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1 Ieain ocBOeHMs JUCHUIINHBI (MOTYJIs)

Hensimu ocBoeHMs AUCUUILIAHBI (MO 1s1) «PU3UKa» ABISIOTCS:

- O3HAaKOMJICHHWE CTYJIEHTOB C COBPEMEHHON (U3NYECKOM KapTUHOM Mupa, ¢
OCHOB-HBIMM KOHIIETILIUSMH, MOJIETSIMU, TEOPUSIMH, ONUCHIBAIOIIMMHU MOBEACHUE OOBEKTOB B
MUK-PO-, MAaKpO- U METaMUPE, C COCTOSIHUEM NIEPEIHET0 Kpasi pU3nuecKoi HayKH;

- TpUOOpETEHHE HABBIKOB JKCIEPUMEHTAJIBHOTO HCCIEeNOBaHUS  (U3MUECKUX
MIPOILIEC-COB, OCBOEHUE METO/I0B MOJy4eHHs U 00pabOTKU SMIUPHUUECKON HHOpMALINK;

- U3y4YeHHE TEOPETUUYECKHX METOJIOB aHaiu3a (PU3MUECKUX SBJIEHUM, pacueTHBIX
NpOo-LEAyp U AITOPUTMOB, HanOoJIee IUPOKO NPUMEHSIEMBIX B (pU3HKe.

2 MecTo TUCHMIUTHHBI (MOAYJIs1) B CTPYKTYpe 00pa3oBaTe/IbHOMH MPOrpaMMbl

HucuumnuHa @dusumka BXOAMT B 00s3aTesibyl0  4acTb  y4eOHOro  IUlaHa
00pa30BaTeIbHON IPOrPaMMBI.

JUis  u3ydeHuss  QUCLMIUIMHBL  HEOOXOOUMBbl  3HaHWsS  (YyMEHMs, BJIAJICHUA),
c(OopMUPOBaHHBIE B PE3yJIbTATEe U3YUEHHS AUCLUUIUIMH/ IPAKTUK:

Nzyuenune puzuku 6asupyercs Ha 3HAHUAX, YMEHUSAX U HaBbIKaX, cOPMHUPOBAHHBIX B
pe-3yJbTaTe NOJyUYEeHUsl CpeJHEro (II0JHOro) 001ero oopa3oBaHus U 3HAHUM TaKUX Pa3/ieioB
MaTeMaTHKH Kak AuddepeHImManbHOoe W UHTErpajibHOE McUHcleHue, AuddepeHnmanbabe
ypaBHEHMsI, BEKTOPHBIN aHaJM3, TUHEHHas anredpa, ypaBHEHUs] MaTeMaTudeckoi usuxu. 13
pa3enoB XUMHH HE0OX0IMMO 3HATh eproAnUecKyto cuctemy Jl.JM1.Menneneesa, CTpyk-Typy
NEePUOJINIECKON CHCTEMBbI, CTPOECHHE aTOMa, OJJIEKTPOHHbIE M 3IIEKTPOHHO-TpauyecKue
(OpMyJIBI 3JIEMEHTOB, OCHOBHBIE 3aKOHBI CTEXMOMETPHUYECKHE XMMUH, 3JIEKTPOXUMHUIO. Tak
e HeoOX0JIMMO MMETh TPeICTaBICHUE O BHIOPAHHOM CrelMaIbHOCTH U3 Kypca « BBeneHue B

CIELHUAIBHOCTDY.
3uHanus (YMEHUs, BIIaICHNs ), IOy YeHHbIE IPU U3YYCHUHU JaHHON TUCIUILIMHBL Oy Iy T

HEOOXOAMMBI JJIS U3YUYECHUS TUCIUIUTUH/TIPAKTHK
Teoperndeckast MEXaHUKA
TeopeTnueckue 0CHOBBI AJEKTPOTEXHUKU
[Ipukinagnas MmexaHuka
[Tpon3BoOACTBEHHAS-TEXHOJIOTHYECKAS TPAKTHKA
DNEKTPUYECKUE U DIIEKTPOHHBIE aIlliapaThl

3 KomneTteHuuu ody4aromierocsi, popMmupyembie B pe3yJbTaTe OCBOECHHS

AUCIHMUIIJIUHBI (MOAYJIs1) M IUIAHUPYeMbIe Pe3yJabTAThI 00yUeHUsl

B pesynbraTte ocBOCHHMS MUCHMIUIAHBI (MOayss) «Du3nka» 00ydaronuiics TOJDKEH
00J1a/1aTh CIICTYIOMUMHU KOMITCTCHIHSIMHU:

KO}I HHAWKATOpa I/IHHI/IKaTOp JOCTHXXCHUA KOMIIECTCHIINHN

OIIK-3 Crioco6eH MpuMeHsTh COOTBETCTBYIOIMNN (PU3UKO-MaTeMaTHUECKUI anmapar, METO Ibl
aHaJ M3a M MOJEIMPOBAHMS, TEOPETUYECKOTO M IKCIEPUMEHTAJIBHOTO WCCIEIOBAHHS TIPU
peneHny MpodecCHOHATBLHBIX 3a/1a4

OIIK-3.1 Ucnonp3yer MeTonbpl aHaM3a W MOJICIMPOBAHUS MPU  PEIICHUU
npodeccuoHanbHBIX  3aJa4, MOJEIUPOBAaHMM M  MNPOEKTUPOBAHUU
SHEPrOCUCTEM

OIIK-3.2 CnocobeH TpHUMEHSATH COOTBETCTBYIOUIMI (DU3UKO-MaTeMaTUYECKUil
anmnapar Mmpu TEOPETHYECKOM U IKCIIEPUMEHTAIBHOM HCCIICIOBAHUH B
PEIICHHUH 33]1a4 YHEProcOepeIKSHHUS




4. CTpykKTypa, 00bEM H coep:kaHue TUCIUILTHHBI (MOTYJIs1)
OO01mas TpyJ0eMKOCTh JUCIUIUIAHEI cocTaBisieT 11 3aueTHbix equHuI] 396 akaj. 9acoB, B TOM
qucie:

— KOHTaKTHas pabota — 23,8 akaj. 4acoB:

— ayauropHas — 18 akan. yacos;

— BHeayauTopHas — 5,8 akaJ1. 4acos;

— caMocCTosATebHas paboTa — 354,8 aka1. 4acos;

— B popMe npakTuIecKoi moarotosku — 0 akas. gac;
— MOJITOTOBKA K dK3ameny — 17,4 akan. gac

dopMa aTTecTalyu - YK3aMEeH

AynuTtopHast s e
KOHTaKTHas padora E = DopMa TeKyILero
=
Pasnex/ Tema g (B akaj. yacax) g = Bug 3 KOHTPOJIS Kox
> & ©|caMOCTOSsITEBHOMN | YCIIEBACMOCTH H
JUCLUTITHBI T (> . | xommereHIIM
O H paboThI TIPOMEXYTOUHON
nab. |mpakr. | € & ATTECTAIIII
Jlex. 5 1
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1. ®usnueckrie OCHOBBI MEXAHHMKH




11 Kunemarukal
MaTepUalbHONH  TOYKH |
MIO-CTYIATEeIBHOTO JIBUKCHHSI
a0COJIIOTHO TBEpPJOTrO Tela.
YpaBHEHUS IBIKCHUS.
JluHamuka ~ MaTepUalIbHOM
TOYKH W TIOCTYNa-TeIBHOTO
JIBUOKEHUS a0COJIIOTHO
TBEPJIOTO  Telna  3aKOHBI
Herotona.

KunemaTika W JWHAMHKA
BpAIATEJILHOTO  JIBHIKEHHUS
TBepAoro Ttena. MoMeHT
CHJIBI, MOMEHT HHEpLHH,
MOMEHT UMITYJIbCA.

Cunpl B MexaHuke. Cuiibl
yrpyroctd u Tpenus. Cuia
TATOTEHUS. 3akoH
BCEMHPHOTO TATOTEHMSL.
Wueprmansueie u
HEUHEP-IHAJbHbIE CHCTEMB]
orcyera

Pa6ora, MOIIHOCTD,
MEXaHHYecKasi JHEeprus IpH
MIOCTYNaTEIbHOM u
BpalATEIGHOM  JIBIDKE-HHUH.
3aKOHBl ~ COXpaHEHHs B
KJIACCHYECKOMN MEXAHUKE.
3aKOHBl  COXpaHEHHs H
CHMMETPHS B IPUPOJE.
[puHIMIT OTHOCHUTENBHOCTH
B MEXaHHKe. OCHOBEHI
PENSATUBUCTCKON ~ MEXaHUKH
Io-cTynatet OlHIITeiHa.
IpeobpazoBanust Jlo-penna,
CJIC/ICTBHS, CBSI3b c
peoOpa3oBa-HUAMHU
Tamunes. DJeMEeHTHI
PENATUBUACTCKON  JIMHAMIKH:
AMIYJIBC,  Macca,  CBsI3b,
SHEPTUM C HMIYJIbCOM H
Maccoi.

0,5

IloaroroBka K,
MIPaKTHYECKOMY,
11a60paTOPHO-
MIPAKTHYECKOMY
3aHATHIO.
Broimonsenune
MTPAKTHYECKUX
3aJJaHUN

VYerHbIi ompoc.
JlaGopatopHsble
paboThL.
IIpoBepka
WHAWBUAYATBHBIX
3a-JaHui
TectupoBanue

OIIK-3.1,
OIIK-3.2

Wroro no pazneny

0,5

2. MonekynspHas  (u3MKa
TePMOJAMHAMIKA




2.1 Ousnyeckue OCHOBHI
MOJIEKYJISIPHO-KUHETUYECKON
TEOPHH. YpaBHeHue
COCTOSIHUSL MJICaJIbHOTO Ia3a.
TepMmoanHamMuyeckue
(YHKIMY U COCTOSHUS
IIpuHIUIBL CTATUCTHYECKOTO
OIMCAHUS CHCTEM YaCTHII.
OyHKINUN pacmpeneseHnu
Makcseinna u bonpimana.
IlepBoe Ha4aJo
TEPMOJUHAMUKH.
Tepmoau-HamMmuyeckue
MOTEHIUATIBL.

Bropoe Hayaiuo
TEPMOJMHAMUKH.
Tepmoau-Hamuyeckas
BEPOSATHOCTb M DHTPOMHUSL.
TenuoBble ABUTATENN.

0,5

TloaroroBka Kk,
MIPaKTHYECKOMY,
n1abopaTopHO-
MIPaKTHYECKOMY
3aHSTHIO.
Brimonnenue
MPaKTUYECKUX
3aJIaHui

YeTHBI ompoc.
JlaGopatopHble
paboThL.
IIposepka
WHIMBH TyaJIbHBIX
3a-J1laHAN
TectupoBanue

OIIK-3.1,
OIIK-3.2

HUroro no pazneny

0,5

3. DNeKTpUIECTBO U MAarHETU3M

3.1 DJNeKTpocTaTHKa B
Bakyyme u BemiecTBe. [loTok
mupkymsinust E. Tlotenmman.
VYpasue-Makcgesia IS
3JIEKTPOCTATUYECKOTO TIOJIS.
ONeKTpoMHAMHUKA.
Knaccuueckast snex-TpoHHas
TEOpUs 3JIEKTPOIPOBOJHOCTH
Me-TaJUIOB. 3aKoHb]
MOCTOSHHOTO TOKa. IlpaBmiia
Kupxroga.

MarsuToctatuka B BaKkyyme
u BemectBe. Cuna Jlopenna,
cuta Awmmnepa. Ilorox wu
uupkysiuust B, Buxpesoit
XapakTep IMOJsl. YPaBHEHUS
Makxkcsemnia JUTSt
MarHUTOCTATHYECKOTO MOJIS.
IIpyHIMD  OTHOCUTEIBHOCTU
B 3JIEKTPO-JMHAMHUKE.
DJeKTpOMarHuTHas u
MarHUTO-3JIEKTpUYECKast
WHIYKIUS. YpaBHeHHS
Makcsenna. MarepuanbHble
YpaBHEHHSI JJIsi OJHOPOJIHON
M30TPOIHON Cpebl.
ONEeKTPOMarHuTHHIE BOJHBL
Boanosoe YpaBHEHUE.
[kana SMB.

IloaroroBka K,
MIPAKTHYECKOMY,
11ab0paToOpHO-
MIPAKTHYECKOMY
3aHSATHIO.
Brmonnenne
MPAKTHYSCKUX
3aJIaHuH.

YeTHBI omnpoc.
JlaGopatopHsble
paboThL
IIposepka
VH/IUBUTyaJIbHbBIX
3a-JaHUM
TectupoBanue

OIlK-3.1,
OI1K-3.2

Uroro no pazaeny

4, BonHoBas ¥ KBAHTOBAs ONTHKA




4.1 doroMeTpudecKue
xapaktepucTuku. IlpuHnmn
®peHnens-1rolirexca.
Hucnepcus ceera.

Hnrepdepenuus CBETAa.
KorepeHTHOCTB.
Judpaxist CBETAa.

Hudpakuus ~ Dpenensts u
OpayHrodepa.
Tonspuzauus CBETAa.
SBnenue JIBOITHOTO
Jy4enpesoMIIeHUS.
Ilonepeunoctsb
BOJIH.
KopnyckynsipHo-BoinHOBOM
JTyallu3M. doroaddexr,
3¢pdexr Komnrona, ombir
Ba-Buiiona, TOPMO3HOE
PEHTIEHOBCKOE M3I1y-UEHUE.
Wznydenue a0COJIFOTHO
4YyepHOro Tema. [wumoresa
IInanka. Bomusl ne Bpoitms.
TIpuatun
HEOIPECIEHHOCTH.

CBCTOBBIX

0,5

TloaroroBka Kk,
MIPaKTHYECKOMY,
n1abopaTopHO-
MIPaKTHYECKOMY
3aHSTHIO.
Brimonnenue
MPAKTUYECKUX
3aJIaHuH.

VYerHbI ompoc.
JlaGopatopHble
paboThL.
IIposepka
VHIMBUTyaJIbHbBIX
3a-J1aHAN
TectupoBanue

OIIK-3.1,
OIIK-3.2

HUroro no pazaeny

0,5

5. OCHOBHBIE
KBaHTOBOM MEXaHUKU.

ITOJIOXKCHU A

5.1 KBaHTOBBIE COCTOSHHSL.
BomHoBas QyHKUMS U ee
¢buzngeckuit CMBICIL.
IpuHIUI ~ cymepo3u-Iyy.
YpaBHeHUe Ipenunrepa,
KBaHTOBBIC ypaBHEHHS
JIBIKCHHS. OrmepaTopsl
(u3MYe-CKIX BEJIMYHH.
Hexotopsle 3a71a9n
KBaHTOBOH MEXaHHKH.
Yactuia B MOTEHIMATIBHON
sme. KBaHTOBaHHE SHEPTUN.
TyHHENBHBIN 3 dexT.
Anbda-pacmag Kak ImpuMep
TYHHEIILHOTO s dekra.
XonogHas IMUCCHUSA
3JIEKTPOHOB.

I'panuIs! HNPUMEHUMOCTH
KBaHTOBOM MeXa-HUKH.
PensTuBucTcKas "
HEpEeJISATUBHCTCKAS
KBaHTOBAsi MEXaHHKa

IloaroroBka K,
MIPAKTHYECKOMY,
11abopaToOpHO-
MIPAKTHYECKOMY
3aHATHIO.
Brmonnenne
MPAKTHYSCKUX
3aJIaHuH.

YeTHBI ompoc.
JlaGopatopHsble
paboThL
IIposepka
VH/IUBUTyaJIbHbBIX
3a-JaHUM
TectupoBanue

OIlK-3.1,
OIlK-3.2

Uroro no pazneny

6. AtomHas u siepHast Guznuka




6.1 DieKkTpoHBI B aToOMax.
ATOM BOZOpOAa B KBAaHTOBOI
MEXaHUKe. KBanToBanue
SHEPIUH, MOMEHTa UMITYJIbCa
U €ro MPOEKIIHH.
MHOro3JIEKTPOHHBIE  ATOMBI.
OJEeKTPOHHBIE cion u
obonouku. Ilepuonuueckas
cucrema /.. Menneneesa.
Wznydenue aTOMOB.
OHepreTH4ecKuit CIIEKTp
aToma BOJOpOJa.
OHepreTH4ecKuit CHIEKTP
aTOMOB U MoJeKyi. Jlazepsbl.
Monekynbl. Bunpr cBsizeit.
OneMeHTapHbBIE YacTHLBl U
aapa.

CocraB sijiep, MX CBOMCTBa,
n3otonsl.  Mogenu  spa,
YCTONYHBBIE u
HeycToWuuBblie supa. Jledekr
Macc u sHeprus cBsi3u. llytu
TIOTy-YEHHUS SITEPHOM
JHEPIHH.

PannoakTUBHOCTE. Bunsl
pPamMoOaKTUBHBIX  PacIHaoB.
3akoH paIuoaKTUBHOTO
pacmana.  BsaumopelicTBue
W3NMY4eHHsT C  BEUIECTBOM.
0361 3ammTa oT
PaZMOaKTUBHOTO U3Ty4eHUSI.

0,5

TloaroroBka Kk,
MIPaKTHYECKOMY,
11a60paTOPHO-
MIPAKTHYECKOMY
3aHATHIO.
Bromonnenue
MPAKTHYECKUX
3aJJaHUI.

VYerHbIi omnpoc.
JlaGopatopHsble
paboThL.
IIposepka
VH/IUBHTyaJIbHbBIX
3a-J1aHuN
TectupoBanue

OIIK-3.1,
OIIK-3.2

Hroro no pazageny

0,5

Hroro 3a cemectp

OK3aMCH

Hroro o JUCHUITIIMHE

OK3aMCH




5 O0pa3oBaTtesibHbIE TEXHOJIOTUH

Jns  peanuzauuu  NPEAyCMOTPEHHBIX BHAOB YyueOHOW pabOThl B KadecTBE
00pa3zoBa-TEIbHBIX TEXHOJOTHA B MPETOJAaBaHUM JUCHHUIUTHHBI «DU3MKa» HCHOIB3YIOTCS
TpaJMIIMOHHAS ¥ MOJTYJIPHO-KOMIIETEHTHOCTHAS TEXHOJIOTHH.

TpagunuonHasi TEXHOJOTHs OOYdYeHHs, BKIIOUAET B ceOsl ciymiaHue OObsSICHEHUS
npenojaBaTens (JeKuuu), padoTy C y4eOHBIM MaTepUalOM, BBINIOJIHEHHE MPAKTUIECKUX
neiictBuil (mpaxkTuyeckue 3aHATHA). [lepenaya HEOOXOOUMBIX TEOPETHUUECKUX 3HAHUNA U
(dbopMUpOBaHHE OCHOBHBIX TMPEICTaBICHHH 1O Kypcy «DU3UKa» TMPOHUCXOIUT C
WCTIOJIb30BaHNEM MYJIBTUMEIUHHOTO 00OpynoBaHus. TeXHOJIOTHS OpHWEHTHPOBAaHA Ha
nepenavyy 3HaHWM, YMEHUI U HAaBBIKOB U 00€CIeYMBAET YCBOCHUE yYAIlUMUCS COJEpKaHUS
00y4eHus1, MPOBEP-KY U OLIEHKY €ro KauecTBa Ha pEerpOayKTUBHOM yPOBHE.

Hapsiay ¢ TpaaulmoHHON TEXHOJIOTHEH MCIOJIB3YETCsl MOYIbHO-KOMIIETEHTHOCTHAS
TexHoJorus. Peanusaius KOMOETEHTHOCTHOTO TMOX0/a OCYILECTBISECTCA UCIOIb30BAHUEM B
y4eOHOM IpoLecce CIEAYIOIINUX METO/I0B:

a) IT - npuMeHeHne KOMIIBIOTEPOB JJIs JoCcTyMa K MIHTepHeT-pecypcam, IpUMeHEHHe
0o0ydJaImux MpOoTrpaMM C LEJIbI0 paclUpeHus HWHGOOPMAIMOHHOTO TIOJIS, TOBBIIICHUS
CKOPO-CTH 00paboTKH U mepeaadu uHpopmaimu, odbecrnedeHus yao0cTBa IpeoOdpa3oBaHus U
CTPYK-TypupoBaHus HHpOpMamu sl Tpanchopmalyu ee B 3HaHHE (MPAKTUUYECKUE 3aHATHUS,
MOJI-TOTOBKA K KOHTPOJIBHOMY T€CTUPOBAHHIO);

0) KOHTEKCTHOTO OOydYeHHs - MOTHBALMS CTYJCHTOB K YCBOCHHUIO 3HAHUU MyTeM
BHI-SIBJICHUSI CBSI3e MEXAY KOHKPETHBIM 3HAaHMEM U €ro MpUMeHeHHeM (JabopaTopHbIe
3aHs-THS);

B) paboTa B KOMaHjae€ — COBMECTHAs [ESITEeNbHOCTh CTYJEHTOB B TpYIIE IO
PYKOBOJICTBOM JIMZIepa, HAIIpaBJICHHAsI HA pPellleHre O0IIel 3a1aui CUHEPTHIHBIM CJI0KEHHEM
pe-3yJIbTaTOB WHAMBHAyaIbHONH pabOThl WIEHOB KOMaHABI (JabopaTopHBbIC 3aHSITHS,
pacueTHO-TpaduyecKue paboThl).

CamocrosTensHass paboTa CTYJEHTOB CTUMYJIHUPYET CTYIEHTOB K CaMOCTOSTEIHHON
nepepaboOTKE TeM B Mpolecce MOATOTOBKM K chade JadopaTOpHBIX padOT M pelieHUs
JIOMAIITHUX TPAKTHYECKUX 3aJaHUM.

6 YueGHO-MeTOIMUECKOE 00ecneueHHe CaMOCTOS TeJIbHOM PadoThl 00y4al0LUXCsl
[Ipencrasneno B npuiioxxenuu 1.

7 OueHo4YHbIE CPeACTBA /1J1sl IPOBeAeHUs IPOMEKYTOUYHOI aTTeCTAlUU
[IpencraBieHb! B IPHIOKEHUH 2.

8 VYueOHo-MeTOomMUecKoe H HHGOpPMaANMOHHOE o0ecneyeHHe JTHCIHILINHBI

a) OcHoBHAas JuTEpPaTYypa:

1. I'pabosckuii, P.1. Kypc ¢pusuku [DnexktponHbIil pecypce] : yuebHnoe mocooue / P.1.
I'paboBckuit. — DnektpoH. nan. — Cankr-IletepOypr : Jlans, 2012. — 608 c. — Pexum
nocryma: https://e.lanbook.com/book/3178. — 3aru. ¢ sxpana.

2. Poraues, H.M. Kypc ¢usuku [Daekrponnsiii pecypc] : yuebHoe nmocobue / H.M.
Po-raueB. — DOnekrpon. nan. — Cankrt-IletepOypr : Jlanp, 2010. — 448 c. — Pexum
nocryma: https://e.lanbook.com/book/633. — 3ari1. ¢ skpaHa.

0) lonosiHUTeIbHAS JINTEpPAaTYypa:

1. ®usuka : yueonuk / A.A. [Munckuii, I'.1O. I'pakoBckuii ; moa o6, pea. FO.M. JTuka,
H.C. IlypsbrueBoit. — 4-e u3a., ucnp. — M. : DOPYM : UH®PA-M, 2017. — 560 c. : un. —
(Cpennee npogeccuoHaIbHOe oOpa3oBaHue). - Pexxum JoCTyTa:
http://znanium.com/catalog/product/559355.

2. CaBenbes, U.B. Kypc ¢pusuxu (B 31T1.). Tom 1. Mexanuka. MonekynsipHas



¢dmsuka [DnekTpoHHbI pecypc] : yueOHoe mocooue / M1.B. CaBenbeB. — DIICKTPOH. JaH. —
Cankr-Ilerep6ypr :  Jlamp, 2018, — 356 c¢. — Pexum  gocryna:
https://e.lanbook.com/book/106894. — 3ari1. ¢ 3kpaHa.

3. CaBemneB, U.B. Kypc o6meii ¢usukn. B 5-u tr. Tom 2. DiektpudecTtBo u
MarHeTusM [DIeKTpoHHbIH pecypc] : yueoHoe nocooue / .B. CaBenbeB. — DIEKTPOH. 1aH. —
Cankr-Ilerep6ypr :  Jlamp, 2011. — 352 c¢. — Pexum  gocryna:
https://e.lanbook.com/book/705. — 3aru. ¢ skpana.

4. CasemseB, .B. Kypc o6mieit puzuku. B 5-u T1. Tom 3. MonekynsipHast ¢pusuka u
TepMOIMHAMHKKA [ DJIEKTPOHHBIN pecypc] : yueOHoe nocobue / 1.B. CaBesbeB. — DIEKTPOH.
nan. — Caskr-Ilerepoypr : Jlawp, 2011. — 224 c¢. — Pexum pgocrymna:
https://e.lanbook.com/book/706. — 3aru. ¢ sxpana.

5. CasemseB, N.B. Kypc o6Omeit ¢usukn. B 5-u tr. Tom 4. Bomnel. Ontuka
[Dnekrpon-HBId pecypc] : ydeOHoe mocobue / M.B. CaBenbeB. — DIEKTPOH. JaH. —
Cankr-Ilerepobypr @ Jlamp, 2011. — 256 c¢. —  Pexum  pmocryma:
https://e.lanbook.com/book/707. — 3aru. ¢ sxpana.

6. CaBenweB, M.B. Kypc obmeit ¢msuku. B 5-u tr. Tom 5. KBanroBas onruka.
AtomHas ¢usuka. OPusnka TBepaoro tena. Guznka aTOMHOTO spa U SJIEMEHTAPHBIX YaCTHII
[DrextponHbIii pecypc] : ydeOHoe mocobue / W.B. CaBenbeB. — DJEKTPOH. JaH. —
Cankr-Ilerep6ypr :  Jlamp, 2011. — 384 c¢. — Pexum  jocryna:
https://e.lanbook.com/book/708. — 3ar. ¢ skpaHa.

7. I'paboBckuii, P.M. CoopHuk 3amay mo ¢usuke [DIEKTPOHHBIN pecypc] | yueOHoe
no-coo6wue / P.1. I'paboBckmii. — DnektpoH. gan. — Cankr-IlerepOypr : Jlans, 2012. — 128 c.
— Pexxum nocrymna: https://e.lanbook.com/book/3899. — 3arm. ¢ sxpana.

8. Kypc oOmeit ¢pusuku B 3agayax [DneKTpoHHBIN pecypc] : yueOHoe nocobue / B.O.
Ko3noB [u mp.]. — DnektpoH. naH. — Mocksa : @mmatiut, 2010. — 264 ¢. — Pe-xum
nocryna: https://e.lanbook.com/book/2214. — 3arn. ¢ skpana.

9. KoukuH lO. I1. ®duszuka [DnexrponHsiit pecypce] : yueoHoe nocodue / 0. I1. Koukun
; MI'TY. - Marauroropck : MI'TY, 2015. - 55 c¢. : wm, Tabu - Pexwum pocryna:
https://magtu.informsystema.ru/uploader/fileUpload?name=1212.pdf&show=dcatalogues/1/1
121331/1212.pdf&view=true. - MakpooOBEKT.

10. Koukun 1O. II. ®usuka [DnekTpoHHbIH pecypc] : yuedbnoe nocodue / 0. II.
Koukun ; MI'TY. - Maruuroropck : MI'TY, 2016. - 1 snekrpon. ont. auck (CD-ROM). -
Pe-xum JIOCTyTIa:
https://magtu.informsystema.ru/uploader/fileUpload?name=2345.pdf&show=dcatalogues/1/1
129985/2345.pdf&view=true. - MakpooOBbEKT.

11. ®usuka [DnekTpoHHbIH pecypc] : yuednoe nocodue. Y. 1/ E. C. KopsiTHHKOBA, JI.
A. Onep, JI. A. Hukonoposa u ap. ; MI'TY. - Maraurtoropck : MI'TY, 2016. - 1 s1ek-TpoH.
OITIT. TTUCK (CD-ROM). - Pexum JOCTyTIa:
https://magtu.informsystema.ru/uploader/fileUpload?name=2560.pdf&show=dcatalogues/1/1
130362/2560.pdf&view=true. - MakpooOBbEKT.

12. ®uszuka [DnekTpoHHbIH pecypc] : yaeoHoe nmocobue. U. 2/ E. C. KopsiTHukoBa, JI.
A. Opnep, JI. A. Hukonoposa u np. ; MI'TY. - Marauroropck : MI'TY, 2016. - 1 snex-TpoH.
OIIT. JTUCK (CD-ROM). - Pexxum JIOCTYyTIA:
https://magtu.informsystema.ru/uploader/fileUpload?name=2557.pdf&show=dcatalogues/1/1
130359/2557.pdf&view=true. - MakpooOBEKT.

B) MeToan4yeckue yKazaHus:

1. Aceutryxuna I'. H. ®usuka [DnekTpoHHBIN pecypc] | MeToauueckoe nocooue s
CaMOCTOSATENILHOM MOATOTOBKY K TabopaTopHbIM 3aHATHAM. Y. 1. Mexanuka u MoJe-KyJisipHas
¢uzuka / T'. H. Acbuiryxuna, C. M. INonosusuus, C. I'. Murpanosa ; MI'TY . - Marautoropck
: MITY, 2012. - 1 onekrpon. ont. guck (CD-ROM). — Pe-xum jgoctyma:
https://magtu.informsystema.ru/uploader/fileUpload?name=2933.pdf&show=dcatalogues/1/1
134650/2933.pdf&view=true.



- MakpooOBeKT.

2. dusuka [DIEKTPOHHBIN pecypc] | METOIUUECKOe MOCOOUe I CaMOCTOSTEIbHON
HOATOTOBKH K JIAOOpATOPHBIM 3aHsATHAM. Y. 2. DnekTpuyecTBO U MarHetusm, ontuka / I'. H.
Acpurryxuna, C. M. TomoBusnun, C. I'. Murpanoa, E. C. CadonoBa ; MITY. -
Marnuroropck : MI'TY, 2012. - 1 snexrpon. ont. auck (CD-ROM). - Pe-xum poctyrma:
https://magtu.informsystema.ru/uploader/fileUpload?name=2991.pdf&show=dcatalogues/1/1
134925/2991.pdf&view=true. - MakpooOBbEKT.

3. Mexanuka. MonekyinsipHas ¢uU3MKa ¥ TEPMOJUHAMUKA [DJIEKTPOHHBIN pecypce] :
na-6oparopusiii mpaktukyMm / E. H. Acranos, 3. H. Botuesa, JI. C. Jlomkerkosa u ap. ; MI'TY.
- Marauroropck : MI'TY, 2016. - 1 snekrpon. ont. auck (CD-ROM). - Pe-xum mocryma:
https://magtu.informsystema.ru/uploader/fileUpload?name=2420.pdf&show=dcatalogues/1/1
130121/2420.pdf&view=true. - MakpooOBEKT.

4. Kopueea H. B. ®dwusuka [DnexTtpoHHBIM pecypc]| : pabouas TeTpanb s
BBINOJIHEHMS JTabopaTtopHeix padot / H. B. Kopueesa ; MI'TY. - Maruutoropck : MI'TY, 2015.
- 1 3JIEKTPOH. OIIT. JTCK (CD-ROM). - Pexum JOCTYyTIA:
https://magtu.informsystema.ru/uploader/fileUpload?name=1412.pdf&show=dcatalogues/1/1
123927/1412.pdf&view=true. - MakpooOBEKT.

5. Mexanuka. MosekynspHas Qu3nka U TepMOJUHAMHKA [DJIEKTPOHHBIN pecypc] :
na-6oparopusiii npaktukyM / E. H. Acranos, 3. H. Botresa, JI. C. Jlomkenkosa u ap. ; MI'TY.
- Maruautoropck : MI'TY, 2016. - 1 snekrpon. ont. quck (CD-ROM). - Pe-xum nocrymna:
https://magtu.informsystema.ru/uploader/fileUpload?name=2420.pdf&show=dcatalogues/1/1
130121/2420.pdf&view=true. - MakpooOBeKT.

r) [IporpammHoe oGecnieuenne u UHTepHeT-pecypcebl:

IIporpammHuoe o6ecneyenmne

Haumenoanue [10 Ne norosopa CpoK neicTBUs JTULIEH3U T
7Zip CBOOOJIHO _ pacrpoCTpaHsIeMoe OeccpouHO
Kaspersky Endpoint
Security mis J1-300-18 ot 21.03.2018 28.01.2020
ouzHeca-CtaHIap THBIN
MS Windows K-171-09 o1 18.10.2009 O6eccpouHO
7(beaopenk)

MS Office
2007(Beoperx) K-171-09 oT 18.10.2009 OGeccpoUHo
IIpodeccunonanbubie 0a3bl JaHHBIX 1 HH(POPMALMOHHbIE CTIPABOYHbIE CHCTEMbI
HasBanue kypca Cchpuika
®denepanbHOE TOCYAAPCTBEHHOE OI0/IKETHOE YUpEKICHHUE
«DenepanbHblit HUHCTUTYT npombinuiennoi [URL: http://www1.fips.ru/

COOCTBEHHOCTIH
Nudopmammonnas cucrtema - EnuHoe OKHO nocTyma K
HH()OPMAIMOHHBIM pecypcam

URL.: http://window.edu.ru/

IMouckosas cucrema Akanemus Google (Google Scholar) |URL: https://scholar.google.ru/




HanmonanpHas HH(OpPMaIMOHHO-aHAIUTUYECKast
cuctema — Poccuiickuil MHAEKC HAyYHOIO HUTUPOBAHUS
(PUHLL)

DnekTpoHHas 6a3a nepuoanveckux u3ganuii East View
Information Services, OO0 «MIBUC»

9 MarepuajibHO-TeXHHYECKOe o0ecnevyeHne JUCIMILIHHBI (MOaYJIsl)

URL.:
https://elibrary.ru/project_risc.asp

https://dlib.eastview.com/

MarepuanbHO-TEXHHYECKOE 00eCTIeYeHUE TUCITUTUINHBI BKITFOYAET:

VYueOHble ayauTOpWUU JJI1 TPOBEACHHS 3aHSATUN JIGKIIMOHHOTO THIA. Y4YeOHbIe
aAyUTOPUH JUIS TIPOBEICHUS] TPAKTUYCCKUX 3aHSATHHA, TPYNIOBBIX W HWHAWBHIYAJIBHBIX
KOHCYJIbTAIIMM, TEKYIIEro KOHTPOJS M MNPOMEXKYTOYHOM arrectaiu. (OcCHaleHHeE:
MYJIbTUMEANMHBIE CPEACTBA XPAaHEHUsI, Iepeaun U MPEACTaBIeHUs HHPOpMaLUU

Harnsguele maTepuanbl: cripaBOYHbIE TaOJMIBI, MEYATHBIM pa3gaTOYHBIM MaTepuai
(3amaHus 1711 KOHTPOJILHBIX paboT); y4eOHUKH U yUeOHbIC TOCOOHS;

Habopb! Harms AHBIX TOCOOMI IO TeMaM:

«®Duzuka B muax. ®ororpaduu u kpaTkas Hay4dHast Ouorpadus»

«Mexanuka. MnmoctpaTUBHBIN MaTepHa sl TSK U

«MoumnekynsipHas (pu3MKa U TepMOIUHAMHUKA. VIITIOCTpaTUBHBIN MaTepua I JTSKIUiD)

«DNeKTpoAMHAMUKA U MaTHEeTU3M. VIIIIOCTpaTUBHBIN MaTepyat s JISKIIHii»

«Onrtuka. AToMHas u siaepHas Gusuka. UmmocTpaTUBHBIN MaTepran s TIEKITUN»

VYyeOHast ay TuTOpHs [ IPOBEACHUS 1ab0PaTOPHBIX paboT: 1abopaTopus MEXaHUKH U
MoJieKyJsipHOH  ¢u3uku. OcHamenue: MasaTHuK OOepOeka, TpuwIipHBI MOJBEC,
KPYTHJIbHO-0QJUTUCTHYECKU I MasiTHUK, MaTEMaTHUECKUI MasiTHUK, PU3NUECKUI MasTHUK, HACOC
KoMmoBckoro, mepurensHble  NpUOOpPHI  (IITAHTCHIMUPKYJb, MHKPOMETpP, CEKyHAOMED,
PaBHOIUIEYHBIE BECHI).

