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1. EJIX OCBOEHUH JUCIIAITJIMHBI

[{enssMu ocBOGHUS AUCIUIUTHHBI «DU3MKay SBIISIOTCS: OBJIaJIcHUE 0a30BBIMH 3HAHHSMHU OC-
HOBHBIX (PU3NYCCKUX 3aKOHOB U METOJIOB KJIIACCUYECKOW W COBPEMEHHOH (PU3WKH JJIsl YCIEITHOTO
¢dbopMupoBaHus U pa3BUTHS OOHIETTPOPECCHOHANBHBIX KOMIIETEHIIMN, CBA3AHHBIX C HMCIOJIb30BAHHEM
OCHOBHBIX 3aKOHOB €CTECTBEHHOHAYUYHBIX AWCIHIUIMH B MPOPECCHOHAIBHON NEATETbHOCTH, MPUMCHE-
HUEM METOJOB MAaTEeMAaTHYECKOTO aHajn3a M MaTeMaTHYeCKOTro (KOMITBIOTEPHOTO) MOJSITHPOBAHMSA,
TEOPETHYECKOTO U IKCIICPUMEHTATIBHOTO HCCIICAOBAHUS, & TaK K€ OBJIJCHHEM CIOCOOHOCTBIO BBI-
SIBUTh €CTECTBEHHOHAYYHYIO CYITHOCTH MPOOJIEM, BO3HUKAIOIIUX B X0/ MPOo(EeCCHOHATBLHOM Jes-
TETBHOCTH, PUBJICYb UX ISl PEIICHUS COOTBETCTBYIOIINN (PU3HKO-MAaTEeMaTUICCKHI armapar.

2. MECTO JUCIHHUILIMHBI B CTPYKTYPE OBPA3OBATEJIBHOM
IMPOI'PAMMBI ITIOAT'OTOBKHU CIIEIUAJIMCTA

JucuumnimHa BXOAUT B 0a30BYI0 4acThb MaTEMaTHYECKOrO M €CTECTBEHHOHAYYHOTO IMKJIIA
JTUCIATUTMH 00pa30BaTeNIbHOTO CTaHapTa OaKairaBpHara.

s u3ydeHus: TUCHUILTMHBL HEOOXOAUMBI 3HaHUS (YMEHHUsI, BiIaJileHus1) chOPMUPOBAHHEIE B
pe3yabTare 00y4eHus B 00meo0pa3oBaTebHON IIKOJIE B paMKaxX AMCLUUIUIMH: MaTeMaTuka, pu3u-
ka, xuMus. Kpome storo, HeoOXoaumbl 3HaHUS (YMEHHUS, BIIAJICHUS) MOJIyYeHHbIE IPU U3YUYECHUU B
By3€ CJIEIYIOIIUX pa3ieioB BhICHICH MaTeMaTUKu: AudQepeHnnaibHOe U HHTETPATbHOE HCUHCTIe-
Hue, nuddepeHIanbHble ypaBHEHUs, BEKTOPHBII aHaJH3.

JlucuumuinHa SBISCTCS HEOOXOMMMON B HM3YYCHHWH IOCICIYIOIUX JUCHUTUIHH: «CTpou-
TenbHas ¢usukay, «Teopernueckas mexaHuka», «CTpouTenbHas MexaHHKa», «COMpOTHUBICHUE
MartepuanoBy, «CTpoUTeNIbHbIE MaTepHANIb», « TeopeTuuecKre OCHOBBI JIEKTOTEXHUKH.

3 KOMIIETEHIUHU OBYYAIOIIET'OCSA, ®POPMUPYEMBIE B PE3YJIbTATE
OCBOEHMSA JMCHHUAIIJIMHBI MOAYJIsAA) U IIVTAHUPYEMBIE PE3YJIBTATbBI
OBYYEHUA

B PE3YIbTATC OCBOCHUS NUCHUILINHBI «Du3nKa» 06y‘IaIOIJ_II/II‘/JIC$I JOJIKCH O6J13.,[[8.T]':> CIICaYyT0-
IUMH KOMIICTCHLIUSIMMU.

CtpyKTypHBII
JJIEMEHT [Tnanupyemsble pe3yabTaThl 00yueHHs

KOMIICTCHIIUHN

OIIK-6 Vcrionp30BaHHEM OCHOBHBIX 3aKOHOB €CTECTBEHHOHAYYHBIX JUCIUIUINH B TPO(deccrHo-
HaJIbHOM IEATEIbHOCTH, IPUMEHEHUEM METOI0B MATEMATUUECKOr0 aHAJIN3a U MATEMaTUYECKOTO
(KOMITBIOTEPHOT0) MOAETUPOBAHUS, TEOPETUYECKOTO U SKCIIEPUMEHTAIILHOTO UCCIIEI0OBAaHUS

3HaTb — OCHOBHBIE METOJbI HCCIIEIOBAHUIM, HCIIOJIb3YCMBIX B (1)I/IBI/IKC;
— MPAKTUYCCKHUE CIICACTBUA U3 3aKOHOB CbI/ISI/IKI/I;
— B3aMMOCB3b MCXKY pa3gciiaMnu (I)I/IBI/IKI/I 1 TOYHBIMU HAaYKaMHU.

YMmeTb: — MOJIb30BAThCs TAOMUIAMHU, Y4eOHOH, CIIPaBOYHOIN M METOAMYECKON JIUTEpaTy-
poi;

— HUCIIOJIB30BaTh HpOCT@ﬁIHHG (1)I/I3I/I'-IeCKI/Ie MOZACIIN AJId OIMMCaHUA pCaJIbHBIX IIPO-
IIECCOB, ITPH MTOMOIIX IPUOOPOB U3MEPATH (PU3UUECKUE BETUUNHBI U IPOU3BOJUTH
00paboTKy SKCIIEPUMEHTANIbHBIX PE3YJIbTaTOB;

— COCTaBIISTh pallMOHAIbHbIE TAOIUIBI SKCIIEPUMEHTAIbHBIX JaHHBIX;

— IPUMCHSTH (1)I/ISI/ILI€CKI/IG 3aKOHBI AJId PCIICHUA MPAKTUYCCKUX 3a1a4 B HpO(beC-
CHOHAJIBHOM JIeSITeIbHOCTH;

— BBIOMPATH MPUOOPHI C MpeaeIaMu U3MEPEHNH, HEOOXOAMMBIMHU JIJIST TAHHBIX W3-
MEpEHHH, OTIpeNIeNATh IIeHY JIeJIeHUs, TOKa3aH!sl IPHOOPOB, MOTPEIIHOCTD U
YMETh I'palyHpoBaTh MKy NPHOOPOB,




CtpyKTypHBIi
JIEMEHT

KOMIICTCHII N

[Tnanupyemsble pe3ynbTaThl 00ydeHHUs

— MOJIb30BATHCSl M3MEPUTENILHON amnmnapatrypoi sl poBeaeHUsT PU3NIECKUX IKC-
MIEPUMEHTOB;

— OLIEHUBAThH CIIyyaliHbIe OLIMOKU 3KCIEPUMEHTA, ONPEACINATh JTOBEPUTEIIbHBII
WHTEpBAl,

— CTpOUTh TpaduKU SKCHEPUMEHTANbHBIX 3aBHCHMOCTEH, YCTaHABIMBATh Xapak-
TEp 3aBUCUMOCTH T10 rpa)uKaM, IIOCTPOCHHBIX B JIOOBIX KOOPAWHATAX.

Bnaners:

— OCHOBHBIMU METO/aMU peIIeHus 3a1a4 B 001acT GU3UKU U TEXHUKH;

— pueMaMu paboThl C U3MEPUTEIBHON annapaTypoil;

— METOJIMKOH OIIEHKH CITy4aiHbIX OIIMOOK SKCIEPUMEHTA U OIIPEEIICHUS J0BE-
PUTEIBHOTO MHTEPBAJIA.

OIIK-7 criocoOHOCTBIO BBISIBUTH €CTECTBEHHOHAYYHYIO CYIIIHOCTb IIPOOJIEM, BO3HUKAIOIINX B XOJI€
npo¢eCCHOHATBLHOMN 1A TETFHOCTH, IPUBJICYb UX /ISl pEIIEHUS] COOTBETCTBYIOIINN (hPHU3HUKO-
MaTEeMaTUYECKUN annapar

3HaTh

— OCHOBHBIE€ TEPMUHBI, ONIPEACIICHUS U TIOHATUS (PU3UKH;

— (OpMYIUPOBKHU M MaTeMaTH4ECKOe onucanue GyH/1aMEeHTAIbHBIX 3aKOHOB MPH-
poabl B 00J1aCTH MEXaHUKH, TEPMOJAMHAMUKH, SJICKTPUYECTBA M MAarHETU3Ma, OTI-
TUKHU U aTOMHOMN (U3UKHU.

YMmers:

— BBIICTIATH 3HAYUMBIE (PAKTOPHI, ONPEACISIOIINE XO1 M TEeUeHNE (PH3UUECKUX
IIPOLIECCOB;

— OOBSACHUTH SBJICHUS U MPOLIECCH HA OCHOBE MPEJICTABICHHH 0 (pu3muecKon Kap-
TUHE MUPA;

— 000CHOBBIBATh TMOJOXKECHUS MPEAMETHONW 00JIACTH 3HAHUH C MOMOIIBIO (PU3HUKO-
MaTEeMaTU4YeCKOro aImapara;

— pacro3HaBaTh COOTBETCTBUE PE3YyJbTAaTOB TEOPETHUECKUX PEIICHUN MpaKTHYe-
CKHUX 3aJa4 (GyHIaMEHTaIbHBIM (PU3NYECKUM 3aKOHAM;

— COCTaBJISITh OTYETHI 110 BHIMOJIHEHHBIM KCIIEPUMEHTAIbHBIM paboTaM, yMETh
Jle1aTh BBIBOJIBI.

BnaneTs:

— HaBBIKaMH BBITIOJIHEHUS (PU3UYECKUX SKCIIEPUMEHTOB U OLIEHKHU UX pe3yibTa-
TOB;

— HaBBIKaMH NMPAKTUYECKOTO MPUMEHEHMSI 3aKOHOB (DU3HKHU;

— cr1ocob6aMu OLIEHUBaHMS 3HAYMMOCTH U MPAKTHUECKOW MPUTOJHOCTH MOTYUEH-
HBIX PE3YJbTATOB.




4. CTPYKTYPA U COAEPKAHUE JUCIUIIJIMHbI

OO01mmast Tpy10€MKOCTh TUCIUIUTHHBI COCTABIISIET / 3a4€THBIX eIUHMII, 252 akaj. 4aca, B TOM YHCIIe:

— KOHTaKTHas padora — 162,9/30U akan. vaca,
— ayautopHas - 157 akan. yacos;
— BHeayIuTopHas 5,9 akaj.4acos,
— camocTosTenbHas pabora 53,4 akan.4acos;
— MOJTrOTOBKA K K3aMeHy 35,7 akaj.uacos;.

Paznen
NUCHUIIINHEI

AynuTtopHas
KOHTaKTHas

pabora

(B akaz. yacax)™®

Cemectp

JICKIINN

CamocrosTenbHas pabora
(B akaj. Jyacax)

Bun
CaMOCTOSITSIILHOU
paboThI

DopMBI TEKYLLETO
KOHTpPOJIA
yYCIIEBAEMOCTH U
IIPOMEKYTOUYHON
aTTecTaluuu

Kon u ctpykTypHBIit
AJIEMEHT KOMIETCHIINH

1. ®dusnyeckue 0CHOBBI KJIACCHYECKOH Mexa-
HUKH

[EEN
N

oo
N

OIIK-
6-3yB
OIIK-
7-3yB

1.1. ®usuka kak ¢pyHIaMeHTalbHas Hayka. Berme-
CTBO W TIOJIE — JIBa BHJIA MAaTE€pUH, NPOCTPAHCTBO U
Bpems — ¢opMa cyiiecTBoBaHuS MaTepuu. Kiaccuue-
cKasl MexaHuka. MexaHuueckoe aABHxeHne. CrucTeMbl
orcyera. MaTepuaibHas TOUKa U a0COJIIOTHO TBEPIOE
teno. CrocoObl onucaHus ABWKEHHUST MaTepHaIbHON
Touku. KnHemaTtnyeckue XapakTepUCTHUKU IOCTyIa-
TCJIIbHOT'O U BpallaTCIbHOI'O HBH)KGHHﬁ, CBsA3b MCIKAY
HUMH.

CamMocTosTeNbHOE H3yUEHHE
yueOHOIl TuTepaTypsl
IToaroToBka K 3a1UTE TEMBI
«Kunematuka

[IpoBepka nHIUBUIYATb-
HBIX 3a/1a4

YcTHas 3anmTa TeMbl
«Kunemaruka»

1.2. Jlunamuka TBepaoro Tena. JluHamudeckue

CaMocTosTeNnbHOE U3yUEHUE

IIpoBepka nHAUBUIyaIIb-




XapaKTEPUCTUKHU MOCTYNATEIBHOTO U BpAlIaTEIbHOTO
JBIKEHUS MaTEpUAJIbHOW TOYKM: MAacca, HMIIYJIbC,
cuila — Mepa B3aUMOJEHUCTBUS MEXIY TelaMH, MO-
MEHT CHJIbI, MOMEHT HMHEPLMH, MOMEHT HMMIIYJIbCA.
[IpuMeppl BBIYMCIEHUS MOMEHTOB HWHEPLUUU TEl.
Bunel cun.  OCHOBHbBIE 3aKOHBI JMHAMUKM JUISL T10-
CTYIATEJILHOTO W BpallaTeIbHOTO JIBIXKEHUH (3aKO-
Hbl HbroToHa). MHepnuanbHble U HEUMHEpLUATIbHbIE
cucteMmbl otcueta. [IpeoOpazoBanus ["anmunes. [Tpun-
ATl OTHOCUTEJIBHOCTH B MEXAHUKE.

yueOHOM JTUTepaTyphl
IToaroToBKa K BEIIOJIHEHHUIO
1a6. padotsl Ned. Odopmite-
HUE KOHCIICKTA.

CocraBienue oT4yeTa I10 Jjao.

pabote Ned
[ToaroroBka K 3alIUTE TEMbI
«/InHamuka»

HBIX 3a/1a4
VYerubii onpoc. [Iposepka
KOHCIIEKTA.

[IpoBepka otuera no y1ab.
pabote Ned

YcTHas 3ammTa TeMbl
«JlnHAaMHuKa»

1.3. PaGora cunsbl. [Ipumepsl pacuera pabOThI He-
KOTOpbIX cwil. KoHcepBaTWBHBIE W HEKOHCEPBATHB-
HbI€ CHJIBI. MOIIHOCTb, SHEPrUsl MPHU MOCTYHATENb-
HOM M BpAIIaTEIIbHOM JIBWKCHHUU. 3aKOH COXPaHEHHS
MexaHu4eckoil sHepruu. Cucrema MaTepHaIbHBIX
Ten (MaTepuagbHBIX TOYEK), LIEHTP Macc, UMITYJIbC
CHCTEMBbI Tell. 3aKOH COXPAaHEHHs MMITyJbca. 3aKOH
COXpaHEHHS MOMEHTa HMITYJIbCa. 3aKOHBI COXpaHe-
HUS — (yHIAMEHTAlbHbIE NPUHIUNBI (DU3UKH, HX
CBSI3b C ()yHJaMEHTAILHBIMU CBOWCTBAMH MPOCTPAH-
CTBa U BPEMEHU — OJHOPOAHOCTHIO M HM30TPOIHO-
CTBIO.

CamocTosATeIbHOE N3YUeHUE
yueOHOU JUTEpaTyphbl
[ToaroToBKa K BBITIOJTHEHUIO
nab. padoter Nel. Odopmute-
HHE KOHCIIEKTA.

Cocrasiienue ordera mo Jjiad.

pabote Nel

IToaroroBka K 3amiuTe TEMBI
«3aKOHBI COXPAHEHHUS B Me-
XaHUKE»

[IpoBepka uHaMBUIyaIIb-
HBIX 3a7a4

VYerasiit onpoc. [IpoBepka
KOHCIIEKTA.

IIpoBepka otuera no 1ab.
pabote Nel

YcTHas 3ammra TeMbl
«3aKOHBI COXpaHEHHUSI B
MEXaHUKE»

1.4. Mexanuueckue konebanus. [apMoHUYecKue
KojeOaHus, UX KHUHEMaTU4YeCcKue W IUHAMHUYECKHe
XapaKTEPUCTUKU. DHEPIUs IapMOHHMUYECKOTO OCIUJI-
nstopa. MastHuku (uznueckuil, MaTeMaTH4YECKH,
npyXuHHbIN). CroxxeHue konedanuil. 3aTyxaromnye u
BBIHY/ICHHBIE KOJIEOaHUSI, UX XapaKTePUCTHKU.

1.5. MexaHuueckue BOJHBI, UX BUIBL. YpaBHEHHE
IJIOCKOM Oerymiel BosHBL. BoaHOBOE ypaBHEHHE.
Qda3zoBasi U TpynnoBas CKOpPOCTb. VHTEHCHBHOCTH
BOJIH. CBSI3b MHTEHCHUBHOCTH C aMILIUTYIOM.

CaMocTosTenbHOE U3yUeHHe
yueOHOM JUTepaTyphbl
[ToaroToBka K BEITTOJIHESHUIO
1ab. padot Ne5 u 7. Odopm-
JICHHE KOHCIIEKTA.
CocraBiieHHE OTYETOB MO
na0. padote Ne5 u 7
IToaroroBka K 3aIMTE TEMBI
«MexaHn4YecKre KoaeOaHus
W BOJIHBI»

[IpoBepka nHAMBUAYANIb-
HBIX 3aJa4

VYerHbii onpoc. [Iposepka
KOHCITEKTOB.

IIpoBepka oTueToB Mo J1ab.
paboram Ne5 u 7

VYcTHas 3ammra TeMbl
«MexaHnyeckue Kosuebda-
HUS U BOJHBD)

1.6. OCHOBBI PENATUBUCTCKONH MEXaHHMKH: TOCTY-
naTel DWHINTEWHA, npeoOpa3zoBanus JlopeHna, cien-

CaMocTosTeNnbHOE U3yUEHUE
y4eOHOU JTUTEPATYPHI

IIpoBepka nHAUBUIyaIIb-
HBIX 3a7a4




CTBHUA, CBA3b C HpeO6p330BaHI/IHMI/I TI'amunes. Dne-
MCHTHI peHSITHBHCTCKOﬁ AMHAMHKU: UMITYJIBC, MacCcCa,
CBs3b ODHEPIUH C UMITYJILCOM U Maccoii.

Hroro no pa3zneny 12 |12/6| 6/2 | 8,2
n | n
2. CratucTuyeckasi (pu3UKa ¥ TEPMOJAMHAMHUKA 12 |10/3(6/21| 8 OIIK-
u 6-3yB
OIIK-
7-3yB

2.1. Ctpoenue BemiecTBa. ArperaTHble COCTOSTHHUSL.
®da3oBble nepexoibl. PU3NUecKue OCHOBBI KOJIUYECT-
BEHHOI'O0 OIIMCAaHHs CBOWCTB BewiecTBa. MUKpo- H
MakpoIapamMeTpbl COCTOSIHUSL TEPMOJMHAMHYECKOU
CUCTEMBI.

2.2. IlpyHIMOBI CTATUCTHYECKOTO OMMCAHUS CHUC-
TeM 4Yactull. DYHKIUS pacHpeiesIeHHs, €€ CMBICIH,
yCIIOBUE HOPMHUPOBKH. BbIuKciieHHE CpeHUX 3Hayde-
HUM ¢u3nyeckux BenudyuH. HekoTopele Kiaccuue-
ckue (yHKIMM pacnpesaeneHus yactul (Makcsenna,
Bbonwsimana, [Maycca).

2.3. Pactipenenenune ['mbb6ca, Teopema 0 paBHOM
pacnpezielieHuy SHEpruu 1o creneHsM cBobosl. I1o-
HATHE 00 abcomoTHOM Temmeparype. MneanbHblid
ra3. J[aBneHue. YpaBHEHHE COCTOSHUSI UIEATBLHOIO
rasa.

CamocTrosTenbHOE U3yueHUe
y4eOHOH TUTepaTypbl
HOIIFOTOBKEI K BBITIOJIHCHHUIO

naboparopHoit paboter Nel 1.

OdopmiieHre KOHCTIEKTA.

Cocrasiienue oryera 1o Jjao.

pabote Nell
[ToaroToBka K 3amiuTe TEMbI
«MonexynsipHasi PU3HKa»

[IpoBepka nHAMBHTyAIb-
HBIX 3a/1a4

VYerubii onpoc. [Iposepka
KOHCIIEKTA.

[IpoBepka otuera no nab.
pabote Nel 1l

VYcTHad 3ammTa TeMsl
«MonekynsipHas GU3NKa»

2.4. TepMOIUHAMUYECKHIA METOJI U €r0 OTIHYHE
OT CTAaTHCTHYECKOTO MeToAa. Pa3iudHble CIIOCOOBI
W3MEHEHUS BHYTPEHHEW SHEPruM TEepPpMOAMHAMHYE-
ckoi cucremsl. llepBoe Hayano TEPMOAMHAMMKH.
Brruucnenne koaudecTBa TEIUIOTHI, pa0OTHI M U3Me-
HEHUS BHYTPEHHEU SHEPIUM B PA3JIUYHBIX MpPOLEC-
cax. TepmoarHaMHUUECKHE MOTEHIUATBI.

2.5. luxiel B TepMoanHaMuKke. TeroBble TBUTA-

CamMocTosTeNbHOE H3yUEHHE
yueOHOIl TuTepaTypsl
[ToaroToBKa K BEITIOJTHEHUIO
na0. pabot Nel4 u 15.
OdopmiieHre KOHCTIEKTOB.

Cocrasienue oryera mno Jjao.

paboram Nel4 u 15
IloaroroBka K 3aIuTe TEMBI

[IpoBepka nHaAMBHTyAIIb-
HBIX 3a/1a4

Vet onpoc. [Iposepka
KOHCIIEKTOB.

[IpoBepka oTueToB 10 J1al.
paboram Nel4 u 15
VYcTHAS 3a1UTa TEMEI
«TepmonrHaMuka




Tenu. Bropoe Hauano tepmoauHamuku. TepmoauHa-
MHYECKasi BEPOSTHOCTb W JSHTponus. Beluucienue
WU3MEHEHHUS SHTPOIMHU B Pa3IMYHBIX IIPOLECCAX.

2.6. TpeTbe Ha4aI0 TEPMOJUHAMUKH.

2.7. KonnencupoBanHoe coctosiHue. KuakocT.
[ToBepxHOCTHOE HaTsKeHUE. JlaBiaeHHE MOJ U30THY-
TOM mOBepXHOCThIO. Da30Bble TI'paHMLbI, (a30BbIE
paBHOBecHs U (ha30BbIC TPEBPALICHHUS.

2.8. DneMeHThl HEpaBHOBECHOW TEPMOJMHAMUKHU.
SIBnenust mepenoca. JlnmHa cBOOOIHOTO TmpoOera.
Huddys3us, TEmI0npoOBOIHOCT, BSI3KOCTb. YpaBHe-
Hua Herorona, @ypee. YpaBHEHHs IIepeHOCA B TBEP-
IBIX TeJax, Ta3000pa3HbIX U MOPUCTHIX Cpelax B CTa-
LIHOHAPHOM M HECTALIMOHAPHOM pEXKUMAaX.

2.9. Kunemaruka u TuHaMMKa *HUJIKOCTEH U ra3oB:

KMHEMaTU4YEeCKNE U TUHAMUYECKUE XAPAKTEPUCTH-
KM JKMJIKOCTEH U ra3oB;

KOHJICHCUPOBAHHOE COCTOSTHHUE;

IIOBEPXHOCTHOE HATSAKECHUE,

JABJICHUE TI0JT N30THYTON ITOBEPXHOCTHIO;

(a3oBbIe NpeBpaIICHUs.

