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IIpu pazpaboTke paboueit mporpaMMbl y4eOHOM TUCITATUIMHBI B OCHOBY ITOJIOKCHBI:

1) ®@I'OC BO mno HampaBieHUIO MOArOTOBKM (cneuuanbHOcTH) 35.03.06 «ArpOMHKEHEpHUs»
YTBEpKACHHBIH MUHUCTEpCTBOM 00pa3zoBanus u Hayku PD «23» aBrycra 2017r., mpuka3 Ne 813

2) Y4eOHbIi TUIaH OCHOBHOM 00pa30BaTENbHOM MPOrpaMMBI «DIEKTPOOOOPYIOBaHUE H
3NEKTPOTEXHOJIOTHH MPEIIPHUIATHH U IPOU3BOACTB» 0/100peH YueHbiM coBeToM ®T'BOY BO 'AY
Cesepnoro 3aypainbs oT «25» mas 2023 r. [Ipotokon Ne 10

PaGowas mporpamma y4yeOHOW JMCUMIUTMHBI (MOXIyJns) omoOpeHa Ha 3aceJaHud  Kadeapbl
DHepProodeceYeHNs CeTBLCKOT0 X03sHcTBa 0T «25» Mast 2023 1. ITpotokom Ne 5

W.o.3aBenyromuii kadeapoit — N.B. CaBuyk

Pabouas mporpamma yueOHON TUCIUILTAHBI (MOIYJIs1) 0100peHa METOTNIECKON KOMHUCCHEH HHCTUTYTA
oT «25» mas 2023r. IIpoTokon Ne 7a

o | A0
[Ipencenarens METOAUYECKOW KOMUCCUHM HHCTUTYTA O.A. MenskoBa

Pa3paboTunku*:

Cammuna H.B. crapmmii npenonaBateb kKadeapbl S3HEProoOeCIeueH s CENbCKOTO X03HCTRA
WBakuna E.A. x.0.H., TOo1eHT KadeApsl SHEProoOeCIedeHus CETLCKOTO XO035HCTBA

JAUpeKTop MHCTHUTYTA: Ycrunos H.H.



1. [lepeyeHb MIIAHUPYEMBIX Pe3yJIbTATOB 00Y4YeHUS MO INUCHUILIHHE, COOTHECEHHBIX C
IJIAHMPYEMbIMH pe3yJIbTaTaMH 0CBOEHUsI 00pa30BaTeIbHON MPOrPaMMbI

Koo
Komne-
meHyuu

Pe3ynbTatel ocBOCHUS

Nuaukarop qocTuxReHUst
KOMIIETEHITHH

[lepeueHs TIaHUPYEMBIX
pe3yabTaToOB OOY4YEHHS 110
JUCIUILTNHE

OIIK-1

Crioco6eH pemiatb
THUIIOBEIE 3a7a4U
npodeccuoHaTbHON
IEeSITEILHOCTH Ha
OCHOBE 3HAaHUM
OCHOBHBIX 3aKOHOB
MaTeMaTUYECKUX U
€CTECTBEHHBIX HayK C
MIPUMEHEHUEM
MH(POPMALIMOHHO-
KOMMYHUKAIIMOHHBIX
TEXHOJIOTHH

N-4 onx-1 Ucnione3yer
3HAHUS OCHOBHBIX
3aKOHOB (PU3HKH,
HEOOXOOUMBIX IS
pEeIIeHHS TUTIOBBIX 3a7a4
B o0nactu
npoeCCUOHATLHON
JCSITEIbHOCTH

3Hamb:
- COBpPEMCHHBIC (uzngeckue
NPENCTaBICHUsT 00  OKpY)KaromeMm
YeJoBeKa MUpe

-pyHnaMeHransHble ¢dusmueckne
TIOHSITHS, 3aKOHBI

-Teopun KJIaCCHYECKOi u
COBpPEMEHHOU (PpHU3NKH

-TPaHHIBl NPUMEHUMOCTH TEX WIH
WHBIX (U3MYECKNX 3aKOHOB M TEOPHUIl
-[IPUHLMI JeHCTBUS IPHUOOPOB,
NPUMEHSEMBIX JJIsI U3MEPEHUS
(U3NIECKUX BETHINH

ymenb:
-pemiath  3ajayd M3 Pa3MYHBIX
obunacreit hpu3uKu

-IPUMEHATh  PA3JMYHBIC  METO/IbI
(U3NYECKUX UCCIICIOBAHUIMA
-IPOBOJIUTH ¢busnuecknit
9KCIIEPUMEHT

-BBIJICIISATh KOHKPETHOE (PH3MIECKOE
CoJIepKaHWe B TPHUKIAJHBIX 3a1adax
poQeCCHOHANBHOMN NESITENbHOCTH
paboTath ¢ anmnapaTypoii At
(busnyecKux UcciIe0BaHui
-IIPOBOJIMTH U3MEPEHHS (PU3HUECKUX
BEITHMYHMH

-OIICHUBATH MOTPEIIHOCTh H3MEPCHHUI
enaoemp:

-aHAJUTHYCCKMM ¥ rpaduueckum
METOfIaMH  pelreHusi  (HH3HUIECKHUX
3aa4

-MCTOJUKaMHU (1)I/I3I/I‘I€CKOI"O
OKCIICPUMCHTA
-HaBBIKaMH1 aHalJin3a PE3yJIbTaTOB
OKCIICPUMCHTA

-HaBbIKAMH MOJKIIOUEHHS
000py10BaHUS AJISl AEKTPUUECKUX
U3MEpEHUIL

2. MecTo AMCHHMILVINHBI B CTPYKTYpe 00pa30BaTe/IbHOM MPOIrpaMMbl

JlanHast QUCHUIUIIMHA OTHOCUTCA K bBrnoky [ o0s3aredpbHOM dYacTH 00pa3oBaTelbHOU

IIPOrpaMMBI.

I[J'IH HU3YyUCHUA JUCHUIIINHBI HCO6XO,[[I/IMBI 3HaHUSA B OOJIACTH: 6 coomeemcmeuu ¢
Gedepanvhvim  20CY0apPCMEEHHBIM  00PA30BANENLHBIM CMAHOAPMOM CPeoHe20 (N0IH020) 00uezo
0bpaszosanus no npeomemy Pusuxa.

Duzuxa ABISETCSI HpCI[I_HeCTByIOH_[eﬁ III/ICI_H/IHJ'II/IH()ﬁ I AUCHMIIIINH: bezonacrocmo
.?fCl/l:)’He()eﬂmeJZbHOC'mu, meopemudecKkas mMexanuka, meopenmudecKkue OCHoe6bl 3J1EKNMpOomexHuKku,

MamepuaﬂoeedeHue u MeXHOo102Us

KOHCMPYKYUOHHbIX

mamepuanos, — 2UuOpaeIuKd,




MenIOmMexXHuKa, SAeKmpudecKkue MAawunbl U annapamsl, XOJI0OUTbHOE U BEeHMUIAYUOHHOE
obopyodosatue.

Juctumimaa u3ydaetcst Ha 1 u 2 Kypcax Bo 2, 3 u 4 ceMecTpax 1o o4Hoi popme
o0ydenwus, Ha 1 1 2 Kypcax Bo 2, 3 u 4 cemecTpax - 3a04HOM Gopme.

3. O0beM JUCUMIITIMHBI M BUIbI Y4eOHOH padoThl

OO0mas TpyA0eMKOCTh JUCIUILUIMHBI COCTaBIISIET 324 yacoB (9 3a4eTHBIX €IMHUII).

Ounas dpopma 3aounas Gopma
Bun yaeOHO# paboThI BCETO ceMecTp BCETO CEMECTD
JacoB JaCcoB

2 3 4 2 3 4
AyauTopHble 3aHsATHS (BCero) 144 48 48 48 42 14 14 14
B mom uucne: - - - - -
JlexmmoHHOTO THIIA 48 16 16 16 18 6 6 6
CeMHHapCKOTO THIIA 96 32 32 32 24 8 8 8
CamocrosiTeibHasi padoTa 162 60 60 42 264 94 94 76
(Bcero)
B mom uucne: - - - - - -
IIpopaboTka MaTepuana JeKIUH, 80 30 30 20
IMOATOTOBKA K 3aHATHIM 198 12 12 54
CaMOCTOSTENEHOE N3YUCHHE TEM 12 4 4 4
Kypcogotii nmpoekt (pabota) - - - - - - - -
PacuerHo-Tpadudeckue paboThl 32 16 16 - - - -
KonTponbsHbIe paboThI - - - - 42 14 14 14
Pedepar 38 10 10 18 24 8 8 8
Buz npoMexxyTOYHOH aTTecTanun 3aye | 3a4yer | OK3. 3aye | 3a4eT | OK3.

T T

18 18
Oo0masi TpyA0eMKOCThb:
4acoB 324 108 | 108 108 324 108 | 108 108
3aYCTHBIX ¢IUHUIIL 9 3 3 3 9 3 3 3
4. Conep:xkanue QU CHUNTHHBI
4.1. Conep:xaHue pa3ies0B I CHUNITHHBI
Ne HaumenoBanue Copnepxxanue paszaena
/| pasjaena AUCITUTIINHBI
1 2 3
1. Puznveckue Beenenue B pusuky. [Ipenmer ¢usuxu. CoBpemenHas ¢puznka
OCHOBBI MEXaHUKH KaK KyJlIbTypa HaOJII0ICHUH, MOJICITUPOBAHUS,

JKCIIEPUMEHTAILHOTO HCCIENOBAaHUS M KOJIWYECTBEHHOTO
MIPOTHO3UPOBAHUS sBJIEHUM mnpupoabl. CBA3b (QU3UKH C
ApyruMu  HaykamMd. OTHOCUTENBHBIH ¥  NPUOIMIKEHHBIN
XapakTep JoObIX HabmoneHuit u usmepeHuit. OCHOBHBIE U
MIPOU3BO/IHBIE €IMHUIIBI U3MEPEHHs (PU3NUECKUX BEINYMH.
OcCHOBBI KMHEMATHUKH. XapaKTePUCTUKH MOCTYMNaTeIbHOTO
JIBUKEHMSI W BpalllaTelbHOIO  JIBWKEHHUs.MexaHudeckoe
NBUKEHHE. XapaKTePUCTHKU IOCTYNATEJIbHOIO JIBUXKEHUS:
TPAeKTOpHs, IyTh, IEPEMEIIEHNUE, CKOPOCTh, YCKOpPEHHUE
(cpennee u MI'HOBEHHOE), TaHT€HIIUAJIbHOE u
LIEHTPOCTPEMUTENBHOE. B3auMOCBS3b XapaKTEpUCTHK IIpU
MPSIMOJIMHENHOM M KPUBOJIMHEWMHOM JIBHYKEHHH.




XapakTepuCTUKN KHHEMAaTHUKH BpalATEIbHOIO JIBUKEHUS:
yriaoBass CKOpPOCTb, YIJIOBOE YCKOpeHHe (cpegHee U
MIHOBEHHOE). B3anMOCBsI3b XapaKTepUCTHUK.

JIlmHamMuKa  MOCTYIATEIbHOTO JIBUKCHUS. JnHamuka
MOCTYIATEJIbHOIO ABMKEHUsA. Macca Tena, B3auMOJIEUCTBUE U
cwia. 3akoHbl Hstorona (1, 2, 3). ®yHnaMeHTalbHbIE
B3aUMOJCHCTBUSA U BUJIbl CHJI. 3aKOH M3MEHEHUs HMIIYJbCa,
3aKOH COXPaHEHUsl HMMIYJIbca B H30JUPOBAHHOM CHUCTEME.
PabGora, momHOCTB, 3Heprusa. ['paduueckoe u300pakeHHE
paboThI. 3aKOH COXPAHEHUS MTOJIHON MEXaHUYECKOW YHEPTHH.
JluHaMyKa BpalaTEIbHOTO JABWXKEHUSA. MOMEHT HHEpLHH
MaTepualbHOM TOYKM, Tejna. MOMEHT Bpalaroled CHUJIbL.
OCHOBHOH 3aKOH JTWHAMHKHU BPAIIATEIBLHOTO JBIOKCHHS. (2-i
3akoH Hprorona). DHeprus moTeHIMAIbHAS U KUHETHYECKas
BpaLaTEIbHOTO JIBHXKCHHUS.

Mexannueckue kosnebanusi. Pesonanc. ['apmoHmdeckoe
KojeOaHue U ero XapakTepUCTUKH: CMEIEeHUE, aMIUTUTY/a,
gacrora, ¢aza. YpaBHeHHE KoiebaHUsS W ero rpaduk.
Maremarnueckuid 1 pU3NIECKUii MasTHUKU. BeiBox popmysis
nepuoja. 3aTyxarmollMe U BBIHY)KIEHHbIE  KojeOaHus,
aBTOKOJIeOaHus. Pe3oHaHC, ero nposiBIeHNe U UCTIOIh30BAHNUE.
Bubparnus.

Bonnoseie mpoueccol. [IpomonbHble U MONEpPEYHbIE BOJHBI.
JlnvHa BOJIHBI, MHTEHCUBHOCTb, YPAaBHEHUE BOJHBL. 3BYK,
nH(ppa3BYK, YIIBTPA3BYK, XapaKTEePUCTUKU 3ByKa.
Hcnonbs3oBaHne akyCTHYECKUX BOJIH. KOrepeHTHbIE BOJIHBI.
BonroBbIe siBeHUs: audpakmus, uHTepdepeHIms. Y cioBus
MakcumMyma u MuHuMyma. OtpaxeHue 3Byka. OpOHT BOJIHBL.
[punnun Itoiirenca — ®peHens. DIEMEHTHI CIELUATBHON
TEOPHUH OTHOCUTEIIBHOCTH.

Mouexkyasipuas
(pusuka u
TePpMOAUHAMHKA

OcHosuble nonoxenuss MKT. Ilpeamnoceuiku U ONBITHOE
obocHoBanue. ['a3pl, wumeanbHBIM Tra3. JlaBneHwe ras3a.
OcHOBHOE ypaBHEHHE TEOPUU UACAIBHOIO ra3a.

l'azoBeie 3akoHBl. YpaBHeHue MenpaeneeBa-KnaiinepoHna.
YpaBHEHHE COCTOSIHUS UCAIBHOTO rasa.

Pacrnipenenenuie sHEPTUU MO CTETIEHSIM CBOOO/IBI.

Ilonsatne o wuucie cTeleHed cBoOOALI. YMCIO CcTeneHen
cBO0OOIBI MOJIEKYIBI UAeabHOTO Traza. Teopema bonbimana o
PaBHOMEPHOM pacipeieICHUH YHEPTUH 10 CTETIEHSIM CBOOO/IBI.
Cpenusis KMHETHYECKas SHEprusi, NPUXOJALIAscs Ha OJHY
CTENEeHb CBOOOIBI MOJICKYJIBI.

[Tonnas kMHETHYECKasi SHEPIHsl MOJIEKYJbI Ta3a. BHyTpeHHss
sHeprus J1o0oil Maccel raza. MoNEeKyIsIpHO — KHHETHYECKOe
TOJIKOBaHHWE TeMIeparypbl. AOCOIIOTHas  TeMIeparypa.
VYenbHble M MOJSIPHBIE TEIUIOEMKOCTH Ta30B. PU3MYECKHI
CMBICJI MOJISIPHOM T'a30BOM IMOCTOSSHHOM.

Crtpoenue XuaKocTe u TBepabiX Teld. OCOOEHHOCTH CTPOSHUS
KUJKOCTEH W TBEpPABIX Tel. BHyTpeHHee MOJeKyIspHOe
JaBicHUE B KUJIKOCTH. [lOBEpXHOCTHOE HATSHKEHUE U
CBOOO/IHAS SHEPTHSL.

MomnekynspHble SBJICHHS B KHAKOCTSIX. (CMauynBaeMocCTh,
HecMaunBaemoctb.  Kanwuisipable  siBieHust.  DaszoBbie




MpeBpalleHus], AuarpaMMa COCTOsSIHUA BellecTBa. Vcnapenue,
KOH/JICHCAlIUsl, KUTICHUE.

®dazoBpie mnpeBpanieHus. Haceimenusld  nap.  JlaBneHue
HachIeHHoro mapa. Kputnueckas remreparypa. AOCOIOTHAS,
MakcUMajbHasi, OTHOCUTEIbHAsl BIIAXHOCTh. TOYKa pPOCHL.
[InaBnenue u kpucramumsanus. Bo3ronka.

1l-e nauano tepmoaumHamuiku. Pabora, coBepiiaemas MpH
M3MEHEeHUU 00beMa rasa.

AnuabatHeii  mipomecc. Pabora aamabatHOrOo mporecca,
aguabaTHOe M3MeHeHHe o0beMa Tras3a, aauadaTH4YeCKHit
MIPOLIECC B MPUPOJE U TEXHHUKE.

WneanpHas TersioBasi MalInHa.

Kpyroseie nponeccel. UneanbHas Teroas Mamusa. [Ipsmoit
u obparabiid uki. [{ukn KapHo. 2-e Hayano TepMOAMHAMUKH.
DOHTponUs. 3-€ HA4YaJl0 TEPMOAMHAMUKH.

JIeKTPUYECTBO U
MarHeTH3M

DnexTpuueckoe noje. XapakTepUCTUKU AIEKTPOCTATUYECKOTO

I10JIA: HaIIpsAKCHHOCTD, JIMHUH HaIIPs’KCHHOCTH,
HaIps>KCHHOCTL IIOJII TOYUCYHOI'O 3apsaaa. OI[HOpOIlHOG I1I0JIC,
II0TCHO A, IIOTCHL NAJI I10JIA TOYCYHOI'O 3apsaa.

DKBUIMOTEHIIUATLHBIE OBEPXHOCTH. CBs3b HANPSHKEHHOCTH U
MOTeHIMajia.

DnekTpoeMKocTh. KoHaeHcaTopsl. DIEKTPOEMKOCTh IIIOCKOTO
KOHJIEHCATOpa. DHEPIus 3apsyKEHHOI0 MPOBOAHUKA. DHEPrUs
3apsUKEHHOT0 KOHAEHcaTopa. J{MAJIeKTPUKU B 3JIEKTPUUECKOM
noe.

Onektpuueckuit Tok. ['eneparop, croponnue cuibl. IC.
3akon Oma Juis ydyactka menu, B quddepeHnuansHoi gopme
JUTSL 3aMKHYTOM 1ienu. TOK B METaUTMYECKUX ITPOBOJHUKAX.
ConpoTuBieHHE, 3aBUCUMOCTb YAEIBHOTO CONPOTUBICHUS
MPOBOJIHMKA OT TeMmriepaTypel. Tepmopesuctopsl. Pabora u
MOIITHOCTbH TOKA.

[TonynpoBoauku. TUIBI MPOBOAMMOCTU TOJYIPOBOTHUKOB.
Cob6cTBeHHass W TpUMECHas MPOBOJUMOCTb. 3aBUCHMOCTD
MIPOBOIUMOCTH MOJIYTPOBOJTHUKOB ~ OT  TEMIIEpaTypHhI.
[IpuMeHeHne TONYNPOBOJHUKOB, MX HCIOJb30BaHUE B
CEJIbCKOM XO35MCTBE.

MaruautHoe mnoJsie. WCTOYHHKM MAarHUTHOrO TOJIS, €ro
oOHapyxeHHe U n300pakeHue. XapakTepUCTHKU MarHUTHOTO
TOJIS: UHIYKIMS MarHUTHOTO TIOJIs, TUHUW WHIYKIIUU. 3aKOH
Awmrnepa. 3akoH buo — Casapa — Jlamnaca, ero nmpujIoKeHusl.
XapakTepuCTUKN MAarHUTHOTO OIS 3eMJIH.

JlnamarHeTuku, napamMarHeTHKH, (beppoMarHeTHKy.
MaruuTtHas TpOHUIAEMOCTh. [IOTOK MarHUTHOW WHIYKIIMH.
MarsuTHbII TUCTEPE3UC. Kosprutusnas cuia.
MarsuTomMsTKie 1 MarHUTOKECTKUE MaTEPHAITHI.
DNeKTpOMarHuTHas WHYKIUS. DNEeKTpOMarHUTHBIE
koneOanusi. CBOOOAHBIE W  BBIHYXIACHHBIE KOJICOAHUS.
Pe3onanc. DnexkTpoMarHuTHas HUHAYKUUs. 3akoH Dapanes.
npaswio Jlenna. Ilepemennsiii Tok. Tpancpopmaropsl. Toku
®yko. Camounaykuus, SJC, HMHIYKTHUBHOCTb. Y paBHEHUS
Makcseia.




Onrtuka

CBer kak »anekTpoMarHuTHas BousiHA. [loryomienue caera.
3axoH byrepa. ®oTos¢dexT: BHEIIHNUN U BHYTPEHHHH. 3aKOHbI
dhoroarddekra. Kpacnas rpanuna pororpdexra. Xumuueckoe
neiictBue cera. [lapHUKOBBIA AP HEKT.

Otpaxenue u npenomienue. Marepdepennns. Korepentaoie
UCTOYHUKM WU METOJAbl  MX  IIOJIyueHHus.  YCIIOBUSA
UHTEPPEPEHITUOHHOTO MaKkcUMyMma u MUHUMYMa.
WuTepdepeHInoHHbIe KapTHHBI, CO3/1aBaeMble pa3IMYHBIMU
uctounukamu. Jludpakuus cBera U e€ MPOSIBICHUS.
HudpakimonHas pemeéTka. Y CIoBUs MaKCUMyMa, MUHUMYyMa.
EcrectBennniii ceT. [lonsipuzoBanubiii cBeT. 3akoH Maittoca.
Bpamenne miuockoctu kojeOaHUI MOJISPU30BAHHOTO CBETA.
[IpunHnun nelicTBus nonsipuMeTpa. SIBieHre U XapaKTepUCTUKU
TEIUIOBOTO JIyYEUCIYCKaHMsI W JIy4ENOIJIOIIEHMs. 3aKOH
Credana-bonbivana. 3akon Buna.

5 AToMHasi ¥ siiepHast | SliepHas MoJenb CTPOEHHS aToMa.
¢pusuka SnepHas  Mozenb cTpoeHus aroma. JIUCKpeTHOCTh
SHEPreTUYECKuX cocTtossHui aroma. Iloctymarel  bBopa.
ATtomHOE A1po, uzortomnbl. CHEeKTp aTomMa BOJIOPOAA, MPABUIIO
orbopa. Ypasuenus Llpenunrepa.
PannoakTHBHOCTB, €CTECTBEHHBIH (DOH PaIMOAKTUBHOCTH. O, [3,
Y — u3lydYyeHWe. BrnusHHE — pagMoOaKTUBHOCTH  Ha
KU3HEJCATEIbHOCTh OPraHU3MOB. 3aKOHBI PaIHOAKTHUBHOIO
pacmaga. lIlepmon momypacmama. CpemHee Bpemst KH3HH.
AKTHBHOCTh  DJIEMEHTA. OJJIEeMEHTapHble YacTHULIBI, HX
XapakTepUCTUKH. Jlyanu3m CBOWCTB MUKPOYACTHLI.
4.2. Pa3zaenapl IUCOUIIINHBI U BUABI 3aHATHNA
ouHast (hoopMa oOyUeHUs
Ne HanmeHnoBanue pasnena Jlexumonnor | CeMHMHapCcKOT CP Bcero,
n/m JTUCITATIIMHEI o o JacoB
THTIA THTIA
1 3 4 S) 6
2 cemMecTp
1. | ®usuyeckue OCHOBBI MEXaHUKH 10 20 30 60
2. | MonekynsipHast Gpu3nKa u 6 12 30 48
TEePMOIMHAMHKA
HToro 3a 2 cemectp 16 32 60 108
3 cemecTp
3. | DIeKTpUUECTBO M MarHETU3M 16 32 60 108
Htoro 3a 3 cemecTp 16 32 60 108
4 cemecTp
4. | OnTuka 10 20 24 54
5. | AtomHas u siiepHas pu3nKa 6 12 18 36
DK3aMeH - - - 18
Hroro 3a 4-i1 cemecTp 16 32 42 108
HUroro: 48 96 162 324




3aouHas popma oOydeHus

Ne HaumenoBanue paszaena Jlexuuonnor | CeMHMHapCcKOT CP Bcero,
n/n JUCLIUIUIMHBI 0 0 4acoB
TUTIA TUTIA
1 3 4 5 6
2 cemMecTp
1. | ®usnyeckue OCHOBBI MEXaHUKH 4 6 54 64
2. | MonekynsipHast pu3uKa u 2 2 40 44
TEPMOIMHAMUKA
HWroro 3a 2 cemectp 6 8 94 108
3 cemecTp
3. | DAEKTpUYECTBO U MarHETU3M 6 8 94 108
Wroro 3a 3 cemectp 6 8 94 108
4 cemectp
4. | Ontuka 4 6 46 54
5. | ATomHas u siaepHas pu3nKa 2 2 30 36
DK3aMeH - - - 18
HWroro 3a 4-it cemectp 6 8 76 108
Uroro: 18 24 264 324
4.3. 3aHsTHS CEMMHAPCKOI0 THUNA
Ne Ne pasena TpynoemkocTts
n/m Tema (gac)
JVCIUATUTHHBI
OYHas 3a049Hast
1 2 3 4 5
2 cemecTp
1. 1 Meroapl 3KCIIEPUMEHTAIBLHOTO HCCIICIOBAHUS U 2 -
OLIEHUBAHMSI JOCTOBEPHOCTH M3MEPEHUIN
2. 1 MexaHu4eckoe JIBHKEHHE. BzaumMmocBs3n 2 -
XapaKTEPUCTHK MOCTYMATETFHOTO u
BpAaIlaTEIbHOTO ABHXKEHHMSI
3. 1 Onpenenenye IOTHOCTH TBEPJIOTO Tea 2 2
4. 1 N3yuenue kosie0aTeIpHOTO IBUKEHUS HA IPUMEPE 2 2
MaTeMaTH4eCKOTr0 MasiTHUKA
S. 1 W3yueHne ynpyrux cBOWCTB TBEPJIOTO TeNa 2 -
6. 1 Hmnynbe, paboTa, MOIIHOCTH, YHEPIUs. 3aKOHBI 2 -
COXpaHECHHSI
7. 1 N3mepenune CKOpOCTH MOJETA IYJIH C IOMOILBIO 2 -
OAJUTMCTUYECKOTO MasiTHUKA
8. 1 W3yueHne qTuHaMUKHU BpalllaTeIbHOTO JBUKEHUS 2 2
9. 1 OmnpeneneHre MOMEHTa HHEPIIMH TBEPAOro Tella 2 -
10. 1 MexaHnuyecKre BOJIHbI, UX XapaKTEPUCTUKU 2 -
11. 2 [TapameTpsl ra3a, pacyeT mapaMeTpoB UACAIBLHOTO 2 -
Y pEaIbHOTO Ta3a
12. 2 N3ydyenne sBnenunii mnepeHoca. OrnpeneneHue 2 2
Kod(puimeHTa BI3KOCTH KHUIAKOCTH METOJIOM
Crokca
13. 2 W3ydeHue cBOICTB KUIKOCTEH 2 -
14. 2 Omnpenenenue ko3¢ QUIMEHTa MOBEPXHOCTHOTO 2 -
HATSDKESHUS




15. 2 OO6parumbie 1 HeOOpaTuMbIe TIporiecchl. [[uKibI 2
16. 2 Pacuer u3MeHEHHUs SHTPONMU B PA3INYHBIX 2
mporeccax. ['paduueckoe npe/CTaBICHUE
TETUIOTHI
Uroro: 32
3 cemecTp
1. 3 XapakTepUCTUKHU TTOCTOSSHHOTO TOKa MX PacueT u 2
3aBHCUMOCTh OT TEMIEPATYPhI
2. 3 Nzyuenue MIPUHITUTIA IEWCTBUS 2
AJIEKTPOU3MEPUTENBHBIX TPUOOPOB
3. 3 O3HaKOMIICHHE C MMOTEHIMOMETPUYECKON CXEMOM 2
BKITIOUCHUS PeocTaTa
4. 3 [Toctpoenue rpadudeckoi KApTUHBI 2
AJIEKTPOCTATUYECKOTO TIOJIS
o. 3 Pacuer NEKTPOEMKOCTH IIPOBOJIHUKA, 2
KOHJICHCATOopa, SHEPrHMHM KOHJCHcaTopa |
AJIEKTPOCTATUYECKOTO OIS
6. 3 Pacuet pa3BeTBJICHHBIX II€TICH MMOCTOSTHHOTO TOKA 2
1. 3 OnpeneneHre HEU3BECTHOIO CONPOTHUBIICHUS C 2
MOMOIIIBI0 MOCTa YUTCTOHA
8. 3 HccnenoBanne cBOWCTB TEPMOPE3UCTOPA 2
9. 3 Hcrounuku ToKa, X XapakTepucTuku. CTOpOHHUE 2
cuibl 1 DJ[C
10. 3 Onpenenenne HewsBectHOW DJ[C ¢ momomibio 2
Moctuka COTTH
11. 3 MarautHoe 1ojie, €ro XapaKTepUCTHKHU, PACUET 2
XapaKTEPUCTHK MArHUTHOTO TOJIS
12. 3 OrnpezenieHne TOPU3OHTAIBHON —COCTaBIIAIONICH 2
MarHUTHOTO TIOJIS 3eMJTH.
13. 3 [lepeMeHHBII TOK, €r0 XapaKTEpUCTUKH, pacyeT 2
1ernei NnepeMeHHOro Toka
14. 3 Uccnenosanue HEpa3BETBJICHHOU LEH 2
MIEPEMEHHOT0 TOKa
15. 3 DNeKTpOMarHuTHBIE KoJieOaHwusl. Pacuer 2
PE30HAHCHBIX XapaKTEePUCTUK
16. 3 Tpanchopmartopsl. Pacuer kod¢dunmenrta 2
tpanchopmanuu u KI1J]
Uroro: 32
4 cemecTp
1. 4 KopnyckynspHO-BOJTHOBOM  Iyalu3M  CBETa. 2
OTpaxkeHue © TPEIOMIICHHE CBETa, IIOJIHOE
BHYTpPEHHEE OTpaXKeHHE
2. 4 WnTepdepenius u audpakuus, nudpakiuroHHast 2
pemieTka. B3auMocCBs3b U pacueT napaMeTposB.
3. 4 Ompenenenne  JJIMHBI  BOJHBI ~ HM3YYEHHS] C 2
MOMOIIBIO TU(PPAKIIMOHHON PEHIETKH
4. 4 3akoHbl hoToddexTa. 2
o. 4 W3ydenue BHenHero Gporoaddexra 2
6. 4 [lonspuzauuss cBera. BpaieHue miIockocTH 2

TIOJISIPU3AITIN




7. 4 OmpeneneHne  KOHIIGHTPAIIMM  pacTBOpa  C 2 2
MIOMOIIIBIO MOJISIPUMETPA
8 4 CBeToBOE J1aBIICHHE. 2 -
9. 4 XapaKkTEepUCTUKHU TEIJIOBOI'O JIyYEUCITYCKaHUSI U 2 -
Jy4eTnorJOuIeHHUS.
10. 4 HccnenoBanne 3aKOHOB TEIJIOBOTO HM3JIYYEHHS C 2 -
IIOMOIIBIO ONITHYECKOT0 MUPOMETpa
11. ) Mopnenn crpoeHust aroma. ATOMHOE  S7po, 2 -
U30TOIBI
12. 5) [Toctynatel bopa. Ciektp atoma Bojopoja. 2 -
13. S) PanuakTuBHOCTD, €€ BUABI U J103bl HU3J1yUYEHUSI. 2 2
14, 5 3aK0oHBI PAJMOAKTHBHOTO pacmaja. 2 -
15. S) SnepHble peakuuu, 3aKOHbI COXPAaHEHMs 3apsiia U 2 -
Macchl
16. S) JlyanusM CBOMICTB 3JIeMEHTapHbIX wvacTtul. Wx 2 -
KJIacCU(pUKAIIHS
32 8

4.4. YyeOHble 3aHATHS, Pa3BUBaIONIMe Y O0y4alomIMXCs HABBIKH KOMAHJAHOW padoThl,
MEKJIMYHOCTHbIE KOMMYHUKAIMH, IPUHATHE PELICHU, JUIepPCKHe KauyecTBa
He npeaycmorpenst OITIOIT

4.5. Y4yeOHble 3aHATHA B (pOpMe NMPAKTHYECKOH MOATOTOBKH
He npenycmotpenst OITOIT

4.6. IlpumepHasi TeMAaTHKA KYpPCOBBIX IPOEKTOB (pador)
He npedycmompero OIIOII.

5. Opranu3zanus caMoCTOATEIbHOUH PadoThI 00yYAIOIIUXCS 110 JUCHUIIIMHE

5.1. Tunsl caMoCTOATEILHOI PA0OTHI M €€ KOHTPOJIb

Tun camocrosiTeIbHOMH PadoTHI dopma o0yueHus Texymui KOHTPOIIb
OYHas 3a04Has

[TpopaboTka MaTepuana JeKIuH, 80 TectupoBanue

[MOJATOTOBKA K 3aHATUIM 198

CaMocCTOATENBHOE U3YUYEHUE TEM 12 TectupoBanue

Wn cobecenoBanue

PacuerHo-Tpaduueckue padboTh 32 - 3amura

Pedepats 40 - cobecesioBaHNE

KoHTtposbHble paboThl - 42 cobecesioBaHUE
BCET'0 YacoB: 162 264

5.2. YueOHO-MeTOAMYECKHE MaTepPUAJIbI AJIsl CAMOCTOAITEIbLHONH padoThI:

1. Mertoauyeckne peKOMEH AU 110 AUCHUIUIMHE "Du3uKa" i CaMOCTOSITEIHFHOM pabOThI
JUTSL CTYJIEHTOB OYHOM (hOpMBI OOYYEHHSI U CTYACHTOB 3a0YHOTO OTJIEICHHS MO HAIMPABICHUIO
noarotoBku 35.03.06 «Arpounxkenepusi», Tromens: AYC3, 2016. - 55 c.

2. Meronuueckoe mocoOue sl BBIMTOIHEHUIO KOHTPOJBHBIX pabOT MO TUCIUIUIMHE
"®uzuka" I8 CTYAEHTOB 3a0YHOTO OTAEIEHUSA [0 HampaBiieHH0 noArotoBkn 35.03.06
«Arpounxenepus», Tromenb: 'AYC3, 2017. - 96 c.



3.

Metoauueckie yKa3aHWs K BBINOJHEHHIO pacdyeTHO-rpaduueckoil  paboThl 1o

nucturnae "®duzuka" 1 CTyACHTOB OYHOM (pOpMBI OOYUEHHSI 110 HAINPaBJICHUIO MOATOTOBKH
35.03.06 «Arpounxenepusi» ,Tromens: [AYC3, 2016. - 27 c.

5.3. TeMbl, BLIHOCMMbI€ HA CAMOCTOAITEIbHOE H3yYeHHe:

(coenacuo mabauye nynkma 5.1)

CoNoOARWNE

NNNNRPRPRRERPRRRRERRE
WNPRFRPOWOWONOUIDMNWNEREO

N
S

1. BonnoBeie mpoueccel. IIpogonbHble W momepeyHble BOJIHBL. JlnMHAa BOJIHBI,
MHTEHCUBHOCTb, YPABHEHUE BOJIHHBI.

2. 3ByK, MH(Pa3BYK, YJIbTPa3BYK, XapaKTePUCTUKH 3BYKa. Vcmonap30BaHNE aKyCTUYECKUX
BosIH. KorepeHTHble BosHBL. OTpakeHUE 3BYyKa.

3. DJIeMEHTHI CIeUaIbHON TEOPUU OTHOCUTEIBHOCTH.

4. CtpoeHue KHUIKOCTeH M TBEpIABIX Teld. OCOOCHHOCTH CTPOCHUS >KUIKOCTEH M TBEPIBIX
Ten. BHyTpeHHee MOJeKynsspHOe JaBICHHUE B KUAKOCTH.

5. @asoBble npeBpaiieHusa. HacelmeHHbl nap. /laBneHue HACBIIIEHHOrO —Iapa.
Kputnueckass temmnepatypa. AOCOdIOTHas, MakCHMaibHasi, OTHOCHTEIbHAS BIAXXKHOCTb.
Touka pocsl.

6. [InaBnenue u kpucramwmszanus. Bo3ronka.

7. 2-e HA4aJ0 TEPMOJUHAMUKH. DHTPONHUSA. 3-€ HA4aI0 TEPMOAHMHAMUKH.

8. DJeKTpoOMarHuTHas HWHAYKIHSA. OJNEeKTpOMarHuTHele Kojebanusa. CBoOOIHBIE U
BBIHYX/ICHHbIE KOJICOAHHUS.

9. [Ilepemennniii Tok. Tpanchopmatopel. Toxu @Dyko. Camomnaykuus, /C,
UHAYKTUBHOCTh. Y paBHeHUs1 MakcBeia.

10. 3akon Mamtoca. BpaieHnue miockocTu KoieOaHui moisspu3oBaHHOTrO cBeta. [IpuHImn
JIEUCTBUS MOJIIPUMETPA.

11. DnemMeHTapHbBIE YACTHUIIBI, UX XapaKTEPUCTUKH. [yaqn3M CBOMCTB MUKPOYACTHIL.

5.4. Tembl pedepatoB:

Posib HOBBIX TEXHOJIOIUH B pa3BUTUHU OOILECTBA.
Hcropus pa3BUTHS KIIACCUYECKOW MEXAHUKHU.
Mup IUCKPETHBIX 0OBEKTOB — MEXaHMUYECKUX YaCTHII.
Cunpl HHEPLUMHU U KJIaCCHUUYECKas MEXaHHKa.
I'MpOCKOIIBI ¥ UX IPUMEHEHUE.
Hcnonp3oBanue 3HEPTUMN BETPA.
[TpumeHeHne BUOPOBO3ACHCTBUI.
Bo306HOBIIsIEMbIE HCTOUYHUKH SHEPTUU.
Bonopoanas sHepretuka.
. HeTpaaumonHusle METOABI aKKyMYJIMPOBAHUS YHEPTHH.
. 'unpoavHamMuyeckas HEyCTOUYUBOCTD KUIKHUX CPELI.
. DHepreTu4ecKre pecypchl MUPOBOIO OKEaHa.
. MarauTtHas 06paboTKa BObI.
. IlepcieKTUBBI HCIIOIB30BAHMS MAJIBIX THIPOIIEKTPOCTAHIIUM.
. BubpannoHHble TEXHOJIOTHH.
. Pe3oHaHCHBIE N3MEPUTEIBHBIE METOIUKHY.
. Mcrionib30BaHME BOJIHOBBIX MPOIIECCOB B COBPEMEHHBIX TEXHOJOTHAX (yAapHas BOJIHA).
. Mcrionb30BaHue SBJICHHN NTEPEHOCA B COBPEMEHHBIX TEXHOJIOTHYECKHUX MPOIIECCaX.
. Teopus B3peiBa. [IpuMeps! €€ UCIIOIB30BaHUS.
. Cunepreruka. KoHuenmusi caMoopraHu3aiuu.
. CuHepreTuka u 5KOHOMHKA.
. Outponus. Uneun U. Ilpuroxxnna u uxX npuMeHEHHE.
. OHeprusa. OHTponMs. XHMHUYECKHH MOTEHIMAA W TEPMOJUHAMMYECKAs TEOPHUs
XUMHYECKOTO CPOJICTBA.
. IIppuMeHeHne TenIoBbIX HACOCOB.



25. DHeprust OMOMacchl.
26. SIBnenus mepenoca: 1uddy3usi, TEIIONPOBOIHOCT, BHYTPEHHEE TPEHUE.
27. DNEKTPOCTaTHUECKUE MIPUCIIOCOOICHHS U YCTPOMCTBA.
28. CBs13b (PU3HUKH C €CTECTBEHHBIMU HayKaMH.