VYyeOHast ayauropusi JAis  TNpoBeneHHs Ja0opaTopHBIX — paboT: mabopaTtopus
AJIEKTPUYECTBA U MarHETU3MA, A/IepHOM U KBaHTOBOH (pu3uku. OcHameHue: MocT nepeMeHHOTo
TOKa, MUKpOcKkom, pedpaktomerp A60e ([TPD-22), xonbiia Hetotona, ctumockon CJI-11A,
ocumtorpag AO-70, MepurenbHbIe TPUOOPHI (aMIIEPMETP, BOJILTMETP, aBOMETD).

[Momemenus st caMOCTOSITENbHOM paboThl 0Oyvaronuxcsi. OCHaIleHHE : TePCOHATbHBIE
kommbloTepel ¢ naketom MS Office, BeixoqoM B MHTEpHET M C JOCTYNOM B 3JICKTPOHHYIO
UH(POPMAITMOHHO-00Pa30BaATEIILHY IO CPEAy YHUBEPCHTETA.

[Momemenne panst XpaHeHHs ©  NPOQPUIAKTHYECKOTO OOCIY>KMBaHUS y4eOHOTO
obopynoBanusa. OcHalleHue: MecTa Uil XpaHeHUs y4deOHO-HarisHbIX MocoOuil U
y4eOHO-METOIMYECKOM JOKYMEHTaIUN

Ipuioxenue 1
YueOHO-MeTOAMYECKOEe 00eclieueHHe CAMOCTOsITeIbHOI padoThl CTY1€HTOB

CamocrosTenbHas paboTa CTyJE€HTOB B XOJI€ ayAUTOPHBIX 3aHATHHA OCYILIECTBIISAECTCS
M0J1 KOHTPOJIEM MpenojaBaTelisi B BUIE BBHIMOJIHEHUS NMPAKTHYECKUX, JJAOOPAaTOPHBIX padoT,
KOTOpBIE OIpeiessieT MpenoiaBareib AJisl CTyIeHTa.

BueaynuropHas camocrosiTesbHas pa0oTa CTYJIEHTOB IpEArNoJjiaraeT MOArOTOBKY K
JIEKIIMOHHBIM U TMPAKTHYECKUM, JIAOOPATOPHBIM 3aHATHAM, K TECTUPOBAHUIO; BBIIIOJHEHHE
CaMOCTOSTENIbHBIX PAa0OT; H3yUEHHE SJCKTPOHHBIX YUYEOHMKOB; MOJArOTOBKY K 3aueTy H
JK3aMEHY.

[To manHO# nUCHMIUIMHE TPETyCMOTPEHBI Pa3lIWYHbIE BUABI KOHTPOJS PE3yIbTaTOB
00y4eHUs1: YCTHBIN OTPOC, TECTUPOBAHKUE, 3aIIUTa TOMAIIHUX 33]a4, 1a00paToOpHBIX padoT.

Hepeqenb TEM IJISl TOATOTOBKHU K NMPAKTHYICCKUM 3aHATUAM:



1. Mexanuka

1.1. KunemaTuka MaTepuanbHON TOYKU U MOCTYNATEIBHOTO JBUKEHUS a0COIIOTHO
TBEPJOTO Tesa. YpaBHEHUS ABWKEHUs. JJMHaMuKa MaTepraabHOM TOUKH U MOCTYIIATENIbHOTO
JBIDKEHUST aOCOJIFOTHO TBEp10T0 Tena 3akoHbl HeloToHA.

1.2. Kunemaruka u JUHaMHKa BpallaTeIbHOTO JABMKEHUS TBEpAOTOo Tena. MoMeHT
CHWJIbI, MOMEHT UHEPIIMH, MOMEHT UMITYJIbCA.

1.3. PaboTa, MOIIIHOCTb, MEXaHUYECKAsl SHEPTHUS MPU NMOCTYNATEIHHOM U
BpallaTeIbHOM JBMKEHUHU. 3aKOHBI COXPAHEHUs B KIIACCUYECKONH MEXAHHUKE.

1.4. [IpyHIMI OTHOCUTENBHOCTH B MeXaHUKe. OCHOBBI PEISITUBUCTCKOM MEXaHUKHU
[Tocrynarer DitamTeiiHa. [IpeoOpazoBanus Jlopenta, ciaencTBus, CBA3b C MPEOOPa30BAHUAMHU
lNanunest. DneMeHTHI pelnATUBUCTCKON AMHAMUKU: UMITYJIbC, MAcca, CBSA3b YHEPTUH C
UMITYJIbCOM U MacCCOM.

1.5. Kone6aHus 1 BOJIHBI: TAPMOHUYECKUI U aHTAPMOHUYECKUI O CLIILIISITOP.
CBo0OoaHbIe U BBIHYKIEHHbIE KoJieOanus. CiioxxeHue konebannil. Kunemarnka BOJIHOBBIX
nporeccoB Bonnbl B ynpyroit cpene. UnTepdepeniys u 1udpakiys BOJIH.

IlepeyeHb peKOMeHyeMOii JINTePaTypPhbI:

1. Twopun F0.U., Uepnos WN.I1., Kproukos FO.}FO. ®uzuka. Mexanuka: yueOHOe ocoOue.

- CII0.: m3paTenncTBO «JIanb», 2008
2. Twopun IO.M., YepnoB W.II., KproukoB lO.IO. ®usuka. MonekynspHas ¢usnka.
Tepmoaunamuka: yue6Hoe mocodue. — CIIO.: m3parensctBo «Jlanby, 2008
Usnes A.Jl. ®usuka: yuebHoe nocodue. - CII6.: uznarensctso «Jlaub», 2008
Poraues H.M. Kypc ¢pusuxu: Yuednoe nocobue.- CI16: uznarensctBo «Jlaub», 2008
CasenweB U.P. Kypc ¢usuku: yuebHoe nocodue B 3-x 11. T.1. Mexanuka. MonekymnspHast
¢usuka. 9-e u3a., crep. - CI10: m3narensctBo «JIauby, 2007
6. MexaHnueckue U DJIIEKTpUYECKHE KOJeOaHWs W pelIeHHe 3aJad Ha KoJieOaHMs:

Metoanueckas pa3paboTka K MPaKTHYECKUM 3aHATUAM 1o qucuurummHe «Puzukay /C.I.
Murpanosa. Marautoropck: MI'TY, 2007. — 69 c.

7. llentp Macc W pemieHWe 3agad Ha IGHTp Macc: Meroamyeckas pa3pabdoTka K
NPaKTUYECKUM 3aHATUAM 1o qucimiumiae «®Pusuka» /C.I'. MurpanoBa. MarHuTOropcek:
MI'TY, 2007. - 18 c.

8. Pa3zpaborka «3amaHuii K KOHTPOJBHBIM paboTamM» K MPAKTHYECKUM 3aHATHAM IO KypCy
«Dum3uka. Mexanuka. Monekyisipaass ¢usuka u tepmoamnHammuka» /C.I. Mwurpanosa.
Maruutoropck: MI'TY, 2008. — 45 c.

o

2. MonekyasipHasi pu3uKa U TEpMOIUHAMUKA

2.1. ®usnveckre OCHOBBI MOJIEKYJISIPHO-KHHETUIECKOH TEOpUH. Y paBHEHHE
COCTOSTHUS UACATBHOTO Ta3a. TepMoguHaMudeckune QyHKIIUA U COCTOSTHUS . [[puHIITIBI
CTATUCTHUYECKOTO OTIMCAHUS CUCTEM dacTuil. OyHKINH pacnpeaeneHnd MakcBesua u
BompimMana.

2.2. Tpu nHavyana repmonunaMuku. [lepBoe Hauano TepmoauHamuku. Bropoe Havaso
TepMoauHaMUKU. TepMoauHaMuyeckas BEpOSITHOCTb U SHTPOTIIHSI.

2.3. KonnencupoBanHoe cocTosiHue BemecTBa. JKuakoctu. [loBepxHOCTHOE
HaTsKeHue. JlaBlieHue moji M30rHyTOM MOBEPXHO CThIO. DJIEMEHTHI HEPABHOBECHOM
TepMoIUHAMUKH. SIBIeHMs neperoca. JlmiHa ceoboaHoro npobera. Auddysus,
TEIUIONPOBOIHO CTh, BI3KOCTb.

IlepeyeHb pexkoMeHayeMOii JTUTEPATYPHI:

1. Twopun FO.U., Yepno W.II., KproukoB [0.}0. ®uzuka. MonekynspHas Qusuka.

Tepmoaunamuka.: yueOHoe nmocodue. — CII0.: uznarensctBo «Jlanby, 2008

2. UeneB A.Jl. ®usuka: yuedHoe nocobue. - CII6.: uznarensctBo «Jlaupy», 2008
3. Poraues H.M. Kypc ¢pusuku: Yue6Hoe nocobue.- CI16: n3garensctBo «Jlanby», 2008
4. CasempeB WN.P. Kypc ¢msuku: ydyebnoe mocobue B 3-x T1. T.1. Mexanuka.



Monexymsipaas ¢pusuka. 9-e u3a., crep. - CI16: uzgarensctBo «Jlanby, 2007
[Ipumenenne mnpou3BOAHONW W HHTErpayia B (u3uke (MEXaHMKa M MOJICKYJsSIpHast
¢m3uka): Metonudeckass pa3paboTKa K NPAKTUUECKAM 3aHATHSAM TIO JIUCIHUILUTHHE
«®uzukay /C.I'. Murpanosa. Maruuroropck: MI'TY, 2009. — 29 c.

Pa3paboTtka «3agaHuii K KOHTPOJBHBIM paboTam» K MNPAKTUYECKUM 3aHATHUSAM IO
kypcy «®Pusuka. Mexanuka. MonekyasipHas ¢uzuka u tepmoauHamuka» /C.I.
MurpanoBa. Marautoropck: MI'TY, 2008. — 45 c.

3. DJIeKTpUYeCTBO U MarHETU3M
3.1. DyekTpocTaTtvka B BAKyyMe U BEUIeCTBE. Y paBHEeHUs1 MakcBeia 1Jis

OJICKTPOCTATHYCCKOT'O ITOJIA.

3.2. DnekTpoauHaMuka. Kinaccuueckas 3J1eKTpOHHASI TEOPUS SJIEKTPONPOBOJIHOCTH

MeTaJI0B. 3aKOHbI MOCTOsIHHOTO ToKa. [IpaBuna Kupxroda.

3.3. Maruurocrarvka B Bakyyme u Beniectse. Cwia Jlopenua, cuna Amnepa. [lotok u

mupKysiis B. BuxpeBoii xapakrep mosis.

1.
2.

IlepeyeHb pexkoMeHayeMOii JTUTEPATYPHI:

Uenes A.Jl. ®usuka: yuebHoe nocobue. - CII6.: uznarensctBo «Jlanpy», 2008

Poraues H.M. Kypc ¢usuku: YuebHoe nocobue.- CII0: uznarensctBo «Jlanb», 2008
CasenweB U.P. Kypc obmieit pusuku: yuedHoe nocodbue B 3-x T1. T.2. DnekTpuuecTBo
u MarHeTusM. Bonsbl. Ontuka. 9-e u3a., crep. - CI10: uzgarensctBo «Jlanpy, 2007
MexaHndyeckue W OSIEKTpUYECKHME KoJieOaHWs M pelleHHe 3aJad Ha KoJeOaHus:
Metonudeckasi pa3paboTka K MPAKTUYECKUM 3aHATHSAM 10 JUCHUILTHHE «DU3UKay
/C.I'. MurpanoBa. Maruuroropck: MI'TY, 2007. — 69 c.

OnexrpudectBo. Marnerusm. Ontuka. Jlaboparopuslil npakTukyM 1o ¢usuke. /Cocr.
I'.P. Acbinryxuna, C.M. I'onoBuzuun. MI'TY. 2009. -50 c.

4. BosHOBasi 1 KBaHTOBasi ONTHKA
4.1. ®oTOMETPUUECKUE XaPAKTEPUCTUKU.
4.2 Unrepdepennns cera. Judpakmnus cera. Judpakuus Openens u @paynrodepa.

[Tonspuzanus ceera.

4.3. KopryckysipHO-BoHOBOU nyamm3M. Potodddexr, 3pdexr Komnrona, onsIT

BaBuinoBa, TOpMO3HO€ pEHTI€HOBCKOE U3IydeHHe. M3myuenue abCco0THO YEpHOTo Tena.
I'mnore3a [1nanka. Bosasl ne bpoitta. [IpuHumn HeonpenereHHOCTH.

no

1.

5. OCHOBHBIE MTOJIOKCHHST KBAHTOBOYW MEXaHHKH.

6. AToMHas U syepHas GU3uKa.
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Bapuant 1
Haxonsce B OCHOBHOM COCTOSIHMM, aTOM BOJOpOJa MOMNIOTHI KBaHT cBeTa. Pammyc
3JIEKTPOHHON OpOUTHI U3MEHWICS U CTall paBeH 212 nM. DHeprus MOrIOIEHHOTO MPH



3TOM (HhOTOHA paBHA!

A. a) 13,6 3B

B. 6)10,25B

C. B)3,45B

D. r)5,13B
[Ipu mepexone 3yeKTpoHa B aToMe Telusl U3 HOPMAaJbHOIO COCTOSIHHS B IEPBOE
BO30Y’KJI€HHOE, €r0 KMHETUYeCcKasi YHePIHs:

A. ymenbpmmiacs B 4 pasza

B. yBemmuunacs B 2 paza

C. ymenpmmiach B 2 pasza

D. He uaMeHunach
Jlmua BoJstHBI e Bpoiinst miis 3yeKTpoHa, IBUXKYIIETOCs TI0 KpYyroBOW opOUTEe aroMa
BOJIOPO/Ia, HAXOIAIIETOCSl B OCHOBHOM COCTOSIHUM, PaBHA!

A. 0,1 am

B. 0,33 um

C. 0,5am

D. 0,74 um
DNEeKTPOH, HAyadbHONW CKOPOCTBIO KOTOPOTO MOXHO MpeHedpeub, Mpouien
yCKOpAMOIIylo pa3HocTs nmoTeHuuanoB U = 510 kB. WUmmynec siexktpoHa B 3TOM
cllyyae Hy>KHO OTpeAeNsiTh o (opMyJie:

A. p=mo

B. p=+2mT
C. p:%,/(2E0+T)T

D. p=+2(mT +c)
Kunernyeckast sHeprust T sSJIeKTpoHa B aToMe BOAOPOAA COCTABISIET BEITUYUHY
nopsinka 10 »5B. MHcnmons3ys COOTHOIIEHHS HEOMPEACIIEHHOCTEH, OICHUTH
MUHHMAJIbHBIE JIMHEWHBIE pa3Mepbl aTOMa:

A. 50 mm

B. 100 mm

C. 124 mm

D. 288 nm.
DJIEKTPOH HAXOJUTCS B OECKOHEYHO TIIIyOOKOM OJHOMEPHOM MPSMOYTOJbHOM
HNOTEHIUAIBHOM SIIIMKE IUPUHON L BO BTOpOM B0O30YKIEHHOM COCTOSIHMU. CpaBHUTE
BEPOSITHOCTh HAXOJK/ICHUSI YaCTHIBI B TMIEPBOM TPETH MOTEHIHATHHON smbl — W1 1 B
nocneanent tpetu — Wo:

A W, =2W,
B. W, =W,
C. W, =3W,
D. W, =W, =0

MoMeHT uMIyJibca 3JICKTPOHa B aToMe Mpu Tmepexonae u3 cocrostaus 3P B 3d
U3MEHUTCS B ...

A. 3 pa3
B. \/Epas
C. 2paza

D. He usMeHurcs
3a BpeMs, paBHOE IBYM MEpHOAaM MOJIypacaja, pacnaaercs saep (B IpoleHTax):
A. 60%
B. 30%
C. 46%
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D. 75%
ITocTostHHBIE pacmaga IBYX paJnOaKTHBHBIX BEIICCTB OTiiH4aoTcest B 9 pas: A4,=94,.
IMeproabl X MOTypacaia HaXOIITCSI B OTHOIICHHH:

A T,/T,=3
B. T,/T,=9
C. T,/T,=18
D. T,/T, =1

Y nenbHas sHeprus cBs3u sapa ,C? pasHa:

A. 7,68 M>B/ nyxiion
B. 2,87 M»B/ nykion
C. 14,62 MaB/ nykion
D. 2,12 M»B/ HykIoH.
£211

H,Z[];)O H30TOIla BUCMYTaA g, Bi IOJIYYHJIOCh M3 APYIoro giapa Iocji€ OJHOIO0 o -

pacnaga v ogHoro [ - pacnazga. MicxomHoe spo Obuio:
24P0215
g,Ph207
gsAt2L0
04P0216

COw>

Bapuant 2

Bo ckoibKo pa3 u3MeHuTCs pajanyc opOUTH HEBO30YKIEHHOTO SJIEKTPOHA B aTOME
BOJIOpO/a MpH NOTJIOLIEHUU UM KBaHTa ¢ 3Heprueit 10,2 s3B?

A. yBemuuurcs B 3 pasza

B. yBemuuuresd B 4 paza

C. ymeHnbiuTcs B 2 pasza

D. ymenbumres B 9 pa3s
Bo ckoJ1bKO pa3 U3MEHUTCSI CKOPOCTh 3JIEKTPOHA B aTOME BOAOPOa IIPU UCITy CKaHUU
KBAaHTa COOTBETCTBYIOLLIETO MEPEXOIY JIEKTPOHA C UETBEPTOIO HA BTOPOM
SHEPreTUYECKUN YPOBEHB?

A. ymenpumrcs 4 pasza

B. ymenbumres B 2 pasa

C. yBemmuutcs B 3 pasza

D. yBemuuwurcd B 2 paza
Kaxoii mpo1iecc cornpoBokIaeT nepexo1 IeKTpoHa B aTOME BOJ0PO/ia CO BTOPOTO
SHEPreTHYECKOT0 YPOBHS HA IATHIN?

A. mornomaercs GoToH ¢ gactoToit 10%° I'y

B. mormomaercs GpoToH ¢ nyuHOM BOHEI 432 HM

C. m3myuaercs GOTOH ¢ gacToToi 6,9-10%* I'y

D. usnyuaercst ¢oToH ¢ quHOM BosHBEI 300 HM
Kaxoi#i 35iekTpoH uMeeT OOJIBIINyI0 ITTMHY BOJIHBI Jie Bpoiist: a) 31eKTpoH,
JBIDKYIIHiiCS co ckopocThio 10% M/c; 6) 31eKTpOoH, yCKOPEHHBIH Pa3HOCTBIO
noteHmaios 100 >B?

A a

B. 6

C. oauHakoBas

D. HEeBO3MO>KHO OTBETUTh
Kax ornnuaercs kuHeTndeckas 3Heprus T pessiTUBUCTCKOTO 3JIEKTPOHA OT €r0
sHepruu 1okos Eg, ecu ckopocTh snekTpona pasHa 2,25-108 m/c?

A. T mensme Eo B 1Ba pa3a

B. T mensiue Eo B 0,5 pa3za
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C. T 6omnpme Eo B 1Ba pasza
D. T 6omsmre Eg Ha 50%

. A .
Haiinure oTHOCUTENBbHYIO HEOIIPEIEIEHHOCTh CKOPOCTH 3JIEKTPOHA v C 3Hepruei

1 5B, 3akmtoueHHOMY B 06s1acTi AX = 1 MKM
A. 100 m/c
B. 1,6-10*
C. 20%
D. 50%
CpaBHHTE BEpOSTHOCTh HAXOXKICHUS MUKPOYACTHUIIBI B CPEITHEH TPETH

. 1 2 .
MOTEHIMAJIBHON SIMEI, T.€. §I < X<—=| nmnsg AByX COCTOSTHUIA: a) YaCTHIAa HAXOJIUTCS

B HEBO30YKJICHHOM COCTOSIHUM; 0) YacTHI[a HAXOAUTCS B OJIVDKaiIIeM Bo30YyKICHHOM
COCTOSIHUH.

A. BepOsSTHOCTH a 00JIbIIIe

B. BeposiTHOCTB 6 GO0JIBIIIE

C. oauHakoBa

D. Henb3st OTBETUTH
VYkakuTe Bce BO3MOKHBIEC 3HAUCHHSI KBAHTOBBIX YHCEI DJIEKTPOHA HA OpOuUTe 2p

A. n=2,e=1, m=0,+1,-1, ms:i%

D. n=2,e=2, m=0, ms:iE

Kakasg gactb PaarOAaKTUBHBIX AACP pacClagacTcsa B TCUCHUC TPCX NIEPUOJ0B
noJtrypacrnazaa?

A

B.

o~ |

C. 70%
D. 43%
Tepuo noypacrajia H30TOMa pajioHa 4, RN pasen 107 ¢. Haiinure cpennee Bpems

YKU3HU 3TOTO M30TOTIA.
A. 2:10%c
B. 1,44-10%
C. 10%
D. 0,69-10%
VienbHas SHEPTHS CBA3H A1pa . Fe pasHa 8,5 MaB/uyknon. Haiinure nedext

Macchl Am 3TOTO sapa:

A. =2:10% xr
B. =5-102° kr
C. ~810%®kr

D. ~8,5:10%® kr

CKONBKO O U B pacmaaoB COMMPOBOKAACT IMMPOUECCC IMPEBPALICHUA PAJUOAKTHBHOTO

M30TONA 3, PO B H30TOI BUCMYTa 35Bi ?



OJIVH 0-pacrma
OJIH 0L ¥ OJTUH -pacmaj
JIBa 0L ¥ J1Ba 3-pacmana
yeThipe B-pacnana

COow>

Bapmuanr 3
1. Paguyc r2 BTOpO#M cTauMOHApHOW OpOUTHI IJIsl JIEKTPOHA B aroMe€ BOAOpOAA IO
teopun bopa paBeH:
A 2,1-100m
B. 2,1-101¥m
C. 2,1:10%2m
D. 2,1mM
2. Tlo Teopum bopa BBIYHUCIHTH CKOPOCTh Ve 3JEKTPOHA HAa BTOPOM CTAIlMOHAPHOM
opOuTe 117151 aTOMa BOJI0pPO/Ia.
A. 1,1-108 m/c
B. 1,110 m/c
C. 1,1-10'% m/c
D. 1,1-10° m/c
3. Kakas ¢Qopmyna Obima BbIBel€HAa OHKCIEPUMEHTAlbHO banbMmepom s crekTpa
BOJIOpoAa?

A V:E—EO
h
B. W=
4re,r
1 1 1
C. = =R —=-—
)
D. mvr=nh

4. Bbruuciurte JUIMHY BOJIHBI Je bpoins st 37eKTpoHa, NPOIIEAIIEro pPa3HOCTh
norennuaios U=22,5 B.
A. 0,258 aMm
B. 0,258 MM
C. 1,258 am
D. 1,258 MM
5. Hmrmynbe 9acTHIlBI 711 PEISITUBUCTCKOTO CIydast MOYKHO OTIPEIETUTH 10 (hopMyIie

\2m,T

A p=
c
1/i2E0+Tii
B. p=——"—
c
C. p=mv
D. p - mv
c

6. Mcrmosib3ysi COOTHOIIICHUE HEOMPEICICHHOCTEH, OIICHUTE HAMMEHBIIYI0 OMUOKY AU
B OMNpPEJCIICHUH CKOPOCTH JICKTPOHA, €CIIM KOOPJAUHATHI IEHTPA MacC 3TOH YaCTHIIBI
MOTYT OBITh YCTAHOBJICHBI C HEOIIPEICIICHHOCTBIO 1 MKM.

A. 116 m/c
B. 11,6 m/c
C. 0,116 m/c
D. 1m/c
7. 3amana ncu-GyHKIUs dactuiel (X, Y,Z). BeposTHOCTh TOTO, YTO YacTHia Oyaer
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oOHapyskeHa B o0acTu o0bemMa V  ompesensieTcsi BeIpaKeHHEM:

A. v(x,y z)= m w(x, v, z]zdv

B. w(xy,z)= Iw(x, y,z) dx
C. w(xyz)= _m w(xy,z) dv

D. z//(x):ﬂt//(x)zdx
8.I'maBHoe kBaHTOBOe umcio N=3. Kakue 3HaueHHWs TpPUHUMAET OpOUTATHLHOE
KBaHTOBOE 4ucio |?

A. 1=0,1,2

B. Ttosabko I=0

C. tomsko =1

D. Ttosbko 1=2
[Tepuon momypacnana g2Po~~ pasen 140 cytok. [Ipu pacnane nonoHuii mpeBparaercs
B cTabunbHbI cBuHel g2PB2Y’. Kakas macca cBUHIa 06pasyeTcs B HOJOHHU Maccoii 1
mr 3a 70 cyT B pe3yJibTate pacnaua?

A. 297107 kr

B. 2,97 xr

C. 2,97-10* kr

D. 2,97-108 kr
Uro Oonplie- cpenHee BpeMs KHM3HM T PaIHOAKTUBHOTO SAApa WIM MEpUoJ
nosypacnazaa T? Bo ckonbko paz?

210

A L =2
T

B. I:£n2
T

c. =1
T

D. ize
T

Beruuciure ae(ekT Macchl M JHepruio cBssu sapa sLi’ (me=1,00783 a.e.m.,
mn=1,00867 a.e.m., m(sLi")=1,00783 a.e.m.)
A. Am=0,04216 a.e.m., Ecz=39,2 MaB
B. Am=0,4216 a.e.m., Ec;=69,2 M>B
C. Am=0,04216 a.e.m., Ecz=69,2 M>B
D. Am=0,06426 a.e.m., Ecz=39,2 M»B
SAnpo topust 90Th?°mpesparunocs B saapo ssRa*?®. Kaxyro uacTuIly MCITyCTHIIO SO
Topus?
Heiirpon
IIpoton
0 YacTHIa
SJIEKTPOH

OOw>

Bapuanr 4
paaunyc BTOpoil 00pOBCKOI OPOUTHI 1 CKOPOCTH STIEKTPOHA HA HE paBHBI:
A o 4h’e, ,  Z€
' Ze*rm’ 4g,h




h’e, ., 4Z€°

r = > ; =
47e°7m &h
c oo 16h’s, ., Z€°
' Ze’rm’ 16g,h
2 2
D. r= Zr:aziz(;n Vo= Zeh
€y

Pa3HOCTB 1TMH BOJIH MEy FOJIOBHBIMU JIUHUSAMU cepuli banbMepa u Jlaiimana paBHa
59,3 HM y HOHa:
A. oH!
B. 2Hed
C. sLi®
D. Her Takux HOHOB
JmiHa BoJiHBI 1€ bpoiiist i 35ieKTpoHa, KHHETHYecKasi SHeprusi Kotoporo 1 k3B,
paBHa:
A. 40 M
B. 40m
C. 04mm
D. 80 mm
Kunernueckas sneprus snexktpona 1 MaB. Ero umnynsc paBeH:

A p :%\/EK(EK +2m,c?)

B. p=.2mE,
C. p=42m,c?
5 c

P= J2mE,

Kunernueckas 3neprus anekrpoHa B arome Bogopoaa T=10 3B. MunumanbHblif
JMHEUHBIA pa3sMep artoma:

A. 1,24-100

B. 2,48-101%

C. 0,62:100y

D. 3,72:101%

B noteHnmansHON SiMe ¢ BEPTHKATLHBIMH «CTCHKAM WY HAXOJIUTCS
anexTpoH. Ero BomHOBas GyHKIMsS n300paskeHa Ha PUCYHKE. v
['myOuHa noTeHIMaIbHOMN SIMBI: ]
A. KoHeuyHa
B. 6eckoneuna
C. pasna |

| 0
D. paBaa —
paha 5

I'maBHOE KBaHTOBOE YMCJIO N=2. MaKCUMAaJILHOE 3HAYECHHE BCKTOpAa MOMCHTA
HUMITYJIbCA 3JICKTPOHA Li u ero MMPpOCKIHNU Liz IIPUHUMAOT 3HAYCHUS

A. Li=h+/2, Li=h

B. Li=2h, Li,=h+/2

C. Li=h+/3, Li,=h

D. Li=h, Li=h~/2

. Ilepnox nomypacnana T. 3a Bpems ot 0 1o t cekyHI BEpOSTHOCTB pacnaja o paBHa:



wo=e"T
In2
w=—

T
TIn2

D. w=et

9. BseipaxkeHus I TIepro/ia TOTypaciiaia ¥ CPEIHET0 BpEMEHH )KU3HH MTPABHIBHO

3aImMCaHbl B CiIy4dac:

A. T:In_z’ :i
A In2
B.T:/IInZ;r:I—nz
c.T-Mmi. _ 2
2 InA

D. T= %;r = AIn2 Bsibop oTBeTa 060CHOBATE.
n

10. DHeprus cBsA3M Aapay KOTOporo 4 1 potoHa u 4 HeiiTpoHa, paBHa 56,5 MaB,

m;=1,00783 a.e.m., my=1,00867 a.e.m. Macca atoma paBHa:
A. 8,00531 a.e.m.
B. 0,00531 a.e.m.
C. 4,00531 a.em.
D. 16,00531 a.e.m.

11. DHeprus, HeOOXOaMMAast U OTPBIBA OTHOTO HeHTpoHa u3 siapa g0l paBHa:
9

1. 4,14 M>B
2. 0,41 M>B
3. 931 M»B
4, 414 M»B

Bapuant 5
1. Artom Bo0pOJa HAXOAUTCS B OCHOBHOM cocTosiHuu. [Ipu BO30y x1eHnu atToma
emy coobumm 3uepruto 10,2 3B, npu aTom pagunyc 60poBCKO OpOUTHI:
A. yBenuuwuics B 2 pasza
B. ymenbumics B 2 pasza
C. yBemmuuiics B 4 pasa
D. ne m3MeHmics
2. CKOpOCTH JIEKTpOHA Ha BTOPOi OOPOBKOI OpOUTE B aTOME BOIOPOA, B HOHAX
He* u Li** Haxoas9TCs B COOTHOIIEHNH::
A. 1:23
B.l:l:-1
2 3
C. 111
D. 1:4:9
3. HM3znyuyeHue HauMeHbIEH YaCTOTHI B BUIUMON CEPUM CIIEKTPa BOJOPOAA MOKET
OBITH [IOJIyU€HO IPHU NMEPEXO0/I€ IEKTPOHA MEXK]Ty SHEPreTHYECKUMHU YPOBHAMU:
A. cn=2Han=1
B. cn=3nHan=2
C. cn=4nHan=3
D. cn=4Han=2
4. Ecmu 371eKTpOH U NPOTOH MPOIUIU B 3JIEKTPHUYECKOM I0JIE OAMHAKOBYIO
YCKOPSIOLIYIO pa3HOCTh MOTEHIIMANIOB, TO OTHOIIEHHE X AeOpOMIeBCKUX JITUH



BOJIH PaBHO:

D. 1
Ecmu anexTpon o6namaer kuaeTuaeckoit sueprueit T =5 M»aB, To ero
PEISITUBUCTCKUIA UMITYJILC PaBEH:

A. 121022 xr-m/c

B. 2,7-10% kr-m/c

C. 11,4-10%2 xr-m/c

D. 2,9-10% kr-m/c
DJIEKTPOH ¢ KMHETHYECKO sHeprueit 13 3B Haxoautcs B obnactu pasmepom | =1
MKM. B aTOM citydae otHOcuTenbHast omubka AV/V, ¢ KOTOpOit MOXKeT ObITh
oTpejiesieHa ero CKOpOCThb, paBHa:

A 101

B. 0,02

C. 10*

D. 102

DNEeKTPOH HAXOAMUTCS B BO30YKICHHOM COCTOSTHUM (N=3) B OECKOHEYHO I'ITy0OKOM
OJIHOMEPHOH MOTEHIMaNBHO siMe. KakoBa BepOsSTHOCTD HAXOKIACHUS €T0 B

oOJactu lI stgl:
3 3

A L
2
B 1
3
c. 3
4
p. 2
3

3aroTHeHHBIN AJIEKTPOHHBIN CIIOW XapaKTepu3yeTcsi KBAaHTOBBIM YnciioM N =3.
Uucno snektpoHoB N B 3TOM ciioe, IMEIoIIe 0OJMHAKOBbIE KBAHTOBBIEC YHCA: Ms
1
== wul=2, paBHo:
2
A. 10
B. 18
C. 5
D. 8
3a 12 4acoB KOIMYECTBO aTOMOB PAJUOAKTUBHOIO IpenapaTa yMEHbIIWIOCH B 9
pa3. Ilepuox nosypacnaza 3Toro 3JIEMEHTa pPaBeH:
A. T=6u
B. T=314
C. T=3,84
D. T=7,8 u
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10. Cpennee Bpems KU3HH OJTHOTO PAJAMOAKTHBHOTO npemapara t; B 2 paza Oosblie
CpEIHEr0 BPEMEHHM JKU3HU JPYToro mpemnapara. Torga OTHONIEHHUE UX IEPUOJA0B

T
noJjypacrnazia T—l paBHo:
2

T
A “t=1
T2
A
TZ
T
Cc. =L =3
T2
T
D. ~L =4
T2
11 9Hepr1/1${ CBA3U AJpa, COCTOAIICTO U3 I[BYX IMPOTOHOB U OAHOIO HeﬁTpOHa, paBHaA:
A. 6,78 M5B
B. 7,25 M5B
C. 7,73 M>B
D. 8,70 M5B

12. Tlpu B3pBIBE BOJOPOIHOM OOMOBI IIPOTEKAET TEPMOsIEpHAs peakiys 00pa3oBaHUs
aToMoB , Hewus neiitepus - H wtputus +H . DHepreTHueckuii BHIX0 ITOM
pEaKIMu COCTABIISIET:

A. 20,35 M»B
B. 17,57 M»B
C. 8,5M»B
D. 7,8 M»>B

Hepeqenb KOHTPOJILHBIX BOIIPOCOB 1Jisl MOATOTOBKH K 9K3aMEHY

Mexanuka
1. KunemaTtuka MarepuajbHOM TOUKH U IOCTYMATEIBHOTO JBWKEHUS a0COIIOTHO
TBEPJIOTO TeJa.