«T CpMOJUHAMHKaA»

Hroro no pazneny 12 |10/3| 6/2

n "
3. DJIeKTpUYeCcTBO 10 |12/3 (521 CamocrosrensHoe nzydenue |[Iposepka naamBuayans- |OITK-
3.1. Tlone, kak (opma CyliecTBOBaHUS MaTEepHUH. 41 yueOHOIl TuTeparypsl HBIX 3a7a4 6-3yB
Buael noneit. DiekTpocTaTUYECKoe MoJie. DIEKTPH- [ToaroroBka k BeIOHEHUIO | Y cTHBIN onpoc. [Iposepka |OITK-
yeckul 3apsan, ero cpoiictBa. 3akoH Kynona. Jlo- na6. pabotet Ne21. Ocdopm- |KOHCIIEKTA. 7-3yB

KaJlbHbl€ (HANpPSDKEHHOCTh M TOTEHIMAll) M HMHTe-
rpajgbHble (MIOTOK, LUPKYJALUSA) XapaKTEPUCTUKU
BEKTOpHBIX mojieit. Teopema o mupkyssiiuu (CTokca).
MeToapl pacdeTra XapakTEPUCTUK 3JIEKTPOCTaTHYe-
CKOT'O MOJIS: MPUHLMIT CYHNEpHO3ULMU NOJEeH U Teo-
pema Octporpaackoro-I'aycca. Ilpumepsl pacuera

JICHUEC KOHCIICKTA.

CocraBieHue oT4eTa 110 J1a0.

pabote Ne21
[ToaroroBka K 3amuTe TEMbI
«IIEKTPOCTATHKAY

[IpoBepka oTuera mo nab.
pabote Ne21

VYcTHAS 3a1MTa TEMEI
«IJIEKTPOCTATUKA»




XapaKTCPUCTHK IJICKTPOCTATUYCCKOI'O I10JIA.

3.2. PaboTa 37eKTpUYECKOTO MOJIs MO MepeMeIne-
HUO 3apsaa. [loTeHuManbHbId XapakTep 3JIEKTpocTa-
TUYECKOr0 Mojs. BemecTBo B 3JIEKTpUYECKOM IT0JIE
(IpOBOJHUKM U JUAJIEKTPUKHM). [luanekrpuueckas
MpOHUIIAEMOCTh cpefbl. [lomsipuzanusa aulIneKTpu-
KOB.

3.3. [Toctosannsblil Tok. 3akonbl Oma. Pa3zBerBneH-
Hasi JJiekTpudeckas menb. [IpaBwma Kupxroda mis
pacyera pa3BETBIECHHOM 3JIEKTPUUECKOU LIETIH.

CamocrosiTensHOe H3ydYeHHUEe
yueOHOU JIUTEpaTyphl
[ToaroroBka K BBIITOTHEHHIO
1a6. pabotsr Ne23. Odopwm-
JICHUE KOHCIIEKTA.

Cocrasiienue oruera 110 Jia0.

pabote Ne23
IloaroroBka K 3aI{iTe TEMBI
«ITocTOSIHHBIN TOK»

[IpoBepka MHAMBUYATIb-
HBIX 3a/1a4

VYernsiit onpoc. [IpoBepka
KOHCIIEKTA.

[IpoBepka oTuera mo nad.
pabote No23

VYcrTHad 3ammTa TeMbl
«IToCTOSTHHBIN TOK»

Hroro no pazneny 10 |12/3|5/2 | 6
n | mn
Hroro 3a cemecTp 34 | 34/ |17/6122,2 3auer
12U "

4. D1eKTPOMArHUTHOE 10J1e U BOJIHBI 4 |3/11|2/11| 4 |CamocrostensHoe n3ydenue |lIpoBepka mamuBumyans- |OITK-

4.1. MarautHoe none. MHAyKIMsS MarHuTHOTO 1o- yueOHOIl TuTeparypsl HBIX 3a/1a4 6-3yB
ns. I'eomerpuyeckoe nzobOpakeHue mnosied. Metozsl [TonroroBka k BbinosiHeHUIO | YcTHBIN onpoc. [Iposepka |OIIK-
pacueTa XapaKTepHUCTUK MAarHUTHOTO TOJS: 3aKOH na0. pabotsr Ne28. OopM-  |KOHCHEKTA. 7-3yB
buo-CaBapa-Jlamuaca, TeopeMa O HMPKYJISIIMM BEK- JIEHUE KOHCIIEKTA. [IpoBepka oTuera no nad.

TOpa MAarHUTHOM MHAYKUMH. BuxpeBoil xapakrtep CocraBienue otyera 1o jad. |padore Ne28
MarHUTHOTO TTOJIA. pabote Ne28
4.2. JIBikeHUe 3apsDKEHHBIX YacTUI] B MarHHUT-
HoM moste. Cuna Jlopenua, cuna Amnepa. SIBieHus
AJIEKTPOMAarHUTHOM MHAYKIMH. SIBIeHME caMOMH-
JOYKIMH. DHEPTrUsi MarHUTHOTO MOJIS.

4.3. Cucrema ypaBHeHHWII MakcBemia B HWHTE- 4 2/11| 4 |CamocrosarenbHoe nzydenue |[IpoBepka maamBumyans- |OITK-
rpanibHOM opme, ux ¢uszndeckuid cmpica. OTHOCH- yueOHOIl TuTepaTypsl HBIX 3a/1a4 6-3y
TEJNBbHBIM XapakTep 3JEKTPUYECKOT0 U MArHUTHOTO OIIK-
noJjiel. DNEeKTPOMAarHUTHbIE BOJIHBI. BogHOBOE ypaB- 7-3y

HEHHME JUIs AJeKTpoMarHuTtHoro mnosns. Illkana snek-
TPOMAarHUTHBIX BOJIH.
4.4. DnextpomarautHele Kosebanus. CoOCTBEH-
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Hble U BBIHYXKJCHHBIE 3JEKTPOMAarHUTHBIE KoJjela-
HUS. OJIEKTPOEMKOCTb KOHJIEHCAaTOpa U WHAYKTHB-
HOCTh KATyLIKW B ILIENAX HNEpeMEeHHOro Toka. Peso-
HAHC HaNpsHKEHUH B LIETIIX IEPEMEHHOr0 TOKA.

4.5. CoBpemMeHHas TOYKa 3pPEHHS Ha IPUPOJY CBE- 6 |4/11| 2 4,2 |CamocrostensHoe u3yuenne |[IpoBepka nnnusuayansb- |OITK-
Ta. SIBJIeHUs, MOATBEPKAAIOUINE BOJHOBYIO TIPUPOLY yueOHOI TUTepaTypsl HBIX 3a/1a4 6-3yB
ceera. SIBnenue unrepdepenuuu. IlpocrpancTBeHHas [ToaroTroBka Kk BeinonHeHuto |YcrHbii onpoc. [Tposepka |OIIK-
U BpeMEHHasi KorepeHTHOCTh. [Ipumepbl npuMeHeHus nab. padot Ne32, 34 u 35. KOHCIIEKTOB. 7-3yB
UHTEepEPEHIIH. Odopmnenne koHcniektoB.  |[IpoBepka oTueToB 1o 1a0.

4.6. Judpakums cBera. Ilpuanun [roiirenca- CocraBiieHHE OTYETOB 110 pabortam Ne32, 34 u 35.
®penens. Metonbl pacuyera AUGPaKIIMOHHONW KapTH- na6. padoram Ne32, 34 u 35. |YcTHas 3amuTa TEMbI
HbL. J{n(pakiMoHHAas penieTka, ee XapaKTepUCTHKH. [ToaroroBka Kk 3amure TeMbl  |«BoJHOBAs ONTHKA»

4.7. lonspuzauus ceera. CriocoObl MOTydeHUs «BonHoBas onTuka»

MOJISIPU30BAHHOTO cBeTa. 3akoH Maimtoca. [{ucniepcust
CBeTa.
Hroro no pazneny 14 | 7/12 | 6/2 | 12,2
n | mn

5. D1eMeHTbl KBAHTOBOM MEeXaHMKH 4 |3/11| 2 4 |CamocrosarensHoe uzyuenue |IIposepka unausBuayans- |OIIK-

5.1. KsanroBas ontuka. KopnyckynspHo- yueOHOIl TuTeparypsl HBIX 3a/1a4 6-3yB
BOJIHOBOM Jyanu3M. SIBieHMS, IOATBEPKIAIOIINE [TonroroBka k BbinosiHEeHUIO | YcTHBIN onpoc. [Tposepka |OIIK-
KBAaHTOBYIO NPUPOAY CBETa: TEIJIOBOE H3IIyYeHUe, na0. pabotsl Ne36. OhopM-  |KOHCHEKTA. 7-3yB
dotorddekr, s3pdpexr Komnrona, TopMo3HOE pPEHT- JIEHUE KOHCIIEKTA. [IpoBepka oTuera mo nab.
TE€HOBCKOE U3IyYEHHE. CocraBienue otdera 1o jad. |padore Ne36

pabote No36

5.2. Jlnuna BonHBI Ae Bpoiinsa. DxcnepuMeHTanb- 6 4/11| 4 |CamocrosrenbHoe usyuenue |I[IpoBepka nnauBuayans- |OIIK-
HOe HaOJI0JIEeHHE BOJHOBBIX CBOWCTB yacTull. CooT- yueOHOM JUTepaTyphl HBIX 3a7a4 6-3yB
HoleHHus HeomnpeneneHHocTed. CoCTOsHUE YaCTULIBI [ToaroToBka K 3amiuTe TeMbl | Y CTHas 3al[UTa TEMbI OIIK-
B KBaHTOBOM MexaHuke. BoiaHoBas pyHkuus u ee pu- «OCHOBHBIE TOJIOKEHUS «OCHOBHBIE MTOJIOKEHUS | /-3YB

3UYeCKUN CMBICT. [IpUHIMT CyNepIo3UIIny.
5.3. Ypasuenue lllpenunrepa, KBaHTOBBIC ypaB-
HeHus ABMKeHus. OnepaTopbl (U3NIECKIX BEIHYKH.
5.4. Hexotopble 3aga4yli KBAaHTOBON MEXaHHKH.
Yactuia B OECKOHEYHO TIIyOOKOM NOTEHIMAIBHON

KBaHTOBOH (PU3UKN»

KBAHTOBOH (PU3HKHI»
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same. KBantoBanme sHepruu. TyHHENbHBIH 3(DPEKT.
Anbda-pacnag Kak npuMmep TyHHEIbHOro 3¢ddekra.
X0JI0IHAst SMUCCHS DJIEKTPOHOB.

Hroro no pazneny 10 | 3/1 | 6/1
n | mn

6. ®u3uka aToMa U ATOMHOIO AApa 4 |4/11|2/11 CamocrostenbHoe uzyuenue |lIposepka unnusunyans- |OIIK-

6.1. AToM BomOposa B KBaHTOBOH MeXaHHKE. yueOHOIl TuTeparypsl HBIX 3a/1a4 6-3yB
KBaHTOBaHME »HEPrHUHM, MOMEHTAa HMMIIYJIbCA MU €rO ITonroroBka k BblnosiHeHUIO | YcTHBIN onpoc. [Iposepka |OIIK-
MPOEKUMU. MHOT03JIEKTPOHHBIE aTOMBL. DJIEKTPOH- nab. padot Ned1 u 42. KOHCIIEKTOB. 7-3yB
Hble cinon u obonouku. [lepumomuueckas cucrema Odopmienne koHCIIeKToB.  |IIpoBepka oT4eToB 110 J1al.
anemenToB J.M.Menneneena. CocTaBiieHHe OTYETOB 110 paboram Ned1 u 42

6.2. M3nydeHne aTroMOB. DHEPrETHYCCKUN CIEKTP na6. padoram Ned1 u 42 YcTHas 3ammTa TeMbl
aromMa Boaopoaa. CHeKTpbl M3JIyuyeHHs MHOTO3JEK- [ToaroToBka K 3amiure TeMbl |« JIEKTPOHBI B aTOMax U
TPOHHBIX aTOMOB. «DJIEKTPOHBI B aTOMaX U MO- |MOJIEKYyJIaX»

6.3. Ctpoenue Mousiekyin, Buabl cBszeil. [Ipupona JEKyJIax»
XUMHUecKoN cBsi3U. CHEKTphl M3ITy4yeHHUS MOJIEKYII.
du3nueckue NPUHLIUIBI pabOTHI JIa3€POB.

6.4. DIEKTPOHBI B KPUCTAJIIAX 4 (2/11|2/11 CamocrosTenbHoe uzyueHnue |YcrHbli onpoc. [Iposepka |OIIK-

Kpucrannuueckast pemerka. Xapakrep IBHKEHUS yueOHOIl TuTeparypsl KOHCIIEKTA. 6-3yB
Y B3aUMOJECHCTBUSA aTOMOB. TemI0eMKOCTh KpUCTaJ- ITonroroBka k BeinosiHeHuto |[IpoBepka oruera no na6. |OIIK-
noB. @DoHonbl. Dynkuusa pacnpenencHus bose- na0. pabotsl Ned44. Opopm-  |pabotam Ned4 7-3yB
OiiHmTeHa. JleQeKkThl KpUCTAIIIMYECKONH pPEeleTKH. JICHUE KOHCIIEKTA.
MexaHuueckne CBOMCTBA TBEPABIX TEIl. CocraBieHue oTyera 1o nao.

DJIEKTPOHBI B KPUCTAIIIIAX. DHEPreTUYECKUE 30HbI pabore
B MeTajllaX, AWIJIEKTPUKaX W IOJYNPOBOJHUKAX.
Oyuknua pacnpenenenus depmu-/lupaka. OHeprus
@epMu. DJIEKTPUUYECKHUE CBOICTBA TBEPABIX TEIL.
CBepXIpOBOIMMOCT.

6.5. AToMHBIE s171pa. 4 (2/11|2/11 CamocrostensHoe uzyuenue |lIposepka nnausunyans- |OIIK-

CocraB saep, UxX CBOMCTBa, U30TONBI. Moaenu sij- y4eOHOMN JTUTEPATYPHI HBIX 3a]1a4 6-3yB
pa, ycToiiunBble U HeycToiuuBsle aapa. Jledekr mac- Bemonnenue PI'P-1 IIposepka PI'P-1 OIIK-
Cbl U BHeprua cBs3u. I[lytu mnonydeHus sepHOU [ToaroToBka k BeImogHEHUIO | Y CTHBIN onpoc. [IpoBepka |7-3yB

SHEPIrUH.

na6. padoter Ne53. Odopm-

KOHCIICKTA.




PagnoaktuBHOCTh. BUabl paiMioakTUBHBIX pacma-
JOB. 3aKOH paJuoaKTUBHOTO pacnaaa. Bzaumopeiict-
BHUE U3JIy4YCHHS C BelecTBOM. Jlo3bl. 3ammura OT pa-
JTMOAKTUBHOTO M3JIyYEHUS. DJIIEMEHTApHbIE YaCTHIIbI
u ux knaccudukanusa. Bumbl B3auMoaeicTBusa. AH-
TuyacTulbl. KBapku.

JIEHHE KOHCIIEKTA.
CocrasieHue oTyeTa 110 J1a0.
pabore

IToaroroBka K 3amiuTe TEMBI
«®Du3nKa aToma H spar

[TpoBepka otuera 1o n1ad.

paboram Ne53
VYcTHad 3ammTa TeMbl
«Du3uka aroma " sapar»

Hroro no paszueny 12 | 8/3|6/3| 11
) | nu
Hroro 3a cemecTp 36 [18/6|18/6| 32,2
JK3aMeH
) | nu
HUTOro no qucuumInHe 70 [52/1|35/1| 53,4
SN | 2U
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5 OBPA30OBATEJIBHBIE I THOOPMAIIMOHHBIE TEXHOJIOI'MHN

B cBsi3u ¢ TeM, 4TO OCHOBHBIMHU HETISIMU U3YYCHHS Kypca (DU3UKHU SBIISIOTCS O3HAKOMIICHUE C
buznyeckoil KapTUHOM MUpa, METolaMu (PU3UYECKOTO OMUCAHHSI CBOWCTB M MPOLIECCOB, U MPHOO-
pETeHHE HaYaJIbHBIX HABBIKOB YKCIIEPUMEHTATBHBIX UCCIICIOBAHUM, JIJISI OCBOSHUS (DU3HKH UCIIOTb-
3YIOTCSl IPEUMYILIECTBEHHO TPAJAUIIMOHHBIE 00pa30BaTeNbHbIE TEXHOJIOTHH.

WudopManinoHHbIe JIEKIIUN — JTSI H3JI0KESHHSI OCHOBHBIX TEOPETHUECKUX TOHATUMN, 3aKOHOB U
MPUHIIMIIOB ONKCaHUs (PU3MUYECKUX MPOIIECCOB,

[IpakTuueckue 3aHATUA — JUIS JAE€TATU3AlMM U YCBOCHUS MOJYUYEHHBIX TEOPETHUYECKUX 3Ha-
HUH, 1 U1 popMupoBaHUs TpeOyeMbIX HABHIKOB U YMEHUH.

JlaGopaTopHble 3aHATHS — IJI1 YCBOCHUS U 3aKPEIUICHUS] HABBIKOB MPOBEJICHUS IKCIIEPUMEH-
TaJbHBIX MCCIIEIOBAHUN peanbHbIX (PU3NUECKHX OOBEKTOB M MX MOJENEH, a Takke 00paboTKH pe-
3yJIbTATOB IKCIEPUMEHTA.

s noBblieHuss HHGOOPMAMOHHON HACBHIIICHHOCTH HapsAny ¢ MH()OPMALMOHHOW JeKIuein
UCIIOJIB3YIOTCS JICKITUH-BU3yaTN3alliH, a TAK)KE PAKTHYSCKUE 3aHATHS B (DOpPME TTPE3CHTAIIHH.

Pe3ynbrarel 00y4eHNs] KOHTPOIUPYIOTCS IK3aMEHAMU U 3a4ETaMHU.

6. YAEBHO-METOIJMYECKOE OBECIIEYEHUE CAMOCTOSTEJBHON
PABOTBI CTYJAEHTOB

[To mucrumummae «®du3uKa» MpeaycMOTpeHa ayaUTOpHAs W BHEAYAUTOPHAS CAMOCTOSTEb-
Hasi paboTa 00y4JaromuXCsl.

AynuTOpHAs CaMOCTOSTENIbHAS paboTa CTYICHTOB MPEIIoaraeT penieHue KOHTPOIbHBIX
3aj1a4 Ha MIPAKTUYCCKHUX 3aHATHAX M YCTHYIO 3allIUTY TEM Ha JJa0OPATOPHBIX 3aHATHSX.

Bonpocs! k 3amuTe Tembl « Knnemaruka»

Uro uzydaer kuHeMaTuka’?

Yro Takoe «MaTrepuaibHas TOUKA», «CUCTEMA MAaTEPHAIIBHBIX TOUEK)»?

st uero HyxHa cuctema orcuera? Uto oHa B ceOst BKITtOUaeT?

OOBscHUTE pa3HMIlY MEXy MMOCTyNaTelbHbIM U BpallaTelbHbIM JBWKeHHEM. [IpuBeanTe

PUMEPBHL.

Yro Ttakoe paguyc-BeKkTop? B uem cyTh BEeKTOpHOTrO crioco0a ONMCcaHus ABUKEHU?

Packpoiite cMBICH IOHATHIL: TPaeKTOpHs, IIyTh, epeMenienue. llosicaure ckazanHoe pu-

CYHKOM.

7. Uro xapakTepu3yeT BEKTOp cKopocTu? 3anuinuTe U 00bICHUTE (HOPMYIIbI CpeIHEN CKOPO-

CTH, MTHOBEHHON CKOPOCTH.

Kak HaifT MoyJIb MTHOBEHHOM CKOPOCTH?

9. 3anumute GopMyiy JUISl HAXOXKICHUS ITYTH IPU MIPOU3BOJILHOM XapaKTepe JABHKEHHS Te-
na.

10. Yro xapakrepusyeT BEKTOp ycKopeHus? UTo Takoe TaHT€HLUAIbHOE U HOPMAaJIbHOE YCKO-
penue? [IpousurocTpupyiite 0ObsICHEHHE PUCYHKOM, 3alIUIINUTE GOPMYITY.

11. Yro Takoe yros noBopoTa (yriioBoe rnepemeunienue)?

12. Yro xapakTepusyeT yriioBas CKOpocTh? 3amuimuTe GOpPMYIIbI sl CpeTHEH 1 MTHOBEHHOH
YIJIOBOM CKOPOCTH.

13. Yro xapakTepu3yeT yriioBoe yckopeHnue? 3amummure GopMyITy JJIsS yIIIOBOTO YCKOPSHHUS.

14. KaxoBbl HarpaBJieHUs] MTHOBEHHON YTIJIOBOM CKOPOCTH U YIJIOBOTO YCKOPEHUS?

15. 3anumuTe Gopmyiy 1 HaXOXKASHUS YTIOBOTO MyTH.

16. BriBenute (hopMyIibl, CBSI3BIBAIOIINE JTMHEHHBIE U YTIIOBBIE XapaKTEPUCTUKU ABUKECHUS.

NS

oo

©o
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IIpumep pemenus 3a1auu no teme «Kunemarunkay»

JIBr>KeHME MaTepUaIbHOM TOUYKH 3aJaHO YPaBHEHUEM
7(t) = 17(10 — 5t%) + j10¢t.
[Toay4unTh ypaBHEHHE TPAEKTOPHHU TOYKU. HaliTh 3aBMCMMOCTH BEKTOpAa CKOPOCTH ¥ U YCKO-

penust d or BpeMenu. J{iist MoMeHTa BpeMenu t = | ¢ BBIMUCIUTE: MOYJIb CKOPOCTH V; MOLYJIb YC-
KOPEHHs ; MOJyJIb TAHT€HLUAIBHOI'O YCKOPEHUS d;; MOLYJIb HOPMAJIbHOIO YCKOPEHUS Ay, ; PALUYC
KPUBU3HBI TpaeKkTopuu R.

dano Pemenne
7 =7(10 — 5t2) + J10t 1. 3aBMCHMOCTb KOOPAMHAT TOYKU OT BPEMEHH:
t=1c x =10 — 5t%;

y = 10t.
y(x) - ? VYpaBHEHHE TPAaeKTOPUH TOYKHU IOJyYUM, BBIpa3sUB BpeMs U3
B -2 d(t) - ? MIEPBOTO YPaBHEHUS U MOJICTABHB BO BTOPOE:
V-9 y =104/2 — 0,2x.
a-7 a,-? a,-? 2. BexTop CKOpPOCTH €CTh IepBast IPOU3BOAHAS OT paOUyC-
R-2 6eKmopa 10 BPEMEHHU: A
' d

HCH:

7
= —=1(-1 710.
v T 1(—10t) + 10

[Tpoek1ust BEKTOpa CKOPOCTH HA OCH:
v, = —10¢,
v, = 10.
3aBUCUMOCTb MO0Vl CKOPOCTH OT BPEMEHHU:

v= [vZ+vZ=+(-100)2 + 102 = 10yt + 1.

3. BexTop ycKOpeHUs TOUKH €CTh IPOU3BOIHAS OT 8eKMOPA CKOPOCHU TIO BPEMEHH:
L, av (10
a =— =1(—-10).
dt

4. Monynb cKOpocTH uepe3 1 CeKyHAY IBUKEHUS:
v=10yt2+1=10y12+1=1,41m/c
5. U3 BbIpaXkeHUs B 1. 3 BUJHO, YTO BEKTOP d HE 3aBUCUT OT BPEMEHH M €r0 MOJYJIb IIOCTOSI-

a=10m/c?
6. TaHreHIMAIBLHOE YCKOPEHHE TOYKHU €CTh NepBas MPOM3BOAHASL OT MOO)/s CKOPOCTH 10

BPCMCHH. TOFI[a 3aBHUCUMOCTb TAHI'CHIOMWAJIBHOI'0 YCKOPCHUSA OT BPEMCHU !

dv _d(10ve2+1) 10t
dt dt Vee+1

TanreHnuanbHoe yckopenue yepe3 t = 1 c:

08 _10_m e
a,=———=—=0VZ2 =/, M/C™.
ToViE+1 V2

7. Moynb IOJTHOTO YCKOPEHUSI TOUKU ONPEEIeTCs] BRIPAKEHUEM:

a=.a?+ a3.

Otcro1a Hal1IeM 3aBUCUMOCTh HOPMAJIBHOTO YCKOPEHMS OT BPEMEHH:

ar =

?—at = [(-10)? (—mt )2 10 [1-=2 10
a.,, = a<« —as = — — = — =
" ‘ Ve +1 41 Vet
HopmanbsHoe yckopenue uepe3 t =1 c:
10 10
Qp =———=—== 5v2 = 7,07 M/c.

VeZ+1 V2
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8. Pannyc KpUBU3HBI TPACKTOPHH B TOUKE HAXOJMM U3 BBIPAKECHUS:

Otcrofa paauyc KpUBU3HbI TPACKTOPUU:
2 3
v?  (10veZ+1)  100(Vez +1) 3
— = = =10(Vez+1) .
an  10/Vez +1 10
Kaxk BHUJHO M3 IMOCJICAHETO BEIPAXKCHUS, paJlyC KPUBHU3HBI TPACKTOPHUHU TAKKE SABJIACTCA
¢ynkuueit Bpemenu. Yepes t = 1 ¢ oH paBeH:

R=10(e + 1)3 =10(vZ)’ =283 m.

