TO
_ 2 —
yacTHIIbl. PacueT sHepruu cBs3u MPOU3BOAUTCS C MOMOIIbIO COOTHOIIEHU AE; = Am-c” , rne Am Oeghexm

macceot, C = cCKopocmb ceema 6 8aKyyme.

74. SinepHasi MoJe/Ib ATOMA NIPEATOIAraeT HAINYNE B aTOME MOJOKHUTENIBHO 3apsSHKCHHOTO MACCUBHOTO SI/IPa, B
KOTOPOM COCPEI0TOYEHA II0YTH BCSA Macca aroMa, U OTPULIATEIILHO 3apSyKEHHBIX 3JIEKTPOHOB, BPAIIAOIIUXCS BOKPYT
A/Ipa 10 KPYTOBBIM WM 3IUIMIITHIECKUM opOuTaM. Pasmepsl sapa nopska 10715 m, pasmepst aroma — 1070 m.
Mogens BHyTpEeHHE IPOTUBOPEUUBA: BPAIAIOIIMICS MEKTPOH JOJDKEH U3JIydaTh AIEKTPOMAarHUTHBIE BOJIHEL,
TEPATH PHEPTHUIO U, B KOHIIE KOHIIOB, YIIaCTh Ha A71po. Beixox n3 nonoxxeHus 0bu1 HaiiieH bopowm.

75. SinepHasi peakuus - NPoIeCcC CUIbLHOIO B3aUMOAEUCTBUS aTOMHOIO Sipa C 3JEMEHTApHON YacTUliel Win
JIPYTHM SITPOM, TIPUBOJISIIMIA K PEBPAIIEHUIO aTOMHBIX sIIEP.

76 . SInepHbIe CUJIIBI - YACPIKUBAIOT HYKIOHbL B SIZIpaX aTOMOB. JTO HE CUJIbI B HBIOTOHOBCKOM TIOHHMAHUH, TIOATOMY
JIy4Ille TOBOPHUTH O CUIbHOM 83auMOOeticmaeuy Mexay HykiaoHaMu. O0nanaioT CBOWCTBOM 3apsi10BOi



HE3aBUCUMOCTH, T. €. IeHICTBYIOT OMHAKOBO B CUCTEMAX NPOMOH-NPOMOH, HEUMPOH-HEeUMPOH, NPOMOH-HEUMpPOH.

77. SinepHblii peakTop — YCTAaHOBKA, B KOTOPOI OCYIIECTBISAETCS yIIpaBisieMas LeTHas peaklus AelIeHus suep.
SlnepHbIe peakTOPhI — MOLIHBIE HCTOYHUKH HEUmpoOHo8 U HelmpuHo. B peakTopax MoIy4JaroT HCKYCCTBEHHbIE
PpaZuOaKTUBHBIE 2TIEMEHTHI.

NHOPOPMAIIMOHHOE OBECIIEYEHHUE JUCTIUITJINHBI

OcHOBHBIE HCTOUYHHKH

1. ®usuka: Yueb. nis 10 ki. obmeobpasosar. yupesxaenuit / I.51. Maxuwes, B.5. Byxosues, H.H. COTCKHIA. -
10-e u3a. - M.: IIpoceemenne, 2002. - 336 c.

2. ®umsuka: Yuebd. aus 11 k1. obrmeodpaszosar. yupexaenuii / I.5. Mskuiies, b.b. Byxoues. - 1-¢ u3a. -M.:
IIpocsemenue, 2003. - 336 c.

3 I5l. Mskures, b.b. Byxosues, B.M. Uapyrun «®usuka. Yueonuk s 11 kiacca o61ieo0pa3oBaTeIbHbIX
yupexxaeHuii. ba3oBsiii 1 mpodunbHEI ypoBHNY - M. IIpocBemenue, 2010.

4. JI.A. Kupuk «®m3uka 11.Pa3HOypOBHEBBIE CAMOCTOSTEIBHBIC W KOHTPOJIBbHEIE paboTe» - M.: .«nekca»,2002.

5. JI.A. Kupuk «®uzuka 10.PazHOypOoBHEBBIE CAMOCTOSITENIbHBIE U KOHTPOJbHBIE PaboTh - M.: «nekca»,2002.

6. E.A. Mapon «OnopHbIe KOHCTIEKTH U AuddepeHrpoBanHble 3a1aun o gusuke 1 Okm»-M.: [Ipocsemenne, 2007.
7. E.A. Mapon «OnopHbIe KOHCTIEKTHI 1 auddhepeHpoBannbIe 3a1a4n 1o ¢pusuke 1 1km»-M.: [Ipocsemenne, 2007.
8. A.Il. PrimkeBnu «CoopHuk 3anad. @uzuka 10-11».-M.: [Ipoda, 2010.

9. N.I1. Camoiinenko « @usuka» - M.: Akagemus, 2010.

10. B.®./ImutpueBa ®uznka -M. AxageMus

JononHuTtensHas auTeparypa:

1. Msaxumer I'S., CunsxoB A.3. ®usuka: MonekymsapHas ¢uszuxa. Tepmogunammuka. 10 ki.: YueGHMK s
ynLusydeHus usuku — M.; poda, 2008

2. MsikumeB I 4., Cunsixo A.3. @msuka: Onruka. KanroBas gusnka.ll ki1.: y49eOHHUK A yII.H3Y4YeHUS QU3UKU:
3-e m3n. — M.; Jlpoca, 2008

3. Mskumes I.5., Cunsaxo A.3., Cno6oackoB Bb.A. ®wusmka: DnekrpogmHamuka 10-11 wi.: YdeOHHK s
yr.uzydenus puszuku: 3-e usg. — M.; JIpoda, 2008

4. Msxumes I'S1., CunsxoB A.3. dusuka: Konebanus u BosHbl. 11 i1.: Y4eOHUK ast ynL.u3ydeHus: QU3MKH: 3-€
n3a. — M.; lIpoda, 2008

5. MskumeB I5., CunaskoB A.3. Mexanuka. 10 ki1.: YueOHUK i yr.uzydenus Gusuku: 3-e¢ usza. — M.; Jlpoda,
2008






