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1. HEJIX U 3AJAYHN OCBOEHMUSA JUCIIAITIJIMHBI

Heab AMCHMIVIMHBI — chOPMHUPOBATH Y CTYICHTOB €UHYO, CTPONHYO, TOTHYECKH
HEMPOTUBOPEUHBYIO (PU3NUECKYIO KAPTHHY OKPY’KaIOIIEro Hac MUpa NpUPOAbL. 3aJ0KUTh (PyHIaMEHT
OCBOCHMS CIIELUATIbHBIX JUCLUIUIVH.

3agayu JUCUMILIMHBI — OBlajeHue (yHIAMEHTAIBHBIMU OHATUAMHE, 3aKOHAMHU U TEOPUSAMH
KJIACCUYECKOH M KBAaHTOBOW (DM3UKH, a TAKXKE METOAaMHU (PU3NIECKOTO HCCIIEIOBAHNS; OBIa/ICHHE
IprUeMaMH U METOJJaMU PELICHHs] KOHKPETHBIX 3a/1a4y U3 pa3IMyHbIX o0sacTell GU3NKY;
(dbopMHIpOBaHHE HABBIKOB MPOBECHUS (PU3UIECKOTO IKCIIEPUMEHTA, YMEHUS BBIJICITUTh KOHKPETHOE
¢bu3nveckoe conepKaHue B MPUKIAJHBIX 3a7adax OyayIei 1esTeIbHOCTH.

2. MECTO JUCHUILIUHBI B CTPYKTYPE OBPA3OBATEJBHOM ITPOI'PAMMBI (nanee
— OIl) BAKAJIABPUATA

JucuunnuHa peanu3yeTrcs B pamMKax OCHOBHOM YacTH W OTHOCHUTCS K €CTeCTBEHHO-HAYYHOMY
MOJIYJIIO.

JInsi OCBOEHUS JHCIUTUIMHBI HEOOXOJWMBI KOMITETCHIINH, C(OPMHPOBAHHBIE B paMKaxX H3YYCHUS
CIIEYIOIIUX TUCHUIUINH:

1) Kypc MaremMaTiKu CpeaHei IKOIbI,

2) Kypc dusuku cpemneit mkosbl,

3)Kypc pyccKoro si3bIka U JIUTepaTypbl CPEIHEH MIKOIIBI,

4) MatemaTtrueckuii aHanu3 (10 Mepe U3yueHus AUCLHUIUINHBI B BY3€),

5) BekTopHsblii aHanu3 (110 Mepe N3ydeHUs TUCITUTUIMHBI B BY3€),

6) Teopus BeposTHOCTEH (TI0O MEepe N3YUEHUS JUCITUIUIMHBI B BY3€).

Juctunnuna uzydaercs Ha 1-2 kypax B 1-4 cemectpax.

3. HEPEUEHDb IINTAHUPYEMBIX PE3YJIbTATOB OBYUYEHUA 110 JUCHUIIJIMHE,
COOTHECEHHBIX C INTAHUPYEMbBIMU PE3YJIbTATAMHN OCBOEHMUAA
OBPA3OBATEJBHOM ITPOT'PAMMBI

B pesynprate ocBoenuss OIl OakanaBpuara o0OydYaroOIIUKCA JIOJDKEH OBJAJETh CIEIYHOIIUMU
pe3ysbTataMu 00y4deHus IO TUCIUILINHE!

Koo Haumenosanue K00 u naumenoeanue unouxamopa 00Cmudicenus
komneme Komnemenyuu Komnemenyuu
Huyu
Crniocoben 3-OI1K-4 3HaTh OCHOBHBIE IPUEMBI 0OPAOOTKH U
IUIAHUPOBATh PAOOTHI | MPECTABICHHUS MTOJYYSHHBIX JAHHBIX, COBPEMEHHbBIE
XUMHUYECKON TEHJCHIIUU Pa3BUTHUS TEXHUYECKOW (PU3MKHU B CBOEH
HAIPABJIECHHOCTH, pohecCHOHATBLHOM eI TEIILHOCTH MPUEMBI 00pabOTKH U
o0pabaThIBaTh U | IPEACTABJIEHHUS NIOJYUYECHHBIX JAHHBIX, YUUTHIBATh
WHTEPIPETUPOBATH COBpPEMEHHbBIE TEHICHIINH PAa3BUTHUSI TEXHUYECKON (DU3HKHU B
OIIK-4 | momy4eHHbIE CBOEH MpodeccuoHaNbHON AeITeIbHOCTH
pe3yJIbTaThl ¢ | Y-OIIK-4 YMmeTh caMOCTOSATENbHO MTPOBOIUTH
HCIOJIb30BAHUEM TEOPETUUYECKUE U IKCIIEPUMEHTAJIBHBIE UCCIIENOBAHNS B
TEOPETUUECKUX n30paHHOM 00IacTH TEXHUYECKOU (DU3HKHU
3HAaHUU u | B-OIIK-4 Bnasers ciocOOHOCTBIO CaMOCTOSTENHHO
MPAKTUYECKUX MIPOBOJUTH TEOPETUUECKUE U IKCIIEPUMEHTAIBHBIE
HABBIKOB pellIeHus | UCCIeOBaHMs B M30paHHOM 00JIaCTH TEXHUYECKON (DU3HKH,




MaTeMaTUYeCKUX U
¢bu3nvecKux 3a1ad.

nprueMamu 00pabOTKU U MPEACTABICHUS MTOTyYEHHBIX
JTAHHBIX

4. BOCIIMTATEJBHBIA IOTEHIIUAJ JTUCHUTIJIAHBI
Paznen orcyrcTByer

5. OFBEM JUCHHUIIVIMHBI B 3BAYETHBIX E/IMHULHAX C YKASAHUEM KOJIMYECTBA

AKAJEMHUYECKUX YACOB, BBIJIEJIEHHBIX HA KOHTAKTHYIO PABOTY
OBYYAIOIINUXCSA C MPENOJABATEJIEM (IIO BUJIAM 3AHATHI) U HA
CAMOCTOATEJBHYIO PABOTY OBYYAIOIIUXCS

KoaunuyecTBo 4acoB Ha BU/I pa0OThI 0 ceMeCTpam:
Bua paGotsl
Nel Ne 2 Ne 3 Neq Bcero
KonTakTHasi pa6oTa 00yJawmmxcs
¢ mpemnoaaBaTeJieM
AyIUTOPHBIE 3aHATHS (6ce20) 128 128 96 96 445
B ToMm uncire:
JeKyuu 32 32 32 32 128
npakmuyecKue 3aHsmusl 64 64 32 32 160
1abopamopHble 3aHamusl 32 32 32 32 128
IIpome:xxyTOUuHasi aTTeCTAUA
B ToMm uncie:
3auer ¢ 3auer ¢ 3auer ¢ DK3aMeH 36
OLICHKOH OLICHKOH | OIIEHKOH
CamocrosiTesibHasi padoTa 16 16 48 48 128
00y4aronuxcs
Bcero (4achbi): 144 144 144 180 612
Bcero (3a4yeTHble eIMHUIIBI): 4 4 4 5 17
6. COAEP’) KAHUE JUCHMUIIIINHBI, CTPYKTYPUPOBAHHOE mo TEMAM

(PA3JEJTIAM)

AKAJTEMUYECKHUX YACOB U BUJIOB YYEBHBIX 3AHATUA

C VYKA3ZAHMEM OTBEJEHHOI'O HA HHUX KOJJIMYECTBA

6.1. Pazoensl oucuyuniunsvl u mpyooemKoCcHib o 6udam y4eOHvIX 3anamuil (6 aKademuyecKux

uacax)
Hene HaumenoBanue Bujabl yueOHBIX 3aHATHH, BKJIIOYAS CAMOCTOATEIbHYI0 padboTy
JI pasaena /TeMbl o0y4aromuxcs U TPyA0eMKOCTh
TUCHHUILTNHBI (6 uacax)
Jlex IIp Jlab |Bueayn| CPO
1-16 |®U3NYECKUE 24 48 32 12
OCHOBbBI
MEXAHUKH
1 OJIEMEHTBI 2 4 3 1
KMHEMATHUKIA




JMHAMUKA
MATEPHUAJILHOMN
TOUKU

3AKOH
COXPAHEHUA
NMITVYJIBCA
CUCTEMBI
TOYEYHBIX TEJI

3AKOH
COXPAHEHUS
[TOJIHOM
MEXAHUYECKOU
SHEPTUU

3AKOH
COXPAHEHUA
MOMEHTA
NMITVJIBCA

HEMHEPIINAJIbHBIE
CUCTEMBI OTCHETA

2

KMHEMATHKA
BPAIIATEJIBHOI'O
JABVOKEHUA

10

BPAIIIEHUE TEJIA
BOKPYT .
HEITOIBMXXHOM OCH

11

IIJIOCKOE
JABMXXEHUE
TBEPZOI'O TEJIA

12

I'MPOCKOIIBI

N

-

13-16

CIIEIIMAJIBHAS
TEOPUAOTHOCHUTE
JBbHOCTH

16

13-14.

KMHEMATHKA

o

o

15-16

PEJIITUBUCTCKA
JUHAMUKA

Hroro 3a 1 cemecTp

32

64

32

1-8

KOJIEBAHUA U
BOJIHbI

15

64

15

KMHEMATHKA
IAPMOHNYECKHNX
KOJIEBAHNU

2-3

CBOBO/IHBIE
3ATYXAIOILME
KOJIEBAHUS

4-5

BBIHYXIEHHBIE
KOJIEBAHUA

3

PACIIPOCTPAHEHVE
BOJIH B VIIPYTO!
CPEJIE

3

OHEPT'ETUYECKHE
XAPAKTEPUCTUKHU
BOJIH

3




8-16

MOJIEKYJISAPHASA
OU3UKA U
TEPMOJNHAMUKA

17

34

17

10

8-9

OCHOBHBIE
[TOHSITHUS U 3AKOHBI
MOJIEKYJISIPHOU
®U3UKU

10-11

[IEPBOE HAYAJIO
TEPMOJANHAMMUMKU

3

11-12

CTATUCTUYECKHUE
PACIIPEJAEJIEHUA

3

13-14

SABJIEHUA
I[IEPEHOCA

14-15

BTOPOE HAYAJIO
TEPMOJIMHAMUNKU

3

16

PEAJIBHBIE T"A3bI

16

KUJKOE 1
KPUCTAJUIMYECKOE
COCTOSIHUE
BEII[ECTBA

HTtoro 3a 2 cemecTp:

32

64

32

16

IJEKTPUYECTBO

14

14

14

16

1-2

[TIOJIE
HEITOIBMXXHBIX
3APA1OB B
BAKYVYME

2-4

ITIOJIE
HEITOABMXXHBIX
3APA1OB B
JUDJIEKTPUKE

5-6.

IMPOBOJJHUKH B
SJIEKTPUYECKOM
I1OJIE

3

6-7

OHEPT'UA
SJIEKTPUYECKOI'O
110JIA

8-16

MAT'HETHU3M

18

18

18

32

8-9.

ITIOJIE
I[NOCTOAHHOI'O
TOKA B BAKYYME

9-10

MAT'HUTHOE IIOJIE B
BEILECTBE

3

11-12

INIEPEMEHHOE
SJIEKTPOMATHUTHO
E ITOJIE

12-13

OJIEKTPUYECKUE
KOJIEBAHUA

3

14

[MTEPEMEHHBIN TOK

15

JIBIKEHUE
3APSDKEHHBIX
YACTHILL B
DJIEKTPUYECKUX 1




MAT'HUTHBIX
[1OJIAX

16

SJIEKTPUUYECKUN
TOK B METAJIJIAX U
[IOJIYIIPOBO/IHH-
KAX

16

DJIEKTPUUECKHU
TOK B TA3AX

Hroro 3a 3 cemecTp:

32

32

32

48

1-6

OIITHKA

12

12

12

16

NHTEP®EPEHIINA
CBETA

2-3

JIMDOPAKINA CBETA

w

o

45

[OJIAPU3SALINA
CBETA

B3AUMO/JIEMCTBHUE
SJIEKTPOMATHUT-
HBIX BOJIH C
BEII[ECTBOM

3

KBAHTOBAS#
PU3UKA

20

20

20

32

TEIUIOBOE
U3JIYUEHUE.
KOPITYCKVJISIPHBIE
CBOMCTBA
N3JIYUEHUS

OJIEMEHTAPHA
BOPOBCKAJ TEOPUA
ATOMA BOAOPOA

BOJIHOBBIE
CBOUCTBA
MHUKPOYACTHUIL]

10

SJIEMEHTHI
KBAHTOBOU
MEXAHUKU

11

YPABHEHUE
HIPEJVHI'EPA

12

ATOM BOJIOPOJIA U
BOJIOPOIOIIO/IOB-
HBIE ATOMBL
ATOMBI I[EJIOUYHBIX
DJIEMEHTOB

2

13

CIIMH SJIEKTPOHA.
MHOI'O2JIEKTPOH-
HBIE ATOMBI

2

14

ATOM B
MAT'HUTHOM I1OJIE

15

OJIEMEHTBI ®U3UKHN
TBEPZAOI'O TEJIA

2

16

KBAHTOBAS
TEOPUSI
CBOBOJIHBIX




OJIEKTPOHOB B
METAJIIE

16

OU3NKA ATOMHOI'O

SITTPA U
DJIIEMEHTAPHBIX
YACTHI]

1 1 0 2

Hroro 3a 4 cemectp:

32 32 32 48

BCEI'O:

128 160 128 128

Ipum.: Jlex — nexyuu, Ilp — npakmuueckue 3anamus / cemunapel, Jlab — nabopamopHvie 3aHAMUA,
Bueayo — eneayoumopnas xonmaxkmuas paboma, CPO — camocmosamenvhas paboma o0yuanowuxcs,
11 —npaxmuyeckas no02omosxa.

6.2. Coodepoicanue oucyuniunsl, CMMpyKmypupoeanHtoe no pasoeiam (memam)
Jlexyuonnwiu Kypc

Hene HaumenoBanue Copepxanue
J pasaeJia /TeMbl
AUCHUILINHBI

1-12 (1. PUBUYECKHE
OCHOBBI
MEXAHUKH

1 1.1. DJIEMEHTHI duszndeckue MOJENH: MarepuajgbHas ToO4yka, aOCONIOTHO
KMHEMATHKA TBepaoe Teino. IlocTynarensHoe u BpamareapHoe ABruxkeHne. Teno

orcueta. Cucrema KOOpIMHAT: JEKapTOBa, IMIMHIpUYECKAs
(monsipHast), cepruyeckas, eCTeCTBEHHas.

OCHOBHBIE  XapaKTEpUCTUKH  JBUKEHUS:  PAINyC-BEKTOD,
TpaekTopus, mnepeMenieHue, myTtb. CpenHsss W MIHOBEHHas
CKOPOCTH, CPEHEE U MTHOBEHHOE YCKOPEHMUSI.

CrocoObl 3aaHus JIBIOKCHHS: BEKTOPHBIA, KOOPJIWHATHBIN,
ectecTBeHHbIA. [lpsimass u oOpaTHas 3ajauyd  KWHEMATHUKH.
[Ipoekiuu CKOpOCTH U YCKOPEHHS B JEKAPTOBOM U €CTECTBEHHOM
CUCTEMax KOOpAMHAT. BpluncieHune myTH MpU HEPaBHOMEPHOM
nBrokenuu [ 1-4].

2 1.2. JMHAMUKA ['paHunbl IPUMEHUMOCTH KJIACCUYECKOW MexaHuku. IlepBblii
MATEPUAJIBHOM 3akoH Hprorona. MHepuuanbHbie cUCTEMbl oTcuera. HepTHas u
TOUKHA rpaBuTanMoHHas macca. [Ipuniun skBuBajeHTHOCTH. CBOMCTBa

maccel. Cuna. CoiictBa cwi. IlpaBuna mnopcuera cui,
JEUCTBYIOLLIUX HA TEJNO, B MOJE CUJl TsKecTh 3eMiu. Mmmynbc
(komuyecTBO JBUKEHUs) Tena. Bropoit 3akoH HproToHa
VpaBHEHUSI JBW)KEHUST B pPa3IMYHBIX CHUCTEMax KOOpIUHAT.
[Ipsimas u oOpatHas 3agaun AMHAMUKH. Tpetuii 3akoH HeloToHa.

[Mpunnun  otHocutensHoctu  [ammnes.  IIpeoOpaszoBanus
lamunes. MuaBapuantel npeoOpasoBanuii ['amtes. IlpaBuio
CJIO’KEHHUSI CKOPOCTEM.

Buasl B3aumopeiictBuil. ®yHaameHTanbHble cuiabl. Cyxoe
TpeHue. CHIbl TpEeHHs: IOKOSI, CKOJBKEHHsA, KadeHus. Kuakoe
tpenne. Cuibl TsDKeCTH U Bec [1-4].

3 1.3. 3BAKOH Wnrerpansl  auwxkeHnsa. CBs3b  3aKOHOB  COXPAaHEHHUSA €O
COXPAHEHUA CBOMCTBaMHM IIpOCTpaHCTBA M BpeMeHUu. (OIHOPOIHOCTH U
NMITYJIBCA M30TPONHOCTH IPOCTpaHcTBa. OMHOPOAHOCTH BPEMEHHU.
CUCTEMbBI BHyTpeHHME U BHEIIHHE CHIBI. 3aMKHYTas CUCTEMA. 3aKOH
TOYEYHBIX TEJI U3MEHEHHMsS UMIyJbca B JU(QepeHnnanbHoil U HWHTerpaibHOR

(I)OpMaX. I/IMHYJ'IBC CHIIBL. 3aKOH COXPAaHCHU S UMITYJIbCA.




entp macc. TeopeMa o nBukeHUM LieHTpa Mace. L{-cucrema.
JIBm>keHne Tem ¢ NEePEMEHHOW  Maccoil.  YpaBHEHHE
Memepckoro [1- 4].

4 1.4. 3AKOH OnemenTapHas paboTa cuibl. PaboTa CHIIBI BIOJIb TPACKTOPHH.
COXPAHEHUA I'paduueckoe mpencraBieHue padOThl. MrHOBeHHAss M CpenHss
[IOJIHOM MoIHOCTb. KuHeTnueckass sHeprusi. Teopema 00 H3MEHEHUU
MEXAHUYECKOM KUHETUYECKON IHEPTUU.

OHEPI'A Koncepparusnbie cuibl. Ilone cun. IloTreHumanbHas 3Heprus.
[loTrenumanpHas >3Heprus MOJA CHJI TSDKECTH, YIPYTOCTH,
HEHTpaJdbHbIX CWI. CBs3b MNOTEHUUAIbHOW HHEPrUU U CHJIBL.
[losnHasg MexaHuueckas SHEPrUsi CUCTEMBI.

3aKOHbI H3MEHEHHUS M COXpPAHEHMs] IIOJHOW MEXaHU4ECKOU
sHepruu. CobOctBeHHas »oHeprus. KoHcepBaTuBHas cucrtema.
BryTpenHsst MexaHuueckasi JHEPTUs CUCTEMBI.

VYcnoBue paBHOBECHSI MEXaHUYECKOM cucTeMbl. [loTeHmansaas
sMa M MOTEHIIUAIILHBIN O6apbep.

Nmnynec un sHeprus B Il-cucreme. IlpuBenennas Macca.
AOCONIOTHO ynpyruii W aOCOJIOTHO HEYNPYTud  yJaphl.
IlentpanbHbiii yaap [1-4].

5 1.5. 3AKOH MoMeHTbl uUMIyJIbCa W CHJIBI OTHOCHUTEIBHO TOYKH. [lmedo.
COXPAHEHUA ITapa cmin.  MOMEHTBI  OTHOCHUTENBHO  OCH.  MOMEHTHI
MOMEHTA BEPTUKAIBHOW, PAJUaJIbHOM W TAHTCHIHAIBHON COCTABIISIOLINX
NMITVIIBCA CUJIbI OTHOCUTEIBHO OCH. MOMEHTBI CHCTEMBI Tel. 3aKOHBI

W3MEHEHMs] U COXpPaHEHHs] MOMEHTa WMIIYJIbca CHCTEMBI.
CoOCTBEHHBINT MOMEHT UMITYJIbCA.

JIBm>keHHe B LEHTpAJIBHOM Tojie cuil. 3akoHsl Kemnepa.
KocMmuyeckre CKOpoCTH [1-4].

6 1.6. Cunbel wHepumu. IlenTtpoOexnas cuna wuHepuuu. Cuna
HEWUHEPHUWAIJIbHBIE (Kopuonuca. VYpaBHenue BTOporo 3akoHa HproroHa B
CUCTEMBI OTCYETA |HenHepuHaibHbIX CHUCTEMaXx. 3aKkoH COXpaHEHUS B

HEWHEPUHUAIbHBIX CUCTEMAX. 3aBUCHMOCTh YCKOpEHUS
CBOOOIHOTO MAJICHUs OT MUPOTHI MecTHOCTU [1-4].

7 1.7. KUHEMATHUKA Bektop »nemeHtapHoro mnoBopoTta. MrHOBEHHass W CpeaHsA
BPAIIATEJIbHOI'O yIJIOBasi CKOPOCTb. MTHOBEHHOE M CPEIHEE YIJIOBOE YCKOPEHHUE.
JABMXEHUA CBsA3b MEXKIy JIMHEMHBIMH M  YIJIOBBIMM CKOPOCTAMH U

yckopenusamu [1-4].

8 1.8. BPAILIEHUE TEJIA| Ilentp TskecTu TBepaoro tena. MomeHT uHepumu. Teopema
BOKPYT [lIteitnepa. OCHOBHOE YypaBHEHHUE JIMHAMUKH BpallaTeIbHOTO
HEIIOABMKHOM OCH | nBuxenus. KuneTHueckas SHEprus TBEpHOro Tela M pabora

BHEIHUX cui [1-4].

9-10 [1.9. ITJIOCKOE Paznoxxenue ABMKEHUS TBEPAOTO Tejla HAa MOCTyNaTENbHOE U
JABXEHUNE BpamareibHoe. MrHOBEHHass OChb  BpallleHUs. Y PaBHEHUS
TBEPIOI'O TEJIA JBUXKEHUS TBEPIOro Te€la U HUX BUI IS IJIOCKOTO JIBHYKEHUS.

Pesynbrupyromas W paBHOAEHCTBYIOIIAS  CUJIBI. Y CJIOBUS
paBHOBECHsl TBEpAOro Ttena. KuHeTudeckas 3HEprus TBEPIAOTO
Tella MPH TIOCKOM JBIKeHUH [ 1-4].

11-12 (1.10. TUPOCKOIIbI JluHamMKKa JIBWKEHUS TBEPIAOrO Tejla C OJHOW 3aKpEIIEHHOU
toukoil. I[lonsatue o Tenzope uHepuu. OceBble U HEHTPOOESIKHBIE
MOMEHThl HHepIuu. CBoOOIHBIE OcH. [TaBHBIE OCH WHEPIIMH.
[Ipubnuxennas Tteopusi rupockona. Ilpemeccuss rupockomna.
I'mpockonuueckre Cuiibl 1 MOMEHTHI [ 1-4].

13-16 |2. CIIEHUAJIBHASA

TEOPUSA




OTHOCHTEJIb-
HOCTU

13-14

2.1. KUHEMATHKA

ITocTynatel CIeLUaJIbHOMN TEOpUHU OTHOCUTEJIbHOCTH.
UYeTplpexMepHOE NIPOCTPAHCTBO-BpeMs. MupoBasi TOUKa, MUPOBas
muaus. [IpeoOpazoBanus Jlopenma. OTHOCUTENBHOCTD TOHSTHS
OJIHOBPEMEHHOCTH.

Kunematnueckue  addextel  mpeoOpazoBanmii  JlopeHna.
CobctBennass  gnuHa.  CoOctBeHHOoe  Bpems.  MHTtepsail.
HNHBapuaHTHOCTH HMHTEpBAaa. Bpemenu-nonobusie,
IPOCTPAHCTBEHHO-TI0A00HBIE UHTEPBAJIBI.

dopmyibl peodpa3oBanms ckopocteit [1-4].

15-16

2.2.
PEJIATUBUCTCKAA
JMUHAMUKA

PenstuBucTckuii  UMmysibC.  PensITUBUCTCKOE  ypaBHEHHE
nBuKeHHs. CBsI3b CHIIBI U YCKOPEHMSI Ul PENSTUBUCTCKOTO TeJa.
PenstuBucTckass sHeprus: KUHETUYECKas, TMOJHas. OHEprus
nokost. [IpeoOpa3oBaHusi uMmIynbca W HHeprud. YacTuisl ¢
HyJ1eBO# Maccoii [1-4].

1. KOJIEBAHUA U
BOJIHbBI

1-2

1.1. KUHEMATUKA
I'APMOHMYECKHX
KOJIEBAHMNA

KonebGarenbuple aBuxkeHus. (CoOCTBEHHBIC, BBIHYX/JICHHbBIC
napameTpudeckue kosiebaHus. ABTOkojeOanus. ['apMoHMueckue
KojeOanus. AMIUIMTYAa, dYacToTa, ¢asza, TEepHuoj KoJeOaHHi.
Onpenenenre aMIIMTyAbl U ¢$a3bl FTApMOHUYECKUX KoJeOaHu U3
HavyaJbHbIX YCJIOBH. [IpencraBnenue rapMOHUYECKOTO
KOJIE0aHUS C MOMOILBIO BEKTOPHOU JHarpamMmbl.

Cnoxenue konebaHM  OJHOrO  HampaBieHus. buenwus.
CrnokeHHEe B3aWMMHO TEPICHAMKYJSAPHBIX KojeOanuii. Durypsl
Jluccaxy.

IMapmonunyeckuit ocumuiarop. KBasuynpyras cuna. YpaBHeHuUe
FapMOHUYECKOT0 OCHUIUIATOpa. Manble Kojie0aHHUsI CHUCTEMBI
OKOJIO TOJIOKEHHSI paBHOBECHs. OHEpPrus TapMOHHYECKOTO
ociuuIATopa. Marematrudeckuit M hU3HMIECKHil MasiTHUKH.

1.2. CBOBOHBIE
SATYXAIOIIME
KOJIEBAHHMA

VpaBHEeHHE  COOCTBEHHBIX  3aTyXalOIUX  T[apMOHHUYECKHX
KoJe0aHuii, €ro peleHue. ATEPHOJUYECKOE  JBHIYKEHHE.
XapakTeprCTUKK 3aTyXaloIlero TapMOHHYECKOTO OCIHILIATOPA:
aMILTATY 1A, TIEPUO/I, KO3 uUIEEHT 3aTyXaHus,
JorapupMUUECKAN JICKPEMEHT 3aTyXaHWs, BpPEMS pellaKCalluu.
Jlo6portHocts [1-2].

1.3. BBIHYXXJIEHHBIE
KOJIEBAHUA

VYpaBHeHHE  BBIHYKICHHBIX  KOJeOaHUW, €ro  pelleHue.
[lepexonublii  mporecc. AMIUMTYAa U HadajdbHas — ¢asza
BBIHYJICHHBIX KoJieOaHui. SIBineHue pe3oHanca. AMIUIUTYIHbIE U
da3zoBeie  pe3oHaHCHbIE KpuBble. CBA3b  JOOPOTHOCTH  C
napaMeTpamMu Pe30HaHCHOM KpHBoii [1-2].

6-7

1.4,
PACIIPOCTPAHEHWE
BOJIH B VIIPYTO!
CPEJIE

BonnoBoii mpomnecc. Kiaccubukarysi BOJH: MO0 XapakTepy
JBY)KCHUSI 4YacTHIl (NONEPEYHbIE M MPOIOJIBHBIC BOJIHBI), TI0
crocoby mepeHoca 3Hepruu (Oerymme U CTOSYhe BOJHBI), IO
dopme BOJIHOBOT'O ¢bponta  (TUIOCKME, cepuueckue,
[WIMHIPUYECKHE BOJIHBI).

VYpaBHEHHE TIOCKOW BOJIHBI, PACHPOCTPAHSIONIEHCS BIOb OCU
X.XapaKTepUCTUKH BOJHOBOTO Ipoliecca: JUIMHA BOJHBI, (ha3oBas
CKOpOCTb, BOJHOBO€ YHCIIO, BOJHOBOH BekTop. I 'paduueckoe
MPEJCTaBICHHE BOJHOBOTO IIpoliecca. YpaBHEHHE IJIOCKOU
BOJIHBI, PACIIPOCTPAHSIONIEHCS B IPOM3BOJIHHOM HAMPABICHHH.

Crosiuas BonHa. KoopauHaThel y3710B M My4yHOCTEH. YpaBHEHUS




Y TPaHWYHbIEC YCIIOBHS JUIs BOJH B CTPyHaxX M TpyOax.
BonnoBoe ypaBHeHue. da3oBasi CKOPOCTb BOJIH B Pa3iIMYHBIX
cpenax [1-2].

1.5.
OHEPT'ETUYECKHUE
XAPAKTEPUCTUKHU
BOJIH

[ImoTHOCTH 3HEPrUU IIIOCKOW ynpyrod BosiHbL. [IoTOK 3HEprum.
[InotHOCTH mOTOKA BHepruu. Bekrop YmoBa. HTEHCUBHOCTH
BOJIHBL. AMIUIUTYJa CQHEPUYECKO M IMJIMHIPUYECKOH BOJIH.
Pacnipenenenne osHeprum B Oerymed ¢ CTOsiYEH BOJIHAX.
OTtpakeHue u IpeJoMIIEHUE BOJIH Ha TpaHUIIe IBYX cpel. Dpdekt
Homepa [1-2].

9-16

2. MOJIEKYJISIPHASL
OU3UKA U
TEPMO/IMHAMUKA

2.1. OCHOBHBIE
TTOHSTHUS U 3AKOHBI
MOJIEKYJISIPHOU
®U3UKU

Moaens uacanbHOTO raza. JIMHaMHUYeCKUM M CTaTUCTHUYSCKHUI
MeTo1bl. OCHOBHOE

YpaBHEHHE MOJEKYJISIPHO-KUHETUYECKOW TEOPUHM UCATbHBIX
razoB s JaBiieHud. YpaBHeHue Kianelipona-MeHneneesa.
@U3NYECKUI CMBICII YHUBEPCAIBHOU ra30BOM TOCTOSHHOM.

MonekynsipHO-KMHETUYECKOE TOJIKOBAHUE abCoNIOTHOM
Temneparypbl.  TemmepaTrypHble  IIKalbl:  3MIHMpUYECKas,
abcouoTHAS, TEPMOJUHAMHYECKas, MeXAyHapoHasl,
paKTHYeCcKasl.

Uucno creneHel cB0oOOAbL. 3aKOH paBHOpPACIIPENEICHUS
SHEPTUU M0 CTENEeHsIM cBO00IbI MoJieKyl. CpenHsiss KHHeTHYecKas
SHEPTHsl MOCTYNMATEIBHOTO ABMKECHUS MOJIeKYJ [1-2].
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2.2.ITEPBOE HAYAJIO
TEPMOJNHAMMKHI

PaBHOBecHOE 1 HEPAaBHOBECHOE COCTOSTHUS Ta3a. PaBHOBECHBIE 1
HEPaBHOBECHBIE

npoiiecchl. BHyTpeHHss1 3HEeprust uaeaabHOro rasa. Pabora rasza
npu pacmmpenun. ['paduueckoe mpenacTaBiIeHUE — PadOTHI.
KomnuectBo  temnotel.  IlepBoe  Hawano  TepMOIUMHAMHMKH.
Tennoemkocts.  YaenbHas W MOJSpHAass  TEIIOEMKOCTH.
TemoeMKOCTh TpU TMOCTOSIHHOM JAaBICHUH U TOCTOSHHOM
oobeme. Kitaccuyeckass MOJEKYJISIpHO-KMHETUYECKas TEOpus
TEIUIOEMKOCTH HJICaIbHBIX Ta30B U €€ OrPaHUUYEHHOCTb.

Anmuabatudeckuid  mporecc.  [lomurponuyeckuid  mporecc.
[ToxazaTenb MOMUTPOIIBI ISl U30XOPHUUECKOT0, H30TEPMUYECKOTO,
n3obapuyeckoro mnporeccoB. Paborta, coBepiiaemas Ta3oM IMpu
pasnuuHbIX mporeccax [1-2].

11-12

2.3.
CTATUCTUYECKHE
PACIIPEAEJIEHUA

Crny4aitapie coObiTusA. BepostHOoCTh. CliOXKEeHUE W YMHOXCHHE
BEPOSATHOCTEH.

OyHKIMSA pacmpeneneHus BeposTHocTeil. CpenHee 3HauYeHHE
byHKIHH.

Pacripenenenrie MoJeKynl MO OJHOM KOMIIOHEHTE M IO TPeM
KOMIIOHEHTaM  ckopocTu. Pacmpenenenne MakcBemia 1o
BeJIMYMHAaM cKopocteil. Haubonee BeposTHas, cpeAHsss u
CPEIHEKBaJpaTHUUHAasE CKOPOCTH. ODKCIIEpUMEHTaJIbHAas IPOBEpKa
pacnpeneneHuss Makcpena.

Bapomerpuueckas  dopmyna. 3akoH  bompumana s
pacnpeseneHuss 4YacTUll BO BHEUIHEM IOTEHIUAIbHOM TIOJIE.
DKcreprMeHTaIbHAs MPOBEpKa pacnpenencuus boxpnmana [1-2].
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2.4. ABJIEHUA
INEPEHOCA

Bunsl mporeccoB mepeHoca: au¢¢ysus, TEIIONpPOBOAHOCTD,
BS3KOCTh. D(PPEeKTUBHBIIH

araMeTp MouieKylibl. CpesiHee YMCIIO CTOJIKHOBEHHM U CPeHSI
JUIMHA CBOOOAHOTO mpobera Mosekys. ['a3okuHeTnyeckast Teopust

10



mddy3uu, TEMIONPOBOIHOCTH, BA3KOCTH. Pa3psbkeHHbie rasbi|l-
2].

14

2.5. BTOPOE HAYAIJIO
TEPMOJINHAMUMKU

Ob6parumbie U HeoOpaTumble mpoiecchl. KpyroBbie MpoIecchl.
TermoBble aBurarenn U xonoawipHble Mamusbl, KIIZI. Bropoe
HayaJo TepMOAMHAMUKHU B popmynupoBkax KenbBuna, Knaysuyca
U ¢ noMouipto noHATHs >HTponuu. [ukn Kapro u ero KIIJ s
uaeanpHoro rasa. Teopema Kapno.

OHTpoNUsg HWJCAIBHOTO Ta3a. OHTPONMS B LUKIMYECKHX
npoueccax.  HepaBenctBo  Knaysuyca.  OHTpomuss  mpu
IIPOM3BOJIBHBIX MPOLECCAaX B 3AMKHYTBIX cUCTeMaXx. Mukpo- u
MAaKpOCKOIIMYECKOE COCTOSHMS CHUCTEMBI. TepMoauHaMuyecKast
BEpOSTHOCTH (cTaTuctuieckuit Bec). Dopmyna bonbimana.
CraTucTrueckoe TOJIKOBaHUE BTOPOro Hayasla TEPMOJAUHAMHUKH.

Tpetbe Havano TepmMoauHaMuku (Teopema Hepuera) [1-2].

15

2.6. PEAJIBHBIE I'A3bI

OTcrymiieHHe OT 3aKOHOB HACATBbHBIX Ta3oB. CHibl H
NOTEHIMATbHAST SHEPTHsT MEKMOJIEKYJISIPHOTO B3aUMOCHCTBUSI.
VpaBuenue  Ban-gep-Baanbca.  KpuTuueckue — BETWYMHBL
CpaBuenne mzorepMm Ban-nep-Baanbca ¢ KcrieprMeHTaIbHBIMU.
MeractabuibHbie cocTosiaus [ 1-2].

16

2.7. XUJKOE 1
KPUCTAJUIMYECKOE
COCTOSAHUE
BEHIECTBA

Crpykrypa xuakocted. [loBepxHocTHOE HaTsbkeHue. JlaBieHue
MOJ] U30THYTOW MOBEPXHOCTHIO JKHAKOCTH. SIBJIEHUS HA TPaHUIIES
JKUJKOCTHU U TBepaoro tena CmaunBanue. KanuispHelie siBIEeHUS.

@da3oBble MEPEXO0Jlbl MEPBOrO W BTOPOrO poja. YpaBHEHHE
Knaneiipona-Knaysuyca. ®azoBas auarpamma. HopmanbHbie u
aHoMasibHbIe BerectBa. Dddexr /xoyis-Tommcona [1-2].
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1. JIEKTPHYECTBO

1-2

1.1. TIOJIE
HEITOABMXXHBIX
3APA1OB B
BAKYVYME

OnekTpuyeckuil 3apsan. CBOHCTBA JIIEKTPUUYECKUX 3aps/IOB.
3akoH coxpaHeHus 3apsna. ToueuHsli 3apsaa. 3akoH Kyona.

DnekTpuyeckoe mnosie. HanpsskeHHOCTh 3JEKTPUYECKOTO TOJIS.
Cuna, aeiicTByromas Ha 3apsl B AJIeKTpuueckom mose. [IpuHuun
CyNEpIIO3UIMHU MOJIEH.

[Totok BekTOpa HampsbkeHHOCTH. Teopema [aycca ans BekTopa
HanpspkeHHOcTH.  OObeMHas, TMOBEPXHOCTHAsT W  JIMHEWHas
IUIOTHOCTU 3apsifioB. I[lone 3apspKeHHBIX IMIIMHAPUYECKUX U
chepuyecKkux IMOBEPXHOCTEH, IMOoJie OJHOM U ABYX IUIOCKOCTEH.
[Tone 3apsSKEHHOTO mapa. JluBepreHuus BEKTOpa
HanpspkeHHocTH. Teopema ["aycca /Ui BekTopa HapsHKEHHOCTH B
muddepennmransHoi hopme.

[MoTenuuansHoOE nomne CHIL Hupkynsauus BEKTOpa
HANPSDKEHHOCTH DJIEKTPUYECKOTro mojs. Teopema HUPKYIALHUA
BEKTOpa HANpsDKEHHOCTU. PoTop BekTopa HaIpsHKEHHOCTH.
Huddepenunanbias QGoOpMyIUpPOBKa MOTEHIMAIBLHOTO — MOJS.
[Morenuman. CBs3bp MeXAy MOTEHIUAIOM UM  BEKTOPOM
HaIPSKEHHOCTH. DKBUIIOTEHIMAJIbHbIE TOBEPXHOCTH.

DNEKTPUYECKUM JAUMONb. DJIEKTPUUYECKUH MOMEHT AMIMOJIS.
[lorenunan w mnone nunons. MoOMEHT cui, OEHCTBYIOIIMX Ha
JUIOJIb, U SHEPTHsl JUMOJIA BO BHEIIHEM JJIEKTPUUECKOM IIOJIE.
Cuta, IEHWCTBYIONIAs Ha AUTIOb B HEOMHOPOAHOM mose [1-5].

3-4

1.2. TIOJIE
HETIOABM)XHBIX
3APS/IOB B
JIUDJIEKTPUKE

I[I/IBHGKTpI/IKI/I. CTOpOHHI/Ie " CBA3aHHBIC 3apsAbl. HOJ'ISIpHBIe 151
HCIIOJISIPDHBIC MOJICKYJIBI. BHCKTpI/I‘-ICCKaH, OpPHUCHTALIMOHHAA U
HOHHAas noJiapu3ann AUSJICKTPUKOB. HOJ'DIpI/IBOBaHHOCTB.
HOHHpHSyeMOCTL MOJICKYII. Ilone B AUBJICKTPUKCE. MaKpo- n
MHKPOCKOIINYCCKOC II0JIC. I[I/IE)J'ICKTpI/ILICCKaH BOCITPUHMYNBOCTE.
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Bexkrop anexrpuueckoro cMmemenusd. Teopema ["aycca st BeKTopa
AJIEKTPUYECKOI0 cMelleHus. JluanexTpuyeckass MPOHULIAEMOCTb.
CBsi3p  MEXIy  MOJSIPU30BAaHHOCTBIO M IOBEPXHOCTHOM
IJIOTHOCTBIO CBSI3aHHBIX 3apsaoB. Teopema [aycca mist BekTopa
NOJSIPU30BAaHHOCTH B HMHTETPAIIbHOW U JuddepeHnnanbHoi
dopmax. YciaoBus BOSHUKHOBEHHSI OObEMHBIX CBS3aHHBIX 3aps/0B
B IUBJIEKTPUKE. Y CIOBUS Ha FPAHULIE pa3jiesa IByX JTUAIEKTPUKOB
U Ha I'paHMIle pa3/ieia MPOBOJHUK-THAICKTPHK [ 1-5].

1.3. [TIPOBO/IHMKU B
SJIEKTPUYECKOM
[TIOJIE

YcinoBus paBHOBECHs 3apsioB B TIpoBoaHHKE. [lone BOMM3M
MOBEPXHOCTU U BHYTPU NMPOBOJHUKA. MeTon nzoOpaxenuid. Cuna
U IUI0THOCTh Toka. Hampsokenue. 3akon Oma. ComnpoTuBieHHE
MpoBOJHUKOB. 3akoH OMma B nuddepennunanbHoi Gopme.

OneKTpoeMKOoCTb.  EMKOCTP  YEUHEHHOIO0  IPOBOJHMKA.
Konnencaropsl. EMkocts koHaeHcaTopa. POpMyibl €MKOCTH
IUIOCKOTO, c(epruueckoro M HUWIMHIPUYECKOTO KOHAEHCATOPOB.
[TapannensHoe U MocieI0BaTeIbHOE COEAMHEHNE KOHEHCATOPOB
[1-5].

6-7

1.4. DOHEPTUA
SJIEKTPUYECKOI'O
[1OJIA

[loTrenumanpHas >3Heprus 3apsia B DJIEKTPUYECKOM TIOJIE.
OHeprust cuctembl 3apsaoB. CoOCTBEHHass PHEPrus W SHEPrus
B3aUMOJCUCTBUA. OHEpPrus dJIeKTpUdeckoro mnoss. IlnoTtHocTs
SHEPTUH AEKTpUIeckoro noss [1-5].

8-16

2. MATHETHU3M

2.1. TIOJIE
I[TOCTOAHHOI'O
TOKA B BAKYYME

BzanmoneiictBue  ToxoB. MarautHoe moie — CBoiicTBa
MarHuTHOro 1mojis. MarautHas wuHaykiua. Cuia  Jlopenna.
[IpyuHIMN cynepno3uuym MarHUTHBIX MOJIEH.

3akoH buo-Casapa. Teopema I'aycca s BEeKTOpa MarHUTHOM
MHIYKIUU. J[MBepreHuuss BEKTOpa MAarHUTHOW MHIyKnuu. Ilomne
npsiMoro Toka. [lone B ieHTpe 1 Ha ocu KpyroBoro Toka. Teopema
0 LMPKYJISLMUA BEKTOpa MarHUTHOM MHAykuuu. Ilose comenomaa
urtopouaa. 3akoH Ammepa. KoHTyp ¢ TOKOM B OJHOPOJHOM M
HEOJHOPOJHOM MAarHUTHOM IIOJIE: BpallaTeJIbHbI  MOMEHT,
SHEprus, CWIa, [JEHUCTBYIOIIAas Ha KOHTYp B HEOJHOPOIHOM
MarHuTHOM moJje. Pabora npu nepemenieHd KOHTYpa ¢ TOKOM B
MarHuTHOM mose [1-5].

2.2. MATHUTHOE
I1OJIE B BELIECTBE

Marueruku. Toku DPOBOAMMOCTH M TOKM HaMarHUYCHUS
(MonexynsipHble Toku). Hamarundyennocts. Ilone B MarHeTukax.
Teopema 0  LUPKYJAIMH  BEKTOpa  HAMAarHUYEHHOCTH.
HanpspkeHHOCT MarHuTHOro mnoisid. Teopema O LMPKYJSLMH
BEKTOpPAa  HANpPSDKECHHOCTH.  MariuutHas  BOCIPUHUMYHBOCTb.
MarsuTHasi IPOHUIIAEMOCTb. Y CJIOBHSI BOBHUKHOBEHUSI 00BEMHBIX
TOKOB HAaMarHW4eHWs. YCJIOBUSA Ha TpaHULE pas3jelna IBYyX
MarHeTHUKOB.

MaruutHble  CcBOMCTBAa BewlecTBa. MarHUTOMEXaHUYECKHE
aByieHus. ['mpomarautHoe oTtHomeHue. OnbIT DHHIITEHHA U Je-
Xaaca. OnbIT bapHTTa.

MarautHble MOMEHTBI aTOMOB M MoJjeKyJ. OmnbiT Illtepna u
I'epnaxa.

Hua-, napa- u ¢eppomarneruku. IIpupona nuamarHeTusma u

napamMarae€Tu3ma. cDeppOMal"HeTI/I?»M. OcHoBHas KpHBas
HaMarom4cHMA. MarautHoe HaCBhIINICHUC. FI/ICTepe?»I/IC.
OcraTo4yHOE HaMaron4cHuc. KOBpLII/ITI/IBHaH cujia.

Marnutoctpukuus. Ilpupona deppomarnernzma. Touka Kropwu.
Antudeppomarserusm [ 1-5].
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2.3. IEPEMEHHOE
OJIEKTPOMATI'HUT-
HOE I1OJIE

SBnenune snekTpoMarHUTHOM wuHAyKuuu. Oneir  Papajes.
[IpaBuno Jlenna. 3/JAC unnykuuu. IloTokocuemnenue (MOJHBIN
MarHUTHBIN MOTOK).

SIBnenune camomnaykuuu. HMHaykruBHOCTb. MHIYKTMBHOCTH
coneHonga. OJC camouHaykuuu. BzanmMHas — uHAYKUUA.
B3anMuas uHAyKTUBHOCTB. Teopema B3aMMHOCTH.

OHepruss MarHuTtHOoro nmnousid. BzauMHas sHeprus
[InotHOCTH SHEPruu MarHUTHOI'O HOJISl.
nepeMarHnYuBanus peppoMarHeTHKa.

Buxpesoe anekrpuyeckoe nosie. Tok cmemenus. [lonHbIiA TOK.
VYpaBHenne MakcBeiuia B MHTETPaIbHON W TU(QepeHInaTbHON
dopmax.

DneKTpoMarHuTHbIE BOJIHBL. BolIHOBOE ypaBHEHHE. YpaBHEHHE
IJIOCKOM 2JIEKTPOMArHUTHOM BOJHBEL. Bektop YMoBa-IloliHTHHTA.
WMnynbe 1 Macca 371eKTpOMarHuTHOTO MOJISL.

