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1. TacmopT oHIA OLIEHOYHBIX CPEICTB

1.1 Ob6aacTh NpUMeHeHHUs

@DOH/ OLIEHOYHBIX CPEACTB MpEeAHAa3HA4YeH s IMPOBEPKH pPE3ylbTaTOB OCBOCHUS JUCLUIUIMHBI
«®u3ukay MporpaMMbl MOATOTOBKH CIIELHAIMCTOB CPEJHET0 3BEHA MO crnenuaabHocTsM 15.02.06
«MoOHTaX W TEXHUYECKas SKCIUTyaTallUs XOJOJWIBHO-KOMIIPECCOPHBIX MAIIMH M YCTaHOBOK (IO
oTpacisaM)», 26.02.05 «Okcmyaraius CyI0BbIX JHEPIETUYECKUX YCTAHOBOK»

®OC BKIIOYAET KOHTPOJbHBIE MaTepHalbl JUIsl MPOBEICHHSI TEKYLIEro KOHTPOJIS YCIEBAEMOCTH U
IIPOMEXYTOUHOM aTrTecTaluy B (hopMe 3k3aMeHa. MITorom sk3amMeHa sIBIseTCs OIeHKa B Oaymax: «5» -

OTIIMYHO; «4» - XOPOUIO; «3» - yIOBIETBOPUTEIBHO; «2)» - HEYNOBICTBOPUTEIIBHO.
@®OC no3BoJIFET OLICHUBATH YPOBEHb OCBOEHUS 3HAHUI U YMEHUI 110 AUCLUIIIIMHE.

1.2 Pe3y.]'leaTI>I OCBOCHUA TUCHUIIMHBI, MOAJICKAIINNHEC KOHTPOJIIO

B pesynbpTaTe KOHTPOJIS M OIIEHKH 10 JUCIUIUIMHE OCYLIECTBIIAETCS MPOBEpKa CIEIYIOUINX 3HAHUMN U

YMEHUH 110 MIOKA3aTeIsIM:

Taonuma 1

PesyabTaTnl 00y4yeHHs
(ocBOEHHBbIE YMeEHM S,
YCBOEHHbIE 3HAHUSA)

@DopMbI U METOAbI KOHTPOJISI M OLIEHKH Pe3YJbTATOB
00y4eHust

YMmenus

00pabaTbIBaTh pe3yIbTaThI
HU3MEPEHHH, OOHAPYKUBATH
3aBHCUMOCTB MEXKIY
(GU3MYeCKUMHU BETHYHMHAMH,
OOBSICHATD TOJTYYECHHBIE
Pe3yIbTaThl U I€NaTh BHIBO/IBI

[TpoBepka ymeHust o0padbaThIBaTh pe3yJbTaThl K3MEPEHUH,
00Hapy>KUBaTh 3aBUCUMOCTh MEXKAY (PU3NIECKUMU
BEJIMYMHAMU, OOBSCHATH MTOJTyUYCHHBIE PE3yJIbTAThI U JeTIaTh
BBIBO/IBI

VYerHbiit onpoc (GpOHTATBHBIN U HHAWBUIYJTLHBIN )
DKcrepTHas OLEHKa BBITIOJTHEHUS JOMAIIHUX 3aJJaHUN
DKcrepTHas OleHKA BBHITIOTHEHUS 33 JaHUH Ha TPAKTUICCKUX
U 1a00paTOpHBIX padoTax

pemaTh GU3NIECKUE 3a1aun

[TpoBepka ymeHHs pemats pU3NIECKue 3a1a9u

YcrHblit onpoc (GpoHTATBHBIN U UHAWBUITYATbHBIH)
DKcnepTHas OIEHKA BBIIIOJTHEHUS JOMAITHUX 3aJaHuN
DKcrepTHas OLEHKA BHITIOJTHEHUS 3aJaHUN Ha TPAKTUYECKUX
1 1a00paTopHBIX paboTax

IIPUMEHATH [TOJIyYCHHBIC
3HAHUS 7151 00BACHEHUS
YCJIOBUM MPOTEKAHUS
¢u3nUecKux SBICHHUH B
IIPUPOJE U JJIS IPUHATUSA
[IPaKTUYECKUX PELICHUN B
IIOBCEIHEBHOM XU3HU

[IpoBepka yMeHUsI IPUMEHSTD MOJTyYCHHbIE 3HAHUS JITIS
OOBSCHEHNS YCIIOBHH MPOTEKaHUs (PU3NIECKUX SBICHUH B
IPUPOJIE U AJIS IPUHSTUS MPAKTUYECKUX PEIICHUH B
IIOBCEIHEBHOM XKU3HU

YcrHblit onpoc (GpoHTATBHBIN U UHAWBUIYATbHBIH)
DKcnepTHas OICHKA BBIIIOJTHEHUS JOMAITHUX 3aJaHuN
DKcrepTHas OLEHKa BHITIOJTHEHUS 3aJaHUN Ha TPAKTUYECKUX
1 1a00paTopHBIX paboTax

chopMupoBaTh COOCTBEHHYIO
MO3HIIMIO IO OTHOIIEHHIO K
buznveckoit nHpOpMaIHH,
[I0JIy4aeMOU U3 PA3HBIX
HUCTOYHUKOB

[IpoBepka ymeHus: COPMHUPOBATH COOCTBEHHYIO MO3UIIHIO 10
OTHOIICHHUIO K (PM3UIECKON HHPOPMAIIHNH, TTOTydaeMOi 13
pa3HbIX HCTOYHHKOB

VYerHbiit onpoc (GpOHTATBHBIN U HHAWBUIYJTLHBIN )
DKcrepTHas OLEHKA BBITIOJTHEHUS JOMAIIHUX 3aJJaHuN
DKcrepTHas OlEHKA BBHITIOTHEHUS 33JaHUH Ha TPAKTUICCKUX
U 1a00paTOpHBIX padoTax

HCCIICIOBATh U aHATM3UPOBATH
pazHooOpa3HbIe (hU3HUECKUE
SIBJICHUS U CBOMCTBA
00BEKTOB, OOBICHSITH

[TpoBepka yMeHUs HCCIEIOBATh U aHATH3UPOBATH
pazHooOpa3HbIe (PU3MUECKUE SIBICHUS M CBOWCTBA OOHEKTOB,
OOBSCHATH IPHUHIIUIBI PAOOTHI M XapaKTEPUCTUKH MPUOOPOB
U YCTPOUCTB, OOBSICHSITH CBSI3b OCHOBHBIX KOCMHUYECKHUX




MIPUHITUIIBI pabOTHI U
XapaKTePUCTHKHU MPHOOPOB U
YCTPOHCTB, OOBSICHSITH CBSI3b
OCHOBHBIX KOCMHUYECKUX
00BEKTOB C re0hU3NICCKUMHU
SIBJICHUSIMU

00BEKTOB C re0PU3NIECKUMHU SIBICHUSIMU

YcrHblit onpoc (GpoHTaTBHBIN U UHAWBUIYATbHBIH)
DKcIepTHas OleHKA BBITTOTHEHUS JOMAITHUX 3aJaHUN
DKcrepTHAas OLIEHKA BBITIOTHEHUS 3aJaHII Ha TPAKTHUECKUX
1 1abopaTopHbIX paboTax

BBIJIBUTATh THIIOTE3HI HA
OCHOBE 3HAHUS
OCHOBOIIOJIATAIOIINX
buznuecKux
3aKOHOMEPHOCTEH 1 3aKOHOB,
IPOBEPATH UX
9KCIIEPUMEHTATbHBIMHU
cpeacTtBamu, popmynupys
11eJTb MCCIICIOBAHUS

IIpoBepka yMeHHUs BBIABUTATH TUIIOTE3bI HA OCHOBE 3HAHUS
OCHOBOIIOJIATAIOMNX (PU3NUECKUX 3aKOHOMEPHOCTEH U
3aKOHOB, TPOBEPATH MX IKCIIEPUMEHTAIBHBIMU CPEICTBAMH,
GopMyITUpyS 1IeTTh UCCIIETOBAHUS

YcrHblit onpoc (GpoHTaTBHBIN U UHAWBUIYATbHBIH)
DKcnepTHas OICHKA BRIMIOJIHEHUS JOMAITHUX 3aJaHuN
DKcrepTHas OLEHKA BHITIOJTHEHUS 3aJaHUN Ha TPAKTUYECKUX
1 1abopaTopHbIX paboTax

MPOTHO3UPOBAT,
aHAJM3UPOBATh U OIICHUBATH
[IOCJIEACTBHS OBLITOBOM U
MPOU3BOACTBEHHOMN
JIeITEIIbHOCTHU YCJIOBEKa,
CBSI3aHHOM C (PM3UYECKUMU
MPOLECCAMHU, C TO3ULIUI
DKOJOTHYECKOI 0e30IacCHOCTH

[IpoBepka ymMeHwHs MPOTHO3UPOBAThH, aHATU3UPOBATH U
OLICHUBATh MOCJIEJCTBUS OBITOBOM U MPOU3BOACTBEHHOMN
NESTEIIbHOCTH YeJI0OBEKA, CBA3aHHON C (PU3NIECKUMU
MIPOIIECCAMM, C TTO3HIINI 3KOJIOTHYECKOW 0€30MMacHOCTH
YcrHblit onpoc (GpoHTATBHBIN U UHAWBUITYATbHBIH)
DKcrepTHas OLIEHKA BBIIIOJHEHUS TOMAIIHUX 3aJaHHH
DKcrepTHAas OLIEHKA BBITIOTHEHUS 3aJaHII Ha TPAKTHUECKUX
1 1a00paTopHBIX paboTax

3Hanusd

pOoJIb ¥ MEeCTO (PU3UKHU B
COBPEMEHHOM HAYy4YHOMI
KapTHUHE MHUpPA; TOHUMaHUE
¢u3uUecKoil cynHoCTH
HaOJIroJaeMbIX BO BeeneHHOI
SIBIICHUI; TOHUMaHUE POJIH
¢bu3uku B popMUpOBaHUHU
KpPYro3opa u GyHKIHOHATBHOMN
IPaMOTHOCTH 4YeJIoBeKa JIJIst
pelIeHusl MPaKTHYECKUX 3a7a4

[TpoBepka 3HaHHS POIH B MeCTa PU3UKU B COBPEMEHHOM
HaY4YHOH KapTHHE MUPA; TOHUMaHUEe (PU3NIECKOH CYyIIHOCTH
HaOIr01aeMbIX BO BeeneHHoM sSBIIeHNI; TOHUMaHUE POJTH
¢u3uKu B pOpMHUPOBAHUH KPYTro3opa U (HyHKIIHOHATIEHON
IPaMOTHOCTH 4Y€JI0BEKa JUUISl PEHICHMSI IPAKTUYECKUX 3a1a4
YcrHblit onpoc (GpoHTATBHBIN U UHAWBUITYATbHBIH)
OKcHepTHas OLICHKA BBIIIOJHEHUS JOMAIIHUAX 3a0aHUN
OKcrepTHas OLIEHKa BBIIIOJHEHUS 3aJaHUi Ha IPAKTUUECKHUX
1 1abopaTopHbIX paboTax

OK3aMeH

OCHOBOIOJIararoIme
buznyecKre NOHATHUSA,
3aKOHOMEPHOCTH, 3aKOHBI U
TEOPHH; YBEPEHHOE
MOJIb30BaHue (PU3UIECKOM
TEPMHHOJIOTUEN U
CHUMBOJIMKOU

[TpoBepka 3HaHHS OCHOBOMOJATAIOMINX (PUINIECKIX
MOHATHUH, 3aKOHOMEPHOCTEMN, 3aKOHOB U TEOPUIA; YBEPEHHOE
MOJIb30BaHNEe (PU3UIECKON TEPMHUHOJIOTHEH U CUMBOJIMKOM
YcrHblit onpoc (GpoHTATBHBIN U UHAWBUIYATbHBIH)
OKCIepTHas OLICHKA BBIITOJIHEHUS JJOMAIIHUX 3aJaHUuI
DKcrnepTHas OLICHKa BBITIOJIHEHUS 33JJaHUM HA TPAKTUYECKUX
1 1abopaTopHbIX paboTax

OK3aMeH

OCHOBHBIE METOJIbl HAYYHOTO
IIO3HAHMSA, HCIOJIb3YEMbIC B
¢usuke: HaOMIOIEHHE,
OIMCaHue, U3MEPEHNE,
HKCIIEPUMEHT

[IpoBepka 3HaHHSI OCHOBHBIX METO/I0OB HAYYHOTO MTO3HAHMS,
UCTIOJIb3YEMBbIX B (pru3HKe: HAOII0IeHNE, ONICaHuE,
U3MEpEeHHE, SKCIIEPUMEHT

YcrHbli onpoc (GpoHTATBHBIN U UHAWBUIYATbHBIH)
DKcnepTHas OICHKA BBIIIOJIHEHUS JOMAITHUX 3aJaHuN
DKcrepTHas OLEHKA BHITIOJTHEHUS 3aJaHUl Ha TPAKTUYECKUX
1 1abopaTopHbIX paboTax

OK3aMeH

obmue husndeckre
3aKOHOMEPHOCTH, 3aKOHBI,

[TpoBepka 3HaHMs OOITMX (PU3NUECKUX 3aKOHOMEPHOCTEH,
3aKOHOB, TEOPHUI, PEJICTABICHUI O AEUCTBUU BO BeeneHnon




TEOPHH, PEJCTABICHUS O
neiicTBur Bo Beenennon
(bU3UYECKUX 3aKOHOB,

OTKPBITHIX B 3CMHBIX YCJIOBUAX

(HU3MYECKUX 3aKOHOB, OTKPBITHIX B 3¢€MHBIX YCIIOBHSX
YcrHblit onpoc (GpoHTaTBHBIN U UHAWBUIYATbHBIH)
DKcnepTHas OICHKA BBIIOJIHEHUS JOMAITHUX 3aJaHuN
DKcrepTHas OLEHKa BHITIOTHEHUS 3aJaHUN Ha TPAKTUYECKUX
1 1abopaTopHbIX paboTax

OK3aMeH

METO/Ibl CAMOCTOSTEIHHOTO
IUTAHUPOBAHUS U NTPOBEIECHUS
(bu3NYECKUX SKCIIEPUMEHTOB,
ONMCAHUA U aHAJIN3a
MOJTYYEHHON U3MEPUTEITHLHOM
uHpOpMaLIUHU, ONIPEICTICHHS
JIOCTOBEPHOCTH MOJIYYEHHOTO

[TpoBepka 3HaHUSA METOJIOB CAMOCTOSITENILHOTO IJIAHUPOBAHUS
U MPOBECHUS (PU3NYECKHUX IKCIIEPUMEHTOB, OMMCAHUS U
aHaJM3a MOJTYyYEeHHON U3MEPUTENHHON HH(POPMAIIHH,
onpeieNICHUs] JOCTOBEPHOCTHU MOJIYYEHHOTO pe3yJibTaTa
DKcnepTHas OLIEHKA BBIIIOJHEHUS TOMAIIHUX 3aJaHHUH
3KCHepTHaH OLCHKA BBIITOJIHCHU A Bal[aHI/II\/'I Ha NPAKTUYCCKUX
1 1abopaTopHbIX paboTax

DK3aMeH

pe3yJibTaTa

1.3 Opranu3anus KOHTPOJISI H OLleHKH OCBOEHHUSI TeKYLIel NPorpaMMbl AU CHHMIJIHHBI
OcHOBHBIMU (OpMaMH TMPOBENEHUS TEKYIEro KOHTPOJS 3HAHUM Ha 3aHATHSAX SBJSIOTCS: YCTHBIN
OTIPOC, BBITIOJHEHNE CAMOCTOSITEILHON pabOTHI MO TEME, TECTHPOBAHUE.

Tabnuma 2
@opMbI M MeTObI TEKYIIET0 KOHTPOJIS H

OlIeHKH Pe3y/JbTATOB 00y4eHHusl
Pazgen 1: Mexanuka

Tema 1.1 Kunemarnka MatepraibHOM TOYKA | Y CTHBIM OIPOC.
[Tpaktuueckue pabotbl Nel- Ne 2
YcTHBIN onpoc.
[IpakTuyeckue padotsr Ne 3- Ne 4

Pa3zgen/Tema nuCHHUIIMHBI

Tema 1.2. Jlunamuka. 3aKOHBI MEXaHUKHU

HrroTona.

YcTHBIM onpoc.

[TpakTrueckue paboTsl Ne 5- Ne 9
Paznen 2. Monekynsipaast pu3nka ¥ TEpMOIUHAMUKA

YcTHBIM onpoc.

[TpakTrueckue pabotsl Ne 10- No 11

Tema 1.3. 3aKOHBI COXpaHEHUS B MEXaHUKE

Tema 2.1. OCHOBHEBIE OJIOKEHUS
MOJIEKYJIIPHO-KUHETUYECKON TEOPHH.
Wneanbubiii ra3

YcTHBIN onpoc.
[TpakTuueckast padora Ne 12 - Ne 13
YcTHBIN onpoc.
[TpakTuueckas padora Ne 14 - Ne 15
YcTHBIN onpoc.
[IpakTuueckas padora Ne 16 - Ne 20

Tema 2.2. OCHOBBI TEPMOJIUHAMUKHU

Tema 2.3. CBoiicTBa mapoB

Tema 2.4 CBoiicTBa )KMAKOCTEN U TBEPIBIX
TCJI

Paznen 3. DnexkrpoguHamMuka

YcTHBIN onpoc.

[TpakTuyeckast padora Ne 21 - Ne 22
YcTHBIN onpoc.

[IpakTuyeckast pabotsr Ne 23

Tema 3.2. 3aK0HEI HOCTOSTHHOT'O TOKA

Tema 3.3. DneKTpUYECKHI TOK B
IIOJIYIIPOBOJHUKAX

YcTHBIN onpoc.
[IpakTuyeckast padora Ne 24
YcTHBIN onpoc.
[IpakTuueckast padora Ne 25
Pasnen 4. Konebauus v BOJIHEL

Tema 3.4. MargutHoe oje

Tema 3.5. DnekTpoMarHuTHAsE UHIYKIHS




YcTHBIN onpoc.
[Ipaktuyeckas padora Ne 26
YcTHBIN onpoc.
[TpakTuueckas padora Ne 27
YcTHBIN onpoc.
[TpakTuueckas padora Ne 28
YcTHBIM onpoc.
[IpakTuueckas padora Ne 29
Pa3nen 5. Ontuka

YcTHBIM onpoc.
ITpakTrueckas padota Ne 30
YcTHBIM onpoc.
[TpakTrueckas padora Ne 31
Paznen 6. DnemMeHThI KBaHTOBOM (hH3HKH

YcTHBIM onpoc.
[TpakTnueckas padora Ne 32
YcTHBIM onpoc.
ITpakTrueckas padota Ne 33
YcTHBIM onpoc.
[TpakTrueckas padora Ne 34
Paznen 7 OBomtouus Beenennoit

YcTHBIN onpoc.
[TpakTuueckas padora Ne 35

Tema 4.1. Mexaunyeckue KoiaeOauus

Tema 4.2. MexaHnuecKHe BOJIHEI

Tema 4.3 DnekTpoMarHuTHBIE KOJICOAHUS

Tema 4.4 DeKTpOMarHuTHBIE BOJIHBI

Tema 5.1. Ilpupona csera

Tema 5.2. BoiHOBEIE CBOWCTBA CBETA

Tema 6.1 KBanToBasd onTuka

Tema 6.2 ®duszuka aroma

Tewma 6.3 ®uznka aTOMHOTO siipa

Tema 7.1 Crpoenue u pazsutue Beenennon

OneHka OCBOCHHUS ITUCHHMIUIMHBI «Du3MKa» NpeaycMaTpuBaeT CUCTEMY OIICHUBAaHUS: PE3yJIbTaThl
TEKYIIEH aTTeCTaI[K, BBIMOJHEHHS MPAKTHYECKUX paOdOT M MPOMEKYTOUHOM aTTECTAIIHH.

DK3aMeH MPOBOJIUTCS B CPOK, YCTAHOBJICHHBIH Y4€OHBIM IJIAHOM, M ONpEAEISeMbIil KaJlleHAapHBIM
y4eOHBIM TparikoM 00pa3oBaTEILHOTO MpoIlecca.

2. ®OHJI OIIEHOYHBIX CPEJICTB JIJIsI OLUEHKA YPOBHS OCBOEHUH YMEHUHA 1
3HAHMH IO JTUCIIUILJIMHE

2.1 MaTepuaJibl TEKyLIero KOHTPOJIS yCIIeBAeMOCTH

Texyuii KOHTPOJIb IPOBOJUTCA €KEMECIYHO B TEUEHHUE BCEro nepuoja ooydeHus. @opMel TeKyILero

KOHTpOJIS mpejacTaBieHsl B Tabnuue Ne 2 mynkra 1.3. B macmopTe (oHAa OLIEHOYHBIX CPEICTB IO

JUCLUTUIMHE.