JluHamuka MaTepuagIbHON TOYKH M TIOCTYTATEIBHOTO JIBIKEHHS a0COIOTHO TBEPIOTO
Tena.
Pa6ota m momHOCTh. MexaHuueckass »Heprusi. 3aKOHbl COXPAHEHUs DSHEPIUM HU
AMITYJIbCa B MEXaHUKE.
KunemaTtuka u quHaMuKa BpammaTeaIbHOTO ABMKEHHUS a0COFOTHO TBEPIOTO TEa.
Cuna tarorenusi. HennepimanabHble cucTeMbl 0TcueTa. Cuiibl HHEPIIUH.
Cwitel yIIpyrocTy ¥ TPEHUS.
Mexanuka konebanuii. lapmoHndeckue koaebanus. JHepTHs KoJaeOaHuH.
CroxeHre 0JMHAKOBO HaNpaBJICHHBIX KoJeOaHuii. buenus.
CiioxeHre B3auMHO TIEPIICHANKYJIIPHBIX  KOJCOaHMA.

3aryxaroiue kojaeOaHus. Anepuonueckiue KoJieOaHus.

Briny>xaennbie kosiebaHusl.

BonHbl B ynpyroii cpene. YpaBHeHue BOJHBI. BoiHbBI B critomHo#K cpene. Dddext
Homnepa.

Nurepdepennus u nudpaxius BoiaH. OtpaxeHue BoaH. CTOsUME BOJTHBI.

MoJiekyaspHas (pU3MKa U TEPMOAHHAMHUKA
OcHOBBI MOJIEKYJIIPHO-KMHETUYECKOU TEOPUHU. YpaBHeHue
MenneneeBa-Knaneiipona. Momnsipaast macca. Kosmuectso BeniecTsa.
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YpaBHeHHE KHHETHYECKOW Teopuu ra3oB. Temmeparypa — wepa cCpenHen
KMHETUYECKON IHEPTHHU MOJICKYJI.

3aKoH pacnpeeNeHHsI MOJIEKYJI 1o ckopocTsM u sHeprusiM. Onbit LlTepHa.

bapomerpuueckas ¢popmyina. 3akon bosbimana.

SlBneHusi mepeHoca B HEPABHOBECHBIX Cpeaax (TEIIONMPOBOIHOCTH, BS3KOCTb,
naddysus).

Buytpennsisi sueprus. Pabora. KommuectBo terotel. IlepBoe  Hauano
TEPMOTUHAMUKH.

AnuabaTHbIN U TOTUTPOIHBINA Hpouecchl. CTeneH! cBOOOIBI.

Bropoe nauano tepmoanHamuku. Kpyrossie nporeccsl. Lukn Kapno. KIT/I.

Ourporms. TepmoawHamuueckas guarpamma 1-S.  CTaTHCTHYECKUH  CMBICI
SHTPOIHUHU.
CrnenmanbHas TEOpUsi OTHOCUTEILHOCTH DMHILITEMHA.
Peanbnbie rasel. YpaBuenue Ban-nep-Baanbca. U30TepMbl peanbHOTO rasa.
Kunkoctu. IloBepxHocTHOE HaTskeHue. KanunmisipHele sBiIeHHsS. Y paBHEHHE
Jlarmnaca.

JJIeKTPOM ArHe TU3M
Onektpocratuka. HampsbkeHHOCT,  monsl.  ATOMUCTHMUHOCTH — 3apsiia.  3aKoH
coxpaHeHus 3apsana. Teopema [aycca. PacueT Hamps’KeHHOCTH [JIsi HEKOTOPBIX
TIOJIEH.
Onektpocratuka. [loteniman. Pabota cun mons mnpu TepeMENIeHHH 3apsiioB.
[Torennman. Pacuer noTeHumnana st HEKOTOPBIX MOJIEH.
DNEKTPOCTaTUYECKOE TMOJI€ B JUDJIEKTPUUECKOH cpene. ODIEKTpPUUYECKOE IoJie
3JICKTPUUECKOTO IUIOJs B Bakyyme. Teopema ['aycca asist 37€KTpOCTaTHUECKOTO TOJIst
B CpeJie.
[IpoBOgHMKM B  DJIEKTPOCTATHUYECKOM TOJE. DJIEKTPOEMKOCTh  YEAUHEHHOTO
npoBoaHuka. KonaeHcaTtopsl. DHEprust MoJsl.
ITocrosHubi  TOK. Kraccuyeckass 3JEKTpOHHAs TEOpHUS  BIEKTPONPOBOJIHOCTH
MeTaioB. ONBITHL 1O ONpeAeNeHHI0 CBOOOAHBIX HocHTened 3apsana. OCHOBBI
kiaccuueckoit Teopun Jpyne-Jlopenna. 3akon J[xoyns-Jlenna. TepmoanekTpoHHas
SMUCCHSL.
3aKkoHBl TOCTOSIHHOTO TOKa. 3akoH JDkoyns-Jlenma. IlpaBuma  Kwupxroda.
DNEeKTPONPOBOIHOCTh ra30B. Buibl caMoCTOSTENbHBIX pa3psaIoB.
DnexTpoMmarseTu3sm. MarautHoe nosie. MarautHas unaykuus. Cuna Jlopenna. 3akoH
Awmrnepa. Dpdext Xomna.
MaruuTHOE TOJIe TOCTOSIHHOTO TOKa B Bakyyme. 3akoH buo-Caapa-Jlamnaca.
[upkynmanpus MHAYKIMM MarHUTHOrO 1oJjii. MarHuTtHeli  1noTok. Teopema
Octporpanckoro-I'aycca ajii MarHMUTHOTO MOJsl B Bakyyme. Pabora mepemernieHus
MIPOBOJIHUKA C TOKOM B IMIOCTOSTHHOM MarHUTHOM TOJIE.
OnektpoMarautHas uwHAyKuua. [lpaBuno Jlenna CamouHaykuus. OHeprus
MarHUTHOTO TIOJIi B HE(EepPpOMArHUTHOW HM30TPOIMHON cpeae. MarHUTHBIE CBOWCTBA
BEIIECTB. 3aKOH IMOJIHOIO TOKAa JUII MAarHUTHOTO IOJII B BEIIECTBE. Y PaBHEHUs
MakcBema 11l 3JI€eKTPOMarHUTHOTO MOJIS.
DONeKTpOMarHuTHele  KojiebaHus M BOJHBL MeToJ  BEKTOpPHBIX — JUarpamm
[lapmonnueckue konebaHus B K0JieOaTeIbHOM KOHTYpe. 3aTyXarouye dJIeKTpUIECKue
Kosie0aHusi. BeIHYy X /I€HHbIE AJeKTpUYECKUe KojeOaHHs. DIEKTPOMArHUTHBIE BOJIHBI.
[IIxana 31€KTPOMArHUTHBIX BOJIH.

Ontuka
Ontuka. OTpaxkeHHMe | TpeJOMIICHME CBETa Ha TpaHUIE pasfena JIBYX
oudIeKTpudeckux cpen. dotomerpuueckue BennmuuHbl. MHTepdepeHims cBeTa.



Wutepdepennms cBeTa B TOHKHAX TUICHKAX.

2. Judppaxmms csera. [lpunnun @Ppenens-lroiirenca. dudpaknus @penens Ha
HeOoubIoM KpyriioMm otBepcTud. Judpakius PpayHrodepa Ha MmeETd U KPyrioMm
oTBepcTUu. JluppakimonHas pemerka.

3. Hucnepcusi. Hsnyuenue BaBunoBa-Uepenkopa. Ilomsipusamms cBerta. J[BoliHoe
Jy4elnpeaoMIICHHE.

4. TemnoBoe u3MyueHHe. 3aKOHBI TEIIOBOTO M3Iy4deHHs 4yepHOro tena. Onruyeckas
MUPOMETPUSL.

Oo0pasel 3K3aMeHaAIHOHHOTIO OUJIeTa

MuHuctepcTBo 00pazoBanus U Hayku Poccuiickoit @eneparun
OI'BOY BO «MI'TY»

YT1Bepxaaro
3aB. Kadeapoii, K.T.H., JOLEHT
C.M. T'omoBu3anH

IK3aMeHAIHOHHBII OnyteT Ne 1

Hamnpasnenne noarorosku 22.03.02 «Mertamryprusi»

[poduns noaroroBku «O6paboTKa METANIIOB J1aBICHHEM (METH3HOE MPOU3BOJICTBO)
Huctunnuna b1.65.10 «®usukay

Yacos mo ®I'OC: 10 3.e., 360 gac.

Ox3ameHarop: poueHt ['onosusnul C.M.

1.

2.
3.

IIpoctpanctBo u Bpemsa. KuHemarnka wmaTepuaJibHOM TOYKM U IOCTYIATEIbLHOIO
JIBVOKEHHS a0COIOTHO TBEPAOTO Tena.

DJleKTpOMarHuTHbIC BOJHBL. [1Ikana 3JIeKTpOMarHUTHBIX BOJIH.

3anada o Teme: «JluHaAMUKa MOCTYNATEILHOTO ABMKCHUS TBEPIOTO TEIa»

3aoauu ona Ixzamena no uzuke
1. 3aoaua no meme: «/Junamuxa nOCmMynamenbHo20 OBUICEHUS MEEPOO2O MeNa»

Huck coBepmaer N=70 06/MuH. ['’1€¢ MOXKHO TMOJIOXUTH HA JIUCK TEJO, YTOOBI OHO HE
cockonp3uyno? Kosddumment tpenus Ttema o guck x4 =0,44. Pemmths 3amauy B
WHEPUMAILHON U HEMHEPLIUMATIBHOM CUCTEMAX OTCUETA.

2. 3aodaua no meme: « Ypasnenue Menoeneesa-Knanetiponay
B cocyne o6sémom V =1 aM° Haxomurcs a3oT macco M=0,28 r. Azot Harper o
temnepatypsl t=1500 °C. Ilpu 3t0ii Temneparype auccormuposano & =30% MoKy

azota. HaiiTu naBnenue B cocye.

3. 3aoaua no meme: « Cnoxcenue korebanuily



JlBa TapMOHMYECKHMX KOJE€OaHUWs, HANpaBJICHHBIE 110 OJHOH MPSIMOW, HMEIOIINX
OJIMHAKOBbIE aMIUIMTYAbl M NEPUOABI, CKIAABIBAIOTCS B OJHO KoOJe€0aHUE TOW Ke
amruTy 161, Haiftu pa3sHocTs (a3 cKiiaapiBaeMbIX KOJICOAHUI.

4. 3aoaua no meme: «| Hauano mepmoouHaAMUKUY

Kucnmopox mpu HEM3MEHHOM J1aBJICHUH 8*10% H/m? HarpeBaetrcsi. Ero oObem
yeemmuuBaercs or 1 M3 o 3 M°. Omnpenenurs W3MeHeHHME BHYTpEHHEH OSHEprUH
KHCJI0pOoa, paboTy, COBEPUICHHYIO UM MPU PACIIUPEHUH, a TAKXKE TEIIOTY, COOOLIEHHY O
rasy.

5. 3aoaua no meme: «3amyxai0u;ue MexaHuyeckue Koaeoanusy

Haiitit uncmo N monHBIX KoJ€0aHW CHCTEMBI, B T€YEHHE KOTOPBIX YHEPTHS CHCTEMBI
yMeHbIIIach B N =2 paza. Jlorapudmuueckuii nekpemenr 3aryxanus o =0,01.

6. 3aoaua no meme: « C60600HbIE MexaHUuuecKue KoaeoaHusy

Touka coBepiaer rapMoHMYeckHe KoJyieOaHusi. B HEKOTOphIi MOMEHT BpEeMEHH
CMelleHHe TOYKHM X =5cM, ckopocTh ee U =20cMm/cek M yckopeHue a =80 cm/cek’.
Haiitu: 1mukiumueckyroo 4acToTy M mepuoa  Kosiebanud; ¢a3zy KoneGaHMM B
paccMaTpuBaeMblii MOMEHT BpEMEHH M aMIUTUTY Ty KoJeOaHUH.

7. 3aoaua no meme: «3aKOHbI COXPAHEHUS UMNYIbCAY

B noaxe maccor M =240kr crour uenoBek maccod M =60xr. Jlogxa IUIBIBET CO
CKOPOCTBIO U, =2M/CeK. YeloBeK MPBITaeT C JIOJKA B TOPU30HTAILHOM HANPaBICHUU CO
CKOPOCTBIO U, =4M/ceK (OTHOCHUTEJBHO JIOJIKH). HaliTH CKOPOCTh ABMKEHHS JIOJKU MOCIEe

NpbDKKA YesioBeKa: 1) Bhepes Mo JBIKEHUIO JIOJKHU; 2) B CTOPOHY, MPOTUBOIOJIOKHYIO
JIBHKEHUIO JIOJIKH.

8. 3aoaua no meme: «3axomnwi COXPAHEHUA MeXaAHUYecKoll IHepecuuy»

Teno ™accor M =5 Kr yaapsercs O HEMOJBI)XKHOE Teno wmaccol M =25 kr.
Kunernueckas sHEprusi CUCTEMBI JIBYX TeJl HEMIOCPEACTBEHHO IOCJIE yaapa cTajla paBHON
W_,,, =5 JIx. Cunras ynap UEHTPaJIbHBIM M a0COJFOTHO HEYIIPYTHM, HAUTH KHHETUIECKYIO

sHepruro W, . TepBoro tena 10 yaapa.

9. 3aoaua no meme: « Kunemamuxa MamepuaﬂbHoit mo4xKu»

Ms4 MochIIaeTCs ¢ HaYaIbHOM CKOPOCThIO U, =19,5 M/c moa yriaom @ =45° k ropu3oHTYy.

B TOoT XKe MOMEHT BpeMEHU HaBCTpeuy M4y CTapTyeT WIPOK, HAXOIMBIIMNCS Ha
paccrosaun | =55 M. C kakoil CKOpPOCTBIO U OH [O/DKEH OeXaTh, 4YTOOLI YCIETh
CXBATHUTh MY JI0 yJapa o 3eMJIro?

10. 3a0aua no meme: «{unamuxa 8pawamenbHoco 0BUNCEHUSL Meaay»

[nmueap, pacnoiOKEHHBIM  TOPU30HTAIBHO, MOXET  Bpamiarbcd OKOJO  OCH,
COBMajarolel ¢ ocelo IMMHApa. Macca 1miauHzapa 12kr. Ha nunusap HamoTanu mHyp,
K KOTOPOMY IpUBsI3au rupro Maccoit 1kr. C KakuM yCKOpeHUeM OyJeT OIyCKaThCs THpsi?
KakoBa cuna HaTs>KeHUsl  IIHypa BO BpeMs ABHKEHUS TUpU?



11. 3a0aua no meme. « Kunemamuxa epawyamensHo20 0BUNCEHUS MeNd»

Touka JABMKETCS IO OKPYXKHOCTH pamuyca R =4 M 1o 3axony &=10-2t+t*. Haiitu
TaHTEHIMAIbHOE & , HOPMalbHOE &, M IOJHOE & YCKOPEHHE TOYKH B MOMEHT

BpeMeHn t=2c.
12. 3a0aua no meme: « dumponus. || nauano T/]»

Haittn w3menenue surpormuu AS M=30 r ipaa Npu NpEeBpaIICHHH €ro B Iap, €Ciau
HavyanbHas TemnepaTypa apaa t=-40°C, a temmeparypa mapa t, =100°C.

13. 3a0aua no meme: « Mexanuueckas paboma u MOWHOCHIbY

Omnpenenuts paboTy, KOTOPYIO COBEPIIAT CHIIbI TPABUTALIMOHHOTO OIS 3€MIIH, €CIH TEJI0
Maccoil 1Kr ymajer Ha MOBEepXHOCTh 3emiiu: 1)c BBICOTHI, paBHOU paauycy 3eMiw; 2)u3
OECKOHEYHOCTH.

14. 3a0aua no meme: « Kunemamuxa mamepuanoHot mouxku»

2 3
JIBe MarepuajbHble TOYKH JABHIXKYTCS COTJIACHO ypaBHeHusiM: X, =4t+8t° —16t° u

2 3 v
X, =2t—4t° +t°, rme X - B merpax, t - B cekyHmax. B kakoil MOMEHT BpeMeHH
YCKOPEHUsI 9THX TO4YeK OyIyT oAuHaKoBbIMU? HalfTi ckopocTH TOUeK B ITOT MOMEHT.

15. 3a0aua no meme: «Mexanuyeckas paboma u MOWHOCHbY

I'py3, BucAmmMiA Ha JIeTKOH mpyxuHE *XecTKocThio & =400 H/Mm, pactsaruBaer e€ Ha
BesmunHy X =3 cMm. Kakyroo pabGoTy Hamo coBepHIUTb, YTOOBI yTPOUTH yIJIMHEHUE
NPYKUHBI, IPUKJIA/IbIBasl K IPY3y BEPTUKAIBHYIO CUITY?

16. 3a0aua no meme: «3aKoHbL COXPAHEHUS UMNYTLCAY

K cBoOo1HOMY KOHITY aspocTtata Mmaccel M =10M mpwuBsizaHa BepeBOYHAsI JISCTHUIIA, HA
KOTOPOM HaXOJMTCS YEJIOBEK Macchl M. A3pocTaT HEMOJBWKEH. B KakoM HampaBlieHUH
U C KakoW CKOpocThio V OyJer mepeMemarsCs a’poCcTar, €CIM YeJIOBEK HaYHET
MOJIHUMATECSI BBEPX MO JIECTHUIE C TMOCTOSHHON CKOPOCTBIO U OTHOCHUTEIbHO
nectHuIBI? COMPOTUBIIEHUEM BO3/IyXa IPeHEOpEUb.

17. 3a0aua no meme: «dumponus. |l navano T/]»
Cmemramu Bogy Maccoii M, =5 kr npu temneparype 1;,=280 K ¢ Bogoii maccoit M, =8 xr

npu Ttemmeparype 1, =350 K. OmnpenenuTb Temmeparypy cMecd 1 U H3MCHEHHE
sHTpOTMH AS , MPOUCXOAIIEE PH CMEITMBAHNH.

18. 3a0aua no meme: «JuHamuxa noCmMynamenbHo20 08UNCEHUS MBEPOO20 MeNay

HckyccTBeHHbIN CITyTHUK oOpalnaercss BOKPYT 3eMJIM [0 KpyroBoi opOMTe Ha BBICOTE
3200kM Hajg MOBEPXHOCTHIO 3eMil. ONpenenuTh JTMHENHYIO CKOPOCTb CITy THHKA.

19. 3a0aua no meme: « Kunemamuxa spawjamenvHo2o 08UNCEHUsI mela»



Touka HIBWXKETCS MO OKPYXHOCTH pamuycoM 4 M. 3aKOH ee JABIDKCHHS BBIpaKaeTcs
ypaBHeHmeM &=8-2t°, rme & - B Merpax, t - B ceKyHmax. HaiiTu, B kaKkoif MOMeHT

BpEeMEHH HOPMAJIbHOE YCKOPEHHE TOukHM OymeT 9 M/cek’, demy paBHBI CKOPOCT,
TaHIC€HIIUAIBHOE U ITOJTHOE YCKOPEHUS TOYKH B ’TOT MOMEHT BPEMEHH.

20. 3a0aua no meme: « Ce0b600muble MexaHuueckue Koaebanusy

Touka coBepiIaeT rapMOHHUYECKHE KOJieOaHusl, ypaBHEHUE KOTOPBIX UMEET BUJ (IUIMHA - B
MeTpax, Bpems - B cekynpax) X, =0,05sin2t. Haiiru moment Bpemenn (OamKkaimmi K

Hayany OTCYeTa), B KOTOPBI MOTeHIHManbHas dHeprus Touku 107 Ik, a Bo3Bpalaromas
cuna F =5-10°H. Onpenenuts Takxke Gasy KoneOaHuii B 5TOT MOMEHT BPEMEHH.

Mexanuka. KonTposabHas paoora 1

1 Bapuant
1. YacTtuma IBIKETCS B MOJOKUTEIBHOM HANpPAaBIEHUU OCH X TakK, UTO €€ CKOpPOCTh

MEHSIeTCS IO 3aKOHY U = a~/X , Tie o — mocrosiHHas. B MoMeHT BpemeHu t=0 vacTtuna
Haxoawiack B Touke X=0. HaliTu ee yckopeHne u CKOpOCTh Kak (YHKLHIO BPEMEHHU,
CPEIHIOI0 CKOPOCTh 3a BpeMsi, B TeU€HHE KOTOPOTO OHA MPOMUIET pacCTOsSHUE S.

2. Teno GpomreHo co ckopocThio 30 M/c o yriaom 45° k ropusonty. Ha kakoii BeicoTe
OyJeT HaXOJUTHCS TEJIO B TOT MOMEHT, KOTJIa €ro CKOPOCTh OyJeT HalpaBlieHa MO/
yriom 30° k ropusoHTy?

3. Temy TOJMKOM COOOIIMIM CKOPOCTh 3 M/C, HANPaBJICHHYIO BBEPX BJOJIb HAKIOHHOM
wiockocty. HaliTu BpeMsi IBUKEHHS Tella BBEPX 10 OCTaHOBKH, eciu Sin o = 0.6, rae
0L — YTOJI HAKJIOHA TUIOCKOCTH K TOPU30HTY, a Ko3ddurment tpenus 0,25.

4. Yenosek 0eXHUT HaBCTpeuy Tenexke. CKOpOCTh YeIoBeKa 2 M/C, CKOPOCTh TENEeKKH 1
Mm/c. YenoBeKk BCKaKMBAeT Ha TEJEXKKY M ocraercs Ha Hell. Kakoil Oyner
CKOPOCTb TEJIEKKH II0CJIE 3TOT0, €CIIM Macca uyejoBeka B 2 pa3a Oosblie
MaccChl TEJIEKKU?

5. Uepes Osiok, mMeromui (GopMy CIUIONIHOTO IWUIMHAPA, MAaccod M u
paanycoM R, mepexknHyTa HEBECOMasi HUTh C TPy3aMHU Ha KOHI[AX MacCaMH
M1 1 M. CKOJNBXEHUsI HUTH M TPEHUS B OCH JuCKa HeT. Hailtu yrioBoe
YCKOpEHHE JMCKa ¥ OTHOIICHWE CWJI HATSDKEHUsT HUTH B Tpolecce
JIBVOKEHHS.

6. OmHOpOmHBIN TUCK pamgmyca R mMmeeT kpyriblii BeIpe3. Macca OoCTaBIICHCS dYacTd
aUcka paBHa M. HaliTh MOMEHT WHEpPIMM TaKOTO JUCKa OTHOCHUTEIBHO OCH,
MePIICHIUKY T PHOH IIOCKOCTH JTMCKA M MIPOXO/ISIICH Yepe3 eTo EHTP Macc.

2 BapMaHT
1. Touka IBWXKETCS, 3aMEJJISISICh, 110 MPSAMON C YCKOPEHHUEM, MOJYJIb KOTOPOTO 3aBUCUT

OT CKOPOCTH Kak a = @+, Tae o — NOCTOsiHHas. B HauanbHBIE MOMEHT CKOPOCTH
paBHa v,. Kakoii myTh OHa IPOMIET 1O OCTAHOBKH U 3a KaKOE€ BpeMs?

2. Jluck, 6pommeHHslii moy yriaoM 45° kK Topu3oHTY, H0CTHr HauGOINbBIIEH BBICOTHI 15 M.
Kaxkosa manpHOCTE HoJjieTa aucka?

3. Kakyio HauanbHYI0 CKOPOCTh HaJl0 COOOLIUTH TENly BBEPX MO HAKIOHHOW IIJIOCKOCTH,
YTOOBI OHO JJOCTHUIJIO BepIIHBI? BhICcOTa HAKJIOHHOM IJIOCKOCTH 6 M, ee jumHa 10 M, a
ko3 duument Tpenus 0,4.

4. YenoBek MOTOHSET TenekKy. CKOPOCTh YenoBeka 2 M/C, CKOPOCTh TENEKKH
1 m/c. UenoBek BCKaKUBAEeT Ha TENEKKY U ocTaeTcs Ha Hell. Kakoii Oyner
CKOPOCTb TENEeKKH IOCIE ITOTO, €CJIM Macca 4yeloBeka B 2 pas3a OoJblie



MacChl TEJIEKKU?

Uepes Osok, umeronuii (opMy CIUIOIIHOTO MWIMHApPA, Maccod M u paagmycom R,
NEPEKUHyTa HEBECOMasi HUTh C IPy3aMu Ha KOHIAX MaccaMu Miu M2. CKoIbXEeHUs
HUTU ¥ TPEHUS B OCU JKcKa HeT. Halitu yriioBoe yCKOpeHue A1cKa U OTHOLIEHUE CUJT
HaTSKEHUS! HUTH B TIPOILIECCE ABUXKEHHUS.

OpHoponHelil quck panuyca R mmeer kpyriblil Belpe3. Macca ocTaBuielics 4acTu
qucka paBHa M. HaiiThu MOMEHT HHEpLUMH TaKOro JUCKAa OTHOCHUTEIBHO OCH,
MEPIEHANKYJIIPHON INIOCKOCTH JHUCKA U TPOXoadIen yepe3 Touky O.

3 BapuaHT
2
JIBIKEHHE IBYX MaTepUAITBHBIX TOYEK BBIPAXKAIOTCS ypaBHeHUsIMU X, = 20+ 2t — 4t

2 o
u X, =2+2t+0,5" (m). B kakoii MOMEHT BpEMEHH CKOPOCTH TOYEK OIMHAKOBHI?
Yemy paBHBI CKOPOCTH M YCKOPEHHUS TOYEK B ITOT MOMEHT?

Ha xakoii BbICOTE HaJ| MOBEPXHOCTHIO 3€MJIM HAINPSKEHHOCTh MOJISI TATOTEHHs paBHA
1 H/kr?
Jluck pammycom R=02 M Bpamaercs cormacHo ypaBHenmio ¢ =3—t+0.1t° (pan).
Haiitu TanreHnmanbHOe, HOPMaJIbHOE M IOJHOE YCKOPEHHE TOYEK Ha OKPY>KHOCTH
JIMCKa B MOMEHT BpemenH 10 c.
JlBe oauHakoBble Joaku Maccamu 200 Kr JBIXKYTCS NapayiesIbHBIMU KypcaMu
HaBCTpeuy Jpyr Apyry co ckopoctsimu 1 m/c. Korna 101k nopaBHsUIIUCH, TO € IIEPBOM
JOJKU BO BTOPYIO M CO BTOPOM Ha MEPBYIO OJHOBPEMEHHO MepeOpachIiBalOT Ipy3
maccoit 20 kr. OnpeenuTb CKOPOCTH JIOAOK Mocie nepedpackiBaHusI TPY30B.
MaxoBuk paguycoMm 10 cM HacakeH Ha TOPHM30HTalbHYIO0 ocb. Ha 00071 MaxoBuka
HaMOTaH IIHYp, K KOTOpoMy mpuBsA3aH rpy3 Maccod 800 r. Omyckasce
PaBHOYCKOpPEHHO, Ipy3 mpomen pacctostHue 160 cm 3a Bpemst 2 c. Omnpenenursb
MOMEHT MHEPLIUH MaXOBHKA.
[Inatdopma B Buae nucka pamgmycom R=1 m Bpamaercs mo MHEpPIHMU C YaCTOTOH 6
00/c. Ha kparwo mmargopmbl cTOUT denoBek, macca kortoporo 80 kr. CKOJBKO
000poTOB OyneT AenaTh aThopma, eciid YeoOBEK mepeiaer B ee IeHTp? MomeHT
uHepuy wiathopmbl 120 krmM2, MOMEHT MHEPIUU YeoBeKa PACCUMTHIBATH KAK JIJI
MAaTEPUAIIBHON TOYKH.

4 BapuaHT

2
JIBM)KeHHE IBYX MAaTE€PHUAIBHBIX TOUEK BhIpaXaroTcs ypaBHeHusimu X, =10+t —t° u

X, = —2+ 2t +t*(M). B Kakoii MOMEHT BpEMEHH CKOPOCTH TOYEK OJMHAKOBHI? Yemy
paBHBI YCKOPEHUSI TOUEK B MOMEHT BCTPEUH TOUECK?

Ha kakom paccrosstHuum OT 3eMyId HaxOJWUTCS TOYKA, B KOTOPOW HAMpPSKEHHOCTh
CyMMapHOTO noJisi TAroreHus 3emau u JlyHel paBHa Hymro? IIpuHATH, 4TO Macca
3emmm B 81 pa3 Oosbiie Macchl JIyHBI W pacCcTOsIHME OT IEHTpa 3eMJIH JI0 IIEHTpa
JIynel paBHo 60 paguycam 3eMiin.

Jluck paguycom R=0,3 M Bpawaercs cornacHo ypasserno @ =5—0,5t +0,2t° (pax).
Haiitn TaHreHnuanbHoe, HOPMAJILHOE M TIOJHOE YCKOPEHHE TOYEK Ha OKPY>KHOCTH
JTUCKA B MOMEHT BPEMEHH 5 C.

[ImoT mymHOM 3 M U maccoi 140 kr cTOUT B CHOKOMHOM Bojie. Ha moTy Haxoautcs
yenoBek Maccoit 70 kr. C Kakoi HaMMEHbIIEH CKOPOCTHIO OTHOCUTEIBLHO BOJIBI U TO/T
KaKiM YTJIOM K MOBEPXHOCTH BOJbI JOJDKEH MPBITHYTh YEJIOBEK BOJIb ILIOTA, YTOOBI
MOTIaCTh Ha €r0 MPOTUBOIOJIOKHBIN KOHEI[?

Huck pamnycom R=20 cm u maccoit 5 kr Bpamaercsa ¢ vactotoil 8 o6/c. Ilpu
TOPMOKEHHUU OH OCTAaHOBUJICS uepe3 BpeMs 4 ¢. OnpeaenuTb TOpMO3SIIIHA MOMEHT.
[Mnardopma B Bume aucka maccoit 240 Kr MOKET BpamaThCsl OKOJIO BEPTUKATBLHON OCH.
Ha xpato mmatdopmbl cTouT uenoBek, Macca kotoporo 60 kr. Ha kakoit yron



HOBEpHETCs aThopMa, €Cr YeJIOBEeK MOKAET BOJIb Kpas m1atdhopMbl U, 000iis ee,
BEPHETCA B UCXOJHYIO TOUYKY? MOMEHT HMHEpIMH 4YeJIOBEKA PAaCCUMUTHIBATH KaK JJIs
MAaTEpUAIIBHON TOYKH.

Mexannka. Kontpoabnas padora 2

1 BapuanT

. T, T .
MarepuanpHass TOYKa JABIDKETCS IO 3aKOHY x=0,05sm(zt+§) (M). Haiitm

aMIUIMTYly, 4YacTOTy, IMKIMYECKYH YacToTy, TMepHuoj, HadalbHyl0 (¢a3sy;
MaKCUMaJIbHYI0 CKOPOCTh M YCKOPEHHE; MAaKCUMAJIbHYIO CHIIy, TIOJIHYIO JHEPTHIO,
eci macca Touku 0,2 K.

Temno maccoit 0,03 Kr coBepimaeT Majbie KoJIeOAHUS TMOJ JCHCTBHUEM ABYX MPYKUH
x)ectkoctamu 40 H/M u 60 H/Mm, coemuHeHHBIX TocienoBarenbHo. HalTu mepuon
KOJICOAHU CHCTEMBI.

Touka ydyacTByeT OJHOBPEMEHHO B JABYX OJIMHAKOBO HAIMpPaBJICHHBIX KOJEOAHUSX:

V4 .
X, = acos(at +E) U X, =acoset . HaiiTu ammmTyqy W HauvaibHyl (aszy

PE3YIBTHPYIOIIETO KOJIeOaHusI.
Haiiti ypaBHEHHE TPaeKTOPHH TOYKH, ECIIM OHA JBIKETCS 110 3aKOHy: X = asinat u
y = asin 2at . 306pa3uth npuMepHbie TpaQuKH ITUX TPACKTOPHIL.

oat i T .
3aryxaronme KojeOaHUsi TOYKM MPOUCXOAAT IO 3aKOHy X =€ 0‘“SIngt. Haiitu

KOO(QQHUIMEHT 3aTyxaHWs, BpEeMs pellaKkcallid, 4YHCIO Koje0aHul, 3a KOTOpoe
aMIUIHTY1a YObIBaeT B € pa3, JOrapupMHYECKUI JEKPEMEHT 3aTyXaHusl, JOOPOTHOCTb.
OpHoponHBINM JUCK paauyca 13 ¢cM MOXKET BpalaTbcs BOKPYT TOPU30HTAIBHON OCH,
npoxoJdieil uepes kpail qucka. Halitu nepuot Manbix KojeOaHuil 1ucka.

2 BapuaHT

MarepuanpHass TOYKa JBIDKETCS IO 3aKOHY x:0,0ZSin(%H%) (M). Haiitu

aMIUIUTYly, YacTOTy, UMUKJIMYECKYyl0 4YacToTy, IHepuoj, HadaubHyl ¢a3zy;
MaKCHUMAaJIbHY}0 CKOpPOCTb U YCKOPEHHE; MAaKCHUMAaJbHYIO CUIy, HOJHYIO SHEprHIO,
ecim Mmacca Touku 0,1 k.

Teno maccoit 0,04 xr coBepiiaer Maible KoyiebaHUs TOJ ACHCTBHEM IBYX IMPYKUH
xkectkoctamu 100 H/m u 200 H/m, coegmHenHbix mnapawienbHo. Haiitm mepuon
KoJie0aHuil CUCTEMBI.

Touka yyacTByeT OJHOBPEMEHHO B JABYX OJIMHAKOBO HAINpPaBJICHHBIX KOJIEOAHUAX:

. V4 . .
Xl=aS|n(a)t+§) u X,=asinet . Haiitu ammmryny wu HavaneHylo ¢asy

PE3YJIBTHPYIOIIETO KoJieOaHMs.
Haiiti ypaBHEHHME TPAEKTOPHMH TOYKH, €ECIIM OHA JBIKETCA 110 3aKoHy: X = asinatu
y = acos 2at . U306pa3uth npuMepHbie rpaduKu 3THX TPACKTOPHIA.

0,05t

_ . T o
3aryxarolye KoyebaHus TOYKH MPOUCXOIIAT 1o 3akoHy X = 0,2e sin Et. Haiitn

KOA(QQULUUEHT 3aTyxaHus, BpeMs peJlaKkcallik, YHUCJIO KOJIeOaHUM, 3a KOTOpoe
aMIUIMTY/1a YObIBaeT B € pa3, JOrapupMHUUECKUIl JEKPEMEHT 3aTyXaHusl, JOOPOTHOCTb.
Tonkuit 060 paguyca 13 cM MoXeT BpamiaTbCsi BOKPYI TOPHU3OHTAIBHOH OCH,
npoxoasiueil uepes kpait odona. Haiftu nepuos Maibix kosnebanuit o6ona.



