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BBEJIEHHUE

CucremMaTdeckoe pelIeHHe 3a/ad — HEO0OXOAMMOE YCJIOBHE YCIEHIHOIO OCBOCHHS
Kypca (U3MKM — TIOMOTAaeT YSCHHUTb CMBICT (DU3MYECKHX 3aKOHOB, 3aKPEIUIIET B TaMSATH
(GopMyIibl, IPUBUBAET HABBIKU IPAKTUYECKOTO UCIIOJIb30BaHUS TEOPETUUECKUX 3HAHUH.

Kaxnplii paszmen HacTosero mnocoOus HauMHAETCss ¢ IepedHs (OopMyl, 3aKOHOB,
OIpe/ieIeHNH, 3HaHWE KOTOPHIX HEOOXOAMMO JUIsl pEIIeHUs NOoCIeqyolMX 3agad. Paznensl
COCTOAT U3 OJIOKOB, COZIEPIKAIINX KPATKYIO TEOPUIO, IPUMEPHI PELICHUS 3a]4a4 U, IOJO0HbIE UM,
3a1a4U U1 CaMOCTOSITENIBHOIO penieHus. [ IpOBEpKU NMPAaBWIBHOCTU PELIECHUs BCE 3a1a4u
COJZIepKAT YHCICHHBIE OTBETBHI.

BHUMAHMUE! YpoBenb ocBOeHUs pelIEHUS 3a/1a4, PaBHO KaK U OBJaJIeHUE, 3HAHUSIMH,
YMEHUSIMHU ¥ HaBBIKAMH 110 BCEMY KypCy (PU3HKH MpOBEpseTCs KOMIBIOTEPHBIM TECTUPOBAHUEM,
IIOArOTOBKA K KOTOPOMY OCYIIECTBISIETCS M Ha IPAKTUYECKHX 3aHATHAX. Bompocsl TecToB
AQHAJIOTMYHBI 3a/1a4aM, [IPEJICTABICHHBIM B KaX/10M 0JI0KE TOCOOHUS.

PEKOMEHIALIUM K PELIEHUIO 3AJJAY

[Ipu pemrennn 3aaa4 HEOOXOAMMO BBITIOIHATH CJIECIYIONINE PEKOMEHIAINU:

1. Tlepen pemienuem 3a7a4 HYKHO BBIYYUTH ()OPMYIIbI COOTBETCTBYIOIIEH TEMBI.

2. Uwras yciioBue 3a7a49u, CTapaThCs MOHSATH €r0 CMBICI.

3. 3amucaTh mocie cioBa "JaHO" KpaTKOE YCIOBHE 3aJaud, IPEACTABUB HCIIOIb3yEMbIE
3HaueHus ¢usnyeckux BenuunH B CU. Ilocne crnoBa "HalTu” BBIMHCATh BCE HMCKOMBIC
BEJIMYUHBI.

4. W300pa3uTh cxemy, MOSCHSIONIYIO YCIOBUE 3a/1aud, yKa3aB JCWCTBYIOIINE Ha Teja CHUIIbI,
HaIpaBJI€HUE YCKOPEHUM, CKOPOCTEH 1 UMITYJIBCOB TEI.

5. CocraBUTbh CUCTEMY ypaBHEHUH.

6. PemmuTh cuctemy ypaBHEHHWH — TONYyYUTh pabouyio ¢dopmyry. IS 3TOro HCKOMYIO
(GU3MYECKYI0 BEIMYMHY HAJI0 BBIPAa3UTh uepe3 OyKBEHHbIE O0O3HAYEHUs BEIUYHH,
3a/IaHHBIX B YCIIOBUU 3a/1a4u.

7. Kaxnplii oTan pemieHus 3a1a4u COMPOBOXKIATh KPATKUMU MOSICHEHUSMH.

8. IlpoBepuTh MPaBUIBHOCTH PEIICHHS, MOJCTABUB HAUMEHOBAHUS (PU3NYECKUX BEIUYUH B
pabouyto hopMyIy, MOTYIUTh Pa3MEPHOCTh UCKOMOMW BEIHUHHBI.

9. BpuUCINTH 3HAYCHUEC HCKOMOU BETMIMHBI.

10. OTBer 3ammcarth B BUJC MPOU3BEICHUS JCCITHYHOW JPOOH, C OJHOM 3Havamed mudpoi
nepes 3amsaTol, Ha JecATh B COOTBETCTBYMOIIEH creneHd. Hampumep, BMecto 3520 Hano
3amucarts 3,52-10%, BMecto 0,00129 3ammcars 1,29:107° u .1



|. KHHEMATHUKA INIOCTYIIATEJIBHOI'O U BPAIIATEJIBHOI'O IBUKEHUSA
1. Kunemamuka nocmynamenbHo20 08UNCEHUA
1.1. Kpamkue meopemuueckue céeoenus

[Tono>xeHne Tena (MaTepuaJbHOM TOYKM) B IPOCTPAHCTBE 3a/a€TCs pajlyCc-BEKTOpOM [ MWiIn
TpeMsi KOOpJIMHATaMHU.

Kunemamuueckue ypaeHeéHus 0GUIICEHUA — DTO 3aBUCHMOCTH KoopauHar X, Y,Z OT BPCMCHHU:

x=x(t), y=y(t), z=z(t),
II03BOJISOIINE ONPENENIUTh MOJI0XKEHHE Tella B JII000H 3aJaHHBI MOMEHT BPEMEHH.
Tpaekmopus — >TO TUHUSA, ONIMCHIBAEMast TBIKYIIAMCS TEJIOM.

Hnuna nymu AS — 5T0 CymMMa JUIMH BCEX YYaCTKOB TPACKTOPUH, MPONAEHHBIX TEJIOM 3a

HPOMEKYTOK BpeMeHu At =1, -1, , rie t, — HavanbHbIA 1 1, — KOHEYHBI MOMEHTHI BpEMCHHU.

ITepemewenue AT — 310 BEKTOp, COCMHSIONINNA HAYAIFHOS U KOHEYHOE TTOJIOKEHHS TEJa:
Ar=r—-T.

Cpeonasa cKOpoCTb — 3TO BEKTOP, PABHBIM OTHOLIEHHIO MEPEMEIIECHUS K MPOI0JIKUTEIbHOCTH
ATOrO MEepPEMELLEHUS:
5, <A
PAt’

Mcznogennas ckopocmp — 3TO NepBasi NPOU3BOAHAS PaJIMyC-BEKTOPA IO BPEMEHMU:

ﬁ—limA—F—@
T As0AF dt

Hpoekuuu MZCHOBEHHOUL CKopocmu Ha ocu Koop()unam — OTO TMEpPBbLIC MNPOU3BOJAHBIC
COOTBCTCTBYIOIIUX KOOPAUHAT I10 BpCMCHU

_dx _dy

e=ar YT ar

Mooynb mecnosennoit ckopocmu onpenensiercs o teopeme [udaropa:

v=,[vi+0] .

Mznosennoe yckopenue — 310 BEKTOP, PaBHBIN IEPBOi MPOU3BOAHON CKOPOCTH U, WIIH BTOPOIt
IIPOU3BOJHON paguyc BEKTOPA I10 BPEMEHU:

do _d°’f

a=%=ﬁ.

Ilpoexkyuu éexkmopa yckopenus na ocu Koopounam.



dt et Y dt T de?

Mooynws 6ekmopa yckopenus |Zi| ompeaensercs no teopeme [ludaropa

la|=1ja+a’ .

T AHZeHUUA/IbHOEC YCKOpeHUe XapaKTCPU3yeT 6BICTpOTy HU3MCHCHUSA CKOPOCTHU I10 BEJIMYHHE,
MOYJIb KOTOPOIo:

_dv

uT—E.

HOthlJlbﬂoe YCKOpeHue XapaKTCepusyeT 6LICTp0Ty HU3MCHCHHA CKOPOCTH HO HAIIPABJICHHIO. Ero
MOJYJIb:
,UZ
a,= K ,

rie R — paauyc KpUBU3HBI TPACKTOPHH.
1.2. Ilpumep pewenus 3aoauu

VpaBHEHUS JABUKEHHS MAaTepHalbHOM TOUKM UMEIOT Bua X(t)=A+Bt u y(t)=C+Dt—Et*, rue
koo durmentsl A=2m, B=3m/c, C=1m, D=8m/c , E=2m/c* 3amans B CU. [[puxenne

TOYKH PacCMaTPUBAETCS] BO BpeMEHHU OT t, =0 110 t,=5¢C.
3aodanue 1. [locTtpouTh TpaeKTOpHIO B KoopauHatax XOy 3a JaHHBIA MPOMEXYTOK BPEMEHH.

Pewenue. I3 ypaBHEeHH JBMKEHUS, KOTOPBIE C YU€TOM 33aJJaHHBIX KO3()(PULINEHTOB NPUHUMAIOT
BUI: X=2+3t , y=1+8t—2t*, ompenenauTh 3HAYEHHsA X, Y, 3ajJaBasg BPEMSA B YKAa3aHHOM

uHTEpBase (cM. TabIuIy):

t(c) |0]05]1[15]2]25[3|35] 4455
x(m) | 2|35|5|65|8 95|11 |125]|14 |155] 17
y(m) |1(45|7(85(9(85| 7 |45 ]| 1|-35]|9

Macwma6 1o ocssM X W Y BBIOMpaATh C y4ETOM MPEACIbHBIX 3HAUYECHUH COOTBETCTBYIOIINX
KoopAuHAT (cM. Tabnuiy). Tak Ad X! Xpin =2, Xmax =17 (M) B Y: Yiin ==9,  Yimax = 9 (M).

Ilocmpoenue epaghuxa. Hanectn Ha KOOPIAMHATHYIO CETKY TOUKU IMEPECEUCHUs 3HAYEHUW X U Y
JUIST KOKJIOTO MOMEHTa BpeMEHHU, yKazaHHoro B TaOmmie. COoeIMHWTh HAHECEHHBIE TOYKHU
IJITABHOW JIMHUEH.

3aoanue 2. Onpenenuts niepemMenieHne Ar B UHTEpBajie BpeMeHU At =t, —t, , yka3aB Ha rpaduxe

TPACKTOPUH.

Pewenue. Ilepemewenue AT =7, —T, — BEKTOp, COCAUHSIONIMNA HAYAIbHYIO U KOHEYHYIO TOUKH
rpaduka (puc. 1.2), MOZYIb KOTOPOTO onpeaensTcs no Teopeme [ludaropa:



2 2
Ar =,/(Ax)" +(Ay)", A
(&) + (a) e
rme Ax=X,—X; , Ay=y,—y, — H3MCHCHHUE 3 ™~
KOOpAWHAT. 3HaueHus X, =2, y; =1 um X, =17, 6
Y, =—9 B34Tbl U3 TAOJUIBI B MOMEHTHl BpEMEHU 4
t,=0 u t,=5c orBercTBeHHO. Takum o0Opasom, X v
Ax=17-2=15(m) , Ay=-9-1=-10(w) , | _ .
I 1 I
Ar =+/152 +10% =18(m) . o 2 4Ng 8 10 12 14\ 16 x
3adanue 3. OnpenenuTb CPEHIOI CKOPOCTh T, B -4 Ty AF
MHTEepBaJe BpeMeHH At=t, —t, . -6
-8 4
Pewenue. Ilo omnpenencHuio CpeiHss CKOPOCTb | 0|
z?cl,:% . C yuerom 3HaueHud Ar=18m wu
At=5¢ nonydyaeM v, =18/5=36m/c . HampaBneHnue cpeaHell CKOpPOCTM COBIAJAET C

HAITPABJICHUEM BEKTOPA MEPEMEIICHAS AT .

3aoanue 4. Onpenennth MTHOBEHHYIO CKOPOCTh U B MOMEHT BpeMeHH t=3C.

—

. dr o
PemeHue. HO onpeﬂeneHmo MI'HOBCHHAs CKOpOCTB U=E nu HaHpaBJIeHa I1I0 KaCaTCJIbHOU K

TpackTopuu. B MOMEHT BpeMeHH t=3C BEKTOp ¥ SBIIIETCS KacaTelIbHOM B TOYKE C

KOOpJMHATaMu (CM. Tabnuiy) X=11m, y=7m (puc.).

Monyinb MIHOBEHHOH CKOpOCTH omperenarcs 1o Teopeme Iludaropa: v=./vi+v] , rme

Cdx_d(2+3t) B dy d(1+8t-2t%)
== g =3 M/c =const, v, —E—T—(S—M) — HPOEKIMU CKOPOCTH HA OCH

X u Y. JIns MOMeHTa BpeMeHH t=3C MPOEKIUH CKOPOCTU MPHUHUMAIOT 3HAYCHUS: v, =3 m/c ,

v,=(8-4-3)=-4 (M/c) (3HaK MHHYC O3HA4aeT, YTO TIPOEKIMS CKOPOCTH v, HaNpaBicHa

HPOTHBOIMONIOXKHO OcH Y). T.0., MOAYJIb MTHOBEHHOU CKOPOCTH v =+/3% +4% =5m/c .

3aoanue 5. Paccuurtarh MOJHOE a TAaHTCHIUAJIBHOC a. W HOPMAJIbHOC d, YCKOPEHUS B MOMECHT

BpeMeHHu t=3cC.

Pewenue.
do,

[TonHoe ycKopeHHe a=./aZ+a2, rme a, =4t

do,
ay =5 — MPOEKLMI YCKOPEHUA Ha OCH X uy.
VuaureBas, 9T0 v, =3 U v, =8-4t (cM. 3agaHue 4),
MOJIy4yaeM: a, = % =0 u

d(8—4t
a, = % =—4 (M/ c?) = const . ITomHOE




yckopenue a=+0? +4% =4(m/c?).

Jns  ompexnelieHUs TaHTEHUIUAIBHOTO &, W HOPMAJIbHOrO &, YCKOPEHHMH HEoOXO0auMo
MIPEACTaBUTh CXEMYy CKopocTed (cM. puc.). 3Aech K€ yKa3aThb IOJHOE YCKOpEHHEe, KOTOpoe
HanpaBJCHO BEPTHKAIBHO BHHU3, MOCKONBKY a, =0, a a, =-4(m/c?) uMeeT OTpULATEIbHYIO
BeMIMUMHY. TaHreHuuanabHoe d, WU HOPMAJIbHOE &, YCKOPEHHUS SIBISIOTCA COCTaBIISIFOIIUMH
MOJTHOTO YCKOpPEHHUsI & U HampaBi€Hbl COOTBETCTBEHHO BJOJIb M MEPHEHIUKYISIPHO BEKTOPY
MTHOBEHHOH ckopocTH ¥ (puc.). OTMEYeHHBIC YIJIbl O PaBHBI KaK HaKpecT jexamue. M3

v . v

1noJ00Us BBIZCTICHHBIX TPEYTrOJbHUKOB CJIEIYeT, YTO ar=acosa=a?y, u a,=asina=a—.
v

[ToncraBuB 3HAYEHUS YCKOPEHHS M CKOpPOCTEH isi MOMeHTa BpeMeHH t=3(c): a=4(m/c?),

v, =3(m/c) , |vy|=4(M/c), v="5(m/c) , TIONyIUM: at=4-ﬂ=3,2(m/cz) , Ay =4-==24(m/c?) .

5

ullw

IIpoBepka: a=+/a2 + a2 = /3,22 + 2,42 = 4(m/c?).

1.3. 3aoauu

1. VpaBHenue nBuxeHuss marepuanbHoil Toukn B CU mmeer Bua x(t)=0,15-0,1t* +0,02t° .
OmpenenuTh 3HAYCHUS] CKOPOCTH U YCKOpeHHsi B MOMeHTHI Bpemenu £, =0 u £, =5c¢, a Takxe

CPETHIOI0 CKOPOCTh MEPEMEIIEHHs U CPE/IHEE YCKOPEHHUE 3a TIEPBBIE MATh CEKYHT IBUKCHHUSL.
(Otser: v, =0, v,=0,5M/c, a,=-0,2m/c*, a,=0,4m/c?, v, =0, a,=01m/c*).

2. JIBwkeHue MaTepralibHOW TOYKU OMHChIBaeTcsl ypaBHeHUsMHU (B equaunax CHU): X =3+5t u
y =4+ 3t . HaliTu CKOpOCTh M YCKOPEHUE ABUKEHUS TOUKH.

3. JIBUKEHHE TOYKM ONMMChIBaeTcs ypaBHeHHMeM X =5+2t+3t° (B egumumax CH). Haiitu
CKOPOCTb M YCKOPEHHE TOYKH B MOMEHT BpeMeHHU t = 3¢ .

(OtBeT: v = 83 M/c; a = 54 m/c?).

4. JIBuKeHMsI IBYX MAaTE€pHAIbHBIX TOYEK OIHUCHIBAIOTCS YypaBHeHMsMH (B enuHunax CH):
X, =20+4t—4t* u X, =10+2t+t*. B xakoii MOMEHT BpeMEHH CKOPOCTH 3THX TOYEK OYyayT

OI[I/IHaKOBBIMI/I? OHpeI[eJ'H/ITI) CKOPOCTH U YCKOPCHUSA ABUIKCHUA TOYCK B OTOT MOMCHT BPCMCHHU.