2.1.1. MarepuaJjibl TeKyIIero KOHTPOJISl yCIIeBaeMOCTH 10 popme «Y CTHBIH ONIPOCH»

KoHnTponb mo ocBoeHuIo TeMbl B JOpME YCTHOTO OIMPOCca IO OCHOBHBIM MOHATHSAM. Onpoc HalpaBieH
HAa TIPOBEPKY YCBOCHHS TPOHJIEHHOTO MaTepuana, a TakKe Ha CIOCOOHOCTh OO0YyYarouuxcs
(bopMyIMpOBaTh YETKUE OTBETHI HA TIOCTABJICHHBIE BOPOCHI.

Kpurepun onienku pesyinbrara:

Ouenka 5 (oTiinuHo) Ha Bce Bompock Ousieta gaHbl MOTHBIC U TPaBUJILHBIC OTBETHI; C/ICNIaH
CaMOCTOSITENILHBIN BBIBOJ BCeX (hOPMYII U TAHO MPABUIBLHOE TOJIKOBaHUE (PU3HUECKOTO CMBICITA
MPUCYTCTBYIOIINX B HUX BEJIMYUH U KO3()PUIIMEHTOB; MOKa3aHO YMEHHE, OJIb30BaThCS
HOPMAaTUBHBIM MaTepHaiOM U 3HaHHE MexayHapoaHol cuctemMbl eguHuy, (CU); mpuBeneHbl MpUMEPHI
MPUPOJIHBIX SBICHUH, B OCHOBE KOTOPBIX JICWKAT M3JI0KEHHBIC TIPU OTBETE 3aKOHBI (PU3UKH.

Ouenka 4 (xopomo) He Ha Bce BOIpoCk OuiieTa 1aHbl TIOJIHBIE U TIPABUIIBHBIC OTBETHI,
CaMOCTOSITENILHBIN BBIBOJ BCeX (hOPMYII CACNIaH C HEKOTOPHIMHU OITMOKAMH U HE BCE MPUCYTCTBYIOLITUE
B HUX BEJIMYMH U KOAPGUIIUEHTHI IPABUILHO UCTOJIKOBAHBI C TOUKH 3PEHUS UX (PU3MUECKOTr0 CMBICTIA;
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MOKa3aHO YMEHHUE, M0JIb30BAaThCA HOPMATUBHBIM MaTEpPHAJIOM U 3HaHHE MeXIyHapOIHOW CUCTEMbI
eaunul (CH); mpuBeneHsl IpUMepbl IPUPOIHBIX SIBICHUN, B OCHOBE KOTOPBIX JIEXKAT U3JI0KEHHBIE
IPU OTBETE 3aKOHBI (PU3HKH.
Ouenka 3 (ynoBjaeTrBopuTeabHo) Ha Bce Bonmpockl Ouiieta JaHbl HE TTOTHBIE OTBETHI; OPMYITBI
HATMCaHbI C OITMOKaMHU, He JaHO MPAaBUILHOTO TOJIKOBaHHE (DU3MUECKOTO CMBICTIA MPUCYTCTBYIOIINX B
HUX BEJTMYMH U KO3(PUIUEHTOB; MOJHOTO 3HaHue equHul CU HeT U SBHO BhIpa)XEHO HE YMEHHE,
M0JIb30BaThCS HOPMATUBHBIM MaTEPHAJIOM.
Ouenka 2 (HeyaoBjeTBOpUTENbHO) Hu Ha oguH Bompoc Ouiieta HET IMOJTHOTO M TMPaBUIBLHOTO
orBeTa; GOpMyIbl HE HANMMCaHBl WM HAMMKMCAHBI HEBEPHO M HET MOHUMAaHHE (PU3UYECKOTO CMBICIIA
MPUCYTCTBYIOIINX B HUX BEJIMYUH U KO3()(PHUIIMEHTOB; MOJTHOE HE3HAHUE.

IlepevyeHs BONPOCOB AJ11 YCTHOTO ONpOCa

Pa3zpnen 1: Mexanuka
Tema 1.1 KnunemaTuka MaTepualIbHON TOYKH

Bomnpoc

IIpaBuJbHbBII 0TBET

Bomnpoc

IIpaBWJIbHBII OTBET

[TepeBon rpeyeckoro
cioBa «Duzuka»

Mpupoga

Urto nzyuaer puzuka

®du3urKa — HayKa,
u3yyarolas oomme
3aKOHOMEPHOCTHU
SIBJICHUH TIPUPOABIL,
CBOICTBA U CTPYKTYPY
OKpYXaroIIero Hac
Mupa.

UYro Takoe BEKTOpHAs
BEJIMYMHA

BennunHa, koTopas
OIIPEAECIIAETCS CBOUM
YHUCJIOBBIM 3HAYECHUEM U
HaIIPABJICHUEM B
IIPOCTPAHCTBE

Yro Takoe
NepeMeIeHue

IIepemenienue
(cymiecTBUTENBHOE) —
9TO paCCTOAHUC MCIKIY
KOHEYHBIM M HaYaJIbHbIM
MIOJIOKEHHUEM TeJIa.

Yo Takoe ckayspHas

BennunHa, kotopas

Yro Gombliie, MMyTh UITH

Kax npaBuiio, nmyTsb

BEJIMYMHA oTpeensieTcs: TOJIbKO nepeMeneHue
CBOUM YHCJIIOBBIM
3HaYEHUEM

Uto uzyuaer Kunematuka (0T rped. dopmyna OTtHolIIEHHE

KHHEMAaTHUKa

Kinematos — «JIBH)KCHHE) )
— 3TO pa3Jie]] MEXaHHKH, B
KOTOPOM H3Yy4aeTcs
MeXaHUYECKOE NBIIKECHUE
TN, HE paccMaTpuBast
MPUYUHBI, KOTOPBIMHU 3TO
JIBMJKECHME BBI3BAHO.

ONpPEACIICHUS CPEIHEN
CKOPOCTH

IIPOUJIEHHOTI'O ITyTH K
3aTpayeHHOMY Ha 3TO
BpeMs

V==Si




MarepuaiibHas TOUKA.
Uro 310?

MarepuaiibHas TOUKa —
TeJo, pa3MepamMu U
(dhopmoii KoToporo B
AAaHHBIX YCIIOBUAX
JBUKEHHS] MOXKHO
npeHedpeyb.

Yro Takoe
OTHOCHUTCIIbHAA
CKOPOCTH

OTHOCUTENBHAS
CKOpPOCTb -  CKOpPOCThb
MaTepUAIbHON TOYKH B
cucreme OTCUeTa,
CBSI3AaHHOM €  Jpyrou
JBUKYILEUCS
MaTepUAIbHOM TOUKOIA.

Uto Takoe TpaeKTopHus MarepuaiibHas TOUKa — Kakoe nBuxenue PaBHoMepHOE
T€J0, pa3MepaMu U Ha3bIBAETCS IPSIMOJIMHENHOE
(bopMoii KOTOPOro B PaBHOMEPHBIM JBUKCHHE- IBUKCHHE,
JAHHBIX YCIIOBUAX MPSIMOJIMHENHBIM IIPU KOTOPOM TEJIO
JBUKCHHSI MOXKHO nepeMenacTes ¢
npeHedpeyb. MOCTOSIHHOM 10 MOJTYJTIO
Y T10 HaIIPABJICHUIO
CKOpOCTBhIO: V = const.
Yro Takoe mmyTh JlnvHa TpaeKTOpUn ®opmyna s V==Si
OIIpeCIICHUs Iy TH
IIPU IPSIMOJINHEWHOM
PaBHOMEPHOM
JBUKEHUU
Kakoe nBuxenue PaBHOyCKOpEeHHOE dopmyina nis a=AV/At
Ha3bIBAETCS IIPSIMOJIMHENHOE ABM)KEHUE | OINpEAEICHUS
PaBHOYCKOPEHHBIM — JIBHKEHHE C YCKOpPEHUS IIPH
MPSIMOJIMHENHBIM IIOCTOSIHHBIM I10 MIPSIMOJIMHENTHOM
HAIIPABJICHUIO U MOJYJIIO PaBHOYCKOPEHHOM
YCKOpPEHHEM a = const. JBUKCHUU
[IpoxommeHTHpYiiTE S — myTh [IpoxommeHTHpYiiTE h — BeIcoTa maeHus
bopmymy Vo - HayasibHasA CKOPOCTh dopmyny h= (V- Vo - HayanbHas

S=Vp - t+at?’/2

t -BpeMA
a - yCKOpeHue

V2,) / 2g

CKOpOCTh
Vi« - KOHEYHast CKOPOCThb
g — YCKOpEeHHe
CBOOOTHOTO Ta/ICHUS

IIpoxommeHTUpYIiTE

(opmyiry

Vo - HagaJIbHAst CKOPOCTh
Vi« - KOHEUHasi CKOPOCThb

g — YCKOpEeHHEe CBOOOIHOTO
MaJeHUs

t -Bpems

IIpoxommeHTUpYIiTE

bopmyiy
h=V, t+g- /2

h — BeIcOTa ITafeHus
Vo - HauambpHAas
CKOPOCTh

g — YCKOpCHHE
CBOOOIHOTO IMaICHUS
t -BpeMs




Enunuier usmepenus M/ ¢? Kaxkas ckopocts Oymer | 0
YCKOPEHHS y Tena, OpOLIEHHOTO
BEPTUKAJIHHO BBEPX CO
ckopocthio 120 m/c,
yepe3 12 cekyna?
Kakas ckopocts Oynery | 70 m/c Kakas ckopocts Oyzer | 190 m/c
CBOOOIHO  ITaJArOIIETO y CBOOOTHO
Tena uepes 7 cekyHa? 1a/1a01IEeTo0 Tena
yepes 19 cekynna?
Teno 6pocunm BBepx co | 4 ¢ Teno 6pocunu BBepx 3¢
ckopocThio 20 M/c. co ckopocThio 30 m/c.
Yepes CKOIBKO CEKYHT CKOJIBKO CeKyH/] OHO
OHO omaaeT? Oynet nereTh BBEpX?
TpamBaii nBuraics co S5c TpamBail TpoHYJICA C 12 m/c

ckopocTthio 10 M/c.
Ilepen ocraHOBKOM cTan
TOPMO3HUTH C
yckopeHueM 2 m/c?,
Uepes CKOIBKO CEKYH]T
OH OCTaHOBHUTCS?

MecCTa C YCKOPEHUEM 2
m/c?. Kakast ckopocTh
y Hero Oyner dyepes 6
cexkyHna?

Uto Takoe CKOpoCTh

OTHOLIEHHE TPOUIEHHOTO
IIyTH K 3aTpa4€HHOMY Ha
aTo Bpemst V = S/t

Uto Takoe ycKopeHue

JTO CKOPOCTh
VM3MeHEeHHS CKOPOCTHU
JBM>KEHUA TeJla.

Kak na3niBaeTcs Yckopenue cBOOOTHOTO KTto B 6e3B0O31y1IIIHOM OI1HAaKOBO
YCKOpEHHe, ¢ KOTOphIM | majeHus. 9,8 M/ ¢ IIPOCTPAHCTBE yIaAeT
cBOOOIHO majaro Teia? ObIcTpee — IIyOoKas
Kaxkosa ero Benuunna? Tapenka uiam omoe?
JleBouka uaet co 4 xMm Benocunenuct 26 kM/9
CpellHel CKOpOCThIO 4 npoexan 13 kM 3a
km/4. Kaxkoit myTh oHa nonyaca. Kakosa ero
npoiizaer 3a 1 yac? CPEIIHSISI CKOPOCTBIO?
CxkopocTts BeTpa 5 M/c. Benocunenucr Cxkopocts aBTOMOOMII | Katep
CkopocTb 35 xm/u.
BenmocuneaucTa 20 km/4 CxkopocTs karepa 35
Kro GricTpee? y3.
Ko 6nicTpee?
Manp4yuk UIeT co 25 kM MoTonuKInCT 60 xkm/4

CpeaHen CKOPOCTHIO S
km/4. Kakoit myTh oHa
IIPOMJET 3a 5 yacoB?

npoexai 30 kM 3a
nonyaca. Kakosa ero
CPEIIHSISI CKOPOCThIO?
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CxkopocTts BeTpa 9 m/c. Benocunenucr CxopocTb aBTOMOOWIISI | ABTOMOOMITH

CkopocTb 60 xM/4.

BenocuneaucTa 36 km/4 Cxopocts katepa 30

Kro GricTpee? y3.

Kro 6picTpee?

3a KaKoe BpeMs Sc¢ 3a KaKoe BpeMs 10c

CcBOOOIHO majaroIiee CcBOOOIHO MaJaroIiee

TEJIO MPUOOpEeTeT TEJIO MPUOOpeTeT

ckopocTh 49 m/c? cKopocTh 98 m/c?

JleBouka nmpouuia 4 kM 1 km/4 Benocunenucr 40 xm

3a 4 yaca. npoexan 10 km 3a

Kaxkoga e€ cpennsis nonyaca. CKOJIBKO OH

CKOpOCTB? npoezeT 3a 2 yaca?

Ilepuon Bpamenus 0,1 | 10I'n Kaxoe nskenue | KonebarenbHoe

c. KakoBa wyactora Ha3bIBAETCS JNBUXKEHHE — JBUKCHHE

BpaIlICHUS KoJe0aTeTbHbIM BJIOJIb OJTHOTO U TOTO K€
OTPaHUYEHHOTO
WHTEpBala c
U3MEHEHUEM
HATIPABIICHUS JBUKCHHUS.

Kakue cunet  moryt | Tpenus, TsoxectH, | Kakue koseOanms | KomeOanus, npu

BBICTYIIaTh B KayeCTBE | HATSHKCHUS, Kynona, | Ha3bIBaroTcs KOTOpPBIX  OTKJIOHEHHE

1eHTpocTpeMurenbHoi | JlopeHma u ap. TapMOHUYECKUMHU KOJIEOTIOMIErocs Tela OT

cunbl? [Ipumepsl CpPEIHEro  TMOJIOKEHUS
U3MEHSETCS co
BpEMECHEM
CUHYCOUJAIBHO WIn
KOCHHYCOUAAIBHO,
Ha3bIBAIOTCS
TapMOHUYECKHMH.

Kakas ckopoctb 60mbmie | 60 06/Mun AMnutyna AmIuinTy1a KojeOaHui

— 60 06/muH wm 1 pan/c KoJIeOaHui A - MakCUMaJILHOE

CMCIICHHUE TCJ1a OT
TOYKH PaBHOBECHUA

[Tepuon konmebaHusI.
Enununa nzmepenus

[Tepuon xonebanuii —
BpeMH OJHOTO IIOJHOI'O
xonebanus — T , ¢

Kakas ckopoctb
OoJIbIIIE —
60 06/mMuH nm 2 paj/c

60 00/MuH
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Yacrora KonebaHum — V=o*R
. | Hanumure popmyny
Yacrora KojieOaHus. YHCJIO MOJHEIX KOIeOaHuit S
— CBSI3U JIMHENHON U
Enunnna nzmepenus B CeKyHay — V, ['l o
YTJIOBOM CKOPOCTH
VYrioBas CKOpOCTb, WIIH 5
VYrioBas cKOpOCTh
YIJIOBas 4aCcTOTa, WIH
VYrioBas CKOPOCTh Tela
LUKJINYECKas 4acToTa -
BpanaTeJIbHOTO o = 6,28 pax/c.
CKOpPOCTh TIOBOPOTA HA
JBUKEHUS . Ckonpko 000pOTOB
OTpeICTICHHBINA YTOI,
caellaeT Tejo 3a 5 ¢?
[pan/c].
I [Tepuon BpaiieHust — Bpemst q YacTota BpamieHus —
cpron BPallCHIA. | 4 1horo oGopora — T acrora  BPAMCHWA. | ypcno  0GopoTOoB B

Ennnuna nzmepenus

Enununa nzmepenus

CEeKyHAay — V

B  kakux emuHMI@x | pan/c Jluneitnas  ckopocts | JIMHElHas ckopocth —
U3MepseTCs yrjoBas BpAILATEIbHOTO CKOPOCTb JIBHOKCHHS TII0
CKOpPOCTB JBUKCHHUS TpaeKTopuH, [M/c],
M/ c? X — OKJIOHeus Tena OT
B  kakux eauHuIax IIpoxoMMeHTHPOBATH
MOJIO’KEHUS PAaBHOBECHS
H3MEpSIETCS bopmyy .
; o t — ¢da3a xonedanuii.
LIEHTPOCTPEMUTEIILHOE x =A sin (0 t + Qo)
¢@o — HayaipHas (a3za
YCKOpEHUe .
KosieOaHui
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Pasznen 1: Mexanuka

Tema 1.2 JIlunamuxa. 3akoHbl MexaHnuku HoroToHa

Bomnpoc

IIpaBuJbHbBII 0TBET

Bomnpoc

IIpaBuJIbHBII OTBET

[TepBblii 3aK0H
HeroTona

Bcsikoe Teno coxpansier
COCTOSIHUE MOKOS WIH
PaBHOMEPHOTO
IPSMOJIMHENHOTO
JBUKEHUS, €CIIU CyMMa
BCEX BHEILIHUX CHII,
JEWCTBYIOIINUX HA TEJIO
paBHA HYJIIO.

Uemy paBHO cuia,
KOTOpasi, BO3JACHUCTBYS
Ha TEJI0 MacCOM 2 KT,
BBI3BIBAET YCKOPEHUE
2 m/c?

1H

Bropoii 3akon HetoToHa

Yckopenue,
npuodpeTaeMoe TEIIoM,
IPSIMO IIPOIIOPLHHUOHATIBEHO
JEWCTBYIOIIEH HA HETO
cuJie U 00paTHO
MPOIMOPLIMOHAIBHO Macce
3TOTO TeNa.

Kax m3menurcs cuiia
HpI/ITH)KeHI/IH ABYX TCII,
€CJIM YBEJIMYUTh MacCy
KaKI0ro U3 HUX B 2
paza

VBenuuutcs B 4 paza

Tperuii 3akon HeroToHa

Cuiibl, ¢ KOTOPBIMH JIBE
MaTepHaIbHbIE TOUKHU
JEUCTBYIOT IPYT Ha ApyTa,
PaBHBI 10 MOJTYJIIO,
MIPOTUBOMOJIOKHBI 110
HAaIMpaBJICHUIO U
JEUCTBYIOT BJIOJIb IIPSIMOU,
COETUHAIONIEN DTH TOYKU:
Fi2 =-Fan

Kakoe yckopenue
BBI3BIBACT CHIIA
TSDKECTH,
JEUCTBYIOIAs Ha TEJIO
maccoit 10 kr

9,8 m/c?

Macca tena. Uro 310?
Mepoii yero ona
SIBIISIETCS?

Macca Tena - Mepa
MHEPTHOCTH Tela.

[TpunImn
CYTIEPIIO3UIIUHU CHUIT

Pesynbrupyromas cuna
(paBHOJEHCTBYIOIIIAS )
onpezensercs
BEKTOPHON CyMMOM. ITO
MPUHLUI CYTEPIIO3UIINT
CHIL

2F =Fi+F.+... +F,

Urto Takoe cuna? Mepoi
Yero oHa sBJsieTcs?

Cuna — BeKTOpHas
¢busnveckas BEJINYHMHA,
SIBJISIFOIIASICA MEPO

Yro 6omnpire — 17 H
WA 3 KT

3 Kr
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MEXaHUYECKOT0
BO3JICUCTBHUS HA TEJIO CO
CTOPOHBI IPYTHUX TEJL.

B xakux emuHHUIIaX
n3Mepsercs cumna’?

H, xr

[Ipu kakoM ycroBUMr
Teno OyneT
HaXOJUThCS B
COCTOAHHUH ITIOKOS

Ecnu cymma Bcex
BHCIIHUX CHII,
JIEUCTBYIOIIMNX HA TEJIO
paBHa HYIIO.

3aKOH BCEMHPHOTO
TATOTCHU S

F;=Gmi* my/R?

Cuna, ¢ KOTOpOU J1Ba Tea
MIPUTATUBAIOTCA APYT K
JIpyTy, IPSIMO
MPONOpIUOHATIbHA Maccam
3TUX TeJl, 00paTHO
MPONOpLUOHATbHA
KBaJIpaTy pacCTOSTHUS
MG)K,Z[y HUMHU U HanpaBneHa
BJIOJIb MPSIMOI,
COCIUHSIOILEH 3TH Tella.