3 BapuaHT
Touka coBepIaeT rapMOHHMYECKHME KojeOaHus 1o 3akoHy X=5Sin2t (cm). B
MOMEHT, KOI/la BO3Bpalllalollas cuja BIEpBble NpuHsiia 3HayeHue SMH, Touka
obnanana moteHnmanbHoM sHepruei 0,1 mJx. Haiftu 3>TOT MOMEHT BpeMeHU U
COOTBETCTBYIOLIYIO eMy (a3y KoJjieOaHus.
Ha crepxue nmmnHoi 30 cM yKpeIuleHbl JABa OJUHAKOBBIX I'py3a: OJHMH B CEpEIUHE,
IpYroil Ha OJHOM U3 KOHIOB cTepxkHs. CTepkeHb ¢ Tpy3aMu KoOJIEOJIETCS OKOJIO
TOPHU3OHTAILHON OCH, MPOXOJAIIEH uyepe3 CBOOOIHBIN KOHel cTepkHs. OnpenenuTsb
MIPUBEACHHYIO JJIMHY U TIEpUO/1 MaJbIX KojiebaHnil. Maccoii crepaxHs mpeHeOpeyb.
MartepuanbHas TOUKa Y4YacTBYeT B JBYX OJMHAKOBO HANpPaBJICHHBIX KOJICOAHUSAX:
X, =sint u X, =2cost (cm). Haiitu amrmumTyay, 4YacToTy © HadanbHyl (asy
Pe3yIBTUPYIOUIETO KoJieOaHusl.
Touka coBepiIaeT OJHOBPEMEHHO J[Ba TApMOHUYECKUX KOJIEOAHUs, POUCKOIAIIUX T10

.t .
B3aMMHO TMEPHEHINKYJISPHBIM HaNpaBICHUSIM: X:smz u Yy =cost (cm). Haiitu

YPaBHCHUC TpPACKTOPHUHU, IIOCTPOUTH €€ C CO6J'IIO,Z[€HI/IGM Macmraba u YKa3aTb
HAa4YaJIbHOC HAIIPABJICHUC IBUKCHMU.

—-0,02t

LT .
3aryxaronme KojeOaHus TOYKU MPOUCXOMAT 1o 3akoHy X = 0,4e sin Et. Haiitu

KOO(QQUIMEHT 3aTyxaHWs, BpeMs pellakcalliid, YHUCIO KojebaHMH, 3a KOTOpoe
aMIUIMTY/1a yObIBaeT B € pa3, JorapupMHUECKU JEKPEMEHT 3aTyXaHus, T0OPOTHOCTb.
JIBe TOUKHM HAaXOJATCS Ha TPSMOM, BIOJb KOTOPOH PacHpOCTPaHSIOTCS BOJHBI CO
ckopoctbio 50 m/c. Ilepuon xonebanuit 0,5 ¢, paccrosinue mMexay Toukamu 50 cm.
Haiitu pasHocTh ¢a3 kosebaHuit B 3TUX TOUKAX.

4 BapuaHT
MarepuanbHas Touka maccoi 0,01 kr coBepiiaer rapMOHHYECKHE KOJeOaHHs 10
3akoHy X =0,2sin8z (cm). Haiitu Bo3Bpamaromyto ciuty B Moment Bpemenu 0,1 c,
a TaKXKe MOJIHYIO SHEPIHIO TOUKH.
Ha crepxne nmmHoil 40 cM yKpeIuleHbl /1Ba OJUHAKOBBIX IPy3a: OAUH B CEPEIUHE,
JIpyroil Ha OJHOM M3 KOHLOB cTepxkHSA. CTEpKEeHb C Ipy3aMu KOJIEOJETCS OKOJIO
TOPU30HTAIILHON OCH, MPOXOJALIEH Ha PACCTOAHMU 5 CM OT CBOOOJHOIO KOHIA
crepxHs. OnpeneuTs NPUBEACHHYIO UIMHY W MEPHUOJ MallblX Kosebanuid. Maccoit
CTEp KHS IPEHEOpEYb.
MartepuanbHas TOYKa Y4YacTBYeT B JBYX OJMHAKOBO HaIIPaBJIEHHBIX KOJEOAaHUSX:
X, =sinztu X, =sinz(t+0,5)(cm). Haiitu ammumTy 1y, 94actoTy ¥ HauaibHyIO (Basy
Pe3yJIBTUPYIOIIEro KoJeOaHus.
Touka coBeplIaeT 0 JHOBPEMEHHO /1Ba FTApPMOHHUYECKUX KOJICOAHUs, IPOUCXOIALIMX T10

.t .
B3aUMHO MEPIECHANKYJISIPHBIM HalpaBICHUSIM: X:smz u Yy=cost (cm). Haiitu

yYpaBHEHHE TPACKTOPHH, MOCTPOUTH €€ C CoONMoJaeHHeM MaciuTaba W yKasaTh
HavyaJIbHOE HAlpaBJICHUE JBYKCHUS.

—-0,02t

4 .
3aryxaronue KoJieOaHusi TOUYKH MPOUCXOIT 1Mo 3akoHy X = 0,4e sin Et. Haiitu

K0d(hGUIMEHT 3aTyXaHus, BpeMsl pelakcaluy, YHUCciIo KojeOaHuH, 3a KOTOopoe
aMIUIMTYy1a yObIBaeT B € pa3, IoTapuPpMUUECKUIl TEKPEMEHT 3aTyXaHus, JOOPOTHOCTb.
JIBe TOYKM HaAxXOoAATCS Ha MNPSIMOW, BIOJb KOTOPOH pPACIPOCTPAHAIOTCS BOJHBI CO
ckopoctbio 50 M/c. Ilepuon konebanuit 0,5 c, paccTosiHue Mexay Toukamu 50 cm.
Haiitu pazHocTh ¢a3 kosebaHuil B 3TUX TOUKAX.

MoaekynspHas ¢puznka nu repmoauHamuka. KontpoasHnas pabora



~ow

1 BapuanT
B ropusonTaisHOU TpoOupke Haxoawrcs 240 cM® BO3IyXa, OTIEICHHBIX OT
atMocgepsl cTtondoukoM pryTtd mHOW 150 MM. Ecmm mpoOupky mepeBepHYTh
OTKpBITBIM KOHIIOM BBEpX, TO 00beM Bosayxa craner 200 cm®. Haiftu atmocdepHoe
nasyienue. IlnotHocts pryTn 13600 Kr/m3,
Haiitn MmonsipHyto Maccy rasa, eciu npu u3odapHom HarpeBanuu 0,5 Kr 3TOro rasa Ha
10K tpeGyercs Ha 1,48 x/[x Oosiblie, 4eM Mpu U30XOPHOM HarpeBaHHH.
B Gammone oovemom 7,5 1 mpu Temneparype 300 K Haxomurcs cMmech HieanbHBIX
razoB: 0,1 mons kucnopona, 0,2 mons azora u 0,3 mMosb yriaekucyaoro raza. Haitu
JIaBJICHUE CMECH.
WneanbHblil Ta3 ¢ nokas3areyeM aauadarhl Y pacIIMpUIM 0 3aKOHY P =aV , rne o —

3

nocrosiHHas. IlepBoHauanbHelii 00beM V. B pesymsrate pacmmpenus o0beM

yBenuuuics B N pa3. Haiitu npupaiieHne BHyTpeHHEH SHEPTUH, COBEPILIEHHYIO Ta30M
paboTy 1 MOJIIPHYIO TEIJIOEMKOCTh I'a3a B 3TOM MpOIIecce.

WneanpHblil Ta3 COBEPIIAET LMKJ, COCTOSIIIUNA M3 M30XOPHI, aaquadaTbl U U30TEPMBI,
npuyeM H30TEPMUYECKUI MPOLeCC MPOUCXOIAUT MPH MUHUMAIBHON TemIepaType
mukoia. Habitu KT/ nukina, ecnu reMnepaTtypa B ero npejenax u3MeHsiercs B N pas.
Kucnopona maccoit 100 r Harpenu u3o0apHO Tak, 4TO 00BEM €ro yBenuuuics B 3 pasa.
Haiit n3MeHeHue >HTPOINUK ra3a B ’TOM MpPOLIECCe.

2 BapuaHT
TpyOky nimHOM 42 cM, 3aasHHYIO C OJJHOTO KOHIIA, TOTPY’KAIOT OTKPBITHIM KOHIIOM B
pTyTh. Kakoii Oyaer ammHa croduka Bo3ayxa B TpyOKe B TOT MOMEHT, KOTJla BEpXHUH
KOHEILl TpyOKH CpaBHsETCs ¢ ypoBHEM pTyTH? ATMOc(epHoe naBinenue 750 MM pT CT.
OxauH MOJIb HEKOTOPOTO MJCABLHOTO ra3a n3o6apHo Harpenu Ha 72 K, coobuwms emy
KoiuyecTBOo TemwnoThl 1,6 x/Dx. Haiitm npupaimieHre ero BHYTpPEHHEH HSHEPTUM U
HOCTOSIHHY1O a/{na0aThl.
Cocyn o6bemoM 20 T COEPKUT CMech BOoposa u remus npu Temmneparype 20°C u
naeieHun 2 atM. Macca cmecu 5 r. HailTu oTHoOIIeHMEe macchl BOJAOpOJa K Macce
resvs B JaHHOW CMECH.
WneanpHeii ra3, nmokasareib aguadaTel KOTOPOTO Y PAaCIIUPSIOT TaK, 4TO cooOIaeMoe
ra3y TeIUIO paBHO YOBLIM €ro BHyTpPCHHEH dHeprun. HalTh MOJSIpHYIO TEIIIOEMKOCTh
rasa B 3TOM IIpoliecce, ypaBHEHUE Ipoliecca B napamerpax T u V.
WneanpHblii Ta3 coBepuIaeT UK, COCTOSIIIMNA U3 M30XOPHI, aauadaTbl U MU30TEPMBI,
OpUyYeM H30TEPMUYECKUI MpolecC MPOUCXOAUT IMPU MUHUMAIbHON TeMmIepaTrype
uukia. Havitu KIIJI nmkna, ecnm teMrieparypa B €ro npeaenax u3MeHsieTcsa B N pas.
Bonopon maccoit 200 r Harpean U30XOPHO TaK, YTO JABJIEHUE €ro yBEJIWYWIOCHh B 4
pa3a. Halitu n3MeHeHure SHTPOIMHU ra3a B 3TOM IMPOLEcce.

3 BapuaHT
KakoBo Oy/ieT faBjeHne rasa, B 0obeMe 1 cM® KoToporo cofepxkurcs 1 MIp MONEKyI,
npu Temrneparype 1000 K?
B Gannone emkocThio 15 1 HaxoauTCcs cMech, coaeprkamias 10 r Bogopoaa, 60 T okucu
yriepoja u 24 r BoasHoro napa. Temneparypa cmecu 27 °C. Haiitu naBnenue cMech.
Omnpenenuts yenbHbIe TEIIOEMKOCTH Cp U Cy Ta3000pa3Hoii okucH yraepoza (CO).
Bonopon 3amumaer o6bem 10 M3 npu maBmenmm 0,1 MIla. T'a3 Harpenu mpu
noctosiHHOM o0beme a0 namienus 0,3 MIla. Onpenenuts M3MEHEHUE BHYTpPEHHEH
JHEPTUM ra3a, paboTy U KOJIMYECTBO TEIUIOTHI, COOOIIEHHOE Ta3y.
I'a3 coBepmaer 1ukn Kapao. Temnepatypa narpesatens 200 °C, oxnaaurens -10 °C.
[Ipu m3oTepmuveckoM pacmmpeHud ra3 cosepimwn paboty 100 JIx. Omnpenenutsb
tepmuyeckuid  KIIJ[ 1nukma, TenmnoTy, KOTOpPYK ra3 OTHAeT OXJAJUTENI0 IpHU
M30TEPMHUYECKOM CIKATHUH.



A30T U30TepMUYECKH pacmupuica oT oobema 2 1 npu gasinenun 10°ITa 1o o6bema 8
1. HaliTn n3aMeHeHue 3HTPONUM ras3a.

4 BapuaHT
HexoTophlif ra3 HaXomuTcs TOJ JaBleHMeM 7 atM 1ipu TemmepaTtype 35 °C.
Onpenenuts OTHOCUTENILHYIO MOJIEKYJISIPHYIO MaccCy ra3a, €ciiu INIOTHOCTh T'a3a paBHa
12,2 xr/m3.
B OGannone emkocThio 1 1 HAXOIUTCS CMECh, colepkamas 1 r Bogopona, 7 r a3oTa.
Temneparypa cmecu 7 °C. Haiitu naBienue cMecH.
OnpenennTes OTHOLIEHHWE YAENIBHBIX TEIUIOEMKOCTEW Cp M Cy JUIsI CMECH Ta30B,
cocroseit u3 10 r resus u 4 r BOgopoaa.
Kucnopon 3anmmaer obseM 8 M° mpu gasienuu 0,2 MIla. T'az marpenu mpu
noctosiHHOM o0beme no nasienust 0,5 MIla. OnpenenuTs U3MEHEHHE BHYTpPEHHEH
SHEPTruM ra3a, paboTy U KOJMYECTBO TEIUIOTHI, COOOIIEHHOE Ta3y.
['a3 coBepmaer numkia Kapno. Ilpu u30TEpMHUYECKOM pACIIMPEHUM T'a3 COBEPIIWII
paboty 5 JIx. Halitu paGoTy rasza nmpu M30TEpPMHUECKOM CIKATHH, €CIIU TEPMHUUECCKUI
KIIJ mukima 0,2.
Jlen maccoii 200 r, B3aTei npu Temneparype -10 °C, Harpenu u npespaTuiu B BOLy
npu temneparype 10 °C.  Haiitu n3sMeHeHHe YHTPOIMH JIbJA.

OnTuka. KontpoabHas padora

Bapmnant 1
Beicota Connna Haa ropuzortoM =200, Tlonb3ysch 3epKanoM, MycKaroT «3aifduky B
BoAy o3epa. [log kakuM yriiom 6 K TOPU30HTY HYKHO PACHOJIOXKHTh 3€pKaJio, YTOObI
nyd B Boje men mox yriom o=41° k Beprukamu? (sina=0,655). Ilokazarens
npenoMIIeHus BoIbI N=1,32.
Han neHTpoM KBaJpaTHOTO CTOJIA CO CTOPOHOU a=1,5 M Ha BbicoTe h=1 M BHCHUT
Jammna. Bo CKoJIbKO pa3 M3MEHHUTCS OCBELIEHHOCTb B LIEHTPE CTOJIA, €CIM ATy XKe
JaMIly TIOBECUTh Ha TOH K€ BBICOTE HaJl OJJHUM U3 YIJIOB cToj1a?
dororpad ¢ JIOAKH CHUMAET MOPCKYIO 3BE3]ly, JISKAIIYI0 Ha JTHE MPSIMO TOJ] HUM Ha
rryoune H=2 M. Bo ckosibko pa3 m3o0pakeHue Ha TjieHe OyJleT MEHbIIE MpPeaMeTa,
ecim QoKycHOe paccrossHue oObekTmBa F=10 cM, paccTosiHMe OT OOBEKTHUBA IO
noBepxHocTH Boabl =50 cm? [Toka3zarens npenomieHus Boabl N=4/3.
Ha Tonkuii crexknsHHbIM KMH (N=1,55) nagaeT HOpMaIbHO MOHOXPOMAaTHUYECKHI CBET.
JIByXrpaHHbII yroj MeXAy MOBEPXHOCTSMU KiMHAa paBeH 2'. OmnpenenuTb ATUHY
CBETOBOW BOJIHBI CBETOBOW BOJIHBI A, €CJIIM PAcCTOSHHUE D MeXIy CMEKHBIMU
uHTEep(PepeHIIMOHHPIMI MaKCUMyMaMH B OTPakKeHHOM cBeTe paBHO 0,3 MM.
Ha rpanp kpucramia kaMeHHOW COJIM MajaeT napajuiebHbId My4YOK PEHTTEHOBCKOTO
m3naydenust (A=147 nm). Onpenenuts pacctosinie d MeXTy aTOMHBIMH TUTOCKOCTSIMHU
KpHUCTaJUIa, eclid AU(PaKIMOHHBI MAaKCUMYM BTOPOTO MOpPsiAKa HaOI0AaeTcs, Koraa
m3MIydenne najgaet nox yraom 0=31°30 k moBepXHOCTH KpHCTAIA.

Bapuanr 2

Ha xakoe paccTosiHue x CMECTUTCSI CBETOBOM JIy4, paCpOCTPAHSIOLIUIACS B CTEKJIE C
nokasatesneM mnpejgomiieHus N=1,55, ecim Ha ero IMyTH BCTPETUTCS IIEJb,
3amoiHeHHas Bo3AgyxoM? ['paHum mienu IIOCKMEe M mapaluielbHble. PaccrosiHue
MeXy IpaHsAMH paBHO 15MM, yron majeHus dyda Ha rpanb pased 20°. ITomsoro
OTpaXKEHHS HE MPOUCXOIUT.

Ha crosne nexur packpeitas kaura. Kopemiok kauru aiuHou =52 cM HampasieH k
HACTOJIbHOM Jamnie. JIMHMS, COeqUHSAIOMAs BEpX CTPAHUIIbI C HUTHIO JIAaMITbl, UMEET
Takylo ke aauHy | u Haknowena mox yrmom ¢=60° k MOBEpXHOCTH CTOA.
OrnpenenuTs pa3HUIly OCBEIIEHHOCTEW BepXa M HHU3a CTPaHMIIbI, €CJM CHJIa CBETA



smamnsl 1=60x.

JIBe cobuparolye JUH3bl OJUHAKOBOM (JOPMBI  ClI€TIaHbl U3 Pa3HBIX COPTOB CTEKJIA.
[Tokazarens mpenomiieHHs CTeKJa TepBOM JuH3BI N1=1,5, a BTOpoW N2=1,7.
Onpenenuts COOTHOIIEHHE (POKYCHBIX pacCTOSIHUM JIMH3 B Bo3nyxe (N=1) u B Boje
(ns=4/3).

[ToBepxXHOCTH CTEKISIHHOTO KJIMHA 00pa3yroT Mexay coboi yron 0=0,2’. Ha xiun
HOPMAJIbHO K €ro MOBEPXHOCTH Ma/aeT My4yoK Jydell MOHOXPOMATUYECKOTO CBETA C
JUTMHOM BOJIHBI A=0,55 MkM. Onpeaenurs mMpuHy b uaTepHepeHIInOHHOM TOIO0CH.
Ha nudpakumonnyto pemerky, coaepxaunryo N=500 mTpuxoB Ha 1 MM, nanaer B
HaMpaBJIeHUH HOPMAJM K €€ MOBEepXHOCTU Oenblii cBeT. CnekTp mnpoeunupyercs
MIOMEIIEHHOH BOJIM3U pEIIeTKH JUH30M Ha sKpaH. Onpeaenurs mupuHy b crektpa
NepBOro MOps/AKa Ha DKpaHe, €CIM paccTosiHue L JHMH3BI 10 3KpaHa paBHO 3 M.
['panu1Ibl BUIUMOCTH crieKTpa A xp =780 HM, Ap=400HM.

Bapuant 3
V3kuii mapasuieNibHbIM MMy4OK CBETa MaJaeT Ha IUIOCKONAPaUIENIbHYIO IUIACTUHKY
10J1 YTJIOM O, CHHYC KOTOporo paseH 0,8. Belmenmmii u3 miacTUHKY My40K OKa3aJics
CMEUICHHBIM OTHOCHUTEJIBHO MPOJIODKEHUS MAJAroLIero Mmy4yka Ha pacCTOsTHUE 2 CM.
KaxoBa TomnmuHa niacTUHKY, €CITH MoKa3aTeNb NpejJoMieHus ctekaa N=1,77
YeMy paBeH MOJHBIN CBETOBOM NOTOK @D, CO3/1aBaeMblii HCTO YHUKOM, IIOMEIICHHBIM
Ha MauTe BbICOTOM h=12 M, eciu Ha paccTossHuM =16 M OT OCHOBaHMS MadyThl OH
cO3/1aeT OCBEUIEHHOCTh E=371K?
Jlyist onTHYecKoro crekiia «(pIuHT» MoKa3aTeny MPeIOMIICHUS Uil KpalHUX JTydeit
BUJIMMOIO crekTpa paBHbl N1=1,745 u n2=1,809. N3 »storo crekna caenaHa
JIBOSIKOBBINYKJIAsl JIMH3a, pajnychl KpuBU3HbBI KoTopoi R1=R2=0,2m. Onpenenuts
pacCTOsIHHE X MEX]y TIaBHBIMU (POKYCaMU JIMH3BI IJIs1 KpalHUX JTy4el crekTpa.
Mexnay AByMs IUIOCKOMApAUICAbHBIMU CTEKIIHHBIMHM IUIACTUHKAMU TOJIOKUIU
O0YEHb TOHKYIO MIPOBOJIOKY, PACIOJI0KEHHYIO MMapajuieIbHO JIMHUK COTIPUKOCHOBEHUS
IUIACTHHOK M HaXOJSIIyI0Cs Ha paccTossHum =75 MM ot Hee. B oTpakeHHOM cBeTe
(A=0,5 MKM) Ha BepxXxHEH IUIACTMHKE BHIHBI HHTEP(PEPEHIMOHHBIC MOJOCHI.
Onpenenuts auamerp 0 MONEPEYHOTO CEUCHHUS MPOBOJIOKH, €CIIM Ha MPOTSIKCHUN
a=30 MM HacuuThIBaeTCa M=16 CBETJIBIX MOJIOC.
Ha mudpakmponnyro pemerky, coxepxkamyio N=400 mTpuxoB Ha 1 MM, mamaer
HOpMaJbHO MOHOXpoMaTtuueckuii cBeT (A=0,6 mxm). Haiitu oOmee uwucio
IU(dPaKIMOHHBIX MaKCUMYMOB, KOTOpBIE JaeT 3Ta pemeTka. Onpeaenurs yroa ¢
nudpakiyu, COOTBETCTBYIOIIHUM MOCIETHEMY MAaKCUMYMY.

Bapmuanrt 4
Y npu3Mbl ¢ ToKaszaTeneM npergomiaeHns N=1,41 u ¢ npesomnsonmmM yriaom ¢=30°
o/iHa rpaHb nocepedpena. Jlyd majaer Ha APyTyio TpaHb moj yriom o=45° 3atem
OTISITH Yepe3 3Ty K€ IpaHb BBIXOIUT U3 Npu3Mbl. Haiitu yron 6 mexnay nmanaroimum u
BBIXOJIAIIAM JIy4YaMH.
Ha BeicoTe h=8 M Hag 3emueii Bucut nammna cuioi ceera 1=1000 kx. Haitti mumomaas
y4acTKa, B Ipeiesiax KOTOPOTro OCBELIEHHOCTh HE MeHblle, ueM E=1 k.
B kycke crekna ¢ nokasareneM npesnomMiaeHus Ner=1,5 uMeercst BO3ayIIHas 0JIOCTh B
BUJIC ABOSKOBBIITYKIJIOW TOHKOM JIMH3BI C pajiycaMu KpUBU3HbI oBepxHocTed R=10
cM. Ha ontraeckoit ocu 9To# TMH3bI BHYTPHU KyCKa cTekiia Ha pacctostuu d=20 ¢cMm oT
JIMH3BI HAaxouTcs mecunHka. Ompenenuts paccrosinne f Mexny uzoOpakeHHeM
NECUMHKU U JIMH30M.
[InockoBbITyKast AMH3a BBITYKION CTOPOHOW JIEKUT HA CTEKJIIHHOW IUIACTHUHKE.
Onpenenuts TommuHy d ciiost BO31yxa TaM, TJe B OTpakeHHOM cBeTe (A=0,6 MKM)
BHJTHO TIEPBOE CBETIIOE KOJIb1I0 HhloTOHA.
JndpakimoHHas pemeTka 0CBelieHa HOPMAaJbHO MAAAI0IIMM MOHOXPOMATHYECKUM



cBeToM. B nudpakimoHHoi KapTHHE MAaKCHUMYM BTOPOTO MOPSAKA OTKJIOHEH Ha YTOJI
¢1=14°. Ha kakoif yros (2 OTKIOHEH MaKCHMYM TPETHEro HopsiIKa?

Bapmuant S
Ha cTexIsHHYIO MIOCKONapaulebHyI0 IIACTHHY TajgaeT Jdyd mof yriaom 25°. Jlyu
YaCTUYHO OTpa)kaeTcsd OT BEPXHEW MOBEPXHOCTH, YACTUYHO MPOXOJUT BHYTPH
IUIACTHHBI, CHOBA OTPAXAaeTCs O HIDKHEH MOBEPXHOCTH M 3aTE€M BBIXOJHUT 4Yepes
BepxHO0. Haiith yron ¢ Bbixoma dyya u  JuimHy nytd |, mpoiimeHHOTO
MPETOMIICHHBIM JIydOM B IUIacTHHE. ToJmuHa racTuHbl d=2 cM, TOKa3aTesb
npesloMiIeHust crekia N=1,8.
Hapn nmomanpio Bucut ¢gonaps. OCBEIIEHHOCTh HA 3€MJIE B T€X TOUYKaX, IZI€ JIy4H
MajalT TMoJ yIJIOM o4, TakuM, 4To COSau=0,3, paBHa Ei=101k. Kakosa
OCBELIEHHOCTh E2 B TOUKax, rje Jiydu najgaroT Ha 3€MJII0 MOJ TaKUM YTJIOM 02, YTO
c0s02=0,67?
OnTuyeckas cujla TOHKOW CTEKIITHHOM JWH3BI B Bo3ayxe D=5 anrp. Onpenenuthb
dokycHoe paccrosHue F TOW ke IMH3BI, MOTpykeHHOW B Boay. I[lokazateinb
npeIoMIIEHHS CTEKIa Ner=3/2, BoabI Ny=4/3.
Mexay CTEKISIHHOM IJIACTUHKOM M JieKauleld Ha HeM MIIOCKOBBIITYKJION CTEKISIHHOM
JMH301 HAJIMTA KUJIKOCTh, I0KA3aTEIb MPEJOMIICHHUSI KOTOPOU MEHBIIIE MOKa3aTels
npeinomiieHus crekna. Pagmyc g BocbMoro TemHOro kosela HeroToHa mpu
HaOmoeHnu B oTpaxkeHHOM cBeTe (A=700HM) paBeH 2 MM. Panuyc R kpuBH3HBI
BBIITYKJIOM TOBEPXHOCTU JMH3bI paBeH 1 M. HaliTu mnokaszatens mnpenoMieHus
AKHUJIKOCTH.
CKOIIbKO IITPUXOB COJEPKUT HA KAXKIbIH MUJUIUMETP COACPKUT TUPPAKIIUOHHAS
pelieTrka, eciu Mpu HaOMIOJEeHWHM B MOHOXpomaThueckoM cBere (A=0,6 MKM)
MaKCHMYM IISITOTO MOPSAKA OTKIOHEH Ha yroa ¢p=18°,

Bapuanrt 6
Ha ropusonransHoM paHe OacceifHa IIEKHT TIUIOCKoe 3epkano. Jlyd cBera,
NPEJOMUBILNCH HA IOBEPXHOCTHU BOJIbI, OTPAXKAETCS OT 3€PKaia U BHIXOJIUT B BO3IYX.
Paccrosinue oT Mecta BXOX/I€HUS JIyda B BOJAY 0 MECTa BbIX0/4a OTPAKEHHOI'O JIy4a
u3 Boasl d=1,5 M. ['myOuna Gacceitna h=2 M, nokazatens npenomieHus Boasl N=4/3.
Onpenenuts yroJi najieHus jgyya o.
Ha Boicote h1=2 M Han cepeinHO# KpyIJoro cTosia auamerpoM 0=3 M BUCHT jamiia
cuiori ceeta 11=100 xn. Ee 3amenmnm nammoi cwioi cBera [12=25 kn, m3MeHHB
paccTostHUE 10 CTOJIa TaK, YTO OCBEIEHHOCTh CEPEAMHBI CTOJIa He u3MeHmnach. Kak
WU3MEHUTCSI OCBELIEHHOCTh Kpasi cToja?
PacceuBatomasi nmH3a ¢ (OKyCHBIM pacctosHMeM F=12 cMm momemieHa MexXIy
JBYMsl TOYEUHHIMH HMCTOYHHKAMH B JBa pa3a OMbKe K OJHOMY MX HHX, YeM K
npyromy. PaccrosHue Mexay H300pakeHUSIMH HMCTOYHUKOB IOJIyYWJIOCH PaBHBIM
I=7,8 cm. Haiitu pacctosinue L Mex Iy caMUMH HCTOUHUKAMHU.
Jlis u3mMepeHus mokasaressi NpeJoMIICHHs aproHa B OJTHO U3 Iuied uHTepdepomeTpa
MaiikeabCcoHa TMOMECTHIIM ITyCTYIO CTEKISHHYIO TpyOKy umHOH =12 cm ¢
IUIOCKOTIapajlieIbHBIMU TOPIOBBIMU MOBEPXHOCTAMHU. [IpH 3amonHeHnn TpyoOKu C
aproHoM (IIpy HOPMaJbHBIX YCIOBHSIX ) UHTEp(PepeHIIMOHHAs KapTUHA CMECTHIIACh Ha
M=106 noJsioc. OnpeaennTh oKa3aTeslb NPEeJIOMICHUST N aproHa, €CJIU JJIMHA BOJHBI
A cBeTa paBHa 639 HM.
[Tnockas cBetoBas BosHa (A=0,7 MKM) MagaeT HOpMAJILHO Ha AuadparmMy ¢ KpyribiM
otBepctueM pamuycoMm (=14 mm. Onpeaenuth paccrosiHus b1, bz, bz mo Tpex
HanOoyiee yJAJEHHBIX OT Hee TOYEeK, B KOTOPBHIX HAONIONAIOTCS MHUHUMYMBI
MHTEHCHUBHOCTH.

Bapuant 7
Jlyd cBeTa BBIXOIUT M3 MPU3MBI MO TEM XK€ YIJIOM, IO KaKUM BXOJUT B MPHU3MY,
MpU4eM OTKJIOHSAETCS OT IIepBOHAYANLHOTO HampasieHus Ha yrom ¢@=15°,



[penomnstomuii yron npusMsl y=45°. HalTi mokasaTess mpenoMieHns N BEecTBa
MIPU3MBL.
[Inomanka ocsemaercss AByMsl pa3IMYHbIMU JaMIIaMM, BUCSLIMMM Ha CTOJO€ Haj
npyroit Ha BeicoTe h1=8 M u Ha BbicoTe h»=27 M. Ha kakom paccrostauu | ot
OCHOBAHHUSl CTOJI0A HAXONATCA TOYKHM IUIOLIAJIKK, OCBEIIEHHOCTh KOTOPBIX HE
U3MEHUTCSI, €CIIM TIOMEHSTh JIAMITbl MeCcTaMu?
IMpeamer pasmepom h=0,03 ™ pacrnonoxen Ha paccrosaun 0=0,15 M oT
pacceunBaroIei JTHH3bI ¢ GOKycHBIM paccrosiareM F=0,3 m. Ha xakom paccrostauu f
OT JIMH3BI IOJMy4YHuTCs n300paxkenune? Kakosa Oyer BenmuunHa n3o0paxenus: H?
B unTepdepomerpe MaiikenbcoHa Ha MyTH OJHOTO M3 MHTEP(PEPHUPYIOMMUX TYUKOB
ceera (A=590 HM) TOMECTWJIM 3aKPBHITYI0O C 00EMX CTOPOH CTEKIITHHYIO TpPYyOKy
mmHON =10 cM, oTKayaHHYIO 0 BBICOKOTO Bakyyma. IIpu 3amojHeHHH TpyOKH
XJIOPUCTBIM BOJOPOAOM TMPOU30LLIO CMEHIeHHe HHTEep(EepPEHIIMOHHON KapTHUHBI.
Korna xmopucteiii Bogopon ObLI 3aMeHEH OpPOMHCTBIM BOJOPOAOM, CMEILICHHE
UHTEpPEPEHIIMOHHON KapTUHBI BO3pociio Ha AM=42 nosiockl. OnpenenuTh pa3HOCTh
An mokazaTtenei npesoMiIeHus GPOMHUCTOTO U XJIOPUCTOTO BOJOPOA.
[Tnockas ceetoBas BosHa (A=0,5 MKM) MajgaeT HOpMaILHO HA AMadparmy ¢ KpyriibIM
otBepctueM auamerpom =1 cm. Ha kakom paccrosium D oT oTBepcTHs m0/DKHA
HAXOJUThCS TOYKAa HAONIOJCHUS, YTOOBI OTBEPCTHE OTKpHIBaJO: 1) OAHY 30HY
Openens? 2) nse 30H61 Openens?
Bapuant 8
KakoBa tommmnaa H mocko mapanienbHOW CTEKISTHHOW TUIACTHHKH, €CIU TOYKY,
HAHECEHHYIO0 YEpHWIaMH Ha 3aJHeW CTOpPOHE IUIACTUHKH, HAON0IaTelb BUIUT
paccrossaun h=5 cM ot mepenneit noBepxHocTH? Jlyu 3peHuUs MepneHIUKYIIPEH K
noBepxHoCTH IulacTuHkU. [lokazarens mpenomiieHus crekina N=1,6. s mansix
yrioB tgassinoxa.
DKpaH  OCBeIlaeTcs JABYMS  JIaMIIaMH,  PacHOJIO)KEHHBIMHM ~ CHUMMETPHYHO
OTHOCHUTENIPHO LIEHTpa 3KpaHa. PaccrosHue OT Kaxaod Jjammbl 10 3KpaHa (1O
neprneHaukysipy) h1=4 m, paccrosaue Mexay jdamnamu |1=2 m. Cuna cBera Kaxaoi
nambl 11=200 k. Kakoii cumbl cBeta |2 HyKHO B3SITh OJIHY JIaMITy, TIOMEIICHHYIO Ha
paccrosiaum N2=6 M HaJl ICHTPOM 3KpaHa, YTOOBI OHA Jjajia B IICHTPE IKpaHa TaKyFo JKe
OCBEIIIEHHOCTb, KaK JIBE€ YIIOMSHYThIE JIaMIIbI?
dokycHOe paccTosiHue cobmparomieil ymH3pl F=10 cMm, paccTrosHue NpeaMmera o
dokyca |=5 cMm, nuneitnbie pasmeps! npeamera h=2cm. Onpenenurs Benuduny H
nu300paxkenus. PaccMoTpeTs ABa ciyuas.
Juamerp d2 BTOporo cBETiOro kosbiia HproTOHA npu HAOJIOJCHUH B OTPAKCHHOM
cere (A=0,6mMkM) paBeH 1,2 MM. OnipeieuTh ONTUYECKYIO cUiTy D MmIocKoBbBITyKI0M
JIMH3bI, B3ATOM JIJIS OTIBITA.
Ha nmadparmy ¢ KpyrmisiM OTBepCTHEM auameTrpoM 0=4 MM magaeT HOPMAaJbHO
napaJuieIbHBIM My4OK Jiyded MoHoxpoMmarmueckoro cmera (A=0,5 mkwm). Touxa
HaOJTIOZICHUSI HAXOMTCSI Ha OCH OTBEPCTHs Ha paccTosiHud b=1 M oT Hero. CKOJIbKO
30H @peHens yKiIaablBaeTcs B 0OTBepCcTHE? TeMHOE WIH CBETJIOE MATHO MOJYyYUTCS B
HeHTpe AU(PaKIMOHHON KapTHHBI, €CIIM B MECTE HA0JII0IeHU I TOMECTUTH dKpaH?
BapuanTt 9
CeueHue CTEKIIHHOM MPU3MbI UMeeT (POpMy PaBHOCTOPOHHETO TPEyroyibHUKA. Jlyd
najiaeT Ha OJHY M3 TpaHell NeprneHAUKYJsipHO K Hed. Haiitu yrom ¢ mexmay
HaMpaBlCHUSIM JIy4a MaJaroliero W Jyua, BhIIIEANIEro U3 npusmbl. [lokazatens
npesoMieHus crekia N=1,5.
e nammbl cunoii cera 11=75 xn u 12=48 xa HaxomsTCs ApPYr OT Apyra Ha
paccrosianu 1=1,8 M. ['1e Hao MOMECTUTh MEXIy HUMU (DOTOMETPHUCCKHIA IKpaH,
YTOOBI €r0 OCBEIIEHHOCTh ObljIa OMHAKOBA C TOW U APYTOW CTOPOHBI?
VYBenuuenue, naBaemoe yuH30HM, k=10. Halitu ee dokycHoe paccrosinue F, ecnu
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paccTosiHue OT JIMH3BI 70 npenmeta d=9,9 cm. PaccMoTpers nBa ciyyas.