(OrBet: t =0,2¢c; v, =0, =24 M/c; a1 = -8 M/c2; az =2 m/c?).
2. Kunemamuka epawamenvnozo 08U3ceHus

2.1. Kpamkue meopemuueckue céedeHus

Bpawamenvnoe oOeuicenue — JBUXKEHUE, NPU KOTOPOM BCE TOUKH Tella OMUCHIBAIOT
OKPY>KHOCTH, HEHTPHI KOTOPBIX JIeKaT Ha ool npsimoii OO’ — ocu Bpamenwus.

Kunemamuueckoe ypasnernue epauiameibHo2o 06UIICEHUsL — ITO 3aBHCUMOCTh yrijia mOBOpOTa
OT BPEMCHHU:

p=9(1),

MTO3BOJISIONIEE OMPEAEITUTh TOJI0KEHHE Teja B JIF000H MOMEHT t .



Yenoeaa ckopocme @ — 370 nepBas Npou3BoHAs yIJia IOBOPOTA IO BpEMEHU

m—d¢
dt -
Yenoeoe yckopenue B — 310 niepBast npon3BOIHAS YTIIOBOM CKOPOCTH 10 BPEMEHU
p=%
dt
Céa3b TUHEIHOI U Y2/10801l CKOPOCMU.
v=w-R.

C6513b MAHZEHUUAILHO20 U V21108020 YCKOPEHUL .
a,=fR.
C853b HOPMAILHO20 YCKOPEHUSA U Y2/10801i CKOPOCHUL.
a,=o"-R.
2.2. 3aoauu

1. Teno Bpam@aercss BOKPYI HENOJBMKHOM OCH 10 3aKOHYy, 3aJJaHHOMY YypaBHEHUEM
@=10-2t"+1° pan. B kakoii MOMEHT BPEMEHH YIJIOBas CKOPOCTh BpalleHHs OyIeT paBHa

4pao/c? Onpenenuts yrioBoe YCKOPEHUE B ’TOT MOMEHT.
(OtBet: t =2 ¢, p = 8 pan/c?).

2. Jluck paamycom 0,2m Bpamaercs BOKPYr HEMOABMXKHOMW OCH MO 3aKOHY, 3aJaHHOMY
ypaBHeHHeM @=3-10t+5t° pao. Onpenenurts TaHI€HIUAILHOE, HOPMAIBHOE M MOIHOE

YCKOPCHUSA TOUYCK Ha OKPYKHOCTH JUCKA Y€PE3 Ic mocne Hayasa BpalICHUs.

3. YrioBas CKOPOCTh BPAIIAIOUIETOCS BOKPYT HEMOJBIDKHON OCH KOJIECa MEHSIETCS 110 3aKOHY
®=0,2t . HaiiTu monmHoe yckopeHHe TOYKM Ha 000jie Kojieca B MOMEHT BpeMeHH 2,5 c¢, eciu

JIMHENHAs: CKOPOCTh TOUKU B ATOT MOMEHT paBHa 0,65 m/c.



Il. BAKOHbI IUHAMMUKMU ITOCTYHATEJIbBHOI'O U BPAIIATEJIBHOT'O
ABMKEHUS. 3AKOHBI COXPAHEHUSA B MEXAHUKE

1. lunamuka nocmynamenbHo20 06UNCEHUA MAMEPUATIbHOU MOYKU
1.1. Kpamkue meopemuuecxkue céeoenus

Bmopou 3axon Hvlomona. yckopeHue 4, mpuoOpeTaeMoe TEJIOM, MPSIMO IPOMOPIHOHATIEHO

neiicTByromeil Ha Hero cuite F 1 00paTHO MPOMOPIIMOHAIBHO Macce m 3TOrO Tea

—

. F - -
a=—= F=ma.
m

-

Cuna maxcecmu F moe —— OTO I'PaBUTAllMOHHAsA CHIIA, coona}omaﬂ TCIIY BOJIM3U IMOBCPXHOCTHU

K

Semim YCKOPEHUEC CBOGO,Z[HOFO MnagcHUs.

Fm;mc = mg :

3akon mpenun CKOJIb)ICeHUA FTP NpeIsATCTBYECT  UX OTHOCHUTCIIbHOMY  ABHXXCHHIO

COIIPHUKACAIOMIUXCS TCII
Frp=u-N,

rae 4 — kK03 puuueHT TpeHus: CKOIBKEHUS, 3aBUCALINA OT MaTepralia COMPUKACAIOIINXCS T

U KadectBa 00paboTkm mx moepxHocTedl. Cuma peakmum omopsl N cormacHo |l 3akony
HeloTOHA paBHa IO MOAYIIIO CHJIE HOPMAIBHOTO AaBieHus P, Tena Ha MIIOCKOCTb:
N=|P,

1.2. 3a0auu

1. Teno maccoil 2 ke ABWXKETCS TPSAMOJIUMHEHHO IO 3aKOHY x(t)=A—Bt+Ct2—Dt3 , TIme

C =2M/ ¢ u D=0,4M/ ¢® . Haiitn CUIy, ACHCTBYIOLIYI0 Ha TEJIO B KOHLE IEPBOM CEKYHJbI

JABHUXKCHUS.
(OtBet: F=3,2 H).

2. ABtomoOmib Maccoit 1020 kr, nBUTasCh paBHO3AMEIJIEHHO, OCTaHABJIMBaeTCs 4depes 5 c,
npoias myth 25 M. HaiiTi HayalbHYI0 CKOPOCTh aBTOMOOUIISL M CUITY TOPMOYKEHHSL.

3. Hlaii0a, mymeHHasi MO TMOBEPXHOCTH JIbJ]a ¢ HAYaIbHON CKOPOCTHIO 20M/c, OCTAaHOBWIIACHh

yepes 40 c. Haiftu kosddunvenT Tpenus maidsl o ne.
(OtBet: p=0,05).

4. Ha aBTOoMOOWIb Maccoii 1 T BO Bpemsi IBW)KEHHUsS JEHCTBYeT cuia TpeHws, paBHas 0,1
JICUCTBYIOIIE HA HEro CWJIbl TKECTH. HalTh cuiy TArH, pa3BUBAaEMyI0 MOTOPOM, €CIIH

aBTOMOOWIIb JIBUKETCS C YCKOPEHHEM 1M/ B ropy ¢ ykioHom 1 M Ha Kaxzasle 25 M IyTH.
(OtBeT: Frsru = 2,4 kH).
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5. K vutn moasemen rpy3 maccoit 500 r. HaiiTu cuiny HaTsODKeHHS HUTH, €CJTH HUTh C TPY30M: a)
IIOJIHUMATh C YCKOPEHUEM a4 = 2M/ ¢’ ; 6) OmyCKaTh C yCKOPEHHEM @ = ZM/ ¢’
(OtBer: T=59H, T=39H).

6. /IBe rupu coeqrHEHHBIC HUTHIO, IEPEKMHYTON Yepe3 HeBeCOMbIN 010K. Macca Ooubliei Tupu
1,1 kr. Kako#i moykHa OBITH Macca MEHBIIEH THPH, YTOOBI TUPH JBUTAIHCH ¢ yckoperuem 0,197
Tpenuem B 0J10Ke MpeHeOpeyb.

(OtBeT: m2 = 0,9 kr).

7. HeBecomblii OJIOK YKpeIIeH Ha KOHIE cTosia. J[Be rupu paBHOM Macchl 1 KI' COCIMHEHBI
HUTBIO, TIepeKuHyTOl uepe3 Osok. Koadduument tpenuss mexay croioM u rupeit pasen 0,1.
Haiitu yckopenue, ¢ KOTOpbIM JBMXKYTCS THUPH, U CUITy HATSKCHHUS HUTH.

(OtBet: a =4,5 M/c?, T = 5,5 H).

8. bpycok maccoil 0,2 Kr JIeXUT Ha TOpPU3OHTaNbHOM IulockocTH. IIIHYyp, mpuBsi3aHHBIA K
OpycKy, mepeOpolIeH yepe3 HeNmoJBMKHBIA Onok. Ha npyrom KoHIe mHypa MOJBEHICH Ipy3
maccoit 50 r. Onpenenuts HaTSDKEHUH HUTH, ecinu Kodddumuent Tpenus pasen 0,04. Maccoit
0JI0Ka ¥ TPEHHEM Ha ero OCH IPEeHeOpeYb.

2. /lunamuka epauwiamenbHo20 08UNCEHUSL MAMEPUATLHOI MOYKU
2.1. Kpamkue meopemuueckue ceedeHus

Momenm cunvt — MEpa CUJIOBOI'o B3aUMOJACUCTBUS TEN IIpHu BpallaTCJIbHOM ABHUKCHUH, PaBHAA

IMPOU3BCACHUIO CHUJIbI HA IIJICYO:
M=F-h.

Bmopoi 3axon Hotomona 0na epawiamensbHo2o 06UNCEHUS.
B= M
-

Momenm unepyuu | — 310 Mepa UHEPTHOCTHU TeJla BO BPALATEIIbHOM JIBH)KEHUH, 3aBUCALIAs
OT Macchl TeJla U €€ pacipe/leleHUsl OTHOCUTEIBHO OCH BpallleHUsl.

Momenm unepyuu mamepuanvHol mouku (KoIbla):

| =mR?2.
Momenm unepyuu oucka

|ﬂ=%m°R2.

Momenm umnynbca paBeH MPOU3BEICHUIO MOMEHTA HHEPIIMHU Tejla Ha €r0 YIIIOBYIO CKOPOCTD:
L=lw.

OcHOBHOUl 30AKOH OUHAMUKU spauiameibHo20 OGUIICCHUA. CKOpPOCTb HM3MCHCHUSA MOMCHTA
HUMITYJIbCAa CUCTEMBI paBHA PC3YJIbTUPYIOIEMY MOMCHTY BCCX BHCIITHUX CUJIL:

dL

E_M'
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2.2.3a0auu

OnHopoaHslil quck paguycom 0,2 M M Maccoil 5 Kr BpalaeTcsi BOKPYT OCH, MPOXOASIIEH yepes
€ro IeHTp. 3aBUCUMOCTb YIJIOBOW CKOPOCTH BpAIIEHHS JHUCKAa OT BPEMEHU JaeTCsl ypaBHEHUEM
o=3+8t. HaiiTu kacaTenbHyIO CUITY, IPUIOKEHHYIO K 00011y.

K o0Gony omnopomnoro mucka pamuycom 0,2 m mpuioxeHa kacarenbHas cuia 98,1 H. Ilpu
BpaIllCHUH Ha JUCK JeicTBYeT MOMEHT cui TpeHus 4,9 Hm. Halitu maccy aucka, eciii U3BECTHO,
YTO JIMCK BPAILAETCS C yIIOBbIM ycKopenuem 100 pad/c’ .

Ha GapaGan pamuycom 20 ¢M ¥ MoOMeHTOM wHHepiuu 0,1kz-m° HAMOTaH WIHYp, K KOHILY

KOTOPOTO MpuBsi3aH rpy3 maccoit 0,5 kr. Haiftu yckopenue, ¢ KOTOpbIM OIyCKaeTCs Tpy3.

JlBe tupu MaccamMu 1 Kr U 2 Kr COeIMHEHbI HUTHIO, IEPEKUHYTON uepe3 OJ0k maccoil 1 Kr.
Haiitn yckopeHune, ¢ KOTOPBIM JBMXKYTCS TMPH, M CUJIbl HATSDKEHMS HUTEH. biok cumrarth
OJIHOPOJHBIM JTHUCKOM.

Huck maccoii 2 kr u paauycom 10 cMm Bpaimaercss BOKPYr HEMOJABHKHOM IEHTPATbHON OCH,
nenas 10 06/c. Uepes 5 ¢ mociie Hayalla TOPMOXKEHUS JTUCK OCTaHOBWIICS. OnpeneanTh MOMEHT
TOPMO3SIIUX CUJI, CYUTAs JBUKEHHE TUCKA TPU TOPMOKEHUU PAaBHO3aME IJICHHbBIM.

Juck maccoit 50 Kr u paauycoMm 25 €M BpalllaeTcsi BOKPYT HENOIBUKHON LIEHTPAJIbHON OCH,
nemas 8 06/c. K obony nmucka mprkanu TOpMO3HYH Konoaky c¢ cuioi 40 H, mox neiictBuem
KOTOpO# muck octanoBmiics uepes 10 ¢. Onpenenuts K03HOUITUSHT TPEHHSL.

(OtBet: n=0,8)
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3. 3axkon coxpanenus umnynvca
3.1. Kpamkue meopemuueckue ceéedenus

HMnlebC mejia — 3TO BCKTOpPHasA BCJIIMYMHA, paBHasd IPOU3BCACHHUIO MACChbl m TCJIa Ha €ro
CKOPOCTh:
p=mdv.

OCHO6HOII 3aKOH OUHAMUKU NOCHYNAMEILHO20 0BUNCEHUA MAMEPUATIbHON MOYKU . CKOPOCTb
WU3MEHEHNUs UMITyJIbCa TeJIa paBHA JICUCTBYIOIICH HA HETO CUIIE

ol

_E.

Q_|O-
==

3akon COXPAHEHUA UMRY1bCA. UMILYJIbC 3aMKHYTOﬁ CHCTEMBI TE€JI HE MCHACTCA C TCUCHHEM
BpCMCHHU

n
Zmiiﬁi =const .
i=1

3.2. 3ao0auu

1. Ha penbcax crout miargopma maccoit 10 T. Ha miardopme 3akpersieHo opyane mMaccoit S T,
U3 KOTOPOTO MPOU3BOAUTCS BBICTPE BIOJb PEIbCOB B TOPU3OHTAJILHOM HampaBieHuH. Macca
cHapsaa 100 kr, ero HayanbHasi CKOpOCTb OTHOcUTENbHO opyaus 500 m/c. Haiitu ckopocthb
1aTopmbl B IEPBBI MOMEHT IOCTIE BBICTpENA.

(OtBeT: v=3,3M/c).

2. U3 pyxbs BblIETACT IyJid Maccoil 15 r co ckopoctsro 600 m/c. Haiitn cpenHor0 crily otaaun
pYyXbs, eciu myis Haxoauaacs B crsose 0,001 c.
(OtBet: F,,=9kH ).

3. I'panara, nersimast co ckopocteio 10 M/c, pazopBanack Ha JBa OCKOJIKA. BOJBIINIA OCKOJIOK,
macca Kotoporo cocraBmwia 0,6 Maccel TpaHaThl, NPONOJKAN JBUTATHCS B TPEKHEM
HaIpaBJIE€HUU, HO CO CKOPOCThIO 25 M/c. HailTu CKOpOCTh MEHBILIETO OCKOJIKA Cpa3y Iociie
B3pbIiBa. (OTBeT: v=12,5M/C).

4. OnpenenuTh Ha KaKylo BBICOTY MOJHUMETCS Msid Maccoit 100 r, ecu OH majgaeT Ha MO MOJ
yriom 30° K TOpH30HTY M YIpPYro OTCKAKUBAeT 0€3 IOTEpU CKOPOCTH TP YCIOBMH, YTO
U3MEHEHHE UMITYJIbca Mstua paBHO 0,7kz-m/c .

(OtBet: h=0,61m).

5. bunbspaueliil map HanmetaeT co ckopocThio 14,14 m/c Ha Ipyroil Takou ke, HO MOKOSTITUHCS.
IMocrne coyaapeHus mapsl pasnerarorcs noj yrinom 90° , mpuueM mepBblif map JETUT M0 YoM
30° k HampaBIEHUIO MEePBOHAUATLHOTO JBMKeHHUs. HaiiTu ckopocTu mapoB mocie coyaapeHus,
€CJIN yJiap SIBISIETCS aOCOTIOTHO YIPYTUM.
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4. 3aKoH coXpaneHus MOMEHmMa UMNYIbCa
4.1. Kpamkue meopemuueckue cée0eHus

Momenm umnynoca meepoozo.
L=]lw.

3akxon COXPAHEHUA MOMenma umnyibca: MOMCHT UMITYJIbCa BaMKHyTOﬁ CHUCTCMBI HC MCHACTCA
C TCUCHUCM BPCMCHU

n
ZI,-(T),- =const .
i=1

4.2. 3a0auu

1. 'opuzoHTanbpHas MmIaThopMa B BUAE OJHOPOAHOTO Auicka maccoit 80 kr u pamuycom 1 m
Bpaitaercs ¢ yactoil 20 00/mMuH. B nienTpe miaTt¢opMbl CTOUT YEIOBEK U JIEPKUT B BBITSIHYTHIX
pykax rupu. C xakoil yacToToi OyneT Bpamarbcs IulaTdopma, eciau 4YeJOBEK, OIYCTUB PYKH,

YMEHBIIMJI CBOM MOMEHT UHEPIMU OT 2,94kz-m° 10 0,98kz- m>.

2. Yenosek maccoi 60 Kr cTouT Ha Kparo 1miaaTdopMbl B BUIE TrMcka Maccoi 120 Kr, aenaromei
3 006/muH. CkoIbKO 000POTOB B MUHYTY OYyJeT Jenath miatdhopmMa, eciii YeloBeK MepeieT Ha
CepeMHy MeX Iy KpaeM U rieHTpoM 1uiatdopmel? (OTBET: N, =4,806/mun).

3. Ha kpato ropu3oHTanbHOrO IucKa paaunycoMm 2 M u Maccoit 200 kr ctout yenoBek maccoit 80
Kr. BepTukanbHas och BpallleHUs! TPOXOIUT yepe3 LEeHTp aucka. C Kakol yrioBOH CKOPOCTHIO
Oyzer BpalaThCst IUCK, €CIIM YCIOBEK OYAET UATH BJIOJIb €ro past co CKopocThio 2 M/c? (OTBeT:
o =0,44 ct).

