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HasnadeHne ¥ CpOKHM BBITIOJHEHUS] MEPONPUATHN MO peann3anuu Bcex hopm
CaMOCTOSITEILHON PAOOTHL.
CamocrosiTenbHas padoTa IIIAaHUPYETCS U BBITIOJIHIETCS B COOTBETCTBUU ¢ ['ocyaap-
CTBEHHBIM 00pa30BaTeIbHBIM CTaHAapTOM HarpasieHus noaroroBku 08.03.01 Cmpo-
UmenbCmeo.
CopepskaHue ¥ CMBICIIOBAsi HAITOJIHEHHOCTh, OOBEM M CPOKH BBITIOJIHEHHS] CaMOCTOSI-
TETBHON pabOTHI OMPEIEIAIOTCS YYCOHBIM TUIAHOM B pab0vYrMH MTPOrpaMMaMU OYHOM
dbopmbl oOyuenus mo aucruiuimae "®usnka" HanpaBienus moarotoBku 08.03.01
Cmpoumenvcmeo u npouieit moAroTOBKU: [IpombiuLienHoe u epaxicoanckoe cmpou-
menbemeo,; [Ipouzeoo0cmeo u npumeHenue CmpoumenbHblX Mamepuaios, us0enull u
koHcmpykyutl, Tennoeazocnaboicenue u senmunsayus; Booocnabacenue u 6o0oomse-
OeHue; ['opoockoe cmpoumenbcmeo u Xo35aucmaeo; Asmomoobunvrvle 0opolu.

|. Ilesp 1 3a1a9M BBIMOJHEHHS CAMOCTOSITEIbHON paOOThI 110 AUCIUTUINHE "Du-
3uKa"

I{enb BBIMOJHEHHUS] CAMOCTOSTEILHON paboTHI 10 AucIUILInHE "du3nka" co-
CTOHUT B (GOPMHUPOBAHUH Y CTYICHTOB COBPEMEHHOI'O €CTECTBEHHOHAYYHOTO MHUPOBO3-
3pEeHUs, PACIIMPEHUN UX HAYYHO-TEXHUUYECKOTO KPyro3opa, pa3BUTUH HAYYHOTO
MBIIIUICHUS 1 YMEHHUS BBIICIIATh KOHKPETHOE (DU3NUECKOE COACP)KaHUE B IIPUKIIA]I-
HBIX 3a7a4ax y4eOHOM U MpodeCcCHOHaIbLHON AEATeIbHOCTH.

B xo/e BbINOTHEHUS] CaMOCTOSTENBHOM paboThl o aucturuinHe "duznka"
yKa3aHHasl 11eJ1b peaIn3yeTCs IPU PEIICHUH CIISAYIOIMMNX 3a/1a4:

- OBJIaJICHHE METOIaMU PENICHUs MPAKTUIECKUX 3a7a4, OCHOBAHHBIX HAa MPUMEHEHUHU
METOJI0B BEKTOPHOU alireOphl U MATEMAaTUYECKOTO aHAIN3a;

- OBJIaJICHHE OCHOBOMOJIATAIOIIUMH TTOHSATHUAMU, 3aKOHAMU U TEOPUSAMU KJlacCUue-
CKOW U COBPEMEHHOU (PU3HKHU;

- MPUOOPETEHNE YMEHHS CAaMOCTOSITEIILHOTO BBIJICJICHUSI KOHKPETHOTO (hH3UIECKOTO
coAep KaHUs B MPAKTUYECKUX 3aJla4ax U MPUMEHEHHUSI MaTEMAaTUYECKUX MOJETIEH JJIs
WX aHaJu3a U PEIICHHUS;

— co3nmanue pyHIaMeHTaIbHON 0a3bl IS JAJIbHEHIIIEr0 N3YUSHUS OOIIETEXHUYECKUX
Y CTICIUAJIbHBIX TUCIUIUIMH U JJ1s1 YCICIIHOW MOCIEAYIONIEeH NesTeIbHOCTH B Kade-
CTBE JAUIIJIOMUPOBAHHBIX CHIEIIUAIUCTOB.

Il. Conmepkanue caMoCTOSITENLHON paboThI Mo auciuminae "Pusnka'.

Ha BrITIOTHEHHE CaMOCTOSTETLHON paOOThl OTBOAUTCS 3a/IaHHOE YUEOHBIM I1j1a-
HOM M pabouei mporpaMMoi KOJTUYECTBO YaCOB CAMOCTOSTEIIbHBIX 3aHATUM CTYyICHTA.
MeponpusiTvs o CaMOCTOSATENIbHONU paboTe BHIMOJIHAETCA B TEUCHUE BTOPOTO U Tpe-
ThETO CEMECTPOB M OTUETHI 110 HUM JOJIKHBI OBITH TIPEACTABIIEHBI JJIsl TPOBEPKU TMpe-
MOJaBaTel0 B HA3HAYEHHBIN UM CPOK.