Ha mbinbHyto mnenky (N=1,3) Haxondulytocs B BO3AyX€, alaeT HOPMAJIBHO Iy4YOK
Jydeit 6enoro ceeta. [Ipu Kakoi HaMMEHbIICH TOIUHE O TJICHKH OTPaKEHHBIH CBET
¢ AuuHON BOJHBI A=0,55 MKM OKa)KeTCsi MaKCUMaJIbHO YCUJIEHHBIM B pe3yjbTaTe
uHTepdepeHunn?

[TapamienpHbIil My4OK PEHTI€HOBCKOTO M3JIyYEHUs MAJaeT Ha IpaHb Kpucrainia. [lox
yriom 0=65° naercs MakcuMyM nepBoro nopska. Paccrosnue d  Mexay aTOMHBIMH
wiockocTsiMU kpuctamwa 280 mM. OmnpenenuTs AJIMHY BOJHBI A PEHTI€HOBCKOIO
W3ITy4EeHMS.

ATomHas, saepHas pusuka. KontpoasHas padora

Bapuant Ne 1
OrnpenennTs KOIU4ECTBO HYKJIOHOB, HEUTPOHOB, IPOTOHOB, JIEKTPOHOB ISl CBUHLIA.
Onpenenuts 1eeKT Macchl U SHEPTHUIO CBA3U YIIIEPOIa.
IIpu peakuyn ’H (d, p)3H ocBoOosxaaetcs aueprus Q=4.5 MaB. Onpexnenuts maccy
m atoma 3H.
Urto nomy4yuTcs U3 MOJIOHUS Tocye 2-X o-pacnafoB u 1 B-pacnaga?
Haiitu maccy m ypana?®®U, umeromero Takyio e aKTHBHOCTh A, KaK CTPOHIHii
Maccom 2Mr.

Bapuant Ne 2
Onpenenuts pa3mep s1pa aproHa.
BbIYuCINTH yAEIbHYI0 SHEPTHIO CBSI3U KUCIOPOAA.
Haiitu sHEpruIo ANepHBIX peaKuuil °H (p, 7/)4 He.

Uro nomyuuTcst U3 paaus nocie 3-x a-pacnanos u 2 -pacnanoB?
Bbruncnurs yaenpHy0 akTUBHOCTD si/ipa KoOasbTa.

Bapuant Ne 3
Kakyro HauMeHbBIIyI0 JHEPTHI0 HEOOXOAMMO 3aTpaTUTh, YTOOBI pa3JeNUTh Ha
OTJIeNIbHBIE HYKJIOHHI siipa 0opa u yriaeponaa’?
OmnpenenuTts SHEPTHUIO OL.-pactiaja sapa Tevs.
Urto monyuutcs U3 akTUHHS Tocie 1-X a-pacnagoB u 2 B-pacnaaoB?
3a Bpems t=3c pacnasioch 1/3 HauampHOro KojuyecTBa snep uzoromna. Onpenenurb
MIEPHO T TIOJTy pacraia.
Kaknmu 3akoHamMu paszpermaercs cieayromas peakmysi: A — p+7z ?

Bapuant Ne 4
Omnpenenuts pa3mep szpa a3oTa.
OnpenenuTs YHEPTHUI0, KOTOpPas 0CBOOOAUTCS PU NPUCOEAUHEHNH OJTHOTO TIPOTOHA U
2 HEUTPOHOB.

19 6
Kakas sHeprus noriouiaercs WiM BbIACIAETCS MPU PEaKu Fe(p, a)l 0.

Yro mosryduTcst U3 ocMus nocne 1-x a-pacmnana u 2 B-pacnagon?
[lepuon momypacnajga paJHOaKTUBHOTO HyKJMAa paBHa 5 4. Onpenenurb CpeaHIO
POJIOJDKUTEIBHOCTD )KU3HH 3TOTO HYKITHIA.

Cnucok Tem 1a00paTOpPHBIX padoT

Mexanuxa
Omnpenenenre CKOPOCTH MOJeTa My ¢ TOMOIIBI0 OATHMCTUYECKOTO MasiTHUKA



no

Omnpenenenue CKOpPOCTH MOJETa MyJIU Ha KPYTWIbHO-0aIMCTUYECKOM MasiTHUKE

3. OmnpeneneHre MOMEHTOB HMHEpPLUH TeN M mpoBepka Teopemsl lllreitnepa meromom
KPYTHIBHBIX KOJIEOaHU

4. VI3ydyeHue OCHOBHOTO 3aKOHa JWHAMUKH BpAalllaTeJIbHOTO ABM)KEHHUS TBEPAOTO Teja

BOKPYT HENOJABIKHOU OCH

N3yuenue 3aryxaronux KonedaHuii Gu3nyecKoro MasiTHUKa

N3ydenHne BBIHYKICHHBIX KOJIEOAaHUN MasTHHUKA C IBWKYIIEHCS TOUKOH MOJIBEca

Ornpenenenne CKOpOCTH 3ByKa B BO3/IyXe MeTooM KBHHKe

Ornpenenenne CKOpOCTH TBEPAOTO TeJa, CKATBIBAKOIIETOCA 110 HAKJIOHHOM IITIOCKOCTH

N O

Monexynaprnas guszuxa

Omnpenenenne ko3 duimenra NTOBEPXHOCTHOTO HATSHKEHUSI METOJIOM OTPBIBA KOJIBIIA.

Omnpenenenne k03QuIIeHTa BHYTPEHHETO TPEHUS KHUIKOCTH METOJIOM Taal0IIero

mapuka (Metoq Ctokca)

M3ydeHue CTaTUCTHIECKUX 3aKOHOMEPHOCTEH

4. OmpepnerneHue OTHONICHUS TEIUIOEMKOCTH Tra3a NpPU MOCTOSHHOM JaBJICHHU K
TETUIOEMKOCTH TIPU TIOCTOSTHHOM 00beMe 110 crioco0y Kiiemana u Jlesopma

5. TIpoBepka 3akOHa BO3pacTaHUs SHTPOIUH B MPOIIECCE TEIIOOOMEHA

N =

w

3ﬂekmpuqecm60 u macHemusm

1. HccnenoBaHue 3IE€KTPOCTATMYECKOTO MOJIA € MOMOUIbIO OJUHAPHOTO U JBOHHOTO
30HJI0B.

2. OmpeneneHue YJIENbHOTO 3apsia dSJEKTPOHAa METOJOM (OKYCHPOBKHM IydyKa

3JIEKTPOHOB B IIPOJIOJIBHOM MarHUTHOM IIOJIE.

H3mepenue 3J1eKTpOABIKYLLEN CUITBI HCTOYHUKA TOKA.

4. W3ydeHue Lened NEepeMEHHOIo Toka. M3MepeHue eMKOCTed METOJO0M MOCTHKOBOM
CXEMBI.

5. OmpeneneHue  HWHAYKTUBHOCTH  COJIEHOMJA M MAarHUTHOM  IPOHUIIAEMOCTH
(dbeppOMarHuTHOTO Tena.

w

Bonnoesas onmuka, keanmosas u ;z()epHa;z qblL?MKCl

1. Onpenenenune nokasarenei MPEIOMIICHUS PA3TMUHBIX BEIICCTB.

OHp@)IeHeHI/Ie paanyca KpUBU3HBI JIMH3GI 1 AJIMHBL CBETOBO BOJHEI C IIOMOIIBIO KOJICI]
Herotona.

Omnpenenenue AJTMHBI CBETOBOM BOJHBI M XapaKTEPUCTUK AU(PPAKIIMOHHON peleTKH
Nzydenne 3akoHOMepHOCTEH (hoTod(hPexTa

OmnpeneneHre KBAHTOBBIX YHCEN BO30YKIEHHOTO COCTOSTHUS aTOMa BOJIOPO 1a
HccrnenoBanue TEpMOSJIEKTPOHHOM HMHUCCHM U OIpeaeseHue paboThl BBIXOA
3JIEKTPOHOB M3 METajlia

7. W3ydeHue >MEKTPUIECKUX CBONUCTB TBEPBIX TEI

no

o 0~ W

Hpunoxenue 1
Y4eOHO-MeTOAMYECKOE O0ecTieYeHre CAMOCTOSA TeJILHOI padoThl CTY1€HTOB

CamocrosiTenbHast paboTa CTYJCHTOB B XOJ€ ayUTOPHBIX 3aHATHUH OCYIIECTBISIETCS
10, KOHTPOJIEM NPENOaBaTelisi B BUJE BBINOJHEHUS] NPAKTHYECKUX, JAOOPATOPHBIX padoT,
KOTOpBIE ONPEAEISAET MPETo1aBaTeNb Ul CTyACHTA.

BueaynuropHas camocTosiTenbHas padoTa CTYAEHTOB MpEIIoJiaracT MOArOTOBKY K
JEKIMOHHBIM M TPAaKTUYECKUM, JTAOOPATOPHBIM 3aHSATHAM, K TECTUPOBAHHIO; BBIMIOJIHEHUE
CaMOCTOSITENIBHBIX pabOT; M3yYEHHE SIJICKTPOHHBIX YUYEOHHKOB; TOATOTOBKY K 3a4eTy M
9K3aMEHy.



[lo maHHO# nHCUMIUIMHE TPENYyCMOTPEHBI PA3IMYHbIE BUABI KOHTPOJS PE3yJIbTaTOB
00y4eHUsI: yCTHBIH OIIPOC, TECTUPOBAHUE, 3aIIUTa JOMAIIHUX 3aja4, Ja00paTOPHBIX padoT.

HepequL TEM JJISI MOATOTOBKH K MPAKTUYCCKHUM 3aHATHAM:

1. Mexanuka

1.1. KuremaTuka MaTeprallbHOW TOYKU ¥ TIOCTYTIATEIIEHOTO JBMKEHUS a0COIFOTHO
TBEPJIOTO TeNla. YpaBHEHUs IBIKEHUs. [IlMHaMUKa MaTepuaIbHON TOYKH M TIOCTYTATEIIEHOTO
JBIDKEHUST aOCOJIFOTHO TBEP10TO Tea 3akoHbl HeloTOHA.

1.2. KunemaTuka u JUHaMHKa BpalaTeIbHOTO IBUKEHUS TBEPOTO Tesna. MOMEHT
CHJIbI, MOMEHT MHEPLIMH, MOMEHT UMITYJIbCA.

1.3. PaGoTa, MOLITHOCTb, MEXaHUYECKasl SHEPTH MPU MOCTYIATEIbHOM U
BpalllaTeIbHOM JBIKEHUH. 3aKOHbI COXPAHEHUS B KJIIACCHYECKON MEXaHUKeE.

1.4. IIpyHUIMI OTHOCUTENBHOCTH B MeXaHUKe. OCHOBBI PESITUBUCTCKOM MEXaHUKHU
[Toctynarsel Diinmreiina. [IpeobpazoBanus JlopeHua, cnencTBus, CBA3b ¢ MPeoOpa30BaHUSIMU
lanunes. DneMeHTbI pelnATUBUCTCKON JUHAMUKU: UMITYJIbC, MAcca, CBSA3b YHEPIUH C
UMITYJIbCOM U MaCCOM.

1.5. Kone6aHus 1 BOJIHBI: TAPMOHUYECKUNA U aHTAPMOHUYECKHHA O CLIILISATOP.
CBo0OoHbIe U BBIHYKACHHBIE KosieOanus. CroxxeHne konebanuil. Kunemarnka BOJHOBBIX
nporeccoB BonHbl B ynpyroit cpene. UnTepdepenims u tudpakiys BOJH.

IlepeueHb pekoMeH1yeMOii JTUTEPaTYPHI:

9. Tropun FO.U., Yepnos MN.I1., Kproukos FO.}O. ®uzuka. Mexanuka: yuebHoe nmocodue.

- CII6.: m3gaTenscTBO «Jlaney», 2008
10. Tropun HO.U., Yepno W.IL., Kprouxor HO.JO. ®usuka. MouekynsipHas ¢Hu3HKa.

Tepmoaunamuka: yueOHoe nocodue. — CII6.: m3parensctBo «Jlauby, 2008

11. UsneB A.Jl. ®uzuka: yuebnoe nocodue. - CII6.: uznarensctBo «Jlaub», 2008

12. PoraueB H.M. Kypc ¢msuku: Yue6Hoe nocobue.- CI16: nzgarensctBo «Jlanby», 2008

13. CasenbeB U.P. Kypc pmsuku: yuedHoe nmocodue B 3-x TT. T.1. Mexanuka. MonekynspHas
¢msuka. 9-e u3n., crep. - CI16: m3narensctBo «JIauby, 2007

14. MexaHn4yecKHe M DJICKTPUYECKHE KOJeOaHUsi W peUIeHHe 3a7ad Ha KOJIeOaHWs:
Metoanueckasi pa3paboTka K NMPaKTHYECKUM 3aHATUAM 10 aucuurmmae «Puzukay /C.I.
Murpanosa. Marautoropck: MI'TY, 2007. — 69 c.

15. lleatp Macc W pemieHMe 3aaad Ha IEHTp Macc: Meroamyeckass paszpaboTka K
MPaKTUYECKUM 3aHATHAM 10 aucturuinae «Pusuka» /C.I°. MurpanoBa. MarHuroropck:
MI'TY, 2007. - 18 c.

16. Pa3zpaboTka «3amaHuii K KOHTPOJBHBIM paboTamM» K MPAKTUYECKUM 3aHATHSAM TI0 Kypcy
«®u3uka. Mexanuka. MouekynsipHas ¢usuka U tepmoauHamuka» /C.I. Mwurpanosa.
Marnuroropck: MI'TY, 2008. — 45 c.

2. MoJiekyasipHasi pu3zuka U TEPMOIUHAMHUKA

2.1. ®uznyeckue 0CHOBBI MOJIEKYJIIPHO-KHHETHYECKON T€OpUH. Y paBHEHUE
COCTOSIHUS U/I€aTIbHOTO Tra3a. TepMoanHaMudeckrue GyHKIUN U cOCTOSHUS. [IpuHImnbI
CTaTHCTUYECKOTO OMUCAaHMsI cucTeM yactull. DyHKIUU pacnpeneaeHn MakcBeia u
bonpnMana.

2.2. Tpu Havana repmonuHamMuku. [lepBoe Hauano TepmouHamMuku. Bropoe Havano
TepMoauHAMUKU. TepMoquHaMU4YecKas BEpOSITHOCTb U SHTPOTIHSI.

2.3. KonnencupoBanHoe coctosiHue BemiecTBa. JKuakoctu. [loBepxHocTHOE
HarskeHue. J{aBiaeHue noj U30THyTOM MOBEPXHO CThIO. DJIEMEHThl HEPAaBHOBECHOU
TEepMOIUHAMUKH. SIBieHHs nepeHoca. JlnHa cBoOoHoTO podera. Juddysus,
TEIUIONIPOBOIHOCTh, BA3KOCTb.

Ilepedyens pexkoMeHayeM Ol JTUTEPATYPHI:
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10.

11.

12.

Tiopun FO.U., Yepunos W.II., KproukoB l0.}O. ®usuka. MonekynspHas ¢usuka.
Tepmoaunamuka.: yaueonoe nocodue. — CII6.: m3narensctBo «JIaub», 2008

Nener A.J[. ®usuka: yueoHoe ocobue. - CII6.: n3narenpctBo «Jlauby, 2008

Poraues H.M. Kypc ¢usuxu: Yue6Hoe nocobue.- CII0: uznarensctso «Jlanb», 2008
CasenneB W.P. Kypc ¢wusuku: yueOnoe mnocobume B 3-x T11. T.1. Mexanuka.
MounekynsipHas ¢uzuka. 9-e uzn., crep. - CII6: uzgarensctBo «Jlanb», 2007
[Ipumenenne npou3BOJHON M HMHTerpajga B (u3uke (MeXaHUKa M MOJIEKYJSIpHas
dusnka): Meroaudeckas pa3paboTKa K TPAKTUYECKUM 3aHATHSIM 110 JIUCIUILIMHE
«Dmsukay /C.I'. Murpanosa. Marauroropck: MI'TY, 2009. — 29 c.

PazpaboTtka «3amaHuii K KOHTPOJBHBIM pPabOTamM» K MPAKTHUECKUM 3aHITHSM II0
Kypcy «®Pusmka. Mexanuka. MonekyisipHas ¢usuka u TepmoamHamukay /C.I.
MurpanoBa. Marauroropck: MI'TY, 2008. — 45 c.

3. DJIeKTPUYECTBO U MATHETHU3M
3.1. DyekTpocTaTuka B BAKyyMe U BelIecTBe. Y paBHeHUs1 MakcBeia i

QJICKTPOCTATUYCCKOT'O I1OJIA.

3.2. :‘)HGKTpOI[I/IHaMI/IKa. Knaccuueckas QJICKTPOHHAA TCOPUA SJICKTPOIIPOBOJIHOCTH

MeTaJIOB. 3aKOHBI MOCTOsIHHOTO ToKa. [IpaBuna Kupxroda.

3.3. Maraurocraruka B BakyyMe H Bemectse. Cuna Jlopenna, cuina Amnepa. Ilotok n

pKysinus B. BuxpeBoii xapakTep noss.

~

10.

IlepeueHb peKOMeHyeMOii INTePaTypPhbI:

Usnes A.Jl. ®usuka: yuebHoe nocodue. - CII6.: uznarensctso «Jlaub», 2008

Poraues H.M. Kypc ¢pusuxu: Yuednoe nocodue.- CI16: uznarensctBo «Jlaub», 2008
CasenweB U.P. Kypc obmieit ¢pusukn: yuedHoe mocooue B 3-X TT. T.2. DIeKTpHIECTBO
u MaraeTusM. Bomnnbl. Ontuka. 9-e u3a., crep. - CI10: u3garensctBo «Jlanpy, 2007
MexaHnyeckiue M DJEKTpUYECKHe KOJeOaHWs M peUIeHHe 3a7ad Ha KOJICOaHMs:
Metoanueckas pa3paboTKa K MPAKTUUYECKUM 3aHATUSAM MO IUCHUIUIMHE «DHU3UKa»
/C.I". MurpanoBa. Marauroropck: MI'TY, 2007. — 69 c.

OnexrpudectBo. Marnerusm. Onrtuka. Jlaboparopuslil npakTukyM 1o ¢usuke. /Cocrt.
I'.P. Acbinryxuna, C.M. I'onoBuzuun. MI'TY. 2009. -50 c.

4. BosiHoBasi U KBAaHTOBasi ONITHKA
4.1. ®oTOMETPUUECKUE XapPAKTEPUCTUKH.
4.2 Unrepdepennus cera. Judpakmus cera. [udpakuus Openens u @paynrodepa.

[Tonspuzanus ceera.

4.3. KopmyckymsipHO-BosHOBO# nyanm3Mm. DotorddexT, apdext Komnrona, onbiT

BaBunoBa, TOpMO3HOE pEHTI€HOBCKOE U3iTydeHHe. M3myuenue abCoM0THO YepHOTo Tena.
I'mnotesa [1nanka. Bonnsl ne bpoiins. [IpuHImn HeonpeneneHHOCTH.

o

5. OCHOBHEBIE TIOJ0KCHHUS KBAHTOBOM MEXaHHKH.

6. AToMHas U siepHas Gu3uKa.

7. DyieMeHTapHbI€ YaCTHULIBI U sIpa

Ilepeyenb pekoMeHayeM Ol JIUTEPATYPhI:

Usnes A.Jl. ®usuka: yueoHOoe mocoodue. - CII0.: n3narensctBo «JIauby, 2008

PoraueB H.M. Kypc ¢usuku: YuebHnoe nocobue.- CI16: uznarensctBo «Jlanb», 2008
CasenneB W.P. Kypc o6mieit pusuku: yuebnoe mocooue B 3-x 11. T.3. KBantoBas
onTtuka. AtomHas ¢uszuka. Pusuka TBepaoro Ttena. dusmka aToMHOTO sApa U
3JIEMEHTAPHBIX YacTHIl. 9-¢ u3., ctep. - CII6: m3narenbcTBo «Jlanby, 2007

AToMmHasi, KBaHTOBas W sjepHas ¢usuka. JlabopaTopHbIii MpakTUKyM MO (DU3HKe.
Anpa. /Cocrt. I'.P. Acbuiryxkuna. MI'TY. 2011. -38 ¢

TecTbl A1 camonpoBepkn. OnTuka. KBanToBasi, aToMHasi U siiepHas Gpu3nKa



12.

13.

14.

15.

16.

17.

18.

Bapuanr 1

Haxonsick B OCHOBHOM COCTOSIHMM, aTOM BOJOpO/a MOMIOTHI KBaHT cBeTa. Pamuyc
3JIEKTPOHHOW OpOUTHI U3MEHWICS U CTall paBeH 212 nM. DHeprus MorjioleHHOTO pH
3TOM (OTOHA paBHa:

A. a)13,6 3B

B. 6)10,25B

C. B)3,49B

D. r)5,13B
Ilpu mepexozne sneKTpoHa B aToMe rejus W3 HOPMAJbHOIO COCTOSIHUS B IIEPBOE
BO30YXJIEHHOE, €ro KUHETUYECKasi JHEPTUsl:

A. ymenbumiace B 4 pasza

B. yBemmuunace B 2 pasa

C. ymeHblmiach B 2 pasa

D. He uaMeHunach
JimHa BouiHBI 1e Bpoiins A a1eKTpoHa, JBUXKYLIErocs o KpyroBoi opoure aroma
BO/I0PO/1a, HAXOJSIIEr0Csl B OCHOBHOM COCTOSIHUH, PaBHA:

A. 0,1 am

B. 0,33 um

C. 0,5am

D. 0,74 am
DONEeKTpOH, HAYaJIbHOH CKOPOCTBIO KOTOPOIO MOXHO TpeHeOpeub, MpouIes
yCKOpsitolIyto pa3zHocTs noteHmuanoB U = 510 kB. Mmmynsc 35eKTpoHa B 3TOM
cllydae Hy>KHO OTIpeAeIsTh 1o (hopMyIie:

A. p=mo

B. p=+2mT
C. p= %1/(2150 T

D. p=+2(mT +c)
Kunernueckast sHeprust T 3JeKTpoHa B aroMe BOJOPOJA COCTABISICT BEIUIUHY
nopsinka 10 »5B. Hcmons3ys COOTHOIIEHHS HEOMPEACIIEHHOCTEH, OICHUTH
MUHUMAJIbHBIC IMHCHHBIC pa3Mephl aTOMa:

A. 50 mm

B. 100 mm

C. 124 um

D. 288 mm.
IJIEKTPOH HAXOJHUTCA B OCECKOHEYHO TIyOOKOM OJIHOMEPHOM MPSMOYTOJHHOM
MNOTEHIUAIBHOM SIIIMKE IUPUHON L BO BTOpOM BO30YKIEHHOM COCTOSIHMU. CpaBHUTE
BEPOATHOCTh HAXO0XKJIEHUS] YACTUIBl B TIEPBOU TPETH MOTeHUHaIbHOU siMbl — W1 U B
nocienneit tpetn — Wo:

A. W, =2W,
B. W, =W,
C. W, =3W,
D. W,=W,=0

Mowment HUMITYJIbCa DJJICKTPOHA B aTOMC IIpU TIEPEXOAC€ U3 COCTOAHUA 3P B 3d
HU3MCHHUTCA B ...

A.\/gpas

B. \/Epas
C. 2paza



19.

20.

21.

22.

13.

14.

15.

16.

D. ne usmeHHTCA
3a Bpemsi, paBHOE JIBYM IE€pHOJIaM TOIypaciaja, pacnajaercs sjaep (B MpoleHTax):
A. 60%
B. 30%
C. 46%
D. 75%
[TocTostHHBIE pacmiajga IBYX paJHOaKTHBHBIX BEIIECTB OTiIMYaTes B 9 paz: A, =94, .

[Tepuoas! ux monypacnaaa HaXOAATCS B OTHOIIECHUU

A T/T,=3
B. T,/T, =9
C. T,/T,=18
D. T,/T, =1

Y nenbHast sHeprus cssu sapa ,C'? pasHa:

A. 7,68 M>B/ nyxiion
B. 2,87 MsB/ nykion
C. 14,62 M>B/ nyxiion
D. 2,12 M»B/ nykioH.
=211

H)IpO H30TOIla BUCMYTaA g, Bi IOJYYHJIOCh M3 APYroro sdapa I0CiI€ OJHOIo & -

pacmazga v ogHOTO J3 - pacnana. McxomHoe siipo ObLIo:
64P0215
6,PH207
g5 At2L0
g4P0?16

COw>

Bapuant 2

Bo ckoJibk0 pa3 u3MEHUTCS paguyc OpOUTHI HEBO30YKIECHHOTO JIEKTPOHA B aTOME
BOJIOpO/ia MPHU MOTJIOLIEHUU UM KBaHTa ¢ 3Heprueit 10,2 s3B?

A. yBemuuurcs B 3 pasza

B. yBemuuurcs B 4 paza

C. ymeHnsmmTcs B 2 pasza

D. ymenbumres B 9 pa3
Bo ckonbko pa3 u3BMEHUTCS CKOPOCTH JIEKTPOHA B aTOME BOIOPO/1a TIPH UCITY CKAaHU U
KBaHTa COOTBETCTBYIOIIETO MEPEXOTY JIEKTPOHA C YETBEPTOTO HA BTOPOI
SHEPreTUYECKUN YPOBEHB?

A. ymenpimmrcs 4 pasza

B. ymenbumres B 2 pasa

C. yBemmuutcs B 3 pasza

D. yBenmuuwurcs B 2 pa3a
Kakoii nmporiecc conpoBoKaaeT nepexo/1 IeKTpoHa B aTOME BOJOPO/Ia CO BTOPOTO
SHEPreTUYECKOTO YPOBHS Ha MATHIN?

A. mornomaercs (pOTOH C 4acTOTOH 1015 'y

B. mornomaercs poToH ¢ nyuHOM BOJHBI 432 HM

C. m3myuaercs GOTOH ¢ gacToToi 6,910 I'y

D. mnyuaercs ¢poron ¢ aunHo# BoaHb 300 HM
Kaxoii anektpon uMeeT 00JIbIIYy 0 ATUHY BOJHBL e bpoiins: a) anexTpoH,
ABIKYIIUICS co ckopocThio 108 M/c; 6) 21IeKTPOH, YCKOPEHHBIH Pa3HOCTBIO
noteHuanos 100 3B?

A a

B. 6

C. oagunHakoBas



17.

18.

19.

20.

21.

22.

23.

D. HEBO3MOXHO OTBETUTH
Kak oTnmmuaercst kuaetnyeckast 3Heprus T pesIiTUBUCTCKOTO AJIEKTPOHA OT €T0
sHepruu 1okos Eo, eciu ckopocTh snekTpona passa 2,25-108 m/c?

A. T mensmie Eo B 1Ba paza

B. T mensmie Eo B 0,5 paza

C. T 6omnpme Eo B 1Ba pasa
D. T 6osemre Eg Ha 50%

. AV .
Haiinure oTHOCUTENBHYIO HEOIIPEIETIEHHOCTh CKOPOCTH 3JIEKTPOHA e C JHepruei

1 5B, 3akmroueHHOMY B 00MacTH AX = 1 MKM
A. 100 m/c
B. 1,6-10*
C. 20%
D. 50%

CpaBHHUTE BEpOATHOCTb HAXOXKICHUSI MUKPOUACTHUIIBI B CPEHEHN TpeTH

. 1 2 .
IIOTCHIIMAJIbHOU sSIMBI, T.C. gl < X< §I AJIsL ABYX COCTOSITHUM: a) JacTula HaxXOJUTCsA

B HEBO30YKJIEHHOM COCTOSTHUM; 0) 4YacTHIIa HAaXOAUTCs B ONpKaiiiiieM BO30YKICHHOM
COCTOSIHHH.

A. BepoATHOCTb a 6oJblIe

B. BeposTHOCTB 6 GObIIE

C. omgunHakoBa

D. Henb3st OTBETUTH
YkakuTe Bce BO3MOKHBIC 3HAUCHHSI KBAHTOBBIX YHCEI DJIEKTPOHA HA OpOuUTe 2p

A. n=2,e=1, m=0,+1,-1, ms:i%

B. n=2,e=1, m=0, ms:i%
1
C. n=2,e=0, m=0, ms:J_rE

D. n=2,e=2, m=0, ms:i%

Kakag gactb PaarOAaKTUBHBIX AACP paclagacTCsa B TCUCHUEC TPEX NIEPUOI0B
noJrypacrnazaa?

A

B.

0|y |

C. 70%
D. 43%
215

Tepuo 1 moypacaia M30Tona pajona 4. Rn pasen 107 ¢. Haiinure cpennee Bpems

YKU3HHU 3TOTO U30TOIIA.
A. 2:-10%¢
B. 1,44-10%
C. 105
D. 0,69-105¢
V ienbHast SHEPTHs CBSA3M Apa oFe pasHa 8,5 MaB/nyknon. Haiinure nepext

Macchl Am 3TOTO spa:
A. =2:10% kr
B. =5-102° kr



C. =810 kr
D. ~8,5-1028 xr
24. CKOJIBKO 0 ¥ 3 pacmaioB COMPOBOXKIACT MPOIIECC MPEBPAICHHS PATHOAKTHBHOTO

215
84

OJIMH O-pacrmay
OJIMH 0. U OJIUH P-pacnas
JIBa 0L ¥ J1Ba B-pacmama
yeThIpe B-pacmnana

n3otona ;PO B M30TON BUCMYTa “saBi ?

COow>

Bapwuant 3
13. Pagnyc 12 BTOpO# CTalMOHApHOW OpPOWTHI JIsi AJEKTPOHA B aToMe€ BOJOpOJa IO
teopun bopa paBeH:
A 211010y
B. 2,1-10°¥m
C. 2,1:10%2m
D. 2,1mMm
14. Tlo Teopun bopa BBUHCINTH CKOPOCTh Ve JJIEKTPOHA Ha BTOPOM CTAIllMOHAPHOU
opOuTe 117151 aTOMa BOJI0pO/Ia.
A. 1,1-10% m/c
B. 1,1-102 m/c
C. 1,1-10%% m/c
D. 1,1:10% m/c
15. Kakas ¢opmyna Obuta BbIBEEHA OSKCIEPUMEHTAILHO bambmepoM 1 cHekTpa
BOJI0poAa?

A. V=E_E°
h
B. W=_J
Ay 1
1 1 1
C. = =R =-—
A7)
D. mvr=n#a

16. Beriunciure IMHY BOJIHBI Jie¢ Bpoiyis [Isl 3JIeKTpOHA, MPOIICIIIETO Pa3sHOCTh
notennuaiios U=22,5 B.
A. 0,258 am
B. 0,258 MM
C. 1,258 am
D. 1,258 Mxm
17. UMmynibC 9acTUIIbI TS PEIITUBUCTCKOTO CITy4asi MOYKHO OTIPEIEIHTh 10 popmyJie

A V2m,T

p:
C
— (2E, +T)T
' c
C. p=mv
D. p:m

18. I/ICHOHB3y5{ COOTHOIICHHC HCOHpeHeHeHHOCTCﬁ, OLCHUTC HAUMCHBIIYIO OI_HI/I6Ky Av
B OIIPpCACIICHUU CKOPOCTH J3JICKTPOHA, €CJIU KOOPAUHATHI HEHTPpA MacCC 3TOM YaCTHUILIBI
MOTYT OBITH YCTaHOBJICHBI C HCOIIPCACIICHHOCTBIO 1 MKM.

A. 116 m/c



B. 11,6 m/c
C. 0,116 m/c
D. I m/c
19. 3agana ncu-QpyHKIWA YacTHOBl (X, Y,z). BeposTHOCTH TOrO, 4TO YacTHua OyaeT

oOHapy»eHa B 00yact o0beMa V  ompesensieTcs BEIpaKCHUEM:

A. w(xy,z)= m lw(x,y, z)zdv

B. w(xyz)= J'(//(x, Y, z)zdx
C. y(xy.2)=[[Jw(xy.2) v

D. y(x)= [lu(x) o
20. 8.I'maBHoe kBaHTOBOe 4ucio N=3. Kakue 3HaYeHHS NPHHUMAET OPOUTAIBHOE
KBaHTOBOE 4HCIIO 1?
A. 1=0,1,2
B. Ttosbko I=0
C. tomsko I=1
D. Ttosbko 1=2
21. Ilepuon monypacnana s2Po* pasen 140 cytok. IIpu pacnazne nonoHuit npespamiaercs
B cTabunbHbIH cBuHel g2PB2Y’. Kakas macca cBUHIAa 06pasyeTcs B HOJOHHH Maccoii 1
mr 3a 70 cyT B pe3ynbrare pacnajaa?
A. 2,97-107 xr
B. 2,97 xr
C. 2,97-10% kr
D. 2,97-108 xr
22. Yto Ooubllle- cpeaHee BpeMs JKU3HU T pPAJMOAKTHBHOTO S/ipa WIM TEPUOJ
nosypacnazna T? Bo ckonbko paz?