6. MDOHI OLEHOYHBLIX CPEACTB /Js1 MPOBEIEHUS TMPOMEKYTOUHON AaTTecTaluu
00yYaKOIIHUXCS 1O TUCIHIIINHE

6.1 Hepeqenb KOMIIETEHIIMIiT M OLeHOYHbIE cpeacrea HHAUMKATOPA MAOCTHKCHUSA

KOMIIeTeHIH
Koo [TepeueHp mIaHUPyEMBIX HaumMeHnoBaHue OLIEHOYHOTO
WHnukatop 1OCTHKEHUS
Komne- pe3ynbTaToB 00y4eHHs 10 cpeacTBa
KOMIICTCHIIHI

meHyuu JHCIUIUIMHE
3HamMb: Tect
- COBpeMeHHble (m3ndeckue | 3adeTHBIN Onier

OIIK-1

N-4 onk-1 Ucnions3yeT 3HaHUS
OCHOBHBIX 3aKOHOB (DH3HKH,
HEOOXOIUMBIX JIJISl PEIICHUS
TUTOBBIX 3a71a4 B 00JacTH
poeCCHOHATBHOM e TeTPHOCTH

MPECTABICHUS 00 OKpY’KaromeM
YyeJIoBeKa MUpe
-pynnamenTanpHbIe  (DHU3HUIECKHE
TIOHSTHS, 3aKOHBI

-TEOpHH KIIACCHYECKOH "
COBpPEMEHHOU (H3HUKU

-TpaHullbl TPUMCEHUMOCTH TCX
MW UHBIX (1)I/I3I/I‘ICCKI/IX 3aKOHOB U
Teopuit

-IIPUHIUT IeHCTBUS IPUOOPOB,
MPUMEHSAEMBIX [UIS H3MEPEHHS
(hu3MUECKUX BENNYNH

ymembo:
-pemiath 3aja4d U3 Pa3THIHBIX
obnacreit puszukm

-IPUMEHSATH Pa3IHYHBIC METOJIBI
(hU3UYIECKHUX MCCIIeOBAHUI

-IPOBOJIUTH ¢busnuecknit
IKCTIEPUMEHT

-BBIJICIISITh KOHKpETHOE
¢u3nueckoe  colepKaHHe B
NPHUKIIATHBIX 3a/1a9ax
npodecCHOHATBLHON
JeSTEeIbHOCTH

paboTaTh ¢ anmaparypoin s
(hM3UIECKHUX UCCIIeIOBaHUI
-IPOBOJIUTH U3MEPEHHUS
(buznueckux BETMUNH

-OlIEHUBATh MIOTPENTHOCTh
nU3MepeHuil

enadems:

-aHAJIUTUYCCKUM U TpaduuecKuM
METOAAMH pEIICHUS (PU3MUECKUX
3ama4

-MC€TOJHUKaAMH (I)I/ISI/I‘IGCKOFO
OKCIICPUMCHTA
-HaBbIKaMHM aHaJIM3a PE3yJIbTAaTOB
OKCIICPUMCHTA

-HaBBIKAMH TOJKITIOYCHHS
00opyIoBaHUs IS
JNEKTPUYECKUX U3MEPEHUN

DK3aMeHaIMOHHBIN OHIIET




6.2. llIkajabl oeHNBAHUSA

IIsaTrOaNIbHAs HIKAJA OLEHMBAHUS YCTHOI0 9K3aMeHa

Ouenka Onucanue
5 JleMOHCTpHpYET MOJIHOE TIOHUMaHKe 1pobiemMbl. Bee TpeboBanus, mpeabsaBiseMble
K 33JIaHUIO BBITIOJIHEHBI.
4 JleMoHCTpHpYyeT 3HaYUTENIbHOE TOHUMaHue npodiaemsbl. Bee TpeboBanus,
MPEABSIBISIEMBIC K 33JJAHUIO BBHITOTHEHBI.
3 JeMoHCTpUpyeT YacTUYHOE MOHUMaHUE NpoOsieMbl. BoNbBIIMHCTBO TpeOOBaHUH,
MPEABSBIISIEMBIE K 33JAHUIO BBIITOJTHEHBI.
2 JleMmoHCTpHpyeT HEOOIBIIOE TOHUMaHue pobdiaemMbl. MHOTHE TpeboBaHus,
MIPEABSBISIEMBIC K 3aJJAHUIO HE BBIITOJIHEHBI.
1 JleMOoHCTpHUpYyeT HENOHUMAHUE IPOOJIEMBI.
Illkana oueHUBaHUS TECTHPOBAHMS HA IK3aMeHe
% BBINOJIHEHUS 32/ 1aHUS Bbana no 5-0anbHoI cucreme
86 — 100 5
71-84 4
50-70 3
Menee 50 2

IlIkana oneHNBaHNsI TECTHPOBAHUSA HA 3a4eTe

% BBINOJHEHHUS 3aJAHUS Pe3yabTar
50 -100 3a4TEHO
meHee 50 HE 3a4TEHO

6.4. TunoBble KOHTPOJILHBIE 321aHUS WJIM HHbIE MATEPHAJIbI:
VYka3aHbl B IPWIOKEHUU 1.

7. IlepedyeHb OCHOBHOI1 M I0NIOJTHUTEJILHOI Y4eOHOM JTUTEpaTypPhl, HeO0OX0AMMOH 1JIA
OCBOCHMS IMCIUIIHHBI
a) OCHOBHas TUTEparypa
1. Tpodumosna, T.W. Kypc pusuku. — M.: Axkagemust, Boiciiee oopazoBanue, 2020. — 560 c.:u.
2. Kypc ¢uzuku : yuebnoe nocodue / A. H. Jlapuonos, FO. 1. Kypakos, B. C. Boumies [u np.].
— Boponex : Boponexckuii I'ocynapctBenHslid ArpapHbsiii Y HuBepcureT uM. Mmmepartopa
[Tetpa IlepBoro, 2016. — 203 ¢c.— ISBN 978-5-7267-0929-1.— TekcT : 31eKTpOHHBIH //
OnekTponHo-Oubmoreunas cucrema IPR BOOKS : [caiiT]. —  URL: https://
www.iprbookshop.ru/72682.html .

0) AONOJIHUTENbHAS IUTepaTypa
1. Bombkenmreitn B.C.. CoopruK 3a1a4 o obmemy kypey ¢huszukn / B.C. Bonpkenmreiis. / —
CII6.: Kanmxubrit mup, 2007.- 328 c.: ui.




2. Ilponun B.IIL. Ilpaktukym mo ¢usuke. 1 CTyJeHTOB CENbCKOXO3SHCTBEHHBIX BY30B./ -
CIIo.: 3a-Bo Jlans, 2005. — 256 c.

3. 2. 3ucman, I''A. Kypc obmeii ¢usuku. B 3-x TT. T.2. DIEKTpUUYECTBO U MAarHETH3M
[DnexTponHsbIit pecypc] : yueb. mocodue / I'.A. 3ucman, O.M. Togec. — DaeKTpoH. TaH. —
Canxkr-IlerepOypr : Jlans, 2007. — 352 c.

4, 3. Wsnues, A.[l. ®u3uka [DneKTpoHHBIH pecypc] : yued. mocodue — DIEKTPOH. JaH. —
Canxkr-IlerepOypr : Jlans, 2009. — 672 c.

5. 4. Kuxoun, A.K. MonekynsaprHas ¢usuka [DneKTpoHHBIH pecypc] : yued. mocodue / A.K.
Kuxoun, N.K. Kukonn. — Dnekrpon. gan. — Cankt-IlerepOypr : Jlans, 2008. — 480 c.

6. I'pabosckuii P.1. Kypc ¢usuku: yauednoe mocooue/ P.1.I'padosckuii. — CII6.: JIans, 2007. —
608 c.

8. IlepeueHb pecypcoB HH(POPMALMOHHO-TEJIEKOMMYHUKAIIMOHHON CeTH
"HHTepHer"
I Jlekmum no  Dusuke [OnexkTpoHHBIA  pecypc] —  peXuUM  JIOCTYyIaA:
https://www.youtube.com/channel/UCoFET4xcduyXFGdAjnWG8yw
1 Jlekuuu mno @Pusuke [DnekTpoHHBI pecypc] — pexum jpoctyma: https://Ims-
test.gausz.ru/enrol/index.php?id=2745

9. MeToauyecKkue yKazaHus 1Jisl 00y4al0uXcsl 0 0CBOEHUIO THCIUIITHHbI

1. Caoxun A.C., UBakuna E.A. MeToauueckue yKa3aHus 110 BBIIIOJIHEHHUIO J1a00paTOPHBIX padoT
no gucuuiuinHe "®usuka" yacte 1-«MexaHukay AJii CTYJE€HTOB OYHOM M 3a04HOM (PopMmbI
oOyueHus ans HampaieHus noarotoBku 35.03.06. «Arpounxenepus» mnpoduns 2.
OnexrpoobopynoBanue u uiekrporexHoioruu AIIK. — Tromenn: 'AY CeBepHoro 3aypaibs,
2015.-43 c.

2. UBakuna E.A., Camuna H.B. Meroanueckue yka3zaHus 10 BBIIIOJTHEHUIO J1a00paTOPHBIX paboT
no guctumiuHe "®usuka" yacts 2-«MomnekynspHas Guznkay I CTYACHTOB OYHOU M 3a0YHOM
dbopMbl 00yueHHs Ans HampasiieHuss moaroroBku 35.03.06. «ArpouHxeHepus» npopuip 2.
OnektpoobopynoBanue u nekrporexHonoruu AIIK. — Tromens: 'AY CeBepHoro 3aypambs,
2015.-31c.

3. Bakuna E.A., Camnna H.B. MeTonuyeckue yka3aHus 10 BBITIOIHEHUIO JIa0OPaTOPHBIX paboT
no nucuuiuivHe "®usuka" yacth 3-«JEKTPUUYECTBO MU MATrHETH3M» NIl CTYJEHTOB OYHOH U
3204HOM popMbI 00yUeHUs 715 HanpaBieHus noarotoBku 35.03.06. «ArpouHxkeHepHs» NpopuIib
2. OnextpoobopynoBanue u uekTporexnonoruu AIIK. — Tromenn: ['AY CeBepHoro 3aypanbs,
2016. - 67c.

4. Bakuna E.A., Cammna H.B. MeTonnueckue yka3zaHus 10 BBIMOJHEHHUIO Ja0OpaTOPHBIX padboT
no gucuuminae "@usnka" yacts 4-«OnTHKaY IS CTYASHTOB OYHON U 3a04HOM (hOpMBI 00yUeHUs
JUTst HanpaByieHust ToaArotoBku 35.03.06. « ArpounxkeHepus» Npopuis 2. DIeKTpoodbopyI0BaHNE
u anektporexHonoruu AIIK. — Tromens: I'AY Cesepnoro 3aypanbs, 2016. — 39c.

10. Ilepeyens HH(POPMALIHOHHBIX TEXHOJIOTHI

1. Onepaunonnas cucrema Windows (JIMIIEH3MOHHO-ITPOrpaMMHOE 0OecieueHHe)
2. INaker mpuxmnaaueix nporpamm MS Office 2007 (yHuBepcUTETCKAs JTULICH3UA)

11. MarepuajJbHO-TeXHHYECKOe 0O0ecredyeHue 1 CIUTIIUHbI
1-23 JIaboparopus ONTUKU: Y CTAHOBKA JIJIsI U3BMEPEHHSI AJTMHBI BOJHBL. TU(PAKIIMOHHAS PEIIeTKa,
ANIEKTPUYECKAsl JIamMIa, MHKPOCKOM, CTEKJISSHHBIC IUTACTHHBI, MHUKPOMETpP, BaKyyMHBIN


https://www.youtube.com/channel/UCoFET4xcduyXFGdAjnWG8yw
https://lms-test.gausz.ru/enrol/index.php?id=2745
https://lms-test.gausz.ru/enrol/index.php?id=2745

(I)OTOB.HGMGHT, 9TaJIOHHag JIaMIIO4YKad, ONTHUYCCKasA CKaMbid, MHUKPOAMIICPMCTP, BOJBTMCTDP,
MNOTCHIUOMCETP, COCAMHUTCIILHBIC ITPOBO/IA.

1-24 JIabopatopust 31€KTPOCTATUKH U 3JIEKTPOJUHAMUKU: aMIIEPMETPBI, BOJIBTMETPBI Pa3INIHbIX
BUJIOB, MOTEHLIMOMETpP, BOJBTMETP, aMIEPMETp, CONPOTHUBIEHHE HArpy3ku (peocrtar), Ko,
ucrounuk nutanus 200 B, mantorpad, peocrar, Kiro4, 30HJ, UCTOYHMK mnutaHus 50 B,
TEPMUCTOP, Mara3uH COINPOTUBJIECHUS, TEPMOMETP, TalbBAaHOMETpP, KJIIOY, MOTEHLUOMETD,
AIIEKTPUYECKasl IUIMTKA, TAHT€HC - TaJbBAaHOMETP, NOTEHIIMOMETp, MEpeKovyareib, KoMIac,
ucToyHuk Toka 50 B.

1-18 JlaGopaTopusi MEXaHUKH U MOJIEKYJISIpHON (pr3uku: [TpuOOpsI Mo onpeaeneHno IIOTHOCTH
TBEPOTO Tena (aBTOPCKOE MCIIOJHEHHE), M0 U3YYCHHIO KOJIeOaTeIbHOTO JBMKEHUS (aBTOPCKOE
UCIIOJTHEHHE), TI0 U3yYEHHUIO BPAIIaTeIbHOTO IBUKEHUS (aBTOPCKOE UCIIOIHEHUE), 0 U3YYECHUIO
BpalllaTeIbHOIO JBUKEHMS (aBTOPCKOE HCIIOJHEHHUE), IO OIPENEICHUIO SIBJIEHUS BA3KOCTU
KHUJIKOCTH, K03(h(pUimeHTa moBEpXHOCTHOTO HATSHKEHUS KHUIKOCTU (aBTOPCKOE UCTIOTHEHHUE).

12. Oco0eHHOCTH OCBOEHHSI AUCHHUIUVIMHBI JJISi WHBAJIMAOB M JHI € OrPaHHYEeHHBIMH
BO3MOKHOCTSIMHU 310POBbSI

OOydenue oOy4aromMXcs C OTPaHMYCHHBIMH BO3MOKHOCTSMH 3JI0POBBSI IIPH HEOOXOIMMOCTH
OCYIIECTBIISIETCS. HA OCHOBE aJalTHPOBAaHHOHM paboueil mporpamMMbl C MCHOJIB30BAHHEM CIHEIMATBHBIX
METOIOB OOydYeHHMs ¢ JAHJAKTHYCCKHX MAaTepPHaloB, COCTAaBIEHHBIX C YYeTOM OCOOCHHOCTEH
NCUXO(QHU3NIECKOTO PA3BUTHS, HWHIUBUAYAJIbHBIX BO3MOXXHOCTEH M COCTOSHHS 3IOPOBBS TaKHX
oOyuJatonuxcs (00yJaromerocs).

B memsix ocBoeHusi yueOHOW MporpamMMbl AWCHMIUIMHBL WHBAIWAAMH W JIMIAMH C OTPaHUYCHHBIMH
BO3MOKHOCTSIMH 37I0pPOBbSI 00€CTIEYHBACTCS:

*  JUIS MHBAJIHUJIOB M JIMI[ C OTPAHUYEHHBIMU BO3MOXXHOCTSIMU 37I0POBBS 110 3PEHHIO: Pa3MeIIeHUE B
JOCTYMHBIX JUIS OOYYalOUIMXCsl, SIBISIOIIMXCS CJENbIMA WM  CIa0OBHISIIMMH, MeCTax M B
aJanTUPOBaHHON (hopMe CrpaBOYHON HMH(POPMAIMK O PACIUCAHUM YYEOHBIX 3aHATHH; HMPUCYTCTBHE
aCCUCTEHTa,  OKAa3bIBAIOLIEro 00y4aroneMycsi HEOOXOJAUMYIO TIOMOINb;  BBIIYCK  aJbTEPHATUBHBIX
¢dopmaros METOANYECKAX MaTEPUAIOB (KPYIHBIA IPUQT WITH ayAH0Qaiiiibl ), HCTIOIb30BaHIE BEPCHU
cadita s cnadoBugsamux Ob6C IPR BOOKS u cnenpansHoro moowisHoro npuiiokenuss IPR BOOKS
WV-Reader (mporpaMMel HEBH3yaIbHOTO IOCTyNa K WHMOOpMAIUH, MpeAHa3HAYEHHON TSI MOOMIIBHBIX
YCTPOMCTB, paboTaromux Ha onepaunoHHoi cucreme Android u i0S, koTopas He TpeOyeT crenuaabHO
00y4eHHOT0 accucTeHTa, T.K. moau ¢ OB3 mo 3penuto paboTaoT cO CBOMM YCTPOMCTBOM MPHUBBIYHBIM
CII0COOOM, HCIIONB3YSl CHENUalbHBIE IITATHBIE MPOTPaMMBI IS HE3psuux Jiojaeil, ¢ xkortopeiMu IPR
BOOKS WV-Reader nmeeT OJIHYIO COBMECTUMOCTB);

*  JUIS UHBAJHUJIOB M JIMIl C OTPAaHMYCHHBIMH BO3MOXKHOCTSIMH 3JIOPOBBS TI0 CIIYXY: HaJISKAIIAMH
3BYKOBBIMH CPEICTBAMH BOCIIPOU3BEICHNE HH(POPMAIIUH;

*  JUIS WHBAJHWJOB W JIMI] C OTPAaHWYEHHBIMU BO3MOXXHOCTSIMU 37I0pPOBbSI, MMEIOIINX HAPYILICHUS
OTIOPHO-/IBUTATEIILHOTO arllapara: BO3MOXXHOCTb OeCTIPETIITCTBEHHOTO JIOCTYIa 00y4JalouXcs B y4eOHbIe
MIOMEIIEHUs, TyaleTHbIE KOMHATBI M JPyrue MOMeNIeHUs] Kadenphl, a Takke MpeObIBaHNEe B YKa3aHHBIX

HOMEICHUSIX.

OOpazoBanne 00y4alOMMXCS C OrPaHUYCHHBIMH BO3MOXKHOCTSIMH 370POBBS MOXKET OBITh
OpPraHU30BaHO KaK COBMECTHO C JJPYTUMH O0YYAIONIMMUCS, TAK U B OTJICJILHBIX TPYIIIAX WIH B OTAEIBHBIX
OpraHU3alHsX.
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KOHTPOJIBHBIE 3AJTIAHUSI U UHBIE MATEPUAJIBI OHEHKH
3HAHMI, yMEeHUIi, HABBIKOB M (WJIM) ONBITA 1eSITeJIbHOCTH, XapaKTepu3yomme

JTanbl POPMUPOBAHUS KOMIIETEHUMI B IIpoLecce 0CBOCHHUA JUCHMIIUHbBI
DOU3UKA

1 Bonpocsl 111 cobeceioBanus

Paszoen 1. @uszuueckue ocrosvl mexanuxu

Yo Ha3bIBaeTCs Maccom?

UTto Ha3bIBaEeTCS MJIOTHOCTHIO?

Yro 3HauUT M3MEpUTh (puznyeckyro BenuuuHy? IlpsMble M KOCBEHHbIE M3MEPEHHUs, NPOMaXH,
CHCTEMAaTHYECKHE U CIydailHbIE OMINOKH.

UYro Ha3bpiBaeTCA aOCOIIOTHOM U OTHOCUTENILHOM OMMOKaMU U3MepeHUs?

[TpaBuia moctpoeHus rpauKoB.

Yro HazbiBaercs aedopmanueii? [lepeuncaure Buabl qedopmanuu.

Uro Takoe MexaHnueckoe Hanpsbkenue? Enununst uzmepenus B CH.

Cdopmynupyiire 3akoH I'yka.

Kak onpenensiercst Momynb ynpyrocti. Ero ¢pusmueckuii cMpIca.

. UTo Ha3bIBaeTCsl FrapMOHUYECKUM KosiebaHuem?

. YpaBHEHHE TAPMOHHUYECKOTO KOJIe0aTeIbHOro IBMKEeHUsA. Ero rpaduk.

. UTo Takoe cMelleHue, aMIUIUTyaa, (haza, nepuoj koiaedaHus?

. OT yero 3aBUCUT NIEpUOA KOJEOAHUN MATEMATUYECKOTO MAasiTHUKA?

. Ot 4ero 3aBUCHUT 3HEPrust KoiaeOaHui?

. Kak onpenensiercsi cKOpoCTh U YCKOPEHHE MPU KOJIeOATEIIbHOM JTBUKEHUN?

. Kakue snepreruyeckue npeBpaiieHus MpoucxoisiT Npu KojaeOaTeIbHOM JABUKEHUN?
. Kakue cuibl 1eiicTBYIOT Ha MAasSTHUK B IIPOLIECCE €T0 JBHKEHUSA?

. UTo Ha3bIBaeTCs YIIIOBOM CKOPOCTHIO, YIJIIOBBIM yCKOpeHUeM? X eIMHULIBI U3MEPEHUS.
. Urto Ha3pIiBaeTcsa MOMeHTOM cuibl? Kak oH HampaBieH?

. UTo Ha3bIBaETCs IIEYOM CHUIIBI?

. UTo Takoe MOMEHT MHEpLUHU TOUYKHU; Tesa?

. 3anucaTh ¥ MOSICHUTh OCHOBHOE YPaBHEHUE IMHAMUKH BPAIIATEIbHOTO JBUKCHMUS.
. CBsI3p MEX]ly TMHEHHBIMU U YTTIOBBIMU CKOPOCTBIO U YCKOPEHHUEM.

. Kak Moxet ObITh onpeieIeH MOMEHT CUJI TpeHUs IrpadruecKu?

. Uto Takoe OamuIMCcTUYECKUI MasiTHUK?

. J1aTb MOHATHE 3aMKHYTON CUCTEMBI.

. UTto Ha3bIBaeTCs KOHCEPBATUBHOMN U HEKOHCEPBATUBHON CHIION?

. ChopmynmrpoBaTh 3aKOH COXpPAHEHUS UMITYJIbCa, MOMEHTA UMITYJIbCA.

. ChopMynupoBatTh 3aKOH COXpaHEHUsI YHEPTUU B MEXAHUKE.

. BeiBoz1 pacueTHoit hopMyIIbl.

. BeIBoJ hopMyIibI CKOPOCTH CHapsi/ia, MOMAJaoIero B 0aNTMCTHYECKUM MasSTHUK.

. UTo Ha3bIBaeTCS MaTEMAaTUYECKUM MAasTHUKOM, (PU3MYECKHM MasiTHUKOM?

. ®opMyIbl IEPUOAOB I MATEMATHYECKOTO U (PU3NYECKOTO MAITHUKOB (BBIBECTH).
. Uto Takoe npuBeaeHas JUIMHA GU3NYECKOTO MasTHUKA?

. OcHOBHOE ypaBHEHHE TUHAMUKU BPAIlaTeIbHOIO ABUKECHHUS.

. UTo Takoe MOMEHT uHepuun?

. Chopmymupyiite Teopemy lllTeiinepa.

. Uro Ha3bIBaeTcs BosHOW? [lonepeunsle U NpOJOIbHBIE BOJIHBL.

. BeIBOZ ypaBHEHHSI INIOCKOM BOJIHBI.

. Coepuueckue BosHbL. BoHOBOE ypaBHEHHE.

. Untepdepenuus u qudpaxuus BoaH. [Ipuniun [toiirenca.
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. BeIBOo 1 aHaM3 ypaBHEHUS CTOSYEH BOJIHBI.

. BeiBo pacueTHO# opMyIIbl TSI ONIPEACIICHHUs] CKOPOCTH 3BYKa B BO3TyXE.

. Uto Takoe pe3oHaHcC.

. 3aKOHbBI COXpaHEHUs B MeXxaHUKe. PeakTuBHOE ABMKEeHUE. VICTOpHS pa3BUTHS paKETHOU TEXHUKH.

. MomenT wunepuuu. OCHOBHOE ypaBHEHHE JIWHAMUKH BpAIIATEIBHOTO JIBHXKEHHS. MOMEHT
KOJINYECTBA ABMKECHUS U 3aKOH €ro COXpaHeHus. [ upockon, ero npuMeHeHue.

VY nap

Hedopmarnus TBepaoro tena. Buabl nedopmanmii, nuarpaMma HanpspKeHUH
BonHoBBIE ITpoOLIECCHI.

AKYCTHYECKHE BOJIHBI, UX XapaKTEPUCTUKH.

VYbpTpa3BykK, €ro NpUMEHEHUE.

Dddext Jlomiepa B akycTHKE.

Yro Takoe cuCTEMBI OTCYETA.

3aKOH COXpaHEHMsI KOJM4ecTBa ABMKeHU. LleHTp macc.

YIPYTUX U HEYNIPYTUX TEJl.

MoOMEHT KOnu4ecTBa ABUKECHUS U 3aKOH COXPAaHEHUsI MOMEHTA KOJIMYECTBA JIBUKCHHUS.
CBoboanbie ocu. ['upockor.

3akonsl Kemepa.

[ToTeHuuman nosus TAroTeHus.

JlamuHapHBIi U TYpOYJIEHTHBI PEXUM TEUEHUS KUAKOCTH.

JIBuKeHue Te B )KUAKOCTSIX U ra3ax.

MexaHu4eckrue rapMOHHYECKUE KOIEOaHMs.

[IpuHuun cyneprno3unuu BoJiH. [ pynnoBas CKOpOCTb.

Crosiure BOJHBI.

VYAbTpa3ByK U €ro NpUMEHEHHE.

Pazoen 2. Monexynapuas ¢pusuxa u mepmoouHamuka
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IToHsTHE MACATBLHOIO rasa.

M3omporiecchl uieaabHOro ra3a U uX rpauKkH.

Urto Ha3zwiBaeTcs paBienrem? [Ipubopsl 1ist n3MepeHus JaBICHUs.

Jatb onpenenenue TemnepaTypbl. AGCOTIOTHAS IIKalla TeMIepaTyp.
YpaBHEHHE COCTOSTHUS UICATBHOTO Ta3a.

Kak M0>HO onpeienuTh II0THOCTh ra3a’?

KaxoBbl 3HaueHUs JaBICHUS U TEMIIEPATYPhI MPYU HOPMAIIbHBIX YCIOBHUSX?
Crenaiite mepeBoJ MM PTYTHOTO cTOJI0A M MM BOJsiHOTO cTosba B [lackanu.
JlaTb MOHSATHE SBICHUE BA3KOCTH.

UYro HazwiBaeTcsa Kod(h(GUIIMEHTOM BHYTpeHHEro TpeHusa? EauHuib1 usmepeHus.
Ot uero 3aBUCHUT KO3 (ULIUEHT BA3KOCTHU Ta30B?

Yro Takoe ;uinHa cBOOOAHOTO TIpodera Monekyn? OT yero oHa 3aBUCHUT?

Kak M0>XHO paccuuTath MIOTHOCTH raza?

Kaxkue cuibl JeHCTBYIOT Ha IIApUK, ABUKYIIUNCS B BA3KOM cpene?

Bcerna nu cnipaBenniuB 3akoH Her0TOHA 7151 BA3KOTO TPEHUS?

['me MoXHO HaOMIOAATh ABUKEHHE MaJbIX YACTHI] B BSI3KOW cpefe (B MPUPOJE, B OBITY H

OT Yero 3aBUCUT KOIPPHUIIHEHT BI3KOCTH KUAKOCTH?

OOBsicHUTE IPUPOTY SBJICHHS BI3KOCTH.

UYro Takoe korhunmeHT B3kocT? ENUHUIBI H3MEpEHUsI.

Uto Ha3bpIBaeTcs yAECNbHOM TEINIOEMKOCTBhIO BemecTBa? Kakas CBSI3b MEXKIy HEHl H

MOJIIPHON TEIUIOEMKOCTBIO?

21.
22.
23.
24.
25.

[ToueMy TEMIOEMKOCTH Ta30B 3aBUCAT OT YCJIOBHI HarpeBaHMs?
Cdhopmynupyiite mepBoe Hauano TEPMOAUHAMUKHU?

[Touemy Cp>Cv ?

Kakoii nporecc Ha3pIBaeTcst annadaTuyeckum?

3anumute ypaBHenue [lyaccona.
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26. 3anuiuuTe NepBOE HAuajIo TEPMOJAMHAMUKHU JIJISl U30IIPOLIECCOB UJI€aIbHOTO Tas3a.

27. Ot 4ero 3aBUCUT BHYTPEHHSA SHEPTUS UACAIBHOTO ra3za?

28. JlaiiTe ompeneneHue MOHATHUS CTETIEHU CBOOOBI MOJICKYJIbI.

29. OOBSICHUTH MEXaHU3M 00pPa30BaHUS MOJIEKYJISIPHOTO J1aBJICHUSI.

30. IIpupona nOBEpXHOCTHOIO HATSIKEHUS.

31. Yro Ha3biBaeTcs KOAPGUIIUEHTOM NOBEPXHOCTHOTO HaTsHKEHUA? OT Yero OH 3aBUCUT?
32. JIOmOJIHUTENBHOE JABJICHHUE MO UCKPUBIIEHHON NOBEepXHOCTHI0. Dopmyna Jlamiaca
33. SIBnmeHusa cMauyMBaHMS U HECMAUYMBaHUS.

34. Kanunnspuele sBienus. X poas B mpupoze.

35. Brtopoe nauano trepmoaunamuku. TernoBble apurarenu, ux KII. [Ipumenenne TeninoBbix
JBUTATEJIECH.

36. BakyyMm U MeTOJIbI €ro MOoJy4eHus.

37. IlpumeHeHue nepBOro Hayajga TEPMOJUHAMUKH K U30IIPOLIECCaM.

38. BHyTpeHHs 3Heprus peajbHbIX I'a30B.

39. OOpatuMbie U HEOOPATUMEIE MPOIIECCHI.

40. KanwuispHble SBICHUSA.

41.  AmopdHsle Tena.

Pazoen 3. Dnexmpuuecmeo u macnemusm

N3 kakuX OCHOBHBIX 3JIEMEHTOB COCTOUT AJIEKTpUUYECKas 1IeNb?

[TpunuMn neiicTBUs MPUOOPOB MATHUTOAIEKTPUUECKON CUCTEMBI.

[TpuHuMn neicTBUS TPUOOPOB FINEKTPOMArHUTHON CHCTEMBI.

Uto Ha3bIBaeTCA YyBCTBUTEIHLHOCTHIO MPUOOPOB?

Uto Ha3bpIBaeTCS IIEHOW JIeJICHUs TPUOOpa, MPEIeTIOM U3MEPEHUS?

Kak mo kimaccy TOYHOCTH ONPEeAETUTh MOTPEITHOCT Pe3ybTaTa U3MEePEHUSs?

XapakTepUCTUKH NPUOOPOB: KIACC TOYHOCTH, YYBCTBUTEIBHOCTb, MpEAEIbl H3MEPEHM.
Knaccudukanus npuOopoB 1 UX yCIOBHBIE 0003HAUCHUSI.

VIcTOYHUKH TOKA U UX XapPaKTEPUCTUKH.

Pacuer norpemHocteii npu U3MEpEeHUH JAHHBIM PUOOPOM T10 KJIACCY TOYHOCTH.

Urto Takoe peocTaT, KaKk €ro MOXHO BKJIFOUUTH B IETh?

Pacuer mynra amnepmerpa, rpaJyrupoBKa aMIepMeTpa ¢ IIYHTOM.

PacueT 106aBOYHOrO CONMPOTUBIICHUS AJIs BOIbTMETpa. ['paynpoBka BoJIbTMETpA € 100aBOUHBIM
COIPOTUBIIEHUEM

Ha3zoBuTe BeIMUMHBI, XapaKTepU3YIOIIUE 3JIEKTPOCTATHUECKOE TOJIe: €MHULIBI UX U3MEPEHUSI.
['padpraeckoe n3obpaxeHue AEKTPOCTATUUECKOTO TOJIS.

CBoiicTBa HKBUMIOTEHIIMATIBHBIX TOBEPXHOCTEH.

OObsicHUTE CMBICT MUHYca B (OpMyJie, CBSI3bIBAIOLICH HAIPSHKEHHOCTh AJIEKTPOCTATUYECKOTO
HOJIS M TPAJMEHT MOTEeHIHAIa.

Kak onpenenuTs Hanps>KEHHOCTh OTHOPOAHOTO 3JIEKTPOCTATUUECKOTO M0JIsL, 3HAsl pAaCcIOJI0KEHNE
HKBUIMOTEHIMAIBHBIX TOBEPXHOCTEH?

Mexanu3m 00pa30BaHUsI 3aMPAIOLIETO CIIOSI.

[TpuHIMN AeicTBUS MOTYIPOBOJHUKOBOTO TPHOAA.

Cxema XapakTepHUCTUKU MOJIYTIPOBOIHUKOBOTO TPUO/IA.

XapakTepucTuKu Tpuoja: Bxoanoe conporusnenue; Boixonnoe conporusnenue; Koaddunuent
yeusieHus o Toky; Koaddunuent ycunenus no HanpspkeHuo;. KpyTusHa XapakTepuCTHKH.
OTnuyne noyynpoBOJAHUKOB OT MPOBOJIHUKOB U U30JIATOPOB(IIO 30HHOM TEOPUHU NMPOBOAUMOCTH
BEIIECTB).

TuMbI MOJIYIPOBOAHUKOB 1O BUY ITPOBOJUMOCTH.

XapakTep U3MEHEHHUs COMPOTUBIICHHUS MOJIYIPOBOIHUKOB.

OO6nacTu HCIONB30BaHMS MOJTYIPOBOJHUKOBBIX MPUOOPOB. Y CTPOWCTBO MOIYHPOBOJHHUKOBOTO
JM0J1a U TPHO/JIA.

OcHOBHBIE XapaKTEPUCTUKHN TEPMOPEZUCTOPOB.

Moct YuTCcTOHA, U3MEPEHUE COMPOTHUBIEHUS MOCTOM.
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MarnautHoe nose. Ero cBolicTaa.

YTto Ha3bIBAECTCS CUJIOBOM JIMHUEN?

Kak onpenenuts HalpaBl€eHUE CUIIOBBIX JTMHUNA?

Chopmynupyiite u 3anmumure 3akoH buo — Caapa — Jlammaca.

Urto Takoe cuna Amrepa?

B dem cymHoOCTh IpUHIKIA CYTIEPIO3ULIMM MOJICH?

HazoBuTe 351eMEHTBI 36MHOT'O MarHeTu3Ma.

Urto takoe cuna Jlopenna? Kak onpenenuts ee BeIMYMHY U HallpaBiieHUE?

JlokasaTb, 4TO MarHUTHOE T10JI€ HE COBEPIIAET Pa0OTHI HAJ JIBHXKYIICHCS 3apsyKEHHON YacTULICH.
CdopmynnpoBaTh 3aKOH COXpaHEHUs SHEPTHH U 3alUCaTh €ro JIJIs 3JIEKTPOHA B MarHeTPOHE.
[TonyunTts BeIpakeHUE JIJI1 MOMEHTA CUJIbl JIOpeHLa, IeHCTBYIOIIEH Ha 3JIEKTPOH.

Kakyto Tpaektopuio OyaeT OMUCHIBATh JEKTPOH, BIETEBIIMA B OJHOPOJHOE MAarHUTHOE IOJIE
NEePHEHANKYIIIPHO CUIIOBBIM JTUHUSM?

Onpenenuts BEIMYHMHY YIJIOBOM CKOPOCTH BpAILEHMS 3JIEKTPOHA B MAarHeTpoOHE, IMOJb3YSCh
HalJIEHHBIMU BaMU YI€IbHBIM 3aps/IOM IIPU OMPEICIICHHON CUJIe TOKA B COJICHOUIE.
[ToHsiTHE TEPEMEHHOTO CUHYCOUJAIBHOIO TOKA.

XapakTepuCTUKU IEPEMEHHOTO TOKa.

YTo Ha3bIBAECTCSI AKTUBHBIM, HHIYKTUBHBIM U €MKOCTHBIM CONPOTUBIICHUSMU?

DopMyIbl ISl BBIYUCICHUS WHIYKTUBHOTO U €MKOCTHOTO CONMPOTUBICHUM. OT 4ero M Kak OHU
3aBUCAT?

3akon Oma aJi 1IeTH MePEMEHHOT0 TOKA.

[TonHOE CONPOTUBIIEHUE LIETTH IEPEMEHHOTO TOKA C OCJIEIOBATEIbHBIM COEAMHEHUEM AKTUBHOTO
Y PEAaKTUBHOT'O COMPOTUBIICHUM.

BekTopHas nuarpamma HanpspKEHH.

Uro 3naunt pexum >0, ¢ =0, ¢<0?

Kak y3nats, uro ¢>0, ¢ =0, ¢<0?

[ToHsTHE B3aMMHOW MHAYKIMHA U B3AUMHOW MHYKTUBHOCTH.

AKTUBHOE U PEAKTUBHOE CONPOTUBIICHUE.

Pe3onanc HanpspkeHMi.

Pe3onaHc TOKOB.

KonebatenbHbli KOHTYpP, SKCIIEPUMEHTAIBHOE TTOJTYYeHHE 3/M BOJIH.

['eneparus u nepenaya 3/M BOJIH.

[TpoBoIHUKY, TPOBOJHUKH 1-TO pOJia B AIEKTPOCTATUUECKOM IIOJIE.

Kak ocymiecTBisieTcst aneKkTpocTaTuueckas 3auura.

ONEKTPOEMKOCTh. DIEKTPOEMKOCTb 3eMJIH.

DIIEKTPOEMKOCTh YEAMHEHHOTO ITPOBOIHUKA, KOHJIEHCATOPA.

Buapl KOHIEHCATOPOB U UX TPUMEHEHUE.

[TonynpoBOIHUKY, BUBI TPOBOAUMOCTH MOJIYIPOBOIHUKOB.

TepmosnekTpuyecKkue IBJICHHS, HX TPUMEHEHHE.

DIIEKTPUUYECKHI TOK B ra3ax U B BAKyyMe. DMHCCUOHHBIE SIBIICHUSI, UX TPUMEHEHHE.
Croponnue cuibl, 31C, BUIBI HCTOYHUKOB TOKA.

HanpsikeHHOCTh Kak ITpaiMeHT NOTEeHIINANA. DKBUIIOTEHIIMATbHBIE MOBEPXHOCTH.
[TomstpuzoBaHHOCTH, HanpskeHHOCTD MO B UDJIEKTPUKE.

Pabota u momHOCTE TOKa. 3akoH [[xoyns-Jlenma.

KoHTakTHas pa3HOCTH MOTECHIIHAJIOB.

Nounszanus razos. HecamocTosTenbHbIN ra30BbIi pa3psl.

Yckoputenu 3apspKEHHBIX YaCcTHIL.

Buxpesble TOKH.

Toxu pa3MbIKaHHS W 3aMBIKAHUS.

HamaranuuBanue. MarHutHoe 1oJie B BELIECTBE.

Tok cMmemneHus.

CBoOOIHBIE TApMOHUYECKHE KOJeOaHus B KoieOaTeIbHOM KOHTYpE.
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76. CBepXIIPOBOJUMOCTb.
77. IlomynpOBOIHUKOBBIE 1NO/IbI U TPUOBL. [10TynpOBOAHUKOBEIE TPUOOPHI X IPUMEHEHHUE.

Pazoen 4. Onmuxa

Yro Takoe siBieHue qudpakium?

ITpunnun I'toiirenca — @penens.

JudpakuuonHas pemerka. Y cIoBUE€ TEMHBIX U CBETIIBIX 110JIOC.

[IpakTHyeckoe MpUMEHEHHUE SABICHUS JU(PPAKIIUH.

Yro Takoe sBICHUE UHTEPPEPEHIIMS HIEKTPOMArHUTHBIX BOJIH?

VYcioBust MaKcHMyMa 1 MUHUMYMa HHTEP(QEPEHIIUN JIEKTPOMArHUTHBIX BOJIH .
Jucrniepcus 31€KTPOMarHUTHBIX BOJIH, YCJIOBUS AUCHIEPCUH .

OcobenHocTr TUGPAKITUH SJICKTPOMATHUTHBIX BOJIH.

CrpoeHue 3J1eKTpOMarHuTHOM BOJIHBI.

Uro Takoe cBeT 110 BOIHOBOM Teopuu? [IoHATHE €CTECTBEHHOTO CBETA.

UYro Takoe nossipu3oBaHHbIN cBeT? CrIoCcOOBI €ro MOJTy4YCHHS.

Uro Takoe BpaliareabHas MOJISpU3aLMs U OT YETO OHA 3aBUCUT?

['e HaxOaUT NPaKTUYECKOEe IPUMEHEHHE MOJIIPU30BaHHbIN CBET?

YCeTpoiicTBO MO pUMETPA, MOPSAOK BBIMIOTHEHUS PaOOTHI.

3aKOHBI OTPAKEHUS U NPEIOMIIEHHS cBeTa. X0/ JIyda B IIPU3ME.

SIBieHME TOJIHOTO BHYTPEHHETO OTPAKEHUSI.

[TocTpoenue n300pa>keHust B TMH3AX.

YBennueHne MUKpPOCKOIIA.

[Tpupoza cBeTa 110 KBaHTOBOW TEOPUHU.

SBnenue portorddexra, 3akonsr CTONETOBA.

VYpaBHeHue OiHIUTEiHA M OOBSCHEHHWE MM 3aKOHOB BHewHero ¢orodddexra. «KpacHas
rpanuna» Gororddexra.

Wutepdepeniiys cBeta, METOAbI €€ HaOIr0AeHUs, IPUMEHEHNE HHTeP(PEPEHIIUH.
Hudpakuus cBera. JudpaxiuoHHas peuieTka, ee npumeHeHue. Pazpemaromas crnocoOHOCTh
ONTHUYECKUX MPUOOPOB.

[TonsiTue o ronorpaduu. ['onorpadpuueckue ycTaHOBKH.

OnTuyeckue reHepaTopbl, UX MPUHIUI IEHCTBUS, Pa3BUTHE U IPUMEHEHUE JIa3epHON TEXHUKH.
dotoadpdexr. [Ipumenenne hororddexra.

Jlnana3oH 3/M BOJIH, CBOWCTBA U PUMEHEHUE 3/M BOJH Pa3IM4HOMN YaCTOTHI.
Tonkue nuH3bl. M300pakeHre NpeIMETOB ¢ OMOILBIO JIMH3.

[TpumeHneHue uHTEpPEepeHIINM CBETA.

Pazpemaroriast ciocOOHOCTh ONTUYECKUX TPUOOPOB.

["onorpadus.

W3nyyenne BaBuiiosa-YepeHkosa.

HckyccTBeHHast onTHYecKasi aHU30TPOIIHS.

[Tpumenenue porosddexra.

KopnyckysipHO-BOJIHOBOM Jyajli3M CBOMCTB BELIECTBA.

JIBm>xeHHe CBOOOTHON YaCTHIIBI.

ITpunnun [Taymu. Pacnipenenenue 351eKTpPOHOB B aTOME IO COCTOSTHUSIM.
MornekynsipHble criekTpbl. KoMOMHALIMOHHOE paccesiHUE.

Jlazepsl.

OmnpeneneHye CBETOBOW U BOJIBTAMIIEPHOM XapaKTEepUCTUK (POTOIIEMEHTA.