B kadecTBe 271€MEHTOB CaMOCTOSITEIBHOW BHEAYAUTOPHOU PabOTHI CTY/IECHTHI
HarpasiaeHus nmoarotosku 08.03.01 Cmpoumenbcmeo BHIOMHSIOT CIETYIONTNE BUTBI
pabor:

- U3YYarOT TeMbI TUCIUTUINHBI, BEIHECEHHBIE HA CAMOCTOSTEIHHYO padOTy B CO-
OTBETCTBUU C Mofpaznenaom 4.6 paboueit mporpamMmsl;




- BBIMOJIHSIOT JIBa IOMAIIHUX 33/I1aHUS B KQXKIOM CEMeCTpe 00yUeHUs U TOTOBSIT
OTYET O PEIICHUH 3aja4, BXOASIINX B UX COCTaB.

Kpome Toro cTyneHTs

- OCYILECTBIISIIOT MOATOTOBKY K JByM KOHTPOJIbHBIM padoTaM MO AUCIUILUIMHE
"®duszuka" B TEUCHUE KAXKJIOTO ceMecTpa 0O0yUeHUS,

- IPOBOJAT 00PabOTKY pe3yJabTaTOB U3MEPEHUN U TOTOBAT OTUETHI MO BBINOJ-
HEHUIO 1IECTH JTa0OPATOPHBIX PabOT B TEUEHHUE KAXIOr0 ceMecTpa 00ydeHUs;

- U3y4al0T YYEOHYIO JIUTEPaTypy I MOATOTOBKH K 3aIUTE BHIIOJHEHHBIX JIa-
OopaTopHBIX paboT.

CaMocTosTenbHast padoTa BBIMOIHAETCS C MPUBICYCHUEM BO3MOXKHBIX UH()OP-
MaIlMOHHBIX BO3MOXKHOCTeH (Onbnmotreka Tynl'Y, anekTpoHHbIe cpencTBa nHpopma-

IIUU U IPYTOE).

I11. MeToauka BBINOJIHEHUS CAMOCTOSTEILHON PaOOTEI.

OTueTsl O IOMAITHUM 33JJaHUSIM BBITIOJTHSIOT Ha JcTax (popmara A4.

OO0s3aTeIbHBIM 3JIEMEHTOM O(OPMIICHUS OTUYETa O BHIITOJHEHHOM JIOMAIlIHEM
3QJIaHUU SABJIACTCS TUTYJBHBIA JUCT, 00pa3ell kotoporo npuseaeH B [Ipunoxenun 1
JAHHBIX METOAUYCCKUX YKa3aHHM.

OO6pa3ipl 3aaHui 171 BBITIOJIHEHHS JTOMAITHUX 3a/IaHUH 110 CaMOCTOSATEIIBHOM
pabote nmpuBeneHsl B [Ipunoxxenuu 2.

[IpuBeneHHbBIC B OTYETE PEUICHUS 3a/1a49 JOJDKHBI COOTBETCTBOBATh HOMEPY Ba-
pHUaHTa 3a1aHK, BRIJAHHOTO MPETNo1aBaTelieM JaHHOMY CTYIEHTY. B mpoTuBHOM City-
yae 3a MPEITOKCHHBIN K ¢/laue MaTepHuall HAUMCICHHsI 0aIOB HE POW3BOIUTCS.

Pemennss OMKHBI CONPOBOXAATHCS TOSICHCHUSMHU, B KOTOPHIX 0OOCHOBBIBA-
€TCsl BEIOOP METO/Ia PEIICHHUS, €r0 JJOTHYECKasl MOCIEI0BATCILHOCTD.

OTBeT nmosy4yaroT B OOIIEM M YUCIEHHOM BHUEe. YNCIOBOM OTBET JOKEH OBIThH
npeacTaBiieH B eaquHuIax CU ¢ TOYHOCTHIO, yKa3aHHOM B YCJIOBUH, UM C TOYHOCTBIO
JI0 TpeX 3HavaImux uadp.

TekcT oTyeTa Mo caMOCTOATEILHON paboTe He JOJDKEH COoACpKaTh IpaMMaTH-
YECKHUX OIMMOOK, ¥ JOJDKEH OBITh TPAMOTHO OTPEAAKTHPOBAH 110 BBIICTIPUBEACHHBIM
MIpaBUJIaM.




[Tpunoxenue 1
O0pa3sell TUTYIBHOTO JUCTA

MHNHOBPHAYKHN POCCHUN

denepalibHOE TOCYAAPCTBEHHOE OI0KETHOE
00pa30BaTEIBHOE YUPEHKIACHNE BBICLIEIO 00pa3oBaHusl
«TYJIBCK1N T'OCYAAPCTBEHHBIM YHUBEPCUTET»

EcrecTBEeHHOHAY4YHBIM UHCTUTYT
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Jomamnss padora Ne

10 AN CHUIIIINHC

«OU3UKA»
3amanue Ne
BoInosHWI: CTYJEHT TPyIIIbI
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[Ipunoxenue 2

IMPUMEPHI BAPUAHTOB JIOMAIIIHUX 3AJIAHUM
Bropoii cemecTp
Jlomawnnan paooma Nel
1. /IBa MaJIeHbKMX MAaCCUBHBIX IIapHKa 3aKPEIUICHbI Ha KOHIIAX HEBECOMOTro cTepskHe JunHbI d. Ctep-
YKEHb MOXKET BPALLAThCs B TOPU30HTAIBLHON IJIOCKOCTH BOKPYT BEPTUKAIBHOU OCH, ITPO- l(:c‘ij
XOAs1IeN yepe3 cepequny crepkHs. CTepKeHb pacKpyTHIIH 10 YIJIIOBOM CKOPOCTH (1.
[Ton neiicTBUEM TpeHUs CTEPKEHb OCTAHOBUIICS, MPU ATOM BbIAenuIoCh Terio Q. Ka- o D>
KO€ TEIUIO BBIJIECIUTCS MPU OCTAHOBKE CTEPIKHS, PACKPYUYEHHOIO JI0 YIIIOBON CKOPOCTHU
02 =3m1?