Kak u3menurcs cuiia
MIPUTSDKEHUS IBYX TET,
€CJIM YBEJIUYUTh
pPacCTOsTHUE MEXKTY
HUMH B 3 pa3za

OTO0 rpaBUTAllMOHHAs CUJIA, 0
N Uemy paBeH Bec
NeCcTByIOMas Ha TEJO.
CBOOO/IHO TMAIA0IIETO
Cuna TspKecTu Jlis Tena, HaXOASIIEerocs .
Tena Maccou
Ha TIOBEPXHOCTH 3€MJIH
10 xr
D70 cuia, ¢ KOTOpOH TeNo Yo 6 5 2 Kr
o TO OoJbIe — 2 KT
Bec tena. Onpenenenue | ACUCTBYET Ha ONOPY UK 17H
MoJIBEC. v
Macca — 3T0 KOIM4€eCTBO 1 m/c?
Yemy paBHO
BElIECTBA B TEJIE, a BEC
. | yckopeHue Tena
B uem oTnmume macchl Tena - 3TO CHJIa, C KOTOPOi o
9 . Maccoi 2 Kr npu
TeJe OT Beca Tena’ TEeJO ACHCTBYET Ha ONOPY .
BO3JICUCTBUM CHJIEI 2
WJIH TIO/IBEC. H
Yupyrue nedhopmaruu — 7 kr

VYnpyras nedpopmanus

TEJI0 BOCCTAHABIINBAET
CBOM pa3Mepsl U hopmy
IIOCJIC CHATUA
JEWCTBYIOIIUX HA HETO
CHIL

Uemy paBHa cuia,
KOTOpasi, IeUCTBYs HA
pbryar JJIuHOU

2 M, co3daeT
KpyTALIUIA MOMEHT
M= 14 xkr'm
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[Inactruueckue
nedopMaIu — Telo He
BOCCTaHABIIMBACT CBOU

Uemy paBHseTCS
IJIEYO CHUJIBI

IImactrueckas _ N
fedopvas pasmepel 1 dbopmy mocie F=3H, cosjaroLeit
CHSITHS IEUCTBYIOIIUX Ha KpyTSIuid MOMEHT M
HETrO CUJI. =12H'™m
30 xr Cuna tpenus,
BO3HUKAIOIAs IPU
KOHTaKTe Tella C
MOBEPXHOCTBIO IPYrOro
Kakas cuna Tena, MPOMopIHUOHAIIbHA

NEePEBUHET TEJIO BECOM
100 Kr 1o moBEpXHOCTH
¢ ko3 durreHTOM

Ot Kakux nmapameTpoB
3aBUCHUT BEJIUYHHA
CHUJIBI TpeHUS?

CUJIe IIPUXKATHS,
HallpaBJI€Ha IIPOTUB
HaIlpaBJICHUS JBUKEHUS

tpenus p=0,3 U HE 3aBUCHUT OT
IO 1M KOHTAaKTa
COTIPUKACAIOIIUXCS
MMOBEPXHOCTEN
Cuna ynpyrocTu — cuia, MOMEHT CHJIBI - 3TO
BO3HUKAFOIIAS TPU IPOM3BEICHHE
aCTSDKEHUU WM CKATHH
P BCINYUHBI CHUJIBI,
TeJa, HalpaBJICHHAS N N
Cuna ynpyroctu MPOTHUBOIIOJIOKHO MoOMEHT CuiIbI HCHCTBYI?HICH Ha
CMEILEHUIO YaCTHI[ TeNa TCJIO, U €€ 11JIeYa.
npu nedopmanuu (JaT.
CUCKAXKEHUEY).
Cuna ynpyrocta npsmMo YcnoBue paBHOBECHS
MPOIOPLIMOHAIbHA Teja, UMEIOUIEro 0Ch
TUHEHUIO: BpAIllEHUs — CyMMa
YA VYcnoBue paBHOBeCHS patl Y
Fynp= -k Ax MOMEHTOB BCEX CHUII,
3axoH ['yka TeJa, UMEIOLIEro 0Ch

BpaIieHus

JIEUCTBYIOLINUX HA TEJIO,
1.0. paBHa HYJIIO.
M=0

Cuna tpenus

Cuna TpeHus — cuia,
BO3HUKAIOIIAS PU
CONPUKOCHOBEHUU
MMOBEPXHOCTEN TEII,
MPENSATCTBYIOIIAs UX
OTHOCUTEIILHOMY
[IEPEMELICHUIO.

IIneyo cunbl

IIneyo cuiel — 3TO
paccTosiHue OT TOUKH,
OTHOCHUTEIIBHO KOTOPOH
ONpeIeNsAeTCS MOMEHT,
0 JIUHUM NEUCTBUS
CHUIBL.
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B xakux enmHHIIax
U3MEpSIETCs cuila
TpeHUs

H, xr

Kax m3menurcs cuiia
YIOPYTOCTH MPYKUHBI,
€cIii €€ yIJINHEHHUE
yBEIMUUTCS B 3 pas3a

VYBenunuutcs B 3 paza

Pa3znen 1: Mexanuka
Tema 1.3 3ak0oHBI COXpaHEHUS B MEXaHUKeE

Bomnpoc

IIpaBuJbHbBII 0TBET

Bomnpoc

IIpaBWJIbHBII OTBET

Pabora criel

PaboTa cuiel — 9T0
CKaysApHast puznueckas
BEJIMYMHA, paBHAs
MIPOU3BEICHUIO MTPOCKIINH
CHWJIBI Ha HaIlpaBJICHUE
MepeMeIeHus Tela U
BEIIMYMHBI CAMOT'O
MepeMeIeHUs:
A=F«S=F Scosa;

3aKOH COXpaHEHUS
HMITYJIbCA 3aMKHYTOU
CHUCTEMBI TEJl

CyMMapHBbIi UMITYJIEC
3aMKHYTOM CUCTEMBI TEI
OCTaeTCsl MOCTOSIHHBIM
npu JT00BIX
B3aUMOJICUCTBHUAX TEI
MEX]Ty COOOH.

Enunuiel uamepenust Jx Nmnynse Tena Nmnynbce Tena, nim

paboThI KOJIMYECTBO JIBUIKECHUS —
BEeKTOpHas (pusnyeckas
BEJIMYMHA, paBHAs
IIPOU3BEICHUIO MaCChI
TEJa U €ro CKOPOCTH
p =mv

Uemy paBeH UMITYJIbC 90 kr. m/c NMmynsc cuisl HNmnynsc cumsl — 310

TeJla Maccoi 3 Kr, BEeKTOpHas (pu3nyeckas

JBUXKYLIETOCS CO BEJIMYMHA, paBHAs

ckopocthio 30 M/c MPOU3BEJCHUIO CUJIBI U
JUINTEIBHOCTH €€
NICUCTBUAL.

UeMy paBeH UMITYJIbC 20 H.c dopmyina nis A=FxS=FScosa;

CHIIBI
10 H, xoTopas
JIeHiCTBOBAJIa Ha TEJIO B
TEUSHHE 2 C

orpeiesnieHust paboTh
CHJIBI TSKECTH
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Ocoboe cBONCTBO
paboThI CHITBI TSKECTH

Pabota criisl TSDKECTH HE
3aBHUCHUT OT (POPMBI

B xakom cnyuae
paboTa CHIIBI

Ecnu kT0-TO CcoBepiaer
paboTy, a Ipu ATOM eIIe

TPAEKTOPUU NEPEMEILICHUS MMeEET 3HaK €CTh KAKHE-TO CHJIBI
Tena, a ONpEAEAeTCs MUHYC IPENSTCTBYIOLINE
TOJBKO PA3HOCTBIO BBICOTHI 3TOMY, T.€.
Ha4yaJIbHOW ¥ KOHEYHOH HaIIpaBJICHHBIC IIPOTUB
TOYKH [TEPEMENICHUS. nepeMenieHus (MoabeM
A=F:h rpy3a, CUja TpEeHus
BCEra NpoTUB
IBWXEHUS ) = o>90° u
cos a <0 — pabora nmeer
3HAK «-»,
IIpoxoMMeHTHPOBATH W — sHeprus cxxaron Kakas cuia Cuna, pabora KoTOpoi
bopmyy MIPYKAHBI Ha3bIBACTCS IIPU NEPEMEILIEHUHT
W=k Ax*/2 k- ko punment MOTEHIUATBHOMN MaTepHalIbHOM TOUKU HE
AKECTKOCTH 3aBHCHUT OT (POPMBI
AX - ynnuHeHue TPACKTOPUU
nepeMeIieHus, a
OIpEEIAETCS TOIBKO
Ha4yaJIbHbIM U KOHEYHBIM
MI0JIO’KEHUEM TOUYKH B
IIPOCTPAHCTBE,
Ha3bIBACTCS
MOTEHIIMAIBLHON CHIOMN.
DHeprus Oueprus (Tp. Enununer uamepennst | Jx
«JIeATEIIbHOCThY, «MOIIbY) | SHEPTHUHU
— 3TO CLIOCOOHOCTH
MIPOU3BOIUTH padoTy.
IlorennuanpHast [ToreHmanpHas 3Heprust Teno maccoit 10 kr 20 JIx
SHEPIUs TeJa ONpeaenseTcs - 1aJaj10 ¢ BBICOTHI 2 M.

paboToii CHITBI TSHKECTH
IIPU NIEPEMEILCHUH TeJa U3
OJIHOM TOYKH B JAPYTYIO,
MPUHATYIO 32 HOJIb
oTcuera. 3a HOJIb OTCUeTa
BBICOTBI IPUHUMAEM
MMOBEPXHOCTb 3EMJIH.

Yemy paBHAa B MOMEHT
MAZICHUS €TO0
KMHETUYECKasl SHEPTUsl

Bo ckonbko pa3
WU3MEHUTCS
NOTEHIMAJIbHAs SHEPTHsI
Tena, ecly B 3 pasa
YBEJIMYUTB €r0 Maccy

VYBenuuutcs B 3 paza

Bo ckonbko pa3
U3MEHUTCS
KMHETHUYECKasi SHEPrus
Tena, eciy B 3 pasa
YBEJIMYUTB €r0 Maccy

VYBenunuutcs B 3 paza
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Kunernueckas sneprus

Kunernueckas sneprust —
cKaysApHast puznueckas
BEJIMYMHA, YUCIICHHO
paBHas IIOJIOBUHE
MIPOM3BEICHUS MAcChl Tela
U KBaJlpaTa €ro CKOpoCTH
mv? /2.

3aKOH COXpaHEHHUS
MEXaHUYECKOU
SHEPTHUM IS
3aMKHYTOH CUCTEMBI
Ten

3aKOH COXpaHEHHUs
MEXaHUYECKOM SJHEPrUuu
— B KOHCEpPBATUBHOMU
CUCTEME TOJIHAs
MEXaHU4eCKasl SHEPTUs
COXpaHsieTcs, T.€. HE
U3MEHSETCS CO
BpEMEHEM, a JIMIIb
IIpeBpalaeTCs U3
OJHOTO BHJIA B APYTOM.

KIIJI

KIIJ1
11 = Pl'IOJ'I (AHOJ'[ s Wnon) /
P3aT'P (ASaT'pa WHOJI )

MontHocTh

MorHocTs — 3T0
CKOpOCTb Nepenauu
SHEPIUMu.

Enunuiel uamepenus BT, 1.c. Yro 6ounbre 12 1.c. 12 kBt
MOIITHOCTH nin 12 xBt

Y10 TaKo€e MOIIHOCTE B 75 kr.m/c

1 m.c.

Bo ckonbko pa3 YBenuuutcs B 9 pas Kakas montHocTh 900 Bt

MU3MEHUTCS
KMHETHYECKasi SHEPrus
Tena, eciy B 3 pasa
YBEJIMYUTB €r0 CKOPOCTh

OoJbIe
1 n.c. um 900 Bt

Enunuiel uamepenus

KIIJT

Jloyy uy IpOLEHTHI

[Ipenensl uamMeHeHust
KITJI mamabl wiin
MeXaHu3Ma

0t 0 o 1, HO He paBHa 1

MomHOCTh rpy30BOro
aBTomo6Ouig 300 kBT.
CxopocTb
PaBHOMEPHOTO
nBrxenus 10 m/c.
KaxoBa cuna taru

30 kH

Kaxkyio MoniHocTh
pa3BHUBAET TPAKTOP
npu cune taru 50 kH u
CKOpOCTH 5 M/C

250 KBt

Paszpen 2: MOJIEKYJISAPHASA ®PU3UKA U TEPMOJIUHAMUKA

Tema 2.1 OcHOBHBbIE MOJIOKEHUS MOJIEKYJISIPHO-KHHeTHYeCKOM Teopun. neanbHbIH ras.
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Bomnpoc IIpaBuJbHbBII 0TBET Bomnpoc IIpaBWJIbHbBII OTBET
ArperatHoe coctosiHue | JKuIKocTh - cpenHsis ArperaTtHoe I'a3 — cpenuss
— )KHMJIKOCTb. SHEPTUs CBSA3H MOJIEKYJ COCTOSIHUE — I'a3. KMHETUYECKasi SHEPTUsl
CooTHolieHne MIPUMEPHO PaBHA UX CooTtHoueHne MOJIEKYJI HAMHOT'O
KMHETUYECKOM SHEPIUU | CpeHEeN KUHETUYECKOU KMHETUYECKON OoJblIe UX CpeaHei

MOJIEKYJ U UX SHEPTUU
CBSI3U

SHEPTHUH.

SHEPTUHU MOJIEKYJ U UX
SHEPTUHU CBSI3U

OHCPIuu CBA3H.

Ot 4ero 3aBUCHT, B
KaKOM arperaTHoM
COCTOSIHUM HaXOJIUTCS
BEILIECTBO

OT cooTHOLIEHUS] SHEPTUI
MOJIEKYJI: CBSI3U U
KMHETUYECKON

ArperaTtHoe
COCTOSIHHE — TBEP/I0€
TEJO.

CooTHoIICHNE
KHMHETHYECKOMH
SHEPTUH MOJIEKYI U UX
SHEPTUHU CBSI3U

TBepnoe Teno — cpenHss
SHEPTHS CBS3H MOJICKYJT
HAMHOI'O OOJIBIIIE UX
cpeaHel KHHETUYECKON
SHEPTUH.

Da3oBbIN NEPEXOT -
IIJIABJICHUC

N3 TBEpI0TO B KHAKOE

Yro HazbiBacTCA
(ha30BBIM MEPEX0IOM

OIHO U TO K€ BEMIECTBO
MOXKCT MEPCXOAUTH U3
OJIHOTO arperaTHoOro
COCTOSHUS B IPYro€ —
3TO (a30BBIN TIEPEXOI.

@Da30BbIi NEPEXON -
HCIIapeHue

N3 xuakoro B
razoo0paszHoe

@Da30BbIi NEPEXON -
KpUCTAJUIU3ALINS

U3 xuakoro B TBEpIOE

@Da30BbIi NEPEXON -

U3 tBEpIorO B

@Da30BbIi NEPEXON -

N3 razoobpaszHoro B

cyOmuManms razoo0pasHoe, MUHYS KOHIEHCAIIUI KUIKOE
KHUIKOE
[Tpuuuna TenmoBoe nBUXXEHUE Uro 6ompmre 1 [k wmm | 1 kan
«OpPOYHOBCKOTO» MOJIEKY T 1 kan
NBIDKEHUS
Tema 2.2 OCHOBBI TEPMOJAUHAMUKH
Bonpoc IIpaBUIBLHBINA OTBET Bonpoc IIpaBUIbLHBIA OTBET
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Ot dero 3aBucHuT U kKak | O0beM raza V- Bcerma | /laBienue.
Jaenenue 2aza p —
OTIpeICTISETCS 00BEM | cOBIAmaer ¢ O?T:GMOM Omnpenenenue u ommnowenue cunbl,
rasza cocyna, KOTOPBIN oH | (opmyma deilicmeyiomeii
3aHUMAcT. nepneHoOuKyIApHO
noeepxmocmu, K
naowaou 3moii
noeepxmocmu.
p=F/S
Enuauner  w3mepenus | Ila, aT, MM pT.CT. Yto Gomplie, 12 MIla
JTaBJICHUS 12 at™ unmu 12 MIla
VnenpHas KomnuectBo Tterma st | YUto takoe 1 xamopust «Kanopus» - 310
TEIJIOEMKOCTh HarpeBaHusi | Kr BellecTBa KOJIMYECTBO TEILIOTHI,
Ha | rpagyc HEO00X0qUMOe I
HarpeBaHus | I BoJbl Ha
I rpany. 1 kan=4,19
JIK.
VY eapHas TEIIOTA KonmuuectBo Temma st | IlepBbiii 3akoH Terno, moaBeIEeHHOE K
mapooOpa3oBaHus ucrapeHus | Kr BemecTBa | TEPMOAMHAMUKH CHCTEME, UICT Ha
MIpU TEMIEpaType KUIICHUS U3MCHCHHE ¢
BHYTPEHHEHN SHEPIUU U
Ha COBepIIeHUE paboTHI
HaJl BHCITHUMH CHJIAMHU.
Q = AU + A — nepBbiit
3aKOH TEPMOJUHAMUKHU
[TousiTue TermmonpoBOAHOCTS - Buapr Termooomena CyllecTBYIOT TpH BUJA
TETJIONPOBOJHOCTH SIBJICHUE Tepelau TEIIO0OOMEHA:
SHEPTHH OT OoJiee TETJIOTIPOBOHOCTb,
HarpeTblX Y4acTKOB Teja K KOHBEKIIHS U JTYYUCTHIN
MEHEEe HarpeThIM B TEIUIOOOMEH.
pe3yabpTaTe TEMI0BOro
JBYDKCHUS M
B3aMMOJICHCTBUS YaCTHII,
13 KOTOPBIX COCTOUT TEJIO.
Jlyaucteriii Tenooomen | JIyducThIi TemooOMeH — Konpekmmst Koneknus (Tp.
MpolLiecC MepeHoca YHEPrun «I0CTaBKa,
OT OJTHOTO TeJIa K IPyroMy MIPUHECEHUE)) —
C IIOMOIIILIO npoiiecc
AJIEKTPOMArHUTHOTO TeIJIOTIEpEeIayuH,
W3IIyYECHUSI. OCYILECTBIISIEMbIN TyTEM
nepeHoca SHEPTUH
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IMIOTOKaMH XUJKOCTH
HJIK rasa.

Uto Takoe BHYTpEHHSA
DHEPIUA TeNla

BuyTpenuss sneprus —
CyMMa KHHETUYECKHUX
SHEPIrui BCEX YaCTHII, UX
KOTOPBIX COCTOUT TEJO, U
MOTEHIMATbHON SHEPTUU
B3aMMOJACHCTBUS 3THX
YaCTHI] MEXTy COOOM.

TermnoTBOpHast
CIIOCOOHOCTH TOILIMBA

Hns onpenenenus
KOJINYCCTBA TCIIJIIOTHI,
MOJIy9aeMoro Mpu
CI‘OpaHI/II/I TOIIJIMBA
Q=mm,roer—
YI[GJII:HEUI TCIIJIOTA
CropaHus, m- Macca
TOIIJIBA.

Kak onpenensercs
KOJINYECTBO TEILIOTHI,
HE00X0IuMoe st
Harpesa Tena

Kaxk Berancnsercs
KOJMYECTBO TEIJIOTHI?
Q=cm(t—t1)=cmA't
C — yAelbHas
TEMI0EMKOCTh BEIIECTBA.

Kak onpenensercs
KOJIMYECTBO TEIUIOTHI,
HEOOXOUMOE JIJIS
TOTr'0, YTOOBI
pacIIaBUTh TEJIO

Q = Am- npwu 1IaBJICHUN
A - yaenpHas TEIIOTa
TUTaBJICHUSI.

Yto Gomplire,

1 atm uir 900 MM pT.CT.

900 MM pr.cT.

Yro Gomplire,
larwmmu 1 Ila

1 at

Tema 2.3 CBoiicTBa napos

Bomnpoc

IIpaBUIBLHBIA OTBET

Bomnpoc

IIpaBUIbLHBIA OTBET

3axoH [lackans Kunkoctsb cpena | 3akoH Apxumena Ha reno, norpyxeHHoe B
MPAKTUYECKH KHUIKOCTb,  J€HCTBYET
HEC)KMMaeMas,  I03TOMY BBITAJIKUBAIOIIAs ~ CHIJIA,
JaBlIeHUE B  KUJKOCTHU paBHasl Becy JKUIKOCTH,
pacnpoCcTpaHseTcsi BO BCE BBITECHEHHON TUM
CTOPOHBI ¥ 1O BCEMY TEJIOM.
00BEMY OJIMHAKOBO.

3axoH [lackans P — aBJIEHUE KUJIKOCTU UYemy paBHa 1 kr

ITpoxoMMeHTHpPOBATH p — IVIOTHOCTb BBITAJIKUBAIOIIAs

dopmyny p = pgh

h - rmybuna

cuJia, JEMCTBYIOLIAS
Ha MOTPYKCHHYIO B
BOJly IUTPOBYIO OAHKY
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VYcnoBue miaBanus Ten | YcioBue IaBaHus tena — | [Ipu kakoit 4 rpanyca
BEC Tela paBeH Becy | TemIepaType BoJa
BBITECHEHHON 3TUM TEJOM | UMEET MaKCUMAaJbHYIO
KHUJKOCTH. IJIOTHOCTH
U 4eMy OHa paBHa
Yemy paBHO 15 ar Kakas rmyOuna ozepa | 17 m
n30bITOYHOE JaBIICHUE COOTBETCTBYET
BOJBI Ha riryOuHe 150 JTaBJICHUIO
METpOB? B 1,7 atm?
Yemy paBHO 2,5 ar Kakas rmyOuna o3epa | S™m
M30bITOYHOE JaBJICHUE COOTBETCTBYET
BOJIBI Ha TITyOWHE JIaBJIEHUIO
25 meTpoB? B 0,5 atm?
Tema 2.4. CBoiicTBa JKUAKOCTEH M TBEPABIX TeJ
Bonpoc IIpaBUBLHBIA OTBET Bonpoc IIpaBU/IBLHBIH OTBET

[Tepeunciure oOmme
CBOIICTBA JKUJIKOCTEH.

