MHNHOBLPHAYKHN POCCHUA

denepanbHOE rOCYy1apCTBEHHOE OIO/IKETHOE
00pa30BaTEIbHOE YUPEXKIECHUE BBICILIETO O0OPA30BaAHMS
«Tynpckuit rocy1TapCTBEHHBIN YHUBEPCUTET

NuctutyT ECcTECTBEHHOHAYYHBIN
Kadenpa «Puzuka»

YTBepKI€HO Ha 3aceaHuu Kadeapbl
«Dduznka»

« 27 » staBaps 2021 r., mpotoxon Ne 6

3aBenyromuii kadenpoit

e P.H. PocToBIieB

METOINYECKHUE YKA3ZAHUSA
10 OPraHU3alMU U BbITIOJTHEHHIO CAMOCTOSITEJILHOM PadoThI
10 AMCHHUIUINHE (MOAYJII0)
«Du3uKa»

OCHOBHOI1 MpodeccHOHANBLHOI 00pPa30BaTEIbHOI MPOrPaMMBbI
BbICIIIET0 00pa30BaHUA — IPOrPaMMBbI 0aKajJaBpuaTa

10 HAIIPABJICHUIO TIOITOTOBKU
08.03.01 CtpourebcTBO

C HAPABJICHHOCTHIO (TTPOHUIIEM)
BoaocHa0xkeHnune u BOI0OTBeIeHHE
®dopma oOydeHUs: OUHas, 3a09HAs

Nnentuduxanmonasiii HoMep oOpazoBaTenbHOU porpammser: 080301-02-21

Tyna 2021 ron



Pa3zpaboTunk (1) MeTOANYECKUX YKAZAHUM

Kuryuos B.B., mpodeccop, 1.T.H., mpodeccop W

(®UO, nowKHOCTD, yUeHasi CTENEHb, YIEHOE 3BaHUE) (monmuce)



HasHaueHune ¥ CpOKH BBITIOJHEHUS MEPONPHUATHHA 1O peann3anuu Bcex (Gopm
CaMOCTOATEIbHON PaOOTHI.
CamocTosiTenbHast paboTa MIIAHUPYETCS U BHITIOIHSAETCS B COOTBETCTBUU ¢ ['ocymap-
CTBEHHBIM 00pa30BaTeIbHBIM CTaHAapTOM HampasieHus noarotosku 08.03.01 Cmpo-
UmenbLCmeo.
CopeprkaHue ¥ CMBICIOBAsi HATIOJTHEHHOCTh, 00BbEM M CPOKU BBITIOJHEHHUS CAMOCTOS-
TEJTbHON pabOThI OMPENEAIOTCS YUeOHBIM IIAHOM U paboYrMH MTPOrpaMMaMU OYHOM
dbopmbl 00ydeHuss 1o auciuiinHe "dusuka" HanpapieHus noarotoBku 08.03.01
Cmpoumenvcmeo v pouieit MOATOTOBKH: [IpombluLienHoe U eparicoOaHCcKoe Cmpou-
menbecmaeo,; [Ipouzeo0cmeo u npumeHenue CMpoUmenbHbIX Mamepuanos, uz0eautl u
koHcmpykyutl, Tennoeazocnaboicenue u senmunsiyus; Booocnabocenue u 6000omeae-
Oenue;, ' opoockoe cmpoumenbCmeo u Xo35a1ucmaeo; AemomoouivHvle 00pocu.

|. Ilenp 1 3a1a4¥ BBIIOJIHEHHS CAMOCTOSATSIBHOM pabOoTHI IO juciuIiuinae "' du-
3uKa”

[{enb BBIMOMHEHUS] CAMOCTOSITEILHON PabOThI 10 AUCIUIUINHE "Du3nka" co-
CTOUT B ((OPMUPOBAHUU Y CTYICHTOB COBPEMEHHOI'O €CTECTBEHHOHAYYHOTO MUPOBO3-
3pE€HUs, PACIIMPEHUN UX HAYYHO-TEXHUYECKOTO KPyro3opa, pa3BUTUH HAYYHOTO
MBIIIJICHUSI 1 YMEHUS BBIICIIATh KOHKPETHOE (PU3NUYECKOE COIepKaHKE B IPUKJIIAI-
HBIX 3a/1a4ax y4eOHOM 1 MpodheCCUOHATBHOM IeATETbHOCTH.

B xome BeINOTHEHNS caMOCTOSTENbHOM paboThl o nucHuruinHe "duznuka"
yKa3aHHas [eJIb PeaaTnu3yeTCs IPU PEIICHUH CICAYIOIINX 3a/1a4:

- OBJIQJICHUE METOJIaMH PEIICHUS TPAKTUUECKUX 3a/1a4, OCHOBAHHBIX Ha TPUMEHEHUU
METOJI0B BEKTOPHOM allreOphl U MAaTEMaTHYSCKOTO aHAIN3a;

- OBJIQJICHUE OCHOBOTIOJIATAOIIUMY MOHATUAMU, 3aKOHAMH M TEOPHUSMH KJIacCHUYe-
CKOM U COBPEMEHHOU (PU3UKHU;

- MpUOOPETEHNE YMEHHS CAMOCTOSITEILHOTO BBIJICJIEHUS] KOHKPETHOTO (PU3UYECKOTO
COAEPKaHUS B MPAKTUYECKUX 3a7a4aX U MPUMEHCHUSI MATEMATUYECKUX MOAEIEH JJIs
MX aHAJIN3a U PEIICHUS,

— co3nanue PyHIaMeHTaaIbHON 0a3bl IS JATBHEHIIIEro U3y4eHus O0IETEXHUYECKUX
Y CTIENUAJIBHBIX TUCUUIUIMH U JJ1s1 YCIEIIHOW MOCHEAYIOIIEeH NeITeTbHOCTH B Kaye-
CTBE JAUIIJIOMUPOBAHHBIX CIECIUATUCTOB.