Otser: ¥y = 10v2 — 0,2x; ¥ = i(—10t) + J10; d = 7(—10);
v=141wm/c; a=10m/c; a,=7,07 m/c*; a,=7,07 m/c® M/c*; R=283 m.

Bonpocs! k 3amuTe TEMbI
«/lMHAMHKa OCTYNATEeJbHOI0 U BPAIATEJIBHOI0 IBHKCHUSD)
1. Yro uzyuaer nuHamuka’?
PackpoiiTe cMbICT MOHATHN ¥ (PU3HUECKUX BETMYMH: WHEPLUS, HHEPTHOCTh, Macca, CHIIa,
MMITYJIBC.
Kakwue cucrempl oTcueTa Ha3pIBalOT MHEPLUAIbHBIMU?
Cdopmynupyiite NpUHIMI OTHOCUTENBHOCTHU [ anuies.
Chopmynupyiite u 3anmumuTe 3aKk0Hbl HpI0TOHA. YKaXUTE TPAHUIIBI HX TIPUMEHUMOCTH.
Onummre CBOMCTBA I'PaBUTALMOHHBIX CHJI. 3alMIIUTE 3aKOH BCEMHUPHOIO TATOTEHUS U
YKa)XUTE FPAHULIbI €70 IPUMEHUMOCTH.
KakoBa npupoaa cuisl TpeHus? Onuimunre e€ cBONCTBA.
KakoBa npupoaa cuisl ynpyroctu? Onumure e€ cBOWCTBa.
9. Yro xapakTtepusyeT MOMEHT cuibl? JlaiiTe onpeneiieHne MOMEHTa CHJIBI OTHOCHUTEIBHO
TOYKH U OTHOCUTENIHO OCH. 3anuIINUTe (POPMYJIbI, IPOUIUTFOCTPUPYITE UX PUCYHKOM.
10. Yro xapakTepusyeT MOMEHT uHepiuu? YeMy paBeH MOMEHT MHEPIIMH MaTepUallbHOW TOY-
ku? Kak HaliTh MOMEHT UHEPLIUK TBEPJIOTO Tema?
11. B uem 3akmrouyaercs CBOMCTBO aJINTUBHOCTH MAacChl 1 MOMEHTA HHEPLIMU?
12. Chopmynupyiite u 3anummute Teopemy lltelinepa.
13. CdopmynupyiiTe 1 3alUIIATE OCHOBHOM 3aKOH IMHAMMKH BPaIllaTeIbHOTO JABHKEHHUSL.

N

ook w

o N

IIpumep pemenns 3a1a4u 10 TeMe «3aKOHbI COXPAHEHHUsSI B MEXaHUKe»
Wponos 1.157
Pazo6pem memnouky Ha Malible 3BeHbs JuIMHOW dl n Maccoit dm. [Ipu mepexuranuy HUTH Ka-
K0€ 3BEHO MepeaacT CTOJy UMITYJIbC:
dp = vdm (1)
I/Ie ¥V — CKOPOCTb 3B€Ha, MPHUOOpETEeHHAass K MOMEHTY yAapa O CTOJI IIPU MaJ€HUH C BBICOTHI Y.
CKOopoCTb ¥ BBIPAa3UM U3 3aKOHA COXPAaHEHUS MOJTHOW MEXAaHUUYECKOM SHEPruu:
dm - v?
dm-g-y = —
Otkyna
v =,/2gy. )
[TonHbI UMITYJIBC, TIEPEABAEMBIN IIEMTOYKON CTOY, PABEH CyMME HMITYJIbCOB, IepeaaBae-
MBIX Ka)KIbIM 3BEHOM.

[Tockonbky 1ens AnuHON [ UMeeT Maccy m, a 3BeHO JHHOH dl — maccy dm, To
dl dm

l m
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NI

m
dm = sz. 3)

[ToacraBus (2) u (3) B (1), momyuum

m
dp =/2gy - le.

[IpounTEerpUpyeM BolpakeHue, npuHsB dl = dy

p l

m
fdp = JT,/Zgydy.
0 0

B uTore nonaHeii UMNyJbC, MEPEIAHHBIN IIETOYKON CTOMY:

10.

11.

12.

13.

14.
15.

l
m 2
p =129 [y dy=5m /2l
0

Bonpocsl k 3amuTe TeMbl «MexaHu4YecKue KoJeOaHus»
Uro takoe kosnebanus? Kakue ycinoBus HEOOXOIUMBI JUTsl BOSHUKHOBEHHUS KOJICOaHU?
Kakme konebGaHus HA3BIBAIOTCS TapMOHUYECKUMU? Ha3oBute XapakTepucTuku
rapMOHHMYECKHUX KOJICOaHUH.
3anummMTe ypaBHCHHE TapMOHHYECKMX Kosebanuit X = f(t) , mpowmtroctpupyiite ero
rpadukom. [ToscHUTE CMBICIT Ka)K/10i BETMUMHBI, BXOAAIICH B ypaBHEHHUE.
3anuinuTe 3aBUCUMOCTh CKOPOCTH U YCKOPEHMSI TAPMOHHUYECKU KOJICOMIOMIEHCS TOUKH OT
BpeMeHH. UeMy paBHO MaKCHUMaJIbHOE 3HAUE€HUE CKOPOCTH U YCKOPEHUS?
BriBeiuTe ypaBHEHUE TapMOHUYECKOTO OCLHMILIATOPA HA MPUMEPE MPY>KUHHOTO MasiTHUKA.
3anuuuuTe BBIPAKEHUA JUISI LMKIMYECKOM YacTOThl M IEpUoJia MaTeMaTU4YecKOro,
HPYKUHHOTO ¥ (PU3HUYECKOTO MasiTHUKA.
Uemy paBHa KHHETHYECKas, IMOTEHIMalbHAs M TIOJHAS DSHEPTUs NpU TapMOHUYECKHX
kosiebanusax? Kak 3aBUcUT sHeprus KojeOaHUi OT aMITUTY/Abl ¥ 4YaCTOThI?
Kakue xonebanusi Has3biBalOTCs 3aTyxarommmu? UYTo sBIsSeTCS NPUYUHOW 3aTyXaHHUS
KoJIeOaHUI?
BoiBenute auddepeHnumanbHOe ypaBHEHHE 3aTyXalooluxX KoieOaHuil Ha mIpuMmepe
PYXKUHHOI'O MasiTHUKA.
3anuimre ypaBHEHHUE 3aTyXaroux konebanuit X = f(t), npowmtroctpupyiite ero rpadukom.
[TosicauTe CMBICT KaX 101 BEJIMYUHBI, BXOJAIIEH B ypaBHEHUE.
Kak cBsi3aHbl 4yacToTa 3aTyxalolmux KoJeOaHWW W COOCTBEHHAsh 4YacToTa KoJieOaHU
CUCTEMBI?
Packpoiite ¢usnueckuil CMBICT CIEAYIOIIMX XapaKTEPUCTHK 3aTyXalolluX KoseOaHHil:
KOO QUIMEHT 3aTyXaHUs, BpeMs pelaKcaluu, JIEKPEeMEHT 3aTyXaHus, JlorapupMuyeckun
JEKPEMEHT 3aTyXaHus, JOOpPOTHOCTb. 3amumuTe GOPMYINbl JUIsI HAXOXKACHUS JTHUX
XapaKTEpUCTHK.
Kakne komneOaHusi Ha3blBalOTCAd BBIHYXJIEHHbIMH? 3anumure auddepeHuaibHoe
ypaBHEHHE BBIHYKICHHBIX KOJIeOaHUi.
Uto Takoe pe3oHaHC? 3apuCyWTe pE30HAHCHBIE KPUBBIE JUIS PA3JIWYHBIX 3HAYCHHI
Kod(duUIMeHTa 3aTyXaHHUs.
Kax naiitn 100pOoTHOCTH KOJI€0aTeIbHON CHCTEMBI TIO PE30HAHCHON KPUBOM?
[TpuBeauTEe aHANIMTHYECKOE BBIpAXKEHHWE M TpadUK 3aBUCHUMOCTH SHEPIUU BBIHYKIEHHBIX
Kojie0aHuM OT BPEMEHH.
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IIpumep pemenns 3aga4u mo reme «Mexanudeckue KoJjie0aHus»

['ups maccoit m = 0,6 Kr moJBeIIeHa K MPYyKUHE KecTKOCThIo K = 30 H/M u coBepiaer B Bsi3-
KOU cpene ynpyrue kosebanus. Jlorapupmudeckuii gekpemMeHT 3aryxanus paseH A = 0,01. Cuuras
KO3 PHUIMEHT 3aTyXaHUsI MaJibIM, ONPENEIUTh BPeMsl T M YUCIIO MOJNHBIX Kosnebanuir N, KoTopsie
JOJI’KHA COBEPIIUTH TUPS, YTOOBI aMIUIUTYAa YMEHBIIMIACH B 3 pasa.

3aBUCUMOCTh AMILIIUTYAbL KOJ'IC6J'IIOH.I€I‘;ICSI TUPpH OT BpEMEHU:

A= Ayje Pt
AMrmuatyaa Kojie0aHui B HEKOTOPBI MOMEHT BPEMEHH 13
A1 = Aoe_ﬁtl

Ammuryna yepes Bpems T OT MOMEHTa BpeMeHH 1y
A, = Aye Pt
CornacHo ycloBuIO:

Aq _
A, 7
ﬁ= Aoe—ﬁtl _ e Bt1 _ 1 _ b,
A, Aoe_ﬁ(tﬁ"f) e~ Bti.o—Bt BT !
Torma
—ni 1.4
B —lnAZ, WA T—B lnAz.

Koadduiuent 3aryxanus [ cBa3aH ¢ JTOrapupMUUYECKUM JEKPEMEHTOM 3aTyXaHHsl A COOT-
HOIIICHUEM:

rae T — mepuof 3aTyXaronmx KojJeOaHui.
[Tpu manom 3atyxannu (wy >> f) MeproJ 3aTyxarmmx KojaedaHuii T OJIM30K K IEpHoy co0-
CTBEHHBIX KOJIEOAHUM cUCTeMBI Tg. 7 IPY>KUHHOTO MasiTHUKA

T—Z\/m
O—TEk.

Torma Bpemsi, 3a KOTOPOE aMIUIATYIa YMEHBIIUTCS B 3 pa3a
T A 2 m A
T=—'In—=—-* E-ln—=97,6c.

A A, A A,
Yucio korebanuii HaaeM U3 OYEBUIHOTO COOTHOIIIEHUS
T A
In=t

T 1 A, 1 A

N=—==—FF*=—-In—=110.

T T A A4,

Bonpocsl k 3ammTe TeMBl «YNpPyrue BOJIHbD)

Yro Takoe BonHa? Ha30BHTE OCHOBHBIE BUBI BOJTHOBBIX IIPOLIECCOB.

Kakue BoiHbI Ha3bIBatoTCs ynpyrumu? Ilpusenure npumepsl.

Yro sBIIIETCS XapaKTEPHBIM CBOMCTBOM BOJIH?

B uem paznuuns Mexay NpoJoJIbHBIMU U IIONIEPEUYHBIMH BOJTHAMM?

Packpoiite cmbici MOHSTHUN: (POHT BOJHBI, BOJHOBAas MOBEPXHOCTb, CKOPOCTh BOJIHBI,

JUIMHA BOJIHBI, BOJIHOBOE YHCIIO.

6. Uro ompenenser ypaBHCHWE BOJHBI? 3alWIIUTe YpaBHCHHWE IUIOCKOW  BOJIHBI,
pacIpoCTpaHsAIOIIEHCs BAOIb OCH X.

7. UTo Ha3BIBAIOT IUIOTHOCTHIO PHEPTUHU BOJHBI? YeMy paBHO cpeqHee N0 BPEMEHHM 3HAaYeHUE
IUIOTHOCTU YHEPTUM B JAHHOU TOUKe?

8. Uro Takoe cTosyasi BoHA?

asrLONE
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14.

15.
16.

17.
18.
19.
20.
21.

22.
23.

24.

25.

26.

2.

Bonpocsl k 3ammrTe TeMbl «MoJiekyasipaas puznka»
Urto uzyyaet MoJiekymsipHas pusuka?
KaxoB nopsiiok BeJIMunHbI pa3mepa atoma’?
Packpoiite cMbICT MOHATHI «MOJIEKYa», «MOJbY, «OTHOCUTEIIbHAA aTOMHAs Macca, «OT-
HOCHUTEJIbHASI MOJIEKYJISIpHAsl Maccay, «MOJISIPHAsI Maccay.
Uto nokassiBaeT yuciao ABoraapo?
CdopmynupyiiTe OCHOBHBIE TIOJIOKEHUSI MOJIEKYIISIPHO-KUHETHUECKON TEOPHH.
Onummre XxapakTep B3aUMOJEHCTBUS MEXIY MOJEKYJaMU B MaKpPOCKOMHWYECKUX Telax.
[TpomutrocTpupyiiTe onucanue rpagpuxkom.
OnunMre OCHOBHbIE CBOMCTBA T'a3a KaK MaKPOCKOIUYECKOTO TeJa.
OO0ObsicHUTE KaYECTBEHHO IPUUMHY JaBJICHUS I'a3a Ha CTEHKU COCyaa.
Urto coboii IpeACTaBISIET MOJIEb UACATBHOTO raza?

. UTo Takoe MUKPOCKOIIMYECKHE U MAKPOCKONIMUYECKHE TapaMeTpsl raza? [lepeunciure ux.
11.
12.
13.

3anuimTe OCHOBHOE YpaBHEHUE MOJIEKYISIPHO-KMHETUYECKOI TEOPUH.

Packpoiite pu3mdecknii CMbICT aOCOIIOTHON TEMITEpaTypHI.

3anumuTe U MPOKOMMEHTUPYHTE YpaBHEHHUE COCTOSIHHS HJI€aTbHOrO Tra3a (ypaBHEHHE
MenneneeBa-Knaiinepona).

Uro takoe uucio creneHeit cBo0op1? CKOIBKO CTENeHe cBOOOAbI UMEIOT OJIHOATOMHAS,
JKECTKas IByXaTOMHas U JK€CTKas TPEXaTOMHAsi MOJIEKYJIbI ra3a?

Kak ¢popmynupyetcs 3akoH paBHOpACIpeIeICHIS SHEPTUU IO CTETIEHsIM CBOOObI?

Urto Takoe uzonporecc? PackpoiiTe cMbICI Ka)KI0Tr0 U30MpoIecca uaeaibHoro rasza. [pu-
BeauTe rpaduku nzomnpoueccos B koopaunarax P(V), V(T), P(T).

Yrto Takoe BEPOSITHOCTb TUCKPETHOTO CIy4alHOTO COOBITUS?

Urto Takoe BEpOSITHOCTh HETIPEPHIBHOTO CIyYaHHOTO COOBITHS?

Cdopmynupyiite npaBuio HOPMUPOBKH.

Uro Takoe pynkuus pacnpeneneHusi? Kakos ee cmbica?

[IpuBenute rpadux u popmyny pynkumii pacupenenenus laycca. [IpuBeaure npumep
CJIydaiiHBIX BEJIMUYUH, OMUCHIBAEMBIX 3TOM (pyHKIMEN pacnpeaeneHHs.

3anumuTte 0apoMeTpruecKyto (OpMyIry, OObSICHUTE CMBICT BXOSIINX B HEE BETUUHH.
Uro ommchiBaeT (QyHKIUS pacnpeneneHuss MakcBemna? M3o0pasute rpapuk (QpyHKIUH,
IIPOKOMMEHTUPYHTE €rO.

Kak u3smenurcs Buj QyHKIMHU pacripenesneHus MakcBemia npu U3MEHEHUH aOCONIIOTHON
TeMIneparypsl raza?

Kak u3 ¢pyHkuuu pacnpenenenuss Makcsenia HAWTH OTHOCUTENIBHOE YUCIIO MOJIEKYJI, CKO-
POCTH KOTOPBIX JIEKAT B HEKOTOPOM 3aJJaHHOM MHTepBaje?

UYro nokaseiBaeT pacnpeaenenue bonpiimana? Kak oHo 3anuceiBaerca?

MeToanyeckue peKOMEHAAUMHU K PELICHUI0 32/1a4 110 TeMe
«Pacnpenenenue MakcBeJlia 1o MOIYJII0 CKOPOCTH

. @ynkuus pacnpezenenus Makcsesa:

el 2

2 _mov~

0 ) v2e 2kT .
2wkT

Bun dyakmum pacnpenenenns MakcBeruta juis azota ipu 77 = 250 Ku 7T, = 720 K:

3
F(v) = 4n ( il

DyHKIMSA pacupeacieHusl BBIXOIUT U3 HYJIA. PU3HYECKH ATO 03HAYAET, YTO B ra3e HET MOJIe-
KYJI C HYJIEBOM CKOPOCTBIO U, COOTBETCTBEHHO C HYJIEBOM KUHETUYECKON YHEPTHUEN.

[Ipr GONMBIINX 3HAYEHHUSX CKOPOCTH (GyHKIHs F (V) acCHMOTOTHYECKH CTPEMHTCSI K HYIIO.
PuU3NYECKHU ITO 03HAYAET, YTO OUYEHb HU3KA BEPOSATHOCTH TOTO, UTO MOJIEKYJIA UMEET CKOPOCTh, Ha-
MHOTO ITPEBBIIIAOIIYIO CPETHIOK CKOPOCTb.
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['paduxu GyHKIMiA pactpeneneHus MakcBemia Ut a30Ta:
71 =250 K; T, = 750 K

3. BeposaTHOCTH TOT0, 4TO MOJIEKYJIa HIMEET CKOPOCTh B HHTEpBAJIE OT V 10 V + dv:

w = F(v)dv.
4. OTHOCHUTEITHFHOE YHCIIO MOJICKYJI, UMEIOIIUX CKOPOCTh B MHTEpBAJIE OT V 110 V + dv:
dN F(v)d
— = F(v)dv.
N

5. Kak HaliTu OTHOCHTENBHOE YUCIIO MOJIEKYN, CKOPOCTh KOTOPBIX JIEKUT B HEKOTOPOM 3a-
JTAHHOM HMHTepBae?

5.1. Ecnu mmpuna unTepBana Mana (dv <« v;), TO OTHOCHTEIIBHOE YHUCIIO MOJICKYII MOXKET
ObITh HalZICHO KaK IJIOLIA/Ib MPAMOYTOJIbHUKA, BEICOTONH KOTOPOTO SIBJIsETCA 3HaUeHNUE PYHKLIUU
F(v;), a mmpuHO#i — BenuurHa nHTEepBasa Av (puc. 2):

AN
W = F(vl)Av

5.2. Ecnu rpruHa KUHTEPBAJIA BEJIIMKA, TO OTHOCUTCIIBHOC YHUCJIO MOJICKYJT HAXOJUTCA UHTCT-

pHpoBaHUEM (QYHKIUHU paclpeieleHus:
VU2

= j F(v)dv
V1
3HaYeHUE OIPECIICHHOT0 MHTErpaia YHCICHHO PaBHO IUIOIIAAH MOJ TpapukoM (YHKIIMU
F(v), orpaHMYeHHON 3HAYEHHSIMU CKOPOCTH V; M VU, (puc. 2). Cieayer MOMHHUTh, 4TO (YHKIIHS
F (V) ne umeem nepeoobpasnoii v 3HAYEHUE OTPEIEIIEHHOTO HHTErPaia B TOM CIy4ae MOKHO Haki-
TH TOJIBKO YHCICHHBIMH METOJIAMH.
6. Kak HaliTu OTHOCUTEIHHOE YHCIIO MOJEKYI, CKOPOCTh KOTOPBIX 6bllie HEKOTOPOTO 3HAUE-
HUS V1 ?
B 3TOM citydae HHTErpUpOBaHUE CIIEYET BECTH OT U JIO OO:
(o]

AN
N

AN
N

= f F(v)dv.
151
OueBHIHO, YTO MOJIEKYJIAa HE MOKET UMETh OECKOHEYHO OOJIBIIIOE 3HAUYCHUE CKOPOCTH M BbI-
00p BEPXHErO MpeJieNa eCTh YHCTO MAaTEMATHIECKUH MTPHEM, YIOOHBIN JJIsi TEOPETHUECKOTO aHaJIH-
3a.
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F() A

P [+

Flo) [~

B 0y U3 )

Puc. 2.

7. Kak HaliTH OTHOCHUTEIIEHOE YHCIIO MOJIEKYJI, CKOPOCTh KOTOPBIX HUJCe HEKOTOPOTo 3Haye-
HUS V4 ?
Moayiib CKOPOCTH HE MOKET OBITh MEHBIIIE HYJIS, [IO3TOMY MHTEIPUPOBAHHE CIICTYEeT BECTH

ot 0 110 v4:
V1

= J F(v)dv.

0

AN
N

8. IIpu mpoBepke aJeKBaTHOCTH IMOJIYUEHHOTO pe3yNbTaTa HYKHO YYUTHIBaTh, YTO (QYHKIHUS
pactipeaenenusi MakcBesia NoJ4UHAETCS MPABUITy HOPMUPOBKH, T. €.:
oo

J F(v)dv = 1.
0
Taxum oOpa3oM, 000N pe3ysbTaT, MOJYYEHHBIH B MyHKTaX 5-7, MOAYMHSETCS HEPABEHCTBY:
AN
—< 1.
N

MeToauuyecKkue peKOMeH/IaliH U TPUMepP pelleHus 3a1a49H 110 TeMe
«3MeHeHHE FJHTPONMH B H30MPOLIECCAX)»
[1pu HarpeBaHUM 2 MOJIb ABYXaTOMHOTO HICABHOTO Ta3a ero adCOIOTHAS TeMIlepaTypa yBe-
auyuiaack B N = 2 pasza. OnpenenuTh M3MEHEHHWE DHTPONHHU, €CIM HarpeBaHUE IPOUCXOJIUT:
1) uzoxopHo; 2) n300apHoO.

dano Pemenne
. W3meHeHue SHTpONMM IIPU PAaBHOBECHOM II€pexole rasza M3 Co-
I=35 cTostHUsA | B cocTosiHME 2 ONpeAesaeTcs BhIpaKEeHUEM:
vV = 2 MOJIb 2
n=T,yT;=2 AS = f(S_Q’
1) V = const 1 r
2) p = const rae T — teMIiiepaTypa pe3epByapa, OT KOTOPOrO CHUCTEMA I10Jy4aeT Tell-
noty; Q — GECKOHEYHO Majioe KOJMYECTBO TEIUIOTHI, TIOIy9eHHOE CHC-
AS; -7 TEMOM OT HarpeBaTesl.
AS, -7

COFJ'I&CHO NEpBOMY Ha4a 1y TCPMOANHAMUKHU
5Q = dU + SA.
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Torna BBIPAXKCHUC OJId U3BMCHCHHA SHTPOIIUU NIPUMCT BU/:
2

AS J dU + 64
1

1. M30x0pHbIii porecc
[IpuMeHuM NOJIy4eHHOE BBIpAXKEHHUE K M30XOpHOMY Imporieccy. [lockonbky V = const, To pa-
o6otra §4; =0. Torna

AS dU1
L
1
BHyTpeHHss dHeprus uAcalIbHOIO ra3a OIpeaeisaeTcs BoIpaKeHUEM
[
U = =vVRT,
>V
COOTBETCTBEHHO
[
du = EVRdT'
21 T
SVRAT (4T i i
AS, = ] = Ev f T = EvR(ln(Tz) In(Ty)) = —vR In <T1> = EVR In(n)
1 T,

[
AS, = EVR In(n) = C,vIn(n)

. i
VYuuTtsbiBas, 4T0 MOJISIpHAs TEIUNIOEMKOCTD IPU MOCTOSIHHOM 00beMe Cy, = 3 R, nosryunm
AS, = CyvIn(n) = 28,8 Ixx/K

2. N306apHeIit iporiecc
B uzo6apHom mporiecce noaBoauMasi TEII0Ta pacXoAyeTcsl Ha COBEPIIEHNE ra30M paboThl U

HN3MCHCHHC CI'O BHYTpeHHeﬁ SHEPTHUHU. BLIpa)KeHI/IC )IJ'IH N3MCHCHUA DHTPOIINU ITPUHUMACT BU:
2

2
dU, + 6A dU 6A
AS, = f I | 2y | A
T T
1 1 1
[TepBoe cnaraemoe mpaBoii 4acTu paBeHCTBa HallJIeHO paHee:
dU2
- = Cw In(n).
1
Haiinem BTOpO€ cnaraemoe. Paborta raza:
6A = pdV.
st m306apHoTro mpoiiecca, (P = Const, macca raza HeM3MEHHa), IEUCTBUTEIHHO BBIpAXKCHHE:
pdV = vRdT.
Torna
2
6A dv
—Z= p——v f——len(n)
T
1 1

B utore, usmeHeHue SHTPONUU B 1300apHOM npouecce
AS, = Cy,v-In(n) + VR - In(n) = (C, + R)vIn(n).
MonsipHast TEIJIOEMKOCTh IIPU MTOCTOSIHHOM JJaBJIC€HUU
Cp, =C, +R.
B urore nonyunm
AS, = Cyvin(n) = 40,3 Ix/K.
OtBer: AS; = 28,8 x/K; AS, = 40,3 Ix/K.
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Bonpocsl! k 3ammTe TeMbl «JIEeKTPOCTATHKA

1. DnexTpuyeckuii 3apsij, €ro CBOMCTBA.

2. 3aKOH COXpaHEHHUs PIECKTPUUYECKOTO 3apsia.

