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* [I/IaHUPOBATh NPOBEJEHUE ONbITOB C LEbIO NIPOBEPKU ClipaBesiu-
BOCTH BBIOPAHHON MOZAENH peaNbHOr0 ABNCHHA;

* YyCTAHARAWBATh NMPUYMHHO-CIeJCTREHHKIE CBA3H MO pe3ynkTaTam
OIMBITOB;

* NPUMEHATD MNOJAYYEHHbIE 3HAHUA NTPH PELIEHUH KOHKPETHBIX 3aaY
MeTofaMu GUINKH;

* HCNOAB30BATh eAUHNLB MeXXAYHAPOAHOH CUCTEMBI eJUHULL B pac-
YeTax;

Heo6xo0umbie SHAHUA

* CYLIHOCTh OCHOBHBIX QU3HYECKHX 3aKOHOB U CMbICT PpUINUECKUX
NOHATHH U BEIUYHH;

* ¢pusnuyeckue cCBOMCTBA OODBEKTOB, ABNAIOLIYECH [IPEAMETOM AaJlb-
Heliero yrny6seHHOro U3ydeHna ob1eTeXHUYeCKUX AUCLUTUIUH,

Boipaxkaro npusHateabHocTb npodeccopy A. . Msauesy (PITIITY),
BHECIlIeMy BeCOMBII BKJIaJZ B COBEpIIIEHCTBOBaHKe pykonucH. Braroaa-
pio Takxe npodeccopa I1. I1. Bo6pora (OMITIY) u gouenra JI. ®. Kanu-
crpatoBy (OMI'TY) 3a mone3Hbie 00CY>KACHUS.

Asmop
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paxkeHnH (5). Jlid 3TOro HY)XHO HaWTH NpUbAVKEHHOE 3HAYEHHE 3TOTO
WHTerpasna no naomazn noj kpueou 12(t) ua guarpamme (cM. puc. 2.15).

B ZaHHOM c/1yyae IJIOLaAb COCTABSET OKOIO 5 KIeTOK; LieHa KJIeTKU
2 MA2-c. BoIYNC/IEHHOE TaKUM 00Pa3oM 3HAYEHHE UHTErpaa paBHO

5Kn-2-10-6A2-c/kn = 10-5 A2-c.

[Mocne yMHOXEHHSA Ha BeNUYHMHY R = 0,69 OM nosy4uM npubaHxeH-
HOe 3HayeHHe KosndecTBa Tennotel Q' = 7 MkJx. Ouenka Q" cornaaa-
€T, KaK U CJIeZlOBaJIo OKUJAaTh, CO 3HaueHUeM Q = 7,3 Mk/lx, HakAeH-
HBEIM 6oslee CTPOTHM CIOCOOOM.

Omeem. a) JneKTpuyecKas IHeprus, npeobpazoBaHHas B TEIUIOTY,
Q = 7,3 Mx[lx; 6) 3apsj, npouleJIINiK Yepe3 NonepeyHoe ceYeHue HUTH,
q = 4 MKn.











































































































































































OHeprus KBaHTa, paccyuTaHHas no popmyne W, , = hc/A, pas-
Ha 31,57 - 10-'? Ik, uro Goabmie paboThl BHIXOAA IJIEKTPOHA U3 Cepe-
6pa. CnegoBaTenbHO, NOA AeHCTBHEM CBeTa C AaHHOMN JAVHON BOJHBI
371eKTPOHbl OyayT mokuzaaTth cepebpsaHbiili wapuk. [TosoxKuTeNbHbINA
3apAz q ¥ COOTBETCTBYIOLWIMNA 3/IeKTPUYECKUI MOTEHIHAN @, APUKA
(puc. 6.2) 6yayT BO3pacrTath.

Puc. 6.2

[ToTenuuan 3NIEKTPHYECKOr0 nojaa 3apaKeHHOro uiapa

(,p':k'—,

~ S

rae ¢ — 3apsaj wapa; r — paccTosgHUe OT LieHTpa wapa (r > R); R — pa-
avyc mapa; k = 9,00 - 107 B-m/K.
HOTEHHH&JI I[TOBEPXHOCTH

P :k'%'

DNIEKTPUYECKOE TOJIE NOAOHCUMENLHO 3APXKEHHOrO Wapa TOPMO3HT
BHIDKIBAEMbIE OMPUYAMENLHO 3apAXKeHHbIe YacTHLBL. C AOCTHXKEHNEM
HEKOTOPOro MaKCUMaJIbBHOTO 3apaja wwapa Q ¥ COOTBETCTBYIOLIEro Mo-
TEHLHaNa Q[ CKOPOCTh BHUIETEBIUMX 3/IEKTPOHOB MO/ ACHCTBUEM KY-
JMIOHORCKOM CHABI yMeHbIaeTca 00 Hy s W OHW BO3BpalllaloTca 06paTHO.
JaneHeiiuree obnyyeHue He yBeIMYMUBAECT 3apAj WIAPUKA U, CeA0Ba-
TeNbHO, ero noreHuuan. MakCUMaJbHBIA NOTEHUHUA MOBEPXHOCTH IA-
pHKa

Q
n =k

YT1o6bl HANTH HUCKOMYIO BETUUUHY Q"™, HCnoab3yeM TeopeMy 06 13-
MEHEHUHM KHHeTH4YecKoil 3Hepruu. COrjacHo 3Toil TeopeMe pabora
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Omeem. MOMeHT HMIyJAbCa JIEKTPOHA B aTOME BOAOPOAa B COCTOA-
HUU 3s paBeH HYJIO, a B cocToAHuU 3p L = 1,48 - 1034 kr-m/c.

IMpumMep 6.9. OnpegentiTh MEKTPOHHYIO KOHPUrypaUMuio aToMa
KPEeMHHS W YUCIO 3/1eKTPoHOB B obonoukax K, L u M.

Peuterue

[MopsaakoBwIli HoOMep 3nemMenTta B Tabmuue [. M. Mengeneena (rnipu-
JioxkeHUe 5) onpeaensieT YUCAO NMPOTOHOB B Ajpe aToMa (YKo noso-
KUTEABHBIX IJIEMEHTAPHBIX 3aPAAOB) U, NOCKOAbKY aTOM 3/NEKTPUYECKHU
HeﬁTpaneH, MOJIHOE YUCIO SNEKTPOHOB B aTOMeE,

Kpemuuii |,Si?8.1 Haxoaurcea B Tabnuie Ha 4eTHIPHAALIATOM MecTe,
cneioBaTeNbHO UMeEeT 14 aneKTpoHOB. COrnacHo NPUHUMNY MUHHUMYMA
JHEPTHUH 3AMOJTHEHHUE DIEKTPOHHBIX obosiouek HaYHHaeTcs ¢ OInUxail-
KX K SAPY, IAe dHeprus 3JieKTpoHa HavMeHbwas. [Ipynuun [Tayau
YTBEDKAAET, YTO He Moxncem Hbimb 60nee 00HO20 INEKMPOHA 8 QAHHOM
cocmoaxuuU, ecau 3mo COCMOAHUC NOAHOCIMbLIO ONUCHIBAEMCA HEMbIDBMA
KeaHmosbMu wucaamu n, I, my,, m,.

Bo3MOXKHBIE 3HaYEHUA KBAHTOBBIX YHCEN:

n=1,2, 3,... — ramasdoe KBaHTOROe YUCIO,
[=0,1,2, .., n-1— opbuTasbHOE KBAHTOBOE YHUC/O;
my=-,...,0, ..., +l — MarHutHoe opbUTaIbHOE KBAHTOROE YUCIIO;

m. = *1/2 — MarHUTHOE CITHHOBOE KBAHTOBOE YHUCHO.

DHepreTUYECKOE COCTOAHUE JICKTPOHA onpefensercsi B OCHOBHOM
[JIaBHREIM KBAaHTOBBIM YHUCIOM . COOTBETCTBEHHO KBAHTOBOMY HUCTY
n =1, 2,3, ... 31eKTPOHbI aTOMa pacrpeAeasaoTcs no ob6onmoukam K, L,
M, ...

Haubonwlniee Yncao 25ieKTPOHOB B 000/I0YKE pAaCCUUTHIBAETCA Kak
2n2, 4TO COCTARMSIET ANS BHyTpeHHel (Ommkaiiei x aapy) K-o6onouku
212 = 2. B cneaywouieii obonouke L coaepxutces 2 - 22 = 8, a B M-060/104Ke
(n = 3) MoxeT HaxoauThesa 2 - 32 = 18 anekTpoHoR. Ha 3Toii BHelliHel
obonouke pacnonaraercs Auilb 4 3MeKTPOHA, NOCKOAbKY B aTOMe KpeM-
HUA UX Bcero 14.

PaccMOTPVIM 3amojTHEHHE NEKTPOHHBIX 000I04EeK B COOTRETCTBUHM
C UX KBAHTOBBIMY YUC/IAMHU.

Ina neppoit K-060n104ku (n = 1) op6UTAIBHOE KBAHTOBOE YHCIIO |,
KOTOpPOE MOXKET UMeTh 3HaueHus oT 0 1o n — 1, npruodpeTaeT eAVHCTREH-
Hoe 3HayeHue [ = 0. IneKkTpoHbl, ob6nagalMe OAHUM U TEeM Ke KBaH-
TOBBIM YUCAOM [, cocTaBasioT noxob6onouky. OyepuaHo, K-060n04uka
COCTOUT W3 OAHOMN NMogoO60A0YKH. EAMHCTREHHO BO3ZMOXHOE MarHMTHOe
opOuTanbHOE YUCIO 3NEKTPOHOB 3TO# 060m0uKy M, = 0 U3 HaGopa ., ...,
0, ..., +1. TakuM 06pa3oM, COCTOAHUA ABYX 3NEKTPOHOB B K-060/10uKe,
onyvchiBaeMble KRAHTORKMM yncaamu: (1;0;0; +1/2)u (1:0; 0; -1/2),
Pas3IMYaIOTCHA TONBKO CIMHOBBIM KBAHTOBBIM YMCJIOM M, , T. €. OpUEHTa-
Uuel cobCTBEHHOrO MEXaHMYECKOro MOMeHTa (CruHa).

O6onouka L (n = 2) copepxuT 8 3/€KTPOHOB B ARYX MoZ060NI0UKaX,
PasIMYaLUXCsl KBAHTOBBIM YHCAOM [, KOTOpPOe B JAHHOM CJiyyae Mo-
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1.12. Teno HaunHaeT ABM>KEHUE C MTOCTOAHHBIM ycKopeHUeM. Hailtu
OTHOlIIeHHEe cpeAiHelt CKOPOCTH Ha RTOPOM MOJOBHHE MYTH K cpeaHel
CKOPOCTHU Ha NMEPBOH MOJIOBMHE NYTH.

1.13. MarepranbHast TOYKA ABHXKETCST MPAMOTMHEHHO €O CKOPOCTbIO,
M3aMeHsIoLIecs Mo 3aKoHy U = (1,0¢2)i, rae L — CKOPOCTH, M/C; t — Bpe-
MA, ¢; I — eJHHUYHBIA BeKTOp BAOAL ocu X. HallTH 3aBUCHMOCTh YCKO-
pPeHusA OT BpeMeHH a,(t) ¥ BBIYUCAUTL NYTh, NPOHAEGHHbIN 34 Nepsblie
10 cekyHA ARMXEHUA.

1.14. MoTtouukn pasroHsiercs 3a 4,0 ¢ 10 209 km/4. CKOpOCTb Hapac-
TaeT Mo 3aKoHy L =kVt. Kakoe paccTosHre npeogoseBaeTcsa 3a Bpems
pasroHa? KakoBo cpeiHee yCKOPEHHE 3a YETREPTYIO CEKYHAY?