1)Q2=%Q1 2)Q=3Q1 3)Q:=9Q, 4)Qz=%Q1

2. JIBa HEBECOMBIX CTEPKHSI JUTMHBI b cOeMHEHBI o1 yIiioM o = 180° i Bpamarorcs
0e3 TpeHusl B TOPU3OHTAIBHOM MJIOCKOCTH BOKPYT BepTHKaJIbHOM ocu O ¢ yrioBoi
CKOpOCTBIO . Ha KOHIIE OHOTO M3 CTEPKHEN NMPUKPEIIEH OYEHb MAJICHbKUM Mac-
CUBHBII IIApUK. B HEKOTOPBII MOMEHT yYTrOJl MEKIY CTEPKHAMH CaMOIIPOU3BOJIBHO
yMmeHbmmics 10 o2 = 120°. C kakoil yIioBOM CKOPOCTBIO CTalla BPAIAThCs TakKas (’)CO
cucrema?
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3. MOIIHOCTh MalIMHBI 3aBUCUT OT BpeMeHu 110 3akoHy N = A—. Haiitu paboTy, mpou3BeAEHHYIO
T

MaluHOM! 3a mpoMexyTok BpeMeHu O<t<1 c,ecimu t=1 c. 4 =1Bt
4. Huwmanaap ¢ maccoit m=0,1kr u ¢ paguycom R=0,5M B HauanbHBII MOMEHT BpemeHHu t =0

Bpalllajcs BOKPYT OCU CUMMETPHUH, U ero kuHetnueckas sHeprust 800 [ Obuia sHep-

THEN BpaIATENbHOIO ABMKEHUA. [[MIMHADP ONMyCTUIIM HAa TOPU30HTAIBHYIO ITOBEPX-

HOCTb, Y TIOJ] IEWCTBUEM CUJIBI TPEHUS, KOTOpas coepimiia padoty 200 JIx, nuauHap

CTaJI KaTUThCS 6e3 IpOCKab3bIBaHUsA. KMHETHYECKas SHEPTHUS €r0 MOCTYNATEIbHOIO0 IBHKEHUS ITPU

9TOM CTaja paBHa:

a) 300 bk 6)400 Ix  B) 500 [k 1) 600 dx

5. JIBa OIMHAKOBBIX AMCKAa MacChl m U paanyca R TOJOXKWIN Ha OHY INIOCKOCTh U MPUBAPUIIH B

() OZIHOM ToYKe. 3aTeM MOIyYHBIUIYIOCS HUTYPY OABECHIIM Ha TOPH3OHTAILHON OCH, MEPIICH-

TUKYISIPHOM MII0CKOCTH GUTypbl U npoxoasieit uepe3 Touky O. Touka O U LeHTpBI Macc
JIBYX JAMCKOB JIKaT Ha OHOM mpsiMoil. HaiiinTe nukiInyeckyro yacToTy MajibIX KojaeOaHHii
¢uryps! Bokpyr Touku O. Tpenuem B ocu npenedpeds. [punsats g = 10 M/c>. m=1kr, R =
I m.

6. Manenpkuii MIACTWJIMHOBBIA IIAPUK MAacChl 711 JBHYKETCS TOPU3OHTAIBHO CO

CKOpOCThIO v, . [Tof yIyiom oL K HanpaBIEHHUIO €0 ABMKEHHS JIETUT BTOPOH MapuK

MAacchl 72 CO CKOPOCTBIO V, M CTankuBaercs ¢ nepsbiM. lllapuku cnumarores u

JBUKYTCS MOJT YIJIOM [3 K IepBOHAYaIbHOMY HaIlPaBJICHUIO IBUYKEHHS BTOPOTO I1a-
puka. Haiigure tgf. m; = 2k, m, = 3 k1, vy, = 4 M/c, v, = 5M/c, o= 60°

a) 0,165; 6)0,365; B)0,565; 71)0,765; 1) 0,965

7. TOHKUI OTHOPOAHBINA TUCK MAcChl m U paauyca R MOXKET BpalarbCsl B BEPTUKAIIb-
HOM INIOCKOCTU BOKPYI' TOPU30HTAIBHOM OCH, Mpoxoasuei yepes ero kpai O. Ilox
YIJIOM 0L K TOPU30HTAJIH B INIOCKOCTH BPAILLIEHUS IACKA ABMKETCS MAJICHBKUH IIACTH-
JIMHOBBIN MIAPHK TAKOM K€ MacChl 7 O CKOpocThio v . Lllapuk nmpuimnaer K HUKHEH
TOYKE BHUCAILErO HEMOABIKHO AHCKA. HaliTh yrmoByro CKOpPOCTB BpallleHHs CUCTEMBbI
nocrne ynapa. m =2 kr, R =3 M, v =4 M/c, o = 30°.