3. 3akon Kynona — ¢popmynupoBka, rpaHullbl IPUMEHHUMOCTH.

4. Yro Takoe ayieKTpocTaTudeckoe mosue? Yem oHO cozmaercs U Kak OHapyKuBaeTcst?

5. HanpspkenHocTh anektpoctatnyeckoro noss. [lpunnun cynepnosunuu. [Ipumenenue
NPUHIUIA CYTIEPIIO3UIMH IS pacdyeTa 3JIEKTPOCTATHUECKUX MOJICH.

6. Packpoiite nonsitus: 00beMHasi, HOBEpXHOCTHAs U JIUHEIHAs! INIOTHOCTH 3aps/I0B.

7. I'padmdeckoe n300paxeHue FICKTPOCTATHUSCKOTO TIOJISl B BUAC TUHUHN HAMIPSHKCHHOCTH.

8. IloTok BEeKTOpa HAPSHKEHHOCTH JIEKTPOCTATUYECKOTO TOJISL.

9. Teopema I'aycca, e€ mpuMeHeHHE ISl pacueTa IEKTPOCTATUYECKUX MOJICH.

10. PaboTa 37eKTpOCTaTHUECKOT0 OIS IO MEPEMEILEHUIO 3apsia.

11. Ilorenuuan — 3HepreTryecKkas XxapakrepucTuka rnosst. CBsi3b MKy HAlIPSHKEHHOCTBIO U
MOTEHILIUATIOM.

12. I'padpuueckoe n300pakeHUE DIIEKTPOCTATUUECKOTO TOJISI B BUJIE SKBUIOTEHIIUATBHBIX
MTOBEPXHOCTEH.

IIpuMmep pelieHus 321a4H N0 TeMe «JIeKTPOCTATHKA
Wponos 3.15a.

Tak kak paauyc 3aKpyriieHHs MHOTO MEHbBIIE [UIMHBI HUTH TO €¢
MOXHO CYHMTaTh OecKoHe4HOH. J[si pacdera HampspKeHHOCTH B Touke O
pa3o0beM HUTH HA TPU y4acTKa.
E=E+E>,+E;
rne  E; — HanpsHKeHHOCTh co3/laBaeMasi y4acTkoMm 1;
E; — HanpsDKEHHOCTD CO3/1aBaeMast y4acTKOM 2;
3 E3 — HanpsbKeHHOCTH CO3/1aBacMasi Y4acTKOM 3;
Bexrops! E1 u E> HanpaBneHbl o yriioM 45° K COOTBETCTBYIOIIMM y4acTKaM M B Touke O
PaBHBI IO MOYJIIO ¥ ITPOTHBOIIOJIOKHEI IT0 HANPaBICHUIO. TakuM 00pazoMm:

E+ E3=0
HamnpsbxkenHOCTh co3aBaeMas 1yroi 2 pacCUMThIBaeTCs Mo popmyiie:
E=E, = .2sin[ % |=—* sinfase)=—*
4re,R 2) 2ng,R 2\/§7r80 R

Bonpocs k 3amuTte TeMbl «I1ocTOAHHBIH TOK»

1. Yro Takoe snekrpuueckuil Tok? YTO NpUHUMAIOT 3a HANpaBJICHUE 3JIEKTPUYECKOro TOKa?
Uro Takoe TMHUM TOKa?

2. Kakue yacTuIpl SIBISIOTCS HOCUTENSIMU TOKA B MeTalllaX, ra3ax, *HJIKOCTAX, MOITYIPOBO/I-
HUKax?

3. Bo03MOXXHO 1 CyIIECTBOBaHHE HJIEKTPUUYECKOrO TOKa B Bakyyme? DIIEKTPUUYECKOE COIpO-
TUBJIEHUE NPOBOTHUKOB, €ro Npupoaa. [loHsTHe yneapHOro COnpOTHBIECHHUS.

4. XapaKTepHCTUKU DJIEKTPUUYECKOT0 TOKa — CHJIa TOKa, IUNIOTHOCTh TOKa. VX CBSA3b JpPYr C

JIPYrOM.

KaxoBbl yc10BHsI BOSHUKHOBEHMSI M TOAJEPIKAHUS DJIEKTPUUECKOIO TOKa?

6. Hcrounuk Toka — HazHaueHue u pyHKIUsA. [loHsTHE CTOPOHHHX CHi. HampspkeHHOCTh |
pabota cropoHHux cwi. DJIC Kak XapakTepHUCTHKa MCTOYHHMKA TOKa. BHyTpeHHee compo-
TUBJIEHUE UCTOYHUKA TOKA.

7. OIHOpPOAHBIN M HEOAHOPOJHBIM yyacTKu Lenu. Hampsikenue Ha yyacTke uenu. Paznuuune
HNOHITUN «HanpsKeHue», «C», «pa3HOCTb OTEHIIATIOB.

8. 3axon OMa JuIsi OJTHOPOJJHOTO YYacTKa MMM B HHTETpabHON 1 muddepeHnuanibsaoit hop-
Me.

9. 3akon OMa i HEOJHOPOJTHOTO YYacTKa IEMH B WHTETpaIbHOU M auddepeHnmnanTbHon
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dopme.
10. TemmoBoe, XMMUYECKOE U MAarHUTHOE JIEUCTBUE TOKA. PaboTa M MOIIHOCTB 3JIEKTPHUIECKO-
ro Toka. 3akoH Jlxxoyns-Jlenna.

IIpumep pemenusi 3agaum no Teme «3akoH Oma 1Jisi HEOTHOPOIHOI0 YYACTKA L eNn»

Ucrounuku €, = 1,5B u &€, = 1,6 B umeror BHyrpeHnue comnportusienus 1, = 0,6 Om u
1, = 0,4 Om cooTBeTcTBeHHO. HaliTu pa3HOCTh MOTEHIIMANIOB HA 3a)KUMaxX UCTOYHUKOB B CIEAYIO-
IIMX Ciay4asx: 1) ICTOUHUKH COEAMHEHBl PA3HOMMEHHBIMHU MOJIOCAMH; 2) UCTOUHUKHU COEIUHEHBI
OJIHOMMEHHBIMHU TTOJIFOCAMU.

dano Pemenne
1. PaccMoTpuM BKJIFOUEHHE HCTOYHUKOB
€1=15B pa3HOMMEHHBIMH TIOJIIOcamMu (cM. puc.). Ha- a
€, =168 MpaBJicHHE TOKa (IIPOTHB YaCOBOW CTPEJIKH) B S co
1 = 0,6 Om TaKOM CXeM€ OJIHO3HAYHO OMpeaeIsieTCs Ha- E; v * E,
r, = 0,4 Om npasieHneM OJIC HCTOYHUKOB. 3a MONOXKH- 4 —
Oq— @p - ? TENbHOE HANpaBJICHHE MPUMEM MYTh OT TOUKH " )
a k touke b. HampaBnenue Ha puUCyHKE IMOKa- b
3aHO MYHKTUPHOW CTPETKOM. .

3anumiemM 00001IeHHBIN 3aKk0H OMa Jyisi HEOJHOPOJAHOTO ydacTKa
nernu a—&; —b:

(o —¢p) + &
T '
Tox u 3/IC MMEIOT MOJOKUTENBHBIA 3HAK, MOCKOJIbKY MX HAIpaBJICHHsS COBHAJAIOT C BBI-
6paHHI)IM IMOJIOKHUTCIIbHBIM HAIIPABJICHUCM.
Paccmotpum yuactok nenu a — €, — b. O6001meHHbI 3aKkoH OMa /17151 JTAHHOTO HEOAHOPOIHO-
T'O ydJacCTKa Icrn UMCCT BUA:

I =

(Pa —¥p) — &

3

-] =

Pemras stu YpaBHCHHA COBMCCTHO ITOJTYUUM:
_ 827'1 - 817'2 _ 1,6 - 0,6 - 1,5 " 0,4’ _

— g, = — 0,4 B.
ba ™o =010 0,6 + 0,4

IIpakTHYeckoe 3aJaHne: COCTaBUTh CUCTEMY ypaBHEHMH 1o nmpaBuiaM Kupxroda st Ha-
XOKJICHHSI TOKOB BO BCEX BETBSX CXEMbI, N300paKEHHON Ha PUCYHKE.

R4
| I |
Ey R R
ot }‘b 3. ¢ R g
Rs
e (e 2,
2
e’ | O
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MeTtoanyeckue peKOMeHAALNHU 110 COCTABJICHUIO CHCTEM
ypaBHeHuii mo npasujam Kupxroga

[TpaBuna Kupxroda npuMeHsIOTCS U1 pacyeTa CI0KHBIX Pa3BETBICHHBIX IIETIeH OCTOSHHO-
r'0 U IEPEMEHHOTr0 TOKa.

Jlis onucaHusl pa3BETBICHHBIX IEKTPUYECKUX LENEH MCIOIb3YIOT ClIELHaIbHble TEPMUHBIL:
6emaw, y3ei U KOHMyp.

Bemeb — yuacTOK 3JIEKTPUYECKON LIE€NH, BAOJIb KOTOPOIO IIPOTEKAET OJUH U TOT XKE TOK.
BetBb mpencraBisier co00N OJUH UM HECKOJBKO 3JIEMEHTOB 3JIEKTPUUYECKON IEMH, COeTUHEHHBIX
nocienoBarenbHo. OTPe3oK Ienu C HyJEBbIM COMPOTHBIIEHHEM He 00pa3yeT BeTBb. CxeMa Ha pH-
CYHKE COACPKUT 8 BETBEH. YUaCTOK LIETIH MEX/1y TOUKaMH e U e’ BETBbIO HE SBIISETCS.

¥Y3en — mecto coenuHenus Tpex u Oosee BeTBei. Ha anexTpuueckux cxemax y3en o0o3Hava-
10T Toukoii. Cxema Ha puc. 4.1 umeer 5 y310B — @, b, ¢, d u e. Touka e’ uMeeT OUHAKOBBIN ITO-
TEHLMAJI ¢ TOYKOM € U MO3TOMY Yy3JI0M He siBisieTcs. CoueTaHusi TOUEK, [T01I00HbIE € U e’ cienyeT
CUMTATh U 0003HAYATH KAK OJMH Y3e.

Konmyp — 3aMKHYTBII IIyTh, TPOXOJAIINANA IO OJHOM WJIM HECKOJIBKUM BETBSIM, B KOTOPOM
OJIMH U3 Y3JIOB SIBIISICTCS] HAYAIbHON U KOHEYHOUM TOUKOH IMYyTH.

[TprmMepamMu KOHTYPOB SIBJISIFOTCS 3aMKHYTBIE ITyTH:

a-R4-d-R6-C-R3-b-E1-a ;
b-R3-c-Rs-Ej-e-R,-b ;
d-R7-e-R2-b-E1-a-R4-d.
[TpaBuna Kupxroda ¢popMynupyroTcs caenyromuM 00pa3oMm.
| npasuno Kupxzogha. Anrebpandeckasi CcyMMa TOKOB, CXOJISIIIIUXCS B y3Jie, paBHA HYIIIO:

>1,=0
k

Il npasuno Kupxzoga. B 11060M 3aMKHYTOM KOHTYpPE Pa3BETBJICHHOM AJEKTPUUECKON LN
anreOpanyeckas CymMMa MaJIcHUi HaNpsHKeHUH Ha y4acTKax 3TOro KOHTypa paBHA alreOpanveckoi
cymme D/IC, neicTBYIONMUX B ’TOM KOHTYpE:

Zk:IkRk :ZEm.

rae IRk — magenue HanpsokeHus B K-it BetBu; |k — TOk, npoTekaromtuii B kK-it BeTBu; Rk — cymmapHoe
COMNPOTHBIICHHE BCEX DIIEMEHTOB K-l BeTBH, BKITFOUasi BHYTPEHHHE CONPOTHUBIICHHS BXOISIINX B HEE
ncrounnkoB DJIC.
B oOmiem ciydae aHanu3 3J€KTPUYECKOH CXEMBI MpeanosaraeT Haxoxk/IeHHe TOKOB, Harmps-
JKEHUI ¥ MOITHOCTEHN BCEX €€ YYaCTKOB.
HauOonee pacnpocTpaHeHHON 3a1auell sBIsSETCS HAXOXKAEHUE TOKOB B BETBSIX IPHU M3BECT-
HbIX 3HaueHusX DJIC u comporuBieHuit B cxeme. st ee pemieHus peKOMEeHIyeTCs UCI0Ib30BaTh
CIENYIOLIUN aITOPUTM:
1. Omnpenenuts unciao BeTBeH N U y3710B M B cxeMe. KonndyecTBO NCKOMBIX TOKOB BCErJa
paBHO uuCIly BETBEH N.
2. TIpom3BONBHO 32/1aTHCSI HATIPABJICHUSIMHU TOKOB B BETBSX M 0003HAYUTH UX HA CXEME.
3. BwiOpats M-1 y3710B ¥ cocTaBUTh A HUX ypaBHeHus mo | nmpasuny Kupxroda. Toxkwu,
BXOJIAIIME B Y3JIbl, PEKOMEHAYETCSl IPUHUMATh CO 3HAKOM «1», BBIXOJSIINE U3 Y3JIOB —
CO 3HAKOM «—».
4. BeiOpath N-(M-1) He3aBUCHMBIX KOHTYPOB M COCTaBUTh ISl HUX YpPaBHCHHUS I10
Il mpaButy Kupxroda. KoHTypsl TOKHBI OTIMYAThCA IPYT OT Apyra Kak MUHUMYM OJ1-
HOM BeTBbIO. JJI1 KaXKI0TO KOHTYypa HEOOXOIUMO 3aJ]1aTh HarpaBiieHne o0xomaa (1o 4Ja-
COBOM MJIM NPOTUB YacCOBOM CTpenku). Eciu TOK B BETBU COBNAAAET C HAIPABICHUEM
00xo0/1a, TO MajJieHNe HANpPsHKEHUS 3alUChIBAETCSI CO 3HAKOM «+», €CJIM HE COBIAJAET, CO
3HAKOM «—». 3a HanpasieHue JJ[C yClIOBHO MPUHUMAIOT HAIIPABJIEHUE OT MHUHYCOBOIO
K IUTFOCOBOMY BBIBOJY BHYTpH ucTouHuKa. Ecnu nHampasnenue DJIC coBmagaer ¢ Ha-
npaBjeHHEM 00X0J]a KOHTYpa, TO COOTBETCTBYIOIIUI MCTOYHHUK 3alMCBIBACTCS CO 3Ha-
KOM «+» ¥ HA000pOT.
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5. Pemmts nosydeHHyr0 CUCTEMY JIMHEWHBIX ypaBHEHUN. Eciiu moay4eHHBbIN B pe3yibTaTe
pacyeToB TOK MMEET 3HAK «—», TO €ro MCTHHHOE HAIIPABJICHUE NPOTUBOIIOJIOKHO IEp-
BOHAYAJIHHO N30paHHOMY.

BaxnelmmM KpuTepreM IMPaBHWIBHOCTH pacyeTa SIBJISICTCS BBIIOJHEHUE 3aKOHA COXPAHEHUS
DHEPIUHU, KOTOPOE BBIPAKACTCS UEPE3 YCI06Ue DANanca MOUHOCHMe . CyMMapHas MOLHOCTb, OT-
JlaBaeMasi UICTOYHMKaMM TOKa B JIF0OOH MOMEHT BPEMEHH, PaBHA CyMME MOIIHOCTEH, pacXoayeMoi
BO BCEX Y4YaCTKaX Pa3BETBICHHOU 3JIEKTPUYECKOM LICTIH.

Ypasnenue 6ananca mowynocmeii B 06111eM BU/JIE 3aIMCHIBAETCS CIEAYIOIIUM 00pa3oM:

ZEmIm :Zlszk

rae Eq u I — coorBerctBenHo, DJIC MCTOYHMKA M TOK Yepe3 HETO.

Ecnu uctunHOE HampaBiieHHE TOKA Yepe3 UCTOUYHUK COBMaaaeT ¢ HanpasieHueM DJIC, To uc-
TOYHHK paboTaeT B peXKMME reHepaTopa SHEPTUuM U npousBeneHue Enly, 3amuceiBaercs co 3HAKOM
«+». B IpOTUBHOM CiTy4ae, HCTOYHHK SIBIISICTCS MOTPEOUTENIeM dHEPTUH, U npousBeacHue Eqyly, 3a-
MUCBIBAETCS CO 3HAKOM «—». Bce cnaraeMble mpaBoil 4acTH ypaBHEHHsI 3aBE€OMO MOJIOKHUTEIbHBI.

Brinmonnenue yciaoBusi 6anaHca MOIIHOCTEH B Mpenesax JOMYCTHUMOW MOTPEIIHOCTH TOJ-
TBEPIKJACT MPABHIIBHOCTD MPOBEACHHOTO pacyeTa.

Bonpocs! k 3amure TeMbl «MarHuToCTAaTUKA

1. Uto Takoe maruuTHOE 1oje? McTOUHMKN MarHuTHOTO 1oJist. THAMKATOpbl MAarHUTHOTO TO-
T8l

2. MarautHas MHIYKIUS — CUJIOBAasl XapaKTepUCTUKa moJig. YTo 3TO Takoe 1o ornpeaesieHuto?
UTo nprHUMAIOT 32 HAIIPaBJIEHUE BEKTOPAa MAarHUTHOW UHTYKIIUU?

3. BusyanpHoe M300pakeHHE€ MArHUTHOTO IMOJISl B BUJEC JUHUN MarHUTHOM MHAYKIUH (TIpa-
BHJIA).

4. KaptuHa CHJIOBBIX JIMHUM TMOJIOCOBOTO MOCTOSIHHOTO MAarHuTa U MPsIMOTO MPOBOJIHHKA C
TokoMm. [IpaBuno OypaBuuka.

5. Cuna Jlopenna. Omnpezenenue HanpapieHus Cuiibl JIopeHiia.

6. Cuna Amnepa. OnipezielieHre HalpaBlIeHUs CUIbl AMIepa.

7. HanpspkeHHOCTh — XapaKTepUCTUKa MAarHUTHOTO TIOJISA, CO3/IaHHOTO0 MakpoTokamu. CBs3b
WHAYKIUU U HAIPSHKEHHOCTH MarHUTHOTO TTOJTSL.

8. MarauTHoe€ 1ojie paBHOMEPHO JBIKYIIETOCS 3apsijia.

9. [lonsTue «aneMeHT Tokay. 3akoH buo-Casapa-Jlannaca. [IpuHnumn cyneprno3uum MarHuT-
HBIX MOJICH.

10. Ompenenenrie HaMpaBiICHU CHII B3aUMOJICHCTBUS POBOJHUKOB C TOKOM U JIBHKYITUXCS
3apsI0B.

11. MarnuTtHoe monie B BemiecTBe. [loHsITHE «MarHWTHas TMPOHUIIAEMOCThY». Jlua-, mapa- u
(beppoMarHeTuKy.

IIpumep pemenus 3agaun no reme «MarHuTocTaTHKa»

Hponos 3.228a.

B=B;+B,+B;

26



4,
4z -R

78|
B, =B,=-""_(cosa, +cosa, )=
1 3 47Z'~R( a, az)
78 78|
B = o . = 0
P

2 2

! |
B=4(B,+B,)+B = 44Z°.R n ZOR _

I I
= Ho 24 5 +i2: o N4+ 7% =30-10"% uxTn
R V4~ 4 47 R

Bomnpocsl k 3ammTe TeMbI
«JIeKTPOMarHuTHbIE BOJIHBI. ['eomeTpuueckasi ontuka. UnrepdepeHnusa»

1. DnexTpoMarHuTHbIE BOJIHBI — IPUPOJIa BOSHUKHOBEHMSI, OCHOBHBIE CBOWCTBA, YPaBHEHHUS
BOJIHBI. CKOPOCTH 3JIEKTPOMArHUTHBIX BOJIH B BakyyMme. CKOPOCTh AJIEKTPOMAarHUTHBIX BOJIH B Cpe-
ne. /InvHa BoHbI, BOJHOBOE YUCIIO.

2. lllxana 3neKTpOMarHUTHBIX BOJH. /[Mama3oHbl ATUH BOJIH BUAMMOIO CBeTa, MHMpakpac-
HOTO U YJIbTPa(UOIIETOBOTO U3ITyYCHHS.

3. AOCONIOTHBIM U OTHOCHUTEIBHBIA MOKa3aTeNnu MperomiieHus. HTEHCHBHOCTH cCBeTa.
CBsI3p HHTEHCHUBHOCTH M aMJIUTY bl KOJICOAHUH HJIEKTPOMArHUTHOM BOJIHBI.

4. 3aKOHBI TEOMETPUYECKON ONTHUKU: MOACHSIOIINE PUCYHKHU, POpPMYJIbL. SIBIEHUE MOIHOTO
OTpaKEHHUS.

5. SIBnenue untepdeperunn. Cynepno3uiys BOJIH OT JBYX HCTOYHHMKOB, ypaBHEHUE WH-
TEHCUBHOCTH PE3YJIbTUPYIOIIEro Kosebanus (popmyra).

6. KorepenTHble 1 HEKOTepeHTHbIE BOIHBI. CIIOCOOBI MOMyUeHUsI KOT€PEHTHBIX BOJIH.

7. Ontuyeckas JuyMHa myTd. OnTuyeckas pa3HOCTb XOAa. Y CIOBHE MakKCUMYMOB U MUHU-
MYMOB MIpH UHTEPPEPEHIINH.

8. OmpiT IOHTa, nHTEpdEepeHIIns B TOHKUX IJIEHKAX — TMOSCHSIOMNUNA PUCYHOK, OCHOBHBIE
pacyeTHbIE COOTHOLIEHUSI.

Bonpocel k 3ammre Tembl «uppakuua»

1. SABnenue mudpaxun. Audpakuns Openenst (0T ToyeuHoro ncrounuka) u Opaynrodepa
(B mapajIeNbHBIX JIyyax).

2. llpunnun [tovirenca-®penensa. Cyts MeToaa 30H OpeHens ajs onpeeeHus] XapakTepa
TudpakinoHHOW KapTuHbl. [Ipumenenne Metona 30H ®peHens A IUPPaKLUU OT KPYIJIOTro OT-
BEPCTHUSL.

3. Mudpakus Opaynrodepa ot mienu. [loscHsromuil pUCYHOK, XapaKkTep pacipeaesieHus
MHTEHCUBHOCTHU B AM(PPAKIIMOHHONW KapTHUHE, YCIOBUS MaKCUMyMOB I MUHUMYMOB UHTEHCUBHOCTH.

4. MudpaxknuonHas peuerka. [Ipunimn geicTBus. XapakTep pacnpeaeaeHuss HHTEHCUBHO-
CTH B IU(paKIIMOHHON KapTUHE. Y CIOBUS TJIaBHBIX MAaKCUMYMOB U MUHHUMYMOB. XapaKTepUCTUKU
TU(PPaKIUOHHOM PEIIeTKH.

Bomnpocs! k 3amure Tembl «KBaHTOBasi onTHKa»

1. TennoBoe M3NIyuyeHUE U €r0 XapaKTEPUCTUKU: dHEPreTUdecKkas CBEeTUMOCTh, CIIEKTPalIb-
Has TUIOTHOCTh SHEPreTUYEeCKOW CBETHMOCTH (MCIyCKaTeldbHas CIIOCOOHOCTB), MMOTOK H3ITydeHUS,
norjonaTensHas cnocooHoCcTh. [Ipobaema TermIoBoro u3mydeHus.

2. AGcomoTHO "epHOoe Teno. M3mydenne abcomoTHO yepHoro Ttena. ['unoresa [lnanka. [1o-
crostaHas [1nanka. CBsA3b MKy YaCTOTOM ANMEKTPOMArHUTHOTO M3IYUYCHHUS U DHEPTHEeH KBaHTA.