I1. ConeprkaHue caMOCTOSTEALHON PabOTHI IO aucIuIInHe "du3uka”.

Ha BeimonmHeHne caMoCcTOsSTENHbHOM paO0OThl OTBOUTCS 3aJaHHOE YI€OHBIM I1J1a-
HOM U pabouel MporpaMMOi KOJIMYECTBO YaCOB CAMOCTOSITEIBHBIX 3aHSATUH CTyACHTA.
MeponpusaTus 0 caMOCTOSATEIIbHOW paboTe BBHIMOJHICTCS B TCUCHHE BTOPOTO M Tpe-
THETO CEMECTPOB M OTYETHI [0 HUM JOJDKHBI OBITh IIPEACTABIICHBI ISl IIPOBEPKHU IIpe-
M0JIaBaTeNI0 B HA3HAUYCHHBINH UM CPOK.

B kauecTBe 371€MEHTOB CaMOCTOSITEIbBHON BHEAYyAUTOPHOU PaOOTHI CTYJIEHTHI
HamnpasyieHus moAroroBku 08.03.01 Cmpoumensvcmeo BHIONHSIOT CICAYIOIINE BUJIBI
pabor:

- U3YYarOT TeMbI JUCITUILINHBI, BRBIHECEHHBIE HA CAMOCTOSTEIIBHYIO paboTy B CO-
OTBETCTBHH C TI0/ipazaesioM 4.6 paboyeit mporpaMmsl;




- BBIMOJIHSIOT [1Ba IOMAIIHUX 33/1aHUs B KQXKJIOM CEMECTpe 00yUeHUsI U TOTOBST
OTYET O PELICHUH 337a4, BXOISIINUX B UX COCTaB.

Kpowme toro ctyneHntsl

- OCYILECTBIISIIOT MOATOTOBKY K JIBYyM KOHTPOJIBHBIM paboTaM MO JUCUUILIMHE
"®u3nka" B TEUEHHE KaXKI0I0 ceMecTpa 00ydeHus;

- IPOBOJAT 00pPabOTKY pe3yJIbTaTOB U3MEPEHUIN U TOTOBAT OTUYETHI IO BBINOJ-
HEHUIO IIECTH JIA0OPATOPHBIX padOT B TEUCHUE KaXI0T0 ceMecTpa 00yUueHus;

- U3Y4aloT YYEOHYIO JTUTEPATypy JIs NOJATOTOBKHU K 3aIIUTE BBITOJHEHHBIX JIa-
OopaTopHBIX padoT.

CaMmocTosTenbHast paboTa BBIINOIHAETCS C MPUBJICYEHUEM BO3MOKHBIX HUH(OP-
MAaIMOHHBIX BO3MOXHOCTeN (6ubmmoreka Tynl'V, anekTpoHHbIE cpencTBa HHPOpMa-

IIUM U IPYTOEC).

I1l. MeToiMKa BEITIOJIHEHHUS CAMOCTOSITEIbHOM paOOTEHL.

OT4eTsl O TOMANTHUM 33JJaHUSIM BBITIOJHSIOT Ha JIHcTax popmara A4.

OO0s3aTeIBHBIM 3JIEMEHTOM O(OPMIICHUS OTYETA O BHIITOJHEHHOM JIOMAIlHEM
3aJIaHUU SIBJIETCS TUTYJIbHBIA JUCT, 00pazel] kotoporo npuseneH B [Ipunoxenun 1
JTAHHBIX METOJUYECKUX YKA3aHUMU.

OOGpa3ibl 3ajaHU 1J1s BBITIOJIHEHUS TJOMAITHUX 3aIaHUM 110 CaMOCTOSATEIIbHOM
pabote npuBeeHbl B [Ipunoxenun 2.

[IpuBenecHHBIE B OTUETE PEIICHUS 3a/1a4 JOJKHBI COOTBETCTBOBATH HOMEPY Ba-
pHUaHTa 3aJlaHus, BBIJIAHHOTO IIpernogaBaTesieM JaHHOMY CTYACHTY. B TpoTUBHOM City-
Jae 3a MPeJI0KEHHBIN K cJlaue MaTeprajl HauuCICHUs 0aIoB HE TTPOU3BOIUTCS.

Pemrennst OKHBI COMPOBOXKIATHCS TOSICHEHUSIMU, B KOTOPBIX 0OOCHOBBIBA-
€TCsI BBIOOP METOJ1a PeIIeHHUsI, €0 JIOTHYECKAs TOCIIeI0BATEIIHHOCTD.

OTBeT moy4aroT B 00IIEM M YHUCIACHHOM BHUE. YHCIIOBOM OTBET JOJKEH OBITH
npeacrasieH B equauiax CU ¢ TOUHOCTBIO, YKa3aHHOW B YCIIOBUH, WM C TOYHOCTBIO
JI0 TpeX 3HavaImx uudp.