a)l42c¢!; 6)122c¢!; B)082c!; 10,62¢!; m)042ch;

8. ToHKuU OJHOPOAHBIN CTEPKEHb MACCHl 71 U JUIMHBI [ MOXKET BpallaThCcs B BepTu- 7 1

KaJIbHOM IIOCKOCTH BOKPYT TOPU30HTAJIBHOM OCH, IIPOXOJALIEH Yepe3 KOHELl CTEPIKHS

O. CrepxeHb NMPUBOIAT B TOPU3OHTAIBHOE IMOJOKEHHUE U OTIYCKAlOT 0e3 TOIuKa.

Haiinure ynioByro CKOPOCTb CTEPKHSL B MOMEHT IIPOXOXKICHUS UM I1OJI0KEHUS PABHO-

Becusi. ConpoTUBIIEHUEM BO3yxa IpeHeopeub. m =2 k1, /=3 M, g = 10 M/c.

a)3,16¢; 6)4,16¢'; B)S16c¢!; 1)6,16¢"; m)7,16c

9. I'py3uk Maccoil m MNPUKPEIUIEH K MPYKHUHE KECTKOCTU Kk W COBEpIIAET HE3aTyXarolIue rapMo-

HUYECKHE KoeOaHus B TOPU30HTAIBHOM MJIOCKOCTH C aMIUTUTYIIOW A. B HayalbHBI MOMEHT Tpy-

3MK HaXOJUJICS B KpallHEM IOJIO0XKEHUU. 32 KAKOE BpeMs OH IPOUJET MyTh, PABHBIN MTOJIOBUHE aM-

wmtyael? m =1k, k=1H/Mm; 4 =1 cm.

10. HeBecomas npykuHKa )KECTKOCTH kK OTHUM KOHLIOM IPHKpPEIIEHA K CTeHE, a IPYTUM — K OpyCcKy
—-  Maccsl m, JeXalleMy Ha TOPU30HTaIbHOM IOBEPXHOCTHU. B1oibs moBepxHOCTH

W Ha 6pycok aeiicTByer rapmonnueckas cuna F = F cos(ot) . Haitaure ammm-
m

: ,  TYIYy BBIHY)KJEHHBIX KoslebaHuil Opycka. /luccunaTuBHble CHIIBI B CUCTEME OT-
cyTcTBYIOT. COOCTBEHHBIMH KOJICOAHUSIMH ITPEHEOPEUb.

F =1 Hm=1xr,k=1HM o0=2c".

Homawnsan paooma No2
4.1. Kax u3mMeHHTCS 00bEM rasa, ey yBeJIIMYUTh €To JaBlieHHe B 2 pa3a B TAKOM IIpoIecce, pu

KOTOPOM COOTHOIICHHE MEXK/Y JaBJICHUEM M TEMIIEpaTypoi raza p°T = const :

a) He UBMEHUTCS; 0) yBennuuTcs B 4 pasa; B) YMEHbIIUTCS B 4 pasa;
r) yBenuuutcs B 16 pas; 1) yMeHbIIUTCA B 16 pas?

4.2. T'a3 pacmmpen u3zobapuuecku oT 00béMa V1 10 00bEMa V2 Tak, 4TO TeMIeparypa mpu STOM
Bo3pocina Ha AT . Kakoii Obuta nepBoHavanbpHasi Temmneparypa rasa 71:

VAT 6T = V,AT BT (V, -V,)AT T= (V, =V, )AT _
Vz _Vl Vz _Vl V1 Vz

4.3. TlepBoHayaJbHO ra3 UMel AaBieHHE p1 ¥ 00bEM V1. HeKoTopbIil nporece mpuBOAUT 3TOT ra3
B COCTOSIHUE C JAaBJICHHEM p2 = p1/2 U ¢ 00bEMoM V2 = 2V1. Kak u3MeHseTcst BHYTPEHHSISI SHEPTHS
rasa IIpy 3TOM IpoLecce:

a) AU>0; 6) AU<0; B)AU=07?

4.4. MonspHas TeII0EMKOCTh H300apHOT0 MPOLIEcca, COBEPIIAEMOI0 HEKOTOPBIM I'a30M paBHA
C, =2,9R, rue R — ynuBepcanbHas razoBas nocrosunas. Takoi ra3 Gyner:

a) T, =

a) YIJIEKUCIIBIM Ta30M; 0) KUCIIOPOJOM; B) BOJSIHBIM MTApPOM; T') T€ITUEM.