210

A L =rm2
T

B. I=€n2
T

c. L-1
T

D. Z:e
T

23. Boluuciute geekT Macchl M dHepruro cpasu sgpa sLi’ (mp=1,00783 a.e.m.,
mn=1,00867 a.e.m., m(3Li")=1,00783 a.e.m.)
A. Am=0,04216 a.e.m., Ec;=39,2 MaB
B. Am=0,4216 a.e.m., Ecz=69,2 M>B
C. Am=0,04216 a.e.m., Ecz=09,2 M1B
D. Am=0,06426 a.e.m., Ec;=39,2 M>B
24. SInpo Topus 90Th? npesparunocs B aapo 8sRa??®. Kakyro yacTuily HCIycTWIO SAPO
Topusi?
Heitrpon
[IpoTon
0- 9acTHIA
ANEKTPOH

COw>

Bapuant 4



12. paguyc BTOpOii 00OPOBCKO OPOUTHI M CKOPOCTH AJIEKTPOHA HA HEW PaBHBI:

Eoro 4h’e, . Ze€?
' Ze’zm’ 4ggh
‘ h’e, v - 47¢°
47e*zm’ goh
2 2
G rzlﬁfl & = Ze
Ze“zm 16¢,h
2 2
Horo hzgo = Ze
Ze“zm gh

13. Pa3HoCTh 1JTMH BOJIH MEXKy TOJIOBHBIMH JTUHUSAME cepuii banbmepa u Jlaiimana paBHa
59,3 HM y HOHa:
E. oH!
F. 2He®
G. sLi®
H. Her Takux MOHOB
14. Jlnuna BonHb Ae bpoiinis 11 anekTpoHa, KHHETHYecKast SHepTrusi KoToporo 1 k3B,
paBHa:
E. 40 mm
F. 40m
G. 0,4 om
H. 80 mm
15. Kunetnueckast sHeprus anekrpoHa 1 MaB. Ero ummnynsc paBen:

E. p=2yE(E +2mc?)
C

p =./2mE,

G. p=42m,c?

C

\2mE,

16. KuneTndaeckas SHEpTHs JIEKTpoHA B aToMe Bojopoaa T=10 3B. MuHnumanbHbI i
JUHENHBIA pa3sMep aTtoma:
E. 1,24:10
F. 2,48:10
G. 0,62:10%
H. 3,72:10

17. B moTeHIMaIbHOM sIME C BEPTUKAILHBIMU «CTCHKAM» HAXOJIUTCS
anekTpoH. Ero BomHOBas GyHKIMs n300pakeHa Ha PUCYHKE.
['myOuHa moTeHInaaIbLHOMN SIMBI: —

A. KoHeYHa
B. Oeckoneuna

C. pasna |
D. paBua —
Parta 3

18. I'maBHOE KBAaHTOBOE YMCJIO N=2. MAKCHMAaJbHOE 3HAUEHHE BCKTOPa MOMCHTA
HUMITYJIbCA 3JICKTPOHA Li u ero MMPpOCKIUN Li; MPUHUMAIOT 3HAYCHUA:

E. Li=hv/2, Li=h
F. Li=2h, Li=h+2



G. Li=h \/5, Liz=h

H. Li=h, Li=h+2
19. Tepwon monypacnana T. 3a Bpems ot 0 10 t cekyHI BEpOSATHOCTH paciajia (o paBHa:
—In2
E w=1-eT
—In 2~t

F. w=eT

G. a):ln—z
T
TIn2

H w=e!

20. Boipaxkenust 1715 Iepro/ia MoJiypaciaja u CpeTHEro BpeMeHH KU3HU MPAaBUIIbHO
3anucaHbl B Ciyyae:

E. T:In_z,z':i
A In2
F. T =/’tln2;r:|n—2
6 T_ha. 2
2 InA

H T= %;r = AIn2 Bsibop oTBeTa 000CHOBATE.
n

21. DHeprus cBA3M sAIpay KOToporo 4 m potoHa u 4 HeiiTpoHa, paBHa 56,5 MaB,
my=1,00783 a.e.m., M=1,00867 a.e.m. Macca atoma paBHa:
E. 8,00531 a.e.m.
F. 0,00531 a.e.M.
G. 4,00531 a.e.m.
H. 16,00531 a.e.m.
22. DHeprus, He0OXO0AUMAs 1711 OTPBIBA OJJHOTO HeHTpoHa u3 anpa sO pasHa:

5. 4,14 M>B
6. 0,41 M>B
7. 931 M»B
8. 414 M»B

Bapwant 5
13. ATom BOJIOpO/1a HAXOAHUTCS B OCHOBHOM COCTOSIHUH. [Ipr BO30Y K IeHUH aTOMa
emy coobmmm 3uepruto 10,2 3B, npu aToMm pagunyc 60poBCKOi OpOUTHI:
A. yBenuuwucs B 2 pasza
B. ymenbumics B 2 pasza
C. yBemuuuics B 4 paza
D. He uzMeHuscs
14. CkopocTtH 37€KTpOoHa Ha BTOPOI OOpOBKOI OpOUTE B aTOME BOJIOPO/1a, B MOHAX
He* u Li"™* HaxoasTCa B COOTHOIIICHUN
E. 1:23
F. 1L 1 : 1
2 3
G. Il11
H. 1:4:9
15. M3nyueHue HaMMEHBIIIEH YaCTOThHI B BUIUMOM CEpUH CIIEKTPa BOJAOPOJIa MOKET
OBITH TIOJYUYEHO MPH MEPEXO0Ie FTCKTPOHA MEKIY SHEPTETUUECKUMHU YPOBHAMU:
E. cn=2nan=1
F. c¢cn=3nan=2



G. cn=4Han=3
H. ¢n=4 man=2
16. Ecii 3JIeKTPOH U IPOTOH MPOIILTH B JIEKTPUIECKOM TI0JIE O TUHAKOBYO
YCKOPSIONIYIO Pa3HOCTh MOTEHITUAJIOB, TO OTHOIICHUE MX AeOPOMICBCKHUX JIITHH
BOJIH PaBHO:

m
E.

.l
me
m 2
F. |2
me
m

G [
m

e
H. 1
17. Ecom snexktpoH obnagaeT KuHeTudeckoi aHeprueid T =5 MbaB, 1o ero
PEISITUBUCTCKUI UMITYJIbC PaBEH:
E. 12:10% kr-m/c
F. 2,7-10% xr-m/c
G. 11,4102 xr-m/c
H. 2,9-10% kr-m/c
18. DiexTpoH ¢ KMHEeTHYeCKOi YHeprueii 13 3B Haxoautcs B o6macTu pasmepom | =1
MKM. B aTOM ciydae otHOcuTensHas omubka AV/V, ¢ KOTopoi MOXeT ObITh
OTIpejiesieHa ero CKOPOCTh, paBHa:
E. 1)0,1
F. 0,02
G. 10*
H. 10

19. DneKkTpoH HaXOIUTCS B BO30YKIEHHOM COCTOSIHUH (N=3) B 6€CKOHEYHO TIyO0KOM
OJHOMEPHOM NOTEHUMALHOU AMe. KakoBa BEpOSATHOCTh HAXOXKIEHHUS €T0 B

o0Oiactu 1I < XSEI :
3 3

e 1
2
Fo1
3
c. 3
4
H 2
3

20. 3armoTHEeHHBIN AIEKTPOHHBIN CI0M XapaKTepU3yeTcss KBAaHTOBBIM YUCIOM N =3.
Yucino amektpoHoB N B 3TOM citoe, IMEIoIHe 0IMHAKOBBIC KBAHTOBBIC YHCIIA: Ms

1
=— ul=2, pasHo:
5 p

E. 10
F. 18
G. 5
H. 8
21. 3a 12 4acoB KOJIMYECTBO aTOMOB PAIMOAKTUBHOIO MpernapaTa yMEHbIIUIOCH B 9
pa3. [lepuoa nomypacnaja 3TOro 3J1eMEHTa PaBeH:



15

16

17
18
19
20
21
22

23.
24.
25.

T=61u
T=3 14
T=3,84
T=7,84

Temm

22. CpenHee BpeMsi )KU3HU OJHOTO PaJHoaKTUBHOTO TpenapaTta {1 B 2 pasza Oombiie
CpEIHEr0 BPEMEHHM JKU3HU JPYTOoro mpemnapara. Torga OTHOIEHHUE UX IEPUOJ0B

T
ToJTypacraa T—l paBHO:

H.

23. DHeprust CBS3M s]Ipa, COCTOSIIETO U3 IBYX MPOTOHOB U OJJHOIO HEUTPOHA, paBHA!
E. 6,78 MaB
F. 7,25 M>B
G. 7,73 MaB
H. 8,70 M>B
24. T1pu B3pBIBE BOJOPOIHOM OGOMOBI MPOTEKAET TEPMOSIIEpHAs peaKLus 00pa30BaHUs

4 o 2 3 -~ o~
aToMOB , Hews neiitepuss | H v tputus | H . DHepreTH4ecKuii BBIXO 3TOM

pEaKIny COCTABIISIET:
E. 20,35 M»sB
F. 17,57 M>B
G. 8,5 M»B
H. 7.8 MaB

Hepeqeﬂb KOHTPOJILHBIX BOIIPOCOB Jisl MOATOTOBKH K 3K3aMEHY

Mexanuka
14. KunemaTuka MaTepuaibHON TOYKH U MOCTYNATEIBHOTO ABMKEHHS a0COIOTHO
TBEPJOTO TeNa.
. IlunamMuka MatepuabHON TOYKU U OCTYNATEIbHOTO JBMKEHHS a0COJIFOTHO TBEPIOTO
Tena.
. Pabora m momHOCTE. MexaHudeckass SHEprusi. 3aKOHbI COXPAHEHHS HHEPTUH U
UMITyJIbCAa B MEXAHHUKE.
. Kunemaruka 1 nuHaMuka BpamaTreabHOro JBHKEHHs a0COIIOTHO TBEPIOTO Tea.
. Cuna tarotenus. Hemnepuuanbasie cuctemMbl otcuera. Cribl HHEPLUU.
. Cuibl yIpyrocTH ¥ TpeHHs.
. Mexanuka konebanuii. 'apmoHndeckue Kojaebanus. JHeprusi KoaeOaHu .
. Crno>xeHre 0JJMHaKOBO HAMpPAaBIICHHBIX KoeOaHuil. buenus.
. CnoxxeHre B3auMHO MEPIEHAUKYIISIPHBIX  KOJICOaHUIA.
3aryxaroiue kojaeOaHus. AnepuoInuecKiue KoJIeOaHus.
BeiHyk1eHHBIE KOJIe0aHus.
Bousinel B ynpyroit cpene. YpaBHeHue BOHbI. BoiHbI B crutomHoM cpene. Dddext
Homuepa.



26.

13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

23.
24.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Wurepdepennus u nudpaxust Boaa. OtpakeHue BoiaH. CTosure BOJTHEL.

MouJiekyasipHas (pu3MKa U TEPMOAUHAMUKA

OcHOBBI MOJIEKYJIIPHO-KMHETUYECKOU TEOPHUH. YpaBHeHne
MenneneeBa-Knaneipona. Mossipnast macca. KonuuecTBo BemiecTsa.
VYpaBHeHHE KHHETHYECKOW Teopuum ra3oB. Temmeparypa — wepa CpenHen

KHHETUYECKOM YHEPTUH MOJIEKY .

3aKOH pacnpeeseH st MOJIEKYJI IT0 CKOpocTsIM U 3HeprusM. Onsit [lTepHa.

bapomerpuueckas ¢popmyina. 3akon bosbimana.

SIBneHuss mepeHoca B HEPABHOBECHBIX cpeAax (TeruIoNpOBOAHOCTh, BSI3KOCTb,
nuddysus).

Buytpennsss  sHeprus. Pabora. KommuectBo Terotel.  I[lepBoe  Hawaio
TEPMOUHAMUKH.

AnabaTHBIN ¥ MMOJTUTPOITHBIN nponecchl. CTENeHU CBOOOIBI.

Bropoe nauaino tepmoanHamuku. Kpyroseie nporeccsl. [ukn Kapno. KIT/I.

Ourponusa. TepmoauHamudeckass pguarpamma T-S. CrTaTUCTHYECKHH  CMBICI
SHTPOIUH.
CrnenmanbHas TeOpUsl OTHOCUTEIBHOCTH DMHILITEMHA.
Peanbnblie rasel. Ypasuenue Ban-nep-Baanbca. 30TepMbl peanbHOTO rasa.
Kunkoctu. IloBepxHOocTHOE HaTskeHue. KanunmisipHele sBI€HHS. Y paBHEHHE
Jlamnaca.

DJIeKTPOM ArHEe TU3M
Onektpocratuka. HampsbkeHHOCTh  1monsi.  ATOMUCTHUHOCTh — 3apsija.  3aKoH
coxpaHeHus 3apsana. Teopema I'aycca. Pacdyer HanpsKEeHHOCTH Ui HEKOTOPBIX
TIOJIEH.
Onektpocratuka. lloteHiman. PaGota cunm mons mnpu TEepeMENIeHHH 3apsiioB.
[Torenuman. Pacuer noTeHuMana 1 HEKOTOPBIX MOJIEH.
DNEKTPOCTaTUUECKOE TMOJ€ B JUDJIEKTPUUECKON cpene. ODJIEKTpUYECKOoe IoJie
ANIEKTPUUECKOro AUMNoIA B Bakyyme. Teopema ["aycca aiist 351eKTpOCTaTHYECKOTO MO
B CpeJie.
[IpoBogHMKKM B  3JIEKTPOCTATUYECKOM TMOJiE. DJIEKTPOEMKOCTh  YEIMHEHHOTO
npoBoaHuka. KoHnencaropsl. DHeprus mosis.
ITocrossHubi  TOK. Kraccuyeckass 23JEKTpOHHAs TEOpPUS  DIEKTPONPOBOJTHOCTH
MeTauioB. OTMBITBI TI0 OMPEAeNeHUI0 CBOOOAHBIX HocHTenel 3apsana. OCHOBBI
knaccuaeckoit Teopun Jpyne-Jlopenna. 3akon J[xoyns-Jlenna. TepmoanekTpoHHas
SOMHUCCHSI.
3akoHbl TOCTOSIHHOTO TOKa. 3akoH Jkoynsa-Jlenna. IlpaBuma  Kupxroda.
DJIEKTPONPOBOAHOCTH Ia30B. BUIBI CaMOCTOSATENBHBIX Pa3psiIOB.
OnekTpoMaraeTu3sM. MaruutHoe nojie. MarautHas uHaykius. Cuna Jlopenna. 3akoH
Awmmepa. Dddext Xomna.
MaruuTHOE T0JIe TOCTOSIHHOTO TOKa B Bakyyme. 3akoH buo-Caapa-Jlamnaca.
Hupkynsiuuss WHAYKIMA MArHATHOrO mojisi. MarautHeli  notok. Teopema
Octporpanckoro-l'aycca mjis MarHMUTHOTO MOJsl B Bakyyme. Pabora mepemernieHus
IIPOBOJIHHKA C TOKOM B ITIOCTOSIHHOM MarHUTHOM IIOJIE.
OnektpoMaruutHas uHAyKuug. [lpaBuno Jlenna CamouHaykuus. OHeprus
MarHuTHOTO TOJIA B HeeppOMArHUTHONW M3OTPOIHOM cpene. MarHUTHbIE CBOMCTBa
BEILIECTB. 3aKOH IOJIHOIO TOKa JUII MAarHUTHOTO IOJiI B BEILECTBE. Y PaBHEHUs
MakcBemna 11t 3JI€eKTPOMarHUTHOTO MOJIS.
DNeKTpOMarHUTHbIE  KoJieOaHWs U BOJHBL MeETOA  BEKTOPHBIX  JUarpamm
lMapmonnueckue konebanus B KoieOaTeIbHOM KOHTYpe. 3aTyXalolue dJeKTpHUIecKue
Kose0aHusi. BeIHYy X /I€HHbIE AIEKTpUYECKUe KoieOaHHs. DIEKTPOMArHUTHBIC BOJIHBL.



[IIxaJia 31EKTPOMAarHUTHBIX BOJIH.

Onruka

5. Omnruka. OrpaxeHue U TPEJOMIIEHME CBeTa Ha TpaHUIe pasjena JABYyX
IudJIeKTpuueckux cpen. dotomerpuueckue BeauuuHbl. MHTepdepenuust cpera.
WNHuTepdepennyst cBeTa B TOHKUX IJICHKAX.

6. Hudpaxmms ceera. [lpunnun @penens-Iroiirenca. dudpaknus Openens Ha
HeOombIoM Kpyriiom oTBepctud. udpakuus dpaynrodepa Ha 1menu U Kpyriom
oTtBepcTuu. JludpakimonHas pemerka.

7. Jucnepcusi. W3nmyuenume BaBunoBa-UepenkoBa. I[lomsipusanust cBera. J[BoiiHoe
JTy4enperoMIICHHE.

8. TemmoBoe wu3iydeHue. 3aKOHBI TEIUIOBOTO H3JIy4YeHHs 4depHOTO Tena. Onrudeckas
IUPOMETPHUSL.

Oo0pa3sel 3K3aMeHAIlMOHHOTO OUJIeTa

MunnctepctBo oOpazoBaHus 1 Hayku Poccuiickoit @enepariuu
OI'BOY BO «MI'TY»

YTBepxaato
3aB. Kadeapoif, K.T.H., JOLEHT
C.M. T'onoBu3una

IK3aMeHAIMOHHBIH OnyeT Ne 1

Hanpasnenue noarotosku 22.03.02 « Meramunyprus»

[poduns noaroroBku «O6paboTKa METANIIIOB J1aBICHHEM (METH3HOE MPOU3BOJICTBO)
Juctunnuna b1.65.10 «®usukay

Yacos mo ®I'OC: 10 3.e., 360 gac.

Ox3ameHarop: goueHt ['onosuzHud C.M.

4. IlpoctpanctBo u Bpems. KuHemaTnka MaTepualbHOM TOYKM U MOCTYNATEIbHOTO

5.
6.

JABUMXCHUA a0COJIFOTHO TBEPAOro TCia.
3H€KTpOMaFHI/ITHI>Ie ol [Ikama QJICKTPOMArHuTHBIX BOJIH.
33)13‘13 10 TEME: «HI/IHaMI/IKa MOCTYIATCIBbHOI'O ABMKCHHS TBEPAOTO TCIIa»

3aoauu ona IK3amena no gusuke
21. 3a0aua no meme: «{unamuxka nocmynamenvHo20 0BUNCEHUsL MBEPOO2O Meay»

Huck coBepmaer N=70 o6/MuH. ['1€ MOXXHO TOJIOKHUTH Ha JAUCK TEJO, YTOOBI OHO HE
cockonp3nyno? Kosddurmment tpenus Ttema o guck u =0,44. Pemmrep 3amauy B

WHEPIMAJbHON U HEMHEPIMAIbHON CHCTEMax OTCYETA.
22. 3a0aua no meme: « Ypasnenue Menoeneesa-Knanetiponay
B cocyne o6némom V =1 aM° Haxomurtcs a3oT macco M=0,28 r. Azot Harper Jo

temneparypbl t=1500 °C. IIpu 3Toii TeMmeparype muccoluupoBano @ =30% MoJeKy.
azora. Haiitu naBneHue B cocye.



23. 3a0aua no meme: « Cnoorcenue xonebanuiiy

JIBa rapMOHMYECKHMX KOJIeOaHMs, HalpaBJ€HHblE 10 OJHOW TNPSIMOM, HMEIOIINX
OJIMHAKOBbIE aMIUIMTYAbl M NEpPUOABI, CKIAABIBAIOTCS B OJHO KojeOaHHUE TOW Ke
aMIuMTy 1bl. HaliTi pa3HocTh a3 ckiaibIBaeMbIX KOJIeOaHHH.

24. 3a0aua no meme: «| nawano mepmoounamuxuy

Kucnopon mpum HemsmMeHHOM japienuu  8%10% H/m? Harpemaercs. Ero o0mem
yeemmuuBaercs oT 1 M3 go 3 w3 OmnpenennTs W3MeHEHWE BHYTPEHHEH >HEprUM
KHCJIOPO/1a, paboTy, COBEPIICHHYIO UM IIPU PACUIMPEHUH, a TAKXKE TEIIOTY, COOOLICHHY IO
rasy.

25. 3a0aua no meme: «3amyxarowue mexanuueckue KO1eoOaHusL»

Haiitn uncnio N mosiHBIX KOJICOaHUI CHCTEMBI, B TEYCHUE KOTOPBIX SHEPTHUS CHCTEMbI
yMeHbIiiIack B N=2 pa3sa. Jlorapupmudeckuii nekpemenr 3aryxanus o =0,01.

26. 3a0aua no meme: « C60600HbIE MexaHuuecKue KoaeoOanHusy

Touka coBepiaer rapMoHMYeckHe KoyieOaHusi. B HEKOTOphIH MOMEHT BpEMEHH
CMelleHHe TOUKM X =5cM, ckopocTh ee U =20cM/cek U yckopenue a =80 cm/cek’.
Haiitu: 1mwmkimueckyro 4acToTy | mepuoi  Kosiebanui; ¢a3zy konebaHuil B
paccMaTpuBaeMblii MOMEHT BPEMEHH M aMIUTUTY Ty KOJeOaHUH.

27. 3a0aua no meme: «3aKOHbL COXPAHEHUS UMNYTbCAY

B momxke maccor M =240kr crour yemoBek Maccoit M =60xr. Jloaka IUIBIBET CO
CKOpPOCTBIO U, =2M/ceK. YeloBeK MPBITaeT C JIOAKH B TOPU30HTAIHHOM HAINPaBICHUH CO

CKOPOCTBIO U, =4M/CeK (OTHOCUTEIILHO JIOAKH). HailTh CKOpOCTh IBMKEHUS JOIKH TIOCIIE

NpbDKKA YesioBeKa: 1) Bhepes Mo JBIKEHUIO JIOAKHU; 2) B CTOPOHY, MPOTHUBOIOJIOKHYIO
JIBIKEHUIO JIOIKH.

28. 3a0aua no meme: «3aKOHbI COXPAHEHUSL MEXAHUYECKOU IHEPSUL»

Teno wmaccoii M =5 kr ypapsieTcd O HENOJBWXKHOE Telno wmaccod M =25 kr.
Kunetnueckast SHEpTHsi CHCTEMBI IBYX TeJI HETIOCPEICTBEHHO TMOCJIE yaapa cTajia paBHOM
W, =5 JIx. Cauras yiap HeHTpaIbHBIM U aOCOIOTHO HEYTIPYTUM, HAUTH KUHETHIECKYIO

suepruro W, TepBoro tena 1o yaapa.

29. 3a0aua no meme: « Kunemamuka mamepuaivHou mouKu»

Ms14 IochLIaeTCs ¢ HaYaIbHON CKOPOCTBIO U, =19,5 M/c o yriom & =45° k ropu3oHTy.

B TOoT e MOMEHT BpeMEHU HaBCTpeuy M4y CTapTyeT WIPOK, HAXOIMBIIMHCS Ha
paccrosiaun | =55 M. C kakoif ckopocTbio U OH JOJDKEH O€Xarh, YTOOBI YCIETH
CXBATHUTh MY JI0 yJiapa O 3eMJIr0?

30. 3a0aua no meme: «/[unamuxa epawamensHo20 OBUICEHUS MeAY»



[vmuHAp, pacrnonoKEHHBIM  TOPHU30HTAIBHO, MOXET BpaIlaTbCsl  OKOJO  OCH,
COBIAJAOILEH ¢ OChi0 MHApPAa. Macca umimuHapa 12xr. Ha nunusap HaMoTanu mHyp,
K KOTOpOMY NpUBsi3aJiu rupto Maccoi 1kr. C KakuM ycKopeHueM OyAeT OIycKaTbes rups?
KaxoBa cuna HaTsKeHHMsT  IIHypa BO BpeMs JBHKEHUS TUPU?

31. 3a0aua no meme: « Kunemamuka epawyamenvHo20 0BUICEHUS MeLA»

2 .
Touka IBHXKETCSA MO OKPYKHOCTH paamyca R =4 m mo 3akony & =10-2t+1°. Haiiru
TAaHTCHIMAIIBHOE d_, HOpPMaJIbHOC @, W MOJHOE€ ad YCKOPEHHE TOYKM B MOMEHT

BpemeHn t=2c.
32. 3a0aua no meme: « Iumponus. || navano T/»

Haiitu w3menenue surpomur AS M=30 r gpaa mpH OpeBpallcHHd €ro B Iap, eciu
HavasbHas Temnepartypa ibaa t,=-40°C, a Temneparypa napa t, =100°C.

33. 3a0aua no meme: « Mexanuueckas paboma u MOWHOCHbY

Omnpenenuts paboTy, KOTOPYIO COBEpPIIAT CHIIbI TPABUTALMIOHHOTO MOJI 3eMJIU, €CIU TEJO
Maccoll 1kr ymajaer Ha MOBEpXHOCTh 3eMiHM: 1)c BBICOTHI, paBHOU paauycy 3emin; 2)u3
0ECKOHEYHOCTH.

34. 3a0aua no meme: « Kunemamuxa mamepuanvrot moukuy

2 3
JIBe MaTepuaibHble TOYKH JIBHKYTCS COTJIaCHO ypaBHeHusim: X, =4t+8t° -16t° u

2 3 o~
X, =2t—4t° +t°, rme X - B merpax, t - B cexkynmax. B kakoii MOMEHT BpeMeHH
YCKOPEHHS 3THX TOYEK OyIyT 0JMHaKoBbIMH? HaliTH CKOPOCTH TOUEK B 3TOT MOMEHT.

35. 3a0aua no meme: « Mexanuueckas paboma u MOWHOCHIbY

I'py3, BuCAmMIA Ha JIETKOH MpyXHHE *XecTKOCThio x =400 H/M, pacraruBaer e€ Ha
BeimunHy X =3 cM. Kakyro paboty Hamo coBepmnTh, YTOOBI YTPOUTH YIAJIHHEHHE
NPYKUHBI, IPUKJIA/IbIBAsl K TPY3y BEPTHUKAIBbHYIO CUITY?

36. 3adaua no meme. «3aKOHbL COXpAHEHUA UMNYTLCAY

K cBoGomHOMY KOHITy aspoctara Maccel M =10 M mpuBsizaHa BepeBOYHAS JICCTHUIIA, HA
KOTOpPOM HaXOJMUTCS YeJIOBEK Macchl M. AspocTaT HEMOABWXKEH. B kakoM HarpaBieHUn
M C Kakoil ckopocThio V OylerT mnepeMelaTrbCs a’pocTaT, €CiId YelIOBEK HauyHeT
NOJHUMATbCsl BBEPX IO JIECTHULE C IIOCTOSHHOM CKOPOCTBIO U  OTHOCHUTEIBHO
nectHuIpI? COMPOTUBIIEHUEM BO3/TyXa IPEHEOPEUb.

37. 3a0aua no meme: « Iumponus. || navano T»
CwMermanu Boay Maccoit M, =5 kr npu temneparype 1,=280 K ¢ Bogoit maccoii M, =8 kr

npu temmeparype I, =350 K. Onpemenurs Temmeparypy CMecH T W H3MEHCHHE
sHTpOTMH AS , IPOKMCXOISIIEE TP CMENTUBAHNH.

38. 3aoaua no meme: «/[unamuxa nocmynamenvHo2o 08UINCEHUSI MEEPOO20 MeNaAy



HckyccTBeHHBIN CITyTHUK OOpamaeTcs BOKPYT 3eMJIH M0 KPYTroBOW OpOHMTE Ha BBICOTE
3200kM Haja MOBEpPXHOCTHIO 3emii. ONpenenuTh JMHEHHYI0 CKOPOCTh CITy THHKA.

39. 3a0aua no meme: « Kunemamuxa epawamelbHo2co OBUIICEHUS Menay

Touka ABIKETCS MO OKPYXKHOCTH pamuycoM 4 M. 3aKOH e¢ JBIDKCHHS BBIPAXKACTCS
2 v o
ypaBaerneM & =8-21", rne & - B merpax, t - B cekynmax. Haiitu, B Kakoii MOMEHT

BpEMEHM HOpMalbHOE YCKOPEHHEe TOYKM Oyner 9 M/cek?; 4yeMy paBHBI CKOpPOCTB,
TaHT€HIIUAIBHOE U ITOJTHOE YCKOPEHUS TOYKH B ’TOT MOMEHT BPEMEHH.

40. 3a0aua no meme: « C60b00HbIC MexaHUYecKue KoaeOAHUA)

Touka coBepIlIaeT rapMOHHIECKHE KOJIeOaHHs, ypaBHEHHE KOTOPBIX HMEET BUJI (JI/IMHA - B
MeTpax, Bpems - B cekyHmax) X, =0,05sin2t. Haiitu MmomeHT Bpemenu (Oikailmiunii K

Hayaly oTcyeTa), B KOTOPbII MoTeHIManbHas sHeprus Touku 10 Ik, a Bo3Bpamaronias
cuna F =5-10°H. Onpenenuts Taxxke Gasy KoneOaHuii B 5TOT MOMEHT BPEMEHH.

Mexanuka. KontponbHas patora 1

1 BapuanT
7. Yactuma JIBWXETCS B MOJOXHUTEIHHOM HAINpPaBICHUU OCH X Tak, 4TO €€ CKOPOCTb

MEHSIeTCs TI0 3aKOHY U = a~/x , T1Ie o — roctosinHasg. B MmomeHT Bpemenu t=0 yactura
Haxoawiack B Touke X=0. HaliTu ee yckopeHue u CKOPOCTh KakK (PYHKLHUIO BPEMEHH,
CPEIHIOI0 CKOPOCTH 3a BpeMsi, B TeU€HHE KOTOPOTO OHA MPOMUIET pacCTOSHUE S.

8. Teno Gpomero co ckopocThio 30 M/c mox yriaom 45° x ropusonty. Ha kakoii BeicoTe
OyJeT HaXOJUTHCS TEJIO B TOT MOMEHT, KOTJIa €r0 CKOPOCTh OyJeT HalpaBlieHa O/
yrinom 30° k ropusoHTy?

9. Temy TOJMKOM COOOUIMIM CKOPOCTh 3 M/C, HANPaBJICHHYIO BBEPX BJOJIb HAKIOHHOM
wiockocTd. HaliTi BpeMst IBMKEHHUS Tesla BBEPX 10 OCTAHOBKH, ecitu Sin o = 0.6, rie
0L — YT'0JI HAKJIOHA IJIOCKOCTU K TOPU30HTY, a Kod3pduuueHT tpenus 0,25.

10. YenoBek Oexut HaBcTpeuy Tenekke. CKOpOCTh YeloBeka 2 M/C, CKOPOCTb TEJIEKKH |
m/c. YenoBeK BCKaKMBAET Ha TEJIEKKY M ocraercs Ha Heil. Kakoit Oyner
CKOPOCTh TEJIEKKHU TIOCIIE ITOTO, €CIIM Macca 4YeloBeka B 2 pas3a OoJblie
MaccChl TEJIEKKU?

11. Yepe3 Omok, umeronmii (GopMy CIUIONIHOTO IMJIMHApA, Maccod M u
paamycoM R, mepeknHyTa HEBeCcOMasi HUTh C TPy3aMH Ha KOHI[AX MacCaMH
M1 1 M2. CKOJIbXKEHUSI HUTH U TPEHHsS] B OCU JHCKa HeT. Halitn yrioBoe
YCKOpEHHWE IUCKa ¥ OTHOIICHWE CHJI HATSDKEHUsT HHUTH B Tpolecce
JIBYDKEHMS.

12. OnHoponHbIi AucK paaumyca R mMeer kpyriblii BeIpe3. Macca ocTaBIEHCS YacTH
aucka paBHa M. HaliTh MOMEHT HWHEpPIMHM TaKOro JUCKa OTHOCHUTENIBHO OCH,
HEepHEeHIUKYJIIPHOM IUIOCKOCTH TMCKA M MPOXOAAIIEH yepe3 ero LeHTp Macc.

2 BapMaHT
7. Touka JABWKETCS, 3aMEJISSACh, TI0 IPSIMOM C YCKOPEHHEM, MOJIYJIb KOTOPOTO 3aBUCHT

OT CKOpPOCTH Kak @ = U, rie o — NOCTOsIHHAs. B HayaibHbBIE MOMEHT CKOPOCTb
paBHa U,. Kakoii myTh OHa MpOHAET 10 OCTAHOBKH U 33 KaKO€ BpeMs?

8. Huck, 6pomennsii noa yraom 45° k ropusoHTy, 10CTUr HauGObIIEH BHICOTHI 15 M.
KakoBa mampHOCTE HoJteTa gucka?
9. Kakylo HauanbHYyI0 CKOPOCTh HaJI0 COOOIIUTH TEIy BBEPX MO HAKIOHHON MIOCKOCTH,
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YTOOBI OHO JJOCTHUTJIO BepIIMHBI? BhICcOTa HAKJIOHHOM IJIOCKOCTH 6 M, ee jymHa 10 M, a
ko3 duument tpenus 0,4.

UYenoBek NOTOHSET TeNeKKY. CKOPOCTh YeloBeKa 2 M/C, CKOPOCTh TEJICKKH

1 m/c. YenoBek BCKaKMBaeT Ha TEJIEXKKY M ocTraercs Ha Heil. Kakoil Oyner

CKOPOCTh TEJISKKH TIOCIIe 3TOT0, €CITM Macca 4yejoBeka B 2 pasa 0oJiblie

MacChl TEJIEKKH?

Uepe3 0ok, umeromuii (GopMmy CIDIONIHOTO IWIMHIPA, MacCcou M
panuycom R, mepeknHyTa HEBecOMasi HUTh C TPy3aMHU Ha KOHIIAX MaccaMu

M1 1 M. CKOJIbXKEHUSI HUTH U TPEHHs B OCU JHcKa HeT. Halitn yrmoBoe
YCKOPEHHE AMCKA U OTHOILIEHUE CUJI HATSIKEHUSI HUTH B TIPOLIECCE ABUKECHHUS.
OnHoponHbI THUCK panuyca R mmeeT Kpyribelii BeIpe3. Macca ocTaBIICHCS dYacTH
nucka paBHa M. HaiiTu MOMEHT WHEpLUMH TaKOro JUCKAa OTHOCHUTEIBHO OCH,
NEepIEeHANKYJIIPHOM TNIOCKOCTH AUCKA U MPOXOosaiieid uepes Touky O.

3 BapuaHT
2
JIBIKeHHE JIBYX MaTepUaIbHBIX TOUCK BhIpAKAIOTCs ypaBHeHusimu X, = 20+ 2t — 4t

2 o
U X, =2+2t+05t° (m). B kakoii MOMEHT BpEMEHH CKOPOCTH TOYEK OIMHAKOBBI?