4. Ha cxambe JKyKOBCKOIO CHIUT YENIOBEK MU JEPKUT Ha BBITAHYTHIX PyKax TOPU3OHTAJIbHO
pykax ase rupu Maccoil 10 kr kaxnas. PaccrosiHue oT KakJ10il rupu 10 Ocu BpaleHus 75 cm.
Ckambs Bpamaercst ¢ yactoroil 1 06/c. Kakoil craHer yriioBas CKOpPOCTh BpallleHUSI CKaMbH,
€CJIM PACCTOSIHUE OT Ka)KJOM I'MpH /10 OCU BpAIEHUs] YMEHBIIUTCS 10 2 ¢M? MOMEHT nHepLuun

YeIoBEKA M CKaMbH PaBeH 2,5k2-m’ .

5. 3akon coxpanenusn Inepzuu

5.1. Kpamkue meopemuueckue ceéedenus

Dnemenmapnaa padboma dA cunet F Ha OECKOHEYHO MaloM TNepeMelieHun df — 3TO
IMMPON3BCACHUC CUJIBI HA BEJIMYNHY IICPEMCUICHUA

dA=FdScosc .

Kunemuueckasn IHep2us — OTO DHEPTHUA ABUIKYILICTOCA TCIaA:

mo®

K=2

Teopema o Kkunemuueckoii IHepzuu: padOTa BHEIIHEW CHIIBI paBHA U3MEHEHHIO KHHETUYECKOM
SHEpPIUH Telna:

14



AlZ == AK .
ITomenyuanvnas snepeus 0ehopmuposanmoii RPysHcUHbL.
kx?

U(X)=T.

Ilomenyuanvnasa snepeus mena Haod NOBEPXHOCHIbIO 3eMIU
U=mgh.
3aKoH COXpaHeHUs MeXAHUYECKOU IHEPUU .
E=K+U =const.
5.2.3a0auu

1. Manpuuk TsHET caHu co ckopocTbio 1 M/c. Kakyro paboTy mpou3BOIUT MainbuuK 3a 1 MUH,
€CII Macca CaHoK 25 Kr, koadduireHT Tpenus canok o cuer paser 0,02? (Oter: A=300/Ix).

2. Kakyto paboTy Ha/0 COBEpPUINTH, YTOOBI MOCTABUTh BEPTUKAIBHO OJIHOPOAHBIN CTEp)KEHBb
maccoii 40 kr u giunoi 1m? (OtBer : a=-5,2m/c?).

3. IIpu moxbeme Tpy3a Maccoil 2 Kr Ha BBICOTY 2 M Cuia Tsru coBepiiaer padory 18,5 k. C
KaKuM YCKOpEHHE TOAHUMAJICS Ipy3?

4. Kakyio paboTy Hamo COBEpIIMTH, YTOOBI 3aCTaBUTh ABUXKYIIEECS TEJIO Macco 2 KI
YBEJIMYUTH CKOPOCTH OT 2 M/c 110 5 m/c?

5. KameHb, ny1ieHHbIH 110 TOBEPXHOCTH JIbJIa CO CKOPOCTh 3 M/c, mpoiien 10 octaHoBKU 20,4 M.
Haiitu koaddunment tpenus kamus o aen. (Otser : p=0,02).

6. IIpu mOAroTOBKE NMPYKUHHOTO MHCTOJIETa K BBICTpENy NpPYXHUHY ¢ kecTkocThio 800 H/m
ckamm Ha S cm. Kakyro ckopocts mpuoOperaer mynass Maccod 10 r mpu BBICTpeNie B
ropusoHTanbHOM HanpasieHuu? (OtBer : v=14m/c).

7. Konbkobesxer maccoit 70 Kr, cTos Ha J1by, OpocaeT B TOPU30HTATHHOM HalpaBIeHUN KaMEHb
Maccoi 3 KI co ckopocThio 8 m/c. Ha kakoe paccTosiHME OTKAaTUTCS MPH 3TOM KOHBKOOEXKEIl,
eciu ko3 durpent Tpenust KoHbkoB o sex 0,01? (Otset: S=0,6m).

8. U3 opynus maccoit 5 1 Beuietaer cHapsa maccoi 100 kr. Kunernueckas sHeprusi cHapsizia
npu BeicTpene 7,5 k/x. Kakyro KHHETHUECKYIO SHEPTHUIO MTOIYYUT OPYIHE BCIECICTBHE OTAAUN?

9. Teno maccoit 3 Kr ABMKETCA CO CKOPOCTHIO 4 M/C U yapsieTcsl O HEMOJABUKHOE TEJIO Maccoi
S kr. Cuutas ynap UEHTPaJIbHBIM U HEYIIPYIMM, HAUTH KOJIMYECTBO TEILIA, BBIIEIUBILErOCS IIPU

yaape. (Otset: Q=157 ).

10. Haiitu paGoTy, KOTOpYIO HaJI0 COBEPIINUTE, YTOOBI CKaTh NMPYXKHUHY Ha 20 €M, €CITH U3BECTHO,
yTo nox aevicreueM cuwisl 30 H npyxuHa cxumaercsa Ha 1 em.
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111. 9JIEKTPOCTATHKA.
1. Kpamxue meopemuueckue céedenus

3akon Kynouma: cuna B3aUMOJICHCTBUSL JIBYX HEMOJBHKHBIX TOUYEHBIX 3apsA0B MPsIMO
MPOMOPLUOHANIbEHA TPOU3BEICHUIO MOJyJIeH 3apsoB U 0OpaTHO HMPOMOPIMOHANIbHA KBaJapaTy
PACCTOSIHUSI MEXAY HUMU

1 .
= e
4”80 Er
2 2
g, =8,85-10712 K™ snekTpuueckass mocrosaHas B CU, wimm K= L _gqpfm |
H'Mz 4”50 K/lz

KOS(i)(bI/II_[I/IeHT CI/I, € — IMDJICKTPHUYCCKasg IMPOHHUIAEMOCTh CPEABI IIOKA3bIBACT, BO CKOJIBKO pa3
CHJIa BSaHMOHeﬁCTBHH 3aps10B B BAKYYMC 60J'IBH.I€, 4Y€M B JaHHOM IUDJICKTPHKE.

Hanpsasicennocmp 31eKmpocmamuiecko20 nojs — 3T0 CWIA, ¢ KOTOPOM I0Je AEHCTBYET Ha
€AMHUYHBIN MTOJIOKUTEIbHBINA IPOOHBIN 3apsi/l, HOMELIEHHBIN B JAHHYIO TOUKY MOJIS:

. F
E=—.
Qo
Hanpﬂ.)lcenuocmb IEKMPOCmMAamuuecKo2o nojia moideiHozo 3ap;10a q Ha paccmosanuu r.

1 9

B ey er?

r
r

Homeﬂuuaﬂ @ noist mo4eunozo 3apﬂ()a:

Paboma 6 3nekmpocmamuxe:
A, = QO(% —%) :

Emkocmo nnockozo Kormencamopa:

&0ES
c=2==
d
Ilpu napannenbHom u nOC1e008aMENbHOM COCOUHEHUN KOHOCHCAMOPOE.
1 1 1
= C e
C=C,+C, u c~C. ',
DHepzus 3apANHCEHHO20 KOHOCHCAMOopa.
2 2
9 _ Cu® qu
W, = 2C~ 2 ~ 2°

2. IIpumep pewrenus 3a0auu
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JlBa ONMHAKOBBIX 3apsDKEHHBIX MIAPHKA TMOJBENICHBI B OJHOH TOUYKE HAa HUTIX OIMHAKOBOU
JuHel. 1Ipu 3TOM HuUTH pasounuiuces Ha yroi o. Illapuku morpykaroTcs B Maciao IUIOTHOCTBIO
p=8-10° kz/m®. KakoBa IUdIIEKTpHYECKAs MPOHMIIAEMOCTh € MAcja, €CIH Yroll PacXOKICHHUS
HUTEH NpU TOTPYKCHHH MIAPUKOB B Macio ocraercss Hem3MeHHbIM? [I10THOCTH MaTepuana
wapukos p=1,6-10° ke/m>.

Pemenue.
Jano:

aB = OwM;

pm = 8-10% kr/m?;

pu = 1,6:10° kr/m?;
£0=8.85-10"2 Kn?/(H-m?)

-2

€y

— —

Cunpl KyJIOHOBCKOTO OTTaJIKMBaHMs IIApUKOB B Bo3ayxe F, u B macne F,, paBHbI, T.K. yroa

pacxoskJIeHus HUTEH OAMHAKOBBIM. O003HAYMM yroji OTKJIOHEHHS KaKJIOM HUTHU OT BEPTUKAIH
¢=0/2. Ha prcyHKe yKa3aHbl CHJIbI, JCHCTBYIOIIME HA KA/l IIAPUK B BO3JYyXe — CJlicBa U B
Macje — crpaBa. B Bo3ayxe KaxIplii IIapUK HaXOJUTCS B PABHOBECUM IOJ JEHCTBUEM TpeX

cuwi: Tsokectd MY , HaTsokenus Hutd T, u Kymona F, . Cuna KyngoHa paBHa 1Mo MOIYJIHO

pe3ynbTHpyomel AByX apyrux cuin: F, =mg-tgo.

B macne x Tpem paHee JIEHCTBYIOIIMM Ha LIAPUK CHJIAM JOOABIIAETCS BBITAJKUBAIONIAs CHJIA
Apxumena IEA . 13 pucynka cnegyer, uro cuna KyioHa, neilcTByrolass Ha 3apsia B Macie
F, = (mg - FA)-tgq> ,rne F,=p, -9-V . Bbpazum maccy mapuka yepe3 ero oobem m=p,, -V .
CocraBuM cucreMy ypaBHEHUH C ydeToM 3akoHOM KyioHna, mosaras, 4To IUAJIEKTpUYECKas
IPOHHIIAEMOCTh BO3Iyxa &, =1.

PR
F, =mg-tgo 4zg, r2 Pur ?
F,=(mg-F,) oo | 1 q° '
w =TS T4 . B .a-V—p.-0q-V)-t
yr— (Pu -9V -py-9-V)tgp
pm'g'v Pur

Pa3nenuB nepsoe ypaBHEHHE Ha BTOPOE, MOJIIYYHM €,, =

plz]'g‘v_pM'g'V _plll_pM.

) 1,6-10°
Brruucnenus: g,, = 16.10°—08.10° =2

Otser: g, =2.
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3. 3aoauu

1. B BepmmHax KBajaparta co cTOpoHOi 10 cM pacronoxeHs! derhipe 3apsaa mo 10 K. Haiitu
BEJIMUMHY U HANPSHKEHHOCTH MOJIS B LIGHTPE KBaJpaTa, €Clid 3HAKH 3apsiI0B YepeayloTcs Tak: -+,
+| Ty T

2. OTpunaTeabHbIA U TOJOXKUTENbHBINA 3apsabl o 0,1 HK pacnonokensl Ha paccTosHUA 6 CM
JIpyr ot apyra. HaiTu HanpspKEeHHOCTH 11071 B TOYKE YAAICHHOM Ha 5 CM OT KaKJI0TO 3apsja.

3. B 01HOPOAHOM 3JIEKTPUYECKOM TOJIe C HaIpsDKeHHOCThIo 1 kB/M mepemectunu 3apsna -25
HKJ1 B HanpaBiieHnn cuioBoi JIMHUK Ha 2 cM. HaliTu paboTy mossi, u3MeHeHre MOTCHIIMAIbHON
SHEPruu B3aMMOJCUCTBUA 3apsifa W TOJsS U Pa3HOCTh MOTEHIMAIOB MEXIy HadyalbHOU U
KOHEYHON TOYKaMU IepeMEIICHHUS.

4, Ha CKOJIBKO M3MEHHUTCS KHHETHYECKas SHEPTHs 3apsaa 10° Kn MIPU €r0 JIBIXKCHHH IO
JIEHCTBHEM TIOJII TOYCHHOIO 3apsaa 10% Ki1 u3 Toukw, yIaJIeHHON Ha 3 ¢M OT 3TOTro 3apsja, B
TOUKY, oTcTaromlyto Ha 10 cm oT Hero? HauanbHast ckOpocTh 3apsifia paBHA HYIIO.

5. Ompenenute CKOPOCTh AIIEKTPOHA, MPOLIESIET0 YCKOPSIOIIYIO pa3HocTh nmoTennuanos 300 B.
HauanpHyro cKOpOCTB 3JIEKTPOHA MPUHATH PABHON HYIIO.

6. OmpenenuTb CKOPOCTb, KOTOPYIO MPHOOPETAET JIEKTPOH, MPOJETEBIIUM B 3IEKTPUUYECKOM
noje OT Touku ¢ moTeHuuanoM 10° B no Touku ¢ mortenumanom 3 10°B, ecnu HayanbHas
CKOpOCTB 3eKTpoHa 5 108 m/c.

7. HpOCTpaHCTBO MCKAY O6KJ18.I[K8.MI/I IIOCKOI'0 KOHACHCATOpa, MOAKIHOYCHHOI'0O K HCTOUYHUKY
HAIPsAKCHUA, 3alI0JITHAIIN AUSJICKTPUKOM € = 4. Kak U3MeHHUIaCh SHEPTHd KOHACHCATOpPA.

8. [lmockuit KOHJAEHCATOP C paccTOsTHUEM MexAy miacTuHamu 0,4 MM 3apspKEH 10 HalpsHKSHUS
12 B u otkimtoueH oT ucTrouHuka. Kakoe HampspkeHue OyaeT Mexay IUIaCTUHAMHU, €CIH UX
pa3aBUHYTH 110 4 MM?

9. Tpu xoHaeHcaTopa oauHakoBoi emkocTd 1o 0,2 MK®D COeqMHEHBI CMEUIaHHBIM 00pa3oM U
HNOJKIIOUYEHbl K McTOYHUKY HampsbkeHus 200 B. Omnpepenuts oOuwmit 3apsn Oarapeu
KOHJIEHCATOPOB.

10. Bo cKoBKO pa3 U3MEHUTCS YHEPIrHs KOHIEHCATOpa TPH YBEIMYCHNUH €T0 3apsa B ABa pasza?

11. Emxocth onHOro KOHAEHcaTopa B 9 pa3 Oombiie, yeM y Japyroro. Ha xakoil wu3
KOHJIEHCAaTOPOB Ha/0 MoJaTh OoJiblllee HAaNmpsHKEHHE M BO CKOJBKO pa3 OoJjbllee, 4TOObl MX
SHEPrUH CTaJIN OJUHAKOBBI?

12. TInoma s KaxIoi U3 IIACTHH MIOCKOro KoHaeHcatopa 200 cM?, a paccTosHUE MEKITy HUMH
1 cMm. KakoBa sHeprus mosst KoHJIeHcaTopa, eciu HalpsbkKeHHOCTh ot 500 kB/m?
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IV. IOCTOSIHHBIN TOK. 3AKOHBI OMA, KHPXT'O®A U JIKOYJIS-JIEHIIA.

1. Kpamxue meopemuueckue céedenus

3ﬂel<mpuuecmu"l moK — DJOTO YIHOPAOOYCHHOC IBMIXXCHHUC 3apsaaoB, 06YCJ'IOBJ'ICHHOG
OJICKTPUYCCKUM II0JIEM.
Cuna moka — paBHa 3apsgaay, MHNpomeameEMy 4YEpe3 IOINCPEYHOC CEUCHHUE IMPOBOAHHKA B

€IMHUIY BPCMCHU.

=4
t
Conpomuenenue UUIUHOPUUECKO20 NPOGOOHUKA JUTMHOW | M IUIOIAABI0 IONEPEYHOro
ceyeHus S
|
R:pg,
e p — YACIbHOEC COMPOTHBIICHWE, 3aBUCAINCC OT CBOWCTB MaTepuaia NPOBOJHHKA U
TEMIIEPATYPHI.

Conpomumenue npu nocneoosamenvHoOM u napaijiejibHom coeouHeHuu npoeoommosi

1 1 1
R=R,+R =t
1+R Rl+RZ

Hanpsasncenue U — 310 cymmapHasi paboTa KyJOHOBCKUX U CTOPOHHHX CHJI IPU MEpEMEIICHUH
€IMHUYHOTO MOJIOKUTEILHOTO 3aps/ia Ha JaHHOM yJacTke 1-2 nenu

U, =(¢’1—¢2)+812 .

3axkon Oma ona yuacmka yenu ¢ 3/C unu 3axon Oma ¢ 06006uennom suoe:.

- (pr—@2)+é0
R+r '
Paboma moka

UZ
dA= IUdt=?dt=I2Rdt.

2. 3aoauu

1. OmpenenuTh 4YHCIO 3JIEKTPOHOB, MPOXOAALIMX B CEKYHAY 4Yepe3 €IUHUILY IJIOLAaAx
TIOTIEPEYHOTO CEUCHUS XKEeNe3HOM PoBooku utuHON | =10m u npu HanpsDKEHWH Ha ee KOHI[axX

U =6B. YaennHoe conpoTusienue xeneza p=9,8- 10°Om-cm .

2. Dnement ¢ DJC 1,1 B u BHyrpeHHuUM conpoTuBieHHeM | OM 3aMKHYT Ha BHEIIHEe
conporusieHne 9 Owm. Hailitu: cuiay Toka B LENM; MaJEHUE HANPSDKEHUS Ha BHELIHEM
COMPOTUBIIEHNY; TMAJCHUE HAIpPsDKEHWS Ha BHYTPEHHEM compoTuBieHuu; ¢ kakum KIIJ]
paboTaeT IeMEHT.