TOKOB.
PabGora

11 2.4. OJIEKTPUUECKUE| CpoOomubie  koNeOaHWs B KOHType 0e3  aKTHBHOIO
KOJIEBAHUA CONPOTHUBIICHHUSL. CBoboaHbIE 3aTyxarolue Kosie0aHusl.
Jlorapudmuueckuit  nekpeMeHT — 3aryxanus.  JloOpOTHOCTH
KOHTYpa. BrinyxaeHHbIC AIIEKTPUYECKHE Kosie0aHusl.

Pe3oHaHCHBIE KPUBBIE JIJISI HAPSDKEHUS U CHJIBI TOKa [1-5].

12 2.5. IEPEMEHHbBIN KBazucranmonapusie Toku. [lepeMeHHBIN TOK, TeKyIIuil uepes

TOK WHIYKTUBHOCTh. MHAykTMBHOE conporusiieHue. IlepeMeHHbIN
TOK, TeKYIIUHA 4epe3 eMKOCTb. EMKOCTHOe conporuBieHue. Llens
MIEPEMEHHOI0 TOKa, COJepiallas €MKOCTb, WHAYKTUBHOCTh H
AKTUBHOE COIPOTUBJICHHE.
MomHocTh, BbIAENSEMAs B LEOM MEPEMEHHOrO  TOKA.
JleiicTByOIIME 3HAYCHHSI HAPSDKCHUS U CHJIBI TOKa [ 1-5].

13-14 |2.6. ABUWKEHUE OTKIIOHEHNE 3apsDKCHHBIX YaCTHI[ DJIEKTPUUYECKUM  TIOJIEM.
3APSKEHHBIX OTKJIOHEHUE 3apsHKEHHBIX YACTHUI] MAarHUTHBIM TosieM. JIBHKeHHE
YACTUIL B 3apsDKEHHOM  YacTUIbl B OAHOPOJHOM  MArHUTHOM  TIOJIE.
DJIEKTPUYECKUX 1 | Y aenbHbIN 3apsia.

MATHUTHBIX Onpenenenue yaenpbHoro 3apsaa sektpoHa. OmbeiTt Tomcona.
[MOJIAX OnbiT byma. Onpenenenue 3apsiaa saekrpona. OnbiT MusuirkeHa.
OnemeHTapHbld 3apsan. OnpeneneHue 3apsaoB HOHOB. Meton
napa6on Tomcona. Macc-cniekrorpad ActoHa.
Yckoputenu 3apsbkeHHBIX yacTull. ['eHeparop Ban-ge-I'paada.
beratpon. [{ukioTpoH.
dazorpon [1-5].

15 2.7. OJIEKTPUYECKUMN| Hocurenu 3apsia B MeTauiax.  Mojaenb  CBOOOJHBIX
TOK B METAJIJTAX 1 |anekTpoHoB. IloHsITHE O KIACCHYECKOM AJIEKTPOHHOW TEOpUHU
IIOJIYIIPOBO/JHU- METAJUIOB. PacxoxkaeHue MexXAy BbIBOJAMHM  KJIACCUYECKOU
KAX 9JIEKTPOHHON TEOPHHU M ONBITHBIMH (hakTamu [1-5].

16 2.8.2JIEKTPUUYECKHWH | HecaMoCTOSTENbHBI ¥ CAMOCTOSTEIBHBIH Ta30BBIA Pa3psiibl.
TOK BT A3AX Honunzamus u pekomOunanus. HecamocTtositenbapiid pa3psia. Tok

HaceleHus. Tuerommii paspsa. [dyroson paspsa. Mckposoit u
KOPOHHBIHN pa3psiysl [1-5].

1-6 |1. OITHKA

1-2 |1.1 I'maBHble sTanbl pa3BuTHs  (usnueckux Tteopuil. CBeroBas
NHTEPOEPEHIINA BosiHa. CBertoBoil BekTop. Ilokasatens mnpenomsieHus. 3aKOHBI
CBETA F€OMETPUYECKON oNTUKH. Onrtudeckas UIMHA NyTH. [IpuHIUN

®epma. Dopmyna TOHKOW JMH3bL. VIHTEHCHBHOCTB CBeTa.
EcrecTBeHHBIN U MTOJISIPU30BAHHBIN CBET.
WnTepdepenus. [IpuHiun I'tolirexca. SIBneHue
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UHTEpEepeHITNH KOT€PEHTHBIX BOJIH. Hupuna
UHTEPPEPEHIIMOHHBIX IOJIOC W PACCTOSHUE MEXAYy HHMHU.
KorepentHocth. CriocoObl HAOMIOACHUS WHTEPPEPEHIIMU CBETA.
3epkana ®penensa. bunpusma @penens. WntepdepeHuns mnpu
OTPAXXEHUHU OT TOHKUX IUIEHOK. [l0JIOChI paBHOM TOJNIIMHBI U
paBHoOro HaksioHa. IHTepdepomerp Maiikenbcona [1-2].

3-4  |1.2. AUOPAKIUA [punnun TIroiirenca-@penens. Audpaknus  Dpenens u
CBETA madpakus  Opaynrodepa.
3onbl Openens. Audpaxuus OpeHens OT KPyriioro OTBEPCTHS U
Kpyrioro okpana. [udpakmus @Dpaynrodepa or  mienu.
MmuoromnydeBas unTepdepenius. [udpakinuonHas —pemierka.
Hucnepcust u pazpemiaromias cuja IU(PAKIHOHHON PEHIETKH.
Judpakuust peHTreHoBckux Jsyueid. @opmyna bparros-Bynbda.
[MousiTre o ronorpaduu [1-2].

5 1.3. IIOJIAPU3ALIA [Monspuzaropel. 3akon Mamtoca. CreneHp MOJSIPU3AIUU.

CBETA [Monsipuzanust mpu OTpaKEHUM U NperoMiieHud. 3akoH bprocrepa.
[Monspuzanust mpu ABOMHOM JyuernpenomiaeHund. OObIKHOBEHHBIN
U HEOOBIKHOBEHHBIN Jyuu. BpalieHue MmiocKoCTH MOJspU3alii.
Dddexr Keppa [1-2].

6 1.4. Mucnepcus cera. 'pynnoBasi CKOpOCTb. DJIEMEHTAapHAs TEOPUS
B3AUMO/JIEMCTBHUE |mucmepcnn. Iornomenue cera. 3akoH byrepa. Paccesinue cBera.
OJIEKTPOMAI'HUT- |3akon Poames. MomnekynspHoe paccessHue cBeta. IOddexr
HBIX BOJIH C BasunoBa-Uepenkosa [1-2].

BEIHIECTBOM

7-16 |2. KBAHTOBAS
OU3ZUKA

7 2.1. TEIIVIOBOE 3akoH Kupxroda. PaBHOBecHass IUIOTHOCTh SHEPTHH
N3JIYUEHUE. m3nydenusi. @opmyna [lnanka.

KOPITYCKVJIAPHBIE 3akon Credana-bompnmana. KopmyckymnsipHbie  CBOMCTBa
CBOMCTBA manydeHus. Doroddpdexr. Onwvir bore. DotoHbl. DddekT
N3JIYYEHUA Komnrona [3-5].

8 2.2. OJJJEMEHTAPHAS | 3akoHoMepHOCTH B  aTOMHBIX crnekrpax. CHeKTpalibHbIe
BOPOBCKAS TEOPUA [cepuu BOIOPOAHOTO aToMa.

ATOMA BOJIOPOJJA Cnekrpanbabie  Tepmbl. @Dopmyna bansmepa. OnbiTel 1O
paccessnuto  X-nmydeil. SAnepnas wmoxaens aroma. dopmyna
Pesepdopna. Omeir  ®Dpanka-I'epua.  Ilocrymaret  Bopa.
DjeMenTapHas OOpOBCKast TEOpHst aToMa Bojopoza [3-5].

9 2.3. BOJIHOBBIE l'unore3a ne bpoilsiss. DkcriepuMeHTaIbHOE J10KA3aTeNIbCTBO
CBOMCTBA BOJIHOBBIX CBOMCTB MUKpouacTull. OnbIT /[3Buccona u xepmepa.
MUKPOYACTHUILL Hudpakuus  snextpoHoB. OmbiT  bubepmana, CymkuHa

®abpukanta. KopmyckynsipHo-BoiaHoBoH ayanu3M. COOTHOIICHHE
HeonpeaeneHHocTel [3-5].

10 2.4. DJIEMEHTHBI Ilnockas Bomna pae bpoitna.  BonHoBas byHKIHS.
KBAHTOBOM CratucTuueckuil xapakTep KBAaHTOBOW MexaHUKU. CBeleHHs U3
MEXAHUWKHN TEOpPUM OIEpaTopoB. SIBHBIM BHUJ OINEPATOPOB  BAKHEUILINX

JTUHAMUAYECKHUX MIEPEMEHHBIX. [IpuHumn Q%150 1(0k3%1002071
cocrossHuil. IlocTynaTel KBaHTOBOM MeEXaHUKH. Brruncienue
CpemHero 3HayeHHs (U3NYECKOW BENWYHHBI. BBIpOXICHHBIC
COCTOSIHUS. YCIIOBUS, HPU KOTOPBIX HECKOJIbKO (PU3NYECKUX
BEJIMYMH MOTYT HUMETh ONpPEAEJCHHbIE 3HAYEHUS B OJHOM
cocrosiHuu [3-5].

11 2.5. YPABHEHUME [In0THOCTH BEPOSTHOCTM M IJIOTHOCTH TOKA BEPOSTHOCTH.

HIPEAVHI'EPA

Yactuna B 6€CKOHEUHO TITyOOKOH OJHOMEPHOH IMOTEHIHAIbHOU
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same. [IpoxokaeHue dYacTull 4Yepe3 NOTCHIUAIBHBINA Oapbep.
TyHHenupoBaHue. KBanToBomMexaHnuueckoe 00BsICHEHHE
XOJIOAHOW (TI0JIEBOM M aBTORJIEKTPOHHOI) SMUCCHU, OL-pacIiajia.
Ckanupyommit TYHHEJIbHBIN MHKPOCKOIL. KBanTOBBII
rapMOHHYECKHUN OCIIsiTOp [3-5].

12 2.6. ATOM KBanToBo-mexannieckoe OTHMCaHue BOJIOpOAA u
BOIOPOJA U BOJIOPOJIONIOO0HBIX aTOMOB. KBaHTOBBIE YMCIIA AJIEKTPOHA B
BOOPOAOIIOAOBH |atome. Cxema ypoBHeW. BO3HMKHOBEHHME CHEKTpPaIbHBIX CEPHIl.
bIE ATOMBI. ATOMBI |Toku B atomax. MarHUTHBIM MOMEHT aToMa.

HIEJIOUHBbIX ATOMBI  IEIOYHBIX 31eMEHTOB. (OCHOBHBIE  PE3YJbTaThl
OJIEMEHTOB KBaHTOBOW MEXAaHHMKH IS MIEIOYHBIX 31eMeHTOB. CrieKTpaabHbIe
3aKkoHOMepHOCTH [3-5].

13 2.7. CIIMH MoMeHT wHMIyJbca 4YacTUIbl B  KBAaHTOBOM MEXaHHKE.
OJIEKTPOHA. A3uMyTaibHOE WM OpOUTanbHOE KBaHTOBOE 4ucio. CroxeHue
MHOT'O2JIEKTPOH- |momenToB. Ilonsitue o crimue. [lonHbI MEXaHUYECKUNH MOMEHT.
HBIE ATOMBI Cesi3p Paccena-Caynpepca; j-j-cBsi3b. BekTopHast Mojenab aToma.

MarnuTHble MOMEHTBI MHOT'O3JIEKTPOHHBIX aTOMOB. MHOXHTEIH
Jlanne.

CrexTpsl MIENOYHBIX dJeMeHTOB. [lyOnmeTHas cTpykTypa
IEJI0YHBIX 1eMeHToB. CHMBOJIBI TEpMOB [3-5].

14 2.8. ATOM B Omnpiter  Iltepa-I'epnaxa. Dddexr 3eemana. Pacmennenue
MATHUTHOM IIOJIE |nuHMI B MArHUTHOM MOJIE.

KBanToBo-mexannyeckoe 000CHOBaHUE MEPUOANYECKOI
cucrembl anemeHTtoB J[.M. Menneneea. Ilpunuun Ilaymnm.
Pacnipenenenne 31exkTpoHOB 1O oOojoukaM. IlepuoanuHoCTb
CBOMCTB 311eMeHTOB. [IpaBuno XyHaa.

XapakTepucTuyeckoe PEHTT€HOBCKOE U3ITy4eHue.
PentrenoBckue cnekTtpbl. 3akoH Mo3znu. [lorjomenue wu
uzaydenue [3-5].

15 2.9. OJIEMEHTbBI Kpucrammueckoe  coctossHue.  THIBI  KPUCTALTUYECKUX
OU3UKU TBEPHAOI'O |pemeTok. TenmoeMKOCTh KpUCTAUIa W €€ 3aBUCUMOCTh OT
TEJIA temriepatypbl. Teopus [lebas. 3akon [romonra u [1tu.

[Tornomenue, CHOHTAaHHOE M BBIHYXACHHOE U3IyYCHUE.
PaBHoBecHoe wusnmydenue. Jlazep (Ha mpuMepe TpPEeXypOBHEBOH
cucrteMbl). AKTHBHAs cpeaa. Pesonarop [3-5].

16 2.10. KBAHTOBAA [InoTHOCTE  2HEpreTHdYecKUx cocTossHUM. Pacmpenenenwue
TEOPUA ®epmu-/upaka. dueprust Gepmu. [loBepxHocts Depmu.
CBOBOJIHbIX DHepreTuyecKue 30HBI B KpHCTasIax. Meransl,
SJIEKTPOHOB B IIOJIYTIPOBOJIHUKH, TUDJIEKTPUKH.

METAJUIE DJIEKTPONPOBOAHOCTh METAJUIOB W IOJYNPOBOJHUKOB
(cobctBennass u npumecHas). Ddpdexr Xosmma. Pabora BbIxOAa.
DNeKTpOHHAsT SMHUCCUS M3 MeTaia. [epMOdJIeKTpUUYECKUe
SBICHUSA:  TepMoaMHccus, TepMmodiac, dhdexr  I[lembThe.
[TonynpoBOAHUKOBBIE AUOABI U TPAH3UCTOPHI.

CBepXInpoBOAUMOCTb. MarHuTHBIE CBOMCTBA CBEPXITPOBOJIHHKA
(>odpdext MeiicuHepa). Db dexr Jxo3edcona.
BbicokoTeMITepaTypHas CBEpXIpOBOAUMOCTD [3-5].

16 2.11. DU3UKA AtomHoe sAnpo. CocTaB M XapaKTEpUCTHKAa aTOMHOIO sjpa.
ATOMHOI'O AJIPA 1 |Macca u 3Heprus cBsi3u sapa.

OJIEMEHTAPHBIX Mopenu atroMHOro sapa. SlnepHsie cuiibl. PaguoakTUBHOCTS.
YACTUL] Snepneie peakuuu. Jlenenue sanep. TepmosaepHble peakuH.

9HeMeHTapHLIe YacTUlbl. Buabl B3aUMOJSHCTBUM M KIIACCHI
OJICMCHTAPHBIX YaCTHII. MeTopl perucTpanu  3JCMCHTAPHBIX
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yactull. Kocmumueckue gyun. Yactuubl W aHTUYACTHULIBL
W3oronuueckuit cnuH. CrpanHHbele 4Yactuubl. Hecoxpanenue
YETHOCTH B CJIa0BIX B3ammoJeiicTBusix. Heirpuno. Cucremaruka
JIEMEHTAapHbIX YacTull. KBapku.

DBosironusl BeeaeHHOM 1 MPOUCXO0XKICHUE JIEMEHTOB.

Hpakmuqecme/cemunapcxue 3AHAMUA

Hene HaumenoBanue Copepxanue
JIA pasaeJia /TeMbl
AUCHUTLIUHBI
1-12 |1. PUBUYECKHUE
OCHOBBI
MEXAHUKHN
1-2  |1.1.Kunemaruka dusznyeckue MOJENHM: MarepuajgbHas ToO4yka, aOCONIOTHO

MaTepUaTbHON TOUKH

TBEPAOC TEJIO. HOCTyrIaTeJ'II)HOe " BpaliaTCJIbHOC IBHUKCHUC. Temno

orcyera. CucremMa KOOpIWHAT: JEKApTOBA, IMIIMHAPHYECKAs
(monspHas), chepudeckasi, €CTECTBEHHAs.

OcCHOBHBIE  XapaKTEPUCTHUKU  JBUKEHHS:  PaauyC-BEKTOD,
TpaekTopusi, nepeMenieHne, MnyTb. CpenHssi W MIHOBEHHAas

CKOPOCTH, CpEHEE 1 MTHOBEHHOE YCKOPEHHUS.

CriocoObl  3aaHUsl JIB)KEHUS: BEKTOPHBIM, KOOPAMHATHBIMH,
ectecTBeHHbIH. [Ipsimas u oOpaTHas 3agauyd KUHEMATHKU.
[Ipoeknuy CKOpOCTH M YCKOPEHHS B JEKAPTOBOM U €CTECTBEHHOM
CHUCTEMax KOOpJAMHAT. BpluncieHHWe NyTH INpU HEPaBHOMEPHOM
nBrkeHu [ 1-4].

3-4

1.2. lunamuka
MaTepuaabHON TOUKU

Cuna. CoiictBa cui. [IpaBuiia mojacuera cui, I€UCTBYIOINX HA
TEI0, B ToOJe CWl TsoKecTH 3emud. WMmysabc  (KOJIMYECTBO
IBIDKEHMs) Tena. Bropoii 3akon HeroToHa. YpaBHEHUST ABMKEHUS
B Pa3IMYHBIX CHCTeMax KoopauHart. [Ipsimas u oOpaTHas 3amayu
nuHamuku. Tpetuit 3akoH HproToHa.

[IpuHMn ~ oTHOcUTeNnbHOCTH  ['anmumes.
[Nanmunes. VuBapwanTel mnpeoOpazoBanuii ["ammmes.
CJIO’KEHHUS CKOPOCTEH.

Busl B3anmoeiicteuii. dyHmameHTanbHbie Cuitbl [ 1-4].

[TpeoGpazoBanus
[IpaBuiio

1.3.3akoH coxpaHeHHs
UMITYJIbCa

BuyTpeHHue W BHEIIHHWE CHJIbl. 3aMKHYTash CUCTEMa. 3aKOH
U3MEHEHUs HUMITylibca B JudepeHInaTbHOM U HUHTErpaibHON
dopmax. UmMmnynbe cuibl. 3aKOH COXpaHEHUS UMITYJIbCa.

Lentp macc. Teopema o nBm>xeHuH LieHTpa Mace. L{-cucrema.

JIBm>keHue Ten ¢ TNEepeMEHHOM  Maccoil.  YpaBHEHHE
Memepckoro [1- 4].

1.4.3akoH coxpaHeHus
SHEPTUU

DOnemeHTapHasi pabota cuibl. Pabota cuibl BIOJIb TPACKTOPHH.
I'padmueckoe mpeacraBieHue padOThl. MTHOBEHHAass U CPEAHSS
MoOIIHOCTh. KuHeTnueckass sHeprus. Teopema 00 H3MEHEHUU
KUHETUYECKOU SHEPTHUH.

KoncepsatuBubie cuibl. [lone cun. [loTeHumanbHas sHeEprus.
[loreHunanpHass »SHEpPrus TMOJS CHJI  TSKECTH, YIPYTOCTH,
HEHTpalbHBIX CHUiI. CBS3b MNOTEHUHUATBHOW HSHEPIUM M CHIIBL.
[TonHas MexaHWuYecKas SHEPTUS CUCTEMBI.

3aKOHbl M3MEHEHUsI M COXPAHEHMS IMOJTHOW MEXaHUYEeCKOU
sHepruu. CobOcTBeHHas »dHeprus. KoHcepBaTHBHas cucTeMa.
BHyTpeHHss1 MexaHuuecKasi JHEPTUsi CUCTEMBI.

VYcnoBue paBHOBeCHs] MeXaHUYECKOM cucteMbl. [loTeHmanbHas

siMa ¥ TOTEHIIMATBHBINA Oapbep.
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Nmnynsc u sHeprus B Il-cucreme.
AOCOTIOTHO  ympyruié W abCOJIOTHO
LlenTpanbhsiii yaap [1-4].

IIpuBeneHHas macca.
HEyNpYruil  yJapsl.

7 1.5.3akoH coxpaHeHus MoMeHTBl uMIyJIbCa W CHJIBI OTHOCUTEIBHO TOYKHU. Iliedo.
MOMEHTA UMITYJIbCa I[Tapa cmi.  MOMEHTBI  OTHOCUTEIBHO  OCH.  MOMEHTBI
BEPTUKAJIbHOW, PAIMAIBHON W TAHTECHIMAJIBbHOM COCTABJISIOIINX
CWJIBI OTHOCHUTEIBHO OCH. MOMEHTBl CHUCTEMBI TeJl. 3aKOHBI
U3MEHEHHUS W COXpPaHEHHsS MOMEHTa HMIIYJIbCA CUCTEMBI.

CoOcTBEHHBIIT MOMEHT UMITYJIbCA.
JIBukeHne B LEHTpaJbHOM TMoje Ccuil. 3akoHbl Kermepa.

Kocmuueckue ckopoctu[1-4].

8 1.6.Henneprmanbabie Cunel  uHepuuu. IlenTpobexknas cuna wuHepuuu. Cuia

CHUCTEMBI Kopuonuca.  VYpaBHenne BTOporo 3akoHa HproToHa B
HEUHEPLHATbHBIX CUCTEMaXx. 3aKoH COXpaHEHUs B
HEUHEPLHATbHBIX CHUCTEMaX. 3aBUCUMOCTh YCKOpEHUs
CBOOOIHOTO MAJICHUs OT IUPOTHI MeCTHOCTH [1-4].

9-10 |1.7.Bpamienue TBepaoro | BekTop anmeMeHTapHOrO MmoBopoTa. MrHOBEHHAss W CpemHssS
TeJa BOKPYT yIJI0Basi CKOPOCTh. MTHOBEHHOE M CpEJIHEE YIJIOBOE YCKOpPEHHE.
HETIOJBUXKHOMN OCH CBs3p  MEXIy JIMHEWHBIMH M YIJIOBBIMH CKOPOCTSMH M

yckopeHusiMu [1-4].

11-12 |1.8.Il;mockoe qBUXKECHHE PaznoxeHnue NBHKEHUS TBEPJOTO Tela HA MOCTYMATEIbHOE M

TBEPAOrO Tena BpaljaTeNbHOEe. MrHOBEHHass OCh  BpAalllEHHA. Y PaBHEHMS
JIBUKEHHUS] TBEPJOro Tejda U WX BHUJA JUIS MJIOCKOTO JBU)KEHMS.
PesynpTupyromass W paBHOJAEHCTBYIOIIAS  CHJIBL. Y CIIOBHS
paBHOBecusl TBepjaoro Tena. KuHeTuueckas sHEprus TBEPIOTO
TEJIa TP TIOCKOM JBIKeHuH [ 1-4].

13-16 |2. CHELIUAJIbHAS
TEOPUAOTHOCHUTE
Jb-HOCTHU

13-16 |2.1. DnemeHTHI Kunematnueckue  a¢dexkrsl  mpeoOpaszoBanuii  JlopeHia.
CIIeIMaIbHON TEOPHUH Co6ctBennas  gnuHa.  CoOctBeHHoe  Bpems.  MHTepsai.
OTHOCHUTEIILHOCTH WNHBapuaHTHOCTH WHTEpBAaJIa. Bpemenunono6Hsie,

IPOCTPAHCTBEHHO-TIO00HBIE HHTEPBAJIbI.

dopmyiel mpeodpaszoBanus ckopocteii [ 1-4].

PenaruBuctckuit  uMmynec.  PensTUBHCTCKOE — ypaBHEHUE
JIBUKEHHS. CBSA3b CHIbI U YCKOPEHMS ISl PEISTUBUCTCKOrO Tea.
PenatuBucTckass sSHeprusi: KUHETHYECKas, TMOJHas. OHeprus
nokost. [IpeoOpa3oBanust uMIynbca W HHEprud. YacTuipl ¢
HYyJIeBOH Maccoii [1-4].

1-8 |1. KOJIEBAHUS U
BOJIHbBI

1-2 1.1. KUHEMATHUKA Konebatenbubie nBukeHusi. (CoOOCTBEHHbBIE, BBIHYXICHHbBIE
IF'APMOHMYECKHNX |mapamerpuyeckue KoseOaHus. ABTokoyieOaHus. ['apMoHUYEecKue
KOJIEBAHUN KosnebaHus. AMIUIMTYAa, 4acTora, (asza, mepuoa KoJeOaHUM.

Omnpenenenre aMIUIMTYAbI U (Pa3bl rapMOHUYECKUX KoJleOaHU U3
HAa4yaJIbHBIX  YCIJIOBUH. [IpencraBineHne  rapMOHHUYECKOTO
KOJIEOaHUS C TOMOIIBIO BEKTOPHOM JHarpaMMBbl.

Crnoxenue KoieGaHMH  OJHOTO  HampaBieHUs. buenHwus.
CrnoxeHue B3aUMHO NEPIEHAUKYJIAPHBIX KojeOaHui. Durypsl
Jluccaxy.

3 1.2. IJMHAMUKA INapmonmnueckuii ocummarop. KBasuynpyras cuna. YpaBHeHue

I'APMOHMYECKHNX
KOJIEBAHNU

Manbie kojaeOaHUS CHUCTEMBI
9Hepm;1 TapMOHHUYCCKOT'O

TapMOHHUYCCKOIro OCHUIIIATOpPA.
OKOJIO TIOJIOXKCHHUS PaBHOBCCHAIL.
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ocumisiTopa. MaremMaTHueckuil 1 GU3NYECKU MaSTHUKH.

1.3.CBOBO/IHBIE
3ATVXAIOIIME
KOJIEBAHUS

VYpaBHEeHHE  COOCTBEHHBIX  3aTyXalOUIMX T'apMOHUYECKUX
KonebaHuii, ero pemeHue. ANEPHUOJUYECKOE  JIBHKCHHE.
XapaKkTEepUCTUKU 3aTyXaloUIer0 TapMOHUYECKOTO OCIHIUIATOPA!
aMIUIMTY A, IIepUos, Ko urment 3aTyXaHus,
JOrapu(PMHUUECKUI JEKPEMEHT 3aTyXaHHs, BpEMs peJaKcaluu.
Jlo6potHocTs [1-2].

1.4. BbIHY X XKJIEHHBIE
KOJIEBAHUA

VpaBHEeHHE  BBIHYXKICHHBIX  KOJEOAHWI, €ro peuieHue.
[lepexonubiii mpomecc. AMIUMTYAa W HadaiabHas  ¢asza
BBIHY)KJICHHBIX KoJieOaHui. SIBeHne pe3oHaHca. AMIUIUTYTHBIE U
¢a3oBbie  pe3oHaHCHBIE KpuBBIe. CBsi3b  JOOPOTHOCTH €
napameTpamu pe30HaHCHOM KpuBoii [1-2].

1.5.PACITPOCTPAHEH
HWE BOJIH B YIIPYTOU
CPEJIE

BousHOoBO# nporecc. YpaBHeHue TTOCKOM BOJIHBI,
pacipoCTpaHSIOLIEHCS BIOJIb OCH X.XapaKTEpUCTHUKU BOJHOBOTO
mpolecca: JJuHa BOJIHBI, (pa3oBasi CKOPOCTb, BOJIHOBOE YMHCIIO,
BOJIHOBOIl BekTop. ['padmueckoe mpencTaBiIeHHE BOJIHOBOIO
nporecca. YpaBHEHHE IIJIOCKOM BOJIHBI, pacCpOCTPaHSIOMIECHUCS B
IPOM3BOJILHOM HAIPABJICHUH.

Crosiuas BostHa. KoopauHaThl y3/10B M IMy4YHOCTEH. Y paBHEHMS
Y TpPaHUYHBIE YCIOBHUS /Ul BOJIH B CTPyHaX U TpyOax.

BonnoBoe ypaBHeHme. da3oBasi CKOPOCTb BOJH B Pa3jIWYHBIX
cpenax [1-2].

9-16

2.MOJIEKYJISIPHASA
PU3UKA U
TEPMO/JMHAMUKA

9-11

2.1.0CHOBHBIE
[TOHSITUS U 3AKOHBI
MOJIEKVJISIPHON
®U3UKU

Mogaens uacaabHOTO raza. JIMHaAMUYeCKUM M CTaTUCTHYCCKHUU
Metoapl. OCHOBHOE ypaBHEHHE MOJIEKYJISIPHO-KHHETHYECKOM
TEOPHH  HJCATbHBIX Ta30B JJIs  JIaBJICHUsA.  YpaBHEHUE
Knaneitpona-Meneneena.

Yucno crenmeHedr CcBOOOABL. 3aKOH paBHOPACTIPEICICHUS
SHEPTHH T10 CTEMEHAM CBOOOIBI MOJIEKYJI. CpemHssi KHHETHYEeCKas
SHEPIHs MOCTYMATEIBHOrO ABMKEHUS MoeKy [1-2].

12-14

2.2.IIEPBOE HAYAJIO
TEPMOJINHAMMUMKHA

PaBHOBeCHOE 1 HEPaBHOBECHOE COCTOSIHUS ra3a. PaBHOBeCHbIE U
HEPAaBHOBECHbIE MpOILeCcChl. BHYTpeHHsSST 3HEpPrus uJEalIbHOIO
raza. Pabora raza mnpu  pacmupenuu. ['paduueckoe
npenctaBienue padorel. KomuuectBo temorel. IlepBoe Hauaio
TepMOAUHAMHUKHU. TemnoeMKocTb. YjaenbHas U MOJISpHAs
TEIUIOEMKOCTH. TerI0eMKOCTh MpU MOCTOSHHOM JIaBJICHUH H
nocTosiHHOM oObeMe. Kimaccuueckass MOJEKyIIpHO-KMHETUYECKas
TEOpHs TEIUIOEMKOCTH UJICANIbHBIX Ta30B U €€ OTPAaHUYEHHOCTb.

Ammnabatuueckuii  mpouecc. [lomurponuyeckuit  mpoiuecc.
[Tokazarenb MOAUTPOIBI AJIST H30XOPUUYECKOT0, U30TEPMUYECKOTO,
n3o0apuveckoro mporeccoB. Paborta, coBepiiaeMas Ta3oM Mpu
pa3InyHbIX nporeccax [1-2].

15-16

2.3.BTOPOE HAYAJIO
TEPMOJINHAMMUMKHA

OO6patumble U HeoOpaTUMBbIe Tpolecchl. Kpyrosbeie mpoiiecchl.
TennoBeie nBuratenu u xojoauibHble Mamubbl, KIIJ[. Bropoe
Hayvajo TepMoauHamMuku B opmynupoBkax Kenbsuna, Knaysuyca
U ¢ noMoulsto nouatus 3HTponuu. Hukn Kapuo u ero KIIJ ans
uaeanbHoro rasa. Teopema Kapho.

OHTpoONUsl HJEATBHOTO Ta3a. OHTPONUS B LHUKIMYECKUX
npoueccax.  HepaBenctBo — Knaysmyca.  DHTpomuss — mpu
MPOU3BOJIBHBIX MPOLECCaX B 3aMKHYTBIX cHCTeMax. MHKpo- u
MAKPOCKOIIMYECKOE COCTOSIHHUSI CHUCTEMBI. TepMOAMHaAMHYECKas
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BEpOSATHOCTH (cTaTtuctuueckuit Bec). Dopmyna bosbimana.
CratucTuueckoe TOJIKOBAaHME BTOPOr0 Hadaja TEPMOIUHAMUKH.
[1-2].

1-7

1.9JIEKTPUYECTBO

1-2

1.1.TIOJIE
HEMOJABMKHBIX
3APSIJIOB B
BAKYYME

Onexrpuueckuil 3apsn. CBoMCTBa 3IEKTPUYECKUX 3apSAI0B.
3akoH coxpaHeHus 3apsa. Toueunslii 3apsj. 3akod Kymona.

Onexrpuueckoe mnoje. HanpsKeHHOCTh AJIEKTPUUECKOIO IOJIA.
Cuna, neficTByoIIasl Ha 3apsj] B AyieKTpuueckoM nose. [Tpunnun
CyNEpIIO3UIMH TOJIEH.

ITorok BekTopa HampskeHHOCTH. Teopema ["aycca st BeKTopa
HanpspkeHHOCTH. OObeMHas, IOBEpPXHOCTHAsT W  JIMHEWHas
IJIOTHOCTU 3apsaAnoB. [lome 3apspKeHHBIX IWIMHAPUYECKUX U
chepudecKkux MOBEPXHOCTEH, MOJIe OJHOW W JBYX IIJIOCKOCTEH.
[Tone 3apsSKEHHOTO miapa. JluBeprenuus BEKTOpa
HanpsbkeHHOCTH. Teopema ["aycca juist BeKTOpa HaNpsH>KEHHOCTH B
g epeHnnanbHon popme.

[NoTenunansHoOE nosue CHIL. Hupkymnsiust BEKTOpa
HaIpPSKEHHOCTH DJIEKTPUYECKOTO ToJisA. TeopeMa IUPKYISIIUN
BEKTOpa HampsHKEHHOCTH. PoOTOp BekTopa HampsHKEHHOCTH.
Huddepenunanbias  QGopMyJIUpOBKa IMOTEHIMATBLHOTO — MOJS.
[Torenmman. CBs3p  MeXJQy NOTEHUHMAJIOM U BEKTOPOM
HaIpPsHKEHHOCTH. DKBUTIOTEHITMATBHBIE TTOBEPXHOCTH.

OJIEKTPUYECKUN JIUMOJIb. ODJEKTPUYECKUA MOMEHT JUIOJIS.
[Torennman w nosie aumnosis. MOMEHT Cwil, JOEUCTBYIOIIMX Ha
JUTIONTb, W DHEPTHS JUIOJISI BO BHEIIHEM JJIEKTPUUECKOM IIOJIC.
Cuta, AefiCTBYIOIIAs Ha AUTIOIb B HEOTHOPOAHOM mose [1-5].

3-4

1.2.T10JIE
HEITOABMXXHBIX
3APA1OB B
JUDJIEKTPUKE

Huanexktpuku. CTOpOHHUE W CBA3aHHbIC 3apsiabl. [lonsipHbie n
HENOJSIPHBbIE MOJIEKYJIbl. JEeKTpuYecKas, OpHUEHTAI[MOHHAs U
MOHHAs  MOJSpU3alMM  AUAIEKTPUKOB.  [lonsapu30BaHHOCTS.
[Tonspuzyemocts Monekyn. Ilome B ausnexkrpuke. Makpo- u
MUKpOCKONU4Yeckoe mosne. JudnexTpuueckas BOCHPUUMYUBOCTb.
BexTtop anexrpuueckoro cmemenus. Teopema ["aycca ans Bekropa
ANEKTPUYECKOro cMmelleHus. JludnexTpuueckas MPOHUIIAEMOCTb.
CBsi3b  MEXIy  MOJSPU30BAHHOCTBIO M TOBEPXHOCTHOM
IUIOTHOCTBIO CBsI3aHHBIX 3apsiioB. Teopema ["aycca mist BekTopa
MOJIIPU30BAaHHOCTH B HMHTETpaibHOM U AuddepeHunanbHOn
dopmax. YciaoBHs BOSHUKHOBEHHSI OObEMHBIX CBSI3aHHBIX 3apPsiIOB
B IMDJIEKTPHUKE. Y CIOBHS Ha FPaHULIC pa3jiesa IByX JTUAIEKTPUKOB
Y Ha TPaHUIle pa3jiesia NPOBOAHUK-IUIEKTPHK [ 1-5].

5-6

1.3.ITPOBOAHUKU B
SJIEKTPUYECKOM
ITIOJIE

YcnoBusi paBHOBecHs 3apsaoB B TpoBogHuKe. [lone BONMM3H
MOBEPXHOCTU U BHYTPU MPOBOJIHUKA. MeTon n3zobpaxkenuii. Cuna
U IUIOTHOCTh Toka. Hampsikenue. 3akon Owma. CompoTHBIEHHE
npoBOAHMUKOB. 3akoH OMa B auddepeHiuanbHon popme.

DJEKTPOEMKOCTh.  EMKOCTh ~ YEJMHEHHOTO  NPOBOJHHKA.
Kongencaropel. EmkocTe koHaeHcatopa. DopMylbl €MKOCTH
IUIOCKOTO, c(epruieckoro M HWIMHIPUYECKOTO KOHAEHCATOPOB.

HapanneJILHoe U MMOCJICAOBATCIIBHOC COCAUHCHUC KOHACHCATOPOB
[1-5].

1.2.9HEPTUA
SJIEKTPUYECKOI'O
[1O0JIA

[loTrenumaneHas dSHeprus 3apsAa B DIIEKTPUYECKOM IIOJIE.
OHeprust cuctemsl 3apsiioB. CoOCTBEHHas PHEPrusi U SHEPrus
B3aMMOJCHCTBUA. DHEprus »sjaeKkTpudeckoro mnoiusd. IlnotHocts
SHEPTUH AEKTpUIecKoro noss [ 1-5].

8-16

2.MAT'HETHU3M
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8-10

2.1.TI0JIE
[NHOCTOAHHOI'O
TOKA B BAKYYME

none  CBoiicTBa
Cuna Jlopenna.

B3anmonencrteue  TOKOB.  MarHutHOE
MarHUTHOTO ImoJyids. Mar"uutHas WHIyKIUs.
[IpyuHIMN cyneprno3uuuyu MarHUTHBIX ITOJIEH.

3akoH buo-CaBapa. Teopema I'aycca st BekTopa MarHUTHOM
MHAYKUUU. J[MBepreHuus BEKTOpa MarHUTHOM uHAykuuu. [lone
npsiMoro Toka. [lose B ieHTpe ¥ Ha ocu Kpyrosoro toka. Teopema
0 LUPKYJSLUU BEKTOpa MarHUTHOM mHAykuuu. Ilone conmenouna
utopousa. 3akoH Ammepa. KoHTyp ¢ TOKOM B OJHOPOAHOM U
HEOJJHOPOJIHOM MAarHUTHOM IIOJI€: BpallaTeJIbHbII MOMEHT,
SHEprus, Cuia, JAEUCTBYIOIIasi Ha KOHTYp B HEOJHOPOJHOM
MarHuTHoOM mnoje. Pabota npu nepemerieHd KOHTypa ¢ TOKOM B
MarHuTHoM mose [1-5].

11-12 [2.2. MATHUTHOE Marnetuku. TOKM TPOBOJUMOCTH ¥ TOKH HaMarHUYEHUS
[TIOJIE B BEHIECTBE |(monekynsipuble Toku). Hamaruuuennocts. Iloje B marHeTmkax.
Teopema 0  UUPKYJSIMHA  BEKTOpa  HAMarHUYEHHOCTH.
HamnpsbkeHHOCT, MarHuTHOrO TmoJis. TeopemMa O IUPKYISIUU
BEKTOpa  HANPSHKEHHOCTH.  MarHuTHasi  BOCHIPUHUMYHUBOCTD.
MaruuTHas MpOHUIIAEMOCTh. Y CJIOBHSI BOBHUKHOBEHUSI 00bEMHBIX
TOKOB HaMarHW4eHWs. YCJIOBUS Ha TpaHUIE pas3felia JABYyX
Marfetukos. [1-5].

13-14 |2.3.IIEPEMEHHOE SBnenne oanexTpoMarHUTHOM WHAYKIMU. Omneit  dDapanes.
OJIEKTPOMATHUTHO (ITIpasmio Jlenna. 3/JIC mnaykuuu. [loTokocuerienue (TOTHBIN
E IIOJIE MarHUTHBIN MOTOK).

SBnenne camouHayKiuu. WHAyKTUBHOCTb. WMHIYKTMBHOCTH
coneHonga. OJC camomnaykuuu. B3anmHas — HHIYKIUA.
B3anmHast uHIyKTUBHOCTB. Teopema B3auMHOCTH.

DOHeprusi MAarHuTHOro mnoJsisl. B3auMHast »HEprusi TOKOB.
[TmoTHOCTB SHEpPruu MarHuTHOTO OIS, Pabota
nepeMarHu4MBaHus peppoMarHeTrka.

Buxpesoe snekrpuyeckoe nose. Tok cmemenus. [TomHbiid TOK.
VYpaBHenne MakcBemia B MHTErpaidbHON U auddepeHnnantbHON
dbopmax.

DneKTpOMarHuTHBIE BOJIHBL. BolHOBOE ypaBHeHHE. YpaBHEHHE
IJIOCKOW AJIEKTPOMarHuTHOW BOJiHBI. Bektop YmoBa-IloliHTHHTA.
Hmnynibe 1 Macca 31eKTPOMarHUuTHOTO MOJIsL.

15-16 |2.4.IBXXEHUE OTKIIOHEHUE 3apsDKCHHBIX YaCTHI[ DJIEKTPUUYECKUM  TIOJIEM.
3APSOKEHHBIX OTKJIOHEHUE 3apsSHKEHHBIX YaCTHUI] MAarHUTHBIM TosieM. JIBHKeHHE
YACTUILL B 3apsSOKEHHOM YacTUIbl B OJHOPOJHOM MAarHUTHOM  TIOJIE.
DJIEKTPUYECKUX U |V nenbublii 3apsia. [1-5].

MATHUTHBIX
[1OJIAX
1-6 |1.OIITHKA
1-2 |1.1.MHTEP®EPEHIIMA| TI'naBuble 5Tambl pa3Butus ¢usnueckux teopuil. CBeroBas

CBETA

BoiHa. CBeToBOM BCKTOD. ITokazarens MMpCIIOMJICHHA. 3aK0OHBI
FeOMCTpI/I‘{eCKOﬁ ontuku. OnTudeckas AJInHa TIIyTH. HpI/IHI_II/IH

®epma. Popmynia TOHKOM JIMH3BL. HTEHCHBHOCTH CBeTa.
EcTecTBEHHBIN U NOJIAPU30BAHHBIN CBET.

WnTepdepeniys. [TpuHnun I'tolirenca. SIBnenue
UHTEepEepeHIIH KOTE€PEHTHBIX BOJIH. [Mupuna

UHTEPPEPEHIIMOHHBIX IOJIOC W PACCTOSHUE MEXAy HHUMHU.
KorepentHocts. CriocoObl HaOroE€HUST MHTEP(EPEHLIUU CBETA.
3epkania @penensa. bunpusma @penens. WutepdepeHuus npu
OTPKEHUHM OT TOHKUX IUIEHOK. I[lojlochl paBHOM TOJIIMHBI U
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paBHOro HakyoHa. [1-2].

3-4 1.2 JUDOPAKIIMA [punuun TItoiirenca-@penens. [Audpakuus  Dpenens u
CBETA madpakus  Ppaynrodepa.
3onbl Openens. Auppakuus OpeHens oT KPyriioro OTBEPCTHS U
Kpyrioro okpaHa. [udpakuus @Dpaynrodepa oT menw.
MmuoromnydeBas unTepdepenius. JudpakinuonHas —pemierka.
Hucnepcust u pazpemaromias cuja IU(PAKIHOHHON PEHISTKH.
Hudpaxmus peHtreHoBckux nydeir. @opmyna Bparros-Bynbda.
[1-2].

5 1.3.TTOJIAPU3ALINA [Monspuzaropel. 3akon Mamtoca. CreneHp MOJSIPU3ALKUU.

CBETA [Monspuzanust npu OTpaKEHUU U NperoMiieHud. 3akoH bprocrepa.
[Monsipuzanust mpu ABOMHOM JyuernpenomiaeHurd. OObIKHOBEHHBIN
U HEOOBIKHOBEHHBIN Jyuu. BpalieHue MmiaocKOCTH MOJSpU3alMU.
Dddexr Keppa [1-2].

6 1.4.B3AUMOJIEMCTB Hucnepcus ceera. ['pynmnoBas ckopocTb. DieMeHTapHas TEOPUsI
HE nucnepcuu. [lornomenue ceera. 3akoH byrepa. Paccesinue cBera.
OJIEKTPOMAI'HUTH |3akon Poames. MomnekynsipHoe paccessHue cBeta.  Iddexr
BIX BOJIH C BasuiioBa-Uepenkosa [1-2].

BEIHHIECTBOM

7-16 |2.KBAHTOBASI
OU3ZUKA

7 2.1. TEITIJIOBOE 3axkoH Kupxroda. PaBHoBecHas MIIOTHOCTh SHEPTUH U3ITYUYEHHUS.
N3JIYUEHUE. ®opmyna I1nanka.

KOPITYCKVYJIAPHBIE 3akon Credana-bompumana. KopmyckynsipHeie  CBOMCTBa
CBOVCTBA m3nydenusa. Dotordpdexr. Omnbir borte. dotonbl. ekt
N3JIYYEHUA Kowmrntona [3-5].

8 2.2.0JJEMEHTAPHAA 3aKOHOMEPHOCTH B  aTOMHBIX  crekTpax. CrhekTpaiabHbIe
BOPOBCKAS TEOPHA |cepun BOZOPOIHOTO aToMa.

ATOMA BOJOPOJA Cnekrpanbabie  Tepmbl. @Dopmyna bamsmepa. OnbiTel 1O
paccesnuto  X-nmydeil. SAnepnas  wmoxpens aroma. dopmyna
Pezepdopna. DnementapHas OOpoBckas Teopusi aToMa BOJOPOAA
[3-5].

9 2.3.BOJIHOBLIE I'mnore3a ne bpoina. DKcnepuMeHTalIbHOE J0Ka3aTeIbCTBO
CBOICTBA BOJIHOBBIX CBOMCTB MHUKpodacTull. OnsIT J[3BUccona u Jxepmepa.
MUKPOYACTHUILL Hudpakums snekrpoHoB. COOTHOIIEHHE HEOIpeaeTIeHHOCTeN [3-

5].

10-11 |2.4.YPABHEHUE [I10THOCTP BEpPOSATHOCTH M TUIOTHOCTh TOKAa BEPOSTHOCTH.

HIPEJIVHI'EPA Yactuia B 6€CKOHEYHO TIyOOKOM OJHOMEpPHON MOTEHIHATbHOM
ame. llpoxoxneHue wyacTHil 4Yepe3 MOTEHIUAIBHBIN Oapbep.
Tyunenuposanue. KBaHTOBBIM rapMoHudeckuii ocumuisarop [3-5].