IIpouenypa oueHuBanus codecer0BaHUS
Ucnons3yercss PppoHTaNBHBIN OMPOC, KOTOPBIM Tpearnojaraer paboTy MpernogaBaTes
OJTHOBPEMEHHO CO BCEU ayJUTOpHEH, U IPOBOAUTHLCS B BUE Oecenbl 1o Bompocam. [Ipu otGope
BOIIPOCOB U MTOCTAHOBKE IEpeJl CTYJEHTaMH YUUTHIBACTCS CIEAYIOLIEe:
— 3a7aeTcs He OoJiee MATH, OHU JIOJDKHBI HEMTOCPEACTBEHHO OTHOCHTHCS K MIPOBEPSEMOIA



TEME;

— (popmynIupoBKa BOMpoca JA0JKHA OBITh OJJHO3HAYHOM 1 TOHSATHON OTBEYAIOLIEMY;

— HEZOMYCTUMO TIpeJiaraTh CTyJ€HTaM BOIIPOCHI, TPEOYIOIME MHOKECTBA OTBETOB, T.€.
BOTIPOCHI OTKPBITOI (POPMBI MIIHM TaK Ha3bIBAEMBIE «TECTOBBIE» BOIIPOCHI C OTBETOM «J1a/HETY.

B koHue ompoca mpernoaaBarenab AA€T 3aKIIOUUTEIbHbIE KOMMEHTapUU II0 KadeCTBY
OTBETOB BCEX CTYJICHTOB.

Kpurepun oueHku codeceqoBaHmsi

3auTeHo CTyaeHT OTBETWJI Ha BCE MPEAJIOKEHHBIE BOIIPOCHI, TOKa3aB XOPOIINE 3HAHUS
110 U3Y4YEHHOU TeMe, TPOJIEMOHCTPUPOBAJI BIAJCHUE MAaTEPHAIIOM TIO
TEOPETUYECKUM BOIIPOCAM U MPAKTUUYECKUM 3aJaHUSIM H/WIIN JOITYCTHIT
HECYIIECTBEHHbIE HETOYHOCTU/OIMMUOKY IPU OTBETE

He 3aureno | CTyZeHT OTBETMJI HE Ha BCE MPEIJIOKEHHBIE BOIPOCHI; IPOJEMOHCTPUPOBAI
HEMOJHOE BJIa/ICHUE MaTepUaJIOM 110 TEOPETUUECKUM BOIIPOCAM U MPAKTHUECKUM
3aJIaHUSAM U JIOIYCTHJI HECKOJIBKO CYILIECTBEHHBIX OLIMOOK IPU OTBETE.

2 Bompocsl k 3a4eTy

HanmenoBanue Bompocsr
KOMIICTEHIIH
2 cemecTp
OIlK-1 1. Ilpenmer ¢usuku. CBsi3p ¢ ApyruMu Haykamu. EnuHuUIb!
CrnocobeH pemaTh (bu3NYECKUX BEITUYHH.
THIIOBBIE 314K 2. Kunemarmka wmaTepuanbHOW TOYKH: CHCTEMa OTCYCTA,
npodeccHoHATBHOI TPAeKTOPHS, yTh, BEKTOP MEpEeMEIICHUs. Y PaBHEHUS IBUXKEHUSI.

3. JIBmxkeHHEe MaTepUaIbHOW TOYKH IO OKPYKHOCTH. YTJIOBas
NEeATEIbHOCTH Ha OCHOBE

. CKOPOCTb, YIIIOBOE
SHAHIH OCHOBHBIX YCKOPEHUE, CBA3b IMHEHHBIX U YIIIOBBIX XapaKTEPHCTHK.
34KOHOB 4. CKOpOCTb, YCKOpEHHE TIpH TOCTYIATeIbHOM JIBIKCHUU
MaTeMaTHYECKUX U MaTEPHUAIbHOU TOYKH
€CTECTBEHHBIX HAYK C 5. KpuBonuneitHoe paBmxkenue. [loigHoe, HOpMambHOE U
NpUMEHeHHeM TAHTEHIIMAILHOE YCKOPEHHE MaTePHAILHON TOUKH.
HH(OPMAIHOHHO- 6. I[I/IHaME/IKa MaTepHabHOM TOYKH. ITepsbrii 3axoH HhroTOHA.
7. Bropoii u Tperuii 3akoH HproToHa.

KOMMYHHKAI[HOHHBIX

. 8. Cuubl TpeHusi. BHellHee 1 BHYTpEHHEE TPEHHUSL.
TexHoIOT N 9. 3akoH coxpaHeHHs nMIyibca. LlenTp Macc.

10. YpaBHeHMe ABMKEHMS TeJla IEPEMEHHOM Macchl.

11. Dueprus, paboTa, MOIIHOCTb.

12. Kunernyeckasi 1 NOTEHIMATIbHAS YHEPTUS.

13. 3akoH coXpaHEHUs] MEXaHUYECKON SHEPTUH.

14. I'paduueckoe npeacTaBIeHUE SHEPTUH.

15. Y aap abconoTHO yNpyrux U He YIPYrux Tel.

16. Mowment uneprun. Kunernyeckast sHeprus BpameHus.

17. MomeHT cuibl. YpaBHEHUS JWHAMHUKH BpPaIIaTEIbHOTO
JBYDKEHUS TBEPOTO TeJa.

18. PaGora mpu BpaiieHue TBEpAOro Tejaa. MOMEHT UMIyibca U
3aKOH €r0 COXPaHEHHUS.

19. Teno O6poIeHO BEPTUKAIBHO BBEPX C HAYAILHOW CKOPOCTHIO




vo =4 M/c. Korga oHO TOCTHUTIIO BEpXHEH TOYKH ITOJIETa U3 TOTO JKE
HAaYaJIbHOIO IIYHKTa, C TOH K€ HA4daJlbHOM CKOPOCTBIO V0
BEPTHUKAJIBHO BBEpX OpolieHo BTopoe Teio. Ha kakom paccrosiHuu
h or wnavanbHOrO mnyHKTa BCTpeTsATca Tena? ConpoTHUBICHHE
BO3/lyXa HE YUUTHIBATh.

20. Temo 6pomeno mox yraom o = 30° K TOpH30HTY cO
ckopocthto Vo = 30 wm/c. KakoBbel OymyT HOpMajabHOE an H
TAHI€HLIMAJIBHOE a;, YCKOPEHHUs Teja uepe3 Bpems t=1c mocie
Hayvaja IBUKEHUS?

21. Ilo kparo paBHOMEPHO BpaALIAIOLIEHCs C YIVIOBOM CKOPOCTBIO (O
= 1 pan/c mnatdhopMbl UIAET YEITOBEK M OOXOIUT IutaTGopMy 3a
Bpems t= 9,9 c. KakoBo HamOoiblee yCKOpEHHE a JBH)KEHUS
YesioBeKa oTHocuTeabHO 3eMiu? [lpunsate paanyc miargopmer R
=2 M.

22. Opyame, KECTKO 3aKpeIUIeHHOE Ha JKeJIe3HOAOPOXKHOU
wiatopmMe, MPOU3BOAUT BBICTPEN BJIOJb TOJOTHA KEIE3HOU
noporn nox yriaom o= 30° x muHEM Topm3oHTa. OmNpenenuTh
CKOpOCTh Uz OTKara IUIaT()OPMBI, €CIIM CHApsJl BBUIETACT CO
ckopocthio W1=480 wm/c. Macca mmargopMbl c opyaueM u
cHapsamamu my= 18 T, macca cHapsaa my=60 Kr.

23. Jlogka mmuuoit L = 3 M u maccoil m = 120 kr cTouT Ha
crokoifHoit Bozme. Ha Hocy M kopMme HaxoIsTcsi ABa pblOaka
maccamu m1 = 60 kr 1 mz = 90 kr. Ha ckoibko cIBUHETCS JI0JIKa
OTHOCHUTEIIHO BO/JIBI, €CJIU PHIOAKH TOMEHSIOTCS MeCTaMu?

24. lap maccoit m1 = 4 Kr ABHXKETCS CO CKOPOCTBIO V1 = 5 M/C U
CTAJIKMBAETCS C IIIAPOM MacCoil mz = 6 KI, KOTOPBIN JBUKETCA EMY
HABCTPEUy CO CKOPOCTHIO V2 = 2 M/c. OnpeaenuTh CKOPOCTH U1 U U2
[IapOB IOCIIE yAapa. Y Aap cuuTaTh aOCONMIOTHO YIPYTUM, MPSMBIM,
LEHTPaJIbHBIM.

25. Ompenenntb, pabOTy pacTsDKEHHUS [JIBYX COEIMHEHHBIX
MOCIIEI0BATEIBHO TMPYXUH kecTkocThio k1 =400 H/M u ko = 250
H/m, ecniu nepBas mpy>kuHa MpH 3TOM pacTsHynack Ha Al =2 cm.
26. U3 npy>KMHHOTO MUCTOJIETA C MPYKUHOM kecTKocThio k = 150
H/m 6611 mpon3BeieH BeIcTpen mysei maccoid m = 8 r. Onpenenurtsb
CKOPOCTh L IyJM MpU BbUIETE €€ W3 MHCTOJIETa, €CIU MPYKUHA
Obuta cxxara Ha AX =4 cwm.

27. Ha obon maxoBuka nuamerpom D = 60 cM HamoTaH WIHYp, K
KOHIly KOTOpPOr'0 IpPHBSI3aH Ipy3 mMaccod m = 2 kr. Onpenenurs
MOMEHT HHepUMM J MaxoBHKa, €CId OH, BpaIlasCh
PaBHOYCKOPEHHO IIOJI IEICTBUEM CHJIBI TSKECTH I'Py3a, 3a BpeMs t
= 3 ¢ mpuoOpen yrioByr CKOPOCTh ® = 9 pax/c.

28. Ha ckampe JKyKOBCKOrO CHIWT 4YEIOBEK H JEpPXKHUT Ha
BBITSHYTBIX pyKax I'MpH Maccoil m = 5 Kr kaxnaas. PaccrosHue or
Kaxa0i rupu 10 ocu ckambu 1 = 70 cM. Ckambs Bpamaercs ¢
gacrotoit n1 = 1 ¢, Kak m3MeHHTCS 9acTOTa BpaIeHus CKaMbU U
KaKylo paboTy A NMpOU3BEIET YEJIOBEK, €CIIM OH COKMET PYKH TakK,
YTO PACCTOSIHHE OT KaXKJIOW THPH A0 OCH yMeHbIwHTcs 1o 12 = 20
cM? MOMEHT UHEPIIMH YeI0BEKa U CKaMbH (BMECTE) OTHOCUTENHHO
ocn J =2,5 kr-m°.

29. OmnpenenuTh HaNpsHKEHHOCTh G TPaBUTALMOHHOTO IMOJIS Ha
Beicore h= 1000 kM Hang mnoBepxHOCThIO 3emiu. Cuurtarth
M3BECTHBIMH YCKOPEHHE g CBOOOTHOIO MaJIeHHs] Y MOBEPXHOCTH




3emiu u ce paguyc R.
30. C moBepxHOCTH 3eMJIM BEPTUKAJIHHO BBEPX IIyIIECHA paKeTa
CO CKOPOCTBIO V=5 kM/c. Ha Kakylo BBICOTY OHA [TOJJHUMETCS?

IIpoueaypa oueHUBAHUS 3a4eTa

3auyer npoxoIuT B (popMe TECTUPOBAHUS UCIOIB30BAHUEM IEKTPOHHON cpelibl Ims-test.
B cootBeTcTBHU ¢ pacniricanueM (rpaduKOM MPOMEXKYTOYHOH aTTEeCTallui) OTKPBIBACTCS JOCTYI
K IPOXOYK/IEHUI0 TECTUPOBAHUS AJISl BCEX CTYAEHTOB rpynmnbl. CTyJeHTy IpeAoCTaBiseTCs epBast
NOMBITKA JJIUTENBHOCTHI0 B 40 MUHYT Ha peElIeHHE TECTOBOrO 3ajaHus, cocrtoduero uz 30
BOINpocoB. [Tociie 0TBETOB HA TECTOBBIE 3a/1aHus, CTYICHT 3aBepLIAeT epBYIO MONbITKY. He MeHnee
yeM uepe3 10 mocie 3aBepIieHus IepBoil MOMBITKH, CTYACHTY IPEAOCTABIISETCS BTOPas MOMBITKA
JUINTENIbHOCTHIO B 40 MUHYT Ha pelleHre TECTOBOT0 3a7anus, cocrosuero u3 30 sonpocos. [locne
OTBETOB HAa TECTOBBIC 3aJaHHUs, CTYJCHT 3aBEpIIacT BTOPYIO MOMBITKY. [Ipu oueHke perieHus
TECTUPOBAHUS YUUTHIBAECTCS HAWITYUIINH pe3ysbTar.

OneHka BbICTaBISAETCS:

«3aYTEHO», €CIM HaWIy4dllas TIOINbITKA pElIeHUs] TEeCTHUPOBAHUSA XapaKTepU3yeTCs
pe3yabTatom He Hike 50%);

«HE 3aYTeHO», €CJIM pe3yJabTaT HaWIydlledl TONBITKA peIleHUs] TECTUPOBAHMS
xapaktepusyercs pe3ysbratoB menee 50%.

IIIxana oneHNBaHUA 3a4Y€eTa

Orenka Omnucanune
3auTeHo Hawnnyumuit pesynbrat TectupoBanus: He meHee 50%
He 3auteno Hawnny4mmii pesynbsrat TectupoBanusi: MeHee 50%

Bomnpocsl k 3a4ery

HaumenoBanue Bomnpocsr
KOMIICTEHIIH
3 cemecTp
OIIK-1 1. MonekyIapHO-KNHETUYECKUM ¥ TepMOJAMHAMUYECKUI
Crioco6eH pemarsb METO/Ibl HCCIIEI0OBAaHUS MAKPOCKOIIMYECKUX CUCTEM.
THIIOBBIC 3a1a4H 2. WUneanpHpiii ra3. OCHOBHBIE 3aKOHBI, OINUCBIBAIOIINE
. MOBEJICHHUE U/I€ATbHBIX a30B.
npogecCuOHAITBHON .
3. VYpaBHeHue Knaneiipona-MeHnieneena. OcHoBHOE

SATCIIBHOCTHU H HOB o
ACIATEIEHOC a OCHOBC YpaBHCHUEC MOJICKYIISIPHO- KHHCTHYCCKOU TCOPHUU UACAIBHBIX

3HaHUH OCHOBHBIX Ta30B.

3aKOHOB 4. 3akoH MakcBena 0 pacnpeneIeHu MOJIEKYIT HI€aIbHOIO
MaTeMaTHYeCKHUX U ra3a o CKOpOCTSIM M HEPTUSM TEIUIOBOTO JIBUKEHUSI.
ECTECTBEHHBIX HAYK C 5. CpenHee YMCIO CTOJKHOBEHUHM W CpeaHsAs JJIMHA
NpHMeHeHIEM CBOOOJTHOTO TIpo0Oera MoJIeKyJI.

6. SIBneHus nepeHoca B TEPMOJUHAMUYECKH HEPAaBHOBECHBIX
nH(OPMAIIMOHHO- CHCTEMAX.
KOMMYHHKALIHOHHBIX 7. Yucno  cremeHed  cBOOOABI  MOJIEKYJBL.  3aKOH
TEXHOJIOTHH PAaBHOMEPHOTO PpACTPEETICHUSI DPHEPTUU TIO0 CTETEHSIM CBOOOIBI

MOJIEKYII.

8. [lepBoe Hauano TepmomuHamukd. Pabora Taza mpu

U3MEHEHHUHU ero oobema.

9. TennoéMKOoCTb.

10. IlpuMeHeHMe TEpBOro  Hayaja  TEPMOJAMHAMHKH K




M30IPOIIECCaM.

11. Anumabartsslit porecc. [TomuTpomnHsIii mporecc.

12. O6parumbie U HeoOpaTuMble Tporecchl. Kpyrosoit mporecc
(truKn).

13. Dutponus, e€ CTaTUCTHYECKOE TOJKOBAHME U CBS3b C
TEPMOJAMHAMUYECKON BEPOATHOCTHIO.

14. Btopoe Hayalo TEepMOJWHAMUKH. TeEIUIOBbIE [BUTATENU U
xonoaunbHble MamnHbl. [ukn Kapuo u ero KIIJI nis uaeanbHOro
rasa.

15. PeanbHble ra3el. YpaBHeHue Ban-nep-Baansca.

16. Cuawmxenne razoB. CoiictBa xuakocteil. [loBepxHOCTHOE
HATSDKCHUE.,

17. CMmauuBaHue. JaBienue oo HUCKPHUBIICHHOM
MOBEPXHOCTHIO KUAKOCTU. Kanwiuisipuble siBiIeHUS.

18. TBepasie Tena. MoHO- W monukpuctauibl. JlehekTsl B
Kpucrauiax. TermioéMKOCTb TBEPIBIX TEIl.

19. Hcnapenue, cybnuMmanus, MiaBjieHHE U KPUCTAJUIA3AIINS.

Amopdodusie Tena. @a3oBbie Mepexos! (IIEPBOro U BTOPOTO POJa).
20. 3akoH COXpaHEHUs AICKTPUIECKOro 3apsaa. 3akoH KymnoHa.
21. DnexTpocTaTu4eckoe noJe. Hanpsixennoctsb
AJIEKTPOCTATUYECKOTO MOJISL.

22. IlpuHuun cynepro3uluu 3JeKTpocTtaTudeckux moieil. [lone
JTATIOJSL.

23. Teopema ["aycca 1t 37€KTPOCTATUUECKOTO TOJISl B BAKyyMe U
e€ IPUMEHEHHUS K pacueTy HEKOTOPBIX AIEKTPOCTATHYECKHUX TOJIeH
B BaKyyMe.

24, Tuner  gudnexTpukoB.  [lomspuzamust  IUDIIEKTPHUKOB.
[TonspuzoBanHOCTh. HanpskeHHOCTH MOJIS B AUDIICKTPUKE.

25. TIpoBOAHUKH B AIIEKTPOCTATUIECKOM IIOJIE.

26. DneKTpo€MKOCTb, KOHJAEHCATOpPbI, IOCJIEIOBATENbHbIE U
napajuleJIbHbIE COEIMHEHUS KOHJEHCATOPOB. DHEPTUs CHUCTEMBI
3aps110B. DHEPrUsl JIEKTPOCTATHUECKOTO MOJIS.

27. DnexTpU4YecKHil TOK, CHWJIa W IUIOTHOCTh Toka. CTOpOHHHWE
cuibl. DJC u HanpsHKEeHHe.

28. Bonopon maxomurcs mox pasnenneM P = 20 mxlla nmeer
temneparypy T =300 K Onpenenuts cpeHIO0 ATHMHY CBOOOIHOTO
npobera < | >MoJIeKybl TAaKOTO rasa.

29.TTpu agnaGaTHOM CXXATHH JAaBJICHHUE BO3AyXa OBLIO YBEIUYEHO
ot P1 = 50 kIla no P>=0,5 MIla. 3arem nipu HEU3MEHHOM O0BEME
TeMmreparypa BO3AyXa ObUIa IMOHMXKEHAa [0 IepBOHAYAIbHOI.
Omnpenenuts naBiaeHue P3 rasa B koHie mpouecca?

30. Ta3, comepmaromuii nukia KapHo, oTnan TemonpueMHUKY
terioty Qo= 14 k/lx. Onpenenuts Temneparypy Ti
TEIUIOOTAATYMKA, €CIIU IIPU TeMIepaType TeronpueMuuka T2=280
K pabora nuxmna A=6 x/Ix.

31. Omnpenenutb KOJINYECTBO BellecTBa Vv BOJIOpOJA,
3aMoJHAIONIETO cocyn oobeMoM V = 3 71, ecnu KOHIIGHTpaIus
MoKy Taza B cocyae n = 2108 m3,

32. B mmnmmaap muHON 1 = 1,6 M, 3alTOJTHEHHBIH BO3YXOM TIpH
HOpPMaJIbHOM aTMOC(GEpPHOM JIaBJICHHUU po, HAYalIM MEJIEHHO
BJIBUTATh TMOPIICHb IUIOMIaAbI0 oOCHOBaHus S = 200 oM?,
Omnpenenuts cuny F, nelicTByoulyl0 Ha MOpILIEHb, €CIU €ro




OCTaHOBHTH Ha pacctosiHuu 11 = 10 cM OT gHA UIHHApA.

33. Bo ckonpko pa3 yBenuuHuTcs KOI(D(UIHMEHT TOJE3HOTO 1)
neiictBuss  mukia  KapHO 1Opu  MOBBILICHHH — TEMIEPaTyphl
terootaatynka ot T1 = 380 K mo Tz = 560 K? Temmneparypa
temionpuemuuka T2 = 280 K.

34.T muniepyH MOAHSIICS B KaMIISIPHON TpYOKe AMaMeTpOM KaHalla
d = 1 MM Ha BeicoTy h = 20 MMm. OnpenenuTs MOBEPXHOCTHOE
HaTsDKEHUE o ruiepruHa. CuuTaTh CMaulBaHUE MIOJHBIM.

35. JIBe xamu pTyTd paguycoMm r = 1,2 MM Kaxkzaas CIWIHCh B
onHy Oousbinyro Kammo. Omnpenenuts sHepruto E, kotopas
BbIIETUTCS  mpu  3ToM  ciusiHud.  CuuTaTh  Tpoliecc
U30TEPMUYECKUM.

36. Omnpenenutb MOJSPHBIE TEIJIOEMKOCTH Tras3a, €clid €ro
yaenpHbIe TerioeMkocTH cv=10,4 kJ[x/(xr-K) u ¢, = 14,6 xx/
(xr-K).

37. Omnpenenuth CPEeTHIOK KBAAPATHUYHYIO CKOPOCTh <Vyp>
MOJIEKYJIBI Ta3a, 3aKJI0YEHHOTO B COCYJl BMECTUMOCThIO V = 2 11
nox aasienueM p = 200 xIla. Macca razam = 0,3 r.

38. JlBa cocyma oJMHAKOBOTO oOBeMa cojepkaT Kuciopon. B
oaHOM cocyze aasienue p1 = 2 Mlla u remneparypa T1=800 K, B
npyrom P>=2.5 MIla, T,=200 K. Cocynbl coequumm TpyoKoi u
OXJIQIUIM HAXOMSIIMNCSA B HUX KHCIOPOJ 10 TemmepaTypsl T2 =
200 K. Onpenenuth ycTaHOBUBILIEECS B COCYAAX JABIICHUE P.

39. OmnpenenuTh OTHOCHTEIBHYIO MOJIEKYJSpHYIO Maccy My 1)
BOJIbI; 2) YIVIEKUCIIOTO rasa; 3) MoBapeHHOMN COJIH.

40.B Gamnone nHaxomutcs ras mpu temmeparype Ti= 400 K. [o
Kakol TemmnepaTypsl T2 Hajgo Harperb ras, 4yToObl €ro JaBJICHHE
yBeIU4miIoch B 1,5 paza?

41.Haitftn mmotHOCTh p a3zota npu temmeparype T= 400 K u
nasienuu P =2 MlIla.

42.0npenenuTb CpPEeTHIO KWHETHYECKYI0 DHEpPTrui0 <&€> OIHON
MOJIEKYJIbI BOASHOTO napa npu temneparype T= 500 K.

IIpoueaypa oneHuBaHusd 3a4era

3aueT nMpoxoauT B (hopMe TECTUPOBAHUS HCIOIb30BAaHUEM AIEKTPOHHOU cpenbl Ims-test.
B cooTBercTBUU ¢ pacnrcaHueM (rpaMKOM MPOMEXYTOUHOM aTTeCTalliu) OTKPHIBAETCS JOCTYI
K IIPOXO0K/IEHUIO TECTUPOBAHHUS /111 BCEX CTYIEHTOB Ipymibl. CTyIeHTY NpeIoCTaBIseTCs epBast
HOMBITKA JJIUTEIBHOCThI0 B 40 MUHYT Ha pelIeHue TeCTOBOro 3ajaHus, cocrosimero usz 30
BonpocoB. [Tocie 0TBETOB Ha TECTOBBIE 3aaHMs], CTY/ICHT 3aBEpPIIAET IEpBYIO MONBITKY. He MeHee
yeM uepe3 10 mocie 3aBepIieHus IepBOi MOMBITKH, CTYAEHTY IPEAOCTABIIAETCS BTOpas MOMBITKA
JUIUTETBHOCTHIO B 40 MUHYT Ha pellIeHHe TECTOBOTO 3a/1aHus, cocrosmiero u3 30 Bonpocos. [locie
OTBETOB Ha TECTOBBIEC 3aJaHHUs, CTYJEHT 3aBeplIaeT BTOPYIO MOMNBITKY. [Ipu oleHke perieHus
TECTUPOBAHUS YUUTHIBACTCS HAWITYUIITHI pe3yIbTar.

O1eHKa BBICTABIISETCS:

«3aUTEHO», €CIIM HaWjydlllasg T[ONbITKa pEUIeHUs TECTUPOBAHMS XapaKTepU3yeTcs
pe3ynbraToM He Hke 50%;

«HE 3a4YTEHO», €CIU pe3ylbTaT HaWIydlled MONbITKA pEeUIeHUs] TEeCTHUPOBAHUS
XapakTepusyercs pe3ysbraToB MeHee 50%.

[IIxana oueHNBaHUA 3a4YeTa

| Ouenka | Omnucanne




3auTeHo

Hawnnyummii pezynbrar rectupoBanus: He MeHee 50%

Crnoco0eH pemarb
THUIIOBBIE 33]]a41
npodeccHoHaIbHON

3HAHUH OCHOBHBIX
3aKOHOB
MaTeMaTUYECKUX U
€CTECTBEHHBIX HAYK C
MIPUMCHCHHEM
MH(POPMAIIMOHHO-
KOMMYHHKAITMOHHBIX
TEXHOJIOTHI

JACATCIIBHOCTH HA OCHOBE

He 3auteno Hawnnyumnii pesynbrat TectupoBanusi: MeHee 50%
3 Bonpockl K 3K3aMeHy
HaumenoBanue Bomnpocst
KOMIIETEHIINH
4 cemecTp
OIIK-1 OcHOBHBIE (OTOMETPUUYECKUE BETMUUHBI U UX €JUHULIBI.

Passutne npencraBineHud o npupone csera. KorepeHTHOCTh U
MOHOXPOMaTUYHOCTb CBETOBBIX BOJIH.
CBeroBble BOJNHBI M HX XapakTepucTuku. MHTepdepeHuus
CBETOBBIX BOJH. YCIOBHS MakCUMymMa M MHHUMyMa IpU
UHTEpEPEHIINN CBETA.
KorepeHTHOCTh 1 MOHOXPOMATUYHOCTh CBETOBBIX BOJIH.
Mertoabl HabIOeHUS UHTEPPEPEHIINN CBETA.
[loHsiTHE O 30HHOW TEOPUU TBEPABIX Tel. MeTasuibl, JUINEKTPUKU
Y IIOJIYIIPOBOJHUKH 110 30HHOW TEOPHH.
CobcTBeHHas MPOBOUMOCTD MOTYTIPOBOTHUKOB.
IIpumecHas IpOBOAUMOCTD ITOTYIPOBOJIHHUKOB.
DOoTONPOBOIUMOCTh MOJIyITPOBOIHUKOB. JlromuHecueHuus
TBEPAbIX TEN.

. KOHTaKT IByX MeTaioB O 30HHOH Teopuu. TepMornekTpuueckue
SBJICHUS U UX IPUMEHEHHUE.

. KOHTaKT 57€KTPOHHOTO W JABIPOYHOTO MOJIYMPOBOJHUKOB(P-TI-
nepexon). [TomynpoBogHuKoBbIe AMOABI U TPUOBI (TpaH3UCTOPHI).

. Pa3zmep, coctaB u 3apsan aToMHOro siapa. MaccoBoe U 3apsiioBoe
yucina. Jledekt Maccel U SHEPrUs CBSI3U AApa.

. CnuH sigpa ¥ ero MarHUTHBIA MOMEHT. SnepHble cuibl. Monenu
anpa.

. PagroakTuBHOE U3Ty4EHNE U €T0 BUIBIL.

. 3aKOH paIMOaKTUBHOTO pacmaja. [IpaBuia cMmemenus.

. 3AKOHOMEPHOCTH pacnaza. ['aMma-u3iaydeHue U ero CBOicCTBa.

. Pesonancnoe nornomnienne-u3nyuenue(ddpdext Méccbayapa)

. MeTo/1bl HaOIIOACHUS U PETUCTPALUU PAAHMOAKTUBHBIX U3Ty4eHUN
Y 4acTHII.

. SliepHble peakliiy U UX OCHOBHBIE THUIIBI.

. OTKpbITHE HEWTpOHa. SlnepHblEe peakuuu TMoj JAeHCTBHEM
HEUTPOHOB.

. Peakuus nenenus siapa. Llennas peakuust neneHust

. I[TonsiTve o AnepHOM dHepreTuke. Peakius CUHTE3a aTOMHBIX JIED.
[TpoGiema ynpaBiaeHUs] TEPMOSIEPHBIX pPEaKLIU.

. Kocmuueckoe nzinydenune. MooHsl 1 UX cBOWCTBAa. ME30HBI U UX
CBOMCTBA.

. Tunbl B3aUMOJEHCTBUN DJIEMEHTApPHBIX 4YacTUl. YacTuipl u
AQHTUYACTHUIIBI.

. I'uneponbl. CTpaHHOCTP M YACTHOCTb D3JEMEHTAPHBIX YaCTHIL.
Knaccugukanus snemenTapHbIx yactuil. KBapku.

IIpoueaypa oneHMBaHUA IK3aMeHA

3adet mpoxoauT B GopMe TECTUPOBAHMS UCIIOIH30BAaHUEM DIIEKTPOHHOU cpespl Ims-test.
B cootBercTBHE ¢ pacnircanueM (TpaduKoM MPOMEKYTOUHON aTTeCcTallii) OTKPHIBACTCS JTIOCTYIT




K IPOXO0>KJICHUIO TECTUPOBAHUS JIJIsl BCEX CTYACHTOB rpynibl. CTYJAEHTY MPEA0CTaBISAETCS IepBast
MOMBITKA JIUTEIBHOCTHIO B 45 MHUHYT Ha pEUIEHHE TECTOBOrO 3aaaHusi, coctosimero uz 30
BoIpocoB. [locie 0TBETOB Ha TECTOBBIE 3a/1aHMs, CTYJICHT 3aBEpIIacT NEpBYIO MONbITKY. He menee
yeM uepe3 10 mocie 3aBepiieHus MepBoil MOMBITKH, CTYIEHTY MPEIOCTABIISIETCS BTOPas MOMbITKA
JUTUTEJIBHOCTBIO B 45 MUHYT Ha pelieHre TeCTOBOro 3aanusi, coctosiero u3 30 Bomnpocos. [Tocie
OTBETOB Ha TECTOBBIC 3aJjaHMs, CTYIEHT 3aBepIlaeT BTOPYIO MONbITKY. [Ipu oleHke pemeHus
TECTUPOBAHUS YUUTHIBACTCS HAWIYUIIUNA PE3YNbTAT.

OneHka BbICTaBISETCS:

«3a4T€HO», €CJIM HaWjyyllasi TIIOMNbITKA pEeLIEHUs TECTUPOBAHUS XapaKTepU3yeTCs
pe3ynbTaToM He Huxke 50%;

«HE 3a4T€HO», €CIU pe3yJbTaT HaWIy4ylled TMOMBITKH PEIICHUS TECTUPOBAHUS
XapakTepusyercs pe3ysbTatoB Menee 50%.

Ikana oueHUBAHUA DK3aMeHA

%o BBINOJHEHUSA 3aJaHUA Bajaa mo 5-0ajabHO# cucreMme
86 — 100 5
71 -85 4
50-70 3
meHee 50 2

4 KoMIuieKT 3aJaHuil 1151 KOHTPOJIbHOU padoThI
Konrponsnas padora Nel (4 cemectp)

No 3aJa4u
BapHaHTa

1 1 11 21 31 41 51 61 71
2 2 12 22 32 42 52 62 72
3 3 13 23 33 43 53 63 73
4 4 14 24 34 44 54 64 74
5 5 15 25 35 45 55 65 75
6 6 16 26 36 46 56 66 76
7 7 17 27 37 47 57 67 77
8 8 18 28 38 48 58 68 78
9 9 19 29 39 49 59 69 79
10 10 20 30 40 50 60 70 80

Pazoen 1. Quzuueckue ocHogvl Mexanuxu.

Teno OporieHO BEPTUKAIBLHO BBEPX C HAYaIbHOM CKOPOCTHIO Vo = 4 m/c. Korga oHo mocTUTrio
BEpXHEW TOYKHM MOJIETAa M3 TOTO K€ HAYaJbHOrO MYHKTA, C TOM K€ HAYaJIbHOW CKOPOCTBIO VLo
BEPTHKAIBHO BBEpX OpolieHo BTopoe Teno. Ha xakom paccTossHMM h OT HA4aabHOTO MyHKTA
BcTpetarcs Tena? ConpoTuBIEeHUE BO3/1yXa HE YUUTHIBATb.
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MatepuanbHas TOUKa JBHKETCS HPAMOIMHEHHO ¢ yckopeHHeM a = Swm/c?. OmnpenenuTs, Ha
CKOJILKO TyTh, MPOUACHHBIA TOYKOM B N-I0 CEKyHIY, OyaeT OoJbIle MyTH, MPOWIEHHOTO B
npeapayiyto cekynay. [punasars vo = 0.

JIBe aBTOMAIIMHBI BIDKYTCSA TI0 IOPOTaM, YToJl Mexkay KoTopsivu o, = 60°. CKopocTh aBTOMAIINH
V1= 54 kM/9 1 V2= 72 kM/4. C KaKOi CKOPOCTHIO V yJAISIFOTCS MAIIMHBI OHA OT IPYTron?
MarepuanpHas TOYKa JBMXKETCS NPSIMOJUHEHHO C HAYaJlbHOM CKOpPOCThIO Vo = 10 m/c m
TIOCTOSHHBIM YCKOpeHHeM a = -5 M/c’. OIpenenuTh, BO CKOIBKO pa3 IyTh AS, MPOMIeHHbII
MaTepuaibHONW TOUKOW, OyJaeT mpeBbIIaTh MOIYJIb €€ mnepemenienus Ar ciycts t = 4 ¢ mocie
Hayaja OTCYETa BPEMEHH.

Benocuneauct exan u3 oJJHOro MyHKTa B Apyroii. [lepByio TpeTh MyTH OH Mpoexall Co CKOPOCThIO
v1= 18 kM/4. [laiee MOIOBUHY OCTABIIIErOCsS BPEMEHH OH €XaJl CO CKOPOCTBIO V2= 22 KM/4, IMOCIIe
Yero 0 KOHEYHOTO MYHKTa OH IIEJ MEIIKOM CO CKOPOCTBhIO V3= 5 kM/4. OnpeaenuTh CpeaHIo
CKOPOCTh <> BCJIOCHUIICIUCTA.

Teno 6pomeno nox yriaoMm o = 30° k TOpu30HTY €O cKopocThio Vo = 30 M/c. KakoBsl 6ymyT
HOPMAaJIbHOE an U TAHMEHUUAIbHOE a;, YCKOPEHUs Teja 4depe3 BpeMs t=Ic mocie Haudana
NBIKEHUA?

MarepuanpHasi TOYKA ABMKETCS TI0 OKPY)KHOCTH C TIOCTOSTHHOM YTIIOBOM CKOPOCTBIO ®=1t/6 pajy/c.
Bo ckonbpko pa3 myth As, mpoiiieHHBIH TOYKOW 3a Bpemsi t=4 c, Oyzmer Ooiblie MoOayns ee
nepemenieHus Ar? IIpuHATh, 4TO B MOMEHT Hayalla 0TCUeTa BpEMEHH PauyC-BEKTOP I, 3a1at0ILUN
MOJIO’KEHHE TOUYKH Ha OKPY>KHOCTH, OTHOCUTENIbHO UCXOAHOTO MOJIOKEHHsI ObLT TOBEPHYT HA YTOJ
Qo = 7/3 pan.

MatepuansHas TOUKa JBHKETCS B IUIOCKOCTH XYy COTTIACHO ypaBHEHHAM Xx=A1+Bit +Cit? u
y=Az+Bst +Cat? , e B1=7 m/c, C2= - 2 M/c?, Bo= -1 m/c, C2 =0,2 m/c?. HaliTi MOIyIIH CKOPOCTH
U YCKOPEHHsI TOYKH B MOMEHT BpeMeHu t = 5 c.

[To xpar0 paBHOMEPHO BpAIAIOMICHCS C YIIIOBOH CKOPOCTBIO ® = 1 paa/c miaThopMbl HIET
yenoBeK U 00xonuT riardopmy 3a Bpems t= 9,9 c. KakoBo Haubosnbliiee ycKOpEHUE a IBHKEHUS
yenoBeka oTHocuTenbHO 3emuu? [IpunsTh paguyc miardopmsl R = 2 .

Touka ABMXKETCA MO OKPYXKHOCTU pagnycoM R=30 cM ¢ MOCTOSHHBIM YIJIOBBIM YCKOpPEHHEM €.
Onpenenutbh TaHMEHIMAIBHOE YCKOPEHHUE a; TOYKH, €CIM M3BECTHO, YTO 3a BpeMs t = 4 ¢ OHa
COBEpIINIA TPH 000pOTa ¥ B KOHIIE TPETHETO 000POTa ee HOPMAIbHOE YCKOpeHHe an=2,7 M/c?.
[Tpu ropu30HTATILHOM I0JIETE CO CKOPOCTHIO L = 250 M/c cHapsJ Maccoil m = 8 Kr pa3opBaJics Ha
IBe yacTH. bosbinas yacTh Maccoil m1 = 6 Kr moiy4uia ckopocts u1 = 400 mM/c B HampaBIeHUH
noJsieta cHapsiaa. OnpeneanTb MOAY/b U HallpaBJI€HWE CKOPOCTH U2 MEHbILIEH YacTH CHaps/a.

C Ttenexku, cBOOOJHO ABWXKYIIEHCS MO TOPU3OHTAIBHOMY IYTH CO CKOPOCTBIO V1=3 M/C, B
CTOPOHY, NMPOTHUBOMNOJIOKHYIO JIBUKEHHUIO TENEXKKH, MPBITAaeT YeNOBEK, MOCJIE YEero CKOPOCTh
TEJIEKKU M3MEHWIIaCh U CTajla paBHOM u1=4 m/c. Onpenenuts ropu30HTAIBHYIO COCTABIISIOLIYIO
CKOPOCTH U2x YEJIOBEKA IIPH NMPBIKKE OTHOCUTENIBHO TeNeKKH. Macca tenexxku mi=210 kr, macca
yesnoBeka m=70 Kr.

Opyaue, )XeCTKO 3aKperIeHHOE Ha JKeJIe3HOJOPOKHOM Tuatdopme, MPoU3BOIUT BBICTPEN BIIOJIb
TONOTHA KeJe3Ho# goporu moa yriaom o= 30° k muHME Topu3oHTa. OHpENeTuTh CKOPOCTh U2
OTKaTa TuIaTGopMBbl, €CITU CHapsi BbUIETAeT cO CKOpocThio u1=480 M/c. Macca miatdopmsl ¢
opyzaueM U cHapsaamu me= 18 T, Macca cHapsga me=60 Kr.

Yenosek Maccoit mi= 70 Kr, O€Tymiuii CO CKOPOCTHIO V1=9 KM/4, IOTOHSET TEIEKKY MACCON mo=
190 Kr, ABMIKYIIYIOCS CO CKOPOCTBIO V2=3,6 KM/4, U BCKakuBaeT Ha Hee. C Kakoil CKOPOCThIO
CTaHET JIBUTAThCS TeJekKa ¢ 4yernoBekoM? C KakoW CKOPOCTBIO OYIET TBUTATHCSA TEJIEKKa C
4eJI0BEKOM, €CJIM YeJIOBEK JI0 MPbDKKA Oekall HaBCTpeuy TeJIexKe?

KoHpK0OeKell, CTOS Ha KOHbKAX Ha MBIy, OpocaeT KaMeHb Maccoi mi = 2,5 kr moz yriom a= 30°
K TOpPH30HTY cO ckopocThio v = 10 m/c. KakoBa OymeT HayanbHas CKOPOCTh Vo JBHIKEHUS
KOHBbKOOEXKIIa, eciiu Macca ero my = 60 kr? [lepememnienneM KOHBKOOEKIIa BO BpeMsi Opocka
npeHeopeys.

Ha mony crout Tenexka B BUIE JJIMHHOW JTOCKH, CHAO)KEHHOW JIETKMMH Kojiecamu. Ha omHOM
KOHIIE JIOCKHM CTOMUT 4yenoBek. Macca ero ma = 60 kr, Macca 1ocku mz = 20 kr. C Kakoil CKOPOCTBIO
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(OTHOCHUTENBHO 101 ) OyJeT ABUraThCs TeNEXKKa, €CIIM YeIOBEK MOUIET BAOIb HEe CO CKOPOCTHIO
(oTHOCHTENBHO MOCKK) L = 1 M/c? Maccoit Konec u TpeHHeM MpeHeOpeyb.

CHapsn, neteBmuii co ckopocthio v = 400 M/c, B BepXHEW TOYKE TPACKTOPHH Pa30opBaJICs Ha JBA
OCKOJIKa. MeHbIIMI OCKOJIOK, Macca KoToporo coctaniseT 40% oT maccel CHapsaa, OJIeTeN B
MPOTUBOIMOJIOKHOM HAMpaBIEHUU CO CKOpOoCcThio ur = 150 m/c. Ompenenuith CKOPOCTh U2
0O0JIBIIETO OCKOJIKA.

JIBe onuHakoBble Joaku Maccamu m = 200 Kr kaxzjass (BMECT€ C YEJIOBEKOM U Ipy3aMu,
HaXOJSIIMMUCA B JIOJKax) JBIXKYTCS MapajUIeIbHBIMH KypcaMu HaBCTpedyy ApYyr Ipyry ¢
OJIMHAKOBBIMH CKOpOCTsMHU U = 1 M/c. Korna 101k mopaBHSINCH, TO C IEPBOI JOKH HAa BTOPYIO
U CO BTOPOl Ha MEPBYIO OJHOBPEMEHHO IepedpachiBaloT Tpy3sl mMaccamu mi = 200 Kr.
Ornpeaenutb CKOPOCTH U1 U U2 JIOJIOK MOCJe nepedpachiBaHUs TPY30B.