3. Tlpm moxakmrodeHnn K Oarapee comportuBieHus 16 Om cwia Toka B menu 1 A, a npu
nonkioueHuu 8 Om — 1,8 A. Haittu DJ1C u BHyTpeHHee colpoTuBIeHNe OaTapen.
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4. ]IBe 31eKTpUYECKUE JIAMIIOYKHM BKIIOYEHBI B CeTh napauienbHo. COmpoTHUBIEHHE NEPBOM
nammouku 360 Om, BTopoit — 240 Om. Kakas u3 nammnodek notpebiisieT OOJBIIYI0 MOIIHOCTh U
BO CKOJIBKO pa3?

5. DneKkTpuYecKuil 4YailHUK WMeeT JBe OOMOTKH. [Ipw MOIKIIOYEHWH OJHON W3 HUX BOJA B
YallHUKE 3aKUIIaeT yepe3 15 MUH., a pu NoAKIr0YeHun Apyro — yepe3 30 MuH. Uepes CKOJIbKO
BPEMEHHU 3aKUIUT BOJIa IIPY MapauIeIbHOM BKJIIOYEHUHU ABYX OOMOTOK?

6. OJIC Oarapen 240 B, BHemHee comportuBiieHue uenu — 23 Owm, BHyTpeHHee — 1 Owm.
OnpeaenuTth 001y MOITHOCTb, MOJE3HYI0 MOITHOCTh, KIT/I memm.

7. Cuna Tsru 35eKTpoBo3a npu ckopocTH 13 M/c paBaa 380 kH. Onpeaenuts KIT/] anexTporo3a,

€CJIM HamnpsbKeHHEe B KOHTAaKTHOW cetd 3 kB u cuna Toka B 0OOMOTKE KaXA0ro M3 BOCHBMHU
nBurareneit pasaa 230 A.
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V. 9JIEKTPOMAT'HETU3M.
1. Kpamkue meopemuueckue céedenusn
3aKkon Amnepa: Ha DIIEMEHT TOKA B MAarHUTHOM I10JI€ IEHCTBYET CUa

dF,=1dl-Bsina,

rae a — yroi mexay Bekropamu dl ¥ MarHUTHOW MHIYKIIMK B.

Bpawarowuit momenm, NeiCTBYIOIKNA HA KOHTYP C TOKOM B MarHUTHOM TIOJIE:

M = ISBsine,

—

rae S — miomaas KOHTypa, & — yroil MeXly BeKTopamu # U B .

Cuna Jlopenya — cwia, JEWUCTBYIOIIAsh CO CTOPOHBI MAarHUTHOTO IOJI Ha JABMXKYIIMKCA
JEKTPUUECKUIL 3apsia:

F,=qv-Bsina,,

rae v =dl/dt — ckopocTh 3apsiaa g, & — YroJl MeKIy BEKTOPaMHU CKOPOCTH U U MarHUTHOM

—

UHAyKUuU B .

Paduyc Kpueu3novl mpaekmopuu 1aCTulhbl, ﬂBH)KymeﬁCﬂ NEPNCHAUKYIISIPHO JIMHUAM UHAYKIIUA

Ilomok maznummnoit undykyuu B CKBO3b KOHTYp

@, = BScosa.,

rac S — miIomajab KOHTYypa, a — Yyrojl MCKAY HOPMaJbl0 K INNIOCKOCTH KOHTYpa H
HaIlpaBJICHUEM MArHUTHOTO ITIOJIA.

Paboma no nepemeuieHurio nposoduuka C MOKOM B MAarHMuTHOM IIOJIC paBHa MPOU3BCACHUIO
CHJIbI TOKA HA UBMCHCHUEC MAIrHUTHOT'O ITOTOKA, IIPOHU3BIBAIOIICTO KOHTYP:

dA=1d®y .
ITpy KOHEYHOM M3MEHEHUH NOTOKA 0T @P; 10 P, U NMOCTOSHHOM CUJIE TOKa

A=1(D,-d,).
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2. Ilpumep pewrenus 3a0auu

Mexnay mNoncaMd MarHuTa TOJBEIIEH TOPU30OHTAIIBHO Ha JIByX HEBECOMBIX HUTAX
npsiMoit nmpoBoAHUK, aiuHOM 0,4 M u maccor 10 r. MHAYKIMS OJHOPOJHOTO MarHMTHOTO TOJISI
paBHa 0,05 Tn u nmepneHauKyiIsipHa K MPOBOAHMKY. Ha Kakoil yroia OT BepTHUKAIU OTKIOHSTCA
HUTH, MOJICP’KUBAIOIINE TPOBOAHUK, €CIIH 110 HEMY IIPOMYCTUTH TOK 5 A?

Pewenue

Jano:
L=04wm
m=0,01 xr
B=0,05Tn
I=5A

o-"?

Ha IMPOBOJHHUK HeﬁCTBYIOT TPU CUJIBIL:

mg — cuia TKECTH,

T — cuna HaTsKEHUS HUTH,
Fy =1LB — cuna Amnepa, AelCTByOIIAs €O CTOPOHBI MardHMTHOTO IOJIi Ha HPOBOIHHK

nmuuon L ¢ Tokom [ v HampapieHHas NEPIEHANKYISPHO BEKTOPY MArHUTHON HHIYKIHH.

[To ycnoButo paBHOBECHS B MIPOEKIUAX HA OCh X:
Fp —Tsinoo=0=Tsino=F,.

B IIPOCKIIUAX HA OCh Y
T cosa.—mg=0=Tcosa=mg.

Pa3nenuB nepBoe ypaBHEHHE Ha BTOPOE, MOIYIAEM:

Fn ILB
go=——="—

mg mg

[L][B] _A-m-H-c? _

Pa3zmepHOCTB: [tgoc]z [ I.

[m][g] Ckr-M-A-M

ILB 5-04-5-102

I = a=45°.
mg 107210

Beruucnenus: 1go =
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Omeem: o =45°.
3.3a0auu

1. 13 npoBosioku aymHOM 20 cM cienaH KBaApaTHBIM KOHTYp W IOMEIIEH B MarHUTHOE IOJIE C
unaykuue 0,1 Tn. Hopmanp k KOHTYpy cocTaBiser yrosi 45° ¢ HampaBiI€HHEM MOJIS.
OnpenenuTh Bpalalomuidi MOMEHT, JEHCTBYIOIIUNA MIPH CHJIE TOKa B 2 A W paboTy, KOTOPYIO
HAJ0 COBEPIIUTH, YTOOBI PACHOJIOKUTH IUIOCKOCTh KOHTYpa MapaiieIbHO HAalpaBiICHUIO
MarHUTHOW UHIYKLIHH.

2. B mpoBoaHMKE C JUIMHOW aKTUBHOW 4YacTH 8 cM cuia Toka paBHa 50 A. OH HaxomuTcs B
OJIHOPOJTHOM MarHuTHOM Toiie ¢ naayknuei 0,02 Ta. Kakyro paboTy coBepIInia HCTOYHHUK TOKA,

€CJIM IIPOBOJAHMK NepeMecTiics Ha 10 cM nepneHIuKyISIpHO JIMHUSAM UHAYKLIUN?

3. KpyroBoii KOHTyp MoMeIIeH B OJHOPOJHOE MAarHUTHOE IOJ€ TaK, YTO IJIOCKOCTh KOHTYpa
HEepHEHINKYJIApHA CUIOBBIM JUHUAM mond. Muaykuus marautHoro nois 0,2 Ta. Ilo koHTypy
Te4eT TOK CHIION 2 A, paguyc koHTypa 2 cM. Kakyro paboTy Hafo COBEpIIUTh, YTOOBI TOBEPHYTh

KOHTYp Ha 90° BOKpyT ero nuamerpa’?

4. DNeKTpoH, YCKOPEHHBIN pa3HocThio nmoTeHuanos 1000 B, Bieraer B 0JHOPOIHOE MATHUTHOE
1oJIe NEPIEHIUKYIAPHO CUIOBBIM JIMHUAM. MHaykuusa nons pasHa 0,001 Tn. Haiitu paanyc

KPpUBHU3HBI TPACKTOPHHU IJICKTPOHA.

5. B omHopomHoe MarnuTHoe none ¢ unaykiued B =10 mMTn nepnenaukynspHo IMHUAM
MHJIYKIIMM BIIETAET DJIEKTPOH ¢ KuHetnmdyeckod sHeprueii K =30 koB. Onpenenuts pamuyc

KPHUBU3HBI TPACKTOPUH NIEKTPOHA.

6. ‘-Iacmua, uMerom@asa 3apsaa 3JCKTPOHA, BJICTACT B OAHOPOJHOEC MArHUTHOC IIOJIC ITOA YIJIOM

45° x NUHUSAM MarHUTHOM WHAYKUMH M JBHKETCA 110 BHHTOBOM JIMHUM C IIarOM 2 CM.

OnpenenuTh UMIYJIbC YaCTULBI, €CIIM UHIYKIMS MO paBHA 107 To.

V1. 2JJIEKTPOMATHUTHASA NHAYKIUA
1. Kpamkue meopemuueckue ceedenus

Ocnosnoni  3akon InekmpomacHumnoi unoykyuu @Dapaoesa: DJIC >IEKTPOMArHUTHON
WHIYKIIMA TIPOMOPIIMOHAIbHA CKOPOCTH W3MEHEHHS MarHUTHOTO TIOTOKA, MEPECEKaroIIero
MJI0IAb KOHTYpA:

dDy
&=—"1
Hnoykmuenocms conenouoaq:
L=puon’-V ,
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rac V —o0beM CcojJeHOMAa, N —IUIOTHOCTh BHUTKOB, W — MAarHuTHas MIPOHUIAEMOCTb

Marepuala ceplIeqHrKa.

IC camounoykyuu:
dl

€ =—La.

IHepeun MacZHUMHO20 NOJIA KOHMYPA VHIYKTUBHOCTbIO L ¢ TokoM cuiioi I :

L1
W, ==

Maznumnaa uHOyKuusa 6 yeHmpe Kpy2068020 moka.

B=u“0 I

2 R
Maznumnas unoykyus mopouo, (conernouoa).
B=puonl,
rne n=N/2nR (n= N/l ) — 4nucio BUTKOB Ha €JMHHMIIE [UTMHEL.

2. 3aoauu

1. Haiitu 3/1C uHAyKIIMU B IPOBOJHUKE C JJIMHOM akTUBHOMU yactu 0,25 M, nepeMerarmemMcs
B OJJHOPOJHOM MAarHUTHOM MoJje ¢ HHAyKiueil 8§ MTa co ckopocTeio 5 M/C MOJ yriom 300
BEKTOPY MarHUTHOW WHTYKITUU.

2. IIpssimoii mpoBoaHUK AnuHON 40 M IBHIKETCSI B OJHOPOJHOM MAarHUTHOM I10JI€ CO CKOPOCTBIO
5 M/c mepneHAMKYISApPHO K JMHHUSAM MHIAYKUUU. Pa3HOCTh NMOTEHIMAIOB MEXIy KOHLAMH
npoBoanuka 0,6 B. BerurcnuTe HHAYKIIMIO MAarHUTHOTO MOJIS.

3. OHpe,I[CJ'II/ITB MAaKCHUMAJIbHOC 3HA4YCHHC BI[C, KOTOpasA BO3HUKACT B 3aMKHYTOM KOHTYpPC
IIomaabro 10 CM2, PaBHOMCPHO BpalaromemMcsa ¢ 4acTOTOM 5 C_l B MAarHmTHOM IIOJIC

HanpsxeHHocThIo 10* A/M. Och BpalleHus TeKHUT B TIOCKOCTH KOHTYPA.

4. Unaykiuss MarHUuTHOTO TOJIE MEXK]y MOJIF0OCaMH JABYXIostocHoro reeparopa 0,8 Tia. Potop
umeer 100 BuTKOB momansio 400 cm? CKOIBKO 0GOPOTOB B MUHYTY JeNaeT SAKOpPb, €CIH
MakcumanbHoe 3HaueHue JJ1C nnnykuuu pasao 200 B?

5. HaiiTu MHAYKTUBHOCTH COJIEHOHMJA, MOJYYEHHOTO MpH HaMOTKEe MpoBoja jumHoW 10 M Ha
UAJTUHAPUYECKUI JKeNe3Hbld cTepkeHb JiauHOM 10 cMm. OTHOCHUTENBHYIO MarHUTHYIO
MPOHUIIAEMOCTH Xkeje3a NpuHATh paBHOU 400.

6. CKOJIBKO BUTKOB MUMEET KaTyIlIKa, UHIYKTUBHOCTb KOTOpO# paBHa | MI'H, ecau nipu Toke 1 A
MarHUTHBII MOTOK CKBO3b OJIMH BUTOK KaTYIIKU paBeH 2 MKBO6?

7. OnpenenuTs 3HEPTHI0 MarHUTHOIO MOJS CojeHouaa, copepxkamiero 500 BUTKOB, KOTOpbIE
HaMOTaHbI Ha KAPTOHHBIM Kapkac paanycoM 2 cM U JuinHoi# 0,5 M, eclii o HeMy TedeT TOK 5 A.
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3. Cucmema ypasnenuit Maxceenna

1 VpaBuenus MakcBesuia SIBJISIFOTCS OCHOBHBIMHM 3aKOHAMH KJIACCHUYECKOW 3JIEKTPOJIMHAMUKH,
c()OPMUPOBAHHBIMH Ha OCHOBE OOOOIIECHUS BaXXHEHIIMX 3aKOHOB JIIEKTPOCTATUKH U
3JIEKTpOMarHeTu3Ma. DTH ypaBHEHUS B UHTETPAIbHON (hOPME UMEIOT BHI:

1 [ﬁﬁdf=—!aa—?d§
.o ¢, 0D
2 [fL]HdI =£(]+E)d8
3. [1BdS = [ pav
S \%
4. mé dS=0
S

HepBoe YpaBHCHHC Makcaena sABIsIeTCs O606H_[6HI/IGMZ

BapuanTs! oTBeTa:
1) 3aKOHa AJIEKTPOMArHUTHON MHIYKIINH;
2) 3aKOHA IIOJIHOTO TOKA B CPEJIE;
3) Teopembl OcTtporpaackoro-I'aycca ajs 3J1€KTpOCTaTUYECKOTO I0JISL B CPEJIE;
4) Teopemsl OcTporpaackoro-l'aycca ajis MarHUTHOTO HOJIS.

Omeem: Nel.

2.
ITonnas cucrema ypaBHeHuil Makcsesuia IIpencraBnenHas cucremMa ypaBHEHUI
JUTS BJIEKTPOMArHUTHOTO T10JIS1 UMEET BU: Makcsenna:

CIipaB€ajiMBa Ijid ...

Bapwnants! oTBeTa:
1) CTaAallMOHAPHOT'O 3JICKTPOMArHUTHOI'O ITOJISA B OTCYTCTBUEC TOKOB ITPOBOJAUMOCTH;
2) MNEPEMCHHOTO JBJICKTPOMArHuTHOI'O II0JIA IMPU HAJIWYHUKU 3apsS>KCHHBIX TCEJI W TOKOB
IMPOBOAMOCTHU
3) cTaMOHAPHBIX MEKTPUUYECKUX U MATHUTHBIX MOJIEN

4) cTalMOHAPHOTO AJIEKTPOMArHUTHOTO MO B OTCYTCTBUE 3apsKEHHBIX Tl
Omeem: No 3.
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[Tonnas cucrema ypaBHeHHl MakcBesna IIpencraBneHHas cucreMa ypaBHEHHN

JJIA 3J'IeKTpOMaFHI/ITHOFO T10JII UMECT BU: MaKCBeJ'UIa:
.~ 0B .- Edl =0
Edl =— j’ 43
at

cnpaseanvBa AN ...

Bapuants! oTBeTa:

1) CTallMOHAPHBIX JJICKTPUUCCKUX W MATHUTHBIX ToeH IIpyU HAJIWYHUU 3apsAKCHHBIX TCI U
TOKOB ITPOBOANMOCTH;

2) MNEPEMCHHOI'O OJJICKTPOMAroHUTHOI'O IIOJIA IIpU HAJIW4YHU 3apsSKCHHBIX TCJI M TOKOB
IMPOBOANMOCTH,
3) CTAaOMOHAPHLIX SJICKTPUYCCKHUX U MAaI'HUTHBIX IoJIeH B OTCYTCTBHC TOKOB IIPOBOJAUMOCTH,

4) CTalMOHAPHBIX NIEKTPHUSCKUX U MATHUTHBIX MOJICH B OTCYTCTBUE 3apsKECHHBIX TEll.
Omeem: No 1.

[Tonnas cucrema ypaBHeHuil MakcBesia [IpencraBnennas cucrema ypaBHEHHM:
JUTSI 3JIEKTPOMAarHUTHOTO TIOJISI UMEET BHL: [ﬁEdr _ J. B 45
=~ OB = ot
[IEdT =—[2dS g 5
L s ot =~ ¢8D -
[ HdT =[—=aS
- oD ot
[ =j(1+5)ds L s
L s f5dS =0
158 = [ pdv S
S v 1B -dS=0
fIE-dS=0 s
s CHpaBeAsIMBa AJIsl IEPEMEHHOTO
3JIEKTDOMAarHUTHOTO HOJA ......