TekcT oTueTa MO CaMOCTOSITENBHONM pabOTE HE JTOJKEH COJiepKaTh rpaMMaTH-
YeCKHUX OIMOOK, U JIOJKEH OBITh TPAMOTHO OTPEAaKTUPOBAH IO BBIIICTPUBEIEHHBIM
MpaBUIaM.
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[Tpunoxenue 2

IMPUMEPBHI BAPHAHTOB JJOMAITHUX 3AJTAHUN
Bropoii cemecTp
Jlomawnnan paooma Nel
1. /IBa MayieHbKMX MacCHBHBIX IIAPHKA 3aKPETIJICHbI Ha KOHIIAX HEBECOMOTo cTepkHe JuinHbI d. Crep-
YKEHb MOYKET BPALaThCsl B TOPU30HTAILHON IJIOCKOCTH BOKPYT BEPTUKAJILHOM OCH, ITPO- l(:?j
xondiel yepes cepeauny crepxkHs. CTepkeHb paCKpYTHIIM A0 YITIOBOM CKOPOCTH (1.
[Ton neficTBUEeM TpEeHUS CTEPKEHb OCTAHOBHIICS, ITPU ATOM BhIACIMIOCH Terio Q. Ka- @ T >
KO€ TEIJIO BBIJACIIUTCS NP OCTAHOBKE CTEPKHS, PACKPYUEHHOTI'O J0 YIJIOBOM CKOPOCTH
02 =3m1?

1)Qz=%Q1 2)Q=3Q1 3)Q:=9Q; 4)Qz=%Q1

2. JIBa HEBECOMBIX CTEPKHSI JUIMHBI b cOeTMHEHBI o1 yriioM o = 180° u Bparmarores

0e3 TpeHusi B TOPU30HTAIBLHOM TIIOCKOCTH BOKPYT BepTHKaNIbHOU ocu O ¢ yrioBoi
CKOpOCTBIO . Ha KOHIIE OTHOTO M3 CTEPKHEHN NMPUKPEIIEH OYEHb MAJICHBKUN Mac- b
CUBHBIN mIapuK. B HEKOTOPBI MOMEHT YTOJI MEXKIY CTEP>KHSMU CaMOIPOU3BOIBHO
ymenbmics 10 o2 = 120°. C kakoil yIoBOM CKOPOCTBIO CTaja BpallaTbCsl Takas (DCO
cucrema?

1)§w ) 2o 32 4)%03 5)

—=
J3 3

t . N
3. MoONIHOCTh MalIMHBI 3aBUCUT OT BPEMCHHU 110 3aKOHY N = A—. Haiitu pa60Ty, MMPOU3BCACHHYIO
T

Ao

25

MAaIIMHOM 3a MpoMexXyTok BpemeHn 0 <t <1 c,eciu t1=1c.4=1 BT
4. Hwmnanp ¢ maccoit m=0,1kr u ¢ paguycom R=0,5m B HauanbHbIII MOMEHT BpemeHHu t =0

Bpalllajcs BOKPYT OCH CUMMETPHUH, U ero kuHeTnueckas sHeprust 800 J[>x Obuia sHep-

THEN BpaIaTeIbHOIO ABMKEHUA. [[MIMHADP ONMyCTHIIM HAa TOPU30HTAIBHYIO ITOBEPX-

HOCTb, U IO IEHCTBHEM CHIIBI TPEHUS, KOTopas coepiunia padoty 200 Jx, nniusHap

CTaJl KATUTHCS 6e3 npockaib3biBaHus. KuHeTnueckas sHeprus ero nocTynareJibHOro ABM)KEHUS IPU

3TOM CTajla paBHA:

a) 300 x  ©)400 Ix  B) 500 Ix  r)600 dx

S. JIBa OIMHAKOBBIX IMCKAa MAacChl m W paanyca R TOJOXWIN Ha OIHY IUIOCKOCTh U IIPUBAPUIIA B

() OIHOI TouKe. 3aTeM MOJYYHBIIYIOCS QUTYPY ITOABECUIN Ha TOPHU30HTAIIBHON OCH, TIEPIICH-

JTUKYIJISIPHOH MI0CcKOCTH GUTYpHI U mpoxosiieit uepe3 Touky O. Touka O 1 HEHTpBI Mace
JIBYX JIUCKOB JIeXKaT Ha OHOM npsMoil. HaliquTe HUKINYECKy 0 4acTOTy MaJjbIX KosueOaHui
durypsl Bokpyr Touku O. TpenueM B ocu npenedpeus. Hpuusats g = 10 M/c>. m =1 k5, R =
I m.

6. Manenpkuii MIACTHWIIMHOBBIA IIAPUK MACChl 711 JBHKETCS TOPU3OHTAIBHO CO

CKOpOCTBIO v, . [To1 yIyIoM oL K HanpaBIEHHUIO €0 ABMKEHHS JIETUT BTOPOH MapuK

MacCChI m2 CO CKOPOCTHLIO ‘\7‘2 " CTAJIKUBACTCA C ICPBbLIM. H_[apI/IKI/I CIIMITAKOTCA U

JBYDKYTCS TTOJT YIJIOM [3 K IEpBOHAYAIbHOMY HalpaBlI€HHIO ABHKEHUS BTOPOTO I11a-
puka. Haligure tgf. m = 2xr, m, = 3 k1, v; = 4 M/c, v, = 5 Mm/c, a = 60°

a) 0,165; 6)0,365; B)0,565; 71)0,765; 1) 0,965 YO
7. ToHKMI OHOPOAHBINA TUCK MAcChl m U paaryca R MOXET BpalarbCs B BEPTUKAIb-
HOM IJIOCKOCTU BOKPYI TOPHU30HTAIBHOM OCH, Mpoxoxdiei yepes ero kpait O. Ilox
YIJIOM 0L K TOPU30HTAJIH B INIOCKOCTH BPAILLIEHUS IUCKA ABM)KETCS MAJICHBKUM IIACTH- -
JIMHOBBIN MIAPHK TAKOM K€ MacChl m €O CKopocThio Vv . Lllapuk nmpuimnaer K HUKHEH mo);
TOYKE BHUCALLIETO HEMOABMKHO AKCKa. HaliTh yImoByr0 CKOpOCTh BpallleHHUs] CUCTEMBbI

nocne ynapa. m =2 kr, R=3 M, v =4 m/c, a = 30°.