Ha ckonpko nmepeMecTuTess OTHOCUTENNBHO Oepera jojaka amHor L=3,5 M u maccoi my = 200 kr,
€CJIM CTOAILIMN Ha KOpMeE 4ejoBeK Maccoil mz = 80 Kr mepeMecTUTCsl Ha Hoc Jioaku? Cuurarh
JIOJIKY pacoJIOKEHHOM MepneHAUKYIIpHO Oepery.

Jlonka nmunoit L = 3 M m maccoit m = 120 kr cTouT Ha crnokoiiHoW Boje. Ha Hocy u xopme
HaxomaTcsl ABa peibaka Maccamu mi = 60 kr u mz = 90 kr. Ha ckonbKO CIOBHHETCS JIOJKa
OTHOCHTEJIBHO BOJBI, €CJIA PHIOAKH TOMEHSIOTCSI MECTaMu?

B nepeBsiHHBIN map Maccoil mi = § Kr, MOJABEHICHHbIA HA HUTH JuyiMHON L = 1,8 M, momnamaer
TOPU30HTAIIBHO JIeTALIas myJisg Mmaccol mz = 4 r. C Kakoil CKOPOCTBIO JIETela MYJIsl, €CJIU HUTh C
IapoM U 3acTpsIBLIEH B HEM ITyJIed OTKJIIOHMJIACh OT BEPTUKAIU Ha yroa o= 3°? Pa3mepom mapa
npeHeOpeyb. Y iap myinu CYUTATh NPSMBIM, HEHTPAIbHBIM.

[To HeGoBIIOMY KYCKY MSTKOTO XKelie3a, JiexalleMy Ha HakoBalbHe Maccoit mi= 300 kr, yaapser
MOJIOT Maccoi mz = § kr. OnpeaenuTs Kij 1 yaapa, eciau yaap Heynpyruid. [lonesHoii cunrath
SHEPTUI0, 3aTPauCHHYIO Ha JeOopMaIUIo KyCcKa xKele3a.

[Iap maccoit My = | Kr ABMKETCS CO CKOPOCTHIO L1 = 4 M/C M CTAJIKMBAETCS C IIAPOM MACCOU M2
= 2 KT, IBIXKYIIIUMCS] HABCTPEUY €My CO CKOPOCThIO V2 = 3 M/c. KakoBbI CKOPOCTH U1 U U2 IIAPOB
nocie yaapa? ¥Yaap cuutaTh aOCOJIIOTHO YIPYTHM, PSMBIM, HEHTPaIbHBIM.

[lap maccoii my = 3 KT IBUKETCS CO CKOPOCTHIO V1 = 2 M/C ¥ CTAJIKUBAETCS C MOKOSIIUMCS IIapOM
maccoit my = 5 kr. Kakast pabora Oyner coepuiena npu aedopmanuu mapoB? Yaap CUHTaTh
a0COIOTHO HEYNPYTUM, MPSIMBIM, LIEHTPATbHBIM.

Onpenenuts KIIJ[ n Heynpyroro ynapa 6oiika maccoid mi = 0,5 T, majaromero Ha cBar0 Maccoiu
m2 = 120 kr. [Tone3Hoi cunTaTh SHEPTHUIO, 3aTPAuCHHYIO Ha BOUBAaHUE CBaH.

[ITap mMaccoit m1 = 4 KT ABUKETCS CO CKOPOCTHIO V1 = 5 M/C M CTAJIKUBAETCS C IIAPOM MacCoi my
= 6 KI, KOTOpBIN JABMXKETCS €My HaBCTpeUy cO CKOPOCThIO V2 = 2 M/c. OnpeaeauTs CKOPOCTH U1 U
U2 IIapoB MOCIIE yaapa. Y 1ap C4MTaTh aOCOIIOTHO YIIPYTUM, IPSIMbIM, LIEHTPAJIbHBIM.

W3 cTBOJIa aBTOMATHYECKOIr0 MUCTOJIETa BbuleTena myist Maccoi m1 = 10 r co ckopocThio v= 300
M/c. 3arBop muctojeta Maccod mz = 200 r mpuKUMaeTcs K CTBOJIY MPYKUHOM, >KECTKOCTh
kotopoit k = 25 kH/M. Ha kakoe paccrosiHue oToiineTr 3aTBop mocie BeicTpena? Cuutarh, YTO
MUCTOJIET KECTKO 3aKPEIlIEH.

[Tap mMaccoii my = 5 KT IBUKETCS CO CKOPOCTHIO V2 = 1 M/C M CTAJIKUBAETCS C MOKOSIIIUMCS IIIapOM
Maccoit my = 2 kr. OnpenenuTs CKOPOCTH U1 U Uz IIAPOB TMOCIIE yAapa. Y aap cuuTaTh aOCOIOTHO
YIOPYTUM, TIPSIMBIM, [IEHTPAIbHBIM.

W3 opynus, HE HUMEIOUIEr0 IPOTUBOOTKATHOTO YCTPOWCTBA, IMPOU3BOJAMIACH CTpenbda B
TOPU30HTAILHOM HamnpasieHnu. Korna opyaue ObU10 HEMOBUKHO 3aKPETIIICHO, CHAPS] BBLIETEI
€O CKOpOoCThIO V1 = 600 M/C, a KOT/1a OPYIUIO JTaJTl BO3MOKHOCTHh CBOOOHO OTKAThIBATHCS HA3aI,
CHapsJT BBUIETEI CO CKOPOCTHIO L2 = 580 Mm/c. C KaKoil CKOPOCTHIO OTKATHIIOCH IIPH ATOM Opyaue?
[Hap mMaccoif m1 = 2 Kr CTaJIKUBAETCS C MOKOSIIIUMCS IIapoM OOJIbIIeH MacChl U IPU ATOM TepsieT
40% xuHeTnuyecko sHepruu. OnpeaenuTb Maccy mz OOJIBIIETro Imapa. Y Jap CUuTaTh aOCOIOTHO
VIIPYTHM, TIPSIMBIM, [ICHTPAIBHBIM.

Onpenenutb, paboTy pacTsDKEHHS BYX COCIUHEHHBIX MOCIEI0BATEIbHO MHPYKUH JKECTKOCTBIO
ki =400 H/M u k2 = 250 H/m, ecnu niepBasi mpy>KMHa IIPU 3TOM pacTsHyiack Ha Al =2 cm.
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N3 maxTe! riryouHoit h = 600 M mogHUMalOT Ki1eTh Maccoit m1 = 3,0 T Ha KaHaTe, KaXIbI METp
KoToporo mMmeer maccy m = 1,5 kr. Kakas pabora A coBepmiaercs mpu MOJHSATHU KIETH Ha
noBepxHocTh 3emin? KakoB k03¢ (HUIIMEHT TOJIE3HOT0 NEHCTBHS 1) TOABEMHOTO YCTPOUCTBA?
[Ipyxxuna xectrocThio k = 500 H/m cxata cunmoit F = 100 H. Onpenenuts paboTy A BHeUTHEH
CHWJIBI, IOTIOJTHUTEIFHO CKUMAIOMICH MPYy)uHy emie Ha Al = 2 cm.

JBe npyxunsbl )xecTkocThio k1 = 0,5 kH/mM 1 ko = 1 kH/M ckpemiens! napamienbHo. OnpeaennTh
NOTeHIMaNbHYI0 dHepruto [1 manHo# cucreMsl pu abcomoTHOM nedopmanuu Al =4 cm.

Kakyro Hy)KHO coBepIIUTh paboTy A, 4TOOBI PYKUHY kecTKOCThI0 k = 800 H/M, cxkaryro Ha X =
6 cM, JIOIIOJIHUTEIBHO CKaTh HAa AX = 8 cM?

Ecnu Ha BepXHUI KOHEIl BEPTUKAIBHO PACIIONOKEHHON CIIUPAIbHON MPYKUHBI MOJI0KHUTH TPY3,
TO TpykuHa coxmercss Ha Al = 3 Mm. Ha CKOJIBKO COXMET NpPYKUHY TOT K€ Ipy3, yIIaBIIMHA Ha
KOHEII MTPY>KUHBI C BBICOTHI h= 8 cm?

W3 npy>KMHHOTO MUCTOJIETa C MPYKUHOM kecTKocThio k = 150 H/M Obut mpon3BeneH BhICTpeEN
myJei maccoid m = 8 r. OnpeaenuTs CKOPOCTh L MYJIH MPU BbUIETE €€ U3 MUCTOJIETa, ECIIU MPY>KUHA
ObLIa ckata Ha AX =4 cM.

HanereB Ha npyxuHHBIN Oydep, Baron maccoi m = 16 T, IBUraBIIUiCs cO CKOpocThio v = 0,6
M/C, OCTAaHOBHJICSI, C3kaB MpykuHy Ha Al = 8 cM. Haiitu o6mryro sxectkocTh k ipyxun Oydepa.
ens mmuuHOoMt 1 = 2 M JIeXKUT HaA CTOJIe, OJHUM KOHIIOM cBucas co crona. Eciu nnmuna
CBEIIMBAIONIEHcss JacTH mpeBbimaer 1/3 1, To memb cockanb3biBaeT co crosa. Onpenenutsb
CKOPOCTH L IIENH B MOMEHT €€ OTphIBa OT CTOJA.

Kakas paboTta A moipkHA OBITH COBEPIICHA MPU MOIHATHH C 36MJIA MAaTEPUAIIOB JIJIS IOCTPONKHU
HWIMHIPUYECKON TBIMOXOHOU TpyOb!I BeicOTOM h = 40 M, HapyxHbIM quameTpoM D = 3.0 M u
BHyTpeHHNM guametpoM d = 2,0 M? [InoTHOCTH MaTepuana p IpHHATH paBHOii 2,8-10° kr/M°,
[Hapuk maccoii m = 60 r, mpuBA3aHHBINA K KOHIY HUTU JUIMHOM 1 = 1,2 M, Bpamaetcs ¢ 4acTOTOM
N1 =2c?, onupasck Ha TOPH3OHTAIBHYIO IIOCKOCTh. HUTh yKOpaunBaeTcs, NpUOIMKas MAapHK K
ocu 110 paccrosiHus lo= 0,6 M. C kako#t 4yacToToii nz OyAeT mpu 3ToM BpamaThes mapuk? Kakyro
paboTy A coBeplIaeT BHEWIHSAS CWJIA, yKopauuBass HMTb? TpeHHeM IIapuka O IIOCKOCTh
peHeOpeyb.

[To xacaTenbHOM K IIKMBY MaxOBHKa B BHUJIE TuUcKa auaMmerpoM D = 75 cm u maccoit m = 40 xr
npunoxkena cuia F = 1 kH. OnpegenuTs yriioBoe yCKOpeHHE € M 4aCcTOTY BpAIllEHUsI h MaxOBHKa
yepe3 Bpemst t = 10 ¢ mocie Havana ASMCTBUS CHIIBI, €CIU paguyc r mKuBa paBeH 12 cm. Cunoi
TpEeHUs peHeOpeyb.

Ha o6on maxoBuka mquamerpom D = 60 ¢cM HamMOTaH HMIHYp, K KOHI[y KOTOPOTO TIPUBS3aH TPYy3
mMaccod m = 2 kr. OmnpenenuTs MOMEHT HHEpUMM J MaxOBHKa, €CIM OH, BpaIIasCh
PaBHOYCKOPEHHO MO JEHCTBHEM CHIIBI TSKECTH Ipy3a, 3a Bpems t = 3 ¢ nmpuodpen yrioByro
CKOpocTh ® = 9 pag/c.

Hute ¢ npuBsizaHHBIMU K €€ KOHILIaM rpy3aMu Maccamu m1 = 50 r u mz = 60 r nepekuHyTa uyepes
650k aquametpom D = 4 cm. Onpenenuts MOMEHT UHepLUUH J OJ0Ka, €Cly Mo 1eHCTBUEM CHIIBI
TSKECTH TPY30B OH TIONydHI YriaoBoe yckoperue € = 1,5 paa/c?. TpeHreM U IpOCKanb3bIBAHHEM
HUTHU 10 OJIOKY npeHeOpeyb.

CreprxkeHb BpalaeTcs BOKPYT OCH, IPOXOJSIIEH uepe3 ero cepeiuHy, COrjacHO YpaBHEHHIO ¢ =
At + Bt® rae A = 2 paw/c, B = 0,2 pag/c®. Onpenenuts Bpamaomuii MoMeHT M, neficTByromuit
Ha CTepKeHb Yepe3 BpeMs t = 2 ¢ Moclie Hayalla BpalleHUs, €CJIM MOMEHT UHEPIUH CTepXkHS J =
0,048 xr'™m .

[To ropu3oHTalbHON IJIOCKOCTH KAaTUTCS JHUCK €O CKopocThio v = 8 wm/c. Ompenenuth
KOO(QQUIMEHT CONPOTHBICHMS, €CIM JUCK, OyAyud TpeloCTaBICHHBIM caMoMy cebe,
OCTaHOBWJICS, TPOMAS MyTh S = 18 M.

OnpenenuTb MOMEHT CHIIbI M, KOTOpBI HEOOXOAMMO NMPHIOKUTH K OJIOKY, BpallaroIeMycs ¢
gactotoit n = 12 ¢ | 406K OH OcTaHOBHIICA B TeueHHe BpeMeHn At= 8 c. JJuamerp 610ka D =
30 cM. Maccy 610ka m = 6 KT CUMTaTh pAaBHOMEPHO paciipeielIeHHON 1o 000Ty.
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brok, umerormmii popmy aucka maccoit m = 0,4 Kr, Bparaercs moj IeHCTBUEM CHITBI HATSHKCHUS
HUTH, K KOHIIaM KOTOPOM MOABEIIECHBI Tpy3bl MaccaMu m1 = 0,3 kr u my = 0,7 kr. Onpenenurs
cuibl HaTsbkeHust T1 u T2 HuTH 10 006€ CTOPOHBI OJI0KA.

K kpato crona npukperuien 010k. Uepes 010k nmepekuHyTa HEBECOMasi M HEpacTsXKUMasi HUTh, K
KOHIIaM KOTOPOM IMPUKpPEIIEHBI Ipy3bl. OUH Ipy3 ABUKETCS IO IOBEPXHOCTHU CTOJIA, a IPYIOM -
BJIOJIb BepTHKaMM BHU3. Onpenenuts k03QPUIHUEHT | TPEHHUs] MEXIY MOBEPXHOCTIMH Tpy3a U
CTOJIa, €CITM MacChl K&KJO0T0 Ipy3a U Macca 0JI0Ka OJIMHAKOBBI M TPY3bl IBMKYTCS C YCKOPEHUEM
a = 5,6 m/c®>. TIpockanb3bIBaHHEM HUTH IO OJOKY M CHJIOH TpeHHs, AeiiCTBYIOIIEH Ha OIIOK,
npeHeOpeub.

K xoHI1aM J1eTKoi 1 HepacTSHKUMOU HUTH, IEPEKUHYTOHN uepe3 OJI0K, OIBEIICHbI IPY3bl MacCaMu
mi= 0,2 xr u mz = 0,3 xr. Bo CKOJIBKO pa3 OTJIMYAIOTCS CHJIBI, ACHCTBYIOIME HA HUTH MO 00€
CTOpOHBI OT OJi0Ka, ecnu Macca 61oka m = 0,4 Kr, a ero ochb JABHKETCS BEPTHUKAIbHO BBEPX C
yckopenueM a = 2 M/c?? CunaMu TpeHHs U IIPOCKANb3bIBAHUS HUTH 10 OJIOKY MpeHeOpeys.

Ha ckambe JKyKOBCKOIO CUIUT YEJIOBEK U JACPKUT HA BBITAHYTHIX PyKax T'MPU Maccol m = 5 Kr
Kaxas. Paccrostaue oT Kaxoii rupu 10 ocu ckambu | = 70 cm. Ckambs Bpalaercsi ¢ 4acTOTOH
N1 = 1 ¢’t. Kak u3MeHuTCS YacToTa BpaIleHUs CKaMbH M KaKylo paboTy A MpPOU3BEIET YeloBeK,
€CJIM OH COXXMET PYKH TakK, YTO PACCTOSIHUE OT KaXKJI0M THPHU 10 OCH YMeHbIUTCS 110 l2 = 20 cm?
MOMEHT HHEpIUH YeoBeKa i CKaMbHi (BMECTE) OTHOCHTENBHO ocH J = 2,5 kr-M2.

Ha ckambe JKyKOBCKOIO CTOUT Y€I0BEK U AEPKUT B PyKax CTEPKEHb BEPTUKAIBHO 110 OCH CKAMbH.
Ckambs ¢ 4eJIOBEKOM BPaIllaeTCs ¢ YIIIOBOUM CKOPOCThIO w1=4 paj/c. C Kakoi yriioBOM CKOPOCTHIO
2 OymeT BpamaThCsl CKaMbsl C YEJIOBEKOM, €CIIM TOBEPHYTH CTEPKEHb TaK, YTOOBI OH 3aHUI
rOpH30HTaIbHOE ToNokeHne? CyMMapHBIi MOMEHT MHEPIMH 4elOBeKa M CKaMbH J=5 Kr-M2.
Hmuna crepxns 1= 1,8 M, macca m=6 kr. CyWTaTh, 4TO LEHTP MAacC CTEPXKHS C UYEIOBEKOM
HAXOJHUTCS Ha OCH MJIATPOPMBI.

[Tnatrdopma B Buae nucka auamerpom D = 3 M 1 maccoit m = 180 Kr MOKeT Bpamarbcsi BOKPYT
BepTHKaNbHON ocH. C KaKoW yriaoBOW CKOPOCTHIO 1 OYJEeT BpalaThes 3Ta miathopma, eciu 1o
ee Kparo IOHAET YenoBeK Maccoil me=70 Kr co ckopocThio V=L,8 M/c oTHOCHTENBHO TIaTHOPMBI?
[Tnardopma, umerommas GhopMy AKMCKa, MOXKET BpallaTbcs OKOJO BEpTHUKaIbHOM ocu. Ha kparo
1aTopMbl CTOUT YesoBeK. Ha kakoil yron ¢ moBepHeTcs miatdopma, e€clid 4eJIOBEK MOHAeT
BJIOJIb Kpas miuaTdopMbl U, 000iii ee, BepHETCs B UCXOHYI0 (Ha miuatdopme) Touky? Macca
matdopmsl my = 280 kr, Macca yenoBeka my = 80 Kr.

Ha cxambe JKyKOBCKOrO CTOMT 4YENIOBEK M JEPKUT B PYKE 3a OCbh BEJIOCUIIEAHOE KOJECO,
Bpalllaroleecss BOKPYT CBOEH OCH C YITIOBOM CKOpOCThIO 1=25 paj/c. Ochk Kojeca pacnosoKeHa
BEPTUKAJIBHO M COBHANaeT ¢ ocblo ckambM JKykoBckoro. C Kakoil CKOpPOCTBIO (2 CTAaHET
BpAIIATHCA CKaMbs, €CJIH MOBEPHYTh KOJECO BOKPYT TOPU30HTANbHOH ocu Ha yron a=90%?
MoMeHT MHEepLIMH YeIOBeKa U ckaMbu J paBeH 2,5 KT*M?, MOMEHT nHepuuu koneca Jo = 0,5 KT M°.
OpnHopoHBIN cTepkeHb AnuHou 1= 1,0 M MoxeT cBOOOIHO BpamaTrbcs BOKPYT TOPU30HTAIbLHON
ocH, MPOXOJAIIEH Yepe3 OMH U3 €ro KOHLOB. B npyroif koHen aGCcosIIOTHO HEYNpyro yaapsieT
nyas Maccoll m=7 r, JeTsas NepueHAuKyIsIpHO CTEPXKHIO U ero ocu. Omnpeaenuts Maccy M
CTEPIKHS, eCJIH B Pe3yIbTaTe MOMAJaHus YN OH OTKIOHMICA Ha yron 0=60°. [IpHHATH CKOPOCTH
myau v=360 m/c.

Ha xpato mnargopMsl B BUJIE AMCKa, Bpallawomeiicss Mo HHEPIMHU BOKPYT BEPTUKAJIBHOW OCH C
4acToTOM n1=8 MHH' , CTOMT uenoBek Maccoif mi=70 kr. Korma denmosek mepemien B LEHTp
n1aThOpPMBI, OHA CTaNla BPAIAThCs ¢ YacToToi n2= 10 Mun™, Onpeaenuts Maccy my MIaTGopMsl.
MoMEeHT uHepLHHY YeT0BeKa PAaCCUUTHIBAThH KaK JUJIsl MAaTEPUAIbHON TOUKH.

Ha xparo HenoasmxHoi ckambu JKykoBckoro nuamerpom D=0,8 M n maccoii mi=6 Kr cTOUT
yesnoBek Maccod my=60 kr. C Kakoil yrioBOW CKOPOCTBIO () HAYHET BPAILATHCS CKaMbsl, €CIIH
4eJIOBEK MOoMMaeT JeTAIMM Ha Hero Mt Macco m=0,5 kr? Tpaekropus Msya rOpU30HTAIBHA U
npoxoauT Ha pacctosiHuM 1=0,4 M oT ocu ckambH. CKOpOCTh Mstua V=5 m/c.

["opuzonTanbHas maTgopma Mmaccoid mi= 150 Kr Bpaiaercss BOKpYr BEpTUKAIbHOM OCH, TPOXO/s
11eii yepes neHTp miatGopMbl, ¢ 9acToToit n=8mMuH"*. UemoBek Maccoit mz= 70 KT CTONT IPH 3TOM
Ha kpato 1atdopmbl. C Kakoil yrioBOW CKOPOCTBIO (» HAa4YHET BpaIlaThCs IUIATPOpMa, eciIu
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YeNoBeK IMepeieT oT kpas minatgopmel Kk ee meHtpy? CuuraTh IwarGopMmy KpYIIIbIM,
OIHOPOJIHBIM JTUCKOM, a YEJIOBEKA - MAaTEPHAIbHON TOUYKOM.

OnHOpoIHBIH cTepx)eHb JUHOM 1= 1,0 M 11 Maccoit M=(0,7 Kr mojiBeIIeH Ha TOPU30HTAIBLHOM OCH,
MIPOXOJISIICH Yepe3 BepXHUI KOHEIl cTepkHs. B Touky, orcrosmyro ot ocu Ha 2/3 1, abcomtoTHO
YOPYro yaapsieT myJisi Maccoll m=>5 Kr, JeTsiias NepreHIuKyIIpHO CTEPKHIO U ero ocu. [locne
y/1apa cTepeHb OTKIOHHICA Ha yroa 0=60°. Onpeaenuts ckopocTh MyJIH.

Onpenenuth HampsbkeHHOCTh G TpaBUTAMOHHOTO 1Moyt Ha BbicoTe h= 1000 kM Hajg
MOBEPXHOCTHIO 3emiid. CUUTaTh U3BECTHBIMU YCKOPEHHUE g CBOOOIHOTO NaJCHUS Y TOBEPXHOCTHU
3emun u ce paauyc R.

Kakas paborta A OyneT coBepilieHa CUJIaMU TPaBUTALIIOHHOTO TOJIS [IPH MaJeHUH A 3eMITIO Tefia
maccoid m = 2 kr: 1) ¢ Beicotsl h =1000 km; 2) n3 6eCKOHEYHOCTH?

N3 OecKOHEYHOCTH Ha MOBEPXHOCTh 3eMJIM MMajaeT Mereoput maccod m=30 kr. Ompenenutb
paboty A, KoTopas HpH 3TOM OYyJET COBEpILICHA CUJIAMU TPABUTAIMOHHOTO TMOJS 3E€MIIH.
YckopeHnre cBOOOIHOrO NajIeHUs g Y MOBEPXHOCTH 3eMIIH U ee pauyc R cuuTath n3BeCTHBIMHU.
C moBepxHOCTH 3eMJIM BEPTUKAIBHO BBEPX IyIIEHA PAaKeTa CO CKOPOCThIO V=5 KM/c. Ha kakyto
BBICOTY OHA MOJHUMETCS?

[To kpyroBo# opobute BOKpyr 3emiid oOpaiaercs CnyTHUK ¢ iepuogomM T=90 mun. Onpenenuts
BBICOTY CIyTHHKA. YCKOpPEHUE CBOOOJHOrO MaJCHUS g y MOBEPXHOCTH 3eMild M ee paauyc R
CUUTATh U3BECTHBIMH.

Ha kakom paccTossHMM OT LeHTpa 3eMJIM HaxOJUTCS TOYKa, B KOTOPOM HANpsHKEHHOCTH
CyMMapHOT'0 TpaBUTALIMOHHOTO 10Jist 3emin 1 Jlynsl paBHa Hymo? [IpuHsaTh, 4uTo Macca 3emiu B
81 pa3 Gonbiie Macchl JIyHBI U 9TO paccTosiHUE OT LEeHTpa 3eMiu A0 ueHTpa Jlynel paBao 60
pamuycam 3emiu.

CnyTtHHK oOpamaeTcsi BOKpYr 3emiiu 1o KpyroBoil opoute Ha BbicoTe h =520 kM. Onpenenutsb
nepuoJl OOpaIIeHus! CIIyTHUKA. Y CKOPEHHE CBOOOIHOTO MAaZCHUs g y TIOBEPXHOCTH 3eMII U €€
paauyc R cuntaTh N3BECTHBIMH.

Onpenenuts JMHEWHYIO U YIIIOBYIO CKOPOCTH CIYyTHHKA 3€MJIM, OOPAIAIOLIErocs 10 KPyroBoil
opb6ute Ha BbicoTe h = 1000 kM. YckopeHue cBOOOIHOTO Ma/leHusl g y MOBEPXHOCTH 3eMJIU U ee
pamuyc R cuuTath M3BECTHBIMH.

KakoBa macca 3emiu, eciiu U3BECTHO, UTO JIyHa B TeUEHUE rojia coepiaet 13 oOpaiieHuii BOKpyr
3emnu u paccTosHue oT 3emmu 10 Jlyas! pasuo 3,84-108 m?

Bo ckonbko pa3 cpeaHss IIOTHOCTh 3€MHOIO BEIIECTBA OTJIMYAETCS OT CPEAHEH MIOTHOCTH
ayHHoro? IIpunsate, uto pamuyc R; 3emun B 390 pa3 6onbiue paguyca R, JIyHbl 1 Bec Tena Ha
Jlyne B 6 pa3 MeHbllIe Beca Tea Ha 3eMJie.

Ha crepxxne qmunoit =30 cM ykperieHbl 1Ba OIMHAKOBBIX TPY3HUKa: OJIUH - B CEPEIMHE CTEPIKHS,
JIPYTOH - Ha OJJTHOM M3 €r0 KOHIIOB. CTepKeHb ¢ Ipy3aMu KOJIEOIETCs OKOJIO TOPU30HTAIBHOM OCH,
MIPOXO/Is IeH uepe3 CBOOOAHBIN KOHEI CTepKHs. OnpenenuTs NpuBeACHHYI0 AuHy L 1 mepuos
T mpocThIX TapMOHMYECKUX KOJeOaHWU MaHHOTO (pU3MYecKoro MasTHHKA. Maccoil cTepkHs
npeHeOpeyb.

Touka yqacTByeT OJJHOBPEMEHHO B ABYX B3aUMHO MEPIEHANKYISIPHBIX KOIEOAHUSX, YPAaBHEHHS
KOTOPBIX X = A; Sinsinwit u y= A, sinsinw,t, tae A1=8 cM, A=4 cM, w1=m=2 ct.
Hanucate ypaBHEHUE TpaeKTOPUH U MOCTPOUTH ee. [lokazars HanpaBieHne IBUKEHUS TOUKH.
Touka coBepmIaeT TPOCThIE TapMOHUYECKHE KONECOaHMs, YpaBHEHHE KOTOPBIX X = A
(00 sin wt, tae A=5 cm, ®=2 c'. B MoMeHT BpPEMEHH, KOT/Ia TOYKa 00Jiajaia MOTeHIIUaIbHOU
sueprueit [1=0,1 mJ[x, Ha Hee nelicTBoBana Bo3Bpamiatomas cuna F=5 MmH. Haiitu s3ToT MOMEHT
BpEMEHH t.

OnpenenuTh 4acTOTy V MPOCTBIX TapMOHUYECKUX KosiebaHuil naucka paanycoM R=20 cMm oxoio
TOPU3OHTAILHON OCH, TPOXOJSIICH 4Yepe3 CEepeauHy paauyca TUCKa TEPICHAUKYISIPHO €ro
MJIOCKOCTH.

Omnpenenuts nepuoa T MpocThIX rapMOHUYECKUX KojiebaHuil nucka paauycom R = 40 cMm okoso
TOPU30HTAILHOM OCH, MPOXOAAIIEH uepe3 00pa3yoIyio IUCKa.
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Onpenenuty mnepuon T komebaHW MaTeMaTHYeCKOr0 MAasTHHKA, €CIH €ro  MOIYib
MaKCHUMaJIbHOTO TiepeMetieHnst Ar= 18 cM 1 MakcuMasbHasi CKOPOCTh Umax—= 16 cM/C.
MarepuanpHasi TOYKa COBEPILACT MPOCThIE TAPMOHUYECKUE KOJIeOaHUs TaK, YTO B HAYaIbHBIN
MOMEHT BPEMEHH CMEIIeHHE Xo=4 CM, a CKOpocTh Vo= 10 cm/c. Onpenenurh aMIuiuTyny A u
HauvanbHyIo a3y o Konedanuii, eciu ux nepuog T=2 c.

CxnagpiBatoTcsi JABa KoyieOaHUS OJMHAKOBOTO HANpaBlIEHUS W OJMHAKOBOTO IMEpHOJa:
Xy =Aysinw,tx; =Ajsinegt tie A = A2 =3 oM, o1 = o2 = nct, 1=0,5 ¢. Onpenennts
aMIUTUTYAY A ¥ HadaJbHYIO a3y Qo pe3yabTHPYIOLEro konebanus. Hamucars ero ypaBHeHHE.
[TocTpouTh BEKTOPHYIO JUarpammy Jis MOMEHTa BpeMeHH t=0.

Ha rnagxkom ropu3oHTaqbHOM cTosie JIEKUT wmap Maccod M=200 r, OpUKpEIUIEHHbIH K
TOPU30HTAIILHO PACHOJIOKEHHOM JIETKON MPY)KUHE ¢ )KecTKocThio k = 500 H/Mm. B map monagaet
mynst Maccoid m= 10 r, nersmas co ckopoctbio V=300 M/c, u 3actpeBaeT B HeM. [IpeHeOperas
nepeMenieHIeM 11apa BO BpeMsl yAapa U CONPOTUBICHUEM BO3lyXa, OMPEIEIUTh aMILTUTYAy A U
nepuon T konebanuii mapa.

[ITapuk maccot m=60 r komebnercss ¢ mepuomoM T=2 c¢. B HayanbHBII MOMEHT BpEeMEHU
cmemenne mapuka xo=4,0 cM u oH obmamaer sueprueir E=0,02 J[K. 3amnucare ypaBHeHHE
MPOCTOTO TapPMOHUYECKOTO KOJeOaHUsl MIapuKa M 3aKOH HM3MEHEHHs BO3BPAILAIOUICH CHIIBI C
TE€YEHUEM BPEMEHHU.

Kontponsnas padora Ne2 (3 cemectp)

Ne 3aJa9u
BapUaHTa

1 1 11 21 31 41 51 61 71
2 2 12 22 32 42 52 62 72
3 3 13 23 33 43 53 63 73
4 4 14 24 34 44 54 64 74
5 5 15 25 35 45 55 65 75
6 6 16 26 36 46 56 66 76
7 7 17 27 37 47 57 67 77
8 8 18 28 38 48 58 68 78
9 9 19 29 39 49 59 69 79
10 10 20 30 40 50 60 70 80

Paszoen 2. Monexynapuas guzuka u mepmoouHamuxa.

OrnpeaenuTb KOJIMYECTBO BEIIECTBA V U YMCIIO N MOJIEKyJ Kuciopoaa macco m = 0,5 Kr.
CKOIBbKO aTOMOB COJIEPKHUTCS B pTYTH: 1) KoaumdecTBoM BemtecTBa v = 0,2 Momb; 2) Maccoit m = 1
r?

Boga npu temnepatype t = 4 C 3anumaet 06bem V = 1 cm®. OnpenenuTs KoJIH4ecTBO BENECTBa v
1 yncao N MOJIEKYJ BOABI.

Haiitu Momsipayro Maccy M 1 Maccy mm OZHOW MOJIEKYJIbI IOBAPEHHOM COJH.

Onpenenuts Maccy mm OJHOW MOJIEKYJIBI YIJIEKUCIIOTO Ta3a.

Onpenenuts KOHIEHTPALUIO N MOJIEKYJ KMCIOPOJa, HAXOISIIErocs B COCYA€ BMECTUMOCTBIO V
=2 1. KonnuecTBo BeniecTsa v Kkuciiopoaa pasHo 0,2 MOJIb.

OnpenenuTs KOJTUYECTBO BEIIECTBA V BOJIOPO/JIA, 3AMOIHSIONIEr0 cocya oo0beMoM V = 3 11, ecnu
KOHIIGHTpAITHs MOJIEKYJ ra3a B cocyze n = 2-1018 M3,

B Gamnone BMectuMocThio V = 3 11 conmepkuTca kuciaopog maccoid m = 10 r. OnpenenuTs
KOHIEHTPALMIO N MOJIEKYJ Trasa.

OnpenenuTb OTHOCUTENBHYIO MOJEKYJSIpHYI0 Maccy My: 1) Boxsl; 2) yriaekucioro rasa; 3)
MTOBAPEHHOM COJIH.

10. OHpCIleJ'II/ITB KOJIMYECTBO BEIeCTBAa V 1 4uciao N MOJICKYII a30Ta Maccoil m = 0,2 KT.
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.B mmmuuap mmmHONW 1 = 1,6 M, 3alOJIHEHHBIA BO3AYXOM NIpPU HOPMAJIBHOM aTMOC(HEpHOM
JIaBJICHUW Ppo, HAYaJlM MEIJICHHO BJBUTaTh MOPIIECHb IUIOMAJAbI0 OCHOBaHusA S = 200 cM?,
Omnpenenuth cuty F, nelicTBYIONIYIO Ha OPIICHD, €CIIM €r0 OCTAHOBUTH Ha paccTossHuu 11 = 10
CM OT JHA LUJIUH/pA.

B 6annone naxonures ras npu temneparype T1=400 K. J{o kakoii temnepaTtypsl T2 Hano HarpeTb
ras, 4ToObl €T0 JaBJICHHE YBEIUYUIOCh B 1,5 paza?

bannon Bmectumocteio V = 20 11 3anonsHeH azotoM npu temneparype T = 400 K. Korga yacts
rasza u3pacxoJioBaju, JaBjieHue B 6amuione monusmiochk Ha Ap= 200 klla. Onpenenuts Maccy m
M3pacxoJ0BaHHOTO rasa. IIpouecc cuntaTh U30TEPMUUECKHUM.

B 6ammone BmectumocThio V = 15 1 Haxomutcst aprod noj nasieHueM p1 = 600 xlla u npu
temneparype T1 = 300 K. Korna u3 6ammona 66u10 B31TO HEKOTOPOE KOJIMUYECTBO Tas3a, JaBlIeHUE
B Oayutone nmoHu3uiock 10 P2 =400 klla, a remnepartypa ycranoBuiachk T2 =260 K. Onpenenutsb
Maccy m aproHa, B3sToro u3 OajuioHa.

JIBa cocyna oIMHaKOBOTO 00OBbeMa coziepkaT Kuciaopoa. B ogHom cocyne nasinenue p1 =2 Mlla u
temneparypa T1=800 K, B npyrom P>=2,5 Mlla, T>=200 K. Cocyzasl coenuHunu TpyOKod u
OXJIAIWJIM HaXOISIIMICS B HUX Kuciopod Ao Ttemnepatypsl Tz = 200 K. Onpenenutb
YCTaHOBUBIIEECS B COCY1aX JIaBJICHUE P.

BbaucnanTh MIOTHOCTH p a30Ta, Haxojsmerocs B Oamnone moxa gasienueM P = 2 Mlla u
uMmerotiero remneparypy T =400 K.

OnpenenuTh OTHOCUTEIBHYIO MOJIEKYIAPHYIO Maccy My, rasa, ecinu npu temieparype T= 154 K
u napiennn P = 2,8 MIla on umeet mnotHoCTS p = 6,1 Kr/ M3,

Haiitu nnotHocTh p azota npu temreparype T=400 K u nasnenuu P = 2 Ml]a.

B cocyne Bmectumocteio V = 40 1 Haxoautcs kucnopon npu temneparype T = 300 K. Korga
YacThb ra3a pacxo10Bald, AaBieHue B 6amuione nonusuinochk Ha Ap =100 kIla. Onpenenuts maccy
m U3pacxol0BaHHOTO Kuciopoa. IIporecc cuntarh H30TEPMUUECKUM.

Onpenenuth MOJSPHYIO Maccy M IBYXaTOMHOIO ra3a W €ro yAelbHbIe TEIJIOEMKOCTH, €CIU
W3BECTHO, YTO PA3HOCTH Cp Cv YICIBHBIX TEINIOEMKOCTEH 3TOTO0 Ta3a paBHa 260 [Ix/ (kr- K).
Haiitu ynenbsHbIe ¢, U Cy, @ Takke MoJisipHble Cp 1 Cy TEMI0EMKOCTH YITIEKHCIIOTO ra3a.
Onpenenuth MoOKa3arenb aguadaThl Y HICABHOTO Tra3a, KOTopblil npu temnepatype T= 350 K u
nasnenuu p= 0,4 Mlla zaaumaet o6beM V = 300 1 1 umeet termtoemkocts Cv= 857 JIx/K.

B cocyne BmMectumocThio V = 6 11 HAXOAUTCS MPU HOPMAIBHBIX YCJIOBHUSX JIBYXaTOMHBIN Ta3.
Onpenenuts TemoeMKocTb Cy 3TOro rasa npu MOCTOSSHHOM 00beMe.

Ornpenenuth OTHOCUTENBHYIO MOJICKYJSIpHYIO Maccy My u MoysipHyto maccy M rasa, ecnu
Pa3HOCTh €ro yIeIbHBIX TeraoeMKocTel cp-Cv=2,08 kJ[x/(kr-K).

OmnpenenuTh MOJSIPHBIE TEIUIOEMKOCTH Ta3a, €CIM €ro yielbHble TeruioeMkoctd  ¢v=10,4
k/Ix/(xr-K) u cp = 14,6 xJIx/ (xr-K).

Haiitu ynenbnble ¢y u ¢, 1 MoJsipable Cy 1 Cp TEIUIOEMKOCTH a30Ta U TeHsL.

BBIUNCITHTE YAeNbHBIE TETIIOEMKOCTH Ta3a, 3Has, uTo ero MonspHas Macca M=4-107 kr/mons u
otHourenue termoemkocreit Cp/Cy= 1,67.

Tpexaromuslii ra3z noxa nasnenuem P = 240 xIla u remneparype t = 200 C 3anumaer oovem V =
10 51. Onpenenutsb TemnoeMKocTb Cp 3TOTO raza nmpu MOCTOSHHOM JIaBJICHUH.

OpnHoaTOMHBIN Ta3 MPU HOPMANbHBIX YCIOBHSX 3aHHUMaeT o0beM V = 5 1. Bberauciautsb
TeroeMKocTh Cy 3TOro raza nmpu nocTOSHHOM 00beMe.

Onpenenuth paboTy A, KOTOPYIO COBEPIIUT a30T, €CIM €My MpPH TMOCTOSSHHOM JaBJICHUU
coo0muTh KomuuecTBo TernoTel Q=21k/[x, Haiitu Takxke n3menenne AU BHyTpeHHEH SHEPTrUu
rasa.

Nneanenblii ra3 coBepmaer nukil KapHo npu temmneparypax TemtonpueMHuka Tz = 290 K u
terutootnatunka T1 = 400 K. Bo ckomnpko pa3 yBenuunutcs kod(hPUIIMEHT MOIE3HOTO ACHCTBUS 1)
HKJIa, €CJIM TEMIIepaTypa TernooTaaTyrka sozpacret 10 T = 600 K?

WneanwsHbiii ra3 coBepmaeT nuki Kapuo. Temneparypa T1 TemnootaaTyuka B yeThipe pasza (n = 4)
OoJbIIe TeMIepaTyphl TeronpueMHuka. Kakyro 10110 ® KoJndecTBa TEII0ThI, OJYyYeHHOTO 32
OJIMH LIMKJ OT TEIJIOOTAATUMKA , Fa3 OTAACT TEIUIONPUEMHUKY?
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Onpenenuth paboTy A2 HM30TEPMHUYECKOTO CKaTWs Tas3a, coBepliaromero nukia KapHo, K
kotoporo 1=0,4, ecu paboTa H30TEPMHUIECKOTO pacmupeHus paBHa A1 = 8 Jx.

I"a3, coepmatromumii nuka Kapuo, ornan remwtonpueMHuky temiory Qz= 14 x/x. Onpenenuts
teMriepatypy Ti1 TEIJIOOTAATYMKA, €CIM MPH TemmepaTrype TeronpueMmanka T>=280 K paborta
nukiaa A=6 kJx.

["a3, sBHsisick pabOYMM BeleCcTBOM B 1K€ KapHo, MOIy4m OT TEII00TAATYMKA TETUIOTY Q1 =
4,38 xJIx u coBepumi padoty A = 2,4 xJ[x. OnpeaenuTs Temrneparypy TeIIOOTIaTInKa, eCIn
Temneparypa temionpuemuuka T =273 K.

