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MUHHCTEPCTBO HAYKH M BBICIIEro oOpa3oBaHusi PO dopma
Y IIbSIHOBCKHI IOCYJapCTBEHHbIN YHUBEPCUTET
@ — Paboyast mporpaMma AUCIUTUTAHBI

1. HEJIN 1 3AJAYN OCBOEHUA INCIUAITIINHBI

Mean ocBOEHUA AUCIATIINHBI:

CO3JJaHME OCHOBBI TEOPETUYECKON MOArOTOBKM OyIyILero crneuyaiucrta M Tou (pyHIaMEHTaIbHOM
KOMITOHEHTBI BBICIIETO TEXHHMUYECKOTOo 00pa3oBaHMs, KOTOpas OydeT CIOCOOCTBOBATh B JaIbHEUIIIEM
OCBOEHHIO CaMbIX Pa3HOOOPA3HBIX MHKEHEPHBIX CIEUAIBHOCTEN — B PA3JIMUHBIX 00JIACTSAX TEXHUKU:

1.ucnonb3yst Bce BUIBI 3aHATUN (JICKIIUM, CEMUHAPBI, JTJAOOPATOPHBIN MPAKTUKYM) 00€CIEeUrTh CTPOrO
MocjieIoBaTe/IbHOe, IeJIbHOe W3JIokeHWe (U3MKU, KaK HayKW, II0Ka3aTh TIJIYOOKYI0 B3aWMOCBSI3b
pa3MYHbIX €€ pa3lIesioB;

2.cOO0IUTh CTyJEHTaM OCHOBHBIE TMPHUHIMIB U 3aKOHBl (PU3MKH, a TaKXkKe MX MaTeMaTHYecKoe
BBIpaXXEeHIE;

3.M03HAKOMHTh CTYJEHTOB C OCHOBHBIMHU (DMU3MUYCCKUMHM SIBJICHUSIMHM, METOJAaMH WX HAONIOACHUS U
9KCHEePUMEHTAJIbHOTO HCCIIE[IOBAHUs, C OCHOBHBIMU METOJaMU U3MepeHHs] (DU3NYEeCKUX BEJIUYMH,
NPOCTEHIIMMU  METOJaMU  OOpabOTKM  pe3yJIbTATOB IKCIEPUMEHTa KM OCHOBHBIMH (DU3UYECKUMU
npudopamu;

4.IIaTb CTYACHTY AACHOC NMPEACTABJICHUC O I'paHUIAX IIPUMEHUMOCTH (l)I/I3I/I‘ICCKI/IX MOILCIIBIZ U TUII0TE3;

5.M0ATOTOBUTH CTYJIEHTOB K U3yUEHUIO Psija OOIIeHAYYHBIX TUCHIUIUIMH, MHKEHEPHBIX CeUaTbHOCTEH
Y IUCIUIUIMH (TEOpeTHYecKasi MeXaHuKa, COMPOTUBJICHUE MAaTEPUAJIOB, JIEKTPOTEXHHUKA U T.11.);

6. okazarth CTyJeHTaM, YTO (PU3MKA COCTABJISIET B HACTOSIIIEE BPEMsI YHUBEPCAIbHYIO 0a3y TEXHUKH U
4YTO (PUBMUECKUE MPOLIECCH U SBJIEHHUsI, KOTOPbIe CEroJHsl KaXyTcsl HEMPUMEHUMBIMU B JJAHHOW 00JIacTH
TeXHUKH, 3aBTPa MOTYT OKa3aThCsl B IIEHTPE HOBATOPCKUX JIOCTHKEHUH JII0OOTO MHKEHEPA.

3agaum 0CBOEHHUS M CIUILINHbBI

e OopMUpOBaHME CHCTEMBl 3HAHWN O (PYHIAMEHTATbHBIX (PU3MYECKUX 3aKOHAX WM IMPUHIIMIIAX,
JIeKalIMX B OCHOBE COBPEMEHHOUW (PU3MUYECKOW KAPTHHBI MUPA, M HABBIKOB NPUMEHEHHS ITOM
CUCTEMBl K PEIICHWI0 TEXHUYECKHMX 3aJad, CBS3aHHBIX C Oyaymed mpodeccuoHa bHOM
AeSTeTbHOCTD

® ofecrieyeHnue MeXIPEMETHBIX CBsI3el C OOIMIETEXHUISCKUMH U CIIeIMaIbHBIMH AUCITMTUTMHAMUY,
MOCPECTBOM BKJIIOYEHHUSI KOHKPETHBIX CMELMaTbHBIX BOIIPOCOB M 33[a4 B MPOrpaMmy OOy4eHus
(pmsuke, peammzarms TPOGECCHOHANBPHON HAINPABICHHOCTH Yepe3 Y4eOHble MPUKJIAIHbIE
(puznyeckne 3agauu, 0e3 UYEro HEBO3MOKHO YCHEUIHOe OBJajeHue MpodheCcCHOHATLHBIMU
3HAHWSIMH U YMEHUSIMU;

¢ (opMUpOBaHUE OMpPE/IeIeHHBIX HABBIKOB YKCIEPUMEHTATBHOU paOOThI: BBIIBUKEHUS TUOTE3HI,
MIOCTPOEHHSI YIIPOIIEHHBIX MOJIENIel CJIOKHBIX TPOIECCOB, OOpaOOTKM W aHaIM3a OIBITHBIX
JAaHHBIX, CIIOCOOOB OLIEHKU YKMCJICHHBIX 3HAUEHHI (PU3NYECKUX BEJIMYUH U UX MOTPEUTHOCTEN.
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Y IIbSIHOBCKHI IOCYJapCTBEHHbIN YHUBEPCUTET
@ — Paboyast mporpaMma AUCIUTUTAHBI

2. MECTO JUCIIMIIJIMHBI B CTPYKTYPE OIIOII

Juctymmaa  «Pu3uKa» OTHOCUTCA K YHMCIy JuciuIuiiH Osoka B1.0, mpenHa3zHavyeHHOTO ISt
CTYJEHTOB, oOyJalolumxcs 1o HarpasiaeHuio: 27.03.02 YpapieHue KauecTBOM.

B nporiecce uzyuenus aucuurinabl popmupyotcs komrereHimn: OITK-1, OITK-2.

OcCHOBHbIE TMOJIOKEHUS TUCHUIUIMHBI UCTIONB3YIOTCS B JaIbHEUIIEM MPU U3YUYEHUU TAKUX JUCLIUILIMH
Kak: [uddepeHunanpHble ypaBHEHUsI U JUCKpETHAas MaTeMaTuka, Teopusi BEpOsATHOCTEH W
MareMaTHyecKasi CTaTUCTHMKa, Matematnueckuili aHanu3, O3HaKOMHTENbHAsI NpPaKTHKaA, VHXkeHepHas
rpacduka, IlpepgumnomHas mnpaktuka, IlogroroBka K mporenype 3allMThl M 3alldTa BBITYCKHOM
KBIM(pUKAIIMOHHON paboThl, MaTepuanoBeneHue, [IpoekTHas 1eATeTbHOCTb.

3. [IEPEYEHD INTAHUPYEMBIX PE3VJIbTATOB OBYUEHHS IO JUCIUIIJINHE,
COOTHECEHHBIX C ILIAHUPYEMBIMU PE3VJIbTATAMUA OCBOEHUS OCHOBHOMN
NMPO®PECCUOHAJILBHOM OBPA30OBATEJIbHOM ITPOI'PAMMBI

Kon n HauMeHOBaHNE pean3yeMon KOMIIeTeHIHH IlepeyeHb MIAHAPYEMBIX Pe3yJAbTATOB 00yUYeHHs MO
JucouniInHe (MOIyJii0), COOTHECEHHBIX €
HHIUKATOPaMM J0CTUKEHUSI KOMIIeTeHI[UI

OIIK- 1 CriocobeH aHammM3upoBaTh 3a1a9u PO eCCHOHATBHON 3HaTh:
JeSITeIbHOCTH Ha OCHOBE TIOJIOXKEHUH, 3aKOHOB U METOJIOB OCHOBHBIE IIPHHIMITHI M 3aKOHBI (DU3UKH, MX MATEMATHUECKOE
€CTECTBEHHBIX HAyK U MATEMATHKH BBIpaKEHHUE; IPAHUIIBI TPIMEHUMOCTH (PU3MUECKUX MOJIETICH 1

TUTIOTE3; OCHOBHBIC (DU3MUYECKHE SIBICHUS, METONBl HX
HaOMOOEHUsT W  SKCIEPUMEHTAJIBHOIO  HCCIICIOBAHUS;
OCHOBHBIE MeTOIbl W3MEpeHUs (DM3UYECKAX BEJMYHH,
MIPOCTEHIIIIe METOIBI 00paOOTKY Pe3yIbTaTOB SKCIIEPUMEHTa
1 OCHOBHBIE (DI3UYECKUE TIPHOOPHI

yMeThb:

TIPUMEHSTh 3HAHHU A (DU3NKH B THHOBAIIMOHHOM IeSITeJIbHOCTH;
MIPaBIJILHO TUTAHUPOBATh SKCIIEPUMEHT TaK, YTOOBI TOUHOCTh
H3MepeHnH COOTBETCTBOBAJIA ITOCTABJICHHOM I1EJIN; YUUTHIBATh
BO3MOXHOCTh CHCTEMATHUYECKHX OIMMOOK W ITPUHIMATh MEPBI
T WX YCTpaHEHWs;  aHAIM3HPOBaTh  PE3yJIbTaThl
IKCTIEpUMEHTA W JIeNaTh NPABHWJIbHBIC BBIBOJBI, OLCHUBATh
TOYHOCTh OKOHYATEJBHOIO pe3yibTaTa; BECTH 3aIliCh
W3MEpeHNH W pacuyeToB aKKypaTHO, SICHO M KPaTKO; peraTh
THIOBbIE 32/Ja4H IT0 OCHOBHBIM pa3/ieiaM (hH3HUKH, UCTIONB3Y I
METO/IBI MAaTEMaTHYEeCKOro aHaju3a

BJIAJIETh:
MeToJaMu  (PU3MYECKOTO aHaiu3a B WHHOBAIIMOHHOM
JEATELHOCTH; METOJaMK 9KCIEPUMEHTATILHOTO

uccieloBaHusl B (pusuke (IUIAHMPOBAaHME, MOCTAHOBKA U
00paboTKa IKCIIEPIMEHTA)

OIlK-2 Criocoben (opmynupoBath 3a1a4u 3HATh:

poecCUOHANILHOM ~ JeSITeJIbHOCTY Ha OCHOBE 3HAHWMH MaTeMaTHYeCKUid  amnmapar /il ONMCAHUWs, aHaju3a,
PO UIBHBIX pasnenoB MaTeMaTHYECKHX u TEOPETUIECKOTO U IKCIEPUMEHTATBHOIO HCCIEAOBAHUS W
€CTEeCTBEHHOHAYYHBIX JUCIUTUIMH (MOIYJIei) MOJIeJIMPOBAHU (PU3NUECKUX U XMMUYECKUX CHCTEM, SIBJICHUI

M TOpOLECCOB,  KCIOJb30BAaHUSI B OOydyeHHMHM U
1poecCUOHAILHOM JIeATEILHOCTH

yMeTb:

UCTIOJIL30BATh (PU3UYECKUE 3aKOHbl M TPUHIIMIBI B CBOCH
1poecCUOHAILHOM JIeATEILHOCTH

BJAJETh!

OCHOBHBIMH 3KCIIEPUMEHTAIBHBIMUA METOJIAMH OIPEIC/ICHHS
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Ko n HaumMeHOBaHNeE peann3yeMol KOMIIETEHIHH

IlepeyeHb MUIAHHPYEMBIX Pe3yJbTATOB 00yUYeHHsI MO
JucouIInHe (MOIyJII0), COOTHECEHHBIX C
HMHANKATOPaMH J0CTHKEHUsI KOMIIETeH I

CI)I/IBI/IKO-XI/IMPI‘{GCKI/IX CBOWICTB MaTepHajioB 1 PI3)I€JTI/Iﬁ U3 HUX,
MPUKJIaJHBIMA nporpaMmamMun u cpeacrBamMu
ABTOMATU3UPOBAHHOI'O IMPOCKTUPOBaHUA IIPpH PCHICHUU
WHXEHEPHBIX 3aJa4

4. OBIIASL TPYTOEMKOCTD JUCITATLIAHBI

4.1. O6beM QUMCHMILINHLI B 3a4€eTHLIX equannax (scero): 16 3ET

4.2. O6'beM JUCIHUILUIMHBI 10 BHaM y4e0Ho# padoThI (B yacax): 576 yacos

dopma 00yueHus: QUHas

Buj yueoHO# KoJunuecTBo yacoB (popma 00yueHNs1 0UHAT)
paodoThI

Bcero no niany B 1.4. mo cemecTpam

1 2 3 4

1 2 3 4 5 6
KonraktHas 340 90 80 90 80
pabota
00yYaIOIUXCs C
IIperoaaBaTeseM
B COOTBETCTBUH C
VII
AypauTopHble 340 90 80 90 80
3aHATHUS:
Jlexuyn 136 36 32 36 32
CemMuHaph! 1 68 18 16 18 16
MIPaKTUYECKUE
3aHATUS
JlaGopaTopHsie 136 36 32 36 32
paboThl,
[IPAKTUKYMBI
CamocrosTelbHa 92 18 28 18 28
s1 pabora
dopma TekyIero TectupoBanue TectupoBanue

KOHTPOJISI 3HAHUH
1 KOHTPOJIS
CaMOCTOSITEIIHON
paboTHI:
TECTUPOBAHIE,
KOHTp. paboTa,
KOJUIOKBUYM,
pedepar u ap.
(He meHee 2
BUJIOB)

Kypcosas pabota
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Buj yueoHoi KosmuecTBo yacoB (popma 00yuennss ouHas)
padoTnl

Bcero mo miany B T.4. mo cemecTpam

1 2 3 4

1 2 3 4 5 (3
Bugp Dk3ameH (144) DK3aMeH DK3ameH DK3aMeH DK3amMeH
TIPOMEKYTOYHOU
aTTecTayu
(3K3aMeH, 3a4eT)
Bcero yacos no 576 144 144 144 144
JVICUUILIVIHE

4.3. Coaep:kanue qUCHUIUIMHLL Pacnpenesienne yacoB o TeMaM M BHaM y4eOHOM padoThI

dopma 0OyuyeHus: ouHas

Ha3zBanue
pa3jaeJioB
H TeM

Bcero

Bujabl yueOHbIX 3aHATHI

AyauTopHbIE 3aHSITHS

Jlekmuu

IIpakTunue
CKHe
3aHATHS,
ceMHHapbI

JIa6oparto
pHbIE
padoThl, o
PaKTHKYM
bl

3aHarusa B
HHTEPaKTH
BHOM

¢ opme

Camocros
TeJbHas
padora

dopma
TEKYIero
KOHTP 0JIsI
3HAHUW

1 2

5

Paszngea 1. MexaHuka

Tema 1.1. 3
N3mepenus
¢usznyec-
KHX
BEJINYYH,
obpadoTka
pe3yIbTaToB
U3MEepeHuit

Tema 1.2. 9
KunemaTtuk
a mocrymnare
JILHOTO Y Bp
amareIbHOT
O JIBIKEHUS
MaTepuaibH
Ol TOUKH

Tectuposa
HUE

Tema 1.3. 9
IuHamuka
MaTepHalibH
ol Touku.3a
KOHBI
HeioTona

Tectupona
HUe
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Ha3zBanue
pa3naeJoB
H TeM

Bcero

Bujabl yueOHbIX 3aHATHI

AyauTopHBIE 3aHATHS

Jlekn

IIpakTunue
cKHe
3aHATHSA,
CeMHHApPHI

JIadoparo
pHBIE
paodoThl, I
PaKTHKYM
bl

3aHarusa B
HHTEPAKTH
BHOM

c¢opme

Camocros
TeJbHasA
padora

dopma
TEKYIero
KOHTP 0JIsI
3HAHUH

1

5

8

Tema 1.4.
3aKkoH
COXpaHEeHUs
HMITYJIbCA

TectupoBa
HHE

Tema 1.5. H
EUHEePIHATb
HbIE
CUCTEMBI
oTCYeTa,
ypaBHEHUE
JBUKEHUS

Tectuposa
HUE

Tema 1.6.
IBuxeHue
Tea
MIEPEMEHHO
i MacChI

Tema 1.7.
Pa6ora u
SHEpPrusi.
3akoH
COXpaHEHHs
MEXaHUUECK
Oif SHEPTUM.

TectupoBa
HHE

Tema 1.8. C
TOJIKHOBEHH
s Tel,
a0COJIIOTHO
YIpYruii u
HeyNnpyruu
yaapel

Tema 1.9.
MomeHT
HUMITYJIbCa,
3aKOH
COXpaHeHUsI
MOMEHTa
HUMITYJIbCA

Tectupona
HUe

Tema 1.10.
IBrxeHue B
noJie
TSTOTEHUSI.
3aKoHbI

TectupoBa
HHE
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Ha3zBanue
pa3naeJoB
H TeM

Bcero

Bujabl yueOHbIX 3aHATHI

AyauTopHBIE 3aHATHS

Jlekn

IIpakTunue
cKHe
3aHATHSA,
CeMHHApPHI

JIadoparo
pHBIE
paodoThl, I
PaKTHKYM
bl

3aHarusa B
HHTEPAKTH
BHOM

c¢opme

Camocros
TeJbHasA
padora

dopma
TEKYIero
KOHTP 0JIsI
3HAHUH

1

5

Kernepa

Tema 1.11.
VpaBHeHus
JBUKEHUS
TBEPIOro
Tesa.
MomeHTHbI
HMHEepUUH
TeJ.

Tectupona
HUe

Tema 1.12.
Mexanuka
YIIPYTHUX
Tes1. 3aKOoH
I'yka,
MOJYJIH
IOnra,
caBUra,
Kpy4eHHst

TectupoBa
HHE

Tema 1.13.
Mexanuka
JKUJIKOCTU U
rasza,
OCHOBHBbIE
YpaBHEHUS
TUIPOCTATH
KU U TUIPOL,
WHAMUKU

Tectuposa
HUE

Tema 1.14.
Mexanunyec
KHe
KosiebaHus,
rapMOHHYEC
KHe
KosiebaHus,
CIIOKEHHE
KoJieOaHuI