a)l42c!; 6)1,22¢!; 8)082c!; 10,62¢!; m)042c;

8. ToHKUI OJHOPOAHBIN CTEPKEHb MACCHl 7 U JUIMHBI [ MOXKET Bpallarbcs B BepTu- 21

KaJIbHOM TNIOCKOCTH BOKPYT TOPU30HTAIbHON OCH, IPOXOAAIIEH Yepe3 KOHELl CTEPKHS

O. CrepXeHb MPUBOIAT B TOPH3OHTAILHOE TMOJOKEHUE W OTIYCKAIOT 0€3 TONUKa.

Haiinure ymioByro CKOPOCTb CTEPKHS B MOMEHT ITPOXOKICHHS UM TI0JI0KEHHSI PaBHO-

Becusi. ConpoTHBICHHEM BO3yXa npenedpeus. m =2 kr, [ =3 M, g = 10 m/c.

a)3,16¢c; 6)4,16¢c!; B)S16¢c!; 16,16 1)7,16c!

9. I'py3uk Maccoil m TPUKPEIUIEH K MPYKUHE )KECTKOCTU Kk U COBEpIIACT HE3aTyXaloIHe rapMo-

HUYECKHE Kosle0aHUs B TOPU30HTAIBHOM IJIOCKOCTU C aMIUIUTY0M A. B HayalbHBI MOMEHT Ipy-

3UK HaXOAWJICS B KpailHEM IOJIOKEHUU. 3a KAaKO€ BPEMS OH IPOMAET IyTh, paBHBIN [TOJIOBUHE aM-

mwutynbl? m =1k, k=1H/M; A =1 cm.

10. HeBecomast py>KMHKa >KECTKOCTH K OJHUM KOHIIOM IPUKpPEIICHa K CTeHE, a IPYTUM — K OpYCKy
—=  MAaccChl /m, JIeXallleMy Ha TOPU30HTAJIBHOM IMOBEPXHOCTH. B1ob moBepxHOCTH

W Ha OpyCOK JeicTByeT rapmMonunyeckas cuina F =F, COS(O)t) . Haiinnre ammin-
m

: ,  Tyy BBIHY>KJICHHBIX KosiebaHuil Opycka. [luccunaruBHble CHIIBI B CUCTEME OT-
cyTcTBYIOT. COOCTBEHHBIMU KOJI€OaHUAMU ITPEHEOPEYD.
F,=1H,m=1kpk=1HM o=2c".

Homawnan paooma No2
4.1. Kax u3mMeHHTCSl 00beM rasa, iy yBeJIMIUTh €To JaBlieHHe B 2 pa3a B TAKOM IIpoLecce, PU
KOTOPOM COOTHOILICHUEC MCKAY HaBJICHUEM U TeMnepaTypoﬁ rasa p3-|- =const :

a) He UBMEHUTCS; 0) yBesnnuuTcs B 4 pasa; B) YMEHbIIUTCS B 4 pasa;
r) yBenuuutcs B 16 pas; 1) yMeHbIIUTCs B 16 paz?

4.2. T'a3 pacmmpen n3zobapuuecku oT 00béMa V1 10 00bEMa V2 Tak, 4TO TeMIeparypa mpHu STOM
Bo3pocina Ha AT . Kakoii Oblia nepBoHavanbpHas TemnepaTrypa raza 71:

2T = VAT 6) T - VAT . BT = (V,-V,)AT T = (V,=V,)AT |

V2 _Vl V2 _Vl V1 V2
4.3. TlepBoHavyasbHO ra3 UMeN IaBieHUE p1 1 00BEM V1. HekoTopsIii poriecc mpuBOAMT ATOT Ta3
B COCTOSIHUE C JAaBICHUEM p2 = p1/2 U ¢ 00béMoM V2 = 2V1. Kak u3mMeHseTcst BHyTPEHHSISI SHEPIHsl
rasa IpH 3TOM TpoIIecce:
a)AU>0; 6)AU<0; B)AU=07?
4.4. MomnspHas TETIOEMKOCTh H300apHOTO MPOIIECCa, COBEPIIAEMOTr0 HEKOTOPBIM T'a30M paBHA
C, =2,5R, rue R — ynusepcanbHas ra3oas nocrosiaasi. Takoi ras Oyzer:

a) YIJIEKUCIIBIM Ta30M; 0) KUCIOPOJOM; B) BOJSHBIM ITAPOM; I') TEJIUEM.