Yemy paBHBI CKOPOCTU U YCKOPEHHUS TOUYEK B ’TOT MOMEHT?
Ha kakoif BbICOTE HaJ| MOBEPXHOCTHIO 3€MJIH HAIPSKEHHOCTh MOJIsl TATOTEHHUs paBHA
1 H/xr?
Jluck paamycom R=0,2 m Bpamaercst cornacHo ypasrenmio ¢ =3—t+01t° (pax).
Haiitu TanrennmanbHOe, HOPMaJIbHOE M TOJHOE YCKOPEHHE TOYEK Ha OKPY>KHOCTH
JIMCKa B MOMEHT Bpemenu 10 c.
JIBe oauHakoBble joAku Maccamu 200 Kr IBWXKYTCS NapauieIbHBIMU KypcaMu
HaBCTpeuy JpYT Apyry co ckopoctsimu 1 m/c. Korna 1ok nopaBHsUIIUCH, TO € IIEPBOI
JOJKU BO BTOPYIO M CO BTOPOM Ha MEPBYIO OJHOBPEMEHHO MepeOpachiBaIOT Ipy3
Mmaccoit 20 xr. OnpenenuTb CKOpOCTH JO0K HOocie epedpachiBaHus IPY30B.
MaxoBuk paguycoMm 10 cM HacakeH Ha TOPH30HTaJIbHYIO ocb. Ha 0001 MaxoBuKa
HAMOTaH IIHYp, K KOTOpoMmy mpuBsizaH r1py3 Maccod 800 1. Omyckasich
pPaBHOYCKOpPEHHO, Tpy3 mporien paccrosaue 160 cm 3a Bpems 2 c. Onpenenutsb
MOMEHT MHEPIIUA MaXOBHKA.
[Tnatdopma B Bume nucka pamgmycom R=1 M Bpamjaercss mo WHEpPIHMU C YaCTOTOH 6
00/c. Ha kparo miatopMbl CTOUT 4YenoBek, Macca Kotoporo 80 kr. CKOJIBKO
000poTOB Oyner nenaTh miaatdopma, €Ciu YEeJIOBEK MepenieT B ee 1eHTp? MomeHT
nHepiuy 1naThopMbl 120 krM2, MoMEHT MHEpLMH YeloBeKa PAacCUMTHIBAThH KAk s
MaTepuaabHON TOUKHU.

4 BapuaHT

2
JIBWKEHHE JIBYX MaTepHalbHBIX TOYEK BhIpaxkatoTcs ypaBHeHusamu X, =10+t —t° u

2 o
X, =—2+2t+1°(m). B Kkakoli MOMEHT BpEMEHH CKOPOCTH TOYEK OJMHAKOBHI? Uemy

paBHbI YCKOPEHHSI TOUEK B MOMEHT BCTPEYH TOUEK?

Ha kakom paccrosstHuum OT 3eMyId HaxXxOJUTCS TOYKA, B KOTOPOH HANpPSKEHHOCTh
CyMMapHOro moJjst TsaroteHus 3emiu u Jlynel paBHa nHymo? IlpunsiTh, yTO Macca
3emim B 81 pa3 Oosbiie Macchl JIyHBI W pacCcTOSHHE OT IIEHTpa 3eMJIM 10 IIEHTpa
JIynsl paBHo 60 paguycam 3emiin.

Jluck paguycom R=0,3 M Bpamaercs coriiacHo ypasrenno @ =5—0,5t +0,2t° (pan).
HaiiTn TanreHmmanbHoe, HOPMAJILHOE M TIOJHOE YCKOPEHHE TOYEK Ha OKPY>KHOCTH
JTUCKa B MOMEHT BPEMEHH 5 C.

[Inot nmuuHo#t 3 M u Maccoit 140 kr crout B cnokoiHOM Boje. Ha mioTy Haxonurcs

yenoBek Maccor 70 kr. C kakoll HaUMCHBIIICH CKOPOCTBIO OTHOCHUTCIIBHO BOJBI U 11O
KaKuM YTJIOM K MOBEPXHOCTHU BOJAbI NOJIKCH MPBITHYTH YCJIIOBCK BJOJIb I1JIOTA, YTOOBI
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NIOTIACTh Ha €ro MPOTHBOMOJIOXKHBIN KOHel?

Huck pammycom R=20 cM m maccoit 5 kr Bpamaercs ¢ dactotoi 8 o6/c. Ilpwm
TOPMO>KEHUU OH OCTaHOBHJICS uepe3 BpeMs 4 c. OnpeneauTb TOPMO3S NI MOMEHT.
[Inardopma B Buze aucka Maccoit 240 Kr MOKET BpalaThCsl OKOJIO BEPTUKATBHON OCH.
Ha kparo mmatdopmbl ctout uesnoBek, macca koToporo 60 kr. Ha kakoit yrou
NOBEpHETCs IUIaThopMa, €CH YeJIOBEK TTOHIET BOJIb Kpas 1aT(opMbl U, 000iis ee,
BEpHETCS B MCXOIHYI0 TOYKYy? MOMEHT WHEpIMH YeJOBEKa PacCUUTHIBATh KakK IS
MaTepuaabHON TOUKHU.

Mexanuka. KonTposabHas padora 2

1 BapuanT

MarepuanbHas TOYKa JBHXKETCS IO 3aKOHY x=0,053in(%t+%) (m). Haiitu

aMIUIUTYly, YacTOTy, UMUKJIMYECKYyl0 4YacToTy, Nepuoj, HadalbHyl da3zy;
MaKCHUMAaJbHYI0 CKOPOCTb U YCKOPEHHE; MAKCHUMAIbHYIO CUIy, MOJHYIO SHEprHIo,
ecim Mmacca Touku 0,2 K.

Teno maccoit 0,03 kr coBepiraeT Manble KolebaHUs MO NEHCTBUEM JBYX MPYKHUH
xectkoctamu 40 H/m u 60 H/Mm, coeanHeHHBIX mocienoBaTenbHo. HaliTu mepuon
KOJICOAHU CHCTEMBI.

Touka ydacTByeT OJHOBPEMEHHO B JBYX OJIMHAKOBO HAIMpPABJICHHBIX KOJCOAHUSX:

V4
X = acos(cat+€) U X, =acoset . Haifth ammiuryay © HavaibHyio (asy

Pe3yIBTUPYIONIETO KOJIeOaHusI.
Haiitu ypaBHEeHMEe TPACKTOPHH TOYKH, €CJIM OHA JBIKETCS MO 3aKOHYy: X = asSinaotu
y = asin 2at . 1300pa3uth npumMepHbie TpaQuKu STUX TPACKTOPUIL.

_ . T o
3aryxaromme KoneOaHus TOYKH IIPOMCXOMAAT 110 3aKOHY X =@ °’1tsm§t. Haiitu

KOO(QQUIMEHT 3aTyXaHus, BpEMs pellaKkcaluH, YHUCIO KOJIeOaHUH, 3a KOTOpoe
aMIUTHTY/1a yObIBaeT B € pa3, JorapupMHIECKUI JEKPEMEHT 3aTyXaHus, T0OPOTHOCTb.
OpHoponHbIi quCK paauyca 13 ¢cM MOXKET Bpalarbcs BOKPYT TOPU30HTAIBHON OCH,
npoXoAsIIeH uepe3 kpail nucka. Hailtu nmepuo1 Manbix KojieOaHuid TUcKa.

2 BapMaHT

T, T .
MarepuanpHasi TOYKa JBIDKETCS TIO0 3aKOHY X =0,025|n(€t+z) (M). Haiiru

aMIUITYly, 4YacTOTy, IMKIMYECKYH YacToTy, TMepuoj, HadalbHyl0 a3y,
MaKCUMaJIbHYI0 CKOPOCTh M YCKOPEHHE; MAaKCUMAJIbHYIO CHIIy, TIOJIHYIO JHEPTHIO,
ecimm macca Toukn 0,1 kr.

Teno maccoit 0,04 kr coBepmaeT Majble KoJieOaHHs TOJ JIEUCTBHEM JABYX MPYKHUH
xkectkoctamu 100 H/m u 200 H/m, coenumHeHHbIX mnapamienbHo. Haittm mepuon
KoJIEOAHUI CHCTEMBI.

Touka y4yacTByeT OJHOBPEMEHHO B JBYX OJIMHAKOBO HAIMPABJICHHBIX KOJICOAHUSX:

X1=asin(a)t+%) u X, =asinet . Haiitu aMrumryay W HavaubHylo (asy

pE3yJIbTUPYIOIIEro KoJeOaHus.
Haiitu ypaBHEeHHE TPaeKTOPHH TOYKH, ECIIM OHA JIBMKETCS MO 3aKoHy: X = asinatu
y = acos 2ot . 1300pa3ute npuMepHbie rpaduku 3TUX TPAaeKTOPH.
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-0,05t

. T .
3aryxaromnme KoJieOaHusi TOYKH MPOUCXOJAT 1Mo 3akoHy X = 0,2e sin Et. Haiitu

KOO(QQHUIMEHT 3aTyXaHus, BpEMs peJlaKCalluHl, YHCJIO KOJIeOaHUH, 3a KOTOpoe
aMIUIUTY1a yObIBaeT B € pa3, JIoTapu(PpMUUECKHUI1 IEKPEMEHT 3aTyXaHusl, JTOOPOTHOCTb.
Tonkuii 0601 panuyca 13 cM MOXKeT BpallaThCsi BOKPYI TOPHU30HTAIBHOM oOcCH,
npoxojsieit uepes kpait o06oaa. Haittu neproa Manbix kosiebanuit 06o/a.

3 BapuaHT

Touka coBeplmaeT rapMOHMYECKHE KoJieOaHHs MO 3akoHy X=5Sin2t (cm). B
MOMEHT, KOTJa BO3Bpallaromias cCuia BIEpBbIe MNpuHsAIa 3HadeHue SMH, Touka
obmanana moteHmmanbHoM sHepruei 0,1 mJk. Haiftu 3TOT MOMEHT BpeMeHH M
COOTBETCTBYIOIYIO eMy a3y KojeOaHus.

Ha crepxne nnmnoi 30 CM yKpEIUICHBI JBa OJWHAKOBBIX T'Py3a: OJIMH B CEpPEAUHE,
JIpyToil Ha OJHOM W3 KOHIIOB cTepkHSA. CTepKeHb C TIpy3aMU KOJEOJIETCS OKOJIO
TOPHU30HTAILHON OCH, MPOXOJAIIEH uyepe3 CBOOOIHBIN KOHel cTepkHsa. OnpenenuThb
NPUBEJICHHYIO IJIMHY U MIEPUOJI MaNbIX KojeOanuil. Maccoil crepikHs mpeHeOpeyb.
MartepuanbpHasi TOYKa y4YacTBYeT B JBYX OJMHAKOBO HAIIPaBJICHHBIX KOJEOAHUSX:
X, =sint u X, =2cost (cm). Haiith amrmumryay, 4acToTy H HadalbHyO (asy

PE3YIBTUPYIOIIETO KOJIeOaH!s.
Touka coBepIIaeT OJHOBPEMEHHO J1Ba TAPMOHUYECKUX KOJIeOaHMs, POUCKOIAIINX T10

.t .
B3aUMHO TEPHEHUKYJSPHBIM HAIpPaBICHHUAM: X:SInE u y=cost (cm). Haiitu

YPaBHCHUC TpPACKTOPHHU, MNOCTPOUTHL €€ C CO6J'IIOI[CHI/ICM Macmraba u YKa3aTb
Ha4YaJIbHOC HAIIPAaBJICHUC ABUKCHUA.

—-0,02t

. T .
3aryxaromnme KojaeOaHuss TOYKH MPOUCXOJAT Mo 3akoHy X = 0,4e sin Et. Haiitu

KOX(QQUIMEHT 3aTyxaHWs, BpEMs peJakCallid, YUCIO0 KojiebaHWi, 3a KOTOpoe
aMIUTMTy1a yOBIBAeT B € pa3, JIOTapuPpMUUECKHI JEKPEMEHT 3aTyXaHus, JOOPOTHOCTb.
JIBe TOUKM HAaXOIATCS HA MNPAMOM, BIAOJb KOTOPOM pacHpOCTPAHSIOTCS BOJHBI CO
ckopoctbto 50 M/c. Tlepuon konebanuii 0,5 ¢, paccTostHre Mexay Toukamu 50 cm.
Haiitu pasHocTh (a3 kosebaHuit B 3TUX TOYKAX.

4 BapuaHT
MarepuanbHas Touka maccod 0,01 kr coBepiiaeT rapMOHHYECKHE KOJEOAHHUS TIO
3akoHy X =0,2sin8zt (cm). Haiitn Bo3Bpamaromlyo cury B MoMeHT Bpemeru 0,1 c,
a TaKKe MOJIHYI0 SHEPTUIO TOUKH.
Ha crepxxne nmmuoi 40 cM yKpeIuIeHbl J1Ba OJWHAKOBBIX I'Py3a: OJMH B CEpPEAUHE,
Ipyrod Ha OZHOM U3 KOHIOB cTepxkHs. CTepkeHb ¢ Tpy3aMu KoJIeOJIETCS OKOJIO
TOPU30HTAILHOM OCH, MPOXOJAIIEH Ha PaccCTOSIHUM 5 CM OT CBOOOJHOTO KOHIA
crepxas. OnpeaenuTs MPUBEACHHYIO JUIMHY W MEPUOJ MallbiX Kojiebanuil. Maccoi
CTEPKHsI PEHEOPEYb.
MartepuanbHas TOYKa y4YacTBYeT B JBYX OJMHAKOBO HAaIlPaBJIECHHBIX KOJEOAHUSIX:
X, =sinztu X, =sinz(t+0,5)(cm). Haiiti aMrumiry 1y, 4acToTy U Ha4albHYyIO (asy
Pe3yIBTUPYIOLIETO KoJieOaHusl.
Touka coBepiIaeT OJHOBPEMEHHO J]Ba TApMOHUYECKUX KOJIEOAHUs, POUCKOIAIIUX T10

.t .
B3aMMHO TMEPIEHINKYJISIPHBIM HaIpaBICHUSIM: X:SInE u Yy =cCost (cm). Haiitu

YPaBHCHUEC TpPACKTOPHHU, IOCTPOUTH €€ C CO6J'IIO,I[CHI/ICM Macitaba u YKa3aTb
HavaJIbHOC HAIlIpaBJICHUC ABUKCHUS.

—-0,02t

. .
3aryxaronye KoyebaHus TOUKHM MPOUCXOAAT Mo 3akoHy X = 0,4e sin Et. Haiitu
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KOO(QQHUIMEHT 3aTyxaHWs, BpEMs pelaKkcali, YUCIO KojiebaHWid, 3a KOTOpOe
aMIUIHTY/1a yObIBaeT B € pa3, JOrapupMHIECKHI JEKPEMEHT 3aTyXaHusl, JOOPOTHOCTb.
JIBe TOUKM HaxOIATCS Ha MPSAMOM, BAOJH KOTOPOW pPACHPOCTPAHSIOTCS BOJHBI CO
ckopocteio 50 m/c. Tlepuon xonebanuit 0,5 ¢, paccTosHHEe MEXIy Toukamu 50 cM.
Haiitu paznocts (a3 xosnebaHuil B 3TUX TOUKAX.

MouJiekyasipHas ¢pusuka u repMoauHamuka. KontpoabHas padora

1 BapuanT
B ropusonTtanpHOM mnpoOupke Haxomutcs 240 cM® BO3ayxa, OTHAEIEHHBIX OT
atMochepbl cronoukoM ptytH mHOW 150 Mm. Ecim mpoOupky mnepeBepHYTH
OTKpPHITHIM KOHIIOM BBEpX, TO 00beM Bo3ayxa craneT 200 cm®. Haiitu atMochepHoe
napienue. IlnotHOCTH pTyTH 13600 KI/M3,
Haiitu MmonsipHyto Maccy rasa, eciu npu u3o6apHom HarpeBanuu 0,5 Kr 3TOro rasa Ha
10K tpebyetcs Ha 1,48 k /[ Oombine, 4eM pu ©30XOPHOM HarpeBaHHH.
B 6amnone obvemom 7,5 1 mpu temnepatype 300 K mHaxomutcs cMmech uiealbHBIX
ra3zos: 0,1 monp kucnopoxna, 0,2 monp azora u 0,3 moisp yriaekucioro rasa. Haitu
JTABJICHUE CMECH.
WneansHbplii Ta3 ¢ mokazaTeneM aanadaThl Y PaCHIUPUIIM TI0 3aKOHY P =aV , rae o —

3

nocrostHHas. [lepBonHauanbHblii 00BeM V, . B pesymprate pacmmpeHus oObeMm

yBenuuwics B N pa3. Haiitu npupaieHne BHyTpEHHEN YHEPT UM, COBEPIIEHHYIO Ta30M
paboTy ¥ MOJIIPHYIO TEIJIOEMKOCTb I'a3a B 3TOM IPOILIECCE.

WneanbHplil Ta3 coBeplIaeT LUKJ, COCTOALIMNA U3 M30XOPBI, aauabdaThl U U30TEPMBI,
IpUYEM HM30TEPMUYECKUI MPOLECC NMPOUCXOAUT IPU MUHUMAIBbHON TeMIlepaType
mukna. Halitu KITJ[ nukina, eciu reMnepaTypa B €ro npejenax u3MeHsercs B N pas.
Kucnopon maccoii 100 r Harpenau u300apHO Tak, YTO 0OBEM €ro yBenuuuics B 3 pasa.
Haiit n3aMeHeHue SHTPOINY ra3a B ’TOM IPOLIECCe.

2 BapuaHT
TpyOky nnmHo# 42 cM, 3anasHHYIO C OJHOTO KOHIIA, TOTPYIKAIOT OTKPBITHIM KOHIIOM B
pTyThb. Kakoii Oyaer amiHa cToy0nKa Bo3ayXxa B TpyOKe B TOT MOMEHT, KOT1a BEpXHUIA
KOHeI TpyOKH cpaBHsieTCs ¢ ypoBHEM pTyTU? AtMocdepHoe nasienue 750 MM pT CT.
OnuH MOJIb HEKOTOPOTO HACATHLHOTO Ta3a u300apHo Harpenu Ha 72 K, cooOumuB emy
koiuyecTBOo TemoThl 1,6 k/lx. Haiitu npupaiieHue ero BHYTpPEHHEW HSHEpruM u
MOCTOSIHHYIO auadaThl.
Cocyn o6bemMoM 20 11 COAEPKUT CMeCh BOAOpOJa U Tenus npu Temneparype 20°C u
napieHnn 2 atM. Macca cmecu 5 r. HaillTu oTHOIIEHME Macchl BOAOPOJIa K Macce
renus B JaHHOM CMECH.
WneanpHbiii ra3, nokasarenb annadaThl KOTOPOTO Y PACIIMPSIOT TaK, YTO COOOIIaeMoe
ra3y TeIwlo paBHO YOBIIM €ro BHyTpeHHEH sHeprun. HaliTu MOJISIpHYI0 TETUIIOEMKOCTD
rasa B 3TOM Ipoliecce, ypaBHEHHE npoiiecca B napamerpax T u V.
WneanpHBIN Ta3 COBEPIIACT IUKJI, COCTOSAIINNA W3 U30XOPHI, aaradaThl U U30TEPMBI,
OpUyYeM H30TEPMUYECKUI MpPOLeCC MPOUCXOIAUT IMPU MUHUMAIbHOW TemIiepaType
nukia. Haiitu K1 nukona, ecim teMmiieparypa B €ro npejenax u3MeHsieTcs B N pas.
Bonopon maccoit 200 T Harpenu U30XOPHO TakK, YTO J1ABJICHHUE €r0 YBEJIMYMUIIOCH B 4
pa3za. HaiiTu u3MeHeHue SHTPOIKH T'a3a B 3TOM IpoIiecce.

3 BapuaHT
KakoBo GysieT faBienue rasa, B oobeme 1 cm® koToporo cogeputes 1 MiIp MoJeKy,
npu Temneparype 1000 K?
B 6annone emkxocthio 15 11 HaxoauTcs cMeck, conepskamas 10 r Bogoposaa, 60 r okucu
yriepoa u 24 r BojsHoro napa. Temneparypa cmecu 27 °C. Haiitu naBnenue cmecH.
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OmnpenenuTs yIenbHbIE TEIIOEMKOCTH Cp ¥ Cy Ta3000pa3Hoii okucH yriepona (CO).
Bonopox 3ammmaer o6seM 10 M° mpu napnenmm 0,1 MIla. Tas marpemu mnpu
nocrostHHOM o0beMe a0 masnenus 0,3 Mlla. Onpenenuts u3MeHEHHE BHYTpPEHHEH
SHEpPTuM ra3a, paboTy U KOJMYECTBO TEIUIOTHI, COOOIIEHHOE Ta3y.
I'a3 coBepmaer mukn Kapro. Temneparypa Harpesartens 200 °C, oxnagurens -10 °C.
[Ipu m3oTrepmMuueckoM pacmpeHun ra3 coepmma padory 100 Jx. Onpenenutsb
tepmuuecknii  KIIJ[ umkma, TemioTy, KOTOPYH Tra3 OTAAET OXJAAUTEN0 MpH
HM30TEPMUUECKOM CKATHU.
A30T U30TepMUYECKH pacmupuics oT oobema 2 1 npu gasnenun 10°I1a 1o o6bema 8
1. HaliTu n3MeHeHue SHTPOINH rasa.

4 papuaHT
HexoTophlif Ta3 HaXomuTcs TOJ JaBleHMeM 7 aTtM Tipu TemmepaType 35 °C.
OrnpenennTs OTHOCUTENIBHYIO MOJIEKYJIIPHYIO MacCy Ia3a, €ClIy IJIOTHOCTh ra3a paBHa
12,2 xr/me.
B Gannone emkocThio 1 J1 HAXOIUTCS CMeECh, coaepkamas 1 r Bojoponaa, 7 T a3oTa.
Temneparypa cmecu 7 °C. HaiiTu naBieHue cMecH.
OnpenenuTs OTHOLIEHHWE YAENBHBIX TEIUIOEMKOCTEH Cp U Cy Uil CMECH Ta30B,
cocrosieit u3 10 r renus u 4 r BOgopoaa.
Kucnopon 3anumaer obbem 8 M° mpu napnenmu 0,2 MIla. Ta3 narpenu mnpu
noctostHHOM o0beMe a0 aasieHus 0,5 Mlla. Onpenenuts u3MeHeHHE BHYTpEHHEH
9HEpIuu ras3a, paboTy U KOJMYECTBO TEIJIOThI, COOOIIEHHOE Ta3y.
I'a3 cosepmaer muxn Kaphno. Ilpn u3oTepMudeckoM pacIIUpeHHH TIa3 COBEPILMII
paboty 5 JIx. Haiitu paGoTy raza mpu U30TEPMHUYECKOM CKATHH, €CITU TEPMUIECKHUIMA
KIIJ mukima 0,2.
Jlen maccoii 200 r, B3aTeiil npu Temneparype -10 °C, marpenu u npeBpatunu B Bomy
npu Temneparype 10 °C.  Haiitu u3sMeHeHHe SHTPONUH JIbIA.

OnTuka. KontpoabHas padora

Bapmunant 1
Beicota Connna Han ropusortoM ¢=20°. TTons3ysch 3epKkanoM, MycKaroT «3aifduKy B
Boay o3epa. [log kakuM yriiom 6 K TOPU3OHTY HYKHO PACIHOJIOXKHTH 3€pKaJIo, YTOOBI
nya B Bozme men mox yrimom o=41° k Beprukamm? (sina=0,655). Tlokazaremns
npeoMIIeHus BOIbI N=1,32.
Han neHTpoM KBajapaTHOTO CTOJIAa CO CTOpOHOW a=1,5 M Ha BbicoTe h=1 M BHCHUT
gamma. Bo CKOJBKO pa3 M3MEHHTCS OCBEIIEHHOCTh B ILIEHTPE CTOJA, €CIH JTY XKe
JaMITy TIOBECUTh Ha TOH K€ BBICOTE HaJl OJTHIM U3 YTJIOB CTOJA?
dororpad ¢ JTOAKH CHIMAaeT MOPCKYIO 3BE3]ly, JISKAIIyI0 Ha JTHE MPSIMO TI0J] HUM Ha
riryoune H=2 m. Bo ckonbko pa3 u3oOpakeHue Ha IieHe OyJeT MeHbLIe MpeIMeTa,
ecmn (okycHoe paccrosHue oObekTHBa F=10 cm, paccTrosiHne OT OOBEKTHBA [0
noBepxHoCcTH Boasl  1=50 cm? [Tokazaresp nmpeaoMieHus Boabl N=4/3.
Ha Tonkuii crexnstaabiit kuH (N=1,55) magaer HOpMaIbHO MOHOXPOMAaTUYECKUN CBET.
JIByXrpaHHbI yroJl MEXIy MOBEPXHOCTAMHU KiMHA paBeH 2'. OmnpenenuTh IJIUHY
CBCTOBOW BOJIHBI CBETOBOW BOJIHBI A, €CJIM PAcCTOSHHE D MeXIy CMEKHBIMU
uHTEephepeHIIMOHHBIMU MAaKCUMyMaMH B OTpakeHHOM cBeTe paBHO 0,3 MM.
Ha rpanp kpucramia kaMeHHOW COJIM MafaeT mnapajuieibHbIA MyYOK PEHTTEHOBCKOTO
mannyuerns (A=147 nm). Onpenenutb paccTosinue d MEXITy aTOMHBIMH TUIOCKOCTAMHU
KpUCTaJUIa, eclii NU(PaKIMOHHBIA MAaKCUMYM BTOPOTO MOpPsAKa HaOII0AaeTCs, KOTaa
u3TydeHue najgaet no yriom 0=31°30° k noBepXHOCTH KpHCTANIA.

Bapmnanr 2
Ha xakoe paccTosiHMe X CMECTUTCSI CBETOBOM JIy4, pacpOCTPaHSIOLINIACS B CTEKJIE C
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nokasareseM InpenomiieHus N=1,55, ecim Ha ero myTH BCTPETUTCA UIEIb,
3anojHeHHas Bo3ayxoM? ['paHm mienu IUIOCKME M mapajuieibHble. PaccrosiHue
MeXJy TPaHSMH PaBHO 15MM, yroj majeHus jyda Ha rpanb pasen 20°. ITommoro
OTPaKEHHS HE MPOUCXOIUT.

Ha crone nexur packpeitas kaura. Kopemok kHuru JuiiHOW =52 cM HampasieH k
HACTOJIbHOM Jlamne. JIMHMSA, coequHSIomas BEpX CTPAHUIbI C HUTHIO JIaMIIbl, UIMEET
Takylo ke aauHy | m HaknoHena mox yriom ¢=60° k moBepXHOCTH cTONA.
OnpenenuTts pa3HUIly OCBELIEHHOCTEH BepXa M HU3a CTPAHMUIIbI, €CJIM CUJIa CBETa
samisl 1=60k.

JIBe cobuparolye JUH3bI OJUHAKOBOM (POPMBI  ClI€TIaHbl U3 Pa3HBIX COPTOB CTEKJIA.
[TokazaTenp mpenoMyeHUs CTeKJIa TepBoMl JWH3BI N1=1,5, a BTOpOit N2=1,7.
OnpenenuTts coOOTHOIIEHHE (POKYCHBIX PACCTOSTHUM JIMH3 B Bo3ayxe (N=1) u B Boje
(ns=4/3).

[ToBepXHOCTH CTEKITHHOTO KJIMHA 00pa3yroT Mexay coboit yron 0=0,2°. Ha kmun
HOPMAJIbHO K €ro MOBEPXHOCTH MaJaeT My4OK JIy4ell MOHOXPOMAaTHYECKOTO CBETa C
JUTHHOM BOJIHBI A=0,55 MkM. OnpeesuTh IUpUuHy D nHTEep)epeHIIHOHHOM OIOCHI.
Ha nudpakuuonnyio pemerky, coaepxamnryro N=500 mtpuxoB Ha 1 MM, magaer B
HANpaBlICHUH HOPMAJM K €€ MOBEpXHOCTU Oenblii cBeT. CHekTp mpoeuupyercs
TIOMEIICHHON BOJIM3M PEIISTKH JIMH30M Ha dKkpaH. OnpenenuTs mmpuHy b crekrpa
IepBOTO MOPsJIKa Ha KpaHe, €ClIM paccTosiHMe L JIWH3BI 10 9KpaHa paBHO 3 M.
I'panuibl BUAMMOCTH cIEKTpa A «p =780 HM, A $=400HM.

Bapuant 3
VY3kuil napamienbHbIl MMy4OK CBETa MaJacT Ha IUIOCKONAPAJUIENbHYIO IUIACTUHKY
01 YIJIOM 0L, CHHYC KOTOoporo paseH 0,8. Belmenmmii U3 niacTUHKY 40K OKa3acs
CMEIIEHHBIM OTHOCUTENIBHO MPOJIOJKEHHS NAJA0IIET0 IMyYKa Ha PACCTOSHUE 2 CM.
KaxkoBa TonmuHa NIacTUHKH, €CITH MoKa3aTelb mpeJoMIeHus cTekaa N=1,77
YeMy paBeH MOJIHBINA CBETOBOM NOTOK P, CO3/1aBa€Mblil ICTO YHUKOM, IOMEIICHHBIM
Ha MauTe BbicOTOW h=12 M, eciim Ha paccTossiHum =16 M OT OCHOBaHMSI MauThl OH
CO3/aeT OCBElIeHHOCTh E=311Kk?
Jlyist oNTHYEcKOTo CTeKa «(IMHTY TMOKa3aTeNId NPEIOMIICHHUS IS KpaHuX Jiydeit
BUIUMOro crnekrpa paBHbl M1=1,745 u n2=1,809. N3 srtoro crekna cnenaHa
JIBOSIKOBBIIYKJIasl JIMH3a, pajnychl KpuBU3HbBI KoTopoi R1=R2=0,2m. Onpenenutsb
paccTosiHUE X MEX]y IJIaBHBIMU (POKYCaMU JIMH3bI JJIs1 KpallHUX JIy4ell creKTpa.
Mexny AByMsl IJIOCKONApaJUIEIbHBIMU CTEKJISHHBIMHU IUIACTUHKAMH  TOJIOKUIU
OYEHb TOHKYIO ITPOBOJIOKY, PACIOJIOKEHHYIO MapajljiebHO JUHUN COTIPUKOCHOBEHHUS
TUIACTUHOK M HAaXOJAIIYIOCS Ha paccTostHuu =75 MM ot Hee. B oTpakeHHOM cBeTe
(A=0,5 mMKM) Ha BepxHEHl IUIACTHHKE BHUIHBI HMHTEPPEPEHIIMOHHBIC IOJIOCHI.
Omnpenemuts nuaMetp d MOTEPEYHOTro CeUeHHs MPOBOJIOKH, €CIIM Ha MPOTIKCHUH
a=30 MM HacuuThIBaeTCA M=16 CBETIBIX MOJIOC.
Ha mudpakmmonnyto pemerky, coxepxkamryro N=400 mrpuxoB Ha 1 MM, mamgaer
HOpMaJbHO MoOHOXpoMaruyeckuii cBer (A=0,6 wMxwm). Haiftu oOmee dvucio
TuGpaKIMOHHBIX MAaKCUMyMOB, KOTOpbIEe AaeT 3Ta pemeTka. Onpeaenurb yroi @
nudpakIyy, COOTBETCTBYIOIINH MOCIEIHEMY MAaKCUMYyMYy .

Bapuant 4
Y npusMmbl ¢ HokasateseM mpenomienus N=1,41 u ¢ npenomnsomum yriaom ¢=30°
oziHa rpaHp nocepebpena. Jlyd magaer Ha Apyryio rpasb nog yriom a=45°, zatem
OTISITH Yepe3 ATy K€ IPaHb BBIXOIUT U3 NMpu3Mbl. Haiitu yron 6 mexnay maiaoimum u
BBIXOJIAIINAM JTyUYaMH.
Ha BeicoTe h=8 M Haz 3emueii Bucut namma cuioii ceeta 1=1000 kx. HaiTu numomans
ydacTka, B IIpeJielax KOTOPOro OCBELIEHHOCTh HE MEHbILE, ueM E=1 k.
B kycke crekiia ¢ mokasareneM npeaoMiIeHus Ne:=1,5 umMeeTcs BO3LyIIHas 0JI0CTh B
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BHUJIC JTBOSIKOBBIITYKJIOW TOHKOW JIMH3BI ¢ pajuycaMy KpUBHU3HBI ToBepxHOocTeld R=10
cM. Ha onrrdaeckoit ocu 3Toii TMH3bI BHY TP KycKa cTekiia Ha pacctosiauu d=20 cMm ot
JIMH3bI HaXOJUTCs MecuuHka. Omnpenenuth paccrosaue f Mexmy wu3oOpakeHHeM
MECYNHKH U JIMH301.
IlmockoBeITyKIIasg JIMH3a BBIMTYKJIONW CTOPOHOM JIEKWUT Ha CTEKJITHHOM IJIACTHHKE.
Omnpenemuth TOMIMHY O ClIOS BO3ayXa TaMm, rlie B oTpakeHHOM cBete (A=0,6 MKkM)
BH/THO TIEPBOE CBETJIOE KOJIBIIO0 HbloTOHA.
JudpakuroHnHas perieTka OCBEIeHa HOPMaJIbHO Maal0IMM MOHOXPOMATHIECKUM
cBeTOM. B nudpakiimoHHON KapTHHE MAKCUMYM BTOPOTO TOPSIKA OTKJIOHEH Ha yTOJI
1=14°. Ha kakoii yros @2 OTKIOHEH MAKCUMYM TPEThEro mopsaKa?