KuakocTbio Ha3LIBAETCI
arperaTHoe COCTOSIHHE
BEILIECTBA, IPOMEKYTOUHOE
MEX1y TBEPIbIM U
ra3zo00pa3HbM. JKUaKocTh
XapaKkTepu3yeTcs
CHEAYIOLIIMMH CBOMCTBAMU:
1) coxpansier 00beMm; 2)

Kakune BemecTBa

AMOpbHbBIE BEIeCTBA
(Tena) —
KOHJICHCUPOBaHHOE
COCTOSIHHE BEIICCTB,
aTOMHasi CTPYKTypa

o0pa3yeT MOBEPXHOCTE; 3) HAa3bIBAIOT KOTOPBIX UMEET
Kakune »xuaKkocTi Bbl o
sHAeTE? o0JazaeT MpOYHOCTHIO HA amoppHBIMH? OJIMDKHUM TTOPSIZIOK B HE
' pa3pbiB; 4) IpUHUMAET UMeeT JAIbHETO
dbopmy cocyna; S) MOPSI/IKA, XapaKTEPHOTO
o0aiaeT TeKy4eCThIO. JUTSL KPUCTAJLTHYECKIX
CBoiicTBa )XHIKOCTH C 1) CTPYKTYP.
110 3) mo00HBI CBOMCTBAM
TBEPABIX TEJ, @ CBOMCTBO
4) - CBOMCTBY KHJIKOCTH.
[ToBépxHOCTHOE CBolicTBa TBEPABIX
HATSDKEHUE — BEIIIECTB: HMEIOT
TepMOJUHAMHUYECKas MOCTOSIHHBINA 00BEM, HE
Uro Ha3bIBAIOT XapaKTepUCTHKA 0071a/1a10T TeKy4eCThIO,
[Tepeuncnure
MTOBEPXHOCTHBIM MOBEPXHOCTHU pa3zesia ABYX . HE CKUMAIOTCA,
CBOMCTBA TBEPABIX TEI
HaTSKCHHEM? HaXOJSAIINXCS B CIIOCOOHBI COXPAHSATH

paBHOBecuHu (a3,
orpenesnsemMas paboToi
o0paTuMoro

cBOIO (hopMy, UMEIOT
CTPOTO OTIPE/ICTICHHYIO
TEMIIepaTypy IJIaBICHUS
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HN30TEPMOKHHETHICCKOTO
00pa30BaHMs €TUHUIIBI
IUTOIIAAU DTOHU
MOBEPXHOCTH pa3jielia Mpu
YCIIOBUH, YTO
TeMIeparypa, o00bEmM
CHCTEMBI U XUMHYECKHE
IMOTEHIHUAJIBI BCEX
KOMITIOHEHTOB B 00€HX
¢azax ocrarorcs

ITOCTOSTHHBIMM.
B 3aBucumoctu ot
TepMmoauHamMuyeckas
MPUPOJBI YACTHULL U OT
byHKIMS,
XapakTepa CUII
XapakTepU3yroIas .
B3aUMOJICUCTBUS
Urto Takoe SHEPIrUIO0
[lepeuncnure TUIbBI pa3iIuyaroT 4eThIpe BUIA
IMOBEPXHOCTHAS MEKMOJIEKYJISIPHOTO N .
o CBA3EH B KpHUCTaJIaxX XUMUYECKOH CBA3U B
SHeprus? B3aUMOJICHCTBUS YaCTHI]

Ha TIOBEPXHOCTH pasjiena
(a3 ¢ yacTuaMu Kak10u
U3 KOHTAKTUPYIOUIHX (a3.

KpHUCTAJIJIaX:
KOBaJICHTHYIO, HOHHYIO,
METAJIITMYECKYIO U
MOJIEKYJISIPHYIO.

Yro Takoe cMaunBauue”?

¢duznueckoe
B3alMOJIECIICTBUE
KUJIKOCTHU C TTOBEPXHOCTHIO
TBEPAOTO TeNa WIN APYroi

Kakas nedopmanus
Ha3bIBAETCS YNPyroi?

VYnpyras nehopmarius
— nedopmarnusl,
ycyesarolas 1nocie
MpEKpaIleHUs JeHCTBUI
Ha TEJIO BHEIIHUX CHII.
IIpu 3TOM TENO

Y10 MOHUMAIOT O
KAl PHBIM
SIBJIEHHUEM?

KUJIKOCTH. MPUHUMACT
nepBOHavYalbHbIE
pa3mepsl U popmy.
[InacTuueckas

Kanunnsipusie siBneHus, nedopMarus —

(dbu3mvecKre SIBICHMUS, HeoOpaTuMast

00yCIIOBJICHHBIE
NIENUCTBUEM
MMOBEPXHOCTHOTO
HAaTsDKEHUS Ha TPaHUIIE
pasnena
HECMEIITUBAIOIINXCS CPEI.
K K. s1. oTHOCST OOBIYHO
SIBJICHUS B )KUIKUX Cpeax,
BBI3BaHHBIC HCKPUBIICHUEM
WX MIOBEPXHOCTH,
rpaHuyanies ¢ ap.
JKHUJIKOCTBIO, Ta30M WU
COOCTBEHHBIM ITAPOM.

Kakas nedopmanus
Ha3bIBAETCS
IIACTHYECKOM?

nedopmanus, pu
KOTOpOU mocie
OKOHYaHHMS BO3JICUCTBUS
MPUIIOKEHHBIX CHII
MPOUCXOAUT
HEeoOpaTUMOe CMEIICHUE
MEKaTOMHBIX CBSI3€EM.
[Tpu nmacTruyeckon
nedopMaluu MeTamia
OJIHOBPEMEHHO C
U3MeHEHHUEM (DOPMBI
MEHsETCs psiJi CBOMCTB
— B YaCTHOCTH, NpU
XOJIOAHOM

23




nehopMUpOBaHUHT
IMOBBIIIACTCA NPOYHOCTDH

YT0 HA3BIBAIOT
OTHOCHUTEIBLHBIM
yUIMHEHUEM ?

OTHOCHUTENBLHOE
YUTHHEHUE — TIOKA3bIBACT
Ha CKOJIBKO IMPOLICHTOB
H3MEHMIIOCH TEJIO

YTo HaA3BIBAIOT
MEXaHUIECKUM
HanpspkeHneM?

B MexaHuKe CrUIOMHON
Cpelbl MEXaHU4YeCKOe
HaNpsDKEHUE — 3TO
dusnyeckas BeIHUNHA,
KOTOpasi BhIpakaeT
BHYTPEHHUE CHJIBI,
KOTOpBIE COCETHUE
YaCTHIIBI B
HETPEPBIBHOU cpefie
OKa3bIBAIOT JPYT Ha
npyra, a nepopmanust —
ATO Mepa U3MEHEHUS
FeOMETPUUYECKUX
pa3MepoB cpeabl.

Kaxkas popmyma
BbIpaXkaeT 3aKoH ['yka?

3axoH ['yka
dhopmynupyercs Tak: cuia
BO3JICUCTBUS IIPYKUHBI
MPOTMOPIMOHAIIbHAS €€
PaCTSIKEHUIO UITU CIKATHIO.
dopmyiia UMeeT
cnenyromuii Bua: F(ymp) =
-kx

3neck F(ymp) — a0 cuna
yrpyroctu, k —

KO3 (QUIIUEHT KEeCTKOCTH,
X — yJTMHEHHUE (CKaTue).

Yro Ha3bpIBaIOT
IIPEIEeI0M IPOYHOCTH?

[Mpeaén mpOUHOCTH —
MEXaHUIECKOE
HarnpsDKEHKE, BBIIIE
KOTOPOTO TPOUCXOTUT
paspylieHrne MaTepHraa.
Huayve rosops, 3To
HIOPOToBasi BEIMYNHA,
IPEBBIIIAs KOTOPYIO
MEXaHUIECKOe
HaIPSHKEHUE Pa3pyLIUT
HEKOE TeJIo U3
KOHKPETHOTO
Marepuara.

Yro Takoe miaBiaeHue?

[TraBnéHmre — 3TO MpoIEeCe
nepexojia Tena u3
KPUCTATNIECKOTO
TBEPAOrO COCTOSIHUS B
KHUJIKOE, TO €CTh TIEPEXO]]
BEIIECTBA U3 OJHOIO
arperaTHoro COCTOSIHHS B
apyroe.

UYro Takou yaenpHas
TEIJIOTA IUIABJICHUS ?

KOJIHNYCCTBO TCILJIIOTHI,
KOTOPOE HEOOXOAMMO
COOOIIMTEL OTHOM
€IMHMIIE MACCHI
KPUCTALITUIECKOTO
BEILIECTBA B
paBHOBECHOM M300apHO-
U30TEPMHUUYECKOM
npoiiecce, 4ToObI
MIEPEBECTHU €T0 U3
TBEPIOTO
(KpUCTAJUIMYECKOTO)
COCTOSIHHS B )KHJIKOE (TO
K€ KOJIMYECTBO TCILJIOTHI
BBIJICIISCTCS IPU
KpI/ICTaJIJII/I3aI_II/II/I
BEIIIECTBA).
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Yro Takoe
KpUCTaIM3anus?

nporiecc 00pa3oBaHus
KPHUCTAJIJIOB U3 Ta30B,
PacTBOPOB, PacIIaBOB MM
crékon. Kpucramnuzamueit
Ha3bIBAIOT TaKkKe
o0pa3oBaHNe KPUCTAIIIOB C
JTAHHOU CTPYKTYpOU U3
KPUCTAJZIOB UHOU
CTPYKTYpHI (TTomumMopdHbIE
MIpEeBpaIICHUS ) HIIN
IpoLecc nepexoja u3
KHUJKOTO COCTOSIHUS B
TBEPIOE KPUCTALTMIECKOE

Pasznen 3: QJIEKTPOANHAMMUKA

Tema 3.1 DnekTpuueckoe noJie

Bomnpoc

IIpaBUIbLHBIA OTBET

Bomnpoc

IIpaBUIbLHBIA OTBET

3aKOH COXpaHEHUs

B 3amkHyTOM cucteme

Enunnna nzmepenus

Kynon

ANEKTPUYECKOTO 3apsaa U JTFOOBIX BEJTMYHHBI
B3aUMOJICUCTBUSX TEI ANEKTPUYECKOTO
CyMMAapHBbIU 3apsiaa
AIIEKTPUYECKUN 3aps
COXpaHsIeTCA.
UT0 Takoe 3IEKTPOCKON [Tpubop nns Uro Takoe OcoO0bIli BUT MaTEpPUH.
oOHapy KeHHs 3apsaa anekTpocraruueckoe | IIpoctpancTso, B
nojue KOTOPOM JE€HCTBYIOT

SJICKTPUYCCKUC CUJIbI

Kak rpaduuecku
n300paxaercs
AIIEKTPHUYECKOE TIOJIC

CuII0BLIE JTUHUN

Kakas cBsi3b Mmexay
HaIpPsKEHHOCTHIO
OJTHOPOJTHOTO TIOJIST U
Pa3HOCTBIO
MTOTEHITUATIOB MEXTY
ABYMA TOYKaMH
9TOTO IOJIA

U=dE

[IpokoMMeHTHPOBATH
dopmyny U= dE

U — HanpspkeHue

d - paccrosiHUE MEXITY
MOJIF0OCAaMU OJTHOPOJAHOTO
I10JIs1

E — HanpsikeHHOCTB TOJIst

Oneprus B 1 3B. Uto
3T0?

UYro 6onbire 3 5B
umu 3 JIx

DHeprus JEeKTPOHa,
MPOILIEIIIETO Pa3HOCTh
noTeHaioB B 1 B.

3 Ix
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Enunuiel uamepenust BonbTEI Enunuiel uamepennst | BonbTsl
MoTeHIMana HaIpsHKEHUS
3IEKTPUYECKOTO TOJIA B
JTAHHOW TOYKE
Yrto Takoe HamnpsiKeHue Pa3HocTh noTeHnnanoB [IpokommenTrpoBaTh | U — HanpsikeHHe
JIBYX TOYEK dbopmyny U= ¢@c- | oc — TIOTEHIIHAT TOUYKH
@D C
(D - MOTEHLHAT TOUYKH
D
[IpokoMMeHTHPOBATH Acp — pabora moJist mo [IpokoMMEHTHPOBATH | (@ — MOTEHIIMAT TOYKH
dbopmynny  Acp/q=¢c - MIEPEMEIICHHIO 3apsiia dbopmynny ¢ =A/q | mons
¢D q — BEIMYMHA 3apsaa A- pabota no
(Gc ¥ Op —OTESHINAIbI NEPEMELICHMIO 3apsiia
Ha4yaJIbHOW ¥ KOHEYHOMN u3 OECKOHEYHOCTH B
TOYKHU NEPEMEIICHUS 3Ty TOUKY
q — BEIMYMHA 3apsaa
IIpoxoMMeHTHPOBATH W —sHeprus 3apsga q B Yro Takoe ITone,
bopmyny W=kQ-q/r TOYKE TTIOJIS OJTHOPOJTHOE HaIPSKEHHOCTh

Q - 3apsa co3naBuIniA
noJje

I- PaCCTOSIHHE MEXITY
3apsiiaMu

SJICKTPHUYICCKOC I10JIC

KOTOpPOI'0 BO BCEX
TOYKAaX UMEET OJHY U
Ty JK€ BEIMUUHY U
HaIpaBJICHUE

HanpsixeHHOCTD
ANEKTPUYECKOTO TTOJIS

Benuuuna, usmepsemas
OTHOIIICHUEM CHJIBI,
JIEUCTBYIOLLIEH Ha
MOJIOKUTEBHBIN 3apsi,
ITOMEILICHHBIN B JAHHYIO
TOYKY MOJIs, K BEJTUYMHE

9TOr0 3apsAaa, Ha3bIBACTCA

HaIPSKEHHOCTh
AIEKTPUUECKOTO TOJIS B
NAHHOU TOYKE.
E=F/q

IIpoxoMMeHTHPOBATH

bopmyiy
E=F/q

E — HanpskeHHOCTh
0JISA

F — snextpuueckas
cuia

q - 3apsin

26




3akon Kymnona

Cuna, ¢ KoTopoit
B3aMMO/JICHCTBYIOT JIBa
TOYEUYHBIX 3apsaa, MPsIMO
MpONOpLUOHATbHA
BEJIMYMHAM 3apsiJI0B U
o0paTtHO
MPONOpPLUUOHAIbHA
KBaJpaTy pacCTOSHUS
MEXAYy HUMH U
HarpaBjeHa BIOJb
MPSMOM, COETUHSIONICH
9TH 3apsJIbI.

[IpokoMMeHTHPOBATH

dopmyny F=kql -
q2 /13,

F — cuna, ¢ kotopoit
B3aMMO/ICHCTBYIOT JIBa
TOYEUHBIX 3apsiaa k —
ANEKTPUYECKUAMN
koa(urmeHT

ql u q2 — BenuuuHEI
3aps10B

I- pacCTOSTHUE MEXITY
3apsA1aMu

Kak pacnipenensercs 3apsn
BHYTPH 3apsSHKEHHOTO Tella

ITo moBepxHOCTH

Yro Takoe
AJIEKTpUYECKas CHIIa

DneKTpuyecKas cuiia —
cuJjia, ¢ KOTOpOil
ANEKTPUUECKOE MOJIe
JICUCTBYET Ha
3apsKEHHBIE Tea.

UYro Takoe 31eKTpu3anus
Te

[Ipouecc mpuobpeTeHUs
AJIEKTPUUECKOTO 3apsijia

q=1Kun-»3t10
MaJICHbKHUH WIIH
OO0JIBIIION 3apsiz

OuyeHb 0O0JIBILION

Tema 3.2. 3akoHbI NOCTOSAHHOTO TOKA — Tema 3.3. DiieKTpHYeCKHid TOK B
NMOJIYNIPOBOIHUKAX

Bomnpoc

IIpaBWJIbHbBII OTBET

Bomnpoc

IIpaBuJIbHBII OTBET

B xakux enuHHIIax
n3mepsiercss DJC?

BonbTax

Uemy paBHseTCs
CHJIa TOKa B
MIPOBOJHUKE,
ANEKTPUUYECKOE
COIPOTHBIICHUE
KOTOpOTO

12 Om, ipu
HanpspkeHnu 6 B.

0,5A

YT0 Ha3pIBaeTCA

BJIEKTPUYECKUM TOKOM?

Hanpasnennoe nsuxeHue
3ap}I)KeHHBIX qaCcTHUI

UYto nepBUYHO
HAaIps’KCHUC WU
TOK?

Hanpsioxenue
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Uto npuHsATO 32
HalpasJIeHUE TOKa?

Hanpasnenue npuxenue
ITIOJIOKUTCIIBHBIX 3ap}II[OB

B xakux enuHHUIIax
U3MEpSIETCs cuila
TOKa?

Ammnepax

[IpokoMMeHTHPOBATH

opmyiy
[=Q/t

I - cuia Toka

Q —3apsan
t - BpeM

JlariTe
omnpejeseHue JJs
CUJIBI TOKA

9TO KOJIUIECTBO
3apsiIoB, MPOIIE/IIee
4yepe3 MornepevHoe
CEYEeHHUE MPOBOJHUKA
3a eIMHUILY BPEMEHU

YTo nenaeT UCTOYHUK
TOKa

Paznenser 3apsapl

OJIC. Yto sTa cuna
neaer?

3/]C — cxanspHas
bu3nvecKas BeTUInHa,
paBHad OTHOILICHHUIO
paboThl CTOPOHHUX
CHJI TIO TIEPEMEILICHHIO
MIOJIOKHUTEITHHOTO
3apsiaa ot
OTPHIIATEIIEHOTO
MOJTF0CA UCTOYHUKA K
TIOJIOKHUTETHLHOMY K
BCIIMYHNHE 3TOT'O
3apsiza.

3akon Oma Jy1s yyacTka
j1(S20070

I=U/R

[IpokoMMeHTHPOBATH

opmyiy
R=pL/S

R — conpoTtusnenne
MPOBOJIHUKA

p - yIeIbHOE
COTIPOTHBIICHUE
MPOBOJIHUKA

L — nnvHa nmpoBoAHUKA
S — momaabL ceyeHus

MIPOBOJTHUKA
OT 4ero 3aBUCHUT Ot Mapku Marepuana u B xakux emuHUIIaX Omax
AIEKTPUIECKOE T€OMETPUUECKHUX H3MeEpSIETCS
COMPOTHUBIICHUE pa3mepoB AIEKTPUUYECKOE
MIPOBOTHHUKA? COTPOTHUBIICHUE
MPOBOIHUKA?
Uemy paBHseTCs 0,5 Om Kakoe Hanpsioxenue 0,5B

AIEKTPUUYECKOE
COIPOTUBIICHUE
MIPOBOJIHUKA, €CIIU MPHU
HanpsbkeHuu 6 B cuna Toka
B HEM 12 A

HAJ0 TPHIOKHUTH K
MIPOBOHUKY,
INMEKTPUUYECKOE
COIPOTHBIICHUE
Kotoporo 6 Om,
YTOOKI CHJIa TOKA B
HeM ObIa 3 A
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Kax n3menurcs
AIEKTPUUYECKOE
COMPOTHUBIICHUE KPYTJIOTO
IIPOBOJHUKA, €CIIA B TPU
pasa yMEHBIIIUTD €ro
nuametp?

VYBenuuutcd B 9 pa3

Kax m3menurcs
AIEKTPUUYECKOE
COTPOTHUBIICHUE
MIPOBOJIHUKA, €CIIU B
TPH pa3a yMEHBIIUTh
ero UMy ?

Ymenbures B 3 pasza

Kakoe coenunenue
IIPOBOJHUKOB HA3bIBAETCS
nocneoo8amenbHbiM
(cka3aTh WM HapUCOBATh)

OTO COeqUHEHHE,
IpU KOTOPOM KOHEIT
MIPEABITYIIETO
HpOBO,Z[HI/IKa COCOAUHSCTCS
C Ha4aJOM TOJLKO
OJIHOTO — TIOCJIETYIOLIETO.