1.15. CxopocTb Tena 3ajaHa ypaBHEHHEM O=(=2t2+16)i, rae v —
CKOPOCTb, M/C; t — BpeMs, C; [ — eAUHHYHBII BekTOp. Halith Havanb-
HYI0O U KOHEUHYIO CKOPOCTH Teslla B MHTEpBaae BpeMeHH ot 0 g0 4 c,
a TaKXe nepemeileHue Teaa 3a 3To BpeMs.

1.16. Paaunyc-BeKTOp MaTepHaJbHON TOYKU U3MEHAETCS BO BpEMEHH
Mo 3aKOHY 7 =t3i +3t%j, rae r — MOAY/Nb paAWyC-BEKTOPA, M; t — Bpe-
MmiA, ¢; 1,j — opthl oceit X, Y. OnpeaenuTb MoAY/Ib CKOPOCTH ¥ MOAY/b
YCKOpeHHUsI B MOMeHT t* = 1 c.

1.17. BpanieHne gucka BOKPYT OCH, COBMaZarlleit ¢ 0Chbo CUMMe-
TPUH, OIIUCHIBACTCA ypaBHEHUEM @ = 4 — 2t + 0,2¢3, rae ¢ — yroJ rnoso-
poTa, pax; t — Bpem4, c. OnpegenuTh TaHreHIHaNbHOE U HOpMaJibHoe
YCKOPEHUA TOYEK AUCKA Ha pacCTOAHUM 20 CM OT OCHU BpaLUEHHUA yepes
3,0 cekyHAB! NOC/Ie HaYala OTCYEeTa BpeMeHH.

1.18. [IpvkeHre MaTepHanbHOM TOYKHW 3afAaHO YPAaBHEHUSAMHU X =

= 1,0t uy = 2,0t3, rge X U y — AE€KapTOBbI KOOPAUHATHI, M; ¢ — Bpe-
Mms, ¢. HaiiTu: a) yckopeHue B MoMeHT BpemeHu t° = 0,80 c¢; 6) ypasHe-
HHe TPAeKTOPHH TOYKH.

1.19. MarepuaabHada TOYKaA ABHXETCA NO OKPYXHOCTU pajuycoMm
R = 0,5 M NpOTHUB 4aCOBOW CTPeKH COMJIACHO 3aKoHy { = 2t, rae { —
NpotAeHHBIN NMyTh; [ — BpeMs ABWXKEHUA, . 3anucaTh ypaBHeHHUs [BH-
xeHnd x(t) v y(t), yauTeIBad HavaNbHbIE YCAOBUA: X, = 0,5 M; ¥, = 0
npu t, = 0. BBIUUCAHUTb TAHMeHLMAIBHOE U HOPMabHOE YCKOPEeHHUA TOY-
KW B MOMEHT t* = 2 C.

2. Cunbl B mexaHuke. 3akoHbl HbloToHa.
3aKOH coXpaHeHUs nMNynbca

2.1. TpaMonuHelHOe ABMXKEHWE TeNa OMUCHIBAETCA 3aKOHOM § =
= 5t + 2t2, rae s — NpOHAEHHBIA NyThb, M; ¢ — BpeMs ABH)XXeHHs, C.
Macca tena m = 10 xr. Haiiti cvny, ZAeHCTBYIOLLYIO HA TeNlO.

2.2. Ha BCceM NMYTH 3KCTPEHHOrO TOPMOXKEHHA aRTOMOGHIA Maccoit
1500 kr geicTByeT cuaa TpeHus, paBHas 17 kH. Kakoil MoxeT 6biTh
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5.10. HavanpHas ckopocTh TPyOhl, KAaTAWEHCS 0 TOPU3OHTANbHOM
TUIOCKOCTH, Uy = 4,0 M/c. Ha Kakoe paccTosaHMe NnepeMecTUTeA Tpyba
A0 OCTAHOBKH, ey KoadduuueHT TpeHusa p = 0,080?

6. INeMeHTb! PENATUBUCTCKON MEXaHUKU

6.1. 3nekTpoH ABUXeTCs co ckopocTb 0,8¢, rae ¢ — CkoOpoCTb cBeTa
B BakyyMe. HaitTi: a) WMNy/bC YacTHIIbl; 6) OTHONITEHVE KUHETHYECKOH
3Hepruu K MOJAHOW 3Hepruu.

6.2. BRIYHCAUTE CKOPOCTh, UMAYAKLC U TTOAHYIO HEPrHIO NMPOTOHA,
NONYYUBILEro B yCKOpUTeNe KHHeTHYecKylo 3Hepruio 1,0 I'3B.

6.3. DNeKTPOH YCKOPSETCA V3 COCTOAHUSA MOKOA J0 KUHEeTHYeCcKoi
3HEPruM, B TPH pasa NpeBhILIAIoIICH ero HAYaJbHYIO MTOJHYIO 3HEPrHio.
Haiity paBoTy 1o ycKopeHWio ZaHHOW YacTHIIB ¥ KOHEYHYIO CKOPOCTh.

6.4. DneKTpoMarHMTHoOe U3dydeHue, BO3HUKalollee NipU pacnaje
Afgep, MOXHO MpeAcTaBUTh KakK NMOTOK 4acThl (y-kBaHTOR). CpeaHsas
3Heprus oTAeabHoro xsaura 1,35 MaB. Haiitu uMmny/bc y-KBaHTa.

6.5. /IBa aTOMHBIX A7pa ABWXKYTCA HaRCTpeuy APYyr ApPYry €O CKOpo-
ctaMu Uy =(0,75¢-1,0,0) u v, =(-0,75¢-i,0,0) OTHOCUTENbHO 3eMIHU,
rae ¢ — CKOPOCTh CBeTa B RakyyMe. OnpeaeniTh CKOPOCTh V., cOmaKe-
HUS sIAEp N0 KJIAaCCUYeckod U peJISTUBUCTCKOI dopMynaM.

6.6. [To ycnosuio 3aga4u 6.5 HalTV peNSTUBUCTCKUI UMIYALC M KH-
HETHYECKYIO 3Hepryio OAHOIO AApa OTHOCUTEAbHO APYroro, C4MTas, YTo
cHavKaloTea sApa aToMa BoZopoZa (MTPOTOHR).

6.7. YckopyTenb pasroHseT aTOMHOE AP0 A0 CKOPOCTH v, 3 = 0,4¢,
rfe ¢ — CKOpPOCTh CBeTa B BakyyMe. Ha BrIXoAe M3 yCKopuUTens AApo
HCIYCKAET B HAMPABNEHUH ABIKEHUSA B-4acTHLY CO CKOPOCTBIO Vg, =
= 0,75¢ OTHOCUTENBHO YCKOpUTENSA. KakoBa CKOPOCTh YaCTHUBI OTHO-
CUTEJIBHO sAApa?

7. MexaHuKa CNNOWHbIX Cpesi: AaBNEHUE B XKUAKOCTH,
ypaBHeHue bepHynnu, ynpyroctb TBepAbIX Ten, 3aKoH yKa

7.1. TloplitHeRO# Hacoc BRITaTKHWBAET BOAY Yepe3 OTBepCcTHe JHame-
tpoM d = 2,0 MM. LIWIMHAP Hacoca pacnosiokeH ropu3oHTanbHo. Ero
auametp D = 4,0 cM. C Kkako# CKOPOCTHIO BRITEKaeT BOAA U3 OTBEPCTHS,
ecau ckopocTh nopuiHa 0,15 M/¢? KakoBo U36bITOUHOE AaBAEHUE B UH-
aunHApe?

7.2. Tsxkenaa nycras 604ka eMKocTbio 300 1 1 BBICOTOH 1 M 3aTOHY-
J1a B BEPTHKANMBLHOM TOJOXKEHUH Ha mybiHe S M. B gHe 604Ku WMeer-
Cs1 OTBEpPCTHE AUaMETpoM 2 cM. OLEeHUTDh BpeMms, B TeUeHHEe KOTOpOro
B O0uKy GygeT mocTynathk Boja. CKOBLKO JUTPOB BOAH OKaXeTcs B H0oY-
ke? TeMnepaTypa Bo3ayxa BHYTpH Oouku 15 °C. ATMocdepHoe gapieHue
paruo 100 klla.
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7.10. MeaHyI0 U CTaJIbHYIO NPOBOJIOKW OAMHAKOBOIO Ce4YeHusi S =
= 3,0 MM2 u antunbl £ = 1,0 M cpacTyuan koHuaMu. Kakoso 6yaer obLiee
yANVHEHWEe COCTaBHOM MPOBONOKH, ey K Hel nmogsecuTh rpy3 10 kr?
PaccmoTpeTth cilyyau napajiieabHOro U noc/ieA0BaTe/NbHOrO coefuHe-
HUS.

7.11. [1pn K3rOTORAGHWH NPEABAPUTENRLHO HATIPAXEHHOTO XKene3o-
6eToHa B CTA/bHbIX NPYTbAX apMaTyphbl CO3JaIM MeXaHU4eckoe Hanpsi-
xenue 6 = 100 MIla. Ha CKONBKO YAAMHUACA NPU 3TOM TPYT JAUHOH
fo = 5,0 M u ceyenneM S = 3,0 cM2? Kakoe pactarunaioulee ycunve
F npunoxeHo?

7.12. TpaHUTHaA KOJIOHHA NOCTpoeHa U3 30 NUIUHAPUYECKUX OJ10-
KOB, YCTaHORJI€HHBIX BEPTHKANTRHO OAHH Ha ApPyro#. BricoTa Kaxzaoro
6/10Ka B HEHAINPAYXKEHHOM COCTOSHUHU h, = 50 cM. OLIeHUTb OTHOCUTEIb-
Hy10 AepopMalurio HHKHEro GJoka.

7.13. C 3aBuculero Haj 3emMseil BepTojieTa paBHOMEPHO OMyCKaioT
20-KuNorpaMMOBBIA I'py3 HAa MeZHOH NPOBOJMOKe cevyeHHeM 3,5 Mm2.
Korza mpoBONOKY BLIMYCTHIH Ha JUIMHY {, MEXaHHMYeCKoe HallpAXKeHue
O MPOBOJIOKHU Y BepXHero ee KOHNa cTano Ha 7,0 % 6Gonbile, yeM B Haya-
Jie cnycka. Haltu anuny { BoinyleHHO# YaCTH NPOBONMOKHU, YAJIMHEHHE
Al ¥ OTHOCUTENIBHOE YANUHeHHe Af/{ B KOHIIE CTyCKa.



























10.21. ApTomMobBunbHBII cTapTep notpebaser Tok cunoit 300 A, nu-
TasACh OT aKKYMyNATOpHoOI 6arapeu ¢ 3/IC, pasHoit 12,5 B. HanpsokeHne
Ha Batapee cocrarnseT npu 3ToM 11,6 B. Onpesennts: a) conpoTHBie-
HUe BaTtapey; 6) MOIWHOCTb UCTOYHUKA TOKA; B) [1OJIE3HYIO MOLHOCTD.

10.22. Kak Hy>KHO COEAUHUTH (NapalieIbHO WU MOCAEA0BATENbHO)
ABa notpebutens conpoTuBaeHuaAMu 1 1 2 OM, 4TO6HI Mose3HasT MOIIL-
HOCTb, OTAaBaeMas UcToyHUkoM ¢ 3/IC 1,5 B ¥ BHYTpeHHUM CONPOTHUB-
neHueM 0,5 OM, ObI1a MaKCHUMaNbHOM? KakoBa CHM/la TOKa Yepe3 UCTOY-
HUK?

10.23. 3amkHyTas uenp ofpaszoBaHa ABYMA aKKyMyJIATOpaMH,
no ouiMbke coegUHEHHBIMU B OaTapero pa3HOMMEHHBIMM [T0Jtoca-
mu. /IC v BHYTpeHHHUE COTPOTUB/EHUA UCTOYHUKOB: £ = 12 B, ry =
=0,10mM; & = 6B;r, = 0,2 OM. OnpegenunTs CWIy TOKA B AaHHOH Lienu
Y pasHOCTb MOTEHIHAMOB Ha MOJCaX UCTOYHUKOB TOKA.