Bapwnants! oTBeTa:

1) IIPpU HAJINMYHUHU TOKOB IIPOBOJAUMOCTH U B OTCYTCTBHUC 3aPAKCHHBIX TCII;
2) IIPU HAJINUYHHU 3apSKCHHBIX TCJI U TOKOB IIPOBOJUMOCTH;
3) IIPU HAJINYHNHU 3apSKCHHBIX TCJI U B OTCYTCTBUC TOKOB ITPOBOJAUMOCTH;

4) B OTCYTCTBUE 3apsKEHHBIX TEJI U TOKOB ITPOBOJUMOCTH.
Omeem: Ne 4.
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5. VpaBHeHne MakcBenia, ONUCHIBAIOIIEE OTCYTCTBUE B IMPUPOJE MAarHUTHBIX 3apsiioB, UMEET
BHU]T ...
Bapuanrts! oTBeTa:

1)[[]End5=o; Z)mBndS=O; 3)[fIEdI=0; 4)[fBaI=0.
Omeem: No 2.

VII. TAPMOHUYECKHUE KOJEBAHUA MEXAHUYECKUX CUCTEM
1. 'apmonuueckue Koneoanus
1.1. Kpamkue meopemuueckue céedenus

Fapmonuqecmte Konebanus — 5TO mponeccrl, IMpH KOTOPBIX (bPISI/I‘leCKaH BCJIMYHHA
HU3MCHACTCA CO BPEMCHEM 110 3dKOHY CMHYCA UJIKM KOCHHYCA!

X(t)= Asin(a)t +¢)o) :

rie A — aMIUIdTyAa KojeOaHWil, @ — UUKIWYecKas (Kpyromas) 4acToTa, CBA3aHHas C
NEPUOAOM U JIMHEHHOM YacTOTON KojeOaHUH COOTHOILICHUEM:

(0=2ﬂ'V=2—”.

T
Ckopocmp 2apmonuuecKux Koneoanui
dx
v=——=wAC0S(wt+¢,),
rae U, = @A — aMIumTya CKOPOCTH.
Ycekopenue zapmonuueckux konedanuii
d’x .
a=—7>=-w"Asin(ot+¢,),
dt
e 4, = @’ A — aMIUTUTY/1a YCKOPEHHS..
1.2.3a0auu

1. Cucrema cosepmaer N =10 kosiebanuii 3a Bpems t=2 c. AMIuUTyna KonebaHui A=5 M,
HavyaybHas daza — @, =0 pan. Onpenenuts nmepuos I, 4aCTOTY V U HUKIHYECKYIO YacTOTy ®

KOJICOAHUH, aMIUTUTYAY CKOPOCTH U, , aMIUIUTYIy YCKOpPEHHs 8, , cMmemeHue x(t), CKopocTb

v(t) yckopenue a(t) B MomeHT Bpemenu t = 2 ¢. (x = Asin(ot + ;) ).

2. MartepuasnbHas TOYKa COBEPINAET KojebaHus 1o 3akoHy X = ASIN(®t+@,), rue kpyrosas

yacTora @=7 pad/c , wadameHas ¢aza @y =0pad . Uepes kakoe Bpems mMocie Hayana
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JIBUKCHHS CMEIIICHNE MasTHUKA OT TIOJIOKEHHUS PaBHOBECHS Oy/IeT paBHO MOJOBHHE aMILTUTYIbI
KoJiebanmii?

3. MarepuanbHas ToYKa coBepuiaeT koynebanus mo 3akony x = Asin(ot +¢@,), rae amminTyna

A=10cm , kpyrosas uactota ©=T/2pad/c , navanenas daza @, =m/2 pad . Haiitu

YCKOpPEHHE TOYKM B MOMEHT BpeMeHU t=1c .

4. MasitHUK coBepiuaer Kosebanust mo 3akony X(t) = Asin(ot+q,). B moment Bpemenu t =0
CMEIIEHNE MasTHUKA OT mojoxenus paBHoBecus X(0)=5cm , a cxopocts ©v(0)=10cm/c .

OnpeeuTh aMILTMTYly ¥ HaualbHyto (hasy KonebaHui, eciu Kpyropas yactota @ =2 pad)/c.

2. MexanuuecKkue ocyunisamopul

2.1. Kpamkue meopemuueckue céedenus

Ipysrcunnviit. maamuuk — 5TO TEIO MacCoM M , Ha HpyxXHuHE XecTkocThio k . Ilepmon
KOJIeOaHUIl:
m
T=2rx, f— )
k
Qu3uueckuii MAAMHUK — 3TO TBEPJOC TEJIO MACCOW #1, COBEpIIAIOIIee KOJIeOAHUs BOKPYT

ropusoHTanbHON ocu O , pacmosnokeHHO# Ha paccrostanu | Boime teatpa mace C . Iepuon:

I,
mgl

T=2rx

Mamemamuueckuii mMaamHuK — MaTepUalibHas TOYKA, MAacCOM M , MOJBENIEHHAs Ha
HEBECOMOIT HepacTsHKUMON HUTH JuuHO# | . Tlepuon konebanuii:

T=2rx L
8

2.2. 3aoauu

1. I'py3 maccoit m =100z xonebnercs Ha mpyxkuHe ¢ nepuogoMm T =0,1¢ u aMmIIUTyHOM

A =10 cm . HallT 5)K€CTKOCTb NPYKUHBI U MAaKCUMaJIbHYIO CUITY, IEHCTBYIOUIYIO Ha IPY3.

2. ToHKOE KOJIBII0 COBEpIIaeT KoJeOaHWsi OTHOCHUTEIHHO OCH, MPOXOISIIEH dYepe3 BEpXHIO
TOYKY KoJjblia. OnpenenuTs paguyc Kojblia, eciu nepuof konedanuii T =1c.

3. MarepuanpHas Touka maccoid m =100z coBepriaer kojieOaHus Mo 3akoHy x = Asin(ot),
rie ammmutyna A =10 cm , kpyrosas gactota ® =10 pad/c . Haiith MakcUManbHYIO CHITY,

JENCTBYIOIYIO Ha TOUKY.
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4. OpHOpomHbId cTepkeHb juuHOW |1=0,83m coBepmaeTr CcBOOOJHBIE KOJIcOAHHS B
BEPTUKAJIBHOHN IJIOCKOCTH BOKPYI MOPH3OHTAIBHOW OCH, Haxojsuieics Ha pacctosHuu /3 ot

ero BepxHero KoHia. Haiitu nmeprnoa u 4acToTy KojaeOaHui.
3. Cnosxcenue 2apmonuyecKux Konedanuil 00H020 HANPAGIeHUA U PAGHO YACMONbl
3.1. Kpamkue meopemuueckue ceedenus

Pesynbrupyromee konedanue OyAeT MPOUCXOAUTH BIIOJIb TOTO K€ HAMpaBiICHUS U C TOU ke
yacToTod. JIJis HAaxXOXKACHUSA aMIUTUTYIbl M HadajdbHOW (a3bl pe3yIbTHUPYIOIIMX KoJeOaHU
BOCIIOJIb3YEMCSI METOJIOM BEKTOPHBIX JuarpamMm, KOTOPBIM MpejcTaBiisgeT co0oil rpaduueckoe
n300paXeHrne rapMOHUYECKUX KOJIEOaHUH MOCPEICTBOM BPAIIAIOLIETOCS BEKTOPA.

Memoo eekmopHbIX Ouazpamm TO3BOJSIET ONPEACIUTh aMIUTUTYyny A M HadaibHylO (a3y @

PE3YIBTUPYIOMUX KOJICOAHUH.

Ak Bextopsr A; u A, — 3TO aMIUIUTYIBl ClIaraeMbIX

y V\“’ A=A +A,

-~ - K OJJHOHAIIPABJICHHBIX KOJICOAaHUH, yriubl @1 U @, C

/! 0Ccbi0 OX — HavanbHBIC (Da3bl AITHX KOJICOAHUI.

. N v IIpu BpameHuMH ¢ YIJIOBOM CKOpPOCTBIO, pPaBHOM

\ Al HHKHH‘ICCKOﬁ 4aCTOTEC @ , IPOCKINHU BECKTOPOB HAa OCh

92 @ Yy1| ox COBEPILAIOT TAPMOHUIECKUE KOJICOAHHS IO

< > > + Xl(t)= AiCOS((Dt+(p1)
X 3aKOHY: X,(t)= A, cos(ot + ).
- _ x(t) = Acos(ot+@)

[Tomyuymnu ypaBHEHHE pe3yAbTUPYIOMINX KOJIEOAHUM, MPOUCXOSAIINX C TAKOM K€ 4acTOTOM, 4TO
Y UCXO/IHBIE KONIeOaHMUsI.

Hauanvnasn ¢haza pezynomupyrowjux Ko1e6anuil HAX0IUTCS U3 COOTHOLICHHS (CM. pHUC.):

_Yit+ Y. _ Asing + Assing,
X1+ X, ACOS@ + A, COS@,

9p

Amnaumyoa pe3yrbmupyrouiux Koaeoanuil.
A=A+ A +2AACos(@,—p1) .

3.2. 3aoauu

1. MarepuanpHasi TOYKa OJHOBPEMEHHO YYacTBYeT B JBYX TapMOHUYECKUX KOJeOaHUsX,
MPOXOIAIINX BIOJIb OJAHON TpsIMOW. YpaBHEHHs ciaraeMbix konebanuidi B CH umeroT Bun
X, =0,08cos(2nt) m X, =0,06cos(2nt +/2) . OmnpenenuTs ypaBHEHHE PE3YIbTUPYIOMINX

KOJIEOAHUH U MOCTPOUTH BEKTOPHYIO JUArpaMMy KOoJIeOaHHH.

2. MarepuajibHass TOYKa OJHOBPEMEHHO Yy4YacCTBYeT B JIBYX TapMOHHYECKHX KOJCOAHHSX,
MPOXO/SIIIKUX BAOJL OJHOW MpsAMOW. YpaBHEHHUs ciaraeMbix KosneOanumii B CU umeror Bun
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X, =0,1cosm(t+1/6) m x,=0,05cosm(t+1/2) . OmnpeneauTs ypaBHEHHE PE3YIbTUPYIOIIUX
KOJICOAHUH M MOCTPOUTH BEKTOPHYIO THArpaMMy KOJIeOaHHH.
4. Cobcmeennbvle Hezamyxarouue Koaeoanus 6 KojiedoameibHomM KOHmype
4.1. Kpamkue meopemuueckue céeoeHus

C800600HbIe unu cobcmeennvle KoacOaHUs IPOUCXOTUT B KOHTYpe mpu ripu R=0.
Ha3bIBAIOTCS

Hpespameﬂue IHnepzuu 6 KoiebamenvHom Konmype.

W@ L a L

2°C 5 —2c- 2 =const .

Ilepuoo konebanuii B KOHTYpE:

T=2nJLC .

TI'apmonuueckue konebanusn 3apsna ( (a), Harnpspkenus U (0) Ha KOHIEHCATOpe U CHIIBI TOKa |
(B) B KaTyIIKe MHTYKTUBHOCTHU:

q(t)=qgocos(m,t) ;

T.K. U= % = CCI:—OCOS(mOt), TO
U (t)=U,cos(m,t) ;
dq .

I(t)=l,sin(wt) |1 (t)=l,sin(eqt) |.

q=gycos(mgt) 4U=Uycos(agt) 41=1,sin(eyt

3nech O, Uy = q—o, l, = ®,0, — aMIUIMTYyIHBIE 3HAYEHHUS 3aps/1a, HANPsDKEHUS U CHIIBI TOKA.
0 ~o="1" o oo Y p p
4,2, 3a0auu

1. Kongnencarop emkocteio C=5mx®@ , 3apsokeHHbIM 10 Hampsokenus U =1208
paspspkaeTcs Ha KaTywky. MakcumanbHas cuia paspsgHoro Toka | =0,4 A . Onpenenutsb

HWHAYKTUBHOCTH KAaTYIIKH.

2. Kongencatop emkoctbio C =5 mk® , 3apsokeHHbIN 10 HanpspkeHuss U =120 B, moIKITIOYEH
K KaTyllKe WHIYKTHUBHOCTHM. MakcumanpHas cuna Ttoka | =0,4 A . Onpenenuts nepuon

I(OJ'IC68.HHI>1, CUnTad UX HEC3ATYXarOIUMHU.
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3. Kongencarop eMKOCThI0, 3apsDKEeHHBIN 10 HanpsbkeHus: U =120 B, MOIKIIIOYEH K KaTYIIKE ¢
UHAYKTUBHOCTBIO L =0,45 I'n . MakcumanbHas cuna toka | =0,4 A. Onpenenuts nepuon

KOJ'Ie6aHI/II71, cunTad UX HE3ATyXarolluMH.

4. YpaBHeHHE H3MEHEHHUs Toka B KoiebarenpHOM KoHType B CU 1(t)=0,02sin(4007-t) .

NuaykTuBHOCT, KOHTypa paBHa 1 I'm. OmnpenenuTb €MKOCTh KOHTypa U MaKCHUMAalbHOE
3HAYEHHUE DHEPIUi 3JIEKTPUUECKOr0 U MarHUTHOTO ITOJIEH.

5. B HauanpHBIE MOMEHT BPEMEHH CHJIa TOKA B HICAILHOM KOJIEOATEIIbHOM KOHTYpE MMEET
MaKCUMaJIbHO€ OTpHUILIATENIbHOE 3HAYCHHUE, IMOJIOKUTEIBHOE 3HAY€HHWE, PAaBHOE IOJOBUHE
aMILUTUTYIHOTO, AocTturaercs yepe3 0,05 c. Onpenenuth 4acToTy rapMOHHYECKUX KOJIeOaHUH.

5. 3amyxatowue 3nekmpomazHumHusle Konedanus
5.1. Kpamkue meopemuueckue ceedeHus

3amyxatowue Konebanus — 510 KONeOAHHS, AMIUTUTYIbl KOTOPHIX C TCYCHHEM BpPEMEHU
YMEHbBIIAKTCS M3-32 OTeph dHepruu Ha HarpeBanue (R #0).

H3menenue 3apada npoucxoauT 10 FTApMOHUUYECKOMY 3aKOHY

q(t)=A(t)-cos(wt) .

Yacmoma samyxarouiux KoleO0aHuil MCHBIIC 4YaCTOThI O, COOCTBEHHBIX TapMOHHUYCCKUX

KOJICOaHUH B KOHTYpe 03 COPOTHBIICHHS

0=+0,—B° um o=

.1 2
3nech ®;, — cOOCTBEHHAs LMKJIWYECKas 4acToTa KonebaHud, —— =, , f — KodpPuimeHt
LC

3aTyXaHus %= 2.

Amnaumyoa 3amyxaroujux Konepanuii yYObIBAE€T CO BPEMEHEM I10

SKCIIOHCHIUAJIbHOMY 3aKOHY .
A(t)= q . e_Bt
( ) 0 )

rae Oy — aMIUIMTy/Aa B HadaubHBI MOMeHT BpemeH t=0.

)BpeMﬂ penakcayuu — BpeMs, B TEUYEHHE KOTOPOTO AaMIUINTYy[a

3aTyXaroluX KoJieOaHW YMEHBIIIUTCS B € pas:
T= E .

/Jlekpemenm 3amyxanus — 3TO OTHOILIEHHUE JIBYX IOCJIEIOBATENbHBIX aMIUIUTY T KOJIeOaHUH:
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At)  gy-e™ gyre

— BT
= = =e
-B(t+T) ~Btg-BT '
A(t+T) q,-e g,-e"e
Jocapugpmuueckuii 0ekpemenm 3amyxanHus — BeIWYWHA, OOpaTHas 4YUCIy KojeOaHUU, MO
MCTEUYECHUHU KOTOPBIX aMILTUTY/]a YMEHBIIUTCS B € pas:
At T 1
A=In _AM =BT =—=—
A(t+T) T N’
Jloopomnocms xonmypa — uucio koiebanwii N , yMHOXEHHOE Ha T , O HCTCUEHUU
KOTOPBIX, aMIUTUTY/]a YMEHBIIUTCS B € pa3:
T
nN=—=
Q= A BT

J1oOpOTHOCTD yBEJIMYMBAETCS PU YMEHBLICHUH 3aTyXaHUs U Iepuoja KojaeOaHui.

5.2. Ilpumep pewienusn 3a0auu

Teno maccoii 48 2 coepiiaer 3aryxaromue KoieOaHUs Ha MPYXKHUHE, IOIPYKEHHOU B
BA3KYIO JKuAKocTh. Haiftu kos¢d¢unueHt compoTuBieHus cpelsl r , ecam 3a 2,5 ¢

KosiebarenbHas cucrema Ttepser 80% cBoeil sHepruu. OmnpeaenuTb, 4Yepe3 Kakoe BpeMs
aMILIUTY/1a CMEILEHUs Tela YMEHBIIUTBCA B € = 2,718 pas.

Pemienue.
Hamno:
m=48 2=0,048 ke ;
t,=25¢; N3BecTHO, YTO aMIUIMTyAa 3aTyXalolmuX KOJICOAHHIA
AW 80% - YMEHBIIIAETCSA CO BPEMEHEM { I10 IKCIIOHEHIIMAIbHOMY
= 0,
. 3aKOHY:
A(0) A(t)=Ae™,
At,)
rae A, — aMIUIMTY/1a B HAYaJbHBI MOMEHT BPEMEHU
Haiitu: o
9 t=0. Torma sHeprus xosebaHuii B MOMEHT BpeMeHH t
T2 paBHa:
KA (t

rae k — ko3 QUIUEeHT ynpyrocTy MpyKUHbI.