Bapuaut 5
Ha CTeKIfHHYIO MIOCKOMapasuIeNbHyI0 TACTHHY MajaeT ayd mox yraom 259, Jlyu
YAaCTUYHO OTPAKAETCA OT BEPXHEW MOBEPXHOCTH, YAaCTUYHO MNPOXOAUT BHYTPb
IUTACTUHBI, CHOBA OTPAXAETCS O HW)KHEH MOBEPXHOCTH M 3aTEM BBIXOIUT 4Yepe3
BepxHIO0. Haiitu yron ¢ Bbixoma jayya u  JuimHy mnytd |, mpoiimeHHOTO
NPEJOMJICHHBIM JIy4OM B IUIacTHHE. ToNIMHA IUIacTHHBI (O=2 cM, Moka3arelnb
npeoMieHus crekia N=1,8.
Hag nmomagsio Bucut ¢gonaps. OCBEIIEHHOCTh HA 3€MJIE B T€X TOYKaX, I/IE JIy4H
najarT IMoj YIJIoM o1, TakuMm, 4to C0Sou=0,3, paBHa Ei;=101kx. KakoBa
OCBELIEHHOCTh E2 B TOUKax, rje Jiy4yu najaroT Ha 3€MJII0 MO/ TaKUM YTJIOM 02, YTO
cosa2=0,6?
OnTrueckas cuia TOHKOW CTEKISIHHOW JUH3BI B Bo3ayxe D=5 antp. Ompenenutsb
dokycHoe paccrosHMe F TOW ke IHH3BI, MOTPYyKeHHOW B Boay. l[lokazaTenb
TpEJIOMIICHHS CTeKIa Ner=3/2, Bo b N=4/3.
Mexnay CTEKISIHHOM IIACTUHKOM U JIeKallel Ha HEW IUIOCKOBBIITYKJIOM CTEKISIHHON
JMH30M HaJIUTA KUJIKOCTh, MOKAa3aTEIb MPEJOMIICHHUSI KOTOPOU MEHBIIE MMOKa3aTels
npesioMyieHusl cTekia. Paamyc g BOoCcbMOro TeMHOro Kojbla HploToHa mpu
HaOmoneHnu B oTpaxkeHHOM cBete (A=700HM) paBen 2 mMm. Paguyc R xpuBu3HBI
BBIIYKJION TOBEPXHOCTHU JMH3bI paBeH | M. Haiitu mnokasarens IpenomiieHUs
KUJIKOCTH.
CKOJIbKO ITPHUXOB COJCPKUT HA KAXKIBIH MUJUIEMETP COACPKUT TUPPAKITUOHHAS
pemieTrka, eciim Tpu HaOIOJeHUHM B MOHOXpomaTmueckoM cBere (A=0,6 MKM)
MaKCHMYM IISITOTO MOPAIKA OTKJIOHEH Ha yroi ¢=18°,

Bapuanr 6
Ha ropuzonTtasibHoM jgHe OacceifHa JIeKHUT IUIOCKOe 3epkano. Jlyd cBera,
MIPEJIOMUBIIKCH HAa IOBEPXHOCTH BOJIbI, OTPAXKAETCSA OT 3€pKajia U BHIXOJIUT B BO3IYX.
Paccrostaie oT MecTa BXOXKIAEHUS Jiyda B BOJIY JO MECTa BbIX0/1a OTPAKEHHOTO JTyda
u3 Bosl d=1,5 m. I'mybOunHa Gacceitna h=2 M, mokasarenb npeaoMieHus Bo bl N=4/3.
OnpenenuTs yroJi NajeHus Jyda o.
Ha BeicoTe h1=2 M Hag cepeauHO# Kpyriioro croyia guaMmeTpoM (=3 M BHCHT jamMIia
cuiort cBeta 11=100 xn. Ee 3amenmnm nammol cwioi cBeta 12=25 kn, m3MeHHB
paccTosiHUE 10 CTOJa TaK, YTO OCBEIIEHHOCTh CEPEANHBI CTOJIA HE U3MeHnIach. Kak
MU3MEHHTCS OCBEIIEHHOCTh Kpas croja?
PacceuBaromas nuH3a ¢ (OKYCHBIM paccTosHueM F=12 cM momerieHa Mexay
JBYMsl TOYEUHBIMH HMCTOYHHMKAMHM B J[Ba pa3a ONKEe K OJHOMY HMX HHX, YeM K
npyromy. PaccrosHue Mexay H300pakeHUSIMH HMCTOYHUKOB TMOJYYHJIOCH PaBHBIM
I=7,8 cm. Haiitu pacctosinue L Mex Iy caMUMH HCTOUHUKAMHU.
Jlis u3mMepeHus mokasaressi IpeJoMIICHHS aproHa B OJIHO U3 Iuied uHTepdepomeTpa
MaiikenbCOHa MOMECTHIM MyCTYH CTEKISHHYI0 TpyOKy mmHO#M =12 cM ¢
IUIOCKOTIApasieIbHBIMUA TOPIIOBBIMU MOBEPXHOCTAMHU. [lpu 3amonmHeHuu TpyOku ¢
aproHOM (IIp¥ HOPMaJbHBIX YCIOBHSIX ) UHTEp(epeHIIMOHHAs KapTUHA CMECTHIIACh Ha
M=106 nosioc. OnpeAenuTh MOKa3aTeNb NPEJIOMIICHUSI N aproHa, €CJIU JJIMHA BOJHBI
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A cBera paBHa 639 HM.
[Tnockas ceeroBas BojHa (A=0,7 MKM) MaiaeT HOpMaJIbHO HA IUAPpParMy C KPyTIbIM
orBepcTrieM paamycoMm =14 mm. Omnpenenmuth pacctosaus b1, D2, b3 mo Tpex
HauOoyiee YyJaJEeHHBIX OT Hee TOYEeK, B KOTOPBIX HAOJIONAIOTCS MHUHUMYMBI
MHTEHCUBHOCTH.

Bapuant 7
Jly4 cBeTa BBIXOIUT W3 TPU3MBI TI0 TEM K€ YIJIOM, TI0 KaKUM BXOJHT B TPU3MY,
npudeM OTKJIOHAETCS OT MepBOHAYalbHOrO HampabjieHus Ha yroa =150,
[penomnsromuii yron npusmel y=45°. Haiitu nokasaresnb npenomieHus N BellecTBa
HPU3MBL.
[Tnomanka ocBemaeTcss IByMs pa3jiMYHBIMH JIaMIIaM{, BUCSIIMMHU Ha CTOJI0€ Hal
npyroit Ha Beicote h1=8 M u Ha BeicoTe h»=27 M. Ha kakom pacctostauu | ot
OCHOBaHHUSl CTOJI0A HAXONATCS TOYKH IUIOUIAJIKK, OCBEHIEHHOCTh KOTOPBIX HE
U3MEHUTCSI, €CIIM TIOMEHSTh JIAMITbI MeCTaMu?
IMpeamer pasmepom h=0,03 M pacmonoken Ha paccrosuuu 0=0,15 M or
pacceuBarolieit TuH3bI ¢ PoKycHbIM pacctosinreM F=0,3 m. Ha kakom paccrosituu f
OT JIMH3BI IONyuuTCst n300paxkenne? Kakopa Oyner BennuuHa uzooOpaxenus H?
B untepdepomerpe MaiikenbcoHa Ha MyTH OJHOTO U3 MHTEPPEPUPYIOUIUX TyUKOB
cBera (A=590 HM) MOMECTWIM 3aKpBITYI0O C 00EUX CTOPOH CTEKISIHHYIO TpYyOKy
amHOM |1=10 cM, OoTkauaHHYIO 10 BBICOKOTO Bakyyma. IIpu 3amosiHeHHH TpyOKH
XJIOPUCTBIM BOJIOPOJIOM TPOMU30IILIO CMELIeHHe HHTep(EepeHIIMOHHON KapTHHBI.
Korna xnopuctelii Bomopon ObUT 3aMEeHEH OpPOMHCTBIM BOJIOPOJOM, CMEIIEHHE
UHTEPPEePEHIIMOHHON KapTHHBI BO3pocsio Ha AM=42 nosockl. OnpeenuTs pa3HOCTh
An noka3zaTenei nperomieHus1 OpOMHUCTOTO U XJIOPUCTOTO BOJOPOIA.
[Tnockas ceeroBas BojHa (A=0,5 MKM) MajiaeT HOpMaJIbHO Ha AUaPparMy ¢ KpyTibIM
otrBepctueM auamerpom d=1 cm. Ha kakom paccrosinum b ot oTBepcTmsi momkHa
HAXOJUThCS TOYKAa HAONIONEHHs, 4TOOBI OTBEPCTHE OTKPHIBajO: 1) OAHY 30HY
Openena? 2) nse 30Hb61 OpenHesis?

Bapuant 8
KakoBa Tommumua H miocko mapanienbHONW CTEKJISSHHOMW IUIACTUHKH, €CIU TOYKY,
HAHECCHHYIO0 YEpHWIAMH Ha 3aJHEH CTOPOHE IUIACTUHKH, HAOII0/aTelb BUIMT
paccrosiuun h=5 cM ot nepeaHedt nosepxHocTu? Jlyu 3peHus MepreHIUKYIIPEH K
HNOBEpXHOCTH IIacTUHKU. [lokazarens mpenomiieHus crekiaa N=1,6. Jlng maibix
yriioB tgassinoxa.
DOkpaH ocBewlaeTcd JBYMs  JlaMIaMH,  PAaclOJIO)KEHHBIMH  CHMMETPHYHO
OTHOCHUTENIbHO LEHTpa 3KpaHa. PaccTosHMe OT KaxaoW JaMmbl 0 3KpaHa (1o
nepneHauKysipy) h1=4 M, paccrosiaue Mexay Jammamu =2 M. Cuna cBeTa Kaxaoit
nammbel 11=200 k1. Kakoii cumbsl cBeta |2 HyKHO B3SITh OJIHY JIaMITy, TTIOMEIICHHYO Ha
paccrostHum =6 M HaJT ICHTPOM 3KpaHa, YTOOBI OHA Jjajia B IIEHTPE IKPaHa TaKyFo jKe
OCBEIIIEHHOCTb, KaK JIBE€ YIIOMSHYThIC JTaMIIbI?
dokycHOe paccrosiHue coOuparomedt muH3bpl F=10 cM, paccTossHHMe mpeaMera 10
dokyca |=5 cm, nuneitnbie pasmepsl npeamera h=2cm. Onpenenurs Benuyuny H
n300paxkenus. PaccMoTpeTs ABa ciyyas.
Juametp d2 BTOpOro cBeTOro kosbila HploTOHA Mpu HAOIOJCHUH B OTPAKCHHOM
ceere (A=0,6MkM) paBeH 1,2 mm. OnipenenuTs onTudecKyro cuity D mmockoBsimyKitoi
JIMH3bI, B3ATOM JIJIS OTIBITA.
Ha nuadparmy ¢ KpymisiM OTBEpCTHEM auamMeTpoM 0=4 MM MagaeT HOPMAaJbHO
napajuieNIbHbIA TMy4oK JIyded MoHoxpomaTuueckoro csera (A=0,5 mkwm). Touka
HaOJIFOICHUsI HAXOIUTCSI Ha OCH OTBepCTHs Ha pacctosiHuu b=1 M ot Hero. CKOJIbKO
30H @peHens yknaabiBaeTcs B oTBepcTre? TeMHOoe Wi CBETJIOE MATHO MOIYy4YHUTCS B
HeHTpe AUPPaKIMOHHON KapTHUHBI, €CIIU B MECTe HAOIIOACHU N TOMECTUTh SKpaH?

Bapuant 9
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CeueHue CTEKJISTHHOM MPU3MbI UMeET (POpMy PaBHOCTOPOHHEIO TPEyroybHUKA. Jlyu
ajacT Ha OJHY M3 IpaHeld MNEepIEeHAUKYJSIpHO K Hed. Hautu yron ¢ mexny
HalpaBJICHUsAM Jlydya MaJarollero M Jyya, BelleAmero u3 npusmsl. llokazatens
npesoMieHus crekia N=1,5.

JBe namnbl cunoi ceera 11=75 xn m 12=48 kxn HaxoasTCcs ApYr OoT apyra Ha
paccrosiaun 1=1,8 M. ['1e HaO MOMECTUTh MEKAY HUMH (OTOMETPUIECKHUI IKpaH,
YTOOBI €10 OCBEIIEHHOCTH OblJIa OJTMHAKOBA C TOW U APYTON CTOPOHBI?

VYBenmnuenue, naBaemoe nuH30HM, k=10. Haiitu ee dokycHoe paccrosuue F, eciu
paccTosiHue OT JIMH3BI 710 TipenmMeTa d=9,9 cm. PaccMoTpeTts nBa ciyyas.

Ha mbutbHy0 tuieHky (N=1,3) HaXomsIIyrocsi B BO3/IyXe, MaJacT HOPMaJIbHO MTy4YOK
aydeit 6enoro ceera. [Ipu Kakoi HaUMEHbIICH ToIUHE O TJIEHKH OTPaKEHHBIH CBET
¢ JmHON BOMHBI A=0,55 MKM OKaXeTCSd MaKCHMaJbHO YCHWJICHHBIM B PE3yJbTaTe
uHTEpPepeHIN?

[TapannenbHblid My40K PEHTTEHOBCKOTO U3Iy4YEHUs NaJaeT Ha TpaHb KpucTasuia. [lon
yriom 0=65° naercs MakcuMyM nepBoro nopsaka. Paccrosnue d  Mexay aTOMHBIMH
wiockocTsiMu Kpuctawia 280 mM. OmpenenuTh AJIUHY BOJHBI A PEHTI€HOBCKOIO
U3ITyYEeHHUS.

AToMHas, saepHas ¢pusuka. KonTpoabHas padora

Bapuant Ne 1
Onpenenurs KOJIMYECTBO HYKJIOHOB, HEUTPOHOB, IPOTOHOB, 3JIEKTPOHOB JIJIs1 CBUHIIA.
Omnpenenuts 1e(eKT MacChl U YIHEPTHUIO CBSI3U YIIIEpoa.
Ipu peaxn  ~H (d, p)SH ocBoboxnaercs sHeprus Q=4.5 MaB. Onpenenurs Maccy
m atoma H.
Uto moryduTCs U3 MOJOHUS Mociie 2-X a-pacnagoB u 1 B-pacnana?
Haiit maccy M ypana®®®U, wnMeromero Takyio e aKTHBHOCTh A, KaK CTPOHIMI
Maccoi 2mr.

Bapuant Ne 2
Omnpenenuts pazMep sjpa aproHa.
Bbruncnuts yaenpHy0 SHEPTHIO CBS3H KUCIOPOAa.

Haiitn sHEpruIo AnepHBIX peaKuuit °H (p, 7/)4 He.
Urto momyuutcs U3 paaus mocie 3-x o-pacmnaioB u 2 3-pacnagon?

. Beruncnurs yenpHy0 akTUBHOCTB s/1pa KoOabTa.

Bapuant Ne 3
Kakyio HauMmeHbIIyI0 B3HEpPIrHi0 HEO0OXOIUMO 3aTpaTUTh, YTOOBI pa3JeNuTh Ha
OTJIeTIbHbIE HYKJIOHHI s/ipa 60opa u yriaepoaa?
OmnpenenuTts SHEPTUIO OL-pacliajia s/ipa remusl.
Yro mosryduTcst U3 akTHHUA Toctie 1-x o-pacmnanos u 2 3-pacnagoB?
3a Bpems t=3c pacnanoch 1/3 HadanpHOTO KOJIMUECTBa sjiep u3oTomna. OnpenenuTh
nepuo/ Moty pacmaja.

Kakumu 3akoHaMu paspernaercs cieayromas peakiusi: A — P+ ?

BapunanT Ne 4
Onpenenuts pa3mep spa a3oTa.
Onpenenuts YHEPTUIO, KOTOPast 0CBOOOIUTCS NMPU MPUCOEAMHEHUHU OJHOTO NMPOTOHA U
2 HEUTPOHOB.
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19 16
Kaxkas sHeprus nornomaercst Wiy BbIAEISAETCs IPU PEaKIUH Fe(p, a) 0.

Uro nomyuuTcst U3 ocMus mmociie 1-x a-pacraga u 2 3-pacmagon?
[lepuox momypacnaga pagroakTUBHOTO HyKIHMAa paBHa 5 4. OmpenenuTts CpenHIo
MMPOAOJDKUTCIIBHOCTD ) KU3HU 3TOT0 HYKJIMAA.

Cnucok Tem J1a60paToOpHbIX padoT

Mexanuka
Ompepenenre CKOPOCTH TOJIETA IMTYJIH C IIOMOIIBI0 0ATTUCTUIECKOTO MasiTHUKA
Omnpenenenue CKOPOCTH MOJeTa MyJIM Ha KPYTHIbHO-0aIUCTUIECKOM MasiTHUKE
OnpeneneHie MOMEHTOB MHEPUMH TeJl U TpoBepka TeopeMbl llITeitHepa MeTomom
KPYTHIBHBIX KOJICOaHU
M3y4yeHre OCHOBHOIO 3aKOHA JIMHAMHUKHU BpallaTeIbHOIO JBIKEHHS TBEpPJOTO Tela
BOKPYT HETOABMKHOM OCH
H3yuenue 3aTtyxaronmx KouedaHuii Gu3nyecKoro MasiTHUKA
N3yuenue BbIHYKIECHHBIX KOJIEOAHUI MasiTHUKA C JIBIKYILEHCS TOYKOM MoBeca
Ornpezenenue CKOpOCTH 3ByKa B BO31yxe MetofoM KBuHke
Ornpezenenue CKOpOCTH TBEPAOTO Tela, CKaThIBAIOLIEr0Cs 110 HAKJIOHHOM IJIOCKOCTH

Monexynapnas ¢usuxa

Onpenenenne ko3 duimerra NOBEPXHOCTHOTO HATSKEHUSI METOJIOM OTPBIBA KOJIBIIA.
Onpenencaue kK03 uIIEeHTa BHYTPEHHETO TPEHUS KHUIKOCTH METOJIOM TaJaroIIero
nrapuka (Meroa CTokca)

N3ydeHne cTaTHCTHUECKUX 3aKOHOMEPHOCTEH

OmnpezienieHUe OTHOIICHHS TEIUIOEMKOCTH Ta3a TMPH IOCTOSHHOM JIaBJICHUH K
TEIUIOEMKOCTH TIPU TIOCTOSTHHOM 00beMe 1o crioco0y Kiemana u Jlesopma

ITpoBepka 3aKkOHa BO3paCcCTaHUsS SHTPOIUH B MPOIIECCE TEIIOOOMEHA

3Jzel<mpultecm60 U mMacHemu3m

HccnenoBanue 31EKTPOCTATHYECKOTO IOJSI ¢ MOMOIIBIO OJAMHAPHOIO M JBOMHOIO
30HJI0B.

OmnpeneneHue ynenpHOTO 3apsia dJJEKTPOHAa METOIOM (OKYCHPOBKH IydKa
3JIEKTPOHOB B MPOJA0JIbHOM MarHUTHOM IOJIE.

N3mepenue 2neKkTpoABIKYIEH CUIIBI MICTOYHHKA TOKA.

N3yueHue neneil mepeMeHHOro Toka. M3mMepeHne eMKOCTe METOJIOM MOCTHUKOBOM
CXEMBI.

OnpeneneHne  UHAYKTUBHOCTHM  COJIGHOMJA M MAarHUTHOW  NPOHHUIIAEMOCTHU
(beppOMarHuTHOTO TeJa.

Bonanosas onmuka, KeaHmoedas u ﬂ()epHa}z qbusuka

Onpenenenue noka3aTesei NpeIoMIICHUS Pa3IMYHbIX BEIIECTB.

Omnpenenenue pagnyca KpUBU3HBI JIMH3BI U JUIMHBI CBETOBO BOJIHBI C TIOMOIIBIO KOJIEIl
HeroToHa.

Omnpenenenue ATUHBI CBETOBOM BOJHBI M XapaKTEPUCTUK AU(PPAKIIMOHHON PEIIETKH
N3yuenue 3akonomepHocTeit potorddexra

Omnpenenenne KBAaHTOBBIX YUCEN BO30YKICHHOTO COCTOSIHUSI aTOMa BOJIOPOJ1a
HccnenoBanne TEpMODIEKTPOHHON SMUCCHUM W OMpeAelNeHue pabdoThl BBIXOAA
9JIEKTPOHOB M3 MeTajlia

N3yuenne 31eKTpuIecKuX CBONCTB TBEP/IBIX TN



[Tpunosxenue 2

a) [lnanupyembie pe3yabTaTbl 00y4eHHs U OLCHOYHbIE CPEACTBA 1JISA NIPOBEACHHUA NIPOMEKYTOYHON aTTeCTAlUM:

Kon nnaukaropa

NHaukaTtop DOCTHKEHUS KOMITETSHITHA

OlLileHOYHbIE CpeaICTBA

OIIK-3 Cnoco0eH NpUMEHSATh COOTBETCTBYIONIMIA (PU3UKO-MATEMATHYECKUI aNNapaT, MeTOAbl AaHAJIU3Aa U MOIeJIMPOBAHUS, TEOPETHYECKOT0 U
IKCIIEPUMEHTAJIbHOI0 HCCJIe0BAHNS NPH pellleHnH NP odecCHOHATbHBIX 32124

OIIK-3.1

Hcnonvzyem memoowl ananusa u
MOOenuposanus npu peuleHuu

PO ecCUuOHAIbHBIX 3A0at, MOOETUPOBAHUU U
NPOEKMUPOBAHUU IHEP2OCUCTEM

Hepequb KOHMPOJIbHbIX 60NPOCO6 07151 N0O20MOBKU K IK3aMeEHy

Mexanuxa

1. Kunemamuka mamepuaibHot moyku u HOCMYNAMENIbH020 OGUNCEHLUSL
abconomHo meepoo2o mend.

2. /lunamuxa mamepuanbHoti MOYKU U NOCMYNAMENLHO20 O8UNCEHUSL
abconomHo meepoo2o meid.

3. Paboma u mownocmu. Mexanuueckas suepeus. 3aKoHvl COXpAHEHUs. SHeP2UU
U UMNYIbCA 8 MEXAHUKE.

4. Kunemamuxa u OUHAMUKA 8DAWAMETBHO20 08UNCEHUS ADCOTIIOMHO MBEPA020
mena.

5. Cuna maecomenus. Heunepyuanvhvie cucmemvl omcuema. Cunvl unepyuu.

6. Cunvl ynpyzocmu u mpeHus.

1. Mexanuxa xonebanuii. I apmonuueckue konebanus. IHepeus Koieoauul.

8. Crooicenue oounarxoso nanpasieHHvlx Konebanuil. buenus.

9. Cnoorcenue 63aumMHo nepneHOUKYIAPHLIX  KOJIeOaHULL.

10. 3amyxarowue konebanus. Anepuoouyeckue KoiedaHus.

11. Buinyosicoennvie xoneboanusi.

12. Bonuwi 6 ynpyeoii cpede. Ypasnenue 6onuvi. Boanwl 6 cniownoil cpeoe.
Dppexm Jonnepa.

13. Hnmepghepenyus u ougppaxyus eonn. Ompasicenue oan. Cmosuue
BOJIHUL.

Monexynapnas gusuxka u mepmooOUHaMura

1. Ocnoswi monexynapuo-kunemuyeckou meopuu. Ypasnenue

64




Kon nnaukaropa

I/IH)II/IKaTOP JOCTHXXCHHUA KOMIICTCHIINN

OneHouHble CpecTBa

Menoeneesa-Knaneiipona. Monsapnas macca. Konuuecmeso sewjecmea.

2. Vpasnenue kunemuuecxoti meopuu 2azos. Temnepamypa — mepa cpeoHeli
KUHEMU4eCcKoll dHepeUuu MOIeKyl.

3. 3akomu pacnpedenenus MoneKy1 no ckopocmam u snepausim. Onovim [llmepHa.
4. Bapomempuueckas popmyna. 3axon borvymana.

5. Aenenus nepenoca 8 HepaBHOBECHbIX Cpedax (Menionpo8ooOHOCMb, 83KOCHIb,
ougghyzus).

6. Buympennss suepeus. Paboma. Konuuecmso mennomol. I[lepsoe nauano
mepmoOUHAMUKU.

7. Aouabammuviil u nommpontuii npoyeccol. Cmenenu c600600bl.

8. Bmopoe nauano mepmoounamuxu. Kpyeosvie npoyeccoi. Luxn Kapno. KI1J].
9. Oumponus. Tepmoounamuuecxasn ouaepamma T-S. Cmamucmuueckuti cCMblLC]

SHMPONUU.
10. Cneyuanvhas meopusi OmMHOCUMENLHOCMU JUHUMEUHA.

11. Peanvuvie cazvl. ¥Ypaenenue Ban-oep-Baanvca. U3omepmul peanvrhoco
easa.

12.  JKuoxocmu. Ilosepxnocmmuoe namsicenue. Kanuniapuvle sa6nenus.
Ypasnenue Jlannaca.

DnekmpomazHemusm

1. Onexkmpocmamuxa. Hanpsascennocms nons. Amomucmuynocms 3apsoa.
3axon coxpanenus 3apsaoa. Teopema I'aycca. Pacuem nanpsasjcenHocmu 0Jist
HEeKOmopbiX noell.

2. Onexmpocmamuxa. Ilomenyuan. Paboma cun nons npu nepemeujenuu
3apsaoos. [lomenyuan. Pacuem nomenyuana ons Hekomopuix no.etl.

3. Dnexmpocmamuueckoe nojie 8 OUINEKMpuUYecKoli cpede. Inekmpuieckoe noie
21eKmpuiecko2o ounoJia 6 eakyyme. Teopema I aycca 0ns
21eKMpOoCmamu4ecko2o noJis 8 cpeoe.

4. IIpo6oonuxu 8 anekmpocmamuieckom noe. NeKmpoemKoCcmsb YeOUHEeHHO020
nposoonuxa. Konoencamopul. Duepeus nous.
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Kon nnaukaropa

I/IH)II/IKaTOP JOCTHXXCHHUA KOMIICTCHIINN

OneHouHble CpecTBa

5. llocmosannweiii mok. Knaccuueckas anekmponnas meopus
91eKMponposooHocmu memainos. Onvimol o onpeodeieHuro c60000HbIX
Hocumerneti 3apsoa. Ocrogwvl kKiaccuyeckou meopuu [pyoe-Jlopenya. 3axon
/[icoyna-Jlenya. TepmoanekmpoHuas smuccus.

6. 3axonsl nocmosinno2o moxa. 3axon /[ocoyaa-Jlenya. Ilpasuna Kupxeoga.
DeKkmponpo8ooHocms 2a308. Buowvl camocmoamenvhvix paspsaoos.

7. Onexmpomazcnemuszm. Maenumnoe none. Macnumnas unoyxyus. Cuna
Jlopenya. 3akon Amnepa. Sgpgpexm Xonna.

8. Mazcnummoe none nocmosHHo20 moka 6 eakyyme. 3aKou
buo-Casapa-Jlannaca. L{upkynayus uHOyKyuu MaeHUmHo20 nois. MazHummolii
nomok. Teopema Ocmpocpadckoeo-Iaycca ons MmazHumHo20 NOA 8 8aKYYMe.
Paboma nepemeujenuss NPOBOOHUKA ¢ MOKOM 68 NOCMOSAHHOM MASHUMHOM HOJle.
9. Onexmpomacnumuas unoykyus. Ilpasuno Jlenya Camounoykyus. nepaust
MACHUMHO20 NOJIAL 8 HehepPOMASHUMHOU U30MponHou cpede. Maznummuoie
ceolicmea 6-uecms. 3aKOH NOJHO20 MOKA O MACHUMHO20 NOJISL 8 Beujecmee.
Ypasnenus Makceenna ons anekmpomacnummnozo nous.

10. OnexmpomazcHummuvie Koebanus u 8011l Memoo 6eKkmopHuIX OUacpamm
[ apmoHnuueckue xonedanus 6 KoiebamenbHoM KoHmype. 3amyxarowue
Dekmpuyeckue KoaebaHnus. BoinyscoenHvle snekmpuieckue Koaeoanus.
OnekmpomacHumuvle 8oansl. Lllkana snexmpomacHumHuIx 80JH.

Onmuxa

1. Onmuka. Ompasicenue u npenomienue céema Ha epanuye pazoena 08yx
Ouanekmpuyeckux cped. Pomomempuueckue genudunsvl. Hnmepgepenyus
ceema. Ilnmepgepenyus ceema 6 MoOHKUX NIEHKAX.

2. Tugppaxyus ceema. [punyun @penens-Iioieenca. Jugparxyus Openens na
He-00.1boM kpyenom omeepcmuu. [uppaxyus @payneogepa na wenu u
Kpyenom omeepcmuu. [{udpakyuonnas peuiemka.

3. Qucnepcusa. Uznyuenue Basunosa-Yepenxosa. Ionapuzayus ceema. /{gotinoe

1ydenpejlomileHue.
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Kon nnaukaropa

I/IH)II/IKaTOP JOCTHXXCHHUA KOMIICTCHIINN

OneHouHble CpecTBa

4. Tennosoe usnydenue. 3axonvl menioeo2o U3JIYYEeHUS YePHO2o mend.
Onmuueckas nupomempust.

OIIK-3.2

Cnocoben npumensimos cOOMEEMCMEYIOUSULL
QusuKo-mamemamusecKull annapam npu
meopemu1eckom u IKCNePpUMEHMATbHOM
UCCIe006aHUU 8 peuleHul 3a0ay
oHep2ochepedicenus

Cnucox mem 1abopamopHwlx pabom

Mexanuka

1. Onpeoenenue ckopocmu nonema nyau ¢ NOMOWbBIO OALIUCMUYECKO20
MasimHUKa

2.Onpedenenue ckopocmu nojema nyau Ha KpymuibHO -0 amiiuCmuyeckom
MasimHuke

3. Onpedenenue momenmos unepyuu mei u nposepka meopemvol [llmetinepa
MemooomM KpYMUTIbHbIX KOleOaHUlL

4. U3yyenue ocCHOBHO20 3aKOHA OUHAMUKU 8PAUAMENLHO20 OBUNCEHUSI MBEPO020
mena 80Kpye HenoOBUNCHOU OCU

5. U3zyuenue 3amyxarowux Koieoanuil pusuieckoeo MasmHuka

6. U3zyuenue 8biHyIHCOCHHBIX KOJICOAHUI MASMHUKA C OBUNCYUYECSL MOYKOU
nooseca

7.Onpeodenenue ckopocmu 38yKa 6 6030yxe memooom Keunke

8. Onpeodenenue ckopocmu meepdo2o meid, CKAMvLEAOULE20CSA N0 HAKIOHHOU
niockocmu

Monexynapnas gusuxa

1. Onpeoenenue kosghpuyuenma no8epxHOCMHOCO HAMANCEHUS MEMOOOM
ompuléa Kobyd.

2. Onpeoenenue ko2 puyuenma eHymperHHe20 mpeHust HeUOKoCmu Memooom
naoaroweeo wapuka (memoo Cmoxca)

3. Uzyuenue cmamucmuueckux 3aKOHOMePHOCmell

4. Onpeoenenue omHowEeHUs MENIOEMKOCHIU 2A30 NPU NOCMOSHHOM OAGIeHUU K
menioemMKocmu npu nOCMosiHHOM 00wveme no cnocody Knemana u Jlesopma
5.11posepxra 3axona 603pacmarnusi SHMPONUU 8 npPoyecce MenioodMeHa

3ﬂ€Kmpu’i€Cﬂ’16’O U macHemu3m
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Kon nnaukaropa

I/IH)II/IKaTOP JOCTHXXCHHUA KOMIICTCHIINN

OneHouHble CpecTBa

1. Hccneoosanue snekmpocmamuiecko2o nojis ¢ NOMOUubl0 0OUHAPHO2O U
0801iH020 30HO08.

2. Onpeoenenue y0envHo2o 3apaoa 31eKmpoHa MemoooM hOKYCUPOBKU NYUKA
9IEKMPOHOB 6 NPOOOTILHOM MACHUMHOM NOJLe.

3. Uzmepenue snekmpoosudicyweti Cuibl UCOYHUKA MOKA.

4. Uzyuenue yenetl nepemenno2o moka. Mamepenue emkocmeli Memooom
MOCMUKOBOU CXEMblL.

5. Onpeoenenue uHOYKMUBHOCU CONEHOUOA U MACHUMHOU NPOHUYAEMOCMU
Geppomaznumnoco mena.

Boinosas onmuka, K6AHMOB8As U ﬂdepﬁaﬂ qu/lS'LlKa

1. Onpeoenenue noxazamenei npeiomieHus: pasiuyHbIxX 6eecms.
2.Onpedenenue paouyca KpuBU3HbL IUH3bL U ONUHBI CEEMOBOU BOJIHbL C NOMOUBIO
rxoney Horiomona.

3. Onpeodenenue OnumHbl c8eMOBOL B0IHbL U XAPAKMEPUCTIUK OUPPAKYUOHHOUL
pewemxu

4. U3yuenue 3axoHomepHocmeti pomodpghexma

5. Onpeoenenue K8AHMOBBIX YUCET BO30YHCOCHHO20 COCMOSAHUSA AMOMA
8000p0o0a

6. Uccneoosanue mepmosieKmpoHHOU SMUCCUL U OnpedeieHue pabombl 8bIX00a
9JIeKMPOHO8 U3 Memaia

7. U3yuenue snexmpuueckux ceoticme meepovix mei
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6) HOpﬂIlOK NMpoBEACHUSA I[pOMe)KyTO‘-IHOﬁ aTTeCTaAlMi, IIOKA3aTEC/IU U KPUTEPUHN
OIICHUBAHUA

Ilokazamenu u Kpumepuu OUeHUBAHUA IKIAMEHA:

— Ha OYEHKY «OMAUUHO» (5 6annos) — 00y4arouuiics 0eMOHCMPUPYem 8blCOKUL YPOBEHb
chopmuposanHocmu KomMnemeHyutl, 6CeCmopoHHee, cucmemamuieckoe u 21ybokoe 3Hanue
YUebH020 Mamepuaid, c60O00HO 8bINOJIHAEM NPAKMUYecKue 3a0aHusl, c60000HO onepupyem
SHAHUAMU, YMEHUSAMU, NPUMEHSIEN UX 8 CUMYAYUSX NOBbIUEHHOU CTIOMHCHOCTI.

— Ha OYeHKY «xopouioy (4 baninia) — obyuarowuiics 0emMoHCmpupyem cpeoHUll ypo8eHs
chopmuposanHocmu KOMREMeHYyutl. OCHOBHbLE 3HAHUSL, YMEHUsL 0C80EHbL, HO OONYCKAIOMCA
He3HaUUMebHble OUUOKU, HeMOYHOCMU, 3AMPYOHEHUS. NPU AHAIUMUYLECKUX ONepayusx,
nepeHoce 3HaHUll U YMeHUl Ha HOBble, HeCMAHOAPMHbLE CUMYAYUU.

— Ha OYEHKY «y008J1emeopumeibHo» (3 bauia) — 00yuarowuiicsi 0emMoHCmMpupyem nopo20sblil
VPOBEHb CHOPMUPOBAHHOCIU KOMREMEHYULL: 8 XO0€ KOHMPOIbHbIX MEPONPULIMULL
O00NYCKAOMCsl OWUOKU, NPOSABIAEMC OMCYMCMEUE OMOENbHbIX 3HAHUL, YMEHUL, HABbIKOS,
00YUAIOWULICSL UCNBIMBLEAET 3HAYUMETIbHbLE 3amMPYOHEeHUS NPU ONEPUPOBAHUU 3HAHUAMU U
VMEHUSIMU NPU UX NEPEHOCE HA HOBbLE CUMYAYUU.

— Ha OYeHKY «Hey00enemeopumenvioy (2 bana)— o6yyarowutics 0eMOHCMPUpyem 3HAHUS He
boaee 20% meopemuueckoeo mamepuand, O0NYCKaen CyuecmeeHHble OUUOKU, He MOJNCEm
NOKA3aMb UHMELLEKMYAIbHble HABIKU PeuleHUsl nPoCmblX 3a0ay.

— Ha OYeHKY «Hey0oenemeopumenvhoy (1 6ain) — ooyuarowuiics He Modcem nOKA3AMb
3HAHUSA HA YPOBHE 8OCNPOU3EEOEHUs U 0OBACHEHUS UHPOPMAYUU, HE MOIHCEM NOKA3AM b
UHMENIeKMYalbHble HABLIKU peuleHUs NPOCmblX 3a0ay.
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