10.24. ina vicrounnka Toka ¢ 3/IC no 12 B kaxAblit 1 BHYTPEHHUMH
conporuaeHuaMu 0,20 u 0,30 OM coeauHsioT B 6aTapero A1 NUTaHUsA
noTpebuTeNns conpoTHpaeHHeM R = 0,2 OM, Haiitu cuny Toka u KITJ
6aTapeM 3THX UCTOYHHUKOR, €C/IH 3TH UCTOMHWKH COeAMHEHRI: a) Mmocie-
AOBATENbHO; 0) napa/leibHO.












12.5. Onpeaenuts ckopocTb (MOAYIBL U HaNpaBJeHHE) 3/MeKTPOHa,
JABHXKYLIErocs 110 BUHTOBOM IMHUM, MMeloweld paauyc R = 5 ¢M u wwar
h = 20 cM, B OAHOPOAHOM MarHUTHOM MNojie. MarHUTHasA UHAYKLHUA
noaa B = 0,10 MTn.

12.6. lMonoxuTenbHO 3apsKeHHas YacTHIa ABMXKETCS Noj AeHCTRH-
eM anekTpuueckoro (E = 200 B/cMm) n maruutHoro (B = 1,0 mTa) no-
Jieil, He OTKJ/IOHAACh OT NPAMOJUHEHHON TpaeKTOopuH. CHIOBBIE INHUU
3NICKTPHUYCCKOTO U MArHUTHOTrO NojicH B3aMMHO NEpPNCHAUKYNAPHBI.
OnpeaenvurTs CKOPOCTh YacTULbl (MOAYIL U HANPABACHUE).

12.7. C kakoti cCHION Ha KaXXABIH MeTp UX ANWHH B3aWMOAEHCTRYIOT
B BaKyyMme ARa MpAMBIX JMWHHBIX TapaaieNbHbIX MTPOROAHWKA C TOKAMHU
I, = I, = 10 A, pacnionoKeHHble Ha pacCcTOAHUU r = 1 cM?

12.8. Ha AByx npoBOAALIMX TOHKUX HUTAX B MarHUTHOM none (B =
= 50 MmTi) noABeWEH rOPU3OHTANILHBIN POBOJ B BUAE CTEPXKHA JUTMHOM
20 cMm ¥ Maccoi 20 r. CUIOBBIE JTUHHUH MO NPOXOAAT FrOPHU3OHTANBHO
noa yriom 30° k HarpaBieHHIO TOKa B cTepxHe. Cuna Toka I = 10 A,
HaliTu cuabl HaTsHKEeHUA HYUTeHN NTpY pa3/MYHbIX HAMpaBlIeHUAX TOKaA.

12.9. B oaHOpoaHOM MarHUTHOM nose ¢ uuaykuveu 1,0 mTa Haxo-
AUTCSL KOpOTKas KaTyluka u3 100 BuTKOB paguycom 15 cM. [Inockoctb
KaTYWKH COCTaBJAET C HanpaBJeHueM BexTopa B yron 60°. Kakoii Bpa-
niamouiilt MOMeHT OyAeT AeMCTBOBATh Ha KaTYIIKY, eC/I| MO HeH mpo-
MyCTUTH TOK cunoit 10 A?

12.10. Inockas pamka pa3amepom 10 Y 10 cm2, o6pa3osakHas NpoBo-
AHUKOM ¢ TOkOM 10 A, pacnionoxxeHa B mareuTHOM none (B = 0,40 Tn)
TaK, YTO IUVIOCKOCTb paMKH MCPICHAUKYIAPHA JHHUAM UHAYKLHY N0,
PaMky noBOpaYyrMBalOT OTHOCHUTENBHO OCH, JIeXKalleH B MIOCKOCTU paM-
ku. Cuna Toka noAgepxuBaercsa noctosHHoi. HatiTi paboTy, corepia-
eMylio MTpH MOBOPOTe paMKH Ha 45°.

13. IneKTpomMarHuTHas uHAYKUUA. UHAYKTUBHOCTD.
JHeprua MarHUTHOro nons

13.1. MarHUTHBIH MMOTOK YCPE3 NOBCPXHOCTb, OrPAHUYCHHYIO MPOBO-
JAIIMM BUTKOM paauycom 5,0 cM, namenserca ¢ 30 zo 10 MB6 3a nipo-
MeXYTOK BpeMeHHU 2,0 mc. HaliTh HampskeHHOCTh E BUXPEBOTO dJieK-
TPUYECKOro Nojd B BUTKeE.

13.2. [TnockocTh KpPYroBOro KOHTYPAa, OXBaThIBAIOLIErO IMAOIIAAbL
100 cM2, pacnosoxxeHa NepneHAUKYAAPHO CHIOBbIM TUHUAM OZHOPOA-
HOTr'0 MarHUTHOro nona ¢ uuaykuuen 0,2 Tn. B Teyenue 0,1 ¢ KOHTYD
neperu6aioT Mo AHWaMeTpPy Tak, YTO MOJOBHHA IVIOCKOCTH KOHTYpa CTa-
HOBHUTCSA MapasulefibHON CUJIOBBIM AVHUAM nojis. HakTu cpeaHee 3Haue-
Hue 3/IC nHAYKIMH, BOSHUKAIOLEH B KOHType.

13.3. KoHTyp miowaabio 5 cM? pasMellleH B 3a30pe 3/IeKTPOMAarHuTa,
B KOTOPOM MarHUTHOE 10J1e U3MeHseTeA 1o 3akoHy B = 0,01cos2nt, rae

205












14.7. CkopocTb yacTUlbl v, () KU3MeHsIeTCa MO 3aKOHY KOCHHYca
¢ HadanrHOW a30i, paBHON Hy/I0, U B HaYaJbHbI MOMEHT BpeMeHH
cocraaseT 50 mm/c. [lepuog konebanuii 10 Mc. 3anmucaTh ypaBHeHUe
ABVXKEHUA x(t) ¥ HaliTH aMITZIMTYAHOE 3HAYeHHe YCKOpPEeHHUA.

15. CnoxeHne rapmoHUHeckux Konebanui

15.1. Ucnonn3yq rpadguyeckuit MeTOA Cl0XEeHUA BeKTOPOR aMIUIH-
TYZA, HAUTU aMIUVIMTYAY ¥ HavyalbHYIO Pa3y KonebaHUs1, Nony4awiLerocs
B pe3y/lbTaTe CIOXKeHUA JBYX rapMOHWYeckux konebaHu OJHOro Ha-
npasnenus: x, = 3,0cos(2nt) u x, = 3,0cos(2nt + n/4), rae x, U X, —
CMellleHVd, CM; t — BpeMs4, C.

15.2. CkaaabiBaOTCA ABa rapMOHUYECKUX KoJlebaHUs OAHOrO Ha-
nparaeHus ¢ OANHAKOBKIMHY niepuogamu T, = T, = 1,5 ¢ v aMmanuTyaa-
MM X7 = X2 = 2,0 cM. CoOTBeTCTBYIOLIMe HavalbHble ¢pasbl kofeGaHuN
/2 ¥ /3. BHIYUCAUTL HavanbHyIo pazy, aMIIIUTYAY W YIIOBYIO HaCTO-
TY pe3yiabTUpYloLuero konebaHus; sanucaTh ypasHeHue x(t). [Tocrpours
BEKTOPHYIO AMarpaMMy aMIUIUTYA.

15.3. Haitu ypasHeHHe pesyabTupyiollero konebanus x(t) npu cno-
XeHUU JBYX CHHA3HKIX rapMOHWYECKHX KoneGaHuil B HampaBRleHWn
ocH X ¢ aMIauTygamu A;= 2 cM; A, = 4 CM, € OAUHAKOBbBIM [1EPUOAOM
T = 2 c. Havanwusle yenopus: t = 0; x; = 0; x, = 0.

15.4. Toyka y4yacTBYeT OAHOBPEMEHHO B ABYX Ko/leDaHUsAX: X =
= 2,0sin(nt) u y = —1,0cos(nt), rae x v y — CMeIlIeHHS, CM; t — BpeM4,
¢. V306pa3uTh TpacKTOPUIO ABUXKCHUA U 3aNUcaTh ypasHeHUe y(x).

15.5. Ha rxog Y ocunnnorpada nmogaHo Hanpsxenne u, = 8sin(103nt),
a Ha Bxoa X — u, = 12cos(10%nt), rae u, 1 u, — HanpskeHus, B; t — Bpe-
M, ¢. CMellleHHa iy4a MponopLHOHAAbHB HaNpsHKeHUAM: X = 0,5u,;
¥ = 0,5uy, rae x u y — cMelieHus, cM. HaiTu ypasHeHUe TpaeKTopuu
y(x) Ayda v 3apMcOBaTh KapTHHY, HabI04aeMyl0 Ha 3KpaHe OCHHIUTIO-
rpada.

15.6. Ha BepTHKanbHO OTKJOHSAIONIHE TIACTHHB oclWisiorpada no-
AaH CHHycOMAaJbHbIH curHan u, = U,sin(wt), rae U, — ammiutyaa
HampaXeHud, m — yriaoBad dactora; t — BpemMs. Ha ropusoHTanbrHO
OTK/IOHAOLHE [IACTUHB! NOJAHO HAMpAXeHUe, NPOloPpLUUOHAIbHOe
BpeMeHu: u, = kt, rie k = const. CMeLlieHUs ny4a BAONAb KOOPAWHATHRIX
OCeH NPONOPUNOHANBHbI IPWIOKEHHBIM HANPHKCHUAM: X = AQU,; ¥ =
= bu,, rae a 1 b — nocToAHHbIE BeTMYKHBI. HaliTH ypaBHeHNe TpaeKTo-
puu y(x) 3/eKTPOHHOrO fiyya Ha 3KpaHe ocLwuiorpada.

15.7. Touka y4acTRyeT OJHOBPEMEHHO B ABYX koiebaHUAX C OgWHa-
KOBBIM NEepHOAOM Y OJMHAKOBLIMU HaualbHbIMU ¢azaMu. AMILUIUTYAA
neproro konebaHus paBHa 3 cM, BTOporo — 4 cM. OnpefenvTh aMiu-
TYAY Pe3yJbTUPYIOLIEro KoaebaHus B cAeAyIOIUX cayyasx: a) Kojeda-
HHA COBEpINAIOTCA B OAHOM HanparnaeHuH; 6) konebaHUA B3auMHO mep-
NMEeHAUKYIAPHBIL.
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Puc. 3.31

16.7. OnpegenuTs Mepruol BepPTUKANBHHX KoNMeGaHUH rpy3a Maccom
m = 16 Kr, NoABEUIEHHOTO Ha ABYX MOCAeA0BATeNbHO COEAWHEHHBIX
npyxxuHax (puc. 3.32) c xkecrkocramu k; = 1 kH/Mmu k, = 9 kH/Mm.

Puc. 3.32

16.8. Tpy3 Ha Mpy>XHWHe coBepliaeT KonebaHua ¢ neprogom 2,0 c.
Macca rpyza 10 kr, nonHas 3Heprusa konebarennHo#i cuctemsl 10 JIx.
OnpeaenvTs aMIUIMTYAHOE 3HAYEHUE CUbI YIIPYTOCTH.

16.9. JIpmxeHHe n1apyka orickIBaeTca ypapHeHeM x = 0,03cos(20mt),
rage x — cMeLleHue, M; t — BpeMsd, ¢. Macca wapuka m = 20 r. Onpe-
AeNUTh MaKCUMaJIbHOE 3HAaYeHHe BO3BpaLIAKoLLIel CWIbl, AEACTBYIOLEH
Ha 11apHK.

16.10. Cuto coBepuiaeT KonebaHUA B FOPU3OHTAAbHON MAOCKOCTH
¢ aMIIUTYAoN A = 10 cM. [Tpy kakold MHHUMAJIbLHON YacToTe v KoJeba-
HUI 3epHa, pacchiMaHHbie Ha pellleTKe CUTa, HAYHYT MPOCKalh3biBATh?
KoadbdpuuueHr Tpenus p = 0,20.