4.5. Ha pucyHke npejcTaBiieH IpsIMON IIUKJI TETJIOBOM MaIlIWHbI B KoopauHatax T —S,rae T —
TEpPMOJIMHAMHUYECKasi TEMIIEpaTypa, S — HTPONHS. YKaKUTE YIaCTKH, Ha KOTOPBIX TETJIO MOCTY-
naeT B pabodee TeJI0 MaIIMHbBI OT HarpeBaTesied, U Y4acTKH, I/1€ TEIUIO OTAAETCS XOMOAUIbHUKY:
a) 12,23,34 —nocrynaer; 41 — ornaéres 0) 12 —mnocrymaer; 34 — otnaéres

B) 12,23 —mocrynaer; 34,41 —otnaéres

r) 34,41 —nocrymaer; 12,23 — otnaércs

4.6. Ha pucyHke nmpencraBiieH rpaduk pacrpeaeeHus] MOJICKYIT H1eab- £ (v)

HOTO rasa o BeJIMYMHAM CKopocTeil (pacnipenenenue Makcsemna). I1no- M
1a/1b 3aIITPUXOBAHHOM Ha rpaduke MoJ0CKHU paBHA:

a) YMCITy MOJIEKYJI Ia3a Co CKOPOCTAMH OT V 10 V+dVv B equuuie 00b-
éma v
0) BEPOATHOCTB TOTO, YTO MOJIEKYJIBI UMEIOT CKOPOCTH OT V 10 V+dv 0 Vo

B) YMCIly MOJIEKYJI I'a3a B €IMHHUIE 00BbEMA CO CKOPOCTAMH, MEHBIIMMHU V

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



4.7. B dopmyne pacnpenencuus bonbumana dn=const-exp(-U/KT)dV ernuuna dn sto

YHCIIO MOJEKYI:
a) B 00bEMe dV, B KOTOPOM BEJIMYKMHA MMOTEHIMATBHOW SHEPIHH MOJIEKYJIbl paBHa U;
0) ¢ BeMMUMHOW NOTeHIMaIbHOM 3Heprun o U 1o U+dU;

B) C DHEPIHUEH OT IEkT 10 IEk (T +dT); I) B eqMHHUIIE 00BbEMA.

4.8. WpneanbHbI ra3 coBepiiaeT MpoLecc, Npu KOTOPOM BEJIMYHUHA CPEeIHEHN ITUHBI CBOOOIHOTO
poOera ero MoJIeKyJl He U3MEHsETCs. Y paBHEHUE TaKoro IIpoLecca UMEeT BUL:

const const const
a) p=const-T; 0) p= T ; B) P= v ; )T = v ; I1) Ipyroe ypaBHEHHE.

4.9. KoshunueHT TuHAMUYIECKOH BA3KOCTH Ta30B 1 3aBUCHT OT TEMIIEpaTyphl ra3a 7' Kak:

a) n~T; 6) n~~T; B)N Hesasucuror I3 1) n~1/T; 1) nwl/\/'IT.

4.10. VYxaxure GOpMyIy U BEIYMCICHUS PUPAIICHUS SHTPOIIMH UACATHHOTO ra3a mpu u3odap-
HOM TIpo1iecce:

o [ 6 Jauspav): w [ 0 B fpov,

Tperui cemecTp

Jlomawnnn paboma Nel
Hamnpsoxkennocts MEKTPOCTATUYECKOTO oJIs 3a/1aeTcs dhopmymon

1.

E=1i-Asin (Bx)+ j-C exp(—Dy). Hcnonbsys teopemy Iaycca B mubdepenunansroii popme,
HaiiiuTe 0OBEMHYIO TUIOTHOCTH 3apsja B TOUKE P(XO, yo). A=2 B/M, B=2 panr/m, C =3 B/m,
D=4 v, Xg=2 M, Yp=2 M.

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

2. DIEeKTpHUUECKOE I0JIE CO3/IaHO TOYEUHBIMHU 3apsiaamMu q1 U qz2. Eciu q1 = —q, q2 = +q, a paccrosgHue
MEXTy 3apsAaMu U OT g2 10 Touku C paBHO a, TO BEKTOP HANPSHDKEHHOCTH OIS ¢ q, ) Tz

B Touke C OPHEHTUPOBAH B HAIPABIICHHH ... o % f -
a)1; 6)2; B)3; r)4; n)pasen 0 4
3. Jlana cucteMa TOYEUHBIX 3apsIIOB B BAKYyM€ H 3aMKHYThIE TIOBEPXHOCTH S1,
S> u Ss. TToTok BeKTOpa HANPSKEHHOCTH AIEKTPOCTATUUYECKOTO MOJs PaBeH

HYJIIO Yepes ...
a) S;; 6) S,; B) S;; r)SiuSs3; 1) HET Takoi NOBEPXHOCTH

1 —~ T T
4. Ha PUCYHKE MOKA3AHBL | 7. —. "N, SKBUIIOTECHIMAIbHbIE
JIMHUH CHCTEMBI 3apA/I0B U 3HAYCHHS MOTCHIMANA HA HUX. | [ 1{ ) | l}’i@ Bexrop
YN ‘<, 4
HANpsOKCHHOCTH  DJIEKTPUYECKOTO MOt B Touke A 0 1h=-" 7 OpUEHTHPOBAH B

—_—

HaIpaBJICHUM...