Omnpenenum ko3duumeHT 3aTyxaHus B, yduTblBas, 4YTO B MOMEHT BpeMEHHM t, dHeprus W,

cuctemsl coctapiseT 20 % ot HauanpHOTO W, 3HaYEHHUS:

Wi o, KAt Age Pt

2= —— =02 T —=02> e =02 -28t,=In0,2=> p=-102,
W, kA (0) AZe 2 2t

r
YuuteiBasg, 4TO [3=2— , Tme m Macca KojeOiromerocss Tena, TO KO3(pQUIMEHT
m

COIIPOTUBJICHHUSA CPCIbL
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r=ZB-m=—2|n20’2-m=—|n0’2-m

Y Y

Bpemsi, B TedeHHME KOTOPOro amIUIMTYyJa CMEIIECHHs Tela yMEHbUIUThCA B €=2,718 pas3,
Ha3bIBAETCS] BPEMEHEM pPEeJIaKCallii, CBSI3aHHBIM ¢ KO3()(PULIMEHTOM 3aTyXaHUsI COOTHOLICHUEM:!

T_l__ 2t
_B_ In0,2 "
Breruncnenust:
r=—10D 004800315,
, c
2:25
T__(—l,Gl)_g’lc
OrtBer: r=0,031£; t=31c.
c
5.3. 3a0auu

1. Onpenenutrs 100poTHOCT Q KOJIEOATENBHOIO KOHTYpA, COCTOSIIETO M3 KaTYyLIKH
UHIYKTUBHOCTh L=2 wM['H, xKoHaeHcaropa emkocthto C=0,2 w™Mxk® wu pesucropa

conpotupieHueM R=1 Owm.

Pewenue.
_m R_ 2|1 R
1. Q—B—T.T.K. L—ZB, T_E = LC a2 , TO
> ook [1_R?
" R2r\LC 412 T
Otset: Q =100.

2. YacTtoTa CBOOOJHBIX KOJIEOAHHI HEKOTOPOW CUCTEMBI ® = 65 paj/c, a ee 10OpoTHOCTE Q=2.

OHpeI[eJ'II/ITB CO6CTB€HHyIO 4acToTy ®, KOJICOAHMI 3TOM CUCTEMEL.

Pewenue.

1. o=+wi—-p?> = wy=+0’+p*.

T T 2w T
B_T aTK T—;,TO B_Q-ZTE.

2
3. wp= co2+m—2.
4Q

OtBet: ®,= 67 pan/c.

2. Q=

= B=
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6. Bonnosaa onmuka
6.1. Humepgepenyusn céema
6.1.1. Kpamkue meopemuueckue ceeoenusn
Ypasnenue nnockoit ceemoesoii 6onnwt

E = E, cos(mt —kr),

rac E — HAIMPS’KCHHOCTD 3JICKTPHUYCCKOIr'0 IMOJIA BOJIHBI B MOMCHT BPCMCHU t Ha pacCcTodIHun

r OT UCTOYHUKA, EO — aMIUIMTYJHOC 3HAYCHHC HAIIPS)KCHHOCTH, @ = 2ny — KpyroBas 4aCToTa

2n o .
BOJIHBI, K =~ BOJHOBOC 4HCIIO, (ot —kr) — ¢aza xonebanuii BOJIHBI, A — JJIHHA CBETOBOM

BOJIHBI.

Ycnosue MaKkcumyma unmepd)epenuuu: B FeOMeTqueCKOﬁ Pa3HOCTH XOJa OOJIZKHO
YKJIQAbIBATHCA LEJI0€ YMCIIO AJIMH BOJIH:

Sl r 9KDaH |r2 _r1|=imx '
S2 %ﬁ,; (71 N/ rne m=0,1,2,3...— ODOpsLIOK MaKCUMyMa.
p y

| max

'S = A 2 Yenosue munumyma unmepgpepenyuu: B reoMeTpuIECKO pa3HOCTU
' ‘ X0/1a TOJDKHO YKJIAJIbIBAThCS HEUETHOE YUCIIO MOy IJIUH BOJIH:

r A

1 9KDaH

E min

A2+ B oatom ciayusae B Touke M Oyaer HaOMIOIATBCI MHUHUMYM
f——
: WHTEHCUBHOCTH, T.€. TEMHOTA.

6.1.2. Ilpumep pewrenus 3a0auu

Paccrosinue mexay aByms mensmu B onbite FOHra d=0,5 mm, paccrosinue 1o skpana L=
Im. Omnpenenuth pacCTOSHUE MEXAY HHTEP(EPEHIMOHHBIMU [0J0CaMH, €CIU  IIeTu
OCBEMIAIOTCS MOHOXPOMATHYECKUM CBETOM C JUIMHOU BOJHBI A; =500HM 1 A, =750 HM.

Pewenue:.

. l
d=d-sina=d-tga.=d-=
sha=dgo=d il Ly
d=xmA - ycarosuemax
L
Al—lm+1—lm—E7L .
akpan
S ) Omeem: Al = Imm,
2
Al,= 1,5um.
1.3. 3aoauu
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1. JIBa KOTepeHTHBIX MCTOYHMKA KOJIEONIIOTCS B OJMHAKOBBIX (hazax ¢ yacrotoil v =400 Iy .

Cxopocts pacmpocTpanenus konebanuii B cpeme v =1000m/c . Onpenenuts, npH Kakoi

MHHUMAJIBHOM Pa3HOCTH XOJa, HE DPaBHOH HYI, Oyner HaOiromatrbes: 1) MakCHMalbHOE
ycuJIeHrne Konebanuii; 2) MakcuMalbHOE ocialieHne KojaeOaHuii.

2. JlBa KOTepeHTHBIX HCTOYHHKA I[OCBLIAIOT IOMEPEYHbIC BOJHBI B OJMHAKOBBIX (a3ax.
ITepuonsl konebanmii T =0,2c , CKOPOCTh pacHpoCTpaHeHHMs BOJH B cpexe © =800 m/c .

Onpenenuth, MpU KaKOH Pa3sHOCTH XOJa B ClIydae HAJIOXKCHHS BOJIH Oyaer Habmromarbes: 1)
yCWJICHHE KoJIeOaHuid; 2) ociabiieHne KojieOaHuH.

6.2. Jughpaxyusn céema
6.2.1. Kpamkue meopemuueckue ceeoenusn

Jugppaxyua ®@paynzoghpepa na y3roit uienu.

[Tnockast BosiHa MHOM A MajaeT Ha IUIACTHUHY CO IMIEJIBIO IIMPUHON @ , MHOT'O MEHBIIEH €€ JJTHHBL,
| — paccrosiare or menu g0 dKpaHa, @ — yron HaGmoxenuss Toukd M . Ecim al |, to
pa3HOCTh XOJa JIydel OT KpaeB mend g0 Toukn M S =a-sing . Eciu Ha mmpuHe Mmenu
VKJIQIBIBACTCSl HEeYeTHOe 4uciio 30H @DpeHens, To B Touke M HaOmomaercs TUPpPaKIHOHHBIN
MaKCUMYyM

a-sin¢=4_r(2m+1)%,

rae m=1,2,3,...- mopsI0K MakCHMyMa.

Ecin Ha mupuHe mienu 4detHoe 4uciio 30H PpeHenss, To B Touke M
Habmo1aercst MGPaKIHMOHHBI MUHUMYM

a-sin(/):J_eri.

2
Jugppakyuonnas pewiemka — cuCTeMa OJWHAKOBBIX TapaUICIbHBIX INENeH Ha IDIACTHHE,
ErI—— Pa3saCiICHHbIX PaBHbLIMU 110 IOHUPHUHE HEIPO3pavuHbIMU
vV vV VvV VvV v TIPOMEKYTKAMH.
I N .
- Ycnosue ougppakyuonnozo maxcumyma.
P dsing=xmAi
rone m=0,1,2,... — Nopsa0K MaKCUMyMa.
/\/\/\/\/\ Ycnoeue Bynvgpa — Bpiceos
-2 -1 m=0 1 2
no3Bojsier  ompeaenuts  d 1o
3KpaH HOMepa MaKCMmymos PeHTreH
TU(PPaKIINOHHBIM MaKCUMyMam
OTpa)XEHHBIX ATOMHBIMHU TIOCKOCTSIMH PEHTTEHOBCKHX JTyden
2dsin@=mA . TETTT T TRt

3nece ® — yroy CKOJBKCHHSI HITH YToJl HaOMioAeHnss M -ro Makcumyma, m=1,2,3, ...
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6.2.2. IIpumep pewenus 3a0auu

Ha mens mupunoit a=0,lmm nagaeT HOpMaaTbHO MOHOXPOMATUYECKUN CBET C JJIMHOMN
BosiHbI A =600mM . DkpaH, Ha KOTOPOM HaOMOmaeTcs AudpaKIMOHHAS KapTHHA, PACIIOIOKEH
napajyieibHO IIead Ha pacctosHuu L=1m . Onpegenuts mupuHy b nenTpanbHOro
TU(GPaKIUOHHOTO MAaKCUMYMa.

Pewenue:
v Y oY oY Y [[IuprHa TEHTPAIBHOTO MaKCMMyMa paBHA PACCTOSHHUIO MEXTY
a JIEBBIM U TIPABBIM OJIMKANUIITMMU MUHUMYMaMHU.

. A
L YcnoBue au@pakiMOHHOIO MHUHUMYyMa a-sm¢=J_erE. [Tpu

m=1 nomyyaem Sin¢)=§. [Ipu maneix yrimax sing=tge . U3

b PHUCYHKa CIIEYeT, YTO tg¢)=z.
b 4 2L
T.o., Z_g: b_T,l,
2.3. 3aoauu

Ha nudpakunoHHyro pereTky HOpMaJbHO MaJaeT MOHOXPOMAaTUYECKHH CBET ¢ JJIMHOW BOJIHBI
A=600 M. OmnpenenauTb HauOOJBIIMKA MOPAJOK CIIEKTpPA, MOIYYEHHBIH C IOMOIIBIO ITOU
PEILLETKH, ECJIN €€ MOCTOSIHHAsL d =2 MKM.

Pewenue:

dsing=mA nwm dsSin@., =MyuA .
T.k. SiN@pay =1, TO My =d/A.

OTBeT: My =3.

2. OnpenenuTh 4MCIO N IMTPUXOB HA 1MM JAU(PaKIMOHHOW PEIIETKH, €CIH YIIIy @=30°

COOTBETCTBYET MAaKCHUMYM YETBEPTOTO MOPSAKA JJII MOHOXPOMATHYECKOTO CBETa C JIMHON
BOJIHBEI A=0,5 MKM.

Pewenue:
dsinp=mA= d=mAi/sing. T.x. n=1/d=, T0 n=sing/mA .

3. Ha mudpakimonnyro pernrerky mmuaoi [=15mMm , comepxamyro N =3000 mrpuxoB, mamgaer
HOPMAJIBHO MOHOXPOMATHUYECKHI CBET ¢ JIMHOW BOJMHBI A=550mm . Omnpenenuts 4YHUCIO
MaKCUMYMOB, HaOJII0/1aeMBbIX B CIIEKTPE AM(PPAKIMOHHON PELIETKH.

Pewenue:

VYcnoBue makcuMmyMma umeet Bua dsing=zm , rae d =N
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Haubonpmumii nops ok MakcCUMyMa AOCTUTaeTcs npu Sinp=1= m,,, =5
2l

Yucno makcumymMoB N=2m,, . Wmu n= N 18.

4. Ha rpanb kpuctamia (KaMeHHOU COJIM) MaJlaeT NapaJlIeIbHbIM My4OK MOHOXPOMATHUYECKOTO
. -10
PEHTIEHOBCKOTO M3JIy4eHus ¢ JUTHHON BoHBl A =1,5-10""m . Onpenenuts paccrosiHue MEXIy

0 .
ATOMHBIMH TUIOCKOCTSIMU KpUcTaiuia, eciii oj yriiom @=30" nabiromaercst AudpaKkiinoHHbIH

MaKCHUMYM BTOPOTI'O IMOpsaKa.

Pewenue:
2dsinp=mA =
d= m.—}b= 3-10"°m = 3 anrcrpema.
2sing

6.3. Ilonapusayus ceema
6.3.1. Kpamkue meopemuueckue ceederHus
3akon bprocmepa: OTpaXxeHHBIN JIy4d TIOJTHOCTHIO MOJIIPH30BaH, €CIH
tgaz;=n,

TAC Oy — YI'oJl MOJIHOM NOJIApU3allMU OTPAKECHHOT'O OT AMDJIEKTPHUKA cBeTa, N — II0Ka3aTeib
IMpCJIOMJICHUA.

3axkon Manwca. "HTCHCUBHOCTD CBCTA4, MpomeaAuiero BTOpOfI MOJISIPOU:

|
l,=1,c08’ @ nnu ID=%COSZ(1

6.3.2. 3a0auu

1. Ilpu xakoM yrie majJeHusl COJHEUYHBIH CBET, OTPaXKasiCh OT MOBEPXHOCTHU BOJABI CTAHOBUTCS
IUIOCKONOJIIpU30BaHHBIM? UeMy paBeH Mpu 3TOM YIroJl IpeIoMIICHUS ?

Pewenue:
. Jnis rpanuiiel Boga—Bo3ayx N = 1,33.
|
. ias Bocnons3oBaBmics 3akoHoM boroctepa, moirydgaeM: Oy = 52,5°.
:
i OTpakeHHBI CBET TIOJHOCTBHIO TIONSPU30BAH, €CIH YTON MEXKIY
iy MIPEIOMIIEHHBIM U OTPAKCHHBIM JIy9aMU PaBeH 90°.

CrenosarensHo, oz +y=90°. OTciona HAXOMMM YroI HPETOMICHHS:
y=90°-52,5°=37,5".

37



2. EctecTBeHHBI CBET MPOXOAUT uepe3 nBa mojsiponaa. OcCh OMHOTO BEPTHKAIbHA, a OCh
JPYroro o0pasyeT ¢ BepTHKabio yroi o.=60°. HaiiTu MHTEHCHBHOCTH MpPOIIEIIIEr0 CKBO3b
MOJISIPOUIBI CBETA.

Pewenue:

HNHTEHCUBHOCTH |ecm €CTCCTBCHHOI'O Jiy4da, IIpOIICAIICTO HGpBI:IfI moJIApon ], YMCHBIIACTCA

BaBoe, T.€. lo=1,.,/2.

HpI/I OTOM CBCT CTAHOBUTCA IIOJIAPU30BAHHBIM B BCpTHKaHBHOﬁ IUIOCKOCTH. MHTEHCHBHOCTD
CBE€Ta, IMPOIICAICTO BTOpOI71 IIOJIAPOU I, OIIPECACIIACTCA 110 3aKOHY Mamroca:

l,=1,c08%°x .

Takum oO6paszom,

VIiIl. KBAHTOBAS OIITUKA. KBAHTOBASI MEXAHUKA

1. Tennoeoe uznyuenue
1.1. Kpamkue meopemuueckue ceeoeHus

Tennosoe uznyyenue — W3Iy4CHUE DJIEKTPOMArHUTHBIX BOJH TeJlAaMHU 3a CUET BHYTPEHHEH
DHEPTHH.

3axon Cmegpana — Bonvymana: VHTErpaibHas UCIyCKaTeNbHas CTIOCOOHOCTL R, aGCOMOTHO

YEepHOTO TeJla MPOMOPIIMOHAIBHA YETBEPTON CTETIEHN aOCOIIOTHON TeMIepaTyphl
Rr=0-T",
rie 0 =5,67-10"° Bm / (MZK 4) — nocrosHHas Ctedana — bonbrmMana.

3axkon cmewienus Buna: 4acrora V., , Hd KOTOPOH IPOUCXOTUT MAKCHMAJIBHOE HU3JIy4CHHE

SHEpPruM a0COTIOTHO YEPHOTO TENA, IPONOPLUUOHAIBHA €r0 a0COIIOTHOM TEMIIEPATYPE:
Voax =D T .

B 3amauax wgame ompenessercs JIMHA BOJBI A, , Ha KOTOPOW MPOHUCXOMUT MaKCHMaJIbHOE

HN3TY4YCHUC DHCPIUA

ﬂ'maxzb/Ty

roe b=2,9- 1072 M- K — mocrosHHas Buna, b =c/b, c— CKOPOCTb CBETA B BaKyyMe.
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1.2. Ilpumep pewrenusn 3a0avu

JIvHA BOJIHBI, HA KOTOPYIO MPUXOIUTCS MaKCHMYM DHEPIUU B CIEKTPE H3ITyYCHHUS
abCOJIIOTHO YEepHOTO Tena, A, =580 HM. OnpeaenuTb 3HEPreTHYECKYI0 CBETUMOCTh R

IOBEPXHOCTHU TEJIA.

Pewenue.
ITo 3akony Credana — boiapimana

Rr=oc-T*,
rae o =5,67-10° Bm/(m’K*).
Temnepatypy BeIpa3uM U3 3aKkoHa BuHa:

Amax =DIT

rme b=2,9-10_3 m-K.