3. 3akon Kupxroda. ®opmyna [lnanka. 3akon Credana-bombiiMana M 3aK0H CMENICHUS
Bumna.

4. ®otorpdexr. BonpT-amnepHast xapakTepucTuka ¢oTodaeMeHTa. 3akoHbl Gotorddexra
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(3akonbl CToseToBa).

5. Ilpo6nema dotodrddexra. ['mnoreza DitHmreitHa. Popmyna DitHmTeliHa. KpacHas rpa-
Hua pororddexra, paboTta BEIXOAA.

6. Dddext Komnrona. ®opmyna Komnrona.

IIpumepsl pemiennsi 3axa4 1no teMe «P@orod3dppexr»
Kakas moinst sHeprum (oToHa U3pacxojoBaHa Ha paboTy BbIpbIBaHUSA (OTOIIEKTPOHA, €CIIH
KpacHas rpanuia ¢goroaddexra paHa 307 Hm, a MAaKCUMaIbHas KHHETUYECKasi SHEPTUsl POTOAIIEK-
TpOHOB [ 3B.

2
myv c . .
na)=A+T’ /1Kp=f—,A:na)Kp:m:4aB
KD Kp
no,, =4sB+1bB =58, NPy :E:O,S
no 5

Byner mu umets MecTo GOTOAIPDEKT y TUTHSI, €CIIU OH OCBEIIACTCS MOHOXPOMATHYECKUM
CBETOM C JUIMHOM BOJIHEI 589 mm.
®orodrddekT OyaeT UMeTh MECTO, €ClTi paboTa BbIXOAA JIUTHS A|j MEHbILIE YHEPTHH I1a-
naromiero gorona v
ALi=3,7 101 JDic (TabmuyHas BETUYHHA)

8
hy = h% =6,63-107* % =337-10™ IDie, ALi> hv doTtoaddekra He Oyrer.

IIpumep pemenns 3agauu no reme «Ipdext Komnrona»
®otoH ¢ umnynscom P = 1,01 MaB/c, rie € — ckopocThk cBeTa, paccesyics Ha OKOMBILEMCS
CBOOOJTHOM 3JIEKTPOHE, B pe3y/bTaTe Yero UMITYJIbC (POTOHA cTaj p1 = 1,01 M»aB/c. Tlon xakum yr-
JIOM paccesiicsi OTOH.
A=A =2 (L—cos8)

(1)
A= A=22 sinzg

rae A — JJIMHA BOJHBI Majaroniero potona, A — ATUHA BOJIHBI pacCeSTHHOTO (OTOHA, Ak — KOMIITO-
HOBCKas JJTMHA BOJIHBI YACTHIIBI, HA KOTOPOU MMPOUCXOTUT PACCESTHHE.

p - - —
p 8 P Tl
Fan L .
p=1,02 MhB/c
p'=0,255 MaB/c
C
E=h-—
A= h
E=pc P
[ToncTaBuM AJTUHBI BOJTH BBIPQXKCHHBIC Yepe3 UMITYJIbC B ypaBHeHHE (1):
h h h . ,60
———=2 sin“ —
p' P m,C 2

Pemus YPaBHCHUC OTHOCUTCIILHO YIJIa 9, MMOoJIy4YruM:
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Singz\/moc'p—moc-p':\/mOC(p—p')
2 2p-p' 2p-p'
0 = 2arcsin_| o AP P _ 190

2p-p

Bonpocs k 3amuTte TeMbl «KBaHTOBasi MeXaHUKa»
1. KopnyckynsipHO-BOJIHOBOM Ayann3M CBOWCTB CBETA.

2. Bonnossle cBoiicTBa Mukpovactull. ['unoresa ne bpoiins. BeeoOmuii xapakTep KOpIycKy-
JIIPHO-BOJIHOBOTO nyanu3ma. JlyinHa BoHbl 1€ bpoits.

3. OO6nactu M rpaHULIbl MPUMEHUMOCTH KBAaHTOBOM MeXxaHUKH. KpuTepuil KiIacCMUeCKOro u
KBaHTOBOT'O OIMCAHUS MOBEICHUS MUKPOYACTHII.

4. Tlpunnun HeonpeneneHHocTH. COOTHOIICHUS HeompeaeaeHHoCcTel [ elizeHOepra u BEIBOBI
U3 HHX.

5. CocrosHuE YacTHIIBI B KBAHTOBOM MexaHUKe. BoiHOBass GyHKIMS 1 e (PU3HUSCKUN CMBICTL.

o

VYpasnenue Ipeaunrepa u ero posib B KBAHTOBOM MEXaHUKE.

7. Ilpocreiimue 3ajaud KBaHTOBOM MexaHUKH: pemieHue ypaBHeHus [lpénunrepa mns cso-
0O0JHOM YaCTUIBI, MOBEJCHHWE YACTHIl B OCCKOHEUHO TIIyOOKON MOTEHIMAIBHON sMe.
KBaHTOBaHME SHEPTUA MUKPOYACTHLL.

8. IIpoxoskIeHue 4acTUIlbl Yepe3 MOTeHIHAIbHbINA Oapbep. TyHHEeNbHBIN 3D PeKT.

IIpumep pemenusi 3agaum no reme «Ypapnenue llIpéxunrepa»
Bommosas q)YHKHI/IFI JaCTUILbl MAaCCbl M JJIsI OCHOBHOI'O COCTOAHHA B OJJHOMCPHOM IMOTCHII -

2
_ A.p—aX
anpHOM To71e U(X)=kx?/2 umeet BH F(x)=A-e
€HT, 0 — IOJIOKUTEIIbHAS MTOCTOsIHHAsA. Halitn ¢ momoibio ypaBHeHus Llpénuarepa mocToIHHYIO o

, T71e A — HOpMUPOBOYHBIN K03 DuIu-

Y 3HEpruro E 4acTUIbl B 3TOM COCTOSIHUH.
VYpasnenue Ipéaunrepa ajisi CTalMOHAPHBIX COCTOSIHUNA UMEET BHI:

2m , 0% 9°  0?
VZ\P-F—(E—U)\I]:O V= 2+ 2+ 5
n’ , rie ox* oy° oz
2 2
d¥ 2mie Ky o 2
dx* m 2 W(x) = Ae ™
av = Ae X (2a-x)=-2a-x- Ae "
dx
2
O('j—j] =20 Ao +x-eX (20 X)|= —2a- Ae X + (2 X)2 A
X
[ToncraBnsiem BonHOBYIO (hyHKIMIO B ypaBHeHHe [Ipénunrepa
2
4a2X2Ae—a.x2 —2a- Ae—a.x2 +2_r2T](E —%)Ae_a'xz -0
n
2,2
4052X2Ae_‘”2 9y Ae_a.xz +2_r2n E. Ae_“'xz _2_r2n.ma)—er_a,Xz 0
n N 2
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2m _ mle’x®

2 Aa’x? —2a + E - =0
Ae > : 2 2
Paznenus Ha ,JIOJTY9IHM: n n
2 2,2
Mm@ X 2m
4o x? ——— ~E—2a|=0
n n
YpaBHEHHE UMEET PelICHNE MPU PABEHCTBE HYJII0 000MX CIIaraeMbIX 3aKIIOYEHHBIX B CKOOKH.
Mo -
2m 2: nw
S E=2q—>E=—21
M 2m 2
2 2,2
M@ X Mo w
4a2X2— 2 —> 0 =— E:E :n—
2 ° 2
N n n HyJIeBas DHEPIusd

IIpumep pewienus 3agaum no reme «JYacruua B 0AHOMEPHOI MOTEHUUATLHON Me»
YacTtuia mMaccbl M HaXOAUTCSA B OAHOMEPHON MOTEHLUAIBHON siMe ¢ OECKOHEUHO BBICOKUMHU
crenkamu. lllupuna siMbl paBaa |. HaiiTu BO3MOXKHBIC 3HAYCHHS SHEPTUU ITOW YACTHUIIBI, UMES B
BUJY, YTO PEAIM3YIOTCS JIMIIb TaKHE COCTOSHHUA €€ NBUXKECHMs, UIsl KOTOPBIX B IIPEleNax JaHHON
SIMBI YKJIAJIbIBAETCSl LIEJI0€ YUCIIO JEOPOMIEBCKUX ITOJIYBOJIH.
27-m

P

Jlnuna BosHbl ae bpoiins: A=

. T
JleGpotineBckas MOMyBONHA COOTBETCTBEHHO: Ay, = Zn Q
p

YroObl B sIME YKIQABIBAIOCH IEI0€ YHCIO MOJYBOJH JO/DKHO BBIMOJHATHCS YCIIOBHE:
I = n-ﬂm (2) tme n=1, 2, 3...
2
WMIynibC 1 3HEPTHs CBSI3aHbI COOTHOIIICHHEM: E =-—

2m
n-z-n nN-7-m
IMoxcrasus (1) B (2) nonyunm: | =—— — pzf.
p
2 2.2
Tornma E:nﬂ—n2
2m-1|

Bonpocs! k 3amuTe TeMbl «JJEKTPOHBI B ATOMAaX M MOJIEKYJIaX»

1. AToM BoZiopo/ia B KBaHTOBOM MexaHuke. M3mydenue atoma Bojopoza, hopmyna bansmepa.
ATtoMm Bostopojia mo bopy, noctynarel bopa, npaBuiio KBaHTOBaHHs OpPOUT.

2. YpaBuenue llpenunrepa st atoma BOJOpOJa M €ro penieHue. KBaHTOBaHHWE SHEpPruu
JJIEKTPOHA B aTOME.

3. KBanTtoBaHne MOMEHTa UMITyJibca U €ro npoekiuu. KBanToBble uncna U ux Gpusndeckui
CMBICII.

4. Cepun B 3HEpPreTUYECKOM CIEeKTpe aroma Bojopona. O6obueHHas gopmyna banbmepa.
[TpaBuio or6opa.

5. CnuH snextpona. [Tpunuun [aynu. depmuons! 1 6030HEI.

6. MHOT03JIEKTPOHHbIE aTOMBI. DJEKTPOHHBIE CIOM M 0005104KU. CHEKTphl U3TYyYEHUs MHO-
TO3JIEKTPOHHBIX  aroMoB. Dusnueckne OCHOBBI  NEPUOAMYECKON  CHUCTEMBI  IJIEMEHTOB
JI.1. MenpeneeBa.

7. Ctpoenue Monekyl, Buasl cBazeil. [Ipupoga xummueckoit cBsizu. CieKTpbl U3Iy4E€HUS MO-
JEKYJI.
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IIpumep pelieHus 3a1a4u Mo TeMe «IJIEKTPOHBI B ATOMAaX»
Haitimu Onumy 801Hbl 20106HOI TUHUU MOL cneKmpansHoli cepuu uonos He', y xomopoii un-
mepean medicoy Kpaunumu aunusmu Aw=>5,18- 10" ¢,
O600menHas popmyna banpmepa:

a):R-ZZ(i—EJ
m n

rze M — ypoBeHb Ha KOTOPBII OCYLIECTBIsETCA IEPeX0]; N — ypOBEHb, C KOTOPOTO OCYIIECTB-
JsieTcst mepexo; Z=2 — nops,AKOBBI HOMEp BOAOPOAONON00HOT0 HOHA; R — mocrostHHas Punbepra.

a)l = R . Z 2 iz — %
y _ m*  (m+1)
Kpaiinue muHuM CriekTpa:
m< oo

WNHTtepBan Mexny TMHUAMU:

1 1 1 1
Aw =0, -, = R-Zz(—z——j—R-Zz(—z——zj

m o0 m n
2 2
po-RZ o [RZ2_,
n Aw

J1J1s1 TOJIOBHOM JIMHUH NIEPEX0J OCYIIECTBIIICTCS ¢ ypOBHSI N=M+1 Ha ypoBeHb M.
Takum o6pazom, M=n-1=3 T. e. ceKTp mpeacTaBiseT codoi ceputo [lamena.
w=R- 22(3%—4%} =2,07-10"° .2 (3%—4%} =4,025-10"¢™"
21 -c _2r-c

= A= =468,3-10~° = 468,31m
A 10}

Bonpoch k 3amuTe TeMbl «JEKTPOHBI B KPHCTALIAX»

1. Kpucrannuiyeckoe COCTOSIHHE BelIecTBA. THIBI KPUCTAUIOB B 3aBUCUMOCTH OT MPUPOIBI
YaCTHII B y3J1aX PEIIECTKH U OT XapaKTepa CUJI B3aUMOJICHCTBUS MKy HUMHU.

2. ToxnecTBeHHbIe YacTULBl. [IpUHIIUIT HEPA3TUUYUMOCTH TOXKIECTBEHHBIX YacTuIll. DepMuo-
HbI ¥ 0030HBI. CTaTuctuka boze-OiiHmTeiina u ®epmu-Jlupaka.

3. CBOOOIHBIE ANEKTPOHBI B METAIlIe. DIEKTPOHHBIH ra3. Jueprus Oepmu, ypoBeHb Depmu.

4. Obpa3zoBaHNe PHEPTrETUUECKUX 30H B KPUCTAJUIC. 3alOJTHEHNE 30H JJIEKTPOHAMU B METaJl-
Jax, MOJYNPOBOAHUKAX U AudekTpukax. [llupuHa 3anpeméHHoil 30Hbl B TUAJIEKTPUKAX U TMOIY-
MIPOBOIHUKAX.

5. lonynpoBoauuku. [TpoBOAMMOCTS COOCTBEHHBIX MOITYIPOBOJAHUKOB. DIEKTPOHHAS U JIbI-
pOYHas MPOBOIUMOCTh. PeKOMOMHAIIHSI 3JICKTPOHOB H JIBIPOK.

6. IlpumecHbie momynpoBoAHUKH. [IpuMecHbIE YPOBHH B 3alpelieHHO 30He. JloHOpHas u
aKIIeNITOpHAs TPOBOAMMOCTh. OCHOBHBIC U HCOCHOBHBIC HOCHTEIIH TOKA.
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7 OHEHOYHBIE CPEJICTBA JIJIS TIPOBEJIEHUS IIPOMEXYTOUYHOM ATTECTAILIAA

a) [lnanupyembie pe3yJbTAaThbl 00yUYeHHS U OLlEHOYHbIE CPeACTBA ISl POBEACHUS NMPOMEKYTOUHON aTTecTAlNM:

CTpyKTypHBIii
JIEMEHT
KOMIETCHIINH

[Tnanupyemble pe3yabTaThl
o0ydeHus

OneHouHble CpeCTBA

OIIK-6 Vcnonp30BaHHEM OCHOBHBIX 3aKOHOB €CTCCTBCHHOHAYYHBIX JUCHUILJIMH B HpO(l)eCCHOHaHBHOI;'I ACATECIIBHOCTH, IPUMCHCHHUEM METOI0B MaTC-
MAaTHYCCKOI'O aHa/IM3a 1 MaTEMaTHYCCKOI'O (KOMHI)IOTepHOFO) MOACIINPOBAHUA, TCOPCTUICCKOTO U SKCIICPUMCHTAJILHOTO UCCIICIOBAHUA

3HaTe

— OCHOBHBIE METO/Ibl UCCIIEI0BAHUH, HC-
HOJIb3YEMBIX B (PU3HKE;

— MPaKTUYECKUE CIEICTBUS U3 3aKOHOB
buzuky;

— B3aUMOCBS3b MEX]1y pa3zenamMu GU3NKu
Y TOYHBIMU HayKaMH.

Hepeqeﬂb THIIOBBIX TEOPETUYCCKHUX BOIIPOCOB K 3a4YeTy.

1.

®dusuka kak Hayka. [Ipeamert u 3anava pusuku. Ousndeckue Mmoaenu. Pazaensr
¢usuku. Uepapxus o0beKTOB B mpupoe. Bunbl pyHaaMeHTaIbHbIX B3aUMOICH-
CTBUH.

Mexanunueckoe aBuxeHue. CucreMa 0Tcuera, MOJAENN KIIaCCUUECKOW MEXaHUKH.
CrniocoObl onMcaHusi MEXaHUYECKOT O ABM)KEHUSI: BEKTOPHBINA, KOOPAMHATHBIM.

[TocTynarensHOE U BpaliareabHOE ABUKEHUE TBepAOro Tena. Kunemarnueckue
XapaKTEPUCTUKH ITOCTYIIATEIBHOIO U BPAaTEIbHOTO IBM>KEHUM TBEPIOTO TENA.
CBs13b JIMHEWHBIX U YTJIOBBIX XapaKTEPUCTHUK.

I[I/IHaMI/ILIGCKI/Ie XapPaAKTCPUCTHUKHU MMOCTYMATCIIbHOTO ABHXKCHUA: MacCa, UMITYJIbC,
cuna. 3akoHbl HeroTOHA.

I[I/IHaMI/ILIGCKI/Ie XapPaKTCPUCTUKU BPaAaTCIIbHOTO IBUKCHHUA: MOMCHT CUJIBI,
MOMEHT UMITYJIbCa, MOMEHT UHEPLIUU. Y paBHEHHE MOMEHTOB (OCHOBHOM 3aKOH
JWHAMHKHU BpalqaTCJIbHOIO JIBI/I)KGHI/ISI) C BBIBOJIOM.

Teopema IlITeitnepa. PacueT MoMeHTa HHEPIIUN OJJHOPOJHOTO TOHKOTO CTEPHKHS
OTHOCHUTEIILHO OCH, TPOXO/ISIICH Yepe3 IEHTP MacC M OTHOCUTEIBHO MPOMU3-
BOJIBHOU ocH (TI0 33JaHUIO TIPETIoaBaTes).

Pabora, MoutHOCTh, KUHETHYECKas SHeprusi. Teopema 00 M3MEHEHNN KUHETUYe-
CKO#1 3Hepruu (C BHIBOJIOM).

3aMKHYTBIe CHUCTEMBI B MCXAaHHUKCE. I/IMHYJ'H)C H 3aKOH COXpAaHCHUA UMITYJIbCA.
MoOMEHT uMITyJIbCca U 3aKOH COXPAHEHUsI MOMEHTAa UMITYJIbCA.

KoncepBaTuBHbIe 1 HEKOHCEpBaTUBHBIE CHIIBIL. [loTeHIMabHAS YHEPTHS YIIPY-
roge(GopMUpOBaHHON MPYKUHBI, TOTCHIUAIbHAS SHEPTH TEJIa B OJJHOPOIHOM
0JI€ CUJIBI TSKECTU. 3aKOH COXPAHECHMS MOJTHOM MEXaHUYECKOW SHEPTHH.
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CTpyKTypHBIii
DJIEMEHT
KOMIETEHIINH

[Tnanupyemble pe3yabTaThl
00y4eHus

OueHouHble CpeCTBA

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Mexanunueckue konebanus. uddepenunanbHoe ypaBHEHHE FAPMOHUYECKOTO
ocuuiuisTopa (¢ BeIBoAOM). CMelIeHre, CKOPOCTh U YCKOPEHUE IIPU TapMOHUYe-
CKHX KOJICOaHUAX. DHEPTUs KoJieOaHUH.

[TpyXuHHBINA, MaTEMaTUYECKUNA U PU3NIECKUN MasTHUKU: AU depeHnnanbHble
ypaBHEHUs KOJieOaHUH, epUO bl KoJieOaHUH (C BBIBOJIOM).
3aryxatomme konebanus. JuddepennuanbHoe ypaBHEHUE 3aTyXalOMIUX KOJIe-
0aHui (¢ BBIBOJIOM) U €T0 pelIeHne. XapaKTepUCTUKH 3aTyXaroIuX KojdeOaHuH.

Brmyxnennsie konebanus: nuddepeHnuansHoe ypaBHeHre (¢ BRIBoaoM). Pe-
30HaHc. Pe3oHaHcHbIe KpuBbIe. JJoOOPOTHOCTB. DHEPrus BBIHYXAEHHBIX Kojela-
HHI.

VYnpyrue BosiHbl. CBOMCTBA U XapaKTEPUCTUKU YIPYTUX BOJIH. Y paBHEHHUE ILI0-
CKOW BOJIHBI. DHEpPrHs BOJH.

[ToHsATHS U TOJI0KEHUS MOJIEKYIISIPHO-KMHETHYECKOM Teopuu. OCHOBHOE ypaB-
HeHue MKT (c BbIBoJIOM). YpaBHEHHE COCTOSTHUS MI€aIbHOTO rasa.
CraTucTudeckuil MeTo 1 onucaHust MakpocucteM. OyHKIMM pacipeeieHusl.
[IpaBHIIO HOPMUPOBKH.

Pacnpenenenne MakcBesuia MOJIEKyYI IO MOAYJIIO cKopocTu (popmyra), rpa-
¢duk, ananuz rpaduka.

Pacnpenenenue bonbsimana (popmyna), rpaduk, ananus rpaduka. bapomerpu-
yeckas Gpopmya.

Crenenu cBoOo/IbI. Pactipenienienue sHEpruy MOJIEKYJI 110 CTENEHSIM CBOOOIBI.
dusnueckuii CMbICT a0COTIOTHON TEMIIEpaTypHI.

OCHOBHbBIE IOHATHS U XapaKTEPUCTUKU TEPMOJIUHAMUKH. BHYTpeHH s s Heprus,
Temora, pabota. HyneBoe u nepBoe Hayana TepMOAUHAMUKH.

TennoemkocTh naeanbHOro raza. Ypasuenue Maiiepa (¢ BbIBOJIOM). DKcCHepH-
MEHTaJIbHbIE JAHHBIE O TEMIIEPATypPHON 3aBUCMOCTH TETNIOEMKOCTH T'a30B.
[Ipumenenue nepBoro Hayajia TEPMOJIMHAMUKH K U30mpoleccaM. AnnadaTHbIN
npoliecc, ypaBHeHUE auadaThl (C BBIBOJOM).

O6parumbie 1 HeoOpaTumMblie Tiporiecchl. TemtoBbie MammHbL. [{ukn Kapro. DH-
TpONHsl Kak yHUBepcaibHast pyHKIus. Bropoe Havano repmoannamuku (Qop-
MyupoBku Knay3uyca u KenpBuHa).
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CTpyKTypHBIii
DJIEMEHT
KOMIETEHIINH

[Tnanupyemble pe3yabTaThl
00y4eHus

OueHouHble CpeCTBA

24,

25.

26.

217.

28.

29.

Craructuueckuil Bec. CTaTucTuyeckoe onpeneneHue surponuu. Crarucruye-
CKHI CMBICJT BTOPOT'O Hayajia TePMOJIMHAMUKH.

DIJIEKTPUUYECKUH 3apsii U €r0 CBOMCTBA. DJIEKTpOCTaTHYeCKoe noJie. 3akoH Ky-
noHa. HanpsbkeHHOCTB anekTpocTatuyeckoro noss. Teopema OcTporpaackoro-
l"aycca, ee pu3UYECKUN CMBICI.

Pabora a51eKTpoCcTaTHYecKOro Mmosis, MOTCHIIMAIbHAS SHEPTUS 3aPSI0B, TOTCH-
uuan noiig. CBsi3b MEXY HAIPSHDKEHHOCTHIO M OTEHLIMAJIOM 3JIEKTPOCTaTHYe-
CKOT'O TOJISI.

[ToCTOSIHHBIN 3JIEKTPUYECKUM TOK: YCIOBHUS BOZHUKHOBEHUS U MOJJICPKAHUS.
HocuTenu Toka B pa3uuHbIX B METAJIIAX, ra3ax, >KUIAKOCTSIX U MOJIYITPOBOIHH-
kax. Cuiia ToKa, II0THOCTh ToKa. CONpOTUBIIEHHE TPOBOIHUKOB. DJIEKTPOIBH-
XKyIllasg CUJla UCTOYHHUKA TOKA, HAPSKEHHE.

3akoH OMa [J1s1 OMHOPOAHOTO U HEOJHOPOAHOrO y4acTKoB Lenu. [IpaBuna
Kupxroda u ux npumenenue yisi pacyeTa pa3BETBICHHBIX dJIEKTPUUECKUX 1€~
ew.

TemnoBoe, XUMHYECKOE U MAarHUTHOE AcHCTBHE ToKa. PaboTra Toka. MOIIHOCTE
Toka. 3akoH J[xoynsa-Jlenua.

Hepeqeﬂb THIIOBBIX TeOpemuueCKux 60npPOCO6 K IK3aMEHY .

1.

2.

Cucrema ypaBHeHHI MakcBeia kak 0000111eHIE pa3pO3HEHHBIX SIBICHUN
3JIEKTpUYECTBA U MarHeTu3sMa. MartepualibHble ypaBHEHUSI.