I'a3, coBepmaromuii nuxi KapHo, ortnan temnonpueMHUKy 67% TeIIOThI, MOJYyYEHHOHW OT
teriootnatunka. Onpenenuts TeMmieparypy T2 TEIUIONPHEMHMKA, €CIU TeMIeparypa
terooraaTunka T1 =430 K.

Bo ckonbko pa3 yBenuuurces Ko3QGUIIMEHT M0JIe3HOTo 1) 1eicTBUs LKKIiIa KapHo npu noBblieHnu
temneparypsl rermootaaryuka ot T1 = 380 K no T2 = 560 K? Temneparypa tennonpuemuuka T2
=280 K.

WneanbHas TemioBas mamuHa padoraer nmo nukiay Kapno. Temneparypa Temnoornatunka T1 =
500 K, remneparypa temionpuemuuka T2 = 250 K. Onpenenuts TepMUYECKH KIIJ 1] LKA, a
Takke pabory A1 paboyero BemiecTBa NpPU H30TEPMHUYECKOM DACHIMPEHHH, €CIH IPH
M30TEPMUYECKOM CXKATHH coBepileHa padora Az = 70 JIx.

I"a3, coBepmraronuit nukn Kapuo, nmonydaer treriory Qi = 84 x/[x. Onpenenuts padboty A rasa,
ecnu Temneparypa Ti TermiaooTaaTYrKa B TPU pasa BbIIIEe TeMIepaTypbl T2 TEIIONpUeMHHUKA.

B nukine Kapuo ra3 monyumi ot Teruiootaaruuka temioty Qi = 500 Ik u coBepimi paboty A =
100 [Ix. Temmneparypa temnoornaruuka Ti1 = 400 K. Onpenenuts temmneparypy T2
TEIIONPUEMHHUKA.

Paszoen 3. Dnexmpuuecmeso u macnemuszm

Toueunsie 3apsaapl Q1=20 MxKi u Q2=-10 mxKin HaxoasaTcsa Ha paccTossHUN d=5 ¢M IpyT OT Jpyra.
OnpenenuTs HANPSHKEHHOCTh HOJS B TOYKE, YJAJIEHHOW Ha r1=3 CM OT HEepBOro M r2=4 cM oT
BTOpOro 3apsiaa. OnpenenuTs Takxke cuty F, TeCTBYIONIYIO B 3TOW TOYKE HA TOYCHHBINA 3apsl
Q=1 MxKu.

Tpu ogrHakoBBIX ToueuHBIX 3apsaaa Q1=Q2=Q3=2 uKir HaxoATCs B BEpUIMHAX PABHOCTOPOHHETO
TpeyroibHuka co cropoHamu a=10cMm. OnpenenuTs MOIydb W HampaBleHHe cuibl F,
JICHCTBYIOIEH HA OJIMH U3 3apsI0B CO CTOPOHBI ABYX APYIHX.

JIBa 0IMHAKOBO 3apsKEHHBIX IIaPUKA MIOJBEUICHBI B OJHOW TOUKE Ha HUTAX OJAMHAKOBOM JUIMHBI.
[Tpu 3TOM HUTH pa3zonuIuch Ha yroi o. [llapuku norpyxaroT B Macio. KakoBa njaoTHOCTH p Macia,
€CJIM YroJl PACXOKJIEHUSI HUTEH MPU MOTPYKEHUU B MAclO OCTaeTcsd HeM3MEeHHbIM? [IoTHOCTB
MaTepuana mapukos po=1,5*10% kr/mM3, nuonexTpudeckas IPOHUIIAEMOCTh MacIa £=2,2.

Yetsipe oauHakoBbIX 3apsafga Q1=Q2=Q3=Qs=40 uKx 3akpemieHsl B BepUIMHAaX KBajJpaTa co
croponoit a=10 cm. Haiitu cuny F, neificTByromyio Ha OJIMH U3 3TUX 3aps/IOB CO CTOPOHBI TPEX
OCTaJIbHBIX.

Toueunsie 3apsanpl Q1=30 MxKn u Q2=-20 mxKn naxonsarcs Ha pacctossHuu d=20 cM apyr oT
apyra. OnpenenuTs HanpsyKEHHOCTh dJIEKTPUUYECKOro noiisi E B Touke, yaaneHHOW OT IEpBOro
3apsiia Ha paccTosaue r1=30 cM, a OT BTOpOro — Ha 12=15 cm.

B BepunHax npaBuIbHOTO TPEYTOJbHUKA cO cTOpoHOM a=10 cM HaxozxsaTcs 3apsaasl Q1=10 mxKu,
Q2=20 MxKi 1 Q3=30 MmxKn. Onpenenuts cuiy F, neiictByromryro Ha 3apsia Q1 cO CTOPOHBI IBYX
JIPYTHUX 3apsi/ioB.

B BepmmHAX KBajapaTa HaxomsTcs onmHakoBble 3apsapl Q1=Qr=Q3=Qs=8*10"° Kn. Kakoi
OTpHULIATENbHBIA 3apia Q HYXHO MOMECTHTh B LIEHTpE KBajpara, 4YTOObl CHiIa B3aUMHOIO
OTTAJKWBAHUSA TIOJOKUTENIbHBIX 3apsA0B ObUla  ypaBHOBEIIEHAa CHJIONM  MPUTSHKEHUS
OTPHULATENIBHOTO 3apsiia’

Ha paccrosaun d=20 cm HaxomsTcs aBa TodeuHbix 3apsga: Qi1=—50 vKm m Q=100 K.
Onpenenuts cuiy F, neiictyromyro Ha 3apsa Q3=—10 uKn, ynanensslif o 060ux 3apsioB Ha
OJIMHAKOBOE paccTosiHue, paBHoE d.
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Paccrostnne L mexny asyms ToueunsiMu 3apsaamMu Q1=2 HKn u Q=4 vKun paBno 60 cwm.
Onpenenuts TOUKY, B KOTOPYIO HY>KHO IIOMECTUTh TpeTuii 3apsia Q3 Tak, YToObI cucTeMa 3apsiioB
HaxoJujack B paBHoBecuu. Onpenenuts 3apsaa Q3 U ero 3HaK. Y CTOWYMBOE WJIM HEYCTOMUYMBOE
Oyznet paBHOBecHe?

ToHkmit crepkeHb MMHON 1=20 cM HeceT paBHOMEpHO pacmpenencHHbid 3apsa t=0,1 MK
Onpenenuts HaMPSHKEHHOCTD E 37eKTpruecKoro moss, co31aBaeMoro pacrnpeaeeHHbIM 3apsSaoM
B TOUKE A, JIeXalllel Ha OCU CTEPXHS Ha paccTossHUU a=20 CM OT €ro KOHIIA.

ITo TonkoMy KoJibIly paguycoM R=20 cM paBHOMEPHO pacnpeiesieH C JMHEUHOW IMIOTHOCTHIO
1=0,2 MxKn/m 3apsia. OnpenenuTh HampsHKEHHOCTh E 3IEKTPUYECKOro MoJis, CO3/1aBaeMOTO
pacnpezieieHHBIM 3apsI0M B TOUKe A, HaXOJsIIelicsa Ha OcH KoJblla Ha pacctosiHuM h=2R ot ero
LIEHTPA.

ITo ToHKOMY MOJIYKOJIBILY paBHOMEPHO pactipeneineH 3apsia Q=20 MxKi ¢ nuHelHON MII0THOCTHIO
1=0,1 w™MxKn/m. Onpenenuth HaNpsHKEHHOCTh E  3IIGKTPUYECKOro TOJS, CO37aBaeMOrO
pacrpezieieHHbIM 3apsoM B Touke O, coBMaiarolIeii ¢ LEeHTPOM KOJIbLIA.

UerBepTh TOHKOro Kojbla paguycoM R=10 cM HeceT paBHOMEPHO paclpeaeieHHBbIH 3apsy
Q=0,05 wmkKin. Onpenenutrs HaNpsHKEHHOCTh E  3JIeKTpUYECKOTO TMOJs, CO3/1aBa€MOIo
pacnpenesieHHbIM 3apa1oM B Touke O, coBIajaoIe ¢ IEHTPOM KOJblia.

ITo ToHKOMY KOJIBILY paBHOMEPHO pactipeaeiieH 3apsaa Q=10 uKu ¢ nuneitHoi motHocThio =0,01
MKK1/M. OnpenenuTs HanpsHKEHHOCTh E 37IeKTpUYecKoro mosis, co3aBaeMoro pacipeeeHHbIM
3aps0M B TOUKE A, Jiexalleld Ha OCH KOJIbIla U YJAJIGHHOM OT €ro IeHTpa Ha pacCTOSIHUE, PaBHOE
paanycy KoJjblia.

ToHKuUI CTepKEeHb COTHYT B KObIO paanycoM R=10 cm. OH paBHOMEpPHO 3apsiKEH C JIMHEHHOU
wioTHOCTRIO T=800 HK1/M. OnpenenuTs MOTEHIMAI (¢ B TOYKE, PACIIONOKCHHONW HA OCH KOJIbIIa
Ha paccrossau h=10 cM oT ero neHrpa.

[Tone 0O6pa3oBaHO TOYEUHBIM JUIIONEM C MEKTprUUecKuM MoMeHToM p=200 nKir-m. Onpenenutsb
pa3HocTh noTeHnuanoB U OBYyX TOYEK IMOJISI, PACIOIOKEHHBIX CUMMETPHUYHO OTHOCHTEIHHO
JIUTIOJNSI HAa €T0 OCU Ha pacctossHuu R=40 cM OT 1ieHTpa Iumosnis.

DneKTpuueckoe mnosue o0pa3oBaHO O0ECKOHEYHO IIMHHOW HUTHIO, JIMHEWHAs MIIOTHOCTH 3apsia
kotopoit =20 nKn/m. Onpenenuts pa3HocTh MoTeHuanoB U ABYX TOYEK IOJISI, OTCTOSIINX OT
HUTH Ha PACCTOSIHUU 11=8 CM U 12=12 CM.

ToHnkas kBasipaTHasi paMKa paBHOMEPHO 3apsiKeHa ¢ TMHEHMHOM MII0THOCTHIO 3apsia =200 nKi/m.
OrnpenenuTts NOTEHLKA @ OISl B TOYKE MepeceyeHus AuaroHaieil.

[TeunaKa Maccoit m=200 Mkr, Hecymas Ha cebe 3apsin Q=40 uKu, Bierena B 37€KTpUYECKOE MOJIe
B HaINpaBlieHUU CUJIOBBIX JUHUHU. [locne mpoxoxaeHus pasHoct noreHuuanoB U=200 B
NBUIMHKA UMeTa CKopocTh V=10 M/c. OnpenennTb CKOPOCTh Vo MBUIMHKH J0 TOT0, KaK OHa BJIETela
B MOJIE.

OneKTpoH, 00aaaBInil KuHeTH4YecKkoi sneprueit T=10 3B, BieTen B 01HOPOIHOE AIEKTPUUECKOE
T0JIe B HANIPaBJICHUH CUIIOBBIX JIMHUH 1oJist. Kakoil ckopocThio OyAeT 0051agaTh 2IEKTPOH, IPOM IS
B 9TOM TI0JI€ Pa3HOCTh noTeHnuaioB U=8 B?

Haiitu ortHomenue ckopocreii wonoB Cu™ wm K¥, mnpomemmux oOIMHAKOBYIO pa3sHOCTbH
MOTEHLINAJIOB.

OnextpoH ¢ sHeprueit T=400 »B (B OECKOHEYHOCTM) ABMXKETCSA BJOJb CUJIOBOM JHMHUU TIO
HAIPaBJIEHUIO K IOBEPXHOCTH METAINIMYECKOW 3apsikeHHOM cdepbl paguycom R=10 cm.
OnpenenuTh MUHUMAIIBHOE PACCTOSHUE a, HA KOTOPOE MPHOIM3HUTCS AJIEKTPOH K MOBEPXHOCTH
cthepsl, ecnu 3apsan ee Q=-10 K.

DJEeKTpPOH, MO/ B IUIOCKOM KOHAEHCATOPE MyTh OT OAHOM MJIACTHUHBI JI0 APYrol, mpuolpesn
ckopocth  v=10° wm/c.  PaccrosHme wmexay — mmacTuHamu  d=8  wmm.  HaiiTm:
1) pa3HOCTb MOTEHI[UAJIOB U MEXIY MJIaCTUHAMU;
2) NOBEpXHOCTHYIO MJIOTHOCTH 3apsijia G Ha IJIaCTHHAX.

[TeimrHKa Maccoit m=5 Hr, Hecyas Ha cebe N=10 371eKTpOHOB, MTPOIIIJIa B BAKYYME YCKOPSIOIIYIO
paszHocTh noreHuuanoB U=1 MB. KakoBa knnetnueckas sHeprusa T nemmHkn? Kakyroo ckopocTs
v mpuoOpena NbLTHHKA?
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. B ogHOpOogHOE 3nekTprueckoe moiie HampsbkeHHOCThio E=200 B/M BieraeT (BHONB CHIIOBOM
JUHUHU) DJIEKTPOH CO CKOPOCThIO Vvo=2 Mwm/c. OnpenenuTh paccTosHHE |, KOTOpoe Mpouaer
AJIEKTPOH JI0 TOYKH, B KOTOPOI €ro CKOPOCTh OY/ET paBHA IMOJIOBUHE HAYATBHOM.

JBa konpeHcaropa emkocTtbto Ci1=5 MK® u Cr=8 MK® coeauHEHBI NOCIEAOBATEIBLHO U
npucoenunensl k 6arapee ¢ JIC €=80 B. Onpenenuts 3apsan Q1 u Q2 KOHIEHCATOPOB U Pa3HOCTU
noteHanoB Ui u Uz Mexay ux oOKJIagKamH.

[Tnockuii KOHIEHCATOp COCTOMT M3 JIBYX KpYyIJbIX IUIacTMH paauycoM R=10 cm kaxnas.
Paccrosnue mexny nminactuHamu d=2 MmM. KoHzeHncaTop npucoeIuHeH K HICTOYHUKY HAIPSKEHUs
U=80 B. Onpenenuts 3apsn Q 1 HanpsHKeHHOCTh E 1o KoHJeHcaTopa B ABYX ClIydasx:

a) TUAJIEKTPUK - BO3AYX;

0) IUPJIEKTPHUK - CTEKIIO.

JIBa metayunueckux mapuka paanycamu R1=5 cm u R2=10 cm nmetor 3apsast Q1=40 uKu u Q2=-
20 vKn cootBerctBeHHO. Haittu sHepruto W, koTopasi BBIACIUTCS MPU pa3psie, €CIu Iaphbl
COEIMHUTH MPOBOJIHUKOM.

IIpocTpaHcTBO MeEXIy IIIACTUHAMM IIIOCKOIO KOHAEHCATOpa 3allOJIHEHO JBYMS CIIOSIMHU
JTUDIIEKTPUKOB: cTekia TonmuHon d1=0,2 cMm u cnoem napaduna ronmuHoi d2=0,3 cm. Paznocts
noreHuanoB mexay ooOkmaakamu U=300 B. Omnpenenuth HampspKeHHOCTh IOJS M MAJEHUE
NOTEHLIMaNa B K&KJIOM U3 CIIOEB.

I[Inockuil KomjaeHcaTop ¢ mIomanpio mmacTu S=200 cm? Kakuas 3apsKeH 10 PasHOCTH
norenimanoB U=2 kB. Paccrosnue mexay miactuHamMu d=2 cM. JMDIIEKTpHK — CTEKIIO.
Onpenenuts 3Hepruto W Iosst KOHAEHCATOPA U IVIOTHOCTD SHEPTUU W ITOJIS.

Karymka u amnepMerp coeIMHEHbI MOCIEI0BAaTEIbHO U MPUCOEANHEHB! K UICTOYHHUKY Toka. K
KJIeMMaM KaTyIIKM IPUCOEIMHEH BOJBTMETp C comnporuBieHueM r1=4 kOwm. Amnepmerp
nokaspiBaer [=0,3 A, BomprMerp U=120 B. Omnpenenuth conpoTuBieHHEe R KaTymku.
Onpenenutb OTHOCUTENbHYIO IMOIPEIIHOCTh €, KOTOpas OyAeT AOomylieHa NpU H3MEpPEeHUuU
COIPOTHUBIIEHUS, €CIIU IIPEHEOpeUb CUIION TOKA, TEKYIIETO Yepe3 BOJbTMETP.

OJIC OGartapeun €=80 B, BHyTpenHee comportupieHue Ri=5 Owm. Buemnss uenb noTtpebuiser
motHocTh P=100 Bt. Onpenenuts cuny Toka I B nenu, Hanpspkenue U, o1 KOTOPBIM HAXOAUTCS
BHEUIHSA LIETIb, U €€ CONPOTHBIIEHHE R.

Ot Gartapeu, DJIC xotopoit €=600 B, TpeOyercst mepenatb >HEpruto Ha paccrosiHue =1 xwm.
[Torpebnsemas mourHocTh P=5 kBt. HaliTu MHHHManbHbIE MOTEPH MOIIHOCTH B CETH, €CIIU
JTUaMeTp MEAHBIX MOABOAIIUX MPoBooB d=0,5 cm.

[Tpu BHemHeM conpotuBieHnu R1=8 Om cuina Toka B uenu 11=0,8 A, npu conporusiennu R2=15
Owm cuia Toka [2=0,5 A. Onpenenuts cuity Toka Ik ; KOpoTkoro 3ampikanus ucrounuka JJ1C.
OJIC Garapen £€=24 B. Haumbonbmias cuna Toka, KOTOpYyr0 MOXeT naTh Oarapes, Imax=10 A.
OnpenenuTb MaKCUMaJIbHYIO MOUTHOCTb Pmax, KOTOpast MOXKET BBIIETSATHCS BO BHEIIHEH LIETIH.
Axxymynsarop ¢ DJIC e=12 B 3apsbkaeTcs OT ceTu OCTOSHHOTO TOKa ¢ Hanpsbkenuem U=15 B.
Onpenenuth HanpsHKEHHE Ha KIeMMaxX aKKyMYJSITOpa, €CIM €ro BHYTPEHHEE CONpPOTHUBIICHUE
Ri=10 Om.

Ot ucrounuka ¢ HanpspbkeHueM U=800 B HeoOxonumo nepeaaTs motpedurento MomHocTs P=10
kBT Ha Hekoropoe paccrosiHue. Kakoe HamOosbllee CONMPOTUBICHHE MOXKET HUMETh JIMHUS
nepeaayun, YTo0bl MOTEPH PHEPTUU B Hel He mpeBbimanu 10% oT nepenaBaemMoil MOITHOCTH?
[Tpu BKIIIOYEHHH 3JIEKTpOMOTOpa B ceTh ¢ HampsbkeHneM U=220 B on nortpebuser Tok [=5 A.
Onpeaenuts MOITHOCTB, OTpebsieMmyto MoTopoMm, u ero KIIJI, ecnu conpotuBnenne R oOMoTkH
MOTOpa paBHO 6 OM.

B cets ¢ HanpsbxenneM U=100 B Bxirrounim kaTymky ¢ conporusieHreM R1=2 kOM u BoinbT™METD,
coeMHEHHBIE nocienosarenbHo. [lokazanue BonbT™Merpa U1=80 B. Kornma karymky 3amenunn
Ipyroii, BoapT™MeTp nokaszan U;=60 B. Onpenenuts conpotuBiieHne Rz 1pyroil KaTymku.

OJIC 6Garapeu €=12 B. Ilpu cune toka [=4 A KIIJ] 6arapen n=0,6. Onpenenutb BHyTpeHHEE
conpotusiieHue Rj 6arapen.

KonTponbnas padota Ne3 (4 cemectp)



10.

Ne 3aJ1a49u
BapuaHTa

1 1 11 21 31 41 51 61 71
2 2 12 22 32 42 52 62 72
3 3 13 23 33 43 53 63 73
4 4 14 24 34 44 54 64 74
5 5 15 25 35 45 55 65 75
6 6 16 26 36 46 56 66 76
7 7 17 27 37 47 57 67 77
8 8 18 28 38 48 58 68 78
9 9 19 29 39 49 59 69 79
10 10 20 30 40 50 60 70 80

Paszoen 3. Dnexmpuuecmeso u macnemuszm

[Tnockuit koHTYp omaneo S = 20 cM2 HaxXOAUTCS B OJTHOPOJHOM MarHuTHOM Mose (B = 0,03
Tn). OmnpenenuTb MarHUTHBIM MOTOK @, MPOHU3BIBAIOMIMIA KOHTYpP, €CIIHM IUIOCKOCTH €ro
cocrapisieT yroia @= 600 ¢ HanpaBJIeHUEM JIMHUN UHAYKLIUH.

MarauTHsIii moTok @ ckBO3b ceueHue cosieHouaa paBeH 50 MmxB6. [{nunHa conenonaa L = 50 cm.
Haittu MmarauTHbI MOMEHT Pm cosieHOM1a, €ciy €ro BUTKY IJIOTHO MPHIIETAOT APYT K APYTY.

B cpenneii wactu coneHouza, CoAepKallero n = 8 BHUTKOB/CM, MOMEIIEH KPYroBOHl BUTOK
muamerpoMm d = 4 cm. TI1ocKOCTh BUTKA pacmoiiokeHa moja yriiom ¢ = 600 k ocu coleHousa.
Onpenenutb MarHUTHBINA TOTOK D, MPOHU3BIBAIOIINI BUTOK, €CJIM 10 0OMOTKE COJICHOU 1A TeUeT
Tok [ =1 A.

Ha nnunHbIil kKapTOHHBIN Kapkac auaMeTpoM d = 5 cM ylokeHa OJHOCIOHHas 00MOTKa (BUTOK K
BUTKY) U3 IIPoBOJIOKH auameTpoM B = 0,2 mm. Onpenenuts MarHuTHbINA 1oTok @O, coznaBaemblit
TaKUM COJICHOMIOM Iipu cuie Toka [=0,5A.

KBagpatueiii koHTYp co cropoHoir a = 10 cM, B koTopoM TeueT Tok | = 6 A, HaxoauTcs B
marHuTHOM nosie (B = 0,8 Tu) mox yrinom o = 500 k nuausaM unaykuuu. Kakyro padoty A HyXHO
COBEPUINTb, YTOOBI IPY HEN3MEHHOM CUJIE TOKA B KOHTYPE U3MEHUTD €ro (POpMY Ha OKPYKHOCTh?
[Tnockuit koHTYp ¢ TokoM [ =5 A cBOOOJIHO YCTaHOBHJICS B OJJHOPOAHOM MarHUTHOM moiie (B =
0,4 Tn). [Inomwaaps konTypa S = 200 cm2. IlogaepxuBas TOK B KOHTYpE HEHM3MEHHBIM, €ro
MIOBEPHYJIN OTHOCUTENIBHO OCH, JIeXKalllel B IUNIOCKOCTH KOHTYypa, Ha yroua o= 400. Onpenenuthb
COBEPIIECHHYIO MPU 3TOM padoTy A.

Butok, B KOTOpOM nojiiep>kuBaeTcst NocTosiHHas cuiia Toka I = 60 A, cBo60AHO ycTaHOBUIICS B
onHOpoaHOM MarHuTHOM noje (B =20 mTun). Tuametp Butka d = 10 cm. Kakyto paboTy A HyXHO
COBEPILIUTH JIJIsl TOTO, YTOOBI IOBEPHYTh BUTOK OTHOCHUTENIBHO OCH, COBMAJAIOIIEH C TUaMETPOM,
Ha yrou o= 71/3?

B 0HOPOJHOM MarHUTHOM TOJI€ MEPHEHIUKYISPHO JIMHUAM MHIYKIUU PACHOJIONKEH MIIOCKUN
KOHTYp miomaapio S= 100 cMm2. [TognepxuBas B KOHTYpe OCTOSIHHYIO cuity Toka [ = 50 A, ero
HepeMEeCTUIIN U3 TOJIs B 00J1aCTh MPOCTPAHCTBA, TI€ M0JIe OTCYTCTBYET. ONpeaeTuTh MarHUTHYIO
WHIYKIMIO0 B 1o, ecinu mpu nepeMenieHny KoHTypa Oblia coBepiena padora A = 0,4 J[x.
[Tnockuii koHTYp ¢ TokoM [ = 50 A pacmonoxeH B oHOpoAHOM MarHuTHOM Tofie (B = 0,6 Ti)
TaK, 4YTO HOPMajb K KOHTYpPY NEPNEHIUKYISIpHA JIMHUSAM MarHuTHOW MHAYKUuU. OnpenenuThb
paboTy, CoBepIIaeMyI0 CHIIaMU TOJIS IPU MEIJICHHOM ITOBOPOTE KOHTYpa OKOJIO OCH, JIeXKallel B
IIJIOCKOCTH KOHTYpa, Ha yroia o= 300.

Onpenenutb MarHuTHBIA MOTOK D, nmpoHU3bIBaOMINM coneHoua, ecnu ero anuHa L = 50 cm u
MarHuTHeIi MoMeHT Pm =0,4 BO.
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. B onHopognom marautHom noine (B= 0,1 Tn) paBHomMepHO ¢ yacToToil n = 5 c-1  Bpamaercs
crepxenb muHoM L = 50 cM Tak, 4TO MJIOCKOCTh €ro BpalleHUs] NEPHEHIUKYIJISpHA JIMHUAM
HANpsDKEHHOCTH, @ OCh BpAallleHHs IPOXOJUT Yepe3 OJMH U3 €ero KoHUOoB. OnpenenuThb
UHAYIUPYEMYIO Ha KOHIIAX CTEP>KHS Pa3HOCTh MmoTeHuuanon U.

B onHopomnom MarnutHOM moiie ¢ unaykuueit B = 0,5 Tn Bpamaercst ¢ yacroroit n = 10 c-1
crepxenb 1auHon L = 20 cm. Ock BpallleHus napasuiesibHa JUHUSIM UHAYKIUA U IPOXOJAUT Yepe3
OJIMH U3 KOHLIOB CTEPKHS NEPIEHAUKYIAPHO ero ocu. OnpenenuTs pa3HocTh noreHuanos U Ha
KOHI[aX CTEP>KHSI.

B mpoBonoyHOE KOJBIO, MPUCOSAMHEHHOE K OallTUCTHYECKOMY TallbBAaHOMETPY, BCTaBHIIN
npssmoid Maruut. [Ipu stom mo uenu npomen 3apsg Q= 50 mMkKi. OnpenenuTs U3MEHEHHE
MarHuTHOro noroka A® yepes KoJblo, €CIIM CONPOTUBIICHUE LIenH rainbaHoMerpa R = 10 Om.
ToHkuil MeIHBIA MPOBOJ MaccOd m= 5 I COTHYT B BHJI€ KBaJpaTa, U KOHIBI €ro 3aMKHYTHI.
KBaznpar nomemeH B onHopoaHoe marHuTHoe mosie (B = 0,2 Tn) Tak, 4To €ro miockocTb
NEepIeHIUKYIApHa TUHUAM nodisi. Onpenenuts 3apsa Q, KOTOPBIN MOTEUYET 10 MPOBOJAHUKY, €CITU
KBaJlpat, OTSIHYB 32 IPOTUBOIIOJIOKHBIE BEPIIMHBI, BHITSHYTH B JIMHUIO.

Pamka u3 mpoBoaa compotuBieHueM R = 0,04 OM paBHOMEpPHO BpaliaeTcss B OAHOPOIHOM
MarHutHOM 1one (B = 0,6 Ti). Ock BpamieHus JeXKUT B IJIOCKOCTH PaMKH U TIEPIICHIUKYISIpHA
nuHuAM uHaykuud. [nomans pamku S = 200 cm2. Onpenenuts 3apsaa Q, KOTOPbI NOTEUET MO
paMKe Ipu U3MEHEHUH yIila MEXJly HOpMaJbio K paMKe W JIMHUAMU UHAyKIuu: 1) ot 0 1o 450 ;
2) ot 45 10 900.

[IpoBosounslii BUTOK guamerpom D = 5 cm u comporuBienuem R = 0,02 OM HaxoauTtcs B
onHopoanoM maruutHoMm mnone (B = 0,3 Tun). ITnockocts BuTKa cocraBusier yroia ¢ = 400 c
TUHUSAMHA HHIyKIH. Kakoii 3apsn Q mpoTeyeT 1Mo BUTKY NP BRIKIIFOYEHUH MarHUTHOTO TTOJISI?
Pamka, comepxkamas N = 200 BHTKOB TOHKOTO IPOBOJA, MOXET CBOOOJHO BpalaThCs
OTHOCHUTEJIBHO OCH, JIeXalleld B miaockoctu pamku. Ilnomans pamku S = 50 cm2. Och paMku
NEePIEeHIUKYIApHA TUHUSAM UHIYKIIUH OAHOPOHOTO MarHuTHOTrO noJjst (B=0,05Txn). Onpenenuts
MakcuMaibHyto DJIC €max, KoTopas HHAYLUPYETCS. B paMKe MpU €€ BPALLEHUHU ¢ YaCTOTOM n =
40 c-1.

[Tpstmoit npoBoasmMii crep:keHb JMHON L = 40 cM HaxoauTcs B OTHOPOAHOM MarHUTHOM I10Jie
(B = 0,1 Tun). KoHupl crepxHs 3aMKHYTHI THOKMM TPOBOJOM, HAaXOJSIIMMCS BHE TOJS.
Comnpotusnenue Bcert nenu R = 0,5 Om. Kakas momuocts P moTpeOyercst ajis paBHOMEPHOTO
NEPEMELIEHNS CTEPAKHS NEPIIEHIUKYIIAPHO JIMHUAM MarHUTHON MHAYKLIUU CO CKOPOCThIO L = 10
Mm/c?

ITpoBonounsiii KoHTYp miuomanso S = 500 cm2 u conporusienueM R = 0,1 OM paBHOMEpPHO
Bpamfaercsi B oJHOpoaHOoM MarHuTHoM monie (B = 0,5 Tm). Ock BparieHust J1€KUT B MIIOCKOCTH
KOJblla U MEpPHEHIUKYJISpHA JUHUSAM MAarHUTHOM HHAYKUMU. OnpenenuTh MaKCUMaIbHYIO
MOIIHOCTh Pmax HeoOxoaumyto Jij1st BpalleHusl KOHTYpa ¢ YII0BoM ckopocThio @ = 50 pan/ c.
Kounb1o u3 MeaHoro nposoja mMaccoil m = 10 r momenieHo B 0OJHOPOJHOE MarHuTHoe mnoiue (B=
0,5 Tn) Tak, 4TO TIOCKOCTH KOJblIa cocTaBisgeT yroia f= 600 ¢ AMHUSAMH MarHUTHOM MHAYKLIUU.
Omnpenenuts 3apan Q, KOTOPBIM MPOUIET MO KOJIBIY, €CIIM CHATh MarHUTHOE I10JIE.

Pazoen 4. Onmuka

Mexy CTEKISHHOW IUIACTUHKOW M JIeXKalled Ha HEW IUIOCKOBBINMYKIOW JMH30M HaXOIUTCS
KUJIKOCTh. HallTh mokaszarenb MpPEIOMIICHHS XKUJIKOCTH, €CIM PaguyC I3 TPEThEro TEMHOTO
Kosblla HetoToHA mpu HAOIIOJCHUH B OTPaXEHHOM CBETE C JUIMHON BOJHBI A = 0,6 MKM paBeH
0,82 mm. Pagnyc kpuBu3Hbl 1uH3bI R = 0,5 M.

Ha ToHKyIO0 IUIEHKY B HalpaBJIeHUHM HOPMAJM K €€ IMOBEPXHOCTH IMaJAET MOHOXPOMATHYECKHUI
cBeT ¢ yHOM BOJHBI A = 500 HM. OTpakeHHBINH OT HEE CBET MAKCUMAJILHO YCHJICH BCIICICTBUE
untepdepenimu. OnpenenuT MHUHUMAIbHYIO TOMIMUHY dmin TUJICHKHA, €CIH TIOKa3aTellb
MIPEJIOMJIEHUS] MaTepraa INIEHKU n = 1,4.
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Paccrostaue L ot meneit 1o skpana B onbiTe FOHra pasao 1 M. OnpenenuTs pacCTOSTHUE MEXAY
HIEJISIMH, €CJTA Ha oTpe3ke muHoM 1 = 1 cm ykmangeiBaercs N = 10 TeMHBIX HHTEp()EPEHIIMOHHBIX
nostoc. JlnHa BoaHbI A = 0,7 MKM.

Ha cTexnsHHYIO0 IUIaCTUHY IOJIOKEHA BBITYKJIOW CTOPOHOM IUIOCKOBBINyKJas JiMH3a. CBepxy
JIMH3a OCBEIIEHA MOHOXPOMATHYECKUM CBETOM JUIMHOHM BoiHBI A = 500 M. Haiitu pagmyc R
JIMH3BI, €CJIM PAJINyC YETBEPTOTO, TEMHOT'0 KoJsblia Hpl0TOHA B OTpa’KEHHOM CBETE T4 = 2 MM.

Ha ToHKYI0 rHUIIepHHOBYIO IIEHKY TOMIMHOK d = 1,5 MKM HOpMaJIbHO K €€ TOBEPXHOCTH Ta1aeT
Oenblit cBet. OnpeneNuTh JIMHBL BOJH A JIydel BUJMMOrO ydacTka crekrtpa (0,4 £ = A = =
0,8 MKM), KOTOpBIC OyIyT OCIIA0JICHBI B PE3yiIbTaTe HHTEPPEPECHIINH.

Ha crexnsiHHy!0 IUIacTHHY HaHECEH TOHKMHM CJIOW IPO3payHOro BELIECTBA C IIOKa3aTesIeM
npenomiieHuss n = 1,3. [InacTuHKa OCBEIlleHA MapajuIeNbHBIM ITYYKOM MOHOXPOMAaTHYECKOIO
CBETa C ATTMHOM BOJIHBI A = 640 HM, Ia1AI0NINM Ha TUTACTHHKY HOpMalibHO. Kakyto MUHHMaIbHYIO
TOJIIMHY dmin JOJIKEH UMETH CJIOH, YTOOBI OTPAXKEHHBIH y4OK MMEJI HAUMEHBIIYIO IPKOCTh?
Ha TOHKMI CTEKJISIHHBINA KJIUH [1aJ1aeT HOPMAJIbHO NapauIeNIbHbINA IIy4OK CBETA C JUIMHOW BOJIHBI
A = 500 M. PaccrosiHue MexXIy COCEIHUMH TEMHBIMH HHTEPPEPEHIMOHHBIMHM II0JOCaMH B
oTpaskeHHOM cBeTe b = 0,5 Mmm. OnpenenuTs yroi o Mexy MOBepXHOCTsIMH KinHa. [lokazarens
IIPEJIOMJICHUS CTEKIIA, U3 KOTOPOTO M3rOTOBJIEH KJIMH, n = 1,6.

[TnockoBbImykias cTekasHHAsA JduH3a ¢ f = 1 M JEXUT BBIIYKIOM CTOPOHOM Ha CTEKJISIHHON
mwiactuHke. Paguyc nsaroro temHoro kosbuna HeroToHa B oTpakeHHOM cBeTte s = 1,1 MMm.
Onpenenuts JUIMHY CBETOBOM BOJIHBI A.

Mexy nByMs ILUIOCKOIApaUIENbHbBIMU TUIACTUHAMU Ha paccTostHuu L = 10 cM oT rpaHunbl ux
COIIPUKOCHOBEHUSI HaXoAuTCs mpoBosioka auamerpoM d = 0,01 MM, 0Opa3ys BO3AYIIHBINA KIIHH.
[TnacTuHBI OCBELIAIOTCS HOPMAJIbHO MaJarolldM MOHOXpOMaTHYeCKuM cBeToM (A = 0,6 MKMm).
Onpenenuth mUpuHy b HHTEP()EPEHIIMOHHBIX TI0JI0C, HAOIIOJaEMBIX B OTPAKEHHOM CBETE.
VYcraHoBka Juid  HaOmroneHuss kojen HproToHa ocBeliaeTcs HOPMajbHO —IaJaroIUM
MOHOXpoMaTHuecKUM cBeToM (A = 590 um). Pannyc kpuBu3nsl R nuH3b1 paBeH 5 cM. Onpenenutsb
TOJIIMHY d3 BO3IYLIHOI'O IMPOMEXKYTKAa B TOM MECTE, I/le¢ B OTPaKEHHOM CBeTe HalroaeTcs
TPEThE CBETIIOE KOJIBLIO.

Kakoe Hanmensb1iee 4uciao Nmin IITPUXOB JTOJDKHA COJEpXkKaTh TU(PPAKIMOHHAS pelIeTKa, YTOObI
B CIIEKTPE BTOPOTO TMOPSIKAa MOKHO OBLIO BHJIETh Pa3[EIbHO JIBE XKEIThIC JHHUU HATPUS C
JuMHaMU BoJH A1 = 589,0 HM u A2 = 589,6 uM? KakoBa juinHa L Takoi perieTku. ecliv MoCTOSTHHAS
pemerku d = 5 MKkM?

Ha mnoBepxHOCTh IU(PPAKIMOHHOM pELlIeTKM HOPMAJIbHO K €€ IOBEPXHOCTH MajaeT
MoOHOXpomaThueckuii ceT. [locTossHHas MudpakinoOHHOMN pemeTky B n = 4,6 pa3 a 60bIIe JITHHbBI
cBeTOBOM BoHBI. HaiiTu obmiee uncino M nupakiiMOHHBIX MAKCUMYMOB, KOTOpPbIE TEOPETHUECKU
MO’KHO HaOJI0AaTh B JAaHHOM CiIydae.

Ha nudpakunoHHyro pemeTky najaeT HopMajlbHO NapaielbHbIA Mydok 6enoro ceera. CrieKTpsl
TPETHETO . YETBEPTOIO MOPSAJKA YACTUUHO HaKJaJIbIBAlOTCS ApYr Ha apyra. Ha kakyro 1inHY
BOJIHBI B CIIEKTPE YETBEPTOTrO MOpsAIKa HaKIa bIBaeTcs rpanuua (A = 780 HM) crieKTpa TpeThero
nopsika?

Ha nmudpakmuonnyio pemerky, comaepxamyo n = 600 mTpUXOB HAa MUJUTUMETP, MMaaaeT
HOpMaJibHO Oenblil cBeT. CHeKTp NMpoeupyeTcs MOMELIEHHOM BOJIN3Y PeIeTKH JIMH30M Ha SKpaH.
Onpenenuts AJIMHY | criekTpa epBoro nopsaka Ha KpaHe, €CJIU pacCTOSHUE OT JIMH3BI 0 dKpaHa
L = 1,2 m. ['panuis! BUIUMOTO CIEKTpa: Axp= 780 HM, Ay = 400 HM.

Ha rpanp kpuctaiia kaMeHHOW COJIM MajiaeT MapajijiesIbHbII My4OK PEeHTI€HOBCKOIO U3JTy4eHUsI.
Paccrostane d Mexkmy aTOMHBIME mIockocTsmu pasHo 280 1. ITox yrinom0= 65° x atommoit
IUIOCKOCTH HaOmtofaercs IudpakiMOHHBIA MaKCUMyM IMepBOro nopsaka. Onpenenuts JUIHHY
BOJIHBI A PEHTT'€HOBCKOT'O U3JTY4YEHHUSI.

Ha Hempo3padHyio MmiIacTUHY C y3KOM IIENbI0 MaaeT HOpMajIbHO IUIOCKask MOHOXpOMaTH4ecKast
cBeroBass BomHa (A = 600 HM). Yrom OTKJIOHEHHS Jyyeil, COOTBETCTBYIOIIUX BTOPOMY
nupaKIMOHHOMY MakcuMymy, ¢ = 20°. OnpenenuTs MUpHHY a MEH.



37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Ha mudpakunonnyio pemerky, cogepxantyio n = 100 mrTpuxoB Ha 1 MM, HOpMaJIBHO MagaeT
MOHOXPOMaTHUYECKUM cBeT. 3puUTesbHas TpyOda CIEKTpOMeTpa HaBeleHa Ha MakKCMMYM BTOPOIO
nopsiaka. YtoOs! HaBecTH TpyOy Ha APYro MAKCUMYM TOTO )K€ TIOPSIKa, €€ HY’)KHO HaBepHYTh Ha
yron Ag = 16°. OnpenenuTs IIMHY BOJTHBI A CBETA, TAJAIOIIETO HA PEIIETKY.

Ha nudpakiuonHyio penieTky najgaeT HopMalbHO MOHOXpoMaTudeckuit cset (A= 410 um). Yron
A@ MeXIy HampaBieHHSMH Ha MAaKCHMyMbI MEPBOrO M BTOPOrO MOpsAKoB paseH 2°21'.
OnpeaenuTs YUCIO0 N ITPUXOB HA 1 MM TU(PAKINOHHON PEIIETKH.

[TocTrossHHas OUQPPAKUMOHHOW pemeTkn B n = 4 pa3a Oousiblle JJIMHBI CBETOBOW BOJIHBI
MOHOXPOMAaTHYECKOI'0 CBETa, HOPMAJIBLHO IMAJAIOLIEr0 Ha €€ MOBEPXHOCTh. ONpeaenuTh yroi o
MEXy ABYMS MEPBBIMU CUMMETPUYHBIMU TU(GPAKIIMOHHBIMU MAaKCUMYMaMH.

Paccrosane mexnay mrpuxamu audpaxinuoHHod pemetkd d = 4 mxMm. Ha pemerky mamaer
HOPMAJIBHO CBET C JUIMHOW BOJHBI A = 0,58 MKM. MakcMMyM Kakoro HauOOJIBIIIETO MOPSIKA TaeT
3Ta pelerka?