4.5. Ha pucyHke peCcTaBJIeH MPsIMOU ITUKJI TETIOBOW MAIIMHBI B KoopAuHatax T —S,rae T —
TEPMOJMHAMHYECKAs TEMIIEPAaTypa, S — IHTPOMHS. YKAKUTE YUaCTKHU, HA KOTOPBIX TETIO MOCTY-
maeT B paboyee TeJI0 MAIIMHBI OT HAarpeBaTele, U y4acTKH, T TETUIO OTAAaETCS XOJIOAMIbHUKY:
a) 12,23,34 —nocrynaer; 41 — ormaéres 0) 12 —mocrymaer; 34 — orgaéres

B) 12,23 —mocrynaer; 34, 41 —otnaéres

r) 34,41 —nocrymaer; 12,23 — otnaércs

4.6. Ha pucyHke npeacTaBiieH rpaduk pacipeIeICHAs MOJICKYJ HJleab- f,(v)

HOTO Ta3a o BeJIMYMHAM CKopocTeil (pacnpenenenne Makcemna). [1o-
1a/1h 3aIITPUXOBAHHOMN Ha rpaduKe TOJOCKU paBHA!

a) YHMCITy MOJIEKYJ ra3a co CKOpOCTsMHU oT vV 10 v+dv B enuHmIEe 00B-
éma v
0) BEPOATHOCTH TOTO, YTO MOJIEKYJIBI UMEIOT CKOPOCTH OT vV 10 V+dv 0 Vo

B) YHCJIy MOJIEKYJI Ta3a B €IMHUIE 00bEMA CO CKOPOCTAMHU, MEHBLIMMH V)

) BEPOATHOCTH TOTO, YTO MOJIEKYJIbI UMEIOT CKOPOCTH, MEHBLINE YEM V



4.7. B dopmyne pacupenencuns bonsumana dn=const-exp(—U/KT)dV sennauna dn sto

YHCIIO MOJIEKYJ:
a) B 00bEéMe dV, B KOTOPOM BEJIMYHMHA MMOTEHIMATBHOW SHEPIHH MOJIEKYJIbl paBHa U;
0) ¢ BenMunHOW NoTeHIuanbHo# sueprun ot U mo U+dU;

B) C DHEPIHUEH OT IEkT 10 IEk (T+dT); I) B €MHHUIIE 00bEMA.

4.8. WneanbHbIi ra3 coBepiaet mporece, Npu KOTOPOM BEJTMUHHA CPEIHEH UTUHBI CBOOOHOTO
npoOera ero MOJISKyJ1 He U3MEHSETCsl. Y paBHEHUE TaKOTO TPOLiecca MMEEeT BUJL:

const const const
a) p=const-T; 0) p= = ; B) p= v ; )T = v ; JI) Apyroe ypaBHCHHE.

4.9. KosdpounmeHt 1uHaMHUYECKON BA3KOCTH Tra30B 1 3aBHCHUT OT TeMIIEpaTypsl ra3a I Kak:
a)n~T; 0) nwx/'IT; B) 1 He3aBucut or 7, T) n~1/T; n) nwl/\/'F.

4.10. VYxaxure GOpMyITy JUIsl BRIYMCICHUS MPUPAIICHUS SHTPOIINH UACATHHOTO ra3a Mpyu u3o0ap-
HOM TIpo1iecce:

a)IdTU; 6)I(dU+pdV); B)J.Vc_l_i; r)J’pdV.

Tperui cemecTp

Jomawnnn paboma Nel
HaHpH)KeHHOCTB QJICKTPOCTATHYCCKOI'O 10 3a1acTCs (1)0pMy.]'IOfI

1.

E=1i-Asin ( BX) + T-C eXp(—Dy). Ucnonwiyst Teopemy [aycca B auddepenuunansHoii dopme,
HalauTe 0OBEMHYIO TUIOTHOCTH 3aps/ia B TOUKE P(XO, yo). A=2 B/M, B=2 pan/m, C=3 B/m,
D=4 v, Xg=2 M, Yy=2 M.

a) 63 nKn/m®; 6) —43 nKn/m*;  B) 43 nKn/m?; 1) 23 nKn/m?; 1) — 23 nKn/m>.

2. DieKTpUYEeCcKoe IoJie CO3/1aHO TOYEUHBIMU 3apsiaaMu q1 U qz2. Eciu q1 = —q, q2 = +q, a paccrosHue
MEX]Ty 3apsSAaMHe U OT g2 10 Touku C paBHO @, TO BEKTOP HAMIPSHKEHHOCTH MO ¢4 4, L4

B Touke C OPHEHTHPOBAH B HAIIPABJICHUH ... @T®—a"§g'3
a)1; 6)2; B)3; r)4; n)pasen 0 4
3. Jlana cucreMa TOYEUHBIX 3aps/IOB B BAKYyME M 3aMKHYTHIE IOBEPXHOCTH S1,
S> u S;3. [ToTok BekTOpa HAMPSHKEHHOCTH 3JEKTPOCTATHUECKOTO MOl paBeH

HYJIIO 9epes ...
a) S;; 6) S,; B) S,; r)SiuSs3; 1) HET TaKoH MOBEPXHOCTH

/‘_‘\

4. Ha pUCYHKE MOKA3aHbl | /// TN N SKBUNOTCHIIMAIbHbBIC

JIMHUM CUCTEMBI 3apsI0B U 3HAUYCHUS MOTEHIIMAIa HA HUX. | e L}’% Bekrop
VN3 rl

HAalpsHKEHHOCTH  DJIEKTPUYECKOTO TMMOJs B TOYKe A ‘I) R OpPHEHTUPOBAH B

HaIlpaBJICHUM...