12 2.5.ATOM BOJIOPO/IA| KBaHTOBO-ME€XaHHYECKOE OICaHUe BOJIOpOAA u
u BOJIOPOJONIOOOHBIX aToMOB. KBaHTOBBIE dHCIa 3JIEKTPOHA B
BOAOPOAOIIOAOBH |atome. Cxema ypoBHEel. BO3HMKHOBEHHE CHEKTPaJIbHBIX CEPUM.
bIE ATOMBI. ATOMBI |Toku B atomax. MarHUTHBI MOMEHT aToMma.

HIEJIOUHbIX ATOMBI  IIEIOYHBIX 3JEMEHTOB. (OCHOBHBIE  PpE€3yJIbTATHI
OJIEMEHTOB KBAHTOBOM MEXAHUKHU JUIS IIEJOYHBIX AJIEMEHTOB. CIeKTpajIbHbIE
3aKOHOMEpHOCTH [3-5].

13-14 |2.6.CITUH MomMeHT uMMylbca 4YacTUIBl B KBAaHTOBOM MEXaHHKE.
OJIEKTPOHA. AzuMyTanbHOE WM OpOUTabHOE KBaHTOBOe uucio. CioxeHue
MHOT'O2JIEKTPOHH |momentoB. Ilonarue o cnuue. [lonHbI MeXaHUYECKUH MOMEHT.
bIE ATOMBI Cesi3b Paccena-Caynpepca; j-j-cBsi3b. BekTopHast Mojenb atoma.

MarHuTHblE MOMEHTBI MHOTOAJIEKTPOHHBIX aTOMOB. MHOKUTENb
Jlanne.
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CrnekTpbl IIETOYHBIX dJIeMeHTOB. JlyOneTHass CTpyKTypa

IIETOYHBIX A1eMeHTOB. CHMBOJIBI TEPMOB [3-5].
15-16 {2.7.29JIEMEHTBI Kpucrannuueckoe  cocrosHue.  Tumel — KpUCTaUNIMYECKUX
OU3NUKU TBEPJOI'O |pemietok. TemmoeMKOCTh KpUCTalla M €€ 3aBUCUMOCTh OT

TEJIA

temneparypbl. Teopus [lebas. 3akon [rononra u [Itu.
HOFJIOHIGHI/IG, CIIOHTaHHOC€ u BBIHYKJICHHOC H3ITy4YCHHUC.
PaBHOBecHoe wu3nmyuenue. Jlazep (Ha mnpumepe TpeXypOBHEBOM

cuctembl). AKTUBHas cpena. Pesonarop [3-5].

Jlabopamopnvie 3anamus

Hene
J9

HauMeHoBaHHne
pasaeJia /TeMbl
JTUCIHHUIIINHEI

Ha3Banue n1a0opaTopHoii padoThI

1-16

OUBNYECKHUE
OCHOBBI
MEXAHUKHA

1-2

1.1.BBEJIEHVE B
TEOPUIO
[MOIr'PELLIHOCTEM

I/IBMepeHI/Ie JJIMHBI, MaCChl U IIJIOTHOCTHU BCIICCTBA

34

1.2. JMHAMUKA 5
MATEPUAJIBHON
TOYKHU

I/IsyquI/Ie IMOCTYNAaTCJIbHOI'O0 IBHXXCHUS HA MAIIIMHE ATBYJIa

5-6

1.3.3AKOH
COXPAHEHUIA
NMITVYJIBCA

N3yueHne KpaTKOBPEMEHHBIX B3aMMOJECHCTBHA Ha NpHUMeEpe
COyAapeHus 11apoB

1.4.3AKOH
COXPAHEHUIA
OHEPT'MU

N3ydyeHne KpaTKOBPEMEHHBIX B3aUMOJICUCTBUI Ha MpPUMEPE
COyAapeHus 11apoB

10-11

1.5.3AKOH
COXPAHEHUIA
MOMEHTA
NMITYJIbCA

OmnpeneneHue  CKOPOCTH
0aTMCTUYECKOTO MasiTHUKA

I10JIETa myJjin C IIOMOIIBIO

12-14

1.6.IINTOCKOE
JABMXEHUE
TBEPIOI'O TEJIA

HBy‘lGHI/Ie IJIOCKOIIapaJJICIbHOI'O ABMIXXCHUSA TBEPAOr'o TCjla Ha
IIpuUMEPEC MassTHUKA MakcBeiia

15-16

1.7.T'MPOCKOIIbI

N3ydeHue CBOMCTB rUPOCKONA

1-7

KOJIEBAHUA 1
BOJIHBI

1.1.I'apmoHHMYECKHE
KoJIeOaHus

dusnyeckni MaATHUK

1.2.I"'apmoHHMYECKHE
KoJIeOaHus

MaremaTuyeckui MassTHUK

1.3.Cnoxenue
KOJIeOaHUil OHOTO
HaIpaBJICHUS

CnoxeHue rapMOHUYECKUX KOJIEOaHUIA.

1.4.CnoxeHue B3auMHO
MEePIEeHIUKYISPHBIX
KoJIeOaHui

®urypsl Jluccaxy

1.5.3aryxatomue
KoJieOaHus

OHpC)IeJ'IeHI/IC J'IOl"apI/I(l)MI/ILIeCKOFO ACKPCMCHTA 3aTyXaHUA

8-16

2.MonekyssipHasi pu3uKa
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1 TCpMOJWHAMHKA

8 2.1.Ilokazarens Omnpenenenne otHorreHust Cy/Cy BO3yXa METOIOM
ajmabarhl Knemana u Jlezopma.
9-10 |2.2.Axycruyeckuii Onpeneneune otHomenus Cp/Cy BO3ayxa METOIOM
PCE30HAHC AKyCTHYECKOI0 PE30HAHCA
11-12 |2.3.SIBnenust nepenoca  |OmnpezesneHne KodGPuIMeHTa BHYTPEHHErO TPEHUS U
cpeaHel JIMHBI CBOOOHOTO Mpodera MOJIEKyJ BO3IyXa.
13-14 |2.4.IoBepxHOCTHOE Onpenenenne K03pPHUIUEHTA TOBEPXHOCTHOTO
HaTHKCHAC HATSDKEHHUS 110 BBICOTE MOIHATHS >KUIKOCTH B
KaMWUIAPHBIX TPyOKax.
15-16 |2.5.Tepmoauuamuka Omnpeenenne yaeabHON TEMI0EMKOCTH TBEPIBIX TEL.
1-2 1.9JIEKTPUUYECTBO
1-2 1.1.ITone nenonBuxueix | IloarBepxknenue 3akona Kynona
3apsiI0B B BAKyyMe
3-16 |2.MATHETHU3M
3-4 2.1.I1one nocTosTHHOTO [Tonreepxnenune 3akoHa Amrepa
TOKa B BAKyyM¢C
5-6  |2.2.MaruauTtHOE TOJIE B N3yueHne sABieHUS THCTEpE3NCA
BEIIECTBE
7-8 |2.3.IlepemenHoe N3ydenus aBiaeHUs dIEKTPOMArHUTHON UHIYKIIMHU
OJICKTPOMArdHuTHOC I10JIC
9-10 |2.4.DnexTpuyeckue N3yuenne mporeccoB 3apsiiKu U pa3psaaKd KOHIEHCAaTOpa
KoJIeOaHUs
11-12 |2.5.TlepeMeHHBIN TOK M3yuenune miockoro KoHJaeHcaTopa
13-16 |2.6./Imwxenue W3mepenne yaenpHoro 3apsaa dJIeKTpoHa
3apPsSKCHHBIX 4aCTHUL B
QJICKTPUYCCKUX U
MAarHuMTHBIX ITOJIAX
1-11 |1.0IITUKA
1-2 |1.1.BoanoBbie N3zyuenne nuatepHepeHIMH C TOMOIIBIO OMITPU3MBI
CBOMCTBA CBeTa dpenes.
3-4 |1.2.hnrepdepenuus N3yyenne wuHTEp(EPEHIMH CBETAa NPH OTPAKEHUU OT
TOHKHX TUICHOK.
5-6  |1.3.Murepdepenunonnas|Konpia HploTOHA B IPOXOASIEM MOHOXPOMATHIECKOM
CX€Ma — KOJIbLia cBeTe.
HrroTona
7-9 |14 Indppakuns Jludpakiust cBeTa Ha OJJHON U ABYX IIEJISX.
®panroydepa
10-11 |1.4.0nTryecku Bparienue miockocTy MoJIIpU3aIim.
AKTHUBHBIC CPCAbL
12-16 [2. ATOMHASA
OU3BUKA
12 2.1.KBanroBas ¢usuka | Beruncnenue nocrosguHoi Ilnanka
13 2.2.Atom bopa OnTryeckne CeKTpsl aToMa BOAOPO/ia
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14 ]2.3.Cnextp aroma Onpenenenne aauHbl Boiubl He, Hg, Hy
BoJIopoZa BasnbMepoBCKoOM cepuu BOA0pPoO/ia.
15 |2.4.Arom B MarauTHOM | HopMmaubHbIH 3¢ ekt 3eeMana.
I10J1€
16 |2.5.Pentrenosckoe W3yuyenune ocnabiieHHss PEHTICHOBCKUX Jydei B
U3TyHCHHC 3aBUCUMOCTHA OT TOTJIONIAIONIEr0 Marepuaiga H €ro
TOJIIIUHEL.

7. IlepeyeHnb

y‘leﬁHO-MeTOIH/I'leCKOFO odecrneyeHns AJIs CaMOCTOSITEIbHOI paﬁoTbI

0o0yyauuxcsi Mo JUCHHUILINHE

1.

(621

()}

\l

A.®.I'ypbuu. Meroanueckue yka3aHHUs K BBIIOJHEHHUIO JaOOpaTOpPHBIX padoT.
O6HnuuCK, UATD, 2001.(925 3K3.)

JIaGopatopHslii TpakTUKyM 1o Kypey "O6mias gusuka" pasaen "Mexanuka" noa
penakmuent A.®.['ypouua, O6HuHCK:MAT3,2001.(200 3K3.)

JlaGoparopHsiii pakTukyMm 1o kypcy "Oo6mas dusuka" pazgen "KonebGanus u
BosiHbl" moxa penakiueit C.U.Kyuepsasoro, H.H.Jleckunoit, OOHunck:MATI,
2009.(184 7x3.)

JlaGopartopHsbIii mpakTUKyM 10 Kypcy "OOmas ¢usnka" pasaen "MosekyaspHas
¢duznka". non peaakuueit A.Il.MapkuHa, B.C. Macreposa,
O6uuHCK:TATD,1998.(200 2K3.)

. JJaGopaTopHbIii mpakTUKYM 10 Kypcy "O6mast dhusuka" pasaen "DneKkTpudecTso’.

nox penakmueit I'.I'. 3moposuesoii, A.Il.Mapkuna, B.C. MactepoBa, OOHHHCK:
HNATS, 2005 r. (400 »k3.)

. JJaGopaTopHbIii TpakTHKYM 110 Kypcy "O61mmas dusuka" pasaen "IIeKTpudecTBO U

marHetusm". mox penakmueit A.®. ['ypouya, M.: HUSY MUOU, 2014.

. JJabopaTopHbIil npakTHKyM 10 Kypey «OOmas ¢uszuka» pasznen «OnTuka», Mo

penakumenr H.S.Pyxnsner, A.B. Makcumymikunoit, O6uunck: AT, 2014.(34
9K3.)

JlaGopatopHsbiii mpakTukym 1o Kypcy "OOmas ¢dusuka" pazgen "ATomHas
busuka" nmon penakmuerr O.M. Kapmanosa, A. bperanosa, O6uunck: MATO,
2015. (35 9k3.)

B.B.Aptucrok, I'.I'.3moposuera, JI.J.Tpumenko, H.H.Jleckuna Komruiekr
y4eOHBIX KapTO4YeK [JIsi TPOBEACHHS MPAKTUYECKUX 3aHATUH 10 KypCy
«Dusukay, Oouunck, MATD, 1994r.

8. ®OH/] OLLEHOYHBIX CPEJCTB JIJIsl [IPOBEJEHNS TEKYILENR U
MPOMEKYTOYHOM ATTECTALIUUA OBYUYAIOIIMXCS IO TUCHUATIIINHE

8.1. Cesa3b Mexay GopMupyeMbIMH KOMIIETEHIUSIMHA ¥ ()OPMAMHU KOHTPOJIS HX OCBOCHHUS

Ne Kountposmpyemblie pa3aenbl NHaukaTop 10CTHKEHUS HanmenoBanmue
n/n (TeMbl) IMCUUNIMHBI KOMIIeTEHIIUH OLICHOYHOI'0 CpeacTBa
TeKyLlel u
NMPOMEKYTOYHOM
aTTecTaluu
Texymasi arrecranusi, 1 cemectp
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1. Paznen 1. ®PUBUYECKUE OrK-4 Kn
OCHOBbI MEXAHUKHA

2. 2. CIEMAJIbBHAS OrK-4 KP
TEOPUAOTHOCHUTEJIb-
HOCTH
IIpomexyrounas arrecranms, 1 cemecTp
[ok3amen | OnK-4 E
Texyuiasi arrecTanus, 2 ceMecTp
1. 1. KOJTJEBAHUS U BOJIHBI |OrK-4 Kn
2. 2.MOJIEKYJISIPHASA OrK-4 KP
OU3UKA U
TEPMOANHAMMKA
IIpoMe:kyTOUHAsI aTTECTALUS, 2 CEMECTP
|[ok3amen |OnK-4 €
Texymas arrecranus, 3 cemecTp
1. 1.9JIEKTPUYECTBO OriK-4 Kn
2. 2.MATHETHU3M OrK-4 KP
I[IpomexyTouHas arrecTanms, 3 cemecTp
‘ 9K3aMeH OrK-4 ‘ €]
Texkymas arrecrauusi, 4 cemecTp
1. 1.0OIITUKA OrK-4 Kn
2. 2.KBAHTOBAS ®U3UKA OrK-4 KP
IIpome:xxyTouHasi arrecTanusi, 4 cemecTp
| aK3amen |OnK-4 €

8.2. TunoBbie KOHTPOJIbHBbIE 32IaHUA WJIH MHbIE MATEPHUAJIbI, HEO0OXOAMMbIE J1JIs1 OLEHKH
3HAHUI, yMEHUH U HABBIKOB, XapPaKTEePU3YIOIIHUX 3TANbI ()OPMHUPOBAHUSA KOMIIETEHIUIA

@OHJI OLEHOYHBIX CPEIACTB MO AMCHUIUIMHE O0ecredyrBaeT IPOBEPKY OCBOEHUS IUIAHUPYEMBIX
pe3ynbTaToB 00yuyeHHUs! (KOMIIETEHIIMI U MX MHAMKATOPOB) MOCPEACTBOM MEPONPUATUN TEeKyUIeH u
MIPOMEXYTOYHOM aTTECTAI[H 110 AUCHUTUIHHE.

OHeHOLIHBIe Cp€acTBa IIPUBCJCHLI B HpHJ’IO)I(eHI/II/I «(DOHI[ OILICHOYHBIX CPEACTB)».

8.3. MeToauyeckue MaTepHaJibl, ONpeAe/siiolue MPoueaypbl OLeHUBAHUS 3HAHWI, YMeHWId,
HABBIKOB M (WJIM) ONbITA [AeATEJbLHOCTH, XaPaKTePH3YIOIIUX JTanbl ¢GopMHUPOBAHUSA
KOMIIeTeHI Ml

— HWroroBas artectanusi Mo AUCUUIUIMHE SIBISETCS WHTErPalbHBIM IOKa3aTeleM KauyecTBa
TEOPETUYECKUX M TMPAKTUYECKUX 3HAHWW M HABBIKOB OOYYalONIMXCA MO JUCHUILIUHE U
CKJIQ/IBIBAETCS U3 OLICHOK, MOJYUYEHHBIX B X0/I¢ TEKYIIEeH U MPOMEKYTOYHON aTTeCTallUu.

— Tekymas arrecTanusi B CEMECTpe MPOBOAUTCS C IENbI0 OOECIeYeHHs] CBOEBPEMEHHOMN
oOpaTHOHM CBS3M, JUISI KOPPEKIMU OOydeHHs, aKTUBM3AIMH CAMOCTOATEIHHOW paboThI
00yJaromuxcs.

— TIlpomexyTouHas aTTecTanus NpeqHa3HAYeHa A OOBEKTHBHOTO TMOATBEPKACHUS U
OLICHUBAHMS JIOCTUTHYTBIX pE3yJlbTaTOB OOydYeHUS TIOCIE 3aBEepUICHHUs H3yYeHUs
JUCIUTITUHBL.

— Tekymas arrectanus OCyIIECTBIISIETCS IBa pa3a B CEMECTP:

o koHTponbHas Touka Ne 1 (KT Ne 1) — BbicTaBisieTcsl B 3JIEKTPOHHYIO BEIOMOCTh HE
no3aHee § Hemenw ydeOHOTo cemecTpa. Biirouaer B ceOsl OLEHKY MEpONpUSTHI
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TEKYIIETO KOHTPOJIS ayJTUTOPHOM M CaMOCTOATENBbHOW pabOThl 00ydYaromierocs o
pazaenaM/TeMaM yd9eOHOW JUCIHUILIMHEL ¢ 1 1o 8 Henmenro yaeOHOTo cemecTpa.

o koHTponbHas Touka Ne 2 (KT Ne 2) — BeicTaBisieTcs B 3JEKTPOHHYIO BEJOMOCTh HE
no3aHee 16 Henmenu ydeOHOTO cemecTpa. Briowyaer B ce0si OLIEHKY MEpONpPHITUN

TEKYIIETO KOHTPOJIS ayJIUTOPHON M CaMOCTOATENBbHOW paboThl 00ydaromierocs mo
pazaenaM/TeMaM yd9eOHOW JUCIHILTUHBI ¢ 9 o 16 Hepenmo yueOHOro ceMecTpa.

— Pesynbrarhl Tekyliel M NpOMEKYTOYHOW aTTECTAllMU MOJBOJATCSA IO IIKaue OaibHO-

PEUTHHIOBOM CUCTEMBI.
Cemectp 1

JTan peiiTHHIOBOI cHcTEeMBI / Hepnens Bauan
OneHoYHOE CPENCTBO Mty Marcrvysr™
Texyuiasi aTTecTanus 1-16 36 - 60% ot 60
MaKCHMyMa
KonTtpoabHas Touka Ne 1 7-8 18 (60% ot 30) 30
KomnokBuym ®usnyeckre OCHOBBI 18 30
MEXaHUKH
KonTpoabHasi Touka Ne 2 15-16 18 (60% ot 30) 30
KonrtponsHas padora 18 30
CnennanbHas Teopus
OTHOCHTEJIbHOCTH.
JlabopaTopHbIe pabOTHI
IpomekyTouHAasI aTTECTAIMS - 24 — (60% 40) 40
Dk3ameH - 24 40
HUTOI'O no aucuumninue 60 100
Cemectp 2
Jran peiTHHr0BO#M cucTeMbl / Hepneas bana
OueHo4YHOE CpecTBO MuvyM™ Makcrvym™*
Texkymas arrecTanusi 1-16 36 - 60% ot 60
MaKCHMyMa
KonTtpoabHas Touka Ne 1 7-8 18 (60% ot 30) 30
Komnoksuym Kosnebanwus u BOJHBI 18 30
KonTpoabHasi Touka Ne 2 15-16 18 (60% ot 30) 30
Kontposbnas padoTa. 18 30
MosnekynsipHasi pu3rka u
TEPMOIMHAMHUKA.
JlaGopaTopHbIe pabOThI
IIpome:xkyTOUHAS aTTecTALUS - 24 — (60% 40) 40
DK3aMeH - 24 40
HUTOI'O no aucuuInHe 60 100
Cemectp 3
JTan peiiTHHIOBOM cHUCTeMBbl / Hepens bana
OueHovHoe cpeacTBO Muruvys™ [ P——
Texkymas arrecrauust 1-16 36 - 60% ot 60
MaKCHMyMa
KonTpoubHas Touka Ne 1 7-8 18 (60% ot 30) 30
KonnokBuym DneKTpHUECTBO 18 30
KonTpoabHasi Touka Ne 2 15-16 18 (60% ot 30) 30
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KonrponsHas padora. Maruetuzm 18 30
JlabopaTtopHbie pabOTHI
IIpomexxyTOUHas aTTecTAIUS - 24 — (60% 40) 40
OK3ameH - 24 40
NUTOI'O no gucuuiinHe 60 100
Cemectp 4
JTan peiiTHHIOBOI cHcTEeMBI / Hepnens Bauan
OneHoYHOE CPENCTBO My Marcrvysr™
Tekyuiasi aTTecTanus 1-16 36 - 60% ot 60
MaKCHMyMa
KonTpoabHas Touka Ne 1 7-8 18 (60% ot 30) 30
KomnokBuym Ontuka 18 30
KonTpoabHasi Touka Ne 2 15-16 18 (60% ot 30) 30
KonrtponsHas padora. KBanToBas 18 30
¢uzuka
JlabopaTopHbie paboTHI
IMpoMekyTOUHASI aTTECTAIMS - 24 — (60% 40) 40
DK3aMeH - 24 40
NUTOI'O no nucuuninue 60 100

* - MUHUMAaJIbHOE KOJTMYECTBO OAJIJIOB 32 OIIEHOYHOE CPEJICTBO — 3TO KOJUYECTBO OAIIJIOB, HAOpaHHOE

oOydJarormmcs,

Ipru KOTOpPOM OHOCHOYHOC CpPCACTBO 3aCUUTBIBACTCA,

B TIMPOTHMBHOM CJIy4yac

0Oy4aroUuiics TOJKEH JIMKBUAWPOBATH MOSIBUBIIYIOCS aKaIeMHUYECKYIO 33JJ0OJDKEHHOCTh MO TEeKYIIeH
WIM TMPOMEXKYTOYHOW aTTecTalid. MUHMMalbHOE KOJIMYECTBO OaJJIOB 3a TEKYIIYIO aTTeCTalHio, B
T.4. OTAEJIIBHOE OLEHOYHOE CPEJICTBO B €€ COCTABE, M MPOMEXKYTOUYHYIO arTecTannio cocrasisger 60%

OT COOTBETCTBYIOIIHUX MAKCHUMAJIbBHBIX 0asoB.

CryneHT cuuTaeTcsi aTTECTOBAHHBIM I10 pa3jeiy, 3a4eTy WM 3K3aMeHy, eciii oH Habpas He meHee 60% ot

MaKCUMaJIbHOTO 0aJljia, MpeIyCMOTPEHHOT0 paboyeit mporpaMmMoii.

CTy,I[eHT MOXET OBITb aTTECTOBAaH IIO AUCHUILIMHE, €CJIM OH aTTEeCTOBAH IIO KaXJIOMY pasaciy,

3auyeTy/9K3aMeHy U ero CyMMapHbIii 6asu1 cocrapiisieT He meHee 60.

8.4. llIxkaya oueHKH 00pa3oBaTeIbHBIX H0CTHKEHUI

HroroBas arrecraius mo quciuiinHe oreHuBaercs mo 100-0auibHON MMIKaie W MpeICTaBIIseT
CTYJEHTOM TMpH BBHIMOJIHEHUU 3a/laHUil B paMKax TeKylled u

CyMMy OaiioB, 3apa0OTaHHBIX
IPOMEXYTOYHOM aTTECTAIH

Cymma Ouenka no 4-x Ouenka | Tpebosanus K ypo6Hio 0c60eHUs y4eOHOU
oannos O0anbHOI WKale ECTS OUCUUNIUHBL
OreHKa «OTJIIMYHO» BBICTABISETCS CTYACHTY, €CIIU
OH TTyOOKO U MPOYHO YCBOMJI POTPAMMHBIN
90-100 S5- «omauunoy/ A MaTepHall, UCUEepIbIBAIOLIE, TOCIIeI0BATEIbHO, YETKO
«3aumeHoy U JIOTUYECKU CTPOHUHO €ro M3J1araeT, yMeeT TECHO
YBSI3bIBaTh TEOPHIO C MPAKTUKON, UCTIONIB3YET B
OTBETE MaTepHuaj MOHOrpapuUeCKOn JIUTEPaTyphl
O1eHKa «XOpOIIO» BBICTABIISAETCS CTYJCHTY, €CIIHA OH
4 - «xopowioy/ .
85-89 B TBEPO 3HAET MaTepuall, FPaMOTHO U 10 CYLIECTBY
«3aumeHo»
U3J1araeT ero, He J0MyCKas CyIeCTBEHHbBIX
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HETOYHOCTEHN B OTBETE HA BOIIPOC
75-84 C p

70--74

65-69 D OneHka «yJ0BJIETBOPUTEIHHOY BBHICTABIISETCS
CTYAEHTY, €CJIM OH UMEET 3HAHUS TOJIBKO OCHOBHOI'O

3- Marepuaia, Ho He YCBOWJI €ro JIETaJeH, JI0IyCKaeT
«yoosenemeopumern HETOYHOCTH, HEJOCTATOYHO NPABUIILHbIE

60-64 bHOY/ «3aUmeHo» E (GOopMYIMPOBKH, HAPYIIEHHS JIOTHYECKOM
TI0CJIEOBATENLHOCTH B M3JI0)KEHUH TIPOrPAMMHOTO
Marepuaia

OrieHKa «HEYIOBJIETBOPUTEIHLHOY BBICTABIISETCA
CTYAEHTY, KOTOPBII HE 3HAET 3HAUYUTEIIbHON YaCTH
2- MPOTPAMMHOI0 MaTepuaia, J0MyCKaeT
«Hey008emeopum CyliecTBeHHbIe oImnOKu. Kak mpaBuiio, oleHka
enbHOY/ «HEYAOBJIETBOPUTEIBHOY» CTABUTCS CTYAEHTaM,
«He 3aUMmeHOo» KOTOpbIE HE MOTYT IIPOJIOJKUTE 00ydeHHe Oe3
JIOTIOJTHUTEIbHBIX 3aHATUN 110 COOTBETCTBYIOIIEH
JHUCITUILINHE

0-59

9. HEPEYEHb OgHOBHOfI U JOMMOJTHUTEJBHON YYEFHOM JIUTEPATYPBI,
HEOBXOJINMOMU J1JIs1 OCBOEHUSA JUCLHUIIJIMHBI

a) ocHo8HaA yueOHas aumepamypa:

@) OCHOBHAA yueOHasn numepamypa:

1. CaenweB U.B. Kypc obmieit puzuku. B 5-u 1. Tom 1. Mexanuka, Jlanp, 2009-2011.
(21 k3., OBC Jlans, http://e.lanbook.com/)

2. CaBesibeB U.B. Kypc o6umeit pusuku. B 5-u TT. ToM 2. J/1eKTPUIECTBO U
MmarHeTusM, Jlanb, 2011. (9 3k3., IBC Jlans, http://e.lanbook.com/)

3. CasenbeB U.B. Kypc o6me#t ¢duszuku. B 5-u 1. Tom 3. MonekynsapHas ¢usuka u
tepMmoanHamuka, Jlaus, 2011. (3BC Jlauns, http://e.lanbook.com/

4. CaBesibeB U.B. Kypc oo6menn ¢usuku. B 5-u tr. Tom 4. BosHbl. OnTHKA,
Jlansb, 2011. (3BC JlaHns, http://e.lanbook.com/)

5. CaBesibeB U.B. Kypc o6men ¢pusuku. B 5-u TT. Tom 5. KBaHTOBas onTUKa.
ATtoMHasa ¢usuka. dusuka TBepAoro Ttesa. PuU3MKa aTOMHOro sAjApa H
3JleMeHTapHbIX yacTul, Jlanb, 2011. (3BC Jlans, http: //e.lanbook.com/)

6. CaBenseB U.B. Kypc obmeit ¢pusuku. B 3-x 1. T.1. Mexanuka. MonexkynsapHas
¢usuka, JIanp,2009- 2012 . (13 sk3., OBC Jlans, http://e.lanbook.com/)

7. CaBeabeB U.B. Kypc o6men ¢pusuku. B 3-x 1T. T.2. JJI€eKTPUYECTBO U
MarHeTHus3M. BoOJIHBI. OnTuKa, JIaHb, 2011-2012. (3BC JIaHBb,
http://e.lanbook.com/)

8. CaBesibeB U.B. Kypc o6omein ¢usuku. B 3-x t1. T.3. KBaHTOBasi onTHKAa.
AToMHasa ¢u3suka. Pusmka TBepAOro Tesa. PU3MKa ATOMHOro fAApa M
3JieMeHTapHbIX d4actun, Jlaws, 2009-2011. (2 3k3., 3BC Jlaus,
http://e.lanbook.com/)

9. UponoB WMN.E. Mexanuka. OcHoBHble 3akoHbl, "JlaGopartopusi 3HaHuil" (panee
"BUHOM. JlabGopatopus 3mammii"), 2010- 2014. (60 »9x3.,96C Jlans,
http://e.lanbook.com/)
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10. Hponos U.E. ®usuka makpocucrem. OcHOBHbIE 3aKkoHbI, "JlabopaTopus 3HaHUI"
(panee "BUHOM. JlaGoparopuss 3Hanuit"), 2009-2012. (1sx3., DbC JlaHs,
http://e.lanbook.com/)

11. Hpomo WN.E. DnexrpomarHetusMm. OcHOBHbIE 3akoHbl, "Jlaboparopust 3HaHU"
(panee "BUHOM. Jla6opatopus 3nanuit"), 2012-2013. (50 »sx3., OBbC Jlaus,
http://e.lanbook.com/)

12. UponoB MN.E. Bonnoseie mpoueccbl. OcHOBHBIE 3akoHBI, "JlabopaTopus 3HaHUN"
(panee "BUHOM. Jlabopartopus 3nHanuii"),2013- 2015. (30 k3., ObC Jlan Upoaos U.E.
KBanToBast ¢usuka. OcHoBHble 3akoHbI, "JlaGoparopus 3uanuit" (panee "BMHOM.
JIabopatopus 3nanuit"), 2004. (52 sx3., BC Jlans, http://e.lanbook.com/)

13. Uponos U.E. 3agauu no obmieit ¢pusuke, "Jlaboparopus 3nanuit" (panee "bBMMHOM.
JIabopatopus 3uanuii"), 2007-2014. (62 sk3., OBC Jlans, http://e.lanbook.com/)

0) OononHumenvHan yueonan 1umepamypa:

1. C.ILCrtpenkoB. Mexanuka, Mocksa, Jlaub, 2005.( 5 9k3.)

2. MatBeer A.H. MexaHuka u TeOpHUsi OTHOCUTEIBHOCTH, Bricmas mixona, 2003.
(142 5k3.)

3. MarseeB A.H. Monekynspnas ¢pusuka, Beicuias mkona, 2010. (10 sk3.)

4. CuByxud JI.B. O6mmii kypc ¢usuku. Tom 1 Mexanuka. ®uzmatiur, 2006 (50
sk3., DBC Jlans, http://e.lanbook.com/)

5. CuByxuH /[.B. O6mmit kypc ¢usuku. Tom 2. TepMoauHaMuKa U MOJEKYJISpHas
¢usuka, dusmatiur, 2006. (1 3x3., DBC Jlans, http://e.lanbook.com/)

6. Cupyxun JI.B. O6muii kypc ¢uszuku. Tom 3. DnekrpuaectBo, Guszmariut, 2009.
(2 ak3., OBC Jlans, http://e.lanbook.com/)

7. Cupyxun JI.B. O6mmit kypc ¢uzuku. Tom 4. Onruka, @uszmatiur, 2002. (3bC
Jlaus, http://e.lanbook.com/)

8. CuByxun JI.B. OOmmii kypc ¢usuku. Tom 5. AtomMHas u simepHas (u3MKa,
dwusmatiut, 2002-2006. (51 k3., DBC Jlaus, http://e.lanbook.com/)

9. A.K.Kukowun, .K.Kukonn. Monekymnspaas pusuka. M., Hayka, 2007. (49 »k3.)

10. C.I''KanamnukoB. OnekrpuyectBo. M., @uzmatiut, 2004.(48 3k3.)

11. A.I''Yeptos, A.A.BopobreB. 3amaunuk no ¢uzuke. M., @uszmarnut; 2009. (200
9K3.)

12. A.A. letmad, b.M.ABopckuit Kypc ¢pusuku. M. Beicmas mkona, 2000.(4 7k3.)

10. MEPEYEHBb PECYPCOB HH®OPMAIIMOHHO-TEJJEKOMMYHUKAIIMOHHOM
CETHU «<MHTEPHET» (JAJIEE - CETb «<MHTEPHET»), HEOBXOJUMBbIX JJIS
OCBOEHUSA JTUCIUITJIMHBI

He Tpedyercs

11. METOAUYECKHUE YKA3ZAHUA JJISA OBYYAIOLIUXCSA IO OCBOEHUIO
JUCIHUIIVINHBI

1. MeTtoauveckue yKazaHWs 1O OPTaHM3aIlMd CaMOCTOSTENBHOW paboThl TIO
mucriuinae « Pu3nKay, yTBEpKIeHHbBIE Kadeapoil o0Ieit u cnenuanabHON GU3HKH.

2. MeTonnueckne peKOMEHAAINH 10 PEIICHUI0 3a/1ad, YTBEP)KICHHbBIE Kadempoit
oO11ei 1 cnenuaibHON QU3UKH.
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12. IEPEYEHb HH®OPMAIIMOHHBIX TEXHOJIOT U, UCOJIb3YEMBIX ITIPH
OCYHECTBJIEHUU OBPA30OBATEJIBHOI'O MTPOLECCA 1O JUCHUIIVIMHE,
BKJUIIOYASA HEPEYEHDb ITPOI'PAMMHOI'O OBECIIEYEHUA U THOOPMALIMOHHBIX
CITPABOYHbBIX CUCTEM (TP HEOBXOANMOCTHN)

Hcnonp3oBanue HHPOPMAIIMOHHBIX TEXHOJIOTUI IIPU OCYILIECTBICHUH 00pa30BaTEIbHOIO IpoLecca 110
AUCHUIUIMHE OCYHICCTBIIACTCA B COOTBCTCTBUU C YTBCPKIACHHBIM ITonoxxenuem 00 3JI€KTpOHHOI>'I
nHpOpMaMOHHO-00pa3oBarenbHOl cpene MATD HUAY MUDN.

OnekTpoHHas cuctema ympaBieHuss oOydenuem (LMS) wucnome3yercss i peanu3aluu
O6pa3OBaT€JH>HI)IX nmporpamMm I1Mpd OYHOM, AUCTAHOMOHHOM MW CMCHICHHOM pPCKUME O6y‘~I€HI/I$I.
Cucrema peanu3yer CIeIyroIIie OCHOBHBIC (D)YHKIIHH:

1) Co3nanue u yrpaBieHHE KJIaccaMu,

2) Co3manue Kypcos,

3) Opranu3anys 3aicH yJaluxcs Ha Kypc,

4) [IpenocraBienue AoCTyma K yueOHbIM MaTepHraiaM JJisl ydaliuxcs,

5) [TyGnuxarus 3a1anuii 17151 yYSHUKOB,

6) OreHka 3ajaHuil ydaIuxcs, MPOBEICHHE TECTOB M OTCIEKUBAHHUE IIporpecca 00y4eHus,
7) Opranu3anus B3auMOJICHCTBUS YIaCTHUKOB 00pa30BaTeILHOTO MIPOIIecca.

Cucrema HHTCTpUPYETCA C JOINMOJIHUTCIBHBIMHU CCPBUCAMU, O6GCHC‘-II/IBaIOHII/IMI/I BO3MOXKHOCTbH
UCIOJIb30BaHMS TakuX (QYHKIUN Kak pabouuil KajleHJapb, BHUJIEO CBsSI3b, MHOTOMNOJb30BATEIbCKOE
PEAAKTUPOBAHUE NJOKYMCHTOB, CO3IaHUC (bOpM OIMPOCHUKOB, MHTCPAKTUBHAA JOCKa IJI1 PUCOBAHUS.
ABTOpH3aIHS MOJIE30BATEINCH B CHCTEME OCYIIECTBIISIETCS MIOCPEACTBOM KOPIOPATUBHBIX aKKAyHTOB,
MPUBS3aHHBIX K JOMEHY oiate.ru.

12.1. Ilepeuensv ungpopmayuonnvlx mexHonozuil

IIpn ocymectBieHun oOpa3oBaTENbHOrO TMpolecca IO AUCHUILIUHE  HUCHOJIb3YHOTCS
crenyonye nHHOpMalMOHHbIE TEXHOJIOTHU:

— MpPOBEACHUE JIEKIUN U MPAKTUYECKUX 3aHATUI C UCIIOJIb30BAHUEM CIal-TIPE3CHTAIUT;

— HCMOJb30BaHUE 00YYarOMINX BUICO(DUIBMOB;

— HCHOJb30BaHUE TEKCTOBOIO penaktopa Microsoft Word,

— HCIIOJNB30BaHUE TaOIMYHOTO peaakTopa Microsoft Excel,

— OpraHu3anys B3auMOJEHCTBHs € OOYYarOLIMMHCSA IOCPEICTBOM 3NIEKTPOHHOM MOYTHI U
OHOC.

12.2. Ilepeuensv npozpammnozo obecneuenusn

1. TekctoBblli pexakTop Microsoft Word;

2. Tabnnunsii pegakTop Microsoft Excel,

3. Penakrop npesenrammii Microsoft PowerPoint;
4. Bpaysep: Google Chrome.

5. HTepHeT.

12.3. Ilepeuensv ungopmayuonnvix cnpasouHvIX cucmem

JlocTyn K 3JIEKTPOHHBIM OMOIMOTEYHBIM pecypcaM M 3JIEKTPOHHOW OMOIMOTEYHOH cucteme
(OBC) ocymecTBiseTcst HOCPEICTBOM CHELUANBHBIX pa3/enoB Ha oduuuansHoM caiite UATD HUAY
MU®U. ObecniedeH JOCTYI K 3JIEKTPOHHBIM KaTanoram oubmmoreku MATO HUAY MUODU, a takxke
ANIEKTPOHHBIM 0OpazoBaTenbHbIM pecypcam (OMOC), chopMHUpOBaHHBIM Ha OCHOBAHUHU MPSMBIX
JIOTOBOPOB € MPaBOOOJaaTeNIIMU Y4eOHOH M y4yeOHO-METOJUUECKON JIUTepaTyphbl, METOAUYECKUX
HOCOOMI:
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1)

2)
3)
4)
5)
6)
7)
8)
9)

13.

DNEeKTPOHHO-O0MOITMOTeYHAs cucTema HUAY MU DU,
http://libcatalog.mephi.ru/cgi/irbis64r/cgiirbis_64.exe7C21COM=F&I21DBN=BOOK&Z
211D=&P21DBN=BOOK;

OBC «M3parensctBa Jlanby, https://e.lanbook.com/;

DnexTpoHHO-0nbIMoTednas cucrema BOOK.ru, www.book.ru;

ba3el maHHBIX «DNeKTpOoHHO-O0MbMMoTeuHas cucrema elibrary» (3bC elibrary);

bazosas Bepcus ObC IPRbooks, www.iprbooks.ru;

ba3bl manHbIX «OnekTpoHHas 6nbianoTeka Texundeckoro BY3a» www.studentlibrary.ru;
DNeKTpoHHO-0MONMMoTeYHas cucTema «AKnOyKe.py/ibooks.ruy,
http://ibooks.ru/home.php?routine=bookshelf

DnektporHo-6uGnHoTeuHas cuctema « I5C FOPAM Ty, http://urait.ru/.

OINMMCAHUE MATEPHUAJBHO-TEXHUYECKOM BA3bl, HEOBXOJIUMOMN IS

OCYHUIECTBJ/IEHUSA OBPA3OBATEJIBHOI'O ITPOLHECCA IO AUCHUITJIMHE

O ~NONWN Wb~

. JJabopaTtopus "Mexanuka"

. JJabopatopus "Konebanus u BoJHbI"

. JJaboparopus "MonexynspHas pu3uka u TepMoiMHaAMUKa"

. JJabopaTtopust "DneKTpuuecTBO U MarHeTu3M"

. JJabopaTtopus "Ontuka"

. Jlaboparopus "AtomHas ¢puzuxa"

. Jlekumonnsle ayauropuu MUATO HUAY MUOU, ocHalieHHble MyJIbTUMEIUIHBIM 000py10BaHUEM.
. bubnmuorexa UATD HUAY MUOU.

14. UHBIE CBEJEHUSA U (MJIN) MATEPUAJIBI

14.1.

Hepeuenb oépasoeameﬂbubtx mexrwﬂozuﬁ, UCROb3YyeMblX nNpU  OCyuiecmeieHuu

06p(l306(lmeﬂbl-l020 npovecca no 0ucuunﬂuue

Bup 3anstuii
HanmeHnoBanue
(Jekums,
AKTHBHBIX U
ceMHHAapBbI,
Ne HaumeHoBaHue TeMbl Kosn4yecTBO | HHTEPAKTHUBHBIX
NpaKkTHYecKue
nn AUCHUILIUHBI aK. 4. ¢hopm
3aHSATHS)
NpOBe/IeHUsl
(B COOTBETCTBUU ARSI
c PVII)
OU3NYECKUE OCHOBBI | aexkuun, 218 JEeKIHH,
MEXAHHUKH CeMHHAPBDI, CeMUHAPBDI,
NpaKkTHYeCKHe NpaKTHYeCKHUe
3aHATHS, 3aHATHS,
JadopaTopHbie JabopaTopHbie
padortbi, CPO pabotbi, CPO
CIIEIIMAJIBHASL JEeKIHH, 40 JEeKIHH,
TEOPUAOTHOCUTEJIBHOCTH | cemunapsl, CeMUHAPBDI,
NMPaKTHYeCcKHe NpPaKTH4YeCKue
3aHATHSA 3aHATHS
KOJIEBAHUS U BOJIHBI JEeKIHH, 85 JEeKIHH,
CeMHHAapBHI, CeMHMHAPBbI,
NMPaKTHYeCcKHe NpPaKTH4YeCKue
3aHATHS, 3aHATHS,
J1a0opaToOpHbIE J1abopaTopHbIe
pabdorsl, CPO pabdorsl, CPO
MOJEKYJSPHASN ®U3UKA U | neknun, 95 JEeKIHH,
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TEPMOJNHAMUKA CeMHHAapBHI, CeMHHApBI,
NpaKkTHYECKHE NpaKTHYeCKUe
3aHATHA, 3aHATHS,
J1abopaTopHbIe JlabopaTopHbIe
padorsl, CPO pabdorsl, CPO

JIEKTPUYECTBO JEKIMH, 72 JEeKINH,
ceMHUHAapbI, CeMHHAPBI,
NpaKkTHYeCKHe NpaKTHYEeCKUe
3aHATHA, 3aHATHS,
JabopaTopHbie JladopaTopHbie
padotsl, CPO pabotbi, CPO

MATI'HETHU3M JEKIMH, 90 JEeKIHH,
ceMHUHAaPpBI, CEeMHHAPBI,
NpaKkTHYeCKHe NMpaKTHYEeCKUe
3aHATHA, 3aHATHS,
JabopaTropHble JlabopaTopHbie
padotsl, CPO pabotbi, CPO

OIITUKA JEKIMH, 40 JEeKIHH,
CceMHUHApBI, CEeMHHAPBI,
NpaKTHYEeCKUe NMpPaKTHYECKUE
3aHATHA, 3aHATHS,
JabopaTopHbie JadopaTopHbie
pa6otbl, CPO pabotbl, CPO

KBAHTOBASA ®U3UKA JEKIMH, 68 JEeKIHH,
ceMHUHAPphI, CEeMHHAPBI,
NpaKkTHYecKHe NpaKTHYeCKue
3aHATHA, 3aHATHS,
JabopaTopHbie JabopaTopHbie
padorni, CPO padorni, CPO

14.2. @opmbl opzanuzayuu camocmoamenvHoi pabomosl odyuaowuxca (memvl, evtHocumble s
CAMOCMOAMENbHO20  U3YUEHUSA; GONPOCHL Ol CAMOKOHMPOIA; MUNOBble 3A0AHUA  O0A
camonpoeepku)

Ilepevtii cemecmp

NnuBuayanbHble JOMAIIHKUE 3aJaHUs 10 TeMaM:
1.Kunemartnka MaTepuaIbHON TOUKH.

2. JluHamMuKa MaTepUaIbHON TOUKH.

3.3aKOHBI COXpaHEHUSI.

4.MexaHHKa TBEpJIOTO Tena.

Bmopoii cemecmp

1.I'pa¢mueckoe  mpencTaBieHHE  BOJHOBOTO  Ipolecca.  YpaBHEHHE  IUIOCKOW  BOJIHBI,
pacrpoCTpaHsIONIEHCs B TPOU3BOIBHOM HAIIPABICHUHU. .

2. O ekt Homnepa

3. TemnepaTypHble LIKaJIbl: AMIHUPHYECKas, AaOCOJIOTHAs, TepMOJMHAMMUECKas, MeXIyHapoJHasl,
MPaKTUYECKasl.

4. . T'azokuHeTnyeckas Teopus Aupdy3uu, TerIonpoBOAHOCTH, BI3KOCTH. Pa3pspkeHHbIE ra3bl.

Tpemuiu cemecmp.

1. ITosne HEMOABMKHBIX 3apsAA0B B BaKyyMe.
2. IIpoBOJTHUKH B DJIEKTPUYECKOM IIOJIE.
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3. Ilosie MOCTOSIHHOTO TOKA B BaKyyMe.
4. IlepeMeHHOE IEKTPOMArHUTHOE MOJIE

Yemeepmutit cemecmp

1. B3aumogeiicTBre aroma ¢ JIeKTpoMarHuTHeIM mosieM. Dddekr 3eemana, s ekt Llrapka.
2. DIIeKTPOHHbIE CBOWCTBA TBEP/IBIX TeJl. OCHOBHBIE MOHATHS 30HHOM TEOPUH TBEPABIX TEIl.