Tectupona
HUe

Tema 1.15.
VpaBHeHus
rapMOHHYEC
KHUX
KOJIeOaHU,
MasITHUKH M
aTeMaTHyeC

TectupoBa
HHE

7139
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VIbAHOBCKMIT roCyJapCTBEHHbIH YHUBEPCUTET
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HazBanue Bcero Bujabl yueOHbIX 3aHATHI dopma
pa3jieiioB TeKYIero
e AyauTopHBIE 3aHATHS 3aHATUSA B Camocrosn KOHTPOJIsI
HHTEPaKTH | TeJbHas =
3HAHUH
Jlekuun IIpakTunue JIadoparo RO padora
CKHe PHbIE bopme
3aHSATHA, pa6oThl, I
CeMHUHAapPBbI PaKTHKYM
bl
1 2 3 4 5 6 7 8
KU 1
TIPY>KUHHBIA
Tema 1.16. 8 2 1 4 0 1 Tecrupopa
Mexanuuec HuUe
KHe BOJIHBI.
Twursl BOJIH,
BOJIHOBBIE X
apakTepucT
UKU
Tema 1.17. 8 4 2 0 0 2 Tectuposa
OcHOBBI pen HUe
SATUBUCTKON
KUHEMaTHK
uu
JUHAMUKHI
Paznen 2. Moaekyasipaasi (pu3uKa u TepMOIMHAMHUKA
Tema 2.1. 12 4 2 4 0 2 Tecrupopa
DJ1eMEeHTH HUe
KHHETHYECK
oi1 Teopuun
ra3oB
Tema 2.2. C 14 4 2 4 0 4 Tectuposa
TaTUCTHIEC HUE
KHe pacrnpe
JeTIeHsT
Tema 2.3. 14 4 2 4 0 4 Tectuposa
Kiaccuueck HUe
ast reopus
TETJIOEMKOC
TH
Tema 2.4. 14 4 2 4 0 4 Tecrupopa
SBnenus HUe
nepeHoca
Tema 2.5. 14 4 2 4 0 4 Tectuposa
PeanbHble HUe
rasbl 1
JKUAKOCTH
Tema 2.6. T 14 4 2 4 0 4 Tectuposa
epMOIMHaM HUe
WUYECKUT
MOJX0[ K
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MUHHCTEPCTBO HAYKH M BBICIIEro oOpa3oBaHusi PO dopma
VIbAHOBCKMIT roCyJapCTBEHHbIH YHUBEPCUTET
@ — Paboyast mporpaMma AUCIUTUTAHBI
HazBanue Bcero Bujabl yueOHbIX 3aHATHI dopma
pa3jieiioB TeKYIero
e AyauTopHBIE 3aHATHS 3aHATUSA B Camocrosn KOHTPOJIsI
HHTEPaKTH | TeJbHas o
3HAHUH
Jlekuun IIpakTunue JIadoparo RO padora
CKHe PHbIE bopme
3aHSATHA, pa6oThl, I
CeMHUHAapPBbI PaKTHKYM
bl
1 2 3 4 5 6 7 8
OMUCAHUIO
MaKpocHucTe
M
Tema 2.7. 14 4 2 4 0 4 Tecrupopa
IepBbiit HUe
[IPUHLIUI T
pMOIMHAMU
KU
Tema 2.8. 14 4 2 4 0 4 Tectuposa
Bropoii HUE
MIPUHLIUI Te
pMOIHAMHU
KA
Pazgen 3. DiaekTpnuecTBO H MarHeTH3M
Tema 3.1.2 10 4 2 3 0 1 Tecrupopa
JIEKTPUYECK HUe
oe 1oJie B
BaKyyMe
Tema 3.2. 8 2 1 3 0 2 Tectuposa
IIpoBogHMK HUE
U B 9JIEKTPH
YECKOM
oje
Tema 3.3.3 8 2 1 4 0 1 Tecruposa
JIEKTPUYECK HUe
oe 10JIE B
JUDJIEKTPUK
e
Tema 3.4. 9 3 1 3 0 2 Tecrupopa
DHeprus 371 HUe
EKTPUYECKO
IO MOJIst
Tema 3.5. 9 3 2 3 0 1 Tectuposa
ITocrostHHBI HUe
7 3NIeKTpuY
€CKHIA TOK
Tema 3.6. 11 4 2 3 0 2 Tecruposa
MarnutHoe HUE
T10JIe TOKOB
B Bakyyme
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MUHHCTEPCTBO HAYKH M BBICIIEro oOpa3oBaHusi PO dopma
VIbAHOBCKMIT roCyJapCTBEHHbIH YHUBEPCUTET
@ — Paboyast mporpaMma AUCIUTUTAHBI
HazBanue Bcero Bujabl yueOHbIX 3aHATHI dopma
pa3jieiioB TeKYIero
e AyauTopHBIE 3aHATHS 3aHATUSA B Camocrosn KOHTPOJIsI
HHTEPaKTH | TeJbHas o
3HAHUH
Jlekuun IIpakTunue JIadoparo RO padora
CKHe PHbIE bopme
3aHSATHA, pa6oThl, I
CeMHUHAapPBbI PaKTHKYM
bl
1 2 4 5 8
Tema 3.7. 1 Tecruposa
MarnutHoe HUE
T10Jie B
BelIEeCTBE
Tema 3.8. 8 2 2 3 0 1 TecrupoBa
B3aumnble HuUe
IIpeBpalLeH
usl JEKTpU
YeCKOro u
MarHUTHOTrO
nosei
Tema 3.9.9 12 4 2 4 0 2 Tectuposa
JIEKTpOMarH HUE
WTHas
WHIYKIHS
Tema 3.10. 11 4 2 3 0 2 Tectuposa
VYpaBHenue HUE
Makcgenna
Tema 3.11. 14 6 2 4 0 2 Tecrupopa
DnekTpoMar HUe
HUTHbIE
KoJieOaHus
Y BOJIHBI
Pa3zgen 4. Ontuka
Tema 4.1.3 14 4 2 4 0 4 Tectuposa
JIEKTpPOMarH HUe
UTHBIC
BOJIHBI
Tema 4.2. 12 4 2 2 0 4 Tecrupopa
doromerpu HUe
i
Tema 4.3.T 14 4 2 4 0 4 Tectuposa
eoMeTpuIec HUE
Kasi ONTHKA
Tewma 4.4. 10 4 2 2 0 2 Tectuposa
OnTuyecku HUE
€ CUCTEMBI
Tema4.5. 1 14 4 2 6 0 2 TecrupoBa
HTepdepeH HUe
LS CBEeTa
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HazBanne Bcero Bujabl yueOHbIX 3aHATHI dopma
pa3jieiioB TeKYIero
. AyauTopHBIE 3aHATHS 3aHATUSA B Camocrosn KOHTPOJIsI
HHTEPAKTH | TeJbHasl =
Jlexuun Mpakriue | JlaGoparo | .. . e SHAHHIH
cKHe pHbIE dbopme
3aHSATHA, paodoThl, II
CeMHHApPHI PAKTHKYM
bl
1 2 3 4 5 6 7 8
Tema 4.6. 14 4 2 6 0 2 Tectuposa
Hudpakuus HUE
cBeTa
Tema 4.7. 7 2 1 2 0 2 Tecrupopa
TMonspuzaig HUE
usl CBETa
Tema 4.8. 9 2 1 4 0 2 Tectuposa
Monekynsap HUE
Hasl ONTHKA
Tema 4.9. 7 2 1 2 0 2 Tecruposa
Tennosoe HUE
U3ITy9YeHUEe
Tema 4.10. 5 2 1 0 0 2 Tecrupopa
OcHOBBI HHE
KBaHTOBOI
OINTHKU
Hroro 432 136 68 136 0 92
MO /IJIeKHUT
H3Y4YeHHIO

5. COAEPKAHUE NNCIHAIT/INHBI
Paznen 1. Mexannka

Tema 1.1. U3mepenust husnuec-Knux BeJHINH, 00padoTKa pe3yJbTaTOB N3MepeHnil

duznyeckre BeJIUYUHBI U UX HU3MCPCHUC. Cucremsbl CANHUIL] (l)I/I3I/I‘IeCKI/IX BEJINYUH. HPHMI)IG n
KOCBEeHHbIe m3MepeHust. [lorpenHocT u3MepeHuil, ux Kiaccudukanvs. MeToIuKa OlleHKH! MOrPerrHOCTER
NpSAMBIX U KOCBEHHBIX W3MepeHuil. ['padudeckass oOpadOTKa pe3ysbTaTOB M3MEPEeHUH, CyTh MeToAa
HaMMEHBITNX KBAJIPATOB

Tema 1.2. KunemaTnka noctynarejbHOro M BpamaTeJbHOT0 JABHKEeHHsI MaTePUaJbHON TOUKHU

BekTopsl 1 cucteMbl KOOpAMHAT. BEKTOpHBIN, KOOPAMHATHHIN M €CTECTBEHHBIH CIIOCOOBI OIMCAHHUS
OBWKEHUSA. BeKTopbl mepemelleHus, CpefiHe M MIHOBEHHOW CKOPOCTH, CPEJIHEro M MIHOBEHHOIO
yckopeHus. TaHreHIManbHas 1 HOpMaslbHasi COCTaBJsALIIMe ycKopeHus. OCHOBHBIE 3ajaui KMHEMAaTUKU
MaTepuaJbHOM TOYKM PasnoxeHue Npou3BOJIBHOIO [BUKEHUS TBEPIOrO Tejla Ha BpalaTeIbHOE U
MOCTYNaTeIbHOE, BUABI JBIKEHHsS TBeporo Tena. [IoHATHE O cTemeHsX CBOOOAB M OOOOIIEHHBIX
KoOpAMHaTax BpaiiarenpHoe [ABUKEHHE TBEpPAOIO Tejla: BEKTOPHl YIJIOBOM CKOPOCTH M YIJIOBOTO
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YCKOPEHHS TBEPJIOTO Tejla, MX CBA3b C JIMHEHHBIMU BeJIMUMHAMU [IpeoOpa3oBaHusi CKOPOCTU M YCKOPEHUS
IIPY TIepeXoie K JIpyroii cucreme orcuera. [lepeHOCHast CKOPOCTbh, IIEPEHOCHOE M KOPUOJIMCOBO YCKOPEHUE.

Tema 1.3. /Iunamuka MaTepuajabHoi TOYkn.3akoHbl HploTOHA

Nueprmaneubie cuctemsl otcuera. Cuta, macca, ummyibe. 3akoHbl HbioroHa. Cuibl B MeXaHHKE,
TIPUHIIAT CYNIePIO3UITNK CUJT. [IpUHIIUIT OTHOCHTENILHOCTH U npeoOpa3oBaHus ['anuies.. OCHOBHBIE 3ajaUn
IUHAMUKHA MaTepuaanOﬁ TOYKU.

Tema 1.4. 3aK0H coXpaHeHHUsI UMITYJIbCa

CucremMa MaTepUaJIbHBIX TOYEK, BHEUIHME M BHYTPEHHHUE CHUJIBL. VIMITyJbC CHCTEMBI, TEOpEMa O €ro
M3MEHEHUH. 3aKOH COXpaHEeHUs UMITyJIbca. LIeHTp Macc cucTeMsl, Teopema O €ro JBHKEHUH.

Tema 1.5. HenHepuuajabHble CHCTEMbI OTCUETA, YyDPaBHEHHE [IBHKEHUS

OCHOBHOE ypaBHEHHE TMHAMUKY B HEMHEPIUATBHOU CHCTeMe OTcUeTa, CUiIbl MHepiuu. LleHTpodexHas
cwia unepumu. Cuna Kopuonuca. Iposienenue cu unepuuu Ha 3emiie. Bec tena, HeBecomocTb. MasiTHUK
dyko. WHeptHass W rpaBUTAlMOHHAss Macca. [IpUHIMIT SKBUBAJCHTHOCTH U 00mass TeopHsi
OTHOCHUTEJILHOCTH
Tema 1.6. /IBuzkeHue TeJ IepeMeHHOI MacChl

Vpasuenue Memepckoro. PeaktusHoe npuxkenue. Popmyiia L{nonkosckoro
Tema 1.7. Pa6oTa u 3Heprus. 3aK0H cOXpaHeHNsI MeXaHU4eCKOil SHePrum.

Pa6oTa noctosiHHOM 1 epeMeHHOM cuibl. CpeiHssl 1 MTHOBEHHAas! MOIHOCTh. KuHeTnueckas sHeprus,
TeopemMa 00 ee w3MeHeHnu. KoHcepBatuBHbie cwibl. [loTeHnmanbHasi SHeprus. CBs3b CHIIBI C
MOTEHIMAIbHON 3Hepruei. I[losHasd MexaHWuyecKash SHEprusl, 3aKOHbl €€ W3MEHEHUS U COXpaHEHHs.
BuyTpenHsis sneprust. O6meu3nuecKuil 3aKOH COXpaHEHU T SHEPTHH.

Tema 1.8. CToIKHOBEHUSI TeJI, a0 COJNHTHO YIPYIrHil 1 HEYNPYTruil yaapbl

Ynpyrue u Heynpyrue CTOJKHOBEHHMsSI, IPUMEHEHUE 3aKOHOB COXPAaHEHMs! UMITYJIbCa U SHEPrUu K UX
ornucanmio. Cucrema LEHTpa Macc, NpuBeleHHass Macca. AOCOMIOTHO HEYIpyroe CTOJIKHOBEHHUE.
LleHTpanbHOE M HELIEHTPAJIbHOE CTOJKHOBEHUE YIPYTMX IIApOB; CTOJKHOBEHHWE C MACCUBHOM YIPYroi
CTEHKOM.

Tema 1.9. MoMeHT UMIyJIbCa, 3aKOH COXPaHEeHHUsI MOMEHTA NMITYJIbCa

MowmeHT uMITyJibca MaTEPUAIbHOW TOUKM U CUCTEMBI 4acTull. MoMeHT cuibl. MOMEHT umIyJjibca U
MOMEHT CHJIbl OTHOCUTEIBHO OCU. Y PABHEHHE MOMEHTOB, 3aKOH COXPaHEHUSI MOMEHTA MMITYJIbCA.

Tema 1.10. /IBukeHne B nmoJie Tsarorenusi. 3akonnl Kemepa
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3aKOH BCEMHUPHOIO TSATOTEeHUs], B3aMMO/ICHCTBHE TOYEUHBIX U pacripeie/ieHHbIX Macc. HanpsikeHHOCTD
Y NIOTEHIIMaJ TPaBUTALIMOHHOTO MOJIs, UX cBsA3b. Teopema ["aycca a1 rpaBUTAlIMOHHOTO Mois. [IBHKeHNe
TeJl B MOJIe LIEHTPAIbHBIX CUJ. 3akoHbl Keruiepa ABMKeHHs TUlaHET. 3aKOH COXPaHEHUsI MOMEHTa
MMITyJIbCa JUISl IBUKEHUsI B TOJie TATOTeHWs, 2-i 3akoH Keriepa kak ero cieactBue. BbiBoa nepBoro
0000menHoro 3akoHa Kermepa. YCIoBUS 3JUTMITHUYECKOH, MapadOIMYecKO W THIEepOOTHMUECKON
Tpaektopuil. BeiBoa Tpersero 3akoHa Keruepa. Kocmuueckue ckopocTi.

Tema 1.11. YpaBHeHus1 ABUKeHHsI TBePA0ro Teja. MoOMeHTHI HHEPIUH TeJl.

YPaBHeHI/IH MOCTYNATCJIbHOIO W BpPAIATEJILHOIO AOBUKCHUSA TBEPAOro TeEJjia, YCJIOBUSA PaBHOBECHUSA
TBEPIOro Tesa. MOMEHT MMIyjbca MpU BpallleHMH TBEpAOro Tesia. MOMEHT MHEpLUMU TBEpAOro Teja.
Pa60Ta M SHEprus Npu BpallaTCJIbHOM IABWXKCHUH TBEPAOrO TeEJa. Brrunciienne MOMEHTOB WHEpIUU
TBEPbIX Tesl. [IpriMepsl BbIUMCIIEHNSI MOMEHTOB MHEPIIMKA CUMMETPUYHBIX TeJl (CTep:KeHb, IIMIIMHIIP, Iap).
Teopema T'oitrenca—IlTeitnepa. Ten3op uHepimu TBepaoro Tesa. [J1aBHble OCHM BpallleHUsI U TJIAaBHbIE
MOMEHTBI UHEPIIUH.

Tema 1.12. Mexanunka ynpyrux teJ. 3akoH I'yka, moayan IOHra, caisura, kpydeHus

Vopyrue nedopmanmum, ux Buabl. 3akoH ['yka mna maneix aedopManuid pacTskeHWs, CABUra W
kpydyenusi. Moaynbp lOnra u koappuiment Ilyaccona, mMomysb ciBura, MOAY/Ib Kpy4eHHUs. DHEprusi
yIpyro 1eopMUPOBAHHOTO TeJa.

Tema 1.13. MexaHuka SKHJKOCTH ¥ Tra3a, OCHOBHble YPaBHeHHsI THAPOCTAaTHKH WU
TU/IP O JUHAMHUKH

Tedenue uaeanbHOM KUAKOCTU. JIMHUM U TPyOKM TOKA. Y paBHEHHE HEPA3PLIBHOCTHU CTPYH. Y paBHEHHE
Beprayum. ®opmyna Toppuuem. Bsaskocts. TeueHne BA3KOH KUIKOCTH MO Kpyryion Tpyoe, (opmyia
[Myazeiinsa. JlamuaapHoe U TypOyJIieHTHOEe TeueHue, uucio PeiiHonbaca. [[BukeHue Teln B KHUIKOCTSIX U
rasax: JJoOOBOE COIPOTUBJICHUE U MOIbeMHAsI CHJIa; TIOIbeMHasI CHJIa Kpblla caMOoJIeTa.

Tema 1.14. Mexannueckne KoJieOaHus1, rapMOHHYeCKHE KOJe0aHus, CI0KeHne KoJe0aHui
CmMernieHre, CKOPOCTh U YCKOPEHHe MPHU FapMOHUYECKUX KoyeOaHusaxX. AMIuTyna, ¢asza, meproja u
yactora KojieOaHwil. CoxeHue OJHOHAMPABICHHBIX KOJIEOAHWN OJMHAKOBOW YACTOTHI M C OJU3KUMHU
yactoramu. buenns.CiioxxeHre B3aMMHO TepIIeHUKYIISIPHBIX KojieOanuil. Purypsl Jluccaxy.
Tema 1.15. YpaBHeHHsI rapMOHHY € CKHX KOJe0aHuil, MAATHUKH MaTeMaTH4YeCKUil U NPy >KUHHBI
Manble koneOaHUsSI CHUCTEMBI C OJHOH cTemeHblo cBoOoabl. [uddepeHimanbHoe ypaBHEHHE
rapMOHMYECKUX KOJIEOAaHW W ero peimieHue. DHEprus TrapMOHMUYECKMX KoseOanuil. Ilpumepst
KOJIeOATEeJIbHBIX CUCTEM U YPaBHEHHS KOJICOAHUH JITSl HUX: (PU3MUECKUIA, MATEMATUIECKUI U KPYTHIbHBIN
MasTHUKU.

Tema 1.16. Mexanuveckue BOJHbI. THUNIBI BOJIH, BOJHOBbIE XapaKTePHUCTHKHU

YPaBHeHI/IG IJTIOCKOM MOHOXpOMaTI/I‘IeCKOﬁ BOJIHbI, aMIUIMTyJa, 49aCTOTa, BOJIHOBOC 4YHCJIO, [QJIMHA
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BOJIHBI, (ha30Basi CKOPOCTb BOJIHBI. BOJIHOBOE ypaBHEHME U €ro pelieHre. DHEprusi U IUIOTHOCTb SHEPTUu
FapMOHH‘{eCKOﬁ 6erHleI;'I BOJIHBL,IIOTOK 3HCPIvU, IMJIOTHOCTH IMOTOKA SHEPIrUM U MHTCHCUBHOCTL BOJIHBI,
BekTOp YMoBa. CTosiuast BOJIHA, YCJIOBUE 0Opa30BaHUE CTOSYEN BOJHBI B OTPAHUYEHHOM YYaCTKE CpPE/ibl.
3ByKoBbIe BOJIHBL. DddekTt Jorepa.

Tema 1.17. OcHOBBI PeJATHUBHCTKON KHHEMATHKH U IHTHAMUKH

TpynHoctu kiaccudyeckoi ¢pusuku. [IpeodpasoBanus JlopeHiia, OTHOCUTEILHOCTh OJHOBPEMEHHOCTH,
3ameieHie BpeMeHu W cokpameHue UMHbL [loctynatel CTO. PendaTuBUCTCKMI 3aKOH CJIOKEHUS
ckopocred. MHrepBas. PensatuBucTckue macca ¥ umiyJsibC. OCHOBHOE YpaBHEHHE PpEISTUBUCTCKON
auHamuku. [TonHas ¥ KMHEeTHYecKasi SHepruu, B3aUMOCBSI3b Macchl U SHepruu. CBsA3b MeX]ly SHEprueu u
MMITYJIbCOM YaCTHUIIBL.

Paznea 2. Mouekyasipaasi pu3uka 1 TEpMOJUHAMHUKA

Tema 2.1. DjieMeHTbI KHHETHYECKOW T€OPHUN ra30B

JlaBjieHMe WEaNbHOIO Ta3a. YpPaBHEHUS COCTOSIHUS MJEAJbHOIO ra3a. BHyTpeHHss 3Heprus
UJICJILHOTO Ia3a U ee CBA3b ¢ TeMiepaTypoid. POTOHHBIN ra3

Tema 2.2. CraTuctuyeckue pacnpejgeaeHust

CraTucTiyeckoe OMMcaHhe CUCTEMBbl U3 OOJBIIOro uucia vactull. CTaTUCTUYECKUE 3aKOHbI, CpeHHe
3HaueHuss W uyktyarmu ¢Qusudeckux BeauuuH. [Ipumep - pacmpesiesieHMe YacTUIl 1O OO0beMy.
Pacnipenenenuie Mosekys rasa no ckopoctsiM. PapHoBecHoe pacnpeneneHne MakcBesuia (10 BEKTOpPY U
MOJIyJII0O CKOPOCTH) U €ro CBOWCTBa, HAUBEPOSITHEHINAsi, CPEHsIs M CpPeJHEKBaJpaThuyHas CKOPOCTH.
Pacnipenenenvie bosbliMaHa v mpUMepbl €ro NpUMEHEHHs.

Tema 2.3. Knaccuueckas Teopusi TeNJ0eMKOCTH

TennoeMKOCTh ra3oB, TeOpeMa O PaBHOPACTIPEACJICHUU SHEPIUN 110 CTEIICHAM CBO6OIH:I. HC,I[OCTaTKI/I
KJIaCCUYECKOM TCOPUH TCIIJIOEMKOCTH.

Tema 2.4. SIB1eHust nepeHoca

Cpennsiss ymmHa cBOOOIHOro mpodera Mojekyn B raszax. uddysus, BHyTpeHHee TpeHHe,
TETUIONPOBOAHOCTh Ta30B. OCOOEHHOCTH YIIbTpapa3peKeHHbIX ra30B. BeIUMCIIeHME cpeaHero Kpaapara
cMelIeHus1 OpOyHOBCKUX yacTHll. MI3mepeHue uuciaa ABoraapo.

Tema 2.5. PeaabHble ra3pl M ;JKHJKOCTH

VpaBuenue Ban-nep-Baanbca u ero cpoiictBa. ®azoBbie nepexoabl. Kpuruueckass temmeparypa,
KPUTHYECKHE TTapaMeTphl.

Tema 2.6. TepmoguHaMuyecKuil MoaX0/ K ONUCAHND MAKPOCHCTEM
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TepmoarHaMHUYecKoe paBHOBECHE, OOIIMI IPUHIMIT TepMoguHaMuKy. [ToHsATHE TemmepaTypbl,
HYJIEBOM MPUHIMII TepMoauHaMUKH. Kiaccugukanus nporeccos.

Tema 2.7. IlepBblil IPUHIMI T€PMOIHHAMHKHA

OmnbiThl [Ix0yJisi, MOHATHE O BHYTPEeHHE! Hepruu. PaboTta U KOJIMUYecTBO TerUIOThl. [1epBbIil pUHIHIT
tepmonuHamuku. CooTHorienue Maitepa. YpaBHeHue aguadarhl JUisl MEANIbHOrO rasa. BHyTpeHHss
SHeprusi ujaeajdbHOro rasza u rasza Ban-gep-Baanbca. Ilpoueccet [xoyns-Ieit-Jlioccaka u JIxoysi-
Towmricona.