a)l; 6)2; B)3; )4

S. JIBa OMHOPOAHBIX LWJIMHIPA OAUHAKOBOM JUIMHBI, HO Pa3HOIO CEYEHUs U3 OAUHa-
KOBOTO MaTepHaia MOAKIFYEHBI TapaJluIeIbHO K UICTOYHHUKY TTOCTOSSHHOTO HaIlpsiKe-
HUA. UTO MOXKHO CKa3aTb O COOTHOLIEHHHM MEXKIY BEIMYMHAMHU HaAIPSHKEHHOCTEU
AIIEKTPUYECKOT0 MOJs B LUINHApPE A U B umiuHape B?

a) E,=E; 0) E,>Eg B) 4 20 p 30 E.<Eg

r) MHWcxoms wu3 pucyHka, Hemp3s cKasath ~ ° L |2 L =

onpenenenno. Hano 3uats Tounoe coornomenne P;=3 B (Pfl B MEXIY
JUIMHOW M IJIOIIABIO [IWJIMH]IPA.

6. B HEexoTOpo# 3aMKHYTOM LIETH CYIIECTBYET y4aCTOK, COCTOSAIIUN U3 IByX PE3UCTOPOB, COSANHEH-
HBIX I0CJIEN0BAaTeNbHO. B Toukax coennHeHus pe3uctopoB A n C U3BECTHBI NOTEHIUANBI ¢, U @,




(cm. puc.). Ha yuactke AB BwizensieTcst TeniaoBasi MOIIHOCTh, PaBHA. ..
a) 4,5 Bt 0) 2 Bt B) 8§ BT r) 0,32 Bt

&1 ke 7. B snexTpuueckoil cxeme, NoKa3aHHOM Ha pucyHKke, R, =R, =100wm, ¢, =10
. 821*_‘ &, B, &, =20B. BHyTpeHnHue conpoTuBieHNsI HCTOYHUKOB TOKa paBHBI Hyo. Ka-
& Ra koBa BenmunHa JJIC UCTOYHMKA TOKA €,, €CIM 4epe3 pe3ucTtop R, mporekaer

— ToKk 0,5 A cripaBa HajieBO?

a)25B 06)I0B B)5B 1)15B

8. Ilo npoBony conpoTuBineHHeM R, TeYeT mepeMeHHbIN dIeKTpUIeCKUi TOK. CHjla TOKa M3MEHSAETCS
1o 3akony | = At®. Uemy paBHO KOIMUECTBO TEIIOTHI, BHIACIMBLIEHCS B IPOBOJIE 32 BpeMs 4?7 A=4
Alc®, R =40Mm t =1c

a) 1,76 IIx; 6) 3,76 [Ix; B) 5,76 IIx; 1) 7,76 x; n)9,76 JIx.

9. MaruuTHOE 1oJie CO3/IaHO ABYMS JUTMHHBIMH MapauIeIbHBIMU MPOBOJHUKAMH ¢ Tokamu [ u Iy,

PacroNIoKeHHBIMH MEPIEHIUKYISPHO MIIOCKOCTH uepTexka. Eciu L= 1, . Ti I,
3 ® ®

21}, TO BeKTOp B WHIyKIMM pe3yasTHPYIONIEro Mmojs B TouKe A Hampas-
JIEH ...

a)l; 6)2; 8)3; r)4; nB=0
10 HpOTOH BJICTACT B 06J18.CTB HpOCTpaHCTBa C BHCKTpH‘ICCKI/IM N MAaroHuTHBIM ITIOJIAMU. BCKTOp HH-
,I[YKI_II/II/I MATrHUTHOTIO IT10JIA B Har[paBneH BAOJIb OCH OZ, a BCKTOp HanmeeH—

HOCTH BIIEKTPHYECKOTO Mojs E - mporus ocu OZ. B KakoM HanpaBlIeHHN MO-
JKET JIETETh NPOTOH, ABUTASICh PABHO3aMeIVIEHHO U MPSAMOINHENHO?

a) [Ipu Takom HampaBJICHUH MOJIEH HE MOXKET JIBUTATHCS MPSIMOJIMHEHHO

0) [Ipotus ocu OY B) Bronb ocu OZ 1) [IpotuB ocu OX

1) Brnons ocu OY

Jomawnsan paooma N2

1. Ha qudpakuuonnyto pemeTky najaaer oenblii ceet. Ha skpane, pacnonaokeHHOM 3a Au(paKIuoH-
HOM peleTkoi (BpIOEpHUTe MPAaBUIILHOE YTBEPKICHNUE):

a) HaOMroZlaeTesl CIUIONIHAS paly>KHas rmojioca 6e3 pa3pbIBOB

0) HabMOal0TCA OTAENIbHBIE PAIyKHbIE IOJOCKH, IPUYEM HX IIMPHUHA YBEIUYUBACTCS C yAaIEHUEM
OT IIeHTpa UHTep(EPEHINOHHON KapTHHBI, 2 HA HEKOTOPOM YAAJICHUH OT IIEHTPA MOJIOCKH MEPEKPhI-
BaIOTCSI

B) HaOMIOMAIOTCA OT/IENbHbIE PATyKHbIE OJOCKH, IPHUYEM UX IIMPHHA YMEHbIIAETCS C yAaJCHUEM
OT IIeHTpa HHTep(HEePEHITNOHHONW KapTUHBI