Bonpocwl ona camoxonmponsa
1) Yrto Takoe KnHEeMaTHKAa?
2) Yto Takoe MIrHOBEHHAasi CKOPOCTH?
3) Kak onpeienuTh TaHreHIMAIBHOE YCKOPEHUE?
4) Yro Takoe ypaBHCHUE BWKCHHUS?
5) Yro Takoe MexaHHKa?
6) Yto Takoe maTepuanbHas TOYKa?
7) Yto TaKoe 3aKOH JBIIKCHUS?
8) Uro Takoe yckopeHwue?
9) Kak onpezienuth HOpMATBLHOE YCKOpEHHE?
10) YUto Takoe KOPUOIHUCOBO YCKOpEHHE?
11) Yto Takoe 1eHTpoOeKHOE YCKOpeHue?
12) 3anuiuTe 3aKOH JBMKEHUS B BEKTOPHOM (hopme.
13) Uto Takoe cpeHss CKOPOCTh?
14) Kak HaliTi TaHT€HIMAJIbHOE YCKOpEeHNUE Tena? 3anuIinTe BCe BO3MOXKHBIC CIIOCOOBL.
15) YUto Takoe MarepuasibHasi TouKa?
16) Uto Takoe KOPUOIHUCOBO YCKOpEHHEe?
17) 3anuinTte 3aKOH JBIKEHHUS B KOOPAMHATHON GopMme.
18) Yto Takoe MrHOBEHHASI CKOPOCTh?
19) Kak HaiiTi HOpMalibHOE yCKOpeHHUe Tejaa? 3aluIlnTe BCE BO3MOKHBIE CIIOCOOBI.
20) Kak ompeieuTh TaHTeHIMAIBHOE YCKOPEHHE TOYKH TBEPIOTO Tella MPH BPAIICHHUH, €CITH
WU3BECTHO YIJI0BOE YCKOpeHue?
21) Yrto Takoe abCONIOTHO TBEPIOE TEII0?
22) Yto TaKOE OCECTPEMHUTENIBHOE YCKOpEeHUE?
23) Uto Takoe MOCTyNnaTelnbHOE IBIKCHUE?
24) YeM myTh OTIIMYAETCS OT MEPEMEIICHHS?
25) Kyna HanpaBiieHa CKOPOCTh NPH KPUBOJIMHEHHOM JIBH)KCHUU?
26) Kak ompezernsieTcsi HOpMalbHOE YCKOPEHUE TOYKU TBEPAOro Teia?
27) Yto Takoe yCcKopeHHe?
28) Kak npeodpazyrorcst ckopocTH, ecin cuctema K aBmkercst otHocutensHo K' mocrymnarensHo?
29) HazoBuTte 4 Tna GpyHIaMeHTaIbHBIX B3aUMOCHCTBHIA.
30) ChopmynupyiiTe NPUHIKIT OTHOCUTEIBHOCTH [ asmest.
31) CdhopmynupyiiTe rpaHULIbl IPUMEHUMOCTH MeXaHuKH HproTOHA.
32) Ilepesiii 3akoH HproTOHA 3BYYHT:
33) UnepuuanbHble CHCTEMbI OTYETA - 3TO. ..
34) HenHepianbHble CHCTEMBbI OTCYETA - ITO. ..
35) Urto Takoe uHepuus?
36) Chopmynupyiite 3akoH uHepuuu [anunes-HproToHa.
37) 3anumute npeobdpazoBanus [anmies
38) 3anuiuTe U3BeCTHBIC BaM CHITbI HHEPIIMH U UX BHIPAKCHHUSI.
39) 3anuiuTe TeopeMy 00 U3MEHEHUH UMITYJIbCa Tea.
40) 3anumuTe TeopeMy 00 U3MEHEHNUH KHHETUYECKOI SHEPTHH Tela.
41) 3anumuTe TeopeMy 00 N3MEHEHUH MOTCHIUATBHON YHEPTUH Tela.
42) 3anuiuTe TeopeMy 00 N3MEHEHUH MOJHOM YHEPrUH TeJa.
43) Kakue cuitbl Ha3bIBalOT KOHCEPBATUBHBIMHU?
44) ChopmynupyiTe 3aKOH COXPaHCHHS UMITYJIbCA.

33



45) Kak cBsi3aHbI CHJIa ¥ IOTCHIMAIIbHASL DHEPTHsI?

46) Kakue 3aKOHBI COXpaHEHHS BBIIOJIHSIOTCS MTPU a0COIIOTHO YIIPYyroM ynape?

47) 3anuinuTe BIPOXKCHUE VIl KHHETHYECKOI SHEPTUH B CHCTEME, CBSI3aHHOM C IIEHTPOM Macce C
HCIOJIb30BAHUEM MIPUBEJACHHON MaCChl U OTHOCUTEIBHOM CKOPOCTH.

48) Kakue 3aKOHBI COXPaHEHHS BBIIIOJIHSIOTCS ITPU a0COIIOTHO HEYIPYToM yaape?

49) Uto Takoe npuBeacHHas Macca?

50) Yto Takoe abCOIIOTHO TBEPI0E TEII0?

51) Kak onpeziensieTcss MOMEHT HHEPIIMH TeJa B CIydae TUCKPETHOTO PACIpeIeliCHHs MacChl?

52) 3anuminte ypaBHEHUE THHAMHUKH BPAIlaTeIbHOTO ABMYKECHHS TBEPIOTO TEIa.

53) Kak onpesensiercst paboTa MpH BpallleHUH TBEPIOTO Tea?

54) Kak onpeziensieTcss MOMEHT MHEPIMH Tea B CIy4ae HEMPEPhIBHOTO PACIIPE/ICIICHHS MacChl?

55) Chopmynupyiite Teopemy llITeiinepa.

56) Kak onpezensercss KHHETUYECKasi SHEPTUsl TIPH BPALIICHUH TBEPOTo Tea?

57) Kak cBsi3aHbI JUTMHA TyTH, IPOWICHHOMN TOYKOM TBEPIOTO Tela, M yroj MoBopoTa Tea?

58) Kak npeobpasyrorcst yekopenus, eciu cuctema K aprkercst orHocurenbHo K' BpararenbHo?

59) 3anumuTe 3aKOH JABMKEHHSI TOYKH TBEPIOTO Tella, COBEPIIAIOIIETO BpaIlaTeIbHOE IBHKCHUE
BOKPYT HETIOJIBUKHOM OCH.

60) Kak cBsi3aHbI JTMHEHAS U YTIIOBask CKOPOCTU?

61) Uto Takoe MrHOBEHHAsI OCh BpAIlCHHS?

62) Uto Takoe MI0CKoe JBHKEHUE Tema?

63) Uto Takoe rupockorn?

64) Uro Takoe riiaBHbIe OCH Tea?

65) Kak HaliTH KHHETUYECKYIO SHEPTHUIO MPH TUIOCKOM JIBHXKCHHUE Tea?

66) 3anumuTe OCHOBHBIC YPABHCHHUS TUHAMHUKH IIOCKOTO IBMKEHHS TeJIa.

67) Kak onpesiensieTcss MOMEHT MMITyJIbca Teaa?

68) Kak ompeessieTcss MOMEHT CHJIBI Teja?

69) KakoBa MakcuMaibHast CKOPOCTb Mepeaaud B3auMOICHCTBHS?

70) Kak BbI HOHUMaETE CIEAYIONIYIO (pa3y: «IJTHHA MOHATHE OTHOCUTEIBHOE ?

71) MoeT I CKOPOCTh COJMIKEHUS IBYX YaCTHIl B JAHHOM CHCTEME OTCUETa OKa3aThCsl 0OJIbIIe
CKOpOCTH cBeTa?

72) IlpuBeuTe MPUMEPhl HHBAPHAHTHBIX BEJIMYUH B (DU3HKE.

73) CymiecTByeT Jin abCOIOTHAS HHEPLHATbHAS CHCTEMa OTCueTa’?

74) ChopmynupyiiTe mocTyaaThl DHHINITEHHA.

75) Kak BBl IOHMMAaETe CICAYIOUIYIO (pa3y: «OJAHOBPEMEHHOCTD MOHITHE OTHOCUTEIBHOCY ?

76) MosxeT Jii OTHOCUTEJIbHAS CKOPOCTh YaCTHUIIBI B CHCTEME OTCYETA, CBSI3aHHOM C Ipyron
YyacTUlel, 0Ka3aThCs OOJIbIIE CKOPOCTH cBeTa?

77)Yto Takoe MHBApPHAHT?

78) 3anumiute npeobpazoBanus JlopeHia.

79) BpeMeHuno100HbI€ ¥ MPOCTPAHCTBEHHOIIOA0OHbBIE HHTEPBAIIBI

80) IIpeobpaszoBanus JlopeHna st CKOPOCTH.

81) PenaATUBUCTCKHI HMITYJIBC.

82) OcHOBHOE ypaBHEHHE PEISITUBUCTCKON TUHAMUKH.

83) Urto Takoe Macca MmoKos?

84) Kunerndeckast SHEPrusi peIATHBUCTKON YaCTHIIBI.

85) 3ak0oH B3aUMOCBSI31 MAaCChl M SHEPTHH.

86) CBs13b MEX/Ty UMITYJIbCOM M SHEPTHEH YaCTHIIBI.

87) Chopmynupyiite OCHOBHBIC MOJOKEHHUS MOJICKYIIPHO-KUHETUIECKOW TEOPHUH.

88) KakoBbI 0COOEHHOCTH CTPOEHHS, Fa30B.

89) Uto Takoe OTHOCUTEIbHAS MOJICKYJISIpHAst Macca BerecTBa?

90) Yro Takoe OAMH MOJIb BElecTBa?

91) CkosbpK0 MOJIEKYJT (aTOMOB) COJICPKUTCS B OJTHOM MOJIE BEIeCTBa?

92) Yto Takoe MOJIIpHAsE Macca BeliecTBa?

93) Kak onpezienuTh MOJISIPHYIO Maccy BEIIECTBa M0 Tadiuie MeHneneena?

94) Yem ompenensercs TaBjieHUE raza B cocyse?
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95) Kakue gonyuieHus MPUHATHI B MOJICIH HJICAILHOTO Ta3a’?

96) 3anumiute hopmysy ocHoBHoro ypasuenust MKT uneansHoro rasa. Kakue ¢pusnueckue
BEJIMYUHBI 0003HAaYeHbI OyKBaMH 3TOTO YPaBHEHUsI, KAKOBA X pa3MepHOCTh B cucteme CU?

97) Kakast nikana Temreparyp UCIOJIb3yeTCs PH PacueTax B MOJCKYISAPHOH (usnke?

98) Uro npunsTo 3a O0 B aOCOIIOTHOI IIKajie TeMiepaTyp?

99) MoskeTt 11 Temriepatypa ObITh paBHOM 00 1O 3TOM MIKaJIe U oYeMy?

100) Kakne mapameTpsl CBSA3bIBAaCT MEXIY COOOH YpaBHEHUE COCTOSHHSI UACaTbHOTO

101) N3orepmuueckuii mpouece, GopMyIupoBKa.

102) N3orepmuueckuii mpouecc, rpaguueckoe NpecTaBlIeHuE.

103) N306apHsIii mporiece, GopMyITHPOBKA.

104) N306apHsIii mporiece, GopMyITHPOBKA.

105) N3oxopHsIii poriecc, GopMyaupoBKa

106) N3o0xopHbIi mporecc, rpadguyueckoe npeacTaBieHue.

107) JlaTh ompeneneHue HapsHKEHHOCTH U MIOTEHIIMAIIA 3JIEKTPUIECKOTO 1MoJist. BeiBecTn
(bopMyIy, YCTAaHABIMBAIOIIYIO CBSI3b MEXK/Ty STUMH BEJTHUYUHAMHU.

108) [Tonb3ysce Teopemoii ['aycca, onpeaenTh HAPSKEHHOCTh AIEKTPOCTATUYECKOTO OIS
Ha paccTosHUH I OT 1ieHTpa cheprl paauyca R (R > r), 3apsokeHHO# ¢ 00beMHO# TNIOTHOCTHIO
p.

109) [Tonb3ysck Teopemoii ['aycca, BriBecTH (hopMyITy Aj1s HAIPSXKEHHOCTH OECKOHEYHOTO
PaBHOMEPHO 3aps>KEHHOT0 LUINHAPA (HUTH).

110) 3anucath GopMyIIbl 1715 GU3NYECKUX BETUUUH, XapaKTePU3YIOLIUX JIEKTPUUECKOEe
noJie B mudJekTpukax. ChopmynupoBaTh 1 3amucatb TeopeMy [ aycca uist moss B
TIDIEKTPUKAX.

111) Chopmynupyiite TeopeMy ['aycca i 31€KTpPOCTATUYECKOTO MO B IUIEKTPUKE.
Brisenute ycnobue 1 BektopoB E nDna rpanune paszena AByX AMAIEKTPUUECKUX CPEL.

112) Tunel nuanexTpukoB. [lonaspuszaus JUIIEKTPUKOB.

113) [Tonsipu3aniuu MOMSPHBIX M HEMOSPHBIX AUAJIEKTpUKOB. Kakas ¢puszndeckas BeTuInHa

OIpPEACIIACT CTCIICHD MOJAPHU3all AUSJICKTPUKOB, KaK OHA CBsA3aHa C HAIIPSXKCHHOCTBIO
OJICKTPHUYECCKOT'O ITOJIA B I[I/IBJ'ICKTpI/IKaX?

114) CdopmynupoBath yCI0BHS PAaBHOBECHS 3apsI0B B IPOBOIHUKE. BriBecTn dhopmymy
JUTS HaIlPsHDKEHHOCTH T10J1s BOJIM3U TTOBEPXHOCTH NMPOBOTHHUKA.

115) [Tonw3ysick popMyIIoH I SHEPTUH 3aPSHKEHHOTO KOHJICHCATOPa, BRIBECTH (OPMYITY
JUI 00BbEMHOM MIIOTHOCTH 3HEPTUU JIEKTPOCTATHUECKOTO MOJIS.

116) BriBecTH, mosib3ysch KIACCUYECKON JIEKTPOHHOM TE€Opre MeTasioB, 3akoH OMa Jist
OJIHOPOJIHOTO y4acTKa Iienu B quddepeHnnanbaoi hopme.

117) BriBecTy, nonb3ysch KIacCHYECKON TEOpUEH 3JIEKTPOIIPOBOJHOCTH METAIIOB, 3aKOH
Jlxoynsa-Jlenna B quddeperiuanbHoin Gopme.

118) BriBecTr 3akon OMa Jij1s1 OTHOPOTHOTO y4YacTKa 1enu B nuddepeHnuanbaon Gopme.

119) ConpoTHuBieHHE U TPOBOJAUMOCTH MPOBOTHUKOB. 3aBUCUMOCTh COMPOTHBIICHUS U
MIPOBOJMMOCTH OT TEMIIEPATYPHI.

120) CdhopmynupoBaTh IPUHIHUIT CYTIEPIO3UIIMA MAaTHUTHBIX ToJieil. BeiBectu dhopmyiy ams
ornpeAeNneHus] MAarHUTHOM UHIAYKIMKU B 1oJis MpoBOIHMKA ¢ TOKOM KOHEYHOM JTTHHBL.

121) 3anucats 3akoH buo-CaBapa-Jlamnaca. BeiBectu hopmyiny uis MarHUTHON MHTyKITUU
T0JIsA, CO37aBaeMOro OECKOHEYHO UIMHHBIM MPOBOJHUKOM C TOKOM.

122) 3anucats 3akoH bruo-CaBapa-Jlamnaca. BeiBectu hopmyiny s MarHUTHON MHITyKITUU
T0JISL B LIEHTPE KPYTrOBOTO TOKA.

123) 1 BriBecTd TeopeMy O IUPKYJISIHKA BEKTOpa MarHUTHOW MHAYKIMUA. OOBICHUTH
(bu3nuecKuit CMBICT MOTYYEHHOU (HOPMYIIBL.

124) 3aKOH MOJIHOTO TOKa JUIsi MAarHUTHOT'O 1OJIsL B BaKyyMe (BbIBECTH (HOPMYITY).

125) Teopema o IUPKYISAIUN BEKTOPAa MATHUTHOW MHAYKIIUN B, [TpumeHus ee,
paccunTaiTe MarHUTHOE TOJIe COJICHOUIA.

126) Jlaiite onpeenenre MOTOKa BEKTOpa MarHUTHON HHAYKINH. ChopMyIupyiTe Teopemy

Faycca JJI1 MAarauTHOI'O ITOJIA, OOBSICHUB €€ (I)I/I3I/I‘-ICCKI/II71 CMBICIJI.
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127) D¢ dext Xomna. BeiBectr popMyity Uit XOIIOBCKOM pa3HOCTH MOTSHIIMAIOB.

128) Hcnonw3ys 3aKk0H COXpaHEHUS SHEPTUHU, BBIBECTH OCHOBHOM 3aKOH 3JIEKTPOMAarHUTHOM
WHIYKIIH.

129) [Ipupona nqua- u napaMarHeTusma.

130) Oco0eHHOCTH MarHUTHBIX CBOWCTB (peppOMarHeTUKOB. MeXaHn3M HaMarHMYMBaHHS
(beppoMarHeTHKOB.

131) BriBectn quddepeHnnanbHoe ypaBHEHHE 3aTyXarOIUX AIEKTPOMarHUTHBIX

KosiebaHui, 3anucath ero peuienne. Jlatp onpenenenne kodpUIUeHTa 3aTyXaHHs,
norapupmMuueckoro kKodpduuneHTa 3aryxaHus.

132) BriBectn quddepeHnnanbHoe ypaBHEHHE 3aTyXarOIUX AIEKTPOMarHUTHBIX
KoJieOaHuH, 3anucath ero peuienne. Jlate onpenenenne kodpUIMEHTa 3aTyXaHus,
JTOrapu(pMHUECKOTO JEKPEMEHTA 3aTyXaHHS.

133) Tok cmemenus. BeiBectn hopMyiy [iis TNIOTHOCTH TOKA CMETICHUS.

134) [TepBoe ypaBHeHne Makcpemia. @U3NUECKUA CMBICIT 3TOTO YPAaBHEHUS.

135) Bropoe ypaBHenne MakcBesia. @U3NYECKUN CMBICT 3TOTO YPaBHEHHS.

136) Ucnons3ys ypaBuenue Makcpeiia, 00bICHUTE BOSHUKHOBEHHE JIEKTPOMArHUTHBIX
BOJTH.

137) B uem 3akmtouaetcs sBienue BHenrHero ¢hotodddexra’?

138) Kakossr 3akoHoMepHOCTH (hoTod(ekTa, oTKphITHIE CTONETOBHIM?

139) B uem cyTh kBaHTOBOI1 Teopuu cBeTa?

140) KakoBbl xapakTrepucTuku poToHa

141) Kak 3anuceiBaercs ypaBHeHue DiHIITeHa As potoapdexra? KakoB pusnueckuii
CMBICIT BXOJISIIUX B HETO BETNINH?

142) Kax ypaBHeHue DifHIITeliHa 00BICHIET 3aKOHOMEpHOCTH (oTorhdexTa?

143) Urto takoe "kpacHas rpanuna" Gorodddexra u mouyemMy oHa HOCUT TaKOe Ha3BaHHE?

144) Kak ycrpoen ¢gortosnemeHT?

145) UTo Ha3bIBaETCSl CBETOBOM XapaKTepUCTUKON (poTodmemenTta?

146) UTto Takoe BoJabTaMIIepHas XapakTepucTrka GoTtodnementa? UTo Ha3bpIBaeTCs
(hOTOTOKOM HACHITIICHUS?

147) KaxoBo ycTpoiicTBO 1 mpuHIum padoThl hoToauHaTpona? UTto Ha3pIBaeTCs
KO3 (HUIIMEHTOM BTOPUYHOM SMUCCUH IEKTPOHOB?

148) Kakum o6pazom B paboTte onpenensercs "kpacHas rpanuna’ ¢porosddexra? [ouemy
WCIIOJIb3YETCSl METO]I SKCTPAIOJIALIUN 7

149) Oo6mamaet 11 GoTorhPEeKT HHEPITUOHHOCTHIO?

150) Atom Bosopoaa B reopuu H. bopa.

151) I'mnotesa ae bpotinsa. Onbitel [IpBuccona u Jxepmepa.

152) CooTHOIIIEHHE HEOIPEICICHHOCTEH.

153) VYpasuenue llpenunrepa.

12.3. Kpamxuii mepmunonozuueckuii cnosape (cocmagumens: 0.¢h.-m.H., npogheccop
Kopoeun 10.A.)

[IpuBeneH mepeyeHb OCHOBHBIX TEPMUHOB, 3HAHHE KOTOPHIX HEOOXOUMO JIJIst
YCIIELIHOTO U3yUYEHHs] BOIPOCOB MPOTrpaMMBbl 10 AUCHUIIITNHE «DPu3nKay, (pa3aenbl
«Mexanuka», «CTO», «Konebanust u BosiHb, « TepMoIMHAMUKA U MOJIEKYJIIpHAsT
busnkay, « nekTpoMaraeTu3m»,«OnTrukay, « AToMHast GU3UKA U DJIEMEHTAPHBIC
YaCTHULbI»

MexaHuKa
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AOCOJIIOTHOE IBHKEHHE - IBUKEHHUE T€J1a OTHOCUTENIBHO YCIOBHO HEMOBU)KHON CUCTEMbI OTCYETA.
AOCOJIIOTHO TBep/10e TeJI0 - CUCTEMA MAaTEPHAIIbHBIX TOUYEK, PACCTOSIHUE MEXIAY KOTOPBIMU HE
M3MEHSIOTCS B TAaHHOH 3a/1aue. AOCOIIOTHO TBEpAOE TEI0 00JIaAaeT TOIBKO NOCTYATEIbHBIMU U
BpAIlaTEIbHBIMU CTENEHSIMU CBOOO/IBI.

Bec Tes1a - B ¢pusmKe - cuiia, ¢ KOTOPOi TeI0, HaXOAAIeeCs B CHIIOBOM (TPaBUTAIIMOHHOM) TIOJIE,
JEMCTBYET Ha TOPU30HTAJIBHYIO OIOPY WIH PACTATMBAET BEPTUKAJIBHBIN MOABEC. 3HAUUT, BEC
IIPUJIOKEH K OIIOPE, K MOJBECY, HO HE K TEIly.

BpamaTrenbHOe ABUXKeHHE BOKPYT OCH — [IBVKEHUe, IPU KOTOPOM TPAEKTOPUHU BCeX
TOYEK TeJsla SIBJSKTCA OKPYKHOCTSIMM C LieHTPaMH, pacCloJIOKEHHbIMU Ha OJHOU
npsiMoi (ocHM BpallleHUs), U JieKalUMMHA B IJIOCKOCTSIX, NepPHeHUKYJISPHbIX 3TOH
npAMOM.

Bropas kocMuueckasi CKOPOCTb - MUHUMAJIbHAsI CKOPOCTh, KOTOPYIO HEOOXOIMMO COOOUIUTH TENY,
HaXOJSIIEMYCsl Ha TOBEPXHOCTH 3eMJIH (WJIM HMHOTO MAacCUBHOTO TeJa), YTOOBI OHO BBILLIO U3 chepbl
IPaBUTALIMOHHOIO ACHCTBUS IJIAHETHI (T. €. YAATWIOCH Ha TAKOE PACCTOSTHUE, ITPU KOTOPOM
MPUTSDKEHUE K 3eMiie IPeHeOpeKMo Majio). Y MOBEpXHOCTH 3eMJTH BTOpasi KOCMHUYECKasi CKOPOCTh
paBHa 11.2 km/c. Bropas kocMudeckasi CKOpOCTb HE 3aBUCUT OT HAlPaBJIEHUS, B KOTOPOM 3aITyCKaeTCsl
TEJO.

Bropoii 3akon HeroToHa - pusznueckuii 3aK0H, B COOTBETCTBUHU C KOTOPHIM YCKOPEHHUE,
nprodperaeMoe MaTepHalbHOM TOUKON B MHEPLUAIBHON CUCTEME OTCUETa, MPSIMO MPONOPLIUOHAIBHO
JENCTBYIOIIEH Ha TeJo (PaBHOACUCTBYIONICH) crjie, OOpPaTHO MPOMOPIIMOHAIBHO Macce Tena, u
HaIpaBJIEHO B CTOPOHY JeMCTBUS cuiibl. B Takoit popme 3akOH MpHUMEHUM TOJIBKO [ TEJ, Macca
KOTOPBIX TIPH IBIKEHUH HEe MeHsieTcs. bonee obmas popmynuposka BToporo 3akona HeroToHa
TJIaCUT: CKOPOCTh U3MEHEHUSI UMITYJIbCa TeJla MPSIMO MPOMOPIUOHATIbHA JIEHCTBYIOIIEH CUIIE.
JBH:KeHME MaTEePHAJIbHON TOYKH 110 OKPY/KHOCTH - JBIKEHUE MAaTEPUAIIbHON TOYKH, KOT/1a
TPAaeKTOPHUEN TOUYKHU SIBISECTCS OKPYKHOCTh. DTO MPOCTENIINNA CITydail KPUBOJIMHENHOTO JIBMOKEHUS.
JAunammuka - paziesn MEXaHUKH, U3y4arollui BIUSHUE B3aUMOACHCTBUN MEXKy TeIaMU Ha UX
MEXaHMYECKOE IBIKEHHUE. /[MHaMIKa OTBEYaeT Ha BONIPOC: TOYEMY JBHIKETCS TEJIO0? DTO MpUYMHHAS
4acTh MEXaHUKHU.

JuHaMH4YecKyue ypaBHEHUs JBUKEHUS — 3TO BTOPOU 3aK0H Hp0TOHA, 3aNIMcaHHbBIN
JUIl JAHHOTO TeJsla. DTYU YpaBHEHUs MOXKHO 3allUCaTh B BEKTOPHOM BHU/ie U B IPOEKLUAX
Ha ocu KoopauHarT. CocTaB/ieHUE U pellleHUe TaKUX YpaBHEHUU — IJ1aBHad 3a/ia4a
JAAHAMHUKH.

3aKOH BCEMHPHOT0 TATOTeHUA (OTKPbIT HbI0TOHOM) I'JIACUT: CHJIa B3aUMO/IeMCTBUS
JIByX MaTepHaJIbHbIX TOUYEK NPSAMO MPONOPLMOHAJIbHA MaccaM 3TUX TOYeK, 00paTHO
NpONOPLMOHANIbHA KBaApaTy PAacCTOAHUA MeX/y HUMU Y HallpaBJeHa BJL0JIb IPAMOU
coeUHAIOLIEN TOYKU. Macca, durypupyrouas B 3TOM 3aKOHE, Ha3bIBAETCA

FpaBHTaHHOHHOﬁ.

3akonbl Hbl0TOHA - TpU 3aKOHA, JIeXKAIlMe B OCHOBE KIIACCUYECKOM MEXaHHUKHU.

3akoHbl HpI0TOHA HE 10Ka3bIBAIOTCA B MAaTEMaTHYECKOM CMBICIIE, a SIBIISIOTCS

o0o011eHreM omneiTa. Briepsbie 3T 3aK0oHbI ObUTH chopmynrpoBaHbl HetoToHOM

B 3HAMEHUTOM Tpyzie «MaTemaTiueckue Havyala HaTypaiabHOU (uiocodum»

(1687).

3akoHbl coxpaHeHUsi - QyHIaMEHTAIbHbIE (PU3UYECKHE 3aKOHBI, COIVIACHO KOTOPHIM B 3aMKHYTOH
(M30IIMPOBAHHOI) cHCTEME HEKOTOpble (PM3UUYECKHE BEMYMHBI HE M3MEHSIOTCS C TEYCHUEM BPEMEHU
MpH BCEX B3aUMOJCUCTBUAX, MPOUCXOAAIIMX B O3ToW cucteMe. B mexanumke HproTOHa 3aKOHBI
COXpaHEHUs BBIBOJATCS U3 3aKOHOB HbIOTOHA, SIBIIAIOTCS UX CIIEJCTBUEM.

3aKkoH coXpaHeHHMs MMITYJIbCA - 3aKOH MEXaHUKH, B COOTBETCTBUU C KOTOPBIM:

BEKTOpDHas CyMMa HWMITYJIbCOB Tl 3aMKHYTOH CHCTEMBI OCTA€TCsS IOCTOSHHOW TMpHU JHOOBIX
B3aUMOJICHCTBUSAX ITHX TNl MEKIy c0o00i. VMITylbc MOXKET TOJBKO MEpPEepactpenesiThbCs MEXKIY
TeJaMU CUCTEeMbl. B MeXaHuKe 3TOT 3aKOH BBIBOAMUTCS M3 3aKOHOB HbloTOHA. 3a mpenenaMu MEXaHUKU
3aKOH COXPaHEHHsI IMITYJIbca HY>KHO pacCMaTpUBaTh KaK CAMOCTOSTEIbHBINA OMBITHBIN MPUHIIUII, HE
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cBOAALIMICSA K 3akoHaM HproToHa. 3aKOH COXpaHEHUs HMIIYJbCa €CTh CJIEACTBUE OJHOPOAHOCTH
IIPOCTPAHCTBA.

3aKoH coXpaHeHMs M NpeBPALLeHNs JHEPruM - OOLINIl 3aKOH NPUPO/bI, OJUH U3

OCHOBHBIX 3aKOHOB ecTecTBO3HaHMA. COrjJacHO JTOMY 3aKOHY OJHeprus 000 3aMKHYTON
(M30JIMPOBAHHOI) CUCTEMBI IIPU BCEX IpoLEccax, IPOUCXOAIINX B CUCTEME, OCTAETCSI IOCTOSTHHOM.
DOHeprusi MOXKET TOJBKO MEePEeXOIUTh M3 OAHON (OPMBI B JPYTyIO0 U IEPEepaclpeneNiThCs MEeXIy
4acTAMM CUCTEMBI. {71 HE3aMKHYTOM CHCTEMbI yBEIMYEHUE (MM YMEHBIIECHHUE) €€ PHEPIHMH PaBHO
yOBbUTH (MIT BO3pACTaHUIO) SHEPTHH B3aUMOJICHCTBYIOMINX C HEH Tel U U3NYECKUX TTOJIeH (CM. TaKkKe
OHeprus). 3aKOH COXPAHEHUS SHEPTUH CBSI3aH C OTHOPOJIHOCTbIO BPEMEHH.

3aKoH cOXpaHeHMs MAacCChl - 3aKOH KJIACCUYECKON MEXaHUKH, B COOTBETCTBUU C KOTOPBIM IIPU
T0OBIX TpoIieccax, MPOUCXOIAIINX B CUCTEME TEJI, €€ Macca OCTaeTCsl HeM3MEHHOH. B crienuanbHoi
TEOPUU OTHOCUTENILHOCTH 3TOT 3aKOH IOCJIE OTKPBITUS B3aUMOCBSI3H MACChl U SHEPTUU MOJBEPICs
nepeocMbicieHuI0. Kak BBIICHUIIOCH, BCSIKOE BBIJEJICHUE WIIN MOTJIONIEHHE SHEPTUU COITPOBOXKIAETCS
M3MEHEHHEM MacCHhl.

3aKoH coXpaHeHHMs MeXaHM4YeCKOl IHepruu - GU3NYeCKuil 3aK0H, B COOTBETCTBUU C KOTOPBIM: B
3aMKHYTOM CHUCTEME, B KOTOPOH HE IEUCTBYIOT CHJIbI TPEHHS U CONIPOTUBIICHUS], CyMMa KMHETHYECKOU
Y MTOTEHIMAIbHOM SHEPTUU BCEX TEJI CUCTEMBI OCTAETCS BEIMYNHOMN MOCTOSTHHOM.

3aKoH coXpaHeHHMs] MOMEHTAa UMILYJIbCA - PU3NUECKUN 3aKOH, B COOTBETCTBUU C KOTOPHIM MOMEHT
MMITYJIbCa 3aMKHYTOM CUCTEMBI OTHOCUTEINIBHO JIF00ON HEMOJIBUKHOM TOUKH HE U3MEHSETCS CO
BpeMeHeM. 3aKOH COXpaHEHUSI MOMEHTAa UMITYJIbCa €CTh MPOSBIECHUE U30TPOITHOCTH MTPOCTPAHCTBA.
HNHepTHOCTD - CBOMCTBO MaTepHalIbHBIX 00BEKTOB MPUOOPETATh pa3Hble YCKOPEHUS IIPU OJIMHAKOBBIX
BHEILIHUX BO3JICHCTBHUAX CO CTOPOHBI APYTUX Tel. Mepoit HHEPTHOCTH Tela B MOCTYATEIbHOM
JBUKEHHHU ABJIIETCS €ro Macca, a Ipu BpalllaTelbHOM ABMKEHUU — MOMEHT UHEPIUH.
HNuepunanbHas cucreMa oTcyera - CICTEMa OTCUYETa, B KOTOPOU TEJI0 HAXOAUTCS B TOKOE WU
JBUKETCSI PABHOMEPHO U MPSIMOJIMHENHO 10 TeX Mop, MOKa Ha Hero He JeMCTBYIOT ApyTye Tela Win
9TO JEUCTBHE CKOMIIEHCUPOBAaHO. CMBICH NIEPBOTO 3aKkoHa HbIOTOHA B yTBEPKACHNUHN CYIIECTBOBAHUS
TaKUX CUCTEM OTCYETa.

Kunemartnka - pas3zen MexaHuKH, U3y4arOLINi FeOMETPHUECKUE CBOMCTBA JBMKEHUS Ten 0e3 ydera
UX Macc U ACHCTBYIOIUX Ha HUX cuil. KuHeMaTtuka ucciegyeT crnocoObl ONMCaHUs ABUKEHUH U
CBA3EH MEXy BEJIUYMHAMU, XapaKTCPU3YIOIUMU 3TH ABMKeHUs. KMHEeMaTnka oTBedaeT Ha BOIIPOC:
Kak ABMxkeTcs Teno? (cp. ¢ JlunaMuxoii).

KunemaTnuyeckne ypaBHeHHs JIBHKEHUs 3TO 3aBUCUMOCTD PaInyC-BEKTOpPA MATEPUAILHON TOUKU
WIH €€ KOOpJHUHAT OT BpeMeHH. OCOOEHHO HIMPOKO MCIIOJIb3YIOTCSI KHHEMAaTHYECKUE YPABHEHUS
PaBHOIIEPEMEHHOIO JBUKCHMUSL.

KnHeTHUyeckas 3Heprusa - sHeprusd MeXaHU4YeCKOW CUCTEMBI, 3aBUCALLLAA OT CKOPOCTel
ee To4yeK. Eciiv Tes1o0 Maccel m JBUXKETCH CO CKOPOCTBIO V, TO €ro KUHeTUYecKasd s3Heprusa
paBHa mvZ/2.

KosdpuunueHT TpeHUs - OTHOLIEHHE CUJIbI TPDEHHUS K CUJIe HOPMaJIbHOM peakuuu (Uau
K CWJle HOPMaJIbHOTO JlaBJIeHHUs, IPUKKMMalollel TpylLecss HOBEPXHOCTH APYT K APYry).
BeipaxkaeTcs oTBJIe4UeHHBIM Oe3pa3MepHbIM UMCI0M (cM. Takxke TpeHue).

JInHeiiHas CKOPOCTB - CKOPOCTb OTAEIBbHON TOUKH BpalIaroIIerocs Teja, 3aBUCAIas OT yTJI0BOU
CKOPOCTH M PacCTOSIHUSA OT TOUKH JI0 OCH BpalieHus. JInHelHas CKOpOCTh MaTepUaIbHOM TOUKU
YHCJIEHHO PaBHA PACCTOSHUIO, KOTOPOE TOYKA MPOXOIUT B €AMHUILY BPEMEHHU.

Macca - Mepa MHEPTHBIX U I'PaBUTALUOHHBIX CBOUCTB TeJsa (cM. MHepTHOCTB, 3aKOoH
BCEMUPHOTO TAr0TeHUs ). Macca He 3aBUCHT OT CKOPOCTH.

MaTtepua/ibHOM TOYKOM Ha3bIBaeTCs TeJsio, pa3Mepbl U ¢dopMa KOTOPOro B JAaHHOU

33/ja4ye He CyllecTBeHHbl. MaTepualbHYy0 TOYKY YaCTO HAa3bIBAIOT TEJIOM.

MrHoBeHHas CKOPOCTb - TIPEeT CPeIHE CKOPOCTH 32 OECKOHEUHO MaJIbIi MPOMEKYTOK BPEMEHHU.
MrHoBeHHasi CKOPOCTh HaIlpaBJieHa 10 KacaTeIbHOW B IaHHOW TOYKE TPAeKTOPHUHU.

MrHoBeHHAasl YIJI0Basi CKOPOCTb - TIPeZies, K KOTOPOMY CTPEMUTCS CPEAHSs yIioBasi CKOPOCTh MPH
0ECKOHEYHOM YMEHBIICHUH MPOMEXKYTKa BpeMeHH. MTHOBEHHYIO YTJIOBYIO CKOPOCTh MOYKHO HaWTH,
TaKUM 00pa3oM, Kak MPOU3BOIHYIO OT yria MOBOPOTA MO BPEMEHHU.
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MexaHHKa - OCHOBHOM pa3zen pU3MKH; HayKa O MEXaHUYECKOM JIBUKCHUU MAaTePHAIbHBIX T U
IIPOUCXOAIINX B3aUMOACHCTBUIIX MEXKTy HUMU. B pe3ynbpTaTe B3auMoIeCTBUS U3MEHSAIOTCS
CKOPOCTH TeJ UK Tena AehopMupyroTcs. MexaHuka moapasiensercs Ha CTaTUKY, KHHEMAaTHKY U
TMHAMUKY.

MexaHuka Tes1 mepeMeHHON Macchl - pa3/iesl MEXaHUKH, 3YYaloIui ABM)KEHU T, Macca
KOTOPBIX U3MEHSETCS C TEUEHUEM BPEMEHU BCIIEJICTBUE OT/EIEHMS OT Tejla (MU PUCOECTUHEHUS K
HEMY) MaTepUaJIbHBIX YacTULl. Takue 3ajaud BOZHUKAIOT [IPH JIBYKEHUU PAKET, PEAKTUBHbBIX
CaMoJIeTOB, HEOECHBIX TeI U JIp. JIBIDKEHHE Tella IePeMEHHOW MacChl ONMCHIBACTCS ypPaBHEHUEM
Meiuepckoro, KoTopoe siBisieTcst 000011eHneM BTOporo 3akoHa HeloTOHa ImyTeM BBEJIEHUS B 3TO
YpaBHEHHE PEAKTUBHOM CHUJIbI TATH.

MomMeHT cu/Ibl OTHOCUTENBHO TOYKHM O onpefesifieTcd KaKk BEKTOPHOe IPOU3BeJleHre
pasuyc-BeKTOpa TeJia Ha BEKTOP CUJIbl. MOMEHT CUJIbl OTHOCUTEJIbHO OCH BpallleHUs (He
NyTaTb C MOMEHTOM CHJIbl OTHOCHUTEJbHO TOYKHU!) 3TO — MpOU3BeJleHUe CUJIbI Ha NJIEYO
(kpaTyaiiliee pacCTosIHUE OT JIMHUH JIeHCTBUS CUJIBI 10 OCH BpallleHUs, PyTrUMHU
CJI0BaMH, JiJINHA NepHeHUKYJIsIpa, ONyleHHOro U3 ToYku O Ha JIMHUIO JIeUCTBUS CUJIbI).
Mo>kHO OKa3aTh, YTO MOMEHT CUJIbl OTHOCUTEJIBHO OCH BpalleHHUs], IPOXOAsllen yepes
TOuKy O, eCTb IPOEKIUsI MOMEHTA CUJIbl OTHOCUTEIbHO TOYKHU O Ha 3Ty oChb. (Cp. €
NOHATHEM MOMeHT uMmny.Jibcal)

HennepuuajabHasi cuctemMa 0Tc4eTa - CUCTEMa OTCUETa, B KOTOPOI HE BBITIOIHSAETCS MEPBBIH 3aKOH
Herotona. HennepimanpHas cuctemMa oTcueTa JABHKETCS C YCKOPEHHEM OTHOCUTEIBHO HEKOTOPOH
MHEPLUHATBEHON cuCTEMBI OTcueTa. BaskKHBIM Ki1acCcOM HEMHEPIHAbHBIX CUCTEM SIBIISIOTCS
BpAIIAIOIIHECcs CUCTEMBI OTCUETA.

HopmanbHoe yckopeHHe - COCTaBIISONIAs YCKOPEHMSI, HAITpaBJIEHHAs BJIOJIb HOPMAJIU K TPACKTOPHH
JBUKEHMS B JaHHOM Touke. HopMasbHOE yckopeHue XapakTepus3yeT U3MEHEHUE CKOPOCTH 10
HaIpaBJICHHUIO.

OTHocuTeIbHOE IBH:KEHHUE - IBIDKEHUE TOYKU WM TeJIa OTHOCUTENIbHO JIBHXKYILEHCS CUCTEMBbI
oTcyeTa.

[Tapo¥ cuJI Ha3bIBAETCS CUCTEMA, COCTOSAIAS U3 ABYX CUJI PAaBHBIX [10 MOAYJIIO U
NPOTHUBOIOJIOXKHBIX M0 HANIPABJIEHU IO, IMHUU [IEMCTBUS KOTOPBIX B 001I[EM C/ly4yae He
COBIIAJAIO0T.

IMapaJutesiorpaMm cHJI - TEOMETPUUYECKOE ITOCTPOCHUE, BhIpaXarollee 3aKOH CI0XKeHHUs cuil. BekTop,
M300paxkaromiuii CUTy, paBHYIO T€OMETPUUECKON CyMMe IBYX CUJI, ABJISE€TCS JUArOHAJIBIO
napajuiesiorpaMmma, oCTPOSHHOI0 Ha 3TUX CHJIaX, KaK Ha €ro CTOpOHaXx.

IlepBasi kocMu4YecKasi CKOPOCTb - MUHUMAaJIbHAsi CKOPOCTh, KOTOPYIO HEOOXOIMMO COOOIIUTH TEIy,
HaXOJSAIIEeMYCsl B TPAaBUTAIMOHHOM 110J1€ 3eMJIH (M1 MHOTO MaCCUBHOTO Tella), YTOOBI OHO CTaJI0
MCKYCCTBEHHBIM CITyTHUKOM IUIAHETHI, T. €. ABUTAI0CH MO KPyroBoil opoure. BOnmu3u noBepxuoctu
3emuH iepBasi KOCMUYECKasi CKOpOCTh paBHa 7.91 km/c.

IlepBrlii 3axkon HeioTona (oTkpsIT ["anuneeM) - pusndeckuii 3aKoH, B COOTBETCTBUU C KOTOPBIM
MaTepHaabHasi TOYKa COXPAHSIET COCTOSHUE MOKOS WJIM PABHOMEPHOTO IBUKEHHS IO TEX MOp, MOKa
BHEIITHUE BO3/CHUCTBUS HE U3MEHST 3TO COCTOSIHHUSL.

IlepememenueM Ha3bIBAaCTCSI BEKTOP, MPOBEACHHBIN U3 HAYAJILHON B KOHEUHYIO TOUKY TpaekTopuu B
clly4ae MpsIMOJMHEHHON TPaeKTOPUH MOAYJIb BEKTOpa MEepEMEIICHHs PaBEH MPONIEHHOMY MyTH.
IlepenocHoe ABU:KEeHUE - IBIXKEHUE YCIOBHO MOJBM)KHON CUCTEMBI OTCUYETA MO OTHOLIECHUIO K
MHEPLHUAIBHON CUCTEME OTCUETA, YCIOBHO IPUHATON 3a HEMOABHIKHYIO.

IToTreHuuanbHasi 3HePrus - YaCTh MEXaHUUECKOW SHEPTUU Teja, 3aBUCSIIAs OT B3aUMHOI'O
PacCIOJIOKEHUS €€ YaCTEN U OT UX MOJIO0KEHUM BO BHEIIHEM CUJIOBOM I0J€. YHCIEHHO NOTEHIIMaIbHAsS
SHEPIUs CUCTEMBI B JAHHOM COCTOSIHUU paBHa paboTe, KOTOPYIO MPOU3BEAYT ACHCTBYIOLIME Ha
CUCTEMY CHJIBI IIPU NIEPEXOJE CUCTEMBI U3 3TOTO MOJIOKEHHS B TO, II€ OTEHIMAIbHAS DHEPTUS
YCIIOBHO IIPUHUMAETCS PaBHOU HYJIIO.
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IIpeodpa3oBanus I'anuiiest - COOTHOLIEHMS], TO3BOJIIOIINE [IEPEXOUTD (B KIACCUYECKOW MEXAHUKE)
OT IIPOCTPAHCTBEHHO-BPEMEHHBIX KOOPAMHAT HEKOTOPOI'O0 COOBITHS B OJHON MHEPLUAIBHON CUCTEME
OTCYEeTa K MPOCTPAHCTBEHHO-BPEMEHHBIM KOOPAMHATAM 3TOT'O K€ COOBITHS B JPYroi HHEPIUAILHON
CUCTEME OTCUETa.

IIpuHUIMI OTHOCUTEJIBHOCTH KJIACCHYECKO MeXaHUKM - nnoctyiat ['.I'anunes, coriiacHo KOTopomy
B JTIFOOBIX MHEPIHATIBHBIX CUCTEMaX OTCYETa BCE MEXaHHMUECKHUE SBJICHHS MPOTEKAIOT OJAWMHAKOBO MPHU
OJIHUX U T€X e YCIOBUSX.

IIpocTpancTBO M BpeMsl - OCHOBHBIE (DOPMBI CyIIECTBOBAaHUS MaTepuu. D10 punocodcekue
KaTeropuu, B pu3nKe OHU He onpeaessitoTcs. COraacHO TEOPUH OTHOCHTEIBHOCTH T€OMETPUYECKHE
CBOICTBA MPOCTPAHCTBA U CKOPOCTh TEUEHUSI BPEMEHHU 3aBUCAT OT paclpe/esICHUs U ABUKEHUS
MaTepHH.

PaBHoxeiicTByOIIasi CHJIA - CHIIA, IEHCTBUE KOTOPOM SKBUBAJIEHTHO JICVCTBHIO HA TEJIO HECKOJIBKHUX
cwil. CrucreMa CHJ1 UMEET paBHOAECHCTBYIONIYIO TOJIBKO B TOM CIIy4ae, €CiIM JUIsl Hee CYIECTBYET
TOYKA, OTHOCUTEIBHO KOTOPOW IJIaBHBIM MOMEHT CUJI CUCTEMBI PaBEH HYJIIO. PaBHOACHCTBYIOIIAS
CHJIa paBHA FT€OMETPUUECKON CyMME BCEX CHJI CUCTEMBI M MPUIIOKEHA B LIEHTpe npusenenus. [lapa
CWJI HE UMEET PaBHOJEHCTBYIOIIEH.

PaBHoMepHOe BpamiaTeibHOe IBHKeHHeE - IBI)KEHUE, P KOTOPOM YTJIbl IOBOPOTA MaTepUalbHON
TOYKH 3a JIFOObI€ paBHbIE IPOMEKYTKH BPEMEHHU OJMHAKOBBI.

PaBHoMepHoOe IBHKeHMeE - BI)KEHUE, TIPU KOTOPOM 3a JIF00bIe paBHbIE POMEXKYTKH BpEMEHU
MaTepuagbHas TOYKa MPOXOIUT OJUHAKOBBIC Iy TH.