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

5. JIBa OTHOPOAHBIX LIMJIMHJpA OJIMHAKOBOM JIMHBI, HO Pa3HOTO CEYEHMS U3 OJIUHA-
KOBOI'O MarepHayia MOAKIOYEHbI MTapauIeIbHO K UCTOYHHUKY MTOCTOSTHHOTO HampsixKe-
HUsg. UTO MOXXHO CKa3aThb O COOTHOILIEHUM MEX]Y BEIMYMHAMHU HaNpsHKEHHOCTEU
ANEKTPUYECKOTO OIS B MIIHHPE A U B mutuHape B?

a) E,=E, 0) E,>Eq B) 4 2 0m B 30 En<Eg

r) MHcxons w3 pucyHKa, Henb3s cKkasarb ¢ L —=—L_ |

onpenenenno. Hajno 3uarh Tounoe cootHomenue P;=3 B (P3:1 B MEX LY
JUIMHOW M IJIOIIABIO [IWJIMH]IPA.

6. B HEexkoTOpO# 3aMKHYTOM LIETH CYLIECTBYET YYACTOK, COCTOSLIUN U3 IByX PE3UCTOPOB, COCANHEH-
HBIX [0CJIEeN0BaTenbHO. B Toukax coennHeHus pe3uctopoB A u C U3BECTHBI IOTEHUMAIBl @, U @,




(cm. puc.). Ha yuactke AB BbiaensieTcst TeniaoBasi MOIIHOCTb, PaBHASL...
a) 4,5 Bt 0) 2 Br B) 8§ BT r) 0,32 BT

R . .
&1 . 7. B snexTpuyeckoil cxeme, oKa3aHHOM Ha puCyHKe, R, =R, =100wm, &, =10
. SZE &, B, €, =20B. BHyTpeHnHue conpoTuBiIeHUs HCTOYHUKOB TOKA paBHbI Hym0. Ka-
1
e Ra koBa BenuunHa OJIC UCTOYHMKA TOKA €,, €CIM 4epe3 pe3ucTtop R, mporekaer
3

— Tok 0,5 A cnipaBa HajneBo?
a)25B 0)10B B)5B r1)15B
8. ITo mpoBoy CONPOTHBIIEHHEM R; TeYeT IepEeMEHHBIH 2IEKTpUIECKUi TOK. Crila TOKa M3MEHAETCS
10 3akony | = At®. UeMy paBHO KOJIMYECTBO TEILIOTHI, BHIICIHMBIIEHCS B IPOBOJIE 3 BpEMS t,? A=4
A/t Ri=40mMmt=1c
a) 1,76 IIx; 6) 3,76 IIx; B) 5,76 IIx; 1) 7,76 Ix; 1) 9,76 JIx.
9. MarnuTHOE 1oJie CO3/IaHO ABYMS JUTMHHBIMH MapajuieIbHBIMU MIPOBOJHUKAMH ¢ ToKamu I u I,

PacoIOKEHHBIMU NEPIEHANKYIISIPHO IJIOCKOCTH yepTexka. Eciu L= 1 . Tz I,
21;, To BekTOp B MHAyKIMHM pe3yasTHpYIOMEro Mo B TOUKe A Hampas- © a 14 3 g ®©
JIEH ...

a)l; 6)2; 8)3; 4 x)B=0

10. IIporoHn BiieTaeT B 00JIaCTh IPOCTPAHCTBA C IIEKTPUUECKUM U MarHUTHBIM NOJIsIMU. BexTop uH-
JKIMKM MarHuTHOTO nojisi B Hanpasien Brons ocu OZ, a BEKTOpP HAIPSKEH-

HOCTH JIeKTpHueckoro nonst E - mpotus ocu OZ. B kakoM HanpaBIeHHH MO-
JKET JIETETh MPOTOH, ABUTASICh PABHO3aMeIJIEHHO U MIPSIMOJIMHEINHO?

a) [Ipu Takom HampaBJICHUH MOJIEH HE MOXKET JIBUTATHCS MPSIMOJIIMHEHHO

0) [Ipotus ocu OY B) Bronb ocu OZ r) [Ipotus ocu OX

1) Bnons ocu OY

Homawnan paooma N2

1. Ha qudpakuumonnyio pemeTky najaaer oenslii ceer. Ha skpane, pacnonaokeHHOM 3a Au(paKIoH-
HOM peleTkoi (BpIOepHTe MPaBUIIbHOE YTBEPIKIEHNUE):

a) HaOIroaeTcs CIUIONIHAS paly’KHasl rmojioca 6e3 pa3pbIBOB

0) HabMO1aI0TCS OT/IENbHBIE Ay KHbIE TIOJIOCKH, IPUYEM UX IIMPUHA YBEIIMYUBAETCS C yAAJICHUEM
OT IIeHTpa UHTep(HEPEHIIMOHHON KapTHHBI, 2 HA HEKOTOPOM YAAJICHUH OT LIEHTPA MOJIOCKH MEPEKPhI-
BaIOTCS

B) HaOIIOAIOTCS OT/AEIbHbBIE PAIyKHbIE OJIOCKH, IPHUYEM UX IIMPHHA YMEHBIIAETCS C ylaleHUEM
OT IIeHTpa HHTep(HEePEHITUNOHHONW KapTHHBI

I') HaOJIONAIOTCS OTAENbHbIE O€Jble JMHUU, COOTBETCTBYIOIIME YCIOBHSM HHTEP(EpEeHIIMOHHBIX
MaKCHMYMOB

2. Ha momnsipu3arop majgaet JBa Jiyda €CTECTBEHHOTO CBETa C HHTeHCHBHOCTSIMU |, u |,, . [Ipuemunk

CBETa, HAXOASILIHUICS 32 MOJIIPU3aTOPOM, PETMCTPUPYET HHTEHCUBHOCTH |, mpomenmero ceera. Ka-
KYI0 MHTEHCUBHOCTB |, 3aperucTpupyer NpHUEMHHUK, €CJIH IUIOCKOCTh MOJIAPU3aTOpa MOBEPHYTH Ha
45°?