Tema 2.8. Bropoii npuHOun TepMoHHAMUKI

[TpoGiiema npeBpareHust TeIUIoTH B padoTy. POpMyIMpPOBKH BTOPOTO MPUHIMIA TEPMOJUHAMUKH IS
TEIVIOBBIX W XonogwibHbIX MammH. Lukin Kapno. Teopema Kapno. TepmoanHamuyeckas mkaia
temriepatyp. [IpuBegeHHOE KOJIMYECTBO TEIUIOTHI, paBeHCTBO Kiay3uyca ajiss oOpaTUMBIX IPOLIECCOB.
DHTponus HAeadbHOro raza. OCHOBHOE YpaBHEHME TEPMOJMHAMUKM M HEKOTOpBIE €ro CleACTBUS
(COOTHOIIIEHUS B3aMMHOCTH, TepMoMexaHnuyeckue 3¢gektol, ypaBHeHue Kranenpona-Knaysumyca).
HeobGpartumbie nporiecchl, HepaBeHCTBO Kitaysuyca. Bozpactanue sHTponuy Mpu HEOOPATUMBIX MpolLeccax
(c npumepamu). CTaTUCTUYECKUI CMBICIT SHTPOITUH U BTOPOTO PUHLIMIA TEPMOAUHAMUKU

Paznen 3. DiaekTpudecTBO 1 MarHeTU3M

Tema 3.1. DiiekTpuyeckoe moJje B BAaKyyme

Dnektpuyeckoe noisie. 3akoH Kysnona. Cucrema emumnun. Teopema laycca M ee mpHUMeEHEHHe.
[upkyaauus BEKTOpa HAPsKEHHOCTH JIeKTpuUecKkoro noJist. [loreHnuan, ero cBsa3pb ¢ HaNpsKEHHOCTHIO
noJist. [losne anekTpuyeckoro Iumnoss
Tema 3.2. IIpoBOJHNKH B 3J€KTPHUYECKOM MOJIe

[Mone B BemectBe. [Tosie BHYTpH U CHapys k¥ poBoaHMKA. CHJIbI, IEHCTBYIONIHE Ha TPOBOAHUK. OO0Imast
3agava 3dneKTpoctaTuku. YpaBHenue Ilyaccona wm Jlaruaca. Meton w3oOpakeHU. DIEKTPOEMKOCTb,
KOH/IEHCATOPBI.

Tema 3.3. DiiekTpuyeckoe moJje B JN3JeKTPUKe

[TonApuzauusa [OUJIEKTPUKA, THUMBI NOJAPU3ALUMUA. BEKTOp 3JEKTpOCTaTUYECKOrO CMEUICHUS.
I'pannunsle yciosus. [lone B OAHOPOOHOM JUIJIEKTPUKE

Tema 3.4. JHeprus 3JeKTPHUIECKOT0 MOJIS

DHeprusi CUCTeMbI 3apsI0B. DHEPrusl 3apsKEHHbIX MTPOBOJHUKA U KOHJeHcaTtopa. [IMoTHOCTh sHepruu
371eKTprYecKoro nois. Cuibl, AEUCTBYIOLIME HA AUSJIEKTPUK B JIEKTPUIECKOM MOJIE.

Tema 3.5. IloCTOSIHHBIN YJIeKTPHUYECKUH TOK
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[TnoTtHOCT TOKa. Y paBHEHME HENpepbhIBHOCTU. 3akoH OMa /17151 OIHOPOAHOTO IIPOBO/IHUKA.
O6006mennbii 3ak0oH Oma. PasperBnenue menu. [Ipasuna Kupxroda. DJIC. Pabota m MOITHOCTh TOKA.
3akoH [Ixoyna-Jlenna. InddepennmansHas (popMa 3aKOHOB MOCTOSTHHOTO ToKa. [lepexoaHbie mpoueccsl.

Tema 3.6. MarHuTHOE€ 10JI€e TOKOB B BaKyyMe

MarnutHoe B3aMMOJENCTBHE TOKOB. BekTop wuHAaykimm MarmutHoro mnoiss. Cwia JlopeHna.
[TpumeHneHue Teopemsbl O IUPKYIAIUMU UHAYKIMK. Juddepennmanbaas ¢ppopma 3aKOHOB MArHUTHOT'O MOJIS.
MoMeHT cuJt, IEHCTBYIONMX Ha KOHTYP ¢ TOKOM. PaboTa B MarHUTHOM TIOJIE.

Tema 3.7. MarautHoe mnoJie B BelecTse

Hamarnuuenue BemiectBa. BeKTop HaMarHMYeHHOCTM MAarHUTHOrO MoJisl. ['paHuWYHbIe yCIOBUS AJIs
MarauTHoro noJjst. SIP. Juamarnetusm u napamaraetusm. Peppo- u peppumMarHeTu3M.

Tema 3.8. BzaumHble npeBpanieHus 3JeKTPHIECKOro 1 MarHUTHOTO MOJIeH

DJIeKTPOMarHUTHOe MoJje. VIHBapMaHTHOCTh 3apsa. 3aKOHbl MPeoOpa3’oBaHUS SJIEKTPUYECKOrO U
MarHUTHOTO N0JIeH, UX cieAcTBUsA. IHBapuaHThl 3JIEKTPOMArHUTHOT'O MOJIS.

Tema 3.9. DiekTpoMarHuTHAsA MHAYKIHS

3akoH 3nekTpoMarHUTHOM WHAYKUMU. [IpaBuno Jlenua. [lpupojga 371€KTPOMarHMTHOM WHAYKLIWW.
CamMouHyK1IMs 1 B3auMHasi MHAYKLYs. THIyKTUBHOCTb U EMKOCTb B LIEIIM [IEPEMEHHOI0 TOKA. DHEprus u
CWJIBI B MATHUTHOM I0JIe. DHEPrHs IBYX KOHTYpPOB C TOKOM

Tema 3.10. YpaBHenue MakcBeJuia

Buxpesoe snexktpuyeckoe nosie. IHIyKIMoHHbIM yckopuTenb. Tok cMenienns. Y paBHeHrus MakcBeuia
B MHTErpajbHON U quddepeHtmansHor popmax. IlonHas cuctema ypaBHEHMI 3JIEKTPOMArHUTHOTO T1OJIS.
SHeprus U notok 3Hepruu. Bektop IlovHTHHTra. VMItysibe 35eKTpoMarHuTHOro nosis. CUcTemsl eIMHULL
3JIEKTPOMArHUTHBIX BEJIUYMH

Tema 3.11. DeKTpOMarHuTHbIE KOJI€OAHUS H BOJIHbBI

KonebaTenbHpiii KOHTYp. CBOOOIHBIE He3aTyxXalolye, 3aTyXalolye M BbIHYXACHHbIE KoJieOaHMs.
Pe3onanc TtokoB u HampstkeHuil. Ilapamerpuyeckuit peszoHaHc. IlepemenHbld TOk. 3akoH Oma s
NEPEMEHHOr0  TOKAa.  KOMIUIEKCHBIE — CONPOTUBJIEHMA.  DjeKTpoMarHutHele  BosHbL  Illkana
3JIEKTPOMArHUTHBIX BOJH. [liockass MoHOXpoMaTUueckasi BojiHa. BosHbl B cpenie. I'pynnoBas u ¢a3oBas
ckopoctu. CKMH-3(pdEKT.

Pa3ngea 4. OnTunka

Tema 4.1. D1eKTPOMarHuTHbIE BOJHbI

OcHOBHbIE 3aKOHBI ONTUKU. [ JTaBHBIE TANbl Pa3BUTUSI ONTUUYECKUX TEOpUU. Y paBHEHUs1 MakcBesuia B
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IpPepeHIMAIBHON U MHTErpajibHOM (opMe. DJIEeKTpOMarHuTHAasA BOJHA. BOJHOBOE ypaBHEHHWE s
9JIEKTPOMArHUTHOIO moJjA. Ilnockas 3/1eKTpoMarHUTHast BOJIHA. DKCIEPUMEHTAJIBHOE HCCIIE0BAHUE
9JIEKTPOMATHUTHBIX BOJIH. DHEPrus SJEKTPOMArHUTHBIX BOJH. VMMIyJbC 3/1€KTPOMArHUTHOIO MOJIA.
N3nyyenue aunosns

Tema 4.2. PoTomeTpus

CseroBBIC U SHEPIreTUYCCKUC IMOTOKHU. OtHocuUTe/IbHASA CIICKTpajibHasA 4YYBCTBUTCJIBHOCTb CPEIOHCIO
yejioBeueckoro riaza. OCHOBHEIE (bOTOMCTpI/I‘ICCKI/IC BeauunHbBl. CBSI3b CBETOBBIX U YHEPIreTUYCCKUX
BECJIMYMH

Tema 4.3. 'eomeTpnueckasi ONTHKA

[lonsitue cBetoBoro Jiyda. (OCHOBHbIE 3aKOHbl T€OMETPUYECKON OINTUKU: MPSAMOJUHEHMHOTO
pacripoCTpaHeHUsI  CBeTa, HE3aBUCUMOCTH  CBETOBBIX  JIyuyed, OTpakeHHs] U  IpeJOMJICHHS.
I'omouenTpuyeckuii mydok Jjiyueil. Cturmatuueckue Touku. [Ipenomiienre Ha ceprueckoit TOBEPXHOCTH.
®dokycHble paccTOsAHHUA U (POKAIbHBIE TUIOCKOCTA. OTpaxkeHue Ha c(hepruyecKor MOBEPXHOCTU. JIMH3BL
Ontuueckue ocu JMH3BL. LleHTpupoBaHHBIE ONTUYECKUE CHUCTEMBI. TOHKHME JMH3B. DOKYCHl JIMH3HI
®opmysl uH3H ['aycca u HelotoHa. [TocTpoeHre n300pakeHnit B coOuparolienl 1 pacCeMBaIoIIeH JINH3aX.
Ontuyeckas cuia auH3bL. ToscTas auH3a

Tema 4.4. OnTHuecKkue CHCTEMbI

OcHoBbl ['ayccoBoil ONTHUKHU. Y3JI0BblE TOYKM U IUIOCKOCTU. CllOKE€HHWE ONTHUYECKUX CHUCTEM.
OnTuyeckue MHCTpyMeHTHL. [lnadparmMa, BXOIHOU M BBIXOJHOW 3pavyoK, BXOJHOE U BBIXOJHOE OKHO. ['1a3
Kak ornThyeckas cucremMa. Jlyma, MUKpOCKOII, 3puTesibHas Tpyoa, Teseckor, hoToanmapar, mpoeKIIMOHHbIe
ycTpoicTBa. AOeppaliuy OoNnTHYecKuX cucteM. OrpaHuYeHHs MOCTPOSHUST M300paKeHUN B ONTHYECKUX
ycrpoiictBax. Cpepuueckas abeppalivs, Koma. ACTUTMATU3M, JUCTOPCHs. XpoMaTHIecKue abepparum.

Tema 4.5. Untep ¢ epeHnus cera

Wnrtepdepennus cBeToBbiXx BOJH. KorepeHTHOCTh. CrocoObl HaOmonaeHuss MHTEp(EpeHIU CBEeTa.
Nurepdepenums or ToHKUX 1acTUHOK. HTepdepomerp MaiikenscoHa. MHoroxydeBast MHTEpgEpeHIMA

Tema 4.6. Iucpbpakmusi cBera

[Mpunimn I'onrenca-®Ppenens. 3oubl Ppenensa. dudpakumsa PpeHesnss OT MPOCTEUIIMX Iperpam.
Hudppakims ®PpayHrodepa ot menu. dudpakuuonHas pemierka. Judpakuus peHTIEHOBCKUX JIyyeil.
Paspemaromas cuna oobektuBa. ['onorpadust

Tema 4.7. Ilonsipu3zanus ceeta

EcrecTBeHHBIN 1 ONAPU30BaHHBIN CBET. [lonsapuszanms npu orpaxkeHnu u npejaomieHnu [ongapuzanusa
IpU  JBOWHOM JiydyenpesnomiieHud. HWHrepdepeHuus mnojspu3oBaHHbIX Jydell. [IpoxoxieHue
IUIOCKOIIOJISIPAU30BAHHOTO CBETA YEPE3 KPUCTA/UIMYECKYIO IVTACTUHKY. KpucTanimyeckas IiaCTUHKA MEX Ly
AByMs mossipu3aTopamu. VICKycCTBEHHOE  JBOMHOE JIydelpejoMleHHe. BpaleHue IUI0OCKOCTH
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TIOJISI pUBAITUH
Tema 4.8. MoJieky.JasipHasi onTHKa

Hucnepcusi cBeta. I'pynmoBasi cKopocTb. DiemMeHTapHasi Teopusi aucrniepcuu. [lorsiomieHue cBera.
Paccesanue cera.

Tema 4.9. TeruioBoe n3ayuenne

OcoOeHHOCTH TeIIoBOro u3nydyeHus. McnyckartenbHast CHOCOOHOCTh. AGCOIOTHO YepHOe TeJlo. 3aKOH
Kupxroga. NUznyuenne HedepHbix Ten.3akoH Credana-bonbiMmana. 3akoH cMmemeHuss Buna.®opmyna
Peneda-Ilxxunca. I'mnoresa Ilnanka. ®opmyna usnydenus Ilnanka. IIpumeHeHue 3aKOHOB TEIIOBOTIO
U3JIeUeHUs: ONITUYECKAas MMPOMETpPUs, ICTOUYHUKHU CBETa.

Tema 4.10. OcHOBBI KBAHTOBOH ONTHKH

doroanextpuueckuil 3ppext. Onbitel CToseToBa. 3aKoHBl (poTO3hPeKTa. YpaBHEHNE DUHIITEHHA.
BuyTtpennmii poroapdext. dpdext Komnrona. Teopus ssnenus Komnrona. Jdasnenue cera. [punimn
nevictBusl sazepa. [lonynpoBOAHUKOBBIE Jazepbl. TBeproTesbHble Jazepbl. KUIKOCTHbIE W Ta30Bble
nazepsl. [Ipumenenue nazepos.

6. TEMbI IPAKTUYECKHX 1 CEMUHAPCKUX 3AHATHN
Pazneua 1. Mexanuka
Tema 1.2. KunemaTnka noctynarejbHOro M BpamaTeJbHOr0 JBHKEeHUsI MAaTePHAJIbHOI TOUKH

Bomnpocs! k Teme:
Ounag gopma

Nel. Msu ynan ¢ BBICOTHI 3 M, OTCKOYMJI OT MoJa M ObUl moiiMaH Ha Bbicore 1 M. Hailtu myth u
nepeMerieHme Msya.

Ne2. Beprosier, nposieTeB B FOPU30HTAILHOM ToJieTe 1o npsmont 40 KM, NoBepHyJ nox yriaoMm 900 u
npojeten eme 30 km. Haiitu ryTh 1 miepemMerieHre BepToJieTa.

Ne3. Katep mpoien mo o3epy B HallpaBJ€HUM Ha CEBEPO-BOCTOK 2 KM, a 3aTeM B CEBEpHOM Ha-
npasiieHud eie 1 km. HaiiTu reomeTpuyeckuM NocTpoeHUeM MOJYJIb U HallpaBJieHUE MepeMe-1IeHusI.

Ne4. Dckanatop merpo nBuxkercsi co ckopocthio 0.75 m/c. Hailtu Bpemsi, 3a KOTOpoe Macca)up
nepemecTutcsi Ha 20 M OTHOCHUTEJIBHO 3€MJIM, €CJIM OH UJET B HAIpaBJIEHUM JIBMKEHHUsI 3CKaJa-Topa CO
ckopocTbio .25 M/c B cuCTEME OTCUETA, CBA3AHHOM C 3CKAJIATOPOM.

No5. Jlpa moe3na ABMKYTCS HaBCTpedy APYr Opyry co ckopoctssmu 72 u 54 km/4. Ilaccaxkup, Ha-
XOJSIIUICS B IEPBOM I0€3/I€, 3aMeYaeT, YTO BTOPOM MOE3/ MPOXOJUT MUMO HEro B TeueHue 14 c. kakopa
JUTMHA BTOPOTro noe3aa’?

Ne6. Karep, nepenpaiisisich 4epe3 peKy, ABUKETCS MEePIEeHANKYJISPHO TEYEHUI0 PEKU CO CKOPO-CThio 4
M/C B CHCTeMe OTCYeTa, CBS3aHHOW ¢ BOJOW. Ha cKoIbKO MeTpoB OyIneT CHeceH KaTep TeYeHUEM, eCli

18 /39



MUHHCTEPCTBO HAYKH M BBICIIEro oOpa3oBaHusi PO dopma
Y IIbSIHOBCKHI IOCYJapCTBEHHbIN YHUBEPCUTET
@ — Paboyast mporpaMma AUCIUTUTAHBI

mmpuHa peku 800 M, a ckopocTb Teuenus 1 m/c?

Ne7. Benocunenuct 3a nepblie 5 ¢ poexai 40 m, 3a cnenyiomue 10 ¢ — 100 m u 32 nocneanue 5 ¢ —
20 M. HaiT cpeiHIoI0 CKOPOCTh Ha BCEM ITyTH.

Ne8. ABTOMOOWMJIb ITpOEXaJl MEPBYIO MOJIOBUHY MyTH CO CKOpocThio 10 M/c, a BTOPYIO MOJIOBUHY ITyTH CO
ckopocThio 15 M/c. HailTu cpeHiorn CKOpOoCTh Ha BCEM Iy TH.

Ne9. Moromukiuct Ha pacctossHuM 10 M OT KeJe3HOJOPOKHOIO Mepee3fa Hayasl TOpMO3UTh. Ero
CKOpOCTb B 3TO BpeMs Obl1a 20 km/4. OrpesienuTs MoJIo)KeHne MOTOLMKIIA OTHOCHTEIIBHO Tiepee3a depes
1 ¢ or Hauana TOpMOXKEHUs. Y CKOpeHre MoTolukIa 1 m/c2.

NelO. Ilyna B ctBosne aBToMara KanamnnkoBa aBuxkercs ¢ yckopeHueM 616 km/c2. KakoBa cko-pocTh
BBLJIETA ITyJIM, €CJIM JUIMHA cTBoJIa 41.5 cM.

Nell. Ilpu aBapritHOM TOPMOXXEHUH aBTOMOOWIIb, IBUKYIIMIACS COCKOPOCTBIO 72 KM/4, OCTAHO-BUJICS
yepes3 5 ¢. HAUTU TOPMO3HOW MyTh.

Tema 1.3. /Inunamuka matepuanbHoil Touku.3akoHnbl HbloTOHA

Bormpocsl k Teme:
Ounas opma

Nel. TpakTop, cuna tsiru Kotoporo 15 kH, coobmmaer npurierty yckopenue 0.5 m/c2. Kakoe yckopeHue
COOOIIUT TOMY ke MPULIETTY TPAKTOpP, pa3BUBAIOIIUK TsroBoe ycuiue 60 kH?

Ne2. Kakue cuibl HaJi0 MPWIOKHUTH K KOHIIAM TPOBOJIOKH, XecTKOCTh KoTtopor 100 kH/m, dToOHI
pactsiHyTh ee Ha 1 Mmm?

Ne3. Ha ckoJbKO yIUIMHHTCSI PHIOOJIOBHAS Jiecka kecTKocThio 0.5 kH/M npu mopHATHM BEpTUKAIBHO
BBepX pbiOb Maccoit 200 r?

Ned. Cpennuii paguyc miaHeThl Mepkypuit 2420 kM, a ycKOpeHHe CBOOOJHOTO majeHus 3.72 m/c2.
Haiitn maccy Mepkypusi.

NoS Cpennss minotHocts Benepst 5200 kr/m3, a panuyc-manetst 6100 km. Haiitu yckopeHue
CBOOO/IHOTO MaJieHus1 Ha TOBEPXHOCTU BeHepsl.

Ne6.CkoJIbKO BpeMeHH MaJalio TeJo, eClv 3a MOocIeAHre 2 ¢ OHO MpoIuio 60 m?

Ne7. Crpena, BblIlylLIEHHAs U3 JIyKa BEPTUKAJIBHO BBEPX, yIajla Ha 3eMJII0 Yepes3 6 c. KakoBa HayasbHas
CKOPOCTb CTpEJIbl U MAKCUMaJIbHAs! BHICOTA MOIbeMa?

Ne8. JlaibHOCTH MOJeTa Tesa, OpOIIEHHOTO B TOPU3OHTAIBHOM HAIpaBJIEHUH CO CKOpocThio 10 m/c,
paBHa BbicoTe Opocanus1. C KaKoi BBICOTHI OpOIIEHO TeJo?

Ne9. Bpartapb, BbIOMBast MsI4 OT BOPOT C 3eMJIM, COOOIIMI eMy cKopocTh 20 M/c, HalpaBJIeHHYIO O/
yriioM 600k ropusoHty. Haiitu Bpems mosera Msuya, MakCHMMaJbHYIO BBICOTY MOABEMA M JAJIbHOCTb
TOJIeTA.

Nel0. Ha copeBHOBaHUAXIOMIAAEN TAKEIOYIPSIKHBIX TOPOAOAHA U3 HUX NEpeBe3ia rpy3 maeeou 23 T.
Haiitu koa(ppuumeHT conpoTuBieHNs, €y cuila Tsru Jjowmaau 2,3kH.

Nell. Manbuuk maccoin50 Kr, CKATUBIIKCH HA CAHKAX C TOPKH, IMPOeXaJl IO TOPU30HTAILHOM JOPOTe J10
ocraHoBkM 1yTh 20 M 3a 10 c. Haiitu cuiy TpeHus u Koa(ppULmeHT TpeHusl.

Nel2. ABromMoOmIb«Kurym»maccoit 1 T,Tporasice ¢ Mecta, gocturaetr ckopoctu 30 m/c yepes 20 c.
Haittu cuity Taru, ecam koaguiimeHT conportusienus paseH 0,05.