PaBHoMepHoOe npsiMoJInHeiiHOe IBM2KEHHE — TO JK€ caMoe, UTo U Pagnomeproe 0gudicenue, eciu
TpPaeKTOpHs Tella — MpsimMast JIMHUS.

PaBHoMepHoOe 1BMKeHHEe MAaTePUAIbLHON TOYKH N0 OKPY’KHOCTH - IBI)KEHUE MaTepUaIbHON TOUKU
10 OKPY>KHOCTH, IPU KOTOPOM MOYJIb €€ CKOPOCTH HE MEHseTCs. MeHsieTcs TOJIbKO HalpaBleHUe
ckopocTd. [Ipu TakoM JBMKEHUH MaTepuaabHas TOUuKa 00J1adaeT HEHTPOCTPEMUTETHHBIM
yckopenueM. LleHTpocTpeMUTeIbHOE YCKOPEHHE — YaCTHBIN Cllydyail HOPMAJIbHOTO YCKOPEHUS.
CB0001HOE BpalleHHUe TBEPAOIo TeJa - BpallleHue TBEPIOTro Tela, MPU KOTOPOM HEMOABUKHOMN
TOYKOM SIBIISIETCA LIEHTP TSHKECTH Tea.

Cuia - Mepa MEXaHUYECKOTO ACUCTBUS HA MAaTEPUANIBHYIO TOUKY WJIHM TEJIO APYTUX TEN WU MOJIEH.
Cuna BbI3bIBAE€T U3MEHEHUE CKOPOCTHU Tela WM ero Aegopmaiiuio. B MexaHuke pa3inyaroT CUIIbI,
BO3HUKAOIINE ITPU HEMTOCPEICTBEHHOM KOHTAKTE TEJI MJIU Ha PACCTOSTHUU ITOCPEICTBOM CO3/1aBAEMBIX
TenaaMu mnosiei. MoKHO 1Moka3arh, YTO Ha MUKPOCKOIIMYECKOM YPOBHE BCE CUJIbI (HalIpuMep, CUiia
yOpyrocTH) o0ycioBiaeHsl nojsiMu. Cuiia - BEKTOpHAs BEJIMUKHA, TIOITOMY B KaXK/IbIil MOMEHT
BPEMEHH OHA XapaKTEPU3YETCsl YUCIOBBIM 3HAUYCHUEM, HAIIPABICHUEM M TOYKON NPHIIOKEHUS. B
MEXaHMKe Npupoja cuil He paccMmarpuBaercs. Enuanna cuiiel B CU — 1 HeroToH.

Ecnu B kKax1011 TOUKE MPOCTPAHCTBA HA TEJIO JIEUCTBYET CUla, TO TOBOPST, UTO B IPOCTPAHCTBE
CyILIECTBYeT cuioBoe noje. Ecnu paboTa cui mosst He 3aBUCUT OT (hOPMBI TPAEKTOPUH, TO TOJIe
Ha3bIBACTCs MOTEHIIMAIBHBIM, a CHJIa KOHCEpBAaTUBHOU. [IprMepbl NOTEHIMANIBHBIX MOJIEH:
IPaBUTALIMOHHOE TI0JIE, SIEKTPOCTaTUYECKOE (KYJIOHOBCKOE) MOJIe, TIOJIE YIPYTHX CHIL
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Cuibl MHEPUUU - QUKTUBHbBIE CHUJIbI, KOTOPbIE BBOJSTCS B HEMHEPLIMATbHbBIX CUCTEMAX
OTCYETa, YTOObI BTOPOM 3aKOH HbI0TOHA MOXKHO 6bLJIO PaCIPOCTPAHUThb Ha
HeWHeplUuaJbHble CUCTeMBI 0TCcYeTa. HanpuMep, Bo Bpaljaromuyxca CUCTeMax 0TcueTa
NOSIBJISIIOTCS LeHTpo6exxHas cuJa u cuia Kopuosuca.

CucreMa oTcyeTa — TEJIO OTCUETA, CHCTEMa KOOPAMHAT, CBSI3aHHAS C TEJIOM OTCUETa, ¥ Yachl (Ipudop
JUIS U3MEPEHUsI BpEMEHU JIBIKEHHS C YKa3aHWEM Ha Havyaso ero orcyera). Cucrema orcuera
UCTIONB3YETCS ISl ONPEACTICHNS TIOJI0KEHHUS B TIPOCTPAHCTBE (PU3UUECKUX OOBEKTOB B PA3IMUHBIC
MOMEHTHI BpeMeHH. PaznnuaioT nHepiuaibHble U HEMHEPIIUATIbHBIE CUCTEMBI OTCUETA.

CxopocTth TeJia - KHHEMAaTUYEeCKasi XapaKTepUCTUKA MaTEPHaIbHOM TOUKH. DTO BEKTOPHAsl BEJIUYMHA,
orpezesnseMasi Kak Ipejies OTHOIIECHUS IEPEMELICHHS TOUKU K IPOMEXYTKY BPEMEHH, 32 KOTOPbIH 3TO
IepeMeIeHUE MPOU30LLI0, KOTJa 3TOT IPOMEKYTOK BPEMEHHU CTPEMUTCS K HyIt0. CKOPOCTh MOKHO
HaWTH, TAKUM 00pa3oM, B3sB IIPOU3BOJIHYIO OT PauyC-BEKTOpa 110 BpeMeHU. BekTop ckopocTu Beerna
HaIpaBJIEH IO KacaTelnbHOU K TpaekTopuu Tena. B CU enquHuIeil ckopocTu SBIsSETCS METP-B-CEKYHY
(m/c). OIHO U TO K€ TEJIO MOXKET OJJHOBPEMEHHO JIBUTATHCS U HAXOJIUTHCS B TIOKOE B Pa3HBIX
cucreMmax orcyera. Eciu paccMaTtpuBaeTcsi KOHEUHBIH TPOMEXKYTOK BpeMeHH At, To cCKOpocTh
HA3bIBAECTCS CPEHEN.

CpenHee yriioBpoe yckopeHnme - (pr3nueckas BeIMUKMHA, YUCICHHO PaBHAasi OTHOUICHUIO IpUpAallleHus
YIJIOBOM CKOPOCTH K IPOMEXKYTKY BPEMEHH, 32 KOTOPBIN 3TO MpUpaIlleHUe MPOU30IILIO.

Cpennsist yriioBasi CKOpoCTb — OTHOILIEHUE YIJIa TOBOPOTA pajanyca JII000i TOUKH BpaIlaroIlerocs
Teja K MPOMEXYTKY BPEMEHH, 3a KOTOPbIN COBEPIIUIICS 3TOT MOBOPOT. CM. Takke BpamarensHoe
JBIYKEHHUE BOKPYT OCH.

CraTuka - pa3zien MEXaHUKH, U3yYarollui yCIOBHsI pAaBHOBECHS MaTepUaIbHBIX TOUEK MU HX
CUCTEMBbI, HAXOAALIUXCS MO/ JeMCTBUEM CHII.

TaHreHuuajJbLHOe yCKOpeHHe - COCTaBJIAIONIasl yCKOPEHUs, HalpaBIeHHAsl B/I0JIb KacaTelbHOU K
TPaeKTOPHUH JBIKEHUS B JaHHON TOUKe. TaHreHIMaIbHOE YCKOPEHUE XapaKTepru3yeT U3MEHEHNE
CKOPOCTH 10 MOAYJIIO.

TeJsi0 oTcyera - TEIO, OTHOCUTEIBHO KOTOPOTO PACCMATPUBAETCS IBUXKEHHUE BCEX OCTAIbHBIX TEI.
Teopema o kuHeTHUYECKOI YHeprum hopmynupyercs Tak. Cymma paboThl BCEX CHIT
(KOHCEpBAaTUBHBIX U HEKOHCEPBATUBHBIX), IPUJIOKEHHBIX K TEIy, paBHA IPUPAILEHUIO €ro
KHHETHYEeCKOM dHepruu. C MOMOIIbIO 3TOH TEOPEMBbl MOKHO 00OOIITUTh 3aKOH COXPAHECHHS
MEXaHWYECKON PHEPTUU Ha CIydal He3aMKHYTOMW (HEM30JUPOBAHHOM ) CHCTEMBI: TIPUPAIIEHUTO
MOJIHOM MEXaHUYECKON SHEPIHUH CUCTEMBI PaBHO padOTe CTOPOHHHUX CHJI HaJl CUCTEMOIA.

Teopema IlITeiiHepa - COOTHOLIEHUE JUIsSl pacyeTa MOMEHTA UHEPLIMU TeJla OTHOCUTEIBHO
MIPOU3BOJIBHOM OCH, €CJIM U3BECTEH MOMEHT MHEPUUU [o OTHOCUTENBHO OCH, IPOXOIAILIEH Yepe3 LEHTP
Macc tena. MOMEHT HHEepUUHU Tejla OTHOCUTENBHO OCH, apAJIEIbBHON OCH, MPOXOIAIICH Yepe3 LEeHTP
Macc Tella U OTcTosel oT Hee Ha paccTosHue |, onpenensgercs no gopmysne Io + mI2, rae m - macca
Tena.

TpaexTopueii Ha3bpIBaeTCs BOOOpaxkaemasi IMHUS, ONMChIBaeMast T€JIOM IpH JBUKEHUU. B
3aBUCHUMOCTH OT ()OPMBI TPACKTOPUU JABIKEHUS ObIBAIOT KPUBOJIMHEHHBIE U IPSIMOJIMHEHHBIE.
[Tpumepbl KpUBOJIMHEHHOTO ABMKEHUS: TBMKEHHUE Tela, OPOIIEHHOTO MO/ YIJIOM K TOPU30HTY
(Tpaekropus — nmapabona), ABIKEHNUE MAaTEPUATBHON TOYKU IO OKPYKHOCTH.

TpeHnue - sBIEHUE CONPOTUBIIEHUS TEJI OTHOCUTEIILHOMY NMEpEMEILICHHI0. Bo3HUKaeT Mex 1y AByMs
TEJIaMU B IUIOCKOCTH CONPUKOCHOBEHHMS MX TOBEPXHOCTEN U COIMPOBOKIACTCS AUCCUIIAUEN
(paccenBaHueM) SHepruu. MexaHn4eckas SHEPTHUsl CHCTEMBI, B KOTOPOI €CTh TPEHUE, MOXKET TOJIBKO
yMeHbIlatbes. Hayka, nuzydaromas Tpenue, Ha3piBaeTcs Tprubonoruei. ONbITHBIM MyTEM YCTaHOBIIEHO,
YTO MaKCUMaJIbHAas CUJIAa TPEHUS MOKOS U CUJIA TPEHUS CKOJIBKEHUS HE 3aBUCUT OT ILJIOIIAIN
CONPUKOCHOBEHUS TN U MPONOPLUUOHAIbHA CHIIE HOPMAJIBHOTO JaBJIEHUS, TPHKUMAIOIIEH
MOBEPXHOCTHU APYT K Apyry. Koo uumeHt nponopriuoHanbHOCTA IPU TOM HA3BIBAETCS

KO3 UIIEHTOM TpeHHUsI (TTOKOSI HITH CKOIBKEHHS).
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Tpernii 3axkon He10TOHA - Dr3MUeCKUii 3aKOH, B COOTBETCTBHH C KOTOPBIM CHJIBI B3aUMOACHCTBHS
JBYX MaTEpUaIbHBIX TOYEK PAaBHBI 10 MOJIYJIIO, IPOTUBOIMOJIOMKHBI I10 HAIIPABJICHUIO U JEUCTBYIOT
BJIOJIb IIPSIMOM, cOeIMHsonIer 3Th ToukU. Kak u npoune 3akoHbl HBIOTOHA, TPETHI 3aKOH CIIPaBEUINB
TOJILKO I MHEPIHAIBHBIX cCUCTeM oTcdera. KpaTkas popMyInpoBKa TPETHETO 3aKOHA: ICHCTBHE
PaBHO IIPOTUBOICHCTBHUIO.

TpeTbsi KOCMUYECKAsA CKOPOCTH - MUHUMAJIbHAS CKOPOCTb, HEOOXO0IUMast I TOT'0, YTOOBI
KOCMHUYECKHH amnmapar, 3aiyIieHHbli ¢ 3emiid, npeojoien nputsbkenre ColnHla U NOKUHYJI
Conneunyro cuctemy. Eciu 061 3emitss B MOMEHT 3arrycka Oblla HEMOJBM)KHA M HE TIPUTATHUBAJIA TEIIO K
ce0e, TO TPeThs KOCMHYECKast CKOPOCTh Oblta ObI paBHa 42 kM/c. C y4eToM CKOPOCTH OpOUTATBHOTO
nsrokeHus 3emun (30 KM/c) TpeThs KOCMHUYecKast CKOpocTh paBHa 42-30 = 12 km/c (ipu 3arrycke B
HaIPaBJICHUN OPOUTATBLHOTO MBIKEHUS ) Wi 42+30 = 72 xkm/c (pu 3arycKe B MPOTUBOIIOIOKHOM
HanpasyieHun). Eciu ydecTs elie U Cuily NpUTSHKEHUs K 3eMile, TO JUI TPETbe KOCMUYECKOn
CKOPOCTH TOJTY4YHM 3HaueHus ot 17 1o 73 km/c.

YckopeHnue - BEKTOpHas BEIMYMHA, XapaKTepu3ylomias ObICTpOTY U3MeHeHus ckopoctu. [1pu
IIPOM3BOJILHOM JIBUKEHUH YCKOPEHUE OINPENEseTCsl KaK OTHOIIEHHWE IPUPAIIEHUs] CKOPOCTH K
COOTBETCTBYIOIIEMY MPOMEXKYTKY BpeMEHHU. Eciu yCTpeMuTh 3TOT NPOMEXYTOK BPEMEHH K HYJIIO,
MIOJIyY¥M MTHOBEHHOE YCKOpPEHHE. 3HaUUT, YCKOPEHHUE €CTh MPOU3BO/IHASL OT CKOPOCTH 110 BPEMEHH.
Ecnu paccmarpuBaeTcsi KOHEUHBIM TPOMEXYTOK BpeMeHH At, TO yCKOpEHHE Ha3bIBAETCSI CPEAHUM.
[Ipu kxpUBOIMHENHOM JABM)KEHUU TIOJTHOE YCKOPEHHE CKIIAJbIBAETCS U3 TAHT€HIIUAIBHOTO
(kacaTeapHOTO) M HOPMATBLHOTO YCKOPEHUS.

Yri0Basi CKOPOCTh - BEKTOPHAs BEIMUKHA, XapaKTepU3yIolllas BpallaTelbHOe ABIKEHNE TBEPIOTO
TeJa U HallpaBJIEHHAs TI0 OCH BpaIlleHUs COTJIaCHO MpaBUITy MpaBoro BUHTA. CpenHss yrioBas
CKOpPOCTb YMCJIEHHO paBHA OTHOIICHHIO YIJIa IOBOPOTA K COOTBETCTBYIOIIEMY MPOMEKYTKY BPEMEHHU.
B3sB mpou3BOIHYIO OT yIJia MOBOPOTA MO BPEMEHH, MOJTYYHM MTHOBEHHYIO YTIIOBYIO CKOPOCTb.
Enununeii yrinosoit ckopoctu B CU siBisiercs pan/c.

Yckopenne cBOOOIHO NMaJAK0IIEr0 TeJIa - YCKOPEHHE, C KOTOPBIM JIBUKETCS TEJIO MO ICUCTBUEM
CHWJIBI TSTOTEHMSI. Y CKOpeHHEe CBOOOHOTO MaIeHUsl OIMHAKOBO /JIs BCEX TeJl, HE3aBUCUMO OT UX
Maccel. Ha 3emie yckopeHne cBOOOIHO MaJaloIIero Tejia 3aBUCUT OT BBICOTHI HAJl YDPOBHEM MOPSI U OT
reorpadyecKoil MUPOTH M HATIPABICHMS K IeHTpY 3emin. Ha mmpote 45° u Ha ypoBHE Mops
yCKOpEeHHe cBOOOJHO Maziaromero Tena g = 9.80665 m/c?. B yueOHbIX 3a1auax 0OBIYHO TIONArafoT § =
9,81 m/c?.

du3nyeckuii 3aK0H - HEOOX0AMMas, CYIIECTBEHHAsI U YCTOWYMBO MOBTOPSIOLIASICS CBSI3b MEXKIY
SIBIICHUSIMH, TIPOIIECCAMU U COCTOSTHUSIMU Tell. [lo3Hanue pu3nyecKkux 3aKOHOB COCTaBIISIET OCHOBHYIO
3aauy (GU3MYECKON HAyKH.

LenTpanbHas cuiia — 3TO cuja, JUHUS IEHCTBUS KOTOPOU MPOXOIUT Yepe3 OJHY TOUKY (CUIIOBOM
LEHTP), ¥ 3aBUCSIIAs TOJIBKO OT PACCTOSHUS 10 3TOM ToukH. [IpumMepsl IeHTpaNbHbBIX CUIL:
IpaBUTALIMOHHAS CUJIA, KYJIOHOBCKasl CUJIa, CUJIa ypyroctu. Pabora 1ieHTpaibHON CHITbI HE 3aBUCUT
oT popmbl Tpaekropuu. [loaTomy mosie eHTpaNbHBIX CHJI MOTEHIHAIBHO (cM. Takke CuiioBoe moie).
LeHTp MHEPIUM — TO KE caMOe, YTO U LEHTP Macc.

IleHTpOCTpEeMHUTE/NIbBHAA CWJIA - CWJA, KOTOpasg MeHsAeT HalpaBJeHHWe CKOPOCTU U
coobIaeT MaTepuaJbHOM  TOYKE IEHTPOCTPEMUTEJbHOE  yCKopeHUe. PoJb
LEHTPOCTPEMUTEJIbHOU CUJIbI MOTYT UrpaTh CWJA YOPYTrOCTH, FPaBUTALMOHHAA CUJIA,
KYJIOHOBCKasd CWUJIa, MarHuTHad cuJjia JlopeHua u ap. LleHTpocTpeMuTe/IbHasA CUJa, Kak U
NpoYyMhe CUJbl, IPUJIOKEHA K [ABWXKYLIEWCS MaTepuaJibHOM TOYKe M HampaBJieHa K
LLeHTPY BpaljeHu4.

JHeprus - cKajisipHas (pu3ndeckas BeIMUYMHA, sBIoNIascs oOuiei Mepoil pa3nuyHbIx Gopm
JBMDKEHUS MaTE€pUU M MEpOoil repexo/ia IBMKEHUS MaTepUu U3 OJHUX GopM B aApyrue. OCHOBHBIE
BH/JIbl DHEPIUU: MEXaHUYECKas, BHYTPEHHSIS, JJIEKTPOMAarHUTHas, XMMUYeCKasi, FpaBUTALlMOHHAs,
anepHas. OJHU BUABI JHEPTHH MOT'YT IIPEBPAILATELCS B APYTUE B CTPOTO ONPEIEIEHHBIX KOJIMYECTBAX
(cM. Taxke 3aKOH COXpaHEHUS U IPEBpAIleHHs] SHEPTUN ).

ILlenTp Macc — Touka Tena (MM CHUCTEMBI Tell), KOTOpas JIBUXKETCS TaK, Kak eciau Obl B Hel Oblia
COCPEJIOTOYEHA BCA Macca Tena (CHCTeMbl) U eciM Obl K Hell ObUTM MPHIIOKEHBI BCE BHEIIHUE CHUIIBI,
JeHcTByIOIME Ha cucTteMy. [pyroe Ha3zBaHue 3TON TOUYKU — yewmp unepyuu. Cucmema omcuema,
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CBs3aHHas C LIEHTPOM Macc, HasplBaeTcs L[-cucteMon mnm cucreMon LeHTpa macc. B Ttakol cucreme
ynoOHO pemaTh 3aJauyd, €CJIIM Hac HE HMHTEPECyeT IBM)KEHHE CHUCTEMbl B IIEJIOM, a TOJIBKO
OTHOCHUTEJIBHOE JIBYKEHUE €€ YaCTHULLI.

OTO npencraBJisieT CO60M KJIaCCUYECKYI0 (HEKBAaHTOBYIO) PEIITUBUCTCKYIO TEOPUIO
rpaBuTanyu. B ocHoBe OTO JIeXXUT NPUHLUIT 3KBUBAJIEHTHOCTH, COTJIACHO KOTOPOMY
HeWHeplLMa/lbHas CUCTeMA OTCYeTa S9KBUBAaJIEHTHA UHEPIUAJbHOU IIPU HAJIMYWUU B HeHl
HEKOTOPOTO rPaBUTALMOHHOTO N0Jis. TaKUM 06pa3oM yTBEPK/1aeTCsd 9KBUBAJIEHTHOCTD
VHEepLMU U IrpaBUTALIUH.

IIpeoopazoBanus JlopeHua - COOTHOILIEHUS, TO3BOJISIONINE MTEPEXOTUTH (B TEOPUHU
OTHOCHUTEJILHOCTH) OT IIPOCTPAHCTBEHHO-BPEMEHHBIX KOOPAMHAT HEKOTOPOr0 COOBITHS B OJJHOM
MHEPLHUAIBHOM CHCTEME OTCUETa K IPOCTPAHCTBEHHO-BPEMEHHBIM KOOPAUHATAM 3TOr0 € COOBITUS B
Jpyroi uHepLuuanbHOU cucreMme oTcueTa. [Ipu ckopocTsaxX 3HaYUTEIbHO MEHBIINX CKOPOCTH CBETA B
BaKkyyMe npeoOpazoBanus JlopeHua nepexoaaT B npeoOpazoBanus [ anuies.

IIpuHUMI OTHOCUTEILHOCTH PEJSITUBUCTCKON MEXaHUKH — IIOCTYJIaT BIEPBbHIE
chopmynupoBanublii A.Ilyankape (1902), coriiacHo KOTOpOMY B JTFOOBIX HHEPIIHAIBHBIX CUCTEMAaX
oTcyeTa Bce (pU3MUecKHe SBJICHUS IPOTEKAIOTOINHAKOBO. B Takoil popmynrpoBke NpUHIIUIT
OTHOCHUTENILHOCTH SIBJIsI€TCSL 0000LIEHUEM npunyuna omuocumenvrocmu I anunes Ha Bce GU3NYECKUE
SBJIEHUS (MEXaHUYECKHE, SJIEKTPOMAarHUTHbIE, ONTUYECKUE U T. [1.).

IIpocTpaHcTBO U BpeMsl - OCHOBHbIE (POPMBI CYIIIECTBOBAHUS MaTepHH. DTO priocodckue
KaTeropuu, B pu3uke oHU He omnpeaenstorcs. CormacHo meopuu OmHOCUmMenbHoCmy TeOMETPUUECKHe
CBOICTBa MPOCTPAHCTBA U CKOPOCTh TE€UEHUSI BPEMEHHU 3aBHUCST OT PACIPEICIICHUS U IBUKEHUS
MaTepHH.

PeasiTuBHCTCKAs MeXaHMKA - pa3Jie]l TEOPETHUECKON PU3NKH, pacCMaTPUBAIOLINI KJIaCCUYECKHEe
3aKOHBI MEXaHUYECKOTO JBUKEHHSI TEJI MIPU CKOPOCTSX, CPABHUMBIX CO CKOPOCTBIO CBETA B BaKyyMe.
PensTuBuCTCKas MEXaHUKa OCHOBAHA HA CHEeYUAIbHOU Meopuu OMHOCUMENbHOCTNU

IIpocTpaHcTBO M BpeMs - OCHOBHBIE ()OPMBI CYIIIECTBOBAHUS MaTepuu. DTo prustocodckue
KaTeropuu, B pU3uKe OHU He orpeaeisatorcs. CoraacHo TEOPUH OTHOCUTENBHOCTH T'€OMETPUYECKUe
CBOICTBa MPOCTPAHCTBA U CKOPOCTh TEUEHUSI BPEMEHHU 3aBUCST OT paclpe/iesieHus U ABHKEHUS
MaTepHH.

CrneuuanbHasi Teopusi oTHocuTeabHocTH (CTO) - paspadorannas I'.Jlopenniom, A.Ilyankape u
A.DitHImTeHOM (pr3nueckast TEOpHs MPOCTPAHCTBA U BpEMEHHU, OCHOBaHHAs Ha JIBYX MOCTYJIaTax.
[Toctynater CTO:

- IPUHIUI OTHOCUTEIbHOCTH;

- CYIIECTBYET MpeJiesibHas CKOPOCTh Mepeaaydl B3auMOICUCTBUM, OJIMHAKOBAs BO BCEX MHEPIUATIbHBIX
cuctemax orcyera. B kauectBe Takoil ckopoctu B CTO npruHUMaeTCsi CKOPOCTh CBETa B BaKyyMe.

¢ dexTsl CTO HAUMHAIOT CKa3bIBATHCS MPU CKOPOCTSX, MPUOIIKAIOIINUXCS K CKOPOCTH cBeTa. [1pu
(v/c) — 0 3akonbl CTO, coracHO IPUHIMITY COOTBETCTBHUS, IIEPEXOIAT B 3aKOHBI KIIACCHUECKOM
MexaHuku HproTona.

Koneoanus
ABTOKOJI€0aHMS — 3TO HE3aTYXAIOIIHNE KOJICOAHUS 101 ICHCTBUEM MOCTOSHHOM CHIIBI.
Hesaryxaromnue kosieOaHus B aBTOK0JI€0aTeIbHON CUCTEME MOACPIKUBAOTCS 3@ CYET HCTOYHUKA
SHEPTUH, TOAKIOYAEMOT0 B HY)KHbIE MOMEHTBI BPEMECHHU K KOJIe0aTe/IbHON cHcTeMe (MasTHUKY,
K0JIeOATEIbHOMY KOHTYPY H TIp.) Uepe3 KJIaraH, PeryJIMpyoHid TOCTYIIJICHUE SHEPTUH B ATY
cucteMy. Poib KitammaHa MOYKET UTpaTh, aHKEPHBIH MEXaHNU3M B Yacax, paJnoJiaMiia, TPaH3UCTOp U
np.BrueHnAME Ha3BIBACTCS PE3yIbTAT CIOKEHUS IBYX KOJIeOaHHH OIM3KHX MO YacToTe (01 X 02),
HUMEIOIIMX OJWHAKOBYIO aMILIUTYLy ¥ MPOMCXOASAIINX B OJHOM HampaBieHUH. BUeHHs HMEIOT BH/T
CHHYCOUJIBI C MEJICHHO MEHSIOLICHCS aMIUTUTYI0H. BhIHY ) IeHHBIMU KOJICOaHUSIMH HA3bIBAKOTCS
He3aTyXarlue KojeOaHus MoJ1 ASHCTBUEM MEPUOTUUESCKU MEHSFOIICHCS BBIHYKIAIOIICH CHIIBI.
Ammutyna u Gasza BEIHYKIACHHBIX KOJIeOaHUH 3aBUCST OT YaCTOThI BEIHYKIAIOIIEH CHITBI (CM. TaKkxkKe
Pe3onanc).
Kosnebanus, aMIuIATy1a KOTOPBIX C TEYEHHEM BPEMEHH YMEHbIIaeTcs. [IprurHa 3aTyXaHust

O6yCJ'IaBJ'II/IBaCTC$I CHJIaMH, TOPMO3AINUMU NBUKCHUC.
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Kosne6anusas - 3To mnepuHoJUYeCKHM TMOBTOpswIdecss JABWKeHUsA. KosiebaHus,
ONMCbIBaeMble 3aKOHOM cHUHyca X = A sin (wt + ¢) uan KocuHyca X = A cos (wt + @),
Ha3bIBAlOTCS TAapMOHUYECKUMH. BesiMuuMHa, cTosllas MOJ 3HAKOM TapMOHHUYECKOU
byHk1uu (wt + ), Ha3biBaeTcsa $a30i; w Ha3bIBaeTCs KPYyroBou (MU IUKJIUYECKOM)
4acToTOW; @ - HadaabHOM a3oi. KosebaHus pasHOM MNpPUPOABLI ONUCHIBAIOTCA
MaTeMaTU4YeCKU COBEPUIEHHO OJMHAKOBO.

KosdpunueHTOM 3aTyXaHMA Ha3bIBAETCsS BeJUYMHA, XapaKTepuU3ylollasgs CKOPOCTh
yObIBAaHHUS aAMIJIMTYAbl 3aTyXawlMX KoJiebaHWH. AMIVIUTYyAa ompejesseTcs
3KCIOHEHIMaJIbHbIM MHOXHUTeJeM
et YeM 6GoJibllle o, TEM OBICTPEE 3aTYXalOT KOJiebaHUS.

JlorapupmMuyeckuM JeKpeMeHTOM KoJieDaHMsl Ha3bIBACTCS HATYPAJIbHBIHN JIOrapudm IBYX
MOCJICA0OBATCIIbHBIX aMIIJIUTY /] 3aTyXarouiero KoJie0auus.

MaTreMaTHYeCKM MAasTHHUK - MeXaHHYecKas KoJiebaTesibHasd CUCTEMA, COCTOSIAs U3
MaTepuaJbHOW TOYKH, MOJIBEIIEHHOW Ha TOHKOM, HEBECOMOW M HEPACTSKUMOM HUTH
WJIM Ha HEBEeCOMOM CTep)KHe B TMoJie CUJ TshKecTU. [leprosa Masbix KoJsiebaHUUN
MaTeMaTU4YeCKOro MasiTHUKA He 3aBUCUT OT aMIIUTY/ibl U onipejiessieTcss no GpopmyJie:
T=2m/l/g.

Mexannyeckue KoJedaHus - 00JIagaronye MepruoIMIHOCTHIO0 OTKIIOHCHHS TeJla OT TIOJI0KECHHS
paBHOBecHs. Bo30yx/ieHre He3aTyXaloMNuX MEXaHHIEeCKIX KoJIe0aHUH MTPOUCXOANUT ITyTEM
BO3JICHCTBUS Ha KOJIEOATENbHYIO CUCTEMY TTOCTOSHHOM WM MEPEMEHHON CUITBI.

Pe30HaHCOM Ha3bIBaeTCs SIBJIEeHUE PE3KOr0 BO3pacTaHUs aMIJIMTY/ bl BbIHY>KAE€HHbIX
KO0JIeOaHW M MPHU COBMA/IeHWHU YaCTOThI BbIHYK/AAKO LN CHUJIbI U YAaCTOThI COOCTBEHHBIX
Ko0Jie6aHUH KoJsiebaTeJbHON CUCTEMBI.

®urypsl JInccaxy — pe3ynbTaT CI0KEHHS IBYX NEPICHIAUKYIISIPHBIX KOJ1€OAHUL, 9aCTOThI KOTOPBIX
OTHOCATCSI KakK 1eJible urciia. Durypsl MOKHO MOTYYUTh Ha dKpaHe ocimniorpada. [Ipocreiimeit
¢durypoii Jluccaxy sBISIETCS OKPYKHOCTh, KOTOpasi TOJIy4aeTCs MPU CI0KEHUU JIBYX
MePIEHINKYIISIPHBIX KOJIeOaHWH OJJMHAKOBON YacTOTHI M aMIUIMTYAbI, CABUHYTHIX 10 (pa3e Ha /2.
du3nyecKkuii MAATHUK - a0COJIFOTHO TBEPJIOE TEJI0, UMEIOIIEe OCh BpalleHus. B mose Tarorenus
(hM3UYECKU MaSTHUK MOXKET COBEpIIaTh KOJIEOAHUS OKOJIO IMOJI0KEHUS PABHOBECHSI, IIPH ATOM Maccy
CHUCTEMBI HEJIb3sI CYUTATh COCPEOTOYCHHOM B 0/THOM Touke. [leprnoa konebanuit hpu3mIecKoro
MasdTHHKA 3aBUCUT OT MOMCHTA MHCPLUHUHU TEJIa U OT paCCTOAHUA OT OCH Bpalll€CHUA 10 LEHTPA MacCC.

TepMoaUHaAMHUKA U MOJIEKYJIAPHAA pU3UKaA

AnuadaTHYeCKHMM HAa3bIBAETCH MPOLECC, MPOUCXOIAIINI B YCIOBUS TEIIOU30JIAIHNH (03
TEII000OMEHA CO Ccpedotl).

Bapomerpuueckasi popmyJia Jlanmiaca qaet 3aBUCUMOCTD JaBJICHHUS OT BBICOTBI: P = Po eXp (-
ugh/RT), roe p — MossipHas Macca rasa, h — BeicoTa, T — TeMiieparypa, Po— AaBJICHUE Y MOBEPXHOCTH
3emutn, R = 8,31-10% Ji/kmonb- K — yHHUBEpcalabHas ra3oBas MocTosiHHas. TakuM 00pazom, 1aBlIeHUE
HKCIOHEHIIMATIBLHO YObIBaeT ¢ BbICOTON. DOpMyIia BEIBEICHA P YCIOBUU MTOCTOSHCTBA TEMIIEPATyPhI
Y OJTHOPOJHOCTH MOJs TAroTeHus. [losTomy amst peanbHON aTMOC(epbl BHITOIHAETCS JIHIIh
MPUOJIM>KEHHO Y TIPH HEOOJIBIIIOM U3MEHEHUH BBICOTHI.

BaxkyymMom Ha3bIBaeTCsl COCTOSIHUE Pa3pexKEHUsl, KOT/1a COyIapeHusi MOJIEKYJI IPYT € APYroM
HEMHOT'OYHCIIEHHBI 110 CPABHEHUIO C COYIAPEHUSIMHU CO CTEHKaMH cocyaa. CTeneHb pa3peKeHus
3aBUCHT OT COOTHOILICHUS CPETHETO CBOOOHOTO Mpobdera 1 TUHEHHBIX pa3MepOB COCYIa.
BakyymHbIe HaCOCHI IPUMEHSIIOTCA ISl CO3AAHUS 8akyyma. PaznnyaroT HacoChl PeABaAPUTEIBHOTIO
BaKyyMa (15l CO3aHMs JaBleHns nopsaka 107 MM pT. cT.) ¥ HacOCHI BEICOKOTO BakyymMa (s
co3/aHus faBneHus nopsaaka 107 MM pT. cT. u HuKe).

BeunbIM ABHraTe/ieM BTOPOIo poja Ha3bIBa€TCs yCTPOMCTBO, MpeBpallaolee B MOJIE3HYI0 padoTy
BCE KOJIUYEeCME0 meniomyl, IOTYyYEeHHOE OT HarpeBaTelns (0e3 mepeaadyn HEKOTOPOro KOIMYeCcTBa
TEIUIOTHI XOJOIMIBHUKY). Y TBEPKACHUE O HEBO3ZMOKHOCTH BEUHOTO JABUTATENS BTOPOTO PoOJia — OJIHA
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13 BO3MOXHBIX (DOPMYITUPOBOK 8MM0OPO20 HAYANA MEPMOOUHAMUKU.

BeunbIm ABHraTe/ieM MepBOro poja Ha3bIBAETCs YCTPOICTBO, CO3AAIOIEE PHEPTUIO U3 HUYETO.
HeB03MOXHOCTD TAaKOTO JBUTATEINS BBITEKACT U3 NEPBO2O HAYANA MePMOOUHAMUKY (3aKOHA
COXPAHEHUS SHEPTUN).

BHyTpeHHUM TpeHHeM Ha3bIBA€TCS BOSHUKHOBEHHUE CUJIbI TPEHMSI MEXKIY CIIOSMH >KMJIKOCTH WU
ras3a, JBWKYIIUMUCS C pa3HbIMU CKOPOCTAMHU. [IpMunHON BHYTPEHHETr O TPEHUS SBIISETCS XAa0TUUECKOE
TeruioBoe ABwkeHue. CM. Taxxke fAgrenus nepenoca.

Buytpenneii sneprueii (U) HazpiBaeTcs 0OIIMIT 3a11aC SHEPTUH CUCHEMbL 38 BBIYETOM KHHETUYECKON
SHEPrUM CUCTEMBbI KaK LEJI0r0 U MOTEHIIMATIbHON SHEPTUU CUCTEMBI KaK LIEJ0I0 BO BHEIIHEM
MOTEHLIMAJILHOM I10JIe. BHYTpeHHS S3HEpIusl udeanbHo20 2a3a paBHa CYMMapHON KMHETUYECKON
SHEPrUU MOJIEKYIL.

CymecrByer cBbiie 20 (popMyJIMPOBOK BTOPOro HavaJjia TepMoauHaMuKu. [lepas
(hopMyIIMpOBKA: TEIIOTa MOKET CAMOIIPOU3BOJIBHO MEPEAABATHCS TOJIBKO OT 00Jiee HAarpeThIX Tel K
MeHee HarpeTbIM. Eme oqHa GopMyIpoBKa: B 3aMKHYTOH (M30JIMpOBAaHHON) CUCTEME ITPU
HEPABHOBECHOM mMen1000MeHe SHmMpOonus CACTEMbI BO3PACTAET, TOCTUTAsi MAaKCUMYyMa IIpH
JOCTUKEHUH CUCTEMOM paBHOBecHs. BTopoe Hauano yka3bIBaeT, TaKUM 00pa3oM, Ha HalpaBJieHUE
MIPOLIECCOB.

da3pl (arperarHble COCTOSHUS) BelIeCTBA HAXOASTCSA B TMHAMUYECKOM PaBHOBECHUH, €CIIN
KOJIMYECTBO MOJIEKYJI, IEPeXO X U3 epBoi (a3bl BO BTOPYIO B €MHUILY BPEMEHH, PaBHO YUCITY
MOJIEKYJI, IEPEXOASIINX 3a TO K€ BpeMs U3 BTopoi (ha3bl B epByro. PaBHOBecue MOXKET ObITh Ha
IPaHHULE «OKUAKOCTb-TIap», «TBEPAOE TEJIO-KUIKOCTb» U «TBepaoe Teno-napy». JlaBienue,
COOTBETCTBYIOIIEE PABHOBECHIO, 3aBUCUT OT TeMIiepaTypbl. CM. Takxke 1pounas mouka.

JAu¢¢y3unent Ha3pIBaeTCA MIPOLIECC BBIPABHUBAHUS KOHIEHTPAIIUN CONPUKACAIOIINXCS CIIOEB
YKUJIKOCTH WJIHM Tra3a BCJIEICTBHE XaOTHYECKOTO (TEIUIOBOTO) ABMKEHUS MOJIeKyJ. Juddy3us
MIPUBOJIUT K TOMY, YTO MIPUMECH B KUIKOCTU WM Ta3e paclpoCTPAHSIIOTCS OT MecTa UxX BBeAeHUsa. CM.
Takxe feneHus neperoca.

3akon boiias-MapuorTa yTBEp)KIaeT, 4yTo JJIsl JAHHOM Macchl ra3a, Mpy MOCTOSHHOW TeMIlepaType,
MPOM3BEICHNE JaBJIeHUs HA 00BbEM €CTh BEIMUMHA MOCTOsIHHAs: PV = const.

3akoHn I'eii-JIroccaka yTBepKIaeT, 4TO s JAHHOW MacChl Ta3a, P MOCTOSTHHOM JaBJICHUH, 00beM
rasa npsiMo IpornopirnonaieH adcomotHoi Temmeparype: (Vi/V2) = (Td/T2).

3akon I'yka BbIpa)kaeT JTMHEHHYIO 3aBUCMOCTh MEXK/y HaIllPSHKEHUSIMH U MaJIbIMU 1ehopMaliisaMy B
ynpyroi cpeae. Aurnuiickuii yuensiii P.I'yk o0Hapyxwt (1660), 94To Ipu pacTsHKEHUH CTEPXKHS
JUTHHOTO | M TJI0111a/1pF0 MTOTIEPEYHOr0 CEYeHUs S yUTMHeHNE cTepkHs Al MPonmopIuoHaIbsHO
pactsrusatoieit cuiie F. Enie onHa hopma 3anmcu 3akona ['yka: 6 = Eg, rne 6 = F/S — HopmanbHOoe
HarnpspKEHHe B mornepeyHoM ceuennu, € = Al/l — otHocurensHoe yanunenue crepxus. Kospduiuent
npornopuroHanbHoCcTH E HazpiBaeTcs mogysem FOwHra.

3akon /lanbTOHA I7IacUT: 1aBJICHUE CMECH XUMUYECKH HE B3aUMOJICHCTBYIOIIUX Ia30B PABHO CyMMeE
napyuatbHblX 0agieHuti OTACTbHBIX KOMIIOHEHTOB.

3akon Jrononra u IlTu yTBEep)KIaeT, 4TO aTOMHAasl TEIUNIOEMKOCTh XUMHUYECKH POCTOrO
KPUCTAIJIMYECKOTO TBEPAOTO TEJla OJIMHAKOBA JJIsl BCEX TAKUX Tell, He 3aBUCUT OT TeMIIepaTypbl U
paBHa Ca = 3R, rae R = 8,31-10° [Ix/kmons-K — yHUBepcanbHas ra3oBas MOCTOAHHAs. [Ipy HU3KHX
TeMIepaTypax 3aKOH MepecTaeT BhIIOMHATbCS, a IpU | — 0 Ca — 0. OOBSICHUTH yKa3aHHOE
3aTpyIHEHUE YJAIOCh KBAaHTOBOW TEOpUH TertoeMkocT (DuumrtelH, 1907; Jlebaii, 1914).

3axon lapas yTBepxaaeT, 4yTo Uil JaHHOM Macchl rasa, Ipy MOCTOSHHOM 00beMe, TaBJieHue ra3a
IPSIMO MPOIOPIIUOHAIBHO a0COIIOTHOM TemIeparype:

(p1/p2) = (To/T2).

NpaeanbHoli Ha3bIBaeTCsl TeNJIOBasi MalIMHA, paboTatowias 1o yuxny Kapho.

NneanbHoM X0J101M/IBHONH MAIIMHOW Ha3bIBAeTCS XOJIOIMIIbHAS MalllMHa, paboTaromas no
obpatHoMy yuxny Kapho.

HNneanbHBIM ra3oM Ha3bIBAIOT CUCTEMY, CBOMCTBA KOTOPOM ONMUCHIBAOTCS ypaBHeHHeM KitaneipoHna-
Mengeneesa pV = (M/u)RT, rae p — naBnenue, V — o0beM, T — Temneparypa, M — macca, [L — Macca
onHoro kunomons, R = 8,31-10% Jlx/kmonb- K — yauBecanbHas razobas noctosanas. C TOUKH 3peHHUs
MOJIEKYJISIPHO-KUHETUUECKON TEOPUH UJICANIBHBII a3 — 3TO Ia3, MOJIEKYJIbl KOTOPOro UMEIOT HYJIEBON

COOCTBEHHBIN 00BEM U HE B38.HMOILCIZCTBYIOT Ha pacCTOSIHHUU. PeanpHebIi ra3 IIpu yCJIOBUSAX, ONM3KHUX K
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HOpPMAaJIbHBIM, MO>KHO MPHOIMKEHHO CUYUTAThH UICATbHBIM.

M306apnyecknM Ha3bIBACTCS MPOLECC, TPOUCXOMAIININ IPH OCTOSHHOM JaBJIeHUH (P = CONSt).
HcnapeHue 310 mpoiece napooopazosarus, TPOUCXOSIINNA MPH JIF000H TeMIiepaType ¢ TOBEPXHOCTH
KHUJIKOCTH.

M30TepMuvecKHM Ha3bIBACTCS MIPOLIECC, IPOUCXO AU TpU TIOCTOsIHHOW Temneparype (T = const).
KonBekuueii Ha3pIBaeTCs MPOLIECC MEPEMELTNBAHUS CIIOEB KUIKOCTH WM Ta3a, UMEIOIIUX PA3HYIO
memnepamypy ¥ HaXOAAIUXCS B TI0JI€ TATOTeHUs . [[pHuMHON KOHBEKIINY SBIISIETCS 3aBHCUMOCTD
TUTOTHOCTH KHJIKOCTH WJIM Ta3a OT Temreparypbl. KOHBEKIHS — OJJMH U3 CIIOCOO0B /men1000MeHa.
KpaeBbIM yriiom HazbpiBaeTcst yroi 0 Mex1y KacaTeIbHON K TOBEPXHOCTH JKUIKOCTH B TOUKE
COIIPUKOCHOBEHUSI C TBEPJIBIM TEJIOM U MIOBEPXHOCTHIO TBEPJIOTO Tena. B ciryyae cMaunBaHuUs KpaeBoO
YTOJI OCTPBIii, B ClTydae HECMA4YMBaHUS — TYIOM.

Kpurnueckasi remneparypa — memnepamypa, Bbillie KOTOPOU Ta3 HEBO3MOKHO CKATHEM TPEBPATUTH
B XKHUIKOCTh. [Ipu TeMmepatype HuxKe KpUTHUECKOW U30TepMa CkaTus B KoopauHatax (P, V) umeer
TOPU30HTAIBHBIA YYaCTOK — JIMHUIO TUIABJICHUSI.

M30x0opnyecknM Ha3bIBACTCS MPOIECC, TPOUCXOIAIININ PH NOCTOSTHHOM 00beMe (V = const).
Kanunnspsl — toukue tpyoku nuamerpom 0,01 — 0,1 mm. Ilpu onyckaHuu ux B CMauMBarOUIyIo
KHUJIKOCTb YPOBEHb KHIKOCTH B KaIMJUIIPE OKA3hIBACTCS BBIIIE YPOBHS KUAKOCTH B COCYJIE, a TIPU
OITyCKaHWW B HECMAaYHMBAIOIIYIO KHUIKOCTh — HIDKE. BBICOTA MMOIbeMa )KUIKOCTH B KaIHIUIAPE
omnpenensercs mo Gpopmyte XKropena: h = 4c0s0-a/dpg, e 0 — kpaeBoii yrom, o — koagpuyuenm
NOBEPXHOCMHO20 HamsidceHus, d — TnaMeTp Kanmuuisipa, p — IIIOTHOCTh JKUAKOCTH, § — YCKOpEHHE
CBOOOIHOTrO MaJICHUS.

Kumnenunem Ha3bpiBaeTcs mporiecc mapooOpa3oBaHus, MPOUCXOSIIINN HE TOIBKO CO CBOOOTHOM
MOBEPXHOCTH KHKOCTH, HO X BO BCEM 00beMe, BHYTPh 00pa3yIOIIHUXCs IMTy3bIphKOB mapa. [1y3sIpbku
napa yBEeJTMYMBAIOTCS B pa3Mepax W BCIUTBIBAIOT HA MMOBEPXHOCTH U JIOMAIOTCS, CO3/1aBast XapaKTePHYIO
KapTHHY KHIIeHUs. Temreparypa KATIEHHS COOTBETCTBYET paBEHCTBY JIaBJICHHS HACHIIIEHHOTO TTapa
AKUJKOCTU BHEIIHEMY JaBIICHUIO.