2 1

a) l,=1, 0) |2:7 1 B) |2=E|l ') HE XBaTaeT JaHHbBIX

3. benblii cBET Malae€T HOPMAJIBHO Ha INIOCKYIO IIPETPaly C OTBEPCTHEM. 3a Ipe-
rpajoii Ha yaajneHuu | ycTaHOBJIEH NapayuienbHbIl 3KpaH. B nieHTpe skpana O cser

—_—
e

u3-3a JUQPAKINKA CBETA HA OTBEPCTHH HAOIIOAAETCSI MAaKCUMYM OCBEIIEHHOCTH —= ¢ | o

—_—

roxyooro cBeta. DKpaH HaYMHAIOT MPUABUraTh K nperpaje. L{Ber narua B neH- —=
Tpe IKpaHa MOXKET MEHATHCA TaK:
a) CUHUU CMEHSETCS JKEIThIM

nperpaga 3KpaH



0) 3eJIeHBIi CMEHAETCS! KPaCHBIM

B) COXpaHsETCs TOIy0oi

I) IpY MaJIeHIIEM NIEpEMELLIEHUH 3KpaHa B Touke O MOSIBISAETCS TEMHOE IISATHO

4. I'padviku 3aBUCUMOCTU KHHETHUUYECKOM SHEPTHH JIEKTPOHOB, BHIOUTHIX U3 IBYX Me-
TajuioB “1” u “2”, OT 4acTOTHI V MajarImuX (HOTOHOB UMEIOT BU, H300paKEHHBIH Ha
pucyHke. BeiOeprute HeBepHOe yTBEpkKICHUE:

a) 00a rpaduka JOMHKHBI UMETh OJIMHAKOBBIN IOl HAKJIOHA K OCH V

0) paboTa BbIXO/Ia TIEKTPOHA U3 MeTalIa ““1” MeHbIle, 4eM 13 mMerasuia “2”

B) MO JaHHBIM TpaduKkaM MOXKHO HAWTH BeIMYMHY nocTosiHHOU [Inanka

I') Takoi BUJA Tpa)MKOB MOTY4aeTCsl TOIBKO B TOM Ciy4ae, KOIZa OCBEIIEHHOCTh MeTaiia “2”
0oJIblIIE, YEM OCBEIICHHOCTh MeTayia “1”

5. Kunetnueckue 3HEpruu HEPEIATUBUCTCKUX IIPOTOHA U OL-4ACTHUIbl OAMHAKOBBL. UemMy paBHO OT-
HOUIEHUE JIJIMHBI BOJHBI J1e Bpoiiyisi oi-4acTullbl K ITTMHE BOJIHBI e bpoiis npoToHna?

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

6. [lapamienbHbli My4OK MOHOXPOMAaTHYECKOIO CBETA C JUIMHOM BOJIHBI A IaJaeT Ha Y3KYIO IIPOpe3b
B IJIOCKOH Iperpaje, 3a KOTOpOi YCTaHOBJIEH MapaielbHbIN mperpajie sKkpaH. Beibepurte mnpaBuiib-

HYI0 KapTUHY pacIIpelesIeHNs OCBEIEHHOCTH | »KpaHa:
a) 1

%

cBeT

“

e ;
7. lBa na3epa UCILyCKarOT CBET C pa3HbIMU jiuHaMu BoJIH A1=500 HM u A2=600 HM. MomHOCTb
Ja3epoB (FHEPTrusl, yHOCUMas JJa3epHBIM JIy4OM 3a €AMHUILY BpeMEHH ) ONHaKoBa. JIyd Kakoro jazepa
OKa3bIBaeT OoJblliee JaBJICHUE MPU MAJCHUH Ha 3€pKaio. YTojl MmaJeHus 00OMX JIydel Ha 3epKayio
paseH 0°. BoeiOepuTe npaBUIbHBINA OTBET:

a) O0nbIIIee TaBJIeHNE CO3AET JIYY C A

0) 60nblIee JaBIEHUE CO3/IACT Y4 C A2

B) MU yKa3aHHOM yTJie TIaJIeHUs JaBlIeHHE CBETa Ha 3epKajio HE CO3/IaeTCs

T') JaBJICHUE JIy4el ¢ A1 U A2 OTUHAKOBO

8. I'paduku 3aBUCUMOCTH KHHETHUECKOM SHEPTUU NEKTPOHOB, BBIOUTHIX U3 IBYX Me-
TayoB “1” u “2”, 0T 4acTOTHI V Mafamux GOTOHOB UMEIOT BU, N300pKCHHBINA Ha
pucyHke. Beibepurte npaBuiibHOE YTBEPKIEHUE:

a) yroJl HakJIoHa 000X IpaUKOB K OCH V JOJKEH OBITh pa3nIHBIM

0) yros HaKJI0Ha 000UX TPa(HUKOB K OCH V JIOJDKEH OBITh OIMHAKOBHIM

B) paboTa BbIXO/Ia AJIEKTPOHA U3 MeTayla “2” Qoibie, 4em u3 metamia “1”