Kpacnas rpanumma ¢orosddexra mns muaka Ao = 310 M. OnpenenuTs MaKCHUMaJIbHYIO
KUHETHYECKYI0. DHEPTUIO Tmax (POTORIEKTPOHOB B AIEKTPOH-BOJIBTAX, €CIIM HA IIMHK MAJaeT CBET
¢ inHOH BOiHBEL A = 200 HM.

Ha noBepxHOCTb Kajius najaer cBeT ¢ AIMHON BOJHBI A = 150 HM. OnpenennTs MaKCUMaJIbHYIO
KUHETHUYECKYIO SHEPTHI0 Tmax POTOAIEKTPOHOB.

®oroH ¢ sHeprueit € = 10 3B mamaer Ha cepeOpsSHYIO TUTACTUHY M BBI3BIBACT (POTOIPGEKT.
Onpenenuts UMIYNIbC P, OJYYEHHbIN IIACTUHOM, €CJIU MPUHATH, YTO HANPaBJICHUS JBMXKEHUS
¢dorona U GOTOINEKTPOHA JISKAT HA OJTHON TPSIMOM, IEPICHIUKYISIPHON MOBEPXHOCTH TUIACTHH.
Ha ¢otosnemenT ¢ kaTtogoM U3 JMUTUSA NaJaeT CBeT ¢ JUIMHOW BoiHbBl A = 200HM. Haiitu
HauMEHbIIEe 3HAYECHHUE 3ajepxkuBarouiel pasHocTH MNOTEHUUATIOB Umin, KOTOPYIO HYXHO
HOPUIOKUTB K (POTOIIEMEHTY, YTOOBI IPEKPATUTH (POTOTOK.

KakoBa nomkHa OBIT IJIMHA BOJHBI Y-U3TY4EHUS, AAAI0IET0 Ha IUTATHHOBYIO IJIACTUHY, YTOOBI
MaKCHUMaJIbHasi CKOPOCTb (DOTORIEKTPOHOB OBLIA Vmax = 3 Mm/c?

Ha MeTammueckyro IIIacCTHHY HalpaBJIieH IMy4oK yibTpaduoneToBoro ninydenus (A = 0,25 Mkm).
@DOTOTOK IIpeKpalaeTcs Npxu MUHUMAIbHOM 3a/1epkuBatolield pa3HocTd NoTeHIUAI0B Unmin = 0,96
B. Omnpenenuts padboTy BbIX0Ja A 3J€KTPOHOB U3 METAJLIA.

Ha noBepxHOCTh MeTaJlla MaJaeT MOHOXPOMAaTUYECKUHA CBET ¢ AJUMHON BOJHBI A = 0,1 MKM.
Kpacnas rpanuna goroaddexra Ao = 0,3 mxm. Kakas nons snepruu (oToHa pacxoayercsl Ha
COO0OLIeHNE PIIEKTPOHY KHHETUYECKON SHEpPTruu?

Ha metann mamaetr peHTreHOBCKOE M3JIyYeHue ¢ AITMHOM BOJIHBEI A = 1HM. [Ipenebperas padoroi
BBIX0/J1a, ONPEAETUTh MaKCUMAJIbHYIO CKOPOCTh Umax (POTOIIEKTPOHOB.

Ha metanminueckyto miacTiHy HalpaBlIeH MOHOXPOMAaTHUYECKUI ITy4OK CBETa ¢ 4acTOToN v = 7,3.
10* I'i. Kpachas rpanuna Ao potodddexTa M1 JaHHOTO MaTepHasa pasHa 560 HM. OnpeaenuTh
MaKCHUMAaJIbHYIO CKOPOCTb Umax (POTOIIEKTPOHOB.

Ha nvHKOBYIO IJIaCTHHY HANlpaBIeH MOHOXPOMAaTHYECKUH ITy4OK cBeTa. DOTOTOK MPEKPAILAETCs
npu 3azepxuBatonieil pasHoctu noreHuuanos U = 1,5 B. Onpenenuts AMUMHY BOJHBI A CBETa,
Na/IaloIero Ha MJIacTUHY.

Paszoen 5. Amomnas u adepuas usuxa

HeBo30y>kaeHHbIH aTOM BOAOPO/1a MOTJIOIAET KBAHT U3JIy4eHHs ¢ JUIMHON BOJIHBI A = 102,6 HM.
Borancnuts, nois3ysich Teopueit bopa, paguyc r 31eKTpoHHOW OpOUTHI BO30YKIEHHOTO aroma
BOIOPOZA.

Boraucnouts no Teopun bopa paauyc r2 BTopoit cTalimoHapHON OpOUTHI M CKOPOCTH V2 3JIEKTPOHA
Ha 3TOU opOuTe [T aTOMa BOJOPOA.

Berunciuts o Teopun bopa nepuoxa T BpaleHus 31eKTpOHA B aTOME BOAOPOAA, HAXOAAIIETOCS
B BO30Y)KJICHHOM COCTOSIHHHM, OIIPEEIIIEMOM TJIaBHBIM KBAaHTOBBIM YHCIOM N=2.

Omnpenenuts u3meHenue sHepruu AE snexkTpoHa B aToMe BOAOpOJA MPH HM3ITYYEHUH aTOMOM
doToHa ¢ yactoToit v = 6,28- 10* T,
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Bo ckonbko pa3 m3menurca nepuoa T BpalleHHsl JIEKTpOHAa B aTOME BOJOPOAA, €CIU NpU
nepexo/ie B HeBO30Y)KIEHHOE COCTOSTHUE aTOM U3JIY4rJT (POTOH C IITMHOM BOJHBI A= 97,5 HM?

Ha ckonbko m3MeHnnach KUHETUYECKasi SJHEPIHsI AIEKTPOHA B aTOME BOAOPOJA MPU U3ILy4E€HUU
aToMoM (poToHa C JJIMHOHN BOJHBI A = 435 HM?

B xakux mpenenax AL IOJKHA JIeKaTh JUIMHA BOJH MOHOXPOMATHYECKOTO CBETAa, YTOOBI MpH
BO30YKICHUH aTOMOB BOAOPO/1a KBAHTAMHU 3TOTO CBETA PAINYC I'n OPOUTHI AIEKTPOHA YBETUUHIICS
B 16 pa3?

B opgHO3apsaHOM HMOHE JUTHS 3JIEKTPOH IEpellesl ¢ YETBEPTOro SHEPreTUYECKOro YpPOBHS Ha
BTOpO. OnIpeenuTh AIUHY BOJIHBI A U3TyYSHHSI, UCITYILIEHHOTO HOHOM JIMTHSI.

DJIEKTPOH B aToM€ BOJOPOJA HAXOAUTCS HA TPETbEM SHEPreTHUECKOM ypoBHE. OmnpenenuTsb
kuHerndeckyo T, nmorenuumanshyto II u monnyro E sHepruto snexrponHa. OTBET BbIpa3uTh B
3JIEKTPOH-BOJIbTAX.

@oTOH BBIOMBAET M3 aroMa BOJOPOJA, HAXOMASIIETOCS B OCHOBHOM COCTOSIHHM, 3JICKTPOH C
kuHeTH4eckou sueprueit T= 10 3B. Onpenenuts sHepruro € GoroHa.

Boruucnute Hanbonee BEpOSTHYIO JACOpOMIEBCKYIO JUIMHY BOJHBI A MOJIEKYN a30Ta,
COZIepXkKaIIMXCsl B BO3yX€ IIPU KOMHATHOM TeMIeparype.

Omnpenenuts sHepruto AT, KOTOPYIO HEOOXOAMMO JOMOJHATEIHHO COOOIIUTE AIEKTPOHY, YTOOBI
ero ae0poiIeBcKas AJIMHA BOJHBI yMeHbIMIach oT M = 0,2 mm 10 A2= 0,1 HM.

Ha cxonbko MO OTHOILIEHUIO K KOMHATHOM JOJIKHA M3MEHUTHCS TEMIlepaTypa UIealbHOrO rasa,
4TOOBI AeOpONIIeBCKas AJIMHA BOJIHBI A €70 MOJIEKYJ YMeHbIuiack Ha 20%?

[TapannensHpIid My90K MOHO?HEPTETHUYECKUX 3JIEKTPOHOB MaJaeT HOPMAIbHO Ha quadparmy B
BU/JIE Y3KOH NPSIMOYTOJIBHON 1enu, muprHa kotopoi a = 0,06 mm. OnpeaenuTs CKOPOCTh 3TUX
AJIEKTPOHOB, €CJIM M3BECTHO, YTO HA KpaHe, OTCTOSILEM OT Ieau Ha paccTrossHuu L = 40 mwm,
HIMPUHA [IEHTPAIBbHOTO AU(pakiMoHHOTr0 Makcumyma b = 10 MxM.

[Ipy kakux 3HaueHUSAX KUHETHYeCKOM »sHepruum T osnekTpoHa ommMOKa B ONpPEACIECHUU
neOpoiiIeBCKON ATMHBI BOJHBI A IO HEPENSATUBUCTCKON Gopmyne He npesbimaeT 10%?

W3 xaTogHo# TpyOku Ha nuadparMy ¢ y3KOH MpsIMOYTOJIBHOHM HIENTBI0 HOPMAIBHO K TUIOCKOCTH
muadparMbl HampaBiIeH IMOTOK MOHOMHEPTETHUECKUX AJIEKTPOHOB. OMpenenuTh aHOIHOE
HaInpsDKeHUE, TPYOKH, €CIIM U3BECTHO, YTO Ha DKpaHe, OTCTOSAIIEM OT IIeH Ha pacctosauu 1 = 0,5
M, HIMPUHA LEHTpadbHOro nudpakuuoHHoro mMakcumymaAx = 10,0 mxm. [lupuny b menn
npuHTH paBHo 0,10 MMm.

[TpoTton oOnanaer kuHetnueckoit sueprueit T = 1 kaB. OnpenenuTs AJONOTHUTENBHYIO SHEPTUIO
AT, KoTOpyr0 HEOOXOAMMO €My COOOIIMTH i TOro, 4ToObl JUIMHA BOJHBI A A€ bpoiins
YMEHBLINIACH B TPU pa3a.

Onpenenuth UIMHBI BONH A€ bpoing o-yacTUpl UM TNPOTOHA, MPOUIEAUINX OJIMHAKOBYIO
YCKOPSIOLIYIO pazHocTh noTeHnuanos U = 1 kB.

DnekTpoH obnanaer kuHetudeckou sueprueit T = 1,02 M»aB. Bo ckonbko pa3 u3MeHUTCS JJIMHA
BOJIHBI Jie bpoiins, ecnu kuHeTndeckast sHeprus T 2JeKTpoHa yMEHBIIUTCS BABOE?
Kunernueckast sueprus T 3JIeKTpOHA paBHA yBOCHHOMY 3HAUYEHHIO €r0 SHEPTUHU MOKOsI (2moC).
Bbruucnuth JUMHY BOJIHBI A Jie Bpoiast 1 Takoro 3J1eKTpoHa.

Onpenenuts 101110 CBOOOJIHBIX 3JEKTPOHOB B MeTaiie npu temreparype T = O K, sneprum ¢
KOTOPBIX 3aKJIFOUEHBI B UHTEPBAJIE 3HAYEHUH OT /2 €max 10 €max.

['epmanueBslii kpuctami, mupuHa AE 3anpenieHHoi 30Hb1 B KoTopoM paBHa 0,72 3B, HarpeBatoT
ot temnepatypsl t1 = 0° C o Temnepatypsl t, = 15° C. Bo cKobko pa3 BO3pacTeT ero yaeibHas
IIPOBOJIUMOCTB?

Ipu HarpeBaHUH KPEMHHEBOTO KpUCTaina oT Temnepatypsl t1 = 0° C 1o Temmeparypsi t = 10° C
€ro yJenbHas MPOBOJAMMOCTh BO3pacTaeT B 2,28 pasza. [lo mpuBeNeHHBIM JaHHBIM ONPENEIUTH
mpuHy AE 3amnpenieHHoi 30HbI KpUcTasula KpEMHUS.

p-n-miepexoy HaxomuTcs mox ooparHeiM HanpspkerneM U = 0,1 B. Ero conporusnenune R1 = 692
Owm. KakoBo conporusienue Rz nepexona npu npsiMoM HanpspkeHUn?
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Mertamibl TUTUNA U HUHK NPUBOJAT B conmpukocHoBeHue Apyr ¢ ApyroM npu temneparype T = 0
K. Ha ckosibkO M3MEHUTCSI KOHILIEHTpaIUs JIEKTPOHOB TPOBOAUMOCTH B IIMHKe? Kakoil u3 3tux
METaJuIoB Oy/eT UMeTh 0oJiee BRICOKUN OTEHIHAN?

Conportusnenue Ri, p-n-nepexoaa, Haxoadierocs mnoj npsiMeiM HanpsbkenueM U = 1 B, paBHo
10 Om. Onpenenuts conpoTuBieHHe Rz nepexona mpu oOpaTHOM HanpsHKEHUH.

Haiitn Mmunnmanbuyto sHepruto Wmin, HEOOXOIUMYIO AJ1 00pa30BaHuUs Maphl ATEKTPOH - AbIPKa
B Kpuctajie CaAs, eciu €ro yzaeiabHas IPOBOAUMOCTh Y u3MeHsercs B 10 pa3 nmpu u3mMeHeHUu
temnepatypsl ot 20 10 3° C.

Conporusnenue R1 kpucranna PbS npu temneparype t1 = 20° C pasno 10* Om. Onpesienuts ero
conporusienue Rz npu remmnepatype t2 = 80° C.

KakoBo 3Hauenue sHepruum depmu €F y 3JIEKTPOHOB NPOBOJMMOCTH JBYXBAJIEHTHONM Meau?
Bripaszutsb sHepruto @epmu B IDKOYISAX U 3JIEKTPOH-BOJIBTaX.

[Tpsimoe Hanpsixenue U, npuiiokeHHoe K p-N-niepexoy, paBHo 2 B. Bo ckonpko pa3 Bo3pacrer
CUJia TOKa Yyepe3 nepexoi, eciiv u3MeHuTh Temrneparypy ot T1 =300 K no T2 =273 K?

IIpouenypa oneHMBaHUSI KOHTPOJIbLHOMH PadoThI

3aounas ¢popma o0yueHus

[To mucnumnae «du3nka» odydaromuecs 3a09Hoi Gpopmbl 00yueHus B 2, 3 u 4 cemecTpax
BBITIOJHSIOT KOHTPOJIbHBIE PAaOOTHI.

OOyuarommuecs BBINONHSIOT U 3aIIUIIAIOT KOHTPOJIbHYIO padOTy K SK3aMEHY U 3a4eTy.
Ecnmu paGota mmeer 3ameuaHusi, TO OHA BO3BpallaeTcs oOydaeMOMY [UIsi MX HCIIPABJICHUS.
VcnipaBieHHbIE 3aMEYaHus IOBTOPHO POBEPSIOTCS NpernoiaBareneM. B pe3ynpraTe mpoBepku Ha
TUTYJIBLHOM JIUCTE KOHTPOJIBHON pabOTHI PEN0AaBaTel b BBICTABIISET OLEHKY «3aUTCHO)» UITU «HE
3aYTCHOY.

Kpurepun oneHuBaHNs KOHTPOJIbHOH padoThI

OneHKy «3a4TeHO» 00y4aeMblii MOYKET MOJIYYUTh C YUETOM CIEAYIOUINX KPUTEPUEB:

. paboTa BBIIIOJIHEHA IO CBOEMY BApHAHTY;
. BBITIOJTHEHBI BCE 3aJJaHUsI KOHTPOJIBLHOU paboThI;

B K&XIOM 3aJlaHWM INPUBEIEHO MPABUJIBHOE PA3BEPHYTOE PEIIEHUE CO CCBUIKAMU Ha
COOTBETCTBYIOILIKE IIPaBHIIa, POPMYJIBI U METOJ] PEILICHUS;

. 00beM 1 ohopmiieHHEe paboOTHl OTBEYAIOT TPEOOBAHUSM;
. paboTa BHITIOJIHEHA aKKYPaTHO, 0€3 TPYOBIX JTOTUYECKUX U BBIUUCIUTEIHHBIX OMHOOK;
. CTYZIGHT MOXET OTBETUTH Ha MPEAJI0KEHHbIE BOIPOCHI 110 JaHHOI paboTe.

Ecnu xoTst 661 0JIMH W3 MPUBEJCHHBIX BHIIIE KPUTEPUEB HE BBIMIOJIHACTCS, 00yJaromuics
MOJIy4aeT 3a KOHTPOJIbHYIO pabOTy OLIEHKY «HE 3aUTEHO».

5 KommuiekT 3agaHuil AJ1s1 pacueTHO-rpaguueckor padoThl

PacyerHo-rpajguyeckas padora Nel
Bapuant Nel
Touka IBMXKETCS MO OKPYKHOCTH paanycoM R=30 cM ¢ IOCTOSIHHBIM YIJIOBBIM YCKOPEHHEM E.
Onpenenuth TaHFEHIMAIBHOE YCKOPEHUE a; TOUYKH, €CIM M3BECTHO, YTO 3a BpeMdA t = 4 ¢ oHa
COBEpINNIIA TPH 000POTA U B KOHIIE TPETHETO 000pOTa ee HopMallbHOE YCKOpeHHe an=2,7 M/c2.
Ha ckonbko nmepemecTutcs OTHOCUTENBHO Oepera noaka jmHoi L=3,5 M u maccoif my = 200 kT,
€CJIM CTOAIIMN Ha KOpMe ueloBeK Maccoil mz = 80 Kr mepeMecTHTCsl Ha Hoc Joaku? Cuurtath
JIOJIKY PACIIONIOKEHHOM NMEepIeHANKYISIpHO Oepery.
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Kakas pabota A momkHa OBITH COBEPIICHA MPU MOJHATUU C 3€MJIM MAaTEPUANIOB JJIsl IIOCTPONKH
MUATUHAPUYECKONU IBIMOXOIHON TpyObl BbicoTOM h = 40 M, Hapyx)HbIM nuamerpoM D = 3,0 M u
BHyTpenHuM auamerpoM d = 2,0 M? [InoTHOCTH MaTepuana p IpHHATH paBHoii 2,8-10° kr/Mm°,
K xoH11aM j1erkoit 1 HepacTKUMOU HUTH, TIEPEKUHYTOMN uepe3 OJI0K, MOIBEICHBI IPY3bl MacCaMu
mi= 0,2 xr u mz = 0,3 xr. Bo CKOJIBKO pa3 OTJIMYAIOTCS CHJIBI, ACHCTBYIOIME HA HUTH 1O 00€
CTOpOHBI OT OJ0Ka, ecau macca 61oka m = 0,4 Kr, a ero ochb JABHXKETCS BEPTHKAIbHO BBEPX C
yckopenueM a = 2 M/c?? CunaMu TpeHHs U IIPOCKANIb3bIBAHUS HUTH MO BJIOKY IpeHeOpeds.
OnHOpOHBIN cTep)keHb JuTHOM 1= 1,0 M 1 Maccoit M=0,7 Kr mo/iBeIIeH Ha TOPHU30HTAIBHON OCH,
POXOALIeH Yepe3 BEpXHHUM KOHEI cTepxHs. B Touky, oTcrosimryro oT ocu Ha 2/3 1, aGcoaroTHO
VIOPYTo yAapsieT Myl MacCod m=>5 Kr, JIeTsiasi NepreHIuKyIIpHO CTepxKHIO U ero ocu. [locne
yzapa crepskeHb oTKIoHMICs Ha yron a=60°. OnpenenuTs CKOpoCTh IyIIH.
Ornpenennutb KOJIMYECTBO BEUIECTBA V U YUCIIO N MOJIEKYJ Kuciaopoaa macco m = 0,5 Kr.
B mwmsgp amuHONM 1 = 1,6 M, 3aMOJIHEHHBIM BO3AYXOM IPU HOPMAaJIbHOM aTMochepHOM
JABIEHUN Po, HAyadd MeJIEHHO BJBUIaTh INOPIIEHH IUIOMAAbI0 OcHOBaHHA S = 200 cm?,
Omnpenenuth cwty F, nelicTBYIONIYIO Ha OPIICHD, €CIIK €r0 OCTAHOBUTH Ha paccTossHuu 11 = 10
CM OT JHA LUJIUH/pA.
Onpenenutbh BHYTpeHHIOIO 3Hepruto U BoIoposa, a TakKe CPEIHIO KMHETUUYECKYHO SHEPTHUIO
<€> monekynsl 3Toro ra3a npu temneparype T = 300 K, ecnu konruecTBo BelecTBa v 3TOro rasa
paBso 0,5 MOJIb.
Haiitu cpennee ymncio <z> CTOIKHOBEHUU 3a Bpemsi t = 1 ¢ u uiHY cBOOOgHOTO TIpodera <1 >
MOJIEKYJIbI T€JUs, €CIIH ra3 HaxoauTcs noa nasienueM P = 2 kIla npu temniepatype T =200 K.
Onpenenuth MOJSPHYIO MacCy M IBYXaTOMHOIO ra3a M €ro yjaeibHble TEIUIOEMKOCTH, €CIU
M3BECTHO, YTO PA3HOCTH Cp Cv YICIBHBIX TEINIOEMKOCTEH 3TOTO0 Ta3a paBHa 260 Ix/ (kr- K).
Onpenenuth KOJMYECTBO TEIIOTH Q, KOTOPOE HAAO0 COOOMUTH KucIopoxy oobeMoMm V = 50 1
IIPU €ro U30XOPHOM HarpeBaHUM, YTOOBI JaBJeHHE ra3a nosbicuiioch Ha Ap==0,5 MI]a.
Ha puc. n3o0paxkeH UK, MPOUCXOIAIINI B raze HeM3MEHHON Macchl. M300pa3uTe 3TOT LMK B
koopauHatHbix ocsx: (V,T) (P,T)

Pt i

I

W

v

BapuanT Ne2

[To xparo paBHOMEPHO BpallaIOIIEHCs C YIIOBOH CKOpOCThI0O ® = 1 paa/c mnaTdopMbl HIET
YeJIOBEK U 00XoauT maTdopmy 3a Bpems t= 9,9 c. KakoBo HanbombIee yCKOPEHHE a IBUKCHUS
yenoBeka oTHocuTensHO 3emnn? [Ipunsate paanyc mnatdopmel R =2 m.

JIBe onuHakoBble Joaku MaccamMu m = 200 Kr kaxnjgas (BMECTe C YEJIOBEKOM M TPYy3aMH,
HAXOJSMIIUMHUCA B JIOJKAaX) JBIKYTCS MapaUIeNbHBIMH KypcamMH HaBCTpedy APYr APYry C
OJIMHAKOBBIMH cKopocTsMu L = 1 M/c. Koraa jo/1ku mopaBHSIIUCH, TO ¢ TIEPBOM JIOJKH HA BTOPYIO
U CO BTOPOMl Ha TEPBYIO OJHOBPEMEHHO IepedpachiBalOT Tpy3sl Maccamu mp = 200 Kr.
OnpenenuTb CKOPOCTH U1 U U2 JIOAOK IOCIIe epedpachiBaHUsI TPY30B.

[lens mmuuHOM 1 = 2 M JIEXKUT HA CTOJIe, OJHUM KOHIIOM cBHcas co crona. Eciu nnmuHa
CBEITMBAIONICHCS YacTH mpeBbimaeT 1/3 1, To memb cockaib3biBaeT co crojia. OmnpenenuTsb
CKOPOCTH L I[EMH B MOMEHT €€ OTPhIBa OT CTOJA.

K kpato crona mpukperureH 650k, Yepes 070k mepekuHyTa HeBecoMasi M HEpacTsDKUMasi HUTh, K
KOHI[aM KOTOPOW MPUKPEIICHBI Tpy3bl. OJMH Ipy3 IBHXKETCS MO MOBEPXHOCTH CTOJA, a IPYTOH -
BJIOJIb BepTHKaIM BHU3. OnpenenuTh K03QPUIMESHT [L TPSHUS MEXTy TOBEPXHOCTAMHU Ipy3a U
CTOJIa, €CTTU MAacChl KKIOTO Ipy3a U Macca OJI0Ka OJIMHAKOBHI U TPY3bl ABUKYTCS C YCKOPEHHEM
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a = 5,6 m/c?. TIpockajib3pIBaHMEM HMTH IO OJOKY U CHMIION TpeHus, AeHcTBymomeil Ha GIOK,
peHeOpeyb.

["opuzonTanbHas maTgopma Mmaccoid mi= 150 Kr Bpaiaercs BOKpYr BEpTUKAIBHON OCH, TPOXOIS
11eii uepes HeHTp mIaTdopMbl, ¢ 4acToToit n=8MuH*. YenoBek Maccoii my= 70 KT CTOUT IIPU ITOM
Ha Kpato 1atdopmbl. C KaKko yriioBOW CKOPOCTBIO (® HA4YHET BpAIIAThCs IUIATGOpMa, eciIu
YyeloBeK Imepeiner ot kpas miathopmel K ee HeHTpy? Cuurtarth MmiIatQopmy KpyTribiM,
OZHOPOJHBIM JIUCKOM, @ YEJIOBEKA - MATEPHUAIIbHON TOUKOM.

CKOJIBKO aTOMOB COJICPKUTCS B pTYTH: 1) KonmuaecTBoM BemecTBa v = (0,2 Moiib; 2) Maccoit m = 1
r?

B 6amone naxoautcs ras npu tremrneparype T1=400 K. Jlo kakoit Temrniepatypsl T2 Haj0 HarpeTh
ra3, 9ToObI €ro JaBJICHHE YBEIHUUIOCh B 1,5 paza?

Onpenenutb CyMMapHYIO KHHETHUECKYIO SHEPTHUI0 Ex MOCTYNaTeIbHOTO IBUKEHHS BCEX MOJIEKYJT
ra3a, HaxoJ4IIerocs B cocyzie BMectTuMocTbio V = 3 i1 ox gasinenueM p=>540 klla.

Haiitu ynenbHbIe ¢, U Cy, a Takke MoJisipHble Cp 1 Cy TEMI0EMKOCTH YITIEKHCIIOTO ra3a.
Onpenenutbs CpenHIO IMHY CcBoOOmHOro mpobera < 1 > Monekynsl a3ora B coOCyle
BMeCTHUMOCTRIO V = 5 11. Macca raza m=0,5 r.

[Tpu n3orepmuueckoM pacuirpenuu azora npu remneparype T = 280 K o0beMm ero yBennuuics B
nBa paza. Omnpenenuts: 1) coBepilieHHYIO IPU pacIIUPEeHUH raza padboty A; 2) uamenenue AU
BHYTpPEHHEH 3Hepruu; 3) KOJIM4eCTBO TEIIOThI Q, mosiyueHHoe razom. Macca azora m = 0,2 Kr.
Ha puc. n3o0paxkeH UK, MPOUCXOIAIINI B raze HeM3MEHHON Macchl. M300pa3uTe 3TOT LMKII B
koopauHatHbIx ocsx: (V,T), (P,T)

rj

e
b
-

h |

Bapuant Ne3

MarepuanbHas TOYKA [ABMIKETCS B TIOCKOCTH Xy COTJIACHO ypaBHeHHsM x=A1+Bit +Cit’> u
y=Az+Bst +Cat? , e B1=7 m/c, C2= - 2 M/c?, B2= -1 m/c, C2 =0,2 m/c?. HaliTi MOIyITH CKOPOCTH
Y YCKOPEHMsI TOUKH B MOMEHT BpeMEHHU t = 5 c.

CHapsg, neteBInii co ckopoctbio v = 400 Mm/c, B BepXHEl TOUKE TPAaCKTOPUH pa3opBajics Ha JBa
OCKOJIKa. MEeHBIINH OCKOJIOK, Macca KoToporo cocrasiseT 40% oT Macchl CHapsiaa, MOJIETEN B
MPOTUBOIIOJIOKHOM HAIpaBJIeHUU CO CKOpocThio U1 = 150 wm/c. Ompenenuth CKOPOCTH U2
0O0JIBIIIETO OCKOJIKA.

Haneres Ha npyxunnbiii Oydep, Baron maccoit m = 16 1, npurasuimiicst co ckopocteto v = 0,6
M/C, OCTAaHOBHJICS, C3kaB MpykuHy Ha Al = 8 cM. Haiitu o6uryro sxectkocTs k mpyxun 6ydepa.
brok, nmerommii popmy aucka maccord m = 0,4 Kr, Bpalmaercs 1moj| AeHCTBUEM CUITbI HATSKEHUS
HUTH, K KOHIIJaM KOTOpPOH NoABeIIeHbl Ipy3bl Maccamu m1 = 0,3 xr u mz = 0,7 kr. Onpenennts
cuibl HaTsbkeHust T1 u T2 HuTH 10 06€ CTOPOHBI OJ0KA.

Ha xparo HenoasmxHo# ckambu JKykoBckoro nuamerpom D=0,8 M n maccoii mi=6 Kr cTOUT
yenoBek Maccod mz=60 kr. C Kakoil yriioBOM CKOpPOCTBIO (0 HAYHET BPAIATHCS CKambs, €CIIU
YeJIOBEK MoMMaeT JeTAIMM Ha Hero Mt Maccod m=0,5 kr? Tpaekropus Msya rOpU30HTAIBHA U
npoxoauT Ha pacctosiHuM 1=0,4 M oT ocu ckambH. CKOpOCTh Mstua V=5 m/c.

Bona nipu Temneparype t = 4 C 3anumaet 06bem V = 1 cm®. OnpeienuTh KOJIHIECTBO BEMIECTBA V
1 ynciao N MOJIeKyJ BOJBI.

bannon Bmectumoctrio V = 20 11 3anonHeH azotom npu temneparype T = 400 K. Koraa yacte
ra3a U3pacxojJioBalid, JaBjieHue B 6amtone nouusmwioch Ha Ap= 200 kIla. Onpenenuts Maccy m
M3pacxoJ0BaHHOTO rasa. IIporecc cuntaTte H30TEPMUUECKHM.
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KonuuectBo BemectBa renust v = 1,5 monb, Temneparypa T = 120 K. Onpegenuts cymmapHyto
KHHETUYECKYIO dHEPIUI0 Ex MOCTynaTenbHOro ABMKEHHS BCEX MOJIEKYJI HTOTO rasa.

Onpenenuth MoKa3arenb aguadaThl Y HIEATLHOTO ra3a, KOTopblil npu temnepatype T= 350 K u
nasnenuu p = 0,4 MlIla 3aaumaet o6bem V = 300 i1 1 umeet TermoemMkocts Cv= 857 JIx/K.
Bonopon nHaxonutcs nox gasinenueM P = 20 mklla umeer temneparypy T = 300 K Onpenenuts
CPEIHION0 JUIMHY CBOOOIHOTO npobdera < | >MoJieKyJibl TaKOro rasa.

[Tpu agmaGaTHOM cXXaTuU JaBieHUE Bo3ayxa Obuio yBenudyeno ot P1 = 50 xIla no P2=0,5 Mlla.
3areM IpU HEU3MEHHOM 0ObeMe TemIlepaTypa BO3[yxa OblLla MOHMXKEHA 10 NEepBOHAYAIBHOM.
Onpenenuts nasieHue P3 rasa B KoH1le mporecca.

Ha puc. nzo0pakeH 1UKII, IPOUCXOAALIMNA B Ta3e HEM3MEHHON Macchl. M300pa3uTe 3TOT LMK B
koopaunatueix ocsax: (P,T), (P,V) T
|

=<1

Bapuant Ne4

MarepuanpHasi TOYKa ABMKETCS TI0 OKPY)KHOCTH C TIOCTOSTHHOM YTIIOBOM CKOPOCTBIO ®=1/6 pajy/c.
Bo ckonbpko pa3 myTth As, mpoiiieHHBI TOYKOW 3a BpeMms t=4 c, Oyaer Oosblie MOAyNs ee
nepemenieHus Ar? IIpuHATh, 4TO B MOMEHT Hayajla OTCueTa BpEMEHU pPaJuyC-BEKTOP I, 3a1at0IINN
MOJIO’KEHHE TOUYKH HA OKPY>KHOCTH, OTHOCUTENIbHO UCXOAHOTO MOJIOKEHHsI ObLT IOBEPHYT HA YTOJI
Qo = 7/3 pan.

Ha nony crouT Tenexka B BUAE JIMHHON JOCKH, CHAOKEHHOH JIerKMMHU Kosiecamu. Ha onmHoM
KOHIIE JJOCKH CTOUT 4yesioBek. Macca ero ma = 60 kr, macca gocku mz = 20 kr. C KaKoit CKOPOCTBIO
(oTHOCUTENBHO TOJa ) OyIeT IBUraThCs TEJEXKKa, ECIIM YEJIOBEK MONAET BJOJIb HEE CO CKOPOCTHIO
(oTHOCHTENBHO AOCKH) L = 1 M/c? Maccoii KoJieC  TpeHHEM MPeHeOpeYb.

W3 npy>XKHHHOTO MUCTOJIETa ¢ MPYXUHOM kecTkocThio k = 150 H/M Obu1 mpon3BesieH BhICTpeENn
nysei Mmaccoid m = 8 r. OnpenenuTs CKOPOCTh U MYJIH MPH BBUIETE €€ M3 MICTOJIETA, €CIIH MPYKHHA
ObL1a ckaTa Ha Ax =4 cM.

OnpenenuT MOMEHT CHIIBI M, KOTOpBI HEOOXOAMMO TPHIIOKUTH K OJIOKY, BPAIIArOIIEMyCs C
yactoToif n = 12 ¢, uTo6bl OH OCcTaHOBMIICA B TeueHHe BpeMeHH At= 8 c. Jluamerp 6;10ka D =
30 cm. Maccy 6;10ka m = 6 KT CYUTaTh PAaBHOMEPHO PacpeIeICHHOM 0 000/1y.

Ha xpato mnargopMel B BUJIE AMCKa, Bpallaomeiicss Mo HHEPIMHU BOKPYT BEPTUKAJIBHOW OCH C
4acToOTOM n1=8 MHH' , CTOMT uenoBek Maccoif mi=70 kr. Korma denmosek mepemien B LEHTp
n1aThOpPMBI, OHA CTaNla BPAIaThes ¢ YacToToi nz= 10 Mun™, OnpeaenuTs Maccy my MIaTpopMsl.
MoOMEHT MHEPIIMH YeIOBEKa PACCUNTHIBAThH KaK JIJIsl MaTePUAIbBHOW TOUKH.

Haiitn monsipHyro maccy M 1 Maccy mm OJJHOM MOJIEKYJIbI IOBAPEHHOM COJIN.

B Oannone Bmectumocthio V = 15 1 HaxoauTcs aproH mox aasieHueM p1 = 600 xlla u mpu
temneparype T1 =300 K. Koraa u3 6amiona Obu10 B3SITO HEKOTOPOE KOJIMUYECTBO rasa, JaBJICHUE
B O6amtone nonusuiocsk 10 P2 =400 klla, a temneparypa ycranoBunace T2 = 260 K. Onpenenutsb
Maccy m aproHa, B3sTOro u3 OajoHa.

MonspHasi BHyTpeHHsis1 dHepruss Um HEKOTOPOro JABYyXaTOMHOro rasa paBHa 6,02 kJ[x/Moib.
Onpenenuth CpenHIO KHUHETHYECKYI0 SHEPTUI0 <Egp™> BpALIATEIbHOTO JBUKEHHUS OIHON
MOJIEKYJIBI 3TOT0 Ta3a. ['a3 cuntaTe uaeaaIbHbIM.

B cocyne BmecTuMOCTBIO V = 6 11 HaxOAWUTCS IPU HOPMAJIBHBIX YCIOBHSIX JABYXaTOMHBIN Ta3.
Onpenenuts TemoeMKocTb Cy 3TOro rasa npu MoCTOSSHHOM 00beMe.

[Tpu HOpMAaNTBHBIX YCIOBUSX JJTMHA CBOOOIHOTO TIpobera < | > momnekynsl Bogopozaa pasHa 0,160
MKM. Onpenienuts auametp d MOJIeKysbl BOJOPO/a.
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Kucnopon maccoit m= 200 r 3anumaet o0bem V1= 100 1 u Haxoautces mox nasieruem p1 = 200
klla. Ilpu HarpeBanuu ra3 pacmUpUiICS MPU MOCTOSHHOM JaBiieHHH J0 oobema V2 = 300 1, a
3areM ero namieHue Bodpocio 10 P3 = 500 kIla nmpu Hensmennom obwveme. Hailtu nsmenenue
BHyTpeHHe# 3Heprun AU rasza, COBEpIICHHYIO ra3oM paboTy A u TerioTy Q, mepeaaHHyo rasy.
Ha puc. nzo0paxeH UK, TPOUCXOISIINN B Ta3e HEM3MEHHOW Macchl. MI300pasuTte 3TOT UK B
koopauHatHbeIX ocsax: (P,T), (P,V) v A o I

I
Bapuant Ne5
Teno 6pomeno nmox yriaom o = 30° k Topu3oHTY €O ckopocThio Vo = 30 M/c. KakoBel 6ymyT
HOpPMaJbHOE an U TAHINEHIUAIbHOE a;, YCKOpEHHUs Teja depe3 Bpems t=Ic mocie Havana
JBYOKEHUSA?
KoHbpK0OEKell, CTOSl Ha KOHbKAX Ha Iby, OpocaeT KaMeHb Maccoi mi = 2,5 kr nog yriom o= 30°
K TOPH30HTY cO ckopocThio v = 10 m/c. KakoBa OynmeT HadaibHas CKOPOCTh Vo JBYIKCHUS
KOHBKOOEXIIa, ecau Macca ero my = 60 kxr? IlepemenienueM koHbKOOEXKIAa BO BpeMs Opocka
npeHeOpeub.
Ecnu Ha BepXHUI KOHEIl BEPTUKAIBLHO PACIIONIOKEHHON CIIUPATbHON MPYKUHBI TOJIOKUTH TPY3,
TO TpyKuHa coxmercss Ha Al = 3 MM. Ha CKOJIBKO COKMET MpPYKHUHY TOT e TPpy3, YIaBIIUK Ha
KOHEI MPY>KUHBI ¢ BEICOTHI h= 8 cM?
[To TOpHM3OHTANBHOM IJIOCKOCTH KAaTHTCA JHUCK CO CKOpocThio L = § ™/c. Ompenenuthb
KOA(P(UIIMEHT COMPOTHUBICHUS, €CIH JHUCK, OYyIydyd TMpPeAOoCTaBICHHBIM caMoMy cebe,
OCTaHOBUWJICS, IPOUS MyTh S = 18 M.
OpnHopoHbIii cTepskeHb anuHou 1= 1,0 M MokeT cBOOOIHO BpaIlaThCsi BOKPYT TOPU3OHTAIBHON
OCH, IPOXOJAIIEH yepe3 OAMH U3 €ro KOHUOB. B npyroii koHer aOCOIIOTHO HEYNPYTO ylaapsieT
myas Maccoll m=7 r, JeTsias NepneHANKYIIPHO CTEPKHIO U ero ocu. Onpenenuts Mmaccy M
CTepIKHS, €I B Pe3yNIbTaTe MOMAJAHUs MyJIH OH OTKIOHMICS Ha yron =60, [IpHHATH CKOPOCTH
iy v=360 m/c.
Onpenenuts Maccy mm OJHOW MOJIEKYJIBI YIJIEKUCIIOTO Ta3a.
JIBa cocyna oJJUHaKOBOT0 o0beMa coaepxar kuciaopoa. B ogHom cocyzae aasnenue p1 =2 Mlla u
temneparypa T1=800 K, B npyrom P>=2,5 Mlla, T>=200 K. Cocyzasl coenuHunn TpyOkod u
OXJIAIWIM HAXOIALMIics B HUX Kuciopon no temmeparypsl T2 = 200 K. Omnpenenuts
YCTaHOBUBIIEECS B COCY/IaX JIaBJICHUE P.
Onpenenuts CpPeIHIO KHUHETUYECKYIO DHEPrur0 <€> OAHOW MOJEKYJbl BOASHOIO Iapa Mpu
temneparype T= 500 K.
Onpenenutb OTHOCHUTENBHYIO MOJIEKYJSIPHYI0O Maccy Mr um MoispHyro Maccy M rasa, eciu
Pa3HOCTh €r0 YACNbHBIX TEIIOeMKOCTeH Cp-Cv=2,08 kJ[x/(kr-K).
KakoBa cpennss apudmernueckas CKOpPOCTb <v> MOJIEKYJ KHCIOpoJa HpPHU HOPMaJbHbBIX
YCIIOBHSIX, €CITA U3BECTHO, UTO CPEAHS JUIMHA CBOOOHOTO TTpobera < 1 > MONEeKyJbl KHUCIOpo/ia
IIpU 3TUX ycaoBuUsax paBHa 100 HM?
O6beM BoJOpoJIa TpH U30TEpMUUECKOM pactiuperun npu temneparype T =300 K yBenuuuics
B n = 3 paza. Onpeaenuts paboTy A, COBEPILIEHHYIO I'a30M, U TEIUIOTY Q, MOIy4YEHHYIO IIPU STOM.
Macca m Bonopoaa pasHa 200 r.
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Ha puc. nzo0paxeH UK, TPOUCXOASIINN B ra3e HEM3MEHHOM Macchl. M300paszure 3TOT MUKI B
koopauHatHbIX ocsax: (P,T), (V,T) D

L oa e

v

Bapuant Ne6
Benocunenuct exan u3 0lHOro MyHKTa B Apyroi. IlepByto TpeTh MyTH OH MPOeXai co CKOPOCThIO
v1= 18 kM/4. Jlasiee MoJIOBUHY OCTABIIETOCS BPEMEHH OH €XaJl CO CKOPOCTBIO V2= 22 KM/, MOCTIe
Yero /10 KOHEYHOTO MYHKTA OH HIEJ MEMIKOM CO CKOPOCTBIO V3= 5 KM/4. OnpenenuTs cpeHion
CKOPOCTh <> BEJIOCHIICIUCTA.