Nel3. IlogbeMHBI KpaH noaHuMaerrpy3 Maeeor 1 T. KakoBa cuna HaTskeHHMs Tpoca B Hayalle
MOJILEMA,ECIIU TPY3 IBUKETCS (OYEHb KPATKOBPEMEHHO) C yCKOopeHueM 25m/c2?
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Nel4. C KakuM yCKOpeHHEM a CKOJIB3UT OPYCOK MO HAKJOHHOHM TUIOCKOCTH C yrjioM HakjoHa 30° mpu
ko3 punmente Tpenus =0,2

Nel5. Bpycok maccon 400 r mox aevictBueM rpysa maccou 100 r (puc.) MpoXoauT U3 COCTOSIHUS MOKOS
nyTh 80 cM 3a 2 c. Haiitn k03 putiveHT TpeHus.

Tema 1.4. 3aK0H coXpaHeHHUsI UMITYJIbCa

Bomnpocs! k Teme:
Ounas popma

I. Msau wmaccoir 100r, nereBmmidi co ckopocTblo 20 M/c ymapwicsi O TOPU3OHTAIBLHYIO
IUIOCKOCTb. Y TOJINaIeHUs(yroyl M 1y HalpaBJIeHUEM CKOPOCTH U MEPIEHANKYJISPOM K INIOCKOCTH) PaBeH
60°. HaiiTu u3mMeHeHre UMITyJIbca Msiya, €CJIM yaap aOCOJIOTHO YIPYTHid, a yroJl OTpaXeHHs! paBeH YIiy
naJeHusl.

Ne2. JIBa Heynpyrux tena, Macchl KOTOPBIX 2 U 6 KT, IBUKYTCS HABCTPEUy JPYT IPYry CO CKOPOCTAMHU 2
Mm/c kaxgoe. C Kakoi CKOPOCTBIO M B KAKOM HalpaBJICHUH OyIyT ABUTAThCS 9TU Tenarnocieyaapa’?

Tema 1.6. /IBuzkeHue TeJ IepeMeHHOI MacChl

Bomnpocs! k Teme:
Ounas popma

1. Pakera mMacchl m 3aBHCIa Haj MOBEPXHOCTHI0O 3emiin. CKOJIBKO TOIUIMBA B €JUHULY BPEMEHU OHA
JOJDKHA PacxofoBaTh IPHU 3TOM, €CJIM CKOPOCTbh MCTeueHMs rasa u ? Kak M3MeHuTcs pe3ysbTar, eciid
pakeTa MoJHUMAETCS C YCKOPEHHUEM a ?

2. BoJOMETHBII KaTep ABUKETCS B CIIOKOMHOM Bojie. Cuiia COpOTUBIIEHHM S BOJIbI IBMKEHUIO KaTtepa f =
kv~2 . CKOpOCTbh BHIOpachiBa€MOM BOJIbl OTHOCUTENIBHO KaTepa u . OnpeenuTe yCTaHOBUBILYIOCS CKOPOCTh
Karepa, eCJii ce4eHHe NMOTOKA 3aXBaYEHHOM JIBUTATeIEM BOIbI S , IVIOTHOCTb BOJBI P .

3. C kakoil cuIoi IaBUT Ha 3eMJTI0 KOOpa, KOrja OHa, TOTOBSCH K MPBIKKY, MOJHUMAETCSI BEPTUKAIBHO
BBEPX C [NOCTOSIHHOM CKOPOCTHhIO vV 7 Macca 3men m , e€ jyvHa | .

4. PeakTuBHBII KaTep Macchl M IpUBOANTCS B IBUKEHUE HACOCOM, KOTOPBII

3abupaeT BOMy M3 03epa M BHIOPACHIBACT ee Ha3aja ¢ KOpMbl Katepa. CKOpPOCTh CTPYH BBIOPACHIBAEMOi
BOJIbl OTHOCUTEJILHO KaTepa MOCTOsIHHA M paBHA U, a Macca eKeCeKyHIHO BHIOpachiBAeMO HACOCOM BOJIbI
TaKke MMOCTOsIHHA ¥ paBHAa m. Haiitu Mogy/b cKOpOCcTH Katepa Kak (pyHKUMI0 BpeMeHu. Cuiibl TpeHus B
HACOCe U COIIPOTUBJIEHUE BO/Ibl ABUKEHUIO KaTepa HE YUUTHIBATb.

5. Pakera HavanpHON Macchl mO NOAHUMAETCS BEPTUKAJIBHO BBEPX B OZIHOPOAHOM I10JI€ CHIIBI TSKECTH
C TIOCTOSIHHBIM YCKOpPEHHEM ng (g — YCKOpEHHe 3eMHOro TsAroteHus). [IpeHeOperasi cOnpoTHBICHUEM
aTMocdepsl ¥ cunTast 3(PPEeKTUBHYI0 CKOPOCTb Ve UCTEYEHUS ra30B MMOCTOSIHHOM, ONPEIe/UTh:

1) 3aKOH U3MEHEHMS MACChl PAKETHI,

2) 3aKOH NU3MEHEHUs1 MacChl PaKeThl IIPU OTCYTCTBUM I0JIS1 TATOTEHHUS.

6. Pakera crapryer c JlyHbl BEpTUKaJIbHO K €€ MOBEPXHOCTU. D(PMEKTUBHAS CKOPOCTh MCTEUYEHUS
ve=2000 m/c. Yucno L{unonkoBckoro z=5. Onpeaenantb, Kakoe JAOJKHO ObITh BpeMsl CTOpaHHs TOTLUIMBA,
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yroOBl pakera jgocturia ckopoctu v=3000 m/c (IpUHATH, YTO YCKOPEHUE CHJIBI TsDKECTH BOMM3M JIyHBI
MOCTOSIHHO U paBHO 1,62 m/c2).

Yucnom [IMOJTKOBCKOro Ha3bIBa€TCS OTHOIIEHWE CTAPTOBOM MAaccChl paKeThl K Macce pakeThl 0e3
TOILIMBA.

7. Pakera IOBMXeTCA B OJHOPOJHOM IIOJI€ CHJIBI TSKECTH BBEPX C IOCTOSIHHBIM YCKODEHHEM W.
[TpeneOperast conpotuBieHneM atmocdepbl U cuutasg 3PEPEeKTUBHYI0 CKOPOCTh Ve HCTEUeHHS Ta30B
MOCTOSIHHOM, orpeeaunTsb Bpems T, 3a KoTopoe Macca pakeTbl YMEHBIIUTCS B /IBa pa3a.

8. DddexTuBHAsS CKOPOCTh UCTEUEHHUs] Ta30B U3 pakeThl ve=2,4 km/c. Kakoil NpoOIEHT I0JKeH
COCTaBJIATh BEC TOILIMBA OT CTAPTOBOIO BECA PAKETHI, YTOObI paKkeTa, ABMKYLIASACA BHE M0JIs TATOTEHUSA U
BHe aTMocepbl, Tprodpesia CKopocTh 9 km/c?

9. Pakera JBWKeTCA NOCTYNATeJbHO IIPU OTCYTCTBUM TATOTEHUSI U CONPOTUBIICHHUS CpE[bl.
DddekTrBHasA CKOpocTh uUcTeyeHusi razoB ve=2400 m/c. Onpenenuts uuciao [luosikoBckoro, eciu B
MOMEHT MOJIHOTO CrOpaHusl TOIUIMBA CKOPOCTh pakeThl OyzeT paBHa 4300 m/c.

10. Tesno nepeMeHHON Macchl, UMesl HaYaJIbHYI0O CKOPOCTb, PaBHYIO HYJIIO, JBMKETCS C MOCTOSIHHBIM
YCKOPEHHEM W [0 TOPU30HTAJIbHBIM HANpPaBIAIINAM. D(P@PEKTHUBHAsA CKOPOCTb WUCTEYEHUs Ta30B Ve
noctosiiHa. OrpenenuTs, MpeHeOdperast CONpPOTUBICHUEM, MyTh, TPOUJEHHBIA TEJIOM A0 TOrO MOMEHTa,
KOIJa ero Macca yMeHslumrcs B k pas.

Tema 1.7. Pa6oTa u 3Heprusi. 3aK0H COXpaHeHHs] MeXaHHYeCKOW YHEePruu.

Bormpocsl k Teme:
Ounas opma

1. Kakyio paGoty coBepliaer cuiia TsSKECTH, ISHCTBYIOIIAs Ha JOXKIEBYIO Karutio Maccoit 20 mr, rpu ee
MageHUuU C BBICOTBI 2 KM?

2. KakoBa KMHETWYECKasi SHEPrusi KOCMUUYEecKoro kopadist «Cowos3a> Maccoit 6,6 T, IBIKYIIErocs 1o
opbuTe co CKopocThio 7,8 km/c?

3. Nmmynbc Tena paBeH 8 Kr ® M/c, a KuHetndeckas sHeprus 16 [Ix. Hailtu maccy u ckopocts Tena.

4. Kakyio paboTy HaJ10 COBEpPIINTh, YTOOBI pacTsAHYTh NPY)HUHY kecTKocThio 40 kH/m Ha 0,5 cm?

5. Haiit moteHmanbHyio sHepruio tesna Mmaccoit 100 r, GpoIeHHOro BepTHKAILHO BBEPX CO CKOPOCTHIO
10 M/c, B BBICIIIEH TOYKE MTOABEMA.

6. Kamensp OpollieH BepTUKaIbHO BBEpX €O ckopocthio 10 m/c. Ha kakoii BeicoTe h KuHeTHueckas
SHEprusi KaMHs1 paBHA €ro NOTeHIUAIbHON SHEprum?

7. Ilpy noAroToBKe MPYKUHHOTO MUCTOJIETA K BBICTPEITy NPy UHY kecTKocThio 1 kKH/M cxamm Ha 3cm.
Kakyio ckopocTs proOpeTeT «cHapsiI» Maccou 45 T MpU BHICTpEJie B TOPU3OHTAILHOM HarpaBJieHUN ?

Tema 1.8. CToIKHOBEHUS TeJ, a0COJIOTHO YIPYriuil M HeYNIPYruii yaapsbl

Bomnpocs! k Teme:
Ounas popma

1. Yactuma maccsl 1,0 r, qurasimasicst co ckopoctbio v1 = 3,0i - 2,0j, ucnbitana abcoMOTHO HEYITPYroe
CTOJIKHOBEHHME C JpyroW yacrtuiien, macca kotopoit 2,0 r u ckopoctb v2 = 4,0j - 6,0k. Haiitu ckopocTtb
00pa3oBaBILEiCcs YaCTUIBI — BEKTOP V M €ro MOJyJlb, — €CJIM MPOEKLMH BEKTOpoB VI M V2 [naHbl B
cucreme CH.
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2. Haiitn npupaiieHue KMHETUYECKOW SHEPIrUM 3aMKHYTOW CUCTEMBI M3 JBYX IIAPUKOB ¢ MaccaMy ml u
m?2 npu X aOCOMOTHO HEYIPYrOM CTOJKHOBEHHH, €CJIU [0 CTOJKHOBEHUSI CKOPOCTHU IIAPUKOB ObLIH V1 1
v2.

3. Yacruiia maccel m1 ucnbitana abCOOTHO YIPYroe CTOJIKHOBEHUE C MOKOMBIIENCS YaCTHIIe MACCHI
m?2. Kakyio OTHOCUTE/IbHYIO YaCTh KHHETMUECKON SHEPIUH MOTEpsla HaJleTalolas YacTula, eciIu:

a) OHa OTCKOYMJIA MO/1 IPSAMBIM YIJIOM K CBOEMY II€pBOHAYAJIbHOMY HAIPaBJICHUIO JBUKEHUS;

0) CTOJIKHOBEHHE JI0O0BOE?

4. Yactuna | ucnbitana aOCOMIOTHO YIPyroe CTOJKHOBEHHME C TIOKOUWBIIeWcs dactuiren 2. Haiitu
OTHOIIIEHHE UX MAaCC, ECJIH:

a) CTOJKHOBEHHE JI000BOE M YACTHUIBl pa3fieTeSMCh B IPOTUBOIOJIOXKHBIX HANpaBICHUAX C
OJJMHAKOBBIMU CKOPOCTSIMM;

0) YacTUILIBI PA3JIETENUCh CAMMETPUYHO 110 OTHOIIEHHUIO K TIEPBOHAYAILHOMY HAIPABJICHUIO JBHKEHUS
yacTUlbl | ¥ yros Mex/1y Ux HarpasJeHUs MU pasziera 0 = 60°.

5. Ilap, aBuraBmuMicA NOCTyNaTeabHO, WCHBITAT YHPYroe cCOyJapeHue ¢ APYIMM, NOKOMBUIMMCH,
mapoM Tou xe Maccel. [Ipu coymapeHuM yrosn mMexay NpsMOM, MPOXOIALIeld Yepe3 LEHTpPhl MapoB, U
HalpaBJeHUEM IEPBOHAYATIBHOIO JBMKEHMS HAJETAIOLIEro Iapa okasajics paBHbIM o = 45°. Cuyuras
mapbl IVIAJKUMHU, HAUTU JOJIIO 1) KMHETUYECKOH SHEpruM HajeTalollero Iuapa, KoTopas Imepeuuia B
MOTEHIUAbHYIO SHEPTUI0 B MOMEHT HauOoJIbllel AeopMarim.

Tema 1.9. MomMeHT nMmyJibca, 3aKOH COXpaHEHUsI MOMEHTAa UMITYJIbCa

Bormpocsl k Teme:
Ounas opma

1. HebGoupImmoli maprk Macchl m, MPUBSI3aHHBIA HA HUTU UIMHBL | K TOTOJIKY B Touke O, ABUKETCS MO
TOPU3OHTAJILHOWM OKPYKHOCTHU C IOCTOSTHHOW YTJIOBOM CKOPOCTHIO (0. OTHOCUTENILHO KAKMX TOYEK MOMEHT
uMmnysiabca M mapuka ocraercss nocTossHHbIM? Haiitu Moaysib mpupaiieHrsi BEeKTopa MOMEHTA MMITYJIbCa
IapvKa OTHOCUTENIBLHO TOUKkH O 3a MOJIOBUHY 000pOTA.

2. Illapuk mMacchl m magaer 6e3 HaYaJIbHOM CKOPOCTH C BHICOTHI h HaJl moBepxHOCThIO 3emin. Haiitu
MOJ1yJIb IPUPALIEHUS BEKTOpa MOMEHTA UMITyJIbCa LIIApUKa 3a BPeMs MaJeHUs] — OTHOCUTEJIbHO TOUKU O
CUCTEMBI OTCYUEeTa, NBMXKYLIEUCS MOCTYNATeJIbHO CO CKOPOCThI0O V B TOPU3OHTAJIBHOM HarpaBieHuH. B
MOMEHT Hauasa najgeHus touka O coBnajana ¢ mapukoM. ColpoTHBIIEHUE BO3yXa HE YUUTHIBATD.

3. JlokazaTb, 4TO MOMEHT UMITyJIbca M cucTeMbl YacTuil oTHOcUTeNbHO Toukn O K-cuctemsl oTcuera
MOeT OBITh IPE/ICTABJIEH KaK

M = Mc + [rcp],

rae Mc — ee cOOCTBEHHbBII MOMEHT MMIyJibca (B TMOCTYIMATEIbHO ABWXKYILIEHCS CHUCTEME OTCYeTa,
CBSI3aHHOHM C IIEHTPOM HHEPLIMH), IC — PAJAUYC-BEKTOP LIEHTPAa MHEPLUU OTHOCUTENbHO Touku O, p —
CYMMapHbIi UMITYJIbC CUCTEMBI YacTull B K-cucreme orcyera.

Tema 1.10. /IBu:kenne B moJe tsaroreHus. 3akoubl Kennepa

Bomnpocs! k Teme:

Ounas popma
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MUHHCTEPCTBO HAYKH M BBICIIEro oOpa3oBaHusi PO dopma
Y IIbSIHOBCKHI IOCYJapCTBEHHbIN YHUBEPCUTET
@ — Paboyast mporpaMma AUCIUTUTAHBI

1. Hexotopas mia"era maccsl M aBUKETCS 1O OKpYKHOCTH BOKPYT CoJIHIIa O CKOpPOCTBIO V = 34,9
KM/C (OTHOCHUTEJILHO TeJIMOLEHTPUYECKO cucTemMbl oTcyera). Haiiti nmepuon oOpaleHusi 3TOW TUIaHEThI
BOKpyr CouHua.

2. Mepuon obpamienus Onurepa Bokpyr ConHia B 12 pa3 6oJibilie COOTBETCTBYIOIIETO MEePUOAA s
3emim. Cunrast OpOUTHI TIAHET KPYTOBBIMHY, HAWTH:

a) BO CKOJIbKO pa3 pacctosiHue oT Omurepa 1o CosiHia npesbliaeT pacctosiHue ot 3emin 10 CoHia;

0) ckopocTb 1 ycKopeHue IOnurepa B reJIMOneHTpUYecKor CUCTeMe OTCYETa.

3. Hekoropasa muianera maccel M nBuxkercss BOkpyr CoJjHLIA MO 3JUIMICY TakK, YTO MHHHMAJIbHOE
paccrosinue Mex 1y Her 1 CoJHLeM paBHO r, a MakcuMaiibHoe — R. Haiitu ¢ momompio 3akoHoB Kerepa
nepuop ooparieHus ee BOKpyr CosHia.

4. Jloka3aTb ¢ HOMOIIBIO 3aKOHOB COXPAHEHHU s, YTO MOJIHAsA MEXaHNYeCKast SHEPrus IJIAHEThl MacChl m,
aBrkymiericss BOKpyr CoJIHIIA 10 SJIIUICY, 3aBUCUT TOJBKO OT ero OoJbIoi noayocu a. Haiitu popmyity
3aBUCHMOCTH 3TOHM SHEPIUH OT a.

5. CnyTHUK, OBWXKYIIUICS TO KpyroBol opoute pammyca R = 2,00%104 kM B 3KBaTOpUATBbHOM
110ckocTy 3emMii ¢ 3anaga Ha BocTok, nosBisercs HaJy HEKOTOPBIM ITyHKTOM Ha 9KBAaTOPE Yepe3 Kask/ible
v = 11,6 4. BblunMcIuTh Ha OCHOBAaHMM 3TUX [aHHbIX Maccy 3emMid. ['paBuUTallMOHHAsl MOCTOSIHHAs
IpeAIoJaraeTcsi U3BECTHOM.

Tema 1.11. YpaBHeHus1 ABUKeHHsI TBePA0ro Teja. MoMeHTHI HHEPI[UH TeJl.

Bormpocsl k Teme:
Ounas opma

1. K Touke ¢ paguyc-BekTopoM rl = ai npuioxkena cuwia F1 = Aj, a k Touke ¢ 12 = bj — cuna F2 = Bi.
3nech 006a paauyc-BeKTopa ornpeesieHbl OTHOCUTEIbHO Havasia KoopauHaT O, i ¥ j — OopTel OCEU X U Y, a,
b, A u B— nocrosiuHble. Hantu riedo 1 paBHOAENCTBYIONIEH CUJIBI OTHOCUTENIBHO TOUKH O.

2. HaiitTu MOMEHT UHEPLIUU:

a) TOHKOTO OJIHOPOJTHOTO CTEP:KHSI OTHOCUTENILHO OCH, IEPIIEHIUKYJISIPHON K CTEPKHIO U MPOXOAIIEH
yepe3 ero KOHell, ecJii Macca CTep:KHsI m U ero ajauHa l;

06) TOHKOH OJHOPOTHOW TPSMOYTOJBHOM TUIACTUHKM  OTHOCHUTEJIbHO OCH, TIPOXOJSIIEH
MEPHEeHIUKYISPHO K MJIOCKOCTH TUIACTUHKY Yepe3 OJIHY U3 €€ BEePIIMH, €CJIM CTOPOHBI IJIACTUHKY a U b, a
ee macca m.

3. Bblunuc/iuTe MOMEHT UHEPLIUU:

a) MEJHOr0 OJHOPOAHOIO TUCKA OTHOCUTENIbHO OCHM CHUMMETPUH, NMEePHEHIUKYJISPHOU K MJIOCKOCTH
JMCKa, ecau ero tonmHa b = 2,0 MM u paauyc R = 100 mm;

6) OJHOPOIHOTO CIUIOITHOTO KOHYCa OTHOCUTEJIPHO €ro OCH CHMMETpPHWH, €ClIi Macca KOHyca m H
paauyc ero ocHoBanus R.

4. OpHOpOIHBIN AWCK paanyca R packpyTuiu 10 yrjaoBOil CKOPOCTH M M OCTOPOXKHO MOJIOKWIM Ha
TOPU3OHTAIBHYI0 TOBEpXHOCTh. CKOJBKO BpeMEHU AUCK OydeT BpaliaThCsl Ha TOBEPXHOCTH, €CIH
ko3 uimeHt TpeHus paseH k? [lapieHue AUcKa HA MOBEPXHOCTh CYUTATh PABHOMEPHBIM.

5. MaxoBHK € HayaJbHOU YIJIOBOM CKOpPOCThI0O () HAYMHAET TOPMO3UTHCS CHJIAMH, MOMEHT KOTOPBIX
OTHOCHUTEJILHO €ro OCH MPOMOPILIMOHAJIEH KBAaIPATHOMY KOPHIO U3 €ro yriioBor ckopoctu. Haiitu cpeaHioo
YIJIOBYIO CKOPOCTh MaXOBHUKA 3a BCE BPEMsI TOPMOKEHUSI.