CgoiictBa ypaBHeHuit MakcBema. [Ipenckasanue cymecTBOBaHMS JIEKTpoMar-
HUTHBIX BOJIH.

DneKTpOMarHuTHbIE BOJIHBL. BosiHOBOE ypaBHeHHe. CBOMCTBA 3JIEKTPOMAarHUT-
HBIX BOJIH.

[Inockas 3neKTpoMarHuTHAsI BOJIHA U €€ OCHOBHbBIE XapaKTEPUCTUKU. DHEPIUs U
HUMITYJIbC 3J'IeKTpOMaFHI/ITHOI71 BOJIHBI.

EcTecTBeHHbIN U ONSIpU30BaHHbIN cBeT. CTeneHp NoaspU3aliy JUHENHO 110-
JIApU30BAHHOTO CBETa. 3aKOH Maitoca.

[Tonspusanus Npu OTPaXEHUU U IIPEJIIOMIICHUU CBETA HA TPaHULIE pa3jena Iu-
AJIEKTPUKOB. Y01 bproctepa. JIBoitHOE JiydenpeaomiIeHue.
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CTpyKTypHBIii
DJIEMEHT
KOMIETEHIINH

[Tnanupyemble pe3yabTaThl
00y4eHus

OueHouHble CpeCTBA

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

23.

Crnioco0sI ossipu3aIiuu ectecTBeHHoro ceera. [Ipusma Hukons. Bpamenne
IJIOCKOCTH MOJISIpU3aLMK CBETA MPU IPOXOKACHUN Yepe3 ONTHUECKU aKTHBHYIO
cpeny.

[Ikana snekTpoMarHuTHBIX BOJIH. OcOOEHHOCTH ONTHYECKOro nuanasona. [lo-
Ka3areb [IPEJIOMIICHUS CPE/IbI.

Korepentusie BomHbI. IHTEpdepenins cBeToBbIX BOIH. CI0KEHNE HHTEHCHB-
HOCTEH B CiIy4yae HEKOI'€pEHTHBIX U KOT€PEHTHBIX KOJIeOaHuil.

Orntrueckast pa3HOCTh x0/1a. CBSI3b ONTUYECKON Pa3HOCTH XOa IBYX BOJIH C
pa3HOCThIO (a3 MEeKAY HUMU. Y CIOBUS MaKCUMyMa U MUHUMYMa.

Cxema FOnra s HabGnronenus narepdepenunu. Bpemennast 1 mpocTpaHcT-
BEHHasi KOT€PEHTHOCTb.

WnTepdepennys B TOHKHX 1eHKax. Habmonenue koner HproToHa B oTpaskeH-
HOM U NPOXO/IAILEM CBETE.

SAsnenne qudpaxuuu. Judppaxmus Openens u @paynrodepa. [punnun I'oii-
renca-Openens.

Hudpaxius Openens Ha KpyriioMm otBepcTir. 3oHbI Openens. ['padpuyeckuit
METO/I CJIOKEHHSI aMILITUTYA.

Hudpaxius Opaynrodepa Ha y3xkoi npsiMoauHeHoH menu. udpaxkiuonsas
pelIeTKka Kak COBOKYITHOCTh KOHEYHOI'O YHCIIa IEIeH.

TemnnoBoe uznyuenue tena. 3akoH Credana-bonbimana. 3akon cmemenus Bu-
Ha. ['unoresa [lnanka.

®oroaddext. 3akonsl CroneroBa. opmyna DitHiITEHHA.

®oronsl. JlaBnenue ceera. KopnyckyisspHO-BOIHOBOM Jyalli3M CBETA.
Paccesnue ¢porona Ha cBo6oHOM 3nnekTpoHe. Popmyrna KomnToHa.
BonnoBeie cBoiicTBa yactull. /[nrHa BostHBI Ae bpoiinsa. DkcnepruMeHTanbHbIe
MIOATBEPKIEHUS TUIIOTE3BI 1€ bporis.

[Ipunnun HeonpenenenHoctu. CooTHOIIEHUE HeonpeneneHHocTei [ eizendep-
ra. OcoOeHHOCTH Tpoliecca U3MEPEHHs B KBAHTOBOM MEXaHHUKE.

dusnyeckoe UCTONKOBaHUE BOJH Jie bpoiins. BoiHoBas GpyHKIMs 1 ee CBOMCT-
Ba. [I1OTHOCTB BEPOSITHOCTH OOHAPY>KEHHSI YACTHUIIBI.

OcHOBHas 3a7ja4a KBAaHTOBOM MeXaHUKH. HecTaroHapHoe 1 cTalimOHapHOE
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CTpyKTypHBIii

[1nanupyemsble pe3ynbTaThbl

DJIEMEHT OueHouHble CpeCTBA
KOMIETEHIINH 00yueHms

ypaBHenue Ulpénunrepa.

24. YacTtuia B OTHOMEPHOM OECKOHEYHOM MPSIMOYTOJIBHOM MOTEHIIUAILHON SIME.
KBanroBanue sneprun. Co6cTBEeHHbIE PYHKIIMHU COCTOSHUS YaCTHUIIBL.

25. [Inanerapuas mozaens aroma. [loctymnarer bopa. KBanToBanue snepruu Bogopo-
JOTIOA00HON CUCTEMBI.

26. M3nydeHne BOAOpO0NoA00HBIX crucTeM. CIieKTpalIbHBIE CEPHH aTOMa BOJIOPO-
na. O6o0mennas popmyna banemepa.

27. CieKTpbsl MHOTORJIEKTPOHHBIX aTOMOB. 3aKOH MO3J1H.

28. Ypasuenue lllpenunrepa nns atoma Bojopoaa. KBanroBanue MOMeHTa UM-
myneca. [IpaBuna otoopa.

29. CniuH snexktpoHa. KBaHTOBBIE UKCIIa, OMUCHIBAIOIINE COCTOSIHUE SJIEKTPOHA B
atome. KpatHocTh BBIpOKI€HUA dHEpreThdecKkux ypoBHeu. [Ipunnun [Taymnu.

30. IIpuHIun TOXAECTBEHHOCTH OJAMHAKOBBIX YacTHIl. bo3oHs! u ¢pepmuonbl. KBan-
TOBBIE PACIIPEIETICHUS.

31. CBoOoHbIE 371EKTPOHBI B MeTasuie. DHeprus @epmu. 30HHas TEOPUS TBEPBIX
TeNl.

32. DIeKTpOnpPOBOJHOCTh METAJIOB M MOJIYTIPOBOAHUKOB. CBEPXIPOBOIUMOCTb.

33. SBnenne pagnoakTuBHOCTH. OCHOBHOMW 3aKOH PaJIMOAKTUBHOTO pacmana. [1o-
cTosiHHas pacnaza. [lepuon nonypacnana.

34. CocTaB 1 XapakTepUCTUKN aTOMHOTO siipa. KanenbHas moaens. Pasmep u ciiun
sanpa.

35. Macca u 5Heprusi CBSI3M aTOMHOTO pa. 3aBUCHMOCTbD YICITbHOIN SHEPTHS CBS3H
oT MaccoBoro yucia. ObonodeyHas MoJeNb sapa.

36. SnepHble peakunu. DHeprus peakuuu. Peakiuu feneHus 1 CHHTE3a sJiep.

37. PagnoaktuBHbIE psiabl. OCHOBHBIE 3aKOHOMEPHOCTH O-M3JTydeHus siaep. JmnHa
cBOOOHOTO TIpoOera o.-4yacTHIl.

38. Tpu Buga B-pacnana. DHepreTrueckuii criektp B-gactuil. Heirpuno.

39. OcobennocTH y-u3nmydenus saep. [IpoxoxieHne y-KBaHTOB Yepe3 BEIIECTBO.

YMeTh — TIOJIb30BAThCS TAOIUIIAMU, YIeOHOM, TunoBble NpaKTHYECKHE 321aHHUS /1A 3a4eTa:

CIIPABOYHOM U METOJIMYECKOM JTUTEpaTy-

poi;

Hesecomast HuTh nepeOporuieHa yepe3 070Kk Maccoi ms=2 Kr, UMeroLuil (GopMy IUIHH-
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CTpyKTypHBIii
DJIEMEHT
KOMIETEHIINH

[Tnanupyemble pe3yabTaThl
00y4eHus

OueHouHble CpeCTBA

— UCIOJIB30BaTh MpOCTeHINe (PU3NICCKUE
MOJIEJIN ISl OTIMCAHMS PeabHbIX MPOIleC-
COB, TIPH ITOMOIIH MPUOOPOB U3MEPSTH PH-
3UYECKHE BEJTMYHUHEI M POU3BOIUTEL 00pa-
OOTKY SKCTIEPUMEHTAIBHBIX PE3YJIbTATOB;

— COCTaBJISITh PAIIMOHAIIbHBIE TAOIUIIBI
SKCIEPUMEHTAIbHBIX TAHHBIX

— IPUMEHATH (PU3HYECKUE 3aKOHBI JIJIS pe-
IICHUS TPAKTUYECKUX 3371a4 B Ipodeccro-
HaJILHOH JIEATEIHLHOCTH;

— BBIOMPATH MPUOOPHI C Mpe/eIaMu U3Me-
peHuil, HeOOXOIUMBIMHE TSI TAHHBIX H3Me-
pEHU, ONPENENATh LIEHY JeIeHUs, TIOKa-
3aHUs TPUOOPOB, MOTPEIIHOCTh U YMETh
TpaayupoBaTh MIKaTy NpruOOpoOB;

— TIOJIb30BAThCS M3MEPUTEIHHOM ammapa-
Typo#l uis TpoBeleHHS (DU3HMUECKHUX DKC-
MIEPUMEHTOB,;

— OIIGHHUBATh CIyYailHbIE OIIUOKHU JKCIe-
pUMEHTa, ONPENETsATh TOBEPUTEIbHBIA UH-
TepBa;

— CTPOUTH TpaUKU IKCHEPUMEHTATHHBIX
3aBUCUMOCTEH, yCTaHaBJIMBaTh XapakTep
3aBUCHUMOCTH M0 Tpadukam, TOCTPOSHHBIX
B JIIOOBIX KOOP/JMHATAX.

npa. K KOHIITaM HUTU NMPUKPEIUIEHBI TPY3bl ¢ MaccaMu Mi=2Kr U my=1 kr. OnpenenuTb
2
YCKOpEHHUE IPpy30B B Ipolecce ABMKeHus Tel. Tpennem npenedpeus. OtBert: 2,45 M/c

TBepoe Teo BpalaeTcss BOKPYT HEMOABUKHOI ocH 10 3akoHy ¢ = 8 — 8t + t2. Hai-
Th: 1) cpeHee 3HaYeHUE YIIIOBOM CKOPOCTH 3a MPOMEKYTOK BpemeHu oT t=0 10 ocrta-
HOBKH; 2) yIJIO0BO€ YCKOPEHHE B MOMEHT OCTAaHOBKH Teja; 3) TaHICHIMAJIbHOE YCKOpe-
HUE TOYKH, HaxOJsImIelicss Ha paccrosHud 1 M oT ocu BpameHus.OTBeT: (W) =
—4pan/c,e = 2pan/c,a; = 2m/c?

Touka coBepmaeT konebanus 1o 3akony x = A - cos(wt) rne A=5cm, =2 ¢*. On-
PENENUTh YCKOPEHHE TOYKH B TOT MOMEHT BPEMEHHM, KOIJla €€ CKOPOCTh paBHa 8 cM/c.
KakoBO MakcCUMalbHOE YCKOPEHHE TOUKH?

[Tyns maccoit m=10 T, nereBmias co ckopoctbio V=600 m/c, momana B 0aUTMCTUICCKUI
MasATHHK Maccol M=5 kr u 3actpsia B HeM. Ormnpeaenure, Ha Kakyl BBICOTY, OTKad-
HYBLIUCH MTOCIIE yAapa, MOAHSIICS MasiTHUK?

O6beM BoOpOJa MpU U30TEpMUYECKOM paciuupeHuu npu temmneparype 1=300 K yse-
au4uBaeTcs B N=3 paza. Onpenenuts paboTy, COBEPIICHHYIO Ta30M, U TEIUIOTY, MOJY-
YEeHHYI0 IIpu 3ToM. Macca m Bogopoza pasHa 200r.

B pesynbpTate M30XOpHOTro HarpeBaHus BOJOpOAa Maccoi M = 1T JaBieHue P yBEIUYU-
J0Ch B ABa pasza. OnpenenuTs n3MeHeHne AS SHTpONHHU rasa.

Kakoe kosnngecTBO Teria Hajo coodmuTh 12 T Kuciopoa, 4To0sl HarpeTh ero Ha 50°C
MIPH MIOCTOSIHHOM J1aBJICHUU?

WneanbHbI ra3 N30XOPUYECKU OXJIAJHMIIN, a 3aTeM M300apu4ecKy paclIMpuiid A0 Mep-
BOHAYaJIbHOW TeMIlepaTypsl. Bo CKOJBKO pa3 M3MEHSIOTCS HEPTUU MOCTYNATEIbHOTO
JBIDKCHUST MOJIEKYJI Ta3a B M30XOPHUYECKOM IIPOIIecCe, €CIIM B XOJE €ro JaBJICHHE ra3a
YMEHBIINIOCH B 3 pa3a?

Hanwmcate ypaBHEHHE TapMOHUYECKUX KOJICOAHMH, €CIIM OHH COBEPIIAIOTCS IO 3aKOHY
CUHYyCa, aMIUTATYy/Ia KojiebaHui 5 cM, mepuo 1 Kojaebanuit 8 ¢ ms HadaubHOU (aszer: 1)
0,2) z/4,3) xn/2,4) n Haueprurs rpaduKu KoNeOAHUH I STUX CTydaeB.

KuHeTHuecKas SHEpPrus yCKopseMoro npotona sospocaa 1o 3 - 10710 /ix. Bo ckonbko
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pa3 UBMCHHUJIACh IIpHU 3TOM MdAcCCa l'IpOTOHa‘.7 KaxoBa CKOPOCTb HpOTOHa?

Pajinyc-BeKTOp 4YaCTHIBI ONpENeNnseTcs BhpaxkenueM 7 = 3t21 + 4t%] + 7k. Bouuc-
muth: 1) Ilyte S, mpoiinennsiii yactuiei 3a nepsoie 10c, 2) Moayns nepemenieHuss Ar
3a TO’Ke BpeMmsl, 3) Y CKOpEHHE YaCTULIbI.

JIBWOKEHME MaTepualbHOM TOUYKM 3aiaHo ypaBHeHueM 7(t) = Alcos (wt)T +
HAYEPTUTh TPACKTOPHUIO JIBUKCHUS TOYKH, ONPEACITUTh MOJIYJIb CKOPOCTH M MOIYJb
HOPMAJIHHOTO YCKOPEHHUSI.

TunoBblie IpaKTHYECKHE 3aJaHus AJId IK3aMeHa:

DJNEeKTPOH HAXOAUTCS B OECKOHEYHO TITYOOKOM OJTHOMEPHOM IPSIMOYTOJILHOM TTOTESHIIN-
IBHOM SIIITUKE MUPHHOHN (. BRIYUCIUTH BEPOSITHOCTH TOTO, YTO AJIEKTPOH, HAXO SN -
csi B BO3OYXKJIEHHOM cocTosiHMU (N = 2), OyaeT oOHapyKeH B CpelHEH TpeTu SIIuKa.

? .
BonHoBas pynkuus umeer Bua P, (x) = \/; sin %x.

DneKTpoH ¢ sHepruent 4,9 3B 1BMXETCs B MOJOKUTETLHOM HAIIPaBICHUU OCH X. BBICOTA
MOTeHIMaIbHOTo Oapbepa paBHa 5 3B. Ilpu kakoil mmpuHe Oapbepa BEPOSTHOCTH MPO-
XOXKIeHUsI dJeKTpoHa dyepe3 Hero Oymer paHa 0,27 Iloctosnnas [lnanka: h =
6,63 1073* [l ¢, A = 1,05 1073* [ c, macca »nexrpona m, = 9,1 10731 kr.
Hanummre Henmocraronye 0O0O3HAYEHHMS W SHEPIHIO, BBIICIMBIIYIOCS B PEAKIHH:
JLi(3H,n)X. Macca saapa sutus my; = 7,01600 a.e.m., neiitepus my =
2,01410 a. e. M., macca HeliTpona m,, = 1,00867 a.e.m., m, = 8,00531 a.e. M.
OnekTpoH oOnamaeT kuHeTHdeckon sHepruert T; = 1,02 MaB. Bo ckonbpko pa3 usme-
HUTCS JAJIMHA BOJHBI Jebpoiins, ecnu KuHeTH4ecKas SHeprus ymeHbIurtcs Basoe? Ilo-
— M
crosuHas Ilnanka h = 6,63 1073* bk c, ckopocth cBera B Bakyyme ¢ = 3 108-,
C

Ey, = myc? = 0,51 MaB - sHeprus nokos 3J1eKTPOHa.

Omnpenenurte, CKOIBKO 00 U 3 — pacmagoB MPOMCXOIUT MU MPEBpAIIEHUH SApa ypaHa

233U B apo BucMyTa 233Bi ?
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OnpesienuTe yaenbHYIO SHEPruio cBsisu ;He. Macca mporoHa m, = 1,00728 a.e.m,

Macca Herrpona m, = 1,00867 a. e.m., macca sjpa renust M; = 4,00260 a.e. m.

Kaxkast gacTh HayaJbHOIO KOJWYECTBA aTOMOB PaANOaKTHBHOI'O AKTUHUA ZégAC ocTa-

Hercs yepe3 15 cyrok? [lepuon nomypacnana aktuaus 10 cyTok.

Ha kaxoii yron 0b11 paccesH ¢otoH c¢ sHeprueit E; = 1,36 MaB Ha cBoOogHOM 311€K-
TPOHE, €CJIM KUHETUYECKasi SHEPTUsl OTAa4yM 3JeKTpoHa cocrasiser T, = 0,68 M3B. Ilo-
crosnHas Ilmanka h = 6,63 1073* [k ¢, ckopocTs cBeTa B Bakyyme ¢ = 3 108 %,
E, = myc? = 0,51 M3B - sHeprus 1okos 2J1eKTpoHa.

Boruucnuts paguyc nepBoit opouTsl aToma Boaopoja (OOpOBCKUM paanyc) U CKOPOCTh
5J1eKTPOHA Ha JaHHON opOuTe. DIeKTpudeckas MocTosHHasg &, = 8,81 10711 %, IIOCTO-
sunas Ilnamka: h = 6,631073% ke, Hh =1,051073* I c, macca snekTpoHa
m, = 9,1 10731 kr, moxyns 3apsina snekrpona ¢ = 1,6 1071° Ko

Onpenenuts JUIMHY BOJHBI e Bpoiins Ag Ui 2IeKTpOHOB, OOMOApIUPYIONIUX aHTUKA-

TOJI PEHTTEHOBCKOM TPYOKH, €CIHM TpaHHIla CIJIOIITHOTO PEHTI€HOBCKOTO CHEKTpa MpH-
XOJUTCS Ha JuHY BoJHBI A = 3 HM. [loctossanas [lnanka h = 6,63 1073* Ik c, cko-

M —
pocTh cBeTa B Bakyyme ¢ = 3 108 —, macca anextpona m, = 9,1 10731 kr.
C

DNEeKTPOH BHIOMBAETCS U3 aTOMa BOAOPO/Ia, HAXO/ISIIETOCS B OCHOBHOM COCTOSIHUH, (o-
TOHOM ¢ 3Hepruen 17,7 3B. OnpenenuTs CKOPOCTh MEKTPOHA 3a Ipeaenaamu atoma. s
3JIEKTPOHA HAXOJSIIErocss B OCHOBHOM COCTOSIHMM, 3HEprus nonuzauuu E, = 13,6 3B,
9HEeprus nokos ekTpona Ey = 0,51 MaB.

Ha moBepxHOCTh MeTayia MajaeT MOHOXPOMATHYECKHH CBET C JUIMHOW BOJHBI A =
0,08 mxM. Kpacnas rpanuna ¢otoaddexra A, = 0,3 MkM. Haiitu 3HaueHue 3anepxu-
BaloIllel pa3HOCTH MOTEHUHUaNoB U,, KOTOPYIO HYKHO MPHIOKHUTHb K (OTODIEMEHTY,
4TOOBI PEKPaTUTh PoToTOK. IlocTosHnas [nanka h = 6,63 1073* [l c, ckopocTh cBe-
Ta B Bakyyme ¢ = 3 108 %, MOJLyIIb 3apsia daektpona ¢ = 1,6 1071° Ku.

CKOJBKO SHEPTUM U3y4yaeT abCONIOTHO YEepHOE Telo 3a BpeMs t = 2 ¢, mIoma s CBeTs-
1eiicst TOBEPXHOCTH KOTOPOro S = 3 cM?, eCciii MAKCHMyM SHEPIHH B €ro CIIEKTPE H3ITy-
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YeHUs MPUXOJUTCS Ha JUIMHY BOJNHBI Am = 750 HM? Tocrosinnas Credana — Bonbimana
o =5,6710"8 =i » locTostHas Buna b=29103Km.
M
Bunazetsb — OCHOBHBIMM METOJAMH pelleHus 3a1ad B | [IpuMepnl 3224 HA NpPaKTHYecKoe MPUMEeHeHHe 3aKOHOB (pU3HKH

obnactu pU3UKU U TEXHUKU;

— MpUeMaMu pabOThI C U3MEPUTEIIHLHOM arl-
rapaTypou;

— METOJIMKOH OIICHKH CITy4alHBIX OIIMOOK
IKCIIEPUMEHTA M OIPEACTICHHS JJOBEPH-
TEJILHOTO WHTEPBAJIA.

3amaua 1. CoctaBUTh B 0011eM BUIE CUCTEMY ypaBHEHUII 1o npasuiam Kupxroda
ISl HAX0XKJICHUSI TOKOB BO BCEX BETBSIX CXEMBbI, N300paxkeHHOH Ha pucyHke. [1o 3aman-
HBIM IIPEToJIaBaTeieM 3HAYCHUSIM BEJIIMYHMH DJIEMEHTOB CXEMBbI PACCUNUTATh TOKH, UC-
MOJIb3YSl COBPEMEHHBIC MaTEMAaTHYECKHE TTAKETHI.

!
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R4 Ey) Ta

Ry |_
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- T R
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|

OIIK-7 CriocoOHOCTHIO BBISIBUTh €CTECTBEHHOHAYYHYIO CYIIIHOCThH TTPOOJIEM, BO3HUKAIOIIUX B X0/1€ MPO()ECCUOHATBLHOMN JACSITEIIbHOCTH, TPUBJICYD UX
JUISL peIIeHUs] COOTBETCTBYIOIMNN (hU3HKO-MaTeMaTHUECKH amnmapar

3HaTh

— OCHOBHBIE€ TEPMUHBI, ONIPECTICHHS U TI0-
HATHS (PU3MKH;

— (OpPMYIMPOBKH U MaTeMaTHYECKOE OITH-
caHue (QyHJaMEHTAIbHBIX 3aKOHOB IIPUPO-
IIbI B 00JIACTH MEXaHUKH, TEPMOJINHAMHUKH,
AIIEKTPUYECTBA U MarHETU3MA, ONTUKH U
aTOMHOM (U3UKH.

IlepeyeHb THNOBBIX TEOPETHYECKUX BONIPOCOB K 3a4eTy:

1. ®wuzuka kak Hayka. [Ipeamer u 3anaua ¢pusuku. Guznyeckue mojenu. Pasnenst
¢usuxu. Uepapxus o0bexTOB B npupoze. Bunbl pyHaaMeHTaIbHbIX B3aUMOIEH-
CTBU.

2. Mexanudeckoe qBmkeHne. CucremMa oTcyera, MOJETH KIIACCHUECKOW MEXaHUKH.
CriocoObl onrcaHusi MEXaHUYECKOTO IBYKEHHS: BEKTOPHBINA, KOOPMHATHBIN.

3. TocrymaTenpHOE M BpaliaTeIbHOE ABMKEHHE TBEpOTO Tena. KnaemaTnueckue
XapaKTEPUCTUKU MOCTYIATEIbHOIO U BPAILlaTEIbHOTO JBUKEHUH TBEPIOTO TENA.
CB3b TUHEWHBIX U YTJIOBBIX XapaKTEPUCTHK.

4. JluHaMu4ecKHue XapaKTEpUCTUKU IOCTYNATEIbHOTO JBUKEHUS: Macca, UMITYJIbC,
cwia. 3akoHbl HeroToHA.
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10.

11.

12.

13.

14.

15.

16.

17.