Kakoe coenunenue
MIPOBOHUKOB
Ha3bIBAETCS
napannienrbHbviM
(cxazarh Wi
HapHCOBaTh)

OTO COeaUHEHHE,
pU KOTOPOM BCE
MIPOBOTHUKH
MOAKIIOYEHBI MEXKTY
OJHOM M TOM K€ mapout
TOYEK. DTHU TOYKH
Ha3bIBAIOT y3JIaMH
CXEMBI COCIMHEHUS.

Kaxk onpenensiercst cuna I1=0L=D5 Kax onpenensiercs U =U +Uz
TOKa B KaXJI0M U3 JBYX BEJIMYMHA
nocnedo8amenbHo HaIpsKEHUs B LIETIH,
COEIMHEHHBIX 3JIEMEHTaX €CJIM U3BECTHO
eI, €CJIN U3BCCTHA CHUJIa HaIps’KCHUC Ha
TOKa B o01Iei uenu KaXXJIOM U3 JIByX
nocnedo8amenbHo
COETMHEHHBIX
JJIEMEHTAax LI
Kaxk onpenensiercs ooiee R=Ri+ Ry Kak onpenensiercs I=0L+D
CONMPOTUBJICHUC LICIIN, CCIIN CHJIa TOKa B IICIIN,
M3BECTHO COMPOTUBIICHUE €CJIM U3BECTHA CUJIa
KaXXJI0TO U3 JIBYX TOKA B KQXJIOM U3
nocne008amenbHo JIBYX MapajuIeIbHO
COCANHCHHBIX 2JIEMCHTaxX COCANHCHHbBIX
Lenu AJIEMEHTax Lenu
Uemy paBua D]JIC Garapeun nE Kak onpenensiercs U=U=U
nocned08amenbHo BEJIMYUHA

COCINMHCHHBIX HCTOYHHUKOB
TOKa

HAIps>KCHUA B LCIIN,
€CJIM U3BECTHO
HAIps>KCHUEC HA
KaXXZIOM U3 IBYX
napaiiejlibHo
COCIMHCHHBIX
9JICMCHTaxX L CIIN

Yemy pasna I/1C 6arapen
napannenbHo COSANHEHHBIX
HCTOYHHKOB TOKA

OJIC ogHOTO B71E€MEHTa

Kak onpenensercs
oOmee
COIIPOTHBIIEHUE
LIEMH, €CJIU U3BECTHO
COIIPOTHBIIEHUE

I/R= 1/Ri+ 1/Royumm =
RiR2/(R1+ R2)
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KaXJIOTO U3 JIBYX
napanieibHo
COEIMHEHHBIX
9JIEMEHTAaX IeNH

3akon OMa J1st 3aMKHYTOH I=nE/(R+nr) A
nenu ¢ Oarapeeit 1
IOCJIEIOBATEILHO
COCANHCHHBIX HCTOYHHUKOB
TOKa
A
2
Kakoii Bapuant
IO IKJIFOUCHH S
aMIiepMeTpa K 1emnu TepBbiii
HpaBI/I.HBHBII/I nu
movyemMy
UYemy paBHO of1iee 12,5 Om A%
CONPOTHUBJICHUE IIENU U3 1
JBYX MapaieabHO
COEIMHEHHBIX 3JIEMEHTOB,
€ClIn COHpOTI/IBJIeHI/Ie
KaXXJ0r0 U3 HUX PaBHO 25 AY/
OmMm
2
Kakoii BapuanT
MO IKJTFOYCHHM S
BOHBTMeTanK uenun BTOpOfI
MPaBUIILHBIN 1
Io4eMy
dopmyJlia MOIIHOCTH TOKa P=IU B xakux enuHHIIax Bt

U3MepsIeTCst
MOIIHOCTh TOKa

[IpokoMMeHTHPOBATH Q — KOJIMYEeCTBO TEMIIA, [IpokommenTHpOBaTh | Q — KOJTMYECTBO TEIIA,
bopmyiy BBIJICIISIIOIIIEECS B bopmyiy BBIJICJISIIOIIIEECS B
Q=I1Ut TIPOBOJIHUKE Q=I’Rt TIPOBOJIHUKE
I — cuia Toka I — cuia Toka
U — HanpspkeHue R — conpoTtusnenne
t- Bpems t- Bpems
Uto 6ompmre 1 MIx nmn 1 1 kBt - 4 CKOJIBKO 24 xBt1.4
KBT ' 4 3JIEKTPOdHEPrUun
nmoTpedseT
oborpeBarteinb

MmoIHocThI0 1 kBT 32
CYTKHU pabOThI
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Uemy paBHa cuiia TOKa B
ceTH ¢ HanpspkeHueM 220 B,
€CITA B HEE BKIIIOUCHA
CTUpaJIbHas MallllHa
MOITHOCTBIO 2,2 KBT

10 A

lNoput nammnouka B
CETH C HaIPsDKEHUEM
220 B. Cuna Ttoka B
cetu 0,5 A. Kakyro
MOIIIHOCTb
norpedser
JamMIoyka

110 Bt

Tema 3.4. MarunTHoe nojie — Tema 3.5. J1eKTPOMArHUTHAST MHAYKIUSA

Bomnpoc

IIpaBuJbHbBII 0TBET

Bomnpoc

IIpaBuJbHbBII 0TBET

CKo0JIbKO MOJIIOCOB Y JBa [TpaBuno OypaBumka. Ecnu BBUHUYMBATH
HIAPO0OPa3HOr0 MATHUTA Urto no Hemy OypaBUUK 110
oTpesensieTcs HaIpPaBJIEHUIO TOKA B
MIPOBOJIHUKE, TO
HaIpaBlieHUE
JBUKEHUS KOHIIOB
PYKOSITKH OypaBYHKa
YKQ)KET HallpaBJICHUE
BEKTOpPa MarHUTHOM
WHAYKLUHU B 3TOU
TOUKE.
Kaxk BbITJISIAAT CHII0BbIE Konuenrpuueckue ITo kakomy npaBuITy ITo npaBuny
JIMHUM MATHUTHOTO MOJS onpeenseTcs OypaBumKa
BOKPYT MPOBOJAHUKA C HaIpaBJIEHUE CHIIOBBIX
TOKOM (CKa3aTh WJIHN JINHUI MarHUTHOTO
HAPHUCOBATH) MOJIs1 BOKPYT
MIPOBOJIHUKA C TOKOM
Onpeneantsb Brixogar uz Yo Takoe MarHuTHas Bexmop maenumnou
HAaNpaBJIeHHEe CHI0BBIX «CeBepHOTO» BXOJSAT B WHTyKUHUS unoykyuu B —

JMHUH MAarHUTHOIO TOJISA
10 3aJaHUI0
npemnoaaBaTe/ist

«IOXHBI»

BEKTOpHas (puznueckas
BEJIMYHMHA,
XapaKTepu3yIomIas
MAar"HuTHOC€ 110JI€, €TI0
CUJLy Y HallpaBJICHUE.

EnuHuubl uzmepenust
BeJIUYUHBI MATHUTHOM
HHAYKIHNH

Tecma

Kaxkast BennumnHa
MarHuTHON MHAYKITUU
OoJIbIIIE

10 Tmmmm 10 T'c

10 T
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B yem NPpUHIOUIIHAAJIBHBIC
OTJIMYHUA MATHUTHOI'O
moJisl OT IMOJIsA
IJTCKTPUIECCKOI0O

Het oTneianpHO
Cecepnoro u KOxnoro
MOJIFoCca

CuJIOBBIC JIMHUHT

MAar"HuTHOI'O I10JIs1 BCETrga

3aMKHYTBI

Kakoe nHanpasienue
HpI/IHHTO JJIA CUJIOBBIX
JIMHHUI TIOCTOSIHHOTO
Mar"HurTa

Brixogar uz
«CeBepHOTO» BXOJSAT B
«HOxHBIN

IIpaBuiio eBoi pyKH.
Yrto oHO onpeaessier

CUJIOBBIC JIMHUU
MATrHUTHOTO HOJISI B

B xakux enuHHUIIax
U3MeEpSIETCs cuila

HerotoHEI

JIaJIOHb JIEBOU pyKH, 4 Awmnepa

najiblia 1o TOKy,

OOJIBIION TaJIell

ITOKAKET HaIlpaBJICHUE

cuibl AMrepa
OnpenenuTts HalpaBJIeHUE ITo npaBuny nesoit pyku | IIpokommeHTHpOBaTH Mip. — KpyTAIIUI
cwIbl AMIiepa 1o 3aJaHuI0 bopmyy MOMEHT

MpenoiaBaress

Mip. =IB Ssin

I— cuna Toka

B — maranTHas
WHTyKUHUS

S — momanb pamMKu
B — yrom mexmy
BEKTOPOM MarHUTHOM
WHIYKLIHUH U
TJTONIAJBI0 PAMKH

Kak B3anMoziencTByIOT [Iputsarusarorcs Kak B3anmonelicTBytoT | OTTaJKMBarOTCS
IIPOBOJIHUKH, B KOTOPBIX IIPOBOJIHUKHY, B
TOK T€YET B OJTHOM KOTOPBIX TOK TE€UET B
HanpaBJIeHUU IIPOTHBOIOJIOKHBIX
HaIpPaBJICHUAX
Yro nmpencrapinsieT co0oii Karymika ¢ xene3Hsim Onpenenutsb ITo mpaBuny

JJIEKTPOMArHur.

1o 3apanuro npenogasaTens
OIIPECIINTE HAIPABICHHUE
BEKTOpPa MarHUTHOMN
MHIYKIWH TTOJIA,
CO3JIaHHOT'O M

CePJICYHUKOM ,
00MOTaHHast IPOBOJIOM

HallpaBJIEHUE BEKTOpa
MAarHUTHOM MHIYKIIUU
T10JIs1, CO3/IAaHHOTO
KPYTOBBIM
MIPOBOJTHUKOM C TOKOM,
10 3a1aHUO
MIpenoiaBaresis

OypaBuuKa JJis
KpyTOBOTO TOKa

IIpoxoMMeHTHPOBATH
hopmyiry
Fa=1IB AL sin a

Fa — cunna Amnepa

I — cuna Toka

B — marunTHas
WHIYKIUA

AL — mmHa
MPOBOJTHHUKA

oL - YTOJ MEXITY
HaIpaBJI€HUEM TOKa U

Yro Takoe cuia
Jlopenua.

Cuna, ¢ koTopoii
MarHuTHOE 1oJe
JICUCTBYET Ha
JBIDKYILLYFOCSI
3apSKEHHYIO YacTHILY
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BEKTOPOM MArH.
WHIYKLIUN

B xakux enuHHIIax
usmepsiercs cuwia Jlopenna

Hrroronax

Kak onpeneasiercsi
HANpaBJIeHUE CHJIbI
Jlopenna

[To nmpaBuity neBoi
pYyKHu

[IpokoMMeHTHPOBATH Fn — cuna Jlopena IIpokommentupoBars | — D1C unayKIMH B
bopmymy q — 3apsA] 4acTHULbI bopmymy IIPOBOJHUKE,
Fn=qB v sina B — MaruuTHas e=BLvI-D/C JBHKYILEMCS B
WHTYKITUS UHYKIUH MarHMTHOM I10JI€
V — cKOpOCTB 4acTHUIIBI B.1 - Mmogyns
oL - YTOJI MEXITY HOpMaJIbHOU
BEKTOPOM MarHUTHOM MAarHMTHOM MHIYKIIUU
WHIYKIIMH U BEKTOPOM V- CKOPOCTh
CKOpPOCTH MIPOBOJTHUKA
| —nuHa MpoBOIHUKA
ITo xakoii TpaekTOpPUH ITo xpyrosoit I'enepupoBanue E — 5/1C B pamke
HAYHMHAET IBUTraThCsA MEPEMEHHOT0 TOKa. B — marnuTHas
3apsizKeHHAasl YacTUIA, IIpOKOMMEHTHPOBATh | MHAYKIMSI BHELIHETO
BJIETAIONIAsl B MATHUTHOE bopmyny oJIs

moJie

E= B AS o sin ot

AS ® - omanb
paMKu

®t — yroJ moBopoTa
paMKu

Pa3znen 4: KOJIEBAHUS U BOJIHBI
Tema 4.1. Mexannueckue KoJ1e0aHusA

Bomnpoc

IIpaBUABLHBINA OTBET

Bompoc

IIpaBUIbLHBIA OTBET

Yr0 Ha3BIBaeTCs
KoJiebannem?

Konebanuamu
Ha3bIBAIOTCS JIBYIKEHUS
WJIH TIPOIIECCHI, KOTOPHIE
XapaKTePU3YIOTCS
ONPENCIICHHOMN
MTOBTOPSIEMOCTBIO BO
BpPEMCHH.

Kakue xonebOanus
Ha3bIBAIOTCS
CBOOOIHBIMU
KOJIcOaHUsAMH, a KaKue
— BBIHYX/ICHHBIMU
KonebanusaMu?

Konebanus, koTopsie
MIPOUCXOAAT TIOT
JielicTBUEM
BHYTPEHHUX CHJI B
KoyebaTeIbHON
CHCTEME, Ha3LIBAIOT
CcBOOOIHBIMHU. A BOT
BBIHYKJICHHBIC
KoJieOaHus
BOCITOJIHSIOT 3arac
SHEPTUU BHEIIHUM
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BO3JICHCTBUEM.

Hazosure ycnoBue

BO3HHMKHOBCHHUA CBOGOI[HBIX

KoJIeOaHui

[Ipu BeIBEIEHMHM TeNa U3
ITOJIOXKCHUS paBHOBeCI/IH
B CHUCTEME JIOJKHA
BO3HHMKATh CHUJIA,
HarpaBJIeHHas K
MOJIOKEHUIO PABHOBECHS
H, CJIENOBATENILHO,
cTpemsiiasics
BO3BPATHUTH TEJIO B
MOJIO’KEHHE PAaBHOBECHS.

Yro Takoe
MaTeEMaTUYECKUU
MAasITHUK?

MaremaTuueckum
MasITHUKOM Ha3bIBAIOT
MaTepHATBHYIO TOUKY
(Tero HeOOIBIIUX
pasmepoB),
MOABEIICHHYIO Ha
TOHKON HEBECOMOI1
HEpaCTSKUMON HUTH
WJIA Ha HEBECOMOM
CTEpIKHE.

Uto Takoe npyXUHHbBIN

MEXaHHM4YECKasa CUCTEMA,

YTO HA3bIBACTCsA

Paccrosinue rpysa ot

MasiTHUK? COCTOSINAS U3 MPY>KUHBI | aMIUTUTYI0M MTOJIOKCHHUS
¢ ko3 durreHTOM rapMOHUYECKHUX paBHOBECHS JI0 TOUKH,
YIPYroCcTH KosieOaHui? B KOTOPOU HAXOAUTCS
(>k€cTKOCTBIO) K, OrH Ipy3, Ha3bIBAIOT
KOHEIl KOTOPOH KECTKO CMELICHUEM X.
3aKperiéH, a Ha BTOPOM MaxkcumaibHOe
HaXOJIUTCS TPY3 MacChl CMEILIEHNE —
m. HauOoJbIIEe
paccTosiHUE OT
MTOJIOKEHHUS
paBHOBECHS —
Ha3bIBAETCS
aMIUTATYI0M U
o0o3HauvaeTcs OyKBOH
A.
UYro Takoe nepuoj HauMEHBIIHNH YTO TaKoe cKajsipHas (uznueckas

Kkosebannii? B xaknx
€IMHUIIaX BhIpaKkaeTcs?

MIPOMEXYTOK BPEMEHH,
3a KOTOPBIM cUcTEMA
COBEpIIIAET OJTHO MOJTHOE
KoJiebaHue (To ecTh
BO3BpAIIAETCS B TO KE
COCTOSIHME, B KOTOPOM
OHAa HaXOJWJIACh B
MEPBOHAYAJIBHBIN
MOMEHT, BEIOpaHHBIN
IIPOU3BOJIBHO).
Enunuie: uamepenus:
CeKyHJIa U, B IIPUHITHUIIE,
BOOOIIE €IUMHUIIBI
M3MEpEHUS BPEMEHHU.
[Tepuon konebanuit
CBSI3aH COOTHOIIICHUEM
B3aUMHON 0OpPaTHOCTH C

LUKJIMYECKas yacToTa?

BCJINYHHA, Mepa
YaCTOTHI
BpaH_IaTeJIBHOFO Nniin
K0J1e0aTeIbHOIO
JBUXKCHUS.
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YJaCTOTOH:

UYemy paBHA cOOCTBEHHAS
4acToTa KoJieOaHui

MaTeMaTHYeCKUH
MAasITHUK, COBEPIIAOIINI

KaKyIO BEIMYNHY
Ha3bIBaIOT (ha3oi

Bennuuny ¢, crosiryro
M0JT 3HAKOM (DYHKITHH

MaTeMaTH4eCKOro Masble KoyiebaHus, KoseOaHus? KOCHHYCa WJIM CUHYCAa,
MasiTHUKA? SIBIISICTCS Ha3bIBAIOT (ha3oi
TapMOHUYECKHM KOJIeOaHuH ,
OCLMIJUISTOPOM. ONMCBIBAEMOM ITOMN
CoOcTBeHHas yacToTa GbyHKIHEH.
3TOro ocrmuIsTopa k
PaBHO KOPHIO
KBaJIpaTHOMY W3
OTHOIIECHUS YCKOPEHUS g
K JUIMHE MagTHHKA |.
Kaxkue xonebanus 3aTyXaromuMu KOTJIa BOZHUKAIOT Konebanus,
Ha3BIBAIOTCS KoJeOaHUSIMU HA3bIBAIOT | BBIHYKJICHHBIC COBEPIIAOIINECS IO
3aTyXalomuMu? cBOOOIHBIE KOJIEOaHus, KoJiebanusa? BO3I€EHiCTBHEM
JSHEPTUSA KOTOPBIX BHELIHEH
yMEHbIIIaeTcs U3-3a MEePUOINYECKON CHIIBI,
BO3JICHCTBUS CHII Ha3BIBAIOTCS
COTPOTHUBIICHUS (TPECHHS) BBIHYKJICHHBIMH.

C TCUCHUCM BPCMCHHU.

Uto Takoe pe3oHaHc?

YBEJIIMYCHUE aMIUTATY bl
KoJieOaHUH HEKOTOpOH
CHUCTEMBI NPU
COBHNAJCHUHU YaCTOThI
BHEIIHETO BO3AECHCTBUSI
C ONpPEACIIEHHBIMU
3HAYCHUSIMHU,
XapaKTEPHBIMHU IS
TAHHOU CUCTEMBEI.

Tema 4.2. MexannuecKkue BOJTHBI

Bomnpoc

IIpaBuJbHbBII 0TBET

Bomnpoc

IIpaBWJIbHBII OTBET

YT0 Ha3RIBAIOT BOJIHON?

Bonna — n3meneHue
HEKOTOPOU
COBOKYITHOCTH
(U3HYECKUX BEIUYUH
(XapakTepucTUK
HEKOTOPOTO
(hU3UIECKOTO TIOJIST WITH
MaTepualbHOU Cpefbl),

Kakas BonHa
Ha3bIBACTCS
MOTNEPEYHOM, a KaKasi
— IIPOJIOJIBHOU

BousHbl, B KOTOPBIX
HaTpaBlIeHUE KOJICOAHHIA
COBIIAJAET C
HaIlpaBJICHUEM UX
pacrpocTpaHeHus,
Ha3bIBAIOTCS
MIPOJIOJIBHBIMH BOJIHAMH.
ITonepeunas BosHA -
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KOTOPOE CITIOCOOHO
IepeMeIarses,
yAAJSISICh OT MECTa
CBOETO BOSHHKHOBCHHSI,
WM KOJIeOAThCsl BHYTPH
OrpaHUYCHHBIX
oOnacreit
MPOCTPAHCTBA.

BOJIHA,
pacrpocTpaHsoniasics B
HaIpaBJICHUH,
NEePHEHANKYIISIPHOM K
MIJIOCKOCTH, B KOTOPOM
MPOUCXOAT KOJIeOaHUS
YaCTHI CpeIbl (B Cirydae
YIPYroil BOJIHBI) WK B
KOTOPOM JIeKaT BEKTOPBI
IIEKTPUYECKOTO U
MarHUTHOTO MO (ISt
AJIEKTPOMArHUTHOMN
BOJTHBI).

Yr0 Ha3kIBaeTCA JUIMHON
BOJIHBI?

JITuHA BOJIHBI —
PacCTOsTHUE MEXKTY
IBYMsI OKaUITIMU
JPYT K APYTy TOYKAMHU B
MIPOCTPAHCTBE, B
KOTOPBIX KOJeOaHMs
MPOUCXOISAT B
OJIMHAKOBOH (aze

YeMy paBHA CKOPOCTh
BOJIHBI?

v=AT;Kkak
MIPOU3BEICHUE JTHHBI
BOJIHBI HAa 9acTOTY
KOJICOaHHH: V=AV .