Takum oOpazom,
b 4
Ri=c:| —|.
! (ﬁmax)

HOIICTaBI/IB YHUCJICHHBIC 3HAYCHUA BCINYNH, BXOAAIIIUX B KOHGLIHyIO (bOPMy.Hy, HOJIqu/IM OTBCT.
1.3. 3a0auu

1. Ilpu HarpeBaHuMu aOCOJNIIOTHO YEPHOrO Teja JUIMHA BOJIHBI, HAa KOTOPYIO TNPUXOIUTCS
MaKCHMyM €ro u3iydaromiei crnocoOHoctH, namenunach or 700 nmo 500 um. Bo ckonbko pa3
yBEJIUYUIIACh IPU ITOM dHEpreTUyecKast CBeTUMOCTb Tena’?

2. Temmieparypa aOCOTIOTHO YEPHOTO Tesla pu HarpeBanuu uaMeHmnack ot 1000 mo 3000 K. Bo
CKOJIBKO Pa3 YBEIMUMIACH IIPH 3TOM €ro YHEepreTuyeckas cBeTuMocTh? Ha CKONbKO M3MEHMIIAch
IPY 3TOM JUIMHA BOJIHBI, HA KOTOPYIO MPUXOIUTCS MAaKCUMYM €ro U3IydaTeabHON cliocoOHOCTH?

3. HaiiTu TemmepaTypy mHeunm, eciii U3 OTBEPCTHUS B Heil pasmepoM 6,1 cM? u3mydaeTcs B OfHY
cexkyHny 8,28 kan. M3nydeHue cuutaTh OJM3KUM K M3JIy4€HHIO aOCOMOTHO YepHoro Tena (1 kan
=4,19 [Ix).

4. Kakoe xonmnuecTBO 3Hepruu uziaydaer ConHue B ogHy Munyty? U3nydyenune ConHiua cuuTath
OJMU3KUM K M3JIydeHHIO a0COIOTHO yepHoro Tena. Temmneparypy noBepxHocTu CoJHIIa MPUHATH

pasHoit 5800 K, paguyc Comnna — 6,95-108 m.

5. MomHocTh m3nyueHus abCcoMOTHO YepHoro Tena paBHa 34 kBt. Haiitu Temmeparypy sToro
Tela, eCITM N3BECTHO, UTO TUIOMIA/Ib €r0 OBEPXHOCTH paBHa 0,6 M2,
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6. Ha xakyio JUIMHY BOJIHBI NPHXOIMUTCS MaKCHMYM H3JIydaTeJIbHOH CIIOCOOHOCTH aOCONIOTHO
YEpHOTO TeJla, MMEIOIIEro TEMIIEpPaTypy, PaBHYIO TeMIIepaType yenoBeueckoro tena (36,6°)?

2. ®omon u e20 xapaKmepucmuKu
2.1. Kpamkue meopemuueckue ceedeHus
Dnepzusa ¢pomona NpoONOPIUUOHATIbHA YACTOTE U3ITYUCHHUS:

E=hv,

h=6,62-10" JIc - ¢ — nocrosiaaas Ilnanka.

Macca ghpomona

Hmnynsc pomona

—me="v_h
p=mec= c A
2.2. 3a0auu

1. Onpenenuts SHEPTHUIO, MACCY U UMITYIILC (DOTOHA, €CITU COOTBETCTBYIOIIAS €EMY JUIMHA BOJIHBI
paBHa 1,6 M.

2. MoIHOCTh UCTOYHUKA CBETA C JUIMHOM BOJHBI 663 HM paBHa 3 Bt. CkoIbKO (OTOHOB B
CEKYH]1y HCITyCKaeT 3TOT UCTOYHHUK?

3. VimMmyiibe, TIepeHOCHMBIH MOHOXPOMATHYECKHM ITyUKoM (JOTOHOB Uepe3 IIOMANKy 2 cM 3a
0,5 muH., pased 3-107* r-cm/c. Haiitu 17151 3TOro0 mydka OTOHOB 2HEPIHUI0, MANAIONIYIO HA
€IMHUILY TUTONAIN B euHUILY BpemeHn B CH.

4. Yemy paBHA camasi KOPOTKasl JUIMHA BOJHBI PEHTTCHOBCKOTO M3JyYCHHSI, HCITYCKAeMOTO TPH
COYJIapEHUU JICKTPOHOB C SKPAHOM TEJICBH30pa, PA0OTAIOIIETO MPU YCKOPSIOMIEM HATIPSHKCHUN
30 xB?

3. Bnewnuit pomorppexm
3.1. Kpamkue meopemuueckue ceéedenus

Ypasnenue Jitnwmeinina onsa pomosghhexmar

2
Mev
hV:Aile-i_ 2 1
o2
rae A, — pabora BBIXOJa JJIEKTPOHA U3 MaTepHala; — KHHETHYeCKas JHeprus,
COOOIIEHHAs JIEKTPOHY.
3aoepycusarowguii nomenyuan U, — 5TO OTpUIIATENbHOE 3HAYCHHE HANPSUKCHUS, IPH

KOTOPOM IpeKparaercs GoTOTOK:
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Mev?

2 =eU0.
Kpacuaa cpanuua ¢omosgpghexkma — HauMeHbIIAs YACTOTA V,, CBETA, HIKE KOTOPOH
doTtoardekra Her
AB])IX
Viin = —2.
min
h

3.2. IIpumep pewienusn 3a0auu

Ha mnoBepxHOCTh MeTa/ula HaJal0OT MOHOXPOMATHYECKHE JIy9d C JUIMHOM
A=150mum . Kpacnas rpanuna ¢dotordpdexra A, =200nm .

pacxoayercst Ha COOOIIEHUE NEKTPOHY KUHETUIECKON SHEpPrun?

BOJIHBI
Kakass nonst sueprum ¢dortona

Pemrenue.
Hamno:
A=150 um =1,5-10" m;

A = 200 1nt = 2107 w. Bocnonesizyemcs ypaBHeHueM DitHiTelHa ais potorddexra

Haiiu: Eq) = Aebtx + Tmax '
Tmtvc _ 9
E ' rac Ed’ — OHCPIru:Aa q)OTOHa, Majaromicro Ha ITOBECPXHOCTb
¢
METalia, A«btx —_— pa60Ta BbIXOJa. BBIpaSI/IM OTCHO1a
MaKCUMAJIbHYIO S9HEPIHUIO (i)OTO:)HeKTpOHa
Tmax = Eq) _Aeblx *
SHCPFI/UI q)OTOHa BBIUYHUCIIACTCA 110 CI)OpMy.He
hc
E o= %
rac h — mocrosgHHas HHaHKa; C — CKOpPOCTb CB€Ta B BAKYYMC; A — JJINHa BOJIHBI. Pa6OTa

BBIXO/Ia CBsI3aHa C KpacHOU rpanuuei pororddexra A, COOTHOLIEHUEM

Onpenenum [0JIF0 SHEPruM (POTOHA, KOTOpPas pPACXOAYeTCsl Ha COOOIIEHUE DIEKTPOHY
KMHETUYECKON SHEPrUU

T E,-A A hc-
max _ "¢ oo 1 e _q _ C}“=1_l
Eq; Eqb E¢ Ay he A,
Braucnenns.
T Ly 25_g 0
E,
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OrTBeT: T =0,25.
E,
3.3. 3a0auu

1. Kpacnas rpanuma dorodddekra mist cepebpa paBra 0,26 mxm. Hailith pabGoTy BbIXOmA
($hOTO3IEKTPOHOB I cepedpa.

2. PaGora BBIXOAa s IUHKA paBHA 5,6-107'°]Ix. Bosnukuer mu GoTodddekT B LUHKE MOA
JICUCTBUEM CBeTa ¢ JIMHOM BOJHEI 0,45 MKkM?

3. Kakyro MakcuMalbHYI0 CKOPOCTh MOTYT HMETh (DOTOIIEKTPOHBI, UCITyCKAEMBIE M3 KaJIus, IPU
00JIy4eHHH €T0 TTOBEPXHOCTH CBETOM C JTMHOM BoJIHBI 0,42 MKkM? PaGoTa BeIX0Aa 3JIEKTPOHOB
s xanus 3,52-1071° k.

4. Ilnsa uesus paboTa BeIXo/1a 3NIeKTpoHa paBHa 1,9 3B. KakoBa makcuManbHast IJIMHA BOJTHBI
CBETa, KOTOPHIN CITIOCOOEH BHIOMBATH U3 METAJLIA 3JIEKTPOH C KHHETUUECKOU sHeprueii 2 3B?

5. Ilpu majgeHuu cBeTa ¢ AIMHOM BOJIHBI 230 HM Ha METaJUT TOK B IIEMH ¢ (DOTOIJIEMEHTOM I1a/1aeT
JI0 HyJIsI Ipy oOpaTHOM HanpspbkeHuu 1,64 B. Uemy paBHa pa0boTa BBIXOJA JIEKTPOHA M3 3TOTO
Merasa?

6. Haiitu wacTtoTy cBeTa, BBIPHIBAIOIIEIO C MOBEPXHOCTH METaJUIa AJIEKTPOHBI, MOJHOCTHIO
3aJIepP)KUBAIOIIMECS MOTeHIMaIoM B 3 B. ®oroaddext mis 3Toro mMeraiia HauMHACTCS IpU
yacToTe magaromero ceera 6-10% I'.

7. Haiitn BeNWYMHY 3aJIep)KUBAIOIIET0 MOTEHIHANA s (POTOIEKTPOHOB, MCITYCKAEMBIX TPHU
OCBEIICHUU KaJIus CBETOM, JIJTMHA BOJIHBI KoTOporo paBHa 330 Hm. PaboTa BhIx0/1a 37€KTpOHA U3
Kanus paBHa 2 3B.

4. Ippexm Komnmona
4.1. Kpamkue meopemuueckue céedenus

Ipgexm Komnmona — yBenwueHHE [IMHBI BOJHBI A PEHTTEHOBCKOTO H3JIyYEHHUS,
PacCesTHHOTO AJIEKTPOHAMHU BEIIECTBA!

/1=AO+2/1Ksin2%,
rae A, =0,0024 m=2,4-10"%m — KOMIITOHOBCKASl JUTHHA BOJIHBI, A, — JUIMHBI BOJHBI

NaJaroIIero U3J1y4yeHus, (p — YroJl pacCesHHs.

4.2. IIpumep pewienun 3a0auu

1. PenrtrenoBckue yiyun (A =0,1um ) paccemBarOTCs AJICKTPOHAMH, KOTOPbIE MOXKHO CUYHMTATh

MPAKTUICCKHU CBO60)IHI)IMI/I. Ol'[pe)IeJ'II/ITB MAaKCUMAJIbHYIO JJIMHY BOJIHBI 7“max PEHTICHOBCKUX

Jy4eil B pacCeSTHHOM Iy4Ke.
Pewenue.

HaHno:

A, =0,1um = 10710 um;
Ao =2,43-10% w;
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N3BecTHO, YTO AJIMHA BOJIHBI A, PAaCCESIHHBIX PEHTTEHOBCKUX JIydeil yBenuuupaercs. CorinacHo
dopmyne Komnrona

A, =M +2A, -sinzg :

-12
rae A, =2,43-107° M — KOMITOHOBCKasl JUIMHA BOJIHEI.

. ,0
JUTMHA BOJIHBI IPHMET MaKCUMAJIbHOE 3HAUEHHE A, = A, NPH YCIOBUH, 4TO SiN°— =1, TO €CTh

YTOJl pacceBaHus JI0JKeH ObITh paBeH 0 =180°. Torma
Moy =M + 20

Beruucnenns:

Mopay =107 +2-2,43-107 = (1+ 0,049) .10 =1,05-10""m .

Otset: A, =1,05-10"n.

2. Ha moBepxHOCTh MeTajla NaJal0T MOHOXPOMATHUYECKUE JIyYH C JUIMHON BOJHBI A =150 um .
Kpacnast rpanuna ¢orosdpdexra A, =200nm . Kakas mons sHeprum (poToHa pacxomyercs Ha

COO0O0I1LIEHUE JIEKTPOHY KHHETUYECKON IHEPrUn?

Pewenue.
Hamno:

A=150 um =1,5-107 m;

Bocnonb3yemcst ypaBHeHneM DiHimTeirHa i Gorodddexra
Ay =200 M =2-107 m.

E¢=Aabe+TmaX’

Haiitu: rne E, — oHeprus (oToHa, ManaroIIEro Ha MOBEPXHOCTH
T .
Zmax o meraia; A, — pabota BbIxoga. Beipazum oTcrona
E

b

MaKCUMaJIbHYIO YHEPTUI0 (POTOAIEKTPOHA

Tmax=E¢z_A

6blx *

DHeprust (HOTOHA BRIUUCISAETCS IO PopMyIie

hc
E,=—,
A
rne h — mocrosHHas [Tmanka; ¢ — CKOpPOCTh CBeTa B BaKyyMmMe; A — JUIMHA BOJHBI. PaboTa
BBIXO/Ia CBsI3aHa ¢ KpacHOM rpanuueit pororddexra A, COOTHOLIEHUEM
hc
Aem =3
A

OHpCIleJ'II/IM JOJIF0  SHCPIruun (I)OTOHa, KOTOpass pacxodyeTrcd Ha COO6H_[CHI/IC OJICKTPOHY
KHHETHYISCKOU OHCPIrun
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Brruncnenust:

T 115 25,
E, 2
OrtBer: Tm—“" =0,25.
E,
4.3. 3a0auu

1. OnpenenuTh Ha KakoM YroJl pacceMBAETCs CBET HA IOYTH CBOOOJHBIX AJIEKTPOHAX, €CIH
U3MEHEHHE €ro JJIMHBI BOJHBI B 100 pa3 Gonblue, yeM MpU MOJOOHOM €ro pacceMBaHUM Ha

HOYTH CBOOOIHBIX NPOTOHAX Ha yron «. (0, = 27°).

2. B pesynbrare a3pdexra Komnrona Ha cBoOOAHBIX AmekTpoHax (oToH ¢ 3neprued E1 = 0,51
M>B 6b11 paccesan Ha yron 0 = 120°. Onpenenuts suepruto E2 paccesnnoro ¢orona. (E2 =
0,204 M>B).

5. I'unomesa oe bpoiina
5.1. Kpamkue meopemuueckue ceedeHus

T'unomesa oe bpoiina: BCe MUKPOYACTHIIBI HAPSAAY C KOPIIYCKYJIIPHBIMHU IPOSIBISIIOT BOJIHOBBIE
cpoiictBa. Kaxoii yactuue, o0nasaromieii UMIyJIbCOM P = 1V , MOXKHO IIPUIIACATH AJIMHY BOJHBI

A=
p

5.2. 3a0auu

Haiitn oTHOmIEHHE [UIMH BOJIH A€ Bpoiyis 37€KTpoHa M MPOTOHA, NMPOLIEAIINX OJUHAKOBYIO
YCKOPSIOUIYIO Pa3HOCTh noTeHuaioB U =908 .

Pemenue.
Jlano:

U=90B; [Ipy OpoxoXAEHUM 3apsHKEHHOW YacTHUIEH  Pa3HOCTH
Me =9,1-10"%! kr;

”7 nmoreHnuagoB U CHIBL  DJIEKTPOCTATUYECKOIO  IOJIA
mp =1,67-10" kr;

coBepmiaroT pabotry A , KOTOpas YHCICHHO paBHA
Haiitu: KUHETHUYECKOM 2Hepruu E , mpuoOpeTeHHoN yacTHIeH:
A, R
k_ — A=E , wm
P 2
mo
qu=——,
2

rae q — 3apiaa, m — Macca M v — CKOPOCTh YaCTHIIbI.

Bripa3um kuHeTH4ecKyto sHepruto E dacTtuiel yepes ee umnynbsc P, yauteiBas, uto P=muv:
p2
E=—.
2m
Otkyna noiydaem

P =+/2mE =,/2mqu .
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h

\/2mqu ’

. h
JnuHa BosiHbI e Bpoisisa yacTuilsl A = 5=
rae h — nocrosuuag Ilnanka.

VYuuThiBasi, 4TO BEIMYMHA 3apSA0B 3JIEKTPOHA U MIPOTOHA OJJUHAKOBA, TO OTHOIICHHUE JJIUH BOJIH
ne Bpoiiis anexkTpoHa U MpoTOHA PaBHO:

Ae _ [Mp
Ay m

rge m,=1,67- 107 ke — macca npotona, m, =9,11-10"* k2 — macca s1ekTpoHa.

Briuucnenud:

OrtsBer: }b—e =42,8.
Ay

6. Coomnowienue neonpedenennocmeil

6.1. Kpamkue meopemuueckue céedenusn

Coomnowenue neonpeoenennocmeit Ieiizenbepea: KOOpAUHATY U UMIIYJIbC MUKPOYACTHUIIBI

OIHOBPCMCHHO U TOYHO OIPECACIIMTD HEJIb3A, UX 3HAYCHUA JICKAT B UHTCPBaJlaxX Ax u A px .
AX-Ap,2h.

Coomnowenue neonpedenennocmeil 0714 IHepzuu U epemeHu: 4eM 0oJbllle BpeMEHH YacTula
HaXOJIUTCA B HEKOTOPOM COCTOSIHUU, TEM TOUHEE MOXKHO ONPEACIIUTh €€ SHEPTHIO:

AE -At>h,
rne AE — HeompeneneHHOCTh SHEPTUH HEKOTOPOTO COCTOSHHS CHCTEMBI B TEYEHHE BPEMEHH
At — BpeMst )KU3HH COCTOSHHSI.