KosinuecTBo TenJoThI — 3TO SHEPrus, ModyyeHHast (MM OTAAaHHAs1) CUCTEMOU npu meniooomene. 1o
AHAJIOTHH C BBIPAKEHUEM TS dJIEMEHTapHO# paboTel 6A = pdV MOXKHO 3amucaTh IS 3JIEMEHTapHOIO
KosmdectBa TermaoTel: 0Q = TdS. Temnepamypa 3aech Urpaet posib TEPMUUECKOM «CHIIBD), a
9HMpONnUs — TEPMUUECKON «KOOPIUHATHI.

Kaxnomy g3aumooeticmsuto orBeuaeT HeKoTopas puznyecKas BeJIMUrHa, XapaKTepu3yIolas CUCTEMY
Y Ha3bIBaeMasi KOOPAWHATOM cocTosiHUSA. J[J1s1 TepMOMEXaHUUECKON CUCTEMBI 3TO 00beM V U
aumponusa S. Y1ciio KOOpAWHAT COCTOSIHUSI OIPEIeNIIeT YUCIo cTeneHeil cBobosl. Taxk,
TepMOMEXaHNYeCKas CUCTEMa UMEET JBE CTETIEHU CBOOOIBI.

Ko3¢g¢unueHT noBepXHOCTHOI0 HATSIZKEHHS 0. ONIPEIEISIETCA KaK OTHOILIEHUE CHIIBI
MMOBEPXHOCTHOTO HATSDKEHUS, IEHCTBYIOIICH HAa KOHTYP, OrpaHMYMBAIONIUN CBOOOIHYIO TOBEPXHOCTh
KUJKOCTH, K JUIMHE 3TOTO KOHTYpA.

Kpucrana — tBepaoe Teno, YaCTUIIbI KOTOPOT'O PACIIONOKEHBI YIIOPsII04eHHO. [ TaBHBIM OTJIMYHEM
KPHUCTAIIJIOB OT aMOP(HBIX TBEPBIX TEI SBISETCS aHU30TPOIHUS (PU3HMUECKUX CBOWUCTB (3aBUCUMOCTD
CBOICTB OT HampasieHus). CMm. Takxke Kpucmaniuueckas peutemxa.

Kpucraniudeckas peurerka - u300pakeHue MoJIOKEHUS IEHTPOB aTOMOB HJIM MOJIEKYJT B
KpucTaijie. JjieMeHTapHas siueiika — HaMeHbIIasl 4YacTh PEIIeTKU, 0TOOpaXkarolas CTPYKTypy
kpucmainna. IloBTOpeHHe 2IeMEHTApHON SYSHKH IMyTeM MapajieIbHOro MEPeHOca MOKHO MOTYyUUTh
PELIETKY B LEJIOM.

Kputnueckoii Ha3pIBaeTcsl TeMIepaTypa, Bblllle KOTOPOil ra3 Helb3s MPEBPATUTH B AKUAKOCTb
yBeNIMUYeHUEM aaBneHus. Kpurndeckas remmepaTypa y pa3HbIX BEIECTB MOXKET ObITh TOBOJIBHO
BBICOKOM 1 oueHb HU3KOH. Hanpumep, y BojsiHOTrO napa oHa paBHa 647 K, a y MonekynspHoOro
Bogopoaa 33 K, a y rexus 5,2 K. Cwm. Taxxe [lap.

MakpococTosiHue — COCTOSIHUE TEPMOJMHAMHUYECKON cucmemsl, 3aJaBaeMoe HabopoM
MaKpOCKOIMYECKHUX IapaMeTpoB (JlaBieHue, 00beM, TeMreparypa H Ip.), XapakTepu3yOInux
cucremMy B 11es1oM. OIHO MaKpOCOCTOSIHUE MOXKET ObITh peali30BaHO OOJIBIINM (JIaKe OYCHb
O0JIBLINM) YUCIIOM Mukpococmoanuti. CM. Takxke TepmoouHamuieckas 6eposmHocmo.
MuKpoCoCTOsIHMEe — COCTOSIHUE TEPMOIMHAMHYECKON CHCTEMBI, 33/1aBaeMoe HabOpOM BEIMYHH,

XaPAKTCPUIYIOIUX KAXKAYIO MUKPOYACTHILY (KOOpI(I/IHaTa, HUMITYJIBC, DHCPI'UAd U T. I[.).
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MKT — Teopus TEIUIOBBIX SBJICHUI, OCHOBAHHAs HA IIPEACTABICHUM O MEIbYaNIINX YaCTULAX
BelecTBa — aToMax u Mosiekyiax. CoBpemennoe HazBanue MKT — cratuctuueckas ¢pusuka. Cum.
Takxke OCHOBHbIE NONONCEHUS MONIEKYIAPHO-KUHEMUYECKOU Meopuu.

HacpllneHHbIM Ha3bIBA€TCH NAP, HAXOAIIUNCS B OUHAMUYECKOM PABHOBECUU C YKUIKOCTHIO.
HawuBeposiTHelileil Ha3pIBaeTCsl CKOPOCTH Vg, COOTBETCTBYIOIIAS MAKCUMYMY (DYHKITUU
pacnpenenenus Makcsesuia. Cm. Takxke Pacnpedenenue Makceenna.

HawuBeposiTHelilas CKOpPOCTh MPONMOPIMOHAIBLHA KOPHIO KBaIpATHOMY M3 a0COIIOTHOM
TEeMIIepaTyphl.

HepasencTBo Kiay3myca ectb MaTeMaTH4ecKasl 3allUCh 81MOPO20 HAYAA MEPMOOUHAMUKYU TSI
HEOOPaTHMBIX MPOIIECCOB B HEN30JIMPOBAHHON CHCTEME: €CIIM CHCTEMa COBEPIIACT YUK (KPY208oU
npoyecc), TO UI3MEHEHUE €€ IHMPOonuY PaBHO HYIO. Anredpandeckas CyMMa IPUBEICHHBIX
KOU4ecms meniomsl, COOOIIEHHBIX IPU 3TOM CUCTEME, PABHO HYJIIO B 0Opamumom npoyecce u
MEHbIIIE HYJIsI B HeoOpaTuMoM miporiecce. [IpuBeeHHOe KOJMYECTBO TETUIOTHI — 3TO KOJIMYECTBO
TETUIOTHI, TOJIYYEHHOE CUCTEMOW OT HarpeBartess (WIh OTJAAHHOE XOJIOAWILHUKY ), OTHECEHHOE K
COOTBETCTBYIOIIEH TeMIIEpAType.

HopMajabHBIMHU Ha3bIBAIOTCA YCJOBHS, KOT/Ia cucTeMa (HarpuMep, ra3) HaXOAUTCs MPHU AaBJICHUH P
=1,013-10° ITa (760 mm pr. cT.) u Temmepatype T = 273 K (0°C).

OO6paTuMBbIM HAa3BIBAETCS TIPOLIECC, KOTOPHIA MOXKHO TTPOBECTH B MPSIMOM M OOpaTHOM HaIpaBJICHUN
4yepe3 OJIHU U T Ke TPOMEKYTOUHBIE COCTOSTHUS 0e3 M3MEHEHUS B OKpYKaromux Tenaax. OOpaTuMbIiMu
SIBIISIIOTCSI PABHOBECHbIE NPOYECCHL.

OnbITHBIE Ta30BbIe 3aKOHbI — 3TO 3akoHbl bounsa-Mapuomma, I'eti-/Iroccaka v Lllapas.
OcHoBHbIe nosioxkenuss MKT:

- BCE TeJIa COCTOST U3 MEIbYANIINX YaCTHI], aTOMOB U MOJIEKYJT,

- YaCTHIIBI ATH HAXOJATCS B COCTOSIHIH HEMTPEPHIBHOT'O XaOTUYECKOTO JIBHKEHHS, HA36IBAEMOTO
TEIJIOBBIM;

- MEXy 4acTULIaMU UMEIOTCS CHIIbI IPUTSHKEHUS U OTTaJIKUBAHUS;

- IBMYKEHUE KaK/I0M YacTHUIIbl OTUMHSIETCSA 3aKOHaM KJIAaCCHUECKON MEXaHUKH.

IIap — 570 ra3 npu remnepaTtype HuxKe Kputuueckoi. [Tap MOXKHO MpeBpaTUTh B )KUJIKOCTh MPOCTHIM
cxatueM. Beskuii map — 3To ra3, HO He BCSAKHU ra3 ecTh nap. CM. Takxke Kpumuueckas memnepamypa.
Koopounamuer v nomenyuansl Ha3pIBalOTCA apaMeTpamMu coctosuusa. Hanpumep, mist
TEPMOMEXAaHHUECKOW CUCTEMBI ITapaMeTpaMu COCTOsIHHS OyayT: o0beM (V), sumponus (S), naBieHue
(-p) u memnepamypa (T).

IMapuuajabHBIM JaBJIeHHEM ra3a Ha3bIBA€TCS AaBICHUE, KOTOpOe ObLIO Obl, eciiu Obl 3TOT T'a3
3aHMMall 00bEeM, 3aHUMAaeMbIil cMechio ra3oB. CM. Takxke 3axow /lanemona.

IlepBoe Ha4Ya/I0 TEPMOAUHAMUKH — 3aKOH COXPAHEHUSI SHEPTUH, 3aITUCAHHbBIN B UYPE3BbIYAHO
o0mieit popme, BKIIIOUAIOLIUN U3MEHEHUE SHEPTUU 32 CUET menioodmena. B cranaapTHbIX
o6o3naueHusx: AQ = AU + A — KOJIM4eCcTBO TEIUIOTHI, coodmmaemoe cucreme (AQ), uaer Ha
MOBBIIICHUE BHYTpeHHEH sHeprun cuctembl (AU) 1 Ha coBepiieHune padoThl (A). 3aKoH cCOXpaHEHUS
MEXaHHYECKOM SHEPTUU — YACTHBIN CITydail epBOro Hayaia TePMOAMHAMUKH.

IMouTponuyecKuM Ha3bIBaeTCsl MPOIECe, OMMChIBaeMbIi ypaBHeHHeM PV" = const, rae N —
HEKOTOPOE JCHCTBUTEIBHOE YUCIIO (TI0Ka3aTelb HONIUTPOIbl). Mzomepmuueckuit (N = 1),
uzobapuueckuti (N = 0) , uzoxopuueckuti (N = o) u aduabamuueckuii (N ="y, y = Cp/Cv) MPOLIECCHI —
YaCTHBIE CITyYau MOJUTPOIMUYECKOro Impolecca.

Jiia m060ro 83aumodeticmaus CylleCTBYET BEIMUMHA, HA3bIBaeMasi MOTEHIUATIOM. Y CIIOBUEM
BO3HMKHOBEHHUS B3aMO/ICHCTBHUS SIBISIETCSA PA3HOCTh MOTEHIIUATIOB cucmemsl U cpedsl. Jlns
MEXaHHYECKOTO B3aMMOCHCTBYSI MOTSHIINANIOM SBIISIETCS AaBJICHUE, JJIs TEINI000OMeHa —
Temneparypa. JlaBieHue, paccMaTpruBaeMoe Kak TepMOJANHAMUYECKUH TTOTEHIHAI, OEPETCs CO 3HAKOM
MUHYC.

IIpuHUMI pABHOMEPHOI0 pacipe/ejieHlsi JHEPTUH [0 CHEeneHAM c80000bl cHOPMYITHPOBAH
MakcBesioM: eclii CUCTeMa HaXOIUTCSl B COCTOSIHUM PaBHOBECHS TPU TeMrepaType T, To SHeprus
pacmpesensercs Mo CTerneHsIM CBOOOAbI PABHOMEPHO M Ha KaXKIYIO CTENEHb CBOOOIBI MPUXOJUTCS
sneprus (1/2)KT, roe kK = 1,38- 10?% JIx /K — nocrosnHas bonbimana.

Pa6oToii Ha3zbBaeTCss MAKPODUZUUECKUIN CITOCOO U3MEHEHHUSI HYMPEHHell SHepeUul CUCmeMbl,

COIPOBOKJAIOIIUICS MaKpOCKOMMUECKUM JiBHKeHueM. Cp.: Tennoobmen. DHEprusi, KOTOPYIO cUCTeMa
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noJiy4yaet (HJIM OT/IaeT) [PU ATOM IPOoILecce, Ha3bIBaeTCs Tak ke paboroii (A).

PaBHoBecHbIe pacnipeaesneHust — GOpMyIIbl, TOKA3bIBAIOIINE, KaK PACIPEACISIOTCS MOJIEKYJIIBI IO
3HEprusaM u ckopoctaMm. Cm. Pacnpedenenue bonvymana n Pacnpeodenenue Maxceenna.
PaBHOBeCHBIM Ha3bIBaeTCs MPOLECC, MTPOTEKAIOINNA OECKOHEYHO MEIJICHHO U TPEACTABIISIFOIINI
co00¥ MOCIIeI0BaTEIbHOCTh PABHOBECHBIX COCTOSIHUI. PaBHOBECHBII IpoIiece MpOTeKaeT npu
HAINYUHA OECKOHEUHO MAJIOi pPa3HOCTH HOMEHYUAN08 CUcmeMbl U cpedbl. PaBHOBECHBIE TPOIIECCHI
U3ydaeT pa3zelsl mepmMoOuUHaMuKy — mepmocmamuka. PeanbHplil IpoLecc MOKHO CUUTATh
PaBHOBECHBIM, €CJIM OH IIPOTEKAET JOCTATOYHO MEIJICHHO.

Pacnpenenenue bBoabumana — pasnosecrnoe pacnpedenenue MONEKyJ B IOTEHIUAIBHOM MOJ€E: N =
noexp(-AE/KT), rae No — KOHIIEHTpAIMsl MOJICKYJI TaM, TIe MOTCHIMAIbHAS SHEPTUs TPUHIUMACTCS
PaBHOI HYJIO; N — KOHIIGHTPAIIMs TaM, IJie MOTEeHIMaNbHas dHeprus paBHa AE; T — remneparypa; K =
1,38-10% JI/K — moctostnnas Bonsimana. [lpu T — 0 N'=Ng, T. €. KOHIEHTPAIIUH
PBIPAaBHUBAIOTCS C TOBBIICHUEM TEMIIEPATYPHI.

Pacnpenenenune MakcBeluia — pasrnogecroe pacnpeoeierue Moiiekyi o ckopoctam: f(u) = (An/nAu)
= (4\m)u?e¥? , rae AN — YHCIIO MOJIEKYII, CKOPOCTH KOTOPBIX JIEXKAT B HHTEpBaKe 0T U 10 (U + Au); N
— o01ree YMcio MOJIeKyIT; U = V/V; — OTHOCHTEIIbHASI CKOPOCTh, T. €. OTHOIICHHE CKOPOCTH MOJICKYJIBI V
K HAMBEPOSITHEHIIICH CKOPOCTH V. OTHOMICHHE AN/N MOXHO HHTEPIPETUPOBATH KaK alIPUOPHYIO
BEPOSITHOCTh TOTO, UTO Y HayraJl B3sITO MOJIEKYJIbI CKOPOCTh OKaXETCsl B UHTepBaiie oT U 10 (U +
Au).

CBo0oaHBIH Mpoder ecTh pacCTOSHHUE, KOTOPOE MPOXOAUT MOJIEKYJIa MEXy IBYMsI coyaapeHusiMu. B
MONeKYIAPHO-KUHeMUYecKol meopuy BBOAUTCS MOHITHE CPEIHEr0 CBOOOIHOIO Impobera.
TepmoanHammnuyeckasi cucTeMa — 3TO 4acTh BeeneHHOM, BeIIeNIeHHAs 1S uccaenoBanus. Cpenoit
MOJKET OBITh U I'a3 B COCYJI€ U CKOIUIeHHE raiakTuk. Cpeaa — Bce ocTajabHOE (TO, UTO HE BOIILIO B
CUCTEMY).

CreneHu cB00O/IbI — HE3aBUCUMbIE€ KOOPAMHATHI, OTIPEAEISIONINE MOJI0XKEHUE Tea (MOJIEKYJIbl) B
IIPOCTPAHCTBE.

TemmnepaTypa — Qpu3snueckas BeIU4NHA, XapaKTEPU3YIOIlas COCTOSHNUE TEPMOAMHAMUYECKOTO
PaBHOBECHUS] MAKPOCKOIIMUYECKON cucmembi. C TOUKH 3pEHUS mepMoOuHamuky TEMIIEpaTypa ecTb Mepa
OTKJIOHEHUS JaHHOT'O TeJla OT COCTOSIHUSA TEPMOIMHAMUYECKOTO paBHOBECHS € ApYrUM TesoM. Obuiee
OIpeJIeNIEHUE: TeMIIEpaTypa €CTh IPOU3BOHAS OT GHYMpPeHHel IHep2uy CUCTEMBI 110 aHmponuu. J{ns
udeanbHo20 2a3a TEMIEpaTypa eCTh Mepa CpeJHEeH KNHETUUECKON SHEPTUU MOJIEKYJIbI.

TBop1p! 6mopozo nauana mepmoounamuxu Tomcon u Knayzuyc pacrpocTpaHiiin BTOpOe Hayajio Ha
BCIo Beenennyto, paccmarpuBasi ee Kak 3aMKHYTYIO cucmemy. X0 UX paccykIeHui Obu1 TakoB. Bee
BUJIbl SHEPTUU MOTYT 0€3 OrpaHHMUYEHHUI NePeXOAUTh BO BHYTPEHHIO SHEPTUIO (B SHEPrUI0
Xa0THUYECKOI0 JBM)KEHUS YaCTHULL, KaK 4acTO TOBOPSIT, B TEIJIOTY). Tenaora caMoNnpon3BOIbHO
CaMOIIPOM3BOJILHO IIEpeAaeTcst OT 0oJiee HarpeThiX K MeHee HarpeTbiM TesiaM. OOpa3Ho roBopsl, Bce
BU/Ibl SHEPTUH CTEKAIOT B TEIUIOBON OKeaH. B KOHIle KOHIIOB HACTyIIaeT paBHOBECHE IIPU
TeMrneparype, 0Ju3Koi k abconmroTHoMy Hy 0. Hactymaer termoBas cMepts Beenennoit. Kputnka
3TOH TEOpUHU OCHOBaHA Ha JABYX MOJIOKEHUX. Bo-niepBbIX, BeeneHHyto Henmb3s cunTaTh 3aMKHYTOR
CHCTEMOM, TaK KaK IOHATHE CHCTeMa MpearoaraeT Haluume cpeosi. Bo-BTophIX, Bo Beenennoi
CYLIECTBYIOT IIPOLIECCHI KOHLIEHTPAIMU SHEPT U, MEXaHU3Ma KOTOPBIX MbI He 3HaeM. CM. Takxe
Bmopoe nauano mepmoounamuxu.

TennoBoe pacimpenue TBEpbIX Tel (yBeIHMUeHHE pa3MepoB IIPH HarpeBaHUN) 0OBbsACHSIETCS
acUMMeTpHel MOTEeHIUAIbHOW KPUBON 3aBUCUMOCTH MTOTEHIIMAIBHON 3HEPTUH OT PACCTOSHUS MEXKIY
aTOMaMH.

Ten0BbIMM MalIMHAMM Ha3bIBAIOTCS YCTPOUCTBA Ul PeoOpa30BaHUs GHYymMpeHHell dHepeUull B
MeXaHU4ecKyo paboty. JIrobas TerioBast MallIMHa COCTOUT U3 HarpeBartesl, XOIO0AUIbHUKA U
pabouero tena. K TemioBsIM MalIMHaM OTHOCSATCS apOBbI€ MAIlIMHbI, IAPOBbIE U Ta30BbIe TYPOUHBI,
JIBUTaTeNIM BHYTPEHHETO CrOPaHusl, peaKTUBHbBIE IBUTATENH U T. JI.

Tenji0eMKOCTBI0 TeJIa (CHCTEMBbI) Ha3bIBACTCS KOJUYECBO MEeNniombl, HEOOX0IUMOE IS
HarpeBaHMs Telna (cucmemsl) Ha OAMH KeJbBUH. Eciu pacder BeaeTcss Ha OIMH KHJIOTPaMM,
TETJIOEMKOCTb Ha3bIBaeTCs yCIbHON, €CIIM Ha OJUH (KUJIO)MOJIb — (KUJIO )MOJISIPHOH.
TennonpoBOAHOCTHIO HA3bIBAETCS IPOLECC BHIPABHUBAHUS TEMIIEPATYP MPU COIPUKOCHOBEHUU TEI

(TBEpBIX, )KUIKUX UITU Ta3000pa3HbIX), UMEIOIIUX Pa3HYIo TeMiieparypy. TemionpoBogHOCTh
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OOBSICHSICTCSI IEPEX0JIOM PHEPTUU OT O0JIee HarpeThIX K MEHEee HarpeThIM 00JIacTsM MPH OTCYTCTBUU
(eciu 3TO Ta3 WM KUJKOCTb) NIEpEMELINBAaHUS WK KoHgekyuu. CM. Takxe fenenus neperoca.
Tensioo0MeHOM (MU TEIUIONIepeIavyeii) Ha3bIBACTCA MUKPO(DU3NIECKUN CIIOCO0 M3MEHEHUS
BHYMPEHHelU SHep2UuLU CUCmeMbl, HE CBSI3aHHBIM ¢ MAaKPOCKOIIMYECKUM JIBUKeHUEM. CM. Takxke
Konuuecmseo mennomut.

TepMoaMHaMuKa — HayKa O CaMBIX Pa3HOOOPA3HBIX MPOIECCaX U COMPOBOXKAAIOUINX X
SHEPTEeTUYECKUX MPEeBpaIICHUsAX. TepMoJHHaMIKa OTHOCUTCS K 001aCTH MakpO(QHU3UKH, OHA
OTBJIEKAETCS OT MOAPA3yMEBAEMOr0 MOJIEKYJIIPHOIO CTPOEHUS BEILIECTBA U YUUTHIBACT JIUIIb
MIOBEICHUE cucmeMbl B LENIOM. Jlenurcs Ha mepmocmamuky 1 COOCTBEHHO TEPMOAUHAMUKY.
Tepmoagunamuyeckasi BepoaTHOCTb W — 4KCIIO MUKpOCoCcmosHuti, C TOMOLIBI0 KOTOPBIX
peayinzyercsi JAHHOE MAaKpOCOCMOsIHUE.

TepmMoaguHAMUYECKHUM NPOLECCOM HA3bIBAETCS USMEHEHUE KOOPOUHAM COCMOAHUS CUCTEMBI IPU
HaJIMYUU PA3HOCTU nomeHyuanos cucmemvl u cpeowl. CM. Takxke PagrnosecHulil npoyecc.
TepmMoauHaMHUYeCKHM paBHOBeCHEM Ha3bIBA€TCSl COCTOSIHHUE, TPU KOTOPOM MAaKpPOCKOITMYECKHE
napamempbi COCMOAHUs BCIOAY TOCTOSTHHBI U HE U3MEHSIOTCS C TEYEHHUEM BPEMEHHU.

Tperbe Ha4YaJ10 TEPMOAMHAMMKH YTBEPXKIAET, YTO IHMPONUs. CUCTEMBI IPH a0COJIIOTHOM HYJIe
TeMIlepaTypbl paBHa Hy0 (Teopema Hepucta, 1906).

Jedopmanusi Ha3pIBaeTCsl YIPYIoM, €CIM NIPU CHATUU AeQOpPMUPYIOLIEH ChiIbl pa3mMepbl U opma
Tena BoccTaHaBnuBaroTcs. CM. Takxke 3axon I yka.

Tpoiinoii Touko# Ha3bIBaeTCs TOUKA Ha quarpamme (P, T), B KOTOpoi nepecekatoTcs KpuBbie
(azoBoro paBHoBecus. Eciu BemecTBo HAXOAUTCS NIPU JaBJICHUN U TEMIIEpaType, COOTBETCTBYIOIINX
TPOWHOM TOUKE, TO BCe TpH (a3bl (TBepas, )KHUJIKas U Ta3000pa3Has) HAXOAATCSA B OUHAMUYECKOM
pasnogecuu. Haripumep, 11t BoJibl: Prp = 610 Ila, Trp = 273,16 K.

YpaBuenue Ban-agep-Baannbca 310 ypagnenue cocmosanus peanbHOro ra3a, B KOTOPOM YUUTHIBAETCS
COBCTBEHHEIH 06BEM MOJIEKYIT U CHIIBI TIPUTsKeHNs Mexay Humu: [P + (a/V,2)](V,-b) =RT,tmeaub
— TOTIPaBKU Ha CHJIbI IPUTSDKEHUS U HA COOCTBEHHBIN 00beM Mouiekyin. CM. Takxke Vpagnenue
Knaneitipona-Menoeneesa.

Ypasuenue Kinaneiipona-Knay3uyca onvceiBaer (ha3oBsie mepexo/isl 1-ro poaa:

(dp/dT) = MT(V2— V1). 3aecs V1 u V2 — yienbHbIe 00bEMbI HU3KO- M BEICOKOTEMITEPATYPHOU (hasbl,
COOTBETCTBEHHO; A — yJie/IbHasl TEII0Ta nepexoa. B neBoil yacTu ypaBHEHHsI CTOUT NMPOU3BOIHAS OT
JIABJICHUS 10 TEMIIEpaType.

VYpasuenue Kinaneiipona-MeHaesieeBa — ypaBHEHHE COCTOSIHHS udeanvro2o 2aza:. PV = (M/p)RT,
rae p — nasienue, V — odwveM, T — TeMriepaTypa, M — Macca, |L — Macca OJJHOTO Kujomois, R =
8,31-10° JIxx/xmonb- K — yHMBepcabHas ra30Basi HOCTOSHHAS.

YpaBuenue Maiiepa cBs3bIBa€T MOJISIPHBIE TEINIOEMKOCTH IIPU MOCTOSSHHOM JIaBJICHUU U IIPU
MOCTOSIHHOM o0beMe: Cup- Cuv = R,

rae R = 8,31-10% JIx/kmons: K — yHHBepcanbHas ra30Basi HOCTOSHHASL.

Ypasuenue MKT 151 naBiaenusi umeet Bus: P = (1/3)MoNoVis. 31€ch Mo — Macca 0HOM MOJIEKYJIbI,
No — KOHIEHTPALIUS MOJIEKY, Vs — CPEIHSS KBaIpaTUUHASI CKOPOCTb.

YpaBuenue MKT n1s1 sHeprum umeeT BUI: Ecp = (i/2)KT. 3nech E¢p — cpennsist kuneTHYECKAS
SHeprus 0JHOM MONeKybl, T — TeMmeparypa, i — yucio creneneii cBodomsl, K = 1,38-102 JIx/K —
nocrosinHas bonbiumana.

YpaBHeHUEM COCTOSIHMS HA3bIBaeTCsl YPaBHEHHeE, CBSI3bIBAIOIICE napamempsvl cocmoanus. J{ns
UOeanbHO20 2a3a yPaBHEHUEM COCTOSIHUS SIBIISIETCsl ypasHerue Knanetipona-Mernoeneesa.
YpaBuenus Ilyaccona cBS3bIBAIOT MMOMAPHO JIaBICHHUE, 00BEM U TEMIIEPATYPY MPH aduadamuyeckom
npoyecce: TV = const, pV" = const, T*/p"! = const. 3aech ¥ = Cp/Cy — OTHOLIEHHE TA30BBIX
TEIUIOEMKOCTEH.

@®a30BbIM NEPEX0I0M NEPBOr0 POAA HA3bIBACTCS IPEBPALICHHUE, COMPOBOKIAIOIIEECS BbIIECICHUEM
WM TIOTJIOIEHHEM SHEPIUu (CKPBITOM TEIJIOTHI IIepexo/1a) U N3MEHEHHEM yienbHoro oobema. K
TaKUM Tepexo/iaM, B YaCTHOCTH, OTHOCSITCS: IJIaBJICHUE U KPUCTAJUIU3AIINS, UCTIApEHHUE U
KOHJIeHCalus, cCyonumanus (McrapeHne TBepbIX Tell) U KOHIeHC CallUs.

@®a30BbIM NEpPexXo0M BTOPOr0 poja HA3bIBAeTCs IpEeBpalleHNe, Ipoucxoasiiee 6e3 MoraoueHus
WM BBIJICJIEHUS TEIJIOTH M U3MEHEHHs yAelIbHOTro oobema. [IprmMeps! Ga3oBbIX epexo10B BTOPOTo

poaa: nmepexonq (beppOMaFHCTI/IKa B IMapaMarouTHOC COCTOAHUC IIPHU TCMIICPATYpPC KIOpI/I, nepexon
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MeTajljla B CBEPXIIPOBOSILEE COCTOSTHUE U TIP.
®opmyaa bBoabumana-Ilinanka cBs3bIBacT sSHmMponuro S U mepmoounamuyeckyio eepoamuocms W:
S=kinW.

DyHKuMel cOCTOSHUS HA3BIBACTCS BETMUMHA, OTHO3HAYHO OIpeieisieMas HA0OpOM KoopouHam
cocmoanus cucteMbl. [IpuMepsl QYHKIUN COCTOSHUSL: 8HYMPEHH dHep2ust, SHmponus u 1p. B
MPUHLUIE JTI000H napamemp cocmosnus MOKET pacCMaTPUBATHCS KaK (DYHKIUS COCTOSHUSL.
Xo0/10AWJIbHbIE MAIIUHBI — YCTPONCTBA, OTHUMAIOIIKE TEIUIOTY OT Tejia ¢ 0ojiee HU3KOM
TeMIIepaTypou U mepeaaya TerIoThl Teny ¢ 0oJiee BEICOKOM TEMIIEpATypoOid 3a CUET COBEPIICHUS
pabotel. [IpuHIMT eicTBUS OCHOBAH HAa MCIIAPEHUH JIETYUYHX KUAKOCTEH (aMMHuak, GpeoH) mpu
MIOHM>KEHHOM JiaBjieHuH. [IIupoko mpUMEHSIOTCs B IPOU3BOJICTBE, HAYKE U TEXHUKE (ITUILEBas,
XUMHUYECKas U METaNI000padaThIBaoIlasi IPOMBIIIJIEHHOCTh, CTPOUTEIbHAS TEXHUKA U T1P.).
Hukgaom Kapno Ha3zbIBaeTcs yuki, COCTOSIINN U3 IBYX H30TEPM U JBYX aauadar.

KIIJI nmukna KapHo 3aBUCHT TOJBKO OT TemmepaTyp Harpesarens (T1) u xonoaunsHuka (T2): n=(T1—
T2)/T1. DT0T K03DHUIUEHT MAKCUMAITbHBIN M3 BCEX IUKIIOB, OCYIIECTBIIEMBIX C JAHHBIM
HarpeBaresieM U XOJOIWIbHUKOM U HE 3aBUCUT OT MPUPOABI paboyero Tena.

HukianyeckuM HJIHM KPYyroBbIM NPOLECCOM Ha3bIBAETCS MOCIIEI0BATENBHOCTh MPEBPAIllCHUH, B
pe3yabpTaTe KOTOPOH CHCTEMa BO3BPAIA€TCA B UCXOHOE COCTOSIHHE. [IMKIIBI MOTYT OBITH
paBHOBECHBIMHU U HEpaBHOBECHBIMU. Ha uarpamme pasrnosecnvie KpyroBble npoyeccsl N300paxxaercs
3aMKHYThIMH KpuBbIMU. Ha nuarpamme (P, V) npsiMoii UK OCYILIECTBISETCS 110 YaCOBOW CTPEJIKE,
0OpaTHBIN — MPOTHB YaCOBOW CTPEIIKH.

JHTpONMell HAa3bIBACTCS YYHKYUSA COCMOSAHUA CUCTEMBL, TU(PepeHInan KOTOpoil paBeH OTHOIIEHHUIO
AIIEMEHTAPHOI0 KOJIUYecmea meniomol, IOITY4YEHHOTO CUCTEMON B AIIEMEHTAPHOM 00pamumom
npoyecce, K memnepamype. llpu HepaBHOBECHOM TEIIOOOMEHE B U30JIMPOBAHHON CHCTEME SHTPOMHS
cucteMbl Bo3pactaeT. CM. Taxke Bmopoe nauano mepmooOuHamuxu.

dddexTom Ixoynsa-ToMcoHa Ha3pIBAETCA N3MEHEHUE TEMITEPATYPhl PEAJIBHOIO ra3a IpH
agnabatnueckoM pacmupeHuu. Ecimu ra3 mpu 3Tom oxnaxaaercs, 3pQpexT Ha3bIBaeTCs
MIOJIOKUTETILHBIM, €CJIM HarpeBaeTcsl — OTpulaTesbHbIM. [Ipy HOpMaNIbHBIX YCIOBUSIX OOJIBIIMHCTBO
ra3oB OOHAPYKUBAIOT MOJOKUTEIbHBIN d3PhEKT (MCKIIIOUCHHS — BOJAOPO U Tenuid). [Ipumensiercs mis
MOJIy4EHHUS KUJKUX Ta30B.

K sBreHusM nepeHoca OTHOCUTCS TPYIIA SABJICHUM, UMEIOIIUX CXOHBIA MEXaHU3M: 6HYympPEHHee
mpenue (84a3K0cmsp), menjionpoeooHocmy, oudgysus.

[lepenocuTcs 3a c4eT XaOTUYECKOIO TEIIOBOTO IBUYKEHUS, COOTBETCTBEHHO, UMITYJIbC, KHHETUYECKast
SHeprus, Macca.

JIeKTPOMATHETH3M
BekTopom YmoBa-IloliHTHHIa Ha3bIBacTCs BEKTOP P IIIOTHOCTH MOTOKA 3JIEKTPOMArHUTHOM
SHEPruH, MePEeHOCUMOI1 3JIEKTPOMArHUTHOM BOJHONW. MOIyJib 3TOro BEKTOpa paBeH IHEPIHH,
IIepeHOCUMOii BOJIHOM B OIHY CEKyHIy Yepe3 IIomanaky 1 M2, pacrnonokeHHyo IepHeH UKy ISpHO
HaIpPaBJICHUIO paclpocTpaHeHus BoJHbl. HamnpaneH BekTop P B CTOpOHY pacnipocTpaHeHUs BOTHBI.
BuxpeBble 3j1eKTpHYeCKHE TOKH - UHIYKIIMOHHBIE TOKU, BO3HUKAIOLIUE B CILUIOIIHBIX TPOBOAHUKAX,
HAXOJSAIIMUXCS B IEPEMEHHOM MarHUTHOM moje. MHorna ¢ HuMu OOpIOTCS A7l yMEHbIIEHUS TOTEPh
(HampumMmep, cepIeYHUKH TpaHC(HOPMATOPOB HAOUPAIOT U3 OTAENBHBIX TUIACTHH), 2 HHOTAA
HCIOJIb3YIOT B METAJLUTYPrvH U MAIIMHOCTPOCHUH (MHAYKUIMOHHBIE TIeUH IS TUIABKU METAJIJIOB,
3aKaJIKM CTajlH, CBapKU U 1p.). ['ajJibBaHHYECKHUIl 3JIeMEHT - HCTOUHUK AIEKTPUIECKOTO TOKA,
KOTOPBIH MPH paspse BbIACIACT AIEKTPHUUECKYIO SHEPTHIO 32 CUET MPOTEKAHUS IIEKTPOXUMUYECKIX
peakumii. [IpuHImn nefcTBYs raJabBaHUUECKOrO 3JIEMEHTAa OCHOBAH Ha SIBJICHUH B3aHUMOJEUCTBUS
MeTajula C 3JEKTPOJIUTOM, TPUBOJAIIEM Y BOBHUKHOBEHHUIO B 3aMKHYTOM 1EMH 3JIEKTPUUECKOTO TOKA.
O/1C ranpBaHMYECKOT0 3JIEMEHTA 3aBUCUT OT MaTepuaa 3JEKTPOIOB U COCTaBa AJIEKTPOJIUTA.
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JluaMarHeTU3MOM Ha3bIBAETCSl CBOMCTBO BEIECTB (lUaMarHeTUKOB)
HaMarHU4MBaTbCs HABCTPEYY CUJIOBBIM JIMHUSAM JIEHCTBYIOLIET0 HA HETO BHEIIHETO
MarHuTHOro noJis. C TOYKU 3peHus 3JIEKTPOHHOW TEOPUH JUaMarHeTHU3M 00’ bsICHSIeTCs
3aKOHOM 3JIEKTPOMarHUTHOU UHAYKIIMU U IpaBuJioM JleHna. /luaMarHeTUKY —
c1aboMarHMTHbIe BelllecTBa. /luaMarHeTusM — yHUBepcalbHO€e CBOMCTBO BCEX BEIECTB,
OJIHAKO B psiie CJIydaeB OHO MepeKpbIiBaeTcs 60Jiee CUIbHBIM Mapa- U
dbeppoMarHeTU3MOM.

JAM3IeKTPHK - BellleCTBO, 06J1a/jatollee HU3KOU yieJIbHOU 3JIEKTPUUECKON
NPOBOIUMOCTbI0. UleasibHBIN JU3JIEKTPUK BOOOIIE HE TPOBOAUT TOK, €r0
IPOBOJIMMOCTb paBHa HYJI0. K IU3/IEKTPHUKAM OTHOCSTCS Mbe303JIEKTPUKH,
CErHeTO03JIEKTPUKH, 3JIEKTPETHI U AP.

IMonsapusanus P (3/1eKTpUYEeCKUN IUTIOJbHBIA MOMEHT €/IUHUIIbI 06'beMa) MPSIMO
NpONOPIMOHAIbHA HAMPSXKEHHOCTHU 3jieKTprudeckoro noJjs E: P = keoE. Koapdunuent
NPONMOPIMOHAIBHOCTH K U €CTb JIU3JIEKTPUUYECKasi BOCIPUUMUYHUBOCTb. 3/1€Ch €0 —
3JIeKTpUYecKasi MOCTOsSTHHas.

JAuseKTprudecKas NPOHULAEMOCTb € MMOKa3bIBaeT, BO CKOJIbKO pa3 HaNPSI)KEHHOCTb
3JIEKTPOCTAaTUYECKOTO M0JIe B IU3JIEKTPUKE MeHbllle, YeM B Bakyyme. [lis
XapaKTEPUCTUKH M0JIS1 B AU3JIEKTPHUKE BBOASAT BCIOMOTATE/bHYIO BEJIMUUHY —
ayieKTprudeckoe cMelenue: D = goeE.

JloMeHaMH Ha3bIBAlOT 00/1aCTHU CIIOHTAHHOM (CaMONPOU3BOJIbHOU) HAMarHM4eHHOCTH B
deppomarHeTrke. Paamepbl JoMeHOB nopsiika 1 MkM. CM. Takxke @PeppoMarHeTusm.
Jlyroi Ha3bIBaeTCsl pa3psi/i B rase, NPOUCXOASAIIMN MTPYU aTMOCHEPHOM aBJIEHUHN U
CONPOBOXK/IAIOLIUICSI OUeHb BBICOKOW TeMIepaTypoil. [[py 3ToM HanpsikeHUe Ha
asiekTpoax coctasJsieT 30-40 B, a TOK — fecATKH UM COTHU amiiep. OJHO U3
BaXKHEWILUX IPUMEHEHUU AYTU — AyroBas CBapKa U pe3Ka MeTaJlJIOB.

3aKoH AMInepa ycTaHaBJIMBaeT CBA3b CUJIBI, IeMCTBYIOLIEeN Ha IPOBOJHUK C TOKOM B
MarHMTHOM I10JI€e, C CUJIOW TOKA U UHAYKIMer MarHuTHoro noJis: dF = IBdl sina, rge I -
cuJia TOKa, B - MHAYyKIUA MarHUTHOTO 1noJis, dl — AJIMHa 3J1IeMeHTapHOTO y4yacTKa
npoBoJHMKa. HanpaBienue Bektopa dF onpezensieTcs c noMoibo npaBusa JeBOU
PYKHU.

3akoH Buo-CaBapa-Jlaniaca no3BoJisieT pacCiMTaTh HANPSAXKEHHOCTb MarHUTHOTO
10JiS1 TOKa JiloO60M KOHUTypalUy yTeEM HHTErpUpoBaHus BeipaxkeHus: dH = 1[dl,
r]/4mnr3, rae dH - Hanps>XeHHOCTb MAarHUTHOTO M0JIs, CO3/1aBaeMOT0 3J1eMeHTOM Toka dl,
I - paZivyc-BeKTOD, IPOBeeHHbIM OT 3JIEMEHTA TOKA B TOYKY, B KOTOPOH
pacCYUTHIBAETCH HANPSIXKEHHOCTD MOJIA.

3akoH KyJioHa - 0CHOBHOM 3aKOH 3JIEKTPOCTATHUKH, BBIPAXKAKIIUK 3aBUCUMOCTb CUJIbI
B3aWMO/IeNCTBHSA [ByX HENO/BM>KHbBIX TOYEYHbIX 3apPs/I0B OT PACCTOSIHUS MEXY HUMH.
/IBa HEMOABUKHBIX TOYEYHBIX 3apsA/ia B3aUMOJAENUCTBYIOT C CUJIOM NPSIMO
NpPONOPLHUOHAIBHON IPOU3BEEHUI0 BEJIMYMH 3TUX 3apAJ0B U 00paTHO
NpPONOPLHUOHAIBHON KBaZipaTy pacCTOSTHUS MeX/y HUMHU U 3aBUCALIEN OT
JIN3JIEKTPUYECKOU IPOHUILAeMOCTH Cpe/ibl, B KOTOPOH HaxoAaTcs 3apsaabl (KyJioH,
1785). 3akoH KyJioHa moATBepJaeTcs ONbITOM BIJIOTh /10 PAaCCTOSTHUM nopsiaka 10-15 M
(pasMepsbl siapa aToma).

3akoH /Jxkoy.is-/leHna no3BoJisieT HAUTH KOJIMYECTBO TENJIOThI, BbIeSA0leecs B
NPOBO/JIHUKE NMPHU NPOTEKAHUU 3JIEKTPUYECKOT0 TOKA: KOJIMYECTBO TEMJIOThI NPSIMO
NPONOPLHUOHAIBHO KBa/IpaTy CUJIbI TOKA, CONPOTHUBJIEHUIO IPOBOJHUKA U BpEMEHU
NpOTEeKaHUs TOKa.
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3akoH OMa AJ1g yYyacCTKa LelH CBA3bIBaeT CUJIY TOKA C PA3HOCTHIO IOTEHIUAJIOB Ha
KOHIIaX MPOBO/IHUKA U CONIPOTUBJIEHHEM NIpoBOAHUKA: | = (1 - @2)/R. 3akon OMa s
3aMKHYTOH (MOJIHOM) 1leNU CBA3bIBAET 3JIEKTPOABUKYILYIO CUTY UCTOYHHKA C OJHbIM
conportuByieHueM nenu: [ = E/(Ru + Ro). 3aecb Ru ¥ Ro- cooTBeTCTBEHHO
CONPOTHUBJIEHME HAarPy3KU U BHYyTPEHHee CONPOTHUBJIEHHE UCTOYHHUKA.

3aKOH, CBA3bIBAK UK LIUPKYJISALHUI0 BEKTOPA HANPSIXKEHHOCTHU MAarHUTHOTO MOJIS C
TOKOM, OXBaTbIBa€MbIM KOHTYPOM UHTErpHpoBaHus. B 060611eHHOM BU/le 3aKOH
IIOJIHOTO TOKA BXOJUT B CUCTEMY YpaBHeHUN MakcBeJia.

3aKOH COXpaHeHHA 3JIEKTPHUYECKOro 3apsaja - GUu3ruyecKUil 3aK0H, B COOTBETCTBUU C
KOTOPBIM B 3aMKHYTOM CUCTEMe B3aMMO/IeCTBYIOILIUX TeJ alrebpanyeckas cyMMa
3JIEKTPUYECKUX 3aps/i0B (IIOJIHbIN 3/1eKTPUUECKUH 3aps/l) OCTAaeTCsl HEM3MEHHOM NIpU
BCEX B3aUMO/IENCTBUSIX.

3aKOH 3JIEKTPOMarHMTHOM UHAYKIUH - I/IC MHAYKLMH B 3aMKHYTOM KOHTYpe IpsaMO
IpONOPLHUOHAIbHA CKOPOCTU U3MEHEHUS MarHUTHOTO IOTOKA Yepe3 OBEPXHOCTb,
OTrpaHUYEHHYI KOHTYPOM. JJIEKTPOHHBIM MeXaHU3M 3aKOHA 3JIEKTPOMarHuTHOM
WHJYKIUU COCTOUT B TOM, UTO IlepeMeHHO€e MarHUTHOE MoJie NOpoXKaaeT (MHAYIUPYET)
BUXPEBOE 3JIEKTPUYECKOE MOJIe C 3aMKHYTbIMU CUJIOBbIMU JUHUAMU. OTKpbIT PapaseeM
(1831). B 0606116HHOM BU/€ 3aKOH BXOJJUT B CUCTEMY YpaBHeHU MakcBeJiia.

30HHas Teopus TBEPAOro Tesia - KBAHTOBAs TeOpHA IHEPreTUYeCKOro cneKkTpa
3JIEKTPOHOB B KpucTaJlie. CorJiacHo 30HHOM TEOPUH 3TOT CIEKTP COCTOUT U3
yepeAyoIIUXCcd 30H (M10J10C) pa3pelleHHbIX U 3alpellleHHbIX 9Hepruil. 30HHas Teopus
XOPOILIO 0O'bSICHSIET PsiJi ABJIEHUM, B YaCTHOCTHU Pa3HbIA MEXaHHU3M
3JIEKTPONPOBOJHOCTH MeTaJ/LJIOB, IU3JIEKTPUKOB U MOJIYIIPOBOJAHUKOB.
WHAYKTUBHOCTD - pr3uyecKas BeJIMUMHA, XapaKTepPU3ylas CBA3b MeX/y CKOPOCThIO
M3MeHeHHUs TOKa B IPOBOJHUKE (KaTylLIKe) U BO3HUKarowel npu atom 3/IC
CaMOUHAYKIMU. UHAYKTUBHOCTDb NPOBOJAHUKA (KaTyIIKH) 3aBUCUT OT €ro pa3MepoB U
bopMBbl, YKc1a BUTKOB, @ TAKXKE OT MaTeprasia MarHuTonpoBoza. Exununen
VHAYKTUBHOCTHU B CU saBssgeTca 1 'enpu.

WHAYKIMOHHBIN TOK - 3JIEKTPUYECKUI TOK, BOSBHUKAKOIIUK B 3aMKHYTOM IPOBOJSALIEM
KOHTYpe IpU U3MEHEHUU NOTOKA MAarHUTHOW WHAYKLUH, TPOHU3bIBAIOLETO 3TOT
KOHTYp. BesinuMHa M HanpaB/ieHWe UHAYKIMOHHOIO TOKA ONpeJlesIAI0TC 3aKOHOM
3JIEKTPOMarHUTHOU UHAYKIIMU M 3aKOHOM OMa.