I') HaOIMIONAIOTCS OTAEIbHBIE O€Jble JMHUU, COOTBETCTBYIOIIME YCIOBHSM HHTEP(EPEHIIMOHHBIX
MaKCHMYyMOB

2. Ha nonspusarop nagaer /ia Jy4a €eCT€CTBEHHOI'O CBETa C HHTeHCUBHOCTAMU |, 1 |, . [IpuemMHuk

CBETa, HAXOAALIUICS 3a MOJIIPU3aTOPOM, PETUCTPUPYET HHTEHCUBHOCTD |, mpomenmero ceera. Ka-
KyI0 MHTEHCHUBHOCTH |, 3aperucTpupyer NpUEMHHUK, €CJIH IIJIOCKOCTh MOJISIpU3aTOpa IOBEPHYTh HA
45°7

2 1

a) l,=1, 0) 1, =7|1 B) |, =E|l I) He XBaTaeT JaHHBIX

3. benblil CcBET MalaeT HOPMAJIBHO Ha INIOCKYIO IIPErpaLy ¢ OTBEPCTUEM. 32 Ipe-
rpajoii Ha yJaajneHuu | ycTaHOBJICH mapajuleibHbIl SKpaH. B neHTpe sxkpana O - cset
u3-3a TU(PaKINU CBETa Ha OTBEPCTHH HAOMIOAAETCS MAKCUMYM OCBEIIEHHOCTH —= ¢ | o
rosiyooro cBeTa. OKpaH HauMHAIOT IPUJBUTATh K Iperpane. L{Ber niaTHa B neH- —=
Tpe KpaHa MOXKET MEHATHCA TaK:

nperpaga 3KpaH



a) CUHUU CMEHSIETCS JKEIThIM

0) 3eneHbIl CMEHSETCS] KPACHBIM

B) COXPaHSETCS TOIy00M

I) IpY MaJIeHIIeM [IEpEMELLIEHUH 3KpaHa B Touke O MOSIBIIAETCS TEMHOE IISATHO

4. I'padviku 3aBUCUMOCTH KUHETUYECKOM YHEPTHH SJIEKTPOHOB, BEIOUTHIX U3 JIByX Me-
TauioB “1” u “2”, OT 4acTOTHI V MagaroImuX (POTOHOB UMEIOT BU, N300paKeHHBIH Ha
pucyHke. BeiOeprte HeBepHOe yTBEPKACHHE:

a) o6a rpaduka JOMKHBI UMETh OJIMHAKOBBINA yToJl HAKJIOHA K OCH V

0) paboTa BbIXO/a NIEKTPOHA U3 MeTaa “1” MeHbIle, 4eM U3 merasuia “2”

B) MO JaHHBIM TpadukaM MOXKHO HAWTH BeJIMYMHY ocTosiHHOM [Tnanka

I') Takoi BUJA TpaMKOB MOTY4aeTCss TOIBKO B TOM CIyd4ae, KOTZa OCBEIIEHHOCTh MeTamia ‘27
0oJIblIIE, YEM OCBEIICHHOCTh MeTaiia “1”

5. Kunetnueckue sHEpruu HEPEIATUBUCTCKUX MIPOTOHA U OL-4ACTHUIIbl OAMHAKOBBL. YemMy paBHO OT-
HOIIICHHE JIJTMHBI BOJIHBI JIe bpoilyst oi-uacTuiibl K JyiMHE BOJHBI J1e bpoitis nmpotona?

a) 2,83 0)2 B) 0,5 r) 1

6. [TapaienpHpli My4YOK MOHOXPOMAaTHYECKOTO CBETA C JUIMHOM BOJIHBI A MaJaeT Ha Y3KYI0 IPOpe3b
B IJIOCKOH Tperpaje, 3a KOTOpOi yCTaHOBIIEH MapaslielbHbIN Mperpaie sKkpaH. Beidbepurte mpaBuiib-

HYIO KapTUHY paclpenesieHusl OCBEIIEHHOCTH | 3KpaHa:
a) I 6) I

CBET

\w&w

N

r s
3 ]
) \\ 1
/ \
Q skpak . / N e ]_ﬂ H L H i H \_ﬂx
L s

nperpaga 0
7. lBa na3epa UCIyCKarOT CBET C pa3HbIMU JiMHaMU BoJH A1=500 HM u A2=600 HM. MomHoOCTh
J1a3epoB (FHEPTHUSI, YHOCUMAas JTa3€PHBIM JIY4OM 3a €IMHUILY BpEMEHH ) OfHaKoBa. JIyd kakoro yiazepa
OKa3bIBaeT OoJblllee AaBJIEHUE MPU MAJCHUH Ha 3epKaio. YToi maJeHus o0OMX JIydei Ha 3epKajo
paseH 0°. Boibepute npaBuiIbHBIN OTBET:

a) O0nbIIIee TaBIeHUE CO3AET JIyY C A

0) OOJbIIIee TaBJICHUE CO3MACT JIYY C A2

B) MpHY yKa3aHHOM yTJIe TIaJIeHHUs JaBlIeHHE CBETa Ha 3epKajio HE CO3/IaeTCs

T') JaBJICHUE JIy4del ¢ A1 ¥ A2 OJJUHAKOBO

8. I'paduku 3aBUCUMOCTH KHHETHUYECKOM SHEPTUU IMEKTPOHOB, BHIOUTHIX U3 IBYX Me-
TauioB “1” u “2”, oT 4acToTHI Vv Maarumx (GOTOHOB UMEIOT BUJI, N300paKeHHBIN Ha
pucyske. Beibepute nmpaBuiIbHOE YTBEPKICHUE:

a) yroJl HakJIoHa 000uX TpaUKOB K OCH V JOJKEH OBITh pa3IuIHBIM

0) yron HakjI0Ha 000X TPaUKOB K OCH V IOJDKEH OBITh OTMHAKOBBIM

B) paboTa BbIXO/Ia JIEKTPOHA U3 MeTallIa ‘2" GoJblie, 9yeM u3 MeTtamia “1”