Tema 1.12. Mexanuka ynpyrux teJ. 3akoH I'yka, moayau IOuHra, casura, Kpy4eHusi
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Bormpocsl k Teme:
Ounas opma

1. CroniHoOM MeAHbI MUIMHAP AUHBL | = 65 ¢cM MOCTaBUIM Ha TOPU3OHTAIBHYIO MOBEPXHOCTh U
CBEPXY NPWIOKWIN BEpPTUKaJIbHYI0 cxuMamoiyio cuity F = 1000 H, kotopass paBHOMEpHO pacrnpezesieHa
1o ero topiy. Ha ckosibko KyOM4ecKrX MUJITMMETPOB U3MEHHUIICS TIPU 3TOM 00BbeM IMIMHpa?

2. Onpepenutb 0OBEMHYIO IUIOTHOCTh SHEPTUH YIIPYroi AepopMaliuu B pecHOl Boje Ha riryoune h =
1000 m.

3. Haiitu pacnipenesieHre 00beMHOM TNIOTHOCTY SHEPTUM YIIPYToi iepopMaIvy B CTAJIbHOM CTEPKHE B
3aBUCHMOCTH OT PACCTOSIHUSA T J10 ero ocu. JlyIMHa cTepxkHs 1, yroi 3akpyunBaHus (.

4. CruiolHOM MeJHbIM LWIMHAP JUIMHBL | = 65 cM nocTaBWIM Ha TOPU30HTAJIbHYIO ITOBEPXHOCTbH U
CBEpXy MPWIOKUIN BepTUKAIbHYIO cxkumaronyto cuty F = 1000 H, koropas paBHOMEpHO pacnpenesneHa
o ero Topiy. Ha ckosbKo KyOMUecKMX MUUTUMETPOB U3MEHWIICS TIPH 3TOM 00beM LIMIIUHIpA?

5. Kakoe naBrneHne HeoOXOAMMO NMPUJIOKHUTH K TOPLIAM CTIBHOTO ILMJIMHAPA, YTOOBI JUIMHA €r0 He
M3MEHWIACh MPY NOBbIIIeHnU Temneparypsl Ha 100 °C?

Tema 1.13. MexaHuka JKHJKOCTH U Tra3a, OCHOBHble YPaBHeHHsI THAPOCTAaTHKH WU
rUp O AUHAMHKHA

Bormpocsl k Teme:
Ounas opma

1. Ha crone crout mmpokuil LUAIMHIApUYECKU cocyh BbicoTor 50 cM. Cocyl HamnoJIHEH BOAOW.
[TpeneOperast BA3KOCTBIO, HATH, HA KAKOW BBICOTE OT JHA COCYJA CJIeyeT clieaTh HeOOIbIIoe OTBEPCTHE,
9YTOOBI CTPYsI U3 Hero Omiia B MOBEPXHOCTh CTOJIAa Ha MaKCHMMaJlbHOE paccTosiHue IMakc ot cocyzna. Yemy
paBHO Imakc?

2. o TpyOke munbl | 1 paanyca R Teyer craimoHapHbId MOTOK KUIKOCTH, TUNIOTHOCTh KOTOPOW P U
BSI3KOCTb 1). CKOPOCTb TEYEHU S KUIKOCTH 3aBUCHUT OT PACCTOSIHUS I' JO OCH TPYOKH 10 3aKoHy v = VO (1 —
r2/R2). Hanitn:

a) 00beM KHUJIKOCTH, ITPOTEKAIOIIEH Yepe3 cedeHue TpyOKH B €JMHUILY BPEMEHH;

0) KUHETUYECKYIO SHEPTHUIO KUIKOCTU B 00beMe TPYOKH;

B) CHJIy TPEHHMsI, KOTOPYIO UCTIBHITHIBAET TPYOKa CO CTOPOHBI KUKOCTH;

I') pa3HOCTb JIABJICHUI Ha KOHLIAX TPYOKH.

3. CBUHLIOBBIA IIApUK PaBHOMEPHO OITyCKAETCS B INIMLEPUHE, BA3KOCTh KoToporo 1 = 13,9 I1. Ilpu
KakoM HamOOJIbIIIEM [UaMeTpe INapuKa ero oOTeKaHWe elle OocTaercsl JaMHHapHbIM? VI3BecTHO, 4TO
nepexoja K TypOyJIeHTHOMY OOTEKaHUIO COOTBEeTCTBYeT uuciay Re = 0,5 (310 3Hauenuwe uucia Re, mpu
KOTOPOM 3a XapaKTEePHBIN pa3Mep B3AT JUAMETP LIAPUKA).

4. CranpHoii mapuk auamerpa d = 3,0 MM omyckaeTcs ¢ HyJIEBOW HaYaJIbHOW CKOPOCTBIO B IPOBAHCKOM
MmacJje, Ba3kocTe Kotoporo 1 = 0,90 II. Yepe3 ckojbKO BpeMeHM IOCie Hayala JBUKEHHS CKOPOCTh
mapyvka OyJeT OTJIMYaThCs OT yCTaHOBUBIIErocs 3HaueHus Ha n = 1,0%?

Tema 1.14. Mexanuueckne KoJeOaHNsi, rfapMOHHYECKHE K0JIe0aHusA, CJI0KeHne KoJiedaHui

Bomnpocs! k Teme:
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Ounas popma

1. Touka coBepiaer kKojebaHus BAOJb OCH X O 3aKOHY X = a cos(wt - rt/4). [TocTpouth nmpuMepHbIe
rpapuku:

a) CMELIECHUs X, IPOEKLUH CKOPOCTH VX U MPOEKLIUH YCKOPEHHU WX KakK (PYHKLMI BpEMEHH t;

0) MPOEKLIMU CKOPOCTH VX U MPOEKIIMH YCKOPEHHUsI WX KaK (PYHKIIUI KOOPIUHATHI X.

2. HekoTopas Touka IBMXKETCsl BAOJIb OCHU X M0 3aKOHY X = a sin*2 (wt - 7/4). Haiitu:

a) aMIUTUTYy U IepHOJ KOosleOaHMii; 1300pa3uTh rpaduk X (t);

0) TIPOEKIIMIO CKOPOCTH VX KaK (PYHKITHIO KOOPAMHATHI X; M300pa3uTh rpaduk vx (X).

3. Yactuna coBepiiaeT rapMOHUYECKUE KOJIeOaHHsI B/IOJIb OCH X OKOJIO MOJIOKeHUs paBHOBecus X = 0.
Yacrora konedanuit ® = 4,00 pag/c. B HekoTOphIi MOMEHT KoopauHata 4yactuiel X0 = 25,0 cm u ee
ckopocth VX0 = 100 cm/c. HailTu KoopauHaTy X U CKOPOCTb VX yacTuubl yepe3 t = 2,40 ¢ mocje 3Toro
MOMEHTA.

4. Touka coBepIllaeT rapMOHUYECKHe KojieOaHus BIOJIb HEKOTOpol mpsimoit ¢ iepuoaom T = 0,60 c u
amrumryaon a = 10,0 cMm. HailTu cpejHIol0 CKOpOCTh TOUKH 3a BPEMs, B T€YEHUE KOTOPOro OHA TPOXOAUT
yTh a/2:

a) U3 KpParlHEro MoJoXeHU;

0) U3 MOJIOKEHUsI PAaBHOBECHSI.

5. Yactuna IBUKETCA BIOJIb OCH X IO 3aKOHY X = a cos wt. HallTh myTh, KOTOpPBI OHA MPOWIET 3a
MIPOMEXKYTOK BpeMeHu ot t = 0 go t.

Tema 1.15. YpaBHeHHsI rapMOHHYECKUX KOJe0aHNd, MAATHUKH MaTeMaTH4eCKUI 1 NPy KNHHbIN

Bomnpocs! k Teme:
Ounas popma

1. OnpenenuTh Mepro MaJIbIX KoJeOaHUI MaTeMaTUYECKOT0 MasiTHUKA — IHApUKa, MOJBEIIEHHOTO Ha
HUTH JyiiHBL | = 20 cM, eciar OH HaXOOUTCS B KHUIKOCTH, IUIOTHOCTh KOTOpoH B 1 = 3,0 pa3a MeHblle
TUIOTHOCTH Iapuka. CornpoTUBIIEHUE KUIKOCTH CUUTATh TPEHEOPEKUMO MAIBIM.

2. Nmeercsa HenedopMupoBaHHAs MpPYyXUHA KeCTKOCTH % = 13 H/m, KOHIBI KOTOpOU 3aKperuieHsl. B
TOUKE, OTCTOSIIIENd OT OJHOTO M3 KOHIIOB MPYXHWHHI HAa 1 = 1/3 ee IIMHBI, YKpPenmuIn HeOOJbIIIOE TeJo
Maccel m = 25 1. [IpeneOperasi Maccoii pyKMHBI, HAUTH TIEPHOJT MAJIBIX MPOAOJILHBIX KOJIEOaHUI TAaHHOTO
Tesia. CUIIbl TSKECTH HET.

3. HaiiTi 3aBUCMMOCTb OT BPEMEHH YyIJIa OTKJIOHEHUSI MaTeMaTn4ecKoro MasiTHUKa AauHel 80 cM, ecnn
B HAYQJIbHBIA MOMEHT MasITHUK OTKJIOHWIM Ha yroi 3,0° u 6e3 ToJ4Ka OTIYCTHIIH.

4. K HepacTsiHyTOl NpyKUHE, BEpXHUI KOHEI] KOTOPOH 3aKpeIuieH, MOABECHIN U 6e3 TOJTYKa OTITYCTHIIH
Teso Maccel m. JKectkocTs npyxuHsl . [IpeHedperas ee Maccoid, HAWTH 3aKOH JIBMKEHMS Tena y(t), rae y
— ero CMelIeH!e U3 Ha4YaJIbHOTO MOJIOKEHHUS.

5. MaremaTtuyeckuil MasiTHUK COBEpIIaeT KojieOaHus B cpejie, A KOTOPOM JioraprugpMUUECKHid
nekpemeHT 3atyxaHuss Ao = 1,50. Kakum Oypmer sorapupMuYecKuil JIeKpeMEHT 3aTyXaHWs, ecCld
COIPOTHUBJIEHUE cpeapbl yBeanuuTh B n = 2,00 pa3za? Bo ckojbKO pa3 ciefyeT YBEeIMUUTbh COIIPOTUBJIEHHE
cpelbl, 9YTOOBI KOJIeOaH!s CTaI HEBO3MOKHBI?

Tema 1.16. Mexanuueckue BOJHbI. THUNIBI BOJIH, BOJHOBbIE€ XapaKTePHCTHKH

BOHpOCbI K TEMC:
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Ounas popma

1. B oqHOpO/IHOI cpejie C TUIOTHOCTBIO P YCTAHOBHMJIACH ITPOIOJIbHAS CTOsTYast BOJIHA Bria § = a cos kx *
cos wt. Haiitu BeipaxeHus 1Jisi 0ObeMHOM IJIOTHOCTH:

a) MOTEHIMAJILHOU SHEPruu wp (X, t);

0) KMHETHYEeCKOU sHeprun wk (X, t).

N300pa3uth rpaduku pacripeneseHuss 0ObeMHON TUIOTHOCTH TOJTHOM SHEPTUU W B Tpeaesiax MekKIy
ABYMS1 COCEIHUMH y3JIaMH cMelieHus: B MoMeHTH t = 0 u t = T/4, roe T — nepuof KosneOaHuil.

2. Ucrounuk 3BYKOBBIX KojeGanuii yactotel VO = 1000 T'1p aBmkeTcss Mo HOpMaiM K CTEHKE CO
ckopocthio u = 0,17 m/c. Ha 31Ol e HOpMaJiu pacIioyiOKEHbl ABa HEeMOABMXHBIX npueMHuka [11 u T12,
MIPUYEM ITOCJIEAOBATEIBHOCTD PACIIONOKEHNS ITUX IPUEMHUKOB U ucToyHMKa U rakas: [11 — 1 — 112 —
creHka. Kakoii mpueMHUK peructpupyer OueHus u kakoBa ux yactora? CKopocTts 3ByKa v = 340 m/c.

3. Ha ocu X HaxomsaTcs NMPUEMHHMK M WCTOYHMK 3BYKOBBIX KosieOanmii ¢ vacroroi vO = 2000 I'm.
HcTouyHuK coBeplliaeT rapMOHUYECKUe KOIeOaHusl BIOJb ITOM OCH C KPYrOBOM YaCTOTOM () U aMILTUTY ION
a = 50 cm. [Ipu kakom 3HaUYE€HUM O MIMPUHA YACTOTHOTO MHTEpBasa, BOCIPUHUMAEMOIO HEMOIBUKHBIM
npueMHUKOM, OyzeT coctaBisaTh Av = 200 ['n? Ckopoctb 3ByKa v = 340 m/c.

4. HenoqBYKHBIA MCTOYHHK UCITyCKAaeT MOHOXpOMAaTW4YeCKUi 3ByK. K HeMy mpuOimkaercss CTeHKa co
ckopocThio u = 33 cm/c. Ckopocth pacripocTpaHeHusi 3Byka B cpege v = 330 m/c. Kak 1 Ha CKOJIbKO
MPOLICHTOB U3MEHSETCS [IIMHA BOJIHBI 3BYKa MPU OTPAKEHUH OT CTEHKU?

5. Ha paccrossauu r = 100 M OT TOUEYHOr0 U30TPOIHOTO UCTOYHMKA 3BYKa yacTtoThl 200 'l ypoBeHb
rpomkoctd L = 50 nb. Tlopor ciblmmmMocT Ha 9TOM 4acTOTe COOTBETCTBYET MHTEHCUBHOCTH 3ByKa 10 =
0,10 uB1/M2. Koa(ppuument 3atyxanus 3BykoBod BosiHbl Y = 5,0 M-1. HailTu 3ByKOBYI0 MOIIHOCTb
UCTOYHUKA.

Tema 1.17. OcHOBBI PeJATHUBHCTKON KHHEMATHKH U TNHAMUKHA

Bormpocsl k Teme:
Ounas opma

1. CrepxeHb IOBMXETCS B MPOJOJbHOM HAIPABIEHUM C TOCTOSIHHOM CKOPOCTBIO V OTHOCUTENILHO
uHepimanbHou K-cucremsl orcyera. [Ipu kakom 3HaYeHMU V JJIMHA CTEPKHS B TOW CHUCTEME OTCYeTa
oyner Ha 1) = 0,5% MeHbIIe ero COOCTBEHHO! JTMHBI?

2. Haiiti cOOCTBEHHYIO ITUHY CTEPKHSI, €CJIU B JJAOOPATOPHOM CUCTEME OTCUYETa ero CKOPOCThb V = ¢/2,
mmHa 1 = 1,00 M 1 yros Mekly HIM U HarpaBjieHreM JBrkeHus O = 45°.

3. C kako# ckopocThio aABuraiauck B K-cucreme otcuera yachl, eciim 3a Bpems t = 5,0 ¢ (B K-cucreme)
OHU OTCTaJIX OT YacoB 3ToU cucteMbl Ha At = 0,10 c?

4. CobcTBeHHOE BpeMsl KU3HM HEKOTOPO# HecTadbuinbHOM yacTulibl At0 = 10 He. Haiitu myTh, KOTOpBIi
MIPOJIETUT 3TA YACTHIIA IO Pacraja B TaOOpPaTOPHOU CHCTeMe OTCUeTa, Iie ee BpeMst Ku3Hu At = 20 Hc.

5. B K-cucreme orcyera MIo-Me30H, ABMKYIIUNCA co ckopocThio v = 0,990 c, mposieten oT mecra
CBOETO POKJEHMS 10 TOYKW pacnanga paccrostaue 1 = 3,0 kM. Onpepenuts cOOCTBEHHOE BpeMsl KU3HU
9TOro ME30Ha.

Paznea 2. MoaekyasipHas (pu3uKka 1 TEpMOTUHAMUKA

Tema 2.1. DjieMeHTbI KHHETHYECKOW T€OPHUN ra3oB
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Bormpocsl k Teme:
Ounas opma

1. B cocyne oovemom V = 30 11 conepxutcs uneainbHbiii ra3 npu temmeparype 0 °C. Ilocne Toro, kak
YacTh ra3a OblIa BBINYILEHA HAPYKY, JAaBJIeHUE B cocyae MoHM3uIoch Ha Ap = 0,78 atm (6e3 u3mMeHeHust
Temmeparypsl). HaiiTu maccy BbIyIeHHOro ra3a. IIoTHOCTh JaHHOTO Tra3a Mpy HOPMAaJIbHBIX YCIIOBHSIX P
=1,3r1/n

2. Cocyn oovemoM V = 20 1 copepuT cMechb Bogopoja U renus rnpu temmepatrype t = 20 °C u
nasienud p = 2,0 atm. Macca cmecu m = 5,0 r. Haiitu oTHoIIeHre Macchl BOAOpPOJa K mMacce rejvs B
IIAHHOU CMECH.

3. B cocyne Haxoautcs cmech ml = 7,0 r a3ota 1 m2 = 11 r yraekucnoro rasa npu temrneparype T =
290 K u paBnenun p0 = 1,0 atm. Haiit 10THOCTB 3TOM CMeCH, CUATAs ra3bl UACATbHBIMU.

4. Haiitu 1aBJieHHe BO3/yXa B OTKAYMBAEMOM COCY/e KaK (PyHKIIMIO BpeMeHU oTKauku t. O0beM cocyna
V, nepBoHavanbHoe gaBienue p0. [Iporece cuntarh M30TEPMUYECKUM M CKOPOCTb OTKAYKH HE 3aBUCSIIEH
oT JaBjeHus u papHou C.

[Tpumeuanne. CKOpPOCTbIO OTKAYKM Ha3blBAIOT OOBbEM ra3a, OTKAYMBAEMbId 32 €IMHUIYy BPEMEHH,
pUYeM 3TOT 00beM U3MepsIETCS NP JIaBJICHUM Ta3a B JaHHBI MOMEHT.

5. BbIcOKHI IMIMHIPUYECKUI COCY/I C Ta3000pa3HbIM a30TOM HAXOHUTCS B OHOPOJJHOM TIOJIE TSKECTH,
yCKOpeHHe cBOOOJHOrO MaJeHusi B KOTOPOM paBHO g. TemriepaTypa a30Ta MEHsIETCs M0 BBICOTE TaK, YTO
€ro IVIOTHOCTh BcoAy oguHakoBa. Haittu rpaguent temneparypsl dT/dh.

6. UneanpHplil Ta3 ¢ MOJsIpHOM Maccod M HaxoguTcsi B OAHOPOJHOM TIOJIE TSI)KECTH, YCKOpEHHUe
CBOOOJIHOTO TIaJICHUsI B KOTOPOM paBHO g. HaiiTu maBneHue ra3a kak (pyHKImio BbicoTh h, ecrm ripu h = 0
nasiyieHue p = p0, a TeMriepatypa U3MEHSETCS C BBICOTOM Kak

a) T=TO0 (1 —ah);6) T =TO (1 + ah), rae a — MOJIOKUTEJIBbHAS TOCTOSTHHAS.

7. Kakomy aaBjieHuI0 HEOOXOAMMO MOJBEPrHYTh YIJIeKUCIbIi ra3 npu temneparype T = 300 K, uroost
€ro IJIOTHOCTb OKazasachk paBHoi p = 500 r/n? PacueT npoBecTH Kak [1j1s1 MI€aIbHOTO ra3a, Tak U Jjisl BaH-
Aep-BaaJIbCOBCKOTO.

8. OmuH MOJIb a30Ta HaxoauTes B cocyne oobemom V = 1,00 n. Haiitu:

a) TeMmIiepaTypy a3ora, Ipyd KOTOpPOM OIMOKa B [JaBJIEHWH, OMpENessieMOM YpPaBHEHHEM COCTOSIHUS
ujeaIbHOrO rasza, cocrapisieT 1 = 10% (o cpaBHEHUIO C JaBJIeHHMEM COIJIACHO ypaBHeHUIO BaH-zep-
Baannca);

0) JaBJieHMe Ta3a Py STON TeMIeparype.

9. OnuH MOJIb HEKOTOPOTro raza HaxoauTcs B cocyae oobemoM V = 0,250 n1. ITpu temnepatype T1 =
300 K naBnenue raza pl =90 atm, a npu T2 = 350 K gaBnenue p2 = 110 arm. Haittu nocrosiHHble Ban-zep-
Baanbca gt aToro rasa.

Tema 2.2. CTtaTHcTHYECKHE paclpe/ieJieHNsI
Bomnpocs! k Teme:
Ounas popma
1. Ilpu kakoi temneparype T Bo3ayxa cpenHue ckopoctd Moseky’a azora (N2) m kucnopona (02)

orimyatorcd Ha 30,0 m/c?
2. Beruncnnts HauOoJIee BEPOSITHYIO, CPETHIO U CPETHEKBAIPATUIHYI0 CKOPOCTH MOJIEKYJT KHCTIOPOAA
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(O2) npu 20 °C.

3. Haiitu cpenHee 3HaueHME MOAYJIS X-BOW KOMIIOHEHTBI CKOPOCTH MOJIEKYJ ra3a, HaXOJSILIErocs B
PABHOBECHOM COCTOSIHUM ITpH TemriepaType T. Macca Mosiekysisl paBHa m.

4. HekoTopblii ra3 HAXOJWUTCSl B PABHOBECHOM COCTOSIHMU. Kakoil MpOIEeHT MOJeKys rasa oOsajaer
CKOPOCTSIMH, OTJIMYHBIMU OT HanOoJiee BeposITHOW He Oosiee yem Ha 1 %?