Yro npencrasinseT coboit | OHa paBHa TOMY YTO TaKOe WnTepdepenus —
ypaBHEHUE pPacCTOsIHUIO, HA uHTepdepeHus? B3aUMHOE€ YBEJIIMYEHNE WU
rapMOHHUYECKO Oerymieit | KoTopoe YMEHBIICHUE
BOJIHBI? pacnpocTpaHseTcs pe3yIbTUPYIOLIEH
BOJIHA 32 MEPUOA: A = aMIUTUTYAbI ABYX WUJIN
vT. Tak kak nepuop HECKOJIBKMX KOT€PEHTHBIX
KosiebaHuit 00paTHO BOJIH IIPU UX HAJIO)KEHUU
MIPONOPLUUOHAIECH JpyT Ha JpyTa.
JacToTe KojIeOaHui, To
CKOPOCTbH BOJIHBI
CBsI3aHA C YaCTOTOU
KoseOaHuit
YpaBHEHHEM: V = AV.
Chopmynupyiite ycnosue | B Tom ciygae, ecnu chopmynupyiite Korna ontuueckas

MaKCUMyMOB

ONTUYECKasl Pa3HOCTh
xoJ1a Oymet paBHa
[[EJIOMY YHCITY JJIUH
BOJIH B BaKyyMe, TO B
JTAHHOM TOYKE
HaOJIrogaeTcst
MaKCUMyM
WHTEHCUBHOCTH.
Konebanus, koTopsie
CO3/Ial0TCS IBYMSI
BOJIHAMHU, KOTOPBIE MBI
paccMaTpuBaId B TOYKE

yCJ10BUSI MUHUMYMOB

pa3HOCTh X0J1a pa3Ha
HEUYETHOMY YHCITy JUIMH
MOJTYBOJIH, TO B
HCCIIelyeMOM TOUKE
HaOII01at0T
uHTEepEePEHITNOHHBINA
MUHUMYM. B Bune
(dopmytbl, ycroBue
uHTEpEPEHITMOHHOTO
MUHUMYMa 3aMHChIBAIOT:

\[\Delta =\pm
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M, npoucxoasT B OAHOI
daze. YcioBus
HHTEP(HEPEHITMOHHOTO
MaKCHUMyMa MOXHO
3anMcarh Kak:

\[\Delta =\pm m
\lambda 0 \qquad (4), \]

rze m — [esioe Yuco,
HAYMHAIOIIEEeCs C HYJIS.
[Tpu sTom \delta =\pm
2\pi m.

(2m+1)\frac{{\lambda} 0}
{2} \qquad (5), ]

rae {\rm m} — nemnoe
yucio ¢ Hyss. [Ipu aTom
pa3zHOCTh a3
CYMMHPYIOIIMXCS BOJIH B
Touke paBHa \delta {\rm
=\pm} \pi {\rm (2} {\rm
m} {\rm +1).} Konebanus
B TOUYKe M Hammx BOJIH
MPOUCXOSAT B
npotuBodase.

Kaxkue nBa ycrnoBus
HEOOXOIUMBEI, YTOOBI
uHTEepEpEeHIIMOHHAS
KapTHUHA ObliIa
YCTOWYUBOM?

WutepdepupoBaTh
MOTYT BCE BOJIHBI,
OJIHAKO yCTOMYMBAas
nHTEephepeHITNOHHAS
KapTHHa Oyzaer
HaOJIIOAaThCA TOJIBKO B
TOM cllydae, ecliu
BOJIHBI UMEIOT
OJIMHAKOBYIO YaCTOTY U
KojieOaHus B HUX HE
OpPTOTOHAIIBHBI.
HNuTtepdepeniust MoxeT
OBITH CTAIIMOHAPHOU U
HECTaIMOHAPHOM.

KaKH€ UCTOYHUKH
Ha3bIBAIOTCS
KOI'€pEHTHBIMU?

Hcrouynuku, usiyqaroniue
BOJIHBI OIMHAKOBOM
YaCTOThI C TOCTOSIHHOU
pasHoCThIO (a3,
Ha3bIBAIOTCS
KOrepeHTHbIMU. BOmHBI,
U3Jly4aeMble TAKUMU
MCTOYHHMKAMU, TaK¥Ke
SIBJISIIOTCS. KOT€PEHTHBIMH.
B pe3ynbTare HamoxeHus
KOTE€PEHTHBIX BOJIH
HaOJIFOJaeTCs SIBIICHUE
UHTEpEPEHITHH.

Uro Takoe mudpaxius’?

SIBIIGHUE, KOTOPOE
MPOSIBIISIET ceOsT Kak
OTKJIOHEHHE OT 3aKOHOB
reOMETPUYECKOM
OIITUKH TIPU
pacnpocTpaHEHUH BOJIH.
Omna npescTaBisieT
co0oli yHMBEpCAIbHOE
BOJIHOBOE SIBJICHUE U
XapaKkTepu3yeTcs
OJTHUMU U TEMH KE
3aKOHAMU MpH
HaOII0IEHUU BOJTHOBBIX
MoJIeH pa3HOM MPUPO/IBI.

4TO TaKOE CILIOIIHAA
cpena?

CrutoniHas cpena —
MeXaHW4JecKast CHCTEMa,
o01agaroras
OECKOHEYHBLIM YHCIIOM
BHYTPEHHUX CTEIICHEN
CBOOO/IBL.

Yro takoe GpOHT BOIHBI?

MMOBEPXHOCTb,
OKpYKaroIIasi UICTOYHUK
KoyieOaHMii, BCE TOUKU
KOTOPOU UMEIOT
OJIMHAKOBBIC (pa3bl
KoJIcOaHUIA.
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Tema 4.3. JjieKTPOMArHUTHBIE KOJIeOAHMS

Bomnpoc

IIpaBUIBLHBIA OTBET

Bompoc

IIpaBU/IBLHBIH OTBET

YT0 Ha3BIBAIOTCA
AJIEKTPOMATrHUTHBIMU
KoJicoanusamu?

DNEeKTPOMarHUTHBIMU
KOJICOAHMSIMU SIBIISTIOTCSI
PasMOBOJIHBI,
MHKPOBOJIHBL,
uH(ppaKpacHoe
U3JTy4eHHEe, BUIUMBINA
CBET, YIbTPapHOIETOBOE
U3JTyYeHHE,
PEHTIC€HOBCKUE JTyYH,
raMMma-JIydu. Ha3bIBalOT
AIIEKTPUUYECKUMHU
KOJIEOaHUAMU.

Kakue xonebanus
Ha3bIBAIOTCS
CBOOOIHBIMU, 4 KaKHE
BBIHY)KJICHHBIMU ?

Konebanus, koTopsie
MIPOUCXOAAT TIOT
JelicTBUEM
BHYTPEHHUX CHJI B
KoyebaTeIbHON
CHCTEME, HAa3LIBAIOT
CBOOOIHBIMU
BrinyxneHnbie
KoJIe0aHHsI — 3TO
KoJieOaHus1, KOTOPhIE
MIPOUCXOJIAT IO
JNIEVCTBUEM BHEIIHEN
MEePUOINICCKH
MEHSIOIIEHCS CHJIBL.

Yrto Takoe KoJieOaTeIbHbIN
KOHTYp?

KonebarenbHblil KOHTYD
— DJICKTPHUYECKas LEIb,
coJieprKaliasi KaTylIKy
MHIYKTHUBHOCTH,
KOHJIEHCATOp U
UCTOYHUK
JJIIEKTPUYECKON SHEPIUU.

UYemy paBHa nonHas
JJIEKTPOMAarHuTHast
SHEPrus KOHTypa B
T000H MOMEHT
BpEMEHU?

3HavYeHHUE MOJTHOMN
3JIEKTPOMATrHUTHOMN
SHEPTUH KOHTYpa B
00011 MOMEHT
BPEMEHHU PaBHO CyMME
3HAYEHUM SHEPTrUit
MarHMuTHOTO U
ANEKTPUYECKOTO
noJiel. JTa dHEprus He
MEHSIETCS C TeYCHUEM
BPEMEHH, €CITU
COIPOTHUBIICHUE
KOHTYpa paBHO HYJIIO.

Uro nmpeacrasisieT co0oit
ypaBHEHHE, OMHCHIBAIOIICE
MIPOIIECCHI B KOJIEOATEITHHOM
KOHType?

YpaBHeHuE,
OIKCBHIBAIOIIICE
cBOOOHBIE
AJIEKTPUUYECKHUE
KoJieOaHUs B KOHTYPE,
MO>KHO MOJIYYHTb C
MTOMOIIBIO 3aKOHA
COXpaHEHUSs YPHEPTUH.
[Tonnas
3JIEKTPOMAarHuTHas
sHepruss W KOHTypa B
00011 MOMEHT
BPEMEHH paBHA CyMME

Kako# ¢opmyra
Ha3bIBaeTCS POPMYIIOi
Tomcona?

MaTeMaTHYECKOe
BEIPQXKCHHE
CBSI3BIBAIOIIEE
COOCTBEHHYIO YacToTY,
WHIYKTHBHOCTD U
€MKOCTb
ANMEKTPUUYCCKUX HITH
ANEKTPOMArHUTHBIX
KoyicOaHuii B
ANEKTPUIECKOM
KoJe0aTeIbHOM
KOHTYpe.
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€ro YHeprumn
MarHuTHOTO U

AJIEKTPUUYECKOTO
OJIEH:
Liﬂ qﬂ
W= —+=—,
2 2C

Uro nmpeacrasisieT co0oit
MEPEMEHHBIN
AIIEKTPUYECKUM TOK?

[TepeMEHHBII TOK —
JIEKTPUYECKUN TOK,
KOTOpPBIN C TEYEHUEM
BPEMEHU U3MEHSETCS 110
BEIMYHHE, OOLIYHO H I10
HAIPaBIICHUIO B
AJIEKTPUYECKOH 1IETIH.

KaKO€ COMPOTUBJICHUE
HA3bIBAIOT AKTUBHBIM?

AKTHUBHOE
COIIPOTHUBIIEHUE —
COIPOTUBIICHUE
AJIEKTPUYECKON LIETTH
WIH €€ yYaCTKa,
00yCIIOBJIMBAIOIIICE
MpeBpalieHue
AJIEKTPUYECKON
SHEPTHUH B IpyTUe
BU/JIbI DHEPTUH,
HampuMmep, B
MEXaHUUYECKYIO
SHEprHio (B
3JIEKTPOJIBUTATENSX ), B
XUMHYECKYIO SHEPTHIO
(pm anekTponuse,
3apsze
aKKyMYJIATOPOB), B
TEIJIOBYIO SHEPTHUIO
(HarpeB MPOBOJIHUKOB,
TUDJICKTPUKOB), B
AJIEKTPOMAarHUTHOE
U3ITyYeHue.

UYro Takoe nercTBYIOLIEE
3HA4EeHUE CUJIbI
IIEPEMEHHOT0 TOKa?

JerictByromiee

(@ dexTrBHOE)
3HAUEHUE MIEPEMEHHOTO
TOKA PaBHO BEJIUYNHE
TaKOIr'o NOCTOSIHHOTO
TOKa, KOTOPBIH 3a BpeMms,
paBHOE OTHOMY IIEPUOLY
IIEPEMEHHOTI0 TOKA,
IIPOU3BEIET TAKYIO JKE
paboty (TeTuIoBOM MIH
3JEKTPOAMHAMUYECKUI
a¢ddexr), uTo u
paccMaTpuBaeMbli
MEPEMEHHBIN TOK.

YTO TaKOE 3HAUYEHUE
MIEPEMEHHOT 0
HanpspkeHus?

OHOH U3 OCHOBHBIX
XapaKTEPUCTHUK
JII000r0 TUITIA
HaIPsDKEHUS SBISICTCS
€ro 3aBUCUMOCTH OT
BpeMmeHu. B
3aBUCHMOCTH OT
TaHHOU
XapaKTEPUCTUKU
paszIuyaioT
MMOCTOSIHHOM
HaIpsDKEHUEe,
3Ha4YE€HHE KOTOPOTO C
TEUEHHUEM BPEMEHH
MPAKTHYECKHU HE
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U3MEHSIeTCA U
IIEPEMEHHOE
HaIpsHKEHNe,
U3MEHSIIOIIEECs BO
BpEMEHU

Tema 4.3. DjIeKTPOMArHUTHbIE BOJIHBI

Bomnpoc

IIpaBuJbHBII 0TBET

Bomnpoc

IIpaBWJIbHbBII OTBET

Kaxk obpasyercs
AJIEKTPOMarHuTHas BoJHa?
[ToueMy oHa siBiIsIETCA
MONEePEeYHON ?

DneKTpOMarHuTHHIC
BOJIHBI /
AJIEKTPOMArHUTHOE
usnyuyenue (OMUN) —
pacnpocTpaHsIoleecs B
MIPOCTPAHCTBE
BO3MYIIICHHE
(M3MEHEHHUE COCTOSHUS )
AEKTPOMArHUTHOTO
OIS

Cpenn
ANEKTPOMArHUTHBIX
MOJIEH, TOPOXKAEHHBIX
ANEKTPUUECKUMHU
3apsgamMH U UxX
JIBUKCHUEM, IPUHSTO
OTHOCHUTD K U3ITYyUCHHIO
Ty 4acCTh MIEPEMEHHBIX
ANEKTPOMArHUTHBIX
MoJIen, KOTopas
criocobHa
pacipoCTpaHsATHCS
HanboJiee TaiueKo OT
CBOHMX UCTOYHHKOB —
JOBUKYLIUXCS 3apsI0B,
3aryxas Haubosee
MEJIEHHO C
paccTosiHuEeM.

Yro Takoe mnHa
BOJIHBI?

JIIMHA BOJIHBI —
paccTosiHuE MEKITY
JIBYMS OJIMDKaUIITAMA
APYT K APYTY TOYKAMH
B IIPOCTPAHCTBE, B
KOTOPBIX KOJIeOaHUS
MIPOUCXOJIAT B
OJIMHAKOBOH (a3ze.

Uro nmpeacrasisieT co0oit
OTKPBITBIN KOJIeOATEeNbHBIHA
KOHTYp?

Ecnu koHTYyp cocTtout u3
KATYIIKU U IBYX
IJIACTHH TJIOCKOTO
KOHJICHCATOpa, HE
napajuieNbHbIX APYT
IpyTy, TO 9eM O]
OOJIBIITUM yTIIOM
pa3BEepHYTHI 3TH
IJIACTHUHBI. TeM OoJee

YT0 Ha3BIBAIOT
,Z[GTGKTI/IpOBaHI/IGM
KoJieOanuii?

Jemonynsuust
(HerextupoBanue
CUTHaJIa) — TIpoIiecc,
0oOpaTHBIN MOTYISALIUN
KoJIcOaHMI,
BEIJICTICHHE
WH(POPMAITMOHHOTO
(MOTyTHpYIOILIETO)
CUTHaja U3
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CBOOOIHO BBIXOIUT
3JIEKTPOMArHUTHOE T0JIE
B OKpY Karoriee
MIPOCTPAHCTBO
IlpenenbHbIM ciiydyaem
PacKpBITUS
K0J1e0aTeIbHOIO
KOHTYpa SIBISICTCS
yJaJICHHE TUIaCTUH
KOHJIEHCAaToOpa Ha
MIPOTHBOIIOJIOKHBIS
KOHIIbI IPSIMOM
KaTymku. Takas cucrema
HA3BIBAETCS] OTKPBITHIM
KoJ1e0aTeIbHBIM
KOHTYPOM .

MOJTYJITMPOBAHHOTO
KoJIe0aHNs BBICOKOM
(Hecyeit) 9acToThI

Kakyro BennumHy Ha3bIBAIOT
IJIOTHOCTBIO MOTOKA
AEKTPOMArHUTHOTO
n3nydyeHus? B kakux
€IMHUIIaX OHA BhIpaxaercs?

[ImoTHOCTH MOTOKA
SJICKTPOMArHuTHOTO
W3JIy4EHUS — 3TO 3/M
SHEPrus, MepeHoCuMast
3a eJMHUILY BPEMEHU
yepes3 eAUHUILY
TIOLIA/IH,
IEPIEHIUKYIIAPHYIO
JTy4yam:

[=AW/(S-At)

KakuMu popMynamMu
BBIPAXKAETCS
3aBHUCHUMOCTh
IJIOTHOCTHU MTOTOKA
W3ITy4eHHUs OT
paccTosiHus 10
MCTOYHUKA U OT
4acTOThI?

B uem 3akmrovaercs
MIPUHLIMIIBI PaJUOCBSI3U?

[TpuHIMIIBI paANOCBA3U
3aKJTFOYAI0TCS B
nepeaadn HHGOpMaIuu
IIOCPEACTBOM
paZvoOBOIIH, KOTOPHIE
MOTYT CBOOOTHO
pacripoCTpaHsATHCS B
OKpY>Karollen cpene
COTJIACHO OCHOBHBIM
3aKOHaM (PU3HKH.

JUTSL 9eTO HyXKHa
MOIYJIALUS
KoJieOanuii?

Jns ocyiiecTBIECHUS
nepenayn CUrHajia Ha
OOJIBIITHE PACCTOSTHHS

Paznea 5: OIITUKA

Tema 5.1. Ilpupoaa cera — Tema 5.2. BosiHoBbIe CBOIiCTBA cBeTa

Bomnpoc

IIpaBUIBLHBINA OTBET

Bompoc

IIpaBUIbLHBIA OTBET
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UeMy paBHA CKOPOCTh CBETA
B BaKyyMe

300 TBIC. KM/C

Uto Takoe yroa
naJIcCHUs

Yron mexny
MaJA0IUM JTy4YOM U
MePIEHIUKYIIIPOM K
MMOBEPXHOCTU B TOUKE
nmagcHus

UYro Takoe yroia oTpaxeHus

Yron mexny
OTPa)XKEHHBIM JIYYOM U
MEePIEHIUKYISIPOM K
MMOBEPXHOCTH B TOUKE
OTpaXKEHUS

UYro Takoe yroia
MIPETOMIICHUS

Yron mexny
MIPETOMIICHHBIM JIY4OM
U TIEPIEHIUKYISIPOM K
MMOBEPXHOCTH B TOUKE
MPETOMIICHUS

3aKOH OTpa’KeHUS CBETa

VYron oTpakeHus paBeH
yI1y naaeHus

KakoBa nmpuumnna
MMpCIOMJICHUS CBCTA

Paznas ckopocTh cBeTa
B Pa3HbIX cpefax

Uto Takoe npenomieHue N3menenue [IpokoMMeHTHPOBATH C — CKOpPOCTh CBETA B
cBeTa HarpaBJIeHUs bopmyiry BaKyyMe
pacmpocTpaneHusi ceeta | ¢/ V=n-— V' - ckopocTh cBeTa B
Ha IpaHuIle pa3jena a0COIOTHBIN JAaHHOU cpefe
JBYX cpen MOKa3aTelnb n — abCONOTHBIN
MPEIOMIICHUS MoKa3aTeib
MIPENOMIIEHUS IS
JTAHHOW CpeJibl
[IpokoMMeHTHpOBATh o - YTOJI MaJIcHUS Cser u3 Bogbl Beixonut | [lagenus

dhopmyny 3aKkoHa
MMpCIOMJICHUS CBCTA
sino/sin B= n2/ng

B - yrox nmpenomieHus
n2 — aOCOTFOTHBIN
IOKa3aTeilb
MIPEIOMIICHUS CPEILy
KyJia MajiaeT CBET

ni— aOCOFOTHBIN
MOKa3aTeilb
MIPEJIOMIICHUS CPEILy
OTKYJIa TTaJIaeT CBET

B crekio. Yro OoJipie
— YI‘OJ'I ImaaCHUs NN
YTOJI PEIOMIICHHS

CseT u3 BOJBI BHIXOJIUT B
BO3ayX. UTo GosbIIe — yron
naJICHAs WU yTOJl
MPEJIOMIICHUS

[Ipenomnenus

Uto Takoe yroa
IIOJIHOTO BHYTPEHHETO
OTpaKEHHUS

¥Yroa nomaHoro
BHYTPEHHETO
OTpa)KEHUA — TO
MUHHMMAaJIbHBINA yTOJI
IaJICHUS CBETA,
HayuHas ¢ KOTOPOro
BO3HHKACT SIBJICHUE
IIOJIHOT'O BHYTPEHHETO
OTpa)KCHHUS.

Pasznen 6: DJJEMEHTBI KBAHTOBOM ®U3UKU

Tema 6.1. KBantoBasi onTHKA
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Bomnpoc

IIpaBUIBLHBINA OTBET

Bompoc

IIpaBU/IBLHBIH OTBET

UYro Takoe potodrhdext?

dotoaddexr, nmm
(hOTOdIEKTPUYECKHIA

3 dExT, — siBICHUE
B3aHUMOJICUCTBHUS CBETA
WJIH JTF00O0TO IPYyTroro
ANEKTPOMArHUTHOTO
W3ITyYeHUs C BEIIECTBOM,

Kakoit ¢potosdpdexr
ABJISICTCS BHEILHUM, a
KaKOW — BHYTPEHHUM?