16.11. PapgonpyueMHHUK HAaCTPOEH HA CTAaHLMIO, paboTaIOLYIO HA Ya-
crote 80 MT'l, Npy 3/eKTPOEMKOCTH MPHEMHOr0 KonehaTenhHOr0 KOH-
Typa Cy. OnpeaenyuTsb Avana3oH NPHHUMAaeMbIX YaCTOT NPH M3MEeHEHHUU
€MKOCTHU KoHTypa oT C, = 4C, ao C, = (/4.

16.12. dnekTpudeckre konebaHUsA B KOHTYPE TPOUCXQAAT MO 3aKOHY
u = 50co0s(10%ntt), rae u — pa3HOCTb NMOTEHLUMANOB Ha 06KNaAKax KOH-
AeHcaTopa, B; t — BpeMs, ¢. JJNeKTPOeMKOCTb KOHTYpa C = 0,10 Mk®.
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Hue C’ ¥ Hanboblluee NOKa3aHUe aMIIEpMeTPa, BKJIIOYEHHOTO B ZaAHHYIO
uens (cM. puc. 3.35).

18.10. Karymika nHayktuBHOCThIO L. = 0,10 I'H nogxAoyeHa K UCTOY-
HUKY nepeMeHHoro Toka. JelcTByoLiee HanpspkKeHUe UCTouHuKa U =
= 220 B. [IpH HEKOTOpPOM YacToTe Vv, CUja NEPEMEHHOr0 TOKa paBHa
6,0 A. Ecnv 9acToTy TOKa YMEeHbIIUTh A0 Hyna (v, = 0), noagepxunas
HanpsukeHne U = 220 B Ha KOHLaX KaTyWKH, TO CH/IA TOKA BO3pacTeT
20 11 A. OnpesenuTb BENUYUHY V.

18.11. KonebaTenbHblit KOHTYp 06M1agaeT aKTHBHBIM CONPOTHRIEHH-
em 2,0 OM, uHAYKTUBHOCTBIO 60 HI'H U snekTpoemkocThio 0,040 mid.
B HeM MoAAepXUBAKOTCA KOACOAHHA C aMTUTUTYAON HaNPAXKEHUA Ha KOH-
Aencarope Uy = 1,5 B. Kakyio cpegHIon MOLHOCTh NOTpebnseT KOHTYP?






CUTE/NbHO AeTEeKTOpa. 3aTeM, KOraa oObeKT CTaji YAANATLCA CO CKOPO-
CTBIO L, YaCTOTa YMeHbIIWIach 4o v = 0,95 kI'u. Mi3aMepeHHa NpousBo-
AWIKCH NpU TemIepaTtype Bo3ayxa 27 °C. KakoBa ¢ckopocTb v?

19.12. 3Byk 4yactoTo# 2,50 k'l pacnipocTpaHAeTCAd B BO3AYXE NMpH
tenmmneparype 20 °C. Kak u3MeHATCS 4acTOTa, AJIMHA BOJNHBI U CKOPOCTb
NpUHHMaeMoro 3BRyka A1 HeMoABWXHOTo HabnogaTens, ecyiv MogyeT
BETep CO CKOPOCTbIO 15 M/C CO CTOPOHbB! HCTOYHHUKA 3BYKA?

19.13. U3 yparHeHHA cTos4el BoamHE & = 0,004cos(25mx)cos(2m X
x 103t), rae £ — cMelleHUe YaCTULL CPeabl, M; X — KOOPAWHATA, M; t —
BpeMA, C, HAUTH HYaCTOTy KoNebaHNUi v U JNTUHY BOJNHKI A.

19.14. B Tpybe, 3axpbITOI1 C OZHOI CTOPOHBI, PACIPOCTPAHAETCA 3BYK
gacroroi 100 'u. TemnepaTtypa Bo3gyxa t = 20 °C. MoxHo au 206UThCA
pe3oHaHca, UsMeHss AnuHy £ Tpy6bl ot 0,50 Ao 1,00 m?

19.15. Ipu Bo3bYXAeHNYM KonebaHwnit wvacroroi 2,5 k'l B MeTammu-
YeCKOM CTepXkHe AIMHOM L, 3a)KaToM ¢ ABYX KOHLOB, HabJoAaeTcs cTo-
A4ad BOJIHA € MYYHOCTHIO Ha paccToAHUU £ = L/2 oT KOHLOB. CKOPOCTH
pacnpocTpaHeHus koaebanuil 5,0 km/c. OnpeaenuTb ANUHY CTEPXKHS.

19.16. CranbHaa cTpyHa AnHHOM 655 MM u aAnameTpom 0,30 MM Ha-
CTPOeHa Ha HOTY «pe» nepBoil oktasbl (293,7 I'u). C kakoi cuiol Ha-
TAHyTa cTpyHa? Kak 1 BO CKONBKO pa3 HY>KHO U3MEHHUTh HaTAXKeHHe
CTPYHBI, YTOOB! OHa U3ZaBajla TOH «JIA» TOH e oKTaBbi (440,0 ['u)?

19.17. TovyeMy ANMHa 3BYKORBOW BOMHRI B BO3AyXe, MPOHU3BOANMON
TMTAapHOM CTPYHOH Ha OCHOBHOM ee 4acToTe, He paBHa YABOCHHOH ANU-
He CTPYHbBI?

19.18. OauH KoHel| OeToHHOH Ga/Ku 3aKpeneH B cTeHe. Ha csoboz-
HOM KOHIIe YCTAaHORJIEH JIeTkuil afneKkTpoMoTop. Kakux yacToT Bpalle-
HUA MOTOpa clleayeT usberaTh Npu ANUHe Ganku £, ecau Goabluas aMm-
IMTYAa KonebaHuil HexenaTensHa?

20. (BoicTBA 3NEKTPOMarHMTHbLIX BoNH. Monapusauua

20.1. BekTop HanpsXeHHOCTH E 3/1eKTPOMArHUTHON BOTHBI HaMe-
HAETCA NO rapMOHHUYECKOMY 3aKOHY ¢ nepuoaoM T = 2,10 mkc. HakiTi
JJIVHBI BOJH B BaKyyme U B cTeksie (n = 1,50).

20.2. BXxozgT Ay 3JMeKTPOMarHUTHbIEe BOJHB ¢ yacToTon 1000 TI'g
B AMana3oH peHTreHoBckux ay4deit (0,001 < Apy < 10 HM)?

20.3. JInvHa 3/1eKTpOMarHUTHONW BOJIHBI B BaKyyMe paBHa 3,0 cm.
Haiti yactoty KonebaHWi BeKTOpa HaNPAXKEHHOCTH 3/eKTPUIECKOTO
MOJIA Y AJIMHY BOJIHBI B Boze (n = 1,3).

20.4. YpanHeHVe MIOCKOH 2JIeKTPOMArHUTHOM BOJIHBI UMeeT BUa E =
= 100c0s(10825n(t — 5 - 10-%x)), rae E — HanNps>KEHHOCTb 3/IEKTPHYE-
CKOM COCTaRA0IIEN 31eKTPOMarHuTHOTo nossi, B/M: t — Bpems, ¢; x —
KoopAuHaTa, M. ONpeAenuTh JUIMHY BOJMHBI, (a30BYIO CKOPOCTh U AW3-
JIEKTPUYECKYI0 NMPOHULIAEMOCTh Cpelibl, B KOTOPOW pacnpoCTpaHsIeTcs
BO/Ha. MarHUTHYO NPOHULIAEMOCTb CpeAbl IIPUHAThL PaBHOM eAUHULIE.
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20.5. [Inockaa paguoOBOHA NMepexoArUT U3 BO3AyXa B AUINEKTPHUK.
Yron naaenus o = 54°, yron npenomnaeHus y = 30°. OnpeaenuTsh CKo-
pOCTh AAaHHOW 3MEeKTPOMArHUTHOM BOAHBI B AU3NIEKTPHKe.

20.6. [Inockas 371eKTpOMAarHMTHasA BOJIHA NajaeT [0 HOpPMaJy Ha Mo-
BEPXHOCTH TENA, HAXOAAWIErOCA B BO3YXe, U NMOJHOCTHIO NMOMIOLIAETCA.
Japnenue, okaspiBaeMoe 3Tol BOJHOMW Ha Teno, pasHo 0,52 Hlla. Ka-
KOBa aMIVIMTYAA HanpspKeHHOCTH MarHUTHOMN cocTaBisloued JaHHOM
BOJIHBI?

20.7. YaoBneTROpUTENbHBIN MPUEM PaAVWOCUTHANa B YCUJIOBUSAX KpPYII-
HOI'O rOpoAa BO3MOXeH npu ycaosud E = 10 MB/M, rae E — Hanps-
*KEHHOCTh 3JIEKTPHUUYECKOMN COCTARAAIOLIEH 3/IeKTPOMArHUTHOM ROJHHI,
HaiiT# COOTBeTCTRYIOULYIO OOBEMHYIO MIOTHOCTb 3HEPTHH BJIEKTPOMAr-
HUTHOTO NOJIA.

20.8. Ha rpanuuy paszena «j1ejl — BOAa» MaZaeT 3MeKTPOMarHuT-
HOe uanydyeHue yactoToy v = 4,52 - 1014 I'u. Ha¥iTu: a) ckopocTH
U, U U, NICKTPOMArHUTHbLIX BOJIH B NTEPBOH U BTOPOW Cpellax COOTBeT-
CTBeHHO; 6) ANWHBI BOJH A, U A,; B) OTHOCUTEAbHLIH MMOKa3aTeNb BTO-
poii cpeasl OTHOCUTENhHO NEPBOi N, ,; T) YTOA (f; MaZeHUs Ha TpaHuLy
pasgesa, py¥ KOTOPOM OTpPa)KeHHas BOJHA 6YZeT NoJHOCTHIO NOJAPU-
30BaHa.

20.9. Yemy paseH yron Bpioctepa ans crexkna (n = 1,56), norpyxeH-
Horo B BoAy? Kak usMeHuTcda yroia bprocrepa, ecjiv CTeKJI0 NOMeCTUTh
B cepoymiepoa (n = 1,63)?

20.10. AMIIMTYAa HaNpPSAXXeHHOCTHW MarHUTHOM COCTaBJAsIOLIEN
3/ICKTPOMArHUTHON BOJIHBl B BakyyMme cocTtaBadeT H,, = 10 MA/M.
OnpenennTs CPeAHION IHEPTHUIO, MEPEHOCUMYIO BOJIHOW 3a OAHY CEKYH-
Ay 4yepes nosepxHocth S = 1,0 M2, nepneHAUKYIAPHYIO HaNpaBJIeHUIO
pPacrnpoCcTpaHEHUA BOJHBDI.

20.11. Cgert, npoxoaa dyepes ABe npusMbl Hukonsa, tepset 10 % uH-
TEHCHMBHOCTH Ha KaXXJ0W M3 HUX U3-3a OTPaXKEHHUS U nornoueHus. Yemy
paBeH yroJ MexAay IUVIOCKOCTAMU MOAAPU3ALIUHY NPU3M, €C/IU HHTEHCUB-
HOCTh €CTeCTBEHHOr0 CBeTa, NMpoillellero Yepe3 HUX, yMeHbIInIach
B 3,3 paza?

20.12. OnpepgennTs NokKasaTeb NpeJOM/ICHUA JaKOKPAaCOYHOro MNo-
KpBITHA, JNI9 KOTOPOTO NMOJHaA NMOASpH3alMsa OTPaXXeHHOTro CBeTa Ha-
6aoaaercs, xoraa yroa najgeHus paseH 58°.