UHAYyKI U MarHuTHO 10Ji4 B - BekTopHas BeJIMYMHA, M3MepsieMasi OTHOIIEHUEM
MaKCUMaJIbHOTO Bpalllalollero MOMeHTa, AeUCTBYIOILEr0 HA HEOOJIbUIOW KOHTYP C
TOKOM B MarHUTHOM I10Jie K MAarHUTHOMY MOMEHTY 3TOro KOHTypa. HanpasieHue
BeKTOpa B coBnazaeT c HanpaBJieHMeM HOPMaJiu K KOHTYPY B COCTOSIHUY PaBHOBECHSI.
U CTOYHUK TOKA - UICTOYHUK 3JIEKTPUYECKOU SHEPTHH, B KOTOPOM JI€MCTBYIOT
CTOPOHHUE CUJIbI, pa3/esfiloliye 3JIeKTpUIeCcKre 3aps/ibl. UCTOYHUK TOKa
XapaKTepU3yeTcs 3JIEKTPOJBHKYILEN CUJI0ON U BHYTPEHHUM CONPOTUBJIEHUEM.
McToyHMKaMU TOKa ABJSIOTCS raJlbBaHU4YECKUE 3JIEMEHTbI, aKKYMYJISTOPBI, MAlIMHbI
IOCTOSIHHOTO TOKa U Jp.

Knaccuyeckast 3/1eKTpOAMHAMMKA - pa3ziesi 3JIeKTPOJUHAMUKHY, pacCMaTPUBAIOLUA
M3MeHSI0leecs UM CTalJMOHAPHOE 3JIEKTPOMarHMTHOE N0Jie B HEMOJBHXXHOW CUCTEME
oTcueTa. OCHOBY KJIaCCUYECKOM 3JIEKTPOJUHAMUKH COCTABJSIOT ypaBHeHUs1 MakcBeJia.
KBaHTOBas 3/1eKTPOAMHAMHUKA - KBAHTOBAsI TEOPUS 3JIeKTPOMAarHMTHOTO MOJIS.
M3y4yaeT B3auMoelCcTBUE N0JIS C 3apSKEHHbIMHU YaCTHUL,AMHU.

52



Kosie6aTe/IbHbIM KOHTYPOM Ha3bIBAeTCH LeNb, COCTOALAsA U3 apaJljiesIbHO
BKJIIOYEHHBIX KaTyLIKA UHAYKTUBHOCTHY U KOHZeHcaTopa. [Ipu paspase KoHZeHcaTopa
Ha KaTYLIKy B KOHTYpe BO3HUKAIOT 3JIeKTPOMarHUTHbIe KoJie6aHus, 4acTOTa KOTOPBIX
3aBUCHUT OT EMKOCTHU U UHAYKTUBHOCTU KOHTYpa.

KoHaeHcaTop - 3/leMeHT 3/IeEKTPUYECKOM 1leNH, IpeJHa3HaYeHHbIU JJ11 UCTT0JIb30BAaHUS
€ro B Pa3/IMYHBIX 3JIEKTPO- U PaIMOTEXHUYECKHUX cxeMax. KoHZeHcaTop COCTOUT U3 ABYX
WJIK IPOBOJHUKOB (00KJIa/I0K), pa3/e/ieHHbIX CJI0eM JualeKTpuKa. TosuHa
JIM3JIeKTPHUKA 0ObIYHO Masia 110 CPaBHEHMUIO C pa3MepaMU NPOBOJHUKOB. B 3aBucuMocCTH
oT GOopMbI 00K/IaJOK KOHZIEHCATOPHI ObIBAIOT MJIOCKUE, [UIMHAPUYECKUE, ChpepUiecKre
u ap. [lo Tuny AuaieKTpUKa pa3/iM4yaloT BO3AYLIHbIE, OyMaXKHbI€, CAI/SHbIE,
KepaMU4eCcKHe U Jip. KOHJIeHCATOPBL.

KOHTaKTHOM pa3HOCTHIO NOTEHIMAJIOB Ha3bIBA€TCA PA3HOCTb NOTEHLIUAJIOB,
BO3HUKAMWILAas IPpU KOHTAKTE JIBYX pa3HOPOJHBIX MeTa/lJI0B. OTKpbLJI IBJIEHUE
UTA/IbSIHCKUM y4eHbld BosibTa (1797).

Ko3dPpunueHTOM 3/1eKTPONNPOBOAHOCTH HA3bIBAETCS BeJIMUMHA 00paTHAs YAeJIbHOMY
CONPOTHUBJIEHUIO.

MarHuTHOM BOCHIPUMMYHUBOCTbIO Ha3bIBaeTCs KO3QPULMEHT NPONOPLHOHATBHOCTH X
B BblpaxkeHUHU: | = xH, rae ] - HamarHn4eHHoCTb, H - Hanps»KeHHOCTb MarHMTHOTO MOJIA.
Jnsa nuamarHetukoB x<0, a1 napamarueTukos x>0. g peppomarnetrukos x>>0. Cm.
Takke MarHUTHas NPOHULAEMOCTb.

MarHMTHON NOCTOSIHHOM Ha3bIBaeTCHd pa3MePHbIM MHOXUTeNb o = 4m-107 T'H/M,
BXOJALIMN B HEKOTOpPble POpPMYJibl 3JIeKTpOMarHetusma (Hanpumep, B ¢popmysy B =
wopH), 3anucannblie B cucteMe eaunul, CH.

MarHMTHOM NPOHULLAEMOCTHIO |l Ha3bIBAETCS BEJIMYNHA, IOKA3bIBaK0ILasi, BO CKOJIbKO
pa3 MHAYKLMSA MarHATHO M0JI B MarHeTUKe 00Jiblile MHAYKLUU B BakyyMe. MoKHO
N0Ka3aTh, YTO L = 1 + ), rJie X — MarHUTHast BOCOPUHMMYHUBOCTb.

MarsHuTHoOe noJie - o/iHa U3 CTOPOH eJJUHOr0 3JIeKTPOMarHMTHOTO NoJisl. MarHuTHOe
noJie CO3/aeTcs ABUKYIIMMUCA 3apsaAaMu (TOKOM NPOBOJUMOCTH) U IepeEMEHHbIM
3JIEKTPUYECKUM I0JieM (TOKOM cMelleHUs ). [leicTByeT MarHMTHOE MoJie TOJIbKO Ha
JIBIKYLLMEeCS 3aps/bl.

MarHMTHbBIM MOMEHTOM Ha3bIBaeTCs BEKTOPHAs BeJIMUYMHA, MOYyJIb KOTOPOU paBeH
NPOU3BEJIEHUIO CUJIbI 3JIEKTPUUYECKOTO TOKA B KOHTYpe Ha IJIoLjaib 00TEKaeMYI0 3TUM
TOKOM. HanpaB/ieHHe MarHUTHOTrO MOMEHTA CBSA3aHO C HalpaBJIeHUeM TOKa IPaBUJIOM
OypaBYMKa.

MarHuTHbBIA NOTOK (MJ/IM MOTOK BeKTopa B) - 3To noTok ®g BeKTOpa MAarHUTHOMN
MHAYKI WY Yepe3 KaKyl-JIM00 MOBEPXHOCTD. B ciiydyae oJHOPOJHOTO MarHUTHOTO MOJIS U
niockovt noBepxHocty ®p = BS cos a, rae B - MHAYKLIMA MarHUTHOTO M0Jis, S - MJ10113aJb
IIOBEPXHOCTH, O — YTOJI My BEKTOPOM B M HOpMasibio K MOBEPXHOCTH.

K MeTas11aM 0THOCATCS BeleCcTBa, MMelolLie CBOOOAHbIE 3JIEKTPOHBI, T. €. BaJIEHTHBIE
3JIEKTPOHBI, OTOPBABILIHNECS OT CBOMX aTOMOB U IPUHAAJIeXalllue BCeMY KOJIJIEKTHUBY
aToOMOB MeTaJlja (KOJIJIEKTUBU3UPOBAHHbBIE 3JIEKTPOHBI). C TOUYKU 3peHHs] 30HHOU
TEOPUH TBEPJOTrO TeJla IPU3HAKOM MeTasljla sBJIsieTCs HaJIMYKe He MOJIHOCThI0
3aM0JIHEHHOU 30HbI, KOTOpasi HOCUT Ha3BaHUE 30Hbl MPOBOJUMOCTH.
HaMarHM4eHHOCTBIO Ha3bIBA€TCS MATHUTHBIA MOMEHT €IMHUIIbI 00'beMa MarHeTHKa.
HamnpsikeHue — TO e caMoe, YTO U Pa3HOCTb NOTEHIUAJIOB.

HanpsikeHHOCTBI0O MArHUTHOTO MOJISI HA3bIBAE€TCS BCIOMOTraTeJ/IbHAsA BEJIMUMHA,
XapaKTepHU3ywliasi MarHUTHOE MoJie MaKPOTOKOB.
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HanpsKeHHOCTb 3JIEKTPUYECKOro MOJIS — CUJI0Basi XapaKTePUCTUKA M0JIs,
M3MepseTcs OTHOILEHUEM CUJIbI, IEMCTBYIOIEN HA MOJI0KHUTEIbHbIN NPOOHBIN 3apsij, K
3HAaYEeHUI0 3TOT0 3apAja.

JlixeHBaJIb/J, 0OHAPY>KUJ MarHUTHOE M0Jie TOKA CMEIleHUsI: MarHUTHasi CTPeJIKa,
Haxo/is1asicsl BOJIM3U MJIOCKOTO 3apS)KEHHOT0 KOH/IEHCAaTOPa, OTKJIOHSA/IACh OT CBOETO
NepBOHA4Ya/IbHOT'0 HallpaBJIEHUd NPU pa3psage KoHgeHcaTopa. Cp.: OnbIT IpcTena.
dpcTes 06HAPYKUJ MAaTHUTHOE 10JIe TOKA MPOBOJUMOCTH: MAarHUTHasl CTPEJIKa,
pacnoJioxKeHHasi B6JIM3U MPOBOJHUKA C TOKOM, IIPU BKJIIOUEHUU TOKA OTKJIOHS/IACh OT
HalpaBJieHHWs MarHUTHOTO MepPU/IUaHa.

[lTapamarHeTH3MOM Ha3bIBaeTCs CBOMCTBO BellleCTB (TapaMarHeTUKOB)
HaMarHM4MBaTbhCA B HAMPaBJIEHWU CHUJIOBBIX IMHUW BHEIIHET0 MAarHUTHOTO MOJIS.
AToMbI mapaMarHeTUKOB UMEIOT OTJIMYHbIN OT HYJIsi MarHUTHbI MOMEHT U BeJyT cebs
B MarHUTHOM I10Jie T0JIO6OHO MUKPOCKONTUYECKUM MarHUTHbBIM CTPEJIKAM.
p-n-nepexoA0M Ha3bIBaeTCsl 06J1aCTh BOJIM3W KOHTAKTA JIBYX MOJIYIIPOBOAHUKOB C
pPa3HbIM TUIIOM NPOBOAMMOCTHU. BeieicTBHE peKOMOUHAIUH JbIPOK U 3JIEKTPOHOB
BOJIM3M KOHTAKTa 06pa3yeTcs 06J1acTb, 06eJHEHHAsi HOCUTEJSIMU TOKAa U Ha3blBaeMasi
3anupatroiuM cjaoeM. [lockosbKy p-n-nepexo/ 06Ja/laeT 0JHOCTOPOHHEN
NPOBOJAHUMOCTbIO, TO OH UCIOJIb3yeTCs Jisl BBINPSMJIEHUs IEPEMEHHOr0 TOKA HU3KOHU
YaCTOTHhI U JIeTEKTUPOBAHUS PAJAOCUTHAJIOB.

[Monsspusanuen AU3JIeKTPUKA HAa3bIBAeTCS MPOLECC CMeLeHUs CBA3aHHBIX 3aps/i0B
JIN3JIEKTPHKA B 3JIEKTPHUUYECKOM MoJie. B pe3ysibTaTe noJisipu3andy rpaHu
JIN3JIEKTPHUYECKOU MJIAaCTHHBI, TOMELEHHOM B 3JIEKTPUUYECKOE M0JIEe, 0Ka3bIBAIOTCS
3aps>KeHHbIMU 3apsiilaMU POTUBOIOJI0XKHOTO 3HAKA.

[To/IApHBIMU HA3bIBAIOTCH MOJIEKYJIBI, Y KOTOPBIX «IeHTPbI TSXKECTU» N10JI0KUTETbHOT 0
Y OTPULLATEJIbHOTO0 3aps/l0B He COBNaAawT. Takas MoJieKyJia 10 CBOUM CBOWCTBaM
no/l00Ha 3JIEKTPUYECKOMY JUIIOJII0 U XapaKTepHU3yeTCs 3JIeKTPUYECKUM JIUIOJIbHBIM
MoMeHTOM. [Ipumepsbl noasspHbix MoJiekyJi: H20, NHs, HCl u gp.

[loTeHMaJ 3/IEKTPOCTATUYECKOTO 0JIA - 3HEepreTUyecKas XapaKTepUCTHKA M0JIS.
OnpegensieTcs Kak BeJIMUMHA, U3MepsieMasl paboTOU CUJI TOJIs 110 IEpeHOCY
e/IMUHUYHOTO MOJIOKUTENbHO 3aps/ia U3 JAHHOU TOYKHU B APYTYI0, PUKCUPOBAHHYIO
TOUYKY. B KauecTBe PUKCUPOBAaHHOW 4YacTO 6epyT 6ECKOHEUHO y/aJIeHHYI0 TOYKY.
Jlpyrumu cj0BaMH, NOTEHAAJ 3JIEKTPOCTATUYECKOTO M0JIS1 paBEH MOTEHLMAaIbHOU
3HEpPruy eJMHUYHOTO0 MOJIOXKUTEJIbHOTO 3apA/a, IOMeLeHHOT0 B 3Ty TO4YKy. EquHuna
noteHuyasa B CU 1 BoabT.

[IpaBusio JleHua - npaBuJIo, ONlpe/essiollee HallpaBJeHe UHAYKIUMOHHBIX TOKOB,
BO3HUKAWIIUX [IPU 3JIEKTPOMarHUTHOU UHAYKLMU. CorsiacHO npaBuiy JleHua
MHJYKIUOHHBIM TOK BCETZia MMeeT TaKOe HalpaBJIeHUE, YTO ero COOCTBEHHbBIN
MarHUTHbINM NOTOK KOMIIEHCHPYET U3MEeHEeHUs BHELIHEr0 MarHUTHOTO IIOTOKa,
BbI3BaBLIEro 3TOT TOK. [IpaBuJio JleH1ia ecTh cjie[jICTBUE 3aKOHA COXpPAaHEHUS SHEPTUH.
3.X.Jlenn (1804-1865) - pycckuit pusuk.

[osrynnpoBOAHUKAMM Ha3bIBAETCS KJIACC BEIECTB, 3aHUMAIOIIUX 10 CBOEN
CIIOCOOHOCTHU NPOBOAUTD 3JIEKTPUYECKUIN TOK IPOMEXKYTOYHOE MOJI0KEHUE MEXY
MeTa/lJlaMU U Au3eKTpUuKaMu. C TOUKH 3peHUsI 30HHOW TEOPUH TBEPJOTO TeJja
BEIeCTBO OTHOCUTCS K NOJIyIIPOBOJAHUKAM, €C/IM LIMPHHA 3alpelleHHOW 30HHI,
OTAeJIAI0IEeN BaJIeHTHYIO 30HY OT 30HbI MIPOBOJUMOCTH, MeHblie 2 3B.
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[To1ApHU3yeMOoCTbI0 MOJIEKYJIbI HA3bIBAETCS BEJIMYMHA, XapaKTepU3yolas
«CMeILaeMOCThb» 3JIEKTPOHHOU 060JI0YKH N0/, IeiCTBUEM 3JIEKTPUYECKOTO MOJIS.
JJIeKTpUYECKU M JUIIOJbHBIA MOMEHT P, UHAYLIMPYEMBIX 110JIEM, TPONOPLIUOHAIEH
HanpsikeHHOCTH noJid E: p = agoE. KoadpduuumeHT nponopriioHaibHOCTH O U €CTh
I0JIAPU3yEeMOCTb.

[IoCTOAHHBIM Ha3bIBAeTCA 3JIeKTPUIECKUM TOK, HE MEHAIOILUMNCA C Te4eHUeM BpEMEHHU.
B ciyyae nocToSSHHOTO TOKa pU oNpesesieHUH cubl Toka | = Aq/At MoxkHO 6paThb
JII060U IPOMEXYTOK BpeMeHH At.

[IoTok @ BeKTOpa HANPSAKEHHOCTH 3JIEKTPUYECKOTIO0 MOJIA Yepe3 KaKyr-1160
IIOBEPXHOCTD. B ciiydae 0 fJHOPOHOTO 10JI U MJIOCKOM oBepxHOCTU Pk = ES cosa, rze E
— HaIpSXKEHHOCTD 3JIEKTPOCTATUYECKOTO M0JI, S — NJIOWa/b TIOBEPXHOCTH, & — YT OJI
Mexay BeKTopoM E 1 HopMasibio K moBepxHOCTH. Cp. MarHUTHBIM NTOTOK.

[IpaBuiia Kupxroda npuMeHs0TCsA A1 pacyeTa CJI0KHbIX (pa3BeTBJIEHHbIX) Iieneil
IOCTOSAHHOTO TOKa. MeTo/i KOMIIJIEKCHBIX TOKOB I103BOJISIET PACPOCTPAHUTD 3TU
npaBuJIa /Il pacyeTa Lernel nepeMeHHOoro ToKa.

[IpoBOAHMKAMM HA3bIBAIOTCH BEILECTBA, COJepKallye B JOCTATOYHOU KOHLLeHTPaLuu
cBOOOHbIE 3apsAAbl. K IPOBOJHMKAM OTHOCATCS MeTaJlJIbl, HIOHU3UPOBAHHbIE r'a3bl,
BOJIHbIE PACTBOPHI 3JIEKTPOJIMTOB U pPacijiaBbl CoJiel. B asieKTpruieckoM noJsie
CBOOOHBIE 3apsA/ibl IEpepacnpeieaTCAa TaK, YTO HAPSAKEHHOCTD 3JIeKTPUYECKOT0
110JI BHYTPY NPOBOJIHWKA OKa3bIBAETCS paBHA HYJII0, a IOTEeHLMaJ/l MIPOBOJHUKA BCIOAY
O/IJMHAKOB.

PesiaTUBUCTCKAA 3/1IEKTPOAUHAMUKA - pa3/iesl 3J1eKTPOAMHAMUKY, U3y4YaloLUX
3JIEKTPOMAarHUTHBIE IBJIEHUS B [ BIXKYILUXCA Cpe/iax, ONMpPasch HA UHBAPUAHTHOCTD
3apf/a B pa3/IMYHbIX CUCTEMAX OTCYETAa U MHBAPUAHTHOCTb OCHOBHBIX 3aKOHOB
OTHOCHTEJIbHO Ipeobpa3oBaHui JlopeH1a.

CaMOMHAYKLMUA - ABJIeHHME BO3HUKHOBEHUS 3JIEKTPO/BUKYLLEN CUJIbI B IPOBOJHUKE
(kaTyllKe) NpyU U3MEHEHUHU NPOTEKAIOLIETO B HEW 3JIeKTPUYECKOro ToKa. BearuuHa u
3Hak J/IC caMOMHAYKIUK ONpeessalTCcA 3aKOHOM 3JIEKTPOMarHMTHON MHAYKIAH.
fIB1eHH e CBepXNPOBOAUMOCTH OTKPbLJI roJilaHACKUN prusrnk KamepsnHr-OHHec
(1911): conpoTuBJIEHHE PTYTHU NPU TeMIepaType, 6JJU3KON K aOCOJIIOTHOMY HYJIIO,
CKa4yKOM YMeHbUIaJI0Ch [0 HYJI. B fasibHellIeM CBEpXIPOBOJUMOCTD Oblia
OoOHapy»KeHa U y ApyTMX MeTaJJIOB U CIIJIaBOB (CBUHEL, 0JIOBO, KeJe30 U Jp.).
CBepXNpOBOAUMOCTD, KaK U 3JIEKTPUYECKOEe CONPOTUBJIEHUE, OO'bSICHAETCS
B3aWMO/IeCTBMEM KOJIJIEKTUBU3WPOBAHHBIX 3JIEKTPOHOB MeTasljla C KPUCTAJINYECKOU
pemeTkoil. B 1986 roay o6Hapy»eHa BbICOKOTEMIIEpaTypHasi CBEPXIPOBOJUMOCTb,
TEOpUsI KOTOPOU HAaXOJUTCS B CTaZJUM pPa3pabOTKHU.

Cuoii JlopeHIa Ha3bIBaeTCs CUJIA, AeUCTBYIOILAs Ha 3aps/j, B 3JIEKTPUUECKOM U
MarHMTHOM IoJie (3J1IeKTpruiecKkass UM MarHuTHas cuia Jlopenua): F = q{E + [v, B]}.
[lepBoe cnaraeMoe B nocJjieZJHEM BbIpaK€eHW Y HAa3bIBAETCS 3JIEKTPUUECKOH, 2 BTOpOE —
MarHMTHOM cuJio JlopeHna.

CuJi0# TOKA Ha3bIBaeTCs BeJIMUMHA, U3MepsieMas 3apsA0M, IPOTEKAK UM Yyepes
nolnepeyHoe ceyeHre NPOBOJHMKA B OAHY ceKyHy. Eaununa cunibl Toka B CU: 1
AMnep - yeTBepTasi OCHOBHAs eJJUHUIA 3TOU CUCTEMBI (HapsAAy C METPOM,
KHWJIOTPAaMMOM M CEKYH/I0M ).

CoJieHOM/10M Ha3bIBAETCS KaTyIIKa LUJIUHAPHUIYECKON GOPMBI.
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CTanMoOHApPHBIM Ha3bIBAETCH 3JIEKTPUYECKOE 110J1e, CYLeCTBYOIee B IPOBOJHUKE C
TOKOM U 00YCJIOB/IMBAlOLlee NepeHOC IHEPTUHU B LN X NIOCTOSTHHOIO TOKA. 3aps/bl IPU
IPOTEKaHUH TOKA HellpephbIBHO NepeMellaloTcs, HO pacipe/e/leHue UX 0CTaeTCs
Heu3MeHHbIM. [[03TOMy cTalMOHapHOE N0JIe, TOJ00HO 3JIEKTPOCTATUYECKOMY, ABJISIETCS
NOTEeHIUabHbIM.

CTOPOHHSAA CUJIA - CUJIA HE3JIEKTPOCTATUYECKOM IPUPO/bI, BbI3bIBAIOLIASA
nepeMelieHre 0JI0KUTEbHBIX 3JIEKTPUYECKUX 3apsAJ0B BHYTPU UCTOYHUKA
IOCTOSTHHOT'O TOKA OT TOYKHU C HU3KUM K TOYKe C BbICOKUM IIOTEHLMAJIOM
(oTpULaTe/NbHBIX — OT TOYKH C BBICOKMM K TOKE C HU3KMM NOTeHIMaaoM). CTOpOHHUMHU
CUUTAIOTCS BCE CUJIbI OTJIMUHBIE OT KYJIOHOBCKUX CUJI. YesibHasi pab0Ta CTOPOHHUX CUJI
(paboTa 1o nepeHOCy eJMHUYHOI0 3apsi/ia) Ha3bIBAeTCs 3JIEKTPOABIKYLIEN CUION
MCTOYHHUKA TOKa.

Teopema I'aycca-OcTporpaackoro cBsispiBaeT CyMMapHbINU 3/1eKTPUYECKUM 3apsf,
HaXOJAIIMNACA BHYTPU 3aMKHYTOU MOBEPXHOCTH, C IOTOKOM BEKTOpPA HANPS>KEHHOCTH
3JIEKTPOCTATUYECKOTO M0JIS Uepe3 3Ty NoBepXHOCTh: P = £q/€oc. B 0606111eHHOM BUE
3Ta TeopeMa BXOJUT B CUCTEMY YpaBHEHUU MakcBeJiia.

TepMo3/IeKTPOHHAA IMUCCHUA — UCITyCKAHUE 3JIEKTPOHOB MeTa/lJIaMU, HarpeTbIMU 10
BbICOKOH TeMIepaTyphl.

Taewiuu paspas — pa3psaj, BOSHUKAWIIMU B pa3psAAHON TpyOKe, HAIOJIHEHHOU ra3oM
IpyU HU3KOM AaBjeHuu (okosio 0,1 MM pT. CT.), IpU HANIPSIP)KEHUU MOPSi/IKA HECKOJIbKUX
ThICSIY BOJIbT. [I[prMeHsieTcs], B YaCTHOCTH, B JlaMIlax JJTHEBHOI'O CBeTa.

Tokamu ®yKo Ha3bIBAIOTCSA MHAYKIIMOHHbIE TOKH, BO3SHUKAIOLIME B MAaCCHBHOM
NpPOBOJHMKE, IOMELIEHHOM B IepeMeHHOe MarHMTHOe TOJIe.

ToxoM NpoOBOAUMOCTH Ha3bIBAETCSA 3JIEKTPUIECKUM TOK, 00yC/IOBJIEHHBIN IBUKEHUEM
3apS>KEHHbIX YaCTHULL.

IlonaTue «Tok cMewmeHusa» BBes MakcBeJ. [Io MakcBesly TOK cMeljeHUs - 3TO
nepeMeHHOe 3JIEKTpUUECKOe N0Jie, MOpoXKAaroliee, Haps/Ay C TOKOM IPOBOJUMOCTHU
(mBMXKYyIIMMKCA 3apsAaMu ), MarHuTHoe noJie. Takum 06pa3oM, UCTOYHUKOM
MarHUTHOIO MOJIS MOXEeT OBbITh TOK CMeILeHUSA U TOK NIPOBOJUMOCTH.

TopouaoM Ha3bIBaeTCs KaTylliKa, UMewlas popMy 6yoarKa.

To4e4HBbIN 3/IEKTPUYECKUH 3apAJ, - 3aps)KEHHOE TeJlo, pa3MepaMy KOTOPOro MOXKHO
npeHebpeyb B YCI0BUAX KOHKPETHOM 33/]a4H.

TpaH3uCTOPBI - MOJYNIPOBOJHHUKOBBIE TpUOALL. [Ipeasioxkens! B CIIIA (1948).
[IpuMeHSA0TCA /151 yCUJIEHUS U TeHepal Uy 3JIeKTpUYeCcKuX KosiebaHu. [lo cpaBHeHUIO
C BaKyyMHBIMM TPUO/IaMU 00J1aJIal0T PsIJ0OM LIEHHBIX IPEUMYLIeCTB (Masbli BEC U
rabapuThl, NIPOYHOCThb, OTCYTCTBHE HaKaJbHBIX LleNlel], BLICOKUWA K. II. /., 60JIbLION
CPOK CJIy>K0bI).

YaenbHOe CONPOTUBJIEHME BeJIMYMHA, XapaKTepu3yolllasi ClIOCOOHOCTh BelllecTBa
IPOBOJUTH 3JIEKTPUUECKUU TOK, U YUCJEHHO paBHasi CONPOTUBJIEHUIO IPOBOJHUKA
JUIMHOI0 B 1 MeTp U MJIO1Ia/IbI0 MTONepevyHoro cedeHuss 1 M2 . YiesbHOe CONPOTUBJIEHHE
3aBUCHUT OT TEMIEPATYpPhbL. Y MeTaJIJIOB OHO PacTeT C POCTOM TeMIEPATYpPhI, ¥
NOJIyIPOBOJAHUKOB U BOJHBIX PACTBOPOB 3JIEKTPOJIMTOB — YMEHbILAETCS.
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YpaBHeHus MakcBeJuIa - ypaBHEHUs], YyCTAHABIMBAIOLIME CBAA3b MEXAY
HaMpPSAKEHHOCTSAMHU 3JIEKTPUYECKOT0 U MarHUTHOTO TMOJIEW U paclpe/ieieHMeM B
NPOCTPAHCTBE 3JIEKTPUYECKHUX 3apAJ0B U TOKOB. YpaBHeHUs MaKcBeJljia OMCbIBAKOT
3JIEKTPOMArHUTHbBIE SIBJIEHUS B PA3JIMUHbIX CPeJlaX U B BaKyyMe. YpaBHEHUS He
JIOKa3bIBAKOTCS U He BbIBOJSTCSA B MATEMaTUYECKOM CMBICJIE, A IBJSAITCSA 06001[eHUEM
onbITa. Bce 3aK0OHBI aJIEKTpOMarHeTru3aMa eCTh CAeICTBUSA 3TUX YpaBHEHUH. U3
ypaBHeHUU MakcBeJljia BBITEKAET CYylLeCTBOBAHUE 3JIEKTPOMAarHUTHBIX BOJIH.
deppoMarHeTM3MOM Ha3bIBAeTCSl CBOMCTBO HEKOTOPBIX BellleCTB (peppoMarHeTUKOB)
CIIOHTAHHO HAaMarHW4YMBaThbCsl. MarHUTHbIE MOMEHTHI aTOMOB ¢peppoMarHeTruka B
npeziesax MUKPOCKONIMYECKUX 06J1acTel ([, OMeHOB) CIOHTAaHHO OPUEHTUPYIOTCS
napaJiieJIbHO ApyT Apyry. [Iponecc HaMarHMYMBaHUS MOXXHO pacCMaTPUBATh KaK
NpOILeCC OPUEHTAIIMU MarHUTHbIX MOMEHTOB JIOMEHOB B/10JIb CUJIOBbIX JIMHUMN
MarHUTHOro noJis. [[py BbIK/JII0OUEHUU MAarHUTHOTO M0Jisi GeppoMarHeTUK OCTaeTCsl
HaMarHU4YeHHbIM (0CTaTO4YHasi HAMAarHU4YeHHOCTh). PeppoMarHeTrusM HabJIOAAEeTCS
TOJIbKO MIPY YCJIOBHH, YTO TEMIIepaTypa He MpeBbILIAeT TaK Ha3bIBAEMYI TeMIEepPaTypy
(nsu Touky) Kropu. Cambie u3BecTHble GeppoOMarHeTUKH - eJie30, KOO6aJIbT U HUKEJb.
JIeKTPET - IU3JIeKTPUK, CIOCOOHBIN JIJINTEeIbHOE BpeMsl HAaXOJUThCS B
Ha3JIEKTPU30BAaHHOM COCTOSIHUU MOCJIE CHATHS BHEIIHET0 BO3/eMCTBHUSA, BbI3BaBLIETO
noJIApU3aluIo. JJIEKTPeT CO34aeT B OKPYKalolleM IPOCTPAHCTBE 3J1eKTPOCTaTUYeCKoe
noJie 3a CYeT Npe/BApPUTEIbHOM 3JIEKTPU3aLUU UM OCTATOYHOM NOJIIpU3aL U H.
OO6BbIYHO 3JIEKTPETHI 00pa3yOTCS MyTEM HarpeBaHUs JU3JIEKTPUKOB [0 TEMIIEPATYPHI,
0JIM3KOU K TeMIlepaType UX MJIaBJIeHHS, U TOCJIeIYIOUIEr0 OXJIaXKJeHUs B CHJIbHOM
BHEIIHEM 3JIEKTPHUYECKOM MOJIE.

JIeKTpUu4ecKass eMKOCTb (3JIEKTPOEeMKOCTb) NPOBOAHUKA - CKaJIIpHas BeJIMYUHA,
XapaKTepHU3yruias CioCoOOHOCTb NPOBOJHMKA HaKaNJIMBaTh 3J1eKTPUYECKU M 3apas, U
paBHasg OTHOLIEHHUIO 3aps/ia NIPOBOJHUKA K ero NOTeHUaly (B NpeAnosI0KeHUH, YTO
BCe JIpyrue NpoBOJAHUKHM O€CKOHEYHO yZa/leHbl ¥ YTO NOTeHLMal 0ECKOHEYHO
y[aJeHHOU TOYKU NPUHAT paBHbIM HYJ/10). EAMHUIIEN 3/1eKTPUYeCKOU eMKOCTH
npoBoaHuKa B CU aBaseTca 1 Papag.

J/IeKTpUYeCKON NOCTOSTHHOM Ha3bIBAeTCs pa3MePHbIA MHOXUTeJb 0= 8,85-10-12
Knz/H-m2, BXoAsAUMi B HEKOTOpPbIe GOPMYy.Jibl 3JIeKTpOMarHeTrusma (Hanprumep, B 3aKOH
Kynona), 3anucanHble B cucteMe eguHul, CH.

JIeKTpU4YeCKUM AUIO0JIb - CUCTEMA [IBYX TOYEUHbIN 3aps/10B OJJMHAKOBBIX 110
abCoOJIIDTHOU BeJIMYUHE U TPOTHUBOIOJI0KHbIX 10 3HAKY, PACII0JI0KEHHBIX HA HEKOTOPOM
paccTossHUU APYT OT Apyra. Ha gunoJsib, HaXoAsAIUKCA B 3J1eKTPUYECKOM I0JIE,
JleMCTBYET Iapa CUJI, CTPEMSIUXCH YCTAHOBUTD €ro BA0Jb CUJI0BBIX IMHUK. MoJieKyJibl
MHOTHX BelleCTB 10 CBOMM CBOMCTBaM NMOJ00OHBI 3JIeEKTPUIECKOMY UM OJIIO0.
JIeKTpU4YeCcKUu 3apsa/j - prusuyeckas BeJIMUMHA, XapaKTepU3yroliasi CBOMCTBO TeJ WU
YacTUL, BCTyNaTh B 3JIEKTPOMarHUTHOE B3aUMO/JeCTBUE U ONpeJestolast 3HaueHUs
CWJI Y SHEPTUH NIPU TaKHUX B3aUMO/IeMCTBUSAX. JJIEKTPUUECKUM 3apsi/ilaM NPUINIUCBIBAIOT
MOJIOXKMTEJIbHBIMA UJIM OTPULIATENbHbIM 3HaK. EquHuLa 3apsaa B cucteme CU - 1 Kn
(kyJsi0H).

J/IeKTPU4YeCKUM CMellleHUeM Ha3bIBaeTCs BCIOMOraTe /ibHasi BEKTOPHAsl BeJIMYUHA
D=¢go¢E (rae € - oTHOoCcUTe/IbHAsA AW3JIeKTPUYeCKasi MIPOHULLAEMOCTb, €0 - JIEKTpUYecKas
noctosiHHasg, E - Hanps>keHHOCTh 3JIEKTPUYECKOTO M0JI51), IPpUMeHsAeMast /i1 O CaHUSA
3JIEKTPUYECKOTO M0JISl B IN3JIEKTPHUKE.
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JJIeKTPOABMKYILASA CUJIA - XapaKTEPUCTHUKA UCTOUYHUKA 3HEPTUU B 3JIEKTPUIECKOHN
[eNnHy. JJeKTPOABUKYILAsA CUJIa U3MePSIeTCS OTHOLIEHWEM PaboThl CTOPOHHUX CUJI IO
nepeMelleHUI0 3apsa/ia BA0JIb LleN K 3HaYeHU 0 3TOro 3apsaja. MoKHO ckasaTsb, 4yTo 3/1C
eCTb yZieJibHas paboTa cTOpoHHUX cuJ. I/IC, Kak U MOTeHIMaJl, U3MepPSeTCS B BOJIbTAX.
JIeKTPOAMHAMHUKA - pa3/ies U3UKH, U3yUYaIolUK CBOMCTBA 3JIEKTPOMAarHMTHOTO MOJIA
Y ero B3aMMO/IENCTBUE C 3apsi/laMH, CBSI3b 3JIEKTPUYECKHUX U MAarHUTHBIX IBJIEHUH, a
TaKXXe 3JIEKTPUYEeCKUU TOK. Pa3/IM4aroT K1acCUYeCcKyto, peJIITUBUCTCKYIO U KBAHTOBYIO
3JIeKTpoAMHAaMUKU. OCHOBOM KJIaCCUYECKOU 3JIEKTPOJUHAMUKHU SBJISIIOTCS YPaBHEHUS
MakcBeJia.

JJIeKTPOJIMTUYECKOH AU CCOLMal el Ha3bIBaeTCd pacnaj MoJIeKyJl KUCJIOT, Liea04en
Y COJIEH B BOJHOM pacTBOpPe Ha NPOTUBOIOJIOXKHO 3aps>KeHHbIe UOHBIL. [los10)kKuTenbHbIE
VMOHbI Ha3bIBAlOTCS KATUOHAMU, OTPUIATE/IbHbIE — aHUOHAMHU. [I[puynHa guccouuayuu —
BO3/leHCTBUE MOJIIPHBIX MOJIEKYJI BOJIbI.

JIEKTPOJMTAMM Ha3bIBAIOTCSI BEILIECTBA (COJIM, KUCIIOThI, OCHOBAHMSI), BOJIHbIE PACTBOPBI KOTOPBIX

IMPOBOAAT BJICKTPUUCCKU TOK. MOJ’IeKyJ'II)I SJICKTPOJIMTOB 11O ﬂeﬁCTBHeM TMIOJIAPHBIX MOJICKYJI BOABI
JHUCCOLIMUPYIOT — PACIalatoTCs Ha MPOTUBOMOI0KHO 3apsKEHHbBIE HOHBI.

JJIeKTpOMarHuTHasA MHAYKIUA - ABJleHUe BO3HUKHOBeHuA J/IC B NIpOBOJAHUKE IIPU €ro
JIBUYKEHUU B MAarHUTHOM I10JI€; UJIM IPU U3MEHEHUU OKPY>KaIOILero ero MarHUTHOTO
noJid. [[py 3TOM B 3aMKHYTOM NPOBO/AAILEM KOHTYpE, IOMEILLEHHOM B IepeMeHHOoe
MarHUTHOE MoJie, BO3HUKAeT UHAYKIIMOHHBIN TOK. CM. TakKe 3aKOH 3JIEKTPOMarHUTHOH
WHYKIMH.

JJIeKTPOMarHuTHOe B3aUMOJeCTBHE — 3TO B3aMMO/eMCTBUE 3apsKEHHbBIX TeJl.
XapakTep 371eKTPOMarHMTHOT'O B3aUMO/IeCTBUSA 3aBUCUT OT BbIOOPA CUCTEMBI OTCYETA.
B HEKOTOpBIX CUCTEMAX OTCYETAa MarHUTHAasA KOMIIOHEHTA 3JIEKTPOMAarHUTHOTO
B3aMMO/IeNCTBHUS He HAaOJ/II04aeTCA M HAaOJII0JaeTcs 3JIEKTPUIECKOe B3aUMO/IENCTBUE, B
JIpyTUX, HA000POT, MaCKUPYyeTCs 3JeKTPUIeCKOe, a Hab104aeTC TOJAbKO MarHUTHOE
B3aWMO/IeHCTBUE.

JJIeKTPpOMarHuTHoOe noJie - ocobas ¢popma CylecTBOBaHUA MaTepPUH, NOCPeSCTBOM
KOTOPOM OCYLLeCTBJISIETCS B3aUMOAEUCTBHUE MEXKY MOKOALMMUCS UJIH ABUXKYIIUMUCH
3JIEKTPUYECKUMU 3apAaaMHU.

DJIeKTPOMArHUTHAasi BOJIHA — 3TO CBOOOIHOE (OTOpBaBIIEECs OT TOKOB U 3apsII0B) IEPEMEHHOE
IJIEKMPOMAZHUNHOE NoJle. CymeCTBOBaHI/Ie SJICKTPOMArdHMTHBIX BOJIH BBITCKACT U3 ypaeﬂeHuﬁ
Maxkceenna. HepeMeHHHe SJICKTPUYECKOC 1 MAarHUTHOC I10JIC MOT'YT OTPBIBATHECA OT MMOPOJUBIINX HUX
TOKOB U 3apsAI0B U, HOAAEP)KUBAA APYT APYra, paCHpOCTPAHATHCA B IIPOCTPAHCTBE CO CKOPOCTHIO
CBCTaA. HOI)TOMy roBopsiT, 4TO Maxkcsenn npeackasajl CyleCTBOBAHUEC DJICKTPOMArHMTHBIX BOJIH. Fepu
TMOJIYYHJI 3TH BOJIHBI OKCIICPUMCHTAJIBHO, a ITonos IIOCTPOUII HepBLIfI pPaauoIIPUCMHUK.
DJIEeKTPOHHASI TeOPHs MeTALJIOB Oblia pazpaboTana HeMeukuM duzukom [pyae u pa3sura
T'OJIJIaHACKHUM (I)I/IBI/IKOM .HOpeHLIOM. TGOpI/IH OCHOBAaHa Ha IICPCHCCCHUS HpCI[CTaBJ'IeHI/Iﬁ KUHETHYECKON
TCOPHHU I'a30B HA «I'a3» CBO6OI[HBIX QJICKTPOHOB B MCTAJLIIC. :‘)HGKTpOHHaSI TCOPHU:A ITO3BOJIMJIA BBIBCCTHU
sakonvl Oma n /rcoynsa-Jlenya B MeTaiax, HO CTOJIKHYJIACh € PSAAOM 3aTPyJHEHUH, IPEOJOIETh
KOTOpBIE YAAJIOCh TOJILKO KBAaHTOBOMU (30HHOL) meopuu TBEPIOTO Teja.

JJIEKTPOHBI U ABIPKM — HOCUTEJIM TOKA B OJIYIIPOBOJHUKAX. JJIEKTPOH, IEPEX0 U3
BaJIECHTHOU 30HBI B 30HY IPOBOJAMMOCTH, OCTaBJISE€T B BAJIECHTHOW 30HE HApYIIEHHYI0
BAJIEHTHYIO CBA3b, 10 CBOMM CBOMCTBAM 3KBHUBAJIEHTHYIO I10JIOXKUTEJIbHOMY
3JIEKTPUYECKOMY 3apAay.

JJIeKTPOCTAaTUKA - pa3zesl 3JIeKTPOAUHAMUKH, U3YUYAIOIMU N10JIe HENOBUXHBIX
3apsA0B U UX B3auMoencTBre. OCHOBY 3JIEKTPOCTAaTHUKHU COCTaBJIsIeT 3aKOH KyJioHa.
3J’ICKTpOCTaTI/IquKaH HHAYKOUA - IIOABJICHUC SJICKTPUUCCKUX 3apsAa0B Pa3HOro 3HaKa Ha
IMPOTUBOIIOJIOKHBIX Y4aCTKax npoeodﬂuka nin c)uaﬂexmpuxa B oJIeKmpocmamuieckom noie.
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JeKTpocTaTUYecKas 3alMTa - 3al[iTa NPpUOG0POB U 060py/I0BaHUS, OCHOBAHHAas Ha
TOM, YTO HaAIPAXKEHHOCTH 3JIEKTPOCTATUYECKOTO I10J11 BHYTPU MPOBOJHUKA paBHA
HyJ1t0. PoJ1b 3KpaHa MOXeT UrpaTh MeTANJIMYECKHUIM KOpIyC Nprubopa uiu
MeTaJlJInyecKasi CeTKa C JOCTaTOYHO MEeJIKUMU TYeNKaMHU.

JJ1IeKTpocTaTU4YeCKoe I0JIe - 3JIEKTPUUeCKOoe 110Jie HEIOABUXKHbBIX 3JIeKTPUYECKUX
3apsZl0B. DTO YaCTHBIX CJy4yal 3JIEKTPOMAarHMTHOIO N0Jisl. XapaKTepUCTUKAMHU
3JIEKTPOCTATUYECKOTI0 1014 ABJIAITCA HANPAXKEHHOCTb U IIOTEeHLhaJL.

DJieMeHTaPHbIii 3J1eKTPUYECKU I 3apsA0 - HAUMEHBUINH MOJ0KUTEIbHBIA WM OTPULIATEIbHbIN
ANEKTPUYECKUH 3apsi/l, PaBHBIN 110 aOCOTIOTHOMY 3HAYEHUIO 3apsiIy JIEKTpOoHA. 3apsi J000ro Tena
WM YaCTHIIbI €CTh BEJIMYMHA, KpaTHasl 3JIEMEHTapHOMY 3apsiy. YacTuiibl ¢ JpoOHBIM 3apsiioM B
CBOOOJTHOM COCTOSIHUHM HE HaOIIOAIOTCS.

DHeprus, 3aIaceHHas B MacHumHoM none kKarymkn, pasaa W = L1%/2, tne | — cuna moxa, L —
UHOYKMUBHOCHb KATYIIKH (Cp. ¢ OPMYJIIOi KHHETHYECKOM dHEepruu!).

DHeprus, 3aIaCeHHas B YIEKTPHUECKOM TI0JIe KoHOencamopa, pasaa W = CU%/2, rie U — HanpsbkeHne
Ha KoHJeHcaTope, C — 3JIeKTPOEMKOCTh KOH/IeHCcaTopa.

JHeprusi ®epmm — SHEPrust JIEKTPOHOB, 3aHUMAIOLINX MPU a0COIIIOTHOM HyJIEe TEMIIEpaTyphl
BEPXHUI YpOBEHb B 30HE IPOBOJUMOCTH MeTalla. Pacuer nmokasslBaeT, 4To 31EKTPOHBI, HAXOASIINECS
Ha ypoBHe Depmu, Jaxke MpHU aOCOIIOTHOM HyJe 001a/1al0T OTPOMHON KHHeTH4YecKko sHepruei. Ho
JIBUKEHHE 3JIEKTPOHOB IPU 3TOM HOCUT HeE TeIIoBOM XapakTep. [Ipy HOpManbHBIX YCIOBUSIX BKIIaJ
TEIJIOBOTO ABM)KEHUS B OOIIYI0 KHHETHUECKYIO SJHEPTHIO COCTaBiseT BenuuuHy He Ooisee 1 %. Cwm.
TaKkxe 30HHas meopusl.

Adpdexrom Xo1a Ha3bIBAETCSA BOSHUKHOBEHHE PA3HOCTH NOMEHYUAL08 (INEeKmpoOsudCcyuieli Cubl)
MeX1y TPaHsMU MOJIYIPOBOJHUKOBOW MIIM METAJNTMYECKON TUIACTUHKH C TOKOM ITPH MTOMEIIEHUH €€ B
MmazcHumHoe none. Dpdext Xoiuia MpUMEHsIeTCs Ul ONpeIesIeHNs 3HaKa U KOHIEHTPalluu HOCUTeNen
TOKa, & TAK)KE B U3MEPUTEIBHON TEXHHUKE (U H3MEPEHUS UHOYKYUU MASHUMHO20 NOJISL).