JluHaMu4eckre XapakTepuCTUKU BPALATEIbHOTO JBM)KEHUS: MOMEHT CHUJIBI,
MOMEHT UMITYJIbCA, MOMEHT UHEPLIUU. Y pPaBHEHHE MOMEHTOB (OCHOBHOM 3aKOH
JMHAMUKHU BPALIATEIbHOIO JBU)KEHUS) C BBIBOIOM.

Teopema IlIteitnepa. Pacuer MoMeHTa MHEPLIMU OJHOPOAHOTO TOHKOT'O CTEPKHS
OTHOCHUTEJIBHO OCH, IIPOXOJIAIIEH Yepe3 LIEHTP MacCc U OTHOCUTENIBHO IPOU3-
BOJILHOH OcH (T10 33J[aHUI0 MPETOIaBATEIs).

PaboTa, MOLTHOCTB, KMHETHYECKast SHEprus. Teopema 00 U3MEHEHUN KMHETHYE-
CKOM dHEpruu (C BHIBOJIOM).
3aMKHYTbIE CUCTEMbI B MEXaHUKE. VIMITyJIbC M 3aKOH COXpaHEHUS UMITYJIbCa.
MoMEHT UMITyJIbCa U 3aKOH COXPaHEHUSI MOMEHTAa UMITYJIbCa.

KoHcepBaTuBHBIE 1 HEKOHCEpBAaTUBHbIE CUIIbl. [loTeHIIMaIbHAs SHEprUs yIpy-
roae(GopMHUpOBaHHON TPYKUHBI, TIOTCHIUAIBHAS SHEPTH TEIa B OJJHOPOIHOM
T10JI€ CUJIBI TSKECTU. 3aKOH COXPAHEHUS MOJIHOM MEXaHUYECKOM SHEpIrHu.
Mexanunueckue konebanus. JuddepenimaabHoe ypaBHEHUE TAPMOHHUYECKOTO
ocumisTOpa (¢ BeIBoJOM). CMeleHne, CKOPOCTh U YCKOPEHUE MPH rapMOHUYe-
CKHX KOJICOaHUSX. DHEPTus KojieOaHuH.

[TpyXuHHBIN, MaTeMaTHYECKUN U PU3NUECKUI MasTHUKU: TU(pdepeHInanbHbIe
ypaBHEHHUsI KoJeOaHUM, Ieproibl KoJeOaHU (C BBIBOAOM).
3aryxaromue konedanus. uddepeHunanbHoe ypaBHEHHE 3aTyXarOIIUX Koje-
OaHuii (C BBIBOJOM) M €T0 pelIeHre. XapaKTepUCTHKH 3aTyXaloUuuX KojaeOaHui.

Brinyxennsle koneOanus: tuddepeHaibsHoe ypaBHeHue (¢ BbIBooM). Pe-
3oHaHC. Pe3onancHbie kpuBbie. JloOOPOTHOCTh. DHEPIrHUsl BEIHYKIEHHBIX KoJie0a-
HUH.

VYupyrue Bonsbl. CBOICTBA M XapaKTEPUCTUKHU YIIPYTUX BOJIH. Y pPaBHEHHE ILIO-
CKOW BOJIHBI. DHEPIUs BOJIH.

[ToHATHS 1 ITOJIOKEHUS MOJIEKYIISIPHO-KUHETUUECKON TeopuH. OCHOBHOE ypaB-
HeHue MKT (c BbIBoJIOM). YpaBHEHHE COCTOSTHUS MI€aIbHOTO rasa.
CraTucTuueckuii METo1 OMcaHus MakpocucTeM. OYHKIIMH paclpeaeIeHusl.
[IpaBu0 HOPMHUPOBKH.

Pacnpenenenne MakcBesuia MOJIEKYI IO MOAYIIIO cKopocTH (popmyrna), rpa-
¢dbuk, ananms rpaduka.
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18

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Pacnipenenenne bonbumana (popmyina), rpaduk, ananus rpaduka. bapomerpu-
geckas popmyia.

Crenenu cBoOoabl. Pactipenenenue sHeprun MoJIeKy1 Mo CTENEHsIM CBOOObI.
DU3NYECKUIl CMBICIT A0COTIOTHOM TEMIIEPATYPHI.

OcHOBHbIE OHATHSA U XapaKTEPUCTUKU TEPMOJNHAMUKU. BHYTpeHHsIs sHEprus,
Temora, padbora. HyneBoe u nepBoe Hayana TepMOAUHAMUKH.

TenmoemMkocTh UaeabHOrO raza. Ypasuenue Maiiepa (¢ BBIBOAOM). DKCHEpH-
MEHTJIbHBIE IaHHBIE O TEMIIEPATYPHON 3aBUCUMOCTH TEIIJIOEMKOCTH Ta30B.
[Ipumenenue nepBoro Havyana TePMOJAUHAMUKH K H30MpoleccaM. AnnadaTHbIN
IpoLecc, ypaBHEHHE aaua0daThl (C BBIBOJAOM).

OO6patumsbie U HeoOpaTuMebIe npouecchl. TernoBbie MamuHbl. [{uka Kapno. On-
TpOIUs KaK yHUBepcaiabHas pyHkuus. Bropoe Havano tepmoarHamMuku (op-
mynupoBku Knaysuyca u Kenbpuna).

Craructuueckuii Bec. CTaTucTUyecKoe onpeeneHue HTponuu. Cratuctuye-
CKHI CMBICJ BTOPOTO Hayaia TePMOJAMHAMUKH.

DIEeKTPUYECKHM 3apsil U €ro CBOMCTBA. DJIEKTpocTaTuueckoe nose. 3akoH Ky-
noHa. HanpsbkeHHOCTD aneKkTpocTaTuyeckoro nois. PaboTa anekrpocraruyecko-
o MOJIs, HOTEHIMAIbHAs SHEPTHUS 3apsi10B, NoTeHIMal 1oJisd. CBs3b MEXy Ha-
MPSHKEHHOCTBIO M IIOTEHIMAIIOM 3JIEKTPOCTATHUECKOTO TIOJIS.

[ToCcTOAHHBIN NEKTPUUECKUIN TOK: YCIOBHSI BOSHUKHOBEHHUS U TIOJICP/KAHMS.
Hocutenu Toka B pa3nuyuHbIX B METAJIIAX, ra3ax, )KUAKOCTSIX U MOJIYIPOBOIHH-
kax. Cuia Toka, IIOTHOCTh ToKa. COnpoTHBIIEHNE POBOIHUKOB. DIEKTPOABHU-
JKylllasg CUJIa UCTOUYHUKA TOKA, HAPSKEHHE.

3akoH OMa AJ11 OTHOPOAHOI'O U HEOJHOPOIHOTO Yy4acTKoB Lenu. [Ipasuna
Kupxroda u ux npuMeHeHue Jiisl pacuyera JIeKTPUIECKUX Heneil.

TennoBoe, XMMHUYECKOE 1 MarHUTHOE JIeiicTBHE TOKa. PaboTa Toka. MoIHOCTh
ToKa. 3akoH J[xoyns-JleHua.

Hepeqeﬂb THIIOBBIX TeOpemuuecCKux 60npPoOCO6 K IK3aAMEHY .

1.

2.

Cucrema ypaBHeHH MakcBesa Kak 00001eHne pa3po3HEHHBIX SBICHHUI
QJICKTPpHUYCCTBA U MArHCTHU3MaA. MaTepI/IaHLHLIe YpaBHCHHA.
CgolicTBa ypaBHeHuil MakcBeruta. [Ipenckasanue cynecTBOBaHMS JIEKTpoOMar-
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10.

11.

12.

13.

14.

15.

16.

17.

HUTHBIX BOJIH.

DneKTpOMarHuTHbIE BOJIHBI. BosiHOBOE ypaBHeHHe. CBOMCTBA 3JIEKTPOMAarHUT-
HBIX BOJIH.

[1nockast 371eKTpOMarHMTHas BOJIHA U €€ OCHOBHbBIE XapaKTEPUCTUKU. DHEPTUs U
HMITYJIBC 3JIEKTPOMATHUTHOW BOJIHBI.

EctectBeHHbIl 1 nonsipu30BaHHbIi cBeT. CTeneHp Noaspu3aly JUHEHHO 10-
JISIpU30BaHHOIO CBeTa. 3aKoH Maittoca.

[Tonspu3zanuys npu OTpaXEHUN U IPEIIOMIICHUU CBETA HA TPAHUILIE pa3jena Iu-
2NEeKTpUKOB. Yrou bprocrepa. [[BoiHOE JIydenpeioMIICHHUE.

CrniocoOslI nonsipuzanuu ecrectBeHHoro cseta. [lpuzma Hukouns. Bpamenue
IJIOCKOCTH MOJISIPU3ALMY CBETA IPU IPOXOKACHUN YePE3 ONTHUYECKH aKTUBHYIO
cpeny.

[Ikana s5ekTpoMarHuTHBIX BOJIH. OCOOEHHOCTH ONTHYECKOro auanas3oHa. Ilo-
Ka3aTresb IPEJIOMIIEHUS CPEIBI.

KorepentHsie BoaHbl. IHTepdepeHius cBeToBbIX BOIH. Cl10KeHNEe MHTEHCHB-
HOCTEH B ClIy4ae HEKOT'€PEHTHBIX M KOTE€PEHTHBIX KOJICOaHHH.

OnTnueckas pa3HOCTb X01a. CBsA3b ONTHYECKON PAa3HOCTH XOAA JBYX BOJIH C
pa3HOCTHIO (a3 MeXy HUMU. Y CIIOBUS MAaKCUMyMa U MUHUMYyMa.

Cxema FOnra s HaOnroneHus natepdepeHunu. Bpemennas 1 npocTpaHcT-
BEHHAs! KOT€PEHTHOCT.

WnTepdepeniys B TOHKHUX MIeHKax. Habmonenue koser HproToHa B oTpaskeH-
HOM U IIPOXOJISIIEM CBETE.

SBnenue qudpakuuu. Judpakuus Openens u @paynrodepa. punimn I'roii-
renca-Openens.

Hudpaxius Openens Ha Kpyriiom otBepcTiH. 30HbI Openens. ['papuueckuii
METO/I CJIOKEHUSI aMILIIUTYA.

Hudpaxus Opaynrodepa Ha y3koi npsiMoauHeHoH menu. Judpaxkiuontas
pelIeTKa Kak COBOKYITHOCTh KOHEUHOI'O YUCIIA LIETIEH.

TennoBoe uznydenue tena. 3akoH Credana-bonbnmana. 3akon cMmemenus Bu-
Ha. ['unoresa [lnanka.

dotorddext. 3akonsr Croneroa. opmyna DWHIITEHHA.
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18.
19.
20.
21.
22.
23.
24,
25.
26.

27.
28.

29.

30.

31.

32.
33.

34.

35.

®otonsl. [laBieHue ceeta. KopnyckyasspHO-BOJHOBOM Jyalu3M CBETA.
Paccesnue ¢porona Ha cBo6oaHOM 31ekTpone. Popmyrna KomnroHa.

BonHoBbie cBolicTBa yacTull. JjirHa BoaHbI e bpoiiins. DkcrnepuMeHTaaIbHbIe
MOATBEPKICHUSI TUTIOTE3bI 1€ bpoiins.

[Tpunnun HeonpenenenHocTr. CooTHOIIEHUE HeolpeaeeHHocTel I eizendep-
ra. OcoOeHHOCTH Ipoliecca U3MEPEHUS B KBAHTOBOM MEXaHUKE.

duznyeckoe UCTOIKOBaHUE BOJH e bpoiins. BonHoBas ¢pyHKIMs U ee CBOICT-
Ba. [1oTHOCTH BEpOATHOCTH OOHAPYKEHUS YACTULIBI.

OcHoBHas 3a1aua KBAaHTOBOM MexaHUKU. HecTtanmonapHoe u ctaimoHapHOe
ypaBHenue llIpénunrepa.

Yacrtuia B 0THOMEPHOM OECKOHEUHOM MPSMOYTOIbHONM MOTEHIUATBHOMN SIME.
KBantoBanue saeprun. CoOOCTBEHHbBIE (YHKIIMH COCTOSHUS YaCTHIIBI.
[Inanerapnas monens atoma. [locrynarsl bopa. KBantoBanue suepruu Bogopo-
TIOTIOT00HOM CUCTEMEL.

Nznyuenue Boopoaonono0HbIx cucteM. CrieKTpajabHbIe CEpUU aTOMa BOAOPO-
na. O6o6mennas ¢popmyna baasmepa.

CrexTpbsl MHOTO3JIEKTPOHHBIX aTOMOB. 3aKOoH Mo37u.

VYpasuenue lllpenunrepa nis atoma Bonopoaa. KBaHtoBaHue MOMEHTa UM-
nyneca. [IpaBuna otbopa.

Cnue snektpoHa. KBaHTOBBIE YKCIIa, OMUCHIBAIONINE COCTOSIHUE DJICKTPOHA B
atome. KpatHocTh BIpOKI€HUA SHEpreTuueckux ypoHeu. [Ipunuun [Taymnu.
[TpuHIKT TOXKAECTBEHHOCTH OJMHAKOBBIX YacTull. bo3ons! u hepmuonsl. KBan-
TOBBIE PaCIpPEACIICHHUS.

CB0OOIHBIE AMEKTPOHBI B MeTaiie. DHeprus Oepmu. 30HHAS TEOPHUS TBEPIBIX
TeJ.

DIEeKTPONPOBOIHOCTh METAIIIOB U MOJIYIPOBOJHUKOB. CBEPXIPOBOANMOCTb.
SBnenne paanoakTMBHOCTU. OCHOBHOM 3aKOH paAMoOaKTUBHOTO pacmnaja. [To-
crostHHas pacnazaa. [lepuoa nonypacnaja.

CocraB 1 xapakTepUCTUKH aTOMHOTO sifipa. KanensHas monens. Pazmep u ciun
spa.

Macca 1 3Heprus CBSI3Uu aTOMHOTO Si/Ipa. 3aBUCUMOCTD YACJIbHON YHEPTUS CBSI3U
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oT MaccoBoro yncia. O0ooueyHas MOJEIb sapa.
36. SnepHble peakuu. DHEPrus peakiuu. Peakiuu JeineHus U CuHTe3a sep.
37. PagnoaktuBHbIe psifbl. OCHOBHBIC 3aKOHOMEPHOCTH O-M3JTy4eHus siep. muHa
CBOOOJTHOTO TTpo0era o.-4acTHIl.
38. Tpu Buaa -pacmana. DHepreTuueckuil cekTp B-yactuil. Helitpuno.
OcobeHHOCTH Y-u3aydeHus syiep. [IpoxokaeHne Y-KBaHTOB Yepe3 BEIIECTRO.

YmeTs

— BBIJICJISATH 3HAYMMBIE (PaKTOPBI, OIpe/ie-
JSIFOIIME XOJT ¥ TeYCHUE (PU3UUECKUX MPO-
IIECCOB;

— OOBSICHUTH ABJICHUS U MMpoHecChbl HA OC-
HOBE MPEJCTaBICHUH 0 (PU3NIECKON Kap-
TUHE MUDA;

— 00OCHOBBIBaTh IOJIOKEHHS MPEIMETHOM
o0nacTu 3HaHMM € TOMOUIbIO (PU3HKO-
MaTeMaTHYeCKOro arnmnapara;

— pacIio3HaBaTh COOTBETCTBHE PE3yIbTATOB
TEOPETUYECKUX pEIIeHUH NpPaKTUYEeCKUX
3a/1a4  (PyHIaMEHTAJIbHBIM  (PU3UUYECKUM
3aKOHaM;

— COCTaBJIATH OTYECTHI 110 BBHIITOJIHEHHBIM
HKCIEPUMEHTAIBHBIM paboTaM, yMETh Jie-
JIaTh BBIBO/BI.

Tunosblie IpaKTHYEeCKHE 3aJaHus AJId 3a4era:

Hesecomas HuTh nepedOporiena yepe3 0JI0K Maccoit ms=2 Kr, UMEIOIUi (HopMy HUITHH-

npa. K KoHIIaM HUTU NPUKPEIUIEHBI IPy3bl ¢ MaccaMu m1=2Kr 1 my=1 kr. OnpenennTsb
2

YCKOpEHHUE IPy30B B Ipolecce ABMKeHus Ten. Tpennem npenedpeus. OtBert: 2,45 M/c

TBepioe Teno BpamaeTcss BOKPYT HEMOIBMKHOM OCH MO 3aKoHy ¢ = 8 — 8t + t2. Hai-
TH: 1) cpeqHee 3HaYeHHE YTIIOBOM CKOPOCTH 3a MPOMEXKYTOK BpeMeHH oT t=0 1o ocra-
HOBKH; 2) yIJI0BO€ YCKOPEHHE B MOMEHT OCTAaHOBKH Teja; 3) TaHICHIIMAIbHOE YCKOpe-
HHE TOYKH, HaXOHHmeﬁCﬂ Ha pacCTOSIHUHN 1 M oT ocu BpalicHu.

Touka cosepiaeT koebanus mo 3akony x = A - cos(wt) rne A=5cm, @=2 ¢™*. On-
peleNuTh YCKOpEeHHE TOUKHM B TOT MOMEHT BPEMEHH, KOr/ia €€ CKOpOCTh paBHa 8 cM/C.
KakoBo MakcMMallbHOE YCKOPEHUE TOUKH?

DJEeKTPOH IBUXKETCS cO cKopocThio V=0,6c. Onpenenure ero peasTUBUCTCKUN UMITYIIbC
U KHHETUYECKYyIo 3Hepruto E.

O6beM BoOpOJa MpU U30TepMUYecKOM paciiupeHuu npu temmneparype 1=300 K yse-
auuuBaercs B N=3 pasza. Onpenenutsb paboTy, COBEPIICHHYIO ra30M, U TEIJIOTY, MOTY-
YEHHYI0 IIpH 3ToM. Macca m Bozopoaa pasHa 200r.

B PE3YyIbTAaTC U30XOPHOI'0 HAPEBAHUS BOJOPOAA Maccoi m = Ir JABJICHUE ) YBEIUYU-
JIOCh B JIBa pasa. OHpe,Z[CJ'II/ITL U3MeHeHHue AS OHTPOIINHU rasa.

Kaxkoe konmmyecTBO Termia Hamao cooomuTh 12 r kuciopoa, uTodsl HarpeTh ero Ha 50°C
IIpH TOCTOSIHHOM HaBJ'IeHI/II/I?

NneanbHblil Ta3 M30XOPUYECKU OXJIAUIIHU, a 3aTeM U300apUYeCcKd pacUIupUId 10 Mep-
BOHAYaJbHOM TemmepaTypbl. Bo CKOJIbKO pa3 M3MEHSIOTCS HYHEPrUM MOCTYNATebHOTO
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JBWDKCHUST MOJICKYJI ra3a B M30XOPHYECKOM IIPOIIECCE, ECIM B XO/€ €ro JaBJICHHE ra3a
YMEHbIINIOCH B 3 pa3a?

Hanucats ypaBHEHUE TapMOHMUYECKUX KOJIEOaHUI, €CTM OHM COBEPILAIOTCA MO 3aKOHY
CUHYyCa, aMIUTUTYy/Aa KojiebaHui 5 cM, mepro 1 Kojaebanuit 8 ¢ mis HadaubHOU (as3bl: 1)
0,2) z/4,3) n/2,4) n Haueprurs rpadhuKu KONCOAHUHN I STUX CITydacB.

KuHeTHueckas sHeprus ycKopseMoro npotona Bospocia a0 3 - 10710 /. Bo ckombko
pa3 u3MEHuIIach Npu 3ToM Macca mpotoHa? Kakosa ckopocTs mpoToHa?

Pajiyc-BeKTOp 4acTUIIBl ONpeselsercss BulpakeHueM 7 = 3t27 + 4t2] + 7k. Bblumuc-
mute: 1) Ilyte S, npoiinennsii yactunei 3a nepseie 10c, 2) Moayns nepemenieHust Ar
3a TOXke BpeMmsl, 3) Y CKOpPEHHE YaCTHLIbI.

JIBWKEHHE MaTepuaabHOM TOUKM 3amaHo ypaBHeHuem 7(t) = Alcos (wt)l +
HAYEPTUTh TPACKTOPHUIO JBUXKCHUS TOYKH, ONPEACTUTh MOIYIb CKOPOCTH M MOIYJb
HOPMAJILHOTO YCKOPEHHUSI.

TunoBble MpakTHYeCKUe 3aJaHUs ISl IK3aMeHa:

DNEeKTPOH HAXOAUTCS B OECKOHEYHO TITYOOKOM OJTHOMEPHOM IPSIMOYTOJIEHOM TTOTEHIIN-
TBHOM SIIITUKE MUPHHOHN (. BRIYUCIUTH BEPOSITHOCTH TOTO, YTO AIIEKTPOH, HAXO SN -
csi B BO3OYKJIEHHOM cocTosiHUU (N = 2), OyaeT oOHapyKeH B CpelHEH TpeTu sIuKa.

mn
—X.

? .
BonHoBas pyukuus umeer Bua P, (x) = \/; sin—

DnexTpoH ¢ sHeprueit 4,9 5B ABMXKeTcs B MOJOKUTEIBHOM HANpaBIEHUHU OCH X. BBICOTA
MOTEeHIUaIbHOTO Oapbepa paBHa 5 3B. Ilpu kakoii mmpuHe Oaphepa BEPOSATHOCTH MPO-
XOXKIeHUsI dJeKTpoHa dYepe3 Hero Oymer paHa 0,27 Iloctosnnas [lnanka: h =
6,63 1073* Ik ¢, A = 1,05 1073* I c, macca snexrpona m, = 9,1 10731 kr.

Onpenenuth HETOUHOCTh B OMPENEICHUH KOOPIWHATHI AX AJIEKTPOHA, TBUKYIIETOCS B
aToOM€ BOJIOpOJia CO CKOPOCThIO ¥V = 2,2 106 % €CJIM JomycKaemas HETOUYHOCTh AV co-
craBisger 10% oT e€ BenmnuuHBL. YKa3aTh, IPUMEHUMO JIM IOHATHE TPAEKTOPUM B J1aH-
HoM ciyuae. Ilocrosiunas Ilnanka: h = 6,63 1073* [k c, h = 1,05 1073* JIxk ¢, macca
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snekTpoHa m, = 9,1 10731 kr.
Hamumure HemocTaomue 0003HAYEHHS M SHEPrUIO, BBHIICIMBIIYIOCS B PEAKIMU:
JLi(2H,{n)X. Macca saapa surtus my; = 7,01600 a.e.m., geiitepus my =
2,01410 a. e. M., macca Helitpona m, = 1,00867 a.e.m., m, = 8,00531 a.e. m.
DOnekTpoH obnamaer kuHeTHdeckor sHepruer T; = 1,02 MaB. Bo ckonbko pa3 u3me-
HUTCS JUIMHA BOJIHBI AeBpoiins, ecnyu kuHeTHdeckas SHeprusi ymeHbmuTcs Basoe? Ilo-
— M
crosnHas Ilmanka h = 6,63 1073* [l ¢, ckopocTs cBeTa B Bakyyme ¢ = 3 108 N

E, = myc? = 0,51 M3B - sHeprus 1okos 2J1eKTpoHa.

Omnpenenure, CKOIbKO 00 U B — pacmagoB MPOUCXOIUT MPH MPEBPALICHUH Spa ypaHa
233

33U B apo BucMyTa 29381 ?
Onpenenure yneabHYIO SHEPIUIO CBS3U ‘zl'He. Macca nporona m,, = 1,00728 a.e.m,,
Macca HertpoHa m, = 1,00867 a.e.m., macca sanpa renust M, = 4,00260 a.e. M.

Kaxkas gacTh Ha4aJbHOIO KOJIWYECTBA aTOMOB PAAOAKTUBHOI'O aKTUHUA Z%gAC ocCTa-

Hetcs uepe3 15 cyrok? Ilepuon nonypacnana aktuaus 10 cyTok.
Ha xakoit yron Obu1 paccesH ¢otoH ¢ sHeprueil E; = 1,36 MaB Ha cBOOOIHOM 3i1eK-
TPOHE, €CJIN KMHETUYECKAs YHEPTUs OTIA4M dJIeKTpoHa cocrasisieT T, = 0,68 MaB. Ilo-
— M
crosunas Ilnanka h = 6,63 1073* [k c, ckopocth cBeta B Bakyyme ¢ = 3 108-,
C

E, = mgc? = 0,51 M3B - sHeprus mokos 3J1eKTpoHa.