20.13. EcTecTBeHHBIH CBET NajaeT Ha aJMasHyIo npusmy (n, = 2,4)
napaniefibHo ee HIDKHeN rpanu (puc. 3.36). Yroa o paren 30°. lpe-
JIOMJIEHHBIH JIyd MAaKCUMaJbHO MOJSIPU30BaH, KOTAa IPU3Ma NOrpyXeHa
B Cpely ¢ rokasaTeneM n,. HaiTH 3HaueHue n,.

20.14. NgeanrHiie (6e3 moTeph) NOAApU3aTOp ¥ aHAIU3aTOP, yCTa-
HOBJIEHHBbIE OAWH 3a APYrMM HAa NYTHU /y4a eCTeCTBEHHOro CBeTa, OC-
NabNAOT €ero MHTEHCUBHOCTD B Ba pasa. Ha kakoit yron caeayer no-
BEepHYTh aHaNU3aTOP BOKPYr OCH, CORMajaiolleil c aydom, YTOOH
YMEHbIIUTb UHTEHCUBHOCTS ellle B ABA pa3a’?
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21.6. OueHUTh paccTosiHKe d, KOTOpOe AOXKHO OBITb MEXAY ABYMsI
napanfnenbHBIMHU WeAAMHU, YTOOH! TPU MPONYCKAaHWK Yepe3 HUX uU3nyde-
HHUSA ¢ AJUHOM BOJHBI A = 1 HM MepBhie MaKCUMYMBI (M = *1) Haxo-
AWIKCH Obl HA pAaCCTOAHUM X = £2.5 MM OT LeHTPaJbHOI0 MaKCHMyMa
(m = 0). OxpaH yaaneH OT uiesieli Ha 5 M.

21.7. lpu untepdepenyu ceeta (A, = 0,50 MKM) OT ABYX napannenb-
HBIX 1Ie/Iel 0Ka3anoch, YTO Ha 3KpaHe, YAaNEeHHOM QT lieneit Ha 4,0 wm,
COCEIHHE CBETAbIE NOJOCH OTCTOAT APYT OT Apyra Ha 20 Mm. Kakum Oy-
JeT pacCTOsiHUE MEeXAY 3THUMU XKe INoJ0CaMHU, eCNY ONbIT NPOU3BOAUTD
He B BO3AyXe, a B Boje, TAe CKopocTh cBeTa v = 2,25 - 108 m/c?

21.8. lpocreTneHHe! CTeKATHHON NVH3bI MPOUIBOANUTCS HAHECEHM-
€M Ha ee NOBePXHOCTh TOHKOUW MieHKH. Eciin cBeT, majarouivit Ha JIMH3Y,
H“MeeT AJAKHY BOJHBI 0,65 MKM, TO MakcHMabHbI# 3ddekT AocTUraercs
npy TonuHe nokpuitva d = 0,12 MM v yrie nagenus o = 0 pag. Yemy
paBeH MoKa3aTes b NpPeaoMIeHUs TTAeHKH?

21.9. Ha TOHKYI0 MJIEHKY ¢ MoKa3aTeaeM npejomMiaeHusa n = 1,33, Ha-
XOAALIYIOCA B BO3AYXE, TajaeT Napavie/IbHbIA Ny4YoK 6e10ro cBeTa. ¥Yroa
nagenus o = 30°. OnpeaesuTh repsble TPU 3HAYEHUSI TONLIMHbBI IVIEHKU
d,, d,, d3, Npy KOTOPBIX B OTPaKeHHOM CBeTe OyAeT mpeofnazaTh Kpac-
HBll LBeT (A = 640 HM).

21.10. B onwiTe no HabnwoAeHUIO UHTepbepeHIMH Ha npubdope
«Konpua HeloToHa» guameTp nsToro cuHero (A = 434 HM) KonbLa B OT-
pa’keHHOM CBeTe OKa3ascsl paBHbIM 2,9 MM. KakoBa onTHyeckas cuna
TIOCKORBIMYKIOMW cTeKNaHHOM (n = 1,50) AMH3KI, B3ATOM AN ONbITa?

21.11. TTnockoBBINYKAAA CTEKAAHHAA JIMH3A JEXKUT HA CTEKIAH-
HOM IUIaCTHHKe. B npoxoxsileM cBeTe pagUyC BTOpPOro xearoro (A =
= 589 um) konbua HetoToHa r, = 0,40 mm. Onpeaenuts paauyc KpUBU3-
HBI R ¥ onTu4eckyio cuny D nuH3el. [loka3aTenk nMpenoMaeHns CTeKa
OTHOCUTENILHO Bo3ayxa n = 1,52.

21.12. [Tpu 3anoNHEHHUU NMPOCTPAHCTBA MEXAY NUH30M U CTEKJIAH-
HOU TUIACTYHKOH MPpO3pavyHOi XHUAKOCTbIO B npubope «Koasua Heko-
TOHa» pPaZiuyChl TEMHRIX KOJell B OTPa)XeHHOM CReTe YMeHbHIWINUCH
B 1.21 pa3sa. Onpeaenuts NMokasaTeab NpeJoOMIeHHUA KHIKOCTH.

22. Andpakyma

22.1. [Tnockas 3JeKTpOMarHuTHas BoiHa (A = 3 ¢M) najaeTr Hop-
MaJbHO Ha LIWPOKYI0O META/UIMYeCcKYIl0 IUIAaCTUHY C KPYriblM OTBep-
cTHeM, AuaMeTp kotoporo 0,6 M. MHTEHCMBHOCTh ROMHBI, NpOIegiett
yepes OTBEPCTUE, PETUCTPUPYETCA TOYECHHBIM JETEKTOPOM, pacrono-
YKEHHBIM HAa OCH OTBepcTHs. YTO MOKaxeT AETeKTOP — MAKCUMyM WU

1 Mpocsemnacnue COCTONT B 0CAABAEHUN OTPANKEHHOTO CBETa NpK HHTepdepeHIUH
JIy4eil, OTPaXKEHHBIX OT PasHBIX MOBEPXHOCTEN MACHKH.
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MHHUMYM CUTHAJA, eC/IM ero pacnojoXuTh Ha pacCTOAHAU 1 M OT oT-
BepcTus?

22.2. Ha guagparmy ¢ KpymiibiM OTBEPCTHEM JUaMeTpoM 6 MM Mmaja-
eT MOHOXpOMaTHUueckuit cBeT (A = 600 HM). Kakum OyaeT ueHTp Anud-
PAaKLMOHHOW KapTHHBI Ha 3KpaHe, CBET/IbIM WM TEMHBIM, €C/IM 3KpaH
pacmofoXKUTh Ha paccTostHUK 3 M oT guadparMel? Ckoabko 30H PpeHe-
JA YKIAABIBAETCA B OTBEPCTUH?

22.3. PaccTossHUA OT TOUEYHOrO WUCTOYHHUKA 3/1€KTPOMArHUTHBIX
BOMH (A = 0,5 MKM) A0 BOMHOBOI MORBEPXHOCTH M OT Hee A0 TOYKW Ha-
6moaeHua ogMHaKOBK, R = L = 1 M. BLIYMCAUTE paguychl IEPBhIX TpeX
30H OpeHend.

22.4. Ha oAMHOYHYIO LIeNb MajaeT WiocKas 3/IeKTPOMarHUTHas BOJ-
Ha (A = 600 um). PaccToAaHve OT 1eNV O 3KpaHa [, = 5 M; mupHHa
wenu a = 1 MM, OnpeaeanTb pacCTOAHUE MEXAY NMEPBHIMU MUHUMYMAa-
MM Ha 5KpaHe (LYPHHY { LCHTPaJibHOrO MaKCUMyMa).

22.5. Ha wenp mupuroi 0,1 MM nagaeTt nmy4yok MOHOXpoOMaTHue-
ckoro creta (A = 500 umM). JludpakumoHHas kapTuHa Habmozgaercs
Ha 3KpaHe, HaXoAAWeMcsa B GOKaNbHOM IIOCKOCTH JMH3bI, ONTHYECKaA
cwia kotopoii 0,5 gntp. OnpegenuTb WHWPHUHY BTOPOro MaKCUMyMa.

22.6. [Neprog AWdpaKMOHHOL pellleTKH paseH 4 MKM. JudpaKLuoH-
Hadg KapTUHA HablIoAaeTca ¢ MOMOLBIO TMH3H ¢ GOKYCHBIM PacCTOAHHU-
eM 40 cM. [TepBblii MAKCUMYM BUZEH Ha PACCTOAHUU 5 CM OT LICHTpab-
Horo. Halitu AivHy BOJIHEI CBeTa, NaJaloLero o HOpMaiM K pelleTke.

22.7. BygyT Ay BUAHBI pa3fienbHO B CITeKTpe Kanus Are 6AU3Ko pac-
NnoNoXeHHbIe JUHUU (A= 578 HM U A, = 580 HM) B ClTEKTpe BTOPOro
NopsiAKa, ec/u HabN0AATh CIEKTP ¢ MOMOLBIO AU PaKLHOHHOM pelteT-
KU HIUpUHOI 10 MM 1 niepyozom 20 MKM?

22.8. ludppakupoHHas pelieTka ¢ mnepuogoM 20 MKM MMeeT HIHpH-
Hy 10 MM. OnpeaenuTs paspelialoLyO CHAY 3TON pEIETKU B CIIEKTpe
TpeTbero nopsagka. Kakosa HaMMeHblLlas pa3HOCTb AJIMH BOJH ABYX pas-
peuiaeMbIX JUHWIA B XkenToit (A = 600 HM) obnacTh criekTpa?

22.9. JudpakuuoHHaA penieTka npu obay4eHUU ee MOHOXPOMATH-
YeCKUM CBeTOM 2 = 720 HM JaeT AeBATh MAKCHMYMOB KPacHOTO LIBeTa.
CKO/IbKO MAKCUMYMOB MOXHO 6yAeT HabM0AaTh, eC/iv KpacHbIit CBeT 3a-
MEHWUTh Ha CUHUI (A = 450 um)?

22.10. Ina onpeaeneHUA ANIUHBI CBETOBONH BOJHBI AU PAKLIHOHHBIH
CIeKTp NPOeuypyYIOT ¢ OMOWbIO cobuparoluei JMH3bL Ha 3KpaH U U3-
MepSIOT PAcCTOAHUE X, MEXAY LIeHTPaAbHBIM U BTOPBIM MIaBHBIM MakK-
cumMymamu (x, = 21,4 cM). SkpaH yaaneH oT AUpaKLIMOHHOM pelleTKH
Ha L = 1,8 M. [Tepuoxn pemetrku d = 8,0 MkM. Kakoe 3HaueHHUe AJHHBI
BOJIHBI MOJYy4Y€HO B ZAHHOM onbiTe?

22.11. Cer ¢ ;WHOM BoHK A = 530 HM mazaeT HOpManAbHO Ha ANd-
paKUMOHHYIO peleTKy ¢ nepuogoMm d = 1,50 MxM. Hadith yron andpak-
LIMH, 1104 KOTOPbIM HabnrogaeTcs MaKCMMYM HanboJblliero nopsaka.
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22.12. IndpakuuoHHasa pelleTKa ¢ NepuoioM 3,5 MKM Mmo3BojasieT
HabM0AATh Pa3feNIbHO ABE CNEKTPa/bHbIE IMHUU HA UIMHE BONHBI A =
= 0,58 MkM, paznudalomviecs He Oonee yeM Ha AA = 2,0 M. Onpege-
JINTb oblLiee YUCIO IUTPUXOB U IUPUHY! pelueTKu.

22.13. B yerBepToM AUPPAKLIMOHHOM MaKCUMyMe KPacHOIrO CBETa
(anvHa BoAHE A = 644,0 um), HabmogaemoM nmog yraoMm 30°, BUAHBI
Ha npejese paspellleHUs ABe GAU3KO pacnofioXKeHHble CIIeKTpalbHble
JIMHUH C PA3HOCTHIO AIMH BOJH A2 = 0,3 HM. OLIEHHTb paspelamyo
cuny AnppakuMoHHOMN peleTkH R, ee wMpuny £ ¥ nepuog d.