Ecnu dporoaddexr
COIPOBOXKAETCS
BBUJICTOM 3JICKTPOHOB C
MOBEPXHOCTHU
BEIIECTBA, TO €r0
Ha3bIBAIOT BHEITHUM
doroaddexTom, a

MIPU KOTOPOM DHEPTHUs BBUIETAIOLINE
¢dhoToHOB nepeacres ANEKTPOHBI —
AJIEKTPOHAM BEIllEeCTBA. (b OTORIEKTPOHAMH.
Ecmu dotorddext He
COIPOBOXKAAETCS
BBUIETOM 3JICKTPOHOB C
MOBEPXHOCTHU
BEIIECTBA, TO €r0
Ha3bIBAIOT
BHYTPEHHUM
boTodrddexTom.
Yto Ha3BIBAETCSA TOKOM [Ipu yBennuenuun Cdhopmymnupyiite 1-i1 3akoH
HACBIIICHUS ? AQHOJTHOT'O HAINPSHKECHUS TIePBBIi 3aKOH dhoTorddekra (3aKkoH
CHJIa TOKa Bo3pacTtaeT 10 | gorodddekra CroneroBa): Cuna
HEKOTOpOTO (hOTOTOKA HACHIIIICHUS
MaKCHUMaJbHOTO PsIMO
3HAYeHUs, MPU KOTOPOM MPOIOPLIMOHATIbHA
TOK HA3BIBAETCS] TOKOM WHTEHCUBHOCTH
HACBILIEHUS, U JJajiee He CBETOBOI'O U3ITyYEHUS.
YBEIMYUBACTCS TIPU
MOCIIEAYIOIEM
MTOBBIIIICHUU
HaNpsDKEHUS Ha aHOJIe.
Cdopmynupyiite BTOpOit 2-ii 3akoH poTordexTa: | 4TO MpeAcTaBIIET hv=AB+mv2max2 —

3aKkoH GoTodrdekra

MakcuManbHas
KUHETUYECKasl SHEPTUsI
BBLIOMBAEMBIX CBETOM
3JIEKTPOHOB BO3pPACTAET
C 4aCTOTOM CBETa U HE
3aBHCHUT OT €ro
MHTEHCUBHOCTH.

co0ol ypaBHEHHUE
DliHirelHa?

ypaBHECHHE
OHHINTENHA IS
dorordpdekra. OHO
MIPEACTABISIET COOO0M
3aKOH COXPaHCHUS
SHEPTUU B
MPUMEHCHHUHU K
dboTodrddekty. 10
ypaBHEHHE 3aIHCaHO
JUTs1 OTHO(OTOHHOTO
dotorddekra, korma
pedb UIeT o
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BBIPBIBAHUHT
JNIEKTPOHA, HE
CBSI3aHHOT'O C aTOMOM
(MoJeKyoi).

Chopmynupyiite TpeTHii
3aKkoH ¢oTorddekra

3-ii 3akoH doTtoaddekra: | Kakoit popmyroit
JUnist KaKI0TO BEIIECTBA | BBIPAXKAETCS SHEPTUs
MIPH OnpeaeIEHHOM dboTtona?

COCTOSIHUH €TO
MOBEPXHOCTH
CYIIECTBYET TpaHUYHAs
94acTOTa CBETa, HIKE
KOTOpO# GoTo3d ekt He

[Ipu 3TOM Kax b1
($OTOH HMEET FHEPTHUI0
E =mO0c2/2, rae m0 —
Mmacca (oToHa, C —
CKOPOCTb CBETa.

HaOJIrogaeTcs.

Yro takoe potornemeHTsr? | DoTORIEMEHT — YTO IPEACTABIAECT Bakyymnblii
AJIEKTPOHHBIN TTPHOOD, co0ol BaKyyMHBIN (dhoTod71eMEeHT
KOTOPBIH mpeodpazyer ¢dorosnement? MPECTaBIAET cO00i
SHEpTruio (OTOHOB B MPO3pavHbIi OATOH
AJIEKTPHUECKYIO cepuueckoit uiam
SHEPIHUIO. HWIAHAPUYECKON

bopmsl,

N3TOTOBJICHHBIN U3
CTEKJIa WM KBapla.

Tema 6.2. ®uszuka aToma

Bomnpoc

IIpaBUABLHBIA OTBET Bonpoc

IIpaBUIBLHBIA OTBET

Kaxkas popmymna onpenenser

JUIMHY BOJIHBI, KOTOPast
COOTBETCTBYET

IIOCJICA0OBATCIbHBIM JIMHUAM

cepuu bansmepa?

Cépus banpmepa — Kakyo moaens atoma
OJIHA U3 CHEKTPAIbHBIX coznan Pezepdopn?
cepuii aToMa BOJIOPO/Ia,
HAOJIIOArOIIAsACS JUIS
MIEPEXO0JI0B MEXKTY
BTOPBIM SHEPreTHUYECKUM
(mepBBIM
BO30YXKIEHHBIM)
YpOBHEM aToMa U
BBIIIEJICKATUMU
ypOBHsAMU. B otimuue ot
yAbTPapuOICTOBOK
cepuu JlalimaHna,
CBSA3aHHOM C
nepexoJaMu Ha
OCHOBHOU YPOBEHb,
YEThIpE NEPBBIC TUHUU
cepuu banbMmepa nexar B
BUJIUMOM 0051acTH

IJIaHETapHYIO MOJIEIb
aToma
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CTIEKTpa.

ChopmynupyiiTe epBbIi
noctyJiat bopa

[Tepssiit noctynar bopa.
ATOM MOXKeET
HaXOJUTHCS TOJILKO B
0COOBIX, CTAIIMOHAPHBIX
coctosiHUsX. Kaxxaomy
TaKOMY COCTOSIHUIO
COOTBETCTBYET
onpe eI HHOE 3HAaUCHUE
sHepruu. Haxopnsice B
CTallMOHAPHOM
COCTOSIHUH, aTOM HE
U3JIy4aeT U He

Chopmymnupyiite
BTOpOM nocryiar bopa

Bropoii nocrynar
bopa: IIpu nepexone
aToMa U3 OJIHOTO
KBAHTOBOI'O COTOAHUSA
B JIpyroe aToM
UCITyCKAET WU
MOTJIONIAEeT KBAHT
SJICKTPOMArHuTHOIO
n3iydeHus (hoToH).

MOTJIOIIAET.
Kaxkoe cocrosHre atoMa CrauroHapHbIM KaKo# mporecc ITormomieHue cBera —
Ha3bIBAIOT CTAIMOHAPHBIM? | COCTOSIHHEM B Ha3bIBAETCS 9TO SIBIICHUE
TEPMOJIMHAMUKE MOrJIoILIEHEM cBeTa”? YMEHBILIECHUS

HAa3bIBAIOT COCTOSTHUE
BEIIECTBa, KOT1a
OCHOBHEBIE €0
XapaKTePUCTHKU HE
U3MCHSIOTCS CO
BpEMEHEM.
CranuoHapHbIM
COCTOSAHHUEM B
KBAaHTOBOU (pu3HKe
aToOMa Ha3bIBAIOT
COCTOSIHHE, TP KOTOPOM
OHO MMEET MOCTOSHHYO
SHEPTUIO

MHTEHCUBHOCTH CBETA
IIPU IIPOXOKJICHUH €TI0
4yepes BELIECTBO.

Yro nmpencrapinsieT co0oit
nazep?

Jlazep — aT0
YCTPOMCTBO, KOTOPOE
H3JIy4aeT IMy40K
KOTE€PEHTHOT'O CBETA B
pe3yJbTare mpouecca
OIITUYCCKOT'O YCUJICHUA.

YTO Ha3bIBACTCSA
VHTyIUPOBAHHBIM
u3iydyeHuem?

BrmyxnenHoe
U3Iy4YEHHE,
MHAYLIIPOBAHHOE
W3JIy4eHUuE —
reHepaIus HoBOro
¢doToHa mpu mepexoie
KBAaHTOBOM CHCTEMBEI
(aToma, MOJIEKYJIBL,
sipa v T. 1) MEXITY
JBYMSI COCTOSIHUSIMU (C
0oJiee BBICOKOI'O Ha
0oJiee HU3KUU
SHEPreTUYECKUI
YPOBEHB) MOJ
BO3JICUCTBUEM
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MHIYLIHPYIOIIErO
¢dorona, sHEeprus
KOTOpPOTO paBHA
Pa3HOCTHU SHEPIrUn
3TUX COCTOSTHUU.

Tema 6.3. @Pu3uKa aTOMHOIO siApa

Bomnpoc

IIpaBUABLHBINA OTBET

Bomnpoc

IIpaBUIBLHBINA OTBET

Kaxoe aBienne 65110
Ha3BaHO
PaaNOaKTUBHOCTHIO?

PagnoakTuBHOCTB — PTO
CITOCOOHOCTB SIIEP
ATOMOB HEKOTOPBIX
XAMHUYECKHX DJIEMEHTOB
paspymiaThcs,
BUJOM3MEHSTHCS C
UCITyCKaHHEM aTOMHBIX,
Ccy0aTOMHBIX YacTHII,
raMMa-KBaHTOB. — a-
yacTull (asbda-pacman),
— 3JIEKTPOHOB U
MO3UTPOHOB (OeTa-
pacnan), — CHOHTaHHOE
JIeTICHUE sIIep.

Cohopmynupyiite
HPaBHJIO CMELICHHS

[IpaBuna cmemeHuss —
MpaBuiia, NO3BOJIAIOLINE
YCTaHOBHUTb, KaKO€ AJIpO
BO3HUKAET B pe3yJibTaTe
pacrazia 1aHHOrO
MAaTEpUHCKOTO SiIpa.

[IpaBuna cmemeHus
(3aKOHBI COXpPAHEHHUS
3apsA0BOTO U
MacCOBOI'O YUCEN):

a) cymMMa 3apsI0BBIX
YK CeNl BO3ZHUKAIOIINX
SJIep ¥ YacTHUIl paBHA
3apsI0BOMY UHUCITY
MCXOJIHOTO A1pa;

0) cymMMa MacCOBBIX
YHCeN BO3HUKAIOIINX
AJIep ¥ 4YacTHUIl paBHa
MacCOBOMY UYHUCILY
HCXOJIHOTO s/pa.

Yro npencTaBisioT coO0i
M30TONBI?

ATOMBI, coziepKalue
OJINHAKOBOE KOJINYECTBO
MPOTOHOB, HO
pasnuyaomuecs
coJiepyKaHuEM
HEUTPOHOB HA3bIBAIOTCSA
M30TONaMuU

UYro Takoe nepuosa
nojypacnazga?

[Meprion nmonypacnana
KBAaHTOBOMEXAHUYECKOU
CUCTEMBI (YaCTHIIBI,
Spa, aToma,
HHEPrEeTHYECKOTO
YPOBHS U T. [I.) —
Bpems {\displaystyle

T {1/2}}T {{1/2}},B
TEYCHHE KOTOPOTO
CHCTEMa pacIagacTcs C
BEpOATHOCTHIO 1/2. B
TEYECHUE OHOTO
neproa moxypacrasa B
CpeIHEM BJIBOE
YMEHBIIIAeTCs
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KOJIMYECTBO BEDKHMBIIIHX
YacTHIl, a TAaKKe
MHTEHCUBHOCTH
peakuuu pacnajaal

Kaxkas popmyna Beipakaet
OCHOBHOI 3aKOH
paaroaKTUBHOTO pacrnajaa’?

InN/NO=-At wmu N =N
e(—\t 0)

Kakue Kamepbl ObLITH
ITy3bIPbKOBBIMU?

[Ty3sIppKOBast KaMepa
— 3TO YCTPOKCTBO WIJIU
puoop IS
pETUCTpaIyy CIeI0B
(w1 TPEKOB) OBICTPBIX
3apSKECHHBIX
MOHU3UPYIOLIUX
YacTull, JeHCTBHE
KOTOpPOTO OCHOBAHO Ha
BCKUIIAaHUU [IEPErPETON
XKHUJKOCTHU BIOJb
TPACKTOPUU YACTHUIIBL.

Kakoii siBnenue Obu10
Ha3BaHO P heKToM
BasuiioBa-Uepenkona?

Dddéxr BaBranosa —
UYepenkona, 3hhExT
YepeHkOBa, H3ITyUCHHE
BasrnioBa —
Yepenkona,
YEePEHKOBCKOE
U3y4YEHNE — CBEUYCHHE,
BBI3BIBAEMOC B
MpO3payvyHOM cpefe
3apsKEHHOW YacTULEH,
JBUKYIIIEHCS CO
CKOPOCTBIO,
MPEBBIIAIOIIEH
$ha3oByI0 CKOPOCTH
pacrpocTpaHeHHs CBeTa
B 3TOU cpene.

YTO HA3BIBAIOT
MAaCCOBBIM UHCIOM?

MaccoBoe 4ncio
aTOMHOTO sijipa —
CyMMapHO€ KOJUYECTBO
IIPOTOHOB U HEUTPOHOB
B szipe. OOBIYHO

o0o3HayaeTcst OyKBOi
A.

Pa3znes 7: DBOJIIOLINS BCEJITEHHOM

Tema 7.1. Ctpoenue u pa3putue Beesiennoii - Tema 7.2 @u3znka aTOMHOro0 siipa

Bomnpoc

IIpaBUIBLHBINA OTBET

Bomnpoc

IIpaBUIBLHBINA OTBET

Urto uzyuaet actpodusuka?

paszien acTpOHOMUH,
WCIIOJIb3YHOLAN
OPUHLMIBI PUUKH U
XUMHUH, KOTOPBIN
n3ydaeT GU3NIeCKue
IIPOLIECCHI B
ACTPOHOMHUYECKHX

Yto Takoe MiieuHbIi
[lyTs?

criipayibHas
rajakThuka, B KOTOpOi
HaXOIUTCSI 3eMJId U
CosHeyHast cucTeMa.
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00BEKTaxX, TAKUX KaK
3BE3/bI, TAJIAKTUKU,
DK30IIAHETHI U T. 1.
dusnyeckue CBOMCTBA
MaTepUH B CaMbIX
OOJIBIIMX MacIITabax v

BO3HUKHOBEHHE
Bcenennoii n3yuaer
KOCMOJIOTHUSI.
Kaxkue ranaktuku HenpaBuibhbie Uro obpa3yer UYacTtp HaOIII01aeMOiA
OTHOCSITCS] K HEMPABUJIbHBIM | TAIAKTUKU — TaJaKTUKW | METarajiakTHKy? Bcenennoti,
rajakTuKam? HENpaBUIbHON (HOpMBI, JOCTYITHOU IS
HE BIUCHIBAIOIINECS B U3YYCHUS
IIOCJIEA0BATEIBHOCTh COBPEMEHHBIMU
Xab6ma. OHM HE UMEIOT ACTPOHOMUYECKUMH

HU CIIUPAJIbHOU, HU
UM THYECKON
CTpyKTyphl. Yaie Bcero
TaKHE TAJIAKTUKA UMEIOT
Xao0TU4HYI0 hopmy 6e3
APKO BBIPA)KEHHOTO S1pa
U CIIUPAJIbHBIX BETBEU.

METOJIaMH, Ha3bIBACTCS
MerarajlakTHKoi; oHa
pacumpsieTcst o Mepe
COBEPIIICHCTBOBAHUS
npubopos. 3a
npeaeiaMu
MeTtaranakTuku
pacronararTcs
TUIIOTETHYECKHUE
BHEMETAarajakTHYECKHE
OOBEKTEHL.
MeTraranakTuka MOKET
OBITH WJIH MaJIOH
JacThio BeenmenHoii,
WY IOYUTH BCEH

Uto Takoe kBazaphbi?

KJIaCC aCTPOHOMHYECKUX
00BEKTOB, SIBJISIOIIUXCS
OJTHUMHM U3 CaMbIX SIPKUX

qT0 Takoe Beenennasa?

HE UMCIOIIICE CTPOTOTO
OMNpCACIICHUA ITOHATHC
B aCTpOHOMHH U

(B abCONIIOTHOM ¢dumnocopun

WCYHUCIICHUH ) B BUAMMOM

Bcenennoii.

Uto Takoe kocmoJiorus? paszaen acTpOHOMUH, chopmynupyiire yCJIOBHUE

M3y4YarOlMid CBOWCTBA U | IJIaBHBIM MOCTYJAT OJHOPOIHOCTH U

IBOJIONMIO BeeneHHoi B | KOCMOJIOTHHI M30TPOITHOCTH

LICJIOM. MPOCTPAHCTBA,
MIPUHUMAEMOE
OOJIBIINHCTBOM

acTpoU3UKOB KaK
HCXOIHBIN MOCTYJIAT
IpY IIOCTPOECHUU
KOCMOJIOTHYECKHX
MOJeJeH.
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2.1.2. MaTepuaJibl TEKyl1ero KOHTpPoJIs ycnesaeMocT o gpopme «IlpakTudeckue 3axanus»
KoHTponb 1o ocBOeHMIO TeMbI B (hopMe IMPAKTUYECKOH pabOThl HAIpaBIEH Ha MPOBEPKY YCBOEHUS
NpOIIEHHOTO MaTepHuaia, a TaKKe Ha CIIOCOOHOCTh OOYYaromMXCS HCIOJIb30BaTh IOJTy4YEHHBIE
TEOPETUYECKHNE 3HAHUS NPH PEILICHUH TPAKTUYECKUX 3a/a4.
Kpurepun onienku pesyibrara:
Ouenka 5 (oTiimuHo) Bee 3amaun pemeHbl mpaBuiIbHO U caMOCTOSITeNNbHO. OdopmiieHre paboTh
COOTBETCTBYET TPEOOBAHUAM, IPEABIBISEMBIM K O(DOPMIICHUIO TEXHUUECKOW JJOKYMEHTAIUH.
Ouenka 4 (xopomo) Bee 3amaun pernieHbl MpaBHIIBHO U caMOCTOsITeNbHO. [Tpu opopmieHun paboTsr
JIOITYIIEHBI OUIMOKY TI0 YaCTH COOTBETCTBHUS TPEOOBAHUAM, IPEIBSBIAEMBIM K 0()OPMIICHHUIO
TEXHUYECKOH TOKYMEHTallUU.
Onenka «3auTeHo» 3aa4M peLICHbI C TOMOLIBIO IIPENoAaBaTes, IPpY YCIOBUH XOPOIIEro 3HAHUS
BOIIPOCOB TEOPUH I10 TAHHOM TeMeE.
2.1.3. UuauBUAYyaJbHBIH IPOEKT

TeMbl HHAUBUAYAJIBLHOIO NMPOEKTA MO pu3nKe

O AJbTEepHAaTUBHBIE BUJIbI SHEPTUU.

o Anamm3 3¢ ()EKTUBHOCTH UCIIOJIB30BAHHUS SHEPTOCOEPETAIONINX JIAMIT B JIUIIEE U JIOMa.

o becnpoBojHas nepegava SHEpruu.

o buenus u ux npumeHeHue — paauonpuem, Gusndeckue IKCIepUMEHThI, TEPMEHBOKC.

o DBemecTBo B COCTOSHUM IJ1a3MBl.

o Bwusyanuzanus 3ByKOBBIX BOJIH.

o BrusHue atMocdepsl Ha pacpocTpaHEeHHE HNEKTPOMATHUTHBIX BOJIH.

o Biusnue BHemHuX (HakTOPOB Ha 3pEHUE MIKOJIbHUKA

o BrusHMe MarHUTHBIX Oypb Ha 3710pPOBBE YEIIOBEKA.

o Buusnue oOyBu Ha 310pOBbE YETIOBEKA.

o BnusHue cnuprocoaepKalMX HAIUTKOB HAa BHYTPEHHWM BOJOPOAHBIM IIOKas3aTesnb cpensl pH
YEJI0BeKa.

o BunsHne ynpTpa3ByKOBBIX U 3BYKOBBIX BOJIH Ha POCT U pa3BUTHE PACTEHUH.

o BrusHue 3neKTpUYECKOro TOKa Ha OPraHU3M YEJIOBEKa.

o Bopa 3Hakomas u He3HaKOMas.

o BemHyXIeHHbIH KOeOaTeIbHbIN pe30HAHC.

o BelpamuBaHue KpHUCTaNIOB MEIHOTO M JKEJIE3HOIO Kylopoca B JOMAIIHUX YCIOBHMSX H
ONpeIeTICHUE UX IUNIOTHOCTH.

o T'uzpo - u aspoaunamuka. 3akoH beprymu.

o JlaBneHue Ha JHE MOPEl U OKEAHOB.

o JIBMKEHME TeN MO NEUCTBUEM CHIIBI TSKECTH.

o upwxkabnu: Buepa, CEroIHs, 3aBTpa...

o Juddysus B npupoae 1 TEXHUKE.

o Juddys3us Bokpyr Hac.