T') OCBEIIEHHOCTh MeTaiia “1” OobIie, 4eM OCBEIIEHHOCTh MeTajuia “2”

9. Kunernueckue 3Hepruy HEPEISATUBUCTCKUX MPOTOHA U OL-4ACTHUI[bI OAMHAKOBBEL. UemMy paBHO OT-
HOIIIEHUE JITTUHBI BOJHBI JIe Bpoiins o-yacTuibl K AnuHe BoIaHBI e bpoitns nmporona?

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

10. ITapannenpHBIA MYYOK CBETA MaJajl HA 3€PKAIBHYIO TUIOCKYIO MOBEPXHOCTH NO1 yriioM 60° k
HOpMaJId ¥ TIPOU3BOAUI Ha Hee JaBieHue p. Kakoe naBieHue OyneT MpOM3BOIUTH TOT KE MYyUYOK
CBeTa, MaJjasi HOPMAJIbHO Ha 3a4€PHEHHYIO MJIOCKYIO TOBEPXHOCTH?

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

10



[Ipunoxenue 3

TEMbI
JJIs1 BBIITIOJIHCHU A CaMOCTOSTSIILHOM pa60TBI IO AU CHUIIIIMHE «Duszukay
Ne HaumeHoBaHUE BHI0B CAMOCTOSITEJILHOM pa- Tpynoemxocts MeTtoanueckue
(B akaeMuue-
n/n 00TBI MaTepHabl
CKHX Yacax)
Ounasn popma odyuenusn
2-11 cemecmp
1 CamocrosaTensHOE U3ydeHune TeMbl 4.5: " J[[BikeHue Tena ¢ 3 1456
nepeMeHHo# Maccoil. YpaBHenue Memepckoro” o
CamocrosarensHOe U3ydeHne TeMbl 4.6: "HenHeprmansHble
2 CHCTEMBI OTCYETA M YPAaBHCHUS JHHAMUKN B HEHHEPIIHAIIb- 3 1,4,5,6
HBIX CHCTeMax oTcyera'.
3 CamocTrosaTrenbHOe uzyduenue Temsl 12.1: "UneanbHas HeCKH- 3 1
MaeMasi JKHJKOCTh. Y paBHECHHE HEPA3PhIBHOCTH CTPyH".
4 CamocTtosTrenbHOoe u3ydeHnue Temsl 12.2: "CranuoHapHoe Te- 3 1
YeHHe KUIKOCTH WK ra3a. Y paBHeHue bepaymm'.
CamocrodrensHoe uzydeHue Temsl 12.3: "BsskocTs rasa.
5 JvHaMu4ecKui K03 HUIMEHT BSI3KOCTH. Bsi3kast »KHUIKOCTb. 4 1
Cuia BA3KOro TpeHus' .
CamocrodarensHoe uzyueHue TeMsl 12.4: "JlamunapHoe u
6 TypOyJeHTHOE TeUCHHE Ta3000pa3HOM WITH KUJIKOHN Cpebl. 3 1
Kpurepuii Peitnonbaca".
7 CamocrodrensHoe n3yueHue Temsl 12.5: "TeueHue BA3KOro 3 1
ra3a WiIH XHUIKOCTH 1o TpyOe. @opmyna [lyaszeinsa”.
8 CamocTrosaTenbHOe u3ydeHnue Temsl 14.4: "OnexkrpocraTuye- 3 248
CKO€ IT0JIC Ha TPAHHUIIE IBYX JAUAICKTPUKOB' . T
7 BrinonHenue 1Byx qoMamiHux 3aaadui no 10 3agau B Kax- 32 5,10, 11
JIOM 1 TIOITOTOBKA OTYETOB 110 HUM
Hroro o7
3-1i cemecmp
CamocrosarensHoe n3ydeHue TeMsl 17.3 "BexTops! HanpsiKeH-
1 HOCTH ¥ MAarHUTHOI MHIYKIIUH Ha TPaHULIE pa3jiesia MarHeTH- 1 2,4,8
KOB"
2 CamocrodrensHoe u3ydeHue TeMsl 17.4 "MarautHsie CBO- 5 248
cTBa TBEPABIX Tel. [na-, mapa- u peppomarneTuxu” T
3 CamocTtosaTenpHOe uzydeHue Temsbl 18.4 "Spnenue B3anMHOM 1 249
uHaykiyn. Teopema B3auMHOCTH" Y
4 CamocrosrenbHoe uzydeHue Tembl 19.4 "PenakcaiioHHbIe 2 2
KoeOaHus .
5 CamocrosrenbHoe uzyuenue temsl 25.4 "Jlapnenue csera” 1 3
6 BrinonHenue 1Byx JoMamiHuX 3aaanui no 10 3agau B Kax- 14 12-15
JIOM U TIOJITOTOBKA OTYETOB 110 HUM
Hroro 21
Bcero 78
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