5. MornekyJibl niealbHOrO ra3a HaxoAsTCs B PABHOBECHH B LIEHTPAJIbHO-CUMMETPUYHOM CHUJIOBOM IIOJIE,
TaK YTO MOTEHIMAJIbHAS SHEPIUs OTAEIbHOW MOJIEKYJIbl UMeeT BUJ ep=ep(r). Hanmcars BblpaxxeHue i
dNr — uyncna MoJeKyJ, pacCTOSIHUSI KOTOPBIX OT CHUJIOBOTO LIEHTpa JiekaT B MHTEpBaJE OT I 10 r+dr.
W3BeCTHO, 4TO IVIOTHOCTh MOJIEKYJI Ha paccTosiHUM rl paBHa nl.

6. Cuutas atmMmocepy U30TepMUIECKOM, a YCKOpeHHe CBOOOTHOTO MaJIeHUsI He 3aBUCSIIIMM OT BBICOTHI,
BBIYMC/IUTH JTaBJICHHE a) Ha BhICOTEe 5 KM, 0) Ha Bhicore 10 KM, B) B maxTe Ha riyouHe 2 kM. Pacuer
nipousBectu Jyist T=293 K. JlaByienue Ha ypoBHE MOps NPUHATH paBHBIM PO.

7. BO1m31 NOBEpXHOCTH 3eMJIM OTHOIIIEHHE 0ObeMHBIX KOHIIeHTparmii kuciopoaa (0O2) u azora (N2) B
Bozayxe N0=20,95/78,08=0,268. [Tonaras Temneparypy atMocepsl He 3aBUCSIIEN OT BBICOTHI M paBHOM 0
°C, onpenenTh 3TO OTHOLIEHHE 1] Ha BeicoTe h=10 km.

8. VYcraHOBJEHHas BEPTUKAIBHO 3aKpbiTasi C OOOMX KOHIIOB TpyOa HaroJHEeHa TIa3000pa3HbIM
kuciopogoM (02). Beicora Tpyosr h=200 M, 06bem V=200 1. CTeHKH TpyObl UMEIOT BCIOAY OAMHAKOBYIO
temriepatypy T=293 K. [laBnenue raza BHyTpu TpyObl, BOMM3M ee ocHoBaHus paBHo pO= 1,00¥105 Ila.
Omnpenenuth KommyecTBO N MOJIEKYJT KHCJIOPO/ia, COfIEPXKaIIUXCs B TpyoOe.

9. 3akpeiTas ¢ ogHOro KoHma tpyda amuusl 1=1,00 M Bpaiaercsi BOKpYyr MepreHAuKYJISpHON K Hei
BEPTUKAILHON OCH, TIPOXOJSIIEH Yepe3 OTKPHITHI KOHEI| TPyObl, C yIJIOBOM CKOpPOCThI0O 0=62,8 pajn/c.
Hasnienue okpyxatoniero sozayxa pO= 1,00%105 Ila, remnepatypa t=20 °C. Haiitu naBjieHue p Bo3ayxa B
TpyOe BOJIM3HM 3aKPHITOrO KOHIIA.

10. Umeetcss N yacTuil, SHeprusi KOTOPbIX MOXET MPUHUMATh Juiilb JBa 3HavyeHust E1 u E2. Yactuupst
HaxoJATCS B PaBHOBECHOM cocTosiHUM Ipu Temnepatype T. Uemy paBHa cymmapHas sHeprusi E Bcex
YacTHI] B 3TOM COCTOSIHUM ?

Tema 2.3. Knnaccuueckas Teopusi TeIJI0E€MKOCTH

Bomnpocs! k Teme:
Ounas popma

1. Boruuciuth yaesbHble TEIUIOEMKOCTU ¢V U cp ra3oB: 1) renusi; 2) Bogopoja; 3) yrjeKUcoro rasa.

2. Pa3HOCTD y/IeJbHBIX TEIJIOEMKOCTEN CP-CV HEKOTOPOro JBYXaTOMHOro rasa paBHa 260 IIx/(kr*K).
Haittu monsspHyto Maccy M rasa u ero yJespHble TEIUIOEMKOCTH ¢V U cp.

3. KakoBbl yzieJibHBIE TEIUIOEMKOCTH CV M Cp CMECH I'a30B, cojepxaiier kuciopoa maccon m1=10r u
a30T maccort m2=20 r?

4. Onpenenuts yAeJIbHYIO TEIUIOEMKOCTh CV cMecH ra3os, cogepxaied V1=5 1 Bogopona u V2=3 n
resivs. ['a3pl HAXOAATCS IPU OAMHAKOBBIX YCJIOBUSIX.

5. OnpenenuTh yAeIbHYIO TEIIOEMKOCTb CP CMECH KUCJIOpOJa U a30Ta, eCId KOJMYECTBO BelecTna vl
MEePBOT0 KOMIIOHEHTA PaBHO 2 MOJIb, @ KOJIMUYECTBO BEILIECTBA V2 BTOPOrO PaBHO 4 MOJIb.

6. IIpn ammabaTHOM CXkaThy rasa ero oobeMm yMmeHblmics B n=10 pa3, a JaBjieHHe YBEJIMUWIOCH B
k=21,4 pa3a. Onpeanemuts otHoteHue Cp/CV TernnoeMKocTelr ra3os.

Tema 2.4. SIB1eHust nepeHoca
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Bormpocsl k Teme:
Ounas opma

1. ITyctb a0 dt — BEpOSITHOCTH TOTO, YTO MOJIEKYJIa Ta3a UCIIBITHIBAET CTOJKHOBEHHE B TEYEHUE BPEMEHU
dt, oo — nocrosiHHadA. Hatitu:

a) BEpOSITHOCTb TOTO, YTO MOJIEKYJIa HE UCIIBITAET CTOJIKHOBEHUS B TEUEHNE BPEMEHHU t;

0) cpenHee BpeMsi MeXKIy CTOJIKHOBEHUSIMU.

2. Haiitu cpeaHioo AavHy cBOOOIHOrO mpodera u cpeHee Bpemsl MeXAy CTOJKHOBEHUSIMU MOJIEKYIT
ra3000pa3HOro a30Ta, HAXOASIIETOCs:

a) MPY HOPMAJIbHBIX YCIOBUSIX;

6) nmpu temmnepatrype t = 0° C u paBnenun p = 1,0 ulla (Takoe naBjieHUE MO3BOJISAIOT MOTYYaTh
COBpEMEHHbIE BAKYYMHbBIE HACOCHI).

3. T'eqmil npu HOPMAaJbHBIX YCJIOBHMSX 3alOJHSAET IMPOCTPAHCTBO MEXKIY [BYMS [JIMHHBIMU
KOAKCHAJIbHBIMU IWUIMHAPaMU. CpeqHuil paaryc nMaMHapoB R, 3a30p mexay Humu AR, npuuem AR > a.

6. [llap panuyca R umeeT MONOKUTENbHBINA 3apsi]], 00beMHasl INIOTHOCTh KOTOPOTO 3aBUCHT TOJIBKO OT
paccrosiHus r O ero ueHTtpa mo 3akoHy p = p0 (1 — r/R), rae p0 — mnocrosHHad. [lonaras
AURJIEKTPUYECKYIO TPOHUIIAEMOCTS 1Iapa U OKPYKAIOIIEro MPOCTPAHCTBA PaBHOM €IMHUILIE, HAWUTH:

a) MOIyJb BEKTOpa HAMPsIKEHHOCTH SJIEKTPUUECKOro TMOJs BHYTPYM M BHE INapa Kak (PYHKIIHUIO
pacCTOSIHUA T;

0) MakcHMaJbHOE 3HAUEHHE HANpsDKeHHOCTH EMakc M COOTBETCTBYIOIIEE eMy 3HAUCHUE PACCTOSIHUS
rm.

7. Cucrema cocToUT U3 IIapa paauyca R, 3apsokeHHOro cepudyecku CUMMETPUYHO, U OKPY:Kalollen
Cpe/ibl, 3aMOJTHEHHOU 3apsAI0M C 00BEMHOM TIOTHOCTBIO P = OU/T, TJe 0L — TIOCTOSIHHAS, T — PACCTOSIHUE OT
HeHrtpa 1mapa. Haidtu 3apsij mapa, npu KOTOpOM MOJIyJIb BEKTOpPA HAMPSIKEHHOCTH JIEKTPUYECKOTO MOJIs
BHE I1apa He OyJeT 3aBuceTh OT . UeMy paBHa 3Ta HalpsKEHHOCTh? [[MaiekTprueckast MpOHULIAEMOCTh
1apa v OKpYy:Kakollei cpeibl MPeAroiaraeTcsi paBHOW €IMHUIIE.

8. HaiiTi BeKTOp HaNpsKEHHOCTH JEKTPUUYECKOTO MO, TOTEHIMAI KOTOPOro UMEET BUJ (p = ar, TJe a
— MOCTOSTHHBIA BEKTOP, I — paJInyC-BEKTOP TOUKH MOJISI.

9. OnpenenuTh BEKTOP HANPSKEHHOCTU JIEKTPUYECKOrO IM0JIsl, MOTEHIMAT KOTOPOrO 3aBUCUT OT
KOOPJIMHAT X, Y TI0 3aKOHY (p = axy, Ille a — TNOCTOsIHHAasl. V300pa3uTh MpUMEepHBIA BUJI STUX TOJIeH C
MOMOIIbIO CUJIOBBIX JIMHUH (B MJIOCKOCTH X, V).

10. Haiitu noteHuuan ¢ (X, y) anektpocraruyeckoro noist E = 2axyi + a (xX2 — y2)j, roe a —
MOCTOSIHHAS, 1 M ] — OPTHI OCEN X U Y.

Tema 3.2. IIpoBOJHNKH B 3J€KTPHUYECKOM MOJIe

Bomnpocs! k Teme:
Ounas popma

1. Toueunslit 3apsia  HAXOAUTCS HA PacCTOSHUM | OT 6e3rpaHMYHON NpoBOAsIIel miockocT. Kakyio
paboTy HEOOXOAMMO COBEPILHTH, YTOOBI MEJICHHO YIAJIUTh STOT 3apsi/l HA OYeHb OOJIBIIIOE PACCTOSIHIE OT
IJIOCKOCTH?

2. JlBa TOYEYHBIX 3apsAAa, M -(, PACIOJIOKEHBl HA PACCTOSIHUMM | ApYr OT Ipyra ¥ Ha OJMHAKOBOM
pacctostHuu 1/2 oT Ge3rpaHMYHON MPOBOJAIIEH TUIOCKOCTH. HaiiTu:
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a) MOJyJIb BEKTOPA 3JIEKTPUYECKOM CUJIbL, AEUCTBYIOLIEH HAa KaKIbIN 3apsl;

0) MOIyJIb BEKTOpa HAMPSIKEHHOCTU JIEKTPUYECKOTO TOJIs B TOUKE, PACHOJIOKEHHOW Ha CepeauHe
MeXJy 9TUMU 3apsSAaMU.

3. ToueuHbll 3apsid ( HAXOIUTCS MEXIY ABYMs MPOBOIASIIIMMU B3aUMHO TMEPIEHIUKYJISIPHBIMU
MOJYIUIOCKOCTAMU. PaccTosiHMe 3apsiaa 10 Kaka0i MOJyIIocKocTH paBHo 1. Haiitu Moy ib BEKTOpa CUJIbI,
JECTBYIOLIEH Ha 3apsijl.

4. ToveyHBI AUTIONb C JEKTPUUECKUM MOMEHTOM p HaXOIUTCS Ha pacCTOSHUM | OT OeCKOHEYHOM
MPOBOJSAIIEH TIOCKOCTH. HallTh MoIysib BEKTOpa CWJbI, AEUCTBYIOIIEH Ha AWMOJb, €CJIU BEKTOpP P
MEePIEHUKYISIPEH TUIOCKOCTH.

5. ToueuHblil 3apsii  HAXOAWUTCS HAa PACCTOSHUMM | OT mpoBoAsmiell Oe3rpaHMYHON TUIOCKOCTH.
Onpenenutb MOBEPXHOCTHYIO IJIOTHOCTb 3apsIOB, WHAYLIMPOBAHHBIX Ha IUIOCKOCTH, KaK (DYHKIUIO
paccTosiHUs r OT OCHOBAHUSI MIEPIIEHAMKYJISIPA, OMYIIEHHOTO U3 3apsija Ha MJIOCKOCTb.

Tema 3.3. DiiekTpUYecKoe nmoJje B JUIJIEKTPHKeE

Bomnpocs! k Teme:
Ounas popma

1. HenonsipHas MosieKysa ¢ MOIspU3yeMOCThIO 3 HAXOAUTCS Ha OOJIBIIOM PACCTOSIHUM | OT MOJISIpHOM
MOJIEKYJIBI C JIEKTPUUECKUM MOMEHTOM p. HaiiTu Mojiyib BEKTOpa CUJjIbl B3aUMOJECUCTBUS STUX MOJIEKYJI,
€CJI BEKTOP p OPUEHTUPOBAH BJOJb MPSMOi, MPOXOASIIEH Yyepe3 00e MOJIEKYJIbI.

2. ToyeuHslll 3apsl  HAXOAWTCSA B LIEHTPE IIapa W3 OJHOPOAHOTO W3OTPOITHOTO JMINEKTPUKA C
IpoHULIaeMocThio €. Haiitu nonspuszoBaHHOCTh P Kak (pyHKIMIO paguyc-BEKTOpa I' OTHOCUTENBHO LIEHTPa
CHCTEMBI, a TaKXke 3aps q' BHYTpH cepsl, paanyc KOTOPOM MEHbIIIEe pajuyca 1apa.

3. Iloka3arp, 4YTO Ha rpaHULE AUIIEKTPUKA C IPOBOAHMUKOM IOBEPXHOCTHAs IUIOTHOCTb CBSI3AHHOTO
3apsiga QUAJIEKTpUKa ¢' = -0 (€ - 1)/e, rae € — IuaIeKTpuYecKasi MPOHUIIAEMOCTh, 0 — MOBEPXHOCTHAS
IUIOTHOCTD 3apsiia Ha IIPOBOJIHUKE.

4. OgHOpPOIHBIM M3O0TPOITHBIA AUSJIEKTPUK MMEET BUJA C(HEPUUYECKOro CJos ¢ pajguycaMu a u b.
N300pa3uth mpumepHble TpadUKU HaNpsDKEHHOCTH 3JeKTpuueckoro mnojiss E M moreHmana ¢ Kak
(pyHKLIMI pacCTOSTHUSA T OT LEHTPa CJI0s1, €CTIU AUDJIEKTPUK UMEET HEKOTOPbIN MOJI0KUTEIbHBIN CTOPOHHUIA
3apsijl, pacrpeieJIeHHbII paBHOMEPHO:

a) 10 BHYTPEHHEH MOBEPXHOCTH CJIOsT; 0) 110 00BEMY CIIOSI.

5. Tlpu HEKOTOPHIX YCIOBHUSAX TMOJSPU30BAHHOCTh OE3rpaHUYHON HE3apsKEHHOW IUIACTUHBI U3
aaiektpuka uveet Bua P = PO (1 — x2/d2), rape PO — BekTOp, NepneHauKyIspHbIA K IUIACTUHE, X —
paccTosiHAe OT cepeAnHBbl TacTuHbl, d — ee nosyromuuHa. Hailtu HanpsixkeHHOCTh E anekTpuueckoro
MOJIs1 BHYTPH TUIACTUHBI U PA3HOCTh MOTEHIIMATIOB MEKAY €€ TOBEPXHOCTSIMHU.

Tema 3.4. JHeprusi 3JeKTPUIECKOT0 MOJISA
Bormpocs! k Teme:
Ounas opma
1. OnpenenuTh SHEPTUI0 B3aUMO/IEHCTBUS TOYEUHBIX 3apsIOB, PACIIONOKEHHBIX B BEPIIMHAX KBaJpaTa

CO CTOPOHOH a.
2. ToueuHsli 3aps/1  HAXOOUTCS HA PacCTOSTHUM | OT Ge3rpaHIMYHON MPOBOASAINEH TuIockocTH. Haiiti
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SHEPruio B3aUMOJENCTBUS TOTO 3aps/a ¢ 3apsaaaMu, MHIYLMPOBAaHHBIMU Ha TUIOCKOCTH.

3. Konpgencatop emkoctu C1 = 1,0 mx®, npeaBaputebHO 3apsikeHHbIN 10 Hanpsbkenus U = 300 B,
MOJKJIIOYWIIM MApaJUIETbHO K He3apsKeHHOMY KoHzeHcaTopy emkocT C2 = 2,0 mx®. Haiitu npupamienue
9JIEKTPUYECKOIN SHEPIUU STON CHCTEMbl K MOMEHTY YCTAaHOBJIEHHS paBHOBecHUsl. OOBbACHUTh MOTYyUSHHBIN
pe3yJibTar.

4. Cuctema COCTOUT U3 JIByX KOHLIEHTPHUUECKMX TOHKHUX METATMYECKUX 00onouek paanycamu R1 u R2
C COOTBETCTBYIOIIMMU 3apsinamu (1 u q2. HaiiTu 3HaueHNs COOCTBEHHON SHEPruM Kax a0kl 000109k W1 u
W2, sHeprun BzaumoeiictBust 00og0uek W12 1 MogHyI0 IeKTPUIECKY0 SHePruio W CUCTEMBI.

5. 3apan q pacnpeielieH paBHOMEpPHO o oObemy wapa paguyca R. Ilonaras ausiekTpuyecKylo
[IPOHULIAEMOCTb PAaBHOW €IMHUIIE, HAITH:

a) COOCTBEHHYIO JIEKTPOCTATUYECKYIO SHEPTHIO [1apa;

0) otHoIeHre sHeprur W 1, 3anmaceHHO BHYTpPU Iapa, K SHeprur W2, 3akJII0YeHHON B OKPYXKaIOLIEM
IIPOCTPAHCTBE.

Tema 3.5. IloCTOSIHHBIN YJIeKTPHUYECKUH TOK

Bormpocsl k Teme:
Ounas opma

1. INMHHBIA paBHOMEPHO 3apsKEHHBIA 0 MOBEPXHOCTM LWJIMHIP paguycom cedyeHus a = 1,0 cm
JBUXKETCS C MOCTOSTHHOM CKOpoCThio vV = 10 mM/c B0 cBOe# ocu. HanpsiK€HHOCTb 2JIEKTPUUYECKOTO MOJIs
HEMNOCPEACTBEHHO y moBepxHoctn mwmHApa E = 0,9 kB/cm. Yemy paBeH COOTBETCTBYIOLIMH
KOHBEKIIMOHHBIN TOK, T.€. TOK, 00yCIOBJICHHBI MEXaHUUECKUM MepeHOCOM 3apsiaa?

2. 3azop Mexay OOKJIAJKaMU IUIOCKOIO KOHJEHCATOpa 3alo/IHEH CTEKJIOM C  Y/eJIbHbIM
conpotupyiienueM p = 100 I'Om*M. Emkocts koHgeHcaropa C = 4,0 ud. Hailtu TOK yTeuku uepes
KOHJEHCATOPp MpH nogayde Ha Hero HanpstxeHusa U = 2,0 kB.

3. KoHgeHcarop, 3aroiHeHHbIN AUSJIEKTPUKOM C MPOHUIIAEMOCThIO € = 2,1, TepsieT 3a Bpems T = 3,0
MHH TIOJIOBUHY COOOIIEHHOro emy 3apsia. Ilpenmosnarasi, 4ro yTedka 3apsjia MPOUCXOAUT TOJIBKO depes
AURJIEKTPUYECKYIO ITPOKJIA/IKY, BBIUMCIIUTD €€ YAEIbHOE COMPOTUBJICHUE.

4. AMmepmeTp M BOJBTMETP MOAKIIOUMINA TOC/TEA0BaTENbHO K Oarapee ¢ 3.40.c. § = 6,0 B. Ecm
[apajulelbHO  BOJBTMETPY MOJKJIIOUUTh HEKOTOpPOE COINpPOTHBJIEHHE, TO IIOKA3aHUE BOJBTMETpPA
yMeHblaercss B 1 = 2,0 pa3a, a MOKa3aHUe aMIepMeTpa BO CTOJIBKO ke pa3 yBeiauuuBaercs. Haiitu
MOKa3aHUE BOJIbTMETPA M0CJIE MOAKIIOYEHUS COITPOTUBIIEHUS.

5. Haiftu 3. A. c. U BHyTpEeHHee CONpPOTHUBJEHUE MCTOYHMKA, SKBUBAJIEHTHOIO JBYM MapallebHO
COEIMHEHHBIM JIEMEHTaM C 3. 1. ¢. 51 u E2 u BHyTpeHHUMH conpoTuBiieHusiMua R1 u R2.

Tema 3.6. MaruuTHoe€ 1moJie TOKOB B BaKyyMe

Bomnpocs! k Teme:
Ounas popma

1. IMocrosiHublid TOK [ = 10 A TeyeTr no JUIMHHOMY MPSIMOMY IPOBOAHUKY Kpyrjoro ceueHus. Haitu
MarHUTHBIA MOTOK Yepe3 OJHY M3 MOJIOBUH OCEBOTO CEYEHMs MPOBOJHMKA B pacyeTe Ha OJUH METp €ro
JJIAHBI.

2. HailTu MarHuTHbIA MOMEHT TOHKOIO KPyrOBOIO BUTKA C TOKOM, €cu paauyc BuTka R = 100 MM u
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VMHAYKLMS MarHUTHOrO 1oJis B ero neHrpe B = 6,0 MxT.