22.14. Joka3aTb, YTO MAaKCHMajibHas paspellarollas cuia gudpak-
LIMOHHOM pelleTKH (B CrIeKTpe MaKCUMAaNbHOTO MOpAAKA) oNpeenderca
ee paboueit MIVPUHOI,

22.15. MsBecTHO (CM. 3aga4y 22.14), 4To MaKCUMaJibHasA paspeilao-
n1as cCHjia He 3aBHCHUT OT Meprioja peilleTKH, a onpejensaeTcsa ee pabouei
UIVPWHOM W JUTMHOW BOJIHBI Najaoulero cBeTa. B yem e Torga rnpevmy-
LIECTBO PELIETOK ¢ MAJbIM MEPUOAOM?

1 IMuprHa AUGPAKLMOHHOM peleTky — NonepedHsiil pasMep NOBEPXHOCTH, 3a-
HATOMN IITPHXAMH.





















Ap,
X
Jy4a Ha 3KpaHe npu AivHe Tpyokn £ = 0,3 M 1 yCKopsIoLeM Hanpsixe-
HUM U = 12 kB. [IpuMeHHUMBI ¥ B JAHHOM Cly4ae K pacyeTy TPAEKTo-

pHY 3EKTPOHORB 3aKOHBI KJIaCCUYECKON MeXaHMKH?

27.10. CpeaHee BpeMs XU3HU aTOMa B BO30Y)KAEHHOM COCTOSHHU
parHo T = 10 nc. [1py nepexoge aToMa B OCHOBHOE COCTOSTHHE HiCTIyCcKa-
IOTCAl KBaHTHI ¢ 3Hepruer okosno 10 3B. OLeHUTb eCTeCTBEHHYIO LINPHUHY
A\ cieKTpanhHOM TMHWH U3NYYEHWS, UCTTONB3YS COOTHOINIIEHHe Heompe-
Ae/eHHOCTeH.

27.11. Tpu ARMXKEHUM BAOAL OCH X HeonpeAeNeHHOCTh CKOPOCTH Ya-
CTHLIB! cocTaBasgeT Av, = 1 cM/C. BelYMCAUTE HeonpeaeleHHOCTh KOop-
AVHATH Ax: a) ANA 37ieKTpoHa; 6) A9 GPOYHORCKOM YacTHIRI MaccoM
0,1 nr.

27.12. HeonpegeneHHOCTh KOOPAWHATH YaCcTULIKI, OCTABURBINIEH Clej
B NMy3bIPbKOBO¥ kamepe!, 3aN0/JHEHHON XUAKOCTbIO, IPHHUMAETCS paB-
HOI AvameTpy ny3biphka d = 1 MkM. HaliTi HeonpeeneHHOCTH B M3Me-
PEHUH CKOPOCTel C IOMOLBIO 3TOM KaMepsl: a) 3JIeKTPOHA; 6) (-4acTULIEL.

27.13. Mcxoaa v3 COOTHOINIEHHUS HeONpeaeieHHOCTEH, OLlIEHUTh pa3-
MBITOCTh AW 3HepreTH4ecKkoro yposHs B aTOMe BOAOpOJA: a) AJIs1 OCHOB-
HOTO COCTOSHMA; 6) ANA BO36YKAEHHOI0 COCTOAHMA C BpEMEHEM XU3HU
10-8 c.

27.14. Py6urHOBBIM /la3ep co3gaeT MMMNYJIbC KpacHoro ceera (A =
= 693,4 umM) anutenbHOCTHIO 10 nc v MougHocThio 2,0 'Bt. Hawith He-
TOYHOCTb AW B U3MEPEHUM SHEPrUU JIA3EPHOTO UMIYAbCAa U OTHOCH-
TeJbHYIO HeonpeaeneHHocTs AW, /W, sneprun ¢poToHa.

27.15. llokasaTk, YTO BHYTPH AApa HE MOT'YT HAXOAUTBLCA 3JACKTPOHBI,
nonaras, 4to pasmep sgpa atoma d = 10-15 m.

NeHAUKY/ASAPHbBIN OCH Ny4YKa, U COOTBETCTRYyIOLee cMeLeHue Ay = #-

28. YacTiua B noTeHManbHOU Ame

28.1. D7eKTPOH HAaXOAUTCSA Ha NMepBOM yposHe (n = 1) B ogHOMeED-
HOI MOTEHLUANbHOM AMe OeCKOHEUHOH MIyOUHBI WHpUHOH ¢ = 50 nM.
Kakyio 3nepruio goixeH NOJAYYUTh EKTPOH, YTOOBI MepeiTH Ha ypo-
BEHb ¢ KBAHTOBBIM YUCIOM n = 37

28.2. OueHWTh ANMUHY BOAHBI U3NYUYEHUS TPH Mepexofe ANeKTpoHa
MCXAY YPOBHAMH n; = 2 M ng = 1 NpM yCJIOBUM, YTO JAHHAA YacTHLA
HaxoauTca B HecKoHeYHO MYDOKOH MOTeHIMANLHON AMe NIMPUHON { =
= 0,05 HMm.

28.3. HaiiTh HauMeHbIlIee U3 BO3MOXHBIX 3HAYEHWH SHEPTHU dJIeK-
TPOHA, HAXOASUIErocs B MPAMOYTOALHOM 6eckoHeYHO My6oKo noTeH-
UMaNbHOM siMe WupuHo# £ = 0,2 HM.

1 MyskipbkoBast kKamepa — NPHBOP, B KOTOPOM HaBMIOAAIOTCA TPAEKTOPUH MUKPO-
4acTHL BCACACTBHE BCKHUTIAHKA NMEPCrpeToH XKHAKOCTH M0 NYTH X ABHXCHHUA.
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39.12. Kakue 43 MeTa/JNIMYeCcKUX TepMornap (cM. npuaaoxeHue 6)
MO>KHO MCIO/Ib30BaTh, KOTAa TpebyeTca nojayduTh TepMo3C oT oaHOM
TepMomnapkl He MeHee 10 MB mipu paszHocTu remnepatyp 250 °C?

39.13. Hcnoab3sya rpagynpoBouHelil rpapuk (puc. 3.52), rae £ —
TepMO3JC; AT — pasHOCTh TEMIIEPATYP MOPAYEro U XOJOAHOIO CIaes,
onpeAennTh yaensHyio Tepmo3/IC Tepmonapel. KakoBa TemMnepaTtypa ro-
pAYero cnasi, ec/yM XOJMOAHBIN cnaii HaxoauTcs npu temneparype 20 °C,
a repmo3JC paBua 8,0 MB?

¢

UL, J.J4L

39.14. [lna usMepeHUs TeMIepaTypbl pacTBOpa UCIOAB30OBAIH Tep-
MOTTapy XpoMenk — aaioMensb (cM, mpuaoxenue 6). XonogHhbii crait Ha-
xoaunca npu temneparype 20 °C. KakoBa TemMnepaTypa pacTBopa, eciu
raJbBaHOMETP B UeNU TepMonapsl noxkasana Tok I = 0,25 MA npy comnpo-
TUBAEHUN 1lent R = 7,0 OM?



Pazpen Il
UTOTOBDBIE TECTDI

B pesyabTaTe M3y4eHUA Kypca PpHUIUKH
CTYAEHT JOJIXKEH:

— 3HATh OCHOBHbIe NMOHATUA U MOAENHU
MEXaHUKH, 3IEKTPUYECTBA U MarHeTHU3Ma,
koneGaHUM U BOJMH, KBAaHTOBOWN QPU3HUKH, CTa-
THUCTUYECKOHN (GU3UKU U TEPMOAMHAMUKH;

— YMeTb pelaTs THIOBbIe 3aJa4U Mo oc-
HOBHLIM pa3fenaM GU3UKH, IPUMeHAd Me-
TOAL MOAENUPOBAHUA Y MaTeMaTHUYECKOro
aHaJinia; UCMoAL30BaTh GHU3NYECKHE 3aKOHbI
B pelieHuH npobiem;

— BAAJAETh METOAAMU 3KCIIEPUMEHTAb-
HOTO KccaeAoBaHUA (MAAHUPOBaHHKE, NMOCTA-
HOBKa 3KcnepuMmeHTa; obpaboTka pesyanTa-
TOB U3MEDPEHUIA).

Botnucka us droc Brio












a) npeanosaraeTcs He OAMH, a HECKOJIbKO MPAaBUJIbHBIX OTBETOB;

6) TpebyeTca YCTAaHOBUTh COOTBETCTBUE WIU PACITONOXKUTH 3JIEMEH-
Thl B HY’KHOH MOCAEA0RATENBHOCTH,

12. Boinonnenvie scex 40 3agaHUil KaXXAOro TeCTa PacCYUTAHO
Ha TpU 4aca.

13. TecTpoBaHWe CYMTALTCA YCTIEIIHBIM, eCNK 0flee KOAHYECTRO
NpaBWIbHbIX OTBETOB He MeHee 50 %.

14. Ina nony4yeHUs YUCAOBLIX OTBETOB JOCTATOYHO MCIOAb30BaATh
creayoure 3HaYeHUs GUINIECKUX MOCTOAHHBIX:

* yckopeHUe cBoOoAHOro nageHus g = 9,81 M/c?;

* CKOPOCTb CBeTa B BakyyMme ¢ = 3,00 - 108 M/c;

* Macca anexktpona m, = 9,11 - 10-31 kr;

* Macca nporoHa m, = 1,67 - 107 kr;

* Macca HeiiTpoHa m,, = 1,67 - 10-27 kr;

* 3/IeKTpHYecKas MocToAHHas g, = 8,85 - 10-12 @ /m;

* MarHUTHas I[IOCTOAHHAA Uy = 47 - 1077 ['H/M;

* noctogHHas [Mnauka h = 6,63 - 10-34 IIx-c;

* nocroaHHas Pugbepra R, = 1,10 - 107 m-1;

* 3/leMeHTapHblil 3apsag e = 1,60 - 10719 Ki;

* nocTosiHHasA ABoragpo N, = 6,02 - 1023 mone-!;

* MoJIsIpHas rasopas nocroaHHas R = 8,31 [x/(mone-K);

* nocroAHHasa BoiapumaHa k = 1,38 - 10-23 Ik /K.





















A) vyeTHoe uncno 30H PpeHesns;

B) HevyeTHOe yHcno 30H Ppenens;

C) uenoe yuicao 30H PpeHend;

D) He3aBHCHMO OT YKCJia 30H HA 3KpaHe HalPpOTUB OTBEPCTHA BCeraa
6yaeT MaKCHMYM.

25. BHewnuit porospdekT MoAenHpyeTes Kak:

A) yripyroe CTO/IKHOBEHUE BHEIIHEro 3NEKTPOHA, NMaZalouero Ha rno-
BEPXHOCTH BellleCTRa, C 3MEKTPOHOM aTOMA 3TOTO BeleCcTRa;

B) Heynpyroe cTonkHOBeHHe $OTOHA CO CBOOOAHBIM 3/ICKTPOHOM;

C) Heympyroe cTOAKHOReHUEe $OTOHA CO CBA3AHHBIM 3JEKTPOHOM
Ha MOBEPXHOCTH BEIleCTRa;

D) ynpyroe cTonKkHOBeHHe POTOHA CO CBA3AHHBIM 3E€KTPOHOM
HAa NOBEPXHOCTH BellleCTBA;

E) ynpyroe ctonkHoBeHve GpOTOHA €O CBOOOAHBIM BIEKTPOHOM.

26*. YkazaTh, kakue 13 nepexofoR A — F (puc. T1.7) MexAy aHep-
reTHYeCKMMH YPOBHSIMY aTOMa BOAOPOAA, 3anpelyeHst NpaBuaaMHu OT-
6opa.