O 3aBHCHUMOCTbH MaCChl BO3yXa B KOMHATE OT TEMIEPaTypbl U aTMOC(HEPHOTO JTaBICHUS).

o 3akoH ['yxka.

o 3aKkoH coxpaHEHHs UMIyJbca. PeakTuBHOE ABM>KEHME. Y paBHEHHE Melepckoro.

O 3aKOHBI COXpPAHEHUS B MEXAHHUKE.

o 3amuTa TPaHCHOPTHBIX CPEACTB OT aTMOC(HEPHOI0 ANEKTPUYECTBA.

o W3 ucropun oTKpbHITHS paAMOAKTUBHOCTH.

o H3mepenue BpeMeHHU peakliMM MOJPOCTKOB U B3POCIBIX.

o MW3meputenb cTaTUHUECKOIO AIEKTPUYECTBA

o HWudpakpacHoe u3aydeHrne — OKHO B HEBUIUMBIH MHP.

o MHccnenoBanue 1BUKEHUS BO3AYLIHOTO My3bIps B BA3KOM JKUKOCTH.

o MHccnenoBanue 3aBucuMocTH 3G(HEKTUBHON MOIIHOCTH AU3EIBHOTO JBUTATENS OT TEMIEpaTypHOTO

pexuma.
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HccnenoBanne MOPCKUX TITyOHH.

HccenenoBanue NOBEPXHOCTHOTO HATSKEHUSI PACTBOPOB CTUPAIBHBIX MOPOIIKOB.
HccnenoBanue paaunanuoHHOT0 GoHA Y-U3IIyUYCHUS HA TIPUYCcaieOHOM ydacTKe.
HccenenoBanue CBOMCTB JIEKTPOMATHUTHBIX BOJIH B Pa3JIUYHBIX CPEax.

HccnenoBanue TEmIONpoBOIHOCTH Pa3IUYHBIX MAaTEPHUAIIOB.

Uccnenoanue ynpyrux coyaapeHui JByX T€I pa3HOW MACChl C MPUMEHEHUEM BHICOAHAIMN3A.
UccnenoBanue duryp Jluccaxy.

HccnenoBanue nryMmoBoro ¢poHa B MOMEIIEHUU U HA YIINLIE

Hcrtopus pa3BUTHS 3JIEKTPUUYECKOTO OCBEIICHUSI.

Kanensauna KenpBruHa, Kak anbTEpHATUBHBIN HCTOYHUK SHEPIHH.

KoHcTpykuust aBToMaTHueCKOi KOpOOKH mepeaay.

Kpucrannmaeckue u amopdusie Tena. JlehexTsl B KpucTamiax.

KyOuueckuii cBeTOIMOHBII MAaCCHB.

Jlazepsl U UX MpUMEHEHHUE.

MarHuTHOE 1oJIe ¥ €ro BIUSHUE Ha dKUBBIE OPTraHU3MBI.

MarHuuTtHble HOCUTENU UH(POPMAIUH.

MarnuTHbIE NOJIs, UX U3MEPEHUS U BO3/ICHCTBHE HA KUBbIE OPTraHU3MBI.

MeTtaMop$ 036l MBIITEHBIX ITy3BIPEH.

MexaHn4eckre CBOMCTBA TBEPBIX TEIL.

MoruiaeBcKkuil 3B€3404€T.

Mopnenb CHUCTEMBI CBSI3M C UCCIIEIOBATENBCKON CTaHIMEH, HaXOJsIIelcs Ha OOpaTHON CTOpOHE
JlyHsl.

MBUIBHBIN ITy3BIPb — HEIIPOYHOE Y JI0.

Ha3emHble TpaHCIIOPTHBIE CPENCTBA C HETPATULIMOHHBIMU KOHCTPYKTOPCKHMU PEIICHUSIMHU.
Haceplmennbie 1 HEHACHIIIEHHBIE MTApbl. BIaxkHOCTh BO3/1yXa U €€ U3MEpEHHE.

O mexaHu3Me BIUSHUS MarHUTHOTO T1OJIs1 Ha CBOMCTBA BObl. HoBBIE (haKThI U MEPCHIEKTUBBI.
2.1.4. Kputepuy olleHUBAHHUS MHANBHIYAJIBHOIO NIPOEKTA

3ammTa HHAUBUAYaJIbHOTO IPOEKTA 3aKaHYMBAECTCS BBICTABICHUEM OLICHOK.

O O OO O O0OO0OO0OO0OO0OO0OO0ODO0OO0OODOOOoOOoOOoOOoOo

o O O O

«Omauynoy BBICTABIIAETCSL:

- paboTa HOCHUT NMPAKTUYECKUH XapakTep, COACPKHUT IPAMOTHO H3JI0KEHHYIO TEOPETHUECKYIO
0azy,  XapakTepu3yeTcs  JIOTHYHBIM,  IIOCJIECIOBAaTECIbHBIM  HM3JIOKEHHEM  Marepuana ¢
COOTBETCTBYIOIIMMH BBIBOJAMU ¥ 000CHOBAaHHBIMHU TPEITI0KEHUSIMU;

- IMEET MOJIOKUTEIbHBIE OT3BIBBI PYKOBOJUTEIIS;

- TpH 3aIuTe paboThl 00YYAIOIIMICS TMOKa3bIBAaeT JOCTATOYHO TIyOOKHE 3HAHUS BOIPOCOB
TEMbI, CBOOOZHO ONEpHUPYET JaHHBIMH HCCIICIOBAHUSIMH, BHOCHT OOOCHOBaHHBIC MPEIUIOKEHHS, BO
BpeMs BBICTYIUICHHUS! WCIIOJIB3YET HATJISAHBIC MOCOOMS (TaOMHUIbI, CXeMbl, TpaduKH, SIIEKTPOHHBIC
NPE3CHTAIMU U T.J.) WU pa3gaTOuHbId MaTepHall, Jerko OTBEUACT Ha MOCTABICHHBIE BOIIPOCHI.

«Xopouwio» BBICTaBISACTCA:

- HOCHUT TPAKTHYECKUH XapakTep, COACPKUT I'PaMOTHO M3JIOKEHHYIO TEOPETHUYECKYIo 0asy,
XapaKTEepHU3yeTcsl MOCIEAOBATEIbHBIM H3JI0KCHHEM MaTepHaja C COOTBETCTBYIOUIMMH BBIBOJIAMH,
OJTHAKO C HE BIIOJIHE 0OOCHOBAaHHBIMH IPEIOKCHUSIMH;

- IMEET MOJIOKUTEIbHBII OT3BIB PYKOBOIUTEIIS;

- TpU 3amMTe OOY4YaIOUIMiicS IMOKa3bIBaeT 3HAHUS BOIPOCOB TEMBI, ONEPHPYET TaHHBIMH

HCCIICAOBAaHUs, BHOCHUT MNPCAJIOXKCHHA, BO BPEMA BBICTYIUICHUA HCIIOJIB3YCT HArJIAOHBIC mocoous
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(Tabmupl, cXeMmbl, TpaduKu, >JICKTPOHHbIE MPE3CHTAUWU U T.J.) WIM pa3JaTOYHbIi Marepuan, 0e3
0COOBIX 3aTPyTHEHUI OTBEYAET HA MTOCTABJICHHBIE BOITPOCHI.

«Y0osenemseopumenvbHo» BHICTABIIACTCA:

- HOCUT TIPaKTHYECKUI XapakTep, COACPKUT TEOPETHUYECKYI0 TJaBy, Oaszupyercss Ha
NPaKTUYECKOM MaTepualie, HO OTIIMYAeTCsl TOBEPXHOCTHBIM aHAJM30M M HEIOCTaTOYHO KPUTHUYECKUM
pa3bopoM, B HEH NMPOCMATPHUBACTCS HEMOCIEI0BATEILHOCTh M3JI0KEHHUS MaTepHana, MpeCTaBICHbI
HE0OOCHOBAHHBIE MTPEIIOKCHNUS;

- B OT3BIBaX PYKOBOJIUTENS HMEIOTCS 3aMEUaHHMsI 110 COJIEPKaHHUIO paboThl U 0POPMIICHHIO;

- Tpu 3amuTe OOYYaroIIMMCS MpPOSBISIET HEYBEPEHHOCTh, IIOKa3bIBaeT ciaboe 3HaHHE

BOITPOCOB TEMEI, HE JACT IMOJHOI'0, apryMCHTHPOBAHHOI'O OTBETA Ha 3aIaHHBIC BOIIPOCHI.

Hpumepuble Kpumepuu oueéHueanus ooknaoa u npelenmauuu

Ne n/n Kputepuii OueHkKa (B 6annax)
1 KauecTtBo goKnaaa 1 - poknapg 3a4nTbIBAETCA
2 - [0OKnaA nepeckasblBaeTcA, HO He obbACHEHa CyTb
paboTbl
3 - AoKnapj nepeckasblBaeTcs, CyTb paboTbl 06bACHEHa
4 - Kpome XopoLllero OOKnaga BNageHue

UNNKOCTPATUBHbIM MaTeEPUNAIOM
5 - poKknag npounsBoAUT OYeHb XOpoLlee BreyaTneHue

2 KauecTBo 0TBeTOB Ha 1 - HEeT YeTKOCTN OTBETOB Ha HO/BLLUMHCTBO BOMPOCOB
BOMPOCHI 2 - oTBETbI Ha 6ONBLLWMHCTBO BONPOCOB
3 - oTBeTbl Ha Bce BOMpocbl ybeauTenbHo,
apryMeHTUMpPOBaHO
3 Mcnonb3oBaHue 1 - npeacTaBAEHHbIN AEMOHCTPALMOHHbIA MmaTepuan He
AEMOHCTPALMOHHOIo MCMO/b3YyeTca B AoKNaae
martepuana 2 - nNpeACTaBAEHHbIN AEMOHCTPAUMOHHbIA MaTepuan

MCMO/b3yeTca B AoKNaae

3 - npeAcTaB/ieHHbIM AEeMOHCTPaUMOHHbIA MmaTepuan
MCNoNb3yeTca B AOKNage, WHPOPMaTMBEH, aBTOp
cBO60OAHO B HEM OpUEHTUPYETCA

4 OdopmneHune 1 - npeactaBneH Nnaoxo 0dOPMNEHHDIN
AEMOHCTPALMOHHOIo OEMOHCTPALMOHHBIM maTepuan,
mMmaTepuana 2 - [AeMOHCTPALMOHHbIN matepuan XOpoLo

0dopM/IEH, HO eCcTb OTAEe/IbHblE MPEeTeH3UN
3 - K A4eMOHCTPaLMOHHOMY MaTepuany HeT NnpeTeH3ui
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IHpakTuyeckue 3agaHus
(CMm. nanky «IIpakTHyeckue 3aJaHUsD).
24 ¢aiina mo 7 smcroB npu neyatu 1 k 2. Becero 168 simcroB)

2.2  MarepuaJjbl NPOMeKYTOUHON aTTEeCTANNM

Kpurepun onieHku pesyibrara:

Ouenka 5 (oriimuHo) Ha Bce Bompock! Ousieta JaHbl MOTHBIC U TPaBUJILHBIC OTBETHI; C/ICNIaH
CaMOCTOSITENILHBIN BBIBOJ BCeX (hOPMYII U TAHO MPABUIBLHOE TOJIKOBaHUE (PU3HMUECKOTO CMBICITA
MPUCYTCTBYIOIINX B HUX BEJIMYUH U KO3()PHUIIMEHTOB; MOKa3aHO YMEHHE, MOJIb30BaTHCS
HOPMAaTUBHBIM MaTepHaiOM U 3HaHHE MexayHapoaHol cuctemMbl eguHuy, (CU); mpuBeneHbl MpUMEpPHI
MPUPOJIHBIX SBJICHUI, B OCHOBE KOTOPBIX JIEKAT U3JI0KEHHBIE TIPU OTBETE 3aKOHBI (PUBUKH.

Ouenka 4 (xopowo) He Ha Bce Bonpockl OuiieTa JaHbl MOJIHbIE U TPAaBUIIbHBIE OTBETHI;
CaMOCTOSITENILHBIN BBIBOJ BCeX (hOPMYII CAENIaH C HEKOTOPHIMHU OITMOKAMH U HE BCE MPUCYTCTBYIOLTUE
B HUX BEJMYMH U KOAPGUIIUEHTHI IPABUILHO UCTOJIKOBAHBI C TOUKH 3PEHUS UX (PU3MUECKOTO CMBICTIA;
MOKa3aHO YMEHHUE, M0JIb30BAaThC HOPMATUBHBIM MaTEpPHAJIOM U 3HaHHE MeXIyHapOaHOU CUCTEMbI
eaunul (CH); mpuBeneHsl IpUMepbl IPUPOIHBIX SIBICHUN, B OCHOBE KOTOPBIX JIEXKAT U3JI0KEHHBIE
IPU OTBETE 3aKOHBI (PU3HKH.

Ouenka 3 (ynoBjaerBoputebHo) Ha Bce Bonmpockl Ousieta JaHbl HE TTOTHBIE OTBETHI; POPMYITBI
HATMCaHbI C OITMOKaMH, He JJAHO MPAaBUIBLHOTO TOJIKOBaHHUE (DU3MUECKOTO CMBICTIA MPUCYTCTBYIONINX B
HUX BEJIMYMH U KO3(PUIUEHTOB; MOJHOT0 3HaHue equHul CU HeT U SBHO BBIpa)XKEHO HE YMEHHE,
M0JIb30BaThCS HOPMATUBHBIM MaTEPHAJIOM.

Ouenka 2 (HeyaoBjeTBOpUTENbHO) Hu Ha oguH Bompoc Ouiieta HET IMOJTHOTO M TMPaBUILHOTO
orBeTa; GOpMyIbl HE HANMCaHBl WM HAMKMCAHBI HEBEPHO M HET MOHUMAaHHE (PU3UYECKOTO CMBICIIA
MPUCYTCTBYIOIIUX B HUX BEJIMYUH U KO3()(PHUIIMEHTOB; MOJTHOE HE3HAHUE.

IlepeyeHb BONPOCOB M KOMILJIEKT OMJIETOB K IK3aMEHY
no JucuunauHe «ODu3nka»
ArperatHble COCTOSIHUS BEIIECTBA
bpoyHoBCKoO€E nBUXKEHUE
Bune! TermrooOmena
BuyTpennss sneprus tena. [lepBblii 3aK0H TEpMOJIUHAMUKHI
Bonbr-amnepHast xapakTepucTHKa TPOBOIHUKA
Bropoii 3akon HeroToHa
['enepupoBaHue MEPEMEHHOIO IIEKTPUUIECKOTO TOKA

JlaBiieHue ra30B U )KuAKocTed. EquHuIbl nu3MepeHus

O© o0 9 O »n B~ W N =

I[BI/I)KGHI/IG TCJI B TPAaBUTALIUOHHOM I10JIC

10 JleficTBUE MarHUTHOTO MOJISI HA JBUXKYLIUECS 3apsyKEHHBIE YaCTULIbI
11 /IlmHamuka KpyroBOTO JBH>KCHUS

12 Jlucnepcus cBeTa

13 JIManeKTpUKHU U IPOBOAHUKH B 3JIEKTPOCTATUYECKOM I10JI€
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15
16
17
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19
20
21
22
23
24
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27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

3aKOH BCEMUPHOT'O TATOTEHUS

3akon OMa jy1st 3aMKHYTOH 11eMu ¢ 6aTapeeld HCTOYHUKOB TOKa

3akon OMa Jy1st TOJTHOM 3aMKHYTOM LIETTH

3akoH OMa it yyacTKa Lenu

3aK0H COOOMIAIOIINUXCS COCYIOB

3aKOH COXpaHEHUs UMITYJIbCa CUCTEMBI TEJ

3aKOH COXpaHEHHSI MEXaHMYECKON SHEPTUr

3aKOH COXpaHEHUs SHEPTUH JIJISl TEIUIOBBIX MPOLECCOB

3aKOHBI THPABINKH — 3aKOH Apxumerna

3aKOHBI TUJPABIUKHU — 3aK0H [lackans

3aKOHBI OTPaXEHUS U MPEJTOMIICHHUSI CBETA

3BYKOBBIE BOJIHBI

H3meneHne TemMnepaTyphl Teja Mpu Mepexoie U3 TBEPJOr0 COCTOSHUS B Ta3000pa3HOe
N3o6paxeHnune npeamera B IIIOCKOM 3epKaie

N3o0pakeHue mpenMera B pacCEUBAOIICH JINH3E

N3o0paxeHune npeamera B COOMpPArONICH JTHH3E

NMiynsc MaTeprabHOW TOUYKU

Nmnynbe cuisl

HcTouHuK TOKa B 3JIEKTPUUYECKOM 1IENH

KunemaTtuka BpaiateiabHOTO ABUKEHUS

Kunemaruka konebaTeIpHOro JBUKCHUS

Kunernueckas sneprus

KITZQ

MarnuTHas UHIYKUIUS

MarnuTHO€ noJe 3JIEKTPUUECKOro TOKa

MexaHn4ecKkne BOJHBI

MoOMEHT cuiIbI

MontHocTh

MOMIHOCTD 3JEKTPUYECKOTO TOKA

HarnpsikeHHOCTB 3JIEKTPOCTATUYECKOTO OIS

OnpeneneHne KOJIMYECTBA TEIUIA U1l HArPEBaHUS, TUIABJICHHS U UCIAPEHUS Tell
OrnpeneneHne Cuibl TOKA U HANIPSYKEHUS ITPU NApAJIEIbHOM COEIMHEHNUH TPOBOITHUKOB
OrnpezenieHne CUIbl TOKA U HAMPSHKEHUS TIPU TTOCIIEI0BATEIbHOM COEIMHEHUH MPOBOAHUKOB
OcHOBHBIE apaMeTPhl IBMKEHUS: TPACKTOPHUSL, TyTh, IEPEMEILIEHHE, CKOPOCTh

[TepssIii 3ak0oH HproTOHA
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50
51
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56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83

[TonsiTHE a0COMIOTHOTO MOKA3aTENs MPETOMIICHUS CPebl
[ToHsITHE MHUMOTO M IEHCTBUTEILHOTO H300pakeHUs MTpeIMeTa
[TonsiTre paboThl nekTpudeckoro noss. [loTeHnuan 3neKTpuuecKoro moss
[TonsaTHe cuibl ToKa. XapaKTepUCTUKU MpUOopa [ist € onpeeeHus
[ToHsITHE TEITOEMKOCTH BEILIECTB

[loHsiTHE HEHTPOCTPEMUTEIBHOIO YCKOPEHUS

[ToHsiTHE IEHTPOCTPEMUTENBHON CHITBI

IMonsarue SJ1C

[TocTOAAHHBIN MarHUT U €r0 MarHUTHOE T10JIE

[ToreHmmanpHas 3HEprust

[TpaBuno OypaBunka

IIpaBuiio neBoit pyku AJisi cuiibl Amrepa

PaGora cuibt

PaBHOMEpHOE NPAMOJIMHEITHOE ABUKEHUE

Pamxka ¢ TOkOM B OTHOPOJJTHOM MarHMTHOM I10J1€

PacceuBaroiue TMH3BI U UX TEOMETPUUECKHE XaPAKTEPUCTUKHI
Pacuer conpoTuBieHus dJEKTPUYECKUX LENen

CB0OOIHOE TaZIEHUE TET

CBOMCTBO pabOTHI CHITBI TSIKECTH

Cuna tpenus

Cuna Tsxectu. Bec tena

Cuna ynpyroctu

Cuuta, geiicTByronasi Ha IPOBOJHUK C TOKOM B MAarHUTHOM I10JIE
Cobwuparomye TUH3bI 1 UX TE€OMETPUIECKHIE XapaKTePUCTUKU
CoenuHeHne NCTOYHUKOB TOKa

ConpoTuBieHNE LENH NPU MAPAIUIETbHOM COEIMHEHUH IPOBOJHUKOB
Temnepatypa Tena

TemnoBoe AeiCTBUE ANEKTPUUECKOTO ToKa. 3akoH [xoyns-Jlenna
TeroBble ABUTATENIN

Temunora u Temneparypa. EnuHuUIbI H3MEpEeHNs

Tpaekropus IBHKEHUS 3apSKEHHON YaCTULIBI B MArHUTHOM T10JI€
Tpetuii 3akoH HeroToHa

Yckopenue

VYcnoBue miaBaHus Tena

VcaoBue PAaBHOBECHUA TE€JIa, HMCIOLICTO OCh BpalllCHUA
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85
86
87
88
&9
90

®opMyIibl TOHKOM JTMH3BL. OnTHYecKas CUla JTMH3bI
OJ1C B pOBOJHUKE, IBUKYIIEMCSI B MATHUTHOM TT0JI€
OnekTpusanus tei. 3akoH Kynona

DnekTpruyeckast EMKOCTh

DNEeKTPUYECKHUI TOK

DHeprus

SIBieHME MOJIHOTO BHYTPEHHETO OTPaKEHUS

IlepeyeHb IK3aMeHAIIMOHHBIX OMJIETOB

(Cm. ¢aiia «Ik3amMeHaAIHOHHBbIE ONJIETHI)
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