3. JIBa mMpoTOHa IBUXKYTCS MapaJlIesIbHO OPYT APYry ¢ OJUHAKOBOU ckopocThio v = 300 km/c. Haiitn
OTHOIIIEHUE CHJI MAarHUTHOTO M JIEKTPUUYECKOTO B3aUMOJEHCTBHSA JaHHBIX IIPOTOHOB.

4. Ilpu usmepennu 3pdexkta Xoia B HATPUEBOM MPOBOJAHUKE HAMPSIKEHHOCTh MOMEPEYHOro MoJist
okazanack E = 5,0 mxB/cMm nipu muitotHocTH ToKa j = 200 A/cM2 1 unaykimu MarautHoro noiiss B = 1,00 T.
HaiiTu KOHIIEHTpaLuIO 3JIEKTPOHOB MPOBOAMMOCTH M €€ OTHOUIEHHE K KOHIIEHTPALMU aTOMOB B JIaHHOM
IIPOBOJHUKE.

5. Ha xene3HoM cepAeyHUKEe B BHJIE TOpa CO CpeqHUM paaumycoM R = 250 MM umeeTcs: oOMOTKA ¢
o6mum yrciiom ButkoB N = 1000. B cepreunuke cienana nomnepevHast nmpopesb mupuHoi b = 1,00 mwm.
[Tpu Toke I = 0,85 A uepe3 0OMOTKY MHAYKIMSI MarHUTHOTO moJjs B 3a3ope B = 0,75 T. IIpenetOperas
paccesiHueM MarHuUTHOTO MOTOKA Ha Kpasx 3a30pa, HAWUTHM MarHUTHYIO IPOHHUIIAEMOCTb Kejle3a B 3THX
YCJIOBUSIX.

Tema 3.7. MarauTHoe 1moJie B BeeCTBE

Bomnpocs! k Teme:
Ounas popma

1. OnpeaenuTb HAMarHUYEHHOCTH J Tesa MpY HACBIIEHUH, €CJIM MarHUTHBII MOMEHT KaXJOro aroMa
paBeH marHeToHy bopa uB u koHueHTpanusa aromos 6*1028 m-3.

2. MarnutHasg BOCIIPUMMMYMBOCTb 7§ MapraHua pasHa 1,21*10-4. BeluvciauTe HaMarHW4eHHOCTH J,
yIEJIbHYI0 HaMarHMYeHHOCTh Jyl M MOJISPHYIO HaMarHWYeHHOCTh Jm MapraHua B MarHMUTHOM IOJie
HanpspkeHHOCTbio H=100 kA/m. I110THOCT MapraHua cuuTaTh U3BECTHOI.

3. MarHuTHasi BOCIpUMMYMBOCTS ) alIOMUHUA paBHa 2,1*10-5. OnpenenuTs ero yeabHy0 MarHUTHYIO
XY ¥ MOJISIPHYIO M BOCIPUUMYHUBOCTH.

4. BucmyToBBIM IIapuk paarycoM R=1 cm nomemeH B ogHopogHoe MarHutHoe mosie (B0=0,5 Tm).
OnpenenuTh MarHUTHBIA MOMEHT pm, MPUOOPETEHHBIN IAPHUKOM, €CIM MarHUTHasi BOCIIPUUMYHUBOCTD )
BHUCMYyTa paBHa -1,5%10-4.

5. Hanpsxennocts H MaruuTHOrO nosisg B menu pasHa 1 MA/M. Onpeaenuts HaMarHn4eHHOCTh J Meau
Y MarHUTHYIO MHAYKIMIO B, eciy u3BECTHO, YTO yJesibHAash MarHUTHasi BOCIPUMMYKBOCTD YyA=-1,1*10-9
M3/KT.

Tema 3.8. BzaumHble npeBpanieHus 3JeKTPHIeCKOro 1 MAarHUTHOTO MOJIer

Bomnpocs! k Teme:
Ounas popma

1. Marnutsbiii notok ®=40 MBO mpoHU3bIBaeT 3aMKHYTHIA KOHTYp. OmnpenesuTs cpegHee 3HaUSHHe
SIC MHIYKUMY , BOBHUKAIOUIEH B KOHTYPE, €CJIM MAarHUTHBIM ITOTOK U3MEHUTCS 10 HYJI 32 BpeMs At=2
MC.

2. IIpamoit npoBof anuHOM 1=40 cM JBUKETCS B OJHOPOIHOM MarHMTHOM I0JIE CO CKOPOCTBIO V=3 M/C
MEePHEeHIUKYISIPHO JUHUSAM UHIYKIUU. PazHocTs noteHnuanos U Mexy KoHIlamu npoBoaa pasHa 0,6 B.
Beruricants HAYKIMIO B MarHuTHOrO 1oJIs.

3. B ogHopoaHOM mMarHuTHOM moJie ¢ uHaykuuein B=0,35 Tin paBHomepHO ¢ yactoToir n=480 MuH-1
Bpaiaercsd paMka, cogepxamas N=500 BuTkoB miomaapio S=50 cm2. Och BpallleHUs JIEKUT B TUIOCKOCTH
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pPaMK¥M W TEPINEHANKY/ISIPHA JIMHUAM HMHIyKImK. Onpeenuts MakcuManbhyilo JIC wHayKimu Emax,
BO3HUKAIIIYIO B paMKe.

4. Koporkasa kartymka, cougepxamjasd N=1000 BUTKOB, paBHOMEPHO BpallaeTcs B OJHOPOAHOM
MarHuTHOM mnoJjie ¢ uHaykiuend B=0,04 Tn ¢ yrioBoil CKOpPOCTbIO =5 paja/c OTHOCUTEIBHO OCH,
COBIAJAIONIEN C TUAMETPOM KATyIIKU W TEepPHEeHJUKYISIPHOW JMHUSIM HHIOYKIMU Tojs. Onpenenutb
mraoBeHHoe 3Hauenue DIIC wHaykimu Ei AJIs TeX MOMEHTOB BPEMEHM, KOIJa IUIOCKOCTh KaTYIIKH
cocTaiisieT yroi 0=60° ¢ tuHusAMU UHOYKIMKY nojs. [lnomane S karymku pasaa 100 cm2.

5. IIpoBonouyHoe Kouiblo paguycoMm r=10 cm nexuT Ha ctojie. Kakoe kommuecTBo ayiekTpuyectsa Q
MPOTEUET IO KOJIbILy, ECJIM €0 OBEPHYTh C OAHON CTOpPOHBI Ha Apyryo? ConportusieHnue R kosblia paBHO
1 Om. BeprukasnbHas cocraBisonias MHAyKIuM B marautHoro nossa 3emiu pasHa 50 Mk Tt

Tema 3.9. DaeKTpOMarHuTHas MHAYKIUSA

Bomnpocs! k Teme:
Ounas popma

1. ITo IT-o6pa3HOMY TMPOBOAY MEpeMeliaeTcs ¢ MOCTOSHHOW CKOPOCTBIO V TMOJ JAeWCTBHeM CHiibl F
3aMbIKaoIIasi MPOBOJA mepembluka. KOHTyp HaxoguTcs B MEpPHEHAUKYJISPHOM K €ro IUIOCKOCTH
OJTHOPOJHOM MAarHMTHOM mosie. Yemy paBHa cuia F, eciiu B KOHType BBAEIAETCS KaKAYI0 CEKYyHIy
KOJIMYECTBO TEIIOTHI Q?

2. MBonupoBaHHbli MeTaJTMUecKuil Auck paauyca a=0,250 m Bpamaercs ¢ yacroroi n=1000 mun-1.
Haiitu pasHocts noreHmanoB U Mexay LIEHTPOM U KpPaeM JIMCKa, BO3HUKAIOIIYIO:

a) B OTCYTCTBME MarHUTHBIX T10JIEH,

0) B ciIydae, KOTJa UMeeTcs MepIeHIUKYIIPHOE K AUCKY OTHOPOIHOE mosie ¢ mHayKiuern B=10,0 mTo.

3. Mexy noJiocaMu JIeKTPOMarHuTa noMelneHa Heboiblas KaTyllka, pacioloKeHHas Tak, 4TO OCH
KATyIIKWA U MOJIOCHBIX HAKOHEYHMKOB MarHuTa coBnanaaior. [lnomanp, monepeyHoro ceuyeHus: KaTylku
S=3,00 mm2, uucio ButkoB N=60. Ilpu mnoBopore karymku Ha 180° uepe3 COeAMHEHHBIA C HeEW
OaTMCTHUECKHIA TalbBaHOMETp TipoTekaeT 3apsaa q=4,50 mMxKi. Omnpenenuts HanpspkeHHOCTh moiss H
Mexay nomocamu. ConpoTUBIIEHNE KaTYIIKH, FaJIbBBAHOMETPA U COEJUHUTENBHBIX TPoBOJ0B R=40,0 Om.

4. Ilo cocencTBy pacnosioxkeHbl 1Ba BUTKa npoBosioku. [Io mepBomy teuer Tok I=10,0 A. B nemns
BTOPOTO BKJIIOUEH OJUTMCTHUYECKUU raybBaHoMeTp. [lonHoe compotuBieHue Bropoit nemu R=5,00 Om.
Uemy paBHa B3aMMHasi UHIYKTUBHOCTb L.12 BUTKOB, €c/iv MpH BBIKIIOYEHUHU TOKa | uepe3 rajibBaHOMETp
npoxoaut 3apsag q=1,00%10-8 Kn?

5. Ha GeckoHEYHBIN COJIEHOU]T C N BUTKAMK Ha €IMHUILY JUTUHBI U TUIOMA/IbI0 TIONIEPEYHOr0o CeYeHUs S
HamoTaHa Karymka u3 N BuTKoB. HailTm B3auMHyl0 MHAYKTMBHOCTh L.12 KaTylIku U cosieHoMja.
[TpoHuIaeMocTsb cpejibl, 3aNOHSAIONIEH COJIEHOU I, PaBHA L.

Tema 3.10. YpaBHenue MakcBeJuia
Bormpocs! k Teme:
Ounas opma
1. IlpoctpaHcTBO MeEXAy IBYMSI KOHIEHTPUUECKMMHU METAIMUYECKUMHU cdepaMu 3aroJHEeHO

OTHOPOJHOW c€a00 TPOBOISAIIEH Cpeaod C YyIOCNbHBIM COMPOTUBJICHUEM P U JUDJICKTPUUECKOM
MPOHUIIAEMOCTHIO €. B MoMeHT t = O BHyTpeHHel cepe cooOmmmmm HeKoTophii 3apsia. Hairu:
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a) CBA3b MEXJy BEKTOpaMM IUIOTHOCTEH TOKAa CMEILEHUs U TOKa MPOBOJUMOCTH B IPOM3BOJIBHON TOUKE
cpelpbl B O/IVH U TOT K€ MOMEHT;

0) TOK CMEIIeHHsI Yepe3 MPOM3BOJIbHYIO 3aMKHYTYIO IOBEPXHOCTh, PACIIONIOKEHHYIO LIEJIMKOM B CpeJie 1
OXBaTHIBAIOILYI0 BHYTPEHHIOI c(pepy, eciiu 3apsji 3ToN cepbl B JAHHBI MOMEHT paBeH (.

2. ToyeuHslid 3apsa q OBUKETCA C HEPENATUBUCTCKOM CKOPOCTBIO V = const. Halltu minotHoCTh TOKa
CMEILEHHS jCM B TOUKE, HAXOJSALIENCs Ha PaCCTOSIHUM I' OT 3apsia Ha MPSMOM:

a) COBIAJAIONIECH C TPAEKTOPUEN 3apsaa;

0) MeprneHAKYJISIPHOIN K TPAaeKTOPHHU U MPOXOAIIEH yepe3 3apsi.

3. B Hekoropoil 001acT WHEPUUAIbHOM CHCTEMBI OTCYETa MMEETCsl Bpallaiolieecss ¢ YyrJIOBOW
CKOPOCTBIO (0 MAarHUTHOE T10JIe, MHAYKIMS KoToporo paBHa B. Haiitn VXE B 310i1 061acTH Kak (PyHKIIHIO
BEKTOpPOB ® U B.

4. JIIMHHBIA CIUIOIIHOW aJIOMMHUEBBIM IWIMHIAP paauyca a = 5,0 cM BpalaioT BOKPYI €ro OCH B
OJIHOPOJAHOM MarHuTHOM mnoJje ¢ uHaykimen B = 10 mT. YrioBas ckopocts BpameHus o = 45 pan/c,
npudem o 1T B. IlpeneOperas MarHMTHBIM IOJEM BO3HUKAIOMIMX 3apAA0OB, HAWTH UX OOBEMHYIO U
MOBEPXHOCTHYIO IUIOTHOCTH.

5. Ilokazatp, uyto ypaBHeHUs MakcBeuia VXE = -0B/ot u V-B = 0 aBasiorcs cOBMECTUMBIMH, T. €.
NIEPBOE U3 HUX HE IPOTUBOPEYUT BTOPOMY.

Tema 3.11. DieKTpOMarHuTHbIE KOJI€0AHHUS H BOJIHBI

Bormpocsl k Teme:
Ounas opma

1. Konpencarop emkoctu C 3apsokaercsa no HanpsbkeHuss UO u 3aMblKaeTcsli Ha KaTylIKy C
MHIYKTUBHOCTBIO L. UeMy paBHa amruutyzaa Im cuisl Toka B 0Opa3zoBaBieMcst Koae0aTeIbHOM KOHType?
AKTHBHBIM COTNIPOTHBJIEHHEM KOHTYpa IpeHeOpeyb.

2. KonebatenbHblii KOHTYp cOCTOMT M3 KoHAeHcatopa emkocth C = 4,0 mx® M Karymku c
nHAYKTUBHOCTBIO L = 2,0 mI" u akTuBHBIM conporuBieHrneM R = 10 Om. Haittu oTHOIIEHME 3Heprun
MarHMTHOIO M0JISI KaTYILKU K SHEPTUH JIEKTPUYECKOrO MOJIsl KOHAEHCATOpa B MOMEHT MaKCUMyMa TOKa.

3. KonebarenpHblii kKoHTYp uMeeT eMkocTh C = 10 Mx®, mHayktiBHOCTH L = 25 MIT u akTMBHOE
conpotusieHue R = 1,0 Om. Yepes ckoibKo KoJe0aHUi aMILTUTYJa TOKA B 9TOM KOHTYpe YMEHBIIUTCS B €
pasz?

4. Ha CKOJIbKO MPOIIEHTOB OTJIMYAETCsI YACTOTa () CBOOOAHBIX KOJIEOaHMH KOHTYpa ¢ J0OPOTHOCTHIO Q =
5,0 ot cobcTBeHHOM YacToThl (0 KOJIeOaHuUit TOro KOHTypa?

5. B koHtype, nodpotHocTh KOTOporo Q = 50 u coOcTBeHHas 4acToTa Kosedanwii vO = 5,5 kI,
BO30YKHalOTCS 3aryxaomue KoseOanus. Uepe3 CKOIBKO BpEeMEHM HEPIus, 3araceHHas B KOHTYpE,
yMmeHbiuTes B 1 = 2,0 paza?

Paznea 4. Ontuka
Tema 4.1. D1eKTPOMarHuTHbIE BOJHbI

Bomnpocs! k Teme:

Ounas popma
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1. DnekTpomMarHuTHAs BOJIHA ¢ YacToTtor v= 3,0 MI'I1 nepexoauT U3 BakyymMa B HEMarHUTHYIO Cpelly ¢
AURJIEKTpUYecKor poHunaemoctbio 4,0. Hailtu npupaliieHye ee JIMHbl BOJHBI.

2. TInockast 37eKTpoOMarHuTHas BOJIHA ¢ 9acToToi v = 10 MI'11 pactipocTpaHsieTcs B c1ab0 MpOBOASIIEH
cpelie ¢ yaesibHOM TpoBOAUMOCTbI0 10 MCM/M U IU3/IEKTPUUYECKON MTPOHULIAEMOCThIO 9. HaliTh oTHOIIeHNe
aAMIUIUTY/] IJIOTHOCTEN TOKOB MMPOBOJUMOCTH U CMELIEHUS.

3. Ilnockas snexktpoMaruuTHas BoiHa E = ET cos( wt -kr) pacnpocrpansiercss B Bakyyme. Cuuras
BeKTOph! ET 11 k n3BecTHpIMU, HailTh BeKTOp H Kak (pyHKIMIO BpeMEHM t B TOUKE ¢ paguyc-BeKTopoM-T = ()

4. I1nockas 31eKTpOMarHuTHas BOJIHA MaJaeT HOPMaJIbHO Ha IOBEPXHOCTD IIOCKONIAPAJUIEILHOTO CJI0S
TOJILMHOMW | N3 HEMArHUTHOTO BELIECTBA, AUIJIEKTPUUECKAs IIPOHUIIAEMOCTh KOTOPOTO SKCIIOHEHIINAIBHO
najlaeT oT 3HaveHus el Ha mepeaHel MOBEPXHOCTU 10 €2 Ha 3agHeil. Haltu Bpems pacnpocTpaHeHus
JAHHOU (pa3pl BOJHBI YEPE3 ITOT CIIOU.

5. ITnockas rapMOHMYECKast JMHEWHO NOJISIPU30BaHHAS JIEKTPOMAarHUTHAS BOJHA PACIIPOCTPaHAETCS B
BaKyyMe. AMIUTUTY/1a HANPsIKEHHOCTH 3JIEKTPUUECKOi cocTapJsiomeit Boiaubl ET = 50 MB/Mm, yactora v =
100 MI'u. Haiiru:

a) AelCTByIOIee 3HaUeHUE TUIOTHOCTU TOKA CMEIIEHUS;

0) CpedHIo 3a Iepro/l KOoJIeOaHUs MIIOTHOCTh TOTOKA SHEPTHH.

6. B Bakyyme pacnpoctpaHsieTcs Iiockas nekrpomarautHas BojHa E = ET cos ( wt - kx), roe ET =
Etey . Haittu Bektop H B Touke ¢ koopaunaroit x=7,7 m B MoMeHT t=0 b t=33 Hc, korna Et = 160 B/m, k
=0,51 m-1.

Tema 4.2. ®PoTomeTpus

Bormpocsl k Teme:
Ounas opma

1. Haiiti ¢ moMoIpi0 KpUBOM OTHOCUTENIbHOW CIIEKTPAIbHOM YyBCTBUTEJILHOCTH IJ1a3a:

a) MOTOK SHEPruM, COOTBETCTBYIOIIUIA CBeTOBOMY MOTOKY B 1,0 im ¢ pymmuo# BosiHbl 0,51 u 0,64 MKM;

0) CBETOBOWl TMOTOK, MPUXOIANIMICA Ha WHTepBad MMH BomH ot 0,58 mo 0,63 MM, ecim
COOTBETCTBYIOIIMI MOTOK 3Hepruu ¢9 = 4,5 MBT, npuyem nocjaeaHuil pacrpeesieH paBHOMEPHO 1O BCeM
JJIMHAM BOJIH 3TOro MHTepBaia. CUuTaTh, UTO B JAHHOM CIIEKTPaIbHOM UHTepBaJle (pyHKIUS V(J1.) 3aBUCUT
JIMHEVHO OT JJIMHBI BOJIHBI.

2. Toue4HBI U30TPOITHBIM UCTOYHUK UCIYCKaeT cBeToBOM NMOTOK P=0 1M ¢ ammHou BoiHH 1 = 0,59
MKM. HallTu amrumMTysiHbple 3Hauy€HUs HANpsKEHHOCTEN 3JIEKTPUYECKOTO M MArHUTHOIrO IIOJIEM 3TOTO
CBETOBOTO MOTOKA Ha paccTosiHu T = 1,0 M OT UCTOUHUKA.

3. Haiitu cpe/iHIO OCBEIIeHHOCTh 00 Ty4aeMOU YacTy HEelIPO3payHoi cpepsl, eciv Ha Hee MaJlaeT:

a) MapajuiebHbI CBETOBOU MOTOK, CO3JAI0IIMI B TOUYKE HOPMAJILHOTO MaIeHUs OCBEIIEHHOCTh EO;

0) CBET OT TOUEUHOT'0 M30TPOITHOTO MCTOYHMKA, Haxosiierocs Ha paccrosiiu 1 = 100 cm oT neHTpa
cepsr; paauyc cdepsl R = 60 cM u cuna ceeta / = 36 K.

4. OnpenenuTb CBETUMOCTh TIOBEPXHOCTH, SIPKOCTh KOTOPOW 3aBUCHUT OT HalpaBJIeHUs IO 3aKOoHy L =
LO cosQ, rae Q - yron Mexay HarpaBJI€HUEM U3JIy4eHUs] 1 HOPMAJbio K TIOBEPXHOCTH.

5. Hekoropas cBeTsmascs NOBEPXHOCTh MoguUMHsIeTcs 3akoHy Jlambepra. Ee sipkocts paBHa L. Haiitu:

a) CBETOBOM IOTOK, M3JIy4aeMbld 3JIEMEHTOM dS 3TOil MOBEPXHOCTH BHYTPb KOHYCa, OCb KOTOPOI'O
HOpMaJlbHa K JIAHHOMY 3JIEMEHTY, €CJIM yroJl IoJIypacTBopa KOoHyca paBeH Q;

0) CBETUMOCTb TAKOTO MCTOYHHUKA.
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Tema 4.3. 'eomeTpuueckas onTuka

Bormpocsl k Teme:
Ounas opma

1. Tlpy kakoM 3HaueHWW Yrjia NaAeHWs JIyd, OTPAXKEHHBI OT TIOBEPXHOCTH BOMbI, OyjeT
NEPIEHANKYIISPEH K IPEJOMJIEHHOMY J1yuy?