2.2. 3a0auu

1. TlomokeHWe NBUTMHKK Maccoi M=10" Kr MOXHO YCTaHOBUTb C HEONPENENEHHOCTBIO
Ax=01mxm . VuuteiBas, 4TO0 mnocTosHHas Ilmamka %A=1,05-10"* JlzK-c, HeONpeIeIeHHOCTD

ckopoctu Av, (B m/c) OyIeT He MEHee. ..

BapI/IaHTBI OTBCTA.
1) 1,05-10%*; 2) 1,05.107*%; 3) 1,05-10%'; 4) 1,05.107% .

Pewenue.
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N3 cooTHomeHnus HeompeneneHHoctelt ['eiizenbepra: Ax-Ap, =Ax-mAv,>2h=> Av,2h/Ax-m.
N Av, =1,05-1O_34/10_16 =1,05-107".
Omesem: Ne 2.

2. BpicOKass MOHOXPOMATHYHOCTh JIA3€PHOTO U3IYYCHHUSI O0YCIIOBICHA OTHOCUTEIBHO OOJIBITUM
BpEMEHEM >KM3HM »JIeKTPOHOB B MeTacTabMIbHOM cocTosHuu L 107¢ . YuuTeiBas, 4TO
nocrosiHHas Ilnanka #=6,6-10"°2B-c , mmpuHa MeTacTabuIbLHOrO ypoBHs (B 2B) Oyumer He

MCHCEC. ..

BapI/IaHTBI OTBCTA.
1) 6,6-10; 2) 1,5.10%°: 3) 1,5:1073; 4) 6,6-107°.
Pewenue.

W3 cooTHOMIeHHs HeotipeaeieHHOCTel AE -At>F Haxoaum

_i_ .10-13
AE_At_6’6 107,

Omeem: Ne 1.
7. Yacmuua 6 nomenyuanvhom ’aujuxe”
7.1. Kpamkue meopemuueckue céeoeHus

Ypasuenue llpeounzepa 0na cmayuoHaApHvIX COCMOAHUI TIO3BOJIAET ONPEICIUTh BOJIHOBYIO
¥ (ynkumio:

%ﬁh—'?(E—U(x))-w(x)w-

3mece M — wmacca vactuisl, #=h/2n, h — nocrosiunas Ilnanka, E — monnas u U(X) —

MOTEHIMATbHAS YHEPT U YaCTHIIBI.

Pemenunem ypaBHenus Illpeaunrepa sBustorcss Y(X) - (yHKUHMH, KOTOpbIE TMO3BOJISIOT
2 .

OTIPENIeNIUTh BEPOSATHOCTh |\|1(x)| HaXO0XKJICHHUS YacTHIIbI BOJIIM3HU JIF0OOH TOYKM NMPOCTPAHCTBA U

3HAYCHHUA SHCPTHUH.

ITomenyuanvnoiit “amwuk” — OJHOMEPHBIM YYaCTOK MPOTSHKEHHOCTHIO | , orpaHHuYeHHBIIM
0EeCKOHEYHO BBHICOKMMH Oapbepamu.

Ypasnenue Illpeounzepa B npenenax sSMbl, T1ie oTeHIManbHas sHeprus U (X) =0, umeer BU/I:

Pewenuem 31010 YypaBHEHNUS ABISAIOTCS COOCTBEHHBIE BOITHOBbIE (DYHKIINH:
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v, (X) = Asin %x ,

rie onuna éonnwt 0e bpoiins

JlnvHa BOJIHBI Xn YacCTUIbl B TNOTCHIMAIbHOM "SIIMKE' MOXET NPUHUMATh TOJBKO PsI

JUCKPETHBIX 3HAYCHUM N — TIIaBHOE KBAaHTOBOE YHMCIIO.

Ilocmoannaa A BOIHOBON (QYHKIIMU ONpEAESETCS U3 YCIOBUS HOPMUPOBKHU:

T.0., coOcTBeHHbIE PYHKIIMH IPUHUMAIOT BHUI:

\pn(x)::vegshw £¥Ex

3H€p2u}l yacmuuysbl 6 HOMEHUUAILHOM AMYUKE MOXCT MCHATHCA TOJIBKO JUCKPCTHBIC 3HAYCHM .

n’h?
- 5 i)
" 8ml?
rae N=1,2,..0; h — nocrosunas [Inanka; M — Macca 4aCTULBL.

Keanmosoie nepexoovt — 510 usnydenne (mornomenue) orona ¢ sueprueit hv=E, —E ,

PaBHOI pa3HOCTH SHEPIHil COOTBETCTBYIONMMX ypoBHe# K >N (k< n).
3.2. 3a0auu

1. Yactuma HaxoauTcss B TOTEHIMATBHOM SIIWKE MHUPUHOW L ¢ OECKOHEYHO BBICOKHMMH

CTCHKaMU B OMMPEACIICHHOM SHEPICTUICCKOM COCTOSAHUU En C KBAHTOBBIM YHCJIOM N. I/I3B€CTHO,

E
yro —™L -4 B sTOM CiTydae N pasHO...
n-1

Pewenue.

CoOcTBeHHas OHEPIrUsl MHUKPOYACTHUIIBI B MOTCHUHHUAJIBHOM AIIHUKE I.HPIpPIHOﬁ L ¢ OeckoneyHo
BBICOKMMH CTCHKAMHM IIPUHUMACT JIMIIb OINPECACICHHBIC JUCKPECTHBIC 3HAYCHUS .

252
nh

an~ n2,
2mL

n

rae N — IeJ0€ YUCII0, UMEIOIIEee CMBICII HOMEPA YPOBHSI SHEPIHH.

n+1)>2
Enyy _(n+1)° ¥ TI0 YCIIOBHIO Ewi_y,

TOPIIa OTHOIIICHUC 3HaquI/Iﬁ 3HepFI/II/I >
Eny (n-1) E,,
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2
CrnenoBaTeiabHO, (n+1) 5 _n+l_ 2
(n-1)> n-1

Orcroga KBaHTOBOE YHCIO N=3.
Omeem: 3.

2. DIIeKTPOH HAXOJHUTCS B MOTCHUUAIBHOM SIIMKE MUPHHOHN 0,2 mm. OnpenenuTts B 3JIEKTPOH-
BOJIBTaX HAMMEHBIIYIO PA3HOCTh SHEPTETUYECKUX YPOBHEHN 3JIEKTPOHA.

Tano: Pemenue.
1=0,2 am =2-107%; E, N
h=6,63-10" /o - ¢ 29. E,
m=29,1-103 kr. 30.
31. E, 2

Onpenenurs: 32
AE, —? ' E, L

OHeprus 0 | 3JIEKTPOHA B

MOTEHLIHAIBLHOM AIIMKE TPUHUMACT
JIMCKPETHBIE 3HAYECHUSA:

_ h* 2
" 8m-1?
rae n=1,2,..00 — [JaBHOE KBAaHTOBOE 4mcio;, h — mocrosHHas [lmanka; m=9,1-10 ke —
Macca MIEeKTPOoHa; | — mupuHa sAmmKa. Pa3HOCTb SHEPTUil MKy COCEJHUMHU YPOBHIMH
h2
AE, =E,  -E, =m-(2n+1).

Orcroma crneayer, 4YTO HaWMEHbBIIAs Pa3HOCTh DJHEPreTHUYECKUX YPOBHEH DIIEKTpOHA
COOTBETCTBYET MUHHMAJIbHOMY 3HAYEHUIO N=1, TO €CTh MEXAY MEPBBIM U BTOPHIM YPOBHSIMH
Pa3HOCTh PHEPTHil OyAeT MUHUMAJIbHA!
3.h?
Ei=——.
8-m-I
Brraucnenud:

_ag\2
e - 3-(6,62-10 34)

i = ~=0,453-10" Jine , unm AE ;, =0,453-107-0,625-10" = 28,3 3B .
8-9,110™-(210™)
Ortsert: AE,,, =28,32B.

8. Amom 600opooa
8.1. Kpamkue meopemuueckue ceedenus

11 OMEHUUAIbHAA IHeEPp2UA IJ1IeKmpoHa B 110JI€ IIPOTOHA
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eZ

u(r)=- ,
(" 4me,r

rne I — pacCToAHUE OT AApa JI0 JJICKTPOHA, €, — JJICKTPHUYCCKAs IIOCTOAHHASA.

Ypaeuenue Illlpeounzepa nys >1ekTpoHa B aToMe BOI0PO/Ia

e2

4meyr

2m
A\|J+h—2(E+ )\|I:0,

raec M — macca dJICKTPOHa, E — monnas SHEPTIHA 3JICKTPOHA B ATOMC.

Duepzusa IneKmpona, HAXOAAUIETOCS B TUNEPOOIMUECKON MOTEHIUAIBHOW «sIME», TPUHUMAET
JUCKPETHBIE 3HAUEHHsI, COOTBETCTBYIOLINE KAXKAOMY Pa3pEIIEHHOMY COCTOSIHUIO!

me* 1 1
E =————-—=—-Rh—,
" 8h’% n’? n’
rae n=1,2,3,... — r1aBHOE KBaHTOBOE 4MCIIO, h =6, 62-107% /e - ¢ — nocrosiHHas [1maHka,
me*
R= 77 = 3, 29.10% ¢! — mocrostuuas PunGepra.
8h°g;

OcHo6HbIM ypOo6eHb — YPOBEHb C HAUMEHbIIIEH dHeprueit (n=1):
E,=—Rh=-21,8-10""° /I = 13,6 5B..

Keanmoeule nepexodst cOpoOBOXKIAIOTCS U3TydeHHEM (TTOTJI0MEHneM) (DOTOHA ¢ SHEpTrUen

hv=E,—E, =Rh (%-%)

Dopmyna banvmepa — Puobepza no3BOIISIET ONPENCIIATh YACTOTY V U3JIyUYCHHUS aTOMa.

8.2.3a0auu

1. Onpenenuts MakcCUMaJbHYIO dHepruto E . ¢ortona cepum [lameHa B cnekTpe U3IydeHHs
aTroMapHOro Bojgopona. Haiitu HanOonpuiyro A, ¥ HAUMEHBIIYIO A, IUIMHBI BOJH B CIEKTPE

H3JTYyUCHUA.

S

e ——

E. —

E) vy V vrcepm{
EC [Tamena
E

El—=13.628
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Pemrenue.

Jlano:

W3nyueHnus aTomMa BOJOpOJAa MPOMCXOAUT IPH IeEpexoje
Omnpenenuts: 3JIEKTpPOHA ¢ 0ojiee BBICOKOIO SHEPreTHUECKOrO YpPOBHS Ha
B — 2 6onee Huskuii. Cepus Ilamena o0ycioBieHa nepexoaaMu Ha
Max — 7 TPETUH  DHEPIETUYECKUH  YPOBEHb U COOTBETCTBYET
Min — 7. undpakpacHoit obmactu crexrpa. Dueprus E=hv dorona

omnpezensercs no Gopmye:

hv=Ek—En=Rh($—%).

31ech ykaszaH IEpexXo C JHEPreTHYeCKOro ypoBHs K Ha ypoBeHb n . DHeprus 3JeKTpOHa
E,>E,. h=6,63-10"* Jotc-¢ — mocrosmuas Ilnanka, R=3,29-10%¢™ — nocrosunas

Punbepra, v — yacrora u3iay4eHusl.

Wznyuennsii ¢potoH cepum Ilamena wMeeT MakcuManbHyl0 sHepruo E .. mpu mepexome

SIIEKTPOHA C ypoBHs K =00 Ha ypoBeHb N =3, TO €CTh

E_ - Rh[s—lz—i)

o0

Tak xak gacToTa u JJIMHA BOJIHBI (1)OTOH8. CBs3aHbl COOTHOLICHHUEM

TO (hopMyJa JyIs ONpesieeHUs JHEPTUU (POTOHA MpeodpaszyeTcs B BhIpakeHUE!

c 1 1 1 1 1
—=R|>-=|,umu —=R'| =-—=].
A (nz kZ] A (nz kZ]

3aech R'=1,10-10"m" — nocrosianast Punbepra. OTkyna crneayer, 9to Juist cepuu [lamieHa

34
L_R' i2_l ;\'mln=i'
A‘min 3 b R'

Braucnennsd:

E,. =329-10".6,63-107 - % =2,42-107"° /Inc=1,5198;
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max — 11 1 =1'87'1O_6M=1,9MKM; xmin_ 9 =8,18'1O_7M=0,82MKJW.
1,1-10(—)
9 16

1,1-107
Ortsert: E,, =1519B ;A

A

max = LO9mEm; A =0,82 mrm .

2. Kganr sneprun (A = 1080 A) BHIOMBaeT SNMEKTPOH M3 aTOMa BOAOPOAA, HAXOAIIErocs B
TPETHEM DSHEPreTHUYECKOM COCTOSHHH. OMpeAeuTb KUHETUYECKYI0 JHEprur0 (B 3JIEKTPOH-
BOJIbTaX) BHIOUTOTO JIEKTPOHA.

Pemenue.

Jano:
A=1080 A =1,08107 m; )
n=3; i

c=3- 108 M/C . ‘r\?:::_tf:_::;—z’l:
R=3,29-10"¢7: _
h=6,63-10" /e c.

Onpenenurp:

T2

Kak HN3BCCTHO, SHEPIrusd 3JICKTPOHA, HAXOAAIIECTOCA B aTOMC BOAOPOAA, IPUHUMACT AUCKPCTHBLIC
3HA4YCHUA

E ——Rh-Y,

n r]2

-34

rae R=3,29-10"¢? — nocrosunas PunGepra, h=6,63-10"" [oc- ¢ — nocrosiHHas IlnanHka,

n=1,2,3,... — IrI1aBHOE KBAHTOBOE YUCJIO.

Kunernueckast sHeprusi T BBIOMTOrO M3 aroMa JJIEKTPOHA paBHA Pa3HOCTH JPHEPruu (PoTOHA
hc
E¢ = T nu BHGpI‘I/II/I CBA3U BHCKTpOHa B aTOME€, HaXOo4AMEMCA B COCTOAHUHU n .

T=E,-E,.
1

— -

OHeprus CBA3M paBHA aOCOJIOTHOMY 3HAYEHHIO DHEPIHMHU JJIEKTPOHA B aTroMe E,, = |En| = Rh
n

Taxum oOpa3oM, nonyydaem:

T=E_Rhi=h(3_ﬂ).
A n? A n?

3.108 ~ 3,29.10%
1,08:1077 3?

Boruncnenus: T =6,63-10734. [ ] =16-10""° e =109B.

Otser: T=105B .

3. B ogHO3apsiHOM HOHE TeHs 3JIEKTPOH MEPEIIe CO BTOPOTO YHEPTeTHIECKOro yPOBHS Ha
nepBblid. ONpeeNnTh JJIMHY BOIHBI 4 U3IIY4EHHsI, UCX0s U3 Teopuu bopa.
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Pemrenue.

Hano:
n=2;
m=1; 1
Z=2.
OnpenennTs: 3
A —2? 9
’\/\/\/\)hv
1 \

I[JII/IHy BOJIHBI )\, I/ISJIy‘-IeHI/ISI MOKHO onpeneJme, BOCIIOJIB30BAaBIINCH N3BCCTHBIM
COOTHOIIIEHUEM

1 =Z7?R’ _1 _i

A m? n?

3mece Z — TOPSIKOBBEIE HOMEpP BOJIOPOJONONOOHOTO aromMa B Tabnuie MeHaeneena;
R’'=1,1-10' »" — mocTosiHHAs Punbepra. YuuteiBas, 4To 1o yCIOBHUIO 337auu M = 1u n = 2,
[1OJIy4aeM:

BbrauciaeHus: A = 4 0,303-107" .

3.22.1,1-10°
OtBet: A=3,03-10%m.

4. U3 aroma BOJI0p0/1a, HAXOASAIIET0Csl BO BTOPOM YHEPreTUUECKOM COCTOSIHUM, B PE3YyJIbTaTe
norjouieHust OTOHA BbUIETAET SJIEKTPOH, KUHETHYECKAasi SHEPrus KOTOPOro BJIaIM OT siipa
paBHa 10 3B. Onpenenuts sHepruio GoToHa (B HNEKTPOH-BOJIBTAX).

JlaHo: Pemennue.
n=2, g
T=103B; —
0) : ™
Enpene;mTL /\/\/\/\fhv
¢ - 7 2 ———
1

Oneprus porona E, cknanpiBaercs n3 sHeprun E;, HeoOX0muMOM JUis BHIOMBAaHUS 3IEKTPOHA

W3 aTOMa, U KHHETHYECKOU SHEPTHH | 3JIEKTPOHA BAAIU OT SApa:
E,=E; +T.

9Hepr1/151 HOHU3AIMKM YHCIICHHO paBHa OJOHCPIruM OJJICKTPOHA, HaAXOAAIETOCd Ha BTOPOM
SHEPTCTUUCCKOM YPOBHC aTOMaA:
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1

E; =|En|=Rh¥’

-34

rme R=3,29-10"¢" — nocrosmuas Punbepra; h=6,63-10""" [orc- ¢ — nmocrosiaaas [Tnanka.

[axum 06pa30M,
Eb =Rh L T
— +7T.

Breruncnenust:

E, =3,29-1015-6,63-10‘34-iz-;w+10=13,433.
2% 1,6-107

OrtBerT: Eq,, =13,43B.
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