——t——ft— ele—

Puc. T1.7

27. U3obpaxeHre TeMNnepaTypHOH 3aBUCHMOCTH 3HEPreTHYecKOM
CBETUMOCTH R B BUZE NPAMOH JUHUMU NOJAYYaeTCA Ha AUarpaMme B KO-
opavHartax (rae T — abconoTHaa TeMiepaTtypa):

A .R—T4.
B.R—T2.
C.R—T.
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D.R—1/T.
E.InR — 1/T.

287*. Yka3aTb, Kakue U3 JaHHbIX HEPABEHCTB OTHOCSTCA K COOTHOLIe-
HHUAM HEONpeJeIeHHOCTEMN:

A. Ap Ax = h/4m.

B. AEAt = h/4n.

C. q,Ap = hv.

D. hv,, = AE.

29*, Ha auarpamme (puc. T1.8) nokasaHa 3aBHCUMOCTb BONHOBOU
d)ynxmm YaCTHLI, naxo,nameﬁcg B COCTOAHHWH C KBAHTOBBIM YHUCIIOM
n = 2 B NOTCHUUANBbHOM SIIUKE LUWPHUHON £, OT KOOPAWUHATH! YaCTHULBI.
BepoATHOCTb HAXOXAEHHWA YacTHIHI Hauboabuwana B TOUYKaX ¢ KOOpAHWHA-
TaMy X

. 0;
£/4;
. €/3;
. €/2;
.28/3;
. 36/4;
L.

moOw>

I m™m

30. [TonoXUTENbHO 3aps>KEHHbINA KBapK 0003HaYeH OYKBOI u; OTPU-
UATENhHO 3apsAXeHHbH — d . CTpyKTYpy udd NMeer:

A) HEHTpOH;

B) npoToH;

C) m-Me30H;

D) n0-me30H.

31. EaviHuila aKTUBHOCTH paAuoakTUBHOro Bellectsa B CM — aTo:
A) 3uBepT (3B);

B) rpeit (Tp);

C) penrren (P);

D) 6exkepenb (Bk);

E) xropu (Ku).
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Puc. 12.2

A) npoxoguT 4yepe3 TOYKY () U HanmpasieHa BAOJb OCH X

B) npoxoaut yepes Touky O BAOJb OcH Y

C) npoxoauT Yyepes TouKy O NMepneHAUKYAAPHO MI0CKOCTH XOY;
D) npoxoaut yepes wap 1 mapaaneabHo ocu Y;

E) npoxoauT yepes wap 3 napaulesbHO OcH Y.

4. Ha xoneco HaunMHaeT AeWCTROBATh MOCTOAHHBIY MOMEHT CHJIBL.
I'padk 3aBMCHMOCTH MOMEHTA MMIIy/bCa Kojeca OT BpeMEeHU UMeeT
BUA:

A) npaMoi, NpoxoAsuel yepes Hauyaao KOOpAUHAT;

B) npAMoO#, napanneabHON 0CH BPEMEHHU,

C) rumnepboint;

D) napa6onbl ¢ BepHIHHOI B Hayane KOOPAUHAT.

5. lMTox gevicTRieM nepemMeHHOM cunbl F (pyc. T2.3) Teno nmepemela-
eTcs Ha paccrosHue { = 4 M. BeKTop cuibl HanpasJjieH BAOJAb BEKTOpa
nepemelieHuA. Pabora gaHHo# cunbl A = ... XK.

i

6*. Mexanuueckas 3HEPrus CUCTEMBI TeJ COXpPaHAETCA:

A) B 3aMKHYTOH cHCTeMe TeJ ITPH OTCYTCTBUU CWJI TPEHUA MEXAY Te-
NaMu;

B) ecnu Ha CUCTEMY TEN HE AEff‘ICTByIOT BHelIHHUE CUJIbI;

C) ecau Mexay TeJaMu CUCTEMBI AEHCTBYIOT TOJNbKO KOHCEPBATHUB-
HEI€ CHJIBI, @ CYMMa BHEITHUX CUJ DABHa HYIIO;
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BHe cdepso! C. [ToBepxHOCTH A, B, D HaxoaaTcs BRYTpU cdeprl C. Onpe-
JeNUThb, Yepe3 KaKyIo U3 3aMKHYTHIX MOBepXHocTel A, B, C unu D nomok
BEKTOpA HaNIPAXEHHOCTY 3NEKTPOCTATUYECKOTO TTONAA Haubonbuiutl:

T

Puc, 2.5

A) A;
B) B;
C) C;
D) D.

10. Pa3zHOoCTh MOTEHIUANOB 061-(']18}101( TDIOCKOTOQ KOHACHCATOpa, 34d-
PAXKEHHOI'O U OMKJIIOHEHHO20 OT UCTOYHUKA, YMEHBIUHWUTCA B 2 pa3a, eCJiu

NMPOCTPAHCTBO MeXAy OOKNaJKaMH 3alOJHUTh BELIECTBOM C AHUSJIEK-
TpUYECKOi MPOHWLAEMOCTHIO € = ... .

11*, [lo oAHOPOAHOMY NPOBOAHUKY NEPEMEHHOro CeYeHHA
(pvic. T2.6) nponyckaeTcs NOCTOAHHBIN 2NMeKTpUyYeckuit Tok. Tam, rae
WIoWajb ceyeHUs NPOBOAHUKA B ABa pa3a MeHsbule (S,/S, = 0,5), Tam
B ABa pa3a bosblue:

Puc. 12.6
A) ckopocTb v Apeiida HocuTeNeil 3apsasa;
B) Hanps>xeHHOCTh E 2/IeKTPHUYECKOTO MOJA;
. _Q
C) o6beMHast MIOTHOCTb TEIVIOBOH MOILHOCTH W = TS rae Q — Ko-

JIMMECTBO TEIl/N0THhI, BBIACJIEHHOE B 06’bEMe V B TeyeHUe BPEMECHHU t;
D) yaenbHoe COnpoTHUBACHUE P.
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39. dnekTpUUeCKOe CONMPOTUBIEHNE: a) MOJYNPOBOAHUKOB; 6) Me-
Ta/UIOB — C MOBBILUEHUEM TEMIIEPATYPHI 803pacmaem:

A) a) aa; 6) Her,

B) a) aa; 6) aa;

C) a) HeT; 6) HerT;

D) a) HeT; 6) ga.

40, Hyab MUIIMBOABTMETPA HAXOAUTCA Ha CEPEAUHE IIKAIbI, UMEIO-
ute#t o 100 geneHnii B eBylo U NMPaRByio cTOpoHbL. LleHa geneHusa panHa
0,2 MB/aen.; knacc TouHocTH npubopa — 0,5. [orpelurHocTb AaHHOrO
V3MEPHUTEABHOrO Npudopa coCTaeiNAeT ... MB (OKpYMIMTB 10 OQHOM 3HA-
yauieit uHQpsI).



Tect 3

1. MaxoBuk BpallaeTca C MMOCTOAHHOM YFJIOBOﬁ CKOPOCTHID OTHOCH-
TE€JIbHO HCHOABH)KHOﬁ OCH. HO])MaJlebIe YCKOpEHHUA TOYEK, 0JHA U3 KO-
TOPBIX HAXOAUTCA Ha oboae MaXOBHKa, Apyrasa — Ha CepeJuHe paauyca,

a
pasnnvdalroTca B LI= ... pas (OKPYI‘HHTB A0 1uenoro ‘IHCJ'[&).
a2

2. [Ina tena (puc. T3.1) maccamu m; = m ¥ m, = 2m pacTaakuna-
IOTCA NMPY)KUHOH, EChuv nociie B3auMOAEUCTBUA CKOPOCTh MEPBOro Tena
OTHOCUTENbHO HeMOABWIXHON CHUCTCMBI OTCYETA paBHa L, TO CKOPOCTb
BTOPOTO TeJAa U, paBHa:

Puc. T3.1

A) v/4;
B) v/2;
C) 3v/4;
D) v;

E) 2v.

3. Vi3 croniHoro HANHAPHYECKOTO Bajia BBICBEPIHIHN CEPEIUHY
BAOJIb OCH, TaK, YTO MAcca €ro YMEHbIIWIACh HATIONOBUHY. BHelIHU#
AUAMETp M AJHHA OCTanuch 6e3 uameHenus. OTHOIIeHHE MOMEHTOB
MHEpIMH OTHOCHTENBHO LIEHTPAaTbHOH OCH CHMMETPUHM TeNa 0 U Toce

J
obpaborku —L pasHo:
Ja

A) 2;

B) 1/2;

Q) 1;

D) 6onbine eAWHUILI, HO MEHbIlIE ABYX;
E) 4.
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A) 200;
B) 400;
C) 600;
D) 800;
E) 1000.

24. JIy4 KpacHOro LiBeTa OT JIa3epHOH yKa3Ku NajaeT Ha AudpaKuUOH-
Hyto pewerky P (puc. T3.7). Ha akpaHe 3 HabmoaaeTcsa BepTHKaNbHbBIA
PAA KPACHBIX MATHRIIIEK, CO3AaBaE€MbIX CBETOM J1a3epa. Ecnu pPeIIETKY MO-
BEPHYTb Ha /2 paj B IVIOCKOCTH NEpPreHAUKY/ISPHON Ny4y, TO:

-~

Puc. 13.7

A) KpacHbIe MATHA WCYEe3HYT;

B) KpacHbie NATHA pacloyioXXaTcd FOPU30OHTaNBHO;

C) BUA U paCIONIOKEHUE NMATEH HE UBMEHUTCA;

D) ApKOCTh YMEHBINWTCS MPUMEPHO B IBa pa3a NMpH TOM e pacno-
JIOKEHUM TISITEH.

25. Jlapnenie MOHOXPOMATHYECKOTO CReTa Ha 3a4epHEeHHYIo mo-
BEPXHOCTb paBHO P. Eci1 NOBEPXHOCTb CAeNaTh OAHOCThIO OTPAXKAI0-

LWEH, TO AaBJIEHUE CBETA Ha AaHHYIO NMMOBEPXHOCTE CTAHET P*. Benuyu-
HBI P u P” HaxoaaTcsa B COOTHOIINEHWW!

A)P =P/2;
B) P = P;

C) P" = 2p;
D)P <P < 2P

26. Bo cKONBKO pa3 3HEPrUs WOHH3ALMHK BOZOPOAOTOAOOHOTO HOHA
reaus (He*) 6osnbllie 3HEpruy MOHU3ALHUU aTOMa BOAOpoAa?

27. CneKkTp TeMJIOBOTO U3NTYYeHUS:

A) criioltHON (HenpepbIBHbIH);

B) AvickpeTHBIH (OTAENbHbIE Y3KHE IMHUU Ha YepHOM QoHe);
C) AUCKpeTHBIN (IIHPOKYe NMOJOCK Ha YePHOM ¢oHe);

D) anckpetHbiii (OTAeNbHble TEMHbIE IMHUU Ha (POHE CIIOLIHOrO
CIeKTpa).

28. YKasaTb, A1 KaKOH U3 YacCTUL], €CU UMNYAbChl UX OAUHAKOBBI,
JUIVHa BOJHEI Zie bpoina Ag Haumenbwan:

283



A) NpoTOH;

B) no3uTpoH;

C) anpda-yacTuua;

D) ana Bcex nepevyMc/IeHHbIX YaCTHL, BEIMUMHA Ay OAMHAKOBA.

29". Ha auarpamme (puc. T3.8) nokaszaHa 3aBUCHMOCTbH BOJHOBOMH
GYHKUMY YaCTHLBI, HAXOAALEUCS B COCTOSAHUU € KBAHTOBBIM YHCIOM
n = 3 B NOTEHLMAaABHOM SIIHKE LIVPUHOM £, OT KOOPAUHATH! YaCTULBIL.
BeposITHOCTb HAXOXKAEHMS YaCTULIBI PABHA HYAH0 B TOYKAX C KOOpAUHA-
TaM¥ X, pABHBIMU:

Puc. 13.8

A) 0;

B) ¢£/6;
C) {/3;
D) (/2;
E) 2¢/3;
G) 5¢/6;
H) ¢.