«Onruka»

AOCOIOTHBII MOKa3aTe/Ib MPeJOMJIEHHsI CBeTAa - OTHOIIIEHWE CKOPOCTH CBETa B BaKyyMe K (pa3oBoi

CKOPOCTH CBETa B JAHHOU cpezie. AOCONIOTHBIN MOKa3aTeNbh MPETOMIICHHS CBETa MTOKA3bIBAET BO

CKOJIBKO pa3 CKOPOCTh CBETa B BaKyyMe OOJIbIIIe CKOPOCTH CBETA B JAHHOM CpeJIe.

AHAJIM32TOP NOJISIPU30BAHHOI0 U3JTyYeHHUS - YCTPOUCTBO, C MOMOIILI0 KOTOPOTO MOKHO

00HaAPYKUTH MOJOKEHHUE IJIOCKOCTH NoJsipuzanuu ceera. CMm. Taxxke [lorapuzamop.

Buaumoe u3jydyeHue - 3J1eKTPOMarHUTHOE U3JIy4YeHHre, BbI3bIBalollee 3pUTeIbHOe

oluylieHHe U 3aHMMamlee y4yacTok crnektpa oT 380 go 780 HM. CBeTOBbBIE U3/1yYeHUS

pasJIMYHbIX YaCTOT BOCIPUHUMAKTCA Y€JI0BEKOM KaK pa3Hble [iBeTa.

I'eomeTpuueckasi onTHKA - pa3/iesl ONTUKH, B KOTOPOM H3y4YalOTCsl 3aKOHBI paCIIPOCTPaHEHUs CBETA B

MIPO3pavyHbIX Cpefax, OCHOBaHHbIE Ha MPEACTABICHUU O c8emoulx yuax. OCHOBHBIMU 3AKOHAMU

260M€mpu'{€CKOl/7 onmuKu ABJIAKOTCA:

- 3dKOH l’lpﬂMO]ll/lHelZHOZO pacnpocmpaHerus ceema,

- 3dKOH He3aB6UCUMBIX CBEMOBblX nylmoe;

- 3dKOH 0mpa.?fC€Hl/l}l;

= 3AKOH NpejilomMIeHUs.

BoJiHOBas onTHKA - pas/ies onMmuKu, U3y4arolluu sIBJIEHHS, B KOTOPbIX IPOSIBJISAETCA

BOJIHOBBIE CBOWCTBA cgemd.

T'onorpagusi — croco® mnonydeHuss OOBEMHBIX H300pakKeHUI NpeaMeToB Ha (OTOMIACTUHKE

(romorpaMme) MpH MOMOIIM KOT€peHTHOro M3IydeHus jasepa. [omorpamma QukcupyeT He camo

n300pakeHue MpeaMeTa, a CTPYKTYpy OTPaK€HHOM OT HEro CBETOBOI BOJIHBI (€€ aMILIUTYAy U ¢a3y).

JUist TOJTy4eHusi TOJIOrpaMMbl HE00X0IMMO, 4T00B! Ha (hoTorpadmuecKyro MIaCTUHKY OJTHOBPEMEHHO

MOTIAJIM JIBa KOT€PEHTHBIX CBETOBBIX MyYKa: MPEIMETHBIH, OTPakeHHBI OT CHUMAeMOro OObeKTa, U

OTIOPHBIN — MPUXOJIAIINI HETIOCPEACTBEHHO OT J1azepa. CBeT 000UX IMy4YKOB HHTEphEpUpPYyeT, Co3/1aBast

Ha TJIACTUHKE Yepe/IOBaHHE OYeHb Y3KHUX TEMHBIX M CBETJIBIX MOJIOC — KapTUHY MHTepdepenunu. Ha
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SKCTIOHUPOBAHHOM TakMM 00pa3soM U TPOSBIEHHOW IUIACTMHKE OTCYTCTBYET KaKoe-In0o
n300pakeHue, HO €ro B 3alIM(POBAHHOM BHJIE COACPKHUT CUCTEMa UHTep(hEpeHIIMOHHBIX mosoc. Eciu
rojorpaMmy TIpOCBETUTh, KaK JAWANO3WTUB, Ja3epHBIM CBETOM TOW JK€ YacTOThl, 4YTO ObLIa
WCIOJIb30BaHA MPH 3aMKCH, BO3HUKHET «B80CCMAHOBIEHHAS 20]102PAMMA» — 00BEMHOE U300paKeHne
CHSTOTO IPEMETa, CIIOBHO BUCSILETO B MPOCTpaHCTBE. MeHsst TOUKy HaOMI0IeHHs], MOXKHO 3arJITHYTh
3a MpeIMEThl Ha MIEPBOM IUIaHE U YBHUJIETh JIETAJM, paHee CKPBIThIE OT B3rsina, CBET, MPOXOs CKBO3b
CHCTEMY YEepHO-O€JIBIX IOJIOC TOJIOTPAMMBI, UCTIBITHIBACT TU(PPAKIUI0 U BOCIPOU3BOAUT BOJIHOBOU
¢bponT, ncxoausIHii 0T cHATOrO npeameTa. Cm. Taxxe Koeepenmuocme.

JIBoiiHOe JiydyempesoMJeHHe - Pa3JABOCHHE CBETOBOTO Jy4a NMPH MPOXOXKACHUU Yepe3 ONTHUYCCKU
AQHM30TPOIHYIO Cpeay, BO3HHKAOIIEE BCIIEICTBUE 3aBUCUMOCTH TOKA3aTeNsi MPEJIOMIICHHUSI CBETa OT
ero moysApu3alui. B OZHOOCHOM JBOSIKONPETIOMIISIONIEM KpUCTAlJe, HAlpuMep, B KpPHUCTaUIe
WCIIaHACKOTO [MINara, NaJalolluid Jyd CBETa paculeluisieTcs Ha JBa Jy4a, OOBIKHOBEHHBIH U
HEOOBIKHOBEHHBIH, HMEIOIINE PAa3HBbIC NOKA3Ameny npeiomieHus U MoJIipu30BaHHbIE B IBYX B3aUMHO
MEPIIEHANKYIISIPHBIX TIOCKOCTSIX.

Jucnepcusi cBera — 3aBUCHUMOCTH (Pa30BOM CKOPOCTH CBE€Ta OT YacTOThl (MJIM JUIMHBI BOJIHBI).
Jlucnepcust nokazamesns npeiomienus — 3aBUCHMOCTD MTOKa3aTesl MPEIOMIICHHSI N OT YaCTOTHI V.
JudpakuuoHHas peumieTka - ONTHYECKOE YCTPOWCTBO, HMeEIoIIee OONBIIOE YHCIO MIETeH,
pa3e’eHHBIX HEMPO3payHbIMU MPOMEKYTKAMHU, Ha KOTOPBIX MPOUCXOAUT Audpaxims ceta. OOBIYHO
mdpakoHHasT pemeTka TMPeICTaBIsIeT OO0 COBOKYITHOCTh OOJBIIOTO YHCIA MapaliebHBIX
IITPUXOB OJMHAKOBOW MIMPHHBI, HAHECEHHBIX HA TPO3PAYHYIO0 WIIM OTPAXKAIOIIYIO IMOBEPXHOCTH HA
OJTMHAKOBOM PAaCCTOSIHUU JAPYT OT Apyra. JudpaknnoHHas pernieTka sBIsieTCsi OCHOBHBIM AIIEMEHTOM
MHOTHX CHEKTPAIbHBIX TIPHOOPOB.

Judpaxuus cBeTa - OTKIIOHEHHE OT 3aKOHOB T€OMETPHUECKON OTNTHKH, BHIPAXKAIOIIEeCcs B OrHOaHUN
CBETOM MaJIbIX NpensTcTBUi. Jndpakuus HaOI0gaeTCss IpU PaclipoCTPAaHEHHH CBETa B CPeie C PE3KO
BBIP2)KCHHBIMH HEOJHOPOTHOCTSIMHU.

3akon bprocrepa yTBepkaaeT, 4To NMpH MaJCHUHM CBETa HA JUIJICKTPUYECKOE 3EPKaJI0 TOJ YIJIOM,
TAHTEHC KOTOPOT'O PaBEH OTHOCUTEILHOMY HOKA3AMeNt0 NpeloMieHUss BTOPOH CPEebl IO OTHOUICHUIO
K TICPBOM, OTPaXCHHBIA JIyd OyJeT TOJHOCTBIO TOJSIPU30BaH B IUIOCKOCTH, TEPIEHANKYIISPHOM
TUTOCKOCTH TIaJICHHS

3akon Kupxroda yTBepmaeT, 4yTO OTHOIICHHE U3IyyamenbHOCmu JI000ro (HEUYEpPHOTO) Tela K
K03(pPHIIMEHTY MOTIIONICHUsI €CTh BEJIMYMHA OJWHAKOBAs JJIS BCEX TEN W paBHAsl M3JTy4aTeIbHOCTH
YEepHOTo TeJla MPUIAHHON TeMIepaType.

3akon JleHapaa — oIMH W3 3aKOHOB BHEIIHEro ¢omosghghekma: sHEprus (POTOIICKTPOHOB HE
3aBHCUT OT HHTCHCUBHOCTHU CBETA, & 3aBHCUT TOJIKO OT YaCTOTHI.

3akon Mamoca - (QU3MYECKUI 3aKOH, COIJIACHO KOTOPOMY HWHTCHCHUBHOCTH CBETOBOH BOJIHBI,
MPONICIIICH noasApu3amop M aHAIu3amop, TPONOPIHOHAIBHA KBaJpaTy KOCHHYCa Yria MEXIy
TUTOCKOCTSIMU TJIABHBIX CEUCHHI TIOJISIpU3aTopa U aHAIH3aToPa.

3aKoH HEe3aBHCHMBIX CBETOBBIX MYYKOB - IOCTYJIAT T€OMETPUYECKON ONTHKH, B COOTBETCTBUU C
KOTOPBIM: PacrpocTpaHeHre BCAKOTO CBETOBOTO Iy4Ka B CpPe/ie HE 3aBHCHUT OT TOTO, €CTh JIM B TOH
cpeze Apyrue IMyYKH CBETa HIIH HET.

3aKoH oOTpa:keHHUsl CBeTa - 3aKOH, OMNPEACISIONIMA B3aUMHOE PACIOJIOKEHHE MpPU 3epKaIbHOM
OTPKEHHH TMAJAINIEr0 M OTPAKCHHOTO Jy4el, a TakKe MEePHCHIUKYJSpa, BOCCTAHOBICHHOTO K
TpaHUIle pa3jiena JBYX Cpell B TOUKE MajeHus: 00a Jiyda ¥ MepIeHIUKYJISIP JIekKaT B OJTHOU TUIOCKOCTH,
yroJl IaJICHHsI PaBeH YTy OTPaKCHHUS.

3akoH mnpesjoMIIeHUsI cBeTa — OJMH M3 3aKOHOB T'€OMETPHUYECKOW ONTUKHU, COTJIACHO KOTOPOMY
MaJaroIui JTyd, JIyd MPEeTOMIICHHBIA U TePIeHIUKYIISP, BOCCTAHOBICHHBIA B TOUKE MAJCHUS JTyda K
TpaHUIle pasjena JBYX Cpel, JiexaT B OJHOW MJIOCKOCTH; OTHOLIEHHWE CHHYCA yria HaJeHHs K CHHYCY
yria MpeiOMJICHUs €CTh BEIHUYMHA MOCTOSHHAS JJIS TaHHBIX JIBYX Cpell U paBHAs OTHOCUTEIHHOMY
MoKa3aTesro MpeIOMIICHHUsT BTOPOM cpellbl Mo OTHOLIEHHIO K nepBoil. CM. Taxxke [ eomempuueckas
onmuka.

3aKoH NPSIMOJIMHEIHOTO pacHpOCTPAHEHHMs CBeTa - IIOCTYJAaT TI'E€OMETPUYECKON ONTHKH, B
COOTBETCTBUU C KOTOPHIM B OJHOPOJHOM Cpele CBET paclpOCTPaHSETCs MPSIMOJIMHEHHO. 3aKoH
NPSIMOJIMHEHHOT 0 pacpOCTPaHEHHsI CBETA SIBJIIETCS CIEACTBUEM npunyuna Pepma.

3akon CMeIIeHMA YTBEPXKIACT, YTO JJIHMHA BOJHBI, Ha KOTOPYIO IMIIPUXOAUTCA MaKCUMYyM
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CIIEKTPAIbHON IUIOTHOCTH U3/IyYamebHoCmu, 0OpaTHO MPONOPIHOHAIbHA a0COIIOTHON TeMIIepaType,
T. €. MAaKCUMyM H3JIyY€HUS CMEILIACTCS MPHU IOBBILIEHUH TEMIEPATypbl B 00JacTh 00Jjie€ KOPOTKHUX
BOJIH.

3akon Crepana-boabuMaHa yTBEpXKIAeT, 4YTO UBLYUAMENbHOCMb YEpHO20 mena TPSIMO
IIPOINOPLIMOHAJIbHA YETBEPTOM CTENIEHU a0COIIOTHOM TeMIIepaTyphl.

3akon CrojieTOoBa — OJIUH M3 3aKOHOB BHEUIHETO ¢homosghghexma: (HOTOTOK HACHIIMIEHUS TMPSIMO
IIPOIOPLIMOHAJIEH CBETOBOMY IOTOKY.

N3ayyaTeJbHOCTBIO HA3bIBAECTCS MOJHAS MOIIHOCTh (HAa BCEX YAaCTOTax U 10 BCEM HAIpPaBJICHUSM)
U3JIy4EHUsl C €AMHMIIBI NTOBEPXHOCTH HarpeTtoro Tena. M3iydarenbHOCTh 3aBUCUT OT TEMIIEpaTypbl
Tena U OT Kod(pHUIMEeHTa TOIJOMECHUs ero moBepxHocTH. CTapple HAa3BaHUS ATOM BETUYHUHBI —
SHEpPreTUYecKasi CBETUMOCTh WM JIydeHcIycKaTtelabHas crnocoOHocTh. CM. Takke 3akon Cmegpana-
bonvymana.

HNuTepdepenuns cBera - ONTUYECKOE SBJICHUE, BOSHUKAIOIIEE IIPU CJI0KEHUU JBYX UM HECKOJIBKHUX
KOT€pEHTHBIX CBETOBBIX BOJH, JIMHEHHO NOJSPU30BaHHBIX B OAHOM IockocTu. WHTepdepeHms
MIpe/ICTaBIsieT COOON yCTOMYMBYIO BO BpEMEHH KapTUHY YCUJIEHHS WM OCJIa0JIeHUs Pe3yJIbTUPYIOLINX
CBETOBBIX KOJIEOAHUI B pa3IMUHbIX TOUKAX MPOCTPAHCTBA.

HcTouyHuKk cBeTa - U3IIydareab MIEKTPOMAarHUTHOM 3HEPrUU B BUAUMOM 4acTU creKkTpa. McTouHuKM
cBera nonpaszaenstorcs Ha ecrectBeHHble (ConHue, JlyHa W T. 1.) M UCKYCCTBEHHbIE (JIaMIIBI
HaKaJMBaHUs, Ta30pa3psiAHbIe JaMIIbl U JIp.).
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KBaHTOBas onTHUKA - pa3/ie/1 ONTHUKH, U3YYAIOIIUU IBJIEHUS], B KOTOPBIU
0OHapy>KMBAITCH KBAHTOBbIE CBOMCTBA 3JIEKTPOMAarHMTHOIO U3JiydyeHus (cBeTa). ITO
mens080e usjayyeHue, pomoapgexkm, agocdpekm KomnmoHa u ap.

C/10BO «KOTepeHTHOCTb» OYKBaJIbHO 0O3HAYaeT «COrJIACOBAHHOCTb». BoJIHBI
Ha3bIBAIOTCS KOTePEeHTHBIMHU, €CJIU Pa3HOCTh (a3 BO30YKAaeMbIX UMU KOJIeOaHUH B
JIF0O60U TOYKe MPOCTPAHCTBA OCTAETCS MOCTOSIHHOW B TeYeHHe BpeMeHU HabJII0/jeHus.
CM. Taxke HHmMepgepenyus ceema.

Kosbna HeloTOHA - MHTepdepeHIIMOHHAsA KapTUHA, BO3HUKAKILAsA B IPOXOSILEM UJIH
OTPa’KEHHOM CBETe B OKPECTHOCTHU TOYKH CONPUKOCHOBEHUHU BBINYKJI0H NOBEPXHOCTHU
JINH3bI CO CTEKJISTHHOM IJIaCTUHKOM. [loc/ie oTpaxkeHUs Jiydel Ha rpaHULax pasjesa
CTEKJIO - BO3/IyX U BO3/1yX - CTEKJIO CBETOBbIE BOJIHBI UHTEPPEPUPYIOT U 06pa3yOT
MHTepdEePEHIIMOHHYI0 KapTUHY B BU/Jle KOHLLEHTPUUECKUX KOJIeL.

Kom6MHanMoHHOE paccessHUE CBETA - siBJIeHUe U3MeHEeHHs 4aCTOThl PacCeTHHOTO
BellleCTBOM CBeTa. B cnekTpax KOMOHUHALLMOHHOI'0 PacCesTHHOTO CBeTa AJisi MOJIEKY T
HabJII0Jal0TCs JONOJHUTE/bHbIE IMHUH, YaCTOThl KOTOPbIX SIBJISIIOTC KOMOMHALUSIMU
4acTOThbI NaAA0LIEro CBeTa U BpaljaTe/JbHbIMU YaCTOTAMU MOJIEKY.I.

Jlazepsl (0T oT nepBbIX 6YKB aHrJ1. ¢ppasbl Light amplification by stimulated emission of
radiation) — KBaHTOBbIE reHepaTOPbl CBETA, IPUHILUI JeHUCTBUSA KOTOPbIX OCHOBAH Ha
SIBJIEHUHU BBIHYK/JIEHHOTO (CTUMYJIMPOBAHHOT0) U3Jy4eHus. U3/1yyeHue J1la3epoB
N0JISPHU30BaHO, 06J1aZlaeT MOHOXPOMATHUYHOCTbI0, 60O MOLJHOCTbHIO B Y3KOM
CIeKTpaJibHOM Jlhalla30He U MasIoll pacXoJUMOCTbIO CBETOBOro nyyka. Haxoaar
IIMPOKOE MPUMEHEHNE B TEXHUKE U IKCTIEpPUMEHTaJNbHOU PpuU3UKe.

OnTuKa - pa3gen PU3UKH, B KOTOPOM U3Y4alOTCs 3aKOHOMEPHOCTH ONTUYECKUX
sIBJIEHWH, IPUPO/Ja CBETA U €r0 B3aUMO/IeHCTBUSA C BelleCTBOM.

OnTHYecKas aKTUBHOCTD - CBOMCTBO HEKOTOPBIX Bell|eCTB BpalllaTh MJI0CKOCTh
noJIipU3al Uy NPOXOAALIero yepe3 HUX MJIOCKONOJIIPU30BaHHOTO cBeTa. [IpuMepsl
ONTUYECKU aKTUBHBIX BellleCTB: KBapll, KHHOBapb, CKUIIMap, pacTBOp caxapa B BoJie U
np.

OnTuyecKas JJIMHA NYTH - IPOU3Be/leHre ITyTH CBETOBOrO Jy4ya Ha [T0Ka3aTeJlb
npesioMmJieHus cpesbl. ONTHYecKas AJUHA NYTH YMCJEHHO paBHA NyTH, KOTOPbIX
IPOXOAUT CBETOBOM JIyd 3a TO e BpeMs B BaKyyMe.

OnbIT IOHra - onbIT N0 UHTEPdEPEHLUU CBETA OT JBYX TOYEYHBIX UCTOYHUKOB,
NOJIy4YeHHBIX IPONYyCKaHUEM Ny4YKa CBeTa OT 0011lero UCTOYHHUKA Yepe3 1Ba OTBEPCTHUS.
OnbIT FOHra No3BoJISAET OLEHUTD AJIMHY BOJIHBI [IJIS1 Pa3/JIMYHbIX Y4aCTKOB CIIEKTpa.
OTHOCHUTe/IbHBIN NOKa3aTeJ b IpeJI0MJIEHUS CBeTA - OTHolleHHe $a30BOM CKOPOCTHU
CBeTa B I1epBoi cpeJie kK $pa30BOM CKOPOCTU CBeTa BO BTOPOU cpefie. YUucaeHHO
OTHOCHTeJIbHbIN [TOKa3aTeJ/lb IpeJIOMJIeHHs CBeTa PaBeH OTHOLIEHUIO CUHYca yTJia
naZieHusl K CHHyCy yrJia IpeJoMJeHus .

[lepuoa AMPpPaKLUOHHOM pelleTKH - PACCTOSIHUE MeX/ly cepeIMHaMU IBYyX COCeJHUX
mesiell AudpaKLMOHHOM pelleTKU. /Ipyroe Ha3BaHUe — LIAr UM NOCTOSTHHAs pelIeTKH.
IL10CcKOCTBIO IJIABHOI0 CEYEHU A nojasapuszamopa Ha3bIBaCTCA IJIOCKOCTD, B KOTOpOfI MOJIIpU30BaH
JIy4, IpomeAminy 3TOT IMOJISIPU3ATODP.

[110CcKOCTh MOIAPU3ALUM - IJIOCKOCTb, B KOTOPOH K0J1e6JIeTCsI BEKTOP
Hanps»KeHHOCTHU 3JIEKTPUYECKOTO 0I5 3JIEKTPOMarHUTHOM (CBETOBOM) BOJIHBI.
[TorsomeHune cBeTa - siBJIeHHe 0C1abJIeHUS SPKOCTH CBETa P €ro NPOX0XKAeHUU
yepes BellleCTBO UK IIPpY OTPaKEHUH OT OBEPXHOCTH.

Iloka3aTean NMPEJIOMJICHUA CBETA - MEPa ONTUYECKOM MIOTHOCTHU CpCabl, paBHAsA OTHOILICHUIO
CKopocmu ceema B BAKYYME K CKOPOCTH CBETA B CPCAC. IToka3zarenn IMMPCJIOMJICHUS CBECTA 3aBUCUT OT
YaCTOThI CB€TA U OT MMAPaMCTPOB COCTOAHUA CPC/bI. Paznmuuaror aOCONIOTHBIE M OTHOCUTEILHBIE
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[I0KA3aTeNH MPETOMIICHMUSL.
HoasipuzaTtop - npubop, nperHazHAYCHHBIN IS TOTYYSHHS MTOTHOCTHIO HITH YaCTUYHO
IIOJIAPU30BaHHOrO cBeTa. [lonspusaTop MOXKHO UCIOIB30BATh B KAYECTBE AHAIU3AMOPA
MIOJIIPU30BAHHOTO U3JIy4YEHHUS.
Iousipu3zanus cBeTa - OpUEHTALMS BEKTOPOB HANPSKEHHOCTH 3JIEKTPUUECKOT0 MOJISl U MAarHUTHOM
MHIYKIIUH CBETOBOM BOJHBI B IIJIOCKOCTH, MEPIICHAUKYIISIPHON CBETOBOMY J1ydy. OOBIYHO
MOJIIpU3aLlKsl BOZHUKAET IPU OTPAKEHUU U IPEJIOMIICHUH CBETA, a TAKXKE IIPHU paclpOCTpaHEHUN
CBETa B aHU30TPOMHON cpene. Pa3nmuyaroT TMHENHHY0, KPYTOBYIO M DJUIMITHYECKYIO MOJIIPU3ALINIO
CBeETa.
IMoasiponya - onTryeckas cucTema, IpeaHa3HauYeHHAs TS oJisipu3anuu ceera. [Ipeacrasiser coboit
AIIACTHYHYIO TUICHKY, Ha KOTOPYIO HAHECEHBI COOTBETCTBYIOIIMM 00pa30M OPUEHTHPOBAHHBIE
MaJIeHbKUE KPUCTAJUIMKH JIBOSKOIIPEIOMIISIONIETO BellecTBa (repanarura). [lonsipoun
M3rOTAaBJIMBAETCS B BUJE CBETOMUIBTPA, IMHEHHO MOJIIPU3YIOIIETO MPOXOASAIIUI Yepe3 HEro CBET
(meureBblit noaspuzamop).
IIpenomiienue cBeTa - sBJICHUE, 3aKITIOYAOIIEECS B N3MEHEHUH HAIPaBJIEHUS paclpOCTPAHEHUS
CBETOBOM BOJIHBI PU NEPEXO/IE U3 OJHOU CpeNbl B IPYTYI0, OTIMYAIOILYIOCS nokazamenem
npenoMieHuUs ceema.
IIpusmoii Hukous (MM MpocTo HUKOJIEM) HA3bIBACTCS NOIAPUIAMOP, TIPEATIOKEHHBIM NIOTIaHICKUM
nHxeHepom Huxonewm. [IpuHimn neficTBUS HUKOJISE OCHOBAH Ha TOM, YTO OJIUH U3 IBYX
MOJIAPU30BAHHBIX JIy4el B OJTHOOCHOM JIBOSIKOIIPETIOMIISIOIEM KpHCTallie (HEOOBIKHOBEHHBIN UITH
OOBIKHOBEHHBIN) BBIBOJUTCS X UTPHI C IOMOILBIO SIBJIEHUS MOJHOTO BHYTPEHHEr0 oTpakeHus. CM.
TaKxe /[goiinoe yuenpenomienue.
Ipuanun ®epma - TPUHIMI T€OMETPUIECKON ONTUKH, COINIACHO KOTOPOMY JIyY CBETA, MPOXOAAIINI
yepes JIB€ TOYKHU, UAET MEXAy HUMHU 10 TAKOMY ITyTH, JUIsl IPOXOKIEHHUS KOTOPOTo Tpedyercs
HauMeHbIIIee WM HanboJbliee (IKCTpeMaabHOE) BPEMsI 110 CPaBHEHUIO C APYTUMU BO3MOKHBIMU
My TAMHU.
PaccesiHne cBeTa - OTKJIIOHEHHE PAaCIPOCTPAHSIOLIETOCS B CPEIe CBETOBOI'O Iy4Ka BO BCEBO3MOMKHBIX
HanpaBieHusAX. PaccesHue cBeta 00yCI0BIEHO HEOJTHOPOJHOCTBIO CPEJIbl U B3aUMOJICHICTBUEM CBETA C
YaCTUI[AMU BEIIECTBA, IPH KOTOPOM M3MEHSIETCS] HAIIPaBICHUE PACIPOCTPAHEHUs, 4aCTOTa U
IUIOCKOCTh KOJIEOaHUI CBETOBOM BOJIHBI.
PeHTreHoBCKOe U3/lyYyeHHe — 3JIEKTPOMarHMTHOE U3JIyYeHHe OUeHb BBICOKOW 4YaCTOTHI
(MM OYeHb KOPOTKOH JIMHBI BOJIHBI, A = 104 — 103 A. OTKpBITO HeMeLKUM GU3UKOM
B.Pentrenom (1895). Paz/inyawoT mopMo3Hoe U XapaKkmepucmuyeckoe
PEeHTreHOBCKOe U3JIy4yeHHue. B peHTreHOBCKOM JMala30oHe Ha llepeHUH IJ1aH
BBICTYNIAIOT KBAHTOBbIE CBOMCTBA 3JIEKTPOMAarHUTHOIO U3JiydyeHUs. Haxo UT luupokoe
IpUMeHeHUe B MeJJULIUHE, B e PEKTOCKONUH, B CTPYKTYPHBIX UCCAEL0BAHUSAX U TP.
Pedpakuus cBeTa - HCKpUBJIEHHE CBETOBOTO JIy4ya B CpeJie C HelpepbIBHO
MEHAIOIUMCA hoKasamesiem npesomaeHus ceema.
TepMuHOM «cBeT» 0003HAYAIOT HE TOJIBKO 8UOUMBLL C6em, HO U 3JIEKTPOMArHUTHOE U3JTy4eHUe
JpYTUX J1ana3oHoB (MH(pakpacHoe U yIbTpaduoIeTOBOE U3NTyUeHHE, penmeenockue ayyu). Takum
00pazoM, 3TOT TEPMHUH UCIOJIb3YETCsI KAK CHHOHUM BBIPAKEHUS «3JIEKTPOMATHUTHOE U3TyUCHUE).
CBeToBOIi J1yY - JIUHMS, BJOJb KOTOPOM pacpOCTpaHsAeTCs IOTOK SHEPTUHU, UCITYLIICHHBIH
ucmouHukom ceéema. B mpo3pauHoil 0THOPOJHOM cpejie CBETOBOH JIyd Beerja npsiMoinHeeH. B cpene
C TUIABHO U3MEHSIOUIUMUCS ONTUYECKMMH XapaKTEpUCTUKAMU CBETOBOM JIyd UCKpuUBIseTcs. CMm.
Takxe Peppaxyus ceema.
CkopocTh cBeTa B BAKYyMe - CKOPOCTb paclipoCTpaHEeHHUs CBeTa B BakyyMe ¢ = 299'792'458 m/c.
CkopocTh cBeTa B BAKyyMe - IIpejielibHasi CKOPOCTh pacpOCTPAHEHUS JIFOObIX (PU3NYECKUX
B3aUMOJICHCTBUM.
TenoBoe n3ay4eHne — 3T0 JIEKTPOMArHUTHOE U3JIy4EHHE HAIPEThIX TeJl. 3aKOHBI TEIIOBOTO
u3Iy4YeHus oObsCHAET keanmogas meopus M.Ilnanka (1900).
TopMO3HBIM PEHTI€HOBCKHMM H3JIy4e€HHEeM Ha3bIBAETCSI KOPOTKOBOJIHOBOE AJIEKTPOMATrHUTHOE
U3y4YeHHE, BOSHUKAIOIIEE B PEHTI€HOBCKON TpyOKe MPHU pe3KOM TOPMOXKEHUH JBIKYILIUXCS C
O0JIBLIION CKOPOCTHIO HIIEKTPOHOB MIOBEPXHOCTHIO aHo/1a (aHTUKaToaa). He 3aBucHT OT MaTepuana
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aHTHUKATO/IA.

¥Yros nageHust — yroj MeX1y MaJarolluM JIy4YOoM U MEPIeHIUKYIIIPOM, BOCCTAHOBICHHBIM B TOUKE
MaIeHUsl.

YroJ1 npejioMJIEHMA - YTOJl MeX/AY [IpeJIOMJIEHHBIM JIYYOM CBeTa U NIepleHAUKYJIAPOM,
BOCCTAaHOBJIEHHBIM B TOYKe NaJieHUs (MpesoMIeHUs).

YpaBHeHnue JiiHIITEHHA 17151 BHEITHETO pomosghghexma MPEACTaBISIET COOOM CIIECTBUE 3aKOHA
coxpanenus sHepruu: hv = A, + (Mv?/2) — sueprus portona (hv) uaer Ha coBepieHue paboTH BEIX0OA
(As) ¥ 9ACTHYHO MEPEXOUT B SHEPTHIO (POTOdIEKTPOHA (MV2/2).

D0TOHOM HA3bIBACTCS KBa3MYACTUIIA, BBEJICHHAS /ISl TOTO, YTOOBI OOBSCHUTD KOPITYCKYJISIPHBIC
CBOWCTBA JICKTPOMArHUTHOTO W3Ty4YeHUs1. DOTOHY MPUIUCHIBACTCS PHEPTUS € = hv ¥ UMITYJIbC P =
hv/c, rae v — gactora cBeTa, C — CKOPOCTh CBeTa B BakyyMe, a h = 6,62-10°* JIx/c — nocmosaunas
IInanka. ®OTOHBI — K8AHMbL SITEKTPOMATHUTHOTO TIOJISL. DIeKMPOMASHUMHOE 83AUMOOCICTNEUe
OCYIIECTBIISICTCS IyTeM 0OMeHa (hOTOHAMHU.

doToMeTpUUYECKHeEe BeJIMYUHBI - CUJIa CBETA, OCBEIIEHHOCTb, CBETOBOM MOTOK, IPKOCTb,
K03 PUIUEHT MPONYyCKaHUs U KOIQPUIUEHT OTPAKEHUS.

D0T03JIeKTPOHBI — AIEKTPOHBI, BRIPBAHHBIE CBETOM M3 METaJlIa IPH BHEITHEM (homoagghexme.

D o103 PeKTOM HA3BIBACTCS I'PYIIIA SABJICHUN, BOZHUKAIOIMX P B3aUMOJCHCTBUN
AJIEKTPOMAarHUTHOTO U3JIy4YEHHUs ¢ BelecTBOM. Paznuuator BHemHUM PpoToddhdekT (BbIpbIBaHNE
3JIEKTPOHOB U3 METajlla P 00JyueHun), BHyTpeHHUHN (HoTorPdeKT (YBeTuueHue
AJIEKTPONPOBOIHOCTHU MOIYIIPOBOAHMKA MPHU O0JIy4eHNUN) U oToraabBaHU4YeCKUil ekt
(Bo3nukHoBeHue DJIC npu obiydyenuu p-n-nepexoza). PotodrPpdeKkT oObICHIETCS HA OCHOBE
KBaHTOBBIX NpezcTaBieHuil. [lepyro Teoputo BHemHero ¢potorddexra cozgan A.DuummTeitH (1905).
CMm. Vpasuenue Diinwumetina ons enewne2o pomosgpghexma.

XapakTepucTHYECKOE PEHMZeH08CKOe U3IyYeHIe BOZHUKAET TP JJOCTATOYHO BEICOKOM
YCKOPSIIOIIEM HaNpsHKeHUH Ha PEHTT€HOBCKOH TpyOKe. MeXaHU3M CBOJIUTCS K BEIPBIBAHUIO
3NIEKTPOHOB C BHYTPEHHUX HJICKTPOHHBIX 000JI0UEK M K EPEX0Iy Ha 3TH MECTa SJIEKTPOHOB C IPYTUX
o6onouek aroma. CIeKTp Takoro u3aydeHus JuHeindarsiid. [losBisercs Ha GoHe CIIonTHOTO
TOPMO3HOT'O PEHTI'€HOBCKOTO CIEKTPa Kak HaOOp CHEKTPaIbHBIX JIMHUNA. 3aBUCUT OT MaTepuaia
aHTUKATO/Ia.

XpoMaTuyecKoi MoJsipu3anueil Ha3bIBACTCS COBOKYITHOCTD SIBJICHUM, COMPOBOMKIAIOIINX
UHTEP(HEPEHITNIO MOIIPU30BAHHOTO CBETA (MTOSBICHUE OKPACKH SKPaHA).

YepHBbIM Ha3bIBACTCS UICATM3UPOBAHHOE TEIIO, TOTIIOMIAIONIEE BCIO MTAJIAIONIYI0 Ha €T0 OBEPXHOCTh
SHEPrHI0. YcTapesliee Ha3BaHHE YEPHOTO Tela — adCOIIOTHO YepHoe Teno. PeanbHble Tena He
SIBIISIFOTCS. YEPHBIMH; TOBEPXHOCTb, XOPOIIO MOTJIONIAONIast CBET B BUIMMOM JHANa30HE, MOXKET
IUIOXO TOTJIOMIATh B HH(PPAKPACHOM.

JPpdexTom KomnToHa (1923) Ha3biBaeTCA yBeJUUYeHHE JJIUHbI BOJIHbI PEHM2EH08CK020
U3/1y4yeHusi IpU pacceMBaHUU Ha JIETKMX aTOMax (Ha MOYTHU CBOOOHBIX 3JIEKTPOHAX).
dddext KomnToHa jierko 06'bsICHAI€TCS Ha OCHOBE KBAHTOBBIX IIpe/|CTABJIEHUN TyTeM
IpUMeHEeHUs 3aKOHOB COXpPaHEHHUS 9HEPTUU U UMITYJIbCa [JI CUCTEMBbI DEHTT€HOBCKUU
$OTOH + 3JIEKTPOH OTAAYUY.

IpdPekT Papages - BpallleHHe IJIOCKOCTU NOJIIPU3aAL U JTUHENHO MOJISIPU30BAHHOTO
CBeTa IpH NIPOX0XKAEHUHU ero yepes BellecTBO, IOMeleHHOe B IPOJ0JIbHOe MarHUTHOE
noJie. OTKPBLI siBJieHHEe aHTJIMKACKUM ¢u3uk M.@apajzel (1845). 3ddekT chirpasn
BAXXHYI0 POJIb B YTBEPK/AEHUU 3JIEKTPOMarHUTHOU TeopuHu cBeTa. lllupoko
IpPUMEHSIETCS B TEXHUKE U B 3KCIIEpUMEHTA/IbHOU pU3UKe (U3ydYeHUe CTPYKTYPhI
BellecTBa).
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15. OCOBEHHOCTHU PEAJIM3AIIMU JUCHUIIJIMHBI J1J151 THBAJINJ1OB U JINIL
C OT'PAHUYEHHBIMH BO3MOXKHOCTAMMU 3/10POBbA

B cooTBeTcTBUM C METOAMYECKMMH peKOMeHIanusasMu MunoOpuayku PO (yTB. 8 anpens 2014
r. Noe AK-44/058H) B Kypce MpEANonaraeTcsi MCIOJb30BaTh CONHAIBLHO-AaKTUBHBIC M PE(IICKCHBHBIC
METOZbI 00yUYEHHsI, TEXHOJIOTUU COLUMOKYJIBTYpHOU pealbmnurtanuu obydatommxcs ¢ OB3 ¢ menbro
OKa3aHUs NOMOIIM B YCTAHOBJICHUH MOJTHOLUEHHBIX MEXINYHOCTHBIX OTHOLICHUI.

OOydeHue JHIl C OrPaHUYEHHBIMM BO3MOKHOCTSIMH 3JI0pPOBbSl OCYILECTBIISIETCSI C Y4YETOM
UHIUBUAYAIbHBIX TCUXO(PU3NYECKUX OCOOEHHOCTEW, a JUIsi MHBAJIMJIOB TaKKe€ B COOTBETCTBUU C
MHIUBUAYAIbHON IPOrpaMMoON peaOuiIuTaluy HHBAIN/IA.

Jasi Ui ¢ HapylieHueM c¢JyXa BO3MOXHO TMpeaoCTaBieHUE HHGOPMAIUK BHU3YaJbHO
(KpaTKMil KOHCIIEKT JIEKIMi, OCHOBHas W JIONOJHUTENbHAsl JIUTEpaTypa), Ha JEKIUOHHBIX U
MPAKTUYECKUX 3aHATHSIX JIOIMYCKAeTCs MPUCYTCTBHE aCCUCTEHTAa, a TaK K€, CypJONepeBOIYMKOB U
TU(dIO0CYpIOTIEPEBOAUNKOB.

OneHka 3HaHWM CTYJEHTOB Ha NPAKTUYECKUX 3aHIATHSIX OCYLIECTBISIETCS Ha OCHOBE

MMCBbMEHHBIX KOHCIIEKTOB OTBETOB Ha BOIPOCHI, MUCbMEHHO BBIMOJIHEHHBIX TPAKTHUECKUX 3aJaHUMH.
Jloknag Tak ke MOXKET ObITh MpEOoCTaBiIeH B MUCbMEHHOW (opme (B Buae pedepara), Mpu 3TOM
TpeOOBaHUsI K COAEPKAHMIO OCTAIOTCS TEMU K€, a TpeOOBaHMS K KayeCTBY M3JIOKEHUs MaTepuaia
(MOHATHOCTb, KAauyecTBO pE€YM, B3aUMOJEHCTBUE C ayauTOpueil W T. ) 3aMEHSI0TCS Ha
COOTBETCTBYIOIIME TpeOOBaHHUS, MPEABbABIIEMble K MHUCbMEHHBIM padboTam (KayecTBO O(OpMIIEHUS
TEKCTa U CIHCKA JINTEPATypPbl, IPAMOTHOCTh, HAJIMYHME WIUTIOCTPAIIMOHHBIX MaTEPHAIOB U T.1.)
C yd4eTroM COCTOSIHHSI 3I0POBBSI MPOCMOTP KMHOMUIBMA C TIOCIEAYIOIINM aHAJIU30M MOXKET OBITh
MIPOBEJIEH JIoMa (Harpumep, Ipu HeoOXOJMMOCTH JOTIOJIHU-TEIbHON 3BYKOYCHIIMBAIOIIEH anmnapaTypsbl
(HaymHukmM)). B Takom ciydae CTyIeHT NpefocTaBisieT NMUCbMEHHBIM aHalu3, COOTBETCTBYIOIIMN
MpeIbABISIEMBIM TPEOOBAHUSIM.

IIpomexxyTouHass arrecTanus JUIsl JUIL C HapyIIEHUSIMM ClIyXa MPOBOAMUTCS B HMUCbMEHHOM
dbopme, TIpU ATOM UCIOJIB3YIOTCS OOIIME KpUTEPUH OIleHWBaHMs. [Ipu HEoOXoaMMoOCTH, BpeMst
MIOJITOTOBKH Ha 3a4€TE MOXKET OBbITh YBEIUYEHO.

Jlis JMn ¢ HApyHIeHHeM 3peHHsl JOIyCKaeTcs ayIuallbHOe IpeJoCTaBlIeHUue MH(OpMaIu
(HarmpuMep, ¢ UCIOJIb30BaHUEM IIPOrPaMM-CUHTE3aTOPOB PEUM), A TaK K€ MCIIOJIb30BaHUE HA JIEKIUAX
3BYKO3aIIMCHIBAIOIINUX YCTPOMCTB (AMKTOPOHOB M T.1.). JlomyckaeTcss NMPUCYTCTBHE Ha 3aHITHAX
accUCTEeHTa (MIOMOLIHMKA), OKa3bIBAIOIEro 00y4aoIUMCst HEOOXOAUMYI0 TEXHUYECKYIO IIOMOILb.
OneHka 3HaHMHA CTYJICHTOB Ha CEMMHApCKHMX 3aHATHSAX OCYLIECTBISIETCS B YCT-HOM (opme (kak
OTBEThl Ha BOIIPOCHI, TaK U MpakTHueckue 3agaHusd). I[Ipu HeoOxoauMocTu aHanu3a (uiibMa MOKET
ObITb 3aMEHEH OINMCAHUEM CUTYallud MEXITHUYECKOIO B3aUMOJECHCTBHS (HAa OCHOBE OIBITA
PECIIOHJIEHTa, XYJOKECTBEHHON JMTEepa-Typpl M T.1.), IIO3BOJISIIOIIMM  OLIEHUTh CTENEHb
C(OPMHUPOBAHHOCTH  HABBIKOB  BJIQJIEHUS METOJAMU aHaJW3a M BBIABJICHUA  CHELM(UKU
(GYHKLIMOHMPOBAHUSA M Pa3BUTHUs IICUXUKH, IO3BOJIAIOLIMMM YUYUTHIBATh BIUSHHE STHUYECKUX
¢daxTopoB. IIpu mnpoBe-IeHMHM NPOMEXKYTOYHOM aTTecTalMy JUIs JIML C HapyIIEHUEeM 3pEeHUus
TECTUPOBAHUE MOXKET ObITh 3aMEHEHO Ha YCTHOE coOece0BaHuE 110 BOIIPOCAM.

Jluna ¢ HapymleHHSIMM ONOPHO-IBHMIATEJbHOI0 AaNNapaTra He HYXJIAITCSI B OCOOBIX
¢dopmax mnpenocraBieHUs Y4eOHbIX MarepuanoB. OJHAKO, ¢ Y4YETOM COCTOSIHUS 3JI0pOBbsSl 4YacTb
3aHATUI MOXeT ObITh pealn30BaHa IUCTAHLUMOHHO (mpu momouu cetu «Murepuer»). Tak, npu
HEBO3MOXXHOCTH TIOCEIIEHHUsS JIEKIIMOHHOI'O 3aHATHS CTYJEHT MOXET BOCHOJb30BaThbCA KpPAaTKUM
KOHCIIEKTOM JIEKLIHH.

IIpn HEBO3MOXHOCTH MOCEUICHMS NMPAKTUYECKOIO 3aHATUS CTYJIEHT JOJDKEH IPEAOCTaBUTh
IIMCBMEHHBIA KOHCIIEKT OTBETOB Ha BOIIPOCHI, TMCbMEHHO BHINIOJHEHHOE IPAKTUYECKOE 3a/laHUE.
Jloknax Tak e MOXeT ObITh HpeJOoCTaBlieH B MHUCbMEHHOW (opme (B Buae pedepara), mpu 3TOM
TpeOOBaHUS K COJEP)KAHUIO OCTAIOTCS TEMH K€, a TPeOOBaHUS K KauecTBY H3JIOKEHMS MaTepHuaia
(MOHATHOCTb, KAuyeCcTBO pEYH, B3aUMOJEHCTBHE C ayauTopued H T. J) 3aMEHSI0TCd Ha
COOTBETCTBYIOIIME TPeOOBaHUs, NMPEAbIBIsIEMble K MUCbMEHHBIM paboTaM (KauecTBO O(pOpMIICHHS
TEKCTa U CIHCKA JIMTEPATYPBI, FPAMOTHOCTD, HAJIMYHUE WIUTIOCTPALIMOHHBIX MAaTEPUAJIOB U T.1I.).

[IpomexyTouHast arrecTauys AJIs JIML C HApYUIEHUSMHU OIOPHO-IBUraTEJIBHOTO arapara

IMpOBOAUTCA Ha 06IJ_II/IX OCHOBAHUAX, TIpH HeO6XO,Z[I/IMOCTI/I mnponeaypa 3a4€rta MOKCET OBITH
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peann3oBaHa AUCTAHIIMOHHO (HapuMep, P MOMOIIH porpamMmMbl Skype).

Jlj1g 3TOrO 1O JOTOBOPEHHOCTH C IIPENOaBaTesieM CTYJIEHT B OIPENEICHHOE BPEMS BBIXOJIUT
Ha CBSI3b JUIS IIPOBEICHUS IIPOLIEAYPhI 3aueTa. B TakoM cityuyae 3a-4eT caercs B BUJe coOeceoBaHus
no BompocaMm (cM. (GOpMBI MPOBEACHUS NPOMEKYTOYHOH aTTECTAllMM ISl JIML C HapyHICHUSIMHU
3peHus). Borpoc u npaxkrudeckoe 3aaHue BBIOMPAIOTCS CAaMUM IIPENOJIABATENIEM.

[Tpumeuanue: @OHABI OLNEHOYHBIX CPEACTB, BKIIOYAIONIME THUIIOBBIC 3aJaHUSI U METObl OLICHKH,
KPUTEPUU OLICHUBAHUS, MO3BOJSIONIME OLICHUTh pPE3yJbTaThl OCBOEHUS JAaHHOW JIHMCIUILIAHBI
obyuatonumucs ¢ OB3 mMoryT BxoauTts B cocta PI1/] Ha mpaBax oTAETBHOTO TOKYMEHTA.
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C.1. KyuepsBbIi, AOLIEHT, K.().-M.H.
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