Onpenenuts JUIMHY BOJHBI € Bpoiins Ag Ui SIEKTPOHOB, OOMOAPIUPYIONINX aHTHUKA-
TOJI PEHTTEHOBCKOM TPYOKH, €CIM TpaHHIla CILIOITHOTO PEHTT€HOBCKOTO CHEKTpa MpH-
XOJUTCA HAa JIMHY BOJHBI A = 3 HM. IlocrosuHas ITnanka h = 6,63 1073* I ¢, cko-

M —
pocTh cBeTa B Bakyyme ¢ = 3 108 = macca snextpona m, = 9,1 10731 kr.
C

DNEeKTPOH BBHIOMBAETCS U3 aTOMa BOJAOPOA, HAXOISAIIETOCS B OCHOBHOM COCTOSIHHH, (po-
TOHOM ¢ 3Hepruei 17,7 3B. OnpenenuTs CKOPOCTh MEKTPOHA 3a Ipeaenaamu aroma. s
3JIEKTPOHA HAXOJSIIErocss B OCHOBHOM COCTOSIHMM, 3Heprus nonuzauuun E, = 13,6 3B,
9HEprus nokos ekTpona E, = 0,51 MaB.

Ha moBepxHOCTh MeTalla MajgaeT MOHOXPOMATHYECKHI CBET C JUIMHOW BONHBI A =
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KOMIETEHIINH 00yueHms
0,08 mxM. Kpacnas rpannna dotoaddexra A, = 0,3 MkM. Haiitu 3HaueHue 3anepxu-
BaloIlell pa3HOCTH MOTEeHIUAIOB U,, KOTOPYIO HYKHO HPUIIOXKUTH K (DOTO3IEMEHTY,
4TOOBI MPeKpaTuTh PoToTOK. IlocTostnas [Inanka h = 6,63 1073* [k ¢, ckopocTs cBe-
Ta B Bakyyme ¢ = 3 108 %, MOJyJIb 3apsfa dnektpona g = 1,6 10719 Ko,

Brnagets — HaBBIKaAMH BBITIOJIHEHUST (PU3UUECKUX IIpumep 3a1a4 HA IPAKTHYECKOE PUMeEHeHHE 3aKOHOB (pU3NKH

SKCIICPUMCHTOB U OLICHKHU HUX pe3y.HI)TaTOB;
— HaBBIKaMH [TPAKTUYECKOTO IPHUMEHEHUS
3aKOHOB (pH3HKH;

— crioco0aMy OLEHUBAaHHS 3HAYUMOCTH U
HpaKTI/I‘IeCKOﬁ MMPUTrOAHOCTH IOJTYUCHHBIX
PE3YJIBTaTOB.

3amaga 1. PaccunTaTh TOKH, HANPSDKEHUST M MOITHOCTH BO BCEX BETBSIX CXEMBI IIPH
3a/IaHHBIX TIperojaBareieM 3HaueHusx E1, ri, Ri, Ro, R3, R4, Rs, Rg, Ry.

Ri
R:
| S|
Rs
Eq Re
— ]
r]___ R4 R,
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0) [lopsinok nmpoBeeHUsI MPOMEKYTOYHOMH ATTeCTALIMN, MOKA3aTe/IH U KPUTEPUH OLIEeHUBA-
HUs:

[TpoMexxyTouHast aTTeCTalus M0 TUCIUIUTNHE «DU3HKa) BKIIIOYAET TEOPETUYECKUE BOTIPOCHI,
TIO3BOJISIONINE OIEHUTh YPOBEHBb YCBOCHUS O0YJAIOIIUMHUCS 3HAHUH, U TIPAKTUYECKUE 3a/1aHus,
BBISBJISIFOIINE CTENIEHb CPOPMUPOBAHHOCTH YMEHHI U BIAICHUHN, POBOIUTCS B popme 3aueTa (1
CEMECTp) U dK3aMeHa (2 cemMecTp).

3adeT oOyuaronmecs MOJIy4arT B Pe3yJIbTaTe BBITIOIHEHUS BCEX BHJIOB pabOT, MPEIyCMOT-
peHHBIX B 1 cemecTpe u3ydeHus JaHHOH TUCIUIUTHHEL. B ciiydae HEBBIOJIHEHUS 00ydatomuMcst
20% - 30% ot o61iero yucia BUAOB paboT, MPEeAyCMOTPEHHBIX B 1 cemecTpe, 3a4eT NPOBOJUTCS B
dopme cobeceroBaHus IO BOIPOCAM H 3aJJaHHSIM COTJIACHO MEPEYHIO BOIPOCOB M MPAKTHYECKUX
3aJ]aHUM K 3a4eTy.

Ilokazamenu u Kpumepuu OUeHUBAHUA 3auema:

- Ha OLIEHKY «3a4T€HO0» 00yyaroluiics JEMOHCTPUPYET YPOBEHb, HE HIXKE TOPOTOBOro, chop-
MHUPOBaHHOCTH KOMIIETEHIIMI: B X0/1€ KOHTPOJIbHBIX MEPONPHUATUIA MOTYT JIOIYCKaThCsl OILIUOKH,
MOYKET MPOSBISTHCS OTCYTCTBHE OT/ICIbHBIX 3HAHUW, YMEHHI, HABBIKOB, 00yUJaIOIIUKCS MOTYT HC-
IIBITHIBAET 3HAYUTEIIbHBIE 3aTPYAHECHHUS IIPU ONIEPUPOBAHUM 3HAHUSIMHU U YMEHHUSMM IIPU UX IIEpe-
HOCE Ha HOBBIE CUTYyAallUU.

- Ha OLICHKY «HE 3a4TE€HO» 00y4Yaroliics He MOXKET M0Ka3aTh 3HAHUSI HA [IOPOTOBOM YPOBHE
c(OpMHUPOBAHHOCTH KOMIIETEHIIUH, T.€. 00yJarolIHiicsl He OKa3bIBAa€T 3HAHHE OCHOBHOI'O MaTe-
puaina B 00beMe, He0OX0IMMOM /IS IPEeACTOoAIEeH PO ecCHOHABHOMN 1EATEIbHOCTH; HE CIIOCO-
OCH apryMEHTHPOBAHHO U TOCIIEA0BATENILHO U3JIaraTh, JOMYCKAET rpyOble OMMOKN B OTBETAX; HE
MOJKET II0Ka3aTh UHTEJUIEKTYaIbHbIE HABBIKM PELICHUs IPOCTHIX 3aJa4. HE MOATBEPKAAET OCBOC-
HU€ KOMIIETCHIIMH, TPEAYCMOTPEHHBIX ITPOrpaMMOil.

IK3aMeH — YCTHLIP’I, Kiaccuueckui. B xaxmom ounere 2 TCOPCTUUCCKHUX BOIIPOCA U 1 3azaada.
ITonw30BaThCs KOHCIICKTaMU, y‘l€6HI/IKaMI/I, COTOBBIMH TCJ'[G(bOHaMI/I, mraprajikaMy 3arpeuracTcs.
I[J'ISI TMOJIYYCHU S OLICHKU «OTINYHOY WITH ((XOpOIlIO)) 00s13aTeNBHO MMPpaBHUJILHOC PCHICHUC 3aa4U.

Kpurtepun BbicTaBJIEeHUS] IK3AaMEHAIMOHHOM OLICHKU:

— Ha OIEHKY «OTJUYHO» — 00YyJarolmuics TOKEH MOKa3aTh BBICOKUI ypOBEHb CPOPMHUPO-
BaHHOCTH KOMIIETEHIINH, BCECTOPOHHEE, CUCTEMATHUECKOe U IIyOOKOe 3HaHHE Y4eOHOTo MaTepua-
J1a, CBOOOJIHO BBHITIOJIHATH MPAKTUYECKUE 3aJaHusi, CBOOOIHO ONMEPUPOBATh 3HAHUSIMH, YMEHHIMH,
MPUMEHSTh UX B CUTYAIMSX MOBHIIICHHOMN CIIOKHOCTH; O0yYaIOIIHIiCs T0KeH 001a1aTh 3HAHUAMU
HE TOJBKO HAa YPOBHE BOCIPOM3BEICHHS U OOBSICHEHUS MHPOPMAIMH, HO U WHTEJUICKTyaJbHBIMU
HABBIKAMU PELICHUS PoOJIeM U 3a7a4, HaXOXKACHHUS YHUKaIbHBIX OTBETOB K MpoOIeMaM, OIICHKH U
BBIHECEHUS KPUTHUYECKUX CYKICHUI;

— Ha OIICHKY «XOpPOIIO» — O0yJaromuiics JOHKeH MOKa3aTh CPEAHHH ypoBEHBb chopMupo-
BaHHOCTH KOMIICTCHIIMI: OCHOBHBIC 3HAHUS, YMEHHSI OCBOCHBI, HO JIOMYCKAIOTCS HE3HAYUTEIHHBIC
OIIMOKU, HETOYHOCTH, 3aTPYJHEHUS MPU aHATMTHYECKHUX OIEepaIusaX, IepeHoCce 3HAHUNM U YMEHHMA
Ha HOBBIC, HECTAHIAPTHBIC CUTYAIINH;

— Ha OLEHKY «YyI0OBJIETBOPHUTEJIbHO» — CTYACHT JIOJDKEH MOKa3aTh MOPOTOBBIM ypOBEHb
c(hOpMUPOBAHHOCTH KOMIIETSHITUH, TO €CTh OH JOHKEH UMETh 3HAHHS Ha YPOBHE BOCITPOU3BEICHUS
U 00bsCHEeHUs MH(OpPMAINH, HHTEJUICKTYaIbHbIE HABBIKMA PEIICHUS MPOCTHIX 3a7a4; B XOJAE KOH-
TPOJIBHBIX MEPOIPUATHN JTOMYCKAIOTCS OIIMOKH, MPOSBISETCS OTCYTCTBHE OTIEIBHBIX 3HAHUH,
YMEHH, HABBIKOB, OOYYaIOIIMIICSI MCTBITHIBACT 3HAYUTENbHBIC 3aTPyTHEHUS MPU OTMEPUPOBAHUN
3HAHUSMU U YMEHHUSAMU TIPH UX MTEPEHOCE HAa HOBBIC CUTYAIIHH.

— Ha OIIEHKY «HEeY0BJeTBOPUTEIBHO» — Pe3yabTaT 00y4eHUs HEe JOCTUTHYT, KOMIIETCHIIUH
He cOPMHUPOBAHBI, CTYJICHT HE MOXKET MTOKa3aTh 3HAHUS HA YPOBHE BOCIPOM3BENCHUS U OOBsCHE-
HUSl ”HPOPMAITUH, HE MOXKET MOKa3aTh HHTEIUICKTYaIbHBIE HABBIKH PEIICHUS MTPOCTHIX 3a/1ad.
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8 YHEBHO-METOANYECKOE U TH®OPMALIMOHHOE OBECIIEYEHUE
JAUCHUIIJINHBI

a) OcHoBHas JIUTEpaTYypa:

1. demumuenko, B.1. ®usuka : yueonuk / B.W. lemuauenko, U.B. lemuauenko. — 6-¢
u3.,nepepad. u gon. — Mocksa : UHOPA-M, 2016. — 581 c. - Pexxum noctyma
https://new.znanium.com/]. — (Beicuiee oOpa3oBanue: bakanaBpuar). - ISBN 978-5-16-010079-1
(print) ; ISBN 978-5-16-101800-2 (online). - Tekcr : anexTponnsIii. - URL:
https://new.znanium.com/catalog/product/469821

0) /lonoJiHUTEIbHASA JINTEpaTypa:

1. ITaBnos, C. B. O6mas ¢usuka: coopHuk 3agad : yueod. mocoodue / C.B. [1asios, JLA.
Cku-nierposa; mox pex. C.B. ITaBnoBa. — Mocksa : UHOPA-M, 2018. — 319 c. — ISBN 978-5-
16-105995-1. - Tekcr : anekrponnsiii. - URL: https://new.znanium.com/catalog/product/923812

2. CnpaBounuk 1o pusuke: YuedHoe nmocodue / Kysuenos C.U., Porozun K.H. -
Tomck:13n-Bo Tomckoro nmonurex. yausepcurera, 2014. - 220 c.: ISBN 978-5-4387-0443-0 - Pe-
)M poctyna: https://new.znanium.com/catalog/product/675274

3. ®dusuKa TBEPJOro Tejla, aToOMa U aTOMHOTO sjipa : yueOHoe mocobue [asst By30B] / Mar-
HUTOTOPCKUMN roc. Texuudeckuil yH-T uM. ['. M. Hocosa. - Maruuroropck : MI'TY um. I'. 1. Hoco-
Ba, 2019. - 3arn. ¢ Tutyn. skpana. -Cozgepx.: Jlaboparopusie padotsl. - ISBN 978-5-9967-1531-2
Pexxum nocryna:
https://magtu.informsystema.ru/uploader/fileUpload?name=3818.pdf&show=dcatalogues/1/153025
4/3818.pdf&view=true

B) MeToanueckue ykazaHus:

1. Mexanuka. MonekynspHas ¢u3rka U TEpMOAMHAMHUKA [ DIIEKTPOHHBIH pecypc] @ mabopa-
topublii npakTrkyM / E. H. Acranos, 3. H. botuesa, JI. C. [lomkenkoBa u jp. ; MI'TVY. - Marauro-
ropck : MI'TY, 2016 - Pexwum nocryna:
https://magtu.informsystema.ru/uploader/fileUpload?name=2420.pdf&show=dcatalogues/1/113012
1/2420.pdf&view=true

2. Beuepkun, M. B. DnexTpocraTrka 1 TOCTOSTHHBINA TOK [ DJIIEKTPOHHBIN pecypc]| : mpakTu-
kyMm / MI'TY, UH-T sHepretuku u apromatuku, Kad. ¢pusuku. - Marauroropek : MI'TY, 2012. -
Pexxum noctyna:.
https://magtu.informsystema.ru/uploader/fileUpload?name=1544.pdf&show=dcatalogues/1/112470
1/1544 pdf&view=true

3. 10. 1., CaBuenko. [lepemenHbI# TOK [DeKTpOHHBIN pecypc] : 1abopaTOpHbINA MPaKTH-
kym / 1O. 1. CaBuenko, O. H. Boctpokuyrosa, H. U.Mumenesa ; MI'TY. - MarHuToropek :
MI'TY, 2018. - ISBN 978-5-9967-1151-2. - Pexwum nocryna:
https://magtu.informsystema.ru/uploader/fileUpload?name=3529.pdf&show=dcatalogues/1/151513
9/3529.pdf&view=true

4. 10. I1., Koukun. Co0pHUK 3a1a4 110 Gu3uke [ DIeKTPOHHBII pecypc] : mpakTukym /
MI'TY. - Marautoropck : MI'TY, 2018. - 1 snekrpos. ont. quck (CD-ROM). - ISBN 978-5-9967-
1162-8 Pexxum noctyma:
https://magtu.informsystema.ru/uploader/fileUpload?name=3568.pdf&show=dcatalogues/1/151520
9/3568.pdf&view=true

r) [IporpammHuoe odecneuenne u MHTEepHeT-pecypcehl:
IIporpammHoe obecnieueHue

Haumenosanune 110 Neo norosopa Cpox neicTBUS JTUTICH3UN
MS Windows 7 Professional (st J1-1227-18 oT
KNaccoB) 08.10.2018 11.10.2021
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Ne 135 oT

MS Office 2007 Professional 1%_09.2007 0eccpouHo
7Zip CBOOOJIHO  pacIpo- 0OCCCPOYHO
FAR Manager CBOOOZIHO  pacnipo- 6eccpodHo

ctpansemoe 110

Adobe Reader

CBOOOJIHO  pacmpo- 0OCCCPOUYHO

Bpayszep Mozilla Firefox

CBOOOAHO  pacrpo-

0eccpoyHO
crpansemoe 11O p

Bpaysep Yandex

CBOOOJIHO  pacmpo- 0OCCCPOUYHO

HpO(l)eCCI/IOHaJILHbIe 0a3bl JaAaHHbIX U I/IH(l)OpMaIII/IOHHLIe CIIPaBOYHBIC CUCTEMBI

Hassanue xypca CchUIKa

HH(GOPMAIMOHHBIM pecypcam

Nudopmanmonnas cucrema - EquHoe okHO mocTyma K

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

DnekTpoHHas 6aza nepuoanueckux u3ganuii East View
Information Services, OO0 «MMIBUC»

https://dlib.eastview.com/

HannonansHas nadopmanmonHo-ananutuyeckas cuc- (URL:
tema — Poccmiickuii maeke Hayunoro nutupoanus  |https://elibrary.ru/project risc.asp

Scholar)

[TouckoBas cucrema Axanemust Google (Google

URL: https://scholar.google.ru/

Poccuiickas I'ocynapcTBennas 6ubanoreka. Karanoru

https://www.rsl.ru/ru/4readers/catalog

ues/

HocoBa

DnekTpoHHBIe pecypcebl onbmuoreku MI'TY um. I'.1.

http://magtu.ru:8085/marcweb2/Defau

It.asp

9 MartepuajibHO-TeXHHYeCKOe o0ecnedeHne JUCIUIINHBI (MOYJIs1)
MaTepI/IaJ'[BHO-TGXHI/I‘IGCKOG O6CCHC‘ICHI/IC JOUCIHUIIJINHBI BKJIFOYACT:

Tun u Ha3BaHUE ayJUTOPUH

OcHaleHre ayIuTopun

VY4eOHble ayAUTOPUH IS IPOBE-
JICHUS! 3aHATHH JIEKIIMOHHOTO TUIIA

MynbTMeIMiiHBIE CPEACTBA XPAHEHHUS, IIEpENadnd U
IIpeJICTaBIeHNs HH()OPMALIUH.

VYyeOHast aynuTopus AJis IpOBee-
HUA 1a00paTOpHBIX padot: Jlabo-
patopusi « MexaHuku, MOJIEKYIIsp-
HOM (PU3MKHU U TEPMOJIUHAMUKI»

JlabopaTopHble YCTaHOBKH, U3MEPUTEIbHBIE TPUOOPHI TS
MIPOBEICHUS JIA0OPATOPHBIX PabOT:

1. bannuctuueckue MasiTHUKH.

2. Mastauk OGepbeka.

3. ®u3nvecKuil MasiTHUK.

4. locka ['anpToHA.

5. JlaGopaTopHasi yCTaHOBKA JJIsl UCCIIEJIOBAHUS pacmpe-
JIeTICHUST TEPMODJIEKTPOHOB 110 MOIYJIIO X CKOPOCTH.

6. JlabopaTopHasi ycTaHOBKa JJIs OTIpeJIeNIeH s ToKa3aTe-
neit aguabatel Y metoom Knemana u Jlezopma.

7. JlabopaTopHasi yCTaHOBKa JJIsi IPOBEPKHU 3aKOHA BO3-
pacTaHus SHTPONUH B npoiecce AMPpPy3un ra3oB Ha MO-
JIe TIepPEeMEILIMBAHMS IIAPOB.

8.JlabopaTopHas ycTaHOBKA JJIsl IPOBEPKH 3aKOHOB BO3-
pacTaHus SHTPOIUU B MPOIIEcCe TEIIO0OMEHa.
9.YcraHoBKa J1abopatopHast Ak U3y4eHUs 3aBUCUMOCTH
CKOPOCTH 3BYyKa OT Temneparypsl "Md-C3-M"

10. YcTanoBka mabopaTopHasi 1715l UCCIETOBAHUS TETUIO-
emkoctu TBepaoro tena "MO-TET-M".

11. YcranoBka mabopaTopHast IJIsl OTIpeICIICHUSI YHUBEP-
cajbHOM razopoii nocrtosiHHON "M®-OI'TI-M".
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Tun u Ha3BaHMe ayIUTOPUN

OcHalieHue ayauTopun

12.Ctenn n1abopaTopHbIii ra30BbIE MPOLIECCHI.
13. MepuTtenbHbI HHCTPYMEHT.

YyeOHast aytuTopus AJis IPOBEIe-
HUS J1a00paTOpHBIX padot: JIabo-
patopus «IEKTPUIECTBA U OITHU-
KI»

JlaGopaTopHbIe yCTaHOBKH, M3MEPUTEIbHBIE TPUOOPHI IS
MIPOBEICHUS JTAOOPATOPHBIX PAOOT:

1.JIaGoparopHasi yCTaHOBKa JJIsl HCCIIEIOBAHUS HIIEKTPO-
CTaTHYECKOT'0 MOJIS C IOMOIBIO OAMHAPHOTO 30H/A.

2. YcTaHOBKa JUIS UIYHTHPOBAHUS MIJUTHAMIIEPMETPA.

3. YcranoBka nabopatopHas Juist OpeaeIeHus HHAYK-
TUBHOCTH COJICHOWJ]A U MATHUTHOM MPOHUIIAEMOCTH.

4. YcraHoBKa J1abopaTopHasi 1J1sl U3y4eHUs pe30HaHca
HANPSDKEHUHN M OTNIPEIeIICHUS MHIYKTUBHOCTH

5. JIaGopaTopHasi ycTaHOBKa JJI U3Y4YE€HUS UIMHBI CBETO-
BOM BOJIHBI U XapaKTEPUCTUK AU(PPAKIIMOHHON PEIIETKH.
6. JlaGopaTopHasi ycTaHOBKA JJIsl OTpeAeNieHuUs paauyca
KPUBHU3HBI JINH3bI U JJTUHBI CBETOBOM BOJHBI C TOMOIIBIO
koser; HeroToHa.

7. JlJabopaTopHasi yCTaHOBKA JIJIsl OTPe/IeJICHUSI KOHIICH-
Tpaluy pacTBOPOB caxapa U MOCTOSIHHON BpalleHusl.

8. IcTOYHHMKY MUTaHUS TIOCTOSTHHOTO TOKA.

9. Marasun emkocteit Time Electronics 1071.

10. Mara3un emkoctu P-513.

11. Mara3un unayktuBHocteit Time Electronics 1053.
12. Marasussl conpotuBiennii P-33.

13. Mynbrumetpsl upposie MAS-838.

14. Mynstumerpst APPA 106,203,205.

15. Ocumnorpad nByxkananbHbiii GOS-620 FG.

16. Ioaspumerp CM.

17.MepuTenbHblii HHCTPYMEHT.

YyeOHast ayTuTOpHsI [UIs IPOBE/Ie-
HUs 1abopaTopHbIX padort: Jlabo-
paropust «AToMa, TBEPAOTO Tela,
apay

JlaGopaTopHble yCTaHOBKH, U3MEPUTENbHbBIE TPUOOPHI AJIs
IpOBEIEHUS 1TaOOPaTOPHBIX PadoT:

1.JIaboparopnas ycranoBka ajis "M3ydeHus: BHETHETo
dotorddexra”.

2. YcTaHOBKa /711 U3y4EHUs CIIEKTpa aTomMa BOJ0poia U
ompezeneHus mocrossHHoN Punbepra.

3. YcraHnoBka 1abopatopHasi it ONpeieseHus TOTeHIa-
Ja BO30YX/IeHUs rasa.

4. YcraHoBKa ISl ONIPEACIICHUs] ITTUHBI MpoOera YacTHIl B
BO3/IyXE€.

5. U3mepwut.ckopoctu cuera Y UM2-2.

6. Monoxpomaropsl MYM-1.

7. MynsTumetpst APPA 205, 207.

8. Ocummnorpa¢ apyxkananbHbil GOS-620 FG.

9. MepuTenbHbIii HHCTPYMEHT.

VY4eOHble ayAUTOPUH I IPOBE-
JIEHUS MPAKTUYECKUX 3aHITHH,
IPYIIOBBIX U HHIAUBUAYAJIbHBIX
KOHCYJIbTAINH, TEKYILIEro KOHTPO-
JI51 ¥ IPOMEKYTOYHOM aTTeCTallun

WNHTepakTuBHAs JOCKA, IIPOEKTOD;
MynbTUME TUIHBINA TPOEKTOP,IKPaH.

VY4eOHble ayAUTOPUH IS BBITIOJI-
HEHUS KypCOBOT'O IIPOEKTUPOBAHUS,
TIOMEIIEHUS JIs1 CaMOCTOSITETIbHON

[epconanbHbIe KOMITBIOTEPHI ¢ TTakeToM MS Office, ¢
BBIX0JIOM B IHTEpHET U ¢ JOCTYIIOM B 3JIEKTPOHHYIO HH-
(hopMaImoHHO-00pa30BaTEIbHYIO CPEly YHUBEPCUTETA.
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Tun u Ha3BaHMe ayIUTOPUN

OcHalieHue ayauTopun

paboTHI.

[Tomernienue uist XpaHEHHS U TIPO-
(UITAKTHYECKOTO 00CTYKUBAHUS
y4eOHOTr0 000PYTI0BaHMS

Cremnaxu, cedsl 111 XpaHeHUs y4eOHOT0 000py10Ba-
HUs. IHCTpyMEHTHI JIsl peMOHTa 000py/I0BaHUS.
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