30. [To coBpeMEHHBIM NPEACTABIEHUAM HYKJIOHBI (MPOTOHBI, HEH-
TPOHBI) UMEIOT CTPYKTYPY, T. €. COCTOAT:

A) U3 NO3UTPOHOB ¥ HENTPHHO;

B) U3 O3UTPOHOB U MEKTPOHOB;

C) U3 3/IEKTPOHOB H HEUTPUHO;

D) U3 NOJOXKUTENBHO U OTPULATENBHO 3apAKEHHBIX KBAPKOB;

E) 43 MIIOOHOB U TPABUTOHOB.

31°. 3Han 3aKOHBI PAAHOAKTUBHOCTH W NEPHOZ MOAYpacnaaa, MOXXHO
NpeACKa3aTh:

A) MOMEHT pacraza oIpeAes/IeHHOr O AApa U3 HEKOTOPOr'o Yvca AAEp
PaANOAK-TUBHOI'O U30TOIA;

B) BepoOATHOCTL pacraja 3a olpeAe/ieHHOe BpeMsa OAHOro sjapa
M3 6O/IBbIIOrO YUC/A AACP PAAHOAKTHBHOrO U30TOMNA;

C) A0NI0 HAYAJIBHOTO YUCIA AACP, KOTOPbIC OCTAHYTCA pagUOaKTUB-
HBIMH TOC/IE ONPCACJCHHOIO MPOMEXYTKA BPCMCHU;
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40°. PacnosioXXuUTh pe3y/ibTaThl U3MEPeHUM B MOPSIAKE 803pacmaHust
TOYHOCTH.

A) paccTosiHMe OT 3eMu 0 MOBEPXHOCTH JIYHBI C MOTPEUTHOCTHIO
+5 cM;

B) mmpuHa npoeskeil YyacTy YAULBI C MOTrPEIIHOCTHIO +5 MM;

C) TonupiHa WML AN PYYHOTO HIMTHS € MOTPENIHOCThI0 +0,5 MM,












T ————

Puc. 4.4

10. [Tpy 3anMOJHEHUH JUINEKTPUKOM MPOCTPAHCTBA MeXAY 00KIa-
KaMH KOHZIEHCATOpa, KOTOPBIN 3apsAKEeH U OmiAoUeH OT UCTOYHHUKA, Ha-
NPAXKEHHOCTb 3NEKTPOCTATUYECKOro NOJA BHYTPHU KOHJAEHCATOpA:

A) yBEeNUYUBAETCA,

B) ymMeHbLIAETCH;

C) ocraercqa paBHOH HYJIIO;

D) MOXeT YBeJIMYUBATHCA, a MOXKET YMEHbIIATHCA B 3aBUCUMOCTH
OT AUINEKTPUYECKON MPOHHIIAEMOCTHU BellleCTRA.

11. Pa3aHOCTh NOTEHIMANOB Ha MOTIOCAX aKKYMYAATOPHOM 6aTapeu
3aBUCHUT OT CHJIBI TOKA, MOTPebAIeMOro RO BHEIIHEH LieNy, KaK NMoka-
3aHO Ha puc. T4.5. BHyTpeHHee conpoTURAeHWe GaTtapen r = ... MOM
(okpyrauTh A0 ABYX 3HAYALKAX LUP).

{

T UL, IT.Js

12. isa ANMHHEBIX NPAMBIX NTapa/UIe/bHBIX NpoBogHUKA (puc. T4.6)
c TokoM (I, = [,) co3aaloT MarHWTHoe none. Tok I, HanpaBs/eH K Ha0o-
AaTento, Apyroit Tok I, — ot HabaloAaTesNs, NepneHAUKYISPHO [10CKO-
CTH IMCTa. BeKTop MarHUTHOM MHAYKUWH 1051, CO34aHHOr0 3TUMH I1PO-
BOAHUKAMU B TOUKe M, pacroloXeHHOM Ha JUHUU, NpoxXoJsllei yepes
NPOBOAHUKY, HAIpaB/IeH:
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22. Ecnu oTpa)keHHBIN Ny4Y CBETAa MOJHOCTBIO NOAAPU3YEMCS npu
ompaxceHuu OT KpUcTaya pybuHa (n = 1,74), To yroj npeaoMieHus
¥ = ... rpaZycor (OKpYIIUTh A0 ABYX 3Ha4awMx uudp).

23". KorepeHnTHbie BosiHbl (A = 400 HM) Ha nyTH B Touky M (puc. T4.7)
NpPOXOAAT paccTodAHuA L, u L,. B Touke M HabAr0AaeTCa MaKCUMalbHOE
ycunenue xonebauwii. Fcau 1., = 2400 HM, To BeNUYUHa L, B npefenax
ot 0 7o 1000 HM MOXeT MPUHKUMATh 3HaYeHUs, HM:

N

A

F UL, I 7./

A) 200;
B) 400;
C) 600;
D) 800;
E) 1000.

24. Hanbonbluuii nopaaok AudpakLMOHHOrO MaKCHMyMa cBeTa (A =
= 500 HM), HabMOAAEMOTO € MOMOILbI PEIETKHA WUPUHOR 5 MM U 06-
MM "KcaoM mTpuxoR N = 2500, pareH k, 6= -.. -

25. JlaBiieHHe MOHOXPOMAaTUY€CKOrO CBETa HA 3aUePHEHHYIO I10BepX-
HOCTb paBHO P. EC/IU ANUHY BOAHBI YMEHBIUUTH B 2 pa3a INpU NMPOoYUX
paBHBIX YCIORHMAX, TO AaRJeHHe CBeTa Ha 3TY MOBEPXHOCTH CTaHeT P,
Benuuutbl P v P° HaxXogaTcA B COOTHOLIEHUU:

A)P =P/2;
B) P* =P;

C) P* = 2p;
D)P < P* < 2P.

26. Ha puc. T4.8 npeacTapaeHa oAHa U3 CepUM CMeKTpa aTOMAapHO-
TO BOAOPOAA, B KOTOPOI UMEeTCs YeThipe TMHWHU B BUAMMO 061acTH.
3Ta cepusi COOTBETCTBYET NepexoAaM 3/1eKTPOHA CO BCeX BbllleeXxaluX
YPOBHEH Ha YPOBEHb C HOMEPOM 1y = ... .

400 500 600 A, uM
Puc. 14.8
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MEHEHHWE DHTPOMHWU ra3a ASB pe3yarTaTe AdHHOIO IHUKJIAa ONMHUChIBAIOTCA
COOTHOUIEHUAMH:

Puc. T4.9

A) AU < 0;
B) AU = 0;
C)AU > 0,
DYA=0;

F)A > 0

H) AS = 0;
G) AS > 0.

38", EAMHULA NMOBEPXHOCTHOrO HATAXEHUA XUAKOCTH MOXKET ObITh
BbIpa>XeHa B BUJe:

A) INa/c;

B) [k /kr;

C) H/m:

D) Zx/m2;

E) Ma-c;

F) H/(m2-¢).

39°. [TocTaBUTH B COOTRETCTBUE CBOMCTRA KPUCTA/VIMYECKUX AHINEK-
tprkoB (I — II} u xapaxkrep usmeHenusa (A — C) 3TUX CBOWCTB NPH Ha-
rpeBaHUM Bhille TeMnepaTypbl Jebas:

[) Tenno0eMKOCTb;

II) 31eKTPONpPOBOAHOCTD;

A) yBeJUYHUBaETCA;

B) ymeHbiliaeTcs;

C) He u3MeHseTcA.

40°. Viamepsa HanpsxeHne U < 50 B MHOronpejesbHLIM BOJIbTME-
TpOM, UMEKIINUM OAHY UIKany, CHada/la YCTAHOBWJIH ipejesn U3MepeHUuA
150 B, satrem — 50 B. [TocTtaBuTk B COOTBETCTBUE BEAUYUHB] | — III
¥ XapakTep ux nameHenns (A — C) npv nepexozie K MEHBIIEMY NTpeeny
N3MEepEeHHA!

I} ueHa AeneHusa npubopa;

IT) abcontoTHasA MOrpeNnHOCTh U3MEPEHHNS;
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[II) oTHOCHUTENBHAS [TOTPELIHOCTD;
A) yBENUYUBAETCA;

B) ymeHbiiaeTcs,

C) He U3MeHseTCA.



Tect 5

1°. Moaynb BekTOpa NnepeMelleHHs paBeH NpOHAeHHOMY IyTH B CYy-
Hasx JABMKEeHUS Tea:

A) paBHOMEPHOro NpsAMOAUHEWHOTO;

B) no OKpY>KHOCTH C IOCTOAHHOU MO MOAY/IO CKOPOCThIO;

C) 6polneHHOro ToA Yr/IOM K TOPU3OHTY;

D) 6poureHHOr0 BepTUKalbHO BBEPX, A0 KpalHel TOYKM MoAbeMa.

2. fliymk Maccod 100 Kr nepeMelialoT pagHOMEPHO TIO FTOPU3OHTANb-
HOMY HacTWy, npukaaaneasn cuny F = 400 H nog yraom « = 60° k ropu-
souTy (puc. T5.1). Koadpduuuent tpenus p = 0,32. Cuna TpeHus F, =
= ... kH (okpyruTh 0 OAHOM 3Havalen HHQPHI).

- —t

Puc. T5.1

3. Meramnnyeckas 6oasaHka nmeeT dopMy uuanuapa (puvc. T5.2).
Ecnu oTpesaTh ee KOHLS! Tak, 4TOObl Macca cTaja B 2 pasa MeHblle,

TO MOMEHT MHEPLHH AETANU OTHOCHUTEIBHO LIEHTPaNhHOM OCH CHMMe-
TPUH:

Puc. 15.2

A) YMeHBINIWTCA B 2 pasa;
B) yBennuuTca B 2 pasa;

C) yMeHbIUTCA 60/bLIE, YEM B 2 pa3a;
D) He U3MeEHUTCA.

4, Toa AedcTBUEM MOMEHTa cuabl M = 0,2 H'M yrioBast CKOPOCTb KO-

Jleca BO3pAacTaeT Mo 3aKOHY ® = 4t, rje i — yriaoBas CKOpocTh, paa/c;
t — BpeMs, c. MOMeHT uHepuyH kKoneca J = ... Kr-M2.
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B) MeHbmIeN WHMPUHOMN 3aMpellleHHOM 30HbI;
C) bonbuIeli KOHLEHTpaLeH CBOBGOAHBIX HOCUTENEH 3apAaa;
D) MeHnbuIeH MIOTHOCTHIO.

40°. PacnosioXuTh pe3yabTaThl U3MEPEHUI B NopAJKe youlieanus
VX TOYHOCTH:

A) NpOAOIKUTENBbHOCTD LIKO/JbHOI'O YPOKA C MOFPELIHOCTBIO =1 MUH;

B) ¢KOpOCTb HCKYCCTBEHHOIO CIIYTHUKA 3eMJIM Ha HU3KOM KpYroBoHu
opbuTe c norpeuHocThio =20 M/c;

C) AnvHa BOJHBI BUAUMOrO CBeTa C norpewHocTbio £0,5 HM.







































[punoxxeHus













lpunoxerue 2
HekoTopble cBefleHUA U3 MaTeMaTUKK

1. TpuroHoMeTpHYeCKHEe COOTHOLIEHUA.
YpaBHEHUE OKPYKHOCTH paauycom R:

rae X Uy — KOOpAWUHATH! TOYKU M OKpy>xHOCTH (puc. [1.1).

[

Puc 1.1

TpuroHoMerpruyeckue GYHKUMM yriaa o

sin a=% (em. puc. IL.1), unu sino =2 (puc. I1.2);
c
X b
CoSt =E (em. puc. I1.1), unu cos =; (cM. puc. [1.2);

tgo =% (em. puce. [1.1), nan tg o =% (cm. puc. I1.2).

Fed

FUN, Tk
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