Jlonka nmuHoit L = 3 M u maccoit m = 120 kxr crouT Ha crnokoiiHoi Boje. Ha Hocy u xopme
HaxomaTcsl ABa peibaka Maccamu mi = 60 kr u mz = 90 kr. Ha ckonbko cIOBHHETCS JIOJKa
OTHOCHTEJIBHO BOJBI, €CJIA PHIOAKH TOMEHSIOTCSI MECTaMu?

Kakyto Hy>xHO coBepmIuTh paboTy A, 4ToOBI NpYy)UHY KecTKkocThio k = 800 H/M, cxxaryro Ha x =
6 cM, JIOIIOJIHUTEIBHO CKaTh HAa AX = 8 cM?

CreprxeHb BpanjaeTcs BOKPYT OCH, IPOXOJSAIIECH Uepe3 €ro CepeiluHy, COrJIaCHO YPAaBHEHUIO () =
At + Bt tie A =2 pa/c, B = 0,2 pan/c®. OnpenenuTs Bpamaronmi MOMEHT M, el cTByONIHit
Ha CTEpKEHb Yepe3 BpeMs t = 2 ¢ Iociie Hayalla BpalleHUs], €CJIM MOMEHT MHEPLUH CTEPXKHS J =
0,048 kr-m.

Ha ckambe JKyKOBCKOrO CTOMT 4YEJIOBEK M JIEPKHUT B PYKE 3a OCh BEJIOCHIIEJAHOE KOJIECO,
BpAII[aroIeecs: BOKPYT CBOCH OCH C YIIIOBOW CKOPOCThIO m1=25 pan/c. Och Kojeca pacnooxKeHa
BEPTUKAJIBHO M COBHANaeT ¢ Ocblo ckambu JKykoBckoro. C KakoW CKOPOCTBIO 2 CTAaHET
BpAIIATHCS CKaMbs, €CJIM MOBEPHYTh KOJECO BOKPYT TOPU30HTANbHOH ocu Ha yron a=90%?
MOMEHT HHEpIUH YeloBeKa U CKaMbH J paBeH 2,5 Kr-M2, MOMEHT HHepIuH Koneca Jo = 0,5 kr-m2,
OnpenenuTbh KOHIEHTPALUIO N MOJIEKYJ KHCIOPO/Aa, HAXOASIIErocsl B COCY/l€ BMECTUMOCThIO V
=2 1. KonuuecTBo BeniecTsa v Kucjiopoaa paBHo 0,2 MOJIb.

BpruucnanTe TIOTHOCTH p a30Ta, Haxojsmierocs B OayioHe mojn gaBieHueM P = 2 Mlla u
umeroniero remmneparypy T = 400 K.

OnpenenuTb CpeAHIOI0 KBaJIPATHUHYIO CKOPOCTh <Uxs™> MOJIEKYJIBI ra3a, 3aKI0YEHHOTO B COCY/[
BMecTUMOCTBIO V = 2 11 mox aasieHueM p = 200 kIla. Maccarasam = 0,3 r.

OnpenenuTs MOJSIPHBIE TEIUIOEMKOCTH Ta3a, €CId €ro yielbHble TeruioeMkoctd  c¢v=10,4
k/Ix/(xr-K) u cp = 14,6 xJIx/ (xr-K).

Kucnopon naxonutcs non nasnenueM P = 133 ulla npu temneparype T= 200 K. Beruncauts
CpEeJIHEE YNCIIO0 <Z> CTOJKHOBEHUIN MOJIEKYJIBI KUCJIOPOA IPHU 3TUX YCIOBHAX 3a Bpems 1= 1 c.
Aot maccoit m = 0,1 xr 611 n300apHo Harpet ot Temreparypsl T1 =200 K 1o remneparypst T2=
400 K. Onpexnenuts paboTy A, COBEPILIEHHYIO ra30M, MOJYYEHHYIO UM TEIUIOTY Q U U3MEHEeHHe
AU BHYTpeHHEHN YHEPIUHU a30Ta. P
Ha puc. nzobpaxeH MK, IPOUCXOASANINI B ra3e HEM3MEHHON MacChl. ’ {
N306pa3ute 3TOT 1IUKI B KoopauHaTHeIx ocsax: (V, T), (P,T) f
Bapunant Ne7

MarepuanpHass TOYKa JBUXKETCS MPSIMOJIMHEMHO C Ha4YalbHOU
CKOPOCTEIO Vo = 10 M/C M TIOCTOSIHHBIM YCKOpPEHHeM a = -5 M/c?.
Onpenenutb, BO CKOJIBKO pa3 MyTh As, MPOMAEHHBIM MaTepuaibHON
TOUYKOM, OyZIeT MPEBHIIIATh MOAYIIb €€ nepemMenieHus Ar cryctsit =4 ¢ Vv
IoCJIe Hayajla 0TCUeTa BPEMEHHU.

Yenosek maccoit mi= 70 Kr, Oerymuii co CKOpOCThIO V1=9 KM/4, JOTOHSET TEIEKKY MacCOM mp=
190 kr, ABMIKYIIYIOCS CO CKOPOCTBIO V2=3,6 KM/4, U BCKakuBaeT Ha Hee. C Kakoil CKOPOCThIO

ro
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CTaHeT JBHUTaThCsl TENEeKKa ¢ denoBekoMm? C Kakoil CKOPOCTBhIO OYAET ABUTATHCS TEIIEKKA C
YeJIOBEKOM, €CJIU YEJIOBEK JI0 MPbhIKKa 0exall HaBCTpedy Tesexke?

JBe npyxunsbl xkectkocThio k1 = 0,5 kH/M u k2 = 1 kH/M ckperuiensl napasmiensHo. OnpeaenuTsb
NOTEHIMANBHYIO 2Hepruto [1 nanHol cuctemsl pu adcomoTHOU nedopmaruu Al = 4 cm.

Hurtb ¢ npuBsizanHbIMU K €€ KOHILIaM rpy3amu Maccamu my = 50 T 1 m2 = 60 T IepeKuHyTa uepes
osok quamerpom D = 4 cm. OnpenenuTs MOMEHT WHEpIuu J 010Ka, eCiu Mo JCHCTBUEM CHIIBI
TAKECTH TPY30B OH MOJTy4HII YIIIoBoe yckopenue € = 1,5 pan/c?. TpeHueM U IpOCKaIb3bIBAHHEM
HUTH 110 OJIOKY MpeHeOpeYb.

[Tnardopma, umeromias GopMy AMCKA, MOKET BpaIlaThcs OKOJO BEPTUKAILHOW ocu. Ha kparo
wiatopmbl cTOUT yenoBek. Ha kakoi yron ¢ moBepHercs miaTdopma, eciiv 4ejoBeK Moiier
BJIOJIb Kpas 1iaTdOpMbI U, 000 €€, BepHETCs B UCXOMHYIO0 (Ha matdopme) Touky? Macca
maTdopmbl my = 280 kr, Macca yernoBeka my = 80 Kr.

OnpenenuTs KOJIUYECTBO BEIIECTBA V BOJIOPOJIA, 3AMOIHSIOMIETO cocya o0beMoM V = 3 7, ecnu
KOHIIEHTpallMsl MOJICKYJI ra3a B cocyae h = 2- 1018 M3,

Onpenenutb OTHOCUTEIBHYIO MOJIEKYIIIpHYIO0 Maccy My, rasa, ecnu npu temneparype T= 154 K
u gaBieHuu P = 2,8 MIla on umeeT ruiotHoCTh p = 6,1 Kr/ M.

Bonopon naxomurcs npu temmneparype T= 300 K. HaiiTu cpenHIOl0 KMHETHUYECKYIO SHEPIHIO
<€sp> BpalIaTEIbHOTO [BIKEHHUS OJHOM MOJEKYNbl, a TaKKe€ CYMMapHYI0 KHHETUYECKYIO
sHepruto Ex Bcex MoseKyn 3Toro rasa; KoaudecTso Bojgoposaa v = 0,5 MoJsb.

Haiitu ynenbnble cy u ¢p 1 Mossipable Cy 1 Cp TEIUIOEMKOCTH a30Ta U TeHsL.

[Tpu xakom nmaBnenuu P cpemssist uymHa cBoOoaHOTO Mpodera < 1 > mozexyn a3orta paBHa | M,
ecnu temneparypa rasza t = 10°C?

Bo ckonpko pa3 yBenmuuuTcs 00bEM BOJOPO/IA, COASPKALIMI KOIMUecTBO BemecTBa v= 0,4 Mob
PU U30TEPMUYECKOM PACIIMPEHHUH, €CIIU MPU 3TOM ra3 HoJydyuT KoaudecTBo TermaoTsl Q= 800
Jx? Temneparypa Bogopoaa T=300 K.

Ha puc. n3o0paxkeH UK, MPOUCXOIAIINI B raze HeM3MEHHON Macchl. M300pa3uTe 3TOT LMKII B
koopauHatHBIX ocsax: (P,V), (V,T) p |

Bapuant Ne8

JIBe aBTOMAIIMHBI IBIKYTCS TI0 I0POTaM, YroJl Meskay KoTopsivu o, = 60°. CKopocTh aBTOMAIIHH
v1= 54 kM/9 1 V2= 72 kM/4. C KaKol CKOPOCTBIO L YIAJSIOTCS MALIMHbI OIHA OT APYroi?
Opyaue, )KeCTKO 3aKperICeHHOE Ha JKEJIe3HOI0pOKHOH MIaTgopme, MPOU3BOAUT BBICTPEI BIIOJIb
TONOTHA KeJe3Ho# goporu moa yriaom o= 30° k muHME TopusoHTa. OHpENeTuTh CKOPOCTh U2
OTKaTa TuIaTGopMBbI, €CITU CHapsi BbUIETAeT cO CKOpocThio u1=480 M/c. Macca miatdopmsl ¢
opyzaueM U cHapsaamu my= 18 T, Macca cHapsiaa me=60 Kr.

[Tpyxuna xectkocthio k = 500 H/m cxara cunoit F = 100 H. Onpenenuts padoty A BHelIHel
CHJIBI, TONOJHUTENBHO CKUMAIOLIEH MpyXUHy emie Ha Al = 2 cm.

Ha o0ox maxoBuka nquamerpom D = 60 cM HaMOTaH IIHYp, K KOHIy KOTOPOTO MPUBS3aH TPY3
Maccod m = 2 kr. OmnpeaenuTs MOMEHT HMHEpUMM J MaxoBHMKa, €CIM OH, BpaIasich
PaBHOYCKOPEHHO IO/ AEWCTBUEM CHJIBI TSKECTU Tpy3a, 3a Bpems t = 3 ¢ mpuoOpen YyriioByro
CKOpOCTb @ = 9 paz/c.

[Tnardopma B Buze aucka quamerpom D = 3 M u Maccoit m = 180 KT MOXeT Bpaliarbcsi BOKPYT
BepTUKaIbHOM ocu. C Kako# yriioBOH CKOPOCTBIO 1 OyJeT Bpamarbes 3Ta miardopma, eciu 1o
ee Kparo MoujeT yesnoBek Maccoid my=70 Kr co ckopocThio V=I,8 M/c oTHOCUTETHHO MIATHOPMBI?
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B Gamnone BMectumocthio V = 3 11 comepxurcs kKuciaopoa maccod m = 10 r. Onpenenutsb
KOHIIEHTPALMIO N MOJIEKYJ Ta3a.
Haiitu nimotHocts p azota npu temneparype T= 400 K u naBnenuu P =2 MI]a.

[Ipu xakoil TemmepaType CpelHss KUHETHUYecKas SHeprus <&y> MOCTYMaTeIbHOTO JBHKEHUS
MOJeKyIbI Ta3a paBHa 4,14-102% JIx?

BBIUNCIIHTE YAeNbHbIE TEIIIOEMKOCTH Ta3a, 3Has, uTo ero MonspHas Macca M=4-107 kr/mons u
otHourenue terioemkocreit Cp/Cy= 1,67.

B cocyne BMmectumocThio V = 5 1 HaxoguTcsa Bogopoa maccod m = 0,5 r. OnpenenuTs CpeIHIo0
JUTMHY CBOOOTHOTO mpobera < | > MOIeKyabl BOAOPO/Ia B 3TOM COCY/IC.

Kakas pabota A coBepiiaeTcsi Ipyu U30TEPMHUECKOM PACHIMPEHUH BOAOPOJA Maccod m = 5 T,
B3siToro npu remneparype T =290 K, eciiu 00beM rasza yBenuunuBaercs B TpU pasza?

Ha puc. n3o0paxkeH LUK, MPOUCXOIAIINI B raze HeM3MEHHON Macchl. M300pa3uTe 3TOT LMK B
koopaunatueix ocsax: (P,T), (P,V)

Bapuant Ne9

MarepuanbHas TOUYKa JBUKETCS MPSMOIMHENHO C YCKOpEHUEeM a =
5m/c?.  Ompenenuth, Ha  CKOJBKO  IyTb, IIPOMICHHBIN
TOUYKOH B N-10 CEKYHAY, OyeT OoJible MyTH, IPOHACHHOIO B IIPEAbIAYILYIO CeKYHYy. [IpUHSTH vo
=0.

C Ttenexku, cBOOOJHO ABIXKYIICHCS MO TOPU30HTAILHOMY MYTH CO CKOPOCTBIO V1=3 M/C, B
CTOPOHY, HPOTHUBOIOJIOKHYIO JBHKEHHUIO TEJEXKKH, NPBITAacT YEJIOBEK, IOCIE YEro CKOPOCTh
TEJICKKU M3MEHHUIIACh U CTajla paBHOM U1=4 m/c. OnpenenuTs ropu30HTAIBHYIO COCTABIISIONIYIO
CKOPOCTH U2x YEJIOBEKA IIPU NIPBIKKE OTHOCUTENIBHO TeIeKKH. Macca tenexxku mi=210 xr, macca
yenoBeka mz=70 Kr.

W3 maxTel rmyounoit h = 600 M mogHUMarOT Ki1eTh Maccoit my = 3,0 T Ha KaHaTe, KaXIbI METp
KoToporo uMmeer maccy m = 1,5 kr. Kakas paGota A coBepiuaeTcsi npu MNOJHATHH KJIETH Ha
noBepxHocTh 3emin? KakoB k03¢ (HUIIMEHT 0Ie3HOro AeUCTBU 1) MOABEMHOI0 yCTpoiicTBa?
ITo xacaTenbHOM K IIKUBY MaxXxOBHKa B BHJIE TucKa AuaMmeTpoM D = 75 cm u maccoit m = 40 kxr
npuiokeHa cwia F = 1 kH. OnpenenuTs yriioBoe yCKOpeHHE € ¥ 4acTOTY BPALLEHUS N MaXOBHKa
yepe3 Bpemsi t = 10 ¢ mocie Havana ASHCTBUS CHIIBI, €CIIM paauyc T mkuBa paBeH 12 cMm. Cumoit
TpeHUus peHeOpeyb.

Ha ckambe JKyKoBCKOIO CTOUT Y4€IOBEK U AEPKUT B PyKax CTEPKEHb BEPTUKAIBHO IO OCU CKAMbH.
CkaMbs C 4eJI0BEKOM BpalllaeTcs ¢ yriioBoi cKopocThio w1=4 paj/c. C kakoi yrioBoi CKOpPOCThIO
2 OyAeT BpalaTtbcs CKaMbsl C YEJIOBEKOM, €CIIM MOBEPHYTh CTEP)KEHb TaK, YTOObI OH 3aHsUI
ropusoHTanbHOE TonokeHne? CyMMapHBIH MOMEHT MHEpPIMH 4elOBeKa M CKaMbU J=5 Kr-M2.
Hnuna crepxns 1= 1,8 m, macca m=6 kr. C4uTaTh, 4TO LIEHTP MAaCC CTEPXKHS C UYEITOBEKOM
HaXOJIUTCS Ha OCH IIIATPOPMBI.

Ornpenenuth OTHOCUTEIBHYIO MOJEKYJSIpHYIO Maccy My: 1) Boabl; 2) yriaekucioro rasa; 3)
IIOBAPEHHOU COJIH.

B cocyne Bmectumoctsro V = 40 51 Haxoautes kuciaopoa npu temreparype T = 300 K. Korga
4acTh ra3za pacxo/10Ball, aBjieHue B Oamnone nonusmiock Ha Ap =100 kIla. Onpeaenuts Maccy
m U3pacxo/loBaHHOTO KKciopoa. [Iporecc cunTaTh H30TEPMHUUECKUM.

B azore B3BenIeHb! MenbYaiiiie NbUIMHKY, KOTOPbIE IBUXKYTCS TaK, Kak €CIi Obl OHU OBLIM OYEHb
KPYMHBEIMH MOJeKynamu. Macca Kaxjpoi msumeEkm pasHa 6-107° 1. Tas maxomutcs mpm
temneparype T =400 K. Onpeaenuts cpeqHue KBapaTUUHbIE CKOPOCTH <Uxp™, @ TAKKE CPEIHUE
KMHETUYECKHE SHEPTUU <E> MOCTYNAaTEeIbHOTO IBUKEHHUS MOJIEKYJIbI a30Ta U MbUITMHKH.

—S-
T
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Tpexaromuslii ra3z nox nasienuem P = 240 kIla u Temneparype t = 200 C 3anumaer o0bem V =
10 1. Onpenenuts TemnoeMKocTb Cp 3TOro raza npu NOCTOSHHOM JaBJICHUU.

Cpennsist ymHa cB0O0AHOTO TIpodera < 1 > MosieKysbl BOJOPO/Ia MTPH HEKOTOPBIX YCIOBUSAX PaBHA
2 mMM. HaiiTi 0THOCTB p BOAOPOAA IPU ITUX YCIIOBUSIX.

WneanbHblil Ta3 coBepiraer nuki KaphHo mpu Temmeparypax temionpuemHuka T2 = 290 K u
terootaaTyrka T1 = 400 K. Bo ckonbko pa3 yBenmuuuTces K03 GUIUEHT MOJIE3HOTO JEHCTBHS 1)
LIMKJIa, €CIM TeMIIepaTypa TeriooTaaTyuka sospacret 10 T = 600 K?

Ha puc. u3obpaxeH LUK, MPOUCXOAALIMNA ra3e HEM3MEHHOU Macchl. M300pa3uTte 3TOT LUK B
koopauHaTHbIX ocsx: (P,V), (V,T)

P1 A %

Y

Bapuant Nel0O

Teno OpomeHO BEPTUKAIBLHO BBEPX C HAYAIbHOW CKOPOCTHIO Vo = 4 m/c. Korma oHo mocturio
BEPXHEH TOYKHU IIOJIETa U3 TOIO K€ HAYAJIbHOIO IIYHKTA, C TOM K€ HAYaJIbHOW CKOPOCTBIO VO
BEPTUKAJIBHO BBEpX OpolieHo BTopoe Teno. Ha xakom paccrossHMM h OT HayaiabHOro IyHKTa
BcTpeTarcs Tena? ColpoTUBIECHUE BO3/1yXa HE YUUTHIBATD.

[Tpu TOPU3OHTATIBLHOM IOJIETE CO CKOPOCTHIO L = 250 M/c cHapsia Maccoit m = 8 KT pa3opBajics Ha
IBe yacTH. bousbinas yacTh Maccoil M1 = 6 Kr moiy4uiia ckopocts Ui = 400 M/c B HanpaBiIeHUU
noJyieta cHapsaa. OnpeneanuTb MOAY/b U HallpaBJIEHUE CKOPOCTH U2 MEHbILIEH 4acTU CHaps/Ja.
Onpenenutb, paboTy pacTsDKEHHs IBYX COCIUHEHHBIX MOCIEA0BAaTEIbHO HPYKUH JKECTKOCThIO
ki =400 H/M u k> = 250 H/m, ecnu niepBasi mpy>KMHa PU 3TOM pacTsHyiIack Ha Al =2 cm.
[Mapuk maccoir m = 60 r, mpuUBA3aHHBINA K KOHIY HUTU JUIUHOM 1 = 1,2 M, Bpamaercs ¢ 4acTOTOM
N1 =2c?, onupasck Ha TOPU3OHTAIBHYIO TIOCKOCT. HUTH yKOpaunBaeTcs, IpHOIKas ITAPUK K
ocu 110 paccrosiHus lo= 0,6 M. C kako#t 4yacToToii nz OyAeT nmpu 3ToM BpamaThes mapuk? Kakyro
paboTy A coBeplIaeT BHEWIHSA CWJIA, yKopauuBass HMThb? TpeHHeM IIapuka O IJIOCKOCTh
npeHeopeys.

Ha ckambe XKyKOBCKOTO CHIUT YEIOBEK M JEPKUT Ha BBITAHYTBIX PYKax F'MPU Maccod m = 5 Kr
Kaxas. PaccrosiHue oT kax10i rupu 10 ocu ckambi | = 70 cm. Ckambs Bpalaercsi ¢ 4acTOTOH
n1 = 1 ¢, Kak u3MeHHTCS YacToTa BpaIleHUs CKaMbH M KaKylo paboTy A MpOU3BEIET YeloBeK,
€CJIM OH COXKMET PYKH TakK, 4TO PACCTOSIHME OT KaXKAO0H TMpH 10 OcH yMeHbIHTes A0 12 = 20 cm?
MoOMEHT MHepIUHK 4eI0BeKa U CKaMbH (BMECTE) OTHOCUTENBHO ocH J = 2,5 Kr-M2,

Onpenenuts KOJIMYECTBO BEIECTBA V U 4uciao N MoJieKyl a3ora maccoi m = 0,2 Kr.
Onpenenuth TIOTHOCTh P BOJSHOTO IMapa, Haxonsmerocs moja nasieHueM P = 2.5 klla u
umeroniero remmneparypy T =250 K.

Onpenenuth CPelHION KUHETHUECKYI0 JHEPrui0 <Ey> MOCTYNaTeNbHOIO ABMKEHUS U <Epp>
BpalllaTeIbHOTO JBMKEHMSI MOJIEKYJbl a3ota npu Temneparype T= 1 kB. Onpenennts Takke
MOJIHYIO KHHETHYECKYIO SHEPrui0 Ex MOJIEKyYIbI IpU TEX ke YCIOBHUSX.

OnHOaTOMHBIN Ta3 NMpU HOPMAJbHBIX YCIOBHSAX 3aHMMaeTr oobeM V = 5 . Bprumcnuth
TeroeMKocTh Cy 3TOT0 raza mpu MocTOSHHOM 00beMe.

B chepuueckoii konbe BMecTuMocThio V = 3 11, coiepikaliel a3oT, Co3/1aH BaKyyM C JIaBJICHUEM
P = 80 mxkIIa. Temnepatypa raza T= 250 K. MoxHO J11 cuuTaTh BakyyM B KOJIO€ BHICOKHM?
Omnpenenutbs paboTy A, KOTOPYIO COBEPIIUT a30T, €CIM €My INpH IOCTOSHHOM JIaBJICHUU
coo0muTh KomuuecTtBo TernoTel Q=21k/[x, Haiitu Takxke n3menenne AU BHyTpeHHEH SHEPTrUu
rasa.



12. Ha puc. u3o0paskeH IUKII, TPOUCXOISIINN Ta3e HEM3MEHHOW Macchl. M300pa3uTe 3TOT UK B
koopauHatHBIX ocsax: (P,V), (V,T) 0
{ 2

PacuyerHo-rpadguyeckas padora Ne2

Bapuant Nel
1. Ha nByx koHuentpumyeckux cdepax pamuycom R um 2R f
PaBHOMEPHO  pacHpelesieHbl  3apsiibl  C  MOBEPXHOCTHBIMU
IUIOTHOCTSAMH G1 U G2 . Tpelyercs:

1) wucnone3ys Teopemy Octporpaackoro—Iaycca, HalTh
3aBUCUMOCTh E(r) HampsyKeHHOCTH 3JIEKTPUYECKOro TMOJs OT
paccrosinus aiis tpex oobnacrei: I, 11 u III. [Ipunsate 61=46, 62=0;
2) BBIUMCIIUTD HAIIPSDKEHHOCTH E B TOUKe, yAaqeHHOM OT LIEHTpa Ha
paccTosiHue T, U yka3aTh HampaieHue Bektopa E. [Ipunsate 6=10
uKi/m?, r=1.5R:

3) moctpouTts rpaduk E(r).

2. Ha n1Byx OeCKOHEYHBIX MapayljieNIbHbIX MUIOCKOCTSIX PaBHOMEPHO

pacrpeieNieHbl 3apsiibl ¢ MOBEPXHOCTHBIMH TUIOTHOCTSIMU G1 U G2
(puc). Tpebyercs: I
1) ucnonw3ys Teopemy Octporpaackoro—Iaycca W THpUHIUIT &~ ———

CYNEPHO3UIMKN 3JIEKTPUUYECKUX IoJIel, HalTu BelpaxkeHue E(x)

HaIPSHKEHHOCTH AJIEKTPUIECKOTo 1mojsi B Tpex obmactsx: I, 11 u IIL.

.
L

[IpunsaTh 61=20, 62=0;
2) BBIYMCIIUTD HAMPSHKEHHOCTH E 1Mo B TOUKE, pacnoioKEeHHOH clieBa OT IMJIOCKOCTEH, U YKa3aTh
HarpasieHue Bekropa E;

3) noctpouts rpadux E(x).

3. Ha nByx koakcuanbHBIX OECKOHEYHBIX IMIJIMHIPAX pamuycamu R u
2R paBHOMEpPHO pacHpeAeNeHbl 3apsabl € MOBEPXHOCTHBIMHU
MJIOTHOCTSIMHU G1 U G2 (puc). Tpebyercs:

1) ucnionb3ys reopemy Octporpaackoro—I aycca: HallTH 3aBUCUMOCTh
E(r) HanpsKeHHOCTH 3JIEKTPUUYECKOTO MOJISt OT PACCTOSHUSA AJIS Tpex
oOJacreii: I II U IIL [IpunsaTe 01=-20, G2=0;
2) BBIYUCIUTH HANpPSDKEHHOCTh E B TOuke, yJaleHHOH OT ocu g
IMJTMHIPOB HA PAacCTOSHHUE T, M yKa3aTh HanpasieHue Bektopa E. ITpunats 6=50 uKn/m?, r=1,5R;
3) noctpouTts rpaduk E(x).




Bapuant Ne2

1. Ha nByx xoHumeHTpuyeckux cgepax paaumycoM R u 2R paBHOMEpHO
pacnpezeneHbl 3apsAapl ¢ MOBEPXHOCTHBIMM IUIOTHOCTSIMM G1 U G2
Tpebyercs:

1) ucnonb3ys teopemy Octporpaackoro—Ilaycca, HaliTu 3aBUCHUMOCThb
E(r) HanmpsyKeHHOCTH 3JIEKTPUYECKOrO MOJISI OT PACCTOSHUS UISL Tpex
obnacreii: I, II n III. [TpunsaTe o1=20, 02=0;
2) BBIUMCIHUTH HANpPSHKEHHOCTh E B TOuUKe, ynajeHHOW OT LEHTpa Ha
paccTOSHUE T, M YKa3aTh HarpasieHue Bektopa E. IIpuaats 6=20 uKin/m?,
r=1,5R;

3) moctpouts rpadux E(r).

2. Ha nByx 6€CKOHEUHBIX NapaljIebHBIX TNIOCKOCTSIX PAaBHOMEPHO
pacrpezeneHsl 3apsiibl ¢ MOBEPXHOCTHBIMH IUIOTHOCTSMU G1 U G2
(puc). Tpebyercs:

1) ucnone3ys Teopemy Octporpaackoro—Iaycca u mnpuHIUI

CYNEPHO3UINH SJICKTPUUECKUX TOJei, HalWTH BbIpakeHue E(x)

HaIPSHKEHHOCTH AJICKTPHYECKOTro 1oJjist B Tpex obnactsax: I, IT u I11.
[IpunsaTh 6G1=0, 62=GC;

2) BBIYMCINUTH HANpsKEHHOCTh E 1o B TOYKe, pacroioXeHHON
CJIeBa OT IJIOCKOCTEH, U yKa3aTh HalpaBiieHue BekTopa E;

3) moctpouts rpadux E(x).

3. Ha nByx KoakcHalIbHBIX OECKOHEUHBIX WIMHApaX paanycaMu R

u 2R paBHOMEpHO pacIpenesieHbl 3apsabl C MOBEPXHOCTHBIMU

IUIOTHOCTAMH G1 ¥ G2 (puc). TpeOyercs:

1) wucnone3ys Teopemy Octporpajackoro—Ilaycca: HalTu

3aBUCUMOCTh E(r) HampspKeHHOCTH 3JIEKTPUYECKOTro IOJds OT

paccrosinug Juis Tpex obnacrei: 1, IT u 1. [Ipunsate 61=-20, 62=0;

2) BBIUMCIUTH HANpsHKeHHOCTh E B TOuKe, yJaleHHOH OT ocH

LWIMHJPOB HAa PacCTOSIHUE I, M YKa3aTh HampasiieHue BekTopa E.

[Tpunsate 6=10 uKn/m?, r=1,5R;

3) noctpouts rpadux E(x).

Bapuant Ne3

1. Ha nByx KoHHeHTpuueckux cdepax paguycom R u 2R
PaBHOMEpPHO  paclpeseieHbl  3apsAbl € [OBEPXHOCTHBIMU
MJIOTHOCTSIMU G1 U G2 . Tpedyercs:

1) wucnomne3ys Teopemy  Octporpaackoro—Ilaycca, HailTu
3aBUCUMOCTh E(r) HampsyKeHHOCTH JJIEKTPUYECKOIO IOJIA OT
paccrosnus i tpex obnacreit: I, II u III. IIpunare 61=606, c62=0;
2) BBIYMCINTD HAIIPSHDKEHHOCTh E B TOUKE, yAAIEHHOM OT LIEHTpa Ha
paccTosiHuE I, U yKa3aTh HampasieHue Bektopa E. Ilpunsare 6=30
uK/m?, r=1,5R;

3) noctpouTts rpaduk E(r).

i




2. Ha nByx 6€CKOHEUYHBIX MMapalIEIbHBIX INIOCKOCTSIX PABHOMEPHO

(';.’
pacnpeaciCHbl 3apsAAbl ¢ MOBCPXHOCTHBIMU IIJIOTHOCTSAMU G1 U G2 /
(puc). TpeOyeres: .

1) ucnone3ys teopeMmy Octporpajackoro—Ilaycca U TPUHIHUI [ 4

CYNEPIIO3UIUN IIEKTPUUECKUX TOoJIeH, HaTh BeIpaxkeHue E(X)

[Ipunste 61=30, 62=0;

2) BBIUYMCIUTH HAIPSHKEHHOCTh E 10T B TOUKE, pacronoKeHHON
cieBa oT IIOCKOCTEH, u yKa3arh HarpaBJIeHUE BEKTOpa E;
3) moctpouts rpadux E(X).

HaIPSHKEHHOCTH JIEKTPUIECKOTO 1011 B Tpex obmactsx: I, IT u I11. /

3. Ha nByx KOakcHalbHBIX OECKOHEUHBIX IMIIMHAPaX paanycamMu R
u 2R paBHOMEpPHO pacIpeleieHbl 3apsibl C OBEPXHOCTHBIMU
IUIOTHOCTSIMHU G1 ¥ G2 (puc). Tpebyercs:

1) wucnome3ys Teopemy Octporpaackoro—Iaycca: HalTH
3aBUCUMOCTh E(r) HampspDKEeHHOCTH DIIEKTPHUYECKOro MOl OT
paccrostHus it Tpex obmaacteit: I, I1 u II1. IlpunasaTs 61=-20, 62=0;
2) BBIYUCIUTH HANPSHKEHHOCTh E B TOYKe, yJalleHHOW OT ocu
LWIMHJPOB Ha PacCTOSHUE I, M YKa3aThb HampasiieHUue BekTopa E.
[Tpunsate 6=20 uKn/m?, r=1,5R;

3) moctpouts rpadux E(x).

Bapuant Ne4

1. Ha naByx koHIeHTpuyeckux cdepax pamuycom R u 2R
pPaBHOMEpPHO  paclpelesieHbl  3apsipl €  IOBEPXHOCTHBIMH
IUIOTHOCTSIMHU G1 U G2 . TpeOyercs:

1) wucnone3ys Teopemy Octporpajackoro—Iaycca, HalTH
3aBUCUMOCTh E(r) HampspKeHHOCTH 3JIEKTPUYECKOro IMoJis  OT
paccrosinug ans tpex obnacreit: I, I u 1. Ilpunsate 61=40, 62=30;
2) BBIYMCIUTH HaNpsKeHHOCTh E B Touke, yJalleHHOM OT eHTpa Ha

paccTosiHuE I, U yKa3zaTh HampaBieHue Bekrtopa E. IIpunsate 6=40
aK/m?, r=1,5R;

3) noctpouts rpaduk E(r).

2. Ha 1Byx 6€CKOHEUHBIX MapajIeNbHbIX MJIOCKOCTSIX PAaBHOMEPHO
pacripeiesieHbl 3apsi/ibl ¢ MOBEPXHOCTHBIMH IUIOTHOCTSIMU G1 U G2
(puc). TpeOyercs:

1) ucnone3ys TeopeMmy Octporpaiackoro—Ilaycca U TPHUHIUI

CYNEPHO3UINH DJIEKTPUUECKUX IMoJied, HallTu BblpakeHue E(xX)

HANPSDKEHHOCTH AJIEKTpUYecKoro nojs B Tpex oonactax: [, [T u 111
[Ipunste 61=26, 62=30;

2) BBIYMCIUTH HaNpsKEHHOCTh E 1moss B TOUKe, pacnoaoKeHHOU
cieBa oT IJIOCKOCTEH, u yKa3aTb HaIpaBJICHUE BEKTOpa E;
3) noctpouts rpadux E(x).




3. Ha nByX KoakcuaiabHBIX 0ECKOHEUHBIX IIMIMHAPAX paguycamMu R
u 2R paBHOMEpPHO paclpelneieHbl 3apsabl C MOBEPXHOCTHBIMU
IUIOTHOCTSIMHU G1 ¥ G2 (puc). Tpebyercs:

1) wucnone3ys Teopemy Octporpaiackoro—Iaycca: HaillTh
3aBUCUMOCTh E(r) HampsyKEHHOCTH AJIEKTPUYECKOTO IO OT
pacctostHus 1t Tpex obmnacteit: I, I1 u II1. ITpunsate 61=-20, 62=0;
2) BBIUMCIUTH HANpSHKEHHOCTh E B TOUke, ydalleHHOW OT ocu
WIMHIPOB HAa PAcCTOSIHUE I, M YKa3aTh HampasiieHue BekTopa E.
[Tpunsate 6=30 aKi/m?, r=1,5R;

3) moctpouts rpadux E(X).

Bapuant Ne5

1. Ha nByx koHuentpuueckux cdepax paaumycom R m 2R
pPaBHOMEPHO  pacHpelesIeHbl  3apsalbl €  [OBEPXHOCTHBIMU
IUIOTHOCTSIMHU G1 U G2 . TpeOyercs:

1) wucnone3ys Tteopemy Octporpaackoro—Iaycca, HalTu
3aBUCUMOCTh E(r) HampspKeHHOCTH 3JIEKTPUUYECKOro MOJs  OT
paccrosiHusa it Tpex obmacreit: I, II u IIl. Ipunsarts o1=c, 62=0;
2) BBIUMCIIUTD HAIPSDKEHHOCTD E B TOUKe, y/1aleHHOM OT LIeHTpa Ha
paccTosiHuE T, U yKa3aTh HampasiaeHue Bektopa E. [Tpunsrs 6=50
aK/m?, r=1,5R;

3) moctpouTts rpaduk E(r).

2. Ha 1Byx 6€CKOHEUHBIX MapajlIeNIbHbIX JIOCKOCTSAX PAaBHOMEPHO
pacnpezesieHsl 3apsabl ¢ IOBEPXHOCTHBIMU IUIOTHOCTSIMU G1 U G2
(puc). TpeOyercs:

1) ucnons3ys Teopemy Octporpaickoro—Iaycca u npuHIUI
CYNEPHO3UINH DJIEKTPUUECKUX IMoJied, HailTu BblpakeHue E(X)
HaIPSKEHHOCTH YJIEKTPUIECKOTO 1oJist B Tpex obmactsx: I, IT u 111
[IpunsTh 61=0, 62=20;

2) BBIYMCIUTH HamnpsHkeHHOCTh E 1moss B TOuke, pacrnoiaoXeHHOU

CJICBa OoT HJIOCKOCTeﬁ, )51 YKa3aTb HaIlpaBJICHUC

3) noctpouts rpadux E(x).

3. Ha nByx KoakcHalbHBIX OECKOHEUHBIX [IMIIMHApaX paanycaMu R
u 2R paBHOMEpHO pacmpeneseHbl 3apsiibl C MOBEPXHOCTHBIMHU
MJIOTHOCTSIMHU G1 U 62 (puc). Tpebyercs:

1) wucnome3ys Teopemy Octporpanckoro—Iaycca: HalTh
3aBUCUMOCTh E(r) HampsyKEHHOCTH JJIEKTPUYECKOTO TOJS OT
paccrosinug Juis Tpex obnacrei: 1, IT u 1. [Ipunsate 61=-20, 62=0;
2) BBIYMCIUTH HANpsHKEHHOCTh E B Touke, yJgaleHHOH OT OCH
IWIMHPOB Ha PacCTOSIHUE I, M yKa3aTb HampaBieHue Bekropa E.
[Ipunsate 6=40 uKn/m?, r=1,5R;

3) noctpouts rpadux E(x).

Bapunant Ne6

)
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BEKTOpa E;




1. Ha nByx koHmentpuueckux cdepax paamycom R m 2R 1}
pPaBHOMEpPHO  pacHpelesieHbl  3apsibl €  [OBEPXHOCTHBIMU
IUIOTHOCTSIMHU G1 M G2 . Tpebyercs:

1) wucnone3ys Tteopemy Octporpaackoro—Ilaycca, HailTh
3aBUCUMOCTh E(r) Hamps»KEHHOCTH 3JIEKTPUYECKOro IMOJsi OT
paccrostHus s Tpex obnacteit: I, II u III. Ilpunsars 61=c, 62=4c;
2) BBIUMCIIUTD HAIPsDKEHHOCTD E B TOuke, ylaneHHOH OT LIeHTpa Ha

paccTosiHUE T, U yKa3zaTh HampasieHue Bektopa E. [lpunsats 6=60
uKi/m?, r=1,5R:

3) moctpouts rpadux E(r).

2. Ha nByx OECKOHEYHBIX TMapaUICIbHBIX IUIOCKOCTSIX
pPaBHOMEPHO paclpeaesieHbl 3apsiibl C  [OBEPXHOCTHBIMU
IUIOTHOCTSIMHU G1 ¥ G2 (puc). Tpebyercs:

1) ucnonb3ys teopemy Octporpaackoro—Ilaycca U mpuHIUI

CYNEPHO3UINH SIEKTPUUECKUX ToJieH, HalTu BbipakeHue E(X)

HaIPSHKEHHOCTH JICKTPUUECKOTro 1oJist B Tpex obnactsax: I, Il u
III. ITpunste 61=40, 62=C;

\ ,’
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2) BBIYMCIIUTD HANPsLDKEHHOCTH E 1MoJs B TOUKE, pacnoyioKeHHON

cieBa oT IJIOCKOCTEH, U yKa3aThb HalpaBJICHUE BEKTOpa E;
3) moctpouts rpadux E(x).

3. Ha nByx KOakcHabHBIX OECKOHEUHBIX IIMIIMHAPaX paanycaMu R
u 2R paBHOMEpPHO pacIpeleieHbl 3apsAbl ¢ MOBEPXHOCTHBIMU
IUIOTHOCTAMH G1 ¥ G2 (puc). TpeOyercs:

1) wucnone3ys Teopemy Octporpaackoro—Ilaycca: HalTu
3aBUCUMOCTh E(r) HampsDKEHHOCTH DJIEKTPUYECKOrO TMOJs OT
paccrostHus it Tpex obmaacteit: I, I u II1. IlpunasaTs 61=-20, 62=0;
2) BBIUMCIUTH HANpsHKEHHOCTh E B TOuke, ydalleHHOW OT ocu
LWIMHJPOB HAa PacCTOSHUE I, M YKa3aTh HampasiieHue BekTopa E.
[Tpunsate 6=60 uKn/m?, r=1,5R;

3) moctpouts rpaduk E(X).

Bapuant Ne7
1. Ha nByx koHueHTpuueckux cdepax paguycoM R u 2R i
PaBHOMEpPHO pacHpelieleHbl 3apsiibl C IOBEPXHOCTHBIMH
MJIOTHOCTSIMU G1 U G2 . Tpedyercs:

1) wucnone3ys Tteopemy Octporpaackoro—Ilaycca, HaWTu
3aBUCUMOCTh E(r) HampsyKeHHOCTH 3JEKTPUYECKOro MOJS OT
paccrosnus i Tpex oonacteit: I, [T u 111 [Ipunsate 61=0, 62=0;
2) BBIUNCIUTH HAINpPSHKEHHOCTh E B TOuKe, yJaJeHHOM OT

IICHTPa Ha PAacCTOSHUE I, U yKa3aTh HampamieHue BekTopa E.
[Tpunsite 6=70 uKn/M?, r=1,5R;
3) noctpouTts rpaduk E(r).



2. Ha nByx 6€CKOHEUYHBIX MapaieNbHbBIX IIOCKOCTSIX PABHOMEPHO
pacipeeneHbl 3apsiibl ¢ TOBEPXHOCTHBIMH IIOTHOCTSIMU G1 U G2
(puc). TpeOyeres:

1) ucnone3ys teopeMmy Octporpajackoro—Ilaycca U TPUHIUI
CYNEPIIO3UIUN IIEKTPUUECKUX TOoJIeH, HaTh BeIpaxkeHue E(X)
HaIPSHKEHHOCTH JIEKTPUIECKOTO 1oJist B Tpex obmactsx: I, IT u 111
[IpunsTe 61=506, 62=0;

2) BBIYMCIUTH HamNpsyKeHHOCTh E 1mosist B TOuke, pacnoiaoKeHHOU

CJICBa oT HHOCKOCTGI}'I, n YKa3aTb HaITpaBJICHUE

3) moctpouts rpadux E(X).