') OCBEIIEHHOCTh MeTaiia “1”’ GoJblie, 4eM OCBEIICHHOCTh MeTasuia “2”

9. Kunetndeckre YHEpruu HEPEISATUBUCTCKUX MPOTOHA M OL-YaCTHIIBI OJJUHAKOBBI. UeMy paBHO OT-
HOUIIEHHUE JIJTMHBI BOJIHBI /1€ Bpoilyist o.-4acTUlbl K ITTMHE BOJIHBI e bpoiis nmpoToHa?

a) 2,83 0) 2 B) 0,5 r 1l

10. ITapamnensHBIN My4OK CBETA MMaJajl Ha 3€PKaJIbHYIO IUIOCKYIO MOBEPXHOCTH MOA yriioM 60° k
HOpMaJId M TIPOU3BOAUI Ha Hee NaBieHue p. Kakoe naBieHue OyaeT MPOU3BOIUTH TOT KE MyUOK
CBETAa, Majasi HOpMaJbHO Ha 3a4€PHEHHYIO IIOCKYIO TTOBEPXHOCTH?

a)p 06)2p B)4p 1)

10



[Tpunoxenue 3

TEMbI
JJIs1 BBIITIOJIHEHH A CaMOCTOSTSIILHOM pa60TBI IO AMCIOUITIINHE «Du3ukay
Ne HanMeHoBaHMe BUIOB CAMOCTOSATEJIbHOM pa- Tpynoemwkocrs, Metoauyeckue
(B akaneMuye-
n/n 00ThbI MaTepHuaJIbl
CKHX 4Yacax)
QOunas popma 0dyuenus
2-1i cemecmp
1 CamocrodrensHoe u3yueHue TeMsl 4.5: "J[BikeHne Tena ¢ 3 1456
nepeMeHHO# Maccoil. YpaBaenue Memepckoro” T
CamocrodarensHoe uzyueHue TeMsl 4.6: "Heunepruansasle
2 CUCTEMBI OTCUETa U yPaBHEHUS JUHAMHUKHU B HEUHEPIHAJIb- 3 1,4,56
HBIX CHCTeMax orcuera'.
3 CamocTtosaTenbHoe uzydenue Temsl 12.1: "UneansHas HeCKH- 3 1
MaeMasi JKHJIKOCTh. Y paBHEHHE HEPa3pPhIBHOCTHU CTPyH'.
4 CamocTtosTenbHOe u3ydeHnue Temsl 12.2: "CranuuoHapHoe Te- 3 1
YeHHUE KUIKOCTH WIH raza. Y pasHeHnue bepnymn'.
CamocTrosaTenbHOe u3yueHnue Temsl 12.3: "BsskocTs rasa.
5 JuHamugeckuit Ko3(GUIIEHT BI3KOCTU. Bs3Kast KHUIKOCTS. 4 1
Cuia BI3KOTO TPCHHS .
CamocTrosarenbHOe uzydenue Temsl 12.4: "JlamuHapHoe U
6 TypOyJIEeHTHOE TeUCHHE Ta3000pa3HON ITH KUAKOH CPEJIBL. 3 1
Kpurepuii PeitHonbaca'.
7 CamocrodarensHoe uzyueHue Temsl 12.5: "TeueHue BA3KOro 3 1
ra3a WiM KHJIKOCTHU 10 Tpy6e. Popmyina Ilyaszeitns”.
8 CamocTtosTenbHOe uzydeHue Temsl 14.4: "DnekTpocraTuue- 3 248
CKO€ I10JIe Ha TPaHHUIIE JIByX AUNIEKTPUKOB'. "
7 BrimonHenue 1ByX nomamHux 3aaanuii o 10 3amad B Kax- 32 5,10, 11
JIOM U TOJIOTOBKA OTYETOB I10 HUM
Hroro 57
3-11 cemecmp
CamocTrosrenbHoe nzydenue Temsl 17.3 "BekTopbl HanpskeH-
1 HOCTH ¥ MATHUTHOW WHIIKIIMH Ha TPAHHUIIE Pa3iesia MarHeTH- 1 2,4,8
KOB"
2 CamocTrosTrenbHoe uzyuenue Temsl 17.4 "MarautHele cBOM- 2 248
cTBa TBEPABIX Teu. [lna-, mapa- u peppomMarHeTuku' t
3 CamocTrosaTenbHoe u3ydyeHue Temsol 18.4 "SBneHue B3auMHoit 1 249
uHaykiyn. Teopema B3auMHOCTH" Y
4 CamocrostensHoe nzydenue tembl 19.4 "PenakcanimoHHble 5 2
KonebaHus'".
5 CamocTosaTenpbHOe uzydeHnue Temsl 25.4 "JlaBnenue cpera” 1 3
6 BrimonHeHue NByX momamrHux 3aaanuii mo 10 3amaq B Kax- 14 12-15
JIOM 1 TIOJIFOTOBKA OTYETOB 110 HUM
Hroro 21
Bcero 78
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