2. Nmerotcs aBe ONTHYECKHME Cpedbl ¢ IJIOCKOW rpaHMued paszena. Ilycts Qrp - mpeaesipHbI yrod
najieHus jiyya, a Q1 - yrosi nageHusi, npu KOTOpOM IPEJOMJIEHHBIN JIyY NEPIEHANKYIISIPEH K OTPa)KEHHOMY
(mpeamnonaraeTcs, 4To JIiyd UIET U3 ONTUYECKH OoJiee IIOTHOM cpejibl). HailTi oTHOCHTEBHBIN MOKa3aTesb
IIPEJIOMJIEHUS 3TUX cpef, eci sinQmp/sinQ1=1,28.

3. Jlyu cBeTa magaer Ha IUIOCKOMApaJUIeNbHYIO0 CTEKJISHHYIO MIacTUHy ToimuHou d = 6,0 cM. Yron
nagenus Q= 60°. Haiitu BemunHy GOKOBOTO CMEIeHHUs JTy4a, POIIEAIIEro yepe3 3Ty TUIACTUHY.

4. Iloka3atse, 4TO MPH MPEJOMIIEHUU B IPU3ME C MAJIbIM MPEJOMJIAIONINM YIJIoM Q JIyd OTKJIOHSAETCS Ha
yrojt A= (n- 1)Q He3aBUCKMMO OT VIJia Na/IeHUs], €CJIM MOCIEIHUIN TaKKe MaJl.

5. J1711 HEKOTOPOM CTEKJISIHHOM NMPU3MBI YTOJI HAMMEHBIIIETO OTKJIOHEHUS JTyda paBeH MPeIOMJIAIOLIEMY
yriy npusmbl. Haiitu nocneanui.

6. TpexrpaHHas npusma ¢ NpeJoMIISIOIUM yriioM 60° 1aeT yroyl HAMMEHBILEro OTKJIOHEHHS B BO3/lyXe
37°. Kako# yroj HauMeHbIIIero OTKJIOHEHHUsI IacT 3Ta mpu3Ma B Boje?

7. Jlyu cBeta, coepxkaliyil JBe MOHOXPOMATHUECKUE COCTABJIAIIINE, TPOXOAUT Yepe3 TPEXTPAHHYIO
MPU3MY C MPEJOMIISIIOIUM yriioM € = 60°. OnpesenuTb Yrojl Mex1y 00eMMH COCTABJISIONIMMU JIy4a Tociie
MIPU3MBI, €CJIM TTOKA3ATENM MPEJOMIICHNA 111 HUX paBHbl 1,515 u 1,520 1 npu3Ma opueHTHpOBaHA Ha YToJl
HaUMEHBIIIETO OTKJIOHEHUSI.

Tema 4.4. OnTHnuecKkue CHCTEMbI

Bomnpocs! k Teme:
Ounas popma

1. Haiitu noctpoeHuem:

a) XOJI JIy4a 3a coOMparoliell ¥ paccenBaloliell TOHKUMU JiH3aMu (puc. 5. 7, r.ae 00" - ontudeckas och,
Fu F' - nepennuii u 3aaHuii (pOKycChl);

0) MoJIoKeHUEe TOHKOW JIMH3BI M ee (POKYCOB, €CIM M3BECTHO MoJIoXkeHHe ontudeckoil ocu 00" u
TMOJIOKEHUE TIapbl CONMPsiKEeHHBIX Touek P P' (cm. puc. 5.5); cpebl o 06e CTOPOHBI JIMH3 OIMHAKOBBI;

X071 JTy4a 2 3a coOMparoliell 1 paccenBaoIlell TOHKUMU JIMH3aMU (puc. 5.8), ecii U3BECTHO MOJIOKEHHNEe
JMH3H ¥ ee onTtrdeckoit ocu 00' u xon Jiyya 1; cpesibl Mo 06e CTOPOHBI JIMH3 OJJMHAKOBBI.

2. Tonkas cobupartomasi uH3a ¢ (OKYCHBIM pacctosiHueM f = = 25 cM mpoenupyeT nzoOpaxeHue
IIpeJMeTa Ha 9KpaH, OTCTOSIIMN OT JIMH3BI Ha paccTossHuM 1 = 5,0 M. DKpaH NpuaBUHY/IM K JMH3e Ha dl =
18 cm. Ha ckonpko crieyer nepeMecTiTh IpeMeT, YTOOb! OIATh MOMYyYUTh YeTKOEe N300pakeHne ero Ha
spane?

3. Ucrounuk cBera Haxomutcsi Ha paccrossHud 1 = 90 cM oT 3kpaHa. ToHKas coOuparomias JIuH3a,
MOMeIlleHHAsE MKy MCTOUYHMKOM CBETa M SKPAHOM, JAeT YeTKOe M300pakeHHWe MCTOYHMKA IPU ABYX
nojoxeHusax. Onpeeauts GOKYCHOE pacCTOsTHUE JIMH3BI, €CIIN:

a) paccTosiHEe MeXy 000OMMU MosiokeHussMu JuH3bl dl = 30 cm;

6) mornepevHsle pa3Mephbl U300pakeHus Mpu 0HOJV, mosoxkeHny JuH3H B 1] = 4,0 pasa GoJblie, yem
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IIPU JIPYTOM.

4. Mex 1y npeaMeToM U 9KPaHOM, TOJIOKEHHUsI KOTOPHIX HEU3MEHHBI, TOMEINAI0T TOHKYI0 COOMPAIOIITYIO
muH3y. [lepemerenreM JMH3BI HaXOJAT /BA TMOJIOKEHUS, IPU KOTOPHIX Ha dKpaHe oOpaszyeTcs 4eTKoe
nu3zo0paxenue npeamera. Haiit monepeyHslii pa3Mep NpeaMmera, eclid MpPH OJHOM TOJIOKEHUU JIMH3BI
pa3mep u3oOpakenus h' = 2,0 mm, a ipu apyrom h" = 4,5 mm.

5. Tonkas cobuparomas JuH3a ¢ OTHOCUTeIbHbIM oTBepcTeM D : f =1 : 3,5 (D - quametp nun3HL f - ee
(okycHOE paccTosiHME) maeT M300pakeHWe NOCTATOYHO YIOAaJeHHOro IpeaMeTa Ha (hOTOIUIACTHHKE.
Apkocte npenmvera L = 260 xa/m2 Ilorepu cBeta B jmH3e cocrasisoT 0,10. Hailtu ocsemeHHOCTD
n300paxkeHusl.

6. N'amneeBa TpyOa 10-KpaTHOro yBeJMYeHHs NPU YCTAaHOBKE HAa OECKOHEYHOCTh MMEET UTUHY 45 cM.
Onpenenuts:

a) (pokycHbIe pacCTOsIHUS OOBEKTHBA U OKYJIsIpa TPYyObI;

0) Ha Kakoe pacCTOSIHME HaA0 TEPeIBUHYTh OKYJSAP TPyObl, 4TOOBl SICHO BHIETh INpPEAMETHl Ha
paccrosinuu 50 m.

7. PaccunTarh MOJIOKEHHUE TJIABHBIX IJIOCKOCTEN U (DOKYCOB TOJICTOM BBIITYKJIO-BOTHYTOM CTEKJISTHHOM
JIMH3BI, €CJIM pajinyC KPUBU3HBI BHITyKJI0i noBepxHocTH R1 = 10,0 cm, Bornyroit R2 = 5,0 cM u TomuHa
mmasel d = 3,0 cm.

Tema 4.5. UnTepcdepennus ceera

Bormpocsl k Teme:
Ounas opma

1. B ombrte Jlnoiiza (puc. 5.13) cBeToBast BostHa, ucxoasmias H2[AmocpeiIcTBEHHO 13 UCTOUHKKA S (Y3KOI
menun), uHTepgepupyeT ¢ BOJHOM, OTpakeHHOW OT 3epkaia 3. B pe3ynpraTe Ha sKpaHe D oOpasyercs
CUCTEeMA._ UHTepQEpPEeHIIMOHHBIX MOoJoc. PaccrosgHue oT ucroyHuka - 10 3KkpaHa 1 = .100 cm. Ilpum
HEKOTOPOM- TOJIOKEHUM UCTOYHMKA IIMPUHA MHTEP(EPEHLIMOHHON MoJIockl Ha 3KpaHe dx = 0,25 mm, a
MOCJIE TOTO KAaK KCTOYHUK OTOABHHYJIM OT IUIOcKOcTH 3epkana Ha dh = 0,60 MM, mmpuHa mnoJoc
yMeHblnwiIach B ' 1,5 paza. Hailtu JyiiHy BOJIHBI CBETA.

2. Paccrosiaus ot 6urnpusmbl PpeHestsi 10 y3KOH e ¥ 9KpaHa paBHBI COOTBETCTBEHHO a = 25 cM U b
= 100 cm. bunpusma crexiissHHas ¢ npejaomisiommM yrioMm Q = 20'. Hailt ayimHy BOJIHBI CBETa, CIU
HIMPUHA UHTEP(EPEHIIMOHHOM TOJIOCH Ha 3KkpaHe dx = 0,55 mm.

3. Iltockas cBeToBast BoJIHA ¢ 'A, =

= O, 70 MKM na1aeT HOpMaJbHO Ha OCHO

BaHMEe OUTPU3MBI, C/IEJTaHHON U3 CTeKJIa

(n = 1,520) ¢ npenomstormmm yriiom Q = 5,0°. 3a 6urnpusmoii (puc. 5.15)

HAXOJUTCS IUIOCKOIapasulesibHasl CTEK/ISHHAS TUIACTUHKA, U IPOCTPAHCTBO Me-KJIy HUMM 3allOJIHEHO
6enzonoMm (n' = 1,500). Haiitu mmpuHy nHTephEpEeHIIMOHHON TIOJIOCH Ha KpaHe D, pacroyIOKEeHHOM 3a
3TOM CUCTEMOM.

4. TInockass MOHOXpOMAaTHYECKasl CBETOBAs BOJHA Ma/1Ia€T HOPMAJIbHO Ha JuadparMy ¢ AByMs y3KUMU
1IeJIsIMU, OTCTONIIMMM APYr OT jApyra Ha paccrosinue d = 2,5 mM. Ha skpane, pacrnonokeHHOM 3a
auagparmoit Ha 1 = 100 cm, oOpasyercs cuctema uHTepdepeHIMOHHbIX Nojioc. Ha kakoe paccTosiHue U B
KAaKyl0 CTOPOHY CMECTATCSI 3TU TOJOCHI, €CIM OJHY M3 IIEJell MEepPeKpbITh CTEKJISIHHOW IJIACTUHKOU
TomuHel h = 10 Mkm?

5. Ha tonkyio mienky (n = 1,33) ° najaet napajuiesibHbII My4YOK eJ10ro cBeta. Yrou nagenus 52 . [Ipu
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KaKOH TOJIIMHE TUICHKU 3epKAJIbHO OTPaKeHHBIN CBET OyleT HanOoJsiee CHIIbHO OKpAIIEH B JKETHIN IIBET
(0,60 MKMm)?

6. [Ins yMeHbllIeHHs NOTEPh CBETA U3-3a OTPAXEHMUs OT MOBEPXHOCTH CTEKJIA MOCJeIHEe OKPBIBAIOT
TOHKUM CJIOEM BelIeCTBa C IMoKa3zaesneM mpejowiieHus n'' = (n)"0.5, rae n - nokasaTesb NpeoMJICHUs
crekia. B aTom ciyyae aMIumMTyapl CBETOBBIX KOJIEOAHMH, OTPAKEHHBIX OT 0OEUX MOBEPXHOCTEN TaKOro
cnosi, OyayT onuMHakoBbIMH. [Ipy Kakoil TOJIIIMHE 3TOTO CJIOs OTpakaTelbHas CIOCOOHOCTh CTEKJia B
HaIlpaBJIeHUM HOpMaJy Oy/IeT paBHA HYJIIO JUTsSl CBETa C JUIMHOW BOJIHBI JI.

7. Ilnocko-BelyKJlasi CTEKJISIHHAsA JIMH3a C paauycoM KpuBH3HB 40 CM CONpUKAcaeTcsl BBITYKJION
MOBEPXHOCTBIO CO CTEKJISTHHOM MUIACTUHKOM. IIpu 3TOM B OTpakeHHOM CBeTe paguyc HEKOTOPOro KOJjblia
r=2,5 mm. Habnroas 3a JaHHBIM KOJILIIOM, JIMH3Y OCTOPOKHO OTOABUHYJIM aT miacTuHky Ha dh = 5,0 MkM.
Kakum cran paguyc 3Toro kossua?

8. I110CcKO-BhINyKJIas CTEK/ISHHASA JIMH3a C PAAUyCOM KPUBU3HBI cpepruyeckoi nosepxHoctu R = 12,5
CM IIpUXKaTa K CTEKJISHHOH IUIaCTUHKE. [{namMeTphl IecAToro M MATHALATOro TeMHBIX Kosel] HploToHa B
arpaxkeHHOM cBeTe paBHbl d1 = 1,00 mm 1 c4 = 1,50 mm. OnipeesuTh JJIMHY BOJIHBI CBETA.

Tema 4.6. [Iucppaknus cBera

Bomnpocs! k Teme:
Ounas popma

1. ToyeuHblil KICTOUHUK CBETA C JJIMHON BOJHBI J1 = 0,50 MKM pacrnojiokeH Ha pacctosinuu a = 100 cm
nepen quadparmon ¢ KpyriblM otBepcTreM paauyca r = 1,0 mm. Hantu paccrossaue b ot nuadpparmsl go
TOUYKU HAOIOACHU S, /s KOTOPOW YKCII0 30H PpeHesisi B OTBEPCTHU COCTaBiisieT k = 3.

2. MexJy TOYeuHbIM UCTOYHUKOM CBETa M SKPAHOM MOMECTHIIM AuadparMy ¢ KpyrjibiM OTBEPCTHEM,
paguyc KOTOpOTro I MOKHO MEHSATH B IIpoliecce onbiTa. PacctosiHus oT Auadparmbl 40 MICTOYHUKA U 9KpaHa
paBHbl a= 100 cm u b = 125 cm. Onpenenuts AJIMHY BOJIHBI CBETA, €CJIM MaKCMMYyM OCBEIIEHHOCTU B
HeHTpe TU(PaKIIMOHHON KapTUHBI Ha KpaHe Hadmopaetrcs npu rl = 1,00 MM U cleayomuil MakKCUMyM
npu r2 = 1,29 mm.

3. ITnockas ceeroBas BosiHa 640 HM ¢ MHTEHCUBHOCTBIO 10 MajiaeT HOPMAJILHOI HA KPYIJIOE OTBEPCTHE
panuyca 1,2 MM. HaliTu MHTEHCMBHOCTD B LIEHTpE OU(MPPAKIMOHHOM KapTHHBI HAa 9KPaHEe, OTCTOSIIEM Ha
oaccrosinue 1,5 M OoT oTBepCTHSI.

4. Tlnockasg MOHOXpOMaTH4ecKas CBETOBas BOJIHA C MHTEHCUBHOCTbIO /0 mMajaeT HOPMaJbHO Ha
HENPO3payuHbIil 9KpaH ¢ KPYIJbM oTBepcTieM. KakoBa MHTEHCUMBHOCTDb CBETa / 3a 9KpaHOM B TOUKE, JJIs
KOTOPO# OTBEpCTHE:

a) paBHO niepBoi 30He PpeHelist; BHyTPEHHEN MT0JIOBUHE NIEPBOM 30HBI;

0) coenaiy paBHbIM TIepBoi 30He PpeHeltst ¥ 3aTeM 3aKPhUIH €ro MOJIOBU-HY (110 [uaMeTpy)?

5. CBeT ¢ JUIMHOM BOJIHBI JI. AT HOPMaJIbHO Ha JUIMHHYIO MIPSMOYTOJIbHYIO IIeJIb IMpUHbl b. Haiitu
YIJIOBOE paclpesieleHNe MHTEHCMBHOCTH CBeTa IpU (ppayHrodepoBoil Iudpakiyy, a Takke YIioBoe
M0JIOKEHNE MUHUMYMOB.

6. Nmeercs 3putenbHas TpyOa ¢ auamerpoMm oobekTrBa D = = 5,0 cM. OnpeaenuTs pa3peniaonyio
CMOCOOHOCTh OOBEKTHBA TPYObl 1 MUHUMAJIBHOE PACCTOSIHUE MEX]y JIBYMSI TOUKaMH, HAXOASAIIUMUCS Ha
paccrosiHuu 1 = 3,0 KM OT TpyOBI, KOTOPOE OHA MOKET pa3pelInTh (CUMTATh ATMHY BOJHBL 0,55 MKM).

7. BBIUMCIUTh HAUMEHBIIIEE PaCCTOSIHUE MEX Yy ABYMs TOUKamH Ha JIyHe, KOTopoe MOXHO pa3pelinTh
pedIieKkTopoM ¢ AuaMeTpoM 3epkaia B 5 M. Cuutarh, YTO AjIMHa BOJHBI cBeTa 0,55 MKM.
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Tema 4.7. Ilonsipu3zanus cBeta

Bormpocsl k Teme:
Ounas opma

1. ITpu naieHMM €CTECTBEHHOTO CBETA HA HEKOTOPBIY NOJsipu3aTop npoxoaut 30% cBETOBOro MoToka, a
yepe3 gABa Takux noisspuzatopa 13,5%. HallTM yroa MexIy IUIOCKOCTSIMU IIPOIYCKaHWsS 3TUX
MOJISIPU3aTOPOB.

2. CreneHp MNOJNSIPU3ALMU YACTUYHO TMossipu3oBaHHoro ceera P = 0,25. Haittu otHoeHue
MHTEHCUBHOCTH TOJIIPU30BAHHON COCTaBJISIIOIIEH 3TOro CBeTa K HMHTEHCUBHOCTUM €CTECTBEHHOM
COCTaBJISIIOIIEH.

3. Ha nyT1 4aCcTUYHO NOJIIPU30BAHHOIO ITy4YKa MOMECTUIM HUKOJIb. [Ipy moBopoTe HuKoJIA Ha yroua 60°
U3 TI0JI0KEHUS1, COOTBETCTBYIOILIEIO MAKCUMYMY IPOITyCKAHUS CBETA, MHTEHCUBHOCTb MPOIIEIIETO CBETA
yMmeHnblmiaack B 3,0 paza. Haiitu crenens nossipusaivy NajJaioniero CBeTa.

4. EcrecTBeHHBIN CBET MajaeT noj yrioM bpiocrepa Ha moBepx-HOCTh cTekJia. OnpeaesuTh ¢ TOMOIIbIO
gopmyn Openens:

a) K03(P(PULIMEHT OTPAKEHUSI;

0} crerneHp NOJIAPU3AIIH IPETOMIICHHOTO CBETa.

Tema 4.8. MoJieky.JasipHasi onTHKa

Bormpocsl k Teme:
Ounas opma

1. CBOOOIHBIN 3JIEKTPOH HAXOAUTCS B IMOJIE MOHOXPOMATUYECKON CBETOBOW BOJIHBL. VIHTEHCHBHOCTD
ceera / = 150 Bt/M2, ero yactrora m = 3,4*1015 pan/c. Haiitu:

a) aMIUTUTY 1y KoJieOaHUH JIeKTPOHA U aMIUIUTY/Ly €r0 CKOPOCTH;

6) otnomenue F,JF3, rne F" u {3 - ammuutynHbsle 3HaYeHUs CUJ, JEHCTBYIOIIMX HA 3JEKTPOH CO
CTOPOHBI MATHUTHOM U 3JIEKTPUYECKON COCTABJISIIOIIMX TOJIsSl CBETOBOM BOJIHBI; IMOKA3aTh TaKXke, Y-TO TO
OTHOIIIEHUE PABHO Y2 V/c, Tjie V - aMIIUTy1a CKOPOCTH JICKTPOHA, C - CKOPOCTh CBETA.

2. DNeKTPOMAarHUTHAsI BOJIHA C YACTOTON W paclpoCTpaHsIeTCsl B pa3pekeHHOH 1a3me. KoHieHTpanus
CBOOOJHBIX JIEKTPOHOB B Tuiazme paBHa n( [IpeHeOperas B3auMOJEHCTBUEM BOJIHBI C MOHAMU TIIa3MBbl,
HaWTHU 3aBUCHMOCTbD:

a) IM3JIEKTPUUECKON TPOHUIIAEMOCTH TUIA3Mbl OT YaCTOTHI;

6) (pa30BOI CKOPOCTH JEKTPOMATHUTHOW BOJIHBI OT €€ JITTMHBI BOJIHBI 1T B IIa3Me.

3. HailTi KOHIIEHTpalni0 CBOOOTHBIX JIEKTPOHOB MOHOCHEPHI, €CIu IJisi PaJIMOBOJH C YaCTOTOU V =
100 MI' ee noka3zaresns nipesiomienus 1 = 0,90.

4. B psape cinyuaeB Ju3JIEKTpUYECKash MPOHUIIAEMOCTh BEIIECTBA OKAa3bIBAETCS BEJIUUYMHOU
KOMIUIEKCHOM WJIM OTPULIATEJIbHOM U MTOKa3aTellb MPEJIOMIIEHHS - COOTBETCTBEHHO KOMILJIEKCHBIM (TI' = 1T +
1X) WM 4iucto MHUMBIM (' = ix). HamucaTh 1151 3TUX ciiy4yaeB ypaBHEHUE TUIOCKON BOJIHBI U BBISICHUTD
(pu3myeckuii CMBICT TaKUX MOKa3aTesen mpeJoMIeHu .

5. Haittu 3aBucMMOCTh MeX /1y TPYIIIIOBOM U U (pa30BOH V Cr
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