3. Ha nByx KOakcHalbHBIX OECKOHEUHBIX IMIIMHAPaX paanycamMu R
u 2R paBHOMEpPHO pacIpeleeHbl 3apspl C MOBEPXHOCTHBIMU
IUIOTHOCTSIMHU G1 ¥ G2 (puc). Tpebyercs:

1) wucnome3ys Teopemy Octporpaackoro—Iaycca: HalTH
3aBUCUMOCTh E(r) HAmpsDKEHHOCTH DJIEKTPHUYECKOro MOl OT
paccrostHus it Tpex obmaacteit: I, I1 u II1. IlpunasaTs 61=-20, 62=0;
2) BBIYHCIUTH HAMNPSHKEHHOCTh E B TOYKe, yHalleHHOW OT ocu
LWIMHJPOB Ha PacCTOSHUE I, M YKa3aThb HampasiieHUue BekTopa E.
[Ipunsate 6=70 uKn/m?, r=1,5R;

3) moctpouts rpadux E(x).

Bapuant Neg

1. Ha nByx koHmeHtpuyeckux cdepax paamycom R u 2R
PaBHOMEpPHO  paclpeneseHbl  3apsapl C  [OBEPXHOCTHBIMU
IUIOTHOCTSAMH G1 U G2 . Tpelyercs:

1) wucnone3ys Tteopemy Octporpaackoro—Ilaycca, HalTu
3aBUCUMOCTh E(r) HampspKEeHHOCTH DJIEKTPUYECKOrO MOl OT
paccrosiuus ais tpex oonacreit: I, 11 u 11, [punsate 61=40, 62=0;
2) BBIYMCIIUTH HAIMIPSHKEHHOCTH E B TOUKe, y/1aneHHON OT EHTpa Ha
paccTosiHue 1, U yKa3aTh HampasieHue Bektopa E. [Ipunsats 6=80
aK/m?, r=1,5R;

3) noctpouts rpaduk E(r).

2. Ha 1Byx 6€CKOHEUHBIX MapajIeNbHbIX MJIOCKOCTSIX PAaBHOMEPHO
pacrpezenieHsl 3apsAabl ¢ IOBEPXHOCTHBIMU IUIOTHOCTSIMU G1 U G2
(puc). TpeOyercs:

1) ucnone3ys TeopeMmy Octporpaiackoro—Ilaycca U TPHUHIUI
CYNEPHO3UINH DJIEKTPUUECKUX IMoJied, HallTu BblpakeHue E(xX)
HaIPSKEHHOCTH SJIEKTPUIECKOTO 1oJist B Tpex obmactsx: I, 1T u 111
[Ipunste 61=0, 62=40G;

2) BBIYUCIUTH HAIPSDKEHHOCTh E MOJs B TOUKe, pacroyioskeHHOH
cJieBa OT IIOCKOCTEMH, M yKa3aTh HallpaBiieHHe BekTopa E;
3) noctpouTts rpaduk E(x).
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BEKTOpa E;
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3. Ha n1ByX KOakcHaIbHBIX O0ECKOHEUHBIX IIMIMHAPAX paanycamu R
u 2R paBHOMEpPHO paclpelneieHbl 3apsabl C MOBEPXHOCTHBIMU
IUIOTHOCTSIMHU G1 ¥ G2 (puc). Tpebyercs:

1) wucnone3ys Teopemy Octporpaackoro—Iaycca: HailTh
3aBUCUMOCTh E(r) HampsyKEHHOCTH AJIEKTPUYECKOTO IO OT
pacctostHus 1t Tpex obmaacteit: I, I1 u II1. IlpunasaTs 61=-20, 62=0;
2) BBIUMCIUTH HANpSHKEHHOCTh E B TOUke, ydalleHHOW OT ocu
WIMHIPOB HAa PAcCTOSHUE I, U YKa3aTh HalpaBieHue Bekropa E.
[Tpunsate 6=80 aKi/m?, r=1,5R;

3) moctpouts rpadux E(X).

BapuanT Ne9

1. Ha nByx koHuentpuueckux cdepax paaumycom R m 2R
PaBHOMEpPHO  pacHpelesieHbl  3apsAbl €  IOBEPXHOCTHBIMHU
IUIOTHOCTSIMHU G1 U G2 . TpeOyercs:

1) wucnone3ys Tteopemy Octporpaackoro—I'aycca, HalTu
3aBUCUMOCTh E(r) HampspKeHHOCTH 3JIEKTPUUYECKOro MOJs  OT
paccrosiHus 1uist Tpex obnacteit: I, I u III. [Ipunsats 61=40, 62=20;
2) BBIUMCIIUTD HAIPSDKEHHOCTD E B TOuKe, y/laeHHOM OT LIeHTpa Ha
paccrosiHHe T, M yKa3zaTh HampasiieHue Bektopa E. Ilpunsats 6=90
aK/m?, r=1,5R;

3) moctpouTts rpaduk E(r).

2. Ha 1Byx O0eCKOHEYHBIX MapauIebHbIX IIOCKOCTAX PAaBHOMEPHO
pacripeiesieHbl 3apsaabl C IOBEPXHOCTHBIMHU IUIOTHOCTAMU G1 U G2
(puc). TpeOyercs:

1) ucnone3zyst Teopemy Octporpaackoro—Iaycca u HpUHLIUI
CYNEPHO3UIMK 3JIEKTPUUECKUX ToJeH, HallTu BblpaxeHue E(X)
HaIPSHKEHHOCTH JIEKTPpUUYECKOro moJjs B Tpex oomactsx: I, IT u 111
[TpunsaTe 61=50, 62=0;

2) BBIYUCIIUTH HANpSOHKEHHOCTh E Mojis B TOYKE, pacnojoKeHHOU

CJICBa OoT HHOCKOCTeﬁ, )51 YKa3aTb HaIlpaBJICHUC

3) noctpouts rpadux E(x).

3. Ha nByx KoakcHalbHBIX OECKOHEUHBIX [IMIIMHApaX paanycaMu R
u 2R paBHOMEpHO pacmpeneseHbl 3apsiibl C MOBEPXHOCTHBIMHU
TJIOTHOCTSMH o1 " 62 (puc). TpeOyercs:
1) wucnome3ys Teopemy Octporpanckoro—Iaycca: HalTh
3aBUCUMOCTh E(r) HampsyKEHHOCTH JJIEKTPUYECKOTO TOJS OT
paccrosinug Juis Tpex obnacrei: 1, IT u 1. [Ipunsate 61=-20, 62=0;
2) BBIYMCIUTH HANpsHKEHHOCTh E B Touke, yJgaleHHOH OT OCH
IWIMHAPOB Ha PacCTOSIHUE I, U yKa3aTh HampasiieHHe BekTopa E.
[Ipunsate 6=90 uKn/m?, r=1,5R;

3) noctpouts rpadux E(x).

Bapwnant NelO

fl

BCKTOpPa




1. Ha paByx koHueHtpumyeckux cdepax pammycom R m 2R
PaBHOMEpPHO  pacmpefeieHbl 3apsibl C  MOBEPXHOCTHBIMHU
IUIOTHOCTSIMHU G1 M G2 . Tpebyercs:

1) wucnone3ys Teopemy Octporpaackoro—Iaycca, HalTh
3aBUcUMOCTh E(r) HampsHpKEHHOCTH DJIEKTPUYECKOIO MOJsl OT
pacctostHus s Tpex obmacteit: I, 11 u III. Ilpunsate 61=46, c62=0;
2) BBIYMCIIUTH HAMIPSHKEHHOCTH E B TOUKe, ylaneHHo! OT IIeHTpa Ha
paccTosiHUE I, U yKa3aTh HampaBieHue Bektopa E. [Ipunsats o=10
uKi/m?, r=1,5R:

3) moctpouts rpadux E(r).

2. Ha gaByx OECKOHEYHBIX MapaAJUIETBHBIX IJIOCKOCTAX

pPaBHOMEPHO pACIpEAETeHbl 3apsiibl €  IOBEPXHOCTHBIMU / (/
IJIOTHOCTSAMHU G1 U G2 (puc). Tpebyercs:

1) ucnone3ys Teopemy Octporpaackoro—Ilaycca U MpUHIIMIT [ i ]
CYNEpPIO3UIUK JIIEKTPUUECKUX IONeH, HaliTu Belpaxkenue E(x) | B
HANPSDKEHHOCTH JIEKTPUUECKOro mosist B Tpex obnactax: I, II u

1. I[IpuusATh 61=0, G2=0; J /

2) BBIYMCIIUTD HANPsKEHHOCTH E 1osis B TOUKe, pacronoxeHHON /

cieBa oT IJIOCKOCTEH, U yKa3aThb HalpaBJICHUE BEKTOpa E;

3) moctpouts rpadux E(x).

3. Ha n1Byx KoakcuaabHbIX OECKOHEUHBIX IMINHApaX paguycamu R
n 2R paBHOMEpHO pacrmpezneseHsl 3apsiibl C NOBEPXHOCTHBIMHU
IUIOTHOCTAMH G1 ¥ G2 (puc). TpeOyercs:

1) wucnone3ys Teopemy Octporpaackoro—Ilaycca: HalTu
3aBUCUMOCTh E(r) HAmpsDKEHHOCTH DJIEKTPHUYECKOro IOl OT
paccrostHus it Tpex obmaacteit: I, I u II1. IlpunasaTs 61=-20, 62=0;
2) BBIUMCIUTH HANpsHKEHHOCTh E B TOuke, ynajeHHON OT ocu

IAJTUHAPOB HA PACCTOSIHUE T, U YKa3aTh HampasiieHHe BekTopa E.
[Tpunste 6=100 uKn/m?, r=1,5R;
3) noctpouTts rpapuk E(x).

PacuerHo-rpaduueckas padora Ned
Bapuant Nel
Mexy CTEKISIHHOW IUIACTUHKOW M JIeKAllle Ha HEM IUIOCKOBBIYKJIOW JIMH30M HaXOJIUTCS
KUIKOCTh. HaliTh mokaszaTenb TPeOMIICHUS KUAKOCTH, €CIIM PaguyC I3 TPEThEro TEMHOTO
Kosblla HetoToOHA mpu HAOIIOACHUH B OTPaXEHHOM CBETe C JUIMHON BOJHBI A = 0,6 MKM paBeH
0,82 mM. Pagunyc kpuBu3Hbl uH3bI R = 0,5 M.
Kakoe HanmensbIiee uncio Nmin IITPUXOB JOJDKHA COAEPKATh AU(PpPaKIIMOHHAS PElIeTKa, YTOObI
B CIEKTPE BTOPOTO MOPSAKA MOXXHO OBUIO BHIETHh PA3JeibHO JBE KEIThIC JIMHUHM HATPHS C
JuTMHaMU BoJH A1 = 589,0 HM u A2 = 589,6 uM? KakoBa juinHa L Takoi pereTku. ecliv MoCTOSTHHAS
pemietku d = 5 Mkm?
Kpacnas rpanuna ¢orosddexra mis muaka Ao = 310 M. OnpenenuTb MakCHUMAaJIbHYIO
KHHETHYECKYTO. DHEPTUIO Tmax POTOITEKTPOHOB B DJIEKTPOH-BOJIHTAX, €CIIM HA ITUHK MMaJIaeT CBET
¢ IInHO BosHEI A = 200 HM.
HeBo30yxaeHHBIM aTOM BOJIOPO/ia TTOTJIONIAET KBAHT M3IyYEHUsS C ITUHON BOHBI A = 102,6 HM.
Beruncnuth, mons3ysack Teopueil bopa, paanyc r sneKTpOHHOW OpOUTHI BO30YKIEHHOTO aToMa
BOJIOpO/IA.



Boruncnute Hanbonee BEpOSTHYIO JAEOpOMIEBCKYIO JUIMHY BOJHBI A MOJIEKYJ a30Ta,
coJiepKalixcs B BO3IyXe pU KOMHATHOU TeMIepaType.

[Tpsimoe Hanpsixenue U, npuiiokeHHoe K p-N-nepexoy, paBHo 2 B. Bo ckonbpko pa3 Bo3pacrer
CUJia TOKa Yyepe3 nepexoi, eciiv u3MeHuTh Temrneparypy ot T1 =300 K no T2 =273 K?

Bapuant Ne2

Ha TOHKyI0 IJIEHKY B HampaBJICHUH HOPMAJIUA K €€ MOBEPXHOCTH MaJaeT MOHOXPOMAaTHYECKUH
cBeT ¢ JuHOU BOHBI A = 500 HM. OTpa)KEHHBIN OT Hee CBET MAKCHUMAaJIbHO YCHIJICH BCIICJICTBUE
untepdepenimu. OnpenenuTs MHUHUMAJIbHYIO TONIMUHY dmin IUJICHKH, €CIH IIOKa3aTellb
IIPEJIOMJICHUS MaTepuaa IieHKy n = 1,4,

Ha mnoBepxHOCTh JM(PAKIHOHHON peHIeTKM HOPMAJIbHO K €€ TIOBepXHOCTH MajaeT
MoHOXpoMaTHueckuii cet. [locTossHHAs AU(pPaKIMOHHOMN pemeTKH B n = 4,6 pa3 a 00JbIe JTHHBI
cBeToBOM BoJHBL. HaiiTu obuiee yrcno M audpakimOHHBIX MAKCUMYMOB, KOTOPBIE TEOPETUYECKU
MO>KHO HAOJIIOJATh B JAHHOM CITydJae.

Ha moBepxHOCTh KaJIusl TaAaeT CBET ¢ JUIMHOK BOJHBI A = 150 HM. Onpeaenuth MakKCUMaTbHYIO
KHHETUYIECCKYIO SHEPTHIO Tmax POTOIIEKTPOHOB.

Boeruncnuts no teopun bopa nepuoa T BpaleHus 31eKTpoHa B aTOME BOAOPO/A, HAXOAAIIETOCs
B BO30Y)KJICHHOM COCTOSTHUH, OIPEICISIEMOM TJIABHBIM KBAaHTOBBIM YHCIIOM N=2.

Omnpenenuts suepruto AT, KOTOpyr0 HEOOXOAUMO JOMOIHUTEIBHO COOOIIUTE ANEKTPOHY, YTOOBI
ero JIeOpoiIeBCKas JJIMHA BOJHBI YMeHbIIHIach oT A = 0,2 MM 10 2= 0,1 HM.

KakoBo 3Hauenue sHeprun PepmMu € y FJIEKTPOHOB IMPOBOJAMMOCTU JIBYXBAJICHTHOW Menu?
Bripaszuts snepruto @epmu B HKOYIIAX U AJIEKTPOH-BOJIBTAX.

Bapuant Ne3

Paccrostnue L ot wmeneit 10 skpana B onbite FOHra paBao 1 M. OnpenenuTs pacCTOsSSHUE MEXAY
IIEISIMM, €ClI Ha oTpe3ke AnuHoM 1 = 1 cM yxuagsiBaetcst N = 10 TeMHBIX HHTEP()EPEHIIMOHHBIX
niosoc. Jlmuaa BostHbI A = 0,7 MKM.

Ha nmudpakunonHyro pemeTky najiaeT HopMaJlbHO NapaliesIbHbIA My4oKk 6enoro ceta. CeKTpsl
TPETHETO . YETBEPTOIO MOPSAJKA YACTHUHO HaKJaJbIBalOTCS APYr Ha Japyra. Ha xakyro JuMHy
BOJIHBI B CIIEKTPE YETBEPTOTrO MOpsAIKa HaKIa bIBaeTcs rpanuua (A = 780 HM) crieKTpa TpeThero
nopsika?

®otoH ¢ sHeprued € = 10 3B mamaer Ha cepeOpsiHYIO IMJIACTUHY U BbI3BIBAET (HOTOIPPEKT.
Onpenenutb UMIYILC P, MOTYYEHHBIN JIACTUHON, €CIU MPUHATh, YTO HANPABICHUS JBUKCHUS
¢oToHa U POTOINEKTPOHA JISKAT HA OJTHON MPAMOM, NEePIEHANKYISAPHOIN MOBEPXHOCTH TIACTHH.
Boruncnute o Teopun bopa paauyc r2 BTopoii cTaliluoHapHONW OpOUTHI U CKOPOCTh L2 ANEKTPOHA
Ha 3ToH opOuTe JUIst aTOMa BOJOPOA.

Ha cxonbko Mo OTHOIIEHUIO K KOMHATHOM JOJIKHA M3MEHUTHCS TeMIlepaTypa UealbHOro rasa,
4yT0OBI 1eOpoiieBcKas JJIMHA BOJIHBI A €0 MOJIEKYJ yMeHblImiach Ha 20%?

Conpotusnenne R xpucramna PbS mpu temneparype t1 = 20° C pasro 10* Om. Onpenennts ero
compotusienne R, mpu Temnepartype t2 = 80° C.

Bapuant Ne4

Ha cTexnsHHyI0 MIaCTUHY IOJIOKEHA BBITYKJION CTOPOHOM IIOCKOBBINMyKJIas JIMH3a. CBepxy
JIMH3a OCBEIIeHAa MOHOXPOMATHYECKUM CBETOM JUIMHOM BoiHBI A = 500 uMm. Haiitu paguyc R
JIMH3BI, €CJIM PAJUyC YETBEPTOr0, TEMHOTO KOJIbIia HbIOTOHA B OTpaKEHHOM CBETE T4 = 2 MM.

Ha nudpaknmonnyro pemerky, coiepxaimryto n = 600 MTpUXOB HAa MUJUIUMETP, Magaer
HOPMaJIbHO OenbIil cBeT. CIIeKTp MPOCUPYETCs MOMEIIEHHOM BOJU3H PEIIeTKHU JIMH30M Ha SKpPaH.



Onpenenuts AMUHY | ciekTpa epBoro Nopsijika Ha 3KpaHe, eCIIM PACCTOSHUE OT JIMH3BI 10 SKpaHa
L = 1,2 m. 'panuiisl BUAUMOro cuekTpa: Axp= 780 HM, Agp = 400 HM.

Ha ¢otosnemMeHT ¢ karogoM W3 JUTHS MagaeT CBET ¢ JUIMHOW BoiHBI A = 200mM. Haiitu
HauMEHbIlIee 3HAUYCHHE 3ajepKuBarouiel pasHocTH MOTEHIUATIOB Umin, KOTOPYIO HYXHO
HOPUIIOKHUTH K (POTOTIEMEHTY, YTOOBI IPEKPATUTD (POTOTOK.

Omnpenenuth u3meHenune sHepruu AE snexkTpoHa B aToMe BOJOpOJa MPH HU3ITYYEHUU aTOMOM
doToHa ¢ yactoToit v = 6,28-10% I'rr.

Haiitn Mmunnmansnyto sHepruto Wmin, HEOOX0IUMYIO AJs1 00pa30BaHuUs Maphl AIEKTPOH - AbIPKa
B Kpuctajuie CaAs, eciu ero yzaeiapHas IpOBOAUMOCTb Y u3MeHsierca B 10 pa3 npu u3MeHEeHUuu
temnepatypsl ot 20 10 3° C.

Conporusnenue Ri, p-n-nepexona, Haxoasuerocs noja npsamsiM HanpspkenueMm U = 1 B, paBHO
10 OMm. Onpenenuthb conpoTuBiIeHUE Ro mepexoaa npu o6paTHOM HAIPSHKCHUH

Bapuant NeS

Ha ToHKYyI0 MNIMIEpUHOBYIO IJIEHKY TOJMIMHOM d = 1,5 MKM HOpMaJIbHO K €€ TOBEPXHOCTH MajaeT
Oenbiii cBer. OnpeaenuTh JUIMHBI BOJH A JIy4eil BUIUMOro y4dacTka crekrpa (0,4 = = L = =
0,8 MKM), KOTOpBIE OyIyT OCITa0ICHBI B pe3yIbTaTe HHTEP(PEPEHITUN.

Ha rpanp kpucramia KaMeHHOH coylu najiaeT napajuleabHbIN y40K PEHTI€HOBCKOI'O U3Iy4YEHUSs.
Paccrosune d MexIy aTOMHBIME ILIOCKOCTsIME paHO 280 mm. ITox yrmom0= 65° x aTomuoit
IUIOCKOCTH HaOmonaeTcs JUPPaKLMOHHBIM MakCUMyM IepBOro nopsaka. Onpenenuts IJIUHY
BOJIHBI A pEHTI'€HOBCKOI'O U3JTyYEHHUSI.

KakoBa nomkHa ObITh I7IMHA BOJIHBI Y-U3Ty4€HUs, aIal0LIero Ha IUIATHHOBYIO IUIACTUHY, YTOObI
MaKCHMaJbHasi CKOPOCTh (DOTOIICKTPOHOB ObLIA Umax = 3 MM/c?

Bo ckonbko pa3 u3menutcs nepuoj T BpalieHus 3J€KTpOHAa B aTOME BOAOPOJA, €ClIU NpHU
nepexoze B HeBO30YKACHHOE COCTOSTHUE aTOM M3ITydiil (POTOH € JUTMHOM BOJHBI A= 97,5 HM?
[TapannenpHpli My4OK MOHO’HEPreTHUECKUX 3JIEKTPOHOB Ia/laeT HOPMAJbHO Ha auadparmy B
BUJIE Y3KOM MPSMOYTOJIbHOM I1eu, mupuHa kotopoil a = 0,06 MM. OnipeenuTs CKOPOCTh 3TUX
3JIEKTPOHOB, €CJIM U3BECTHO, YTO Ha KpaHe, OTCTOALIEM OT IeNH Ha paccTosHuu L = 40 MM,
HIMPUHA [IEHTPAIBHOT0 AU(PpaKIIMOHHOTO MakcuMyma b = 10 MxM.

[lpyn kakux 3HAYEHUSAX KHHETHYECKOW dHepruu T sieKTpoHa oOmMOKa B ONpEAEIeHUU
NeOpOisIEeBCKOMN JAJTMHBI BOJIHBI A TIO HEPENSATUBUCTCKOMN Gopmyre He npesbimaeT 10%?

Bapuant Ne6

Ha crexisHHYI0 IUIaCTUHY HAaHECEH TOHKHH CIIOM NPO3pavyHOro BEIECTBA C I10Ka3aTeleM
npenomsieHuss n = 1,3. [InacTuHka ocBelleHa MapasieNbHbBIM IYYKOM MOHOXPOMAaTHYECKOTO
CBETa C AJTMHOM BOJIHBI A = 640 HM, [TaAAIONIUM Ha IUTACTHHKY HOpMasibHO. Kakyio MUHHUMaIbHYIO
TONUIUHY dmin JOKEH UMETH CIIOM, YTOOBI OTPAKEHHBIN MYYOK NMET HAUMEHBIIYIO SIPKOCTh?
Ha Henpo3paunyro 11acTuHy C y3KOH LIENBIO NaJaeT HOPMAJIBHO IJIOCKAask MOHOXPOMATHYECKas
ceroBass BomHa (A = 600 HM). VYrom OTKIOHEHHS Jy4ed, COOTBETCTBYIOLIUX BTOPOMY
nu(pPaKIHOHHOMY MakcuMyMmy, ¢ = 20°. OnpeaenuTs MupUHY a MeNq.

Ha MeTtannuyeckyro MaacTUHY HallpaBiIeH My4oK yiubTpaduosneroBoro uziayderus (A = 0,25 Mkm).
@DOTOTOK IMpeKpalaeTcs Npu MUHUMAIBHOM 3a/1epkuBatoiield pa3HocTd NoTeHIHAI0B Umin = 0,96
B. Onpenenuts paboTy BbIxoAa A 3JIEKTPOHOB U3 METaa.



Ha ckonbko m3MeHnnach KWNHETUYECKAsl SHEPTUsSL AJIEKTPOHA B aTOME BOAOPOJA MPU U3IIy4YE€HUU
aToMoM (oToHa C JJTMHOMN BOJHBI A = 435 HM?

W3 xaTogHo# TpyOku Ha nuadparmy ¢ y3Koi MpsIMOYTOJIbHOM LIENBI0 HOPMAIBHO K TUIOCKOCTH
muadparMbl HampaBjieH I[OTOK MOHOIHEPTETHUECKUX AJIEKTPOHOB. OmpeneinuTh aHOIHOE
HarnpsDKeHUe, TPYOKH, €CIIM U3BECTHO, YTO Ha AKpaHe, OTCTOSAIIEM OT IIeiu Ha pacctossHuu 1 = 0,5
M, IIMPUHA HEHTpadbHOTrO AudpaknuoHHoro MakcumymaAx = 10,0 mxm. lupuny b menun
npuHTH paBHoi 0,10 M.

Mertaibl TUTUIA U TUHK NPUBOAAT B compukocHOBeHUE ApyT ¢ ApyroM npu temmneparype T = 0
K. Ha ckosibkOo U3MEHUTCSI KOHLEHTpaLus 3JEKTPOHOB IIPOBOAMMOCTH B IIMHKe? Kakoil u3 aTux
METaJIJIOB Oy/IeT UMETh 0oJiee BBICOKUN MOTeHIIaN?

Bapuant Ne7

Ha ToHKHI CTEKJISHHBIN KJIMH NaJaeT HOPMalbHO NapajljielbHbIN Ty4OK CBETA C JUIMHOW BOJHBI
A = 500 M. PaccrosiHme MeXay COCEAHMMH TEMHBIMH HWHTEp(EpPEHIHOHHBIMU IOJIOCAMHU B
oTpaskeHHOM cBete b = 0,5 MMm. OnpeaenuTs yroy o Mex1y MOBepXHOCTIMHU KiuHa. [lokazaTens
MIPEJIOMJIEHUS CTEKJIa, U3 KOTOPOTO M3rOTOBJIEH KIUH, n = 1,6.

Ha nudpakumonnyro pemierky, cogepxxauryto n = 100 mtpuxoB Ha 1 MM, HOPMaJIbHO MajaeT
MOHOXPOMATHUYECKUI CBET. 3pUTENbHAs TpyOa CIIEKTpOMETpa HaBeleHa Ha MaKCHMYM BTOPOTO
nopsaka. YtoObl HaBecTH TpyOy Ha APYrod MAaKCUMYM TOT'O K€ MOPAIKA, €€ HYy>KHO HABEpHYTh Ha
yron Ag = 16°. OnpesenuTs IIHHY BOJHBI A CBETA, MANAONIET0 HA PELIETKY.

Ha noBepxHOCTh MeTaJlla MajaeT MOHOXPOMAaTUYECKUH CBET ¢ AJUMHON BOJHBI A = 0,1 MKM.
Kpacnas rpanuna ¢orosddexra Ao = 0,3 mxm. Kakast mons sneprum (oToHa pacxomyercs: Ha
COOOLIEHNE JIEKTPOHY KHHETUYECKON 3Hepruu?

B xakux mpenenax AL IOJDKHA JIeXKATh JJIMHA BOJH MOHOXPOMATHUYECKOTO CBETa, YTOOBI MPH
BO30Y>KJICHH aTOMOB BOI0PO/1a KBAHTAMH 3TOI'0 CBETA PAAMNYC I'n OPOUTHI NIEKTPOHA YBEIHUUIICS
B 16 pa3?

[TpoTton oOnanaer kuHernueckoit s3ueprueit T = 1 kaB. OnpenenuTs TONOIHUTEIBHYIO SHEPTUIO
AT, KoTOpyr0 HEOOXOAMMO €My COOOHIMTH JUIs TOro, 4TOObI JUIMHA BOJIHBI A A€ bpoiins
YMEHBIINJIACh B TPU paza.

p-n-iepexon HaxoauTcs moa oopatHeM HanpspkeHreMm U = 0,1 B. Ero conporusnenne R1 = 692
Owm. KakoBo conpotuBienue Rz nepexo/ia npu npsiMom HarpspkeHUH?

Bapuant Ne8

[TnockoBbImykiasi cTekasiHHAs JuH3a ¢ f = 1 M JIEKUT BBIIYKION CTOPOHOH Ha CTEKISIHHON
mwiactuHke. Pagumyc nsaroro temHoro kosbna HeroToHa B oTpakeHHOM cBeTe s = 1,1 MM.
OnpenenuTts JUIMHY CBETOBOM BOJIHBI A.

Ha nudpaxiuonnyio penieTky najgaer HopMajlbHO MOHOXpoMaTHueckuil cset (A= 410 um). Yron
AQ MeXIy HampaBIeHHAMHM Ha MaKCHUMyMBI TIEPBOTO M BTOPOTO ToOpsamkoB paseH 2°21'.
OnpeaenuTs YMCIO0 N MITPUXOB HA 1 MM TU(PPAKIIMOHHON PELIETKH.

Ha mertann majgaet peHTreHOBCKOE M3IIyYeHHE ¢ THHOW BOHBI A = 1HM. [IpenebOperas paboroit
BBIX0/1a, OTPEAETUTh MAaKCUMAJIbHYIO CKOPOCTh Umax (POTOIIEKTPOHOB.

B onHo3apsaHOM MOHE JHUTHS AJEKTPOH IEpelies ¢ YEeTBEPTOro 3HEPreTUYECKOro ypoBHS Ha
BTOpO. OnpeienuTh AIUHY BOJHBI A U3TyYSHHsI, UCITYILIEHHOTO HOHOM JIUTHUSI.

Onpenenuth UIMHBI BOJH Je bpoilnsg o-dacTUibl ¥ MPOTOHA, MPOLIEAIINX OJWHAKOBYIO
YCKOPAIOIIYIO pa3HOCTh noTeHnuanos U = 1 kB.



IIpy HarpeBaHHU KPEMHHEBOIO KpucTaiuia ot Temneparypsi t1 = 0° C 1o Temneparypsi t2 = 10° C
€ro yjelibHasi MPOBOJAMMOCTh Bo3pactaeT B 2,28 pasa. [lo nmpuBeqeHHBIM JaHHBIM ONPEIEIUTh
mpuny AE 3arpelieHHo 30HbI KpUcTasula KpEMHUS.

Bapuant Ne9

Mexny nByMs IJI0CKONapaIeIbHBIMU IJIACTUHAMU Ha pacctosHuu L = 10 cM OT rpaHuisl ux
CONPUKOCHOBEHMSI HaxoAHUTcs mpoBojoka quamerpom d = 0,01 mm, oOpa3yst BO3IYIIHBIN KIIKH.
[TnacTUHBI OCBEMIAIOTCS HOPMATbHO TAJAIONIUM MOHOXPOMATHYECKHUM cBeToM (A = 0,6 MKM).
Onpenenuts WUpUHY b HHTEPEPEHIIMOHHBIX TOJ0C, HAOII0JAEMBIX B OTPA’KEHHOM CBETE.
[TocrossHHass nupakMOHHONW pemieTku B n = 4 pa3a OOJbIIe JIUHBI CBETOBOH BOJHBI
MOHOXpPOMAaTH4YECKOT0 CBETA, HOPMAJIbHO MAJAIOLIEro Ha €€ MOBEPXHOCTh. ONpenenuTs yroia o
MEXy IBYMs TIEPBBIMH CUMMETPUYHBIMU JTUPPAKIIHOHHBIMA MaKCUMYyMaMH.

Ha merammunueckyro miacTuHy HalpaBlieH MOHOXPOMATUYECKUH MMYyYOK CBETa C 4acToToi v = 7,3.
10 I'. KpacHas rparuna Ao potodddekTa [is JaHHOTO MaTepuana papHa 560 aM. OnpenenuTs
MaKCHMaJIbHYIO0 CKOPOCTh Umax (POTOIIEKTPOHOB.

DNEKTPOH B aTOME BOJOPOJAA HAXOAUTCS HA TPEThEM SHEPreTM4eckoM ypoBHe. OmnpenenuThb
kuHeTndeckyro T, noreHuuanbHyro I u nmonnywo E sHepruto snexrtpona. OTBET BbIpa3uTh B
AJIEKTPOH-BOJIbTAX.

DOnekTpoH obnagaetr kuHeTnueckoi sHeprueit T = 1,02 MaB. Bo ckonbko pa3 u3MeHUTCS AJIMHA
BOJIHBI Jie bpoiins, ecnu kuHeTnueckast sHeprus T 3JeKTpoHa yMEHbBILIUTCS BABOE?
I'epmanueBsiil kpuctaiul, mupuHa AE 3anpenieHHoi 30Hb1 B KOTOpoM paBHa 0,72 3B, HarpeBaroT
ot Temmneparypsl t1 = 0° C 1o Temneparypsi t2 = 15° C. Bo ckoibKO pa3 BO3PAaCTET ero yaeabHas
MIPOBOJUMOCTD?

Bapuant Nel

VYcraHoBka Juia  HaOmroneHuss kojen HproToHa ocBemiaeTcs HOPMajbHO —IaJaroIluM
MOHOXpoMmaTHueckuM cBeToM (A = 590 um). Pannyc kpuBu3Hbl R nmun3bI paBeH 5 cMm. Onpenenuts
TOJIIMHY d3 BO3IYLIHOIO MPOMEXYTKAa B TOM MeECTe, IJle B OTPaKEHHOM CBeTe HaOJtoJaeTcs
TPEThE CBETIIOE KOJIBLIO.

Paccrosinne mexay mTpuxamu audpakuuoHHoil pemerku d = 4 mMxkMm. Ha pemerky namaer
HOPMAaJILHO CBET C JUIMHOU BOJHBI A = 0,58 MKkM. MakcuMyM Kakoro HauOOJIBIIIETO MOPSIKA TAaeT
3Ta pelerka?

Ha nnuHKOBYIO IIaCTHHY HalpaBlIeH MOHOXPOMAaTHYECKHAN ITy4OK cBeTa. PDOTOTOK NMpeKpaaeTcs
npu 3ajepxuBaromeii paznoctu noreHuuanos U = 1,5 B. OnpenenuTs ATUHY BOJIHBI A CBETAa,
Ma/IAl0IIEr0 Ha TUIACTUHY.

@®oTOH BBIOMBAET U3 aToMa BOJOPOJ]A, HAXOASIIErocs B OCHOBHOM COCTOSIHMM, 3JIEKTPOH C
kuHetndeckoi sHeprueit T= 10 sB. Onpenenuts sHEpruto € poTtoHa.

Kunerndeckast sHeprust T 37eKTpOHA paBHA YIBOCHHOMY 3HAYEHHIO €r0 SHEPTUH MOKosl (2moC).
BorurcnuTh AnuHy BOJIHBI A 1€ Bpoiins A Takoro 3JaeKTpoHa.

Onpenenuts 10710 CBOOOJIHBIX 3JIEKTPOHOB B MeTayuie npu temneparype T = O K, sHeprum €
KOTOPBIX 3aKJIFOYEHBI B UHTEPBAJIC 3HAYEHUHU OT /2 €max 10 Emax-

Bomnpocsl k 3amuTe pacuetHo-rpadpuyeckux pador (PI'P)

2 cemecTp

PacuyerHo-rpadguyeckas padora Nel
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Yro u3yuaet MmexaHuka?

Jaiite onpeneneHne MEXaHUYECKOMY JIBUKEHUIO.

Kak HanpaBjeH BEKTOp MTHOBEHHOW CKOPOCTH?

Kak HaiiTu 3Ha4eHue MOJIHOTO YCKOPEHHUS?

Kak MOXHO KIacCHPUIMPOBATH JBUKEHHUE M0 TAHTCHIIMATHLHOW U HOPMAJIBLHON COCTAaBIISIOIINX
yCKOpeHusi?

Cdopmynupyiite 3akons! HproToHa.

OOBSICHUTD AITOPUTM pelIeHUs 3a7a4 Ha 2 3akoH HpioToHa.

Cdhopmynupyiite 3aK0H COXpaHEHUS SHEPTUH.

Chopmynupyiite Teopemy lllTeiinepa.

. Kak onpenennTh KHHETUYECKYIO SHEPTHIO CKATHIBAIOIIETOCS C HAKIIOHHOW TUIOCKOCTH Tema?
. Uto u3ydaet MoseKyisipHas ¢puzuka’?

. Uto xapaktepusyert temneparypa’?

. Chopmymnupyiite ocHoBHBIE TTosTokeHUss MKT.

. JlaiiTe onpezeseHre HIeaabHoro rasa.

. Chopmymupyiite 3akon boiinss-Mapuotra.

. Chopmymmpyiite 3akon I'eli-Jlroccaxka.

. Chopmynupyiitre 3akon Llapis.

. 3anuImTe YpaBHEHUS COCTOSIHUS UCATBHOTO rasa.
. Chopmynupyiite nepBoe HA4aIO TEPMOJUHAMUKH.
. Chopmynupyiite 2 Ha4aI0 TEPMOJTUHAMUKH.

. Chopmynupyiite 3 Hayano TePMOAUHAMUKH.

. MOHO 7111 co31aTh BEYHBINA JBUTATENH?

3 cemecTp
PacuerHo-rpajduueckas padora Ne2

Uro coboif npeacTaBiseT 3JeKTpUIecKoe mnosue?

JlaiiTe onpenenenne 3IeKTpOCTaTUYECKOTO MOJIS.

[Iepeuncnrre OCHOBHBIE XapaKTEPUCTHKHU 3JIEKTPOCTATUUECKOTO MOJIsA?

JlaiiTe onpeneneHne HanpsyKEHHOCTH.

Kak M0kHO n300pa3uTh IEKTPOCTATUYECKOE 1oJIe?

Yo Ha3BIBaIOT MOTOKOM BEKTOPA HAIIPSHKEHHOCTH?

ChopmynupyiiTe NIPpUHIMI CYNIEPIO3ULUN HAPSIKEHHOCTEH MOJIeH.
Cdopmynupyiite Teopemy Octporpanckoro-I"aycca.

UTto Ha3bIBAIOT HUPKYISIHEH BEKTOpa HANPSKEHHOCTH 3JIEKTPUUECKOTO MO ?

PacuerHo-rpadguyeckass padora Ne3

Cgert. BoiHoBas u KOpIycKyssipHas TeOpuUsi CBETA.

Hudpaxnus. Judpakuus Ha meny, Ha 1uQpakinOHHON peleTKe.
Hucnepcusi.

[Tonspuzanus.

Wntepdepentys.

Jnuna BosiHbI 1e bpoins.

dotosdpdext. Buasl potorddexra.

Dneprus u uMmyibc Gorona. Jlapnenne ceeta. ddpdext Komnrona u ero anemMeHTapHasi TeOpusi.
ATOM BOJIOpOJIa B KBAHTOBOW MEXaHHKE.

[lepuoanueckast cucrtema 3eMeHTOB MeHzeneeBa. PEHTreHOBCKHE CIIEKTPBI.

10. MOJ'ICI(YJ'IBIZ XUMHUYCCKHUE CBA3H, IIOHATHUC 00 OHCPICTUUCCKHUX YPOBHAX. MOJ'IeKy.]'I}IpHBIe
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cnekTpel. KoMOMHaIMoHHOe paccesiHue CBeTa.

IIpuMmeyaHnue: BCe OTBETHI HA BOIIPOCHI OSICHATD Ipumepamu u3 PI'P.
IIpounenypa onennBaHusi pacueTHo-rpadpuueckoii padorsl (PI'P)

PacuetrHo-rpaduueckas pabota - BUJI IMCbMEHHOM pabOThI, HAIIPaBJICHHBII HAa TBOPUYECKOE
OCBOEHHUE KOMIIETEHIIUN, MPOMUCAHHBIX B paboueii mporpaMMe AUCIUILTHHBL.

[Tpu onenke PI'P mpenonaBarens omnpenensieT MOJHOTY BBITOJIHEHUS pa0OThI, KAUeCTBO U
TOYHOCTh pacueTHOM U TpaduyecKoil YacTh, YETKOCTh M IOCJIENOBATENbHOCTh H3JI0KEHUS
pELIECHU, HAJIMYUE JOCTATOYHBIX OSICHEHU.

IIpu ouenuBannu PI'P npenonaBarens OeHUBAET CIEAYIOIUE MOMEHTHI:
coJiepKaHue paboThl;

IIOCTaHOBKA LIEJIU U 33]1a4;

MOPSIIOK MPOBEJCHUS aHAIN3a 10 TEME HCCIIEJOBAHNUS;

nopsI0K 0(hOpMIIEHUS UCTIOIH30BAaHHBIX HCTOUHUKOB MH(OPMALIUK;
00beM 1 oopMIICHHE PaOOTHI;

MOJIHOTA U IPABUJILHOCTD BBHIBOJIOB Pa0OTHI.

Kpurepun onenkn

3a kaxnyto PI'P BricTaBisieTCs OLIEHKA «3aUTE€HO» UIIU «HE 3aYTEHOM.
Onenka «3aureHo» 3a PI'P BbIcTaBisieTcs B citydae, eCiu:
1. paboTa BBITIOJIHEHA MO TUIAHY.
. B K&KIOM ITyHKTE ITPUBEACHO NPABIIBHOE Pa3BEepHYTOE PELICHUE.
. 00beM 1 ohopmiieHne paboThl OTBEYAIOT TPEOOBAHUSIM.
. paboTa BBITIOJTHEHA aKKYpaTHO, B 3aIaHHOH JIOTUKE, 0€3 BEIYUCIUTENHHBIX OIINOOK.
. YePTEX BBHITIOJIHEH KPYITHO U B COOTBETCTBHH C TPEOOBAHUSAMH K YEPTEKAM.

AN N AW

. CTyJIEHT MOXET OTBETUTh Ha MPEIJI0KEHHbIE BOIIPOCHI IO JaHHOU padoTe.
[Ipu HEBBINOIHEHUH NTEPEUNCICHHBIX TPEOOBAHUIN BBICTABIISIETCS OLIEHKA «HE 3a4TEHOM.



